MUHUCTEPCTBO HAYKU U BBICILIET'O OBPAZOBAHIUA
POCCUMCKOU ®EJEPALTUU
®denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE
00pa3oBaTeIIbHOE YUPEKICHUE BHICIIETO 00pa30BaHUS
«CEBEPO-KABKA3CKHUI ®EJIEPAJIBHBINA YHUBEPCUTET»
HeBunHOMBICCKHE TexHOMOTHYECKHI HHCTUTYT» ((pmmman) CKOY

METOANYECKUE YKA3ZAHUA
10 BBHINOJHEHUIO JIA00OPATOPHBIX M MPAKTHYECKUX PadoT

no JUCHUILIUHE «DU3HKaA»

HanpasieHnue moaroroBku 13.03.02 DnekTpo’HEpTreTHKA B AJIEKTPOTEXHUKA

Hampasiennocts (ipoduin) DNeKTpONpPUBO/I U AaBTOMATHUKAIIPOMBIIIICHHBIX
YCTaHOBOK M TEXHOJIOTHYECKIX KOMITJICKCOB

INonx Havyama oOyueHus 2022 roga

N3yuaercs B 2-3 ceMecTpax

Hesunnomnicck, 2022



MeTtoudeckre yKa3aHus 0 BBIIOJTHEHUIO JTA0OPATOPHBIX PabOT COCTABJICHBI B COOTBETCTBHH C
denepallbHBIM TOCYJAPCTBEHHBIM CTAaHAAPTOM, pabo4YnMM y4eOHBIM IIJIAHOM H TPOTrpamMMOin
qucuuInHbl  «®du3uka» Ui cTyneHToB Hampasienuit mnoarotoBku 18.03.01 Xwumwuueckas

TCXHOJOI'Us.

CocraButenu: Kauj. nef., noueHt CeipoBatckas B.U.



OBIIME CBEAEHUA

dus3nKa — Hayka HSKCIEPUMEHTalbHAs. DKCIEPUMEHT SBIISCTCS Ba)KHOM HEOOXOAUMOM
4acThIO BCETO IIPOLIECCa HAYYHOTO ITO3HAHUS, KOTOPBIH B IIEJIOM MOKHO MPEACTaBUTh COCTOSIIIMM U3
TPEX 3TAIOB:

1. BocnpusiTie Wiy NepBUYHOE U3y4E€HUE KOHKPETHOTO (PU3NYECKOTO SBJICHUS [TPU TOMOIIH
HaOJIIOZICHUSL.

2. O06o0meHne WM CO3/aHUE THUIOTE3bl, KOTOpas CBS3BIBACT OTACIBHBIC PE3yJIbTATHI
HaOIrOIeHUIT MeX1y co00i M C JPYrUMH HM3BECTHHIMU (PAKTaMH W YCTAHABJIMBAET MEXIY HUMH
OTIPE/IENIEHHbIE KOJIMUYECTBEHHBIE COOTHOILLICHUSI.

B mnporecce sToro 00600IIeHNST WHOT/Ia BO3HUKAET HEOOXOIUMOCTH B JIOTIOJHUTEIBHBIX
JAHHBIX — IPOBOAATCS JOTIOJHUTEIbHbIC HAOTIOACHUS U CIIEUAIbHbBIE SKCIIEPUMEHTBHI.

3. IlpoBepka runoTessl Ha MPAKTUKE B PEATIbHBIX YCIOBUSX, T.€. IPU HATMYUU OTOPOIIEHHBIX
paHHee BTOPOCTENEHHbIX (akTopoB. Eciau mpakTuka MOATBEPXkKAAaeT THUIOTE3Y, TO MOCIEAHSS
CTAaHOBUTCS TEOpHUEH, a YCTAaHOBJIEHHBIE €€ COOTHOLIEHUS MOJy4yaroT paHr 3akoHOB. Eciu ke HeT —
YUUTBHIBAIOTCS HOBBIE (PAaKTOpbI, KOTOpPBHIE NEPBOHAYAIBLHO KAa3aJIUCh BTOPOCTENEHHBIMU U
0oTOpachIBaJIMCh. YCTaHABIMBAIOTCS HOBBIE COOTHOILIEHHUS M CHOBA MPOM3BOJIUTCS WX MPOBEpKa Ha
npaktuke. 1 Tak nanee.

OpHako mpolecc HayyHOro IMO3HAHUS JAHHOTO SIBJIEHMsS] Ha 3TOM He 3akaHuuBaerca. C
TEYEHHEM BPEMEHH MOSIBIISIIOTCSI HOBBIE OIBITHBIE JaHHbBIE, KOTOPbIE MPHUXOJAAT B MPOTUBOPEUYHUE C
U3BECTHOM Teopuel. Bo3HukaeT HOBas TeopHs, COOTBETCTBYIOLIAs JAaHHOMY JTamy pa3BUTHUS
SKCIEPUMEHTa M HayKH B IEJIOM. 3aTeM OHAa MOXET ObITh 3aMeHEeHa emle 0ojiee HOBOW U MOJIHOM
Teopuei u T.11. Takum myrem rnpoiiecc No3HaAHUS MPOI0JIKAETCS] OECKOHEUHO.

X 0TS OKCIIEPUMEHT He SBJISETCS €TUHCTBEHHBIM CPEJICTBOM HAYYHOTO HCCIIE€0BAaHNUS, HO €T0
pOJIb KaK HMCTOYHHMKA MCXOJIHBIX JaHHBIX W KPUTEPHUS HCTUHHOCTU JIIOOOM TEOpHH SIBISETCS
pewarommeid. [loaroMy Ha sKCHepUMEHTAaTOpe, MPOBOJSAILEM T€ WIM HMHBIE HCCIEIOBaHMS, JISKUT
rpoMajgHas OTBETCTBEHHOCTb. OT pe3ynbTaTOB €ro ONBITOB 3aBUCUT HE TOJBKO Cyab0a
COOTBETCTBYIOLIEH TEOPUH, HO U, KaK 3TO 4acTo ObIBAJIO B (PM3UKE, BCE PA3BUTHE HAYKH HA JOBOJILHO
IPOJOJKUTEIBHOE BpeMs. DKCIEPUMEHT JOJKEH INIAHUPOBATHCS U MPOBOAUTHCS TaK, YTOOBI CBECTH
K MHHMMYMY BC€ BO3MOJKHBbIE OIIMOKM M YTOOBI €ro pe3ynbTaTbl HE MMEIM HEOAHO3HA4YHOTO
TOJIKOBAHMSI.

Bce n3noxeHHoe BbIlIe ONPEIENsSeT poiib U MECTO JIAOOPATOPHOIO MPAKTUKYMA B IIPOLIECCE
n3yudeHus pusuku. B mabopaTopuu CTYAEHT peliaeT caMOCTOATENbHO P/l SKCIIEPUMEHTAJIbHBIX 33/1a4.
Bo-nepBbIX, OH OJKEH HAYyYUTHCS CaMOCTOSATENBHO BOCHPOM3BOIUTH U aHAJIM3UPOBATh OCHOBHBIE
¢bu3nyeckue sBIeHUA. Bo-BTOPBIX, OH JOJDKEH MOJYyYUTh NIEPBUYHBIE HABBIKU PaOOThI B (PU3HMUECKON
nabopatopuu. B-TpeTbuX, CTyIEHT [10JIeH HaydyuTbCcs MPOCTEHIIMM MeTonaM 00paboTKU
HKCIIEPUMEHTANIbHBIX PE3YyIbTaTOB U UX aHau3a. [losydeHHbIH onbIT B 1abopaTopuu GU3NKU CTYJEHT
JOJDKEH YCIIEUTHO NPUMEHSTh IPU BBIIOJHEHHUU J1Aa0OPAaTOpPHBIX PabOT B Kypcax MOCIEAYHOLIUX
JUCLUIUINH.

B cooTBercTBUM € rocyJapCTBEHHBIMU OOpa30BaTeNbHBIMU CTaHAAPTAaMU U Y4EOHBIMU
IUTAaHAMHU M3y4eHHs Kypca (PU3MKM U1 MHKEHEPHO-TEXHUYECKUX CIEeLUAIbHOCTEN J1aOOpaTOpHbBII
IPAKTUKYM COJIEP’KUT METOJMUYECKHE YyKa3aHHMs K paboTaM I0 PA3IMYHBIM paszjenaM (QU3UKU:
MeXaHHKa, MOJIEKYJsipHas (pu3MKa U TepPMOJAMHAMMKA, SJIEKTPUYECTBO U MarHeTu3M, KoyebaHus U
BOJIHBI, BOJJHOBAsl M KBAHTOBAs ONTHKA, (hU3MKa TBEpAOro Teia, prusnka aToma.
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Texnuka 0€30MacHOCTH HPU BBINIOJHEHUH JaOOpaTOPHBIX padoT

— Bxonx B maboparopuio ocymiecTBIsSETCS TOJIBKO MO PA3pEIICHUI0 MPEenojaBaTes.

— Ha nepBoM 3aHsATHM TpenojaBarelb NPOBOJUT HHCTPYKTAX IO TEXHHKE O€30TMaCHOCTH
Y HAllOMHHAET CTyIEHTaM O OEpEeKHOM OTHOIIEHHWH K JIAOOPATOPHH U O MaTepHabHOU
OTBETCTBEHHOCTH KaXKJOTO M3 HUX 3a COXPAHHOCTH O0OPYHOBaHUS M 0OCTAHOBKU
nabopaTopuu.

— Ilpu oOHapyxeHHH MOBpPEXICHHNA 00OPYHOBaHHUS MEPCOHAIBHYIO OTBETCTBEHHOCTD
HECYT CTYICHTHI, BBIOJHSBIIME JIAOOPATOPHYIO pabOTy Ha 3TOM 00OpYJOBAHHUU.
BuHOBHHMKHM 0053aHBI BO3MECTUTh MaTepHUAIBHBIN YIIEpPO HHCTUTYTY.

— Ilpm o3HaKOMJIeHMH C PabOYMM MECTOM MPOBEPUTHh HAIMYHE KOMIUIEKTHOCTH
000py/IOBaHUS U COEAMHUTEIBHBIX MPOBOJOB (B Cilydyae OTCYTCTBHUS, KaKOIo JHOO
aJIeMeHTa, HE0OXO0IMMO HEMEJICHHO COOOITUTEH 00 ATOM MPEToAaBaTeNio).

— Ecnm Bo BpeMsi mpoBeleHHs OIBITa 3aMEUEHBl KaKHe-THOO HEMCIPaBHOCTH
000pyI0BaHUsI, HEOOXOAMMO HEMEIJIEHHO COOOIIHUTh 00 ATOM IPEIOIaBaTENIO.

— Ilocne okoHuyaHus 1a6OpaTopHOI pabOTHl paboyee MECTO MPUBECTH B MOPSIOK.

— bBynpre BHUMAaTENBHBI, AUCHUTUIMHUPOBAHBI, OCTOPOKHBI, TOYHO BBITTOJIHSINTE yKa3aHUs
MIPETIO1aBaTEIs.

— He ocraBnsiite pabodero mecra 6e3 pa3penieHus IpernoaBaTes.

— Pacnonaraiite nmpuGopsl, Marepuainsl, 000pyJIOBaHHE Ha pabovYeM MECTE B MOPSKE,
YKa3aHHOM TIPEro/iaBaTesIeM.

— He nepxure Ha paboueM MecTe HpeaMeThl, HE TPeOYIOUIUecs MPHU BHIMOIHEHUN
3aJJaHHS.

— Ilepen Tem kak mpucTymnath K paboTe, YSICHUTE X0/l €€ BHIITOJHEHUS.

— IlocrossHHO creauTe 3a MCHPABHOCTHIO BCEX KPEIUICHWH B MPUOOpax,
MpeIHa3HAYEHHBIX JUIS BpAILEHUSI.

— Ilpu BbIMOJHEHMM OMbITa KOJeOaHUN rpy3a Ha CTAJIbHOM IMOJOTHE HIIM MOJIBEHIEHHOTO
Ha HUTH I'py3a, ClIeyeT Ha/IeKHO YKPENHUTh Ipy3, YTOObI OH HE COPBAJICA.

— Ilpu u3ydyeHuun cBOOOTHOTO MAJCHUS TEJ Ha MOJI CIEAYET MOJIOKUTh MEIIOYEK C IIECKOM.

JIABOPATOPHAS PABOTA Nel. METOJIUKA OBPABOTKU M3MEPEHHUIA

Heab — HAyYUTHCS METOAUKU 0OPaOOTKU U3MEPEHUI
O6opynoBaHue U MaTePHUAJIbIL: TIPEAMETHI PA3TUYHON T€OMETPUUECKON (POPMBI 1St
U3MepeHul, u3MepUTeIbHbIE pUCIIocoOIeHns (JInHEeHKa, CAHTUMETP U T.1.)

1. TeopeTuyeckoe BBeJIeHHE

1.1 Buael uamepeHuit

I/I3MepeHI/I$I, IIPU KOTOPBIX IMOJYIAOT HCTIOCPCACTBECHHO 3HAYCHUSA H3MepHeMOﬁ BCJIIMYHHEI,
Ha3bIBAKOTCA IMPSAMBIMU.

HpI/IMepZ JIMHENKOM HU3MCEPAOT MJINHY IMPEAMCTA, C IMOMOLIBIKO BECOB U3MEPAIOT MACCy
npeameTa.

Ecmu pns ONpCACIICHUA HCKOMOM BEJIUYHHBI Tpe6yeTc5{ MIpOBECTU MATCMATHYCCKUC

JIECTBUS HAT pe3yiibTaTaMi NPSAMbBIX H3MepeHHI>i, TO TaKUC U3MCPCHHUA HA3BIBAOTCS KOCBCHHLIMMU.
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[Ipumep: omnpeneneHre CKOPOCTH II0 H3BECTHOMY IYTM U BPEMEHH; OIpPEACICHUE
IUIOTHOCTH TeJa M0 U3BECTHOM Macce u 00beMy (M3MepeHne 00beMa MOXKET SBISATHCA U MPSIMBIM, U

KOCBEHHBIM U3MEPEHUEM).

1.2 Buzbl ommb0K Ipy U3MEPEHHSIX

Kak HenpenoxHyoo UCTUHY CleAyeT 3allOMHUTh: (U3NYECKYIO BEIMUMHY HEJIb3s U3MEPUTH
abcomoTHO TO4HO. IIpm M3MepeHuH MBI BCET/ia JOIMyCKaeM OOJBIIYIO WJIM MEHBIIYIO OIINOKY.
[ToaToMy npu PpU3NUECKUX U3MEPEHUAX BaXKHO ONPEAEIUTh HE TOJIBKO (U3NYECKYIO BEIUYUHY, HO

1 OLIMOKY, AOMYCKaeMYy0 NP €€ ONPEIEICHUN.

1.3 Ommbku cuctemMaTuyeckue, ciydaiiHble, IpoMaxu

Kakwue >xe ommbku MOTyT OBITh JAOMYLIEHBI IPU U3MEpPEHUAx? Pa3nnyaroT Tpu OCHOBHBIX
THUIIA OIMOOK: CHCTEMaTHYeCKHE, CIydailHble, TPOMaxH.

Cucrematndeckue OMIMOKA — OIIMOKH, OOYCIOBJICHHBIE JACHCTBHEM KaKOTro-JIU00
MIOCTOSIHHOTO (pakTOp (HETOYHOCTh H3TOTOBJIEHHSI NMPUOOPOB, HEMPaBUIBHBIA BHIOOpP MeTona
U3MEpEeHUuit).

IIpumep. [lpu m3MepeHHsAX HE YYHUTBHIBAECTCS TEMJIOBOE pacIIUpEeHue Teld, JePEeKT IMpu
M3TOTOBJICHUM MPUOOPOB (LITPUXM HA JIMHEIKe HaHECeHbl HepaBHOMEpHO). Ilpu BhIUMCIEHMAX C
yuciaoM "IIN" cuurarot, uto uncio "I1N" pasuo: 3; 3,1; 3,14 Bmecto 3,14159265.

Taxkum oOpa3oM, cucTeMaTHYeCKHe OIIMOKM BbI3BaHBI JEHCTBUEM BIIOJIHE OIPEIEICHHBIX
(bakTOpOB, KOTOPHIE MOTYT OBITh YYTEHBI U UCKIIOUEHBl. HO Ha mpakTHKe perieHue 3Toi mpooiaeMbl
OKa3bIBAETCSI IOCTATOYHO CIJIOMKHBIM JICJIOM.

Cnydaiinple OIIMOKHM — OLIMOKH, CBSI3aHHbIE C JIEHCTBUEM BHELIHUX (PAKTOPOB, KOTOPBIE HE
OJIMHAKOBBI JUIl KaX0TO OIBbITA U HE MOT'YT OBbITh YUTCHBI.

[Tpumep. Ilpu cuuThIBaHMM MOKa3aHUM MO ILKaJe BEIMYMHA CUMTHIBAEMOIO pe3yJbTaTa
3aBHCUT OT I0JIOKEHHMSI IJ1a3a HaOJIt0JaTesl 10 OTHOIIEHUIO K CTPEJIKE, KOTOPOE MOXKET U3MEHSThCS
B KQX/IOM 3KCIIEpUMEHTE.

Crydaiinble OIINOKH Hellb3sl yU4eCTbh, HO UX JeHCTBHE MOKHO YMEHBIIUTD, IPOBOJIS HE OJTHO,
a HECKOJIBKO U3MEpPEeHH, 1 yeM 0o0Jiee TOYHO MbI XOTHM ITPOBECTH U3MEPEHHUE, TEM OOJIbIlIee YUCIIO
OTIBITOB MBI JOJDKHBI MpoJienaTh. [Ipy 3TOM ciieayeT uMeTh B BUIY, YTO €CIIM CilydaiiHas ommoOka
OKa)XEeTCs 3HAUYUTEIBHO MEHBIIIE CHCTEMAaTUYECKON, TO HE UMEET CMBbICIAa YMEHbIIATh CIy4alHYIO
OLINOKY.

[Ipomaxu — oOImMOKM, JOMYIIEHHbIE OSKCHEPUMEHTATOPOM BCJEJICTBHE HEIOCTATKa

BHHMAaHHS. ITOT BUJ OIINOOK MCYE3aeT npu TIIATEJIbHOM U aKKypaTHOﬁ 3aIlMCH pE3yJIbTATOB, UX
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00paboTKe U MPU BHUMATEILHOM CUUTHIBAHUH MTOKa3aHHUH MPUOOPOB.

1.4 Ilpubopnas ommodKa

Oco0o0 crnemyer OTMETHTH TOHsSTHE "mpuOOpHas ommOka” — 3TO OmuOKa, BHOCHMAs
puOOPOM B M3MEpEHHE. JTa OIIMOKa MOKET OBITh KaK CHCTEMAaTHYEeCKOH (HEeTIpaBHIbHAS YCTaHOBKA
npubopa, HEBEPHBI PEKUM HCIOIB30BAHUSA, KIIACC MPUOOPA, BIUSHIE KAKOTO-THOO MOCTOSTHHOTO
BHEIIHETO (pakTopa), TaK M CIy4aifHOU (BO3CHCTBUE CITydailHBIX BHEITHUX (PAKTOPOB — COTPSICEHUE,
HEpETYJSpHO TMPOSBIISIIOIIMECS BHYTPEHHHE OCOOEHHOCTH JaHHOro mpubopa, Hampumep, Ipu
IUIaBHOM M3MEHEHMM CHJIbl TOKa MPHOOp MOKaXET OJHO 3HAueHue, a MNpU CKadYKoOOpa3HOM
(BceaCcTBUE TPEHUs) — BOBMOXKHO Apyroe 3HaueHue). [loaToMy npu Bcex uaMepeHusix HeooXoauMo
YUUTHIBaTh NPUOOPHYIO OHIMOKY, B OCOOEHHOCTHM HEoO0XOoAMMO oOpallaTh BHHMaHUE Ha Kiacc
TOYHOCTH Tmpubopa. Kilacc TOYHOCTM ompenensieT MHUHUMAJIbHO BO3MOXHYIO  OLIMOKY

(cmegoBarenbHO, MAaKCUMAIbHO BO3MOKHYIO TOYHOCTB) MPHU paboTe ¢ JaHHBIM IPHOOPOM.

1.5 AGcomroTHAS U OTHOCUTEIbHAS OIITNOKHA

[Ipun mpoBeneHMn (U3HUECKUX SKCIIEPUMEHTOB B HAYUYHBIX JIAOOPATOPHUAX TpeOyeTcs
JOCTI)KCHHE HAMOOJBIICH BO3MOXKHOW ToyHOCTH. [loaTOMYy 00paboTKe pe3yabTaToOB yACTAETCS
6ombiioe BHUMaHKE. CylIeCTBYIOT CIIOXKHbBIE TEOPETUUYECKUE PACUETHI, TIO3BOJISIONIUE TOCTATOYHO
TOYHO OIPENEIUTh TOUHOCTh N3MepeHus. OHU UCTIONB3YIOT METO/Ibl MAaTEMATHUYECKON CTAaTUCTHKYU U
TEOPUU BEPOSTHOCTEH. B cTymeHYeckoM 1abopaTOpHOM MPaKTHKyMe HE TpeOyeTcsi BBICOKOM
TOYHOCTH, TIOSTOMY HCIIOJIb30BaHHE CIIOKHBIX METOJIOB pacueTa OLIMOOK HE MMeeT cMbiciia. Mbl
OyZeM IOoJb30BaThCsl YIPOILIEHHON CXeMOM pacyera OIMO0K, KOTOpasi, TeM He MEHee, UCIOIb3YeT
dbyHIaMeHT 00Jiee CIIOKHBIX METOIOB.

Urak, B cuity TOro, 4to (pU3MUECKYI0 BEIMYUHY HEIb3S U3MEPUTH a0COJIFOTHO TOYHO, MBI
JOJKHBI TIOJMYYUTh HE YHCIO, a HEKOTOPBIM pPsiA YHCeN, CPeAd KOTOPBIX C OONBIION Jojei
BEPOSITHOCTH HAXOIUTCS UICTUHHOE 3HAYEHUE OTIPE/IEsIeMO BETUYHHBI.

[Iycth A — UCTHHHOE 3HAaYeHHE U3MepsieMoi BenYuHbL. [Ipu n3MepeHnn ObUIH MOTy4eHbI
3HaueHusi: Ai, A2, As,...,An. Torga pe3ynbraT KakIOTO U3MEPEHHUS OTIUYAETCS OT HCTHHHOTO

3HAYCHHUA HAa BCIIMUYUHY
AA = A=A
AA, = A=A, |

(1.1)



CymmMmupys sieBbie U nipaBbie yactu (1.1), momyuum

ZAA:”'A—Z_;A. (1.2)

i=1
BBenem BaxxHOE MPEIIOIOKEHUE O TOM, YTO €CII OIUOKN AAj CIly4aifHbI, TO CyMMapHast
omunOKa U3MEPEHHS paBHA HYJIIO, T.K. B OJTHOM SKCIIEPUMEHTE MBI, PABHOBEPOSTHO, MOYKEM TTOTYIUTh
KaK MOJIOKUTEIBHYIO, TaK U OTPUIATEIbHYIO OIMOKY. Torna npu 601bI10M KOJIMYECTBE H3MEPEHUN

<A> — A, e <A> — cpeaHee 3HaUEHUE U3MEPSIEMOM BEIUYUHBIL.

1 n
<A>:H.2Ai. (1.3)
i=1

Tak kak B CTyA€HUYECKOM JIaOOpPATOPHOM IMPAKTUKyME HET JOCTATOYHO BPEMEHHU JUIsS
MIpoBeIeHUs OOJBIIOTO YHCIIa YKCIIEPUMEHTOB, TO OyJIeM CUUTaTh, 9To <A> = A ipu 1 <n < 6. Torma

OHH/I6Ka HpI/I KAXKI0M I/I3MepeHI/II/I 3aIINIICTCS B BUIC
Adn =|<d> - An]|. (1.4)

AAn Ha3pIBaeTcs aOCOMIOTHOM OMUOKON M3MepeHui. boyiee TouHO: aGCOIFOTHOM OMTHMOKO#
W3MEPCHHUsT Ha3bIBaCTCSl MMEHOBAaHHOE (T.. WMEIOIIee pPa3MEpPHOCTh) YHUCIIO, TMOKa3bIBAIOIICE
MaKCUMAaJIbHO BO3MOKHOE OTIIMYNE UCTHHHOTO 3HAUYCHUS U3MEPSIeMOI BEJTMYMHBI OT TIOJIYYEHHOTO B

AKCTICPUMEHTE
<A>—-AAn < 4 < <4> + AAn.

I/IHTepBaJ'I, B KOTOpBIﬁ nornagact HCTUHHOC 3HAYCHUC I/I3Mep5[eMOI\/'I BCJIIMYMHBI, HA3bIBACTCS
JAOBEPUTCIbHBIM HHTCPBaJIOM. CJ'IGI[OBaTCJ'IBHO, IIpu 3allkucCu peE3yIbTaTOB I/ISMepeHI/Iﬁ MBI 6y,I[eM
3aIIMChbIBATh I[OBCpI/ITeJ'IBHHﬁ HHTCPBAJl.

Tak kak B KaXXJ0M HU3MCPCHUU MBI JOITYCKAEM CBOIO OIJ_II/I6Ky, TO HCO6XOI[I/IMO OIIPCACIINUTD,
KaKyro OI_HI/I6Ky MBI 3aIlIMieM KakK UTOTOBYHO OH_II/I6Ky BCCI'o 3KCIICPUMCHTA.

B cJIydgac HEOOJIBIIIONO YHCiIa I/I3MepeHHﬁ 6yz[eM cyuTaTrb, 4TO omnOKa OKCIICpUMCHTA —

cpeaHee apI/ICI)MCTI/I‘-IeCKOC OH_II/I6OI(, JONYHICHHBIX ITPU U3MCPCHUAX
1 n
<AA>=—- z AA
n = '

Torma UTOroBBIH pE3YyJIbTaT 3alIMICTCd B BUJC



A =<4> 1t <AA>, umn A = Acp £ AAdcp.

Ecnu yucno u3mMepeHuit Tpu WM MEHBIIIE TPeX, TO OMIMOKa IKCIIEPUMEHTA — HAUOOIbIIas
13 MOJIYYE€HHBIX OIINOOK U3MEPEHUH.

IMpumep: AA41 = 0,2, Ad> = 0,1, A4z = 0,3, Toraa ommbOka sxciepumenta: A4 = 0,3.

AbGcomoTHast omMOKa JaeT CBEIEHHUS TOJBKO 00 MHTEpBaje, B KOTOPOM JISKUT 3HAUCHUE
U3MEpsAEMOil BEJIMYMHBI, HO HUYETO HE TOBOPUT O TOUHOCTU U3MEPEHUIL.

[Tpumep. [Ipu HEKOTOPBIX H3MEPEHHIX MBI ToTTyckaeM omnOKy A4 = lcm. Ecin Ta ommbka
JIOTIyCKaeTcsl Mpu u3MepeHuu paccrosinus ot CraBpomnoisis 10 HeBHHHOMBICCKA, TO 3TO BBICOKas
TOYHOCTh. Ecim ke 3Ta ommbka J0omycKaeTcss IpU U3MEPEHUHN pa3MepoB KOPOOKa CIHYEK, TO 3TO
HU3Kasi TOYHOCTb.

CBenieHUs: 0 TOYHOCTH U3MEPEHUH 1aeT OTHOCUTEbHAS OIINOKa.

OTtHocuTenbHast OMKMOKa — 3TO OTHOILIEHHE a0COTIOTHON OIIMOKU K 3HAYEHHIO U3MEpIeMOi

BEJIMYMHBI (B JaJIbHEHIIIEM MBI OITyCKaeM CIIOBO "cpeaHuit”).

g = A—AA .100%

To ecTts OTHOCHTENBbHAs OMMOKA MOKA3bIBAET, KAKYIO JOJIO COCTaBJSET aOCOIIOTHAS
omunoOKa OT 3HaYeHHs u3MepsieMoil BennuuHbl. OHa H3MeEpseTcs WM B MPOLEHTaX, WIM OCTaeTCs
BEJTMYMHOM Oe3pa3zMepHOi, eciu ee He yMHOKaTh Ha 100 %.

OtHocuTenbHasi OIIMOKA CIYKUT TaKKe MJIi CPaBHEHHUS TOYHOCTH Pa3HOMMEHHBIX
U3MEpPEHUI.

[Tpumep. Ilycth anmuHa crepxHs coctaBiser a = 25,2 £ 0,8 cm, a ero maccam = 315 £ 4 r.
Uto uzmepeHo TouHee?

Z[J'Iﬂ OTBCTAa Ha 3TOT BOIIPOC HaﬁHeM OTHOCHUTECJIBHYIO OH_II/I6Ky KaXXa0ro u3aMCpCHUsL.

Aa 08
Sa =?=f’2-100%=3%'
Am 4

€m

=—=—--100%=13,
m 315 '

BI/I,Z[HO, 4YTO MACCy CTCpP’KHA Mbl U3MCPUIIN TOYHCEC. HOBTOMy IIpu 3a1rCu pe3yjIibTAaTOB
OKCIICpUMCHTA Mbl JOJDKHBI YKa3aTb HE TOJIBKO BCIWUYUHY a6coanH0ﬁ, HO U BCINYHUHY

OTHOCHUTEIHLHOU OIITNOKH.

1.6 3apanue u MeToAUKA 0OPAOOTKH NPSAMOI0 U KOCBEHHOT0 M3MepeHHs



IIpssiMmoe u3mepenue
1. lemaem ceputo uzmepenuii (5 — 7) uamMepsieMoi BETUUHHBIL.

2. Haxomum cpenHee 3HaU€HUE U3MEPSIEMON BEITMUUHBI

1 n
A :HzlAl .

3. Haxonum aOcositoTHYO OLIMOKY KaXa0r0 U3MEPEHUS
AAn = |Acp — An].

4. HaxoauM CpeHIOI0 a0COIIOTHYIO OIITHOKY

SIS

i=1

AP, =

5. Haxoaum OTHOCHTENbHYIO OIINOKY

g:ﬁ.loo%.
p

6. 3ammceIBaeM OTBET B BHJIE

Acp £ Adcp = ...
€ :ﬁ.loo%:m
p

Bo Bcex ciyyasix 3anucu HIMEHOBaHHBIX BEJIMYMH HY)KHO yKa3aTh UX Pa3MEPHOCTb.

Kocennoe nsmepenue

[Ipu 06paboTke KOCBEHHBIX U3MEPEHU Oy/ieM CYUTaTh, YTO MPHU HEOOJIBIIOM KOJIUYECTBE
U3MEpeHUl OIIMOKM HAKaIIMBAIOTCA, T.€. OIIMOKAa KOCBEHHOTO M3MEpEHUsT — CyMMa OIINOOK
BEJIMYMH, BXOJISIINX B KOCBEHHOE U3MEpPEHHE.

[IpousBonis wu3MEpeHHs, HAIO0 CTPEMUThCA K TOMY, YTOOBI TOYHOCTH HM3MEPEHUU
npubIKanach K TouHocTtd mpubdopa. [Ipu 3ToM BhIMONMHSAETCS psif MpaBUI, KOTOPHIE MbI ceifuac
TOKQXKEM.

[Tycte umerorcs Benuuunbl (4 £ AA) u (B £ AB), rae A, B — u3MepeHHble 3HaYCHHS ITHX
Benu4MH, A4 u AB — aGCOMIOTHBIE OMUOKH, TOMYIIEHHBIE TP U3MEPEHUH STUX BETUYHH.

[Ipasuio 1

EcrmC=4A+Bumm C=A4—-B, 10 AC=AA + AB.

HoxkazarensctBo: C=A+Bumu C=A4 — B,

Torga: CtAC=A+AA+B+ABumn C+ AC=A4+ A4 - B+ AB.
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Berunrast ©3 BTOPOro paBEHCTBA IEPBOE, MOTYUHM

+ AC =1+ A4 £ AB.

Jis  HEOOJBIIOTO YHMCIa W3MEPEHHWHM CYMTaeM, 4YTO OIIMOKM  HAKaIlIMBAIOTCS,
caemoBarelbHO: AC = A4 + AB.

[IpaBuio 2
A aAC aA 4B
B®C A B

Ecm C=4 ‘BI/IJII/IC:

HoxazarensctBo: [Iycte C = A4 - B, Torna
C+tAC=(A£AA)- (BtAB)=A-B+*A-ABtB-A4A+AA - AB.
[IpeneOperaem (A4 - AB), Toraa:
C+tAC=(A£AA)- (B£AB)=A4A-B+A-AB+tB-AA
=AC=4-ABtB-AA

AC:A~ABiB~AA:AB+AA AC:AA+AB
- C A-B B~ A"™ C A B

A A
c-? L ao-dt)

uwm AC=A4 - ABY)+ A4 - (BY), no A(BY) =—B%- AB
B-AA+A-AC
BZ

Ecmn

= AC =

A AC AA AB
= — = ] _|_
B C A B

To €CTh, B ClIy4a€ KOCBCHHOI'O U3MEPCHH, B KOTOPOM IIPOBOAATCSA HeﬁCTBHH BbIYUTAHUA U

C

Pasgennm 00e yacTu Ha

CIIOKEHHUS, yJOOHO CHayaja MCKAaTh a0COJIIOTHYIO OIIMOKY, a 3aTeM OTHOCHUTEIBbHYIO, €CIIH JKE
NPOBOAATCS JEUCTBHUSI yMHOXCHUS, ETICHUS, a TAKKe BO3BEJCHUS B CTENEHb, TO CHadasa y1o00HO
UCKaTh OTHOCHTENBHYIO OIIHOKY, a 3aTeM Yy)Ke aOCOJIOTHYIO.

B oOmem ciygae it HAaX0KICHUS OTHOCUTEIBHOW OMIMOKHM IMOCTYMAIOT CIIETYIOIMINM
o0pazom

1) norapumMupyroT BeIpaKEHHE;

2) muddepeHInpyIOT MOTyYEHHOE BBIpaXKEHUE;

3) 3amensitor "d” Ha "A” u "-" Ha "+" Mexny ommbkamu (Tak kak d(Inx) = dx/x wu A(INXcp)
= AX [ Xep.

ITpumep

11



C(a—-b)* A
1) In4 = Ink + (1/2) - Inp -3 - In(a — b);
2)d_::d?kjdep _Sd(a—b);
P a—-b

. AA
LS

AA Ak Ap +3Aa+Ab

=—+
Ak 2.p  a-b

1.7 Kak yuecTs mpuOOpPHYIO OLINOKY

[Ipubopnast ommbka ykaspiBaeTcss Ha mpuOOpe UM B mMacmnopre K HeMy. MoxeT ObITh
yKa3zaHa Kak abcoiroTHasi onrnoOka, 1aBaeMas mpuOopoM (Hampumep, LieHa JAeJeHHs Ha JuHelike |
MM), TaK U OTHOCHTEJbHAs OmnOKa. BemnunHa OTHOCHUTEIHHON OIIMOKH OMpENessieTCs] KJIaccoM
TOYHOCTH MpuOopa.

Paznuuarot knaccel tounoctu: 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0. Kitacc TOUHOCTH yKa3bIBaeTCA
Ha JM1eBoy naHenu npudopa. [Ipu 3ToM BO3MOXKHBI J1Ba CiIydasi.

1. Knacc ToYHOCTM maeTcsi B BHUZIE YMCIIA, HE 3aKIIOYEHHOrO0 B KPYXKOK. B aTom ciydae
YKa3bIBAaeTCsl BEJIMYMHA MPHUBEIECHHOW OMIMOKH, TO €CTh OIIMOKH, BBIPAXKEHHOW B MPOLEHTaX OT
BEpPXHEro Mpejenia U3MEpPeHWM WM OT JUIMHBI IIKaiabl. Hampumep, eciu umeeTcss ammepMerp,
paccunTanHbii Ha m3Mepenue 100A, ¢ kimaccom Tounoctu 0,5, 3TO 03HaYaeT, 4TO MPUOOPHAs OIITHOKA
Alupus onipenensiercs o ¢popmyiie

A =92
npub "~ 100 max ,

rae Imax = 100A.

Torga Alyus = 0,5A, 1.e. abconroTHas mpubopHas omudka usmepenuit cocrapuser 0,5A, B
mo0oM Tuana3zoHe U3MEeHeHU mpubopa. A oTHocuTenbHas omnbka OyneT HanOoblIel B Hauase
IKaibl mpudopa, a HAUMEHBIIeH — B KOHIIE LITKaJIbI.

2. Kmacc TouHOCTHM JaeTcs B BHJIE 4YMCIIa, 3aKIIOYEHHOTO B KPYXOK. B 3TOoM ciyuae
OTHOCHUTENIbHAsl OIIMOKAa YKa3bIBae€TCS B MPOIEHTaX OT H3MEPSEeMOM BETUYMHBI. AOCOIIOTHAs

olrmoka HU3MEPCHUS OIIPEACIIACTCA 110 Q)OpMYHe
K

rac k — kimacc TOYHOCTH,

| - HU3MEPACMOC 3HAYCHUC TOKA.

12



[Tycts amnepmeTpoM ¢ kiaccoM TouHoctd 0,5 u3Mepuinn BeIWYMHY TOKa M noimydanin | =
20A..

Torna npubopHas ommbka Oyner

05
Al :100.2020’1A’8:0’5%'

npub

B cnydae wm3MmepeHuil, MpPOBOAMMBIX HECKOJBKAMHU IpuOOpamu, MpuOOpHas omrnoOka
OKCIICpUMCHTA — CyMMa OIHI/I6OK, JAaBa€MbIX KaXXIbIM HpI/I60p0M B OTACJIBHOCTH. O'—IGBI/II[HO, qTo
HKCTIEPUMEHTAIbHAS OIINOKA HE MOXKET ObITh MEHBIIIE TPHOOPHOH OIINOKH, ITO3TOMY BCETIa U3 IBYX
BO3MOJKHBIX OITHOOK 3aIMChIBaeM OOJIBIITYIO — Kak 00Jiee peaabHYIo.

1.8 Kak MMPpaBHUJIbHO NPOU3BECTHU BBIYHUCICHUA U 3alIUCATh OTBET

KoneuHbiM UTOrOM J1000TO IKCIIEPUMEHTA SIBIISIETCS TIOJyY€HHE HEKOTOPOTO YUCICHHOTO
3HAQYECHHS] KAKOW-IMOO BETWYMHBI, HEMPABWJIBHOCTH HTOTOBOM 3aIlMCH pe3yyibTaTa MOXET JaTh
HEBEPHBIE CBEJICHUS O TOYHOCTH M3MEPEHHMS M O 3HAYCHUH CaMOU u3MepsieMoit BenuauHbl. [loatomy
YCJIIOBUMCS, YTO MTPU KOCBEHHBIX M3MEPEHUAX KOJIMYECTBO 3HAYAIMNX UMD B KOHEYHOM PE3yiIbTaTe
MOXET OBITH JIUITb Ha 1 OoJbIe, UeM cpefHee apru(METHIECKOe KOJINYECTBA 3HAYAINUX IU(P BCEX
BEJINYWH, BXOJAIINX B JaHHOE U3MEpeHue, (HAIOMHUM, YTO 3HaJamue nu@psl — Bce MUGPhI, Kpome

"0", crosIero B Havaje Yucia).

100
[Tpumep: ? =33,3;
100 — Tpu 3Havammx udpsI;
3 — oHa 3Hayvamas nudpa;
Nep=(3 +1)/2=2;
33,3 — Tpu 3Havamue nudpsl = 3 > 2 Ha SIUHUILY.
[Tpu 3anucu ommOKK U3MEpeHHsI HEOOXO0IMMO PYKOBOJICTBOBATHCS IBYMS MPABHIIAMH.
[lepBoe mpaBwIO: MpU 3alKMCH OMIUOKKA H3MepeHHUs (aOCONFOTHOW WM OTHOCHTEIIHLHOMN)
yCIOBUMCS, YTO €CJIM TepBas 3Haudamias nudpa B omudke “1% wnmm “2%“, To MOKEM OCTaBHUThH JIBE
3Havamue nudpsl, eciu xe “3* Uin Bhllle — OJHY 3HAYAILYI0 HHPPY.
[Ipumep: 2,5—BepHo 2,51 — HeBepHO
0,3 —BepHo 0,32 — HeBepHO
7 —BepHo 7,0 — HeBepHO
Bropoe npaBuiio: mpu 3anvcu omuOKy pa3psil, A0 KOTOPOTO OmpeseNieHa OOk, T0JKeH
COBMA/IATh C Pa3pAIOM, 10 KOTOPOTO OTpeseNieHa u3MepseMas BeTUYHHA, WIH a0COTIOTHAS OLINOKa
JOJIKHA 3aKaHYUBATHCS B TOM K€ Pa3psilie, UTO U Pe3yibTarT.

[Tpumep: 27,5 + 0,12 — HeBepHoO;
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27,5+ 0,1 — BepHO.

[IpuMmeHeHre 3TUX JABYX MPaBHI HEOOXOIMMO BBIOJHSATH B TOW TOCIEIOBATEILHOCTH, B
KOTOPO# OHU JIaHbI B H3JIOKCHHU.

[TpuBenem psi mpumepoB. [TycTs ObLTH TPOU3BEACHBI M3MEPEHHUS, ONIPEICIICHBI UX OIHNOKH,
C/IeTIaHbI 3aIHCH
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.

[Tpumensis 3T Ba IPaBHIIA, IIPOBEPHUM MTPABUIILHOCTH 3aITMCH OTBETOB, U €CJIH OHU BEPHBI
— OCTaBMM WX 0e3 M3MECHEHH, a €CITH HEBEPHBI — 3aITAIIEM HX TPABHILHO
1) 06a mpaBuIIa BHITTOTHEHBI.
2) mpaBwiio | BBITOJHEHO, 2 — HET = MpaBWIbHBIN oTBeT: 27,1 + 1,8;
3) 1 — BeImostHEHO, 2 — HeT = 27,12 + 0,02;
4) 1 — He BBIMOJIHEHO, 2 — HE BHIMIOJIHEHO=> 27 + 3;
5) 1 — me BeimoaHeHo = 27,12 + 0,3, Teneps 2 — He BoinoaHeHO = 27,1 +0,3;
6) 1 — He BBIMOJIHEHO, 2 — HE BBIMOJIIHEHO, TT0ATOMY BepHo 27,12 +0,03;
7) 1 — BoImONIHEHO, 2 — HET = 27 + 3.

[Tonb3yschk BbIIEYKa3aHHBIMU MTPABUJIAMHU, Mbl MOKEM IPaMOTHO 0()OPMHUTH CBOIO PadoTY,
MIpUYEM pe3yibTaThl 3TON paboThl OyIyT MOHSATHBI TI0OOMY, KOTO OHH 3aMHTEPECYIOT.

OxoHyaHueMm pa6OTBI JOJIKCH CIIY>KUTH OTBET, 3aMnMCcaHHbBIN B BHUAC:

X+AX=...
82&'100%2...
X

1.9 Conep:xanue oryera

1. JIaboparopHas pabota Ne ...
2. HaumeHnoBaHue pabOTHI.
3. Llenb paGoTHI.

4. ITpuGopsl 1 MaTepUAIbIL.
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5. UepTex wim cxema YCTaHOBKH (eciu Tpedyercs).

6. ®opMysbl HCKOMBIX BEJIMYMH U UX MOTPEITHOCTEH.

7. Tabnuua c pe3ynbTaTaMu U3MEPEHUH M BEIYMCIICHHUH TOTPEITHOCTEH (eciu TpedyeTcs).
8. Boruncienus pe3yabTaToB.

9. OxkoHYaTenbHBIN pe3yibTaT, BHIBOJ U IIPOYEe (COMIACHO LIEIU padOThI).

B BbIBOJIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JI€JIAJIU, B 4YEM LieJIb Balliel paboThl;

- KaKue pe3ynbTaThl Bbl 0KUJIAJIH MOJIYUUTh;

- COBIAJIM JIX PE3ybTAThI Balleil pabOThI C 03KHUIaEMBIMHU.

CHmCOK JIMTepaTypbl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 10 JaHHOH padore: [1-9]

JIABOPATOPHAS PABOTA Ne 2. OITPEJAEJIEHUE TNIOTHOCTU BEILIECTBA TBEPIOI'O
TEJIA

eab pabdoThbl. 03HAKOMUTHCA C YCTPOMCTBOM M MPHUHIIUIIOM pabOThl MPOCTEHIINX

M3MEPUTENbHBIX TPUOOPOB (IITAHTEHIIUPKYIIb, MUKPOMETP, aHATUTUYECKUE U TEXHUYECKHE BECHI),

HAyYUTHCS MPUMEHATh TEOPUIO OLIMOOK NMPH OMNPEACNICHUH YUCICHHOTO 3HAUYECHUS H3MepsieMOin

BCJIIMYHHBI.

2.1 O6opynoBanue U MaTepuasbl

Muxkpomertp.
[IITaHT€HIUPKYITb.
Becol Texnuueckue.

Bechl ananuTnueckue.

ok~ 0N PE

Teno, INIOTHOCTD BECIICCTBA KOTOPOT'O HAL0 OIIPCACIIUTD.

2.2 TeopeTuyeckoe BBeIeHHE

YmMmenue HU3MEPATH JIUHEWHbIE H YIJIOBBIC BCJIMUMUHBI C pa3H0171 CTCIICHBbIO TOYHOCTH,
,HOHyCTHMOﬁ MCXaHNYCCKUMU  CPCACTBAMH, IIPABUJIBHOC IIOJIb30BAHUC TCXHUYCCKUMH U
AHAJIUTUYCCKUMH BCCaMU HGO6XOI[I/IM]':>I B OOJIBIINHCTBE ApYrux J'Ia60paTOpHBIX pa60T, MO3TOMY

npeajiaracmas pa60Ta JO0JIKHa MpeANISCCTBOBATL BCEM OCTAJIbHBIM.
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2.3 OnucaHue U3MEPUTENBHBIX YCTPOUCTB U AKCIIEPUMEHTAIbHOW METOIUKU

2.3.1 Honnyc

W3mepsist 1uHY Kakoro-aubo Tejla MHJUTMMETPOBOW JTMHEWKOM, MOKHO ONpPEICITUTh €€ C
TOYHOCTHIO 10 0,5 — 1 MM, T.€. ommOKa Oyzaer paBHa 0,5 — 1 AeIEeHUS IIKAITHL.
I[JI?I YBCIMYCHHUA TOYHOCTU H3MCPCHUA JIMHENKHN HCIIOJIB3YIOT AOIOJHHUTCIBbHYIO IIIKally,
Ha3bIBaeMYyI0 HOHIYcOM. HoHMYC CBOOOHO MepeMeniaeTcs BA0JIb OCHOBHOM IIKAJIBI.
Jlnist M3MepeHHs YTIIOBBIX BEIMYMH HOHUYC TIepeMenIacTcs BOTU3HU IIKAJIbI, YKA3bIBAIOIIEH
Ipajychl.
Honnyc — 910 mkana,
110/100Hasi OCHOBHOM, HO €€ JIeNeHUs

| | | | | | | | | | | Ha OIPEACNICHHYI0 4YacTh MEHBIIIE

JNeIeHWH  HENMOJBIKHOM  ITKAJIBI,

0O 1 2 3 4 5 6 7 g8 9 10 Hampumep, Ha OJHY JIECATYIO JIOMO.

