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BBEJEHUE

B HacTosimiee BpeMs Tmepen BbICHIEH IIKOJOM CTaBUTCS 3ajada MOJATOTOBKH
BBICOKOKBUTHU(DUIIMPOBAHHBIX,  TBOPUYECKH  MBICIAIIUX  CICUUAINCTOB, CIOCOOHBIX K
caM000pa30BaHuIO U OBICTPOH aanTalui K MEHSIOIMIMMCS YCIOBUSAM ITPOU3BO/ICTBA.

Henpto ocBoenust aucuuiuinHbl «®dusmka» 1o HampaeieHuto mnoarotoBku 13.03.02
DIEKTPO’HEPTreTUKa H DJICKTPOTEXHHUKA SBJseTCsS (HOopMUpOBaHHE OO0MIETpodecCHOHATBHBIX
KoMIleTeHIIMi Oyaymero OakamaBpa, (OPMHPOBAHHWE CHUCTEMHBIX 3HAHUH, MO3BOJSIOMIMX
NPUMEHATD NPU U3YUEHUN MEXaHUUECKUX, TETUIOBBIX, SJIEKTPOMAarHUTHBIX U ONTUYECKHUX SBIICHUM;
BEJIMUMHAX, XapaKTEPU3YIONIUX OTH SBJICHHS, 3aKOHAX, KOTOPBIM OHH IMOIYUHSIOTCS, METOAAaX
HAYYHOTO TO3HAHUS IPUPOJIBI.

JJis1 OCBOCHHUS TUCITUILIMHBI TOCTABJICHBI CIEAYIONIUE 3a0a4u:

— MecTo (U3WKM B aHAJIM3€ M MOJCITUPOBAHHU, TEOPETUYECKOM M IKCICPUMEHTATBHOM
WCCJCAOBAaHUM TIPU  pemIeHHH mnpodecCHOHAIbHBIX 3agad mo HampabieHuto 13.03.02
«INEKTPOIHEPTETUKA U IIEKTPOTEXHUKAN;

— OBJIQJICHUE YMEHUSMHU MPOBOJUTH HAOIIOJECHUS TMPUPOIHBIX SBICHUM, OIKCHIBATH U
0000maTh pe3yNbTaThl HAONIOACHUHN, WCIOJb30BaTh MPOCTHIE W3MEPUTEIbHBIE TPHUOOPHI;
NPUMEHATh TOJTYYCHHBIE 3HAHUS HEOOXOAMMBIE I TIyOOKOrOo W3ydYeHHUs OOIIEeHAYYHBIX,
OOLIEMH)KEHEPHBIX, TEXHUYECKUX U CIIEUANbHBIX JUCIUILINH;

— pa3BUTHE JIOTHYECKOTO0 M alTOPUTMHUYECKOTO MBIIIJICHUS OOIIero ypoBHS (DHU3HKO-
MaTEeMaTHYECKOH KyJIbTYPHI,

— pa3BUTHE MTO3HABATEJIBHBIX UHTEPECOB, MHTEIIEKTYaIbHBIX U TBOPYECKUX CIIOCOOHOCTEM
B XOJI€ perieHus (pu3nuecKux 3a7a4d U BHIMOIHEHUS J1a00paTOpHBIX padoT;

— CIIOCOOHOCTH K CaMOCTOSITEILHOMY MPUOOPETEHHI0 HOBBIX 3HAHUI B COOTBETCTBUU C
YKU3HEHHBIMH MTOTPEOHOCTSAMU U HHTEPECAMH,

— MPUBUTHE CTYJEHTaAM YMEHHUS CaMOCTOSITEILHOTO U3Yy4EHHs Y4YeOHOH JUTEepaTyphl MO
(bu3uKe U ee MPUIIOKEHUSIM.

Jucnumnmaa «®us3uka» oOTHOcHTCS K obOs3arenpHOoM vacth b1.0.20. Ee ocBoeHue
IIPOUCXOINT B 2, 3 cemecTpax.

N3ydenne AuCIUIUIMHBI HampaBieHO Ha GoOpMHpOBaHHE 00menpodecCHOHATBHBIX
KOMITETEHIIH, 00yJaromuxcs B Ipolecce BHIOIHEHUs paboT, onpeaeneHHbx @I'OC BO:

OIIK-2 — cmocoOHOCThIO TMPUMEHSTh COOTBETCTBYIONIMH  (PH3MKO-MaTeMaTHUYeCKHUi
ammapar, METOAbl aHalu3a W MOJCIHMPOBAHMS, TEOPETUUYECKOTO U IKCIEPUMEHTAIBHOTO
UCCJIEIOBAHMSI TIPU PELIEHUH MTPo(ecCHOHAbHBIX 3aa4.

B pesynbrare ocBOoeHUS! AUCHUTIIMHBI 00yYaIOIIUNACS TOTKEH:

3HaTh: OCHOBHBIE (DH3UYCCKHE 3aKOHBI U TIPUHITUIIBI, KOTOPBIC JIS)KAT B OCHOBE Pa3IUIHBIX
TEOPETUYECKUX M IKCIIEPUMEHTATIBHBIX UCCIEIOBAaHUM, MPUHIIUIIAX ACHCTBUS PA3IUYHBIX (DU3HKO-
MaTeMaTHYECKUX allapaToB, a TaKke (U3NYECKYI0 CYITHOCTh pa3HOOOpa3HBIX TMPHUPOIHBIX
MPOIIECCOB U SIBIICHUM.

YMeTh: NPHUMEHSTH COOTBETCTBYIOIIMN (U3UKO-MATEMAaTHUYECKAN ammapar, MeTOMIbI
aHaJIM3a ¥ MOJEIMPOBAHUS, TEOPETUUECKOTO U SKCTIEPUMEHTAILHOTO HCCIEAOBAHNUS MIPH U3yUECHUHU
CTYJIEHTOB I10 HANPABJICHUIO « DJIEKTPOIHEPIreTUKA U DJIEKTPOTEXHUKAY.

Bnagers: HaBbIKAMH HATYpPHBIX SKCIEPUMEHTOB C ToOCHeAyromel o0paboTkol uX
pe3yJIbTaToOB, METOJAaMH MaTeMaTHYECKOTO, KOMITBIOTEPHOTO W (PH3MUYECKOTO MOJCTUPOBAHHMS,
METOJlaMU  PEIIEHUS TEXHUYECKUX 3a7ad, pacueTa MPOU3BOACTBEHHBIX MPOIECCOB U
KOHCTPYUPOBAHUS COOPYKEHH, MAIIMH U TEXHOJIOTUYECKOT0 000PY10BaHUSI.

[TocnenoBatenbHOCTh JTAOOPATOPHBIX 3aHATUH COOTBETCTBYET JOTHUECKOH CTPYKType HX
npoxoxkaenus. [Ipeanaraemoe ydeOHOE TOCOOME CONEPKUT MaTepuall, KOTOPBIH PEKOMEHIYeTCs
UCIIONB30BaTh CTYJCHTAM MPHU OCYIIECTBICHUH Ja00paTOpHBIX paboT.



METOIUKA OBPABOTKH U3MEPEHUM

®usznka — Hayka OKcnepuMeHTaubHass. KaxIplii JKCIEPUMEHT 3aKaHYMBAETCS
U3MEPEHUEM, T/ MOJ «M3MEpEeHHEM» IOHUMAETCs MPOLeCC CPaBHEHUS TAHHOW BEIUYUHBI C
JpyroM, IPUHATOM 3a €AUHUILY U3MEPEHUS (3TAJIOH).

B pesynbTare sKCHepUMEHTa TMOATBEPXKIAIOTCS WM ONPOBEpPrarorcs (u3ndYecKue
TEOPHH, HAKAIUIMBAIOTCS 3HAHWS B TOM WM WHON OOJIACTH HAyKH, BBISBISIIOTCA (pu3mueckue
3aKOHOMEPHOCTH B PA3JIMYHBIX MpoLeccax U SIBICHUSIX.

BcnencTBue 3TOr0 Ja0OpaTOpHBIA TPAKTUKYM 10 (PH3HMKE SBISETCS HEOTHEMIIEMON
4acThl0 y4eOHOro mporecca NpU H3y4YeHUM OOIero Kypca (U3MKH B BBICIIEM Y4eOHOM
3aBeneHnd. [lepBas 3a1a4a 1a0OpaTOPHOTO MPAKTUKYMa — CTYACHTHI JIOJKHBI TO3HAKOMUTBCS C
OPUMEHEHHEM SKCIIEPUMEHTAIbHBIX METOJOB s H3y4eHus (yHIaMEHTAJIbHBIX 3aKOHOB
Gu3uKY, U peleHUsT HEKOTOPBIX MPUKJIaIHBIX 3a/1a4.

Bropoii, He MeHee BakHOM, 3aauell 1abOpaTOPHOro MpPaKTUKyMa M0 (U3UKE SBISIETCS
oOydeHHe CTYICHTOB paboTe ¢ pa3IMYHBIMH HW3MEPHUTEIBHBIMH TpuOopamMu, 00pabdoTke
pe3yJIbTATOB, MOJYUEHHBIX MPU HU3MEPEHUSX, a TAKXKE OLIEHKE TOYHOCTH WM JOCTOBEPHOCTH
MOJIYYEHHOTO Pe3yJIbTaTa, BEIOOPY MPaBMIILHOTO METOAA MTPOBOIUMBIX U3MEPECHUH.

ITo oxoHUaHMM M3y4YeHHS Kypca (PU3MKH CTYAEHT HE TOJBKO MOJYyYUT Oa30Bble 3HAHUSA
Ui W3y4YeHHsS JAPYTUX JUCHUIUIMH, HO ¥ HaBBIKM PabOTBl C JOCTATOYHO CIIOKHBIM
00Opy10BaHHEM, 3HAaHUS U HaBBIKM, HEOOXOJUMBIE CIEILHATUCTY C BBICHIMM OOpa30BaHUEM B
€T0 MPON3BOACTBEHHOM JICATEIBHOCTH.

BU/Ibl U3MEPEHUI

N3mepeHus, Npu KOTOPBIX IIOJIy4arOT HEIOCPEACTBEHHO 3HAYCHUS U3MEpsSeMOU
BEJIMYMHBI, Ha3bIBAIOTCSA MIPSIMBIMHU.

[IpuMep: NUHENKON U3MEPAIOT JJIMHY IPEIMETa; C IIOMOILIbI0 BECOB U3MEPSIOT Maccy
peaMera.

Ecnmu nns onpeneneHus MCKOMOM BENUYMHBI TPeOYeTCsl MPOBECTH MaTeMaTUYEeCKHe
JEHUCTBHSL HaJA pe3yJbTaTaMU IMpsIMBIX WM3MEPEHUM, TO TaKHE U3MEPEHHs HAa3bIBAIOTCS
KOCBEHHBIMH.

[Ipumep: omnpeneneHue CKOPOCTH IO HM3BECTHOMY IYTH M BPEMEHH; OINPEIEICHUE
IUIOTHOCTH Teja IO HW3BECTHOM Macce U o0beMy (M3MepeHHe o0beMa MOXKET SBIATHCS U
IPSIMBIM. 1 KOCBEHHBIM U3MEPEHUEM ).

Bujbl omndox npu u3MepeHusxX

Kak HenpenoxHyi0 HUCTHHY ClEQyeT 3aloOMHHMTh: (HU3UYECKYI0 BEIMYUHY HEJb3s
U3MEpUTH a0COMOTHO TOYHO. [Ipu M3MepeHnn Mbl Beerja J0MycKaeM OOJbIIYI0 WM MEHBIIYIO
omnOKy. ITosToMy npu puznueckux U3MEpeHHAX Ba)XKHO ONPEAETUTb HE TOJIBKO (DPU3UYECKYIO
BEJIMUYMHY, HO U OIIHUOKY, TOIyCKaeMYIO IIPU €€ ONpeesICHUH.

Omuoxn CUCTEMATHYCCKHE, cnyqal‘/iﬂme, NnmpoMaxm

Kakwue sxe omuOku MOTYT OBITH TOMYIICHBI MTPH U3MEPEeHUAX? Pa3nuuaroT Tpu OCHOBHBIX
THUTIA OMTUOOK: CHCTEMATHUECKHE, CITyIaifHbIC, TPOMAaXH.

CucremaTnueckre OIIMOKM — OLIMOKH, OOYCIOBIIEHHBIE IEHCTBHEM KaKOTO—IHOO
MOCTOSTHHOTO (DakTOp (HETOYHOCTH HM3TOTOBIICHUS NPHOOPOB, HEMPABWIBHBIA BHIOOp MeETOJ]a
WU3MEPEHMUI).

[Mpumep. [Ipu u3MepeHHsIX HE YYUTHIBACTCS TEIUIOBOE PACIIUPEHHE Tel, Je(PEeKT mpu
W3TOTOBJICHUH TIPUOOPOB (IITPUXH HA JTUHEIKE HAHECEHBI HEpaB—HOMEPHO). [Ipu BeUMCICHHUIX
¢ yucyioMm "[IN" cumrator, yto yucio "[MN" pasno: 3; 3,1; 3,14 BmMecTo 3,14159265.

Takum oOpa3om, cucTeMaTHUECKHE OIIMOKH BBHI3BAHbBI ACMCTBUEM BIIOJHE OMPEIEICHHBIX
(GakTOpoOB, KOTOpPHIE MOTYT OBITh yYTE€HBI M HUCKIIOYCHBI. HO Ha MpakTUKe peNicHHe 3TOH
poOJIeMbI OKa3bIBAETCS JOCTATOYHO CIOKHBIM JIEJIOM.



Crnyualinbple oIMOKH — OIIMOKH, CBSI3aHHBIE C JEHCTBUEM BHEIIHUX (PAKTOPOB, KOTOPHIE
HE O/IMHAKOBBI JJIS1 KQKJI0TO OIbITa U HE MOTYT OBbITh YUTEHBI,

[Ipumep. IIpu cuuThIBAaHMYM MOKA3aHUHM 110 MIKAJIE BEJIMYMHA CUUTBIBAEMOI'O pE3yJIbTaTa
3aBUCUT OT TMOJIOKEHUS TJa3a HaOJoJaTenss MO OTHOUIEHHIO K CTpPEJIKe, KOTOPOe MOXKET
U3MEHATHCA B KAKIOM SKCIIEPUMEHTE.

CayyvaiiHble OIMIMOKM HEJb3sl Y4eCTh, HO MX JACWCTBUE MOXHO YMEHBUIMTb, IPOBOJIS HE
OJIHO, @ HECKOJbKO HM3MEPEHHUH, U 4yeM 0o0Jieeé TOYHO Mbl XOTUM IMPOBECTH H3MEpPEHHUE, TEM
OoJbllIee YUCIIO OMBITOB MBI JOJKHBI MpozenaTs. [Ipu 3ToM ciexyer uMeTh B BUIY, UTO €CIIU
cilydaifHasi OIIMOKa OKa)KETCSl 3HAYUTEIHHO MEHBIIE CHCTEeMaTHYECKOH, TO HE MMEET CMbICIIa
YMEHBUIATh CIIy4aiiHyIO OLIHOKY.

[Ipomaxu — oOmMOKH, JOMYHICHHBIE AKCHEPUMEHTATOPOM BCIEJCTBHE HEIOCTaTKa
BHUMaHHUA. DTOT BUJI OIIMOOK MCUE€3aeT MPH TIIATEIbHOM U aKKypaTHOM 3alMCH Pe3yIbTaToB, UX
00paboTKe U MPH BHUMATEITLHOM CUUTHIBAHUH MTOKa3aHUH TPUOOPOB.

IIpudopHas omnoOka

Oco6o0 creyeT OTMETUTh NOHATHE "MpuOopHast omuoKa" — 3To ommodKa,

BHOCHMAsi NMPHOOPOM B M3MEpeHHe. JTa OomHOKa MOXET OBITh KaK CHCTEMaTHYECKOU
(HempaBUJIbHAs YCTaHOBKAa NpUOOpa, HEBEPHBIM PEXUM HCIOIb30BaHUS, Kiacc Hpudopa,
BIIMSHUEC KAaKOTO—IMOO IMOCTOSHHOTO BHEIIHETO (akTopa), Tak M Ciay4dailHOW (BO3aelcTBHE
CllydyaliHbIX BHEIIHMX (DaKTOPOB — COTpSCEHHE, HEPEryJSIPHO MNPOSBISIONIMECS BHYTPEHHHE
0COOEHHOCTH JaHHOTO TNpHOOpa, HANpUMep, NPU IUIABHOM H3MEHEHHWH CHIJIBI TOKa TMPHOOp
HNOKaXeT OJHO 3HAY€HHUE, a MPU CKAaYKOOOpa3HOM (BCIIEICTBHE TPEHHUS) — BO3MOXHO APYroe
3HadyeHne). [loaToMy mpu Bcex M3MEpPEHHSIX HEOOXOIMMO YYHTHIBATH MPUOOPHYIO OMIMOKY, B
0Cc00EHHOCTH HEe00X0AMMO 0o0palaTh BHUMAaHUE Ha Kiacc TouHOcTH npubopa. Kinace TounocTu
orpeneNsieT MUHHMAaJIbHO BO3MOXHYIO OIIMOKY (ClIeOBaTENbHO, MAaKCHMAaJIbHO BO3MOXKHYIO
TOYHOCTb) IIPH paboTe ¢ JaHHBIM IPUOOPOM.

AOCOJIOTHAS M OTHOCHUTEJILHAA OINHOKH

[Ipu npoBeneHuM (GU3MUYECKUX HKCIEPUMEHTOB B HAY4YHBIX JabopaTopusx Tpelyercs
JTOCTHKCHHE HAaMOOJIBIIEH BO3MOXHOW TOYHOCTH, [loaTOMy 00paboTKe pe3ysbTaToB yACISICTCS
O6onbmioe BHUMaHHME. CyIIECTBYIOT CIIOKHBIE TEOPETUYECKHE pPAcyeThl, IO3BOJISIONINE
JOCTaTOYHO TOYHO ONPEIEIUTh TOYHOCTh u3MepeHus. OHHM  HCHONB3YIOT  METO[BI
MATEeMATHYECKON CTAaTUCTHKH W TEOPHUH BEPOSATHOCTEH. B cTyaeHueckoM nabopaTopHOM
MPAaKTUKyMe He TpeOyeTcsl BHICOKOW TOYHOCTH, MO3TOMY HCIOJB30BAaHUE CIIOKHBIX METO/OB
pacueTa OmMOOK HE MMeeT cMbIcia. Mbl OyJeM MOoJb30BaThCsl YIPOIIEHHOW CXEeMOW pacuera
omuOO0K, KOTOpasi, TEM HE MEHEE, UCTIONB3YeT QyHAAMEHT O0JIee CIIOKHBIX METOJIOB.

Wrak, B cuity TOT0, 4TO (pU3MUYECKYIO BETMUMHY HENb3sl U3MEPUTH a0COIIOTHO TOYHO, MBI
JOJKHBI TOJTYYUTh HE YHCJIO, a HEKOTOPBIA PAJ YUCEN, CPEeau KOTOPBIX C OOJBIION aoiei
BEPOATHOCTH HaXOAWTCA MCTUHHOE 3HAYEHHE olpeaeasieMoil BenuuuHsl. Ilycte 4 — nuctuHHOE
3HaYCHHUE M3MepsieMoil BennuuHbl. [Ipn u3aMepennn ObUTH TOMy4eHBI 3HaUeHUs: A1 A2, A3,...,An.
Torpaa pe3ysbTaT Kaxa0ro U3MEpEHHs OTIINYAETCS] OT UICTUHHOTO 3HAYEHUS HA BEIMUUHY

AAl S IA - All
AA; = |A — Ay
AA, = |A— Ayl
CyMMupY$ JIEBbIE U TIPABbIE YaCTH, MTOTyYUM
n n
ZAAi =n-A—ZAl
=1 =1

BBenem BakHOE MpeANoONOKEHHE O TOM, UYTO eciau omuOku AAi CIy4ailHbl, TO
CyMMapHas omuOKa U3MEpPEeHUs paBHA HYJIIO, T.K. B OJTHOM 3KCIIEPUMEHTE MBI, paBHOBEPOSATHO,



MOYKEM TIOJIYYUTh KaK IMOJIOKUTEIBHYIO, TAK ¥ OTPULATENbHYI0 OmMOKy. Torma npu O6oibmoM
KOJIMYECTBE U3MEpeHU <A> — A, rie <A> —cpeqHee 3Hau€HUE U3MEPSIEMON BEJTMUMHBI.

n
1
n r}
i=1

Tak kak B cTyneHYECKOM J1a0OpaTOPHOM IPAKTUKyME HET JOCTaTOYHO BPEMEHM MAJIs
IpOBEIEHUS OOJBIIOTO YHCIa SKCIIEPUMEHTOB, TO OyeM cuuTaTh. yTo <A>=Anpu 1 < n<6.
Torna ommbka npu KakJOM U3MEPEHUH 3aMUIIETCS B BUJIE

AAn = |< A > —An|

AAn Ha3pBaeTcsa aOCOMIOTHOM OmMUOKOW wu3MepeHuid. bosee TouHO: abCOMOTHOM
OIIMOKON W3MEPEeHUs Ha3bIBA€TCS HWMEHOBAHHOE (T.e. MMEIOIIEe pPa3MEpHOCTh) YHCIIO,
MOKa3bIBAIOIEe MAaKCHUMAIBHO BO3MOXKHOE OTJIMYME WCTHHHOTO 3HAYCHUS W3MEPSIEeMOM
BEJIMYMHBI OT MOJIyYEHHOTO B SKCIIEPUMEHTE

<A>—-AAn < A << A >+ AAn.

WHuTepBan, B KOTOpBI TMONAAaeT HUCTHMHHOE 3HAYEHHE UW3MEpsIeMOl BEMYMHBI,
Ha3bIBACTCSl JIOBEPUTENBbHBIM HHTepBasioM. (nenoBareiabHO, MPU 3alMCH  Pe3yJIbTaToOB
U3MepeHuil Mbl OyJIeM 3alUChIBATh JOBEPUTEIIbHBIA HHTEPBAI

Tak kak B KaXJAOM H3MEPEHUM Mbl JOMYCKAaeM CBOK OIIMOKY, TO HEOOXOAMMO
OTIPENIeNIUTh, KAKyI0 OIIMOKY MbI 3aIIUILIEM KaK UTOTOBYIO OIIMOKY BCETO SKCIIEPUMEHTA.

B cnyyae HebobIIOro yncia u3MepeHuit OyieM cuuTaTh, YTO OMHMOKa SKCIIEpUMEHTa —
cpeaHee apupMeTHIECKOe OIIMOO0K, TOMYIEHHBIX TPU U3MEPEHUIX

n
1
< AA >=—-ZAAi
n i=1

Torna UTOroOBBIM pe3yJIbTaT 3alMILIETCS B BUAC
A=<A>+<A4A >, umu A = Acp £ AAcp.

Ecnu uncno usmMepennii Tpu WM MeHee TPeX, TO OIMUOKa IKCTIEpUMEHTa — HauOOIbIIas
U3 TOJTyYEeHHBIX OIMMOOK U3MEPEHUH.

[Tpumep; A41=0,2, AA> =0,1, AA4A3 = 0,3, Toraa onmmodKa SKCIIEPUMEHTA:

A4 =0,3.

AOcoroTHast OoIMOKa TaeT CBEACHUS TOJIBKO 00 MHTEpBasie, B KOTOPOM JICKUT 3HAUCHUE
U3MEePSIEMON BETUYHUHBI, HO HIUEro HE TOBOPUT O TOUHOCTU U3MEPEHHI.

[Tpumep. IIpu HEKOTOPHIX M3MEPEHUSX MBI Jomyckaem ommoOky AA = 1 cm. Ecnm srta
omroOKa J0MmycKaeTcs Mpu U3MepeHun pacctossaus ot CraBpomois 10 HeBHHHOMBICCKA, TO ATO
BBICOKass TOYHOCTh. Ecim ke 3Ta ommOKa IOmycKaeTcs MPU H3MEPEHUH DPa3MEpPOB KOpPOOKa
CIIMYEK, TO 3TO HU3Kasi TOYHOCTD.

CBeneHUS O TOYHOCTH U3MEPEHHH J1aeT OTHOCHUTEIIbHASI OIITHOKA.

OTHOCHTENIbHAS OIIMOKA — 5TO OTHOIICHHE aOCOIIOTHON OIIMOKH K 3HAYECHHUIO
M3MEPSIEMOU BEIIMUMHBI (B TaJIbHEHUINIEM MBI OITyCKaeM CJIOBO "cpeaHuii”).

_44 100%
€=— 0

To ectp oTHOCUTENbHasE OIMIMOKAa MOKAa3bIBAET, KAKYIO JIOJIIO COCTABIISET a0OCOIIOTHAsS
omKrOKa OT 3HaUYEHUs U3MepseMol BeanuuHbl. OHA U3MepseTcs WM B MPOLIEHTAX, WIN OCTaeTCs
BEJIMYMHOI Oe3pa3mMepHOH, eciu ee He yMHOxaTh Ha 100 %.

OTtHocuTenbHas omMOKa CIYXKUT TaKXkKe s CPaBHEHUS TOYHOCTH PA3HOMMEHHBIX
U3MEPECHUM.

[Tpumep. ITycTs nmmHa crepxHs coctaBisier a = 25,2 £ 0,8 cm, a ero macca m = 315 + 4r.
UYro uzmepeHo TouHee?

Jlis oTBETa Ha 3TOT BOMNPOC Hai/leM OTHOCUTEIbHYIO OIIMOKY KaXKJ0T0 U3MEPEHUsI.



Aa 0,8

=— =—":100% = 39
fa =7 25,2 o o
—A = * 100% = 1,3%
fm = T 315 0= 270

BI/I)IHO, 4TO MaACCy CTCPIKHA Mbl UBMCPUIIN TOYHEC. HO3TOMy IIpH 3aIluCu pe3yJIbTaTOB
SKCIICPUMCHTA Mbl JOJDKHBI YKa3aTb HC TOJBKO BCINYUHY a0COJIIOTHOM. HO U BCIINMYNHY
OTHOCHUTEIBLHOM OIIHOKH.

MeToanka 00padOTKH MPSAMOIo M KOCBEHHOT0 U3MepeHUs

IIpsimoe uszmepenue
1. enaem cepuro usmepenuii (5 — 7) usmepsieMoil BETMYHUHBI.
2. Haxomum cpenHee 3HAaYCHUE U3MEPSEMOU BETTUIHHBI

1 n
Acng'zAi

3. Haxomum aGCoMIOTHYIO OMIMOKY KasKI0T0 U3MEpEHUs
AAn = |Acp — An|.

4. HaxonuM cpeiHIo0 a0COMIOTHYIO OLIMOKY

1 n
Mgy == Z AA;
i=1

5. Haxonum OTHOCUTENBHYIO OIHUOKY

AA
£=—=PL.100%
Acp

6. 3anuceIBaeM OTBET B BHUJE

Acp £ AAcp =. . .

AA
e=—2L.100% =. . .
Acp

Bo Bcex ClIy4dasaXx 3alliC UMCHOBAHHBIX BCJIIMYWH HYXKHO YKa3aTb UX Pa3MCPHOCTD.

Kocsennoe usmepenue

I[Ipu o00paboTKe KOCBEHHBIX HW3MEPEHHH OyAeM CcuuTarh, 4YTO TPH HEOOJBIIOM
KOJIMYECTBE M3MEPEHUN OMMOKM HAKAIIMBAIOTCS, T.€. OIMMOKAa KOCBEHHOTO H3MEPCHHS —
CyMMa OIIMOOK BEITMYWH, BXOJISIINX B KOCBEHHOE H3MEpPEHHE.

[IpousBonss u3MepeHHs, HAI0 CTPEMUTHCS K TOMY, YTOOBI TOYHOCTh HW3MEPEHUH
npuOIMKanack K TOYHOCTH MpuOopa. [Ipu 3TOM BBIMONHSETCS psi] PaBUII, KOTOPBIE MBI ceildac
JTIOKQKEM.

[Tycte umerorcs BennunHbl (4 £ AA) u (B = AB), tne A, B — u3MepeHHbIC 3HAYCHUS
3THUX BeNU4nH, A4 1 AB — aOCONIOTHBIE OMINOKH, JOMYIICHHBIC TPU U3MEPEHUH STHX BEJINYHH.

[IpaBuio 1

EcmmC=4+Bumu C=A—B, 10 AC=AA4 + AB.
JokazarenbctBo: C=A +Bumu C=A4 — B,

Torga: CtAC=4A+tA4A+B+tABumn C+ AC=A4A+A4d—- B+ AB.
BrruuTas u3 BTOpOro paBeHCTBA MEPBOE, MOTYUHM:

+ AC=+ A4 + AB.



Jis  HeOONBIIOTO 4YHCIIa W3MEPEHWH CYMTaeM, 4YTO OIMMOKH HAKaIUTMBAKOTCS,
caenoBarennbHO: AC = AA + AB.

[IpaBuiio 2

A AC _AA | AB

EcruC=4 -Bum C= —-10 —=—+—
B c A B

HoxazarenbctBo: Ilycte C =4 - B, Toraa

C+tAC=(A+AA)(BE£AB)=A'B+ A-AB + B-AA + AA-AB.
[Ipenebperaem (AA4-AB), Toraa:
C+AC=(A+AA)(B+AB)=A'B+ A-AB + B-AA.

— AC=A4-AB+ B-AA

AC AAB+BAA AB AA AC AA  AB
-S> == =— +— WM —=—+—
c AB B A c A B
Emnc=§,mAc=A@)
nm AC = A-(B‘l) + AA-([)H), HO A(Bl) =_B>AB
S AC= B-AA+A-AC
BZ

Pasnenum obe uacti Ha C = 2 — AC_24,28
B C A B

To ecTh, B ci1yyae KOCBEHHOTO U3MEPEHUS, B KOTOPOM IIPOBOASTCS NEHCTBUS BHIYMTAHUS
U CIIOKEHUSI, yTOOHO CHavajla MCKaTh aOCONIOTHYIO OMIMOKY, a 3aT€M OTHOCUTEIIbHYIO, €CITH KE
MPOBOMSTCS JCWCTBUS YMHOXKEHHUSA, NEJNEHHSA, a TaKKe BO3BEACHHUS B CTENEHb, TO CHayaia
yA0OHO UCKaTh OTHOCUTEIbHYIO OIIHOKY, a 3aTeM YK€ aOCOJIIOTHYIO.

B o0mem crmyuae st HAXOXKIEHHUS OTHOCHUTENHHOM OLIMOKH MOCTYMArOT CJETYIOIINM
obpazom

1) norapumMupyroT BEIpaKEHUE;

2) nudpepeHInpYIOT MOITYISHHOE BBIPaKEHUE,

3) 3amensitor "d" Ha "A" u "-" Ha "+" mexny ommOkamu (Tak Kak d(/nx) = dx/x wnu
A(ll’lch) =Ax/ ch.).

[Ipumep
_kVp AA
= Ta—p)s » AeM -

1) InA = Ink + (1/2)-Inp — 3-In(a — b);

dA dk d d(a—-»b
) E=24 22 ¥;
A k 2p a-b
AA Ak A Aa + Ab
L= L322
A k 2p a-b

Kak yyecTs mpuOOpHYIO OIIMOKY

[TpubopHast ommbOKa yka3pIBaeTCsl Ha MPUOOpPE WM B Macmopre K HemMy. MoxeT ObITh
yKa3zaHa Kak a0coiroTHas ommOKa, AaBaemasi mpruOopoM (HampuMep, lieHa JeJICHHs Ha JIMHEHKe
1 MM), Tak W OTHOCHUTENbHas OMMOKa. BenwmumHa OTHOCHTENBHOW OIIMOKH OTpeaessieTcs
KJIACCOM TOYHOCTHU Ipudopa.

Pazanuaror knaccel Townoctu: 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0. Kmacc TodHOCTH
yKa3bIBaeTCs Ha JTUIEBOM nanenu npuodopa, [Ipu 3ToM BO3MOXKHBI JBa cliydasl.

1. Knacc TouHOCTH JaeTcsi B BUJE YHCIIA, HE 3aKJIIOUEHHOTO B KPYXOK. B 3ToM ciyuae
yKa3bIBAaeTCs BEJIMYMHA MPUBEACHHON OMMOKU, TO €CTh OIIMOKHU, BHIPAXKEHHOM B MPOLIEHTaX OT
BEpPXHET0 Tpejea U3MEePEHU WM OT JUIMHBI IIKalbl. Hanmpumep, eciau uMeeTcss amrepMmerp,
paccuutanubiii Ha usMmepenne 100A, ¢ kimaccom Tounoctu 0,5, 3TO 0O3HAYaeT, 4To MPUOOPHAS
omnoka Alqpus onipenensercs mno Gpopmyme

0,5
A]npuﬁ = ——Inax )
100



I'ne Imax = 100A.

Torma Alypus = 0,5A, T.e. abcomtoTHas npubopHas omubka usmepeHuit coctasiser 0,5A,
B JIFOOOM JMana3oHe M3MEHEHWH MpuOopa. A OTHOCUTENbHas ommbOKka OyneT HaubOoJbIIeH B
HavaJie MKkl IpUOopa, a HANMEHBIICH — B KOHIIE [ITKAJIBI.

2. Kiacc TOYHOCTH JaeTcsi B BHJIE YHWCIIA, 3aKIFOYCHHOTO B KPYXOK. B 3Tom ciydae
OTHOCHTEJIbHASI OIIMOKA yKa3bIBACTCS B MPOIICHTAX OT M3MEPSEMON BEJIMYHHBI. AOCOIIOTHAsS
OmMOKa U3MEPEHHSI ONpeIeIsIeTCs Mo GpopmyIie

k
Alupu = ——1
npub 100" °

I'ne k — xknacc TO4HOCTH;
I — u3mepsieMoe 3HauYCHHE TOKa.
[Tycts amnepmeTpoM ¢ kaccoMm TouHOCTH 0,5 M3MEPHIN BEIMYMHY TOKA U TONyqnin [ =
20A. Torna npubopHas ourOka oyaer
0,5

Alnpus =——-20=0,1 A, e=0,5%.
100

B cnyuae u3mepeHuil, mpoBOAMMBIX HECKOJIBKUMH MpHOOpaMu, MpuOOpHas omudKa
JKCHEPUMEHTA — CyMMa OIINOOK, JJaBaeMbIX KaXIbIM MPUOOPOM B OTAEIBHOCTH. OUYEBUIHO, UTO
IKCTIEpUMEHTANIbHAS OIMOKA HE MOXKET OBITh MEHbIIE PUOOPHOI OMMOKH, TOITOMY BCETa U3
JIBYX BO3MO>KHBIX OLIMOOK 3alMChIBaeM OOJBIIYIO — Kak 0oJiee peasbHyIo.

Kak NMPAaBUJBHO ITPOU3BECTH BLIYUC/IICHUA U 3alIMCATDh OTBET

KoHeuHbIM UTOroM J000r0 SKCHEPUMEHTa SBJISIETCS TOJIY4YEHHE HEKOTOPOro
YHCIICHHOTO 3HAYCHUSI KaKOH—1H0O0 BETMYMHBI: HENMPAaBUIBHOCTh MTOTOBOW 3aITUCH pPE3yJIbTaTa
MOYET J1laTh HEBEpPHBIC CBEACHUS O TOUYHOCTH M3MEPEHUS M O 3HAYCHHUU CaMON H3MepsIeMOi
BeIMYHMHBL. [103TOMY yCIIOBUMCS, YTO TIPU KOCBEHHBIX H3MEPEHHSIX KOJUYECTBO 3HAYAIIUX ITUPD
B KOHEYHOM pe3yJIbTaTe MOXKET ObITh JHIIb Ha | Oonbime, 4em cpefaHee apuphMeTHIECKOoe
KOJIMYECTBA 3HAYAIIMX UMD BCEX BEIUYMH, BXOIAIINX B TAHHOE M3MepeHHe, (HAIIOMHUM, YTO
3Havame uugpsl — Bce Ludpbl, kpome "0", cTOSIIEr0 B HaYale YUCIIA).

[Ipumep: % =33,3;

100 — Tpu 3HaYanWX HUQPHL;

3 — onHa 3Havamas nudpa;

Nep=(@B+1)/2=2;

33,3 — Tpu 3Havamme nudpsl — 3 > 2 Ha SUHUILY.

[Tpu 3anucu ommOKN U3MEpPEeHHs: HE0OX0IMMO PYKOBOJCTBOBATHCS IBYMs IIPABUIIAMH.

[TepBoe mpaBwiIO: MpH 3aMKUCH OMMOKK U3MEpPEeHUs (a0COIOTHOW WM OTHOCHTEIBHOMN)
YCIOBUMCS, YTO €CJIM MepBast 3Havamias 1udpa B ommodke "1" win "2", ToO MOKeM OCTaBUThH JBE
3Havamme udpsel, ecau ke "3" UM BhIIIe — OJIHY 3HAYAIIY0 HUPY.

IIpumep: 2,5 —BepHo 2,51 — HeBepHO
0,3 —Bepro 0,32 — HEeBEpHO
7 — BEpHO 7,0 — HeBepHO

Bropoe mpaBuio: mpu 3amucu OMMOKK paspsii, A0 KOTOPOTro OmpeerneHa ourmoka,
JOJKEH COBIAIaTh C pa3psaoM, 10 KOTOPOTO OIMpeJelieHa Hu3MepsieMass BeIMYMHA, WA
abcoroTHas omrOKa o KHA 3aKaHYMBATHCS B TOM )K€ pa3psijie, 4To U pe3yibTar.

IIpumep: 27,5 + 0,12 -
HEBEPHO;
27,5 £0,1 — BepHO.



HpI/IMeHeHI/Ie OTUX ABYX IpPaBUJI HGO6XOI[I/IMO BBITIOJIHATH B TOM nocCJaca0BaTCIbHOCTHU, B
KOTOpOP’I OHH JaHBI B U3JI0XKCHHH.

[IpuBenem psin npumepoB. IlycTb OblTM NpOM3BEAEHBI M3MEPEHHUS, OIpPEAETICHBl HX
OLIMOKH, C/I€TaHbl 3alIUCH

1)27,12 £0,18;

2)27,12 £+ 1,8;

3)27,12£0,018;

4) 27,12 +3,1;

5)27,12+0,31:

6) 27,12 £0,031;

7) 27,12 £3.

[Ipumensiss 5T 1Ba MpaBWiIa, MPOBEPUM MPABUIBHOCTH 3allUCH OTBETOB, M €CIH OHH
BEpPHBI — OCTaBUM WX 0€3 U3MEHECHHI, a €CITM HEBEPHBI — 3aMUIIEM UX TPABUIBLHO

1) o0a mpaBuiia BHIMOIHEHEI.

2) npaBwiio 1 BBINOJIHEHO, 2 — HET — MPaBUIIBHBINA oTBET: 27,1 + 1,8;

3) 1 — BeIMIONTHEHO, 2 — HeT — 27,12 + 0,02;

4) 1 — He BBINOJIHEHO, 2 — HE BBIMIOJIHEHO — 27 + 3;

5) 1 — ve BbmonHeHo — 27,12 + 0,3, Teneps 2 — He BbimonHeHO — 27,1 +0,3;

6) 1 — He BBITIOJIHEHO, 2 — HE BBITMIOJIHEHO, MO3TOMY BepHOo 27,12 + 0,03;

7) 1 — BBITIONTHEHO, 2 — HET — 27 + 3.

[Tonp3ysich BbllIEyKa3aHHBIMU IPAaBUJIAMH, Mbl MOKEM I'PaMOTHO O(QOPMHUTH padoTy,
IpUYeM pe3yibTaThl 3TOI paboThl OyIyT MOHATHBI JIIOOOMY, KOTO OHU 3aMHTEPECYIOT.

OxoHuaHueM padOThI JOIKEH CIIYKHUTh OTBET, 3alIICAHHBIN B BUJIE:
X+AX=...

e=2%.100%=...
X
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TEMA 1. MEXAHUKA

JlaGopaTopHas padora 1. PaBHOyCcKOpeHHOe IBUKeHHe

Lenp paGotbl: M3mepeHue 3aBUCHMOCTH MIHOBEHHOH CKOPOCTH OT MPOHJIEHHOTO
pacCTOSHMSI.

dopmupyemble KOMIETEHIIMH UIN UX YaCTH:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMH (U3UKO-MAaTEeMAaTHUECKUN
anmapar, METOJbl aHajdu3a U MOJEIMPOBAHUS, TEOPETHUYECKOTO M IKCIHEPUMEHTAIbHOIO
UCCIIIOBaHMS IIPU PELIeHUU NPo(ecCHOHaNbHBIX 3a7a4

Teopernyeckasi 4acThb
Ha ABMKYIIYTIOCA TCICKKY HeﬁCTByeT CuJia TSAKECTHU, CHUJIa pCaKIIUH OIIOPhI, CHJIa TPCHUA
KaueHWs, M CHUJla COMPOTHUBIEHUS BO3AyXa. B ciyuae MalbIX CKOpOCTEH, KOrjaa CHIION
COIIPOTUBJICHHA BO3AYyXa MOXKHO npeHe6petH), OTO ABHUIXCHUC SABJISACTCA PaBHOYCKOPCHHBIM oe3
HayaJbHOU cKOpOCTH. Cle10BATENbHO, €r0 MOKHO OIUCATh 3aKOHOM:

5= (L.1)

rae S — myTh, a — YCKOpEeHHuE, t— BpeMs.

Jns mpoBepKM 3TOr0 3aKkOHAa MOXHO MCIIOJIB30BaTh CIHEAYIOIIUA MeTod. Tak Kak
JBIDKCHUE TEJICKKH DPABHOYCKOPEHHOE, TO TPH JIOOBIX S, MPH NPOYUX PABHBIX YCIOBHSX,
yCKOpeHue OyJeT HEU3MEHHBIM, T.€.

25, 25,
— = = =const (1.2)
t t

1 2

Ecium 3T0 Tak, 3HAaUMT 3aKOH cHpaBeuiMB. TakuM oOpa3oM, 3ajada SKCHEPUMEHTa
COCTOMT B U3MEPEHUHU t 1711 COOTBETCTBYIOIIUX S U IPOBEPKHU ycioBus 1.2.

OpHako psa OpUYMH CIy4yailHOro xapakrepa (Hampumep, HETOYHOCTh HA4aJbHOI'O
PacIoIOKEHUST TEJEKKU, MHEPLIMOHHOCTD MPH IMyCKe, 3aCTOWHBIC SBJICHUS B MOALIMITHUKAX
ocH OJIOKa U T.11.) YCIOXKHSIOT 3Ty 3aBUCUMOCTb.

BBenem mapamerp T — ciydailHyl0 BEIMYMHY, XapaKTEpU3YIOLIYI0 HEONPEIEICHHOCTb
MOMEHTOB Hauaja U KOHLA JBWxkeHus. Toraa,

a(t + 7)?
[Ipeo6pa3oBaB 3T0 BeIpa’keHUE, OTYUUM:
at? at?
S(t,T)=T+atT+T (14)

Ecnu pacnpenencHue CirydaiHOM BETMYMHBI T CHMMETPHYHO OTHOCHTEIBHO 3HAYCHUS T

(TO €CTh HOJOKUTENBHBIE ¥ OTPULATENbHBIE 3HAYEHUS T PABHOBEPOATHEI), TO T =0, T2 #
_a __at?

0, cie0BaTeNbHO, BBEIS 0003HAUEHUs B = > M So = —-, MOXKHO 3aIHuCarh:

S(t) = S, + Bt? (1.5)

DTOT 3aKOH COJIEPKUT JBa MapameTpa: S, — HadaJbHOE CMEICHUE U B — BEIUYUHY,
PaBHYIO IOJIOBUHE YCKOpPEHUS. DTH IapaMeTphl ONPEACIAIOTCS 10 M3MEPEHHBIM 3HAYEHUSIM
NPOMJIEHHOTO TyTH S; W CEPUSM 3HAYECHUH MPOMEKYTKOB BPEMEHH ¢; j METOJIOM HAMMEHBIINX
KBaJIpaToOB

11



Memoo Haumenbuiux K8aOpPamos

Ilycte B pe3ynbTare SKCIEPUMEHTa Mbl MOXYYMIM PSIl U3MEPEHHM BEIUYMHBI Y : VI,
Y2, onnn. , yn COOTBETCTBYIOIIMX 3HAYECHUAM aprymeHra ti, t2, ...... , tn , KOTOpBIE MOTYT OBITH
npeAcTaBieHbl Ha Tpaduke B Buae Touek (pucyHok 1.1). Ham HeoOXomMMo yCTaHOBUTH
HMIIUPHUECKYIO 3aBUCUMOCTb MEXIY Y H t.

OueBUIHO, €CIM COETUHUTD TIOCIEJ0BATENBHO 3TH TOUKH, TO MOIYYHM JOMaHYIO JIMHUIO,
HE UMEIOIIYI0 HUYEro OOIIETro ¢ HCKOMOW 3aBUCHMOCTBI0 Y = f(t) . DTO cnemyet XOTs ObI u3

TOro, 4to Qopma 3TOH JIOMAHOM JMHMKM HEe OyAeT BOCIHPOU3BOAUTHCS IPH TMOBTOPHBIX
CepUsAX U3MEPEHUN.

Y .
30 Yt ﬂ\
p ’ \
N
20+ K *
s
s
_ !

10 /

[ | T | | r 7
0 I 2 3 4 3 6 '

Pucynoxk 1.1

W3mepennsie 3HaueHWst y; OyayT B oOmeM ciydae CMEMICHBl OTHOCHUTEIBHO
MCKOMOHW KPHMBOM KaK B CTOPOHY OOJBIINX, TaK M B CTOPOHY MEHBIIMX 3HAYCHUI, BCIEICTBUE
CTaTHCTUYECKOTO pazbpoca (pucyHok 1.2).

3agaga cOCTOUT B TOM, YTOOBI 110 JaHHBIM 3KCIICPUMEHTAIBHBIM TOUYKAaM HAHWTH TJIAJAKYIO
KpUBYI0 (WM TpsAMYI0), KOTOpas Tpoxoawia Obl Kak MOXHO Omke K Tpauky
“UCTUHHON” (QYHKIIMOHAIBHON 3aBUCUMOCTH Y = f(t).

Teopusi BeposTHOCTEH MOKa3bIBa€T, YTO HAWIYUYIIMM NpHOIIKEHHeM OyaeT Takas

KpHBas (WIM NpsiMasl) JIMHUSA, IS KOTOPOM CyMMa KBaJpaToOB PAaCCTOSHUM 10 BEPTHUKAIU OT
9KCIIEPUMEHTAIIBHBIX TOYEK J0 ATON KPUBOM Oy1eT MUHUMAJIbHOI.

OTo0T METOJ HaXOXIACHU BMHI/IpPI‘IGCKOfI 3aBUCUMOCTHU IIOJYYHJI HA3BAHUC Mmemooa
HAUMEHbUUX Kea()pamoe. C}’H.[HOCTI: 9TOro MCToAa COCTOUT B CICAYIOIICM.

Y
304

T I .
0 I 2 3 4 5 6 ¢
Pucynok 1.2

[IpennonoxuM, YTO  UCKOMas  3aBHCUMOCTb  BbIpaxaercss  (QyHKIHMEH Yy =
f(t, AL Ay ...,Am), rne Ay, Az . Ap — mapaMeTpel. 3HAUEHUsS HATHUX MapaMeTpoB

12



OIpENeNAIOTCS TaK, YTOOBI TOUKH Y; pacloyiarajuch o 00e CTOPOHBI 3TOW KPUBOM, KaK MOKHO
OnMKe K MocyeHel, To ecTh, 4ToObl CyMMa KBaJpaTOB OTKJIOHEHHH M3MEPEHHBIX 3HAUCHUH Y;
oT pynkuun y = f(t) Obuta HauMmensbleil. (DTO COOTBETCTBYET MPENINOIOKEHHUIO, YTO
pa3dbpoc  TOYEK OTHOCHTENBHO KpuBOW y = f(t) MOAYMHSETCS 3aKOHY HOPMAaIBHOTO
pacrpeiesieHusl. )
Mepoii 3Toro pasbpoca sSBISETCS AUCHEPCUS O
(AS,)? — cpenHuii KBagpaT OTKIOHEHMIA:

2 nim €€ HpHGHI/I)KGHHOe BBIPAXKCHUC

n

1
(@S2 == [y =yt (16)
i=1

OTOT cpenHuil KBaJapaT OTKJIOHEHMM M JIOJDKEH IPUHATH MUHUMAJIBHOE 3HAYCHHE.
Kak n3BectHO, pyHkuus f(A) npuHUMaeT MUHMMajibHOE 3HaueHHe mpu A = Ay,y,, €CIu ee
nepBasi IPOM3BOHAsS PaBHA HYJIIO, a BTOpas MPOU3BOIHAS IOJIOKUTEIbHA NPU 3HaYeHUH A =
Apin. Ana QyHKIMM MHOTHX NEpEeMEHHBIX 3TH YCJIOBUS 3aMEHSIOTCS TpeOOBaHHMEM, YTOOBI
YacTHbIE IPOU3BOAHBIE, TO €CTb INPOM3BOJAHBIE IO THapamerpy Al yAOBJIETBOPSIIH
BBIIICYTOMSHY THIM YCIIOBHSIM (TIpH 3TOM OCTallbHBbIE TTapameTpbl Ay (k = i) mnpu BeYHCICHUA
IPOM3BOJIHBIX CUYMTAIOTCS TIOCTOSHHBIMHU).

Takum o00pazoMm, W3 YCIOBUH MHUHMMyMa Mbl IIOJIy4aeM CHCTEMY YpaBHEHUH ais
ONpeACNICHUs] HAWIydIlMX 3HA4YCHUH napaMerpoB. PaccMoTpuM mNpUMEHEHHE MeTona
HauMEHBIIUX KBaJApaTOB Ha IMPUMEPE OTBICKAHMS AMIMPUYECKOM 3aBUCUMOCTH IIyTH,
MPOXOJIMMOTO TEJIEKKOMN M0 HAMPABJISIIONIEH, OT BPEMEHHU.

[lonaras, yTo “ncTUHHAS 3aBUCUMOCTD ITyTH OT BPEMEHU UMEET BUJ

S(t) — S, = Bt? (1.7)
MOKHO PaCCMOTPETH CIyYaiHbIe OTKIOHEHHMS:
(AS); = S; — S(ty) (1.8)

rae S; — U3MEpEeHHBIE MMOJI0KEHUS TEIeKKH B MOMEHTHI BPEMEHH t;.
3anuinem KBagpaTuyHyo Gopmy

1 Y 2N\2
=EZ(Si—SO—Bti) (1.9)
i=1

u morpedyeM, 4ToOBl 3Ta KBajApaThyHas (popma, OMUCHIBAIOIIAS CyMMY KBaJpaToOB
OTKJIOHEHHH TOYeK S; OT UCKOMOUW KPUBOIi, OblJIa MUHUMALHOM:
F(So, B) = min (1.10)

Torpa n3 paBeHCTBa HYJIO YacTHBIX NMPOU3BOAHBIX OoT F mo mapamerpam S, u B
IIOJIyYUM J1Ba YPABHEHUS

OF ,
a—SO:—ZZ(sl—SO—Btl) =0
L=

n (1.11)
oF o s
= = —ZZ(Si—SO—Bti)-ti =0
=1
DT ypaBHEHHS MOKHO nepenI/IcaTb B BHUJE
n
nSy+B ) t? = ZSi (1.12)
i=1 i=1
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n n n
SOZQ+BZE4=ZS¢? (1.13)
i=1 i=1 i=1

v o a
Perienne 5Toii CHCTEMbI IO3BOJIACT HANTH 3HAYCHHA So M B =~ , a 3aTeM ONpEACTHTH
YCKOpEHHE a.

(B ypaBuenmsix 1.11 — 1.14 wHAEKC { COOTBETCTBYET YCPETHECHHOMY 3HAYCHHUIO
JTAHHOTO TTapaMeTpa COOTBETCTBYIOIIEH cepuu u3MepeHuit B Tabmmmax 1.1 u 1.2)

Oo0opynoBaHne U MaTepuaJIbI
1. JTaboparopHas yctaHoBKa «PaBHOYCKOpEeHHOE JIBUKCHUE)
2. lludpoBoii cekyHmomep
3. HaGop rupb

Onucanue 3KCI’lepMMeHmaJZbHOI:i YCmaHo8KU

CxeMa yueOHO—1a00paTopHOTo 000pyAoBaHUs «PaBHOYCKOpEHHOE JIBIYKEHUEC)»
Mpe/ICTaBIeHa HAa pucyHke 1.3.

Pucynok 1.3 — KoHcTpykuus uzaenus

O0opynoBaHHe KOHCTPYKTHUBHO INPEICTABIIAECT COOOM, TOPU3OHTAIBHO PACHOJIOKEHHYIO
Hanpasysionyo (1), 1o Kotopoil, B IpSIMOIMHEHHOM HalpaBJIE€HUH, MOXKET KaTUTHCS TEJEKKA
(2). C omHO#t CTOPOHBI JOpPOXKKAa OCHameHa yrmopoM (3) Il OCTAaHOBKH TENEKKA U
Bpamaromumcs 6okom (4). Uepes 610k mepeknHyTa Jierkas KalpoHOBas HUTh, OJJHUM KOHIIOM
COEJIMHEHHAs C TEJIEKKOH, a JPYTUM, CO CBOOOIHO MOABEIICHHBIM IMIMHIPUIECKUM Ipy30M (5).
B HCXOTHOM TOJIOKEHUH TENEXKY YACP)KUBACT AIIEKTPOMArHUT, OTIYCKAIOUIMH TEJEeKKY IO
3alycKy ceKyHaoMepa. IIpu ocBoO0XKICHUN TENIEXKKH, IPy3 IPUXOAUT B IBMKEHUE, ITpHUIaBasi ei
IIOCTyIaTENIbHOE, PaBHOYCKOpPEHHOe JBHkeHue. Ha camoil Tenexke Tak K€ NpeSyCMOTpEeHa
BO3MOXHOCTb YCTAaHOBKM TIPy30B JJIsI M3MEHEHHUs €€ MacChl M CIIEJ0BaTEIbHO Xapakrepa
YCKOPEHHUS IPU TIPOBEICHUH OTIBITOB.

L7 | [2] Lo Le]Ls

[ ]

Pucynok 1.4 — [1anens ynpasneHust LuppoBOro ceKyHaoMepa

Ob6opynoBanue «L{udppoBoii cekyHnomep» NMperIHA3HAUYEHO JAJIS U3MEPEHUs] WHTEPBAIOB
BPEMEHM M TMO3BOJISIET ONpPENENSITh 3HAUYEHUs JO THICSIYHBIX CeKyHA. Bpemszanaromum
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YCTPOWCTBOM CEKYHJOMEpA SIBJIIETCS KBapIeBblli reHepatop. CurHam CTaOMIM3UPOBAHHOMN
YacTOThI C KBapLEBOI0 IreHepaTopa NOCTYNaeT Ha BXOJ MUKPOKOHTPOJUIEpa, 00ECIIeUNBAIOIIETO
cienytome (QYHKIMA: TPUEM KOMAHIHBIX CUTHAJIOB OT KHOMOYHBIX MEpeKIovaTesied u
BHEIIHUX JIaTYUKOB; 0OpabOTKY CUTHAJIOB B NpPOrpaMMe, B COOTBETCTBHHM C YCTaHOBJIECHHBIM
peXuMOM paboOThI, U BBIJAYy pe3yJbTaTOB 00paOOTKM Ha yCTPOHCTBA HU(POBON MHAMKAINN U
cBeroanoabl. TpeOyemblil pexum paOoThl 3aaéTcsi Ha)KaTUEM COOTBETCTBYIOLIEH KHOIKHU
BbIOOpa pexxuma. [locne Haxatus kHonku (1), MPOUCXOOUT BKIKOYEHHE NMPUOOpA U 3aropaercs
3JIEKTPOHHBIN AucIuiel (7) Ha KOTOPOM OTOOpaXkaroTCs 3HAYSHUS U3MEpEeHuil pu padore.

Knonka «PEXWM)», mo3Boisier BbIOpaTh HYXHBIH pPEXHUM, IS TONYYEHUS HY>KHBIX
BPEMCHHBIX 3HAUCHUM.

Knonka «BBIBOP» noaTBep:knaeT BEHIOpaHHBIN paHee PeKHM.

Knonka «CTOIl», naxatuem kHonku «CTOID» ocyiecTBisieTcsi BKIIOYEHUE MArHMTa
(ecu OH MCHOJIB3YETCS B yCTAaHOBKAX, /1€ €CTh MarHUT)

Kuonka «CTAPT», npum HaxaTMM KHONKHM IPOMCXOJHUT CUYET HMIIYJIbCOB, IIOCIE
dbopmupoBaHUst 6—TH UMITYJILCOB, CYET UMITYJIbCOB OCTAHABIUBACTCS.

Pexxum "I naHHBINM peXUM MTO3BOJISIET ONPEAEIUTE BPEMS OT Ha4yajla OTCYETA O KaK0ro
chopmupoBaBerocst UMIyibca. CekyHnomMep paboTaeT B MATH PeKIMAX:

Pexxum "1" — naHHBIA pEXHM MO3BOJISIET ONPEACNIUTH BpeMsl OT Hayajua OTcYeTa 10
KaX/10T0 c(hopMHUpOBaABIIETOCS UMITYJIbca. MaKCHMaIbHOE KOJMYECTBO UMITYJIbCOB: 6. Haxmmas
kHONKYy «BbIBOP» M0>XHO IpOCMOTPETH BpeMsl 10 KayKJOTO U3 UMITYJIbCOB.

Pexxum "2" — naHHBIA pEeXHMM IO3BOJISIET ONPECIUTh HHTEPBAT MEXIYy NaHHBIM U
nociaeayomum umnyiascoM. IIpu Haxkatum kHomku «BbIBOP» MOXkHO mpocMOTpeTs Bpems
MEXJy HUHTEPECYIOIIMMHM Hac HMIIyJbcaMHd. MakcUMajabHOE KOJMYECTBO CUHMTAEMBIX
MMITYJIbCOB: 6.

Pexxum "3" — naHHBIN peXUM MO3BOJISET ONPEAEIUTh BpEMs OT Havajla OTcyera 10 1-To
c(OpPMHPOBAHHOTO UMITYJIbCA.

Pexum "4" — crangapTHBIN peKUM CEKyHAOMEpa.

Pexxum "5" — pesxxuM BKITIOUECHHS] MarHUTa.

Yka3zanus no Texuuke 0€30macHOCTH

[Ipu skcrutyatanuu o0OpyAOBaHUS HEOOXOAMMO COOMIOAATh CIEAYIOIIHUE TpaBUiIa
0€30MacHOCTH:

* K ob6ciyxuBanuio 000pyJOBaHUS JOMYCKAIOTCS JHIA, MPOIIEIINEe HHCTPYKTAXK I10
TEeXHHUKE 0€30MaCHOCTH.

* Ilepen HayamoM OSKcIUTyaTalMd o0OOpYHOBaHMA HEOOXOAUMO yOEAMThCS, UTO
000pyI0BaHNE HAXOAUTCA B BHIKJIIOYEHHOM COCTOSTHUH.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH U HEHCIIPABHOCTEH 00OPYJOBaHUS, a TAKXKe
IpU TOSIBJIGHUU JbIMAa, HCKPEHUS WU Cleuu(UYecKoro 3amaxa MeperpeTol H30JSIIHH,
HEMeJJIEHHO 00eCTOUYbTe 000PYI0BaHHE.

* SAITPEHIAETCSI nencnipaBHOE 000pyI0BaHHE.

* 3AIIPEIHIAETCS wucnonb3oBaTh H3ACIHE W €r0 OTACIbHbIE KOMIIOHEHTHI HE TIO
Ha3HAYCHHUIO.

* SAITPEIITAETCA BckpbIBaTh U3JENHE.

* SATIPEIIIAETCS BumOM3MEHITh IPUHITMITHATIBHYIO CXeMY U 001IHe QyHKIIMH PaOOThI
U3JICITHSL.

* [locne xpaHeHuss 00OpYIOBaHUS B XOJIOAHOM IOMEIICHHWU WIIU IOCIE NMEPEBO3KU B
3UMHHX YCIIOBHSIX BKJIFOUATh €r0 B CETh MOXKHO HE paHbIlle, 4eM uepe3 6 4acoB MpeObIBaHUS TpU
KOMHATHOM TemIiepaType B pacliakOBaHHOM BH/IE.

» Usnmenue HSKCILTyaTHpOBaTh TOJIBKO B MOMEMIEHUH O€3 TOBBIIMICHHON OMAacHOCTH II0
CTETEeHH MOPAKEHUS DJIEKTPUIECKUM TOKOM.

* Bo u3bexxaHue MOpakeHHs IIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U3JIeNusl, Ipyu paboTe 3ampeniaeTcs UCIOoJIb30BaTh BHEUTHIE UCTOUHUKH MMUTAHUS.
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* He ycranaBnmuBaiiTe 000pyIOBaHHE B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACHPOCTPAHSIOIUX OTOHb IPEMETOB.

* He ocraBnsiite 000pynoBaHue BKIOYEHHBIM 0€3 IPUCMOTpA.

* He nomyckaiite nonaganus >kKUJKOCTH BHYTPb 000pYy/10BaHUSI.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHU HA JITUTENbHOE Bpems (Oomee 12
YacoB)

* Bo n30exanune noinoMok o0Opya0BaHUSI HE MPUKIIAIAbIBANTE YPE3MEPHBIX YCUIUM MpU
MaHMITYJIILUAX C OpraHaMHy YIIpaBJIeHHUS.

3amanus

1. 3amepbTe pacCTOSIHUSA BIIOJIb HAIMPABIISIIOMIECH MEXKIY BEPTUKAIBLHOW METAITMYECKOMN
HINWIBKON TEIEKKH, YCTAHOBJICHHOM B HayaldbHOE MoJjioxkeHue u patuukamu J(1; 12; 13; 14;
A5; J16.

2. Tllomy4yennpiMu 3HadeHWssMH B TaOmuie 1.1 3amomnute rpader — IlpoiinenHoe
paccTostHue ;.

3. YcranoBure Ha Tenexky rpy3 maccoir 1000 rpamm.

4. 3akpenuTte Ha CBOOOHBIN KOHEIl KallpOHOBOI HUTH Ipy3 Maccoil 50 rpamm.

5. BrirounTte 3J€KTPOHHBIA CEKYHIOMEp, yOeauTech, 4To CeKyHIoMep padoTtaet B 1-M
pexume (uudpa Ha KpallHEM MPaBOM HMHIMKATOPE), €CIU HET — HaXumas KHOMNKYy «Pexum»
BbIOepuUTE 1 pexkuM pabOTHI.

6. [Ipunep:xuBas paBoil pyKoi rpy3, 3aKpEIJICHHbIA HA HUTH, IEPEMECTUTE TEIEKKY MO
HaIpaBJSIOLIEH B KpailHEe JIeBOE IMOJOXKEHHE A0 yIopa M HaXMHUTe KHONKYy «Crom» ams
BKJIFOYEHUS JIEKTPOMArHUTA.

7. Haxwmure xHonky «CTapT», 3JEKTPOMArHUT BBIKIIOUUTCS, TOCIE YEro TPY3UK M
TeJeKKa HAUYHYT JIBUraThCsl, OJHOBPEMEHHO 3aIlyCTUTCS CEKYHJOMEp, a Ha Tabllo MeJIbKaThb
UQPBI — OTCUET BPEMEHH.

8. Tlocie mpoxoxkAEHUS TEJNEKKOM BCEro MyTH JO YNOpa B KOHIIE HaNpaBJISIIOIIECH —
CEKyH/IOMEDP OCTAHOBUT OTCYET aBTOMATHYECKH.

9. B tabmumy 1.1 nns 3Hadenus myta  S;, Sp, S3, Sy, S5, S 3aHecuTe 3HAUYCHUE
NPOMEKYTKa BpeMeHM t;; B cekyHaax. Ilocme ocraHoBa cexynmomepa Ha Tabno Oyner
oToOpakaThCsl 3HAYCHHE BPEMEHHU s S;, MOCIEeNOBATEIbHO HaKUMas KHONKY «BbiOop»,
3aMUIINTE 3HAYEHUS 11 Sy — Sg.

10. 3arem npoBenuTe U3MEPEHUS €lIe YEThIpe pa3a, HOBTOPSIA MYHKTH 6 — 9 1 BOMCHIBas
B Tabmuny 1.1 3nauenus ty;, ty 3, ty;, te ;-

. Tabnuua 1.1
MNe MpolaeHHOE MPOMEXYTKIM BPEMEHM CpeaHee
n/n paccrosHue [ ¢ [ t,,,c P e £ t.,C |3HaueHne
Si,m - ' ’ ’ ' £C

1
2
3
4

5
11. TTocinie BBIMOJHEHUSI U3MEPEHUI BBIKIIOUUTH CEKYHIOMEP.

O0padoTka pe3yabTaTOB U3MepeHuit

B xaxnoi cepun U3MEpPEeHUN IIPOMEKYTKOB BPEMEHUM HAMAWTE CpelHee 3Ha4YeHHe t, C
nByMs nudpamu moce 3anaroi. Jlanapie 3anumurte B Ta0auiry 1.1,

JUia HaxoXAeHUsA MapamMeTpoB S, U B  METoqoM HauMEHBIIMX KBaJIpaToB CIEIyeT
BHECTH B TaOnuiy 1.2 cieayromye faHHbIe, IPEIBAPUTEIBHO PACCUNTAB HEAOCTAOLIHE:

T t2 ¢4 )

Sia b, 7, tr, Sitl

(3necwh i — HOMEp CepUM U3MEPEHNS)

IloncuuTaiite cyMMBI IO BCEM CEPHSIM U3MEPEHUN yKa3aHHBIX JaHHBIX (I U3MEHSETCS OT
1105): X318 Yooqti Yooqt2, Y2 th m Y7, S;t2 v Tak e BHecTH B Tabmuiy 1.2.
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Pemre cucremy ypaBHeHuii 1.14 0OTHOCUTENBHO MapaMeTpoB S, U B ucnonb3ys yucia,
B3STHIC U3 TIOCTIEAHEH CTPOUKHU TAOIHIIbL:

=1 =1
5 ' p ¢ e (1.14)
Lsozt? +BY f= ) 57
i=1 i=1 =1
Tabmuma 1.2
S; t, t? tt St}

NI WIN|—|r-

5
i=1

Omnpenenure 3HaueHuss S, W B, HeoOXoauMo Ha MWUIMMETPOBOW Oymare
IIOCTPOUTH TpadMK 3aBUCMMOCTH IyTH OT BpeMeHH S(t) =S, + Bt? B BHIE CIUIOMIHON
nuHUK. 3aT€M Ha 3TOM JKe rpaduke OTMETUTD 3Ha4YCHUsI £, U S; B BUIC OTIACIBHBIX TOYCK.

Paccuunraiite morpentHocTh H3MEpPEHU 10 OOIIMM TPaBUIaM

Conep:xxanue oTuéra

OTtuért mo mabopatopHoOit paboTe JOIKEH COJIEPKATh CICAYIOIINE OCHOBHBIC Pa3/IeIibl:

1. HammenoBanue paboTHI.

2. lens paboTHI.

3. Onucanue 3KCNePUMEHTATIBHON METOAUKH.

4. Tlopsmox mpoBeneHUs pPaOOTHI, TaONUIBI PE3YJIBTATOB MPSMBIX M KOCBEHHBIX
W3MEPEHU.

5. Onpezenenrie MOrpeHOCTH U3MEPEHHUS.

6. BeIBOEL.

7. OtBer.

KoHnTpoJsbHbIe BOonpochl

1. Kakue BeTMYMHBI XapaKTEPU3YIOT MPSMOJIUHEMHOE IBUKEHUE?

2. Kakoe nBukKEHME Ha3bIBA€TCSl PABHOMEPHBIM, YCKOPEHHBIM?

3. B yeM cOCTOUT NPUHIIMI METOJ]a HAUMEHBIIIUX KBapaTOB?

4. Haueptute Trpaduk 3aBUCUMOCTH IIyTH OT BpPEMEHU [UIsi PaBHOYCKOPEHHOTO
JOBUKEHHs 0Oe3 HayalbHOM CKOpPOCTH, C HayaJbHOM CKOpPOCTBbIO; TrpaduKk NyTH s
paBHO3aMEJICHHOTO JIBUXKEHUS.

5. OOBSCHUTE CMBICT M TIPOUCXOXKICHUE claraeMoro So U BeTUYMHBI B B 3aKoHE myTH,
MOJTy4YEHHOM B PE3yJIbTaTe pabOTHI.

6. C KaKoii 1IeTbI0 MPUMEHSIETCSI METOJT HAMMEHBIIIUX KBaJPaTOB?

Cnncok JuTepaTypbl, peKOMeHyeMblil K HCIIO0JIb30BAHUIO N0 TAHHOH TeMe

OcHoBHas1 IuTepaTypa:
1. Bapcykos, B. 1. ®usnka. Mexanuka [DJIeKTpOHHBINA pecypc]: yueOHoe mocobue s
CTYJICHTOB BBICHIMX Y4YEOHBIX 3aBEICHHI, OOYYaIONIMXCS MO TEXHUYCCKHM HAIPaBICHHUSIM
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noaroToBku U cnenuanbHocTsM / B. U. Bapcykos, O. C. [IMutpueB. — DJIEKTPOH. TEKCTOBBIC
nanHple. — Tam60B: TamOoBckui TocyapcTBeHHbIM TexHuueckuil ynuBepcuter, O5C ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum JocTyna:
http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®m3uka. Mexannka [DIeKTpOHHBIH pecypc]: yuyeOHOe mocodue is
By30B / A. B. 3103uH, C. b. MockoBckuii, B. E. TypoB. — DieKTpoH. TEKCTOBbIE JJaHHbIE. — M.
Axanemnueckuit Ilpoext, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum npoctyna:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka: y4eOHUK: 151 CTYJCHTOB BY30B, OOYYAIOUIMXCS 10 TEXH.
Hanp. noarotoBku / T.M. Tpodumosa. - 2-e uza., nepepab. u nom. - Mocksa: Axagemus, 2013. -
346 c.: ui. - (Beiciee npodeccuonansHoe oopazoBanue) (bakanaspuar). - [Ipeam. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

4. Tpodpumona, T. U.; Kypc ¢usuku ¢ npumepamu pemreHus 3anad: B 2-x T.:y4eOHUK /
T.. Tpodumosa, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipun.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoJHUTeIbHAS JIUTepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBblii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypanbsckuii penepansueiii yausepcurer, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexnm noctyna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIN pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

MeToanueckas Jureparypa:

1. Meronuyeckue yka3aHHUsS 1O BBIIOJHEHHIO JIAOOPATOPHBIX pabOT MO IUCHUIUIMHE
«®Duzuka»: Yacte 1. Mexanuka. MonekynspHas ¢usuka. — Hesuanomsicck, HTU CK®VY, 2019.
-80c.

2. Metoanueckue yKa3aHHs IO BBIIOJHEHUIO MPAKTHUYECKHX PadOT MO JUCIMILIMHE
«®usuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexrponHo-oudnuoreunas cucrema [IPRbooks;

2. http://window.edu.ru - Hudopmanmonnas cuctema "EgmHoe OKHO gocTyma K
00pa3oBaTeNbHBIM pecypcam;

3. http://catalog.ncfu.ru — sneKTpOHHBIC KAaTaJIOTH ACCOIMAIIUN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHni u opranuzanuiit CKOO,;

4. https://openedu.ru HanmonaneHeiii moprtan oHnaiiH  oOydeHus «OTKpeITOE
o0Opa3oBaHUEY.

JlabopaTopHas paGora 2. Bpamare/jbHoe 1BHKeHHe C PABHOMEPHBIM YCKOPeHUeM

Lenb u conepxkanue pabOTHI:

Llenpto paboThHl SIBISETCS HM3YyYCHHE 3aKOHOB BPAIIATEIBHOIO JBWKCHHS Tela IPH
PaBHOMEPHOM YTJIIOBOM YCKOPECHUU.

Conepxanue pabOTBI COCTOMUT B OINPEICICHHH U 3aBUCHMOCTB YTJIOBOTO YCKOPEHHUS OT
MaccChl Tella ¥ MacChl YCKOPSIOIIETO TPpy3a.
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@opMHpyeMBbIE KOMIIETEHIIUN WIM UX YaCTH:

OIIK-2 — cnocoOHOCTHIO TPUMEHATH COOTBETCTBYIOMIUN (PH3MKO-MaTeMaTHUUECKHI
amnmapaT, METOJbl aHajdu3a M MOJEIUPOBAHUS, TEOPETHUUYECKOTO U HKCIEPUMEHTAILHOIO
UCCJIEIOBaHMSI TIPU pelIeHUH MPo(ecCHOHABHBIX 3a1a4

Teopernyeckasi 4acThb
B nacrosmeil pabore ompesensercs 3aBUCUMOCTh YTIIOBOTO MEPEMEIIEHUsT OT BPEMEHH
JUIsL paBHOYCKOPEHHOTO JIBUYKEHUS MIPU MOMOIIK y4eOHOro cTeH1a «BpaiaTenbHoe ABMKEHUE ©
PaBHOMEPHBIM YCKOPEHHEM», CXEMa KOTOPOIo MpeJCTaBiIeHa Ha pUCyHKe 2.3. JIBuKeHue IKUBa
MO>KHO MPUHSATH PABHOYCKOPEHHBIM, €CJIM CYUTATh, YTO MOMEHT CHJIBI TpeHUs ocTosiHeH (Mrp =
const) ¥ YTO HUThb HEPACTSHKMMA M HE IPOCKAIB3bIBAET MO HIKUBY. VICIosb3ysl HM3BECTHYIO
dbopMyIly Ui KOOpPAMHATHI Tejla MPH PABHOYCKOPEHHOM JABM)KEHHUU C HYJIEBOW HayalbHON
CKOPOCTBIO:
2
x = a% (2.1)

D
C Y4YETOM COOTHOUICHHA @ = £— — TIOJy4aeM dbopMyily Al KOCBEHHOTO H3MEpPEHUs
YIJII0BOTO YCKOPEHUS IIPU TIOJTHOM 000poTe:

2 X 2T
c = — (2.2)

3aBUCUMOCTD YTJIOBOTO YCKOPEHHMS IKKUBA OT MacChl M YCKOPSIOIIETO Tpy3a

OcHoOBHOE YPaBHCHUC JUHaAMHUKU BpamaTCJIbHOIO JABHKCHU A TBEPAOTro TCJ1a

OTHOCHUTEJIbHO (DUKCHPOBAHHON OCH BpAIIEHUS B MPUOIMKEHIUH HEBECOMOW HUTH UMEET BUJ:
D
Ie = Mpes = TE - MTep (23)

ypaBHeHI/Ie BBIITMCAHO B MPOCKIOHWH Ha OCh BPALICHUS, I — momeHT HWHCPIOUH IIKHBa
OTHOCHUTEIILHO HEIOABUKHOU OCH; € — IIPOEKLIMS YIJTIOBOI'0 YCKOPEHHUs IIKMBA HA OCh BPALCHUS;
Mpes — IpoeKIust pe3yIbTUPYIOLIEr0 MOMEHTA BCEX CHUJI HA OCh BPAILEHUS, CKJIaIbIBAIOLIAsICS U3
MOMEHTA CHJIBI HATSDKEHUS HUTH T M MOMEHTA CHIIBI TPCHUA MTp TOPMO3AIICTO BPAIICHUC
IIIKHBA.

Cuny HatsbkeHuss HUTH T MOXKHO ONpeAenuTh U3 BTOPOro 3akoHa HploToHa A Maccel
m, €ro NpoCKUra Ha HalIPpaBJICHUC ABVXXCHUS I'py3a m UMCECT BU:

ma=mg—T (2.4)

rac a — YCKOPEHUEC ABUXXCHUA MAaCChl m.

—

-t

Pucynok 2.1 — Cxema 0Ji0Ka ¢ HATSHYTOM KallpOHOBOW HUTHIO
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B npubnmxkeHun HEpacTSHXKUMOW HUTH IO PUCYHKY 2.1 mojyyaeM COOTHOLICHMS,
CBA3BIBAIOILME NIOCTYNATEIbHOE JBUKEHHE MAacChl M C BPALICHUEM IIKHBA.
X v dx do ds dw 2.5)
- = =—=—Tr=wra=—=—T=er=&— .
ro dt dt ’ dt dt 2
3nech @(paa) — yroi MoBOpOTa IIKMBA PaJNyCOM I Npu OIyCKaHUM IPpy3a Ha PacCTOSHUE
X; V ¥ ¢ — COOTBETCTBYIOLIUE JIMHEWHAS U YIVIOBast CKOpocTy; D— nuamerp mkusa.
C yueroM ypaBHeHuUl 2.4 1 2.5 U3 ypaBHeHUs 2.3 HAXOJIUM YTIJI0OBOE€ YCKOPEHHUE IIKUBA:

D
mg- — M.,
g=—t (2.6)
D
I+ mT

OueBuaHO, 4TO MpU Mrp = const (MOMEHT CHUJI TPEHHUS MOCTOSIHEH) BpalleHUE LIKUBA
ABJISIETCS] PABHOYCKOPEHHBIM.
W3 nomy4yennoit ¢popmyisl BHIHO, YTO MAsTHUK OyJeT Bpamarbes ¢ e > 0 numb npu
BBIIIOJIHEHUH YCIIOBUSL:
2M

Tp
2.7
5 @7

m>m0:

T. €. TIPH Macce rpy3a m, AOCTATOYHOW JUIS TOTO YTOOBI OBUI NMPEOMOJICH MOMEHT CHII
TPEHUs, MPENATCTBYIOIUI BpaIllEHUIO ILIKKBA.
®opmyna 2.6 ynpouiaercs py BbIIIOJIHEHUH HEPABEHCTBA
DZ

I>»m— 2.8
m— (2.8)

3aBUCUMOCTH YTJIOBOTO YCKOPEHHSI € OT MacChl OMYCKAaIOIIErocss Trpy3a IpH 3TOM
CTAaHOBUTCS JIMHECHHOU:
mgD M,
E=——
21 I

I'padux 3aBucuMocTH €(m) NMPH BBHIMOJIHEHUH HEpaBEeHCTBa 2.8 MpHUBEAEH CIUIOIIHON
nuHHUeN Ha pucyHke 2.2. llITpuxoBol JUHHUEHN MOKa3aHa TO4Has 3aBUCUMOCTH 2.6. LlTprxoBas
TOpPU30HTANIbHAS IPsSIMasi — aCUMIITOTA IPU M — 0.

4

(2.9)

. LY
L
p

Pucynok 2.2 — I'paduk 3aBUCHIMOCTH BETHYNH

HpI/IMC‘-IaHI/Ie. Ecim MmoMeHT cun TPCHUA 3aBUCUT OT BPECMCHH, TO BPALICHUEC MAasATHUKA HEC
OyZeT paBHOYCKOpEHHBbIM. Bo3MokeH ciydaid, Korja MOMEHT CHJI TPEHMs HpONOPLUOHAJIECH
YIJIOBOM CKOPOCTH:

My = My + Aw (2.10)

rae A — ko3¢ HUIMEHT TPONOPLUOHATBHOCTH;
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My
Dg
(cpaBHuTE ¢ (hopmynoi 2.7) BpaleHHWe IIKMBa HE TpowcxoduT. Pemas muddepennuanibHOe
ypaBHeHue 2.6 ¢ yuderom BbIpakeHust 2.10, MOXXHO TOKa3aTh, YTO YTJIOBOE YCKOpPEHHUE & B
MOMEHT BpEMEHH t JaeTcsi POpMYJIOii:

D
My = myg - — MOMEHT CHJI TPEHHUS MOKOs TIPH @ = 0. 3amerum, yto ipu M < My =

A
m—mg)gD ~..DE°
=%-e Hm 2.11)

O1eHKa CTaHAaPTHOTO OTKJIOHEHHUSI sl IPOU3BOIUTCSA 110 hopMyJie

(2.12)

OobopynoBanue U MaTepuaJIbI
1. YcranoBka «KpyTunbHblid MassiTHUK [Tomsy»
2. Hudporoii cekynaomep

Onucanue 3KCl/l€puM€HmaJZbHOIZ YycmaHoBKU

Pucynoxk 2.3 — KoHCTpyKIIUs U31eTus:
1 — MeTamIMYecKuil KUB; 2 — CTEPKEHb; 3 — PETYJIUPYEMBIE TPY3bI; 4—
0JIOK; 5 — MWIMHIPUYECKUE TPY3bl; 6—aTUNK; 7— SJIEKTPOMATrHHMT.

Cxema 15abopaTOpHOM YCTAaHOBKH IIOKa3aHa Ha pHUCYHKEe 2.3. W KOHCTPYKTHBHO
npencTaBisier co0oil, MeTtammueckwii WKUB (1), TOPHU3OHTANbHO 3aKPEIUICHHBIM Ha
BEPTUKAJIBHON OMOpe MpU MOMOUIM MOJIIMITHUKOB BpauieHus. K BepxHel MIOCKOCTH MIKHBA
IPUCOEANHEH METAJUIMYECKUH MAaxOBHMK, MEHBUIETO JUaMeTpa, Ha KOTOPOM paauaibHO
3aKpETUICHBl JIBa CHMMETPUYHBIX cTepkHs (2). Ha kaxkmom u3 crepxkHel pacmosiokeH rpy3 (3)
IIPU 3TOM HMMEETCS BO3MOYKHOCTb PErYJUPOBKH PACCTOSHUS YCTAHOBKHM I'py3a OTHOCHUTEIBHO
LEHTpa BpalleHuss MaxoBuka. K BepTHKanbHOW oOmope, HWKE UIKMBA, TOPU30HTAIBHO
IPUKpEIUICHA METAJUINYECKass pelKa, Ha KOHIIE KOTOPOM B BEPTHUKAIBHOM IUIOCKOCTH
yCTaHOBJICH OJIOK (4), KOTOpBIA CBOOOJHO BpamaeTcss B COOCTBEHHBIX MOIIMITHUKAX. Yepes
OJIOK MEepEeKUHYTa TOHKAsi KalpoHOBast HUTh. HUTh HAMOTaHa Ha OCHOBHOM IIKMB U 3aKperjieHa
Ha HEM, a CBOOOJHBIM KOHIIOM MpHBS3aHA K IOABECHOMY IMJIMHIPUYECKOMY Tpy3uKy (5).
Mertammyeckuii mKUB (1) MOKeT OBITH yJep>kKaH OT BpAIICHUS IPU MOMOIIM METALTUYECKOTO
¢dnaxka u snextpomaruuta (7). Ecnu He yaepKuBaTh HIKUB, TO MO IEHCTBUEM OITyCKAIOIIETOCs
rpy3a, HUTb pa3MaThlBA€TCid M NPUBOAMUT IIKUB B YCKOPEHHOE BpalleHue. Bpems nepuona
BpallleHHUs IIKHBA U3MEPSETCS 3JIEKTPOHHBIM CEKyHAOMEPOM. i 3TOro Ha CTeHJIe YCTaHOBJIEH
UHIYKIIUOHHBIA NaTduK (6), KOTOpbIM (UKCHpyeT KaKAblii 000pOT IIKMBA B ONpPEAEICHHOM
TOYKE WM MepefaeT CUrHal B ceKyHaomep. JlnmuHa HUTH mojoOpaHa Tak, YTO MPH TOJHOU ee
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pa3MOTKe, IIKUB YCIEBAET CJAeNaTh IIECTh IOJIHBIX OO0OpPOTOB BOKPYI OCH BpAIEHUS.
CrnenoBarenbHO, MPU NPOBEIECHUM OIBITA CEKyHIOMEp OyaeT (PUKCHUpOBaTh IIECTh MEPHOOB
BPALLCHMUSL.

L7 L2 Lsgle]ls

[ ]

Pucynok 2.4 — [1anens ynpaBieHus mudpoBOro ceKkyHmomepa: 1 — KHOMKa BKITFOUCHUS
npubopa; 2 — kaonka «PEXKUM»; 3 — kaonika « BbIBOPy»; 4 — knonka « CTAPT»; 5 — kHOTIKa
«CTOII»; 6 — pa3zbeM 1s1 ceTeBoro kadens; 7 — nucruieli(Ha mepBoM pucyHke) pazbeM X1 (Ha

BTOPOM PUCYHKE, MarHuT); 8 — pazbeM X2(1aTuuK)

Ob6opynoBanne «L{udppoBoii cekyHmoMep» MpeIHA3HAUYCHO /IS U3MEPEHUS] WHTEPBAIOB
BPEMEHM M IIO3BOJISIET ONPENENSITh 3HAYEHUs 1O THICSYHBIX CeKyHA. Bpemssanaromum
YCTPOWCTBOM CEKYHJOMEpA SIBJIIETCS KBapIleBblii reHepaTop. CurHam CcTaOMIM3UPOBAHHOMN
YacTOThI C KBapLEBOIO IeHepaTopa MOCTYNAeT Ha BXOJ MUKPOKOHTPOJUIEPA, 00ECIIeUUBAIOIIETO
cienyrone (YHKIMA: TPUEM KOMAHIHBIX CUTHAJIOB OT KHOMOYHBIX MEpeKIovaTesied u
BHEIIHUX JIaTYUKOB; 0OpabOTKY CUTHAJIOB B NpOrpaMMe, B COOTBETCTBHHM C YCTaHOBJIECHHBIM
peXUMOM paboOTHI, U BBIJAYy Pe3yJbTaTOB 00paOOTKM HAa yCTPOHCTBA NU(POBON MHAMKAINN U
cBeroanoabl. TpeOyemblil pexum paOoThl 3aaéTcsi HaKaTUEM COOTBETCTBYIOLIEH KHOIKHU
BeIOOpa pexkuma. [locie Haxkarusi KHONKHU(1), MPOUCXOANT BKIIOUEHHE MPUOOpPA U 3aropacTcs
3JIEKTPOHHBIN AucIuiel (7) Ha KOTOPOM O0TOOpaXkaroTCs 3HAYSHUS U3MEpEeHuil pu padore.

Knonka «PEXWM)», no3Bossier BbIOpaTh HYXHBIH pPEXHUM, IS TOJYYEHUS HY>KHBIX
BPEMCHHBIX 3HAUCHUM.

Knonka «BBIBOP» nmoaTBep:knaeT BEIOpaHHBIN paHee PeKHM.

Knonka «CTOID», naxatuem kHonku «CTOID» ocymiecTBisieTcs BKIIOYEHHWE MarHuTa
(ecyu OH UCHOJIB3YETCS B YCTAaHOBKAX, /1€ €CTh MarHuT)

Kuonka «CTAPT», npum HaxaTMM KHONKHM IPOMCXOJHUT CUYET HMIIYJIbCOB, IIOCIIE
(GbopMHpOBaHUS 6—TH UMITYJIBCOB, CYET UMITYJIHCOB OCTAHABIIHBACTCSI.

Pexxum "I naHHBIN peXUM MTO3BOJISIET ONPEAEIUTE BPEMS OT Hadyaja OTCYETA JO KaK0ro
chopmupoBaBerocst UMmyibca. CekyHnoMep paboTaeT B IMATH PEKIMAX:

Pexxum "1" — naHHBIA pPEXHM MO3BOJISIET ONPEACNIUTH BpeMsl OT Hayajua OTCYeTa 10
KaX/10T0 c(hopMHUPOBaABIIETOCS UMITYJIbca. MaKCHMaIbHOE KOJIHMYECTBO UMITYJIbCOB: 6. Haxmnmas
kHONKYy «BbIBOP» M0>XHO IpOCMOTPETH BpeMsl 10 KayKJOTO U3 UMITYJIbCOB.

Pexum "2" — naHHBIA pEeXHMM MO3BOJISET ONPEACIUTh HHTEPBAT MEXIYy NaHHBIM U
nociaeayomum umnyiascoM. IIpn Haxkatum kHomku «BbIBOP» MOXkHO mpocMOTpeTs Bpems
MEXJIy HUHTEPECyIOIIMMHM HAac HMIIyJbcaMHU. MakCUMaabHOE KOJMYECTBO CUHMTAEMBIX
MMITYJIbCOB: 6.

Pexxum "3" — naHHBI peXUM MO3BOJIAET ONPEAEIUTh BpeMsl OT Haydaja oTcuera 10 1-ro
c(OpPMHPOBAHHOTO UMITYJIbCA.

Pexum "4" — crangapTHBIN pekUM CEKyHAOMEpa.

Pexxum "5" — pesxxuM BKJITIOUCHHS] MarHUTa.
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Yka3anus mo TexHuke 0e30IMacHOCTH

[Ipu skcruryaranum o0OpyIOBaHUS HEOOXOAMMO COOMIOIATh CIEAYIONIUE IpaBHUiIa
0e30MMacHOCTH:

* K ob6cnyxuBanuio 000pyJOBaHUS JOMYCKAIOTCS JIHMIA, MPOILEIINEe MUHCTPYKTAX I10
TEeXHHUKE 0€30MaCHOCTH.

* Ilepen m©Havamom OSKCIuTyaTanuud OOOPYIOBAaHUS HEOOXOAUMO YOCAMTHCS, UTO
000pyI0BaHNE HAXOAUTCS B BHIKITIOYCHHOM COCTOSTHUH.

* [Ipu oOGHapy>KeHUHU TIOOBIX MOBPEXKACHUN U HEUCIIPABHOCTEH 000pYI0BaHUS, & TAKKe
IpU TOSIBJICHUW JIbIMAa, WCKPEHUS WU CIeNU(DUUECKOTO 3armaxa TMeperpeTo U30JISIHH,
HEMEIJICHHO 00ecToubTe 000pyI0BaHNE.

* BATIPEHIAETCS neucnipaBHOE 000pyA0BaHHUE.

* 3AIIPEIIAETCSA wucnonb3oBaTh HM3AEIHE M €0 OTACIBbHBIC KOMIIOHEHTBHI HE MO
HA3HAYCHUIO.

* SATIPEHIAETCS BckpbIBaTh U31€ETHE.

* BAITPEILIAETCS BUIOM3MEHATh IPUHIUIUATIBHYIO CXeMY M 001ue GyHKIHUU pabOoThI
U3JICIHSL.

* I[locne xpaHeHuss OOOPYIOBaHUS B XOJIOAHOM IOMEIICHUW WIU TOCIE MEPEBO3KH B
3UMHHUX YCJIOBHSIX BKIJIIOUATh €r0 B CETh MOYKHO HE paHbllle, 4eM yepe3 6 4acoB MpeObIBaHUS MpU
KOMHATHOU TeMIIepaType B pacliakOBaHHOM BH/IC.

* Usnenue sKkCIIyaTUpoBaTh TOJIBKO B MOMENIEHUM O€3 MOBBIIMIEHHON OMacHOCTH I10
CTETICHH MOPAXKEHUS DIIEKTPUICCKIM TOKOM.

* Bo usbexxanue mopakeHHs IJIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U3JIeNus, Ipu paboTe 3ampeniaeTcst UCIOJIb30BaTh BHEITHIE HCTOYHUKH MUTAHUS.

* He ycranaBmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHOW  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACTIPOCTPAHSIONINX OTOHB TIPEIMETOB.

* He ocraBmnsiite 000py10BaHKe BKIIOUYEHHBIM 0€3 TPUCMOTpA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYyI0BaHUSI.

* He ocrapmsiite o00opyaoBaHrEe B peKUME OXHIAAHUS Ha JIMTENbHOE BpeMs (Oosee 12
4acoB)

* Bo uzbexanue moJioMoK 000pyIOBaHMs HE MPUKIAJABIBANTE YPE3MEPHBIX YCHUIUN TIPH
MaHUMYJSIUSAX C OpraHaAMH yIPaBICHUS.

3ananus

1. 3akpenuTh Ha CBOOOIHOM KOHIIE KallpOHOBOI HUTH I'py3 Maccoil m.

2. YcraHoBUTE TIpy3bl Ha INTAaHrax MHIKMBAa C PACCTOSTHUEM R OT LieHTpa BpalleHHs.
Paccrostaus R 3agarorcs npenonasarenem.

3. BKJIIOUNTH AEKTPOHHBIN CEKyHAOMEp, yOeAUThCs, 9YTO ceKyHIoMmep paboraer B 1-om
pexxume (uu¢pa Ha KpailHEM NpaBOM HHAMKATOpE), €CIM HET — HaXuMas KHONKY «Pexum»
BBIOpaTh | pexuM paboTEHI.

4. IlpuaepxuBas IpaBoi pyKOH I'py3, 3aKPEIUICHHBIN Ha HUTH, HAMOTaTh OCTaBLIYIOCS €€
YacThb Ha IIKUB.

5. Bpamas mKUB pPyKOH, YCTaHOBUTh METAJUIMUECKUN (IAKOK MPSAMO HAJ
AJIEKTPOMATHUTOM.

6. Haxxatp kHOnKy «CTOm» Ha CEKyHIOMEpe, YOeIUBIINCh, YTO IIKUB yAEP>KUBACTCS OT
POBOpauMBaHMs (CIeIUTh, YTOOBI (PIAKOK HE CMEIAics OTHOCHUTEIBHO SJIEKTPOMArHmTa),
II0CJIE 3TOTO Ha)KaTh KHONKY «CTapT» Ha CEKyHIOMEPE, DJIEKTPOMATHUT BBIKJIIOUUTCS.

7. TloaBelIeHHbIN TPy3 HAYHET IBUKEHUE BHU3, MaXOBHUK HAYHET BpallaThCs, a Ha Ta0JI0
HA4YHETCS OTCUET BPEMEHH.

8. Ilocie mnpoxoxaeHWs: TpPY3UKOM BCEro IMyTH — CEKYHJOMEpP OCTaHOBUTCS
ABTOMAaTHYECKH.

9. Ilocne ocraHoBa cexkyHIOMepa Ha Tabmo Oyner oToOpakaTbcs 3HAYCHHUE BPEMEHU
nepuoja BpameHus 1-ro momyobopora Ty, mocnenoBaTeslbHO HakuMasi KHONKY «BbiOopy,
3anucath 3HaueHus s T, — Tg.
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10. 3areM mpoBecTH H3MEPEHHUs €lle JBa pa3a, MOBTOpsAs MyHKTH 3 — 9. 3amnmcathb
3HAYEHUS.

11. 3amenuts rpy3 nojaseca Ha ApPYyroil, Maccol m=xxx. VM mpoBecTu OMBIT i 3TOrO
rpy3a noBTopsis MyHKTHI 3 — 10.

12. Beiuucnure 3HaYeHU s ISl BCEX 3HaYEHU m ¥ R mpeapiaymux myHKTOB.

13. BeluncnuTe ONEHKH CTaHAAPTHBIX OTKIOHEHWH S I BCEX 3HAYCHUU € MpH 000MX
rpy3ax m.

14. IlocTpoiiTe 3aBUCMMOCTb € OT M MpH JBYX 3HAUYEHUSAX M HA OAHOM U TOM XK€
rpaguke C y4eToM OLIEHOK CTaHAapTHBIX OTKIOHeHHH. Ilo momydeHHbIM rpadukam crenaite
OLICHKM MOMEHTA CUJI TPEHUS 1 MOMEHTA UHEPLIUH.

15. IIpoBepwTe, HCMOJIB3Ysl OLIEHKY MOMEHTa uMHepuuu | B myHkTe 14, BBINOJHEHHE
D? .
HepaBeHcTBa [ >> m-—- —, TPH KOTOPOM CNpPaBE/UIMBA JIMHEHHAs 3aBUCHMOCTh YIIIOBOI'O
YCKOPEHUsT OT Macchl M YCKOPSIOIIEro TIpy3a, IS pa3iuyHbIX 3HAUEHUH Macchl m U3
MIPOBEACHHBIX OMBITOB.
16. Paccuuraiite ommoOKy n3MepeHuil o o0ImMM MpaBuiIaM

Conep:xaHue oT4yeTa

OTuéT 1o nmabopaTopHOi paboTe JOKEH COACPIKATh CIICIYIOIINE OCHOBHBIC Pa3/Ieibl:

1. HanmeHnoBanue pabOTHI.

2. Henb paboThI.

3. Onucanue SKCePUMEHTATHLHON METOTUKH.

4. Tlopsimok TpoBeACHUS paOOThI, TAOJHIBI PE3YyJbTATOB MPSIMBIX M KOCBEHHBIX
WU3MEPECHUM.

5. OnpeneneHue morpeiHOCTH H3MEPEHHSL.

6. BeiBOIBI.

7. OtBer.

KoHnTpoJbHbIe BOnpochl

1. KakoBa mnenp nabGoparopHoii paboThi? Kakue BennyuHBI B paboTe U3MEPSIOTCS
HEIMOCPEICTBEHHO?

2. Kak HampaBieHbl BEKTOPHI YIJIOBOM CKOPOCTH @J, YIJIOBOTO YCKOPEHHS &,
PE3YIBTUPYIOIIETO MOMEHTA CUJI U MOMEHTA CUJI TPEHUS B CIIydae YCKOPEHHOTO BpAILlCHUs?

3. Kak BBI 3amuchiBacTe ypaBHEHHE JUHAMHUKHA BpaIIaTEIIbHOTO IBWKEHUS MasTHHKA B
naHHOU pabdote?

4. KaxoBa w™ozensr uHuth? Kak cBolicTBa wuIeadbHOW HUTH BIHKSIIOT HAa BHUI
KMHEMAaTU4YEeCKUX U TMHAMUYECKUX YPaBHEHUN?

5. TlokaxuTe Ha PUCYHKE BCE CHWIBI, NEUCTBYOIME Ha IWKUB. [loyemy B ypaBHEHHH
JUHAMUKHU BpallaTeIbHOTO JBUKEHHUS 1.3 HE yUTEeHbl MOMEHThHI HEKOTOPBIX U3 3TUX CUIT?

6. Ilepeuucnure Bce AOMYIICHHUS, TMPHU KOTOPBIX MOJYYaeTCsl JIMHEHHAs 3aBUCUMOCTH
YIJIOBOTO YCKOPEHHUS 51 OT MACCHI T.

7. BeiBeuTe 3aBUCUMOCTD YIVIOBOIO YCKOPEHHS € OT MAacChl M OIyCKAIOIIETOCs Ipy3a T
B TIPHUOJIVDKEHUH JIMHEHHOW 3aBUCUMOCTH £(M).

8. Kak B manHoIi paboTe paccuuTaTh OLIEHKY CTAHIAPTHOTO OTKIIOHEHHSI BETUYHHBI €7

9. l[loaTBep:kmaeTcs M U3MEPEHUAMH JIMHEHHAsT TEOpEeTUYeCcKasi 3aBUCUMOCTh yTIIOBOTO
YCKOPEHUS € OT MacChl YCKOPSIOIIEro rpy3a m?

CHnucok JuTepaTypbl, peKOMeHyeMblil K HCIIOJIb30BAHUIO 110 JAHHOU Teme

OcHoBHasi JiuTEpaTypa:

1. Bapcykos, B. . ®uzuka. Mexanuka [DneKTpoHHBIN pecypc|: yueOHoe mocodue st
CTYACHTOB BBICIINX y‘-Ie6HI>IX 3aBeHeHHﬁ, o6yqa}0mnxcs1 o TCXHUYCCKHUM HAIIPAaBJICHHUAM
noaroToBku u crneruanbHocTaM / B. U. Bapcykos, O. C. JImuTpueB. — DJIEKTPOH. TEKCTOBBIC
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nanHble. — Tam06oB: TamOoBckuii rocynapcTBeHHbIN TexHudeckuil yHusepcurer, ObC ACB,
2015. — 248 C. — 978-5-8265-1441-2. — Pexum JOCTYyIIa:
http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®usuka. Mexanuka [DIeKTpOoHHBIM pecypc]: ydyeOHoe mocoOue ais
By30B / A. B. 3103un, C. b. Mockosckuii, B. E. TypoB. — DnekTpoH. TEKCTOBBIE JaHHBIE. — M.
Axkagemuueckuid Ilpoekt, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum pnoctymna:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka: ydyeOHUK: 1151 CTYJCHTOB BY30B, OOYyYaIOLIMXCS 1O TEXH.
Harp. noarotoBku / T.M. Tpodumosa. - 2-e u3j., nepepad. u gom. - Mocksa: Axagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbHoe oopasobanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

4. Tpodpumosa, T. U.; Kypc ¢usuku ¢ npumepamu pemieHus 3anad: B 2-x T.:y4eOHUK /
T.U. Tpodumosa, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakamaBpuar). - [Ipwi.: c.
376-378. - ISBN 978-5-406-04428-5.

JonosHUTeILHASA JTUTEpaTypa:

1. ITo3uep, A. A. ®usuka. ba3ossiii kypc. Hacte 1 [DnexTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3nep, A. I'. AnngpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIE
nannble. — ExatepunOypr: Ypansckuii penepanbueiii yausepcuret, ObC ACB, 2016. — 168 c.
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1. Meronuyeckue yka3aHHUS 1O BBHITIOJHEHHIO JIAOOPATOPHBIX padOT MO IUCIUTUIMHE
«Dwuszukay: Yacte 1. Mexanuka. Monexysipaas ¢pusuka. — Hesuaromeicck, HTU CKOY, 2019.
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HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexkrpornHo-0nbHoTeuHas cucremMa IPRbooks;

2. http://window.edu.ru  — WudopmanmonHas cuctema "EnnHoe OKHO J0CTyma K
00pa3oBaTeNIbHBIM pecypcam;

3. http://catalog.ncfu.ru — anekTpoHHBIE KaTamoru ACCOLUAIIMN MIEKTPOHHBIX OUOIHOTEK
y4eOHbIX 3aBenenuii u opranuzamnuii CKOO;

4. https://openedu.ru — HamnuonaneHbelli mTOpTanm oOHJAaMH o00ydeHuss «OTKpBITOE
oOpaszoBaHHE».

JlabopaTopHas padora 3. HcciienoBanne 3aKOHOB MEeXaHMYECKHUX KoJIe0aHui ¢
NOMOIIBI0O KPYTHJIBHOTO MASITHUKA TOJISI

HGJ'IB pa6OTBIZ HU3YYUTH IOHATHEC O pCSOHaHCHOﬁ 4acCToTEC, KOJ'Ie6aHI/I$IX, BpamaTeJIbHOM
JBH)XCHUU, CBO6OI[HI)IX N BBIHYKJICHHBIX KOJICOaHHSX.

dopmupyemble KOMIETEHIIMH UIN UX YaCTH:
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OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKHUMA
anmapar, METOAbl aHajdu3a M MOJEIHUPOBAHUS, TEOPETHYECKOIO0 U 3KCIEPUMEHTAILHOTO
MCCIICIOBAHMS TIPH PELICHUN PO(ECCHOHATBHBIX 3314

Teopernyeckasi 4acThb

PaccMoTpuM  nBWXKEHWE TBEpPAOro Tela MPOU3BOIBHOM (GOPMBI W pa3MepoB
OTHOCHUTEIILHO CBSI3aHHOM ¢ HUM 3akperuieHHon Touku O (pucyHok 3.1). Touky kpemienus Tena
HA30BEM TOUKOHW MojBeca. Takoe 3aKperjieHHOe B TOYKE IOJBEca TBEPJOE TEJO MPEACTABISACT
coboit ¢dm3mueckmit MasTHUK. OMNBIT IOKa3bIBaeT, 4YTO (U3HUYECKUN MASTHHK, OyIydn
BBIBEJICHHBIM M3 TIOJIO’KEHUSI PABHOBECHSI, COBEPIIIAET KOIeOATENbHOE IBIKEHUE.

Pucynok 3.1 — ®u3nyeckuii MasiTHUK U ICMCTBYIOIIME HA HETO CUJIBI.

Cornacuao OCHOBHOMY 3aKOHY JWHAMHWKH BpPaIaTCJIbHOI'O AIBHXKCHHUA IIPOU3BCACHUC
MOMCHTA HHCPIUU (pI/I3I/I‘IeCKOI“ (8} MasiTHHKa Ha €ro YTJI0BOC YCKOPCHUC paBHO

paBHOJEHCTBYIOIIEMY MOMEHTY BHEIIHUX CHII: CHIIBI TAXKECTH mg, CHJIBI CONPOTUBJICHUS F u
CHJIBl ynpyroil nedopmanuu T TBEpJAOro Tena. MOMEHT CHIIbI T paBeH HYyJIIO, MOCKOJIbKY

nedopManys pacTsHKEHUs Tela B JIH000W MOMEHT BPEMEHM TapajieNibHa Pajnyc—BEKTOpy 7,
OIpEACIAIOIEMY MTOJIOKEHHE LIEHTPA MAcC TeJIa OTHOCUTEIBHO TOUKH nozaseca. Cliej0BaTenbHo,

16 =1+, (3.1)
rze a(t) — yroj OTKJIOHEHHS MasiTHUKA, OTCUMTHIBAEMBIN OT MOJI0KEHHS PAaBHOBECHS;
M — MOMEHT Cubl TSDKECTH, CTPEMSIUIUICS BO3BPAaTUTh CHUCTEMY B IIOJIOXKEHUE
paBHOBecHs; M, — MOMEHT CUJIbI COMIPOTUBJICHUS.
Bynem cuutath, 4TO N ciiyd4as MaiblX KOJEOAHWW MOMEHT CHIIBI TSDKECTH,

IIPOMOPHUOHAJICH YIJIy OTKJIOHCHUA MasATHHKa OT IIOJIOXKCHHSA paBHOBECHUSA, a MOMCHT CHJIbI
COIIPOTUBJICHHUA — CKOPOCTU €TI0 ABHUKCHUA, T. C.

M = —mgr sin(a) = —k sin(a)

rre M — TpoeKkmus MOMEHTa CHJIBI TSDKECTH Ha OCh BpamleHus (Ui MalbIxX
kosnebanuitM = —ka);M, = —ha— npoexIsi MOMEHTa CHJI CONPOTHBIICHHUS Ha OCh BPAILCHHA
(BBIpa’k€HHE CIPABEUIMBO I MaJIbIX CKOPOCTEN).
Torna, cipoenpoBaB ypaBHeHue 3.1 Ha HalpaBJIeHUE OCH BPAILCHHS, TTOJTyYHM:
la =M+ M, =—ka—ha (3.2)

rze k u h — pasmepHbie KOHCTaHTBI; | — MOMEHT WHEPIIUN MasTHHKA.

[TonenuB neByro M mpaByro 4acTu ypaBHeHUs 3.2 Ha | U mepeHecs Bce ciaraeMbie B
JEeBYI0 4acTh, MoJNyduM Ju(p(depeHIuaNbHOoe YypaBHEHHE, ONHCHIBAIOIIEE JAWHAMHKY
COOCTBEHHBIX 3aTyXaIOIINX KOJeOaHui (PU3MUECKOro MasITHUKA.

i+ 2Ba+ wyla =0 (3.3)

k
e B =h/2] — xo>hPUUMEHT 3aTyXaHWs;, Wy = (7)1/ 2 coOcTBeHHas 4YacToTa
KOJICOAHNH MasTHUKA.
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Pemenue ypaBuenus 3.3 uist cirydasi MaJoro CONpOTUBIICHUS W, > [ UMEET BU:
a(t) = age Pt sin(wt + @) (3.4)

IJIe — 4acTOTa CBOOOHBIX 3aTyXalOIMIKUX KoJIeOaHHi MasTHUKA.
Kak BumHo u3 ypaBHenus (3.4) ammmTyga yIjioBOrO CMEIIEHHS A, OyJer
YMEHBIIAThCS (3aTyXaTh) C TEUCHHEM BPEMEHH I10 SKCIIOHEHIIUAILHOMY 3aKOHY:

a,,(t) = age Pt (3.5)

Koaddumment 3aryxanms ompenensier ObICTpOTy dToro mporecca. OH  paBeH
IPOMEXYTKY BPEMEHH, [0 UCTEUEHUH KOTOPOT0 aMIUTUTyAa KojeOaHuii yMeHbIIaeTcs B € = 2.73
pas.

:KOH€6aHHﬂ Ipyu HaAJIWYUH 3aTyXaHHUd HC ABJIIIOTCA TApMOHUYCCKMMU W [OAXKE
NEPUOUYCCKAMHU. YCIOBHO, 3a MEpHoja clabo 3aTyxaromuX KoJeOaHWH MOXKHO TPHHSTH
MUHHMMAaJIbHBIN POMEXKYTOK BPEMEHH MEXAY ABYMs OJIMKAWIIMMU JTOKAJIbHBIMH MaKCUMyMaMH
WIA MHUHUMyMaMu (QyHKIHH a(t) — YIJIIOBOTO CMEUICHUsS MasTHHUKA OTHOCHTEIBHO TMOJIOXKCHHS

paBHOBECHS (PUCYHOK 3.2).
\a
O

Pucynok 3.2 — 3aryxatouiue KoiebaHus Ipy MajloM COITPOTHBIICHUH

| Kas

JUie  XapakTepUCTUKM  WHTCHCUBHOCTM  3aTyXaHUs  HUCIHOJB3YIOT  IOHSTHE
JorapupMuIecKoro JexkpeMmeHTa 3atyxaHus. Ilycte. T — yCIIOBHBIN TepHOJ 3aTyXaroIiux
KoJIeOaHul a, W A,y — AMIUIMTYJIHBIC 3HAUYEHUS OTKJIOHEHHMS a MAasTHUKA OT IOJOXKCHHUS
OJIBHOBECHUS JUIA JIByX €r0 COCETHUX MAaKCHMYMOB MJIM MUHUMYMOB(puUCyHOK 3.2). Benuuunna d,
paBHas

d = In(—2) (3.6)
An+1
HaspiBaercs morapudMudeckuM JeKpEMEHTOM 3aTyXaHHusl.
MoxHo moka3zate, urod = T, a BenuunHa 1/d paBHa wumcay KonebaHui, 1O
UCTCUYCHUUEHUH KOTOPBIX UX aMIUIATY/Ia YMEHBIIACTCS B € pas.
B ciyuae Gonbiioro TpeHus, Koraa w, = f peuieHue ypaBHeHus 3.3 umeer BuA

a(t) = (ao(1 + Bt) + a(0)t)e Pt (3.7)

rne a, u a(0)- HayampHOE YIJIOBOE CMEIIEHHWE W HavajbHas YIJIOBash CKOPOCTb
COOTBETCTBEHHO.

[IpumepHsIit BUA 3aBUCUMOCTEH a(t) mpH pa3HbIX HAYaJIbHBIX YCIOBHSX Ul CIydas Wy =
[ npuseneH Ha pucyHke 3.3a. OcoOEHHOCTBIO TaKMX KOJeOaHH, Ha3bIBAEMBIX KPUTHUECKUMH,
SBJISICTCS] TO, YTO OMUCHIBAIOIIAS UX 3aBUCUMOCTH a(t) mepecekaeT och BpeMeHU He 0oJiee OHOTO
pasa.

[Ipu oueHb CHUIBLHOM TpEeHHMH, KOTjJa [ > w, pelieHue ypaBHEHHs 3.3 MpeACcTaBisSET
co0oif cymMMy JABYX YOBIBAIOIIMX C TEYEHHEM BPEMEHHU OKCIOHEHT. Ilpu 3TomM cucrtema
KoJeOaHMil KaK TaKOBBIX HE coBepmiaeT (pucyHok 3.3 0). B memom, kmHeTHKa mpoiecca
3aTyXaHHs [I0X0Ka Ha 3aBHCHUMOCTb 2, IPUBEJIEHHYIO Ha pUCYHKE 3.3 a, OJJHAKO, IOCKOJIbKY
TpeHue OoJipllle, YeM B KPUTHUECKOM pEXKHUME, TO BO3BpaT K IIOJOKEHUIO PaBHOBECHU
IPOMCXOJUT MEIJICHHEEe JPYTUMH CIOBaMH, Oyaydd BBIBEACHHOW M3 IOJIOKEHHS PaBHOBECHS,
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cucrteMa 0e3 OCHWJUISIUMN OYEeHb MEIJICHHO BO3BPAIACTCSI B PABHOBECHOE COCTOSIHUE. Takoi
peXUM KosieOaHui Ha3bIBaeTCS allePHOJNUYECKUM UITH 3aKPUTHUECKUM.

A a) A 0)
B,> w,

5 /
/.

Pucynok 3.3 — Bua kpuTudeckux v aHrapMOHMYECKHX KoJeOaHui
a) KpUTUYECKHE KOJIeOaHUs NP Pa3INYHbIX HAYaJIbHBIX YCIOBUIX
0) KpUTHYECKHE U arlepuoAnYecKHe KosleOaHus IPU OJJUHAKOBOM HAa4YaJbHOM YCIOBUHU
a(0)=0

Jlnist BO30yKJI€HHsI B CUCTEME He3aTyXaloluX KouebaHnii, HE0OX0JMMO 3a CUET BHELTHUX
CHJI CKOMITEHCHPOBATh TIOTEPU JHEPTUH, OOYCIOBIICHHBIC HAIMYHEM COIPOTHBIICHUS CPEJbI.
Konebanus, koTopsle coBeplIaeT CUCTeMa IOA JeHCTBUEM BHEUIHEH MEepUOJUUECKOM CHIIBI,
Ha3bIBAIOTCS BBIHYKICHHBIMHU.

XapakTep ABMXKEHHMsSI CHUCTEMbI IPU 3TOM 3aBUCUT OT OCOOCHHOCTEW BHELIHEH CHIIBI.
Haunbonee BaxxHbIM sIBisIeTCS Cilydail rapMOHHMYECKOW BHEIIHEW CHIIbI, a B CIy4yae KpyTHJIbHBIX
KoJieOaHUi — TapMOHHYECKOro MomeHTa cui. Ilycte Ha ¢usnyeckuili MasTHUK, Kpome
BO3BpAIIAIOIIEr0 MOMEHTAa 1 MOMEHTA CUJI COMPOTHUBIICHUS AEHCTBYET MOMEHT BHELIHEN CHJIBL,
M3MEHSIOIINICS 110 TADMOHUYECKOMY 3aKOHY:

M = M, cos(wt) (3.8)

rae Mo — amMIuMTyJa MOMEHTa BHEIIHEH CHJIbl, W — YacTOoTa M3MEHEHHs MOMEHTa
BHEIITHEN CHJIBI.
CornacHo OCHOBHOMY 3aKOHY JIMHAMHKHU BpPaIaTeIbHOTO JIBUKEHUSI HMEEM:

ld = —ka — ha + M, cos(wt) (3.9)

Obmiee pemenne ypaBHeHUs (2.9) MOXKHO NMPEICTaBUTh B BUJE:

a(t) = A, e Bt - cos [w/woz —-B%-t+ <p] + a,, - cos(wt + P) (3.10)

rne Ap U (¢ — TIOCTOSHHBIE BEJIMYHMHBI, ONpEeNsieMble W3 HadalbHBIX YCIOBHH, T. €.
HAYaJbHBIX 3HAYEHUI YTJIIOBOTO CMEIICHUS U YTJIOBOM CKOPOCTH (PU3NYECKOTO MASITHUKA; Ay,
— TIOCTOSTHHBIE BEIMYMHBI (TTapaMeTphl BBIHYKACHHBIX KOJeOaHMii), KOTOPBIE OMPEIEIISIOTCS
CBOICTBaMH CHCTEMBbI U BHEUTHUM BO3/ICHCTBUEM.

[TepBoe cnaraemoe B BeipaxeHuu 3.10 onuchIBaeT COOCTBEHHBIE 3aTyXalolUe KOJeOaHus
CUCTEMBI, a BTOPOE — FapMOHUYECKHE KOJICOaHHsI C aMILIUTY 10 a, COBEPILAOIIUECS C YaCTOTOU
BBIHY)KJatomei cuibl. Hanmoxenne 3TUX KoneOaHWH CO3[MaeT pe3yibTHUPYIOUIee IBMKEHHE,
uMerolIee xapakrep «OueHui». bueHus mposBISIOTCS B TOM, YTO KOJEOAHMS COBEPIIAIOTCS C
M3MEHSIOLIEHCS aMILTATY 0.

I'pacduku OueHmit UMEIOT BUII, TPECTABICHHBIN HA pUCYyHKE 3.4.

[Mockonbky mepBoe cnmaraemMoe B YypaBHEHHH 3.10 OSKCIIOHEHIMAIBHO 3aTyXaeT ¢
TEYCHHEM BpPEMEHH, TO Yepe3 OMpPEICICHHbIII BPEMEHHON WHTEpBAll, HAa3bIBAEMbI BpeMEHEM
YCTaHOBIICHHUsST KoyieOaHWH, COOCTBEHHBIE KojJeOaHWMsT CHUCTeMBI mpekpaTsrcsa. Konebanus,
KOTOpBI€ YCTaHABIUBAIOTCSA B CHCTEME TOCTE 3aTyXaHHs aMIUTUTYbl COOCTBEHHBIX KOJCOAHMIA,
Ha3bIBAIOTCS YCTAHOBUBIIMMUCS BBIHYKICHHBIMU KOJICOAHUSMH.

=%

3
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Pucynok 3.4 — I'paduku BEIHYKACHHBIX KOJIEOAHHMH IS CITyUaeB W = Wy U W K W

YcranoBuBIINECH BBIHY>KICHHBIC KOHe6aHI/IH OMMUCBIBAOTCA YPABHCHUCM!
a(t) = a,, cos(wt + ) (3.11)

rie a,, — aMIUIMTyJla YCTAaHOBUBILIMXCSl BBIHY)KICHHBIX KoyleOaHMH; y — cABUr (a3
MEX[y YTJIOBBIM CMELEHHEM (PU3NYECKOT0 MAITHUKA M BBIHYKJIAIOIIEH CHIIOMN.

N3 ypaBuenuss 3.8 u 3.11 cnemyer, 4TO JBWKEHHE (PU3UUECKOTO MasTHUKA B
YCTAaHOBMBILEMCSI PEKUME IPEJICTABIAIOT COOOM rapMOHMYECKHE Koyie0aHHs C 4YacTOTOH,
paBHOM YacToTe BBIHYKIArOMIEH cuibl. [lapamMeTpsl BBIHYKICHHBIX KOJICOAHUH OMpPEeIIstoTCs,
UCXOJS U3 CIEAYIOUIUX YPAaBHECHUN:

0 = Mo (3.12)
" e — 0D+ 4p7w?)
_ —2Bw (3.13)
Y ot —0?)

AmMIuuTya a,, 1 ¢a3a BEIHYXJICHHBIX KOJICOaHUH CYIIECTBEHHO 3aBUCST OT OTHOLICHHUS
MEXky 4YacTOTOM  M3MEHECHHsS BHEIIHErO MOMEHTa cuid M M COOCTBEHHOH YacToTol
KojeOanuii cuctembl. Ha pucynke 3.5 u300pakeHbl 3aBHCHMOCTH aMIUIMTYIBI YTJIOBOTO
CMEIIEHHUA OT YacTOThl BBIHYKIAIOIIEW CHJIBI, COOTBETCTBYIOLIME pa3HBIM 3HAUEHUSAM
koddumenToB 3atyxanus . M3 pucynka 3.5 BHUIHO, YTO MPHU ONpEACIECHHOM 3HAYECHUU

HJaCTOThI BI)IHY)KILaIOHIGﬁ CHIJIBI (Up AMIUIMTYyla BBIHYXICHHBIX KoJICOaHMI JOCTHUTac€T CBOCTO

MAaKCUMaJIbHOT'O 3HA4YCHHs, paBHOI'O (Dp. Takoe siBIeHHME Ha3bIBACTCS pPE30HaHCOM, a 4YacCToTa,

IIPH KOTOPOH OHO MPOMCXOJUT — PE30OHAHCHOM 4acTOTOW. 3aBUCUMOCTD @, = f(w) Ha3pIBaeTCs
aMILIUTYIHOM PE30HAHCHOM KPUBOM WIHA aMIUIUTY AHO—YaCTOTHON XapaKTEPUCTUKON MAasTHUKA.

. ko
m i B1<B2<B3
®p2
apa [— ; ;
Cer
0 (Dp3 (Dp1 ()

Pucynok 3.5 — AMIUIMTY IHO—4aCTOTHAas XapaKTEePUCTUKA

a,, — aMIlIuTyaa, ap — pE€30HaHCHAad aMIUIMTyda
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da
[IpupaBHSAB MPOU3BOAHYIO BbIpaxkeHUs 3.12 K HyJIIO d—a’)" = 0, moyiy4uM, 4TO MPHU MaAJIOM

CONPOTHBIICHUH CPE/IbI AMILIUTY /14 YTJIOBOTO CMEIIEHHS d)B PE30OHAHCE PABHA

a, = My/(21Bo) (3.15)

N3 ypaBuenus 3.12 cneayer, 4To

w, =/ wo? — 2% (3.14)

b 3aBHCHUT OT CBOMCTB Cpeanl, B KOTOpOfI COBCPLIAOTCA KoJIeOaHHUs.

Ecim w = 0, TO aMIuinTy1a BBIHY>KACHHBIX KOJICOaHUI OKa3bIBAaeTCS PaBHOM BEJIWYHMHE
CTaTUCTUYECKOTO YIJIOBOTO CMELICHUS d.. CUCTEMBI IIOJ IEHCTBHEM IOCTOSHHOIO MOMEHTA
BHemHel cunbl. [lpu gactote ®, cTpemsiieiics kK 6eCKOHEYHOCTH, BCE aMIUIUTYIHBIE KPUBBIC
aCHUMIITOTUYECKH NPUOIMKAIOTCS K HYJIO, TaK KaK B JJaHHOM CJIy4ae CHUCTEMa HE YCIIeBaeT
OTpearupoBaTh Ha JEHCTBHE BBIHYKJIAIOLIET0 MOMEHTA BHEIIHUX CHJI U OCTAETCS B COCTOSIHUU
paBHOBECHS.

Kak cnenyer u3 ypaBaenus (3.13), caBur mo ¢aze MeXIy CUIION U YITIOBBIM CMEIICHUEM
3aBUCUT OT COOTHOIIEHHUS 4YacTOT COOCTBEHHOM U BBIHYXJAIOLIEH CHIIBL, a Takke OT
koo dunmenta 3aryxanus (pucyHok 3.6). IIpu w = w, cMemeHne OTCTaeT OT CHJIBI Ha 1T/2.
OTO 03HA4aeT, YTO B MOMEHT BPEMEHH, KOIZla MOMEHT BHEHIHEW CHJIBI JOCTUIAET CBOErO
MaKCHMaJIbHOTO 3HAUEHUS, YIJIOBOE CMELIEHUE PABHO HYJIIO.

T.C. W

-n
Pucynok 3.6 — ®a30Bble pe30HaHCHBIE KPUBbIE MasTHUKA

C yBenum4eHMEM 4YacTOTHl M3MEHEHHsS MOMEHTA BHEIIHEH CHUJIbI OTCTaBaHUE YTJIOBOIO
CMEIEHUs] OT BEJIMYMHBI MOMEHTa CHJIbI PacTeT M IpU OUYeHb OONBIIMX YacTOTaX
npuOIMKaeTCs K —T, T. €. MOMEHT CHJIBI U YTJIOBOE CMEIICHUE KOJeOII0TCS B POTHBO(a3e.

@da30Bple COOTHOLICHHS MEXIY YTJIOBBIM CMEIIEHUEM W MOMEHTOM BHEIIHEH CHIIBI
NO3BOJIAIOT TOHATH CYIIHOCTh SIBJIEHUS PE30HAHCA C TOYKM 3pPEHUS] HDHEPreTHYECKHUX
cooOpakenuil. Ilokaxkem, 4YTO NHpuU w = W, YIVIOBOE CMeILIeHHE OTcTaer Mo ¢asze ot
BBIHY’KJJAIOIIEr0 MOMEHTA TapMOHUYECKOM CUIIbI Ha T/2, T. €.

M = M, cos(wyt); a = a, sin(wyt) (3.16)

CornacHo BeIpaxeHHIO 2.16 3aBUCHMOCTb YIJI0BOM CKOPOCTH (PU3MUECKOIO MAsITHUKA OT
BPEMEHH MIMEET BUJ:

a = a,wy cos(wyt) (3.17)

N3 cootHomenuii 3.16 u 3.17 BUIHO, YTO CKOPOCTH M BHEIIHSA CcUjla KoJebmoTces B (ase.
CrnenoBaTenbHO, MOIIHOCTh, Pa3BHBaeMasi BHEIIHEW CHJIOHN, MOJIOXKHTENIbHA B JII000H MOMEHT
BPEMEHH, a SHEPrus, reperaBaeMasi CUCTEME OT BHEIIHEr0 MCTOYHMKA MakCHUMallbHa (yrioBas
CKOPOCTh MAasITHUKa IpPU 4YacTOTE BBIHY)KJIAIOLIEH CHUJIbl, pPaBHOM COOCTBEHHOM YacToTe
KoJIeOaHui, MakcuMaibHa). PaboTa BHEIIHEro MOMEHTa CHII B CIyyae w = W, HalpaBlieHa Ha
IPEOI0JICHUE CUJI TPEHHUSL.
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O0opynoBaHne U MaTepHAJIbI

1. Crenn «KpytrinbHbiil MmasTHUK [Tosspy

Onucanue ycmaHo6KuU

CumMeTpudHOe Teno (TOHKHM METaNIMYecKui NUCK) (2) CKperiseTcss CO CHUpaIbHOM
npyxuHoi (3). Jluck OTBOAUTCA OT MOJIOKEHHUS PABHOBECHUS, COKMMAsI UITU PACTATUBAS MIPYKUHY,
MOCJie Yero JUCK HAaYMHAET COBEPIIATh KoJieOaTeNIbHOE IBIKEHUE C TIEPUOJIOM, 3aBUCSIIUM OT
BEJIMYMHBI MOMEHTA UHEPIINH TUCKa U KOOPPUIIMEHTA 3aTyXaHHUS.

BreiHyXIeHHBIE TapMOHUYECKHE KOJieOaHHWs MAWCKa CO3MAI0TCS B CHUCTEME IyTeM
COCIMHEHUS] CTPEJIKH, Ha KOTOPYI0 Haca)KeHa MpY>KHMHA CO CKPEIUIEHHbIM C HEeW TUCKOM, C
nBurareneM (4) depe3 IITaHTy C BaJiOM, 4YacTOTy OOOpPOTOB KOTOPOTO MOXKHO H3MEHHTb.
(pucynok 3.7).

Koaddunment 3aryxanus B cCHCTeME HM3MEHSETCS IyTEeM MPOIMyCKAHUS MOCTOSHHOTO
JNEKTPUYECKOTO TOKa Yepe3 KaTyIIKU HWHAYKTHUBHOCTH, B 3a30p€ MEXIy KOTOPBIMU
nepemMeniaeTcsi MasiTHUK (MeTayuinueckuil nuck). [lpu nBm>kKeHUM NuUcKa B MarHUTHOM TIOJIE B
HEM HHAYUUPYIOTCS TOKM DyKo, 4TO B UTOre MPHUBOJIUT K IMOSBICHHUIO JOMOJHUTEIHHOTO
TOPMO3SIIETO MOMEHTA CHIL.

Pucynok 3.7 — O6muii BUJ 9KCTIEPUMEHTAIbHONW yCTaHOBKH
1 — ocHoBanue; 2 — koneco [lost; 3 — Bo3BpaTHas npykuHa; 4 — 3JIEKTPOABUTATENb; 5 —
TuHeNKa; 7 — CTpenka; 8 — MarHUThI

Yka3anus nmo TexHuke 0e30MacHOCTH

[Ipn skcrutyatanuu o0OpyAOBaHHS HEOOXOAUMO COOMIOAATh CIEAYIOIIUE TpaBuiIa
0€30IIaCHOCTH:

* K ob6cnyxuBanuio 000pyJOBaHHS JOMYCKAIOTCS JHIIA, MPOIIEIINEe HUHCTPYKTAX IO
TEXHHKE 0€30MacHOCTH.

e Ilepen HauamoM OSKcIUlyaTanud OOOpYIOBaHUS HEOOXOIUMO yOemuThCs, YTO
000py1I0BaHNUE HAXOIUTCS B BBIKIIOYEHHOM COCTOSTHUMU.

* [Ipu oOHapyxeHHH TIOO0BIX TMOBPEKACHUNH U HEHCIPABHOCTEH 000PYIOBaHUS, & TAKKE
NpU TOSBJICHUHM [IbIMA, HMCKPEHHUS WIH CHEHU(PUISCKOTO 3amaxa MeperpeTorl H30JIAIHH,
HEMEJIEHHO 00ecToubTe 000pyI0BaHuE.

* SAITPEHIIAETCS neucnipaBHOe 000pyI0BaHUE.

* SAIIPEIIAETCS wucnonp3oBaTh HM3AENIHE M €0 OTACIBbHBIC KOMIIOHEHTBHI HE MO
Ha3HAYCHUIO.

* SAIIPELIIAETCS BckpbIBaTh U3JEIHE.
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* SAIIPEHLIAETCS BuIoM3MEHATh IPUHIUIHATIBHYIO CXeMY M 001ue GyHKIUN paboThI
U3JETHsL.

* Tlocie xpaHeHHss 0OOPYJOBaHUS B XOJOJHOM ITOMEUICHWW WJIH TIOCIIE MEPEBO3KH B
3MMHUX YCJIOBHSX BKJIIOYATh €0 B CETh MOKHO HE paHblIe, YeM yepe3 6 4acoB NpeObIBaHMS ITPU
KOMHAaTHOMW TeMIIepaType B pacliakOBaHHOM BH/IE.

* W3nenue sKCIulyaTHpoOBaTh TOJBKO B MOMEIIEHMM O€3 MOBBIIIEHHON OMAaCHOCTU IO
CTEIEHH MTOPAKEHUS DJIEKTPUUECKHM TOKOM.

* Bo n30exaHue nopakeHUs 3JIEKTPUUYECKUM TOKOM M BBIXOAA U3 CTPOs 3JIEMEHTOB
U3JIeNusl, Ipyu paboTe 3anpeniaeTcs UCIOJIb30BaTh BHEITHUE UCTOUHUKH MUTAHUS.

* He ycranaBmuBaiite oOopynoBaHHE€ B  HENOCPEACTBEHHOW  OIM30CTH  OT
JIETKOBOCIUIAMEHSIOIINXCS U PACIPOCTPAHSIOLIUX OTOHb IIPEIMETOB.

* He ocrasunsiiite 060pynoBaHue BKIIOYEHHBIM 0€3 MPUCMOTPA.

* He nomyckaiite nmonaganus *KuAKOCTH BHYTpb 000pyA0BaHUS.

* He ocraBnsiite o6opyoBaHUE B peXUME OXKHJIAHU Ha JJUTeNnbHOe BpeMs (Oosee 12
YacoB)

* Bo u3bexanue nojaoMok 00OpyAOBaHUs HE NPUKIIAAbIBAlTe Ype3MEPHBIX YCHIUH MpH
MaHUMNYJSIUAX C OpraHaMU yIpaBIeHUS.

3aganus

Vupaxuenue 1

1. CobepuTe JIEKTPHUECKYIO CXEMY.

2. He noxkmiovass UCTOUYHUK TuUTaHusi K MasTHUKY [lons, orknonure ero Ha 10-20
JeNeHUH (OTHOCUTENbHBIX €UHHII) IIKAJIbl TPAaHCIOPTHPA, PACIIOJIO0KEHHOTO0 HA YCTaHOBKE, a
3aTeM OTIyCTUTE IUCK MasTHUKA. I3MephTe TpH pasa neproj; cBOOOIHBIX KOJIeOaHUI MasiTHHUKA,
a 3aTeM pacCUUTalTe MUKINYECKYIO YaCTOTY 3aTyXaloIIUX KOJIeOaHH.

3.OKCNIEepUMEHTAIbHBIM ~ ITyTEM YCTAHOBHUTE 3aBUCHUMOCTb aMIUIATYAbl  yTIIOBOTO
CMEIICHHUs MasTHHKAa OT BPEMEHH B pEXUME CBOOOJHBIX KojeOaHui. Jlnsg 3Toro usmepsiite
YTJIOBYIO aMILTUTYy 4epe3 MPOMEKYTKH BPEMEHH, KpaTHbIC MEepHOay KoieOaHuil. Pe3ynbraTe
U3MepeHuii 3anecurte B Tabnuiy 3.1.

Tabmua 3.1

aC aC aC
a, |a; |as | Qe | ag —2 'In—2 | tIn—=2| ¢2
,C Qg 200 Qo

T

4. IToctpoiite rpadMKk 3aBUCHMOCTH g, = f(1).

5. Ucnonszysst MHK, paccuuraiite koaddunmenT 3aryxanus MastTHuKa [loms mms cimydast
MUHUMAJIBHOTO KO3 (UIIMEHTa COMPOTUBIICHUS B CUCTEME (TOK Uepe3 KaTyIIKy WHIYKTHBHOCTH
HE TIPOITycKaeTcs ) mo ¢hopmyIie:

Acpi
Yit;In—>
—_ %

2

it

6. Paccumraiite COOCTBEHHYIO 4YacTOTy KoJeOaHHMU MasTHHKA 1O GopMyle: wgy =

( w? + 'BZ)l/Z

B =
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7. TlomkmrounTe KaTymIKd K MCTOYHUKY THTAHHS, TPOIMYCTUB Yepe3 KaTyIIKH
WHAYKTUBHOCTH TIOCTOSHHBIA TOK, COOTBETCTBYIOIIMI HANPSHKEHUSM HAa UCTOYHHKE MUTaHUS 4
B, 6 B u 10 B, u noBropuTe myHKTHI 1-5.

Ynpaxkuenue 2

1. Cobepute cxemy. HampsikeHue Ha KaTyuiku WHAYKTUBHOCTH MOKa HE T0JIaBaiiTe, TeM
caMbIM obecrieunBas camblii Maiblii K03 duument conporusnenus B cucrteme. Ha Beixoge DC
(TTOCTOSIHHBIN TOK) UICTOYHMKA MUTAHUS yCTAHOBUTE HamnpsikeHue 15 B.

2. Perynupys mnonoxxeHue pydek rpyOOi M IUIaBHOH HACTPOMKM HOTEHIMOMETPOB,
YCTaHOBUTE MUHUMAaJIbHOE HAIPSHKEHHUE Ha 3JIEKTPOJBUTATETIE.

3. Beiaepxkute naysy JUIMTEIBHOCTBIO MPUOIM3UTEIBHO B OJHY MUHYTY U ONpENEIuTe
3HAYEHUE MEPUOJIa B PEKUME YCTAHOBUBIIUXCS KOJIEOaAHUIA.

4. V3meppTe aMIUINTyy YIJIOBOTO CMEUICHMS, COOTBETCTBYIOUIYIO JaHHOW 4YacTOTE
YCTAaHOBUBIIUXCSI ~ KOoJeOaHMH. AMIUIMTYly U3MepsAWTe MO IIKajJe TPaHCHOpTUpa B
OTHOCHUTEJIbHBIX €IMHULIAX.

5. TloBropuTe nyHKTHl 3—4 yBenuuyuBas HalpspDKeHHE Ha ayeKkTpojasuratese. OcoOeHHO
gacto (depe3 0.05 — 0.1 B) npoBoaute u3mepeHust B 00JaCTH PE3KOT0 MU3MEHEHUS aMILIUTYIbI
YTJIOBOI'O CMEIICHHUS.

6. IlocTpoiiTe aMIUIUTYy AHO—PE30HAHCHYIO KPHUBYIO.

7. IloBTOpUTE MYyHKTHI 2 — 6 JAHHOTO YNPAXHEHUsS NMPU HANPSHKEHUSIX, [10/1aBAEMbIX Ha
KaTyIlIKM MHAYKTUBHOCTH, paBHBIX 4 B, 6 B u 10 B, ycranaBnuBass TeM caMbIM pa3iIUyHbIC
K02(ppHLIMEHTHI 3aTyXaHusl.

8. VIcxo/is M3 aMILTUTY JHO—PE30HAHCHBIX KPUBBIX ONPEJCIUTE PE3OHAHCHYIO YacTOTy Wy,

¥ 3HAYEHHS aMIUTUTY/IbI ), BBIHYKICHHBIX KOJIICOAHUH IIPU PE30HAHCE CTATHYECKON aMIUTUTY JIbl

a... Paccumnraiite COOCTBEHHYIO 4acTOTy KojeOaHui coriacHo ¢opmysie 2.14 u cpaBHUTE ee co
3HaYeHHEM, MOJIyYeHHBIM B YIIpakHEHUH 1.

o ap

9. Paccuwmraiite JOOpPOTHOCTH CUCTEMBI IO (hopmye Q = -

CT

10. Ucnonw3ys dopmyiy 3.13, paccuuraiite caBur (a3 ¢ MEXIy YIJIOBBIM CMEIICHHEM
MasiTHUKA U BBIHYKJIAIOIIEH CHIION JUTS KaXKI0T0 3HAYCHUS YaCTOTHI ©.

11. Tlocrpoiite ¢a3oBble pe30HAHCHBIE KPHBBIE U pa3IHYHBIX KO3(duumeHToB
3aTyXaHHs B CUCTEME.

12. Paccunraiite ommOKy U3MEpEeHHit 1o OOUIMM ITpaBUIaM

Conep:xanue oTyeTa

Otuét no nabopatopHoil paboTe JOKEH COJIEPKaTh CIEAYIOIINE OCHOBHBIE Pa3/Ielibl:

1. HaumenoBanwue paboTHI.

2. llenb paGoTHI.

3. Onucanue 3KCNepUMEHTATBLHON METOIUKH.

4. Tlopamox mnpoBeaeHHus paOOTHI, TaONMIBI PE3yJNbTATOB MPSAMBIX U KOCBEHHBIX
U3MEPECHUM.

5. OnpeneneHne NorpeHOCTH U3MEPEHUS.

6. Bb1BOIBI.

7. OTBeT.

KOHTpOJII)HbIe BOIIPOCHI

1. Kakue xonebanust Ha3bpIBAIOTCS CBOOOTHBIMU?

2. 3anumute auddepeHnranbHoe YpaBHEHHE 3aTyXalOIMMX KOJIeOaH .

MIPOAHAIIU3UPYUTE €ro peLIcHHE.

3. B gem 3akitouaercs pusnyeckuii cMpICa KO3 UIHMEHTA 3aTyXaHUs?

4. Yem ompenenseTcss COOCTBEHHAs YacTOTa CHUCTEMbl M YacTOTa 3aTyXaloIIUX
Kosie0aHuit?
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5. Uto Takoe KpPUTHYECKUH M AHTApMOHMUYECKHUH pexuMbl KosebaHuil? KakoBbl ux
OTJIMYUTEIbHBIE OCOOEHHOCTU?

6. Kakue xonebaHust Ha3bIBAIOTCS BHIHYKICHHBIMU?

7.  3anumute  auddepeHINaTbHOe  YpaBHEHHE  BBIHYXJIEHHBIX  KOJeOaHWM.
[Ipoananusupyire ero peuicHue.

8. Uto Takoe nepexoJHON M yCTAHOBUBILUICS PEXKUM BBIHYKICHHBIX KOJeOaHU?

9. OT 4ero 3aBUCHUT BpeMsl yCTaHOBJICHUS KOJeOaHui?

10. OT yero 3aBUCAT aMIUIUTY/a ¥ YaCTOTa YCTAHOBUBIINXCS BBIHYKJICHHBIX KOJICOaHNI?

11. B ueM 3akirouaeTcst siBIEHUE pe3oHaHca?

12. Uto Takoe pezoHaHcHast yacToTa? OT KakuxX PU3NYECKUX BETUYUH OHA 3aBUCHUT?

13. Yemy paBHO CTaTHYECKOE CMEIIEHNUE MasiTHUKA?

14. Haiite ompeneneHue A0OpOTHOCTH cucTeMbl. Kak OHa cBs3aHa C pe30HAHCHOM
aAMIUIUTYI0M ¥ CTATUYECKUM CMELIEHUEM?

15. UYro mpexacraBiAoT co0OiM  yCTaHOBMBIIHMECS BBIHYXJEHHBbIE KoJieOaHus,
MIPOUCXO/ISIINE MO IEUCTBUEM BHEUTHEH TApMOHUYECKON CUITBI?

16. O0BsicHUTE, YeMy paBeH CIBUT (a3 MEXAy CMEIEHHEM M BbIHYKJICHHOM CHIION npu
pe30HaHce.

Cnncok JuTeparypbl, peKOMeHyeMblil K HCII0JIb30BAHUIO N0 TAHHOW TeMe

OcHoBHasi IuTepaTypa:
1. Bapcykos, B. 1. ®usnka. Mexanuka [DJIeKTpOHHBINA pecypc]: yaeOHoe mocobue s
CTYJICHTOB BBICHIMX Y4YEOHBIX 3aBCICHHI, OOYYalONIMXCS MO TEXHUYCCKHM HAIPaBICHHUSIM

noaroToBku U cnenuanbHocTsM / B. U. Bapcykos, O. C. [IMutpueB. — DIEKTPOH. TEKCTOBBIC
nanHele. — Tam00B: TamOoBckuii TocyqapcTBeHHbIM TexHuueckuil yHuBepcuter, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum JOCTYyTIA:

http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®u3uka. Mexanuka [DIeKTpOHHBIM pecypc]: ydueOHOe mocobue s
By30B / A. B. 3ro3un, C. b. Mockosckuii, B. E. TypoB. — DnekTpoH. TeKCTOBbIC TaHHBIE. — M.:
Axanemnueckuit IIpoexr, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum noctyna:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka: ydeOHUK: 1151 CTYJCHTOB BY30B, OOYYAIOLIMXCS 10 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbaoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

4. Tpopumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.A. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipu.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoHUTeILHASA JTUTEpaTypa:

1. ITo3nuep, A. A. ®usuka. ba3ossrii kypc. Yacts 1 [DnekTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3uep, A. I'. AnnpeeBa, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIE
nannbeie. — ExarepunOypr: Ypanbckuii penepansabiii yausepeuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum nocrymna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBIN Kypc [DIEKTpOHHBIN pecypc]: yueOHuk / B.
A. HukepoB. — DneKTpoH. TeKcToBble qaHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctyma: http:// www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [yded. mocobue nis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ u3n., nepepad. u gom. - M. :@usmartaut, 2007. - 640 c. : wir. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7
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MeTtoanyeckasi Jureparypa:

1. Meronuueckue yka3aHHs IO BBIMOJHEHHUIO JJAOOPAaTOPHBIX pabOT MO JUCLHUIUIMHE
«®usukay: Yacts 1. Mexanuka. MonekynsapHas ¢usuka. — Heunnombicck, HTU CK®VY, 2019.
-80c.

2. Meroanueckue yKa3aHWs IO BBITIOJHEHUIO MPAKTHYECKHX PadOT MO JUCIHILIINHE
«®us3uka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-0nbmmoreunas cucrema [PRbooks;

2. http://window.edu.ru  — HWudopmannonHas cucrtema "EnnHoe OKHO JocTyma K
00pa3oBaTEILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIE KaTanoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHbelli mnOpTan oOHJaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHE».

JlaGopaTtopnas padora 4. [lapajiesorpamMm cuJ

Hens pabGoter: Omnpenenuth TOYKY paBHOBeCHS B ciydae, korma cwibl F; u F,
CUMMCTPUYHBI.

dopMUpyEMBIE KOMIIETCHIIUU WIM UX YACTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKUM
anmapar, METOAbl aHajdu3a M MOJEIHUPOBAHUS, TEOPETHYECKOIO0 M 3KCIEPUMEHTAILHOTO
UCCIICIOBAHMS TIPH PEUICHUN PO(ECCHOHANTBHBIX 3a71a4

Teopernyeckasi 4acThb

Cunbl — 3TO BEKTOpPHI, U, CIEIOBATEIILHO, UX MOXKHO CKJIaJbIBaTh, HCIIONb3Ys MpaBUiIa
CJIO’KEHUSI BEKTOPOB. UTOOBI MPEACTaBUTh CYMMY JIBYX BEKTOPOB rpa)UuecKH, HA4aJI0 BTOPOTO
BEKTOpa TOMeNIaeTcsi B TOYKY KOHIIa MepBOro BekTopa. CTpenka M3 TOYKH Hadajga MEpBOTO
BEKTOpa [0 TOYKM KOHIIA BTOPOIO BEKTOpa MpEACTaBiseT cOOOM BEKTOp, MOJIYYEHHBIH B
pe3yabTaTe CIOXKEHHUS STHX BEKTOpOB. Eciau mocTpouTh mapauierorpamm (B KOTOPOM JBa
CKIIaAbIBACMbBIX BCKTOpPaA ABJIAIOTCA CTOpOHaMI/I), AuaroHajib, IMMPOBCACHHAA U3 yIJia HavYaJILHOU
TOYKU B MPOTHBOIOJIOKHBIA yroi, OyJeT MpeaCTaBIsaTh COOOH pe3ysbTaT CIOKEHHUS BEKTOPOB
(cM. pucyHok. 4.1).

Pucynok 4.1 — BektopHast cymma cui (apaiesiorpaMM CHl)

BekTopHOE CllO)KEHHE CHJI MOXHO MPOCTO U HArJIsSAHO IPEACTaBUTh HAa CTOJE JUIs
JNEMOHCTpalMu cuil. Touyka NPUIOKEHHUS TPeX OTIENbHBIX CHJI B COCTOSHUM DPaBHOBECHUS
HaxXOAMUTCS CTPOrO MO CEpeAuHe CToja. BennyuHbl OTAENBHBIX CHJI OINPEAEIAIOTCS II0
MOJIBELICHHBIM TPY3UKaM, a YTOJI KaXKIOro U3 BEKTOPOB CHJIBI (HaIlpaBJIeHHUE JAEUCTBUS KaXKIOU
U3 CHUJI) OIPENENseTcs] C IOMOIIbI0 TpaHCIopTupa. B cocTrosHuM paBHOBECHS CyMMa Tpex
OTJICIbHBIX CUJI ONIPEIEISIETCS BHIPAKEHUEM

Fi+F,+F;=0 (4.1)
[Moatomy F5; —3T0 cymma oTAenbHBIX cull Fiu F, (cM. pucyHok. 4.2):
—-F;=F=F +F (4.2)

35



F,

YA
Pucynok 4.2 — Onpenenenrie CyMMbI BEKTOPOB IBYX CHJI F; U F,1T10 ypaBHOBEIIUBAIOIIEH
cune F;.

[TapasnsenbHble BEKTOPHBIE COCTABIISIONINE JIsi CYMMBI F ornpenesnstorcs ypaBHEHUEM
—F; =F =F,cosa, + F,cosa, (4.3)
[TapanenbHble BEKTOPHBIE COCTABISIONIUE JIJIS1 ONIPEAETSIOTCS YPaBHEHUEM
0 = F;sinaq + F,sina, (4.4)

VYpaBuenust 4.3 u 4.4 mpenctaBiSOT cOOOW MaTeMaTUYECKUN aHajIN3 BEKTOPHOTO
cioxeHus. J{ns nmpoBeieHusl TaHHOTO OTbITa PEKOMEHyeTCs HalpaBUTh cUily F3 Tak, 4ToObI ee
yron Obul paBeH 0°. B xadecTBe anbTepHATUBHI aHAIUTUYECKOMY IPEICTABICHUIO PaBHOBECHE
CWJI MOXHO HccienoBath rpadudeckd. s TOro dWroOBl 3TO Cenarh, HApPHCYeM JIMHHH,
MPEJICTABIISIONINE BCE TPU CHJIBI M UCXOMAIINE U3 IEHTPAIbHON TOYKHU MpuiioxkeHus. OTMeTuM
BEJIMYMHY W YTOJI KaXJOW CUJIbI. 3aTeM CMeCTHM Cuibl F, m F3; BIOJIb mapauleNbHBIX JIMHUM,
MOKa TOYKa Hayajla He OKaXXeTCsl B KOHIIE Mpeablayliero Bekropa. [lomyueHHblil B pe3yJibrare
BekTOop paBeH 0 (cM. puCyHOK 4.3).

Pucynok 4.3 — I'padudeckoe ncciiejoBaHue paBHOBECHS TPEX MPOU3BOIBHBIX CHII,
IEUCTBYIOIINX B PA3IMYHBIX HAPABICHHIX

IIpn npoBeaeHUM NaHHOTO OMbITA 3Ty ONEPALUIO BBHIIOJIHAIOT Ul TPEX MPOU3BOJIBHBIX
CHJI, CIIeJs 32 TE€M, YTOOBI BCE BPEMs COXPAHSUIOCh COCTOSHUE paBHOBECHs. B naHHOM ombiTe
AQHAJTUTHYECKOE HAOIIOACHNWE OTPAaHWYMBACTCS OCOOBIM ciy4aeM, Koria nBe cwibl F; u F,
CUMMETpUYHBI F;.

OyeHnounwili pacuém

BekTopHOe cllo)K€HHE CHJI MOXHO MPOCTO U HArJsAHO TMPEACTaBUTh Ha CTOJE IS
JEMOHCTpalMu cuil. Touyka MPUIOKEHHS TpPeX OTIENbHBIX CHII B COCTOSHHUH pPaBHOBECHS
HaXOAMUTCS CTPOro MO CepeAuHe CToja. BenuyuHbl OTHENbHBIX CHJI OINPEAEISIOTCS IO
MOJIBEIICHHBIM TPY3UKaM, & YTOJI KaKIOr0 U3 BEKTOPOB CHJIBI (HAIlpaBlIeHUE JACUCTBUSA KaXKIOU
U3 CHJI) ONpEAeNsaeTcs C TOMOIIBI0 TpaHCHOpTHUpa. Pe3ynbpTaT ombiTa MOXHO OIEHUTH
AHAIUTUYECKU WU TIPECTAaBUTh IpapUUeCcKH.

PaBenctBo 4.4 BeIMONHsAECTCS B cuUMMETpudHOM ciydae (F; =F,; a4 = —a,). U3
ypaBHEHUs 4.3 Moxy4aeM ypaBHEHUE XapaKTEPUCTUKH, C IIOMOIIBIO KOTOPOTO MOCTPOCH Tpaduk
Ha pUCYHKE 4.4 (OTUCHIBAIOIINK TAaHHBIE U3MEPEHUS).

F = 2F, cosa; 4.5)
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Pucynok 4.4 — 3MepeHHas U pacCYUTaHHAS CyMbI IByX CUMMETPUYHBIX CUJI B
3aBUCHUMOCTH OT yIJa aq
OO0opynoBaHne U MaTepHAJIbI
1. Crenn «Ilapannenorpamm cumim»
2. Habop rpy3oB
Onucanue u mexHuyecKkue xapaxmepucmuku 060py008anus

CocraB koMmIuIeKkTa yueOHO—IabopaTopHOro obopynoBaHusi «IlapamienorpamMmm cu»
IIPEJICTaBJIEH HAa pUCYHKE 4.5.

7 f0
g, #
“ek, o 80 a s
(LT R I

Pucynok 4.5 — Koncrpykuus usnenusi: 1 — ocHOBaHMeE; 2 — CTOJ € IpayMpOBaHHON
IIKaJIOH; 3 — CheMHbIE KPEeIUIeHUs; 4 — CbeMHBIE IOJBECHI; 5 — IPY3bl;

Cxema nabopaTopHOU yCTaHOBKHU MOKa3zaHa Ha pucyHke 4.5. K ocHOBaHHIO ¢ KperieHneM
JUIsL  BEpTUKalIbHOM CcTOWMKM(]) TmpHKpemsieHa BepTUKaJbHAs CTOMKAa, Ha KOTOPYIO
YCTaHABIIMBAETCSl CTOJI C HAHECEHHOW TpaJyHpPOBAHHOMN MIKANOM(2), K KOTOPOMY MPHUKPETICHBI
CbEMHBIE KPEIUICHUS JJI HalpaBlieHUs M0JBECOB(3), K HUM B CBOIO OYEpE/b MOJCOECTUHEHBI
CheMHBIE TIOJIBECHI(4) ¢ pa3HOBECHBIMU Tpy3aMu(5). BennuuHbl OTAEIBHBIX CHJ OMpPENEsSIOTCS
M0 TOJBEIIEHHBIM Tpy3ukam(0), a yroyl KakIOro M3 BEKTOPOB CUJIbI (HaIrpaBieHUE ACHCTBUSA
Ka)KIOW U3 CUIT) OTIPEACIISETCS C IOMOIIBI0 TPAHCIIOPTHUPA.

Ykazanus mo TexHuke 0e30MacHOCTH

[Ipu skcrutyataruu o0OpyAOBaHUS HEOOXOAWMO COOIONATh CICAYIOIIHNE IpaBUiIa
0€30IIaCHOCTH:
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» K oOciyxuBannio 000pymIOBaHHS IOIYCKAIOTCS JIAIA, MPOIIEANINE HHCTPYKTAX IO
TEXHUKE 0€30MaCHOCTH.

* Ilepen wHauamom »SKcIulyatanuu OOOPYIOBAaHUS HEOOXOAUMO YOCAUTHCS, UTO
000py10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUI W HEHCIIPABHOCTEH 00OPYJIOBaHUS, a TAaKXKe
OpU TOSBIEHUU JbIMAa, HCKPEHUS WIM CHEeUM(pUYECKOTro 3amaxa IMeperperol M30JsaIuH,
HEMeJICHHO 00eCTOUYbTe 000PYI0BaHHE.

* BAITPEIIHAETCSI nencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACHHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HAYCHUIO.

* BAITPEITAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUN paboThI
U3JIEIHSL.

* Ilocne xpaHeHHst 0OOpPYJOBaHUS B XOJOJHOM IOMELIEHWH WM IOCIE MEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllie, 4eM yepe3 6 4acoB MpeObIBaHUS IpU
KOMHAaTHOM TEMIIEpaType B pacllaKOBaHHOM BHJIE.

* U3nenue sKkCIIyaTUpOBaTh TOJIBKO B MOMELIEHUH O€3 MOBBIIMIEHHON ONacHOCTH I10
CTEIICHH MTOPAKEHUS DJIEKTPUUYECKUM TOKOM.

* Bo u3bexxaHue mopakeHHs IJIEKTPUUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U37Ienus, Ipyu paboTe 3ampeIiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKH MTUTaHMUS.

* He ycranaBnmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHON  OJM30CTH  OT
JIETKOBOCIUIAMEHSIOIINXCS ¥ PACIPOCTPAHSIOIINX OTOHb IIPEJMETOB.

* He ocraBnsiite 000pynoBaHue BKIOYEHHBIM 0€3 IPUCMOTpA.

* He nomyckaiite nonaganus >KUKOCTU BHYTPb 000pYy10BaHUS.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHUS Ha JITUTENbHOE Bpems (Oomee 12
YacoB)

* Bo u3bexanue mojJoMok 00OpyAOBaHHs HE MPUKIIAIbIBAWTE Ype3MEPHBIX YCHIUM MpH
MaHUIYJISIIUAX ¢ OPraHAMHU yIIPABICHUS.

3aganus

Omnpenenenue cuibl paBHOBECHUS

1. YcranoBuTe ocHOBaHuE (CM. PUCYHOK 4.4) TOPU30OHTAJIBHO.

2. YcTaHOBUTE 3aIaHHBIN MIPENoaaBaTesIeM Yroyl MEXAY IBYMs Tpy3aMu.
3. Hutu ¢ rpy3amu nepekuHbTe yepe3 OJIOoKH.

4. YcTaHOBHUTE Ha MTOABECHI 3aIaHHBIE TPY3bI.

5. BriGepuTe yros u paccuutaite HeOOXOAMMBIN BecC Tpy3a.

6. YcTaHOBHTE YroJ M IPy3bl Ha MOJIBECE.

7. JobeiiTech paBHOBECHSI TPY30B, TIepeMeIias TpeTHil OJI0K.

8. CpaBHHUTE MPAKTUYECKUI pE3yIbTAT C TEOPETUUECKHUM.

9. IloBTOpPUTE SKCIIEPUMEHT, U3MEHUB YIOJI UM BEC TPY30B.

10. PaccuuTaiiTe mOrpentHocTh K3MEPEHUH TT0 OOIITUM TIPaBUIIaM.

Conep:xanue oT4éTa

OTuét no nabopaTopHOil paboTe JOIKEH COAEPIKATh CIIeIyIOIINE OCHOBHBIE Pa3/Ieibl:

1. HaumenoBanue paboTHI.

2. Henb paboThI.

3. OnucaHue KCEePUMEHTATLHON METOIUKH.

4. Ilopsimox mpoBeAeHUS pPaOOTHI, TaOMUIBI PE3yJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPECHUM.

5. Onpenenenre NOTPEeITIHOCTA U3MEPEHHUSL.

6. BeiBOIBI.

7. OtBer.
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KoHTpoJbHbIE BONIPOCHI

1. B uém 3akirogaeTcs npaBuiio napauiesorpamma cui?

2. Ilpn xkakoM yCJIOBMM HAIpaBJIEHUE PAaBHOACHCTBYIOLIEH IEIUT MOMOJIaM Yrojd MEXKIY
HAIPAaBJICHUSAMU COCTaBIISAIONINX CHII?

3. Ilpu xakux 3Ha4eHUsAX yria o (pucyHok 3.6) u cun Fi1 u F2 Touka Oyzaer B paBHOBecUu?

Pucynoxk 4.6

Chucokx JUTEPATYPHI, peKOMeHI[yeMbIﬁ K HCI0JIb30BaHHIO 110 JAaHHOH TeMe

OcHoBHas1 JiuTEparypa:
1. bapcykos, B. . ®uzuka. Mexanuka [DneKTpoHHBINA pecypc|: yueOHoe mocodue st
CTYACHTOB BBICIINX y‘-Ie6HI>IX 3aBeHeHHﬁ, o6yqa}0mnxcs1 o TCXHUYCCKHUM HAIIPAaBJICHUAM

noaroToBku u crneruanbHocTaM / B. U. bapcykos, O. C. JImuTpueB. — DJIEKTPOH. TEKCTOBBIC
nanHple. — Tam00B: TamOoBckuii TOCyIapCTBeHHBIM TexHuueckuil ynusepcuter, O6C ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum JocTymna:

http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®usuka. Mexanuka [DIeKTpOHHBIN pecypc|: yuyeOHOe mocobue s
By30B / A. B. 3103uH, C. b. Mockosckuii, B. E. TypoB. — DnekTpoH. TEKCTOBBIE JaHHBIE. — M.
Axanemuueckuit IIpoexr, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum pocryna:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka: yueOHUK: IJIs1 CTYICHTOB BY30B, OOYYAIOUIUXCS IO TEXH.
Hanp. noaroroBku / T.M. Tpopumosa. - 2-e uza., nepepad. u gom. - Mocksa: Axkagemus, 2013. -
346 c.: mi. - (Beicmee npodeccronansHoe oopazoBanue) (bakamaBpuar). - [Ipeam. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

4. Tpodumona, T. U.; Kypc pusuku ¢ npumepamu pemeHus 3agaq: B 2-X T.:y4eOHHK /
T.W. Tpopumosa, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipui.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonmoJIHUTeIbHAS JIUTEepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBblii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypansckuii penepansueiii yausepcuret, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIH pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOnbeB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckasi Jureparypa:

1. Meronuueckue yka3aHMs IO BBINOJHEHHUIO JJAOOPAaTOPHBIX pabOT MO JUCLUIUIMHE
«®usukay: Yacts 1. Mexanuka. MonekynspHas ¢usuka. — Hesunnombicck, HTU CK®VY, 2019.
-80c.

2. Meroanueckue yKa3aHWs IO BBITIOJHEHUIO MPAKTHYECKHX PadOT MO UCIHILINHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.
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HuTepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexTponHo-6ubaroreunas cucrema [IPRbooks;

2. http://window.edu.ru  — WudopmanmonHas cucrtema "EnmHOE OKHO J0CTyma K
00pa3oBaTeNLHBIM pecypcam;

3. http://catalog.ncfu.ru — anekTpoHHBIC KaTAIOTH ACCOIMANNN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHni 1 opranuzanuit CKOO,;

4. https://openedu.ru — HanuoHaNbHBIM TOpTaN OHIAWH oO0yueHUs «OTKPBITOE
o0Opa3oBaHUE».

JlabopaTopHas paGora 5. U3y4eHue cuJ1 B Ipupoe

Hens paboTsr:
1. Omnpenencane K03 (HUIMESHTOB TPSHUS TOKOSI, CKOJIBKEHUS M KQ4CHUSI.
2. OmnpeneneHue peakiiuy OMnopkl Ha TEJNO.

(DOpMI/IpyeMLIC KOMIICTCHIIMU WJIX UX YaCTHU:

OIIK-2 — cmocoOHOCTBIO MPHUMEHATh COOTBETCTBYIOMIMK (PU3UKO-MAaTEeMAaTHUECKUN
ammapaTr, METOIbl aHajdM3a W MOJCIUPOBAHUS, TEOPETHYECKOTO U SKCICPUMEHTAIBHOTO
UCCIIEIOBAaHMS IIPU PELICHUN PO(EeCcCHOHANTBHBIX 3a7a4

Teopernyeckas yacrp

Cunbl TpeHHsI BOSHUKAIOT MEX/1y CONPUKACAIOIIUMUCS TeJlaMU WM UX YaCTAMHU, KaK IpU
OTHOCHUTEJIbHOM JIBUKEHUH, TaK M MPU OTHOCUTEIILHOM IOKO€. TpeHue Ha3bIBAaeTCsl BHELIHHUM,
€CJIM OHO JAEMCTBYeT MEXAy pa3INuHbIMH CONPHUKACAIOLIMMUCS TEelIaMM, HE 00pa3yroIuMu
€MHOro Tesa (HarpuMep, TPeHUEe MEXAy OpYyCKOM M HAaKJIOHHOM IIOCKOCTBIO, HA KOTOPOW OH
JISKUT WIM ¢ KOTOPOHM OH COCKalib3bIBaeT). Eciu ke TpeHue mposiBisieTcs MeXAy pasInyHbIMU
CJIOSIMM JKMJIKOCTU WJIM Ta3a, CKOPOCTH KOTOPBIX HEMPEPBIBHO MEHSAIOTCSA OT CJIOS K CJIOK0, TO
TpeHHE Ha3bIBaeTCcsl BHYTpeHHMM. CHJIbl TpEHHUs HalpaBieHbl MO KacaTeIbHOW K TpPyIIMMCS
MOBEPXHOCTSAMHU (WJIM CIIOSIM), NIPUYEM TaK, YTO OHU MPOTHUBOJCHCTBYIOT MEPEMEIIECHUIO 3TUX
MOBEPXHOCTEH (CII0EB).

TpeHune Mexay MOBEPXHOCTSAMH JIBYX COIPUKACAIOLIMXCS TBEPIBIX T€J MPH OTCYTCTBUU
MEXJy HUMH JKUJIKOM WIM ra3o00pa3HON NpoCIOWKHM (CMa3Ku) Has3biBaeTcsi cyxuM. Ecmu
collpHKacarolecs Tena JBUXKYTCS JAPYT OTHOCHUTENBHO JIpyra, TO pa3iM4yaroT TpEeHHE
CKOJIbJKEHUSI M TpeHHe KaueHus. Cyxoe TpeHHE BO3HUKAET HE TOJIbKO MPU CKOJIbKEHUU OIHOIO
TeJla 10 MOBEPXHOCTU JPYroro, HO M NPH BCAKOH MOMBITKE BBI3BATh TaKOe CKOJIbXkeHHE. B
MOCJIEIHEM CIIy4yae TPEHUE Ha3bIBAETCS TPEHUEM MOKOSL.

Tpenue Mexay NOBEPXHOCTSMHM TBEPAOTO Tela M OKpYXalolell ero >XUAKOH WiIn
ra3o00pa3HOi cpenoi, B KOTOPOW OHO JIBHIKETCS, a TAK)KE TPEHHE MKy YacTSIMHU TaKOH Cpepbl,
Ha3bIBACTCS JKUAKUM WM BA3KUM.

Tpenue nokost

MexaHu3M BO3HUKHOBEHMS TPEHHUs IOKOS 3aKJIFOYACTCS B CIEAYIOLIEM: IOBEPXHOCTh
JlaXke XOPOILIO OTIIOJIMPOBAHHOI'O TBEPAOrO TEJIa UMEET MHUKPOBBICTYIIBI, TPCIUWHBI, BIIaJUHBI.
3amoiHEeHWe 3TUX BBICTYNOB OyJeT MpemsTCTBOBaTh OTHOCHUTEIBHOMY IEPEMEILEHUIO
COIPUKACAIOLIUXCS TEl.

Ha psine ydacTKOB paccTosiHHE MEXKIY COIPHUKACAIOIMIMMUCS TEIAMH MOYKET OKa3aThbCs
NOpsIIKa pajguyca JEUCTBUS MOJEKYJSAPHBIX CHJI. DTO NMPUBOAUT K CIUIAHWIO TEJI HA JAaHHBIX
Y4aCTKaX, 4TO TAKXKE MPEISTCTBYET UX OTHOCUTEIBHOMY IEPEMEILECHHUIO.

BHenpeHno MUKPOBBICTYNOB M YaCTUYHOMY CIIMIAHHUIO MOBEPXHOCTEH CIOCOOCTBYET
CHJIa HOPMAJIBHOTO JIaBJICHUS, IPUKUMAIOLIasi TBEpAbIE Tela APYT K ApYyry. DTOW CHIION MOKET
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CIy>)KATh CWJIAa TSDKECTH WIM €€ HOpMalibHasl COCTAaBJISIOIAsl, a TaKkkKe JIodas Apyras cuia,
NEPIEHIUKYJIAPHAs IOBEPXHOCTH COIIPUKACAIOIIMXCS TEJL.

Korga Ha ogHO Testo B10JIb TOBEPXHOCTU €0 COIMPUKOCHOBEHUS € IPYTMM HUKAKas CHJIA
HE JIEHCTBYET, TO CUJIa TPEHMsI ITOKOs paBHA HyJt0. I1o Mepe Bo3pacTaHusl BEIMYMHBI BHEIIHEH
CHIIBI OyZIeT BO3pacTaTh M MPOTHBOIIOJIOKHO HAlpaBJIEHHAs €i cujla TPEHHUIO TOKOS, TaK YTO
CyMMa 3TUX CHJI OyZeT ocTaBaTbCs PaBHOM HYJIIO, M TEJIO HE MPUIET B ABMKeHHe. Teno Oyaer
OCTaBaTbCA B IOKOE J0 TEX IOp, MOKA MpUiaraemMasl K HEMy BHELIHAS CHJIA HE IPEB30MAET MO
BEJIMYMHE MaKCUMAaJIbHOM CWJIbI TPEHMsI NTOKOSl. BHEIIHAA cuila, MEHbIIasi MAKCUMAJIbHOW CHJIBI
TPEHUS TIOKOSI, BBI3BIBAET B OCHOBHOM YTIPYTHE JeQOpMaliil MUKPOBBICTYIIOB U OOJIACTEH, Te
JNENCTBYIOT CHJIBI MOJIEKYJISIPHOTO CLICTIIICHUS.

3aBUCUMOCTb CUJIbI TPEHUS OT BEJIMYMHBI BHEIIHEN CUJIbI IPEACTaBIeHa Ha pUCyHKe 1.1.
VYyactok I coorBercTByeT TpeHuto nokos. Ha ydactke II Teno mpuxomur B ABMKEHHE, U CHIIA
TPEHUS ITOKOS NEPEXOIUT B CHILY TPEHUS CKOJIbKCHUS.

BennunHa MakcuManbHOM CUIIBI TPEHMSI NOKOS Prp HE 3aBUCHUT OT BEJIWYMHBI IIJIOLIAAH
MIOBEPXHOCTH, BJIOJb KOTOPOM TEJIa COMPUKACAIOTCS, U MPONOPLUHUOHAIbHA crjie N HOPMaJIBHOTO
JIaBJICHMsI, YUCIEHHO PAaBHOM CHJIE pEAaKLIUU OIIOPBI:

F Fyy = uN (5.1)

be3pasmepHbiii k03(QPHUIMEHT TPOMOPIIMOHATLHOCTA P Ha3bIBaeTCd KOA((HUIIMESHTOM
TPEHHUsI TIOKOSI, OH 3aBUCUT OT MaTepHala MOBEPXHOCTEH, UX MUKPOT€OMETPUUYECKOTO MPOPUIIs U
npyrux ¢akTopoB. Beipaxkenue 5.1 Ha3pIBaeTCs 3aKOHOM AMOHTOHA.

Fnp ﬂt

11

=

EHQ!}A

PI/ICYHOK 5.1 — 3aBUCUMOCTb CHUJIBI TPCHUA OT BCIIMINHBI BHEIIIHEH CHIIBI

TpeHue CKOMbXKEHUS

Ecnu cuna, aeiicTByroiast Ha Teo0 BAOJIb MOBEPXHOCTU €T0 COMPUKOCHOBEHUS C APYTUM
TEJIOM, OOJIbIIIE MPEAECTHFHOTO 3HAYEHUS CUITBI TPEHUS TIOKOS, TO TeJI0 MPUOOpPETaeT YCKOPEHHE U
CUJIa TPEHUS MOKOS NMEPEXOAUT C CHITy TPEHUS CKOJIbKeHMsI. CHila TPEHUS CKOJIBKCHUS 3aBUCUT
OT TPUPOJBI U COCTOSIHHSI TPYLIUXCS MOBEPXHOCTEH, TaK U OT OTHOCUTEIHHOW CKOPOCTH TEll.
Bnauane ¢ BoO3pacTaHMeM OTHOCHUTEIBHOM CKOPOCTHM BEJIWYMHA CHJIbI TPEHUS HECKOJIBKO
yMEHbBIIIAeTCs, a 3aTeM Ha4yMHAeT pacTU. B cilydae, Korja COCTOSHHE MOBEPXHOCTEH He
U3MEHSIETCS (3a CUeT CriakKMBaHUs MOBEPXHOCTEH, HarpeBa W T.J.), CHJIa TPEHUS CKOJBXKEHUS
OKa3bIBAETCS MPAKTHUECKU HE 3aBUCSIICH OT CKOPOCTH M PaBHOM MaKCHUMAaJIbHOW CHUJIE TPEHUs
MOKOSL.

TpeHue CKOJNIBXECHHS BO3HMKAeT B  pe3ylbTaTe IUIACTUYECCKHX  JedopMaruid
MHUKPOBBICTYIIOB M UX YaCTUYHOTO pa3pylleHus. B3anMHOE NMPOCKaab3bIBAHKUE TEJI NPUBOIUT K
YMCHBIICHUIO 3alleIUICHUH MHUKPOBBICTYIIOB W YMCHBIICHHIO TPWINNAHHUS TOBEPXHOCTCH, B
pe3yibTare 4ero KodhOUIMEHT TPEHUS CKOJIbKEHUS MEHbIIEe KO3 PUImeHTa TpeHHs TOKOSI.

[Tockonbky cuila TpeHHUs CKOJIbKEHUS HampaBieHa B CTOPOHY HPOTHBOIOIOXKHYIO
CKOPOCTH Tella, TO padoTa CHJIBl TPEHHUS BCET/a OTpULIATENNbHA. JIBIDKCHHE MIPU HATUYUH CHJIBI
TPEHHsI COMPOBOXKIACTCS TUCCUMNALME MEXaHMYeCKOH »SHEepruu, T.e. IMEepexoJoM €€ BO
BHYTPEHHIOIO SHEPTHUIO TPYIIHXCS TEIL.
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Tpenue kaueHus

Ecmu munmuaapudeckoe (WM mapooOpa3Hoe) TeI0 KATUTCS MO TUIOCKOW WU U30THYTON
MIOBEPXHOCTH, TO MEXJy HUMHU BO3ZHHKACT CHJIA TPEHUS KauyeHHs. BO3HMKHOBEHHE 3TOW CHIIBI
BO3MOXXKHO TOJIBKO B Ciy4yae HEynpyrux naedopmanuii Karsamierocss Tejla U MOBEPXHOCTHU
(pucynok 1.2a). Cunst F1 u F2 sBasttoTCs paBHONEHCTBYIOUIMMM CHJI, TPUIOXKEHHBIX K
neOpMUPOBAHHOMY TE€lIy C€O CTOPOHBI y4acTKOB Je(OPMUPOBAHHON  MOBEPXHOCTH.
Pasnogeiicteyromas R = F; + F, He npoxoaut yepes HeHTp TskecTu Tena O, Tak Kak cuibl Fy u
F, He CUMMETPUYHBI OTHOCUTENHHO BepTuKanbHOH ocu 0’0’ u F; # F,. Moment cunsl F,,
TOPMO3AIINIA BpamieHusi, 6OJIbIIe MOMEHTA CHJILI Fj, ero YCKOPSIONIEro, O3TOMY CyMMAapHAHIit
MOMEHT CHJI (MOMEHT CHMJIbI R) TOPMO3HUT BpallleHHE Tela, B Pe3yjbTaTe 4ero KMHETHYeCKas
SHEPTus LWIMHApPA TPEBpalIacTCs BO BHYTPEHHIOIO JHEPrHI0 IOCPEACTBOM HEYHpPYyTUX
nedopMarnuii.

o"

s i
///ﬁmg k// ;/’%/%

5 //;7// Z ////

a 0
PucyHnok 5.2 — a) Bo3HUKHOBEHHE CHIIBI B CiTydae HEynpyrou aedopmaiiuii KaTsimerocs
TeJla ¥ MOBEPXHOCTH; 0) ABIKEHHE IMIMHAPUIECKOTO TEJIa MAaCCOM m 10 TOPU30HTAIBHOM
IIOBEPXHOCTH IO 1EUCTBUEM BHELIHEN CUIIBL F.

Y

Cuny F MOXHO mofoOpaTh Takoi, 4ToObl CKOPOCTh IOCTYNATENBHOTO ABMKEHUS OCH
LWIMHAPA U U yIJIOBas CKOPOCTh BPAIEHUs BOKPYI OCHM (W OCTaBAJIMCh MOCTOSHHBIMU. Torma
HaNpaBlIeHUe CUIbl PEAKIUH ONOphl R [OKHO HPOXOIUTH depe3 OCh LMIMHAPA, KaK U
HaIPaBJIEHUE BCEX OCTAIbHBIX JCHCTBYIOIIMX CHUJI — CHJIBl TSDKECTH Mg U TNPUIOKEHHON
BHemHel cunbl F. [T0cKoJIbKy CKOPOCTh MOCTYHATENLHOTO ABUKEHHS OCH U = cOnst, TO cuia
TpeHHsi KadeHus Fj, (FOpU30HTaJIbHAS COCTABJIAIOIIAS CHIIBI R) OMKHA OBITH YMCIEHHO PaBHA

sHemHeii cune F (F, = F), a cuna O (BepTUKalbHAS COCTABIAIONAs CUIIBI R) YMCIEHHO paBHA
cune Tsoxectu mg (Q = mg)

N3 mocTosstHCTBa YTrOBOM CKOPOCTH BpAIIEHUS! CIEAYET, YTO AOJKHO BBIMOJIHATHCS
TMPaBUIO PABEHCTBA MOMEHTOB. MOMEHT CHIIbI TpeHHs KaueHus Fj, OTHOCHTENHbHO TOukH O
paBEH TMPOM3BEACHUIO CHUJIBI PEAKIMU Omopbl () Ha pPACCTOSTHUE CMEIIEHUsS Kk BCIEICTBHUE
KOHTAaKTHBIX Je(opMaliuii TOUKH OMOPHI

Forr=0Q-k (5.2)

(cunsl F 1 mg MmoMeHTOB He co3zaior). OTcroa:

k
F, = - Q (5.3)
Otcrona:
k = ﬂ (5.4)
Q
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rae k — kod3pdunmeHT TpeHus KavueHHs, UMEIOIINN pPa3MEpHOCTh JJIMHBI M PaBHBIN
PAaCCTOSIHUIO OT BEPTHKAJIBHOIO JUAMETpa KaTAIICrocs Tela JIO TOYKU TPHIOKEHHS CHIIBI
peaKIuy onopsl R, ¥ — paauyc OCHOBaHUS IUIUHApa (k << r).

Jlnist 60NIbIIMHCTBA MaTepUaioB k/r << p (L — KO3 PHUIMEHT TPEHUS CKOJIBKECHU).

B mactosmelr pabore ompenenstorcs KO3(PGUIMEHTH TPEHHS I Pa3IudHbIX BUIOB
CYXOT0 TPEHHs JIepeBa IO JAePEBY.

OOopynoBanue u MaTepHaJIbI

1. Ctrenn «HakimoHHAsT IIIOCKOCTE)
2. lunamomeTtp
3. HaGop rpy3oB

Onucanue axcnepwweHmanbHod YycmaHoBKU

Pucynok 1.3 — Koncrpykuust uznenust

Cxema mabGopatopHoil ycTaHOBKM «HakioHHasi TIOCKOCTB» TMPEACTaBIsET CO00it
HAKJIOHHYIO TUIOCKOCTh — |, M3TOTOBIIEHHYIO M3 HEP>KaBEIOIEH CTali. YTO0J HAaKJIOHA MI0CKOCTH
— 1 K TOPH30HTY MOKHO U3MEHSATH C TIOMOIIBIO ceKTopa — 2. Mccnemyemple TeIo: Telo KaueHHs
— 3. IlpukpenuB K TOpIly Tejla KAa4eHUS HUTh M MEPEKHHYB €e uepe3 OJIOK — 7, C MOMOIIBIO
mojBeca C YamKoOH — 4, Ha KOTOPYH YCTaHABJIMBAIOTCS TPY3bl — 5 MOXKHO TIPUBECTH
UCCIITyeMOE TEJIO B JIBXKCHHE.

[IpukpenuB K TeTy Ka4eHUS TUHAMOMETP — 6, MOKHO OTPEICIIUTh CHITY, JICHCTBYIONIYIO
Ha HCCIIeyeMOe TEJIO, & TAKXKE C MOMOIIBI0 HEro, BO3MOXKHO, yICPKUBATh HCCIICTYEMOE TEIIO.
Jlis ocTaHOBKM Tenla B AKCIEPUMEHTE NPU YMEHBIIEHWHM Macchl Ipy30B M (PUKCHUPOBAHHOIO
YCTaHOBJICHHS JJTHHAMOMETPA CIIY>KUT yIop — 8.

Memoouxa npogedenus IKCnepumMeHmo8

Koaddurment tpenus moxost

Pucynok 5.4 — Cxematnyeckoe NnpeacTaBiIeHUe TPEHUS TOKOs
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3nauenne koddduumeHTa TpeHUs MOKOS | HAXOAMTCS METOIOM IMPEAeNIbHOTO YTiia:
IUTABHO YBEJIMYWBAas Yroji HAKJIOHA IUIOCKOCTH (PUCYHOK 5.4), HaXOAMM Takoe IMpeaeiabHOoe
3HAUEHUE yria HaKJIOHA ao, IPYU KOTOPOM HAUMHAETCS CKOJBbKEHUE Ipy3a Maccol m (yCKOpeHue
OpycKka MOKHO CUYUTaTh paBHBIM HY0). Ha ocHoBaHuu BTOporo 3akona HetotoHa:

mg+R+F,=0 (5.5)
WM B IPOEKIMAX HA HampaBieHUsI X U Y COOTBETCTBEHHO:

mgsinay, — Fp, = 0 (5.6)

R —mgcosay, =0 (5.7
YUuUTBIBasK, YTO CHJIA TPEHUS MOKOS Fry = UoR, 13 5.6 1 5.7 nonmyuum

Ko =tgao (5.8)

T.€. KO3(pPUIMEHT TPEHUS MOKOS YUCICHHO paBEH TAHT€HCY yTIjla HAKJIOHA ao.

KoadduimeHT TpeHns: CKOMbXKEHUS

Pucynok 5.5 — Cxematndeckoe MpeicTaBIeHUE TPEHUSI CKOJIbKEHHUS

[TomecTM Ha TOPHU3OHTANBHYIO IUIOCKOCTH Ipy3 Maccoil ml (pucyHok 5.5). IlpuBenem
OpyCOK B IBM)KEHHE C TIOMOIIBIO Tpy3a ¢ Maccoid m2. Ha ocHoBanuu BTOporo 3akoHa HeroToHa
JUISL KQKJI0TO U3 TEJI MOXKHO 3aIHCaTh:

E"'mlg-}'ﬁ‘}'ﬁrp =m16_11 (5.9)
F_2+m2g S mzaz (510)
IIpu yciaoBuM HE PAaCTSHKUMOCTH HUTH, U HEBECOMOCTH HHMTH M OJloka |a,| = |a,| = a,
|F;| = |F,| = F. Torna B mpoeKuusX Ha HAMPABIEHHS X U Y U ¢ yuéToM Gopmysl 1.1 momydum:
F —uR =mya (5.11)
m,g—R=0 (5.12)
myg — F = mya (5.13)

Tak Kak OpYCOK JIBHMIKETCS PAaBHOYCKOPEHO, TO €ro myTh [ = ar’ / 2, rae t — Bpems
JBIDKEHUS Opycka.

Pemras ypaBHenmst 5.11-5.13 oTHocuTenbHO KOX(QQHUIMEHTa TPEHUS CKOJIBKCHHS,
HOJIyYUM
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_ mygt? —2(my +my)l

5.14
——— (5.14)

KoadduimenT TpeHns kaueHus

3HavyeHne Kod((UIIMEHTa TPEeHUs] KaueHHUsl TAKXKE HAXOJUTCS METOAOM IMpeAeIbHOTro
yTja: IUIaBHO yBEJIMYMBas yroJl HAKJIOHA TUIOCKOCTH (PUCYHOK 5.6), HAXOAUM TaKoe IMpeeabHoe
3HAUEHUE YIJIa HAKJIOHA (o, IPU KOTOPOM LIMJIMHAP TOJBKO HauMHAET ABMKeHue. [Ipu aToM cuna
TpeHUsI KaueHus Fx OyJIeT YNCICHHO paBHA MPOEKIIMH CUIIBI TSHKECTH Ha HAMPaBJICHHE X:

FE. = mgsing, (5.15)

a 3HauYEHUE BEPTUKAIbHON COCTABIISIIOIIECH CHIIBI PEAKIIMK OTOPHI PAaBHO MPOEKLIUN CHUJIIBI
TSXKECTU HA HAIlpaBJICHUE Y:

Q = mgcose, (5.16)
Ioncrasnss Fx u Q u3 popmyn 5.15 u 5.16 B Beipaxkenue 5.4, HOTyIUM:

k=rtge, (5.17)

OnBITHEIE JaHHBIC

3HaueHUs, CKUMAIOIIECH CUITBI F' CHUMAIOTCS ¢ HU(POBOTO WHANKATOPA.

3Ha4YeHUs] OTKJIOHEHWHA # CTEPKHS BBIYUCIIIOTCS IO TMOKa3aHUSM WHAMKATOPOB 71 (C
YUCTOM L CHBI ACTICHUA a)

[To onbITHEIM HaHHBIM cTpouTCs Tpaduk u = f(F)

Yka3anus nmo TexHuke 0e30ImacHOCTH

[Ipu skcrutyataruu o0OpyAOBaHUS HEOOXOAMMO COOMIOAATh CIEAYIOIINUE TpaBUiIa
0€30I1aCHOCTH:

* K oOciyxuBanuio 000pya0BaHHs IOIYCKAIOTCS JIMIA, MPOIIEANINE MHCTPYKTaX IO
TEXHUKE 0€30IaCHOCTH.

+ Ilepen HayamoM OSKcIUTyaTalud o0OOpYNOBaHMA HEOOXOAUMO yOEAMThCS, YTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUM U HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAKXKe
OpU TOSBIEHUU JbIMAa, HCKPEHUS WIM CHEeUU(PUYECKOro 3amaxa I[eperperol HM30JsaIuH,
HEeMeJIEHHO 00eCTOUYbTe 000PYI0BaHHE.

* SAITPEHIAETCS nencnipaBHOE 000pyI0BaHHE.

* 3AIIPEIIAETCS wucnonb3oBaTh H3ACIHE W €r0 OTACIbHbIE KOMIIOHEHTHI HE TIO
Ha3HAYCHUIO.

* SAIIPELIIAETCS BckpbIBaTh U3JEIHE.

* SAIIPEILIAETCS BuIOM3MEHATh IPUHIUITHATIBHYIO CXeMy M 001ue GyHKIHUN paboThI
U3JIETHsL.

* Tlocie xpaHeHHst 0OOPYJOBaHUS B XOJOJHOM ITOMEUICHWW WM TIOCIIE MEPEBO3KH B
3MMHUX YCJIOBHSX BKJIIOYATh €0 B CETh MOKHO HE paHblIe, YeM depe3 6 4acoB NpeObIBaHMS IIPU
KOMHATHOW TeMIIepaType B pacliakOBaHHOM BHJIE.

* W3nenue sKCIulyaTHpOBaTh TOJBKO B MOMEIIEHHM O€3 MOBBIIIEHHON OMAaCHOCTU IO
CTETICHU TTOPAXKECHUS DIIEKTPHUECKIM TOKOM.

* Bo n30exaHue nopakeHUs 3JIEKTPUUYECKMM TOKOM M BBIXOAA U3 CTPOs 3JIEMEHTOB
U3JIETHs, IpH padoTe 3ampeIIaeTcsi HCIOIb30BaTh BHEITHUE HCTOYHUKH MTUTAHMUS.
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* He ycranaBnmuBaiiTe 000pyIOBaHHE B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACHPOCTPAHSIOIUX OTOHb IPEMETOB.

* He ocraBisiiite 060pyioBaH#€e BKIIOYCHHBIM 0€3 PHUCMOTPA.

* He nomyckaiite nonaganus >kKUJKOCTH BHYTPb 000pYy/10BaHUSI.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHU HA JITUTENbHOE Bpems (Oomee 12
YacoB)

* Bo n30exanune noinoMok o0Opya0BaHUSI HE MPUKIIAIAbIBANTE YPE3MEPHBIX YCUIUM MpU
MaHMITYJIILUAX C OpraHaMHy YIIpaBJIeHHUS.

3aganus
Onpeodenenue ko3¢ puyuenma mpenus noxKos

1. YcTaHOBHUTE HAKJIOHHYIO IUNIOCKOCTH (CM. PUCYHOK 5.4) TOPHU30HTANIbHO M YCTAaHOBUTE
Ha Hee TeJo.

2. IlnaBHO W3MEHsIsI Yyrojl HakJIOHA IUIOCKOCTH, HaWIUTE TaKO€ MPEeIbHOE 3HAYCHHE
yIJa HaKJIOHa 0o PH KOTOPOM Teno (3) HauMHAeT IBUKEHUE.

3. C moMoIipio yriioMmepa u3MepbTe yroJl HaKJIOHA MII0OCKOCTH 0.

4. N3mepenue noBTopure 3 pasa.

5. JlanHbIe U3MEpEHUI 3aHecuTe B Ta0IMILy S.1.

Tabmmuma 5.1
[IpenenvHOE 3HAUCHUE YTJIa HAKJIOHA Kooddurment

a0 (00) TPEHHS OKOS [0

Onpeodenenue K03 puyuenma mpenust CKOAbICEHUs.

1. YcTaHOBHUTE HAKJIOHHYIO IUIOCKOCTH (CM. pUCYHOK 1.4) rOpHU30HTANBHO.

2. Ha mmockocTh 1 mocTaBbTe ACPEBSHHBIN TENO KaUeHUS 3 TaK, YTOOBI OH YJIEPKUBAJICS
rpy3amu 5

3. Hutb ¢ rpy3om nepekuHbTe yepes OJI0K.

4. Tlo cexyHIOMepy ONpeAeTUTe BpeMs ABIDKEHHS Tesla t O MOMEHTa yjapa Taja o0
yrop 8(cM. pucyHok 5.3)

5. U3mepenus nosropure 3 pasa.

6. Jlunelikoii U3MEpHTE MyTh |, TPOHIEHHBIN OPYCKOM.

7. JlaHHBIC U3MEpEHHIi 3aHecuTe B Ta0IuILy 5.2.

Tabnuna 5.2
[IyTh
Macca Macca Bpems npmxenus . ofzi;?eHHHﬁ Kosddurment tpenust
TEJIa, rpysa, rpysa p CKOJIbYKEHUS
mi, KT ma2, KT TeIoM

t’ C (t)J C
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Onpedenernue Ko3ghghuyuenma mpenusi Kauyerus

1. YcTaHoBHTE HAKJIIOHHYIO TUIOCKOCTh | TOPHU30HTAIBHO.

2. llItanreHnmpkyneM 3amepbre AuaMeTp d OCHOBaHUS Tella KAUCHHUS.

3. Ilonmoxkute Temo KadeHusd 3 Ha IIOCKOCTh 1 . IlmaBHO M3MEHSS HAKIIOH INTOCKOCTH,
HaliuTe NpenesbHOE 3HAYEHHE yTia HAKIOHA (o, MPU KOTOPOM TEJIO KAueHHUs HAUYUHAET
JBUKECHHE.

4. C nomo1uIpko yrioMepa u3MepbTe yroJl HaKJIOHA (o.

5. I3Mepenust moBTOpuUTE 3 pasza.

6. JlanHble U3MepeHuii 3aHecuTe B TabnuIty 5.3.

Tabnuna 5.3
[IpenensHoE HuameTtp Paguyc Koadduunent
3HAYCHHE yIJIa | OCHOBAaHMs | OCHOBaHMS | TpeHus kauenus k, | k/r
HaKJIOHA tena, d Tellar, M M
o o

Onpedenenue peakyuu onopvl Ha Mmeio

Pucynok 5.6 — Cxema yCTaHOBKH ISl ONPEICIICHUS] PEAKIUU
OTIOpPHI Ha TEJI0

1. YcTaHOBHUTE HAKJIOHHYIO IUIOCKOCTh Ha OMPEEIIEHHBIN yTOI.

2. YpaBHOBEChTE T€JIO Ha HAKJIOHHON MIIOCKOCTH TEJO C MOMOIIbI0 HAbOpa rpy30B WIH
JWHAMOMETpPA, BTOPOU KOHEI] KOTOPOIro 3aKPEIIEH HA OCHOBAHUU C TOMOIIBIO HUTH.

3. JlaHHbIe TMHAMOMETpA 3aHECUTe B Tabnuily 5.4.

4. BToppIM JAMHaMOMETPOM  CO3JalTe CUJIYy, HAlpaBICHHYIO MEPIEHIUKYIJISIPHO
IJIOCKOCTH. B MOMEHT OTpbIBa M3MEPhTE MOKA3aHUS TUHAMOMETPA.

5. JlaHHBIC TUHAMOMETpA 3aHECHUTE B TAOIUILY 5.4.

Tabnuua 5.4

Ne yroi o o E,

6. 3menute yroi.
7. IToBTOpPUTE DKCIIEPUMEHT.

8. ITocTpotiTe rpaduk 3aBUCUMOCTH CHIIBI OTIOPHI F,; OT yTia .
9. PaccumTaiiTe MorpenHocTs M3MEPEHHA 0 OOIIUM IpaBUIIaM
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Conep:xanue oT4éTa

OTtuét no nabopatopHoil paboTe AOKEH COJIEPKaTh CIEAYIOIINE OCHOBHBIE Pa3/Ielibl:

1. HaumenoBanwue paboTHI.

2. llenb paGoTHI.

3. OnucaHue 3KCIePUMEHTATBLHON METOIUKH.

4. llopsinoxk mpoBeAeHUs pPaOOTHI, TaONUILBI PE3yJbTATOB MPSIMBIX U KOCBEHHBIX
U3MEPECHUM.