OCHOBHAS IIKAJIA Toraa Ha AecsATh NENEHUN HOHUYCA

6YJ16T MMPUXOOUTHCA JIMIIb JCBATH

Pucynok 2.1 — Honnyc 1 ocHOBHas mikasna JICTICHHIT OCHOBHOM IIKaIbl (PHCYHOK
2.1).

CrnenoBaTenbHO, KaXK10€ JeJI€HNE HOHMYCA KOpoUe JeIeHUs OCHOBHOM miKkasbl Ha 0,1MM.

B HavanpHOM MOJIOKEHWUW HYJIh OCHOBHOM IIKAJbl COBIIAJIAET C HYJEBBIM JEICHHEM Ha
HOHHWYce. Ecin jke HOHMYC CMECTUTh Ha OJIHY JIECSTYIO MM BIIPABO, TO COBIIAJIAaTh OyIIET JIEJICHUE C
nudpoii 1 Ha HOHMYCE ¢ KaKUM-JIMOO0 JeJIeHHeM OCHOBHOM ImKanbl. Eciu sxe coBnagaer aenenue 6
HOHHYCA ¢ KAKUM-JIM0O JIeJIEHHEeM OCHOBHOM IIKaJbl, TO 3TO 3HAYUT, YTO HOHUYC cMeleH Ha 6 - 0,1
MM = 0,6 MM.

Jlst onpeiesieHust IMHEWHBIX Pa3MepoB HEOOXOAMMO TEJIO PACIIOJIOKHUTh TaK, YTOOBI OJMH
€ro KOHeIl COBIAAall C HyJIEBBIM JIEIEHUEM ILIKAJIbl, & APYrOl — C HyJIEBBIM JEeNICHUEM HOHUYCA.

JlnvHa otpeska OyZeT paBHA IIEIOMY YKCTY AeTICHUN (MM) OCHOBHOM IIKAJbI, OTCUATAHHOU
JI0 HYJIEBOTO JIEJIEHUsI HOHUYCA, TUTI0C YUCIIO JACTCHUM (JecsaThie IO MM) HOHHYCA 10 COBMAICHUs

C JIIOOBIM JCIICHHUCM OCHOBHOM IIKaJIHI.

ACTallb 0 HOHHYC

o 1 2 3 4 5 6 7 8 9 1011 12

OcHoBHAaA IIKajIa

12

Pucynok 2.2 — Cxema u3smMepeHus aeranu



Ha pucynke 2.2 noka3aHO pacroyio)K€HHE JEeTalu M HOHuyca. V3Mmepsemas niauHa Tena
paBHa 7,3 MM, T.K. HyJb HOHHYCA pacrioyiaraercs 3a Hudpoil 7 o0CHOBHOM MIKaJbl (7 MM) U J€TICHHUE
3 HoHMyca coBnaaaet ¢ jaejaeHueM 11 ocHoBHoM mkanel (7 MM + 0,3 MM = 7,3 MMm).

b1 paccmorpen HoHuyc ¢ neHoi aeneHus 0,1mm. B npakTtuke BCTpedaroTcsi HOHUYCHI C

nenoit nemenus 0,05 u 0,02 mM.

2.3.2 lltaHreHIUPKYIIb

I TaHreHUUPKYIb CIYXKUT U U3MEPEHUS HapYKHBIX, BHYTPEHHUX Pa3MepOB TeJ U IITyOuH
OTBEPCTHIA.

Ha pucynke 2.3 mokasaH oauH W3 BUJOB INTaHreHUMpKyas. Ha kopmyce (mirasre)
pacroJjio’keHa OCHOBHAs HIKaia 1, HOHMYC 2 pacrloJio’KE€H Ha paMme, CKOJb3ALIEH BIO0JIb OCHOBHOM

HIKaJIbI.

4

11I_I|_||_|_||_|TL'L'|I|||||1||||||||||||||||

N

Pucynox 2.3 — llITaHreHIUPKYJIb

[Ipn u3MepeHHH MTAHTEHIUPKYJIEM HApYKHBIX pa3MepoB JeTallb 3aKUMAETCS MEXIY
ryokamu 3. ['yOku 4 ciyxar Ui M3MepeHus: BHYTPEHHHX pa3MepoB, a IIIyOMHOMEp 5 — uid
M3MepeHUs TIIyOHHBI TIIyXUX OTBEPCTHIA.

[Tokazanust mpu H3MEpPEHUH CHUMAIOTCS IO OCHOBHOM IIKane A0 HYJIEBOTO JelIeHUs

HOHHYCA (B MM) IUTIOC TIOKa3aHHs HOHUYCA.

Cy1iecTByeT HECKOJIBKO BUJOB IITAHTeHIUPKYIe. OHU OTINYAOTCA JUIMHOW LITAHTH,
TUTIOM U BEJTMYUHOMN U3MEPUTEIHHBIX T'YOOK, TUIIOM HOHUYCA U HAIMYHUEM HEKOTOPBIX

BCIIOMOT'aTCJIBHBIX I[eTaneﬁ, KOTOPBIC HE PACCMATPHUBAIOTCA B JAHHOM OIIMCaHUH.

2.3.3 MUKpOMETPUYECKUI BUHT

MI/IKpOMeTpI/I“IeCKI/Iﬁ BUHT TPUMCHACTCA B TOYHBIX HU3MCPUTCIIbHBIX HpI/I60anI
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MHUKpPOMETpAaX, MMKPOCKOIAX, IMOBOPOTHBIX ycTpoicTtBax M T.A. OH NO3BOJIET IMPOU3BOJIUTH
U3MEPEHUs C TOYHOCTBIO JI0 COTHIX U THICSYHBIX J0JIEH MIJIJIMMETPA WK Tpagyca.
MukpoMeTpu4ecKiil BUHT MPEACTABISIET cOO00M cTepkeHb 1 (pucyHok 2.4), cHaOKEHHBIM
BUHTOBOM Hape3KOM M BpallalolMiics B HEMOABWKHOM JiepKaTelie 2 ¢ OCHOBHOM 1IKajon 3.
Kak npaBuno, xon BuHTa paBeH 0,5 MM, I03TOMY IIpU TOBOPOTE HA OJIUH O0OPOT CTEPKEHD
cMellaercs B/10J1b cBoel ocu Ha 0,5 MM OTHOCUTEILHO HETIOABMKHOM 1IKauibl 3. [{11st yueta MEeHbIIero

OCEBOTO CMEIICHUs CTepkHs | Ha Hero HacaxxeH OapabaH 4 ¢ HOHUYCcOM 5, umeromuM S50 eneHui.

4

Pucynok 2.4 — MukpomMeTpuuecKuii BUHT
[Tpu cmemenuu crepxas Ha 0,5 MM, T.€. IPpU OJTHOM 000POTE BUHTA, MUMO HYJIEBOW YEPTHI
nepkarenst 2 mpoxoaut 50 menenuid Gapabana. Takum 00pa3oM, Mpu MOBOPOTE BHHTA HA OIHO

nenenre Hounyca BUHT cmemaercs Ha 0,01 mm, 1.k, 0,5 mm - 1/50 = 0,01 mm.

2.3.4 Mukpometp

MukpoMeTp JuIsi HapyKHBIX U3MEpPEHUN (PUCYHOK 2.5) COCTOMUT U3 CKOOBI 1, COeTMHEHHO
C JepxaTesieM 2, BHyTPH KOTOPOTO MPOXOAUT MUKpOMETprudeckuii BUHT 3. Ha MuUKpoMeTpuueckom
BHUHTE 3aKpeIuieH MoJbli munuuap (6apaban) 4 ¢ geneHus MU Ha KOHUYECKOW moBepxHOCTH. [Ipu
BpallleHUH MHUKPOMETPHUYECKOTO BHUHTa OapabaH mepeMemniaercs B OCEBOM HampaBlICHUH
OTHOCHUTENIHO JepiKaTeliss 2, Ha KOTOPOM HAHECeHbl MUJUIMMETPOBbIE JeneHus. Hamportus

MUKPOMCETPUYICCKOI'O BUHTA 3, Ha CKO66, HMECTCA ylIop 5.
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Pucynok 2.5 — MukpomeTp AJis1 Hapy’KHbIX U3MEpEHUI

[Tpu u3mepeHuu npeaMeT 3aKUMACTCS MEXAY YIOPOM 5 U MUKPOMETPUUECKUM BUHTOM 3.
['1aBHBIM MCTOYHHKOM OHIMOOK MpU pabOTE ¢ TOUYHBIMU HU3MEPUTEIHHBIMHU MPUOOpPAMU SIBIISAETCS
paznuuHas CWia JaBJCHUS, JEUCTBYIOIIAs CO CTOPOHBI HM3MEPSIONICH TUIOCKOCTH Tpubopa Ha
npeaMeT. ITo Haubojiee CHIILHO CKa3bIBACTCS MPU U3MEPEHUH MHUKPOMETPOM. Bo-TiepBbIX, BUHT C
MaJIbIM XOJIOM CO3/1aeT OOJIbIlIe MaBJICHUS Ha TMPEIMET JaXe NMPH HE3HAYUTEIHHOM YCHJIMH TIPU
BpaleHnu BuHTa. Bo-BTOpBIX, HEOOMBIHE nedopmaliuy mpeaMera yKe CTaHOBSTCS 3aMeTHBI. J[7s
YCTPaHEHHS STUX HEJOCTATKOB MUKPOMETP CHAOXKEH CIEIIMaIbHBIM TPUCTIOCOOICHHEM — TPEIIOTKON
6, co3maroniel OMpeNeIeHHOE W BCEerja OJWHAKOBOE NaBlieHUE Npu u3MmepeHuu. l[Ipu mpoBepke
YCTAaHOBKM HyJIsl Ha MHUKPOMETpe, a TakkKe Mpu M3MEPEeHUH HeoOXOJUMO BpalaTh
MUKpPOMETPUYECKHI BUHT, TOJIBKO JepXkach 3a TPEUIOTKY. B mpoTuBHOM cityyae u3mepenus OyayT
HEBEPHBI.

Y MukpomeTpa 00bI9HO X0 BUHTA paBeH 0,5 MM, a Ha Oapabane umeetcst 50 neneHui, 4To
BBI3BIBAET HEKOTOpOoe HeynoOcTBO mnpu otcuere. lllkana Ha HeNmoABMKHOM jepxkarene 2
MIpe/ICTaBiIsIeT cOO0M TBOMHOM psijl AeTICHU, HHAUe AeTIeHUs] HE0OX0AMMO ObLIIO Obl HAHOCUTH OYECHb
rycto (uepe3 0,5 mm). I[TosToMy nenenus, oO603HavaONIIKE ENble YUCIa MUJUTMMETPOB, HAHECEHBI
CHHU3Y OT HYJIeBOH uepThl, a o6o3Havaromue 0,5; 1,5; 2,5 Mmm u T.11. — cBepXy oT uepThl. LleHa nenenus
Ha Bpamaroniemcs 6apabane paBua 0,01 mm. IIpu momHom oGopoTe GapabaH, a BMECTE ¢ HUM H
CTepkKeHb, nepemernaercs Ha 0,5 MM, npu ABYX 00opoTax — Ha 1 MM.

Otcuer mpu U3MEPEHHH NTPOU3BOIAT cienyrmuMm obpazoMm. [lo HemoABMKHOM mIKaie
OTIPEeIA0T pa3Mep Tena ¢ TOYHOCThI0 0 0,5 MM. CoTble J0MM MWUIMMETpPA OMPEACIsioT 1O
KpyroBoii mkaine 6apadana. Uucio COThIX J0JIei COOTBETCTBYET JENIEHUI0, PACTIONIOKEHHOMY ITPOTHB
HYJIEBOM 4epThl HAa HENOJBMXXHOM Jiepkareine. [Ipu moiHOCThI0 BKPYYUEHHOM MHUKPOMETPHUUECKOM
BHUHTE JI0 yropa 5 MPOTUB HYJIEBOW YEPThI JOJDKEH CTOSITh Hyllb, B TPOTUBHOM CIy4ae MOKa3aHUS
MHUKpOMeETpa OyAyT HEBEPHBIMHU.

[Ipumep. Ha HenoaBukHOM 11kanae BUIHO ABa JENEHUS, PACTIOIOKEHHBIX HIKE YepThI, Ha

6apabaHe MPOTUB YEPThI CTOUT YUCIO 35 (pUCYHOK 2.6).
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40

Pucynok 2.6 — [lokazanue mukpometpa 2,35 Mmm

Pa3mep neranu paseH 2,35 mMm.

[Ipumep. Ha HenmoaBm>XHOM IIKajie BUJHO J1Ba JEJEHUS, PACHOJIOKEHHBIX HI)KE YEpThl, U
CJIeTyIoIIee 3a HUMHU JIeJICHUE BBITIE YepPThI (PUCYHOK 2.7).

Ha Gapabane nmpoTuB uepThI TaKKe CTOUT aeneHue 35. B atom ciydae pazmep aeranm va 0,5
MM OoJgbiie (moMHuM, X0 BuHTa 0,5 MM), oH Oynet paBeH 2mMm + 0,5 mm + 0,35 MM = 2,85 MM.
Takum o00pa3oM, HEOOXOOUMO BHUMATENBHO CIEIUTh 3a TEM, KaKoe TIOocjelHee [eJIeHue,

o0o03Hayaro1ee 1eJI0e YUCI0 MUJUIUMETPOB WM OJOBUHBI MUJUTUMETPOB, CTOUT Mepes 6apabaHoM.

40
T L T 1 T L 35
¢ 1 2 PNy

Pucynok 2.7 — [loka3anue mukpomertpa 2,85 mm

2.3.5 Becnl

Jlns ompenesnieHUss Macchl B JIAOOPaTOPHOM MpPAKTHUKE MCIOJIB3YIOTCS TEXHUYECKUE U
aHaJMTUYeCcKHe Bechl. [Ipy MOMOIIM TEXHUYECKUX BECOB ONPEAEISIOT Maccy Tesa ¢ ToyHOCThio + 10
MT, QHAJIMTHYECKUE BECHI MTO3BOJISIOT ONPEAETUTh Maccy ¢ TouHocThio * (0,1 ... 1,0) mr.

I'maBHO# yacThIO JTIOOBIX BECOB SABISIETCS KOPOMBICIIO C IPU3MOM nocpeuHe (PUCYHOK 2.8),
KOTOpasi OIIMPAETCS] HA TOPU30HTAIBHYIO MJIOIAIKY:

3a U3MEHEHHUEM T10JI0KSHHUS KOpPOMBICJIA CJICIOAT IO CTPCIIKE UJIU IO OCBEIICHHOMH IIIKaJIe (Ha
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AHATUTUYECKUX Becax).
UToOBI MPEeIOXPAaHUTh MPU3MY KOPOMBICTA OT U3HOCA U MOJIOMKU OT CIYYalHBIX TOITYKOB,

Bechl cHaOkeHbl "apperupom". B Hepabouem

COCTOSITHUH KOPOMBICJIO C HpPI?;MOﬁ MMpUIOAHUMACTCA
HaJl TOPU3OHTAIBHOM IUIONIAAKOW, HA KOTOPYIO
npu3Ma  omupaercs.  AppeTHpPOBaHHE  BECOB

JIOCTUTAeTCsl TOBOPOTOM PYUYKH, HAXOMISIIEHCS B

LOCHTPEC CTOJIMKA BCCOB.

l . : AHanuTrdyecKue BCECHI NMCIOT paa
Pucynok 2.8 — Bechi JOTIOJTHUTEIBHBIX TTPUCTIOCOOTICHUI:

1. JIns 3amuThl OT 3arpsi3HEHHS U OT
BO3QYIIHBIX ITOTOKOB BECHI TOMCIIAIOT B 3aCTEeKJICHHBIN SIIUK C BBIABUT'AaFOIITUMHUCS CTCKIIAMHU.

2. BOJBIIMHCTBO  aHAJIMTUYCCKUX BECOB  CHAOKEHBI  BO3IYIIHBIM  JieMII(hepoM
(ycriokoutenem). Bo3aymHerii gemmidep cOCTOUT M3 ABYX Map JETKUX METaUIMYECKHX CTaKaHOB,
BJIOJKCHHBIX OJHWH B pr1"01>i, M3 KOTOPBIX JBa YKPCIIJICHBI HCIIOABHXKHO HAa KOJIOHKE BE€COB, /IBa
JOPYruX IMOJBEHIEHBI K KOpoMbIcTy. [Ipu NBH)KEHMM KOpOMBICIA CTaKaHbI MEPEMENIAIOTCS IPYT B
Jpyre ¥ CXKMMAIOT WIH Pa3pexkaroT a3 BO BHYTPEHHEH MOJIOCTH. DTO CO3JaeT JOMOJHUTEIbHOE
TOPMOKEHHE, U BpeMsl KauaHusl KOPOMBICIIA 3HAYUTEIHHO YMEHBIIAETCS.

3. B3BemmBaHue Ha TaKWMX BECax 0 HEKOTOPOWM CTENEHW aBTOMaTtu3vpoBaHo. Ha wamike
BECOB MMOMENIAIOT JHIIb KPYIHbIE pa3HOBechl (1 T U BbIlIE), a AECATKH U COTHH MUJUIUTPaMMOB
YCTaHaBIMBAIOTCS MIOBOPOTOM PYUKHU CHEIUAIBHOTO MPUCTIOCOOTIEHHSI, COCTOSLIETO U3 ABYX pPydeK-
JTUMOOB, PACIIOJNIOKEHHBIX CIIpaBa BBEPXY KOPITyca BECOB.

[Ipu Bpamenun manoro juMOa MPOUCXOTUT HAKIAJbIBaHHE HA pblYar KOPOMBICIA HIIU
CHSTHE JECSITKOB MUJUIMTPAMMOB, IIPU BpallleHUUW BTOpOro Jsmmba (00dbIIOTO) — COTEH
MUJUIUTPaMMOB. Bpaiiienue 1uMO0B OCYIIECTBIIAETCA HE3aBUCUMO APYT OT Jpyra.

4. EquHUIBI MIUTUTPAMMOB U UX JIECSTHIE JOJU OTCUUTHIBAIOTCS 0 OCBEILIEHHOM IIKae.

5. BOnu3u pydku appeTupa HaXOAUTCS pydka AJg YCTAHOBKHU HYJS NMPHU He3arpyKEHHBIX

BECax.

2.3.6 Texnuka 0e30MaCHOCTH ¥ MPAaBUJIa 00panIeHusi ¢ BeCaMu

[Ipu pabote ¢ Becamu HEOOXOIUMO COOMIOATH CIEAYIONINE MPaBUIa;

1. He B3BemmBaTh Ha Becax CIUIIKOM TsDKENbIN rpy3. [IpenensHo momycTumasi Harpyska
YKa3bIBAE€TCS HA BECaX.

2. TlomemaTth Ha YallKd W CHUMAaTh B3BEIIMBAaEMOE TEIO W Pa3HOBECHI, OTKPHIBATh U

3aKpbIBATh ABCPIBI TOJBKO IIPU apPCTUPOBAHHLIX BECaX.
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3. AppetupoBaHHE BECOB  OCBOOOXKICHHE OT appeTrpa HYKHO IMPOU3BOIUTH IIaBHO, O€3
TOJIYKOB.

4. ]Jlo OKOHYATEIBHOTO MOA00pa Pa3HOBECOB HE OCBOOOXKIATh appeTup MOITHOCTHIO. [1pn
rpyOOM HECOOTBETCTBHH BECa T'MPh BECY I'Py3a HEYPaBHOBELICHHOCTh BECOB OOHAPYKHBACTCS Y)KE B
caMOM Hayalle OIlyCKaHUsI appeTupa.

5. BsBemnBaemoe Teso KJIaJeTcs Ha JIEBYIO YallKy BECOB, PA3HOBECHI CIIEIYET ITOMEIIATh
Ha TMpaByl WYalIKy IIOCIEOBAaTENbHO, HauWHas ¢ Oonpimmx. HavanpHbII Tpy3 pasHOBeca
MIPUKUBIBAETCS HA rias.

6. B3BemmBaemoe Te0 M pa3HOBECHI pacrioyaraTh MO0 BO3MOYXKHOCTH OJIM)KE K CepelnHe
YalllK1 BECOB, YTOOBI HE CMEUIaTh 00N LIEHTP TSHKECTH.

7. Pa3HOBechl OpaTh TOJILKO TMUHIIETOM, @ MEJIKHE Pa3HOBECHI TUIOCKOW (hopmbl (107U
rpaMMa) OpaTh MUHILIETOM 3a 3aTHYThIE YT OJIKH.

8. Bce HabmroieHUs MPOU3BOIUTH MTPH 3aKPBITHIX JIBEPIIAX 3aIIUTHOTO SIITHKA.

9. He cremgyer ocTaBiATh HAIOJITO TPY3bI M PA3HOBECHI HA YalllKaX, B 0COOEHHOCTH, KOTIa
BECBHI HE apPETUPOBAHBI.

10. Tlocne okoHUaHUS pabOTHI HY)KHO HEMEIUIEHHO appeTHPOBAThH M Pa3rPy3UTh BECHI.

11. Hu B koeM ciy4ae He OCTaBIIATh HeapPETUPOBAHHBIMU BECHI 110 HATPY3KOH.

2.3.7 Onpenenenue MIOTHOCTH BEUIECTBA

IInoTHOCTBIO BCIICCTBA p HA3BIBACTCA (bnanecxaﬂ BCJIIMYMHA, YHUCJICHHO paBHas MaccCe

BCIIIECCTBA, 3aKJIIIOUYCHHOI'O B CAUHHUIIC oOBeMa:

P=v (2.1)

rae M u V — COOTBETCTBEHHO Macca U 00beM Tena.

OO6b1yHO B 1a00paTOpHOI paboTe UCCIeNYIOTCS Tella MPaBUIBLHOM reOMeTpUUYECKOil PopMbI
(mapannenenurnesn, UUIMHAP, MIAP U T.JA.), O3TOMY O0OBEM Tela JIETKO HAWTH, ONPEAEIHB €ro
nuHelHble pa3Mepsl. JInHelHbIe pa3Mepbl OMPENeNsaOTCA IITAHTEHIUPKYIEM WU MHKPOMETPOM.
MukpoMeTpoM ONpeAesIoT pa3Mepsl, He peBbiaonye 10 — 15 MM, B OCTalbHBIX CITydasX BIIOJTHE
JOCTaTOYHOM TOYHOCTH MOYKHO JOCTUTHYTb, UCIIONB3YS IITAHT€HIIUPKYIIb.

Jlns onpeneneHust Macchl Tejla UCHOJIb3YIOTCS BECHl TEXHUYECKUE WIIM aHanuThuueckue. Ha
aHAJIMTUYECKUX Becax B3BEIIMBAIOT TeJla Maccoil He 6osee 5 — 7 1. B ocTanbHbBIX cydasx 10CTaTOYHO
TOYHOCTH TEXHUYECKUX BECOB.

Jnis  Toro 4dYroObl YCKOPHTH B3BEIIMBAHWE HAa AaHATUTHYECKUX BecaX, ynoOHee

NpeABAPUTCIIbHO ONIPCACIINTEL MACCY TCJIa HA TCXHUYCCKUX XOTH ObI C TOYHOCTBIO 0 0,1 T.
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2.4 3aianue ¥ MOPS/I0K BbITIOJTHEHUSI PA00OTHI

Jnist onpesienieHus MIOTHOCTH BEIECTBA CTYJICHTY MPEIOCTABISIOT OAHO TEJIO TOCTATOYHO
POCTOH POPMBL

1.  O3HaKOMHBIIHUCH C YCTPONCTBOM IITAHTCHIIMPKYIS H© MUKPOMETPA, ONPEIACTUTH LIEHY
JeTICHUS U TIPOBEPUTH MTPABHILHOCTh YCTAHOBKHU HYJISI.

2. V3mepuTh IMHEWHBIE pa3Mmepbl Tena. M3MepeHne Kaxaoro mapamerpa (IUTHHBI,
BBICOTBI, TMAMETPa U T.[.) IPOBECTU 6 — 7 pa3 Ha pa3IMUHBIX ydacTKax Tela.

3. 3ammcarh BCce U3MEPCHHSI B TAOJIHILY.

4.  O3HaKOMHUBIINCH C BECaMH TEXHUYECKUMHU W AHATUTUYECKUMH, OTPEACTUTH Maccy
Tena.

VY noOHee cHauana ONpeeuTh MacCy Ha TEXHHYECKUX BEcax U eclii oHa Oynet 6omee 5 — 7
T, TO I3MEPEHHUS Ha 3TOM MOHO 3aKOHYHTH. Tak Kak TOYHOCTh U3MEPEHUS MACCHI Ha MOPSAOK BHIIIE
W3MEPEHHUsT JTMHEWHBIX Pa3MepOB, B3BEIIMBAHHE JOCTATOYHO MPOBECTH OJUH pa3, a 3a OMIHOKY
W3MEpEHUs] MPUHUMATh TOYHOCTH IPHUOOpa.

Ecnm >xe macca Tena MeHble 5 — 7 T, Hy’)KHO €II€ pa3 B3BECUTh TEJIO HA AHATUTUYECKUX
Becax, TaK KaK TOYHOCTh TEXHHUYECKMX BECOB B TAKOM CITydae HEAOCTATOYHA.

5. Ompenenuth cpefHHUE 3HAYEHUS BCEX BEIMYMH (11 MAcChl 3TO HE JENAIOT, TaK Kak
OHa OTpeAeIIsIIacCh OJUH pa3).

6.  BpruaucauTh ommoOKy KaXKI0TO U3MEPEHHS M CpeHUE aprU(PMETHUECKUAE OTITHOKH.

7.  BoiBectu Gopmyiy A BBIYUCICHUS TUIOTHOCTH BEIIECTBA JAaHHOTO TeNa.

8.  Tloxcranss B hopMyiy cpeHue 3HaYeHUs, B3sAThIe B ojiHOM cucteme equuull (CI'C
win CH), onpenenuts YMCcIeHHOE 3HaYeHHE MJIOTHOCTH BELIECTBA.

9. HUcnone3ys <¢opmyny Juis  BBIYMCICHHUS IUIOTHOCTH, BBIBECTH  (QOpMyIy
OTHOCHUTEINIbHOM OMIMOKH KOCBEHHOTO U3MEPEHUSI.

10. 3a  abcomroTHyr0O  OIIMOKY MNPSAMOTO  HM3MEPEHUS  MPUHHUMATh  CPEIHIO0
apu(MeTHyecKyro, eciu OHa OoJbllle MPUOOPHON, HO €CIM OHAa MEHbIIE MNPUOOPHOH, TO 3a
a0COIOTHYIO OIIMOKY U3MEPEHUS IPUHSATH OIHUOKY MpUOopa.

3a omuOKy nmpudopa sl MUKPOMETPA M IITAHTEHIIUPKYJIsSl IPUHATH U IIEHY JEJCHHUS, T.€.
0,01 MM 1 0,1 MM COOTBETCTBEHHO, ISl TEXHUUECKUX BECOB — Macca HauMeHbIIero papHoBeca — 10
MT, aHaJTUTHYECKUX — | MT.

11. Tlo HaiiieHHOW OTHOCUTEJILHON OLIMOKE ONpeeNUTh a0COMIOTHYIO OLIHOKY.

12. 3amucaTh OTBET B BUJIE:

A p
piAp=... U €ro TOYHOCTh € — B -100% |
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2.5 Copnep:xanue oTuera

Otuet no nabopaTopHOi paboTe MOKEH COAEPIKAThH CIEAYIOIINE OCHOBHBIEC Pa3/ieibl:

1. HawmmenoBanue pabOTEHIL.

2. lenb paGoTHI.

3. Ilepeuens mpuOOPOB M MPUHAIICIKHOCTEH.

4. OnucaHue 3KCIEPUMEHTAIbHON METOIUKH.

5. Ilopsimox mnpoBeneHust pabOThI, TaONULBI PE3yJbTaTOB HPSIMBIX M KOCBEHHBIX
U3MEpPEHUN.

6. Ompenenenue MOTPEITHOCTH U3MEPEHHS.

7. BbIBOJBL

8. Ortser.

2.6 KoHTpobHBIE BONPOCHI

Kak onpenenuts 1ieHy neneHus HoHuyca?
Uemy paBHa ommOka HOHHYca?
Kaxk onpenenuts 1ieHy aeaeHUs] MUKpOMeTpa?

Uewmy paBHa ommOKa MUKPOMETPHUIECKOTO BUHTA?

1
2
3
4
5. Jlms 9ero ciyKuT TpemoTKa MUKpoMeTpa?
6. C kakolf TOYHOCTBIO MOKHO B3BEIIMBATh Ha TEXHUUYSCKUX M aHAJUTHUYSCKUX Becax?
7. Kakum 00pa3oM yMEHBIIAIOT BPEMs KOJICOaHNI aHATUTUYECKUX BECOB?

8.  Jlms kako¥ 1menu ciyKut appetup?

9. Tloyemy aHATMTHYECKHE BECHI HAXOIATCSA B CTEKISIHHOM KOpIryce?

10. Yto Taxoe aOCOJIOTHAS ¥ OTHOCHUTEIbHAsA onInoOKa?

11. Kak onpenenuTs OTHOCUTEIBHYIO OIIMOKY KOCBEHHOTO U3MEpEHUs?

12. KakoBbI ITpaBujia ¥ MOPSAIOK B3BEIIMBAHNS Ha aHATUTHYCCKUX Becax?

13. Kak 3anucath OTBET (JI0OBEpUTEIbHBINA HHTEPBAT) IPU 3aBEPILICHUH OTIbITA?

14. Moset i1 ObITh OIIMOKA SKCTIEPUMEHTA MEHbIIIE TOH, KOTOPYIO JOMYCKAIOT MPHUOOPHI?

2.7 llpumep
oT4eTa no JadoparopHoi padore

"OnpenesieHne MJIOTHOCTH BeLleCTBAa TBEpAOro rejaa'

Henp paboThl: M3y4UTh YCTPOMCTBO M MOJYYUTh HNPAKTUYECKHE HABBIKM pabOThI ¢
MPOCTEUITMMU TPUOOPAMHU U MHCTPYMEHTAMH Il ©3MEPEHHs MacChl TeJ U UX JIMHEHHBIX pa3MepOB;
HAy4YUTBCS ONPEAEIATh NOTPEIIHOCTH NPSIMBIX U KOCBEHHBIX U3MEPEHUH.
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[EEN

. OGopynoBaHUE ¥ MaTEePHAIIBI

1. Muxkpomerp.
2. lITaHreHIUpPKYIb.

3. Becsl TexHHYeCKHE.

4. Becbl aHaTUTHYECKUE.

5. TBepmoe Temno [s onpeeneHus IUNIOTHOCTH €r0 BEIIECTRA.

2. Onucanue SKCIEePpUMEHTATLHON METOIUKHI

[TnoTHOCTBIO p BeliecTBa Ha3bIBaeTCs (hM3WUECKas BEIMYMHA, YHCICHHO paBHAs Macce

BEIIIECTBA, 3aKIFOUYEHHOTO B €IMHUIIE 00beMa
P = VE (2.1)
rje M — Macca Tena,
V — o0Bem Tena.

Jlnst Tena mpaBWIbHONW (OPMBI 00BEM OMpPENEseTCs MyTeM H3MEPEHHS €ro JIMHEHHBIX
pa3mepoB. Pasmepsr Tena nmo 10 — 15 MM H3MEpSAIOTCS MHUKPOMETPOM, a OCTaJbHbBIE —
MITAaHTCHITUPKYJIEM.

Macca Ttena B npeaenax 10 5 — 7 T U3MepSAETCS HA aHATUTHYECKUX BECax, a CBBIIIE — HA
TEXHUYECKUX Becax. J[is yckopeHus B3BENIMBAHMS Ha AaHAJIUTUYECKHX Becax HEOO0XOIAHUMO

IpeaABApPUTEIIBHO OUCHUTh MACCy TEJIa HAa TEXHUYECKHUX BECAX C TOYHOCTBIO 10 0,1 TI.

3. Tlopsimox mpoBeneHust padoThI

TpeOyercss ompenenuTh IMIOTHOCTh BELIECTBA

T€JIa B BUAEC IT0JIOTO HUIIMHIpPA. OCKHU3HOE I/I306pa}K€HI/Ie

T€JIa MMPEACTABIICHO HA PUCYHKE.

N\
N\
h

3.1 M3yyaemM yCTpOWCTBO INTAHTCHUMPKYIS U

A
A 4

MHUKPOMCETpA, OIIpCACIIsIEM LHCHY  ACJICHUA mIKajia

D HHCTPYMCHTOB, IIPOBCPACM IMMPABHUIIBHOCTH YCTAaHOBKH

A
A 4

HYJISL.

3.2 Ha pa3nuuHbIX y4acTKax Tejia 6 — 7 pa3 u3MepsieM BBICOTY N Teja ¢ oMOIIbI0 MUKPOMETPA.
Pe3ynbpTaThl H3MepeHHii 3aHOCUM B TaOIUILY.

3.3 6 — 7 pa3 u3aMepsieM WITaHTeHIUPKYIieM HapyxHbld D u BHyTpeHHuit d auamerpsl Tena.
Pe3ynbpTaThl H3MepeHHii 3aHOCUM B TaOIUILY.

3.4 H3y4yaeM ycTpOHCTBO TEXHHMUECKUX U aHAJTUTUYECKUX BECOB.

3.5 Ha rtexHuyeckux Becax u3MmepsieM maccy Tena M = 63,370 r. M3mepeHue Maccol Tena

MIPpOU3BOIUM 1 pa3, T.K. TOYHOCTb HU3MCPCHUA MACChl Ha HNOPAHOK BBIINIC TOYHOCTU HU3MCECPCHHA
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JMHEWHBIX pa3MepoB. 3a OMNOKY U3MEPEHHUsI MAacChl IPUHUMAEM TOYHOCTh TEXHHUYECKHX BecoB (10
MI' — MUHUMaJIbHas Macca pazHoseca): Am = 0,01 r.

3.6 OmpenenseM cpeHne 3HAYCHUS JIMHEHHBIX pa3MepOB Tema:

L 537+539+535+540+535+5,38

Zh = =537
-1 6 ’
1 3D, - 505+505+506+505+506+505 ¢
N3 6 MM,
L 251+252+2524+251+252+252

134, : 16252
YucneHnHoe 3HauYeHUE Ngp OKPYIICHO 10 COTHIX JI0JIeH MM (TOYHOCTH HM3MEPCHHS
mukpomepoMm paBHa 0,01 mMMm), a D¢ U O — 0 AecsaThiX gosieli MM (TOYHOCTh H3MEPEHHit
HITaHreHUpKysiaeMm paBHa 0,1 mwm).
Pe3ynbrar BeIUMCICHUH 3aHOCUM B TAOJIHILY.

3.7 OmpenensieM aOCOJIIOTHBIC OMIMOKH U3MEPEHUI

ah =l =h},i=12,..,n

=|D,, D, i=12 .,n

ad =[d, -d].i=12,..,n

Pe3y.]'IBTaTI)I OTUX JJICMCHTAPHbBIX BBIYHCJIICHUN 3aHOCHM Cpasy B Ta6J'II/II_Iy.

3.8 OmnpenensieM cpeHKUE 3HAYCHUST A0COJFOTHBIX OITHOOK U3MEPEHUH.

n 0+0,02+0,02+0,03+0,02+0,01

Zh : : =0017~0,021i
n i=1 6
ZEZ 0+0+01+0+01+0—0,033z0,0
n ]
:iz 01+0+0+001+0+0_0,033z0,0
n s 6 -
PeByJ'ILTaTBI BBI‘{I/ICJ'IeHI/II\/'I 3aHOCHUM B Ta6nnuy.
No h, Ah, D, AD, d, Ad,
HN3M MM MM MM MM MM MM
1 2 3 4 5 6 7
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1 5,37 0 50,5 0 25,1 0,1
2 5,39 0,02 50,5 0 25,2 0
3 5,35 0,02 50,6 0,1 25,2 0
4 5,40 0,03 50,5 0 25,1 0,1
5 5,35 0,02 50,6 0,1 25,2 0
6 5,38 0,01 50,5 0 25,2 0
Cpennee 5,37 0,02 50,5 0 25,2 0
3HAYCHHE
3.9 BeBoguM (hopmyity A1l BBIYMCICHUS TUIOTHOCTH BEIIECTBA TEIA.
O06beM 10JI0TO HMWINHAPA PABEH
7z h
V:—(Dz—dz)_ (2.2)
4
Torna ¢popmyrna ay1st BBIYHCICHUS TUIOTHOCTH PUOOPETAEeT BH/T
. m 4m

3.10 OmpenenseM 4YHCIEHHOE 3HAYEHWE IUIOTHOCTH BemecTBa 1o Gopmyne (2.3), rme

BMecTo h, D u d mojcTaBiisieM ux cpeHue 3HAYCHHS B CUCTeMe eauuuil uamepenus CU

-3
_ 4-63,37-10 ~7.83-10° % —783_°_
n-537-10°[(50,5-107°)? —(25,2-107° | e en®

p

4. OnpeneneHrue NOrpeIIHOCTH U3MEPEHUS

4.1 BwBomuM (opmMyay OTHOCHUTEIBHOW ONIMOKM KOCBEHHOTO HM3MEPEHHS IIJIOTHOCTH

BCIIICCTBA.

B dopmyne (2.3) npencraBum (D2 —dz) =(D+d)-(D-d).
Jlorapudmupyem ob6e yacTu paBeHcTBa (2.3)

hp=Ind4+hm-Inn-Inh-In(D+d)-I(D-d),
O06e yacTu ocienHero paBeHcTsa AuddepeHuupyem

d(p) _d(m) d(h) d(D)+d(d) d(D)-d(d)

o m h D +d D-d @4

3amensiem omepatop auddepenipana d Ha omeparop KOHEYHOTO HpHUpamieHUs A, a B
qUCaUTeNsIX Jpobeit — 3Haku "mMuHyc" Ha "mmoc". Tornma ¢opMmyna OTHOCHTENBHOM OHIMOKH

npuobOpeTaeT BUI

Ap Am Ah AD+4d  AD+Ad
E=— =" 4"+ +
pm h D+d D-d

4.2 Onpe;[emleM, Kakhe aOCOJIOTHBIE OIINMOKHU N3MCPCHHBIX BCIIMYHUH HCO6XOI[I/IMO
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nojcTaBuTh B (hopmyny (2.4). Macca Tena usmepsiercss 1 pa3, mo3ToMy B KauecTBe abCOJIOTHOU
omunOku AM npuMeHsieM Benn4yuHy rnpudopHoi ommbku: Am = 0,01 r.

Beicota h u3mepsiiace MukpomerpoM ¢ TouHOCThiO j0 0,01 MM, a mocie oOpaboTku
pe3yJIbTaToOB MpsAMbIX H3MepeHuil noiyumnn Ahg, = 0,02 mm. [losTomMy mpuHMMaeM Ooibliee
3naueHne Ah = Ahep = 0,02 mMm.

Juamerpel D u d u3mepsuiMch IITaHreHOUPKYJIeM ¢ ToyHOocThio o 0,1 MM, a mocie
00paboTKH pe3ynbTaToB u3Mepenuit moayanian ADep =0, Adep = 0. B kauecTBe aOCOTIOTHBIX OIIHO0K
AD u Ad npuaEMaeM nMpruOOPHYIO OLMITHOKY:

AD = Ad = 0,1 mM.

4.3 Tlo dhopmyre (2.4) onpenensieM OTHOCUTEIBHYIO MOTPEIIHOCTh
oo 0,01 N 0,02 N 01+01 N 01+01

6337 537 505+252 505-252

=0,00016 +0,0037 +0,0026 +0,0079 ~ 0,014

B nporenTtax 3to cocrasmuser 1,4 %.

4.4 OnpenernsieM aOCOMIOTHYIO MOTPENTHOCTh KOCBEHHOTO U3MEPEHHUS INIOTHOCTH BEIIIECTBA
Ap=p,, -€=783-0,014 = 01112 ~ 0,11 /e

YucnenHoe 3HaueHUE Ap OKpYIisieM 10 BTOPOTO 3HaKa MOCIE 3amsTOM, Kak U 3HAYCHHE
IJIOTHOCTH p.

5. BriBoOBI

CpaBHuBas MOJIy4eHHBIN PE3yabTaT MJIOTHOCTHU BEIIECTBA TBEPAOTO TEJIa CO CIIPAaBOYHBIMU

JaHHBIMHU, OC€JIa€M BBIBOJ, YTO JAHHOC TBECPAOC TCII0 U3rOTOBJICHO U3 CTAJIH.

Ormser: P = Pep t A,O = (7 83+ O'll)l"/CMS,
Q -100% =1,4%
P

TOYHOCTD pEC3yJibTaTa

[Toanucek cryneHra............ Hara...........

CHmCOK JIMTEPATypPhl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 110 JaHHOH pabdore: [1-9]

JIABOPATOPHAS PABOTA Ne3. UI3YUEHMUE JIBIDKEHM S TEJIA 110 HAKJIOHHOU
INIOCKOCTHU

He.]'lb paﬁoTbIZ MIPOBEPUTH HAa IPAKTUKE 3aKOH COXPAHCHU MEXaHUYeCKOM OHEPTUH,

ONPpCACIINTL pa3JIMYHbIMU criocobamMu CKOPOCTD TCJid, ABUIKYLICTOCH I10 HAKJIOHHOM IIJIOCKOCTH.

3.1 O6opynoBaHue U MaTepUAJIbI
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HaxnonHast I10CKOCTb.
Habop Ten kaueHus.

SIIMUK ¢ IECKOM.

Eal N

Mepnas nuHenka.

3.2 TeopeTnyeckoe BBeeHUE

Teno kaueHus B BepXHeil TOUKe HAKIIOHHOM IJIOCKOCTH 00J1aJjaeT NOTEHIUAIbHOM SHEprueit

A = mgh (3.1)

|
rae h — BeICOTa HAaKJIOHHOM ITIOCKOCTH;
m — Macca Tea.
ITocie ckaThIBaHMS C HAKJIOHHOM IUIOCKOCTH, B HIDKHEH €€ TOYKe, Telo 00jamaer

KUHETUYECKON dHEpPruen

2 2
A mv N Jo
=t (3.2)
2 2
2
mv
rac 2 — KHHCETHUYCCKas 3HepFI/IH TCJ1a B HOCTyHaTeJ'IBHOM IBMKCHUU CO CKOpOCTBIO \Y

LHEHTpaA MaccC TCa,
2
Jo 5
—_ — KHMHCTHYCCKas SHCPIrus OTHOCUTCIBHOI'O Bpalll€HUA TCJIa BOKPYT OCH, ITPOXOAAIICH
quepe3 €ro ueHTp mMacc, € erIOBOﬁ CKOPOCTBIO @,
J — oceBoOii MOMEHT HHEPLHHA TEJIa OTHOCUTCIIBHO YKaSaHHOﬁ OCH, KOTOpPas ABJIACTCA OCbIO

CUMMCTPHUHU TECJIA.

\'
VYuureiBast, uro @ = E , T1e R — paguyc Tena kaueHus, mpeoopazyem dopmyimy (3.2) K BUIY
A V? J
T2\ MR 3
CornacHo 3aKOHY COXpaHCHHS MEXaHUYeCKO# sHeprun Ex = Ey, T.c.
V? J

OTCIOI[a moJryqacM CKOpPOCTh TCJia
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(3.5)

31ech OCeBOM MOMEHT MHEepUUU J s TOHKOCTEHHOIO LMJIMHJIpa OIpeneiseTcs o

mR?
dopmyre J = MR? i CONOMIHOTO OJHOPOJHOTO WUMIMHApA — J ZT, JUISL CIJIOIITHOTO
2mR?®

OTHOPOHOTO TIapa — J = . Torma dopmyna (3.5) mist Ten pa3nuuHOl (HOPMBI MOJTydaeT
CHEAYIOIIUN BUL

[Monbrii ITHHAD V =.,gh. (3.6)

CrutonHO#M nMIHHAP V = 4—? : (3.7)

10gh
lap V= Tg (3.8)

3.3 Onucanne dKCNepUMEHTAIBHON YCTAaHOBKU

Cxema 3KCIepMMEHTaJIbHOM YCTAaHOBKHU TpuBeAeHa Ha pucyHke 3.1. [Ipusma 1, umeronias

OOKOBYIO IIJIOCKYIO IPaHb, HAKIIOHEHHYIO MO YTJIOM 0 K TOPU30HTY, YCTaHABIMBAETCS Ha BHICOTE Y

2
L
A
A 1
" y Vo X
o d >
v a |
< b > \A\.\ i
‘!__YX _____ ‘;________________:17
y |
C

Pucynoxk 3.1 — Cxema ycTaHOBKH

OT IMOBCPXHOCTHU CTOJIA. Temno kaueHus 2 CKaTHIBACTCS C HAKJIOHHOM MIIOCKOCTH U nagacT B AIINK 3¢
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IIECKOM.
CkopocTb V IIeHTpa Macc Teja B KOHLE JABMYKEHHUS IO HAKJIOHHOM IUIOCKOCTU SIBIISIETCS
HA4yaJIbHOM CKOPOCTHIO IpU MOCIEAYIOUIEM JBMKEHHU LEHTpa Macc Tejla Mo OauiMCTUYeCKOn

TpaekTopuu (mapabose). [[poekuu CKOpocT Ha KOOPAUHATHBIC OCH PaBHBI

V, =V cosa, (3.9)
V, =Vsina, (3.10)
Kunemarnueckue ypaBHEHMsI IBUKEHUS LIEHTPA MacC TeJla UMEIOT BUJ

Xx=Vcosa-t, (3.11)

: t?
y =V sin oz-t+—g2 . (3.12)

X
N3 ypaBuenus (3.11) BoIpaxkaem t= V CoS g U TojcTaBisieM B ypaBHeHue (3.12).
[Tocne nmpeoOpazoBanuii mosrydaem

X 9

V= (3.13)

cosa \ 2(y-xtga) °
Takum 06pa3om, U3MEPHUB YroJl O, TOPU3OHTAIHHYIO X U BEPTUKATBHYIO Y COCTaBJISIFOIITNE
MepeMeIIeHus IeHTpa Macc Tejla MPHU €ro JBIKEHUU MO OaUTMCTHYECKOW KPHBOM, MOXKHO IIO

dbopmyre (3.13) onpeneauTs IKCIEPUMEHTATBLHOE 3HAYEHHE Voxen CKOPOCTH TEJIA B KOHIIE CITyCKa IO

HAaKJIOHHOM INIOCKOCTH.

3.4 3apanne U MOPS/IOK BHINOJTHEHHUS PadOThI

1. U3meputs pasmepsl L, h u b HakmoHHO#M MI0CKOCTH U BBIYKCIUTE COSaL U tQ o.

2. Ilo oxnoit u3 Gpopmyn 3.6 — 3.8 Ans JaHHOTO Teja BBIUUCIUTh TEOPETUUYECKOE 3HAUCHUE
Vieop €M0 CKOPOCTHU B KOHIIE CKAaTHIBAHUS C HAKJIOHHOM MJIOCKOCTH.

3. BbIYHCIUTh OTHOCUTETIBHYIO U a0COJIIOTHYIO MOTPEIIHOCTH U3MEPEHUsI TEOPETHUECKOU

CKOPOCTH 1O (opMynam

Ah
Ereop= (3.14)

rac Ah — NOrpeIIHOCTD U3MEPCHU S BBICOTHI h.
AVTeop = Ereop * VTeop (315)
Pe3yﬂLTaT BBIUMCIICHUM MNpEACTaBUTHL B BUJIC

VTe()p + AVTeop = ... M/C,
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Ereop = ... %.

4. Cxatuth (0e3 HaYaJIbHOW CKOPOCTH) TEJI0 C HAKIIOHHOW IJIOCKOCTH, a 3aTeM HU3MEpPHUTh
paccrosiaus Y = BC u X = CD (110 oTMETKHM Ha TIECKe, OCTAaBICHHOHN TeJIoM). Pe3ynbraTel u3MepeHwuit
3anectd B Tabmuiy 3.1. [lecok B sIuke pa3poBHSTS.

Tabmuua 3.1 — Tabnuma pe3ynbTaToB H3MEPEHUN

Ne onwiTa X, MM Yy, MM Voken, M/C AVsgen, M/C
1
2
3
4
5
Cpennue 3HaueHUs

5. 1o popmyne (3.13) BEIUUCIUTD SKCIIEPUMEHTAIILHOE 3HAUEHUE Voxen CKOPOCTH TENIA.

6. [loBTopuTs 1.1 3 11 4 HEe MeHee 5 pas.

7. BoluucnuTh cpefiHee 3Hau€HUe SKCIEPUMEHTANBHOM CKOPOCTH Ve cp.

8. OmpenenuTb NOTPEIIHOCTh H3MEPEHUS OKCIEPUMEHTAJbHOM CKOPOCTHU  JIBYMsI
croco6amu.

Crioco6 1. CHauana onpeaenuTh cpeHee 3HaueHne aOCOMIOTHON MOTPEITHOCTH OIBITOB

i AViaaKc
i=1

n H

AV

oken.cp

rae N — 9ucjo ONbITOB.

3areM HaUTH OTHOCHUTCIIBHYIO IIOI'PECUIHOCTD SKCIIEPUMECHTA

AV

9KCH .CP

Evken =
aKen .cp

Crmoco6 2. ChHayasia oONpeAeTUuTh OTHOCHTEIBHYIO TIOTPEIIHOCTh  HM3MEPEHUH,

O6YCJ'IOBJ'ICHHYIO MCTOHHKOﬁ OKCIICPUMCHTA U UCIIOJIb3YCMBbIMU U3MCEPUTCIIBHBIMHA npn6opaMH, 10

bopmyre
AD Ab AL Ay+AXx-tga + X-A(tga
exen = x T T 1 y : (9 ), (3.16)
0 b L 2(y — xtge)
a 3aTeM HalTu abCOJIIOTHYIO OTPEIIHOCTD
Avakcn :Vaiccn cp  Exxen (3.17)

B dbopmyne (3.16) npunsare A(tga) = 0,01, 9TO COOTBETCTBYET €IUHUIIE pa3psiaa MOCIeTHEH
3Havamei nudpsl GyHKIUH g0, BEIYUCTSIEMON C TOYHOCTBIO JI0 COTHIX JOJIEH €TMHUIIBL.

s ABYX HOFpCHJHOCTCf/'I, OMPCACIICHHBIX NBYMSI CHOCO6aMI/I, 6epeTc;1 HanOOJIbIIAS.
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9.

Pesynbrar n3mMepeHuii IpeaACTaBUTh B BUJIE:

Voken & AVoken = ... M/c,

Erkerr = ... %.

9. CpaBHI/ITb TCOPETHUCCKOC U OKCIICPUMEHTAIIBHOC 3HAUYCHUA CKOPOCTH TEJIa 110 (1)0pMyJ1e

’beﬁé - Vyém'

po 00 TR 100% | (3.18)

0410

CI[GJIaTI) BBIBO/J] O CIIPAaBCIJIMBOCTH 3aKOHA COXpPAaHCHUA MEXaHHYECKOM OHCPTHHU.

Coneprkanue oTueTa

. JJaboparopnas pabora No ...

. HaumenoBanue paboThl.

. e paboTHI.

. [IpuGops! u MaTepuabl.

. UepTex mim cxema yCTaHOBKH (eciu Tpedyercs).

. ©OpMyIIbl HCKOMBIX BEJIMYMH U UX MOTPEIIHOCTEM.

. Tabnuia ¢ pe3ynbTaTaMu U3MEPEHUN U BBIYMCIICHUN MTOTPEITHOCTEH (eciu TpeOyeTcs).

. Boruncnenus pe3ynbraTos.

OKoHYaTENBHBIA PE3YNIBTAT, BBIBOJ U TIpOYee (COTJIACHO IETH paboTHI).

B BBIBOJIC HCO6XOI[I/IMO OTBETHUTH HAa BOIIPOCHI:

- 4TO BHI JIeJIaJIH, B 4€éM LIeJIb Baliei paboThI;

- KaKHU€ pE3YyJIbTAThl Bbl OXXHUIAJIN IIOJIYUYNUTD,

- COBIIAJIN JIK PE3YJIbTAThI Bamein pa6OTBI C OKNJaCMbIMH.

3.5 KoHTpoJibHBIE BOIPOCHI

1. JlaTs onpeaeneHne NOTEHIMAIBHON U KUHETUYECKON SHEPTUU Tena.
2. ChopmynupoBaTh 3aKOH COXPAHEHUS MEXaHUYECKON SHEPTUH.
3. ChopmynrpoBaTh 3aKOH JABMKEHHUS [IEHTPAa MACC MEXaHHUECKON CUCTEMBI.

4. Cnenatb BbIBOX (opmyn 3.6, 3.7, 3.8, 3.13, 3.14, 3.15.

Crnucok JuTeparypsl, PEKOMEHIyeMOH K UCIIOJIb30BAHUIO IO JaHHOU padoTe: [1-9]
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JIABOPATOPHA PABOTA Ne4. OITPEJEJIEHME CKOPOCTH ITYJIN ITPU IIOMOIIN
BAJUIMCTUYECKOI'O MASITHUKA

He.]'lb paﬁoTbI: O3HAKOMUTLCA C OAJHUM M3 METOJOB OIIPCACIICHHUA CKOPOCTH
6I)ICTpOJI€T$IHII/IX TCJI U ITPAKTUYCCKUM ITPUMCHCHHUEM 3aKOHOB COXPAaHCHUSA UMITYJIbCa (KOJ’II/ILIGCTBa

I[BI/DKGHPI?I) 1 MEXaHUYEeCKOM OHEPIUU CUCTEMBIL.

4.1 O6opynoBanne 1 MaTepHaJIbI

banmnuctnueckuii MagTHUK CO MIKAJIOM.
[THeBMaTHUECKOE PYXKbeE.

Becrl.

Eal A

[Tymn.

4.2 TeopeTnueckoe BBeIeHUE

bannuctryecknii MasTHUK MPEJCTABISET COOOM TSHKEIOE TEIO — MUIIIEHb, TTOABEIIIEHHOE Ha
JTBOMHOM OM(DUIAPHOM TMOABECE, YTO JA€T BO3ZMOKHOCTh MAaATHHUKY JBUTATHCS TIOCTYNATEIBHO, 0€3
BpallleHUsA. ['OpU3OHTAIBHO JIETAIAsl IMyJs MomajgaeT B MAasATHUK W 3aCTpPEBaeT B HEM, 4TO
COOTBETCTBYET aOCOIIOTHO HEeynpyromy yaapy. Eciau GannmucTuaeckuii MassTHHK HaXOIUJICS B TIOKOE,
a TyJisl IBUTAJIaCh ¢ HEKOTOPOM CKOPOCTHIO, TO TIOCTIE COyapeHus o0a Tena OyayT mepeMenmaThes C
obmeli ckopocThio. Ha ocHOBaHWM 3aKOoHA COXpaHEHHWsS UMITYJbCa IS JTAHHOTO Clydas MOXKHO

3allucaTb
mv=(M+m)-v,

rje M — macca ImyJiu;
V — CKOPOCTb €€ JI0 yAapa;
M — Macca MasiTHHKA,
Vos — 00I11asi CKOPOCTh MasiTHUKA C 3aCTPSABILIEH B HEM IyJeil mocie yaapa.
W3 sToro ypaBHeHHUs MOTydaeM BbIPa)KEHUE JJIS1 CKOPOCTH YN
v (M +m) Vv
- m 00 . (41)
Jls ompeneneHus CKOPOCTH MyAd HEOOXOAMMO OMPEAETUTh OOIIYI0 CKOPOCTh Vos. [lpum
MOTIa/IaHUH YU B MAsTHUK MOCJIETHUI OTKIOHSIETCS Ha HEKOTOPOE PACCTOSIHUE S M MPU STOM €ro
[EHTP TSDKECTH MOJHUMAETCS Ha BBICOTY h, T.e. KWHETHYECKash SHEPTUsl MasTHUKA, TTOJTydeHHAs! OT

ImyJu, Hpeo6pa3yeTc;1 B TOTCHUUAJIBHYHO OSHCPIHUIO0 CHIIbI TAKCECTHU. Ha ocHoBanum 3akoHa

COXpaHCHUA MEXaHHYeCKOM SHEPIruu CUCTEMbI MOJKHO 3allUCaTh:
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_(M +m)'vfza
CI 2

=(M+m)-gh=E, .

Otcrona nonydaem

V,, =(2gh)"? (4.2)

Tak xak Macca MasgTHHKAa HaAMHOT'O OOJIBbIIEC MAacChl Iy, TO BBICOTA NMOABEMA MAATHUKA

Pucynok 4.1 — Cxema
W3MEpEHUs BICOTHI

nmoabEMa MasiTHHUKaA

HE3HAYUTElIbHa U OIpPENEelIUTh €€ HEeMOCPEeICTBEHHO OueHb TpyAHo. [loaTomy omnpeaensior
TOPU30HTAIBHOE OTKJIOHEHUE MasTHUKA S U BBIPAXKAIOT BHICOTY UY€pe3 3TO OTKIOHEHHE.
UToOBl HaWTH CBSI3b MEXKAY BBICOTOM MOJABEMA U FOPU3OHTAIBHBIM OTKJIOHEHHEM S, paCCMOTPUM
pucyHok 4.1. 3necb AO — HUTH B BEPTUKAIILHOM MOJ0KEHUU, BO — HUTh IPU OTKJIOHEHUU MasiTHUKA
Ha yroi 2a, AC — BeicoTa nogasema h, BC — ropusoHTanbHOe OTKIOHEHHE S.

[Iposens B paBHOOGenpeHHOM TpeyroiabHuke 4 OB BbicoThl OD k cropone BA u BC k ctopoHe

AQO, nonyuum aBa noao0HbIX Tpeyronbauka 40D u ABC. 13 nono0ust TpeyroibHUKOB CIEAyeT

AD AN
= ==, (4.3)
Al AA

rae AO =1, AC = h. TIockoJbKy MasiTHUK OTKJIOHSIETCS Ha OY€Hb HEOOJIBIIION YroJ1, HOPsIIKa
2 —3°, To MoxxHO npuHATh: AB ~ BC = S.
Tak kak AD = 1/24B, 10 MoxHO nipuHsATh, 4T0 AD ~ S/2. [loacrasnss Bce 3HaueHus B (4.3),

noJjyryqyacm

sS_h . _S°
o U =5 (4.4)
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[loacrasnss (4.4) B (4.2), nomyyaem

v, =S(g/1)"* @s)

[Tocne moxcranoBku (4.5) B (4.1) HaxX0AUM UCKOMYIO POpPMYITY
(M +m) 1/2
v=-—""—=-3(9/1)"" (4.6)

VYuuteiBas, 4TO Macca MasgTHHKa MHOTO 00JbIlIe, yeM macca mynu (nmpumepro B 1000 pas),

MOXHO NpuHATE: M + m = M. Toraa (4.6) npuHUMaeT BUJ

M
-S(g/N"* @)

PabGora cBogUTCA K HaXOXKIEHUIO Benmund: M, m, S, |.

V =

4.3 Onucanue 3KCIEPUMEHTAIBHON YCTAHOBKH

1 METOJUKH SKCIICPUMCHTA

X

\ IIpOKJIaJgKa CTpeJiKa
1005810%050110) v
Lttt

Kasia 0

Pucynok 4.2 — Cxema

0aIMCTHYECKOTO MasTHHKA

bannuctuueckuit MasTHUK IPECTABIIAET COOON METAIITNYECKUMA IIMIIMHP, TOABEIICHHBIH Ha
4yeTbIipex HUTIX (pucyHok 4.2). CHH3y K HWIMHJIPY MPUKPEIUIEHA CTPeKa, 0 KOTOPO OTMEUaroT
€ro TOPU30HTAIBHOE OTKJIOHEeHHEe. BONMM3M UIMHApa 3aKperieHO MHEBMATUYECKOE PYXKbE, CTBOI
KOTOPOTO HAaxXOJUTCS B HEMOCPEACTBEHHOW OJM30CTH OT MasTHHMKAa. Ha croie moj MasTHUKOM
HaxoJWTCs IKana (JIMHeWKa), YKperleHHas Ha HoKkax. OHa MOXeT ObITh MepeBUHYTa B Jt000E
MECTO, YTO HeOOXOIUMO JIJIsl YCTAHOBKU JTMHEMKH TakK, 4TOOBI CTpesKa MasTHUKA Mepe]l BRICTPEIOM
MyJIU yKa3blBajia Ha HyJIeBOE JieieHrne. DTo 00NeryaeT otcueT. BHyTpu HuiIMHApa MasTHUKA, Y €ro
3aIHEW CTEHKH, HaXOJUTCS PE3UHOBAs MPOKJIAAKa, B KOTOPOM 3aCTPEBAIOT MYJIM U HE BBUIETAIOT

o0OpaTHO (yCIOBHE HEYNPYroro yaapa). BeIHUMATh My HET HEOOXOJUMOCTH, TaK Kak MpubaBka B
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Macce MasTHHKAa OYeHb He3HauuTenbHa, nopsaka 0,1%, uro B 40 — 50 pa3 MeHblie mpubOpHOMA

MOrpCIIHOCTH.

4.4 3ananue v NOPSIAOK BbINOJHEHUS PA0OThI

1. B3aTe mynmu y mpemojgaBaTelsi, ONPEACIHTh HMX Macchl. s 3Toro HEoOXoauMo
YCTaHOBUTH HYJIEBYIO TOUKY I10 IIKaJI€ BECOB, a 3aTEM HAWTU MacCy KaXK/10H IYJIH.

2. YCTaHOBUTD CTPEIIKY 0aIMCTUYECKOTO MAasiTHUKA HA HYJb LIKAJIbI (IIepeIBUras IIKaiy).
3apsauth pyxbe. [IponsBecTH BBICTpEIN, ONpeAeTUTh OTKIOHEHHE S. OTKIOHEHUE W3MEepseTcs |
3aMMChIBACTCS IS KaX/I0H Myl OTAEIBHO.

3. Jlnsg kaxaod Myaud HaxOOUTCsl CKOPOCTh V mo ¢opmyne (4.7) U 3aTeM BBIUUCISIETCS

cpenHee 3HaueHUE CKOpocTH. [loyueHHbIe TaHHBIE 3aHOCSTCS B TAOJHNILY.

Ne Macca mynu OTkIIOHEHHE CkopocTs myinu V, AGc. morpenit.
OITBITa m, r S, Mmm Mm/c Av, M/c
1.
2.
3.
4,
5.
CpenHue 3Ha4YCHUS Vep = ... AVep = .

4.5 OnpeneneHue MOrperrHoCTH U3MEPEHUS

Croco6 mepBbIid.
Jli1st onipeiesieHUsl TOYHOCTH U3MEPEHHI BBIUMCIISICTCS a0COTFOTHAS TIOTPEITHOCTh
Ka)JI0TO u3MepeHHs 1o Gopmyiie
AVi = Vep—Vi [, 1 =1. 2, ..., Nn.

rae N — 4ucjo ONbITOB. 3areM onpeaciACTCA CpCAHCC 3HAYCHUC a0COJIFOTHOU

MOTPEITHOCTH
1 n
AV, = =D Av, = ...
P 1
N 5=1
OrtBer 3anuceiBaeTcs B Bue: V = Vep = AVep = ...., TOYHOCTb U3MEPEHUN (OTHOCUTEIbHASL
MOTPELTHOCTb)
JA\T/
E = :100% = ...
Vﬁé
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Crnioco6 BTOpO¥.

B HEKOTOpBIX cydasx MOy4aroT O4YeHb OJIM3KHUE, AaKe OJWHAKOBBIC 3HAYCHUS CKOPOCTH
IyJad BO BCEX ONBITAX M CO3JACTCS OIIMOOYHOE IPEACTABICHHUE O BBIMOJHEHHH PaboOTHl 0e3
norpeurHocTd. Ho MorpenrHocTs JeKUT He TOJIBKO B OIIMOKAaX SKCIEPUMEHTATOpPa, HO M B CAMOM
METO/I€ U3MEPEHMUSI, B HEJOCTaTKaX NpUOOPOB, IPUMEHSIEMBIX B YCTAaHOBKax. Tak, Ipu U3MEpPEHUN
Macchl MyJIX Mbl HE MOKEM TapaHTUPOBATH TOYHOCTb PE3yJIbTaTa BBIIIE, YEM 3TO MO3BOJISIET
TOYHOCTh UCIIOJIb3YEMBbIX BeCOB. [Ip1 NCIIOIb30BaHNM AHATTMTUYECKUX BECOB B KaUe€CTBE IPUOOPHOI
OMMOKA TpPHU M3MEPEHUH MAacChl IyJH CIeAyeT NpuMeHATh BenmduHy Am = 0,001r, a mpu
HCI0JIb30BAHNU TeXHUYECKUX BecoB — AM = 0,01r. M3 Takux xe cooOpaxeHHil MOXKHO ONpPEeNsTh
MUHHMAJILHO BO3MOXHBIC TIOTPEIIHOCTH U JUTS ApYTruX BenuuuH: AS = 1mm, Al = lem. AM = 1r. Tlpu
MCI0JIb30BAHNU MacChl MasiTHUKA MOKHO NMpeHeOpeUb €e U3MEHEHUEM 3a CUET IYJlb, OCTAIOIINXCS B
MasTHUKe. Mcxons n3 aOCOMIOTHBIX MOTPEIIHOCTEH KaXKIOW BENMYMHBI M HCIONB3YSd (OpMYIy
OTHOCHUTENIbHOM MOTPENIHOCTH, TOJy4aeM BBIPAXKEHHE OTHOCUTENIBHON MOrPELIHOCTH HW3MEpPEHUS

CKOPOCTH IYJIM KaK MPUOOPHYIO MOTPEIIHOCTh YCTaHOBKU

Av AM Am AS 1Al
E=—= + +—+=—
Vv m m S 21

Boruncnenus no gopmyine (4.8) cnenyer npou3BOAUTh, UCIOJIb3YsI TaHHBIE OJHOTO U3

(4.8)

OTIBITOB ¥ a0COJIFOTHBIC TIOTPEITHOCTH BEJINYHH, YKa3aHHBIC BBIIIE. 3aT€M BBIYHCIISCTCS
a0COJTIOTHASI TOTPEITHOCTh KOCBEHHOTO M3MEPEHHSI CKOPOCTH ITyJIH 10 (popmyre
AV =V - &

B kadyecTBe OKOHYATEIBHOTO OTBETA IPUHUMAECTCS PE3YIbTAT, COOTBETCTBYIOIIHIA

00JIbIIIEMY 3HAYCHHUIO OTHOCUTEIBLHOM MOTperHOCTH. OTBET 3aIMChIBACTCS B BUJIC
v=v, tA=.. g£-2 1000—....
\'/

[Tpumedanue: 0co0O TIIATENBHO CIEIyeT H3MEPSATh OTKIOHCHUE MasSTHUKA, T.K. IMEHHO
3Ta BEJIMYMHA BHOCUT HAMOOJIBIIYIO JOJFO B OOIYI0 OTHOCHTEIBHYIO OIIMOKY U3MEPEHHUSI CKOPOCTH
TYJIH.

4.6 Conep:xkaHue oTueTa
OTuet 1o 1abopaTOpHOI paboTe MOHKEH COACPIKAThH CIESAYIOIIUE OCHOBHBIC Pa3Ieibl:
HanmeHoBaH#e pabOTHI
enb paGoTHI.
[lepeuens mpuOOPOB U MPUHAATIEIKHOCTEH.

1

2

3

4. Teoperudeckoe BBEJICHHE.

5. (Cxema M OIHMCaHUE SKCIIEPUMEHTAIBHON YCTaHOBKH.
6

HOpH,I[OK BBITIOJTHCHH A paGOTBI, Ta6J'II/II_U>I PE3yJIbTAaTOB IMPAMBIX W KOCBCHHBIX
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U3MEPEHUN.

7. OmpeneneHue MOTPENTHOCTH H3MEPEHUs (IByMs ClIoco0aMu).

8. OKoHYATeNnbHBIA pE3ynbTaT OJKCIEPUMEHTa C JIOBEPUTEIHHBIM WHTEPBAJIOM U
TOYHOCTHOM OLEHKOM.

9. BrIBOJBL

10. Orser.

4.7 KoHTpoJIbHBIE BONIPOCHI

1. CdopmynupyiiTe 3aKOH COXpaHEHUS! UMITYIIbCA.

2. MOXHO 7 CYHMTaTh, YTO KWHETWYECKas SHEPrus IMyJIH B CIydae HEYIpyroro yjaapa
MOJTHOCTBIO TIEPEXOIUT B MIOTEHIIMAIBHYIO DHEPTUIO0 MasiTHAKA?

3. MoxHo 11 1moyib30Batbest popmyinoii (4.7) B mrodoM cirydae?

4. BeiBecTH (GOpMYITy OTHOCUTENIBHOM MOTPENIHOCTH U3MEPEHHUS IO BTOPOMY CIIOCO0Y.

CHHCOK JIUTEpaTyphl, PEKOMEHIYEMO# K UCIIOJIL30BAHUIO 110 JaHHOH padore: [1-9]

JIABOPATOPHA PABOTA Ne5. U3YVUHEHUE BPAIITATEJIBHOI'O ABMOKEHW A TEJIA
Ienb padoThI: 03HAKOMUTHCSA ¢ METOJOM ONPEAEICHUS OCEBBIX MOMEHTOB MHEPLIMU TEJ C

nomo1bio mpudopa OdepoOeKa.

5.1 O6opynoBaHue U MaTePUAJIbI

[Tpubop OGepbeka.

I'py3sl.
CexyHnaomep.

> w0 np e

I TaHreHuupKyIIb.

5.2 TeopeTuyeckoe BBeJIeHHE

OcHOBHOE ypaBHEHHE TMHAMUKU BpaIIaTeIbHOTO ABMKEHHS TBEPAOrO TeJla UMEET BUJL
Je =M, (5.1)

riae M — MOMEHT BHEIIHUX CUJI, BBI3BIBAIOIINX BpaIICHHUE TeNa;

€ — YIJIOBOE YCKOPEHHE TEINa;

J — MOMEHT HHEepIMH TeJa OTHOCUTEIBHO OCH BpalleHUsI.

Kak u mMacca Tena B mocTynaTelbHOM JIBUKEHHH, OCEBOM MOMEHT MHEPIIMH TeJa SIBISIETCS
MEpOii ero MHEPTHOCTH BO BpalllaTeIbHOM JIBUKEHHH M OINpEAeiseTcss Kak cymMMa MPOU3BeACHUN
MaccChl KaKJI0M TOYKH Teda Mj, Ha KBaJpaT paccTOsHUSA i, OT JAHHON TOYKH JI0 OCH BpAIlleHUs
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J= Zmiriz : (5.2)
i=1

Jlnist Teln, mpeacTaBISIOMUX U3 ce0sl MPOCThIE TeOMETPUUYECKHE (PUTYPHI, BEIYUCICHHUE T10
dopmyre (5.2) cBogUTCS K MHTErpupoBaHmio. i Ten CIoKHOU (HOPMBI, KOT/Ia UX HEBO3MOXKHO
pa3dute Ha MmpocThie MO (OpME COCTaBHBIE YacTH, pacdeT mo Gopmyne (5.2) maer OOIBIIYIO
MOTPEUTHOCTh. B 3TOM ciydae aisi onpeneseHus] OCEBBIX MOMEHTOB WHEPLUH TeJ MPHOETalT K
AKCTIEPUMEHTAIBHBIM MeToaM. OIHUM U3 HUX SIBISETCS METOJ| OINpPEIeSICHHs] OCEBBIX MOMEHTOB

WHEPIIMHU TeN C MoMOoIIbIo pudopa OdepoOeka.

5.3 Onucanne SKCIePUMEHTAIBHON YCTAaHOBKU U METOTUKU

JKCIIEPUMEHTA

Cxema mnpubopa OOepOexa mnpencraBieHa Ha pucyHke 5.1. IlkuB 1 ¢ yeThipbMs
3aKpCIVICHHBIMU Ha HEM CITMIIAMHU 2 Haca)keH Ha HEMOABMXKHYIO TOPU30HTAJIBHYIO OCh. [IIxuB nmeeT

JIBE CTYIIEHU pajuycamu I'1 u I'2. Ha mpon3BoasHOM paccTossHUE R 0T OcH BpallieHus Ha CIIUIaX MOTYT

Pucynok 5.1 — Cxema
npubopa O6epOeka

OBITh 3aKpEIUICHBI TPY3bl M1, M2, M3 U M4 B Buae BTyNOK. [lepemernias rpy3sl BAOIb CIUI, MOXKHO
JIETKO U3MEHSTh OCEBOM MOMEHT MHEPIUH J KpecTooOpa3HOro MaxoBuka. Ha mkuB HaMOTaHa HUTH,
K KOTOpO# MpUBSI3aH rpy3 Mo. BepTukanbHble epeMelieHus rpy3a Mo u3MepsroTes no mkane 3. B
MepBOM MPHOIIKEHUH Ha TPy3 Mo JEHCTBYIOT MOCTOSHHBIE BO BPEMEHH CHUJIBI, TOATOMY TPYy3
JBUKETCS BHU3 PABHOYCKOPEHHO C HEKOTOPBIM YCKOPEHHUEM a.

B kpaiineM BepxHEM MOJIOKEHUH, KOT/Ia Tpy3 Mo ObLI elle HeTOABMKEH, CUcTeMa obaiana

MIOTEHIUAJIbHOW DHEpPruein

II1 =mog hy, (5.3)
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rae hl — BBICOTA IIAJACHUIA rpy3a Mo J0 TOYKH, B KOTOpOﬁ OH HU3MCHJICT HaHpaBHeHI/Ie
JIBVKCHHUS.

B kpaifHeM HIDKHEM MOJIOKEHHH Tpy3a Mo cucTeMa o0JiafaeT HYJIEBOM MOTEHUIUATBLHON
SHEpTUeH, a KHHETHYECKas SHEPTHs ONPEACIsIeTCs BEIpAKEHUEM

2
myV Jow?®
= —+ ,
2 2

IrZIe V — CKOPOCTB IOCTYIIAaTECIbHOIO ABMIKCHHUS I'py3a Mo,

T

(5.4)

J — MOMEHT MHEPIMH KPEeCTOOOPa3HOr0o MaXOBHUKAa OTHOCUTEJIHLHO OCH BpalllEHUS;
( — YIJIOBasi CKOPOCTh BPALEHUS MAXOBHKA.
[ToreHunaneHasg sHeprus /1 CUCTEMBI PacXOAyeTCs HA YBEIMYEHUE €€ KUHETHYECKON

OHECPTUHn Twnu MpEOa0JICHUC BPCAHBIX CHUJI COITPOTHUBIICHUA

2
MoV, Jo +F.h

m,gh, = , (5.5)

rae Fr — cuna conpoTuBieHus (TpeHus).

Cuny TpeHus Fr MOKHO BBIYMCIIUTD U3 CIIEAYIOUIUX cooOpaxeHunil. Eciu naTh BO3MOKHOCTh
MaxOBHKY MPOJODKUTH BPAIEHUE MOCIIE MOJHOTO pa3MaThIBaHUS HUTH, TO TPy3 Mo MOJHUMAETCS Ha
BbICOTY N2 < h1 1 ocTaHOBUTCS. B 3TOT MOMEHT cucteMa OyaeT UMeTh MOTEHIUATIBHYIO SHEpruto 12
= Mo g hy, a kuneTHueckas sHeprus Oyaet paBHa Hyio. [Ipu stom I1> < 1. YObIIb MOTEHIIHATLHON
SHEPTUU CUCTEMBI PaBHA pabOTe CUIIBI TPEHHUS, T.€.

Mog h1 —mog h2 = F; (h1 + hy), wu

h, —h

F. =mg =2

T 0 h1 4 h2 : (5.6)
[Ipu paBHOYCKOpPEHHOM JIBH>KEHUU T'py3a Mo
v = at, (5.7)
at’

h=— 5.8
5 (5.8)

Pemas coBmectHo (5.7) u (5.8), monydyaem BbIpaKEHHE AJSI CKOPOCTU I'py3a Mo B €ro

HHU3IICM ITIOJIOKCHHNHU

== (5.9)

rze t — BpeMs CIlycKaHUs Ipy3a.

Yrinosas CKOPOCTH BpallICHUA MaXOBUKa
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_2h
ot

[Moncrasnsis (5.6), (5.9) u (5.10) B (5.5), nonyyaem

m.(2h)2  J(2h Y h —h,)h
mon - ) et
2

® (5.10)

ITocne mpeoOpazoBaHWil MOMy4aeM BBIPAKEHUE JUISI OCEBOTO MOMEHTAa HMHEPIHH

KpECTOOOpa3HOrO MaXxOBUKaA

h
gt ——2—-1| 5.11
(h, +h,)h, G40

rae Mo — Macca rpysa, IpuBsI3aHHOTO K HUTH,

. 2
J=m,r

I' — paAlyc TO¥ CTYNEHH IIKMBA, HA KOTOPHI HAMATHIBAETCS HUTH;

t — BpeMs naJieHus rpysa;

h1 — BeIcOTa TMaIcHMs TpY3a;

h2 — BeIcOTa IO ABEMA TPY3a.

W3mepenust CBOJSITCS K HAXOXKICHUIO BeuuuH I, hy, hy, t. [Ipaktudecku yao0Hee H3MepsTh
He paauyc I, a quametp d = 2r mkuBa. Kpome Toro, B HaieM ciiydae

2 h2 >1

gt TN > 1
hl(hl + hz)

nostomy dopmyna (5.11) IpUBOAUTCS OKOHYATETHHO K CIEIYIOIIEMY BUIY

1 h
3=Ymgrgrr—Te
PR T (5.12)

5.4 3ajanue U MOPSIOK BHINOJTHEHUS PadOThI

B pabGote HeoOxonuMO HaWTH OCEBble MOMEHTHI WMHEPIMH TEJ: MaXxOBHKa Oe3 Ipy3o0B,
MaxoBHKa C Ipy3aMH U OTIEIBHO — OJIHOTO Ipy3a.

1. Ompenenenue oceBOro MoMeHTa Ji MaxoBUKa 6e3 Irpy30B.

1.1 MUsmepsitor auamerp d TOH CTyleHH IIKHWBA, HA KOTOPYK) HAMAaTBIBACTCS HUTh.
Pe3ynbrar usmepenus 3aHocst B Tabnuiy S.1.

1.2 TIpy3 mo, Macca kKoToporo jaaHa B "J[OMOJIHMUTENBHBIX YKa3zaHUsAX" K paboTe,
MPUBS3BIBAIOT K HUTH B HU3IIEM NOJOXEHUU M ONPEAEISAIOT, Kakas TOYKa HUTH COOTBETCTBYET
HYyJEBOMY OTCYETy IIKajibl. HamaTbiBas HUTh Ha IIKHUB, YCTAHABIMBAIOT JAHHYIO TOYKY HHUTH Ha
otmetky mikansl 100 cm (hi= 100 cm). HaMOTKY HUTH Ha IIKMB HEOOXOIMMO MPOU3BOIUTH BUTOK K
BUTKY. [Ipn HamoTKe HUTH "BHaBas" pajnyc AEHCTBUS CUIIBI TSDKECTH Ipy3a Mo U3MEHUTCS.

1.3 IlpenoctaBuB BpamaTbcs MaxOBHUKY MOJ ACUCTBUEM Ipy3a Mo, ONpenensoT Bpems t
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najieHus rpysa. Pesynbrar usmepenus 3aHocst B Tabauiy 5.1.

1.4 ]laB BO3MOXXHOCTh MaxOBUKY IPOJOJDKHTH BPAIICHUE MO MHEPIHHU IOCIE MOJIHOTO
CMAaTBhIBaHHMsI HUTH CO IIKWBA, ONPENENISIOT 10 IIKaje BBICOTY mHoabema Ny rpysa. Pesymbrar
M3MEpEHUs 3aHOCAT B Tabuuny S.1.

[Mpumeuanue: [{ns Gosee TOYHOTO 3amepa BEJIMYHMHBI N2 HA MIHOBEHHE OCTAHOBUBIIUMCS
MaxOBUK MOYKHO TMpHIEpPKAaTh PYKOH 3a CIUIYy, TEM CaMbiM 3a(pUKCHpOBaB Tpy3 Mo B KpaiiHeM
BEPXHEM IT0JIOKEHUH.

1.5 TIlo ¢opmyne (5.12) onpenenstor 0ceBO MOMEHT HHEPLUH Ji MaxOBUKa 0€3 Tpy30B, a
pe3ynbTaT 3aHOCAT B Tabiuiry S.1.

1.6  JlaHHBII OIIBIT IOBTOPSIIOT 5 — 6 pas, a 3aTeM ONPEACIAIOT CpeJHEEe 3HAUCHUE 0CEBOTO
MOMEHTa HHEPIIMU MaxOBHKa 1Mo (Gopmyie

1 n
J lcp = H Z J L |
i=1

r7e N — 9UCIIo OMBITOB. Pe3ynbTar BRIYMCICHHUI 3aHOCAT B Tabnuiry 5. 1.

1.7 OmnpenensitoT aOCONIOTHYIO TOTPEMIHOCTD AJ1j KaX/10ro KOCBEHHOTO U3MEpPEHUSs 10
bopmyre

Adii = [J1ep = dail, 1= 1,2, ..., n.

Pesynbratel 3aH0CAT B Tabmwmiy S.1.

1.8 Omnpenensitor cpeaHee 3HaUeHUE A0COTIOTHON MTOTPEITHOCTH

1 n
A‘chp ZHZAJ:U .
i=1

Pesynbrar BeIunciaeHU# 3aHOCAT B Taduiy S.1.

Tabmuma 5.1 — Onpeaenenre 0ceBOro MOMEHTa HHEPIIMKM MaXOBHUKa 0€3 Ipy30B

N d, Mo, h, ho, t, J1, AJ1,
o1l M KT M M c KI.M? KT. M2
1
2
3
4
5
6
Cpennue 3Ha4eHUs Jicp= Adiep=

1.9 Onpez[ensnoT OTHOCHUTCIIbHYIO IIOTPCIHIHOCTL KOCBEHHBIX H3MepeHHfI

£, _ Ao

Jins
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1.10 Pe3ynpTar u3MepeHuil NpeiCTaBIsAIOT B BUIE

J =3, +A), =..

lep lep —

OtHocHTenbHA MOrpCIrHOCTh

Al
&g =—".100%=...

1nd

2. OmpeniesieHre 0CEBOr0 MOMEHTA WHEPIINH J2 MaXOBUKA C TPy3aMH.

2.1 B cootBercTBUU ¢ "J[OMOJHUTEIBHBIMU YKa3aHHsIMH' K J1abopaTtopHOil paboTe Ha

R

\ 4

A
\4
v
A
A\ 4

o
«

Pucynok 5.2 — Cxema
YCTaHOBKH I'pYy30B Ha

CITUIIBLI

3aJJaHHOM PacCTOSHUU R OT ocu BpallleHHs MaXOBHKA Ha CIIUIAX YCTaHABJIMBAIOT I'PY3bl C PAaBHBIMU
MaccaM# My = M2 = M3 = M4. Macca rpy30B Taxke qaetcs B "'J[0MoTHUTENbHBIX yKa3aHUIX" K padoTe.

W3 pucynka 5.2 Buano, uro R = D/2 + S + b/2,

rae D — nuameTp TO# CTyneHu MKUBA, HA KOTOPOH YKPEeIIeHbI CIULIBI;

b — BeIcOTa I'pYy3a;

S — paccTosiHEE MEXIy IIKUBOM U TPY30M;

R — paccTosiHre MeX]1y LIEGHTPOM TSKECTU Tpy3a U OChIO BPAIllCHHUS.

[TpeaBapuTeIbHO U3MEPUB MITAHTEHIMPKYIeM pa3mepbl D u b, He006X01MMO YyCTaHOBUTD Ha

IOTAHTCHIUPKYJIC YUCII0, COOTBCTCTBYIOIIICEC PA3MEPY

s=r-2.0
2 2

3areM, MOJCTABIISAA IITAHTCHIIMPKYIIb K KKI0H CIUIIE, 3aKPETIISIOT TPY3UKH HA YKa3aHHOM
paccTosiHUU S OT 00012 IIKKUBA.
2.2 TlpuBs3bIBalOT K KOHI[y HHUTH JApPYroil rpy3, Macca KOTOpPOTO Mo 1aercs B

"JIONOJTHUTEBbHBIX YKa3aHusAX" K paboTe.
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3areM 0 METOJMKe, U310keHHOU B 1. 1.2 — 1.9, mpoBogaT 5 — 6 ONbITOB, pe3yJbTaTh
KOTOPBIX 3aHOCAT B Ta0nuiry 5.2.

Tabnuua 5.2 — OnpeneneHre 0CEBOro MOMEHTa MHEPIIMKA MaXOBHKa C TPy3aMu

N d, Mo, ha, ho, t, J2, AJa,
OII. M KT M M C KI“.M2 KI“.M2
1 2 3 4 5 6 7 8
1
2
3
4
5
6
Cpennue 3HaueHus Joep= Adoep=

2.3 OKOHYATENBHBIN pPe3yabTaT U3MEPEHHUS MPEICTABISAIOT B BUIE

Jy=3,, 2 A, =
E ) 100% =
OTHOCHUTENBbHAS NOTPEMIHOCTE €2 = ) 0=....
2fid

3. OmpeneneHre MOMEHTa MHEPIMH T'Py3a, 3aKPEIUICHHOTO Ha CITHIIC, OTHOCHTEIBHO OCH
BpaIlleHUs] MaXxOBUKA.

DKCHEepUMEHTAITBHBIN CIIOCO0

MowmeHnT uHepuuu Jz OOJbIIE MOMEHTa WHEpUMH Ji Ha BEIMYMHY MOMEHTa HHEPIIHH

YeThIPeX paBHbBIX Ipy30B. [losToMy

aKcn ‘]2_‘]1 ‘]26 _ch
‘]gp = = p p

4 4

OTHOCUTENLHAA NOoTrpCIIHOCTE KOCBECHHOT'O U3MCPCHHA IIPU IKCIICPUMCHTAJIIBHOM croco0e

ompezensercs no hopmyne

Al

aKCcn __ 2cp

ep J

+ AJ
—J

1cp

2cp lcp

AOcommoTHas MOTrpeITHOCTEL UBMEPCHUS ITPU SKCTICPUMCHTAJIbBHOM crocooe paBHa

9KCcn __ I9KCn . IKCn
AJZP —Jep &,

OKOHYATEIbHBIN pe3yabTaT NpCACTABJIAIOT B BUJC

aKCcn __ _ 0
J, "=t ,6=.%
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Teopernueckuii ciocod
B nepBoM mpuONIMKEHUN MOXKHO NPHHATH T'Py3, 3aKPEIUICHHBIA HA CIHIE 32 TOYCUHYIO

Maccy. Torga MOXKHO 3arucarh.
.J meop m RZ
ep ~ .

IIo u3BeCTHBIM [mpaBujiaM ONIPCACIIACTCA OTHOCUTEIbHAS MOTPCITHOCTD ITPU TCOPETHICCKOM

crioco0e
AJTP Am AR
J Zrzeop — P — 1 + 2
J er;eop ml R

3HaveHus: aOCOMOTHBIX norpemnocTeir Am; u AR taxxe npuBoastcs B "J{oNMOMTHUTETBHBIX

yKa3zaHusax" K pabore.
3aTem ompenensieTcss abCOMOTHAS TIOTPEIIHOCTh U3MEPEHUS TIPU TEOPETUIECKOM CIIOCcO0e

meop __ meop  meop
AT =377 el

OKOHUaTEeNbHBIN pe3ynbTaT NPEICTABISIOT B BUIE

meop __
AP =
meop
e=—=2—.100% = ...
Jmeop .
cp

5.5 BreIBOOEI

HpI/I (bOpMI/IpOBaHI/II/I BBIBOJIOB HCO6XO,Z[I/IMO 06paTI/ITb BHUMAHHUEC Ha 3HAYCHUSI OCEBOI'O
MOMCHTAa MHEPHHU I'py3a, ONMPCACICHHBIC SKCIICPUMCHTAJIbHBIM U TCOPETUYCCKUM CHOCO6aMI/I, Ha

a0COJIFOTHBIE U OTHOCUTENLHEIE IOIrp€IIHOCTHU H3MepeHHﬁ OTUMU ABYMA crnocodamMu. Cnez[yeT JaTb

00BSICHEHUE PACXOXKICHUIO MOTYYEHHBIX PE3y/IbTaTOB.
5.6 OTtBeT

ITonnerit pe3yIbTaT NPOBCACHHBIX S5KCIICPUMEHTOB NMPCACTABIISIFOT B BU/IC

J,=J,, £A),=...,&, =...%,
J,=J,,tA), ., =...,&, =..%.

yeni yéai yeni
L EAIL =, e =..
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5.7 ConepxaHue oT4YeTA

Ortyer 110 J1abopaTopHO# paboTe TOIDKEH COACPIKATh CICYIOIUE OCHOBHBIC PA3/ICIbl.

1.
2.
3.
4.

HaumenoBanue paboThl.
[enb paGoTHI.
[lepeuens npuOOPOB U NPUHAAIEKHOCTEH.

Onucanue 3KCepUMEHTaNIbHON ycTaHOBKU (pubopa O6epOexa) U METOJUKHU OIbITA,

pacueTHas popMysia JJsl ONpPEeIEHUsI 0CEBOIO MOMEHTA HHEPLIMK MaXOBHKa.

S.
5.1
5.2
5.3
5.4
Bo
U3MEpPEHUI.
6.
7.

1.
cUCTEMBI?

2.
cun?

3.

4.

5.

[Mopsinok mpoBeaeHus: paboThl, TAOIHUIIBI PE3yIHTATOB N3MEPEHHIA.
DKcIepuMEHTAITFHOE OTIpeIeNIeHHe 0CEBOI0 MOMEHTA HHEPIIMHA MaXoBHKa 0€3 TPY30B.
DKCcIepuMEHTAITFHOE OTTpe/IeNIeHIEe 0CEBOTO MOMEHTA HHEPIIMH MaXOBHKa C TPYy3aMHu.
OmnpeneneHne 0ceBOr0 MOMEHTA HHEPIIUHU TPY3a IKCIIEPUMEHTAIBHBIM CITOCOOOM.
OmnpeneneHne 0ceBOro MOMEHTA HHEPIIUHU TPY3a TEOPETUIECKUM CIIOCOOOM.

BCCX YCTBIPEX CiydasdX OMNPCACIAIOTCA a0COJIFOTHBIE U OTHOCHUTEILHEIE IMOrpCIIHOCTH

OtBeT.

BriBoagl.

5.8 KoHTpoJibHbIE BOIPOCHI

Kak B ommiTe YUYUTBIBACTCA BJIUAHUC BPEAHBIX CHJII COIIPOTUBIICHHA JIBUXCHHIO

Kak dopmynupyercs 3aKOH COXpaHEHHUsS SHEPIHU C y4eTOM pabOThl AUCCUIIATUBHBIX

Cdhopmynupyiite u gokaxure teopemy Llteitnepa-I toiirenca.
Uto XapakTepu3yeT 0CeBOM MOMEHT MHEPLUU TBEPIOTO Tena?

Brisegute (bOpMy.]'IbI OTHOCHTCIIEHOM MNOTPCIIHOCTU HU3MCPCHHUA OCCBOI'O MOMCHTA

HHEPpLUU I'py3a SKCIICPUMCHTAJIBHBIM U TCOPETUYCCKUM croco0amu.