5. OnpeneneHne NOrpeHOCTH U3MEPEHUS.

6. Bb1BOIBI.

7. OTBeT.

KonTpoabHbIE BONPOCHI

1. Yto Ha3pIBaeTCsl BHEIIHUM (CcyxuM) TpeHuem? JlaliTe XapakTEpUCTUKY PpazIU4HbIX
BUJIOB CyXOI'O TPEHUSI.

2. Ot xakux (pakTOpOB 3aBUCUT MOJYJIb CUJIbl TpeHus? Kak HampaBieHa cuia TpeHHusl.

3. KakoB MeXaHuW3M BO3HUKHOBEHHS TPEHMs IIOKOS, TPEHUS CKOJBXECHHUA M TPEHHUS
KauyeHUs?

4. CopmynupyiiTe u 3aUIIUTE 3aKOH AMOHTOHA.

5.Kakue cuibl AEUCTBYIOT Ha LWIMHAP NOPH €ro Ka4eHWM 110 TOPU30HTAJIbHOU
IIOBEPXHOCTH, 110 HAKJIOHHOM MJIOCKOCTHU?

6. Kak B nmanHO# pabote ompeneisirorcs KOdPQHUIMEHTH TPEHHs MOKOS, CKOJIBKCHUS,
kadgeHus1? OT yero 3aBUCUT 3HaUEHHE KO3 PULIMeHTa TpeHus?

7. B xakux equHAIIAX U3MEpSeTCs KOA((UIIMEHT TPEHHS TOKOS, CKOJBKEHUS, KAaUeHHs?

Cnmcok JiuTepaTypbl, peKOMEHAyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:
1. bapcykos, B. U. ®usuka. Mexanuka [DneKkTpoHHBII pecypc]: yueOHoe mocodue asis
CTYJECHTOB BBICHIMX Y4Y€OHBIX 3aBEJICHHMH, OOydYarOUIMXCS IO TEXHUYECKHM HaIPaBICHUSIM

NoAroToBKU U cnenuanbHocTsaM / B. U. Bapcykos, O. C. /IMutpueB. — DJIEKTPOH. TEKCTOBbIE
nanubie. — Tam6oB: TamOoBckuii TocygapcTBeHHBIM TexHudeckuit yHusepcurer, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum JOCTYyTIA:

http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®u3uka. Mexanuka [DIeKTpOHHBIA pecypc]: ydueOHOe mocobue s
By30B / A. B. 3to3un, C. b. Mockosckuii, B. E. TypoB. — DnekTpoH. TEKCTOBbIC TaHHBIE. — M.:
Axanemnueckuit IIpoext, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum npoctyna:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka: ydyeOHUK: 1151 CTYJCHTOB BY30B, OOYYAIOLINXCS 110 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beiciee npodeccuonanbaoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

4. Tpodumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.U. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipu.: c.
376-378. - ISBN 978-5-406-04428-5.

JlomoJIHNTeIbHAS JIUTEpaTypa:

1. ITo3uep, A. A. ®uszuka. ba3ossiii kypc. Hacts 1 [DnexTpoHHBIN pecypc]: yueOHOE
nocodue / A. A. Ilos3nep, A. I'. AnngpeeBa, K. A. lllymuxuHa. — DJIEKTpOH. TEKCTOBbIE
nannble. — ExatepunOypr: Ypansckuii penepanbuenii yausepcuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum poctyna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBII Kypc [DIeKTpoHHBIA pecypc]: yueOHuk / B.
A. HukepoB. — DieKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum nocrtymna: http://www.iprbookshop.ru/14114.html
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3. Uepros, A. I'. 3agaunuk no ¢usmke : [yded. mocobue 1 Bry3oB] / A. I'. Ueptos, A.
A. BopoObeB. - 8-¢ uzg., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckas Jureparypa:

1. Meronuueckue yka3aHHs IO BBINOJHEHHUIO JJAOOPAaTOPHBIX pabOT MO JUCLHUIUIMHE
«®usukay: Yacts 1. Mexanuka. MonekynsapHas ¢usuka. — HeunHombicck, HTU CK®VY, 2019.
-80c.

2. Metoanueckue yKa3aHWs IO BBIIIOJHEHUIO MPAKTHYECKHX PadOT MO UCIHILIINHE
«®uszuka». — Hesuanomeicck, HTU CK®VY, 2019. - 141 c.

HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-onbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — WudopmannonHas cucrtema "EnnHoe OKHO JocTyma K
00pa3oBaTENLHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIE KaTamoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli mOpTan oOHJaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHe».

TEMA 2. MOJIEKYJIAPHAS ®PU3UKA U OCHOBbI TEPMOJUHAMUKHU

JlaGopaTtopHas padora 6. YBe/inueHne BHyTPeHHell JHEPIUH 32 C4eT MeXaHM4YeCKO

padoThI
ens paboThI:
1. HccnenoBanue 3aBHCUMOCTH TeMIIEpaTyphl aIFOMHUHHUEBOTO Tela OT pabOThI CHI
TpEHUsI.
2. Ornpenenenne yaenabHON TEIJIOEMKOCTH aJIIOMUHUS.

@opMHpyeMBbIE KOMIIETEHIIUN WIH UX YaCTH:

OIIK-2 — cnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKHUMA
amnmapar, METOAbl aHaju3a M MOJIEIHMPOBAHUS, TEOPETHYECKOIO0 M 3KCIEPUMEHTAILHOTO
UCCIICIOBAaHMS TIPH PEUIICHUN PO(ECCHOHANTBHBIX 3a71a4

Teopernyeckas yacTb

BHyTpeHHss Heprus cucTeMbl (B IaHHOM Cllydae aJlOMHUHUEBOTO Tella) — 3TO DHEPIHUs
Xa0THUYECKOT0 (TEIUIOBOTO) ABUKEHUS MUKPOUYACTHUI[ CUCTEMBI (MOJIEKYJI, aTOMOB, 3JEKTPOHOB)
U DSHEprus B3aUMOACMCTBHSI ATHX 4YacTULl. BHYTpeHHss sHeprus — oJHO3HauHas (yHKUIUS
TEPMOJUHAMHYECKOTO COCTOSIHUSI CHCTEMBI, T.€. B KaXJIOM COCTOSHHHM CHCTeMa oO0iajaet
BIIOJIHE OIpE/IETICHHBIM 3HAUCHHEM BHYTpeHHEll sHepruu. V3MeHHTbh BHYTPEHHIOIO SHEPTHUIO
cuctemsl (Tena) AU MOXKHO TpU TETIOOOMEHE, COOO0IIasi CUCTeMe KOJIMYECTBO TETUIOTHI Q win
coBepiiasi paboTy A' HaJl CHCTEMOM, T.€. MO’KHO TOBOPHUTH O ABYX (popMax Imepeaadu SHEPTUH OT
OHUX Teln K ApyruMm: B ¢dopme paboTel M B (QopMe TEmaoThl. [IpyruMu cIoBamMH SHEPTHUS
MEXaHUYECKOTO JIBHKEHUS MOXET MPEeBpalaThbCsl B SHEPTUIO TEIUIOBOTO JBUKEHHSI aTOMOB U
MOJIEKYJT B Hao00poT. [Ipu 3TUX MpeBpalIeHUsX TOJDKEH BBIMONHITHCS 3aKOH COXPAaHEHUS U
npeBpauieHust >Hepruu. [lepBoe Hayano TEPMOAMHAMHUKH M SIBJISETCS 3aKOHOM COXpaHEHUs
SHEPTrUU MPUMEHUTEIBHO K TEPMOJMHAMUYECKUM mponeccaM. [lepBoe Hauano TepMoAMHAMUKU
— pe3ynbTar O0O0OIIEHHS MHOTOBEKOBBIX ONBITHBIX JAHHBIX. MHOTOYHCIEHHBIE OIBITHI
MOKA3bIBAIOT, YTO B COOTBETCTBHUU C 3aKOHOM COXpPaHEHUS JHEPTHU TpHU JTIOOOM crocobe
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nepexoja CUCTeMbl U3 cocTostHus ¢ sHeprueit Ul B cocrosHue ¢ s3Heprueit U2 u3meHeHue
BHyTpeHHel »Heprum AU = U2 — Ul Oyner OAMHAKOBBIM U DPABHBIM PA3HOCTU MEXIY
KOJIMYECTBOM TEIJIOThl Q, MOITYYEHHBIM CUCTEMOW, M PabOTOM A, COBEpIIEHHON CUCTEMOM
IPOTHUB BHEIIHUX CHII:

AU=0Q—A (6.1)
NnIn

Q=A4U+A4 (6.2)

VYpaBHenue 6.2 mpenctaBisieT co00il MaTeMaTH4eCKOe BBIPAXKEHHE IEPBOrO Havana
TEPMOJMHAMUKH: TEIUIOTA, COOOIIaeMasi CUCTEME, PACXOLYETCsl Ha YBEJIMUYEHUE €€ BHYTPEHHEH
SHEPrMM M Ha COBepIIeHHE padoThl MPOTHB BHEIIHMX CHUJ. BbIpaxenue 6.2 g Mayioro
U3MEHEHUS COCTOSIHUS CUCTEMBI Oy/I€T UMETh CIEAYIOLIUI BU:

AQ = AU + AA (6.3)

rie AU — OeckoHEYHO MaJloeé M3MEHEHHE BHYTPEHHEHW SHEPTHH CHCTEMBl. B 3TOM
BelpakeHun AU sBnserca nonHbM auddepenuuaniom. AQ — GECKOHEYHO Majoe KOJIUYECTBO
termotel, AA — OeckoHeuHo wMamas pabora. AQ wm AA He SABISIOTCA TOJTHBIMH
muddepeHnranamMy, MOCKOIbKY padoTa M KOJMYECTBO TEIJIOTHI HE SBISAIOTCS (DyHKIUSAMH
COCTOSIHUSI.

B nannoit naboparopHoii pabote yBelnYeHUEe BHYTPEHHEH SHEPTrUM allOMUHUEBOIO Tella
MPOUCXOAMT TOJILKO 3a CUET BHEIIHeH mexanuueckoil pabotel (Q = 0). Pabora, coBepiiaemas
BHEIIHEH cuioit A' HaJl cucTeMoid, OyIeT YUCIeHHO paBHA paboTe, coBeplIaeMol CUCTEMOi, HO
B3STOH C MPOTHUBOIOJIOKHBIM 3HaKoM, T.e. A'= —A. Torma ypaBHeHue 6.1 npuHHMaeT
CIEQYIOIINNA BUL:

AU = A (6.4)
OOopynoBanue u MaTepHaJIbI

1. YcraHoBka «YBennueHuEe BHYTPEHHEN dHEPruu 3a CUET MEXaHUYECKON paboThI»
2. HudpoBoii MynsTUMETP
3. HaGop rpy3oB

Onucanue 3KCl/l€puM€HmaJZbHOIZ YcmaHoBKU

Cxema na0opaTOpHOIl YCTaHOBKM «YBEIMYEHHE BHYTPEHHEH SHeprum 3a Cuér
MEXaHHUYECKOW paboThI» MOKa3aHa Ha puCyHKe 6.1.

[ 1] e

Pucynok 6.1 — KoHcTpykuust uznenust
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K ocnoBanwuto (1) npukperuiena pama (2), Ha BepXHeH Oalike KOTOPOM PacToOI0KEeHa OCh
C 3aKPEIUICHHBIM HCCIIEeIyEMbIM ATIOMHUHHUEBBIM IIMIIMHAPUYECKUM TeloM (3), BHYTPh KOTOPOTO
BCTPOCH TeMriepaTrypHblidi matuuk (7) (TepMoriapa), ¢ MOMOIIBI0O KOTOPOTO MOXXHO H3MEpPHUTH
TeMIeparypy uccienyemoro Tena. beuéBka (4) HaMoTaHa Ha IMIMHApUYECKOE Teno. Bpamienue
OCH MPOUCXOJIUT C TIOMOIIBIO pyKOSATKH (5). [Ipu BpameHnn ocu BO3HUKAET TpeHUE OCUeBKH (4),
B pe3yJbTaTe 4Yero MPOUCXOJUT HarpeB allOMUHHEBOro UWIMHIApa. Ha koHIax OedeBKu
3aKpeIuieHbl Tpy3bl (8) /UIsl ypaBHOBEIIMBAHUS CUIIbI TpeHHS. M3MepeHne BO3HUKAIOMIEH CHUITBI
BO3MOXKHO 3a CYET yCTaHOBIeHHOro nuHamometpa (6). [lokasanus ¢ TeMnepaTypHOTo AaTyuka
0TOOpaXxkaroTcs Ha JUCIUIEEe MYJIbTUMETPA.

BugHo, 4TO OAMH KOHELl HHUTU MpPHBS3aH K JMHAMOMETDPY, KOTOPBIH IOKa3bIBAET
HaTspkeHHe HUTH T2. Ha BTOpoM KOHIlE HUTH BHUCHUT rpy3 Maccoil 2—10 kr, KOTOpsIi co31aer
MOCTOSIHHOE HaTsDKeHHe HUTH T1 (CM. pUCYHOK 6.2).

OueBuaHO, uTO pe3yibTUpytomas 3tux cui F= T>—T1 ypaBHOBemMBaeTcst CHIION TpeHus,
O3TOMY paboTa, coBepIIaeMast sl IPEO0JICHUS CHITBI TpeHUs 32 N 000pOTOB aIIFOMUHUEBOTO
[WJIMH/IPA, COCTABIISAET

A=F-m-d-k-N (6.5)

rae d = 37 MM (InaMeTp UMIMHIPUYECKOro Tena), kK — 4nciao BUTKOB OeueBKH, N — YHCIIO
000pOTOB ATFOMHHHEBOTO Tena. PaboTa cril TpeHHUs MEePEXOqUT BO BHYTPEHHIO YHEPTHIO TEIa,
T.C. TOBBIIIACTCS TEMIIEPaTypa AJIIOMUHUCBOIO IWIMHApPA C HAYAJIBHOTO 3HA4YCHHS t, [0
KOHEYHOT'O 3HAYCHMS t,,. ITO COOTBETCTBYET YBEIUUYCHUIO BHYTPCHHEH SHEPTHH HA BEJTHYNHY

AU = m'CAl ) (tn— to) (66)

A€ m — Macca Teja, C4; — YACIbHAas TCIJIIOEMKOCTD aJIIOMHUHUA.

Pucynok 6.2 — Cxema yCTaHOBKH
Ha ocHOBaHMM 3aKOHA COXpaHEHUS SJHEPTMH MOKHO 3aIIUCaTh:
m-cy-(tp-ty)) =F-m-d-k-N (6.7)
WIn
m-cy - (ty - tp) = A (6.8)
[IpeobOpa3zoBas BeipaxkeHnue 1.8, momydnm:

1
th=tg+———-4A 6.9
e (69)
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Hannune nponopiuoHanbHOCTH MEXKIY HW3MEHEHHEM TeMIIepaTyphl CUCTEMbI At u
COBEpILIEHHOM paboToil sABISETCS JO0Ka3aTelbCTBOM  CIPABEIJIMBOCTH IEPBOrO  3aKOHA
tepMoauHamMuku. [lo HakioHy 3ToiMl mpsMol (pucyHOK 6.3) MOXKHO ONpPENEIUTh TaKXKe
YIEIbHYI0 TEIUIOEMKOCTh aTFOMUHMUSL.

N3 dpopmynsr 6.9 BuaHO, 4TO

_1 A
CAl_m At

1 1
m tga

(6.10)

N T T T T T TTT1

A ()
Pucynoxk 6.3 — I'paduk 3aBUCHMOCTH TEMIIEPATypbl OT COBEPLIEHHON pabOThI

Yka3zanus no rexuuke 0e30acHOCTH

[Ipn oskcrutyatanuu o0OpyAOBaHUS HEOOXOAUMO COONIOAATh CIEAYIOIINE TpaBUiIa
0€30I1aCHOCTH:

* K oOciyxuBanuio 000pya0BaHHs IOIYCKAIOTCS JIMIA, MPOIIEANINEe MHCTPYKTaX IO
TEXHUKE 0€30I1aCHOCTH.

* Ilepen HayamoM OSKCIUTyaTalMd O0OOpYNOBaHMA HEOOXOAUMO yOEAMTHCS, UTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH U HEHCIIPAaBHOCTEH 00OPYIOBaHUS, a TAKXKe
OpU TOSBIEHUU JbIMAa, HCKPEHUS WIM CHEeUUM(pUYECKOro 3amaxa I[eperperol HM30JsaIuH,
HEMeJJIEHHO 00ecToUYbTe 000PYI0BaHHE.

* SAITPEHIAETCS nencnipaBHOE 000pyI0BaHHE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACIHE W €r0 OTACIbHbIE KOMIIOHEHTHI HE TIO
Ha3HAYEHMUIO.

* SAITPEHTAETCA BckpbIBaTh U3ENHE.

* SATIPEIIIAETCS BumOM3MEHITh IPUHITUITHATIBHYIO CXeMY U 001IHe QyHKIIMH PabOThI
U3JICTIHSL.

* Ilocne xpaHeHHs: 00OpPYJOBaHUS B XOJOJHOM IOMEUIEHWH WIM IOCJIE NMEPEBO3KU B
3MMHUX yCIIOBHSAX BKJIIOYATh €0 B CETh MOKHO HE paHblIe, YeM Yepe3 6 4acoB MpeObIBaHUS MTPH
KOMHATHOW TeMIIepaType B paCllakOBaHHOM BUJIE.

* W3nenue sKCIUTyaTHpOBaTh TOJBKO B NOMENIEHHM O€3 TOBBIIICHHON OMAaCHOCTH IO
CTETIEHU MOPAXKEHUS NIEKTPUUECKUM TOKOM.

* Bo n3bexaHue mopakeHUs SJICKTPUUYECKUM TOKOM M BBIXOAA U3 CTPOs DJIEMEHTOB
U37Ienus, pyu paboTe 3anpeIiaeTcsi UCIOIb30BaTh BHEIIHUE HCTOYHUKH TUTaHHUS.

* He ycranaBmuBaiite oOopynoBaHHE€ B  HENOCPEACTBEHHOW  OIM30CTH  OT
JIETKOBOCIUIAMEHSIOIIMUXCS ¥ PACIPOCTPAHSIOIUX OTOHb IIPEMETOB.

* He ocraBunsiiite 060pyioBaHNe BKIIOYEHHBIM 0€3 IPUCMOTPA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYy10BaHUS.

* He ocramnsiite o00pyZ0BaHUE B peKUME OXHIAHUS Ha JUTeNbHOE BpeMs (Oosee 12
YacoB)

* Bo u3bexanne mojJoMok 00OpyAOBaHUS HE NMPUKIIAIbIBANTE Ype3MEPHBIX YCHIUM MpH
MaHMITYJIIIUAX C OpraHaMHU YIIPaBIEHHUSL.
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3amanusa
Omnpenenenne koddduimeHTa TPEHUs MOKOs

1. MenieHHO moBopauuBasi pyKOSITKY, 100eHTech MPOCKaIb3bIBaHUSI OCYEBKH, a IOTOM,
IJIABHO Bpalasi pyKosTKy, caemnaire 10 o60poToB.

2. Bo Bpems BpallleHUsl pYKOSTKH 3alIUIINTE TOKa3aHue AuHaMomeTpa. Hano yuects, uro
JTUHAMOMETp mporpaayupoBad B Kl ¢ (kmmorpamm— cuna). 1kl'c ~ 10 H.

3. llomoxnure mpumepHo 1 MUHYTy, MOKa TeMIlepaTypa BBIPDOBHSIETCS MU IOKA3aHUSA
npubopa TepecTaHyT H3MEHSATHCS. 3alMIIMTEe 3TH TOKa3aHWs, a 3areM cuaenaite eme 10
000pOTOB, MONOXKAUTE | MUHYTY W 3alIMIIUTE BTOpOe 3HadeHue. [IpogoimkaiiTe ombIT, MOKa HE
noJyuynTe 6—7 3HaYEeHUI CONPOTUBIICHUS JaTUHKA.

4. Pe3ynbpTaThl U3MEpeHHit 3aHecuTe B Tabnuie 6.1.

Tabmuma 6.1
Yucio IToxa3anue Ilokazanue Pabora
Ne | oGopoToB | mMHaMoMeTpa |  JaTYMKa TGMHC(})aTypa A
mkuBa N T2 (xOm) t°C

5. IlepeBenute 3HAYEHUS COMPOTUBIICHUS B TEMIIEPATYPY.

6. ITo dpopmyie 6.5 paccuuTaiite coBepiIaeMyro padboTy.

7. Tloctpoiite TpaduKk 3aBUCUMOCTH TEeMIEpaTypsl t OT coBepiaeMoi padboThl A
(cMoTpuTe prUCyHOK 6.3).

8. HaiimuTe mo rpaduky tgo.

9. 3Has Maccy UWIMHApPAa M TaHTEHC yrIja HakjIoHa mnpsMod, mo Qopmyne 6.10
OTIPENICTTUTE YICIbHYIO TEIUIOEMKOCTh amtoMuHMs, rae m = 450 r (macca amTtOMHUHHEBOTO
HUAIUHAPA).

Conep:xanue oT4éTa

Otuét no nabopatopHoil paboTe AOKEH COJIEPKaTh CIEAYIOIINE OCHOBHBIE Pa3/Ielibl:

1. HaumenoBanwue paboTHI.

2. llenb paGoTHI.

3. Onucanue 3KCePUMEHTATBLHON METOIUKH.

4. llopsimoxk mpoBeAeHUs pPaOOTHI, TaONUIBI PE3yJbTAaTOB MPSIMBIX U KOCBEHHBIX
U3MEPECHUM.

5. OnpeneneHne NOrpeHOCTH U3MEPEHUS.

6. Bb1BOIBI.

7. OTBeT.

KoHnTpoJibHbIE BONPOCHI

. UTo Takoe BHYTpEHH:S SHEpIus Tena?

. OT 4ero 3aBUCUT BHYTPEHHSA SHEPrus Teya?

. Kak M0>XHO U3MEHUTH BHYTPEHHIOIO PHEPTHIO Tea?

. B yuem otiinume BHyTpeHHen sneprun tesa U ot Q u A?

. Kak hopmynupyercst nepBblii 3aKOH TEPMOAMHAMUKN ?

. Kak onpenensiercst paboTa BHEITHUX CHJI B 3TOM OITBITE?

. Kak ocymiectisieTcst mpoBepka mnepBoro 3aKkoHa TEPMOJUHAMHUKHU B 3TOM OIIbITE?
. Kak onpenensiercs yaenbHasi TEIIIOEMKOCTb aTIOMUHUS?

OO\ LN B~ W=

53



Cnucok JinTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®uzuka: y4yeOHUK: AJs CTYJCHTOB BY30B, OOYYAOLIMXCS 10 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Breiciee npodeccuonanbaoe oopazopanne) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.N. Tpodpumona, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipu.: c.
376-378. - ISBN 978-5-406-04428-5.

JononHUTeILHAS JTUTEpaTypa:

1. ITo3uep, A. A. ®usuka. ba3ossrii kypc. Hacts 1 [DnexTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3nep, A. I'. AnnpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBbIE
nannble. — ExatepunOypr: Ypanbsckuii penepanbueiii yausepcuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum poctyna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHbII Kypc [DIeKTpoHHBINA pecypc]: yueOHuk / B.
A. HukepoB. — DiieKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum nocrtymna: http://www.iprbookshop.ru/14114.html

3. Ueptos, A. I'. 3agaunuk no ¢usuke : [yued. mocodbue ans Bry3os] / A. I'. UepTos, A.
A. BopoOseB. - 8-¢ u3n., mepepad. u gon. - M. :@uszmatnur, 2007. - 640 c. : wi. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

Mertoaunyeckas Jureparypa:

1. Mertonuyeckue yka3aHHUsS 1O BBIIOJHEHHIO JIaDOPATOPHBIX pabOT MO IUCLUIUIMHE
«®uzuka»: Yacte 1. Mexanuka. MonekynspHas ¢usuka. — Hesunnomsicck, HTU CK®VY, 2019.
-80c.

2. Metoauueckue yKa3aHHs IO BBIIOJHEHUIO MPAKTHUYECKHX pPAadOT MO JIUCIMILIMHE
«®usukay. — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HurepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexTponHo-6ubaroreunas cucrema [IPRbooks;

2. http://window.edu.ru  — WubopmanmonHas cucrtema "EnmHOE OKHO J0CTyma K
00pa3oBaTeNLHBIM pecypcam;

3. http://catalog.ncfu.ru — anekTpoHHBIC KaTaIOTH ACCOIMANNN JICKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHni 1 opranuzanuit CKOO,;

4. https://openedu.ru — HammonaneHbplli TOpTaN OHJAWH o00ydeHus: «OTKpBITOE
o0Opa3oBaHUE».

JlabopaTopHasi padora 7. UccienoBanue ujieajJbHbIX ra3oB

Llens pa®oOTHI: IPOM3BECTH KOJIMYECTBEHHBIN aHAIN3 PEATBHOTO ra3a M OINPEIEIHTh ero
TOYKHU (pa30BOTo MEepexoa.

@opMHpyEMBbIE KOMIIETCHIIUN WIH UX YaCTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMK (PU3MKO-MaTEMaTHUYECKHUMA
anmapar, METOAbl aHaju3a M MOJEIHMPOBAHUS, TEOPETHYECKOIO0 M 3KCIEPUMEHTAILHOTO
MCCIICIOBAHMS TIPH PEUICHUN PO(ECCHOHANTBHBIX 3a71a4
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Teopernyeckas yacTb
3akon udeanvHwix 2a306

OILHI/IM N3 OCHOBHBIX IMPOLCCCOB UACAIBHOIO ra3a SBJISACTCA I/ISOTepMI/I‘IeCKI/Iﬁ npormnecc.
N3oTepMuyeckuM MpPOLECCOM  HA3bIBAETCS MPOILECC, MPOTEKAIOMUM TPU  MOCTOSHHOMU
teMrieparype T.

[ToBegenue raza, mpH HU30TEPMHUYECKOM MPOIECCE MOMUYMHSETCA 3akoHy boins —
MapuoTra: npu NOCTOSHHOW TEMIIEpPAType U HEU3MEHHBIX 3HAYCHUSAX MAacChl Ta3a U €ro
MOJIIPHOW Macchl, IpOU3Be/IeHuE 00bEMA ra3a Ha €ro JaBJICHHE OCTAETCS MOCTOSHHBIM.

PV = const (7.1)

I'paduk wu3oTepmuueckoro mpomecca Ha PV-—jmmarpamme Has3bIBaeTCs HM30TEPMOM.
[Tonesno 3Hath rpaduku u3orepmuueckoro mpouecca Ha VI — u PT — nuarpammax (pucyHOK
7.1)

P lI—"l ki

Pucynok 7.1 — I'paduku H30TEpMUIECKOTO MPOIIECCa.

PeanbHbIil Ta3 — ra3, CBOMCTBA KOTOPOrO 3aBUCAT OT B3aUMOJICMCTBUS YACTHI[ U HUX
COOCTBEHHOr0 00BEMa, YTO OCOOEHHO TPOSIBIISCTCS MPHU BBICOKUX JABICHHUAX W HHU3KUX
TEMIIEPATypPaXx.

3aBUCHUMOCTH MEXIY €ro napameTpaMy I0Ka3blBalOT, YTO MOJIEKYJIbl B PEAJIbHOM rase
B3aMMOJICHCTBYIOT MEXIy COOOW M 3aHMMAlOT omnpezeneHHbIH 00bEM. COCTOSIHME peanibHOIro
ra3a 4yacTo Ha IpaKTHUKE ONMUCHIBaeTCcs 0000mEHHBIM ypaBHeHHeM Kianeiipona—MeHeneesa:

m
pV=7Z.(p,T) M ‘R-T (7.2)

rae p — npasienue; V — obowvem; T — temmeparypa; Zr = Zi(p,T) — xosdpdumuent
C)KMMaeMOCTH rasa; m — macca; M — MoJsipHas Macca; R — yHUBepcanbHas ra3oBast MOCTOSTHHASI.

Omauyue peanbHuIX 2a306 OM UOEANbHbIX
PeanpHple ra3pl OTIIMYAIOTCS OT CBOEH MOJENM — WACAIBHBIX Ta30B — TEM, YTO HX
MOJIEKYJIbl MMEIOT KOHEYHbIE pa3Mepbl U MEXAy HUMM JEHCTBYIOT CHJIbI NMPUTSDKEHUS (TpU
3HAYUTEIBHBIX PACCTOSHUAX MEXIY MOJEKYJIaMH) ¥ OTTAIKHBAaHUS (IIPU CONMKESHUH MOJICKYJI
JIPYT ¢ ApyroM). XapakTep U3MEHEHUsI 3TUX CUJI B3aUMOJICHCTBUS B 3aBUCMOCTH OT PACCTOSIHUS
MEXKIy LEHTpaMH MOJIEKYJ I Moka3aH Ha pucyHke 7.2. Ha pucynke 7.3 B P—v mmarpamme
IpeJICTaBICHa N30TEpPMa peasibHOTo BemecTBa 1-2—-3—4 1 u3orepma UaeabHOTO Tasa.

CTTME g DUETET

PucyHok 7.2 — 3aBUCUMOCTb U3MEHEHUS CUJT B3aUMOJICCTBUSI MEXKITY MOJIEKYJIaMU OT
PACCTOSAHUA MCKAY UX HCHTPAMU
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Pucynok 7.3 — M30TepMbl peabHOrO BELIECTBA U UJI€aIbHOTO ra3a B P, V—auarpamme
KPUTHYECKHE ITapaMETPhl ra30B

XapakTep MOBEACHUS M30TEPMBbl peanbHOro BemecTtBa 1-2-3—4 (pucyHok 7.3) MOKHO
YaCTUYHO OOBSICHUTh XapaKTepOM H3MEHEHHUs CHJI B3aUMOJEHCTBUS MEXKIYy MOJEKyJIaMHU
(pucyHOK 7.2) B 3aBUCHMOCTH OT PACCTOSIHHSI MEXKIYy WX IIEHTpaMH MPU U3MEHEHUU JIaBIICHUS,
CYMTasl, 9YTO HAa 00OMX PUCYHKAX JHUHUAM 1—2—3—4 COOTBETCTBYET OJIHA U Ta K€ H30TEpPMa.

B Touke | mpu ManbIX AaBICHHUSX PACCTOSIHME MEXAY MOJIEKyJaMHu 00jblIoe (OYeHb),
3/1eCh JNEUCTBYIOT HEOOJBIINE CHUJIBI B3aMMHOTO NPHUTsDKEHHS Mosiekysl. Ha ywactke 1-2 mpu
YBEIMUEHUU JABJICHHS Ta3 CXKHUMaeTcsi, 00beM ero ymeHsblnmaercs. [lo mepe yBenmudeHHS
JaBJICHUSI U yMEHbBIIEHUS 00beMa MOJIEKYJIbl COJNMXKAIOTCS, CUIIbI MPUTSHKEHUS BO3PAcTaloT U
JMOCTUTAIOT MakcuMyMma B Touke 2. CHIIbI B3aUMHOTO TPUTSKEHHS] MOJEKYJI OOYCIOBIMBAIOT
MOSIBJICHWE BHYTPEHHETO [aBJIEHHUS, KOTOPOE BO3pAaCTaeT MO Mepe COMMKEHHUS MOJIEKYyd U
OPUBOTUT K OOJee MHTEHCUBHOMY HW3MEHEHHI0O OoObeMa rasza. J[eHCTBUE CHII TPHUTSKEHUS
MOJIEKYJ B TOUKE 2 aHAJIOTUYHO JEHCTBUIO MPY>KUHBI, KOTOPas MOJIHOCTHIO PACTSHYTA.

Janee, HaunHas ¢ TOYkH 2 U A0 3 (pucyHok 7.3) raz Oyaer nmepexoauTh B XKHUIKYIO (a3y,
T.€. 3/1eCh OJHOBPEMEHHO CYIIECTBYIOT ra30Bast U JKuJKas (a3bl MPU OJAMHAKOBBIX JABICHUAX U
TeMIeparypax. B OTHOIIEHHWH ABYX MOJEKYJ 3TO AWHAMHYHBIA MPOIECC COMMKEHHS, O JIBYX
¢dazax 3/1ech TOBOPUTH HENb3s (PUCYHOK 7.2), B TOUKe 2 ObUI Ta3, a B TOYKE 3 CTaja KUIKOCTb.
[Ipu >TOM CWIIBI B3aUMHOTO TPUTSHKEHUS MOJEKYJ YMEHBIIAIOTCS, U B TOYKE 3, T/Ie BECh ra3s
BCTYNWJI B KUAKYIO a3y, CHIbl MNPUTSIKEHHsS] YPaBHOBEIIMBAIOTCS CHUJIAMU OTTaJIKUBaHUS
(ycnoBHas Ipy»KUHA HAXOJIUTCSI B CBOOOHOM COCTOSIHHH, HE C)KaTa M HE PACTSIHYTA).

YMenbiieHne oobemMa Ha mporecce 2—3 (pucyHok 7.3) ¢ ogHOM CTOPOHBI, 00YCIIOBIEHO
BHYTPEHHUM JaBJICHUEM, KOTOPOE Ma/IaeT B CPEAHEM JI0 HYJIA B TOUKE 3, a ¢ APYroi CTOPOHHI,
00BsCHsETCS 00pa3oBaHWEM >KHAKOW ¢aspl, T.€. MO Mepe YBEIMYCHHS KOJIMYECTBA Karlejek
KUJKOCTA B CMECH YMEHBINAETCsl KOJIMYECTBO rasa, /Ui raza 00beM COOTBETCTBYET TOUKE 2, a
JUISL JKUJKOCTH — TOuyke 3, B pe3yibTare yAeNbHBIM 00beM cMecu mpu (a3oBoM mepexoje
YMEHBIIAETCS OT TOUKH 2 110 3.

[Ipu nanpHeimemM yBennueHun faBieHus (mporecc 3—4 pucyHku 7.2 u 7.3) cxumaeTcs
TONIBKO KUAKass (aza, MPH ITOM PACCTOSIHHUS MEXKIY MOJICKYJIaMH HACTOJBKO Mallbl, YTO
npeobsiajaloT CWIIbI OTTAJKMBAHUSA, T.K. Ha C)KaTUE YK€ OKa3blBaeT BIIMSHHE COOCTBEHHBIN
00BEM MOJIEKYJ, COM3ZMEPUMBIA CO CBOOOMHBIM 00BEMOM KHUIKON (a3el. T.e. cOOCTBEHHBINH
00BEM MOJIEKYJl OKa3blBaeT MPOTUBOMOJIOKHOE BO3JEHCTBUE CHUJIAaM B3aUMHOTO MPUTSKEHUS
(ycnoBHasi TpyXKHHA TMOJHOCTBIO Ckara). B pesynbrare 3TOro BO3IACHCTBHUS NaibHEHIIee
yBEJIMUYEHHUE IaBJICHUS HE MPUBOAUT K 3HAUUTEIHLHOMY YMEHBIICHHIO 00beMa KUAKOH (assl, T.e.
KUJKOCTh — IJIOXO0 CoKUMaemasi ¢a3za BeIecTBa.

Daszosvle nepexoovi
Iepexomp! BemecTBa U3 0HOM (a3bl B IPYTyIO MPU U3MEHEHUH TapaMEeTPOB COCTOSHHMSA,
XapaKTEePHU3YIOIUX TEPMOIMHAMHYECKOE PaBHOBECHE. 3HAYCHNUE TEMIIEPATyphl, JABICHUS MU
Kakoi—1100 Jpyroi (u3M4ecKoil BEIMUYHMHBI, TP KOTOPOM IMPOUCXOJAT (ha30BbIE MEPEXObl B
OJHOKOMITOHEHTHOM CUCTEME, Ha3bIBACTCSI TOUKOM Mepexoa.
Kputnueckue temmneparypa u aaBieHHe. ['a3bl MOTYT OBITH IpEBpalieHbl B KUIKOCTb
C)KaTHEM TIPH YCIIOBHH, YTO TEMIIEpaTypa HE IPEBBIIACT ONPEICICHHOTO Ui KaKIOro rasa
3HAYCHUS.
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Temmnepatypa, mpu KOTOPOM U BHIIIE KOTOPOW JAHHBIA Ta3 HE MOXKET OBITh CHKUKEH
HUKAaKWM IOBBIIICHUEM JABJICHUS, HA3bIBACTCS KPUTHIECKUN Txp.

JlaBneHue, npu KOTOPOM U BBIILIE€ KOTOPOTO MOBBIIIEHUEM TEMIIEPATYPbl HENb3s UCTIAPUTh
JKUJKOCTh, HA3bIBAETCS KPUTHUECKUM Prp.

OO6beM raza, COOTBETCTBYIOIIMM KPUTUYECKON TemIepaType, Ha3bIBACTCd KPUTHUECKUM
Vip, @ COCTOSIHME Tra3a, OTBEYAIOIEe KPUTUUECKOW TeMIlepaType, KPUTUUECKOMY JIaBJIICHUIO U
KPUTHUECKOMY 00beMY — KPUTHUECKUM COCTOSIHUEM Ta3a.

[Ipu KpUTHYECKOM COCTOSIHMM IJIOTHOCTH Mapa CTAHOBUTCSA PABHOM ITUIOTHOCTU KHUIKOCTH.

Touxa (a3oBoro nepexoja peajbHOr0 ra3za XapakTepU3yeTcsl KPUTUUECKON TeMIepaTypoit
Te, KPUTUYECKUM JABICHUEM Pc M KPUTUUECKOM IIJIOTHOCTBIO pc. Huke Kputuyeckou
TEMIIEPATypbl BEIIECTBO HAXOJUTCS B ra3000pa3HOM COCTOSHUM HpHU OOJIbIIMX O0bEMAax U B
KUJKOM COCTOSIHUM TIpH MalleHbKUX oObemax. [Ipu mpomexyTOYHBIX O00BbeMaX OHO MOXKET
CYIIIECTBOBATh KaK CMECh )KMJIKOCTH U ra3a, B KOTOPOHW M3MEHEHHe 00beMa B M30TEPMHUECKUX
YCIIOBUSIX  BBI3bIBACT HW3MEHEHHWE arperaTHOro COCTOSIHHS:  ra3oo0pasHas  (pakuus
YBEJIMYUBAETCS C YBEIMUEHUEM 00bEMA, a IaBJICHUE CMECU OCTaeTCsl MOCTOSHHBIM. [locKoybKy
JKUJKOCTh M Mapbl UMEIOT pa3Hble IUIOTHOCTHU, OHU PA3AEISIOTCA B moje TiaroteHus. [lo mepe
MOBBILICHUS] TEMIEPATYPhl MNIOTHOCTh KHUJIKOCTH YMEHbBILAETCS, a IUIOTHOCTh ra3a BO3pPACTaeT,
MOKa 3TH JBE IUIOTHOCTH HE CTAHYT PaBHbIMH OJHOMY U TOMY K€ 3HAUEHHUIO KPUTUYECKOU
IUIOTHOCTU. BbIllle KpuTudeckoi TeMmieparypbl TIa3 HEBO3MOXKHO TEPEBECTH B KHUJKOE
coctosHre. OAHAKO B M30TEPMHUECKHX YCJIOBUSX TIa3 HE MOJUUHSETCS 3aKOHy boisa—
MapuoTrra, mnokKa €ro TeMmIepaTypa HE TMOAHsUIaCh 3HAUYUTEIbHO BBIIIE KPUTHYECKOU
TEMIIepaTyphbl.

Mectudpropucras cepa (SF6) 0cOOEHHO MOAXOMWUT U MCCIEAOBAaHUS CBOWCTBA
peallbHbIX Ta30B, MOCKONbKY ee KpuTuueckas temmepatypa (Tc = 319 K) u ee kputuueckoe
nasnenue (pc = 37,6 6apa) orHocuTensHO HU3KHE. K TOMy ke OHa HE TOKCHYHA M COBEPIICHHO
Oe30MacHa MpH UCIIOJIb30BAHUN B yUeOHOM MPOIIECCE U HAa TPAKTHUECKUX 3aHATHUSX.

VYcrpoiicTBO Ans M3y4YeHHs TOYKH (Da30BOro mepexoAa COCTOUT W3 MpO3pavyHOn
U3MEPUTENbHON €MKOCTH, KOTOpas MMEET OYEHb TOJICThbIE CTEHKH U CIOCOOHA BBIJIEP)KHUBATH
BBICOKME JaBlieHUs. BHYTpeHHUIl 00beM €MKOCTH MOXKHO H3MEHSTb, KpyTsS IUTYpBal, YTO
MO3BOJISIET OCYIIECTBIIATH TOHKYIO PETyJIMPOBKY M CHUMATh MOKa3aHUs ¢ TOYHOCTHIO j0 1/1000
MakcUMajabHOrO oOBema. J[laBieHwe co3maercs THIPABIMYECKON CHUCTEMOW, B KOTOPOH
UCIIONIB3YETCSl KacTOPOBOE Maciio (papMaKoJIOrMYecKoro KadecTBa. [ 'mapaBiuyeckas cucTeMa
OTJIEJIEHa OT E€MKOCTHM KOHMYECKHM PE3MHOBBIM YIUIOTHEHHEM, KOTOpPOE BTSATMBAETCA IpU
U3MeHEeHUu o0bema. Takas KOHCTPYKLHMS TapaHTUPYeT, 4YTO pa3HULEH HaBICHUA MeEXay
U3MEPUTEILHON €MKOCThI0 M MACJSHOW YacThIO Ha MPAKTUKE MOXHO mpeHeOpedb. [losTomy
BMECTO HENOCPEJICTBEHHOI'O M3MEPEHMs JABJICHUs I'a3a MAHOMETP M3MEpSIET JaBJIEHUE Maclia,
YTO TMO3BOJIAET M30€XKaTh HaTU4us «MEpPTBOTO» O0bEeMa B Ta30BOM YaCTH CHUCTEMBI.
W3mepurtenbHas €MKOCTh 3aKJIIOUEHA B MPO3pAavyHYH BOJSHYIO Kamepy. B Xxone mpoBeneHus
ONbITa TEPMOCTATUYECKAsl BOJASHAs BaHHA MOJACPKHUBAET CTPOrO KOHTPOJIUPYEMYIO U
peryiaupyeMyro MOCTOSHHYIO TeMIIepaTypy, KoTopas u3mepsiercs Lu(poBbIM TEPMOMETPOM.

B xone HabmoneHuii mepexoaa M3 razoo0pa3HOro B KHMIKOE COCTOSHHE W 0OpaTHOTO
mpoiiecca, TOT (PakT, 9TO «MEpPTBBI» 00BEM OUYEHb Maj, MO3BOJISAECT HAOMIOAATh OOpa3oBaHUE
NEPBOM KaIlJIu KUJKOCTH UM UCUE3HOBEHUE MOCIEIHEr0 My3bIpbKa Irasa.

IJKCnepumeHmanbHulll pacuem
3aBUCUMOCTh JIaBJICHHA OT o0ObeMa H3MEpseTcs IMOTOYEYHO TPU TMOCTOSHHOU
TeMIlepaType, W pe3yJbTaTbl HAHOCATCA Ha rpaduk B BHAE p—V auarpaMmsl (JuarpaMMsl
Knanetipona) u pV—p auarpammsl (auarpaMMbl AMmera). OTKIIOHEHHE OT MOBEJEHUS U1€aIbHOTO
rasa cpasy ’e CTAaHOBUTCSI IBHBIM U OYEBHUIHBIM.
ITo 3TuM aUarpaMMam MOKHO JIETKO ONPEAETUTh MapaMeTpsl TOUKU (pa3oBoro mepexona
Y MO>KHO IOJIyYUTh YETKOE IKCIIEPUMEHTAIBHOE MOTBEPAKICHUE [TOBEIEHHS PEaIbHOIO Ta3a.
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Pucynok 7.4 — p—v nuarpamma mecTuTOPUCTON Cepbl

OobopynoBanue U MaTepuaJIbl

1. HaBecHoii TepmocTaT

2. [Tpubop st onpeeneHus: KpUTHIECKON TeMITepaTyphl

3. Tepmonapa

4. lludpoBoii OBICTPOACHCTBYIONTNH KapMaHHBIH TEPMOMETP
5. CunukoHoBast TpyOKa

Onucanue akcnepuMeHmaJleoﬁ ycmaHoBKU

CocraB komIuiekta obopynoBaHusi «PeanbHble Tra3pl M Touka (a30BOro IMepexoiar
IIPEACTABIICH HA PUCYHKE 7.5.

Pucynoxk 7.5 — Konctpykius uznenusi: 1 — HaBeCHOU TepMOCTat; 2 — mpuoop Jist
OTIpeNieIeHUs] KPUTUUECKOH TemnepaTypsl; 3 — TepMonapa; 4 — mudpoBoii OpICTpOACHCTBYIOLIHI
KapMaHHBIA TEPMOMETD; 5 — CUIIMKOHOBasI TPyOKa;

[TpuGop 11 onpeeneHnss KpUTUIECKON TeMIIepaTyphl

[Mpubop nans  ompeneneHUs: KPUTUYCCKOH TEMIIEPAaTyphl IO3BOJIIET HCCICIOBAThH
C)KUMAEMOCTh M CXKIDKEHUE ra3a. M3amepeHus O3BOIISIOT ONPEICTUTh KPUTHUECKYIO TOUKY Ta3a,
a TaKKe MONyYUTh U30TEPMBI I aguadbatudeckoro mpoiecca p—V (quarpammsl Knaneiipona).
Jns ucnpiTaHus Wcnodib3yetcst ra3 mectudropuctas cepa (SFe). SFe mmeer kpuThuyeckytro
temneparypy 318,6 K (45,5 °C) u kpurnueckoe nasnenue 3,76 Mlla (37,6 6apa), 4To 1mMo3BOJISET
cOOpaTh MPOCTYIO YCTAHOBKY JUISI IPOBEICHUS OIBITOB.
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Pucynox 7.6 — Konctpykuus npubopa: 1 — HOHMyCHas IKasia; 2 HemoABIKHAS 1IKana; 3
— CMa30YHBII HUMIENb; 4 — pe3b00Bast BTYyJIKa; 5 — MAaXOBHUYOK; 6 — OCHOBaHHE; 7 — paMa; 8 —
pe3b0oBast ock ¢ mopiHeM; 9 — kpbitka nopirHs;, 10 — Beixo TermonocuTens; 11 — Bxoa
TEIUIOHOCUTEN; 12 — KOHIIeBas iacTuHa; 13 — numuaap; 14 — koHnyeckoe yrioTHeHue; 15 —
M3MEpUTENbHAs sueiika; 16 — kianaHHas MIacTuHa; 17 — peryaupoBoYHbIi kinanas; 18—
apmartypa 1/8 mroiima mo rasy; 19 — kinanan npoayBku; 20 — oTBepcTHE 1151 TepMomnapsl; 21 —
TEIUIOBON KOpIycC; 22 — MpeA0XpaHUTENbHBIN KianaH; 23 — MaHOMeTp (yKa3aTelb H30bITOYHOTO
TABJICHUS )

Hagsecnoii Tepmocrar

Hagecnoit tepmoctat Alpha A6 c eMKOCTBIO ¢ BaHHOH, MpeAHa3HA4YeH sl Harpesa,
NIEPEKaYNBAHNSA KUAKOCTH U YCTAaHOBJICHHUS TEMIIEPATYPHOIO PEKUMa. EMKOCTB ¢ BAHHOW HMEET
MaKCUMaJIbHBI 00beM BaHHBI 6 JIUTpoB. Paboyas KUAKOCTH Ui HABECHOTO TEepMOCTaTa —
yMSATYEHHas BOJA.

HarpeBarenbHbIil TEpMOCTAaT OCHAIIEH HABECHBIM IIEHTPOOEKHBIM HACOCOM, HPUBOJ
KOTOPOT'O OCYIIECTBISIETCA OJHO(DA3HOI0 ABUTATENsl ¢ pacUICIIEHHBIMU noiatocaMu. OObeMHas
nojia4ya peryJMpyercs ¢ HOMOIIbIO IPOCCENs pacxo/a.

ITpuGop ocHalleH YeThIpeXpa3psIHbIM 3€IE€HbIM KUAKOKPUCTANINYECKUM AUCIUIEEM IS
UHIMKauU paboueil TeMnepaTypsl U 3a/JaHHBIX 3HAYCHUH, a TaKkKe pab0YMX COCTOSHUI.

Hatuuk Temneparypsl Pt100 onpenenser temnepaTypy Ha BXOA€ B BaHHY. AHaJIOTOBO—
dpoBoil mpeoOpa3oBarTeNb ¢ BBICOKUM pa3pelieHueM 00pabaThIBaeT pe3ysibTaT HU3MEpPEHUs..
JanpHeimas o0paboTka pe3ynbTaTa U3MEPEHUs MPOU3BOAUTCS C IOMOIIBIO CHELUAIBHOTO
aJIrOpUTMa PeryJupoBaHusl.

Pucynok 7.7 — naBecHo#t Tepmoctar Alpha: 1 — ceTeBoii BbIKIIIOUATENb; 2 —pETYIISITOP
TeMIIepaTypbl ¢ YEThIPEX Pa3psAHBIM CBETOIUOJHBIM YKa3aTeneM; 3 — HarpeBaTeabHOoe
YCTPOMCTBO aKTUBHO (FOPUT JKEATHIN CBETOAUON); 4 — YCTPOICTBO OXJIaKIEHUS aKTUBHO (TOPUT
CHUHMI CBETOAMO/); 5 — CUTHAJI HEMCIIPAaBHOCTH(MHUTAeT KPAaCHBIN CBETOANON); 6 — QYyHKIIMU
MEHIO, KJIaBUIIIa BEIOOpa U BBOJA; 7 — HArpeBaTEIbHbIHN JIEMEHT; 8§ — IaTUUK TeMIIepaTypbl
Pt100; 9 — otBOI Hacoca ¢ apocceneM pacxoaa; 10 — kopiyc Hacoca;
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[udposoii 6picTponeticTByomui kapmanHbiii TepMomeTp UNI-TREND monenun UT321

udpoBoit  OBICTPOACUCTBYIONTUI TEPMOMETp TIPEAHA3HAYECH I H3MEPCHHUS U
0TOOpaXkeHHsI TeMIepaTyphbl U UCTIOIB3YETCs KaK TeMIIepaTypHbIi naTunk K—ruma tepmonap.
TepmomeTp mpeacTaBiIsIeT CO00M MUKPOMPOIIECCOPHOE, ITU(POBOE YCTPOMCTRBO.

Pucynok 7.8 — uudpoBoii 6picTpoaeiicTByOmuUi TepMoMeTp: | — nucruieit; 2 — KHONKH; 3
— tepmomnapa Beoga T1; 4 — USB nopt; 5 — NTC (komneHcauys HopMaabHOU TeMIEpaTypsl); 6 —
OarapelHbIl OTCEK.

\-

Pucynox 7.9 — onucanume KHONOK Ha BHEIIHeM maHenu mpubopa: 1 —
BKIIIOUCHUE/BBIKIIOUEHHEe Tpubopa; 2 — BKJIIOYCHHUE/BBIKIIOYEHHE TMOACBETKH; 3 —
3aukcupoBaTh/HE (UKCHPOBATH MOKa3aHWs, 4 — TMEPEeKIIOYCHHE EIMHHUI[ TeMIIepaTyphl B
Henbcusax(°C), Papenreiirax(°F) u KempBunax (K); 5 — mepexon k max/min ¥ cpeaHuM
MOKa3aHUsAM (HOKMHUTE U YISPKUBANUTE KHOTKY, YTOOBI BRIKITIOYUTH 3TOT TUCIUICH); 6 — IEpexo/T
Kk K—, J-, T—, E— tunam Tepmonapsl; 7 — aiist Bxonaa B pexkxum USB, 3Hauok USB HauneT murathb
(HaxxmuTe emie pas s Beixoaa u3 USB pexuma); 8 — 3amyCTHTE/OCTAaHOBHUTH PETHCTPAIIHIO; 9 —
MOKa3aTh 3apETUCTPUPOBAHHBIC TOKa3aHUS (HaAXKMUTE elle pa3 Juisl ocTaHOBKHM); 10 — Hauaio
WIM 3aBEpUICHUE YCTAHOBKU (HAXMUTE MJI TMPOKPYTKHM BAPUAHTOB YCTAaHOBKH, KOTOPHIC

HEOOXOUMO HM3MEHHUTH); 11 — yBemuMuuTh OTOOpakaroluecss HACTPOMKH; 12 — yMEHBIIUTH
0TOOpaXKaroIre HACTPOHKH; 13 — MOATBEPANTH paHee HAXKATYIO KHOIKY

[Topsnox n3MepeHus TeMInepaTypbl
Ha ocnoBanuu mnpunsroro CeBepoamepukaHckoro 1BeroBoro koma  ANSI
(AMepuKaHCKUH HAIMOHAIBHBIA HMHCTHTYT CTaHIAPTOB) KaXKIbIH THI TEPMOIAPhl HMEIOT
LBETOBYIO MapPKUPOBKY
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Tun I{BeT Tun [Ber
J YepHrIil R 3enéHbii
K KénTerit S 3enéHpIin
T Cunnit N OpanrkeBblil
E PuroneTOBBIN

IToaxmroueHue Tepmomnap

1.IlogkmrounTte TepMoniapy BO BXOJIHOM pa3beM (pUCYHOK 7.8, mo3unus 3);

2.HaxxMuTe KHONKY NMUTAHUS AJIs BKIIOUEHHUS TEpMOMETpa (pUCYHOK 7.9, mo3unus 1);

3.YcTraHoBHTE THII TEPMONAPHI, OH AOJKEH COBIA/ATh CO IITEKEPOM B pazbeMe (PUCYHOK
7.9, mo3unus 6);,

Ykazanus mo TexHuke 0e30MacHOCTH

[Ipu »skcrutyatanuu oOOpyIOBaHUS HEOOXOAMMO COOJIOAATh CIEAYIOUIUE IpaBUiia
0e30MacHOCTH:

» K oOciyxuBaHnio 000pymIOBaHHS OIYCKAIOTCS JIAIA, MPOIIEANINEe WHCTPYKTAX IO
TEXHUKE 0€30MaCHOCTH.

* Ilepen wHauamom »SKcIuTyatanuu OOOPYIOBAaHUS HEOOXOAUMO YOCAUTHCS, UTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYJIOBaHUS, a TAKXKe
OpU TOSBICHUU JbIMAa, HCKPEHUS WIM CHeUM(pUUECKOro 3amaxa IMeperpeTol HM30JsaIuH,
HEMeJICHHO 00eCTO4YbTe 000PYI0BaHHE.

* BAITPEIIAETCSI nencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACIHE W €r0 OTACIbHBIE KOMIIOHEHTBHI HE TIO
Ha3HA4YCHHUIO.

* SAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1IOM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUU paboThI
U3JIEIHSL.

* Ilocne xpaHeHHst 00OpPYJOBaHUS B XOJOJHOM IOMELIEHWH WM TOCIE MEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllie, 4eM uepe3 6 4acoB peObIBaHUs MpU
KOMHaTHOW TEMIIEpaType B pacllaKOBaHHOM BHJIE.

* U3nenue sKCITyaTUpOBaTh TOJIBKO B MOMELIEHUH O€3 MOBBIIMIEHHON ONAacHOCTH I10
CTEIICHH MTOPAKEHUS DJIEKTPUIECKUM TOKOM.

* Bo u3bexxaHue mopakeHHsI IJIEKTPUUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U37Ienus, pyu paboTe 3amperiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKH MMUTaHMUS.

* He ycranaBnmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUIAMEHSIOIINXCS ¥ PAaCIPOCTPAHSIOIINX OTOHb IIPEJMETOB.

* He ocraBnsiite 000pynoBaHue BKIOYEHHBIM 0€3 IPUCMOTpA.

* He nonmyckaiite nonaganus >kUJKOCTH BHYTPb 000pYy10BaHUSI.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHUS HA JITUTENbHOE Bpems (Oosee 12
YacoB)

* Bo n30exanue noinoMok o0Opya0BaHUSl HE MPUKIIAIbIBANTE YPE3MEPHBIX YCUIUM MpU
MaHUIYJISIUAX ¢ OpraHAMHU yIIPaBICHUS.

3aganud

C momomp0 KOMIUIEKTa y4deOHOo—mabopaTopHOTO OOOpyaoBaHUs «PeanbHble Ta3pl U
TOyka (a30oBOTO MEPEexXoJa» BO3MOXKHO  BBIMOJHEHHE  CIEAYIOUEro  J1abopaTOpHOTO
IKCIIEPUMEHTA:

1. BBIMOMHUTE KOJMYECTBEHHBIH aHAIN3 PEATbHOTO Ta3a W ONpPEICNTUTEe €ro TOYKU
¢dazoBoro nepexoa.

2. IlpoumsBenure HaOMIOACHUE IIECTH(PTOPUCTON Cephl, KaK B JKUAKOM, TaK U B
ra3000pa3HOM COCTOSIHUH,
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3. Iloctpoiite nzoTepmsl Ha p—V auarpamme u pV—p auarpaMmme;

4. IIpousBeaure HaOIIOAEHUE OTIINYMS [TOBEICHHS pealIbHBIX Fa30B U ra30B B UJCAbHOM
COCTOSIHUH;

5. Onpenenure TOUKH (Ha30BOro NEPEXOAA;

6. [locTpoiite KpuBbIe JaBICHUS JIIsl HACHIILIEHHOTO Mapa.

7. PaccunraiiTe mOrpeHoCcTh U3MEPEHUH MO OOIINM MpaBUIaM

Conep:xanue oT4éTa

OTtuér no nabopatopHoOil paboTe AOIKEH COJIEPKATh CIEAYIOIINE OCHOBHBIE Pa3/Ieilbl:

1. HaumeHoBaHue paboThl.

2. llenb paGoTHL.

3. Onucanue 3KCepUMEHTaIbHON METOIUKH.

4. llopsinox mnpoBeneHUs pabOTHI, TaOMUIBl pPE3YJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPEHUN.

5. Onpenenenne NOrpelIHOCTH U3MEPEHUSI.

6. BeIBOEBI.

7. OtBer.

KoHTpoJsbHbIE BONIPOCHI

1. JlaiiTe onpeneneHne U30TEPMUIECKOT0 MpoLecca

2. B uém 3akioyaeTcst OTIIMYUE pealbHbIX Ta30B OT UACATbHBIX?

3. Yto Ha3bIBaeTCs TOUKOH (a3oBoro nepexona?

4. O0bsicHUTE MPUHLUI PaOOTHl YyCTPOUCTBA U1 U3YUEHHS TOUKH (Pa30BOTro Mepexoaa

Cnmcok JiuTepatypbl, peKOMEHIyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®usuka: y4yeOHUK: A7 CTYJCHTOB BY30B, OOYYAIOUIMXCS 10 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Breiciiee npodeccuonanbaoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.A. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipwm.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoHUTeILHAS JUTEpaTypa:

1. ITo3nHep, A. A. ®usuka. ba3oserii kypc. Yacts 1 [DnekTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3uep, A. I'. AnnpeeBa, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIC
nannbeie. — ExarepunOypr: Ypanbckuii penepansabiii yausepeuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum nocrymna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBIN Kypc [DIEKTpOHHBIN pecypc]: yueOHuk / B.
A. HukepoB. — DieKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctyma: http:// www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [yded. mocobue nis Bry3oB] / A. I'. Ueptos, A.
A. BopoObeB. - 8-¢ u3za., nepepad. u gom. - M. :@usmartaut, 2007. - 640 c. : wi. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

Mertoauyeckas Jureparypa:

1. Mertonuyeckue yka3aHHUs 1O BBIIOJHEHHIO JIaOOPATOPHBIX pabOT MO IUCLUIUIMHE
«®uzuka»: Yacte 1. Mexanuka. MonekynspHas ¢usuka. — Hesunnomsicck, HTU CK®VY, 2019.
-80c.

2. Metoauueckue yKa3aHHs IO BBIIOJHEHUIO MPAKTHUYECKHX PAadOT MO JUCLMILIMHE
«®usukay. — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.
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HuTepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexTponHo-6ubaroreunas cucrema [IPRbooks;

2. http://window.edu.ru  — WudopmanmonHas cucrtema "EnmHOE OKHO J0CTyma K
00pa3oBaTeNLHBIM pecypcam;

3. http://catalog.ncfu.ru — anekTpoHHBIC KaTAIOTH ACCOIMANNN JICKTPOHHBIX OMOIMOTEK
yueOHbIX 3aBefieHni 1 opranuzanuit CKOO,;

4. https://openedu.ru — HanuoHaNbHBIM TOpTaN OHIAWH oO0yueHUs «OTKPBITOE
o0Opa3oBaHUE».

JlabopaTopHasi padora 8. Onpenesenne nokaszaressi ainadaTbl

ens pabdoter: OmnpenencHue MoKa3aTels aquadaThl ¢ MOMOIIBI0 KIIACCHYECKOTO OITBITA
Proxappara.

@opMUpyEMBIE KOMIIETCHIIUU WIM UX YaCTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMK (PU3MKO-MaTEMaTHUYECKUM
amnmapar, METOAbl aHajiu3a M MOJEIHUPOBAHUS, TEOPETHMYECKOIO0 U 3KCIEPUMEHTAIbHOTO
MCCIICIOBAaHMS TIPH PEUICHUN PO(ECCHOHANTBHBIX 3a71a4

Teopernyeckas yacTb

[Tokazarens aguabaThl BO31yXa MOKHO ONPEIEIUTH C MOMOIIBIO KJIACCUYECKOIO OIbITa,
paszpaboranHoro Proxaparom. [lokaszarenb mMoiydarOT Ha OCHOBE BEPTHKAIBHBIX KOJIeOaHUI
MOPIIHS, KOTOPBIA MOKOUTCS HAa BO3AYIIHOM MOIYIIKE BHYTPU TPYObI C MOCTOSTHHBIM CEUYEHUEM
U TepPMETU3UPYET BO3yX CBepxy. OTKIOHEHUE MOPLIHS OT UCXOJHOTO IMOJIOXKEHUS BBI3BIBAET
U3MEHEHUE JaBJICHUS 3aMKHYTOro oObEMa BO3AyxXa BBIIE WIM HUXKE aTMOC(epHOro, 3TO
W3MEHEHUE TOJIKAeT TMOPIIEHb Ha3aJ, B HCXOJHOE IMOJOKEHHE. DTa BO3BpAIAOIIAs CHIA
MPONOPIMOHAIIBHA OTKJIOHEHHI0 OT HMCXOJHOTO IOJOKEHHs, YTO O3HA4YaeT, YTO NOPIIEHb
COBEpIIaeT MPOCTOE TaAPMOHUIECKOE KOieOaHue.

[TockoabKy TEMI000MEH ¢ OKPY KAIOIICH Cpeol OTCYTCTBYET, 3TH KOJECOaHUs CBSI3aHbI C
annabaTUYeCKUM HW3MEHEHHEM COCTosiHHs. lIpuBeneHHOE HWXKE YpaBHEHHE ONKCHIBAET
B3aMMOCBS3b MKy JaBJICHHEM P U 00beMOM V 3aKIIOUEHHOTO B TPyOKe BO3/IyXa:

p-VT = const (8.1)

[Toka3zaTens aanabarsbl y mpeAcTaBiIsieT co00il OTHOLICHHE YACTbHON TEINIOEMKOCTH TpU
noctosiHHOM JaBieHuu Cp U pu noctossHHOM oobeMe Cy:

C
14
== 8.2
z (8.2)
VYpaBuenue 7.1 naet ciaenyromue U3MEHEHUS 1aBjieHus 1 oobema Ap u AV:
Ap+y-§-AV (8.3)

[loncraBnsiss B ypaBHEHHE BEJIMYHMHY IONEPEYHOrO0 CEYEHUs TPyObl A, H3MEHEHHE
JABJICHUS TIO3BOJISIET BBIUMCIUTH oOpaTHyro cmiy AF, Torma kak OTKJIOHEHHE MOPIIHS OT
HCXOOJHOTO IMOJIOKCHUA AS MO>XHO BBIYUCIUTH 110 U3MCHCHUIO 061,eMa.

Ortcrona cienyer:

AFz-y-%AZ-Aszo (8.4)

3T0 MOKHO IpeoOpa30BaTh B ypaBHEHUE JBM)KEHUS MOPIIHS CIETYIOIUM 00pa3oM:
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d? - As p
0 +y-—-A%-As (8.5)

m v

I'ne m — macca nopuss.
Pemienne 3TOro KjIacCM4YECKOro ypaBHEHHS JBMXKEHHUS JJISI MPOCTBIX TAPMOHHYECKUX
KoJie0aHui 1aeT 3HaYeHHEe, COOTBETCTBYIOIIEE KOJIEOAHUSM CO CIIEIYIOIINM MTEPHOOM:

(8.6)

OTCIOI[a MOKHO pacCUUTaTb aI[I/Ia6aTI/I‘leCKI/II7I K03(1)(1)I/II_II/IGHT, IMOCKOJIBKY OCTaJIbHBIC
NEPEMCHHBIC U3BCCTHHI.

LA B

Pucynok 8.1 — CxemaTnueckoe npeacTaBICHUE U3MEPUTEIBHON YCTaHOBKHU

B ombiTe ncnonb3yercs Mperu3noHHas CTEKIsSHHAs TPyOKa ¢ HEOOIBIIMM MOMEPEYHBIM
ceyeHUEeM A, BCTaBJICHHAs] BEPTHKAJIBLHO B PE3UHOBYIO MPOOKY CTEKIISIHHOTO COCYy/aa OOJIBIIOTO
oovema V. Ilopmienp mpezactaBnseT coOOil alIOMHUHHEBBIA HWIMHIP TaKOW >K€ IUIOLIAAHU C
M3BECTHOM Maccoil m, KOTOPbII MOXKET MepeMeaTbcs BBEPX U BHU3 110 TPyOKe. AJIFOMUHHUEBBIN
WIMHIP WCTBITHIBAET TMPOCThIE TapMOHUYECKHE Kolle0aHMs, [BUrasich Ha TOJYIIKE,
00pa3oBaHHOM 3aMKHYTHIM B COCyJe Bo3ayxoM. Ha ocHOBe mepuoa kojie0aHui allFOMUHUEBOTO
WIMHIPA MOKHO PacCYUTATh MMOKA3aTelb aInadaThl.

OobopynoBaHue U MaTepuAaJIbI
1. Bytbuib MapuoTtTa ¢ KonebarenbHoi TpyOKoi
2. MexaHU4YeCcKUi CeKyHI0MEDP
3. Py4Hol1 BaKyyMHBII Hacoc

Onucanue 9KCI’l€puM€HmaJle01:i ycmaHoBKU

CocraB komIuiekTa ydeOHO—J1abopaTtopHoro obopynoBaHusi «llokazartenb amnadaThl
BO3/IyXa» MPEJICTaBIICH HAa PUCYHKE 8.2
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Pucynok 8.2 — Konctpykuus uznenus: 1 — byteuie Mapuotra; 2—
KosiebarenbHas TpyOka; 3 — MeXaHWYEeCKHid CeKyHIoMeD; 4 — pydHOH
BAKYYMHBIA HacOC;

RN

Pucynok 8.3 — IIpocToit MexaHn4ecKuil py4yHOU HacoC IJis
CO3aHMSI YACTUYHOT'O pa3peXeHMsI U HarHETaHUs JaBJICHUS:
1 — maHOMeTp; 2 — BCaChIBAIOIIMIA MATPyOOK; 3 — phlyar kianaHa; 4 —
JUTMHHBIA [IUTAHT; 5 — KOPOTKUM UTAHT; 6 — MEPEXO0IHUK; 7 — IPUCOCKa; 8 —
peIuar Hacoca; 9 — pykositka; 10 — HarHeTaTenbHBINH MATPyOOK C
3arJylIKou;

I/IHCTPYKI_II/IH 110 UCITIOJIB30BaHHIO

[Ipu cOopke yCTaHOBKH ISl MPOBEACHUS SKCIIEPUMEHTa, B KOTOPOM U3 cocyna Oyraer
OTKAaYUBATHCS BO3AYX, MOJICOSAMHUTE IIJIAHT K BCACHIBAIOIIEMY MaTpyOKy (2).

Jlns mojmauu [aBleHUS HArHeTaHWs HEOOXOAMMO HCIONb30BaTh HAarHETATENbHBIM
natpy0ok (10).

— 3akpoiiTe 3ariaynkaMyu HEUCTOIb3yeMble TaTpyOKH.

— /Jlepxka Hacoc B OJHOM pyKe, HaXKMMaWTEe Ha PYKOATKY HAcoca PABHOMEPHBIMH
JBUKEHUSIMH, TOOUBasCh MAaKCUMAIbHOW aMILTUTYIbI.

— JIns crycka OTTSIHUTE Ha3aJl pbluar KianaHa.
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Yka3anus mo TexHuke 0e30IMacHOCTH

[Ipu skcruryaranum o0OpyIOBaHUS HEOOXOAMMO COOMIOIATh CIEAYIONIUE IpaBHUiIa
0e30MMacHOCTH:

* K ob6cnyxuBanuio 000pyJOBaHUS JOMYCKAIOTCS JIHMIA, MPOILEIINEe MUHCTPYKTAX I10
TEeXHHUKE 0€30MaCHOCTH.

* Ilepen m©Havamom OSKCIuTyaTanuud OOOPYIOBAaHUS HEOOXOAUMO YOCAMTHCS, UTO
000pyI0BaHNE HAXOAUTCS B BHIKITIOYCHHOM COCTOSTHUH.

* [Ipu oOGHapy>KeHUHU TIOOBIX MOBPEXKACHUN U HEUCIIPABHOCTEH 000pYI0BaHUS, & TAKKe
IpU TOSIBJICHUW JIbIMAa, WCKPEHUS WU CIeNU(DUUECKOTO 3armaxa TMeperpeTo U30JISIHH,
HEMEIJICHHO 00ecToubTe 000pyI0BaHNE.

* BATIPEHIAETCS neucnipaBHOE 000pyA0BaHHUE.

* 3AIIPEIIAETCSA wucnonb3oBaTh HM3AEIHE M €0 OTACIBbHBIC KOMIIOHEHTBHI HE MO
HA3HAYCHUIO.

* SATIPEHIAETCS BckpbIBaTh U31€ETHE.

* BAITPEILIAETCS BUIOM3MEHATh IPUHIUIUATIBHYIO CXeMY M 001ue GyHKIHUU pabOoThI
U3JICIHSL.

* I[locne xpaHeHuss OOOPYIOBaHUS B XOJIOAHOM IOMEIICHUW WIU TOCIE MEPEBO3KH B
3UMHHUX YCJIOBHSIX BKIJIIOUATh €r0 B CETh MOYKHO HE paHbllle, 4eM yepe3 6 4acoB MpeObIBaHUS MpU
KOMHATHOU TeMIIepaType B pacliakOBaHHOM BH/IC.

* Usnenue sKkCIIyaTUpoBaTh TOJIBKO B MOMENIEHUM O€3 MOBBIIMIEHHON OMacHOCTH I10
CTETICHH MOPAXKEHUS DIIEKTPUICCKIM TOKOM.

* Bo usbexxanue mopakeHHs IJIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U3JIeNus, Ipu paboTe 3ampeniaeTcst UCIOJIb30BaTh BHEITHIE HCTOYHUKH MUTAHUS.

* He ycranaBmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHOW  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACTIPOCTPAHSIONINX OTOHB TIPEIMETOB.

* He ocraBmnsiite 000py10BaHKe BKIIOUYEHHBIM 0€3 TPUCMOTpA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYyI0BaHUSI.

* He ocrapmsiite o00opyaoBaHrEe B peKUME OXHIAAHUS Ha JIMTENbHOE BpeMs (Oosee 12
4acoB)

* Bo uzbexanue moJioMoK 000pyIOBaHMs HE MPUKIAJABIBANTE YPE3MEPHBIX YCHUIUN TIPH
MaHUMYJSIUSAX C OpraHaAMH yIPaBICHUS.

3aganud

IIpumepol usmepenuil u oyeHka pe3yromamos

Breninee naBiieHne Bo3ayxa po 1018 mbap
Buytpennuii auamertp di konebarenbHOM TpyOKH 16 MM
Macca m aJIFOMMHUEBOTO IIUJIMHApPA 152r
O06BéM Vo cocyia Mapuotra 10400 cm?

Bpewms Ts nnsa 5 nepuonos konebanuii (10 usmepenuii):

5,172 ¢ 5,276 ¢ 5,259 ¢ 5,224 ¢ 5,305 ¢
5,175 ¢ 5,231 ¢ 5,241 ¢ 5,191 ¢ 5,175 ¢

PaBHOBecHOE JaBJICHUC p CJIara€tcd M3 BHCIIHCTO OABJICHUA po U HABJIICHHA, KOTOPOC
ATIOMUHHUEBBIIN ONUWIMHAP OKAa3bIBACT B ITOKOC HA HaXO,Z[HH_II/II\/JICSI B HCM BO3yX:

m:

_ g
P=pot— (8.7)

r7ie g = YCKOpPEHUE CBOOOIHOTO MaCHUSI.
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PaBHOBecHBIT 00BeM V coorBeTcTBYeT 00BeMy Vo cocyga MapuoTra, MOCKOIBbKY
00BeMOM KoJiebaTeIbHON TPYOKH MOXKHO MpeHeOpeyb.
Jlnst onipefienienust mokasartens aauadaTsl U3 ypaBHEHUS 8.6 UCTIOIB3yeTCs CIASAYIOIIee:

2m\: m V
— (=) .. — 8.8
Y (T) yEa 1,39 (8.8)

Ilopsiook pabomul ¢ 060pydosanuem

1. Omnpenenute IaBI€HUWE BO3/1yXa, BHYTPEHHHH Iuamerp TpyOKH, NpPU KOTOPBIX
LWINHAP CTaHET BUOPUPOBATh, COOCTBEHHYIO MacCy aJlOMHUHHUEBOTO IIWINHIPA U 00beM cocyna
Mapuorra.

2. BcTaBbTe OJHY M3 ABYX KOHMUYECKUX MPOOOK TOJCTHIM KOHIIOM BIIEpE]l B KOHMUYECKOE
OTBEpPCTHUE cocyaa MapuoTTa U Cllerka IpHKaTh €. ITO NPeA0TBPaTUT MaJJeHUE aIFOMUHHUEBOIO
IWIMHPA B COCYI.

3. Kpome storo, cocyn MapuoTTa H0KEH OBITh OCHAIIEH PE3UHOBBIM KOBPUKOM, YTOOBI
NPEJOTBPATUTH NOBPEXKICHUE COCY/a WIN aTIOMHUHHUEBOTO IIMJIMHPA, €CIM OH BCE )K€ yHaJeT B
COCyII.

4. YcranoBurte TpyOKy Ha BEpIIMHE cocyna MapuorTta, mpu HEOOXOAUMOCTH 00ECTICUHB
€€ BEPTUKAJIBHOCTh KPEIIJIEHUEM K CTOMKE.

5. IoakmroynTe OAMH KOHEI JUTMHHOTO nutaHra (850 MM, BHYTpeHHUN nuaMmeTp 6,5 Mm)
PYYHOTO Hacoca, MAYLIEro OT O00OpYJOBaHUS, BXOJAALIETO B KOMIUIEKT PYyYHOTO BaKyyMHOTO
Hacoca, K TPEXX0JI0BOMY KJIallaHy cOoCyJia U 3aKpOHTE TPEXXOJA0BOH KiamaH.

6. OuncTUTE ATIOMUHUEBBIN IIUIUHIP HE BOPCUCTON TKaHBIO, CMOYEHHOW KaKUM—HHOY b
pactBoputeneM. [Ipu 3akpbITOM TPEXXOZOBOM KJAallaHE BCTaBbTE LIMIMHAP B KOJEOATEIBHYIO
TpyOKY, U, yOSTUBIINCH, YTO OHA HE HAKJIOHSETCA, faiTe eil mpoBamuThesa. UToOB! HE UCTIaYKaTh
QIIOMUHUEBBIN [IUIIMHJIP, €r0 MOXKHO KacaThCsl TOJIBKO HHCTPYMEHTOM.

7. 3amepbTe Bpems MATH KojebaHuil cekyHaomepoM. V3MepeHue cieayeT Hadath C
MOMEHTa TMEpPBOM OCTAHOBKH AJIOMHUHHMEBOIO UWJIMHApPAa B HWKHEW Touke. HM3Mepenue
IpeKpaTUTEe Ha NIECTOM CJIydae JOCTUKEHUS ITOH TOUKH.

8. OCTOpPOXHO OTKpOWMTEe 3—XO0II0BOM KiamaH, 4YTOOBI ATIOMUHHEBBIM IWJIMHAP MOT
MEJJICHHO OIYCTHTbhCS A0 PE3UHOBOM MPOOKHU Ha JHE KOJIeOaTeNbHOM TPyOKH.

9. CoeauHuTe py4HON BaKyyMHbBIH HACOC IIJIAHTOM C TPEXXOJOBBIM KJalaHOM €MKOCTH
Mapuorra. IIpu OTKpBITOM KpaHe KayaTh JO BO3BPALICHUS aFOMUHHEBOIO LIWIMHIpPA B TPyOKe
o0paTHO, W BHIHYTH ero. HyxHO coOuomaTh OCTOPOKHOCTh, YTOOBI LWJIMHIDP HE BBINAT U3
TpyOKHU U HE pa30ouics.

10. ITomHOCTHIO BBIHBTE ATIOMUHUEBBIM LMIUHAP U3 TPYOKH, YTO MO3BOJIUT BHIPOBHATH
BHEIIIHEC M BHYTPEHHEE AaBICHMs. 3aKpoiTe TPEXXOJOBOH KpaH M OTCOCAMHUTE BaKyyMHBIH
HAcoC OT ILIUIAHTa.

11. 3MepbTe 3HaUEHUE €11le BOCEMb pas.

12. Baxxnoe npumedanue: KauecTBo 3TUX M3MEpEHUI B 3HAYUTENBHON CTENEHU 3aBUCHUT
OT CJICAYIOUINX YCIOBUIL:

13. TpyOxka, B KOTOpOW U3MEPSIIOTCS KOJeOaHus, JOJKHA ObITh MPEAEIbHO YUCTOM; eciu
HYKHO, €€ CJIEZIyeT OUUCTUTh TKAaHbIO.

14. AnroMUHHMEBBIH LMIMHIP TOXKE JOJDKEH OBITH MpelnenbHO YMCThIM. CaMble Majble
3arpsA3HEHUs] — JaXKe JKUP MajbleB YEJIOBEKAa — MOTYT CTaTh MPUYMHOMN OLIYTUMOIO TPEHHUS.
[ToaTomy mepen KakIbIM U3MEPEHHEM HY’KHO YMCTUTH AJFOMUHUEBBIN LUIMHJIP HEBOPCUCTOU
TKaHbIO, CMOUYEHHON KaKUM—HUOYb PaCTBOPUTEIIEM.

15. Camoe Manoe wu3MeHeHHE (OpPMBI aTOMUHUEBOrO IWIMHApPA (HampuMmep, B
pe3yJbTaTe MaJeHus) OTPULIATENILHO BIMSET Ha U3MEPEHUE.

16. KonebarenpHas TpyOka JIOJDKHA pacmojiaratbess aOCONIOTHO — BEPTHUKAIBHO.
Pe3nHoBbBIE TPOOKHU TOJIKHBI OBITh T€PMETUYHBIMH.
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18. Bpems ciempyer u3MepsiTh ¢ BBICOKOW TOYHOCTHIO, MMOCKOJIBKY MEPUO KoseOaHUil B
YpaBHEHHUU BO3BOAUTCS B YETBEPTYIO CTEMEHb (8§) (CM. MpUMEp U3MEPEHUS U YPaBHEHHUE).

19. BHyTpeHHHI TUaMeTp TPYOKH CIIEIyeT U3MEPATh C BBICOKOW TOYHOCTBIO, IIOCKOJIBKY
€e paJnyCc BO3BOJUTCS B KBaJpaT MpU OMpPEIEICHUH TUIOMIAIU CeYeHHs TPyOKH A, a Takxke B
CHUJIy BO3BEJCHHS STOM IMEPEMEHHOM B KBajpaT B ypaBHEHUH 8.8 — paauyc B ypaBHEHUU
BO3pacTaeT J0 YETBEPTOM CTENEHH.

Conep:xanue oT4éTa

Otuér no nabopatopHoOil paboTe AOIKEH COJIEPKATh CIEAYIOIINE OCHOBHBIE Pa3/IeIlbl:

1. HaumeHoBaHue paboThl.

2. llenb paGoThL.

3. Onucanue 3KCepUMEHTaIbHON METOIUKH.

4. llopsinok mpoBeneHUs pabOThI, TaOMUIBl PE3YJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPEHUN.

5. Onpenenenne NOrpelIHOCTH U3MEPEHUSI.

6. BeIBOEBI.

7. OtBer.

KoHnTpoJsbHbIE BONIPOCHI

1. Kakoii mporiecc Ha3bpIBaeTcs aanadaTHIeCKuM?

2 YUto Takoe «moka3aTeib aquadaTh» U Kak ero MOKHO ONPEICTUTh?

3. KakoBa cBsI3p MEX]ly MapaMeTpaMu Ta3a Mpu ainadaTuieckoM mpoiecce?
4. B uem cocrout meton Proxapara mo onpeaeneHuro nokasaresns aguadoarsi?
5. OT KaKuX NapaMeTpoB 3aBUCUT BHYTPEHHSISI SHEPTUS UEATbHOTO ra3a’?

6. Kakue nporiiecchl NpoUCXOIAT B T'a3€ BO BPEMs OIbITa?

Cnucok JuTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHHIO 110 IAaHHOH TeMe

OcHoBHas1 IuTepaTypa:

1. Tpopumona, T. . ®usnka: y4eOHUK: AJIsI CTYJEHTOB BY30B, OOYJAOLIMXCS 110 TEXH.
Hanp. noarotoBku / T.M. Tpodumosa. - 2-e uza., nepepad. u nom. - Mocksa: Axagemus, 2013. -
346 c.: ui. - (Beiciee npodeccuonansHoe oopazoBanue) (bakanaspuar). - [Ipeam. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpopumosa, T. U.; Kypc dusuku ¢ npumepamu pemienus 3afgad: B 2-x 1.:yueOHUK /
T.U. Tpodumosa, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipun.: c.
376-378. - ISBN 978-5-406-04428-5.

JlomoJIHUTeIbHAS JIUTepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazosslii kypc. Hacte 1 [DnexkTpoHHBbIii pecypc]: yueOHOE
nocobue / A. A. Iloe3uep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHble. — ExatepunOypr: Ypanbsckuii penepansueiii yausepcuretr, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIN pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble qaHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckasi Jureparypa:

1. Meronuueckue yka3aHHMs IO BBINOJHEHHUIO JJAOOPAaTOPHBIX pabOT MO JUCLHUIUIMHE
«®Dusukay: Yacts 1. Mexanuka. MonekynsapHas ¢usuka. — HesunHombicck, HTU CK®VY, 2019.
- 80 c.
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2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTUYCCKUX padOT MO JAHCIUTLINHE
«®uszuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-0nbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — HWudopmannonHas cuctema "EnnHoe OKHO JocTyma K
00pa3oBaTEILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIE KaTamoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHbelli mnOpTan oOHJaMH o00ydeHuss «OTKpbITOE
00pa3zoBaHHE».

JlaGopaTtopHas padora 9. Bucko3umeTp ¢ najaluuM mapuKom
Hens pabote: OnpeneneHue TMHAMUYECKOM BSI3KOCTH BOJHOTO pacTBOpa IIIUIEpUHA.

DopMUpyEMBIE KOMIIETCHIIUU WIM UX YaCTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMK (PU3MKO-MaTEMaTHUYECKHUM
amnmapar, METOAbl aHajdu3a M MOJIEIHUPOBAHUS, TEOPETHYECKOIO0 U 3KCIEPUMEHTAILHOTO
UCCIICIOBAaHMS TIPH PELICHUN PO(ECCHOHATBHBIX 3a1a4

TeopeTnyeckas 4acThb

JluHamMu4ueckasi BA3KOCTh, KOA((QUIMEHT NPONOPLUUOHATIBHOCTH T'PAMEHTa BSI3KOCTH U
KacaTeJIbHOTO HANpsDKEHUS B JKUAKOCTH, XapaKTEPHU3yeT, HACKOJBKO TPYAHO TeNy MPOXOAWNTH
CKBO3b XKHJKOCTb. E€ MOXXHO M3MEPHUTH C IOMOUIbI0 BHUCKO3MUMETpa C MAJAIOIIUM HIAPUKOM
Haroo0ne Toro, 4ro paspaboran [emmiepom. MOXHO TakKe TNPOBECTH H3MEPEHHS B
3aBHCUMOCTH OT TEMIIEPATYpPhl, €CJIM UCIOIB30BATh TAKXKE U LUPKYJSIMOHHBIN TepmocTaT. Jlis
M3MEPEHNH B 3TOM OIIBITE HCIIOJIB3YETCSl BOJHBIN PacTBOP TIHIIEPHHA. JTO MO3BOJSET ONHCATH
XapakTep 3aBUCUMOCTH BSI3KOCTH OT TEMIIEPATYPhI C TOMOIIIBIO YpaBHEHUS AHIpae.

BSI3KOCTD KHIKOCTH SIBISICTCS PE3yJIbTaTOM CBSI3BIBAIOIIETO B3aMMOJCHCTBHS MEXIY
aTOMaMH HJIM MOJIEKyJaMH cpesibl. YacTUIlbl BElecTBa TEM MEHEE MOJIBUKHBI, YeM CHIIbHEE 3Ta
cBsa3b. Torma TpedyeTcs Oombliee KacaTeabHOE HANPSKEHNE U1 JAHHOTO TpajlieHTa CKOPOCTH,
yToOBl CcPOopMHUpOBaTH NPOPHUIL TNOTOKA. [IpPOMOPLHOHATBHOCTH T'paJUEHTAa CKOPOCTH H
KacaTeJbHOTO HANpPsDKEHHUS SBISIETCSI MEPOH TOTO, HACKOJIBKO Cpefia SBISIETCS BSI3KOH, B JaHHOM
cilydae ee JTUHAMHUYecKas WM KacaTelbHas BA3KOCTh. JKMIKOCTH, B KOTOPBIX JUHAMUYECKAs
BA3KOCTh HE 3aBUCHT OT KAacaTeIbHOTO HANPSDKEHUs, HA3bIBAIOTCS HBIOTOHOBCKUMH
KHUKOCTSIMH.

JluHaMu4eckasi BSI3KOCTH 1 OOJBIIMHCTBA JKUAKOCTEH YMEHBIIACTCS C YBEIHMYCHHEM
TemIiepaTypbl. YacTo 3TO yMEHBIIEHHE MOKHO ONUCATh C TOMOLIBbIO ypaBHEHUS AH/Ipae

n =1 exp (i) 9.1
R-T
rac EA — 3Hepr1/151 aKTUBAIlUK1 aTOMOB WJIN MOJIeKy.H B XUIKOCTH, T — a6CO.HIOTHa$I
TeMmnepaTrypa, R — yHuBepcanbHas ra3oBasi IOCTOSTHHAS.
YacTo AMHAMHYECKYIO BSA3KOCTh M3MEPSIOT, HaOMI0Nas, KaK MIAPUK TOHET B KHUJKOCTU
1o I[GﬁCTBI/IGM CHUJIbI TAXCCTH. IIBI/DKCHI/IC mapHKa 3aMCIJISICTCA 3a CUYET TaK HA3bIBACMOTO
((COHpOTI/IBJIeHI/ISI 10 CTOKcy»

Fi=n-6m-r-v 9.2)

TZie ¥ — paauyc IapukKa
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DTO 3acTaBisieT IMAPUK OMYCKAThCA C TOCTOSIHHOM CKOpPOCThIO V. JlefCTBHE CHITBI
TSYKECTU YMEHBLIAETCS BBITAIKMUBAIOIIECH CHIION KUAKOCTH, IEUCTBYIOIIECH HA IIApUK

4T

t
Fp=—1%g - (po=p) (93)

I7ie po — IUIOTHOCTH IIapHKa, p — MJIOTHOCTh MCCIIETYEMOMN KHUAKOCTH, € — YCKOpPEHHE
CBOOOTHOTO TaICHUSA
B pesynbrare cunel F1 u F2 ypaBHOBemmBarotcs:

n=§-r2-g-(po—p)'£ (9.4)
s

IZie S — paccTosiHue, t — Bpems, TpeOyromieecs Ui TOro, 4TOObI IIApHK, OIyCKAasCh,
HPOIIET 3TO PACCTOSHUE

dakTuyecku ypaBHEHHE 9.2 ONHUCHIBACT TOJIBKO COIPOTHBIIEHHE, NEHCTBYyIOIIEEe Ha
IIAapUK, B CIy4asx, KOTJa JHAMETP W3MEPUTEIbHOTO IMIMHAPA, 3aIOJHEHHOTO >KHAKOCTEHIO,
HaMHOTO OoJblle auamerpa miapuka. [lyis storo morpeboBanioch Obl HCHOJB30BATH OYEHB
00JIBIIIOE KOJMYECTBO HCCIeTyeMoi XuAKOCTH. [loaToMy Ha mpakThke OOBIYHO HMCHOJIB3YIOT
BUCKO3uMeTp ['enmiepa ¢ majarommM MapyuKkoM, B KOTOPOM LMJIMHAP HAKIOHEH OTHOCUTEIHHO
BEPTHKAJIH, TAK YTO IAPUK OITyCKAETCS, CKaThIBAsCh M COCKANB3bIBas MO CTEHKE TPYOKH. B aToM
cllydae BBIpAKEHHE JJIsl IMHAMHYECKON BA3KOCTH BBITJISIIUT CISAYIOIINM 00pazoMm:

n=t-(po-p)-K (9.5)

KamuOpoBounsiii koadduuueHT K yka3bplBaeTCsl MHAUBHIYATbHO I KaXI0TO IIApUKA.
YroObl u30ekaTh KaKUX—JIHOO CHCTEMATUYECKUX MOTPEUIHOCTEH, M3MEPUTENbHBIM IUIUHID
MOYKHO TE€PEBEPHYTh, TAK YTOOBI MOXKHO OBIJIO TAK)KE U3MEPUTH U BPEMsl, KOTOPOE MOTpedyeTcs
IIapHKY, YTOOBI BEPHYThCA TyJa, OTKYJ]a OH Ha4aj JIBUXKECHUE.

B sTOM ombITe Hccaenyercss OObIUHBIA TITMLEPUH, KOTOPBIH (DaKTUYECKH MpEACTaBISIET
co00il BOJHBIA pAacTBOp TIJMIEPUHA C COAEpPKAHMEM TIUNIMLEpHHAa mpumepHo 85%. IT0
pa3baBiieHHE ClIETaHO HAMEPEHHO, TaK KaK BA3KOCTh YUCTOTO IIMIEPUHA CIIMIIKOM BEJIMKA JIJIS
MHOI'MX BapUaHTOB IIPUMEHEHUS.

W3mepsieTcss 3aBHCUMOCTh BSI3KOCTM OT TeMmmnepaTypbl. s 3TOro BHCKO3UMETP
o0benuHseTCd €  LUPKYJALMOHHBIM  TepMocTaToM. Pa30aBisis  pacTBOp  INIMIEPHHA
JUCTUUIMPOBAHHON BOJOM 10 ONPENEIICHHOW CTENEHU, MOKHO TAKXKE WU3MEPUTH 3aBHCUMOCTD
BSI3KOCTH OT KOHIIEHTPALIUH.

OobopynoBaHue U MaTepuAaJIbI

1. Bucko3uMeTp ¢ najaromuuM IMapuKkom
2. lludpoBoii cekyHIomep
3. Ilorpy»kHOW LUPKYJIALUOHHBIA TEPMOCTAT

Onucanue 9KCI’Z€puM€HmaJleOZZ ycmaHoBKU

Pucynok 9.1 — Koncrpykuust uznenust

Cxema nmabopaTOpHOH ycTaHOBKH «BHCKO3MMETp ¢ MagaromuM IIapuKoM» BKIIOYAET B
cebst  creayrolMe  SJEMEHTHI:  IHUPKYJSIHOHHBIM  TepmocTtaT(l);  BHCcKo3uMmeTp(2);
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coeHUTENbHBIE TPYOKH(3), Tepmomerp(4) u nnppoBOi CEeKyHAOMEp, NPEACTABICHHBI Ha
pucyske 9.2.

Pucynok 9.2 — [1anens ynpasneHust LuppoBOro ceKyHaoMepa

Ob6opynoBanue «L{udppoBoii cekyHmoMep» MpeaHA3HAUYECHO IS U3MEPEHUS WHTEPBAIOB
BPEMEHM M IIO3BOJISIET ONPENENATh 3HAYEHUs 1O TBHICSIYHBIX CeKyHA. Bpemsasanaromum
YCTPOHCTBOM CEKyHJIOMEpa SBISIETCS KBapleBbld reHeparop. CHurHaa cTaOWIM3HPOBAHHOM
4acTOThI ¢ KBapLEBOIO I'eHepaTopa MOCTYNAeT Ha BXOJ MUKPOKOHTPOJUIEPA, 00ECIIeYHBAIOIIETO
cienyroue (QyHKIMUA: TPUEM KOMAHIHBIX CUTHAJIOB OT KHOMOYHBIX MEpeKIovaresneid H
BHEIIIHUX JIaTYUKOB; OOpabOTKYy CUTHAJIOB B NPOrpaMMe, B COOTBETCTBHHM C YCTaHOBJIEHHBIM
peXUMOM paloOThI, U BhIJAUy pe3yJbTaTOB 00pabOTKM Ha yCTpOHCTBa HU(POBOM MHAMKALMU U
cBeTOAMONbl. TpeOyeMblii pexuM paboThl 3a7aéTCs HaXKAaTHEM COOTBETCTBYIOIIEH KHOIKHU
BbIOOpa pexuma. [locrme HaxkaTus kKHOMKH(1), MPOUCXOMUT BKIIOUECHHE MPUOOpA U 3aropaercs
AJICKTPOHHBIN JUCIUICH (7) HA KOTOPOM OTOOpaKarOTCs 3HAYCHUSI U3MEPEHHI MpU padoTe.

Knonka «PEXWM)», no3Bossier BbIOpaTh HYXHBIH pPEXHUM, IS TOJYYEHUS HY>KHBIX
BPEMEHHBIX 3HAYCHHI.

Knonka «BBIBOP» noaTBep:kaeT BEIOpaHHBIN paHee pexkHM.

Kunonka «CTOII», naxatuem kHonku «CTOID» ocymecTBisieTcss BKIIOYEHUE MarHuTa
(ecnu OH UCHIOJB3YETCS B YCTAHOBKAX, TJI€ €CTh MarHUT)

Kuonka «CTAPT», npu HaxaTMM KHONKHM HPOMCXOAUT CUET HMIIYJIbCOB, IOCIE
(dbopMHpOBaHUSA 6—TU UMITYJIbCOB, CUET UMITYJIHCOB OCTAHABIMBAETCS.

Pexxum "I naHHBIN peXUM MMO3BOJISIET ONPEAEIUTH BpEMS OT Hadajla OTCYETA IO KaKJ0ro
chopmupoBasierocst uMmnyibca. CekyHnomep paboTaeT B MATH PEXKUMAX:

Pexxum "1" — naHHBIA pEXUM MO3BOJIIET ONPEAEIUTh BpeMs OT Hayajla oTcyeTa [0
KaX/10r0 c(hopMUpOBaABLIETOCS UMITyJIbca. MaKCHManbHOE KOJIMYECTBO UMITYJIbCOB: 6. Haxumas
kHonKy «BBIBOP» M0>XxHO IpocMOTpETh BpeMs 10 Ka)KJ0TO U3 UMITYJIbCOB.

Pexxum "2" — naHHBIA peXUM MO3BOJISIET ONPENEIUTh HHTEPBAN MEXAY AaHHBIM U
nocneayomuM umnyiascoM. [Ipu Haxkatum kHomku «BbBIBOP» MoXHO mpocMOTpers Bpems
MEXJy HWHTEPECYIOLIMMHM HAac HMIIyJbcaMH. MakCUMaabHOE KOJIMYECTBO CUHMTAEMBIX
UMIIYJIbCOB: 6.

Pexxum "3" — naHHBIN peXUM MO3BOJISIET ONPENEIUTh BpEMs OT Hayaia oTcdera 10 1-ro
c(OpMHUPOBAHHOTO UMITYJIbCA.

Pexxum "4" — cTanmapTHBIN peKUM CEKyHIOMEpa.

Pexxum "5" — pexxuM BKIIIOUEHHS MarHUTA.

Yka3anus nmo TexHuke 0e30ImacHOCTH

[Mpu »skcrutyatanuu 00OpyIOBaHUS HEOOXOAMMO COOJIONATH CICIYIOIIUE TpaBUIIa
0€30I1aCHOCTH:

» K o0ciyxuBaHuI0 000pYyJIOBaHHS JOMYCKAIOTCS JIAIA, MPOIICANINEG HHCTPYKTAX IO
TEXHUKE 0€30IIaCHOCTH.

* Jlepen HayamoM OSKCIUTyaTalud OOOpPYJOBaHHS HEOOXOJUMO yOCAMTHCS, YTO
06OPYZ[OBaHI/IC HaAaXO0JUTCA B BBIKJIFOYCHHOM COCTOSHHUU.
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* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAaKXKe
OpU TOSBIEHUU JbIMA, HCKPEHUS WIM CHEeUM(pUYECKOTo 3amaxa IMeperpeTo M30JsaIuH,
HEMeJJIEHHO 00eCTOYbTe 000PYI0BaHHE.

* BAITPEIHAETCSI HencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACHHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HA4YCHMUIO.

* SAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUN pabOoThI
U3JIEIHSL.

* Ilocne xpaHeHHst 0OOpPYJOBaHUS B XOJOJHOM IOMELIEHWH WM IOCIE NMEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllie, 4eM yepe3 6 4acoB MpeObIBaHUS IpU
KOMHaTHOM TEMIIEpaType B pacllaKOBaHHOM BHJIE.

* U3nenue sKkCIIyaTUpoOBaTh TOJIBKO B MOMELIEHUH O€3 MOBBIIMIEHHON ONAacHOCTH I10
CTEIICHH MTOPAKEHUS DJIEKTPUUIECKUM TOKOM.

* Bo uzbexxanue mopakeHHsl IJIEKTPUUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U37Ienus, pyu padoTe 3amperiaeTcst UCIOIb30BaTh BHEIIHUE HUCTOYHUKH MMUTaHMUS.

* He ycranaBmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHON  OJM30CTH  OT
JIETKOBOCIUIAMEHSIOIINXCS ¥ PAaCIPOCTPAHSIOIINX OTOHb IIPEJMETOB.

* He ocraBnsiite 000pynoBaHue BKIOYEHHBIM 0€3 IPUCMOTpA.

* He nonmyckaiite nonaganus >KHUKOCTH BHYTPb 000pYy10BaHUS.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHUS Ha JTUTENbHOE Bpems (Oomee 12
YacoB)

* Bo n30exanune noiaoMok o0OpyA0BaHUSI HE MPUKIIAIbIBANTE YPE3MEPHBIX YCUIUM MpU
MaHUIYJISIUAX ¢ OpraHAMHU yIIPaBICHUS.

3aganuda

1. Bkitounte TepMocTar u ycraHoBute Temnepatypy 20°C

2. Korja mapuk nepecedér oHy U3 HAaHECEHHBIX Ha IOBEPXHOCTh BUCKO3UMETPA PUCOK,
BKJIIOUUTE IUGPPOBON CEKYyHIOMEpP B peXHMe H3MEpEeHHUs 4 U OCTaHOBUTE €ro, Korja IapHhK
MEPECEUET CIEIYIONIYIO PUCKY.

3. [ToBTOopuTe onbIT 3—4 pasa, pukcupys 3HaueHUS t

4. Bpruucnure 5KCIIEpUMEHTAILHOE 3HAUE€HUE JUHAMHUYECKOHN BA3KOCTU U CPAaBHUTE €TI0 C
TaOJIMYHBIM 3HAYECHUEM

5. PaccunraiiTe ommoOKy U3MEpeHuii o oOLMM MTpaBUiIaM

Conep:xanue oT4éTa

OTtuét no nabopatopHoil paboTe AOKEH COJIEPKaTh CIEAYIOIINE OCHOBHBIE Pa3/Ielbl:

1. HaumenoBanwue paboTHlI.

2. llenb paGoTHI.

3. Onucanue 3KCepUMEHTATbHON METOIUKH.

4. Tlopamox mnpoBeaeHus paOOTH, TaONMIBI PE3YyJNbTATOB MPSAMBIX U KOCBEHHBIX
U3MEPECHUM.

5. OnpeneneHue NOrpeHOCTH U3MEPEHUS.

6. Bb1BOIBI.

7. OTBeT.

KOHTpOJII)HbIe BOIIPOCHI

1. Yro Takoe Bs3KOCTb M Ko3(p(uIMeHT IuHamuyeckod Bsskoctu? KakoBa ero
pasmepHocTh B cucteme CU?

2. [Touemy BS3KOCTb KUAKOCTEH YMEHBIIIAETCS] C POCTOM TEMIIEPaTyphl?

3. Ha uem ocHOBaH mpHHLHUI pabOTHl BUCKO3UMETpPA € NAAAIOIIUM IapUKOM?

4. Kakol MexaHH3M MepeMeIeHUs] MOJIEKYJT KUIKOCTU? YTO Takoe 3Heprusi akTUBaLuu?
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Cnucok JinTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®uzuka: y4yeOHUK: AJs CTYJCHTOB BY30B, OOYYAOLIMXCS 10 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Breiciee npodeccuonanbaoe oopazopanne) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.N. Tpodpumona, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipu.: c.
376-378. - ISBN 978-5-406-04428-5.

JononHUTeILHAS JTUTEpaTypa:

1. ITo3uep, A. A. ®usuka. ba3ossrii kypc. Hacts 1 [DnexTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3nep, A. I'. AnnpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBbIE
nannble. — ExatepunOypr: Ypanbsckuii penepanbueiii yausepcuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum poctyna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHbII Kypc [DIeKTpoHHBINA pecypc]: yueOHuk / B.
A. HukepoB. — DiieKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum nocrtymna: http://www.iprbookshop.ru/14114.html

3. Ueptos, A. I'. 3agaunuk no ¢usuke : [yued. mocodbue ans Bry3os] / A. I'. UepTos, A.
A. BopoOseB. - 8-¢ u3n., mepepad. u gon. - M. :@uszmatnur, 2007. - 640 c. : wi. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

MeToanyeckasi JiuTepaTypa:

1. Mertonuyeckue yka3aHHUsS 1O BBIIOJHEHHIO JIaDOPATOPHBIX pabOT MO IUCLUIUIMHE
«®uzuka»: Yacte 1. Mexanuka. MonekynspHas ¢usuka. — Hesunnomsicck, HTU CK®VY, 2019.
-80c.

2. Metoauueckue yKa3aHHs IO BBIIOJHEHUIO MPAKTHUYECKHX pPAadOT MO JIUCIMILIMHE
«®usukay. — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HNuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-Oonbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — Wudopmanuonnas cuctema "EnnHoe OKHO JocTyma K
00pa3oBaTENLHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIe KaTanoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
y4eOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli m1OpTan oOHJAaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHE».

TEMA 4. JIEKTPOMATI'HETU3M

JlaGoparopnas padora 10. Koagppuuuent tpanchopmanun

[ens pabOTHI: 03HAKOMIICHHE C TIOHATHEM KOdhdUIMEHT TpaHchopManuu, MpoBeACHUE
HKCIIEPUMEHTOB TI0 ONPEAEICHUI0 KO PHUIMEeHTa TpaHCHOPMALIUHU AT Pa3IUYHBIX BapUAHTOB
KOJIMYECTBA BUTKOB B MEPBUYHBIX U BTOPUYHBIX KATYIIKAX.

(DOpMI/IpyeMLIC KOMIICTCHIIMH WJIW UX YaCTHU:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMH (U3UKO-MAaTEeMAaTHUECKUN
anmapar, METOJbl aHajiu3a U MOJEIMPOBAHUS, TEOPETHUYECKOTO M IKCHEPUMEHTAIbHOIO
UCCIIIOBaHMS ITPU PELIeHUN Npo(ecCHOHaNbHbIX 3a7a4
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TeopeTnyeckas 4acTb

OTHomIeHHe YKciaa BUTKOB MEPBUYHON OOMOTKM K YHCIY BUTKOB BTOPHUYHOW OOMOTKH
TpanchopmaTopa Has3bpBalOT Kod(pdunueHnToM TtpaHchopmaiuu. OTHOIIEHHE YHCENT BUTKOB
COOTBETCTBYET OTHOLIECHUIO IIEPBUYHOIO HANPSDKEHUA K BTOPUYHOMY IIPU OTCYTCTBUM HAarpy3Ku
(xomoctoM xoz€) TpaHchopMaTropa W OTHOIICHUIO BTOPUYHOTO TOKA K TIEPBUYHOMY TIpH
KOPOTKOM 3aMBIKaHHH.

B uneansHOM TpaHcdopmarope (Tpu OTCYTCTBUU MOTEph, Npu Kcg = 1 1 OeckoHEuHO
OOJBIITUX HHAYKTHBHOCTSIX 00MOTOK L, u L,) mpu mo6oi Harpy3ke:

Kep=Wy /W =Uy/ Uy=1,/1 10.1)

OOopynoBanue u MaTepHaJIbI
1. JlaGopaTopHas ycranoBka «TpaHchopmaTopbny
2. Tpanchopmaropst (100 u 300 BUTKOB)

Onucanue 3KCI’l€puM€HmaJle01:2 YCmaHoBKU

CocraB KoMILIEKTa JlaboparopHoro obopynoBanus « TpancopmaTopb» mpeacTaBiIeH Ha
pucyske 10.1.

Pucynok 10.1 — Konctpykuus uzaenus

Cxema naboparopHoil ycTaHOBKH «TpaHcdopmaTopsl» BKIIOYAaeT B ceOs cleayrolue
OJIOKU: JBYXIIOJIOCHBIN BhIKJItOUaTenb(l) mpeaHasHaueH AJi MOJayd MUTAaHHS HAa YCTaHOBKY;
MOJyJb NUTaHUA(2) UMeeT JBa LU(PPOBBIX MHIUKATOpa s oToOpakeHHs 3HaueHud U u [,
CHHUMaeMBIX C O0OMOTKHM TpaHchopmaTopa(6); peoctar(3) CIyKHUT aKTHBHOW Harpy3KOW;
pEryJsaTOp HampsbKkeHHsi(4) CIyKUT Al M3MEHEHUs 3HAueHUil HampspkeHHs; MyJabTumeTp(s)
IIpeHA3HAYeH I u3MepeHus napametpos U n [

Yka3anus mo TexHuke 0e30macHOCTH

[Ipu »skcrutyatanuum 00OpyIOBaHUS HEOOXOAMMO COOJIONATH CJCIYIOIIUE IpaBUIIa
0€30IIaCHOCTH:

» K o0ciyxuBaHu0 000pYyJIOBaHHS OMYCKAIOTCS JIAIA, MPOIICANINEG HHCTPYKTAX IO
TEXHUKE 0€30IIaCHOCTH.

* Ilepen HayamoM OSKCIUTyaTalud OOOpPYIOBaHHS HEOOXOJUMO yOCAMTHCS, YTO
06OPYZ[OBaHI/IC HaAaXO0JUTCA B BBIKJIIFOYCHHOM COCTOSAHHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEKICHUI U HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAKXKe
OpU TOSIBJICHUU JbIMAa, HCKPEHUS WU CIEeUU(UUECKOro 3amaxa [eperpeToll HU30JSIIHH,
HEMEUICHHO 00eCTOYbTE 000PYI0BaHUE.
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* SAITPEHIAETCS neucnipaBHOe 000pyI0BaHUE.

* SAIIPEIIAETCS wucnonp3oBaTh HM3AENHE M €0 OTACIBbHBIC KOMIIOHEHTBHI HE MO
Ha3HAYCHUIO.

* SAIIPELIIAETCS BckpbIBaTh U3JEIHE.

* SAIIPEILIAETCS BuIoM3MEHATh TPUHIUITHATIBHYIO CXeMY M 001mue GyHKIUN paboThI
W3NS,

* [Tocne xpaHeHUs OOOPYIOBaHUS B XOJIOAHOM ITOMEIICHWW WIIU TIOCIIC TEPEBO3KH B
3UMHHX YCIOBHSX BKJIIOUATh €ro B CETh MOXKHO HE paHbllle, 4eM yepe3 6 4acoB MpeObIBaHUS MpU
KOMHATHOM TeMIIepaType B paCliaKOBAaHHOM BH/IC.

» U3nenue sKCITyaTUpOBaTh TOJIBKO B MOMEIIEHUM O€3 TMOBBIIMIEHHON OMAacHOCTH IO
CTETEHU MOPAKECHUSI TEKTPUUECKUM TOKOM.

* Bo usbexxaHue mopakeHHs SIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
W3JIeTusl, TpU paboTe 3ampelnaeTcs UCTOIb30BaTh BHEITHIUE HCTOYHUKH TUTAHMUS.

* He ycranaBiauBaiiTe o00opynoBaHHE B  HEMNOCPEACTBEHHONM  OIM30CTH  OT
JIETKOBOCTUTAMEHSIOIIUXCS U PACTIPOCTPAHSIONINX OTOHb MPEIMETOB.

* He ocraBnsiite 000opynoBaHue BKIIOYCHHBIM 0€3 MPUCMOTPA.

* He nonyckaiite monagaHus >KHAKOCTH BHYTPb 000Dy I0BaHHUS.

* He ocraBmsiite 060pyqoBaHNe B pexXHMe OXHIAaHUS Ha ATUTENbHOE Bpems (Oonee 12
YacoB)

* Bo u3bexanune moioMok o0OpyAOBaHUSI HE MPUKIAIBIBANTE YPE3MEPHBIX YCUIHHN MPU
MaHUITYJISIUSAX C OpPraHaMU YIIPaBIICHUS.

3aganus

W3mepsist HampspKeHHsT W TOKH, OIpenenuTe Kod((UIMEeHTH TpaHchopMaluu MpU
Pa3IUYHBIX YUCIIaX BUTKOB OOMOTOK.

1. Cobepure mnepBuunyro (300 BuTkoB) u BTOopuuHyro (100 BHTKOB) OOMOTKM Ha
pPa3beMHOM Cep/ICUHUKE.

2. [logxrounTe MCTOYHUK MUTAHHUS K BBIBOJAM NEPBUYHON OOMOTKH M YCTaHOBHTE
Hanpsokenue U; = 10-20 B.

3. U3mepbTe BTOpWYHBIE HampspkeHuss U, Ha BBIBOAAX BTOPUYHBIX OOMOTOK C
kommuecTBoM BUTKOB 100, 300 mpu xomocToM xoe. 3aHecuTe pe3ynbTarsl B Tadmmiy 10.1.

Tabmura 10.1

Wi W> Ui, B U, B Krp
300 100 20
300 300 20

4. Beruucnute 3HaueHUs Kodpdunuenta tpanchopmarmu no popmyne: Krp = Uy / U,
5. ChopmupyiiTe OTYET U CIeTIaliTe BEIBOIBI.

Conep:xanue oT4éTa

Otuér no maboparopHO# paboTe TOIKEH COAePIKATh CIEAYIONINE OCHOBHBIC Pa3/IeIIbl:

1. HanmeHnoBanue pabOTHI.

2. Henp paboThI.

3. Onucanue SKCePUMEHTATLHON METOTUKH.

4. Tlopsanok mpoBeneHHss pabOThI, TAaONUIBI PE3yNbTATOB MPSMBIX W KOCBEHHBIX
WU3MEPECHUM.

5. OnpenesneHne MOrPeIHOCTH U3MEPEHHUSI.

6. BeiBOIBI.
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7. OTBeT.

KoHnTpoJibHbIE BONPOCHI

1. Yro Takoe Tpancopmarop? Ero HazHaueHHE M MPUHIIMITBI ICHCTBUSI.

2. Uro Takoe kodpduumeHT Tpanchopmamun? Kax ero omnpenenuTs OINBITHBIM
nyTém?

3. [TosicanTe npuHIEI padboThl TpaHchopmaropa.

4. B dem 3akirouaercst sBICHHE AJIEKTPOMArHUTHOW MHAYKUMHU? WHIYKIMOHHBIN
ToK. [IpaBuno Jlenna.

5. ['ne u 11 9ero UCHonb3yIoT TpaHcopmaTopsr?

Choucokx JUTEPATYPHI, peKOMeHI[yeMbIﬁ K HCI0JIb30BaHHIO 110 JAaHHOM TeMe

OcHoBHas1 JiuTEpaTypa:

1. Tpopumona, T. . ®usnka: yueOHUK: JJI1 CTYyJACHTOB BY30B, 00YUYaIOIIUXCS MO TEXH.
Hanp. noaroroBku / T.M. Tpopumosa. - 2-e uzza., nepepad. u gom. - Mocksa: Axagemus, 2013. -
346 c.: mi. - (Beicmee npodeccronansHoe oopazoBanue) (bakamaBpuar). - [Ipeam. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpobumosa, T. U.; Kypc dusuku ¢ nmpumepamu pemieHus 3agaq: B 2-X T.:y4eOHHK /
T.U. Tpopumosa, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipui.: c.
376-378. - ISBN 978-5-406-04428-5.

JlomoJiHMTeIbHAS JIUTepaTypa:

1. IToB3uep, A. A. ®usuka. bazossiii kypc. Yacts 1 [DnekTpoHHBIN pecypc]: yueOHOe
nocodue / A. A. TloB3uep, A. I'. Auapeea, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIC
nannble. — ExatepunOypr: Ypanbsckuii penepanbueiii yausepcuretr, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum noctyma: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®usuka. CoBpeMeHHBIH Kypc [DIeKTpoHHBIN pecypc]: yueOnuk / B.
A. HukepoB. — DnekTpoH. TekcToBble faHHble. — M.: [lamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexum noctyna: http://www.iprbookshop.ru/14114.html

3. Yeptos, A. I'. 3amaunuk no ¢usuke : [yded. mocodbue mis BTy30B] / A. I'. Uepros, A.
A. BopoOseB. - 8-¢ u3n., nepepad. u gon. - M. :@uszmartnur, 2007. - 640 c. : wi. - [Ipui.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanueckas Jureparypa:

1. Meronuyeckue yka3aHHUS 1O BBHITIOJHEHHIO JIAOOPATOPHBIX padOT MO IUCIUIUIMHE
«Pusuka»: Yactp 2. DnexkrpuuectBo U MaruetusMm. — HeBunnomeicck, HTU CK®VY, 2019. - 58
c.

2. Meronuueckre yKa3aHHUsS IO BBITOJIHCHHUIO MPAKTHYECKUX PAOOT MO JUCIUTIIMHE
«®us3uka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexkrpornHo-0nbHMoTeuHas cucrema IPRbooks;

2. http://window.edu.ru  — WudopmanmonHas cuctema "EnuHoe OKHO J0CTyma K
00pa3oBaTeNbHBIM pecypcam;

3. http://catalog.ncfu.ru — snekTpoHHBIE KaTamoru ACCOLUAIIMN HIEKTPOHHBIX OUOIHOTEK
y4eOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli m1OpTan oOHJaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHE».
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JlabopaTopHas padora 11. IIpeodpa3oBanne cONPOTHBJICHHUS ¢ TOMOIIbIO
TpaHcopMaTopa

enp paboThl: 03HAKOMIJICHHE C MOHSATHUEM MPEOOPa30BaHUs COMPOTUBICHUI C TTOMOIIBIO
TpaHcpopmaTopa, MPOBEJCHUE SKCIEPUMEHTOB IO ONPEAENIEHUI0 BXOJHOIO M HArpy304HOIO
COIIPOTHUBIICHUS TpaHchopmaTopa.

®opmupyemMble KOMIETEHIIMM WU UX YaCTH:
OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKHUM

arrapar, MCETOJAbl aHajin3a U MOZACIIHMPOBAHHUA, TCOPETUYCCKOIO M ISKCICPHUMCHTAJIBHOI'O
HCCJICAO0BaHUS IIPpU PCILICHUN HpO(I)CCCI/IOHaHI:HBIX 3aaad

Teopernyeckas yacrp

Korma tpancopmaTtop He HarpyxeH (XOJOCTOW XOJ), OTHOIICHHE TMEePBUYHOTO
HANpsDKEHUS. K BTOPUYHOMY TMPUOIU3UTENHHO PaBHO OTHOIIEHUIO YHCET BUTKOB MEPBUYHON M
BTOpUYHOU 00MOTOK. Popmyna pacuéra koddduirenta Tpanchopmanuu:

Kre=U1/U2=W1/ W2 (11.1)

IIpn Harpyske umeer MecTo TOK [2 B Harpy3o4HoM pe3ucrope RH, MOIKIIFOUEHHOM K
BBIBOJAM BTOPUYHOM OOMOTKHM. DTOT TOK BBI3BIBAET IOSIBIEHUE COOTBETCTBYIOLIETO TOKA B
MEPBUYHON OOMOTKE

L =1L/Ktp (11.2)

Uepe3 mnepBUYHBIE HANpsSHKEHHE M TOK MOXKHO HAWTH BXOJHOE COIPOTHUBIICHHUE
Tpancopmaropa

R=U1/1 (11.3)
Harpy3o4uHoe cOpOoTHBICHHE MOYKHO OTPEIEIUTh KaK
R:=Ru=U/1L (11.4)

B3sas oTHO1ICHHE COHpOTHBJ’ICHHﬁ, Iojiyqyacm

Ri/Ru= Ui/ 1)/ (U2/ ) = Krp? (11.5)
Wnu Ri = Ru - Krp? |

OTO 03HAyYaeT, YTO COMPOTHUBIIEHHE HArpy3ku Ru mpeoOpasyeTcs K MEepBUYHONW CTOPOHE
Tpancpopmaropa. B peanmbHOM TpaHchopMaTope, €ciM YYecThb CONPOTHUBICHHE OOMOTOK,
nomydaeTcs R1 HECKOJIbKO 60Jibiue, 4eM RuKtp?,

OO0opynoBanue u MaTepHaJIbI
1. Jlaboparopnas ycranoBka « Tpanchopmaropbi»
2. Tpancdopmaropsr (100 1 300 BUTKOB)
Onucarnue 9KcnepumMeHmanbHoU YCmaHoeKu

CocraB koMmIutekTa JadbopaTopHoro odopyaosanus «TpancdopmaTopsd» npeacTaBieH Ha
pucysnke 11.1.
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Pucynok 11.1 — Konctpykuus uzaenus
Cxema naboparopHoii ycTaHoBku «TpaHcdopmaTopsl» BKIIOYAaeT B ceOs cleayromune
OJIOKM: BYXIOJIOCHBIN BbIKIOYaTesb(l) mpeaHa3HadeH Ui NOJaud MHUTAaHUS Ha YCTAHOBKY;
MOJyJb NUTaHUA(2) UMeeT JBa LUQPPOBBIX MHIUKATOpa s oToOpakeHHWs 3HaueHuid U u [,
CHUMaeMbIX ¢ O0OMOTKH TpaHchopmaTopa(6); peoctaT(3) CIOYyKHT aKTUBHOW Harpy3KoOu;
peryysTop HampspKeHusi(4) CIyXKUT A U3MEHEHUs 3HAYCHMH HaNpsDKeHUs; MyJIbTUMETp (5)
npeHa3HayeH Ui u3MepeHus napamerpoB U u /.

Ykazanus mo TexHuke 0e30MacHOCTH

[Ipu »skcruryaTanuun 00OpYyIOBaHMS HEOOXOAMMO COONIOAATH CJEIYIOIIUE IpaBUIIa
0e30MacHOCTH:

» K oOciyxuBannio 000pymOBaHHS IOIYCKAIOTCS JIAIA, MPOIIEANINE WHCTPYKTAX IO
TEXHUKE O€30MaCHOCTH.

e Ilepem m©HayamoM OSKcIUTyaTanmud OOOpPYIOBaHUS HEOOXOIUMO yOETUThCS, YTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYJOBaHUS, a TAKXKe
OpU TOSBICHUU JbIMA, HCKPEHUS WIM CHEeUM(pUUECKOTo 3amaxa IMeperpero U30JsaIuH,
HEMeUIEHHO 00eCTO4YbTe 000PYI0BaHHE.

* BAITPEIHAETCSI HencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACIHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HAYCHMUIO.

* SAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUN pabOoThI
U3JIEIHSL.

* Ilocne xpaHeHHst 00OpPYJOBaHUS B XOJOJHOM IOMEUIEHWH WM TOCIIE NMEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllie, 4eM yepe3 6 4acoB MpeObIBaHUS IpU
KOMHATHOW TeMIlepaType B paCllakOBaHHOM BUJIE.

* W3nenue sKCIUTyaTHpOBaTh TOJBKO B MOMENICHHM O€3 TOBBIIICHHON OMAaCHOCTH IO
CTEIIEHU MOPAXKEHUS HIEKTPUUECKUM TOKOM.

* Bo u30exaHue mopakeHUs SJICKTPUUYECKUM TOKOM M BBIXOAA U3 CTPOS DJIEMEHTOB
U37ienus, pyu paboTe 3ampeIiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKH TUTaHHUS.

* He ycranaBmuBaiite oOopynoBaHHE€ B  HENOCPEACTBEHHOW  OIM30CTH  OT
JIETKOBOCIUIAMEHSIOIIMUXCS ¥ PACIPOCTPAHSIOIUX OTOHb IIPEMETOB.

* He ocrasunsiiiTe 060pyioBaHNe BKIIOYEHHBIM 0€3 IPUCMOTPA.

* He nomyckaiite nonaganus >KUIKOCTU BHYTPb 000pY10BAHUS.

* He ocrammsiiite 060py0BaHNE B pEXKUME OXKHIAHUS Ha JAIUTENbHOE Bpems (Oomee 12
YacoB)

* Bo u3bexanue mojJoMok 00OpyAOBaHUS HE NMPUKIIAIbIBAWTE Ype3MEPHBIX YCHIUH MpH
MaHMITYJIIUSAX C OPraHaMHU YIIPaBICHHUSL.
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3aganuda

Onpenennure BEIUMYMHBI CONPOTHBICHUN Ri M R2, U3Mepsss TOKM W HaIlpsDKEHUS Ha
NEPBUYHON U BTOPUYHOH OOMOTKax TpaHchopMaropa TpU PA3NTUYHBIX COOTHOIICHHSIX
KOJIMYECTBA BHUTKOB M DA3JIMYHBIX 3HAYEHUSX COINPOTUBIEHHUS Harpy3ku Ru. Omnpenenure
BXOJHOE CONPOTHUBJIEHUE KaK RoKmp? m CpaBHMTE €ro C Ri.

1. Cobepute TpaHchopMaTOp HA Pa3bEMHOM CEpPJCUYHUKE C KaTYIIKaMH, UMEIOIIMMHU
yucia BuTkoB W1 =300 u W2 = 100.

2. IMogkmrounTe UCTOYHUK MUTAHUS M yCTaHOBUTE Hampspkerue U = 6...7 B, (mpu Ru =
10 Om).

3. U3meppTe TOKM M HAmpsDKEHUS MPH YKa3aHHBIX KOJMYECTBaX BUTKOB OOMOTOK H
COTPOTHBIICHUSX HArPY3KH coryiacHo Tadmmie 11.1.

Tabmnma 11.1

Ry, | U1, | Un, | I, b, | Ri, | R,
OmMm B B MA | MA | OM | Om

300 | 100 | 3 10

|74 W> | Ktp K?1pR>

300 | 300 | 1 100

4. Berancnute conpotuBieHus R1 u R2 popmyne R=U/ L.
5. BeraucnuTe BXOJHOE conpoTHBiIeHue 1o Gopmyie K>rpR2
Y CpAaBHUTE €T0 CO 3HAUCHUSIMU, HalJeHHbIMH Kak U1 / [1.

6. ChopmupyiiTe OTUET U CACIANTE BHIBOIBI.

Conep:xanue oT4éTa

OTtuért mo nabopatopHoOil paboTe JOIKEH COJIEPKATh CICAYIOIINE OCHOBHBIC Pa3/IeIibl:

1. HaumenoBanue paboThI.

2. lens paboTHI.

3. Onucanue 3KCNePUMEHTATIBHON METOANKH.

4. Mopsimox mpoBeACHUsS pPAaOOTHI, TaOMUIBI PE3yJIbTATOB NPSIMBIX W KOCBEHHBIX
W3MEPEHUI.

5. Onpepenenyie MOrpeHOCTH U3MEPEHHUS.

6. Be1BOIBI.
7. OtBer.
KoHnTpoJsbHbIe BOpochl

1. Uro Ha3biBaeTCs TpaHchopMaTopom?

2. OOBSICHUTDH, JUISI YeTO M KaKUM O0pa30oM MPOBOJUTCS OMBIT XOJOCTOTO XOAa
TpanchopmaTopa.

3. Ha urto Bnusier konuuecTBO 0OMOTOK TpaHchopmaropa?

4. N3mensier nu TpancopMaTop 4acToTy rmpeodpazyeMoro nepeMeHHOro Toka?

5. [Touemy cepaeunuk TpancpopmaTopa cOOHPAIOT U3 OTIEIbHBIX MJIACTHH?

Cnucok JuTepaTypbl, peKOMEeHAyeMblil K HCII0JIb30BAHUIO 110 JAHHOU Teme

OcHoBHasi inTEpaTypa:

1. Tpopumona, T. U. ®usmka: yueOHUK: U CTYyJCHTOB By30B, OOyYarONIMXCS MO TEXH.
Harnp. noarotoBku / T.M. Tpodumosa. - 2-e u3., nepepad. u gom. - Mocksa: Axagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbuoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820
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2. Tpodumosa, T. U.; Kypc dusuku ¢ npumepamu pemienus 3afgad: B 2-x 1.:yueOHUK /
T.. Tpodumosa, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipun.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonmoJIHUTeIbHAS JIUTEepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBbIii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypansckuii penepansueiii yausepcurer, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIN pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [yued. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzg., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckas Jureparypa:

1. MeTtoauuecke yka3aHHs 1O BBIMOJHEHHUIO JIA0OpaTOPHBIX padOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpudectBo u maraetusM. — HesunHombicck, HTU CK®Y, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTUYCCKUX padOT MO JAHCIUTLIIMHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-O0nbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — Wudopmannonnas cucrtema "EnnHoe OKHO JocTyma K
00pa3oBaTeNbHBIM pecypcam;

3. http://catalog.ncfu.ru — sneKTpOHHBIC KAaTaJIOTH ACCOIUAIINN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHni u oprannzanuiit CKOO,;

4. https://openedu.ru — HamuoHanpHBIA TOpTan oOHMAWH 00yueHUs: «OTKPBITOE
oOpa3oBaHUEY.

JlabopaTtopHasi padota 12. OnbIT X0JI0CTOr0 X012 U KOPOTKOI0 3aMbIKAHUA

Lenb paboThI: MccaenoBaTh TPAHCPOPMATOP METOIOM XOJIOCTOTO X0/1a U KOPOTKOTO
3aMBbIKAHHUS.

dopmupyemble KOMIETEHIIMH UIN UX YaCTH:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMH (U3UKO-MAaTEeMAaTHUECKUN
anmapar, METOJbl aHajiu3a U MOJEIMPOBAHUS, TEOPETHUUYECKOTO M IKCIHEPUMEHTaIbHOIO
UCCIIEIOBaHMS IIPU PELIeHUU NPo(ecCHOHaNbHBIX 3a7a4

TeopeTnyeckas 4acTb

XONOCTBIM XOJIOM TpaHC(OpMaTopa HA3BIBAIOT PEXHM pPa0OTHI, KOI/Aa Harpys3ka Ha
BTOPUYHOW OOMOTKE OTCYTCTBYET, TO €cTb ZH = oo, [lpm 3TOM moje3Has MOIIHOCTb
TpaHchopMaTopa paBHa HYJIIO, TaK KaK TOK BO BTOPHYHONH 0OMOTKE OTCYTCTBYEeT. MOITHOCTh Ha
BXO7le TpaHC(OpMaTOpa Pacxoyercss Ha TEIIOBbIE MOTEPH B MEPBHYHON 0OMOTKe lo’r1 M Ha
MarHuTHbIE MOTEpU B cepAcuHuke Pm. Tak kak BeJWYMHA TEIUIOBBIX NOTEPh B NEPBUUYHOMN
o0MOTKe Maia, To €il yacto nmpeHedperaroT. [103ToMy MarHUTHbIE OTEPU HA3bIBAIOT MOTEPSIMU
XOJIOCTOTO X0/1a.
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Cxema mpoBeICHUS OIBITA XOJIOCTOTO XOoJa Ui oxHodasHoro TpaHcdopmaropa. Ha
CXeMe BOJBTMETp VI M3MepseT HampshKEHHE, MOABEACHHOE K MEPBUYHON OOMOTKE, BOJBTMETP
V2 nokaspIBaeT HanpsHKEHUE HA BTOPUYHONM OOMOTKE, ammepMmeTp Al U3MepsieT TOK XOJIOCTOrOo
xoxa lo.

ik V Uz

o * * - @

Pucynok 12.1 — Cxema ormbITa X0J10CTOT0 X0/1a 01HO(a3HOTO TpaHchopMaTopa

PexnMoM KOpOTKOTO 3aMbIKaHUs TpaHC(hopMaTOpa Ha3bIBAIOT PEXKUM, KOTJIa BTOPUYHAS
0o0MOTKa 3aMbIKaeTcsi HaKOpoTKo (ZH = 0), a K NEepBUYHON MNOJABOJAT TaKOE€ HMOHM)KEHHOE
HanpsbkeHue Uk, TpU KOTOPOM TOKH B OOMOTKAax JOJDKHBI OBITh pPaBHBIMH HOMUHAJIBHBIM
Lix=hwu; bx= Dhn.

B ombiTe KOpOTKOTO 3aMbIKaHHs OJHO(A3HOTO TpaHchopMaropa BTOpPUYHAS OOMOTKA
3aKOpaYMBaeTCss HAKOPOTKO, TO ecTh ZH = 0, a HanpspkeHue BTopuuHoil oomotku U, = 0. Ilpu
9TOM HaNpsHKEHHE TEPBUYHOW OOMOTKH TMOJBOJWTCS TOHW)XEHHBIM JUISI TOTO, YTOOBI He
HOBpEAUTH TpaHchopmMaTop.

Ih-
—_—
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Pucynok 12.2 — Cxema onbITa KOPOTKOT'O 3aMbIKaHUS

OOopynoBanue u MaTepHaJIbI
1. JlabopaTopHas ycranoBka «TpaHchopmaTopbi»
2. Tpanchopmaropst (100 u 300 BUTKOB)
Onucanue 5KkcnepumeHmanbHol yCmaHoeKu

CocraB koMIuIeKkTa JlabopaTopHoro obopynoBanus « TpaHcdopMaTopbel» IpEeACTaBICH HA
pucyske 12.3.

Pucynok 12.3 — KoncTpykuus uzaenus
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Cxema nabopatopHoii ycTaHOBKH «TpaHchopMaTopbl» BKIIOYAeT B CeOS CICTYIOIINC
OJIOKM: JBYXIOJIOCHBIN BBIKIOYaTenb(l) mpeaHa3HayeH Uil MOJauyd MHUTAHUS HAa yCTAHOBKY;
MOJyJIb TUTaHUA(2) UMeeT aBa MUQPPOBBIX MHIUKATOpa sl oToOpakeHWs 3HaueHWd U u [,
CHUMaeMbIX C O0O0MOTKHM TpaHchopmaropa(6); peoctaT(3) CIyXUT aKTHUBHOW Harpy3Koii;
peryisaTop HanpsbkeHusi(4) CIyXUT AJii U3MEHEHMs] 3HAUeHMHM HampsikeHHs; MyJlbTumeTp (5)
npeHa3HayeH Ui u3MepeHus napamerpoB U u 1.

Ykazanus mo TexHuke 0e30MacHOCTH

[Ipu skcrutyatanuu o0OpyIOBaHUS HEOOXOAMMO COOJIOAATh CIEAYIOUIUE IpaBUiia
0e30MacHOCTH:

» K oOciyxuBannio 000pyIOBaHHS IOIYCKAIOTCS JIMIA, MPOIIEANINEe WHCTPYKTAX IO
TEXHUKE O€30MaCHOCTH.

* Ilepen wHauamom »SKcrulyatanud OOOPYIOBAaHUS HEOOXOAUMO YOEAUTHCS, UTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUI W HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAKXKe
OpU TOSBICHUU JbIMAa, HCKPEHUS WIM CHEeUUM(pUUECKOro 3amaxa IMeperperol HU30JsaIuH,
HEMeJIEHHO 00eCTO4YbTe 000PYI0BaHHE.

* BAITPEIIIAETCSI HencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACIHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HAYCHHUIO.

* BAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUN pabOoThI
U3JIEIHSL.

* Ilocne xpaHeHHss 0OOpPYJOBaHUS B XOJOJHOM IOMEUIEHWH WM IOCIE MEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllle, YeM yepe3 6 4acoB MpeObIBaHUS IpU
KOMHAaTHOW TEMIIEpaType B PacllaKOBaHHOM BHJIE.

* U3nenune sKkCIIyaTHpoBaTh TOJIBKO B MOMELIEHUM O€3 MOBBIIMIEHHON ONAacHOCTH I10
CTEIICHH MTOPAKEHUS DJIEKTPUIECKUM TOKOM.

* Bo n30exaHue MopakeHUs SJICKTPUUYECKUM TOKOM M BBIXOAA U3 CTPOs DJIEMEHTOB
U37Ienus, Ipyu paboTe 3anpeIiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKY TUTaHHUS.

* He ycranaBmuBaiite oOopynoBaHHe€ B  HENOCPEACTBEHHOW  OIM30CTH  OT
JIETKOBOCIUIAMEHSOIIUXCS U PACIIPOCTPAHSAIOIINX OTOHb IIPEJMETOB.

* He ocraBunsiiite 060pyioBaHye BKIIOYEHHBIM 0€3 IPUCMOTPA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYy/10BaHUS.

* He ocrammsiite o0opyZ0oBaHue B peXUME OXHIAHU Ha JIUTeNbHOE Bpems (Oosee 12
YacoB)

* Bo u3bexanne mojJoMok 00OpyAOBaHHs HE NMPUKIIAIbIBAWTE Ype3MEPHBIX YCHIUM MpH
MaHUIYJSIIUAX ¢ OPTraHAMHU yIIPABICHUS.

3aganus

B ombiTe X010€TOrO X012 HEOOXOAMMO OMPEACIUTD CIACAYIOIINE TAPAMETPHI:
1. Tok xonocroro xona lo. C momomipio amrepMerpa Al ONPEeNsioT TOK XOJIOCTOTO
X0JIa ¥ BBIPAXKAIOT €ro B MPOIEHTHOM COOTHOIIEHUH OT HOMUHAIBHOTO TOKA.

I
Too =ﬁ100% (12.1)
H

2. Koapdpunuent tpanchopmanuu k. C momolipo BoapTMETpa Vi B IEPBUYHON OOMOTKE
YCTaHABIMBAIOT HOMUHAIBHOEC HampspkeHHe Ulu, a C MOMOIIBIO BOJIBTMETPA V2, ONPENeNsIOT
Hanpsiokenue (20, KOTOpoe paBHO HOMUHAIBHOMY (2.
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w U
k=—=_1
wy, Uy

(12.2)
3. Ilotepu B nepBuuHOi 0OMoTKe Po. IloTepu B mepBUUHONM 0OMOTKE CKJIaJbIBAIOTCS U3
INEKTPUYECKUX U MATHUTHBIX MTOTEPb.

PO == 131‘1 + Igro (12.3)

4. Ilo mnonyyeHHBIM JaHHBIM TIOCTPOWTE XapaKTEPUCTUKH XOJOCTOTO  XOAa
TpanchopmaTopa (Ha obieit koopauHaTHOM ceTke): o, Po, cospo = f(U1).

B ormbITe KOPOTKOro 3aMbIKaHUS OMPEACIIAIOT CJIEYIOIUE TapaMeTpBhI:

1. HomuHanbHOE HaANpsKeHUE KOPOTKOro 3aMblkaHusa Uk, DTO HaANpsHKEHHE MEPBUYHOM
OOMOTKHM, TpPH KOTOPOM 3HAYEHHS TOKOB KOPOTKOTO 3aMbIKaHHWs B OOMOTKaxX paBHBI
HOMMHAJLHBIM. BbIpakaeTcsi B MPOIIEHTHOM COOTHOIIIEHUH OT HOMUHAJIBHOTO HanpshkeHUs Uln

Uy
UlH

U = — 100% (12.4)

2. IlapameTpbl cxembl 3amelleHus. Tak Kak BETBM HAMAarHUYMBAHMS IIPU  OIIBITE
KOPOTKOT'O 3aMBIKaHHUs HET, TO TOK B TIEPBUYHOI OOMOTKE paBeH TOKY BO BTOPUYHOIA.

Ih— :
—_— Fi X1 Iz Xz
o | | Yy I | ' & o o TEE—
P MERRTEESY | S |
U1LJ

Pucynok 12.4 — Cxema 3amelieHus pyu ONbITe KOPOTKOTO 3aMbIKaHHs
CrnenoBarenbHO, MOJTHOE CONPOTUBIIEHUE KOPOTKOTO 3aMBIKAHHSI MOYKHO OIIPENEIUTD KakK

U
7y = 1—“‘ (12.5)
1H
Iy = frkz + x2 (12.6)
nn=nr-+n (12.7)
X = X1 + X5 (12.8)
3. ConpoTHBJIEHHE BTOPUYHON OOMOTKU
rl
r=1s (12.9)
X
X = (12.10)

4. TlonHoe nmaZieHne HaINPSHKEHUST KOPOTKOTOo 3aMblKaHMsi Uk B 0OMOTKaX U €ro akKTUBHYIO
U PEaKTUBHYIO COCTaBISIONIYIO B %0
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IIHZk

Uy = -100% (12.11)
U1H
11HTk
Upa = -100% (12.12)
11
Ilek
Ui == 100% (12.13)
1H

5. Tlotepu kopoTkoro 3ambikaHusi Pk. Tak Kak, B OMNBITE€ KOPOTKOT'O 3aMbIKaHUSA Ha
MEPBUYHYIO0 OOMOTKY MOJAETCS MOHIKEHHOE HAMPSHKEHUE, TO MATHUTHBIA TTOTOK HMEET MAIIyIO
BEJIMUYMHY W HMM MOXHO TmpeHeOpeub. CrenoBaTelbHO, MOIIHOCTH  HOTpedsiemMast
TpaHCcHOPMATOPOM PACXOLYETCs Ha AIEKTPUUECKHUE MTOTEPU B OOMOTKAX.

P = 131 + I3y (12.14)
6. Cchopmupyiite oTUET U caenaiiTe BEIBOIBI.

Conep:xanue oT4éTa

OTuéT mo mabopaTopHOit paboTe NOIKEH COAEPIKATh CIIeIyIOIINEe OCHOBHBIE Pa3/Ieibl:

1. HaumeHoBaHue paboThl.

2. llenb paGoThL.

3. OnucaHue dKCIEPUMEHTAIIBHON METOIUKH.

4. llopsinoxk mpoBeAeHUs pabOTHI, TaOMUIBl pPE3YJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPEHUN.

5. Onpenenenre NOrpelIHOCTA U3MEPEHHUSL.

6. BeIBOBI.

7. OtBer.

KOHTpOJII)HbIe BOIIPOCHI

1. B uem 3akirodaeTcst ONBIT X0J0CTOro xoxa Tpanchopmatopa? [lo kakoil cxeme oH
MPOBOJUTCS?

2. Uro Ha3pIBaeTCs TOKOM XOJOCTOIO XOJa U TMOTEPSIMHM XOJIOCTOTO  X0ja
TpaHcopmaTopa? B kakux eIuHUIIaX OHU BbIpaXkatoTcs?

3. B uem 3akmioyaercss ONBIT KOPOTKOIro 3aMblkaHMs TpaHchopmaTtopa? Ilo kakoit
CXEM€ OH MPOBOIUTCS?

4. Uro Ha3bIBaeTCsd HaNpsHKEHHEM KOPOTKOTO 3aMbIKaHUS M MOTEPSIMH KOPOTKOTO
3aMbIKaHus TpaHchopmaropa? B Kakux eqMHUIIAX OHU BBIPAKAIOTCS?

5. Tlouemy c yBeIMYEHHEM MEPBUYHOTO HAMPSDKEHUS IPU OIBITE XOJOCTOrO XOoJa
YMEHbIIAeTCst KOAPPHUITUSHT MOIITHOCTH TpaHchopmaTopa?

6. Ilouemy mpu ombITe KOPOTKOTO 3aMBIKaHUS TOK B NEPBHUYHOW OOMOTKE J1OCTUTAET
HOMUHAJILHOTO 3HAYEHUS TIPU HAIIPSDKEHUH B HECKOJIBKO Pa3 MEHBIIIE HOMUHAIBHOTO?

Cnucok JuTepaTypbl, peKOMeHyeMblil K HCII0JIb30BAHUIO N0 TAHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®usuka: y4yeOHUK: AJs1 CTYJCHTOB BY30B, OOYYAIOLIMXCS 10 TEXH.
Harp. noarotoBku / T.U. Tpodumosa. - 2-¢ uzn., nepepad. u morm. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beiciee npodeccuonanbaoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemenus 3agad: B 2-x 1.:yueOHuUK /
T.1. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipwu.: c.
376-378. - ISBN 978-5-406-04428-5.
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JlonoJIHuTeIbHAS JIUTEepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBbIii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypansckuii penepansueiii yausepcuretr, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIH pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckasi Jureparypa:

1. MeTtoauuecke yka3aHHs 1O BBIMOJHEHHUIO JIA0OpAaTOPHBIX pabOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpuuectBo U maraetusMm. — HeunHombicck, HTU CK®YVY, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTHYCCKUX padOT MO JAHCIUTLIIMHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-O6nbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — HWudopmanuonnas cuctema "EnnHoe OKHO JocTyma K
00pa3oBaTEeILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIC KaTamoru ACCOIMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli mnOpTan oOHJAaMH o00ydeHuss «OTKpbITOE
o0Opa3oBaHUEY.

JlabopaTopnas padora 13. IIpoBepka nepBoro 3akona Kupxroga

Lenpb paboTel: DKCIIEpUMEHTANIbHAS MPOBEPKa nepBoro 3akoHa Kupxroda
dopmupyemMble KOMIETEHIIMM WU UX YaCTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKUM
amnmapar, METOAbl aHaju3a M MOJIEIHUPOBAHUS, TEOPETHYECKOIO0 M 3KCIEPUMEHTAILHOTO
MCCIICIOBAHMS TIPH PELIICHUN PO(ECCHOHANBHBIX 3a71a4

Teopernyeckast 4acThb

[IpaBuna Kupxroda (gacto, B mureparype, Ha3pIBalOTCS HE COBCEM KOPPEKTHO 3aKOHBI
Kupxroga) — COOTHOIIEHUS, KOTOpPbIE BBIIOJHIIOTCS MEXAY TOKAMM M HAINpPsDKEHUSIMHM Ha
ydacTkax Jr000i snekrpudeckoit menu. [Ipasuna Kupxroda mo3BosstoT pacCYUTHIBATh JTIOObBIE
JIEKTPUUYECKUE LEMH MOCTOSHHOTO, IEPEMEHHOI0 M KBa3UCTAllMOHAPHOTO ToKa. MiMeroT ocoboe
3HAUEHUE B AEKTPOTEXHUKE U3—3a CBOECH YHUBEPCAJIBHOCTH, TaK KaK MPHUTOAHBI JJIs PEIICHUs
MHOTMX 3aJa4 B TEOPUM DIIEKTPUYECKUX LENed M MPAKTUYECKUX Pacyd€TOB CIIOKHBIX
anektpudeckux neneil. Ilpumenenue mnpaBmwin Kupxroda k JuHEHHONH 3JI€KTpUUECKON LEnmu
MIO3BOJISIET MOIYYUTh CUCTEMY JIMHEHHBIX YPAaBHEHUM OTHOCUTEJIBHO TOKOB MJIM HAIPSDKEHUH, U
COOTBETCTBEHHO, HAWTH 3HAUEHUE TOKOB HAa BCEX BETBAX LIEMHU U BCE MEKY3JIOBbIE HANPSKEHUS.
Hazpanue «IIpaBuina» KOppekTHee OTOMY, YTO 3TH MpaBHUiIa He SBIAIOTCS (PyHIaMEHTaIbHBIMU
3aKOHAMH TPUPOABI, a BBITEKAIOT W3 (YHIAMEHTAIBHBIX 3aKOHOB COXPaHEHHs 3apsijia H
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0€3BUXPEBOCTH BJIEKTPOCTATHUECKOIrO MOJiA (TpeThe ypaBHeHHE MakcBeuia Mpu HEU3MEHHOM
MarHUTHOM I10JIe).

Jna popmynupoBku npaBuil Kupxroda BBOASTCS NOHSTHUS Y3€], BETBb M KOHTYD
3JIEKTpUUYECKON LienH. BeTBbI0 Ha3bIBAIOT JI000H ABYXIIOIIOCHUK, BXOASIIMH B 11€Tb, HATIPUMED,
Ha pucyHke 13.1 orpe3ok, oOo3HaueHHBIH Ri, i ecTh BETBb. Y3IIOM HAa3BIBAIOT TOYKY
coeZIMHEHUs Tpex U Oosee BeTBel (Ha pucyHke 13.1 o603HaueHbI )KUpHBIMU TouKamu). KoHTyp —
3aMKHYTBIM [IUKJI U3 BETBEU. T€PMUH 3aMKHYTBINM [IUKJI O3HAYAET, YTO, HA4aB C HEKOTOPOIO y3J1a
LENU ¥ OJHOKPATHO NPOMAS MO HECKOJBKUM BETBAM M y3JIaM, MOKHO BEPHYTBCSI B HUCXOJHBIN
y3en. BeTBu M y37BI, IPOXOAUMBIE TIPH TaKOM 00XO0Jie, MPUHITO HA3bIBATH MPHHAUICKAIIMH
JAaHHOMY KOHTYpy. IIpu 3TOM Hy’»XHO MMETH B BUIY, YTO BETBb M y3€J MOTYT NPUHAIJIECKATH
OJIHOBPEMEHHO HECKOJIBKUM KOHTYpaMm.

B TepMuHax maHHbIX ompezneneHui npaBuia Kupxroda GopmynupyroTcs cieayromuM
o0Opazom.

IlepBoe npasuo:

i

Pucynok 13.1 — Ilepssrii 3akon Kupxroga

CKOJII:KO TOKa BTCKACT B Y3CJI, CTOJIBKO U3 HCT'O U BBITCKACT
2+13=11+14 (13.1)

[Tepoe mpaBuno Kupxroda rimacut, uto anredpandeckas CcyMMa TOKOB B KaXXIOM y3J1e
mo0oil 1enu paBHa Hym0. [Ipuw 3TOM HampaBieHHBIH K y3]Iy TOK MPHHATO CYHMTAThH
IIOJIOKHUTCIIbHBIM, a HaHpaBHGHHLIfI OT y3JiIa — OTPULATCIIbHBIM: aJIT! e6pa1/1qec1<a51 CyMMa TOKOB,
HaIpaBJIEHHBIX K Y311y, paBHAa CyMM€ HaIllpaBJIEHHBIX OT y3Ja.

n
z I =0 (13.2)
=1

J%03090%078 CJIOBAMH, CKOJIBKO TOKa BTCKAaCT B Y3CJI, CTOJIbKO M3 HCIO M BBITCKACT. 910
IMpaBUJIO CIICAYCT U3 (I)YHI[aMeHTaHBHOFO 3daKOHa COXPAHCHUA 3apsiaa.

OO6opynoBaHne U MaTepHabl

l. JlaGopaTopHas yctaHOBKa «3akoHbl Kupxrodar»
2. Pesucropst
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Onucanue 9KCﬂ€puM€Hdele0ﬁ ycmaHoB8KuU

: ;

Pucynox 13.2 — KoHcTpykuus uzgenust

Cxema nabopaTopHOil ycTaHOBKH «3akoHbl Kupxroda» BkIoyaeT B ceOsi Cleayromue
Ostoku: Moy uTaHus(1); MOHTakHast U1 HAOOpHAs MaHek(2); U3MEPUTETbHBIN MOTyb(3).

Yka3anus mo TexHuke 0e30ImMacHOCTH

[Ipu »skcrutyaTanuu o0OpYyIOBaHMS HEOOXOAMMO COONIOAATh CJEAYIOIUEe IpaBUIIa
0€30MacHOCTH:

+ K oOciyxuBanuio 000pymoBaHHs IOIYCKAIOTCS JIMIA, MPOIIEANINEe MHCTPYKTaX IO
TEeXHHUKE 0€30MaCHOCTH.

e Ilepen wHauamoM OJKcIUTyaTaiud OOOpPYIOBaHUS HEOOXOIUMO yOEmUThCS, 4YTO
000pyZ0BaHNE HAXOAUTCA B BHIKJIIOYEHHOM COCTOSTHUH.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH U HEHCIIPABHOCTEH 00OPYJOBaHUS, a TAKXKe
OpU TOSIBJICHUU JbIMa, HCKPEHUS WU Cleuu(UYecKoro 3amaxa MeperpeTol U30JSIIHH,
HEMEIIIEHHO 00ecToubTe 000pyI0BaHuE.

* BAITPEHIAETCS neucnipaBHOE 000py10BaHHE.

* 3AIIPEIIAETCS wucnons3oBaTh M3JAEAME M €ro OTACNIbHbIE KOMIIOHEHTHI HE IO
Ha3HAYCHHUIO.

* BAITPEHTAETCS BckpbIBaTh U3JENHE.

* SATIPEIIIAETCS BumOM3MEHITh IPUHITUITHATBHYIO CXeMY U 001IHe (yHKIIMH PaOOThI
U3JICTIHSL.

* [locne xpaHeHuss oOOpy/IOBaHUS B XOJIOAHOM IOMEIICHWU WIIU IOCNE MEPEBO3KU B
3UMHHX YCIIOBHSX BKJIFOUATh €r0 B CETh MOXKHO HE paHbIlle, 4eM uepe3 6 4acoB MpeObIBaHUS TpU
KOMHAaTHOM TemIepaType B pacliakOBaHHOM BH/IE.

* W3genue sKCIUTyaTHpOBaTh TOJBKO B MOMENIEHHHM O€3 TOBBIIICHHON OMAaCHOCTH IO
CTETEHH MOPAKEHUS DIEKTPUUECKUM TOKOM.

* Bo u3bexxaHue MOpakeHHs IIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS IJIIEMEHTOB
U37IETHs, IpH padoTe 3ampeIIaeTcsi HCIOIb30BaTh BHEIIHUE HCTOYHUKH MTUTAHMUS.

* He ycranaBiauBaiiTe o00OpynOBaHHE B  HEMOCPEACTBEHHOHM  OIM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACIIPOCTPAHSIIOIIUX OTOHb MIPEMETOB.

* He ocrapnsiite 000opynoBaHue BKIIOYCHHBIM 0€3 MPUCMOTpA.

* He nomyckaiite momnaganus >KUIKOCTH BHYTPb 000pyTOBaHUSI.

* He ocraBnsiite 060pyqoBaHue B pexXHMe OXKHIaHUS Ha ATUTENbHOE Bpems (Oonee 12
YacoB)

* Bo uzbexaHnne moinoMok o0OpyAOBaHUSI HE MPUKIAIBIBANTE YPE3MEPHBIX YCUIHHN MpU
MaHUMIYJISIUSAX C OpTaHAMH yTIPABIICHUS.
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3aganus

1. Cobepute »>JEKTPUYECKYI0 CXEMYy, BCTaBUB B CBOOOJHBIE IOCAJOYHBIE MeCTa

MHUHUMOAYJIA PE3UCTOPOB.

3AKOHbI KUPXITOmA
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[ moayns muiawis I MOMTAXHAS WABOPHAS TARENs (][ VOMEPUTEAbHSIA WOAYAS )

Pucynoxk 13.3 — Dnexrpuueckas cxema dKCIIEpUMEHTA

2. IloaknounTte MUTAaHUE K CTEHLY, TOJIATe HAMIPSKEHUE HA CXEMY

3. U3mepsist TOKU B KOHTypax yoeautech B ToM, 4To A1=A2+A3, To ecTh BBITIOJHIETCS

nepBbiit 3akoH Kupxroda.
4. Chopmynupyite OTYET U clIeTaiTe BHIBOIBI.

Conep:xanue oT4éTa

Otuét no nmabopaTopHOit paboTe NOKEH COAEPIKATh CIeTyIOIINe OCHOBHBIE Pa3/Ieibl:

1. HanmeHnoBanue pabOTHI.
2. Henb paboThI.
3. Onucanue KCIePUMEHTATLHON METOTUKH.

4. ITopsnok mpoBeleHHs paboThl, TaOJIMIBI pPE3yJbTAaTOB MPSAMBIX M KOCBEHHBIX

WU3MEPECHUM.
5. Onpenenenre NOTPEeIIHOCTA U3MEPEHHUSL.
6. BeiBOAEI.
7. OtBer.
KoHTpoJbHBIE BONIPOCHI
1. CdopmynupoBarth nepBoe mpasuiio Kupxroda.
2. W3 kakux 37€MEHTOB COCTOUT 3JIEKTPUUECKas LIENb U KAKOBO UX Ha3HaueHue?
3. UTo Ha3bIBAETCS BETBBIO, Y3JIOM U KOHTYPOM 3JIEKTPUUECKOMN LETH?
4. K kakoMy ydacTKy 3JIeKTpHUYECKOH IIeTH IPUMEHUM NepBbIii 3akoH Kupxroda?

Cnmcok JiuTepatypbl, peKOMEHIyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi iuTEpaTypa:

1. Tpopumona, T. U. ®usmka: yueOHUK: Ui CTYyJCHTOB By30B, OOyYarONIIMXCS MO TEXH.
Harnp. noarotoBku / T.M. Tpodumosa. - 2-e u3., nepepad. u gom. - Mocksa: Axagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbHoe oopasopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-

339. - ISBN 978-5-7695-9820

2. Tpodpumosa, T. U.; Kypc ¢usuku ¢ npumepamu peimieHus 3anad: B 2-x T.:y4eOHUK /
T.U. Tpodumosa, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakamaBpuar). - [Ipwir.: c.

376-378. - ISBN 978-5-406-04428-5.
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JlonoJIHuTeIbHAS JIUTEepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBbIii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypansckuii penepansueiii yausepcuretr, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIH pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckasi Jureparypa:

1. MeTtoauuecke yka3aHHs 1O BBIMOJHEHHUIO JIA0OpAaTOPHBIX pabOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpuuectBo U maraetusMm. — HeunHombicck, HTU CK®YVY, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTHYCCKUX padOT MO JAHCIUTLIIMHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-O6nbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — HWudopmanuonnas cuctema "EnnHoe OKHO JocTyma K
00pa3oBaTEeILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIC KaTamoru ACCOIMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli mnOpTan oOHJAaMH o00ydeHuss «OTKpbITOE
o0Opa3oBaHUEY.

JlabopaTopnas padora 14. IIpoBepka BToporo 3akona Kupxroga

Lenb paboTel: DKCIepUMEHTaNIbHAS POBEPKa BTOPOro 3akoHa Kupxroda
dopmupyemMble KOMIETEHIIMM WU UX YaCTH:

OIIK-2 — crnocoOHOCTbIO NPUMEHSATH COOTBETCTBYIOIIMN (PU3MKO-MaTEMaTHUYECKUM
amnmapar, METOAbl aHaju3a M MOJIEIHUPOBAHUS, TEOPETHYECKOIO0 M 3KCIEPUMEHTAILHOTO
MCCIICIOBAHMS TIPH PELIICHUN PO(ECCHOHANBHBIX 3a71a4

Teopernyeckast 4acThb

Bropoe mpaBuno Kupxroda (nmpaBwno Hanpsokenmid Kupxroda) rmacut, dTO
anreOpanyeckas cyMMa TMaJCHUN HAmNpsHKEHUH Ha BCEX BETBSX, MPUHANICKAIIUX IJOOOMY
3aMKHYTOMY KOHTYpY LIeTd, paBHa ainreopanueckoit cymme J/[C BeTBeit aToro koutypa. Ecnu B
KOHTYype HeT uctouHukoB DJIC (umeanu3upoBaHHBIX TEHEPATOPOB HAMPSHKEHUSA), TO CYMMapHOe
naJIcHUe HApsKEHUH paBHO HYJIIO:

JUTSI IOCTOSIHHBIX HANPSKEHUMN:

n

m m
ZEk =ZUk =2Rklk (141)
k=1 k=1 k=1

JUTSl TIEPEMEHHBIX HAIPSKCHUI:

&9



n m

m
k=1 k=1 k=

m m
Rklk +ZuLk +Zu€k (142)
1 k=1 k=1

DOTO mpaBUiO BBITEKAET W3 3-TO YypaBHeHUss MakcBella, B YacTHOM Cllydae
CTAallMOHApPHOT'O MAarHuTHOT'O IOJIA.

WNupiMu cioBamu, mpu NOJTHOM 00X0/1€ KOHTYpa MOTEHIIMAJ, U3MEHSSACh, BO3BpAIllaeTcs K
HCXOAHOMY 3HAUCHUIO. YacTHBIM CJIy4acM BTOPOTO IpaBujia IJis ICIIH, COCTOSIIJ_IGP'I U3 OAHOI'O
KOHTYpa, sABjsieTca 3akoH Oma juis 3Toi nenu. [Ipu cocTaBiieHMU ypaBHEHHS HANPSOKCHUN 11T
KOHTYpa HY>KHO BBIOPATh IOJIOKUTEIbHOE HampaBieHue obxona kKoHTypa. [Ipu sTom maneHue
HaNpsOKEHUS HA BETBU CUUTAIOT MOJIOKUTENBHBIM, €CIIM HampaBiieHne 00xoja JaHHOW BETBU
COBITIAIaCT C paHCeC BBIGpaHHLIM HampaBJICHUCM TOKa BCTBU, U OTPULATCIILHBIM — B IIPOTHBHOM
ciydae (cMm. anee).

[IpaBuna Kupxroda crnpaBeiuBbl Al JIMHEWHBIX U HETUHEHHBIX JMHEAPHU30BAHHBIX
nenei npu 1o00M XapakTepe U3MEHEHHUS BO BpEMEHHU TOKOB U HANPSHKEHUH.

OOopynoBaHnne n MaTepHAJIbI

1. JlaGopaTopHnas ycraHoBKa «3akoHbl Kupxroda»
2. Pesucropst

Onucanue 3KCI’l€pMM€HmaJZbHOIZ YCcmaHo8KU

Pucynok 14.1 — Konctpykuus uzaenus

Cxema nabopatopHoil ycTaHOBKHM «3akoHbl Kupxroda» BkiIodaeT B cebs cieayromue
6s10ku: Monynb nutaHus(1); MoHTaxHast U HaOopHas maHenb(2); U3MEpUTEIbHBIA MOTYJIb(3).

Yka3anus no TexHuke 0e30ImMacHOCTH

IIpu »skcrutyaTauuu o0OpyIOBaHMS HEOOXOAMMO COONIOAATh CJEIYyIOIIUEe IpaBUIIa
0€30MacHOCTH:

» K oOciyxuBanuio o00pym0BaHHs IOIYCKAIOTCS JIMIA, MPOIIEANINE MHCTPYKTaX IO
TEXHHUKE 0€30MaCHOCTH.

e Ilepen wHauamoM OSKcIUTyaTaiud OOOpPYIOBaHUS HEOOXOIUMO yOemuThCs, 4YTO
000py0BaHNE HAXOAUTCA B BHIKJIIOYEHHOM COCTOSTHUH.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYOBaHUS, a TAKXKe
OpU TOSIBJIGHUU JbIMAa, HCKPEHUS WU Cleuu(UYecKoro 3amaxa MeperpeTol HU30JSIIHH,
HEMEIJIEHHO 00ecToubTe 000pyI0BaHuE.

* BAITPEHIAETCS neucnipaBHOE 000py10BaHUE.

* 3AIIPEHIAETCS wucnonp3oBaTh H3ACIHE W €r0 OTACIbHbIE KOMIIOHEHTHI HE TIO
Ha3HAYCHHUIO.

* BAITPEHTAETCS BckpbIBaTh U3JENHE.
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* SAITIPEILIAETCS BumoM3MEHATh TPUHIUIHAIBHYIO CXeMy M 001mue GyHKIHNA paboThl
U3JETHsL.

* Tlocie xpaHeHHss 0OOPYJOBaHUS B XOJOJHOM ITOMEUICHWW WJIH TIOCIIE MEPEBO3KH B
3MMHUX YCJIOBHSX BKJIIOYATh €0 B CETh MOKHO HE paHblIe, YeM yepe3 6 4acoB NpeObIBaHMS ITPU
KOMHAaTHOMW TeMIIepaType B pacliakOBaHHOM BH/IE.

* W3nenue sKCIulyaTHpoOBaTh TOJBKO B MOMEIIEHMM O€3 MOBBIIIEHHON OMAaCHOCTU IO
CTEIEHH MTOPAKEHUS DJIEKTPUUECKHM TOKOM.

* Bo n30exaHue nopakeHUs 3JIEKTPUUYECKUM TOKOM M BBIXOAA U3 CTPOs 3JIEMEHTOB
U3JIeNusl, Ipyu paboTe 3anpeniaeTcs UCIOJIb30BaTh BHEITHUE UCTOUHUKH MUTAHUS.

* He ycranaBmuBaiite oOopynoBaHHE€ B  HENOCPEACTBEHHOW  OIM30CTH  OT
JIETKOBOCIUIAMEHSIOIINXCS U PACIPOCTPAHSIOLIUX OTOHb IIPEIMETOB.

* He ocrasunsiiite 060pynoBaHue BKIIOYEHHBIM 0€3 MPUCMOTPA.

* He nomyckaiite nmonaganus *KuAKOCTH BHYTpb 000pyA0BaHUS.

* He ocraBnsiite o6opyoBaHUE B peXUME OXKHJIAHU Ha JJUTeNnbHOe BpeMs (Oosee 12
YacoB)

* Bo u3bexanue nojaoMok 00OpyAOBaHUs HE NPUKIIAAbIBAlTe Ype3MEPHBIX YCHIUH MpH
MaHUMNYJSIUAX C OpraHaMU yIpaBIeHUS.

3aganus

1. Cobepute »SIEKTPUUECKYIO CXEMYy, BCTaBHB B CBOOOJHBIC IOCAJOYHBIE MeECTa
MUHHMO/TYJIA PE3UCTOPOB.
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Pucynok 14.2 — Dnexrpuueckas cxema dKCIIEpUMEHTA

2. IlopxnrounTe NUTAaHUE K CTEHAY, IOJATh HANPSDHKEHUE HA CXEMY
3. V3mepsist maneHus HampsOKEHWS B KOHTypax, YOeIWTeCh B TOM, UTO El —
E2=UI1R1+U2R2..., To ecTb BBINOIHsETCS BTOPOI 3akoH Kupxroda.

Conep:xanue oT4éTa

OTuéT o nmabopaTopHOit paboTe NOHKEH COAEPIKATh CIIeIyIOIINEe OCHOBHBIE Pa3/Ieibl:

1. HaumeHoBaHue paboThl.

2. llenb paGoThL.

3. OnucaHue 3KCepUMEHTaIbHON METOIUKH.

4. llopsinok mnpoBeaeHUs pabOTHI, TaOMUIBl pPE3YJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPEHUM.

5. Onpenenenre NOrpelIHOCTA U3MEPEHHUSL.

6. BeIBOEBI.

7. OTBer.

KOHTpO.]'[I)HbIe BOIIPOCHI

—

CdopmynupoBats BTopoe nmpasuio Kupxroda.
2. W3 kakux 37€MEHTOB COCTOUT 3JIEKTPUUYECKas LIeNb U KAaKOBO UX Ha3HaueHue?
YTo Ha3bIBAETCS BETBBIO, Y3JIOM U KOHTYPOM 3JIEKTPUUECKOM Lenu?

(98]
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4. K xakomy y4dacTKy 3J€KTpHUUeCcKOM Ieny MPpUMEHUM BTOpoi 3akoH Kupxroda?
Cnucok JiuTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHHIO 110 IAaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®usuka: y4yeOHUK: AT CTYJCHTOB BY30B, OOYYAIOLIMXCS 110 TEXH.
Harp. noarotoBku / T.U. Tpodumosa. - 2-e uzn., nepepad. u morm. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbaoe oopazopanne) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.1. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipur.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoHUTeILHASA JTUTEpaTypa:

1. IToB3uep, A. A. ®usuka. ba3ossrii kypc. Hacts 1 [DnekTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Ilos3uep, A. I'. AnnpeeBa, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIC
nannbeie. — ExarepunOypr: Ypanbckuii penepanpabiii yausepeuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum nocrymna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBIN Kypc [DIEKTpOHHBIN pecypc]: yueOHuk / B.
A. HukepoB. — DiieKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctyma: http:// www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usuke : [yded. mocobue nis Bry3oB] / A. I'. UepTos, A.
A. BopoOneB. - 8-¢ u3a., nepepad. u gom. - M. :@usmartaut, 2007. - 640 c. : wir. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7

MeToanueckas Jureparypa:

1. Metoauyeckue yka3aHHWs IO BBITIOJIHCHHIO J1aOOPATOPHBIX PadOT IO JUCITUTIIMHE
«Duzukay: Yacts 2. DnekrpuuectBo U maraetusM. — Hesunnomsicck, HTU CK®Y, 2019. - 58
c.

2. Meroanueckue yKa3aHHsI 1O BBIMIOJHEHUIO MPAKTUYECKUX pabOT MO JAUCIUILIIMHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexrponHo-oubnuoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — Hudopmanmonnas cuctema "EguHoe OKHO gocTyma K
00pa3oBaTeNbHBIM pecypcam;

3. http://catalog.ncfu.ru — sneKTpOHHBIE KAaTaJIOTH ACCOIMAIIUN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHni u opranuzanuiit CKOO,;

4. https://openedu.ru — HamuoHanbHBIA TOpTan OHMAWH 00yueHUs: «OTKPBITOE
o0Opa3oBaHUEY.

JladopaTopnasi padora 15. /IC 3/1eKTpPOMATHUTHOI HHAYKIMH B ABHKYIIIEMCS
KOHTYpe

Lenb pabotsl: nzydenue D/]C 3eKTpoMarHuTHOM HHAYKLIUHU B IBHKYIIEMCSI KOHTYpE.
®opmupyemMble KOMIETEHIIMM WU UX YaCTH:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMK (PU3UKO-MAaTEeMAaTHUECKUN
ammapaTr, METOIbl aHajdM3a W MOJCIUPOBAHUS, TEOPETHYECKOTO U 3KCICPUMEHTAIBHOTO
UCCIICIOBAaHMS IIPU PELICHUN PO(EeCcCHOHANBHBIX 3a71a4
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Teopernyeckasi 4acThb

B 1831 rogy M. ®apaneil ONbITHBIM IMYTEM YCTAHOBHWJ, YTO BO BCSIKOM 3aMKHYTOM
IPOBOASILEM KOHTYpE IPH U3MEHEHUM MOTOKAa MAarHUTHOM MHAYKLWH, IPOHU3BIBAIOLIETO TOT
KOHTYP, BO3HHMKAET IEKTPUUYECKUI TOK. DTOT TOK MOJYYHJI Ha3BaHWE MHIYKUHOHHOTO Toka, G
camMo sBJIEHHEe OBUIO HAa3BaHO JJIEKTPOMArHUTHOW MHAyKuued. HamoMHUM, 4YTO MOTOKOM
MarHuTHOM MHAYKIMU (MarHUTHBIM ToTOokoM) d® dyepe3 miomanaky dS Ha3bIBaeTCs CKaJsgpHas
BEJIMYMHA, KOTOpasi COCTaBJISET

d® = BdScosa (15.1)

rie B — Moaynp BekTOopa MarHMTHOM MHAyKUuH, dS — I1uiomianp, OxBaTblBaeMas
3aMKHYTHIM MPOBOJSIIMM KOHTYpOM, Q — yroi Mexay BeKTopoM B® u HOpMambio K TUIOIIAIKE
dS. U3 dopmynsr 15.1 BuaHO, YTO MPUYMHAMH W3MECHECHHS MAarHUTHOTO TIOTOKAa MOTYT OBITh:
M3MEHEHHUE TUIOMIAIN 3aMKHYTOTO MPOBOJAIIETO KOHTYpPa, U3MEHEHUE yIila a WM W3MEHEHHE
MOJyJsl MAarHUTHOM HWHAYKIMH. MHOrOYMCIEHHbIE ONbBITHI MOKa3aldh, 4YTO 3HA4YECHHE
WHAYKIIMOHHOTO TOKa HE 3aBHCHT OT CMOco0a W3MEHEHHS MOTOKa MAarHUTHOM WHIYKIMH, a
OIpeeNsaeTcs JMIIb CKOPOCThIO ero nu3MeHeHus. CoryacHo 3akoHy OMa 3JeKTpUYECKUN TOK B
3aMKHYTON LIEMM MOXET BO3HUKHYTh TOJIBKO B TOM CiIy4ae, €Clid B JTOW IIEMH MOSBIAETCS
ANIEKTpoBMXKYIas cuia. [103ToMy BO3HMKHOBEHHME MHIYKIMOHHOTO TOKAa CBHJIETEIBCTBYET O
TOM, YTO B 3aMKHYTOM MPOBOJAIIEM KOHTYpE, HaXOAIIEMCs B IEPEMEHHOM MarHUTHOM TOJe€,
Bo3Hukaer DJIC wmuaykumu. O600mas pe3ynbTarthl ombiToB, M. @apazneir copmynnpoBa
KOJIMYECTBEHHBIH 3aKOH 3JEKTPOMAarHUTHOM MHIYyKUMU: KakoBa Obl HHM ObUla MpHYMHA
W3MEHEHUs TIOTOKa MAarHUTHOW MHAYKIUM, OXBaThIBAEMOTO0 3aMKHYTHIM MPOBOJSAIINM
KOHTYpOM, BO3HHUKaromas B KoHType IJIC ompenensercss TOJBKO CKOPOCTBIO HW3MEHEHUS
MarHUTHOTO MOTOKA:

do
dt

3Hak mMuHyc B (opmyne 6.2 ompenensiercs npaBuioM JIeHIa: MHIYKIIMOHHBIA TOK B
KOHTYpEe BCErJla HMMEET TaKoe HalpaBJICHHE, YTO CO3/1aBa€MOE€ KM MAarHUTHOE IIoJie
MNPENSATCTBYET U3MEHEHUIO MarHUTHOTO MOTOKA, BBI3BABIIETO UHAYKIIMOHHBIN TOK.

VBenuyenue noroka ¢ d@/dt > 0 Be3bBaetr I/IC €i < 0, T.e. MoJe HHAYKIUOHHOTO TOKA
HaIpaBJIECHO HABCTpPedy MOTOKY. YMeHblneHue motoka d®/ dt < 0 BeeiBaer D/IC €i < 0, T.e.
HANpaBlIEHUsI TIOTOKAa ¥ TMOJSI HHAYKIMOHHOTO TOKa CoBHamalT. Takum oOpaszom,
WHIYKIIMOHHBIM TOK B KOHTYpe 0O0YCIIOBJIEH BO3HMKHOBeHHWEM B HeM JJIC MHIyKumMH, a 3TO
3HAUMT, YTO HA 3aps/bl B KOHTYpE JIEUCTBYIOT CTOPOHHUE CHIIbI. BBIACHHM, KaKoBa ke Npupoaa
3TUX CTOPOHHUX CHJI. J[JI 3TOr0 paccMOTpPUM JBa CiIy4yas U3MEHEHUSI MAarHUTHOTO MOTOKA.

1 cnydail. M3mMeHeHME MAarHMTHOrO IIOTOKA, TPOHU3BIBAIOIIETO HEMOBUKHBIN
MIPOBOJAIIMN KOHTYD, BBI3BAHO IEPEMEHHBIM BO BPEMEHN MAarHUTHBIM MOJIEM.

CornacHo Teopum MakcBesia, BCSKOE€ TMEPEMEHHOE MAarHUTHOE ToJie BO30YKIAeT B
OKpYXaloIleM HPOCTPAHCTBE 3JIEKTPUUYECKOE MOJie. DTO AJIEKTPUUECKOoe Mojie (B OTIUYHME OT
ANIEKTPOCTATUYECKOTO TMOJIsI) HE CBSI3aHO HEMOCPEJACTBEHHO C BJIEKTPUUYECKUMH 3apsiiaMH,
MIO3TOMY €r0 JIMHUH HANpsHKEHHOCTH HE MOTYT HAa HUX HAYMHAThCA M 3aKaHUYMBAaThCA. JIMHMM
HANPSDKEHHOCTH TaKOTO JIEKTPUYECKOTO TMOJIS PEICTABISIIOT CO00M 3aMKHYTBIC JIMHUH, 4 CAMHU
0JIs1 Ha3bIBAIOTCSI BUXPEBBIMU. Takum 00pazoM, B 3TOM Cilydae CTOPOHHUMU CHUJIAMH SIBIISIOTCS
CHJIbl BHUXPEBOTO 3JJIEKTPUUECKOTO TMOJsl, U MMEHHO OHHM 3aCTaBIISIIOT JIBUTaTbCs 3apsiibl B
IIPOBOJIHUKE.

2 ciyyail. MarHUTHBIH TOTOK M3MEHSIETCSl BCJIEACTBUE MEPEMEIICHUS MPOBOJHUKA B
MOCTOSTHHOM MarHWTHOM moJjie. B 3tom ciyuae BozHukHOBeHue DJIC MHIYyKIHMH OOBICHSIETCS
neiictBueM cuiibl JIopeHia Ha cBOOOIHBIE 3apsi/ibl B IBMXKYILEMCS IPOBOAHUKE (pUCYHOK 15.1)

g = (15.2)

93



o1

-
5

Pucynok 15.1 — JlefictBue cuibl JIopeHIia Ha CBOOOTHBIE 3aps/Ibl B ABHKYIIEMCS
IIPOBOJHHKE

[Tox neiicTBUEM 3TOM CHIIBI MPOUCXOUT CMEIICHUE IIEKTPOHOB. B pe3ynbrare Ha 0HOM
KOHIIE TPOBOJHMKAa o0Opasyercs U30BITOK OTPULATEIBHOTO 3apsia, a Ha JApyroMm —
nonoxkurenbHoro. Cumna JlopeHna B 3ToM ciyyae WrpaeT pojib CTOpOHHEH cuibl. Paznenenue
3apsiIOB BHYTPHU MPOBOJHUKA MPUBOJIUT K BO3HUKHOBEHHIO AJIEKTPUUYECKOTO TOJISI, CO CTOPOHBI

KOTOPOTO Ha 3apsibl OyJeT NeiCTBOBATh Chjla
15.3
_E (15.3)
rae q — 3apsa, E — HanpsskeHHOCTD AMEKTPUYECKOTO TOJSL.
Paznenenne 3apsamoB OyneT NTPOMCXOOWTH 110 TeX ToOp, moka cwuina JlopeHma He
YPaBHOBECHUTCS CHIIOH, IEHCTBYIOIIEH CO CTOPOHBI AIEKTPUIECKOTO TOJIS:

—qE = quBsina (15.4)
IZie 0. — YTOJI MeXJly BEeKTOPOM MarHUTHOM MHAyKuuu B p u BekTopoM ckopoctu v. Eciu

9TH BEKTOPBI B3aUMHO NEPIIEHIUKYJIAPHBL, TO Sino = 1, Toraa mnocie npeodpa3oBaHus NOTyUUM:
—-E=uB (15.5)

N3BecTHO, uTO pasHoCTh nmoTeHnuanoB d¢ = — Edl . YMHoxuB 00e yacTu ypaBHeHus 6.5 Ha
BennuKHy nuddepennuana 3¢pdexTuBHOM MHBI TpoBoaHKKA dl, momyunm

do = Budl (15.6)

Tak xak A¢ = U HaBeIeHHOE B IPOBOJHUKE HANPSYKEHUE MOYKHO HAWTHU Kak
U =Bl (15.7)

HaBonumoe HampspkeHHE B 3TOM Cllydae MMEET JOCTaTOYHO Majylo BEJIMYMHY (MOpsIKa
MHUKpPOBOJIBT). HaMHOTO OoJblliee HABEJEHHOE HANPSIKCHUE IOJyYaeTCs, €CIM B MarHUTHOM
10JIe ABMKETCS MPOBOMASIINI KOHTYp ¢ HECKOJIBKMMHU BUTKaMHU Ha ecTKoi pamke. Eciu mpu
3TOM paMKa JIMILIb YaCTHMYHO MOMNAaJaeT B MarHUTHOE I0JI€, CUTYyallusl TaKOBA, KaK CXEMAaTUYHO
MOKa3aHo Ha pUCyHKe 15.2

a ..x ..\' —1;_&'_p.\' X

Pucynok 15.2 — Cxema Bo3nukHOBeHUS D/]C MHAYKIMK B ABMKYIEMCS POBOISIIIEM
KOHTYype

HpOI[BI/I)KeHI/Ie MarHuTHOM PaMKH B MArduTHOC TIIOJIC TMPUBOAWUT K H3MCHCHUIO
MAarHuTHOTI'O MOTOKa CO CKOPOCTBHIO
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do
d—tl = BNav (158)

I7le a — WUpUHa KOHTypa, N — 4ucio BUTKOB. HaBeieHHOE HampsKeHUe B 3TOM Cilydae
COCTaBUT

U, = BNav (15.9)

Kak TOnBKO mpOBOIALIMII KOHTYP OKa3bIBa€TCS MOJHOCTHIO B MAarHUT— HOM TOJe€,
MarHUTHBIN ITIOTOK 4cpe3 MOBCPXHOCTh, OTPAHUYCHHYIO 3TUM KOHTYPOM, NICPECTACT USMCHATHCH.
[Tostomy D/IC MHAYKIMK B KOHTYpPE HE BO3HHUKAET, CIEAOBATEIbHO, HABEJICHHOE HAIPSKEHUE
CTAHOBUTCA PAaBHBIM HYJIIO. I[aaneﬁmero HU3MCHCHUA MArHuMTHOI'O IMMOTOKAa HC MPOUCXOOUT OO
TE€X MOp, MOKa KOHTYp HE HAYHET BBIXOAUTh W3 MArHUTHOTO MoJyid. 3a BpeMs At KOHTYp
nepeMeniaeTcsl Ha paccTossHue VAL, U 4acTh TUIOLIAAN KOHTYpa, KOTOPYIO MEPEeCceKacT MarHUTHOE
moJie, yMeHbIaercs Ha BenuuuHy AS = IvAt. MarHUTHBIN MOTOK MPH STOM YMEHBIIUTCS, a
HaBCACHHOC  HAIIPAKCHUC 6yl[€T HUMCTh HpOTHBOHOHO)KHBIfI 3HaK MO CpaBHCHUIO C
NepBOHAYAIbHBIM 3HaueHHeM. V3MeHeHHe 3Haka TakKke MPOMCXOAUT, €CJIM HaIlpaBJICHHE
ABWIKCHUS KOHTYPA U3MCHACTCA HAa MPOTHUBOIIOJIOKHOC.

B nannoii pabGoTe m3ydaercs 3aBUCHMOCTb HABEJCHHOTO HANPSKEHUS OT CKOPOCTH
ABWIKCHUS KOHTYpPa U YHCJiIa BUTKOB B HCM.

“F3=F=F1+F2 (15.10)

3ananue: OnpenenuTs 3aBUCUMOCTh MHAYyLUpoBaHHON DJIC B KaTylIke OT CKOPOCTH €€
JIBYDKEHUSL.

OOopynoBanune n MaTepHAJIbI

—_

JlaboparopHas ycraHoBka « M HAYKIMS B IBUKYILEMCS TIPOBOJASAILEM KOHTYPE»
2. MynabsTuUMeETp

Onucanue 37<CI’l€puM€HmaJle01:2 YCmaHoBKU

(5]

Pucynok 15.3 — KoncTpykuus uzaenus

Cxema nabGopaTopHOil ycTaHOBKM «MHAyKIMs B ABMKYIIEMCS NMPOBOASIIEM KOHTYPE»
nokKaszaHa Ha pucyHke 15.3

l'opusoHTaneHbIii KOpoO(1), B OCHOBaHHME KOTOPOTO YCTAaHABIIMBAIOTCS TIOCTOSIHHBIE
MarHuThl(6), Ha BHYTpEHHEHW CTOpOHE KOTOporo 3akperuieH U—oOpa3HbI TOKOIPOBOISLIHMMA
KOHTYp(2) ¥ HaHeceHa MeTpuuecKass IIKajga. BJaonp KOHTypa 1O HamnpaBisSIOLMM Ha
U30JIMpOBaHHON Tuiomaake (3) mepememaeTcss Imepembluka. VI3MeHssT mepemelieHHeM
NEPEMbIYKH JJIMHY KOHTYpa, MOXHO HW3MEHATh MAarHUTHBIA TOTOK 4epe3 IUIoUIab,
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OTpaHWUYCHHYIO TepeMblukoi. HaBeneHHOe  HampsDKeHHE  HW3MEpsSieTcss C  MTOMOIIBIO
U3MEpUTENIbHOTO Tprbopa. M3Mmepsis mnpu TOMOIIM CEKYHIOMEpa BpeMs, a Mo IIKaie
paccTOsIHAE, MOYKHO TOJTYYUTh 3aBHCHMOCTh HABEJCHHOTO HAMPSHKEHUS OT CKOPOCTH JBUKCHHUS
NPOBOJISIIIETO KOHTypa. VI3MEHEHHE CKOPOCTH OCYHIeCTBIsieTcss KHomkamu(7) Ha BepxHEH
naHesm kopo6a(l). C moMompio MyJIBTHMETPA, TOIKIIOYCHHOTO K KiieMMaM(4) MpOu3BOIUTCS
U3MEPEHUE HABEJICHHOTO HATIPSKCHHUSI.

Yka3anus mo TexHuke 0e30IMacHOCTH

[Ipu skcruryatanum o0OpyIOBaHUS HEOOXOAMMO COOMIOIATh CIEAYIONIUE TpaBHUiIa
0€30MacHOCTH:

* K ob6cnyxuBanuio 000pyJOBaHUS JOMYCKAIOTCS JIHMIA, MPOIIEIIINEe MUHCTPYKTAX I10
TEeXHHUKE 0€30MaCHOCTH.

* Ilepen mHavamom »SKCIuTyatanud OOOPYIOBAaHUS HEOOXOAUMO YOCIAHMTHCS, UTO
000pyI0BaHNE HAXOAUTCS B BHIKITIOYCHHOM COCTOSTHUH.

* [Ipu oOGHapyKeHUHU TIOOBIX MOBPEXKACHUN U HEUCIIPABHOCTEH 000pYI0BaHUS, & TAKKE
OpU TOSIBJICHUW JbIMAa, WCKPEHUS WU CIeUU(DUUECKOTo 3armaxa TMeperpeTo U30JISIHH,
HEMEJICHHO 00eCToubTe 000pYI0BaHNE.

* SATIPEHIAETCS neucnipaBHOE 000pyA0BaHHUE.

* 3AIIPEIIAETCSA wucnonb3oBaTh HM3AEIHE M €0 OTACIbHBIC KOMIIOHEHTBHI HE MO
HA3HAYCHUIO.

* SATIPELHIAETCS BckpbIBaTh U3€ETHE.

* SAITPEILIAETCS BuIOM3MEHATh IPUHIUIUATIBHYIO CXeMY M 001ue (GyHKIHUU pabOoThI
U3JICITHSL.

* [locne xpaHeHuss OOOPYIOBaHHUS B XOJIOAHOM IOMEIICHUU WIU TOCIE TMEPEBO3KH B
3MMHHUX YCJIOBHSIX BKIIIOUATh €r0 B CETh MOYKHO HE paHbllle, 4eM yepe3 6 4acoB mpeObIBaHUS MpU
KOMHATHOU TeMIIepaType B pacliakOBaHHOM BH/IC.

* Usnenue sKkCIIyaTUpoOBaTh TOJIBKO B MOMENIEHUM O€3 MOBBIIMIEHHON OMacHOCTH IO
CTETICHH MOPAXKEHUS DIIEKTPUICCKIM TOKOM.

* Bo uzbexxanue mopakeHHsI IJIEKTPUYECKUM TOKOM M BBIXOJA M3 CTPOS AJIEMEHTOB
U3JIeNus, Ipu paboTe 3ampeniaeTcst UCIOJIb30BaTh BHEITHIE HCTOYHUKH MTUTAHUS.

* He ycranaBmuBaiiTe 000pyIOBaHHE€ B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIUXCS ¥ PACTIPOCTPAHSIONIUX OTOHB TIPEIMETOB.

* He ocraBmnsiite 000py10BaHKEe BKIIOUYEHHBIM 0€3 TPUCMOTpA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYy/I0BaHUSI.

* He ocrapmsiite o0opyoBaHrEe B peKUME OXHUIAAHUS Ha JUIMTENbHOE BpeMs (Oonee 12
4acoB)

* Bo uzbexanue moJioMoK 000pYyIOBaHMs HE TPUKIAJABIBANTE YPE3MEPHBIX YCHUIUN TPH
MaHUMYJISIUSAX C OpTraHAMH yIPaBICHUS.

3aganud

1. IloakmtounTe MyIbTUMETP K KJIEMMaM Ha yCTaHOBKE.

2. Bxirounrte nuTaHue.

3. KnonkaMu mnepekito4eHusi CKOpOCTe Ha yCTaHOBKE, HAUMHASI C MEHbIIEH CKOPOCTH,
IIPUBEIUTE KaTylIKy B ABUKCHUE.

4. 3adukcupyiite Bpems €€ IBUKCHHUS 110 BCEH ITMHE YCTAaHOBKH.

5. BepHute KOHTYp B IEPBOHAYAIBHOE MOJ0KEHUE KHONKOM «Bo3Bpar»

6. [Ipunumas qunHy ycraHoBku paBHOU d =0,4 M, paccuuTaiiTe CKOPOCTh PABHOMEPHOTO
JBIDKEHUSI PAMKH C KaTYIIIKOM.

7. BHOBb IIpUBEIUTE PaMKy C KAaTyLIKOM B JBUKEHHUE U U3MEPUTH MyibTUMeTpoM DJ[C
UHAYKIMK Ha npenene 200 mV.

8. JlanHble onbiTa 3aHecuTe B Tabmuiy 15.1.
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Tabmunma 15.1

1. v, MM/cC 2.9]1C, mV

9. OnbITHI O MyHKTaM 3—6 TOBTOPUTE JJIs1 CKOPOCTEN 2—3.
10. IToctpoiite rpaduk 3aBucumoctH €i = f(v).

11. I3MeHuTEe pacnoaokeHue MarHuTOB U TIOBTOPUTE OTIBIT.
12. ChopmynupyiiTe OTYET U clienaliTe BHIBOIBI

Conep:xanue oT4éTa

OTuéT mo mabopaTopHOit paboTe NOIKEH COAEPKATh CIIeIyIOIINe OCHOBHBIE Pa3/Ieibl:

1. HaumeHoBaHue paboThl.

2. llenb paGoTHL.

3. OnucaHue dKCIEpUMEHTAIBHON METOIUKH.

4. llopsinox mpoBeAeHUs pabOTHI, TaOMUIBl pPE3YJIbTATOB NPSIMBIX U KOCBEHHBIX
U3MEPEHUN.

5. Onpenenenre NOrpelIHOCTA U3MEPEHHUSL.

6. BeIBOEBI.

7. OtBer.

KOHTpOJII)HbIe BOIIPOCHI

1. UTo Takoe 3JIeKTpOMAarHUTHAs UHIYKIHS?

2. IIpu kakux ycia0BUSIX BO3HUKAET JAHHOE (PU3NUYECKOE SIBJICHUE?
3. YTo Ha3bIBaIOT NOTOKOM MarHUTHOM MHAYKLUU?

4. ChopmynupyiTe 3aKOH 3JI€KTPOMAarHUTHON MHAyKuuu Papanes.
5. KakoBa nmpupoaa CTOpOHHUX CHil?

CHnucok JuTepaTypbl, peKOMeHyeMblil K HCIIO0JIb30BAHUIO 110 JAHHOU Teme

OcHoBHas1 JiuTEparypa:

1. Tpopumona, T. . ®usnka: yueOHUK: JJI1 CTYyJACHTOB BY30B, 0OYUYaIOIIUXCS IO TEXH.
Hanp. noaroroBku / T.M. Tpopumosa. - 2-e uza., nepepad. u gom. - Mocksa: Axagemus, 2013. -
346 c.: mi. - (Beicmee npodeccronansHoe oopazoBanue) (bakamaBpuar). - [Ipeam. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodbumosa, T. U.; Kypc dusuku ¢ nmpumepamu pemeHus 3agaq: B 2-X T.:y4eOHHK /
T.W. Tpopumosa, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipui.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoHUTeILHAS JUTEpaTypa:

1. IToB3uep, A. A. ®usuka. ba3oserii kypc. Yacts 1 [DnekTpoHHBIN pecypc]: yueOHOE
nocobue / A. A. Iloe3uep, A. I'. AnngpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIE
nanubeie. — ExarepunOypr: Ypanbckuii penepansabiii yausepeuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum nocrymna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBIN Kypc [DIEKTpOHHBIN pecypc]: yueOHuk / B.
A. HukepoB. — DiieKTpoH. TekcToBble qaHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctyma: http:// www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usuke : [y4ed. mocobue nmis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ u3za., nepepad. u gom. - M. :@usmartaut, 2007. - 640 c. : wi. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7
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MeTtoanyeckasi Jureparypa:

1. MeTtoauueckne yka3aHHs MO BBIMOJHEHHIO JIAOOPATOPHBIX pabOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpuuectBo u maraetusM. — HeunHombicck, HTU CK®Y, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTHYCCKUX padOT MO JAUCIUTLIIMHE
«®us3uka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-0nbmmoreunas cucrema [PRbooks;

2. http://window.edu.ru  — HWudopmannonHas cucrtema "EnnHoe OKHO JocTyma K
00pa3oBaTEILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIE KaTanoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHbelli mnOpTan oOHJaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHE».

JlaGoparopnas padora 16. UccienoBanue cuinl Jlopenua

Heﬂb paGOTBIZ HU3YUYCHUC MOBCACHUA paMKU C TOKOM B IMMOCTOAHHOM MAarHuTHOM IIOJIC U
OMpECaACIICHNUE BCIIMUYWHBI HHAYKIWHW MAarHuTHOI'O ITOJIA B.

dopmupyemble KOMIETEHIIMH UIN UX YaCTH:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMH (U3UKO-MAaTEMATHYECKUN
anmapar, METOJbl aHajiu3a U MOJEIMPOBAHUS, TEOPETHUUYECKOTO M IKCIHEPUMEHTAIbHOIO
UCCIIIOBaHMS IIPU PELIeHUU NPo(ecCHOHaNbHBIX 3a7a4

Teopernyeckasi 4acThb

Cuity, IeMCTBYIONIYIO Ha JABMXKYILYIOCS 3apsKEHHYIO YaCTUIy CO CTOPOHBI MarHUTHOTO
OJIs1, HAa3bIBAIOT cwiloi JIopeHna.
B ciydae noctossHHOro MarHuTHOro noJist cuia Jlopenua

F. = q[0 x B] (16.1)

rAe q — 3apsij 4acTUIb], U — €€ CKOPOCTh, B — BEKTOp MArHUTHON MHIYKIIMH.