6.

OLIeHI/ITe OTHOCUTCIIbHYIO TMOTPCHIHOCTL H3MCPEHUA OCEBOI'0O MOMCHTAa HWHEPHHUU

MaxOBHUKa, OOYCIIOBJICHHYIO NPUOOPHBIMH OLIMOKAMH SKCIEPUMEHTAIbHOM yCTaHOBKU. CpaBHHTE

9Ty NOTI'pCHIHOCTL C TOﬁ, YTO IMOJIy4YCHA B IIPOUCCCC SKCIICPUMECHTA.

Crucok muTeparypsl, PEKOMEHIyeMO# K HCIOJIb30BaHHUIO IO JaHHOM pabore: [1-9]
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JIABOPATOPHA PABOTA Ne6. OITPEJJEJIEHME YCKOPEHMA CBOBOAHOI'O ITAJIEHN A
METOJOM OBOPOTHOI'O MASATHUKA

eab paboThbl: 03HAKOMUTHCS € OJAHUM U3 KOCBEHHBIX METOJIOB ONPEAEICHUS YCKOPEHUS

cBOOOJTHOTO MAJICHUs, C KOJICOATEIIbHBIM JIBIKEHHUEM (PU3NYECKOTO MAsTHUKA; OLIEHUTH PE3YyIIbTaThI

U3MEPEHUHN U pacCUUTATh NOTPELIHOCTH.

6.1 ObopyaoBaHHe H MATEPUAJIBI

1. O60pOTHBIN MAATHUK.
2. MacmiraOHas TuHenKa.

3. CexyHaomep.

6.2 TeopeTuueckoe BBeieHHE

®uU3nYeCKud MasTHUK — 3TO TBEpPAOE TEJO,
COBEpIIIAOIIee TOJa JCUCTBUEM CHJIBI TSDKECTH KOJEOAHHS
BOKpPYI' HENOJBMKHOM TOPU3OHTAIBHOW OCH. IPOXOIAIIECH
yepe3 Touky 0, He coBmaaarollylo ¢ HeHTpoM macc C Tena
(pucynoxk  6.1). Komebanus  Qusuyeckoro MasTHHUKA

OITMCBIBAXOTCs OCHOBHBIM YpPaBHCHUEM JUHaAMUKU

BpamaTCJIbHOI0 ABMXKCHUS TBEPAOTO TCIa

Joé =M¢ (6.1)

Pucynok 6.1 — Cxema

(1)I/I3I/I‘{GCKOFO MasjTHHKa TE€JIa OTHOCUTEIILHO OCH BpalllCHU A,

My — MOMEHT BHEINHUX CHJI OTHOCHTENILHO OCH BPalICHHS;

0L — YTOJI OTKJIOHEHUS MasiTHUKA OT II0JIOKEHUSI PABHOBECHS.
B namewm ciryuae
Mo® =—mg a sina, (6.2)

re M —Macca Teina;

g — ycKopeHue cBOOOIHOTO Ha/IeHHS;

a — paccrosiHMe MexX Iy Toukoi noaseca O u nentpom Macc C tena.

3Hak MUHYC B (6.2) yka3plBaeT, YTO HalpaBJIEHHs OTCYeTa yrja o W BpallaTeIbHOTO
BO3/IEWCTBUS CUJIBI TSDKECTH BCErja MPOTUBOIOIOXKHBL. C yueToM (6.2) ypaBHeHue (6.1) npuHMaeT

BUJI

Joa+mgasina =0 6.3)
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[Tpu manbix KoyieOaHUsAX MasTHUKA SINa =~ o U (6.3) npuBoauTcs kK auddepeHnnaibHOMy

YPaBHCHHIO, OIMMUCBIBAIOIIEMY 'apMOHHUYCCKUC KOJIcOaHUs

.e 2
d+k“a=0, (6.4)
riae K — kpyrosas (IMKJIMYECKas) 4acToTa KojieOaHui MasiTHUKA, paBHAs YHUCITY KOJIcOaHHit

3a BpeMsi 27 CEKYH/]I U ompeensieMas 1o Gopmyie

1/2
mga

k= ) (6.5)

Kak wu3BecTHO U3 TeopuM OOBIKHOBEHHBIX UG (EepEeHINATbHBIX YPaBHEHUM, pelIeHue

g depeHnnanbHoro ypaBHeHus (6.4) umeer Bua
o =a,Ccos(kt+o), (6.6)

T7I€ Olo — aMIUTUTY/a KOJIeOaHmii;
¢ — HavanbHas (mpu t = 0) gasza xoneGaHMil.

[lepuon xosebanuit pu3anUecKkoro MassTHUKA

1/2

2 Jo

L 1/2
WK T =2z E : (6.8)

r/ie puBeAeHHas JuinHa L hu3nueckoro MasTHUKA orpenensercs no popmyse

J

L= ma - (6.8. a)

Touka O1, nexaras Ha npsimoid OC Ha paccrosiHuM L oT Touku nojaseca O (pucyHok 6.1),
Ha3bIBAETCS LEHTPOM KadyaHuii pusmueckoro mastHuka. CornacHo teopeme lllteiinepa-Itoiirenca

MOMCHT UHEPIUU MASITHUKA OTHOCUTCIIBHO OCH BPAIICHUA

2
Jo=Jc +ma” (6.9)
e Jc — MOMEHT HHEPIMH MasTHHKAa OTHOCHTEIBHO OCH, NAapalLIeNbHOM OCH BpaIeHHs 1
npoxosieii gepes neHTp Mace C MasTHHKA.

[Moxacramnsis (6.9) B (6.8.a) momy4daem
49



J J. +ma? J
L=< —a+—>a
m ma ma !

L =

T.e. oTpe3ok 001 Bceraa Ooinbine OC. Touka monBeca O MasTHUKA M LEHTpP Kadanus O
B3aMMO3aMEHSIEMbI: €CJIU TOUKY IIOJBECAa NIEPEHECTH B LIEHTP KauyaHUM, TO IPEXKHsA TOUKa I10/IBEca
O cTaHeT HOBBIM LIEHTPOM KayaHWH, a Iepro]I KojieOaHmii (GU3MIecKoro MasiTHUKA He N3MEHUTCH.

[IpuBenennas mmHa L puznyeckoro MasTHUKA UMEET CIEAYIOINN (PU3UIECKHIA CMBICT: 3TO
JUIMHA TaKOTO MaTeMaTH4YE€CKOro MasTHUKA (MAaTepUaJbHOM TOUYKM, MOJBEUICHHON Ha HEBECOMOM
HEpaCTSHKUMOM HUTH), TIEpUOJ KOJIeOaHUH KOTOPOTO COBMAJAET C MEPHUOAOM KojeOaHUM JaHHOTO
(u3MYECKOTO MasTHUKA.

CooTtHotienue (6.7) MOXKET OBITh UCIIOJIH30BAHO /ISl OTIPEACIICHUS YCKOPEHUSI CBOOOTHOTO
nagenus g. s sToro Heo6xoaumo usmeputs 7, Jo, @ ¥ BbIpa3uTh Yepe3 HUX J ¢ MOMOIBIO (POPMYJIBI
(6.7). OnHaKoO OCTaTOYHO TOYHO MOKHO M3MEPUTH Ul (PU3MUECKOTO MAasATHHKA TOJBKO MEPHOJ
kosnebanuil 7, a BenMuuHBI Jo M & C BBICOKOM TOYHOCTBIO M3MEpPUTH He yaaercs. Hampumep, mis
HaXO0XICHUS PAaCCTOSIHUA a HE0OXO0IUMO MpeABAPUTENBHO ONPEENIUTh MoJIoKeHne neHTpa macc C,
YTO C/IeTIaTh TOYHO JOBOJIBHO TPYIHO.

C aTo#i TOUKH 3peHus 0ojiee MpeanOYTUTENLHOM sBIsieTcs ¢popmyna (6.8), He comeprKaras

BEJIMYUHEI J, 1 a. V3 Hee BhITEKaeT cieayrolee BhIpakKeHHE Il YCKOPEHHsI CBOOOHOTO MaACHUS

g=—L. (6.10)

Kax Buano u3 (6.10), 11 HaX0XKAeHUST § AOCTATOYHO M3MEPHUTH TOJIBKO JBE BEIIMYWHBI:
nepuo] kosnebanuit 7' v npuBeAeHHyo AuHy L ¢pusndeckoro masartauka. CyTh MeTO/1a 000POTHOTO
MasTHUKA 3aKJIF0YAETCsl B TOM, YTO 00€ 3TH BETMYHUHBI OIIPEIENISIOTCS ITyTeM IPSIMBIX U3MepeHuil. B
YaCTHOCTH, NpHUBEACHHAs JUIMHA L u3Mmepsercs kak paccTossHMEe Mexay Toukoil moaseca O u
ueHtpoM kayanuii O:1 (pucyHok 6.1), mOJOKEHHE KOTOPOTO OINpPEAEseTCs] SKCIEPUMEHTAIBHO
cienyomuM obpa3oM. CHauyana OMNBITHBIM MyT€M HAaXoIAT mepuoj] 1 KoyiebaHWil MasiTHHKA
OTHOCHUTENbHO cTapoit Touku nojseca O (ciywait 1). 3arem masTHHK pa3BopauuBaioT Ha 180° u
MyTeM IOCJIE0BATENLHOTO MPUOIMKEHHSI, U3MEHSIA MOJI0KEeHHe HOBOW Touku nojBeca O1 (cTtaporo
LIEHTpa KavyaHui) NOOMBAIOTCA TOTO, YTOOBI MEPHOJ KojeOaHUN BO BTOpPOM ciydae OblI paBeH
nepuoay KosiebaHuii B mepBoM ciiyuae. EcTecTBeHHO, JOOUTHCS MOJIHOTO COBIAACHUS MEPUOIOB
KoJieOaHUi MPaKTUYECKH OYEHb CIO0XHO. [1o3ToMy crefyeT BBICHUTH, MPHU KaKUX YCIOBUAX
HebompIoe pacxoxaeHue AT meproaoB KojneOaHWN MpHBENET K HE3HAYUTEIbHOW MOTPEIIHOCTH

BCIIMYHHBI L, a, CJIeJOBaTCJIbHO, U .
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Pucynok 6.2 — Cxema

OTIpeNeICHUS MPUBEICHHON JITTUHBI

(bu3NYECKOTO MasiTHUKA

[Tocne noacranosku (6.9) B (6.7) nonydaem

1/2

Toon 2 Jesal| (6.11)
g\ ma

KavecTBennslii xapakrep 3aBUcHMMOCTH 7(a) wu300pakeH Ha pucynke 6.2. Bsuay
B3anMo3aMmeHseMocTH 1eHTpa O1 u Touku nmoaseca O B (6.11) BenmuunHa a 10JDKHA OBITH B3sITa 1O
MOAYJII0 M TrpaduK 3aBUCUMOCTH 7(a) HMMeeT JBE CHMMETPUYHBIC BETBH, COOTBETCTBYIOIIHE
TOJIOKCHHUIO TOYKH TIOJ[BECa CJIeBa U cIipaBa oT IieHTpa Macc C MasTHUKA. M3 rpaduka BHIHO, YTO
0 KaKJIyI0 CTOPOHY OT IIEHTpPa MacC MasTHUKA MMEETCS IO JIBa MOJIOXKCHUS TOYKH IMOJBECA, MPH

KOTOPBIX IIEPUOIbI KOJIeOaHui MasiTHHKA coBraaaroT. I1pu |a| — 0 u ipu |a| —>o0 mepuoa kosrebanuit

T — o, a npu HekoTopoM 3HaueHmn A — Ay = Quin T= Tm - Tmin . CogepiieHHO
OYEBH/THO, YTO B ITPOIIECCE IKCIIEPUMEHTA HU B KOEM CITydyae HeJlb3s HAXOIUThCS BOJIM3U MUHUMYMOB
byukiuu 7(a), T.K. Majoe pacxoXJeHHE MepuoaoB Kosicbauii AT TPHUBOAUT K OOJBIIOMY
M3MEHEHHIO Ad U, CIIeIOBATeIbHO, K OOJIBINIOH MOTPENIHOCTH B onpeneseHuu L u g.

Touka 41 Ha puCyHKe 6.2 COOTBETCTBYET IMOJIOKEHHIO CTapoii Touku nojBeca O, a Touka A2

— TOJOXEHHIO HOBOM TOYKH IIOJBECa (CTapOFO LCHTpa KaanHﬁ) O1. O‘-IeBI/II[HO, 4TOo

L :l a | + | a, | Takum o6pa3zom, HY)KHO BBIOMpATh TakHe MOJIOKEHHUSI TOUEK TMoJiBeca (CTapoit u

HOBOfI), YTOOBI pa3MeEphI a1 U a2 Kak MOKHO 0O0JIbIIIE OTINYAIUCH ApPYyr OT Apyra. Ecau gns manHoro

(1)I/I3I/ILICCKOI“O MasTHHKA pasMEp a1 YBCIUYUBATDH, TO pa3MCp a2 6y2lCT ABTOMATUYCCKU YMCHBIIATHCA
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(pucyHOK 6.2). UTOOBI MaKCUMAIIBHO YIAIUTHCS OT MUHUMYMOB 3aBUCHMOCTH T(a), Hy’)KHO 3apaHee

3a/1aTh KaK MOYKHO OOJIbIIIee 3HAYCHUE pa3Mepy di.

6.3 Onucanue SKCIEPUMEHTAIbHON YCTAHOBKU

5 l A A
<
-
4
/C : C%‘v
—L JE
1

L
Pucynok 6.3 — Cxema

000pPOTHOTO MasITHUKA

CxemMa 000OpOTHOrO MasTHHMKA TMpeACTaBiIeHa Ha pUCYHKE 6.3. MasTHUK COCTOUT W3
METAJUTMYECKOTO CTePXHS 3 JTMHOM OoJiee 1 M, Ha IOBEPXHOCTH KOTOPOTO HaHECEHa MacIITabHas
mKana, Tpy30B 1 1 4 B BHJE YEUEBHI], & TAKKE OMOPHBIX NMpU3M 2 U 5. ['py3bl U IPU3MBI MOTYT
MEePEeMEIIAThCSl TI0 CTEP)KHIO U 3aKPEeIUISAThCS B JIOOOM MOJOKEHHH. MasTHUK peOpoM OMOpHOU
MPU3MBl YCTAHABIIMBAETCS Ha IMOJACTAaBKY, KECTKO CBS3aHHYI0 C MACCHUBHBIM OCHOBaHHEM, H
MPUBOJUTCS B KojeOaHwe. AMIUMTYyAa KojeOaHWN HE J0JDKHAa mnpeBblmaTh 4°..5°, 4TOOBI
BBITIOJIHWJIOCH YCIIOBHE MauibiX KojeOaHui. IlofBukHbIE Tpy3bl 3aKpeIuiIlOT Ha CTEpKHE B
HECUMMETPUYHBIX MOJIOKEHUSIX (pUCYHOK 6.3): rpy3 1 — y KOHLIa cTepkHs, a rpy3 4 — BOJIM3U ero
ueHtpa. B atoMm ciydae nentp macc C MasiTHUKA HaXOAUTCS MEK/Y IOABMKHBIMU I'Py3aMH U CMEIICH
OTHOCHUTEJILHO CepeIuHbl cTepxHs. OnopHas npu3Ma 5 3aKperieHa y BEpXHEro KOHIA CTEPKHS, T.€.
Ha BO3MOXXHO OOJBbIIEM paccTOsHUU a1 OT HeHTpa Macc C maatHuka. OmnopHas mnpuszMa 2

3aKperuisieTcss Mexay rpy3amu 1 u 4.

6.4 3axanue ¥ NOPS/IOK BbITOJTHEHUSI PA0OTHI

1. OmepeTs MasTHUK Ha MPU3MY 5 U BBECTH €r0 B PEKUM MaJIbIX KOJeOaHHH.
2. C noMmo1ipko ceKyHJoMepa 3aMepuTh BpeMs 11 moiHbIX 50 kosnebanuit MmasTHuKa. OnbIT

MOBTOPUTH 3 — 5 pa3. Beruucnuts ticp, a 3aTeM onpenenuTs nepuos 71 konebaHui MasTHUKA: 11 =

t]cp / 50.
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3. He u3mensis nonoxeHus rpy3oB 1 u 4, MasTHUK pa3BepHYTh U ONEPETh €ro Ha MPU3MY

4. B >TOM TIONOXEHHH ITIPH3MBI ONPENENUTh Tepuoj Konebammii mastamka 1> mo
BpemeHH 10 ero noyHeIX KojaeOaHui.

5. Ecmu oM > T1, o mpusMy 2 creyeT IepeBUHYTb Jalblie oT IenTpa Macc C M CHOBa
OTIpeJIeNUTh Mepuo Konebanuii MastauKa 75 Bo BTOpOM MpHOIIKEHHH.

Ecmu xe 1% < Ti, To npusMy cienyeT mepemBuHyTh Omike K HeHTpY Macc C M TaKke
OIIpeNeNUTh Iepno Koebanuii 75,

TakuM myreM, METOJIOM MOCJIEAOBATEIbHBIX NPHUOIMKEHUH, TOOUTHCS COBIAICHUS
nepuooB konebanuit 71 u T ¢ TounocTtsio 0 (1....2) - 103 c.

7. g OKOHYATEIBHOTO TMOJOXEHHUS NMPU3MbI 2 (pa3Mepa az, pUCYHOK 6.3) YTOUHUTh
nepuo konebanuit 7> MasTHUKA 10 11.5.2, T.€. T2 = t2cp/50, rae taoep ONpeaenuTs Mo pe3yapTaTaM Tpex
OTIBITOB.

8. MacmrabHOl JTUHEWKOH C TOYHOCTHIO 0 | MM W3MEpHUTh NPUBEACHHYIO JUHHY L
MasTHHKA, PaBHYIO PaCCTOSIHHIO MEX Iy peOpamMu OTIOPHBIX MPU3M (PUCYHOK 6.3).

9. Tlo dopmyne (6.10) ompenenuTs 3HAYCHUE YCKOPSHHS CBOOOJHOTO MaJCHUS Jsxen,

npunsB 11 =12 =T.

6.5 OnpenesieHre NOTPEITHOCTA U3MEPEHUS

1. Tlo u3BecTHOM MeTouKe U3 (6.10) BeIBecTH (POpPMYITYy OTHOCHTEIHLHOM MOTPEITHOCTH

g L T -

2. Ipunss AL = 1 mm, AT = |T1 — 72|, BBIYMCIUTH OTHOCUTEIBHYIO MIOIPEIHOCTE € = AQ/Q.

3. BBIYHCINTB a0COTIOTHYIO TTOIPENIHOCTD H3MepeHus: AQ = € -Qocen.

6.6 BeiBO bl

OLEHUTD HOTYYEHHBIH PE3YIBTAT Joxen, CPABHUB €TI0 C U3BECTHBIM 3HaueHneM g = 9,8 1m/c?,

Ecnu pacxoxxnenue 3HauntenabHoe (6osee 5%), TO MOMBITATHCS 1aTh ITOMY 00BbSCHEHUE.

6.7 OTBeT

8:ﬂ-100%:...

OtBer 3anucath B BUJE: § = Qoxen T AQ = ... ; g
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6.8 Conep:xanue oruera

Ortyer 110 J1abopaTopHO# paboTe NOIHKEH COACPIKATh CIICAYIOIIE OCHOBHBIC Pa3/Ieibl:
1. HawmmenoBaHue paOOTEHIL.

2. llenb paGoTHI.

3. Omnmcanue 5KCIEPUMEHTATBFHONW YCTAHOBKMA M METOJUKHU OIBITA, PACUETHYIO (GOpMYITy
U1 OIpeiesIeHus J.

4. Tlopsnok mnpoBeneHHs PaOOTHI, BBIYHUCICHHE YCKOPEHHUs CBOOOJHOro majeHus (g,

TaOIHIIBI PE3YTHTATOB U3MEPEHUM.
5. OmpeneneHue NOrperHOCTA U3MEPEHHSL.
6. BrIBOIEL

7. OrtsBer.

6.9 KoHTpobHbIE BONPOCHI

1. Tloyemy MasTHHUK Ha3bIBaeTCs 0OOPOTHBHIM?

2. Yro wHa3pIBaeTCSI TPUBEACHHOW [UIMHOW (HU3MUYECKOTO MasTHUKA, M KaKOB ee

(bu3uveckuii cMpIca?
3. Uro Ha3pIBaeTCs MEPUOJIOM KOJCOAHUI MasTHUKA?

4. Yro Takoe nuKInYecKas (Kpyropas) yactoTa KoyieOaHuii?

5. TMomymaiiTe, MOXHO JIM TIOJTYYUTh HCKOMBIN PE3YIIBTAT, €CJIN OTIBIT TPOBECTH HECKOJIBKO
WHaue: rpy3 4 U ONOpPHBIC MPHU3MBI 2 M 5 3aKPENUTh HEMOJBIKHO, a TPy3 | OT OmbITa K OMBITY
nepemMeniaTh Mo CTepxHio 3 (pUcyHOK 6.3)?

CIHUCOK JTUTEpaTyphl, PEKOMEHIYEMOM K HCIOIb30BAHUIO 110 JaHHOU padote: [1-9]

JIABOPATOPHAS PABOTA Ne 7. U3YUEHUE CBOBO/IHBIX 3ATYXAIOIIUX
KOJIEBAHUM ITPYXKMHHOT'O MASTHHUKA
Heabp pa6orsl: O3HAKOMHUTHCS C METOJUKOM HCCIEI0BaHUsSI CBOOOJHBIX 3aTyXaroIIUX
KoJieOaHui, OMpeneNuTh JOTapu(MUUYECKUN EKPEMEHT 3aTyXaHUs KojiebaHuii U kod3puimeHt

BA3KOT'O COIIPOTUBJICHUSA KOJICOAHHSIM.

7.1 O6opyaoBaHue M MaTepPHAJIbI

1. Irarwus.

2. Cocyn ¢ KHIKOCTBIO.
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IS

HaGop nipyxuH u rpy30B.
Cexynnomep.
JIuneiika.

PsyaxHpie BeCHI.
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7.2 TeopeTuueckoe BBe/IeHHE

[TycTh rpy3 Maccoit M moABEIIeH Ha IPYXHUHE € )KeCTKOCThIO K (prcyHok 7.1). B monoxenuun

CTaTHYECKOTO PABHOBECHUS CHJIA TSDKECTH I'py3a MQJ ypaBHOBEIIMBACTCS CUIION YIPYrocTu Kher, T.e.

mg
X
Pucynok 7.1 — Cxema

IIPY>XUHHOTO MasAsTHUKA

mg = Kher,
I71€ Acr — CTATHUECKOE Y/UIMHEHUE TPYKUHBI.
B sTom nonoxeHuu npy>kMHHOTO MasgTHUKA (B Touke O) momeriaeM Havyajao OTCYETa, U OCh
X HampaBJIIeM B CTOPOHY YIJIMHEHUS NpYKUHbI. Bropoit 3akoH HeloToHa B mpoekuuu Ha ock Ox B
IIPOU3BOJIBHBIII MOMEHT BPEMEHHU UMEET BUJ
2
m d°x
2
dt
rae Fynp = k(?\;cm +.X) = kxcm + kX

d 2X d 2X
Tormpa M—— =M(J —kA., —kx’ wm M—— =—kX,
A dtz fio dt2
2
X 2
503078 — t @, x:O' (7.1)
dt
K
e @o = E — Kpyropas (UMKIMYECKas) YacToTa CBOOOIHBIX HE3aTyXalOIIUX

KoJieOaHuil PYKMHHOTO MasiTHUKA (COOCTBEHHAs 4acTOTa).
VYpasaenne (7.1) — 310 muddepenmanbHoe ypaBHEHHE CBOOOJHBIX HeE3aTYXaroIIUX

KoJebaHui, o0IIee pemneHne KOTOPoro UMeeT B
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A
v >
t
Pucynok 7.2 — I'paduik He3aTyXarommx
rapMOHMYECKHX KOJICOaHMI
6 = Acos(w,t + ). (7.2)

I'paduk rapmonnyeckux koneOaHul npeacTaBieH Ha pUCyHKe 7.2.
3nech A — aMImuuTyna KoJjieOaHui (HaAmOOJBINEE CMEIICHHE Tpy3a OT PaBHOBECHOTO
noJIokeHust), To — mepuoj KojieOaHui, KOTOPBIA ¢ 4acTOTOW » M KPYroBOH 4acTOTOM mo CBA3aH

COOTHOILICHUEM
Qy=—=—. (7.3)

Orcrona cieyer, 4To €CJIM 4acToTa KoJIeOaHWW v YUCIICHHO paBHA YMCTy Kojebanwmii 3a 1
CEKYH]ly, TO KpYroBas 4aCTOTa (o paBHA YHCIy KoJeOaHui 3a 21 CeKyH/I.

W3 BbllIeyKa3aHHOTO CIEAYET, YTO B CIIydae BEPTHUKAIBLHOTO PACIOJIOKEHUS MPYKUHHOTO
MasTHUKA ypaBHeHUd (7.1) u (7.2) UMEIOT TOT K€ BHJI, YTO U MPU FOPHU3OHTAILHOM PaCIOJIOKEHUN
MasaTHUKA. [Ipu BepTHKATBbHOM pAacMONOXKEHUH MasTHUKA Ha Tpy3 JCHCTBYET MOCTOSIHHAas BO
BpEMEHH cuja TSHKECTH Mg, KOTopas CMEIIAeT IIOJIOKEHHWE PaBHOBECHS, OKOJO KOTOPOro

mg
k

B cJIydac, Koraa KoJIeOaHHs rpy3a npoucxoziar B BSI3KOM cpeac, Ha Ipy3, KpOME CHJIIbL

IIPOUCXO AT 'aPMOHHUYCCKUC KOJ'Ie6aHI/I$I, Ha BCIIMYMNHY /Iﬁ(‘) =

YIIPpYroCcTu, CHJIbl TSKECTU U BBITaJ'IKI/IBaIOH_[eﬁ CHIJIBI ApXI/IMeI[a, ﬂeﬁCTByeT CIc CuJjia BA3KOIO

_dx

TpeHus Frp = YV, xotopas mponopioHaibHa CKOPOCTH ABHKEHHS V= dt " HanpaeleHa B

CTOPOHY, NMPOTUBOIIOJIOKHYIO ABHKEHHIO I'py3a. 371ech Y — KO3((UIMEHT BSI3KOTO CONPOTUBIICHUS
KoJie0aHMAM, KOTOPBIN 3aBUCUT OT pa3MepoB U Gopmbl Tena. Bropoii 3akon HeloToHa B mpoekuuun

Ha och Ox UMeeT BU/J
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2

d“x dx
Mm—-=mg-K(4;, +0)—y——F
5 g—k(4Az +0)—¥ pranl 'y (7.4)

t2
rac kﬂ’cc‘) =mg — l:A-

[locne mpeobpasoBanuii monydaeM 1uddepeHaTbHOe ypaBHEHHE —3aTYXaONINX

KoJieOanuit

d*x dx "
F‘FZ&E'FCOSO:O, (75)

rae O = L koo urment 3atyxanus, [8] = c™,

2m

[k
w, = H — coOCTBEHHAasi Kpyropas 4acToTa.

B ciydae manoro conpoTuBiieHus, koraa o < mo, pemnienre auddepeHnaibHOT0 ypaBHEHUS

(7.5) umeeTt BU
6= A& cos(wt + ), (7.6)

rae Ao — HadaJgbHas aMILTUTYAa KoJeOaHui,

s o s
Aoa — yOBIBaroIas Co BpeMEHEM aMILTUTY/Ia KOJeOaHuH,

® — KpyroBas 4yacToTa 3aTyXarollluX KoJieOaHHil, KoTopas omnpezesnsercs no Gpopmyie

w=\o; -5 (7)

I'padux dynkumm (7.6) mokasaH Ha pucyHKe 7.3.
[Tepuon 3aTyxaromux KojacOaHuii paBeH

. 2 2

N

CpaBuuBas Qopmynsl (7.3) u (7.8), moiydyaem, 4TO MEpPHOJ 3aTyXaroUuX KosieOaHUi

HECKOJIBKO OO0JIbIIIE nepruoaa HE3aTyXaruunux KoneOaHuii.
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Pucynoxk 7.3 — I'paduk 3aryxarommx Kojaedanuit
BbricTpoTa 3aTyxaHus KoJeOaHUN XapaKTepu3yeTcsl IBYMsl MapaMeTpaMu.
1) JlekpeMeHTOM 3aTyXaHHs, KOTOpBIM paBeH OTHOILEHHWIO JBYX IOCIEA0BATEIbHBIX

aAMIUIUTYIHBIX OTKJIOHEHUHN CUCTEMBI B OJJHY CTOPOHY OT PABHOBECHOTO COCTOSIHMSI (PUCYHOK 7.3)

A Aet

A = Aoe—é(t+T) (7.9)
i+1
2) JlorapumMudeckuM JeKPEMEHTOM 3aTyXaHHS

9:|ni:é'|" (7.10)

i+1

7.3 Onucanue >KCIepUMEHTaIbHON YCTAaHOBKHU

Cxema 3KCIepUMEHTAIbHOM YCTAHOBKH MPEACTaBICHA HA pUCYHKE 7.4.

Ha mrtatuBe 1 3akperuieHa nmpyxuHa 2, K CB0OOTHOMY KOHITY KOTOPOU MPUKPEIJICH Ipy3 3.
[Tocnenuuii onymien B cocyn 4 ¢ XUIKOCThIO. CMellleHne rpy3a OT PaBHOBECHOIO COCTOSHUS B

nporiecce KoyieOaHui MPOU3BOIUTCS IO JIMHEHKE 5 ¢ MMOMOIIBIO CTPEIIKH 6.
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Pucynok 7.4 — Cxema ycTaHOBKH

Ou4eBHAHO, YTO MEPHOJ 3aTyXaroIIUX KoJIeOaHUH HeleaecooOpa3Ho ONpeneNiaTh 10
BpEMEHHU OJHOIO MOJIHOTO KOJIeOaHHs — CIMIIKOM BeNMKa OyAeT MOTPEIIHOCTh U3MEpEeHUs. ITO
HY)KHO JIe1aTh, U3MEPUB BpeMsl OOJIBLIOrO YKciia KoJiebaHHi, a 3aTeM pa3IesiiB 3TO BpEMS Ha YHUCIIO
kosebanuil. ToOYHO Tak e TOUHOCTh U3MEPEHUN 3HAUUTEIBHO MOBBICUTCS, €CIIN JorapupMuuecKkuit
JEKPEMEHT 3aTyXaHHs Mbl OyJeM OIpEeAessATh HE IO JByM MOCIEIOBATEIbHBIM aMIUIUTYIHBIM
OTKJIOHEHUSIM MAasATHHKA, a 4Yepe3 OTHOUICHHE AaMIUIMTYH, OTCTOAIIMX IO BPEMEHM Ha MHOIO
MepUOJ0B KoJIeOaHUH.

ITycts Ao — HavansHast ammuinTyaa (npu t = 0), An — aMIIMTYy/1a BBIHYXKICHHBIX KOJCOAHHIT

B MOMEHT BpeMeHH t = NT, rae N — 1enoe 9uciio MOJHBIX KoJeOaHui

A, =A™, (7.12)

OTtHoleHne AMILIUTY paBHO

A AP

E = W = ) (7.12)

rae 6 = 0T — norapuMUYECKUI TEKPEMEHT 3aTyXaHHH.

[Iponorapudmupyem 06e yactu paBeHcTBa (7.12) u mocne nmpeodpazoBaHUi MOTYIUM

ezlm %

-~ | 7.13

A (7.13)
0

C oaHOM CTOPOHBI, KOAPPUIIMEHT 3aTyXaHusl KoJueOaHui o= % , a C Ipyroi — o= ? .
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[IpupaBHsB mpaBbleé YaCTH ITUX PABEHCTB APYr K JPYyry, BbIpakaeM KO3()(UIIMEHT BS3KOTO

COIIPOTUBJICHHUA

y="" (7.14)

7.4 3anaHne U MOPSAIOK BHINOJHEHUSA PadOTHI

1. 3meputh Maccy Tena MyTeM B3BEIIMBAHUS HA PhIYaKHBIX BECAX.

2. [IpunenuTs rpy3 K NPYKUHE U OIMYCTHTD €ro B COCYA C )KUIKOCTBIO.

3. OTKJIOHUTH TPY3 BHU3 OT PABHOBECHOTO TIOJOXKEHHUS Ha IMPOU3BOJIbHYIO, HO MAIyIO
BEJMYMHY Ao U OTITYCTUTH €ro 0€3 HayaJbHON CKOPOCTH.

4. 3MepuTh CEKyHIOMEPOM BpeMs 1, 32 KOTOpOE MasTHUK COBEPIIUT N TIOJIHBIX KOJIeOaHUH
(>xenmatenbHO uMeTh N = 10 ... 20). Pe3ynbpTaTsl u3MepeHuii 3anectu B Tadbmauiy 7.1.

Tabnuma 7.1 — Pe3ynpTaThl H3MEpEHUI NepHO/Ia 3aTyXaloNX KouneOaHuit

[TapameTpsl Howmep onbiTa

1 2 3 4 5

Uucno xoaebaHuii, N

Bpewms konebanuii, t, cex

[Tepuon xonebanuii, 7, c

AOcoroTHas TOTPenTHOCTh, AT, C

5. Onpenenuth Mepro 3aTyXaronux KojaeOanuii

O=— (7.15)

6. [loBTOpuTh Mm.I1 2 — 4 HEe MEHEe 5 pa3, KaKblil pa3 3ajaBasi MAsITHUKY pa3IM4HbIC, HO
MaJible 3HaYeHus Ao.

7. Haiitu cpeqHee 3HaueHUE MEPHOJIa 3aTyXaroIIuX KoJieOaHui

. 1
O = N DT (7.16)
.

1
rae N1 — 4uciIo ONBITOB MEPBOM CEPUH.

8. OHpeI[eJ'II/ITb a6COJ'IIOTHy}O IOTPCITHOCTD KAK0I'O OIIbITa

AOI =|Tﬁa_ol |, i =1,2,..., Nl! (7.17)
CpeaHee 3HaUCHHEC a0COTIOTHOM MNOrpeIIHOCTH
. 1 N
AQ,s =— ZATi : (7.18)
N1 i=1

OTHOCUTCIIbBHYIO ITOTPCUIHOCTD I/ISMCpCHHﬁ
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ATcp
& = —-100% (7.19)

cp

9. Pe3ynbrar u3mMepeHuil 3anucarb B BUJIE

T=Tp+xATp=...c, &=...%.

10. OTKIOHUTH Tpy3 BHHU3 OT PABHOBECHOTO IIOJIOKEHUS Ha IPOU3BOJIBHYI0 MAalylo
BEIMYUHY Ao ¥ OIIYCTHTB €ro 0e3 HaualbHOW CKOPOCTH.

11. OTrcuurarh N MONHBIX KOJIEOAHWH MPYKUHHOTO MAasTHHKA, M3MEPUB aMILTUTYRY An
nocieaHero konedanus. Pe3ynpTaTel n3MepeHuii 3aHecT B Tabauity 7.2.

12. [Togcuurtatsk norapudmMudeckuii AeKpeMeHT 3aryxanus mo Gopmyne (7.13).

13. IloBToputs m.m. 10 — 12 He MeHee 5 pa3, KaKIbIH pa3 3ajaBasi pa3inyHbIE Malble
3HaueHus Ao.

14. Onpenenutsb cpeHee 3HAaUCHNUE JEKPEMEHTA 3aTyXaHHs

1 N
O =26, (7.20)

rae N2 — 9uciI0 OTIBITOB BTOPOM CEpPUH.
15. Onpenenuts NOrpemHOCTh U3MEPEHNN TEKPEMEHTA 3aTyXaHMS.

Crioco6 1. OnpenenuTh aOCOMIOTHYIO MOTPEITHOCTH KaXKIOTO OIThITa

AG, =H0,-6] 1=12,..,N, (7.21)
cpe/Hee 3HaYeHHE aOCOTIOTHON MOTPENIHOCTH
1 N
A== A6, (7.22)
N, =
OTHOCHUTCJIbHYIO ITIOI'PCIIHOCTDb I/ISMepeHI/Iﬁ
AO; 0
g0 = -100% (7.23)
3

CHOCO6 2. CHaLIaHa ONpeAC/INTE OTHOCUTCIIBHYIO TIOIPCHIHOCTD, O6yCHOBHeHHyIO
M€TOL[I/IKOI71 SKCIICPUMCHTA U UCIIOJIb3YyCMbIMU U3MCPUTCIIbHBIMU HpI/I60paMI/I, 110 (I)OpMyJ'Ie
N A R
. 0 + 7A”
AG A A,

g0 = , (7.24)
0 In A
a 3aTeM — a6COJ'IIOTHYIO MOTpCIIHOCTD
ANO=0.,-&, (7.25)
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W3 nByX 3HAYCHWI MOTPENIHOCTH, OMPEEICHHBIX PAa3IMYHBIMH CHOCO0aMH, B KaueCTBE
OKOHYATEeJIBHOTO pe3yibTaTa BHIOMpaeM HauboIblIee 3HaYeHUE.

16. Pe3ynpTaT u3mMepeHuii 3anucath B BUC

A6
0=00+A0=.. &= 7'100%... %.

17. Onpenenuth KO3GUITUEHT BA3KOTO COMpOoTHBIEHUS TI0 hopmyie (7.14).

18. OnpenenuTh OTHOCUTEIIBHYIO MOTPEITHOCTh U3MEPEHHS Y TI0 PopMyIie

Ay (Am A6 AT
=—= +—+

& 7.26
Ty T m e T (7:26)
1 a0COIOTHYIO IOTPEIIHOCTh
Ay=y-&, (7.27)
Pesynbrar u3mepeHuit 3anucarb B BU/C
Ay
y=y+£Ay=..kr/c, sy=_'100%...%.
v
19. CnenaTp BBIBOIBI TTO BHITIOJHEHHOM pabOTe M B KOHIIE OTYETA 3aMMCaTh OTBET.
Tabnuma 7.2 — Pe3ynbTaThl ©3MEpeHUH JIOTapU(PMUIECKOTO IEKPEMEHTA 3aTyXaHUs
[TapameTpsi Howmep omnbiTa
1 2 3 4 5 6
Ao, MM
An, MM
n
0
AO

Conep:xanue oT4yera

1. JTaGoparopnas padota No ...

2. HaumeHnoBaHue paboThI.

3. Llenb paGoTHI.

4. ITpuGopsl 1 MaTepUabL.

5. Yeprex WM cxeMa YCTaHOBKH (eciu TpelyeTcs).

6. @opMysIBI HCKOMBIX BEJIMYUH U UX IIOIPELIIHOCTEN.

7. Tabnuua c pe3ynbTaTaMd U3MEPEHUH M BBIUMCIICHUH MOrpenrHocTel (eciau Tpedyercs).

8. Bpruncnenus pe3yapTaToB.
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9. OxoHUaTeNBHBIN pe3yIbTaT, BBIBOJ U MpoYee (COrTIACHO IeTH paboThl).
B BbIBOJIE HEOOXOAMMO OTBETHTH Ha BOIPOCHI:

- 4TO BBI JIeJIaJIM, B UM LIeJIb Baiiei paboThl;

- KaKue pe3ynbTaThl Bbl 0KMJIAJIH MTOJIYUUTh;

- COBIAJIM JIM PE3YIbTATHI Balleil pabOThI C 03KHUIaEMBIMHU.

7.5 KoHTpO/IbHBIE BONPOCHI

1. Kakue xonebaHust Ha3bIBalOTCA rapMOHUYECKUMU?

2. Kakue xonebaHusi Ha3pIBAIOTCS CBOOOIHBIMM HE3aTyXaIOUIUMHU, 3aTyXaomUMu?

3. Uto Ha3bIBaeTCs COOCTBEHHON KPYroBOW 4acTOTOM?

4. 3aBUCHT JIA TIEPHO]I 3aTYXAIOIIUX KoJIeOaHU OT BA3KOCTH cpeanli? Ecnu aa, To kak?

5. BeINonHAETCS M 3aKOH COXPAHEHUSI MEXAHMYECKOM 3HEPIHM B CIIydae He3aTyXarolmuX
CBOOOTHBIX KOJIeOaHUN? A B CcIydae 3aTyXaronux cBOOO HBIX KOJIeOaHmit?

6. Kakue mapaMeTpsl XapakTepH3YIOT 3aTyxaromiue Kojeoanus?

7. BeiBectu dhopmyimy 7.24.

8. BriBecTu popmymy 7.26.

9. Ilouemy HavanbHAs aMIUIMTY/A 3aTYXaIOMIMX TAPMOHUYECKUX KOJeOaHUH JOKHA OBITH

Majoi? Uro Oyzer B ciiydae OOJIBIION aMILIUTY/IbI KOJIeOaHmii?

CIHUCOK JTUTEpaTyphl, PEKOMEHIYEMOM K HCIOIb30BAHUIO 110 JaHHOM padote: [1-9]

JIABOPATOPHA PABOTA Ne 8. OIIPEJIEJIEHWUE OTHOIUEHMA Y /IEJIbHBIX
TEIUIOEMKOCTEU 'A3A METOZIOM AJIMABATUYECKOT'O PACIIIVPEHM A
Henp padorbl: O3HAKOMUTBCA C OJHUM U3 METOJOB OINPEAEICHUS OTHOLICHUS yIEIbHBIX

TEMI0EMKOCTEH rasa.

8.1 OGopynoBaHue U MaTepUAJIbI

1. Kon0Oa ¢ ximama”om.
2. Manowmerp.

3. Hacoc.
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8.2 TeopeTnyeckoe BBeeHUE

VYenbHON TEIIOEMKOCThIO BEIIECTBA HA3bIBAIOT (PU3MUYECKYI0 BEIHYMHY, PaBHYIO
KOJIMYECTBY TEIUIOTHI, KOTOPYIO HAJI0 COOOIIUTH €IUHHIIE MAcChl 3TOTO BEIIECTBA, YTOOBI IOJHSTh
ero temrneparypy Ha 1°C.

Jj1d ra30B CyILLECTBYIOT JIBE TEINIOEMKOCTH, ONPEAEIsieMble YCIOBUSIMU HarpeBaHus. Eciu
HarpeTh ra3 MpH MOCTOSSHHOM 00beMe, TO BCs cooOIiaeMasi ra3y U3BHE TEIUIOTAa UJET Ha YBEJIUYEHUE
€ro BHYTPEHHEW SHEpruu. YJelbHas TEIUIOEMKOCTb, ONpeaessieMasl B 3TUX YCIOBUSX, HAa3bIBAETCS
TETI0EMKOCTBIO MTPU TOCTOSIHHOM 00Bbeme (Cy).

Ecnu Harpetsb ra3 npu NOoCTOSIHHOM JIaBJICHUU, TO cOO0IIaeMasi eMy TEIUIOTa UIET HE TOJIBKO
Ha yBEJIMYEHHE 3araca BHYTPEHHEH 3Hepruu, HO W Ha padoTy m3o0apHOTO pacumupeHus. B atom
cllydae Onpe/essieTcsl yielibHasl TeII0EMKOCTh PU MOCTOSTHHOM faBiieHuu (Cp).

VYaenpHas TEMIOEMKOCTh ra3za Mpu MOCTOSIHHOM jaBiieHuu C, Oosiblie, yeM yAelabHas

TETIOEMKOCTh ITPH NOCTOSTHHOM 00Beme Cy, T.e.

C,>C, unu—>>1
p C .
Vv
BenmunHa OTHOIIEHUS TEIIIOEMKOCTH IIpu MOCTOAHHOM JAaBJICHHU K TCIJIOEMKOCTH IIPHU
MMOCTOSTHHOM O00BEMe Il Ta30B BXOJWT B ypaBHEHHE aauabaTHOTO mporecca. HamomHuMm, 41O
aI[I/Ia6aTI/ILIeCKI/IM HAa3bIBACTCs IIPOLUECC, IMTPU KOTOPOM ra3 U3MEHACT CBOC COCTOSAHUC, HC BCTYIIAA B

TETIOBOM OOMEH ¢ OKpYXKalolel cpefoi. Y paBHEHHE 3TOTO IPoIiecca UMEET BUT

PVY =const
N,
rne ¥ = N_ — ko3 dunment Ilyaccona.

v
3HadeHHe Y O4YCHb BAXXHO BO MHOI'MX IIpoLe€CCax. Haan/IMep, Y BXOOUT B YPAaBHCHHUEC, 110
KOTOPOMY MOJKHO OIIPEACIIUTE CKOPOCTH 3BYKaA B I'a3¢, OT HECI'0 3aBUCUT TCUCHUC I'a30B 10 TPY68.M CO

3BYKOBBIMH CKOPOCTAMU, 6BICTpO€ (CBCpXSBYKOBOG) JABHWOKCHUEC TCJI B Ira3€ U T. 1.

8.3 OnucaHue 3KCIIepUMEHTAIbHON YCTAHOBKU U METOAMKHU

OKCIICPUMCHTA

OnucaHHBI HIKE CIIOCOO OMpeAeseHHs OTHOIIEHMs YIENbHBIX TEMJI0EMKOCTEeH ra3os
Ype3BBIYAIHO MTPOCT IPU €r0 IKCIIEPUMEHTAIBHOM OCYILECTBICHHH.

bepercs cocyn emkocTbio 5 — 1011 ¢ ki1anaHoM (KpaHOM), C TMOMOIIbIO KOTOPOTO MOYHO
ObICTpO (a11abaTHO) BBITYCTUTH BO3JYX U3 COCYJa U YPaBHATh B HEM JaBlieHHE ¢ aTMOC(epHbIM. C
COCYJIOM COEIMHEH BOJISHOM MaHOMETP U HACOC.
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[lepen navanoMm omeita HE0OX0AMMa HEOObINAs TOATOTOBKA. HakaunBaroT BO3yX B COCY/]
no nasienust 30 — 35 cM BogsiHOTO cTON0A. B mpoliecce HakaunBaHUs ra3 HECKOJBKO HAarpeBaeTcs,
M03TOMY HEOOXOJIUMO MOAOXKIATh 2 — 3 MUHYTHI, [IOKa TeMIIEpaTypa B COCyJe HE ypaBHSIETCS C
BHemHEeH. 910 u Oyzaer 1 cocrosHue raza. OHO XapakTepusyercsi Temmeparypoit 7o (abcosoTHOM
TEMITePaTypOil OKPYKAIOIIEr0 BO3/IyXa) U JaBJICHUEM P1 (0OJIBIINM, YeM aTMOC(HEPHOE)

P1 =Po+ pgh1,(8.1)

rae Po — atMocepHOe JaBJIeHHUE,

pghi — 1006aBOYHOE JIaBJICHUE, OTIPEIEIIEMOE TI0O MAHOMETPY.

Ecnu tenepb OBICTPO OTKPBITH KIIATaH, TO BO3AYX PACIIUPHUTCS aquabaTHUECKH U JaBlICHHE
CpaBHsSETCA ¢ aTMOC(EPHBIM, PU STOM BO3AYX OXJIAJAUTCS JI0 TEMIEPATYpPHI T1.

Orto Oyzmer 2 cocrosHue raza (T1.Po) mpu Temmneparype rasza Ti, HUKE TeMIlepaTypbl
OKpYIKAroIel Cpe/pl, U JaBJICHUH, paBHOM aTMocepHoMy. Eciu kinamaH 3akpbITh Cpasy ke 1mociie
BBIXOJIa BO3/lyXa, KaK TOJBKO YpaBHSETCS JABIICHHWE, TO OXJAIUBIIMICA B COCy/Ae BO3AyX Oymer
HarpeBaThbCs 1O TEMIIEpaTyphl OKPYKAIOMIEH cpeabl, a T.K. 00beM raza B COCYIE OCTaeTCs
MTOCTOSTHHBIM (KJIaltaH 3aKphIT), TO OyIeT IMOJHUMATHCS JaBJICHUE. YBEIHYEHHUE ABICHUS MOXXHO
3aMeTHTh TI0 MaHoMmeTpy. Kak Toimpko Temreparypa CpaBHSETCS C TEMIIEPATypO OKPYKAFOIIETO
BO3/yXa, MOXXHO OTMETHTH 3 cocTostHue rasa (7o.P2).

P> = Po + pgho, (8.2)

rae P9N, — no6GaBouHOE NaBIIEHNE, OMpEnEIAEMOe IO MAHOMETPY.

] [UJIaHT OT Hacoca

KJIaIlaH
I (TO! Pl) —

/

HN30TCpMa

HI(To.P2) N

n30xopa

anuadara 11(T1,Po) cocyn rmauaMeT

v

0 Pucynok 8.2 — Cxema

Pucynok 8.1 — Cxema AKCMIENUMEHTAITEHOW VCTaHOBKH

MIPOBCACHUS OIIbITAa

Wrak, ecin paccMOTpeTh PUCYHOK 8.1, TO MOYKHO 3aKJIIOYMTh: NIEPEXO] U3 COCTOSIHUSA 1 B
cocTosiHUE 2 OyAeT aanadaTudeckuM, nepexoa U3 2 B 3 — U30XOpUYECKUM, IPUYEM B COCTOSIHUAX 3
u 1 Temmneparypa ofHa M Ta ke (TemrepaTrypa BHELIHEH cpeabl), T.€. TOUKH | u 3 jexar Ha OJHOM

HU30TCpMCE. Hcxonsa U3 cka3zaHHOTO BBIIIIC, MOJHO 3allUCATh IJId HU30XOPHUYCCKOIr'o Impounecca 2-3
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BbIpakeHue 3akoHa ['eii-JIrocaka

P, R

-r0 -rl
Jist ynoOcTBa epenuineM ero B BUie

PL N
P, T, (8:3)

[Iponecc mepexona u3 coctostHust 1 B 2 agquabaTUuecKuil, 1JisE HETO 3alMIIeM BbIpaKECHHE

3akoHa [lyaccona

y-1 y-1
Pl _ I:)0
4 Y
To Tl
WM ICpCIUIIeM €ro B BUJC
71 Y
Pl = TO (8.4)
y-1 y o .
I:)o T1
Bo3ssenem 06e yactu (8.3) B cTeneHs y
4 4
Bl (8.5)
Y y o :
I:)0 T1
Buano, uto npaBbie yactu ypaBHeHUi (8.5) u (8.4) paBHBI, 3HAUYUT, PABHBI U JICBBIC YaCTH
Y v-1
B _lA
I:)0 P0
Ecnu mposnorapudmupoBaTh 3TO BBIpaKEHUE, a 3aTEM PEUIUTh OTHOCUTEIBHO Y, MOKHO
HalTH
y = Ig Pl B Ig P0
- : (8.6)
Ig P1 o Ig Pz

Ho naBnenus Pi1, P> m Po oTiiM4aroTcs Opyr OT JApyra HE3HAYMTENFHO, MAaKCUMaJbHOE
paznuuue cocrabisieT okoso 30 — 40 cM BOJ.CT. (3TO OKOJIO 3 €M PT.CT.), T.€. pa3jIndue JaBICHHUS He
npesbimaer 4%. IIpu Takux ycloBHSAX, HE BHOCS OOJBIIMX OIIMOOK, MOXXHO 3aMEHHUTh B (8.6)

Pa3sHOCTH JIOFapI/I(l)MOB Pa3HOCTAMU CaMUX YUCCLII, T.C.
P -P,
P, —P,

Jl5is ympotieHus BeIpaKeHus ToACTaBuM 3HaueHus P1 u P, u3 ypaBuennii (8.1) u (8.2)

/4
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o (Rpgh)-R, _ n
(R +pgh)— (R +pgh,) h—h,- (8.7)

OT0ii (hopMyIoit M BOCHONB3YeMCs I HAXOKACHHUS OTHOIICHHSI TEINIOEMKOCTEH Trasa.

8.4 3aganue U NOPSAAOK BBINOJTHEHUS] padOThI

1. TIpoBepsIOT, 3aKpHIT JIM KJIAllaH, 1 HAKa4MBalOT HEMHOTO BO3ayXa B Oaiion. Heo6xoamumo
CIIETIUTH [0 MAHOMETPY, YTOOBI NaBJCHHE HE ObLJIO OOJBIINM, YeM MOYKET HU3MEPHTH BOJSHOMN
MaHOMeTp. B mpoTuBHOM cilyyae ®UAKOCTh U3 MaHOMETPa BbUIbETCS. Bo31yXx B cocyne B mporecce
HaKauMBaHUs CKUMAETCSI, U €r0 TeMIlepaTypa HEeCKOJIbKO ToBhImaeTcs. [loaTromy oTcuer naBieHus
MIPOU3BOIUTCSL TIOCJE BBIpAaBHUBAHUS Temrmeparyp, depe3 3 — 4 MuHyThl. KcTaTu, 3TO MOXKHO
3aMETUTh U M0 MaHOMeTpy. Kak TONbKO HarHeTaHwe 3aKOHYHUTCS, a BO3JyX HAYMHAET OCTHIBATH,
JABJICHNE HECKOJBKO CHUKAETCS; U KaK TOJBKO JAaBJICHUE YCTAaHOBUJIOCH, 3HAUHUT, U TEMIIEPATYPHI
BO3JlyXa B COCYJI€ U B OKPY)KaIOIIEH Cpelie CPAaBHSIUCH.

2. IMocrne 3anucu nanenus hy kianan Ha mraosenue (0,3...0,5¢) nproTkpeiBatoT. Bo Bpemst
aanabaTHOTO pacIIMpEeHus TeMIepaTypa Bo3ayxa najaer 10 71, a JaBieHue — 10 atMocepHoro Po,
npuueM T1 < 7o.

3. Tlocne 3akpeITHs KjamaHa TeMIeparypa B OallJIOHE MOBBIMIACTCS O KOMHATHOU
(m30xopuueckuii nporiecc). [Ipu 3ToM naBiaeHue B cocyze mopwimaercs 10 P2 (uepe3 3 — 4 MuH.).
[Tocre 3TOrO AEIar0T BTOPOM OTCYET IO IIKaje MaHOMeTpa, Haxo s ho.

4. 3uas hy u hz, HaX0IAT KCKOMYIO BEIMYHHY Y.

5. OnbIT NOBTOPSIOT 6 — 7 pa3 U HaXOAAT CpeAHEE 3HAUCHUE

1 n
n'iZﬂ:Yi

pr -

r7ie N — YUCJIO OTBITOB.
Bce pe3ynbraThl H3MepeHus 3aHOCAT B Tabiuiy 8.1

Tabnuma 8.1 — PezynpraTsl uamMepenus koddduuuenra [Tyaccona

No onbita IToka3aHNs MAHOMETPA, MM v AGCOIOTHAS TIOTPENTHOCTD Ay
h: h>
1
2
3
4
5
6
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Cpennue 3HaueHus Yep Ayep

8.5 Onpenenenue NOrpenIHOCTH U3MEPEHUS

Crnioco6 mepBbIit
1. HaxosT abCOIIIOTHYIO MOTPEIIHOCTh KaXI0TO H3MEpEHus 1o (Gopmyrie
AYi=|vyep—vil, 1=12...n.

2. HaxonaT cpenHee 3Hau€HHE aOCOIIOTHON MOTPELUTHOCTH

Ach = i ';A%

A
e =2 .100%
3. OnpenenstoT OTHOCHUTEIBHYIO IOTPEIIHOCTh y A 3aluChIBAIOT
OTBET B BUJIE: ¥ = VopT AYep= ... , €= ... .
Crioco0 BTOpOIi
B HEKOTOPBIX CITydasx MOJy4aroTCs OJMU3KHE WU JTaXKe OTMHAKOBBIC 3HAYCHUS OTHOIIICHUS
TEIUTOEMKOCTEH BO BCEX OTBITAX M CO3/A€TCS OIMMOOYHOE TPE/ICTABICHUE O BBITIOJHEHUU PAOOTHI
0YeHb TOYHO. HO mOTrpenHocTs 3aKiItouaeTcs He TOIBKO B OITMOKAX AKCIIEPUMEHTATOPa, a M B CaMOM
METOJIe, B HEJOCTaTKax MPUOOPOB, MPUMEHSIEMBIX B YCTaHOBKE. Tak, MPU W3MEPCHHUH JIABJICHUS
HEJIb3s1 TAPaHTUPOBATh OTCUET BBICOTHI BOJITHOTO CTOJI0A TOUHEe | MM B KaXK/I0H TpyOe MaHOMETpa,
a T.K. JUI1 U3MEPEHUs IaBJICHUsI HEOOXO0MMO B3SITh J1Ba OTCUYeTa (110 HUKHEMY M BEpXHEMY CTOJIOY
YKHJIKOCTH MAaHOMETPA), TO MUHMMAaJIbHAs MOIPEIIHOCTD OymeT 2 MM BoA.cT. (Ahy = Ahy = 2 Mm).
Hcxons u3 3TUX pacCyXJICHHM, ONpeessieM BEIMYUHY OTHOCUTEIBHON MOTPEUTHOCTH TI0
dhopmyie
_ Ay _Ah b, +4h,
Y h, h—h, ~

g (8.8)

a 3aTcM a6COJ'IIOTHYIO IMOTrpCIIHOCTb UBMCPCHUA: A’Y =Ycp " &

PGSYHLTaT HU3MCPCHUA 3alIMChIBACM B BUJIC

'Y:'chiA'Y:”., 8:%100%:

ITpu Berunciennu o Gopmyie (8.8) BMecto hy u hz cnenyer ucnonbp30BaTh JaHHBIE OJAHOTO
U3 ONBITOB.
B kadecTBe OKOHYATENBHOIO pe3yJlbTaTa W3MEPEHUN MPUHUMAEM TOT, KOTOPBIN

COOTBCTCTBYCT 6OJ'IBIJ_ICMy 3HAYCHHUIO OTHOCHUTEIIFHOM MOrpCIIHOCTH.
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8.6 Conepikanue oTuera

Otuer no nmabopaTopHO#t paboTe MOIKEH COAEPKATh CIEIYIOLINE pa3aebl:
1. HawmmenoBaHue pabOTEHIL.

2. llenb paGoTHI.

3. Tlepeuens mpuOOPOB M MPUHAIICIKHOCTEH.

4. (CxeMa 3KCHEepUMEHTaJIbHOW YCTAHOBKU U €€ OIHCaHUE.

5. Ilopsinok BbinonHEHUs pabOThI, TAOIUIIBI PE3YIBTATOB U3MEPEHUIL.

6. OmpeneneHne MOTPENIHOCTH U3MEPEHHs (ABYMsI CITIOCOOaMM).

7. OKOHYaTeNnbHBIM pe3ylnbTaT U3MEPEHHUM C yKa3aHHEeM aOCOJIIOTHONW M OTHOCHUTENIbHOM

IIOIPEITHOCTEN.
8. BrIBOIEL
9. Orser.
8.7 KoHTpoJbHBIE BOMPOCHI
1. TloveMy TEeTJIOEMKOCTbH ra3a 3aBHCHT OT YCIIOBHUS HarpeBaHUs?
2. Tlouemy C, 6onpre, uem C,?
3. Kakoii nmporiecc Ha3pIBaeTCs aauabaTHueCKuM, H30TEPMHIECCKIM ?

4. Kak wu3MmeHsieTCs BHYTPEHHSS SHEPrus NpU HM30TEPMHUECKOM M aanadaTuyecKoM
npoueccax?

5. Tlouemy B gaHHO¥ paboTe MAaHOMETpP HAIOJIHEH BOJAOMH, a HE PTYThIO?

6. Kak m3meHsercs remneparypa npu 3THX mporeccax?

7. BoiBecTu GhopMyny NOTPEIIHOCTH JUIsl BEJIUYUHBI .

8. CpaBHUTH SKCIIEPUMEHTAJIbHbIC 3HAYCHHUS Y C €r0 TEOPETUUYECKUM 3HaueHueM. CUnTarTh
BO3JIyX JIByXaTOMHBIM Ia3oM.

CIHUCOK JTUTEpaTyphl, PEKOMEHIyEMOM K HCIIOIh30BAHHUIO 110 JaHHOM pabore: [1-9]

JIABOPATOPHA PABOTA Ne 9. OIIPEJIEJIEHUE KOOOOUITMEHTA BHYTPEHHEI'O
TPEHNWA XNAKOCTU METOJOM CTOKCA
Lear padoTbl: 03HAKOMMUTBCS C OJHUM M3 METOJIOB OIpeAeTeHUs KodpuuueHTa
BHYTPEHHET0 TPEHMs >KUIKOCTU C IOMOIIBI0 Majaromero mapuka (Meron CTokca); OLEHHUTH

PE3YyIbTAThI H3MepeHHI>i H BbIYUCIINTD IIOTI'PCHIHOCTH.

9.1 O6opynoBaHue U MaTepUAJIbI

1 CTexJISHHBIN IUIUHAP Ha MOJCTaBKE.
2. Mukpowmerp.

3. Cexynaomep.

4. I1uHrer.

70



CHIJIBI:

5. CBUHLIOBBIE IIAPUKH.
6. MacirraOHas JIMHEHKA.

9.2 TeopeTnyeckoe BBeJeHUE

Ha mapuk, cB000THO TTaIatoui B BA3KOU MMOKOSIIIEHCS KUIKOCTH, ICHCTBYIOT CIICTYIOIINE

— CHuJia TSXKCCTH

4
P=mg = Eﬂr3ng | (9.1)

rIe I — paanyc IIapuKa;
P2 — IJIOTHOCTH BEIIECTBA IIAPUKA;

g — yCKOpeHHe CBOOOHOTO TaICHHUS.

Ecmu paguyce r B (9.1) BeIpasuTh uepe3 AuaMeTp mapuka d, morydum

_ Ttys
P = 6 d°p,g , 9.2)
— BBITAJIKMBAOMIas cuiia (1o 3akoHy Apxumesa)
. 4 2 T 3
|:A — ETCI’ P19 = Ed P19 ’ (9.3)

rae P; — IIOTHOCTD KUIKOCTH;

— CHJIa COIIPOTHUBJICHUA OBUKCHUIO, 06y€J’IOBJ’I€HHaH ChJIaMHd BHYTPCHHETO TPEHUA U

onpezensemas o popmyne Crokca

FC = 6m v = 3m dv ' (9.4)
rzie V — OTHOCHTEIIbHAS. CKOPOCTB ABHIKCHHSI CIOCB JKUIKOCTH;

N — koo duKenT BA3KOCTH (BHYTPEHHETO TPEHUS).

OTMGTI/IM, YTO KUAKOCTh CMAaUMBACT IIOBCPXHOCTD LIAapUKa, IIO3TOMY IIPH €ro MaJCHUN

HUMECT MECTO HEC TPCHUC MCKY MTOBCPXHOCTHIO HIApHKaA U JKUJAKOCTBIO, 4 TPDCHUC MEKIAY CII0SIMU

KHUIKOCTH. HCHOCpCI[CTBCHHO IIpuJIcr aIOIHI/Iﬁ K IITapuKy CJIOM KUAKOCTH JIBMIKETCS BMECTE C TEIOM

CO CKOPOCTBIO ABWIKCHUS TCJIA. OTOT cI0#i B CBOEM ABUKCHUHN YBJICKACT COCCAHUC CJIIOU KUAKOCTH,

KOTOPBIC Ha HCKOTopHﬁ nepruoa BpEMCHU NPUXOIAT B IIJIABHOC 6C3BI/IXpeBOG (J'IaMI/IHapHOG)

JABHIKCHUC.
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— OTta MOAeNb Jydllle COOTBETCTBYET MCTUHHOMU

= N 1 KapTUHE, €CIM UIapUKU MaJICHbKUE U CKOPOCTH

— F_4\ Masibl. Bce  ykasaHHble  BBIIIE  CHJIBI

h — E 2 n3o0paxkeHsl Ha pucynke 9.1. Bnauane

— | p_ / 3 CKOPOCTh  JIBIDKEHHMs  IHapuka  Oyjer

\ _____ BO3pacTarh, IIOCKOJBKY PaBHOACUCTBYIOIIAS

I BCEX CWJI, TPWIOKEHHBIX K  MIAPHKY,
Pucynok 9.1 — Cxema HarpaBieHa BHU3. OJIHAKO 10 Mepe

AKCIEPUMEHTAIBHO N

YCTaHOBKH

YBEJIMUYEHUS! CKOPOCTH LIapHKa Oy/ieT BO3pacTarh CHla COMPOTUBIIEHUS Fc, U HACTYIUT TaKON
MOMEHT, KOTI'/la cuiia TsbkecTu P Oyner ypaBHoBelleHa cuiamu Fa u Fc, T.e. paBHOAelcTBYOIIAs

cun OyzeT paBHA HYIIO
P-F,—F.=0 ©5)
C sTOro MOMeHTa JABHXKCHUC MIapyWKa CTAHOBHUTCS PaBHOMCPHBIM C KaKOM-TO CKOPOCTEIO Vv

= Vo. IloacraBuB B (9.5) Beipaxenus (9.2), (9.3) u (9.4) nocine mpeoOpa3oBaHUi, MOTydaeMm

BBIpaKeHUE 151 KodhPUIreHTa BI3KOCTH KUIKOCTH
2

qd
18v,

n: .(pZ_pl)l (96)

Kaxk BugHO 13 hopmyss (9.6), pazmMepHOCTh KO3 PHUIIEHTA BI3KOCTH [11] =H-c/M* =Tac

(ITackanmp-cexkynaa). Yem OoJibliie BA3KOCTh KUIKOCTH, TeM OOJIBIITNE CHIIBI BHYTPEHHETO TPECHHUS B
Hell BOBHUKAIOT M TEM CHJIbHEE 3Ta JKMIAKOCThH OTJIMYAETCS OT UAealIbHOM kuakocTd. 9.3 Omnucanue
AKCIEPUMEHTAIbHON YCTaHOBKH

DKcrepuMeHTallbHAs YCTAHOBKA MPEACTaBIsSET CO00M CTEKISIHHBIN UMIHHIP | (pUCyHOK
9.1), HanoJHEHHBIH UCCIEqyeMON JKUIKOCThIO. Ha cTeHke UWIMHIpa HaHECEHBbI JBE
TOpU30HTANIbHBIE METKU 2 U 3 Ha paccrostHud h apyr ot apyra. [Ipu 3TOM BepXHsist METKa J0/DKHA
OBITh HIKE YPOBHS KUJIKOCTH Ha 8 — 10 cMm.

JlmameTp Ka)J0ro CBUHIIOBOTO LIApUKa U3MEPAETCS ¢ IOMOLIBI0O MUKpoMeTpa. PaccTosiHne

h u3Mepsiercst MaciTaOHO# TMHEWKOW, BpeMsl MaJICHUsI IapuKa t — CeKYHIOMEPOM.

9.4 3ajanue U NOPSAAOK BBINOJHEHUS PadOTHI

1. MacitaOHOM TMHEHKOW H3MEPSIFOT paccTostHue N MeX Ty METKaMH.
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2. W3mepeHue auameTpa IIapuKa IMPOU3BOJIAT B TPEX Pa3IMUHBIX CEUEHMSIX, a 3aTEM

ONpCACIIAIOT €T0 CPCAHCC 3HAUCHUC

1
d, Zg(d1+dz +d,) 9.7)

[TonyueHHble pe3yabTaThl 3aHOCAT B TAOIULLY.

3. lapuk NMUHIETOM OMYCKAaIOT B JKMJIKOCTh KaK MOXHO OJIMKe K OocH nuiamHzapa. ['nma3
HabromaTeNnst JOHKEH OBITh PACIIONIOKEH HAIpPOTHUB BEPXHEW METKH TaK, YTOOBI OHA CIIMBANACh B
OJIHY TOPU30HTAIBHYIO MPSIMYI0. B MOMEHT ITPOXO0KIEHUS IAPUKOM BEPXHEH METKH ITyCKAIOT B X011
CeKyH/IoMep. B MOMEHT NpoXoJeHUs MIapUKOM HHYKHEH METKH CEKyHJIOMEp OCTAHaBIIMBAIOT.
Otcuer BpemeHH t 10 CEKyHIOMEPY 3aHOCAT B TaOIHILy.

4. Cuutas NIBWXKCHHE IIapuka MEXAY METKaMU CTEKJISHHOTO IWJIMHApPAa PAaBHOMEPHBIM,

OMPCACIIAIOT €TI0 CKOPOCTh

t - (9.8)

Pe3ynbrar BeIuMCICHUI 3aHOCAT B TAOJIHUITY.

5. ITo dopmyne (9.6) BeraucasAtoT KOIDPHUITUEHT BAZKOCTH KUAKOCTA. 3HAYCHUS BEJIMUNH

P1 u P2 6epyr uz "JlomonHuTensHLIX yKazaHui" Kk paGoTe. Pe3ynbTaT BhIYMCIEHHH 3aHOCAT B

Tabmuiry 9.1.

Tabnmuma 9.1 — PesynbTaTsl n3mMepeHuit kodhuIMeHTa BI3KOCTH

Ne Jlnamerp mapuka d-10%, m h, t, Vo, M/c n, An,
oIl d: d> ds dep M c ITac ITac
1
2
3
4
5
CpenHee 3HaueHue Hep Anep

6. OnbIT NOBTOPSIIOT 5 — 7 pas, MOCJIE Yero BHIYHUCISAIOT cpeiHee 3HaueHue korduiueHTa

BSI3KOCTH 110 opmyIie
1 n
My = 20, ©9)
i=1
TI€ N — YuCJI0 OIBITOB.

9.5 Onpenenenne NOrpelIHOCTH U3MEPEHUS

IlepBerIit crioco6
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1. Onpenenenue abCOTIOTHON MOTPENTHOCTH KOCBEHHOTO M3MEPCHHSI B KaXKJOM OIIBITE B

OTACIBHOCTHU

=M -], i-12 ... 0. (9.10)
Pe3ynbTarhl BEIUKCIEHUN 3aHOCAT B TAONHMILY.

2. OnpesneneHue cpeHEro 3HaueHus1 abCOIIOTHOM MOIPEUTHOCTH KOCBEHHOI'O U3MEPEHUS

A, =—2. M (9.11)

rae N — 9Yucjo ONbITOB.
Pe3y.]'IBTaTBI BBIYHCIJICHUA 3aHOCAT B Ta6J'II/IIIy.

3. OmnpeneneHre OTHOCUTENIBHOM MOTPEIHOCTH U3MEPEHUS.

A
e = 100%
ncp .

4. Pe3ynbTaT KOCBEHHOTO M3MEPEHHS KOAPDUIIMEHTA BA3KOCTH JKUJIKOCTU 3alMCHIBAIOT B

(9.12)

BUJEC

A
e= P 10006 = ...

n=n,*t4a, =... n.,

Bropoii coco6

OtuM  crocoOOM OILIEHHMBAETCA TMOTPEHIHOCTh CaMOM METOJUKU SKCIEpUMEHTa |
HCIIOJIb3YEMBIX B OTIBITE U3MEPUTEIBHBIX TPHUOOPOB.

1. YuursiBas, uto B (9.6) Vo = h/t, 10 M3BECTHOW METOJHMKE MOJYy4aroT (HOPMYITY s

OHpeI[eJ'IeHI/IH OTHOCI/ITCJ'II)HOI‘/'I HOFpeH_IHOCTI/I KOCBCHHBIX I/I3MepeHI/If/'I
A 2Ad Ah At Ap, + A
_4an _ cp AN A AP1T APy
Tl d cp h t p 2 p 1

& (9.13)

3nech B kadecTBe Adcy, Ah 1 At mpHHUMAOT 3HAYECHHUS TPUOOPHBIX OMIMOOK HCIIOIB3yEeMbIX
HM3MEPUTEIBHBIX MPUOOPOB, Ap1 B Ap2 — equHUIA pa3psiaa MOCASAHEH 3HavYaIIe QP IIOTHOCTH
KUJKOCTHU U BEIIEeCTBA [IapyKa, TPUBEICHHOM B "J[ONOTHUTENBHBIX yKa3aHUIX" K paboTe.

Boruncnenue no dopmyne (9.13) nmpousBoAaT mo pe3yiabTaTaM HU3MEPEHUN B JIOOOM H3
MIPOBEACHHBIX OMBITOB.

2. OHpeI[eJ'IeHI/IC a0COJIFOTHOH MNOrpemHOCT KOCBCHHOT'O U3MCPCHUA IMPOU3BOLAT IIO
bopmyne
N=n,  €=..
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3. Pe3ynbTar u3MepeHus 3auchiBalOT B BUJIE

n=m,*d =..
A

€= i -100% =....
n

9.6 BeiBOIBI

CpaBHHMBas TOTPEITHOCTH W3MEpPEHHs, TOJy4YeHHBIE JBYMS CIOCOOaMH, JIeNaroT
3aKIIIOYEHUE O MPHEMIIEMOCTH TOTO MM MHOTO Croco0a Ui OLIEHKH TOYHOCTH M3MEPEHUs, JAI0T
PEKOMEHAALINHY TI0 MOBBIIIEHUIO TOYHOCTH SKCIIEpUMEHTA (TIOBBIILIEHNE TOYHOCTH U3MEPUTETbHBIX

MpUOOPOB, ABTOMATU3ALINH MPOBEJCHUS U 00PAOOTKH Pe3yIbTaTOB SKCIIEPUMEHTOB U Jp. ).

9.7 OtBeT

OkoHYaTenbHBIH OTBET, COOTBETCTBYIOIIUN OOJbIIEMY 3HAYEHUIO OTHOCHTENIbHOU

IOrpe€IIHOCTH, OHpCJICJ'ICHHOfI JABYMs aJIbTCPHATUBHBIMHA CHOCO6aMI/I, 3aIIMChIBAOT B BUJIC

n=n,t4a =..
A
s=l-100%=....
n

9.8 Conep:xanue oTyera

Otuer no n1abopaTopHOi paboTe JOHKEH COJIEPKaTh CIEIYIONIME OCHOBHBIE pa3/IeIbl:

1. HaumenoBanue paboThI.

2. llenb paboTHI.

3. Onucanue >KCHEPUMEHTAIbHON YCTAaHOBKM M METOJUKH OIBITa, PAaCUueTHYI0 (HOpMYIy
Croxkca ans onpeaeneHus: KO3PPUIHEHTa BI3KOCTH KUIKOCTH.

4. Tlopsimox poBeaieHus paboThl, TAOIHUILY pe3yIbTaTOB MPSIMBIX U KOCBEHHBIX U3MEPEHU.

5. Onpenenenue MOrpeIHOCTA U3MEPEHUS IBYMSI CLIOCOOaMH.

6. BeiBO1BI.

7. OTBeT.

9.9 KoHTpo/1bHbIE BONPOCHI

1.  Kaxoe TeueHHe XKUIKOCTH HA3bIBAETCS JIAMUHAPHBIM?
2.  Kakoe TeueHue Ha3bIBaeTCs TypOyJIE€HTHBIM?
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3. Yro xapakTtepusyeT K03(pPUIIUEHT BAZKOCTHU KUIKOCTHU?

4.  KakoBa pa3mMepHOCTb KOA(pPHIIHEHTA BI3KOCTH?

5.  BoiBeaute ¢GoOpMylly OTHOCHUTENBHOW MOTPEUIHOCTH H3MepeHHs Kod(pHUIMeHTa
BSA3KOCTH, 00YCIIOBIIEHHON MPUOOPHBIMU OLTHOKaMU 3KCTIEPUMEHTAILHON YCTAHOBKH.

6. Ilouemy, HauMHas ¢ HEKOTOPOTO MOMEHTa BPEMEHH, CBOOOHO MAAIONINI HIapUK B

KUJKOCTU JABUKETCS PaBHOMEPHO?

7. Uemy paBHa BBITQJIKUBAIOLIas cwia Apxumena, JeMCTBYIOLIas Ha MOrPYKEHHOE B
AKUAKOCTD TeJ0?

8. B kakux equHMIIAX U3MEPSETCS TUIOTHOCTD BEIIEeCTBA?

9. B Kakux eJMHHLIAX U3MEPSIETCS AaBJICHUE )KUIKOCTHU?

10. BmiBegute dopmyny s KodpPuUIHMEHTa BA3KOCTH KUAKOCTH, OMPEICISIEMOTrO
MetooM Ctokca?

11. B gewm 3axmouaercs cytb Metona Crokca?

12. Kakwe emnie MMEIOTCS SKCIIEPUMEHTAIBLHBIC METOJBI ompeneneHus koddduimenrta
BSI3KOCTH KUJKOCTU?

CHmCcOoK JIMTepaTypbl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 110 JaHHOH padore: [1-9]

JIABOPATOPHASA PABOTA Ne 10.0ITPEJAEJIEHUE KOOOOUITNMEHTA
[NOBEPXHOCTHOI'O HATSXKEHUSA XKUAKOCTHU [1IO METOY OTPBIBAHM A KOJIBIIA
Heap padoThl: TO3HAKOMHUTHCS C METOJIOM OTpbIBaHMs KoJblia. OnpenaenuTs Ko3hduurueHT

MMOBCPXHOCTHOT'O HATSKCHUS X KUAKOCTHU 110 METOAY OTPBIBAHUSA KOJIbLA.

10.1 OGopynoBaHue U MaTePUAJIbI

1. Becrrl.
2. Konsr1o.
3. Cocya € )KUAKOCTHIO.

4. HaGop rups.

10.2 TeopeTnueckoe BBeJIeHUE

Ecnmn metannuueckoe KOJIbIO, IMOABCUICHHOC K Yalle BECOB, IIPUBECTU B COITPHUKOCHOBCHHEC
C ITIOBCPXHOCTBIO CMa‘{I/IBaIOH_Ieﬁ KHNIAKOCTH, a 3aTEM Ha4daThb IIOJHUMATh €I0 (I/IJ'II/I OIIYCKaThb COCY C
)KI/I,Z[KOCTBIO), TO MOXKHO BHJICTH, YTO KOJBIO KakK OBI MNPpUIMAIIACT K IMOBCPXHOCTH KXKHAKOCTU H,

HoJHUMAasACh Hald > KUIKOCTBIO, IIOJHUMACT 34 co00ii 1 ee IOBCPXHOCTD.
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Pucynok 10.1 — Cxema aegopmaiivii IOBEpXHOCTH

KUIKOCTHU ITIOJHUMAEMbBIM KOJBIIOM

UToOBI OTAENUTH KOJBIIO OT MOBEPXHOCTH KUAKOCTH, HAJIO TPHIOKUTH HEKOTOPYIO CUITY,
KOTOpasi JI0JDKHA MPEB30UTH BEC TeJla U CHITY TIOBEPXHOCTHOTO HATSDKEHUS, JCHCTBYIOIIETO Ha BCIO
JUIMHY KOHTypa Kojblia. Eciim 0003HaunTh Bec KoJblla yepe3 P, Kod)PHUImeHT moBEpXHOCTHOTO
HaTSKEHHS 4epe3 o, YroJl MKy OOKOBON MOBEPXHOCTHIO KOJbIA M IJIOCKOCTBIO, KacaTeJIbHON K
MMOBEPXHOCTH JKUJIKOCTH (KpaeBOW yroj) 4epe3 ¢ W CUJTy, JEHCTBYIONIYIO Ha KOJIBIIO B MOMEHT

OTphIBa, yepe3 F, To ypaBHeHue paBHOBecHsI OyieT
F=P+z(D,+D,)a-cose, (10.1)

rae D1 u D2 — BHyTpeHHUH 1 BHEITHUN JTUAMETPhI KOJIbIIA.

Ecou IIPUHATb, YTO XHJIKOCTbH a0COJIFOTHO CMAa4HMBaeT Marc€puail, U3 KOTOpPOro CAaciiaHo

KonbLO (kpaesoii yron ¢ =0),t0o F =P+ ( D1 + DZ)OC , OTKyJia

F-P
a= m , (10.2)
rae F =mg, P = myg;
m — Mmacca TUpb;
M1 — Macca KoJblia.
Tornma
m-m
- 7§(Dl +l[))?) | (103)

10.3 Onncanue 3KCIepUMEHTAIBHON YCTaHOBKH

DKkcnepuMeHTalbHast ycraHoBKa (pucyHok 10.2) cobpaHa Ha 6a3e TEXHUYECKUX BECOB, I'ie
BMECTO YalllH, Ha KOTOPYIO OOBIYHO KJIAJIETCSl B3BELIMBAEMOE TEJIO, MOJIBEIINBAETCS METAIIMYECKOE
KoJb1O B. Uccnenyemas )xuIKOCTh HanuBaeTcs B cocys C, KOTOPBIN YCTaHAaBIMBAETCS MO KOJIBLOM
B. 'uprku pazHOBecoB KinajyTcs Ha yaiy 4 BecoB. Maccy M, pazmepsl D1 u D2 kosblia Heo6xo1umo
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B3S5Th U3 JIOMOJIHUTEIIBHBIX YKa3aHUH K JIa0OpaTOpHOM padoTe.

Pucynok 10.2 — Cxema 3KkcriepuMeHTaIbHON YCTaHOBKHU

10.4 3apanue u NOPSAIOK BBINOJTHEHUS] padOThI

1. YcTaHOBUTB COCY/I C UCCTEAYEMOM )KUIKOCThIO Ha BBICOTY, TIPH KOTOPOU MEXTY HIPKHAM
KpaeM KOJIbI]a M TIOBEPXHOCTHIO KHUIKOCTH OKaxkeTcss mpocBeT okoso 0,2 cm. YOemuthcs B
MapajuIeIbHOCTH Kpasi KOJIbI[a TOBEPXHOCTH JKUIKOCTH.

2. [IpuBeCTH KOJBIIO B COMMPUKOCHOBEHUE C UCCIETYEMOMN KUJIKOCTBIO.

3. IlocTeneHHO yBeIWYMBAas Maccy T'Mpb M Ha yanie A, CIeAUTh 3a MOJIOKEHUEM KOJIbIIa.
Yerko 3apUKCUPOBATH MOMEHT OTpPHIBA KOJIbLIA OT KMJIKOCTH. 3HAUE€HUE MAcChl TUPb M 3aHECTH B
Ttabmuiry 10.1.

Ta6muma 10.1 — Pe3ynbratel n3MepeHHit

Ne onbITa m a Ao,
1.
2.
3.
4.
S.
6.
CpenHee 3HaueHHE Oep = ... Aoep = ...

4. [loBTOPUTH M.1I. 1 — 3 HECKOJBKO pas.
5. o popmyne 10.3 mms KaxkA0TO OMBITA MOJACYUTATH 3HAUCHUE .
6. Paccunrath cpenHee 3HaUCHUE O.

7. ITo oOmuM npaBuiIaM OMpeaeTuTh OMNOKY U3MEPEHUI.

Conepxanue oTuyeTa

1. JIaboparopnas pabota Ne ...
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2. HaumeHoBaHue pabOTHI.

(98]

. Lens paboThI.

I

. [Ipubops!r 1 MaTepuab.

W

. Ueprex mwim cxema yCTaHOBKH (eciiu TpedyeTcs).

(o)

. DOpMyIIbl HCKOMBIX BEJIMYMH U UX MTOTPEIIHOCTEM.

~

. Tabnuma ¢ pe3ynbraTaMu U3MEPEHUI M BBIYMCIICHHUH MTOTPEUTHOCTEMH (eciu Tpedyercs).
8. Brruncienus pe3yabTaToB.

9. OkoHYaTenbHBIN pe3yiabTaT, BHIBOJ U IpoYee (COrNIaCHO LIEU padOThI).

B BbIBOJIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JI€JIAJIU, B YEM LieJb Baliel paboThl;

- Kakue pe3yibTaThl Bbl 0KUIAJIH TTOJIYUUTh;

- COBIAJIM JIX PE3YybTAThI Ballei pabOThI ¢ 0KUTaEMBIMH.

10.5 KoHTpoJibHbIE BONPOCHI

1. BeiBectu popmyny 10.3.

2. OOBACHHUTH MPHUHIIHUI PAOOTH TEXHHYECKUX BECOB.

3. Uro Takoe K03(pPUIIMEHT TOBEPXHOCTHOTO HAXOXKICHUS KUIKOCTH? B Kakux enuHumax
OH u3Mepsercs?

4. BeiBectu Qopmyny Ais pacueTra OTHOCHUTEIbHOW MOTPEIIHOCTH, OOYCIOBIECHHOM

MeTOHHKOfI SKCIIEPUMECHTA U UCIIOJIB3yEMBIMU an6opaMH.

CHHCOK JIMTEPATypPhl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 110 JaHHOH padore: [1-9]

Cnmcok ureparypsbl.

OcHoBHas JInTeparypa:

1. Tpopumona, T. M. dusuka : yaeOHUK : U CTYJCHTOB BY30B, 00YUJaIOIIUXCs 110 TEXH. Harp.
noarotosku / T.W. Tpodumosa. - 2-e uzf., nepepad. u gon. - Mocksa : Akagemus, 2013. - 346 c. :
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ui. - (Beicmee mpodeccunonanbaoe oopazoBanue) (bakamaBpuar). - [Ipenm. ykas.: c. 330-3309. -
ISBN 978-5-7695-9820-3.

2. Tpodumona, T. 1. Kypc ¢husuku ¢ npumepamu pemeHus 3a1a4 : yaeOnuk : B 2-x t. / T.W.
Tpodumona, A.B. @upcos, T. 1. - M. : Knopyc, 2015. - 584 c. - (bakanaspuar). - [Ipui.: c. 575-
577. - ISBN 978-5-406-04427-8.

3. Tpodpumona, T. 1. Kypc ¢usuku ¢ npumepamu pemeHus 3a1a4 : yaeOHuk : B 2 1./ T.H.
Tpodumona, A.B. @upcos, T. 2. - M. : KHOPVYC, 2013. - 378 c. : npun. - (bakamaBpuar). - ISBN
978-5-406-00339-8. - ISBN 978-5-406-00341-1

Jlono/iHuTeIbHAS JINTEpaTypa:

4. Tpopumona, T. Y. Coopuuk 3ama4d o Kypcy ¢usuku: as ry3oB / T. . Tpodumosa. - 3-¢
u3n. - M.: OHUKC 21 Bekx: Mup u Obpaszosanue, 2005. - 386¢. - ISBN 5-329-01369-0. - ISBN 5-
96666-196-5

5. Tpodumosa, B. JI. [IpuponononszoBanue. Toskosblii cioBaps / B. JI. Tpodumosa. - M.:
®unance! u cratuctuka, 2002. - 186 c. - bubmmorp: ¢. 182-183. - ISBN 5-279-02687-2

6. Imutpuesa, B. @. 3amaun no gusuke: yued.nmocodue ans rexuukymos / B. @. JImutpuena. -
3-e w31, crep. — Mocksa: Akanemus, 2009. - 336 c.: un. - (Cpennee npodeccruoHanbHOe
obpa3zoBanue. O0meoOpazoBaTenbHbIe TUCIUTUIHHEI) (YaeoHoe mocooue). - ISBN 978-5-7695

7. Bonbkenmreiin, B. C. CoopHUK 3a1a4 110 001emMy Kypcy GU3HUKH: 171 CTY. TEXH. BY30B /
B. C. Boabkenmreiis. - 3-¢ u3a. ucnp. u jor. - CI16: Kawxkasrit mup, 2007. - 327 c¢.: wi. - [pun.: c.
308-327. - ISBN 5-86657-2357-7

8. SBopckwmii, b. M. CripaBounuk no ¢pusuke / b. M. fBopckwii, A. A. [letnad. - 8-e u3z.,
niepepad. u uctp. - M.: OHUKC : Mup u obpazosanue, 2008. - 1056 c. : ui., Tadm. - [Ipeam. ykas.:
c. 1011-1062. - ISBN 978-5-688-01677-0

9. Yepros, A. I'. 3amaunuk no ¢usuke : [yued.mocodue mist BTy30B] / A. I'. UepTos, A. A.
Bopo0ObeB. - 8- u3z., mepepad. u gor. - M. : duzmatiut, 2007. - 660 c. - [Tpu.: c. 623-660. -
ISBN 5-96052-098-7
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OBIIME CBEAEHUA
dus3nKa — Hayka HSKCIEPUMEHTalbHAs. DKCIEPUMEHT SBIISCTCS Ba)KHOM HEOOXOAUMOM
4acTbIO BCETO IIPOLIECCa HAYYHOTO ITO3HAHUS, KOTOPBIH B LIEJIOM MOKHO MPEACTaBUTh COCTOSIIINM U3
TPEX 3TAIOB:
1. BocnpusiTie iy NepBUYHOE H3yIEeHUE KOHKPETHOTO (PU3NYECKOTO SBJICHUS MTPU TOMOIIH
HaOIOIeHUSI.

2. O06o0meHne WM CO3/aHUE THUIOTE3bl, KOTOpas CBS3BIBACT OTACIBHBIC PE3yJIbTATHI
HaOIroIeHNIT MeX1y co00i M C JPYrUMH HM3BECTHHIMH (PAKTaMH W YCTAHABJIMBAET MEXIY HUMH
OTIpe/IeNIEHHbIE KOJIMYECTBEHHBIE COOTHOILICHUSI.

B mnporiecce sToro 00600I1eHNsT WHOT/Ia BO3HUKAET HEOOXOIUMOCTH B JIOTIOJHUTEIHHBIX
TAHHBIX — IPOBOAATCS JOTIOJHUTEIbHbIE HAOTIOACHUS U CIIEUAIbHbBIE SKCIIEPUMEHTBHI.

3. IlpoBepka runoTessl Ha MPAKTUKE B PEATIbHBIX YCIOBUSX, T.€. IPU HATMYUH OTOPOIIEHHBIX
paHHee BTOPOCTENEHHbIX (akTopoB. Eciau mnpakThka MOATBEP)KJAeT THUIOTE3Y, TO TMOCIEeIHsA
CTAaHOBUTCS TEOpHUEH, a YCTAaHOBJIEHHBIE €€ COOTHOILIEHUS MOMyJyaroT paHr 3akoHOB. Eciu ke HeT —
YUUTBHIBAIOTCS HOBBIE (aKTOpPbI, KOTOpPhIE IE€PBOHAYAIBLHO KAa3aJIUCh BTOPOCTENEHHBIMH U
0oTOpachIBaJMCh. YCTaHABIMBAIOTCS HOBBIE COOTHOILIEHHUS M CHOBA MPOM3BOJUTCS WX MPOBEpPKa Ha
npaktuke. 1 Tak nanee.

OnHako mpoLecc HayyHOTO MO3HAaHWS JAHHOTO SIBJIGHHMS HAa 3TOM He 3akaHumBaercs. C
TEUEHUEM BPEMEHHU MOSIBISIOTCS HOBBIE ONBITHBIE JTAHHBIE, KOTOPbIE NPUXOIAT B MPOTHBOPEUHUE C
W3BECTHON Teopueil. Bo3HMKaeT HOBasg TeOopHs, COOTBETCTBYIONIAS JIaHHOMY OJTaly pa3BUTHUA
AKCIIEPUMEHTA W HAyKHW B IIEJIOM. 3aT€M OHAa MOXKET OBITh 3aMeHEHa elle 0ojee HOBOW M TMOJTHOU
Teopuei u T.11. Takum myrem rpoiiecc No3HaAHUS MPOI0JIKAETCS OECKOHEUHO.

XOTs KCIIEPUMEHT HE SABJIAECTCS €AUHCTBEHHBIM CPEICTBOM HAYYHOT'O MCCIIEJOBAHUSA, HO €r0
pOJIb KaK HMCTOYHHMKA HCXOJHBIX MAHHBIX W KPUTEPHUs HCTUHHOCTU JIIOOOM TEOpHH SIBISETCS
pematomiedi. [loaromy Ha sKCnEepUMEHTAaTOpe, NPOBOJSALIEM TE€ WM HHBIE HCCIECIOBAHMUS, JIEKUT
rpoMaJiHasg OTBETCTBEHHOCTb. OT pe3ylbTaTOB €ro OIBITOB 3aBUCUT HE TOJBKO Cyan0a
COOTBETCTBYIOIIEH TEOPUH, HO U, KaK 3TO 4acTO ObIBAJIO B (PU3UKE, BCE Pa3BUTHE HAYKH HA TOBOJHHO
MPOJIOJKUTENFHOE BpeMs. DKCIIEPUMEHT JI0JDKEH IIAHUPOBATHCS U MIPOBOAUTHCS TaK, YTOOBI CBECTH
K MUHUMYMY BCE€ BO3MOXXHBIE OIIMOKM M YTOOBI €ro pe3yiabTaTbl HE HMENHU HEOJHO3HAUYHOTO
TOJIKOBAHHS.