N3 popmyner 16.1 BugHO, uTo cuia JlopeHua HanpaBieHa NepHeHIUKYIISAPHO MIIOCKOCTH,
B KOTOpOM HaxonATcs BeKTopel V u B. Hanpasnenne cuiibl JlopeHna onpenesercs ¢ IoMOIIbIO
IpaBUiIa JIEBOW PYKU: €CIIU Jal0Hb JIEBOW PYKH PACIIONIOKUTH TaK, YTOOBI B HEE BXOAWIH JIUHUU
VMHJYKIWHA MAarHATHOTO I0JIs1, @ YETHIPE BBITSHYTHIX NaJIbla HAIIPABUTH BJIOJIb BEKTOPA CKOPOCTH
V, Torga Juist MoJIOKUTENIBHOTO 3apsiia OTOTHYTHIHM OOJIBIION Masiel MOKaKeT HallPaBICHUE CUJIbI
Jlopenua (pucyHok 16.1a).

(=~ 1]

Pucynok 16.1 — a) HanpaBnenue cuibl Jlopenna;
0) MPOTUBOTIOJIOKHOE HarpasiieHne cuiibl JIopeHia;
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Ha otpunaTtensHbIi 3apsi cuiia IeiCTBYET B MPOTUBOIIOIIOKHOM HAIIPABICHUH (PUCYHOK
16.1, 6). Moayns cuibl JlopeHna cocraBiser
F = qusina (16.2)

IZle 00 — Yrojl MeXJIy BEKTOPOM CKOPOCTH V p M BEKTOPOM MarHMTHOW MHAyKuuu B p
(pucyHok 16.2).

B
.

V
Pucynok 16.2 — K pacuery Mmoayinist cuiisl JIopenua

Taxum 006pazom, 3apsHKEHHBIC YaCTHUIIBI, ABIKYIUECS B MATHUTHOM I10JI€, OTKIJIOHSIOTCS
B HAIPaBJICHUM, MEPIECHIUKYJSIPHOM CWJIOBBIM JIMHUSM MarHUTHOIO TIOJIS, a TakKke
NEPIEHUKYJIIPHOM HAIIPABJICHUIO IBUKECHMUSL.

DKCIMEpUMEHTANIBHO OMpeaenuTh cuily JlopeHma, AEHCTBYIONIYI0 HAa OJMH D3JIEKTPOH
TPYAHO, TaK KaK OHA CIMIIKOM Maja Jake B Cllyyae 3JIEKTPOHA, IBUKYIIETocs ¢ OOJBIION
CKOPOCTBIO B OYEHb CHJIBHOM MAarHMUTHOM IOJi€. [[1s1 SKCIIEpUMEHTaIbHOTO ONPENEICHUS CUJIIbI
JlopeHna, neUCTBYIOIIECH HA 3JIEKTPOH, PACCMOTPUM IIPOBOJHUK ¢ TOKOM. Ha KaXIblil 211€KTpOH
MIPOBOJIMMOCTH ATOTO TMPOBOJHHMKA OyAET JCHCTBOBATH Cuja, ompenenseMas dopmyioir 16.2.
Pesynbrupyromas 3TUX CHII — 3TO CUjla, ¢ KOTOPOW MarHUTHOE I10JI€ JEHCTBYET Ha MPOBOJAHUK C
TOKOM B 1I€JIOM. DTa cuiia Ha3biBaeTcs cuiiod Amnepa. Toraa

dF,
dFJ1=dN-FH—>P}I:d—N (16.3)
rne dN — oOmee uucio CBOOOAHBIX 3apsSIOB B TPOBOJHUKE C TOKOM, KOTOPOE

omnpenensercs kak AN =n S dl, rae n — KoHIEHTpaIHs 3apSHKEHHBIX YACTHII, T.€. YUCIIO YACTHII B
oobeme Sdl.

Taxum 00pazom, OIpeeNuB SKCIIEPUMEHTATBFHO CHITYy AMIIEpa, MOYKHO BBIYHCIHTH CHITY
Jlopenua. CornacHo 3akoHy AMIiepa, cuja, ACHCTBYOIIAs Ha OECKOHEUHO MaJbli 3JIEMEHT
npoBogHuka dl p, mo KoTopomy TeudeT TOK I, mpsSMO MPOMOPIHMOHATFHA MTPOU3BEICHUIO CHIIBI
TOKa Ha BEKTOpHOE Tpon3BeaeHue BekTopoB dl u B

dF, = I[dl x B] (16.4)
Monynb cuisl Amnepa
dFy, =B-1-dl-sinf (16.5)

rae B — yron mexnay Bekropamu dl u B (pucynok 16.3), dl — qnmHa akTuBHOW YacTu
MPOBOJHMKA ¢ TOKOM (3¢ (eKTUBHAS TMHA TPOBOJHHKA).

1dl

=
>

B

Pucynok 16.3 — K pacuery moayns cuiibl Amiiepa

3ajaHue: HaAWTH SKCHEPUMEHTAJbHYIO 3aBHUCUMOCTh MAarHUTHOM MHIYKIMU TOJI,
JEUCTBYIOILEr0 Ha PaMKy C TOKOM B 3a30p€ IOCTOSIHHOTO MarHuTa, OT yrjia I0OBOPOTa PaMKH.
[Tpoananu3upoBaTh NOJYUYEHHbIE PE3YIbTATHI.
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OO0opynoBaHne U MaTepuaJIbI

1. JlaGopaTtophnas ycranoBka «Cua Jlopenia»
2. Hcrounuk nuranus
3. Pesucrop

Onucanue 3KCI’Z€puM€Hma]le0L7 ycmaHo6KN

Pucynok 16.4 — KoHncTpykuus uzaenus

Cxema maboparopHoii ycraHoBku «Cuna Jlopenna» mnokasana Ha pucyHke 16.4. K
ocHoBaHuio (1) mpuKperyieHa BepTUKaIbHAas CTOWKa(2), C 3akKperyieHHBIM Ha HeEH
Tpa"cnoptupoM(6). K BepTuKanbHOW CTOMKE NPUCOEAMHEHA CUCTEMA ISl U3MEPEHMsI CHIIBI
Jlopenna, Bkitoyaromias B ce0s napamienabHO 3aKpEeIUIeHHbIE TOCTOSHHBIE MarHuThI(3), MEIHBIIH
cTepkeHb(5) u  ykazarenb(4), TOKa3bIBAIOIIMN YroJl OTKJIOHEHHS TNpU MPOTEKAHUU
AIEKTPUYECKOTO TOKA B LIEIH.

B none, co3naBaemoe MarHuTaMu, Ha NIPOBOJHUKAX MOABEIINBAETCS B TOPU30HTAILHOM
MOJIOKEHUU MENIHBIA CTepKeHb. [Ipy 3aMbIKaHUM AJIEKTPUUECKOM LENH TOK, MPOTEKAIOIUA B
CTEP)KHE, OTKJIOHAET OT BEPTUKAJIBHOIO IOJOXKEHHUS BUCSIIME IPOBOJHUKU CO CTEPIKHEM.
W3mepsisi yrosl OTKJIIOHEHHSI ¢ TOMOUIbIO TPAHCIIOPTUPA, MOKHO OIpenenauTs cuiy JlopeHia.

Yka3zanus no rexuuke 0e30acHOCTH

[Ipu »skcruryaTanum 00OpYyIOBaHMS HEOOXOAMMO COONIOAATH CJEIYIOIIUE IpaBUIIa
0€30MacHOCTH:

» K oOciyxuBaHnio 000pyIOBaHHS OIYCKAIOTCS JIAIA, MPOIIEANINE WHCTPYKTAX IO
TEXHUKE 0€30MaCHOCTH.

* Ilepen wHauamom »SKcrulyatanud OOOPYIOBAaHUS HEOOXOAUMO YOCAUTHCS, UTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAaKXKe
OpU TOSBICHUU JbIMA, HCKPEHUS WIM CHEeUUM(pUYECKOTro 3amaxa IMeperpeTol HU30JsaIuH,
HEMeJICHHO 00eCTO4YbTe 000PYI0BaHHE.

* BAITPEIIAETCSI HencnpaBHOe 000py10BaHHUE.

* 3AIIPEHIAETCS wucnonp3oBaTh H3ACHHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HAYCHHUIO.

* SAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUN paboThI
U3JIEIHSL.
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* Tloce xpaHeHHss 00OPYJOBaHUS B XOJOJHOM ITOMEUICHWW WM TIOCIIE MEPEBO3KH B
3MMHUX yCIIOBHSIX BKJIFOYATh €T0 B CETh MOKHO HE PaHBIIE, YeM Yepe3 6 4acoB MPEObIBAHUS IIPH
KOMHATHOW TeMIIepaType B pacliakOBaHHOM BHJIC.

» M3nenue SKCIUTyaTHpPOBaTh TOJBKO B MOMEIIEHHH O€3 TOBBINICHHON OIMACHOCTH IO
CTCIICHU MOPAKCHUSA JICKTPUUCCKHUM TOKOM.

* Bo m30exaHue MOpaKCHUS SJICKTPUUYECCKHMM TOKOM W BBIXOJA U3 CTPOs 3JICMCHTOB
HU3acivdg, mpu pa60Te 3arpeuracTCd UCIOJIb30BaATh BHCINHUC UCTOYHUKHA ITUTAHUA.

* He ycranaBmuBaiite 00OpymOBaHME B  HEMOCPEACTBEHHOW  OJIM30CTH  OT
JIETKOBOCIUTAMCHSIFOIIUXCS ¥ PACTIPOCTPAHSIONINX OTOHB TIPEIMETOB.

* He ocraBisiiite 000pyioBaHKE BKIIOYCHHBIM 0€3 MPUCMOTPA.

* He nonyckaiite monagaHus >KHAKOCTH BHYTPb 000PY10BaHHUS.

* He ocramnsiite 000pyI0BaHUE B pEKUME OXKHIAHUS HA JTUTENIbHOE BpeMs (Oosee 12
YacoB)

* Bo u3bexxaHue moJoMOK 00OPYAOBaHMS HE NMPUKIIAIBIBANTE YPE3MEPHBIX YCHIUH MPH
MaHHUITYJIAIUAX C OpraHaMu YIIpaBJICHUA.

3aganud

1. YcTaHoBHTE pacCTOSTHUE MEKY MOJIFOCAMU MarHUTa MpUOIN3UTENbHO paBHOE 10 MM.

2. Hcnonb3yss NpPOBOAHMKH, coOepuTe HIeKTpUdeckyto cxemy. IlocienoBaTensHO
HNOJIKJIIOYUTE PE3UCTOP K MCTOUYHMKY NMHUTAHUS U K CHUCTEME id u3MepeHus cuiibl JlopeHua.
Bxitounte WMCTOYHMK NHUTAaHUS M OINpENeNUTe C IOMOIIbI0 aMIIepMETpa 3HAUYE€HUE TOKa,
COOTBETCTBYIOIIETO OTKIOHEHUIO IUIACTUHBI JI0 TPaBOro Kpas MarHuTa.

3. YcranoButre MUHMMalIbHOE 3HaUeHHue Toka [ = 0.1 A

4. OnpenenuTe yroi (p MIOBOPOTA PaMKH, UCTIOIB3Ys TPAHCTIOPTHUP.

5. 3anecure usmepeHHble 3HaueHus | u ¢ B Tabauiy 16.1.

6. U3mepenus mpoBoaat it 10 3HaueHuii Toka I.

7. Paccunraiite cuiny Ammepa, U3MEpUB JJIUHY BEPTUKAIBHOM YacTH paMKU M CUMTas
IPUBEIECHHYI0 Maccy paBHOH 1,8 r.

Tabmuma 16.1
I, mA | ®, nen @, rpan. Sin(140°-¢) | B, Tn

Ne
WM3MEpEHUS
1

2

10

Obpabomxa pe3yibmamos usmepeHull

1. BolpaxkaroT yroJ moBopoTa paMKH @ B Tpagycax.

2. 3aHocAT B Tabnuiy 3HaueHus sin(140°— o).

3. ITo dhopmyne 16.7 paccunThiBatoT 3HaUeHUS MHAYKIMU B B To1.

4. Ha mumumMerpoBoil Oymare cTposT rpaduk 3aBucumoctd B(@). YOexnarorcs B
OJIHOPOJHOCTH TOJISI B CPEAHEN YacTH 3a30pa MarHuTa.

5. Onpenensitot cpennee 3Hauenue B. [{ns sToro ucnons3yror gannsie ang @ = 150 + 30
nen. (50°+ 30°).

6. Jl71s1 OTHOTO U3 ONBITOB PACCUUTHIBAIOT OTHOCUTENIBHYIO U a0COIIOTHYIO MOIPEIIHOCTH
U3MEPEHUM, TTOJIb3YSCh (DOPMYyITaMH:

AB Ak Ap Al Aa Ab Ag
==t —t—t—t+—+——
B k @ l a b tg(140° — @)

Pesynprar 3anuceiBatot B Buae B +£ AB.
7. Chopmynupyiite oTYET U cliesaifTe BHIBOBI
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Conep:xanue oT4éTa

OTtuét no nabopatopHoil paboTe AOKEH COJIEPKaTh CIEAYIOIINE OCHOBHBIE Pa3/Ielibl:

1. HaumenoBanwue paboTHI.

2. llenb paGoTHI.

3. OnucaHue 3KCIePUMEHTATBLHON METOIUKH.

4. llopsinoxk mpoBeAeHUs pPaOOTHI, TaONUILBI PE3yJbTATOB MPSIMBIX U KOCBEHHBIX
U3MEPECHUM.

5. OnpeneneHne NOrpeHOCTH U3MEPEHUS.

6. Bb1BOIBI.

7. OTBeT.

KonTpoabHbIE BONPOCHI

1. Maiite onpenenenne BEKTOpa MarHUTHOM MHIYKIUH B.

2. B xakux enquHunax n3Mmepsercs senuuuHa B B cucreme CHU?

3. Kak HampaBiieH BEKTOp MarHUTHOW MHAYKIUHN B 3a30pe MarauTa B JaHHOH paboTe?

4. Copmynupyiite 3ak0oH AmIiepa.

5. UeMy paBHa MHAYKIMS MarHUTHOIO IOJII, B KOTOPOM Ha MPSAMOW IIPOBOJHUK JITMHOU
10 cm, pacnionoxeHHbli noa yrioMm 30° kK TMHUAM UHOYKUMH, AeictByeT cuia 0,2 H, korga mo
IPOBOJHUKY TEUET TOK 8 A?

6. Jlaiite ompeneneHne BEKTOpa MAarHMTHOIO MOMEHTa pPaMKM C TOKOM. B kakux
eIMHUIIAX U3MEePSAETCS MarHuTHbIN MoMeHT B CU?

7. KoHTyp ¢ TOKOM CBOOOJHO MOJBEIIEH B MarHUTHOM IOJI€, TIEPIEHIUKYJISIPHOM €ro
miockoctr. Kakoe Bo3eiicTBIE CO CTOPOHBI MOJISI HCTIBITHIBAET KOHTYP?

8. aitte onpenenenus cuibl Amiiepa u cuiibl JIopeHna.

9. Kak Hanpasniena cuina Ammepa?

10. Kakum 00pa3omM MOXKHO SKCIIEPUMEHTAIBLHO OMPEeIUTh cruity Ammepa?

11. Kak onpenenuts HanpasiieHue BeKTopa B ¢ moMoripio paMku ¢ TOkoM?

13. Harumure GpopMyity aisi MEXaHUYECKOTO0 MOMEHTa Mynp, CO371aBa€MOT0 CIIUPATILHON
IIPY>KUHOM, COEIMHEHHOM C PAMKOM.

12. Yem ompenensieTcsi yroj moOBOpOTa paMKH B YCIOBHSX JaHHON paOOTHI, €ClU MO HEel
IPOIYCTUTH TOK [?

Cnmcok JiuTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®uzuka: y4yeOHUK: AJs1 CTYJCHTOB BY30B, OOYYAOLIMXCS 10 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u morm. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beicmee npodeccuonanbaoe oopazopanne) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.1. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipu.: c.
376-378. - ISBN 978-5-406-04428-5.

JlomoJiHMTeIbHAS JIUTepaTypa:

1. IToB3uep, A. A. ®usuka. bazossiii kypc. Yacts 1 [DnekTpoHHBIH pecypc]: ydueOHOe
nocobue / A. A. TloB3uep, A. I'. Auapeea, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIC
nannbele. — ExatepunOypr: Ypanbsckuii penepanbueiii yausepcuret, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIH pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble qaHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [Ipun.: c. 623-
640. - ISBN 5-94052-098-7
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MeTtoanyeckasi Jureparypa:

1. MeTtoauuecke yka3aHHs 1O BBIMOJHEHHIO JIaDOpAaTOPHBIX pabOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpuuectBo u maraetusM. — HeunHombicck, HTU CK®Y, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTHYCCKUX padOT MO JAUCIUTLIIMHE
«®us3uka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HHuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-0nbmmoreunas cucrema [PRbooks;

2. http://window.edu.ru  — HWudopmannonHas cucrtema "EnnHoe OKHO JocTyma K
00pa3oBaTEILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIE KaTanoru ACCOLMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHbelli mnOpTan oOHJaMH o00ydeHuss «OTKpbITOE
o0pa3zoBaHHE».

JlaGoparopnas padora 17. UccienoBanue 3J1eKTPUYECKOI0 MOJIS IIOCKOT0
KOH/IeHCAaTopa

Henp pabotel: M3MmepeHHe HampsHDKEHHOCTH — AJIEKTPHUECKOTO MOl  TUIOCKOTO
KOHJIEHCATOpa B 3aBUCUMOCTH OT HAIPSKEHUS U PACCTOSIHUS MEX]y TJIACTUHAMHU, ONpeie/ICHUE
AIIEKTPOEMKOCTH IJIOCKOTI0 KOHAEHCATOPA.

@opMHpyeEMBbIE KOMIIETCHIIUN WIM UX YaCTH:

OIIK-2 — cnocoOHOCTHIO TPUMEHATH COOTBETCTBYIOMIUN (PH3MKO-MaTeMaTHUECKHI
amnmapaT, METOJbl aHaju3a M MOJEIUPOBAHUS, TEOPETHUUYECKOTO U HKCIEPUMEHTAIBHOIO
UCCJIEIOBaHMSI TIPU pElIeHUH MPo(ecCHOHABHBIX 3a1a4

Teopernyeckasi 4acThb

W3BecTHO, HANPSHKECHHOCTb 3JEKTPUYECKOTo MO E ¥ MOTCHIMANT ¢ CBA3aHBI MEKIY
00011 COOTHOIIIEHUEM:

E = grad
grace (17.1)
Ex =—do/dx
B ogHOpOIHOM 3M1eKTpHUYECKOM TT0JIe cOOTHOMIEeHHE 17.1 MOKeT ObITh MPEeICTaBIICHO KaK
Adp U
R A 17.2
* Ax  Ax (17.2)

rae U — HanpsKeHHe MEXy TOUYKaMU I0JIs1, KOTOPbIE HaXoAsTCs Ha paccTosHuu Ax; Ex —
MPOEKIUS HA OCh X.

JUis  SAeKTpUYECKOTo MO  MEXIy IUIACTUHAMHM  IUIOCKOTO  KOHJIeHcaTopa,
HaxoOAImMUMHUCA Ha PaCCTOSIHHUN d, MOXKHO HaItucaTb

E== (17.3)

rae U — HanpspkeHue, NoJIBOJUMOE Ha IJIACTUHBI KOHEHCATOopa.
DIEKTPOEMKOCTD IJIOCKOTO KOHJIEHCATOPa MOXKHO OIMPEACIIUTh HA OCHOBAHUU U3MEPEHHUS
E n U. U3BectHO, 9TO
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q q &SE
E:—’C = — =
Seo U U

(17.4)

I7I€ €0 — AJIEKTPUYECKasi MOCTOSIHHASA, S — IUIONIAb TUTACTHH KOHJEHCATOpa, q — 3apsij
KOH/IEHCaTopa.

C npyroii ctopoHsl C MOXKHO paccuuTath Mo GpopmyIie

& €-S
Creop = — (17.5)

B paborte cnenyer:

1. UccnenoBaTh 3aBUCUMOCTh HAIPSIAKEHHOCTH 3JIEKTPUUECKOTo 1ojst E oT HanpskeHus,
M0/1aBa€MOT0 Ha TUIACTUHBI KOHJEHCATOPA.

2. MccnenoBaTh 3aBUCUMOCTh HANPSKEHHOCTH AJieKTpuueckoro nosst E ot paccrosHus
MEXTy TuIacTuHamH d.

3. HccnenoBarh 3aBUCUMOCTb HAIIPSHKEHHOCTH JJeKTpuueckoro mnoias E or Buaa
TURIIEKTPUKA MEXTY TUIaCTHHAMH d.

4. ConoctaBUTh Coxen. B Creop.

OobopynoBanue U MaTepuaJIbI

1. [Lnockuit KoOHIEHCATOP
2. biiok nutanus
3. N3meputenbHbIi mpubop

Onucanue 9KCI’Z€pMM€HmaJleOZZ ycmaHoBKU

an

Pucynok 17.1 — Konctpykuus uznenus

Cxema 1a00OpaTOpHOM YCTAHOBKU «DJEKTPUUYECKOE IOJI€ B IJIOCKOM KOHJIEHCATOPE»
noka3aHa Ha pucynke 17.1. K ocHoBanuio (1) mpukpernieHa BepTuKaibHas och (2) ¢ JaTYUKOM
HAOpsDKEHHOCTH — 3JIEKTPUYECKOTO  IMOJIs, Ha KOTOPOM  pacmojioK€Hbl TOPU30HTAIBHO
napajiesIbHO IpYyT APYyTy JIBE KPyIJible MIacTUHBI(3), K KOTOPHIM € MOMOIIBIO Os10Ka muTaHusi(S)
NoJBOAMTCS HampspkeHue. [lmacTMHa naTunMka W Bpalaromiasicss HWKHSS IUIACTUHA CTOMKHU
o0pa3yroT Iuiockuil konaeHcatop. KonaeHcaTop mpexncrtaBiseT coOOW JBe IJIACTUHBL: OJHA
HENOJIBUXKHAs, ApyTas — NoABwkHasl. [loaBuxkHas M1acTHHA MOXKET NEPEIBUTaThCS C TOMOIIBIO
BpallleHUs ¢ Majol mojaueil. Mexy miacTHHaAMH MOTYT pacnojaraTbcsi 00pa3ibl pa3IuyHbIX
TVDJICKTPUKOB pa3HOM TommuHbL. Hanpsbkenwe ¢ OJ0ka NWTaHWS TOAAETCS Ha KIEMMBI,
pacroyioO’)KeHHbIE Ha CTOMKM C TIOMOIIBIO COECIUHMTENbHBIX MpoBOJIOB. Hampsiokenue
UHAMLHAPYETCS N3MEPUTENBHBIM PpUOOpoM(4) Ha OJI0KE MUTAHUS.
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[Tokazanus cHuMaroTcs ¢ TabiI0 U3MEpUTENbHOro npubdopa. Beibop npenena usmepeHus

MPOU3BOAUTCS MEPEKITIOYATEIIEM.

[Mpubop «JIMHEWHBI WCTOYHMK NHUTAHWUS» MpPEIHA3HAYCH s TMOJa4d THTAHUS Ha
1a00paTOPHYIO0 YCTaHOBKY. [IprnOOp BHITIONHEH B HACTOJHHOM HMCIIOJHEHUU C OJHOKAHATHHBIM
peryaupyeMbIM CTAOUITU3NPOBAHHBIM HCTOYHUKOM MTUTAHUS MTOCTOSTHHOTO TOKA.

[TocTosiHHOE BBIXOJHOE HAINPSIKEHUE W BEJIMYMHA OTPAHUYECHUSI BBIXOJHOTO TOKAa UMEIOT
BO3MO>KHOCTh TUTABHOM PEryJIMPOBKU BPAILIEHUEM PETYJISTOPOB HA MEPEAHEHN MaHENIH.

Ha nepennroro nanesns mpubopa BeIBeaeHBI 1Ba 3—X paspsanubix LCD—nucres Ha TOK U
HaIpsKEHUE, J1Ba KJIeMMa JJId COCAMHHUTENIbHBIX MPOBOJOB, BEAYIIUX K YCTAaHOBKE, KHOIKA
BKJTFOUCHUS/BBIKIIIOUCHHST Onoka. [Ipubop «JIMHEHHBIIT MCTOYHWUK MUTAaHUS TPEACTABICH Ha

pucyske 17.2
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Pucynok 17.2 — JIuHeWHbIN UCTOYHUK TUTAHUS

Yka3aHnus no TexHuke 0e30MacHOCTH
[Ipn skcrutyatanuu o0OpyAOBaHUS HEOOXOAUMO COOMIOAATh CIEAYIOIIUE TpaBuiIa

0€30I1aCHOCTH:
» K o0ciyxuBaHUI0 000pYyIOBaHHS OMYCKAIOTCS JIAIA, MPOIICANINEG HHCTPYKTAX IO

TEXHUKE 0E€30IaCHOCTH.
e Ilepen wHayajgoM OSKcIUTyaTalid OOOPYIOBaHHUSA HEOOXOAMMO YOEAMTHCS, YTO

000py10BaHNE HAXOAUTCA B BHIKJIIOYEHHOM COCTOSTHUH.
* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKIECHUM U HEHCIIPAaBHOCTENH 00OPYJOBaHUS, a TaKXKe

IpU TOSIBJICHWU JbIMAa, HCKPEHUS WU CIeUU(UUYECKOro 3amaxa [eperpeToll HU30JsIIHH,

HEMEJIEHHO 00ecToubTe 000pyI0BaHuE.
* SAITPEHIAETCS neucnpaBHOe 000pyI0BaHUE.
* SAIIPEIIAETCS wucnonp3oBaTh HM3AENHE M €0 OTIACIBbHBIC KOMIIOHEHTBHI HE MO

Ha3HAYCHHUIO.
* SAIIPELIIAETCS BckpbIBaTh U3JEIHE.
* SAIIPEILIAETCS BuIOM3MEHATh IPUHIUITHATBHYIO CXeMY M 001mue GyHKIUN paboThI

U3JICITHSL.
* Tlocne xpaHeHHss 0OOPYJOBaHUS B XOJOJHOM ITOMEUICHWW WM TIOCIIE TEPEBO3KH B

3UMHHUX YCJIOBHX BKIIIOYATh €TI0 B CETb MOKHO HE PAHBIIC, YEM UCPE3 6 yacoB Hpe6BIBaHI/I$I pu

KOMHAaTHOH TeMIIepaType B pacliakOBaHHOM BH/IE.
* W3nenue sKCIulyaTHpOBaTh TOJBKO B MOMEIIEHHM O€3 MOBBIIIEHHON OMAaCHOCTU IO

CTCIICHU MOPAKCHUSA JICKTPUUCCKHUM TOKOM.
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* Bo wus0exanue IOpaXCHUA JBJICKTPUYCCKMM TOKOM H BbIXOJa HU3 CTPOsS 3JICMCHTOB
U37Ienus, pyu padoTe 3anperiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKH MMUTaHMUS.

* He ycranaBnmuBaiiTe 000pyIOBaHHE B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUTAMEHSIOIIMUXCS ¥ PACHPOCTPAHSIOIUX OTOHb IPEMETOB.

* He ocraBisiiite 060pyoBaH#e BKIIOYCHHBIM 0€3 PHUCMOTPA.

* He nomyckaiite nonaganus >kUKOCTH BHYTPb 000pYy10BaHUSI.

* He ocrammsiite o0opyIoBaHue B peKUME OXHIAHU HA JITUTENbHOE BpeMs (Oomee 12
YacoB)

* Bo n30exanune noiaoMok o0OpyA0BaHUSI HE MPUKIIAIAbIBANTE YPE3MEPHBIX YCUIUM MpU
MaHMITYJILUSAX C OpraHaMHy YIIpaBlIeHHUsL.

3aganus

3ananue 1: n3mepeHne HanpsHKEHHOCTH IEKTPUUYECKOTO MOJIS INIOCKOI0 KOHJIEHCaTopa B
3aBUCHMOCTH OT PACCTOSTHUS MEXKY ITACTUHAMH.
1. YcTraHOBUTH MIACTUHBI KOHAEGHCATOpa Ha paccTosiHue 1 — 1,5 cM Mex a1y HUMH.
2. BKIIOUuTh UCTOYHUK MMUTAHUS U U3MEPUTEIIbHBIC TPUOOPHI.
3. lonate HampsbkeHnue 12 B (mepBblii creBa perynsaTop Ha HMCTOYHUKE IMUTAHUS) U
0TOaIaHCUPOBATh U3MEPUTEIH HATIPSKEHHOCTH TI0JIS1 HYJIEBBIM HAIPSYKEHUEM.
4. IlonaTe Ha IaCTUHBI KOHIEHCaTopa HanpsbkeHue 10—-15 Bonbt
5. TlokazaHwsi W3MEpUTENS HANPSHKEHHOCTH, 3amucarth B Tadmuiry 17.1 moka3aHus
HaIPSKEHHOCTH 3JIEKTPUYECKOTO MOJISI PU PA3HBIX PACCTOSHUAX MEXAY MJIaCTUHAMMU.
Tabmuma 17.1
Ne d, CM Eaxcn, B/m U, B Ereop, B/m Calccn, () CTeop, (O]
1
2

6

6. OTKJIIOUNTh UCTOYHUK IUTAHUS M YCTAaHOBUTH IUIACTUHBI Ha MEHBLIEE PACCTOSIHUE U
CHOBa cOaJaHCUPOBATh U3MEPUTENb HAPSKEHHOCTH HJIEKTPUUECKOTO TOJIS.

7. Ilonate HanpsKEHUE U U3MEPUTH HAIPSYKEHHOCTDH ITPU HOBOM PACCTOSIHUU.

8. BBINOJHUTE TyHKTHI 6—8 1JI IPYyTHX PACCTOSHUM.

9. o popmyne 17.4 naittu Coxen.

10. 3nas mapaMeTpsl IIACTUH, paccuuTaTh Creop IO popmyse 17.5

3amanue 2: W3MEpPEHUE HANPSDKEHHOCTU AJIEKTPUUECKOTO TMOJs B 3aBUCHUMOCTH OT
HaNpPsHKEHUS.

1. YcTaHOBHTH IJIACTUHBI HA (PUKCHUPOBAHHOE PACCTOSHUE.

2. BemonauTh yHKTH 3—5 (3amanus 1) u cHATh 3aBucUMOCTh E oT U, 3aHOCS 1aHHBIC B
Tabnuiy 17.2.

Tabmauua 17.2

Ne d, CM U, B E3KCH, B/™m ETeop, B/™m

—_—

6

3anmanue 3: u3MepeHue HamnpsHKEHHOCTH SJIEKTPUYECKOTO MOJIsS B 3aBUCHUMOCTH OT BHJA
TUAJICKTPUKA.
1. YcTaHOBUTH TUIACTUHBI HA (PUKCUPOBAHHOE PACCTOSIHHE.
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2. BoinonHuTh MyHKTH! 3—5 (3agaHust 1) u cHATH 3aBUCUMOCTb E OT BHJa AMAJIEKTpUKA,
3aHOCS JaHHbIE B Ta0nuiy 17.3.
Tabmuna 17.3

No d, CM U, B Eaxcn, B/™m ETeop, B/™m
1
2

Obpabomxa pe3yromamos

1. I[lo mannbiM Tabmunsl 17.1 paccuntath Ereop mo ¢dopmyne 17.3 u comocTtaBUTH €
IKCIIEPUMEHTATHHBIMU JAHHBIMHU.

2. Mo pgannbiM Tabmuubl 17.1 onpenenuth Coxen Mo (opmyrne 17.4 u comocTaBUTh C
pe3ynbTataMu Creop, pacCUUTAHHOM 110 popmysie 17.5.

3. IMoctpouts rpaduk 3aBucumoctu E ot d npu pasznasix U.

4. IToctpouts rpaduk 3aBucumoctu C ot d.

5. PaccunTare moTeHIMaN Kak PyHKIIMIO KOOPAUHATHL. IO opMyIie: ¢=@ *E-x

6. IlocTpouts 3KBUNIOTEHIMATBHBIE (prukcupoBanHbIX U U d.

7. PaccunTtarh NOTPEMIHOCTA U3MEPEHHBIX BEJIMYHH.

Conep:xxanue oTuéra

OTtuért mo nabopatopHoit paboTe JOKEH COMIEPKATh CICAYIOIINE OCHOBHBIC Pa3/IeIibl:

1. HaumenoBanue paboThI.

2. lens paboTHI.

3. Onucanue 3KCNePUMEHTATIBHON METOAUKH.

4. lopsimox mpoBeACHUsS pPAaOOTHI, TaOMUIBI PE3yJIbTATOB NPSIMBIX W KOCBEHHBIX
WU3MEPEHU.

5. Onpepenenyie MOrpeHOCTH U3MEPEHHUS.

6. BeIBOEI.

7. OtBer.

KoHTpoJsbHbIE BONIPOCHI

1. Yto Takoe HanpsIKEHHOCTb, MOTEHIUAJ JIEKTPUUECKOTO TOJIS, JIIEKTPOEMKOCTH?

2. Yro Takoe oAHOpoAHOE »3iekTpuueckoe mnosie? Kak u3MeHsieTcss NOTeHIMan B
OJIHOPOJIHOM 3JIEKTPHUUECKOM ToJe?

3. OT d4ero 3aBUCUT HANPSKEHHOCTh SJEKTPUUYECKOrO TMOJs, AJIEKTPOEMKOCTh
KOHJIeHcaTopa?

4. Kak BIMsIeT QUAJIEKTPUK HA 3JIEKTPUUECKOE TI0JIE U AIEKTPOEMKOCTB?

5.4Y10 Takoe OHKBUIOTCHLMAJIBbHAs IOBEPXHOCTb, CHJIOBasg JuHUsA nons? Kak
OPUEHTUPOBAHBI SKBUIOTECHIIUAIbHBIE TTOBEPXHOCTHU?

Cnucok JiuTepatypbl, peKOMEHIyeMblii K HCII0JIb30BAHHIO 110 TaHHOH TeMe

OcHoBHasi IMTEpaTypa:

1. Tpopumona, T. . ®uzuka: y4yeOHUK: AJs CTYJCHTOB BY30B, OOYYAOLIMXCS 110 TEXH.
Harp. noarotoBku / T.WU. Tpodumosa. - 2-e uzn., nepepad. u nom. - MockBa: Akagemus, 2013. -
346 c.: un. - (Beiciiee npodeccuonanbaoe oopazopanne) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodumosa, T. U.; Kypc ¢usuku ¢ npumepamu pemieHus 3anad: B 2-x T.:y4eOHUK /
T.U. Tpodumosa, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakamaBpuar). - [Ipwi.: c.
376-378. - ISBN 978-5-406-04428-5.
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JlonoJIHuTeIbHAS JIUTEepaTypa:

1. [ToB3uep, A. A. ®uszuka. bazoselii kypc. Hacte 1 [DnexkTpoHHBbIii pecypc]: yueOHOE
nocobue / A. A. Iloe3nep, A. I'. AnmpeeBa, K. A. lllymuxuHa. — DJIEKTPOH. TEKCTOBBIC
nanHbele. — ExatepunOypr: Ypansckuii penepansueiii yausepcuretr, 9bC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexum noctyna: http://www.iprbookshop.ru/68406.html

2. Huxkepos, B. A. ®usuka. CoBpeMeHHbIH Kypc [DneKTpoHHbIH pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble faHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctymna: http://www.iprbookshop.ru/14114.html

3. Uepros, A. I'. 3agaunuk no ¢usmke : [y4ed. mocobue mis Bry3oB] / A. I'. Ueptos, A.
A. BopoOneB. - 8-¢ uzn., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckasi Jureparypa:

1. MeTtoauuecke yka3aHHs 1O BBIMOJHEHHUIO JIA0OpAaTOPHBIX pabOT MO IUCIUILUIMHE
«Dwuzukay: Yactp 2. DnexrpuuectBo U maraetusMm. — HeunHombicck, HTU CK®YVY, 2019. - 58
c.

2. Meroanueckne yKa3aHHs 10 BBITIOJHEHUIO MPAKTHYCCKUX padOT MO JAHCIUTLIIMHE
«®uzuka». — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HuTepHeT — pecypcebl:

1. http://www.iprbookshop.ru — DnexrponHo-O6nbmmoreunas cucrema [IPRbooks;

2. http://window.edu.ru  — HWudopmanuonnas cuctema "EnnHoe OKHO JocTyma K
00pa3oBaTEeILHBIM pecypcam;

3. http://catalog.ncfu.ru — snexTpoHHBIC KaTamoru ACCOIMALIUN IEKTPOHHBIX OMOIHOTEK
yueOHBbIX 3aBefieHui u opranuzanuii CKOO;

4. https://openedu.ru — HanuonaneHblli mnOpTan oOHJAaMH o00ydeHuss «OTKpbITOE
o0Opa3oBaHUEY.

TEMA 5. OIITUKA. KBAHTOBAS IIPUPOJA U3JITYUEHUSA

JlaGoparopHas padora 18. UccienqoBanue BHyTpeHHeH JHEPTUU ATOMA

Iens paboThI:

1. N3meputh 3aBUCHUMOCTh TOKa MHUILNEHH | orT HampsbkeHus U Mexay KaToaoM
CETKOM.

2. Onpenenuts pazHecenne AU MakCUMYMOB MJIM MUHUMYMOB TOKa.

3. CpaBHUTH UHTEPBAJIbl HAIIPSYKEHUS C SHEPTUSAMHU BO30YKICHHS aTOMOB PTYTH.

(DOpMI/IpyeMLIC KOMIICTCHIIMH WJIX UX YaCTHU:

OIIK-2 — cmocoOHOCThIO MPHUMEHATh COOTBETCTBYIOMIMH (U3UKO-MAaTEeMATHYECKUN
anmapar, METOJbl aHajdu3a U MOJEIUPOBAHUS, TEOPETHUUYECKOTO M IKCIHEPUMEHTAIbHOIO
UCCIIEIOBAaHMS IIPU PELICHUN PO(EeCcCHOHANBHBIX 3314

Teopernyeckasi 4acThb

[xerimc ®@pank u I'ycraB I'epu 3asBUIIM, YTO 3JEKTPOHBI, NPOXOIAIINE Yepe3 IMapbl
PTYTH, NEPEAAIOT PHEPTHUI0 TUCKPETHO, U YTO 3TO CONPOBOXKIAETCS HAOIIOJECHHUEM SMUCCUHU
yIbTPadUOIETOBOM CIEKTPaIbHOM JIMHUKM PTYTH (A=254HM). HeckonbkumMu mecsnamMu Mo3xe
Hunbc Bop nousin, uto 370 ObUIO MOATBEPKACHUEM pa3pabOTaHHONW UM MOJENM aroma. Takum
oOpa3om, onblT dpanka—I'epua ¢ pTyThIO CTal KIACCHYECKUM OMNBITOM JUIS MOATBEPKICHUS
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KBaHTOBOM Teopun. CTekisiHHas TpyOKa, U3 KOTOPOM OTKauaH BO3JyX, MMeeT karoa Hakana C,
cetky G M DIIEKTpOI—MMILEHb A, pa3MELIEHHbIE MMEHHO B TaKOW IIOCIIEJOBATEIbHOCTU
(pucynok 18.1), 2JIeKTpOHBI BBUICTAIOT M3 KaroJa W YCKOpsiloTcs HanpsbkeHuemM U B
HarnpasieHuu ceTku. [Ipoxons yepe3 ceTKy, OHM JOCTUralOT MHUILIEHHU U, TAKUM 00pa3oM, BHOCST
BKJIaJ] B TOK MHUUIIEHM |, eciM HMX KHHETUYEeCKash SHEprusi JOCTAaTOYHA, AJIi TOTO 4YTOObI
IIPEOAOJIETh 3aMeusAoee HanpspkeHne UGa MexXy CeTKOM U MulleHbl0. Kpome Toro, nmeercs
CTEKJISIHHAs TPyOKa ¢ HEeOOJBIIMM KOJHMYECTBOM PTYTH, KOTOpasi HarpeBaeTcs, YTO0bI MOTYIHUTh
JlaBJieHUEe MapoB npubdausutensHo 15r1]a.

15 hPa

o -

| 1 i b o

U, u u,

Pucynok 18.1 — Cxema yctaHoBKu 1151 u3MepeHus kpuBoi @panka—I'epua ais pTyTa

ITo mepe Bo3pacTanus HanpsbkeHUss Ut TOk MuiieHu | cHagama yBenuauBaeTcs, T.K., BCE
0oJbIe 1 OOJIBIIIE ATOMOB BBITATHBACTCS JIEKTPUUESCKUM TIOJIEM U3 00JIaCTH 00BEMHOTO 3apsiia
BOKpyr kartoja. [lpu omnpenenenHom 3HaueHuun U=Ui HEKOTOpbIE aTOMbl MPHOOPETAIOT
JOCTaTOYHYI0 KHHETHUYECKYI0 SHEPryi0 HEMOCPEACTBEHHO Tepe]] CETKOW, TaK YTO MOTYT
00eCIeYHnTh JIOCTATOYHYIO JHEPrHi0 JUIS BO30YKJIECHHUS aTOMOB PTYTH TIPH HEYIPYroM
CTOJKHOBEHUU. 3aTEM TOK MUIICHH MAJAET MOYTH IO HYJIS, TAK KaK MOCJIE TAKOTO CTOJKHOBEHUS
3JICKTPOHBI OOJIBIIIE HE 00JaNal0T JAOCTATOYHOW SHEPrHeil, 4ToOBl MPEOJ0JETh 3aMeIAIoIIee
HaTNpsOKEHUE.

I[To w™epe nmajpHEWIIEro BO3pACTaHUS HAMNPSHKECHUS  SJCKTPOHBI  MPUOOPETAIOT
JOCTATOYHYIO DHEPTHIO JJIsI BO30OYKIEHUS aTOMOB PTYTH, HAXOMSAIIUXCS Nalbllle OT CETKH.
[Tocme TakuMX CTOJKHOBEHWUH OHW BHOBBH YCKOPSIFOTCS M CHOBa CIIOCOOHBI MPHOOpECTH
JOCTaTOYHYIO PHEPTHIO, YTOOBI JOCTUYH MHILIEHH, IOATOMY TOK MUIIICHH BHOBb Bo3pacTtaet. [lpu
emie OonpbiieM HampspkeHMH U=Uz 351eKTpOHBI MOTYT MPHOOpPETaTh TaKylo OONBIIYIO SHEPTHUIO
MOCIie TIEPBOTO CTOJIKHOBEHUSI, YTO OHU CITIOCOOHBI BO3OYAUTH APYroi aToM PTYTU. TOK MUIIIEHU
BHOBb pE3KO TIQJaeT, HO BHOBb YyBEJIMYMBACTCA [0 Mepe JaJlbHEHIIEro BO3pacTaHUs
HANPSDKEHUS. DTO K€ TMPOUCXOAWT U B TPETHH pa3 MpH emle 0oJjiee BHICOKOM HANPSHKEHUH, U
OIIATH TOK MUIIICHU PE3KO MajiacT.

OKcnepumenmanvbHulil pacuém
Bce nanpsoxenust Ui, Uz,Us ,.., mpu KOTOPBIX TOK peructpupyemoit xapakrepuctuku 1(U)
pe3KO TMajaeT, MOSBIAIOTCA C MOCTOSHHBIM HHTepBaioM AU=4,9B. DrtoT uHTepBan
COOTBETCTBYET dHEpruu Bo30yxaeHus Eng=4,93B (A =2541M), ipu KOTOPOH aTOMBI PTYTH
TIOJIHUMAIOTCS U3 OCHOBHOTO COCTOSIHUS ' So Ha IIEPBOE COCTOSIHUE “P1.
CripaBeJIMBO ClleyIOIEe PABEHCTBO:

Eyg =e- AU, (18.1)

IZI€ € — JJIIEMEHTApHbIN 3apsizl NEKTPOHA.

Takum 00pazoM pe3ynbTaTbl MOYKHO CBECTH K JAUCKPETHOMY IOIVIOIIEHUIO SHEPIUU
aToMaMu PpPTYTH BCJIEACTBUE HEYNPYroro CTOJIKHOBEHMsS M CBSI3aHHOM C HUM IIepefadeu
(UKCUPOBAHHOTO KOJIMYECTBA SHEPTUU OT JIEKTPOHOB.
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Pucynoxk 18.2 — 3aBucumocTh TOka MHIIeHH | OT yckopsitomerocs: HanpspkeHus: U.

Oo6opynoBaHue U MaTepuaJbl

l. CrexisiHHas TpyOKa

2. HarpeBarenpnas kamepa

3. bnok ynpasnenus

4. Ocmmorpad

5. Hudposoii BonbT™METp

Tlopsiook nacmpotiiku 060py0osanus neped IKCNePUMEHMOM

1. [lomecTure mnepenHIO IJIACTUHY HA OTKPBITYIO CTOPOHY HarpeBaTesIbHOMN
KaMephbl U 3aBEPHUTE 6 BUHTOB C HAKATKOM.

2. OTKiII0YMTE HArpeBaTENIbHYI0 KaMepy M OJIOK YIpaBJIEHHS M IMOBEPHUTE BCE
PYUYKH yNIpaBJIEHUs HAJIEBO O yIopa.

3. 3ampemaercs 1MojaBaTh HANpsDKEHHWE Ha TPYOKy, eciii OHa XoJjomHas (pTyTh
MOJKET BbI3BaTh KOPOTKOE 3aMbIKaHHE).

4. [Moaxmrounte kiteMMbl «A», «F» 1 «K» (cMm. pucynok 18.3).

5. [Moaxmouute knemmy «E» TpyOku dpanka—I'epiia K COOTBETCTBYIOIIEMY BXOIY
0J10ka yripaBieHus rpu nomoiu kadens BNC.

6. onkmounre kiaemmy «FH Signal UY—out» Gioka ympasieHuss kKo Bxony Y
ocimutorpada, a kiemmy «UX» ko Bxoay X.

7. Bxmrounte HarpeBaTenbHyl0 Kamepy. 3aznaiite temmeparypy okxono 210°C u
JOKIUTECH MpOorpeBanus TpyOoku (0koio 5—10 MuHyT).

8. Bruttounte 6510k ynpasiaeHus, 1 000pya0BaHHE BOHIET B peskuM Ramp.

9. 3anaiite HanpsbkeHue Hakana 6—7 B. Karon Hempsimoro HarpeBa HarpeBaercs 3a
90 cexyHz nocie noja4yy HaupsKEHUs.

10. VYcraHoBUTE MUHUMAIBHOE YCKOpsroliee HampsbkeHue Ha 0, 3aTeM MeJICHHO

yBenuuuBaiTe ero no 80 B. He cienyer yBenuumBaTh YCKOPSIOLIEE HANPSDKEHUE CIIUIIKOM
OBICTpO, TaK Kak camo3apsii MOXeT HCYe3HyTh B TpyOke. MoHuzamnus, BbI3BaHHAs
CTOJIKHOBEHUEM YaCTHL], HAPYIIUT KPUBYIO.

11.  3apaiite cnenyromue HacTpoiiku ocumwmiorpaga x = 1 V/divuy = 1 V/div. He
CJIeZlyeT MPEBBIIATh MAKCUMAJIbHOE 3HaUEHHE, YKa3aHHOE Ha 3KpaHe ocuusuiorpada.
12.  3apgaiite Bce mapaMmeTpbl, YCKOpSIOIIEE HamlpsHKEHUE, KaTOIHBIM Hakal,

HaNpsDKEHUE CMEHICHHMS M aMIUIUTYAy TakuM o0pa3oM, 4TOObl MONYYHTh KPHUBYIO C YETKO
pasrpaHUYCHHBIMA MaKCUMATbHBIMA M1 MUHHUMAJTLHBIMHA 3HAYCHUSIMHU.
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Pucynok 18.3 — HacTpoiika nas npoBeneHus skcniepuMenTa ¢ Tpyokoit ®panka—I epiia,
3aM0JIHEHHOM PTYThIO

OmncanHas mporeaypa IBisieTcs: o01ei mporeaypoidl HacTpoilku. B peabHBIX yCIOBUAX
MOTYT BO3HUKHYTb OTKJIOHEHHS OT NpOLEAYpHl, BbI3BaHHbIE OCOOCHHOCTSIMH IPOU3BOJICTBA
OTJIENbHBIX TPYOOK, W 3TO O3HAYAET, YTO ONTUMAJIbHbIE MapaMeTpbl 3aBUCIT OT KOHKPETHOMU
curyaluu. McrbITaTenbHbIi OTYET, MOCTAaBIsSEMBbIN C TPYOKOH, JOKEH COoIepKaTh MapaMeTphl
JUTSL TOCTHYKEHUS] HAMTYyUIINX Pe3yJIbTaTOB paboThl TPYOKH.

KosiekTopHbIi TOK JEMOHCTPUPYET EPUOINUECKUE PABHOYIaJEHHBIE MAKCUMAJIBHBIE U
MUHHUMAJIBHBIE 3HAYEHMs, KOTOPBI HE 3aBUCAT OT YCKOPSIOWIEro HampsbkeHus. MHTepBai
MEXy STUMHU MUKamu coctasisieT 4,9B.

KoHTakTHBIN TOTEHITHAN, paBHBIA 2B. MPUCYTCTBYET MEXIy aHOJIOM M KaTOJAOM TPYOKH,
MIO3TOMY IIE€PBOE MAaKCHUMaJIbHOE 3HA4YCHHE IOSABISIETCS TOJBKO B paiioHe 7B. Ilepsoe
MaKCcHMaJbHOEe 3HaueHHue OyeT 6osiee 0UeBHUIHBIM, €CIIM TeEMIIEpaTypa HarpeBaTeIbHbINA KaMephbl
OyneT HIKe.

Ouenka kpuBoil @panka—I'epia

Jlnst monmHOM oneHku KpuBod @Dpanka—I'epra TpeOyercs 1mudpoBoit BoabTMeTp. He
TpeOyeTcss TOYHO YCTAaHABIMBATh TOK 3JEKTPOHHOTO JyHa. DKpaH ocuuwuiorpada JoJKeH
oTOOpakaTh TpaekTopuio KpuBoi @Dpanka—l'eprnia ¢ YETKUMH MaKCUMaJIbHBIMH U
MHUHHUMAJIbHBIMHU 3HAYCHUSAMMU.

1. [ToaxmounTe U POBON BOIBTMETP MEXKIy BbixosoM curHana (UX) u pazpemom
3a3eMJieHus (CM. pUCYHOK 18.4).

2. Haxxmute kHOnIKy «Man/Rampy, 1 Ha aucriiee mosButcs «Many, 4TO TOBOPHUT O
BKJIFOYEHHUH PYYHOI'O pEXKUMA.

3. [TonHOCTBIO MOBEPHUTE PYUKY ycKopsitolero HanpspkeHus HaneBo  (Ua= 0 B).
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Pucynok 18.4 — Hactpoiika 15 mpoBeneHust SkcnepuMenTa ¢ Tpyokoit @panka—Iepa,
3aII0JIHEHHOH PTYTBIO

Ha nmucrninee otoOpasutcst yckopsitoiee HampspkeHue ¢ marom 0,5 B. [Ins momydenus
JYYIIMX HWCIBITATEIbHBIX PE3YJIbTATOB HU(PPOBOM BOIBTMETP MOXKHO TMOAKIIOYUTH MEXKIY
pazbemMaMu «A» 1 «K», 9T0OBI TOTy4IHTh O0JIee TOUHOE U3MEPEHUE YCKOPSIOIETO HAPSKSHUSI.
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[Ipumeuanue: Yckopstomiee HamnpsbkeHHe cokpaiaercss B 10 pa3 Ha BbIXOAE CHrHaia
(UX). OnmHako 1mudgpoBoil BOJIBTMETP H3MEPSET MOTHOE YCKOPSIONIEE HAMPSIKEHHE MEXKIY
pazbemMamu «A» u «K».

[IyTeM TOCTENEHHOTO YBEIMYEHUS YCKOPSIOMIETO HANPSDKEHUS C  TMOCTOSHHOM
CKOPOCTHIO MOKHO YCTAaHOBUTHh TOYHOE TOJIO)KCHHE MAKCUMAJbHBIX 1 MUHUMAJIbHBIX 3HAUYCHUN
MIPU TOMOIIHU HU(PPOBOTO BOJIBTMETPA.

Conep:xanue oT4éTa

OTtuér no nabopatopHoOil paboTe AOIKEH COJIEPKATh CIEAYIOIINE OCHOBHBIE Pa3/Ieilbl:

1. HaumeHoBaHue paboThl.

2. llenb paGoTHL.

3. Onucanue 3KCepUMEHTaIbHON METOIUKH.

4. llopsinox mnpoBeneHUs pabOTHI, TaOMUIBl pPE3YJIbTATOB NPSIMBIX U KOCBEHHBIX

U3MEPEHUN.

5. OmnpezienieHre MOrpeHOCTH U3MEPEHHUSI.

6. BeIBOEBI.

7. OTBeET.

KounTtpoJbHbIle BOompochl

1. B uém 3akmrouaercs uaes onsita, npeasioxkeHHas @pankom u I'eprom?

2. OO0BsicHUTE XapaKTep BOJbT—AMIIEPHOM XapakTepUCTUKH B omnbiTe Dpanka u
I'epna.

3. OObsicHUTE, Ha KaKMX YYacTKaX BOJIbTAMIIEPHOW XapaKTEPUCTUKH MMEET MECTO
YIOPYroe, U Ha KaKuxX HEYNPyroe CTOJIKHOBEHUE HJIEKTPOHA C aTOMOM.

4, Kakue Buapl coymapeHnil BO3MOXHbBI MEXIY aTOMOM W HAJETAIOIIMM Ha HETrO C

HEKOTOPOH CKOPOCTBbIO 3ieKTpoHOM? SIBnsiercss nu onbit dpanka u ['epra goka3arenbCTBOM
BO3MOXXHOCTH HEYTIPYTHX COYIapeHU?

5. Cdopmynupyiite noctynarsl bopa.

6. OObsicHUTE C TIOMOIIbIO KBAaHTOBOM TEOPUHU CYIIECTBOBAHUE JTUCKPETHBIX
9HEpPreTUYeCKUX ypoBHEH aToMa.

Cnucok JiuTepatypbl, peKOMEHyeMblii K HCII0JIb30BAHNIO 110 IAaHHOH TeMe

OcHoBHasi IuTEpaTypa:

1. Tpopumona, T. . ®uzuka: y4yeOHUK: AJs1 CTYJCHTOB BY30B, OOYYAIOLINXCS 10 TEXH.
Harp. noarotoBku / T.U. Tpodumosa. - 2-¢ uzn., nepepad. u mom. - MockBa: Akagemus, 2013. -
346 c.: uin. - (Beiciiee npodeccuonanbaoe oopazopanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-
339. - ISBN 978-5-7695-9820

2. Tpodpumona, T. U.; Kypc ¢pusuku ¢ npumepamu pemienus 3agad: B 2-x 1.:yueOHuUK /
T.N. Tpodpumona, A.B. ®upcos, T.2. - M. : Kropyc, 2015. - 378 c. - (bakanaBpuar). - [Ipwu.: c.
376-378. - ISBN 978-5-406-04428-5.

JlonoHUTeIbLHASA JTUTEpaTypa:

1. IToB3nHep, A. A. ®usuka. ba3oserii kypc. Yacts 1 [DnekTpoHHBIN pecypc]: yueOHOe
nocobue / A. A. Iloe3uep, A. I'. AnngpeeBa, K. A. lllymuxuna. — DJIEKTPOH. TEKCTOBBIC
nanubeie. — ExarepunOypr: Ypanbckuii penepanpabiii yausepeuret, ObC ACB, 2016. — 168 c.
— 978-5-7996-1701-1. — Pexxum nocrymna: http://www.iprbookshop.ru/68406.html

2. Hukepos, B. A. ®uszuka. CoBpeMeHHBIN Kypc [DIEKTpOHHBIN pecypc]: yueOHuk / B.
A. HukepoB. — DineKTpoH. TekcToBble qaHHble. — M.: JlamkoB u K, 2016. — 454 ¢. — 978-5-
394-02349-1. — Pexxum noctyma: http:// www.iprbookshop.ru/14114.html
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3. Uepros, A. I'. 3agaunuk no ¢usmke : [yded. mocobue 1 Bry3oB] / A. I'. Ueptos, A.
A. BopoObeB. - 8-¢ uzg., mepepad. u gorm. - M. :@usmarnut, 2007. - 640 c. : un. - [lpun.: c. 623-
640. - ISBN 5-94052-098-7

MeTtoanyeckas Jureparypa:

1. MeTtoauueckue yka3aHHs 1O BBIIOJIHEHHIO JIaDOPATOPHBIX pabOT MO IUCIUILUIMHE
«®uzuka»: Yacts 2. Ontuka. Pusnka aroma— Hesunnomeicck, HTY CK®Y, 2019. - 54 c.

2. Meroanueckue yKa3aHHsI 1O BBIMOJHEHUIO MPAKTUYECKUX pabOT MO AMCHHUILIIMHE
«®usukay. — Hesuanomeicck, HTU CK®Y, 2019. - 141 c.

HurepHer — pecypcesbl:

1. http://www.iprbookshop.ru — DnexTponHo-6ubaroreunas cucrema [IPRbooks;

2. http://window.edu.ru  — WubopmanmonHas cuctema "EnxmHOE OKHO J0CTyma K
00pa3oBaTeNLHBIM pecypcam;

3. http://catalog.ncfu.ru — anekTpoHHBIC KaTAIOTH ACCOIMAINN IICKTPOHHBIX OMOIHOTEK
yueOHbIX 3aBefieHni 1 opranuzanuit CKOO,;

4. https://openedu.ru — HanuoHaNbHBI TOpTaN OHIAWH oO0ydeHUss «OTKPBITOE
o0Opa3oBaHUEY.
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Ipunoowcenue 1

INHEPEYEHb OCHOBHBIX TABJINL PU3NYECKHUX BEJINMYHUH

OcHosHbvie u donoanumenvrvle eounuyvl CH

Bennunna \ HanmenoBanue \ O6o3HaueHue
OcHoBHbIE
Jnuna METp M
Macca KWJIOIPAaMM KT
Bpewms CEeKyHJa c
Cuna 31eKTpUYeCcKOro ToKa aMmrep A
TepmoanHamuueckas
TeMIieparypa KEJIbBUH K
Cuna cera KaHjena KJ{
KonunyecTBo BeniecTra MOJIb MOJIb
JlonosIHUTENbHbBIE
[lmockuit yron panuaH pan
TenecHsll yrou cTepajuaH cp

Mnuootcumenu u npucmaexu 01 00pazo06anus 0ecamuyHbIXx,
KPAMHBIX U OOJIbHBIX eOUHUY U UX HAUMEHOBAHUSL

MHOXHUTEIb IIpucraBka
HaumenoBanue O06o3HauecHuE
Pycckoe MexnyHapogHoe
10'® 3Kca C) E
10" nera I1 P
102 Tepa T T
10° rura I G
106 Mera M M
103 KWJIO K k
10? reKTO r h
10! neKa na da
107! NeIu it d
102 CaHTH c c
103 MUJLTA M m
10 MHKPO MK u
10”° HaHO H n
10712 TIHKO n p
1071 bemTO (1) f
108 aTTo a a
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OcHosHbie cj)usuqecmte KOHCmMAaHmul

CkopocTb cBeTa B BaKyyMe

c =299792458 m/c

[TocTostHHast ABoraapo

Na = 6,022-10% monp™!

MOHHpHaH ra3oBas IMOCTOAHHAs

R = 8,31 JIx/(monb-K)

ITocrosnnasa bonbiimana

k= 1,38-102 JIx/K

DJIeMEHTapHbIN 3apsij

e=1,601892-10" Kn

Macca 1okost 31€KTpoHa

me=9,1-103" xr

Y ienbHbIN 3apsi]] AIEKTPOHA

e/me = 1,76-10"! Kn/kr

Macca nokost IpoToHa

mp = 1,007276470 a.e.m.

Macca nokost HeMTpOHa

mn = 1,008665012 a.c.m.

DNeKTprUYeCcKasi MOCTOSTHHAS

g0 =10°/36m ®/m ~ 8,84 D/m

MaruutHas nocTossHHas

wo=4m-107 Tu/m ~ 12,57-107 T'u/m

[TocTosinnas Credana-bonpimana

6 =5,67-10° Br/(m?>-K*)

IlocrosiHHas cmemenus Buna

b=2,9-10° MK

Ilocrossnnas Ilmanka

h=6,63-10"* JIx-c

Yucao «mam» n=3,14159...

OcHOBaHME HAaTYpaJIbHBIX JOrapu(pMoB e=2,71828...

CBsi3b AECSITUYHOTO U HATYPaAJIbHOIO JIorapu(MoB Ina~23Ilga;, lga~0431na

ITnomuocmu eewgecmsa, xr/m> (t = 20 °C)
Anromunuil 2700 Kepocun 820
BPenszun 680-720 I'nunepun 1284
Huxens 8900 Jleq mpu 0°C 917
JlaTtyHb
(70% Cu, 30% 8400-8700 Macno 960
8520 KacTOpPOBOE

Zn)
Onoso 7300 30710TO 19300
Boga npu 4 °C 1000 Menb 8930
Bosnyx npu
HOPMAJIBHBIX 1,29 Cranp 7700-7900
YCIIOBUSAX
Hepeso cyxoe: Pmymp 13546
bepesa 600-800
Hy6 700-1000
Toros 300-500 | CuHen 11342
Keneszo 7870 CnupT 3TUIIOBBII 789
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I'peueckuii anghasum

[TeyaTtHas OykBa Ha3zBanue ITeuarnas Ha3zBanue
OykBa
Aa anbda Nv HIO
Bp Oeta =E KCH
I'y ramma Oo OMMKpPOH
Ad JeNbTa [In nu
Ee SICUJIOH Pp po
7L J39Ta Xog cuUrma
Hn aTa Tt Tay
©0 TATA Yv UIICUJIOH
I fota Do ¢bu

Kk Karmma Xx X1
AA JaMoaa Yy Icu
Mp MIO Qo omera

,ZZMHCIMMH@CKCZ}Z B6A3KOCNlb HEKOMOPbIX eeuecmse, Ila-c

Bona (0°C) 0,001787
(20°C) 0,001005
(100°C) 0,00028

Bosayx (0°C) 0,0000181

I'munepun (20°C) 1,5

YKup pri6uii (20°C) 0,046

Kposs (20°C) 0,005

Macno kactoposoe (20°C) 0,970

Monoko (20°C) 0,0018

Crupr >tunossiii (0°C) 0,001773

(20°C) 0,0012

Baszkocmu 600n020 pacmeopa enuyepuna, Ila - ¢

t,°C 60 % 80 % 95 % 100 %
20 0,011 0,062 0,545 1,499
25 0,008 0,045 0,366 0,945
30 0,007 0,034 0,248 0,624

Ta6xzuua 3asucumocmu om memnepamypbl 6A3KOCMU KACNOPpO6020 Macja

T,K 283 284 285 286 287 288 289 290
n, [Ma-c 2,44 2,25 2,05 1,85 1,70 1,55 1,42 1,30
T,K 291 292 293 294 295 296 297
n, Ila-c 1,18 1,08 0,987 0,91 0,85 0,78 0,72

116




Mooynw FOnza nexomopwix eewgecms (p=0,1 mIla, t=20°C)

BemtecTBo MOH};E{ g%li_rlz BemntecTBo MOH}QI; g%lﬁz
AmoMuHui 7,05 Menp 12,98
Onoso 5,43 Huxkenn 20,4
Kemeszo 21,2 CBuHeI 1,62
Jlatyns (70% Cu, 30% Zn) 9,7-10,2 Cranp 20,9

HOSQpXHOCWlb HAMANCEHUA PA3TTUYHBIX Jrcuoxocmell Ha cparnuye

«OKMKOCTh-BO3yX» MPHU 20° C, H/m

berox 0,053 0,0364
Kypusnoro siiina Maciio kacTopoBoe
Benson 0,03 Monoko | 0,042-0,046
Boga ipu 0° C 0,0756 PacTBop MblIa 0,04
Boga nipu 20° C 0,0726 PryTh 0,05
bpom 0,0442 Cxunupap 0,026
Kposs 0,058 Crinpr 0,022
STHJIOBBIH
Maxkcumanvras ynpyeocms 60051H020 napa
NpU PA3TUYHBIX MEeMNepamypax
E,
°C E, oC E, °C MM. PT.
MM. PT. CT. MM. PT. CT. or
0 4,6 13 11,2 26 25,2
1 4,9 14 12,0 27 26,7
2 5,3 15 12,8 28 28,4
3 5,7 16 13,6 29 30,0
4 6,1 17 14,5 30 31,8
5 6,5 18 15,5 31 33,7
6 7,0 19 16,5 32 35,7
7 7,5 20 17,5 33 37,7
8 8,0 21 18,6 34 39,9
9 8,6 22 19,8 35 42,2
10 9,2 23 21,1 36 44,6
11 9,8 24 22,4 37 47,1
12 10,5 25 23,8 38 49,7
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Ipunoorcenue 2

I'JIOCCAPUI

AOCOJIIOTHO TBepAOe TeJd0 — CHCTEMa MATEPUAIBHBIX TOYEK, PACCTOSHUE MEXIY
KOTOPBIMH HE W3MEHSIIOTCS B JaHHOW 3ajmade. AOCOIIOTHO TBEpJO€ TeIO 00JaaaeT TOJBKO
MOCTyNaTeNbHBIMU U BpalllaTeIbHBIMU CTETIEHSIMH CBOOO/IBI.

Abconromuslii nokazamenv NPeNOMAEHUA c6ema — OTHOUICHUE CKOPOCTH CBETa B
BaKyyMe K (a30BOM CKOPOCTH CBETa B JIaHHOW cpeze. AOCONIOTHBIN MOKa3aTelb MPETOMIICHUS
CBETa MOKA3bIBACT BO CKOJBKO pa3 CKOPOCTh CBETA B BaKyyMe OOJbIIIe CKOPOCTH CBETA B JaHHOU
cpene.

Bec Tena — cuna, ¢ KOTOpO# TeNno, HAXOJAIIEECS B CHIIOBOM (TpaBUTALMOHHOM) TOJIE,
JICHCTBYET Ha TOPU30HTAJIBHYIO ONOPY WJIM PACTATMBAET BEPTUKAIbHBIA MOABEC. 3HAYUT, BEC
MPWIOKEH K ONIOpE, K MOABECY, HO HE K TENY.

Buoumoe wusznyuenue — 5IEKTPOMATHUTHOE W3JIYUYEHHE, BBI3BIBAIOILEE 3PUTEIBHOE
OlllyLIeHWE U 3aHuMaroniee ydactok crnekrpa oT 380 mo 780 HM. CBeTOBbIE M3ITy4YEHUSs
Pa3JIMYHBIX YaCTOT BOCIIPUHUMAIOTCS YEJIIOBEKOM KaK pa3HbIC [[BETA.

BonHoBasi onTuka — paszien ONTHUKH, U3YYAIOMIMM SIBICHHUS, B KOTOPBIX IPOSIBIISIETCS
BOJIHOBBIE CBOKICTBA CBETA.

I'eomeTpnueckass onTUKa — pa3fenl ONTHUKA, B KOTOPOM M3Yy4alOTCS 3aKOHbI
pacrpoCTpaHEHHsI CBETa B MPO3pPAavyHbIX CPENaX, OCHOBAHHBIE HA NPEJCTABICHUU O CBETOBBIX
nydax. OCHOBHBIMHM 3aKOHAMU T'€OMETPUUYECKOW ONTHKU SIBJIAIOTCS: - 3aKOH MPSIMOJIMHEUHOIO
paclpoCTpaHEHHUsI CBETA; - 3aKOH HE3aBUCUMBIX CBETOBBIX ITYYKOB; - 3a4KOH OTPAXKCHUS; - 3AKOH
MPEJIOMJIICHUSI.

JBoiiHOE JiyyenmpesioMJIeHHe — Pa3/IBOCHHUE CBETOBOTO Jiyda IMPU MPOXOKICHUU UYEpe3
ONTUYECKH aHU3OTPONHYIO Cpelly, BO3HHUKAIOUIEE BCJIEACTBUE 3aBUCUMOCTH TOKa3aTens
MIPEJIOMJIEHUSI CBETa OT €ro MoJjspu3aluu. B 0JHOOCHOM JBOSKONPEIOMIIAIONIEM KpPUCTAJLUIE,
HaIpuMep, B KPUCTAJUIE MCIIaHJICKOTO IIIAaTa, MaJalolluii Tyd CBETa pacIleIIseTcs Ha JiBa Jiyya,
OOBIKHOBEHHBI ¥ HEOOBIKHOBEHHBIN, HWMEIONIME pa3Hble TOKa3aTelu MPETOMIICHUS U
MOJISIPU30BaHHBIE B IBYX B3aUMHO MEPIEHIUKYIISPHBIX IIOCKOCTSIX.

JAudpakuus cBeTa — OTKJIOHEHHE OT 3aKOHOB N'€OMETPUYECKON ONTUKH, BBIPAKAIOIIEECs
B OrubOaHMM CBETOM MaiblX MpensaTcTBuil. Judpakuus HaOMomaeTcss Mpu pacnpoCTpaHEHUU
CBETa B CPEJIE C PE3KO BHIPAKEHHBIMU HEOAHOPOTHOCTSIMH.

JudJieKTpUK — BENIeCTBO, O0Onajaroiee HU3KOW  YICNBbHOM  AIEKTPUYECKOM
MIPOBOJAMMOCTRIO. IeaibHBIN TUAIEKTPUK BOOOIIE HE MPOBOIUT TOK, €r0 MPOBOJIUMOCTh paBHA
Hym0. K AnsnekTpukaM OTHOCATCS MbE303JIEKTPUKHU, CETHETORIEKTPUKHU, IIEKTPETHI U Ap.

3aKoH OTpa:keHHMsl CBeTa — 3aKOH, OMPEIEIAIONMNA B3aUMHOE PACIOJIOXKEHHUE TMPHU
3€pKaJbHOM OTPAXXEHUU TMAJAIIIET0 M OTPAXXEHHOIO JIydyeW, a Takke MepHeHIuKyIsapa,
BOCCTAHOBJICHHOTO K TpaHWIIC pas[ena JByX Cpel B TOYKe NaacHus: -1- oba nyda u
NEePHEHANKYIISIP JeXKaT B OJHOM IUIOCKOCTH; -2- YrOJl HaJeHUs paBeH Y1y OTPaKEHHUS.

3aKkoH coXpaHeHHsi MOMEHTA HMMYJbca — (U3HYSCKUN 3aKOH, B COOTBETCTBHH C
KOTOPBIM MOMEHT MMITYJIbCa 3aMKHYTOW CHCTEMbl OTHOCHTENHHO JIFOOON HEMOJBMKHOW TOYKU
HE U3MEHSETCS CO BpPEMEHEM. 3aKOH COXpPaHEHHUS MOMEHTa HUMITyJbCa €CTh IPOSBICHUE
M30TPOMHOCTU MTPOCTPAHCTBA.

3aMKHyTasi cucTeMa B MeXaHHKe 3TO COBOKYITHOCTh (PH3UYECKHX TEN, Y KOTOPBIX
B3aUMOJICMCTBUS C BHELIHUMH T€JIaMU OTCYTCTBYIOT UJIM CKOMIIEHCUPOBAHBI.

3oHHasT Teopusl TBEpPAOr0 TejJa — KBAaHTOBas TEOPHUS SHEPIETHUUECKOTO CIEKTpa
3JIEKTPOHOB B Kpuctasuie. COoriacHO 30HHOM TEOpPUHM ATOT CHEKTP COCTOUT M3 YEpeAyHOIINXCS
30H (ITOJIOC) pa3peIIeHHBIX M 3allpPEIICHHBIX dHEPTruil. 30HHAS TEOPHUsS XOPOIIO OOBSICHSIET P
SBJICHUM, B YAaCTHOCTH Pa3HbI MEXaHU3M 3JIEKTPOINPOBOAHOCTH METAJUIOB, AUAJIEKTPUKOB M
MOJIYTIPOBOTHUKOB.
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HNmnyasce — nponsBeeHNe Macchl (TOUEYHOTr0) TeJla Ha CKOPOCTh B KOHKPETHOM CUCTEME
orcueTa. MIMIynpc MEXaHMUYECKON CHUCTEMBI paBEH BEKTOPHOW CyMME HMMITYJIbCOB BCEX 4acTel
cuctemsl. B cucreme CU enunuieil uMmiyibca sBiIseTCs KUJIOTPAaMM-METP B CEKYH/Y.

NuaykTHBHOCTD — U3MUecKas BEIMYMHA, XapaKTepU3YyIOIas CBsI3b MEXy CKOPOCTBIO
U3MEHEHHUsl TOKa B IPOBOJHMKE (KaTyllke) M Bo3HMKarouieil npu 3toM DJIC caMOMHAYKLHU.
WMHyKTUBHOCTh MPOBOAHMKA (KATYIIKH) 3aBUCUT OT €ro pa3MepoB U (hOPMBI, YHUCIIA BUTKOB, a
TaK)Ke 0T MaTepuaia Marautonposoza. Eqununei unaykrusHocty B CU sBasercst 1 I'enpu.

HHepTHOCTH — CBOICTBO MaTepuanbHbIX 00BEKTOB MIPUOOPETATh pa3Hble YCKOPEHUS IpU
OJIMHAKOBBIX BHEUIHMX BO3JEHCTBUSIX CO CTOPOHBI JAPYrux Teia. Mepoll MHEPTHOCTHU Tena B
NIOCTYyNIaTEJIbHOM JBMKCHHMHM SIBIISIETCSI €r0 Macca, a IPU BpAIIATEIbHOM ABM)KEHHU — MOMEHT
WHEPLNH.

HNuepuus — sABiIeHNE COXPaHEHMSI CKOPOCTH IPSIMOJIMHEMHOTO PaBHOMEPHOTO ABM)KCHHUS
WIM COCTOSIHUSL TIOKOS IPH KOMIIEHCAIlMM BHEIIHUX BO3JeWCTBUHM. MHepuus mnpucyiia BceM
MaTepHalbHbIM OOBEKTaM B OJMHAKOBOM cTeneHu. J[BUXKEHHE MO MHEpLUHU - JIBUXKEHHE Tena,
npoucxosiiiee 0e3 BHEITHUX BO3ICUCTBUH.

HNuTepdepenuns cBeTa — ONTUYECKOE SBJICHUE, BOSHUKAIOLIEE IPYU CII0KEHHUHU JBYX WIH
HECKOJIbKMX KOTE€PEHTHBIX CBETOBBIX BOJIH, JIMHEHHO MNOJSPU30BAHHBIX B OJHOMN IIOCKOCTH.
Wutepdepeniyst npeacTaBisieT coO0OH yCTOHYMBYIO BO BpPEMEHM KapTUHY YCWJICHUS WIH
oca0eHus pe3yIbTUPYIOIINX CBETOBBIX KOJICOAHUH B Pa3IMUHBIX TOUKAX IMPOCTPAHCTBA.

Hcrounuk cBeTa — n3iydarenb 3JIEKTPOMarHUTHOM SHEPIruu B BUAMMOMN YacTH CHEKTpA.
Hcrounuku cBeta noapasaenstorcsa Ha ecrecTBeHHble (ConHle, JIyHa U T. 1I.) ¥ UCKYCCTBEHHbBIE
(JrTammbl HaKaJIMBaHUS, Ta30pa3PsAHbIC JAMIIBI U JIP.).

HcToYHHK TOKA — HWCTOYHHUK DJIEKTPUYECKOW DHHEPruu, B KOTOPOM JICHCTBYIOT
CTOPOHHHE CHJIBI, Pa3JEJSIIOIIME JJIEKTPUYECKHE 3apsabl. VICTOUYHMK TOKa XapakTepusyercs
AIIEKTPOJIBWXKYILEH CHJION M BHYTPEHHUM CONPOTHBICHHEM. VICTOUHMKaMH TOKa SIBISIOTCS
raJIbBAHUYECKUE DJIEMEHTBI, aKKyMYJIATOPbI, MAIIUHBI IOCTOSIHHOTO TOKA U JIp.

KBanToBasi onrtuka — pasgen ONTHUKM, W3YYAlOUIMM SIBIEHHSA, B  KOTOPBIH
00Hapy’KNBAIOTCS] KBAHTOBBIE CBOMCTBA JIEKTPOMArHUTHOIO M3JIydeHHs (CBeTa). DTO TEIUIOBOE
u3inydenue, Gpororddexr, 3¢ pext Komnrona u np.

Kunernueckasi sHEprusi — HEPrusi MEXaHUYECKOW CUCTEMBI, 3aBUCSIIAs OT CKOPOCTEU €€
ToueK. Eciu Teno mMacchl m ABMXKETCA CO CKOPOCTBIO V, TO €r0 KMHETHYECKas HEPIHsl paBHA
mv2/2.

Konebannsas — »5T0 mnepuoaMyeckd TMOBTOpsitomuecss aBwwkeHus. KoneGanwus,
OMHCBHIBaEMbIE 3aKOHOM CHHyca X = A sin (ot + ¢) win KocuHyca X = A cos (ot + o),
Ha3bIBAIOTCS TAPMOHMYECKUMH. Bennunna, crosias moJi 3HaKOM TapMOHHYECKOW (yHKIuU (ot
+ ), Ha3bIBaeTcs (pa3oil; ® Ha3BIBACTCS KPYTOBOH (MIIM IIMKJIMYECKOW ) YaCTOTOM; () — HaYaIbHOM
¢azoii. Konebanus pazHoii mpupobl OMUCHIBAIOTCS MAaTEMAaTUYECKH COBEPIIIEHHO OJIMHAKOBO.

Jlazepsl (0T ot nepBrIX OykB aHTII. Ppa3sl Light amplification by stimulated emission of
radiation) — KBaHTOBBIC T€HEPATOPHI CBETA, MPUHLMUI JACHCTBUS KOTOPHIX OCHOBAH Ha SIBIICHUH
BBIHYKJICHHOT'O (CTUMYJIMPOBAHHOI0) M3Iy4deHus. M3nydyenue nazepoB noaspu3oBaHo, o0nagaer
MOHOXPOMAaTHYHOCTBIO, OOJBIION MOIIHOCTBIO B Y3KOM CIEKTPAJIbHOM JHara3oHe W Malloi
pacXogMMOCTBIO  CBETOBOIO Iy4yka. HaxomsaT mupokoe NpHUMEHEHHE B TEXHHKE U
HKCIIEPUMEHTAIBHOM (pr3uKe.

MarnuTHoe moJie — OJHa U3 CTOPOH €AMHOIO 3JIEKTPOMATHUTHOTrO mousid. MarHutHoe
[oJIe  CO3JAacTcs JBIWKYIIMMHCA 3apsiaMyd  (TOKOM IPOBOJUMMOCTH) U INEPEMEHHBIM
UIEKTPUUECKUM ToJeM (TOKOM cMelleHus1). JleHCTByeT MarHuTHOe Iojie TOJbKO Ha
JBUKYLIUECS 3apsIbl.

Macca — Mepa MHEPTHBIX M TPABUTAIIMOHHBIX CBOMCTB Tena. Macca HE 3aBUCUT OT
ckopoctu. U3mepsiercs B [Kr].

MaremMaTH4YecKHii MasiTHUK — MEXaHHMYecKas KoyieOaTelbHas CUCTEMA, COCTOSIIAs U3
MaTepUaJIbHOM TOYKHM, IOJBEIICHHON Ha TOHKOM, HEBECOMOM M HEpACTSHKUMOM HUTHU MU HA
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HEBECOMOM CTEp)KHE B Moje cuil TsbkecTu. llepuon Manibix kojeOaHMI MaTeMaTH4ECKOIro
MasiTHUKa HE 3aBUCUT OT aMILIUTYIbI U ONpeaenseTcs mo Gpopmyre: T=2mV lyg.

MarepunanbHOii TOYKOI Ha3bIBAaeTCs TeEJO, pa3Mepbl U (opMa KOTOPOTO B JIaHHOM
3a/1aue He CYyIIECTBEHHbl. MaTepuanbHyI0 TOUKY YaCTO HA3bIBAIOT TEJIOM.

MoMeHT HHepUUH — CKaJspHas BEJIMYMHA, XapaKTepU3YIOIlas pacipeaciieHHe Macc B
TeJe, U SBJISAIOIAsACS MEPOH MHEPTHOCTH TeJa IPU BPAILATEIbHOM ABUAKEHUU. MOMEHT MHEPLIMHU
TeJIa OTHOCUTENIBHO 33JJaHHOM OCH BPAILCHMS PABEH CyMME IPOU3BENACHHUM IEMEHTAPHBIX MACC
BCEX MalbIX 4YacTed (MaTepHalbHBIX TOYEK) Tela Ha KBaApaThl HX PACCTOSHUU 1O
paccMmarpuBaemoii ocu I=Xmi-ri2ni=1.

HennepuuaiabHas cucreMa OTc4eTa — CUCTEMA OTCUETA, B KOTOPOH HE BBINOJIHSIETCA
nepBblid  3akoH HproToHa. HeuHeprmanbHas cucTeMa OTCUETa JBUXKETCS C YCKOPEHUEM
OTHOCUTEJIBHO  HEKOTOPOM  MHEPLHMAJIBHOM  CHCTEMBI  OTCYeTa. BaxXHbIM  KJIacCOM
HEMHEPUUAIbHBIX CUCTEM SIBJIIFOTCS BPAIIAKOIIUECS CUCTEMBI OTCYETA.

HopmanbHoe yckopeHHMe — COCTaBIISAIONIAsl yCKOPEHUS, HAIPABJIEHHAs! B10JIb HOPMaJIU K
TPAaCKTOPUM ABWKEHUS B JaHHOM Touke. HopManbHOE yCKOpEeHHE XapaKTepHU3yeT U3MEHEHHE
CKOPOCTH T10 HaIlpaBJieHUI0 an=92r.

Ontuka — paznen QU3MKU, B KOTOPOM H3YYarOTCSl 3aKOHOMEPHOCTH OINTHYECKUX
SIBJICHUH, IPUPOJIA CBETA U €T0 B3aUMOJECHCTBHUS C BEILIECTBOM.

IosynpoBoaHuKaMy Ha3bIBAETCS KJIacC BEIIECTB, 3aHUMAIOIIUX 110 CBOEH ClIOCOOHOCTH
IPOBOAMUTH  JJIEKTPUUECKUH TOK NPOMEXYTOUHOE TMOJIOKEHME MEXKAY MeTallaMu U
auonekTpukamMu. C TOYKM 3pEHHs 30HHOW TEOpPHUHM TBEPAOrO Tejla BEIIECTBO OTHOCHUTCA K
MOJIyIPOBOJIHUKAM, €CJIM IIMPHHA 3alPEIIEHHON 30HbI, OTAEISIONIEH BaJEHTHYIO 30HY OT 30HBI
MPOBOJUMOCTH, MEHbIIE 2 3B.

HoasipuzaTop — npubop, nperHazHAYEHHBIN U TOTYYSHUS TOJTHOCTHIO WIIM YaCTHYHO
NOJISIPU30BaHHOrO  cBeTa. llossipu3aTop MOKHO HCIONB30BaTh B KayeCTBE aHAIM3aTOpPA
HOJIIPU30BAHHOIO U3TyUYEHUS.

IHonsipu3anusi cBeTa — OPUEHTALMS BEKTOPOB HAIPSYKEHHOCTH 3JIEKTPUUYECKOIO NOJIA U
MarHMTHOM MHAYKIMM CBETOBOW BOJIHBI B IUIOCKOCTH, MEPIEHAMKYJSPHOH CBETOBOMY Jydy.
OObIyHO moONsIpU3anysg BO3HUKAET MpPH OTPAKEHWHW U TPEIOMJICHHHM CBETa, a TaKXke Npu
paclpoCTpaHEHHH CBE€Ta B AHU3OTPOIHOW cpexe. PasznuyaroT JIMHEHHYI0, KpPYTrOBYXO U
SJUIMNITHYECKYO TOJIIPU3ALMIO CBETA.

IIoCTOAHHBIM Ha3bIBACTCH JJICKTPUYECKHIl TOK, HE MEHSIOIIUNCI C TEYCHUEM
BpeMEHHU. B ciydae MOCTOSHHOTO TOKa MpH OmpenesieHny cuiibl Toka | = Ag/At MoxHO Opath
110001 MPOMEXYTOK BpeMeHH At.

IHoTeHIMAT JIEKTPOCTATHYECKOI0 IMOJISI (¢ — YHEPreTUYECKass XapaKTEPUCTUKA MOJIS.
Omnpenensercs Kak BeNUYMHA, H3Mepsiemas pabOTOl cui MOJis MO MEPEeHOCY EIWHHUYHOTO
MOJIOKUTENBHO 3apsiia M3 JaHHOM TOYKM B JPYrylo, (PUKCHpOBaHHYIO TOUKy. B kauecTe
($uKCHUpOBaHHON YacTo OepyT OECKOHEYHO yNAJICHHYIO TOYKY. JIpyrMMu cloBaMu, MOTEHIHAI
3JIEKTPOCTATHYECKOrO TMOJII PaBeH NOTEHIMAJIBHOW SHEPIUU E€JUHUYHOTO IOJIOKHUTEIBHOTO
3apsifa, IOMEIIEHHOTr0 B 3Ty To4Ky. Ennnnna norenuunana B CU 1 Bosbr.

IHoTeHUMaJNbHAA JIHEPrUsi — 4YacTh MEXAHWYECKOW SHEPruM Tela, 3aBUCAIIAs OT
B3aMMHOI'O DAcCIOJIOXKEHUSI €€ 4YacTel M OT MX IIOJIO)KEHWH BO BHEIIHEM CHJIOBOM IIOJIE.
YucneHHO MOTEHIMallbHAs PHEPIrUs CUCTEMbl B JAaHHOM COCTOSIHUM paBHa paboTe, KOTOPYIO
IIPOU3BENYT JAECUCTBYIOIINE Ha CUCTEMY CHJIBI IIPU NIEPEXOAE CUCTEMBI U3 3TOTO IOJIOKEHUS B TO,
r7i€ MOTEHUHAIbHAs SHEPT Ul YCIOBHO PUHUMAETCSI PABHOW HYJIIO.

IIpenomiienne cBera — sBJICHUE, 3aKIIOYAlONIeecs B M3MEHEHUHM HaIlpaBJICHUS
pacrpoCTpaHEeHUsI CBETOBOW BOJIHBI IIPH MEPEXO0JI€ U3 OAHOU CpeAbl B APYTYIO, OTIIMYAOLIYIOCS
IOKa3aTeJIeM IIPEIOMIICHUS CBETA.

IIpoBoaHUKAMM Ha3bIBAlOTCA BELIECTBA, COAEpPIKAIME B JOCTATOYHOM KOHLEHTpaLUU
cBoOOHBIE 3apsibl. K MPOBOJHUKAM OTHOCATCS METaJUIbl, MOHU3UPOBAHHbIC Ta3bl, BOJHBIC
pacTBOpBI 3JIEKTPOJIMTOB M paciulaBbl cojiel. B anmexkTpuueckoM mnosie cBOOOAHBIE 3apsizibl
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nepepacnpeeNsitoTcs TaK, YTO HANPSHKEHHOCTh JJIEKTPUUECKOTO TMOJIsl BHYTPH MPOBOIAHHUKA
OKa3bIBAETCS paBHA HYJIO, & TOTEHIMAJ IPOBOJIHHUKA BCIOAY OJMHAKOB.

PaGora B MexaHuUKe €CTb Mepa M3MEHEHHUS TOJHON MEXaHWYECKON SHEPTUU CHUCTEM.
DOnemeHTapHas paboTa OmpeaenseTcsl Kak CKaISIpHOE MPOU3BENEHUE Cuibl Ha SJIEMEHTapHOe
nepemewenue A=F-S. N3mepsiercs B [[Ix].

PaBHOMepHOe BpamaTeJbHOe IBMKEHHE — JBUKEHUE, IPU KOTOPOM YIJIbI IOBOPOTA
MaTepUaTbHOU TOYKH 3a JII0ObIE paBHBIC MPOMEXKYTKH BPEMEHH OJIMHAKOBBHI.

PaBHOMepHOe ABU:KEHHEe — JIBIDKEHHUE, MPH KOTOPOM 3a JIFOOBIE paBHBIE MPOMEXKYTKH
BPEMEHU MaTepHuaibHasi TOUKa MPOXOIUT OJIMHAKOBBIC Iy TH.

PaBHOMepHOe mnpsiMOJIMHEHOE JABH:KEHHMEe — TO K€ caMoe, 4To W PaBHOMepHOe
JBIKEHUE, €CITU TPACKTOPHS Teja — MpsiMast TUHUS.

CaMOMHAYKIMSA — SBJICHHE BO3HUKHOBEHHMS 3JIEKTPOABMXKYILEH CUJIbI B IMPOBOJHUKE
(kaTyuIke) Ipu U3MEHEHUH MPOTEKAIOIIET0 B HEM AyeKTpudeckoro Toka. Bennunna u 3uak 31C
CaMOMHAYKIUHU ONPEIEIAI0TCS 3aKOHOM 3JIEKTPOMAarHUTHON UHAYKIUH.

Cuia — Mmepa MEXaHUYECKOTO JCHCTBUSA HA MAaTEPUAIBHYIO TOUKY WJIM TEJIO APYTUX T
wii noneid. Cunia BbI3bIBACT M3MEHEHHE CKOPOCTH Tela Wiu ero naedopmanuio. B mexanuke
pa3uyaoT CWIbl, BOSHUKAIOIINE TPH HEMOCPEICTBEHHOM KOHTAKTE TEJl WJIM Ha PACCTOSHHUH
MOCPEJICTBOM CO3[aBAEMbIX TeJlaMU Mosied. MOXXHO NOKa3aTh, YTO HAa MHUKPOCKOIMHUYECKOM
YpPOBHE BC€ CWJIbI (Hampumep, Cuilia YIpyrocTd) oOycioBieHbl moyisMu. Cuia - BEKTOpHas
BEJIMYMHA, TO3TOMY B KaX/Jbli MOMEHT BPEMEHHM OHA XapaKTEpU3YETCsl YMCIOBBIM 3HAUYECHUEM,
HalpaBJ€HUEM M TOYKOM MpUJIOKeHUs. B MexaHuke mpupoja CHJI HE pacCMaTpUBACTCS.
Enunauna cunel B CHU — 1 HeroToH.

Cuiibl nHepuUMu — QUKTUBHBIE CHJIBI, KOTOPBHIE BBOJISTCS B HEMHEPITUAIBHBIX CUCTEMAX
oTcyeTa, YToObl BTOPOM 3akoH HbIOTOHa MOXKHO OBLIO pacmpoCTpaHUTh HA HEWHEPIHATIbHBIC
cucteMbl oTcuera. Hampumep, BO Bpamaronmxcsi CUCTEMax OTCUETa MOSBIISIOTCS IEHTPOOeKHAS
cuna u cuia Kopuonuca.

Cucrema oTcyera — TEJIO OTCUYETA, CHCTEMa KOOPIUHAT, CBSI3aHHAs C TEJIOM OTCYeTa, U
yacel (mpubop AJid M3MEpEeHUsT BPEMEHH [BIDKEHHUS C yKa3aHHEM Ha Hayajo ero OTcueTa).
CucremMa oTcueTa WCIOJB3YETCS JUIS ONMPEICICHHS TOJOKEHUS B MPOCTPAHCTBE (DU3MUCCKHUX
00BEKTOB B pa3lMYHbIE MOMEHTHI BpeMeHH. Pa3nuuaioT mHepluanbHbIE W HEWHEPIHAIbHbIC
CHUCTEMBI OTCUETa.

Teno orcuera — Teno, OTHOCUTEIBHO KOTOPOTO PACCMaTPUBAETCS JIBHXKEHHE BCEX
OCTAJIbHBIX TEJL.

TouyedHbIi JIEKTPUYECKHH 3apsA — 3apsDKEHHOE TEJO, pasMepaMu KOTOPOTO MOKHO
npeHeOpeyb B yCIOBHUSIX KOHKPETHOM 3aa4uH.

TpancgopmaTopom Ha3bIBae€TCs YCTPONCTBO AJS MTPeoOpa30BaHUs MEPEMEHHOTO TOKA U
HanpsokeHus. [IpuHIUn AeCTBUS OCHOBAH Ha 3aKOHE AJIEKTPOMArHUTHON WHIYKIIUU.

du3nyecknii MASTHUK — aOCONIOTHO TBEPAOE TEN0, UMEIoIee OCh BpalleHus. B moine
TATOTEHUS (PU3UICCKUI MAsSTHUK MOXET COBEPIIATh KOJICOAHHSI OKOJIO TIOJIOKEHUSI PAaBHOBECHSI,
OpyU 3TOM MAacCy CHUCTEMbl HEJb3sl CUMTAThb COCPENOTOYEHHOM B oOAHOW Touke. Ilepmon
KoJieOaHUH (PU3MYECKOTO MAsTHUKA 3aBHCHT OT MOMEHTAa MHEPIIUH TeJla U OT PACCTOSIHUS OT OCH
BpalleHus 10 LIEHTpa Macc.

LenTp Macc — TouKka Tena (WIM CUCTEMBI TEN), KOTOpask ABMKETCS TakK, KaK €Ciu Obl B
Hell OblTa cocpeloToYeHa BCsl Macca Tella (CUCTeMbl) M eclid Obl K Hell ObUIM MPUIIOKEHBI BCE
BHEIIIHUE CWJIbI, IEUCTBYIONMINE HA cucTeMy. J[pyroe Ha3BaHHE ATOW TOUYKH — LIEHTP HHEPIIHUH.
Cucrema orcueta, CBsi3aHHas C LIGHTPOM Macc, Ha3biBaeTcs L[-cucteMoil uin cucteMoil LieHTpa
Macc. B Takoii cucteme yo0HO pemniaTh 3a/1auu, €Clid HaC HE MHTEPECyeT JBUKEHUE CUCTEMBI B
LIEJIOM, a TOJIbKO OTHOCUTEIBHOE JIBUKEHUE €€ YaCTHL.

Inekmpuueckuii 3apao — puznyeckas BEIMUYUHA, XapaKTEPUIYIOIas CBOMCTBO TEJ WU
YaCTHIl BCTYNAaTh B 2JeKMPOMACHUMHOE 83aumooelicmeue W OTMPENeNomas 3HaueHusl CUI U
SHEPTUd TPH  TaKUX  B3aUMOJCUCTBHUSAX.  DJEKTPUYECKHM  3apsiiaM  MPUIUCHIBAIOT
MOJIOKUTEBHBIA UM OTpUIIATEIbHBIN 3HaK. Enqununa 3apsana B cucreme CU — 1 Ko (kynon).
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DJIeKTpUYeCKHii TOK — ATO HallpaBjIeHHOE (YNOPSIIOYEHHOE) IBUIKEHUE I1eKMPULECKUX
3aps0o6. Pa3znuyaloT TOK MPOBOAUMOCTH (JBIKEHHE 3apsHKEHHBIX MHMKPOYACTHUIL JIBHKYTCS
BHYTPU MAaKpOCKOIIMYECKOTO Tejla), KOHBEKIMOHHBII TOK (IBM)KEHUE  3apsyKEHHBIX
MaKpPOCKOIUYECKUX TeNl WM YacTHIl, HApUMEp, YaCTHUI] MbUIM) U TOK B Bakyyme (My4Kd
AJIEKTPOHOB WJIM HOHOB B BAKyyMe).

DJIEeKTPOABHKYIIASI CHJIA — XAPAKTEPUCTHKA MCTOYHHMKA SHEPIHHM B AJIEKTPUYECKOM
Henu. OJEKTPOABMKYIIAs CHJIa H3MEpsieTCs OTHOIIEHUEM pabOThl CMOPOHHUX CUl  TIO
NEepeMENICHUIO 3aps/ia BIOJb LENU K 3HAYEHHIO 3TOro 3apsiaa. MoxHo ckazars, uto D/C ecthb
yaenbHas padota ctopoHHuUX cuil. DJC, Kak U nomenyuan, U3MEpSIETCsl B BOJIbTaX E=AcCTq.

JJIEKTPOH — MeJbyaiilias OTPULIATENIbHO 3apsKEHHAs 4YacTUIA, BXOZSIIash B COCTaB
aTOMOB.

DJEKTPOCTATHKA — pas3fiell 91eKmpOOUHAMUKYU, W3YYarOIUi TMoJie HEMOABHKHBIX
3apsA0B U X B3aumozencTBue. OCHOBY 3JIEKTPOCTATUKU COCTABISET 3akon Kynona.
DJIeMEHTAPHBIH JJIEKTPUYEeCKMil 3apsA] — HaUMEHbIIUH MOJOXKHUTEIbHBIN WU

OTPHIIATEIbHBINA IEKTPHUECKUI 3apsi]], paBHBIN MO0 a0COTIOTHOMY 3HAYECHHUIO 3apsiay AJIEKTPOHA.
3apsz 1000ro Teaa WIK YacTUIbl €CTh BEJMUMHA, KpaTHAs JIeMEHTapHOMY 3apsny. YacTusl ¢
JIPOOHBIM 3apsI0M B CBOOOTHOM COCTOSTHUM HE HAOJIFOIAal0TCA.

JHeprusi — cKajsipHas (u3nueckas BeIMUYMHA, SBISIONIAsCA OOLIEeH Mepoil pa3IuuHBIX
dopM IBIKEHUS MaTepHUH U MEPOil Mepexoia JBIKEHHS MAaTepHH M3 OJHUX (OpPM B JIpyTHE.
OcCHOBHBIE BUJBI SHEPIrUU: MEXaHUYECKas, BHYTPEHHSSI, JIEKTPOMArHuTHAas, XUMHYECKasd,
rpaBUTAllMOHHAsA, siaepHas. OXHM BUABI DHEPTUM MOTYT NPEBpalIaTbCs B JIPYyrHEe B CTPOTO
OTpeIeIEHHBIX KOJIMYECTBAX.

DHeprusi, 3armaceHHas B MacHumHom noje Karymku, papaa W = LI2/2, tne | — cuna
moxa, L — unoyxmuernocms xatymk (cp. ¢ GopMysioil KHHETHUECKOM dHepruun!).

DHeprusi, 3araceHHas B dJICKTPHUECKOM T0JIe KoHdencamopa, paBaa W = CU2/2, rne U
— HaIpsbKeHUe Ha KoHJieHcaTope, C — 3JIeKTPOeMKOCTh KOHIEHCaTopa.

SIBJjieHHe CBePXNMPOBOAUMOCTH OTKPBUI Tosmanackuil pusnk Kamepmuar-Onnec (1911):
CONIPOTHBIIEHUE PTYTU TNpU Temrmeparype, OIM3KOM K aOCOJIOTHOMY HYJIIO, CKauKOM
YMEHBIIAJIOCh 10 HyJs. B nmanbHeimeM CBEpXNpPOBOAMMOCTh OblIa OOHapyXKeHa U Yy APyTUX
METAJUIOB U CIUIaBOB (CBHMHEL, OJIOBO, »eie30 U Jp.). CBepXNmpoBOAMMOCTb, Kak H
DIIEKTPUYECKOE COIMPOTHBIICHUE, OOBICHACTCS B3aUMOJCHCTBUEM KOJUIEKTUBU3UPOBAHHBIX
JMEKTPOHOB MeTalyla ¢ KpUCTaJuIMueckod pemerkod. B 1986 roxy oOHapyxeHa
BBICOKOTEMIIEPATYPHASI CBEPXIPOBOJUMOCTbD, TEOPHUS KOTOPOH HAXOIUTCS B CTAIHH Pa3pabOTKH.
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Ipunoowcenue 3

NHCTPYKIUA ITIO OXPAHE TPYJA JJA YHAIIUXCA ITPU PABOTE B
JJABOPATOPUH

I. OBIIIUE ITOJIOXXEHU A

1. Cobnronenue TpeOOBaHUN HACTOAIICH MHCTPYKIIMH 0053aTE€IBLHO VIS BCEX ydYallnuxcs,
paboTaronux B 1a00paToOpuu.

2. Yyamuecs MOTYT HaxoOJuThCsi B KaOWHETE TOJBKO B NMPUCYTCTBUU IPENOJABATEINS;
npeObIBaHKE YUAIUXCS B IOMEIICHUH JIA0OPAHTCKOU HE A0y CKAeTCs.

3. [IpucyTcTBUE NOCTOPOHHUX JIMIL B TAOOPATOPUH BO BPEMsI SKCIIEpUMEHTA IOy CKaeTCs
TOJIBKO C pa3pelieHHs YIUTEIIs.

4. B naboparopuu 3anpeniaercs NpUHUMATh MUILY U HATUTKH.

5. YyamumMmcs 3ampemiaeTcsi BHIHOCHUTh W3 JIA0OpAaTOPUU W BHOCUTH B Hee JH000e
obopyoBaHue 0e3 pa3penieHust yauTers.

6. He nomyckaercst 3arpoMOXKIeHHE IPOXOI0B MOPTHEIIMU U CyMKaMH.

7. Bo Bpemst paboThl B 1ab0paTOpuu ydamuecs MTOJDKHBI COOI0IAaTh YUCTOTY, MOPSIA0K
Ha pabouyeM MecTe, a TAKXKE YETKO CIIeI0BATh MPaBHIIaM TEXHUKH O€30TacHOCTH.

8. Yuamumcs 3anpenaercst 0eratsb 1o 1adoparopuu, IIyMeTh U YCTPauBaTh UTPHI.

9. He pomyckaercs HaxOXJCHHWE ydalIUXCs B JA0OpaTOpHUM BO BpeMs €ro
MIPOBETPUBAHUS.

10. Yuammmcs 3anpeniaercst Iporu3BOIUTh CAMOCTOSTENIbHO, 0€3 TabopaHTa (MHXKEHepa,
npenonasarensi), CcOOpky (pa30opky), BKJIOUeHHE (OTKIIOUEHHE) CXeM, npuOopoB,
000pyIOBaHNUS;

II. TPEBOBAHM S BE3OITACHOCTH ITEPEJ] HAYAJIOM JIABOPATOPHOI
PABOTDI

1. Ha paGouem MecTe OJDKHO HAaXOAMTHCS TOJIBKO OOOpyJIOBaHWE IS KOHKPETHOMN
paboTel. becriopsiiok Ha paboyeM MecTe HEAOMyCTHM.

2. B naGopaTopuu onexaa COTpyIHHKA U CTyJI€HTa JOJKHA OBITH 3aCTETHYTa Ha BCe
3aCTeKKHU TaK, YTOOBI HE OBLIO Pa3BEBAIOIIMXCS KOHIIOB. JIIMHHBIC BOJOCHI JTOJDKHBI OBITH
yOpaHbl TI0J1 TOJIOBHOUM yOop. PaGoTaTh B yierkoii 00yBH (Tarmo4yku, OOCOHOXXKH), OCOOCHHO B
MOMEIIEHUSIX C TTOBBIIIIEHHON OMACHOCTHIO 1 0CO00 OMACHBIX 3aMpPEIIeHO.

3. VOparh TOCTOPOHHHME ¥ HEUCIIOJB3yeMble B JIaHHOW paboTe TMpeaMeThl
(oO0opymoBaHHE), HE 3arpoOMOXKIaTh UMH IMPOXOMBI, OCBOOOJHUTH MOIXOIBI K AIEKTPUYECKUM
CWJIOBBIM IIUTaM U JPYTrod ammaparype, CBOEBPEMEHHO OYMIIATh MOMEIIEHHE OT OTXOAOB U
Mycopa;

4. Yyamuecs, UMEIOIUE JJIMHHBIE BOJOCHI, HE JIOJDKHBI OCTAaBIISITh UX B PACHyIEHHOM
BUJIE, YTOOBI UCKITFOUUTH BO3MOXKHOCTh UX COMPUKOCHOBEHUS C JIA0OPATOPHBIM 000PYIOBaAHHUEM,
peakTUBaMU U TeM 00Jie€ — C OTKPBITHIM OTHEM.

5. Tlpexnae, 4eM MPHUCTYNUTh K BBIOJHEHUIO DKCIEPHUMEHTA, Y4alluecs JOJDKHBI IO
METOJMYECKUM YKa3aHUSIM U3yYUTh U YSCHUTH MOPSIIO0K BBITIOTHEHHS MPEACTOSIIECH paboThlI.

6. Yuamuecss 00s3aHBl BHUMATEIBHO BBICIYIIATh WHCTPYKTAX TNPENoaaBaress To
TEXHUKE OE€30MaCHOCTH B COOTBETCTBHH C OCOOCHHOCTSIMH TpEACTOSIICH paboThl. Texyrmmit
WHCTPYKTaX IO TEXHUKE OE30MaCHOCTH Tepe]] MPaKTUYECKOW paboToil perucTpupyercs,
COOCTBEHHOPYYHO YYaIIUMHCS B TETPalsixX M MPaKTUYECKuX paboT. Tekymuili MHCTPYKTaxK
nepen 1abopaTopHOil paboTO HE perucTpUpyeTcs.

7. IlpuctynaTh K MPOBENEHUIO HKCIEPUMEHTA y4allhecs MOTYT TOJIbKO C pa3perieHus
pernoaaBaTes.
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[II. TPEBOBAHUA BE3OITACHOCTHU BO BPEM PABOTEI

1. Bo Bpems paGoTel B abopaTopuy ydaliuecs MOJDKHBI OBITh MaKCHMAaJbHO
BHUMATEJIbHBIMM, TUCHUIUIMHUPOBAHHBIMH, CTPOIO CIJIEJOBaTh YyKa3aHHUSIM IpernoaaBaTes,
COOIIIO/IATh TUIINHY, TIOJICP’)KUBATh YUCTOTY H MOPSAIOK Ha pabodeM MecTe.

2. Bo BpeMsl 1eMOHCTpPALlMOHHBIX OIBITOB Y4Yaluecs JOJDKHBI HAaXOAMUTHCS Ha CBOMX
pabounx MecTax WM MEpececTh MO yKa3aHWIO IMpeToaaBaTeNs Ha Jpyroe, Ooiee Oe3omacHOe
MEcTO.

3. Cnenyer BBIOJHATH TOJBKO Ty pabOTy, Ha BBIIOJHEHHE KOTOPOW MOIYYEHO
paspelieHue, a TakkKe BBINOIHATh TpeOoBaHus IlpaBun nmoxapHoi 0e30mMacHOCTH M HaJANuUCeH
(3HaKOB) 0€30MaCHOCTH.

4. Huxakue BelecTBa B JJaOOpaTOpuM Henb3sl MpoboBaTh Ha BKyc! HroxaTh BemecTBa
MOYKHO, JIUIIb OCTOPOKHO HAIPAaBJIsis HAa ce0s MX Maphl WU ra3bl JETKUM JBIKEHUEM PYKH, a HE
HaKJIOHSSICh K COCY/ly M HE BJIbIXasl MOJIHOM IpyIbIO.

5. Ilpu BbIMOAHEHMM Ja0OPAaTOPHBIX PAOOT ydalluecs TOJIKHBI TOYHO MOBTOPSTH
JieicTBUS MpenoaBaresisl, MOKa3bIBaIOLIEro, Kak HY>KHO MPAaBUIbHO MPOBOANUTH 3KCIIEPUMEHT.

6. IToaroroBneHHBIN K paboTe MPUOOP yUalIuecs JOKHBI MOKa3aTh MPENoAaBaTEN0 UITH
nabopaHrty.

7. Tlo mnepBoMmy TpeOOBaHUIO TMpenojaBareis yudaluecs o005S3aHbl HEMEAJIECHHO
IPEKPaTUTh BBINOJIIHEHHE Pa0OoThI (3KCiepuMenTa). Bo3oOHOBIEHHE PabOThl BO3MOKHO TOJBKO €
paspelieHus npenogaBaTes.

8. Vwyammmcs 3ampeniaercsi CcaMOCTOSITE€IbHO IPOBOJAUTH JIFOObIE  OMBITHI, HE
IpeyCMOTPEHHBIE B IaHHOM paboTe.

9. O6o Bcex Hemosaakax B paboTe 00OpyIOBaHUS, BOAONPOBOJA, IEKTPOCETH U T.II
ydammecsi 00s3aHbl COOOIIMTH YUYUTETIO WM JIA0OpaHTy. YdUaliuMmcsl —3amperacTcs
CaMOCTOSITENIHO YCTPAHATh HEUCIIPABHOCTH.

10. IIpu nosmyyeHuun TpaBM (IIOPE3bl, OKOTHU U T.II.), @ TAKXKE MPHU IIJIOXOM CAMOYYBCTBHH
y4Jaruecst T0JDKHBI HEMEICHHO COOOITUTh 00 3TOM MPEToaBaTel o Uilu JJa00paHTy.

11. Bo BpeMs paboThl ydalMMcs 3ampeniaeTcs MepexoauTh Ha Apyroe padouee MecTo
0e3 pa3pelieHus npenoaBaTes.

12. VYyammmMmcs 3ampemaercs OpaTh BemlecTBa M Kakoe—IuO0O 00OpyaoBaHHE C
HEe3a/ICCTBOBAaHHBIX HA JaHHBI MOMEHT Pa0OUYUX MECT.

13. Hegomyctumo Bo Bpemst paOoThl mepedpachiBaTh IPYr APYry KakHe—InOO BeIn
(YyueOHUKH, TETpaaH, PYUKH H JIp.).

14. 3anpermaercst ocTaBiIATh 0€3 MPUCMOTPa BKIIIOUCHHbIE HarpeBaTelbHbIE MPUOOPHI, a
TaK)Ke 3QKUTaTh TOPEIKH U CIIUPTOBKH 0€3 HaIOOHOCTH.

IV. TPEBOBAHUN BE3OITACHOCTH 110 OKOHYAHWHW PABOTDBI

1. Y6opka pabo4ymx MeECT MO OKOHYAaHWU pabOTHl MPOU3BOJIUTCA B COOTBETCTBHH C
YKa3aHUAMU IIPCIIogaBaTeClIA.

2. Yyamuecs JOJDKHBI IPHBECTH B TMOPSIOK CBOE pabodee MECTO, CAATh MPETOIaBaTEIII0
WK JTAOOPAHTY JOMOTHUTEIbHBIC PEAaKTHBBI M 000pyI0BaHHE.

3. Ilo oxoH4YaHWM JIAOOPATOPHOM M MPAKTHUECKOW paboT ydammuecss 00sS3aHbl BBIMBITh
PYKH C MBUIOM.

V. ABAPUMHBIE CUTY AT
[Ipu BO3HUKHOBEHUHU aBapUIHBIX CUTYallMil BO BpeMs 3aHATUI B JlabopaTtopuu (Ioxap,

IMMOABJIICHHUE IMOCTOPOHHUX SaHaXOB), HC OJOIIyCKaThb INMAaHUKHW W IMOAYHUHATHECA TOJIBKO YKa3aHUAM
nmpenoaaBaTeiis.
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TEXHUKA BE30OITACHOCTU ITPU PABOTE C OBOPY/IOBAHMEM

[Ipu skcruryaranuu o0OpyIOBaHUS HEOOXOAMMO COOJIOAATh CIEAYIOUIUE IpaBuUiia
0€30MacHOCTH:

» K oOciyxuBannio 000pymOBaHHS IOIYCKAIOTCS JIAIA, TPOIIEANINEe HHCTPYKTAX IO
TEXHUKE 0€30MaCHOCTH.

* Ilepen wHauamom »SKcIulyatanud OOOPYIOBAaHUS HEOOXOAUMO YOCAUTHCS, UTO
000py/10BaHNE HAXOJUTCS B BBIKJIIIOYEHHOM COCTOSIHUU.

* [Ipu oOHapy>keHUU JIOOBIX MOBPEXKICHUH W HEHCIIPABHOCTEH 00OPYIOBaHUS, a TAaKXKe
OpU TOSBICHUU JbIMA, HCKPEHUS WIM CHeUUM(pUUECKOro 3amaxa I[eperperol M30JsaIuH,
HEMeUIEHHO 00eCTO4YbTe 000PYI0BaHHE.

* BAITIPEIIIAETCSI HencnpaBHOe 000py10BaHHUE.

* 3AIIPEIIAETCS wucnonp3oBaTh H3ACHHE W €r0 OTACIbHBIE KOMIIOHEHTHI HE TIO
Ha3HAYCHMUIO.

* SAITPEHTAETCA BckpbIBaTh U3/ENHE.

* BAITPEILIAETCS BU1OM3MEHATh NPUHIUIHATIBHYIO CXeMY M 001ue GyHKIHUU pabOoThI
U3JIEIHSL.

* Ilocne xpaHeHHss 0OOpPYJOBaHUS B XOJOJHOM IOMEUIEHWH WM IOCIE MEPEBO3KU B
3UMHHX YCJIOBHSIX BKJIIOUATh €r0 B CETh MOYKHO HE paHbllie, 4eM yepe3 6 4yacoB MpeObIBaHUS IpU
KOMHATHOW TeMIlepaType B paCllakOBaHHOM BUJIE.

* U3nenue sKCIIyaTUpOBaTh TOJIBKO B MOMELIEHUM O€3 MOBBIIMIEHHON ONAacHOCTH I10
CTETIEHU MOPAXKEHUS IIEKTPUUECKUM TOKOM.

* Bo usbexxanue mopakeHHsI IJIEKTPUUYECKUM TOKOM M BBIXOJA M3 CTPOs AJIEMEHTOB
U37Ienus, pyu paboTe 3ampeIiaeTcst UCIOIb30BaTh BHEIIHUE HCTOYHUKH MMUTaHMUS.

* He ycranaBnmuBaiiTe 000pyIOBaHHE B  HEMOCPEACTBEHHOM  OJM30CTH  OT
JIETKOBOCIUIAMEHSIOIIUXCS U PACHPOCTPAHSIOIUX OTOHb IPEMETOB.

* He ocraBunsiiite 060pyoBaHue BKIIOYEHHBIM 0€3 IPUCMOTPA.

* He nomyckaiite nonaganus >KUIKOCTH BHYTPb 000pYy10BaHUS.

* He ocrammsiite o6opyZoBaHUE B peKUME OXHIAHU Ha JUTeNbHOE BpeMs (Oosee 12
YacoB)

* Bo u3bexanue mojJoMok 00OpyAOBaHHs HE NMPUKIIAIbIBAWTE Ype3MEPHBIX YCHIUM MpH
MaHMITYJIIIUAX C OPraHaMHU YIIPaBICHHUSL.
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BBEJIEHHUE

Hacrosiiuee wu3naHue sBIsSeTCS METOAWYECKMMHU YKa3aHUSIMHM JJIsl CTYICHTOB OakajaBpuaTa U
MpeAHa3HauYeHO ISl OpPTaHM3allMy MX MPaKTUYecKoW paldoThl 1o pasaenam kypca OU3UKA, pazgenst:
«Mexanuka», «Konebanus u BonHbY, «MonekynspHas (U3MKa M OCHOBBl TEPMOJUHAMUKWY,
«OnexkTpomaruetusm», «Ontuka. KBaHTtoBas npupoaa HM3Iy4eHUsD», «DJIEMEHThl KBAaHTOBOM (DU3HKUY,
«OneMeHThl (PU3UKU aTOMHOTO S[pa U 3JIEMEHTAPHBIX YacTUI. B MeTOIMYeCKUX YKa3aHUSAX IPUBEACHBI
OCHOBHBIE (hOPMYJIBI U 3aKOHBI, IPUMEPHI PEIICHUs 3ajad, 3a7ayd JJIs CaMOCTOSTEIBHOTO pEIIeHUs,
BapHaHThI 3a71a4 17151 pabOThI Ha ay JUTOPHBIX 3aHATHUAX, PEKOMEHA0BaHHAs JIUTEPATYpa.

Eciu cTyAeHT UCTIBITHIBAET 3aTPyAHEHNS B OCBOCHUU TEOPETUYECKOTO WIN MPAKTUYECKOTr0 MaTepuaa,
TO OH MOJKET MOJyYUTh YCTHYIO WJIM MMCbMEHHYIO KOHCYJIBTALIUIO Y MTPENO1aBaTells.

Komnerennnmu oOyuatomerocsi, (opMupyemble B pe3yiabTaTe H3y4YeHHS U BBIIOJHEHUS BCeX
MIPAKTUYECKUX paboT, ClIEayIOLIHE:

[Ipuctynas K pemeHuo 3aja4d U3 J00bIX MPAKTUYECKUX PaboT, MPUBEACHHBIX HUXKE, HYKHO
MIPUICPKUBATHCS CIIEIYIOIIETO MOPSIKA:

1. BuuMartenbHO MPOYUTATh U NEPENUCcaTh YCIOBHE 3a/1a4H.
2.MI3y4nTh TEOPETUYECKHI MaTepHall 0 UMEIOMIEMYCsl TIOCOOHI0, YCTAHOBUTH CBSI3M MEXKIY JaHHBIMU
(u3MYECKUMHU BEIHMUYNHAMM.
3.YcTaHOBHTH, BCE JIU TEPMUHBI B YCIIOBUU 33/1a4¥ U3BECTHHI M TIOHATHBI. ECITH 4TO-TO HE SICHO, CIIEeAyeT
emie pa3 oOpaTuThCs K Y4E€OHHMKY, TOCMOTPETh PEUICHHs 3a/ad Ha 3Ty TeMy B YUEOHO-METOIMYECKHX
MOCOOUSIX.
4. 3anucath KpaTKOE yCIOBUE 3aa4H.
5. IlepeBectu Bce 3aaHHbIe BeIUYMHBI B eAMHUIBI CU.
6. Eciu HeoOxoaumo, cnenatb deprex. [Ipy 3TOM HYXHO HarJIsSIHO MpPEACTAaBUTH (UIUYECKYIO
CUTYAIIUIO, COJIEPXKAIIYIOCs B 3a/1a4e.
7. IlpoBecTn aHaIU3 3a1a4H.
8.YcTaHOBUTH, Kakue (PU3NYECKUE 3aKOHBI U COOTHOIICHHS MOTYT OBITh MCIOJB30BAHBI IIPHU PELICHUU
AHHOU 3a1a4H.
9.CocTaBuUTh YypaBHEHHS, CBS3bIBAIOIINE (U3NYECKUE BEIMYMHBI PACCMATPUBAEMOTO SIBICHHUS C
KOJINYECTBEHHOW CTOPOHBI.
10. [latb KpaTKHe MOSICHEHUS UCTIONb3yeMbIX (POpMYJ U OYKBEHHBIX 0003HAUCHUIA.
11. Pemuth 3TH ypaBHEHHsI OTHOCUTEIHHO HEM3BECTHBIX BEIMYUH, MTOIYYUTh OTBET B O0IIEM BUJIE.
12. TlpousBecTu neicTBHE C Pa3MEPHOCTAMU M YOEAWTHCS, YTO WCKOMAas BEIUYHMHA TIOJTY4YaeTcs B
equaunax CHU.
13. Cnenats Bce HEOOXOAMMBIE BEIUMCIICHHS U 3alMCATh OTBET C HANMEHOBAHUEM.
14.1lpoananu3upoBaTh JOCTOBEPHOCTH MOJIYUYEHHOTO PE3yiIbTaTa, UCCIEI0BATh, HET JIU APYTUX PEIICHUH.
15. Ecnu mpu pemieHuu 3anad BO3HUKHYT TPYIAHOCTH, KOTOpBIE CTYJCHT HE MOXKET MPEeoJI0NIeTh
CaMOCTOSITEIIbHO, HEOOX0IMMO 00paTUThCS Ha Kadeapy 3a KOHCYJIbTAIUCH.



MHNPAKTUYECKOE 3AHATHE Ne 1-2. 9JIEMEHTBI KHHEMATUKU.

Heab-3aKpenuTh U3yUYEHHBIH MaTepHall MO TeMaTUKe «DIEMEHThl KUHEeMAaTUKH. Moaenu B MeXaHHKE.
Cucrema otcuera. Tpaekropusi, JIUHA IIyTH, BEKTOp TIEPEMEHICHUS. YCKOPEHHE U €ro
COCTaBIISIOLINE. YTIIOBAask CKOPOCTh U YTIIOBOE YCKOPEHUEY.

AKTYaJlbHOCTh TPAKTHYECKOr0 3aHATHS — 3aKPENUTh IIOJIyY€HHBIC TEOPETHUECKUE 3HAHUS H
BBIPA0OTATh HABBIKA U YMEHHS ITPAKTUYCCKOTO PEIICHUS 3a/1a4, B TO YHCJIC U CAMOCTOSTEIIBLHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIlMK K CaMOOOpPA30BAHMIO CTYJICHTAa HANpaBJICHUS «XUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HWCIOJB30BAaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIHILTHH B MPO(ECCHOHANBHOM JACITEIbHOCTH, OCHOBHBIC 3aKOHBI (DU3HKH,
METOBl SKCIEPUMEHTAIBFHOTO HCCIIEOBAHUS, OCHOBHBIX (MU3WYECKUX TEOPHHA JJIS PEIICHHS
BO3HUKAIOMIUX (DU3UYECKUX 33734, CAMOCTOSTEIBHOTO MPHOOpETeHUs (DU3MYCCKUX 3HAHWH, IS
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TPEICITBI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymers:

- OCYILECTBIIATh 3PPEKTHUBHYIO KOMMYHHKAIIMIO B KOJUIEKTUBE JUIS PEIICHHsI TPO(HECCHOHATBHBIX

3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJB30BAaTh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX
JTMCLIUIUINH B TPO(PECCUOHATBHON JEATEIILHOCTH, HCIOJNB30BaTh 3HAHUS OCHOBHBIX (PH3HUECKUX
TEOPUI Ui PpEIICHHS BO3HHUKAOIMMX (U3NYECKUX 3a/1a4, CAMOCTOSTEIFHOTO MPUOOPETEHHS
(bu3NYeCcKUX 3HAHWUM, JJIS TIOHMMAHUS TPUHIMIIOB Pa0OThI MPUOOPOB M YCTPOMCTB, B TOM YHUCIIE
BBIXOIIIMX 33  TpelNeNbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAlpaBJICHUS,  IPUMEHSTbH
COOTBETCTBYIOIIUI (DU3UKO-MAaTEeMaTHYCCKUI ~ammapar, METOIbl aHalu3a H MOJCIUPOBAHHMS,
TEOPETHYECKOTO M SKCIIEPUMEHTAILHOTO MCCIIeIOBAHNS IPU PEIICHNU TPO(EeCCHOHANBHBIX 3a1a4.

Baanern:

- HaBblKaMH paboThl B KOMaHJE, HaBbIKAMH BECTH JHMAJIOT, JEJIOBOM CHOp;  CIIOCOOHOCTh K
CaMOOpTaHU3aIlM U CaMOOOpa30BaHUIO, HABBIKAMU HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIONICH
00paboTKOW MX pe3yNbTaTOB, METOJAMH MaTEeMAaTHYECKOTO, KOMMBIOTEPHOTO U (PU3UUECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHSI TEXHUIECKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MIPOIIECCOB H
KOHCTPYHUPOBAHHUSI ~ COOPYXXCHHMH, MaIlMH M  TEXHOJOTHYECKOTO  000pYAOBaHMS,HAaBBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIIFHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3MKH, HABBIKAMH  CAMOCTOSATEIBHOTO TNPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB M YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICITBI
KOMIIETEHTHOCTH HarpaBiieHUs] XUMUYECKask TeXHOJIOTHsI

TeopeTnyeckas 4acTb
1. Moaean B mexanuke. Cucrema orcuera. Tpaekropus, JNIMHA MyTH, BEKTOP NepeMelleHus

MexaHuka — 4acTh PU3UKU, KOTOpas U3ydaeT 3aKOHOMEPHOCTH MEXaHHMUECKOTO ABMKCHUS U TPUUUHBL,
BBI3BIBAIOIINE WM W3MEHSIOIINE 3TO JABIKeHue. MexaHuuyeckoe NBUKEHHE — 3TO U3MEHEHHUE C
TE€YEHHEM BPEMEHU B3aUMHOT'O PACIIOJIOKEHUS TEJl WIN UX YaCTEH.

Pa3BuTne MexaHuku kak Hayku HaunHaetrcs ¢ III B. 10 H. 3., KOT1a JpEeBHETPEUECKUN YUECHBIM ApXUME
(287—212 g0 H. 3.) copMyIHpOBaT 3aKOH PABHOBECHS pbhluara M 3aKOHBI PABHOBECHS IJIABAIOIIUX
Ten. OCHOBHBIE 3aKOHBI MEXAHUKH YCTAHOBJICHBI UTANBSIHCKUM (DU3UKOM U acTpoHOMOoM ['. [anuneem
(1564—1642) 1 okoHYaTENbHO cHOPMYTUPOBAHBI aHININHCKUM yueHbIM W. Hetoronowm (1643—1727).

Mexanuka ['anunes—HpIOTOHA Ha3bIBaeTCs KJIACCHYECKOW MexXxaHMKoOil. B Hell m3ydaroTcs 3aKOHBI
JBUKEHMSI MAKPOCKOIIUYECKUX TEJI, CKOPOCTU KOTOPBIX MaJIbl TI0 CPAaBHEHUIO CO CKOPOCTBIO CBETA C B
BaKyyMe. 3aKOHBI JIBHKEHUS MaKpPOCKOMMYECKHUX TEJ CO CKOPOCTSAMHM, CPABHUMBIMHU CO CKOPOCTHIO C,
MU3Y4YalOTCAd  PEJATHBUCTCKOM  MEXaHMKOM, OCHOBAaHHOW Ha  CHEUHMAJbHONW  TeOpHH
OTHOCHTEJIbHOCTH, chopMmynupoBaHHOU A. DiHmTeitHoM (1879—1955). Jlnsg onmcanust IBYKCHHS
MUKPOCKOIIMYECKUX TeNl (OTHAENbHBIE AaTOMbl M DJIEMEHTApHbBIE YACTHUIBI) 3aKOHBI KJIACCHUYECKOMN
MEXaHUKH HETPUMEHUMbI — OHU 3aMEHSAIOTCS 3aKOHAMH KUTOBOI MEeXaHUKH.



B nepBoii yactu Hamero kypca Mbl OyJieM H3ydaTh MexaHuKy [ anunes—HpIoToHa, T.e. paccMaTpuBaTh
JBUKEHUE MaKpPOCKOIMMYECKHMX TEJI CO CKOpPOCTSMM, 3HAUUTEIbHO MEHBIIUMHU CKOpOCTH c. B
KJIACCHUYECKOM MeXaHMKe OOIIENpHHATAa KOHLEMNIMsS NpOCTpaHCTBA M BpeMEHH, pa3paboranHas M.
HeroroHoMm u rocrnoacTBoBaBmas B e€cTeCTBO3HaHMM Ha npoTshkeHnn XVII—XIX BB. Mexanunka
anunes—HploTOHa  paccMaTpuBaeT MPOCTPAHCTBO M BpeMsl Kak OOBEKTUBHBIE  (POPMBI
CYILIECTBOBaHMUsSI MaTepuH, HO B OTPbIBE JAPYr OT Jpyra U OT JABM)KEHUS MaTepUabHBIX TEJ, YTO
COOTBETCTBOBAJIO YPOBHIO 3HAHUI TOTO BPEMEHHU.

Mexanuka nenuTcst Ha Tpu pasnena: [) kKuHeMaTuky; 2) TMHaMHKY; 3) CTaTUKY.

Kunematnka wu3ydaeT [BHXKEHHE TeEJ, HE paccMarpuBas MPUYMHBI, KOTOpBIE O3TO JBU)KCHHE
00yCIIOBJIMBAIOT.

JMHaMHKa U3ydaeT 3aKOHBl [BWKEHUS T€l WU NPUYUHBI, KOTOPHIE BBI3BIBAIOT MJIM H3MEHSIOT 3TO
JBUKEHHE.

CraTnka n3ydaeT 3aKOHbBI PABHOBECHS CUCTEMBI Tell. Eciii U3BECTHBI 3aKOHBI IBUKEHUS TEJ, TO U3 HUX
MOKHO YCTaHOBUTb M 3aKOHbl paBHOBecus. [loATOMy 3aKOHBI CTATUKH OTHAEIBHO OT 3aKOHOB
JMHAMUKU (U3UKa HE pacCMaTpUBAcT.

MexaHuka JUIsl ONMCAHUS JABM)KEHUS TEJ B 3aBUCUMOCTU OT YCJIOBUH KOHKPETHBIX 3a]1a4 MCIIOJIb3YET
pasHble @uszuueckue mooenu. Ilpocteilmieil MoJenpio sBIsSETCS MaTepHaJdbHasi TOYKa — TeJo,
obnajaroiee Maccoi, pasMepaMH KOTOPOTO B JaHHOM 3ajadye MOXKHO mpeHeOpeub. [lonstue
MaTepHalbHONH TOYKH — aOCTPaKTHOE, HO €ro BBEJECHHE 00Jerdaer pelleHue MPaKTHYeCKUX 3ajad.
Hampumep, u3ydas nBuxkeHue IiaHeT 1o opoOutam Bokpyr CosiHIIA, MOXHO MpPHHATH HX 3a
MaTepHajIbHbIC TOUKH.

[Ipon3BoIbHOE MAaKpOCKOIMMYECKOE TEJIO WM CUCTEMY TE€l MOXHO MBICIEHHO pa30uTh Ha Majble
B3aUMO/JICHCTBYIOIINE MEXAY COOOM YacTH, Kakaast U3 KOTOPBIX pacCMaTpUBAETCsl KaK MaTepHallbHas
Touka. Toraa m3ydeHHe ABUXKEHUS IMPOU3BOJIBHOW CUCTEMBI TENl CBOJIUTCS K H3YyUYEHHUIO CUCTEMBI
MaTEpHaJIbHBIX TOYEK. B MEXaHMKe CHayalla U3y4aroT IBHKEHUE OJHOW MAaTEPHAIbHOU TOUKH, & 3aTEM
NEPEXOJAT K U3YUEHHIO IBUKEHUSI CUCTEMBI MaTEpUAJIbHBIX TOUEK.

Ilon BO3AeiicTBHEM Tesl Ipyr Ha JApyra Tejaa MOTYT Je(OpMHpOBATHCS, T. €. U3MEHATh CBOKO (hopMy U
pa3mepbl. IloaToMy B MeXaHMKE BBOJHMTCS €II€ OJHA MOJelb — a0CONIOTHO TBEPAOE TEJIo.
AOGCONIOTHO TBEPABIM TEJIOM HAa3bIBAETCS TEJNO, KOTOPOE HU IpPH KAKUX YCIOBUSIX HE MOXKET
neOpMHUPOBATECS. U MIPU BCEX YCIOBUSAX PACCTOSIHUE MEXIY ABYMS TOUKaMM (MJIM TOUHEE MEXIY
JIBYMs 9aCTUI[AMU) 3TOTO TeJIa OCTAETCS OCTOSHHBIM.

JIroboe JBW)KEHHE TBEPAOTO Tela MOXHO TIPEACTaBUTh KaK KOMOHMHALMIO TOCTYMATEeNbHOIO |
BpalaTeabHOro JABWXeHUH. IlocTynaTtenbHOe ABMXKEHME — 3TO JBM)KEHHUE, IPU KOTOPOM JitoOast
npsiMasi, JKECTKO CBsI3aHHAas C  JIBWKYIIMMCS  TEJIOM, OCTaeTcsl IapajuleIbHOM  CBOEMY
IIEPBOHAYAJILHOMY IOJIOKEHHIO. BpamarenpHoe JBMKEHUE — 3TO JBUKCHHE, TP KOTOPOM BCE TOYKU
TeJa JIBWKYTCS II0 OKPYKHOCTSIM, LICHTPHI KOTOPBIX JIEKAT HA OJHOW U TOM K€ MPSAMOM, Ha3bIBAEMOM
OCBIO BPAILCHUS.

JIBukeHHE Tea NPOMCXOAMUT B IPOCTPAHCTBE M BO BpeMeHHU. Iloaromy uisi onmucaHust ABMXKEHHUSA
MaTEpHUaIbHON TOYKH HAJO 3HATH, B KAKMX MECTaxX IPOCTPAHCTBA JTa TOYKA HAXOAWIACh U B KaKue
MOMEHTHI BPEMEHHU OHA ITPOXOIMJIA TO UM MHOE TIOJI0KEHUE.

[TonoxxeHune MaTepuaIbHON TOYKHU OIPEJEIAETCs 10 OTHOLIEHUIO K KaKOMY-JITH00 JpyroMy, pOU3BOJIBHO
BBIOpAaHHOMY Tey, Ha3bIBaeMOMy TesloM oTcueta. C HHM CBA3BIBAeTCSA CHUCTEMa OTCYETa —
COBOKYITHOCTh CHUCTEMBI KOOPAMHAT U 4YacOB, CBA3AHHBIX C TEJIOM OTcueTa. B nexapToBol cucreme
KOOpJMHAT, MCIOJIb3yeMOi HamboJiee 4acTo, MOJ0KEHUE TOYKH 4 B JaHHBIH MOMEHT BPEMEHH IO
OTHOILICHHIO K 3TOM CHCTEME XaPaKTEPU3yETCs TPEMS KOOPAUHATAMMU X, ¥ U Z WIH PAINy COM-BEKTOPOM
I, IPOBEICHHBIM U3 Hauaja CUCTEMBI KOOPJAUHAT B JaHHYIO TOUKY (puc. ).

[Ipu nBUXKEHHM MaTepUAIbHOW TOUYKM €€ KOOPAMHATBI C TEYEHHUEM BPEMEHHM H3MEHsoTca. B obmem
Cllydae €€ ABM)KEHUE ONPEAEIIAETCS CKAISIPHBIMU YPABHEHUSMHU

xX=x@), y=y@1), z=z(),
(1.1)

9KBUBAJICHTHBIMH BCKTOPHOMY YPABHCHUTIO



r =r(2).
(1.2)

VYpaBuenus (1.1) u coorBercTBeHHO (1.2) Ha3bIBAIOTCS KMHEMATHYECKHMMM YPABHEHHMSIMHU JBIKCHUS
MaTepHaJIbHON TOYKH.

Yucao He3aBUCHMBIX KOOPAMHAT, IMOJHOCTBIO OINpPENESIONUX MOJO0XKEHHEe TOYKH B IPOCTPAHCTBE,
Ha3bIBACTCSl YHUCJIOM cTeneHeil cBoOoabl. Ecnum MmaTepuanbHas TO4Yka CBOOOJHO [JBUKETCS B
IPOCTPAHCTBE, TO, KaK yXe ObUIO CKa3aHO, OHa 00J1a/1aeT TpeMsl CTENEHsIMH CBOOOIbI (KOOPIMHATEI X,
Y | z), €CJIA OHA JIBUKETCS TI0 HEKOTOPOW IMTOBEPXHOCTH, TO JBYMS CTEHECHSIMH CBOOOJIBI, €CIIH B0
HEKOTOPOH JIMHUU, TO OTHOM CTENEHBIO CBOOOIBI.

Prc. 1

@ UT0 HasuiBaercs MartepmanbHoil Touko#W? Mo-
YoMy B MOXAHWK® BBOAAT TaKYio MOAens?

@ YTo TaKkoe cucrema orcyera?

@ Y710 Takoe BexTop nepemeueHnA? Becerpna nu
MOlyNb BEKTOPA NEepPeMOlleHNs PABEeH O0Tpes-
Ky MyTH, NPOAJGHHOMY TOUKOA? ‘

@ Kaxoe [ABWXEHMO HA3bLIBAGTCH NoCTynaresib-
HbiM? BpawarTenbHbLIM? :

Uckmrouas ¢ B ypaBHeHusix (1.1) u (1.2), monyuum ypaBHEHHE TPAeKTOPUU JBMKEHUS MaTepHUaIbHOU

TO4Ykd. TpaeKkropusi IBWKECHHS MAaTEpUAIBHONM TOYKM — JIMHMSA, OIMCHIBa€Mas 3TOM TOYKOH B
npocTpancTBe. B 3aBUCMMOCTH OT (POPMBI TPaeKTOPUH ABMKEHHE MOXET OBITH MPSMOIMHEHHBIM HITH
KPUBOJIMHEHHBIM.

PaccmotpuM  nBMKEHHME MaTepUaIbHOM TOYKM BJIOJIb MPOU3BOJBHON TpaekTopuu (puc. 2). Otcuer
BPEMEHU HAYHEM C MOMEHTA, KOI/1a TOYKa HaXOJWJIach B MOJOKEHUH A. J[TuHA yyacTka TpaeKTOpUHU
AB, npoliIecHHOrO MaTepUaIbHOW TOYKOM C MOMEHTa Hayaja OTcueTa BPEMEHHU, Ha3bIBaeTCs AJIMHOM
NMYTH As U SIBIIACTCS CKAIAPHOU (hyHKyueu BpeMeHu: As = As(t). Bekmop Ar = r — ro, IpOBEICHHBII
U3 HAYaJbHOTO IOJIOKEHUS ABMXKYLIEHCS TOYKM B IIOJOKEHHUE €€ B JAHHBI MOMEHT BpPEMEHU
(mpupaieHue pajnyca-BeKTopa TOYKH 3a pacCMaTpUBaeMblii MPOMEXKYTOK BPEMEHH), Ha3bIBACTCS
nepeMereHneM.

[Ipy npsIMOTMHEWHOM JBWKEHUU BEKTOP IEPEMELIECHUs COBHAAAET C COOTBETCTBYIOIIMM YYacTKOM
TPACKTOPUHU U MOAYJb MEPEMEIICHHUS |Ar| paBeH MPOIEHHOMY TTyTH As.

2. YcKOpeHne H ero COCTABJISIIONINE

B cinyyae HepaBHOMEPHOTO IBMKEHHS Ba)XHO 3HATh, KaK OBICTPO M3MEHSIETCS CKOPOCTh C TEUCHHEM
BpeMeHH. PU3HUecKol BEIMUNHOM, XapaKTepu3yroLel ObICTPOTY U3MEHEHHS] CKOPOCTH 0 MOAYJIIO U
HaIlPaBJICHUIO, ABIISIETCS YCKOPEHHe.

PaccmotpuM miockoe ABHKeHHe, T.€. IBHKEHHE, IIPU KOTOPOM BCE YYAaCTKH TPACKTOPUH TOYKH JIEXKAT B
oAHOMN TIocKocTU. IIycTh BEKTOp V 3a/laeT CKOPOCTh TOYKHM A B MOMEHT BpeMeHH f. 3a Bpems At
JBIDKYINAsACS TOYKA Iepeluia B IOJIOKEHHEe B U mpuolpena CKOPOCTb, OTIUYHYIO OT V Kak II0
MOJIYJII0, TaK ¥ HAMpPaBICHUIO U paBHYIO Vi = v + Av. [lepeHeceMm BEKTOp Vi1 B TOUKY 4 U Hainem Av
(puc. 4).

CpeannM yckopeHMeM HEPAaBHOMEPHOTO JBW)XEHHSI B MHTEpBayie OT ¢ 10 ¢ + At Ha3bIBaeTCsl BEKTOpHAs
BEJINYMHA, paBHAsl OTHOLICHUIO U3MEHEHUsI CKOPOCTH AV K HHTEpBAILy BpeMeHU Af

Av
@ = A
MrHoOBeHHBIM yCKOpPeHHeM a (YCKOPEHHUEM) MaTepHUaIbHONW TOYKH B MOMEHT BPEMEHHU ¢ OyIIeT mpenesn
CPEIHEr0 YCKOPEHHUS:
Av  dv

e AT A

Takum 00pa3oM, yCKOpeHHE a €CTh BEKTOpHAs BEIMYMHA, paBHAs MEPBOW MPOM3BOJHON CKOPOCTH IO
BPEMEHU.



Paznoxxum BexkTop Av Ha J1Be cocTaBisromue. [ aToro u3 Touku 4 (puc. 4) 1o HarpaBIECHUIO CKOPOCTH

—_— —_—

V OTIOKHM BeKTOp AD, mo monymo paBHbld Vi. OueBunHO, 4rto BekTop CD, paBHBI AvV_,
oIpefensieT U3MEHEHHE CKOPOCTH 3a BpeMs At no modyno: Av, =v, —v . Bropas ke cocTapisromast

Av, BekTOopa Av XapaKkTepHu3yeT U3MEHEHHE CKOPOCTHU 3a BpeMs Af no HanpasieHuio.
TaHreHuuaabHasi COCTABJIAIOIIAA YCKOPEHUS

o mtim A% B
A0 At A0 At dt

T. €. paBHA MEpPBOM MPOU3BOJHON MO BPEMEHM OT MOAYJS CKOPOCTH, ONpPENENsisi TEM CaMbIM OBICTPOTY
WU3MEHEHUS CKOPOCTH 110 MOJYJIIO.

Haiinem BTOpyIO0 cOCTaBIsAIOLIYI0 YCKOpeHHs. JlomycTuM, 4To To4uka B 10CTaToyHO ONM3Ka K TOUKE A,
IIO3TOMY As MOJKHO CYUTaThb AYTOM OKPY’KHOCTH HEKOTOPOrO pajuyca I, Majao OTIMYAIOLICHCS OT
xopabl AB. Torna u3 mompooust TpeyroiabHUKoB AOB u EAD cnenyetr Avi/AB = vi/r, HO Tak Kak AB =
vAt, TO

B npenene npu At — 0 momydum v, = v.

Puc. 4

© Dath onpefeneHnn BeKTOPOB cpegHel cKopo-
CTH W CPOAHEro YCKOPeHMA, MFHOBEHHOA CKO-
POCTH W MFHOBOHHOIO YCKOpeHnsi. KakoBbi Mx
HANPaBneHus?

@ YT0 XApaxTepnsyeTr TRHIeHLMANbLHARA coCTas-
NAKLEAEA YCKOPSHMAT HOPMANBHAA COCTaBNA-
10Wan yckopeuna? Kakosbl Kx Mogynu?

© BO3MOXHBI NM ABMIXGHNSA, NPH KOTOPbLIX OTCYT-
CTBYOT HOPMANbHO® YCKOPeHWe? TaHreHLu-

0 ansHoe yckopenne? lpuseaute npnmepsi.

Ilockonbky v, = v, yroia EAD cTpeMuTCs K HYJIIO, a TaK KaK TPEYroiabHUK EAD paBHOOEIPEHHBIN, TO
yron ADE mexny v u Av, ctpemutcs kK npsmomy. CnenoBatenbHo, pu At — 0 BEKTOpBl Avy U V
OKa3bIBAIOTCSl B3aHUMHO NEPIEHANUKYIISIPHBIMHU. TaxX Kak BEKTOP CKOPOCTH HAIIpaBJIEH IO KacaTelbHON

K TPaeKTOPUH, TO BEKTOp AV, NMEPHEHIAMKYJSIPHBIA BEKTOPY CKOPOCTH, HAIlpaBlieH K IIEHTPY ee
KpUBH3HBI. BTOpas cocraBisomas yCKopeHusl, paBHas

HA3bIBAETCS HOPMAJIBHON COCTABJISIIONICH YCKOPEHHsl M HallpaBJIeHa 10 HOPMaJIM K TPAEeKTOPUU K
LIEHTPY €€ KPUBU3HBI (II0ATOMY €€ Ha3bIBalOT TAKXKE HEHTPOCTPEMHTEIbHbIM YCKOPEHHEM).

IIo1HOE ycKOpeHHe Tela €CTh FeOMETPUUYECKasi CyMMa TaHIC€HIUAIbHOW U HOPMAJIbHOM COCTaBISAIOIINAX
(puc.5):

dv
I='d—t=ﬂ‘+l,.

Urak, maneenyuanvHas COCTABISIOMIAS YCKOPEHUS XapaKTEPU3yeT ObICmpomy UsMeHeHUsi CKOpocmu no
MoOynio (HampaBlleHa MO KacaTeJbHOW K TPAaeKTOPHH), & HOPMAbHAA COCTABIAIONIAs YCKOPEHUS —
Ovlcmpomy usMeHeHuss CKOpocmu no HanpasieHuto (HarpaBiieHa K LEHTPY KPUBU3HBI TPACKTOPHUH).

B 3aBMCHMMOCTM OT TaHICHIMAJIBbHOM M HOPMAJIBHOM COCTABIAIOIIMX YCKOPEHHUS NBHKEHUE MOXKHO
KJIaccu(UIMPOBATh CIEAYIOUIMM 00pa3oM:

1) a, =0, an= 0 — npsAMoIUHENHOE PAaBHOMEPHOE JBH)KEHUE;

2) a, = a = const, an = 0 — NpsAMOIMHENHOE paBHONIEPEMEHHOE ABMKeHME. [Ipu TakoM BUE ABHKEHMS



Av vy
At —-t

a,=a

Ecnu HavanbHBIi MOMEHT BpeMeHHW t1=0, a HavyaibHas CKOPOCTh VI=V0, TO, O0OO3HAYHB 2=t U V2=V,
noxyduM a = (v—v,)/t, oTKyza

v = vy+at.
[IpounTerpupoBaB 3Ty (GopMyiy B mpejaenax OT HyJs J0 MPOU3BOJLHOTO MOMEHTa BPEMEHH f, HalJIeM,
4TO JJIMHA IIYTH, HpOﬁHeHHoro TOYKOH, B ClIy4ya€ paBHOINCPCMECHHOI'O ABMAKCHUA

t t
s = fvdt = [(wo+andt = vor+ar?/2;
0 0

Pac. §

@ YT0 HasbiBaeTcA yrnoBoll CXOPOCTLIO? Yyrmno-

a BbLIM yckopeHnem? Kak onpegensiotcR Mx Ha-
NPaBneHnA?

@ Kaxopa CBR3b ME@XJly NNHeAHLIMN W YITIOBLIMU
BONVMYUHEMAT?

3) a, = f(t), an = 0 — npsAMOIMHENHOE ABUKEHHE C TIEPEMEHHBIM YCKOPEHUEM;

4) a, =0, an= const. [Ipu a, =0 cKOpOCTb IO MOAYJIIO HE U3MEHSETCS, @ U3MEHSETCS 110 HAlPaBJICHUIO.

U3 GopMymbl an=V>/r cleiyeT, 4To pajuyc KPMBHM3HBI JOJKEH ObITh MOCTOSHHBIM. Clle0BaTeNbHO,
JBIDKEHHUE 10 OKPY>KHOCTH SIBJIIETCS. PABHOMEPHBIM;
5)a, =0, a, # 0 — paBHOMEpPHOE KPUBOJIMHEHHOE IBUKCHUE;

6) a, =const, a, # 0 — KpUBOJIMHEIHOE paBHOIIEPEMEHHOE JIBUKEHUE;

7) a, = f(t), a, # 0 — KpUBOJIMHENHOE ABUKEHHE C IEPEMEHHBIM YCKOPEHUEM.

3. YrioBasi CKOpPOCTH M YIJIOBOE YCKOpPeHHe

PaccMoTpuM TBepnmoe Teno, KOTOpOE BpallaeTcs BOKPYT HEMOJABMKHOW OcH. Toraa OTAEIbHBbIE TOUKH
9TOro Tesna OyayT ONMCHIBATH OKPYKHOCTH Pa3HBIX PaJUyCOB, LIEHTPbl KOTOPBIX JIEKAaT HAa OCH
BpaieHus. [lycTb HEKOTOpas TOuKa ABHMIXKETCS 1O OKpY>KHOCTH paauyca R (puc. 6). Ee nonoxxenue
yepe3 MPOMEXYTOK BpeMeHH Af 3a1auM yrioM A ¢ . DiaeMeHTapHble (0€CKOHEUHO Majible) IOBOPOTHI

—_—

MOKHO pacCMaTpHBaTh KakK BEKTOpPHI (OHU 0003HauatoTcss A win d¢ ). Moaynb BekTopa d¢ paBeH

er’Iy HOBOpOTa, a €ro HanpaBneHHe COBIIAAAcT C HaHpaBJ’IeHI/IeM HOCTynaTeHBHOFO ABUXCHUA OCTpI/I}I
BUHTA, T'OJIOBKa KOTOpOFO BpaIIIaeTCSI B HaHpaBJ'IeHI/II/I IOBUXKXCHUA TOYKHU 110 OKp}I)KHOCTI/I, T.C.
MOTYMHSIETCS MPaBUJIY MPaBoro BUHTA (puc.6). BekTopbl, HampaBieHUs KOTOPBIX CBSI3BIBAIOTCS C
HaHpaBJ'IeHI/IeM BpaHIeHI/ISI, Ha3bIBAOTCIA nceB)mBeKTopaMn niIin akCHAaJIbHBIMH BeKTopaMI/I. 3TI/I
BeKTOpLI HC UMCIOT OHpeI[eJ'IeHHLIX TOYCK HpI/IJIO)KeHI/I}IZ OHHA MOFy'T OTKJIAaAbIBATHCS M3 J'IIO6OI>1 TOYKH
OCH BpalCHUs.

YT1JI0BO# CKOPOCTBIO HA3bIBAETCS BEKTOPHAsI BEJIMYMHA, paBHas MEPBONM NMPOM3BOAHOM yrIia MOBOPOTA
Tea [0 BPEMEHU:

. Ag d¢

@
A0 At dt’

—_—

BexTop @ HampaBiieH BJI0JIb OCH BpPAILLEHUS 10 MPaBUILy MPABOTO BUHTA, T.€. TaK XK€, KaK U BEKTOp d@

(puc.7). PasmepHocTs yrioBoii ckopoctu dim w=7"', a ee equnnna — paauan B cexyHay (pan/c).
JluneliHas CKOPOCTh TOUKH (CM. pHC. 6)

As RA
v=lim—=lim-—¢=Rlimﬂ=Rw,
a0 At Ao At a0 At



T. €
v = oR.
P \
a® 1‘ 4o
R
As
Pumc. 6 Puc. 7
B BexTOpHOM BHJIEe GopMyITy JIJIsl IMHEHHOW CKOPOCTH MOYKHO HalMCcaTh KaK BEKTOPHOE IPOU3BEICHUE:
—
v = [0 R].

o\

[Ipu 5TOM MOJYJIb BEKTOPHOTO IMPOU3BEIEHHMS, IO OINPEICICHHIO, PaBeH wRsin (@' R), 5 HamnpaBJieHHE
COBIAJ[AET C HANPABJICHUEM IOCTYMATEIBHOTO ABMKEHUS MPABOr0 BHHTA MPH €r0 BPAIIEHUH OT @ K
R.

Ecmu (@ = const, To BpallieHue paBHOMEPHOE U €0 MOXHO XapaKTepU30BaTh MepuoAoM BpamieHust 7
— BpEMEHeM, 3a KOTOPOE TOYKa COBEpIIACT OJUH MOJHBII 000pOT, T.€. MOBOPAYMBAETCS HA Yroi 2T.
Tax xak mpoMexyTKy BpeMeHU At = T cooTBeTCTBYeT A@ = 2w, T0 @ = 21/T, oTKyaa

T = 2n/o.

Uucno nojgHeIX 000pPOTOB, COBEPIIAEMBIX TEJIOM MPU PAaBHOMEPHOM €0 JIBUKEHUU IO OKPYXKHOCTH, B
€IVHHIlY BPEMEHH Ha3bIBAETCS YaCTOTON BPALLEHUS:

n = 1/T = o/2x),

OTKyJa

@ = 2mn.

VYIIOBBIM yCKOPEHMEM Ha3bIBACTCS BEKTOPHAs BEIMYMHA, paBHAs IEPBOM IPOU3BOIHOW YIVIOBOM
CKOPOCTH 110 BPEMEHH:

- do
==

[Ipy BpameHnn Teila BOKPYT HENOJABHKHOM OCH BEKTOpP YIJIOBOIO YCKOPEHMS HAIIPaBIEH BJAOJb OCH
BpalllEHUsI B CTOPOHY BEKTOpA JIEMEHTAapHOIO IMpHpalIeHUs YINIOBOW ckopocTu. Ilpu yckopeHHOM
JIBIDKCHUHU BEKTOpP &£ COHAIPaBJICH BEKTOpY @ (puc.8), MpH 3aMeJICHHOM — MPOTHBOHAIIPABIICH €My

(puc.9).

dv
a =—,v=wRHnu
TaHreHuranbHas COCTABISIONIAS YCKOPEHUS dt
d(wR) R do Re
=" “ta T
Hopmainbnas cocrasistonas ycKOpeHus
v?  o’R? 2
an = e—= —— = ) R
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w, w
dw 1
d w, - ‘iz\
< N\
— o I
,/’ € \\\ \(\ )
{ J S~ —//
N\ /
S " €
Puc. 8 Pumc. 9

Taxkum 00pa3om, CBS3b MEXAY JTUHEHHBIMH (IJIUHA MYTH S, TPOUJIEHHOTO TOYKOU IO AYre OKPY>KHOCTH
panuyca R, JIMHEHAs CKOPOCTb V, TAHICHLUUAJIBHOE YCKOPEHUE «_, HOPMAJIBHOE YCKOPEHUE a,) U

s
YTJIOBBIMU BeIMYMHAMHU (YTOJI TIOBOPOTA (, YITIOBAask CKOPOCTh ®, YIJIOBOE YCKOPEHUE €) BBIpasKaeTcs
CeayomUMH PopMyIamMHu:

s=Rp, v =Rw, a = Re, a, = &*R.

B cnyuae paBHONEpeMEHHOTO IBHKEHUS TOYKH TI0 OKPYKHOCTH (€=const)

=y tet, ¢=antt a2

rZie 0 — HadalbHas YTIIOBasi CKOPOCTb.

3agaHusi M BONPOCHI

1.1. 3aBUCHMOCTH TIPOIIEHHOTO TEJIOM ITyTH OT BPEMEHH 3aJaeTcs ypaBHeHueM s=A+Bt+Cr+Dr (C=0,1
m/c?, D=0,03 m/c*). Onpenenuts: 1) Bpems nocjie Hauana ABUKEHHUS, 4epe3 KOTOPOe YCKOPEHHE @ Tela
Oyzer paBHO 2 M/c?; 2) cpeaHee yckopeHue (a) Teja 3a 3TOT mpoMeskyTok Bpemenu. [1) 10 c; 2) 1,1
M/c?]

1.2. TIpeneOperasi COMPOTUBICHHEM BO3yXa, OMPEACIUTh YTOJd, MOJ KOTOPBIM TEJIO OPOIICHO K TOpH-
30HTY, €CJIM MaKCUMaJbHasl BHICOTA MO IheMa Tesla paBHa 1/4 mambHOCTH ero mosera. [45°]

1.3. Koneco pagmycom R=0,1 M Bpamaercss Tak, YTO 3aBUCHUMOCTb YIJIOBOM CKOPOCTH OT BpPEMEHU
3ajaercs ypaBHeHHeM o = 24t + 5Bt* (4 = 2 pan/c’> u B = 1 pan/c’). Onpenenurs NOTHOE yCKOPEHHE
Touek 00o0/1a KoJeca uepes3 =1 ¢ mocie Hauajga BpalleHUsl U YUCIO 000POTOB, ClIETaHHBIX KOJIECOM 3a
310 Bpems. [a=8,5 m/c*; N=0,48]

1.4. HopmanbHOe YCKOpPEHHME TOYKH, IBIKYIICHCS MO OKPY>KHOCTH paanycoM =4 M, 3a/1aeTcsi ypaBHe-
HueM an=A+Bt+Cr (A=1 m/c?, B=6 m/c®, C=3 m/c*). Onpenenuts: 1) TaHreHIMAILHOE YCKOPEHHUE
TOYKH; 2) MyTh, MIPOIIEHHBIN TOUKOM 3a BpeMs 1= 5 ¢ MocJie Havaja JABWKEHUs; 3) MOJIHOEe YCKOPEHHE
171 MoMeHTa Bpemenu £2=1 c. [1) 6 m/c?; 2) 85 m; 3) 6,32 m/c?]

1.5. Yactora BpauieHus KoJjieca Py paBHO3aMEIJICHHOM JIBM>KEHUH 32 =1 MuH ymeHbmunaack ot 300 mo
180 mun!. Onpenenuts: 1) yriosoe yckopeHue Koneca; 2) YHCIO HOIHBIX 0OOPOTOB, ClETaHHBIX
KosecoM 3a 3To BpeMs. [1) 0,21 paz/c?; 2) 240]

1.6. uck pamguycoM R=10 cm Bpamaercs BOKpPYI HEMOABM)KHOM OCH TakK, YTO 3aBUCHUMOCTH YyIJa
MOBOPOTA pajuyca JUCKAa OT BPEMEHM 3afaercs ypaBHeHueM ¢=A+Bt+Cr+Df (B=1 pan/c, C=1
pan/c?, D=1 pan/c*). OnpenenuTs 1715 Toyek Ha 00071€ Koleca K KOHILy BTOPOil ceKyH/bl ocjie Hayana
JBYDKEHUS: 1) TaHT€HIIMAIbBHOE YCKOPEHUE @, ; 2) HOPMAIIbHOE YCKOPEHUE dn; 3) MOJIHOE YCKOPEHUE 4.

[1) 1,4 m/c?; 2) 28,9 m/c?; 3) 28,9 m/c?]
Crnincok nurepatypsl

1. Tpopumosa, T. N. ®usuka : y4eOHHK : Ui CTYJIECHTOB BY30B, OOYYarOIIUXCs IO TEXH. HAIIp.
noarotoBku / T.W. Tpodpumosa. - 2-e uzn., nepepad. u mon. - Mocksa : Akagemus, 2019. - 346 c. : un. -
(Beicmiee mpodeccronanproe oopasopanne) (bakanaspuar). - [Ipenm. ykas.: ¢. 330-339. - ISBN 978-5-
7695-9820

2. Tpodumona, T. U.; Kypc ¢usukm ¢ mpumepamm pemienust 3amad: B 2-x 1. : yuebnuk / T.U.
Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2019. - 378 c. - (bakanaBpwuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.
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3. Tpodumona T.N., ®upcosa A.B., COopHUK 3a1a4 110 (pusuKe- 2-e u31., nepepad. u jgom. - Mocksa :
Axanemust, 2013.

IMPAKTUYECKOE 3AHSITHUE Ne 3-4 TMHAMUWKA MATEPUAJIbHOM TOYKH U
INOCTYHATEJIBHOT'O IBUKEHUSA TBEPJOT'O TEJIA

Hesab-3akpenuTh HM3YYCHHBIH MaTepHall [0 TeMaTHKe «J/[MHamMMKa MaTepualibHOW TOYKH U
MOCTYTIATEIILHOTO JIBIKEHHS TBEPAOTO Tena.3akoHbl HpIoTOHA M cuia TpeHUs. 3aKOH COXpaHEHHS
UMITYJIbCay.

OcBanBaeMble KOMIIETEHIIUH B PE3yJIbTaTe MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«OO0m1re cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IIOJNyYEeHHBIE TEOPETHUYECKHE 3HAHUS W
BBIPA0OTATh HABBIKA U YMEHHS TPAKTUICCKOTO PEIICHUS 3a/1a4, B TO YHCJIC U CAMOCTOSTEIIBLHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIMK K CaMOOOpPA30BAHMIO CTYJICHTAa HANpaBJICHUS «XUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HWCIOJB30BaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIHILIUH B MPO(ECCHOHANBHOM JCITEIBbHOCTH, OCHOBHBIC 3aKOHBI (DU3HKH,
METOBl SKCIIEPUMEHTAIFHOTO HCCIIEOBAHUS, OCHOBHBIX (M3WYECKHX TEOPHHA ISl PEIICHHS
BO3HUKAIOMIMX (U3UYECKUX 33734, CAMOCTOSTEIBHOTO MPHOOpETeHUs (DU3NYCCKUX 3HAHWH, IS
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICITBI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymers:

- OCYILECTBIIATh 3PPEKTHBHYIO KOMMYHHKAIIMIO B KOJUIEKTUBE JUTSl PEIICHHsI TPO(HECCHOHATBHBIX
3aja4, CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJB30BATh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX
IUCHIUIUINH B TPO(PECCHOHATIBHON MEATEIIbHOCTH, HCIIONB30BaTh 3HAHUS OCHOBHBIX (DH3HUECKUX
TEOPUH Ui pEHICHUS BO3HMUKAIOIMUX (U3NYECKUX 3a/ad, CAMOCTOSTENBHOIO MPUOOPETEHHS
(bu3NYeCcKUX 3HAHWHU, JJIS TIOHMMAHUWSl TPUHIMIIOB Pa0OThI MPUOOPOB W yCTPOWCTB, B TOM YHUCIIE
BBIXOJSIIMX 33  Tpelenbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAalpaBlICHUs,  IPUMEHSTbH
COOTBETCTBYIOIINI (DU3UKO-MAaTEeMaTHYECKUI —ammapar, METOIbl aHalu3a H MOJCIUPOBAHHS,
TEOPETUYECKOTO M SKCIIEPUMEHTAIBLHOTO HCCIeIOBaHUS IPU PEIICHUH MPO(eCcCHOHANBHBIX 33/1a4.

Baanern:

- HaBblKaMH paboOThl B KOMaHJE, HaBbIKAMH BECTU JHMAJIOr, JEJIOBOM CHOp;  CIIOCOOHOCTH K
CaMOOpTaHU3aIlM U CaMOOOpa30BaHUIO, HABBIKAMH HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIOMICH
00paboTKOW MX pe3yNbTaTOB, METOJAaMH MaTEeMAaTHYECKOTO, KOMMBIOTEPHOTO U (PU3UUECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHSI TEXHUIECKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MPOIIECCOB H
KOHCTPYHUPOBAHHUSI ~ COOPYXXCHHMH, MallMH M  TEXHOJOTHYECKOTO  000pYAOBaHHS,HAaBBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIIFHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3HMKHM, HABBIKAMH  CAMOCTOSATEIBHOTO MNPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
MOHWMAaHWs TPUHIMIIOB PabOThl TMPUOOPOB M YCTPOWCTB, B TOM YHCIIC BBIXOISIINX 32 TPEICITBI
KOMIIETEHTHOCTH HarpaBiIeHUs] XUMUYECKask TeXHOJIOTHsI

TeopeTnyeckas 4acTb
1. IlepBbiii 3akoH HeoTona. Macca. Cuia

JlunaMuKka SIBJIsSIeTCS OCHOBHBIM pa3JeloM MEXaHHMKH, B €€ OCHOBE JexXaT Tpu 3akoHa HbrloToHa,
chopmynupoBanHbie UM B 1687 1. 3akoHbl HpIOTOHA MTpalOT UCKIIOYUTEIBHYIO POJIb B MEXaHUKE U
SIBIIAIOTCS (Kak W Bce (hU3MUecKue 3aKOHBI) 0000IIEHHWEM pPe3ylbTaTOB OTPOMHOTO YeIIOBEYECKOTO
ombiTa. WX paccMaTpuBalOT Kak cucmemy 63aUMOCBA3AHHbIX 3AKOHO8 W OIBITHOW TMpPOBEpKE
MOJIBEPTalOT HE KaXK/IbIH OT/IENbHBIN 3aKOH, & BCIO CHCTEMY B IIEJIOM.

IlepBblii 3akon HbloTOHA: gcakas mamepuanvHas moyka (meno) coxpawsiem cOCMOsHUe NOKOA UlU
PABHOMEPHO20 NPAMOTUHENHO20 O8UNCEHUSI 00 meX Nop, NOKA 8030elicmeue co CMOpPOHbL Opy2Ux mej
He 3acmasum ee uzmeHums 3mo cocmosanue. CTpeMIIEHUE Tella COXPaHATh COCTOSHUE MOKOS HIIN
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PaBHOMEPHOTO MPSMOJMHEHHOTO ABM)KECHUS Ha3bIBaeTCsd MHEPTHOCTHIO. [loaTOoMy mepBbIil 3akoH
HproToHa Ha3bIBAIOT TaKKE 3aKOHOM MHEPLMH.

MexaHuueckoe OBUKEHHE OTHOCUTENLHO, U €T0 XapaKTep 3aBUCHUT OT CUCTeMbl oTcueTa. [IepBblil 3aKoH
HproTona BBITIOHAETCSI HE BO BCSIKOM CHCTEME OTCYETA, a T€ CUCTEMBI, IO OTHOIICHHUIO K KOTOPBIM OH
BBITIOJHSETCS, HAa3bIBAIOTCS MHEPHUAIbHBIMH CHCTEeMaMH oTcyeTa. lHepuumanbHON cucTeMoi
OTCUeTa SIBJISIETCSl TaKasi CUCTEMa OTCYETa, OTHOCUTEIHHO KOTOPOM MaTepHalibHasi TOUKA, c80000HAs
om 6HewHUx 8o30elicmautl, TMOO TMOKOUTCS, OO0 BHKETCS PAaBHOMEPHO W MPSIMOIUHEIHO. [lepsbiii
3axon Hvlomona ymeepoicoaem cyujecmeoganue UHepYUaiIbHbIX CUCeM Omcyema.

OnBITHBIM MyTEM YCTaHOBIEHO, YTO MHEPIUATBHON MOYKHO CUYHTATh TeHOIEHTPUYECKYIO (3BE3IHYIO)
CHUCTEMY OTCYeTa (Hauajao KOOpAUHAT HaxonuTces B 1eHTpe CoiHIa, a OCH IPOBEIaHbl B HAPABJICHUH
ompezaeneHHbIX 3Be3a). Cucrema oTcyeTa, CBs3aHHas C 3eMJeil, CTPOro roBOps, HEMHEPIHAIbHA,
ontHaKo 3¢ (eKTh, 00YCIOBICHHBIE €€ HEMHEPIUAIBHOCTHIO (3eMIIs BpamaeTcss BOKPYT COOCTBEHHOM
ocu U BOKpyr ConHIa), MPH PEIICHUH MHOTUX 3a/lay MPEeHEOpeKMMO Majbl, U B 3TUX CIy4asx ee
MO>XHO CUYUTATh WHEPITUATHHOM.

W3 ombiTa W3BECTHO, YTO MPU OJUHAKOBBIX BO3JIEHUCTBUSAX Pa3HUYHBIE Tella HEOJUHAKOBO H3MEHSIOT
CKOPOCTh CBOETO JBMXCHUS, T.€., UHBIMHU CIIOBAaMU, MPUOOPETAIOT Pa3INYHbIC YCKOPEHHUS. Y CKOPEHHE
3aBUCHT HE TOJBKO OT BEIMUYMHBI BO3JICHCTBUS, HO U OT CBOMCTB caMOT0 Tela (OT €ro Macchl).

Macca Tenma — ¢u3udeckasl BEJIMYMHA, SBIISIOMIASACS OJHOW M3 OCHOBHBIX XapaKTEPUCTHK MAaTEPHH,
OTIpeICIIAIONIAsl €€ WHEPIIMOHHBIC (MHePTHAs Macca) U TPaBUTAIMOHHbBIE (TPABUTAIIMOHHAS Macca)
cBoMcTBa. B HacTosIIee BpeMsi MOKHO CUMTATh JJOKa3aHHBIM, YTO MHEPTHAS U TPABUTAIMOHHAS MACChI
PaBHBI APYT APYTY (C TOUHOCTBIO, He MeHbInell 10712 ux 3Hauenus).

UToOBI onMCHIBaTH BO3/ICHCTBHSI, YIIOMUHAEMbIE B TIEPBOM 3akoHe HbioTOHA, BBOIAT moHATHE CHIIBL. [lon
JIeiicTBHeM cujl Teia Ju00 H3MEHSIOT CKOpPOCTh MJBWKEHHS, T. €. MPUOOPETA0T yCKOpPEHUs
(IMHAMUYECKOEe MPOSIBJIICHUE CHII), TUOO Ne(hOPMUPYIOTCS, T. €. H3MECHSIOT CBOIO (JOPMY M pa3Mepbl
(craTuyeckoe MposiBIeHUE cuil). B Kaxablii MOMEHT BPEMEHH Cujla XapaKTepHU3yeTCs YHUCIOBBIM
3HAUEHUEM, HANPABICHUEM B MPOCTPAHCTBE M TOUYKOHN MpHIIOKEHHs. MTak, cWjia — 3TO BEKTOpHAs
BEJIMYUMHA, SBIIAIONIASACS MEPOl MEXaHMYECKOTro BO3JEUCTBUS Ha TEJIO CO CTOPOHBI IPYTUX TeNl WU
MoJieH, B pe3ysibTare KOTOPOTO TEJIO0 MPUOOpPETAeT YCKOPEHHE WITH U3MEHSIET CBOIO (DOpPMY U pa3MepBhl.

2. Bropoii 3akon HeroToHa

Bropoii 3akon HeioTOHA — 0CHOGHOIU 3aKOH OUHAMUKU NOCMYNAMENbHO20 O8UNCEHUsI — OTBEYaeT Ha
BOINPOC, KaK H3MEHSETCS MEXaHWYEeCKOe ABMKEHHE MaTepUaJbHOM TOUYKM (Tena) Mox AelcTBHEM
IIPWIOKEHHBIX K HEW CHIL

Ecnu paccMOTpeTh NEHCTBHE PA3IMYHBIX CHJI Ha OZHO M TO K€ TEJIO, TO OKa3bIBAETCs, YTO YCKOPECHHE,
npruoOpeTaeMoe TeJIOM, BCET/Aa MPSIMO MPOMOPIIHOHAIBHO PABHOACHCTBYIONIECH MPUIOKEHHBIX CHII:

a ~ F (m = const).
(6.1)

IIpyn nedcTBUM OOHOM M TOM K€ CHJIBI Ha TeJla C Pa3sHbIMM MacCaMU HUX YCKOPEHMs OKa3bIBAKOTCS

Pa3IUYHBIMH, & UMEHHO
a ~1/m (F = const). (6.2)

Ucnonw3ys BeipakeHus (6.1) u (6.2) u yuuThiBas, 4TO CHJIa U yCKOPEHHUE—BEIWYUHBI BEKTOPHBIC,

MO’KEM 3aIlNCcaTh
a =kF/m. (6.3)

CootHomenue (6.3) BblpaxkaeT BTOpoil 3akoH HbroTOHa: yckopeHue, mpuoOperaeMoe MaTepuantbHOM
TOYKOH (TEJIOM), MPOMOPLMOHAIBHO BBI3BIBAIOLIEH €r0 CUIIE, COBMAJAET C HEIO 10 HAIPaBJICHUIO U
00paTHO MPONOPLHUOHAIBLHO Macce MaTepuaIbHON TOUKH (Tema).

B CU ko3¢ unuent nponopunonansHoctu k= 1. Toraga

a = F/m,

WIH

Fem=md, (6.4)
dt
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VYuuTeiBasg, 4TO Macca MaTepHaJbHOM TOYKM (Tella) B KJIACCMUECKOM MEXaHUKE €CTh BeIMYMHA
MIOCTOSIHHAS, B BhIpa)keHUH (6.4) ee MOXKHO BHECTH T0J] 3HAK [TPOU3BOIHOM:

_4 (6.5)
F= dt(mv)
BeKTOpHa}I BCJIIMYUHMHA
p=mv (6.6)

YUCJICHHO paBHAas MPOU3BEACHUIO MaCcChl MAaTEPUATIBHOM TOYKU HA €€ CKOPOCTh M MMEIOIIasl HallpaBJICHUE
CKOPOCTH, Ha3bIBAETCSI HMILYJILCOM (KOJTHYECTBOM JIBUKEHHUs) STOI MaTEpUAIbHON TOUKH.

[Toncrasmss (6.6) B (6.5), morydum

F = c_ig (6.7)
dr

OT10 BbIpaxkeHue — 0oJiee 00mas GpopmMyaHMpoBKa BTOPOro 3akoHa HbOTOHA: CKOPOCTh M3MEHEHUS
UMIyJIbCa MaTepuaibHOM TOYKM paBHA JAEWUCTBYIOUIEH Ha Hee cuie. Bolpaxkenue (6.7) Ha3bIBaeTCs
YPaBHEHHEM JIBHKEHHS MATEPHAJIBHON TOYKH.

Enununa cunsl 8 CU — nbloton (H): 1 H — cuna, kotopast Macce 1 kr coobmiaer yckopenue 1 m/c’ B
HaIlpaBJICHUU ACHCTBUS CUJIBI:

1 H=1 kr-m/c%

Bropoii 3akoH HploTOHa cnpaBeniiiB TOJIBKO B HHEPLUHMAIBHBIX CHUCTEMax orcuera. [lepBwlil 3aKkoH
HprorToHa MOXHO MOJNyYuTh U3 BTOPOro. JIeWCTBUTENBHO, B ClIyda€ pPaBEHCTBA HYJIIO
paBHOJEUCTBYIONIEH CHIT (ITPU OTCYTCTBHH BO3IECHCTBHSI HA TEJIO CO CTOPOHBI APYTHX TEN) YCKOPEHUE
(em. (6.3)) Taxxke paBHO HyH0. OnHako nepewviti 3akoH Hvlomona paccMaTpUBAETCS Kak
camocmosmenvbHblil 3aKoH (a HE KakK CJIEJICTBUE BTOPOrO 3aKOHA), TaK KaK MMEHHO OH YTBEpKJaeT
CyIIECTBOBAaHUE MHEPIIMAIBHBIX CUCTEM OTCUETA, B KOTOPHIX TOJIBKO U BBINOJHsAETCA ypaBHeHuUE (6.7).

Parc. 10

@ Kakan cncTema oTcHeTa HasbLiBaeTCA MHepUH-
anbHo#? ModveMy cHcrema oTcyera, CBA3aH-
uag ¢ 3emneit, CTPOro roBOps, HeMHepLUHab-
Ha

@ YTo Taxoe cnna? Kak ee MO)XXHO oxapaKTepn-
3oBarL?

® FAansetcs nu nepebifi 3aKoH HbloToHa cnepcT-
8neM BTOpoOro 3akoHa? MNMovemy?

B wMmexanuke Oomnbllioe 3HAUYE€HHE UMEET NPUHUMI HE3aBHCUMOCTH JAeliCTBUS CHWJI: €ClIMd Ha
MaTepUaIbHYIO0 TOUKY JEHCTBYET OJHOBPEMEHHO HECKOJIBKO CHJI, TO Ka)KJIas U3 3TUX CHUJI COOOIaeT
MaTepuaIbHOW TOYKE YCKOPEHHE COTJIaCHO BTOpPOMY 3akoHy HbIoTOHa, kKak OyATO APYTrUX CHI HE
Obu10. CorylacHO 3TOMY NPUHLHMITY, CHJIBI M YCKOPEHUS MOXKHO paszjaraTb Ha COCTaBIISIOIINE,
UCTIONb30BaHUE KOTOPBIX MPHUBOJIUT K CYLIECTBEHHOMY YTPOIIECHUIO pelieHus 3amad. Hampumep, Ha
puc. 10 neiictByromasi cwia F=ma pasnokeHa Ha [Ba KOMIIOHEHTAa: TaHIeHLUalbHyl0 cuiy Fo,
(HampaBJIeHa 1O KacaTelbHON K TPAaeKTOPHH) U HOPMalbHYIO cwily F, (HampaBiieHa 1Mo HOpMaiu K

dv v
IICHTPY KPUBH3HBI). MICTIONB3ys BRIpQXKEHUS d, =— U d, = —, a TAKKE V = R@® , MOXKHO 3a1ncars:
dt R
dv
F,=ma;=m R

F, = ma, = mv*/R = mw?R.
Ecimu Ha MaTepuaibHYIO TOYKY ACHCTBYET OJHOBPEMCHHO HECKOJIKO CHJI, TO, COTJIACHO MPHHIIMITY
HE3aBUCUMOCTHU JCUCTBHs CWi, 1o F Bo BTOpoMm 3akoHe HBIOTOHA MOHHUMAIOT PE3yJIbTHPYIOIILYFO
CHITY.

3. Tperuii 3axkon HbroToHa

B3aumoneiicTBue MexJIy MaTepHalbHBIMM TOYKaMHU (TeJaMH) ONPEIENIeTCs TPeTbUM 3aKOHOM
HbloTOHA: BCsKOe JAEHCTBHE MaTepUalbHBIX TOYeK (Ted) Opyr Ha Jpyra HOCUT XapakTep
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BSaHMO,I[efICTBHH; CUJIbI, ¢ KOTOPBIMHA ﬂeﬁCTBYIOT APYyTr Ha Apyra MaTCpruaJIbHbIC TOYKH, BCECrla PABHbBI
M0 MOAYJIIO, ITPOTHBOIIOJIOXKHO HAITPABJICHBI U I[CfICTBYIOT BI0OJIb HpHMOfI, COGI[HHSIIOHIefI 9TH TOYKH:

F12 =—Fau, (7.1)
rae Fi2 — cuia, neficTByromas Ha EPBYIO0 MaT€PUAIbHYIO TOUYKY CO CTOPOHBI BTOPOM;
F21 — cwuna, neiicTByrolass Ha BTOPYIO MaTE€PHANbHYIO TOYKY CO CTOPOHBI TEPBOH. DTH CHIIBI

IPUJIOKEHBl K pasHubIM MaTepuaibHbIM TOUYKaM (TelaM), Bceraa IEHCTBYIOT napamu W SIBISIIOTCS
CUJIAMH 0OHOU NPUPOOb.

Tperuit 3axkoH HbploTOHA MO3BOMSIET OCYIIECTBUTH NEPEXOJ] OT IUHAMUKU OMOeNbHOU MaTepuaibHOU
TOYKH K JUHAMMKE cucmembl MaTEpHAIbHBIX TOYEK. DTO CJeIyeT M3 TOro, 4TO U JAJS CHUCTEMbI
MaTepuajbHBIX TOYEK B3aUMOJCHCTBHE CBOAMUTCS K CHJIaM MApHOIO B3aMMOJAEWUCTBUSA MEXIY
MaTepHaIbHBIMU TOUKAMHU.

4. Cuiibl TpeHHUs

OO6cyxmast 10 CHX TOpP CHJIbI, MBI HE MHTEPECOBATUCH UX MpoUCXOkAeHHeM. OIHAKO B MEXaHUKE MBI
OyJieM paccMaTpUBaTh pa3iIMuHbIE CUJIbI: TPEHUS, YIPYTOCTH, TATOTECHUS.

W3 ombiTa M3BECTHO, UYTO BCAKOE TENO, ABMXKYIIEECS MO TOPU30HTAIHLHOM MOBEPXHOCTH JIPYTOro Tela,
IIPU OTCYTCTBUH JIEHCTBUS HA HETrO JAPYTUX CHUJI C TEUEHUEM BPEMEHHU 3aMeJUISE€T CBOE JBUKEHHE U B
KOHIIE KOHI[OB OCTAHABIUBAETCSI. JTO MOXKHO OOBSCHUTH CYIIECTBOBAHHMEM CHJIbI TPEHHS, KOTOpas
HPENATCTBYET CKOJIBKEHHUIO COMPUKACAIOLIUXCS TEN JIPYT OTHOCUTENBHO Apyra. CUilbl TPEHUS 3aBUCAT
OT OTHOCHUTEINBbHBIX CKOpocTel Ten. CHIIbI TpeHHsI MOTYT OBITh pa3HOW MPUPOJIBI, HO B PE3yNIbTaTe HX
NEHCTBUSL ~ MEXaHMuYecKas DJHEpPrus  BCerja IpeBpallaeTcsi BO  BHYTPEHHIOO  SHEPTUIO
COTPUKACAIOIIUXCS TE.

Paznuuaror BHemiHee (Cyxo€) M BHYTPEHHEE (KHMIKOE WM BS3KOE) TpeHHEe. BHEIIHUM TpeHueM
HA3bIBACTCS TPEHHE, BO3HMKAIOIIEE B IJIOCKOCTU KacaHHs ABYX CONPUKACAIOIIUXCS TEl TpPU HX
OTHOCUTENIbHOM TnepemMelnieHnud. Ecnu compukacaromuecs Tejaa HENOJABUXHBI JIPYT OTHOCUTEIIBHO
Jpyra, TOBOPST O TPEHUU MOKOS, €CIIU K€ MPOUCXOAUT OTHOCUTENIbHOE MepeMeIlleHUe 3TUX Tel, TO B
3aBUCHUMOCTM OT XapakTepa HMX OTHOCHUTEIBHOTO IBM)KEHMSI TOBOPSIT O TPEHHH CKOJIbKCHHS,
KayeHHs WM BepUYeHus.

BHyTpeHHUM TpeHHMeM Ha3bIBacTCs TPEHHUE MEXIY YacTSIMM OJHOTO U TOTO K€ TeJla, HAllPUMEpP MEKIY
Pa3IUYHBIMU CJIOSMU JKUIKOCTH WM ra3a, CKOPOCTU KOTOPBIX MEHSIIOTCS OT CJIosl K ciiolo. B otinuune
OT BHEILIHEro TPEHMs 3[€Ch OTCYTCTBYET TpEHHE MOKOsA. EciM Tena CKOJIB3ST OTHOCUTEIBHO APYT
Jpyra U pa3JesieHbl MPOCIOUKON BSI3KOU JKUIKOCTH (CMa3KH), TO TPEHUE MPOUCXOAUT B CJIO€ CMAa3KH.
B TakoMm ciiydyae roBOpAT 0 rMAPOAMHAMHYECKOM TPEHHMH (CIOM CMa3Ku JTOCTAaTOYHO TOJICTBIN) U
IPaHUYHOM TPEHUH (TOJIIIKMHA CMa304HOM npocnoiiku =0,1 MKM 1 MEHbIIE).

OO6cyuM HEKOTOpbIE 3aKOHOMEPHOCTH BHEIIIHET0 TPEHHs. DTO TPeHHE OOYCIOBIEHO MIEPOXOBATOCTHIO
COIPUKACAIOLIUXCS IOBEPXHOCTEN; B CIIydae ke O4YEHb IVIaJJKUX IMOBEPXHOCTEN TpeHHE 00YyCIIOBIECHO
CUJIAMH MEXMOJIEKYJIIPHOTO MPUTSIKEHUS.

Paccmotpum nexariee Ha miaockocTu Teno (puc. 11), kK KOTOpoMy NMpUIIOKEHA TOpU3OHTaIbHas cuia F.
Teno mpuaer B JBMKEHHE JIUIIL TOTJA, KOT/Ia MpuioxkeHHas cuina F Oyner Oonbiie cuibl TpeHUs Frp.
O®panny3ckue Qusuku . Amonton (1663—1705) u . Kynon (1736—1806) onbITHBIM IyTeM
YCTAaHOBUJIM CIICAYIOIIMNA 3aKOH: CHJIAa TPEHUS CKOJbXeHWs Frp mpomopuuoHanbHa cune N
HOPMAaJIbHOIO JIaBJIEHUS, C KOTOPOM OJHO TEJIO AEHUCTBYET HA IPYroe:

Fyp=fN,

rne f— Ko QHUIHUEHT TPEHUSI CKOIBKEHUS, 3aBUCSIINI OT CBOMCTB COMPHUKACAIOLINXCS TIOBEPXHOCTEH.

Haiinem 3nHauenue koadduinmenta TpeHus. Eciam Teno HaxoguTcs Ha HAKIOHHOW TUIOCKOCTH C yTJIOM
HakJIOHa o (puc.12), TO OHO MPUXOIUT B JBUIKEHHUE, TOJIBKO KOTJa TAHT€HLIMabHas cocTaBisitonias F
cuibl Tskecth P Oonbiie cunbl TpeHus Frp. CrenoBarenbHO, B NpeAeIbHOM Cilydae (Hayalslo
CKOJbKeHus Tena) F=Frp. wnu Psin oo = f'N = f P cos o, 0TKy1a

f=tgo.

Takum 00pazoMm, KOA(P(UIMEHT TPEHUS paBEH TAHI'€HCY YIJIa 0o, TP KOTOPOM HAYMHAETCS CKOJIbKEHUE

TeNa Mo HAKJIOHHOW MIOCKOCTH.
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JUid rnankux MOBEPXHOCTEH ONPENEICHHYIO POJb HAYMHAET UIPAaTh MEKMOJIEKYJSIPHOE IPUTSKCHHE.

JI1s HUX IpUMEHSIETCs 3aKOH TPEeHUS CKOJIbKeHH
Frp = fuer (N + Spu),

rae po — J100aBoYHOE JaBjeHUE, 00YCIIOBICHHOE CUJIAMU MEKMOJIEKYJISIPHOTO MPUTSIKEHUSI, KOTOpbIE
OBICTPO YMEHBIIAIOTCA C YBEJIWYEHUEM PACCTOSIHUA MEXIY 4YacTUIaMu; S — IUIOMIAJb KOHTaKTa
MEXIY TeNIaMH; fuer — MCTUHHBIN KOA(POUIMESHT TPESHHUS CKOJIbKCHUS.

Tpenue urpaer Oomblllyl0 pojib B MPHUPOJE U TEXHUKE. biaromaps TpeHUIO IBHXKETCS TPaHCIIOPT,
yAEpKUBAETCs 3a0UTHIN B CTEHY IBO3/b U T. 1.

B HEKOTOpBIX ciydasx CUibl TPEHUS OKa3bIBAIOT BPEAHOE ACUCTBHE U NTO3TOMY X HAJI0 yMeHbLIaTh. [l
3TOr0 Ha TPYILIMECS MOBEPXHOCTH HAHOCIT CMa3Ky (CUiia TpeHHs yMeHbIlaeTcs npumepHo B 10 paz),
KOTOpasi 3aIlOJIHAET HEPOBHOCTH MEXKIY 3TUMH IOBEPXHOCTSMHU M PaCIOIaracTcss TOHKUM CII0EM
MEXJy HUMH TaK, YTO IMOBEPXHOCTH KaK Obl MEpecTaroT KacaTbCs APYr JApYyra, a CKOJb3SAT JPYyT
OTHOCHTEJIBHO JIpyTa OTAENbHBIE CIOU KMAKOCTU. TakuM oOpa3oM, BHEIIHEE TPEHHE TBEPIbIX Tel
3aMEHsIeTCS 3HAYUTEJIbHO MEHBILIUM BHYTPEHHUM TPEHUEM JKUKOCTH.

e e ‘P

Prc. 11 Pac. 12

PasmkanbHBIM CIIOCOOOM YMEHBIICHHS CHIIBI TPEHUS SIBISCTCS 3aMEHa TPEHHS CKOJIBKEHHS TPEHUEM
Ka4yeHUs (IIApUKOBBIE W POJHMKOBBIC IMOAIIMITHUKA U T. 11.). CHjla TpeHHUs KauyeHHs ONpEeAeIsieTCs I10
3aKOHY, yCTaHOBIIEHHOMY KyrnoHoMm:

Fp=fx N/r, (8.1)

I7ie ¥ — paanuyc KaTAILEerocs Tena; fx — KOdQOUIUEHT TPEeHUs KaueHHsI, UMEIOIINA pa3MepHOCTh dim fx
=L. U3 (8.1) cnemyer, 4To cuia TpeHUs KadeHHS OOpPaTHO MPOMOPIHOHAIBHA PATUYCy KaTSIIErocs
Tena.

5. 3akoH coxpaHeHusi ummyJibca. IleHTp Mmacce

JUia BBIBOJA 3aKOHA COXPAaHEHUS MMIIYJIbCa pPacCMOTPUM HEKOTOpble NOHATUA. COBOKYITHOCTB
MaTepUaJbHBIX TOYEK (Tel), paccMaTpUBAEMbIX KaK €IMHOE LIeJ0e, Ha3blBacTCd MeXaHH4eCKOoi
cucremoii. Cuibl B3aUMOJEHCTBUS MEXIYy MaTEpUaIbHBIMU TOYKAMH MEXaHMYECKOH CHUCTEMBI
Ha3bIBAIOTCS — BHYTPeHHMMH. Cuibl, ¢ KOTOPHIMU Ha MaTepUabHbIE TOUKH CUCTEMBI JEHUCTBYIOT
BHEIIHKME TEJA, HA3bIBAIOTCSI BHEIMIHMMH. MexaHWyeckas CHUCTEMa Tell, HA KOTOPYIO HE JIEHCTBYIOT
BHEIIHHE CUJIbl, HA3bIBACTCS 3AMKHYTOH (MJIM M30JMPOBAHHOM). Eciii Mbl MMeeM MeXaHMUYECKYIO
CUCTEMY, COCTOSILIYIO U3 MHOTHX TEJI, TO, COIVIACHO TpeTheMy 3akoHy HbloTOHA, chibl, AeiCTByOIME
MEXy 3TUMHU TelaMu, OyIyT paBHbI U IPOTUBOIOJIOKHO HAIPABIIEHBI, T. €. FEOMETPUUECKAsl cyMMa
BHYTPEHHUX CHJI paBHA HYIJIIO.

PaccmMoTpuM  MEXaHMYECKYH) CHCTEMY, COCTOAILLYK0 M3 #  TeJl, Macca M CKOPOCTb KOTOPBIX
COOTBETCTBEHHO PaBHBI M1, M2,.... Ma, U V1, V2,..., Va. Ilycte F/,F),....F' — paBHOjelicTByOIIHNE

BHYTPEHHUX CWJI, JCHUCTBYIONIMX Ha Kaxnoe u3 3tux ten, a F,F,,.,F — paBHO#eHcTByromue
BHEIIHUX CHWJI. 3alMIleM BTOPOi 3aKk0OH HbIOTOHA ISl KaXKA0TO U3 71 T€J MEXaHUYECKON CUCTEMBI:
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d ’
a(ml"l) =F, + F,

d .

o (myv;) = F, + F,

d C

-d—t (my,) =F, + F,
CxaipIBasi MOYJIEHHO 3TU yPaBHEHHMS, [OIydaeM

d . . .

a—;(m.v. +mv;+ .. +my)=F, +F,+ .. +F, +F+F + . +F,

Ho Tax kak reomerpruyeckas cyMMa BHYTPEHHHUX CHUJ MEXAHHYECKOM CHUCTEMBI IO TPEThEMY 3aKOHY
Herorona paBna HyI10, TO

d
o mv+mva+. . +mv)=F+F+. +F,

'@ B yem saxniovaercs NPpYHUMN He3aBNCHMOCTH @ KaxoBa (byanueckan CyWHOCTL TPeHHA? B vem
nAeicTenA cnn? OTNIHYMe CyXOro TPeHMA OF Xxuakoro? Kakue
BHAL BHeLHero (cyxoro) TpeHnsa Bu sHaete?

HIJIN

d
'a!: =F+F+ . +F, (91)

n
rac p=z my; — I/IMHyHBC CUCTEMBI. Takum 06pa30M, HpOI/ISBO,Z[Ha}I 10 BpeMeHI/I oT I/IMHyﬂbca
im}

MEXaHUYECKON CUCTEMBI paBHA I'€OMETPUUECKON CyMME BHEILIHUX CUJI, JIEUCTBYIOIIHUX HA CUCTEMY.
B ciyuae oTCyTCTBHS BHENIHUX CHJI (PACCMATPUBAEM 3aMKHYTYHO CHCTEMY )

dp " d e
i Y py (my) =0, T.c. p=) my = const.

im] im]

[locnennee BbIpa)k€HUE U SABISIETCS 3AKOHOM COXPAHEHHSI MMITYJbCA: UMIIYJbC 3aMKHYTOM CHCTEMBbI
COXpaHseTCs, T. €. HE U3MEHSAETCS C TCUEHUEM BPEMEHH.