Bce n3noxxeHHoe BbIIIE ONPEEISeT poib U MECTO JIAOOPATOPHOTO MPAKTUKYMa B MpoLecce
u3yueHus pusuku. B mabopaTopuu CTYAEHT petiaeT caMOCTOSTENbHO PsAJ] SKCIIEPUMEHTAJIbHBIX 33/1a4.
Bo-nepBbIX, OH JOKEH HAyYUTHCS CAaMOCTOSITENBHO BOCIPOU3BOAUTH U aHAJIU3UPOBATh OCHOBHBIE
¢u3nyeckue sBIeHUA. Bo-BTOPBIX, OH JODKEH MOTYYUTh NIEPBUUHBIC HABBIKM PaOOThI B (PH3MUECKON

nabopatopuu. B-TpeTbuX, CTYIEHT JI0JIeH HaydyUTbCcs MPOCTEHIIUM MeTojaM 00paboTKH
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HKCIIEPUMEHTAIBHBIX PE3yIbTaTOB U UX aHaju3a. [1oydeHHbIH OnbIT B 1abopaTopuu (GU3NKU CTYJCHT

JOJDKEH YCIIEUTHO NPUMEHSTh NPU BBIIOJHEHHUU J1A0OPAaTOPHBIX PabOT B Kypcax MOCIEAYIOIIUX

JUCHUIIIINH.

B cooTtBercTBHU C rocyaapCTBCHHbBIMU O6pa3OBaTeJILHBIMI/I CTaHJgapTaMu H y‘IC6HBIMI/I

IUTAaHAMH M3y4eHHs Kypca (DUM3HMKH Il MHKEHEPHO-TEXHUYECKUX CIIEHUAIBHOCTEH J1ab0paTOpHBI

MPAKTUKYM COJEPKUT METOJMYECKHE YKa3aHWi K pabdoTaM IO Pa3IMYHBIM pasjenaM (QH3UKH:

MCXaHHWKa, MOJICKYJISIpHasa (1)I/I3I/IKa U TCpMOJWHAMHKA, JJICKTPUYCCTBO U MArH€TU3M, KOJICOaHHS U

BOJIHBI, BOJIHOBAs U KBAHTOBAs OIITHUKA, (1)1/131/11(21 TBEPAOTO TCJIA, (1)I/I3I/IK8, aromMma.

B coorBercTBUM ¢ 1eISMH  OCHOBHOM 0Opa3oBaTeNIbHOW TMPOrpaMMbl M 3aJadyaMu

podecCHOHAIbHON JIeATENbHOCTH TNpPU BBINOJHEHUE BcCeX J1a0OpaTOpHBIX pabOT H3Yy4aroTcs

CJICAYIOINUEC KOMIICTCHIINH:

Hamnpasienne
[TOTOTOBKH

[Ipoduib

HNunekc

DopMynHpoBKa:

OIIK-4

MOHMMAaHHEM  CYIIHOCTH W  3HAYCHUS
MHPOpMAUM B Pa3BUTHA COBPEMEHHOTO|
00I1ecTBa, CHOCOOHOCTBIO TOJy4aTb U
00pabaTeiBaTh MHOOPMALIUIO U3 PA3TUYHBIX|
MCTOYHHKOB, TOTOBHOCTBIO
MHTEPIIPETHPOBATh, CTPYKTYPHUPOBATH |
0hopMIIATh MHPOPMAIIHIO B JOCTYITHOM JIJIst
IPYTHUX BHJE.

OK-7

CIIOCOOHOCTBIO K  CaMOOpPTaHM3allMU U
caM000pa30BaHUIO0 TPOCKTAMHU, HCIIOJIB3YS
0a30BbIE  METOJBI  KCCIICIOBATEIHCKOH

NCATCIIBHOCTH

B X0J€ U3YUYCHH U BBIIIOJTHCHHUA J'Ia60paT0pHBIX pa60T CTYACHT HOJIKCH:

3HaTh:

- OCHOBHBIC TTpaBUJIa JIs1 00paOOTKHU PE3yabTaTOB IKCIIEPUMEHTA;

- 0a30BblE METOJIBI UCCIEA0BATEILCKON NeITEIbHOCTH,

- METObl CaMOOpPraHu3alld K caMOOOpa30BaHMIO CTy/AEHTa HampaBieHUs «TeXxHOJIoTHYECKue
MaIIHbI U 000pYIOBaHUS.

YMeTh:

- MIPUMEHSTH 3HAHUS OCHOBHBIX (PU3MYECKUX 3aKOHOB U MPHUHIIMIIOB IIPH aHAJIU3€ IPUPOIHBIX
U TEXHUYECKUX IMPOLIECCOB W SBJICHUH, BO3HHUKAIOIIMX B MPO(ECCHOHANBHONU IesTeIbHOCTH;
MPUMEHSITh COOTBETCTBYIOIIMI  (U3MKO-MaTEeMaTUYECKUH ammapar, METOJbl aHajdu3a |
MOJIEIMPOBAHUS, TEOPETHUECKOTO M HSKCHEPUMEHTAIBHOTO MCCIEIOBAHUS TPU PEHICHUH
npodeccroHaNbHBIX 3a7a4;

- MPUMEHSITh 0a30BbIe METOIbl HCCIIENOBATENbCKON AeATeIbHOCTH B paboTe Han
WHHOBAI[MOHHBIMH MIPOEKTAMH TI0 HaMpaBJIeHUIO « TeXHOIOTHYeCKre MAITMHBI 1 000PYAOBAHHEY.
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Bnagers:

- METOJaMH HUCCIEIOBATENIbCKON ACITETbHOCTH IPH PaboTe HaJl MPOCKTaMHU;

- MOHMMaHUEM CYIIHOCTU W 3HAa4YeHHs MH(OPMAIMM B Pa3BUTUU COBPEMEHHOTO OOIIeCTBa,
CIOCOOHOCTH MOJTy4aTh U 00pabaThiBaTh HH(POPMAIMIO U3 PA3IUYHBIX HCTOYHUKOB, TOTOBHOCTb
MHTEPIPETHUPOBATh, CTPYKTYPUPOBATH U 0(GOPMIIATH HHPOPMAIMIO CTYACHTAMH HAlpaBJICHUS —
TexHonornueckre MaluHbl ¥ 000PYA0BaAHUS. TEXHOJIOTHUYECKOTO 000pyA0BaHUSI.

COJIEP’)KAHUE
OBIIIVE CBEITEHIISL......vooevoeeeeeeeeeeeeeeeeee e es e es e s eseeesee s es e es e es e seee s eeseess s eseeess e e es s 82
TEXHUKA BE3OITACHOCTHU TP BBITIOJHEHUHM JIABOPATOPHBIX PABOT............ 85
JIABOPATOPHA I PABOTA Nel1. U3MEPEHUE HEU3BECTHOI'O COITPOTUBJIEHNS [TPU
TTOMOIL MOCTHKA YITCTOHA .....oevoeeeeeeeeee e eeeeeeeseeseeeseeeseesse s s eseessessesees s 86
JIABOPATOPHASI PABOTA Nel2. M3MEPEHUE DJIEKTPOABMXYIIEN  CHJIBI
TAJIbBBAHIYECKNX DJIEMEHTOB METOIOM KOMITEHCALIAM ..., 90
JIABOPATOPHA ST PABOTA Nel3. OTIPEJIEJIEHUE EMKOCTH KOHJIEHCATOPA............. 94

JIABOPATOPHAS PABOTA Nel4. OIIPEAEJIEHUME MHAYKTHUBHOCTU KATYIIKMU....... 102
JIABOPATOPHAS PABOTA Nel5. M3VUEHUE TEMIIEPATYPHOI 3ABUCHUMOCTHU
COINIPOTUBJIEHMA TTOJYIIPOBOAHUKOB U OIIPEAEJEHUE OSHEPI'MW AKTHUBALIMU

JIABOPATOPHASI PABOTA Nel6. USMEPEHUE I'OPU3OHTAJIBHOM COCTABIJISIOIIEN
HAITP.DKEHHOCTH MAI'HUTHOI'O I10JI1 3EMJIM C  IIOMOIIBIO TAHI'EHC-

TAJIBBAHOMETPA ... 114
JIABOPATOPHA PABOTA Nel7. OIIPEAEJIEHUE TOYKHM KIOPH .........ooooviviiiiiiiine, 120
JIABOPATOPHA PABOTA Nel8. OIIPEJEJIEHUE YJEJIbBHOI'O 3APAIA SJIEKTPOHA
METOJOM MATHETPOHA .......cooiiiiiiii i 124
CIIMCOK JIMTEPATVYPDL. ..ot 133
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Texnuka 0€30MacHOCTH HPU BBINIOJHEHUH JaOOpaTOPHBIX padoT

— Bxonx B maboparopuio ocymiecTBIsSETCS TOJIBKO MO PA3pEIICHUI0 MPEenojaBaTes.

— Ha nepBoM 3aHsATHM mpenogaBaTeNlb MPOBOJUT HHCTPYKTAXK IO TEXHUKE O€30MAaCHOCTH
Y HAllOMHHAET CTyIEHTaM O OEpEeKHOM OTHOIIEHHWH K JIAOOPATOPHH U O MaTepHabHOU
OTBETCTBEHHOCTH KaXKJIOTO M3 HHUX 3a COXPAHHOCTH 000pPYJOBaHHUS U 0OCTAaHOBKH
nabopaTopuu.

— Ilpu oOHapyxeHHH MOBPEXKICHHNA O0OPYIOBaHHS MEPCOHATBHYIO OTBETCTBEHHOCTh
HECYT CTYICHTHI, BBIOJHSBIIME JIAOOPATOPHYIO pabOTy Ha 3TOM 00OpYJOBAHHUU.
BuHOBHHMKHM 0053aHBI BO3MECTUTh MaTepUAIbHBINA YIIEPO HHCTUTYTY.

— Ilpm o3HaKOMJIeHMH C PabOYMM MECTOM MPOBEPUTHh HAIMYHE KOMIUIEKTHOCTH
000py/IOBaHUS U COEIMHUTENBHBIX MPOBOAOB (B ciydae OTCYTCTBHUS, KakKOTO JIMOO
aJIeMeHTa, HE0OXO0IMMO HEMEJICHHO COOOITUTEH 00 ATOM MPEToAaBaTeNio).

— Ecnm Bo BpeMmsi mpoBeleHHs OIBITa 3aMEUeHBbl KaKHe-THOO HEHCIPaBHOCTH
000pyI0BaHUs, HEOOXOAMMO HEMEIJIEHHO COOOIIUTh 00 3TOM MPETOIaBaATEIIO.

— Ilocne okoHuyaHus 1a6OpaTopHOI pabOTHl paboyee MECTO MPUBECTH B MOPSIOK.

— bBynpre BHUMAaTENBHBI, JUCIUTUIMHUPOBAHBI, OCTOPOKHBI, TOYHO BBITIONHSNTE YKa3aHUS
MIPETIO1aBaTEIs.

— He ocraBnsiite pabodero mecra 6e3 pa3penieHus IpernoaBaTes.
JlabopaTopHbie pabOTHI, OMMMCAHHBIC B COOPHUKE, BBITIOJHSIOTCS C MUCIIOJIB30BAHUEM OIACHOTO IS

*u3HU HanpspkeHust 220 B. B cBsi3u ¢ 3TUM HEOOXO0MMO COOJTIOIATH CIIEAYIONIHE TTpaBUiia TEXHUKH
0E€30IIaCHOCTH.

1. Ilpuctynats k paboTe MOKHO TOJIHKO TMOCTIE TIOTYUYEHHUS IOMyCKa y MPEnoaaBaTesl.

2. Tlepen BKIIOYEHHEM YCTAaHOBKH HEOOXOIMMO YOEAWTHCS B HCIPABHOCTH COCIWHUTEIBHBIX
MPOBOJIOB, BWJIOK, po3eToK. O 3aMEUYEeHHBIX HEUCIPABHOCTIX CIEAyeT TYyT € COOOIUTh
MPENoAaBaTENIO UK JTA0OPaHTY.

3. 3anpenraeTcsi BKIOYaTh YCTAHOBKY BJIQXKHBIMU PYKAMH WJIM CTOSATh HA MOKPOM IIOJTY.

4. 3amnperniaeTcsi OCTaBJIATh BKIIOUEHHYIO YCTAaHOBKY 0€3 MpHUCcMOoTpa.

5. 3amperaercs 3arpoMoKIaTh paboyee MECTO MMOCTOPOHHUMH MTPEAMETaAMHU.

6. 3anperaercs MPOU3BOIUTh KaKue-TM00 N3MEHEHHS B DJICKTPUUECKHUX CXeMaX YCTaHOBKH.

7. PaboThI B 1a0OpAaTOPUH MPOU3BOIATCS TOJIBKO B IPUCYTCTBUH MPEMIOAABATES HIIH JaOOpaHTa.

8. [Ipu BBISIBIIEHWH HEUCIIPABHOCTH TIOCIIE BKIIFOYCHHS YCTAHOBKHU OBICTPO OOECTOUYHUTS €€.

9. Ilpwu 3aBepreHUU PabOTHI BCE TPUOOPHI TOJDKHBI OBITH OTKIIIOUEHHI OoT ceTH. 10. He mpukacaThbes
PYKaMH K KOXKyXaM UCTOYHUKOB CBETA: 3TO MOXKET MPUBECTU K MOSBICHUIO 0KOTa.
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JIABOPATOPHA PABOTA Nell. UBMEPEHUE HEU3BECTHOI'O COITPOTUBJIEHUA [1PU
oMo MOCTHUKA YUTCTOHA

Lenbp padoTbl: MO3HAKOMUTHCSA € KIACCUUECKUM METOJOM H3MEPEHHS COIPOTUBIICHMUS;
U3MEPUTH 3HAYEHUS CONPOTUBIICHUMN.

11.1 OGopynoBanmne 1 MaTepuaJIbl

. Hynp-rasieBanoMeTp.

. Marasun conpotusnenuit (MI).

1
2
3. Peoxop.
4. JIBa CONpPOTHUBIICHHUS.
5

. brok nutanus.

11.2 TeopeTuyeckoe BBeAeHUE

Rl RI
— —
I I B
A
Rj > Ry
A,

Pucynok 11.1 — IIpyHuunuanbHas cxeMa MOCTUKAa Y UTCTOHA

VI3mMepeHMe CONPOTUMBRIIEHMS C IIOMOUBI0O MOCTHMKA YUTCTOHa ABJISeTCSH
HamboJiee pPaclIpOCTPaHEeHHBM MEeTOIOM M3MEPEHMS COIPOTURIIEHUS, IIPU
KOTOPOM MOXHO IOOCTMYL HOOCTATOYHO BEICOKOM TOUYHOCTM. PaccMOTpUM
OPMHUMUIMAJIBHYID CXeMy MOCTHKa (pucyHok 11.1).

Yetsipe pesuctopa Ri,R2,R3,R4 moaxmrodens B 1Be mapamienbHble 1enu, B Toukax C u JJ

MOJKIIIOUEH YyBCTBUTENbHBIN TamsBaHoMeTp G. Pesucropel Ri,R2,R3,Rs4 HaspiBarorcs mmedamu
MocTa. [Ipu moakIr0YeHn K MOCTY HCTOYHHKA TOKa B IJIeYaX MOCTa UJYT TOKU U, BOOOIIIEe TOBOPS,
Pa3HOCTh MOTEHIHAIOB MeK Ty Toukamu C U /[ He paBHA HYIIO (¢ — @ 7 0.

B sTOM cCcayuyae uepes rajibBaHOMETp OymeT MATU TOK. Eciam nodurbcs
TOTO, UYTOOB PABHOCTHL IIOTEHLUMAJIOB PaBHSAJACh HYJIK, TO TOK UYepes
TaJIbBAHOMETP MIOTK He OymeT (MOCT cOajlaHCUPOBAaH) . PacCMOTPUM YCJIOBUSA
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paBeHCTBa IIOTEHLMAaJIOB B Toukax C m [.
[lycTe uyepes mnjeum MOCTa MOYT COOTBETCTBEHHO TOku I, I, I3,
I,. BanumeM BTOpoe npaBuiio Kmpxropa niasa KOHTypor ACIHA m BCIB

I,R, - 1,R, =0
I,R,-1,R, =0 (+-1)
I,R, = I;3R;
I,R, = I,R, (11-2)

PazzmenuMm IIOUJIEHHO BepXHEe PaBeHCTRBO Ha HIWXHee, IIPU DTOM yUTeEM,
UTO €CJIM TOK dYepes TraJIbBaHOMETP He uIeT (3alaHHOe yYyCJIOBME), TO

1 2
I _I (11.3)

M TOTI'oa IIoJIydaeM
Rl R3
s L . 11.4
R, R, (11.4)

Takum 00pa3om, ecnu MOCT COAJIaHCHPOBAH, TO MEXKAY IUIEYaMU MOCTAa BBITIOJTHSETCS
cootHorieHue (11.4). JlaHHO€ COOTHONICHHWE MPUTOJHO TSI OMPEACIICHUs JTI000TO HEU3BECTHOTO

COIIPOTUBJICHM, BKIIIOYCHHOI'O B OAHO U3 L MOCTa, 10 TPEM HU3BCCTHBIM APYTHUM.

11.3 DkcniepruMeHTalIbHAs YCTAHOBKA

B nannoit pabote HEU3BECTHOE CONIPOTUBIICHUE Ry MOIKIIIOYAaeTCs B CXEMY, TIOKa3aHHYIO Ha
pucynke 11.2. Bmecto pe3uctopoB Rz, Rs BkitouaeM B 11enb peoxopa — KYCOK MPOBOJIOKH AB co
CKOJIB3SIMIMM KoHTakToM C, BMecTo pe3uctopa Ri— HemsBecTtHoe conpoTuBieHue Ry, a BMecTo Rz —
ATAJIOHHOE (M3BECTHOE) COMpOTUBIIeHNE R, (MCIOIB3yeTCs Mara3uH CONPOTHUBIICHHM). B kadecTBe
ucrounuka JJ]C ucnonb3yercs 00K MUTAHUS, JAIOIIUN TOCTOSTHHOE HAIIPSDKEHUE.

Hcnonb3oBaHue peoxopia YOPOLIAeT NpPOIecC H3MEpPEeHHs, T.K. BMECTO H3MEpPEHUS

conpotuBiieHui Rz u R4 MOXHO u3MepuTh IuHbI mwiedei peoxopaa AC u CB nipu 6anaHce MOCTA.

JlefiCTBUTEIIBHO, = <, ClIed0oBaTeJIbHO

S
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|3
R_R_"s_L_1I
€} R4 pl4 4 I3 (115)
S
Torna
l,
R, =R, | (11.6)

11.4 3apanue, cogep:KkaHue 0TYETA U MOPSAOK BHINOJTHEHHUS PadoThI

1. CoGpath cxemy o pucyHky 11.2. (Buumanwue! [lutanue k cxeme MoAKIIF09aeTCs TOIbKO
ocJie MPOBEPKU 1IeMH MpernogaBaTenemM!).
2. Ha marasusHe cONpOTHBIEHHUI BBICTABUTh MPOU3BOJIHHOE 3HAUYEHHE COMPOTUBICHUS
(mampumep, 100 Om, 1000 Om, unu m000e Apyroe 3HaYCHHE).
3. KparkoBpeMeHHO 3aMKHYTH KJI1t04 K, B KOTOpOM coBMeleHs! kinoun K1 u Ko. [pu atom
ClleIyeT CIeAUTh 3a CTPEJIKOW ranbBaHoMeTpa. OTKIOHEHUE CTPENKU OT IMOJIOKEHUS PaBHOBECHS
(Hyns) 03HaYaeT, YTo MOCT He cOaTaHCHPOBaH.

4. TlepenBuHYTh JBMXKOK pEOXOpla B HYXHYIO CTOpOHY M moBToputh 1.3. Ecnu npu

3aMbIKaHUHU CABOCHHOI'O KJIKO4Ya K CTPCJIKAa Ir'aJIbBAHOMCTPA OTKIIOHUTCA HA OJAHO - ABa ACJIICHUSA, TO

BpEMs 3aMbIKAHUA KJIIH0Ya MOZKHO YBCIUYUTH U IIPU 3TOM, NIEpeABUTAA NBUKOK, ,I[O6I/ITLC${ TIOJIHOM
63.J'IaHCI/IpOBKI/I MOCTa (CTpeJ'IKa raJibBaHOMETpa YCTAaHABJIIMBACTCSA HA Hy.]'[e).
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paccuuTaTh IpuMepHoe (Tpy0oe) 3HaueHne HEU3BECTHOTO COMPOTUBIICHUSI.

6. Ha marasune conportuBieHuii MI' BbICTaBUTh NOJIY4YEHHOE 3HAYEHHE HEU3BECTHOTO
COIPOTHUBJICHUS, MTOJI3YHOK peoxopia noctaButh TouHo nocepeaune (lx = I,= 500mm) u npoussectu
H3MEpPEHUE €ro TOYHOI0 3HaueHus. {151 3Toro cHoBa 3aMKHYTh K04 K U, €CIIU IIPU ITOM CTpelIKa
raJlbBAHOMETpa OTKJIOHUTCA OT TMOJOXKEHHUs paBHOBecus, Bpamas pyukd MI, nobOutbkes
OanaHcupoBKH MocTa. B 3TOM ciydae crosimee Ha MIT 3HaueHwe u OyJeT MCKOMBIM (TOYHBIM)
3HAYEHUEM U3MEPSIEMOI0 CONPOTHUBIICHUS.

7. B pabote ciemyeT HCIOJIb30BaTh MAHEIbKY C JBYMS PE3UCTOPAMH, COMPOTHBIICHHUS
KOTOPBIX HY)KHO H3MEpUTh cHavdana mo otraenbHocTu(R1, R2), a 3areMm — uX coeauHEHUs
(mapamnenbHOro Ruap WK TOCIEA0BATENBHOTO Rpocr).

TABJIMIA 11.1 — PE3VJIbTATHI U3BMEPEHUI

Conpomuenenue R, OM | Ix, Mmm | o, MM Ry, OM Ry, OM
(rpy60) (TO4HO)
R1
R2
[TocneoBareapbHOE HIIM MApaLICIbHOE
COEIMHEHUE

OTHOCHUTENBHBIE OIITMOKU U3MEPEHUSI COMTPOTUBIICHUN OTIPEICIISIFOTCS TI0 opMyIie

AR, AR Al Al
E_R_R+I+I’ (11.7)

rje caeayet npuHaTh ARL/R, = 0,002, Alx = Al, = Imm.
3aTtem onpeaeNsiroTcsi aOCOMOTHBIC OMMOKN m3MepeHui ARx = Ry - €.

OTBeT 3anyMChHIBAIOT B BUC

RiAR:=... (AR1/R1)100%-=...

R2% AR2=... (AR2/R2)100%=...
Ruoen £ ARnocr=. .. (ARmocn/Rioen) 100%=. ..
Wik Ruap £ ARpap=... (ARuap/Ruap) 100%=. ..

11.5 KoHTpoJibHbIE BONPOCHI

1. Kaxumu npenmyniecCrBamu 06Ha,I[aGT MCTOA OIIPECACIICHUSA COIIPOTHBJIICHUA MOCTHUKOM
YutTcToHa 1o CpaBHCHHIO C METOJAOM aMIICPMETpPa U BOJ'ILTMeTpa?

2. Hoquy Ha pcoxXopAc BCETAa MOKHO HalTH TOYKY C, MNOTCHIHAJI KOTOpOfI paBCH
MOTCHIHATY TOYKH ﬂf)

3. Hoquy rajibBaHOMETD, HpI/IMeHHeMHﬁ B MOCTHUKEC, UMCCT ABYXCTOPOHHIOIO MIKAIY C

HyJIEM nlocepeanHe?
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4. Chopmynupyiite npasuna Kupxroda.

5. Jlate BeIBOJ yciioBus paBHOBecwus (11.4), ncnons3ys npasmina Kupxroda.

1 2 3

Rl RZ

Pucynok 11.3

6. Ha manenbke aBa CONPOTHUBIIEHMSI COEAMHEHBI, KaK Moka3aHo Ha pucyHke 11.3. Kak
MOAKIIIOUUTh KJIEMMbl K CXeMe, YTOObl CONPOTHBIIEHUS ObUIM COEAMHEHBI MapajlIesbHO,
MOCJIEIOBATEIHHO?

7. Haitre BbBO (hopmyisl (11.7).

CHmCOK JIMTepaTypbl, PEKOMEHYEMO# K UCIIOJIb30BAHUIO 10 JaHHOH padore: [1-9]

JIABOPATOPHASI PABOTA Nel2. U3SMEPEHME DJIEKTPOBVKYIIEM CUJIBI
I' AJIbBBAHUYECKHUX 9JIEMEHTOB METO/IOM KOMIIEHCALIM

Heab pa6orbl: O3HAKOMUTHCS C MPUHIUIIOM pabOThl KOMIIEHCALIMOHHBIX CXEM, U3MEPUTh
3HaueHue HeuzBecTHOM DJIC.
12.1 OGopynoBaHue U MaTePUAJIbI

Hccnenyemblii 351eMEHT.
HopmanbHblii 371eMeHT (3TaJIOH).
Peoxopa.

l"ansBanomerp.

[Iepexmntouarens IBYXITOIIOCHBIMN.

JIBOMHOM KJIFOY 3aMbIKAHHUSI.

N o a k~ w d e

[IITencensHBIN peoCTar.
8. JlomonHutensHOE CONMpPOTHBICHUWE (PE3UCTOP) [UIsI OrpaHUYEHHs TOKa 4epes
HOPMAJIBHBIN DJIEMEHT.

9. MCTOYHHK ITOCTOSIHHOT'O TOKA.

12.2 TeopeTnyeckoe BBegeHUE

Onexrpoasuxymas cuna (3C) ucroyHnka Toka (dIEMEHTa, aKKyMyJsaTopa, JMHAMO-
MAILKUHbI U T.J.) OIPEIEISAETCS Pa3HOCThIO MOTEHIIMAIOB MEXIY €r0 MOJI0CAMH MPU PA30OMKHYTOM
LEH.
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Oo6brunoe uamepenue J/IC mpu NOMOIIM BOJIBTMETPA SABJSETCS MPUOIMIKEHHBIM, T.K. IPU
9TOM uepe3 BOJILTMETP U HCTOUYHUK TOKAa MIET TOK M IOKa3zaHus BosibTMeTpa MeHblie DJIC Ha
BEIMYUHY TMAJCHUS HANPSIKEHHs BHYTPH CaMOro0 HCTOYHHMKAa Toka. OOHMM W3 METOIOB Oolee
To4HOro usmepenus J/[C sABiseTcs METO KOMIIEHCALUU.

[IpuHuMnO 3TOro MeToja 3akio4yaeTcs B TOM, YTO BKJIIOYAIOT JBa 3JIEMEHTa IOJIOCAMU
HaBCTpeuy APYT IpYry U 100MBAIOTCS UCUE3HOBEHUS TOKa yepe3 uccieqyemsblil anemeHT. U ecnu B
STOT MOMEHT KaKHMM-TO 00pa3oM HM3MEPHUTH Ha €ro KOHIAX HalpsHKeHHe, OHO OyJeT TOYHO PaBHO
OJC »sToro wucrouHuka. Jlpyroe HIpeMMyHIECTBO 3TOr0 METOJAa 3aKII0YAeTCs B TOM, 4YTO

s

C
B
+|‘N/\ T

5(5)

Pucynoxk 12.1 — IlpuHImnuansHas cxeMa u3MepeHus

OJ1C MeTo/10M KOMIIEHCAITUN

raJIbBAHOMETP B JIAHHOW IIEMTU HMIPAET POJIb HYJIEBOTO MPUOOpa, a, KaK W3BECTHO, OMPEICITUTH
OTCYTCTBHEC TOKa JICTYEC, UEM U3MCEPATH €0 BEIMUYUHY.

Jly1g mosicHeHHs MeTo/1a KOMIIEHCAalluU pa3depeM padboTy LenH, H300pakeHHOM Ha PUCYHKE
12.1

rae & — 3TaJoHHBIM HCTOYHUK D[C,

& — UCCIENYEMbIN TallbBAHUYECKHUI JIIEMEHT,

& — UICTOYHUK TOCTOSIHHOTO TOKa,

G — ragpBaHoOMeTp,

AB — peoxopn,

C — MoJI3yHOK peoxop/a.

[Toaxi1I04MM OJIMH TOJIIOC UCCIIEyeMOTO rajgbBaHnueckoro aementa ¢ 9JIC & k Touke M,
a Bropoil — k Touke N. [lepemenias moyi3yHOK peoxopaa, Bceraa MOKHO HalTH Takyto Touky C, i
KOTOPOi1 pa3HOCTh MOTEHIIMATIOB OTHOCUTEIHHO TOUKU A OyzaeT paBHa D/]C uccineayemMoro sJieMeHTa,

re. Py —Pc =€,

Ho Tak xak HermocpeacTBEHHO pa3HOCTh NOTEHIIUAIOB U3MEPUTH TOUHO HE IPEIOCTABIIACTCS
BO3MOXHBIM, IPUMEHSIETCS METO]] CPAaBHEHUS OTpeAeNsieMOl pa3HOCTH MOTEHIMAIOB C Pa3HOCTHIO
MMOTEHIMAJIOB, MMOJIYYEHHO! IPH BKIOYEHUU BMECTO uccienyemoro aeMmenTa ¢ 9JC &3TaloHHOTO
ucrounuka, /IC & KOTOpPOro u3BecTHa ¢ OOJIBIION TOYHOCTHIO.

BriBenem dopmyny, Heooxoaumyto i Beruucienus IJ[C &. YuuTbiBasg, 4To TOK depes
raJlbBAHOMETp paBeH Hyo0, s KoHTypa A&CA (pucynok 12.1) no Bropomy npaBuiy Kupxroda
MOXHO 3aIucaTh

LRy =€, (12.1)

3aMEeHUM UCCIIEIyeMBIH AIEMEHT & Ha dTAIOHHBIN &. KoHeuHo, 1t TOTo, 4TOOBI TOK uepe3
raJibBAaHOMETp OBLI paBeH HYII0, HEOOXOAUMO KaK-TO MEPEMECTUTD JBUKOK PEOXOpAa, HAIpUMeEp, B
touky D. Toraa Beipaxkenue (12.1) mpumer Bun

IR, =¢,. (12.2)
Pas/ie/IM MOWICHHO OHO BHIPAKEHHE Ha APYroe
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& =¢ RAC
WA x “0 R - (12.3)
AD

BBuly 0JTHOPOTHOCTH MTPOBOJIOKH PEOXOpZa OTHOLICHHE CONMPOTHBIICHHH ydacTkoB AC u
AD peoxopaa MOXHO 3aMEHUTh OTHOILIEHUEM UX JJIUH

Riye _ Ly

o : (12.4)
RAD f )
B atom cnyuae ypasHenue (12.3) npumeT B

14

X

E =&
x €] _ (12.5)
2
Ortoit popmynoi u Bocoiab3dyeMcs i HaxoxaeHust HensBecTHoM D/1C &.

12.3 Cxema ycTaHOBKH

Cxema ycTaHOBKH (pUCyHOK 12.2) oTiiMuaeTcsi OT pacCMOTPEHHOM paHHee (pucyHok 12.1)
TEM, U4TO B HEe BCTABJIECH Mepekitovaresb K3, KOTOpbIM MonepeMeHHO MOAKII0YAt0TCs HCCIeAYEMBbI
aneMeHT ¢ HeusBecTHOU DJIC & u stanmoHHbIN 2neMeHT, DJIC & KOTOporo m3BecTHa ¢ OOJIBLION
TOYHOCTHIO (OHa paBHa 1,018 B).

L€ R 1K
|| [ 1]
L Ex
R [_J‘T{_q_ﬁ' K
b | | L
Eﬁ O Sl
(. |
&7t
83
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Pucynok 12.2 — Dnexrpuyeckas cxema yCTaHOBKHU

Ha YCTaHOBKC KJIFOYH Kin Ko CABOCHBI, T.C. BKIIIOYAKOTCA OJIHOM KHONKOH. 3aMbIKaHHE
MMPpOUCXOAUT TaKUM 06pa30M, yTo K04 K2 BKIIO9aeTCsl HECKOJIBKO paHbIIC U ATAJOHHBIN IEMEHT
(I/IJ'II/I HCCJ'IC,[[yCMBIfI) MNOAKIIFOYACTCA YIKC K pa60Ta101ueI71 cxeMe. DTHUM HCKIIFOYaeTCs 3aMbIKaHHE
STAJOHHOTO JJIEMEHTa Ha HeOOJIBIIOE COIIPOTUBJICHHUC (“IaCTb peoxopﬂa), 4TO BCACT K IIOpUYC
QJICMCHTA, T.K. Y€PE3 HCTO HEJIb3s NPOITYCKAaTh 3HAYUTENIbHBIN TOK.

B CXEMY BKIIFOYCHEI CIIC IBa COITPOTHBIICHUS:

Rs — OammucTuueckoe COIIPOTHUBIICHUC, KOTOPOC IMPCHAOXPAHACT ATAJOHHBIA JJIEMEHT M
raJIbBAaHOMCTpP B HaYaJbHBIA MOMEHT OIIbITa OT TOKOB, IIPCBBIITAOIUX OOITYCTUMBIC.

Ro — NEPpEMECHHOC COIMMPOTHUBJICHUC MTOPAIKA 0-2 OM, IIpu UBMCHCHHUU BCIMYHUHBI KOTOPOTO
HU3MCHAIOTCSA YCJIOBUS OIIbITA (I/ISMGHSIGTCSI pacnpeaAcICHUC TOTCHIAJIa Ha pCOXOPI[C).
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12.4 3ananue U NOPSIAOK BBIMOJHEHUSI PadoOThI

1. CoOpath >MEKTPUYECKYIO LIENb 10 PUCYHKY 12.2 (MpH COCTaBJICHUU LIETTH HEOOXOAUMO
CclIeNaTh, TaKk 4YToObI mepexmoyareb Ks ObUT B pa30MKHYTOM COCTOSIHUN).

2. Ilocnie MpoBEPKH CXEMBI MPEToIaBaTeNIeM YCTAHOBUTh BEIMYMHY CONPOTHUBIICHUS Ro 1Mo
TONOJHUTEIBHOMY YKa3aHUIO K paboTe U nepexiodareneM Kz BKIIOUUTBH 2JI€MEHT C HEM3BECTHOU
3I[C 150

3. Haxatp kHonky (xmoun Ki u K2). [lepemerias KOHTakThl IO peoXopay, HEOOXOAUMO
TOOHUTHCS, YTOOBI CTPEIIKA TATbBAHOMETPA HE OTKIOHSUIACK. J{J1s1 G0JIbIIei COXpaHHOCTH HCTOYHUKOB
TOKa W TaJIbBAHOMETpPA BKIIOYEHHE KHOIKH JOJDKHO OBITh KPaTKOBPEMEHHBIM, OCOOCHHO TOT[a,
KOrJa 4epe3 TraJlbBaHOMETP TEYeT TOK OOJNbIIONW BETUYMHBL. BKIIOYMB W BBIKIIOYUB KHOTIKY,
NEPEABUHYTH ABIKOK B HY)KHOM HAIIPAaBIICHNH HAa HEOOJIBIIIOE PACCTOSHHIE, CHOBA BKIFOUUTH KHOTIKY
Ha KOPOTKOE BpeMs U T.JI. [Ipr 5TOM MOCTOSIHHO CIIEUTH 3a TIOKa3aHHWEM TallbBAaHOMETPA.

4. Kak Tosipko OyneT HaleHO MECTO Ha PeoxXopjie, MPU KOTOPOM CTpEJIKa TalbBaHOMETpa
OTKJIOHSIETCS] Ha HeOo b0 yroa (1-2 neneHus), MOXKHO BKIIIOYUTHh KHONKY Ha OoJiee JIUTEIbHBIN
CPOK TaK, 4TOOBI 3a 3TO BpeMs 0ojiee TOUHO JOOUTHCS OTCYTCTBMSI TOKa B rajibBaHomeTtpe. Ilocne
ATOTO KHOTIKY BBIKJIFOUAIOT M Yepe3 HEKOTOPOE BPEMs IENIA0T OJJHO-/IBa IPOBEPOYHBIX BKIIIOUCHHUS.

5. 3anucate JUIMHY TUIeYa 4 x AC tabnuiy 12.1.
6. Ilepexmrounts K3 Ha OSTalOHHBIA SJIIEMEHT W, MOBTOPHUB OIBIT MO NyHKTam 3, 4,

OTIPEeNTUTh / 9.
7. TloBTOpUTH BECh OTIBIT €IIIE JIBa pa3a, u3MeHss Ro (YCIOBUS OMBITA IO TOTIOJHUTEILHOMY
YKa3aHHI0).
8. Bce momydenHsle maHHbIe 3amucaTh B TabOnuiyy. Beraucnouts DJIC & HEM3BECTHOTO
AJIEMEHTA U HAlTU ero cpeHee 3HaAUCHUE.
Ta6muma 12.1 — Pe3ynbrathl H3MEepeHHA
Ne onbiTa / /
3

X

Ag.

1.
2.
3.
CpenHee 3HaYeHHE

12.5 Conep:kanue oTyeTa u 00padoTKa pe3yabTATOB U3MepPeHuii

1. Onpenenuts cpeHee 3HAYEHUE & 10 PE3yJIbTaTaM TPEX U3MEPEHUH.

2. Buny masoro uucia uzMepeHuil (MeHee 5) 3a aOCONIOTHYIO OIIMOKY A& MPUHATH HE
cpeaHee, a HauboJIbIIee O MOYIIIO OTKIOHEHHE OT CPEAHEr0 3HAUEHUS Excp.

3. OnpenenuTs OTHOCUTENIBHYIO OIINOKY U3MEpEHH

Ag

X

xcp
4. Onpenennts OTHOCHUTEIILHYIO OLIMOKY WU3MEpEHU, 00yCIIOBICHHYIO
HKCIIEPUMEHTATBHON METOIMKOM U MCIIOJIb3YEMBIMH U3MEPUTENbHBIMU TPUOOpaMu, 1o Gopmyine

Ae.  Ag, N Al N Al
63

& &5

X

Ag
3/1€Ch IPUHSTH Agx = Aga = Lym : > = 0,002 :

&y
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4 x U 4 ) — pe3yapTaTbl U3BMEPEHUN CPEAHETO OIIbITA.

5. B kauecTBe OKOHYATENIFHOW OIIMOKM W3MEPEHHH NPHUHATH OOJbIllee W3 3HAYCHUHU,
IIOJIyYEHHBIX B I.I. 3 U 4.
6. OTBeT 3anKUcaTh B BUAE

E.tAg =..
Ag,
g

.100% =...

X

12.6 KoHTpoJIbHBIE BOMPOCHI

1. KakoBo yciioBHE CYyIIECTBOBaHHUS 3JIEKTPUUECKOTO TOKa?

2. B gewm 3akimogaercs CymHOCTh METOa KOMITCHCAITHH?

3. Cdopmymupyiite 3akonbl Kupxroda.

4. MosxHO 1 IpoBOAUTH U3MepeHus, eciu J/]C £ucTouHrKa MOCTOSHHOTO TOKa paBHA
HYII0?

5. Jlyst wero B memnb raJibBaHOMETpPA BKITIOYEHO Rg?

6. MOHO JT IPOBECTH U3MEPEHUs, €CIIH B IIEMH He OyIeT conpoTuBiIeHns Res?

7. Jlst 9ero B 1enb HCTOYHHMKA BBEIEHO CONPOTHBIIEHHE Ro?

8. TloueMy npu U3MepeHHH NOJOKEHHS JBHKKA HA PEOXOP/E TOK B LIEMH raJlbBaHOMETPA
n3MeHsercs?

9. Tlouemy 3a abCOMOTHYIO OMHKOKY OIBITA MPUHUMAETCS MAaKCUMAJIbHOE OTKIIOHEHHUE, a
HE cpeaHsis ommoKa?
10. Cnenath BbIBOJ (GOPMYITBI OTHOCHUTEIILHOW TIOTPEITHOCTH U3MEPEHUSL.

11. OOBsCHUTH METOAMKY U3MepeHus: HensBecTHOH DJIC MEeTOI0M KOMIIEHCAITUH.

CIHUCOK JTUTEpaTyphl, PEKOMEHIYEMOM K HCIOIb30BAHUIO 110 JaHHOM padote: [1-9]

JIABOPATOPHA PABOTA Nel3. OITPEJAEJIEHUE EMKOCTU KOHAEHCATOPA

I_Ie.nb paﬁoTbIZ O3HAaKOMJICHHUC C MCTOAaMM HU3MCPCHUA CMKOCTH KOHACHCATOPA,
HCCICOOBAaHHUEC BIIMAHUNA HHBHGKTqueCKOﬁ CpeAbl HAa BEJIIMYNHY €EMKOCTH.
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13.1 O6opynoBanue u MaTepHAJIbI
Peoxopa.

Konpaencarop aTanoHHbIM.
Konpnencarop HEM3BECTHBIN.
Nupukarop Hyis.

HcTouyanKk HU3KOBOJBTHOTO HAIPsOKCHUA IICPEMCHHOI'O TOKaA.

o gk~ w nh e

Cocypl ¢ KUAKOCTSIMHU.

13.2 TeopeTnyeckoe BBegeHUE
[Ipu noaxIr0UeHNN KOHAEHCATOPa ¢ eMKOCThIO C K UCTOYHHUKY ITEPEMEHHOTIO HAIPSKEHUS
U=U_cosat, (13.1)

06KJ'IaI[KI/I KOHACHCATOpa IMOCTOAHHO TICPE3apAKar0oTCd W B LOECIKM TEUCT TOK. B

MIPOM3BOJIbHBIM MOMEHT BpEMEHHU 3apsi/i Ha 0OKJIa/IKe KOHJIeHCaTopa paBeH

q=cU =cU_cosat, (13.2)
a 110 LICIIH TCYECT TOK
dq .
| = at - —calU  sin ot =1 cos(awt +7/2)  (133)
U m
rae Im =, — amIUINTyJla CWJIbI TOKa,
XC
1

X,o=—— PEaKTUBHOE €MKOCTHOE CONPOTUBIICHHE, KOTOpOoe u3mepsiercss B Omax (Om).
@C ’

CymeCTByeT HECKOJIBKO CIT0COOOB onpeaciICHusa OJSJICKTPOEMKOCTH KOHIACHCATOPOB. B
HaCTOSIIEH pa60Te MNpEACTOUT O3HAKOMHUTLECA C MCTOAOM JJICKTPOCTATHYCCKOI'O BOJBTMETPA,

METO0/I0M Oa/NIMCTUYECKOTO ralbBAHOMETPA U METOJIOM MOCTa MIEPEMEHHOTO TOKA.
13.3 Meton 3JIeKTpOCTaTUUECKOTO BOJBTMETpPA

SHGKTpOCTaTI/I‘IeCKI/Iﬁ BOJIBTMETP — 3TO HpI/I60p, IIPHUHIMIT IeHUCTBUS KOTOpPOI'0 OCHOBAH Ha
B3aMMOJICHUCTBUU ABYX WJIN HECKOJIbKUX 3apsAKCHHBIX ITPOBOAHUKOB. Ilon HeﬁCTBHCM KYJIOHOBBIX
CHJI TIOIBYDKHBIN MMPOBOAHUK IIEPEMCIIACTCA OTHOCUTCIIBHO HCTIOABUIKHOTO ITPOBOJJHUKA. Benuuuna
Ky.]'[OHOBOﬁ CHJIbI TPONIOPHHUOHAJIbHA BEIIMYHUHE 3apsia U OHa YPAaBHOBCUINBACTCA cuioun YIpyrocTtu
MPYXUHBI, KOTOpad HNponopHruOHa/IbHA MEPEMCHICHUIO MOABHUKHOTO IIPOBOJHHKA. HepeMemeHI/Ie
OoNpeACIICTCA € IMOMOIIBIO YKa3aTCIIsA (CTpCJIKI/I, CBETOBOIO 3aluMKa H ,[[p) C IIOMOIIIBIO
QJICKTPOCTATUYCCKOT'O BOJIbTMETPA U3MEPSACTCA PaA3HOCTh IIOTCHIUAJIOB MECKAY ABYMS 3aPAKCHHBIMU

TCIIaMHU.
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Ilycte xmou Ki (pucyHok 13.1) HaxoauTcs B IOJIOKEHMH 1. DTaOHHBIN KOHJEHCATOP

3apsAKaACTCA 10 BCIIMYUHBI 3aps/ia Ha €TI0 O6KJIa,D;KaX
Q=C, U, (13.4)
rae C3 — QJICKTPOCMKOCTD 3TAJIOHHOI'O KOHACHCATOPA,

U, - Pa3sHOCTb IMOTCHHOUAJIOB MCXKIAY Cro 06KHaI[KaMI/I, KOTOpass H3MCPACTCA

QJICKTPOCTATUYCCKUM BOJIBTMETPOM V.