3aKOH COXpaHEeHHsI UMITYJIbCca CIIPABEAJUB HE TOJIBKO B KJIACCHYECKOW (pU3MKE, XOTS OH U MOJIY4YEeH Kak
ciencTBue 3akoHOB HproTOHA. DKCIEPUMEHTHI JJOKA3bIBAIOT, YTO OH BBIMOIHACTCS W JUISI 3aMKHYTHIX
CHUCTEM MUKPOYACTHI] (OHU MOAYUHSIOTCS 3aKOHAM KBAHTOBOM MEXaHUKH). DTOT 3aKOH HOCHUT
YHUBEPCATBHBIA XapaKTep, T. €. 3aKOH COXPAHCHUS HMITYJIbCA — (HYHOAMEHMAbHBLI 3AKOH RPUPOODL.

3aKOH COXpaHEHUsl UMITYJIbCa SIBJISIETCA CIEACTBUEM ONPENEIEHHOIO CBOMCTBA CHMMETPHUH MPOCTPAHCTBA
— €ro OJHOPOJHOCTH. OAHOPOAHOCTH MPOCTPAHCTBA 3aKIIIOYAETCS B TOM, YTO MPHU MapayieIbHOM
MepeHOCce B MPOCTPAHCTBE 3aMKHYTOW CHCTEMBI TeJl KaK IeJIOTo e (PU3NYecKre CBOMCTBA M 3aKOHBI
JBUKCHHSI HE M3MEHSIOTCS, MHBIMU CJIOBaMH, HE 3aBUCAT OT BBHIOOpA TMOJOKEHUS Hadajaa KOOPAUHAT
MHEPLHATBHON CUCTEMBI OTCUETA.

OtmetuM, 4ytO, coracHo (9.1), uMIylnbc coxpaHseTrcs W A HE3aMKHYTOM CHUCTEMBI, €CIU
reoMeTpruyeckas CyMMa BCEX BHEITHUX CUJI paBHA HYJIIO.

B mexanuke ['anmiies—HbBIOTOHA M3-32 HE3aBUCUMOCTH MACChl OT CKOPOCTH MMITYJIBC CHCTEMBI MOYKET
OBITH BBIPAXXEH YePe3 CKOPOCTh ee meHTpa macc. LleHTpoM mMace (MM HEeHTPOM MHEPUMH) CUCTEMBI
MaTepUaIbHBIX TOUYEK Ha3bIBaeTCcs BooOpakaemasi Touka C, TOJOXKEHHE KOTOPOU XapaKTepusyeT
pacnpeneeHrue Macchl 3TON cuctemsbl. Ee pannyc-BeKTOp paBeH

n
Zmi ]

im1
Ice=—",
m
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rae mi; U ri — COOTBCTCTBCHHO MacCa M pPAANyC-BECKTOP - MaTepHaﬂLHOP’I TOYKH, n — YHCIIO
n

MaTCpHAJIbHBIX TOYCK B CUCTCMC; m= Z m; — MacCa CUCTCMBI. CKOpOCTb LEHTpa MaccC
im}
n dl" n
m;—
dl‘c im] dl im]1

Vo = — = =

dtr m m

n
VUnTHIBAS, UTO pi = mivi,a X, B €CTh HMITyJIbC P CHCTEMBI, MOXKHO HAIHCATh
i=1

p=myvg
9.2)
T. €. UMITYJIbC CUCTEMBI PaBEH ITPOU3BENCHUIO MAaCChl CUCTEMBI HA CKOPOCTh €€ LIEHTPa Macc.
[ToncraBus BoIpaskeHue (9.2) B ypaBHenue (9.1), nonyunm
dve

m—C _F +F+. +F,
dr

(9.3)

T. €. IIEHTP MAacc CUCTEMBI JBMKETCS KaK MaTepualibHas TOYKa, B KOTOPOW COCPENOTOYEHA Macca BCeH
CUCTEMBbl M Ha KOTOpPYIO NEHCTBYET CHWJIa, paBHasg T€OMETPUYECKOM CyMMeE BCEX BHEUIHHX CHII,
NPUIOKEHHBIX K cucteme. Beipaxkenue (9.3) mpencrasnseT co0oii 3aK0H IBHKEHHs LIEHTPa Macc.

B cooTtBercTBHH ¢ (9.2) 3 3aK0HA COXpaHEHUST UMITYJIbCA BBITEKAET, UTO YEHMP MACC 3AMKHYMOU
cucmemvl 1UOO O8UNHCEMCS NPAMOIUHEUHO U PABHOMEPHO, TUOO OCNAEMC sl HENOOBUNCHBIM.

3ajaHus U BONIPOCHI

1. I1o HaKIOHHOM MJIOCKOCTH C YIJIOM HAKJIOHA a K TOPU30HTY, paBHbIM 30°, CKOIB3UT Ten0. OnpeaeanThb
CKOpOCTh Tella B KOHIIE TPEThei CEeKyHIIbl OT Havaja CKOJbKEHHs, eciu Ko3dduuument tpenus 0,15.
[10,9 m/c]

2. Camoner omnucsiBaeT nerito Hecreposa paguycom 80 M. KakoBa momkHa ObITh HAUMEHBIIAsE CKOPOCTb
camoJieTa, 4ToObl JICTYUK HE OTOPBAJICS OT CHICHBS B BepXHEl yactu netiau? [28 m/c|

3. Biiok ykperuieH Ha BepIIMHE ABYX HAKIOHHBIX TUNIOCKOCTEH, COCTABIISIOMIUX C TOPU3OHTOM YTkl [ []=
30° u [1=45° T'upm paBHOIl Macchl (mMi=m2=2 KI') COEJAMHEHbl HUTBHIO, NEPEKUHYTON uepe3 OJIOK.
Cuutas HUTH U OJIOK HEBECOMBIMH, MTPUHUMAS KOOPPUIIUEHTHI TPSHHSI THPh O HAKIIOHHBIE IJIOCKOCTH
paBabIMu fi1=f>=f=0,1 u mpeHeOperas TpeHHEM B OJIOKE, ONMPENENHTh: 1) yCKOpeHHEe, C KOTOPHIM
ABMXKYTCS TUpH; 2) cuily HaTsxenus HuTu. [1) 0,24 m/c?; 2) 12 H]

4. Ha >xene3HOMOpOXHOW TiaTGopMe yCTaHOBJIEHA OE30TKaTHAas ITyIIKa, U3 KOTOPOW MPOM3BOIUTCS
BBICTpEJ BJIOJIb MOJIOTHA MoA yrioMm []=45° k ropusonty. Macca mnatdopmsl ¢ mymkoi M=20 T,
Macca cHapsaa m=10 kr, kodhpurueHT TpeHus Mexay kKonecamu miatopmel U penscamu f = 0,002,
OnpenenuTb CKOPOCTh CHapsAa, €CIIM MOCIe BhICTpesa MatopMa OTKaTHIIACh HA PACCTOSHUE S=3 M.

[vo=M 4/2 fgs /(mcos[1)=970m/c]

5. Ha katepe maccoit m=5 T HaXOAUTCS BOJIOMET, .BHIOPACKIBAIOIIHM (=25 KI/C BOABI CO CKOPOCTBIO U=7
M/C OTHOCHTEIBLHO Karepa Hazal. [IpeHeOperasi COMpOTHBICHUEM JBHKCHUIO KaTepa, OMpeaeinuTh: 1)
CKOPOCTh KaTepa 4yepe3 3 MHH IOocJe Havalla JBUKEHHs; 2) MpeeIbHO BOZMOXKHYIO CKOPOCTh KaTepa.
[1) v=u (1—exp™™ = 4,15 m/c; 2) 7 m/c]

Cnucok Jimreparypbl
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noarotoBku / T.W. Tpodpumosa. - 2-e uzn., nepepad. u non. - Mocksa : Akagemus, 2019. - 346 c. : un. -
(Beicmiee mpodeccronanproe oopasopanne) (bakanaspuar). - [Ipenm. ykas.: ¢. 330-339. - ISBN 978-5-
7695-9820

2. Tpodumona, T. U.; Kypc ¢usukm ¢ mpumepamu pemreHust 3amad: B 2-x 1. : yuebnuk / T.H.
Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspwuar). - [Ipun.: c. 376-378. -
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3. Tpodumona T.N., ®upcosa A.B., COopHUK 3a1a4 110 (pusuKe- 2-e u31., nepepad. u jgom. - Mocksa :
Axanemust, 2019.

ITPAKTUYECKOE 3AHATHUE Ne 5-6 DQHEPT'US, PABOTA, MOIIHOCTDb.

Heab-3aKkpenuTh U3yUeHHBIH MaTepuai Mo TeMaTHke « DHeprus, padora, MOITHOCTh. KuHeTndeckas u
MOTCHIIMAIbHAS SHEPTUU. 3aKOH COXPAHCHUS YHEPTHI.

OcBauBaemMble KOMIETEHIIUH B PE3yJbTaTe MPOBEICHUS MPAKTHUECKOTO 3aHITHUS YKa3aHbl B MyHKTE
«O01I1e cBEIEHU»

AKTYaJIbHOCTh NPAKTHYECKOr0 3aHATHSl — 3aKPENuTh MOJTY4YCHHBbIE TEOpPETHYECKUE 3HaHUS U
BI)Ipa6OTaTI) HAaBbBIKU U YMCHHA IMMPAKTHYCCKOI'0 pCIICHUSA 3a/1a4d, B TO YHUCJIC U CAMOCTOATCIIBHO.

3HaTh:

- METOJIbI CaMOOPTaHM3aIMN K CaMOOOPa30BaHUIO CTYACHTA HAINpPaBIICHUS «XWMHUYCCKAsS
TEXHOJOTHS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIIONIB30BaTh  OCHOBHBIE  3aKOHBI
CCTCCTBCHHOHAYYHLIX JUCHUILIJIMH B HpO(i)eCCI/IOHaJH)HOI\/'I ACATCIIbHOCTH, OCHOBHBIC 3aKOHBI CI)I/ISI/IKI/I,
METOJIbI AKCIIEPUMEHTAIBLHOTO HCCIIEOBaHMUS, OCHOBHBIX (DU3MUYECKUX TEOpUH HJs peIIeHUS
BO3HHUKAIOMNX (U3NUECKUX 33734, CAMOCTOSTEIBHOTO MPHOOpETeHUs] (U3NYECKUX 3HAHUH, I
MOHMMAHUS TPUHLIHUIIOB pabOThl MPUOOPOB U YCTPOMCTB, B TOM YHCIIE BBIXOISAIINX 3a MPEAEIBI
KOMIIECTCHTHOCTH KOHKPCTHOI'O HAITPABJIICHUA

YMmernb:

- OCYIIECTBIIATh AP(HEKTHBHYIO KOMMYHHUKAITUIO B KOJUIGKTHBE JIUISl PEIICHHSI MPO(ECCHOHATBHBIX
3a/la4, CIOCOOHOCTBHIO M TOTOBHOCTHIO HCIIONB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCHUIIJINH B HpO(l)eCCHOHaHBHOﬁ JACATCIIBHOCTH, HCIIOJIB30BAaTh 3HAHUA OCHOBHBIX (1)I/ISI/IT-IGCKI/IX
TEOpUN NI pelIeHUs BO3HUKAIOMUX (PU3MYECKHX 3aJad, CaMOCTOSITENIbHOTO MPUOOpETeHHUS
bu3nvecKux 3HAHWHU, JJIS TIOHMMAHUS TPUHIMIIOB Pa0OThI MPUOOPOB W yCTPOWCTB, B TOM YHUCIIE
BBIXOJSIIMX 32  Mpeaeiabl  KOMIETEHTHOCTHM  KOHKPETHOIO  HamlpaBleHUs, MPUMEHSThH
COOTBCTCTBYIOH_II/Iﬁ (1)I/I3I/IKO-MaTeMaTI/I‘-IeCKI/II\;I amnrapar, MCETOJAbl aHaAJIM3a W MOJACIHMPOBAHUA,
TEOPETUYECKOTO U HKCIIEPUMEHTAIBLHOTO UCCIIEIOBAHUS MPU PEIICHUH MPOPECCHOHANBHBIX 3a/1a4.

Baaners:

- HaBbIKaMH pabOTbl B KOMaHJE, HaBbIKAMHM BECTH JAMAJIOT, JEJIOBOW CIOp,  CHOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHUIO, HABBIKAMH HATYPHBIX SKCIIEPUMEHTOB C IOCIEIYIONICH
00paboOTKOM WX PE3yJbTaTOB, METOJaMH MAaTEMaTUYECKOrO, KOMIBIOTEPHOTO H (HU3HUYECKOTO
MOZCIIMPOBAHUS, MCTOAAMHU PCHICHUA TCXHUYCCKHUX 3a/1a4, pacucTa NpOMU3BOACTBCHHBIX IMPOLICCCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHHHM, MAllMH U  TEXHOJOTHYECKOro  000pyI0BaHMs,HaBbIKAMU
OLICHUBAHHA PC3YyJIbTATOB cBOCH HpO(l)eCCI/IOHaJILHOI\/II ACATCIIBHOCTU B COOTBETCTBHUMU C OCHOBHBIMHU
3aKOHaMU (PU3MKH, HABBIKAMU  CAMOCTOSITENIBHOTO MpHOOpeTeHus: (U3MUEeCKUX 3HAHUU, I
NOHUMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 3a MPEIEIbI
KOMIIETEHTHOCTH HaIlpaBJIeHUs XUMUYeCcKasi TEXHOJIOTUs

Teopernyeckas yacTb
1. DHeprus, padboTa, MOIIIHOCTH

DHeprus — YHHBEpcalbHas Mepa pa3iuuHbIX (OpM JABIKEHUS U B3auMonehcTBus. C paznuyHBIMU
dopmMaMu TBHKEHHST MAaTEPUU CBA3BIBAIOT Pa3InYHbIC (OPMBI SHEPTHH: MEXaHHUYECKYIO, TEIUIOBYIO,
JEKTPOMAarHUTHYIO, SiACpHYIO U 1ap. B onHux sBiaeHusx Gopma ABMKEHUS MAaTepUH HE U3MEHSETCS
(HampuMep, ropsiuee TeJIO HarpeBaeT XOJIOTHOE), B JPYTUX — MEPEeXOAUT B UHYIO GopMy (Hampumep,
B pe3yJbTaTe TPEHHUS MEXaHHUYeCKOe IBIKEHHE IpeBpaliaerca B TerioBoe). OJHaKo CYIIECTBEHHO,
YTO BO BCEX CIydYasiX SHEPrusi, OTAaHHas (B TOW WAM WHOU (HOpME) OJTHUM TEJIOM APYroMmy Teily, paBHA
SHEPIHH, [TOJTYYEHHON MOCIEIHUM TEJIOM.

N3MeHeHne MEXaHUYECKOTO JBUKEHUS T€ja BBI3BIBAETCS CHUJIaMH, JEHCTBYIOIIMMHU HAa HETO CO CTOPOHBI
apyrux Tena. YToObl KOJMYECTBEHHO XapaKTepU30BaTh Ipoliecc OOMEHa »JHEprueil Mexay
B3aMMOJECHCTBYIOIIMMU TEJIAMHU, B MEXaHUKE BBOJUTCS IOHATHE PA0OTHI CHIIBI.
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Ecnu Teno nBuKeTcs npsamonumelino M Ha HErO AEWCTBYET MOCTOsHHas cuia F, koropas cocTaBisieT
HEKOTOpBIA yroi [| ¢ HampaBl€HHEM MNEpEeMEILIEHHs, TO padoTa 3TOW CHJIbI paBHA MPOU3BEICHUIO
NpoeKIUu cuiibl Fs Ha HampasieHue nepemenieHus (Fs= Fcosl]), yMHOXXEHHOI Ha mnepemelneHue
TOYKH MPUIIOKEHUSI CUIIBI:

A = F,s = Fscosa.
(11.1)

B obmem ciyyae cuiia MOKET U3MEHSTHCS KakK M0 MOJYJII0, TaK U TI0 HAIPaBJICHUIO, TOATOMY (OPMYIIOi
(11.1) mone3oBaTbes Henmb3s. Eciin, olHaKo, paccCMOTpeTh AlleMeHTapHoe nepemernenue dr, To cuiy F
MOKHO CYHMTAaTh IIOCTOSSHHOW, a JBW)KEHME TOYKU €€ MPWIOKEHUS — MPSMOJUHEHHBIM.
DJieMeHTapHoii padoToii cuibl F Ha nepemenienny dr Ha3bIBaeTCs CKAApHAs BEINYUHA

dA4 = Fdr = Fcosa ds = F,ds,

rae [J — yron mexay Bekropamu F u dr; ds = |dr] — amemenTtapHsIif myTh; Fs — mpoeknus Bekropa F Ha
Bektop dr (puc. 13).

PabGora cuibl Ha yd4acTKe TpaeKTOPUU OT TOYKM [/ 1O TOYKM 2 paBHA anreOpanvyeckod cyMme
3JIEMEHTApHBIX pabOT Ha OTJENIBHBIX OECKOHEUHO MajbIX ydacTKax MyTH. JTa cyMMa MPUBOJIUTCS K
UHTErpaty

2 2
A = | Fdscosa = | F,ds.
1 1

(11.2)

Parc. 13

-

@ B YoM pasznuune Mexay NOHATHAMA 3HEPruv
n pa6otbi?
@ Kak Hafitn pa6ory nepemerHol cunut?

JIJ1g BBIYMCIIEHUS 3TOr0 MHTErpalla Hajlo 3HaTh 3aBUCUMOCTb CHUJIBI Fs, OT IyTH § BJIOJIb TPaeKTOpuu [/—2.
ITycTh 5Ta 3aBUCUMOCTH MpeAacTaBieHa rpaguuecku (puc. 14), Torga uckomas padbota 4 ornpenensercs
Ha TpaduKe TUIOIMAAbI0 3aIITPUXOBAHHOW GUrypsl. Ecim, Hanpumep, Teno IBUKETCS MPSIMOJIMHEHHO,
cuna F=const u [ |=const, To nosy4yum

2 2
A = [ Fdscosa = Fcosafds = Fscosa,
1 ' 1

rzie § — MPONACHHBINA TeJIOM Iy Th (CM. Takxke Gopmyiy (11.1)).

N3 dopmyner (11.1) crnemyer, uro mpu [ < [1/2 paGoTa cHUIBI TOJOXHUTEIbHA, B ATOM CJydae
cocrasistomas Fs coBnazaer no HalpaBIeHHUIO C BEKTOPOM CKOPOCTH IBHMXEHUS V (cM. puc. 13). Ecin
[l > [1/2, To pabora cwmibl orpunarensHa. [lpu [] = [1/2 (cuma HampaBlieHa NEPICHIUKYIISIPHO
nepeMeIeHno) padboTa CHIIbl paBHA HYJIIO.

Enununa padbotel — aaoyas ([Ix): 1 [k — pabora, coBeprraemast cuioit 1 H va mytu 1 m (1 Jx=1 H -
M).

UTo0Obl 0XapaKTepU30BaTh CKOPOCTh COBEPILIEHUS PaOOTHI, BBOAAT MOHITHE MOIIHOCTH:

M
T dt
(11.3)

3a Bpems df cuna F coepmaer paboty Fdr, m MomHOCTb, pa3BUBaeMasi 3TOW CHIIOH, B TAaHHBIA MOMEHT
BpEMEHU
N = — = Fy,
dt ’
T. €. paBHa CKAJSIPHOMY IPOU3BENCHHUIO BEKTOPA CUJIbI HA BEKTOP CKOPOCTH, C KOTOPOW JABHXKETCS TOUYKA
MPUII0KEHUS 3TOU CUJIbL; N — BEJIMYUHA CKAIAPHAAL.



20

Enmuaunna mormHoctn — BarT (B1): 1 BT — MomHoCTS, ITpU KOTOPOIt 3a Bpemsi 1 ¢ coBepiuaercst paborta
1 Lk (1 Br=1 [Ix/c).

2. Kunernueckas u MOTCHIHAJIbHASA SJHEPIHH

Kunernueckasi 3JHeprusi MEXaHMYECKOM CHUCTEMBI — 3TO JHEPIUs MEXaHUUYECKOI'O JABMXKEHUS ITOU
CHCTEMBI.

Cuna F, neiicTBys Ha MOKOsIIeecs TEJIO U BbI3bIBas €ro JIBUKEHHE, COBepLIaeT paboTy, a SHEeprus
JBYDKYILErocs Tejla BO3pacTaeT Ha BEIMYMHY 3aTpadeHHOM paboTsl. Takum obpazom, pabota d4 cuibl
F Ha myTu, KOoTOpBII TEI0 MpouuIo 3a BpeMs Bo3pacTaHHsi ckopocTd oT 0 70 v, UAET Ha yBEJIUYECHUE
KuHeTHuecko suepruu d7 Tena, T. €.

dA4 = dT.

. dv
Hcnonb3ys BTopoii 3akoH HbI0TOHA F=j — ¥ YMHOXas Ha iepeMenieHue dr monydaem
dr

Fdr=m(—i!dr=dA.
de

Pac. 14
dA

N\

® Kakyio paGoTy coBepiiaet paBHOAeHCTBYIO-
wWas BCex Cun, NPUIOXEHHLIX K Teny, pasHo-

s MEpPHO OBW)XYILEeMYCA MO OKPYXHOCTH?
@ Yro Taxoe MowHOCTL? BuiBegute ee dopmyny.

Tak kak v=9di T0 d4 = mv dv=mvdv=dT, oTkyna
t

NN\

v
T = | mvdv = mv?/2.
n

Taxum 006pa3om, T€JI0 MacCou T, ABMXKYIIIEECS CO CKOPOCTHIO V, 001a/1aeT KHHETHICCKON dHEpruei
T = mv?/2.
(12.1)

N3 dhopmyner (12.1) BUAHO, YTO KHHETUYECKASI DHEPTHUS 3aBUCHUT TOJIBKO OT MAcChl U CKOPOCTH Tela, T. €.
KHUHETUYECKasi JHEPTHSI CUCTEMBI €CTh (DYHKITUSI COCTOSIHHSI €€ JBUKCHHUS.

[Ipu BeIBOzme dopmynsr (12.1) mpenmonaranoch, YTO ABUKEHUE PACCMATPUBACTCS B HWHEPIHAIBHOU
CHUCTEME OTCYeTa, TaK KaK WHade Hellb3sl ObUIOo OBl KCIONIb30BaTh 3aKkOHBl HbloTOHA. B pa3Hbix
MHEPLUHAIBHBIX CUCTEMaX OTCUETa, ABWKYILIUXCA APYr OTHOCUTENIBHO JApyra, CKOpPOCTh Teja, a
CJIeIOBATENIbHO, M €r0 KMHETUYEeCKasi SHEprusi OyIyT HEOJUHAKOBBL. TakuM 0Opa3oM, KHHETUYECKas
SHEPTHsI 3aBUCHUT OT BIOOpA CUCTEMBI OTCYETA.

[HoTreHuManbHAs HEPrusl — MEXaHUYECKas SHEPIHsl CUCTEMbl TeJl, OIpejaeliseMas UX B3aUMHbBIM
pAacMoJIOKEHUEM U XapAKTEPOM CUJI B3aUMOJICUCTBUS MEXITY HUMHU.

[lycTh B3auMoOAEICTBUE TEN OCYIIECTBISETCA MOCPEACTBOM CHIIOBBIX MOJIEH (HAampuMep, MOoJis YIPyTUx
CWJI, TIOJNIA TPABUTAIMOHHBIX CHJI), XapaKTePU3YIOIIMXCA TeM, 4YTO paboTa, CoBepIiIaeMas
JNEUCTBYIOIIUMH CHUJIAaMU TIPU MEPEMEIICHUH Tella U3 OJAHOrO IMOJIOXKEHUSI B JPYroe, HE 3aBUCHUT OT
TOTO, MO KAKOM TPAeKTOPHUU ATO MEPEMEIICHHE IMPOM30IILIO, a 3aBHUCUT TOJIBKO OT HAYAJIBbHOTO M
KOHEUYHOTO MOJIOKEeHUI. Takue moiis Ha3bIBalOTCS MOTEHUMAJIBbHBIMH, & CUIIbI, IEHCTBYIOIINE B HUX,
— KoHcepBaTMBHBIMU. Ecnmu e pabora, coBepinaemasi CHJION, 3aBHCHUT OT TPACKTOPUU
NepeMenieHusl Tejla U3 OJHOW TOYKH B JPYTyl0, TO Takas CHjla Ha3bIBA€TCA AUCCHUIIATHBHOM; ee
MIPUMEPOM SIBJISICTCS CHJIA TPEHUSI.

Teno, Haxomsch B NOTEHUHMATbHOM TMOJ€ CWJI, OONagaeT mMoTeHuuanbHoOW oHeprueir II. Pabora
KOHCEPBATHBHBIX CHJI MTPH dJIEMEHTApHOM (OECKOHEYHO MaJIOM) M3MCHCHHH KOH(PUTYPAIIMH CUCTEMBI
paBHa MPHUPAIICHUIO TOTEHIMATbHONW SHEPTrUH, B3SITOMY CO 3HAKOM MHUHYC, TaKk Kak pabora
COBEPIIIAETCS 3a CUET YOBUIN MOTCHITMAIBHOU SHEPTHUH:
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d4 = — dIL
(12.2)
Pabora d4 BbIpaxaeTcs Kak cCKaJsipHOE mpousBeneHre cuibl F Ha nepememnienue dr u Beipaxenue (12.2)
MOYKHO 3aITicaTh B BUJIE
Fdr = — dIl.
(12.3)
CrnenoarenbHo, ecii u3BecTHa pyHkius I1(r), To u3 popmynsl (12.3) moxHo Haiitu cuiny F mo momysnio
¥ HaIlPaBIICHHIO.
[TorennuanbHast SHEPrHUs MOKET OBITh ompeaeneHa ucxoas u3 (12.3) kak

II=—-(Fdr + C,

rae C — TOCTOSIHHAs MHTETPUPOBAHUS, T. €. MOTCHI[MAIbHAS SHEPTHUs ONPEACNSICTCS] ¢ TOYHOCTBIO 0
HEKOTOPOW MPOU3BOJILHON MOCTOSHHOM. DJTO, OJHAKO, HE OTpa)kaeTcs Ha (PU3NYECKUX 3aKOHAX, TaK
KaK B HUX BXOJUT WJIM Pa3HOCTh IOTEHIMAIBHBIX SHEPTUM B JIBYX TMOJIOKECHUSX Tella, WIH
npousBogHas Il mo koopamHaram. [loaTOMy TOTEHIMANBHYIO SHEPrUI0 Tela B KaKOM-TO
OTIPENICTICHHOM TIOJIOKEHWU CUUTAIOT PAaBHOM HYJIO (BBIOMPAIOT HYJIEBOM ypOBEHb OTCHUETA), a
SHEPTUI0 Tela B JAPYTUX TOJOXKEHUSX OTCUMUTHIBAIOT OTHOCHUTEIBHO HYJNEBOTO YpoBHs. Jlis
KOHCEPBATUBHBIX CHUII

P onm . __om . om
e
WA B BEKTOPHOM BUJIE
F= —gradII,
(12.4)
rne
(14 o1l o
grad Il = — i+ —j+—Kk (12.5)
ox oy 0z
(i, j, k — enuHWYHBIE BEKTOPHI KOOPAMHATHBIX Oceil). Bekrop, ompenensiemblii BeipakeHueM (12.5),

Ha3bIBACTCS IPAHEHTOM cKaJjsipa [1.
st Hero Hapsiay ¢ obo3HayeHueM grad I1 mpumensiercs Takke obo3nauenue VII. V («nabnay) o3HauaeT
CHMBOJIMYECKHI BEKTOP, Ha3bIBAEMBII onepaTtopoM I'aMWJIbTOHA™ WK HA0J1a-0MIePaTOPOM:
2

2 P
2., 9., 9 12.6
v axi+ayj+azk. (12.6)

*Y. lamunbroH (1805—1865) — upnanackuit MaTeMaTuK U (UK.

Konkpernsiii Bua ¢ysnkiuu I1 3aBUCHUT OT Xapakrepa cuioBoro moins. Hampumep, moTeHIManbHas

SHEPTHUs TeJla MACCOM m, TOJHATOTO Ha BBICOTY /1 HaJl MOBEPXHOCTHIO 3€MJIU, paBHA
I1 = mgh, (12.7)

TJIe BBICOTAa /i OTCUMTBHIBAETCS OT HYJIEBOTO ypoBHS, /sl koToporo [1o=0. Beipaxkenue (12.7) BeITeKaeT
HCIMMOCPCACTBCHHO M3 TOI'0, YTO MOTCHIHAJIbHAA DHCPIUsA paBHA pa60Te CUJIBbI TSDDKCCTU TIPU MMAJCHHUU
TeJa ¢ BBICOTHI /1 HA MOBEPXHOCTH 3EMIIU.

Tak kak Hayalgo oOTcUETa BLIGI/IpaeTCSI IMPOU3BOJIbHO, TO IOTCHHHAJIbHAA OJSHCPIrusl MOXKCET HMCTH
OTpULIATENIbHOE 3HAUCHUE (KUHemuueckas IHepausi ece20a norodcumenvual). Ecniu nmpuHATH 3a HyJb
MOTCHIUAJIbHYIO SHCPIrUro TCjia, JICKAIICTO0 HAa ITOBCPXHOCTH 3GMJII/I, TO IMOTCHIMAJIbHAA SHCPIruAd TCiia,
HaxXOJIAIIErocst Ha THEe axThl (Tayouna h'), [1=—mgh'.

Haf&neM NOTCHUUAJIbHYIO JSHCPIUIO YHPYFOILG(I)OPMI/IPOBB_HHOI‘ O T¢Clla (pr)KI/IHBI). Cuna yHOnpyroctu
IpONopIHOHaNIbHA AeopManuu:

F, xymp = — kx,

rae Fx ynp — TPOEKIHMS CHIIBI YIIPYTOCTU Ha OCh X; k — KOI(PUIHEHT YyHPyrocTu (sl IpyKHHBI —
JKECTKOCTh), a 3HAaK MHUHYC YKa3bIBaeT, 4TO Fx ynp HalpaBlieHA B CTOPOHY, MPOTHUBOMOJIOXKHYIO
nedopMaIuu x.
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ITo tperbemy 3akoHy HploToHa, aedopmupyromas cuia paBHa IO MOIYJIIO CHJIE YIPYTOCTH H
IIPOTHUBOIIOJIOKHO €1 HAalIPABJICHA, T. €.
Fy < — Fyyp = kx.
OnemeHTapHas pabota d4, coBepiaemas cuioi Fx mpu 0eckoHeuHo Maioi aedopmaruu dx, paBHa
dA=F,dx=kxdx,
a ToJiHas paborta

A= fkedr = kP2
' 0

UAET Ha YBEIMYCHHE TOTCHUIUAIBHOW >HEPTUU MpPYKHUHBL. TakuM 00pa3oM, MOTCHIMATbHAS SHEPTHS
ynpyroaeopMHUpPOBAHHOTO TeJa

I = kx*f2.
ITorennmanbpHas OHEPIusl CUCTCMBI ABJISICTCA q)YHKHHCﬁ cocTossHUS cucTeMbl. OHa 3aBUCHT TOJBKO OT
KOHq)HpraHHH CHUCTCMBI M €€ ITOJIOKCHU IO OTHOICHHWIO K BHCIITHUM TCJIaM.
Ilonnast MexaHuueckas IHEPIrust CUCTEMbI — DHEPIrusaA MEXaHUYCCKOT'O ABMKCHUSA U B3aUMOJICHCTBHS:

E=T+11,
T. €. paBHa CYMME KMHETUYECKON ¥ MOTEHIUAIbHOW SHEPTUM.

3. 3aK0H coXpaHeHHs JHePruu

3aKOH COXpaHEHHUs DHEPTrUM — Pe3ysbTaT 000OMIEHHS MHOTHX SKCIIEPHUMEHTAIBHBIX IaHHBIX. Mmes
3TOro 3akoHa mpuHamiexuT M. B. JlomonocoBy (1711—1765), uznoxkuBiieMy 3aKOH COXpaHEHUS
MaTepUH W JBIDKCHHS, a KOJHMYECTBEHHAs (OPMYIHMPOBKA 3aKOHA COXPAHEHHWS JHEPruM JaHa
HeMmenkuM BpadoM FO. Maitepom (1814—1878) u Hemerkum ectectBoucmeitarenem ['. ['enbMronbiiem
(1821—1894).

PaccMoTpuM cucTeMy MaTepUalbHBIX TOYEK MaccaMH mi, Mm2,..., Ma, ABHKYIIMXCSA CO CKOPOCTSIMH VI,
V2,..., va. Ilyets  F/, F,,., F — paBHOzmeicTByIOIINiE BHYTPEHHHX KOHCEPBAaTHBHBIX CHII,

n
JICUCTBYIOIINX HAa KAKAYIO M3 3TUX Touek, a Fi, Fa2, ..., Fx — paBHOIENCTByIOIME BHEIIHUX CHUJI,
KOTOpbIe Takke OylIeM cyHuTaTh KOHcepBaTHUBHbIMU. Kpome Ttoro, Oyaem cuumrtaTh, 4YTO Ha
MaTepuaibHble TOYKH JCHCTBYIOT €Ill¢ U BHEIIHHE HEKOHCEPBATHBHBIC CHJIbI, PABHOJCHUCTBYIOIIHE
9TUX CHJI, JEHCTBYIOIIMX HAa KaKIYI0 W3 MaTepualbHBIX Touyek, ob6o3Hauum fi, 2, ..., fu. [Ipu v<<c
MacChl MaTE€pUATbHBIX TOUYEK MOCTOSHHBI U YpPaBHEHUS BTOPOTO 3aKoHAa HBIOTOHA N7 3TUX TOUYEK
CJeyIOIINE:
dVl

ml—d?=FIl+F|+f1,

LI S
my —— = ,
zdt 2 2 2.

dv,

mnd—t =F;+F,,+f,..
JIBUTasich TOJA JCWCTBHEM CHJI, TOYKH CHUCTEMbI 32 MHTEpBAJ BpeMeHH df COBEpIIAIOT MEpEeMEIICHUS,
COOTBETCTBEHHO paBHbie dri, dr2, ..., dr,. YMHOXHM Kakaoe U3 YpaBHEHHI CKalsIpHO Ha

COOTBETCTBYIOIIEE TIEPEMEIICHUE U, YUUTHIBas, 4yTo dri==v; d¢, momyuum

my (vdvy) — (F, + F;) dr
my (v2dvy) — (F;, + F,)dr,

fl dl'l ,
fz dl'z,

my, (v,,dv,.) - (F; + Fn) dl‘,, = f,,dl','.
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@ [aiite onpepenenns w suiBeguTe opMynsl @ Yem oGycroBneHo W3MeHeHne NoTeHLMan.L-

1A U3BOCTHLIX BaM BUAOB MexaHWU4ecko#h HOW SHeprnu?

SHOprun. . @ HeobxoanMo Ny ychoBue SaMKHYTOCTH CHCTe-
@ Kakosa cBa3b MeXay CHNoi n NOTeHLUanbHOMA Mbl ANA BLINONHEHNA 3BKOHA COXPAHEBHWA Mme-

3Heprnen? XAHWYECKOH 3HeprMu?

CnokuB 3TH ypaBHEHHUSI, TOTyUUM

i m; (vidv) — "'[‘ (F; + F)dr, = Y fidr;.

iml il el
(13.1)
[TepBrriii wiieH neBoit yactu paBeHcTna (13.1)

i m; (vidv)) = 2": d(mp?/2) = dT,

i= i=1

n
rae d7 — mpupalieHHe KHHETHYECKOH OJHepruu cucteMbl. Bropoit wnen Y (F;+F)dr paseH
im1

3JIEMEHTApHOI paboTe BHYTPEHHUX M BHEITHUX KOHCEPBATHUBHBIX CHUJI, B3ATOW CO 3HAKOM MHHYC, T. €.
paBeH dJEMEHTApHOMY MPHUpPAIICHHUIO ToTeHInanbHOU sHeprun dI1 cucremsr (cm. (12.2)).
[IpaBas yacth paBeHctBa (13.1) 3amaeT paboTy BHEUIHMX HEKOHCEPBATHUBHBIX CHJI, JIEHCTBYIOIIMX Ha
cucreMy. TakuMm oOpazom, nMeeM
d (T+II) = d4.
(13.2)

[Ipu mepexoze CUCTEMBI U3 COCTOSIHUSA / B KaKOE-THOO COCTOsTHUE 2
2

J.d (T+I1) = Ay,
1

T. €. U3MEHEHHE MTOJTHONH MEXaHUUYECKOM 3HEPTMH CUCTEMBI IIPU NIEPEXOJIE U3 OAHOIO COCTOSIHUSA B Ipyroe
paBHO paboOTe, COBEPILIEHHON NpHU 3TOM BHEUIHMMHM HEKOHCEpBAaTMBHBIMHU cuiiaMmu. Eciu BHemHue
HEKOHCEPBATUBHBIE CUJIBI OTCYTCTBYIOT, TO U3 (13.2) cnenyer, uto

d (T+11) =0,

OTKy/1a

T + II = E = const,
(13.3)

T. €. TIOJIHas MEXaHWYEeCKas DHEPTHsi CHUCTEMBbl COXpaHSIETCs TOCTOSHHOW. Bripaxkenue (13.3)
IpeCTaBIseT cO00M 3aKOH COXpaHeHHe MeXaHNYeCKOi IJHePIuu: B CUCTEME TeJl, MEXIY KOTOPHIMHU
JNENCTBYIOT TOJBKO KOHCEPBATHBHBIC CHIIBI, TOJHAS MEXaHWYECKas SHEPrus COXpaHseTcs, T. €. He
U3MEHSETCS CO BPEMEHEM.

MexaHuyecKkrue CUCTEMBI, Ha Tejda KOTOPBIX ACHCTBYIOT TOJIBKO KOHCEPBATUBHBIE CHJIbI (BHYTPEHHUE U
BHEIIIHUE), HA3bIBAIOTCSI KOHCEPBATHBHBIMH CHCTEeMaMHU. 3aKOH COXPAHEHUS MEXaHHYEeCKOH
SHEPTUU MOXXHO C(OPMYJIUPOBATH TaK: B KOHCEPBATHUBHBIX CHCTEMax IMOJIHAS MEXaHUYecKasl SHEprus
COXpaHsIeTCS.

3aKOoH COXpaHEHUs MEXaHUYECKOW SHEPTUH CBSI3aH C 00HOPOOHOCHbIO 8pemenu. OTHOPOTHOCTh BPEMEHHU
MPOSIBIISICTCS. B TOM, UYTO (PU3UYECKUE 3aKOHBI MHBAPUAHTHBI OTHOCHTEIHHO BBIOOpA Hayala OTCueTa
BpemeHu. Hanmpumep, mpu cBOOOJZHOM MAJCHWU Tela B TOJIE CHJ TSKECTH €ro CKOpOCTh M
NPONICHHBI MyTh 3aBUCAT JIUIIb OT HAadaJdbHOW CKOPOCTH U MPOAOHKUTEIHLHOCTH CBOOOJHOTO
NaJIeHUs Tea U He 3aBUCAT OT TOr0, KOT'/1a TEJIO Hayajlo Naaath.

CymiecTByeT elie OJMH BUJ CUCTEM — JMCCHNATHBHbIE CHCTEMbI, B KOTOPbIX MEXaHUYECKas YHEPTHUs
MIOCTETICHHO YMEHBIIAETCsl 3a CUeT MpeoOpa3oBaHus B Jpyrue (HeMexaHudeckue) (hOpMbI DHEPTHUH.
DTOT mpollecc MOMYyYHJl Ha3BaHUE AUcCCHMNAaNuM (Win paccesiHusi) dHeprum. CTporo roBopsi, Bce
CHCTEMBI B IPUPOJE SBISIOTCS JUCCUTIATHBHBIMH.

B KoHCepBaTHMBHBIX CHCTEMax T[IOJIHAsg MEXaHUYeCKass DHEPrus OCTaeTcsl TMOCTOSIHHONW. Moryt
NPOMCXOMUTh JIMIIb TPEBpAIICHUS] KHHETUYECKOW HHEPrMHM B MOTCHIUAIBHYIO W OOpaTHO B
SKBHUBAJICHTHBIX KOJMYECTBAX TakK, YTO IMOJIHAS SHEPTUs OCTAeTCsl HEM3MEHHOW. DTOT 3aKOH HE €CThb
IIPOCTO 3aKOH KOIUYEeCMBEeHHO20 COXPAHEHHs SJHEPTHUH, & 3aKOH COXPAHEHHs U IPEBpAICHUs dSHEPTUH,
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BBIPAXKAIOUINH U KayecmeeHHyl0 CTOPOHY B3aUMHOI'O IIPEBPAILLCHUS pa3IMYHbIX (OPM IBUXKEHUS APYT
B Jpyra. 3aKOH COXpAaHEHUS W TPEBPAIICHUS DYHEPTUU — (PYHOAMEHMANbHbIU 3AKOH NPUpoobl, OH
CHpaBeAJIUB KakK JJIsl CHCTEM MAaKpOCKOIMUYECKUX Tell, TaK U JIJIsl CHCTEM MUKPOTEIL.

B cucreme, B KOTOpOH ACUCTBYIOT TaKK€ HEKOHCEPBATHUBHBIC CWJIBI, HAIIPUMEDP CUJIbI TPEHMS, IOJIHAsS

MEXaHUYeCKasi HHEpPrusi CHUCTeMbl He coxpaHsercd. CrenoBaTelabHO, B 3TUX CIy4asX 3aKOH
COXpaHEHHsS MEXaHWYECKOW 3Hepruu HecrpaBeaauB. OJHAKO NPU «HUCUE3HOBEHHM» MEXaHUUYECKON
SHEpPruM BCETJa BO3HHMKAET 3KBUBAJIEHTHOE KOJIMYECTBO SHEPrMM JAPYroro Buaa. Takum oOpasom,
9Hep2us HUK020a He ucue3aem U He NOSBIAEmcs 6HO8b, OHA TUULbL NPespawiaemcs U3 00OH020 6Udd 68
opyeoii. B aToM M 3aKkirouaeTcs gpusuyeckas cyuwHocmsb 3aKOHA COXPAaHEHHsI M TIPEBPALLCHUS SHEPTUU
— CYIIHOCTh HEYHUYTOXXKHUMOCTH MaTepUU U €€ JBUKECHHUS.

3agaHust U BONPOCHI

1. Onpenenuts: 1) paboTy NOJHATHA Ipy3a [0 HAKIOHHOW MJIOCKOCTH; 2) CPEIHIOI U 3) MaKCUMaJIbHYIO

MOIIHOCTH MOJABEMHOT0 YCTPOHCTBA, €clii Macca rpy3a 10 Kr, JIMHa HaKJIIOHHON IJIOCKOCTH 2 M, YTOJl
€e HaKJIOHA K Topu3oHTY 45°, koaddunment tpenus 0,1 u Bpems nmoawsema 2 c. [1) 173 Ix; 2) 86 Br;
3) 173 Br]

C OGamnu BbeIcOTOM 35 M ropuszoHTanbHO OpomieH kameHb Maccoil 0,3 kr. IlpeneGperas co-
IPOTUBJIEHUEM BO3/yXa, ONPEIEIUTh: 1) CKOPOCTh, C KOTOPOU OpoIlIEeH KaMeHb, eciu uepe3 1 ¢ mocie
Hauaja JABWKEHMsI ero KuHetudeckas sHeprus 60 JIk: 2) moTeHIMalbHy0 SHEPTUI0 KaMHs yepes3 1 ¢
nociie Havaa nemwkeHus. [1) 17,4 m/c; 2) 88,6 JIx]

3. HpeHe6pera;1 TPEHUCM, ONPECACIIUTE HAUMCHBIIYIO BBICOTY, C KOTOpOfI JOJDKHA CKAaTbhIBAThCA TCICKKA

4.

C YEJIOBEKOM IO KeJNo0y, MepexoasmemMy B meTio paguycoM 10 M, yToObl OHa cienana MOITHYIO
MIETJIIO ¥ HE BhINaya U3 jxenoda. [25 M|

[Tyns maccoit m=10 1, nmeTeBIIas TOPU3OHTAIBLHO €O CcKopocThio v=500 M/c, momagaer B Oayiu-
CTHYECKUM MasTHUK JJIWHON /=1 M m maccoit M=5 xr u 3actpeBaeT B HeM. OmpenenuTh yroi
OTKJIOHEHHS MasTHUKa. [18°30']

5. 3aBrCHMOCTL MOTECHIIHATLHOM OHCPIrUr 4aCTULBI B HCHTPAJIBEHOM CHJIOBOM IIOJIE OT PACCTOSAHUA 7 OO0

B
LEHTpa mojis 3agaercs BeipaxeHueM I (r) = ——, e A u B — T0J0KUTEJIbHBIE MOCTOSHHEIE.
r

=
Onpenenutb 3HaYEHHUE 70, COOTBETCTBYIOIIEE PABHOBECHOMY IOJIOXKEHUIO YaCTULIBL. SIBIISETCS JIU 3TO
MOJIO’KEHUE TIOJIOKEHUEM YCTOMUMBOTO paBHOBecus? [ro=2A/B]

[Ipy nentpanbHOM aOCOJIOTHO YNPYTOM YJape IBHXKYIIEecs TeNO Maccoll mi yaapsercs O Io-
KOSIILIeeCs] TeJI0O MacCOW m2, B pe3ysIbTaTe Yero CKOpOCTh MEPBOro Teja yMeHblIaercs B n=1,5 pasa.
Onpenenutb: 1) oOTHOmIEHWE mi1/m2; 2) KHHETHYECKYI0 OSHEPruo0 72 BTOPOro Teia, eciu
nepBOHavallbHas KMHeTH4eckas sHeprus nepsoro tena 71=1000 JIx. [1) 5; 2) 555 x|

7. Teno maccoii mi=4 Kr ABUKETCSI CO CKOPOCTBIO Vi=3 M/C M yAapseTcsl O HEMOIBI)KHOE TEJIO TaKOH XKe

Macchl. CunTtas yaap IeHTPaIbHBIM U HEYNIPYTHUM, ONPEACIUTh KOJTUYECTBO TEIUIOTHI, BhIICIHUBILIEECS
npu ynape. [9 JIx]
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IHNPAKTUYECKOE 3AHATHUE Ne 7 MOJIEKYJIAPHO-KUHETUYECKAS TEOPUSA
NIEAJIBHBIX I'A30B

Heab-3akpenuTh HM3YYCHHBIM Marepual 1O TeMaTHKe «MOJIEKyJIIpHO-KUHETHYECKass TeOopus
uaeaIbHBIX ra30B. CTaTUCTHYECKUA U TEPMOANHAMUYECKUN MeToAbl. OTNBITHBIE 3aKOHBI HEATEHOTO
raza. Ypasuenue Knamnelipona — MenneneeBa. OCHOBHOE ypaBHEHUE MOJEKYISIPHO-KMHETUYECKOM
TEOPUH HJICATPHBIX Ta30B. 3aKOH MakcBeia O paclpeneleHud MOJEKYJ HACANTbHOTO Tasa IIo
CKOPOCTSIM M SHEPTHSIM TEILIOBOTO JIBUKCHUSD).

OcBanBaemMble KOMIIETEHIIUH B PE3yJIbTATE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«OO0m1re cBeIeHUs

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IIOJNyYeHHBIE TEOPETHUYECKHE 3HAHUS W
BBIPA0OTATh HABBIKA U YMEHHS ITPAKTUYCCKOTO PEIICHUS 3a/1a4, B TO YHCJIC U CAMOCTOSTEIIBLHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIlMK K CaMOOOpPA30BAHMIO CTYJICHTAa HANpaBJICHUS «XHUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJB30BaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIHILTHH B MPO(ECCUOHATBHON JCITEIbHOCTHA, OCHOBHBIC 3aKOHBI (DU3UKH,
METOBl SKCIEPUMEHTAIFHOTO HCCIIEOBAHUS, OCHOBHBIX (U3WYECKUX TEOPHHA JJIS PEIICHHS
BO3HUKAIOMIMX (U3UYECKUX 3373y, CAMOCTOSTEIBHOTO MPHOOpETeHUs (U3MYCCKUX 3HAHWH, IS
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB M YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TPEICITBI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymers:

- OCYILECTBIIATh 3PPEKTHUBHYIO KOMMYHHKAIIMIO B KOJUICKTUBE JUISl PEIICHHsI TPO(HECCHOHATBHBIX
3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJB30BATh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX
JTMCLIUIUINH B TPO(PECCUOHATBHON JEATEIILHOCTH, HCIIOJNB30BaTh 3HAHUS OCHOBHBIX (PH3HMUECKUX
TEOPUI U PpEIICHHS BO3HHUKAOIMX (U3NYECKUX 3a/1a4, CAMOCTOSTEIFHOTO MPUOOPETEHHS
bu3nvecKux 3HAHWHU, JJIS TIOHMMAHUS TPUHIMIIOB Pa0OThI MPUOOPOB W yCTPOWCTB, B TOM YHUCIIE
BBIXOJSIIMX 33  Tpeledbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAalpaBlICHUs,  IPUMEHSTbH
COOTBETCTBYIOIINI (DU3UKO-MAaTEeMaTHYECKUI ammapar, METOIbl aHalu3a H MOJCITUPOBAHHS,
TEOPETUYECKOTO M SKCIIEPUMEHTAIBLHOTO HCCIeI0OBAHUS IPU PEIICHUH MPO(EeCCHOHANBHBIX 33/1a4.

Baanern:

- HaBblKaMH paboThl B KOMaHJE, HaBbIKAMH BECTH JHMAJIOr, JEJIOBOM CHOp;  CIIOCOOHOCTh K
CaMOOpTaHU3aIlM M CaMOOOpa30BaHUIO, HABBIKAMU HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIOMICH
00paboTKOW MX pe3yNbTaTOB, METOJAaMH MaTEeMATHYECKOTO, KOMMBIOTEPHOTO W (PU3UUECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHSI TEXHUIECKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MIPOIIECCOB H
KOHCTPYHUPOBAHHUSI  COOPYXXCHMH, MallUH M  TEXHOJOTHYECKOTO  000pYAOBaHHS,HAaBBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIIFHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3MKHM, HABBIKAMH  CAMOCTOSATEIBHOTO MNPHOOpeTeHHs (PU3MUECKUX 3HAHUH, I
MOHWMAaHMs TPUHIMIIOB PabOThl MPUOOPOB M YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICITBI
KOMIIETEHTHOCTH HarpaBiieHUs] XUMUYECKask TeXHOJIOTHsI

Pea.lmsyeMble KOMIICTCHIIUHN

OK-7 criocoOHOCTHIO K CAaMOOpPTaHU3aIMKH U CaMOOOPa30BaHUIO

ITK-4 criocoOHOCTBIO yUacTBOBaTh B pab0TE Ha/l ”HHOBAI[MOHHBIMU IPOCKTAMH, UCTIONB3Ys 0a30BbIC
METOBI HCCIIEIOBATEIBCKON IEATEIILHOCTH

OIIK-4 noHMMaHWEM CYIIHOCTH U 3HAYeHUS WH(OPMAILIUY B Pa3BUTHH COBPEMEHHOTO 00IIECTBA,
CIIOCOOHOCTBIO TOTyUYaTh U 00padaThiBaTh HHPOPMALIUIO U3 Pa3IMYHBIX UCTOYHUKOB, TOTOBHOCTBHIO
HUHTEPIPETHUPOBATH, CTPYKTYPUPOBATh U 0POPMIISITH HHPOPMAIIHIO B JOCTYITHOM JIJISl IPYTHX BHJIE

Teopernyeckas yacTb
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1. CraTucTnueckuii u TepMOIlI/IHaM]/I‘IeCKI/Iﬁ MeTobl. ONbITHBLIE 3aKOHBI HAEAJBLHOI0 ra3a

CraTucTHYecKHii W TepMOAMHAMHYECKHI MeTOAbI HccjaedoBaHus. MonekyinspHas QuU3MKa u
TEPMOJUHAMHUKA — pa3fenbl (QU3UKH, B KOTOPBIX H3YYaIOTCS MAKpPOCKONHMYecKHe Mpouecchl B
Telax, CBSI3aHHbIE C OrPOMHBIM YHCIIOM COJAEpXKAllMXCsl B TejlaX aTOMOB M Mouekyid. Jlus
MCCJIE0OBAHUS 3THX MPOLIECCOB MPUMEHSIOT JIBa KAYECTBEHHO PA3JIMYHBIX U B3aUMHO JOIMOJHSIOUIUX
JIpyr JIpyra METO/a: CTATHCTHYECKHMil (MOJIeKY/JISIPHO-KMHETHYeCKHMil) 1 TepMOAMHAMMYECKHI.
[TepBblii TEKUT B OCHOBE MOJIEKYIAPHON (DU3UKHU, BTOPOU — TEPMOJAMHAMUKH.

Mounekyasipaas puznka — pasznen (U3MKH, W3Y4Yaroluid CTPOSHHWE M CBOMCTBA BEIECTBA UCXOJs U3
MOJIEKYJIIPHO-KUHETUYECKUX MPEACTaBICHUIN, OCHOBBIBAIOIIMXCA HA TOM, YTO BCE Te€Ja COCTOAT U3
MOJIEKYJ1, HAaXOSIIUXCS B HEMPEPHIBHOM XaOTHUECKOM JBM)KEHUU.

Nnes 06 aTOMHOM CTpOEHHUU BeIIeCTBa BbICKa3aHa ApeBHerpedeckuM umocopom [lemoxpurom (460—
370 no H. 3.). ATomucTHKa Bo3poxaaercs BHOBb juiib B XVII B. u pa3BuBaercs B paborax M. B.
JloMmoHOCOBa, B3TJSABI KOTOPOTO Ha CTPOCHHE BEIIECTBA M TEIJIOBBIC SIBICHUS ObUIM OJHM3KH K
coBpeMeHHbIM. CTporoe pa3BUTHE MOJIEKYJIIPHOW T€OpUM OTHOCUTCS K cepeanHe XIX B. U cBsI3aHO ¢
pabotamu Hemenkoro ¢usnka P. Knaysnyca (1822—1888), J[>x. Makcsemnna u JI. bonsiimana.

[Ipomecchl, M3ydaemble MOJICKYJSIPHOW (U3UKOH, SBISIFOTCS PE3yJIbTaTOM COBOKYITHOTO JICUCTBUS
OTPOMHOI0 4YHCJa MOJIEKYJ. 3aKOHbl MOBEIEHHUS OrPOMHOTO 4HCJIa MOJIEKYJ, SBISACH
CTaTUCTUYECKUMHU 3aKOHOMEPHOCTSIMH, H3y4YalOTCi C IMOMOIIBI0 CTATHCTHYECKOro MeToga. OTOT
METOJ OCHOBaH Ha TOM, YTO CBOMCTBA MAaKpPOCKOIUYECKOW CUCTEMbI B KOHEUHOM CUETE ONPEIEIAI0TCS
CBOICTBAaMM 4YacCTHI] CHUCTEMbI, OCOOCHHOCTSIMHU MX JABW)KEHUS U YCPeOHeHHbIMU 3HAUYECHUSIMU
TUHAMHYECKUX XapaKTePUCTHK 3TUX YacTUIl (CKOPOCTH, SHEPruu U T. A.). Hampumep, Temmneparypa
TeNa OMPEENIeTC CKOPOCThIO Xa0THUECKOIO JABM)KEHHUS €r0 MOJIEKYJI, HO TaK Kak B JH0O0NH MOMEHT
BPEMEHH pa3Hble MOJEKYJbl UMEIOT pa3jMYHble CKOPOCTH, TO OHA MOXET OBbITh BBIPAKEHA TOJBKO
yepe3 CpellHee 3HAu€HUE CKOPOCTH IBMKEHHUS MousieKysd. Henb3si roBoputh 0 Temmeparype OAHOMN
MOJIeKyJIbl. TakuM 00pa3oM, MaKpOCKOMHYECKHE XapaKTEPUCTUKU TeNl UMEIOT (U3NYECKUN CMBICI
JMIIB B ciy4ae 00JIbIIOro YHciaa MOJICKYI.

TepMoaunamMmuka — paszzaen (QU3NKH, HW3YYAOIMIMA OOIIHe CBOWCTBA MaKpPOCKOIWYECKHX CHCTEM,
HaXOJSIINUXCS B COCTOSSHUU TEPMOJMHAMUYECKOTO PaBHOBECHSI, U MPOLIECCHI MEpEXOoaa MEXAY 3TUMU
COCTOSIHUSIMU. TepMOIMHAMMKA HE pacCMATPUBAET MUKPOIPOLECCHI, KOTOPBIE JIEXKAT B OCHOBE ITUX
IpEeBpalleHU. OTUM  TePMOAMHAMMYECKMI  METOA  OTIMYAEeTCd OT  CTaTUCTHUYECKOTO.
TepmoaunaMmuka 6a3upyeTcss Ha ABYX HadajlaX — (yHIaMEHTAIbHBIX 3aKOHAaX, YCTAHOBJEHHBIX B
pe3ynbrare 0000IIEeHNS ONBITHBIX JAaHHBIX.

Ob6nacTe NMpUMEHEHHs] TEPMOAMHAMHUKHN 3HAYUTENIBHO LIUPE, YeM MOJIEKYJSPHO-KUHETUYECKOW TEOpHH,
ubo HeT Takux obOsacte (UMK W XHUMHUHM, B KOTOPBIX HENb3sl OBbLIO OBl IOJB30BATHCS
TEPMOJAMHAMUYECKUM MeTo10M. OIHAKO, C IPYroil CTOPOHBI, TEPMOJAMHAMUYECKUN METOJI HECKOIBKO
OTpaHMYEH: TEPMOJMHAMUKA HUYET0 HE TOBOPUT O MMKPOCKOIMMYECKOM CTPOEHHM BEILIECTBA, O
MEXaHU3ME SIBJICHUH, a JIMIIb YCTAaHABIMBAET CBA3M MEXAY MAKPOCKONMMYECKUMHU CBOWCTBAMH
BelulecTBa. MoJEKyJIIpHO-KMHETUYECKas: TEOpUsl U TEPMOAMHAMUKA B3aMMHO JOMOJHSIOT APYT ApYra,
o0pa3ys eIuHOe L1eJ0€e, HO OTINYAasICh Pa3IMYHBIMU METOJAAMH UCCIIEI0BAHUS.

TepMoguHaMuKa HMEET €0 C TePMOAMHAMHYECKON CHCTEeMOM — COBOKYIHOCTBIO MaK-
POCKOIIMYECKUX TEJl, KOTOPbIE B3aUMOAECHCTBYIOT U OOMEHHUBAIOTCA SHEPTUEil Kak Mexay co0oil, Tak u
C JIpyrMMHM TesiaMu (BHEWIHEH cpenoi). OCHOBa TEpPMOAMHAMHUYECKOTO METOJa — OINPEIEIICHUE
COCTOSIHUSI TEPMOJAMHAMUYECKON cucTeMbl. COCTOSHHE CUCTEMBI 3a/1a€TCSl TEPMOAUHAMHMYECKUMH
napaMerpamMu (mapamMeTpaMHM  COCTOSIHMS) —  COBOKYIIHOCTBIO  (DPU3MYECKHUX  BEJMYUH,
XapaKTEePU3YIOIIUX CBOMCTBA TEPMOJIMHAMHYECKOW cucTeMbl. OOBIYHO B KauyecTBE IapaMeTpPOB
COCTOSIHUS BBIOMPAIOT TEMIIEPATypY, JABJICHUE U yIEIbHBIH 00BeM.

TemmnepaTypa — OJHO W3 OCHOBHBIX IOHSATHW, UTPAOIIMX BAXKHYIO POJIb HE TOJIBKO B TEPMOJMHAMUKE,
HO U B ¢u3uke B nenoMm. Temmeparypa — (Qu3nueckas BEJIWYHMHA, XapaKTEPHU3YIOLIAsi COCTOSHUE
TEPMOJIMHAMUYECKOTO PABHOBECHS MAKpOCKOMUYECKOW cuctembl. B cooTBeTcTBUM C permieHueMm XI
I'enepanbHOl KOHGeEpeHnu Mo Mepam u Becam (1960) B HacTosIEee BpeMsI MOXKHO MIPUMEHSITh TOJIBKO
JIB€ TEMIEPATypHblE WIKaJdbl — TEPMOAMHAMHUYECKYI0 U MeXKAYHAPOJAHYI0 NPAKTHYECKYIO,
rpagyupoBaHHbIe COOTBETCTBEHHO B KenbBHHAX (K) u B rpanycax Llenscus (°C). B Mexkaynapoanou
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NPAKTHYECKO# IIKaje TeMIepaTypa 3aMep3aHus W KHIeHHMs Bojasl npu fasienud 1,013-10° Ila
cootBercTBeHHO 0 11 100°C (penepHble TOYKH).

TepmoauHaMu4yeckasi TeMIepaTypHasi MIKAJA ONPEACIISIETCS MO OJHOW PENepHOM TOYKE, B KAUeCTBE
KOTOPOIl B3siTa TPOifHAsi TOYKa BOABI (TEMIEeparypa, Mpu KOTOPOH Jied, BOJa M HACHIIICHHBINA Map
npu naBieHus 609 [la HaxoaATCS B TEpPMOJMHAMUYECKOM paBHOBECHH). TemIiepaTypa 3TOH TOYKH IO
TepMoIMHaMHueckoi Imkane paBHa 273,16 K (touno). I'pamyc Llenbcust paBeH KenbBUHY. B
TEPMOJIMHAMHUYECKOM IIKajie TeMIlepaTypa 3aMep3anus Bojsl paBHa 273,15 K (mpu Tom ke naBieHUH,
yTO U B MeXAyHapOoAHOU MPAaKTUYECKOHN LIKale), MO3TOMY, MO0 ONpPEAEIEeHUI0, TEPMOIUHAMUYECKAS
TeMmepaTypa 1 Temieparypa no MexayHapoaHOW MPaKTUYECKOH IIKae CBS3aHbl COOTHONIEHUEM

T=273,15+¢

Temnepatypa 7' = 0 K Ha3pIBaeTCa HyJIeM KeJbBHH. AHAIN3 Pa3IMYHBIX MPOIECCOB MOKAa3bIBAET, yTO 0
K HepocTm)um, XOTs pHOIMKEHHE K HEMY CKOJIb YTOAHO OJHM3KO BO3MOKHO.

YaeabHblil 00beM v — 3TO 00beM eAUHMIIBI Macchl. Korna Teno oHOpOAHO, T. €. €ro INIOTHOCTh P =
const, To v=V/m=1/p. Tak kak npu NOCTOSTHHOW Macce yJelbHbI 00beM MPOMOPIIMOHATIEH O0IIeMY
00BEMY, TO MAKPOCKOIIMUECKUE CBOMCTBA OJTHOPOTHOTO TEJIa MOXKHO XapaKTeprU30BaTh 00EMOM Tea.

[TapameTpsl COCTOSIHHS CHCTEMBI MOTYT HU3MEHsThbcs. JlioOoe H3MeHeHHe B TEPMOAWHAMUYECKOM
CUCTEME, CBSI3aHHOE€ C H3MEHEHHEM XOTs Obl OJHOTO U3 €€ TEPMOAMHAMUYECKUX I1apaMETpOB,
HA3bIBAaCTCS TEPMOAUHAMHUYECKUM mpoueccoM. Makpockonmuyeckass CHCTeMa HaxOguTcs B
TePMOJAMHAMMYECKOM PaBHOBECHM, €CIIH €€ COCTOSHHE C TEYEHMEM BpPEMEHU HE MEHsEeTCs
(mpeamoaraeTcs, YTO BHELTHUE YCIOBUS PACCMATPUBAEMOM CUCTEMBI ITPH STOM HE U3MEHSIOTCS).

B MonexyaspHO-KHHETHYECKON TEOPHUH TOIB3YIOTCS UOeAIUUPOBAHHOU MOOEIb0 NAEATbHOr0 rasa,
COTJIACHO KOTOPOM CUMUTAIOT, UTO:

1) coGcTBeHHBIN 00BEM MOJIEKYJ ra3a MpeHeOPEeKUMO Mall TI0 CPAaBHEHHIO ¢ 00BEMOM COCYIa;

2) MeX Iy MOJIEKyJIaMU Ta3a OTCYTCTBYIOT CHJIBI B3aUMOICHCTBHUS;

3) CTOJIKHOBEHUS MOJIEKYJI ra3a MEXy cOO0M M CO CTEHKaMH cOocyJia abCOIIOTHO YIIpYyTHE.

Mopnens uIeanbHOTO Ta3a MOXHO HCIOJb30BaTh MPU H3YyUYEHUU peajbHBIX Tra3oB, TaK KaKk OHHU B
YCIIOBUSX, OMM3KUX K HOPMAIBHBIM (HampuMep, KUCIOPO U TeJIHil), a TaKXKe MPH HU3KHUX JTaBICHUS)
U BBICOKMX TemIiepaTypax OJHM3KM 1O CBOMM CBOMCTBaM K HujaeainbHOMY ra3y. Kpome toro, BHecs
NOTIPABKH, YYUTHIBAIOIIME COOCTBEHHBIH 00bEM MOJIEKYJI ra3a U ACUCTBYIONINE MOJIECKYJISIPHBIE CUIIbI,
MO’KHO MEPENTH K TEOPUU PEaTIbHBIX Ta30B.

PaccMoTpuM 3aKOHBI, OIIMCHIBAIOIINE TIOBEICHUE UI€ATIbHBIX [A30B.

3akon boiias—MapuorTa*: nius nTaHHONW Macchl Ta3a MPHU MOCTOSIHHOW TeMIepaTrype Mpou3BeIeHUE
JIABJICHUS Tra3a Ha €ro 00beM ecTh BEJIMYMHA TIOCTOSIHHAS:

Ay = ﬂRTzan‘ = — Qs
M v (41.1)

* P. bBoitnb (1627—1691)—anrnuiickuil yuyensiit; 3. Mapuott (1620—1684) — dpaniuy3ckuit pusux.

Kpuas, m3oOpaxkaromias 3aBUCUMOCTb MEXJIy BEIMUYMHAMU p U V, XapaKkTepu3yIOIIMMHU CBOHCTBa
BELIECTBA MPU MOCTOSHHOW TeMIIepaType, Ha3bIBaeTCsl M30Tepmoii. M3o0TepMbl npeacTaBisioT codooi
runepOoibl, PacloyiOKEHHbIe Ha TIpaduKe TeM BbIIIE, YeM BBILIE TEMIlepaTrypa, HpU KOTOPOMH
npoucxoauT mporecc (puc. 60).

3akonbl I'eii-JIloccaka™: 1) oObeM naHHON Macchl raza NpU IOCTOSHHOM JIaBJICHUU W3MEHSAETCS
JIMHEWHO C TEeMIIEpaTypoil:

(41.2)
2) naBlIeHHE JAaHHOM MacCChI ra3a Mpy MOCTOSTHHOM 00beMe U3MEHSIETCS JIMHEHHO ¢ TeMITepaTypo:
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(41.3)

* XK. Ieit-Jlroccak (1778—1850) — dpaniry3ckuii y4eHbIi.

B stux ypaBHeHusax ¢t — temmeparypa no mkane Llenbcus, po u Vo — naBnenue u obwvem mpu 0°C,
kod(pduiment o = 1/273,15 K1

IIpouece, mpoTeKaromMii TP MOCTOSSHHOM JIaBJI€HWHU, Ha3bIBaeTcs M300apHbIM. Ha nuarpamme B
koopauHarax V, t (puc. 61) 3TOT mporiecc nzodpaxaercs MpsiMoid, Ha3piBaeMoi n306apoii. Ilpouecc,
MPOTEKAIOLIUI MPU MOCTOSHHOM 00beMe, Ha3bIBaeTCA H30XOPHbIM. Ha nuarpamMMe B koopauHaTtax p, ¢
(puc. 62) on nzobpakaeTcs MpsIMOii, Ha3bIBAEMOI H30XOPOii.

N3 (41.2) u (41.3) cnemyer, 4To H300apbl M HU30XOPHl TEPECEKAIOT OCh TEMIEPATyp B TOYKE
t=—1/a=-273,15°C, onpenensemoii u3 ycnosus l+or = 0. Ecnu nepenectu Havano orcyera B 3Ty
TOYKY, TO IPOUCXOUT Tiepexo k mkane Kenpuna (puc. 62), oTkyna

BBons B dopmynsl (41.2) u (41.3) TepMoauHaMHUYECKYIO TeMIeparypy, 3akoHaM ['eil-Jlroccaka MoxHO
npuaaTh 6oee yIoOHBIN BHI:

(41.4)

(41.5)
I7Ie MHACKCHI 1 M 2 OTHOCSTCS K MTPOU3BOIBLHBIM COCTOSTHUSM, JISKAIIUM Ha OHOU n300ape WiIH U30XO0pe.

3akoH ABoraapo*: Monu OOBIX Ta30oB NpPU OJAWHAKOBBIX TEMIIEpAType W JABICHUU 3aHUMAIOT
O/IMHAKOBBIE 00beMBI. IIpK HOPMANBHBIX YCIOBUSAX 3TOT 00beM paseH 22,41-1073 M /Mons.
* A. ABorazpo (1776—1856) — utanbsHckuil PU3NK U XUMUK.

[To ompeneneHuto, B OJHOM MOJI€ PA3NUYHBIX BEUIECTB COJEPKUTCA OAHO M TO K€ YHCIO MOJIEKYI,
Ha3bIBAEMOE MOCTOSTHHOW ABOrajapo:
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Na=6,022"10* mom"1.
3akoH JlanbToHAa™: naBneHNe cMecH HUIEATbHBIX Ta30B PAaBHO CyMME MApLHUAIbHBIX AABICHUH p1, p2,...,
Pn BXOIAILUX B HEE Ta30B:
p=p+pr+ ..+ pu
IapumnanbHoe 1aBjieHHe — JABJICHUE, KOTOPOE MPOM3BOIMI ObI Ta3, BXOISIIMKA B COCTaB Ia30BOii
cMecH, eciii Obl OH OJTUH 3aHUMal 00beM, PaBHbIM 00BEMY CMeCH TpH TOIl ke TeMIepaType.

* JIk. JlansToH (1766—1844) — aHIHMIICKW XUMUK U (UK.

2. YpaBuenne Knaneiipona — MengeseeBa

Kak yxe yka3bpIBanoch, COCTOSIHUE HEKOTOPON MacChl ra3a ONpPEAEIeTCs TpeMs TEPMOJUHAMUYECKUMHU
napaMeTpamu: JaBi€HHEM p, oO0beMoM V u Ttemmeparypoil 7. Mexay 53TUMH NapameTpaMu
CYILIECTBYET ONIpe/ieNieHHas CBs3b, Ha3bIBacMas ypaBHEHHEM COCTOSIHMS, KOTOpOe B OOIIEeM BHIE
JTAeTCsl BBIPAXKEHUEM

f. V., D=0,

I7ie KaX/J1as U3 IepeMEHHbIX ABIseTcs QyHKIMEH ABYX IPYTHUX.

@panny3ckuii pusuk u unxenep b. Knaneiipon (1799—1864) BeiBen1 ypaBHEHHE COCTOSIHUS UCAIBHOTO
raza, o0benuHUB 3akoHbl boiins — Mapuorra u I'eii-Jltoccaka. Ilycth HekoTopass macca rasa
3aHUMaeT o0beM Vi, UMeeT JaBleHUE p1 U HAXOAUTCSA TpH Temmeparype 71. DTa e macca rasa B
JPyTOM NPOU3BOJIBHOM COCTOSTHMM XapakTepusyeTcs mapamerpamu p2, Va2, Tz (puc. 63). Ilepexon u3
COCTOSIHUS [ B COCTOSIHUE 2 OCYILECTBIISIETCS B BUJIE ABYX MPOILIECCOB: 1) M30T€pMHUECKOro (M30TEpMa
1-1"), 2) n3oxopHoro (u3oxopa /-2).

P Puc. 62
V,=const
V,=const @ Mouemy TepMoaMHAMUYECKHA W CTATMCTMYeC-
Kni  (MONeKynapHO-KWHeTHYeCKn) MeTopfbl
, Verv. nccnefoBaHNMA MaKpPOCKONMYECKKX CHCTEeM Ka-
7 1-V2 HOCTBEHHO pa3NIMYHbLI W B3ANMHO [OMNOMHAIIOT
g ApYr Aapyra?

Vi - @ Yvo TaKoe TepMoaMHaMuueckne napameTpbi?
e 7 T Kakne TepmopuHamuyeckwe napamervpul Bam
N . _ M3BECTHLI?

7 1/ r ® Kak o6uacHuTh 3akoH bBoins — Mapuorta

! C TOUKHW 3pEeHKMs MONEeKYNAPHO-KNHETNHOCKON
Teopun?
B cootBercTBUU ¢ 3akoHamu boiins — Mapuotra (41.1) u I'eit-Jlroccaka (41.5) 3anumiem:
v =p\Va
(42.1)
Py T
n T
(42.2)
WckirounB u3 ypaBaeHui (42.1) u (42.2) p, nomydnm
Vi pVa
T T

Tak kak coctostHus / U 2 ObLIM BBIOpaHbI MPOU3BOJIHO, TO JUJIsl JAHHOM Macchl rasa BenuuuHa pV/T
OCTaeTCcsI MOCTOSHHOM, T. €.
pV|/T = B = const.
(42.3)
Bripaxenue (42.3) sBisercs ypaBHeHueMm Kiamneiipona, B koTopoM B — ra3oBasi IMOCTOSHHAs,
PA3IUYUHASA 015 PA3HBIX 2A308.
Pycckuit yuensiii [I. . MenneneeB (1834—1907) obwemunun ypaBHeHue KiameipoHa ¢ 3akoHOM
ABorazpo, oTHecs ypaBHeHHe (42.3) K OTHOMY MOJIIO, UCIIOJIB30BAB MOJISIPHBIN 00beM Vm. CormacHo
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3aKOHY ABOTaJpo, MPU OJUHAKOBBIX p U T MOIIM BCEX ra30B 3aHUMAIOT OJIMHAKOBBIN MOJISIPHBIN 00beM
Vm, mosTOMy mOCTOsiHHasE B OyneTr oounaxogol Onsi 6cex 2a306. JTa oOImas s BCEX Ta3oB
MOCTOSTHHAsI 0003HaYaeTCsl R M HA3bIBAETCS MOJISIPHOM I'a30BOii MOCTOSHHOM. Y PaBHEHHUIO
pPVa = RT
(42.4)

yAOBJIETBOPSICT JHIIb WACATbHBIA Ta3, U OHO SBJISETCS yPaBHEHHEM COCTOSTHMS H/IeaJbHOro rasa,
Ha3bIBAEMBIM TaKke ypaBHeHHeM Kianeiipona — Menaeneesa.

UucnoBoe 3HaU€HUE MOJIIPHON ra30BOM MOCTOSIHHOM omnpeaenuM u3 Gopmyrs (42.4), monarasi, 4T0 MOJb
raza HaxoAUTCA INpPH HOPMAIbHBIX ycaoBusx (po= 1,013-10° Ila, T0=273,15 K, Vim=22,41-107
M3 /monb): R=8,31 JIx/(Monb-K).

Ot ypaBHeHus (42.4) ans MoJis raza MOXKHO NepeiTu K ypaBHeHuto Kianelipona — MenneneeBa Juis
NPOM3BOJILHON Macchl Taza. Eciy mpu HEKOTOPHIX 3a/JaHHBIX JABIICHUH W TEMIepaType OJUH MOJb
ra3a 3aHMMaeT MOJISIPHBIA 00beM Vm, TO MPHU TEX K€ yCIOBUSAX Macca m Ta3a 3aiiMeT o0bem J'=
(m/M)Vm, Tne M — MoJisipHasi Macca (Macca OJHOTO MOJISI BellecTBa). EnuHUIa MOJITPHON MacChl —
KUJIOTpaMM Ha Mok (Kr/Momb). YpaBHenue Knaneiipona — MeHeneeBa Jist Macchl m rasa

pV = - RT = wRT,
M

(42.5)
rac v :I’I’l/M— KOJIN4YECTBO BelIeCTBA.

Pac. 63

® Kaknmu ‘3aKOHEMH ONUCLIBAIOTCA Mn3obapHbie
N N30XOPHbLIe NpPoLecchi?

@ Kakoa husuyeckui cMbiCn NOCTOAHHORK Asorag-
po? uucna Nlowmunara?

® Mpn  HEeKOTOPLIX 3HAYeHWAX TemnepaTypbl
N [aBNeHNs a30T KONMYecTBOM BellecTsa
1 monb 3annmaet o6bem 20 n. Kakoi o6beM
npN 3TUX XKe YCNOBHAX 3aAMeT BOQOPOL KONK-
YecTBOM BeujecTBa 1 MONbL?

YacTto mMONB3YIOTCSI HECKOJIBKO HMHOM (OpPMOM YpaBHEHUS COCTOSHHUS HJIEAIbHOTO Tra3a, BBOJIS
NOCTOSIHHYI0 BoJibiMaHa:

k=R/Ny=1,38-10"2 Ix/K.

Hcxons u3 3Toro ypaBHeHue coctosiHus (42.4) 3anuiieM B BUje

P = RT|Vy = KNAT|V, = nkT,

rae Na/Vm = n — KOHLEHTpAIMs MOJEKYJ (YUCIO MOJIEKYN B eauHuie oobema). Takum obOpasom, u3

YPaBHEHHUSA
p = nkT
(42.6)

ClIeyeT, 4YTO JaBJICHHE HACAIBHOIO rasa IpU JaHHOW TeMIeparype NpsAMO MPONOPLHUOHAIBHO
KOHIIEHTPALlMU €r0 MOJIEKYJ (MM IJIOTHOCTH rasza). [Ipum oguHakoBBIX TeMIlepaType U JAaBJICHUU BCE
rassl coJiep’KaT B €AMHUIE 00bEeMa OIMHAKOBOE YHMCIIO MOJIEKYJI. UNCIIO MOJIEKYJI, CoAep Kaluxcs B 1
M° Ta3a U HOPMATLHBIX YCI06UAX, HA3bIBAETC YHea0oM Jlommuara*:

NL = po/(kTo) = 2,68-10%5 M2,

* . Jlommuar (1821—1895) — aBcTpuiickuii XUMUK U (PU3UK.

3. OcHOBHOE YpaBHeHHE MOJIEKYISIPHO-KUHETHYECKO TeOPHH HIeaTbHbIX Fa30B

JInst BBIBOJJa OCHOBHOTO YPABHEHMSI MOJICKYJISIPHO-KUHETUYECKOW TEOPHUU PACCMOTPUM OIHOATOMHBIN
uaeanpHelii ra3. [Ipeamonoxum, 4TO MOJEKYJIbl Tra3a IBHXKYTCS XAOTHUYECKH, YHMCIO B3aUMHBIX
CTOJIKHOBEHHUI MEXIy MOJIEKyJaMH raza IpeHeOpeKMMO Majio [0 CPAaBHEHHUIO C YHCJIOM YAapoB O
CTEHKH COCYyJa, a COyAapeHHusi MOJEKYyJ CO CTEeHKaMHu cocyja aOCONMOTHO ympyrue. Beimennm Ha
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CTEHKE COCyJa HEKOTOPYI0 J3JIEMEHTapHyIo Iuiomanky AS (puc. 64) W BBIYHCIMM JIaBJICHHE,
OKa3blBaeMO€ Ha J3Ty MiIomaaky. I[lpm KaxaoM coyJapeHUM MOJEKyna, JABUKYIIASCS
NEPIEHIUKYJISIPHO IUIOIIAJKE, MEepenaeT el uMmmynbc mov — (— mov) = 2mov, THe mo — Macca
MOJIEKYJIbI, V — €€ CKOpPOCTh. 3a BpeMsl Af momanku AS JOCTUTHYT TOJIBKO T€ MOJIEKYJIbI, KOTOPBIE
3aKJIFOYEHBI B 00BbeMe IWIHHIpA ¢ ocHOBaHUEM AS U BbICOTON VA? (puc. 64). UnCIo 3TUX MOJEKYI
paBHO nASVAtL (n — KOHIIEHTpALIUS MOJICKYJ).

HeobOxonumMo, ofaHaKoO, yYUTHIBaTh, YTO PEATbHO MOJEKYJBbl IBHXKYTCA K IUtomanke AS moa pa3HbIMH
yIJlaMd U HMEIOT PAa3JIMYHbIE CKOPOCTH, MPUYEM CKOPOCTh MOJIEKYJ MPU KAXKIOM COYyJapeHHH
MeHseTcs. s ynpomeHus: pacueToB Xa0THYECKOE JTBUKEHHE MOJIEKYJT 3aMEHSIOT JIBM)KEHHEM BJIOJIb
TpEeX B3aMMHO NEPHEHANKYJISIPHBIX HAMpaBiICHUM, TaK 4TO B JIOO0I MOMEHT BPEMEHH BJIOJIb KaXKJI0TO
M3 HUX JBUKETCA /3 MOJIEKyJI, IpUYeM TI0JI0BUHA MOJIEKYJ /6 IBUKETCS BJIOb JAHHOTO HAIIPABIECHHUS
B OJIHy CTOPOHY, IIOJIOBUHA — B MPOTUBOIOIOXKHYI0. Toraa yuciao ynapoB MOJIEKYJ, IBHKYUIUXCS B
3a[JaHHOM HAampaBlieHuH, o miomanky AS Oyner '/enASvAt. Tlpu CTONKHOBEHHH C TIOMIAJKON 3TH
MOJIEKYJIbI IEPEaayT €l UMITYJIbC

AP=2mgw }[cnASvAt="/3nmw ASA:.

Torpa naBneHue rasa, oka3plBa€MOE UM Ha CTEHKY COCY/a,

p=AP[(AtAS)=" [y nmev®.
(43.1)

Ecmu raz B oOwbeme V comepkur N MOJEKYN, NBIKYIIUXCS CO CKOPOCTSAMH Vi, V2, .., VN, TO

1esnecoo0pa3Ho paccMaTpuBaTh CPeIHIOI0 KBAIPATHYIO CKOPOCTH

s
(V)= I_V‘_l vy,
(43.2)

XapaKTepU3yIONIYyI0 BCIO COBOKYITHOCTh MOJIEKYJI ra3a.
Vpasuenue (43.1) ¢ yuetom (43.2) npumer BUJ

p="/3nmg {va)*.
(43.3)

Boipaxxenue (43.3) Ha3pIBacTCsl OCHOBHBIM YPABHEHHEM MOJICKYJSIPHO-KHHETHYECKOl TeopHuu
HeaJbHbIX I'a30B. TOUHBIN pacyeT ¢ y4eTOM JABHKEHHS MOJIEKYJI 10 BCEBO3MOXHBIM HalpaBJICHUSIM
JaeT Ty ke hopmyy.

YyuuteiBas, uro n =N/ V, moiny4um

pV="/3Nmy <”n>2a
(43.4)

Wi
pV=2/3N

(43.5)
rae E — cyMMapHas KHHETHYIEeCKasi JHEPTHsI TOCTYATEIBHOTO ABMKCHUS BCEX MOJICKYJI Ta3a.
Tax kak macca raza m=Nmo, TO ypaBHeHHUE (43.4) MOXKHO TIEpenucaTh B BUC
pV="/ym{va)’.

Jnst oqnoro mouist raza m=M (M — MonsipHast Macca), o3TOMY

PVa= l/3 M("n>2:
rae Vm — monspubiit 00beM. C Apyroit cTopoHsl, o ypaBHeHuto Kianeiipona — Menaeneesa, pVm=RT.

Takum oOpa3zom,

%L=z/3 E,

RT='/3 M {v)?,
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Prc. 64

@ B 4eM 3aKno4aeTCH MONEKYNAPHO-KWHeTHYeC-
KO® TONKoBaHWe AABNeHUA rala? TepMogvHa-
MU4ECKO# TeMnepaTypbi?

® B yem copepxaHne M KaKkosa LUenb BbiBoAa
OCHOBHOIO YPABHEHWS MONeKYNAPHO-KHHeTH-
4ecKko#l Teopnu rasos?

OTKy/a

3RT
Q)= [—.

M
(43.6)
Tak xak M=moNa, T1Ie mo — Macca OIHOM MOIeKybl, a NA — TOCTOsTHHas ABOTaJipo, TO U3 ypaBHEHUS

(43.6) cnenyer, 4TO
o> 3RT 3kT
V) = = T
\] mNa  \ mo

(43.7)
rne k=R/Na — noctosiHast bonbimana. Otcrofa HaiiieM, 4TO P KOMHATHOM TeMIIepaType MOJIEKYIIbI
KHUCTIOpOJIa MMEIOT CPENHIOI KBaapaTuyHyr ckopocth 480 Mm/c, Bomopoma — 1900 wm/c. Ilpm

TEMIIepaType )KHUIKOTO Teus Te )Ke CKOpocTH OymyT cooTBeTcTBeHHO 40 11 160 M/C.
CpenHsis KHHETHYECKas SHEPIUs NOCTYNATEIbHOTO ABMKEHHSI OTHOM MOJIEKYJIbl HAEaIbHOIO rasa

() = E/N = my(v>*/2 = >/, kT
(43.8)

(uconb3oBanu dopmynsl (43.5) u (43.7)) mpomnopimoHaTbHAa TEPMOJUHAMHYECKON TeMIiiepaType Hu
3aBUCUT TOJIbKO OT Hee. M3 sToro ypaBHeHus cienyer, uro npu 7=0 <ego>=0, 1. e. mpu OK
IpeKpalaeTcs MOCTyNaTeNbHOE JBUKEHHE MOJIEKYJ rasa, a CJeloBaTelbHO, €ro IaBJIEHHE PaBHO
Hyto. Takum oOpa3oM, TepMoIUHAMUYECKast TEMIIEpaTypa SIBJISETCS MEpOW CpelHeH KMHETHYEeCKOM
SHEPrMM IOCTYMATEIBHOIO JABMXKEHMS MOJIEKYJ HJeaJbHOro rasa, u Qopmyna (43.8) packpbiBaeT
MOJIEKYJIIPHO-KMHETHUECKOE TOJIKOBAHNUE TEMIIEPATYPHI.

4. 3akoH MakcBeJuIa 0 pacnpeejJieHHHA MOJICKYJI H1eaJbHOI0 ra3a 1o CKOpocTsiM 1 YJHEPrusim
TeIVIOBOI'0 IBUKEHHS

IIpn BBIBOJE OCHOBHOTO YpPaBHEHHUS MOJIEKYJISIPHO-KMHETUYECKOW TEOPUM MOJIEKyJaM 3aJaBajld
pas3jInyHbIE CKOPOCTH. B pe3yibTare MHOIOKpPaTHBIX COYAApPEHHM CKOPOCTb KaKIO0M MOJIEKYJIbI
MU3MEHACTCSA 0 MOIYJIO M HampasieHuto. OQHAKO M3-3a XAO0TUYECKOTO [BHMIKEHUS MOJIEKYJ] BCE
HANpaBJICHUS JBIKEHUS SBISIIOTCS PAaBHOBEPOSATHBIMHU, T. €. B JIIOOOM HAamlpaBJICHUU B CpEIHEM
JBUKETCS OAMHAKOBOE YHCIIO MOJIEKYI.

[Io MONEKynsIpHO-KMHETHYECKOM Teopuu, Kak Obl HH H3MEHSUIUCh CKOPOCTH MOJEKYN TpH
CTOJIKHOBEHUSIX, CPEAHsS KBaIpaTU4HAs CKOPOCTb MOJIEKYJ MAaccoil mo B Tra3e, HaXOJSIIEMCS B

COCTOSIHUU PAaBHOBECHS MPHU 1= const. 0CTACTCS MOCTOSTHHOM U paBHOMU Vxs) =/ 3kT/my.

3T0 00BACHSCTCA TEM, UTO B rase, HAXOAIIEMCsl B COCTOSTHM PaBHOBECHS, YCTAaHABIUBACTCS HEKOTOPOE
CTallMOHAapHOE, HE MEHSIOUICECS CO BPEMEHEM PACHpPENEICHUE MOJEKYJ IO CKOPOCTSIM, KOTOpOe
MOIYUHSETCS BIIOJIHE ONPEIEIIEHHOMY CTaTUCTUYECKOMY 3aKOHY. DTOT 3aKOH TEOPETHUUYECKH BBIBEJIEH
J>x. MakcBemioMm.

IIpu BBIBOZE 3aKOHA pacCHpeesIeHHs] MOJIEKYJI II0 CKOPOCTAM MakcBeiul mpearosiarai, 4To a3 COCTOUT
U3 O4€Hb 00JIBIIOro yucia N TOXIECTBEHHBIX MOJIEKYJI, HAXOAIIUXCA B COCTOSHUU OECIOPSAA0YHOTO
TEIJIOBOI'O JBWKECHHUs IIPU OAUHAKOBOM Temreparype. IIpeanonaraiocs Takxke, 4TO CUIOBBIE II0JIS Ha
ra3 He JICHCTBYIOT.

3akoH MakcBesia onuchIBaeTcs HEKOTOpoi (yHkiuen f(v), Ha3piBaeMoil GyHKUMeH pacnpeaejieHUs
MOJIEKYJI 0 ckopocTaM. Eciu pa30ouTh 1uanazoH cCKOpOCTENH MOJIEKYJI Ha Majible HUHTEPBAJIbl, PaBHbIE
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dv, ToO Ha KaXABIH HMHTEpPBAT CKOPOCTH OYyIeT MPUXOAMTHCS HEKOTOpPOE 4UCI0 MoJekyn dN(v),
UMEIOINX CKOPOCTb, 3aKIIOYCHHYIO B 3TOM MHTepBase. DyHKIMS f(V) onpenensieTr OTHOCHTEIbHOE
yrcio MoJaekys dN(v)/N, CKopocTH KOTOPBIX JiexaT B MHTepBajie oT v 1o v+dy, T. e.
dN (v)/N=f(v)dv,
OTKyJa
dN (v)
Sf)= Ndv
[TpumeHsiss METOBI TEOPHH BepoATHOCTEH. MakcBeul Hamen QyHKIUIO f{(V) — 3aKOH 0 pacmpeneseHs
MOJIEKY.1 H1eaJIbHOT0 ra3a no CKOpoCTsIM:

32
f@) = 4n( o ) v exp[—mov?/(2kT)).

2nkT,
(44.1)

N3 (44.1) BUgHO, YTO KOHKPETHBIN BUA (DYHKLIMU 3aBHCUT OT pojia ra3a (OT MacChl MOJEKYJbI) U OT
napameTpa cocTosiHUs (0T Temrepatypsl 7).

I'padux Gpyukuuu (44.1) npusenen Ha puc. 65. Tak Kak Py BO3PACTAHMHU V MHOXKUTEND exp[—mov?/(2kT)]
YMEHBIIAETCS OBICTPEE, YEM PACTET MHOKHTEND V2, TO QYHKIHSA f{V), HAUMHAACH OT HyJIsl, JOCTUIaeT
MakCUMyMa TIpH VB, W 3aTeM AaCHMIITOTHYECKH CTpEeMHUTCS K Hym0. KpuBas HecMMMeTpHYHa
OTHOCHUTEIIBHO VB.

OTtHOcHTENBHOE YHCIO MOJEKYNT dN(v)/N, CKOpPOCTH KOTOPBIX JIeKaT B HWHTEpBaje OT v Jo v+dy,
HAXOJIUTCS KaK IUIOIIAJb 3aIITPUXOBAHHOM MOJIOCKM Ha puc. 65. Ilnomans, orpaHuyeHHas KpUBOM
pacrmpesieseHnss U OChl0 a0CIMCC, paBHA €AMHUIE. DTO O3HAYAET, YTO (YHKIHSA f(V) YyIOBIETBOPSET
YCIIOBHIO HOPMHUPOBKHU

?f(v) dv=1.
0

CkopocTb, TpH KOTOPOH (GYHKIHMS pacupefeNieHHss MOJEKYyJ HACATBHOTO Ta3a IO CKOPOCTSIM
MaKCUMallbHa, Ha3bIBaeTCs Hau0oJsiee BepOATHON CKOPOCTHIO. 3HaueHUWE Haubosiee BEPOSTHOMN
CKOpOCTH MOXXHO HaiitTn mnupoaupdepeHuupoBaB BoipaxkeHne (44.1) (IMOCTOSHHBIE MHOXKHUTEIH
OIlyCKaeM) MO apryMeHTy V, NPUPaBHSB pe3yjibTaT HYJI0O U HCHOJb3Yys YCIOBUE Ui MakCUMyMa
BBIpaKEHUS f(V):

mw’

2kT

3HaueHuss v=0 U v=c0 COOTBETCTBYIOT MHUHHUMyMaM BblpakeHus (44.1), a 3HaueHue v, Mpu KOTOPOM
BBIpQ)KEHUE B CKOOKAaX CTAHOBHUTCS PaBHBIM HYJIIO, U €CTh HCKOMasl HanOoJiee BepOATHAs! CKOPOCTb VB!

v.’ = /2kT/my = \/2RT/M.

% (vexp[—mov*/QQkT))) = 2v (1— ) exp[—mov?/(2kT)]=0.

(44.2)
f Puc. 65
45 = dN(v]
4 @ Kaxos c¢usnyeckuin cmbicn QyHKUWK pacnpeae-
NEeHWs1 MONEKYN NO CKOPOCTAM? MO SHBPTUAM?
av v @ Kak, 3Han dyHKUWio pacnpefienelns Monexyn
NO CKOpPOCTHM, NepeinTy K hyHKUHK pacnpeje-
%o <v> <We> TIBHNS N0 3HEPTUIM?

N3 dbopmynsr (44.2) cnemyeT, 4TO NMPHU MOBBIIMICHHH TEMIIEPATYPhl MAKCUMYM (DYHKIIMH pacTpeeacHus
MOJIEKYJT TIO CKOpocCTsM (puc. 66) cMecTUTCS BIpaBoO (3HaueHHE Hanbosee BEpOSTHONH CKOPOCTH
cTaHoBUTCA Ooubiie). OMHAKO IUIONIA/lb, OTPAaHHUYEHHAs! KPUBOI, OCTAaeTCs] HEM3MEHHOM, T03TOMY MpHU
MOBBIIICHUH TeMIIepaTypbl KpUBasi paclpeesieHUus] MOJIEKYJ 10 CKOPOCTSIM OyAeT pacTSIruBaTbCcs U
MOHMYKATHCSI.
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CpenHsisi CKOpPOCTb MOJIEKYJBbI <v> (cpeaHsii apudMeTHyeckas CKOPOCTb) OMpEIEseTcs 10
dbopmyne
1 « o
(W)==[vdN ()= { of W)dv.
Ny 0
[ToncraBnsis crona f(v) 1 HHTETPUPYS, TTOTydaeM

(v)= /8K T(rme)= /8RT(nM).
(44.3)
CkopocTd, XapaKTepu3ylolHe COCTOsIHHE rasa: 1) Hamboree BeposTHas vs=+/2RT/M, 2) cpenHsis

(v)=+/8RT/(xM)=1,13v,; 3) cpenHsisi KBajpaTHuHas {(vn)=+/3RT/M=122v, (puc. 65). Hcxoms wu3
pacnpe/ieIeHAst MOJICKYJI IO CKOPOCTSIM

n
) —my*I(2kT)
dN (v)=N'4n | —— 2e "
@) n (2 ) v'e dv,

(44.4)

MOXXHO HaWTH paclpeesicHHe MOJICKYJl ra3a IO 3HA4YCHUSIM KHHETHYEeCKOH sHepruu €. s 3Toro
mepeiieM OT TepeMeHHOi v K mepeMeHHOH g=mov’/2. Tloncrasus B (44.4) v=.2&/m, u

dv=2m,&)™"* de, momyuum

dN @)= () e e ™D go - Nf (6) e,

Nz
rne dNV(g) — 4YHCIO MOJEKyJd, MMEIOIUX KHHETHYECKYI0 JHEPTUI0 TOCTYNAaTEeIbHOTO JIBUKCHUS,
3aKJIIOYEHHYIO B HHTEpBaJe oT & 10 &+ de.
Taxum oOpa3oM, GPyHKIMSA pacnpeiejieHUsA MOJIEKYJ 10 SHEPTUSIM TeNJI0BOI0 IBMKeHUSs
2
f@=—F%
Vr

Cpenssist KHHETHUYECKast SHEPTUS <&> MOJIEKYJIbI U1€aIbHOIO ra3a

<e>=°j° ef(z,-)c1e=i (kT)—mTem e D o3k,
0

Vn o

T. €. TIOJYYUJIU Pe3yJIbTaT, COBMaaromui ¢ hopmyroii (43.8).

()2 EED,

f <1, Pac. 66

@ Kak onpegensietca Hanbonee BEPOATHARA CKO-
POCTL? CPEARHARA CKOPOCTL?

® Bo cxonbko pa3s M KkaK NM3IMEHWTCA CPeaHAR
CKOPOCTL AIBH)XKEHMA MOMeKyn Npu nepexoge
OT Kucnopoaa K BOJOPOAY?

<w

3ajaHus U BONIPOCHI

1. HaueptuTh 1 00BSICHUTD IpadUKH U30TEPMHUUECKOT0 U 1300apHOTO MPOLIECCOB B KOOpAUHATAX p U V, p
nl, I'nV.

2. B cocyne npu temneparype ¢ = 20°C u maBnenuu p = 0,2 Mlla comepkutcsa cmech razoB —
KHMCI0poaa Maccoit m1 =16 r u a3ota mMaccoif m2= 21 r. OnpeseauTs IOTHOCTh CMeCH. [2.5 Kr/M’]

3. OnpenenuTh HanboOJEe BEPOSTHYIO CKOPOCTh MOJIEKYJ Ta3a, IJIOTHOCTh KOTOPOTO MpH naBieHuu 40
kIla cocrasmnser 0,38 xr/m>. [478 m/c]

4. Hcnonb3ysa 3aKOH O pacupeieieHUd MOJIEKYJ HACAIbHOTO Tra3a MO CKOPOCTSM, HAWTH 3aKOH,
BBIPQXKAIOIINI  paclpeqeieHne MOJIEKYyJ IO OTHOCHUTENbHBIM CKOpOCTSIM u (u = Vv/vB).

[f() =4Jme™ u?]
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5. Bocnonb30BaBIIMCh 3aKOHOM paclpeeNieHus] UIeaTbHOrO ra3a M0 OTHOCHUTEIBHBIM CKOPOCTSM (CM.
3a1auy 8.4), onpenenuThb, Kakas J0Ji1 MOJIEKYJl KUCIOpoaa, HaxoAsmerocs npu temneparype ¢ = 0°C,
umeet ckopoctr oT 100 10 110 m/c. [0,4]

6. Ha xakoii BbICOTE IUIOTHOCTh BO3/yXa B JIBa pa3a MEHbIIE, YEM €ro IJIOTHOCTb Ha ypOBHE MoOps?
CuurtaTh, 4TO TEMIIEpaTypa BO31yxa Be3e oanHakoBa 1 paBHa 273 K. [5,5 kM|

7. OnpeaenuTb CPeTHIO MPOJOJDKUTEIHLHOCTh CBOOOAHOTO Mpodera MoJIeKyJl BOJOpOaa MpH TeMIepa-
type 300 K u naBnenun 5 xlla. D dekTuBHbIN 1ramMeTp MOIeKyT NpuHATh paBHbIM 0,28 HM. [170 HC]

8. Koappuumentsr nuddy3um u BHyTpeHHETO TPEHHsI P HEKOTOPBIX YCIOBUSAX PAaBHBI COOTBETCTBEHHO
1,42-10* m?*/c u 8,5 mklla-c. OnpeseauTh KOHLEHTPALMIO MOJEKYN BO3IyXa MPH JTUX YCIOBMSIX.
[1,25-10%* m3]

K nacocy

1

Tl Tz 1

Puc. 75 Prc. 76
Cnucok Jimrepartypsbl

1. Tpodumona, T. . ®uszmka : y4eOHHK : Uil CTYJCHTOB BY30B, OOyYaIOIIMXCA TO TEXH. HAImp.
noxarotoBku / T.U. Tpodpumosa. - 2-e u3z., nepepad. u gom. - Mocksa : Akanemus, 2013. - 346 c. : ui. -
(Bricmiee mpodeccuonansHoe oopazoanue) (bakamaBpuar). - [Ipeam. ykas.: c. 330-339. - ISBN 978-5-
7695-9820

2. Tpodpumona, T. U.; Kypc ¢usuku ¢ nmpumepamu pemenust 3agad: B 2-x T. : yueOnuk / T.U.
Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspwuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

3. Tpodumona T.N., ®upcosa A.B., COopHUK 3a1a4 110 (pusMke- 2-e u31., nepepad. u jgom. - Mocksa :

Axanemust, 2013.

ITPAKTUYECKOE 3AHATHE Ne 8-9 OCHOBbI TEPMOJMHAMUKH

Heab-3akpenuTh U3y4YeHHBIH MaTepuan mo TemaTuke «OCHOBBI TepMOAMHAMUKH. YucIo creneHei
CBOOOJIBI MOJICKYJIbl. 3aKOH PaBHOMEPHOTO pACIPEICICHUS SHEPIHMH IO CTEMEHSM CBOOObI
Moueky. [lepBoe Hayano TepMOIMHAMUKHUIO. TEMIOEMKOCTY.

OcBauBaeMble KOMINETEHIIHH B PE3yJIbTATE MPOBEICHUS MPAKTHYECKOTO 3aHITHS YKa3aHbI B ITYHKTE
«OO01mMe cBeASHU»

AKTYaJIbHOCTh MNPAKTHYECKOr0 3aHATHS — 3aKPENUTh IOJTYYCHHBIC TCOPCTHUSCKUE 3HAHUS U
BBIPA0OTaTh HABBIKK M YMEHUS MPAKTUYECKOTO PELICHHS 3a/1a4, B TO YUCJIE U CAMOCTOSTENIBHO.

3HaTh:

- METOJIbl CaMOOpPTaHHU3aIMi K CaMOOOpa30BaHUIO CTYACHTA HAMpaBleHUs «XUMHUYECKas
TEXHOJIOTH, CIIOCOOHOCTBIO i TOTOBHOCTBIO HCIIOJIB30BAaTh OCHOBHEIE 3aKOHBI
€CTECTBEHHOHAYYHBIX TUCIUIUIUH B MPOPECCHOHATBHON 1eATEeIbHOCTH, OCHOBHBIE 3aKOHBI (PU3UKH,
METOObI 3KCHepI/IMeHTaJ'II)HOFO nucciaeaoBsaHus, OCHOBHBIX (1)I/I3I/I‘-ICCKI/IX TGOpI/If/'I JUJIA peHICHI/IH
BO3ZHUKAIOMUX (DU3MUECKHUX 3a/1ad, CAMOCTOSITEILHOTO MpUoOpeTeHHs] (U3MYECKUX 3HAHUHU, I
MMOHMMAHUS TPUHLHUIOB pabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE€ BBIXOJALIMX 3a IMPEAEIb
KOMIIETEHTHOCTH KOHKPETHOTO HAMPaBJICHHUS

YMmeThb:
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- oCyHIeCTBIATh AP (HEKTUBHYI0O KOMMYHHUKAIUIO B KOJUIEKTHUBE ISl pelIeHHsI MPOQeCcCHOHANBHBIX

3a/a4, CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJNB30BAaThb OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCIHUIUTUH B TMpo(deccroHalbHON AeATeIbHOCTH, HCIOJIb30BaTh 3HAHUS OCHOBHBIX (PU3NYECKUX
TCOpI/Iﬁ JJIA pemeHI/m BO3HUKAKIINX (1)I/I3I/I‘I€CKI/IX 3aJgad, CaMOCTOATCIBbHOIO HpI/IO6peTeHI/IH
(bu3MYeCKUX 3HAHUM, N7 MOHMMAaHUS MPHUHIMIIOB paboOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOIAIINX 3a HpGI[GJ'II)I KOMIICTCHTHOCTHU KOHerTHOFO HaHpaBJ'IeHI/IH, HpI/IMCHﬂTI)
COOTBETCTBYIOIIUN (U3UKO-MAaTEeMaTHUECKUN ammapaT, METOAbl aHalu3a W MOJCIHUPOBAHUSA,
TeopeTqucxoro u 3KCHepI/IMCHTaHLHOFO HUCCICOOBAHUS HpI/I peHIGHI/II/I HpO(l)GCCI/IOHaJ'II)HI)IX 3a1a4.

Baagern:

- HaBBIKAMH pPa0OTHl B KOMaHJE, HAaBBIKAMHM BECTH JHAJIOT, JICIIOBOM CIIOP,  CIOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHMIO, HABBIKAMHM HATYPHBIX SKCIEPUMEHTOB C MOCIEIyIONICH
00paboOTKOW WX pe3yJIbTaTOB, METOJAMH MAaTEeMATHYECKOTO, KOMIBIOTEPHOTO W (PHU3UYECKOro
MOJIETTUPOBAHUS, METOJaMH PEIICHHS TEXHUUECKHX 3aJ1a4, pacueTa MPOU3BOICTBEHHBIX MPOLIECCOB U
KOHCTPYUPOBAaHUSI  COOPY)KEHHH, MAIlMH ©  TEXHOJOTHYECKOro  00OpYI0OBaHWS,HABBIKAMH
OLICHUBAHUS PE3yJbTaTOB CBOCU MPO(PECCHOHANTBHON NEATEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMH (PU3HWKHM, HABBIKAMH  CaMOCTOSATEIBHOTO TPHOOpeTeHHS (PU3MUECKUX 3HAHUH, I
MOHUMAHUS TPUHLIUIOB paboThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE BBIXOISALINX 32 MPEAEIBI
KOMIICTCHTHOCTH HaHpaBJ'IeHI/IH XI/IMI/ILICCKEUI TCXHOJIOT U

Teopernyeckas yacTp

1. Ynco crenenHeii cBo60ABI MOJIEKYIbI. 3AKOH PABHOMEPHOT0 pacnpeeeHisl YHEPTruy Mo
CTeneHsAM CBOOOABI MOJIEKY.T

BaxxHo#l XapaKTepUCTHUKON TEPMOJUHAMHYECKONW CHCTEMBI SBIISETCS €€ BHYTPeHHsisi dHeprus U —
SHEpPrusi XaoTUYECKOro (TEIJIOBOrO) JBMXKEHUS MHMKPOYACTUIl CHCTEMBI (MOJIEKYJ, aTOMOB,
3JIEKTPOHOB, SACp U T. /.) U DHEPTUs B3aUMOAECHCTBUS ATHX YacTull. M3 3TOro onpeneneHus cieayer,
YTO K BHYTPEHHEH DHEPIMM HE OTHOCATCS KMHETHYECKasl SHEPIUs JBUKEHHUS CUCTEMbI KaK LEJI0ro U
MOTEHUUATbHAsI SHEPTUs CUCTEMbI BO BHEILIHUX TOJISIX.

BHyTpeHHSISI SHEprus — 0O0HO3HAUHAA (HYHKYUs TEPMOJUHAMUYECKOTO COCTOSHUS CHUCTEMBI, T. €. B
Ka)KZIOM COCTOSIHUM CHUCTeMa 00JIaJlaeT BIIOJIHE ONpeesIeHHON BHYTPEHHEN sHeprueil (OHa HE 3aBUCUT
OT TOro, KaKk CUCTEMa MpUILIA B JAaHHOE COCTOSHUE). DTO O3HAYAET, UTO NP MEPEXOJE CUCTEMBI U3
OJIHOTO COCTOSIHMSI B JAPYro€ M3MEHEHUE BHYTPEHHEH SHEpPruu ONpeneNsieTcss TOJBKO Pa3HOCTHIO
3HA4YCHUI BHYTPEHHEU SHEPIUU dTUX COCTOSHUM U HE 3aBUCUT OT IIyTH IIEpPEX0a.

B 1 Obulo BBeneHO MOHATHE 4YMCIA CTENEHEeW CBOOOJBI: ATO YHUCIO HE3aBUCHMBIX MEPEMEHHBIX
(KOOpAMHAT), TOJHOCTBIO OIPECNIAIONINX II0JIOKEHUE CHCTEMBl B IMpPOCTpaHCTBE. B psne 3amau
MOJIEKYJIy OJIHOATOMHOTO Ta3za (puc. 77, a) paccMaTpuBalOT KaK MaTEpPHAIbHYIO TOYKY, KOTOPOM
NPUIUCHIBAIOT TPU CTENEHH CBOOOABI IOCTYMATENBbHOrO JBIKEHHUS. [Ipm 3TOM  SHepruio
BpAIIaTeIbHOTO BMKEHHS MOXKHO HE YUHTBIBATh (7 —> 0, J = mr*—> 0, Tap=J*/2—0).

B xmaccuyeckoil MexaHMKE MOJIEKYJa JBYXaTOMHOIO ra3a B MEPBOM NPUOIIKEHUU pacCMaTpHUBAeTCA
KaK COBOKYITHOCTH JIByX MaTEpUATbHBIX TOYEK, )KECTKO CBS3aHHBIX HEAE(POPMHPYEMO CBS3BIO (pHC.
77, 6). OTa cucreMa KpoMe TpeX CTEeNeHeW CBOOOJbI MOCTYMATENbHOTO JABIKCHUS MMEET ellle IBE
CTENEeHH CBOOOBI BpalllaTelIbHOIO JIBWXKEHUsS. BpalleHne BOKpYr TpeTheil ocu (OocH, Mpoxopsiuen
yepe3 00a aroma) JHUIICHO cMbIcia. TakuM o0pa3oM, IByXaTOMHBIN Ta3 00JaaeT MAThIO CTENEHSIMU
cBoOobI (i = 5). TpexaromHuas (puc. 77, s1) 1 MHOTOATOMHAsi HEJTMHEHHBIE MOJIEKYJIbl UMEIOT IIECTh
CTerneHe cBOOOMABI: TPU MOCTYMATEeNbHBIX M TPU BpallaTelbHbIX. ECTECTBEHHO, YTO JKECTKOW CBSI3U
MEXJy aToMaMH He cyuecTByeT. [loaToMy Ui peanbHBIX MOJIEKYJ HEOOXOAMMO YUMTHIBATh TaKKe
CTENEeHH CBOOOIbI KOJIE0ATENBHOTO ABIKEHUS.

HeszaBucumo oT oO0miero umciia creneHei CcBOOOABI MOJIEKYJ TPH CTEEHH CBOOOJBI BCera
noctynatensHeie. Hu oiHa U3 MOCTymaTeabHBIX CTETEeHeN CBOOOIbI HE UMEET MPEUMYIIECTBA MeEpe.
JIPYyTUMH, TO3TOMY Ha KaXIYH M3 HUX NPUXOAMUTCS B CPEIHEM OJMHAKOBAsl SHEprus, paBHas 1/3
3HadeHus <&> B (43.8):
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B knaccuueckoil cratucTHueckoil (u3MKe BBIBOAUTCS 3aKOH bBoabnMaHa o0 paBHOMepHOM
pacnpene/leHMd JHEPrUH MO CTeNMeHSAM CBOOOABI MOJIEKYJI: JUIsl CTaTUCTUYECKOM CHUCTEMBI,
HaXOoJsLIeHCss B COCTOSHUM TEPMOJMHAMMYECKOIO PAaBHOBECHS, HA KaXAyl IMOCTyHNaTEIbHYIO H
BpaIIaTeIbHYIO CTENIEHH CBOOOIBI MIPUXOANUTCS B CPEAHEM KMHETHYECKas YHEprusi, paBHas k7/2, a Ha
KXyl KoJieOaTeNnbHYyI0 CTENeHb CBOOOAbI — B cpenHeM sHeprusi, paBHas k7. KoneOartenbHas
CTeNEeHb «00JIafjaeT» BABOE OOJIBLIEH HHEPrueil MmoToMy, YTO Ha HEe MPUXOAUTCA HE TOJIBKO
KHHETHYeCKasi 3Heprus (Kak B CiIydae IOCTYNAaTelIbHOTO M BPALIATEIbHOIO JBIXKEHUIl), HO H
NOTEHLMAIbHAs!, IPUYEM CPEHUE 3HAUEHUS KMHETUYECKON M MOTEHLIMAIbHOW PHEPIUN OJUHAKOBBI.
Taxum 0Opa3oM, cpeiHsIs SHEPTUsl MOJIEKYJIbI

i
(&) = 3 kT,

rae i — CyMMa 4YMcia MOCTYNAaTeNbHbIX, YUCIA BPALIaTelIbHbIX B YJIBOCHHOTO YHCIa KOJEOATEIbHBIX

CTerneHel cBOOOIbI MOJIEKYJIBI:
i = by + ippam + 2xoncs

B xiaccuyeckod TeopuM pacCMaTPUBAKOT MOJIEKYJBI C JKECTKOM CBS3BI0 MEXKJY aTOMaMu; Ui HUX i
COBIAJIAET C YUCIIOM CTENEHEeN cBOOOABI MOJIEKYJIBI.

Tak kak B ueaqbHOM ra3e B3auMHasi MOTEHIMAJIbHAsI SHEPTUS MOJIEKYJI paBHA HYIIO (MOJEKYJIBI MEXIY
co0Ol He B3aMMOJIEHCTBYIOT), TO BHYTPEHHss SHEpIus, OTHECEHHas K OJHOMY MOJIO rasa, Oyner
paBHA CyMM€ KUHETHYECKUX SHEPTUN Na MOJIEKYII:

i i
Um=5-kTNA=ERT.

(50.1)
BHyTpeHHHH SHGPFHH IS HpOI/I3BOHBHOﬁ MacCChI m ra3a.
v="Lprr—-yvigr
M2 2

rae M — moisipHas Macca, Vv — KOJUYECTBO BEIIECTBA.
2. IlepBoe HA4YAJI0 TEPMOAUHAMUKH

PaccmoTpuM TepMOIMHAMUYECKYIO CUCTEMY, JUIsl KOTOPOW MEXaHHYEcKash SHEpPrusi He M3MEHseTCs, a
WU3MEHSETCSl JIMIIb €€ BHYTPEHHsS SHEprusi. BHYTpEHHsST SHEpPrusi CUCTEMbI MOXET HU3MEHATHCS B
pe3yJibTaTe pa3iIuvHbIX MPOLIECCOB, HAIIPUMEP COBEPIICHHS HAJl CUCTEMOM paboThI MM COOOIEHHs el
TerI0Thl. Tak, BABUIasl MOPLICHb B IWIMHIAP, B KOTOPOM HAXOJIWUTCA Ta3, Mbl C)KMMAeM 3TOT ras, B
pe3yiibTaTe 4ero ero TemiepaTrypa IOBBIIIAETCS, T. €. TEM CaMbIM H3MEHseTCs (yBEIUYHBAETCS)
BHYTpEHHss1 sHeprus raza. C Apyrod CTOPOHBI, TEMIIEpAaTypy ra3a M €ro BHYTPEHHIOK JSHEPTHUIO
MOXKHO YBEJIIMYUTh 32 CYET COOOIIECHHS €My HEKOTOPOro KOJMYECTBA TEIUIOTHI — JHEPruH,
NepelaHHON CHUCTEeME BHEIIHMMM TeJaMH IyTeM TemiooOMeHa (mpoiecc oOMeHa BHYTPEHHUMU
SHEPTUSIMH MPU KOHTAKTE TEJl C PA3HBIMU TEMIIEpaTypaMu).

Takum 006pa3zom, MOKHO TOBOPUTH O ABYX (hopMax mepenadyu 3HEPruu OT OJHUX Tell K APyTuM: padbote u
TEIUIOTE. ODHEpPrus MEXAaHWYECKOrO JBWKEHUS MOXKET IPEBpaIlaTbCcsd B HSHEPTUIO0 TEIJIOBOIO
JIBUKEHUsI, 1 Ha000poT. [Ipu 3TUX mpeBpalieHusx coOIoaaeTCs 3aKOH COXPAaHEHHs U MpEeBpallleHus
SHEPruu; MPUMEHUTEIBHO K TEPMOAMHAMUYECKHUM IMPOIECCaM ATHUM 3aKOHOM M SIBJISIETCS MEPBOE
HAYyajio TEPMOJAMHAMUKH, YCTAaHOBJIEHHOE B pe3yJibTaTe O0O0OOIIEHHS MHOTOBEKOBBIX OIBITHBIX
JTAHHBIX.
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Pac. 77

® B uem cyTb sakoHa HonbymaHa o paBHopacn-
pefienexnn aHeprMM NO CTONeHAM CBO6OAbLI
monexyn? '
@ Nouemy xonebSartensHan crenekt ceoboab 06-
napaer sgeoe Gonuwed sHeprved,, 48M NOCTy-
a) 6) 8) narenbHan N BpauiaTensHan?

JlomycTum, 9T0 HEKOTOpast cucTtema (ra3, 3aKJIF0UYEHHbIH B IIMIMHAP MO/ TIOPIIHEM), 00J1a1asi BHyTPEHHEH
sHeprueit Ui, mojy4ymsia HEKOTOPOE KOJMYECTBO TEIUIOTHI () W, TEpeiii B HOBOE COCTOSHUE,
XapakTepusylolieecss BHyTpeHHel sHepruei Uz, coBepiumia paboTy 4 HaJl BHEIIHEH cpeloi, T. e.
NPOTHB BHEIIHHUX CHJI. KOTMYECTBO TEIUIOTHI CUMTAETCS MOJOXKHUTEIBHBIM, KOT/Ia OHO TOABOJUTCS K
cucreMe, a paboTa — MOJOXKUTENbHOM, KOIr/la CUCTEMa COBEPIIAET €€ MPOTHUB BHEHIHUX CHJI. OmbIT
MIOKa3bIBAET, YTO B COOTBETCTBUU C 3aKOHOM COXPaHEHHs SHEPIUU TPH JIFOOOM crocode mepexoia
CHUCTEMBbI W3 TIEPBOTO COCTOSIHHSI BO BTOpOE€ HW3MEHeHHe BHyTpeHHed sHeprum AU=U>-U) Oyaer
OJIMHAKOBBIM M PAaBHBIM Pa3HOCTH MEXIY KOJIMYECTBOM TEIJIOTHl (), MOJYYEHHBIM CHCTEMOH, U
paboToii 4, COBEPIIEHHOM CUCTEMOM MPOTHUB BHELITHUX CHUIL:

AU=Q—A4,

170111

Q=AU+A.
(51.1)

VpaBuenue (51.1) BblpakaeT mepBoe HA4YaJd0 TePMOAMHAMMKHU: TEIUIOTa, cooOllaeMas CHUCTEME,
pacxoyercsi Ha I3MEHEHUE €€ BHYTPEHHEW SHEPTUH U Ha COBEPUICHUE €10 PadOThI MPOTHUB BHEITHUX
cun. Beipaxkenue (51.1) B muddepenuuansHoii hopme Oy1eT UMETh BT

d0=dU+d4,
WM B 0oJiee KOppeKTHOU popme
$Q=4U+54,
(51.2)
rae dU — OGeCKOHEUHO Majioe U3MEHEHHE BHYTPCHHEH SHEPTUHM CUCTEMbI, 04 — 3jieMeHTapHast pabora,
00 — OECKOHEYHO MaJloe KOJHMYECTBO TEIUIOTH. B 3TOM BbeIpakeHUM dU SBISETCS MOTHBIM

nuddepernuanom, a 04 u 60 TaKOBBIMU HE SIBISIOTCS. B nanmpHeleM OyieM HCIOIb30BaTh 3aMKCh
NepBOro Hayaja TepMOAUHAMUKH B popme (51.2).

N3 dopmynsr (51.1) cnenyet, uro B CU KOMMYECTBO TEIJIOTHI BBIPAXKACTCS B TEX K€ €IWHUIIAX, YTO
pabota u sHeprus, T. €. B JHKOyIsixX (k).

Ecniu cucrema mnepuoguuecku BO3BpallaeTcsi B IEPBOHAYAIbHOE COCTOSHHME, TO W3MEHEHHE ee
BHyTpeHHel snepruu AU=0. Toraa, cormacHO nepBoMy Hadaly TEPMOAMHAMUKH,

A=0,
T. €. BEYHBbIH JABHUrarejib NEPBOIr0 pPoOAa — IEPUOAMYECKH JCHCTBYIOLIUN JBUraTelb, KOTOPBIA
coBepiias Ol 00IBIIYI0O PaboOTy, YeM CcOOOLICHHAsl €My W3BHE SHEPrusi, — HEBO3MOXKEH (0JHa W3

(GOopMYJIUPOBOK ITEPBOTO HAYAIA TEPMOIUHAMUKH ).
3. Tem10eMKOCTH

YaeabHas TEMJI0eMKOCTh BellleCTBA — BEIMYMHA, PaBHAS KOJMYECTBY TEIUIOTHI, HEOOXOIUMOMY JUIS
HarpeBaHus | kr BemectBa Ha 1 K:
oQ

€= mar’

Enununa yaenbHOM TEI0eMKOCTH — JKOYJIb Ha Kuitorpamm-kenbBuH (Ix/(kr - K)).
MoJsipHasi TENJI0EMKOCTh—BEIMYNHA, PaBHAS KOJMYECTBY TEIUIOTHI, HCOOXOAMMOMY JUIsl HArPEBAHUS
1 mons BemectBa Ha 1 K:
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Co = —=. (53.1)

e v=m/M—KoJM4eCcTBO BellecTBa.
Eaunniia MonspHO# TEIIOEMKOCTH — JKOYJIb Ha MoJb-KenbBUH ([[x/(Moinb - K)).
VY nenbHas TEIIOEMKOCTD € CBA3aHa ¢ MOJIAPHOU Cm, COOTHOLIEHHEM

Cn = cM, (53.2)
rae M — moJisipHas Macca BEUIeCTBa.

Paznnuaior TeniIoeMKOCTH npu MNnOCTOSIHHOM 00beME M IOCTOSHHOM AaBJICHUH, CCJIIM B HPOLECCC
Harpe€BaHHusd BEIICCTBA €ro 00BeEM HIIH JAaBJICHUC NMMOAACPIKNUBACTCA IMOCTOAHHBIM.

av

Prc. 78 Prc. 79
3amnuiieM BbIpa)keHUE IepBOro Havyana TepmoauHaMuky (51.2) ans 1 Mok ras3a ¢ yuerom gopmya (52.1)
u(53.1):
CodT = dUy, + pdV,.
(53.3)
Ecmu ra3 HarpeBaercsi mMpHu MOCTOSSHHOM 00beMme, TO paboTa BHENIHHX CHJI paBHa HyJO (cMm. (52.1)) u
cooOuraeMas ra3y U3BHE TEIUIOTA BJET TOJIbKO HA YBEIMUYCHHUE €r0 BHYTPEHHEN SHEPIuu:
AUn
Cy = 3T
(53.4)
T. €. MOJISIpHAsl TEIJIOEMKOCTb ra3a Mpu NOCTOSIHHOM oO0beMe Cr paBHA U3MEHEHHUIO BHYTPEHHEH 3HEpruu

1 Monb raza npu noselieHuu ero temnepatypsl Ha 1 K. Cornacno popmyne (50.1), dUm=-; RdT, Torna
Cy = iR/2.
(53.5)
Ecnu raz HarpeBaercs rnpu NOCTOSSHHOM JIaBJICHUH, TO BhIpakeHHE (53.3) MOXKHO 3amucaTh B BUJE
dU, pdV,

C, = —= ]
r dT+ daT

dy,
Y‘-II/ITLIBaH, qTOo T; HC 3aBUCHUT OT BHJA IIpoHecca (BHYTpeHHﬂfl OHEPIrua UACaJIbHOI'O rasa HC 3aBUCUT

HU OT p, HU OT V, a ompenensercss auib Temnepatypoil 7) u Bcerma pasHa Cv (cm. (53.4)), u
nuddepennmpys ypasHenue Knaneripona — Menneneesa pV»=RT (42.4) o T (p=const), morydaem
C,=Cy+R

(53.6)

Bripaxenue (53.6) Ha3piBacTcs ypaBHeHneM Maiiepa; oHo moka3biBaeT, uto Cp Bcerna Oomnbie Cy Ha
BEJIMYMHY MOJISIPHON Ta30BOW MOCTOSIHHON. DTO OOBSCHSAETCS TEM, YTO NMpPH HATPEBAHHWM Trasza npu
NOCMOSIHHOM OasieHuu TPeOyeTcs elie OMONHUTEIHHOE KOJUYECTBO TEIUIOTHI Ha COBEPIICHUE
pa6OTbI paciiipCHud rai3a, Tak KakK IMOCTOSAHCTBO HAaBJICHUSA OGCCHCHI/IBaCTCH YBCIIMUCHUCM OGBeMa
rasa. Ucnonw3oBas (53.5), Beipaxenue (53.6) MOKHO 3amucaTh B BUJIE
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(53.7)

[Ipu paccMOTpeHMH TEPMOJWHAMHYECKHX MPOIECCOB BAKHO 3HATH XapaKTEPHOE U KaKIOro Trasza
otHomeHue Cp k Cy:

? = G/Cy = (i + 2)fi.
(53.8)

N3 dopmyn (53.5) u (53.7) cnemyeT, 4TO MOJSPHBIE TEIJIOEMKOCTH OMPENEISIOTCS JHIIb YHUCIOM
CTereHeil CBOOONBI M HE 3aBUCAT OT TEMIEPATyphl. DTO YTBEPKIACHUE MOJICKYJISIPHO-KUHETHIECKOM
TEOpUU CHPABEIMBO B JOBOJHHO IIUPOKOM MHTEpBaje TeMIEpaTyp JHUIIb IS OJHOATOMHBIX Ta30B.
Vike y IByXaTOMHBIX Ta30B YUCIIO CTETIEHEH CBOOObI, MPOSBIISIONICECS B TEIUIOEMKOCTH, 3aBUCHT OT
Temrneparypbl. Morekyia JABYXaTOMHOTO Tas3a oOiazaeT TpeMs IOCTYNaTelbHbIMHU, JByMS
BpallaTeIbHBIMU U OJHOU KOJIEOATEIBHOMN CTETIEHIMU CBOOO/IBI.

[To 3aKoHYy paBHOMEpPHOrO paclpeiesieHUus] SHEPTruu Mo creneHsM cBoOoasl (cMm. 50), Ay KOMHATHBIX
temneparyp Cr = ’A R. W3 KauyecTBEHHOW JKCIEPUMEHTAILHON 3aBHCHMOCTH MOJSPHOM
teruoeMkocTd Cry Bogopona (puc. 80) cimemyer, uro Cy 3aBUCUT OT TeMIeEpaTyphbl: MPU HUKON
temnepatype (%50 K) Cr =*/> R, npu xomHatHO# — Cy = /AR (BMeCTO pacueTHBIX '/2R) ¥ IPU OYEHb
BBICOKOH — Cv="/2 R. DTO MOKHO OOBACHHUTH, MPENONOKHUB, YTO IPU HHU3KHX TeMIepaTypax
HAOMI0IaeTCsl TOJBKO TMOCTYMATEIbHOE ABM)KEHHE MOJICKYJ, MPU KOMHATHBIX — J00aBIsSETCS HX
BpAIlleHHE, a IIPH BHICOKUX — K ATUM JIBYM BHJIaM JIBHKCHHUS JOOABIISIOTCS €1le KoJIeOaHHsI MOJICKY L.

Pacxoxaenue TeopuM M SKCIIEPUMEHTAa HETPYIHO OOBACHUTH. Jleno B TOM, YTO TpPU BBIYUCICHUU
TETUTOEMKOCTH HaJl0 YYUTHIBATh KBAHTOBAHWE YHEPTHU BPAIICHUS U KOJeOaHUI MOJIEKYJ (BO3MOKHBI
He J00ble BpallaTeNlbHbIE M KONeOaTeNbHBIE SHEPrUHU, a Wb ONPEACTICHHBIA IUCKPETHBIN Pl
3HaYeHWH oHepruit). Ecim 5SHeprusi TEIUIOBOro JBIKEHHMS HENOCTAaTOYHA, HAlpUMep, s
BO30YKIeHUsI KojeOaHud, TO OTH KojJeOaHWs HE BHOCAT CBOEro BKJIaJa B TEIJIOEMKOCTh
(COOTBETCTBYIOIIAs CTETMEHb CBOOONBI «3aMOpaXHMBaeTCs» — K HEH HENPUMEHUM 3aKOH
paBHOpACIPEICICHUS YHEPTHH). ITUM OOBICHIETCA, UTO TEIUIOEMKOCTh MOJISI IBYXaTOMHOIO Tra3a —
BOJIOPO/Ia — NPH KOMHATHOI TemmepaType paBHa °/2 R BMecTo '/2R. AHAJIOTMYHO MOKHO OOBACHUTH
YMEHBIIICHNE TETJIOEMKOCTH MPU HU3KOHM TeMIieparype («3aMOopakuBarOTCs» BpalllaTelbHbIE CTETIEHU
cB00O/IbI) U YBEIMUEHUE MPU BBICOKOH («BO30YKIAIOTCs» KOJeOaTenbHbIE CTENIEHU CBOOOIbI).

4. Bropoe Haya/10 TepMOAUHAMUKH

[lepBoe Hayamo TEPMOAMHAMHKH, BBIpaXKasi 3aKOH COXPAaHEHHS W MPEBPAILCHHS SHEPTHH, HE TO3BOJISET
YCTQaHOBUTH HANpaBJICHHE IPOTEKaHUs TEPMOJMHAMHUYECKUX MporeccoB. Kpome TOro, MoxXHO
NPEJCTaBUTh MHOKECTBO IPOLIECCOB, HE NMPOTUBOPEYANINX IEPBOMY Hadaldy, B KOTOPBIX SHEPTHS
COXpaHseTCs, a B IPUPOJEC OHU HE OCyIecTBIsAOTCs. [losiBIIeHHe BTOPOro Haydana TePMOJHMHAMHKH
CBSI3aHO C HEOOXOJMMOCTHIO JIaTh OTBET HA BOIPOC, KAKHME IPOILECCHl B MIPUPOJIE BO3MOXKHBI, & KaKUe
HeT. BTopoe Hawano TepMOAWHAMUKHU OIPEEIseT HalpaBlIeHWE MPOTEKaHHs TEPMOAMHAMHYECKUX
IPOLIECCOB.

Hcrione3yst mOHATHE SHTPONMH M HepaBeHCTBO Kiaysuyca (cM. 57), BTopoe Ha4ajao TepMOAMHAMHKH
MOXKHO C(OPMYJIHpPOBAaTh KaK 3aKOH BO3PACTAHUS JHTPONMUH 3aMKHYTOH CHCTEMBI TIpH
HEOOPAaTUMBIX MPOLIECCAX: J1H0O0U HeoOpamuMblil NPoyecc 8 3aMKHYMOU cucmeme npoucxooum max,
Mo SHMPONUSL CUCIEMbL NPU IMOM 603DACMAEH.

@ Bo3amoxeu nu npouecc, npu KoTopoM Tennota, @ faiTe NoOHATHE IHTPoNuM (Onpegenexve, pas-

B3ATAA OT HarpesaTens, NONHOCTLIO Npeobpa- MEpHOCTb M MATEMATHHECKO®e BbiPaKEeHNEe FHT-
ayetcs B paGoTy? . ponuu ANA pasnuYHbIX NPOLEcCOoB).

@ B Kaxom HanpaaneHun MoXeT MIMEeHATLCH 3HT- @ Wsobpasnte B cucteme koopawHat T, S w3o-
ponun ;auxny-roﬁ CUCTEMbI? HE3aMKHYTOW Ch- TepMuyecknit n agnabarnyeckuit npoyeccsl.
cTembl

MoxHo pnate Oonee KpaTkylo (OpMYJIMpPOBKY BTOPOrO Hayala TEPMOJAMHAMUKH: 6 Hpoyeccax,
APOUCXOOAWUX 8 3AMKHYMOU cucmeme, SHMponus e yoviéaem. 31eCh CYILIECTBEHHO, YTO peUb UAET O
3aMKHYTBIX CHUCTEMaX, TaK KaK B HE3aMKHYTBIX CHCTEMaxX JSHTPOIHS MOXET BECTH ceOsi JH0ObIM
obOpa3om (yOwIBaTh, BO3pacTaTh, OCTaBaThCcs MOCTOsSHHOW). Kpome Toro, ormMeTum emie pas, 4To
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SHTPONUS OCTaeTCs MOCTOSHHOW B 3aMKHYTOW CHCTEME TOJBKO MpH oOpaTHMbIX mporeccax. [lpu
HEoOpaTUMBIX MPOLIECcCaX B 3aMKHYTOM CHCTEME SHTPOIHMSI BCETa BO3PACTAET.

®opmyna bonbimana (57.8) mo3BoiseT 00BACHUTH MOCTYJIMPYEMOE BTOPHIM HAauyajaoM TEPMOJUHAMUKU
BO3pacTaHHE SHTPOIUH B 3aMKHYTOW CUCTEME MPU HEOOPATUMBIX MPOLIECCAX: 8O3PACMAHUE IHMPONUU
03HAYaeT MEPEeXO0Jl CUCTEMbI U3 MeHee 8eposmHubIX 6 Oojlee 6eposmmublie COCTOSHUA. TakuM oOpasom,
¢dopmyna boabiMaHa O3BOJISET JaTh CTATUCTUYECKOE TOJIKOBAaHHE BTOPOTO Hayajla TEPMOJUHAMUKHY.
OHO, ABIAACH CTATUCTHMYECKUM 33aKOHOM, ONUCBHIBAET 3aKOHOMEPHOCTH XAOTUYECKOIO JIBHIKEHHS
0O0JIBIIOrO YKCIIa YACTHUL], COCTABIISIOIINX 3aMKHYTYIO CUCTEMY.

VYkaxkeMm erie ABe GOpMYyITUPOBKH BTOPOTO Havasla TEPMOJAUHAMUKH:

1) mo KeasBuHY: negozmodcen Kkpy2o6ou npoyecc, eOUHCMEEHHbIM Pe3YIbmamom KOMopo2o A611emcs
npespaujerue meniomsl, NOJAY4eHHOU OM HASPe8amelis, 8 IKBUBALEHMHYIO ell pabom)y,

2) mo Knaysmycy: negozmoorcen kpyeosoii npoyecc, eOUHCMEEHHbIM Pe3yIbmamom KOmopo2o A611emcs
nepeoava meniomol OM MeHee Hazpemozo meid K Oojiee Hazpemomy.

MO0OHO HOBOJIBHO MPOCTO AOKa3aTh (MPEIOCTAaBUM HTO YHUTATENI0) HSKBHUBAJICHTHOCTH (DOPMYJIHUPOBOK
KensBuna u Knaysumyca. Kpome Toro, mokazaHo, 4TO €ClIM B 3aMKHYTOW CHCTEME IPOBECTH
BOOOpakaeMbIii TPOILIECC, MPOTHBOPEUYAINIMH BTOPOMY Haydally TEPMOJWHAMHKH B (OPMYIHPOBKE
Knaysuyca, To 0H CONpoOBOX/1aeTCd YMEHBIIEHUEM SHTPOIUU. ITO K€ JOKA3bIBAET SKBUBAJIEHTHOCTh
dopmyimmpoBku Kimaysmyca (a crnemoBarenpHO, W KenbBHHA) M CTAaTHCTUYCCKOW (HOPMYIITHMPOBKH,
COTJIACHO KOTOPOU SHTPOMHSI 3aMKHYTON CHCTEMBI HE MOXKET yObIBaTh.

B cepenune XIX B. Bo3HUKIIA MpobemMa Tak Ha3biBaeMoi Ten10Boi cMepTn Beesiennoii. PaccmatpuBas
Bcenennyo kak 3aMKHYTYIO0 CUCTEMY M MPUMEHSISI K HEH BTOpOE Kayajao TepMoaAuHaMHuKu, Knaysunyc
CBEJ €ro COJEpXKaHUE K YTBEPKACHWUIO, YTO SHTponus BceleHHOl JOMmKHA JOCTUTHYTH CBOETO
MakcUMyMa. DTO O03HAa4aeT, YTO CO BpeMEHeM Bce (hOpMBI IBIKEHUS JOJKHBI MEPEHTH B TEIUIOBYIO.
[lepexon e TEMNOTHI OT TOPSIYUX TEI K XOJOIHBIM MPHUBEAET K TOMY, YTO TEMIIEpaTypa BCEX TeJl BO
BcenenHoit cpaBHsA€TCS, T. €. HACTYIUT MOJHOE TEIUIOBOE PAaBHOBECUE M BCE MPOIIECCHl BO BeenenHom
NPEKpaTITCs — HACTYIUT TEIUIoBast cMepTh BeenenHoi. OmmOoyHOCTh BBIBOJIA O TEIIOBOM CMEPTH
3aKJIIOYAETCS B TOM, YTO OECCMBICIEHHO MPUMEHSATh BTOPOE HAYaJI0 TEPMOJAMHAMUKHI K HE3AMKHYTHIM
cucTeMaMm, HampuMmep K Takoil Oe3rpaHMyHONM M OECKOHEYHO pa3BHUBAIOLICHCA CHCTEME, Kak
Bcenennas.

[lepBrle 1Ba Havana TEPMOJUHAMMKY JAIOT HEJJOCTATOYHO CBEJIEHUI O MOBEACHUU TEPMOJANHAMUYECKUX
cucteM npu Hyine KenbBuHa. OHM JONOJHAIOTCS TPETBHMM HAYaJI0M TEPMOAMHAMHUKA, WIH
Teopemoii Hepucra* — Ilnanka: oumponus écex men 8 cCoOCmosanuy pagHo8ecus. CmpemMumcst K HyJio
no mepe npubnudicerHus memnepamypul K Hyao Kenveuna:

lim § = 0.
T-—+0

*B. ®@. I'. Heprer (1864—1941) — Hemenkwuii GU3NK U XUMHUK.

Tak Kak SHTPOMHS ONMPEEISETCS C TOUHOCTHIO /10 AAAUTUBHOM MOCTOSTHHOM, TO 3Ty MOCTOSHHYIO YI00HO
B35Th paBHOW HyJ10. OTMETUM, OJIHAKO, YTO 3TO MPOU3BOJIBHOE AOMYIIEHUE, TOCKOIBbKY SHTPOIHUS 1O
CBOEU cywHocmu BCErAa ONPENENSIETCS ¢ TOYHOCTBIO 1O aJAJAUTUBHOW MOCTOSIHHOM. M3 Teopembl
Hepucra — Ilnanka cnenyer, yto termnoeMkocTd Cp u Cy ipu 0 K paBHBI HyJT1O.

5. TensioBbIe IBUTaTe U U X010AWIbHbIe MamuHbl. Llnkia KapHo u ero k. m. a. 1/l uaeaJabHOT0o
rasa

N3 dhopmynupoBKH BTOPOro Hadajga TEPMOIAMHAMHKHU 1O KenbBHHY CIEIyeT, 9TO BEeUHBI JBUraTelb
BTOPOr0 poAa — TEPUOAMYECKU JEHCTBYIOIIMNA [BUTATENb, COBEpILIAIONIMA paboTy 3a cuer
OXJIAKJICHUSI OJTHOTO HMCTOYHHMKA TEIJIOThl, — HEBO3MOXEH. JlJIsI WILTIOCTpAIMy 3TOrO MOJIOKEHHUS
paccMoTpuM pabOTy TEMJIOBOro JABHUrarenist (UCTOPHYECKH BTOPOE HAYalo TEPMOAMHAMUKH U
BO3HUKJIO U3 aHaju3a pabOoThI TEIJIOBBIX JIBUTaTEIIEH).

[IpuHIMnI nelcTBUS TEIUIOBOTO ABUTarens mpuBeneH Ha puc. 85. Ot Tepmocrata* c Ooyiee BBICOKOM
Temneparypoil 71, Ha3pIBAEMOIrO HarpeBaTeJieM, 32 IUKJI OTHHMAETCS KOJIMYECTBO TEmaoThl (i, a
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TEepMOCTaTy ¢ 0ojiee HU3KOU TeMrepaTypoi 72, Ha3pIBAEMOMY XOJIOAMJIBLHUKOM, 32 LUK MepeaaeTcs
KOJIMYECTBO TEIUIOTHI 2, IPHU 3TOM coBepiiaercs padbora 4 = Q1 — Oa.

*TepMoauHaMU4ecKas CHUCTEMa, KOTOpas MOXKET OOMEHHMBATHCS TEIJIOTOW C TenaMu 0e3 M3MEHEHUs
TeMITEPaTyPBbI.

UtoObI TepMUYeCKUN KOIPPHUIIUEHT MOJE3HOTO NCUCTBHUS TEIIoBOro asuratens (56.2) Obut paBeH 1,
HE00X0IMMO BhITIONTHEHHE ycinoBus O2 = 0, T. €. TEIJIOBOM JBUraTelb TOMKEH UMETh OJIMH MCTOYHHUK
TEIJIOTHI, @ 3TO HEBO3MOXHO. Tax, ¢panmy3ckuii ¢pusuk u umxenep H. JI. C. Kapno (1796 — 1832)
MoKa3aj, 4To JUIsl paboThl TEIJIOBOTO ABUTaTENsl HEOOXOIUMO HE MEHEE JIBYX MCTOYHUKOB TEIUIOTHI C
Pa3IUYHBIMU TeMIIepaTypamMu, HHa4Ye 3TO MPOTUBOPEUMIIO Obl BTOPOMY Hayady TEPMOIMHAMUKH.

JlBurarens BTOpOro pojaa, Oyap OH BO3MOXKEH, ObUT Obl MPAKTUYECKH BEUHBIM. OXIIaXJIeHHUEe, HAIPUMED,
BOJIbI OKeaHOB Ha 1° mano Obl OrpoMHYIO dHEpruto. Macca Boasl B MUPOBOM OKEaHE COCTABIISIET
npumepro 10'® T, mpu oxnaxennu kotopoii Ha 1° BeIIEIMIOCH Ob1 IpEMepHO 1024 Ik TemnoTsl, 4To
SKBHBAJEHTHO TNONHOMY ckuranmio 10 T yris. JKenesHOZOpOXKHBIH COCTaB, HATPYKEHHBIH TUM
KOJIMYECTBOM YIJIsl, pacTsHyics Obl Ha paccrosnue 10 kM, 4To NpUOIM3UTENHLHO COBMIAZAET C
pasmepamu COJTHEYHOM CUCTEMBI!

XonogunbHan
MauuHa

Tennoeoin
AsuraTens

Prc. 85 Puc. 86

[Ipouiecc, oOpaTHBIN MPOUCXOAIIEMY B TEIUIOBOM JBHUTaTeNe, MCIOIB3YETCsS B XOJOIWIBHON MAaIlHMHE,
MPUHIUI JACHUCTBUS KOTOPOW TpeacTaBieH Ha puc. 86. CucrteMolt 3a IUKI OT TepMocTaTta ¢ Oosee
HU3KOW TemrepaTypoil 72 OTHHMAETCS KOJMYECTBO TEIUIOTHI (J2 M OTIAETCS TePMOCTaTy C Oolee
BbICOKON Temrieparypoir 71 xonumdecTBO Teriotel Q1. Jlns kpyrosoro mpoiecca, coriacHo (56.1),
0=4, no, no ycnosuro, Q = O» — 01 < 0, moaromy A<QOu Q2 — Q1 = -4, umu Q1 = Q2 + A, T. e.
KOJIMYECTBO TEIIOTHI (1, OTIAHHOE CUCTEMOM UCTOYHHKY TEIUIOTHI MPHU O0Jiee BBICOKOI TemmepaTtype
T1 Oomnplle KOJMYECTBA TEIJIOTHI (J2, MOJYYEHHOTO OT MCTOYHHMKA TEIJIOTHI Npu Oojee HHU3KOU
Temneparype 72, Ha BEIWYMHY paOOThI, COBEpIIEHHOW Han cucremoi. CrenoBaTenbHO, 0Oe3
coseputenus pabomul Helb3s OMOUPaAms Meniomy om MeHee HAzpemoz2o meid u omoagams ee boiee
Hazpemomy. ITO YTBEpXKICHHE €CTh HE YTO HHOE, KaK BTOpPO€ Hayalo TEePMOJIMHAMHUKU B
dopmynupoke Knaysuyca.

Opnako BTOpO€ Hayajlo TEPMOJMHAMHUKU HE CJIENYeT MPEACTABIATH TaK, YTO OHO COBCEM 3alpelaeT
MepexoJl TEIUIOTHl OT MEHEe HAarpeToro Tena K Ooyiee HarpeToMy. Beip MMEHHO TakoW TEpexon
OCYUIECTBIIIETCS B XOJNOAWIbHOW MammuHe. Ho mpu 3TOM Hamo NOMHUTH, YTO BHEIIHHUE CHJIbI
COBepIIaloT paboTy HaJl CHCTEMOM, T. €. 3TOT MEPEeXOJ]l He SIBISIETCS CIWHCTBEHHBIM pPE3yJIbTaTOM
nporecca.

OcHOBBIBasiCh Ha BTOPOM Hauaje TepMoaInHaMuKu, KapHo BBIBEN TeopeMy, HOCAIIYIO TEIeph ero UMsl: U3
BCEX MEPUOJUYECKH JIEUCTBYIONIMX TEIUIOBBIX MAIIMH, HMEIOUIMX OJIMHAKOBBIE TEMIIEPaTypbl
Harpesateneii (71) U X0noMIbHUKOB (772), HANOONBIIUM K. II. 1. 001a/1al0T 00paTUMBbIE MAIIUHBL, TIPU
3TOM K. M. J. OOpaTUMBIX MalllMH, pa0OTAIOIIKX IPU OJUHAKOBBIX TeMIepaTypax HarpeBatenei (71) u
XONOMUIBbHUKOB (72), paBHBI JApPYr Apyry W HE 3aBUCAT OT MNpUpoAbl pabodero Tena (Tena,
COBEpUIAIONIETO KPYroBOM MpoOLEcCC M OOMEHHMBAIOUIETOCs DJHEpPrued ¢ JpyruMH TelamH), a
OTIPEICIIAIOTCS TOJIBKO TEMIIEpATypaMy HarpeBaTeNs U XOJIOJMIbHUKA.

Kapno Teopernuecku nmpoaHaaIu3upoBag oOpaTUMbIN HanOoJiee SKOHOMUYHBIA UK, COCTOSIITUIN U3 IBYX
u3oTepM U 1ByX aamabat. Ero HaseBaroT muksom Kapmo. Paccmorpum mpsawoi yuxn Kapao, B



43

KOTOPOM B KauecTBe pabouero Tteja HCHOJb3YeTCs HACaNbHBIA Ta3, 3aKIIOYEHHBI B COCYH C
MOJIBUYKHBIM MTOPIIHEM.
Hukn KapHo wu3o0paxeH Ha puc. 87, Tne H30TEPMHYECKHE paCHIMPEHHE U CXKAaTUE 3aJlaHbI
COOTBETCTBEHHO KpUBBIMU [—2 1 3—4, a aninabaTuvecKkue paciupeHne u CoKaTHe — KPUBBIMH 2—3
u 4—1. Ilpu uzorepmuueckoM npouecce U=const, mo3tomy, cornacHo (54.4), KOTHMUECTBO TEILIOTHI
(1, TOMy4YeHHOE Ta30M OT HarpeBaTelisi, paBHO paboTe pacmupeHus Ai2, COBEPIIAEMON ra3oM IpH
nepexoie U3 COCTOSIHUSA / B COCTOSIHUE 2:
Ay = %RTlln—Z—z = Q.
! (59.1)
[Ipu agunabatuyeckoMm pacmiupeHur 2—3 TEIIOOOMEH C OKPYXAloIIe Cpeloil OTCYTCTBYEeT U pabora
pacimupeHus 423 CoBepIlIaeTcs 3a CUeT U3MEHEHHUs1 BHyTpeHHel snepruu (cm. (55.1) u (55.8)):

m
Ap = — 'A—{Cv(Tz—Tx)-

o) ; Pac. 87

@ Npeacrasns yukn KapHo Ha guarpamme p, V
rpaduyeckKy, YyKaxurte, xaxod nnowansLo
onpepenserca: 1) pa6ota, coBepweHHan Hap
rasom; 2) pa6ora, COBepWEHHAR CaMHM pac-
P) 3 WNPAIOWWMCA Ta3oMm.

* 2 @ MNpepcrasbTe rpaduyeckn ynkn KapHo s nepe-

v MeHHbix T, S.

KonugectBo Temnotsl (02, OTAAHHOE Ta30M XOJOAMIBHUKY MPH M30TEPMHUECKOM CIKATHH, PaBHO paboTe
cxartus Aza:

Aznabarsl

V.
Ay =T RT,n = - Q.
M Vs. (59.2)
Pa0Gora agnabaTuueckoro cxaTtus
m
Ay = — ﬁCV(TI_TZ) = — Ap.

Pabora, coBepimaeMasi B pe3yJsibTaTe KpyroBoro mpoiecca,
A=Ap+Apn+Au+Ag=01+An—0r—Ap=01—0
M, KaK MOKHO TOKa3aTh, ONPEAEIIACTCS TUIOIIAABIO0, 3aIITPUXOBAHHON Ha puc. 87. TepMUYECKHIA K. II. JI.
nukia Kapno, cornacho (56.2),
n = A/Q = (G- Q).

[Ipumenus ypaBHenue (55.5) ansg aguadat 2—3 u 4—1, mony4um

vy '=nyl™,  nviT'=nviT
OTKy/1a
VoV = Va/V,. (59.3)
[Tonctasmnss (59.1) u (59.2) B popmyiny (56.2) u yuutsiBas (59.3), nmomydaem
B Y RN Y AL
_9-0: M T M Vi_Ti-T, (59.4)
o ™ T 22 T
M Vi

T. €. a1 nukia KapHo K. 1. 4. I€HCTBUTENBHO OIPEAEISAETCS TOJIBKO TEMIIEpaTypaMu HarpeBateis U
XOJOAWIbHUKA. /11 €ro NOBBIIIEHUs] HEOOXOIUMO yBEJIMYMBATh Pa3HOCTh TEMIIEpATyp HarpeBaTess U
xononunbHuka. Hanpumep, nmpu 71 = 400 K u 7> = 300 K 7 = 0,25. Ecnu xe temmneparypy
Harpesatens nosbicuTh Ha 100 K, a Temnepatypy xonoaunsHuka nonusuts Ha 50 K, ro 7 = 0,5. K. .
7. BCSIKOTO PeajbHOI0 TEIUIOBOIO JBHUIaTeNs U3-3a TPEHHUS M HEM30EXKHBIX TEMJIOBBIX MOTEPh ropas3io
MEHBIIIE BBIYMCIEHHOTO ISl inkiia KapHo.
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Obpammusiii yuxn KapHO MONIOXKEH B OCHOBY JACMCTBHS TEIUIOBBIX HACOCOB. B oTIHYME OT XOMOIUIBHBIX
MaIlIuH TEIUIOBBIE HACOCHI JOJDKHBI KaK MOKHO OOJIbIIIE TEIJIOBOM SHEPTUM OT/IAaBaTh ropsiueMy Tely,
HampUMep CHCTeMe OTOIUIeHHs. YacTh 3TOMl SHepruum oTOMpaeTcs OT OKpY’Karouieil cpeabl ¢ Ooree
HU3KON TeMmIepaTypoil, a 4acTb — TOJy4aeTcsl 3a CYET MEXaHHMYECKOW paldoThl, MPOU3BOAMMOMM,
HaIrpuMep, KOMIPECCOPOM.

Teopema KapHo mnocinykuina OCHOBAaHMEM JUIS YCTAHOBJICHHS TEPMOAUHAMHUYECKON IIKAJIbI
Temmnepartyp. CpaBHUB JIEBYIO U MPaBYIO yacTu Gopmynsl (59.4), moayyum

TTi=0Qs/0s, (59.5)

T. €. 15 cpaBHEHHs Temnepatyp 71 1 72 ABYX Teld HeOOXO0JMMO OCYIIECTBUTh 00paTtuMblii 1k KapHo, B
KOTOPOM OJTHO TE€JO MCHOJIb3YETCsl B KaUeCTBE HarpeBaress, Ipyroe — XoJoaAuiIbHUKa. V3 paBeHCTBA
(59.5) BUAHO, YTO OTHOIIEHUE TEMIIEpaTyp Tell PABHO OTHOLICHUIO OTJAHHOTO B 3TOM ITHKJIE
KOJIMYECTBA TEIUIOTHI K noiayuyeHHoMy. CornacHo TeopeMe KapHo, xumudeckuii coctaB paboyero Tena
HE BIUSET Ha Pe3yJbTaTbl CPABHEHUS TEMIIEpATyp, MOAITOMY Takas TEpMOJMHAMHUUECKas IIKaida He
CBA3aHa CO CBOMCTBAaMHU KaKOI'O-TO OIIPEJEICHHOIO TepMOMETpHuecKkoro Ttena. OTMETuM, 4TO
MPaKTHUYEeCKH TakuM 00pa3oM CpaBHUBATh TEMIIEpaTypbl TPYIHO, TaK Kak peaibHbIe
TEPMOJIMHAMHUYECKHE MTPOLIECCHI, KaK YX€ YKa3bIBAJIOCh, SIBJISIOTCS HEOOPATHMBIMH.

3agaHusi M BONPOCHI

1. Azor maccoit 1 kr Haxomutcs nipu temmeparype 280 K. Omnpenenuts: 1) BHYTPEHHIOIO SHEPTUIO
MOJIEKYJT a30Ta; 2) CPEIHIOI KHHETHUECKYIO SHEPTUIO BpaIlaTeIbHOTO IBMXKEHUS MOJIeKy a3oTa. ['a3
cuntaTh uaeanbHbIM. [1) 208 xJIx; 2) 83,1 xkJx]

2. OnpenenuTh yIelbHbIe TeIJIOEMKOCTH €V U Cp, HEKOTOPOTO JIBYXaTOMHOTO ra3a, €Clid INIOTHOCTh ATOTO
rasa py HOPMalbHbLIX ycaoBusax 1,43 kr/m>. [cr= 660x/(xr - K), cp= 910 Ix/(xr - K)]

3. Bogopon maccoit m = 20 r 611 Harpetr Ha A7 = 100 K npu nocrositHHoM aasienuu. Onpeaenuts: 1)
KOJIMYECTBO TEIUIOTH (), IepelaHHoe Ta3y; 2) npupamienue AU BHyTpeHHEH dHepruu rasa; 3) paborty
A pacmpenust. [1) 29,3 kJIx; 2) 20,9 kJIx; 3) 8,4 kIx]

4. Kucnopoa o6bemMoM 2 1 HaxoauTes o AaBiaeHueM 1 MIla. Onpenenuth, Kakoe KOJIMYECTBO TEIJIOTHI
HEOOXOJMMO COOOIINTh Ta3zy, 4TOOBl yBEIMYUTH €TI0 JABJICHHE BIBOE B PE3yJIbTaTe H30XOPHOTO
nponecca. [5 kx|

5. Hekotopsiii raz maccoi 2 kr Haxoxutcs npu temneparype 300 K u noxn pasnenuem 0,5 Mlla. B
pe3ynbTarte U30TEPMUUECKOro CKAaTHs JaBJICHHUE T'a3a YBEIMUMWIOCh B TpU pasa. Pabora, 3aTpaueHHas
Ha cxartue, 4 = —1,37 k/[x. Onpenenuts: 1) Kkakoi 3T0 ra3; 2) nmepBOHAYAIBHBIN yJEIbHBIA 00BEM
rasa. [1) remmif; 2) 1,25 m3/kr]

6. JIByxaTOMHBII UA€anbHBINA Ta3 3aHUMaeT 00beM V1= 1 1 u HaxomuTcs noxa AasienueMm pi = 0,1 MlTa.
[Tocne agmabaTHYeCcKOTo CXKATHs Ta3 XapakTepu3yeTcs o0beMoM V2 m aaBieHHeM p2. B pesynbrarte
MOCJIEIYIOIIET0 M30XOPHOTO Mpoliecca a3 OXJIAXIACTCs 10 NEpPBOHAYAILHOM TEMIIEpaTypbl, a €ro
nasienue p3 = 0,2 MIla. Onpenenuts: 1) o0vem V2, 2) naBnenue pa. IlpencraBuTh 3TH mponeccs
rpaduuecku. [1) 0,5 1; 2) 0,26 MIla]

7. neanpHBIN Ta3 KOJIMYECTBOM BEIIECTBA vV = 2 MOJIb CHavajia M300apHO Harpeiu Tak, 4TO €ro 00beM
YBEIMUMWIICS B 1 = 2 pa3a, a 3aTeM M30XOPHO OXJIAAWIN TaK, YTO JaBJICHHE Ta3a YMEHBIIWIOCH B 11 = 2
paza. OnpenenuTs IpupalieHue YHTPOIUU B X0/1€ yKa3aHHBIX mporeccos. [11,5 JIx/K]

8. TerutoBast MammHa, coBepiias oOpatumblii nukia Kapho, 3a oguH 1mukin cosepmaeTr padory 1 kJ[x.
Temmnepatypa HarpeBatens 400 K, a xonmogunsauka 300 K. Onpegenuth: 1) K. M. A. MamuHbL, 2)
KOJIMYECTBO TEIUIOTHI, MOJy4yaeMO€ MAalIMHOW OT HarpeBaTeNs 3a LUKI; 3) KOJIWYECTBO TETUIOTHI,
OTJIaBa€MO€ XOJIOAWIBHUKY 3a HUKIL. [1) 25%; 2) 4 x[1x; 3) 3 k/[x]

9. UneanbHblil raz coepuaer nuka KapHo, Tepmuueckuil K. m. A. kotoporo paseH 0,3. Onpenenutsb
paboTy M30TEPMUUYECKOTO CXKATHUs rasa, eciii paboTa U30TepMUYECKOro paciupenus cocrasiser 300

Tok.[-210]Tx].

Cnucok Juteparypbl
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IMPAKTUYECKOE 3AHATHE Ne 10 9JIEKTPOCTATHUKA

Heab-3akpenuTh M3yYCHHBIM MaTepual MO TeMaThKe «DJIEKTPOCTAaTUKA. 3aKOH COXpaHEHUs
aNeKTpudYeckoro 3apsaa. 3akoH Kynona. DrnekTpoctatuueckoe —mone.  HampsbkeHHOCTH
ANEKTPOCTATUYCCKOTO TMOJIsl. [IpUHIMIT Cymepro3uIuu 3IeKTpOCTaTHUeCKuX mojei. [Tome maumoss.
Tunsl nusnexktpukoB. [lomspuzanms AUAIEKTPUKOB. [IpOBOAHMKM B 3IEKTPOCTATUYECKOM TOJIE.
Konpnencarops».

OcBauBaemMble KOMIETEHIIUH B PE3yJbTaTe MPOBEACHUS MPAKTHUECKOTO 3aHITHUS YKa3aHbl B MyHKTE
«O01I1e cBEIEHU

AKTYaJIbHOCTh NPAKTHYECKOr0 3aHATHSI — 3aKPENuTh MOJTY4YEHHBbIE TEOPETHMYECKUE 3HaHUS U
BI)Ipa6OTaTI) HAaBbIKU U YMCHHA IMPAKTHYCCKOI'0 pCICHUS 3a/1a4, B TO YHUCJIC U CAMOCTOATCIIBHO.

3HaTh:

- METOJIbl CaMOOPTaHM3aIMN K CaMOOOpPa30BaHUIO CTYJCHTA HANpPaBIICHUS «XUMHYCCKAS
TEXHOJIOTHS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIIONIb30BaTh ~ OCHOBHBIE  3aKOHBI
CCTCCTBCHHOHAYYHLIX JUCHUIIJIMH B HpO(bGCCHOHﬂJ'IBHOfI ACATCIIbHOCTH, OCHOBHBIC 3aKOHBI (1)I/I3I/IKI/I,
METOJIbl IKCIIEPUMEHTAJIBLHOTO HCCIIEOBaHMUsS, OCHOBHBIX (DM3MUYECKUX TEOpUH IJIsl pelIeHUs
BO3HHUKAIOMMUX (U3NYECKUX 33734, CAMOCTOSTEIBHOIO MPHUOOpEeTeHust (PU3NYECKUX 3HAHUM, I
MOHMMAHUS TPUHLHUIIOB paboOThl MPUOOPOB U YCTPOICTB, B TOM YHCIIE€ BBIXOIALIMX 3a MPEAEIbI
KOMIICTCHTHOCTH KOHKPCTHOI'O HAITPABJICHUA

YMmern:

- OCYILECTBIIAT 3(PPEKTUBHYI0 KOMMYHHKAIIMIO B KOJUIEKTUBE JUISI peIlieHHsI MPO(heCCHOHATBHBIX

3a/la4, CIOCOOHOCTBbIO M TOTOBHOCTHIO MCIIOJNB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCHUIIJINH B HpO(I)CCCHOHaHLHOﬁ JACATCIIPHOCTH, HCIIOJIB30BAaTh 3HAHUA OCHOBHBIX (bI/ISI/ILICCKI/IX
TEOpUH JJI pElIeHUs BO3HUKAIOIMX (PU3MUECKUX 3aJad, CaMOCTOSITEIbHOTO MpPUOOpETeHHUS
¢u3nUecKux 3HAHMUHU, A7 TMOHMMAHUS TPUHIMIIOB PabOThl MPUOOPOB U YCTPOHCTB, B TOM YHUCIIE
BBIXOJSIIMX 32  Mpeneiabl  KOMIETEHTHOCTHM  KOHKPETHOrO  HamlpaBleHUs, MPUMEHSTbH
COOTBETCTBYIOIUH (DU3MKO-MaTeMaTUYeCKHl ammapar, METOIbl aHalu3a M MOJCITUPOBAHMA,
TEOPETUYECKOTO U HKCIIEPUMEHTAIBLHOIO UCCIIEIOBAHUS MPU PELICHUH MPO(EeCCUOHANBHBIX 3a1a4.

Baaners:

- HaBbIKaMHM pabOThl B KOMaHJE, HaBbIKAMH BECTH JAMAJIOr, JEJIOBOW CIOp;,  CHOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHUIO, HABBIKAMH HATYPHBIX SKCIIEPUMEHTOB C IOCIEIyIONICH
00paboOTKOW WX PE3yJbTaTOB, METOJAMH MAaTEMaTUYECKOrO, KOMIBIOTEPHOTO H (U3HUYECKOTO
MOZCIIMPOBAHUS, MCTOAAMHU PCHICHUA TCXHUYCCKUX 3a/1a4, pacucTa NpOMU3BOACTBCHHBIX IMPOLICCCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHUH, MAllMH U  TEXHOJOTHYECKOro  000pyI0BaHMs,HaBbIKAMU
OLICHUBAHHA PC3YyJIbTATOB cBOCH HpO(I)CCCI/IOHaHLHOI\/II ACATCIIBHOCTU B COOTBETCTBHUMU C OCHOBHBIMHU
3aKOHaMU (PU3MKH, HABBIKAMU  CAMOCTOSITENIBHOTO MpHOOpeTeHus (U3MUEeCKUX 3HAHUU, I
NOHUMAaHMs TPUHIMIIOB pabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEICIIbI
KOMIIETEHTHOCTH HaIlpaBJIeHUs XUMUYeCKasi TEXHOJIOTUs

Teopernyeckas yacTb
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1. 3akon COXPaHECHHUSA IJTCKTPUICCKOI0 3apsiga

Eme B roy0oKoii IpeBHOCTH OBUIO M3BECTHO, YTO SIHTAPh, MOTEPTHIA O IIEPCTh, MPHUTATHBACT JICTKUE
npeameTsl. Anrnuiickuii Bpau Dxuns0ept (konen XVI B.) Ha3Ban Tena, ciocoOHbIE OCIe HATUPAHUS
NPUTATUBATH JIETKUE TPEAMETHI, HAdJIeKTpU30BaHHbIMH. Celdac MbI TOBOPHM, YTO Teja MPH 3TOM
npruoOpeTaroT 3JeKTpuueckue 3apsaasl. HecMoTps Ha orpoMHoOe pa3HooOpa3ue BELIECTB B MPHUPO/IE,
CYILIECTBYET TOJIBKO 08a MUNa 371eKmMpudeckux 3aps006: 3apsiibl, I0JOOHbIE BOSHUKAIOIUM Ha CTEKIIE,
HOTEPTOM O KOXKY (MX Ha3BaIIU NOJIONHCUMENbHBIMU), U 3aPsi/ibl, T0100HBIE BOZHUKAIOIIMM Ha 300HHUTE,
NOTEPTOM O MeX (UX Ha3Balu ompuyamenvbHbiMu), OJHOMUMEHHBIE 3apsibl Jpyr OT Jpyra
OTTAJIKMBAIOTCS, PA3HOMMEHHbBIE — MPUTATHUBAIOTCS.

OmnbitHeiM myTeM (1910—1914) amepukanckumii ¢puszuk P. Muumken (1868—1953) mokazam, dro
NIEKTPUUECKUI 3aps] AUCKpPeTeH, T. €. 3apsja Jo00ro Tena COCTaBIsIeT LeJIoe KpaTHOE OT
3JeMEeHTAPHOro 3JIeKTpuueckoro 3apsiza e (e=1,6:10" Kin). Dumexrpon (me=9,11-107! xr) u
npoton (mp= 1,67-107?7 Kr) ABNAIOTCS COOTBETCTBEHHO HOCHUTEIAMH SIEMEHTAPHBIX OTPULATENIHHOIO
U TTOJIOXKUTEIIBHOTO 3apsi/IOB.

N3 00o0OmICHWsSI ONBITHBIX JAHHBIX OBbUT  YCTAHOBICH (DYHOAMEHMAIbHbIU 3AKOH  NPUpoObl,
9KCIIEPUMEHTANLHO MOATBEpKIeHHBIH B 1843 1. anrnuiickum ¢uszukom M. @apaneem (1791—1867),
— 3aKOH COXpaHeHMs 3apsija: anreOpanueckas cyMMa JIEKTPUYECKUX 3apsI0B J1I000H 3aMKHYTOM
cUCcTeMBbl (cHcTeMbl, He OOMEHHMBAIOILEHCS 3apsAaMHU C BHELIIHHMMM TeJlaMH) OCTAETCsl HEU3MEHHOM,
Kakue ObI MPOLIECCH HA MPOUCXOIMIN BHYTPH 3TOH CHCTEMBI.

DJNeKTpUYecKuil 3apsii — BEJIUYMHA PEISATUBUCTCKUM WHBApUaHTHAs, T. €. HE 3aBUCUT OT CHUCTEMBI
OTCYETa, a 3HAYUT, HE 3aBUCHUT OT TOTO, IBHKETCS ATOT 3PS WIH TOKOUTCS.

2. 3akon KyJiona

3aKOH B3aUMOJICUCTBUSL HENOOBUINCHLIX MOUYEYHbIX IIICKTPUUECKUX 3apsiioB ycTaHoBieH B 1785 r. 1.
KynoHoMm ¢ moMmoIipio KpyTHUIBHBIX BECOB, MOJOOHBIX TeM, KOTOpbie (CM. 22) HCMONb30BaIUCH [ .
KaBengumem asi onpeneneHusi TPaBUTALMOHHOW ITOCTOSTHHOHM (paHee 3TOT 3aKOH ObUT OTKpPHIT I
Kapennumiem, onHako ero pabota octaBanach HeusBecTHoi 6osee 100 net). ToueunbIM Ha3bIBaeTCS
3apsijl, COCPEIOTOYCHHBIM Ha Teje, JMHEWHBIE pa3Mepbl KOTOPOro MPEHEOPEeKUMO Majbl I10
CPaBHEHMIO C PACCTOSIHUEM JI0 JAPYTUX 3apsDKEHHBIX TeJl, C KOTOPBIMU OH B3auMojencTByeT. [lonstue
TOYEYHOTO 3apsi/ia, KaK ¥ MaTepUAIbHOW TOUKH, ABISETCA (husuuecko abcmpaxyuetl.

3akon KyJiona: cwia B3auUMOJIEUCTBUS £ MEXIy JABYMs HEMOJBW)XKHBIMU TOYEUYHBIMHU 3apsiaMH,
HAXOMSLIMMUCS 6 6aKyyme, TPONOpPLHUOHANbHA 3apsgaM (J1 U (2 W 0OpaTHO MPONOPIHMOHAIBHA
KBaJIpaTy pacCTOSIHUS »* MEKYy HUMHU:

101 @il
F=k—,
r2
rae k — ko3 PUIHreHT mponopIuOHATEHOCTH, 3aBUCAIIUI OT BEIOOpA CUCTEMBI €IMHHUIL.
Cuna F mnHampaBieHa no NpsSIMOW, COEOUHAIONIECH B3aMMOJCUCTBYIOIIME 3apsiibl, T. €. SBJISETCA
LEHTPaJIbHOW, W COOTBETCTBYeT HpuUTsKeHuto (F<0) B ciayuyae pa3sHOMMEHHBIX 3apsioB U
oTTasikuBaHuio (F>0) B ciiy4ae OMHOMMEHHBIX 3apsaf0B. DTa CUJia HA3bIBACTCS KYJOHOBCKOW CHJIOIN.

B BexTopHoii hopme 3akon Kynona umeer Bun

r
Fpmk 0,0, Mz
Ay (78.1)
rne Fi2 — cwmma, neiictByromas Ha 3apan Q1 co CTOpoHBI 3apsma (2, ri2 — paguyc-BEKTOD,

coequHsommil 3apsa Q2 ¢ 3apsaom Qi, r = |riz| (puc. 117). Ha 3apsaag Q2 co croponsl 3apsaa Qi
nerctByet cuna Fa1 = —Fia.
B CH ko3 puuneHT nponoprroHalbHOCTH paBeH
k=1/(4neo).
Torna 3akon KyJiona 3anuimercs B OKOHYaTENbHOM BUJE:

dneg 1 (78.2)
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Fs G E, Pac. 117 ‘
———— > ® B yem 3axniouaercA 3aKOH COXpaHeHWA 3apa-
a>o >0 f[a? MpuBegnre NnpuMepsi NPOABNEHNA 3aKOHA.

BenmnunHa €0 Ha3bIBAaeTCA AJIEKTPUYECKON TOCTOSHHON; OHA OTHOCHTCS K YHUCIY (DYHOAMEHMANbHbIX
@u3uyecKux nOCMosIHHbIX U paBHA
8=8,85-10"12 Kn?/(H M?), wm &=8,85 10"12 ®/um,
(78.3)
rae ¢papan (O) — equnHuIa dIeKTpUYecKoil emkoctu (cMm. 93). Torma
1/(4n2g)=9" 10° »/D.

3. DaexkTpocraTHyeckoe moJe. HanpsikeHHOCTH 3JIEKTPOCTATHYECKOTO MOJIst

Ecnu B mpocTpaHCTBO, OKpy»XKarolee 3MeKTPUUYECKUi 3apsii, BHECTH APYToi 3apsl, TO Ha Hero Oyjaer
JIEMCTBOBATh KYJIOHOBCKAsl CUJIA; 3HAYUT, B MPOCTPAHCTBE, OKPYKAIOUIEM JJIEKTPUUECKHUE 3apsijibl,
CYILIECTBYEeT cujioBoe moje. CoriacHoO MpPEICTaBICHUSIM COBPEMEHHOW (DM3HKH, TOJe peanbHO
CYIIECTBYET U HAPSy C BEIIECTBOM SBJISICTCS OJTHOM U3 (DOPM CYIIECTBOBAHUS MAaTEPHH, TOCPEICTBOM
KOTOPOI'0 OCYIIECTBIISIFOTCA ONPEAEIECHHBIE B3aUMOJEUCTBUS MEXAY MAaKpPOCKOINMYECKHUMHU TEIaMHU
WJIM YacCTHUIIaMU, BXOJSIIIUMH B COCTaB BellecTBa. B JaHHOM ciyyae roBOpAT 00 3JIEKTPUUYECKOM I0JIe
— TMoJie, TIOCPEACTBOM KOTOPOTO B3aMMOJCHCTBYIOT dJEKTpUYeCKHe 3apsiabl. Mel  Oyaem
paccMaTpuBaTh OSJIEKTPUYECKHUE TI0Js,, KOTOPBIE CO3MAIOTCS HEMOIBMIKHBIMHU JJIEKTPUUECKUMU
3apsiIaMH U Ha3bIBAlOTCA 3JIEKTPOCTATHYECKUMH.

Jlyiss oOHaApyXCHHsI ¥ OMBITHOTO HWCCIICOBAHMS DJICKTPOCTATUYCCKOTO TOJIS HCIIONB3YETCS MNpOoOHbIL
MOYEYHDBIL NOJONHCUMETbHBIU 3apsa0 — TaKOW 3apsij, KOTOPBIM HE HMCKaXKaeT uccieayemoe moje (He
BBI3BIBACT TEpepacipeiesieHusl 3apsIoB, co3naomux nose). Ecau B none, cozmaBaemoe 3apsiaom O,
MOMeCTUTh MPOoOHBI 3apsan (o, TO Ha Hero neicTByeT cwia F, pasnuyHas B pa3HbIX TOYKaxX MOJS,
KoTopasi, coriacHo 3akoHy Kymona (78.2), mpomoprmonanbHa mnpoOHOMY 3apsay (Jo. Ilostomy
otHomenue F/Qo He 3aBucuT oT (o M XapakTepu3yeT JJIEKTPOCTATUYECKOE MOoJie B TOW TOYKe, TIe
MPOOHBIN 3aps] HAXOIUTCA. OTa BEJIMYMHA HA3bIBACTCS HANPSHKEHHOCTBIO W SIBISIETCS CUNOBOLL
Xapaxkmepucmukou 31eKmpocmamuiecko2o nos.

HanpsizkeHHOCTh  3JIEKTPOCTATUYECKOr0 MOJIA B JIAHHOW TOYKE e€cTh (¢u3nuecKkas BEIMYMHA,
ompezenseMas CUJION, NEeHCTBYIOIIEH Ha MPOOHBIN eTMHUYHBIN MOIOKUTEIBHBIN 3apsi, TOMEIICHHBIN
B ATy TOYKY TIOJISL:

E = F/Qo.
(79.1)
Kak cnenyer u3 dopmyn (79.1) u (78.1), HanpsHyKEHHOCTH MOJISE TOYEYHOTO 3apsijia B BAKyyMe

1 Or ElQ

E=——--—— = ————

2 2°

(79.2)

Hanpasnenue BekTopa E coBmagaer ¢ HampaBlIeHMEM CHWIIbI, IEHCTBYIOIICH HA MOJIOKUTEIbHBIA 3apsi.
Ecnu none co3paercs NOJI0KUTENBHBIM 3apsI0M, TO BEKTOp E HampaBieH BIob paauyca-BEKTOpa OT
3apsiJa BO BHEIIHEE MPOCTPAHCTBO (OTTAJKUBAHHME MPOOHOrO MOJIOKUTEIBHOIO 3apsija); €Cld Mojie
CO3/aeTcsl OTpULATENbHBIM 3apsA10M, TO BeKTop E HampasiieH k 3apsany (puc. 118).

é_ a E Puc. 118
= T Ome————— ——
Q
@ e ® 3anmunte, chopMynmnpyite n o6bACHUTE 3a-
KOH KynoHa.

N3 dopmynsr (79.1) cnenyet, 9To eAMHUIIA HANTPSHKEHHOCTH SJIEKTPOCTATHYECKOTO TOJII — HBIOTOH Ha
kynoH (H/Kux): 1 H/Kin — HanpsiKeHHOCTh Takoro MoJsi, KoTopoe Ha ToueuHbli 3apsa 1 K geiictByer
c cunoii B 1 H; 1 H/Kn= 1 B/m, rae B (BobT) — enuHMIIA MMOTEHITAATIA JIEKTPOCTATUHYECKOTO TTOJISI
(cMm. 84).
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I'paduyecku snekTpocTaTuyeckoe moje U300pakaroT ¢ MOMOIIBIO JMHUI HANIPSIZKEHHOCTH — JIMHUIA,
KacaTelbHbIE K KOTOPBIM B KaX/10l TOUKE COBMaatoT ¢ HanpasyieHueM Bekropa E (puc. 119). Jlunusam
HANpPSDKEHHOCTH — MPUIUCHIBACTCS  HAIMpaBJICHHWE, COBMAJAIOIIee C  HalpaBICHHEM BEKTOpa
HanpsDKEHHOCTH. Tak Kak B KaXJ0M JaHHOM TOYKE MPOCTPAHCTBA BEKTOP HAIMPSKEHHOCTH HMEET
JUIIb OJIHO HAMpaBJeHHE, TO JUHUH HAIMPSHKEHHOCTH HUKOT/A He mepecekaroTcs. s o1HOpoaHOro
noJist (Korja BEKTOp HANpsDKEHHOCTH B JIIOOOM TOYKE MOCTOSHEH IO BEJIMYMHE M HAIPABIICHUIO)
JUHUM HAMpPsDKEHHOCTH TapajulelbHbl BEKTOPY HANpshKEeHHOCTH. Ecnu mone co3maeTcs TOueYHBIM
3apsAa0OM, TO JIMHMM HANpSKEHHOCTH — paJualibHble MpsSMbIE, BBIXOJAILIUE U3 3apsjia, €ClId OH
nonoxkuteneH (puc. 120, a), u Bxonsuue B HETo, ecnu 3apsaa otpunateneH (puc. 120, 6). Benencteue
OOJIBIIION HAIJSIAHOCTU Tpaduueckuil crnocod MPEACTABICHHS 3JIEKTPOCTATHUECKOTO IO ITHUPOKO
MPUMEHSETCS B AJIEKTPOTEXHUKE.

UYroObl ¢ MTOMOIIBIO JIMHUH HAMPSHKEHHOCTH MOYKHO OBIJIO XapaKTepH30BaTh HE TOJIBKO HANpaBJICHUE, HO
Y 3HaYCHHE HAMPSIKECHHOCTH 3JIEKTPOCTATUYECKOTO OIS, YCIOBUIUCH MPOBOJIUTH UX C OMPEICICHHON
rycrotoii (cMm. puc. 119): uncno nMHMNA HaNpsDKEHHOCTH, MPOHU3BIBAIOLIUX EIUHUILY IUIOL[aau
MOBEPXHOCTH, MEPIEHANKYISAPHYIO JIMHUSAM HAIMpPsHKEHHOCTH, TOJDKHO OBITh PABHO MOJYIIO BEKTOpa
E. Toraa uncno MMHUNA HaNpsSKEHHOCTH, MPOHU3BIBAIOIINX AJIEMEHTApHYIO IUIoaaky dS, Hopmaib n
KOTOpo# oOpa3yeT yroia o ¢ BektopoM E, paBao E dS cosa = EndS, rne Er—npoekuus BekTopa E Ha
HOpMaJTh n K mmomazke dS (puc. 121). Bennunna

d®z=E,dS=EdS

HAa3bIBACTCS MOTOKOM BEKTOpa HAMPSIKeHHOCTH depe3 miomanky dS. 3aece dS = dSm — Bekrop,
MOJIyJIb KOTOPOTO paBeH dS, a HampaBlieHUE COBIAJACT C HAMpaBlICHHEM HOPMAld N K TUIOIIAJKE.
Br16op HampasieHust BeKTopa n (a ciemoBaTenbHO, U dS) yCIIOBEH, Tak Kak €ro MOXXHO HAIllPaBHTh B
mo0y1o cTopoHy. EnrHuIIa MOTOKA BEKTOpa HANPSHKEHHOCTH AJIEKTPOCTaTHUECKOTo mojisi — 1 B-m.

JU1g pon3BOJIBHON 3aMKHYTOM MOBEPXHOCTH S NMOTOK BEKTOpa E CKBO3b 3Ty MOBEPXHOCTH

®p=§ E,dS=§EdS,
s S

(79.3)
rae uHrerpan Oepercs mo 3aMkHyToM noBepxHocTH S. IloTok Bektopa E siBisiercs aneebpauueckoii
8eIUYUHOLL: 3aBUCUT HE TOJBKO OT KoH¢urypauuu nois E, Ho u or BbiOopa HampasieHnus n. s
3aMKHYTBIX IIOBEPXHOCTEH 3a IOJIOKUTEIbHOE HANpaBICHUE HOPMAlIM IPUHUMACTCA GHeulHss
HOpMaaw, T. €. HOpMallb, HalpaBJIeHHasi HAPYKy 00JIaCTH, OXBATHIBAEMOI1 TOBEPXHOCTHIO.

aj 6)

Pac. 119 Prc. 120

B ucropun pa3zsButus GU3MKM UMena Mecto 00prOa IByX TEOPHIA: JaIbHOJACHCTBUS U OMM3KOACHCTBUS. B
TEOpUU JAJTbHOJCHCTBHA NIPUHUMACTCSA, YTO JJIEKTPUUECKUE SIBJICHUS ONPEIEISIFOTCSI MTHOBEHHBIM
B3aMMOJICIICTBHEM 3apsA70B Ha JIOOBIX paccTosgHuAX. CoryiacHO Teopuu OJIM3KOAecTBHA, BCE
JNIEKTPUYECKUE SBJICHUS OIPENEIAIOTCS W3MEHEHUSMHU IIOJEH 3apsiioB, NPHUYEM 3TH W3MEHEHUs
pacHpoCTPaHAOTCS B IPOCTPAHCTBE OT TOYKM K TOYKE C KOHEUHOM CKOPOCTHIO. [IprMEHMTENBHO K
JIEKTPOCTATUYECKUM MOJISIM 00€ TEOpPUHU JaI0T OJJMHAKOBBIE PE3yJbTaThl, XOPOLIO COIJIACYIOLIUECS C
onbITOM. Ilepexon ke K siBIEHUSIM, 00YCIIOBIEHHBIM JIBUKEHUEM 3JIEKTPUUECKUX 3aps]I0B, IPUBOJIUT
K HECOCTOSITEIBHOCTH TEOPUHU JAIbHOACHCTBHS, MO3TOMY COBPEMEHHOM TEOpUEN B3aUMOIEHCTBUS
3apsKEHHBIX YaCTHUIL SABJISICTCS meopusi OIUZKOOeUCMBUSL.
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4. lIpuHUIMN Cynepno3uIUM YIeKTpocTaThyeckux noJiei. [lose qunos

PaccMoTpuM MeTon ompezeneHuss MOyJis U HAaIpaBJIEHUsI BEKTOpa HalpspKEHHOCTH E B kaaol Touke
ANEKTPOCTATUYECKOTO MOJIsI, CO3JaBAEMOT0 CUCTEMOM HEMOABWKHBIX 3apsiioB O1, O, ..., On.

OneIT TOKa3bIBACT, YTO K KYJOHOBCKUM CHJIAM IMPUMCHHM DPACCMOTPCHHBIM B MEXaHUKE MPUHITUTI
HE3aBHCUMOCTH JeicTBUs cui (cM. 6), T. e. pesynbrupyromas cuia F, nelicTByromias co CTOPOHBI
noJisi Ha MpoOHbIN 3apan (o, paBHa BEKTOPHON cyMMme cuil Fi, IPUIIOKEHHBIX K HEMY CO CTOPOHBI
Ka)KI0r0 U3 3apanoB Qi

n
F=Y F.
i=1 (80.1)

Cornacuo (79.1), F = QoE u Fi = QuEi, tne E—HanpshkeHHOCTb pe3ynbTupytomero nois, a Ei —
HANpsOKEHHOCTh MOJisl, co3naBaeMoro 3apsaoM (i Iloacrasnss mocnenuue BbipaxeHuss B (80.1),
noJry4aeM

n
E=Y E.
i=1 (80.2)
®opmyna (80.2) BblpakacT NMPUHUMI CYNEePHO3MUMU (HAJOMKEHHs]) IIEKTPOCTATUYECKHX TOJIei,
COTJIaCHO KOTOPOMY HampspKeHHOCTh E pesynbTupyromero moisi, cO3JaBa€MOro CUCTEMOW 3apsi/ioB,
paBHA 2eomempuyecKkol cymme HAIPSLHKEHHOCTEHW MOoJel, co3/1aBaeMbIX B JAHHOM TOUYKE Ka)AbIM U3
3aps0B B OTAETHHOCTH.

[IpuHIIMN CyNepHoO3WIMU TO3BOJIIET PACCUUTATh DIEKTPOCTATUYECKHUE TIONS JFO00H  CHCTEMBI
HEMOJIBWKHBIX 3apsioB, MOCKOJBKY €CIM 3apsAabl HE TOYEYHbIe, TO UX MOXKHO BCErJa CBECTH K
COBOKYITHOCTH TOUYEYHBIX 3apsI/10B.

Prc. 121

@ Kakue nona Ha3biBaloT 3N6KTPOCTATUYECKUMM?

@ Yto Takoe HanpsxexHocTs E 3anextpocratu-
4eckoro nona?

@ Kakoso HanpasrneHue BeKTopa Hanpsi>K@HHOCTH
E? EguHuya HanpsxeHnoctn 8 CA?

[TpuHIMN Cynepro3uIUK MPUMEHHUM I pacdera 3JIEKTPOCTATHUECKOTO IMOJIS AJIEKTPUYSCKOTO JHITONIS.
DJIeKTPUYeCKHii ANUMOJIb — CUCTEMa JIBYX PaBHBIX MO0 MOAYJIIO Pa3HOMMEHHBIX TOUYCYHBIX 3aps/IOB
(+0,—0), paccrosiaue [ MEXIy KOTOPBIMH 3HAYUTEIHHO MEHBIIIEC PACCTOSHHS JIO PacCMaTPUBACMbIX
TOYEK TOoJisi. BekTop, HampaBJICHHBIA IO OCU AUIOJS (MPAMOU, MPOXOoAIIeld yepe3 oba 3apsga) OT
OTPHIIATEILHOTO 3apsiia K MOJOKUTEILHOMY W PaBHBI PACCTOSHUIO MEXKIAYy HUMH, Ha3bIBaeTCS
wiedom aumnoJs 1. Bekrop

=IO, (80.3)
COBMAJAIONIMK IO HAMPaBJICHUIO C TJICYOM JHWIMOJS W paBHBIA MPOM3BENCHUIO 3apsaa |Q| Ha miedo I,
HA3BIBACTCS IEKTPUYECKMM MOMEHTOM JHIOJIS WM JUNOJbHBIM MOMEHTOM (puc. 122).
Cornacno mpunHIuny cyneprno3uiuu (80.2), HanpsHKeHHOCTh E mosst AUmnosis B MpOU3BOJILHON TOUKE
E=E,+E_,
rne E+ u E- — HanpsKeHHOCTH TOJIEM, CO3JaBAEMBIX COOTBETCTBEHHO IMOJOXKUTEIBHBIM U
OTpHULIATENIbHBIM 3apsiiaMu. Bocnonb3oBaBUINCH 3TOM (OpMYIIOi, paccuuTaeM HaMpPsKEHHOCTD MOJS B
MPOU3BOJILHOM TOUYKE HA MPOJIOJKEHUH OCU AUMOJS U HA NEPIECHANKYJISIPE K CEPEIMHE €ro OCH.
1. HanpspkeHHOCTD MOJIs Ha TPOJIOJDKEHUH OocH aumost B Touke A (puc. 123). Kak BUIHO M3 pUCYHKA,
HaIpPSKEHHOCTH MOJISl JUIOJIA B TOUKE A HaIpaBjeHa M0 OCU JUIOJIA U [0 MOJYJIIO paBHA
E«=E, —E_.
O003Ha4MB PAaCCTOSHUE OT TOYKU A O CEpeAMHBI OCHU JMIIONS Yepe3 I, Ha OCHOBaHUU (popmysl (79.2)
JUISl BAKYyMa MO>KHO 3alUcaTh
1 0 Q Q (r+12)*~(r—12)*
[ -

4 (r=02*  (r+12)? =4ns0 (r—12)* (r+12)*°

CornacHo onpeeNneHuto qunods, 1/2<<r, moaromy
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2. HanpsbkeHHOCTD MOJIsl Ha MEPIIEHIUKYIISpEe, BOCCTABICHHOM K OCH U3 €ro cepeiMHbl, B Touke B (puc.

123). Touka B paBHOynaneHa oT 3apsii0B, IOATOMY

1 0 1 Q

Eyv=E_ = — g —
dneg (r')*+1%/4  4meg (r') (80.4)
rae r' — paccrosHue OT TOukM B 1o cepeausbl 1uieya aunons. M3 nonobus paBHOOEIPEHHBIX
TPEYTOJIbHUKOB, ONUPAIOILMXCA Ha Myievyo aunosisd u Bektop EB, monyunm
Ep l 1
Eo Joy+ap? v
OTKyJa
Eg=E.lr'.

(80.5)

Prc. 122 :

P o LI’f(t;tm;an(oe notok sektopa E? Epunnya ero
B

[ToncraBus B Beipaxkenue (80.5) 3Hauenwue (80.4), moayunm

1 g 1 p

= —m=—— ——.
4meg (r')®  Amep (r')?
Bekxrop EB nmMeer HarpaBiieHre, MPOTUBOMOIOKHOE BEKTOPY AIEKTPUISCKOTO MOMEHTA JUMONS (BEKTOP

p HampasJeH OT OTPHULIATEIBLHOTO 3apsA/a K MOJ0KUTEIBHOMY ).

5. Tunbl guaaekTpuKoB. [lossipu3anus IM3JIEeKTPUKOB

JydnexkTpuk (Kak U BCSAKOE BEIIECTBO) COCTOUT M3 aTOMOB M MOJIeKyJl. Tak Kak MOJIOKUTENbHBIN 3apsij

BCEX AIE€P MOJIEKYJBI PaBEH CYMMapHOMY 3apsAny JJIEKTPOHOB, TO MOJIEKYJIA B IIE€JIOM JJIEKTPUYECKU
HelTpanbHa. Ecni 3aMEHUTHh TOJIOXKHUTEIbHBIC 3apsiibl sSIep MOJEKYJT CyMMapHbBIM 3apsioM + O,
HaxoodmuMmcesa B HNCHTPC «TSHKCCTHU) IMOJIOKHUTCIBHBIX 3apsAA0B, a 3apsJ] BCCX JJICKTPOHOB —
CYMMapHBIM OTPULATEIBHBIM 3apsiioM — (), HAXOMISAIIMMCS B IIEHTPE «TSDKECTH» OTPHIIATEIbHBIX
3apsa0B, TO MOJIGKYJTY MOKHO paccMaTpuBaTh KakK OAJIEKTPUUYECKUH [UMONL C DJICKTPUYECKUM
MOMEHTOM, orpezaensieMbiM Gopmyon (80.3).

[epByto rpynmy auanaekTpukoB (N2, Hz, Oz, CO2, CHa4, ...) COCTaBISIOT BELIECTBA, MOJIEKYJBI KOTOPBIX

UMEIOT CUMMETPUYHOE CTPOCHHE, T. €. LEHTPbl «TSHKECTU» TMOJOXKHUTEIbHBIX W OTPHUIATEIbHBIX
3apsiIoB B OTCYTCTBHE BHEIIHETO 3JEKTPUUYECKOIO MOJI COBMANAIOT U, CJIEAOBATEIbHO, AUMOJIbHBIN
MOMEHT MOJIEKYJIbl P paBeH HyJ0. MoseKy/bl TaKUX IUAJIEKTPUKOB HA3bIBAIOTCS HEMOJISPHBIMU.
[Ton neiicTBMEM BHELIHETO 3JEKTPUUYECKOTO TMOJIA 3apsiibl HEMOJSPHBIX MOJEKYJT CMEIIAITCS B
MPOTUBOMNOJIOKHBIE CTOPOHBI (ITOJIOKUTEIBHBIE MO TOJI0, OTPULIATEIbHbIE POTHUB IOJISI) U MOJIEKYJa
npUOOpETAeT TUTIOILHBI MOMEHT.

P . Pac. 134 .

N

@ Yemy pasHa pa6oTa No nepemMeileHno 3apaaa
BAONb IKBUNOTEHUMANDBHOA NOBEPXHOCTH?