NeTouHnk
[EE) L NOCTOAHHOrO
Cy TOKa

\ — Cy

Ks

Pucynok 13.1 — Cxema u3MepeHnst EMKOCTH KOHAEHCATOpa

METOJIOM 3JIEKTPOCTATUYECKOTO BOJIBTMETPA

[TepeBoauMm kitou K1 B mosoxkeHue 2. ICTOYHUK TOKa B LMW OTKJIIOYEH, HEW3BECTHBIN
KOHAEHCATOp € eMKOCThI0 Cx W STaIOHHBIA KOHAEHCATOP COEAUWHEHBI Mapajie]bHO, K4 K>
BBIKIIIOUCH. Benmunna 3apsina (13.4) ocraercss HSW3MEHHOM, HO TIPOUCXOINT €T0 TIepepaclpec/ICHHE

MCXKIAY KOHIACHCATOPAMU. VYcranoBuBmIascA PAa3HOCTh IMOTCHIIMAJIIOB Ha 6aTapee KOHICHCATOpOB

paBHa
U, = Q__ N (13.5)
Cy,+Ng Cy+Ng '
OTCIOI[a HOJIleaeM BBIPpAXKCHHUC IJIA paCcd€Ta CEMKOCTH HCU3BCCTHOI'O KOHACHCATOPA
g =Ry 2t -1 (13.6)
U,

IIpu BriroueHnu Kz npoucxoauT paspsiika KOHAEHCATOPOB B KOHIIE H3MEPEHUSI.
13.4 MetoJ1 6anIucTUYECKOTrO TajJbBaHOMETpa

bannmuctuyeckuii raJibBaHOMETpP OT OOBIYHBIX TaJIbBAHOMETPOB OTIUYACTCA IMOBBINICHHBIM
MOMCHTOM HMHEPIUU J paMKH. BpeMH pas3pdaaa TOKa 4€pe3 raJibBAaHOMETP HAMHOT'O MCHBIIC IICPUOJIa
COOCTBEHHBIX KOJICOaHUM paMKH, MMOSTOMY OaNTMCTUYCCKUM raJibBAHOMETPOM MOKHO U3MCPATH
BCJIMYMHY JJICKTPUYCCKOIO 3apsiaa  Ha OGKJ’IaI[KaX KOHACHCATOpPA.
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Pucynoxk 13.2 — Cxema u3MepeHust EeMKOCTH KOHAEHCATOpa

METOAOM 0aTUCTHYECKOTO rajibBaHOMETpPA

[Iyctes wmrou K HaxomuTcs B mojoxkennu 1 (pucynok 13.2). Ilpomcxoaut 3apsiaka
KoHJeHcaTtopa. PasHocts moreHnuanoB U wu3mepsiercss ¢ momoipio BoibTMeTpa V. bBricTpo
nepeBoiuM Kiitou K B MOJIOKEHHE 2 — HAUWHAETCS pa3psi/ika KOHJIEHcaTopa yepe3 OaIuCTUYEeCKHM
rasibBaHoMeTp BI', ¢ momormipio KOTOporo ompezaensieTcss MakCUMalbHBIN 3apsa ( Ha OOKIIaJKax

KOHACHCATOpa
q=Ba,,, (13.7)
rne o, — HauOOJBIINII YyroJ OTKIOHEHHS CTPEIIKU rallbBAHOMETDA,

B — 6annucTuyeckas NOCTOSHHAs rajbBaHOMETpA.

BHGKTpOGMKOCTB HEHU3BCCTHOI'O KOHACHCATOpA ONIPCACIIACTCS IO (bopMyne

4

q _Bom
TIRTEE (13.8)

13.5 Meton MocTa mepeMeHHOTO TOKa
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Cy Cs
f P P
a 1b
R1 R,
|
Ri R
o |

Pucynoxk 13.3 — Cxema u3MepeHust eMKOCTH KOHAEHCATOpa

METO0/IOM MOCTa MePEMEHHOT0 TOKa

[Tneun MocTa cocTOSIT U3 HEM3BECTHOTO KOHAEeHcaTopa Cy, aTanoHHoro KoHmeHcartopa Cs, U
nByx pesuctopoB Ri u Ry (mmeun peoxopaa P). Iluranue mocra mpous3BOAWUTCS OT HMCTOYHHUKA
MEPEMEHHOT0 TOKa YaCTOThI (, HAIPSHKEHHE KOTOPOTO MOIBOIUTCS K quaroHanu ab mocra. K apyroit
nuaroHanu ef monkiroueH nHIUKaTOp HyJs nepemernoro Toka (MH).

IIpouecc m3MepeHuss CBOOUTCA K ypaBHOBELIMBAHUIO MOCTA, T.€. OTCYTCTBUIO PAa3HOCTH
HOTCHIMAIOB MEXIy Tokamu € u f. YCIoBusIMH paBHOBeCHs] MOCTa SIBISIETCS PAaBEHCTBO MEXKIY

co00¥ MpoU3BeICHUH TTOJTHBIX COMMPOTHRIICHUH TIEY MOCTA, T.€.
Ny -R,=Cy Ry, (13.9)

a TaKKe PaBEHCTBO MEXay co00i cyMM (ha30BbIX YIJIOB (MEXKIY HAIPSDKEHUEM M TOKOM)

9THUX K€ IIJICY MOCTa, T.C.

Po TP =Py T O, (13.10)
Beimonnenus ycnosus (13.9) moOuBaroTcs, nepenBurasi moJizyH peoxopaa P, a ycioBue
T
(13.10) BeImOAHSETCS aBTOMATUYeCKH, T.K. Po = Py = E , O =@, = 0.us dopmynsr (13.9)

oJjryqyacm

~ ~ R
No =Ny — (13.11)
2

13.6 Onncanue ycTaHOBKH
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B Hacroseit padote peanusyercst crocod M3MEpeHHs eMKOCTH KOHJCHCATOpa METOJIOM

WMHaukaTop
HynA

Cy Cs

] l,

Pucynok 13.4 — Dnexktpuueckas cxemMa yCTaHOBKH
MOCTa IEPEMEHHOI0 TOKa.
Cxema yCTaHOBKM IpelcTaBieHa Ha pucyHke 13.4. 3mech B KadecTBe peoxopla
HCTOJIB3YEeTCS METAJNIMYecKass CTpyHa AB, 10 KOTOPOW CKOJB3UT Toa3yT /{. OTHOUIeHUE
compoTtuBiienuii mwied peoxopaa Ri/R2 B (13.11) moxuO 3amenuth otHolneHuem li/l; mmun

COOTBETCTBYOMUX Mied. Toraa popmyna (13.11) npuBogutcs k BUAy

~ ~ |
Ng =Ny T (13.12)
2

JBoitHOM Kitou /[K CIy>)KUT Uil OJHOBPEMEHHOTO M B TOXKE BpPEMsI KPaTKOBPEMEHHOIO
MOAKIIIOUEHUSI CXEMbl K MCTOYHHKY MEpEMEHHOTO TOKa M BKIIIOYEHHUS HMHAUKaTopa Hynd. Ecnu

IIPpOCTPAHCTBO MCKIY O6KJ'IaI[KaMI/I HCCIICAYEMOI'0 KOHACHCATOpa 3allOJIHUTE JUSJICKTPUKOM, TO IIpU

!
TOM K€ HAIIPSOPKCHHUUA HA 06Knaz[1<ax €MKOCTBb KOHACHCAaTOopa N ¢ YBCIMYHUTCA B € pas, T.C.

N =& -Ng, (13.13)
TOr1a ,Z[I/II)J'IGKTpI/I‘IeCKYIO HpOHI/IHaeMOCTB ,I[I/IBJ'ICKTpI/IKa MOXHO Ol'[peI[eJ'II/ITB I10 (bOpMy.]'Ie
N
= No (13.14)
Ng - '

3necy Cx — eMKOCTh BO3YIIHOTO KOHJAEHCATOpa, KOT/Aa MEXIy OOKIaJAKaMH HaXOIUTCS
Nr
BO34YX, a o) OIIPCACIIACTCA 110 (bOpMy.]'IC

M |
Ng =Ny I—l (13.15)
2

! !
rac Il n |2 — JJIMHBI TUICY peoxopda C6aJ'IaHCI/Ip0BaHHOFO MOCTa C HOBBIM HCU3BCCTHBIM

N
KOHACHCATOPOM C EMKOCTBIO N 6
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13.7 3ananue, cofep:kaHNe OTYETA MOPSIAOK BHINOJHEHUS PadOTHI

1. CoOpath cxeMy coryiacHO pucyHKy 13.4.

2. Bxomrounts kimrou JIK HaskaTHeM KHOTIKU Ha KOPOTKOE BPEMs.

3. Tlepenpuras nonsyH J| u kparkoBpeMeHHO BKItouas kim0 JIK, moOuTbest GaiaHCUPOBKH
MocTa (MUHUMYyMa [TOKa3aHUN MHAUKATOpa HYJIs).

4. Paccuutath 1o Qopmyre (13.12) eMKOCThP HEM3BECTHOTO KOHICHCATOpPA. Pe3ynbrars
3aHecTH B Tabnmiy 13.1

Tabnumna 13.1 — Pe3ynbratsl U3MEpEHH eMKOCTH KOHEHCATOpa

Ne onwiTa JmuHEI 1169, MM Cx, ® ACx, @
|1 |2
1.
2.
3.
4,
5.
CpenHue 3HaYEHUS Cxep = ACxep =

5. PazbanancupoBaTh MOCT, TIepeBe/Isl TOJ3YH // B Ipyroe Mpou3BOIBHOE TTOJIOKEHHE.

6. [ToBTOPUTH M.II. 2 — 5 HE MEHEE MATH pa3.
7. PaccuuTath cpeqHee 3HaYCHHNE €MKOCTH KOHICHCATOPA.
8. OnpenenuTh OMMOKY U3MEPEHUH.

Crnioco06 1. CHauana onpeAenuTh cpeqHee 3HadeHue adcooTHoi nmorpemHoctd ACxep, a

ANz

3aTeM — OTHOCUTEIbHYIO IOTPEIIHOCTD &= —N
onia

Crnoco6 2. CHayanma paccyuTaThb OTHOCHTEIIBHYIO MOTPEIIHOCTb, OOYCIOBICHHYIO

METOAUKON IKCIIEPUMEHTA U UCTIOJIb3yeMbIMU MpUbopamu, 1o Gpopmyie

AN, AN, Al, Al
=—X=—"T4 142 (13.16)
NO NY Il |2

a 3aTeM — a6COJ'IIOTHYIO IOrpCIIHOCTD: ACX = g . CX .

13 ABYX 3HAYCHUUN MMOTPCIIHOCTH IIPUHATDb HaI/I6OJ'ILI_Hy10.

9. 3ammcath pe3ynbTaT U3MEPEHUN B BUJIE:

~

C, tAC, =..,® &= ANNX 100% = ... .

o
10. OmnycTuTh HUccieayeMblii KOHIEHCATOP B COCY/ C )KUKOCTBIO.

11. COanancupoBaTh MOCT B COOTBETCTBHUHM ¢ NM.2 U 3.

12.  PaccuurtaTh €MKOCTb Né) KOHJIEHCATOpa ¢ AUAJIEKTpUKOM 1o dopmyne (13.15), a
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JMAJIEKTPUUECKYI0 MIPOHULIAEMOCTh KUAKOCTH — 1o popmyne (13.14), rae npunsate Cx = Cxep 1O
pe3ylbTaTaM U3MepeHwit epBoii cepun (Tabmuna 13.1). Pesynbrare 3anectu B Tabmuiy 13.2.

Tabmuua 13.2 — Pe3ynbTarsl H3MEpEHUH AUAIEKTPUIECKON POHUIIAEMOCTH

JUBJIEKTPUKA
Ne oneiTa II['JH/IHLI mnjied, MMI, Né) LD & Ae
1 2

1.

2.

3.

4,

5.

CpenHue 3HaYEHUS Ecp = Agep =

13. TlepemecTuTh NON3YH /| B Apyroe MpoU3BOJILHOE MOJIOKECHHUE.

14. TlosTtoputsh u3mepenus no nm.l1 — 13 He menee 5 pas.

15. PaccuuraTh cpeqHee 3HaU€HUE AUIIEKTPUUYECKOM MPOHUIIAEMOCTH JUAJIEKTPHKA.

16. OnpenenuTts OMMUOKY U3MEPEHHH JABYMS CIIOCOOAMHU 1O METOIMKE, W3JIOKESHHOW B
m.8.

17. 3amucaTh pe3ynbTaT U3MEpPEHUil B BUJIE

E-1OO%=... ,

&

18. CnenaTh BBIBOJIBI 110 PE3YJIbTaTaM BBITIOJHEHHOM paOOTHI, 3a1MCaTh OTBET.

ELAE=...,

Conep:xanue oTyera

1. JTaGoparopnas padota No ...

2. HaumeHnoBaHue pabOTHI.

3. Ilenb paGoTHI.

4. TIpuGopsl U MaTepHAaIIbI.

5. UepTtex WK cxeMa yCTaHOBKH (eciu TpeOyercs).

6. @opMysBl HCKOMBIX BEJTUYMH U UX MOTPEIIHOCTEN.

7. Tabnuua c pe3ynbTaTaMd U3MEPEHUH M BBIUMCIICHUH MOrpenIHocTel (eciau Tpedyercs).
8. Beruncnenus pe3yapTaTosB.

9. OxoHuaTeIbHBIN pe3yabTaT, BBIBO U Mpoyee (COrIacHO LeTH paboThl).

B BeIBOZIE HCO6XOIII/IMO OTBCTUTH HAa BOIIPOCHI:
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- YTO BBI J€JIalii, B YEM LIeJIb Ballel paboThl;
- KaKue pe3ysbTaThl Bbl 0XKUAAIN ITOJIYYUTh;

- COBIAJIU JIU PE3YJIbTATHI Ballei pabOThI C 0XKHIACMBIMHU.
13.8 KoHTpoOJIbHBbIE BONPOCHI

1. KakoB nmpuHuum padoThl 3J1€KTPOCTaTUYECKOIO BOJIbTMETpa?

2. Kak ompenensiercsi €MKOCTh KOHAEHCATOpAa METOJOM  3JEKTPOCTATHYECKOTO
BOJIbTMETpa?

3. Uto u3mepsieT OATMCTUYECKUN TaTbBaHOMETP?

4. Kak ompenensercs  €MKOCTh  KOHJAEHCAaTOpa  METOJOM  OalsTUCTHYECKOIO
rajbBaHomeTpa?

5. KakoBbl ycioBus 0anaHCHPOBKU MOCTa IEPEMEHHOTO TOKa?

6. Kax onpenensercsi eMKOCTh KOHACHCATOPA METOJOM MOCTA IEPEMEHHOTO TOKa?

7. Tlouemy U3MEHSIETCSI EMKOCTh KOHAEHCATOpa IIPU BBEJIEHUU B HETO TUAJIEKTPUKa?

8. BrBectu Gopmyny (13.16) u popmyiry OTHOCUTENTFHON TPUOOPHOH MOTPENTHOCTH TIPH

N3MCHCHUU JII/IBHGKTPH‘ICCKOP'I MMPOHUIACMOCTH JUIJICKTPUKA.
CIUCOK JUTEpaTyphl, PEKOMEHIYEMOM K HCIOIB30BAHMUIO TI0 JaHHOU padoTe: [1-9]

JIABOPATOPHA PABOTA Nel4. OIIPEAEJIEHME MHAYKTUBHOCTH KATVYIIKHA

eanb padoTsbl: M3MepeHne MHIYKTUBHOCTH KaTYIIKA METOJ0M MocTa MakcBeria.
14.1 OGopynoBaHue U MaTePUAJIbI

JIBa marazuHa COpOTHUBJICHUH.
Peoxopa.

DTanoHHas KaTyllKa UHAYKTUBHOCTHU.
JIBOMHOM KJIFOY.

Uccnenyemast kaTylka MHAYKTUBHOCTH.

HcTOoYHHNK HU3KOBOJBTHOTO HAIPsOKCHUS IICPEMCHHOT'O TOKaA.

N o a k~ w DdoE

I/IHI[I/IKaTOp HYJIA IICPEMCHHOT'O TOKaA.

102



14.2 TeopeTnyeckoe BBegeHUE

Ecnu u3MeHeHMe MarHuTHOrO TOTOKA, CLEIUIEHHOTO C KOHTYpOM, CO3JAaeTcs IyTEM
W3MEHEHHUs CUJIbl TOKa | B caMOM KOHType, TO B KOHType Bo3HuKaeT DJ[C caMOMHIyKIMU, KOTOpas
ompenensercs o hopmyie
e

rae L — MHIyKTUBHOCTb KOHTYpa, u3mepsemas B renpu (I'H).

&y = (14.1)

Ecnmu MOAKIIFOYUTD KaTYIIKY HHAYKTUBHOCTU K UCTOYHUKY IICPEMCHHOI'O HAIIPSIXKCHUA
U=U_cosat, (14.2)

TO, HpeHe6pera$1 OMHYCCKHUM COINPOTUBJICHUEM KaTYIOKH, B HpOHSBOJ'II:HI:IfI MOMCHT

BPEMCHHU COIJIaCHO 3aKOHY Oma MO>KHO 3aITiCaTh:
U+&. =0,

HIIN
di
U, coswt=L—
dt
HuTterpupys, nomydaem

u_ . U
| =—"sin ot = —"cos(wt — 7%,
ol M= (et = 7). (14.3)

U

—_m
rac I m X — aMIUIMTYyJa CUJIbI TOKA.
L

CpaBauBas (14.2) u (14.3), 3axiaroyaeMm, 4TO HANPsOKCHHE HA KATYIIKE WHIYKTHBHOCTH

orepexaeT 1o (ase cuiry Toka Ha yrou /2.

Bemmuuna XL = a)I— Ha3bIBACTCA PCAKTUBHBIM HHAYKTUBHBIM COIIPOTHBIICHUEM

(m3mepsiercst B Omax). M3mepuB XL U 3Has 4acTOTy MEPEMEHHOTO TOKa (v, MOXKHO OIPEIEIUThH

HHAYKTUBHOCTb KaTyIIKH I10 Q)OpMYHC

L=— (14.4)
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Pucynok 14.1 — Cxema mocta Makcsemna

O)IHaKO HCHU3BCCTHYIO HHAYKTUBHOCTD L,\' KaTYIIKX MOKHO HEMMOCPEACTBECHHO ONPEACINTD
C MOMOIIBI0 MOCTa MEPEMEHHOI0 TOKa, MOJIyYUBLIET0 Ha3BaHue MocTa MakcBema (pucyHok 14.1).
IIntanue mocta MPOU3BOANTCA OT HCTOYHHUKA IECPEMEHHOTO TOKa JacTOTOU @, HAIPSAKCHUC
KOTOPOTO MOJIBOJIUTCS K OJHOM U3 AuaroHaie mocra. K apyroit auaroHaiy noakjir04eH HHIUKaToOp
nyns (MH) mepemMeHHOTO TOKA.

Kak u B MocTax MOCTOSIHHOTO TOKa, MPOLECC M3MEPEHUsI MOCTOM IEPEMEHHOI0 TOKa
CBOJUTCSA K yPaBHOBEIINBAHHUIO MOCTa, KOTOPOE XapaKTepU3yeTcsl HyJeBOM Pa3HOCTHIO MOTEHIINAJIOB
MEXIy TOUKamu a u b.

VYcnoBusiMu paBHOBECHS MOCTAa NEPEMEHHOTO TOKa SBJISIETCS PAaBEHCTBO MEXIy cO00M

HpOH3BeI[eHPII>i ITIOJIHBIX COHpOTI/IBHeHI/Iﬁ IIPOTHUBOIIOJIOKHBIX ILICY MOCTa
O "Ry, =Xy Ry, (14.5)

a TaKKe PaBEHCTBO MEXAy co00i cymMM (a30BbIX YIiIOB (MEXKIYy TOKOM U HANpPSHKEHUEM )

ATHUX K€ IIJICH MOCTa
Py TQ, =@y + @, (14.6)

Irac x X — a)LX — PCAKTUBHOC MHAYKTUBHOC COIIPOTUBJICHUC HEU3BECTHOM KaTylIKHu C

UHyKTUBHOCTBIO Ly;

X|_y' = a)I—Y — PCAKTUBHOC HHAYKTUBHOC COIIPOTUBJICHUC ATaJOHHOM KaTylIKu C

UHAYKTUBHOCTBIO L5;
R1, R2 — conporuBnenus mwied peoxopaa P.

Torma u3 ypaBuenus (14.5) nonydaem
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st akTuBHBIX compoTtuBieHudd Ri, Rz ¢aszoBeie yrier @ = @, = 0 , a (a3oBbIe YribI

KaTylI€K COOTBCTCTBCHHO PAaBHbI:

ol

. X
@s = arctg —=- =arctg
RX X

. Xy wl,

@, =arctg—=-=arctg—-
RY RY
[ToacraBnsis BeIpaxkeHUs @1, p2, X, ¢> B (14.6), nonydaem

I_X _RX

Ly Ry’

(14.7)

(14.8)

(14.9)

rae Rx, Ro — cooTBeTcTByrOIIME aKTUBHBIE COMPOTHUBIICHHS KaTyIIEK (COMPOTHBICHUE

MIPOBOJIOB KaTYIIEK).

[Tockonbky B oOmem ciydae Ry u Rp Mexay coboif He paBHBL, TO MOCT MakcBena

COJIEP)KUT TepeMeHHbI pe3uctop Rz ans OamancupoBku QaszoBbix yrios. llepekmtouatens K

IIO3BOJIACT NNOAKIHOYUTH R3 K TOM 1y MHOM KaTylmKE B 3aBUCUMOCTHU OT TOI'0, KaKas U3 HUX 06naz[aeT

MCHBIINM aKTUBHBIM COITPOTHUBJIICHUCM.

14.3 Onucanue yCTaHOBKH

CxeMma ycTaHOBKH B BUJIe MOcTa MakcBeinia npecTasieHa Ha pucynke 14.2. 3aech R1, u R

— HU3MCHACMBIC COIIPOTUBJIICHUA (MaFaSI/IHBI COHpOTHBHeHHﬁ). Ecau moct C6aJ'IaHCI/IpOBaH, TO

HCU3BCCTHAA HHAYKTUBHOCTb Lx OoNpCACIIACTCA U3 COOTHOIICHUA

R
R .
2
Ycnosue (14.9) 6anancupoBku (a30BbIX YIIIOB MIPUBOIUTCS K BUIY
!
o
Ly, Ry +R;

! !
rac 1 H 2 — AKTUBHBIC COIIPOTUBJICHUS I1JICY peoxopaa P;

RX, R» — aKTUBHBIC CONMPOTHUBJICHUA HEU3BECTHOM M ATAJIOHHOM KaTYyHICK.
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Ri| R; NuankaTop
HynA

Pucynok 14.2 — Dnexkrpuueckasi cxema yCTaHOBKH

14.4 3ananue v NOPSIAOK BbINOJIHEHUS PA0OTHI

o &~ w0 b E

6.

CoOpath 2IIEKTPUUECKYIO CXEMY YCTAaHOBKHU COTJIACHO pUCYHKA 14.2

VYcTaHOBUTE Ha MarasuHe COHpOTI/IBHeHI/Iﬁ IIPON3BOJIBHOC 3HAUYCHUEC COIIPOTUBJICHUA R2.
JIBukKOK peoxopaa P ycTaHOBUTH MPUOIU3UTENBHO MTOCPEANHE €r0 JJIUHBI.

Y cTaHOBUTh MUHUMAJIBHYIO YYBCTBUTEIBHOCTh HA HHAUKATOPE HYIIS.

BxurounTs qBOMHON K104 /[K Ha)kaTeM KHOTIKM Ha BPEMs MPOBEICHUS U3MEPEHUIA.

N3meHsst ¢ moMoIpi0 MarasuHa COnpoTuBiieHHe R1, TOOMTHCSA MUHUMYyMa TIOKa3aHUM

HHAUWKaTOopa HYJI, IOCTCIICHHO IOBBIIIAA €TI0 YYBCTBUTCIBHOCTD.

7.

H3Mensass COOTHOIIEHHE IIIeY pcoxopaa P, ,I[O6I/ITI:>C$I MHUHHMYMa IMoKa3aHu

HHAWKATOPA HYJIA.

8.

HooqepenHo HU3MCHAA COIIPOTUBIICHUE R1 ®m cooTHomeHHEe 1IeY peoxopda Hu

MOCTCIICHHO ITOBbINIAA YYBCTBUTCIBHOCTD MHAUKATOPA HYJIA 10 MUHHUMYMa, ,I[O6I/ITLC$I MHHHUMYMa

€ro II0Ka3aHuu.

Tabnuma 14.1 — Pe3ynbratel u3mepeHuit

Ne omplTa

R2, Om R1, Om Lx, I'a ALx, T'n

OB~ wdNPE

Cpennue 3HaueHus

9.

Paccuntarh 3HaueHWe HEW3BECTHOW WHIAYKTUBHOCTH Lx mmo d¢opmyne (4.10).

PesynpraThl u3Mepenuii 3anectu B Tabnuiy 4.1
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10. Tomtoputh nm. 2 — 9 It YeThIpeX APYruxX 3HAYEHUN CONMPOTHBICHUS R2.
11. Beruucauts cpeanee 3HaueHUE Lxcp MO MATH U3MEPEHUSM.
12.  Omnpenenuts aOCOTIOTHYIO U OTHOCUTEIIBHYIO TIOTPEITHOCTH U3MEPCHHU.

Crioco6 1. CHauana ompezensieM cpenHee 3HadeHue abCONOTHON morpemHocTd Alxey, a

3aTeM — OTHOCHTENBHYIO IOTPEMHOCT & = ———

Crioco6 2. ChHavanma omnpeneisieM OTHOCHUTEIBHYIO TIOTPEIIHOCTh, OO0YCIOBJICHHYIO

METOIUKON IKCTICPUMEHTA U HCIIOJIb3yeMbIMH TPUOOpaMH, 1o Gopmyiie

AL, _AL, AR, AR,

&= = 4.12
LO LY Rl Rz , (4.12)

a 3aTeM — aOCOTIOTHYIO IOTPEIIHOCTb:
ALy =Lggs €. (4.13)

W3 nByx 3HaueHUM NOTPelmHOCTH, ONpeAeNsieMoil pa3HbBIMU crocobaMu, BbIOMpaeM
HauOoJIbIlIee 3HAYECHUE.

13. CnenaTh BBIBOJIBI TTO BHITIOJHEHHOHW pabOTe, 3amucaTh OTBET B BUJIE:

AL,

L, £AL, =...,Tx; &=

2

-100% =...

X
Conep:xanue oTyera

1. JTaGoparopnas padota No ...

2. HaumeHnoBaHue pabOTHI.

3. llenb paGoTHI.

4. ITpuGopsl U MaTEPHUAIIBI.

5. UepTex WK cxeMa YyCTaHOBKH (eciu Tpedyercs).

6. @opMyJsIbl HCKOMBIX BEJTMYMH M MX MOTPEUTHOCTEH.

7. Tabnuua c pe3yapTaTaMi U3MEPEHUN U BBIYUCIICHUHN TIOrpenrHocTel (ecnu Tpedyercs).

8. Beruncnenus pe3ynpTaToB.

9. OkoHYaTenbHBIN Pe3yIbTaT, BHIBOJ U IIpoYee (COTIIACHO LENU padOThI).

B BBIBOJIE HEOOXOIMMO OTBETUTH HA BOMIPOCHI:

- 4TO BBI JIeTIANIU, B YEM 11eJIh Baliel padoThI;
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- KaKUC pC3yJIbTaThl Bbl OXKUIAJIN TOJYUNUTD,

- COBIAJIM JIM PE3YyIbTAThI Balleil pabOThI C 03KHUIaEMbBIMHU.

14.5 KoHTpoJ/ibHBIE BONIPOCHI

1. JlaTp onpezneneHue aKTUBHOTO U PEAKTUBHOI'O COMPOTHUBIICHUH.

2. 3anmcarh ycIOBUS OaTaHCHPOBKU MOCTA MEPEMEHHOTO TOKA.

3. 3adeM HYXXHO IEPEeMEHHOE COTPOTUBICHNE R3 B cxemMe Mocta MakcBelia Ha pUCYHKe
14.1?

4. 3anucath BbIpaxkeHuWe 3akoHa Owma [ y4yacTKa IEMH, COACPIKAIIEro KaTyIIKy
MHIYKTUBHOCTH.

5. Cnenate BeBOA popmyibl (14.12).

6. MOHO I U3MEPUTh HHIYKTUBHOCTH C TIOMOIIIBIO aMITepPMETPa M BOJIbTMETpa?

CHHCOK JIUTepaTyphl, PEKOMEHIYEMO# K UCIIOJIL30BAHUIO 110 JaHHOH padore: [1-9]

JIABOPATOPHASI PABOTA Nel5. U3YUEHHWE TEMITEPATYPHON 3ABUCUMOCTH
COINIPOTUBJIEHUA ITOJIYITPOBOJAHWKOB U OITPEJEJIEHUE SHEPTUU AKTUBALIUA
Leab padoThl: U3Y4NUTh 3aBUCUMOCTD COIIPOTUBIICHHUS MOTYIPOBOJHUKOB OT TEMIIEPATYPHI;

OIIPCACIINTDL SOHCPIrU0 aKTUBAlIH.
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15.1 ObopynoBaHue U MaTepUAJIbI

Tepmucrop.
YHuBepcanpHblil n3mepuTenbHbiil MocT (YUM).

Tepmocrat (MydenbHas neys).

Eal A

Tepmomerp.

15.2 TeopeTuyeckoe BBegeHUE

BemecTBa 10 CBOMM QJIGKTPUYCCKHM CBOWCTBAM JIENATCS Ha TpH OOJIBIIMX Kiacca:
MTPOBOTHHKH, ITOTYIIPOBOHUKH, TUIICKTPHKH.

DNeKTpUUYECKUEe CBOWCTBA OOYCIIOBJICHBI BHYTPEHHHUM CTPOCHHEM BEIISCTB, BUIAMH H
TUTIAMU CBSI3€H, KOTOPBIC YICPKUBAIOT BMECTE aTOMBI (MOJICKYJIBI, HOHBI) IAHHOTO BEIIIECTRA.

TunuuaeiMU TPOBOJHUKAMH sIBIsitOTCS MeTayibl (Cu, Fe). B HUX 31eKTpompoBOAHOCTH
00yCITOBJICHA HAJMYAEM CBOOOIHBIX 3JICKTPOHOB (3JEKTPOHHAS MPOBOAMMOCTE). [IpoBoIHUKAMU
IEKTPUIECKOTO TOKa MOTYT TakXe OBITh PacTBOPHI M PaCIUIaBBl PA3IMYHBIX BEMIECTB — B HUX
MTPOBOIMMOCTB MOKET OCYIIECTBIISITHCS TAKKE U HOHAMH.

B monynpoBoaHuKax cyiiecTByeT OCOOBIM BHJ MPOBOAUMOCTH — IbIPOYHAs, Hapsay C
AIEKTPOHHOM.

K momynpoBoiHrKaM OTHOCSTCS O0JIBITION Kiacc BeniecTB: Ge, AS, pa3IiuuHbIe COSAMHEHUSI.
[To cBOMM 3IIEKTPHUYECKUM CBOMCTBAM MOJYIMPOBOJHUKHU CTOST MEXY TUITMUYHBIMH MPOBOIHUKAMHU
U TUAJIEKTPUKAMH, T.€. TOIYIPOBOJHUKY MPU OJHUX YCIOBHUSAX MOTYT BECTH ce0sl KaK MPOBOJHUK,
IpU APYruxX — Kak AUANIeKTpuk. Kpurepuem, onpeneisiioliM TaKyld CMEHY CBOMCTB, SIBISIETCS
TeMIieparypa, T.K. JJs MOJYIPOBOJHUKOB XapaKTepHa CHJIbHAs 3aBUCHMOCTbH CONPOTHUBIICHUS OT
TEeMIIepaTyphl.

Y DOpOBOAHHMKOB C TOBBIINIEHHEM TEMIEPATyphl COMPOTUBICHHUE YBEIUYUBACTCH. ITO
CBSI3aHO C YBEJIIMYCHHEM WHTEHCUBHOCTH TEIUIOBOTO JIBIYKEHUSI HOHOB PEIIETKH, KOTOPBIE SBISIOTCS
OCHOBHBIMH IIEHTPAMH PACCESTHUSI CBOOOIHBIX JIEKTPOHOB.

Y  NOJAynpoBOAHMKOB C  pPOCTOM  TEMIIEparypbl  CONPOTHBJICHHWE MaJaeT o
AKCMOHEHIIMATLHOMY 3aKOHY

AE
R=AekT, (15.1)
rae R — conmpoTuBieHne JaHHOTO TOTYTPOBOIHHKA;

A-— MOCTOAHHAA, 3aBUCAIIAA OT MMPUPOABI TTOJIYIIPOBOJAHHKA,

Lo

k=1,38-10 % K —nocrosiHHas bosbimana,
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T — abcoroTHAS TEMIIEPATypa;

AE — 3Heprus akTUBaLUU.

OOmbsicHeHHe JHaHHOTO (pakTa MOXET OBITh JIaHO HAa OCHOBAHWHU 30HHOM TEOPHH CTPOCHUS
TBEpAOro Tena. PaccMOTpuM HEKOTOpBIE MOJI0KEHUS TaHHOW TEOPHUH.

DONEeKTPOHBbI B U30JUMPOBAHHBIX aTOMAX HAXOJATCS HA OMNPEIENIEHHBIX OpOUTaxX, KOTOPHIM
COOTBETCTBYIOT OIpejieJieHHbIe 3HaueHusi sHepruu (moctynarsl bopa). Ilpu cOnmkenun atoMoB
OJIHOTO BEIIECTBA MPOUCXOAUT PACILIEIUIEHNE SHEPreTUUECKUX YPOBHEW Ha MOAYPOBHM (COTJIacHO
npunnuny Ilaynu), npudyem, dem OoJplieé aTroMOB OOBEOMHSETCS, TEM Ha OOJbIIee YHCIIO
MOJAYPOBHEH pacUIeIUIIeTCs ypPOBEHb, IPO KOTOPBIA Temepb TOBOPST, 4YTO oOpa3oBajach
«@HepreTuyeckas 30Ha». TakuM 00pa3zoM, «pa3pellleHHasi SHEpreTHyeckas 30Ha» — COBOKYITHOCTb
pa3peleHHbIX 3HAUeHUI YHEPTUU PACIIOJIOKEHHBIX OJU3KO APYT OT JApyra aTOMOB. «3anperieHHast
SHEepreTHYecKas 30Ha» — COBOKYIMMHOCTb 3HAYEHUH 3HEPTUU, KOTOPbIE HE MOKET UMETh AJIEKTPOH B
JaHHOM BelecTBe. Pa3penieHHbIe 30Hb B KpUCTaIIE TIEPEMEXKAIOTCS C 3aIpEeHHbIMU.

E A

AE B

A

Pucynok 15.1 — DHeprerrudeckue 30HbI MOJIYIPOBOJHUKA

Ha mnpoBoauMocTe oOKa3bIBaeT BIMSIHHE COCTOSHUE BEPXHUX pa3pelIeHHbIX 30H. Y
MOJIYIPOBOHUKOB (puUCyHOK 15.1) BepxHss 3amosHeHHas 30Ha A (BaJeHTHas 30HA) 3amoJiIHEHa
noiHocThio ipu 7= 0 K, a B cneayromeid paspenienHoi 30ue C (30Ha IPOBOJUMOCTH ), OTACIICHHON
0T A 3anpenieHHON 30HO0i B, 31eKTpoHOB HeT. [Ipy MOBBIIIEHUH TeMIIepaTypbl JIEKTPOHBI U3 30HbI
A, TIOJIy4UB JIONOJIHUTENIbHYIO TEIUIOBYIO SHEPTHUI0, MEpEnphruBatoT B 30HY C, rne MOSBISIOTCA
CBOOOJHBIC HOCUTENM 3apsiia. 3HAYUT, MNPOBOAMMOCTH TMOJYIMPOBOJHUKA YBEIUYUBACTCH, a
COMPOTHBIICHUE Ma/1aeT.

Takum 06pazom, Anst co3qaHusi CBOOOJHBIX HOCHTEJECH B MOJIYIPOBOJHUKAX AIIEKTPOHAM
HEO0OXOIMMO COOOIIUTh PHEPIHI0 aKTUBALMU Ui MPEOJONICHUs 3amperieHHoi 3oHbl. [lupuna
3anpelleHHON 30Hbl Y BCEX MOJYIPOBOJHUKOB pa3Has U 3aBUCUT TAK)KE OT HAJTUYUS MPUMECEH.

UroObl HAlTH SHEPTUIO AKTUBALMH, TIpoJiorapudmupyeM Belpaxxkenue (15.1)

mR=InA+2E (152)

kT
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Ecnu o ocu abenucce (X) otknansiBath(1/T), a mo ocu opaunat (Y) — (INR), To TanreHc yria

HaksioHa npsmoi (15.2) x ocu aGcnmcce OyneT paBeH

Igo = AE (15.3)
P

TOTr1a
AE =k tga. (15.4)
Takum 00pa3oM, HEOOXOAMMO H3MEPHTH 3aBUCHMOCTH COIMPOTHBIICHHS TEPMHUCTOpA OT

TEeMIIePaTypbl, TOCTPOUTH TpadUK 3aBUCUMOCTH, 110 Tpaduky HaiiTu tg o, a 3atem HailiTu AE.
15.3 DkcnepuMeHTaabHasl yCTaHOBKA

TepmucTop — MOIYNMPOBOJHHUKOBOE TEPMOCONPOTHUBIECHUE C OOJIBIIUM TEMIIEPATyPHBIM
KO3 PUImeHToM COmpoTUBICHUA. TEPMUCTOp TOMENICH B CTEKISHHYIO MPOOHUPKY, B KOTOPYIO
HaJUTO Macio (sl yaydlieHWus PaBHOMEPHOCTH TEIJIOBOro KoHTakTa). Croga ke TOMEIIeH
TEPMOMETP IS U3MEpPEHHUs TeMIiepaTypsl Tepmucropa. [Ipobupka momereHa B My(eabHYIO MeYb.
N3mepenune conmpoTHBIICHUS TTPOU3BOJIUTCS C MOMOIIBIO YHUBEPCATHHOTO M3MEPHUTEIBHOTO MOCTa
YUM crnenyromum oOpa3om:

1. KoHTaKThI TepMHUCTOPA MOAKITIOYAIOTCS K BRIXOAHBIM KOHTakTaM Y UM “Rx”.

2. Knemwmsbl nutanus YUM noakimouuTh K KiieMMaM 0J10ka mUTaHus (TIPU TOIKITIOUESHUN
coOmonate moispHocTh!). [loakiioueHune OCYIIECTBIATH MPOBOJAMHU, KOTOpPbHIE BBIJAET
MpenoaaBaTeb), Wik noakIounTh ¥ UM k po3erke 220 B mHypoM ¢ Bunkoi. [1pu moaxmoueHnn K
OJIOKY MUTAHUS phlUar MepexIovaress MOCTaBUTh B MOJIOKEHUE «—», IPU MOJKIIOYCHUH K CETH —
B MOJIOKEHUE «~».

3. Bxutounts YUM nepexmrouatenem «I[IUTAHUE.

4. Pyuky «ITJIEHO CPABHEHUS» (I1C) nmocraButh B nmosioxenue 1000 wm 10000.

5. «IUJIEYO OTHOIIEHHWA» (I1O) — HaxoauTcs B MPOU3BOJILHOM TOJIOKEHHH.

6. Ilepexmouatens pexumoB padotsl (IIPP) ranbBanomerpa — «rpy6o — K3 — Touno»
HaxoJuTcs B noJjoxxeHnuu K3.

7. IloctraButh IIPP B monoxenue «rpy6o» (BHUMAHUE: BxitoueHue MpOU3BOIUTCS
KpaTKOBPEMEHHO BO M30exaHue mopuu npudopa). [lpu 3ToM cTpenka raapBaHOMETpPa OTKIOHHUTCS
OT HYJIsSI BJIEBO WJIM BIpaBo. Ecim cTpenka oTKIOHUTCS cuiibHO, TO [IPP mocTtaBuTh B mosjoxkeHue
«K3», ecnu cTpenka OTKIOHUTCS HEe CHIIBHO (B MpeAenax MIKajbl), TO Jalblie IeHCTBOBATH 10 1.8 U
nanee.

8. Pyuky «I1O» moBepHyThH BJIEBO MM BIIPaBO Ha HECKOJILKO JCNIEHUN U MOBTOPUTH II. 7.

9. Ecnu crpenka OTKJIOHUTCS B mpenenax 2-3 nenenuid, To [IPP moctaBute B mosoxxeHue
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«TOYHOY» | BpaieHueM pyduku «I[10» n1ooutscst Toro, 4TOObI CTpEIKa ralbBaHOMETpPa CTaja Ha HOJIb.

10. Yucno na «I10» nepemuoxkaem ¢ mHoxutesneM Ha «I[IC» — sto m Oyner nckomoe

SHAYCHUEC COIMMPOTUBIICHUS.

15.4 3ananue U NOPSIAOK BBINOJHEHUSI PpadoThI

1. V3mepuTh 3HaUCHHUE COMTPOTHBIICHUS ITPH KOMHATHOM TeMIIepaType.

2. BxumounTh HarpeBarteib W MPOU3BECTH HArpEeBaHHE TEPMUCTOpA 0 Temreparypsl 80 —
100°C, u3mepss TIpy STOM 3HAYEHHs CONPOTHBIEHHS MPHU PA3IMdYHBIX 3HAYEHUAX TEMIIEPATYpHL.
W3mepennst ymoOHO TPOW3BOJWTH TaKUM O0Opa3oM: 3aJaThCS IMPOU3BOJIEHBIMH 3HAYCHHSIMU
COTIPOTHUBIICHUH U U3MEPUTH TEMIIEPATYPY, COOTBETCTBYIOIIYIO K&KJIOMY 3HAYECHUIO.

3. Tocne u3mMepeHus MOCIEIHEro 3HaYeHUsI COMTPOTHBIICHHS HATPETh TEPMUICTOP eIIe Ha 3
— 4 Tpanmyca W BBIKIIOUMTH HarpeBarelb. V3MepuTh 3HAYCHHS TEMIIEpaTypbl, COOTBETCTBYIOIIHNE
BBIOPaHHBIM 3HAYCHUSIM COMTPOTHUBIICHUI TIPU OXJIAXKICHHH TEPMHUCTOPA.

4. Bce maHHBIC 3aHECTH B TaONHILY.

TABIULA 15.1 — 3ABUCUMOCTh COITPOTUBJIEHUS OT TEMIIEPATYPhI

Temnepatypa
ComnpoTuBieHue, IIpu [Ipu Cpennee Cpennee UT | InR
Om HAarpeBaHuH, | OXJIAXKICHUH, 3nauenune,’C 3Hauenue, K
°C oC
1

5. Paccuntars 3nauenus (1/T) u (INR). Iloctpouts rpadux 3asucumoctu N R = f ?

Touku Ha rpaduke IOJDKHBI JIGKATh HA OJHOW MPSAMOW, HO M3-32 MOTPEUIHOCTH IPOBEICHUS
AKCTIIEPUMEHTA TOYKH JISKAT C HEKOTOPBIM pa3dopocoM, MOATOMY IpadK HEOOXOIUMO MPOBECTH B
COOTBETCTBUU C OOIIMMU MPABUIIAMH TIOCTPOCHUS rpadUKOB (CIeNaTh anmpoOKCUMAIIHIO).

6. Ha rpaduke B3s1h 3naueHus (1/T1) u (1/T2) u coorBercTBytomue um 3HadeHus (INR1) u

(INR2). Io moyYeHHBIM 3HAYECHHSIM ONPEICIUTh TAHTCHC YIJIa HAKJIOHA IPSAMOM K ocu X

tgor = (INR,)-(InR,), (15.5)
1 1
T2 Tl

a 3aTeM PHEPTUIo aKkTHBanuu 1o dopmyne (15.4).

7. Paccunrath OTHOCHUTCIIbHYIO NOTPCHIHOCTL U3MCPCHUSA 110 (pOpMYJ'ICZ
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9.

AR, AR, AT, AT,

L_MAE)_ R, R, T, T,°, (15.6)
TZ Tl

a 3aTeM a0COJIFOTHYIO TIOTPEIIHOCTD:
A(AE) = 4E - &. (15.7)
8. Pe3ynbraT M3mMepeHwuii 3anucarb B BUJE:
AE £ A(4E) =... , ]Ix;
e =(A(4E)/ AE) 100% = ... .

9. CaenaTh BBIBOJI TIO TIPOBEJICHHOM paboTe, 3armucaTh OTBET.

ConepxxaHue oTyera

. JJaboparopnast pa6ota No ...

. HaumenoBanue paboThl.

. e paboTHI.

. [IpuGops! 1 MaTepuabl.

. Ueprex minm cxema yCTaHOBKH (eciu TpedyeTcs).

. ©OpMyJIbl HICKOMBIX BEJIMYMH U UX MOTPEITHOCTEM.

. Tabnuua ¢ pe3yapTaTaMy U3MEPEHUN U BBIYUCICHUHN TOrpelIHocTel (eciu Tpedyercs).

. Beruncnenns PE3YIbTATOB.

OxoHUaTeNbHBIN Pe3yNbTaT, BHIBOJ U Ipouee (COraacHo e paboThl).

B BeIBOZC HCO6XOI[I/IMO OTBCTHUTDH Ha BOIIPOCHI:

- 4TO BHI JIeJIaJIH, B Y€M LIeJIb Bamieid paboThI,

- KaKueC pe3yJIbTaThbl Bbl OXKUJAJIN ITOJYUNUTD,

- COBIIAJIN JIK PE3YJIbTAThI Ballei pa6OTBI C O KN JaCMbIMU.

15.5 KoHTpo/1bHBIE BONPOCHI
1. Kak «30HHas TeOpHs» MPOBOJUMOCTH OOBSCHSET JEICHUE BEIIEeCTB Ha NMPOBOJHUKH,
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IIOJIYTIIPOBOAHUKH, TUJIEKTPUKHU?

2.UT0 TpPOMCXOOUT C CONPOTHBICHHEM IPOBOJHUKOB M IOJYIPOBOAHUKOB MpHU
MOBBIIICHUH TeMIIEPaTyphI?

3. OOBACHUTH MOHATHE «30HAY.

4. YTo TaKkoe «3HEeprusi akTUBALUN»?

5. [losicHUTB CTETEeHb 3aMOJHEHHS 30H Y MIPOBOJHUKOB, TIOJIYIPOBOIHUKOB, TUIJICKTPUKOB
npu T = OK.

6. O6sacTi MPUMEHEHUS MOJTYITPOJHUKOB.

7. YeM oTnmuaeTcs AUANEKTPHUK OT TOIYIIPOBOJHUKA?

8. Mats BoIBOI hopmysl (15.6).

CHmcoK JIMTepaTypbl, PEKOMEHIYEMO# K UCIOJIb30BAHUIO 110 JaHHOU padoTe: [1-9]

JIABOPATOPHAS PABOTA Nel6. UBMEPEHUE T'OPU30OHTAJIBHOM COCTABJISIOIIEM
HAITPS)KEHHOCTU MATHUTHOI'O TT1OJIA 3EMJIN C TTOMOIIBKO TAHTEHC-
I'AJIbLBAHOMETPA
Ilenv padomwr: O3naxomumscsi ¢ OOHUM U3 MemMOO08 OnpeodeleHUsi 20pPU30OHMANbHOU

COCma6JZ}UOM4€IZ MACHUMHO20 NOJIA 36/1/1/11/[,' npouszeecmu UsmMeperHusl, OyeHumsvp nocpeutHocnlb.