Bropyto rpynmy nuanexktpukos (H20, NHsz, SOz, CO,...) cocTaBisitoT BELIECTBA, MOJEKYJbl KOTOPIX

HUMCIOT ACUMMCTPHYHOC CTPOCHUC, T. €. HCHTPBI «TAXKCECTHU» IOJOXKHUTCIBHBIX W OTPUHATCIIbHBIX
3apsaaA0B HC COBIIAAAaroT. Taxum 06pa30M, OTU MOJICKYJIBI B OTCYTCTBHUC BHCIIHETO SJICKTPHUYCCKOI'O
II0JIA o6naz[a10T JUITOJBbHBIM MOMCHTOM. MO.]'[eKy.]'IbI TaKUX IUBJICKTPUKOB HA3bIBAIOTCA MOJSAPHBIMMU.
HpI/I OTCYTCTBHH BHCIIHEIO IIOJIA, OJAHAKO, AUIIOJIBHBIC MOMCHTBI MOJAPHBIX MOJICKYJ BCJIICACTBHC
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TETUIOBOTO JIBMIKEHHSI OPUECHTHPOBAHBI B MPOCTPAHCTBE XAOTHYHO W WX PE3YJIbTUPYIOUIMA MOMEHT
PaBCH HYIIIO. Ecimu Takou AUDJICKTPUK IMMOMECTUTH BO BHCHIHCC IIOJIC, TO CHJIBI 3TOr'0 IIOJIA 6YIIYT
CTPEMHUTBCS TOBEPHYThH JHUIOIM BJOJb TOJS U BO3HHKACT OTIMYHBIA OT HYJS Pe3yJbTHPYHOIIUI
MOMCHT.

Tpetbto rpynmy auanekrpukoB (NaCl, KCI, KBr, ...) cocTaBistoT BemecTBa, MOJIEKYJIbI KOTOPhIX UMEIOT
HMOHHOE cTpoeHHe. VOHHBIE KPHUCTAUIBI TPENCTABISIOT COOOW MPOCTPAHCTBEHHBIC PEIIETKH C
NPaBUIBHBIM YEPEJOBAHUEM HOHOB Pa3HBIX 3HAKOB. B 3THX KpHUCTasiaX HENb3s BBIICIUTH OTACIbHBIC
MOJICKYJIbI, @ pacCMaTpuBaATb HUX MOXHO KaK CHUCTEMY ABYX BIABHWHYTBIX OAHA B APYI'YIO HMOHHBIX
nojpenieTok. [Ipu HaIOXKEHUM Ha MOHHBIH KPHCTAJLT DIICKTPUYECKOTO IMOJISi MIPOUCXOIUT HEKOTOpast
I{e(bOpMaHI/IH KpHCTaJ'IJ'IH'—ICCKOfI PEIICTKU UJIW OTHOCUTCIIBHOC CMCIICHHUE MMOAPCIICTOK, IMPHUBOJAIICE K
BO3HUKHOBEHUIO IUTIOJILHBIX MOMEHTOB.

Takum 06pa30M, BHCCCHHEC BCCX TPEX I'PYII JUBJICKTPUKOB BO BHCIIHEC 3JICKTPHYCCKOC I10JIC ITPUBOAUT
K BO3HHKHOBEHHWIO OTJIMYHOTO OT HYJS PE3yJbTHPYIOMIETO AJIEKTPHUECKOTO MOMEHTA JHMAJICKTPHKA,
WM, WHBIMH CJIOBaMM, K MOJApU3allUK OUIJICKTPHKA. HOHHpH3aHHeﬁ AUBJICKTPHUKA HA3bIBACTCHA
NPOIIECC OPUCHTAIIUM JTUTIONCH WM MOSBJICHUS TOJ] BO3JICHCTBHEM BHEIIHETO JIEKTPUYCCKOTO OIS
OPUEHTHUPOBAHHBIX IO MOJTIO JUTIONEH.

COOTBETCTBEHHO TPEM TpYIIIaM TUJICKTPUKOB Pa3IHUaOT TPH BHIA MTOJIIPU3ALIHH:

3J1eKTPOHHAs, WiN Ae(OPMAIMOHHAN, MOJSAPH3AIUSA JUAJICKTPUKA C HEIMOJSPHBIMH MOJICKYJIaMH,
3aKIIIOYAIOINAsACS B BO3HUKHOBCHHHM Y aTOMOB HHAYIMPOBAHHOTO MIMIIOJILHOTO MOMEHTa 3a CYEeT
neopManuu 3JIEKTPOHHBIX OpOUT;

OpPMEHTAIMOHHAN, WM [IHINOJbHAS, WOJAPU3ANUS JUIICKTPHUKA C TOJSIPHBIMH MOJICKYJIAMHU,
3aK/Irovaromascsa B OpuCHTAIMN UMCIOIHUXCA JUITOJbHBIX MOMCHTOB MOJICKYIJI IO ITOJIIO. ECTCCTBCHHO,
YTO TEIUIOBOE JBM)KCHUE TPENSATCTBYET IMOJHOM OPHEHTAIIMHA MOJICKYJI, HO B PE3YJIbTaTe COBMECTHOTO
nerctBust  o0omx  (akTOpoB  (IMEKTPUYECKOE TI0JIE H  TEIUIOBOE  JIBIDKCHHE) BO3HUKACT
NPEUMYIIECTBEHHAs] OPUCHTAIMS JUIOIBHBIX MOMEHTOB MOJIEKYJ IO TOJI0. DTa OPUEHTALHUS TEM
CHJIbHEE, YeM OO0JIbIIIe HAPSXKEHHOCTD AJIEKTPHUYECKOTO MOJIS M HIDKE TeMIIepaTypa;

HOHHASL MOJISIPH3AIMS JUAICKTPUKOB C HOHHBIMH KPUCTAJUIMYECKHMHU PEUISeTKaMH, 3aKII0Yaoascs B
CMCHICHUN NOAPCHICTKU IMOJOXKUTCIIbHBIX MOHOB BAOJIb IIOJIA, 4 OTPHULATCIBHBIX — IMPOTUB I10JIA,
NPUBOSANIEM K BOBHUKHOBEHHIO JIUITOJILHBIX MOMEHTOB.

6. IIpoBOAHMKH B 3JIEKTPOCTATHYECKOM I10J1e

Ecnu nmomecTuTh NPOBOJHUK BO BHEIIHEE 3JIEKTPOCTATHYECKOE IOJI€ WM €ro 3apsiiuTh, TO Ha 3apsibl
MPOBOJHMKA OYJEeT ACWCTBOBATH SJICKTPOCTATHUECKOE II0JIe, B pe3yibTare Yero OHU HAYHYT
nepemenathes. llepemenienue 3apsnoB (TOK) MPOJOJIKAETCS 0 TeX IMOp, MOKAa HE YCTAaHOBUTCS
PaBHOBECHOE paclpeielicHUe 3apsioB, MPU KOTOPOM DJIEKTPOCTATUYECKOE TMOJIe BHYTPU MPOBOTHUKA
oOpainiaercsi B HyJb. DTO IPOUCXOANUT B TE€UEHHE OYEHb KOPOTKOTO BpeMeHU. B camom nerne, eciau Obl
noJjie He ObLIO PaBHO HYJIIO, TO B MPOBOJHUKE BO3HUKIIO OBl YHOPSAOYCHHOE ABMKECHUE 3apsiioB 0e3
3aTpaThl SHEPTUU OT BHEIIHEr0 MCTOYHHKA, YTO MPOTHUBOPEUYMUT 3aKOHY COXpaHeHus sHepruu. MTtaxk,
HANPSOKEHHOCTD TMOJIS BO BCEX TOYKAX BHYTPH MPOBOJIHUKA PaBHA HYIIIO:

E=0.

OtcyTcTBHE TIOJII BHYTPHM IPOBOJHHKA O3HA4YaeT, corjacHo (85.2), 4TO MOTEHIHMal BO BCEX TOYKAX
BHYTpPHU MPOBOJHHMKA MOCTOSTHEH (¢ = const), T. €. MOBEPXHOCTh MPOBOJHUKA B 3JIEKTPOCTATHUECKOM
oJIe SIBJISIETCS 9Kgunomenyuanvrou (cM. 85). OTcrona xe ciaeayeT, YTO BEKTOP HAMPSHKEHHOCTH OIS
Ha BHENIHEW MOBEPXHOCTH MPOBOJHMKA HAMPABJICH MO HOPMANU K KaXKI0M TOYKE €ro MOBEPXHOCTH.
Ecin 661 3TO OBLIO HE TaK, TO MO ACHCTBHEM KacaTeabHOU cocTaBistoniei E 3apsapl Havamu OBl 110
MOBEPXHOCTU MPOBOJHUKA MEPEMEIATHCS, YTO, B CBOIO OY€pE/ib, MPOTUBOPEUMIIO ObI pABHOBECHOMY
pacipeeICHHAIO 3aps/IOB.
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Prc. 139 Puc. 140

Ecnu npoBogHUKY COOOIINTH HEKOTOPHIHM 3apsia (J, TO HECKOMIIEHCUPOBAHHBIEC 3apsi/ibl PACIONaraloTcs
MONbKO HA NOBepXHOCMU TIPOBOJHUKA. DTO CIEAyeT HEMOCPEICTBEHHO U3 Teopembl ['aycca (89.3),
COTJIaCHO KOTOPOi 3apsn (O, HaXOASAIIUNCA BHYTPU MPOBOJHUKA B HEKOTOPOM 00bEME, OTPaHUYCHHOM
IIPOU3BOJIBHOM 3aMKHYTOM IIOBEPXHOCTBIO, PABEH

0=§Dds=¢ D,ds=o,
s s

TaK KaK BO BCEX TOUKaxX BHYTpH nmoBepxHOCTH D=0.

Haiinem B3auMOCBSI3b MEX/Y HANPSHKEHHOCTHIO E 10 BOJIM3H MOBEPXHOCTH 3aPsHKEHHOTO TPOBOJHHUKA
U TIOBEPXHOCTHOM IUIOTHOCTBIO G 3apsiioB Ha €ro MOBEPXHOCTU. [l 3TOr0 NMPUMEHUM TEOpeMy
['aycca k OECKOHEUHO MaloMy LMJIMHAPY C OCHOBaHUAMH AS, mepeceKkarolleMy IpaHUIly IPOBOJHHUK
— naumanexktpuk. Ock IMIMHIApAa OpHEHTUpoBaHa BAoJb Bekropa E (puc. 141). Ilotok Bekropa
IEKTPUUECKOr0 CMEIIEHUS 4epe3 BHYTPEHHIOK YacTh LIMJIMHIPUYECKON MOBEPXHOCTU PABEH HYIIIO,
TaKk Kak BHyTpu npoBojgHuka Ei (a cinenoBatenbHo, u Di) paBeH Hy:ro, IO3TOMY NOTOK BekTopa D
CKBO3b 3aMKHYTYIO LIWJIMHAPUYECKYIO TIOBEPXHOCTh OINPENENAETCS TOIBKO MOTOKOM CKBO3b Hapy KHOE
ocHoBaHue nuiauHapa. CornacHo teopeme ["aycca (89.3), ator motok (DAS) paBeH cymme 3apsiioB
(O=0AS), oxBaTbIBaeMbIX MOBEPXHOCTHIO: DAS=0AS T.e.

D=0 (92.1)

WIu

E=o/(z0z), (92.2)

IJie € — IUAJIEKTpUYecKasi MPOHHUIIAEMOCTh Cpebl, OKPY>Karollel MPOBOIHUK.

Taxum 06pa3oM, HANPSHKEHHOCTH 3JIEKTPOCTATHUECKOTO IMOJIsl Y MOBEPXHOCTH MPOBOJHUKA ONPEICIAETCS
MOBEPXHOCTHON TUIOTHOCTBIO 3apsiioB. MOXKHO TMoOKa3aTh, 4TO cooTHomeHue (92.2) 3amaer
HaNpPsHKEHHOCTH 3JIEKTPOCTATHUECKOTO MOJIsi BOJIU3U MOBEPXHOCTH IIPOBOIHUKA 170001 (hopMbi.

Ecnu Bo BHelIHee 3JeKTPOCTATHUECKOE MOJIe BHECTH HEUTpalbHBIN MPOBOJHUK, TO CBOOOAHBIE 3apsibl
(371eKTPOHBI, HOHBI) OYIYT MEepPEeMEeNIaThCsl: MOJIOKUTENIbHBIE — MO MO0, OTPULIATENIbHBIE — TPOTHUB
nosist (puc. 142, a). Ha ogqHOM KOHIIE MPOBOAHMKA OYJET CKAIJIUBATHCS M30BITOK MOJIOKHUTEIHHOTO
3apsga, Ha APYTrOM — M30BITOK OTPUIATENBHOTO. DTH 3apsabl HA3bIBAIOTCS MHAYUHMPOBAHHBIMH.
[Ipouecc Oyner mpoucxoauTh A0 TE€X MOP, MOKA HAPSHKEHHOCTH MOJIS BHYTPU MPOBOJIHUKA HE CTAHET
pPaBHOI HYJIIO, a IMHUU HAIMPSHKEHHOCTH BHE MPOBOJHUKA — MEPIEHIUKYISPHBIMUA €T0 MOBEPXHOCTH
(puc. 142, 6). Takum oOpazoMm, HENUTpaIbHBIA NPOBOJHUK, BHECEHHBIM B 3JIEKTPOCTATUUYECKOE MOJIE,
pa3pbIBaeT YacTh JTUHUI HAMPSHKEHHOCTH; OHM 3aKaHUYMBAIOTCA HA OTPULIATENBHBIX MHAYIIUPOBAHHBIX
3apsax U BHOBb HAUMHAIOTCS Ha IMOJOXKHUTENbHBIX. HIyIMpOBaHHBIE 3apsiibl paCHpEeIsioTCs Ha
BHEIITHEW MMOBEPXHOCTH MPOBOAHHKA. SIBICHHE MepepacnpeeeHus MOBEPXHOCTHBIX 3apsioB Ha
IIPOBOJHMKE BO BHEUIHEM 3JIEKTPOCTATHUECKOM I0JI€ Ha3bIBAECTCA IJIEKTPOCTATHYECKON HHAYKIME.
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a

Puc. 141 Prc. 142

W3 puc. 142, 6 cnemyer, 4To HMHIYLHMPOBAHHBIC 3apsbl MOSBISIIOTCS Ha MPOBOJHUKE BCIIEACTBHE
cMeujenuss X TIOJ JEUCTBUEM TOJs, T. €. G SIBISICTCS MOBEPXHOCTHOM IUIOTHOCTHIO CMEIEHHBIX
3apsanoB. Ilo (92.1), onekrpuyeckoe cmemeHne [ BOMM3M TIPOBOJHUKA YHCICHHO PAaBHO
IIOBEPXHOCTHOM IUIOTHOCTH CMELIEHHBIX 3apsnoB. Ilostomy Bexkrop D mosyuws Ha3BaHHE BEKTOpPA
JNEKTPUYECKOTO CMEILIEHUS.

Tak KaK B COCTOSIHUM PaBHOBECHsI BHYTPU IPOBOJHMKA 3apsiAbl OTCYTCTBYIOT, TO CO3JAaHUE BHYTPU HETO
MOJIOCTU HE TOBJIMSIET Ha KOH(UIypaluio pacroyioKeHHs 3apsfoB M TE€M CaMblM Ha
anekTpocTarnyeckoe mnosie. CreaoBaTeNbHO, BHYTPU MOJOCTH Mojie OyneT OTcyTcTBOBaTh. Ecmu
Tenepb 3TOT MPOBOJHUK C MOJOCTHIO 3a3€MJIMTh, TO MOTEHLHMANT BO BCEX TOYKAX IMOJOCTU Oyjaer
HYJICBBIM, T. €. MMOJIOCTh NOJIHOCTBIO U30JIMPOBAHA OT BJIIMAHUSA BHCIIHUX BJICKTPOCTATHYCCKUX HoJIeH.
Ha »TOM oOcCHOBaHa »3JieKTpocTaTHYecKasl 3aluTa SKpaHUpPOBAHUE Tell, HaIpUMep
HU3MCPUTCIIbHBIX HpI/I60pOB, OT BJIMAHUA BHCHIHUX SJICKTPOCTATHUYCCKUX nojiei. BMecTo criomHoro
MIPOBOJHMKA IS 3aIIUThI MOKET OBITh MCIOIb30BaHa I'yCTasi METallInyeckasl CeTka, KoTopasi, KCTaTH,

sBnsieTcs 3((GEKTUBHONW NMPU HAIMYMU HE TOJIBKO MOCTOSIHHBIX, HO M TEPEMEHHBIX JJIEKTPUYECKUX
MOJIEH.

CBOHCTBO 3apsAA0B  pacnojiaratbCd Ha BHEIITHEN IMMOBCPXHOCTU MPOBOAHHKA HCHOJB3YCTCA JIA
YCTPOMCTBA 3JIEKTPOCTATHYECKUX TeHEPATOPOB, IPEAHAZHAYCHHBIX JUISI HAKOIUICHUS OOJBIIHX
3apsI0B U JOCTUKEHHS PA3HOCTH MOTEHIIMAIOB B HECKOJIBKO MUJIJTHOHOB BOJIBT. DNEKTPOCTATUUECKUN
reHepaTop, U300peTeHHBI aMepukaHckuM ¢usukom P. Ban-ne-I'paadpom (1901—1967), cocrout us
1rapooOpas3Horo mosnoro npopoanuka / (puc. 143), ykperuieHHOro Ha u3onstopax 2. JIBrkymasics
3aMKHYyTad JICHTa 3 u3 HpOpGSHHGHHOfI TKaHU 3apsKACTCA OT MCTOYHHUKA HAIIPSXKCHUA C ITOMOIIBIO
CHUCTEMBbI OCTPHCB 4, COCAMHEHHBIX C OJHUM M3 TIOJKOCOB HCTOYHHMKA, BTOPOW MOJIOC KOTOPOTO
3a3eMiieH. 3a3eMJICHHAs IUIACTHHA 5 YCHJIMBAET CTEKaHWE 3apsAJOB C OCTpUEB Ha JeHry. Jlpyras
CHUCTEMa OCTPHEB 6 CHUMAET 3apsiJibl C JICHTHI U MEPelacT UX MOJIOMY Iapy, ¥ OHU MEPEXOIAT Ha ero
BHEIITHIOIO TIOBEPXHOCTh. Takum 00pas3oM, cepe mepemaeTcsi OCTENEHHO OONBIION 3aps/] U YAAaeTCs
JOCTUYb PA3HOCTH MOTEHIIMAJIOB B HECKOJIBKO MHJIIMOHOB BOJIBT. DIEKTPOCTATUYECKHE T€HEPATOPhI

MNPUMCHAIOTCA B BBICOKOBOJIBTHBIX YCKOPUTCIIAX 3apsHKCHHBIX YaCTHL, a TaKKC B c71a00TOYHOM
BBICOKOBOJIbTHOM TEXHHUKE.

+ Puc. 143

@ KakoBbi HanpsXeHHOCTb # foTeHuKan nons,
a TaK)xe pacnpejieneHne 3apros BHYTPHA 1 Ha
NoBEPXHOCTH 38PRIXEHHOro nposoaxKKa?

@ Ha 1em ocHoBaHa 3NEKTPOCTATMHECKAR 3auin-

7 Ta?

SIIIIIIIIIIIITE. TOELT I PP IILIIIIIL L.

P R R il
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7. Kongencaropsl

Kak Bumno 3 93, nist Toro 4ToObl TPOBOJHUK 00J1a/1a OOIBIION €MKOCThIO, OH JOJIKEH UMETh OYEHb
6onbine pasmepsl. Ha mpakTuke, o1HaKo, HEOOXOAUMBI yCTPOMCTBA, 00NaJarolinue CIIOCOOHOCTHIO
IpU MalbIX pa3Mepax M HeOOJBIIMX OTHOCHUTEIIFHO OKPYXAIOIIMX TeJ MOTEHIMajlaX HaKaIuIiBaTh
3HAYUTEIbHbIE IO BEJIMYMHE 3apsi/ibl, MHBIMH CJIOBaMM, 00JjaiaTh OOJBIIOW €MKOCThIO. ITH
YCTpOICTBA MOIyYHSIM Ha3BaHUE KOHAEHCATOPOB.

Ecnu x 3apsbkeHHOMY NPOBOJHHMKY MPUOJIMKATH APYTHE TeNa, TO HA HUX BO3HUKAIOT MHIYLUPOBaHHbIE
(Ha MPOBOJIHUKE) WJIM CBS3aHHBIC (HA TUAJICKTPUKE) 3apsi/ibl, MPHUEM ONMKaWIIMMU K HABOISIEMY
3apsay O OyayT 3apsbl MPOTHBOIOJIOKHOIO 3HaKa. JTH 3apsi/ibl, €CTECTBEHHO, OCIAONISIOT MOJIE,
co3faBaemMoe 3apsaoM (J, T. €. MOHMIKAIT MOTEHUUal MPOBOJHUKA, 4yTO IpuBouT (cM. (93.1)) k
HOBBIILIEHUIO €T0 AIIEKTPOEMKOCTH.

KonneHncarop cocTouT w3 ABYX MPOBOAHUKOB (OOKIAMOK), pa3ieleHHBbIX nudjaekTpukoM. Ha emkocTh
KOHJIEHCATOpa HE JTOJDKHBI OKa3bIBaTh BIMSHUS OKpY’KaloIIKe TeNa, 03TOMY MPOBOJHUKAM MPUIAOT
Takyro Gpopmy, 4TOOBI IOJIe, CO3aBaeMOe HAKAIUTMBAEMbIMHU 3apsiiaMu, ObLJIO COCPETOTOUEHO B Y3KOM
3a30pe MeXAy OOKJIaJKaMM KOHJEHcaTopa. DTOMY YCJIOBHIO YAOBIETBOpsOT (cM. 82): 1) nBe
IUTOCKHUE TUIACTHUHBL, 2) J1Ba KOAKCHAIBHBIX IHIUHIPA; 3) 1Be KOHIEeHTpuyeckue chepsl. [losTomy B
3aBUCUMOCTH OT (hOpMBI OOKIIAJOK KOHJEHCATOpbl JENATCS Ha NJIOCKHMe, NUJIHHIPHYEeCKHe U
cepuyeckue.

Tak kak moje cocpeloTOUEeHO BHYTPU KOHJEHCATOpa, TO JIMHUM HANpPsHKEHHOCTH HAYMHAIOTCS HA OJIHOM
OoOKJIaZIkeé M KOHYAIOTCS Ha Jpyrod, MOITOMY CBOOOJHBIE 3aps]bl, BO3HUKAIOLIME HA pa3HBIX
oOKJaiKax, SBJSAIOTCS PaBHBIMH IO MOXYJIO pPAa3sHOMMEHHbIMHM 3apsaaMu. Ilox eMKocThbIO
KOH/IeHCATOpa NoHUMaeTcs (u3nYecKas BeJIMYMHA, PaBHAs OTHOLICHMIO 3apsiia (J, HAaKOIUICHHOTO B
KOHJICHCAaTOpe, K Pa3HOCTU MOTEHIUANOB ((1 —(2) MEXIY €ro 00KJIaJKaMu:

C=0/(p1— ) (94.1)

PaccuntaeM eMKOCTh IJIOCKOIO KOHAEHCATOPA, COCTOSAIIErO M3 JBYX MapajUleJbHBIX METaUIMYECKUX
IUTACTUH IJIOLIA/IbI0 S KaXk/1asi, pacrookKEHHBIX Ha pacCTOSIHUM d JpYT OT JApyra U UMEIOIIUX 3apsiabl
+0 u —Q. Ecnu pacctosiHMe MEXIy IUIACTUHAMU MaJIo TI0 CPAaBHEHMIO C MX JIMHEWHBIMU pa3MepaMHy,
TO KpaeBbIMU 3P PEeKTaMH MOXKHO TPEHEOpEUb | MOJIe MEXy 0OKIIaJAKaMH CIYMTATh OJHOPOAHBIM. Ero
MOKHO paccuuTaTh HCHoib3ys (opmynsl (86.1) u (94.1). [lpm Hanuuum OUAIEKTPUKA MEXIY
0OKJIaJIKaM1 pa3HOCTh MOTEHIIMAIOB MEX 1y HUMH, coriacHo (86.1),

01— @2=0d)(eez), (94.2)

rJie € — AURJICKTPUUYecKas MpoHUIaeMocThb. Torma u3 hopmyssl (94.1), 3amensst Q=aS, ¢ yuetom (94.2)
MOJTYYMM BBIPQXKECHHUE ISl EMKOCTH TUIOCKOTO KOHJIEHCATOpA!
C=eeeS/d. (94.3)
s ompeneneHusi eMKOCTH IUIUHAPUIECKOTO KOHJIEHCATOPa, COCTOSIIEr0 U3 JBYX MOJBIX KOAKCHAb-
HBIX [WJIUHAPOB C paauycamu r1 U r2 (r2 > r1), BCTaBJICHHBIX OJIMH B JIPYroi, omATh IpeHeOperas
KpaeBbIMH JPQPEeKTaMu, CUUTAEM TMOJE PATUATBHO-CUMMETPUYHBIM U COCPEIOTOYCHHBIM MEXKIY
ITMHAPHYECKUME O0KITaKaMu. Pa3HOCTh MOTEHIIMAIOB MKy OOKJIaIKaMU BBIYUCIIUM TI0 (hopMyJie
(86.3) nnst Mot paBHOMEPHO 3apsKEHHOT0 OECKOHEYHOT0 HUIMH/PA C JIMHEHHOU MIIOTHOCThIO T =(0//

(I—nnHa 00xTanoK). [Ipy HaMMYIUK AUBIIEKTPUKA MEXKTy OOKIaIKaMH Pa3HOCTh MOTCHIIHAJIOB
T r o r

—gy=——In == =
MG 2nege  ry 2megel  r (944)

[ToncraBus (94.4) B (94.1), momy4nm BeIpaXeHUE IS EMKOCTH IIJIMHIPUIECKOTO KOHEHCATOpA:
C=2magsl/In (ra/ry). (94.5)

Jins ompeneneHuss €MKOCTH C(HEpUYEcKOro KOHAEHCATOpa, COCTOSIIEro M3 JBYX KOHIEHTPUYECKUX
OOKJIAIOK, pPAa3JENeHHBIX CPEPUIECKHM CIOEM IUAJIEKTPUKa, HCHoib3yeM Qopmyny (86.2) mms
Pa3HOCTH TOTEHIMAJIOB MEXAY ABYMs TOYKAMHM, JIKAUIMMHU HAa PACCTOSHHUAX 71 U 72 (12 > 71) OT
[EHTPa 3apsHKEHHOW CPEpUUYSCKON TOBEPXHOCTH. lIpH HAMWYMKM JHUAICKTPHUKA MEXITY OOKIIaTKaMu
Pa3HOCTH MMOTEHIHAIOB

i)
P1~py=——|———}
dmeoe \ry 7 (94.6)
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[ToncraBus (94.6) B (94.1), nonyuum

rr

C=4neys .
ra—ry

Ecmu d=r2—r1<<rl, to 12 = rl = r u C=4ne0er2/d. Tak kak 4nr2 —rmiomans chepudaeckor 0OKIATKU, TO
nosrydaem popmyiy (94.3). Takum 06pa3om, Ipu Maol BEJIMUMHE 3a30pa MO0 CPABHEHUIO C PAIUYCOM
cdepbl BhIpaKeHUs A1l eMKOCTH c(hepHuecKOro a MIOCKOro KOHAEHCATOPOB COBMAAAIOT. DTOT BHIBOA
CIOpaBeIJIMB U A LUJIMHAPUYECKOrO0 KOHACHCATOpa: MPU MaJloM 3a30pe MEXAYy LMIUHApPAMHU I10
CpaBHEHHIO C UX paguycamu B dopmyine (94.5) In (12/rl) MOXKHO pa3inoXuTh B Psif, OTPAaHUINBASICH
TOJIBKO YJIEHOM TIEPBOTro mopsiaka. B pesynbrare onsats mpuxoaum K popmyie (94.3).

N3 dpopmyn (94.3), (94.5) u (94.7) BbITEeKaeT, YTO €MKOCTb KOHJEHCATOPOB J000W (POopMBI MPSIMO
NPOTIOPIMOHATIFHA JTUAICKTPUYECKON MPOHHUIIAEMOCTH AMAJICKTPHKA, 3ATOIHSIOMIETO MPOCTPAHCTBO
Mexay ookmagkamu. [IoaToMy mprMeHeHHe B KaueCTBE MPOCIOWKH CETHETOIEKTPUKOB 3HAUUTEIBHO
YBEIIMYUBAET EMKOCTh KOHICHCATOPOB.

KongeHncatopbl xapakTepusyloTcs MHpPOOMBHBIM HAMPSKEHHEM — Pa3HOCTHIO MOTEHIMAIOB MEXKIY
00KJIaIKaMU KOHJIEHCATOPa, IPU KOTOPOH MPOUCXOJUT MPOOOH — AIIEKTPUUYESCKHUI pa3psi yepes3 Cioi
IUDIIEKTpUKa B KOHAeHcaTope. [IpoOuBHOE HampsikeHHe 3aBUCUT OT (OpMbI OOKIAJOK, CBOWCTB
TMRJICKTPUKA M €T0 TOJIIIUHBI.

Jnis yBenuueHuss €eMKOCTH U BapbUPOBaHUSI €€ BO3MOXKHBIX 3HAYEHHH KOHIEHCATOPBI COCOUHSIOT B
Oarapeu, IPH STOM UCTIONB3YETCS UX MapajuIeIbHOE U TIOCIIEI0BATEIIEHOE COCTMHEHUSI.

1. [TapannensHoe coeAMHEHHE KOHAEHCATOPOB (puc. 144). ¥V napamienbHO COeIMHEHHBIX KOHAEHCATOPOB
Pa3HOCTh MOTEHLIMAIOB Ha OOKJIaZKaX KOHJIEHCATOPOB OJMHAKOBA M paBHa GA — ¢B. Eciu emkoctu
otnenbHbIX KOHAeHcaTopoB C1, C2, ..., Cn, To, cornacHo (94.1), ux 3apsiasl paBHbBI

Q1=C, (4—®s),
0:=C, (p4— ),
Qn=C, (pa—03),
a 3apsi OaTapeu KOHICHCATOPOB
0= 0=(C1+C+..+C) (94— 05).
i=] .
[Tonnas emkocTh OaTapeun
n
C=0/ps—0a)=Ci+C3+..+C,= ) C,
i=]

T. €. TpU MapaUIeIbHOM COCJUHEHHH KOHJIEHCATOPOB OHA paBHAa CYMME EMKOCTEH OTJENbHBIX
KOH/ICHCATOPOB.

2. TlocnenmoBaTensHOE COEAMHEHHE KOHACHCATOpoB (puc. 145). YV mocnenoBaTeNbHO COEAMHEHHBIX
KOHJICHCATOPOB 3apsiibl BCceX OOKIIAJOK paBHbI 10 MOJYJIIO, @ Pa3HOCTh MOTEHIHMAIOB Ha 3a)KMMax
Garapeu

Ap=1} Ag,
im=l
TJIe JUIs JTF000T0 U3 paccMaTpuBaeMbIx KoHaeHcaTopoB Al = Q/Ci. C qpyroii CTOPOHHI,
Ap=0/C=Q ¥ (1/C),

i=1

I l Puc. 144
Cn

| +- |

| |

A 8 @ Tpn oanHaxoBbIX KOHAeHcaTopa OfiMH pa3 co-
o——-l I-C——-o efinHeHbl nocnenoBaTenbHo, ApYrod — na-
+ 2 pannenbHo. Bo cXonbko pa3 u KOrga eMKocTb

Garapewn 6ypet 6onbuie?
® MoXxer nn anekTpocTaTuka OTBeTWTL Ha BON-

1 POC: r4e NOKANU3oBAHA BHEPruA K YTO ABNRET-
1) CR ee HocuTenem — 3apsaab unu none? Move-
+- My?

OTKyJa
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n
1/C=}%, (/C),
=]
€. TpU IMOCIEeN0BATEIbHOM COEJUHEHUN KOHJIEHCATOPOB CYMMHPYIOTCSI BEJIWYHMHBI, OOpaTHbIE
eMKocTsM. TakuMm 00pa3om, IIpH .IIOCIEJOBATEIBHOM COCIUHEHUN KOHJIEHCATOPOB PE3YyIbTHPYIOLIAs

emkocTh C BCErjJa MEHbIIIE HAaUMEHbIIICH CMKOCTH, HCHOJ’IBL’»y@MOﬁ B 6aTapee.

3agaHusi M BONIPOCHI

. JlBa 3apspKEeHHBIX IIapHKa, MOJBEUICHHBIX Ha HUTSAX OJUHAKOBOM JJIMHBI, OMYCKAalOTCS B KEPOCHUH
miotHocthio 0,8 r/cM’. KakoBa [omkHAa ObITh IUIIOTHOCTh MAaTepHaia INAPUKOB, YTOOBI YroJ
pPacxXoXACHUSI HUTEH B BO3AyXe M KepocHuHe ObLT OAMH ¥ TOT ke? JudnexTpudeckast MpOHUIIAEMOCTh
kepocuna £=2. [1,6 r/cm’]

. Ha HekoTOpOM paccTossHUM OT OECKOHEYHOI paBHOMEPHO 3apsKEHHOM IIOCKOCTU C MOBEPXHOCTHOM
w10THOCTBIO & =1,5 HKi/cM? pacniosioxkena Kpyrias miacTuHKa. [I0CKOCTh MIIACTHHKH COCTABIISET C
JUHUSIMU HaNpPsHKEHHOCTH yron o=45°. OnpenenuTh MOTOK BEKTOpa HANPSKEHHOCTH 4Yepe3 ATy
IJIACTUHKY, eciu ee paauyc r=10 cm. [1,88 kB-M]

. Konpro paguycom =10 cM U3 TOHKOH IPOBOJIOKM PAaBHOMEPHO 3apsDKEHO C JIMHEHHOW MJIOTHOCTHIO
7=10 HKn/m. OnpenenuTs HaPsHKEHHOCTH MOJIST HA OCH, MPOXOAIICH Yepe3 MEHTP KOJbIa B TOUKE A.
yJajeHHo Ha paccrosiuue @ =20 cM OoT LeHTpa Kojbia. [1 kB/M]

. llap paguycom R=10 cM 3apskeH paBHOMEPHO ¢ 00BEMHOI MIOTHOCTHIO p =5 HK1/M?. Onpenenuts
HANPSOKEHHOCTh JJIEKTPOCTATUYECKOTo ToJsi: 1) Ha pacCTOSHUM 71=2 CM OT IEHTpa Imapa; 2) Ha
pacctostHun 12=12 cM ot nieHTpa mapa. [loctpouts 3aBucumocts E(7). [1) 3,77 B/m; 2) 13,1 B/Mm]

. DIEKTPOCTATUIECKOE TOJIE CO3/1a€TCs MOJOKUTEIBHO 3apsHKEHHON OECKOHEYHON HUTHIO C TTOCTOSIHHON
auHelHo! motHocThio 7= 1 HKn/cm. Kakyto ckopocTs mpruoOpereT 3/1eKTpoH, MPUOIN3UBIINCH O
JICUCTBUEM TOJISl K HUTH BIOJIb JIMHUM HANPSDKEHHOCTU C paccTosiHuA r1=2,5 cM no r=1,5 cm? [18
Mwm/c]

DNeKTpoCTaTHYECKOEe ToJie co3naercs cdepoir paguycoM R=4 cM, paBHOMEPHO 3apsOKEHHOW C
MOBEPXHOCTHOH MI0THOCTRI0O o =1 HKi/M?. OnpenenuTh pasHOCTh MOTEHIUANIOB MEXIY IBYMs
TOYKAMU TIOJISI, JISKAIIMMH Ha paccTOsSHUAX r1=6 cM u r2=10 cm. [1,2 B]

. OnpenenuTh TUHEHHYIO MIIOTHOCTh OECKOHEYHO JUIMHHOM 3apspKEHHOM HUTH, eclid paboTa CHUil MO
no mepemenieHuto 3apsga Q =1 vKn ¢ paccrosaus r1 =10 cM 10 2 = 5 cM B HampaBJICHHH,
NepIeHIUuKyIIpHOM HUTH, paBHa 0,1 mJIx. [8 MxKin/m]

[IpocTpancTBO Mexay OOKIaJKaMu IIJIOCKOTO KOHJEHCATopa 3amojiHeHO mapaduHoMm (& = 2).
Paccrosinue mexny miactuHamu d=8,85 mMm. Kakyro pa3HOCTh MOTEHIIMAIOB HEOOXOIUMO TMOJAaTh HA
TUTACTHHBI, YTOOBI MOBEPXHOCTHASI IJIOTHOCTh CBS3aHHBIX 3apsnoB Ha mapaduHe coctaBisuia 0,05
aKn/em?? [500 B]

. CBOGOHBIE 3apsbl PABHOMEPHO PACIIPEeNeHbl ¢ 00beMHON MI0oTHOCTRIO p =10 HK/M® 1o mapy
paguycom R = 5 CcM M3 OHOPOJHOIO H30TPOIHOIO JUAJIEKTPUKA C JIUAIEKTPUUYECKOU
MPOHUIAEMOCTBIO £€=6. OnpeennTh HaIPSHKEHHOCTH AIEKTPOCTATUYECKOTO MO HA PACCTOSHUAX ¥l =
2 cm u 2= 10 cm oT uentpa mapa. [E1=1,25 B/m; E2=23,5 B/Mm]

10. TIpocTpaHCTBO MEXTy TUIACTHHAMH TIOCKOT'O KOHJIEHCATOpa 3a0IHEHO cTeKIoM (&= 7). PaccTosinue
MEXIy TIUIaCTHHaMH d=5 MM, pa3HocTh mnoteHnuasioB U=500 B. Omnpenenuts 3HEPrUIo
T0JIAPU30BAHHON CTEKIIHHOMN MIACTHHEL, eciu ee miomans S = 50 cm?. [6,64 MK /1]

11. ITnockuii Bo3ayHbld KOHAEHCATOP eMKOCThI0 C=10 n®d 3apspkeH A0 pa3HOCTH moTeHuuanoB U=1
kB. I[locie oTkio4eHus: KOHJIEHCATOpa OT UCTOYHMKA HAMPSHKEHUS! PACCTOSIHUE MEXAY TUIACTUHAMH
KOHJIeHcaTopa ObUIO yBelIMYeHO B JBa pasa. OmpeaenuTs: 1) pasHOCTh MOTEHIMAIOB Ha OOKIaIKax
KOHJICHCATOpa MOCJIe UX PA3ABIKEHUS; 2) pabOTy BHEUTHUX CHUJI IO pa3[BIKEHUIO MiacTuH. [1) 2 kB;
2) 5 mx/JIx]

12. Pa3HOCTh NMOTEHIMANIOB MEXy IiacTUHaAMu KoHaeHcatopa U=200 B. Ilnomans kaxxaoil miacTUHbI
S=100 cm?, paccTosHME MEXIy IUIaCTHHAMH d=1 MM, TPOCTPAaHCTBO MEXJy HHMH 3allOJHEHO
napagpuHoM (&= 2). OnpeaenauTts CUITy NPUTSHKEHUS TUTACTHH APYT K Apyry. [3,54 MH]
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IIpakTuyeckoe 3ansaTue Ne 11 IlocTOAHHBIN JJIEKTPUYECKHI TOK

Henb-3akpenuTs M3y4EeHHBIM MaTepual 10 TeMaTuke «IIOCTOAHHBIM  DJIEKTPUYECKUH  TOK.
ONEKTPUUYECKUH TOK, CWJIAa U IUIOTHOCTh TOKa. CTOPOHHME CHWIIBL. OJIEKTPOJABMKYINAs cuila H
HanpspkeHue. 3akoH Oma. ConpoTuBieHue NpoBOoAHUKOB. PaboTa u MoutHOCTh ToKa. 3akoH Jxoyis
— Jlennia. 3akon Oma a1 HEOAHOPOAHOTO yuacTka nenu. [IpaBuna Kupxroda nms pa3BeTBIESHHBIX
Lernem.

OcBaunBaemMble KOMIIETEHIIMH B PE3yJIbTAaTe MIPOBEACHUS NMPAKTUYECKOIO 3aHATHS YKa3aHbl B ITyHKTE
«O0m1me cBeeHus

AKTYaJIbHOCTh NPAKTHYECKOI'0 3aHATHS — 3aKPEIMUTh IIOJIyYCHHBIC TEOPETUYCCKUE 3HAHUSA WU
BbIpAa0OTAaTh HABBIKU U YMEHHS ITPAKTUYECKOTO PEIICHUS 33124, B TO YHCIIE U CAMOCTOSTENIBHO.

3HaTh:

- METOJIbl CaMOOPTaHU3alMK K caMOOOpa30BaHUIO CTYJICHTA HANpaBICHUS «XHUMHUYECKas
TEXHOJIOTUS»,  CIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJb30BATH ~ OCHOBHBIE  3aKOHBI
€CTeCTBEHHOHAYYHbIX JUCIHIUIMH B MPO(ECCHOHANBHON AEATEIbHOCTH, OCHOBHBIEC 3aKOHBI (DU3UKH,
METOJBl SKCIEPUMEHTAIBHOIO MCCIEOBAHUS, OCHOBHBIX (M3NYECKUX TEOPUH M peLIeHUs
BO3HHUKAIOMMUX (PU3NYECKUX 33734, CAMOCTOSTEIBHOIO MPUOOpEeTeHus: (PU3NYECKUX 3HAHUH, I
[IOHUMAaHMs TPUHIMIOB PabOThl MPUOOPOB U YCTPOMCTB, B TOM YUCIE BBIXOASIIMX 3a IPEIEIIb
KOMIIETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymers:

- OCYILECTBIIAT 3(PPEKTUBHYI0 KOMMYHHKAIIMIO B KOJJIEKTUBE JUISI peIieHHsI MPO(heCCHOHAIBHBIX
3aja4, CHOCOOHOCTBIO M TOTOBHOCTBIO HCIIOJb30BATH OCHOBHBIE 3aKOHBl €CTECTBEHHOHAYYHBIX
IUCUUIUINH B TPOQECCHOHATIBHON MAEATENbHOCTH, HCIONB30BaTh 3HAHUS OCHOBHBIX (PH3MUECKUX
TEOPUM U1 pEeLIeHUs BO3HMUKAIOMMX (U3NYECKUX 3a/ad, CAMOCTOSTEIBHOIO MPUOOPETEHHUs
¢u3nUecKux 3HAHMUHU, A7 MOHMMAHUS TPUHIMIIOB PabOThl MPUOOPOB U yCTPOHCTB, B TOM YHUCIIE
BBIXOJSAIIMX 3@  Ipeneiabl  KOMIIETEHTHOCTHM  KOHKPETHOIO — HAlpaBlICHUs,  NPUMCHSITH
COOTBETCTBYIOIIUI (DU3MKO-MAaTeMaTUYeCKH ammapar, METOIbl aHalu3a M MOJCIUPOBAHMA,
TEOPETUYECKOT0 U SKCIIEPUMEHTAIILHOTO HCCIIEI0BaHNS IPU PELICHNHU NPO(ECCUOHANBHBIX 3a/1a4.

Baanern:

- HaBblKaMM pabOThl B KOMAaHJIE, HAaBBIKAMM BECTH JHAJIOT, JIEJIOBOW CIHOp;  CHOCOOHOCTh K
CaMOOpTaHU3allM U CcaMOOOpa30BaHUIO, HABBIKAMU HATYPHBIX SKCIIEPUMEHTOB C IOCIEAYIOIIEH
00paboOTKOW WX PE3yJbTaTOB, METOJAMH MAaTEMaTUYECKOrO, KOMIBIOTEPHOTO H (U3HUYECKOTO
MOJIETTUPOBAHUS, METOJaMH PELICHHs] TEXHUUECKUX 3ajja4, pacueTa MPOU3BOICTBEHHBIX ITPOLIECCOB U
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KOHCTPYHUPOBAHHUs  COOPYXXEHMH, MalluH M  TEXHOJOTHYECKOro  000pyAOBaHMS,HABbIKAMU
OLICHMBAHHUS PE3YJIbTaTOB CBOEH MPOQPECCHOHANBHON JESATEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMM (PU3MKHM, HABBIKAMHM  CAMOCTOSATENBHOTO MNPHOOpeTeHHs (PU3MUECKUX 3HAaHUM, I
MMOHMMAHUS TPUHLUUIOB pabOThl MPUOOPOB M YCTPOMCTB, B TOM YHUCIIE€ BBIXOJALIMX 3a IMPEAEIbI
KOMIIETEHTHOCTH HaIIpaBJICHUsl XUMUYECKask TEXHOJIOTUs

Pea.lmsyeMble KOMIICTCHIIUHA

OK-7 ciocoOHOCTBIO K CAMOOPTaHU3AIMH U CaMOOOPa30BaHHIO

ITK-4 criocoOHOCTBIO yuacTBOBaTh B pabOTe Ha/l ”HHOBAL[MIOHHBIMU NIPOEKTAMH, UCIIONb3Ys Oa30BbIe
METO/IbI HCCIIEI0BATENbCKOMN IEATEIIEHOCTH

OIIK-4 noHMMaHWEM CYIIHOCTH M 3HaYeHUs WH(OpPMAIIMK B Pa3BUTHH COBPEMEHHOTO OOIIECTRA,
CIOCOOHOCTBIO MONTy4aTh U 00padaThIBaTh MH()OPMALIHIO U3 PA3IUYHBIX HCTOYHUKOB, TOTOBHOCTbHIO
UHTEPIPETHUPOBATh, CTPYKTYPUPOBATh U OPOPMIISITh HHPOPMALIMIO B JOCTYITHOM JJIsl IPYTHX BHJIE

Teopernyeckas 4acTb
1. DylekTpUYeCKNid TOK, CWJIA H IJIOTHOCTH TOKA

B sjekTpoanmHamMuke — pasjiene yueHus: 00 3JIEKTpUYECTBE, B KOTOPOM PacCMaTpUBAIOTCS SBJICHUS U
IPOLECChl, OOYCIOBICHHBIE JBUKEHHEM DJEKTPUUECKHX 3apsAJoB WJIM MaKpPOCKOMHMYECKHX
3apsSOKEHHBIX TEJ, — BAXKHEHIIMM TIIOHATHEM SIBISIETCA IOHATHE 3JIEKTPUYECKOTO  TOKA.
DJIeKTPUYECKMM TOKOM HAa3bIBaeTCsA JIIO0OE  yHoOpso4YeHHOe (HAmpaBJICHHOE) JBUIKEHUE
ANEKTPUYECKUX 3apsAN0oB. B NMpoBOJHMKE NOJA IEWCTBUEM IPUIIOKEHHOrO 3JeKTpuueckoro nois E
CBOOOIHbBIE 3JIEKTPUUECKUE 3apsiibl MEPEeMEIAlOTCs: MOJOKUTENbHbIE — IO TOJI0, OTPULIATEIbHbIE
— mnpotuB nons (puc. 146, a), T. e. B NPOBOJAHUKE BO3HUKACT DJIEKTPUYECKHI TOK, Ha3bIBaEMBbIN
TOKOM mpoBoauMocTH. Eciu ke ymnopsjodeHHOe JBUKEHHE JJIEKTPUYECKUX  3apsioB
OCYUIECTBIIIETCS IIEPEMELIEHUEM B IIPOCTPAHCTBE 3apsHKEHHOTO MaKpOCKonmuyeckoro Tena (puc. 146,
0), TO BO3HUKAET TaK Ha3bIBAaCMbIii KOHBEKIIHOHHBIN TOK.

J71s1 BOSHUKHOBEHHS M CYIECTBOBAHUS IEKTPHUECKOTO TOKa HEOOXOIUMO, C OJHON CTOPOHBI, HAJTMUUE
CBOOOJHBIX HOCHTEJIel TOKA — 3apsDKEHHBIX YaCTHIL, CIIOCOOHBIX MEPEMEIaThCsl YIOPSA0YEHHO, a C
OPYyTrol — Hanuuue 21eKmpuyeckoeo nojis, SHEPrus KOTOPOro, KaKMM-TO 0Opa3oM BOCIOJHSACH,
pacxozoBanach Obl Ha MX YHOPSAIOYEHHOE JBIKEHHE. 3a HANpaBieHHE TOKA YCI06HO TMPUHUMAIOT
HaIMpaBJICHUE IBUKCHUS HOJOHCUMENbHBIX 3APAO08.

KonnyecTBeHHON MEpOi IEKTPUIECKOTO TOKA CIYXKUT CHJIA TOKA [ cKaysipHas Gu3nyeckas BEIMYHUHA,
onpezenseMas 3JEKTPUUECKUM 3apsiioM, MPOXOJAIIMM 4Yepe3 MONEPEUYHOE CEYEHHE NMPOBOJHUKA B
€MHUILY BPEMEHU:

=22
dr

Ecnu cuna Toka M €ro HampaBiI€HHE HE H3MEHSIOTCS CO BpPEMEHEM, TO TAaKOW TOK Ha3blBaeTCA
NMOCTOSTHHBIM. [[J151 MOCTOSIHHOTO TOKa

I=Q/1,

Puc. 146

a) .
—-——*
0 o 57
e ——————-
@ Y10 Ha3biBAETCA cuno#i Toka? MNOTHOCTLIO TO-
ka? Kakosbl vx eguunybi? (fatL onpepene-

3l HUA.)
@ HaszoBuTe ycnoBus BO3HMKHOBEHMS W CylecT-
v BOBAHWUS 3NEXTPHYECKOro TOKA.

rae 0 — SNEKTPUUYSCKUU 3apsiji, MPOXOMAAIIUMN 3a BpeMs ¢ depe3 MOIMEepPedyHOe CEYCHHE IPOBOIHUKA.
Enunanna cuimel Toka — ammep (A).



59

dusznueckas BCJIMYMHA, OlpcaciaicMan CUJIOMN TOKa, IpoXoadmero 4Yepe3 CAUHULY IUI0Iaan
MOnepeyYHoOro CCYCHUA MPOBOAHMKA, TMCPHCHAUKYIAPHOrO HAIPAaBJICHUIO TOKA, HA3bIBACTCA

IJIOTHOCTHIO TOKA:
,odr
J—E-
BblpazuM cuily M IUIOTHOCTH TOKa Yepe3 CKOPOCTb (V) YNOPSAJOYCHHOTO IBM)KCHHUS 3apsioB B
npoBoaHuKe. Ecnu KOHIEHTpanusi HOCUTENEeW TOoKa paBHA 7 M KaXIbl HOCHUTEIb HMEET
AJIEMEHTAPHBIN 3apsia e (4TO He 00s13aTeNILHO JIJISl HOHOB), TO 32 BpeMs df uepe3 MoMepedHoe ceueHue S

NPOBOJHMKA MepeHocutcs 3apsin dQ=ne (v) S dt. Cuna Toka
g g
_E~M ) S,
a IUIOTHOCTB TOKa

j=nelv). (96.1)
[TnoTHOCTH TOKAa — 6ekmMOp, OPUCHTHUPOBAHHBIM 1O HANPABICHHUIO TOKA, T. €. HANPABJICHUE BEKTOPA j
COBIMAZA€T C HAMpABICHUEM YIOPSIOYCHHOTO [BI)KCHHUS IIOJIOKUTEIBHBIX 3apsioB. EnumHuma
IJIOTHOCTH TOKA — aMIIep Ha MeTp B kBaapate (A/m?).
Cuna Toka CKBO3b IIPOU3BOJIbHYIO IIOBEPXHOCTH S OMpEEIAeTcsl Kak IOTOK BEKTOpA j, T. €.
I={ jds,
s (96.2)
rae dS=ndS (n — eIMHUYIHBINA BEKTOP HOPMaJH K IuIomaske dS, COCTaBISIFONICH ¢ BEKTOPOM j YTOJI o).

2. CTopoHHHeE CHJIbI. DJIEKTPOABHAKYIIASl CHJIA H HaNPsKeHHe

Ecnu B 1ienm Ha HOCHTEIM TOKA JEUCTBYIOT TOJBKO CHIIBI JICKTPOCTATHUECKOTO IOJIS, TO TMPOUCXOIHT
nepeMelieHue HocuTenel (OHM TMPEANoNaraloTcs TMOJOKUTENbHBIMU) OT TO4YeK C OOoNbIIUM
MOTEHIIMAJIOM K TOYKAM C MEHBIIIUM IMOTSHIIHAIOM. JTO MPUBEIET K BRIPABHUBAHUIO MIOTSHIINAIOB BO
BCEX TOYKAX IENMM U K HCUYE3HOBEHMIO dJeKTpuueckoro mois. [loatomy st cyriecTBOBaHUS
MOCTOSTHHOTO TOKa HEOOXOJUMO HaJIW4YUe B IIEMH YCTPOWCTBA, CIIOCOOHOTO CO37aBaTh U
MOJIICP)KUBATH PA3HOCTh MOTEHIIMAJIOB 3a CUET PabOThI CHUIJT HEINEKTPOCTATHUECKOTO IPOUCX 0K ICHUS.
Takme ycTpoiicTBa Ha3bIBAIOTCS HMCTOYHMKAMHU  Toka. CHIBL  HedIeKmpocmamuyeckozo
npoucxodicoenuss, JIeUCTBYIONIME Ha 3apsAlbl CO CTOPOHBI HMCTOYHHUKOB TOKA, HA3bIBAIOTCS
CTOPOHHHMMH.

[Ipupona CTOPOHHUX CHJI MOXET ObITh pa3iauuHoil. Hampumep, B raJbBaHMYECKHUX AJIEMEHTaX OHU
BO3HUKAIOT 3a CYET DHEPrUM XUMHUYCCKUX PEaKIUH MEXKIy OJJIEKTPOJaMU U JIICKTPOJIUTAMH; B
reHepaTope — 3a CYET MEXaHUYECKOW SHEPTUH BpallleHUs] pOTOopa TreHepaTopa u T. . Pons uctouHmnka
TOKA B AJICKTPUUYCCKON I1enHu, 00pa3HO TOBOPS, TaKas ke, KaK POoJIb HAcO0Cca, KOTOPBIH HEOOXOMUM st
NepeKaurBaHus >KUJIKOCTH B TUOpaBiudeckor cucteme. llox neiicTBueM co3gaBaeMoro moJs
CTOPOHHHUX CHJI OJJICKTPUYCCKUE 3apsibl JBIDKYTCSI BHYTPM MCTOYHHMKA TOKA IPOTHUB CHUI
JMEKTPOCTATUYECKOTO TONs, Onarofaps 4YeMy Ha KOHIAX LEeNU MOAJEPKUBAETCS pPa3HOCTh
MOTCHIIMAJIOB U B IIETH TEYET IMOCTOSTHHBIN YJICKTPUYSCKUN TOK.

CtopoHHHME CHJIBI COBEpIIAIOT pPabOTy MO NEpeMEeUICHHIO SJCKTPUUECKUX 3apsanoB. Duznyeckas
BEJIMYMHA, OlpeaensieMas padOToOH, coBepIIaeMON CTOPOHHUMH CHJIAMHA TIPH  [IEPEMEIICHUN
€AMHUYHOTO  TOJOXHUTEIBHOTO  3apsiia, Ha3bIBaeTCs  JJIEKTPOABM:KYIIeH cuioii  (3.4.c.),
JICUCTBYIOILIEH B LEITU:

E =4/ 97.1)

Dt1a paboTa NPOU3BOAATCA 32 CUET SHEPIHMH, 3aTPAUYMBAEMON B MCTOYHUKE TOKA, IIOITOMY BeauduHy &
MOKHO TaK)X€ Ha3bIBaTh JJICKTPOIBMKYIICH CHJIOW MCTOYHUKA TOKA, BKIIFOUEHHOTO B Iemb. YacTo,
BMECTO TOTO YTOOBI CKa3aTh: «B LIEMU JEHCTBYIOT CTOPOHHHE CHUJIBD), TOBOPAT: «B LEMH JCHCTBYET
3.1.C.», T. €. TEPMUH «IJEKTPOJBMKYIIIAS CHUJIa» YIOTPEOIIETCS KaK XapaKTePUCTHKA CTOPOHHUX CHII.
3.1.c., KaKk U MOTEHLIMaN, BhIpaxkaeTcs B BoibTax (cp. (84.9) u (97.1)).

Croponnsis cuna Fer, nefictByromast Ha 3apsin QO0, MOKeT OBITh BhIpaXKeHa KaK

Fcr=E¢rQ0'
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rae E — HanpshKeHHOCTD MOJIst CTOPOHHUX CHII. PaboTa jke CTOPOHHHX CHJI IO MepeMelieHuto 3apsiaa Qo
Ha 3aMKHYTOM y‘-IaCTKe Iemnn paBHa
A = $F.dl = Qy § E; dl.
§ § (97.2)
Pazgenus (97.2) Ha Qo, MOIYyYUM BBIpOXKEHHE JIJIS 3. [I. C., IEUCTBYIOIICH B IICTIH:

E= § E.d,

T. €. 3.1.C., JCUCTBYIOIIAasl B 3aMKHYTOW IIEMU, MOXET OBbITh OMpEleleHa KaK IUPKYJSIUS BEKTOpa
HaMpsH>KEHHOCTH OISl CTOPOHHUX CHIL. J.J1.C., IEUCTBYIOIIAs HA y4acTke /—2, paBHa

2
o= fE,d.
! (97.3)
Ha 3apsn Qo MOMHMO CTOPOHHMX CHJI JEHCTBYIOT TakXKe CHIIBI dJeKTpocTaruueckoro mojis Fe=QoE.
TaxuMm 06pa3oM, pe3yIbTUPYIONIAs CUIla, IHCTBYIOIAs B Lenu Ha 3apsa Qo, paBHa

- -
F=F;+F.=0E s+E)
Pabota, coBepiaemas pesyiabTupyromei cuitoit Haa 3apsaoMm Q0 Ha yyacTke 1—2, paBHa

2 2
A = Qo [ Ex dl + Qg | Edl
1 1

Ucnone3ys Beipaxenus (97.3) u (84.8), Moxxem 3anucarhb

A12=00 Ei2+ Qo (P1—92). (97.4)

JI1s 3aMKHYTOM LU paboTa JJIEKTPOCTATHIECKMX CHJI PaBHA HYJIO (CM. 83), MO3TOMY B JaHHOM CIIydae
A=0o & 1.

Hanpsoxkennem U Ha yuactke |—2 HaspiBaeTcs (Qu3MUecKas BEJMYMHA, oOIpenenseMas padboToH,
COBEpIIaeMO CYMMapHBIM TMOJIEM JJIEKTPOCTATUYECKUX (KYJIOHOBCKMX) U CTOPOHHUX CHII TpHU
NepeMEIeHNH €NHUYHOTO TMOJOKUTEIBHOTO 3apsa Ha JAaHHOM YydYacTKe Lenu. TakuMm oOpazom,
cornacHo (97.4),

Un=¢1—¢2+ & 12.

ITonsatue HaITPAKCHUSA ABJISICTCSA 0606H_[€HI/IGM MOHATHA PA3HOCTH IMOTCHIUAJIOB: HAIIPSAXKCHUC HAa KOHIAX
ydJacTKa IIeT PaBHO PA3HOCTH MOTCHIMAJIOB B TOM CIydae, €CIM Ha 3TOM y4YacTKe He JeiCTByeT
D.1.c., T. €. CTOPOHHUE CUJIbI OTCYTCTBYIOT.

3. 3akon Oma. ConpoTuBjeHHe NPOBOAHUKOB

Hewmenxwuii ¢puzuk I'. Om (1787;—1854) sxcnepuMeHTaIbHO YCTaHOBWII, UTO CHJIa TOKA [, TEKYIIEro Io
OJIHOPOJHOMY METaJUINYECKOMY IIPOBOJHUKY (T. €. IPOBOJIHUKY, B KOTOPOM HE JIEUCTBYIOT CTOPOHHHUE
CHUJIbI), IPOIOPLIMOHANIbHA HAINPsKEHUIO U Ha KOHIIaX MPOBOIHUKA!

I=U/R, (98.1)

rae R — 2JIeKTpUUYeCcKoe CONMPOTUBIICHHUE MPOBOJHUKA. YpaBHeHHE (98.1) BeIpaxaeT 3akoH Oma ajsi

yyacTka unemu (HE coJepKallero HWCTOYHMKA TOKa): cajla TOKa B MPOBOJHHUKE MPSMO

MPONOPILMOHANIbHA TPUIOKEHHOMY HANpsXKEHUI0 M O0OpaTHO MNPONOPIUOHATIBHA COMNPOTUBICHUIO

npoBoaauka. ®opmyna (98.1) mo3BoSET yCTAHOBUTH SAMHUILY CONPOTHBICHUST — oM (Om): 1 Om —

COTNPOTHUBIICHNWE TAKOTO MPOBOJHUKA, B KOTOPOM TpH HampspkeHuu 1 B Teder mocrosiHHbIi Tok 1 A.

Bennuuna

G=1/R

Ha3bIBAETCS JIEKTPHYECKOIl MPOBOAMMOCTBIO ITPOBOAHMKA. EnnHuiia npoBogumoctu — cumeHc (Cwm):
1 CM — poBOIMMOCTb y4acTKa 3JIEKTPUUECKOM LIETH CONpOTUBIEHHEM | OM.

ComnpoTuBieHHE MPOBOJIHUKOB 3aBUCUT OT €r0 pa3MepoB U (POPMBIL, a TaK)Ke OT MaTepuaia, U3 KOTOpOro
MPOBOJIHUK M3rOTOBJEH. J[Ji1 OJHOPOJHOIrO JMHEHHOTO NPOBOJHUKA CONPOTUBIEHHE R TPSIMO
IPONOPLMOHAIIBHO €ro JUIMHE / M 00paTHO MPONOPLMOHAIBHO IUIOIIAU €T0 MONEPEYHOT0 CEYEHUS S

1

R=p=,
s (98.2)
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rie p — Ko3pOUUIUEHT NPONOPLIUOHATIBLHOCTH, XapaKTepU3yIONIMM MaTepuan MpOBOJHUKA U
Ha3bIBAEMBIN yIeJbHBIM 3J1eKTPHYECKUM CONPOTUBJEeHHeM. EMMHNIIA yIENbHOTO 3JIEKTPUIECKOTO
corpoTtuBiieHUsT — oM-MeTp (Om-M). HauMeHbIINM yAeTbHBIM COMPOTHBIEHUEM 00JIaal0T cepedpo
(1,610 Omm) m memp (1,7-10® Om-m). Ha mnpakTuke Hapsgy ¢ MeIHBIMHM TNPHMEHSIOTCS
QIIOMUHUEBBIE NPOBOJA. XOTS AJIOMUHUM M UMeeT Ooiiblliee, YeM MeJlb, YAEIbHOE COMPOTHBIICHUE
(2,6-10°% Om:M), HO 3aTO 061aJaeT MEHbIIEH ITIOTHOCTBIO 110 CPABHEHHUIO C MEIBIO.

3akon Oma MOXHO mpeacTtaBuTh B auddepenuumansHoit (opme. IloactaBuB BbIpakeHue ams
conpotusiieHus (98.2) B 3akoH Oma (98.1), noxyuum

I 1

57 %

/i€ BeJIMYMHA, 00paTHas yIeJIbHOMY COIPOTUBIICHHUIO,

Y=1/p

Ha3bIBACTCS YAEJbHON JJIEKTPUYECKOH NPOBOAMMOCTBIO BelllecTBa MpoBOAHUKA. Ee enununa —
cumenc Ha MeTp (Cwm/Mm). YuuteBas, uto U/l = E — HampsHKEHHOCTh JJCKTPUYECKOTO IOJS B
NPOBOJHHUKE, [/S = j — MIOTHOCTH TOKA, hopmyiy (98.3) MOkHO 3amucaTh B BUZE

J=IE. (98.4)

v
r (98.3)

@ Y10 Takoe CTOPOHHWe cunui? Kaxosa ux npu- @ MoueMmy HENPAXeHKne ABNASTCA 0600UBHHLIM
pona? ' NOKATHOM PA3HOCTH NOTeHUManos?

© B uem saknouaetcr Gusniecknil cMbicn anex- @ Kaxosa CBRA3b MOXAY CONPOTMBNIOHNeM W NPOo-~
TPOABMXYILEA Cunbl, AeRcTeyILel B yenu? BOANMOCTLIO, YAGNbHLIM  CONPOTHBNOHNEM
HanNpsX8HNA? PA3HOCTH NOTOHUNENOoB? » yRensHol NpoBoANMOCTLIO?

Tak kak B M30TPONHOM MPOBOJHUKE HOCUTENIH TOKA B Ka)KJIOM TOUKE JIBUXKYTCS B HallpaBJICHUU BEKTOpa
E, To nanpasnenus j u E cosnanatot. [Toatomy popmyiy (98.4) MoxxHO 3anucaTh B BUJE

j=7E. (98.5)

Bripaxenue (98.5) — 3akon Oma B auddepeHunaibHoM ¢Gopme, CBI3BIBAIOIINI TUIOTHOCTh TOKA B
110001 TOUuKe BHYTPH MPOBOJHUKA C HAPSKEHHOCTBIO JEKTPUUECKOrO IMOJIs B 3TOM ke Touke. ITO
COOTHOILIEHHUE CNIPABEJINBO U JUIsl IEPEMEHHBIX MOJEH.

OnpIT MOKa3bIBAET, YTO B MEPBOM NPUOIMKEHUH HU3MEHEHHUE YJEJIbHOIO CONPOTUBIICHUS, a 3HAUYUT U
COIIPOTHUBIICHUS, C TEMIIEPATYPON ONUCHIBAETCS IMHEWHBIM 3aKOHOM:

p=po (1+af), R=R, (1 +a1),

rae pu po, R 1 Ro — COOTBETCTBEHHO YJIENbHBIE COMPOTHUBIICHUS U CONIPOTUBIIEHHS IPOBOIHUKA MIPU f U
0°C, o — TemnepaTypHblii K03Q(PUIHEHT CONPOTUBIEHHS, I YUCTHIX METAUIOB (IIPH HE OYCHB
HU3KUX TeMmmeparypax) Ommskmii k 1/273 K'. CrnenoparensHo, TemmepaTypHas 3aBUCHMOCTD
COIPOTHUBIICHUSI MOKET OBbITh NMPEACTABIICHA B BUJE

R=aR,T,

rae 7' — TepMoAMHaMUYecKasi TeMrepaTypa.

KayecTBeHHBIN X0JI TeMIepaTypHOH 3aBUCHUMOCTH CONPOTHMBIIEHHS MeTajula MpeAcTaBieH Ha puc. 147
(xpuBas /). BiocnenctBuu 66u10 0OHAPYKEHO, YTO COMPOTHBIICHINE MHOTHUX METAJUIOB (Hanmpumep, Al,
Pb, Zn u pp.) u ux cnmaBoB mpu oueHb HuM3KuX Temmeparypax 7Tk (0,14—20 K), nHazpiBaeMbIx
KPUTHYECKMMHM, XapaKTEPHBIX Il KaKJOro BEIEeCTBA, CKAYKOOOPa3HO YMEHbBILIAETCS A0 HyJs
(kpuBas 2), T. €. METaJll CTAHOBUTCS a0COJIIOTHBIM IIPOBOJHUKOM. BriepBbie 3TO siBI€HHME, HA3BAHHOE
CBEpPXMIPOBOAUMOCTBIO, 0oOHapyxkeHo B 1911 r. I'. Kamepnuur-OnHecom st pryTd. SIBieHHE
CBEPXIPOBOJAMMOCTH OOBACHSETCS Ha OCHOBE KBaHTOBOH Teopuu. IIpakTmueckoe ucCmonb3oBaHUE
CBEPXIIPOBOSIINX MaTepUajIoB (B 0OOMOTKaX CBEPXIPOBOJAIIMX MAarHUTOB, B cucTeMax namstu OBM
U JIp.) 3aTPyAHEHO M3-3a UX HU3KUX KPUTHUECKUX Temreparyp. B Hacrosiee BpeMs oOHapyKeHbl U
AaKTUBHO HCCJENYIOTCS KEepaMUYEeCKHMEe MaTepuajbl, O0Jiaaloliie CBEPXIPOBOAMMOCTBIO IpHU
temnepatype Bbie 100 K.

Ha 3aBUCHMOCTH 3JIEKTPUYECKOTO CONPOTHBIICHHUS METAJIOB OT TEMIIEpaTypbl OCHOBAHO JecTBHE
TEePMOMETPOB  CONPOTHBJIEHUS, KOTOpblE TO3BOJISIIOT MO TIPaAyUpOBaHHON  B3aMMOCBS3U
COIMpPOTHUBIIEHUSI OT TEMIIEpaTyphbl U3MEPSTh TemrepaTrypy ¢ TouHocThio 10 0,003 K. Tepmomerpsl
COIIPOTHUBIIEHUs,, B KOTOPBIX B KayecTBe pabodero BELIECTBAa MCIOJB3YIOTCS MOTYHNPOBOIHHUKH,
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HU3TOTOBJICHHBIC IIO CHCHH&HBHOﬁ TCXHOJIOTWH, HAa3bIBAIOTCA TEPMUCTOPaAMM. OHU TO3BOJAIOT
HU3MCPATH TEMIICPATYPBI C TOYHOCTBIO 1O MHUJIJIMOHHBIX noneﬁ KCJIbBUH.

R ‘ Pac. 147

@ B yem 3aknioyaercs KRBNEHWE CBEpPXNpOBOAN-
- MOCTN? KakoBbl ero NepcnexkTuBb:?

@ Ha YeMm ocHOBaHO feiAcTBNe TepMOMeTpOoB CO-
Te T,K NPOTHBNEHNS ?

4. Pab6ota u MOoIHOCTH TOKA. 3akoH I:koyass — Jlenna

PaccMoTpuM OHOPOHBIM MPOBOJHUK, K KOHILIAM KOTOPOro MpuiioxeHo HampsbkeHue U. 3a "Bpems df
yepe3 CeYCHUE MpoBOJIHUKA mepeHocutcs 3apsin dg=Idfz. Tak kak TOK NpEICTaBISET COOOM
nepeMenieHue 3apsaa dg moj 1edcTBUEM IEKTPUIECKOro oIS, TO, o (hopmyiie (84.6), paboTa Toka

dA=Udgq=1IUd:. (99.1)

Ecnu conporuBnenne npoBogHMKa R, TO, UCTONIB3Ys 3akoH Oma (98.1), momyunm
2

U
d4 = PRdt = — dt.
R

(99.2)
N3 (99.1) u (99.2) cnenyert, 9TO MOIIHOCTh TOKa
dA
P=-— = UlI= I?R = U%R
dr (99.3)
Ecnmu cuma toka BBIPpAXKACTCA B aMIICpax, HAINPSIKCHUC — B BOJIbTaX, COMPOTHUBJICHUC — B OMaAX, TO

paboTa TOKa BBIpaKaeTCs B JDKOYJISAX, & MOITHOCTh — B BaTTax. Ha mpakTHke MPUMEHSIOTCS TaKKe
BHECHCTEMHbBIC €IMHUIBI pabOThl TOKa: BarT-4ac (BT-u) u kxunoBarT-uac (kBT-u). 1 BT-u — pabora
ToKa MomHOocTh0 1 BT B Teuenue 1 u; 1 Br-u=3600 Br-c=3,6-10° JIxx; 1 kB1-u=103 Br-u= 3,6-10° Ixk.

Ecnu TOK IpOXOJIUT TIO HenoosuiCHOMY METALNTHNYECKOMY MTPOBOIHUKY, TO BCs paboTa TOKa HIET Ha €ro
HarpeBaHue |, M0 3aKOHY COXPAHECHUS YHEPTHUH,

dQ=dA. (99.4)

Taxum 06pazom, ucnons3ys BeipaxkeHus (99.4), (99.1) u (99.2), nonyuum
2

U
dQ = IUdt = I*Rdt = — dt.
R (99.5)

Bripaxenue (99.5) npeacrasiser coboit 3akon Jxkoyas—JleHuna, s5KCIiepuMeHTaIbHO YCTaHOBIICHHBIN
He3aBUCHMO JipyT oT apyra Jlx. Lxoynem u 3. X. Jlenuem. *
* 9. X. Jlenr (1804—1865) — pycckuii pusuk.

Brimenum B mpoBOAHUKE 3JIEMEHTApHBIN MuMHApudYeckuid oobeM dV'=dSd/ (ock nunmHApa coBnagaeT ¢
HaIpaBJICHUEM TOKa), COMPOTUBJIEHUE KOTOPOro R=p % ITo 3akony JIxoymns — Jlenia, 3a Bpems df B
3TOM 00BEME BBIACIUTCS TEIIOTA

dQ = IPRdt = %’ Jud)-dt = pj2dvde.

KomngectBo TCIJIOTHI, BBIACIIAIOIICCCA 3a CAMHUIY BPCMCHU B CAWHUIIC O6T)CMa, Ha3bIBACTCs yI[eHbHOﬁ

TeIUIOBOM MOIIHOCTHIO TOKAa. OHa paBHa
22

W= (99.6)
Hcnons3ysa quddepenunanbuyto popmy 3akoHa Oma (j=yE) u cooTHOLIeHHEe p=1/y, noiyuum
w=jE=yE?. (99.7)

@opmynsl (99.6) u (99.7) sBnsoTca 0000IIEHHBIM BbIpakeHUEM 3akoHa J[xoyasi—JleHna B
augdepeHnnanbHoil popme, IPUTOAHBIM IS TIOOOTO MPOBOIHUKA.

TenyoBoe nelCTBUE TOKA HaXOOUT IIMPOKOE MPUMEHEHHUE B TEXHHMKE, KOTOPOE HA4ajJoCh C OTKPBHITHUS B
1873 r. pycckum umxeHepoM A. H. Jlogsirunbiv (1847—1923) nammbel HakanuBaHusi. Ha HarpeBanun
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MPOBOJHUKOB JJIEKTPUYECKUM TOKOM OCHOBAHO JEWCTBHE DICKTPHUUECKUX MYy(QenbHBIX TeUeH,
ANEKTpUUECKOr nyru (oTKpbiTa pycckuMm umxkeHepom B. B. IlerpoBsim (1761—1834)), KOHTaKTHO#M
ANEKTPOCBAPKH, OBITOBBIX AJIEKTPOHATPEBATEIBHBIX MPUOOPOB U T. 1.

5. 3axon OMa 1J11 HEOTHOPOIHOI0 YYACTKA e

Ms1 paccmaTpuBanu 3akoH Oma (cM. (98.1)) 11st OTHOPOIHOTO Yy4YacTKa e , T. €. TAaKOro, B KOTOPOM He
JEBCTBYET 3.1.C. (HE NEUCTBYIOT CTOPOHHHE CHIIBI). Ternepp pacCMOTPUM HEOJHOPOIAHBIH YYACTOK
Lenu, Iae JeHCTBYIONYIO 3./1.C. Ha yyacTke /—2 0003HauuM yepe3 E,,, a NPUIOKEHHYIO Ha KOHLIAX

y4acTKa pa3HOCTh MOTEHIIUATIOB — Yepe3 @1 —@».

Ecan TOK MpOXOANT MO HenoosudcHviM MPOBOAHUKAM, 00pa3yonuM y4acTok /—2, To paboTa A12 Bcex
cill (CTOPOHHHUX M JJIEKTPOCTATUYECKHX), COBEpIIaeMas HaJ HOCUTEISIMH TOKa, IO 3aKOHY
COXpaHEHHs W TIPEBpAILCHHs 3HEPIMH paBHA TEIJIOTe, BBIACISIONelcs Ha ydacTke. Pabora cui,
coBepIaemas pu nepemeieHun 3apsaa Qo Ha yyactke /—2, cornacHo (97.4),

Az=0o E12+ Qo (91— 2. (100.1)

D.1n.c. By,  Kak M cuia Toka /, — BeluuuHa ckajaspHasd. Ee Heo6xoauMo OpaTh MO0 ¢ MOJIO0KUTEIIBHBIM,

aub0 ¢ OTpPUIATENILHBIM 3HAKOM B 3aBHUCHMOCTH OT 3HaKa paboThl, COBEpPIIAEMOW CTOPOHHUMU
cwiamu. Eciu 3.1.¢. cITOCOOCTBYET JBMKEHHUIO TIOJIOKUTENBHBIX 3apsAI0B B BRIOPAHHOM HaIIPaBJICHUN
(B HampaBneHuu /—2), 10 B,, > 0. Ecin 5.11.c. NpenarcTBYeT JBUKEHUIO NOJIO0KUTEIbHBIX 3apsA10B B

JTAHHOM HAIIPaBJIEHUH, TO E,, < 0. 3a BpeMs ¢ B IPOBOAHUKE BblAeNAeTCs TemaoTa (cM. (99.5))

Q = I*Rt = IR (It) = IRQ,. (100.2)
N3 dpopmyn (100.1) u (100.2) momyuum
IR=(p1— 9+ En, (100.3)
OTKYy/Ja
I=¢1—¢2+ Eu.
R (100.4)

Bripaxenue (100.3) wnu (100.4) npencrasnser coboii 3akoH OMa Jyuisi HEOTHOPOIHOTO ydacTKa IIENu B
UHTETpaIbHON opMe, KOTOPHIil siBisieTcs 000011IeHHBIM 3aK0HOM OMa.

Ecnu Ha 7aHHOM y4acTKe LIeH UCTOYHUK TOKA OTCYTCTBYET (512’ =0), To u3 (100.4) npuxoauM K 3aKOHY

Owma anst omHOpOAHOTO yuyacTka 1ernu (98.1):
I=(¢,—9)/R=U/R

(Ipu OTCYTCTBUU CTOPOHHHMX CHUJI HAaIpsDKEHHE HA KOHLAX YYacTKa PaBHO Pa3HOCTH MOTEHLHUAIOB (CM.
97)). Ecnu xe anektpudeckas 1enb 3aMKHYTa, TO BbIOpaHHbIe TOUkH | U 2 coBmanaiot, ¢1=¢2; Toraa
u3 (100.4) nonyvaem 3akoH OMa /71 3aMKHYTOM LieTu:

I= E|R,

rne € - s.x.c., meiictByromas B menmu, R — cyMmapHOe conpoTHBIIEHHE Beeil renu. B obmem cioydae
R=r+R1, rae r — BHyTpeHHEE CONPOTUBJIIEHNE UCTOYHUKA TOKA, R I—conpoTuBieHNEe BHEIIHEN LIETH.
[TosTromy 3axkon Oma 1 3aMKHYTOH 11eTiu Oy1eT UMETh BH]L

I= E/(r+R).

Ecnu nens pa3oMkHyTa U, cienoBaTesbHO, B HEM Tok orcyTerByeT (I = 0), To u3 3akona Oma (100.4)
MOJIyYUM, 4YTO s =@l—@2, T. e. 3.4.c., ACHCTByIOLas B Pa30OMKHYTOH LENH, paBHAa Pa3HOCTH
MOTEHLMANIOB Ha ee KoHuax. CiemoBaTenbHO, U1l TOrO 4YTOObI HAaWTH 3.1.C. UCTOYHUKA TOKA, HAJ0
M3MEPUTh PA3HOCTh MOTEHIMAJIOB HAa €r0 KJIEMMax IPU pa30MKHYTOM LIEIIH.

6. IlpaBnia Kupxrodga n/st pasBeTBJIeHHBIX HeNeH

O6006mennbIif 3akoH Oma (cM. (100.3)) mo3BoisieT paccuuTaTh MPAKTHUYECKH JIOOYIO CIOKHYIO LEMb.
OnHako HEMOCPEICTBEHHBIH pPacdeT Pa3BETBICHHBIX IIETICH, COMAEpKAIIMX HECKOJIBKO 3aMKHYTBIX
KOHTYPOB (KOHTYpPBI MOTYT UMETh OOIIME yYaCTKH, KaKIblii U3 KOHTYPOB MOXET MMETh HECKOJBKO
MCTOYHHMKOB TOKA M T. JI.), TOBOJBHO CIOXKEH. DTa 3a/1a4a pemaercsi 6oyiee mpocTo ¢ IMOMOIIBIO ABYX
npasuia Kupxroda.*

*T". Kupxrod (1824—1887) — nemenkuii pu3uk.
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JIrobast Touka pa3BETBIECHUS LIEMHU, B KOTOPOW CXOJUTCSI HE MEHEE TpPEX IPOBOJHUKOB C TOKOM,
Ha3bIBaeTCs y3J0M. [Ipu 3TOM TOK, BXOJAIIMN B y3€ll, CYUTAETCS MOJI0KUTEIbHBIM, @ TOK, BBIXOSAIINI
U3 y3J1a, — OTPHULIATEIIbHBIM.

ITepBoe npaBuiio Kupxroga: anredbpanueckasi cymma TOKOB, CXOJSILIMXCS B y371€, paBHA HYJIIO:

Y I;=0.
k

Hanpuwmep, nist puc. 148 nepBoe npasmiio Kupxroga 3anumercs Tax:
L—-L+5L-1,—Is=0.

[TepBoe mpasuiio Kupxroda BeiTekaeT U3 3aKOHa COXPAHEHHUs AJIEKTpUUecKoro 3apsaa. JleiicTBUTEnbHO,
B CJIy4ae yCTaHOBHBILETOCS MOCTOSIHHOTO TOKa HH B OJHOW TOYKE MPOBOJHUKA U HH HA OTHOM €T0
y4acTKe He JOJKHBI HAKaIJIMBAThCS DJIEKTPUUECKHE 3aps/ibl. B MpOTHBHOM ciydyae TOKH HE MOTJTIU OBl
OCTaBaThCS MOCTOSTHHBIMH.

Bropoe mpaBuno Kupxroda mnomyuaercss u3 o6o0meHHOro 3akoHa Owma Il pa3BETBIICHHBIX IIETICH.
PaccMoTpuM KOHTYp, cocTosmuii U3 Tpex ydacTkoB (puc. 149). Hampaprnenue o0xoma Mo 4acoBOU
CTpeNKe MpHUMEM 3a TMOJOXKUTEIbHOE, OTMETHB, 4YTO BBHIOOpP OSTOTr0 HAMNpaBICHHUS COBEPIICHHO
Npou3BOJicH. Bce TOKW, COBMAfammuMe IO HANpaBICHHUIO C HaIlpaBlIeHHEM 00xoJa KOHTYpa,
CUMTAIOTCS TIOJOXKUTEIbHBIMU, HE COBMAJAIOIIUE C HAIMpaBJIICHHEM 00X0/Ja — OTPHUIATEIbHBIMU.
HcTouHnkH TOKAa CUMUTAIOTCS MOJOXKHUTEIbHBIMH, €CIIM OHU CO3JAI0T TOK, HANpPaBICHHBIA B CTOPOHY
06xoma koHtypa. [Ipumenss k ydactkam 3akoH Oma (100.3), MOXKHO 3amucath:

LRy=@4—@p+ €4,
—LR;=@—@c— € 3,
LRy=@c—@4+ T 3.

Iy

v AN
s ' s"%/e Rl
I 21782142
’ ﬁ/i_\ﬁ

A c
Is -
Iy : 5. h5.15 4
Prc. 148 Pac. 149
CkJ1apIBasi MOWICHHO STH YPaBHEHHS, TIOJTyYUM
LR, —LR;+LRy= €,— E 4+ E .. (101.1)

Vpasuenue (101.1) Belpakaer BTOpoe mnpaBuiao Kwupxroga: B m000M 3aMKHYTOM KOHTYDE,
IPOM3BOJBHO BBIOPAHHOM B Pa3BETBICHHOM »HIEKTpUYECKOM Liemu, anredpanyeckas cymma
MPOU3BEAECHUI CUJT TOKOB /i Ha COMPOTHUBJIEHUS Ri COOTBETCTBYIOIIMX YYAaCTKOB 3TOr0 KOHTYpa paBHA
anreOpanyeckoi cymMme 3.71.C. , BECTPEUAIOLINXCS B 3TOM KOHTYpE:

LIR=L T (101.2)

IIpu pacyere CIIOKHBIX LIETIEH MOCTOSHHOTO TOKa C MpuMeHeHneM npasui Kupxroda Heooxonumo:

1. BriOpath npoussonrvrhoe HalpaBlieHHE TOKOB Ha BCEX ydacTKaX LEMU; ACHCTBUTEIbLHOE HAIlpaBJICHUE
TOKOB ONPCACIIACTCA IpU PCHICHUU 3a11aH14;1 U BOIIPOCHI: €CIIN HCKOMBIA TOK MOJIyUYHTCH
MOJIO’KUTENBHBIM, TO €T0 HaIpaBiieHHWEe ObLIO BEIOPAHO MPaBUILHO, OTPULIATEIBHBIM — €r0 UCTHHHOE
HaITpaBJICHUC TPOTUBOIIOJIOKHO BbI6paHHOMy.

2. BwiOpath HampaBieHne 00Xxoda KOHTypa M CTPOrO €ro MpHUACPKUBATHCS; NpousBenaeHue IR
MOJIOKUTENBHO, €CIM TOK Ha JTAHHOM YYacTKe COBIAJAeT C HampaBlieHHEM 00Xxo0na, W, HaoOOpOT,
3.]1.C., IEUCTBYIOIINE MO BHIOPAHHOMY HAIpPaBIEHUIO 00X0/Ja, CYUTAIOTCS MOJOKUTEIbHBIMH, IPOTUB
— OTpUIATCIbHBIMU.

3. CocTaBUTh CTOJNBKO YpaBHEHHM, YTOOBI UX YUCIIO ObUIO PABHO YHMCIY MCKOMBIX BEJIHMYUH (B CHUCTEMY
YPaBHEHUU JOJDKHBI BXOJIUTh BCE CONPOTHUBICHHS W 3.J.C. PAacCMaTpPUBAeMOW IIETH); KaXKIbId
paccMaTpuBaeMblii KOHTYp IOJDKEH COJEep)KaTh XOTS Obl OJMH DJEMEHT, He CoJepKalluiics B
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OpeabAYIIMX KOHTYpaX, MHaue MOJy4arcs YpaBHEHUS, SBISIOIIMECS MPOCTOM KOMOMHAIMEH yxe
COCTaBJICHHBIX.

B kauectBe npumepa ucnonb3oBanus npasuil Kupxroga paccmorpum cxemy (puc. 150) uamMepurenbHOro
MocTa Yurcrona.* Conporusnenus Ri, Rz, R3 u R4 00pa3yior ero «mieun». Mexay Toukamu 4 u B
MOCTa BKJIIOYEHa Oarapes ¢ 3.1.C. § W CONPOTUBICHHEM 7, MexXAy Toukamu C W D BKIIOYEH
rajJpBaHOMETp € comnpoTuBieHueM Rg. [{ng y3noB 4, B u C, npumensas nepsoe npasuio Kupxroda,
HOJTYYUM

I -0 —I4=0, h+h—-1I,=0, | —I,—Is=0. (1013)
st koutypoB ACBA, ACDA n CBDC, cornacHo BropoMy npaBuity Kupxroda, MoKHO 3anicath:
Lr+ IR+ LRy= E, LR +IgRG—I4R4=0, LRy —I3Ry—IGRG=0. (101.4)

* Y. Yurcron (1802—1875) — anrnuiickuii pusuk.

Puc. 150

® BuiBegute 3axonnl Oma n [xoynsa — Jlexuya
B AncddeperynansHoi opme.

® B u4em 3axknwouaercs ¢uanyeckuidi cmbicn
yaensHo# TennoBol MOWHOCTM TOKa?

@ Npoananuanpyiite o6obujeHHbI 3akoH Oma.
Kakne 4acTHbie 3aKOHbLl MOXHO W3 Hero nony-
YUTL?

@ NoAcHNnTe hnanyecknit CMbICN 3NEKTPOABNXY-
wei cunbl, pasHOCTH NOTEHUMANOB M HanpsA-
KOHNA Ha y4acTKe INeKTPU4ecKoin Lenw.

Ecnu n3BecTHBI BCe CONMPOTHBICHUS H 3.]1.C., TO, PEIIasi MOJyYSHHBIE IECTh YPABHEHUH, MOKHO HAWTH
HEW3BECTHBIE TOKH. I3MeHss M3BECTHBIE CONMPOTHBIEHUS R2, R3 M R4, MOKHO JOOHUTHCS TOTO, YTOOBI
TOK uepe3 rajbBaHoMeTp Obu1 paBeH Hymo (/g= 0). Torga u3 (101.3) Haiinem

L=h, hL=I, (101.5)
awu3 (101.4) nomyunm
LhRy=IR, LRy=IR, (101.6)
N3 (101.5) u (101.6) BBITEKAET, YTO
Ry Ry RyRy
— m-—. HWIH Rl-—.
Ry Ry (101.7)

Takum o6pazoM, B cityuae paBHOBeCHOr0 MocTa (/g = 0) pu onpeaeaeHu UCKOMOTO CONPOTUBIIEHUS Ri
3.1.c. 0aTapeu, CONPOTUBIIEHUS OaTapeu 1 rajlbBAaHOMETPA POJIM HE UTPALOT.

Ha npaktuke 00bIYHO UCTIOIB3YETCS PEOXOPAHBIH MocT YuTcTOHA (puc. 151), rae conpoTuBieHus R u
R4 mipencTaBisiloT COOOW JJIMHHYIO OIHOPOJHYIO TPOBOJIOKY (PEeoXopA) C OONBIINM  yIeTbHBIM
COIIPOTHUBJIEHUEM, TaK YTO OTHOIIEHUE R3/R4 MOXKHO 3aMEHHMTh OTHOLIEHHEM /3/[s. Torna, ucnonab3ys
Beipakerue (101.7), MoxHO 3anucathb

y (101.8)
Jnunel I3 u [4 nerko u3MepsioTca Mo ImIkane, a R» Bcerga uzBecTHo. I[loaromy ypaBuenue (101.8)
MI03BOJISCT ONPEACITUTh HEM3BECTHOE COMPOTHUBIICHHUE R1.
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Prc. 151

y G Rz .@ Kaknmn oneitaMn Gbina BbiIACHEHA MpupoAa
) HocHTenNel 3NeKTPHYecKoro TOKa B Merannax?
R @ Kakosbt ocHosHbie naeu Teopun [pyne — flo-
A 4 B _Ng peHua?

T @ Kax ¢opmynnpyiotca npasuna Kupxroga? Ha

1y I3 4YeM OHW OCHOBAHBI?

'-—+L @ Kak coctasnsaioTcA ypasHeHnA, Buipaxaloive
€ npaBuna Kupxroca?

3agaHust U BONPOCHI

[To mMenmHOMYy MPOBOAHHMKY cedeHHEM | MM? TedeT TOK, cuia Toka 1 A. Onpenenurb CpeaHIO
CKOPOCTh YHOPSIIOYCHHOTO JABUKEHUS JIEKTPOHOB BJIOJIb ITPOBOJIHUKA, MIPEATIOAras, YTo Ha KaK bl
aTOM MEJH MPUXOAUTCS OAUH CBOOOIHBIN AneKTpoH. [TnoTHOCTE Mean 8,9 r/eM>. [74 MxMm/c]

2. OnpenenuTh, BO CKOJIBKO pa3 BO3pAacTET CUjla TOKA, IPOXOSAIIEro Yepe3 JIaTUHOBYIO 11€4b, €CJIU NPU

3.

4.

5.

6.

MOCTOSIHHOM HANpsDKEHUM Ha 3aKuMax ee TemiepaTypa mnosbimaercss oT 11=20°C no #=1200°C.
TemneparypHbIii KO3(Q(HUIUEHT CONPOTUBIEHHS IIATUHBI IIPHHATH paBHbIM 3,65-107° K!. [B 5 pa3]
[To meaHoMy mpoBoay ceuenueM 0,3 Mm? TedeT Tok 0,3 A. OmnpenennTs Cuiy, JSHCTBYIONIYIO Ha
OTJeNIbHBIE CBOOO/HBIE 3JIEKTPOHBI CO CTOPOHBI AJIEKTPUYECKOTO MOJISA. YAETbHOE CONMPOTHBIICHUE
mean 17 HOM-M. [2,72-1072! H]

Cuna Toka B npoBojaHuke conpotusieHuemM 10 Om paBHoMmepHO yObiBaeT oT /o=3 A no /=0 3a 30 c.
OnpenenuTts BbIACIUBIIEECS 3@ 3TO BPEMs B IPOBOJHHUKE KOJINYECTBO TeIOThL. [900 JIx].

[1I0THOCTB 3JIEKTPHYECKOTO TOKA B aJIOMMHHEBOM MPOBOJE paBHAa 5 A/cM”. ONpenenuTh yAelbHYIO
TEIJIOBYIO MOIIHOCTh TOKA, ECIIH yIeIbHOE CONPOTUBRJICHHE amoMuHus 26 HOM-M. [66 JIx/(M>-¢)]
Onpenenuts BHYTPEHHEE CONPOTHUBICHHUE » UCTOYHMKA TOKA, €CJIM BO BHEIIHEH LIENU NP CUJe TOKa
5=5 A Boigensiercst momHocTs P1=10 BT, a ipu cune toka [2=8 A — momnocts P>=12 BT. [0,17 OM]

7. Tpu ucrounnka Toka ¢ 3.1.c. £1=1,8 B, Ex2=1,4 B u E3=1,1 B coennHeHbl HAKOPOTKO OJTHOMMEHHBIMHU

nositocamMu. BHyTpenHee compotuiieHne nepBoro ucrounuka r1=0,4 Owm, Broporo — r2=0,6 Owm.
Onpenenutb BHYTPEHHEE CONPOTUBIEHUE TPETHEr0 MCTOYHMKA, €CIU Yepe3 MEePBbIA MCTOYHUK HJIET
tok /1=1,13 A. [0,2 Om]
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IMPAKTUYECKOE 3AHATHE Ne 12 QJIEKTPUYECKHUE TOKHU B METAJUIAX, BAKYYME
N T'A3BAX

Heab-3akpenuTh U3yYCHHBIN MaTepHal MO TeMaTuke «DJIEKTPUYECKHEe TOKH B METaiaX, BaKyyme U
ra3ax. OJIeMEHTapHasi KJIACCHYECKasi TEOPHs AJIEKTPOIPOBOIHOCTH METaUIOB. BBIBOJI OCHOBHBIX
3aKOHOB AJIGKTPHUUYECKOTO TOKA B KIIACCHYECKON TEOPUU ICKTPOIPOBOIHOCTH METAIIOBY.

OcBanBaeMble KOMIIETEHIIUH B PE3yJIbTAaTE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbI B IYHKTE
«OO0mu1me cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IIOJNyYeHHBIE TEOPETHUYECKHE 3HAHUS W
BBIPA0OTATh HABBIKK U YMEHHSI TPAKTUYCCKOTO PEIICHUS 3a/1a4, B TO YHCJIC U CAMOCTOSTEIIBHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIllMK K CaMOOOpPa30BAHUIO CTYJICHTA HANpaBJICHUS «XHUMHUYECKas
TEXHOJIOTUS»,  CIOCOOHOCTBIO M TOTOBHOCTBIO  HCIIOJB30BaThb  OCHOBHBIE  3aKOHEI
€CTECTBEHHOHAYYHBIX JUCIHILTHH B MPO(ECCHOHANIBHON JACATEIPHOCTH, OCHOBHBIC 3aKOHBI (DU3HKH,
METOBl SKCIIEPUMEHTAIFHOTO HCCIIEOBAHUS, OCHOBHBIX (M3WYECKUX TEOPHHA JJISl PEIICHHS
BO3HUKAIOMIMX (U3NYECKUX 3373y, CAMOCTOSTEIBHOTO MPHOOpETeHUs (DU3UYCCKUX 3HAHWH, IS
MOHWMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICIIbI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymers:

- OCYIIECTBIIAT 3P PEKTHUBHYI0 KOMMYHHKAIIMIO B KOJUIEKTUBE JUIS PEIICHHsI TPO(HECCHOHATBHBIX
3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJB30BAaTh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX
JTUCLUUIUIMH B TPO(PECCUOHATBHON JEATEIIEHOCTH, HCIIOJNb30BaTh 3HAHUS OCHOBHBIX (PH3HMUECKUX
TEOPUI Ui PpEHICHUS BO3HHUKAOIMMX (U3NYECKUX 3a/a4, CAMOCTOSTEIBHOTO MPUOOPETEHHS
bu3nYecKUx 3HAHWUMU, JJIS TIOHMMAHUS TPUHIMIIOB PaOOThI MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOISIIIMX 33  MpelNeNbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAalpaBJICHUS,  IPUMEHSTH
COOTBETCTBYIOIINI (DU3MKO-MAaTEeMaTHYECKUI ammapar, METOIbl aHaliu3a W MOJCIUPOBAHHMS,
TEOPETUYECKOTO U SKCIIEPUMEHTAILHOTO MCCIIeI0OBaHUS IPU PELICHUHU MPO(EeCCHOHANBHBIX 3a/1a4.

Baanern:

- HaBblKaMH paboThl B KOMaHJE, HaBbIKAMH BECTU MHMAJIOT, JEJIOBOW CHOp;  CIIOCOOHOCTh K
CaMOOpTaHU3aIlM M CaMOOOpa30BaHUIO, HABBIKAMU HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIOMICH
00paboOTKOW MX pe3yNbTaTOB, METOJAMH MAaTEeMATHYECKOTO, KOMIBIOTEPHOTO U (PU3UYECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHSI TEXHUIECKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MPOIIECCOB H
KOHCTPYHUPOBAHHUSI ~ COOPYXXCHMH, MallMH M  TEXHOJOTHYECKOr0  000pYAOBaHMS,HAaBBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIIFHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3MKHM, HABBIKAMH  CAMOCTOSATEIBHOTO NPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICITbI
KOMIIETEHTHOCTH HarpaBiieHUs] XUMUYECKasi TeXHOJIOTHsI

Teopernyeckasi 4acThb
1. DeMeHTapHas KJIacCcHYeCKasi TeOPHUsi 3JIEKTPONPOBOAHOCTH METAJIOB

HocurensmMu Toka B MeTayjiax SIBJISIIOTCS CBOOOJHBIEC JIEKTPOHBI, T. €. DJIEKTPOHBI, CIab0 CBSI3aHHBIE C
MOHAMHM KPHUCTAJUIMYECKOM PEIIETKH MeTajlia. JTO MPEACTaBICHUE O MPUPOAE HOCUTEIEH TOKa B
MeTaJlJlaX OCHOBBIBAETCSI HA JIEKTPOHHON TEOPUM IPOBOAMMOCTH METAIOB, CO3JaHHOW HEMELKUM
busukom I1. Hdpyne (1863—1906) u pa3paboTaHHOW BMOCIEACTBUU HHUACPIAHACKUM (GU3UKOM X.
Jlopennem, a Takke Ha psAAe KIACCUUECKUX OIBITOB, MOATBEPHKAAIOIIMX IOJOKEHUS AJIEKTPOHHOU
TEOpUHU.

[TepBeiii U3 Takux ombITOB — oNbIT Pukke* (1901), B KOTOpOM B TE€YCHHE TOja IICKTPUUYECKUN TOK
MPOMYyCKaJcs 4epe3 TPU MOCIeA0BaTEIbHO COSAMHEHHBIX C TIIATENbHO OTHLIM(OBAHHBIMU TOPLAMU
metaumyeckux munuHapa (Cu, Al, Cu) ogunakoBoro panuyca. HecMoTpst Ha TO uTo 00Ut 3apsn,
TPOINEAIIM Yepe3 5TH LWIMHIPHI, HOCTHIajl OFPOMHOro 3HaueHus (=3,5-10° Ki), Hukakux, maxe
MUKPOCKOIIUYECKUX,  CJEAOB  MEpeHoca  BeliecTBa He  OOHapy»KWJIOCh. OJTO  SIBUWIOCH
AKCIEPUMEHTAIbHBIM JIOKA3aTEIbCTBOM TOIO, YTO HMOHBI B METaljlaX HE YYacTBYIOT B IEpEHOCE
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JIEKTPUUYECTBA, A MEPEHOC 3apsja B MeTallaX OCYIUECTBIIAETCS YaCTHIIAMH, KOTOPBIE SBISIOTCS
OOMMMHU Ui BCEX METAJIOB. TaKkMMH YacCTHIIAMU MOTJIM OBITh OTKPHITHIE B 1897 T. aHTIHilCKUM
¢uzukom JI. Tomconom (1856—1940) anekTpoHBL.

*K. Pukke (1845—1915) — nemenkwuii pusuk.

Jly1s nokazaTenbCcTBa 3TOTO MPEANONI0KEHHUSI HE0OX0IMMO ObLTO ONMPEEIUTh 3HAK U BETUUYUHY YIEIbHOTO
3apsiia HocuTelnel (OTHOILEHHE 3apsiia HOCUTENS K ero macce). Maes motoOHBIX ONBITOB 3aK/II0YaNIach
B CIIEAYIOIIEM: €CIM B METajllle UMEIOTCS TOJBUKHbBIE, c1a00 CBA3aHHbIE C PEIIETKONW HOCUTENN TOKa,
TO IPU PE3KOM TOPMOKEHUH NPOBOJHUKA 3TH YACTULBI IOJKHBI 110 MHEPLMM CMEIAThCS BIIEPEN, KaK
CMEIIAIOTCS BIEPE] MacCaXUpPhl, CTOSIIIINE B BaroHE IMPHU €ro TOPMOXKEHUH. Pe3ynbTaToM cmeleHus
3aps/10B JIOJDKEH OBITh MMITYJIBC TOKA; MO HANpPaBJICHUIO TOKAa MOKHO OIPENENIUTh 3HAK HOCUTENEH
TOKa, a 3Hasg pa3Mepbl U COMPOTHBICHHWE MPOBOJAHHMKA, MOXXHO BBIYUCIUTH YAEIBHBIA 3apsl
Hocurenei. Mnes atux onbiToB (1913) M ux kauecTBEHHOE BOIUIOLIEHUE IMPUHAUIEKAT POCCUICKUM
busukam C. JI. Mangensimramy (1879—1944) u H. [1. [Tamanekcu (1880—1947). Otu onbiTel B 1916
I. OBUIM yCOBEPLICHCTBOBAHbI U MPOBEACHBI aMepukanckuM ¢usukom P. Tonmenom (1881—1948) u
panee motinanackuMm ¢uzukom b. Ctroaptom (1828—1887). iMu skcriepuMEHTAIbHO JOKa3aHO, YTO
HOCUTENIM TOKa B METAJJIaX MMEIOT OTPHUIATENbHBIM 3apsf, a WX YIACJIbHBIA 3aps] MPUOIU3UTEIBHO
OJIMHAKOB [UIsl BCEX HCCIIEIOBaHHBIX MeTauioB. [lo 3HaueHMIO YJENbHOTO 3apsia HOcUTenel
IIEKTPUYECKOTO TOKA U IO ONpeleIeHHOMY paHee P. MUJUIMKEHOM 371€MEHTapHOMY JIEKTPUYECKOMY
3apsay Oblia onpezaeneHa ux Macca. Okas3anoch, YTO 3HAUEHHUS YAEIBHOTO 3apsiia U MacChl HOCUTeNen
TOKa W 3JEKTPOHOB, JIBMXKYIIMXCS B BaKyyMe, COBHajaiu. TakuM oOpa3oM, ObUIO OKOHYATEIHHO
JI0Ka3aHO, YTO HOCUTEISIMU JIEKTPUUECKOT0 TOKA B METaJIax SIBISIIOTCS C80000HbIE 2NeKMPOHbI.

CymecTBoBaHHE CBOOOTHBIX 3JIEKTPOHOB B METaUIaX MOXHO OOBSCHUTH CIEIYIOIUM 00pa3oM: IMpH
0o0pa3oBaHUM KPHUCTAJUIMYECKON peHIeTKn MeTajuia (B pe3ysbTare COMMKEHHs] H30JUPOBAHHBIX
aTOMOB) BaJICHTHBIC 3JIEKTPOHBI, CPABHUTEIHLHO €JIa00 CBSI3aHHBIE C ATOMHBIMU SAPAMU, OTPHIBAIOTCS
OT aTOMOB METaJlIa, CTAHOBSTCS «CBOOOJHBIMU» M MOTYT IEpEeMEIaThCs 0 BceMy oObemy. Takum
o0pa3oM, B y3laX KpUCTAUIMYECKOW PEIIeTKH paclojaraloTcs HOHBl MeTaljia, a MEXAY HUMHU
XaOTHYECKU JIBIKYTCSI CBOOOJHBIC OJJIGKTPOHBI, 00pa3ys CBOCOOpa3HBIA JJIEKTPOHHBIN ras,
00Ja1a01IKi, COTTIACHO AIEKTPOHHOW TEOPUU METAJUIOB, CBOMCTBAMH UJICAIBHOTO Ta3a.

DNEeKTPOHBI MPOBOJUMOCTH MPU CBOEM JABU)KEHUU CTAJIKUBAIOTCA C MOHAMU PEILETKH, B PE3yJIbTaTe YEro
YCTaHABIIMBAETCS TEPMOJMHAMUYECKOE PABHOBECHE MEXY SJCKTPOHHBIM Ta3oM U perietkoid. [lo
teopun Jpyne—JlopeHua, 3JeKTpOHbI 00JIaJal0T TaKOW K€ SHEprueil TElaoBOro ABMXKEHHUS, KaK U
MOJIEKYJIbl OJJHOATOMHOTO ra3a. [losTomMy, mpUMEHss BBIBOJABI MOJEKYJISIPHO-KMHETUYECKOW TEeOopuu
(cm. (44.3)), MOXKHO HAUTH CPEHIOID CKOPOCTh TEIJIOBOTO ABMKCHUS JIEKTPOHOB

(u) =+/8kT/(nm,),

kotopas i 7=300 K pasna 1,1-10° m/c. TemnoBoe JBHKEHHE 3JEKTPOHOB, SBJIASACH XaOTHMUECKUM, HE
MOYKET MPUBECTH K BOSHUKHOBEHMIO TOKA.

[Ipn HanoXEeHUH BHEUIHETO SJEKTPUYECKOTO IMOJI HAa METaNIMYECKUN MPOBOJHUK KPOME TEIJIOBOIO
JIBIDKEHUS 3JICKTPOHOB BO3HHUKAET UX YNOPSIOUYCHHOE JIBUKEHHUE, T. €. BOZHUKACT IEKTPHUUECKUI TOK.
CpenHIoI0 CKOPOCTH (V) YIOPSA0OYSHHOTO JIBUKECHHUS HIEKTPOHOB MOXHO OIIEHUTH COTJIACHO (hopmyJie
(96.1) myst mmoTHOCTH TOKA: j=ne(v). BpIOpaB AOMyCTUMYIO IJIOTHOCTh TOKA, HAIPUMEP JJIsI METHBIX
MIPOBOJIOB 107 A/m?, nomy4um, 4To NP KOHIEHTPALUU HocuTeneil Toka n = 8-10%m > cpennss
CKOPOCTSH (V) yNOPSI0YEHHOTO ABMKEHHs SIEKTpoHOB paBHa 7,8-10~* m/c. CnenoBaTensHo, (V)<<(u),
T. €. JaXe MPH O4YeHb OOJBIIMX IJIOTHOCTSX TOKA CPENHSAS CKOPOCTb YIMOPSJOYEHHOTO JIBHKEHUS
3IIEKTPOHOB, 00YCIOBIMBAIOIIETO IEKTPUUECKUIN TOK, 3HAYUTEIHLHO MEHbBIIIE UX CKOPOCTH TEIJIOBOTO
nBkeHus. [103ToMy TpH BBIYMCIEHUSX PE3YIBTUPYIOUIYIO CKOpPOCTh (V) + (1) MOXHO 3aMEHSTh
CKOPOCTBIO TEIJIOBOTO JIBHKCHHUSI (U).

Kazanoce Obl, TONy4YeHHBI pE3yNbTAaT MPOTUBOPEUYUT (HAKTy NPAKTHUYECKH MTHOBEHHON Nepenaqu
ANEKTPUYECKUX CUTHAJIOB Ha OOJIbLINE pacCTOAHUA. Jles1o B TOM, UTO 3aMbIKaHHE JIEKTPUUYECKON Lienn
BJIeUeT 3a CO0OM pacHpOCTpaHEeHHe HIEKTPHUECKOro Mo co cKopocThio ¢ (c=3-10%m/c). Uepes Bpems
t=l/c (I — nnwHA TENW) BAOJH LEMU YCTAHOBUTCS CTAllMOHAPHOE JJICKTPUYCCKOE IOJIC U B HEH
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HAYHCTCA YNOPAAOUYCHHOC IBHUIKCHUC DJICKTPOHOB. HOBTOMY BHCKTpI/I‘IeCKI/Iﬁ TOK BO3HHKACT B IICIIN
MPAKTUYCCKU OAHOBPEMCHHO C €€ 3aMbIKAHUCM.

2. BbIBOJ 0OCHOBHBIX 3aKOHOB JIEKTPUIECCKOI0 TOKAa B KJacCH4ecKoi TECOPUH
IJEKTPOIPOBOAHOCTH METAJIJIOB

1. 3akon Owma. Ilycth B METaJUIMYECKOM IPOBOJHUKE CYIIECTBYET JJIEKTPUUYECKOE I0JIe
HanpsoKeHHOCThI0 E=const. Co CTOpOHBI MOJIS 3aps]l e UCHBITHIBAET JAeWCTBUE CUibl F = eE u
npuoOperaeT yckopenue a=F/m=eE/m. Takum o0pa3om, BO BpeMsi CBOOOJHOTO Mpobera 3JIeKTPOHbI
JBIKYTCS PaBHOYCKOPEHHO, IpHoOpeTast K KOHILy CBOOOIHOTO Mpobera CKOPOCTh

Unax=eE {t)/m,

rae (f) — cpeaHee BpeMsi MEXKIY ABYMs IMOCIEAOBATCIBHBIMUA COYAAPEHUSMHU 3JICKTPOHA C HOHAMH
PCIIETKH.

Cornacao teopun [pyne, B KOHIIE CBOOOAHOTO MpoOera 3JEKTPOH, CTATKUBAsICh C MOHAMHU PEIIETKH,
OTJacT UM HAKOIUICHHYIO B TOJIC 3HEPTUI0, MOATOMY CKOPOCTh €r0 YHOPSJIOYECHHOTO JBMXKCHUS
CTaHOBHTCS paBHOU HYI0. Clie0BaTENbHO, CPEIHSS CKOPOCTh HAITPABJICHHOTO JIBVKCHUS DJICKTPOHA

(0) = (v +0)/2=€E{t)/(2m). (103.1)

Knaccuyeckasi Teopusi METaJUIOB HE YYHMTBHIBACT PACIPEICIICHUS JIEKTPOHOB MO CKOPOCTSIM, MOITOMY
cpenHee BpeMs (f) cBOOOJHOTO mpolera ompezensercs cpeaHei AIMHoM cBoboaHoro mpobdera (/) u
CpeIHEH CKOPOCTHIO JIBMKEHUS DJIGKTPOHOB OTHOCUTEIIEHO KPHCTAJUTMYECKON PEIICTKH IMPOBOHUKA,
paBHOU (u) + (v) ((u) — cCpemHsAsT CKOPOCTh TEIUIOBOTO NBIKCHHS HJeKTpoHOoB). B 102 Obuio
MOKa3aHo, YTo (V)<<(u), M0O3TOMY

O =L{DKu).

[HoncraBus 3Hauenue () B popmyiy (103.1), noxyunm

(v)=eE(D[2m{u)).

[110THOCTH TOKA B METAILTHYECKOM MIPOBOJHUKE, 110 (96.1),

ne'<h o

mu)

OTKy/ia BUHO, YTO TUIOTHOCTh TOKA MPOMOPIIMOHAIBEHA HANPSDKEHHOCTH TOJIA, T. €. MOJIy4riIH 3akoH Oma
B nuddepennuanpHon hopme (cp. ¢ (98.4)). Koaddurmert mponopiinoHaIbHOCTH MeXy j U E ecTh
HE YTO MHOE, KaK yJebHas IPOBOJIUMOCTh MaTepHaa

_ne*(l)

2m )y’ (103.2)

KoTopass TeM OoJiblie, 4eM OOJIbIIe KOHIICGHTPAIHS CBOOOIHBIX J3JICKTPOHOB WM CPEIHSS JUIMHA WX
cBOOOAHOTO TIpobera.

2. 3akon Jlxoyass — Jlenma. K KkoHIy cBOOOJHOrO mpoOera 3JIGKTPOH TOJ JCUCTBHUEM TIOJS
npuoOpeTaeT MOMOIHUTEIbHYI0 KUHETHUECKYIO SHEPTHIO

_mok, (D
= = omai & (103.3)

[Ipu coymapeHMH 53JE€KTpOHa C HOHOM 3Ta JHEPrHs MOJHOCTHIO TEpelacTcs PEIIeTKE M WAET Ha
yBEJIMUEHUE BHYTPCHHEH SHEPTUU METAJUIA, T. €. Ha €r0 HarpeBaHHUE.

3a eIMHUIY BPEMEHU 3JICKTPOH UCTIBITHIBAET C Y3JIaMH PEIIECTKH B CPETHEM (Z) CTOJIKHOBCHHIA:

j=nelv)=

14

()= (103.4)
Ecnmu n — KOHUEHTpaumus S5JIEKTPOHOB, TO B €IUHUILy BPEMEHU IPOMCXOMUT 71(z) CTOJIKHOBEHHH M
PEIIETKE MEPENAETCS DHEPT U
w=n{z){E), (103.5)

KoTOopas uaeT Ha HarpeBanue npoBoanuka. [loacraBus (103.3) u (103.4) B (103.5), momyuum Takum
00pa3oM 3HEpruto, epelaBaeMyo pelIeTKe B €IMHULIE 00beMa MPOBOTHUKA 33 SMHHILY BPEMCHH,
nehy

"Tomuy (103.6)
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Benuunna w sBnsSeTCS yAENbHOW TEIMJIOBOM MOIIHOCTHIO TOKa (CM. 99). Koaddumuent
TIPONIOPLUOHATBHOCTH Mexkay w 1 E* mo (103.2) ecTh yaenbHas NPOBOJAUMOCTb J; CJIENOBAaTENBLHO,
Beipakenue (103.6)—3akon [xoyns—IJlenna B muddepennmansuoit hopme (cp. ¢ (99.7)).

3. 3akon Buaemana — ®panna. Meramibsl 007a1al0T KaKk OOJBIION 3JEKTPOIPOBOAHOCTHIO, TaK U
BBICOKOM TEIIONPOBOIHOCTHIO. DTO OOBSICHIETCS TEM, YTO HOCUTEISIMHU TOKA M TEIUIOTHI B MeTajllax
SBIISIIOTCS. OJHM W T€ € YacTUIbI—CBOOOIHBIC AJIEKTPOHBI, KOTOpBIE, MEepeMellasch B MeTallle,
MEPEHOCAT HE TOJIbKO AJIEKTPUUYECKUI 3apsisi, HO U MPUCYIIYIO UM YHEPIHIO XaOTHYECKOTO (TEII0BOIo)
JBUKEHMSI, T. €. OCYLIECTBIISAIOT IEPEHOC TEIIOTHI.

Bunemanom u @panuem B 1853 r. 3KCHOEPUMEHTAIIBHO YCTAHOBJIEH 3aKOH, COIVIACHO KOTOPOMY
OTHOIICHHE TETUIONMPOBOIHOCTH (A) K yA€TbHOM MPOBOAMMOCTH () Ui BCEX METAJUIOB MPU OJHOU U
TOM e TeMmMIeparype OJMHAKOBO M YBEJIMYMBAETCS MPONOPLHMOHAIBHO TEPMOJUHAMHUYECKON
TeMIeparype:

Aly=BT,

rae [f— MOCTOsIHHASI, HE 3aBUCAIIAs OT Poja MeTasuia.

DneMeHTapHas Kilaccuueckas TEOpHs 3JEKTPONPOBOAHOCTH METAJIOB IMO3BOJIWIIA HAaWTH 3HaueHHe [
[=3(k/e)?, rne k—mocrosnnas bBomblMaHa. DTO 3HAYCHHE XOPOLIO COINACYETCS C ONBITHBIMH
naHHeIMUA. OJIHAKO, Kak OKa3aJoCh BIOCIEACTBUM, 3TO COTJIACHE TEOPETUYECKOTO0 3HAYEHHS C
ONBITHBIM cCily4aiiHo. JlopeHl, NpUMEHHB K JJIEKTPOHHOMY ra3y CTaTUCTUKy MakcBemia —
BonbIMaHa, yuTs TeM CaMbIM paclpeselieHHe 3JeKTPOHOB MO CKOpocTsM, momyuun (=2 (k/e)?, uto
IIPUBEJIO K PE3KOMY PACXOKIACHHUIO TEOPUHU C OIIBITOM.

Takum o00pa3zom, Kiaccuueckash TEOpHsl AJIEKTPONPOBOJHOCTH METaUIOB 00bscHUIA 3akoHbl Oma u
Jxoyns — Jlenna, a Takxke Jana KaueCTBEHHOe oObsicHeHHE 3aKkoHa Bunemana — ®panma. OmgHako
OHA MOMHMMO PACCMOTPEHHBIX MPOTHUBOPEYHi B 3akoHe Buaemana — @paHiia CTOJIKHYJIACh €IIE C
PAIOM TPYAHOCTEH MPU O0BSICHEHUH PA3IMYHBIX OMBITHBIX TaHHBIX. PACCMOTPUM HEKOTOPBIC U3 HUX.

TemnepaTypHasi 3aBHCHMOCTbL conmpoTuBjieHusi. M3 dopmynsl ynensHON mnpoBoaumoctu (103.2)
CJIETyeT, YTO COMPOTHUBIIEHWE METaUIOB, T. €. BEJIMYMHA, OOpPAaTHO MPOMOPLHMOHANBHASA ¥, TOJDKHA

BO3pacTaTh MPOMOPIIUOHATBHO JT (8 (103.2) n u (/) oT TemMnepaTypsl HE 3aBHUCHT, a <u>~ﬁ ). OTOT
BBIBO/JI DJIEKTPOHHOM TEOPHH ITPOTUBOPEUYUT OIBITHBIM JIaHHBIM, COTJIaCHO KOTOPBbIM R~T (cM. 98).

Ounenka cpeaHeii JJIMHbI CBOOOIHOTO NPodera 3JIeKTPOHOB B MeTas1ax. YtoOs! mo ¢popmyse (103.2)
MOJyYUTh ¥, COBMAJAIONINE C ONBITHBIMU 3HAYEHUSMU, HAJI0 MPUHUMATH (/) 3HAYUTENHHO OOJbIIe
UCTUHHBIX, UHBIMU CJIOBaMH, IMpPEAINoiaraTh, YTO 3JIEKTPOH MPOXOIUT 0e3 coyaapeHuil ¢ MoHaMu
PELIETKM COTHU MEXKI0Y3€JIbHBIX PACCTOSIHUM, YTO HE corjacyercs ¢ teopueit pyne — Jlopenua.

TenmnoemkocT, MeTaNI0B. TemaoeMKOCTh MeTaljla CKJIQAbIBA€TCS U3  TEIJIOEMKOCTH  €ro
KPUCTAJIMYECKON pEIIeTKH M TEeIJIOEMKOCTH OJJEeKTpoHHOro rasa. [lostromy aromnHas (1. e.
paccuuTaHHas Ha 1 MOJIb) TEIIOEMKOCTh METaJJIa O KHA OBITh 3HAYUTENILHO OOJIbIIIEH, YEM aTOMHAs
TEIIOEMKOCTh JUAJIEKTPUKOB, Y KOTOPBIX HET CBOOOIHBIX AeKTpoHOB. CornacHo 3akoHy [lronoHra u
[Itu (cm. 73), TemnoeMKOCTh OAHOATOMHOIO KpUCTajyla paBHa 3R. YureM, YTO TEMJIOEMKOCTh
OJIHOATOMHOT'O 2JIEKTPOHHOTO ra3a paBHa >/AR. Torna aToMHas TEMIOEMKOCTh METAILIOB JO0JIKHA ObITh
omm3ka k 4,5R. OgHaKo OMBIT I0KA3bIBAET, UTO OHA paBHA 3R, T. €. JJI1 METAJUIOB, TaK XK€ KaK U I
TUDIIEKTPUKOB, XOPOILIO BhIMONHsETCS 3akoH [rononra u Iltu. CnegoBarenbHO, HATUYKME AIIEKTPOHOB
MPOBOJAMMOCTH TPAKTUYECCKH HE CKa3bIBACTCS HA 3HAYCHUU TEIUIOEMKOCTH, YTO HE OOBSCHSICTCS
KJIACCUYECKOMN AIIEKTPOHHON TEOPHEH.

YKka3aHHBIE PACXOXKIACHHUS TEOPUU C OIMBITOM MOXHO OOBSCHUTH TEM, YTO JBW)KCHHE DJICKTPOHOB B
MeTalljaX MOAYUHSIETCS HE 3aKOHAM KIIACCHYECKOW MEXaHMKH, a 3aKOHaM KBAaHTOBON MEXaHUKHU H,
CJIEIOBATENILHO, TTOBEJICHUE AJIEKTPOHOB MPOBOIUMOCTH HAJ0 OMUCHIBATH HE CTATUCTUKON MakcBesia
— bonbiiMana, a kBaHTOBOW cTaTUCTHKOW. [lo3TOMYy OOBSICHUTH 3aTPyAHEHHUS SJIEMEHTAPHOM
KJIACCUYECKOW TEOPHUH SJEKTPONPOBOJHOCTH METAJIJIOB MOKHO JIMIIIb KBAHTOBOW TEOpHEH, KOTOpas
OyneT paccMoTpeHa B AanbHeieM. Hago, oqHako, OTMETUTb, YTO KJIacCHYecKas 2JIEKTPOHHAs TEOpUs
HE yTpaTHJIa CBOETO 3HAYCHHS M JI0 HACTOSIICTO BPEMEHHM, TaK KaK BO MHOTHX CIydasx (HaIrpumep,
Opu Majol KOHIEHTPAIMU DJIEKTPOHOB TPOBOJMMOCTH U BBICOKOH TemrmepaType) OHa JaeT
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MPaBUJIbHBIE KAYECTBEHHBIC PE3yJIbTAaThl U SBJSETCS MO CPABHEHHUIO C KBAHTOBOM TEOpHUEH MPOCTOil 1
HATJISATHOM.

3agaHusi M BONPOCHI

1. KoHIeHTpalus 51eKTPOHOB IIPOBOJMMOCTH B MeTaule paBHa 2,5-10%2 cm>. Ompenenuts cpeaHiorn
CKOPOCTb HX YIOPA0UEHHOTO IBUKEHUS TIPU MIOTHOCTH Toka 1 A/mm?. [0.25 Mm/c]

2. Pabora BbIXOJa 3JeKTpoHAa U3 Bojdb(pama coctaBimser 4,5 3B. OmnpenenuTh, BO CKOJBKO pa3
YBEJIMYUTCS MJIOTHOCTh TOKA HACBIILICHUS MpH MOBbIIeHUH TemnepaTypsl oT 2000 go 2500 K. [B 290
pas]

3. Pabora BBIXOAa AJIEKTPOHA W3 MeTala paBHa 2,5 3B. Omnpeaenuts CKOPOCTh BBUICTAIOMIECTO W3
MeTaJlla SIeKTPOHa, el oH obnanaet sHeprueit 10718x. [1,15 Mm/c]

4. Bo3ayx Mexay IUIaCTUHAMHU IJIOCKOTO KOHJIEHCATOpa MOHU3HPYETCS] PEHTIC€HOBCKUM HM3IYyYEHHEM.
Cunia Toka, Tekyliero Mexnay rmiaactuHamu, 10 mMkA. [lnomans KaXqoi MiIacTUHBI KOHJEHCATOpa
paBHa 200 cMm?, paccTosHHMEe MeXTy HMMH 1 cM, pasHocTh moTeHrmano 100 B. IToaBuKHOCTB
TONOKUTENBHBIX HOHOB hi=1,4 cM?/(B-c) u orpunatensueix b-=1,9 cm?(B-c); 3apsaa Kaxkaoro MOHA
paBeH 3JIeMeHTapHOMY 3apaay. OnpeneauTb KOHLEHTPALMIO Tap HOHOB MEX/y TIACTUHAMH, €CITU TOK
Janek oT Hachklmenus. [9,5-10' M

5. Tok HachlllEHHs NP HECAMOCTOSTENBHOM pa3psane paBeH 9,6 mA. OnpenenuTs YUCIO Nap MOHOB,
CO3/1aBaeMbIX B | ¢ BHEITHUM HOHU3ATOPOM. [3-107]

Cnucok Jinreparypbl

1. bapcykos, B. 1. ®usuka. Mexanuka [DneKkTpoHHbIH pecypc] : yueOHOe mocodue /i CTyACHTOB
BBICILIMX Y4€OHBIX 3aBEJICHUH, 00yJaroMXCs 0 TEXHUYECKUM HAIpaBJIE€HUSM OATOTOBKU U
cneunansHocTsM / B. . Bapcykos, O. C. JIMuTpueB. — DIEKTPOH. TEKCTOBbIE JaHHble. — TamMO0B :
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INPAKTUYECKOE 3AHATHE Ne 13 MAT'HUTHOE I10JIE

Ienb-3aKkpenuTh M3Y4YEHHBIM Marepuan o TemaTuke «MarHutHoe mosie. MarHutHoe Iojie U €ro
XapaKTepUCTUKHU. 3aKoH AMriepa. B3aumopaencTBue napauiesibHbIX TOKOB. MarHUTHas MOCTOSHHAS.
Enununel MarHMTHOM HWHAYKUMM M HANPSHXKEHHOCTH MArHUTHOrO 1oJjis. MarHuTHoe moje
nBrKytierocs 3apsaa. Iddext Xomna. [ToTok BekTopa MarHUTHOW MHAYKIMU. Teopema ["aycca mist
nosst B. PaGora no nepemeniennio npoBOJHIKA U KOHTYPa C TOKOM B MarHUTHOM T10JIE.

OcBanBaemMble KOMIIETEHIMH B PE3yJbTaTe MPOBEACHUS MPAKTUYECKOrO 3aHATHS yKa3aHbl B ITyHKTE
«OO0m1re cBeeHus

AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh IIOJYYECHHBIE TEOPETUYECKHE 3HAHUSA U
BBIPA0OTATh HABBIKK M YMEHUS MPAKTUYECKOTO PEIICHHS 3a/1a4, B TO YHCJIE U CAMOCTOSTEIIBLHO.

3HaTh:
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- METOJIbl CaMOOPTraHHU3aIlMi K CaMOOOpa30BaHUIO CTYACHTA HAMpaBleHUs «XUMHUYECKas
TEXHOJIOTH, CIIOCOOHOCTBIO i TOTOBHOCTBIO HCIIOJIB30BaTh OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX TUCIUIUIUH B MPOPECCHOHANBHON 1eATEeIbHOCTH, OCHOBHBIE 3aKOHBI (PU3UKH,
METOObI 3KCHepI/IM€HTaJ'II)HOFO ucciaeaoBsaHus, OCHOBHBIX (1)I/I3I/I‘-I€CKI/IX TGOpI/Iﬁ JUJIA pCIHeHI/IH
BO3ZHUKAIOMNX (DU3MUECKHUX 3a/1ad, CAMOCTOSITEIbHOTO0 MpUoOpeTeHHs] (U3MUYECKUX 3HAHUHU, I
MOHWMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICIIBI
KOMIIETEHTHOCTH KOHKPETHOTO HAMpPaBJICHHUS

YMmeThb:

- oCyHIecTBIATh A3P(HEKTUBHYI0O KOMMYHHUKAIUIO B KOJUIEKTHUBE ISl pelIeHHsI MPOQecCHOHANbHBIX

3a/1a4, CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJNB30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCIUIUTUH B TMpo(deccroHaNbHON AeATeIbHOCTH, HCMIOJIb30BaTh 3HAHUS OCHOBHBIX (PH3NYECKUX
TCOpI/Iﬁ JJIA pemeHI/m BO3HUKAKIINX (1)I/I3I/I‘I€CKI/IX 3aJgad, CaMOCTOATCIbHOIO HpI/IO6peTeHI/IH
(bu3MyYeCKUX 3HAHUHM, NS MOHUMAaHUS MPHUHIMIIOB paboThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOIAIINX 3a HpGI[GJ'II)I KOMIICTCHTHOCTHU KOHerTHOFO HaHpaBJ'IeHI/IH, HpI/IMCHﬂTI)
COOTBETCTBYIOIIUN (U3UKO-MAaTEeMaTHUECKUN anmapaT, METOAbl aHalu3a W MOJEIHUPOBAHUSA,
TeopeTqucxoro u 3KCHepI/IMCHTaHLHOFO HUCCICOOBAHUS HpI/I peHIGHI/II/I HpO(l)GCCI/IOHaJ'II)HI)IX 3a1a4.

Baagern:

- HaBBIKAMH pPa0OTHI B KOMaHJE, HAaBBIKAMH BECTH JHAJIOT, JICIOBOM CIIOP,  CIHOCOOHOCTH K
caMOOpraHu3allid U CaMOOOpPa30BaHMIO, HABBIKAMHM HATYPHBIX SKCIEPUMEHTOB C IMOCIEIyIONICH
00paboOTKOW WX pe3yJIbTaTOB, METOJaMH MAaTEeMAaTHYECKOTO, KOMIIBIOTEPHOTO U (PH3UYECKOro
MOJIETTUPOBAHUS, METOJAMH PEIICHHS TEXHUUECKUX 3aJ1a4, pacueTa MPOU3BOICTBEHHBIX MPOLIECCOB U
KOHCTPYUPOBAaHUS  COOPY)KEHHH, MAIlMH © TEXHOJOTHYECKOro  00O0pYI0BaHWS,HABBIKAMH
OLICHUBAHHUS PE3yJbTaTOB CBOEU MPO(PECCHOHATBHON NESATEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMH (PU3HMKHM, HABBIKAMH  CaMOCTOSATEIBHOTO TNPHOOpeTeHHS (PHU3MUECKUX 3HAHUH, I
MMOHUMAHUS TPUHITUIIOB pabOThl MPUOOPOB M YCTPOMCTB, B TOM YHCIIC BBIXOJSAININX 32 TMPEIACITbI
KOMIICTCHTHOCTHU HaHpaBHeHI/ISI XI/IMI/I‘-IGCKaSI TCXHOJIOTUA

TeopeTnyeckas 4acTb
1. MarHuTHoe 1oJie ¥ ero XapaKTepuCcTUKH

OneIT MOKAa3bIBAET, YTO, MOAOOHO TOMY, KaK B MPOCTPAHCTBE, OKPYXKAIOIIEM JSJICKTPHUECKUE 3apsiIbl,
BO3HUKAET 3JIEKTPOCTATHUECKOE IOJIe, TaK U B MPOCTPAHCTBE, OKPY’KAIOLIEM TOKHM U TOCTOSIHHbIE
MAar"HuThbl, BO3HHUKACT CHJIOBOC IIOJIC, HA3bIBAEMOC MAIrHUTHBIM. Hanuuyue MardiuTHOro 1o
OoOHapy>KUBaeTcsi MO CHJIOBOMY JCWCTBUIO Ha BHECEHHbIE B HEro IMPOBOJHUKA C TOKOM WIIU
MOCTOSHHBbIC MaruuThl. Ha3zBaHne «MarHuTHOE MOJIE)» CBI3BIBAIOT C OpI/IeHTaI_II/Ief/’I MAaTrHUTHOH CTPCJIKA
MO0J1 ACMCTBUEM TOJISI, CO3aBAEMOr0 TOKOM (3TO SIBJIEHUE BIEPBbIE OOHAPYKEHO NATCKUM (HU3UKOM X.
Opcrenom (1777—1851)).

DneKTpuyYecKoe MoJyie ACHCTBYeT KaK Ha HEMOJBMXKHbBIC, TaK U HA ABWXKYIIHECS B HEM JJIEKTPUUYECKUE
3apsael. BaxHeilmas 0cOOEHHOCTh MArHUTHOTO TOJISI COCTOUT B TOM, YTO OHO JICUCTBYET MOIbKO HA
osudicyujuecss B 3TOM TOJe dJeKTpudeckue 3apsiibl. OMBIT MOKa3bIBAET, YTO XapaKTep BO3JEHCTBUS
MAarHuTHOIO ITOJISI Ha TOK pa3JIMUCH B 3aBUCUMOCTH OT (I)OprI MIpOBOAHUKA, IO KOTOPOMY TCUCT TOK,
OT PAacCIOJIOKEHUS MPOBOJHMKA M OT HampaBlieHUs Toka. CienoBareiabHO, YTOObI OXapaKTepUu30BaTh
MAarHuTHOC IOJIC, HAAO PpaCCMOTPETHL €TI0 ,Z[GI\/'ICTBI/IG Ha OHpeHGHCHHBIfI TOK.

[Tono6HO TOMY, KaKk MpHU KUCCIIETOBAHUH AJIEKTPOCTATUYECKOTO OIS UCIOJIb30BATTUCH TOUCUHBIE 3aps/Ibl,
MIPU UCCIEAOBAaHUU MATHUTHOTO MOJISl UCTIONB3YETCS 3aMKHYMblLL NIOCKUN KOHMYP C MOKOM (PaMKa ¢
MoKoMm), TUHEIHbIE pa3Mephbl KOTOPOTO MaJibl 0 CPABHEHUIO C PACCTOSHUEM JI0 TOKOB, 00pa3yIOIINX
MarHuTHoe noje. OpueHTanus KOHTypa B IPOCTPAHCTBE ONPEIENIAETCS HAIPABICHUEM HOPMalIM K
KOHTYpy. HampaBiienue Hopmanu OmpenensieTcs npasuiom npago2o 6uHma: 3a TOJOKUTEIbHOE
HaIllpaBJICHUC HOPpMaJIM HNPUHUMACTCA HAIPABJICHUC IMOCTYMNATCIBHOIO IABWKCHHA BHHTA, T'OJIOBKA
KOTOPOT'O BpAaIlae€TCsl B HANPABJICHUU TOKA, TEKYIIETO B pamke (puc. 160).
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Puc. 160

@ Kak, nonbsysch MArHNTHOA CTPENKOR, MOXHO
ofpeaenuTL SHAKK 1ONIOCOB WCTOMHKKOB Mo-
CTOAHHOTO TOKAa?

@ “eMmy paBeH M KAK HaNPaBNeH MArHHTHLIA MO-
MEHT paMmKn ¢ TOKOM?

OneITHl OKA3bIBAIOT, YTO MarHUTHOE IOJIE OKa3bIBA€T HA PAMKY C TOKOM OpPHUEHTHpYIOLIee ACHCTBUE,
MIOBOPAYMBasi €€ ONMPEACICHHBIM 00pa3oM. DTOT pe3yJbTaT UCIOJIB3YETCs AJIsi BEIOOpa HArpaBIICHUS
MarHMTHOTO MOJIA. 3a HAIpaBJIEHUE MAarHUTHOTO IOJIA B JAHHOM TOYKE NPHUHHUMAETCS HAIIPABIICHUE,
BJIOJIb KOTOPOTO pacCIoyiaraeTcs TMOJOKUTENIbHAass HopMaib K pamke (puc. 161). 3a Hampapienwue
MarHUTHOTO T0JII MOXET ObITh TAaKXe MPHUHATO HAIpaBJICHUE, COBMAJAIOIIEE C HANPABICHUEM CUIIbI,
KOTOpasi IEUCTBYET HA CEBEPHBIN MOJIOC MArHUTHOW CTPEJIKY, IIOMEIICHHON B JAHHYIO TOUKY. TaK Kak
o0a mosoca MarHUTHOM CTpENKU JiekaT B OMU3KHUX TOYKAX IOJIA, TO CHJIBI, JAEHCTBYIOIee Ha o0a
M0JIF0CA, PaBHBI ApYT Apyry. Cliej0BaTeabHO, HA MAarHUTHYIO CTPEJIKY JEMCTBYET Mapa CHil, IOBOpadu-
BAaIOIIas €€ TaK, YTOObl OCh CTPEJKH, COCIMHSIONIAs IOXKHBIA IOJIOC C CEBEPHBIM, COBMajalia C
HaIpaBJIEHUEM MOJISL.

PaMKoli ¢ TOKOM MOXHO BOCIIOJIB30BAaTbCS TAKXKE M I KOJIMYECTBEHHOIO ONMMCAHUS MAarHUTHOTO IOJISL.
Tak kak paMKa ¢ TOKOM HCIIBITHIBAET OPUEHTUPYIOLIEE JEHCTBUE IM0JI, TO HAa HEE B MArHUTHOM I0JIe
JEeHCTBYeT Napa cuil. Bpamaroniyii MOMEHT CHJI 3aBHCHUT KaK OT CBOMCTB IIOJI B JaHHOW TOYKE, TaK U
OT CBOMCTB paMKH U onpezensercs GopMynon

M = [pB], (109.1)
I71€ Pm — BEKTOP MATHMTHOI0 MOMEHTAa PaMKH ¢ TOKOM (B — BekTOp MArHMTHOH WHIYKIHH,
KOJIMYCCTBCHHAs XapaKTepI/ICTI/IKa MAardmTHOI O HO.IISI). I[JIH IIJIOCKOT'O KOHTypa C TOKOM 1
Pu=I5n, (109.2)

rae S — IUIoma s MOBEPXHOCTH KOHTYpa (paMKH), N — EIWHUYHBIA BEKTOP HOPMAIH K IMOBEPXHOCTH
pamku. HanpaBneHue pm COBMaaaeT, TAKUM 00pa3oM, C HalpaBICHUEM MOJI0XKUTEILHOW HOPMAJIH.

Ecnu B 1aHHYI0 TOYKY MarHUTHOTO TIOJIS TOMEIIATh PAMKH C Pa3IMYHBIMU MarHUTHBIMH MOMEHTaMH, TO
Ha HUX JCHCTBYIOT pa3jM4yHbIC BPAIIAIONIUE MOMEHTBI, OJHAKO OTHOMIEHHE Mmax/pm (Mmax —
MaKCHMaJIbHBIA BPAMIAIONINI MOMEHT) JIUISl BCEX KOHTYPOB OJHO H TO YK€ M IMO3TOMY MOKET CITY)KUTh
XapaKTEPUCTHKONW MarHUTHOTO IOJIsl, HA3bIBACMON MarHUTHOWM WHTYKITUCH:

B=M;es/Dm.

MarauTHasi HHAYKIHS B TJAHHOW TOYKE 0OHOPOOHO20 MarHUTHOTO TIOJISI ONPEACIISAETCS MAaKCUMAaTbHBIM
BpAIIAOIIUM MOMEHTOM, JICHCTBYIOIIMM Ha PaMKy ¢ MArHUTHBIM MOMEHTOM, PaBHBIM €IMHUIIC, KOTIa
HOpMaJlb K paMKe MepICHINKYIISIpHA HarpaBieHuto mois. Ciaexyer OTMETUTh, 9To BeKTop B Moxker
OBITH BBIBE/ICH Takxke u3 3akoHa Ammepa (cMm. 111) u u3 Beipaxkenust 11t cunsl Jlopenna (cm. 114).

Tak Kak MarHWTHOE TIOJIE SIBIISICTCSI CUIOBbIM, TO €T0, 10 AHAIOTUU C DJCKTPUUYECKUM, H300pakaroT C
MOMOIIBI0 JIMHHI MArHUTHOW WHAYKIIMUA — JIMHUH, KacaTelbHbIE K KOTOPBIM B KaXKIIOW TOYKE
COBIAJAIOT C HampaBieHHeM BekTopa B. Vx HampaBieHue 3amgaercss MpaBUJIOM IPAaBOTO BHHTA:
roJOBKa BUHTA, BBUHUMBAEMOI'O [0 HAIpPABICHHIO TOKA, BpAIlACTCS B HAMPABJICHUM JIMHUN
MarHUTHOUW MHYKITUH.

Prc. 161

@ Y10 HasLIBAIOT WHAYKUWEH MBrHWTHOro nona?
Kaxoso HanpasneHne sextopa B?

@ Hapucy#ite v noxkaxnte, K&K opHeHTHpPOBaHb
FINHNK MATHUTHOR MHAYKLWMK NONA NPAMOTro TO-
xa.

JIuHMM ~ MarHUTHOM  WHAYKIMH  MOXHO  «IPOSIBUTH» C  IOMOULIBIO  JKEJE3HBIX  OMWIIOK,
HaMaroHnimBaromuxcsa B HCCICAYCMOM IIOJIC W BCAYUIUX CC6$I HOIIOGHO MaJICHBKUM MArduTHBIM
crpenkam. Ha puc. 162, @ moka3aHbl JMHUA MarHUTHOM MHAYKIWH MOJISI KPYTOBOTO TOKa, Ha puc. 162,

VJ!
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6 — JIMHUM MarHUTHOW MHIYKIMH IOJI COJEHOMJA (COJIEHOUJI — pPABHOMEPHO HAaMOTaHHas Ha
WIMHIPUYECKYIO TOBEPXHOCTh IPOBOJIOYHAS CIIUPAJIb, 10 KOTOPOU TE€UET ANEKTPUUECKUH TOK).

JIMHMM MarHUTHOW MHIYKUUHU BCErla 3aMKHYmMbl U OXBAaTbIBAIOT NPOBOJHUKH C TOKOM. ODTHUM OHH
OTJIMYAKOTCST OT JIMHUW HANPsKEHHOCTU  3JIEKTPOCTATHYECKOTO  IOJIsA, KOTOPBIE  SBISAIOTCS
pazomknymuimu (HAUMHAIOTCA HA MOJOXHUTEIbHBIX 3apsAAax M KOHYAIOTCS HAa OTPHULATENbHBIX (CM.
79)).

Ha psc. 163 u3oOpakeHbl JIMHUM MAarHMUTHOW HHAYKUUHM I10JIOCOBOTO MAarHMTa; OHU BBIXOJAT W3
CEBEPHOIO IOJIF0CA U BXOJAT B I0’KHBIN. BHauasne kazanoch, 4To 3/1ech HaOI0JaeTCsl MOIHAsI aHATIOTUs
C JUHUSAMHM HaNpPsHKEHHOCTH 3JIEKTPOCTATUYECKOrO TMOJsl W IOJIFOCBI MarHUTOB MIparoT pojib
MarHUTHBIX «3apsA70B» (MarHUTHBIX MOHoNoJel). OnbIThl NOKa3alH, YTo, pa3pe3as MarHUT Ha 4acTH,
€ro MOJIOCHI Pa3JeNIATh Helb3s, T. €. B OTJIUYME OT IEKTPUUECKUX 3apsii0B CBOOOHBIC MarHUTHbIE
«3apsiib» HE CYLIECTBYIOT, MO3TOMY JIMHUM MAarHUTHOM HWHIYKIMM HE MOTYT OOphIBaThbcsl Ha
nojirocax. B nanpHeimem ObU10 YCTaHOBJIEHO, YTO BHYTPH MOJOCOBBIX MarHUTOB MMEETCS] MarHUTHOE
110JIe, AHAJIOTMYHOE IO BHYTPU COJEHOMAA, M JMHUM MAarHUTHOM WMHIYKIHMH 3TOIO MAarHUTHOTO
HOJIs SIBJIIIOTCS] MPOJO/DKEHUEM JIMHUNA MarHUTHOM MHAYKLMU BHE Maruuta. Takum oOpa3oMm, JIMHUHU
MarHUTHOM MHAYKIIMM MarHUTHOIO I10JIS1 IIOCTOSIHHBIX MATHUTOB SIBJISIFOTCSI TAK)KE 3AMKHYTBIMH.

Jlo cux mop Mbl pacCMaTpuBaIi MAaKpOCKOIIMYECKUE TOKH, TEKYIUE B NPOBOAHMUKAX. OIHAKO, COTIIaCHO
NpernoNoKeHuto ¢paniysckoro ¢usuka A. Ammepa (1775—1836), B mo0oM Tene CymiecTBYIOT
MHUKPOCKONUYECKHE TOKH, OOYCIIOBIEHHBIE IBHXEHHEM 3JEKTPOHOB B aTOMax U MOJIEKyJaxX. DTH
MHUKPOCKOIIMYECKHE MOJIEKYJISIPHBIE TOKH CO3AaI0T CBOE MArHUTHOE I0JIE€ U MOT'YT IIOBOPAYMBATHCS B
MarHUTHBIX MOJSIX MakpoTokoB. Hampumep, ecnu BOJIM3M KAaKOro-TO Tejla MOMECTUTh NMPOBOJHUK C
TOKOM (MakpOTOK), TO TMOJA JAECUCTBUEM €ro MAarHUTHOTO II0JII MHKPOTOKM BO BCEX aToOMax
OIpe/ie]IeHHbIM 00pa3oM OpPUEHTHUPYIOTCS, CO3[aBasi B Telle JONOJHHUTEIbHOE MAarHUTHOE IIOJIe.
Bekxrop marauTHOM MHAYKIMU B Xapakrtepusyer pesyabmupyloujee MarHATHOE II0JIE, CO3AaBAaEMOE
BCEMU MAKPO- U MUKPOMOKAMY, T. €. TP OJHOM U TOM K€ TOKE M IIPOYMX PABHBIX YCIOBHAX BEKTOP
B B pasnuunsix cpenax OyneT UMeTh pasHbie 3HAUCHUS.

1109.3)

MarsHutHOEe I0JI€ MaKpOmoKo6 OIMCBIBACTCS BEeKTOpoM HanpsikeHHoctu H. g omHoponHou
M30TPOIHON Cpebl BEKTOP MarHUTHOW MHIYKLUU CBA3aH C BEKTOPOM HAIPSDKEHHOCTH CIEAYIOLIUM
COOTHOULICHUEM:

B=uuH,

I7I€ {0 — MarHuTHas IOCTOsIHHas, 4 — Oe3pa3MepHas BEIMYMHA — MACrHMTHasi MPOHMLAEMOCTh
cpeAbl, NOKa3bIBaOLIasi, BO CKOJIBKO pa3 MarHUTHOE I10JIE MAKpPOTOKOB /{1 ycanuBaeTcs 3a CUeT HOJA
MHUKPOTOKOB CPEJBI.

CpaBHMBas BEKTOpHbIE XapakTepucTHKH 3jekTpocratudeckoro (E u D) u marautHoro (B u H) nmonei,
YKQKE€M, 4YTO aHAJIOrOM BEKTOPAa HANPSIKEHHOCTH JJIEKTpocTaThdeckoro mnosst E sBiasercs BekTop
MarHuTHOM MHAYKUMH B, Tak kak BekTopsl E u B onpenendrorT cuiioBble NEUCTBUS 3THX MOJIEU U
3aBUCAT OT CBOWCTB Cpelbl. AHAJIOrOM BEKTOpa 3JIEKTPUYECKOTO CMelleHHus D sBisgeTcss BEKTOp
HanpsbkeHHocTH H MarHuTHOrO mouts.

2. 3akon Amnepa. BzaumoaeiicTBue napajjieJibHbIX TOKOB

MarnutHoe nosie (cM. 109) oka3biBaeT Ha paMKy ¢ TOKOM OpHEHTHpytolee aeiicteue. CrnenoBaTenbHo,
BpalalOlMi MOMEHT, MCHBITBIBAEMBIH PAMKOW, €CTh PE3yJIbTaT JECUCTBUS CWUJI Ha OTIECIbHBIE €€
aneMeHTbl. O0600mas pe3yabTaThl MCCIENOBaHMUSA JAEHCTBHS MAarHUTHOTO IOJi Ha pa3iMyHble
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MPOBOJHUKHU C TOKOM. Amriiep ycTaHoBuj, 4to cuia dF, ¢ KOTOpoil MarHUTHOE MoJyie JAEUCTBYET Ha
AJIEMEHT MPOBOAHUKA d/ ¢ TOKOM, HAXOSIIETOCS B MArHUTHOM T10J1€, paBHA
dF=1(dl, B], (111.1)
rae dl—sekrop, mo Moaynro paBHbIM d/ W COBHaAarONIMii MO HAMpaBICHUIO C TOKOM, B — BekTop
MarHUTHON MHIYKITUU.

Hamnpasnenue Bektopa dF MoxeT ObITh HalizeHo, coriacHo (111.1), mo obmuM mpaBuiIamM BEKTOPHOTO
MIPOM3BEICHHUS, OTKYa CIeIyeT MPABUJIO JIeBOi PYKHU: €CIU JIAJOHb JICBOH PyKH PACIOIOKUTh TaK,
4yTOOBI B HEE BXOMI BEKTOp B, a ueThipe BRITAHYTHIX Majbla PacoiIOKUTh [0 HAMIPABICHUIO TOKA B
IPOBOJHHKE, TO OTOTHYTHIM OOJIBILION MaJIel] MOKaXeT HalpaBJIeHUE CUJIbI, JEHCTBYIOIIEH Ha TOK.

Mopyns cunsl Ammepa (cm. (111.1)) Beraucisiercst mo ¢popmyiie

dF=1IBdlsina, (111.2)

rae o — yroi Mexay Bekropamu dl u B.

3akoH AMIiepa MPUMEHSETCS ISl ONpEeNeICHHsI CUIbl B3aMMOJICHCTBHUS JIBYX TOKOB. Paccmorpum 1Ba
OECKOHEUYHBIX NMPSMOJIMHEHHBIX MapayieNbHbIX ToKa /1 U I2; (HampaBieHHs TOKOB yKa3aHbl Ha pHUC.
167), paccrosgHure Mexay KOTOpbIMU paBHO R. Kaxx1plif U3 MPOBOJHUKOB CO3Ja€T MATHUTHOE IOJE,
KOTOpOE JIEMCTBYET MO 3aKOHY AMIiepa Ha APyrod MpoOBOJAHHUK ¢ TOKOM. PaccMoTpuMm, ¢ KakoW CUIIOMN
JIeicTByeT MarHuTHOE mosie Toka /1 Ha snemMeHT d/ Broporo mpoBojgHuKa ¢ TokoM 2. Tok /1 co3naer
BOKpPYr ce0s MarHuTHOE I0Jie, JIMHUM MarHUTHOM MHIYKIUU KOTOPOTrO NPECTAaBISIIOT cOOOMH
KOHIIGHTpUYECKHe OKpykHOCTU. HampaBnenue BexkTopa B1 ompenensiercss mpaBuioM NpaBoOro BHHTA,
ero MoxayJib 1o ¢opmysie (110.5) paBen

® ® @ Haigute BbipaxxeHne ANA cunbli 83anMogencT-
BUSt [1BYX GOCKOHeYHbIX NpAMONUHeAHbIX
OANHAKOBbLIX TOKOB NPOTMBOMONOXHOIO Ha-
npasnexun. HauyepTnte pMCYHOK C yxaszaHnem
cHn.

'@ HasoBnTe eMHWLB MAarHWTHOW MHAYKUWH
: # HaNPRXXOHHOCTH MATrHNTHOTO nona. flante nx

onpepenexus.

Hanpasnenue cunst dF1, ¢ koTopoit mone Bi nefictByeT Ha ydactok d/ BTOPOro TOKa, ONpEnesseTcs 1o
MpaBUJIy JICBOW PYKH M yKa3aHO Ha pucyHKe. Momynb cuibl, corsacHo (111.2), ¢ yaeroMm Toro, 4to
YTOJI o MEXy dJIEMEHTaMM ToKa 2 1 BekTopoM Bi1 npsiMoii, paBeH

dF,=LB,dl;
MIOJICTaBJIsIS 3HAYEHUE ISl B1, Oy4uM

4z R (111.3)
Paccyxnas aHanorn4Ho, MOXHO MoKa3aTh, 4yTo cana dF2 ¢ koTopoil MarHuTHOE mose Toka /2 1eicTByeT
Ha 3neMeHT d/ mepBoro MpoBOJHMKA ¢ TOKOM /1, HampaBlieHA B MPOTHBOIOJIOXKHYIO CTOPOHY M IO
MOJTyJIIO paBHA
dF= 1,8, di=LE 20 o
4= R (111.4)
Cpasuenue Boipakenuid (111.3) u (111.4) nokasbIBaeT, 4To
dF;=dF,
T. €. 08a NAPANNENbHBIX MOKA 00OUHAKOB020 HANPABIeHUs NPUMALUBAIOMCS OpY2 K Opyey ¢ CUIION

4z R (111.5)
Ecmu moxu umerom npomueononodicnvle Hanpasienus, TO, UCTIONB3Ys MPABUIO JIEBOH PYKH, MOXKHO
MOKa3aTh, YTO MEKIY HUMU JACUCTBYET cuia ommankusanus, onpenensemas Gopmymnoit (111.5).
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3. MarauTHasi IOCTOSIHHAS. Eanaunbl MarHuTHoOM HHAYKIUUA U HATNIPAKEHHOCTH MAIrHUTHOT'O
moJis

Ecnu nBa napasienbHbIX IPOBOJIHMKA C TOKOM HaXOAATCA B BakyyMe (4=1), To cuia B3auMO/ICHCTBUS Ha
eAVHUILY ITUHBI TPOBOAHMKA, cornacHo (111.5), paBHa

dF _ Ho 21112
dl 4n R’ (112.1)
I[JISI HaXOXKACHUA YUCIIOBOI'0 3HAYCHHUA L BOCIIOJIB3YCMCA OIMMPCACIICHUCM aMIICpa, COTJIaCHO
KOTOPOMY %;:22-10’7 Hmuopu li=hLh=1AuR =1 m. [loncraBus 310 3Hauenue B popmyiy (112.1),
MOy YHM

to=4n-10"7 H/A2=4xn"10""7 I'n/m,
rae reapu (I'n) — eguHuIa THAYKTUBHOCTH (cM. 126).
3akoH AmIiepa MO3BOJISIET ONPENEIUTh AMHUIY MAarHUTHOW MHAYKIUU B. IIpeanonoxxum, 4to 31eMeHT
npoBoaHKKa d/ ¢ TOKOM / MEepPHEeHIUKYISIPEeH HANpaBICHUI0 MAarHUTHOTO MmoJist. Toraa 3akoH Amrepa
(cm. (111.2)) 3anumercs B Buae dF=/Bd/, otkyaa
1dF
=13
Engunauna marautHoil uHaykimu — Tecaa (Tm): 1 Tn — MarHUTHas MHAYKIUS TaKoro OJAHOPOIHOTO
MAarHuTHOTO TIOJIs, KOTOpoe AeUcTByeT ¢ cuinoi 1 H Ha Kaxaplili MeTp JUIMHBI IIPSMOJIMHEWMHOTO
MPOBOJHMKA, PACIIOIIOKEHHOTO MEPICHIUKYISIPHO HAMPABICHUIO TMOJIS, €CIU MO 3TOMY MPOBOJHUKY
MPOXOANT TOK 1 A:
1 Tn=1 H/(A M).
Tak xax uo = 4n-107 H/A% a B ciyuae Bakyyma (u = 1), cornacho (109.3), B=uH, To 11 JaHHOTO
ciryJast
H=Bfy,.
Enaunauna HanpspkeHHOCTH MarHUTHOTO OISt — aMiep Ha MmeTp (A/M): 1 A/M — HanpsKEHHOCTh TaKOTO
10J151, MATHUTHAA MHAYKIMS KOTOPOro B Bakyyme paBHa 4m-10~7 To.

4. MarHuTHoe 1noJie IBHKYIIerocs 3apsia

Kaxp1il NpoBOJHHUK C TOKOM CO3JIa€T B OKPYXKAIOIEM MPOCTPAHCTBE MarHUTHOE MoJje. DIEeKTPUUECKUI
K€ TOK MPEICTABIIAET COOON YNMOPSIOUEHHOE IBUKEHHE AIEKTPUUYECKUX 3apsaoB. [losTomMy MOXxKHO
CKa3aTh, YTO JHOOOH ABWXKYLIHMICA B BAKYyME WIN CPeJe 3aps]] CO3JaeT BOKPYT ce0sl MarHUTHOE T0JIe.
B pesynbrare 000OIIEHMSI ONBITHBIX AAHHBIX OBLI YCTAaHOBJIEH 3aKOH, ompenesstomuil noie B
TOYEYHOT0 3apsfa (J, CBOOOAHO JBHXKYLIETOCS C HEPEISITUBUCTCKONW CKOPOCTBIO V. [100 c80000HbIM
o0gudKcenueM 3apso0a TIOHUMAETCSl €ro JBM)KEHUE C TIOCTOSIHHONM CKOPOCTBIO. DTOT 3aKOH BbIpa)KaeTcs
dbopmynoit

_tou Q]

an (113.1)
rZie ¥ — paJnyc-BeKTOp, NMpOBeAEHHBIH OT 3apsina O k touke HaOmogenus M (puc. 168). Coriacho
BeIpakeHuio (113.1), Bektop B HampaBiieH meprneHIUKYJIIPHO TJIOCKOCTH, B KOTOPOU PaCIIOIOKEHBI
BEKTOPBI V U I, @ UMEHHO: €T0 HAIpaBJIEHUE COBNAJAET C HANPABIECHUEM IIOCTYNATEIbHOTO IBUKEHUS
IPaBOro BUHTA IIPH €r0 BPALIEHUU OT V K I.
Monaynbs marautHON uHAYKIMH (113.1) Beraucasiercs no popmyse
B=—-£‘£ O sin «,

ax 7 (113.2)

T/ & — YTOJl MEX]Ty BEKTOPaMHU V U I'.
CpaBauBas Bwipaxkenus (110.1) u (113.1), BuguM, 9TO ABMXKYIIMKCSA 3apsj MO CBOMM MAarHUTHBIM
CBOMCTBaM SKBUBAJICHTEH DJIEMEHTY TOKa!
Id1=Qv.
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[IpuBenennsie 3akoHOMepHOCTH (113.1) 1 (113.2) cmpaBeAnuBbI TUIIb MPU MaJbIX CKOPOCTAX (V<<C)
JBIKYIIUXCS 3apsAA0B, KOTAA JIEKTPUUECKOE ToJie CBOOOIHO JBMIKYIIECTOCS 3apsiia MOKHO CUHTATh
ANEKTPOCTATUYECKUM, T. €. CO3/aBA€MbIM HETOJABUKHBIM 3apsIIOM, HAaXOSIIUMCS B TOH TOYKE, I/I€ B
JaHHBI MOMEHT BPEMECHH PACIIOIOKEH JABWIKYILUNCS 3apsi.

Puc. 168
8
@ Onpeplennte 4nMCnoBOe 3HAMEHNWE MAErHWTHOM!
M NOCTOAHHOM.
r @ Novemy asnXywmica 3apag No CBONM Mar-
q % v HATHLIM CBORCTBAM 3IKBHBANOHTEH 3NTEMEHTY
. ToKa?

@®opmyna (113.1) ompenenseT MarHUTHYIO HMHIYKIMIO TOJIOKUTENBHOIO 3apsijia, ABMXKYILIETrocs co
cKOpocThio V. Eciu nBukeTcst oTpunaTenbHblil 3apa, To O Hano 3amMeHuTh Ha —(. CKopocTh vV —
OTHOCHUTEJIbHASI CKOPOCTh, T. €. CKOPOCTh OTHOCUTENIbHO Habmoaarens. Bektop B B paccmarpuBaemoit
CUCTEME OTCUETa 3aBUCHUT KaK OT BPEMEHH, TaK M OT INOJIOKEeHUs Touku M Habmioaenud. Ilostomy
CclIeZlyeT MOAYEPKHYTh OTHOCUTEIbHBIN XapakTep MarHUTHOTO MOJIS ABMIKYILETOCs 3apsiaa.

BrnepBble mosie ABHXKyILErocs 3apsaa ynajaoch OOHapyX HUTh aMepukaHckomy ¢usuky ['. Poynanny
(1848—1901). OxoHuaTenpHO 3TOT (PaKT ObLT ycTaHOBIIEH NMPpodheccopoM MOCKOBCKOTO YHUBEPCUTETA
A. A. DiixenBanpaoM (1863—1944), u3yunBIIMM MarHUTHOE I10JI€ KOHBEKIIMOHHOTO TOKA, a TAKKe
MarHUTHOE I0JI€ CBS3aHHBIX 3apsAJOB MOJSPU30BAHHOIO AMANEKTpUKA. MarHuTHoe mojie CBOOOIHO
JBIKYIIUXCS 3apsaa0B ObuTo m3Mepeno akagemMukom A. @. Modde, n1oka3aBmmm 3KBUBAIEHTHOCTD, B
CMBICIIE€ BO30YKJI€HHUSI MArHUTHOT'O TOJIsI, SJIEKTPOHHOI'O My4Ka U TOKa IPOBOJIUMOCTH.

5. lloTok BekTOpa MarHuTHOM MHAYKI UK. Teopema I'aycca nast mosiss B

IloToxkoM BekTOpa MArHUTHOI MHAYKIUM (MATHHUTHBIM MOTOKOM) uepe3 IUIOMIAKy dS Ha3bIBaeTCA
ckanapHas pusnyeckast BeIMUYUHA, paBHAS

d®=BdS=B,dS, (120.1)

rae B,=B cos a —mpoekius BekTopa B Ha HampaBieHHe HOpMaJId K IJIomanke dS (@ — yroa mMexmy
BekTopamu n 1 B), dS=dSn — BexTOp, MOAYIb KOTOpPOro paBeH dS, a HalpaBlE€HHE €ro COBMATAET C
HanpaBJieHUEM HOpMaiu n K momaake. Ilotok Bekropa B MokeT ObITh KakK MOJOKUTENIbHBIM, TaK U
OTPHULIATEJIbHBIM B 3aBUCUMOCTH OT 3Haka cos « (ONpenensieTcss BbIOOPOM IOJI0XKHUTEIBHOTO
HanpasyeHuss Hopmaiu n). [loTok BekTOopa B CBS3BIBAIOT C KOHTYpOM, 10 KOTOPOMY TE€YET TOK. B
TaKOM CJIydae MOJIOKUTEJIBHOE HalpaBJIEHUE HOPMAJIM K KOHTYPY HaMHM yxe omnpezaeneHo (cMm. 109):
OHO CBS3BIBACTCS C TOKOM TPAaBWJIOM NPaBOro BUHTA. TakuMm o0O0Opa3oM, MarHUTHBI TOTOK,
CO3aBacMblil KOHTYPOM 4epe3 MOBEPXHOCTh, OTPAHUYEHHYIO UM CaMUM, BCET/a ITOJI0KHUTEIIEH.

[ToTok BekTOpa MarHuTHOM MHAYKIMH Pp yepe3 NPOU3BOJIbHYIO IIOBEPXHOCTH S paBeH

®,={ BdS={ B,ds.
s s (120.2)

JInst OQHOPOAHOrO MOJISE U IUIOCKOW ITOBEPXHOCTH, PACIIOIOKEHHOM IEPIEHAMKYJIAPHO BEKTOpY B,
Bn=B=const n

O.SBS.

W3 atoit hopmynbl onpenensercs eIuHuIla MarHUTHOTO TToToka Bedep (BO): 1 BO — MarHuTHBIN NOTOK,
IPOXOAMIMI CKBO3b IUIOCKYIO MOBEPXHOCThH IUIONIAABI0 1 M, PAacHoIOKEHHYIO TEPHEHIUKYIIPHO
OJITHOPOTHOMY MarHHTHOMY TIOJIIO, MHAYKIMs KoToporo pasna 1 T (1 B6=1 Tm-m?).

Teopema I'aycca nisi monss B: nmoTok BekTOpa MarHUTHOM MHIYKIUHU CKBO3b JIIOOYIO 3aMKHYTYIO
MIOBEPXHOCTb PABEH HYJIIO:

$BdS=§ B,dS=0.
s s (120.3)

Ota Teopema OTpa)kaeT (akT OTCYTCTBUS MAarHMTHBIX 3apsi/iOB, BCJIEACTBHE YEro JMHUM MarHUTHOM

MHAYKIWH HE UMEIOT HU Hadayla, HU KOHLA U SIBJISIFOTCS 3AMKHY TBIMH.
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Urak, nns notokoB BeKTOpoB B u E CKBO3b 3aMKHYTYIO MOBEPXHOCTh B BUXPEBOM U MOTEHLHAIBHOM
MOJISIX TTOJTyYaroTCs paznuyHbie BeipaxeHus (cm. (120.3), (81.2)).

B kauectBe mnpumepa paccuuTaeM NOTOK BekTopa B CcKkBO3b cosieHOMJ. MarHuTHas WHAYKUUS
OZHOPOJHOIO MOJIsI BHYTPU COJEHOMJA C CEPACYHUKOM C MAarHUTHOW MPOHHUIAEMOCTBIO [/, COTJIACHO
(119.2), paBHa

B=pouNIJL

MarHuTHBIN OTOK CKBO3b OJMH BUTOK COJICHOUA IJIOIIA/IbiO S paBeH

®,=BS,

a TOJHBIM MATHUTHBIM TIOTOK, CICIUIGHHBIM CO BCEMU BHUTKAaMHM COJICHOMJA M Ha3bIBaeMbIi
NOTOKOCIENJIeHHEM,

Y=, N=NBS ——-NZIS
=Wiv= = ot .
‘ ! (120.4)
@ Vicnonbaya teopemy O ’uupxynauuu pexTopa MErHNTHOrO Nons, o6bACHNB 60 (hU3NYecKni
MarHuTHO# wHAayxuuwu B, paccuntaiite mariur- cMbich.
Hoe none Toponaa. @ Kakas ¢du3n4eckan BeNnMUNHA BbIPAXKASTCA
@ YTO HasLIBAIOT NOTOKOM BEKTOPA MAarHWTHON 8 BeSepax? [laiite onpepenexne sebepa.

nHAayKuyun? 3annunre teopemy [aycca Aans
6. PadoTa no nepeMenieHMI0 MPOBOJHUKA U KOHTYPa ¢ TOKOM B MATHUTHOM IO

Ha npoBosHHMK C TOKOM B MarHMTHOM II0OJIE JAEMCTBYIOT CHIIBI, OIpEAEIsieMble 3aKOHOM Ammepa (CM.
111). Ecnmu mpoBOIHUK HE 3aKpervieH (Hampumep, OfHa M3 CTOPOH KOHTypa HM3rOTOBJICHA B BHJIC
NOJBM)KHOM mepeMbIuku, puc. 177), To oz neicTBreM cuiibl AMiepa oH OyaeT B MarHUTHOM IOJe
nepemerathbes. Ce0BaTeNbHO, MAarHUTHOE I0JIE COBEPINAET paboTy MO MEPEMELICHUIO IPOBOJHUKA
C TOKOM.

Jnst ompeneneHus 3TOH pabOTHI PACCMOTPHUM IPOBOIHUK UTMHOW [ ¢ TOKOM / (OH MOXET CBOOOIHO
nepeMeInaThes), MOMEUICHHBI B OJHOPOJHOE BHEIIHEE MAarHuTHOE II0Jie, MEepPHEeHIUKYISpPHOE
IUIOCKOCTH KOHTYpa. CHila, HalpaBlIeHHE KOTOPOM OIPeNeseTCs 10 NIPaBUIly JIEBOM PyKH, a 3HAUCHHE
— 1o 3akoHy Ammnepa (cM. (111.2)), paBna

F=IBl

[Ton neiicTBUEeM 3TOW CHUIIBI TPOBOJHUK TEPEMECTHTCS MapajuieJbHO camMoMmy cebe Ha oTpe3ok dx u3
nojoxenus / B nojoxenue 2. Pabota, coBepiiaemMas MarHUTHBIM T10JIEM, paBHA

dA=Fdx=IBldx=IBdS=Id®,

Tak Kak /dx=dS — turomanp, nepecekaemasi MPOBOAHUKOM IPU €ro NepeMelleHNH B MarHUTHOM TIOJIE,
BdS=d® — noTok BekTOpa MarHUTHON MHIYKIIUH, IPOHU3BIBAIOIINHN 3Ty TUIOMIAb. Takum 00pazom,

dA=1d9, (121.1)

T. €. paboTa 1o NepeMeIIeHNIO IPOBOHUKA C TOKOM B MarHUTHOM I10JI€ paBHa MPOU3BEICHUIO CHJIbI TOKA
HA MArHUTHBIA TIOTOK, nepeceyeHHvlli Osudxcywumcs nposoonuxkom. llomyuenHas Qopmyna
CIpaBeJIBa U JUIsl IPOU3BOJILHOTO HampaBieHUs BekTopa B.

BbruncnuMm paboTy no nepeMenieHro 3aMKHYTOT0 KOHTYPa C MOCTOSIHHBIM TOKOM / B MarHUTHOM II0JIE.
[Ipennonoxum, yTo KOHTYp M mnepemeriaercs B IUIOCKOCTH YEpTEXka U B pe3ysibTaTe OECKOHEYHO
MaJoro mMepeMelnleHus: 3aiiMeT mnonokeHue M', u3oOpakeHHOe Ha puc. 178 MTPUXOBOW JITHHHUEH.
Hampasnenue Toka B KOHType (IO 4acOBOW CTpPEJIKE) M MArHUTHOTO NoJs (HEepHeHAUKYJISIPHO
IUIOCKOCTH YepTexa — 3a 4epTexk) ykazaHo Ha pucyHke. KoHTyp M MbIcieHHO pa3o0beM Ha JBa
COEJIMHEHHBIX CBOMMHU KOHIIaMH npoBojgHuka: ABC u CDA.
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Pac. 177 Puc. 178

PaGora d4, coBepiraemast cuiiamMmu AMiiepa mpHu paccCMaTpUBaeMOM IMEPEMEIIEHUH KOHTYpa B MarHUTHOM
oJie, paBHa alredpandeckorl cymme padoT 1o nepemenieHnto mpoBogHUKOB ABC (dA1) u CDA (dA2),
T. €.

dA=d4,+d4,. (121.2)

Cunbl, npunoxeHHsle K yuyactky CDA KOoHTypa, 00pa3yroT ¢ HalpaBJIeHUEM IepEeMEIICHHs OCTPhIE YTIIbI,
no3ToMy coBepiiaeMas umu padora dA2>0. .Cornacuo (121.1), sta paboTta paBHa MPOU3BEICHUIO
CUJIBI TOKa / B KOHTYpe Ha NepeceuyeHHbl npoBogHUKOM CDA marHuTHbld notok. IlpoBognuk CDA
nepeceKkaeT mpu CBOeM JBHKEHUH MOTOK dPo CKBO3b MOBEPXHOCTb, BHIMOJIHEHHYIO B I[BETE, U MOTOK
d®2, mpOHU3BIBAIOLIHI KOHTYP B €r0 KOHEYHOM I0JI0’keHHH. Cle10BaTeNbHO,

dA=1({dDo+dD,). (1213)

Cunsl, neiictByromue Ha yyacTok ABC KOHTypa, 00pa3yloT C HalpaBiIeHUEM MEPEMEIIECHUS TyIbIe YTJIbl,
nosToMy coBepuiaemasi uMu padora d41<0. [IpoBoguuk ABC nepecekaeT Npu CBOEM JIBUKEHUU OTOK
d®o cxBO3b MOBEPXHOCTb, BBIIOJHEHHYIO B I[BeT€, U MOTOK d®i, NMPOHMU3BIBAIOIIUN KOHTYp B
Ha4aJIbHOM IoJI0KeHUH. CIie10BaTeNbHO,

a4y = —I(d®o+dD,y). (121.4)
IMoxcraBnsis (121.3) u (121.4) B (121.2), momyuuM BeIpaXeHHE TSI JIEMEHTApHOU pabOTHI:
dA=1 (@0, —dd)),
rae ddr>—dd1=d®’ — uzmenenue MarHUTHOTO MOTOKA CKBO3b IUIOIIA[b, OFPAaHUYCHHYIO KOHTYpPOM C
TokoM. Takum oOpazom,
dd=T a0 (121.5)

[IpounTerpupoBaB Beipaxkenue (121.5), ompemenum paboTy, coBepliaeMylo CHiIamMu Awmriiepa, Mpu
KOHCYHOM IIPOU3BOJILHOM .INCPECMCIUICHUU KOHTYpa B MArHUTHOM I10JIC:

A=TIAQ®, (121.6)
T. €. paboTa 1O MepEeMEIEHHIO 3aMKHYTOT'O KOHTYypa ¢ TOKOM B MAarHUTHOM II0JI€ paBHA MPOU3BEICHHIO
CHJIBl TOKa B KOHTYpPE Ha U3MEHeHUe MACHUMHO20 NOMOKA, CYenieHHo2o ¢ KoHmypom. DPopmyna
(121.6) ocraercs cripaBeUITMBO ISt KOHTYpa J1F000# (YOPMBI B TPOM3BOILHOM MarHUTHOM IIOJIE.

3agaHusi M BONPOCHI

1. Tonkoe kompOo Maccoil 15 r u pammycom 12 cMm HeceT 3apsii, paBHOMEPHO pacIpeleieHHbIN C
nuHeitHo# TnoTHOCTRI0 10 HK/M. KonbIlo paBHOMEpPHO BpamiaeTcs ¢ 4acToToil 8 ¢! OTHOCHTENTHHO
OCH, NEPIEHIUKYIISIPHOM TUNIOCKOCTH KOJIbLIA U MIPOXOJALIeH uepe3 ee HeHTp. OnpeneauTb OTHOILIEHUE
MarHUTHOTO MOMEHTa KpPyTroBOTO TOKa, CO3JaBa€MOr0 KOJIBIIOM, K €ro MOMEHTY uMmyJibca. [251
HKI1/KT]

2. Ilo mpoBoly, COTHYTOMY B BUJE KBaJpaTa CO CTOPOHOM, paBHOU 60 CM, T€YET MOCTOSHHBIA TOK 3 A.
Onpenenutb UHAYKIHMIO MarHuTHOro nojst B Llentpe kBaapara. [5,66 MxTi]|

3. Ilo nBymM O€CKOHEYHO [JIMHHBIM MpPSIMBbIM MapajljieIbHBIM MPOBOJHUKAM, PACCTOSHHUE MEXKIY
KOTOpPBIMU paBHO 25 cM, TeKyT Tokd 20 u 30 A B mpOTHUBOIIOJIOKHBIX HampasieHUsX. OnpenennuTts
MarHuTHYK HMHIYKIHMIO B B Touke, yaaineHHoW Ha 71=30 cm oT nepBoro u 72=40 cM OT BTOPOro
npoBoJHUKA. [9,5 MKT]
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4. OnpenenuTb MarHUTHYIO MHIYKLHIO HAa OCH TOHKOTO IPOBOJIOYHOrO Kojblia paguycoM 10 cwm, mo
KoTOpoMy TeueT ToK 10 A, B TOUuKe, pacrojio)KEHHOM Ha paccTosHUU 15 cM oT neHTpa konbua. 10,7
MK T]

5. JIBa GeCKOHEYHBIX MPSIMOJIMHEHHBIX MapaJIebHBIX POBOIHUKA C OJMHAKOBBIMU TOKAMH, TEKYIIUMH
B OJJHOM HAIIPaBJICHHUH, HAXOAATCA APYr OT JApyra Ha paccTosHuM R. YToObl MX pa3IBUHYThH 10
pacctossHug 3R, Ha KaKIpli CaHTHMETp JJIMHBI MPOBOJHMKA 3arpaunBaerca padorta A=220 n/lxk.
Onpenenuts cuiy ToKa B MpoBogHUKax. [10 A]

6. OmnpenenuTh HANPSHKEHHOCTH MOJSI, CO3/1aBa€MOI0 MPSIMOJIMHENHO PaBHOMEPHO JBMXKYIIMMCS CO
ckopocThio 500 KM/C 3JIEKTPOHOM B TOUKE, HaXOAdlIelcs oT Hero Ha paccTostHuU 20 HM M Jexarieit
Ha MEPICHANKYJIISIPE K CKOPOCTH, MTPOXOAAIIEM Yepe3 MTHOBEHHOE ITOJIOKEHHE AIeKTpoHa. [15,9 A/M]

7. IIpoToH, yckopeHHbIH pazHocThi0 nmoteHuuanoB 0,5 kB, BieTas B OAHOPOAHOE MarHUTHOE IOJIE C
unaykuueit 0,1 T, nBuxercs no okpyxHocTu. OnpenenuTs paguyc 3TOH OKpyKHOCTH. [3,23 cMm]

8. Omnpenenutp, MpU KaKoOi CKOPOCTHU JIYYOK 3apsDKEHHBIX YAaCTHIL, MPOXOJs NMEPNEHAUKYIISIPHO 001acTh,
B KOTOPOH CO3J]aHBI OJJHOPOJIHBIC TIONIEPEUHBIC IIEKTPUIECKOe U MarHuTHoe nojst ¢ £=10 kB/M u B=
0,2 Tn, He oTkIoHATCS. [50 KM/C]

9. [TuknoTpoH yckopsieT NpoToHbI 10 Hepruu 10 MsB. Onpenenuts paguyc 1yaHTOB LMKIOTPOHA MpPU
MHAYKUKUUA MarHuTHOTO noJist 1 Ti. [>47 cMm]|

10. Yepe3 ceuenune MmenHoi mactuHkK TtomumuHOW 0,1 MM mpomyckaercss Tok 5 A. Ilnactunka
IIOMEIIAETCS B OJHOPOJHOE MarHuTHoe mnosie ¢ uuaykuued 0,5 Tn, nepnenaukyssipHoe pedpy
IUIACTUHKM W HalpaBleHHI0 Toka. CuuTass KOHUEHTPALUIO 3JIEKTPOHOB IMPOBOJMMOCTH pPAaBHOMN
KOHIIEHTPAllMM AaTOMOB, OMNpPEJEIUTh BO3HUKAIOUIYI0O B IUIACTHHE IMONEPEYHYI0 (XOJIJIOBCKYIO)
pasHocTh noTeHIManos. [lnotocts Meau 8,93 r/em’. [1,85 MkB]

11. ITo npsMomy OECKOHEYHO AJMHHOMY HpPOBOJHHMKY TeueT TOK 15 A. Omnpenenauts, MONB3YSCH
TEOPEMOM O WUPKYJSLMU BeKTOpa B, MarHUTHYI0 MHAYKIHIO B B TOYKE, pACIOJ0KEHHOMW Ha
pacctostHuu 15 cm oT npoBoanuka. [20 mxTi]

12. Omnpenenuth, NOJB3YSACH TEOPEMOM O LHUPKYJALMM BeKTOpa B, MHAYKIMIO U HaIpPsDKEHHOCTD
MarHuTHOTO TOJIsI Ha OCH Topoujia 0e3 cepAeuHnKa, o 00MOTKe KOToporo, coaepskamei 300 BUTKOB,
nporekaeT Tok 1 A. BHemnuii nuamerp topouaa paseH 60 cm, BHyTpeHHUl — 40 cMm. [0,24 mTa; 191
A/M]

13. [ToTok MarHUTHON MHIYKIMUU CKBO3b IUIOIIA/b MOMEPEYHOTO CEUeHHUs colieHoua (0e3 ceplIeyHrKa)
®=5 mxB6. Jlnuna comenouaa /=25 cm. OnpenenuTh MarHUTHBIH MOMEHT pm 3TOTO COJICHOWna. |1
AM?]

14. Kpyrias pamka ¢ TOKOM miomaasio 20 cM? 3aKkpernieHa napauiebHo MarHuTHoMy oo (B=0,2 Tn),
W Ha Hee JercTByeT Bpamaronuii MomeHT 0,6 MH-M. Pamky ocBoOommmu, mocie moBopota Ha 90° ee
yrioBas ckopocTh ctana 20 ¢ !. OnpenenuTs: 1) cuily ToKa, TEKYIIETO B paMKe; 2) MOMEHT MHEPLIHH
PaMKM OTHOCHUTENBHO ee auametpa. [1) 1,5 A; 2) 3-107° kr-m?]
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cneunansHoctsM / B. U. Bapcykos, O. C. JIMutpueB. — DIEKTPOH. TEKCTOBbIE JaHHble. — TaMO0B :
TamboBckuii rocynapcTBeHHbIN TexHnyeckuil yausepcuret, 9bC ACB, 2015. — 248 c. — 978-5-8265-
1441-2. — Pexxum noctyna: http://www.iprbookshop.ru/63918.html

2. 3to3uH, A. B. ®usnuka. Mexannka [ DIeKTpOHHEIN pecypc] : yueOHoe mocobue s By30B / A. B.
3ro3uH, C. b. Mockosckuid, B. E. TypoB. — DileKTpoH. TeKCTOBBIE faHHble. — M. : AkageMudecKkuii
[Ipoekt, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
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3. Tpodumosna, T. . ®uznka : y4eOHUK : U CTYJCHTOB BY30B, 00YYarOIIUXCs TI0 TEXH. HATIP.
noarotoBku / T.W. Tpodumosa. - 2-e uzn., nepepad. u gom. - Mocksa : Axkagemus, 2013. - 346 c. : ui. -
(Beicmiee npodeccronanpHoe oopasoBanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-339. - ISBN 978-5-
7695-9820

4. Tpodpumona, T. U.; Kypc dusuku ¢ mpumepamu pemieHus 3aaad: B 2-x 1. : yaeonuk / T.U.
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Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.1., dupcosa A.B., CoopHuK 3a1au 10 Ppu3uKe- 2-e u3f., nepepad. u gom. - Mocksa :
Axanemust, 2013.

INPAKTUYECKOE 3AHATHUE Ne 14 DJIEKTPOMAT'HUTHASA HHAYKIUA

Ienb-3akpenuTh HM3yYEHHBIM MaTepuall IO TEMaTHKE «JJEKTPOMAarHWTHas WHAYKUUS. SIBieHue
ANEKTPOMarHuTHOM HMHAYKIMHM (onbiTel Dapanes). 3akoH @apagess U €ro BbIBOA U3 3aKOHA
COXpaHEHMs SHepruu. BpaiieHue pamMku B MarHMUTHOM nosie. BuxpeBble Toku (Toku Dyko).
NuayktuBHOCTh KOHTYpa. Camounaykius. Toku npu pa3MblKaHUM U 3aMbIKaHUU Lenu. B3aumuas
uHAyKuus. TpanchopmaTopbl. DHEPrusi MArHUTHOTO HOJIS.

OcBauBaemMble KOMIIETEHIIMM B PE3yJIbTaTe MPOBEACHUS MPAKTUUECKOIO 3aHSITHUS YKa3aHbl B IIyHKTE
«O01ue cBeIeHUS

AKTYyaJIbHOCTh NPAKTHYECKOr0 3aHATHSl — 3aKPENUTh IOJIY4YEHHbIE TEOPETHUUYECKUE 3HAaHUSA U
BbIpAa0OTAaTh HABBIKU U YMEHHMSI IPAKTUYECKOTO PELICHNUs 33134, B TO YUCIIE U CAMOCTOSITENBHO.

Teopernyeckas 4acTb
1. SIBJIeHHe 3JIEKTPOMATHUTHOM MHAYKIUM (onbIThl Dapanest)

B rn. 14 06bi0 moka3aHO, YTO SJEKTPUYECKHME TOKU CO3/al0T BOKPYT ceOsi marHuTHoe moje. Cs3b
MarHUTHOTO TOJSI ¢ TOKOM IpHBENa K MHOTOYMUCIEHHBIM IOMBITKaM BO30YAUTh TOK B KOHTYpE C
MOMOIIbI0 MarHUTHOTO MoJsA. OTa (yHIamMeHTanbHas 3agada Oblna Onectsimie pemieHa B 1831 .
aHrmiickuM gusukom M. dapaneem, OTKPBHIBIINM SIBJ€HUE JIEKTPOMArHUTHONH MHAYKHUU. OHO
3aKJII0YAeTCsS B TOM, YTO B 3aMKHYTOM HPOBOJSLIEM KOHTYpE MPHU MU3MEHEHHUH MOTOKAa MATHUTHOMN
WHYKIIAW, OXBAaTHIBAEMOTO 3TUM KOHTYPOM, BOSHUKAET AJICKTPUUCCKUN TOK, TOJYUHBIINI Ha3BAHHE
WHIYKIIMOHHOTO.

PaccmoTpuMm kmaccuueckue ombiTel Dapajes, ¢ MOMOIIBIO KOTOPBIX OBLJIO OOHAPYKEHO SIBICHHE
3JIEKTPOMATHUTHON MHIYKIIMH.

OmnbiT I (puc. 179, a). Ecnu B 3aMKHYTHI Ha TallbBAHOMETDP COJICHOW]I BIBUTATh WU BBIJIBUTaTh
IMOCTOSSHHBIM MarHWT, TO B MOMEHTHI €r0 BJBHUI'AaHHMS WM BBIJIBUTAHUSA HAONIOJAETCS OTKIOHEHME
CTPENIKU TallbBaHOMETpa (BO3HHKACT WHIYKIIMOHHBIN TOK); HAMPABICHHS OTKJIOHEHUN CTPENKU MpHU
BJIBUTAHWU W BBIJBUTAHWM MarHuTa MPOTHBOMOJIOKHBL. OTKJIOHEHUE CTPEJIKHA TaJlbBAaHOMETpA TEM
OonbIire, 4em OOJbIIE CKOPOCTh ABM)KCHUS MarHUTa OTHOCHUTEIBHO KaTymku. [Ipu u3MeHeHuu
MOJIIOCOB MAarHWTa HAMNPABJICHUE OTKJIOHEHHUSI CTPEIKH U3MEHHTCS. {1 mosydyeHHs MHAYKIHOHHOIO
TOKa MarHUT MOXHO OCTaBJISITh HEMOJBW)XHBIM, TOTJa HY>KHO OTHOCHUTEIIbHO MarHuTa MepeiBUraTh
COJICHOM/I.

Omnpit I1. KoH1lbl 04HOM U3 KaTyIIEK, BCTABICHHBIX OJIHA B IPYTYIO, IPUCOEAUHSIOTCS K TAJIbBAHOMETPY,
a yepes3 JIPYrylo KaTyIIKy IporyckaeTrcs ToK. OTKIOHEHHE CTPEIKU rajJbBaHOMETpa HaOII0JaeTCs B
MOMEHTBI BKJIFOUECHHUSI WJIA BBIKJIFOUEHHS TOKA, B MOMEHTBI €T0 YBEJIMUCHUS WM YMEHBLIECHUS WU TIPU
nepeMenIeHH KaTyIeK ApyTr OTHOCUTENbHO npyra (puc. 179, 6). HanpaBneHus OTKIOHEHUN CTPEIKH
rajbBaHOMETpPA TaKXK€ MPOTUBOMOJOKHBI MPU BKIIOUEHUHU WIH BBIKJIIOYEHUU TOKA, €T0 YBEIUYCHUHU
WM YMEHBIIICHUH, CONMMKCHUH MW yIAJICHUH KaTyIIeK.

OO6o0mass pe3ynbTaThl CBOUX MHOTOYHCIEHHBIX ONBITOB, Dapaneil mpuiiea K BBIBOLY, 4YTO
WHJYKIIMOHHBIA TOK BO3HUKAET BCErja, KOrja MPOHMCXOIUT W3MEHEHHE CUEINIEHHOTO C KOHTYPOM
MOTOKAa MAarHUTHOM uHAykuuu. Hampumep, mnpu MNoOBOpOT€ B OJHOPOJHOM MArHUTHOM I0JI€
3aMKHYTOT'O MPOBOISIIETO0 KOHTYpa B HEM TaKK€ BO3HUKAET MHAYKIMOHHBIA TOK. B nmanHOM ciydae
WHAYKIHST MAaTHUTHOTO TIOJIsl BOJM3M MPOBOJHUKA OCTAE€TCS TMOCTOSIHHOM, a MEHSETCS TOJIBKO MOTOK
MarHUTHOW UHAYKIMHU CKBO3b KOHTYP.

OneITHBIM TIyTeM OBLIO TakXe YCTAaHOBJICHO, YTO 3HAYEHUE WHAYKIIMOHHOTO TOKAa COBEPIICHHO HE
3aBUCUT OM CHOCOOA UBMEHEHUsT NOMOKA MASHUMHOU UHOYKYUY, & OTIPEACIISICTCS JHIIb CKOPOCMbIO
ero u3MeHeHus (B ombiTax Dapajes Takxke AOKa3bIBAETCS, YTO OTKJIOHEHUE CTPEJIKU rajibBaHOMETpPA
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(cnna TOKa) TEM 60]'[]5]116, yeM OOJblIIe CKOPOCTb ABUKCHUSA MAaruuTa, Wik CKOPOCTb U3MCHCHUA CUJIbL
TOKa, UJIM CKOPOCTh JIBUKCHUA KaTYHleK).

OTKpBITI/Ie SABJICHUA 3H€KTp0MaFHHTHOﬁ HWHAYKIUHU UMEIIO OoJbIIIOE 3HA4YCHHUC, TaK KaK OblL1a JOKa3zaHa
BO3MOXHOCTb IIOJTYYCHHA OSJICKTPUUCCKOTO TOKa C IMIOMOIIBIO MArHUTHOI'O IIOJIA. OtuMm  OblIa
YCTaHOBJICHA B3aMMOCBA3b MCKAY JJICKTPUYCCKHMU W MATHUTHBIMH SABJICHUAMU, YTO ITOCIYKHUIIO B
IlaHBHefImeM TOJTYKOM JJIsA pa3pa60TK1/1 TCOPHHU SJICKTPOMArHUTHOI'O I10JIA.

9, ” t  ~Puc. 179
H“ ' , N @ UT0 ABNASTCH NPMUNHOR BOSHUKHOBEHWA 3.4.C.

NHOQYKYNH B 38MKHYTOM NPOBOAAWIEM KOHTY-
pe? Ot 4ero u K&K 3aBucnT 3.4.C. MHAYKUMUN,
BO3HNKAIOWAA B KOHTYpe?

@ B 4yeM 3aKNIOHAETCA ABNBHNE IMTOKTPOMAIrHUT-
HOA nHAaYKUMn? Npoanannanpyiite onbiTH. da-

pagien.

(e}

2. 3axkon @apajges ¥ ero BbIBO/J U3 3AKOHA COXPAaHEHHUsI JHEPIUHU

O0600m1as pe3yabTaThl CBOMX MHOTOYUCIICHHBIX ONBITOB, Papajeil npuiien K KOJINIeCTBEHHOMY 3aKOHY
JNEKTPOMAarHuTHOM MHAyKuuU. OH IOKa3al, 4TO BCAKHHA pa3, KOTrJa IPOUCXOAWT H3MCHEHHE
CLIEIJICHHOI'O C KOHTYPOM II0TOKa MarHUTHOW MHJYyKLIMH, B KOHTYPE BO3HUKAECT MHIYKLIHUOHHBIN TOK;
BO3HUKHOBEHUE HHIYKIIMOHHOIO TOKAa YKa3blBAacT HA HAJIWYME B LENU DIICKTPOIBMKYILEH CHUIIBI,
Ha3bIBAEMOU 3JIEKTPOABMKYIIEH CHJION 3JIEKTPOMATHUTHOM MHAYKIMH. 3HaUYCHUE UHIYKIIMOHHOTO
TOKA, a CJICJIOBATEIBHO, U 3.1.C. IEKTPOMArHUTHOW HHIYKIUH E£; ONMpPEIENSIOTCS TOIBKO CKOPOCTHIO

HU3MCEHCHHA MAarHuTHOIO I10TOKa, T. €.
do

E, ~ T

Tenepp HeoOx0aUMO BbISICHUTB 3HaK E;. B 120 Obu10 MOKa3aHO, YTO 3HAK MAarHUTHOTO MOTOKA 3aBHCHUT
0T BbIOOpa MOJIOKUTEIIBHOW HOpMalld K KOHTYpYy. B CBOIO ouepenb, MOJIOKUTENBHOE HalpaBlICHUE
HOpMaJld ONpeJenseTcss MpaBWJIOM IPAaBOro BHUHTA (CM. 109). CrnenoBaTtenbHO, BBIOMpas
MOJIO’KUTENBHOE HAIIPABJIEHUE HOPMAJIH, MBI OIIPEIEseM KaK 3HaK IOTOKa MarHUTHON MHAYKLIWHU, TaK
U HalpaBJIEHUE TOKa U 3.1.C. B KOHType. [1onbp3ysich 3TUMM MpeiCTaBIEHUSIMU U BBIBOJIAMH, MOXKHO
COOTBETCTBEHHO MPHHTH K (OPMYJIHPOBKE 3aKOHA 3IJIEKTPOMArHUTHON wuHaykuuun PDapanes:
KakoBa Obl HU ObLIa MPUYMHA U3MEHEHHUS MOTOKA MAarHUTHOM MHAYKLUH, OXBaThIBAEMOI'0 3aMKHYThIM
IPOBOJSILIUM KOHTYPOM, BO3HUKAIOIIAs B KOHTYpE 3. 1. C.

do

E'B——"'

dr (123.2)
a0 .
3HaK MHHYC IOKa3bIBAa€T, YTO YBEJIUYEHHE MOTOKA . YThe 0} BBI3BIBACT 3. 1. ¢. £;,<0, T. e. moJye
t

WHIYKIIMOHHOTO TOKa HAMPAaBIICHO HABCTPEUYY MOTOKY; YMEHBIICHHE TOTOKA (%? < 0) BBI3BIBACT
t

€,> 0, T.c. HanpaBJICHKs TIOTOKA W TOJI MHAYKIIHOHHOTO TOKA COBMAAAl0T. 3HAK MHUHYC B (hopmyJie

(123.2) ompenensiercs npaBuwiaoM JIeHIa — oOONMM MPaBWIOM IJisi HAXOXIACHHUS HaNpaBJICHUS

MHJYKIHOHHOTO TOKa, BhIBeAEHHOTO B 1833 T.

IIpaBuio JleHna: MHIYKIMOHHBIA TOK B KOHTYpE MMEET BCErJa TaKoe HaIpaBlIEHUE, YTO CO3/]aBaeMOe
UM MarHUuTHOE TI0JI€ TMPEMITCTBYET U3MEHEHUI0 MAarHUTHOrO TMOTOKA, BbI3BABIIEMY 3TOT
UHAYKIMOHHBINA TOK.

3akon ®apages (cM. (123.2)) MokeT OBITH HETIOCPEACTBEHHO MOIYYEH M3 3aKOHA COXpPAHEHHUs YHEPIuH,
Kak 3To BIepBbie caenan I'. ['enbmromnbil. PaccMoTpuM MPOBOJHUK ¢ TOKOM /, KOTOpPBIM MOMEIIEH B
OJTHOPOJHOE MArHUTHOE TI0JIe, NEPIEHIUKYISIPHOE IUIOCKOCTH KOHTYpa, U MOXKET CBOOOJHO
nepemeniathbes (cM. puc. 177). Ilox aeiictBueM cuibl Amnepa F, HanpaBieHne KOTOpO# Moka3aHO Ha
pUCYHKE, MPOBOJHHK Iepemerniaercs Ha oTpe3ok dx. Takum oOpasom, cmia Amnepa TpOU3BOIUT
pabory (cm. (121.1)) dA=IdD, rae d® — nepecedeHHBIN MPOBOJHUKOM MarHUTHBINA MTOTOK.
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CornacHo 3aKOHY COXpaHEHUs YHEPTUH, paboTa HCTOYHUKA TOKa 3a Bpems df ( E1dr) OyeT CKIIaabIBaThCs

13 paboThl Ha IKOYJIEBY TerwIoTy (/2Rd?) u paboThI 110 MEpeMEIEHUIO MPOBOJAHNKA B MATHUTHOM TI0JIE
(/dD):
EI1dt = I*Rdt + 140,

rae R — nmoysHoe conpoTUBIeHUE KOHTypa. Torma

do
I= ( E - E?)/R.

4@ _ E, ectb He uTO MHOE, Kak 3akoH Dapanes (cMm. (123.2)).

dt

3akon ®apajess MOXHO CHOPMYIHPOBATH €IllEe TAKUM 00pa3oM: 3.J1.C. E; 3JICKTPOMArHUTHOM MHIAYKIIUU

B KOHTYPC YHUCJICHHO paBHa W IPOTHUBOIIOJJIOKHA MO0 3HAKY CKOPOCTHU M3MCHCHHA MAIrHUTHOI'O ITOTOKA
CKBO3b MMOBEPXHOCTh, OTPAHHUEHHYIO STUM KOHTYPOM. DTOT 3aKOH SIBIISIETCSI YHUBEPCANbHBIM. 3. II. C.
E, He 3aBUCHT OT croco0a M3MEHEHHsI MAarHUTHOTO MOTOKa. J.JI.C. AJICKTPOMArHUTHOW WHIYKIIUU
BBIPpAXKACTCA B BOJIbTAX. HeﬁCTBHTCHBHO, Y4uThbIBasA, 4TO C,HI/IHPILIeﬁ MAarHuTHOI'O ITOTOKa ABJIACTCA
BeOep (BO), momyuum

40 B6 Tn'm® H'M® Jix A'Bc_
dt| ¢ c AMc Ac Ac

KakoBa mnpupona 3.1.c. 3neKTpoMarHUTHOM HHAYKIUU? Eciau npoBOAHUK (MOABMYKHAS TEPEMbIUKa

KOHTYpa Ha puc. 177) aBuKeTcs B IOCTOSIHHOM MarHUTHOM 1oJj€e, To cuia JIopeHua, aeicTByromas Ha
3apsiibl  BHYTPM IPOBOAHHMKA, JBIJKYIIMECS BMeECT€ C IPOBOJHUKOM, OyleT HampaBieHa
IPOTUBOMNOJIOXKHO TOKY, T. €. OHa OyAeT co3laBaTh B IPOBOJHUKE HWHAYKLIHMOHHBIA TOK
IPOTUBOIOJIOXKHOIO HAIpaBlieHHs (32 HalpaBJIEHUE 3JIEKTPUUECKOr0 TOKa NMPUHUMAETCS JBU)KEHUE
MOJIOKHUTEIBHBIX 3apsI0B). TakuMm 00pa3om, BO3OYKIACHUE 3.]1.C. MHAYKIUH TP JBIKEHHUS KOHTYpa B
IOCTOSIHHOM MAarHUTHOM II0jJe OOBsCHSeTCs JAeWcTBUEM cuibl JlopeHua, BO3HMKamoOIEH npu
ABVIKCHUU IIPOBOJHUKA.

Cornacno 3daKOHY (Dapane;l, BO3HHMKHOBCHHUC 3.4.C. BHGKTPOMaFHHTHOﬁ HWHAYKIHUHW BO3MOXKHO U B CJIydac

HETOABHKHOIO KOHTYpa, HaXOAAILIErocs B nepemernom MaruuTHoM nose. OgHako cuia Jlopenua Ha
HEMOJABIJKHBIE 3apsibl HE JeHCTBYyeT, MO3TOMY B [JaHHOM ClIy4ae €10 Helb3d OObBICHUTH
BO3HMKHOBEHHUE 73.1.C. MHAYKLMU. MakcBeml Uil OOBACHEHMs 3.1.C. MHAYKUUH B HENOOGUIICHLIX
IPOBOJHHUKAX MPEANOJIOKNI, YTO BCAKOE NMEPEMEHHOE MarHUTHOE I10Jie BO30YKIAET B OKPYXKAIOIEM
IPOCTPAHCTBE JIEKTPUUECKOE I10JI€, KOTOPOE U SBJSETCS NPUUMHON BO3ZHUKHOBEHUS! MHIYKIIMOHHOTO
Toka B npoBojHuKe. Llupkynauus Bextopa Ez 3TOro monsg no jitoO0My HENOJBM)KHOMY KOHTYpY L
IPOBOJHMKA MPEACTABIIAET COOOM 3. JI. C. ANEKTPOMArHUTHON UHIYKIUU:

4o
B = §Epdl = — 2.
' f ’ dr (123.3)

3. Bpamenue paMKu B MATHUTHOM I10J1€

SIBieHME PIIEKTPOMArHUTHOW MHAYKIMHU NPUMEHSETCS AJI1 NpeoOpa3oBaHUsl MEXaHUYECKOW SHEPruu B

SHEPIHI0 SJIEKTPUYECKOrO ToKa. J[Isi 3TO# 1enu UCHOIB3YIOTCS TeHepaTopPhl, MPUHIUI JICUCTBUS
KOTOPBIX MOJXXHO PAacCMOTPETh Ha MpUMEpe IUIOCKOH paMK{, BpAMIAIONICHCS B  OJHOPOIHOM
MarHuTHOM moJje (puc. 180).

IIpeanonoxkumM, 4yTO paMKa BpAIIAaeTCs B OJHOPOAHOM MAarHUTHOM noisie (B=const) paBHOMEPHO C

YIJIOBOM CKOPOCTBIO ®=const. MarHUTHBIA MOTOK, CHEIJIEHHBIM C paMKOH IUIomaabpio S, B 1000
MOMEHT BpeMeHH ¢, coraacHo (120.1), paBen
® = B.S = BScosa = BScoswt,

IZle @ = @ — yrojl IOBOPOTa PaMKH B MOMEHT BPEMEHHU f (Hayasio OTcyeTa BHIOpaHo Tak, yToOb!I npu =0

obu10 =0).
[Ipu Bpamennu pamMku B Heil Oy1eT BO3HUKATh NEPeMEHHas 3.11.C. HHIyKiuu (cM. (123.2))
do ,
E,= — — = BSwsinot,
dr

(124.1)
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M3MEHSIOIASACSA CO BPEMEHEM 10 rapMOHMYecKkoMy 3akony. [Ipu sinet =1 ».1.c. E; makcumaneHa, T. €.

€ mux=BS0. (124.2)
VYuursiBas (124.2), Beipaxenue (124.1) MoxHO 3anucaTh B BUAE
£ = E msx sin wt.

Takum o0pa3zom, eciii B OJHOPOJHOM MAarHUTHOM IIOJi€ PaBHOMEPHO BpallaeTcs paMKa, TO B HeH
BO3HHMKAET NEPEMEHHAs 3.11.C., U3MEHSIOLIASACS 110 TAPMOHUYECKOMY 3aKOHY.

@ NoueMy ana oGHApPYXEHMS MHAYKUMOHHOrO @ Bcerga nu npyw NSMEHeHWM NOTOKA MarHUTHoR

TOKa Nyule WCNonb30BaTh 3AMKHYTLIA npo- WHAYKUMH B NPOBOAALIEM KOHTYPe B H8M BOS-
BOAHWK B BME KATYWKHK, 8 He B Buae oAHoro HUKBAeT 3.4.C. MHAYKUUN? MHAYKUUOHHbIR TOK?
BMTK& nposofa? . ® Bo3HukaeT nu MHAYKUMONHLIA TOK B NPOBOAA-

® Cdodopwmynnpyiite npasuno flenya, nponnnioct- e pawmke, NOCTYNatenbHO ABNXYWeNACA
pupoBaB 6ro NPNMepamm. 8 OAHOPOAHOM MarHMTHOM none?

® Kax HanpasneH WHOYKUMOHHbIA TOK?

N3 popmyisl (124.2) BoiTeKaeT, YTO € ma  (CII€M0BATENBHO, W 3.7.C. MHAYKIUH) HAXOAUTCA B HPAMOI
3aBUCUMOCTH OT BennuuH @, B u S. B Poccun nmpunsTa ctangaptHas yactota Toka v = @/(2m) = 50
', mo3TOMYy BO3MOXKHO JIMIIIb YBEJIMYEHUE ABYX OCTANIbHBIX BETUUYHUH. /{15 yBenuueHust B npuMeHsoT
MOII[HbI€ TOCTOSTHHBIE MAarHUThl WM B 3JEKTPOMArHUTax IMPOIyCKalOT 3HAYUTEIbHBIA TOK, a TaK¥Ke
BHYTPb JJIGKTPOMAarHuTa IIOMEIIAIOT CEPACYHUKH M3 MaTepUaJoB C OOJBIION MarHUTHOMN
IPOHULIAEMOCThIO L. Eciu Bpamare He 0JlMH, a psJl BUTKOB, COEIUHEHHBIX MTOCJIEI0BATEIbHO, TO TEM
cambIM yBenuuuBaetcs S. [lepeMenHOe HampsHKEHHUE CHUMAETCS C BPAIIAIOIIET0Cs] BUTKA C TOMOIIBIO
HIETOK, CXeMaTHIeCKU n300pakeHHbIX Ha puc. 180.

[Ipouiecc mpeBpamieHus MEXaHUYECKOW SHEPruu B IJIEKTpuUdeckyro obpatuM. Ecnu mo pamke,
MIOMEILEHHOW B MarHUTHOE J0JI€, MPOIYCKATh 3JIEKTPUUECKUN TOK, TO B coorBeTcTBUU ¢ (109.1) Ha
Hee OyJeT [eHCTBOBaTh BpAIlAIONIM MOMEHT M paMKa HayHeT Bpamiathcs. Ha 3ToM mpuHIuUIe
OCHOBaHa pPaloTa 3JIeKTPOABHMraTesel, IpPEJIHA3HAUYECHHBIX JMJIs MPEBPALICHUS SJIEKTPUUECKON
SHEPTUU B MEXAHUYECKYIO.

4. UaayKTUBHOCTH KOHTYpa. CaMOMHAYKIUSI

DNEeKTpUYECKUN TOK, TEKYIIHI B 3aMKHYTOM KOHTYpE, CO3AaeT BOKPYT ce0s MarHUTHOE I0Je, MHTyKIUs

KoToporo, mo 3akoHy bmo — CaBapa — Jlammaca (cm. (110.2)), mpomopumoHanbHA TOKY.
CuensieHHbld ¢ KOHTYPOM MarHUTHBINA TOTOK @ MOATOMY MPONOPLUHOHAIIEH TOKY / B KOHTYpE:
® =Ll (126.1)

rze K03 GUIUEeHT TPONOPLUOHATIBHOCTH L Ha3bIBACTCSI MHAYKTHBHOCTBIO KOHTYpA.

[Ipy M3MeHeHuM CHIIbI TOKa B KOHTYpe OyIeT M3MEHSTHCS TaKK€ M CUCIUIEHHBIM C HUM MarHUTHBIN
MOTOK; CIIEZIOBAaTENIbHO, B KOHTYpe OyaeT MHAYLUpPOBAThCS 3.1.C. BO3HUKHOBEHME 3.11.C. MHAYKIUH B
MPOBOASILEM KOHTYPE MPU U3MEHEHUH B HEM CHJIbI TOKA HAa3bIBAETCS CAMOMHYKIUEH.

.

dI dl
gt >0 <0
a) ) '
NN
[ 4 \{ ’[’\ /’\\
\\r ‘\,’ ‘\” {\’I
\_’—\J \_’-\J

Puc. 181 Puc. 182
N3 Beipaxenus (126.1) onpenensercs enuuuna WHAYKTUBHOCTH reHpU (I'H): 1 ['H — MHIYKTUBHOCTH
TAaKOIro KOHTYpa, MarHUTHBIN MOTOK CAMOMHIYKIIMM KOTOpOro npu Toke B 1 A pasen 1 Bo:
1 Te=1 B6/A=1 B'c/A.
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Paccuntaem MHAYKTUBHOCTh O€CKOHEUHO JUIMHHOTO cosieHonaa. CornacHo (120.4), momHbIM MarHUTHBIHA
2

MOTOK CKBO3b COJICHOM]] (ITOTOKOCIICTUICHHE) PaBeH Hokt —~ S. [TogcTaBuB 3TO BhIpakeHUE B (HOPMYITY

(126.1), nonyuum
N3S
L= b= (126.2)
T. €. UHAYKTUBHOCTbH COJICHOM/A 3aBUCUT OT YMCJIa BUTKOB cojieHouaa N, ero JUIMHbBI /, momand S u
MarHUTHOM MPOHUIIAEMOCTH /£ BEIIECTBA, U3 KOTOPOTO U3TOTOBJIEH CEPACUHUK COJICHOUIA.
MokHO TIOKa3aTh, YTO WHIYKTUBHOCTh KOHTYpa B OOIEM CiIy4yae 3aBHUCUT TOJBKO OT F€OMETPUUYECKOU
dbopMBI KOHTYpa, €ro pa3MepoOB U MAarHUTHOW MPOHUIIAEMOCTH TOH cpefibl, B KOTOPOil OH HaXOJIUTCS.
B »sTOoM cMmbicie HMHIYKTUBHOCTh KOHTYpa — aHAJIOr JJICKTPUYECKONM EMKOCTH YEIMHEHHOTO
MPOBOJHMKA, KOTOpas TaKXKe 3aBUCUT TOJIBKO OT (OpMbI TPOBOJHHKA, €ro pa3sMepoB U
JTUAJICKTPUUECKON MPOHUIIAEMOCTH cpenbl (cM. 93).
[Ipumensis k sBIeHUI0 camMouHAyKIuu 3akoH @apages (cm. (123.2)), moayyum, dYTO 3. 1. C.
CaMOUWHIYKIUU
g,--3_ _dup- -(L‘—i—l+ Id—L).
dr dr dt dr
Ecnu xoHTyp He nedopMupyercs U MarHUTHAsl MPOHHUIIAEMOCTh CPeJbl HE U3MEHsEeTCs (B JaibHeieM

OyJeT MmoKa3aHo, 4TO IOCJIEIHEE YCIOBUE BHIIIOJIHSAETCS HE BCeraa), To L = const u

dr
E,=-L—

dr (126.3)
rac€ 3Hak MHUHYC, O6yCJ‘IOBJ'IeHHI>II7[ IIpaBHUJIOM HGHHa, IMOKa3bIBACT, 4YTO HaJIWMYUC HHAYKTHBHOCTU B
KOHTYPC IIPUBOJUT K 3CZM€0JZ€HI/HO U3MeEHeHUsl TOKAa B HEM.

dr
Ecnu Tok co BpemeHeM BO3pacTaer, TO E>0 g &,<0, T. €. TOK CAMOUMHAYKIIMH HAIMpaBJIeH HaBCTPEUy
t

TOKY, OOYCJIOBIGHHOMY BHEIIIHHMM MCTOYHUKOM, M 3aMeJUisieT ero Bo3pactanue. Eciam Tok co

dr o
BPEMCHCM Y6LIB8.€T, TO »a—<0 B E «>0, T. €. ”HAYKIIMOHHBIM TOK UMECT TAKOC K€ HAIIPaBJIICHUEC, KaK U
t

yObIBalOIIMH TOK B KOHType, W 3aMeiisieT ero yObiBaHue. Takum o0pa3oM, KOHTYp, oOnanas
OIpEe/ICICHHOW MHAYKTUBHOCTBIO, MPUOOPETAET 3JIEKTPUUYECKYI0 HHEPTHOCTb, 3aKIIOYAIOIIYIOCS B
TOM, YTO JJH000€ U3MEHEHHE TOKa TOPMO3HUTCS TEM CHIIbHEE, YeM O0JIbllIe HHAYKTUBHOCTh KOHTYpa.

S. Toxku npu pa3sMbIKAaHUHU M 3aMbIKAHUHU LENH

HpI/I BCAKOM H3MCHCHHUH CHJIBI TOKa B IMPOBOAALICM KOHTYPEC BO3HHUKACT 3. A. C. CaAMOUHIAYKIUHU, B
PE3YJIBbTATC YCTO B KOHTYPC IMMOABIANOTCA OJOIIOJHUTCIIBHBIC TOKH, HA3bIBACMBIC IJIKCTPATOKaAMM
CAMOMHAYKIUH. SKCTpaTOKI/I CaMOUMHAYKIHH, COIJIACHO IIpaBUITY .HCHI_Ia, BCCTrJla HAITpaBJICHBI Tak,
9TOOBI MNpeIrATCTBOBAaTL HM3MCHCHUAM TOKa B LCIHK, T. €. HAIPABJIICHBI IMPOTHBOIIOJIOXHO TOKY,
CO31aBacMOMy HCTOYHUKOM. HpI/I BBIKJIFOUCHUHN HMCTOYHHKA TOKa 3JSKCTPATOKH HMCKOT TAKOC IKC
HaIlpaBJICHUC, YTO U OCJIa6eBaIOHII/Iﬁ TOK. CJIGIIOB&TGJILHO, HAJINMYNUEC UHAYKTUBHOCTH B LCIIM IPUBOAUT
K 3aMCIVICHHUIO UCYC3HOBCHUS NJIN YCTAHOBJICHUS TOKA B LCIIH.

7. Yro TaKoe BMXpeBbie TOKM? BpefiHbl OHM U @ MMouemy cepae4Hnkn TpaHChOpMaTOpPOB He
NONesHu? AenaiT CNNoWHLIMN?

PaccmotpuM mporiecc BBIKIIIOUEHHS TOKA B LEMHU, COAEpXalleil UCTOUYHUK TOKa C 3.J4.C. &, PE3UCTOp
COIIPOTUBJICHHEM R M KATYLIKy MHAYKTUBHOCTBIO L. [log AeicTBHEM BHEIIHEHW 3. . C. B LEMU TEUET
IMOCTOSIHHBIN TOK

I = E/R
(BHYTPEHHUM CONIPOTUBJIEHUEM HCTOYHUKA TOKA MpEeHEOperaem).
B moment BpemMenu #=0 OTKIIOYMM HCTOYHHUK TOKA. TOK B KAaTyLIKE WHAYKTUBHOCTHIO L HAauyHET

YMCHbLIIATLCSA, YTO NPUBEACT K BOSHUKHOBCHUIO 3.11.C. CAMOUMHAYKIHNN E,= - L d_-’ HpGHSITCTBYIOHlef/'I,
4
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coryacHo npasuily JIeHna, yMeHbIIEHHIO TOKa. B kax/plii MOMEHT BpeMEHHU TOK B LI€NHU ONpeesseTcs
3akoHOM Oma /= € /R, unu
das

IR= — L—.
ar (127.1)

PaznenuB B Bolpakenuu (127.1) nepeMeHHBbIe, MOIyYUM d_II = — % dr. IHTerpupys 310 ypaBHeHue no /

(ot lo o I) u ¢ (ot 0 1o ), Haxoaum In (I /lo) = —Rt/L, v

I=he™, (127.2)
rae t=L/R — nocTosiHHas, Ha3bIBaeMasi BpeMeHeM pesaakcanuu. 13 (127.2) cienyer, 4To T eCTh Bpems,
B T€UYEHHE KOTOPOTO CHjla TOKAa YMEHbIIAETCS B € pas.

Taxkum o0pa3om, B mpolecce OTKIIOYCHUsI HCTOYHUKA TOKA CHJIA TOKa YOBIBA€T M0 SKCHOHEHIMATIHLHOMY
3akoHy (127.2) u onpenensiercss kpuBoit / Ha puc. 183. Uem Oonbliie HHAYKTUBHOCTD IETIH U MEHBIIIE
€€ COIMPOTHUBJICHHE, TeM OOJbIIE T U, CIIEJOBATEILHO, TEM MEJJICHHEE YMEHbBILAETCS TOK B LIEMU MpPU
€€ pa3MbIKaHUU.

dr

IIpy 3aMbIKaHWM LIEMM TIOMHMO BHEHIHEH 5. 1. C. ¥ BO3HHKAET 9. J. C. CAMOUHAYKIUH &, =L —,
dt
NPENsITCTBYIOMIAs, coracHo mpaswiy JleHma, Bo3pacranuio Toka. [lo 3akony Oma, IR = E + E,,
Wwin

dr
IR=E ~-L ar
BBenst HOBy1O epeMeHHy0 u=IR— E , mpeoOpa3yem 3TO ypaBHEHHUE K BUILY
du dt
e
rJie T — BpEMs pelakCaluu.
Puc. 183

® Korga a.a.c. camouHgykuwn Gonbwe — npu
3aMbIKAHHW MNU PA3IMbIKAHUN LeNnu NOCTOAH-
HOro Toka?

@ B ueMm 3aKknio4aerca (U3INYECKHiA CMLICN WH-
RAYKTUBHOCTH KOHTYPA? B3AUMHON MHOYKTUBHO-

t CTH ABYX KOHTYpo8? OT Yero oHn 3aBUCAT?
B momenT 3ambikanus (=0) cuna Toka / =0 n u = — € . CiegoBarenbHO, MHTErpUpys 1o u (ot — & 10 IR—
E)ut(or 0 no t), HaxomuM In[(/R— E)]/— & = —t/7, unn
I=k (1—¢™"), (127.3)

rae = E/R — yCTaHOBUBILUICS TOK (IIpH /—>0).

Takum 00pa3oM, B Ipolecce BKIIOYEHHS HCTOYHMKA TOKAa HAapacTaHWE CWJIbI TOKa B LIEMU 3a/aeTcs
¢dyukuueit (127.3) n onpenensercst kpuBoil 2 Ha puc. 183. Cuna Toka Bo3pacTaeT OT HayallbHOTO
3HayeHus /=0 ¥ aCUMITOTHYECKH CTPEMHUTCS K ycraHoBuBLIeMycCs 3HaueHuto l= E/R.. CxopocTh
HApacTaHUs TOKa OINpEEeNsieTCss TeM e BpPEeMEHeM penakcauuu 7=L/R, 4yTo MU yObIBaHHE TOKa.
VYcTaHOBIIEHHE TOKa MPOUCXOAMUT TE€M OBICTpee, YeM MEHbIIEe MHIYKTUBHOCTH LIENIM U OOJbIlIEe ee
COIIPOTHBIICHHE.

OLeHMM 3HAYEHHME 0.1.C. CAMOMHAYKIMH €s, BOSHHKAIOmEH NPH MrHOBEHHOM YBEIHUCHHH
COINPOTHBIICHUS LIENH MOCTOSHHOIO TOKa OT Ro 1o R. Ilpenmnonokum, 4To MBI pa3MbIKaeéM KOHTYD,
KOrjga B HeM TeueT ycraHoBuBimiicss TOK Jo= E/R.. Tlpu pa3MmbIKaHWU I€NH TOK WU3MEHSETCS IO
dopmyite (127.2). IloncraBuB B Hee BeIpaXKeHUE IS [o U 7, TIOJTYIHM

E -mL
I=—¢ .
R
D.1.C. CAMOUHIYKLIMH
dl R -
g--1%-" ¢ RiL

dtRoc'
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T. €. TpU 3HAYUTEIHHOM YBEIMYEHUU COMpPOTHBICHUA uenu (R/Ro>>1), obnagaromieir OONbIION
WHIYKTUBHOCTBIO, 3.]1.C. CAMOMHIYKIIMM MOXET BO MHOIO pa3 MPEBBIMIATh 3.]1.C. UCTOYHUKA TOKa,
BKJIIOUEHHOTO B LeMb. TakuM o00pa3oM, HEOOXOAUMO YUYUTBIBATh, YTO KOHTYp, COAEpKAIIUl
WHIYKTUBHOCTb, HEJIb3S PE3KO pa3MblKaTh, TaK KaK 9TO (BO3ZHHUKHOBEHHUE 3HAYUTEIBHBIX 3.1.C.
CAaMOMHJIYKIIMM) MOXXET NPHUBECTH K MNPOOOI0 H3OJSAIUH U BBIBOLY M3 CTPOS HU3MEPHUTEIbHBIX
npubopoB. Eciii B KOHTYp CONPOTHBIICHWE BBOJUTH IOCTENEHHO, TO 3.1.C. CAMOMHIYKIUU HE
JOCTUTHET OOJBIINX 3HAYEHUH.

6. BzaumHasi MHAYKIMS

PaccMoTpuM aBa HEMOABMKHBIX KOHTYpa (I M 2), pacHoNOKEHHBIX JOCTaTOYHO OJIM3KO JIPYT OT Apyra
(puc. 184). Ecnu B koHType / TedeT TOK /i, TO MarHUTHBIA MOTOK, CO3/aBaeMblii 3TUM TOKOM (II0JI€,
CO3JafIIee 3TOT MOTOK, HAa PUCYHKE H300pak€HO CIUIOUIHBIMU JIMHUSIMHK), MPONOPLUOHANCH /1.
O603HaunM uepe3 P21 Ty YacTh MOTOKA, KOTOpasi IPOHU3bIBAeT KOHTYp 2. Toraa

Cxn=Lah, (128.1)
rae Li2 — ko3¢ uuueHT nponopruoHaibHOCTH.
Ecnu Tok [1 M3MEHSIETCS, TO B KOHType 2 MHAYIUPYETCs 3.J1.C. T 3, KOTOpas 1o 3akoHy dapases (cm.
(123.2)) paBHa M TOPOTUBOMNOJOXKHA IO 3HAKy CKOPOCTM H3MEHEHHMs MarHUTHOro mnortoka @z,
CO3JIaHHOT'O TOKOM B [I€PBOM KOHTYpPE U IIPOHMU3BIBAIOIIETO BTOPOM:

Aoy df
= _T"' —Ly E
AHanoru4yHo, npu NpOTEKaHUU B KOHTYype 2 TOKa /> MarHUTHBIN MOTOK (€ro moiie U300pake€HO Ha PHUC.
184 mWITpUXOBBIMM JIMHUSMHU) HPOHU3bIBAET NEpBbId KOHTYp. Ecim @12 — 4YacTh 3TOro mortoka,
IIPOHU3BIBAIOLLIETO KOHTYD /, TO
®12= Ly L.

Ecnu Tok /2 u3mensiercs, TO B KOHType / uHAyLmupyercs 3.4.c. € 4, KOTOpas paBHa U MPOTHBOIOJIOXKHA
II0 3HAKy CKOPOCTH M3MEHEHHS MAarHMTHOro moroka di2, CO3JaHHOrO TOKOM BO BTOPOM KOHTYpE U
IIPOHU3BIBAIOLLEIO NIEPBBIN:

SIBieHre BO3HUKHOBEHUS 3./1.C. B OJJHOM U3 KOHTYPOB IIPU U3MEHEHUU CHUJIbI TOKA B JIPYTOM Ha3blBaeTcCs
B3auMHON mHaykumeii. Kosdduumentsl nponopiuonanbHOCcTH L21 U L12 Ha3bIBalOTCS B3aMMHOM
HHIYKTHBHOCTBI0 KOHTYPOB. Pacuerbl, MOATBEPXKAAEMbIE OIBITOM, IMOKAa3bIBAIOT, 4TO L21 U Li2
paBHBI IpyT ApPYTY, T. €.

Liz=Ly. (128.2)

Koadduuuentst Li2 u L21 3aBUCAT OT reOMETpUYECKON (POPMBI, pa3MepoB, B3aUMHOTO PACIIOJIOKEHUS
KOHTYpPOB M OT MarHUTHOM IMPOHHUIIAEMOCTH OKPY’KAIOWIEH KOHTYpPhI cpeabl. EauHuma B3auMHOM
UHTyKTUBHOCTH Ta K€, YTO U JUII MUHAYKTUBHOCTH, — TreHpH (I'H).

PaccuntaemM B3aMMHYI0 HHAYKTUBHOCTh JBYX KaTylIeK, HAMOTAHHBIX Ha OOIIMH TOPOMAAIBHBIN
CEpIICYHHK. DTOT CIIydail UMeeT OOJIbIIoe MpaKTHIeckoe 3HaueHue (puc. 185). MaruutHas WHIyKIUsS

MoJIs, CO37]JaBaeMOro TEpPBOM KATYNMIKOM C YWCIOM BHTKOB Ni, TOKOM [i W MarHUTHOM
N
IPOHUIIAEMOCTBIO 4 cepAedHHKa, coryiacHO (119.2), Bay, % rae [ — JUIMHA CepiaedHHUKa 1o

»
. . . N
cpenHel MTMHUA. MarHuTHBIA IOTOK CKBO3b OJIMH BUTOK BTOPOM KaTyIIKU @)= BS= oy B S.
Torma monHBI MarHUTHBIM MOTOK (TIOTOKOCIETIJICHHE) CKBO3b BTOPUYHYIO OOMOTKY, COAEpIKaIIyto N2
BUTKOB,

MMV,

¥ = O,N; = pou SI,.

[Totox Y co3gaetcst Tokom /1, moaTomMy, coriacHo (128.1), momydaem
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v NN,
Ly = 7= Mok S.
I (128.3)
T N~ 2 Prc. 184

=N ——<T_N__

e e ] ——
- : @ B 4em 3aKkniouaioTCR ABNEHHA CAMOMHAYKUMK
5 ] T M B3BNMHOR MHAYKUWK? Boluncnnre 3.4.C. MH-

—— —_= - AyKumn ans obonx cny4aes. :
= > —— @ B uem sakmouaerca dnanyeckuil cMbicn Bpe-
T MeHu penaxcaunn t=L/R? [foxaxnre, 4ro
- OHO MMEOT Pa3MepPHOCTb BPEMOHHN.

Ecnu BBIUMCINTE MarHUTHBIN [TOTOK, CO3/1aBa€MbIi KaTyIIKON 2 CKBO3b KaTyWIKy /, TO 1 Li2 NOIy4YnM

BBIp@KEHHE B cOOTBeTCTBHM ¢ (popmysoit (128.3). Takum oOGpa3om, B3auMHass MHAYKTUBHOCTH JIBYX

KaTyIlIeK, HAMOTaHHBIX Ha OOIINI TOPOUAANBHBIN CEPACUHUK,
NN,

Lz = Ly =I‘oﬂ—l—"s~

7. TpancgopMaTopsl

[Ipunnun aeiictBust TpaHchopMaTOpPOB, MPUMEHSEMBIX IS MOBBILICHUS WU MOHMKCHUS HAIPSDKEHUS

IIEPEMEHHOI0 TOKA, OCHOBaH Ha SBJICHUM B3aMMHON MHIyKIMU. Briepsble TpaHcpopmaTopsl ObLIN
CKOHCTPYUPOBAHbI U BBEACHBI B MPAKTHKY pycckuM siekrpoTexHukoM I1.H. S6moukosbim (1847—
1894) u pycckum ¢Pumukom WN.O. VYcaruaeiv (1855—1919). IlpunnmnuanbHas cxema
TpancpopmaTopa nokasana Ha puc. 186. IlepBuunas u BTOpUYHAs KaTyHIKH (OOMOTKH), UMEIOIINE
COOTBETCTBEHHO N1 U N2 BUTKOB, YKPEIUIEHbI Ha 3aMKHYTOM JKEJI€3HOM cepliedHHKe. Tak Kak KOHIIbI
IIEPBUYHON OOMOTKHU TPUCOEIMHEHBI K UCTOYHHUKY MEPEMEHHOTO HANPSIKEHHS C 3.1.C. & 1,, TO B HEM
BO3HHMKAET MEPEMEHHBII TOK /1, CO3AIONINI B CEpIIECYHUKE TpaHCPOPMATOpa IEPEMEHHBI MarHUTHBIN
notok @, KOTOpbII MNPAaKTUYECKH IOJIHOCTHIO JIOKAJIM30BaH B JKEJIE3HOM CEpACYHHMKE W,
CJIEZIOBATENILHO, MTOYTH IIETUKOM IPOHU3BIBAET BUTKA BTOPUYHON 0OMOTKH. MI3MeHEeHne 3TOro moroka
BBI3bIBAET BO BTOPHMYHOW OOMOTKE MOSBICHHUE 3.]1.C. B3AUMHOW MHAYKLUH, a B NMEPBUYHONH — 3.1.C.
CaMOMH/IYKIUH.

Tok /1 nepBUYHOI 0OMOTKH OTIPEAEIISETCS COrNIacHO 3aKoHy OMa:

d
€ - o (N\®) = IiR,,

(129.1)
rae Ri — conmpoTuBieHHE MepBUYHON 0O0MOTKU. [lanenne HanpspkeHust /1R1 Ha CONMPOTUBICHUH Ri pu
OBICTPONIEPEMEHHBIX MOJIIX Maj02 MO CPABHEHUIO C KAKAOH U3 IBYX 3.1.C., [I03TOMY
do
E| Y N| -
dr (129.2)
D.J1.C. B3aUMHOW WHYKIIMH, BOSHUKAIOIIAsi BO BTOPUYHOM OOMOTKE,
d(N:®) do
I S B e
t t (129.3)

Pac. 185 Puc. 186

CpaBuuBas Beipakerus (129.1) u (129.2), momyuyum, 4to 3.1.C., BOZHUKAIOIAs BO BTOPHYHONH 0OMOTKE,
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/i€ 3HaK MUHYC TIOKa3bIBA€T, YTO 3.1.C. B IEPBUYHON M BTOPHUUHON 0OMOTKAX MPOTHBOIIOJIOKHBI O (haze.

OtHomieHne 4ywciia BUTKOB N2/Ni, IMOKa3bIBaoIiee, BO CKOJIBKO pPa3 3.J1.C. BO BTOPHUYHON OOMOTKE
TpancpopmaTopa Oonblie (WM MEHbIIE), YeM B TNEPBUYHOM, Ha3bIBaeTCs KOIPPUIIHEHTOM
TpancopMaumu.

[IpeneOperas moTepsiMu PHEPrUH, KOTOPbIE B COBPEMEHHBIX TpaHChOpMaTopax He MpeBbIIAOT 2% U
CBSI3aHbI B OCHOBHOM C BBIJIEJICHHEM B OOMOTKAax JDKOYJIEBOM TEIUIOTHI M TOSBJICHHEM BHUXPEBBIX
TOKOB, U MPHUMEHSISI 3aKOH COXpaHEHHs HHEPrHH, MOXEM 3alucaTh, YTO MOIIHOCTH TOKa B 00EHX
00MOTKax TpaHcopMaTopa MPAKTUIECKH OJTMHAKOBBI:

&L= B,

OTKYJa, YUUThIBasi cooTHoueHue (129.3), naiinem

& & = L/h = Ny/N,,

T. €. TOKM B OOMOTKaX 0OpaTHO MPOTIOPIIMOHATBHBI YHCITYy BUTKOB B 3TUX OOMOTKaX.

Ecnu N2/Ni>1, To umeeM Aefo ¢ MOBBIIAKIIHM TPAaHC()OPMATOPOM, YBEIUYHUBAIOIIUM MTEPEMEHHYIO
9.]1.C. ¥ TIOHIDKAIOIMUM TOK (NMIPUMEHSIOTCS, HApUMep, IS Mepeadl JICKTPOIHEPTUH HA OOJbIINE
paccTosiHus, Tak Kak B JAHHOM Clly4yae MOTEepPHU Ha JKOYJIEBY TEIUIOTY, MPOMOPLHUOHAIbHBIE KBaIpaTy
CHIJIBI TOKa, CHIDKAIOTCs); eciu N2/Ni<l, To mMeeM Jej0 C MOHHMXKAKIHUM TpaHcdopMaTopoM,
YMEHBIIAIONIUM 3.]1.C. U MOBBIIIAIOIIKUM TOK (IPUMEHSIOTCS, HAlPUMEp, MPHU IEKTPOCBAPKE, TaK Kak
JUTSE Hee TpeOyeTcst OOJBIION TOK IMPU HU3KOM HAIMPSKCHHH ).

Ms1 paccmatpuBanu TpaHCchOpPMATOphI, UMEIOIIUE TOJBKO JBe 0OMOTKH. OpHaKo TpaHCHOPMATOPHI,
UCTIONIb3YEMBbIC B PAJUOYCTPOMCTBAX, MMEIOT 4—5 OOMOTOK, OOJIaJarolMX pa3HbIMH PabOUYNMU
HANPSDKEHUSIMU. Tpanchopmarop, COCTOSIIUN u3 OJTHOM 00MOTKH, Ha3bIBACTCS
aBToTpancopmaTtopoMm. B ciayyae MoBBIIIAIONIETO aBTOTpaHCHOpMATOpa 3.J1.C. TTOJABOAUTCS K YACTH
0OMOTKH, a BTOPUYHAS 3.].C. CHUMAETCs cO Bcell 0OMOTKU. B monmxkaromem aBToTpaHchopmaTope
HaANPSOKEHUE CETH TMOJIaeTCs Ha BCIO OOMOTKY, @ BTOPUYHAS 3.]1.C. CHUMAETCS C YaCTH OOMOTKH.

8. JHeprusi MAarHUTHOTO MOJIS

[TpoBOIHUK, ITO KOTOPOMY MPOTEKACT IEKTPUUCSCKHIA TOK, BCET/Ia OKPY)KEH MarHUTHBIM ITOJIEM, IPUIEM
MarHUTHOE TI0JIC TIOSIBIISIETCS M MICUE3aeT BMECTE C MOSBICHHEM M MCUYC3HOBEHHEM TOKa. MarHuTHOe
noJie, MOJO0HO PIEKTPUUYECKOMY, SIBISETCS HOCUTENIEM JHEpru. ECTECTBEHHO MPENIoJIOKHUTh, YTO
SHEprus MarHUTHOTO TIOJISE PaBHA PaboTe, KOTOpast 3aTpauynBaETCS TOKOM Ha CO3/IaHUE ATOTO TIOJIS.

PaccMOoTpuM KOHTYp MHIYKTHBHOCTBIO L, no kortopomy TeueT TOoK /. C JaHHBIM KOHTYPOM CIEIUICH
MarHuTHeIM ToTOK (cM. (126.1)) ®=LI, npudem npu W3MEHEHMH TOKa Ha d/ MarHUTHBIA TOTOK
u3mensercs Ha dD=Ld/. OgHako sl U3MEHEHHsT MarHUTHOTO MOTOKa Ha BenuumHy d® (cm. 121)
HeoOxoaumo coBepuTh padboty d4=Idd=LIdI. Torma pabora Mo cO3IaHUIO MAarHUTHOTO MOTOKa @
Oyzner paBHa

1
A = [ LIdI = LI*)2.
0

CrnenoBartenbHO, SHEPIHsl MATHUTHOT'O TOJISL, CBI3aHHOIO C KOHTYPOM,

W = LI*[2. (130.1)

HccnenoBanne CBOMCTB NEPEMEHHbIX MAarHUTHBIX IOJ€H, B YacCTHOCTH  paclpOCTPAHEHUs
AJIEKTPOMAarHUTHBIX BOJH, SIBUJIOCH JIOKA3aTE€IbCTBOM TOTO, YTO JHEPrusi MArHUTHOIO TOJIS
JIOKQJIN30BaHAa B IPOCTPAHCTBE. JTO COOTBETCTBYET MPEACTABIECHUAM TEOPUH ITOJIA.

DHEPrur0 MarHUTHOTO TOJISI MOYKHO MPEICTABUTH KaK (DYHKIIUIO BEIMYHH, XapaKTEPU3YIOIIUX TO MOJIE B
OKpY’KarolleM HpocTpaHcTBe. I 3TOro pacCMOTPUM YacCTHBIM Cilyyall — OJHOPOJHOE MarHUTHOE
1oJie BHYTPH JUTMHHOTO cojieHouaa. [loacraBus B popmyay (130.1) Bepaxenue (126.2), momyynm

1 NP

W o=
2 Mot

Taxk xak I=Bl/(uouN) (em. (119.2)) u B=popH (cm. (109.3)), TO

S.
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W = —B—z V= B—-H V.
, 2 2 (130.2)
rae S = V— o0peM coneHonaa.
MarauTtHoe ToJie COJICHOU 1A OTHOPOAHO U COCPEIOTOUYECHO BHYTPHU HEro, moatomy 3ueprus (cM. (130.2))
3aKJIIoueHa B 00beMe COJICHOU/IA U paclipe/iesieHa B HEM € IIOCTOSIHHON 00BEeMHOMN IIIOTHOCTHIO
W B puH® BH
V 2up 2 2 (130.3)
Boipaxxenue (130.3) mis 06beMHOI IIIOTHOCTH SHEPTUM MArHUTHOTO TOJST UMEET BHJ, aHAJIOTMYHBIN
dopmyite (95.8) st 00BEMHON TIIOTHOCTH SHEPTUU AIICKTPOCTATUICCKOTO TIOJIS, C TOW Pa3HUIICH, 4TO
JNEKTPUYECKUE BEIWYMHBI 3aMeHeHbl B HeM MarHuTHeiMH. @Dopmyna (130.3) BeiBemena mans
OJIHOPOJIHOTO TIOJIsl, HO OHA CHpaBeIjuBa W JUIsl HEOJHOPOAHBIX Tosiei. Bripaxenue (130.3)
CIPaBEJIMBO TOJILKO AJI CPEell, JJIsl KOTOPBIX 3aBUCUMOCTh B oT H aumnetinas, T.e. OHO OTHOCUTCS
TOJIBKO K TIapa- U [uaMaraetukam (cm. 132).

@ 3anmunte W npoaHanusnpyiite BbIPAXEHWR B AiBa pasa. Kak nameHnnacb 06beMHas nnot-
AN 06beMHON MNOTHOCTH 3HOPrMKM ANeXTPO- HOCTh 3HOPTMW MArHWTHOIO NONA?
CTATHYECKONO M MArHWTHOro nonei. YoMy pas- @ lpnaegutre COOTHOWEHWe MEXAY TOKAMM
Ha 06BLEeMHAR NIOTHOCTL 3HOPTMK INBKTPOMar- B NepeuyHOR M BTOPMYHOA Oo6MOTKEX NOBbLILWE-
HWUTHOTO NONA? olero Tpanctopmaropa.

@ HanpsXeHHOCTL MArHMTHOrO NONs B803apocna
3agaHust U BONPOCHI

15.1. Kompmo u3 amoMuHHEBOro mpoBoga (0=26 HOM-M) TOMEIIEHO B MarHUTHOE IIOJI€ IEpIeH-
JTUKYJISSPHO JUHUSM MarHuTHOW wHAyknuu. Jmamerp kombia 20 cMm, auamerp mpoBoaa | M.
OrnpenenuTb CKOPOCTh U3MEHEHHUSI MAarHUTHOTO TIOJIsI, €CJIH cuiia Toka B Kosblle 0,5 A. [0,33 Tn/c]

15.2. B 0oqHOpOJHOM MarHUTHOM IoJie, UHAYKIMs kotoporo 0,5 T, paBHomepHO ¢ yactoToit 300 MuH-
Bpalaercsi Karyiika, cojepxkamas 200 BUTKOB, IUIOTHO MNpUJIECTAOMMX Apyr K Apyry. Ilnomanb
nonepedHoro cedenus karymkd 100 cm®. Ocbh BpalieHus IEpPHEHIUKYJIAPHA OCH KAaTyHIKH M
HAIpPaBJIEHUIO MarHuTHOro mnojs. OnpenenuTb MaKCUMaJbHYIO 3.1.C., HHAYLHUPYEMYIO B KaTYIIKE.
[31,4 B]

15.3. Onpenenutb, CKOJBKO BUTKOB MPOBOJIOKH, BILIOTHYIO MIPUJIETAOIIUX IPYT K Apyry, nuamerpom 0,3
MM C H30JISIMEN HMUYTOKHO MAaJIOW TOJIIMHBI HAJ0 HAMOTATh Ha KaApTOHHBIN IMIMHADP AUamMeTpoM 1
CM, YTOOBI MOTYYUTh OJHOCIOMHYIO KaTyIIKy ¢ MHIYKTUBHOCTHIO 1 MI'H. [3040]

15.4. Omnpenenutb, uyepe3 CKOJBKO BPEMEHM CHMJa TOKa 3amblkaHus pocturHer 0,98 mnpenenbHOro
3HAYEHMs, €CIIM UCTOYHUK TOKA 3aMbIKAIOT Ha KaTywKy conpoTuBieHneM 10 OM U MHAYKTUBHOCTHIO
0,4 I'n. [0,16 c]

15.5. [IBa conenonna (MHIyKTUBHOCTH ofHOoro L1=0,36 I'H, BTOporo L2=0,64 I'H) oMHAKOBOW JTMHBI U
MPAKTUYECKH PABHOTO CEYCHUS BCTABIICHBI OJUH B Apyroi. OmpenenuTh B3aMMHYI0 WHAYKTHBHOCTh
cosienou0B. [0,48 T'H]

15.6. AmtotpancdopmaTtop, moHMWKawmuid HampsbkeHue ¢ U1=5,5 kB mo U:=220 B, comepxur B
nepBuuHoii oOMoTke N1=1500 BurtkoB. ComnpoTHBIeHHE BTOPHUYHON 0OMOTKHM R>=2 Owm.
ConporuBieHue BHEIIHEH Ienu (B CeTH NOHMWXKeHHoro HampsbkeHus) R=13 Owm. IlpeneOperas
COMPOTUBIIEHUEM TMEPBUYHON OOMOTKH, OINpEIENIUTh YHUCIO BUTKOB BO BTOPHUYHON OOMOTKE
TpaHncpopmaropa. [68]
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IMPAKTUYECKOE 3AHSITHUE Ne 15 MATHUTHBIE CBOMCTBA BEIIECTBA

[eab-3aKkpenuTh U3y4YEHHBIA MaTrepual Mo TeMaTtuke «MarHuTHbIE CBOMCTBA BElECTBA. MarHUTHbBIE
MOMEHTBI 3JIEKTPOHOB M aTOMOB. [lna- u mapamarHetu3m. HamarunueHHoCTh. MaruutHoe mnojie B
BemecTse. PeppOMarHeTUKU U UX CBOMCTBAY.

OcBanBaemMble KOMIIETEHIMH B pE3yJbTaTe MPOBEACHUS MPAKTUUECKOTO 3aHATHS yKa3aHbl B ITyHKTE
«O01mue cBegeHns

AKTYaJIbHOCTh TPAKTHYECKOr0 3aHATHS — 33aKPENUTh IOJYYEHHbIE TEOPETHUECKUE 3HAHUS WU
BBIPa00OTaTh HABBIKK M YMEHHUSI MPAKTHUYECKOTO PEIICHUS 3a/1a4, B TO YUCJIE U CAMOCTOSATEIBHO.

3HaTh:

- METOJIbI CaMOOpPTaHHW3aIMi K CaMOOOpPa30BaHUIO CTYACHTA HAINpPaBIICHUS «XUMHUYCCKAS
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIIOJIb30BaTh ~ OCHOBHBIE  3aKOHBI
€CTECTBCHHOHAYYHBIX JUCIUIUIMH B MPOPECCHOHATBHON JIeATEIbHOCTH, OCHOBHBIC 3aKOHBI (PU3UKH,
METOJIbl IKCIIEPUMEHTAJIBLHOTO HCCIIEIOBaHUs, OCHOBHBIX (DU3MYECKUX TEOpUH IJIsl pelIeHUs
BO3ZHUKAIOMINUX (DU3MUECKHUX 3a/lad, CAMOCTOSITEILHOTO MpUOOpeTeHHs] (U3MUYECKUX 3HAHUHU, IS
MMOHMMAHUS TPUHLHUIIOB pabOThl MPUOOPOB U YCTPOMCTB, B TOM YHCIIE€ BBIXOIALIMX 3a IMPEAEIbI
KOMIIETEHTHOCTH KOHKPETHOI'O HaIlpaBJIEHUs

YMmern:

- OCYIIECTBIIATh AP (HEKTUBHYIO KOMMYHHUKAIUIO B KOJUIEKTHUBE ISl peIIeHHsI MPOQEeCCHOHATBHBIX
3aJla4, CIOCOOHOCTbIO M TOTOBHOCTBIO HKCIIOJIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JTUCIHIUTMH B MPO(ecCHOHANBHON AeATeIbHOCTH, UCIOJIb30BaTh 3HAHUS OCHOBHBIX (PU3UYECKUX
TEOpUH JJI1 pEelIeHUs BO3HUKAIOIIMX (PU3UUYECKUX 3aJad, CaMOCTOSITEIbHOTO MPUOOpETeHHUS
(bu3MyYeCKUX 3HAHUH, IS MOHMMAaHUWS MPHUHIMIIOB PaboOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOJAIIMX 33  IpPeAesibl  KOMIIETEHTHOCTHM  KOHKPETHOTO  HAlpaBJIEHWs, MPHUMEHSITh
COOTBETCTBYIOIIUN (U3UKO-MATEMATHUECKUN amnmapaT, METOAbl aHalu3a W MOJCIMPOBAHUS,
TEOPETUYECKOTO U IKCIIEPUMEHTAIBLHOIO UCCIIEIOBAHUS PU PELICHUH MPO(PECCUOHANBHBIX 3a/1a4.

Baaners:

- HaBbIKaMH pabOTbl B KOMaHJE, HaBbIKAMH BECTH JAMAJIOr, JEJIOBOW CIOp;  CHOCOOHOCTh K
CaMOOpraHu3allid U CaMOOOpPa30BaHMIO, HABBIKAMH HATYPHBIX SKCIIEPUMEHTOB C IOCIEIyIONICH
00pabOTKOM WX PE3yJIbTaTOB, METOJIAMH MAaTEMaTUYECKOr0, KOMIIBIOTEPHOTO H (U3HUYIECKOTO
MOJEJIMPOBAHUS, METOJAMU PEIICHHS TEXHUUECKHUX 3a/1a4, pacueTa MPOU3BOJCTBEHHbBIX MPOLECCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHHH, MAIlMH ©  TEXHOJOTMYECKOro  00O0pyI0BaHMs,HaBbIKAMU
OILICHUBAHUS PE3YyJbTaTOB CBOCH MPOQPECCHOHATBHON NESTEIHHOCTH B COOTBETCTBUU C OCHOBHBIMHU
3aKOHaMU (PU3MKH, HABbIKAMU  CAMOCTOSITEJIBHOTO MpHOOpeTeHus (U3MUecKux 3HAHUU, I
MOHMMAHUS TPUHIUIIOB PabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIC BBIXOISAIINX 32 MPEACIBI
KOMIIETEHTHOCTH HaIlpaBJieHUs1 XUMHUUYECKask TEXHOIOTUs

Teopernyeckas yacTb
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1. MarauTHble MOMEHTbDI 3JICKTPOHOB 1 aTOMOB

PaCCManI/IBaSI [IeflCTBHC MAargamMTHOI'O IOJII Ha MPOBOJHUKH C TOKOM M Ha JABHKYHIUCCA 3apsAAbl, Mbl HC
UHTEPECOBAINCh TPOIIECCAMH, MPOUCXOMANIMMUA B BemniectBe. CBOWMCTBA Cpebl  YYUTHIBAIUCH
(dopManbHO C MOMOIIBI0O MAaTHUTHON MPOHUIAEMOCTH . J{71st Toro 4ToObl pa3o0paThCsi B MAarHUTHBIX
CBOWCTBaX Cpell M WX BJIMSHUM HAa MarHUTHYIO WHAYKIHUIO, HEOOXOJMMO pPAacCMOTPETh JCHUCTBUE
MAarauMTHOIO I10JIs1 Ha aTOMBI U MOJICKYJIbI BEIICCTBA.

OnpIT TOKa3bIBAaCT, YTO BCE BENIECTBA, IOMEIICHHBIE B MArHUTHOE II0JIe, HAMarHHYUBAIOTCS.
PaCCMOTpI/IM MNPpUYIUHY 3TOT'O ABJICHUA C TOYKH 3pCHUA CTPOCHHA aTOMOB W MOJICKYIJI, IIOJIOKHMB B
OCHOBY Turmotresy Awmmepa (cMm. 109), cormacHO KOTOpOHl B JIFOOOM Telieé CYIIECTBYIOT
MHKPOCKOIINYCCKUC TOKU, O6yCHOBHCHHBIC ABUIKCHUCM J3JICKTPOHOB B ATOMAaX U MOJICKYJIAaX.

J171s1 KaueCTBEHHOTO OOBSICHEHUSI MATHUTHBIX SIBJICHUH C JOCTATOYHBIM MPUOJIMKEHUEM MOYKHO CUUTATH,
YTO 3JIEKTPOH JBMXKETCS] B aTOME 10 KPYTOBBIM OpOUTaM. DIEKTPOH, ABMXKYIIUICS 110 OJHON U3 TaKUX
OpOWT, SKBHBAJCHTEH KPYroBOMY TOKY, IOJTOMY OH oOO0JagaeT OpOMTAIbHBIM MATrHUTHBIM
MoMeHTOM (cM. (109.2)) pm=ISn, MOyJIb KOTOPOTO

Pa=IS=evS, (131.1)

rae /=ev — cuiia TOKa, vV — 4YacTOTa BpallleHHs 3JIEKTPOHA 1Mo opbure, S — miomans opoutsl. Eciu
3JICKTPOH JIBMDKETCS TI0 4acoBOM cTpeinke (puc. 187), To TOK HampaBJIeH MPOTUB YAaCOBOM CTPEIKH U
BEKTOP Pm (B COOTBETCTBHHU C MPABWJIOM IPABOT0 BUHTA) HAIPABJICH MEPHEHIUKYISPHO IUIOCKOCTH
OpOUTHI JIEKTPOHA, KaK YKa3aHO Ha PUCYHKE.
C npyroii CTOPOHBI, IBIKYIIUKCS MO OpOUTE INIEKTPOH 00JaAaeT MEXaHHUYEeCKMM MOMEHTOM HMITYJIbCa
Le, Moaysb koTOpOro, corsacho (19.1),
L,=mvr=2mvS. (1312)

rne v =2xv, m? = S. Bektop Le (ero HanmpapieHue Takke OHpeeNseTcs Mo NpaBuly IPaBoro BUHTA)
Ha3bIBAETCS OPOMTAIBLHBIM MeXaHHYECKHUM MOMEHTOM 3JIeKTPOHA.

W3 puc. 187 cnenyer, 4yTo HamnpaBieHUs] Pm U Le, IPOTUBOIIOIOKHBI, TO3TOMY, YUUTHIBAsI BBIPAXKECHUS
(131.1) u (131.2), nonyuum

L¢ = gLﬂ

e
P = T (131.3)

A€ BEJINYHNHA
e

g= -

2m (131.4)
Ha3bIBACTCS TMPOMATHMUTHBIM OTHOIIEHHEM OPOUTAIbHBIX MOMEHTOB (OOIIETIPHHATO NHCATh CO
3HAKOM «—», YKa3bIBAIOLIUM Ha TO, YTO HANPABJICHUS MOMEHTOB IIPOTHBOIIOJIOKHBI). DTO OTHOILICHHUE,
OIpeIeIsIEeMOe YHHBEPCATbHBIMU MOCTOSHHBIMHU, OJMHAKOBO Uil JI000W OpOMTHI, XOTS Al pa3HBIX
opbut 3HaueHuss v u r pasnuuyHbl. Popmyna (131.4) BbIBeeHa Ui KpYyroBod OpOWUTHI, HO OHa
CTIpaBeUINBA U ISl AJIUIITHYECKUX OPOMT.

B o0miem ciiydae MarHUTHBIH MOMEHT DJIEKTPOHA CKJIAIBIBACTCS W3 OPOUTAIHLHOTO W CIHUHOBOTO
MarHUTHBIX MOMEHTOB. MarHuTHBIi MOMEHT aTroma, CIeJAO0BaTelIbHO, CKJIAQJbIBAETCS M3 MArHUTHBIX
MOMCHTOB BXOJSIIUX B €ro COCTaB 3JIEKTPOHOB W MAarHHUTHOTO MOMEHTa sjpa (00ycioBiieH
MarHMUTHBIMH MOMEHTaMH BXOJSAIINX B SIAPO MPOTOHOB U HEUTPOHOB). OJHAKO MAarHUTHBIE MOMEHTHI
SJIep B THICSYU pa3 MEHbIIIE MATHUTHBIX MOMEHTOB 3JIEKTPOHOB, TIO3TOMY MMHU MpeHeOperaroT. Takum
o0pa3om, OoOIIMII MarHUTHBII MOMEHT aToMa (MOJIEKYJIbI) Pa PaBEH BEKTOPHOW CyMME MarHUTHBIX
MOMEHTOB (OPOUTAIBHBIX U CIIMHOBBIX ) BXOISAIIUX B aTOM (MOJICKYJTY) 3JIEKTPOHOB:

P LPat L (131.6)

Emie pa3 oOpatum BHHUMaHHE Ha TO, YTO MPU PACCMOTPEHUN MAarHUTHBIX MOMEHTOB AJIEKTPOHOB U aTOMOB
MBI TIOJIb30BAIMCh KIACCUYECKOW TEOpHeH, HE YUYUThIBas OTPAaHWYCHH, HAKIAJbIBAEMBIX Ha
JBUKEHHE AJIEKTPOHOB 3aKOHAMU KBAHTOBOW MeXaHUKU. OJIHAKO 3TO HE MPOTUBOPEUUT MOTYUCHHBIM
pe3ynbTaraM, Tak Kak JUisl JaIbHEUIero 0ObsICHEHNs HAMATHUYMBAHUS BEUIECTB CYIIECTBEHHO JIHIIb
TO, YTO aTOMBI 00JIaJal0T MAarHUTHBIMH MOMEHTAMH.
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2. lua- ¥ napaMarHeTusm

Besikoe BemiecTBo SIBIISIETCS MArHeTHKOM, T. €. OHO CIOCOOHO MOJ AEMCTBMEM MarHUTHOTO IMOJIs
npuoOpeTaTh MarHUTHBIA MOMEHT (HaMarHM4uBathes). sl mOHMMaHMS MEXaHHW3Ma STOrO SBIICHUS
H€O6XO[[I/IMO PaCCMOTPCTH IIGfICTBPIe MAaravMTHOIO I10JIA Ha ABMXXYIIUCCA B aTOMEC 3JICKTPOHBI.

Panu mpocToThl MpeanonaoKuM, YTO AJIEKTPOH B aTOME JABIKETCS MO KpyroBoil opbute. Ecnu opbura
3JIEKTPOHA OPUEHTUPOBAHA OTHOCUTEIBHO BEKTOpa B mpon3BoabHBIM 00pa3oM, COCTaBIIAS C HUM Yol
a (puc. 188), To MOKHO J0Ka3aTh, YTO OHA MPHUXOAUT B TaKOe JBMKEHUE BOKPYr B, mpu xoTopom
BEKTOP MarHUTHOI'O MOMEHTa Pm, COXPaHss IOCTOSHHBIM YIOJd ¢, BPAlAaeTCsl BOKPYT BekTtopa B ¢
HEKOTOPOH YIVIOBOM CKOPOCTBIO. Takoe NBMKEHHE B MEXAHMKE Ha3bpIBacTCs mpeneccuei. [Ipeneccuro
BOKPYT' BEPTUKAJIIBHON OCH, IPOXOJAIIEH Yepe3 TOUKY ONOpbI, COBEPIIAET, HAIPUMEP, AUCK BOJIYKA
Ipu 3aMCIJICHUN JBUKCHUA.

Pac. 188

@ MOXHO N NPOBECTH AHANOITMIO MeX Ay Hamar-
HUYOHNOM AMAMAErHeTHKa n NonAapusaunen gu-
ANeKTPHKA C HENONAPHLIMK MOneKynamu?

@ MOXXHO N NPOBECTN AHANOINIO MBX QY HaMmar-
HMYeHNEeM NapaMArHeTMKa ¥ nonapusauved
ANINOKTPUKA C NONAPHBIMK MONBKYNnamMu?

@ UTO Takoe AMAMArHeTMKN? NAPAMArHeTMKu?
B 4eM pasnnune nx MarHnTHbix ceoicTe?

Takum 00pa3om, AJIEKTPOHHBIE OPOUTHI aTOMA IO ICHCTBHEM BHEITHETO MarHUTHOTO IOJISi COBEPIIAIOT
NPELECCUOHHOE JIBKEHHE, KOTOPOE SKBUBAJIEHTHO KPYIOBOMY TOKY. Tak Kak 3TOT MHKPOTOK
WHIYIIMPOBAH BHEITHUM MAarHUTHBIM IIOJIEM, TO, COTJIaCHO mpaBmiy JIeHIa, y aTomMa MOSBISETCS
COCTABIISIFOIIAs MATHUTHOTO TIOJISl, HAIlPaBJICHHAs MPOTHBOIIOIOXKHO BHEIIHEMY Moit0. HaBeneHHbIS
COCTABJISIONINE MAarHUTHBIX TIOJIEM aTOMOB (MOJIEKYJ) CKJIQJBIBAIOTCS W 00Opa3yloT COOCTBEHHOE
MarHUTHOE TIOJI€ BEIECTBA, OCJIAOJSIONIEe BHEIIHEE MArHuTHOE Mojie. DTOT APQPEKT MOTyUHI
Ha3BaHUE AUAMATHUTHOrO 3¢d¢eKTa, a BemecTBa, HAMATHUYUBAIOIIAECS BO BHEIIHEM MarHUTHOM
10JIe TIPOTUB HAMPABJICHUSI MTOJIsI, HA3BIBAIOTCS AUAMATHETHKAMM.

B oTcyTcTBHE BHENIHETO MAarHWTHOTO MOJISi JHAMAarHETUK HEMAarHUTEH, TOCKOJIbKY B JJAHHOM Cllydae
MAarHUTHBIE MOMEHTHI DJIEKTPOHOB B3aMMHO KOMIICHCHUPYIOTCS, U CYMMapHBI MarHUTHBIA MOMEHT
atoma (OH paBeH BEKTOPHOW CYMME€ MAarHUTHBIX MOMEHTOB (OpPOMTAIbHBIX ¥ CIIMHOBBIX)
COCTaBIISIIOIUX aTOM OJJIGKTPOHOB) paBeH Hym0. K nuaMarHeTwkam OTHOCSITCS MHOTHE METaJlIbl
(manpumep, Bi, Ag, Au, Cu), 60JbIIHHCTBO OPraHUYECKUX COCTUHEHHM, CMOJIBI, YTIEPO U T. .

Tak xak nuamMarHUTHBIN 3()QeKT 00ycloBIIeH ACHCTBHEM BHEUTHETO MArHUTHOTO TOJISI HA AJICKTPOHBI
aTOMOB BEIIECTBA, TO TUAMAarHETU3M CBOMCTBEH BceM BemecTBaM. OHAKO HApsIy C AMaMarHUTHBIMU
BEIICCTBAMH CYIICCTBYIOT M MApaMarHUTHbIe — BEIIECTBA, HAMATHUYHMBAIOIIMECS BO BHEIIHEM
MarHUTHOM I10JI€ TIO HAIPaBJICHUIO TIOJISL.

3. HamarunyenHocTsb. MaraurHoe moJie B BelecrBe

[TonoOHO TOMYy, Kak IJIsi KOJMYECTBEHHOTO OMHCAHHUS TMOJSPU3ALUA JAUAJICKTPUKOB BBOJMIIACH
MOJISIPU30BAaHHOCTD (cM. 88), JUISI KOJMYECTBEHHOTO OMUCAHWS HAMATHUYECHUS MAarHeTUKOB BBOJST
BEKTOPHYIO BEIIMYMHY — HAaMarHWYeHHOCTh, OIPEACIIIEMYI0 MarHUTHBIM MOMEHTOM €IWHUIIbI
00beMa MarHeTHKa:

J=Pm/V=Z /v,

rie Pa=Y P — MarHuTHBII MOMEHT MArHETHKA, NPEACTABISIONINI COGOH BEKTOPHYIO CyMMy
MarHUTHBIX MOMEHTOB OTJIeJIbHBIX MOJIeKy (cM. (131.6)).

PaccmarpuBast XxapakTepUCTUKU MarHUTHOTO nouist (cM. 109), Mbl BBOJMIIM BEKTOP MAarHUTHOM MHAYKLIUU
B, xapakTepusylomMi pe3yJbTHPYIOIEE MAarHuTHOE II0Jie, CO3/aBaéMO€ BCEMH Makpo- U
MHUKPOTOKaMH, M BEKTOp HampsbkeHHocTH H, XapakTepusylouiuii MarHuTHOE I0JIE MakKpOTOKOB.
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CrnenoBaTebHO, MAarHUTHOE IOJ€ B BELIECTBE CKJIAJBIBACTCS W3 JBYX IOJEH: BHELIHEro IO,
C03/1aBa€MOI'0 TOKOM, M TIOJIsI, CO3/1aBa€MOr0 HaMarHU4YEHHBIM BEIIECTBOM. Torjga MOXeM 3amucarh,
YTO BEKTOP MAarHUTHOM HMHAYKUUHU PE3YJIbTUPYIOIIETO MArHUTHOTO HOJII B MAarHETUKE pPaBeH
BEKTOPHOM CyMME€ MArHMTHBIX HMHAYKIUH BHemHero mojsi Bo (moms, co3maBaemoro
HAMarHUYUBAIOLIUM TOKOM B BaKyyMe) U MoJisi MUKPOTOKOB B' (mosisi, co3gaBaeMoro MoJeKyJIsipHBIMU
TOKaMH):

B=Bo+B', (133.1)

rae Bo=woH (cm. (109.3)).

Jlns onucaHus 1oJisg, CO34aBa€MOI0 MOJIEKYJISIPHBIMU TOKaMH, PACCMOTPUM MAarHeTHK B BHJI€ KPYTOBOI'O
UWIUHAPA ceYeHUs S U JUIMHBI /, BHECEHHOTO B OJHOPOJHOE BHEIIHEE MAarHUTHOE T0JI€ C UHIyKIIMEH
Bo. Bo3nukaromiee B MarHeTMKe MAarHUTHOE IIOJIE MOJEKYJSPHBIX TOKOB OyJIeT HaIlpaBiIeHO
MPOTHUBOIIOJIOKHO BHEIIHEMY TOJIO I JUAMAarHETUKOB M COBMAJaTh C HUM IO HAIPABICHUIO IS
napamMarHeTkoB. [110ckocTH BceX MOJIEKYJISIPHBIX TOKOB PAaCIOJIOXKATCS MEPIEHAUKYJIIPHO BEKTOPY
Bo, Tak Kak BEKTOpbl WX MArHUTHBIX MOMEHTOB Pm aHTHUIApAUIENbHBI BekTOpy Bo (mis
JUaMarHeTUKOB) W mapauiensHbl Bo (mms mapamarsetukoB). Eciam paccmotperh mroboe cedeHue
UWINHAPA, TEPIECHIUKYJIIPHOE €ro OCH, TO BO BHYTPEHHHUX YYacCTKaX CEUCHHUS MarHeTHKa
MOJIEKYJIIPHBIE TOKM COCEJHHUX AaTOMOB HAallpaBJ€Hbl HABCTpeUy JApyr JApyry H© B3auUMHO
komreHcupytotest  (puc. 189). HeckommeHCHpoBaHHBIMH OyIyT JIMIIb MOJICKYJISIPHBIE TOKH,
BBIXO/ISIIIIME HAa OOKOBYIO MMOBEPXHOCTh LIUITUH/PA.

Tok, Texkymuii 1o 60KOBOM MOBEPXHOCTH IHIMHIIPA, TO100EH TOKY B COJICHOUE M CO37]a€T BHYTPH HETO
110J1€, MArHUTHYIO UHAYKLUIO B’ KOTOPOro MOYHO BBIUMCIINTh, YUUThIBast popmyiy (119.2) ms N = 1
(conmeHou U3 OJTHOTO BUTKA):

B=pI'll, (133.2)
rae I' — cuna MOJEKYJIIpHOro TokKa, / — JJMHA paccMaTpUBAeMOro IMWIMHApPA, a MarHUTHas
MIPOHUIIAEMOCTD £ IPUHSTA PABHOW €IMHULIE.

C npyroi#t croponsl, [/ — TOK, MPUXOIANINICS HA CIWHUILY JUTMHBI IWJIMHIpA, WIH €ro JIMHEHHas
IUIOTHOCTh, TTO3TOMY MAarHUTHBI MOMEHT 3Toro Toka p = ['lS/l = I'V/l, rne V — o0bemM marHeTuka.
Ecnu P — MarHUTHBI MOMEHT MarHeTuka 00beMoM V, TO HAMarHM4e€HHOCTh MarHeTHKa

J=P|V=I'|l (133.3)
Comnocrasnsis (133.2) u (133.3), momydum, 4To
B=pyJ,
WM B BEKTOpHOM hopme
B'=pyd.
Pumc. 189

@ Y70 TaKoe HaMarHM4eHHOCTb? Kakan Bennuu-
Ha MOXOT CNY)XNTb 66 AHANOIOM B 3NeKTPOo-
crarnke?

@ 3annuinte N OGLACHNTE COOTHOWBHNA MeXay
MBrHNTHLIMK NPOHKLIAGMOCTBIO ¥ BOCTIPHUMUN-
BOCTBIO AR NAPAMATHOTHKA; AANA AKAMArHeTH-
Ka. :

© Buisegnte COOTHOWGHN® MEXAY BEKTOpamu
MArHUTHOA MHAYKUMW, HANPAXGHHOCTH Mar-
HWUTHOTO NONA U HAMATHUMBHHOCTH,

[ToncraBuB Boipaskenus Ansg Bo u B' B (133.1), nonyunm

B=po H+ poJ = pio (H+J); (133.4)
NI
B
—=H+J.
Fo (133.5)
4. @eppoMarHeTHKHU M UX CBOIiCTBA
ITomumo pPaCCMOTPCHHBIX OBYX KJIACCOB BCHICCTB — JHWA- W TApaMarH€TUKOB, HA3bIBACMBIX

CJ1a00MArHUTHBIMH BeeCTBaAMH, CYHICCTBYIOT €€ CUHJIBHOMArHMTHBIC BemeCrBa —
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(l)eppOMaFHeTI/IKI/I — BCIICCTBA, 06J1az[a}ou1ne CHOHTAHHOM HaMarom4€HHOCTBIO, T. €. OHH
HaMarom4CeHbl JaXC IPH OTCYTCTBHMHM BHCUIHCTO MArHUTHOI'O I1OJIA. K q)eppOMaFHeTI/IKaM KpoMEC
OCHOBHOI'O HUX TPCACTABUTCIIA — KCJIC3a (OT HCTO U HACT Ha3BaAHUC «(I)CppOMaFHeTI/ISM») — OT-

HOCATCA, HAIIPUMCD, KO63.JII)T, HUKCEIIb, FaIIOJII/IHI/If/'I, HX CIIJIaBbl 1 COCIUHCHMUA.

Prc. 191
{ >
A > B
He N
s ek, Skl
— — 0 -— c — —

——————————— Y nwangusupyﬁre TEOpPeMY 0 UNPKYNSiLWH Be-

___________ xkTopa B B Beujecrtse.
———————————— @ MNonyunte dopmyny (134. 5).

@deppoMarHeTUKM MOMHUMO CHOCOOHOCTHM CHJIBHO HaMarHU4YUBaThbcs OOJNaJaloT eue U JAPYTUMH
CBOICTBaMM, CYIIECTBEHHO OTJIMYAIOUIMMM HX OT JAMa- U [apamarHetukoB. FEcmm ans
cmabomarHuTHBIX BemlecTB 3aBucuMocTh J ot H mmueiina (cm. (133.6) u puc. 192), to ans
(deppoMarHeTHKOB 3Ta 3aBUCHUMOCTH, BIEpBbIe HM3y4yeHHas B 1878 r. mMeTomoM OauIMCTHYECKOTO
rajipBaHOMeETpa JUIsl skesne3a pycckuM ¢uszukom A.I'. CroneroBbim (1839—1896), sBnsiercs 10BOJIBHO
cnoxxnoit. 1o mepe Bo3pacTanus H HaMarHW4EHHOCTH J CHadana pacTeT OBICTPO, 3aTeM MEIJICHHEE U,
HAaKOHELl, JOCTUraeTCs TaK Ha3bIBAEMOC MATHUTHOE HAaCbhIIIeHHe Juac, YK€ HE 3aBHUCAIIEE OT
HanpspbkeHHocTH 1oiisd. [TonoOHbIi XapakTep 3aBUcUMOCTH J OT H MOXHO OOBSACHUTH TEM, UTO IO
Mepe yBEJIMYEHHUS HaMarHUYMBAIOLIETO I0JI1 YBEJIWYMBAETCS CTENEHb OPUEHTALUU MOJEKYJISPHBIX
MarHUTHbIX MOMEHTOB IO IOJII0, OJHAKO 3TOT IPOLECC HAYHET 3aMEUISIThCS, KOTJa OCTaeTCsl BCE
MEHbIIE U MEHbIIE HEOPHUEHTUPOBAHHBIX MOMEHTOB, M, HAKOHEIl, KOIJla BCE MOMEHThl OyayT
OpUEHTUPOBAHbl 110 TOJI0, JajbHEHIIee yBenudeHue J MpeKpamlaeTcss U HAacTylaeT MarHUTHOE
HACBIILIEHUE.

MaruautHas wHaykuus B= o (H+J) (cm. (133.4)) B crnabpix momsix pacteT ObICTpo ¢ poctom H
BCJIEJICTBHE YBEIMUYECHHMS J, @ B CHIIBHBIX OJISX, IOCKOJIBKY BTOPOE CIaraeMoe MOoCTOSIHHO (J=Juac), B
pactet ¢ yBenuueHuem H no nuHeitHoMy 3akonHy (puc. 193).

CymecTBeHHass 0cOOEHHOCTh (PeppPOMArHETHKOB — HE TOJBKO OOJbIIME 3HAYEHUsS L (Hampumep, IS
xkeneza — 5000, mus crmaBa cynepmaiuios — 800 000!), Ho u 3aBucuMocTh i ot H (puc. 194).
Buawane u pacter ¢ yBenuyeHueM FH, 3aTeM, JOCTUIas MaKCUMyMa, HAuWHAeT yMEHbIIAThCA,
CTpeMsCh B ciydae cuibHbIX noneit Kk 1 (4 = B/(uwH) = 1 + J/H, noatomy nipu J = Juac = const ¢
poctom H otHomenue J/H — 0, i — 1).

XapakTepHasi 0cOOEHHOCTh (PeppOMArHETUKOB COCTOUT TAK)KE B TOM, YTO JJIsl HUX 3aBUCUMOCTh J OT H (a
cienoBaTeNibHo, U B oT H) ompenensercss NpeApICTOpHell HamMarHuveHus (eppomarHeTuka. ITo
SBJICHHE TOJIY4YMJIO Ha3BaHHE MATHHTHOIO rucrepesuca. Ecim HaMarHUTUTH (heppOMarHeTUK a0
HachlleHus (Touka /, puc. 195), a 3aTemM HavyaTh yMEHbUIaTh HAPSKEHHOCTh /{ HAMarHUYUBAIOLLETO
MoJIsl, TO, KaK TOKa3bIBA€T ONBIT, YMEHbIIEHUE J OMUCHIBAETCS KPUBOWU [—2, JIe)Kalllei BbIIIE KPUBOM
I—0. Tlpu H = 0 J oriuyaercs OT HyJs, T. €. B (eppoMarHeTuke HaONIOACTCA OCTATOYHOE
HamMarHu4yeHnme Joc. C HamM4ueM oCTaTOYHOIO HAMAarHUYEHHsI CBSI3aHO CYILECTBOBAHUE MOCTOSIHHBIX
MarHuToB. Hamarunuenue oOpaiaercss B HyJIb 07 I€HCTBHEM M0Jsl HC, UMEIOIIEro HamnpaBieHue,
IPOTHBOIIOJIOXKHOE IOJIIO, BbI3BaBIIEMY HamarHuueHue. HamnpspkeHHocTs Hc  HasbIBaeTcs
KO3PUMTUBHOH CHJION.

[Ipu panpHelIEM yBEIMYEHUU NIPOTUBOIIOJIOKHOTO MOJS (PeppOMarHeTUK NepeMarHnuuBaeTcs (KpuBast
3—4), u npu H = —Huac fOCTUTAETCS HachllleHue (Touka 4). 3areM (eppoMarHeTUK MOMKHO OISThH
pa3MarHuTUTh (KpuBasi 4—35—06) 1 BHOBb NIEPEMArHUTUTh /10 HACKIIICHUsI (KpuBasi 6—7).

Taxum o6pazom, npu AeHCTBUU Ha (heppOMArHETUK NMEPEMEHHOTO0 MAarHUTHOTO MOJIsl HAMarHUYEHHOCTh J
M3MEHSETCS B COOTBETCTBUM C KpUBOM [—2—3—4—5—6—1, KOTOpas Ha3bpIBacTCs MeTJel
rucrepesuca (OT TIped. «3ama3iblBaHHe»). [UCTepe3suc NpPUBOAUT K TOMY, YTO HaMarHUYeHUe
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dbeppomarHeTka He SBJISETCS OJHO3HAYHOW (yHKIMEW H, T.e. OMHOMY M TOMY € 3HaueHuto H
COOTBETCTBYET HECKOJIBKO 3HAYCHUH J.

J‘}
Jﬂac ——————— E

PeppomarHeTnk

NapamarHeTvk

AunamarHeTnk

Prc. 192 Pac. 193

H

Paznuunble (eppomMarHeTMku nalOT paszHble TUCTEpe3UCHble MeTiu. PdeppomMarHeTMKH ¢ Majoi (B

npezenax OT HECKOJbKHX THICSYHBIX 10 1—2 A/cM) kodpuumTuBHOW cuioi Hc (c y3koil metieit
rucTepe3nca) Ha3blBAIOTCd MATKHMH, ¢ OOJBIION (OT HECKOJBKUX AECATKOB O HECKOJIBKHX ThICSIY
amrep Ha CaHTHMETP) KOIPUUTUBHOW CHUJION (C LIMPOKOW MeTJIel Trucrepesuca) — KeCTKUMH.
Benmuunsl He, Joc M fimax ONPEAETSIOT NPHUMEHUMOCTh (PEPPOMArHETHKOB MJISi T€X WJIM WHBIX
npakTudyeckux nenei. Tak, jkecTkue (GeppomMarHeTUkH (Hampumep, yriaepoaucTbie U BOJIb(ppaMOBbIe
CTaJIi) MPUMEHSIOTCSA JJs M3TOTOBJICHUS MOCTOSIHHBIX MAarHMTOB, a MSTIKUE (HampuMmep, MSrkKoe
KeJe30, CIUIaB jKeJie3a ¢ HUKeJIeM) — JJIsl U3TOTOBJICHUS CEepACUYHUKOB TPaHC(HOPMATOPOB.

deppoMarHeTHK 00JIAJAl0T €IIe OJHON CYIIECTBEHHON OCOOCHHOCTBIO: ISl KAKIOro (peppoMarHeTrka

UMEeTCs ONpeNesIeHHas TeMIlepaTypa, Ha3biBacMasi Toukoi Kropu, mpu KOTOpoll OH TepseT CBOM
MarHuTHBIE cBOicTBa. [Ipn HarpeBanuu oOpasua Beiie Touku Kropu geppomMarHeTuk rnpeBpamiaeTcs B
oOBIYHBIA MapamarsHeTuk. Ilepexox BemiecTBa M3 (PEPPOMATHUTHOTO COCTOSIHUSI B INapaMarHUTHOE,
IpOUCXOAIKi B Touke Kropu, HE COMPOBOXKIACTCS MOTIIONICHUEM WIIH BBIJICIICHHEM TEIIOTHI, T.€. B
touke Kropu npoucxonut dazossiii nepexon Il pona (cm. 75).

Hakonern, mporiecc HaMarHWYeHUs (EpPPOMATHETHKOB COMPOBOXKIACTCS W3MEHEHHEM €ro JIMHCHHBIX

3.

4.

pasMepoB U o0beMa. DTO SBJICHUE MOJYYWJIO Ha3BaHHE MATHUTOCTPMKUMM. BenuunHa u 3HaK
s dexTa 3aBUCAT OT HANPSHKCHHOCTH H HAMarHMYMBAIOIIETO TOJIsI, OT MPHPOBI (heppoOMarHeTuka u
OpPHUEHTALMH KPUCTAIUIOrpapUUECKUX OCEH 10 OTHOLICHHUIO K HOJIIO.

3agaHust U BONPOCHI

HanpsikeHHOCTh OJHOPOJHOTO MAarHUTHOTO mousigs B menu paBHa 10 A/m. OmpenenuTh MarHUTHYIO
WHIYKIHUIO TI0JsI, CO3/1aBa€MOT0 MOJIEKYJISIPHBIMA TOKaMH, €CJIM JUaMarHUTHash BOCIPUUMYHUBOCTD
mem |¢|=8,8-1078. [1.11 nTx]

Ilo xpyroBomy koHTypy paauycoMm 50 cM, MOrpy>KEHHOMY B XUAKUI KUCIOpOA, Te€4eT Tok 1,5 A.
Onpenenuth HaAMarHUYEHHOCTh B IIEHTPE O3TOrO KOHTYpa, €CJIM MarHUTHas BOCHPHUHUMYHBOCTH
JKUJKOTO KUCJIOPO/1a 3,410, [5,1 MA/M]

ITo o6moTKE cosneHoMa UHIYKTUBHOCTBIO 1 MI'H, HaxosIerocs B TMaMarHuTHOM cpejie, TeUeT TOK 2
A. Conenoua umeet anuny 20 cM, miomaas nonepeyHoro ceyenus 10 cM” 1 400 BUTKOB. Onpenenutsb
BHYTPH COJIEHOMA: |) MarHUTHYI0 HHIYKIHIO; 2) HaMarHu4eHHOCTh. [1) 5 MmTn; 2) 20 A/m]
AnroMuHUEBBIH mapuk paauycom 0,5 cM moMelieH B OAHOPOAHOE MarHuUTHoe mosie (Bo = 1 Tin).
Ornpenenutbh MarHUTHBI MOMEHT, MPUOOPETEHHBINA IIAPUKOM, €CJIM MarHUTHAas BOCIPUHUMYHUBOCTD
amomunus 2,1-107. [8,75 MKA-M?]

Cnucok Jiureparypbl
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1441-2. — Pexwum noctyna: http://www.iprbookshop.ru/63918.html
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3. Tpodumona, T. V. ®uzuka : y4eOHUK : AJs CTYJEHTOB By30B, O0y4YaIOIIUXCS [10 TEXH. HATIp.
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(Briciee npodeccuonansHoe oopazoBanue) (bakanaspuar). - [Ipenm. yxkas.: c¢. 330-339. - ISBN 978-5-
7695-9820

4. Tpodpumosa, T. U.; Kypc busuku ¢ npumepamu pemienus 3agad: B 2-x 1. : yue6nuk / T.U.
Tpodumona, A.B. ®upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipun.: ¢. 376-378. -
ISBN 978-5-406-04428-5.
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5. Tpodumona T.U., ®upcosa A.B., CoopHUK 3a1a4 110 Gusnke- 2-¢ u3., nepepad. u aor. - Mocksa :

Axagemus, 2013.

INPAKTUYECKOE 3AHATHE Ne 16 OCHOBbBI TEOPUU MAKCBEJIJIA JJIAA
JIEKTPOMAT'HUTHOI'O ITOJIA

Heab-3akpenuth M3yuyeHHBIH Marepuan 1o Tematuke «OcHOBBI Teopuu MakcBemna Uit
3JIEKTPOMArHUTHOTO MoJisA. BuxpeBoe anekTpuueckoe nose. Tok cMelenus. Y paBHeHus MakcBesia
JUISL DJIEKTPOMArHUTHOTO TTOJISD).

OcBanBaemMble KOMIIETEHIIUH B PE3yJIbTATE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«O0m1me cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IOJNyYeHHBIE TEOPETHUYECKHE 3HAHUS H
BBIPA0OTATh HABBIKA U YMEHHSI TPAKTUYCCKOTO PEIICHUS 33124, B TO YHCJIC U CAMOCTOSTEIIBLHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIlMK K CaMOOOpPA30BAHMIO CTYJICHTAa HANpaBJICHUS «XUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HWCIOJB30BaTh ~ OCHOBHBIE  3aKOHBI
€CTeCTBEHHOHAYYHBIX JUCIHILIMH B MPO(ECCHOHANBHON ACATEIbHOCTH, OCHOBHBIC 3aKOHBI (DU3HKH,
METOZbl SKCIIEPUMEHTAJIBHOTO MCCIIEOBAHUS, OCHOBHBIX (M3NYECKUX TEOPHM JJs pELICHHS
BO3HUKAIOMIUX (U3NYECKUX 33734, CAMOCTOSTEIHHOTO MPHOOpEeTeHUs (HU3WYCCKUX 3HAHWH, IS
MOHMMAHUS TPUHIHUIIOB PabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIEC BBIXOISAIINX 3a MPEACIBI
KOMIIETEHTHOCTH KOHKPETHOTO HATIPaBJICHUS

Ymersn:

- OCYIIECTBIIATH 3P PEKTHBHYI0 KOMMYHHKAIIMIO B KOJUIEKTUBE JUTSI PEIISHHsI TPO(HECCHOHATBHBIX
3aja4, CMOCOOHOCTHIO M TOTOBHOCTBIO HCIOJB30BATh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX
IUCHIUIUIMH B TPO(PECCUOHATBHON JEATEIEHOCTH, HCIIONB30BaTh 3HAHUS OCHOBHBIX (DH3MUECKUX
TEOPUH Ui pEelIeHHs BO3HMUKAOIMX (U3NYECKUX 3a/lad, CAMOCTOSTENBHOIO MPUOOPETEHHS
bu3nYecKuX 3HAHWHU, JIJIS TIOHMMAHUS TPUHIMIIOB Pa0OThI MPUOOPOB W yCTPOWCTB, B TOM YHUCIIE
BBIXOSIIUX 32  Mpeaeiabl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAmpaBleHUS, MPUMEHSITH
COOTBETCTBYIOIINI (DU3UKO-MAaTEeMaTHYECKUI ammapar, METOIbl aHajlu3a H MOJCIUPOBAHHS,
TEOPETUYECKOT0 M SKCIIEPUMEHTAILHOTO HCCIIeI0OBAHUS IPU PELICHUH MPO(ECCHOHANBHBIX 3a/1a4.

Baangern:

- HaBblKaMHM paboOThl B KOMAaHJE, HaBbIKAMH BECTU MHMAJIOT, JEJIOBOM CHOp;  CIIOCOOHOCTH K
CaMOOpTaHU3aIlM M CaMOOOpa30BaHUIO, HABBIKAMU HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIOMICH
00paboOTKOW MX pe3yJNbTaTOB, METOJaMH MaTeMAaTHYECKOTO, KOMIBIOTEPHOTO U (PU3UYECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHS TEXHUIESCKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MPOIIECCOB H
KOHCTPYUPOBaHUSI  COOPY>KEHHH, MAIlMH U  TEXHOJOTHYECKOro  00O0pYI0BaHMs,HABBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIILHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3MKHM, HABBIKAMHM  CAMOCTOSATEIBHOTO NPUOOpeTeHHS (PU3MUECKUX 3HAHUH, I
MOHWMAaHMsI TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TPEICITBI
KOMITETEHTHOCTH HAIPaBICHUS XUMUYECKask TEXHOJIOTUS

Teopernyeckas 4acTb
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1. BuxpeBoe 2j1eKTpHYECKoOe 1oJ1e

N3 3akona @apanes (cm. (123.2)) E,=-dd/dt cienyer, 4to0 11060€ N3MEHEHUE CUEIUICHHOTO C KOHTYPOM
NOTOKAa MarHUTHOW MHIYKIMM MPUBOAUT K BO3HUKHOBEHMIO SJIEKTPOJBIIKYIIEH CHUIIBI MHIYKIMUA U
BCJICJICTBHE JTOTO TIOSBISIETCS WHAYKIMOHHBIA ToK. ClieoBaTeNbHO, BO3HHKHOBEHHE 3.J.C.
AIIEKTPOMArHUTHON MHIYKIIMM BO3MOXHO U B HEMOJBMXHOM KOHTYpPE,HaXOJAALIEMCS B IEPEMEHHOM
MarHuTHOM mosie. OIHaKo 3.J1.C. B JIOOOH IIeTM BO3SHHMKAET TOJBKO TOT/IA, KOT/Ia B HEH HAa HOCUTEIH
TOKa JIEHCTBYIOT CTOPOHHHME CHJIBI — CHJIBI HEIJIEKTPOCTATUYECKOrO MpOMCXOoXxaeHus (cMm. 97).
[TosTOMY BCTaeT BOIpPOC O MPHUPOJIE CTOPOHHUX CHII B JIAHHOM CITydae.

OnbIT NMOKa3bIBaeT, YTO 3TH CTOPOHHHE CHUJIbI HE CBA3aHbI HH C TEIJIOBBIMHM, HU C XUMHYECKHUMH
npoIeccaM B KOHTYPE; X BOSHHKHOBEHHE TAK)Ke HEJb3s1 OOBSCHUTH cuiamu JIopeHIa, Tak Kak OHU
Ha HEIOJIBU)KHBIC 3apsjbl HE NCHCTBYIOT. MaKCBeII BBICKA3ajJ THUIOTE3y, YTO BCSIKOE MEPEMEHHOE
MarHUTHOE TIOJ€ BO30YXKJAaeT B OKPYXKAIOLIEM IPOCTPAHCTBE DJIEKTPUYECKOE TOJE, KOTOpoe |
SBIISIETCS MPUYMHOM BO3HMKHOBEHHS HMHIYKIIMOHHOTO TOKa B KOHType. COIJIacHO MpeACTaBIICHUSM
Makcgena, KOHTYp, B KOTOPOM MOSIBIISIETCS 3.]1.C., HTPAET BTOPOCTENCHHYIO POJIb, SIBISSICH CBOETO
pOJa JHIIb «ITPUOOPOMY, OOHAPYKUBAIOIIMM ATO TIOJIC.

Hrak, mo MakcBesuty, U3MEHSIOIIeecs BO BpEMEHH MarHUTHOE TI0JI€ MTOPOKAAET dekTpudeckoe nojie Es,
UPKYJISUs KoToporo, mo (123.3),

4o
f E,dl-i Eydl=——,

(137.1)
rne Ep — npoexnus Bekropa Es Ha Hanpasienue dl.

[Moacrasus B popmyiny (137.1) Beipakenue ®=§ BdS (cum. (120.2)), momyuum
s
§Esdi= - [ Bas.
L dr s

Ecaun moBepXHOCT, W KOHTYP HEMOJBIIKHBI, TO orepanuu audPepeHInpoBaHus W HUHTETPUPOBAHUS
MOXXHO IIOMCHATb MCCTaMMU. CHCI[OBaTeJIBHO,
2B
§Esdl=— | — ds,
H ot
s (137.2)

r7ie CHMBOJI YaCTHOW MPOW3BOJIHON MOMYEPKUBAET TOT (DAKT, UTO MHTETpAI _[ BdS sBnsiercst pynkimei
N
TOJIBKO OT BPCMCHH.
CornacHo (83.3), HUpKyJIAIMS BEKTOpa HAIPSHXKEHHOCTH AJIEKTPOCTATUYECKOTo noJis (0603Hauum ero Eq)
BJI0JIb JTFOOOTO 3aMKHYTOTO KOHTYpa paBHA HYJIIO:

§ Egdi=§ Egdi=o0.

L L (137.3)

CpaBuuBas Beipaxxenus (137.1) u (137.3), BunuMm, uro Mexay paccmarpuBaeMmbiMu nosisimu (Ez u Eo)
UMEETCs MPUHIMITHAIBHOE pa3linyue: MUPKYIsius Bektopa Ez B oTimnmuune ot nupkynsinuu Bekropa Eo
He paBHa HyJt0. CienoBaTenbHO, dekTpuyeckoe noie Ep, Bo30ykaaeMoe MarHUTHBIM IOJIEM, KaK U
camo MarHuTHoe noje (cM. 118), aBrsercs suxpegvim.

2. Tok cMeleHus

CormacHo MakcBemy, €ciu BCSKOE IEPeMEHHOE MAarHUTHOE ToJie BO30YXKIaeT B OKpY’KalolleM
MIPOCTPAHCTBE BUXPEBOE IIIEKTPUIECKOE TOJIE, TO IOJDKHO CYIIECTBOBATH M 0OPAaTHOE SBIICHUE: BCAKOE
U3MEHEHHE DJIEKTPHUYECKOTO TIOJsI JOJDKHO BBI3BIBATH TIOSBICHHE B OKPYXKAIOIIEM IPOCTPAHCTBE
BUXPCBOI'0O MArnvTHOTO  IIOJIA. I[J'DI YCTAHOBJICHHUA KOJUYCCTBCHHBIX COOTHONICHUN MCXKOAY
U3MEHSIOIIAMCST DJIEKTPUYECKIM TI0JIEM W BBI3BIBAEMBIM MM MAarHHTHBIM IoJieM MakcBesll BBEN B
paccMOTpPEHHE TaK HAa3bIBACMbIN TOK CMeEIeHHs.

PaccMoTpuM 1iemb TIEpEMEHHOTO TOKa, COoAepiKallyro KouaeHcarop (puc. 196). Mexay oOkimamkamu
3apsDKAIONIETOCS W Pa3psDKAIONIErocss KOHJIEHCATOpa MMEETCSl MEePEeMEHHOE JIIEKTPUYECKOe IIoJIe,
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I03TOMY, coraacHo MakcBety, 4epe3 KOHIEHCATOP «IPOTEKAIOT» TOKU CMELIEHMs, IPUYEM B TEX
ydacTKax, ra€ OTCyTCTBYIOT IIPOBOAHUKHU.

HaiizeM KOJIMYECTBEHHYIO CBA3b MEXAY M3MECHSIOIIUMCS ODIEKTPUYECKMM U BBI3bIBAEMBIM UM
MarauTHeIM nosisamu. [lo MakcBeiry, nepeMEHHOE 3IEKTPUYECKOE T0JIE B KOHAEHCATOPE B KaXK bl
MOMEHT BPEMEHHU CO3Ja€T TaKOE MarHUTHOE II0JIE, KaK €CIIM Obl MEX1y OOKIIaJKaMu KOHJEHCATopa
CymeCTBOBAJI TOK CMCIUICHM, paBHI)If/i TOKY B IOABOJAAIIMX ITPOBOJAX. Toma MOKHO YTBECPKIAATh, 4YTO
TOKHM IpOBOAUMOCTH (/) 1 cmemenus (ew) paBHbL: Jow =1,

Tok nmpoBoaMMOCTH BOIN3H 0OKIIAJOK KOHIEHCATOPA

do d oo oD
I=—=—[0dS=| —dS=| —d5,
dr drg ot ot
§ § (138.1)
(MOBEpXHOCTHAA IUIOTHOCTh 3apsa O Ha OOKJIaJKax paBHA ODJIEKTPHMYECKOMY CMelEHHI0 D B

koHzaencarope (cm. (92.1)). IoapiaTerpanbHoe BoipakeHue B (138.1) MOXXKHO paccMaTpuBaTh Kak
aD oD

YaCTHBIA Clyyal CKaJIsIpHOTO MPOU3BENEHUS —— g8, Korja — u dS B3aumHO napasuienbHsl. [Tostomy
ot ot
JUIsL OOLLIEro Cily4asi MOKHO 3aIlucaTh
D
I=}—dS.
J ot
S
CpaBnuBas 310 Bbipaxkenne ¢ I=Ia={ jadS (cM. (96.2)), umeem
s
j D
o (138.2)

Beoipaxenue (138.2) u Obu10 Ha3BaHO MaKCBEIJIOM IVIOTHOCTHIO TOKA CMeEIIeHHS.

MakcBess1 BBeJl NOHATHE TMOJHOIO TOKAa, pPaBHONO CYMME TOKOB IIPOBOJUMOCTH (@ Takxke

KOHBCKIIMOHHBIX TOKOB) 1 CMCIICHUA. IInoTHOCTH MOJIHOI'O TOKA
oD
joom = § + '5
BBeI[SI IIOHATHUA TOKa CMCHICHHA M IIOJIHOI'O TOKA, Makcsenn IMO-HOBOMY MNOAOLICTI K PpaCcCMOTPCHUTIO
3aMKHYTOCTH ueneﬁ NEPEMEHHOTO TOKaA. ITomHBIA TOK B HHUX BCCTrJa 3aMKHYT, T. €. Ha KOHIAXx
IPOBOJHHUKA OOpBIBACTCS JIMIIL TOK MPOBOJMMOCTH, a B TUAJIEKTPUKE (BaKyyMe) MEXIy KOHLIAMHU
IMPOBOAHHUKA NMECTCA TOK CMCILICHM, KOTOpBIfI 3aMBIKA€T TOK ITPOBOANMOCTH.

MakcBenn 0000mmn teopemy o nupkyisimuu Bektopa H (cm. (133.10)), BBens B ee mpaBylO 4acThb
MOJIHBIA TOK [nomn = I jromdS CKBO3b MOBEPXHOCTH S, HATAHYTYIO Ha 3aMKHYTbIM KoHTYp L. Torna
S
00001IeHHAs TeopeMa 0 HUPKYJISHUM BekTopa H 3anuiercs B Buze

§Hdl=‘[(j+@>ds.
; o

s (138.4)
BBIpa)KeHI/Ie (1384) CIIpaBCJIMBO BCCraa, CBUACTCIILCTBOM YCTO ABJIACTCA MOJIHOC COOTBETCTBUC TCOPUU

U OIIbITA.

3. YpaBHenuss MakcBeJ1a 115 3J1eKTPOMAarHUTHOT'O NOJIsI

BBenenne MakcBeuioM MOHSTHS TOKAa CMELICHUS IPHBEIO €ro K 3aBEPUICHUIO CO3AaHHOH MM
MaKpPOCKOTIMYECKOH TEOPHH HJIEKTPOMArHUTHOTO TOJIS, TIO3BOJMBIICH C €JMHON TOYKM 3pEHHS He
TOJBKO OOBSICHUTPH JIEKTPHYECKUE U MarHUTHBIC SIBJICHUS, HO M IPE/ICKA3aTh HOBBIC, CYIIECTBOBAHUE
KOTOPBIX OBUIO BIIOCIIEACTBUN TOATBEPKICHO.

B ocHoBe Teopru MakcBeiia jgexar pacCCMOTPEHHBIE BBIIIE YEThIPE yPaBHEHHUS:

1. Dnexrpuyeckoe mone (cMm. 137) moxer ObiTh kak nmoteHuuanbHbiM (Eg), Tak n BuxpeBbiM (Es),
HO3TOMY HalpsbKeHHOCTh cymmapHoro noist E = Eg + Ep. Tak xak nupkymsuusa Bekropa Eo paBHa
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uHymo (cMm. (137.3)), a uupkynsauus Bekropa Es onpenensercs Boipaxkenuem (137.2), To mupKynasaus
BEKTOPA HAIPSHKCHHOCTH CYMMAapHOTO TIOJIS
JB :
$Edl= - | — ds.
I ot
S
DTO ypaBHEHHE IIOKa3bIBACT, YTO HCTOYHUKAMHU ODJIEKTPUYECKOTO TIOJS MOTYT OBITh HE TOJBKO
IEKTPUICCKHUE 3aPSJIbl, HO U U3MCHSIOIINECS BO BPEMEHH MAarHUTHBIC TTOJISI.
2. O6061eHHas TeopeMa o nupkysanuu Bektopa H (cm. (138.4)):

inl=I(j+%) ds.

5
910 YPAaBHCHUC MMOKA3BIBACT, YTO MArHUTHBIC IIOJIA MOT'YT B036Y)KI[3TI)C$I 100 JABWOKYIIUMHUCA 3apadaMn
(3IEKTPUYECKUMU TOKAMH ), JINOO IEPEMEHHBIMH JJICKTPHYCCKUMH MOJISTMH.
3. Teopema I"aycca ans nosst D (em. (89.3)):
$Dds=0.
5 (139.1)
Ecnu 3apsa pacnpezneneH BHYTpH 3aMKHYTOM OBEPXHOCTH HEMPEPHIBHO ¢ 0O0bEMHOMN MJIOTHOCTBIO O, TO
dbopmyna (139.1) 3anumercs B Bujae
§Dds={ pav.
5 4
4. Teopema I'aycca mist monst B (em. (120.3)):

§ Bds=0.
S

Urak, mosiHasi cucremMa ypapHeHuidi MakcBeJliia B HHTerpaJjbHoil popme:

$Edl=— aal:ds; $Das={ pdv;
L s ‘ 4

5

fndl=j(j+%)) ds; inS=0.

5
BeJII/I‘-II/IHLI, BXOOAIIHUEC B YpPaBHCHHA MaKCBCHHa, HC SABJIAIOTCA HE3aBUCHMMBIMHU W MCKAY HHUMHU
CYIIECTBYET CJEOyIomas CBs3b (M30TPOIHBIC HECETHETONIEKTPHYECKHE W HepeppoMarHUTHBIC
Cpenbl): ‘
D=¢ggE, B=guH, j=yE,
rac & M o — COOTBCTCTBCHHO JJICKTPHUYCCKAd WM MAarHuTHasd IMOCTOAHHBIC, & U 1 — COOTBCTCTBCHHO
TMRJICKTPUYECKas U MAarHUTHAS IIPOHUIIAEMOCTH, ¥ — YJeJIbHas POBOIUMOCTH BEIIIECTBA.

3agaHusi M BONIPOCHI

1. Tlnockuii KOHTYp, WIomaas S KoToporo pasHa 300 cM’, HAXOAUTCSA B OJHOPOJHOM MAarHUTHOM II0JIE
¢ unaykuuer B =0,01 Tn. IlnockocTh KOHTypa NEPHNEHIUKYJSIpHA JTUHHUAM HHAYKIMU. B KOHType
noJiep>kuBaeTcsi HensMeHHbld Tok /=10 A. Onpenenutsh paboTy 4 BHEIIHUX CHJI MO HEpEeMEIECHUIO
KOHTYpPa C TOKOM B 00J1aCTh IPOCTPAHCTBA, MATHUTHOE T10JI€ B KOTOPOI OTCYTCTBYET.

2. 1o nmpoBoay, COTHYTOMY B BHJI€ KBaJpara co CTOpOHOU qiuHoM a =10 cMm, Teder Tok /=20 A, cuna
KOTOpOro Nojjepx uBaeTcsi Hem3MeHHOW. [lnmockocTe kBaapaTta cocraBiseT yroia o=20° ¢ JIMHUAMHU
MHAYKUUU OJHOPOAHOTrO MarHuTHoro nois (B =0,1 Tu). Beruucaute paboty A, KOTOpYt0 HEOOXOAUMO
COBEPUIUTD JUIsl TOTO, YTOOBI YJAJIUTh IPOBOJ 3a MPEAEIIbI MOJIS.

3. Ilo Konblly, CIETaHHOMY M3 TOHKOTO TMOKOro mnposoja paauycoM R=10 cm, Teuet Tok /=100 A.
[leprieHAUKYISIPHO TUIOCKOCTH KOJIbLIa BO30YKIEHO MarHuTHOe moje ¢ umHaykmmed B=0,1 Tn, mo
HaNpaBJICHUIO COBMAJarolIell ¢ MHAYKIMEH B1 COOCTBEHHOTO MarHMTHOTO MoJisi Kojbua. OnpenesinTh
paboTy A BHENIHWX CHJI, KOTOpbIE, IEHCTBYSl Ha MPOBOJ, ACPOPMUPOBAIM €0 M MPUAAIH eMy (popmy
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kBajgpara. Cuia TOKa HOpU 3TOM MOAJIEP)KUBAJIACh HEW3MEHHOW. Pa0oToil mpoTUB ympyrux cui
npeHeOpeyb.

4. B ogHopogHOoM MarHuTHOM noje ¢ unaykiueit B=0,01 Tn naxoaurcs npsMoit mpoBoj JJIMHOM 1=8
CM, pacCIOJIOKEHHBIM MNEPNEeHAUKYJIsIpHO JIuHUAM HHAyKuuu. [lo mpoBoxmy Tteuer Tok I=2 A. Ilog
JIEHCTBUEM CHJI TIOJISI IIPOBOJI MIEPEMECTUIICS Ha pacCTosiHUE s=5 cM. Haiitu paGoty A cui modsi.

5. UanyxtuBHOCTH L comenonna miuHOM /=1 M, HAMOTAaHHOTO B OJIMH CJIOM HAa HEMarHUTHBIN KapKac,
paBHa 1,6 MI'H. ITnomans S ceyenus conenoua pasHa 20 oM. OnpenenuTh YUCIIO0 7 BUTKOB Ha KaKJIOM
CAaHTUMETPE JJIMHBI COJICHOUIA.

6. CKOJTBKO BUTKOB IMPOBOJIOKH JAuaMeTpoM d=0,4 MM C W30Js1MeH HUYTOXHOW TOJIIMHBI HYXHO
HAMOTaTh HA KapTOHHBIA HUIUHAP AUamMeTpoM D=2 cM, 4TOOBI MOJYYUTh OJHOCIIONHYIO KaTyIIKy C
WHIYKTUBHOCTHIO L=] MI'H? BUTKHM BIJIOTHYIO pUJIETalOT APYT K APYTY.
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INPAKTUYECKOE 3AHATHE Ne 17-18 KOJIEBAHUSA 1 BOJIHBI

I'naBa MexaHn4eckue M 3JIeKTPOMATHUTHbBIE KOJIEOAHUSA

Heab-3akpenuth n3ydeHHblil matepuan no temaruke «KOJIEBAHUSA 1 BOJIHBI. Mexanuueckue u
3JIEKTPOMArHuTHbBIE KojeOaHus. ['apMoHnueckue KojaeOaHus U UX XapaKTepUCTUKUA. MexaHudeckue
rapMOHHUYECKHE KOJIeOaHUs

CBoOo/iHBIE TapMOHUYECKHE KOJIeOaHNs B KOJIe0aTeIbHOM KOHTYpe. AMIUIUTYAa U (a3a BBIHYKJCHHBIX
KoJieOaHu# (MEXaHMUECKUX U AJICKTPOMArHUTHBIX ). Pe3oHaHCy.

OcBanBaeMble KOMIIETEHIIUH B PE3yJIbTaTe MPOBEJCHUS MPAKTUYECKOTO 3aHATHUS yKa3aHbl B IYHKTE
«O01Ie cBeneHus»

AKTYaJIbHOCTh NPAKTHYECKOr0 3aHATHS — 3aKPENuTh MOJIY4YEHHbIE TEOpPETHUECKUE 3HaHUS U
BBIPAa0OTATh HABBIKA U YMEHHSI TPAKTUYECKOTO PEIICHHUS 33124, B TO YHCJIE U CAMOCTOSITEILHO.

Teopernyeckas yacTb

1. FapMOanecmle Ko0JIe0aHUus U X XaApaKTEPUCTUKHU

KosiebanussMH Ha3bIBalOTCS JBM)KEHUS WM TPOLIECCHI, KOTOPbIE XapaKTEpU3YIOTCs ONpeAeSICHHOM
MOBTOPSIEMOCTHIO BO BpeMeHHU. KosiebaTenbHble MpoIecCchl MIMPOKO PAaCHpOCTPAHEHBI B MPUPOJE U
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TEXHHKE, HAapUMEp KauaHWe MAasTHUKA YacoB, NMEPEMEHHBIM SJIeKTpuuecKuid Tok u T. A. llpum
KOJICOATEIbHOM JIBMKCHWM MAasATHUKA W3MEHSEeTCS KOOpIMHATa €ro IeHTpa Macc, B cliydae
MEPEMEHHOTO TOKa KOJIEOMI0TCS HAMpsHKEHUE U TOK B 1enu. Pusndeckas npupoaa KouedaHuil MoxeT
OBITh Pa3HOHM, MOATOMY DPA3IMYAIOT KOJEOAHUS MEXaHWYECKHE, JJIEKTpOMarHuTHele u nap. OmHako
pa3iuuHble KoNieOaTeNnbHbIE IMPOLECCHl  OMUCBHIBAIOTCS OJWHAKOBBIMH  XapaKTEPUCTUKAMU U
OJIMHAKOBBIMHU ypaBHeHHsAMH. OTCIOAA CIEIyeT IEeNeco00pa3HOCTh e0uH020 noox00a K H3YUYEHUIO
KoneOaHuil  paznuunon  ¢usuyeckou npupoosi. Hampumep, eIUHBIA MOAXOA K H3YUYCHHIO
MEXaHUYECKUX M DJIEKTPOMArHUTHBIX KOJeOaHW MpUMEHsUICs aHTauickuM ¢usukom [, V. Pameem
(1842—1919), A. T'. CroneroBbIM, pycCKUM HHX’eHepoM-3kcnepuMmenTaropom [I. H. JleGeneBbiM
(1866—1912). Bonpmoii BKiIag B pa3Buthe Teopun Konebanuii Buecin JI. . Mangensmram (1879—
1944) u ero y4eHUKH.

Konebanus Ha3pBaloTCsI CBOOOAHBIMH (MM COOCTBEHHBIMH), €CJIM OHHU COBEPIIAIOTCS 3a CUeT
MEPBOHAYAIILHO COOOIIEHHON PHEPruM MpHU MOCIEAYIOMIEM OTCYTCTBUU BHEIIHUX BO3JCHCTBHI Ha
KoJIeOaTeIbHYIO0 CHCTeMy (CHUCTeMY, COBEpIIAIoNIyr0 Kosebanus). IlpocTeifimmuM Ttumom koseOaHui
ABIIIOTCS TapMOHHYECKHE KOJeO0aHusi — KoyieOaHUs, PU KOTOPBIX KOJeOmromascs BeIu4hHa
U3MEHSETCS CO BPEMEHEM I10 3aKOHYy CHHyca (KocuHyca). PaccMoTpeHne rapMOHHYECKUX KOJieOaHui
BaXHO MO JIBYM IpuuyuHaMm: 1) xoneOGaHMs, BCTpEYAIOIIMECS B NMPUPOJIE U TEXHHKE, 4aCTO MUMEIOT
XapakTtep, ONM3KHII K TapMOHHYECKOMY; 2) pa3jnyHble NepHoJHYecKHe TMpouecchl (TPOLECCH,
MOBTOPSIONINECS] 4Yepe3 paBHBIE MPOMEKYTKM BPEMEHH) MOXHO TMPEACTaBUTh KaK HAaJ0KEHUE
rapMOHHUYECKHX KojieOaHnuil. ['apMoHMYeckne KoyieOaHWsi BEIMYMHBI S OIMCBHIBAIOTCS YPaBHEHUEM
TUMA

s=A cos (wot+ @), (140.1)
rne A — MakCUMallbHOE 3HAa4YeHHE KOJICONIOLIEeicS BeTUYMHBI, HA3bIBAEMOE aMILJIMTYAO0H KoJie0aHus,
a0 — Kpyropasi (IMKJIMYECKasl) 4acTOTa, ¢ — HavajlbHas (a3a KoJe0aHUsI B MOMEHT BPEMEHHU
t=0, (aot+¢) — ¢a3a kojedaHusi B MOMEHT BpemeHu f. Da3a KojeOaHUs OIpenesseT 3HaueHHUe
KOJICOJTIONICHCSl BETMUMHBI B JAHHBIA MOMEHT BpeMEeHH. Tak Kak KOCHHYC M3MEHSEeTCs B Ipezenax OT
+1 1o —1, TO § MOKET MPUHUMATh 3HaUYCHHS OT +4 110 —A.

OmnpeneneHHble COCTOSHUS CUCTEMBbI, COBEPIIAIONICH rapMOHUYECKHE KOJeOaHMs, TOBTOPSIOTCS 4Yepes
MPOMEXKYTOK BpeMeHHM 1, Ha3bIBa€MbIii MEPHOAOM KoJiedaHHMsl, 3a KOTOpbId (a3a KoieOaHws
MOJTy4YaeT mpupaiieHue 27, T. €.

g (t+ D+ o=(wet+ @) +2m,
OTKy/1a
T=2n/wy. (140.2)
Bemnuunna, oOpaTHas neprony KoineOaHwmid,
v=1/T, (140.3)

T. €. YHUCJIO MOJIHBIX KOJIeOaHUIi, COBEPIIAEMBIX B €IUHUILY BPEMEHHU, HA3bIBACTCS YACTOTOI KOJIeOaHMIA.

CpasnuBas (140.2) u (140.3), nonyuum
Wo=2nv.

Enununa gactoret — repu (I'm): 1 I'm — yacroTa mepuoanyeckoro mporecca, mpu KoTopoi 3a 1 ¢
COBepIIAeTCs OAMH LIUKII IIpOIecca.

3anuiieM nepByIo ¥ BTOPYIO MMPOU3BOAHBIE [T0 BPEMEHU OT TAPMOHHYECKHU KOJIEOIOMICHCS BETUIUHBI §:

ds
— = — Awysin (wo?+ @) = Awg co8 (wot+ @+ 7/2);

dt (140.4)
dis

— = —Aw} cos (wet+ @)= Aw} cos (wet+ @ +n),

dr ° oo (140.5)

T. €. IMEEM rapMOHHYECKHE KOJICOaHUs C TOM K€ IMUKINYECKOW 4acTOTOW. AMIUIUTY bl BennuuH (140.4)
u (140.5) coorsercTBeHHO paBHbl Aav U Aw;. Daza Benuunnsl (140.4) omiuuaercs oT (asbl

BennuuHbl (140.1) Ha 772, a da3a Benmuunsl (140.5) otnmuaercs ot ¢asel Benuunnbl (140.1) Ha 7
CrnenmoBaTenbHO, B MOMEHTHI BpeMeHH, korjaa s=0, ds/df mpuobperaer HanbOonbIMe 3HAYCHUS; KOT/1a
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e § JIOCTHraeT MAaKCHMAlIbHOIO OTPMIATENBLHOro 3HaueHus, To ds/df? mpuoOperaer HamOolbliee
MOJIOKUTENbHOE 3HaYeHue (puc. 198).

s Puc. 198
+4 Okt fatuintie Rkt oot
1
<Al —e o= oSO
i)
77 A R B b N
¢ @ Kakosa CBA3bL aMnnnTyanb M assi CMeileHus,
Awph— et L S CKOPOCTH M YCKOPEHNA NPH NPAMONNHEAHBIX
n;g rapMoHu4ecknx xonebaHuax?
‘2 PR SU SR S @ 7o Ttakoe xonefGanwA? cBo6OAHWI® Koneba-
Wy 1 -‘ HNMA? rapMoHmM4eckne konebaHnAa? nepuoawn-
4OCKHe NPOLecehi? )
I @ [laiite onpegenenus amnnuTyael, hasbl, Nepu-
‘ 0fia, YacTOThl, UMKIIMYEcKoA HacToTbi koneba-
Awlpem oL LS HHUA, .
U3 Boipakenus (140.5) cienyet nuddepeHnnanbHoe ypaBHeHHEe TAPMOHHYECKUX KoJIeOaHUI
d3s 2
— tos=0
de (140.6)

(rme s = A cos (ant+¢@)). Pemennem storo ypaBHeHus siBisercs Boipaxkenue (140.1).

l'apmonuueckne KoyiebaHusi HW300pakaroTCsl TpapuuecKd MeTOA0M BPAalAIoLIerocsi BeKTOpa
AaMIUINTY/bl, UM METOJ0M BeKTOPHBLIX AuarpamMMm. /[ 5Toro u3 mNpou3BONIBHONW TOUkH O,
BBIOpAaHHOW Ha OCH X, MOJ yIJIOM ¢, PaBHBIM HaudadbHOU (haze KoyieOaHMsl, OTKIAbIBACTCS BEKTOP A,
MOJYJIb KOTOPOT'O paBeH aMIUTuTyae 4 paccmarpuBaeMoro kojebanus (puc. 199). Eciu 3ToT BEeKkTOp
IPUBECTH BO BpAIEHUE C YITIOBOM CKOPOCTBIO 0, PABHOM LUKIMYECKOW 4acToTe KojeOaHWi, TO
MPOEKIUS KOHIIAa BEKTOpa OyJIeT MepeMeIarhes M0 OCH X W MPUHUMATh 3HadeHUs oT —4 1o +A4, a
KOJICOJTIOIIasiCsl BeTMYMHA OYyJIeT M3MEHSATHCSA CO BPEMEHEM IO 3aKoHy s=A cos (aott+¢@). Takum
o0pa3oM, rapMOHHYECKOEe KojeOaHHEe MOXKHO MPEACTAaBUTh MPOEKLUHUEH HAa HEKOTOPYIO MPOU3BONbHO
BEIOPAaHHYIO OCh BEKTOpPa aMIUTUTYIbI A, OTJIOKEHHOTO U3 MPOW3BOJILHON TOYKH OCH IO/ YTJIOM @,
pPaBHBIM HaYaIbHOM (pa3e, U BPAIIAIOIIETOCs C YTIIOBOW CKOPOCTHIO ) BOKPYT ATOM TOUKH.

B ¢usuke yacto npumeHsieTCs qpyroid METOMA, KOTOPBIA OTJIMYAeTCsl OT METO/Ia BPAIIAIOIIETOCS BEKTOpa
aMIUIMTYAbl JHIIb 10 Qopme. B 3ToM Merone KoieOIIONIYIOCS BEJIMYMHY IPEICTaBISIOT
KOMILJIEKCHBIM YucjaoM. CortacHo ¢popmyne Diinepa, s KOMIUIEKCHBIX YUCell

¢”=cos a+i sin «, (140.7)
rae i =+/—1 — wmuaumas enununa. [lostomy ypaBHeHme rapmoHuveckoro kojeOanust (140.1) mMoxHO
3amucarh B KOMIUIEKCHOU (hopme:
- i(oxt+9)
§=Ae . (140.8)

BemectBennast yacts Beipaxkenus (140.8)
Re(3)= A4 cos (wpt+@)=s
MpeACTaBiIsieT co0oil rapMoHnyeckoe kosiebanue. O0o3HaueHne Re BelecTBEHHON 4YacTH YCIOBUMCS
omyckatb u (140.8) Oyaem 3anuchiBaTh B BUIE ,
i +
s=Ae (eogt o).

B TCOprUn KoJieOaHM MMPUHHUMACTCA, 4YTO KOJIC6JIIOHIa$IC$I BCJIMYMHA S paBHaA 66%}86‘”’1661—!1—!01] yacmu
KOMIIJICKCHOT'O BBIPAXKCHUA, CTOALLICTO B 9TOM PABCHCTBEC CIIpaBa.
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Pac. 199

\\‘"o

. @ B yem 3aknio4aeTcsa naen merofa spaijaouie-
. rocs BeKTOpa aMmnnuTyAbI?
o ‘4 @ BuiBegute hopMynbl ANA CKOPOCTH M ycKope-

x HMS FRPMOHW4ECKH KONMOGNIOWBHCA TOUKH KaK
E__L__, YHKUMN BPBMEHHN.

2. MexaHHYeCKHe FapMOHHMYIECCKHUE KoJIe0aHus

[lycte MarepuanbHas TOYKAa COBEPILACT MPSIMOJIMHEHHbIE TapMOHMYECKHE KojeOaHHsl BIOJIb OCH
KOOpAMHAT X OKOJIO TOJIOKEHUSI PABHOBECHS, IPUHATOIO 3a HadaJlo KoopAuHaT. Torna 3aBUCUMOCTh
KOOPJIMHATHI X OT BPEMEHHU f 3a/1a€TCsl ypaBHEHHEM, aHaJIOrMYHbIM ypaBHeHuto (140.1), rae s=x:

x= A cos (wpt + ). (141.1)
CornacHo Beipakenusm (140.4) B (140.5), CKOpOCTh Vv U YCKOpPEHHE a KOJEOIIOmecs TOYKH

COOTBETCTBEHHO PaBHbI
v=— Awq sin (wot + @) = Awo cos (we? + ¢ + x/2);

a= — Aw 2 cos (wot + @)= Aw } cos (wet + @ + %). (141.2)

Cuna F=ma, neicTByomas Ha KOJEONIIOLIYIOCS MaTepHaIbHyI0 TOUKY Maccol m, ¢ yuetoM (141.1) u

(1412) paBHa

F=—malx.

CrnenoBarenbHO, CHila IPONOPLUOHAJIBHA CMELICHUIO MaTEpUaAIbHOM TOYKU U3 MOJI0XKEHHUS paBHOBECUS U

HalpaBJIeHa B IPOTUBOIIOJIOKHYIO CTOPOHY (K MOJIOKEHHUIO PABHOBECHS).
Kunerndeckass 3Heprusi MaTepUaJbHOM TOYKH, COBEPIIAIOUIEH NPSIMOJIMHEMHBIE TI'apMOHMYECKHE

KoJieOaHusl, paBHa

m? mA*w}

=___=___0 in2 -+ A
Teg=—7 (it (141.3)
HNINn 2 3
mA wo .
ITs=——[1~ 2 ,
a [1—cos2(wt+o)] (141.4)

IoTeHnManbHasi JHEPrusl MaTEPHUATBHOW TOYKH, COBEPIIAIONIEH TapMOHUYECKHE KOJICOaHUS O]
JIEUCTBUEM YIIPYTOM criibl F, paBHA

T molx: mAtwl
H=-f Fdx= 0 =" cos? (wot+ @),
0

2 (141.5)

nimn

mA*w}

= [1+cos 2 (wet + @))-

(141.6)

Crnoxwus (141.3) u (141.5), nonyunm Gpopmyy Al HOJTHONH IHEPTHM:

E=T+M=mA*w}/2. (141.7)

[TonHas sHeprust ocraeTcsl MOCTOSAHHOM, TaK KaK MPU TAapMOHUYECKUX KOJEOAHUAX CIPABEUIUB 3aKOH
COXPAaHEHUS MEXaHMYECKON SHEPTHUH, TTOCKOJIbKY YIIpyTas CHijia KOHCEpBaTHUBHA.

N3 popmyn (141.4) u (141.6) cinenyet, uto T u I1 u3MEHSIOTCS ¢ 9aCTOTOM 20, T. €. C YACTOTOH, KOTOpas
B JIBa pa3a MpEBbIIIAET YAaCTOTy rapMoHudeckoro konedanus. Ha puc. 200 mpeacraBneHsl rpapuku
3aBucumoctu x, T u I1 ot Bpemenu. Tak kak (sin’a) = (cos’a) = 1/2, To u3 dpopmyn (141.3), (141.5) u
(141.7) cnenyer, uto (T) =({I1) =4 E.

3. CBoOOIHbIE TAPMOHNYECKHE KOJIe0aHUs B K0J1e0aTeJILHOM KOHTYpe

Cpenu pa3iaMyHbIX JIEKTPUUECKUX SBICHUH 0CO00€ MECTO 3aHMMAIOT 3JIEKTPOMAarHUTHbIE KoJeOaHus,
IPU KOTOPBIX 3JIEKTPUUYECKUE BEIMUYUHBI (3apsAabl, TOKH) MEPUOJUYECKH HU3MEHSIIOTCS M KOTOpPbIE
CONPOBOXKAAKTCS B3aUMHBIMU IPEBPAIICHUAMM DJIEKTPUYECKOTO M MarHuTHoro mnosieit. s
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B036y>K,Z[eHI/I$I U TOAACPIKAHUSA DIICKTPOMAI'HUTHBIX KoJieOaHui HCIIOJIb3YCTCA Ko0Jie0aTeJbHbII
KOHTYpP — ILCIb, COCTOAINAA H3 BKIIOUCHHLIX IIOCICAOBATCIIBHO KATYIIKW HWHAYKTHBHOCTHIO L,
KOHACHCATOpAa EMKOCTBIO Cu pe3ucTopa CONpOTUBJIICHUEM R.

PaccMoTpuM mocnenoBaTenbHbIE CTaJWU KOJEOATEIBHOrO Mpolecca B HUICAIU3HUPOBAHHOM KOHTYDE,

COTNPOTHUBIIEHHE KOTOpOro mnpeHedopexkumo Mmano (R=0). [ns Bo30ykIeHHs B KOHType KoJjaeOaHMit
KOHJICHCATOp MPEIBAPUTEILHO 3apsKAIOT, coolIas ero oOkmaakam 3apsiabl +Q. Torna B HauaabHBIN
MomeHT BpeMenu t=0 (puc. 202, @) Mexay oOKIagKaMH KOHACHCATOpa BO3HHKHET AJICKTPUYECKOE

1oJIe, DHEPrus KOTOPOro %QZ (eM. (95.4)). Ecnm 3aMKHYTh KOHIEGHCATOpP Ha KaTyLIKy

WHJYKTUBHOCTH, OH HAYHET Pa3psKaThCsl, U B KOHTYPE NIOTEYET BO3PACTAIOIINM CO BpeMeHeM TOK /. B
pe3yJbTaTe SHEpPrusi 3JIEKTPUYECKOro Mojs OyAeT yMEHbLIAThCsA, a SHEPrus MAarHUTHOIO IOJIs

karymiku (oHa paBHa /2 LQ*) — Bo3pacrtats.

Tak kak R’A‘—O, TO, COIIACHO 3aKOHY COXPAHCHUS SHCPIUH, MOJIHAA DHCPIUA

TaKk Kak OHa Ha HarpeBaHue He pacxonyercs. [loaToMy B MOMeHT t="47, Korja KOHAEHCATOP MOJTHOCTHIO

paspAaUTCs, SHEPrHsl >JIEKTPUYECKOro Mojisi oOpamiaercs B Hyjb, a HEPrUs MarHUTHOrO mois (a
CJIEZIOBATENILHO, ¥ TOK) JOCTUTaeT Hanbobinero 3Hadenus (puc. 202, 6). Haunnas ¢ 3Toro MoMeHTa
TOK B KOHType OyJeT yObIBaTh; ClI€ZIOBAaTENIbHO, HAUHET OciadeBaTh MArHUTHOE I10JI€ KATYIIKU, U B
HEeW MHIYIUpPYETCS TOK, KOTOPBIA TedeT (coriiacHO mpaBwiy JIeHIa) B TOM e HallpaBlICHHH, YTO U
TOK pa3psIku KoHJeHcaTopa. KoHaeHcatop HauyHeT mepe3apsiKaThCsl, BOZHHKHET 3JIEKTpUYECKOe
nojie, crpemsimeecss OocIaOuTh TOK, KOTOPHI B KOHIIE KOHIIOB OOpaTuUTCs B HyJb, a 3apsja Ha
oOKJazKax KOHAEHcATopa IOCTUrHeT Makcumyma (puc. 202, g). [Jlanee Te ke Ipolecchl HAYHYT
npoTekaTh B oOpaTHOM HampaBieHuu (puc. 202, 2) U cucreMa K MOMEHTY BpeMeHHu (=1 NpHUIET B
nepBoHayasibHoe coctostHue (puc. 202, a). Ilocne 3Toro HayHeTCs MOBTOPEHHME PACCMOTPEHHOTO
IUKJIa paspsiKi W 3apsAKd KOoHIeHcartopa. Ecinm Obl moTeph SHepruM HE OBLJIO, TO B KOHTYpE
COBEpILANNCH Obl TEPUOJAMUYECKHE He3aTyXalolue KosieOaHus, T.e. MEPUOJUUECKH H3MEHSUIUCH
(xomebanuck) ObI 3apsn O Ha 0OKIIaIKax KOHACHCATOpa, HanpspkeHre U Ha KOHACHCATOPE U CHJIa TOKa
1, Teky1ero yepe3 KaTylKy MHIYKTUBHOCTH. ClleZJOBaTENIbHO, B KOHTYPE BO3HHMKAIOT 3JIEKTPUUYECKHE
KOJICOaHUsI, TPUYEM KOJIeOaHHsS COMPOBOXKIAIOTCS NPEBPALICHUSIMUA SHEPTHH 3JIEKTPUYECKOTO |
MarHUTHOTO TOJIEH.

3agaHust U BONPOCHI

MarepuanpHasi TOYKa, COBEpIIAOIIas TapMOHUYECKHE KojebaHusi ¢ 4acToTol v =2 ', B MOMEHT
BpeMeHU t=0 MpPOXOAUT MOJIOKEHHUE, OMPENEIsieMOe KOOPAUHATON Xo—6 CM, CO CKOpOCThbiO vo=14
cM/c. OnpeaenuTb aMIuTy Ay Kojebanus. [6,1 cm]

[TonHast »Heprus rapMOHUYECKU KoneOmtomieiicss Touku paBHa 30 MkJ[K, a MakcuMmanbHas CHIIA,
JIEUCTBYIOIIAsi Ha TOuKy, paBHa 1,5 MH. Hanucath ypaBHeHHE OBHKEHUS 3TOW TOYKH, €CIIH MEPUOL
KoseOaHuit paBeH 2 ¢, a HauanbHas Qaza n/3. [x=0,04cos(nt+m/3)]

[Tpu noasemmBanuu rpy3oB maccamu mi = 500 r u m2 = 400 T kK CBOOOTHBIM TPY>KUHAM TMOCTICTHUE
yIUIMHWIACHh onuHakoBo (Al =15 cm). IlpeneOperass maccoil Tpy>KWH, ONPEACIUTH: 1) TEPHOIbI
KOJICOAaHUH TpPy30B; 2) KOTOPBI M3 Tpy30B IpU OJMHAKOBBIX aMIUIMTyJax oOnazaer OoJblueit
SHEPTHEH u BO CKOJbKO pas. [1) 0,78 c; 2) 1,25]

@u3nyecKuil MasTHUK TPEACTaBIsIeT COOOW TOHKUN OJHOPOAHBIM CTEpXKEHb JUIMHOW 25 cM.
Onpenenutb, Ha KaKOM PacCTOSIHMM OT IIEHTpa Macc JI0JDKHA OBITh TOYKA IMOJBEca, YTOObI YacToTa
KoJieOaHuil Obljla MaKCUMaJIbHOM. [7,2 cM]

5. JIBa MaTeMaTHUECKUX MAasATHHKA, JJIUHBI KOTOPBIX OTiINYatoTcs Ha Al = 16 cM, COBEpIIAIOT 3a OJIHO U

TO k€ BpeMsi: ouH n1=10 konebaHuii, qpyroi n2= 6 xonedanuii. OnpeneauTh UTMHBI MaSTHUKOB /1 U
L. [11=9 cm, =25 cMm]

6. KonebarenbHbIi KOHTYp COIEPKUT KaTYyILIKYy ¢ OOLIMM YMCIOM BUTKOB, paBHbIM 50, HHIyKTUBHOCTbBIO

5 Mk['H ¥ KOHAEHCATOp eMKOCThIO 2 HD. MakcuManbHOE HAIpsDKCHHE Ha OOKIIaJKax KOHJIEHCATopa
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cocrasisieT 150 B. OnpenenuTs MakCUMalIbHBIM MarHUTHBIM MOTOK, IPOHU3bIBAIOIIMK KaTywky. [0,3
MKBO]

7. PazHOCTh (pa3 ABYX OJUHAKOBO HAIPABJICHHBIX TAPMOHHUYECKHUX KOJIEOaHHMH OJAMHAKOBOTO MEPUOA,
paBHOTO 8 C, U OJMHAKOBOM aMIUIUTYIbl 2 c¢M cocTaBisier /4. Hammcare ypaBHEHHE JBHKCHHS,
MOJTy4YaIoIErocss B pe3yjbTaTe CIOKEHHUs 3TUX KoyieOaHMi, eciu HadaibHas (a3a OIHOTO W3 HHX
paBHa HyJ10. [x=0,037 cos (nt/4+1/8)]

8. Touka y4yacTByeT OJHOBPEMEHHO B JIByX apMOHHMYECKHX KOJEOAHMAX, MPOUCXOIAIIMX BO B3aUMHO
NEPIEeHIUKYISPHBIX HAMPaBICHUSIX U OMHMCHIBAEMBIX YPABHEHUSIMU X=COST! U y=cosmnt/2. OnpeaennuTsb
ypaBHEHHE TPAEKTOPHH TOUKH U BHIYEPTHUTH €€ ¢ HAHECEHHeM MaciuTaba. [2)*—x=1]

9. 3a Bpems, 3a KoTopoe cuctema copepmaeT 100 moMHBIX KOJIeOaHUN, aMITTUTY/1a YMEHBIIAETCS B TPH
paza. OnpenenuTsh T00pOTHOCTH CUCTEMBI. [286]

10. KonebGaTenpHbI KOHTYP COJIEPYKHUT KaTYyIIKy WHIYKTUBHOCTBIO 25 MI'H, KOHIEHCATOp eMKOCThI0 10
MK® u pesuctop compoTtuBieHueM 1 Owm. 3apsng Ha oOwkiagkax KoHaeHcatopa (Om=1 MK
Omnpenenuth: 1) mnepuoa KojebaHUM KOHTypa; 2) Jorapu@MUYECKUd JACKPEMEHT 3aTyXaHHs
KosiebaHuii; 3) ypaBHEHHE 3aBHCHUMOCTH W3MEHEHHs HAIpsDKEHHUs Ha OOKJIaJKaxX KOHAEHCATopa OT
spemenn. [1) 3,14 mc; 2) 0,06; 3) U=100e2"cos636 7]

11. ITocnenoBaTenbHO COEAMHEHHBIE pe3UCTOp ¢ conpoTuBiaeHUueM 110 OM 1 KOHIEHCATOP MOAKIIOYEHBI
K BHEUIHEMY IEPEMEHHOMY HANpPsUKEHUIO C aMIUIMTyIHbIM 3HadeHuem 110 B. Oxazanoch, 4to
aMIUTMTY/IHOE 3HAa4YeHHE ycTaHoBuBIIErocs Ttoka B nenu 0,5 A. OmnpeaenuTh pa3sHOCTh a3 Mexay
TOKOM W BHEIITHUM HarpspkeHueM. [60°]

12. B uenp nepemenHoro Ttoka vactoroil 50 ['mp Bkirouena karymka JUMHOW 50 cM M IUIOLIAJBIO
nonepeunoro cedenus 10 cm?, comepxkamas 3000 BuTkoB. ONpeneanuTh aKTUBHOE CONpPOTUBJICHHE
KaTYIIKH, €CIIM CABUT (a3 MeX Ay HallpsbKeHUEM U TOKoM cocTtanisieT 60°. [4,1 Om]

13. T'eneparop, yactota KoTOporo coctasisier 32 k[ 11 1 aMmInTy 1HOE 3HaUeHHUE HarpspKeHUs paBHo 120
B, BKIIIOUEH B pPE30HUPYIOLLYIO LIE€Mb, €MKOCTh KOTOpoi 1 H®. Onpenenuts aMIUIUTYJHOE 3HAYEHUE
HaIpsKEHUST Ha KOHJEHCATOPE, €CIIM aKTUBHOE conpoTuBiieHue uenu 5 Om. [119 kB]

14. KonebarenbHbIi KOHTYpP COAEPKHUT KATYLIKy MHAYKTUBHOCTHIO 5 MI'H U KOHJEHCATOP €MKOCThIO 2
MK®. [l nmojiep:kaHusi B KojeOaTeIbHOM KOHTYpE He3aTyXaloUIMX TapMOHHYECKUX KOJICOaHUH C
aMIUIMTYAHBIM 3HAuU€HUEM HaIpsDKeHUs Ha KoHaeHcaTtope 1 B HeoOXoaumo MOABOIUTE CPEAHION0
moutHocTh 0,1 MBT. Cunras 3aryxanue kojeOaHMI B KOHType OOCTATOYHO MaJIbIM, OIpPEICIUThH
JTO0OpPOTHOCTH TaHHOTO KOHTYypa. [100]
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MMPAKTHYECKOE 3AHATHUE Ne 19 SJIEMEHTHI TEOMETPUYECKOM U DJIEKTPOHHOM
OIITUKU

Heab-3aKkpenuTh U3y4YEHHBI MaTepHual MO TeMaTUKe «JIEeMEHThl T€OMETPUYECKON W DIEKTPOHHOM
ontuku OcHOBHBIE 3aKOHBI onTUKH. [lonHOe oTpakenue. Tonkue nun3bl. M300paskeHune npeamMeTon
C TIOMOIIIBIO TUH3. AGeppann (IOTPEUTHOCTH ) ONTUYECKUX CUCTEM.

OcBanBaeMble KOMIIETEHIIUH B PE3yJIbTAaTE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«OO0m1me cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IIOJNyUYeHHBIE TEOPETHYECKHE 3HAHUS W
BBIPA0OTaTh HABBIKK M YMEHUS MPAKTUYECKOTO PELICHHs 33/1a4, B TO YHUCJIE U CAMOCTOSTENBHO.

3HaTh:

- METOJIbl CaMOOpPTaHHU3aIMi K CaMOOOpa30BaHUIO CTYACHTA HAMpaBleHUs «XUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HWCIOJB30BaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX TUCIUIUIMH B MPOPECCHOHATBHON 1eATEeIHbHOCTH, OCHOBHBIE 3aKOHBI (PU3UKH,
METOBl SKCIEPUMEHTAIFHOTO HCCIIEOBAHUS, OCHOBHBIX (MU3WYECKHX TEOPHH JJISI PEIICHHS
BO3ZHUKAIOMNX (DU3MUECKHUX 3a/1ad, CAMOCTOSTEIHHOr0 MpUoOpeTeHHs] (U3MYECKUX 3HAHUHU, I
MOHWMAaHHs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEIEIBI
KOMIIETEHTHOCTH KOHKPETHOTO HAMpaBICHU

Ymers:

- ocymiecTBIATh A (HEKTUBHYI0O KOMMYHHUKAIUIO B KOJUIEKTHUBE ISl pelIeHHsI MPOQeCcCCHOHANBHBIX
3aja4, CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJB30BATh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX
TUCHHILTUH B TMpo(deccroHalbHON AeATeIbHOCTH, HCIOJIb30BaTh 3HAHUS OCHOBHBIX (PH3MYECKUX
TEOPUI Uil PpEHICHUS BO3HUKAIONMMX (U3NYECKUX 3a]a4, CAMOCTOSTEIBHOTO TPUOOPETEHHS
(bu3MYeCKUX 3HAHUHM, NS MOHUMAaHUS MPHUHIMIIOB paboOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOISIIIMX 33  MpelNeNbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAlpaBJICHUS,  IPUMEHSTH
COOTBETCTBYIOIIUN (U3UKO-MaTEeMaTHUECKUN amnmapar, METOJAbl aHalu3a W MOJEIMPOBAHUS,
TEOPETUYECKOTO M SKCIIEPUMEHTAILHOTO HCCIeI0OBAHUS IPU PEIICHUH MPO(EeCCHOHANBHBIX 3a/1a4.

Baanern:

- HaBblKaMH paboOThl B KOMaHJE, HaBbIKAMH BECTU JHMAJIOT, JEJIOBOM CIHOp;  CIIOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BAaHMIO, HABBIKAMHM HATYypPHBIX SKCIIEPUMEHTOB C IOCIEIyIOICH
00paboTKOW MX pe3yNbTaTOB, METOJAMH MAaTEeMAaTHYECKOTO, KOMIBIOTEPHOTO U (PU3UUECKOro
MOJIETTUPOBAHUS, METOJaMH PEIICHHs] TEXHUUECKUX 3aJ]a4, pacueTa MPOU3BOICTBEHHBIX MTPOLIECCOB U
KOHCTPYHUPOBAHHUSI  COOPYXXEHHMH, MallMH M  TEXHOJOTHYECKOr0  000pYAOBaHMS,HAaBBIKAMH
OLICHUBAHUS PE3yJIbTaTOB CBOEH MPOQPECCHOHANTBHON NEATEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMHM (PU3HMKHM, HABBIKAMH  CAMOCTOSATEIBHOTO MNPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
MOHMMAHUS TPUHLIUIIOB paboThl MPUOOPOB U YCTPOICTB, B TOM YHUCIIE€ BBIXOIALIMX 3a MPEAEIBI
KOMITETEHTHOCTH HAIPABJICHUS XUMUYECKasi TEXHOJIOTHUS

Teopernyeckasi 4acThb
1. OcHoBHBIe 3aK0HBI ONITUKH. Ilo/IHOE OTpakeHue

Eme 10 ycraHOBIEHHs MPHUPOBI CBETa OB M3BECTHHI CIEAYIONIME OCHOBHBIC 3aKOHBI ONTHKHU: 3aKOH
IPSMOJIMHEHHOTO PAcTPOCTPAHEHHs CBETA B ONTHYECKH OIHOPOJHOM Cpeze; 3aKOH HE3aBHCHMOCTH
CBETOBBIX IIYYKOB (CIIPaBEUIMB TOJHKO B JIMHEHMHON ONTHKE); 3aKOH OTPaKEHHs CBETAa; 3aKOH
IPEJIOMIICHUS CBETA.

3aKoH MNPAMOJIMHEHHOr0 PpacnpoCTPaHeHUsl CBeTa: CBET B ONTHYECKHM OJHOPOJHOM cpene
pacrpocTpaHseTcs: MPsIMOJIIMHEWHO.

Jloka3aTenbCTBOM 3TOTO 3aKOHA SBJISIETCS HANMYME TEHM C PE3KUMH TPaHUIAMH OT HEMpPO3pauHBIX
IPEJMETOB NPH OCBEIICHWH WX TOYECYHBIMH HCTOYHHKAMH CBETa (MCTOYHHUKH, Pa3Mepbl KOTOPBIX
3HAYUTEIHHO MEHBIIIE OCBELIAEMOTO MpeIMeTa U PAacCTOSHUS 10 Hero). TuiarenabHble SKCIIEPUMEHTHI
NIOKa3aJd, OJTHAKO, YTO ATOT 3aKOH HApYIIAaeTCsl, €CIIM CBET IIPOXOIUT CKBO3b OUYCHb MaJIble OTBEPCTHS,
IpUYeM OTKJIOHEHHUE OT MPSIMOJIMHEHHOCTH PaclpoCTpaHeHHs TeM OOJIbIlIe, YeM MEHBIIIE OTBEPCTHSI.
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3aK0H He3aBHCHMOCTH CBETOBBIX MYYKOB: 3(Q(EKT, MPOU3BOAUMBIN OTIENbHBIM My4YKOM, HE 3aBUCUT
OT TOTO, JEMCTBYIOT JIN OJTHOBPEMEHHO OCTAJIbHBIC MTyYKH WJIM OHHM YCTpaHEeHbI. Pa3OuBas cBeTOBOI
IOTOK Ha OTAEJbHBIE CBETOBBIC MyYKH (HANpPHMEp, C MOMOUIbIO Auadparm), MOXKHO IMOKa3aTb, 4TO
JIEIICTBHUE BBIJICJIEHHBIX CBETOBBIX ITyYKOB HE3aBUCHMO.

Ecnu cBer majaer Ha rpaHMily paszena JIByX cpel (AByX HpPO3payHbIX BELIECTB), TO Majgaroliuil jayd /
(puc. 229) paspensercss Ha JBa — OTPa)K€HHBIM [/ M TpenomileHHbIM [I], HampaBiE€HHUS KOTOPBIX
3aJal0TCsl 3aKOHAMH OTPa)KEHUS U MTPETOMIICHUS.

3aKoH OTpaskeHWsi: OTPAXKEHHBIH JIyd JIEKAT B OJHOW IUIOCKOCTH C MAJalolUM JIyuoM U
NEepIEHINKYJIAPOM, MPOBEACHHBIM K TIpaHMIlE pasfena JBYX Cpel B TOYKe MaJeHus; yroia i'i
OTPaKCHUs PaBEH YTIIy i1 AJCHUS:

iy =i.

3aKoH npeJIoMJIEHH: Ty [aJAI0LIHH, JTyd MPEJTOMIICHHBIH U MEPIEeHIUKYJIISAP, IPOBEIEHHBIN K IPaHUIIE
paszena B TOYKE MaJeHus, JEKaT B OJHOW IIIOCKOCTH; OTHOLIEHUE CHUHYCa yIJla MajeHUs] K CUHYCY
yria npeaoMIICHUs €CTh BEIMYMHA OCTOSIHHAS JUIsl JaHHBIX CPEe:

sindfsini; = ny, (165.1)

IA€ 721 — OTHOCHTEJBHBIH IOKa3aTeJb NPeJOMJIEHUsT BTOPOH CpeIbl OTHOCUTEIBHO IIEPBOM.
Hupaexcel B 0003HaYEHUSIX YTJIIOB i1, i'1, i2 YKa3bIBalOT, B Kakoi cpenie (IepBOi HIIM BTOPOIT) UAET TyY.

OTHOCHTENBHBIN TIOKa3aTeIb NPETOMIICHHUS JBYX CPEJl PABEH OTHOIICHUIO UX aOCONIIOTHBIX MOKa3aTesei
IPEIOMIICHUS:

my = nyfn,. (165 2)
AOCOJIIOTHBIM TMOKAa3aTeJieM npeJoMJICHUA CPCIbl HA3bIBACTCA BCIIMYMHA 71, paBHad OTHOIICHHIO
CKOPOCTH ¢ 3JIEKTPOMArHUTHBIX BOJIH B BaKyyMe K UX (pa30Boi CKOpOCTH V B cpefe:

n=cfv. (165.3)
CpaBuenue c¢ dopmynoi (162.3) naer, yTo n4&u, TA€ & U L — COOTBETCTBEHHO 3JICKTpUYECKas U

MarHuTHas MPOHMUIIAEMOCTH cpebl. YuuThiBas (165.2), 3akon npenommuenus (165.1) moxxHoO 3amucaTth
B BHJIE
ny 8in iy =n, sin iy, (1654)

N3 cummerpun BeipakeHus (165.4) BbrITekaeT 0OpaTMMOCTh CBETOBBIX Jiyueid. Ecnu obpatuts myu 11
(puc.229), 3acTaBUB €ro majaTh Ha TPAHUILY pasjiesia Mo YIJIOM i2, TO TPEJIOMIICHHBIH JTy4 B TIEpBOM
cpene OyAeT pacpOCTPaHATHCS MO YIJIOM i1, T. €. TOMIEeT B 0OpaTHOM HalpaBiIeHUU BJIOJIb JTyya /.

Ecnu cBeT pacmpoctpaHsieTcss U3 cpelbl ¢ OOJIBIIUM IMOKa3aTeaeM IMpeIoMIICHUs n1 (OmThuYecKku Ooee
IUIOTHOW) B Cpelly C MEHBIIUM IOKa3aTejaeM MpeaoMiIeHHs /2 (ONTUYECKH MEHee IUIOTHYIO) (n1>n2),
HaIlpuMep U3 CTEKJIa B BOAY, TO, coryiacHo (165.4),

sini; nm 1
sni, m

Orcrona cienyer, 4To MPEJOMIICHHBIN JTyd YJaIseTcsi OT HOPMaIu U yroJl IPeJIOMJICHUS i2 OOJIbIIe, YeM
yron nagenus i1 (puc. 230, a). C yBenuueHueM yria MajeHHsl YBETUYHUBACTCS yTOJ MPEeOMIICHUS
(puc. 230, 6, 8) 10 Tex MOp, MOKa MPH HEKOTOPOM yTJie MajaeHus (i1= inp) YroJ MPEIOMJICHUS HE
OKa)XeTCs PaBHBIM 77/2. YTOIN inp HA3bIBAaETCs MpeAeabHBIM YyrjoM. [Ipu yriax nmanenus i1> inp BECh
NaJarolni CBET MOJHOCThIO oTpaxkaetcs (puc. 230, 2).

[lo mepe mnpubnuxeHus yria mNajgeHUss K MpeaeIbHOMY HWHTEHCHUBHOCTh MPEIOMIIEHHOTO JIyda
yMEHbIIAaeTcsl, a OTpakeHHoro — pacter (puc. 230, a—6). Ecinm i1=inp, TO HUHTEHCUBHOCTH
MPETOMIIEHHOTO Jiydya oOpamiaercs B HyJb, a HUHTEHCUBHOCTh OTPa)XEHHOIO paBHAa MHTEHCHUBHOCTHU
nagaromero (puc. 230, 2). Takum oOpazoMm, mpu yriax majaeHus B Opeaenax oOT imp OO0 7/2 JIy4 He
IPEOMIISIETCS, a MOJIHOCThIO OTPAXKAETCS B MEPBYIO CpeAy, MPUYEM MHTEHCUBHOCTH OTPaXEHHOTO U
MaJaroIIero Jy4Yeil OJMHAKOBBL. JTO SABIEHUE HA3bIBACTCS MOJHBIM 0TPaKEeHUEM.
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I Ir
Nagaiowui OTpameuHQﬁ
{ nyy nyq
7, % /
7 MpenomnenHbIf
nyy
y/if ny>ny
Prc. 229 Puc. 230

[IpenenbHbINA yrou inp onpeneanum u3 gopmyisl (165.4) npu nojacraHoBKe B Hee i2=71/2.
Tornma

§i dgp=ny/ny =nyy. (165.5)

VYpaBuenue (165.5) yaoBieTBopsieT 3HAUYSHUAM YIJIa inp TpH 12 < ni. CiaenoBaTeiabHO, SBJICHUE ITOJIHOTO
OTpaXKeHMsI UMEET MECTO TOJbKO IPU MAaJECHUU CBETA U3 cpedbl onmuuecku 6olee niomuol 8 cpedy
onmuyecKku menee nIOMHYIO.

SIBieHMe TOJIHOTO OTPa)KEHHUs HCIONb3yeTCs B MPU3Max MOJHOTO oTpaxkeHus [lokazarens npenomieHus
CTeKJa paBeH n ~1,5, MOATOMY NpENeNbHBI yron s TPaHUIBl CTEKIO — BO3IyX paBeH
inp=arcsin(1/1,5)=42°. TToaToMy Tipu NaJCHAH CBETA HA TPAHUILY CTCKIIO—BO3IYX IpH i > 42° Bceraa
OyJeT UMeTh MeCTO MoJIHOe oTpakeHue. Ha puc. 231, a—e6 mokazaHsl IpU3MbI MOJHOTO OTPaXKEHUS,
MO3BOJISIONINE: ) MOBEPHYTH Jyd Ha 90°; 0) MOBEpHYTh M300pa)keHUE; B) OOCPHYTH Jyud. Takue
NPU3Mbl IPUMEHSAIOTCS. B ONTUYECKUX MpHOOpax (Hampumep, B OMHOKIISAX, MEPHUCKOIax), a Takke B
pedpakToMeTpax, MO3BOJSIONINX ONpPENEIATh MOKa3aTeNu NpeIoMIIeHHUs Tel (10 3aKOHY Mpenomiie-
HUSl, U3MEpSS inp, HAXOAMM OTHOCHTENBHBIM TOKa3aTelb MPEJIOMICHHUS JBYX Cpel, a TakKkKe
aOCOIOTHBIN IOKa3aTeab MPEJOMIICHUS OJHOM W3 Cpel, €Clu IOKa3zareidb NPEeJOMIICHUS APYroi
CpeIbl U3BECTEH).

a

Puc. 231

N~

72
. 5)
® MoXeT NW BO3HMKHYTb AaBNeHKe MONHOro oT-
! pa)XeHWA, 8CNU CBOT NPOXOANT U3 BOAbI B CTe-
F4 Kxno?
. ® Cdopmynupyiire n NOACHNTE OCHOBHLIE® 38K0-
2 ——— Hbl ONTHKMK,
7 @ B uyem saxniouaerca ¢usandeckni cMbicn ab-
CONIOTHOTO NOKA3aTens NPeNOMNOHNA cpeabl?
Y70 TAaK0® OTHOCHTENbHLIA Nnokasarensb npeno-
o MneHnA? .
1 2 @ Mpw xakom ycnosun Habniogaerca nonxoe or-
paxxeHne? ,
2 1 ® B uyem 3akniouaetca NpuHUMn paboTbi cBeTO-
BOAOB?

SIBNeHME TIOJTHOTO OTPaKEHUS MCTONB3yeTCs TAKXKE B CBETOBOAAX (CBETONMPOBOAAX), MPEACTABISIONIUX
co00ll TOHKHE, MPOU3BOJBHBIM 00Pa30M HM30THYTbIE HUTH (BOJIOKHA) W3 ONTHYECKH IMPO3PAYHOTO
Marcpurajia. B BOJIOKOHHBIX ACTAIAX TPHUMCHAIOT CTCKIIIHHOC BOJIOKHO, CBCTOBCAYIIAsA IKWJIA
(cepanieBrHA) KOTOPOTO OKPYXKAETCS CTEKJIOM — OOOJOYKOW W3 JAPYyroro CTEKjIa C MEHBIIUM
IMMOKAa3aTCjIiEeM MPCIIOMIICHHA. CBGT, HaIIaIOIJ_II/II\/II Ha TOpel CBCTOBOJAA IIOA YIJIaMW, 60JIBHII/IMI/I
NpeIeTbHOTO, TIPETepIieBacT Ha MOBEPXHOCTH Pa3Jieia CepIICBUHBI M 000JI0YKH ITOJTHOE OTPaKCHUE H
pacIpoCTpaHseTCsl TOJBKO 1O CBETOBEMYIIICH KUIIE.

Takum 00pa3oM, C MOMOIIBIO CBETOBOJAOB MOXXHO KaK yTOJHO HCKPHBISITH IyTh CBETOBOTO ITy4YKa.
I[I/IaMCTp CBCTOBCAYIIUX KW JIC)KUT B MPCACTIaX OT HECKOJIbKUX MUKPOMETPOB OO HECKOJBKHUX MUJI-
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auMeTpoB. Jns mepenaun u300pa’keHUM, Kak MPaBUIIO, MPUMEHSIOTCS MHOTOXKUJIbHBIE CBETOBOJIBI.
Bompocs! nepegaun CBETOBBIX BOJIH U M300paKeHUN M3Yy4alOTCs B CIECIHAIIBHOM pa3fieie ONTUKU —
BOJIOKOHHOII onTuke, Bo3HUKIIEH B 50-e roapl XX cronerus. CBETOBOJBI HCIONB3YIOTCS B IIEKT-
POHHO-JIYYEBBIX TPYOKax, B AJICKTPOHHO-CUCTHBIX MAIlIMHAX, UIS KOIUPOBAHUS HH(OpPMAINH, B
MeAHIMHE (HampuMep, TUarHOCTHKA JKeTy/IKa), 7 Iefield HHTeTpalbHON ONTHKHU U T. 1.

2. Tonkue qun3bl. U300pakeHue npeagMeTOB ¢ MOMOUIBIO JINH3

Paznen onTvkM, B KOTOPOM 3aKOHBl PpacHpOCTPaHEHHUS CBETa pAacCMaTPUBAIOTCS Ha OCHOBE
IPEJCTaBICHUS O CBETOBBIX JyuyaX, Ha3bIBaeTCsi reoMeTrpu4eckoil ontukoii. [lox cBeToBBIMH
Jy4aMH T[IOHMMalOT HOpMajbHble K BOJHOBBIM IIOBEPXHOCTSAM JIMHMM, BJIOJb KOTOPBIX pac-
IPOCTPAHAETCS IOTOK CBETOBOM BHepruu. I'eomeTpuyeckass ONTHKA, OCTaBasCh MNPUOINKEHHBIM
METOZOM TIOCTPOCHUsI H300pakK€HHM B ONTHYECKUX CHUCTEMax, IMO3BOJSET pa3o0paTh OCHOBHBIE
SBJICHUS, CBSI3aHHBIE C MPOXOXKJIEHUEM 4Yepe3 HUX CBETa, U SBIAETCS I[O3TOMY OCHOBOW TEOpUHU
ONTUYECKUX NMPHOOPOB.

JInH3bl npeacTaBisiioT co00il Mpo3payHble Teaa, OTPaHUYEHHBIE JIBYMsI MOBEPXHOCTSIMH (OJHA W3 HUX
OoOBIYHO cdepuueckas, HHOTJa LWIMHApUYECKas, a BTOpas — cdepuueckas WIM IJIOCKas),
IPETOMIISTIOIIIMIME CBETOBBIE JIyYH, CIIOCOOHBIE (POPMUPOBATH ONTHYECKUE M300PAKEHHS MPEIMETOB.
Marepuanom AJisi TMH3 CIy’KaT CTEKJIO, KBapll, KpUCTAJUIbI, IUlacTMacchl U T. 1. Ilo BHemHe# dhopme
(puc. 232) nuH3bl AensTcs Ha: 1) IBOSKOBBIMYKIIbIE;, 2) MJIOCKOBBINYKIbIE; 3) ABOSIKOBOTHYTHIE; 4)
IUIOCKOBOTHYTBHIE; 5) BBIMYKJIO-BOTHYThIE; 6) BOTHYTO-BbINMyKJble. [10 onTHYecKuM CBOWCTBAM JIMH3bI
JeIIATCS Ha COOMpArOIINEe U paCCEUBAIOLINE.

Puc. 232

H 2 3 4 5 '3
) ) ’ ) ) @ NoacHnTte, 4TO BbI NOHMMASTE N0/ CBETOBLIM
nyqyom?
@ Y70 Takoe nuH3a? Kakne oHn GuiBaloT?

JIuH3a Ha3bIBaeTCs TOHKOM, €CIM €€ TOJIMHA (PACCTOSHUE MEXKAY OrPaHUYMBAIOLUIMMU TOBEPXHOCTSAMHU)
SHAYUTCJIbHO MCHBIIIEC MO CPAaBHCHUIO C paanyCaMu HOBerHOCTeﬁ, OrpaHM4YMBarOnX JTUH3Y. HpHMaﬂ,
OpoXojslias 4epe3 LEHTPbl KPUBU3HBI MOBEPXHOCTEN JIMH3bI, HA3bIBACTCS IJIABHOH ONTHYECKOM
ocb10. [l BCAKOM JIMH3BI CYLIECTBYET TOUYKA, Ha3bIBa€Masi ONTHYECKHUM LEHTPOM JIMH3bI, JIe)Kalas
Ha TJIaBHOM ONTHYECKOM ocu M 00jajaromias TeM CBOWCTBOM, YTO JIy4yd MPOXOIAT CKBO3b HEE HE
npeiaomissck. Ontuueckudt neHTp O JWH3BI A MPOCTOTHI OyAe€M CUYUTATh COBMAJAIOUINM C
reOMETPUYECKUM LIEHTPOM CPEIHEH 4acTu JUH3BI (3TO CHPABEAJIUBO TOJBKO JJIS IBOSIKOBBITYKIION U
JIBOSIKOBOTHYTOM JIMH3 C OJMHAaKOBBIMH paJuycaMd KpHBH3HBI 00€UX TOBEPXHOCTEH; s
IUTOCKOBBIMYKJIBIX M IJIOCKOBOTHYTBIX JIMH3 ONTHYECKUN LEeHTp O JIeKUT Ha NEepeceueHUM TIaBHON
ONITUYECKOH ocH €O chepuyecKor TOBEPXHOCTHIO).

Jns BbIBOZIa (POPMYJIBI TOHKOHM JMH3BI — COOTHOILLIEHMS, CBSI3bIBAIOLIETO PAIUYChl KPUBU3HBI Ri U R2
HOBerHOCTeﬁ JIMH3bI C PAaCCTOAHUSAMHU a U b oT auH3LI A0 OpeaMeTa U Cro I/1306pa)KeHI/IH, —
BOCIIOJIb3yeMCsl NpuHIUNoM Pepma,™ niy NPUHIMIIOM HAUMEHbIIEro BpeMeHH: J1eHCTBUTEIbHBIN
IyTh PaclpoOCTPAHEHUs CBETA (TPAEKTOPHsI CBETOBOIO JIyda) €CTh MyTh, ISl IPOXOXKIECHHSI KOTOPOTO
CBETYy TpeOyeTcsi MUHMMAaJIbHOE BPEMs 110 CPABHEHHIO C JIIOOBIM JIPYIMM MBICIUMBIM ITyTEM MEXIY
TEMHU K€ TOUKaMU.

* I1. @epma (1601—1665) — dpaniry3ckuit MaTeMaTuk U (HU3HK.

PaccmoTtpuM 11Ba cBeTOBBIX Jyda (puc. 233) — nyu, coequssomuii Touku 4 u B (iyu AOB), u nyuy,
npoxoAsiiuii yepe3 kpau juH3bl (1yd ACB), — BOCHOJB30BaBIINCH YCIOBUEM PaBEHCTBA BPEMEHHU
npoxoxaeHus cseta Bojib AOB u ACB. Bpems npoxoxaeHus csera Bosib AOB

=‘=a+N (e+d)+b

=,
c
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rae N = n/ni — OTHOCHUTEJBHBIN MMOKa3aTelb MPEeJOMIIEHHs (1 U 11 — COOTBETCTBEHHO a0COJIOTHBIE
MOKa3aTeIu MPEJOMJIEHUS JIMH3bI U OKpyXaromen cpensl). Bpems npoxoxaenus csera Buonb ACB
paBHO

. _VateP +R+/(b+d) + 1
2= c .
Tak kak t1= t2, TO

a+N(e+d)+b=1/(a+e)*+h +/(b+d)* + . (166.1)
PaccmorpuM mapakcuajibHble (IPUOCEBbIE) JYUH, T. €. JIy9d, 00pa3yIolIre ¢ ONTHYECKON OChI0 MaJlbie
yribl.  TOJIBKO TpH HUCHOJNB30BAHUU TNAapaKCHUANBHBIX JIydel TMOJIy4aeTcsi CTHIMATH4YecKoe
u3o0pakeHue, T. €. BCE Jy4yd MAapaKCUAJIbHOIO ITyYKa, HCXOJSIIET0 M3 TOYKU A, MEepeceKkaroT
ONTUYECKYIO OCh B OJIHOM U TOM ke Touke B. Torna h<<(a+e), h<<(b+d) u

i a3
JV@+e)  +h*=(a+e) 1+(a:')1=(a+e)[1+§(;—h_;-é)z]=a+e+

2(a+e)

AHaJorn4Ho,
2

2(b+d)

VO+dP+hr=b+d+

[loncraBuB HalineHHbIE BbIpaxeHus B (166.1), monyunm

‘ B 1
(N=-1) (e+d) = -5 (a—+—; + m)

(166.2)
Jyis ToHKOM THH3BI e<<a U d<<b, mo3tomy (166.2) MOKHO TIPEJICTABUTH B BHJIC

R (1 1
(N=1) (e+d) = -2—(; + z)

: 1
VuuteBasi, uTo €=R;—+/R}—h*=Ry;—R;/1—h*/|R}=R,—R,[1 — 2 (h/R)*)=h*/(2R)) U COOTBETCTBEHHO

d=h?*/(2R1), noy4um

- 1)(1 N 1)_1+1
R, R) a ¥ (166.3)
N\ " Prc. 233
‘ > h Rz
4 — iy s
{ a > b 1 @ B uem sakniovaercs npuHuun Gepma?
® Buisegnte copmyny TOHKOA NMH3LI.
@ Y10 Takoe (PoKycHO® PACCTOAHW® NWHSLI? on-

THHOCKAS CMNA NNHILIT POKANTLHEA NNIOCKOCTL
(324 NNH3LI?

Bripaxenue (166.3) nmpeactariser cobori ¢GopMyJly TOHKOH JMH3bI. Pagnyc KpWUBH3HBI BBITYKJIOH
MOBEPXHOCTHU JIMH3bI CUYUTAETCS MOJOKUTEIbHBIM, BOTHYTON — OTPULIATEIbHBIM.
Ecnu a=co, 1. €. Tyun magaroT Ha JIMH3Y MapajuIebHBIM ITydkoM (puc. 234, a), To
1 : 1 1
—=WN-){=+=)
b ( ) R, R
CootBetrcTBYyIOIIEE ITOMY clydato pacctosinue b=OF=f Ha3bIBaeTCsl GOKYCHBIM PacCTOSIHMEM JIMH3bI,

ompeensieMbIM 1o popMyie
1

1 1Y
-0 (5 + x)

OHO 3aBHUCHT OT OTHOCHUTEIILHOT'O IOKa3aTelIs MMPEJIOMJICHUA U PAANyCOB KPUBHU3HBI.

=
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Ecnu b=o0, T. €. n300paskeHne HaxoUTCsl B OECKOHEYHOCTH U, CIIEA0BATENbHO, TyYU BBHIXOAST U3 JIMH3BI
napajieNibHbIM IydkoM (puc. 234, 6), To a=OF=f. Takum 0o0pa3oM, (OKyCHBIE PACCTOSHUS JIMH3HI,
OKPY)KEHHOW C 00eMX CTOPOH OAMHAKOBOW Cpenoi, paBHBL. Toukum F, nexamme Mo 00 CTOPOHBI
JIMH3Bl HAa PACCTOSIHUM, paBHOM (DOKYCHOMY, Ha3bIBalOTCA (pOKycaMu JUH3bI. DOKYC — 3TO TOYKa, B
KOTOPOM TOCJE MpEeNoMIIeHHs] COOMpaloTCs BCE JIydd, MaJarollve Ha JUH3Y MHapajuiebHO TJIaBHOM
ONTUYECKOU OCH.

Bennunna

1
(N-—l)(— +—) =—=0
R R f (166.4)

Ha3bIBaeTCs ONTHYECKO# cuioil uH3bl. Ee eqununa — nuontpus (antp). JAuontpusa — onTuyeckas
CHJIA JINH3BI ¢ POKYCHBIM pacctosiHreM 1 M: 1 anrp = 1/m.

JIMH3BI C TOJIOKMTEJIbHON ONTHYECKOW CWJION SABISIOTCS COOMPAIIIMMM, C OTPHLATEIbHOH —
pacceBaromumu. [lnockoctu, npoxonsiue uyepe3 (OKYChl JIMH3bI MEPHEHAMKYJSPHO €€ TIJIaBHOU
ONTUYECKON OCH, Ha3bIBAIOTC (OKAJbHBIMH INIOCKOCTAMU. B otnmume ot coOuparomeit
paccenBaromias JMH3a UMeeT MHUMBIE (oKychl. B MEHUMOM (okyce cxomsres (mocie mperoMIIeHHs)
BOOOpakaeMble MPOJOJDKEHUS JIydeH, MajarolluX Ha pacCEeMBAIOLIYIO JIMH3Y MapajulebHO TIaBHON
onTu4eckoit ocu (puc. 235).

a
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Prc. 234 Pac. 235
VYuuteiBas (166.4), dopmyny aun3sl (166.3) MokHO 3anmucarh B BUE
1 1 1
a" b 1

Jlist paccenBaroIeii TMH3BI PACCTOSHUS f U b HAIO CYUTATH OTPUIIATEITHLHBIMH.

[TocTpoenue n300pakeHUs MpeAMETa B JTMH3AX OCYIECTBISIETCS C TOMOIIBIO CIEAYIOMIUX TyUeH:

1) myda, mpOXOASIIEro Yepe3 ONTUUCCKUM LIEHTP JIMH3bI K HE U3MEHSIOIIETO CBOETO HAIIPaBJICHUS;

2) ay4a, UAYUIETO MapaielbHO TJaBHOW OMTUYECKON OCH; MOCie MPEeNOMIICHUS B JIMH3E ATOT JIyd (WIn
€T0 MPOJI0DKEHHUE) IPOXOIUT Yepe3 BTOPO (POKYC JINH3HI,

3) myua (WM ero MpoIOJKEHHS ), IPOXOIAIIETO Yepe3 MePBbIii GoKyC TUH3bI;, TTOCTEe MPETOMIICHUS B HEl
OH BBIXOAMT M3 JIMH3bI IAPAJUIEIIBHO €€ TJIABHOW ONTUYECKON OCH.

Jls mpuMepa mpuBeIeHbI MOCTPOCHHS M300paskeHui B coduparomeit (puc. 236) u B pacceuBaromieil (puc.
237) nmuH3ax: nedcTBuTeNbHOE (puc. 236, a) u MEUMOE (puC. 236, 0) n300paxeHusI — B COOMparoei
JMH3Ee, MHUMOE — B PacCEUBaIOIIEH.
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Prc. 236

OTHOILIEHHE JTUHEHHBIX pa3sMepoB I/I306pa)KeHI/I$I U MIpeaAMCTa Ha3bIBACTCH JMHEHHBIM YBEIMIECHUEM

JuH3bl. OTpHUIATENbHBIM 3HAYCHUSM JIMHEHHOTO YBEIMYCHHS COOTBETCTBYET JACWCTBUTEIHHOE
n300paxeHne (OHO TEPEeBEPHYTOE), MOJOKUTEIBHBIM — MHHMOE H300pakeHHe (OHO MPsAMOE).
KomOunammm coOMparommx W pacceMBalOUINX JIMH3 TPHMEHSIOTCS B ONTHYECKHX MpHOOpax,
UCTIONIB3YEMBIX ISl PEILICHHS PAa3IMYHbIX HAyYHBIX M TEXHHUECKHX 3a/1ad.

Prc. 237

@ Kax ocyuecranserca noctpoexne nsobpaxe-
HMSt NPEAMETOB B NHH3ax?

3. AGeppanum (MOrpelIHOCTH) ONTHYECKUX CHCTEM

PaCCManI/IBaSI MMPOXOKACHUC CBCTA 4YCPC3 TOHKUC JIMH3bI, Mbl OI'PAaHUYUBAINCH IMapaKCHAIbHBIMU

aydamu (cM. 166). [TokazaTenp mperoMIICHHS MaTepHasia JIMH3bl CYUTATN HE 3aBUCSIIUM OT JIJTUHBI
BOJIHBI NaJAIOIIEr0 CBETA, a MaJaloUIMil CBET — MOHOXpPOMAaTH4ecKMM. Tak Kak B pealbHBIX
ONTUYECKUX CHUCTEMaX 3THU YCJIOBHS HE BBIIOJIHSIOTCS, TO B HUX BOSHUKAIOT UCKAXEHUS U300paKeHus,
Ha3bIBaeMble abepparush» (UM MOTPEUTHOCTSIMHU).

Coepuueckas abGeppanus. Eciu pacxoIgiuiicss my4yoK CBeTa MaJaeT Ha JUH3Y, TO MapaKCUAIbHBIC
Jy4yd TOCJe MPEJIOMIIEHUs IepeceKkatroTcss B Touke S’ (Ha paccrossHuM OS' OT ONTHYECKOIro LEHTpa
JIMH3BI), a JIy4yH, 0oJiee yAaJICHHBIE OT ONTHYECKOW ocH, — B Touke S”, Ommke k muH3e (puc. 238). B
pe3yibTaTte n300pakeHUE CBETALICHCS TOUKH Ha SKpaHe, MEPIEeHANKYISIPHOM ONTUYECKOH ocH, OyaeT
B BHJE pAaCIUIBIBYATOrO0 TMATHA. OTOT BHJ MOTPEIIHOCTH, CBA3aHHBIA CO C(HEPUUYHOCTHIO
NPEIOMIISIONINX TOBEPXHOCTEH, Has3bIBaeTcs cdepudeckoit abeppauueil. KomuuecTBeHHON Mepoit
cepuueckoit abeppanuu sBisieTcst oTpe3ok 0 = OS" — OS'. Tlpumensis quadparmel (OrpaHUINBASICH
napakCHalbHBIMH JTydyaMH), MOXHO c(epHuecKkylo adeppaliio YMEHbBIIUTh, OJHAKO MPU ITOM
yMeHbIaeTcsi cBeTocwia JHH3bL. Cdepuueckyro adeppalio MOXHO NPAKTHUECKH YCTPAHMTb,
cocTaBJsisi cucTeMbl U3 cobuparomux (0 <0) u paccenBaromux (0 >0) mun3. Chepuueckas adepparms
ABJIIETCS YaCTHBIM CIIy4YaeM acTUIMaTH3Ma.

Koma. Ecnu dyepe3 onTHYeCKyr0 CHUCTEMY HNPOXOAUT MIMPOKUH MYYOK OT CBETSIICHCS TOYKH,
pacIoyio)KeHHOH He Ha ONTHUYECKOH OCH, TO IMOoJlydaeMoe H300paKeHHe HTOM TOYKH OylIeT B BHIE
OCBEILIEHHOTO TMSTHBIIIKA, HAlOMHHAIOIIET0 KOMETHBI XBOCT. Takas MOTrpeHIHOCTh Ha3bIBaeTCs
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MOTOMY KOMOW. YCTpaHEHHWE KOMBI MPOU3BOAUTCS TEMHU K€ MpHeMaMH, 4TO U chepuueckon
abeppanuu.

3. Qucropceus. Ilorpemyocts, npu KOTOpOH Mpu OOJBIIMX YIJIaX MaJeHHs Jyuyell Ha JIMH3Y JIMHEeHHoe

YBEIIMYCHUE U TOYEK MPEIMETa, HaXOMIIUXCS Ha Pa3HBIX PACCTOSHHUSAX OT TJIABHOM ONTHYECKOMH
OCH, HECKOJIbKO pa3iuyaeTcs, Ha3blBaeTcs AUCTOpcued. B pesynbpTaTe HapyliaeTcsi reOMEeTpHUEcKOoe
nojo0ue Mexay npeaMeToM (IpsSAMOyroJibHas ceTka, puc. 239, a) u ero nzodbpaxenuem (puc. 239, 6 —
noxymkooopasHas aucropcus, puc. 239, 6 — 60ukooOpazHas muctopcusi). Jucropcus 0cOOCHHO
ormacHa B TeX CIyd4asX, KOTJa ONTUYECKHE CUCTEMbI NMPUMEHSIOTCS I ChEMOK, HallpuMep INpH
a’podOTOCHEMKE, B MUKPOCKOMHUH MU T.A. JMCTOPCHIO HCIPABISIOT COOTBETCTBYIOUIMM IMOAOOPOM
COCTAaBJISIOIINX YaCTEH ONTUYECKON CUCTEMBI.

Xpomatnueckass abeppaums. J[o cux mop Mbl mpeAnoiaraiv, 4To Kod()pPUIMEHTH MpeToMICHUS
ONITUYECKON CHCTEMBI MOCTOSTHHBL. OJHAKO 3TO yTBEP)KICHHE CIIPABEUIMBO JIUIIb JUISI OCBEIICHUS
ONTHYECKON CHCTEMBI MOHOXPOMAaTHYECKMM CBETOM (A = const); mMpuU CIO0KHOM COCTaBE CBETa
HEOOXOMMO YYMTHIBATh 3aBHCUMOCTH KO3(QUIMEHTa NpPEIOMJICHUS BelIecTBAa JHMH3BI (U
OKpY aloIlei Cpe/ibl, €CIU 3TO HE BO3yX) OT JJIMHBI BOJIHBI (siBJeHHe Aucnepcun). [Ipu magenun Ha
ONTUYECKYI0 CHCTEMY OENoro cBeTa OTHENbHBIE COCTABJSIOIIME €r0o MOHOXPOMATHUECKHE JIydd
(GOKyCHUPYIOTCS B pa3HbIX ToukaxX (HambOojbinee (HOKYCHOE paCCTOSTHUE HMMEIOT KpacHbBIC JIy4YH,
HaMMeHbIIee — (PUOJIETOBBIE), OITOMY HM300paKEHHUE Pa3MBITO M 110 KpasiM OKpalieHo. DTO SBJICHUE
Ha3bIBACTCSI XpPOMATHYECKOW abeppammeil. Tak Kak pa3HbIE COpTa CTEKOJ O0JIalaloT pa3IndHON
JcTiepcueii, To, KOMOMHUPYSI COOMpArOIIKe M PacCeUBAIOUINE JMH3BI U3 PAa3IMUHBIX CTEKOJ, MOXKHO
COBMECTUTh (POKYCHI ABYX (axpomaThbl) U TpeX (amoXpoMaThbl) Pa3jINYHBIX IIBETOB, YCTPAHUB TEM
caMbIM XpOMaTHUYeCKyt0 abeppaunto. CUCTEMbI, UCIIPABICHHBIE HAa CHEPUUYECKYI0 U XPOMATHUECKYIO
abeppaluy, Ha3bIBAIOTCS allJIAHATAMHU.

Acturmatusm. IlorpemrHocTs, O0OYyCIIOBIEHHAs HEOAMHAKOBOCTHIO KPHBH3HBI  ONTHYECKOM
MOBEPXHOCTU B Pa3HBIX IUIOCKOCTSX CEUYEHMs MaJalollero Ha Hee CBETOBOIO MyuKa, Ha3bIBAeTCs
acturmMatusMoM. Tak, n3o0paskeHre TOYKHU, yIaJIeHHON OT TJIaBHOM ONTUYECKOW OCH, HaOII0AaeTcs Ha
JKpaHe B BHJE PACIUIBIBYATOrO MSATHA DIUITMNTHYECKOH (POpPMBI. DTO MATHO B 3aBUCUMOCTH OT
paccTosiHUSL dKpaHa 0 ONTUYECKOTO IIEHTpa JIMH3BI BBIPOXKAAETCS JUOO0 B BEPTUKAIbHYIO, THOO B
TOPH3OHTAIBHYIO TMPSAMYI0. ACTHTMATH3M  HCIPABISETCS  MMOJOOPOM  PAagMyCOB  KPHBH3HBI
MPETOMIISIONIUX TIOBEPXHOCTEH M HMX (OKYCHBIX paccTosHuil. CHUCTeMbl, HWCIpaBICHHbIE Ha
chepruvecKyIo 1 XpOMaTHIeCKyIo abeppaliii 1 aCTUTMaTU3M, Ha3bIBAIOTCS] aHACTUTMAaTaMHU.

yCTpaHCHI/Ie aGeppauHﬁ BO3MOXXHO JIHUIIIb l'IOI[60pOM CIICHHUAJIIBHO PpACCUUTAHHBIX CJIOKHBIX OIITHUYCCKUX

cucteM. OHOBPEMEHHOE HCIPABICHUE BCEX IMOTPEUIHOCTEH—3aqaua KpaiHe CIIOoXKHas, a WHOTIa
naxe Hepaspemumasi. [103ToMy 0ObIYHO YCTPAHSIOTCS MOJIHOCTBIO JIUIIb T€ MOTPEITHOCTH, KOTOPHIE B
TOM HJIM MHOM CJIy4ae OCOOCHHO BPE/IHBI.

T T T
11/

a) 6) 8)

Puc. 238 Pac. 239

3agaHusi M BONPOCHI

1. Ha miockonapaiensHyo CTEKISIHHYIO MIACTUHKY (n =1,5) TonmmHoi 6 cM magaeT moxa yriom 35°

ayd cBeta. OnpenenuTb 00KOBOE CMEIEHHUE Tyda, IPOILIEAIEro CKBO3b 3Ty IIACTUHKY. [ 1,41 cMm]

2. Heo06Xx0aMMO M3rOTOBUTH IJIOCKOBBITYKIYIO JIMH3Y C ONTHYECKOW cuiioit 6 nntp. OnpenenuTts paanyc
KPUBU3HBI BBITYKJIOW MOBEPXHOCTH JIMH3BI, €CIIU MIOKA3aTeNb PEIOMIICHHUS MaTepuana JUH3bI paBeH 1,6.
[10 cm]

3.

Onpenenuth, Ha KaKyl BBICOTY HEOOXOIMMO MOBECHTH JIaMIOuKy MOIIHOCTHI0O 300 BT, uT0OBI
OCBEIIECHHOCTh PACIOJIOKEHHOM 1Mo Hel gocku Obuta paBHa 50 nk. Hakion mocku coctaBisier 35°, a
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CBETOBAas OTJaua JIaMIo4ku paBHa 15 nM/BT. [IpuHATH, 4TO MOMHBINM CBETOBOM MOTOK, UCITYCKaeMbIH
M30TPOMHBIM TOYEUHBIM UCTOUHUKOM cBeTa, ®o= 47l [2,42 M]

Cnucok Jureparypbl

1. bapcykos, B. 1. ®uzuka. Mexanuka [ DJIeKTpOHHBIN pecypc] : yaeOHOe mocoOure Isl CTYJIEHTOB
BBICIIUX Y4EOHBIX 3aBEeICHUMN, 00YUYaAIONINXCS MO0 TEXHHYECKUM HAIIPABJICHUSM MOJATOTOBKH U
cnenmansHocTsM / B. U. bapcykos, O. C. JIMutpueB. — DJIEKTPOH. TEKCTOBBIC JaHHbIE. — TamOO0B :
TamOoBckHii rocynapcTBeHHbIN TexHnueckuid yausepeuter, 3bC ACB, 2015. — 248 ¢. — 978-5-8265-
1441-2. — Pexum nocryna: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usuka. Mexanuka [ DIeKTpOHHBIN pecypc] : yueOHoe mocodue s By30B / A. B.
3103uH, C. b. MockoBckuii, B. E. TypoB. — DJIeKTpOH. TEKCTOBBIE JaHHBIE. — M. : AKaJeMHUYECKHI
IIpoekr, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uzuka : ydeOHUK : U1 CTYJCHTOB BY30B, 00YYarOIUXCs IO TEXH. HaIP.
noarotoBku / T.U. Tpodumosa. - 2-e uza., nepepad. u gorm. - Mocksa : Akanemusi, 2013. - 346 c. : ui. -
(Beicmiee npodeccrnonanpaoe oopazoBanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-339. - ISBN 978-5-
7695-9820

4. Tpodumosa, T. U.; Kypc dusuku ¢ npumepamu pemieHus 3agad: B 2-x 1. : yuebnuk / T.U.
Tpodumona, A.B. dupcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipui.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.U., ®upcora A.B., COopuuK 3ama4 1o pusuke- 2-¢ u3., mepepad. u aom. - Mocksa :
Axanemus, 2013.

ITPAKTUYECKOE 3AHATHE Ne 20-21 UHTEP®EPEHIIUA CBETA

Heab-3akpenuTs W3y4YeHHBIM Matepuan 1o Temartuke «MuTepdepenmus cBera. Pa3Butue
MpEACTaBICHU O mpupoje cBera. KOrepeHTHOCTh M MOHOXPOMATHYHOCTh CBETOBBIX BOJIH.
WNurtepdepentiuss  ceera.  Meroasl  HaOmogeHuss  wHTepdepeHimu  cBera.  [IpumeHeHUe
uHTEp(EepeHITN CBETay.

OcBanBaemMble KOMIETEHIMH B PE3yJIbTaTe MPOBEACHUS MPAKTUUECKOTO 3aHATHS yKa3aHbl B MyHKTE
«OO0m1me cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATUSI — 3aKPENUTh TOJYYCHHBIC TEOPETHUUECKHE 3HAHUS H
BBIPA0OTATh HABBIKK M YMEHUS MPAKTUYECKOTO PELICHHs 3a/1a4, B TO YHUCJIE U CAMOCTOSTENIBLHO.

3HaTth:

- METOJIbl CAMOOPTaHU3AIMH K CaMOOOPa30BaHHIO CTy/IeHTa HampaBleHUs « TexXHOIornyeckue MaliuHb

U 000py10BaHUSY;

- OCHOBHBIE MTpaBuiIa i1 00pabOTKU Pe3yIbTaTOB SKCIIEPUMEHTA;

-0a30BbIE METObI UCCIIEIOBATEILCKOMN 1€ATEIbHOCTH.

YmMmernb:

-0CyHIECTBIIATh A(P(EKTHUBHYI0O KOMMYHUKAIMIO B KOJUIGKTHBE IS PEHICHUS MPOPECCUOHATBHBIX

3a/1a4;

-TIPOBONUTH 00pabOTKy HMH(OpPMAIMH ¢ UCTIOIH30BAHUEM MPHUKIIATHBIX MTPOTPAMMHBIX CPEICTB CHEphl

npodeccruoHanbHO eSATeNbHOCTH;

MPUMEHSATH 0a30BbIC METOIBI MCCIICIOBATEIILCKON JCATCILHOCTH B pa0OTe HaJ WHHOBAIIMOHHBIMHU

MPOEKTaMHU MO HaIpaBIeHUIO « TeXHOIOTUYECKHE MAIIUHBI U 000PYOBaHHEY.

Baanern:

-HaBbIKAaMH pabOThl B KOMaHJAE, HaBbIKAMH BECTHU [AMAJIOT, [EJIOBOM CIOp;  CHOCOOHOCTH K

caMOOpraHu3aluu 1 caMoo0pa30BaHHUIo;

-TIOHUMaHHWEM CYIIHOCTH U 3HaueHus UHPOpMAlUu B PAa3BUTHH COBPEMEHHOTO OOIIECTBa,

CIIOCOOHOCTh TIONydaTh W 00padaThiBaTh HH(DOPMAIMIO U3 PA3IUYHBIX HCTOYHHKOB, TOTOBHOCTH

UHTEPIPETUPOBATH, CTPYKTYPHPOBATh U 0GOPMIIATH HH(POPMALIHIO;

METOJIaMU HCCJIE0BATENbCKON JEATENHOCTH MIPH paboTe Ha/l IPOEKTAMHU.
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Teopernyeckas 4acTb
1. PazBuTHe npeacTaBeHnii 0 IPUpoOJe CBeTa

OcCHOBHbIE 3aKOHBI ONTUKU M3BECTHHI ellle C IpeBHUX BekoB. Tak, IImatoH (430 r. 1o H. 3.) ycTaHOBUI
3aKOH MPSMOJIMHEWHOTO PaclpoCTPaHEHMsI U 3aKOH OTpaskeHus csera. Apuctorensb (350 r. 1o H. 3.) u
[TTonomeit u3ywanu npenomiieHue cBeTa. IlepBble npencTaBieHUs O MPUPOJAE CBETa BO3HUKIM Yy
JPEBHUX I'PEKOB U ETUIITSH, KOTOPbIE B JAJIbHEUIIEM, [0 MEpPE N300pETEHUsI U yCOBEPIIEHCTBOBAHUS
pa3IMYHbIX ONTHYECKUX MHCTPYMEHTOB, HanpuMmep napadonndeckux 3epkain (XIII B.), ¢poroanmapara
u Mukpockorna (XVI B.), 3purensroit TpyOsr (XVII B.), pazBuBammce u TpanchopmupoBanmucs. B
koH1e XVII B. Ha OCHOBE MHOTOBEKOBOI'O OIbITA U PAa3BUTHUS MPEACTABICHUI O CBETE BO3HUKIIM JBe
Teopuu cBeTa: kopnyckyaspHas (M. Hetoton) u Bomnosast (P. I'yk u X. ['toiirenc).

CornacHo KOpHYCKYJSpHOH TeOopuM (TEOPUM HCTEUEHMs), CBET NpeACTaBiIseT co00il MOTOK YacTHIL
(KOpIyCKyJ1), UCIyCKA€MbIX CBETSIIMMHUCA TEJaMU U JIETSAIIMUX IO NPSIMOJIMHEHHBIM TPACKTOPHSIM.
JIBI>KeHNe CBETOBBIX KOPITyCKyJd HbIOTOH momuuHui cHopMyTupOBaHHBIM MM 3aKOHAM MEXaHUKU.
Tak, oTpakeHHME CBETa MOHMMAJOCh AHAJIOTMYHO OTPAKEHUIO YIPYroro IIapuka HOpH yJape o
IUIOCKOCTBh, TJle TaKkXke COONI0/IaeTcs 3aKOH PAaBEHCTBA YIVIOB MajieHus B oTpakeHus. Ilpenomiienue
cBeTa HBIOTOH OOBSACHSI MPUTSHKEHUEM KOPIYCKYJ IMPEOMIISIONICH Cpelod, B pe3ysbTaTe dYero
CKOpPOCTh KOPITYCKYJl MEHSIeTCsS IpU Iepexoje U3 OAHOH cpeasl B apyryr. M3 teopun HbproToHa
CJIEZI0BAJIO IOCTOSHCTBO CHHYCA yIjla MaJeHUs i1 K CHHYCY yIJla IPEIOMIIECHUS i2:

sini. v

— == =n,
sini; ¢ (170.1)

IJIe ¢ — CKOPOCTb PaclpOCTPAaHEHHUs CBETA B BAKyyM€, V — CKOPOCTb PaCHpOCTPaHEHUsI CBETA B CPEJE.
Tak xak n B cpene Bcerjma Oonblie €IWHUIBI, TO, no meopuu Hviomowna, v>c, T. €. CKOPOCTb
pacnpocTpaHeHusl CBeTa B cpele JODKHA OBbITh Bcerga OoJbllie CKOPOCTH €ro paciHpOoCTpaHEHUs B
BaKyyMe.

CormnacHo BOJHOBOM TEOPUH, PA3BUTONM HA OCHOBE AaHAJIOTUH ONTUYECKHUX U aKyCTHYECKHUX SIBJICHHH, CBET
MPEJICTaBIsIeT cOOOW YMPYyTyIO0 BOJIHY, PaclpOCTPAHSIONIYIOCS B 0oco0oil cpene — adupe. Ddup
3allOJIHAET BCE MHPOBOE IMPOCTPAHCTBO, NPOHU3BIBAET BCE Tejla U 00JaJaeT MEXaHUYECKUMU
CBOWCTBAMM — YNPYrocThlo M IIOTHOCThIO. CornmacHo [loireHcy, Oonbliasi CKOPOCTb
pacrpocTpaHeHHsI CBeTa 00yCIIOBIIEHa OCOOBIMHU CBOMCTBaMH d(upa.

BoustHOBast Teopusi OCHOBBIBAaeTCA Ha NpuHUUNe ['roirenca: Kkaxnaas Touka, 10 KOTOPOM JOXOAUT BOJIHA,
CIIyKHUT LIEHTPOM BTOPUYHBIX BOJIH, @ OrMOAroIiasi 3TUX BOJIM JAET MOJIOKEHHE BOJIHOBOTO ()pOHTA B
CIEIyIOMHN MOMEHT BpeMeHU. HamoMHHMM, 4TO BOJHOBBIM (POHTOM HAa3bIBAETCS T€OMETPHUECKOE
MECTO TOYEK, 10 KOTOPBIX JOXOASIT KosieOaHusi K MOMEHTY BpeMeHu f. [Ipunnumn [toiirenca mo3Bosisier
AQHAJIM3UPOBATh PACTIPOCTPAHEHUE CBETA U BBIBECTU 3aKOHBI OTPAKEHUSI U MPETOMIICHHUS.

BriBenem 3aKOHBI OTpaXKEHUs U IIPEIOMIICHUS CBETA, NCX0d U3 npuHIMna I roirenca. [lycts Ha rpanuiy
paszzena ABYX cCpell MajgaeT MmiIockas BoiHa (PpOHT BOJIHBI — IUIOCKOCTH AB), paclpoCTpaHSIOMascs
BII0JIb HanpaBiieHus [ (puc. 243). Korga GpoHT BOJTHBI JOCTUTHET OTPAXKAIOMICH MTOBEPXHOCTH B TOUKE
A, »Ta TOYKAa HAYHET M3JIy4yaTh BTOPUUYHYIO BOJHY. Jlns mpoxokneHus BonHOW paccrosHus BC
Tpebyercs Bpems Ar=BC/v. 3a 310 ke BpeMs (pOHT BTOPUYHOM BOJHBI JOCTUTHET TOUEK MOTychepsl,
pamuyc AD xoropou paBeH VA:r=BC. Ilonoxenue (poHTa OTPaKEHHOW BOJHBI B ITOT MOMEHT
BPEMEHU B COOTBETCTBMM C mNpuHUUNOM [tolireHca 3amaercsa miaockocTeio DC, a HampaBieHHE
pacripocTpaneHust 3Toil BoJiHbI — JjyuoMm /1. 13 paBenctBa TpeyronbHukoB ABC u ADC BBITEKaeT
3aKOH OTPAXKEHUS: YIOJl OTPAXKEHUS i 1, PABEH YTy HaJCHUS i1.
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Puc. 242 Puc. 243

2. KOI‘epeHTHOCTB H MOHOXPOMATUHYHOCTb CBE€TOBBLIX BOJIH

WNuTepdepeHiinio cBera MOXHO OOBSICHHUTH, paccMarTpuBasi WHTEP(PEpPEHIUI0 BOIH (CM. 156).
HeobxonuMeiM ycnoBueM MHTEp(hEpPEHIIMH BOJH SBISETCS WX KOTE€PEeHTHOCTb, T. €. COTNIACOBAaHHOE
MPOTEKaHHWE BO BPEMEHM M MPOCTPAHCTBE HECKOJBKUX KOJIEOATETHHBIX WM BOJHOBBIX IMPOIIECCOB.
DTOMY YCIIOBUIO YJIOBJIETBOPSIIOT MOHOXPOMATHYECKHE BOJHbI — HEOIPAaHUYEHHBIE B POCTPAHCTBE
BOJIHBI OJTHOW OMPEAEIECHHON U CTPOr0 MOCTOSTHHOM YacTOThI. Tak KaK HU OJAWH peaJbHbI UCTOYHUK
HE JlaeT CTPOr0 MOHOXPOMATHYECKOIO CBETa, TO BOJHBI, H3ITy4daemble JIIOOBIMH HE3aBHUCHUMBIMHU
HUCTOYHUKAMHU CBETA, BCETJa HEKOTepeHTHHI. [l0aTOMy Ha ombITe HE HAOMIOAAaeTCs WHTEpQEpeHIUs
CBETA OT HE3aBHUCUMBIX UCTOYHHKOB, HALIPUMEDP OT JIBYX IEKTPHUUECKHUX JIAMIIOYEK.

[ToHATh (U3MUYECKYIO MPUYUHY HEMOHOXPOMATHUYHOCTH, a CJEIOBATEIBHO, U HEKOTEPEHTHOCTH BOJIH,
UCITyCKAEMBIX JIByMsI HE3aBUCHMBIMH HCTOYHMKAMH CBETA, MOXXHO HCXOJs U3 CaMOIr0 MeXaHU3Ma
UCITyCKaHMsI CBETa aToMaMu. B JByX CaMOCTOATENbHBIX MCTOYHUKAX CBETA aTOMbl H3Iy4aloT
HE3aBUCUMO JPYT OT Apyra. B kaxqoM U3 TakuX aTOMOB MPOLECC U3ITyYEHHS] KOHEYEH U JITUTCS OUYEHb
kopoTkoe Bpems (7 =~ 107%c). 3a 370 BpeMsi BO3OYKIEHHBIi aTOM BO3BpAIAETCSd B HOPMAIBLHOE
COCTOSIHME M H3JIyUY€HHE UM CBETa Npekpamaercs. Bo30ynuBmmch BHOBb, aTOM CHOBa HAaYMHAET
UCIyCKaTh CBETOBBIC BOJHBI, HO Y€ C HOBOM HauyanbHOW (azoif. Tak kak pazHOCTh (a3 Mexmy
W3ITyYCHUEM JBYX TaKUX HE3aBUCHMBIX aTOMOB U3MEHSETCS MPU KKJIOM HOBOM aKTE HUCITyCKaHHS, TO
BOJIHBI, CIIOHTAHHO M3JIy4aeMble aTOMaMH JII0OOT0 UCTOYHUKA CBETa, HEKOTEPEHTHBL. TakuM 00pa3oM,
BOJIHBI, HCITyCKaeMble aTOMaMHU, JIUIIb B TedeHHue uHTepBana BpeMenu 10~8c umeror npubausuTensHo
MOCTOSTHHBIE aMIUIUTYAy M a3y KojebaHuid, Toraa Kak 3a OONbIIMH MPOMEXYTOK BPEMEHU U
amMuaTyaa, u ¢$aza uU3MeHsITCs. [IpephIBHCTOC W3IydeHHWE CBETa aTOMaMH B BHJIE OTACIBHBIX
KOPOTKUX MMITYJIbCOB Ha3bIBAETCS BOJTHOBBIM I[yTOM.

OmnucaHHasi MOJIENh UCITYCKAHUS CBETA CIIPABEJINBA U IS JIFOOOTO MAaKPOCKOITMYECKOTO UCTOYHHKA, TaK
KAaK aTOMbI CBETSIIErOCs TeJa U3Iy4yaroT CBET TAKXKe He3asucumo IPYT OT Apyra. ITO O3HAYAeT, YTO
HavaJIbHBIC (pa3bl COOTBETCTBYIOIIMX UM BOJTHOBBIX I[yTOB HE CBSI3aHBI MEXKIy coOoii. [Tomumo 3toro,
Jake Ui OJHOTO M TOTO € aToMa HadalbHble (a3bl pa3HBIX I[YTOB OTIWMYAIOTCS AN JBYX
MOCJICIYIOMINX aKTOB wu3nyuyeHus. ClieoBaTeIbHO, CBET, MCIYCKA€MbI MaKpOCKOIUYECKUM
HMCTOYHUKOM, HEKOT€PEHTEH.

JIr000i1 HEMOHOXPOMATHYECKHI CBET MOXHO MPEJACTaBUTh B BHUAEC COBOKYIMHOCTH CMEHSIONIMX IPYT
Jpyra HE3aBHUCHUMBIX TapMOHMYECKUX LyroB. CpeaHss NpOAOKUTENBHOCTh OJHOIO Iyra  Tior
Ha3bIBACTCSI BpeMEHeM KOIepPeHTHOCTH. KOrepeHTHOCTh CYIIEeCTBYET TOJBKO B MpelesiaX OJHOIro
1[yra, ¥ BpPEeMs KOT€PEHTHOCTH HE MOXET IMPEBBIIIATh BPEMS HM3IY4YEHHUS, T. €. Tkor < 7. lIpubop
OOHaPYKUT YETKYI0 HHTePHEPEHIIMOHHYIO KapTUHY JIMILb TOT/a, KOTJa BpeMs pa3pelieHus: npudopa
3HAYUTEJILHO MEHBIIIE BPEMEHN KOTEPEHTHOCTH HAKJIAIbIBAEMBIX CBETOBBIX BOJIH.

Ecnu BonmHa pacrmpocTpaHseTcs B OJHOPOAHOW cpene, To (a3a KojieOaHUN B OMpPENEICHHON TOuke
MPOCTPAHCTBA COXPAHSETCS TOJIBKO B TEUCHHE BPEMEHU KOTEPEHTHOCTH Tior. 32 3TO BpPEMsl BOJIHA
pacrnpoCcTpaHseTCsl B BAKYyM€ Ha PACCTOSIHUE [xor =C Tior, HA3bIBAEMOE NJIMHONH KOTe€PEeHTHOCTH (WIN
AJuHO# myra). Takum oOpa3oM, ANMUHA KOTEPEHTHOCTH €CTh PACCTOSHUE, MPH MPOXOXKICHUU
KOTOPOTO JIB€ WJIM HECKOJIBKO BOJIH YTPAuMBaIOT KOrepeHTHOCTh. OTCl0/1a CIIEYEeT, UTO HA0JI0IeHNe
uHTep(dEepeHII CBeTa BO3MOXHO JHUIIb IPH ONTHYECKUX PA3HOCTSIX XOJa, MEHBIIUX JTHHBI
KOT€PEHTHOCTH I UCTI0JIb3yEMOT0 UICTOYHUKA CBETA.
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Yem Onmke BOJIHA K MOHOXPOMATHYECKOH, TEM MEHbILIEe HIMPUHA A® CHEKTpa €€ 4acToT U, KaK MOXHO
[OKa3aTh, OOJIbIIE €€ BpeMsl KOT€PEHTHOCTH Tior, & CJIEIOBATENbHO, M AJUHA KOTE€PEHTHOCTH Ixor.
KorepentHocTs KoneOaHMid, KOTOpHIE COBEPIIAIOTCS B OJHOW M TOW JK€ TOYKE MPOCTPAHCTBA,
orpeenseMasi CTeleHbI0 MOHOXPOMAaTHYHOCTH BOJIH, HAa3bIBAECTCSl BPeMEeHHOI KOTepeHTHOCTBIO.

Hapsiny ¢ BpeMeHHOW KOrepeHTHOCTBIO JUIsl ONUCAHUS KOTEPEHTHBIX CBOMCTB BOJH B IUIOCKOCTH,
NEPIECHIUKYJIAPHON HANpaBICHUI0 HUX PACIpPOCTPAHEHMs, BBOAMUTCA IOHATHE INPOCTPAHCTBEHHOM
KOrepeHTHOCTH. /[Ba MCTOYHMKA, pa3Mepbl U B3aUMHOE PACIOJIOXKEHHE KOTOPBIX MO3BOJSIOT (MpHU
HEOOXOMMOW CTENEeHM MOHOXPOMAaTHYHOCTH CBETa) HAOMI0JaTh MHTEP(EPEHLUIO, Ha3bIBAIOTCS
NPOCTPAHCTBEHHO-KOTePeHTHBIMH. PainycoM KorepeHTHOCTH (W1 JJIMHON NMPOCTPAHCTBEHHOM
KOTePeHTHOCTH) HAa3bIBA€TCs MAaKCHUMaJbHOE MONEPEYHOE HAIMPABICHUIO PACIPOCTPAHEHUS BOJHBI
paccTosiHME, Ha KOTOpPOM  BO3MOXKHO IposBieHue uHTepdepeHuuu. Takum  oOpaszowm,
IIPOCTPAHCTBEHHAs! KOT€PEHTHOCTD ONPEAEIAETCS paJuyCcOM KOT€pEeHTHOCTH. Paguyc KorepeHTHOCT!

Taor~ 4/,

rne A — JUIMHa BOJIHBI CBETA, ¢ — YIJIOBOM pa3Mep MCTOYHHUKA. Tak, MUHMMaJIbHO BO3MOKHBIA pagnyc
KOTEPEHTHOCTH /ISl COJTHEYHBIX JIy4eli (mpu yrmosoM pasmepe Connua Ha 3emne ¢ ~ 1072 pagu A ~
0,5 mxMm) cocraBaser ~ 0,05 mm. Ilpu Takom Maiom paauyce KOI€pEeHTHOCTH HEBO3MOXKHO
HEMOCPEJCTBEHHO HAOMI0JaTh HHTEP(EPEeHIUI0 COJMHEYHBIX Jy4yel, MOCKOIbKY pa3peliaronas
CIOCOOHOCTh YEJIOBEUECKOro IJla3a Ha PACCTOSHUM HAWIydlIero 3peHus cocrtasisgeT jauib 0,1 mwm.
Otmetum, uto nepBoe HabmoaeHue naTeppepenuu nposea B 1802 r. T. KOHr UMEHHO ¢ CONHEYHBIM
CBETOM, I YEer0 OH MpeABapUTENBHO MPOIYyCKaJl COJHEYHbIE YUl Yepe3 OYEHb MaJOe OTBEPCTUE B
HEMpOo3payHOM 3KpaHe (MPH 3TOM Ha HECKOJBKO MOPSAKOB YMEHBIIAJICS YIIOBOM pa3Mep MCTOYHHKA
CBETAa U TEM CaMbIM DPE3KO YBEJIMYUBAJICS PAagUyC KOT€PEHTHOCTH (WJIM JUIMHA MPOCTPAHCTBEHHOM
KOTE€PEHTHOCTH)).

3. UnTepdepennus cBera

[Ipennonoxum, 4YTO [BE MOHOXPOMAaTHYECKHE CBETOBBIE BOJIHBI, HAKJIAAbIBAasChb JApPYr Ha Jpyra,
BO30YKIIAIOT B OINpPENEICHHONW TOYKE MPOCTPAHCTBA KOJEOAHHs OAMHAKOBOTO HANPABICHUS: X1=A1
cos(wt + @) mux2= A2cos(wt + ¢2). [log x MOHUMAIOT HANPSHKEHHOCTh AJEKTPUUYECKOTO E win
MarHuTHOro H monelr BonHbl; BekTopel E m H KomeOmoTcs BO B3aMMHO TNEPHEHIUKYIISPHBIX
mwiockocTsX (cMm.  162). HanpspkeHHOCTH SJIEKTPUYECKOT0 M MarHUTHOTO TIOJIEH TOMYUHSIOTCS
npuHimny cyneprno3unuu (cM. 80 u 110). AMIuMTy1a pe3yIbTHPYIOIIEro KojeOaHus B TaHHON TOUKe

A® = A} + A; +2A4,4, cos(p, —@,) (cM. 144.2)). Tak Kak BOJHBI KOTEPEHTHBI, TO COS(¢2 — 1) UMEET

IIOCTOSIHHOE BO BpEMEHM (HO CBOE Ul KaXJOM TOYKM MPOCTPAHCTBA) 3HAYEHHUE, IOITOMY
MHTEHCUBHOCTD pe3y IbTUpyomei Bosubl (1 ~ A7)

I=5+h+2/ 1,1, cos (¢;— 1), (172.1)

B Toukax npoctpaHcTBa, rue cos(@g2—@1)>0, uaTeHcuBHOCTD [>11+12, T1Ie coS(2—@1)<0, THTEHCUBHOCTb
I<hL+L. CnenoBaTenbHO, NMPU HAJIOXKEHUU JBYX (WM HECKOJIbKUX) KOT€PEHTHBIX CBETOBBIX BOJH
IPOUCXOAUT MPOCTPAHCTBEHHOE NEPEPACIIPEEIIEHNE CBETOBOIO IIOTOKA, B PE3YJIbTATE YETO B OJHUX
MeCTax BO3HMKAIOT MAaKCHUMyMbl, a B JAPYTMX — MHUHUMYMbl HMHTEHCHUBHOCTH. OTO SBIIEHUE
Ha3bIBAETCS UHTEp(EpEHIUEH cBeTa.

JlJ11 HEKOTE€PEHTHBIX BOJIH PAa3HOCTh (»—@1 HENPEPBIBHO M3MEHSETCS, IO3TOMY CPEIHEE BO BPEMEHHU
3Ha4YeHUe cos(¢—ei) PaBHO HYJIIO, © HUHTEHCUBHOCTh PE3YJIbTUPYIOIIEH BOJIHBI BCIOJY OJMHAKOBA U
npu [1=[» paBHa 21 (11 KOTE€PEHTHBIX BOJH IMpPU JAaHHOM YCJIOBUM B Makcumymax [=4li, B
MUHUMYyMax [=0).

Kak MOXHO co3/1aTh ycI0BHUs, HEOOXOAUMBIE Il BOSHUKHOBEHUS MHTEP(EPEHLIMU CBETOBBIX BOJH? Jlis
NOJy4YEeHUsI KOTE€PEHTHBIX CBETOBBIX BOJH NMPUMEHSAIOT METO]I pa3/ieieHUs BOIHBI, U3JIy4aeMON OJTHUM
UCTOYHUKOM, Ha JIBE 4YacTH, KOTOpbIE IIOCIE€ MPOXOXKIAEHUS pA3HbIX ONMuUYecKux nymei
HaKJIaJbIBAIOTCS IPYT HA JIpyra, U HaOJtoJaeTcs MHTeppepeHIIMOHHAs KapTHHa.

[lycTp pazneneHne Ha J1Be KOI€pEHTHBIE BOJIHBI IPOUCXOIUT B ompeneiaeHHor Touke O. [lo Touku M, B
KOTOpOH HalOnogaercs HWHTepPEpeHIMOHHAs KapTHHA, OJHAa BOJHA B Cpele C IOKa3aTeleM
IIPEJIOMJIEHUS 11 IPOLLIA ITyTh S1, BTOpasi — B CPEJie C IOKa3aTeJIeM IIPEIOMIIEHUs n2 — MyTh s2. Ecin
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B Touke O (a3za xoseOaHuil paBHA ¥, TO B TOUKe M mepBas BojiHa BO30yuT Kosnebanue 41cos(t—s1/vi),
BTOpasi BOJIHAa — Kosiebanue A2cos(f—s2/vz2), re vi=c/ni, va=c/n2 — COOTBETCTBEHHO (ha30Basi CKOPOCTh
NepBOil M BTOPO#I BOJIHBL. PasHoCcTh (ha3 konebanwmii, BO30y»KIaeMbIX BOJTHAMHU B TOuke M, paBHa
b= (ﬂ—ﬂ)ﬁ—" (m—sim) = L= L) === A
v: v/ A A 'S

(yunu, 9to @ /c = 2nvic = 21/ Ao, TAe Ao — nnuHa BOJHBI B Bakyyme). [Ipou3BeneHne reoMmeTpuaeckon
JUIMHBI § TyTH CBETOBOW BOJIHBI B JIAHHOW cpejle Ha IOKaszareidb 7 MPEIOMIICHHS ITOW Cpeibl
Ha3bIBACTCS ONTHYECKOM MJIuHOM myTH L, a A = L2 — L1 — pa3HOCTh ONTHUYECKUX JIJIMH NPOXOAUMBIX

BOJIHAMU IIyTE€Hd — Ha3bIBACTCS ONTHYECKOH Pa3HOCTBIO XoAa. Ecim onruuyeckas pasHOCTb XozAa
paBHa LIEJIOMY YHUCIy JJIMH BOJH B BaKyyMe
A=1+mly (m=0,1,2,..), (1722)

TO 0 = +2mm, u KonebaHusi, BO30yKaaeMbie B ToYke M o0enMHU BOJHAMHU, OyIyT MPOUCXOIUTH B
onuHakoBoil  (daze. CrenomarenbHo, (172.2) sBusgercs ycaoBHeM HHTep(epeHIHOHHOIO
MaKCcUMYyMa.

Ecnu onTrueckas pa3HOCTb X0/1a

)
A=+Cm+1)2 (m=0,1,2,..)
2 e (172.3)

TO O = #2(m+1)m, u xKonebaHus, Bo30yxknaemble B Touke M o0eMMM BOJIHAMHU, OyIyT MPOUCXOAUTH B
npotuBodasze. CrnenoBatenbHo, (172.3) siBnsercs ycjoBueM HHTepPGepeHIMOHHOT0 MUHIMYMA.

4. lIpumenenne nuTepdepeHn U cBeTA

SlBnenne wuWHTEpepeHIHH OOYCIOBICHO BOJHOBOM TPUPOAON CBETa; €ro KOJIWYECTBEHHBIE
3aKOHOMEPHOCTH 3aBHCAT OT JIMHBI BOIHBI Ao. IlosToMy »5TO sBIEHME mNpHUMeEHsETCS Ui
MIOATBEPKICHUS BOJHOBOM INPUPOJABI CBETA U I U3MEPEHUS JIMH BOJH (MHTep(epeHLOHHAsA
CIIEKTPOCKOMNHUA).

SIBnenue uHTEpGEPEHIMH TPUMEHSIETCS TakXKe Ul YJIy4IIeHHs KadecTBa ONTHYECKUX NPUOOPOB
(mpocBeT/ieHHe ONTHKH) U MOJTYy4YEeHUs! BBICOKOOTPAXKAIOLIMX MOKPLITHHA. [IpoxoxkaeHnue cBera uepes
KOKIYI0 IPEJOMISIONIYI0 IIOBEPXHOCTb JIMH3BI, HAllpUMEpP YEpe3 TIpaHMIly CTEKI0—BO3IYX,
COMPOBOXKAACTCS OTpakeHueM ~4% magaroniero noToka (mpyu moxkasarese npejoMiieHus crexkia ~1,5).
Tak kak coBpeMeHHbIE 00BEKTUBBI COJEPKAT OOJIBIIOE KOTMUYECTBO JMH3, TO YUCIO OTPAKEHUNA B HUX
BEIIMKO, a I[O9TOMY BEJIMKH M TIOTEPH CBETOBOTO IOTOKA. TakuMm 00pa3oM, HHTEHCHUBHOCTb
IPOILEAIIEr0 CBETa OCNa0JIAeTCs] U CBETOCWJIA ONTHYECKOro mnpubopa ymeHnsluaercs. Kpome Ttoro,
OTpaXeHUs OT MOBEPXHOCTEW JIMH3 MPUBOJAAT K BO3HUKHOBEHHIO OJIMKOB, YTO 4acTo (Hampumep, B
BOCHHOM TEXHUKE) IEMACKUPYET MOJI0XKEHUE nproopa.

Jlig ycTpaHeHMs yKa3aHHBIX HEIOCTaTKOB OCYIIECTBIIIOT TaK Ha3bIBaEMOE npoceemiaeHue onmuku. Jis
3TOro Ha CBOOOJHBIE MOBEPXHOCTH JIMH3 HAHOCST TOHKHE IUICHKH C IOKa3aTeJeM IpeoMIICHU,
MEHBIINM, YeM y MaTepuasa JuH3blL. llpu oTpakeHMM cBeTa OT IpaHUI] pasjena BO3AyX—IUIEHKA U
IJIEHKa—CTEKII0 BO3HUKAET UHTep(epeHIns KorepeHTHbIX nyue /' u 2' (puc. 253). TonmuHy miaeHKA
d ¥ ToKaszaTenau MpeloMJIEHMsI CTEKJa Ac U IUIEHKM 7 MOYKHO MOA0OpaTh TakK, 4TOOBI BOJIHBI,
OTpa’K€HHBIE OT 00EUX MOBEPXHOCTEN IUIEHKHU, TaCHIIU APYT ApyTa. JJIsl 3TOro uX aMIuIuTyAbl TOJIKHbI

OBITH paBHBI, @ ONTHYECKAs PA3HOCTh XOJa paBHA (m+1)%° (eM. (172.3)). Pacyer moka3bIBaeT, 4To

aMILIUTY 1Bl OTPAXKEHHBIX JIy4€l PaBHBI, €CIIU
n = R
V. (175.1)

Tak kak nc, n U TOKa3aTeIb NMPETOMIICHHS BO3AyXa /0 yJOBIECTBOPSIOT YCIOBUAM Hc >N>N0, TO MOTEPS
NOJYBOJHBI MPOMCXOAMT Ha OOCMX TIOBEPXHOCTSX; CIIEOBATENFHO, YCIOBHE MHHUMYyMa
(mpeamnonaraeM, 4TO CBET MAJAaeT HOPMAJIbHO, T. €. i=0)

2nd = 2m+1) %,

rae nd — onTU4YecKasi TOJIUHA IIeHkH. OObuHO npuHUMaroT m=0, Toraa
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nd = Jo/4.

IIpocBeTnsio w1 un
cion Pac. 253

@ B 4em 3akmovaeTca CyTb NPOCBETNEHNA ONTH-
Ku?

® Korga n noyemy cnoft (cnow) c onru4eckod
TONLWHOA B 4ETBEPTL ANWHLI BONHGLI CIYXHUT
{criyxat) Ans NONHOTO rawleHns OTPaNKEOHHLIX
nydei n ANA NONYYSHNA BbiCOKOOTPAXAIOWMX
NOKPBLITHA?

Takum o0Opa3om, eciu BeIONHSIETCS yeinoBue (175.1) u onTryeckas TOJNIUHA TUIEBKH paBHA Ao/4, TO B
pe3ynbrate HHTephEpeHIUHd HaOMIOJaeTCsl TralleHHe OTPaKeHHbIX Jydeil. Tak kak d0OUThCS
OJTHOBPEMEHHOTO TAIlIEHUs JIJIsl BCEX JUTUH BOJH HEBO3MOXKHO, TO 3TO OOBIYHO JeaeTcs sl Hanboee
BOCIIPUUMYHMBOM TJ1a30M JUIMHBI BOJNHBI A0=0,55 MkM. IlosTOMy OOBEKTHBBI C MPOCBETICHHOMN
ONTUKON UMEIOT CUHEBATO-KPACHBINA OTTCHOK.

Coznanne BBICOKOOTPAXKAIOIIMX TMOKPBITUHA CTal0 BO3MOXKHBIM JIMIIb HAa OCHOBE MHOTIOJIYy4eBoil
UHTep(pepeHnnU. B oTnmune ot 1ByXiTy4eBoil HHTEpPEepeHIINN, KOTOPYIO Mbl pacCMaTPUBAIH JI0 CUX
1op, MHOTroJIyueBasi MHTep(epeHIMs] BO3HUKAET IMPU HAIOKEHHH OOJBIIOTO YHClIa KOTEPEHTHBIX
CBETOBBIX Iy4yKOB. PacmpeneneHne MHTEHCUBHOCTH B HMHTEP(EPEHIIMOHHONW KapTHHE CYIECTBEHHO
pasnuyaercs; UHTepPEepeHINOHHbIE MAaKCUMYMbl 3HAYUTENIBHO YK€ U Sipue, YeM MPHU HAIO0KEHUU JIBYX
KOTEPEHTHBIX CBETOBBIX Iy4KOB. Tak, pe3yapTHPYIOIIAs aMIUIMTYJa CBETOBBIX KOJeOaHUM
OJIMHAKOBOI aMIUIUTY/Ibl B MaKCUMyMaX WHTEHCHUBHOCTH, T'JI€ CIOXKEHHE MPOUCXOJUT B OJAMHAKOBON
dase, B N pa3 Gonblie, a MHTEHCUBHOCTh B N’ pa3 Golblie, yeM OT OJHOro Mmyuka (N — YHCIO
uHTepdepupyomux my4koB). OTMETUM, YTO JIJIS HAXOXKACHUS Pe3yIbTUPYIOUIEH aMIUIUTYAbl yI00HO
NOJI30BAThCS TPAPUUECKIM METOAOM, MCHOJIb3Ys METOJ BPAIIAIOLIEroCcss BEKTOpa aMIUIUTYbI (CM.
140). MHoromy4deBast HHTEpPEPEHIIHS OCYIIECTBIsAETCS B qudpakioHHon pemretke (cm. 180).

MHoOrony4eBy0 HHTEPHEPEHIIMI0 MOXHO OCYIIECTBHUTh B MHOTOCIOWHOM CHCTEME YepemyIOLINXCs
IJICHOK C Pa3HBIMHU TOKA3aTENsSIMH MPEIOMIICHHUSI (HO OJMHAKOBOW ONTHYECKOW TONIIWHON, PaBHOM
Ao/4), HAaHECEHHBIX Ha OTPAXKAIOIIYI0 MOBEPXHOCTH (puc. 254). MoXHO MOKa3aTh, YTO Ha TPaHUIIE
paszena IeHOK (Mexay ABYMs cl0sMU ZnS ¢ OOJIBbLIUM I0Ka3aTeJIeM NPEJOMIICHUS 711 HaXOAUTCA
IUICHKa KPHUOJUTAa C MEHBIIUM [IOKa3aTeJleM MpPeNOMIICHUSI 712) BO3HHKAeT OOJBIIOE YHUCIO
OTpPaKEHHBIX HMHTEp(EpHPYIOMUX Jyyeil, KOTOphIE MPH ONTHYECKOW TONIIMHE IJICHOK Ao/4 OyayT
B3aUMHO YCHJIUBAThCS, T. €. KOAI(POUIIMEHT OTpakKeHHUs BO3pacTaeT. XapaKTepHOH OCOOEHHOCTHIO
TaKOM BBICOKOOTPAXXaTEJIbHOW CHUCTEMBI SIBISETCS TO, YTO OHA [JEWCTBYET B OYEHb Y3KOU
CIIEKTPaJIbHON 00J1acTH, TpUYeM YeM OoJiblie KOd(DPHUIMEHT OTpaKeHHs, TEM YyKe 3Ta 00JacThb.
Hampumep, cuctema u3 cemu miueHok ans obnactu 0,5 MkMm naet kodhduuueHT oTpaxeHus p~96%
(mpu kodpduuueHte mnpomyckanus ~3,5% u koapdunmente mnornomenus <0,5%). IlomoOHbie
OoTpakaTeau TMPUMEHSIOTCS B Ja3epHOM TEXHUKE, a TaKkKe UCIHOJb3YIOTCA s CO3JaHus
UHTEPPEPEHIIMOHHBIX CBETO(QMIBTPOB (Y3KOIMOJIOCHBIX ONTHYECKUX (DUIIBTPOB).

SIBnenne wuHTEphEpPEHLIUH TaKKe TMPUMEHSETCS B OYEHb TOYHBIX M3MEPUTEIbHBIX MNpHOOpax,
Ha3bIBaEMBIX HHTEpdepomeTpamu. Bee nHTephepoMeTpsl OCHOBAHBI HA OJTHOM U TOM K€ NMPHHLIUIE U
pa3nuyaroTcs JMIIb  KOHCTpyKIMOHHO. Ha puc. 255 mnpencraBieHa yopolieHHas cxema
uHTepdepomerpa MaiikeabcoHa. MOHOXpOMaTHUECKUN CBET OT UCTOYHUKA S NMaJaeT Moj yriaoM 45°
Ha IUIOCKONapasuiebHyl0 MmiacTUHKy Pi1. CTopoHa MIIaCTUHKH, yJajdeHHas OT S, mocepeOpeHHas u
MONTyTIpO3padHasi, pa3feliseT JIy4 Ha ABE 4acTu: myd / (OTpakaeTcsi OT mocepeOpPeHHOro CJos) B JIyd 2
(mpoxonut yepe3 Hero). Jlyu / oTrpakaercs oT 3epkana M1 u, Bo3Bpaliasich 00paTHO, BHOBb ITPOXOIUT
yepe3 iacTHHKY Pi1 (siyu 1'). JIyd 2 uner k 3epkaiy Mz, oTpaxkaeTcs OT HEro, BO3Bpalaercs oopaTHo
U OTpakaeTcs OT MmiIacTUHKU P (Jyu 2'). Tak kak nepBblif U3 Jdy4yeil MPOXOIUT CKBO3b IUIACTUHKY Pi
JBaXIbI, TO JUIS KOMIICHCALIMM BO3HHUKAIOIIEH Pa3sHOCTH XOJla Ha IMYTH BTOPOTrO Jy4ya CTAaBUTCS
IUIaCTUHKA P2 (TOYHO Takas ke, Kak U P1, TOIbKO He MOKPBITas ClIoeM cepedpa).
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v/

Hpuonur Cynbdug
( Na3AIF;) UuHMa (ZnS)
My= 1,32 /1,*2’3
v 2
Crewio
H]
Prc. 254 Puc. 255

Jlyan I' u 2' KOTepeHTHBI; cJeloBaTelIbHO, OyJIeT HaOMogaTbcs MHTEpEpeHIHs, pe3yabTaT KOTOPOi
3aBUCHUT OT ONTHYECKON pa3HOCTH Xoja jdy4a / oT Touku O 1o 3epkana M1 u ayya 2 ot Touku O 10
3epkasia Mo. [lpu mepeMeneHny 0JHOTO M3 3epKajl Ha pacCTostHUE Ao/4 pa3HOCTh Xo/1a 000WX JIydeit
YBEJIMYUTCSA Ha Ao/2 W MPOM30MIET CMEHA OCBELIEHHOCTH 3puTenbHOro mois. CienoBarenbHO, MO
HE3HAYUTEIIFHOMY CMEIICHHIO HHTEP()EPEHIIMOHHON KapTHHBI MOKHO CY/IUTh O MaJIOM MEPEeMEIICHUT
OJIHOTO W3 3epKal M HCIONb30BaTh MHTEpdepomeTp MaiikenbcoHa s Tounoro (mopsaka 1077 )
U3MEpeHUsl JIMH (M3MEPEHUs] JUTMHBI TEJ, JUIMHBI BOJIHBI CBETA, M3MEHEHUS JUIMHBI Teja IpH
M3MEHEHUU TeMrepaTypsl (MHTep(EPEHIIMOHHBIN TUITATOMETD)).

3aaHust U BONPOCHI

1. Onpenenuth, KaKyro JJIMHY TMYTH S1 MPOHIET (POHT BOJTHBI MOHOXPOMATHUECKOTO CBETA B BaKyyMe 3a
TO K€ BpeMs, 32 KOTOPOE OH MPOXOIUT MyThb 52=1,5 MM B CTEKJIE C ITOKa3aTeaeM npeaomieHus na=1,5.
[2,25 MM]

2. B onpite FOnra menu, pacnosioxkeHHsle Ha pacctossauu 0,3 MM, OCBEIIATUCh MOHOXPOMATHUYECKUM
cBeToM C AnuHOM BonHBI 0,6 MKM. OmpeneiauTh pacCTOSHHE OT IIeNel 0 IKpaHa, €ClIu IIMpUHA
UHTEpPEPEHIIMOHHBIX MoJIoc paBHA 1 MMm. [0,5 M]

3. Ha ctexnsuubIi kiauH (n=1,5) HOpMaabHO MaJaeT MOHOXpOMaTH4YeCKuid cBeT (A=698 um). OnpenenuTsb
yroJl  MEXAY IOBEPXHOCTAMM  KIHMHA, €CIM  PAacCTOSHUE  MEXIy JBYMsS  COCEIHHUMU
uHTEephEPEHITMOHHBIMA MUHIMYMaMH B OTPa)KEHHOM cBeTe paBHO 2 MM. [0,4']

4. YcraHoBKa i HaOmoaeHus Kosiel HploToHa ocBeIaeTcsi MOHOXPOMAaTHUECKUM CBETOM, IMaaroluM
HOpMaJbHO. [Ipu 3amoiHEHMU TPOCTPAHCTBA MEXKAY JMH30M M CTEKJIIHHOM TUIACTUHKON MPO3pavHOi
KUAKOCTBIO pPaJuyChl TEMHBIX KOJIELl B OTPA)KEHHOM CBET€ yMEHbIIMIUCH B 1,21 pasza. Onpenennuts
MOoKa3aTellb MPEeJIOMJICHHS KUAKOCTH. [1,46]

5. Ha nuH3y c nokazareneM npeaomieHus 1,55 HopMaiabHO MajaeT MOHOXPOMATHUECKUM CBET ¢ JTMHON
BOJHBI 0,55 MkM. JlJ1s ycTpaHeHUsI TOTEPh OTPAXKEHHOI'O CBETA HA JIMH3Y HAHOCUTCS TOHKas IJICHKA.
Onpenenutsb: 1) onTUMaNbHBIM MOKa3aTedb MPEJIOMIICHUS MJIEHKH; 2) TONIUHY TuieHKu. [1) 1,24; 2)
0,111 mMxm]

6. B ombiTe ¢ unTepdepomerpom MaiikenbcoHa Ui CMEIIEHUs] UHTepPEpEeHIIMOHHON KapTuHbl Ha 450
MOJIOC 3€pKajo MNPUIUIOCh HepeMecTuTh Ha pacctosiHue 0,135 mm. Omnpenenutsh UIMHY BOJIHBI
najaroniero ceera. [0,6 MKM]

7. Ha nytu omHoro usz nyudeil MHTEpGEpPEHLUOHHOTO pedpakToMeTpa MOMECTHIIM OTKauYaHHYIO TPYOKy
mmHou 10 oM. Ilpu 3anomHenun TpyOku XjIopoM MHTEpEpEeHIIMOHHAs KapTHHA cMecThiIach Ha 131
nosiocy. OrmnpenenuTh IoKa3zaTelb MPEIOMIICHUS XJIOpa, €ciad HaOMIoJeHHEe MPOUZBOJUTCS C
MOHOXPOMaTHUYECKUM CBETOM C JUIMHOU BOIHBI 0,59 mkMm. [1,000773]

Cnucok Juteparypbl
1. bapcyxos, B. NI. ®usuka. Mexanuka [DnekTpoHHbIN pecypc] : yueOHoe nocodue AJis CTYIEHTOB
BBICHIMX Y4eOHBIX 3aBeJICHHH, 00yUaromuxcs N0 TEXHUYECKUM HaIlpaBJIEHUSIM MTOJATOTOBKH U
cnenuanbHocTsIM / B. U. Bapcyxkos, O. C. JIMuTpueB. — DIEKTPOH. TEKCTOBbIEC JaHHbIE. — TamMOOB :
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TamOGoBckmii rocyrapcTBeHHbIN TexHuueckuit ynusepcuter, 9bC ACB, 2015. — 248 ¢. — 978-5-8265-
1441-2. — Pexwum nocryna: http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®usuka. Mexanuka [ D1eKTpOHHBIN pecypc] : yuebHoe nocobue ais By30B / A. B.
3103uH, C. b. MockoBckuii, B. E. TypoB. — DneKTpoH. TeKCTOBbIE AaHHBbIE. — M. : AKaJIeMUYECKUI
IIpoekt, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uzuka : ydeOHUK : U1 CTYJCHTOB BY30B, 00YYarOIUXCs IO TEXH. HAMP.
noxrotoBku / T.U. Tpodumosa. - 2-e u3z., nepepad. u gom. - Mocka : Akagemus, 2013. - 346 c. : ui. -
(Bricmiee npodeccuonansHoe obpazoBanue) (bakanaspuart). - [Ipenm. yxkas.: c¢. 330-339. - ISBN 978-5-
7695-9820

4. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3aaad: B 2-x 1. : yueOnux / T.U.
Tpodumona, A.B. ®upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.U., ®upcosa A.B., CoopHUK 3a1a4 110 Gu3uke- 2-¢ u3., nepepad. u aorm. - Mocksa :
Axagemus, 2013.

IHNPAKTUYECKOE 3AHATHE Ne 22-23 TU®PAKIUA CBETA

Hesab-3akpenuTh M3y4YeHHBI MaTepuan no Temartuke «udpaxmus ceera. [lpunnun [roiirenca —
Openens. Meroa 308 @penens. [Ipamonuneiinoe pacrpoctpanenue cseta. Judpaxius Openens Ha
KPYTJIOM OTBepCTHH U aucke. Judpakuus @paynrodepa Ha ogHoit menu. JJudpakuus Opaynrodepa
Ha nudpakuroHHol pemetke. [IpocTpancTBeHHas penieTka. PaccesHue cBeray.

OcBauBaemble KOMIETEeHIIMM B PE3yJIbTaTe MPOBEACHUS MPAKTHUECKOIO 3aHITHUS YKa3aHbl B IIyHKTE
«O01mue cBeeHUs

AKTYyaJIbHOCTh NPAKTHYECKOr0 3aHATHSl — 3aKPENUTh IOJTYYEHHbIE TEOPETUUYECKUE 3HAaHUSA U
BbIPAa0OTATh HABBIKM U YMEHMsI IPAKTUYECKOTO PELICHNUS 3334, B TO YUCIIE U CAMOCTOSITENBHO.

3HaTh:

- METO/Ibl CaMOOPIaHU3alMK K caMOOOpa30BaHMIO CTYJI€HTAa HalpaBiIeHUs «XHUMHUYECKas
TEXHOJIOTUS»,  CIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJb30BATh ~ OCHOBHBIC  3aKOHBI
€CTECTBEHHOHAYYHbIX JUCLUILIMH B MPO(ECCHOHANBHON AEATENbHOCTH, OCHOBHBIE 3aKOHbBI (DU3HKH,
METOBl SKCIIEPUMEHTAIBHOTO MCCIIEOBAHUS, OCHOBHBIX (M3WYECKUX TEOPHH JJs pELICHHS
BO3HHUKAIOMIUX (U3NYECKUX 337ay, CAMOCTOSTEIBHOIO MPUOOpeTeHus (U3NYECKUX 3HAHUM, I
MOHUMAaHMsI TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEIEIIbI
KOMITETEHTHOCTH KOHKPETHOTO HAIPaBJICHUS

Ymern:

- OCYILECTBIIAT YPPEKTUBHYI0 KOMMYHHMKALIMIO B KOJUIEKTUBE JUIsl peIIeHHsI TPO(ECCHOHAIBHBIX
3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIOJB30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCLUIUINH B HPOQECCHOHATIBHON AEATENBHOCTH, MCIIOJIb30BaTh 3HAHUSA OCHOBHBIX (PU3MUECKUX
TEOPUI Uil pEIICHUS BO3HUKAIONMX (U3MUYECKUX 3a]a4, CAMOCTOSTEIBHOIO NPUOOpPETEHHS
(Gu3n4ecKux 3HAHMUH, A7 MOHMMAHUS IPUHIMIOB PabOThl MPUOOPOB M YCTPOMCTB, B TOM YHUCIIE
BBIXOJSIIMX 3@  Ipeneiabl  KOMIIETEHTHOCTM  KOHKPETHOI'O  HAlpaBl€HUs, I[PUMEHSTH
COOTBETCTBYIOIMI (DU3MKO-MAaTeMaTUYECKUI amnmapar, METOJAbl aHaiu3a M MOJEIUpPOBaHMI,
TEOPETUYECKOTO U SKCIIEPUMEHTAILHOTO HCCIIeI0OBAHUS IPU PEIICHUH MPO(EeCCHOHANBHBIX 3a/1a4.

Baangern:

- HaBblKaMH paboOThl B KOMaHJE, HaBbIKAMH BECTU MHMAJIOT, JEJIOBOM CIHOp;  CIIOCOOHOCTh K
CaMOOpraHu3allMM U €aMOOOpa30BAHUIO, HABBIKAMU HATYypPHBIX JKCIIEPUMEHTOB C IOCIEAYIOIIEH
00paboTKOW MX pe3yNbTaTOB, METOJAMH MAaTEeMATHYECKOTO, KOMIBIOTEPHOTO U (PU3UUECKOro
MOJEIUPOBAHUS, METOJAMH PELICHHs TEXHUYECKHX 3aja4d, pacueTa MPOU3BOJACTBEHHBIX ITPOLIECCOB U
KOHCTPYHUPOBAHHUS ~ COOPYXXEHHMH, MallMH M  TEXHOJOTHYECKOT0  000pYAOBaHMS,HAaBBIKAMH
OLIEHUBAHMS PE3yJIbTaTOB CBOEH MPO(ECCHOHANBHOM IEATEIIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMHM (PU3MKHM, HABBIKAMH  CAMOCTOSATEIBHOTO NPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
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IMOHUMAaHUW HPUHIHIIOB pa6OTBI HpI/I60pOB u YCTpOfICTB, B TOM YHCJIC BBIXOAAIIUX 3a HPCACIIbI
KOMIICTCHTHOCTHU HaIIPAaBJICHUA XuMu4decKass TeXHOIOTUS

Teopernyeckas yactTb

1. Ilpunuun I'olirenca — ®penens

Judpaknmeii Ha3pIBacTCs OrHOaHUE BOJHAMH TPEMSTCTBUN, BCTPEUYAIOIINXCS HA UX IyTH, WU B OoJiee
IIMPOKOM CMBICIIE — JIF000€ OTKJIOHEHHE PACHpPOCTPAHEHHUS BOJIH BOJIM3H NMPETSTCTBUI OT 3aKOHOB
TeOMETPUYECKOM ONTHKH. biiarogaps audpakiuu BOIHBI MOTYT MONAAaTh B 00JaCTh T€OMETPUICCKOM
TEHU, OrU0aTh MPETSITCTBYS, MPOHUKATH Yepe3 HeOObIINe OTBEPCTHS B dKpaHax W T. A. Hampumep,
3BYK XOPOIIIO CIIBIIICH 32 YTJIOM JIOMa, T. €. 3ByKOBasi BOJIHA €r0 Orudacr.

SABnenne nudpakIuu 0OBICHICTCS ¢ TOMOIIBIO npunyuna Iioteenca (cMm. 170), corilacHO KOTOPOMY
Ka)K/1asi TOYKa, 0 KOTOPOW JOXOJUT BOJIHA, CIIY)KUT IICHTPOM BTOPHYHBIX BOJIH, @ OrHOAroIas 3THX
BOJTH 33/1a€T IOJIO’KEHNE BOJIHOBOTO ()POHTA B CIICAYIOLIHIA MOMEHT BPEMEHH.

[TycTh mnockasi BOTHA HOPMAJILHO MAaJaeT Ha OTBEPCTUE B HEMPO3payHOM dKpaHe (puc. 256). CormacHo
lfoifreHcy, kakgash TOYKa BBLICISIEMOTO OTBEPCTHEM YYacTKa BOJHOBOTO (POHTA  CITY)KUT
UCTOYHUKOM BTOPWUYHBIX BOJH (B OIHOPOJHOW HW30TPOIHOW cpene oHU cdepuueckue). [loctpous
0r1z16a}0my}0 BTOPUYHBIX BOJIH JJIsI HCKOTOPOro MOMEHTA BPEMCHH, BUAUM, UTO q)pOHT BOJIHBI 3aXOOUT
B 00JIaCTh T€OMETPUYECKON TEHH, T. €. BOJIHA OTU0AET Kpast OTBEPCTHSI.

REITRIRIINIEY

@ lMovemy nmppakumt s8yKa noBcefjHeBHO 60-
nee ouesnfHa, 4em Avdpaxyus cBeTta?

_@;,(}; P\:,b\'/y @ Kakosbl AONONHeHMA ®DpeHens K NpuHUMRY

‘ Z - MNoArenca?

SIBnenue nugpakuyu XapakTEpHO ISl BOJHOBBIX MpolieccoB. [1oaToMy ecnu CBET SBISIETCS BOJHOBBIM
IPOLIECCOM, TO JUIsl HErOo JOJDKHA HaOmroAaTbes Audpakius, T. €. CBETOBas BOJHA, MaJarolas Ha
TPaHUIy Kakoro-mu0o HENpo3payHOro Tenla, JOJKHAa orubath ero (MpoHUKaTh B 00IaCTh
reoMeTpuYecKoil TeHn). M3 onbiTa, 01HAKO, U3BECTHO, YTO MPEAMETHI, OCBELAEMbIE CBETOM, HIyLIUM
OT TOYEYHOI0 HMCTOYHMKA, JAIOT PE3KYI0 TEHb W, CIEAOBATEIbHO, JyYHM HE OTKIOHSIOTCS OT MX
IPSIMOJIMHEWHOT O pacnpocTpaHeHus. [logemy e BO3HUKAET pe3Kas TEHb, €CJIH CBET HMEET BOJIHOBYIO
npupony? K coxanennto, reopus I'tolireHca 0OTBETUTh Ha 3TOT BOIPOC HE MOTJIA.

[Tpunnun Ioliredca pemaeT JaMIIb 3aJady O HalpaBJIEHUHM PACIPOCTPAHEHUsI BOJIHOBOTO ()POHTA, HO HE
3aTparuBaeT Bompoca 00 aMIUIMTyJe, a CcleloBaTeabHO, W 00 HHTEHCHBHOCTU  BOJIH,
PacIpOCTPaHSAIOIINXCS MO pPAa3sHbIM HampasieHUAM. DpeHenb BIOXKWI B NpUHOUN [rolireHca
(u3uUecKuii CMBICI, TOTIOJIHUB €ro uaeel MHTepPepeHIIMY BTOPHYHBIX BOJIH.

Cormacio mnpuHuuny I'woiirenca — ®@peHeiasi, CBEeTOBas BOJIHA, BO30yXkmaaemas KaKUM-JTHOO
UCTOYHUKOM S, MOXET OBITh MPEJCTABICHA KaK pe3yabmam cynepno3uyuu Ko2epeHmHuix 6mopuiHbIX
60/H, «U3IY4YaeMbIX» (PUKTUBHBIMH HMCTOYHUKAMHU. TakUMM HCTOYHMKAMU MOTYT CIIY’KUTb
OECKOHEUHO MaJlble JJIEMEHTHI JI000M 3aMKHYTOH IOBEPXHOCTH, OXBATHIBAIOIIEH MCTOYHHK S.
OOBIYHO B KaueCTBE 3TOM MOBEPXHOCTH BHIOMPAIOT OJHY M3 BOJIHOBBIX IOBEPXHOCTEH, MO3TOMY BCE
(UKTHBHBIC UCTOYHUKU NeHCTBYIOT cuH(pa3Ho. TakuM 00pa3oM, BOJIHBI, PacIPOCTPAHSIONIMECS OT
UCTOYHUKA, SIBISIOTCA PE3YJIbTATOM MHTEP(EPEHLUH BCEX KOTE€PEHTHBIX BTOPUYHBIX BOJIH. DpeHensb
UCKJTIOUMJI BO3MOXXHOCTb BO3HHMKHOBEHHSI OOPAaTHBIX BTOPHUYHBIX BOJH M MPEANOJIOXKUI, YTO €CIU
MEXJy MCTOUHUKOM M TOYKOW HAOMIIOJCHMS HAXOIUTCS HENPO3pauHblid 3KpaH ¢ OTBEPCTHEM, TO Ha
MOBEPXHOCTHU KpaHa aMIUIMTyAa BTOPUYHBIX BOJIH paBHA HYJIIO, @ B OTBEPCTUU — TaKasl Xke, Kak Ipu
OTCYTCTBHUHM DKpaHa.

VYyer ammuuty U (a3 BTOPUYHBIX BOJH MO3BOJISIET B KAXKJIOM KOHKPETHOM CIIydae HaWTH aMILUTUTYyIy
(MHTEHCHBHOCTB) PpE3yJIbTUPYIOIIEH BOJHBI B JHOOOH TOYKE MPOCTPAHCTBA, T. €. ONPEACIUTH
3aKOHOMEPHOCTH PaclpoCTpaHeHUs cBeTa. B olrieM cirydae pacueT nHTEp(dEepeHINH BTOPUIHBIX BOJTH
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JIOBOJIbHO CIIOKHBIM M TPOMO3JKUMN, OJHAKO, Kak OyAeT MOKa3aHO HIXKE, /Ui HEKOTOPBIX CIy4yacB
HAaXOXKJICHUE AaMIUIUTYAbl  PEe3yJIbTHPYIOMIETO KOJEOAHHWS OCYMIECTBISICTCS — aireOpamdecKuM
CYMMHPOBaHHEM.

2. Metoa 301 @peneds. [IpsimoinHeliHOe paclpocTPpaHEeHHE CBETa

[Ipunuun I'roiirenca — @peHenst B paMKax BOJHOBOM TEOpHUU JIOJKEH OBLT OTBETUTh HA BOIPOC O
NPSIMOJIMHEMHOM PpacIpoCTpaHEeHUn cBeTa. PpeHenb pemms 3Ty 3anady, pacCMOTPEB B3aWMHYIO
UHTEPPEPEHIMIO BTOPUYHBIX BOJH WM NPUMEHHB IPHEM, TOJIYYHBIIUI Ha3BaHHWE MeTOda 30H
DpeHess.

Haitnem B npou3BOJbHOW TOYKE M aMIUIUTYyAy CBETOBOW BOJIHBI, PACIIPOCTPAHAIOLIEHCS B OJHOPOIHOM
cpeze u3 ToueyHoro uctoynuka S (puc. 257). CornacHo npuninuny ['roiirenca — ®peHens, 3aMeHUM
NeiicTBME  HMCTOYHMKA S  JEHCTBUEM  BOOOpPa)Ka€MBbIX  HCTOYHMKOB, PACIOJIOKEHHBIX  Ha
BCIIOMOTaTeNbHOW MOBEepXHOCTH @D, SBIAIOMIEHCS MOBEPXHOCTbIO (PpOHTA BONHBI, uayled u3 S
(moBepxHOCTH cepsl ¢ 1eHTpoM S). DpeHenb pa30omI BOJHOBYIO MOBEPXHOCTh @ Ha KOJIBIIEBBIC 30HBI
TaKoro pa3zMepa, YTOObI pacCTOSIHUS OT KpaeB 30HbI 10 M oTinudanuck Ha A/2, T. €. PIM — PoM = P.M

— PIM = PsM — P-M = ... = A/2. [lonoOHoe pa30ueHue (GpoHTa BOJIHBI HA 30HBl MOYKHO BBIIIOJHUT,
A A A
MpoBeIsl ¢ LIEHTPOM B Touke M cepwl paauycamu b + EX b+ 25, b+ 35, ... . Tak xak xonebaHus

OT COCEIHMX 30H HPOXOMAT A0 TOYKH M paccTosiHMA, oTiIMyaromuecss Ha A/2, To B TouKy M oHH
MPUXOJAT B MPOTHBOTONOKHON (ha3e W MPU HAIOKEHUU ITU KoseOaHusi OyayT B3aMMHO OCTIA0JIATH
npyr apyra. [TosToMy aMIuMTyia pe3yJbTHPYIOIIEro CBETOBOrO KoyieOaHus B Touke M

A=A —Ay+ Ay—Ag+ ..., (177.1)

rae A1, A2, ... — aMIUTATYABI KoJieOaHWi, BO30yXIaeMbIx 1-H, 2-1, ..., m-il 30HaMH.

SRS
A

NW

S SRIUANON (AR
KRSy

S

Jl71g olleHKH aMIUTUTYy [ KonebaHui Haiinem muomanu 30H @penens. [lycTs BHEWIHSS TpaHUIia m-i 30HBI
BBIJICJISIET HA BOJHOBOH IMOBEPXHOCTH CPEPUUECKUN CETMEHT BBICOTHI /m (puc. 258). O003Ha4MB
IJIOIIAb ATOTO CErMEHTAa Yepe3 Om, HAWJEM, UTO IUIOMAAb m-il 30HbI Dpenens paBHa Aom = Om — Om-
1, TOE Om-1 —IUIOIaAb C(hepuIecKoro CerMeHTa, BhIIEISEMOro BHEIIHEH TpaHulieit (m — 1)-if 30HBI.
W3 pucyHka cienyer, 4To

2 _ 2 _ 2 2 _ 2
r=a*—(a—hy)? =+ mif2)2 — b+ h)™ (177.2)
[Tocie aeMeHTapHBIX TPEOOPa30BAHUN, YUUTHIBAS, UTO A<<a U A<<b, MOIydnM
bmi
b = .
2(a+b) (177.3)
[Tmomane cepruueckoro cerMeHTa v IIOMAIAL - 30HBI DpeHeNsi COOTBETCTBEHHO PaBHBI
nrabi " nabi
Oy = 2nah,, = —— m, AG, = Gy — Opy .| = —.
a+b a+bd (177.4)

Boipaxxenue (177.4) He 3aBUCUT OT m, CIENOBATENbHO, MPU HE CIMIIKOM OOJBIIMX M TUIONIAAU 30H
®penens onuHaKkoBEL. Takum 00pa3om, mocTpoeHue 30H OpeHens pa30uBacT BOJHOBYIO TTOBEPXHOCTh
cheprueckoil BOJIHBI HAa PaBHbBIC 30HBI.
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CornacHo npeanonoxeHnto OpeHensi, TeHCTBUE OTIACIBHBIX 30H B TOUKE M TeM MeHbIe, 4eM Ooublie
yIoJll @m (pUC. 258) MeX1y HOPMAJIBIO N K IOBEPXHOCTH 30HBI M HANpaBlIeHUEM Ha M, T. e. neiicTBue
30H TMOCTENEHHO YOBbIBaeT OT LEHTpalbHOU (okono Po) k mnepudepudyeckum. Kpome Toro,
MHTEHCUBHOCTh WM3JY4YCHHS B HANpaABICHUU TOYKUM M YMEHBIIAETCS C POCTOM /M U BCIEACTBUE
YBEJIMUYEHUS PaCCTOSIHUSI OT 30HBI 10 TOUKU M. YuuThiBast 06a 3Tux (pakTopa, MOKEM 3amucarhb

A>A>A> A> ..
OO6miee ynciio 30H d)peHeJm yMEMIaIouuXxcs Ha nonycq)epe OYCHb BEJIMKO; Hanpumep npu a=b=10 cMm u

2na*
A=0,5 MKkM N_nab}. . [loaToMy B KayecTBe JAOMYCTUMOIO MPHUOIMKEHHUSI MOKHO CUUTATh,

4TO aMIUIUTYyda KoieOanus Am oT HCKOTOpOﬁ m-1 30HBI CDpeHe.HSI paBHa CPpCAHCMY apI/I(bMCTI/I‘ICCKOMy
OT aMINIMTY I ITPUMBIKAIOIIHUX K Hel 30H, T. €.
Am—l +Am+l

A, = .
2 (177.5)

Torna Beipaskenue (177.1) MOKHO 3amucaTh B BUJIC

A A A A A A
A= l+“‘l‘—‘A2+ : "—3—A4 —5 +=——l,
2 2 2 2 2 2 (177.6)
TaK KaK BBIPQXEHUS, CTOSIIME B CKOOKax, cornacHo (177.5), paBHBI HyNIO, a OCTaBIIasCs 4acTh OT

aMILTUTY 1Bl TIOCTIeTHEN 30HBI £4,,/2 HUYTOXKHO Maja.

Pac. 258

® Y10 nossonun o6BLACHWUTE NpuHUMN oireH-
ca — ®peHenn?

® B 4YeM 3axn04aeTcA NPUHUMN NOCTPOBHNA 30H
dpeHenn?

@ B uyem 3axnmovaeTcA NpuHUKUR REACTBHUR 30H-
HbiX NNACTUHOK?

Takum 00pazom, aMIUIUTYy1a pe3yIbTHPYIOMUX KoJeOaHU B POM3BOJIBLHON TOUKe M orpenensercs Kak
OBl JIEHCTBHEM TOJBKO IIOJIOBHHBI IEHTpaabHOW 30HBI Dpenens. CrnegoBaTesbHO, JACHCTBUE BCEH
BOJIHOBOW TOBEPXHOCTHM HA TOYKY M CBOOUTCS K JEUCTBHUIO €€ MAJIOr0 Y4YacTKa, MEHBLIErO
LHEHTPAJIbHOM 30HBI.

ECJIH B BbIpakeHUU (177.2) mONIOKKM, 4TO BBICOTA ceTMeHTa /<<a (TIpy HE CIIUIIKOM OOJIBIITUX 1), TOT/Ia

r’ =2ah, . ToncraBup croma 3Hauenue (177.3), Haiimem pamuyc BHEIIHeil TpaHMIIBI M- 30HBI
®peHens:

rn J"""‘“‘ ml.
(177.7)

IIpu a=b=10 cm u A=0,5 MM paauyc mepBoil (ueHTpanbHOI) 30HbI 71 = 0,158 Mm. CrnenoBarenbHo,
pacnpocTpaHeHue cBeTa oT S K M npoucxoauT Tak, OyJATO CBETOBOM IMOTOK paclpoCTPAHSIETCS BHYTPU
OUYeHb Y3KOro KaHaja BHOdb SM, T.e. npamonuneiino. Takum oOpazom, npuHuun [roiirenca —
®peHenst MO3BOJIAET OOBSICHUTH IPSIMOJIMHEMHOE PACTIPOCTPAaHEHUE CBETA B OJIHOPOJIHOM CpeJie.

IIpaBomMepHOCTH AeneHHs BOIHOBOTO (ppoHTa Ha 30HBI DpeHens MOATBEPKICHA SKCIIEpUMEHTaNIbHO. J{is
3TOr0 HCIOJIB3YIOTCS 30HHBIE INIACTHHKH — B IPOCTEHIIEM Clly4ae CTEKJISHHbIE IUIACTHUHKH,
COCTOAIIME U3 CHCTEMBbl UYEPEIYIOLIMXCS MPO3PauHbIX M HENPO3pPauyHbIX KOHUEHTPHUUECKUX KOJIel,
IIOCTPOEHHBIX 10 NPUHLUIY pacnojokeHusi 30H DpeHens, T. €. ¢ paauycamu rm 30H PpeHens,
ornpenensieMbiMi BbipaxxeHueM (177.7) ans 3agaHHBIX 3HaueHWd a, b uw A (m = 0, 2, 4,...
npo3pauHblx U m = 1, 3, 5,... A8 Hempo3pauHbIX Kojel). Eciu momMecTuTh 30HHYIO IJIACTUHKY B
CTPOTO ONpPEJEIIEHHOM MecTe (Ha PAcCTOSSHUM @ OT TOYEHYHOI'0 MCTOYHMKAa W HA PacCTOSHUU b OT
TOUYKU HAOJIOJCHUS HA JIMHUM, COCIUHSIOIIEH ITH JBE TOYKH), TO JUIsl CBETA JJIMHOM BOJHBI A OHA
NEePEeKPOET YETHBIE 30HbI U OCTaBUT CBOOOJHBIMU HEUETHBIC HaYMHAs C LEHTpaJbHOU. B pesynbraTe
9TOro pe3ynpTupytomas ammutyga A=Ai1+A3+As+... 1omkHa ObITh OOJbIIE, YEM IMPHU MOJHOCTHIO
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OTKPBITOM BOJHOBOM (poHTe. ONBIT MOATBEPKAAECT 3TH BBIBOJBI: 30HHAS IUIACTUHKA yBEIMYUBACT
OCBEIIEHHOCTh B TOUKE M, NelcTBys MoJ00HO coOOMparomieil JuH3e.

3. Judpakuus PpeHenst Ha KPYIrJIoM OTBEePCTHH U AUCKe

PaccmoTrpuM andpaknmio B cxoasimmxces Jgy4dax, wiv gudpaxuuo PpeHens, OCylIECTBISEMYIO B TOM

1.

ciydae, Korna audpaxkiroHHas KapTHHA HAOJII0JaeTcsi Ha KOHEYHOM PACCTOSHUHM OT TPETISATCTBUS,
BBI3BaBILET0 AUDPAKIHIO.

Judpakuus Ha Kpyriom orBepcTum. Cdepuueckas BOJIHA, PACHPOCTPAHAIONMANCS M3 TOYECYHOTO
UCTOYHUKA S, BCTPEYaeT Ha CBOEM IIyTH 3KpaH C KPYIJIbIM OTBepcTUEeM. J[MppakunOHHYIO KapTUHY
Ha0JII0/1aeM Ha 3KpaHe D B TOUKE B, jexalieil Ha JUHUM, COeANHSIONMIEN S ¢ LIEHTPOM OTBepCTuUs (puc.
259). DkpaH nmapajuieneH IIOCKOCTH OTBEPCTUS M HAXOTUTCS OT HEro Ha pacctosHuu b. PazoObem
OTKPBITYIO YacTh BOJHOBOW mMoBepxHOcTH @ Ha 30HB PpeHens. Bua nudpakinoHHOW KapTHHBI
3aBUCUT OT uuncia 30H DpeHens, OTKPbIBAEMBIX OTBEPCTHEM. AMIUIUTYA pE3YJIbTUPYIOIIErO
KosiebaHus1, BO30yk1aeMoro B Touke B Bcemu 30Hamu (cMm. (177.1) u (177.6)),

A=A/2 % Anl2,

A€ 3HaK IIFOC COOTBETCTBYCT HCUCTHBIM 71 U MUHYC — YCTHBIM 1.

Puc. 259

® B yem otnmume pudipaxiuun dpenens Ha Kpyr-
NIOM OTBEPCTUN NPH OCBEWEBHUH 6r0 MOHOXPO-
MaTHUECKUM K BenbiM cBeToM?

® Korga nabniogaevcs pandpakuyms ®dpeHenn?
anppaxuns Spaynrodepa? -

® NMouemy andpakyuws He HaGniopaerTcs Ha 6o-
NBUWWX OTBEPCTHAX M BONbLLINX [UCKAX?

Korma oTBepcTie OTKpBIBae€T HEUETHOE YUCIO0 30H DpeHens, To aMIUIUTyAa (MHTEHCUBHOCTh) B TOUKe B

Oynmer Ooibllle, YeM MpPU CBOOOJHOM pPACHpPOCTPAaHECHUW BOJIHBI, €CIM YETHOE, TO aMILUIUTYaa
(MHTEeHCUBHOCTB) OyJeT paBHa HyI0. Eciin oTBepcTHE OTKpBIBaeT oHY 30HY DpeHens, To B TOUke B
amruutyaa A=Ai, T. €. BABoe 0oJibllle, Y4eM B OTCYTCTBUE HEMPO3PAYHOTO SKpaHa C OTBEPCTUEM (CM.
177). IHTeHCUBHOCTH CBeTa OOJIbILIE COOTBETCTBEHHO B YeThIpe pa3a. Eciin oTBepcTHEe OTKPHIBAET JBE
30Hbl @DpeHenss, TO HX JEHCTBUA B TOUYKEe B MNpaKTHUYECKH YHHUYTOXAT Jpyr JApyra u3-3a
uHTepdepeHru. Takum o0pa3om, AudpakoHHas KapTUHA OT KPYTJIOro OTBEpCTHs BOJIU3U TOUKU B
OyZeT UMEeTh BUJI YEPEIYIOLIMXCS TEMHBIX U CBETJIBIX KOJIEI] C LIEHTpaMH B TOUKe B (eciu m 4eTHOoE,
TO B LIEHTpE OyAET TEMHOE KOJIbIIO, €CIIH 71 HEYETHOE — TO CBETIIOE KOJIBLIO), IPUYEM HHTEHCUBHOCTh
B MakCHMMyMax yObIBAa€T C PACCTOSHUEM OT LIEHTPA KapTUHBI.

Pacuer AMIUIUTY bl PE3YJIbTUPYIOLICTO KoJIEOAaHHS Ha BHEOCEBBIX Y4aCTKax 9KpaHa Ooiee CJIOKCH, TaK

KaK COOTBCTCTBYIOIIHNEC UM 30HBI deeHen;[ YaCTUYHO NCPCKPBIBAIOTCA HCIIPO3PAYHBIM 3KPaHOM. Ecau
OTBCPCTHUC OCBCIIACTCA HC MOHOXPOMATUYCCKHUM, a OeJBIM CBCTOM, TO KOJIbIIa OKpAIICHBI.

Uucno 308 Dpenensi, OTKPHIBAEMBIX OTBEPCTHEM, 3aBUCUT OT €ro auamerpa. Ecnu oH OOmibIIONH, TO

Am<<A1 n pe3yabTUpYyIOLIas aMIuTyga A=A1/2, T. e. Takas ke, KaK U NPH HOJHOCTbIO OTKPHITOM
BOJHOBOM (poHTe. Hukakol nudpakimoHHONH KapTUHBI HE HAOIIOZAETCs, CBET PacHpOCTPaHSIETCS,
KaK U B OTCYTCTBUE KPYIJIOTO OTBEPCTHSI, IPSMOJIUHEIHO.

JNuppaxuus Ha aucke. Chepuueckas BoJHA, paCHPOCTPAHAIONMIASCS OT TOYEYHOTO HCTOYHHUKA S,
BCTpEYAeT Ha CBOEM MyTH IuCK. Jn(ppakiMOHHYI0 KapTHHY HaOII0JlaeM Ha 3KpaHe D B TOuke B,
JeXaleil Ha JIMHUM, coeAuHstome S ¢ neHTpom aucka (puc. 260). B nanHOM ciydae 3aKpbIThIN
JMCKOM Y4aCTOK BOJIHOBOTO (DpOHTa HANO MCKIIOUUTH U3 PACCMOTpPEHHs U 30HbI DpeHenst CTPOUTh
HauMHasg ¢ KpaeB aucka. [lycTs nuck 3akpbiBaeT m mnepBbix 30H @Dpenens. Torga aMmiauTyna
pe3yJIbTUPYIOLIEro KoieOaHus B TOUKE B paBHa

A A A
A=Ay~ Ani2+ Apyy— o = ”2'+l+<';+‘—Am+2+ ';+3)+...
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WU
A = Ay, 01/2,

TaK KakK BBIPAKEHMs, CTOSAIIME B CKOOKaX, paBHbI Hyt0. CiieioBaTebHO, B TOUKE B 6ce20a HabmronaeTcst
UHTEePPEPEHIIMOHHBIIT MaKCUMyM (CBETJIO€ TISITHO), COOTBETCTBYIOLIMH MOJIOBUHE JIEHCTBHS NMEPBOM
OTKpBITOM 30HBI Dpenens. LleHTpalbHbIll MAKCUMYM OKPYKEH KOHLICHTPUYECKUMU C HUM TEMHBIMH U
CBETJIBIMHU KOJIBIIAMH, @ HHTEHCUBHOCTh B MAaKCUMyMaX yOBIBAa€T C PACCTOSIHUEM OT LIEHTPA KapTHUHBI.

Puc. 260

® Yem onpepensaetcn, GyaeT nu 4ncho 3oH dpe-
Hens, OTKPLIBAeMbIX OTBOPCTMOM, YOTHLIM WK
HeYyeTHLIM? OTBeT 06O0CHOBATD.

@ Kakosbl xapakTepHble ocoBeHHOCTH andpax-
UWOHHOA KapTHHBI, NONy4alowmecs npu And-
paKLun Ha ManoM Henpo3payHoMm gucke?

C yBenmnueHuem paamyca JOHCKa IepBas OTKpeITag 30Ha @DpeHens ypansgercs OT TOYKM B n
YBEJIMYUBAETCS YTOMI @m (CM. pUC. 258) MeX1y HOPMANbIO K TOBEPXHOCTH 3TON 30HBI M HAIIPaBJICHUEM
Ha TOYKy B. B pe3yibTare MHTEHCHBHOCTHh LIEHTPAJbHOTO MAaKCUMyMa C YBEIMYEHUEM Pa3MEPOB
nucka ymenbnaetcs. [Ipu Oonbmmx pasmepax JucKa 3a HUM HaOJrofaeTcsl TeHb, BOJIM3M T'PAaHUI]
KOTOpOH MMeEeT MECTO BechMa cialasi Ju(pakioHHas KapThuHa. B nanHOM ciyuae nudpakuueii csera
MOYKHO IpeHeOpeyb 1 CYMTATh CBET PACHPOCTPAHSIOIIUMCS MPSIMOIUHEHHO.

Otmernm, 4yTO audpakmust Ha KPYIJIOM OTBEPCTHM M TU(PAKIUsS HA TUCKE BIIEPBBIE PACCMOTPEHBI
®peHeneM.

4. Iuppaxkuusa @payHrodepa Ha OTHOHU LIeTH

Hewmenxwii ¢puzuk U. @paynrodep (1787—1826) paccmoTpen nuppakuuio NJI0CKHX CBETOBBIX BOJIH,
win Audpakuui B napauiedbHbIX Jydax. Judpaxkuus Ppaynrodepa, nmeromas OOIbIIOE
NPaKTUYECKOe 3HAYCHHE, HAOMIONAeTCs B TOM CiIy4ae, KOTJa MCTOYHUK CBETa M TOYKAa HAOIIOIEHUS
OECKOHEUHO YJaJleHbl OT MpPENsATCTBHs, BBI3BABILEro AU(pakuuio. UToObl ATOT TUN AU(paKIUH
OCYIIIECTBUTh, JOCTATOYHO TOYECUHBI MCTOYHUK CBETA MOMECTHTH B (OKyCEe COOHMpAromiell JHH3bI, a
TU(QPAaKIMOHHYIO KapTHHY HccieloBaTh B (DOKaJIbHOW IUIOCKOCTH BTOpPOM coOuparomieil JIuH3b,
YCTaHOBJICHHOM 3a MPEMSTCTBUEM.

Paccmorpum audpaxmuio dpayHropepa OT OECKOHEUHO [JIMHHOM MIENH (11 3TOTO IMPAKTUYECKH
JIOCTaTOYHO, YTOOBl JJMHA IIeau Oblla 3HAYUTENbHO Oosblie ee mupuHbl). [lycTh mutockas
MOHOXpOMaTHYeCKasi CBETOBAas BOJIHA MaJaeT HOPMaJbHO IUIOCKOCTH Y3KOW ILIeNu MMPHHOHN a (puc.
261, a). Ontuueckas pa3HOCTb XojAa MexAy KpaHumu nydamu MC u ND, uaymiuMu OT ILEIH B
IIPOU3BOJIBHOM HAIPABIICHUU (),

A=NF=asin g, (179.1)
rae F'— oCHOBaHME MEPHEHIUKYJISIPa, ONMYIIEHHOr0 U3 Touku M Ha ny4 ND.

Pazo0beM OTKpBITYI0 YacThb BOJHOBOW IOBEPXHOCTH B IUIOCKOCTH Inenu MN Ha 30HB Dpenens,
UMeEIoIME BUJ NI0JI0C, apajlienbHbIX peOpy M menu. llluprHa kaxo# 30HbI BBIOUpPAETCsl TaK, YTOOBI
Pa3HOCTh X0J1a OT KpaeB 3THX 30H Oblja paBHa A/2, T. €. BCEro Ha IIUPUHE IeIU yMecTUTCs A:A/2 30H.
Tak kak CBET Ha ILEJb MaJaeT HOPMAJIbHO, TO IJIOCKOCTh ILEIM COBHAJAET C BOJHOBBIM (DPOHTOM;
CJIEZIOBATENIbHO, BCE TOUYKH BOJHOBOIO (DPOHTA B MJIOCKOCTHU IIEIH OyIyT KosiebaTbcs B OJMHAKOBOM
¢daze. AMIUIUTYAbI BTOPUYHBIX BOJH B IUIOCKOCTH ILIENM OyIyT paBHbI, TaK KaK BbIOpAaHHBIE 30HBI
®peHenst UMEIOT OJIMHAKOBBIE MJIOIAIN U OJIMHAKOBO HAKJIOHEHBI K HAIPABJICHUIO HAOII0IEHUS.
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W3 Beipaxenus (179.1) BeiTekaeT, uTo yuciao 30H DpeHens, YKIAAbIBAIOIIMXCS Ha LIMPUHE LIEJH,
3aBUCHUT OT yria @. Ot yucna 30H @peHens, B CBOIO OUYEPE/b, 3aBUCUT PE3yJIbTaT HAJIOKEHUS BCEX
BTOPHYHBIX BOJH. VI3 NpUBEIEHHOI0 NOCTPOEHHUS CIIELYET, YTO NPU UHTEP(EPEHLIMHU CBETA OT KaXKA0H
napel cocednux 30H DpeHenst aMIUIMTyla Ppe3yJbTUPYIOIIMX KojeOaHWi paBHAa HYJIO, TaK Kak
KOJIEOAHUs OT KaXJIOW Mapbl COCETHUX 30H B3aUMHO racar Apyr japyra. CienoBarenbHO, €ClU YuUcio
301 Dpenens uemrnoe, TO

i .
asing = + 2m— m=1,23,.),
2 (179.2)

U B TOUYKe B HaOmogaercs: AM(p)pakKuMOHHBIA MUHUMYM (TIOJTHAsI TEMHOTA), €CIIH JKe Yuci10 30H Dpenens

HeuemHoe, TO
. A '
asing = + 2m + 1) > (rft =1273,.) (179.3)

u  HaOmogaercs  IM(QPAKUMOHHBIH  MAKCMMYM,  COOTBETCTBYIOIIMH  JCHCTBUIO  OIHOM
HECKOMIIEHCUPOBaHHOU 30HBI Dpenens. OTMeTuM, uyTo B HanpasieHun ¢=0 1menp AeHCTBYeT Kak o Ha
30Ha DpeHerns, U B 3TOM HaIpaBJIEHUU CBET PAaCIPOCTPAHAETCS ¢ HAMOOJbIIEeH HHTEHCUBHOCTBIO, T. €.
B TOUKE Bo HaOoaeTcs HeHTPAJbHbIN TH(PAKIHOHHBIA MAKCUMYM.

N3 ycnosuii (179.2) u (179.3) MOXKHO HaTH HAMpaBIICHUS HA TOYKH SKpaHa, B KOTOPBIX aMILIUTyaa (a
CJIEZIOBATEJIbHO, U MHTEHCUBHOCTb) PaBHA HYIIO (Sin@min = + mA/a) win MakcuMaibHa (SIN@max =
+(2m+1)A/2a)). Pacnpenenenne MHTEHCUBHOCTH Ha JKpaHE, MOIy4aeMOe€ BCIEACTBUE TU(PPAKLUU
(mnpakuuoOHHBIN CNIEKTP), TPUBEJCHO Ha puc. 261, 6. PacdeTsl mOKa3pIBaIOT, YTO HHTEHCUBHOCTHU B
LEHTPaJbHOM M IOCIEAYIOMX MakcuMymax oTHocsatcs kak 1 : 0,047 : 0,017 : 0,0083 : ... T.e.
OCHOBHAsl 4acTb CBETOBOWM HSHEPrMHM COCPEIOTOYEHA B LEHTPAIbHOM MakcuMmyme. M3 ombita u
COOTBETCTBYIOIIUX PACUYETOB CIEAYET, YTO CYKEHHE MIETH MPHUBOAUT K TOMY, YTO LEHTPAJIbHBIHI
MaKCUMYM PACIUIBIBAETCS, @ UHTEHCUBHOCTb YMEHbIIAETCS (3TO, €CTECTBEHHO, OTHOCUTCA U K APYTUM
MakcuMmymam). HaoGopot, yem miens mupe (a>A), TeM KapTuHa spye, HO TU(PAKIMOHHBIE MOJIOCHI
yKe, a YMCII0 caMuXx 1nosioc 6ombie. [Ipu a>>A B neHTpe noiaydaercs: pe3koe n300pakeHrne HCTOUHUKA
CBETa, T. €. UMEET MECTO NPSMOJIUHEHHOE PACIIPOCTPAHEHHE CBETA.

Pmc. 261

o Haigwre HanpaBneHWAa HA TOYKM 3KpaHa

g 8 cny4ae AWdPaKUMM HE wenn, B KOTOPbIX

L WHTOHCHBHOCTb P&BHA HYNIO; MHTEHCHMBHOCTb

8 } " MaKCHManbHa.

5 ! @ OrnnyaeTcA Nn Awndpakuua Ha Wenu npu
OCBOILEGHNN 88 MOHOXPOMATHYECKUM K Genbim
CBBTOM?

@ Kakosa npeaenbHan WWPHHE Wenw, Npu xoro-
poi ewe 6yayT HaGNIOAATLCA MUHUMYMbI HH-
TOHCHBHOCTH?

@ Kak snuset Ha andpaxynio ®payHrotepa oT
OAHOR Wenwn yBennu4exne ANUHbI BONHbI ¥ LWk~
pHHbI Wwenn?

+24

-stng 24 -4 g, A

a a

-

A s
f!a_5"¢

[Tonoxxenune TUPPaKLIMOHHBIX MAKCUMYMOB 3aBUCHUT OT JUIMHBI BOJIHBI A, TI03TOMY PAaCCMOTPEHHAs BbILIE
JupakMOHHAs KapTHHA HMMEET MECTO JIMIIb s MOHOXpomaTrhyeckoro cseta. IIpu ocsemenuu
I1eau OeNbIM CBETOM LIEHTPAIbHBIM MakCUMyM HaOutoaeTcs B BUE Oenoil MoJ0oCKH; OH OOIMK 17
BCEX JUTMH BOJH (1pu @ =0 pa3HOCTH X0/a paBHA HYJIO /Ui BceX A). BOKOBble MaKCUMyMBbI paay>KHO
OKpAIIIeHBI, TaK KaK YCJIOBHE MaKCUMyMa MIpH JIOOBIX m Pa3lu4HO s pa3HbiXx A. Takum oOpazom,
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CIpaBa U CJ€Ba OT LEHTPAJIBHOIO MAaKCUMyMa HaOJIOJIAI0TCSI MAaKCUMYMBI mepBoro (m=1), BTOporo
(m=2) m Apyrux mopsAKoB, oOpaiieHHbIE (HUOJETOBBIM KpaeM K LEHTPY AU(PPAKIMOHHOW KapTHHEI.
OpHako OHM HAaCTOJNBKO PACIUIBIBYATBHI, YTO OTYETIMBOIO PA3AEICHUS Pa3IM4YHBIX IJIUH BOJIH C
MOMOIIBIO TU(PAKIH HA OAHOH MIENN TTOYYUTh HEBO3ZMOKHO.

5. [u¢ppakuusa @paynropepa Ha TUPPAKIHOHHOM peleTKe

Bonbioe mpakTuyeckoe 3HaueHUWE UMeeT Audpakius, HaOmonaemasi MpU NPOXOKICHUU CBETa 4Yepes
OTHOMEPHYI0 JAU(PPAKIHUOHHYI0 PelIeTKY — CHUCTEMY MNapaJUICIbHBIX IIEJCd PaBHOW IIUPHUHBI,
JIeKAIUX B OJHOM IUNIOCKOCTH U Pa3/IeJICHHBIX PABHBIMHU 110 IIUPUHE HENIPO3PAaYHBIMU IIPOMEKYTKAMH.
PaccmarpuBas nudpaxmuro @payHrodepa Ha menn, Mbl BUIEIH, YTO paclpeieieHue HHTEHCUBHOCTH
Ha SKpaHe OIpeJeNsIeTcsl HalpaBieHueM Au(parupoBaHHbIX Jyuyeil. TO 03HaYaeT, YTo NMepeMelleHue
HIeJM [apajuleIbHO caMoi ce0e BJIEBO MM BIPaBO HE M3MEHUT AU(PPAKIMOHHOW KapTUHBI.
CrnenoBarenbHO, €CIM MEPEHTH OT OAHOM WLIeNM KO MHOIMM (K JU(PAaKLMOHHOM peleTke), TO
T paKIUOHHbIE KAPTUHBI, CO37aBacMble Ka)KI0M IIEJIbI0 B OT/I€IbHOCTH, OyAyT OJJUHAKOBBIMHU.

JudpakimonHas KapTHMHA Ha pelIeTKe OnpeieNnseTcs Kak pe3ysibTaT B3auMHOW MHTep(EepeHLMH BOJH,
UAYIIMX OT BCeX WIENeH, T. €. 6 Ou@pakyuoHHOU pewemke OCYWeCmEIAemCs MHO20YYe6ds.
unmepgepenyus KOrepeHTHbIX TU(PParupoBaHHBIX Iy4YKOB CBETA, UAYIIUX OT BCEX LIETCH.

PaccmotpuMm nudpakuuonnyto pemerky. Ha puc. 262 nis HaryissAHOCTH MOKa3aHbl TOJIBKO JIBE COCEHUE
menu MN u CD. Ecnu mypuHa KaXa0Hd IIeJIu paBHA ¢, a IIMPUHA HEMPO3PAYHbIX y4aCTKOB MEXIY
miensiMu b, To BelNMuMHaA d=a+b Ha3bIBaeTCs MOCTOSIHHOMN (MepuoioM) MM (PPAaKIMOHHON pPelIeTKH.
[TycTh miockas MOHOXpOMaTHYECKas BOJIHA NIaAA€T HOPMAJIBHO K IJIOCKOCTH pelleTKu. Tak Kak menu
HaxoJATCs ApYT OT APYyra HAa OJUHAKOBBIX PACCTOSHHUAX, TO PA3HOCTH XO0Ja JydYeH, UAYIIHUX OT JIBYX
COCEIHHUX Iesnel, OyayT Iyl JAHHOTO HAlpaBJIEHUS ¢ OJMHAKOBBI B Ipezesax Bcel TU(PaKIMOHHON
PELIETKHU:

A=CF=(a+b) sin<p=dsin4p. (1801)

Prc. 262

" @ Kak n3aMeHnTCA andpakynoHHan KapTnHa, ec-
nn yBennunTb obllee YMCNo WTPHXOB peuser-
KM, H® MOHAA NOCTOSHHYIO pewerTkn?

@ CKONBKO QONONHUTENbHLIX MHHHMYMOB ¥ MaK-
CMMYMOB BO3HHMKHET Npn AndpaKuun Ha we-
ot wensax? . . :

o Nouemy AndpaKUMOHHER pelleTka pasnaraet

8 3 Genbit cBET 8 cneKTp?

OueBUIHO, YTO B TEX HANpPaBIICHUSX, B KOTOPBIX HU OOHA W3 LIENEH HE paclpoCTpaHseT CBET, OH He
OyJeT pacrpoCTpaHsIThCS U MPH ABYX UICNAX, T. €. NpedcHue (21agHble) MUHUMYMbl UHTEHCUBHOCTHU
OyayT HaOIIOIaThCS B HAPABJICHUSX, ONpeeNsieMbIX ycnoBueM (179.2):

asing = £t mi (m=123,..). (180.2)

Kpowme Toro, BciiezcTBHe B3aMMHOW WHTEP(HEPEHIINH CBETOBBIX JIyUYeH, MOCHUIAEMBIX IBYMs IIEIISIMH, B
HEKOTOPBIX HAMpaBICHUSIX OHH OyAyT racuTh APYr ApYyra, T. €. BO3HUKHYT HAOMOJHUTEIbHbIE
MHHUMYMBI. OYEeBHIHO, YTO OTH JONOJHHUTEIbHBIE MHUHHUMYMBI OyAyT HaOMIOJaTbCs B TEX
HaIpaBJICHUAX, KOTOPBIM COOTBETCTBYET Pa3HOCTh X0 Jiydeit A/2, 3A/2, ..., MOChIIaeMBIX, HAIIPUMED,
OoT KpailHux JneBbiXx Touek M u C obeux mieneii. Takum oOpazom, ¢ yderom (180.1) yciaoBue
JMOMOJTHUTEILHBIX MUHUMYMOB:

A
dsing = + (2m + 1)-5 m=0,1,2,..)
Haoboport, neiictBue ogHOM 1ienu Oyaer yCUIIUBATh JIEUCTBUE IPYTOH, €CIIN

dsing = 1 2mi = + mi (m=0, 1, 2, ..),
2 (180.3)
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T. €. BeipaxkeHue (180.3) 3agaer ycrnoBue riiaBHbIX MAKCHMYMOB.

Takum o06pazom, nmoaHas AudpaKkIMOHHAS KapTUHA, JUTS ABYX IIeJIel ONpeneseTcs U3 yCIOBU:
asin @=4, 24, 34, ... — I7aBHKC MHHHMYMEIL; '

] A 3 5
dsing = > 7 A, 7 4, ... — HONOJIHATENbHLIE MAHEMYME;
dsing = 0, A, 24, 34, ..— rnapHLC MAXCHMYMH,

T. €. MEXIy JAByMS IJIaBHBIMH MaKCHUMyMaMHU pacloylaraeTcsi OJAWH JIOTIOJIHUTEIbHBIH MUHUMYM.
AHaJOTMYHO MOXHO TOKa3aTh, YTO MEXKIY KaXKIbIMU JIByMs TJaBHBIMM MaKCHMyMaMH IpH Tpex
IIEJSX pacnojaraeTcs ABa JOMOJHUTEIbHBIX MUHUMYMa, IPU YEThIpeX IIEeIsIX — TPU U T. .

Ecnu nudpakunonHas pemerka cocTouT U3 N Ieeil, TO yCIOBHEM IJIaBHBIX MUHUMYMOB SIBIISIETCS
ycnoBue (180.2), ycnoBuem rmaBHbIX MakcuMyMoB — ycnoBue (180.3), a ycnoBreM TOMOTHUTENbHBIX
MUHUMYMOB

dsin¢ = i m'l/N (m' = l, 2, wsay N—l, N+1, vesy 2N—'1, 2N+1, ...), (180 4)

rae m' MOXET NMPUHUMATh BCE LIEJIOYUCIIEHHbIC 3HauyeHus, kpome 0, N, 2N, .... T. €. KpoMe TeX, MpHU
koTopeix ycinoBue (180.4) mepexoaut B (180.3). CnenoBarenbHo, B cayuae N weneti mexcoy 08yms
2NIABHbIMU  MaKcumMymamu pacnonazaemcsa N—1 Oononnumenvuvix MUHUMYMO8, pPA30ENEHHBIX
BMOPUUHBIMU MAKCUMYMAMU, CO30AIOWUMU 8eCbMa CAObLI (POH.

Uem Oonbiue meneit N, TeM Oosibliiee KOJIMYECTBO CBETOBOM SHEPrUU MPOWUJET 4epe3 PELIETKY, TEM
00JbIlIe MUHUMYMOB 00pa3yeTcs MEX/y COCEIHUMHU TTIaBHBIMH MaKCUMyMaMH, TE€M, CIEI0BaTEIbHO,
0oJiee MHTEHCUBHBIMU U OoJiee OCTphIMU OynyT MakcuMyMbl. Ha puc. 263 kauecTBEHHO NpeacTaBieHa
nudpakIMOHHAs KapTHHA OT BOCbMH Mmiesiei. Tak kKak MOayJIb Sin ¢ HE MOKET OBITh OOJbIIIE €TUHUIIBI,
to u3 (180.3) cienyet, 4TO YMCIIO TTIABHBIX MAKCUMYMOB

m<djfi,
T. €. OTPEEIIACTCS OTHOIICHUEM TIEPUO/a PEIICTKH K JTMHE BOJIHEI.

Prc. 263

@ Kax onpepenntb Hanbonbluni NOPAROK Chek-

" Tpa qupaKLMOHHOA peleTkn?

@ Kax namenntca andpaKkuvMoHHAA KapThHa npu
yaaneHuy aKkpaHa oT pewerkn?

@ Nouewmy npy wcnonb3osaHnk Genoro ceeva To-
NbKO LeHTPanbHbifl Maxcumym Genvii, a 6oko-
Bble MEKCUMYMbI PAY)XHO OKpaweHbl?

@ Movemy WTpuxu Ha AncdpakunoHHOA peweTke
AOMKHL! ObiTb TOCHO PACNONOXEeHL APYr

K Apyry?
@ Fo4emy wx AONXHO 6biTe Gonblioe YNcno?
N=8 @ 3anwwnte ycnosus ANGPaKUNOHHbBIX MHHKMY-
. MOB [NIA OAHOR W{EeNN W FMABHbLIX MAKCHMYMOB
\ Ans peweTky. Kaxos xapakTep 3Tnx Andpak-
N ' 0 sing LMOHHBIX KBPTHH?

[lonoxxeHne riaaBHBIX MAaKCUMyMOB 3aBHCUT OT JUIMHBI BOJHBI A (cM. (180.3)). Iloatomy mpu
IOPOMyCKaHUM 4Yepe3 pelleTky Oenoro cBera BCe MaKCUMYMBbl, Kpome LeHTpanbHoro (m=0),
pasioxaTcsl B CHEKTp, (uosneroBas 00sacTh KOTOpOro Oyaer oOpallleHa K LEHTPY AUPPaKIMOHHON
KapTHUHBI, KpacHas — HapyxXy. OTO CBOMCTBO AM(DPAKIMOHHONW pPEIIETKH HCIONb3yeTCs A
UCCJIEIOBaHMsI CIIEKTPAJIbHOIO COCTaBa CBeTa (ONpEeleNeHUs [UIMH BOJH M MHTEHCHUBHOCTEHM BCEX
MOHOXPOMATHUYECKUX KOMIIOHEHTOB), T. €. OUPPAKYUOHHAS peuemKa Moxcem Oblmb UCNONb30BAHA
KaK CneKmpansHulil npuoop.

JudpakmoHHbIE PEeIIeTKH, UCIOIb3yEeMbIe B PA3IMUHBIX 00JACTAX CIEKTpPa, OTJIMYAIOTCA pa3MepamHu,
dbopMoii, MaTepraIOM IMMOBEPXHOCTH, TPOdHIIEM MTPUXOB U uX dacToTo (0T 6000 10 0,25 mTpux/mm,
YTO MO3BOJIET MEPEKPhIBATh 00JIACTh CIIEKTPa OT YJIbTPa(UOJIETOBON €ro 4yacTu A0 MH(paKpacHOi).
Hampumep, cryneHuaTslii npoQuib peUIETKH MO3BOJISIET KOHIIEHTPUPOBAaTH OCHOBHYIO YacTh
naslaloulel SHEPTUU B HAIIPABJIECHUH OJTHOTO ONPE/IETIEHHOTO0 HEHYJIEBOTO MOPSIKA.
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6. ITpocTpancTBenHas pemerka. Paccesinue cBeta

Hudpakius cBeta HaOmoJaeTcs HE TOJBKO Ha IUIOCKONH OJHOMEPHON pemieTke (IUTPUXM HAHECEHbI

NEPIEHUKYIISIPHO HEKOTOPOM MpPSIMOW JIMHUM), HO U Ha IBYyMEPHOI penieTke (IUTPUXU HAaHECEHBI BO
B3aMMHO MEPINEHAUKYJSIPHBIX HAMpPaBICHUAX B OJHOM M TOM e MIOCKOCTH). bosbmioil mHTepec
OPEJCTaBIsIeT TaKkkKe JAUPPaKkiHs Ha MPOCTPAHCTBEHHBIX (TPeXMepHBbIX) pelIeTkax —
IPOCTPAHCTBEHHBIX O0pPa30BaHUAX, B KOTOPBIX 3JIEMEHThl CTPYKTYphl MOAOOHBI MO (GopMe, UMEIOT
F€OMETPUUYECKH NPABUIIBHOE U NEPUOJANYECKHU MMOBTOPSIOLIEECS PACIIONOKEHHUE, & TAKKE MOCTOSHHBIE
(mepuoabl) peleToK, COM3MEPUMbIE C JUIMHOM BOJHBI 3JIEKTPOMArHUTHOTO H3iIydeHus. MHbMH
CJIOBaMH, MOJOOHBIE MPOCTPAHCTBEHHbIE 00pPa30BaHUS JOJKHBI UMETh MEPUOJUYHOCTh IO TPEM HE
JeKalluM B OJHOW IUIOCKOCTH HampaBiieHUs M. B kauecTBe NpOCTPaHCTBEHHBIX IU(PPAKIHUOHHBIX
pEIIETOK MOTYT OBbITh UCIIOJIb30BAHBI KPUCTAJUIMUECKHE TENA, TaK KaK B HUX HEOJJHOPOJIHOCTH (aTOMBI,
MOJIEKYJIbl, HOHBI) PETYJIIPHO MOBTOPSIIOTCS B TPEX HANPABJICHHUSX.

Judpakius cBeTa MOXKET IMPOMCXOJUTh TAaKKE B TaK Ha3bIBAEGMBIX MYTHBIX Cpelax — cpelax ¢ sIBHO

BBIPQ)KEHHBIMU ONTHYECKUMH HEOTHOPOAHOCTSMU. K MyTHBIM cpefaM OoTHOCATCS aspo3onu (obiaxa,
JAbIM, TYMaH), OMYJIbCHUA, KOJUIOUJHBIC paCTBOPbLI U T. A., T. €. TaKUC CPEAbl, B KOTOPBLIX B3BCHICHO
MHOXECTBO OYEHb MEJKUX YacTHLl MHOPOIHBIX BemlecTB. CBeT, MPOXOJs 4Yepe3 MYTHYIO cpeny,
qudparupyeT OT OEeCHOpsA0YHO PaCHOJIOKEHHBIX MHKPOHEOIHOPOJHOCTEM, JaBasi paBHOMEPHOE
pacripe/ielleHie MHTEHCUBHOCTEH 10 BCEM HalpaBJIEHUSIM, HE cO37aBas KakoH-IMOO ompeseneHHON
TUGpakIMOHHON KapTuHBI. [IpoMcXoauT Tak Ha3bIBa€MOE paccesiHMe CBeTa 8 MymHOou cpede. ITO
SBJICHME MOKHO HAOII0AaTh, HANpPHUMEp, KOrJa Y3KUI IMy4OK COJIHEYHBIX Jydel, Impoxons depes
3aIbIJICHHBIA BO3YyX, paCCCHUBACTCA Ha INbIJIMHKAX U TECM CaMbIM CTAHOBUTCS BUIUMbBIM.

3agaHusi M BONPOCHI

[Inockast cBeroBas BojHa ¢ AJIMHON BOJHBI 0,6 MKM MajaeT HOPMaJIbHO Ha AuapparMy C KpyIJbIM
otBepcTueM auameTpoMm 1 cm. OmpeaenuTh paccTOSHUE OT TOYKU HAONIOEHUS O OTBEPCTHS, €Clu
OTBEpCTHE OTKPHIBaET: 1) nBe 30HBI Openens; 2) Tpu 30u6I Openens. [1) 20,8 m; 2) 13,9 Mm]
JudpakionHas kapTuHa HaOJIIOJaeTcss Ha PacCTOSHUU 1 M OT TOYEHYHOrO MCTOYHHKA MOHOXPO-
matuueckoro csera (A=0,5 mkm). Ilocepenune Mexay HMCTOYHHKOM CBETa W DKPAHOM HAXOJIUTCS
mmadparmMa ¢ KpyrieiM - oTBepcTHeM. OTpenenuTbs paauyc OTBEpCTHs, IMpPH KOTOPOM IEHTP
T paKIIMOHHON KapTUHBI Ha SKpaHe OyneT Hanbosee TeMHBIM. [0,5 MM]

Ha menp mupunoit 0,2 MM nagaer HOpMaabHO MOHOXPOMATUYECKUN CBET € AJIMHOM BONHBI 0,5 MKM.
DKpaH, Ha KOTOpoM HabmogaeTcss AUpPaKIMOHHAS KapTHHA, PACHOJIOKEH MapaielbHO IIeIH Ha
paccrostanr 1 M. OmnpenenuTts pacCTOSHHE MEXIY IEPBBIMU AH(PPAKIIMOHHBIMA MUHHUMYMaMH,
pacmoI0KEHHBIMU IO 00€ CTOPOHBI IIEHTPAIBbHOTO GpayHrodepoBa MakcuMyMa. [5 Mm]

OnpenenuTh YMCIO MTPUXOB HAa | MM TUGPAKLIMOHHON PEUIETKH, €CIH YTy 7/2 COOTBETCTBYET
MaKCHMYyM TISITOTO MOPS/KA A7 MOHOXPOMATHYECKOTO CBETA ¢ JUTMHOM BomHEI 0,5 MkM. [400 Mm ]
V3kuil mapajuienbHbIi Iy4YOK MOHOXPOMAaTHYECKOI'O PEHTI€HOBCKOI'O M3JIy4E€HHs MajaeT Ha IpaHb
KpucTajuia ¢ paccrossHueM 0,28 HM MEXIy €ro aTOMHBIMH TUIOCKOCTAMHU. OnpeaennTh JJIUHY BOJTHBI
PEHTTEHOBCKOTO M3JIy4eHUs], ecii 1o yriioM 30° K MIOCKOCTH IpaHu Habmogaercs: Au(pakiuOHHbINA
MaKCUMYM BTOporo nopsiaka. [ 140 mm]

OnpenenuTs NOCTOSHHYIO TU(PPAKLIMOHHOM PELIETKH, €Cd OHa B IEPBOM MOPSAKE pa3peliaeT Be
cnieKTpasibHbIe TUHUH Kays (A1=578 HM u A2=580 uMm). [{muna pemetku 1 cm. [34,6 MKM]

Cnucok Jinreparypbl
1. bapcykos, B. 1. ®usuka. Mexanuka [DnekTpoHHbIH pecypc] : yueOHoe mocodue /i CTyACHTOB

BBICILIMX Y4€OHBIX 3aBEJICHUI, 00yJaroMXCsl IO TEXHUYECKUM HaIpPaBJIECHUSM IOJTOTOBKU U
cneuuansHocTsM / B. U. Bapcykos, O. C. JIMutpueB. — DIEKTPOH. TEKCTOBbIE JaHHble. — TaMOO0B :
Tam0oBckuii rocyaapcTBeHHbIN TexHndeckuil yausepcuret, ObC ACB, 2015. — 248 c. — 978-5-8265-
1441-2. — Pexxum nocryna: http:// www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usnka. Mexanuka [ DIeKTpOHHBIN pecypc] : yueOHoe mocodue s By30B / A. B.

3ro3uH, C. b. Mockosckuid, B. E. TypoB. — DileKTpoH. TekcToBBIE faHHble. — M. : AkageMudeckuii
[Ipoekr, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
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http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uznka : y4eOHUK : [UIS CTYJCHTOB BY30B, 00YYarOIUXCs IO TEXH. HATIP.
noarotoBku / T.W. Tpodumosa. - 2-e uzn., nepepad. u gom. - Mocksa : Axkagemus, 2013. - 346 c. : u. -
(Beicmiee mpodeccronanpHoe obpasoBanue) (bakanaspuar). - [Ipenm. ykas.: c. 330-339. - ISBN 978-5-
7695-9820

4. Tpodpumona, T. U.; Kypc dusuku ¢ mpumepamu pemieHus 3aaad: B 2-x 1. : yaeonuk / T.U.
Tpodumona, A.B. ®upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspmuar). - Ilpuin.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.1., dupcosa A.B., CoopHuK 3a1au 10 Ppu3uke- 2-e u3f., nepepad. u gom. - Mocksa :
Axanemust, 2013.

IHNPAKTUYECKOE 3AHATHUE Ne 24-25 IIOJIAPU3ALIUA CBETA

Heab-3akpenuth W3yueHHbI Matepuan mno Tematuke «[lomspuzanms cBeta. EctecTBeHHBINH U
noJsipu3oBaHHbIN cBeT. [lonspusanust cBera MpH OTPAKEHHHM M TPEIOMIICHMH HAa TPaHUIE JBYX
IUAICKTPUKOB. [loNspr3ainOHHbIC TPU3MBI M TTOJISIPOHUIBIY.

OcBanBaemMble KOMIIETEHIIUH B PE3yJIbTAaTE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«OO0m1me cBeIeHus

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IIONyYeHHBIE TEOPETHUYECKHE 3HAHUS W
BBIPA0OTATh HABBIKA U YMEHHSI TPAKTUYCCKOTO PEIICHUS 33124, B TO YHCJIC U CAMOCTOSTEIILHO.

3HaTh:

- METOJIbl CaMOOPTaHU3aIlMK K CaMOOOpPA30BAHMIO CTYJICHTA HANpaBJICHUS «XHUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HWCIOJB30BaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIHILTHH B MPO(ECCHOHATBHON JACITEIPHOCTH, OCHOBHBIC 3aKOHBI (DU3HKH,
METOBl SKCIEPUMEHTAIFHOTO HCCIIEOBAHUS, OCHOBHBIX (U3WYECKHX TEOPHHA IS PEIICHHS
BO3HHUKAIOMIUX (U3NYECKUX 33734, CAMOCTOSTEIBHOTO MPHOOpEeTeHUs (U3WYCCKUX 3HAHWH, IS
MOHUMAaHMsI TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 TMPEICIIbI
KOMIIETEHTHOCTH KOHKPETHOTO HATPaBJICHUS

Ymern:

- OCYIIECTBIIATH YPPEKTHBHYIO KOMMYHHKAIIMIO B KOJUIEKTUBE JUTSI pEIISHHsI TPO(HECCHOHAIBHBIX

3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIOJB30BATh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
IMCUIUIUIMH B TPO(PECCUOHATBHON EATEIHHOCTH, WCIIONB30BaTh 3HAHUS OCHOBHBIX (PH3MUECKUX
TEOPUI Uil pEIICHUS BO3HUKAIOMMX (U3NYECKUX 3a]a4, CAMOCTOSTEIBHOIO NPUOOpPETEHHS
bu3nYecKuX 3HAHWHU, JJIS TIOHMMAHUS TPUHIMIIOB Pa0OThI MPUOOPOB W yCTPOWCTB, B TOM YHUCIIE
BBIXOJSIIMX 33  Mpelenbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAalpaBlICHUS,  IPUMEHSTH
COOTBETCTBYIOIINI (DU3UKO-MAaTEeMaTHYECKUI ammapar, METOIbl aHalu3a H MOJCIUPOBAHHMS,
TEOPETUYECKOTO M SKCIIEPUMEHTAILHOTO HCCIIeI0OBAHUS IPU PEIICHUH MPO(EeCCHOHANBHBIX 3a/1a4.

Baanern:

- HaBbIKaMH paboOThl B KOMaHJE, HaBbIKAMH BECTU JHMAJOr, JEJIOBOM CIHOp;  CIIOCOOHOCTh K
CaMOOpTaHU3aIlM M CaMOOOpa30BaHWIO, HABBIKAMH HATYPHBIX JKCIIEPUMEHTOB C IOCIEAYIOMICH
00paboOTKOW MX pe3yNbTaTOB, METOJAMH MAaTEeMAaTHYECKOTO, KOMMBIOTEPHOTO U (PU3UUECKOro
MOJICIIUPOBAHUS, METOJJAMH PEIICHHSI TEXHUIECKHX 3a/1a4, pacueTa MPOU3BOICTBEHHBIX MPOIIECCOB H
KOHCTPYHUPOBAHHUS ~ COOPYXXEHHMH, MallMH M  TEXHOJOTHYECKOT0  000pYAOBaHMS,HAaBBIKAMH
OLICHUBAHHS PE3yJIbTATOB CBOCH MPO(ECCHOHATBHON IEATEIIFHOCTH B COOTBETCTBHU C OCHOBHBIMHU
3aKOHaMHM (PU3MKH, HABBIKAMH  CAMOCTOSATEIBHOTO NPHOOpeTeHHs (PU3MUECKUX 3HAHUH, I
MOHWMAaHMs TIPUHIMIIOB PabOThl MPUOOPOB U YCTPOWMCTB, B TOM YHCIIE BBIXOISIINX 32 TMPEICITBI
KOMIIETEHTHOCTH HarpaBiIeHUs] XUMUYECKas TeXHOJIOTHsI

Teopernyeckas 4acTb
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1. EcTecTBeHHBIH M MOJISPU30BAHHBIN CBeT

CrnenctBuem teopun MakcBemna (cM.  162) sBiseTcsl MONEPEYHOCTh CBETOBBIX BOJIH: BEKTOPHI
HanpspkeHHOCTe anekTpudeckoro E m maruutHoro H mnosieli BOJIHBI B3aUMHO NEPHIEHIUKYIISAPHBI U
KOJIEOJIIOTCSl NEPIEHIUKYJIIPHO BEKTOPY CKOPOCTH V PaclpOCTpaHEHHs! BOJHBI (MEPHEHIUKYIISIPHO
ayuy). IlosTomy anst onucanusi 3aKOHOMEPHOCTEN MOJSPU3ALMHU CBETA JOCTaTOYHO 3HATH MOBEACHUE
JMIIb OJHOTO U3 BEKTOpOoB. OOBIYHO BCE pacCyKIEHUs BEIYTCS OTHOCHUTEIIBHO CBETOBOI0 BEKTOpA
— BeKTOpa HampspkeHHocTH E anekTpuueckoro mossi (3To Ha3BaHHWE OOYCIIOBJIEHO TEM, YTO IpPH
JEHCTBUM CBETA Ha BEIIECTBO OCHOBHOE 3HAYCHHE UMEET JIEKTPUYECKAsl COCTABIIAIOILAS I10JIsS BOJIHBI,
JENCTBYIOIAs HA 3JIEKTPOHBI B aTOMaX BEILECTBA).

Caer npenctapisieT co00i CyMMapHOE 3JEKTPOMArHUTHOE M3JIy4€HHE MHOXECTBA aTOMOB. ATOMBI XKe
M3JIy4aroT CBETOBBIE BOJIHBI HE3aBUCUMO JIPYT OT Apyra, HO3TOMY CBETOBas BOJIHA, U3JIlydaeMasl T€JI0M
B LIEJIOM, XapaKTepU3yeTCs BCEBO3MOXKHBIMU PABHOBEPOSITHBIMHM KOJEOAHUSIMH CBETOBOT'O BEKTOpa
(puc. 272, a; nAy4 NEpUEHAUKYJISAPEH IUIOCKOCTH pPHUCYHKa). B 1gaHHOM ciyyae paBHOMEpPHOE
pacripenenenue BekTopoB E 0ObsicHseTcs GOJBIIMM YHCIOM aTOMAapHBIX M3JydyaTesieil, a paBeHCTBO
aMIUIMTY/AHbIX 3HaueHUN BekTOpoB E — oauHakoBoW (B CpeaHEM) MHTEHCHUBHOCTBIO H3Iy4YEHUS
KaX/0ro u3 aroMoB. CBET cO BCEBO3MOXHBIMH PABHOBEPOSITHBIMM OpHEHTalusMu BekTopa E (u,
cnenoBatenbHO, H) Ha3bIBaeTCs ecTeCTBEHHBIM.

CBer, B KOTOPOM HalpaBlIeHUsI KOJEOaHUIl CBETOBOIO BEKTOpa KaKUM-TO OOpa3oM YINOpsJOYEHBI,
Ha3bIBACTCSl MOJASPHU3OBAHHBIM. Tak, eciu B pe3yjibTaTe KaKuUX-JTUOO BHEUIHUX BO3JEHCTBUI
HOSBIISIETCS NIPEUMYILECTBEHHOE (HO HE UCKIIIOUNTENbHOE!) HampaBieHue konebanuii Bekropa E (puc.
272, 6), TO UMEEM JEJI0 C YACTHYHO MOJSIPM30BaHHbIM cBeTOoM. CBeT, B koTopoM Bektop E (m,
cienosatenbHo, H) Konebnercss TONbKO B OIHOM HapaBJieHUH, NEPNEHAUKYIISIPHOM J1ydy (puc. 272,
8), Ha3bIBAETCS MJIOCKOMOJISPU3OBAHHBIM (JINHEIHO MOJISPU30BAHHBIM).

Puc. 272
a) q) s)
® Bo3MoXHa Nn nonapusayna Ans NPoAONbHbIX
BonH? Mouemy?
® HTO Ha3bLIBAeTCR ©eCTecTBeHHbIM CBETOM?
IFIOCKONONAPHIOBAHHBIM CBBTOM? 4ACTHYHO

NONAPU30BAHHbLIM CBBTOM? INMNTHYECKK NO-
NAPN30BAHHLIM CBETOM?

[InockocTh, mpoxoasiuas 4epe3 HalpaBleHHE KoJeOaHWH CBETOBOIO BEKTOpA IIOCKONOJSPU30BaHHON
BOJIHBl M HAIlpaBJICHUE PACIPOCTPAHEHHs] STOW BOJIHBI, HA3bIBAETCS MJIOCKOCTHIO MOJSIPU3ALMMH.
[Tnockononsspu30BaHHBIN CBET SABISAETCA MPEACIIBHBIM CIyd4aeM JNUIMITHYECKH MOJISPH30BAHHOIO
cBeTa — cBeTa, U1 Kotoporo BekTop E (Bextop H) m3MeHseTcss co BpeMeHeM Tak, 4TO €ro KOHeEI]
OIMCBIBAET JJUIUIIC, JIEXKAIUI B IUIOCKOCTH, NMEPNEeHAMKYIsIpHON Jiydy. Ecnu smmunc nonspuzanuun
BeIpokaaeTcs (cM. 145) B mpsimyro (mpu pa3sHOCTH (a3 ¢, paBHOM HYJIO WIH 7), TO UMEEM JEIO C
PacCMOTPEHHBIM BBIIIE IUIOCKOMOISAPU30BAHHBIM CBETOM, €CIIM B OKPYXXHOCTh (pu ¢ = +£7/2 u
PaBEHCTBE aMIUIUTYJ CKJIAJbIBAEMbIX BOJIH), TO MMEEM JI€I0 C WHMPKYJIAPHO IOJSIPU30BAHHBIM
(MOJISIPM30BAHHBIM 0 KPYTY) CBETOM.

CreneHblo MOJISIPU3ALMHN HA3bIBACTCS BETMUMHA

P= Im—ln'n’
Toax+ Inin

rie Imax, U Imin — COOTBETCTBEHHO MaKCHMallbHasi W MHUHHMMaJbHas WHTEHCUBHOCTU YAaCTUYHO
MOJISIPU30BAHHOIO CBETA, MPOIYCKAEMOIr0 aHaIU3aTopoM. s ectectBeHHOrO cBeTa Imax=Imin 1 P=0,
JUTS TUTOCKOTIOISIPU30BAHHOTO Imin =0 1 P=1.

EcrecTBeHHBI CBET MOKHO IpeoOpa3oBaTh B IUIOCKOIOJSPU30BAHHBIN, HCIOJIb3Yysl TaK Ha3bIBaEMbIE
NOJIAPU3ATOPBI, TPOIYCKAIOIIME KOJICOAHUsI TOJBKO OIPEAEICHHOrO0 HampaBieHUus (Hampumep,
NpoMycKaroue KojeOaHus, MapajuleJbHble TIJaBHOM IUIOCKOCTH MOJSPU3ATOpa, M IOJTHOCTHIO
3aepKUBAIOIIME KOJIeOaHUs, MEPIEeHIUKYISIPHBIE 3TOW IUIOCKOCTH). B KadecTBe MONISApU3aTOPOB
MOTYT OBITh MCIOJIB30BaHbl CPE/Ibl, AHW30TPOINHbBIE B OTHOLIEHUM KoseOaHui BekTopa E, Hampumep
KpPHUCTAJUIBI (MX aHU30TPONHs u3BecTtHa, cM. 70). M3 mpupoaHbIX KPUCTAIOB, JABHO UCIIONb3YEMbBIX B
Ka4yecTBE MOJSIpU3aTOpa, CIeAyeT OTMETUTh TyPMAJIHH.
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2. HOJIﬂpI/I3aIII/Iﬂ CBE€TA IIPH OTPAKECHUH U MPECJIOMJICHUU HA I'PAHUIE IBYX JUIICKTPUKOB

Ecnu ecrtecTBeHHBII CBET NajaeT Ha TPaHMILy pasjesia JBYX IHAJICKTPUKOB (HAampuMep, BO3ayXa U
CTEKJIa), TO YacTh €r0 OTPAXKAaeTCs, a YacTh MPEIOMIISICTCS B PACIPOCTPAHSIETCS BO BTOPOM cpene.
YcTaHaBiuBas Ha MyTH OTPAKEHHOTO W MPEIOMIICHHOTO JIydel aHamu3aTop (Hampumep, TYPMAaJIHH),
yOexKaaeMcsi B TOM, YTO OTPAKCHHBIH W TPEIOMIICHHBIM JIy9d YaCTUYHO IMOJIAPU30BAHBI TIPU
NOBOPAaYMBAHUN aHAJIHM3aTOpa BOKPYT JIyuyell MHTCHCHBHOCTh CBETa TEPUOIMUYECKU YCAUBACTCS U
ocrabeBaeT (MOJHOTO ramicHWss He HaOmomaercs!). JlampHelIme WCCieIoBaHUS TOKA3aJHd, YTO B
OTPaKEHHOM JIy4e MPeoOsIaatoT KoieOaHus, MePIeHANKYISIPHbIC TUIOCKOCTH TajeHus (Ha puc. 275
OHM 0003HAYEHBI TOYKAMH), B TNPEIOMIICHHOM — KOJIE€OaHHs, MapajuleibHbIE TUIOCKOCTH MaJCHUS
(M300paKkeHBI CTPENKAMH).

Crenenp mossipu3aniii  (CTETIEHb BBIIEICHUS CBETOBBIX BOJH C ONpPEICIICHHOH OpHEeHTaIen
AJNEKTPUUECKOTO0 (M MarHUTHOTO) BEKTOpa) 3aBUCHT OT yIjla MaJCHUS Jy4ded | ToKas3aTess
npenomnenus. [otmannckuit ¢usux . Bbprocrep (1781—1868) ycTraHOBuI 3aKOH, COTJIacHO
KOTOpOMY TIpH yrJie najieHust is (yrou bproctepa), onpenenseMoro COOTHOIEHUEM

tgip=mz

(n21 — mOKa3aTeNnb MPENOMIICHHST BTOPOH Cpelibl OTHOCHTEIBHO TIEPBOI), OMPAdNiCEHHbLIL VY 6N S
NIOCKONOAAPU308AHHBIM (COEPKUT TOJBKO KOJEeOaHUs, MEPIECHANKYISIPHBIE TUIOCKOCTH TaJCHUs)
(puc. 276). Ilperomnenuviti dnce nyu npu yeie NAOeHus I NOIAPUZYEMCS MAKCUMANIbHO, HO He
NOJIHOCMBIO.

Ecnu cBet majaer Ha rpaHUIly pasiena moj yriioM bproctepa, TO OTpakKeHHBIH M MPEIOMIICHHBIH JTy4H
83aUMHO nepnenouxynapHul (tgis = sinis/cosis, n21=sinip/siniz (i — yYTroJ TMpPeIOMJICHHS), OTKyIa
cosip=siniz). CinenoBarebHo, iB + i2 = /2, HO i 'B= iB (3aKOH OTpa)XE€HUs), MOITOMY i B + i2 = 7/2.

Prc. 274

!1\ 4
/0

@ “lem aameuvareneH yron Bpuocrepa?

@ lNokaxuTe, YTO NpyM BbLINONHEHKK 3aKoHa Bpio-
I cTepa OTPAXOHHbLIA W MPENOMNeHHLIA ny4n
~ 1/ : B3aUMHO NBPNEHANKYNAPHDI.

e ® VIHTeHCUMBHOCTL BCTECTBOHHOIO CBBTAa, Nnpony-
> T, WOHHOro 4epes ABa MNOMAPHIATOPA, YMEHbLLIK-
7 O nack BABoe. KaK OpMEHTHPOBAHbI MONAPHUIE-

0 TOpbLI?

CremneHp MONSPU3ALUN OTPAKEHHOTO M MPETOMIIEHHOTO CBETa MPH PA3NUYHBIX yriaX MaJeHUs MOXXHO
paccyuTaTtb U3 ypaBHeHHfI MaKCBCHHa, €CJIM YYCCTb I'PAaHUYHLIC YCJIOBUSA IJIA 3JICKTPOMArHUTHOT'O
MOJIsl HA TPaHMIIE pa3zena ABYX U30TPOIMHBIX JUIEKTPUKOB (Tak Ha3biBaeMble ropmyJibl Dpeness).

CreneHb nmoJsipu3alu MMpeJIOMJICHHOTO CBETA MOXKCT OBITh 3HAYUTEIBLHO MOBBIIICHA (MHOFOKpaTHI)IM
MpeTOMIIEHUEM TIPU YCIIOBUU MAJCHUS CBETa KaXKIbIi pa3 Ha IpaHuIly paszena moj yriom bprocrepa).
Ecnu, nanpumep, nns crekna (n= 1,53) creneHp mojisipu3aliid IPEJOMIIEHHOTO Jyda COCTaBIISET
~15%, Tto mocne mpenomiueHuss Ha 8—I10 HaNOXEHHBIX APYr Ha Jpyra CTEKISHHBIX IUIACTHHOK
BBILIEANINA W3 TaKOW CHCTEMbI CBET OYyJEeT MPAaKTUYECKH IOJHOCTHIO TMOJSIPU30BAHHBIM. Takas
COBOKYITHOCTh  IUJIACTUHOK  Ha3bpiBaeTcsa cromoil. (CToma MOXET CHOY>KuUTh JJIs1  aHajiusa
HOJISIPU30BAaHHOTO CBETA KaK MPU €ro OTPaKEHUH, TaK U MPH €ro MPEeIOMICHHH.
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Prc. 275 Puc. 276

3. HOJ]ﬂpI/I3aIII/IOHHLIe NMPU3MBI A ITOJAPOUIBI

B ocHoBe paboThl MONAPU3AMOHHBIX MPUCIIOCOONICHUMN, CIYKAIIUX 7S MOJYYeHHUS MOJISPU30BAHHOTO
CBETa, JIGKUT SIBJIEHHWE JIBOMHOro jydenpernomieHus. Haubonee uvacto ajis 3TOro NpUMEHSIOTCS
npu3Mbl U NOJsipouabl. [Ipu3Mel neisaTcs Ha JBa Kiacca:

1) mpu3MmBbl, AaroMe TOIBKO MIIOCKOMOISAPU30BAHHBIN JTy4 (MOJSIPU3AIMOHHBIE PU3MBI);

2) mpu3Mbl, Jalollye JABa MOJSPU30BAaHHBIX BO B3aUMHO MEPHEHAMKYJSPHBIX IUIOCKOCTSX Iyda
(1BOSIKOMPEJIOMJISIIONIIHE TIPU3MBI).

[TonspuzannoHHbIe MPU3MBI TOCTPOCHBI M0 MPHUHIIMITY MOJTHOTO OTpaskeHus (cM. 165) omHOro u3 mydeit
(Hanmpumep, OOBIKHOBEHHOTO) OT TpaHUIBI pas3zelia, B TO BpEeMs Kak JpPyrod Jyd C JOpyTrum
MoKa3zaTeleM TMPeJOMIICHUS TMPOXOAUT dYepe3 JTy TpaHully. TUNHYHBIM TMpeJCTaBUTENIEM
NOJIIPU3ALMOHHBIX TNpu3M sBisgercs mpu3dMa Hu2kons®, HaspiBaeMas yacto Hu2koiseM. IIpusma
Hukons (puc. 281) npencraBiser co0oi ABOMHYIO IPU3MY W3 HUCJIAHJICKOTO IIITaTa, CKJICCHHYIO BIOJb
nuHUE AB kaHajnckum Oanb3amoMm ¢ n=1,55. Ontudeckas ock OO’ MPU3MBI COCTABISIET C BXOAHOU
rpanpio yron 48°. Ha mepemHedt rpaHu TPU3MBI €CTECTBEHHBIN Jyd, MapauienbHbii pebpy CB,
pazaBauMBaeTCss Ha JBa Jiyda: OOBIKHOBEHHBIH (n,=1,66) W HeoObIKHOBeHHBIH (n.~1,51). Ilpu
COOTBETCTBYIOIIEM IMOAOOpEe yTia MaJeHus, PaBHOTO WM OONBIIEro MpeneiabHOro, 0ObIKHOBEHHBIN
Jy4Y UCHBITHIBAET TMOJHOE OTpaKeHUe (KaHAACKUI Oanb3aM M7 HEro SBISETCS CPEelOd ONMTUYECKU
MEHee IUIOTHOM), a 3aTeM TOTJIOMIAeTCs 3a4epHEHHOM 00KOBOM MoBepXHOCThI0 CB. HeoOhIKHOBEHHBII
Jyd BBIXOAWT W3 KpUCTAJIa MapajuleNlbHO TMaJalolleMy JIydy, HE3HAYUTEIbHO CMEIIEHHOMY
OTHOCHUTEJILHO HETO (BBUY TIPEIOMJICHHS Ha HAKJIOHHBIX TpaHsix AC u BD).

3agaHusi M BONIPOCHI

1. VYroa o Mexay IUIOCKOCTSIMU IPOIyCKaHUs NOJIsSpU3aTOpa U aHaIM3aTopa paseH 45°. Bo ckoybko
pa3 YMEHBIINTCS MHTEHCUBHOCTb CBETA, BBIXOAAILETO U3 aHAJIN3AaTOPa, €CIIN YIoJl YBEIUYHUTh 10

60°?
2. B ¢doTtomeTpe OJHOBPEMEHHO paccMaTpUBAIOT JBE IOJOBHMHBI IOJIS 3pEHUSA: B OJHOW BHAHA
STAllOHHAs CBETAIIASACS MOBEPXHOCTh C SAPKOCThIO L1=5 Kka/M%, B Apyroil — HCIBITyeMas

MOBEPXHOCTh, CBET OT KOTOPOM MPOXOOUT uepe3 JBa Hukous. ['paHuna mexay oOenmu
MOJIOBUHAMU I10JIA 3pCHUA UCUC3AacCT, CCIIN BTOpOﬁ HHUKOJIb MMOBCPHYTH OTHOCUTCIILHO IICPBOI'0 HA
yron a=45°. Haiitu spkocte L2 ucnbITyeMON MOBEPXHOCTH, €CIM U3BECTHO, YTO B KAXKIOM M3
HUKOJIEY HHTEHCUBHOCTD Nnagarouiero Ha HEro CBETa YMCHbINACTCSA HA 8 %.

3. Crenenp nonsipuzanuu P dactuyHo-mosisspusoBaHHOro ceeta paBHa 0,5. Bo ckombko pa3
OTJINYAETCS MAaKCHUMallbHasi MHTEHCUBHOCTh CBETAa, MPOIYCKAEMOIro Yepe3 aHalu3aTop, OT
MHUHUMAJIBHOM?

4. Ha myTM 4acTUYHO-IOJSPU30BAHHOIO CBETA, CTENEHb Hojisgpusanuu P xotoporo pasHa 0,6,
MOCTaBWJIM AaHAJIMU3aTOpP TaK, YTO HMHTEHCHUBHOCTH CBETa, MPOMIEAUIEr0 Yepe3 Hero, craja
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MakCHUManbHOH. BO CKOJBKO pa3 yMEHBIIMTCS WHTEHCHBHOCTh CBETa, €CJIM IUIOCKOCTh
MIPOITyCKaHUs aHAJIN3aTopa MOBEPHYTh HA yroia o =30°7?

5. Ha HHMKONP TajgaeT My4yoK YaCTHYHO-TIOJSPU30BAHHOTO CBeTa. [IpH HEKOTOPOM MOJIOKEHHU
HUKOJISl THTEHCUBHOCTD CBETA, MPOIIEAIIETO Yepe3 HeTo, cTajga MHHUMabHOW. Korna rmiockocts
NPOITYCKaHUS HUKOJISl TIOBEPHYJIH Ha yroi 3 =45°, HHTEHCHBHOCTB CBETa Bo3pocia B k = 1,5 pasza.
OHpCI{CJ’II/ITB CTCIICHD IMOJIApU3alun P cBera.

6. IlnactuHKy KBapua TOJIIUHONH d/=2 MM, BBIPE3aHHYIO NEPHEHIUKYJSPHO ONTHYECKOM OCH,
MIOMECTUIIM MEXJly NapajuleIbHbIMU HUKOJSIMHU, B PE3YyJbTaTe YEro IJIOCKOCTh MOJIApU3aLUU
CBETa MOBEPHYJIach Ha yroa ¢ =53°. OnpeaenuTs TONIUHY d2 MIIACTUHKU, IPU KOTOPOH JTaHHBIN

MOHOXpPOMAaTHYECKHUI CBET HE MPOXOJUT YEpPE3 aHAIU3ATOP.
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ITPAKTUYECKOE 3AHATHE Ne 26-27 KBAHTOBASA ITPUPOJJA U3JTYUYEHUA

Ienb-3akpenuTh H3yuyeHHBIM Marepuas 1o TemaTuke «KBaHTOBas Ipupoja H3JydyeHHs. TeruioBoe
M3IIy4eHHUE U ero XapakTtepucTuku. 3akoH Kupxroda. 3akonsr Ctedana — boybiiMaHa U cMenieHUs
Buna. ®opmynel Panes — Jxunca u Ilnanka. Buabl ¢orosnextpuueckoro sddexra. 3aKoHBI
BHemHeTo GotodrddexTar.

OcBaunBaemble KOMIIETEHIIHH B PE3YJIbTAaTE MIPOBEAEHUS NMPAKTUUECKOIO 3aHITHUS YKa3aHbl B IIyHKTE
«O01I1e cBeneHus»

AKTYyaJIbHOCTh NPAKTHYECKOr0 3aHATHS — 3aKPENUTh IOIYYEHHBIE TEOPETHMUECKHUE 3HAHUSA U
BbIpPAa0OTATh HABBIKM U YMEHMsI IPAKTUYECKOTO PELICHNUS 33a4, B TO YUCIIE U CAMOCTOSITENIBHO.

3HaTh:

- METO/Ibl CaMOOPIaHU3alMK K caMOOOpa30BaHMIO CTYJI€HTAa HalpaBiIeHUs «XHUMHUYECKas
TEXHOJIOTUS»,  CIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJb30BATh ~ OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHbIX JUCLUILIMH B MPO(ECCHOHANBHON AEATENbHOCTH, OCHOBHBIE 3aKOHbBI (DU3HKH,
METOZBl SKCIEPUMEHTAIBHOTO MCCIIEOBAHUS, OCHOBHBIX (U3NYECKUX TEOPHHA JJs pELIeHHS
BO3HHUKAIOMKUX (U3NYECKUX 337ay, CAMOCTOSTEIBHOIO MPUOOpeTeHus: (U3NYECKUX 3HAHUM, I
MOHUMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEIEIIbI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPABJICHUS

Ymern:
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- ocymiecTBIATh A (HEKTUBHYI0O KOMMYHHUKAIUIO B KOJUIEKTHUBE ISl pelIeHHsI MPOQeCCHOHANBHBIX

3a/1a4, CIOCOOHOCTHIO M TOTOBHOCTBIO HCIIOJNB30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JTUCIHIUTMH B TMpo(deccroHalbHON AeATeIbHOCTH, HCMIOJIb30BaTh 3HAHUS OCHOBHBIX (PU3NYECKUX
TCOpI/Iﬁ JJIA peHICHI/IH BO3HUKAKIINX (1)I/ISI/I‘~I€CKI/IX 3aJad, CaMOCTOATCIBbHOIO HpI/IO6pCT€HI/I$I
(bu3nyYecKUX 3HAHUHM, N7 MOHUMAaHUS MPHUHIMIIOB PaboOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE
BBIXOIAIINX 3a Hpe):[enm KOMIICTCHTHOCTHU KOHerTHOFO HaHpaBﬂeHI/IH, HpI/IMeHﬂTI)
COOTBETCTBYIOIIUN (U3UKO-MAaTEeMaTHUECKUN amnmapaT, METOJAbl aHalu3a W MOJCIUPOBAHUSA,
TCOpeTI/I‘IGCKOFO nu BKCHCPI/IMCHTaHBHOFO HUCCICOIOBAHUS HpI/I pemeHI/m HpO(i)GCCHOHEU'IBHI:IX 3aaa4.

Baagern:

- HaBBIKAMH pPa0OTHI B KOMaHJE, HAaBBIKAMH BECTH JHAJIOT, JICIIOBOWM CIIOP,  CIOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHMIO, HABBIKAMHM HATYPHBIX SKCIEPUMEHTOB C MOCIEIyIOMICH
00paboOTKOW WX pe3yJIbTaTOB, METOJaMH MaTEeMATHYECKOTO, KOMIBIOTEPHOTO U (PU3UYECKOTro
MOJIETTUPOBAHUS, METOJAMH PEIICHHs TEXHHUECKUX 3aJ1a4, pacueTa MPOU3BOICTBEHHBIX MPOIIECCOB U
KOHCTPYUPOBAaHUSI  COOPY)KEHHH, MAIIMH © TEXHOJOTHYECKOro  00O0pYI0OBaHWS,HABBIKAMH
OLICHUBAHUS PE3yJbTaTOB CBOCH MPO(PECCHOHATBHON NESTEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMH (PU3HWKHM, HABBIKAMH  CaMOCTOSATEIBHOTO TPHOOpeTeHHS (PU3MUECKUX 3HAHUH, I
MOHUMAHUS TPUHIHUIIOB PabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE BBIXOISANINX 32 MPEAEIBI
KOMIICTCHTHOCTHU HaHpaBJ'ICHI/ISI XI/IMI/ILICCKaSI TCXHOJIOTUS

Teopernyeckas yacTp
1. TensioBoe u3/1y4eHHe U €ro XapaKTepuCTUKHU

Tena, HarpeTple 10 JOCTaTOYHO BBICOKHUX TeMIEpatyp, cBerarca. CBedeHHe Tes, OOyCIIOBIEHHOE
HarpeBaHUEM, Ha3bIBACTCSA TEIUVIOBBIM (TeMIepaTypHbIM) H3JIyuyeHHeM. TerioBoe H3IydeHue,
ABJIAACH CAaMbIM PacCHpOCTPAHEHHBIM B IPUPOJE, COBEPILAETCS 3a CUET SHEPTUU TEIJIOBOTO JBHKEHUS
aTOMOB U MOJIEKYJI BEIIECTBa (T. €. 32 CUET €ro BHyTPEHHEN SHEPrUM) U CBOMCTBEHHO BCEM TeJlaM MpHU
temneparype Boilie 0 K. TemnoBoe usnydeHne xapakTepu3yeTcsl CIUIOIIHBIM CHEKTPOM, IMOJIOKEHHE
MaKCHMyMa KOTOpPOTO 3aBHCUT OT TeMIeparypbl. [Ipy BEICOKHX TeMIepaTypax U3JIydaloTcs KOPOTKUE

(BUOUMBIE U YIbTPa(UOIETOBBIC) 3JIECKTPOMArHUTHBIC BOJHBI, MPH HU3KUX — MPEUMYIIECTBEHHO
JTMHHBIE (MH(paKkpacHbIe).
TennoBoe wu3MyyeHHEe — TMPAKTUYECKH EIMHCTBEHHBIM BHJ W3Iy4YeHHs, KOTOPBIH MOXET OBbITH

paBHOBecHbIM. [IpenmonokuMm, dYTO Harperoe (HM3JIydaromiee) Telo TIOMEIIEHO B TOJIOCTh,
OTPaHHYEHHYIO UACAbHO OTpaxawiieid o0ojoukoil. C TeueHHWEM BpEMEHH, B PE3yJIbTaTe
HETPEPHIBHOTO OOMEHa PHEPTrueil MEeXIy TEIOM U W3JIy4YCHHEM, HACTYNUT PaBHOBECHE, T. €. TEJO B
CAUHUIY BPCMCHU GYIICT norjiomarb CTOJIBKO K€ SHCPTHUU, CKOJIBKO W H3JIy4aThb. I[OHYCTI/IM, qTo
paBHOBECHE MEXIy TEJIOM M H3IydeHHEeM MO KaKOH-THOO MpHUYMHE HAPYIICHO W TEN0 H3IydaeT
SHECPTrrUun 60.]11)]_]_[6, YEM II0oIjaomiacrt. Ecimu B CANHULY BPEMCHU TCJIO 6OJ'H>H_IC H3J1y4acT, YCM IOTJIOACT
(wym Ha0OOPOT), TO TEMIIepaTypa Tejla HauYHET TMOHMKAThCS (MM TOBBIIATECS). B pesynbrate Oyaer
ocnabnaAThCs (WM BO3pacTaTh) KOJIWYECTBO H3ITy4aeMOW TEIOM DSHEPTruu, IOKa, HAKOHEI, He
YCTaHOBHTCSI paBHOBecHe. Bce npyrue BUIBI M3Ty4YCHUsT HEPAaBHOBECHBI.

KonnuecTBeHHOW XapaKTEPUCTUKON TEIUIOBOTO W3IYYCHHsI CIY)KHT CHEKTPaJbHasi IJIOTHOCTH

3HepreTH'—leCKOﬁ CBETUMOCTH (H3ﬂy‘laTeﬂbHOCTl/l) T€JIa — MOIONHOCTb HU3JIYUCHHUSA C CIAWHHUIBI
rjiaonaay moBCPXHOCTHU TECJIa B UHTCPBAJIC HaCTOT CHHHHqHOﬁ IIHUPUHBI:
RvT = dW:“".d')
’ dv
e dW)0,, SHEPTrUsl DJICKTPOMATHUTHOTO W3JIYYCHHS, HCITyCKaeMOro 3a CIWHHIYy BpEMEHHU

(MOIIHOCTB M3TY4YEHHs) C €AMHUILIBI ITOMIAAHN TOBEPXHOCTH TEJa B MHTEPBAJIe YacTOT OT V0 vdv.
Enuanna cnekTpanbHOM IUIOTHOCTHM JHEPreTUYecKoil cBeTUMocTd (R,7) — [:KOYJb HAa MeETp B
kBazpare (Jx/m?).
3anucannyro GopMyITy MOXKHO MPEICTAaBUTh B BUAC (DYHKIIUU AJTMHBI BOJTHBIL:
dW:‘:“' = .,rdv = R"le.
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Tak kak c=Av, TO
di c A2
— e e TR e— e
dv v c
rJie 3HaK MHHYC yKa3bIBaeT HA TO, YTO C BO3PACTaHUEM OJIHOW W3 BEJWYMH (Vv WIK A) Apyras BeTUYWHA

yoObiBaeT. [ToaToMy B manpHEiIIeM 3HaK MUHYC OyeM omyckatb. Takum oOpa3om,
12
Ryr = Ryr—.
¢ (197.1)
C nomomipto popmyiiel (197.1) MmoxkHo mepeiitu oT Ry, 7 K Ry 71 HA000POT.
3Hasg CHEKTPaJbHYIO IUIOTHOCTh HJHEPreTHYECKON CBETUMOCTH, MOKHO BBIUYHCIUTH HHTErPAJbHYIO
JHEPreTHYECKYI0 CBETHMOCTh (MHTErpajbHYH) H3JIYy4YaTeJbHOCTh) (€€ Ha3bIBAIOT TIPOCTO

3HepFeTquCKOﬁ CBCTHUMOCTBIO Tena), MMPpOCYMMHUPOBAB 110 BCEM YaCTOTaAM:
@

Rr= § R,rdv.
0 (197.2)
CrocoOHOCTh TeN TMOrJIOmaTh TMAJarollee Ha HUX M3IYYCHHE XapaKTePU3yeTCsl CHeKTPAJIbHOI
NOTJIOIIATEILHOM CIIOCOOHOCTHIO

norx
d v, v+dy

- de, v+dv’

MIOKA3bIBAIOIIEH, Kakas [OJIsI DHEPrud, IPUHOCHUMOW 3a E€JUHUIy BPEMEHU Ha EIUHHUIY ILIOLIagu
MOBCPXHOCTHU TECJIa MaAarOIMMH Ha HCC JJICKTPOMArHuTHBIMU BOJIHAMH C 4aCTOTaMU OT V 0 V+dV,
norsiomiaercs TenoMm. CrekTpanbHas MOTrJoUIaTeNbHas CIOCOOHOCTh — BENWYMHA Oe3pa3MepHasl.
Benuuunsl Ry, 1 1 4,7 3aBUCAT OT IPUPOJIBI TENA, €r0 TEPMOAMHAMUYECKON TeMIepaTyphl U MPH 3TOM
pasiinvaroTCa  ajid I/I3J'Iy‘~IeHI/II\/JI C pPa3jiIM4YHbIMHM YaCTOTaMH. HOBTOMY 9T BCJIUYUHBI OTHOCIAT K
omnpeneneHHbIM T 1 v (BepHEe, K JOCTaTOYHO Y3KOMY MHTEPBATy 4acTOT OT Va0 vdV).

Teno, cmocoOHOE MOTIOMATE MOTHOCTHIO TMPHU JTIOO00H TeMIepaType Bce Majaroliee Ha HEero M3lydeHue
1000 YacTOThI, Ha3bIBaeTCs YepHbIM. Ciie10BaTeNbHO, CIEKTPabHAs MOTJIoaTeNIbHask CIOCOOHOCTD

YEPHOTO TeNa JUIA BCEX YacTOT M TEMIEPATyp TOkIeCTBEHHO pasHa eaunuue (4., =1). AGCoToTHO

Avr

YEepHBIX TEJI B MPHUPOJE HET, OAHAKO TaKHUEe Teja, KaK Caka, IJAaTHHOBAs 4epHb, YEPHBIH Oapxar u
HEKOTOpBIE APYTHUE, B ONPE/ICIICHHOM HHTEPBAJIC YAaCTOT 110 CBOMM CBOMCTBAM OJU3KU K HUM.

WneanbHON MOJENBI0 YEpPHOrO Tela SIBJIAETCS 3aMKHyTas IOJOCTb € HeOonbnMm oTBepctHeM O,
BHYTPEHHSsI NOBEPXHOCTb KOTOpOM 3auepHeHa (puc. 286). Jlyu cBera, nmomaBIIMN BHYTPb TaKOH
IIOJIOCTH, UCTBITHIBAET MHOTOKPATHBIE OTPa)KEHUS OT CTEHOK, B pe3yJIbTaTe 4ero MHTEHCUBHOCTh
BBIILIE/IIETO0 H3JyYEHUs OKa3blBaeTCA IPAKTUUYECKH paBHOW Hy0. ONBIT IOKa3blBaeT, 4TO IMpU
pasmepe otBepcTHs, MeHbliero 0,1 nuamerpa mOJOCTH, Najarollee H3JIy4eHUE BCEX YacTOT
IIOJIHOCTBIO TOIJIOIIAeTCs. BeiencTBue 3TOro OTKpBITHIE OKHA JIOMOB CO CTOPOHBI YJIMIIBI Ka)yTCs
YEpHBIMH, XOTSl BHYTPU KOMHAT JOCTATOYHO CBETJIO U3-3a OTPAKEHMSI CBETA OT CTEH.

Prc. 286

~ uMeeTcs TeMHbIi pucyHok. Modemy, ecnu ee
~ ObICTPO BbIHYTL HS MO, rAe OHA Harpenace
—— QO BbICOKOW TeMNepaTypbi, N PacCMaTpnBaThL
0 B TOMHOT®, Ha6nioAaeTCA CBETNLIA PUCYHOK
TOMHOM ¢oHe? :
@ Yem oTnMuaeTcA cepoe Teno or YepHoro?

» @ Ha qmpcpoponbn Tapenke Ha csevnoMm goxe
¥

Hap;my C TMOHATHEM YEPHOI'0 TEjIa HCIIOJL3YIOT MNOHATHE CEPOro Tejaa — TCJIa, MOIrjaoumaTeiibHas
CIIOCOOHOCTE KOTOpPOro MCEHLIIC CAWHHUIIBI, HO OJAWMHAKOBA AJId BCCX YAaCTOT W 3aBUCUT TOJBKO OT

TEMITEPATYPhl, MATEpPHaIa U COCTOSIHUS MIOBEPXHOCTH Tesia. TakuM 00pa3oM, ISl CEporo Teia AVCTZA T
= const<l.

HccnenoBanue TEMIOBOTO W3MYUYEHUS CHITPAI0 BAXKHYIO POJb B CO3/IaHUM KBAaHTOBOW TEOPUU CBETA,
MO3TOMY HEOOXOJAMMO PACCMOTPETh 3aKOHBI, KOTOPHIM OHO MO TYMHSIETCSI.
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2. 3axon Kupxroga

KI/IpXFO(l), ornupasiCb Ha BTOpOI71 3aKOH TCPMOJUHAMUKHA U aHATIU3UPYA YCIIOBUA PABHOBCCHOI'O U3JTYUCHUA
B HSOHHpOBaHHOﬁ CUCTEME TCJI, YCTAHOBHJI KOJIMYECTBEHHYIO CBA3b MCKAY CHGKTp&J’IBHOfI
IIJIOTHOCTBIO BHGPFGTH‘IGCKOP'I CBCTUMOCTHU U CHCKTpZU'II:HOfI MOTJIONIATEIbHOM CIIOCOOHOCTBIO TEI.
OtHomeHne CHeKTpaHLHOﬁ IIJIOTHOCTHU 9HepFeTI/I‘IeCKOﬁ CBCTHUMOCTHU K CHGKTp&J'IBHOI’I
MOTJIOMIATEIIFHOM CIIOCOOHOCTH HE 3aBHUCHT OT npupoAnel TCJaa; OHO MABJIACTCA OJId BCEX TCII
YHI/IBepcaHBHOﬁ CI)YHKHHCﬁ YacCTOThbI (I[J'II/IHBI BOJ'IHBI) H TEMIIEPATYPbI (SaKOH Knpxroq)a):

v T
=Ty,

A1 (198.1)
Jlns yepHoro tena A;{,T =1, noatomy u3 3akona Kupxroga (cm. (198.1)) BeiTekaer, uto R,,7 Ui 4epHOTO

Tesna paBHa ry,7. TakuM o0Opa3oMm, YHHBepcajdbHas pyHkuus Kupxroga r,r ects He 4YTO MHOE, KaK
CNeKmpanbHas NAOMHOCMb IHEPeemu4ecKol céemumocmuy yeprozo meaa. CieqoBaTeabHo, COTIACHO
3akoHy Kupxroda, amns Bcex Tel OTHOIIEHHE CHEKTPAIbHOM INIOTHOCTH SHEPreTUYECKONH CBETUMOCTH
K CHEKTPaJIbHOW TOTJIOMIATEILHON CIMOCOOHOCTH PaBHO CHEKTPAJbHON IJIOTHOCTH SHEPreTHUYECKOM
CBETHMOCTH YE€PHOI'0 TeJla npu Mol Jice memnepamype u 4acmome.

N3 3akona Kupxroga cnenyer, 4To crieKTpajibHasl INIOTHOCTh SHEPTETUYECKOM CBETUMOCTH JIF000r0 Tea
B JII000H 007acTH CIIEKTpa BCErJa MEHbIIE CHEKTPAIbHOM IUIOTHOCTU SHEPreTUYECKOH CBETUMOCTH
YEpHOTo Tena (MpH TeX ke 3HaueHusX 7 U V), Tak Kak A,7< 1 u noatomy R, r <r,r. Kpome Toro, u3
(198.1) BBITEKaeT, YTO eciu TEJO MPHU AAHHOW TemmepaType I He MOIJIOIAeT 3JEKTPOMAarHUTHBIC
BOJIHBI B MHTEPBAJIC YaCTOT OT V 10 v+dV, TO OHO X B 3TOM MHTEpPBaJe YacTOT NpU Temnepatype 1 u
HE U3JIy4aeT, Tak Kak rnpu 4,,r =0

Ry,7=0.

Hcnons3ys 3axkon Kupxroda, BelpakeHue as1 3HEpreTHyeckord cBeTUMOCTH Tena (197.2) MoxHO
3aIliCcaTh B BULC

©
RT = I Ay,r IyT dv.
0

M ceporo Tena

-]
RS = Ap{ r,pdv = ArR,,
1 (198.2)
rie

- o]
R = [ rordv
[

— JHepPreTHYeCKH CBETUMOCTh YePHOI0 TeJIa (3aBUCUT TOJIKO OT TEMIIEPATYphl).

3akoH Kupxroga onuceiBaeT TOJIbKO TEIJIOBOE U3IyUYEHHE, SIBISSCh HACTOJIBKO XapaKTEPHBIM ISl HETO,
YTO MOXET CIIy)KUTb HAJEKHBIM KPUTEPUEM I ONpPENEICHUS NPUpOAbl u3nydeHus. H3mydenwue,
KoTopoe 3akoHy Kupxroda He noJUnHSIETCs, HE SIBISETCS TEIJI0OBBIM.

3. 3akonbl Ctedana — boabumana u cmeniennst Buna

N3 3akona Kupxroda (cm. (198.1)) cienyer, 9To crieKTpaabHas IDIOTHOCTh YHEPTETHYECKOE CBETUMOCTH
YEepHOI'o Tejia ABJSETCS YHUBEpCaIbHOE (DyHKIMEH, TOATOMY HAXOXAECHUE €€ SIBHOM 3aBUCHUMOCTH OT
Y4acTOTHI M TEMIIEPATYPHI SBISETCS BAYKHOM 3a/1a4ell TEOPUH TETIIOBOTO U3ITYyUYCHHUS.

Asctpuiickuii puzuk M. Credan (1835—1893), ananuzupys s3xcrnepuMeHTanbHble nanHble (1879), u JI.
bonbuman, nmpumensist TepmoanHamudeckuil meton (1884), pemmnu 3Ty 3agady JUIIb YaCTUYHO,
YCTaHOBMB 3aBUCHUMOCTb HSHEPreTUYECKOHl CBEeTMMOCTH Re oT Temmeparypbl. CoOrjacHO 3aKOHY
Credana — boabumana,

R,=oT* (199.1)
T.e. DHEpPreThyYecKass CBETUMOCTh HYEPHOrO Tejla TMPOIMOPIMOHAIbHA YETBEPTOM CTETEHH €ro
TEPMOJMHAMUYECKON TemmepaTypel; o — mnoctosHHas Crepana — bonbinmana: ee JKcmepu-

MEHTaJIbHOE 3HaYeHue paBHo 5,67-1078 Br/(m? - K*).



140

3aKkoH CTe(baHa — BOJ'ILI_[MaHa, onpeacisist 3aBUCUMOCTDb Re ot TEMIICPpATyphbl, HC HOaC€T OTBCTa
OTHOCHUTCIIBHO CICKTPAJIBHOI'0 COCTaBa HU3JIYYCHHA YCPHOIr'oO TCa. "3 OKCIICPUMCHTAJIBHBIX KPHBBIX

o)
CJlelyeT, YTO pacIpeesieHUEe HEpruu B CIIEKTPE YEpPHOTO Teja SIBISETCS HEpaBHOMEpPHbIM. Bce
KpUBBIE HMEIOT SIBHO BBIPA)KCHHBIH MAaKCUMYM, KOTOPBIM II0 Mepe IOBBILIEHUS TEMIIEpaTypbl
CMeIIaeTcsl B CTOPOHY Oojiee KOpoTKuX BOJH. [1momianas, orpaHu4YeHHas KpUBOM 3aBUCUMOCTH 74,7 OT A
U OChIO a0CIUCC, MPOTOPIIMOHATBHA YHEPTETUIECKON CBETUMOCTH Re YEPHOTO Tella U, CIIEA0BATEIHHO,
no 3akony Credana — bonbiiMaHa, 9eTBEpTON CTENEHN TEMITEPaTyPHI.

c
3aBUCUMOCTH (DYHKLIUH 72,7 OT JJIMHBI BOJHBI A (ru-=—— r,,r) IpU Pa3IUYHBIX TeMieparypax (puc. 287)

rar Prc. 287

@ B yem 3aKNIUAETCA DUSHYBCKHA CMBICI YHN-
sepcansHofl dyHxkymm Knpxroga?

® Kaxk n 80 CKORLKO PRI UIMOHNTCR IHepPreTH-
YOecKas CBOTHMOCTs YGPHOIO Tena, 6CNN ro
T & TOPMOANHAMMYOCKAR TOMNEPATYPR YMOHL-
[ f WHTCA speoe?
! \ @ Kax CMOCTHTCA MRKCHMYM CNOKTPanusHOR nno-
1) e THOCTN 3HEPreTHYecKoH CBOYHMOCTN Fy T “ep-
2 HOTO TeNa C NOBLILIGHNOM TOMNBPaTYPHLI?

Hemenkuii ¢pusuk B. Bun (1864—1928), onupasich Ha 3aKOHBI TEPMO- U IIIEKTPOJIUHAMUKU, YCTAHOBHII
3aBHCUMOCTD JJIUHBI BOJTHBI Amax, COOTBETCTBYIOIIEH MakCUMyMy (PYHKIUH 727, OT TeMnepaTypsl 7.
CornacHo 3akoHy cMenieHusi Buna,

Amax=b/T, (199.2)

T. €. JUIMHA BOJIHBI Amax, COOTBETCTBYIOILIAs MaKCHUMaJbHOMY 3HAUEHHUIO CIEKTPAJIbHOM IJIOTHOCTH
SHEPreTUYECKON CBETUMOCTH 74,7 YEPHOTO Tela, 00paTHO MPOMOPIMOHATbHA €T0 TEPMOJUHAMHYECKON
TemrepaType, b — ToOCTOsHHas BuHa; ee SKCIEpUMEHTAIbHOE 3HayeHue paBHo 2,9-107° M-K.
Breipakenue (199.2) moToMy Ha3bIBAIOT 3aKoHOM cmewjenuss BuHa, 4TO OHO TMOKA3bIBAET CMEIICHHE
HOJIOXKEHUS MaKCUMyMa (DYHKLUH 727 [0 MEpE BO3pACTaHUs TeMIEpPaTypsl B 00J1aCTh KOPOTKUX JJIUH
BOJIH. 3aKOH BHHa 00BsCHSET, MOYEMY IIPU MOHMKEHUHU TEMIIEPATYphl HArPETHIX TEJ B UX CIIEKTPE BCE
CUJIbHEE MpeoliafjaeT JIMHHOBOJIHOBOE M3NTydYeHHE (HampuMep, mepexo] 0eaoro KaueHus B KpacHOe
IIPU OCTBHIBAHUU METAJLIA).

4. ®opmyasnl Paies — [:kunca u [lnanka

N3 pacemotpenus 3akoHoB Credana — bonbiimana u Buna cienyert, 4To TepMOAMHAMUYECKUAN MOAXO K
pEelIeHHI0 3aJlaua O HaXOXACHUM YyHuBepcaibHOW ¢yHkiuu Kupxroda r,r He gan KemaembIX
pesyabTaToB. Creayromias cTporasi ONbITKa TEOPETUYECKOTO BBIBOJIA 3aBUCUMOCTH 7y, T IPUHAIICKUT
anrmiickuM yueHbiM J[. Pameto u JI. Jlxuncy (1877—1946), koTopble NMPUMEHUIN K TEIUIOBOMY
U3IYyYEHUI0 METOAbl CTATUCTHUYECKOW (PU3UKH, BOCIMOJB30BABIIMCH KJIACCUYECKUM 3aKOHOM
PaBHOMEPHOTO pacIpeieIeHHsI SHEPTUU 0 CTEIEHSIM CBOOOIBI.

®opmyia Prnes — JlxuHca 715 CHEKTPATbHOM MIIOTHOCTH YHEPTETUYECKOM CBETUMOCTH YEPHOTO Tela
UMeEET BU]T

, 2xv?
Fyr = —2 <¢> = — kT,
p c (200.1)
rae (&=kT — cpenmHssi SHEPTUs OCHULIATOPAa C COOCTBEHHOW dacToToi V. Jlms ocumiisTopa,

COBEpIIAIONICTO KOJIeOaHMs, CpeJHUE 3HAYCHUS KHHETHYECKOM U TMOTCHIMAIBHOM SHEPruit
oMHAKOBHI (cM. 50), TOITOMY CPEIHSIS SHEPTHS KXo KojiebaTenbHOM cTerneHn cBo0oabl (&£)=kT .
Kak noxazan ombit, BelpaxkeHue (200.1) coryacyercs ¢ 3KCIEpUMEHTAIBHBIMM JAaHHBIMU MOJbKO B
00J1aCTH OCTATOYHO MAJIBIX YacTOT M OOJbIIUX Temmeparyp. B oOmactu Gonpmmx 9actoT Gopmyna
Panes — JIxuHca pe3Ko pacXoIHTCs ¢ HKCHEPUMEHTOM, a TaKXkKe C 3aKOHOM cMmelleHus Buna (puc.
288). Kpome Toro, oka3anoch, 4TO MOMbITKA MOIYy4YUTh 3ak0oH Ctedana — Bonbpimana (cMm. (199.1)) us
dbopmyinbl Panes — JlxkuHca nmpuBoauT K abcypay. JledcTBUTENbHO, BEIYUCICHHAS C UCTIOIb30BAaHHEM

(200.1) sHepreTudeckas CBETUMOCTh yepHOro Tena (cm. (198.3))
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R, = jr,.rdv==——1—:—l:—]v’dv= 0,

0 0
B TO BpeMmsi kak mo 3akoHy Ctedana — bonpiiMana R. NpomMOpHHMOHANbHA YETBEPTOW CTENEHU
TEMIEPATypbl. DTOT Pe3yibTaT MOJYYHJ Ha3BaHHE «yJIbTpaduoiaeToBoil KaracTpodw»y. Takum
0o0pa3oMm, B paMKax KJIacCHUeCKON (PU3UKU HE YJANOCh OOBSICHUTH 3aKOHBI PACIPECICHNUS YHEPTUH B
CIEKTPE YEPHOTIo Tea.

,‘Wr‘ Mo Paneio - Omuncy Puc. 288
i
I
!
!
/ Mo By ® Hapucy#ite n CONocTaBbTe Kpnewie r,r W ry 1.
/ @ Vicnonbsyn opmyny MNnaxxa, Hafgure nocro-
3/ AnNyio Credana — Bonbumana.
@ Npn kaknx ycnosuax us cdopmyns Mnanxa
- NONY4AI0TCA 38KOH cMeuleHWA Buna » dopmy-

v na Panes — [xnuxca? .
B oGmactu GonbIIMX YAacTOT XOpOILEEe COrjacue C ONbITOM JaeT (opmy.aa BuHa (3aKkoH M3/Iy4YeHHs
Buna), nomyueHHas UM U3 OOIIMX TEOPETUUECKUX COOOPaKEHUM:
ryr=Cv? Ae—""r,
IJI€ 7y, T —CIHEeKTpaJibHas IUIOTHOCTh YHEPreTUUECKON CBETUMOCTH 4yepHOro Tena, C u A — MOCTOSTHHbIE
BEJIMYMHBI. B COBpeMEHHBIX 0003HAUYEHUSAX C HUCHOJIb30BaHHMEM IMOCTOsSHHOHM [lnaHka, koTopas B TO
BpeMs ellle He Oblila U3BECTHA, 3aKOH M3Iy4eHHUs BrHa MOXKeT ObITh 3allicaH B BUJE

2mhv?  _ien)
ryyr= 2 ¢ .

[IpaBunbHOE, coryacyrouieecs C ONBITHBIMU JaHHBIMHM BBIPKEHHE JUIsl CHEKTPAJIbHOW IJIOTHOCTH
HSHEPreTUYECKOM CBETHMMOCTH YEepHOro Tena Obuio HaiimeHo B 1900 r. Hemenkum ¢uszukom M.
[Tnankom. [[ng sToro emMy HpUILIIOCH OTKa3aTbCs OT YCTAHOBUBLIETOCS IOJIOKEHUS KIacCHYECKOMN
(GU3UKH, COTIIACHO KOTOPOMY SHEPTHS JTFO00H CUCTEMBI MOXKET U3MEHSTBCS HeNnpepuleHO, T. €. MOXKET
HOPUHUMATh JI0ObIE CKOJb yroAHO Onn3kue 3HayeHus. CoriacHo BbIABMHYTOHM IlnaHKOM KBaHTOBOI
rUNoTe3e, AaTOMHBIE OCHMJUISTOPHI U3TY4al0T SHEPTHUIO HE HETPEPHIBHO, a ONPECIICHHBIMH ITOPLIUSIMHI
— KBaHTaMH, [IPHYEM dHEPrusl KBaHTa MPOMOPIMOHaIbHa yacToTe Konebanus (cMm. (170.3)):

gy=hv=hc/A, (200.2)
rae h= 6,625-103* JIxx-c — nocrosinnas Ilnanka. Tak Kak M3JIyueHHe MCIYCKAeTCs TOPILUSAMH, TO
SHEPTUsl OCHWIIATOPA £ MOXKET NMPUHUMATh JIUILIb ONpPECIICHHBIE OUCKpemHble 3Ha4eHUs, KpaTHBIC
[EJIOMY YUCITY 3JIEMEHTAPHBIX MOPIUI SHEPTHH &:
e=nhv (n=0,1,2,..).

B nanHOM citydae CpeqHIOI0 SHEPIHUIO &) OCHMLIATOPA HENlb3sl NPUHUMATh paBHOU k7. B mpubmmxenuu,

YTO paclpesieieHue OCHWUIATOPOB IO BO3MOXHBIM JIUCKPETHBIM COCTOSHUSIM  IOJYMHSAETCS

pacnpenenennto bonbivmana ( 45), cpenHsasa SHEPTUS OCUUILIATOPA
hy
&) =
e -1
a CIIEKTpajbHasi INIOTHOCTh YHEPTETUYECKOU CBETUMOCTH YEPHOTO TeJa
- 2mv? hy 2mhy3 1
2 wen ,  ¢?  men
€ MDD _ et Dy

Fvr =

Taxum oOpaszom, [Inank BeIBeN i yHUBEpcaabHON QyHkunu Kupxroda hopmyny
2nhv? 1

% i e
hvj(k
¢t D _,

(200.3)

N3 dopmyner [lnanka, 3Hass YHHBEpPCAIbHBIC MOCTOSHHBIC /4, K M ¢, MOKHO BBIYHCIUTH MOCTOSHHBIC
Credana — bonsiiMana o u Buna b. C npyroit cTOpOHBI, 3Has SKCTIEPUMEHTAJIbHBIE 3HAYCHUS O U b,
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MOYKHO BBIYMCIIUTH 3HAa4eHUs /1 U k (MMEHHO Tak M ObUIO BIEpPBble HAWIEHO YMCIOBOE 3HAUEHHE
noctostHHoM [1nanka).

Taxum oOpaszomM, popmyia IInaHka HE TOJIBKO XOPOIIO COIIACYETCs ¢ KCIEPUMEHTAbHBIMU JTaHHBIMU,
HO U COJEPXKUT B ce0€ 4YacTHbIE 3aKOHBI TEIJIOBOI'O M3IYYEHUS, a TAKXKE IO3BOJSET BBIYMCIUTH
IIOCTOSIHHBIE B 3aKOHAX TEIUIOBOro u3iydeHus. CienoBarenbHo, Gopmyna [InaHka sBiaseTcs NOIHBIM
peleHreM OCHOBHOW 3afaHvsi W BOIPOCHI TEIUIOBOTO M3ITyueHHs, moctaBieHHON Kupxropom. Ee
pelLIeHHEe CTajl0 BO3MOXKHBIM JIMIIb OJ1aroAapsi peBOJIOIMOHHON KBaHTOBOI runotese [Inanka.

5. Buasl porodiekrpudeckoro 3pdexra. 3akoHbl BHemHero porodpdexra

l'umote3a Ilnanka, Onectsiie pemuBIIas 3agady TEIJIOBOTO H3IyYEHHUs YEPHOTO Tejia, MOIyduiia
MOJTBEPXKICHUE U JalibHeIee pa3BUTHE NpHU 00bsAcHEHHH (oTod(hdekTa — SIBICHUS, OTKPHITHE U
HCCJIEIOBAHUE KOTOPOTO CHIIPajo Ba)XKHYK pOJIb B CTAHOBJIEHUM KBAaHTOBOW Teopuu. Paznmuuaror
¢dorodddexr BHEmHUI, BHYTpEHHHI W BEHTHIbHBIH. BHemHUM (oTodiiekTpuueckum 3¢pdexrom
(pororddexToM) Ha3bIBACTCS  HCIYCKAHUE  DJIEKTPOHOB  BEIIECTBOM  IOJA  JIEHCTBHEM
AIIEKTPOMArHUTHOTO M3IydeHus. BHemHmit GpoTorddext HabaromaeTcst B TBEPABIX TeNax (MeTayuiax,
MONYyIPOBOJIHUKAX, MUAJNEKTPUKAX), a Takke B Tra3aX Ha OTIENbHBIX aroMax W MOIEKylax
(porononuzanus). Porodddext oonapyxken (1887 r.) I'. ['epriem, HaOMIOAABIIMM YCUIICHHE TTPOIIEcca
pa3psija mpu 00Jy4eHUH UCKPOBOTO IPOMEXKYTKA yIbTPAPUOIETOBBIM H3ITYyUYCHHEM.

[lepBpie QyHAaMeHTaNbHBIE UcchegaoBaHUS (GoTod(d(dexTa BBHITOTHEHBI PYyCCKHUM ydeHbIM A. T.
CroneroBsiM. [IpuHIMNMansHas cxema uist uccnenaoBanus Gorosddexra npuBeneHa Ha puc. 289. Jlza
anektpona (xaton K u3 uccinegyemoro merauia u aHoj 4 — B cxeme CToJeTOBa NMPUMEHSIIACh
METaJIIM4ecKasl CeTKa) B BaKyyMHOW TpyOKe MOJKIIOYEHBI K OaTrapee TakK, 4YTO C IOMOIIBIO
NOTEHLUMOMETpA R MOKHO H3MEHSTh HE TOJBKO 3HAYEHWE, HO W 3HAK II0JJaBa€MOro Ha HHX
HanpspkeHusl. TOK, BO3HUKAIOLIUN MPU OCBEUICHHHM KaToJa MOHOXPOMATHYECKUM CBETOM (depe3
KBapLEBOE OKOILIKO), U3MEPSETCS BKIIOYEHHBIM B LIeNb MumuamnepMmerpoM. OOayyast KaToJ] CBETOM
Pa3IMYHBIX JJIMH BOJIH, CTOJIETOB YCTAaHOBWJ CIIEIYIOIINE 3aKOHOMEPHOCTH, HE YTPATHUBILHE CBOETO
3HaueHUs J0 Hamero BpemeHnu: 1) Hambosee 3¢ hekTHBHOE NEHCTBUE OKA3bIBACT YIbTPA(UOIETOBOE
U3y4eHue; 2) Moj JAeWCTBUEM CBETa BEIIECTBO TEPSET TOJBKO OTpULIATENbHbBIE 3apsbl; 3) CUla TOKa,
BO3HUKAIOILETO MO/ AEMCTBUEM CBETA, IPSAMO IPONOPLHOHAIbHA €70 UHTEHCUBHOCTH.

JIx. JIx. Tomcon B 1898 r. u3amepun ynenbHbIN 3apsij] UCIYCKAeMbIX IO ICHCTBHEM CBeTa 4acTHIl (110
OTKJIOHEHHIO B 3JIEKTPUYECKOM M MarHUTHOM MOJISX). DTU U3MEPEHHUs MOKa3alld, YTO MOJ JeHCTBHEM
CBETa BBIPBIBAKOTCS AEKTPOHBI.

Caert Puc. 289
@ ® Mouemy (hOTOINEKTPUHECKNE NIMEPEHUA Be-
mA CbM& 4yBCTBMTENbHbI K NPHPOAIe N COCTOAHMIO
noBepxHoOCcTH coTokaTona?

"‘——@—*‘ @ MoxxeT N sonoras NNAcTMHKA CRYXHTb oTo-

‘ conpoTHBNeHneM?
R 7: 2 @ Kax npn 3afaHHOM 4acToTe CBOTa WIMEHWUTCA
OTOTOK HACHILIEHWA C YMBHbWEHHeM 0cBe-

WeHHoCTH katoha?

| S
“Tlt @ Kax ns onuitos no thoroadexry onpeaens-

eTcA nocronxHaa fnanka?

BuyTtpennuii ¢orod(p(peKT — 3T0 BBI3BaHHBIE DJIEKTPOMArHUTHBIM U3JIy4EHUEM IIEPEXO/IbI MIEKTPOHOB
BHYTPH IOJYNPOBOJAHUKA WM JUIEKTPUKA W3 CBA3aHHBIX COCTOSHMHA B CBOOOJHBIE O€3 BbLIETa
HapyXy. B pe3ynbpraTe KOHIEHTpALUsl HOCUTENEH TOKA BHYTPH Tejla yBEIMUMUBAETCS, YTO MPUBOJIUT K
BO3HMKHOBEHUIO (POTONPOBOAUMOCTH (IIOBBIIICHUIO 3JEKTPONPOBOAHOCTH IOJIYIPOBOJHUKA WIIH
JUBJIEKTPUKA IIPU €r0 OCBEILEHUH) WU K BOSHUKHOBEHUIO 3.]1.C.

Bentuabubiii  ¢poTodpexT, SABAAIOMUNACT PA3HOBUIAHOCTHIO BHYTpeHHETo (oTodddekra,
BO3HHKHOBEHHUE 3.7.C. (pOTO-3.11.C.) IPU OCBEIICHUH KOHTAKTa JIBYX Pa3HBIX MOJIYIPOBOJHUKOB HIIH
NOJYNIPOBOJHUKA M MeTamia (IIpU OTCYTCTBMM BHEIIHETO 3JIEKTPUYECKOro Mousl). BeHTunbHbIN
doroah ekt oTKphIBaET, TAKUM 00pa30M, IyTH AJIS MPSIMOTO MIPeoOpa30BaHUs COIHEUHOM SHEPTUU B
IEKTPUUECKYO.
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Ha puc. 289 mnpuBeneHa 5SKCIEepUMEHTaJbHAs YCTaHOBKA Ui HCCIEIO0BaHHMS BOJbT-aMIIEPHOI
xapakTepucTuku ¢goroddpdexra — 3aBucumoctu HoToTOKa /, 00pa3yeMOro MOTOKOM 3JIEKTPOHOB,
UCITyCKaeMbIX KaTOJIOM NOJ JeiicTBUeM cBeTa, OT HampsbkeHus U Mexay siekTpoaamu. Takas
3aBUCHUMOCTb, COOTBETCTBYIOIIAs IBYM pAa3JIMYHBIM OCBEIIEHHOCTSIM FE, Kartoja (4acToTa CBeTa B
o0oux cimyyasx oJuHaKoBa), npuseneHa Ha puc. 290. ITo mepe yBennuenus U GHOTOTOK NOCTENEHHO
BO3PACTaeT, T. €. Bce OOJbIlee YHCI0 (POTONEKTPOHOB AOCTHTAeT aHoaa. [1omoruii xapakTep KpUBBIX
IIOKa3bIBAET, YTO 3JIEKTPOHBI BBUICTAIOT M3 KaTOJa C Pa3IMYHBIMH CKOPOCTAMH. MakcumaibHOE
3HaU€HUE TOKA [wac — (POTOTOK HACBHILIEHUS] — OIpeAeseTCs] TakuM 3HaueHueM U, mpu KOTOpoM
BCE 3JIEKTPOHBI, UCITyCKaeMble KaTOJIOM, IOCTUTAl0T aHOJA:

Lac=en,
IJI€ 71 — YHUCJIO AJIEKTPOHOB, UCITYCKAaEMbIX KaTOJ0M B 1 C.
(202.1)
Puac. 290
@ Mpr 3aMeHe ogHOro Mmetanna ApyrMm AnvHa
7 i BONHbI, COOTBETCTBYIOWAA KPacHOA rpaHuye,
yMeHbLaeTCR. YTo MOXHO cxasaTtb o pabote
I - BbiXOQa 3TUX mMerannos?
7hoc ® Kak c nomoiyblo ypaBHeHns JiHwTedHa 06b~
acHuTb 1 n 11 3akoHbl hoTtoaddexra?
p /___ ® Hapucyiite v oGbACHNTe BONbT-aMNEPHLIe Xxa-
2uge [~ S pPaKTepucTnKy, COOTBETCTBYIOWME ABYM pas-
NMYHBLIM OCBOWIEHHOCTAM Karog4a Npu 3anaH-
- HOA yacToTe ceeTa ¥ ABYM Pa3NU4HbiM 4aCcTO~

Uy 0 v Tam npu 3aAaHHOR OCBEU@HHOCTH.

W3 BonbT-aMmepHON xapaKTepucTHKU cienyer, 4to npu U=0 ¢otoTtok He ucuezaer. CremoBarenbHO,
AJIEKTPOHBI, BHIOUTHIE CBETOM U3 KaToJ1a, 00Ja4at0T HEKOTOPO HauyaabHOW CKOPOCTBHIO V, a 3HAUUT, U
OTIIUYHON OT HyJS KUHETHYECKON SHeprueil M MOTYT JOCTHTHYTh aHojaa 0e3 BHeIHero mois. s
TOTO YTOOBI (POTOTOK CTA PaBHBIM HYJIIO, HEOOXOIUMO MPUIOKUTH 3a[epPKUBaIOLIee HANPSKeHne
Uo. Tlpu U=Uo HM OIMH U3 BJCKTPOHOB, JaKe O0JIAAIOIIMKA NP BhUIETE U3 KAaTOJa MaKCUMaIbHOM
CKOPOCTBIO Vmax, HE MOKET MPEOI0JIETh 3aI€PKUBAIOILET0 NOJIS ¥ JOCTUTHYTh aHojAa. CiienoBaTenbHo,

mul, [2=el,

T. €., U3MEpPHUB 3aicpXkuBaronice HampspkeHue Uo, MOXKHO OINpPEAEIUuTbh MAKCUMAJIBHBIC 3HAYCHUS
CKOpPOCTH M KHHETHYECKOH SHEpruu (POTOIIEKTPOHOB.

[Ipn wu3yyeHHH BOJBT-aMIIEPHBIX XapaKTEPUCTHK pa3HOOOpa3HBIX MaTepHalioB (BakHA YHCTOTA
MOBEPXHOCTH, IO3TOMY HU3MEPEHUsI MPOBOJATCS B BaKyyM€ M Ha CBEXHX IOBEPXHOCTSAX) MpPHU
pPa3IUYHBIX YacTOTaX MaJalollero Ha KaToA M3JIy4YeHHs M Pa3Iu4HbIX DHEPreTUYECKUX
OCBEIIIEHHOCTSX KaToAa W OOOOIICHUS TMONYYSHHBIX NAaHHBIX OBLIM YCTAHOBIICHBI CIICAYIOIINE TPH
3aK0Ha BHelIHero gorodpdexra.

I. 3akon CroneroBa: npu (UKCUPOBAHHON YacCTOTE MAMAIOUIETO CBETa YUCIO (HOTODIEKTPOHOB,
BBIPBIBAEMBIX U3 KaTrofa B €AMHUIY BPEMEHH, IMPOMOPLHUOHAIBHO WHTEHCUBHOCTH CBeTa (cuia
(doTOTOKA HACKHIIIIEHUS TPONOPLMOHATIFHA YHEPIeTUUECKOI OCBEIIEHHOCTH FE. KaTO/a).

II. MakcumanpHasi HayalbHas CKOPOCTh (MakcMMalbHas HadajgbHas KUHETUYECKash OSHEprus)
(OTO37EKTPOHOB HE 3aBUCUT OT MHTEHCHUBHOCTH TMAJAIOIIETO CBETA, a OIpPEIENSETCS TOJIBKO €ro
4acTOTOH V.

III. JIns kakmoro BemecTBa CyIIECTBYET KpacHas epanuya Gotodddekra, T. €. MUHUMaIbHAS 9acToTa W
cBeTa (3aBUCALIAs OT XMMHYECKOM NPHUPOJABI BEIIECTBA M COCTOSHUS €r0 MOBEPXHOCTH), HIDKE
KOTOpoH (hoT03(PHEeKT HEBO3MOKEH.

KauectBenHoe o0bsicHenue poTorddexTa ¢ BOTHOBON TOUKH 3pEHHS Ha MEPBBIN B3I HE JOJKHO ObLIO
OBbI MPENCTaBIATh TPYAHOCTEH. JIeMCTBUTENBHO, MOJ JACHCTBHUEM IIOJISI CBETOBOW BOJIHBI B METaJlIe
BO3HUKAIOT BBIHYKJICHHBIC KOJICOAHUS AJICKTPOHOB, aMILTUTYa KOTOPBIX (HampuMep, Mpu Pe30HaHCE)
MOJKET OBITh JAOCTATOYHOW I TOTO, YTOOBI 3JEKTPOHBI MOKHWHYJIM METaJl; TOTAa U Haliromaercs
dorordpdexr. Kunernueckas SHEprus BBHIPHIBAEMOTO W3 MeETalUla JJEKTPOHA JOJKHA ObUTa OBl
3aBHCETh OT MHTEHCHBHOCTH MAJAlOIIEr0 CBETa, TaK KaK C YBEJIMYEHHUEM IIOCIIETHEH 3JIEKTPOHY
nepenaBaiach Obl Oonbiias sHeprus. OHAKO 3TOT BBIBOA npoTuBopeunT Il 3akony dororddekra. Tak
KaK, 110 BOJHOBOM TEOpPHUH, HEPIHUs, MepeaaBaeMasl dJeKTpOHaM, MPOMOPLUUOHAIbHA HHTEHCUBHOCTH
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CBETa, TO CBET JIH0OOI 4acTOThI, HO 10CTaTOYHO OOJBIION MHTEHCUBHOCTU JJOJDKEH ObLT Obl BHIPHIBATD
AIIEKTPOHBI U3 METaJula; MHBIMH CJIOBaMH, KpacHOW TpaHuibl (HoTodPdexTa HE JOIKHO OBITh, YTO
npotuBopeunt III 3akony doTtorddexra. Kpome Toro, BosHOBas Teopus HE CMOIJIAa OOBICHUTH
0e3pIHepIHOHHOCTL (oTod(pdeKTa, YCTAHOBICHHYIO oOmNbITAaMH. Takum o0pa3zom, (HoTodpdexT
HEOOBSCHUM C TOUKHU 3pPEHUS BOJTHOBOM TEOPHH CBETA.

3agaHusi M BONPOCHI

1. Omnpenenuth TeMmneparypy 7, Ipu KOTOPOW 3HEpreTuyecKas CBETUMOCTb M. 4epHOro Tejla paBHa
10 kBt/™? .

2. Ilorox »Heprun ®e, U3nydyaeMblii U3 CMOTPOBOIO OKOIIKA IUIAaBMJIBHOW meuu, paBeH 34 BT.
Onpenenuts Temnepatypy I Neuu, €Iy ILIOMAb OTBEPCTUS S = 6 M.

3. Omnpenenutp 3Heprur0 W uzinydaemyro 3a BpeMs /= 1 MUH U3 CMOTPOBOTO OKOIIKa IUIONIA/IbIO
S=8 cm? nnaBunbHOI neun, eciu ee Temneparypa T=1,2 kK.

4. Temmnepatypa T BepxHux cioeB 3Be3pl Cupuyc paBHa 10 kK, Onpenenuts notok snepruu e,
M3JTy4aeMblii ¢ HOBEPXHOCTH ILIOMAAbI0 S=1 KM? 3TOM 3BE3/IbI.

5. OmpenenuTts OTHOCUTEIBHOE yBeIW4deHUE A Me/M. dHEPreTHUECKONH CBETUMOCTH YEPHOTO Teia
IIPY YBEJIMYEHUU €0 TemIepaTypsl Ha 1%.

6. Bo ckonbko pa3 Haj0 yBEJIWYUTh TEPMOJAMHAMUYECKYIO TEMIIEPATypy UYEPHOIO Tela, YTOOBI €ro
JHEPreTUYecKast CBETUMOCTb Me BO3pOCIIa B Ba pas3a?

7. llpunumas, uro CoylHLE H3TyYaeT KaK YEpHOE TEJI0, BBIYUCIUTH €ro HSHEPreTHYECKYIO
cBeTUMOCTh M. 1 Temriepatypy I ero nmoBepxHocTu. CollHEUHBIH AUCK BUACH ¢ 3eMJIM MOA yrioM 3
=32’. Conneunas nocroannas *C=1,4 xJlx/(m>*c).

8. Ha xakyio AuHY BOJIHBI Am IPUXOAMTCS MAaKCUMYM CHEKTPAIbHOM MIOTHOCTH 3HEPreTHYECKOU
CBETUMOCTU (M, 1)max U€pHOTO TENA NP TemmnepaType t=0°C?

9. Temnepatypa BepxHux cinoeB Connia pasHa 5,3 kK. Cunras ConHile YepHBIM TEJIOM, ONPEIETUTh
JUIMHY BOJIHBI Am , KOTOPOH COOTBETCTBYET MaKCHMajbHasl CIEKTpajbHasl IJIOTHOCTh dHEPIreTUYECKOU
CBETUMOCTHU (M), 7)max ConHIIA.

10. Onpenenuth Temneparypy 7 4epHOro Tena, IpH KOTOPOH MAKCHMyM CIEKTPAIbHOW TIOTHOCTH
SHEPreTU4ecKoil CBeTUMOCTU (M, 1)max TPUXOAUTCSA HA KPACHYIO I'PaHUIy BUAUMOro cnektpa (A =750
HM); Ha proneroByto (12=380 uHMm).

11. MakcUMyM CIEKTPaJbHOM IUIOTHOCTU 3HEPreTHYECKOW CBETHUMOCTHU (M), 1)max SAPKOM 3BE3/bI
ApPKTyp IpHUXOIUTCS Ha JUIMHY BOJHBI Am =580 HM. [IpuHUMas1, 4yTO 3Be34a M3JIydaeT Kak YEpHOE TEJO,
OIIpEACIUTD TEMIIEPaTypy I MOBEPXHOCTHU 3BE3/bI.

12. BerenctBue M3MEHEHMsI TEMIEPATypbl YEPHOTO TejJa MAaKCUMYM CHEKTPajJbHOW IUIOTHOCTH
(M, 1)max cmecTuncs ¢ M=2,4 Mkm Ha 42=0,8 MkM. Kak 1 BO CKOJIBKO pa3 M3MEHWINCh YHEpPreTHUecKas
CBETUMOCTb M. T€JIa U MAKCUMaJIbHAs CIEKTpajIbHAasl MNIOTHOCTh SHEPTETUYECKON CBETUMOCTU?

13. [Ipu yBennMueHNN TEPMOAMHAMUYECKOW TeMIEpaTypbl. I YEPHOTO Tela B /IBAa pa3a JJIMHA BOJIHbI
Am Ha KOTOPYIO IPUXOJUTCS MAaKCUMYM CIEKTPaIbHON MJIOTHOCTU SHEPTreTUUECKON CBETUMOCTHU (M), T)max
, yMeHbmiaach Ha AA =400 uM. OnpenenuTs HaualbHYI0 U KOHEUHY10 Temneparypsl T1 u Ta.

14. DTaNnoH eMHUIBI CUJIBI CBETA — KaHJeJla — IPEACTaBiseT OO0 MOMHbIN (M3Ty4Yaroyii BOJHBI
BCEX JUIMH) M3IydaTesb, MOBEPXHOCTh KOTOPOro miomansio S = 0,5305 MM? MMeeT Temmeparypy ¢ 3aT-
BEp/IeBaHUs IIaTUHBI, paBHYyto 1063 °C. Onpenenautb MOIHOCTh P n3mydaresns.

Cnucok JiuTepatypsbl
1. bapcykos, B. 1. ®u3uka. Mexanuka [ DneKkTpoHHBIH pecypc] : yaeOHOoe mocoOue ist CTYACHTOB
BBICHIMX Y4eOHBIX 3aBeJICHHH, 00yJaromuxcs N0 TEXHUYECKUM HaINpaBJIEHUSM MTOJATOTOBKH U
cnenuanbHocTsIM / B. U. Bapcyxkos, O. C. JIMutpueB. — DIEKTPOH. TEKCTOBbIEC JaHHbIE. — TamMOOB :
TamOoBckmii rocyrapcTBeHHbIN TexHnueckuit ynusepcuter, 9bC ACB, 2015. — 248 ¢. — 978-5-8265-
1441-2. — Pexwum noctyna: http://www.iprbookshop.ru/63918.html
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2. 3103uH, A. B. ®usuka. Mexanuka [ D1eKTpOHHBIN pecypc] : yuebHoe nocobue ais By30B / A. B.
3103uH, C. b. Mockosckuii, B. E. TypoB. — DneKTpoH. TeKCTOBbIE AaHHbIE. — M. : AKaJieMHUYEeCKU
[Ipoexr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocrtyna:
http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uzuka : ydeOHUK : U1 CTYJEHTOB BY30B, 00y4arOIUXCs IO TEXH. HAMP.
noxrotosku / T.U. Tpodumosa. - 2-e u3z., nepepad. u gom. - Mocka : Akagemus, 2013. - 346 c. : ui. -
(Bricmiee npodeccuonansHoe obpazoBanue) (bakanaspuar). - [Ipenm. yxkas.: c¢. 330-339. - ISBN 978-5-
7695-9820

4. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3aaad: B 2-x 1. : yueOnux / T.U.
Tpodumona, A.B. dupcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.U., ®upcosa A.B., CoopHUK 3a1a4 110 Gu3uke- 2-¢ u3., nepepad. u aorm. - Mocksa :
Axagemus, 2013.

ITPAKTUYECKOE 3AHATHUE Ne 28 TEOPUA ATOMA BOJOPOJA 11O BOPY

Heab-3akpenuTh M3y4YCHHBIH Marepuan mno temaruke «Teopus aroma Bomopoaa mo bopy. Monemn
atoMa Tomcona u Pesepdopna. DnemMeHThl KBAaHTOBOM MexaHMKU. KopmycKyJsipHO-BOJIHOBOM
AyaJiu3M CBOMCTB BellecTBa. BomHoBas QyHKINS U €€ CTATUCTUYECKUI CMBICID).

OcBanBaeMble KOMIIETEHIIUH B PE3yJIbTATE MPOBEACHUS MPAKTUYECKOTO 3aHATHUS YKa3aHbl B IYHKTE
«O01mue cBeeHUsD

AKTYaJIbHOCTh TPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IOJNyYEeHHBIE TEOPETHYECKHE 3HAHUS W
BBIPa0OTaTh HABBIKM U YMEHHS IIPAKTHYECKOTO PELICHUS 3aa4, B TO YUCIIE U CAMOCTOSTEIBHO.

3HaTh:

- METO/bl CaMOOPTaHM3alMH K CaMOOOpa30BaHHUIO CTYJICHTA HANpaBlICHHS «XUMHYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJB30BaTh  OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX JUCIMIUIMH B MPO(ECCHOHANBHON NEeSITeNbHOCTH, OCHOBHBIE 3aKOHBI (DH3HKH,
METOBl SKCIEPUMEHTAIBHOTO MCCIIEOBAHUS, OCHOBHBIX (U3NYECKUX TEOPHM JJs pELICHHS
BO3HMKAIOMNX (PU3MYECKUX 3aJad, CaMOCTOSATEIBHOTO NPHOOpEeTeHHsS (U3NYECKUX 3HAHWH, JUIA
MOHUMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEICIIbI
KOMITETCHTHOCTH KOHKPETHOTO HAaIPaBJICHHS

Ymern:

- OCYyIIECTBIATh () (HEKTUBHYIO KOMMYHHKAIIUIO B KOJJIEKTHUBE JUTS PELICHUS PO eCCHOHATBHBIX

3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIOJB30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
IMCHUIUIMH B TPO(ECCHOHANBHON JAEATEIbHOCTH, WCIONb30BaTh 3HAHHWS OCHOBHBIX (DH3MYECKHX
TEOPUI Ui pEIICHUS BO3HUKAIOMMX (U3NYECKUX 3a]a4, CAMOCTOSTEIBHOIO NPUOOpPETEHHS
¢bu3MYeCKUX 3HAHUM, A7 MOHMMAHUS MPHHIUIIOB paboThl MPUOOPOB M yCTPOMCTB, B TOM YHCIIC
BBIXOJSIIMX 33  Mpelenbl  KOMIIETEHTHOCTH  KOHKPETHOTO  HAalpaBlICHUS,  IPUMEHSTbH
COOTBETCTBYIOIIMH (PU3MKO-MaTeMaTHYECKUH ammapar, METOJbl aHalu3a W MOJCIHPOBAHMUS,
TEOPETUYECKOTO M SKCIIEPUMEHTAILHOTO HCCIeI0OBaHUS IPU PEIICHUH MPO(EeCCHOHANBHBIX 3a/1a4.

Baangern:

- HaBblKaMH paboOThl B KOMaHJE, HaBbIKAMH BECTU MHMAJIOT, JEJIOBOM CHOp;  CIIOCOOHOCTh K
CaMOOpPTraHM3allMd M €caMOOOpPa30BaHUIO, HABBIKAMH HATYPHBIX SKCHEPHUMEHTOB C IOCIEIyomen
00paboTKOW MX pe3yNbTaTOB, METOJAMH MAaTEeMAaTHYECKOTO, KOMMBIOTEPHOTO U (PU3UUECKOro
MOJICTTMPOBAHMSI, METOJIAMH PEIICHUS] TEXHMUECKHX 3a/1a4, pacyeTa MPON3BOICTBEHHBIX MPOLIECCOB U
KOHCTPYHUPOBAHHUSI  COOPYXXCHHMH, MallMH M  TEXHOJOTHYECKOT0  000pYAOBaHMS,HAaBBIKAMH
OLICHWBAHMS PE3yJbTATOB CBOEH NMPO(eCCHOHATBHON ESITENbHOCTH B COOTBETCTBHH C OCHOBHBIMHU
3aKOHaMHM (PU3MKH, HABBIKAMH  CAMOCTOSATENBHOTO NPHOOpeTeHHs (PU3MUYECKUX 3HAHUH, I
NOHUMAaHUs TPUHIUIIOB PadOTHl MPUOOPOB M YCTPOWCTB, B TOM YHCJE BBIXOIAIINX 32 IPEIEIBI
KOMIIETEHTHOCTH HarpaBiieHUs] XUMUYECKas TeXHOJIOTHsI

Teopernyeckas 4acTb
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1. Moaeau atoma Tomcona u Pesepdopna

[IpencraBneHne 00 aromMax Kak HEJENUMBIX MEJIbYAaNIIMX YacTHIAX BeIleCTBa («aToMocy —
HEPAa3JIoKUMbIH) BO3HUKJIIO €llle B aHTHUHble BpemeHa ([lemoxpur, Dnukyp, Jlykpenuii). B cpennue
BEKa, BO BpeMeHa Oe3rpaHMYHOro TOCIOJCTBA LEPKBH, YyueHHMe 00 aromax, Oyayuu
MaTepUaTUCTUYECKUM, €CTECTBEHHO, HE€ MOIJIO MOJY4YUTh NPU3HAHUA, a TeM Oojee JanbHEWIIero
pasButus. K Hauany XVIII B. aromucTHYeckas Teopus IpuoOpeTaeT Bce OONbLIYIO MOMYJIIPHOCTb, TAK
KaKk K J3TOMy BpeMmeHu B pabotax A. JlaByasbe (1743—1794, ¢panuysckuit xumuk), M. B.
JlomonocoBa u /I. JlanpToHa OblIa JOKa3aHa pealbHOCTh CYLIECTBOBAaHMS aToMoB. OgHAKO B 3TO
BpEMs BOIIPOC O BHYTPEHHEM CTPOEHUHU aTOMOB Jla)K€ HE BO3HUKAJ, TaK KaK aTOMbI MO-TNPEKHEMY
CUUTAJINCH HEJICTUMBIMHU.

Bonbiryto pons B pazBuTuu aromuctuyeckoit Teopuu ceirpan 1. . Menaenees, pazpadorasmuii B 1869
r. [lepuonnyeckyio cucreMy 3JIEMEHTOB, B KOTOPOW BIIEpBbIE Ha Hay4YHOM OCHOBE ObLI MOCTaBJIEH
BOIIPOC O €IMHON NpUpoze aToMoB. Bo BTopoii monoBuHe XIX B. 3KCIIEpIMEHTAIEHO OBIJIO JJOKA3aHO,
YTO 3JIEKTPOH SIBJISIETCS OJTHOW M3 OCHOBHBIX COCTaBHBIX yacTel Jr000ro BellecTBa. DTHU BBIBOJBI, a
TaK)K€ MHOTOUYHUCIICHHbIE SKCIIEpUMEHTANIbHbIE JaHHBIE IPUBENI K TOMY, UTO B Hayane XX B. CEPbE3HO
BCTaJI BOIIPOC O CTPOEHUU aTOMa.

[lepBas mombITKa CO3/aHHS HAa OCHOBE HAKOIUJICHHBIX AKCIEPUMEHTAJIbHBIX JAHHBIX MOJIEIM aToMa
npunaiexxut Jx. Jx. Tomcony (1903). CormacHo 5TOoil MonenH, aToM NPEACTaBiIsieT coOOM
HEMPEPHIBHO 3apSKEHHBINA TONOKUTEIBLHBIM 3apsAoM Iap paguycoM mopsaka 107'° m, BuyTpm
KOTOPOTO OKOJIO CBOUX IIOJIO)KEHHH paBHOBECUS]  KOJEOIIOTCS  3JEKTPOHBI;  CyMMAapHbIN
OTpULIATENbHBIM 3apsj] 3JEKTPOHOB PaBEH IMOJIOKHUTEIBHOMY 3apsiiy Ilapa, I03TOMY aTOM B IEJIOM
HelTpaneH. Yepe3 HECKONbKO JeT ObUIO JI0OKa3aHO, YTO IMPEJCTaBI€HHE O HENPEepPhIBHO
pacrmpeieICeHHOM BHYTPH aTOMa TIOJI0KHUTEIBHOM 3apsizie OIHUO0YHO.

B pa3Butum npexacrtaBieHUil O CTPOCHMM aToMa BEIMKO 3HAUY€HHUE OINBITOB aHMIMHCKOro ¢usuka O.
Pesepdopna (1871—1937) no paccessHHIO Oi-4acTHIl B BellecTBe. AJb(]a-4acTHIBI BO3ZHUKAIOT MPHU
PaAMOAKTHUBHBIX MPEBPAIICHUSAX; OHU SBISIOTCS MOJOXKUTEIBHO 3apSKEHHBIMU YAaCTHIIAMU C 3apsAOM
2e u maccoii, mpumepHo B 7300 pa3 6ombIneit Mmacchl d5ekTpoHa. [1ydku o-gacTuil 001a1ar0T BEICOKOM
MOHOXPOMAaTHYHOCTBIO (JIJIs1 AAHHOTO IPEBPALICHUS MMEKT NPAKTHUECKU OAHY U Ty K€ CKOPOCTh
(mopsiaxa 107 m/c)).

Peszepdopn, ucciaenys NpoxoxkIeHHE O-4acTHIl B BeIIeCTBE (4Yepe3 30JI0TYyI0 (OJbIy TOJILIMHOM
npuMepHO 1 MKM), IOKa3ajl, YTO OCHOBHAs HMX YaCTh UCIBITHIBAET HE3HAUUTEIbHBIE OTKIOHEHUS, HO
HEKOTOpbIE o-gactuibl (mpumepHo ogHa u3 20 000) pe3ko OTKIOHSIOTCS OT MEePBOHAYAIBHOTO
HanpaBieHus (Yriabl OTKIOHEHUs: nocturanu aaxe 180°). Tak kak 3JEKTPOHBI HE MOTYT CYIIIECTBEHHO
U3MEHUTh JIBUKEHHUE CTOJb TSKENBIX M OBICTPBIX YACTHL, KaK o-4acTULbl, TO Peseppopaom Obu1
CelaH BBIBOJ, UYTO 3HAYUTEIBHOE OTKIOHEHHME O-4acTUI] OOYCIOBJIEHO MX B3aUMOJAEHCTBHEM C
MOJIOKHUTEIBHBIM 3apsoM Oonblioi Macchl. OHAKO 3HAUYUTENIFHOE OTKJIOHEHUE HUCIBITHIBAIOT JIMIIh
HEMHOTHE O-YaCTHIIbl; CJIEI0BATENIbHO, JIMIIb HEKOTOPHIE M3 HUX MPOXOAAT BOJM3U JaHHOTO
HOJIOKHUTEIBHOTO 3apsfa. JTO, B CBOIO OuYepelb, O3HAYACT, YTO IOJIOKUTENILHBIA 3aps]l aroma
COCpEI0TOUEH B 00beMe, OUeHb MAJIOM 110 CPAaBHEHHIO ¢ 00bEMOM aToMa.

Ha ocHoBanuu cBoux wuccrnenoBanuii Pesepdopa B 1911 r. mpemioxun sizepHyro (IJIaHeTaApHYIO)
Moaeab aroMa. CorjnacHo 3TOW MOJIENTH, BOKPYT MOJIOKUTENBHOIO pa, UMEIOLIero 3apsin Ze (Z —
NOPAIKOBBIA HOMEp 3JIEMEHTa B cucTeMe MeH ieeeBa, e — dIEeMEHTapHbIi 3apsan), pasmep 10—
10'* M u maccy, mpakTUYeCKH PaBHYIO Macce aToMma, B 00JNACTH ¢ JMHEHHBIMM pa3MepaMM MOpsiKa
1071 M 1o 3aMKHYTBIM OpPOMTaM ABHKYTCS SNEKTPOHBI, 00pasys SIEKTPOHHYIO 060J104Ky aToMa. Tak
KaK aTOMbI HEHTpPaJbHBI, TO 3aps] Spa paBeH CyMMapHOMY 3apsily 3JEKTPOHOB, T. €. BOKPYT sjapa
JIOJDKHO BpalaTbes Z 3JEKTPOHOB.

JU1s IpOCTOTHI MPENIONI0KHUM, YTO AJIEKTPOH ABMXKETCS BOKPYT spa MO KPYroBod opOuTe paauyca 7.
ITpu 3TOM KyJIOHOBCKAas CHJla B3aUMOJECHCTBUS MEXAY SIIPOM M JIEKTPOHOM COOOIIAET 3JIEKTPOHY
LIEHTPOCTPEMHUTENILHOE yCKOpeHue. Brtopon 3akoH HplOTOHa i1 3JIEKTpOHA, IBMXKYLIETOCA IIO
OKPY>KHOCTH MO/ J€HCTBHEM KYJIOHOBCKOW CHJIbI, IMEET BH]L
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Zee _m,v2
e 1’ (208.1)

TJI€ Me, U V — Macca 1 CKOPOCTh IEKTPOHA Ha OpOUTE paauyca r, & — IEKTPUUECKasl IOCTOSHHAS.

VYpasaenne (208.1) comep UT ABa HEU3BECTHBIX: 7 U v. ClenoBaTeNbHO, CYIIECTBYET OECUHCIECHHOE
MHOKECTBO 3HAYECHHM paJiiyca U COOTBETCTBYIOIIUX €My 3HAUYCHUM CKOPOCTH (@ 3HAYHT, U SHEPTHUH),
YAOBJIETBOPSIONUIMX STOMY ypaBHeHuto. [loatomy BenmuuuHsl 7, v (ciemoBaTtenbHO, U E) MOTYT
MEHSTBCS HEMPEPHIBHO, T. €. MOXET HCITyCKaThCs JIt00as, a HE BIOJHE ONPEICICHHAS MOPIUS
sHepruu. Torma CHeKTpbl aTOMOB JOJDKHBI OBITh CIUIOMIHBIMH. B 1eHCTBUTENBHOCTH K€ OIBIT
MOKAa3bIBAET, YTO aTOMbI UMEIOT JIMHENUaThIi criekTp. 13 Beipaxkenus (208.1) ciaexyer, yto npu r~10"
10 2. CornacHo

M CKOPOCTh JBMKEHHS 37eKTpoHoB v = 10° Mm/c, a yckopenme v*/r =10% wm/c?.
KJIJACCUYECKON  DJIEKTPOJMHAMHUKE, YCKOPEHHO JBWXKYILIMECS 3JEKTPOHBl JOJDKHBI  H3JIy4yaTh
3JIEKTPOMAarHUTHBIE BOJHBI W BCIEJACTBHE HSTOTO HENPEPBIBHO TEPATh 3HEpPruto. B pesynbpraTe
ANIEKTPOHBI OyAyT MpHOMMKATHCA K APy U B KOHIIE KOHIIOB YMaayT Ha Hero. Takum oOpa3om, aTom
Pesepdopna  okaszpiBaeTcsi ~ HEYCTOWYMBOW  CHUCTEMOW, YTO  OMNATH-TAaKH  MPOTUBOPEUYHUT
JIEUCTBUTEIBHOCTH.

[TonbITKM MOCTPOUTH MOJETH aTOMa B paMKaxX KJacCHuecKoW (M3MKH He MPHUBENN K yCHeXy: MOJEIb
Tomcona Obuta onpoBepruyTta onbsitaMu Pesepdopra, saepHas ke MOJeNb OKa3anach HEyCTOWYMBOM
3JIEKTPOIMHAMMYECKH U NPOTUBOPEYMIIA ONBITHBIM JaHHBIM. [IpeononeHne BOZHUKIIUX TPYIHOCTEN
noTpedoBajIO CO3/1aHMs Kau€CTBEHHO HOBOW — K8AHMOB0U — TEOPUH aTOMA.

3agaHusi M BONIPOCHI

1. BelYucianTh paguycsl 12 ¥ 13 BTOPOM B TPEThEi OpOUT B aTOME BOJOPO/IA.

2. OmpenenuTb CKOPOCTh V AEKTPOHA HAa BTOPOI opOuTe aToOMa BOAOPOa.

3. OmpenenuTh 4acTOTy OOpalIeHHs SJIEKTPOHA Ha BTOPOH OpOUTE aToMa BOAOPOIa.

4. Onpenenuth noTeHUHATbHYIO [I, kuHeTMueckyro 7 W TONHYHO FE 5SHEpruM dJIEKTPOHA,
HaXOJSIIETOCs Ha TIEPBOW OpOUTE aToMa BOJOPOIa.

5. OmpenenuTh NAIUHY BOJHBI A, COOTBETCTBYIOLIYIO TpPEThEH CIEKTPaJbHOM IJMHUU B CEpUU
banemepa.

6. Haiitn HanbonbIIyt0 Amax HAUMEHBIIYIO Amin JJIMHBI BOJIH B MEPBOil HHPPAKPACHOI cepuu crieKTpa
Bogopoja (cepuu [lamena).

7. BoruncnuTh 3HEpruto € (OTOHA, MCIMYCKAEMOro MpHU IMEpexoje SJIEKTPOHAa B aToMe BOAOpOJa C
TPETHErO HYHEPTETUYECKOIO YPOBHS Ha IEPBBIN.

8. OmpenenuTb HAUMEHBIIYIO Emin U HAMOOJBIIYIO Emax YHEPTUHU (HOTOHA B yIbTpaduOIETOBON cepuun
cnekTpa Bogopoja (cepuu Jlaiimana).

9. ATOMapHBIi BOJOPOJ, BO30YXICHHBIH CBETOM OINPEAEICHHOW JIMHBI BOJHBI, TIPH TEPEXOJE B
OCHOBHOC COCTOAHUC HCITYCKACT TOJILKO TPH CICKTPAJbHBIC JIMHHU. OHpGIIeJII/ITL JJIMHBI BOJIH 3TUX
JUHUM U yKa3aTh, KAKUM CEPUSIM OHU MPUHAJIEKAT.

Cnucok Juteparypbl

1. bapcykos, B. 1. ®uszuka. Mexanuka [ DJIeKTpOHHBIHN pecypc] : yaeOHOe mocoOure UIs CTYJIEHTOB
BBICIIUX Y4EOHBIX 3aBEeICHUIN, 00YUYaIONINXCS MO0 TEXHUYECKUM HAIIPABJICHUSM MOJATOTOBKH U
cnenuansHoCcTsM / B. W. bapcykos, O. C. JIMutpueB. — DJIEKTPOH. TEKCTOBBIC JaHHbIE. — TamOO0B :
TamOGoBckHii rocynapcTBeHHbIN TexHnueckuit yausepeuter, 9bC ACB, 2015. — 248 ¢. — 978-5-8265-
1441-2. — Pexum nocryna: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usuka. Mexanuka [ DNEeKTpOHHBIN pecypc] : yueOHoe mocodue i By30B / A. B.
3103uH, C. b. MockoBckuii, B. E. TypoB. — DJIeKTpOH. TEKCTOBBIE JaHHBIE. — M. : AKaJeMHUYECKHI
IIpoekt, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uznka : ydeOHUK : JUIs CTYJCHTOB BY30B, 00YYarOIUXCs IO TEXH. HATP.
noarotoBku / T.U. Tpodumosa. - 2-e uza., mepepad. u gorm. - Mocksa : Akagemusi, 2013. - 346 c. : ui. -
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(Bricmiee npodeccuonansHoe obpazoBanue) (bakanaspuart). - [Ipenm. yxkas.: c¢. 330-339. - ISBN 978-5-
7695-9820

4. Tpodumosa, T. U.; Kypc busuku ¢ nmpumepamu pemieHus 3agad: B 2-x 1. : yuebnuk / T.U.
Tpodumona, A.B. dupcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.U., ®upcosa A.B., CoopHUK 3a1a4 110 Gu3uke- 2-¢ u3., nepepad. u aor. - Mocksa :
Axagemus, 2013.

MPAKTHUYECKOE 3AHSATHUE Ne 29-30 SJIEMEHTBI COBPEMEHHOM ®HU3UKH ATOMOB
N MOJIEKYJI

Heab-3aKpenuTh M3y4YCHHBIH MaTepHal MO TeMaTUKe «JJIEMEHThl COBPEMEHHON (PU3UKU aTOMOB H
MOJIEKYJ. ATOM BOJIOpOJAa B KBAaHTOBOW MexaHMKeE. 1s-COoCTOsIHME 3JIEKTpOHa B aTOME€ BOAOpPOA.
Cnun snektpoHa. CIMHOBOE KBAHTOBOE YHCIIO. DJIEMEHTHl KBAaHTOBOM cTaTUCTHKU. KBaHTOBas
cratuctuka. ®a3zoBoe MpocTpaHCTBO. DYHKIUSA PACTIPEICTICHUS.

OcBauBaemMble KOMIETEHIIUH B PE3yJbTaTe MPOBEACHUS MPAKTHUECKOTO 3aHITHS YKa3aHbl B MMyHKTE
«O01I1e cBEIEHU

AKTYaJIbHOCTh NPAKTHYECKOr0 3aHATHS — 3aKPENUTh MOJTY4YCHHbIE TEOPETHUYECKHUE 3HaHUS U
BI)Ipa6OTaTI) HAaBbBIKW U YMCHHUS IMPAKTHUYCCKOI0 pCICHU 3a/1a4, B TO YHUCJIC U CAMOCTOATCIIBHO.

3HaTh:

- METO/Ibl CaMOOpraHU3alMi K caMOOOpa30BaHUIO CTYAEHTa HampaBlieHUs «XHUMHUYecKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIIONIb30BaTh ~ OCHOBHBIE  3aKOHBI
CCTCCTBCHHOHAYYHLIX JUCHUILIJIMH B Hqu)GCCI/IOHaJ'II)HOI\/'I ACATCIIbHOCTH, OCHOBHBIC 3aKOHBI Ci)I/IBI/IKI/I,
METOJIbI AKCIIEPUMEHTAIBLHOTO HWCCIIEIOBaHUS, OCHOBHBIX (DM3MUYECKUX TEOpUH HJsl peIICHUS
BO3HUKAIOMNX (U3NYECKUX 33734, CAMOCTOSTEIBHOTO MPHOOpeTeHus] (U3NYECKUX 3HAHUH, I
MOHMMAaHUS TPUHLIHUIOB pabOThl MPUOOPOB U YCTPOICTB, B TOM YHCIIE€ BBIXOIALIMX 3a MPEAEIBI
KOMIICTCHTHOCTH KOHKPCTHOI'O HAITPABJIICHUA

YMmernb:

- OCYIIECTBIIATH YPPEKTUBHYI0 KOMMYHHKAIIMIO B KOJJIEKTUBE JUISI peIIeHHsI MPO(heCCHOHAIBHBIX

3aJla4y, CIIOCOOHOCTHIO M TOTOBHOCTHIO HCIIOJIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCHUIIJINH B HpO(l)eCCHOHaHBHOﬁ JACATCIIPHOCTH, HCIIOJIB30BAaTh 3HAHHWA OCHOBHBIX (bI/I3I/ILIeCKI/IX
TEOpUH JJI1 pEelIeHUs BO3HUKAIOIIUX (PU3UUYECKUX 3aJad, CaMOCTOSITEIbHOTO MpPUOOpETEHHS
¢u3nvecKux 3HAHWUHU, A7 MOHUMAHUS HPUHIMIIOB PabOThl MPUOOPOB U yCTPOHCTB, B TOM YHUCIIE
BBIXOJSIIMX 32  Mpeneiabl  KOMIETEHTHOCTH  KOHKPETHOTO  HamlpaBleHUs, MPUMEHSThH
COOTBGTCTBYIOH_[I/Iﬁ (bH3HKO-MaTeMaTHq€CKHﬁ amnrapar, MCETOJAbl aHAJIM3a W MOJACIHMPOBAHUA,
TEOPETUYECKOTO U IKCIIEPUMEHTAIBHOIO UCCIIEIOBaHUS MPU PEUICHUH MPO(eCCHOHANBHBIX 3a/1a4.

Baaners:

- HaBbIKaMHM pabOTbl B KOMaHJE, HaBbIKAMH BECTH JAMAJIOr, JEJIOBOW CIOp,  CHOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHUIO, HABBIKAMH HATYPHBIX SKCIIEPUMEHTOB C IOCIEIyIONICH
00paboOTKOM WX PE3yJbTaTOB, METOJAMH MAaTEMaTUYECKOrO, KOMIBIOTEPHOTO H (U3HUYECKOTO
MOZCIIMPOBAHUS, MCTOAAMHU PCHICHUA TCXHUYCCKUX 3a/1ad, pacucTa NpOMU3BOACTBCHHBIX IMPOLICCCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHUHM, MAllMH U  TEXHOJOTHYECKOro  000pyIoBaHMs,HaBbIKAMU
OLICHUBAHHA PC3YyJIbTATOB cBOEH HpO(l)GCCI/IOHaJILHOI\/JI ACATCIIBHOCTU B COOTBETCTBHUMU C OCHOBHBIMHU
3aKOHaMU (PU3MKHK, HABBIKAMU  CAMOCTOSITENIBHOTO MpHOOpeTeHus (U3MUeCKUX 3HAHUU, I
MOHUMAaHMsI TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEICIIbI
KOMIIETEHTHOCTH HaIlpaBJIeHUs XUMUYeCcKasi TEXHOJIOTUs

Teopernyeckas yacTb
1. ATOM BOI0PO/1a B KBAHTOBOI MeXaHHKe

Pemenne 3aganus v BOIIPOCH! 00 SHEPreTHMYECKUX YPOBHSIX 3JIEKTPOHA Ul aTOMa BOAOPOAA (@ Takxke
BOJIOPOJIOTIOOOHBIX CHCTEM: HOHA refust He', IByKpaTHO HOHM30BaHHOTO JuTHs Li™ 1 Jip.) cCBOaUTCS
K 3a/1a4€ O JABM)KCHUU DJIEKTPOHA B KYJIOHOBCKOM IIOJIE siIpa.
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[ToTenumanpHas SHEPrUsi B3aUMOJEUCTBUS DJEKTPOHA C SAPOM, OOJaNaoIUM 3apsaaoM Ze (Ui aToMa
Bojziopoaa Z = 1),
Ze?

dneyr’ (223.1)
TJIe ¥ — PacCTOSTHUE MEXAY AJIEKTPOHOM M siapoM. ['padmyecku ynkmus U(r) m3obpaxkeHa >KHPHON
kpuBoit Ha puc. 302. U(r) ¢ ymeHblIeHneM 7 (TIpU MPUOJIMKEHUHN 3JIEKTPOHA K SAPY) HEOTPAaHUUYCHHO
yOBIBaeT.
CocrosiHME 3JEKTpOHA B aTOME BOJOPOJA OINHUCHIBAETCS BOJHOBOM (DyHKIMEH i, yAOBIETBOPAIOLICH
cTaroHapHoMy ypaBHeHuto llpenunrepa (217.5), yuutsiBaroiiemy 3Hauenue (223.1):
2
Ay + %(E + :;or) ¥=0,
: (223.2)
rie m — Macca NIEKTpOoHa, £ — TMOJIHAs SHEprusi IEKTpoHa B aToMe. Tak Kak IoJyie, B KOTOPOM
JBUKETCSI DJIEKTPOH, SIBISETCA LEHTPaJbHO-CUMMETPUUYHBIM, TO I pElIeHUs ypaBHeHUs (223.2)
OOBIYHO HCTIONB3YIOT CEpUUECKyI0 CHCTEMY KoopauHat: 7, 6, ¢. He BmaBasich B MaTeMaTH4ecKoe
peuieHre 3Toil 3ajaHUs U BONPOCHI, OTPAHUYMMCS PACCMOTPEHUEM BaXXHEWIIMX pe3yJIbTaToB,
KOTOpPBIE U3 HETO CIEIYIOT, MOSICHUB UX (PU3UUECKUN CMBICIT.
1. Dneprusi. B Teopun auddepeHunanbHpIX ypaBHEHUH 1OKa3bIBa€TCs, YTO ypaBHeHMs Tuna (223.2)
UMEIOT pEIICHHUs, YAOBIETBOPAIONINE TPEOOBAaHUSAM OJAHO3HAYHOCTH, KOHEYHOCTH U HEIPEPHIBHOCTU
BOJIHOBOH (DYHKILIMH ¥, TOJBKO MPH COOCTBEHHBIX 3HAYECHUSAX SHEPIUU

4
Y= — lz—z-z-'z'i, (n=1,2,3,..),
n* 8k, (223.3)

T. €. ISl TUCKPETHOr0 Habopa OTpULaTeIbHbIX 3HAUCHNUH SHEPTUH.

Takum 00pa3oM, Kak ¥ B CIydyae «IMOTEHIMAIHHON SIMBD) C OECKOHEYHO BBICOKMMH «CTEHKaMU» (CM.
220) u rapMoOHHUYECKOro ociuusitopa (cM. 222), pemenue ypaBHeHus: llpenunrepa nns aroma
BOJIOPOJia IPUBOJUT K MOSBICHUIO JUCKPETHBIX SHEPT€TUYECKUX YpOBHEHW. Bo3MokHbIe 3HAUeHus £,
E», Es,... mokazanel Ha puc. 302 B BuAE TNOpPU3OHTANBHBIX NpAMbIX. CaMblii HWKHUN ypOBEeHb Fi,
OTBEYAIONIUH MUHUMAJILHON BO3MOKHOM SHEPTUU, — OCHOBHOIA, Bce ocTanbHbie (En >E1, n=2,3, ...)
— BO30y:kIeHHble (cM. 212). Ilpu E<O #ABMKEHHE DIIEKTPOHA SBISAETCS CBA3AHHBIM — OH
HAXOJUTCSI BHYTPU THIEPOOTMUECKON «IOTEHIMANBHON siMb». M3 pucyHKa ciemyer, 4To 1Mo mepe
pocTa IrI1aBHOTO KBAaHTOBOT'O YHCIIA /7 SHEPTETUUECKUE YPOBHU PACIOIaratoTcs TeCHEe U Mpu n=0 Eou, =
0. IIpu E>0 nBmwkeHWE DIEKTPOHA SBISETCS CBOOOAHBIM; 00JACTh HEMPEPHIBHOTO crekTpa F£E>0
(3amTpuxoBaHa Ha puc. 302) COOTBETCTBYeT MOHHM30BAHHOMY aTOMYy. DHEPrus MOHH3AIUHA aTOMa
BOJIOpOJia paBHA

@) = -

E,;= — E, =me*/(8k*2)=13,55 3B.

Boipaxxenue (223.3) coBnanaet ¢ popmysoit (212.3), nonyuenHoir bopom amst sHeprum aroma Bo0OpoAa.
Opnnako ecnu bopy mpumuiocs BBOJUTH JAONOJHHUTENbHBIE TMIIOTE3bI (IIOCTYJIAThl), TO B KBAaHTOBOM
MCXAaHUKC JUCKPCTHLIC 3HAYCHHA OHCPIrur, SABJIACH CICICTBUEM caMou TCOpHH, BBLITCKAIOT
HETOCPEICTBEHHO U3 penieHus ypaBHeHnus Llpenunrepa.

Prc. 302
£y

0
Fe
Ei £ /
@ UTo XapaKTepuayloT KBAHTOBbLI® uyMCna: rnas-
J— Hoe, opbnTanbHoe® K MarHuTHoe? Kaxue aHa-
E,J YOHUA OHY MOTYT NpHHUMATL?
® KakoBbi BO3MOXHbI® 3HaveHMa [ W my ana
FNABHOTO KBAHTOBOIO Ykcna n=>57
@ CKonbko pa3nuyHbix COCTORHWA COOTBETCTBY-
er n=4?

]
Y,
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2. KBanToBble yncja. B KkBaHTOBOI MexaHHKE J0Ka3biBaeTcs, uTo ypaBHeHuto lllpemunrepa (223.2)
Y/IOBIICTBOPSAIOT COOCTBEHHBIE QyHKUMK Y/, (r,60,p), onpenensemMbie TpeMs KBAHTOBBIMHU YUCIAMHU:

TJIaBHBIM 71, OPOUTATILHBIM / U MATHUTHBIM 711
I'1aBHOe KBaHTOBOe YHCJI0 1, coryiacHO (223.3), onpenensier IHepreTHYeCKHe YPOBHHU 3JIeKTPOHA B
aTOM€ U MOKET MPUHUMATh JII0ObIe 11€JIOYUCIICHHbIE 3HAUE€HUsI HAaUUHas C €AMHULIBL:
n=1,23,..
N3 pemenus ypaBuenus LlpenuHrepa BeITEKAET, 4TO MoMeHm umnyibca (MEXaHUIECKUH OpOUTAIbHBIN
MOMEHT) 2/1eKMPOHA KEAHMYemcs, T. €. He MOXKET ObITh MPOMU3BOJBHBIM, a IPUHUMAET JUCKPETHBIE

3HaveHusl, onpeeseMbie GopMyIIoi
Li=h/I(l+1), (2234)

rzae / — opOuTajbHOe KBAHTOBOE YHCJI0, KOTOPOE MPH 3a/1aHHOM /1 IPUHUMAET 3HAYEHUS
=0, 1, .., (n-1), (223.5)
T. €. BCErO 7 3HAYE€HUH, U ONPEIENIIeT MOMEHT UMITYJIbCA DJIEKTPOHA B aTOME.
N3 pemennsa ypaBHenui lllpenuHrepa cimenyer takxke, 4To BEeKTOp L/ MOMEHTa mMITynbca 3JIEKTpOHA
MOKET HMETh JIMIIb TaKU€ OpPUEHTAllMM B IPOCTPAHCTBE, NPU KOTOPBIX €ro Hpoekuus Lix Ha
HaIpaBJIEHUE Z BHEIIHETO MarHUTHOT'O TOJIsl IPUHUMAET KBAaHTOBAaHHbIEC 3HAUEHMUSI, KPAaTHBIE /1:

Ly;=hm, (223.6)
rac mi— MArHMTHO€ KBaAHTOBO€ YHCJI0, KOTOPOC IIPHU 3aJaHHOM [ moxet IMPUHHUMATh 3HAYCHUA
m=0, 1, 12, .., ¥/, (223.7)

T. €. Bcero 2/+1 3nayennid. Takum 00Opa3oM, MATHUTHOE KBAHTOBOE YHCIIO 71/ ONIPENENsIeT MPOeKIUI0
MOMEHTA MMIIYJIbCAa 3JEKTPOHA HA 3aJaHHOE HalpaBJeHHe, IPHYEM BEKTOpP MOMEHTa HMITyJIbCca
3JIEKTPOHA B aTOME MOXET UMETh B IPOCTPaHCTBE 2/+1 opueHTanuu.

Hanuune KBaHTOBOro 4ucia mi JOJKHO TPUBECTH B MAarHUTHOM IOJ€ K paCIICIJICHUIO YPOBHS C
IJIABHBIM KBAHTOBBIM 4MCJIOM n Ha 2/+1 mogypoBHeill. COOTBETCTBEHHO B CIEKTpE aToMma JIOJIKHO
HaOIOAAThCSl PACIICINIEHUE CHEKTPAIbHBIX JUHUHN. J[eHCTBUTENBHO, pacIEIJICHUE YHEPTETHUCCKUX
YPOBHEW B MarHuTHOM Iojie ObLI0 oOHapyxkeHo B 1896 r. rommanackum ¢usukom II. 3eemanom
(1865—1945) u monyuwno nHa3Banue 3¢pdexra 3eemana. PacmierieHue ypoBHEH SHEPrHH BO
BHEIIIHEM JJIEKTPUUYECKOM I10JIe, TOXE JOKa3aHHOE 3KCIEPUMEHTAIbHO, HasbiBaeTcs 3pdexToM
IITapka®.

* Y. Mrapk (1874—1957) — nemenxuii pusuk.

XoTst 3Heprust 3JekTpoHa (223.3) U 3aBUCUT TOJIBKO OT TIJIABHOTO KBAaHTOBOT'O YHCIIA 71, HO KaXIAOMY
COOCTBCHHOMY 3HA4YCHHIO En (Kpome E1) COOTBETCTBYET HECKOJIBKO COOCTBEHHBIX QYHKLMH Y/,

OTIMYAlOIUXCcsl 3HadeHussMu [ u mu. CreoBaTenbHO, aTOM BOJOPOAA MOXKET UMETh OJHO U TO XKe
3HaYCHWE DHEPTuH, HAXOAACh B HECKOJBKMX PA3UYHBIX COCTOSHHUSAX. Tak Kak NpH JaHHOM 7
OpOUTaNIbHOE KBAHTOBOE YMCIO / MOKeT u3MeHAThCs oT 0 10 n—1 (cM. (223.5)), a KayKAOMYy 3HAYSHUIO
[ cootBerctByeT 2/+1 pasznuuHbIX 3HaueHUM my (223.7), TO YHCIO pa3IUYHBIX COCTOSHUH,
COOTBETCTBYIOIUX JAHHOMY /I, PAaBHO 1
-
Y @i+1)=n
=0 (223.8)
KBaHTOBbIE unCia U UX 3HAYEHUS SABJISAIOTCS CIEACTBUEM pelieHuil ypaBHeHui Lllpeaunrepa u ycnosui
OJTHO3HAYHOCTH, HETPEPBIBHOCTH M KOHEYHOCTH, HAJlaraéMbIX Ha BOJHOBYIO (yHKIHIO . Kpome
TOTO, TaK KakK IpPH JIBUKEHUU DJIEKTPOHA B aTOME CYIIECTBEHHbI BOJHOBbIE CBOMCTBA 3JIEKTPOHA, TO
KBAaHTOBass MEXaHHWKa BOOOINE OTKAa3bIBACTCA OT KIIACCHUYECKOTO MPEICTABICHHS 00 SJIEKTPOHHBIX
opourax. CorilacHO KBaHTOBOW MEXaHHKE, KaKIOMY SHEPreTMYECKOMY COCTOSIHUIO COOTBETCTBYET
BOJTHOBasE (DYHKITMSI, KBaZpaT MOIYJIsi KOTOPOH OINpEnesieT BEpOsITHOCTh OOHAPY)KEHUS DJIEKTPOHA B
equHULE 00BEMA.
BeposiTHOCTS OOHapy>KeHHs JIEKTPOHA B PA3IMYHBIX YaCTSAX aTOMa pa3lInyHa. DJIEKTPOH IMPH CBOEM
JIBUKEHHUH Kak Obl «pa3Maszan» Mo BceMy 00beMy, 00pa3ysi 3JIeKTPOHHOE 00J1aKo, MIIOTHOCTH (TyCTOTa)
KOTOPOTO XapaKTEepPH3yeT BEPOSTHOCTh HAXOXKACHHUS DIIEKTPOHA B PA3NIMYHBIX TOYKaX o0beMa aToMa.
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Keanmosvie uucna n u | xapakmepusyiom pazmep u popmy 21eKmpoHHO20 001aKdA, A KEAHMOBOE YUCIO
mi xapakxmepusyem Opuenmayuro 1eKmpoHHO20 001aKaA 8 NPOCMPAHCEe.

B aromHOli ¢u3HKe, MO aHAJIOTHU CO CHEKTPOCKONHUEH, COCTOSIHUE SJIEKTPOHA, XapaKTePH3YIOIIeeCs
KBaHTOBBIMH uuciaMu /=0, Ha3bIBAIOT S-COCTOSHUEM (DJIEKTPOH B 3TOM COCTOSHHHM HAa3bIBAIOT
S-3JIEKTPOHOM), /=1 — p-cocTtosiHueM, /=2 — d-coctosiHueM, /=3 — f~cocTostHMEM U T. 1. 3HaYCHUE
TJIABHOTO KBAaHTOBOTO YHCJAa YKa3bIBa€TCSl TMEpe YCIOBHBIM O0O3HAYCHHEM OpOUTAIHLHOTO
KBAaHTOBOTO uucia. Hampumep, snekTpoHsl B cocTosHHAX #n=2 W [=0 m 1 oOo3HavaroTCs
COOTBETCTBEHHO CUMBOJIAMHU 2S U 2p.

[Tepexon 3meKTpoHAa M3 OCHOBHOTO COCTOSIHHSI B BO30YKAEHHOE OOYCJIOBJIEH YBEIHMYCHHEM SHEPTUH
aToMa M MOXET INPOUCXOAUTH TOJBKO NMPH COOOIICHWH aTOMY SHEPTHH HW3BHE, HAllpUMEp 3a CUeT
HorjomeHust atoMmoM QoTtoHa. Tak Kak NOTJOMIAIONIMK aTOM HAaXOIMTCS OOBIYHO B OCHOBHOM
COCTOSIHWH, TO CIIEKTP aToMa BOJOPOJA JOJKEH COCTOSITh W3 JIMHHIA, COOTBETCTBYIOIIUX MEPEX0aM
ls—np (n=2, 3, ...), 4TO HAXOAUTCS B TTOJITHOM COTJIACHUHU C OTIBITOM.

2. 1s-CocTosiHue 3JIEKTPOHA B aTOME BOJ0POAa

Ls-CocTosiHue 3J1eKTpoHa B aTOME BOJOPO/Ia ABJIAETCS cPepuyecKu-CUMMETPUYHBIM, T. €. HE 3aBHCHUT OT
yrioB G u ¢. BonHoBas (GyHKIUS i 3IEKTPOHA B 3TOM COCTOSIHMH OMPEENSIeTCS TOJIBKO PACCTOSHUEM
7 DIIEKTPOHA OT s1pa, T. €. I = Wioo(7), TAe MUPPHl B UHACKCE COOTBETCTBEHHO YKAa3bIBAIOT, YTO n=1,
/[=0 u m~=0. VYpaBuenuto Ilpeaunrepa i ls-cOCTOSIHHS 3JEKTpOHAa B aTOMe BOJOPOJA
yIOBJIETBOPSIET (DYHKIMSI BUIA

—rja
y=Ce . (224.1)
e, KaKk MOKHO MOKa3aTh, a =h’4re,/(me’)— BenuuuHa, COBNAjAOMAs ¢ TEPBBHIM OOPOBCKUM
pamuycom a (cMm. (212.2)) mana atoma Bomopona, C — HEKOTOpasl MOCTOSTHHAs, OIpejaeiseMas U3
yCIIOBUSI HOPMUPOBKH BeposiTHOCTEH (216.3).
bnaronaps cdepuueckoit ciuMMeTpun -~(yHKIIMK BEPOSTHOCTh OOHAPYKEHHS 3JICKTPOHA HA PACCTOSHUU
7 OIWHAKOBAa IO BCEM HampaBiieHHsM. [loaTomy snmemeHT oObema dV, oTBedaromuii OJMHAKOBOM
IUIOTHOCTU BEPOSTHOCTH, OOBIYHO IMPEJICTABIISAIOT B BUJE 00beMa CPEpUUECKOro Clos pajuycoM » U

tonmunoit dr: dV=4m’dr. Toraa, cornacHo yclOBHMIO HOPMHPOBKH BeposTHOCTelH (216.3) ¢ yuetom
(224.1),

©® [ —2a
1={ WAV = §C? " 4nridr.
0 []
[Tocne nHTErpUPOBAHUS TIOTYYUM
C=1/y/xd’. (224.2)

[ToncraBuB BeipakeHue (224.2) B hopmyiny (224.1), onpeneauM HOPMUPOBAHHYIO BOJIHOBYIO (DYHKITHIO,
OTBEUAIOIIYI0 15-COCTOSHUIO DIIEKTPOHA B aTOME BOJOPO/IA!
1 —~rja

Vi () = ——= ¢
MY (224.3)

BeposiTHOCTE 00HApYKUTh NEKTPOH B 311eMeHTe 00beMa (cMm. (216.2)) paBHa
dW=|y|>dV=|y|* 4nr*dr.
[ToxcraBuB B 3Ty GpopMyy BOTHOBYIO GYHKIHIO (224.3), modyuyum

1 _2
dW = —e¢ 1% gmr dr.
na

BbluniciiuM Te paccTOSHUS Fmax OT AJpa, HA KOTOPBIX AJIEKTPOH MOXKET ObITh OOHApPY>KEH C HauOOJbIIeH
BeposATHOCTBIO. Mccnenys Bolpaxkenue dW/dr Ha MakcuMyM, MOJIy4dM, 4TO Fmax=d. ClenoBaTeIbHO,
AJIEKTPOH MOXKET ObITh OOHapy>keH ¢ HauOOoJbIIeH BEpPOSITHOCTHIO HAa PACCTOSIHUSIX, PaBHBIX
OOPOBCKOMY pajuycy, T. €. UMEETCsl paBHasi U HauOOoJIbLIask BEPOSITHOCTh OOHAPYKEHUS JIEKTPOHA BO
BCEX TOYKAX, PAcHOJOKEHHBIX Ha cdepax paamyca a ¢ IEHTpPOM B saape aroma. Kazamoch Obl,
KBAaHTOBO-MEXaHUYECKUM pacyeT JaeT IOJHOe coracue ¢ Teopueil bopa. OpHako, cornacHo
KBAaHTOBOM ME€XaHMKE, IUIOTHOCTh BEPOSTHOCTU JIMIIb MpPHU 7=a AOCTUTAaeT MAKCUMYyMa, OCTaBasiCh
OTJIMYHOU OT HyJIs BO BceM mpocTpaHcTse (puc. 305). Takum 06pa3om, B OCHOBHOM COCTOSIHUM aTomMa
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BOJIOpOJia Hanbosiee BEpOSTHBIM PACCTOSHUEM OT JJIEKTPOHA N0 SiApa SBISETCS PACCTOSHUE, PaBHOE
0opoBckoMy paauycy. B a3Tom 3akiouaeTcsi KBAHTOBO-MEXaHUYECKUHM CMBICT OOPOBCKOTO pajauyca.

w - Pac. 305
W lr)

® KakoB KBaHTOBO-MEXaHWY4OCKMA CMbICN nep-
soro 6opoBcKoOro paguyca? ’

@ CpaBHNTO NMNOTHOCTH BOPOATHOCTH o6Hapyxe-
HUA 3NBKTPOHE B OCHOBHOM COCTORHMNM atoMa
BOJOPOAA COrNacHo Teopun Bopa u KBAHTOBOR
MOXAHNKN.

@ KakoBbi npasuna KBaHTOBAHWA OPONTANLHOro
MOXaHN4YeCKOTO M COOGCTBEHHOIO MexaHwvec-
KOTO MOME@HTOB MMNYNbCA 3NEKTPOHA? UX PO~
eKyni Ha HanpaBNeHne BHeWHero MArHMTHOMo

a r nongr?

Wi (r)

3. CnuH 31ekTpoHa. CIHHOBOE KBAHTOBOE YHCJIO

O. lrepH u B. I'epnax, npoBoas npsiMble U3MEPEHUSI MATHUTHBIX MOMEHTOB (cM. 131), oOHapyxuin B
1922 r.,, 4yTO Yy3KHMH My4OK aTOMOB BOJOPOJA, 3aBEJOMO HAXOJAIMXCA B S-COCTOSHUH, B
HEOJIHOPOHOM MarHUTHOM I10JI€ pacIlEIIseTCs] Ha JBa MyyKa. B 3TOM COCTOSHMM MOMEHT UMITyJIbca
JMeKTpOHa paBeH HYIO (cM. (223.4)). MarHuTHbII MOMEHT aToMma, CBSA3aHHBIH C OpPOUTATBHBIM
JBIKEHHUEM DJICKTPOHA, TPOMOPIIMOHANIEH MEXaHnUYeCKOMYy MOMEHTY (cM. (131.3)), mosTomy OH paBeH
HYJIIO 1 MarHUTHOE T0JI€ HE JOJKHO OKa3bIBaTh BIMSHUS Ha IBM)KEHUE aTOMOB BOJIOPOJIa B OCHOBHOM
COCTOSIHUM, T. €. paclleryieHus ObIThb He J0mkHO. OJHAaKo B JajibHEHINEM OpU NPUMEHEHUU
CHEKTpPAIbHBIX NPUOOPOB ¢ OONBLIONW pa3pelarmeil crnocoOHOCThI0 OBbLIO  J10Ka3aHO, YTO
CHEKTpaJibHbIE JMHUM aTOMa BOAOPOJa OOHApyKMBAIOT TOHKYIO CTPYKTYpy (ABIstOTCA AyOrneramu)
oaoice B OTCYTCTBHE MarHUTHOT'O TOJIS.

Jis oOBSICHEHUS] TOHKOM CTPYKTYpbl CIEKTpalbHBIX JMHHMHM, a Takke psaa JIpyrux TpPYAHOCTEH B
aToMHOU (u3uke amepukanckue ¢usuku [[. Ynen6ex (1900—1974) u C. 'ayaemur (1902—1979)
IOPEIINONIOKUIIM, YTO AJIEKTPOH o001afaeT CcOOCTBEHHbIM HEYHHUYTOKHMBIM MeXaHH4YeCKUM
MOMEHTOM MMIYJIbCA, HE CBSI3aHHBIM C IBH)KEHUEM 3JIEKTPOHA B IPOCTPAHCTBE, CHUHOM (cM. 131).

CnuH 37eKkTpoHa (M BCEX APYrMX MHUKPOYACTHI]) — KBAaHTOBAs BEIMYMHA, Y HEE HET KJIACCHYECKOIo
aHaJiora; 3To BHyTpeHHEE HEOThEMIIEMOE CBOMCTBO 3JIEKTPOHA, N0100HOE €ro 3apsy U mMacce.

Ecnu snexTpoHy nmpunuchiBaeTcs COOCTBEHHBIM MEXaHMYECKHI MOMEHT umnyJbca (cnuH) Ls, To emy
COOTBETCTBYET COOCTBEHHBII MarHUTHBII MOMEHT Pms. COrJacHO OOIIMM BBIBOJAM KBaHTOBOM

MCXaHUKH, CNUH KEAHMYemcs no 3aKOHY
L,=hy/s(s+1),

r7ie S — CIIMHOBOE KBAHTOBOE YHCJIO.

ITo ananoruu ¢ opOoUTAIILHBIM MOMEHTOM UMITYJIbCA, IPOEKIUS Ls: CIMHA KBAHTYETCS TaK, 4YTO BEKTOpP L
MOXeT npuHUMaTh 2s+1 opuentanuu. Tak kak B onbitax [ltepHa u ['epnaxa HaGIIOgaMKHCh TOJIBKO
JIB€ OpueHTaluu, To 2s+1=2, orkyna s= 'z . IIpoexuus crinHa Ha HaNpaBJIE€HUE BHEIIIHENO MArHUTHOIO
TOJISI, SIBJISISICH KBAHTOBAaHHOW BEJIMUMHOM, ONIPEIEISIETCS BEIPAKEHUEM, aHAJIOTUYHBIM (223.6):

L,=hm,,

IJI€ Ms — MATHUTHOE CIIHHOBOE KBAHTOBOE YHMCJI0; OHO MOXKET UMETh TOJIBKO /1B 3HAUECHUS: Ms = £ /2.

Takum o00pa3oM, OIBITHBIE [aHHBIE NpPHUBEIM K HEOOXOAMMOCTH XapaKTepHU30BaTh JJIEKTPOHBI (U
MHUKPOYACTHUIIBI BOOOIIE) A00aBOYHON BHYTpeHHEH cTemeHbto cB0oOoAbl. [loaTomMy anst mONHOTO
OMMCAHUS COCTOSIHUSL JJIGKTPOHA B aTrOMe HEOOXOAMMO HapsAdy C TIJIaBHBIM, OpPOUTalIbHBIM U
MarHUTHBIM KBAHTOBBIMU YUCJIAMH 33]aBaTh €€ MAarHUTHOE CIIMHOBOE KBAHTOBOE YHUCJIO.

4 Jj1eMeHThI KBAHTOBOH CTATHCTHKU

KBanToBas cratucruka. ®a3osoe npocrpanctso. ®yHKIHsA pacnpeaeeHust

KpanToBasi crarucruka — pa3aal CTAaTUCTUYECKOMN (1)I/I3I/IKI/I, I/ICCJ'IC,ZLYIOH_[I/Iﬁ CHUCTCMBbI, KOTOPbLIC
COCTOAT U3 OI'POMHOTI0 YHCJIa YaCTULl, MOJYNHAIOINUXCA 3aKOHAM KBAaHTOBOM MCXaHHKH.
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B omiMume OT UCXOAHBIX TMOJIOKEHWM KIACCUYECKOW CTAaTHUCTHYECKON (HU3UMKHU, B KOTOPOW
TOK/IECTBEHHBIC YACTUIIBI DPA3IUYUMbI (YACTHI[y MOXKHO OTJIMYUTh OT BCEX TAaKUX JKE€ YACTHII),
KBAHTOBAasl CTAaTHCTUKA OCHOBBIBAETCS HA MPHUHIUIE HEPA3TUYMMOCTH TOXKIECTBEHHBIX YaCTHUI] (CM.
226). Ilpu sTOM OKa3bIBaeTCs, Kak OyJeT MOKa3aHO HUXKE, YTO KOJUICKTUBBI YACTHUI[ C IEIBIM U
MOJTYIIENIBIM CIIMHAMU TOYUHSIFOTCS PA3HBIM CTaTUCTUKAM.

[Tycte cucrema coctout u3 N yactuil. BBegem B paccMOTpeHHE MHOTOMEPHOE MPOCTPAHCTBO BCEX
KOOpAMHAT ¥ UMITYJIBCOB YacTUIl cUCTeMbI. Torma cocTossHUE CUCTEMBI OIpenenseTcs 3ajanuemM 6N
MEPEMEHHBIX, TaK KAaK COCTOSHME Ka)XIOW YaCTHIIBI OMPENESeTCs TPOUKOW KOOpPAMHAT X, ), Z U
TPOMKOM COOTBETCTBYIOIIMX NPOEKLUUN HUMIYJIbCA px, Py, pz. COOTBETCTBEHHO YHUCIO «B3aUMHO
NEPIEHIUKYJISAPHBIX» KOOPAMHATHBIX OCEW JAaHHOTO MpocTpaHCcTBa paBHO O6N. D10 O6N-MepHOE
MPOCTPAHCTBO Ha3biBaeTcs ()a30BbIM MPOCTPAHCTBOM. Kaxa0My MHKPOCOCTOSHUIO CHCTEMBI
OTBeUaeT TO4Yka B ON-MepHOM (Da30BOM TIPOCTPAHCTBE, TaK KaK 3aJaHUC TOYKU (Ha30BOTO
MPOCTPAHCTBA O3HAUYAET 3a/laHue KOOPIWHAT U UMITYJIbCOB BCEX YacTHUIl cucTeMbl. Pazobnrem (ha3oBoe
MPOCTPAHCTBO Ha MaJble 6 N-mepHbIe 3JIEMEHTAPHBIE SYEUKH o0beMoM
dgdp=dqidq>...dgsndpidpa...dpsn, TAe ¢ — COBOKYNHOCTh KOOPAMHAT BCEX YACTHUII, p — COBOKYITHOCTh
MPOCKIUH MX HMIYJbCOB. KOpIyCKyJsipHO-BOJHOBOM Iayayiu3M CBOMCTB BemiectBa (cM. 213) u
COOTHOIIIEHHE HeompeneneHHocrei ['eiizenbepra (cMm. 215) mpuBOIAT K BBIBOAY, UTO 00BEM
3JIeMEHTApPHOM sAueliky (0H Has3biBaeTCs (Pa30BBIM 00bEMOM) HEe MOKET ObITh MeHbIe ueM /i (h —
noctosinHas [lnanka).

BepositHocts  dWW  1aHHOTO COCTOSIHMSIT CHCTEMBI MOXHO TIPEJCTaBUTh C IOMOIIBI0  (PYHKIHH
pacnpenenenus f(q, p):

dW=f(q, p) dgdp. (234.1)
3neck dW—BepoATHOCTh TOTO, YTO TOYKA (Pa30BOr0 MPOCTPAHCTBA MOMAIET B ANEMEHT (pa3oBoro oobema
dgdp, pacnonoxenHoro BOIM3M JaHHOW Touku ¢, p. WHbIMH croBamu, dW mpeactaBisieT coOoit
BEPOATHOCTHh TOTO, YTO CHCTEMa HAXOJAUTCS B COCTOSHUH, B KOTOPOM €€ KOOPAUHATHl U MMITYJIbCHI,
3aKJIIOYEHBI B UHTEpBANE ¢, ¢+dg v p, p+dp.

CornacHo ¢opmyne (234.1), pyHkuus pacmpeneneHusi ecTb He 4TO MHOE, KaK MIOTHOCTb BEPOSITHOCTH

OTPENIETIEHHOTO COCTOSIHUS CUCTEMBI. [103TOMY OHa 10JKHA OBITH HOPMUPOBAHA HA CAMHHUILY:
§f(a, p) dgdp=1,

/i€ MHTETPUPOBAHUE MPOU3BOAUTCSA MO BceMy (a30BOMY MPOCTPAHCTBY.

3Has QYHKIHMIO pacnpeneieHus f(g, p), MOXKHO PEIINTh OCHOBHYIO 3aJady KBAaHTOBOW CTATHCTUKH —
OTIpEACNIUTh CPEAHNE 3HAYCHHs BEJIMYMH, XapaKTepU3YIOIUX paccMaTpuBaemylo cuctemy. CpenHee
3Ha4YeHHE JII000W (QyHKIIHH

(L@g.p>=] L (q.p)f (3 p)dqdp. (234.2)

3ajaHus U BONIPOCHI

1. Ompenenuts Ay OETOHA TONIIMHY CJIOS MOJIOBUHHOTO OCHAOIEHUS X172 Y3KOro IydkKa Y-
U3Iy4eHus ¢ suepruen poroHos € = 0,6 M»aB.

2. Ha kakyio riyOuHy HY>KHO HOTPY3HUTh B BOJY MCTOYHHUK Y3KOIO ITydKa Y-U3NydeHus (dHEprus €
raMMa-¢poToHOB paBHa 1,6 M»>B), uroObl MHTEHCHMBHOCTH | myuka, BBIXOZSIIETO M3 BOJBI, ObLIa
ymenbieHa B k =1000 paz?

3. HTeHCuBHOCTH | y3KOro myuka y-u3aydeHus IOocie MPOX0XKIECHUS Yepe3 0 CBUHIIA TOJIIMHON
X = 4 cMm yMmeHpImmiiach B k = 8 pa3. OnpenenuTs dHEPru0 € raMMa-(hOTOHOB M TOJIIMHY X1/2 CIIOS
MTOJIOBUHHOTO OCJIA0JICHUSI.

4. Yepes cBUHEI] NPOXOAUT Y3KUU MYyYOK Y-U3IydeHHs. [Ipy kakoM 3HAYEHUM SHEPTrUU € raMma-
(OTOHOB TOJIIMHA X1/2 CJIOS TIOJIOBUHHOTO ocnabieHus OyaeT MakcuMainbHoi? Onpenenuts MakCuMallb-
HYIO TOJIIIMHY Xmax CJIOS IOJIOBUHHOTO OCJIA0JIEHMS U1 CBUHIIA.

5. VY3kuil mydyok y-u3nydeHus (dHeprus € ramma-QoTroHoB paBHa 2,4 M»sB) mpoxoaut uepes
O0eTOHHYIO MIUTY ToamuHON X1=] M. Kakoil TonmuHbl X2 TUIMTa U3 YyTyHa JaeT Takoe ke ocllabiieHue
JTAHHOT'O ITy4Ka y-U3JIyueHus?
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6. UyryHHasi mauTa yMeHbIIaeT MHTEHCUBHOCTH | y3KOTO myuka y-u3inydeHus (dHEeprusl € ramMma-
¢dotonoB para 2,8 MdB) B k =10 pa3. Bo ckombko pa3 yMEHBIIHT WHTEHCHUBHOCTH 3TOTO ITy4Ka
CBUHIIOBAS IINTA TAKOW e TONIIUHBI?
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IIpoekr, 2015. — 436 c. — 978-5-8291-1745-0. — Pexum nocryna:
http://www.iprbookshop.ru/36623.html

3. Tpodumosna, T. . ®uzuka : ydeOHUK : U1 CTYJJCHTOB BY30B, 00y4arOIUXCs IO TEXH. HAMP.
noxrotoBku / T.U. Tpodumosa. - 2-e u3z., nepepad. u gom. - Mocksa : Akagemus, 2013. - 346 c. : wi. -
(Bricmiee npodeccuonansHoe oopazoBanue) (bakanaspuar). - [Ipenm. yxkas.: c¢. 330-339. - ISBN 978-5-
7695-9820

4. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3aaad: B 2-x 1. : yueOnux / T.W.
Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipun.: c. 376-378. -
ISBN 978-5-406-04428-5.

5. Tpodumona T.U1., ®upcosa A.B., CoopHUK 3a1a4 110 Gu3uke- 2-¢ u3., nepepad. u aor. - Mocksa :
Axagemus, 2013.

ITPAKTUYECKOE 3AHATHE Ne 31-32 QJIEMEHTBI ®U3UKU ATOMHOTI'O SA/IPA

Lesb-3aKkpenuTh W3y4YEHHBIH MaTepuall M0 TeMaTHKe «DIEMEHThl (U3MKH aTOMHOro sapa. Paszmep,
COCTaB M 3apsiJl aTOMHOIO sjpa. MaccoBoe M 3apsioBoe uucia. JleekT Macchl M SHEpPrus CBSI3U
anpa. CnuH sAapa M €ro MarHUTHBIA MOMEHT. SlnepHble cuibl. Mogenu snpa. PapnoaktuBHOe
U3IIy4EHHUE U €r0 BUJIbl. 3AKOH PalMOaKTUBHOTO pacnaza. I[IpaBuiia cmemmenns».

OcBauBaemble KOMIIETEHIIHM B PE3YJIbTAaTE MIPOBEAEHUS NMPAKTUUECKOIO 3aHATHUS YKa3aHbl B IIyHKTE
«O01Ime cBeneHus»

AKTYaJIbHOCTh MNPAKTHYECKOI0 3aHATHUA — 3aKPCIUTh IIOJy4YCHHBIE TEOPETHUYECKUE 3HAHUA WU
BbIpPAa0OTATh HABBIKM U YMEHMsI IPAKTUYECKOTO PELICHNUS 3334, B TO YUCIIE U CAMOCTOSITENIBHO.

3HaTh:

- METO/Ibl CaMOOPIaHU3alMi K caMOOOpa30BaHMIO CTYJI€HTA HalpaBieHUs «XHUMHUYECKas
TEXHOJIOTUS»,  CIIOCOOHOCTBIO M TOTOBHOCTBIO  HCIOJb30BATh ~ OCHOBHBIC  3aKOHBI
€CTECTBEHHOHAYYHbIX JUCLUILIMH B MPO(ECCHOHANBHON AEATENbHOCTH, OCHOBHBIE 3aKOHbBI (DU3HKH,
METOBl SKCIEPUMEHTAIBHOTO MCCIIEOBAHUS, OCHOBHBIX (U3NYECKUX TEOPHM JJs pELICHHS
BO3HHUKAIOMUX (U3NYECKUX 337ay, CAMOCTOSTEIBHOIO MPHUOOpeTeHus (U3NYECKUX 3HAHUM, I
MOHUMAaHMs TPUHIMIIOB PabOThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOISIIUX 32 MPEICIIbI
KOMIIETEHTHOCTH KOHKPETHOTO HAIPABJICHUS

Ymern:

- OCYILECTBIIAT YPPEKTUBHYI0 KOMMYHHKALIMIO B KOJUIEKTUBE JUIsl peILIEHHsI TPO(ECCHOHAIBHBIX
3aja4, CHOCOOHOCTHIO M TOTOBHOCTBIO HCIOJB30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
IUCLUIUINH B HPOQECCHOHATIBHON AEATENBHOCTH, MCIOJIb30BaTh 3HAHUSA OCHOBHBIX (DU3MUECKUX
TEOPUI Uil pEIICHUS BO3HUKAIOMMX (U3NUYECKUX 3a]a4, CAMOCTOSTEIBHOIO NPUOOpPETEHHS
Gbu3n4ecKux 3HAHMUH, A7 MOHMMAHUS IPUHIUIOB PabOThl MPUOOPOB U YCTPOHCTB, B TOM YHUCIIE
BBIXOJAIIMX 32  IIpPeAeiibl  KOMIIETEHTHOCTM  KOHKPETHOIO  HAIpPaBJICHUS,  IPUMEHSITH
COOTBETCTBYIOIMI (PU3MKO-MAaTeMaTUYECKUI amnmapar, METOAbl aHaiu3a M MOJEIUpPOBaHMI,
TEOPETUYECKOTO U SKCIIEPUMEHTAILHOTO HCCIeI0OBAHUS IPU PEICHUH MPO(EeCCHOHANBHBIX 3a/1a4.

Baangern:
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- HaBBIKAMH pabOTHI B KOMaHJE, HaBbIKAMH BECTH JAMAJIOT, MIENOBOWM CMOpP,  CHOCOOHOCTh K
caMOOpraHu3allid U caMOOOpPa30BAHMIO, HABBIKAMHM HATYPHBIX SKCIIEPUMEHTOB C IMOCIEIyIOLIECH
00paboTKOM MX pe3yNbTaToB, METOJAaMH MaTeMaTHYeCKOTO, KOMIBIOTEPHOTO U (PU3MUECKOro
MOJIETTUPOBAHUS, METOJAMH PELIEHHS] TEXHUUECKUX 3ajjay, pacyeTa MPOU3BOICTBEHHBIX MTPOLIECCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHHH, MAllMH U  TEXHOJOTHYECKOro  00O0pYI0BaHMs,HABBIKAMU
OLICHHMBAHHUS PE3YJbTaTOB CBOEH NMPOQPECCHOHANBHON JESATEIBHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMU (PU3UKH, HABBIKAMU  CAMOCTOSITENIBHOTO TMpHOOpeTeHus (U3MYeCKUX 3HAHUU, I
MMOHMMAHUS TPUHLUUIOB pabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE€ BBIXOIALIMX 3a IMPEAEIbI
KOMIIETEHTHOCTH HaIpaBJieHUs XUMHUUYECKasi TEXHOIOTUs

Teopernyeckas 4acTb
1. Pa3mep, cocTaB u 3apsii aTOMHOTr0 siipa. MaccoBoe u 3apsi/ioBoe Yuc/ia

3. Pesepdopna, uccneayss MpoxXoKaeHNUE O-4aCTHI] C YHEPTUEH B HECKOJIBKO METa’JIeKTPOH-BOJIBT Yepe3
TOHKHME IUIEHKHU 30710Ta (cM. 208), mpuuien K BBIBOAY O TOM, YTO aTOM COCTOMUT M3 IOJIO)KUTEIBHO
3apsSHKEHHOTO A7pa M OKPYXKAIOIIUX €ro 3JeKTpoHoB. [IpoananusmpoBaB 3Tu omnbiThl, Pesepdopn
TaxsKe M0Ka3ajl, YTO aTOMHBIE Spa UMEIOT pa3mephbl npuMepHo 10714 — 107!° M (muneiinbie pasmepsl
atoma npumepro 10710 wm).

ATOMHOE PO COCTOUT M3 3JEMEHTAPHBIX YACTUL[ — MPOTOHOB U HEHTPOHOB (IIPOTOHHO-HEUTPOHHAs
MOJIeINb siapa Obuta mpesyiokena poccuiickum ¢uzukom [l. JI. iBanenko (p. 1904), a BmocnencTBuu
pa3Buta B. I'eiizenGeprom).

[IpoToH (p) UMeeT MONOKUTENbHBIN 3apsl, PaBHBIN 3apsAly 3JIEKTPOHA, U Maccy Mokost mp=1,6726-10"
2’xr ~ 1836 me, TIE me — Macca 3nekTpoHa. HelTpoH (1) — HelfTpanbHas yacTHIIA ¢ Maccoii MOKOS
mn=1,6749-102"xr ~1839 m.. IIpoToHBI ¥ HEHTPOHBI HA3BIBAIOTCA HYKJOHAMM (OT jaT. nucleus —
a1po). OO011ee YMClIo HYKJIOHOB B @aTOMHOM $ip€ Ha3bIBAa€TCsI MACCOBBIM YHCIIOM A.

ATOMHOE SApO XapaKTepusyeTcs 3apsiioM Ze, rae Z — 3apsi/ioBoe 4YHCJI0 f1pa, PaBHOE YHUCITY
IPOTOHOB B AJp€ U COBNAJAIOIIEE C MOPSAJKOBBIM HOMEpPOM XHMMMUYECKOTO JJIEMEHTa B
[Tepuoanueckoit cucreme 31eMeHTOB MeHeneeBa. V3BecTHrie B Hacrosiiee Bpemst 107 3neMeHTOB
TabauIbl MenaeneeBa UMEIOT 3apsAA0BbIe yncia aaep ot Z= 1 go Z= 107.

SInpo 0603HAUAETCS TEM K€ CHMBOJIOM, YTO M HelTpanbHblil aToM: § X , Te X — CHMMBOJ XMMUYECKOTO
3JIeMeHTa, Z aTOMHBIA HOMEp (YUCIIO MPOTOHOB B siApe), 4 — MacCOBOE YUCIO (YUCIO HYKIOHOB B
szpe).

Ceityac MpOTOHHO-HEUTPOHHAS MOJIEJIb SAjpa HE BhI3bIBAET COMHEHUN. PaccMaTprBanach Takyke rumnoresa
0 MPOTOHHO-3JIEKTPOHHOM CTPOEHHUU Spa, HO OHA HE BbIAEp)KaJa AKCIEPUMEHTAIbHON IPOBEPKH.
Tak, ecnu TMPUAEPKUBATHCS ITOM THUIOTE3bI, TO MAacCOBOE YUCIO A JOJDKHO MPEACTaBIATH COOOM
YHCIIO MPOTOHOB B AJpPE, a Pa3HOCTh MEXKIY MACCOBBIM YHCIIOM U YUCIIOM 3JIEKTPOHOB JIOJDKHA OBITH
paBHa 3apsA0BOMY YKCITY. DTa MOJIEb COTIACOBBIBAIACH CO 3HAYEHHUSIMU MU30TOMHBIX MacC U 3aps/I0B,
HO TPOTHUBOpEYMJIA 3HAUEHUSM CIIUHOB M MAarHUTHBIX MOMEHTOB siZiep, SHEPIUU CBSI3M SApa U T. 1.
Kpome Toro, oHa okazanach HECOBMECTHMOW C COOTHOIIICHHMEM HeompesaeneHHocted (cMm. 215). B
pe3yJibTaTe TUIIOTE3a O MPOTOHHO-3JIEKTPOHHOM CTPOSHHH sipa Oblila OTBEPrHYyTA.

Tak Kak aTroM HEWTpalieH, TO 3apsl sSapa ONPENeseT W YHUCIO AJIEKTPOHOB B aTtome. OT umcia ke
AJIEKTPOHOB 3aBUCUT MX PACHpPEIEIICHHUE 10 COCTOSIHUSM B aTOME, OT KOTOpPOro, B CBOIO OYEPE.b,
3aBHUCSIT XMMHUYECKHE CBoMcTBa aToMa. CleloBaTeNbHO, 3apsj Aapa onpeaenseT cneunuduky JaHHOTO
XUMHUYECKOTO 3JIEMEHTa, T.€. OIpeleNseT 4YHCIO 3JEKTPOHOB B aroMe, KOH(QUTYpaluio HX
AIEKTPOHHBIX 000JI0UYEK, BEIUUNHY U XapaKTep BHYTPHATOMHOTO 3JIEKTPUUECKOTO TOJIS.

SAnpa ¢ oguHaKOBBIMHU Z, HO pa3HbIMH A (T. €. ¢ pa3HbBIMU UYUCIIaMU HEUTPOHOB N=A4—Z) Ha3blBalOTCA
H30TONAMHU, a Sipa C OJMHAKOBBIMH A, HO pa3HbIMU Z—wu300apamu. Hamnpumep, Bogopoxa (Z=1)
uMeeT TpH u3otona: | H—nporuit (Z=1, N=0), : H—neiirepuii (Z=1, N=1), T H — tputnit (Z=1, N=2),
OJIOBO—IECATh, U T. A. B monamisromem OOJBIIMHCTBE CIIy4aeB HM30TONbBI OJHOTO M TOTO XKe
XUMHYECKOTO DJJIEMEHTa O00JIaJaloT OJUHAKOBBIMM XHUMHUYECKMMH U TIOYTH OJMHAKOBBIMU
¢u3uueckuMu  CBOMCTBaMM  (MCKJIIOYEHHE  COCTAaBIIAIOT, HANpUMep, M30TOIBI  BOAOPOAA),
OTIpEEIIAIONIMMUCS B OCHOBHOM CTPYKTYpPOH 3JIEKTPOHHBIX 000JI04eK, KOTOpast SIBISIETCS OAMHAKOBON
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1 1 1
JUIS BCEX M30TOMOB JAHHOTO 37ieMeHTa. [IpuMepom siiep-u3006ap MOTYT CllykuTh siapa 'y Be, ''B, 't C.

B nacrosimee Bpemst uzBectHo 6oinee 2500 siaep, oTinvaronmxcs Jmbo Z, m1u0o A, 1udo TeM U Jpyrum.
2. leeKT Macchl M IJHePrus CBSI3M spa

HccnenoBanust TOKa3bIBAIOT, 4YTO AaTOMHBIE SApa SBISIOTCS YCTOWYMBBIMH OOpa3OBaHHSIMU. ITO
O3HAYaeT, 4TO B Ape MEXKAY HyKJIOHAMH CYILECTBYET OIPE/IeICHHAs CBA3b.

Maccy saep 04eHb TOYHO MOKHO OIPENEIUTHh C IMOMOIIBI0 MacC-CIEKTPOMETPOB — H3MEPUTENBHBIX
npuOOpOB, Pa3ENAIONMX C MOMOLIBI AJIEKTPUYECKMX M MArHUTHBIX IOJEH IMy4YKH 3apsHKEHHBIX
yacTul] (OOBIYHO MOHOB) C pa3HbIMU YyJAEIbHBIMH 3apsgamMu (/m. Macc-CreKTpoMeTpruIecKre
U3MEPEHUs MO0Ka3alH, 4TO Macca A0pa MeHbule, Yem CYMMa Macc cocmaegnaiouux e2o Hykionos. Ho
TaK Kak BCSKOMY M3MEHEHHIO mMacchl (cM. 40) AOIKHO COOTBETCTBOBATH M3MEHEHUE SHEPTHH, TO,
CJIEIOBATENIbHO, MPU 00pa30BaHUU SApa JOJKHA BBIIEIATHCS OIpeneieHHas sHeprus. M3 3akona
COXpPaHEHMsI PHEPTUU BBITEKAeT U 00paTHOE: s pa3/ieieHus s/ipa Ha COCTaBHbIE YacTH HEOOXOIMMO
3aTpaTUTh TaKO€ K€ KOJIMYECTBO SHEPIHU, KOTOPOE BBLAEISETCS MpPHU €ro oOpa3oBaHUU. DHEPrus,
KOTOPYIO HEOOXOJIUMO 3aTpaTUTh, YTOObI pacIIENHTh SAPO HA OTAEIbHBbIC HYKJIOHBI, Ha3bIBAETCS
JHeprueii cBsi3u sapa (cm. 40).

CornacHo BeipaxeHuto (40.9), sHeprus cBsi3u HyKJIOHOB B sifipe

E¢=[Zm’+(A—-Z) mn—ml]c2' (2521)

TZI€ Mp, Mn, Mz — COOTBETCTBEHHO MAacChl IPOTOHA, HEUTPOHA U s/ipa. B Tabmumax oObIYHO IMPUBOAATCS
HE MacChl Mms S7IE€P, @ MAcChl 71 aTOMOB. 1103TOMY 111 SHEPTUU CBSI3H A1pa NOIb3YIOTCs HOpMYIIOi

Ea=[Zmy+(4—Z)m,~m]c?, (252.2)

rie my — Macca atoMa Bojaopoaa. Tak kak mu OOINbINE mp HAa BEIUYHHY Me, TO TEPBBI YICH B
KBaJIpaTHBIX CKOOKaxX BKJIIOYAeT B ce0si Maccy Z 3neKkTpoHoB. Ho Tak kak macca aToMa m OTJIH4YaeTcs
OT MacChl sipa ms Kak pa3 Ha Maccy Z 3JIEKTPOHOB, TO BBIYUCICHUS 10 (opmynam (252.1) u (252.2)
INPUBOJAT K OJMHAKOBBIM PE3yJIbTaTaM.

Bennuuna

Am=[Zm,+(4d—Z) m;]—m,

HasbIBaeTcs AeekToM Maccebl saapa. Ha 3Ty BenMumHy yMeHbIIAeTCsl Macca BCeX HYKJIOHOB IpH

0o0pa30oBaHUM U3 HUX aTOMHOTO SIJIpa.

3. CniuH siipa ¥ ero MAarHUTHBIA MOMEHT

Hcnonb3oBanue mpuOOpPOB BBICOKOM paspemiaroneil CroCOOHOCTH M CHENHANbHBIX HCTOYHHUKOB
BO30Y’KJCHHS CIIEKTpa MO3BOJIUIO OOHAPYKHUTh CBEPXTOHKYIO CTPYKTYpPY CIEKTpalbHbIX JUHUN. Ee
cymectBoBanue B. Ilaynu oObscHun (1924) nHanuumeM y aTOMHBIX siiep COOCTBEHHOTO MOMEHTA
UMITyJIbCa (CIIMHA) U MarHUTHOTO MOMEHTA.

Co0cTBeHHBIH MOMEHT MMIYJbCA SIAPA — CIHUH SPAa — CKJIAJbIBAETCS U3 CIIMHOB HYKJIOHOB U U3
OpOUTAILHBIX MOMEHTOB HMMITyJbCa HYKJIOHOB (MOMEHTOB HMITYJIbCa, OOYCIIOBJICHHBIX JABH)KEHUEM
HYKJIOHOB BHYyTpu siipa). OOe OSTH BETUYHMHBI SIBISIOTCS BEKTOpaMH, IO3TOMY CIHH sjpa
MIPEACTABIISIET UX BEKTOPHYIO cyMMy. CIIHH siipa Keanmyemcs no 3aKOHy

L=hJT{+1),

rae I — cnmHOBOE SAACPHOEC KBAHTOBOEC YHUCI0 (GFO YaCTO Ha3bIBAKOT MPOCTO CIIMHOM ﬂnpa), KOTOpPOC

1 3
MPUHUMAET IIeJIbIE WIIA TIOJTylesbie 3HaueHus 0, 5 , 1, 5 , ... . slmpa ¢ yeTHBIMU A UMEIOT 1enbIe /, ¢

HEYETHBIMH — TTOJTYTICIIbIE /.

ATOMHOE SIIpO KpOME CITUHA 00J1a1aeT MATHUTHBIM MOMEHTOM Pms. MarHUTHBII MOMEHT siJJpa CBSI3aH
co cnuHOM siipa (cM. aHamoruvyHoe BbIpakeHue (131.5) nmns snexkTpoHa): pms=gsla, THE 21 —
KOX(PUITUEHT MPOTOPIIHOHATBHOCTH, HA3bIBAEMBIH SII€PHBIM THPOMATHUTHBIM OTHOIIIEHHEM.

EnuHuiieil MarHuTHHIX MOMEHTOB SIZIEP CIIYKUT Si/IEePHbIA MATrHETOH

He=eh/(2m,)="5,0508-10"2" IIx/Tn, (253.1)
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rae mp — Macca mpoToHa (cp. 3Ty dopmyny ¢ marHetoHoMm bopa ( 131)). fnmepHblii MarHeToH B
mp/me=~1836 paz mMeHble MarHeToHa bopa, M03TOMYy MarHUTHbBIE CBOMCTBA aTOMOB ONPEACISIOTCS B
OCHOBHOM MarHWTHBIMH CBOHCTBAaMH €r0 3JIEKTPOHOB.

B cnyuae sdpdexra 3eemana (cm. 223) mpu NMOMENIEHHMH aTOMa B MarHUTHOE MOJie€ HAOIOAaeTcs
pacIIETUICHUE JHEPreTUYECKUMX YPOBHEW W CHEKTpPalIbHBIX JIMHUK (TOHKasi CTPYKTYypa),
00yCIIOBJICHHOE CIMH-OPOUTAIHBIM B3aHMMOJACUCTBUEM 3JICKTPOHOB. BO BHEIIHEM MarHMTHOM IOJIE
TaKOKe HAOJIIOAAeTCs pacIieIUIeHHe YPOBHEH YHEPriuH aToMa Ha OJNM3KO pacIriojioKEHHBIE ITOTypOBHU
(CBepXTOHKasi CTPYKTypa), OOYCJOBJICHHOE B3aWMOJICHICTBMEM MAarHMUTHOTO MOMEHTa sjpa C
MarHUTHBIM II0JIEM JJIEKTPOHOB B aTOME.

4. Sinepubie cuiabl. Moaenu saapa

Mexny COCTaBISIOIIUMHU SAPO HYKJIOHAMH JAEUCTBYIOT OcoOble, crenupuyeckue Ais [apa CHUJIIBL,
3HAQUUTENIbHO TMPEBBIIAIONIME KYJOHOBCKHE CHJIBI OTTAJIKUBAaHUA MEXAy mnpoToHamu. OHHU
Ha3bIBAIOTCS A/IEPHBIMH CHJIAMH.

C noMoIIbI0 3KCIEPUMEHTANIBHBIX JAHHBIX [0 PACCESTHUIO HYKJIIOHOB Ha fAJIpaXx, sIIEPHBIM MPEBPaIICHUSIM
U T.J. JOKa3aHO, YTO SAEpHBIE CHJIbI HAMHOIO MPEBBIIIAIOT T'PABUTALMOHHBIC, AJIEKTPUUYECKUE U
MarHuTHbIE B3aUMOJECHUCTBUSI M HE CBOAATCS K HHUM. SIAepHbIE CHJIBI OTHOCSTCS K KJacCy Tak
Ha3bIBAEMBIX CHJIbHBIX B3aUMO/1eiCTBHUI.

[Iepeunciiim OCHOBHBIE CBOMCTBA SIIEPHBIX CUIL:

1) sinepHble CUTIBI SABISIOTCS CUNAMU NPUMANCEHUSL,

2) sIEpHBIE CUJIBl SIBISIOTCS KOPOMKOOEUCm8YiowuMy — WX JCUCTBHE MPOSBISAETCS TOJIBKO Ha
paccrosuusax npumepso 107'° m. Ipu yBenmuueHMH pacCTOSHUS MEXKAY HYKIOHAMH SIEPHBIE CHIIBI
OBICTPO YMEHBINAIOTCS J0 HYJS, a MIPH PACCTOSHUSAX, MEHBIIIUX UX paguyca JACUCTBUS, OKA3bIBAIOTCS
npumepHo B 100 pa3 Oosblie KyJOHOBCKHUX CHJI, JCHCTBYIONIMX MEXIYy MPOTOHAMH Ha TOM JKE
paccTosTHUY;

3) siAepHBIM CHJIaM CBOMCTBEHHA 3apsA006as He3a8UCUMOCHb: SIIEPHBbIE CHIIbI, AEUCTBYIOLIUE MEXIY
IBYyMsl TPOTOHAMM, WU ABYMsI HEHUTpOHAMH, WM, HAKOHEIN, MEXIy HPOTOHOM U HEHUTPOHOM,
OJIMHAKOBHI 1O BennuuHe. OTCI0/Ia CIeAyeT, YTO SACPHBIC CHUIIbl UMEIOT HEXJIEKTPUUECKYIO IPUPOTY;

4) snepHBIM CHUJIaM CBOWCTBEHHO HdcblujeHue, T. €. KaXKIbIi HYKJIOH B sipe B3aUMOJCHCTBYET TOJIBKO C
OTPAaHWYCHHBIM YHCIIOM OJMKAWIIUX K HEMy HYKJIOHOB. HachbllieHue NposBISE€TCS B TOM, YTO
yAeTbHas SHEPTHUS CBA3M HYKJIOHOB B siApe (€CIHM HEe YYUTHIBATh JIETKHE SApa) IPU YBEIMUCHUHU YHCIia
HYKJIOHOB HE PACTET, a OCTAETCS MPUOIU3UTEIHHO MOCTOSHHOM;

5) snepHble CHIIBI 3aBUCAT OT B3aMMHOW oOpueHmayuu CnuHo8 B3AUMOJEHCTBYIONIMX HYKJIOHOB.
Hanpumep, NpOTOH M HEHTpOH 06pasyloT AeHTpoH (sapo uzoToma . H) TOAbKO TpH YCIOBHH
napasuiebHON OPUEHTAUHA UX CIIMHOB;

6) sIepHbIE CUIIBI He AGNIAI0MC YeHMPATbHbIMU, T. €. IeUCTBYIONIMMHU 10 JUHUH, COSAUHSIOMIEH IEHTPbI
B3aUMOJICUCTBYIOIINX HYKJIOHOB.

5. PagnoakTuBHOE U3JIyYeHHE U €r0 BU/bI

Opanny3ckuil usuk A. bekkepens (1852—1908) B 1896 r. npu u3ydeHHM JIIOMMHECLEHLMU COJIEH
ypaHa ciiyyailHO OOHapY KW CaMOnpou38oabHoe UCITyCKaHUE UMH U3JTy4eHHUs] HEU3BECTHON MPUPO/IbI,
KOTOpO€ JEHCTBOBAJIO HA (POTOMJIACTUHKY, HMOHM3UPOBAJIO BO3AYyX, MNPOHHUKAIO CKBO3b TOHKHE
METaJUINYECKHUE MJIACTUHKH, BBI3BIBAIO JIOMMHECLICHLIMIO psiaa BemecTB. [Ipogomkas uccienoBaHue
storo sBieHus, cynpyru Kiopu — Mapus (1867—1934) u Ilbep — o0OHapyXuiam, 4TO
OEKKEeperIeBCKOe H3IYYEHHE CBONCTBEHHO HE TOJIBKO YpaHy, HO W MHOTHUM JAPYTUM TSDKEIBIM
AJIEMEHTAaM, TaKUM, KaKk TOpUi U akTMHUHA. OHU MOKa3ajau TaKKe, YTO ypaHOBas CMOJISHas oOMaHKa
(pyna, U3 KOTOpOW [J00bIBaeTCs METANIMUYECKUH ypaH) HCIyCKaeT W3Iy4YeHHe, MHTECHCHBHOCTb
KOTOPOTO BO MHOI'O pa3 IPEBBIIIAET MHTEHCUBHOCTh M3JIy4€HHs ypaHa. TakuM oOpa3oM yJanoch

o 21 o
BBIACINUTS ABA HOBBIX 3JICMCHTA — HOCHUTCIIA 66KKCpeHCBCKOFO H3JIYUCHUS: TTOJIOHUHU 82 Pou paann

226
g5 Ra.
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OOHapyKEeHHOE H3Iy4YeHHE ObUIO HA3BaHO PAJAMOAKTHBHBIM M3Jy4YeHHEM, a CaMO SBJIEHUE —
UCITyCKaHHE PaJIM0aKTUBHOTO U3IIYYEHHSI — PAANOAKTHUBHOCTHIO.

JlanbHel1e onbIThl MOKa3ajiH, YTO Ha XapaKTep paAHOaKTUBHOTO M3Iy4YEeHHUs Mpernapara He OKa3bIBaloT
BJIUSHUS BHUJ XUMHYECKOTO COEAMHEHHUS, arperaTHOe COCTOSHHWE, MEXaHMYeCKOE JaBJICHUE,
TeMIepaTypa, IEKTPUUECKUE U MarHuUTHbIE NOJs, T. €. BCE T€ BO3ACUCTBUS, KOTOPbIE MOITHU Obl
IPUBECTU K U3MEHEHUIO COCTOSIHUS AJIEKTPOHHOM 000s104uKkK atroma. CieoBaTeabHO, paJloaKTUBHbIE
CBOMCTBA 3JIEMEHTa 00YCIIOBIIEHBI JIUIIb CTPYKTYPOH €ro sIpa.

B Hacrosimee Bpems 10JI paJMOAKTHBHOCTBIO TIOHHMAIOT CIOCOOHOCTh HEKOTOPBIX ATOMHBIX SIEp
CaMOIPOM3BOJILHO (CIIOHTAHHO) MpEBpaIlaThCsl B JPYrHe spa € MCIYCKAHUEM pPa3IMYHbIX BHUJIOB
PaAMOAKTUBHBIX M3JIYYEHUH W JJIEMEHTapHbIX YacTUll. PaanoakTUBHOCTH MOApa3leiseTcsl Ha
eCTeCTBEHHYI0 (HaOmoaeTcs y HEYyCTOHMUMBBIX M30TONOB, CYIIECTBYIOIIMX B HPUPOZAE) U
HCKYCCTBEHHYI0 (HaOJI0laeTcsi y M30TONOB, IOJYYEHHBIX IIOCPEJICTBOM SACPHBIX DPEAKIHI).
[TpuHIMNHMAIBHOTO PA3IUYUs MEXIY 3TUMHU ABYMS TUIAMM PaJMOAKTHUBHOCTH HET, TAK KaK 3aKOHBI
PaAMOAaKTUBHOIO IPEBPAIICHUS B 000UX CIy4yasiX OJAMHAKOBBI.

PaguoakTuBHOE M3nmyueHHe ObIBaeT TpexX THUIOB: a-, [ U p-u3nyueHue. [logpoGHoe MX HccienoBaHue
MIO3BOJINJIO BBISICHUTH PUPOAY U OCHOBHBIE CBOICTBA.

o-V3nyyeHue OTKIIOHSETCS AJIEKTPUUYECKUM M MarHUTHBIM MOJISIMH, 00J1aaeT BBICOKOM HMOHU3HUPYIOIIEH
CHOCOOHOCTBIO M MaJIOH MPOHHUKAIOIIEH CIIOCOOHOCTBIO (HampuMep, MOTJIOMIAI0TCS CI0OEM aIFOMUHUS
tomuuHoi npumepHo 0,05 mm). o-M3nydenue mnpeacTaBisieT coOOil MOTOK siAep Tenus; 3apsia o-
YacTMIIBI paBeH +2e, a Macca COBNAJAeT ¢ Maccoil sapa uzorona renus ; He. ITo OTKIOHEHMIO o-

YaCTHII B JIEKTPUICCKOM ¥ MAarHUTHOM TIOJISIX OBLI ONPEJICIICH UX yACIbHBIN 3apsia O/m,, 3HAUCHHUE
KOTOPOT'O MOATBEPANIIO MPABUIBHOCTh NPEACTABICHUN 00 UX MPHUPOJIE.

[(-U3nydenne OTKIIOHSETCS JEKTPUYECKHM M MAarHUTHBIM TOJISIMHU; €r0 MOHM3UPYIOas CIOCOOHOCTH
3HAYUTEITFHO MEHbIIE (MPUMEPHO Ha JBa MOPSIIKA), a MPOHUKAIONIAs CIIOCOOHOCTh TOpa3ao OoJbIle
(mornomaeTrcss ClioeM alOMUHHUS TOJIIMHOW TpUMEpPHO 2 MM), 4eM y q-yacTuil. S-M3myudeHue
MpeJICTaBIsIeT CO00M MOTOK OBICTPBIX AJIGKTPOHOB (3TO BBITCKAET M3 OMPEICIICHUS WX YICIBHOTO
3apsna).

[Tornomenne MOTOKA AJIEKTPOHOB C OJAMHAKOBBIMU CKOPOCTSIMU B OJHOPOIHOM BEIIECTBE TOTIHHSIICTCS
9KCIIOHEHIMATBHOMY 3akoHy N=Noe #*, rae No u N — 4YuCIIO 3JIEKTPOHOB Ha BXOJI€ U BBIXOJIE CJIOS
BEIIECTBA TOJIIMHON X, (4 — KOA(GQUIMEHT ToriomeHus. [-M3inydeHne CUIbHO paccerBacTCs B
BEIIIECTBE, TIOPTOMY A/ 3aBHCHUT HE TOJBKO OT BEIIECTBA, HO U OT pa3MepoB U (OPMBI TEJ, HA KOTOPHIE
[-U3ITydeHue maiaer.

y-M3imydenue He OTKIIOHSETCS DIIEKTPHYECKUM M MarHUTHBIM MOJISIMH, 00Ja1aeT OTHOCUTEIBHO CIIabon
MOHM3UPYIONICH CHOCOOHOCTRIO M OYECHHb OONBIION NPOHUKAIONIEH CIOCOOHOCTHIO (HAIMpHUMeED,
MPOXOJUT Yepe3 CIOW CBHHIA TOJIIMHOW 5 CM), IPU MPOXOXKJACHUHN Yepe3 KPUCTAIUTBI 0OHAPYKUBAET
TUPPaKIHIO. y-M3imydenne npeacTaBiseT co00il KOPOTKOBOITHOBOE 3JICKTPOMATrHUTHOE M3ITyUeHHE
C upe3BbIYaiHO Manoi anuHOM BomHel A<107' M u BclemcTBHE 3TOro0 — APKO BHIPAKEHHBIMH
KOPITYCKYJISIPHBIMH CBOMCTBAMH, T.€. SIBJISIETCS IOTOKOM YacTHUIl — )-KBAaHTOB (()OTOHOB).

6. 3axkon paguoakTuBHOrO pacnaja. Illpasuia cmemenus

Ilon panuoakTUBHBIM pacnagoM, WM IPOCTO pacragoM, IOHUMAKOT €CTECTBEHHOE PaJuOAKTUBHOE
IPEBpPAlICHUE  SIAEP, MPOUCXOAAIIEE CaMONPOU3BOJIBHO. ATOMHOE  SIIpO,  HCIBITBHIBAOLIEE
PaauOaKTUBHBIN pacal, Ha3blBaCTCS MATEPUHCKUM, BO3HUKAIOLIEE AP0 — AOYEPHHUM.

Teopuss pagnoakTUBHOIO pacnaza CTPOUTCA HA NMPEANONOXKEHHMM O TOM, YTO PaJUOAKTHBHBIA pacmal
SIBJISIETCSL CIIOHTAHHBIM IIPOLECCOM, IOAYMHSAIONIMMCS 3aKOHAM CTaTUCTUKHU. Tak Kak OTAEIbHBIC
pamnroakTUBHEIC SIpa pacmajJaroTcsa HE3aBUCUMO APYT OT ApyTa, TO MOXHO CUHTATh, YTO YHCIIO SICp
dN, pacmaBmIMXCsl B CpeTHEM 3a MHTEPBAJI BPEMEHHU OT ¢ 70 (+df, IpOMOPLHUOHATIBHO MPOMEKYTKY
BpeMeHu df 1 unciy N HepacnaBIIuXcs sSAep K MOMEHTY BPEMEHH f:

=—4Nds, (256.1)
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rie A — MOCTOSIHHAs Ul JAHHOTO PaJMOaKTUBHOIO BEIIECTBA BEIMYMHA, Ha3blBaeMas NMOCTOSIHHOIM
PaIMOAKTHBHOIO pacmaja; 3HAK MUHYC YyKa3bIBaeT, YyTO 0OIIee YHCIO PaJMOAKTUBHBIX SAEp B
npoliecce pacnazaa yMmeHbiuaercs. Paznenus nepeMeHHHe Y UHTErpUpysi:

dN
— = —de J——:-—Ajd —=—}.t,
0

IIOJIyYUM

N=Noe ™, (256.2)
rae No—HadanbHOE YHCIIO Hepacnasuiuxcs snep (B MOMeHT BpeMeHU 1=0), N—YHCI0 Hepacnaguuxcs
saep B MOMEHT BpeMeHH £. Dopmyna (256.2) BbIpakaeT 3aKOH PaJHOAKTHBHOIO Pacnaaa, CorjiacHO
KOTOPOMY YHCJIO HEPACTIaBIIUXCS SIep YOBIBAET CO BPEMEHEM I10 SKCIIOHCHIIMAIEHOMY 3aKOHY .
HNuTeHCcuBHOCTE nponecca paAUMOAKTHBHOIO paciaJga XapakKTCpusyroT [ABC BCJIHWYUHBI: TICPUOJ
noiypacnana 712 U cpenHee BpeMs KU3HU 7 paJuoakTuBHOro sijpa. Ilepumon moaypacnana 712 —

BpeMs, 3a KOTOPOE MCXOJHOE YHUCIO PAJUOAKTUBHBIX SAJ€p 6 cpeoHem yMeHblIaeTcs BiaBoe. Torna,
cornacHo (256.2),
No/2=Noe T2,
OTKy/a
T.,2=1°—2=o,693/,1.
A

Ilepuonsl  momypacmaza  JUis  €CTECTBEHHO-PAJHOAKTUBHBIX  3JEMEHTOB  KOJEONIOTCS  OT
JECATUMWIIMOHHBIX JJOJE€H CEKYyH/Ibl 10 MHOTUX MUJJIMAP/IOB JIET.

CymmapHasi OpOAOJDKUTENBHOCTh kM3HM dN sgep paBHa ¢|dN|=ANtdt. IlpounTerpupoBaB 3TO
BBIpQXEHHE TI0 BCEM BO3MOXHBIM ¢ (T. €. oT (0 0 o) M pa3aenuB Ha HAYaIbHOE YHCIO siaep No,
MOJIYYHM Cpe/iHee BpeMsl *KU3HHU 7 PaIMOAKTUBHOTO s/pa:

tmn | ANtdt=— | ANote ¥ ar=1] 16V drmn
Noy No j ° A

(yuteHo (256.2)). Takum oOpa3oM, cpeiHee BpeMs KU3HU 7 PaJUOAKTHUBHOIO siipa €CTh BEIUYMHA,

oOpaTHast MOCTOSIHHOM paJlOaKTUBHOIO pacnazia A.

3agaHusi M BONIPOCHI

1. 3Hasg NOCTOSAHHYIO ABOrajpo Na , ONPENEIUTh MAacCy Ma HEUTPAIBHOIO aToMa yriepona 12C u
Maccy 7, COOTBETCTBYIOIYIO YIJIIEPOJAHON €IUHULIE MaCCHI.

2. YUeM oTIM4arOTCs MaCCOBOE YHCIIO OT OTHOCUTENIBHON Macchl sipa’?

3. Xnop mpencraBnsieT coOOW cMeCh JBYX M30TONOB C OTHOCHUTEIHHBIMH AaTOMHBIMH MacCaMH
Ar1=34,969 n Ax=36,966. BeuncanuTh OTHOCUTEIBHYIO aTOMHYIO Maccy Ar XJ0pa, €ClIi MacCOBBIC JOJHU
@I A @2 IEPBOTO U BTOPOTO U30TOIIOB COOTBETCTBEHHO paBHEbI 0,754 n 0,246.

4. YKaxwuTe, CKOJbKO HYKJIOHOB, IPOTOHOB, HEUTPOHOB COJEpKaT cleayrouue sjapa: 1) 32He; 2)
10.3-3)23 - 4) 4 - 5) 104 - 6) 238

5. Hanumurte CUMBOIUYECKHUE O603Ha‘-IeHI/I5I AACP U30TOMMOB BOAOPOAA U HA30OBUTC UX.

6. YKaxuTe, CKOJIBKO CYIIECTBYET M300ap ¢ MaccoBbIM unciioMm A=3. Hamummre cMMBOIHYECKUE
0003HAYCHHUS STED.

7. Kakue uzortomnsl copeprkat ABa HelHTpoHa? (JlaTh CHMBONIHYECKYIO 3aMHCh SIZIEP.)
8. OnpeneJme ATOMHBIC HOMCpPA, MACCOBBLIC 4YHCJIA U XUMHUYCCKUC CHUMBOJIbI 3CPKAJIBHBIX SAOCP,

KOTOpBIE IIOJIy4YaTCs, €CJIM B Apax 32He, 74Be, 1580 IIPOTOHBI 3aMEHUTh HEUTPOHAMH, & HEUTPOHBI —

nporoHami. [IpuBecTH CHMBOIMYECKYIO 3aMUCh TOTYYUBLINXCS SEP.
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I'JIABA 33 JIEMEHTBI ®U3UKU DJIEMEHTAPHbBIX YACTHUIL]

Heab-3aKkpenuTh W3yYEHHBIM MaTepHall MO TEMAaTHKE «DJIEMEHTHI (DU3UKU DIEMEHTAPHBIX YaCTHII.
Kocmuueckoe wu3mydyenue. Tumbel B3aMMOACHCTBHI 3IEMEHTapHBIX YacTUIll. YacTHIBl W
anTHYacTUIpl. Kinaccudukarus s35ieMeHTapHbIX 9acTull. KBapkm.

OcBauBaemMble KOMIIETEHIIMH B PE3yJIbTaTe MPOBEACHUS MPAKTHUECKOTrO 3aHSTHUS YKa3aHbl B IyHKTE
«OO0m1re cBeeHus

AKTYaJbHOCTh TPAKTHYECKOI0 3aHATUSI — 3aKPENHUTh I[OJIYYCHHbIE TEOPETUYECKUE 3HAHUS MU
BBIPA0OTaTh HABBIKK M YMEHUS PAKTUUYECKOTO PEIICHHS 33/1a4, B TO YUCJIE U CAMOCTOSTEIIBHO.

3HaTh:

- METOJIbl CaMOOpTaHHU3aIlMi K CaMOOOpPa30BaHUIO CTYACHTA HAMpaBlICHUS «XUMHUECKas
TEXHOJIOTUS»,  CIIOCOOHOCTbIO M TOTOBHOCTBIO  HCIIOJIb30BaThb ~ OCHOBHBIE  3aKOHBI
€CTECTBEHHOHAYYHBIX TUCIUIUIMH B MPOPECCHOHATBHON EATEeTHbHOCTH, OCHOBHBIE 3aKOHBI (PU3UKH,
METOJIbl IKCIIEPUMEHTAJIBLHOTO HCCIIEIOBaHMUs, OCHOBHBIX (DM3MYECKUX TEOpUH IJIsl pelIeHUs
BO3ZHUKAIOMNX (DU3UUECKHUX 3a/1ad, CAMOCTOSTELHOTO MPUOOpeTeHHs] (U3MUYECKUX 3HAHUHU, IS
MOHMMAHUS TPUHLIHUIIOB pabOThl MPUOOPOB U YCTPOMCTB, B TOM YHUCIIE€ BBIXOIALIMX 3a MPEAEIBI
KOMITETEHTHOCTH KOHKPETHOTO HAIPaBICHHUS

YMmern:

- OCyIIeCTBIATh A((HEKTUBHYI0O KOMMYHHUKAIUIO B KOJUIGKTHUBE ISl peIIeHHsI MPOQEeCCHOHATBHBIX

3aJla4y, CIOCOOHOCTBbIO M TOTOBHOCTHIO HCIIOJIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JTUCIHIUTMH B MPOo(ecCHOHANBbHON AeATeIhbHOCTH, UCIOJIh30BaTh 3HAHUS OCHOBHBIX (PU3NYECKUX
TEOpUN JJI pelIeHUs BO3HUKAIOIUX (PU3UYECKHX 3aJad, CaMOCTOSITEIbHOTO MpPUOOpETeHHS
(bu3MUYeCKUX 3HAHUH, N7 MOHWMAaHUS MPHUHIMIIOB PabOThl MPUOOPOB U YCTPOKMCTB, B TOM YHUCIIE
BBIXOJSIIMX 32  Mpeneiabl  KOMIETEHTHOCTHM  KOHKPETHOTO  HamlpaBleHUs, MPUMEHSThH
COOTBETCTBYIOIIUN (U3UKO-MATEMATHUECKUN amnmapaT, METOAbl aHalu3a W MOJCIMPOBAHUS,
TEOPETUYECKOTO U AKCIIEPUMEHTAIBHOIO UCCIIEIOBaHUS MPU PELICHUH MPO(EeCCUOHANBHBIX 3a/1a4.

Baaners:

- HaBbIKaMH pabOTbl B KOMaHJE, HaBbIKAMH BECTH JAMAJIOr, JEJIOBOW CIOp,  CHOCOOHOCTh K
caMOOpraHu3allid U CaMOOOpPa30BaHMIO, HABBIKAMH HATYPHBIX SKCIIEPUMEHTOB C IOCIEIYIONICH
00paboOTKOM WX PE3yJbTaTOB, METOJAMH MAaTEMaTUYECKOrO, KOMIBIOTEPHOTO H (U3HUYECKOTO
MOJICTTUPOBAHUS, METOJJAMH PEIICHHS TEXHHUECKHUX 3aJ1a4, pacueTa MPOU3BOICTBEHHBIX MTPOIECCOB U
KOHCTPYUPOBAaHUSI  COOPY>KEHHHM, MaIllMH U  TEXHOJOTHYECKOro  000pyI0BaHMs,HaBbIKAMU
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OLICHUBAHMS pe3yJIbTaTOB CBOEH MPO(ecCHOHANBHOM IeATEIbHOCTH B COOTBETCTBUU C OCHOBHBIMU
3aKOHaMH (PU3HMKHM, HABBIKAMH  CaMOCTOSATEIBHOTO TPHOOpeTeHHS (PU3MUECKUX 3HAHUH, I
MOHUMAaHMsI TPUHIMIIOB PaboThl MPUOOPOB U YCTPOWCTB, B TOM YHCIE BBIXOASIIUX 3a IMPEIEIb
KOMIIETEHTHOCTH HaIlpaBJiIeHUS XMMHAUYECKasi TEXHOIOTUs

Teopernyeckas yacTp
1. Kocmuueckoe u3iyyeHune

Pa3BuTHe (QU3MKHM 3JIEMEHTApHBIX YACTHI[ TECHO CBSI3aHO C M3yYCHHEM KOCMHUYCCKOTO HW3ITyYCHHUS —
U3Ty4YeHUs], PUXOAIIET0 Ha 3eMITI0 MPAKTHUECKA U30TPOITHO CO BCEX HAMPaBICHHH KOCMHYECKOTO
MPOCTPaHCTBA. VI3MEpeHHs WHTCHCHMBHOCTH KOCMHYECKOTO HW3JIYYCHHS, IPOBOJUMBIC METOJAMHU,
AQHAJIOTMYHBIMU METOJIaM PETHCTPAIMK PAIMOAKTUBHBIX M3IyYeHHUH U 4acTHll (cM. 261), MpUBOIAT K
BBIBOJIy, YTO €r0 HWHTCHCHBHOCTH OBICTPO pacTeT C BBICOTOM, JOCTUTAeT MaKCHMyMa, 3aTeM
YMEHBIIAETCS U ¢ £ ~50 KM OCTaeTCsl MPaKTUUYECKH IMOCTOSTHHOM (puc. 347).

Paznmuyaror mepBMYHOe M BTOPHYHOE KOCMHUYECKHE W3IMydeHHs. VI3mydeHuwe, mpuxosiiee
HENOCPEACTBEHHO M3 KOCMOCA, Ha3bIBAIOT MEPBUYHBIM KOCMHYECKUM H3ay4eHueM. MccinenoBanue
€ro COCTaBa MoKa3ajio, YTO MEPBUYHOE U3ITyUYCHUE MPEACTABISAET COO0M MOTOK AIEMEHTAPHBIX YaCTHUIL
BBICOKOI sHepruu, npuuem 6onee 90% 13 HUX COCTABIAIOT HPOTOHKI ¢ dHeprueil npumepHo 10°—10"3
3B, okono 7% —o-uacTuipl W JuIIb HeOomnbimas mons (okono 1%) mpuxoaurtcs Ha snupa Oonee
TSOKENbIX 3JeMeHTOB (Z>20). Ilo coBpeMEHHBIM NpPEICTaBICHUSM, OCHOBAHHBIM Ha JIaHHBIX
acTpodU3UKH U PAAHUOACTPOHOMHH, CUMUTAETCS, YTO MEPBUYHOE KOCMHUYECKOE H3IyuYeHHE HMEET B
OCHOBHOM TaJIaKTUYEeCKOe MpoucxoxaeHne. CUuTaeTcs, YTo0 YCKOPEHHE YaCTHUI] IO CTOJb BBICOKHX
SHEPTUi MOXKET MPOUCXOAUTHh MPH CTOJKHOBEHHUHU C ABMXKYIIMMHECS MEX3BE3IHBIMU MarHUTHBIMHU
nonsiMu. [lpu A>50 kM (puc. 347) MHTEHCHUBHOCTh KOCMHYECKOTO H3IyYeHHUs IMOCTOSHHA; HA ITHX
BBICOTaX HaOJI01aeTCs JIUIIb IEPBUYHOE U3ITyUEHUE.

C npubnmxkeHneM K 3eMiie UHTCHCUBHOCTh KOCMUYECKOTO U3ITyUEHUsSI BO3PACTAET, UTO CBUACTEIBCTBYET
O TIOSIBJICHHM BTOPHUYHOI0 KOCMHYECKOI0 MH3JY4YeHHs, KOTOopoe oOpa3yercs B pe3ysibTare
B3aMMOJICHCTBHS MEPBUYHOTO KOCMHUYECKOTO M3IyYEHHUs C SApaMy aTOMOB 3eMHON atMocdepbl. Bo
BTOPUYHOM KOCMHYECKOM H3IYYCHHHM BCTPEYAIOTCS MPAKTHYCCKH BCE HW3BECTHBIC AJICMCHTAPHBIC
yactunbl. [Ipu A<20 kM KOCMHYECKOE HU3Ty4YeHHUE SIBISIETCS BTOPUYHBIM; C yMEHBIIEHHUEM /A €ro
WHTCHCHUBHOCTH MTOHIKAETCS, TOCKOJIBKY BTOPUYIHBIC YACTHIIBI IO MEPE MPOABMKCHHS K TTIOBEPXHOCTH
3eMITi UCTIBITHIBAIOT MOTJIOIIECHUE.

B coctaBe BTOpUYHOTO KOCMHYECKOTO H3ITYYCHHSI MOXKHO BBIJICIUTH JBa KOMIIOHEHTA: MATKHI (CHIBHO
MOTJIONIAeTCS CBUHIIOM) M KeCTKHMi (00azaeT B CBHUHIIE OOJBIION MPOHUKAIOIIEH CIIOCOOHOCTHIO).
[IpoucxoxxaeHne MSITKOrOo KOMIIOHEHTa OOBSCHSAETCS clenyromuM obpa3oM. B kocMudeckom
IPOCTPAHCTBE BCErJa MMEIOTCS Y-KBaHTBI C SHEpruei E>2mec’, KOTopble B MOJE aTOMHBIX sfep
NPEBPAIAIOTCS. B 3JEKTPOHHO-TIO3UTPOHHBIE mapbl (cM. 263). OOpa3oBaBuivecs TakuM 00pazom
AIIEKTPOHBI M TIO3UTPOHBI, TOPMO3SICh, B CBOIO OYEpEIlb, CO3/IAIOT y-KBAHTHI, YHEPTHS KOTOPBIX €IIle
J0CcTaTouHa AJisi 00pa30BaHUS HOBBIX JIEKTPOHHO-MIO3UTPOHHBIX Map U T. 1. 10 TeX MOp, MOKa SHEPrus
Y-KBaHTOB He OyaeT MeHblle 2me.c’ (puc. 348). OmucaHHBIA IpoliecCc HA3bLIBAETCS JEKTPOHHO-
NMO3UTPOHHO-(OTOHHBIM (WM KACKAAHBIM) JIMBHeM. XOTs MEPBUYHBIC YACTHUIIBI, MPUBOJALINE K
00pa30BaHUIO ATHX JUBHEH, M 00JIAJal0T OTPOMHBIMHU JHEPTHSIMH, HO JIMBHEBBIC YACTHIIBI SBISIOTCS
«MSITKUMID» — HE MPOXOJAT 4yepe3 OOJbIINe TOJIIM BelecTBa. TakuM 00pa3oM, TUBHEBbIE YACTHIIbI
— BJIEKTPOHBI, TO3UTPOHBI U Y-KBAHTHl — M MPEJCTABIAIOT COOOM MITKHI KOMIOHEHT BTOPUYHOTO
KOCMHYECKOro u3imydeHus. [Ipuposa xecTkoro KOMIoHeHTa OyJeT pacCMOTpEHa B JasbHEHIeM (CM.
270).
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Puc. 347 Prc. 348

HccnenoBanne KOCMUYECKOTO U3TYUYEHUS, C OJHONW CTOPOHBI, MO3BOJIMIO HAa HAYaIbHOM 3Tarle pa3BUTUSA
(GU3KUKH DIEMEHTapPHBIX YAaCTHUIl TOJYyYUTh OCHOBHBIE JKCIICPUMEHTANBHBIC TaHHBIC, Ha KOTOPBIX
OasupoBaiach 3Ta 00JacTb HAyKH, a C APyroid — Jajo BO3MOXHOCTh U ceiuac M3ydaTh IMPOLECCHI C
YaCTULIAMM CBEPXBLICOKMX SHEpruii BIIoTh 10 10?! 5B, KoTOpHIE ellle He NOTyYeHbl UCKYCCTBEHHBIM
nyteM. C Hawyama 50-X roloB [Js HCCJIENOBAaHUS DJEMEHTAPHBIX YACTHUI[ CTaJId TNPUMEHSTH
YCKOPUTENH (TIO3BOJISIIOT YCKOPUTD YACTHUILIBI 10 COTEH TUIra’JIeKTPOH-BOJIBT; cM. 116), B CBSA3U ¢ uem
KOCMHUYECKOE M3JIyYCHHE YTPATUIIO CBOIO HCKIIOYUTENILHOCTh NPU MX HM3YUYEHUHU, OCTABASCH JIUIIb
OCHOBHBIM «HMCTOYHUKOM) YaCTHUIl B 00JIACTH CBEPXBBICOKUX dHEPTHUH.

1l

2. Tunbl B3aUMO/IeiiCTBUI 3J1IeMEHTAPHBIX YaCTHII

CornacHo COBpPEMEHHBIM NPEACTABICHUSAM, B TPUPOAE OCYLIECTBISICTCS uemblpe muna @yH-
O0aMEeHMANbHBIX 63AUMOOeliCEUll. CHIIbHOE, 3JIEKTPOMATrHUTHOE, c1a00e U TPABHTALIMOHHOE.

CuibHoe, WK siiepHoOe, B3auMoJelicTBHe OOYCIIOBIMBACT CBS3b NPOTOHOB M HEUTPOHOB B sApax
aTOMOB M 00€CHEeYMBACT HUCKIIOUUTENBHYIO IPOYHOCTh 3THX OOpa30BaHMM, JIEKAILyl0 B OCHOBE
CTaOMIIBHOCTH BEILECTBA B 36MHBIX YCIOBUSX.

JJIeKTPOMATHUTHOE B3aMMO/IeiiCTBHEe XAapAKTEPU3YETCS KaK B3aUMOJICHCTBUE, B OCHOBE KOTOPOTO
JEKUT CBSI3b C JJIEKTPOMArHUTHBIM mojieM. OHO XapaKTepHO AJIs BCEX AJIEMEHTapHbIX 4YacTHUll, 3a
WCKIIFOYCHHEM HEWTPUHO, AHTUHEUTPUHO U (OTOHA. DJIEKTPOMArHUTHOE B3aUMOJICHCTBHE, B
YaCTHOCTH, OTBETCTBEHHO 3a CYIIECTBOBAHHUE aTOMOB M MOJIEKYJ, OOYCIIOBIMBasi B3aMMOJICHCTBHE B
HUX TOJ0XKUTENBHO 3apsKEHHBIX SIIEP U OTPULIATENIBHO 3aPsHKEHHBIX AJIEKTPOHOB.

CaabGoe B3amMojeiicTBMe — HauOoliee MENJICHHOE W3 BCEX B3aUMOJICHCTBUM, MPOTEKAOIINX B
MuKpomupe. OHO OTBETCTBEHHO 3a B3aMMOJEHCTBHE YACTHLI, IPOUCXOIAIINX C Y4aCTUEM HEUTPHUHO
WIN aHTUHEHUTPUHO (Hampumep, B-pacnai, p-pacnai), a Takke 3a 0e3HeUTpUHHBIE MTPOLIECCH pacnasa,
XapaKTepHU3yIOLIUecs J0BOILHO OOJIBIIMM BpEMEHEM KU3HHU pacnafaromeiica yactusl (1> 10710 ¢).

I'paBuTanimoHHoe B3anMo/eiicTBHE TIPUCYIE BceM 0€3 MCKITIOYECHHUS YacTUIAaM, OJJHAKO M3-32 MaJIOCTH
Macc 3JIEMEHTapHBIX YaCTHI] OHO MPEHEOPek HMO Majo M, MO-BUAMMOMY, B IpolieccaX MHKpOMHpa
HECYILIECTBEHHO.

CuibHOE B3auMoJieiicTBre TpuMepHO B 100 pa3 MpeBOCXOAMT NeKTpoMarautHoe u B 10'* pas — cna6oe.
Uem cuibHee B3aUMOJICHCTBUE, TEM C 0OJIbLIEH MHTEHCUBHOCTBIO MPOTEKAIOT Ipolecchl. Tak, BpeMs
KHU3HM 4YaCTHUIl, Ha3bIBa€MbIX Pe30HAHCAMM, DACHaJ KOTOPHIX OMNMCHIBAETCS  CHUJIBHBIM
B3aMMOJICHCTBUEM, COCTaBIseT mpuMepHo 1072 c; BpeMs u3HM T'-M€30Ha, 3a pacmaj KOTOpOro
OTBETCTBEHHO JJIEKTPOMATHUTHOE B3auMojeicTrue, coctapiser 107'° ¢; mna pacmamos, 3a KoTOpbIe
OTBETCTBEHHO cIab0e B3aMMOJICHCTBHE, XapakTepHbl BpeMeHna sxu3au 10711078 ¢. Kak cunbHoe, Tak
U craboe B3aUMOJCHCTBUS — KOPOTKOACHCTBYtolMe. Pagnyc nelcTBUs CHIIBHOTO B3aMMOJICHCTBHS
cocrasnser npumepHo 107'° M, cmaboro — He npesbimaer 107'° M. Paguyc neiicTBus 31eKTpOMarHuT-
HOT'O B3aUMO/JICHCTBHS MPAKTUYECKH HE OIpPaHUYEH.

DneMeHTapHbIe YaCTULIbI IPUHSATO JEJIUTh HA TP TPYIIIIbL:



1))

2)

3)
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(l)OTOHLI; 9Ta TIpyIlmna COoCTOUT BCCro JiMIIb U3 OJHOM 4YacTUIlbl — (1)OTOH3. — KBaHTa
SJICKTPOMArHuTHOT'O U3JIYUYCHUS
JICIITOHBI (OT I'peU. «JICUTOC» — HGFKHfI), Y4aCTBYHOIIUEC TOJIBKO B 3JICKTPOMAIrHUTHOM M ciaboMm

B3aUMOJICUCTBUSIX. K JlenTOHAM OTHOCSTCS 3JIEKTPOHHOE M MIOOHHOE HEUTPHHO, AJIEKTPOH, MIOOH U
OTKPBITHIN B 1975 T. TSOKEBIN JENTOH — T-JENTOH, WIK TaOH, C MAacCOr mpuMepHO 3487me., a Takxke
COOTBETCTBYIOIIME UM aHTUYacTullbl. Ha3BaHue JEeNTOHOB CBSI3aHO C TEM, YTO MacChl IMEPBBIX
U3BECTHBIX JIENTOHOB OBUIM MEHbILIE Macc BceX APYrux dvactull. K jnenToHaM OTHOCHUTCS TakxkKe
TaOHHOE HEUTPUHO, CYILIECTBOBAHUE KOTOPOTO B TIOCJIETHEE BPEMS TAKIKE YCTAHOBJICHO;

aJpoHbI (0T TPeU. «aapOC» — KPYITHBIN, CUIIbHBIN). AJPOHBI 001a1al0T CHJIBHBIM B3aWUMOJICHCTBHEM
HapSIy C JEKTPOMArHUTHBIM U CJIa0biM. M3 pacCMOTPEHHBIX BBIIIE YACTHUI] K HUM OTHOCSITCS TIPOTOH,
HEUTPOH, MHOHBI U KAOHBI.

3. YacTHlELI M AHTHYACTHIBI

['mnore3a 06 anTHuacTuile BriepBbie Bo3HUKIA B 1928 T., korga I1. Jlupak Ha OCHOBE PEIATHUBUCTCKOTO

BOJIHOBOTO YPaBHEHUS IpeJCKa3aj CyIIECTBOBAaHHE MO3UTPOHA (CM. 263), 0OHApy>KEHHOTO CITyCTS
yetbipe roga K. AHaepceHOM B cocTaBe KOCMHUYECKOTO H3JIYyYEHHs. DJEKTPOH MU TO3UTPOH HE
SIBJIIFOTCS €IMHCTBEHHOM Mapoi yacTuia — aHTuyactuua. Ha OCHOBE PENSTUBUCTCKOW KBAHTOBOM
TEOPUM MPHUIUIM K 3aKIOYEHUI0, YTO JUIS KAKIOM 3JIEMEHTAPHOM YaCTHIBI JOJKHA CYIIECTBOBAaTh
aHTUYaCTUIA (MPUHLMI 3aPSII0BOr0 CONMPSKEHMs ). DKCIIEPUMEHTHI TOKA3bIBAIOT, YTO 32 HEMHOTHM
UCKIIOueHHeM (Hampumep, GoToHa M m’-Me30Ha), AEHCTBUTENLHO, KAIOH YacTHIE COOTBETCTBYET
AHTUYaCTHULIA.

"3 O6HH/IX MMOJIOKEHUM KBAaHTOBOM TCOpHUU CICAYCT, YTO YaCTHULIBI W AHTHYACTULLI OOJIKHBI HMCTH

OJIMHAKOBbIE MAacCChl, OJMHAKOBBIE BpPEMEHA JKU3HM B BaKyyMe, OJMHAKOBBIE MO MOMAYIIO, HO
IPOTHBOIIOJIOXKHBIE 110 3HAKY JIEKTPUUECKUE 3apsA/bl (M MarHUTHBIE MOMEHTHI), OJTMHAKOBEIE CITUHBI U
U30TONMWYECKUE CIHMHBI, a TaKXKe OJUHAKOBBIE OCTaJbHbIE KBAHTOBBIE 4YHCIA, MPUIHUCHIBAEMbIC
DIIEMEHTAPHBIM YacTHUIAM ISl ONMCAHUS 3aKOHOMEPHOCTEH MX B3aMMOACUCTBUS (JIESNTOHHOE YHUCIIO
(cm. 275), 6apuonHoe uncio (cMm. 275), ctpanHocTh (cMm. 274), ouapoBanue (cM. 275) u 1. a.). [o
1956 r. cuMTanoCh, YTO UMEETCS MOJHASI CUMMETPUS MEXAY YacTUIIAMH M aHTUYACTHIIAMU, T. €. €CIIH
KaKOW-TO TpolecC UIET MEXIy YacTULAMH, TO JIOJDKEH CYIECTBOBATh TOYHO TaKOM ke (C TeMH Ke
XapaKTepUCTHKaMH) Tpolecc Mexay aHTuyactuuamu. OaHako B 1956 r. mokasaHo, 4To mopoOHas
CUMMETpHS XapaKTepHa TOJBKO JIsl CHJIBHOTO U 3JIEKTPOMAarHUTHOTO B3aUMOACHCTBUI U HAPYIIAETCs
JUIs ci1aboro.

Cornacao TEOpHUNn Z[HpaKa, CTOJIKHOBCHHEC YaCTUIbI U aHTUYACTHULbLI JOJDKHO MMPHUBOJUTH K UX B3aMHOM

AHHUTUIIAIHUU, B PEC3YJIbTATEC KOTOpOﬁ BO3HUKAIOT APYTUC SJICMCHTAPHBLIC YaCTHUIbLI WA q)OTOHBI.
[IpumepoMm TOMY SBISE€TCS pacCMOTpeHHas peakius (263.3) aHHUTWISAIMKA Tapbl JJEKTPOH —

nosutpoH ( e+ [ e—2y).

4. Knaccnuxanus 3j1eMeHTapHbIX yacTull. KBapku

B mMHOroo6paszuu sneMeHTapHbIX YacTHII, U3BECTHBIX K HACTOSIIEMY BpEeMEHH, OOHapy>kuBaeTcs Ooisee

WM MeHee CTpoiiHas cucTeMa Knaccudukauuu. JIs ee HoscCHeHHs B TaOl1. 8 IpeICTaBIEHbI OCHOBHBIE
XapaKTEPUCTHKH PACCMOTPEHHBIX BHIIIE JIEMEHTAPHBIX YACTHIl. XapaKTepHCTHUKH AHTHYACTHI] He
IPUBOJATCS, TOCKOIBKY, KaK yKa3blBaZoCh B 273, MOIyIM 3apsAf0B M CTPAHHOCTH, MACCHI, CITHHBI,
M30TONMMYECKHE CIIMHBI U BPEMsI KM3HN YAaCTHI] ¥ MX aHTHYACTHI] OJMHAKOBBI, OHH PA3INYAIOTCS JINIIb
3HAKaMM 3apsA0B M CTPAHHOCTH, a TAKKe 3HAKAMM JAPYTUX BEIMYUM, XapaKTepH3YIONUX HX
S7eKTpUYeckue (a cieloBaTeNlbHO, ¥ MAarHUTHBIE) CBOiCTBA. B Tabnmie HeT TakKe aHTHYACTHUIL
dorona u 7n’-u n°-Me30HOB, Tak Kak aHTU(OTOH U AHTUIM-HOMAb- M AHTHITA-HOJb-ME30HEI
TOXKJECTBEHHBI ¢ POTOHOM U T'- 1 N°-Me30HaAMHU.

B Tab6n. 8 aneMeHTapHbIe YacTHIBI O0BEUHEHBI B TpU TPyNmbl (cM. 272): (GOTOHBI, JICITOHBI U aIPOHBHI.

DJeMeHTapHbIe YacTHUIlbl, OTHECEHHBIE K KaKION M3 ATHX TPYII, 00Jaaa0T OOIIMMHU CBOMCTBAMHU U
XapaKTePUCTUKaMH, KOTOPBIE OTJIMYAOT UX OT YaCTHILL APYTON TPYIIIIHL.
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K rpynne ¢oTroHOB OTHOCHTCS €AMHCTBEHHas dYacTulla — (OTOH, KOTOpBIH NEPEeHOCUT
ANIEKTPOMATHUTHOE B3aUMOJACUCTBUE. B 3JIEKTPOMAarHUTHOM B3aMMOJCHCTBUU YYacCTBYIOT B TOM WIH
MHOM CTENEeHH BCE YaCTHIIbI, KaK 3apsKeHHBIE, TaK U HEUTpasibHbIe (KpOME HEUTPHHO).

K rpymnme J1enTtoHoB OTHOCATCS 3JEKTPOH, MIOOH, TaOH, COOTBETCTBYIOIIUE UM HEUTPHHO, a TaKXKEe HX
aHTUYacTUIBl. Bce enToHbl UMEIOT CIIUH, PABHBIN /2, U, CIe10BATEIbHO, SBISIOTCS (PepMUOHAMHU (CM.
226), noguunssick cratuctuke ®epmu — Jlupaka (cm. 235).

3agaHusi M BONPOCHI

1. DIeKTpoH HaXOAWUTCS B OECKOHEYHO TIyOOKOM MPSMOYTOJBHOM OJHOMEPHOM NOTEHIIMATHHOM
ammke mmpuHod [ (puc. 46.4). Hammcare ypaBuenwe Illpeamnrepa u ero pemeHue (B
TpUroHoMeTpuueckoil popme) mist oonactu I (0<x<I).

2. l3BecTHa BOJIHOBas (PYHKIMS, ONKCHIBAIOIIAs COCTOSIHHE OJJIEKTPOHA B

noTeHnuanbHoM simmuke mmpuHon 1: w(x) = C1 sin kx + C2 cos kx Hcnonn3ys
rpannunbsie yenoBus W(0)=0 m y (1) = 0 ompenenuts kodpdumment C2 u
BO3MOJKHBIE 3HAUYEHUS BOJTHOBOTO BeKTOpa Kk,

3. TpU KOTOPOM CYIIECTBYIOT HETPUBHAIbHBIC PEIICHHUS.

4. N3oOpasutrh Ha rpaduke BUI TMEPBBIX TpPeX COOCTBEHHBIX (PYHKIUN Wiu(X), OIMHMCHIBAFOIINX
COCTOSIHHE »JIeKTPOHA B MOTCHLMAILHOM SIMKE LIUPUHON [, a Takxke BUI [Wn(x)]*. YCTaHOBUTH
COOTBETCTBUE MEXKIY YUCIOM NN Y3JI0B BOJTHOBOH (DYHKIUU (T. €. YHCIIOM TOYCK, I/Ie BOJTHOBASI ()yHKITUS
oOpariaercsi B HyJib B UHTepBasie ()<.x</) U KBAaHTOBBIM 4YUCJIOM #. DYHKIMIO CYUTATh HOPMHUPOBAHHON
Ha €IMHUILY.

5. Yactuua B MOTEHIMATBHOM SIIIUKE IMIMPUHON / HAXOAUTCS B BO30YKJIEHHOM COCTOSIHUU (T = 2).
OmnpesienuTh, B Kakux Touykax uaTepBana (0 < x < /) IIOTHOCTb BEpOATHOCTH [y2(x)]* HaXoxkaeHus Jac-
TUIBl MAKCUMaJIbHA 1 MUHUMAJIbHA.

6. DJEKTPOH HAXOJUTCS B MOTEHIIMAIBHOM SIUKe MUPHHOHN /. B kakux Toukax B uHTepBaiue (0 < x
< [)IJIOTHOCTHh BEPOSITHOCTU HAXOXACHUS 3JEKTPOHA HA MEPBOM U BTOPOM HSHEPreTHUECKUX YPOBHSIX
oMHaKoBa? BEIYUCIUTH MJIOTHOCTH BEPOSTHOCTH /ISl ATHX TOYEK. Perienne nosicHUTh rpadudecku.

7. YacTtuua B MOTEHIIMAIBHOM SIIIMKE HAXOAMUTCA B OCHOBHOM cocTossHUU. KakoBa BeposiTHOCTE W
HaXO0XJAECHUS YaCTHULIBL: 1) B CpeIHEN TPETH SIILUKa; 2) B KpaliHE! TpeTH sIukKa?

8. B oagHOMepHOM TNOTEHUUANbHOM SIIMKE IIHUPUHOM [ HAXOAUTCA DIEKTPOH. Bpruuciauthb
BEPOSITHOCTh W HaXOXIEHHUS SJEKTPOHA Ha TIEPBOM DSHEPreTHYECKOM YypOBHE B HHTepBaie 1/4,
PaBHOYJJAJIEHHOM OT CTEHOK SIIIHKA.
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BBenenune

Hacrosiuee nocobue pa3paboTaHO Ha OCHOBE:

— @enepanbHOTO 3akoHa OT 29 nmekabpst 2012 1. Ne 273-03 «O06 oOpa3oBaHWH B
Poccniickoit denepanuny;

— depnepanbHbIX  TOCYJAPCTBEHHBIX  OOPa30BaTENbHBIX  CTAHAAPTOB  BBICLIETO
obpazoBanus (nanee @I'OC BO);

— HOPMAaTHUBHO-METOANYECKHX JTOKyMeHTOB MuHOOpHayku Poccuu;

—VYcraBa PI'AOY BO «Ceepo-KaBkaszckwii (eaepanbHbI YHUBEPCUTETY;

—IIpukazom MunoOpuayku Poccuu ot 06.04.2021 N 245 «O6 yrBepxnenun [lopsaka
OpraHu3alli M OCYUIECTBJIECHUS OOpa30oBaTEeIbHOM JEATENBHOCTH MO 00pa30BaTEeIbHBIM
porpaMMaM BBICIIETO 00pa30BaHUsI - IporpaMMaM OakallaBpuaTa, mporpaMMamM CIeIHaINnTETa,
nporpaMMam mMaructpatypb» (3apeructpupoano B Muntocte Poccun 13.08.2021 N 64644);

— tokayIbHBIX HOpMaTUBHBIX akToB ®I'AOY BO «CeBepo-KaBkasckuii (enepanbHblii
YHHUBEPCHTET.

Ha coBpeMeHHOM pbIHKE TpyJa KOHKYPEHTOCHOCOOHBIM MOXET CTaThb TOJBKO
KBaJTM(HUIMPOBAHHBI pPAaOOTHUK COOTBETCTBYIOUIETO YPOBHS M MPOQWISA, KOMIIETCHTHBIMH,
cBOOOJHO Biajerolmell cBoedl mpodeccueld M OPUEHTUPOBAHHBIH B CMEXHBIX OO0JIACTIX
NeSITETLHOCTH, CIOCOOHBI K 3P QEeKTHBHON paboTe MO CHEIMATLHOCTH HAa YPOBHE MHPOBBIX
CTaHJApTOB U TOTOBBIN K OCTOSHHOMY NMPO()EeCCHOHAIIBHOMY POCTY.

CamocrosaTenbHass padoTa CTyACHTa HampaBlieHA Ha JOCTIDKEHHE LeNeld MOJATrOTOBKU
CHELHATUCTOB-IPOPECCUOHATIOB, AKTUBHOE BKJIIOYEHHE 00y4aeMbIX B CO3HATEIbHOE OCBOCHME
colepXaHus 0Opa3oBaHMs, OOECICYeHHE MOTHBAIMH, TBOPUYECKOE OBJIAJCHHWE OCHOBHBIMHU
crocobamu Oyaymieil mpodeccHuoHanbHOW AesITenbHOCTH. UTOOBl MOATOTOBUTH M OOYYHTH
TaKOTo MpOo(eCCHOHala, BBHICIINM Y4YeOHBIM 3aBEICHUSM HEOOXOIMMO CKOPPEKTHPOBATH CBOM
HOJXO/ K IUIAHUPOBAHHMIO M OpPraHM3alud y4eOHO-BOCIUTATENbHON paboThl. DTO B paBHOU
CTETICHW OTHOCHUTCSI K W3MEHEHHWIO COJCpXKaHWs W Xapakrepa ydeOHoro mporecca. B
COBPEMEHHBIX peallusixX 3ajaya MpernofaBaTeisl BbICIICH HIKOJbI 3aKI0YaeTCsl B OpraHu3aluy U
HAINpaBJICHUH TTO3HABATEIHHON JEATEIILHOCTH CTYACHTOB, 3PPEKTHBHOCTh KOTOPOH BO MHOTOM
3aBUCUT OT HX CaMOCTOsITeNbHOW palOoThl. B cBoro ouepeab, camocrosiTenbHas paboTa
CTYJCHTOB JOJDKHA TPEACTaBIATH COOOH HE MPOCTO CaMoOLeNb, a CPEICTBO JOCTHIKCHUS
IPOYHBIX U INTyOOKUX 3HAHUM, HHCTPYMEHT (POpPMUPOBAHMS aKTHUBHOCTU M CaMOCTOSTEIbHOCTH
CTYICHTOB.

B cBsi3u ¢ BBeieHHnEM B 00pa30BaTeNbHBIN MPOIIECC HOBBIX 00pa30BaTeIbHBIX CTAHIAPTOB,
C YMCHBUICHWEM KOJMYECTBA AyAWTOPHBIX 3aHATHHA 10 JUCHUIUIMHAM BO3PACTaeT poJib
CaMOCTOSITENIbHOW  paboThl  CTyZleHTOB.  Bo3HuMKaeT  HE0OXOAMMOCTb  ONTHUMM3ALUU
caMOCTOSITeNIbHOM  paboTel  cryaeHToB (nmamee - CPC). IlosBiasercs HEOOXOIUMOCTh
MOJCPHU3AIMM TEXHOJOIMH OOydYeHMs, YTO CYLIECTBEHHO MEHsSET MOAXOAbl K Yy4eOHo-
METOAMYECKOMY W OPTaHU3AI[MOHHO-TEXHHUECKOMY 00ecIieueHnI0 yueOHOro poriecca.

JlanHas MeToauueckas pa3pabOTKa COAEPKUT PEKOMEHJAMM 0 OpraHMu3aluy,
YIPaBJICHUIO ¥ 00€CTIeYeHUI0 APPEKTUBHOCTH CAMOCTOSITEIHbHON pabOTHI CTYACHTOB B IPOLIECCE
00y4eHus B 1es1X GOPMHUPOBAHUS HEOOXOTUMBIX KOMITCTCHITHI.

CamocrositenbHas paboTa CTyIEHTOB SBISETCS 00s3aTENbHBIM KOMIIOHEHTOM Y4eOHOTO
nporiecca A KaXa0ro CTy/eHTa U onpezenseTcs y4eOHbIM IUIaHOM. Buabl camocTosTenbHON
paboThl CTYOEHTOB ONpEACISAIOTCS TpU  pa3padoTke pabouumx NporpaMM M y4eOHBIX
METOAMYECKMX KOMIUIEKCOB JUCHMIUIMH COAEp)KaHWeM yuyeOHoW aucuumiuusbsl. Ilpu
OTIPENICICHUN COAEP)KaHUS CaMOCTOSITENbHOW pPa0OThl CTYJACHTOB CIIEAYeT YUMTBHIBATH HX
YPOBEHb CaMOCTOSITETIBHOCTH M TPEOOBaHMUSA K YPOBHIO CAMOCTOSITEIbHOCTH BBIITYCKHHUKOB IS
TOr0, 4TOOBI 3a MEpHOJ] OOyYeHHUs HCKOMBIA YpOBEHb ObLI JOCTUTHYT. Tak, yJenpHBIH Bec
CaMOCTOSITENIbHOIM paboThl pu 00yueHuH B o4HOM (hopme cocTaBisieT 10 50% OT KonMuecTBa
ayIUTOPHBIX YacOB, OTBEAEHHBIX HAa M3Y4YCHHE NUCLUHUIUIMHBL, B 3209YHON (OpME - KOJIHMUYECTBO
4acoB, OTBEJICHHBIX HA OCBOEHUE JUCHMIUIMHBI, yBearuuuBaercs 10 90%.
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C&MOCTOHTCJ’IBH&H pa60Ta OHpGILGJ’IﬂCTCH KakK I/IHI[I/IBI/II[yaJ'ILHaH WUIIN KOJIJICKTUBHAA
ydeOHasi eAaTeIbHOCTh, OCyIlllecTBIsieMasi 06e3 HelmoCPeICTBEHHOIO0 PYKOBOJACTBA MeAarora, HO
0 €T0 33J]aHUSIM U TI0J] €T0 KOHTPOJIEM.

CamocTosaTenbHass paboTa — OTO TMO3HABaTelbHas YuyeOHas [eATeIbHOCTh, KOTJa
IIOCJICA0BATCIIbHOCTh MBIIIIJICHUA CTYIIGHTa, €ro YMCTBGHHI)IX u HpaKTI/I‘IeCKI/IX onepalmﬁ nu
NEHCTBUI 3aBUCUT U OMpenensercs camMuM cTylaeHToM. CamocTosaTenbHas padoTa CTyACHTOB
CIOCOOCTBYET Pa3BUTHIO CaMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH W  OpPraHW30BaHHOCTH,
TBOPUYECKOTO MOJXOAa K PEIICHHI0 MpoOsieM yueOHOro W mpodeCCHOHATBHOIO YPOBHS, YTO B
UTore HpI/IBOI[I/IT K paBBPITI/IIO HaBBIKA CaMOCTOSTCIIBHOI'O HJ'IaHI/IPOBaHI/Iﬂ nu pCaJ'II/ISaHI/II/I
JEeITEIbHOCTH.

enpro caMOCTOSTENTLHOM pPA0OTHI CTYACHTOB SIBJISICTCS OBJIAJICHHE HEOOXOIUMBIMU
KOMIETCHIIMSIMH 110 CBOEMY  HAMpPaBJICHUIO TMOATOTOBKH, ONBITOM TBOPYECKOW U
HCCIICA0BATECILCKOM JICITCILHOCTH.

Ha ocHoBaHMM KOMIETEHTHOCTHOTO TMOAXOAAa K peanu3alud MpodhecCHOHATbHBIX
00pa3oBaTeNbHBIX MPOTPAMM, BHIAMH 3aJaHUH JII CAMOCTOSITEILHOM PAOOTHI SIBISIOTCS:

- 0na o061adeHus 3HAHUAMU: UYTE€HUE TekcTa (ydyeOHHMKa, TMEePBOMCTOYHHKA,
JIOTIOJTHUTENILHOM JINTepaTyphl), COCTaBJICHHWE IUIaHA TEKCTa, Tpaduueckoe H300pakeHue
CTPYKTYpBbl TEKCTa, KOHCIEKTUPOBAHHWE TEKCTa, BBIIUCKU M3 TEKCTa, paboTa CcO CIOBApSIMH U
CIPAaBOYHUKAMH, O3HAKOMJICHHE C HOPMATUBHBIMU JOKYMEHTaMH, y4eOHO-HCCIIE0BATEIbCKAs
paboTa, UCNONIB30BaHUE ayANO- U BUAEO3ANHUCEH, KOMIBIOTEPHOW TEXHUKHM M MH(OPMAIIMIOHHO-
TEJIEKOMMYHHUKAMOHHOW ceTh IHTepHeT U 1ip.

- OnA 3aKpenjieHus u cucmemamusayuu 3HaHuil: padoTa C KOHCHEKTOM JICKIUH,
oOpaboTka Tekcra (ydeOHHMKa, TEPBOMCTOYHHKA, JOTOJIHHUTENEHON IJIUTEPATyphl, ayIuo |
BUJICO3aMCE), TOBTOpHAs paboTa Haj YYeOHBIM MaTepUaioM, COCTaBJICHHE IUIaHAa,
COCTaBJICHHE TaONMIl JUI CHCTEMaTH3allMd YYeOHOrO MaTepuaja, OTBET Ha KOHTPOJIbHBIC
BOTIPOCHI, 3allOJTHEHHE pabodell TeTpaau, aHAIWTHYEcKas o0paboTka TeKcTa (aHHOTUPOBAHHE,
peLeH3upoBaHe, pedepupoBaHue, KOHCIEKT-aHAM3 M [Jp.), 3aBEpLICHUE ayAUTOPHBIX
NpakTUYeCKuX pabor u odopmieHHe OTYETOB IO HHUM, IIOATOTOBKA MYJIbTHMEIHA
COOOILIEHUI/IOKIIAIOB K  BBICTYIUIEHUI0O Ha ceMuHape (KoH(depeHInH), MaTepuanoB-
Mpe3eHTalMid, TOAroTOBKa  pedepara, cocraBieHHE  OuOIMOrpaduu, TEeMaTHICCKHX
KPOCCBOPJIOB, TECTUPOBAHUE U JIP.

- 0 popmuposanus ymenuil: PEIICHUE 3aqad W YIPAKHEHUH 10 00pasily, peuicHue
BapHaTUBHBIX 3aJ]a4, BHINIOJHEHHE YEpPTEKEW, CXeM, BBINOJIHEHHE pacueToB (TrpaduuecKux
paboT), pelieHne CUTYaIlMOHHBIX (IPO(eCCHOHANBHBIX) 3a/1a4, MOATOTOBKA K JCIIOBBIM HIPaM,
NPOEKTUPOBAHUE M MOJEIUPOBAHUE pA3HBIX BUAOB M KOMIIOHEHTOB MPOQeCcCHOHATHHON
JESITEIIbHOCTH, PeQIICKCUBHBIA aHAIU3 MPOPECCHOHATBHBIX YMEHUH C HUCIOJIb30BAHUEM ayIHO-
Y BUJICOTEXHHUKH U JP.

CamocTosaTenpbHas paboTa MOXKET OCYIIECTBIATHCS WMHIWBUAYAITBHO WM TPYIIaMU
CTYJIEHTOB B 3aBUCHUMOCTH OT LI€JIH, 00beMa, KOHKPETHONH TEeMaTUKHU CaMOCTOSITENIbHOM paboThl,
YPOBHSI CIIO)KHOCTH, YPOBHSI YMEHHM CTYI€HTOB.

KoHnTponp pe3ynbTaToB caMOCTOSITENIbHOI pabOThl CTYJEHTOB MOMET OCYIIECTBISATHCS B
npenenax BpPEMEHH, OTBEACHHOTO Ha 0O0s3aTelbHble y4eOHbIE 3aHSATUS 1O JUCHUIUIMHE U
BHEAYIUTOPHYIO CaMOCTOSITENIbHYIO paboOTy CTYAEHTOB MO JIUCHUIUIMHE, MOXKET MPOXOIUTh B
MUCHMEHHOMU, YCTHOM MU CMeIIaHHOM (hopme.

CamocTodaTenbHass paboTa MPOBOAUTCS B BUAC YNPAXKHEHUH NpU H3yUYEHUU HOBOTO
Marepuana, yupaxHeHUH B PoLiecce 3aKPEIICHUsI U MOBTOPEHHUS, YIIPAXKHEHUN TPOBEPOUYHBIX U
KOHTPOJIBHBIX PaboT, a Tak¥Ke JJIsi CAMOKOHTPOJISL.

Jlyist opraHu3auu cCaMoOCTOSITETEHOM PabOoThl HEOOXOUMBI CIIETYIOIIHE YCIOBHS:

1. TOTOBHOCTB CTYJIEHTOB K CAMOCTOSATEIBLHOMY TPYIY;

2. HaJIW4Yhe W JOCTYMHOCTh HEOOXOAUMOro Y4eOHO-METOAMYECKOTO M CIPABOYHOTO
MaTepuana,

3. KOHCYJIbTAI[MOHHAsl TOMOIIIb.



CamocrosTenpHas paboTa MOXET MPOXOANUTH B JICKIIMOHHOM KaOWHETE, KOMITBIOTEPHOM
3ane, Oubimnoreke, noma. CamocTosTenpHas paboTa CcrnocoOCTBYeT  (HOPMHUPOBAHMIO
KOMITETEHIINH, TPEHUPYET BOJIO, BOCIIUTHIBAET PabOTOCIIOCOOHOCTh, BHUMAHUE, JTUCIUIUIMHY U
OTBETCTBEHHOCTb.

1 O0mas xapakTepucTHKA CAMOCTOATEIbHOI pa0oThl CTyIeHTA NIPU U3yYeHHH
AUCHUIIHHBI
JucuuruinHa «PuU3KMKay OTHOCHUTCS K AUCHUIUIMHE 0a30BOi yacTh. OHa HalpaBiieHa Ha
dopMupoBaHrne NPOPECCHOHATBHBIX KOMIETEHIMH OOy4YaroIUXCsi B IPOLECCE BHIIOIHEHUS
pabor, onpenenennsix PI'OC BO.

HaunmenoBaHne KOMIIETEHIINN:

Kon, Kon, dopmynmupoBka [1nanupyemsle pe3yabTaThl 00yUeHUs MO
(hopMymapoBKa HHIUKATOpA JMCIUITIMHE (MOYITIO), XapaKTePU3YIOIIUE STAITbI
KOMIICTCHIMH {hﬁﬁMVﬁ’\ﬂRﬂnT/Iﬂ T(ﬂMlTﬁ’T‘ﬁI—TTTV[ﬁ NHIUKATONOR
OIIK-3. Cniocoben | UJ-5 onk-3. JleMoHCTpHpYeT AHan3upyeT OCHOBHBIE (PU3NMUECKHE SIBICHNS U OCHOBHBIE
HPUMEHSTH MMOHUMaHHNEe (PU3MUYECKUX SBICHUH | 3aKOHBI MEXaHHKH, TEPMOJIMHAMUKH, 3JIEKTPUIECTBA 1
COOTBETCTBYIOIINH | W NIPUMEHSET 3aKOHBI MEXaHUKH, | MarHeTH3Ma, IPaHUIIbl HX MPUMEHUMOCTH, IPUMEHEHNE
¢usmKo- TEePMOAMHAMUKH, HIEKTPUUECTBA | 3aKOHOB B BAXHEHIINX NMPAKTUUECKHUX MPHUITOKEHHSAX;
MaTeMaTHIeCKUH 1 MarHeTH3Ma. MPUMEHSET OCHOBHBIE METO/IBI (PH3UKO-MATEMaTHIECKOTO
anmnapar, METObl aHaJM3a A7l penIeHust Npo(ecCHOHANBHBIX 3a/1a4

aHaIM3a u

MOJICIMPOBAHMS, NA-6 onk-3. demoHCcTpHpyeT AHanuzupyeT pu3ndecKue BICHUS YIEMEHTAPHBIX OCHOB
TEOPETUICCKOI0 1 3HaHHME 3JIEMECHTAPHBIX OCHOB OTITHKH, KBAHTOBOW MEXaHUKH U aTOMHOHN (DM3HKH, TPAHHUIIBI
OKCIIEPUMEHTAIBHO | ONTUKU, KBAHTOBOM MEXaHUKU U WX IPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B BAXKHEUIITUX

ro ucciaeioBaHuA aTOMHOM (U3HKH MPaKTHICCKUX MPUIIOKEHUAX

NPU PELICHUH NPUMEHSET OCHOBHBIE METO/IbI (PM3UKO-MaTEMaTHIECKOTO
npodeccroHanbHbI aHaJIM3a sl peneH s Npo(ecCHoHABHBIX 3a/1a4

X 3a71a4

B pamkax xypca mucumruinabl «Du3nka» camocTosiTenbHas paboTa CTYACHTOB HAXOAUT
aKTUBHOE MIPUMEHEHHUE U BKIIIOYAET B ce0s pa3IMuHble BU/bI JESTEIbHOCTH:
- MOJrOTOBKA K TNPAKTUYECKUM 3aHATUAM, B TOM YHCIE paboTa € METOAWYECKHMHU
yKa3aHUSAMM, CpeACTBaMU MAacCOBOM MH(OpMaIuuy;
- MOJrOTOBKA K JIEKIMSIM, B TOM YHCIE CaMOCTOSTEIbHOE YIIIyOJeHHOE H3y4YeHHE
TEOPETUYECKOI0 Kypca 110 peKOMEH0BAHHOM JINTEPATYPE;
- MIOATOTOBKA K MMPOMEKYTOYHOM aTTECTalUU.

Ienb camocTosTenbHON pabOTHI CTYJEHTA NMPH HNOATOTOBKE K JIEKIMSIM 3aKIHYaeTcs B
NOJYYCHUN HOBBIX 3HAHUH, MPHOOPETEHHBIX NMpH Oojee TTyOOKOM H3yYEHHH JIMTEPaTyphl IO

IUCLUILINHE.
3agaun:

— opaboTKa M TOBTOPEHNE KOHCTIEKTOB JICKIINH;

— OCMBICIIEHUE COJEp KaHUs JICKLUHU, JJOTHYECKON CTPYKTYPBI, BBIBOJOB.

Lenb caMocTOsTETHHON PabOTHI CTY/ACHTA TPU MOATOTOBKE K MPAKTUYCCKUM 3aHITHIM
3aKJII0YacTCA B erIYGHCHI/II/I, paclInpCHnu, ACTAITU3UPOBAHNN 3HaHI/II71, MOJIYUYCHHBIX Ha JICKIUAX
B 000011eHHOM hopMme.

3agaun:

— pa3BUTh CHOCOOHOCTH NMPUMEHSATH MOTYYCHHbIC 3HAHUS Ha MPAKTHKE MPU PEUICHUH
KOHKPETHBIX 3a7a4;
— TMPOBEPUTH 3HAHUS CTYJIEHTOB, MOJYUYEHHBIE Ha JIEKIUSAX U IMPH CaMOCTOSTEIILHOM
W3YUYEHUU JIUTEPATYPBHI.




2 Iliian-rpauK BHINOJIHEHUSI CAMOCTOATEIbHON padoThl

Tabmuna 1 — Bunel camocTosTenbHON paboThI At 04HOM popmbl 00yUeHus

Konasr Bun HTtorossrit CpencTsa u KoHTaKTHAs
peann3yeMBbIX | 1eATeTbHOCTH TPOIYKT TEXHOJIOTHH CPC © 5 B
KOMIIETCHIIUH | CTYJCHTOB  [CAMOCTOSITEIBHOM OLICHKH . elfc? SJ:TZ e cero

paboTsl penol .
2 cemecTp
[Tonroroska k |[Ortuer CobecenoBanue 114 1,1 22,5
OIIK-3 mabGopaTopHO
pabote
OIIK-3 [ToaroToBKa K |[KOHCHIECKT CobecenoBaHHE 5.7 0,5 7,5
TeKIN
OIIK-3 [ToaroroBka k |OTuer CoOecenoBanue |11.4 1,1 22,5
MPaKTUICCKOMY|
3aHATHIO
OIIK-3 [ToaroToBka Kk |J9K3amMeH Borpocs! k 114 1,1 33.75
DK3aMEHY DK3aMEHY
Hrtoro 2 cemectp| 53,2 3.8 57.0
3 cemectp
OIIK-3 [ToaroroBka K [oTUeT CobecemoBaHue 8,1 0.8 4.2
MPaKTHUIECKOMY|
3aHATHIO
OIIK-3 [lonroroska k |OTuer CobecenoBanue 4,1 0,4 1.4
nmabopaTopHOU
pabote
OIIK-3 [ToaroToBKa K [KOHCIIEKT CobecemoBaHue 8,1 0.8 1.4
TIEKIMN
OIIK-3 [MoaroroBka K |JK3amMeH Bormpocs! k 13,1 1,3 27.0
PK3aMeHy PK3aMEHY
HUroro 3a 3 cemectp| 37,2 3,3 40,5
HTOT'O 90,4 7,1 97,5

Tabmuma 2 — Busl caMocTosSTENHHOM PpadOTHI AJIs1 3a09HOM (OpMBI 00yUISHUS

OO6beM J9acoB, B TOM YHCIE (acTp)
Konsr Bung HtoroBerit CpencTBa u
CAJIN3YEMBIX | JICSITEIbHOCTH MPOAYKT TEXHOJIOTHU Konraxrias
P N N CPC pabota ¢ Bcero
KOMIICTCHIIUHN | CTYJCHTOB |CaMOCTOSTENBHOM OIICHKH
MperoaBaTeaeM
paboTsl
2 cemecTp
OIIK-3  |[loxroroBka k [OTuer Cobecenoanne | 11.4 1,1 22,5
mabopaTopHOU
pabote
OIIK-3  |[loaroToBKa K |[KOHCIEKT CobecenoBaHue 5.7 0,5 7,5
TIEKITUU
OIIK-3 [ToaroroBka x |Otuer CoOecenoBanue |11.4 1,1 22,5
MIPAKTHYECKOMY
3aHATHIO
OIIK-3 [Moaroroska k  [DKk3amMeH Bompocsr K 114 1,1 33.75
PK3aMEHY PK3aMEHY




Uroro 2 cemectp| 62,2 3.8 66.0
3 cemectp
OIIK-3 [ToaroroBka Kk [oT4eT CobecenoBanue 13.5 1,4 4.2
MPaKTHICCKOMY
3aHSTHUIO
OIIK-3  |[TomroroBka k [OTuer CobecenoBanue | 13.5 1,4 1.4
nmabopaTropHOU
pabote
OIIK-3 [ToaroToBKa K |KOHCTICKT CobecenoBanme 6.8 0,7 1.4
JICKIIUH
OIIK-3 [ToaroroBka k.  [IKx3amMeH Bompocsr k 13,5 1,4 27.0
DK3aMEHY IK3aMEHY
HUroro 3a 3 cemectp| 62,6 4.9 67.5
HUTOI'O 124,8 8,7 133.5

3 KOHTPOHLHLIG TOYKH U BH/JbI OTYECTHOCTH IO HUM

B paMkax peUTHHIOBON CUCTEMBI YCIIEBAEMOCTh CTYIEHTOB I10 KaKI0M AUCLUIUIMHE OLICHUBACTCS
B XOJI€ TEKYILETO KOHTPOJISA U MPOMEKYTOYHOU aTTECTALNH.

4 OnucaHMe NOKa3aTesied U KpUTepHeB OLleHUBAaHUSA KOMIIeTeHIIUI Ha pa3/IMYHbIX 3Tanax
uX GOopMHUPOBaHMS, ONIMCAHUE IKAJI OLleHUBAHUSA

Komnerenmus (um),

YpoBHU CHOPMUPOBAHHOCTH KOMITCTCHITHH( M)

UHIUKATOP(BI) MuHUMaTbHBIT .
poBe . MuHuManbHbINA B
YPOBCHBL H . BICOKHI
JOCTUTHYT YPOBEHb Cpeaumii yposers yYpOBEHBb
(ynoBneTBopuUTeN (xopor10)
(HeynosnerBopure (oTIIMYHO)
BHO) 4 Ganna
JIBHO) 5 6anos
> 6amia 3 G6amna
1
Komnemenyua: OIIK-3 - CrnocobeH NpUMEHSATh €CTeCTBEHHOHAYYHBbIE M OOILIEHH)KEHEPHbIE 3HAHUS, METOMbI

MAaTeMaTU4YC€CKOTO aHajin3a W MOACIUPOBAHUA, TEOPECTUYCCKOIO0 U ISKCICPUMCHTAJIBHOI'O HMCCICAOBAHUA B
HpO(i)CCCHOHaHLHOf/'I JACATCIIBHOCTHU

NI-5 onk-3 HE 3HaeT OCHOBHBIE
AHanmmzupyer ¢busnueckue  SIBICHUS U
OCHOBHBIE OCHOBHBIE 3aKOHBI MEXaHUKH,
¢busnueckue TEePMOJINHAMHUKH,

SIBJICHUA )44 QJICKTPpHUYCCTBA U MarHeTu3smMa
OCHOBHBIE 3aKOHBI

MEXaHUKH,

TEPMOJIMHAMUKH,

JJIEKTpUYECTBA U

MarfeTu3mMa

YaCTUYHO
OCHOBHbBIE
(dbusnyeckue SABICHUSA
W OCHOBHBIC 3aKOHBI
MEXaHUKH,
TEPMOJUHAMHUKH,
JIIEKTPUUECTBA u
MarHeTu3ma

3HaACT

MOHMMAaeT ¥  3HaeT
OCHOBHBIC (DU3HYECKHE
SIBJICHAST M OCHOBHBIC

3aKOHBI MEXaHUKH,
TEPMOJIMHAMUKH,
JNEKTPUYECTBA u
MarHeTu3Ma

MOHUMAET,
aHaJIM3HUpyeT
OCHOBHbIE
(usnueckue sIBICHUS
U OCHOBHBIC 3aKOHBI
MEXaHUKHU,
TEPMOJAMHAMUKH,
ANIEKTPHYCCTBA u
MarHeTu3Ma

3HaET,




WI-6 onk-3 HE YMET TpUMEHATh 3aKOHbI | YJACTUYHO YMET YMET MPUMEHATH aHAIIM3HUPYET |
NIPUMEHATE B BOXKHEHIINX NPAKTUYECKUX | IIPUMEHATH 3aKOHBI | 3aKOHEBI B YMET NpUMEHSTh
33K0HBE B MIPIJIOKCHUSAX; HE B BaKHEHIIUX Ba)KHEHUIITNUX 3aKOHBI B
BaXXHCHUIIINX NPUMEHSIET OCHOBHBIE NPaKTHIECKUX MPAKTHYECKUX Ba)KHCHIIIHX
IIPAKTHYCCKUX -
Hpmomeme_ MeTO/Ib! (PH3HKO MIPUIOKEHHSX ; HE TIPUIOKEHHUAX; [PaKTHYECKUX
p s MaTEMAaTHYCCKOT O aHAJIN3a HpI/IMeHHeT HpI/IMeHHeT IIPUITIOKCHUAX
IPUMCHSCT JUISL PELLICHUS IIPUMEHACT
OCHOBHBIE METOJIbI | OCHOBHBIE METOBI
OCHOBHBIC METO/IbL HpO(_JpeCCI/IOHaHI)HBIX 3aaa4 OCHOBHBIC METOAbL
du3mKO- ¢bu3uKo- ¢bu3uKo- (usHKo-
MaTEMATUYIECKOI O MaTeMaTH4YCCKOI'O MaTeMaTHYCCKOI'O MATEMATHYECKOTO
aHannsa st aHaJIn3a JUTSL | aHAJIM3a JUIs AHAII3A P
peleHust pereHus peleHus pelenus
HpOCbCCCI/IOHaIILHbI HpO(l)eCCI/IOHaJIBHI)I HpO(l)eCCI/IOHaJILHI)IX Hpo(l)eccp[o}[aﬂ],}[},]x
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2 cemecTp
Brenenne. dopmupoBaHHe CIIOCOOHOCTH
MPUMEHATh COOTBETCTBYIOMMH ¢u3uko-| OIIK-3
MaTeMaTUYeCKUn amnmapar, METOBI
aHaIM3a u MOJICJTMPOBAHHUS, 15
TEOPETHUECKOTO M OIKCIIEPHUMEHTAIBHOTO '
WCCIIEIOBAHUS npu pelieHun
MpoheCCHOHANBHBIX 33724
1 [MexaHuxa. 45 45
OIIK-1 ' ’
2 [MonexynspHas (pu3UKa 1 OCHOBBI
4.5 4.5
TEPMOJIUHAMUKHU. OIIK-3
3 |Konebanus 1 BOJTHBI OIIK-3 3.0 3.0
CamocTosiTensHas padoTa OIIK-3 23.25
OK3aMeH 33.75
UTOI'O 3a 2 cemecTp 120 | 12.0 57.0
3 cemecTp
4 |9NeKTpOMarHeTH3M OIIK-3 4.5 4.5 4.5
5 [OnTuka. OIIK-3 4.5 4.5 4.5
6 |KBanTOBas mpupoaa U3ITyUEHUS. OIIK-3 1.5 1.5 1.5
7 |9meMeHThI KBaHTOBOW (DHU3UKH OIIK-3 1.5 1.5 1.5
8 |O1eMeHTHl PU3NKK aTOMHOTO Apa U OIIK-3 1.5 1.5 1.5
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2 cemecTp
Beenenue. ®opmupoBaHue CIIOCOOHOCTH
MIPUMEHATH COOTBETCTBYIONTUH (hHU3HKO- OIIK-3
MaTeMaTUYCCKUI armapar, MeTOIb
aHaIIM3a U MOJISITUPOBAHUS,
TEOPETHYECKOTO M HKCIIEPUMEHTAIEHOTO
WCCIIeIOBaHUS TP PEIICHUU
npodecCHOHAIBHBIX 3a1a4
1 [MexaHuxa.
OITK-3 3.0 3.0 1.5
2 [MonexynspHas (pu3UKa 1 OCHOBBI 15 15 15
TEPMOJIUHAMUKHU. OIIK-3 ’ ’ '
3 |KonebaHus 1 BOJTHBI OIIK-3 1.5 1.5
CamocTosiTensHas padoTa OIIK-3 59.25
OK3aMeH 6.75
UTOI'O 3a 2 cemecTp 6.0 6.0 3.0 66.0
3 cemecTp
4 |9NeKTpOMarHeTH3M OIIK-3 1.5 3.0 1.5
5 [OnTuka. OIIK-3 1.5 1.5 1.5
6 |KBanTOBas mpupoaa U3ITyUEHUS. OIIK-3 1.5 1.5
7 |9meMeHThI KBaHTOBOW (hYM3HUKH OIIK-3
8 |91eMeHTHl PU3UKKU aTOMHOTO Spa 1 OIIK-3
DIIEMEHTAPHBIX YACTHII
CamMocTosTeNnbHas paboTa 60.75
DK3aMeH 6.75
UTOI'O 3a 3 cemecTp 4.5 6.0 3.0 67.5
NUTOIrO 10.5 12.0 6.0 133.5




Ne TeMbl
IUCIUIUIMHBL

HanmeHnoBaHue Tem JAUCHUILINHBI, UX KPATKOEC
COACPIKAHUC

O0BeM
4acoB

(actp)
0100

O0Bem
4acoB

(actp)
300

HurtepakTuBHas

dhopma
MPOBEICHUS

| 2 ceMecTp

Beenenne.  3HaueHHe  AMCLUMIUIMHBL B
dhopMupoOBaHUHI CIOCOOHOCTEM
OCYILECTBIIATh MOUCK, KPUTUUECKUN aHAIIU3
W CcuUHTe3 WH(pOpPMaluM, TNPUMEHATH
CUCTEMHBIH  MOAXON Ul pEeLIeHHUs
MOCTaBJIEHHBIX 3aJ1a4,

UCIOJIb30BaTh MaTeMaTUYECKHE,
¢uznueckue, PU3NKO-XUMUYECKUE,
XMUMUYECKHE METO/BI JUIsl peLeHUs 3aa4

1.5

Mexanuka. MexaHH4uecKoe ABUKCHUE.
Crpykrypa MexaHuku. CrucreMa otuera. Busl
nBrKeHud. TpaekTopus, [UIMHA ITyTH, BEKTOP
nepemenienus. Bropoii 3akon HerotoHna, TpeTuit
3ak0oH HpI0TOHA. 3aKOH COXpaHEHMs HMITYJIbCA.
[IpuHIIMT OTHOCUTENBHOCTH [ anmusies.

1.5

1.5

Mexanuka. DHeprusi, paboTa, MOIIHOCTb.
KuneTnueckas 1 NOTEHIMAIbHAS SHEPT U
3aKOH COXpaHEHMsI U ITPEBPALLECHUS
MexaHu4eckoil aHeprun. OCHOBBI IMHAMUKH
BpALaTEIbHOIO IBUKEHHUS.

1.5

1.5

Mexanuka. J[MHamMuKa BpaniaTeabHOTO
BHKEHUS TBepIOro Tena. OceBoil MOMEHT
WHEPLUHU TBEPAOro Tena. MOMEHT CHIIBI.
MomeHT umiyiisca. OCHOBHOE ypaBHEHHE
TMHAMUKH BPAILATEIbHOTO JBIKEHHS TBEPIOTO
Tena. 3aKOH COXPaHEHHs] MOMEHTA UMITYJIbCA.
['upockonuuecknii d3pdexrt. Kunernaeckas
SHEPrusl BpallaTeIbHOTO JBIKEHHS TBEPIOTrO
Tena.

Koneb6anus u Bomusl. Konebanust u ux
OCHOBHBIC XapaKTEPUCTHUKU. MeXaHUYECKUE U
rapMOHHYECKHUe KoJeOaHusi. MasTHUKH.
BrinyxneHnbie Kosebanus. CBoOOIHEIE
3aryxatolrie kojebanus. BoaHoBoil nmporecc.
[1ponoapHBI U TOTIEPEYHBIC BOIHBI. Y paBHCHHE
MJI0CKOU 1 chepuieckoil BoH. BomHoBOE
YPaBHECHUC JIA DJICKTPOMArHUTHOT'O ITOJIA.
CBOWCTBA 3JICKTPOMArHUTHBIX BOJIH.

3.0

MountekymsipHas GU3UKa ¥ OCHOBBI
TepMOAUHAMUKU. OCHOBBI MOJIEKYJISIPHO-
KUHETHYECKOW TEOpUU UICAIBHBIX Fa30B.
OCHOBHBIE OHATHS MOJICKYJISIPHO-
KHHETHYECKOU TEOpUHU. 3aKOHBI UACATHHOTO
raza. OCHOBHOE ypaBHEHUE MOJIEKYJISIPHO —
KHHETHIECKOU TeoprH. 3aKoH MakcBea.
Pacnpenenenue bonbimana.

1.5

1.5

MounekymsipHas GU3UKa U OCHOBBI

1.5

10




TepMonuHaMuku. [lepBoe Hauano
TepMOIUHAMUKU. OCHOBHBIE ITOHSTHUS.
BHyTpeHH:s 3Heprus. 3aKOH O PABHOMEPHOM
pacrpeaeneHIH SHEPTHH M0 CTENEHSIM CBOOIBI.
TennoeMkocTh. YpaBHeHue Maiiepa.
[IprmeHeHue epBoro Hayana TePMOANHAMUKH
K n3omporieccaM. AnrabaTHbli porecc.

MornekynspHas GU3UKa U OCHOBEI
TepMOIUHaMUKU. MonekynsapHas Gpu3nKa u
TepMOaMHaMKKa. BTopoe Hauano
TepMoIuHaMuKu. Kpyrosoii npouecc. (Iukd).
DHTpONUS U €€ CTATUCTUUECKUN CMBICI. LIk

Kapno.

1.5

1.5

Hroro 3a 2 cemectp

12.0

6.0

3 cemectp

DJEKTPOMArHeTH3M. DJIEKTPUIECTBO U
MarHeTH3M. DJIEKTPOCTaTHYECKOE I10JIC B
BaKyyMe. DIEKTPUICCKUH 3apsia. 3aKoH
Kynona. Dnekrpoctaruueckoe noine. [punuun
CYIIEPIIO3ULINH JIEKTPOCTATUIECKUX IIOJIEH.
Teopema I'aycca i1 31€KTPOCTaTUYECKOTO
moJis B BakyyMe. Llupkynanus Bekropa
HaNpPsHDKEHHOCTH AJIEKTPOCTATHYECKOTO TOJIS.
[ToTeH1uan 31eKTpoCTaTHYECKOTO MOJIS.
DNEKTPOCTAaTUYECKOE T0JIE€ B BeLecTBE. THIbI
m3IeKTpUKOB. [lonsapusanuns In3IeKTPUKOB.
[TonsipuzoBanHOCTh. Hamps»kKeHHOCTD MOJIs B
TUDIIEKTPUKE. DIEKTPUYECKOE CMEIIEHHE.
Teopema ["aycca amst 31€KTPOCTATHUECKOTO
07151 B IU3JIEKTPUKE. Y CJIOBUS HA TPAHULIE
paszzena IByX JTUAJIEKTPUUECKUX CPE.
CerHeTORIEKTPHUKH.

1.5

1.5

10

DnexrpomaraetraM. OCHOBHBIC IOHSTHS,
MOJIO’KEHUS, BUIBI U (POPMBI SHEPTHUH.
DJIEKTPOMarHuTHas YHEPTUSI — AKTUBHAS U
pEaKTUBHAsl COCTABJISIOLIHE.
DJIEKTPUUYECKOE HAIPSIKEHUE, TOK,
MOIIIHOCTh. EAVMHUIIBI U3MEpEeHHUS.
dyHIaMEHTAIbHBIC 3aKOHBI U TTOHSATHUS
AIIEKTPOTEXHUKHU: 3akoHbI KynoHa.
MarnuTHO€ MoJie ABMKYIIErocs 3apsiia.
Owma. Amnepa. Cuna Jlopenna. [IBuxenue
3apsKEHHBIX YaCTHUIl B MATHUTHOM TIOJIE.

1.5

11

DIIEKTPOMArHEeTU3M. DJIEKTPOMarHUTHAS
nHAyKuus. 3akoH @apanes. YpaBHeHUS
MakcBesuia. DIeKTpOMarHUTHBIE KOJIeOaHus

1.5

1.5

12

Ornrtuka. DIeMEeHTHI TeOMETPUUECKON U
AIIEKTPOHHOM oNTHKH. OCHOBHEIE 3aKOHBI
onTuku. [lonHoe oTpakeHue. TOHKKE TUH3BI.

1.5

1.5

13

Onruka.

I/I306pa)KCHI/IC npeaAMETOB C IOMOIIBIO JIMH3.

1.5

11




AGepparuu onTudeckux cucreM. OCHOBHBIC
(hoToMeTpHUIeCKHe BETHYUHBI U STUHUIIBI X
W3MEpeHHs. DJIEMEHTHI SIEKTPOHHON ONTHKH.

14

OnTHKa.

WnTepdepennnus ceera. Pazputne
MpEeACTaBIECHUH O IPUPOAE CBETA.
KorepeHTHOCTh 1 MOHOXPOMAaTHYHOCTh
CBETOBBIX BONH. VHTepdepeHuus cera.
Mertobl HaOMIOACHNUS UHTEP(EPEHIINH CBETA.
WuaTepdepeHus cBeta Mpu OTPaKCHUH OT
TOHKHX IUIeHOK. [IpuMeHenue naTepdepeHunu
CBETA.

1.5

15

OnTHKa.

Hudpaxums ceera. [Ipunnun [roiirenca -
Openens. 3oub1 Openens. [Ipsmonuneitnoe
pactipocTpadenue ceeta. Judpakuus Openens
Ha KPYTJIOM OTBEPCTUH U aucke. Audpakuus
®DpayHrodepa Ha OTHOM MICIH.
Jndpaxumnonnas pemerka. [IpoctpancTBeHHas
pemerka. Paccesnue cera. Judpaxius Ha
MIPOCTPAaHCTBEHHOM perieTke. Pazpemaromias
CIOCOOHOCTDH onTHYecKuX Npudopos. [lonsTre
0 royiorpadum.

1.5

16

Ontuka. EcrecTBeHHBIN U MONAPU30BaHHBII
cBeT. [londpuzanus cBeTa Npyu OTPakKEHUU U
MIPEIIOMIICHUH Ha TPAHULE ABYX IUDIIEKTPUKOB.
[Tonsipuzaius mpu ABOHHOM JTyUenpeTOMIEHUU.
[Tonsipr3aliMOHHBIE IPU3MBI U IOJISIPOUIBL.
AHaJIU3 TOJISIPU30BAHHOIO CBETA.

VM cKycCcTBEHHAs! ONTUYECKAsT AaHU30TPOIIHS.
Bparenue miocKoCT Moiasipu3atuu.

17

KBanroBas npupona nnydenus. Onruka
nBIKyIHXcs cpen. Ckopocth cBeta. OIBIT
®dwuzo. OneiT Matikenscona. Dddexr Jomnepa

1.5

18

KBaHTOBas mpupoaa N3mydeHHs..

KBanrtoBas npupojia uzinyueHus. TemioBoe
W3ITy4YeHHEe U JTIOMUHECHEHITHS. 3aKOH
Kupxroda. 3akon Credana - bonsimana u
3akoH Buna. ®@opmynel Panes - JIxxunca u
[Tmanka. OnTHueckas nupomeTpus. Temnossie
ncTouHuKH cBeta.Doto3ddext u ero
npuMeHeHne. Macca u UMIyibc GOoToHa.
JlaBnenue ceeta. Dddhext Komnrona. EnuaCcTBO
KOPITYCKYJISIPHBIX M BOTHOBBIX CBOICTB
AIIEKTPOMArHUTHOTO U3ITyYEHUSI.

1.5

19

DneMeHThl (U3UKH aTOMHOTO SIpa U
DJIEMEHTAPHBIX YacTull. boposckas Teopus
aroMa Bojiopojia. Mozaenu atoma ToMcoHa u

Pesepdopna. JIuHeHvaThIil criekTp aroMa

12




Bozopoaa. Ilocrynatel bopa. Onbitel @panka u
['epua. CnexTp aToma Bogopoza mno bopy.

20

DJIeMEHTHI (PU3UKU ATOMHOTO Si7[pa U
DIIEMEHTApHBIX yacTull. KopmyckynsapHo-
BOJIHOBOM JyaJli3M CBOMCTB BEILIECTBA.
Hekoropsle cBoiicTBa BOJIH Ae bpoiins.
[IpyHLIMT HEONIPENENEHHOCTH. Y paBHEHHE
LIpequarepa. CTaTUCTHIESCKUI CMBICTT
BOJIHOBOW (DYHKITHH.

21

OnemMeHTbl (U3UKH aTOMHOTO pa U
9JIEMEHTAPHBIX YacTUll. PU3UKa aTOMOB U
MOJIEKYJI. ATOM BOJIOpOJia B KBAHTOBOM
MexaHuke. CHEKTPHI IEIOYHbIX METaJUIOB.
[IInpuHa CEeKTpaIbHBIX JIMHUM.
MyJIBTHIIEKCHOCTD CIIEKTPOB M CIIUH
9JIEKTpOHA. MarHUTHBIN MOMEHT aTOMa.
DIIeKTPOHHBIN TTapaMarHUTHEIN pe30HAaHC.
[Tpunnun Iaynu.

22

DJIEMEHTHI KBAaHTOBOU (DU3UKH. DileMEHTHI
KBAaHTOBOW CTaTUCTUKU. KBaHTOBasI cTaTuCTHKA.
®da3zoBoe npocTpaHcTBO. DyHKIUA
pacnpenencuus. [lonarne o kBaHTOBOU
cratuctuke boze-OitHmTeitna u Oepmu-
JIupaka. BeIpOKI€HHBIN 3JIEKTPOHHBIN r'a3 B
MeTainax. KBaHTOBas TeOpHsl TEIIIOEMKOCTH.
®onoHbl. KBanTOBas Teopus
DIIEKTPOIPOBOIHOCTH METAJLIOB.
CBepXNnpOBOAUMOCTh

23

ONeMEHTBl KBAHTOBOM (PU3UKHU. DiieMeHTHI
¢usuku TBeproro tena. CTpoeHNe KPUCTAILIOB,
ToueuHble NeeKTH B KPUCTAILIAX.
Jlucnokanuu. JIOMUHECIIEHIIUS TBEPABIX TEN.
[ToHATHE O 30HHOM TEOPUU TBEPJIBIX TEIL.
MeTasutbl, TUAIIEKTPUKH, TTOTYTTPOBOIHUKH.
CoOcTBeHHas TPOBOUMOCTD
HOJIYHpOBOI[HI/IKOB. HpI/IMeCHaH HpOBOI[I/IMOCTI)
MOJIYyITPOBOJHUKOB. DOTONPOBOAUMOCTD

MOy IIPOBOJHUKOB. JIFOMIHECIISHITHS TBEPABIX
Ten. KoHTakTHas pa3HOCTh MOTCHITHAIIOB.
TepModraeKTpUUEeCKUE SIBICHHUS.
[lomympOBOTHUKOBBIE TUOBI U TPUOIBI.

24

DJIEeMEHTBI PU3UKH aTOMHOTO S/Ipa U
preMeHTapHbIX dacTui. CocTaB
XapaKTepUCTUKU aTOMHOTO A1pa. Macca u
SHEpPrus CBs3U sapa. Monenu aTOMHOTO sapa.
S nepHbie cuiibl. PainoakTUBHOCTD. SIaepHbie
peakuuu. Jlenenue saep. TepmosnepHbie
peakuuu. Buabl B3aMMOIEHCTBUI U KJIACCHI
PJIEMEHTAPHBIX YacTull. MeToAbl perucTpaluu
3JIEMEHTAPHBIX YacTUIl. MIOOHBI M X CBOMCTBA.
Me30HEBI 4 X cBOMCTBa. YacTUIlbl U
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aHTH4YacTHLbI. ['uneponsl. CTpaHHOCTb U
YETHOCTb JIEMEHTapHBIX YacTull. HelitpruHo.
Knaccudukanus 31eMeHTapHBIX YaCTHII.
Ksapku

Hroro 3a 3 cemectp| 13.5 4.5

| HUroro| 25.5 10.5

6 Bompocsl K 3K3aMeHy

2 cemecTp
1 EnuauIer u3Mepenus: pu3ndecKux BETNYrH.
2 OcCHOBHBIE ITOHATUS! KHHEMATUKU TOYKH.
3 CKopOoCTh TOUKH.
4 VYckopeHue TOUKH.
5 Knaccudukarus TBUKCHAN TOYKH.
6 IloctynarenbHOE ABMKEHUE TBEPIOTO TEIA.
7 BpamarenpHoe JBUKEHHE TBEPAOIO TEIA.
8 3aKoHbBI TMHAMUKH TOYKH. CUIIbI TPEHUS.
9 3aKkoH COXpaHEHMS UMITYJIbCa MEXaHUUECKON CHCTEMBI.
10 LleHTp Macc MeXaHNYECKON CUCTEMBI. Teopema 0 JBMKEHUU LIEHTPa Macc.
11 Oneprus, paboTta, MOIIHOCTb.
12 Kunernyeckas ¥ OTEHIMAIbHAS YHEPTHH.
13 Tlose cuit TSHKECTH, TIOJIE CUIT YIIPYTOCTH.
14 3axoH coXpaHEHUs MEXaHUYECKOW YHEPTUU.
15 OcHoBHBIC IOHATUS TEOPUH YIapa.
16 AOCOmIOTHO YNpyTHid yiap ABYX TeX.
17 AOcomoTHO Heynpyruil yaap nByx Tein. 20.0ceBoif MOMEHT HHEPLIMU TBEPIOTO Tea.
18 Teopema Illtelinepa. OceBble MOMEHTBI HHEPLIMH IPOCTEUIINX TEJ.
19 Kunernueckas sHeprus Bpallarollerocs Tena.
20 BekTopHBII MOMEHT CHJIBI OTHOCUTENBHO LIEHTPA B IPOCTPAHCTBE.
21 AnreGpandecKkuii MOMEHT CHUJIbl OTHOCUTENIBHO OCH.
22 PaboTa ¥ MOLTHOCTb CHJI, IPHJIO’KEHHBIX K BPALAIOIIEMYCSI TEIy.
23 MoOMEHT uMIyJbca MaTepUATIbHON TOUKH U MEXaHUUECKON CUCTEMBI.
24 3aKkOH COXpAaHEHHUS MOMEHTA UMILYJIbCA.
25 OcHOBHOE ypaBHEHHE TMHAMUKH BPAIIaTEIIbHOTO ABMKEHHUS TBEPIOTO Tea.
26 3akonsl Keruiepa. 3akon BceMupHOro tAroteHus.
27 Cuna TShKecTH, BeC, HEBECOMOCTb.
28 OcCHOBHBIE TOHATHSI TEOPUU TPABUTALMOHHOTO TONS (HANpPSHKEHHOCTb, CUJIOBBIE JIMHUH,
MOTEHIMaIbHAsl SHEPT U, TIOTEHIINAI, SKBUIIOTECHIIMAIbHbIE TIOBEPXHOCTH).
29 B3anMocCBs3b MEXy HAIIPSKEHHOCTBIO M TOTEHIIMAJIOM I'PaBUTALIMOHHOTO ITOJIS.
30 VYpaBuenue MenneneeBa-KnaneiipoHa.
31 3akoH MakcBemia o pacipeacjCHuu MOJICKYJ HACAJIBHOTO Ta3a IO CKOPOCTAM W SHEPruM TCEIJIOBOI'O
JABHXCHHS.

32 Pacmpenencuue bonsimana. Pacnipenenenne ['nb6ca.
33 Ssnenus nepeHoca B TCPMOJAUHAMUYICCKUX HCPABHOBCCHBIX CUCTCMAX.
34 Tuddysus, TEmIONPOBOIHOCTD, BA3KOCTh. CTaATUCTHYECKHE pacIIpeIelieH s, BEpOsATHOCTE M ()IyKTYaIlHH.
35 OcuoBbl TepMoarHAMEKU. TepMoanHaMudecKue QyHKIHH.

36 BuyTpeHHSss 3HEPTHS, paboTa U KOTMYECTBO TEIUIOTHL.

37 TlepBoe HAYaIO TEPMOTUHAMHUKH

38 TerutoeMKkocTh. PaboTa MpH pa3IMIHbIX H30MPOIIECCaX.

39 Anmabarnueckuii mporece. ITonmuTpornmsrii mporece. Kpyrosoii mporiecc.
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3 cemecTp
3aKOH COXpaHEeHHsI SJCKTPUUECKOTO 3apsiia.
3akon Kymona.
DneKTpocTaTHuecKoe MoJe.
.Teopema ["aycca 17151 37€KTPOCTATHYECKOTO MOJI B BaKyyME.
[Tpumenenue Teopemsl ['aycca nms pacdyera 3MeKTPOCTATUYECKUX MOJIEH.
[ToTeHunan 31eKTPOCTaTHIECKOTO MOJIS.
DAEKTPOCTATHUECKOE T0JIe BHYTPH U BHE IPOBOJIHUKA.
DNEKTPOEMKOCTh YEAUHEHHOTI'O ITPOBOAHMKA.
DIEeKTPOEMKOCTh CHCTEMBI MPOBOJHUKOB. KoHieHcaTop.
DNEeKTPUYECKUMA TUTIOND.
[Tonspuzanus AUIIEKTPUKOB.
DNEKTPOCTATUUECKOE MOJIE B TUAIEKTPUKE.
Oco0ble TUANEKTPUKH.
DNeKTpUYECKUi TOK, Chjla U IUIOTHOCTD TOKa.
Crpoenue cuibl. 9/IC 1 HanpsKeHUe.
3akon OmMa.
Pa6ota u mourHOCTh TOKa. 3akoH [xoyns-Jlenma.
3axoH OMa 11 HEOTHOPOJAHOI'O YYacTKa LETH.
Knaccuueckast Teopus 31eKTPONPOBOIUMOCTH METAJIIOB.
DNEeKTPUYECKUN TOK B IUAJIEKTPUKAX.
OTHOCUTENBHOCTH B3aUMOICUCTBUS 3aPSIOB.
MaruuTtHas cuiia. MaraHuTHOE noJie TOYEYHOTo 3apsiaa.
MaraurtHoe moJe mpsiMoro TOKa.
MarauTHO€ noJie KpyroBoro Toka.
[ToTok ¥ UPKYJAILUS BEKTOpPa MATHUTHON UHTYKIUH.
MarsuTtHO€ noJje CoJIeHOua.
JIBU>KeHHe 3apsSKEHHBIX YaCTHI] B MATHUTHOM TIOJIE.
B3aumopeiicTBue napanienbHbIX TOKOB. 3aKOH Amrepa.
KoHTyp ¢ TOKOM B MarHuTHOM TIOJIE.
HamaranuenHocts BenjectBa. Hanps>keHHOCTh MArHUTHOTO TOJIS.
[TapamarneTuku, 1MaMarHeTHKH.
deppOMarHeTUKH.
SIBneHue ANEKTPOMArHUTHOM WHIYKITHH.
34 BuxpeBoe AIEKTPUYECKOE MOJIE.
35 Toxku ®Dyko.
36 Camounaykuus. MUHOYKTUBHOCTb KOHTYpa.
37 Toxu npu pa3MbIKaHUU U 3aMblkaHuu RL-mienu.
38 Bzaumnas HHAYKIUSI.
39 TpanchopmaTopsl.
40 DHeprust MArHUTHOTO MOJIS.

O 01N DN K~ Wi —
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7 MeToanyecKkue peKOMeH/IAHH 10 U3YYEeHHIO TeOpPeTHYeCKOro MaTepuasa

CamocTtosTenbHass paboTa CTyA€HTa B XOJ€ JEKIUOHHBIX 3aHATHI BKIIOYAET H3Yy4YCHHE
BOIIPOCOB TEOPUH, BEIHECEHHBIX Ha CAMOCTOATEIHHOE U3YYEHHE B COOTBETCTBUU C paboyeil mporpaMMoit
JUCHUIUIMHBL, MPOpadOTKY JIEKIMOHHBIX MAaTE€pHaioB [UIsl IMOATOTOBKM K KOHTPOJIIO 3HAHUNW Ha
JICKIMOHHBIX 3aHATUSX (OMPOC) W TMOATOTOBKY BOIIPOCOB ISl OOCYKIEHHUS MPH KOHCYJIbTAIIMH C
MIPENOIABATEIIEM.

Pabota ¢ NEeKIIMOHHBIM MaTEepPHAIOM HE 3aBEpIIacTCs M0 OKOHYaHWH JieKuuu. Ha 2 vaca jexiuun
He00XO0IMMO 3aTpPaTUTh OKOJIO Yaca Ha paboTy ¢ KOHCIIEKTOM. 3a 3TO BpeMeHsI He0OX0JUMO NepeynTaTh
3aMMCH, MOMOJHUTh UX JAaHHBIMH, KOTOPBIE YAAJIOCh 3alIOMHUTh U3 PEYU MpENnoaaBaTeisi, HO He YJIal0Ch
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3anucath. PaboTas ¢ KOHCIIEKTOM, HY’KHO OTMETUTh HENOHSATHBIE BONPOCH! JUIsSl BBISCHEHUS KOTOPBIE Y
IpenojaBaTelisd Ha KOHCyabTaluu. OTAEIBHO CIeAyeT BBIIEIUTh CBS3aHHBIE C TEMOM JIEKIIUM BOIIPOCHI,
KOTOpBIE TPETo1aBaTelb HOPydmI IpopadoTaTh CaMOCTOATEIBHO.

AKTUBHO TNpopaOOTaHHBIH B TEYEHHWE CEMECTpa KOHCHEKT JIeKUUH B JalbHEHMIIEM CIyKUT
OCHOBOM JUIsl IOJATOTOBKH K DK3aMEHY.

Bompocs! 1u1st caMOCTOATEIBHOTO N3Y4YEHMsI IPEACTABIIEHBI B I1. 5.

CamocTosTenbHast paboTa B X0/1¢ NPAKTHKYMA BKIIIOYAET BBINOJIHEHNE 3aJaHUI K TIPAKTUUECKUM
3aHATHAM, B YAaCTHOCTH pEIICHHE 3aJad pPa3JIMYHOIO YPOBHS CJIOXHOCTU. 3aJauyd IPHUBEICHBI B
METOJIMYECKUX YKA3aHUSIX K IPAKTUUECKUM 3aHITUAM U (POH/IaX OLEHOYHBIX CPEJCTB.

3Hasg TeMy NPaKTUYECKOro 3aHATHs, HEOOXOAMMO TOTOBUTHCS K HEMy 3abimaroBpeMeHHO. Jlis
3¢ GEKTUBHON MOATOTOBKH K MPAKTHYECKOMY 3aHSATHIO HEOOXOIMMO MUMETh METOJMYECKOE PYKOBOJCTBO

K MPaKTHYECKOMY 3aHSTHIO.

Kputepuu onieHnBaHMs MPAKTUUECKUX 3aHATUN MPEICTaBICH B (DOHE OIIEHOYHBIX CPECTB.

[Ipu mpoBepke MPaKTUUECKOTO 3a/IaHUsl, OLEHUBAIOTCS: MOCJIEI0BATEIbHOCTh U PALIMOHATBLHOCTh
W3JIOKEHUsl MaTepuala; IOJHOTa U JOCTAaTOYHBIM 00bEeM OTBeTa; HAYYHOCTh B ONEPUPOBAHHUU
OCHOBHBIMH MOHATUSIMH; UCIIOJIb30BAHUE U U3YUEHUE JIOMOJHUTENbHBIX JIUTEPATYPHBIX HCTOYHUKOB
Kputepuu onieHnBanus pe3ynbTaToB CaMOCTOSITEILHOM pabOThI: BOMPOCHI JUIs cOOECceIOBaHUS U
sK3aMeHa npuBeeHbl DoH/Ie OLIECHOYHBIX CPEACTB MO TUCLUILIINHE

8 MeToauyeckne peKOMeHAALUM 10 OpraHU3al My CaMOCTOSTE/IbHOM Pa6oThI
CTYJAEHTOB

CamocTosiTenbHast paboTa SBISIETCS OJHUM U3 BUIOB YU€OHOU NEATEITHHOCTH 00yJarOIINUXCH,
CHOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH M OPraHU30BAHHOCTH, TBOPUYECKOTO
MOJX0/1a K PEUICHUIO TPOo0OJIeM yueOHOTo U MPOo(heCCHOHATBFHOTO YPOBHSI.

AynuropHasi caMmocToATelIbHas paboTa Mo Yy4yeOHONW IUCHUIUIMHE OCYILIECTBISETCS Ha
y4eOHBIX 3aHATHUSIX MO/ HEMOCPEACTBEHHBIM PyKOBOJICTBOM IPEIOIABATENSI U IO €T0 3a/IaHUIO.

Bueayautopnas camocTtosdTenbHas padoTa BBINOIHAETCS 110 33JJaHUIO MpernoaBaTens 0e3 ero
HEMOCPEACTBEHHOTO YUaCTHSI.

Bunpl 3amanuii 1711 BHEAy IMTOPHON CaMOCTOSITEIBHOW pabOThI, MX COACpP)KaHUE U XapakKTep
MOTYT UMETh BapUaTUBHBIA U MU dHepeHIIMPOBAaHHBIA XapaKTep, YYUTHIBATH CIeU(DUKY U3ydaeMoit
y4eOHOW JUCITUTIIMHBI, MHIUBUTy ATbHBIE 0COOCHHOCTH 00yYaromerocs.

KoHTponb caMoCcTOsATeIbHON pabOTHI M OIICHKA €€ PEe3yJIbTaTOB OPraHU3yeTCs KaK €IMHCTBO
nByX (opm:

1. camokoHTPOIB ¥ caMOOLIEHKa 00YYAKOIIETOCS;

2. KOHTPOIIb U OLIEHKA CO CTOPOHBI ITPETOIABATENS.

9 MeTogn4YecKre peKOMEeHAaLuH IPH pa6oTe HaJl KOHCIEKTOM BO BpeMs
npoBeJeHHs JIEKIHHU

B Xope JIeKIIMOHHBIX 3aHATUN BECTH KOHCIIGKTHPOBaHHE yueOHOro Marepmana. OOpamarh
BHHUMaHUE Ha KaTeropuu, (hOpMyIHPOBKHU, PACKPBIBAIOIINE COJIEPKaHNE T€X WU MHBIX SBICHUH U
MPOLECCOB, HAyYHBbIE BBIBOJBI M MPAKTUYECKHE PEKOMEHIAUWH, TOJIOKUTEIbHBIA OMNBIT B
OpaTOpPCKOM HCKyccTBe. JKemaTenpHO OCTaBUTh B paOOUMX KOHCIIEKTaxX MOJs, Ha KOTOPBIX JeNaTh
MMOMETKM M3 PEKOMEHJOBAHHOW JIMTEPATYPbI, JOMOJHSIOIINE MAaTEpUATl MPOCTYIIAaHHON JIEKIUH, a
TaK)Ke MOJUYEPKUBAIOIINE 0COOYI0 BaXKHOCTh T€X HIIM MHBIX TEOPETHYECKHUX MOJOKEHUI. 3a/1aBarth
MPENOJABATENI0 YTOUHSAIOUIME BONPOCHI C LEJIbK YSICHEHHS TEOPETUYECKUX IOJOKEHUH,
pa3penieHusi CHOPHBIX CUTYalUH.

B xozme moAroToBKM K CEMHMHApaM W3YYHTh OCHOBHYIO JIMTEPATypy, O3HAKOMHUTHCS C
JOTIOTHUTEIBHON JIUTEPATYpPOM, HOBBIMU MyONUKALUAMU B MEPUOJUUYECKUX U3JIaHUAX: KypHAaX,
razetax W T.0. llpum 3TOM ydYecTh PEKOMEHIAIMU TIperojaBarelis W TpeOOBaHUS yUeOHOM
nporpamMmel. JlopaOaTeiBaTh CBOM KOHCIIEKT JIEKIUH, Jiejias B HEM COOTBETCTBYIOIIME 3alUCU M3
JUTEPATYPhl, PEKOMEHIOBAHHOM TMpEnojaBaTelieM W TPEIyCMOTPEHHOW Y4eOHOW MporpaMMoi.
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HOILFOTOBI/ITB TE3UCHI IJIA BLICTyr[J'IGHPIfI 10 BCEM yqe6HBIM BOIIpOCaM, BLIHOCMMBIM Ha CCMHMHAp.
[oToBsich k HOKIay Wi peepaTHBHOMY COOOIICHHUIO, 00pamaThes 3a METOANYECKOW TOMOIIBIO K
npenogaBatento. COCTaBUTh IIAH-KOHCTIEKT CBOETO BBICTYIUICHUs. [IpoayMaTs MpUMeEpHI ¢ IETbI0
o0ecrieyeHHss TECHOM CBSA3M M3y4yaeMOM TEOpUHM C pealbHOW >kH3Hbl0. CBOEBpeMEHHOE U
KaueCTBEHHOE BBINIOJIHEHUE CAMOCTOATEIbHOW paboThl Oa3zupyercs Ha COONIOACHUM HACTOSIIMX
peKOMeHIaluil U U3yuyeHUH PEeKOMEHJOBaHHOW juTeparypbl. CTYAEHT MOKET JAONOJIHUTH CIHUCOK
HCITOJIE30BaHHOM JUTCPATypbl COBPCMCHHBIMU HCTOYHHMKAMH, HC IMPCACTABJICHHBIMU B CIIMCKE
PEKOMEHIOBAaHHOW JINTEPATyphl, U B JaJbHEHIIEM HCIIOJIE30BaTh COOCTBEHHBIE IOJTOTOBICHHBIC
ydeOHbIe MaTepuallbl IPH HATMCaHUH PadoT.

10 MeToanYecKHe peKOMeHJal My 110 NOATOTOBKE K IPAaKTUYeCKUM 3aHATUAM

[IpakTrdyeckoe 3aHATHA — ONWH W3 caMbIX 3()()EKTHBHBIX BHIIOB Y4YEOHBIX 3aHATHH, Ha
KOTOPBIX CTYAEHTBI Yy4aTcsi TBOPYECKH paboTaTh, apryMEHTHPOBATh M OTCTaMBATh CBOIO MO3ULUIO,
NPAaBWIBHO U JOXOJYMBO M3JIaraTb CBOM MBICIH Mepen ayauTopueil. OCHOBHOE B MOATOTOBKE U
NPOBEIECHUM NPAKTUYECKUX 3aHATHM — 3TO caMocCTosITeNbHas paboTa CTyJEeHTa HajJ M3yYeHHEM
TeMbl. CTyJIeHT 00s13aH TOYHO 3HaTh IUIaH 3aHATHs MO0 KOHKPETHOE 3ajaHue Kk Hemy. Ha 3anstun
00CY’K/1al0TCsl y3JIOBbIE BONPOCHI TEMbI, OJHAKO TaM MOTYT OBITh M TakHe, KOTOpble He ObuIM
IPEIMETOM PacCMOTPEHUS Ha JIEKIIMK. MOryT OBbITh U CHELMalIbHBIE 3a/1aHus K TOM UM UHOH TeMe.

['oTOBUTBCS K MpakTHYECKOMY 3aHATHIO ciefyeT 3apaHee. HeoOXxomumo BHUMATEIbHO
O3HAKOMHUTBCSI € IUIAHOM U JpYIrMMH MaTepuajaMH, YSICHUTb BOMNPOCHI, BBIHOCHUMBIE Ha
oOcyxzaeHue. 3areM HyXHO MOA0OpaTh JHUTEpaTypy W JApYyrod HEoOXOIUMBIH, B T.4.
PEKOMEHIOBaHHBIN, MaTepHuan (depe3 OMONIMOTEeKy, y4eOHO-METONUYeCKHid KaOWHeT Kadeapsl H
ap.). Ho npexne Bcero, cienyer oOpaTuThCsl K CBOMM KOHCIIEKTaM JIEKLUH U COOTBETCTBYIOLIEMY
pazzeny yueOHuka. V3yueHue Bcex HCTOUYHUKOB JIOJKHO UATH HOJ YIJIOM 3pEHUS ITOMCKA OTBETOB
Ha BBIHOCUMBIE Ha PAKTUKO-OPUEHTUPOBAHHBIE 3aHATHUS BOIIPOCHI.

3aBeplIarouil 3Tan MOATOTOBKM K 3aHATHSM COCTOUT B BBIIIOJIHEHWU WHAMBHUAYaJIbHbBIX
3aTaHAH.

B ciydae nporrycka 3aHATHS CTYACHT 00513aH IMOATOTOBUTH MaTepHall M OTYUTATHCS TI0 HEMY
nepea IpernojaBaTesieM B OO0YCIOBIEHHOE BpeMsa. MOoXeT ObIThb MNpPEUIOKEHO OTIEIbHBIM
OakanmaBpaM, BBUAY HX ciIa00i MOArOTOBKH, Ooyiee TIyOOKO OCBOWTH MaTepwajl W NPUNTH Ha
UHMBUAYalbHOE coOece0BaHME.

CryzneHT He JONyCKaeTcsl K 3a4eTy, €CJIM y HEero €cTh 3aJ0JDKEHHOCTh M0 MPAKTUYECKUM
3aHITHSIM.
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