16.1 Ob6opyoosanue u mamepuansi

Tanrenc-ragpBaHOMETD.
Peocrar.
Ammnepmerp.

[Tepexmntouarerns.

o~ w0 DN PE

bnok nutanus.

16.2 TeopeTnueckoe BBeJIeHUE

Ecnu marHuTHYIO CTpenky MOMECTUTh B HAIIMX IIMPOTaX B IUIOCKOCTH MAarHUTHOTO
MepHUIUaHa M JIaTh €l CBOOOJHO BpPAIIAaThCS OKOJIO TOPHU3OHTAIBHOM OCH, MPOXOJSIICH depe3 e

LHEHTP TAKCCTH, TO OHA PACIIOJIOKUTCA IO HEKOTOPBIM YI'JIOM K TOPU30OHTY. 910 TOBOPHUT O TOM, YTO

HaMps’KEHHOCTb MArHUTHOTO IIOJISI 3EMJIN H Cc HallpaBJICHA I1O0J HEKOTOPLIM YIJIOM K TOpHU30HTY.

HaHpH)KeHHOCTB | c KaK BCSAKHI BCKTOP, MOKHO Pa3JIOKUTH Ha COCTABJISAIOIINC.

B namem cJIydgac y,[[O6H0 Pa3JIOXKUTh | c Ha TOPU3OHTAJIBHYIO W BCPTHUKAJIBHYIO
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Fr

cocrtasisionue (pucyHok 16.1). OueBnHO, UTO HAa MATHUTHYIO CTPEJIKY, UMEIOLYIO BEPTUKAIbHYIO

-

oCh (KOMIIac), AECMCTBYET TOJBKO FOPM30HTAIbHAs COCTAaBIAIOMAs | ; HanpsYKEHHOCTH 3€MHOTO

MAarHUTHOTO TOJIsSL, KOTOPYIO U MPEJACTOUT OMPEACTUThH B padboTe.

Pucynok 16.1 — Paznoxxenue
BCKTOpa HAIIPAKCHHOCTHU

MAarHUTHOTO ITOJIS 3eMITH

»
>

Hr

Hs3

16.3 DxcnnepuMeHTaNbHAS

yCTaHOBKa

B pabote ncnomnb3yercs mpudop, Ha3bIBACMBIi
TaHreHc-rajibBaHoMeTpoM. OH mpexacTaBisieT co0oit
KOJIBIIEBOM MPOBOJHHUK (MOXET HMMETh HECKOJIbKO
BUTKOB), PACIIOJIOKEHHBIN B BEPTUKAIBHOMN IJIOCKOCTH
U uMerouuil 3HaunTenbHbd paaunyc R. Ha ero ocu, B
LEHTpe, HaXOAWTCS  MarHUTHas  CTpeiaka C
BEPTUKAIBHON OCBHIO BpALlICHUSI.

Ecnu pacnonoXxuth MIOCKOCTh OKPYKHOCTU

TAaHI'CHC-TAJIbBAHOMETpPA B IIJIOCKOCTH MArHUTHOI'O

MEpHuaraHa, CTPEJIKa YCTAHOBUTCA B TO¥ K€ MIOCKOCTH. EYJIGM CUNTATh 3TO HAITIPABJICHHUEC HYJICBBIM

(0°). Ecm Temeppb mpOIMyCTUTh TOK IO KOJIBITY, TO HAa CTPENKY OyIyT EHCTBOBATh JBE CHUJIBI: F3 —

AT T T T Fp

Pucynok 16.2 — Cuisl,

NEHCTBYIOIINE HA MATHUTHYIO

CTpEIIKY

CHJIa, BOSHUKAaromasa BCJICACTBHUC HeﬁCTBHH MardMTHOTO ITOJIS 3eMITH (OHa JieficTBoBaja u paHbI_HC) u

Fr — CHJIa, BO3HHUKIIAA 3a CYCT CO3AaHHUA MATrHHUTHOI'O IIOJII TOKOM, HNPOXOJAINIUM I10 KOJIBILY.

OueBuHO, HaNpaBJIEHUE CTPEJIKKU OyJET COBMAJATh C HAIIPaBJIEHUEM pe3ybTUpyrollel Fp 3Tux cui,

T.€. OHAa OTKJIOHUTCSI Ha YTroJ o OT IPEXKHEro NoJI0XKeHus (pUCyHoK 16.2).

Orcrona
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tg05=E

F(; - (16.1)
Herpyano nokasate, uro cuisl Fr u F3 nponopuuonanbHbl HanpsbkeHHOCTAM Hr u Hr T.e.
Fr=k-Hr U Fs =k - Hr,
rie K — k03 GHUIHeHT TpOoropIHOHATBHOCTH.
[loacraBnsis 3T 3HaueHus B popmyny (16.1) nomyuum
tga = % (16.2)

A
[To 3akony buo-CaBapa-Jlamiaca Hanps>KEHHOCTh MarHUTHOTO TOJISL B LIGHTPE KPYrOBOTO

TOKa paBHa

P _LN
o0~ 2.R"

rae | — cuna Toka;

N — YHCJIO BUTKOB;

R — pamnyc xosbIia.

B nannoMm ciiydae ynobHee BMecTo paanyca B3ATh nuameTp. Toraa Gpopmyna npuBoIUTCS K

BHUTY

| -N

[ .=
0= - (16.3)

[ToncraBum popmyny (16.3) B popmyny (16.2):

| -N
tgor=——
H; D
OTCIOI[a mojiygacm
|- N
H.o=——
"= Dtga (16.4)

OTon (bOpMy.]'IOﬁ 1 BOCIIOJIB3YCMCA IJII HAXOKACHU A rOpHSOHT&J’IbHOﬁ COCT&BJ’IHIOH.ICIZ

HaIIPAXKCHHOCTH MAarHUTHOT'O I10JIA 3emn.

16.4 3ananue U NOPSIAOK BBINOJHEHUSI PadoOThI
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TT.

—|—| & —
[T

Pucynok 16.3 — Dnexrpudeckas cxema yCTaHOBKHU

1. CoGpats nienp mo cxeme (pucyHok 16.3), rae mepexnmodarens K mo3BossieT U3MEHSTh
HarpaBJieHHe Toka B TaHreHc-TambBaHoMeTpe (TT).

2. YCTaHOBUTH BHTOK B IUIOCKOCTH MarHUTHOTO MepuauaHa. CTpelika KoMIlaca JIOJDKHA
OBITH B HYJICBOM IOJIO)KCHHH. HETOYHOCTH 3TO¥ YCTAaHOBKM Ha HYJIb KOMIICHCHPYIOT BO BpeMs
OTIpe/ieNIeHUs YIila OTKJIIOHEHUS CTPEJIKU: ONPEAETISIOT YIIIbl IPU MPSMOM U 0OpaTHOM HaIlpaBJICHUU
TOKA B TAHT€HC-TaJIbBAHOMETpE (U151 3TOTO U CIYXKHT Hepekiodatens K).

3. Tlepen Hauanom paGoThl 0OpaTUTh BHUMaHUE Ha peocTaT R — OH TOJDKEH OBITh BHIBEACH
Ha MaKCUMaJIbHOE 3HaUEHUE COMPOTHUBIICHUA. 3aMKHYTb IEPEKIII0YaTelb U YCTAHOBUTH peocTaToM R
CHIIY TOKa, BEJINYMHA KOTOPOTO JJaHa B IONOJHUTENbHBIX YKa3aHUusIX. OnpeaenuTh yroia OTKIOHEHUS
CTPEJIKHU OT IJIOCKOCTH TaHI€HC-TalbBaHOMETpA.

4. Ilepexmounth TOK mepekmouatesieM K B MPOTUBOMOJOXKHYIO CTOPOHY M CHOBa
OTIPEIeNIUTh YroJl OTKIOHEHUs cTpenku. [lepen oTcueTom yria He 3a0bITh MPOBEPUTH BETUYHHY CHIIBI
ToKa. Ecnu oHa n3MeHunach, JOOUTHCS MPEKHETo MOKa3aHUus aMIiepMeTpa A.

5. OnbIT NOBTOPSIOT MPU APYTUX 3HAYSHUSIX CHITBI TOKA.

6. Bce uncnoBsie qanHble 3aHecTH B Ta0nuiy 16.1.

Tabnuma 16.1 — Pe3ynbrarel nu3mMepeHui.

CHja Toka VYT0J1 OTKJIOHEHHUS CTPEIKU 4 y
Ne omwITa = =
LA Bripaso Bneso Hr, M AHr, M

1.

2.

3.

4,

5.

Cpennee 3HaueHue
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7. Mo dpopmymne (16.4) naiitu Benmunuuny Hr U ee cpeiHee 3HAUCHUE

rae N — 91CiIo OIBITOB.
[Tpumedanue. [Ipu pabote BOJIIM3H TaHTCHC-TAILBAHOMETPA HE CIICIYET JAePKATh KEIIC3HbIC

NpCaAMCTHEI. HpI/I60pI)I JOJDKHBI CTOATH BO3SMOKHO JAJIbIIC OT TAHI'CHC-TAJIbBAHOMETPA.

8. OnpenenuTh MOrpenrHoCTh U3MEPEHUHN.
Croco6 1. T.K. ONBIT MPOBOAMTCS 3HAYMTEIHFHOE YHCIO pa3, TO 3a aOCOJIOTHYIO

HOTPEUTHOCTD CIELYET B35ATh CPEIHIO a0COJIIOTHYIO IIOTPEUTHOCTh U3MEPEHUS
v N v
Al sy =5 2A0 4,
N =

rae N — ymcnno onbITOB.

3areM OINpeesIuTh OTHOCUTEIbHYIO MIOIPEIIHOCTh:

Al 55
E=—F"
I And
Cnoco6 2. TlorpemHocTs W3MEpPEHHST HE JOJDKHA OBITh MEHBIIE MOTPEUTHOCTH,

00yCIIOBJICHHON METOIMKOMN SKCIIEPUMEHTA U UCTOIb3yEeMbIMU U3MEPUTENbHBIMU MTprOopamMu. OHa

omnpenensiercs mo ¢popmyiie:

Al 5 Al AN AD Aat
E=—"—=—+ + +2-— (16.5)
I I N D sin 2a '

AN
3nech N ~ 0 (MOXHO HE YUUTHIBATH);

Al
—=0,5%
| — TOYHOCTb aMIIEpPMETPa, IPUMEHIEMOro B padore;

Ao = 0,0085 (mmoytoBUHA JIEJICHUS IITKAJIBI).
[Ipumeudanue. 3HaUUTEIHHYIO YaCTh OOIIEH MOTPENTHOCTA BHOCHUT OLITNOKA U3MEpPEHUs yria

o. HOBTOMy HMCEHHO 3TO U3MEPCHUC CICAYCT ITPOU3BOJUTH HamnOoJIee TIIATCIIBHO.

)4 & ABYX HOFpeI_HHOCTCI\/'I, ONPCACIICHHBIX PAa3JINYHBIMHA CHOCO6aMI/I, CJICAYCT B3ATb

HauOOJBIYIO.
9. [To BBIMONIHEHHOM paboTe cienaTh BHIBOABI U 3alMCaTh OTBET B BUJIE:
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) ] A
IAiAI A — e oy
I
Al ;
5=,—AlOO%:
IA

Conepxanue oTyera

1. JJaGoparopnas padota No ...

2. HaumeHoBaHue pabOTHI.

3. Henb paboThI.

4. ITpuOGopsl U MaTEPHUAIIHI.

5. UepTrex min cxema yCTaHOBKH (ecyiu TpeOyeTcs).

6. DopMyIbl ICKOMBIX BEJIMYMH U UX HOTPEITHOCTEN.

7. Tabnuua c pe3yapTaTaMi U3MEPEHUN U BBIYUCIIEHUH TIOrpetHocTel (eciau Tpedyercs).
8. Beruucrienus pe3yabTaTosB.

9. OKoHYATENBHBIN PE3yabTAT, BEIBO H MpoUee (COTIACHO IEIH PAOOTHI).
B BBIBOZIE HEOOXOIMMO OTBETUTH HAa BOMPOCHI:

- YTO BBI JIeJIAJIU, B YEM LieJIb Baliel paboThl;

- KaKkue pe3y/bTaThl Bbl 0KUJIAIH MOJIYUUTh;

- COBIIAJIU JIU PE3YJIbTATHI Ballle pabOThI C 0XKHIACMBIMHU.
16.5 KoHTpoJibHbIe BONPOCHI

1. ChopmynupoBats 3akoH buo-CaBapa-Jlamnaca u BbiBecTH (hopMyiny HanpspKEeHHOCTH
T10JI51, CO3/JaBAEMOT0 KPYI'OBBIM TOKOM.

2. OueHHTh, KaK BIMSAET OMKOKa U3MEPEHHs yIJla Ha OOLIYI0 OTPEIHOCTb.

3. Ilouemy pagnyc TaHT€HC-TaIbBaHOMETPA JIOJDKEH ObITh OOIbIINM?

4. OueHUTh MOTPEIIHOCTh, BHOCUMYIO CTPENIKOH, 3a CUeT TOro, YTO OHa HE OECKOHEYHO
MaJIbIX pa3MepoB.

5. BriBectu dopmyny (16.5).
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CHmcoK JIMTepaTypbl, PEKOMEHIyeMO# K UCIIOJIb30BAHUIO 110 JaHHOU padore: [1-9]

JIABOPATOPHA PABOTA Nel7. OIIPEAEJIEHME TOYKHU KIOPU

Henp paGoTbl: 03HAKOMMUTHCS C OJHHUM M3 METOJOB ompezaeneHus Touku Kropu, xorna
(beppOMarHuTHBI MaTepuall MPEBPaIaeTCsl B MapaMarHUTHBIN, POU3BECTH M3MEPEHUs, CAeIaTh
OLICHKY MOTPEIIHOCTH.

17.1 O6opynoBanmne 1 MaTepuaJIbl

1. ITeus ¢ GpeppoMarHUTHBIM 0OPA3IIOM.
2. JIBa MHJUTHBOJIBTMETpA.

3. ABroTpancdopmarop.

17.2 TeopeTnyeckoe BBeAeHUE

Ecim B MarHUTHOM mOJE C HHJIYKHHeﬁ Bo MMOMECTUTh MAr"H€TUK, TO IOJIC BHYTPU HETO
U3MEHUTCA U OyZIeT paBHO:

B =B,

IJIe (4 — MarHWTHas TPOHHUIIAEMOCTh cpenbl. [l mapa- ¥ JuaMarHeTHKOB 4 OJM3Ka K
SJIMHHIIC.

VY ¢peppoMarHuTHBIX MaTepuaaoB (Kee30, HUKEIb U JIp.) MarHUTHAs! MPOHHUIIAEMOCTh, BO-
nepBhIX, HaMHOTO Gonbine exuauIbl (102 — 10°%) 1, BO-BTOPBIX, 3aBHCAT OT BENMYMHbI BHEIIHETO
TOJIAL.

Bonbiioe 3HaueHue BENWYUHBI MArHUTHOW TMPOHUIIAEMOCTH Yy (peppOMarHEeTHKOB
O0OBSCHSETCS HAIMYMEM B HUX MHUKpockormuueckux (mopsaka 0,01 mm) obGmacteld CIOHTaHHOTO
HaMarHW4YMBaHUs, HA3bIBa€MbIX JIOMEHamMH. B jgomMeHax Jake MNpu OTCYTCTBHU BHEIIHETO
MarHUTHOTO TIOJISI MarHUTHbIE MOMEHTHI BCEX aTOMOB HMMEIOT OJIMHAKOBOE HAIpaBJIEHHUE, T.€.
HaMarHMYE€HHOCTh B HUX MaKCHUMaJlbHasl.

[Ipu noBeIIeHUN TemMmepaTypsl heppoMarHeTuka cHavajaa ero MarHuTHas IPOHHUIIAEMOCTh
HEMHOTO YBEJIMYMBAETCSI,  3aTEM IIPU HEKOTOPOU TeMIiepaType ObICTPO YMEHbBIIIAETCS U CTAHOBUTCS
BEJIMYMHOM, OJTM3KOM K eMHMIIE. DTa TeMIIepaTypa Ha3bIBaeTcs Toukoi Kropwu.

SIBnenue OBICTPOrO HM3MEHEHHUS MAarHUTHON MPOHUIIAEMOCTH MPOMCXOJUT BCJEACTBUE
pacnazia JOMEHOB, T.€. KOTla OPHEHTAllMs MarHUTHBIX MOMEHTOB aTOMOB CTaHOBHUTCSI XaOTUYECKOM
1 (heppoMarHeTuK MpeBpaliacTcsi B 0ObIYHBIN MapaMarHeTuK.

Touky Kropu MmoxHO onpenenuts, HaOmoaas 3a usmenenueM DJ]C Bo BTOpUYHOI 0OMOTKe
TpaHcopMaTopa IpU HarpeBaHUU €ro CepACYHHKA, M3TOTOBICHHOTO M3 MarepHuaia, Touka Kiopu
KoToporo omnpenensercs. Halinem 3aBucumocts D/]C 0T MAarHUTHON POHUIIAEMOCTH CepACUYHUKA.

Ha pucynke 17.1 uzobpaxen tpancopmarop, B KOTOpoM nepBuuHas oOMoTka 1 co3maer
MarHUTHBIN MOTOK @, KOTOPBIH MPOHU3BIBAET BTOPUUHYIO 00MOTKY 2. KoHE4HO, 3TOT MOTOK OyneT
MIPOMOPILIMOHANIEH TOKY MEPBON KATYIIKU

D=L,l,. (17.1)

120



v

v

Pucynok 17.1 — Cxema Tpanchopmaropa

[Ipn m3menenun Toka l1 OyneTr MeHATbCS M MarHUTHBIA NoToK . ClenoBarenbHO, BO
BTOpUYHOM 00MOTKe Bo3HUKAET DJ]C B3auMOMHIYKITUN

€, =7 d_@ (17.2)
qt :
Ucnonw3ys ypaBaenue (17.1), MOKHO 3amucarth
g, =—Ly % , (17.3)
dt

rae Loi — koaddunmnenT B3auMHON WHIYKITNH, PAaBHBINA

Loy = sy, 81 (17.4)
rzie N1 ¥ N2 — 9MCII0 BUTKOB Ha €IMHUILY [UTMHBI 0OMOTOK (JIMHEHHas TNIOTHOCTh BUTKOB);
| u S — nnvHA ¥ TIONIAh CeUCHHS CepIeUHuKa 3;
L — MarHUTHAsI TPOHHUIIAEMOCTh (JePPOMArHETHKA, U3 KOTOPOTO CAEIaH CEPICUHUK.
N3 dopmyn (17.3) u (17.4) Bunno, uro D/IC &, co3maBaeMas BO BTOPUYHOU OOMOTKE,
JMHEWHO 3aBHCUT OT BEJTMYMHBI MATHUTHOM MMPOHUIIAEMOCTH CEpACYHUKE
dl,

E, =— n,n,IS —
2 Aoy, dt (17.5)

JlJis KOpOTKMX OOMOTOK IpPHU HaJMYMUU PacCesHHUs MarHuTHOro mnotoka dopmyna (17.5)
HECIpaBe/INBa, HO JIMHEHHass 3aBUCUMOCTb & OT [J coxpaHsercsi. OTUM CBONCTBOM
BOCIIONIb3yeMcsl B JaHHOW pabore. Korma TemmepaTypa cepieuyHuka gocturaer touku Kropu,
BEJIMYMHA MAarHUTHOM MNPOHUIIAEMOCTH OBICTPO MajaeT 0 3HA4YeHHUs, OJNM3KOro K eAWHUILIE, a,
CIIEIOBATENIbHO, PE3KO YMEHbINAETCS U &, U TOK BO BTOpUYHOM oOMoTKe. Ha 3TOM OCHOBaHO
onpezeneHue Touku Kiopu ¢peppoMarHeTHKOB.

17.3 Onncanue 3KCIepUMEHTAIBHON YCTaHOBKH

YcranoBka (pucyHnok 17.2) npeacrapisier co0oit MydenbHyto nedb 1 HeGoIbIINX Pa3MEpPOB,
B KOTOPYIO BCTaBJIEH (eppoMarHuTHbIM oOpasen 3. Ha Hero HamoTaHa civpais 4, peacTaBiisonias
co0oif BTopuuHyto 0OMOTKY. [IepBHUUHOM 0OMOTKOMN CITyKHUT HarpeBareibHas Ciupaib 2 My enbHON
MIEYH.

Temmnepartypa oOpa3ia usmepsieTcs TepMonapoi 6, Kotopasi K HeMy IpUKperieHa.

s onpenenenust TepMo-O/1C & 1 HaNpsHDKEHUS & BO BTOPUYHON OOMOTKE MCTIOJIb3YOTCS
MIIITUBOJILTMETPEI V1 U V2. Ho Tak kak 3TUMHM pUOOpaMHu MOXHO M3MEPSTh TOJIBKO MOCTOSIHHOE
HanpsDKeHHe, B 1IeTb BTOPUYHONH OOMOTKH BKJIFOUEH KPUCTAJUITMYECKHHM TUOJ 5 A7l BHIIPSAMIICHUS
TOKa.

Hanpsoxenue, nogsonumoe K MygenbHOM mneun (MepBUYHOM OOMOTKE), peryaupyercs
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aBTOTpaHC(HOPMATOPOM. DTy PETYIUPOBKY JIENACT MPEIOAaBaTeIb.

1 2 3 4

17.4 3ananne
1 NOPSAIOK K aBTOTPaHC(hopMaTopy 6
BBINOJIHEHUsI Pa0OThI )

1. CoOpatp Pucynok 17.2 — Cxema ycTaHOBKI
Lenb MO CXeMe, yKa3aHHOM Ha pucyHke 17.2. Ha MWIIMBOJBTMETpax YCTAaHOBHUTH IpEEibl
M3MEpeHus, TaHHbIE B JIOTIOJTHUTEIHLHOM yKa3aHUH K padoTe.

2. IlperogaBatenb MpOBEPSET CXEMY U BKITFOYAET MY(EIbHYIO TeYb.

3. CnenaTh psii OTHOBPEMEHHBIX OTCYETOB TI0 000UM MPUOOPaM depe3 Kakble S5 IeTIeHHI
mikansl MuuuBosibT™MeTpa Va. Ipu nmpubmmkenun k touke Kropu ckopocts Bozpactanus DJC &
YMEHBINIAETCs, B ATO BpeMs OTCYETHl Oparh yamie (depe3 2 — 3 menenwusi). [locrne mepexona uepes
MaKCUMyM & OBICTPO TagaeT, MO3TOMY B O3TOT MOMEHT HE0OXOAMMO OBITh OCOOEHHO
BHUMATENbHBIMU. [Ipr OBICTPOM BO3BPALIEHUHN CTPENIKH K HYJIF0 OTCYETHI MOXKHO IPOU3BOIUTH PEXE,
yepe3 10 penmenuid, T.K. & nagaet oueHb ObicTpo. [locneanwnii orcuer caenars BOau3u vyt DJ1C &
(mokasanuii BoabT™METpa V2).

4. T.x. Bce M3MEpEHUsI HYKHbI JJIsl ONPEAETICHUs JMIIb OJHOIO 3HAUYEHUs HAIPSKEHMS
(TeMmepatypsl), TO ISl yA00CTBa 3alUCh B TaOIMILy MOKHO BECTH B JIJICHUSX ILKaJbl IPUOOPOB, a

nepeBOoa B MUJIJIMBOJIBTBI U B I'paAyChl CACIIAThb JIMIIb B TOM TOYKCEC, B KOTOpOﬁ 9TO HeO6XOI[I/IMO.

5. Iloctpouts Ha MHUJUIUMETPOBOM Oymare rpaduk 3aBHCHUMOCTH V2 = f(Vl) B

JeNIeHUsIX Kajl mpubopoB (pucyHok 17.3).

Vo T

Vi

VIK

Pucynox 17.3 — O6uwmii Buj 3aBucumoctu Vo = (V1)
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6. Haiitu Ha rpaduke TOUKy A — TOUKY nepernda, B KOTOpoi (pyHKIKs ©MeeT HanOOoIbIIYIO

KpyTu3Hy. Alcrucca 3toi Touku Vik cooTBerctByeT Touke Kiopu. C yderom meHsl neneHust [

MUWUIUBOJIbTMETpA V1 onpenenuts Tepmo-3/C

&k = ﬂle-

7. OnpenenuTs pa3HOCTh TEMIIEPATYP CIIAeB TEPMOTIAPHI 110 hopMyIie
Aty =7~ &,
aoaa

rne y=24 i — ko3pdumment mepeBoma Tepmo-OJIC B

XpOMOAJIFOMUHUEBOM TEpMOIIaphl, UCIIOJIB3yEMOM B padoTe.

Ys

8. Ompenenuts Touky Kropu mo dopmyie

rae t — KOMHaTHas TeMneparypa, usmepsiemasi TEpMOMETPOM.
9. OmnpenenuTh OTHOCUTEIHHYIO MTOTPEITHOCTh U3MEPEHUs 10 (popmyire

A
LA Ay AV,

b, t 7y Vi
rae At = 0,5°C — nmorpenHocTs H3MepeHus] KOMHATHOH TeMIIepaTyphl,
adaa

~
N

Ay =1

AV1 — uena nenenus ocu abcnucc Ha rpaduke Vo = f(Vy).

AV,

(17.6)

rpagycbl IS

17.7)

(17.8)

— €IMHUIIA pa3psJia MOCIeAHeH 3Havame mudpel BeTudnHbl KodPPuimenTa

OmHako BeMuuHa \V HE JI0JKHA OBITh MEHBIIIE KJlacca TOYHOCTH Iipubopa Vi.
1K

10. OmpenenuTh aOCONMIOTHYIO OTPEITHOCTh U3MEPECHHS

Atk = gt
11. CaenaTh BBIBOJIBI ITO BBITOJIHEHHOM pabOTE M 3alucaTh OTBET B BUJIC:

te £ Aty= ..., °C

At
E=—"%.100%
tk
Conep:xanue oTyera

1. JJaboparopHas pabora No ...

2. HaumeHnoBaHue padOTHI.

3. Llenb paGoTHI.

4. ITpuGops! 1 MaTepUabIL.

5. UepTex Wi cxema yCTaHOBKH (eciu Tpedyercs).

6. @opMysbl HCKOMBIX BEJTMYUH M X IOIPELUIHOCTEN.
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7. Tabnmuua ¢ pe3yabTaTaMu H3MEPEHUI U BBIYUCIICHUH TIOTpelTHoCTel (eciu Tpedyercs).
8. Briuucienust pe3yabTaToB.

9. OkoHYATENBHBIN PE3yIbTAT, BHIBOJ U IIPOUEe (COTIIACHO METU padOThI).

B BBIBOJIC HEOOXOIMMO OTBETUTH HA BOIIPOCHI:

- 4TO BBI JIeJIaJIA, B UM LIeJIb Baiiei paboThl;

- KaKue pe3yibTaThl Bbl OKUAAIN MTOJTYYHTh;

- COBIAJIM JIX PE3YIbTATHI Balleil pabOThI C 03KHUIaEMBIMHU.

17.5 KonTpoJibHbIe BONPOCHI

1. Kak xnaccuuuupyrorcs MarHeTUKu?

2. [Touemy Q1 uist (heppOMarHETUKOB BEITUKO?

3. Uto Takoe Touka Kropu u mouemy oHa CymiecTByeT y eppoOMarHeTuKoB?

4. TTouemy DJ1C WHAYKIIMHA BO BTOPUIHONW OOMOTKE PE3KO YMEHBINAECTCS TIPH JOCTHKEHUH
o6pasnom Touku Kropu?

5. Cnenatp BeIBOA popmyisl (17.8).

CIuCOK JTUTEpaTyphl, PEKOMEHIYEMOM K HCIIOJIL30BAHMIO 0 AaHHOM pabdore: [1-9]

JIABOPATOPHA PABOTA Nel8. OIIPEAEJIEHUE Y AEJIBHOI'O 3APAIA SJIEKTPOHA
METOJOM MAT'HETPOHA
Lenp padoThI: 03HAKOMUTHCSA C METOOUKOW OIPENENECHHs YINECIBHOIO 3apsa JJIEKTpOHa

MCTOJA0OM MAarH€TpoHa; OUCHUTD PE3YyIbTAaThI I/I3MepeHI/II\/'L

18.1 O6opynoBaHue U MaTepUabl

Jlamnia ¢ HUIMHAPUYECKUM aHOOM.
Ammnepmerp.
BoasTmerp.

Mukpoamnepmerp.

o M 0P

ConeHouu.

18.2 Teopetnueckoe BBeCHUE

Y aeapHbEIM 3apsI0OM 4acTHULbI Ha3bIBACTCS OTHOILICHHUE €€ 3apsaa ( K Macce m. I'naBHOM

124



XapaKTEPUCTUKON 3apsKEHHOM 4YacCTUIbl, KaK M BCSIKOTO 3apsHKEHHOTO Tella, SBJSETCS €€
anekTpuueckuit 3apsa. OpHako, Kak JIErKO IMOKa3aTh, JABMIKEHUE YACTHUIIBI B AJIEKTPUUYECKOM H
MAarHUTHOM TIOJIIX OTPEIENSIeTCs €€ yAeabHbIM 3apsaoM. [loscHUM 3TO HA HEKOTOPBIX MTpUMEpax.

1. IlycTp yacTuIa ¢ 3apsaoM (] ABUKETCS B JIEKTPUUECKOM M0Jie HanpsbkeHHoctu E. Cuna,
JEHCTBYIOIIAsl HA YacTHILy B moJjie, paBHa F = QE.

CocraBuB [UIsi TakOM 4YacTHIBl YpaBHEHHUE JBI)KCHHUS (ypaBHEHHE BTOPOTO 3aKOHA
HrroTona)

ma = gE,

HalIeM YCKOPEHUE YaCTHIIbI

a:gE. (18.1)
m

T.e. yckopeHue 3apsHKEHHOM YaCTHUIBI B JIEKTPUYECKOM I10J1€ IPU JAHHOW HAIIPSHKEHHOCTH
TIOJISI 3aBUCHT TOJIBKO OT €€ YIEIBHOTO 3apsa.

2. Pabora 27eKTpPOCTATUYECKON CHJIBI MpPH ABWKEHUU 3apsDKEHHOM 4YacTUIBl B
AIIEKTPUYECKOM TIOJIE paBHA, KaKk M3BECTHO, TPOU3BEICHUIO €€ 3apsiia ( Ha pa3HOCTh moTeHnuana U,
MIPOXOUMYIO YacTuiie B moste, T.e. A = U(Q. 3a cuet 3To# paboThl YacTHIla 00peTaeT KHHETHIECKYIO

SHEprHIo Mu?/2, Tie M — Macca YacTUIIBI, L — €€ CKOPOCTb.

2
CnenmoBaTeabHO, qU = mo . OTcrona nosiyqaem
2
D= ZEU : (18.2)
m

CJ'IG,Z[OBEITCJ'IBHO, CKOpPOCTh 4YaCTHIbI B OJCKTPHUYECKOM IIOJIC IIpH ,Z[aHHOﬁ Pa3HOCTH
IMOTCHIHUAJIOB OIIPEACTIACTCA YACIbHBIM 3apsaa0oM 3TOH HqaCTHUIIBI.
3. PaCCMOTpI/IM TEIIEPh ABHXKCHUEC SapH)I(eHHOﬁ qaCTUllbl B MAarHuTHOM IIOJIC. HYCTI)

3apsDKCHHAA YyacTula ¢ 3apsaaoM ( u Maccod M BIIETAET CO CKOPOCTBIO U B OJHOPOJHOC MAIrHUTHOC

II0JIE C HHHYKHHCﬁ B, MNEPNCHAUKYIIAPHO JIMHUAM MarHUTHOM WHAYKIIUH. Co CTOPOHBI MAarHUTHOI'O

I1I0JI1 Ha HEC 6y,HCT HeﬁCTBOBaTb ChJia, NCPICHAUKYIIAPHAA KaK BCKTOPY v , TAK 1 BCKTOPY A .

Hampasiienue 3Toit CHIIbI 3aBUCUT OT 3HAKa 3apsia yacTHilbl (pucyHok 18.1).
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Pucynoxk 18.1 — JleiicTBre MarHUTHOTO MOJIS HA ABMIKYIIUICS 3apsi/

B

eBennunna cunsl F, neficTByromiell Ha yacTHIly, paBHa, Kak JIETKO Noka3aTh, quB. Ee
00b1yHO Ha3bBalOT cwiok Jlopenma. B mio0oit Touke Tpaekropuu dYacTuilbl cuia Jlopenia,
JecTByIOIas Ha Hee, HallpaBJIeHa MEPIeHIUKYISPHO €€ ABIKEHUI0. JTO 3HAYUT, YTO TPaeKTOpUen

JacTULbl OyZleT OKPYXHOCTb, K LIEHTPY KOTOpPOM HampaBieHa cuja. 3HauuT, 3Ta CUia SIBJISETCS

LEHTPOCTPEMUTEIBHOM, T.€.

2
mo
Bo=—"-,
| R

rae R — paanyc okpy)HOCTH, IO KOTOPOil IBUYKETCS YaCTHIIA.

Otcroaa cienyer, 4yTo paauyc R onpenensercs BbIpaKeHHUEM:

R=" (18.3)
9p
m

3Ha‘II/IT, paanyc OKpPYKHOCTH, 110 KOTOpOﬁ JABHIKCTCH 3apsAKCHHAA 4aCTulla B OAHOPOAHOM
MAaroivuTHOM IIOJIC, IIPU 3aJJaHHBIX 3HAYCHHUAX CKOPOCTU YaCTUIbI U MHAYKIIMKU MArHUTHOTO ITOJIA
ONpCACIIAACTCA YACIBbHBIM 3apsAJ0M YaCTUIIBI.

/I3 pacCCMOTPEHHEIX NPUMEPOB BUIOHO, UTO He 3apgal M Macca 4YacCTHLH],
a TOJIBKO MX OTHOUIeHMEe, T.e. YyIeJbHBM 3apdl, OIpelesigseT IBMXeHUEe
YacTULE B MaAarHUTHOM UM DJIEKTPUUECKOM IIOJISX. [IOBTOMY PasHBEE YaCTULBE C
PasJIMUYHBEIMM 3apgalaMyM M MaccaMM, HO C OIMHAKOBHBIM YyIEJIbHEIMM 3apaiaMu

6y,JIYT IBMI'aTbCHA B SJIEKTPUMUYECKOM 12 MAT'HMTHOM IIOJIAX COBEPUEHHO
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OIVMHAKOBO. JOTHMM U orpenejideTCc4d BaXHOE 3HAYeHMEe BEeJIMYMHBEL YIOEeJIbHOI'O
3apsana. OToM OCOOEHHOCTBHI SBaPSXKEHHBIX YacCTHUL MMPOKO IOJb3YIRTCS B
COBPEMEHHOM DBJIEKTPOHMKE, B TEXHUKE YCKOPUTEJEM M T.I.

B uctopun (u3MKM ONBITHOE ONpENENeHUE YACIBHOTO 3apsjia ChIrpajo OYEHb BAXKHYIO
POJib, T.K. OHO IIPEIIECTBOBAIO OIPEACIICHUIO 3apsia U MacChl YaCTUIL U CIIEJIaJI0 BO3MOXHBIM 3TO
onpeneneHue. /leno B ToM, uto HU ypaBHeHue (18.2), oTHOcsIIeecs K IBMKEHUIO YacTHI[ B
AJNIEKTPUYECKOM MoJie, HU ypaBHeHue (18.3), onuckiBaroiiee ABMKEHUE YACTUIl B MATHUTHOM TIOJIE,
HE MO3BOJISIIOT OIpPENEINTh HU 3apsAl, HM MacCy YacTHll, T.K. B KaXJOM M3 3THX ypaBHEHUH
COJIEP’KUTCS TPU HEU3BECTHBIE BEMMYHUHBL: U, M U (. [lo 3TOM ke mpuuuHe 3apsa U Macca HE MOTYT
OBITh OIpeIeIeHbl U P COBMECTHOM pellleHnu 00oux ypaBHeHui. Ho ecnu onpenenuts HE M U ( B
OTJIEIbHOCTH, @ UX OTHOILIEHUE, T.€. YAEIbHBIA 3aps], To 00a ypaBHEHHUS cOJepXkaT JIMIIb JBa
HEHM3BECTHBIX (O/M M V) U MO3TOMY UX COBMECTHOE peIleHHE BO3MOXKHO. Ha 3TOM M O0CHOBaHO
OOJIBIIMHCTBO METOJOB AKCIEPUMEHTAIBHOIO ONpeAeTeHHs YAeIbHOTo 3apsiaa yactul. Jius sToro
HCCIeyeTcs IBUYKEHUE YacTULl OJHOBPEMEHHO B MATHUTHOM U 3JIEKTPUYECKOM MOJIAX TakK, YTO Obl
MO>KHO ObLIIO HcIoJIb30BaTh ypaBHeHus (18.2) u (18.3). HemocpeacTBEeHHO T€M MM MHBIM CITIOCOOOM
MOTYT OBbITh U3MEPEHBI PA3HOCTh MOTEHLIUATIOB JEKTPUUYECKOTO TOJIS, HHIYKIUS MarHUTHOTO MOJIs
U pauyCc OKPY)KHOCTH, MO KOTOPOW YacTHUIla JBHXKETCS B MAarHUTHOM IOJjie. DTOro, OYEBH]IHO,
JIOCTAaTOYHO JIJIi COBMECTHOTO pemieHus ypaHeHui (18.2) u (18.3), a 3HaUMT W 11 OnpeaesieHus
BEJIMYUHBI /M.

B camowm nene, u3 ypaBaenus (18.3) ciemyer, 9to

q_1v (18.4)
m RB
C yuerom ¢opmyisl (18.2) momydaem:

q_ 2U (18.5)

m R?B?

BeJH/IIII/IHLI U, R nu B OHpeﬂeﬂﬂIOTCﬂ M3 OIIbITa, KaK MbI y)Ke yKa3BIBaHI/I BBIIIIC. OHBIT MOXET
CTAaBUTLCA paSJII/I‘{HbIM 06pa30M: MArduTHOC U 3HeKTqueCKoe T10J14 MOFyT 6BITB HapaJIJIeJILHLI NJin
HepHeHL[I/IKyJI}IprI I[pyl“ I[pyry, OHU MoryT CcO3JaBaTbCsd B OJHOM U TOM K€ MECTC UJIKX B pa3HbIX
MECTax. Pa3HHLIHBIMI/I MOFyT 6BITB CHOCO6BI HOHy‘IeHI/IH 1 BBOJa B II0JIC HCCHCI[yeMBIX qaCTul v T.1.
B ,[[aHHOﬁ paGOTe HCHOHB?»YI‘OTCH B3aHMHO HepHeH,Z[I/IKyJI}IpHHe BHCKTpI/I“IeCKOC W MarHuTHOC II0JIA,

CO3/1aBaeMble B OJHOM JIOKaJIbHOM 00J1aCTH SKCIIEPUMEHTAIBHOM yCTaHOBKM (pUCYHOK 18.2).
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Pucynoxk 18.2 — Cxema paboueil 30HbI

3KCHepHM€HTaHBHOﬁ YCTaHOBKH

IMPOHUCXOJUT HAa3BAHUEC MECTOA.

A
a)

OnekTpoHHas Jiamna, karoa K KoTopoi
U3TOTOBJIEH M3 IIPOBOJIOKH, & aHOJ A — B BUJE
[I0JIOTO METAJUIMYECKOTO LMIMHIPA, IIOMELICHA
BHYTPU  JIOCTaTOYHO JUIMHHOTO  COJICHOMZA
NapajyIeIbHO €ro OCH. OIJEKTPUYECKOE I0Je

CO3JJacTCd MCXKIAY KarogoM MW aHOoJOM, a

MarHUTHOE II0JIE C HMHIYKIHUEH A co3zaercs
COJICHOMJIOM WU HAIpaBICHHO OHO BJIOJb OCHU
AJEKTPOHHOMU JaMibl (pucyHok 18.2).
ITonyqaemas B 3TOM cirydae
KOH(UTYpalysi 3JIEKTPUYECKOTO W MarHUTHOTO
noJjei HaIrtOMHUHAaET CKpCHICHHBIC I10JIs1 B
MarHeTpoHe — TEHepaTope 3JIEKTPOMAarHUTHBIX

KoJieOaHuil CBEpXBBICOKMX dYacToT. OTcioma u

A
6)

PI/ICYHOK 18.3 - I[BI/I)I(GHI/IG QJICKTPOHA B ¢1a00M M CHJIBHOM MarHUTHBIX MOJISX

TepMOSHeKTpOHBI, HCITYCKAa€MBbIC KAaTOJAOM K, IIpu OTCYTCTBUU MATIHUTHOI'O IIOJIA 6y,Z[YT

ABUT'aTbCA pauaJIbHO OT KAaTOJa K aHOY. HpI/I c71a00M MarHUTHOM ITI0JI€ OHH 6y,HYT HCKPUBJIATDH

cBO# myTh (pucyHok 18.3,a), HO TOK B 1enu He mpekpaTutcs. CUIbHOE MarHUTHOE Toyie OyaeT

“SaBOpa“II/IBaTB” 9JICKTPOHBI TAK, YTO OHU IMMOYTH HE 6y,ZLYT MomnajaaTb Ha HUJIMHAP-aHO U TOK B LICTIN

aHoJla pe3Ko yMeHbIIHTCs (pUcyHOK 18.3,0).

Hazopem KpHTquCKOﬁ TAKYH0 BCJIIMYMHY UHAYKIIUA MArHuTHOI'O ITOJIA B, npu I(OTOpOfI

Habmro1aeTcs pe3kuit cnaj anoaHoro Toka. Ha ocHoBanuu gopmysst (18.5) nomyunm
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e_2U (18.6)
m R?B}

TJIe e — 3apsil IEKTPOHA.

%

Pucynoxk 18.4 — Cxema omnpenenenus paanyca KpUBU3HBI
TPAEKTOPHUU DIEKTPOHA
[Ipu pacuere paanyca KpMBHU3HBI TPAEKTOPUU JIEKTPOHOB MPU KPUTHUECKON MHAYKIUHU By
HEO0OXOIMMO y4ecTb TOJIIMHY KAaTOJHOW HHUTH M HEKOTOPOE YBEIMYEHHE paanyca KpPUBH3HBI
TPAeKTOPUH, HEXKEIH PACCTOSTHUE MEXIYy KaToJoM M aHoaoM (pucyHok 18.4). Eciau mpousBectu
pacuer paauyca KpUBH3HBI TPAEKTOPHH 3JIEKTPOHOB ITPU KPUTUYECKON MHTYKIIMM MarHUTHOTO T10JIS,

TO 3Ta BEJIMYKHA BeIpazutcs Gopmynoit

2
a(l—b (18.7)

R _ 2 ]
2 a

rJe a — paJuyc aHoJa JIAMIIbI;

b — paguyc kaToHON HHUTH.

O,Z[HOpO,Z[HOG MargsuTHOC II0JIC CO3AAac€TCA COJICHOMAOM, BHYTPHU KOTOPOI'O IOMEIIACTCA

JIaMIIa ¢ HMJIMHAPUYECKUM aHo oM. Muaykuust Bk BHYTpH coJieHOMIa HAaX0UTCs 1o hopMylie
B =ul.n 18.8
k U o nk "’ ( )

rae le — TOK coneHouaa B aMiiepax, CO3IalolInil KpUTUYECKYI0 MAarHUTHYIO UHIAYKIHIO By;
N — 4KCJI0 BUTKOB Ha €IMHUILY AJTUHBI COJICHONIA;

Lo = 41107 T'H/M — MarHUTHAS IOCTOSHHAS.

18.3 Onncanue 3KCIepUMEHTAIBHON YCTaHOBKH

3J'IeKTpI/IquKa$I LICIIb B JIAaHHOMU pa60Te COCTOUT U3 TPEX CAMOCTOATCIIBHBIX KOHTYPOB:
KOHTYpP COJICHONJId, KOHTYP HUTU HAKAJIa U KOHTYP aHOIA.

[Mutanue Bcell memu OCYIIECTBISETCS YHHUBEPCATbHBIM MCTOYHHMKOM Tutanus YUIT — 1
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(pucyHok 18.5).
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Pucynok. 18.5 — Ilepennsis manens ncrounnka nutanus Y UIT -1

YuuBepcanbHblil uctounuk nutanus YUII — 1 npencrasnser coboit mpubop, Aaromuii 18a
MOCTOSTHHBIX ~CTAOWJIM3UPOBAHHBIX M PETYIUPYEMBIX HANPSKCHUs] W HECTAOUIIU3UPYEMBbIC
IIEPEMEHHBIE HAIIPSKEHUS JUIS IMTaHKWs HAKaJla Pa3iIMYHbIX JIaMIL.

Ha mnepenneilt maHenmu pasMeniaroTcss W3MEpPUTEIbHBIE TPHOOPHI — BOJIBTMETP | U
MUJITMAMIIEPMETD 2, U3MEPSIOIINE HAMIPSKEHUE U TOK.

CTabunmMs3MpoBaHHOE HallpSXeHMEe M3MEeHSeTCs IIJIaBHO pydkamu 3 u 5
M IMCKPEeTHO pyukamu 4 m 6. e pyuku 3 ¥ 4 cjayxaT »Ojisg MU3MEeHEeHUS
crabunmusmupoBaHHOTO HanpsxeHus orT 0 mo 400B. CHMMaeTCs 3TO HallpsSXeHUE
C THe3I 8, PAaCIOJIOKEHHEIX B HIXHEM dYacTy [aHeJ M chnpaBa. [Be pydku 5
M 6 CIyXaT IOJig M3MeHeHUS CTabuImM3uMpoBaHHOT'O HamnpsxeHms oT 20 mo 600B.
CHMMaeTCsa DSTO HalpsXeHMe C THes3I 7, PAaCIOJIOXEHHHX B HIWXKHEM dYacTu

ITaHeJIM ClIIpaka.

K rHe3pam
"20-600v"
- Uctap —m—m——
L
PucyHok 18.6 — Cxema LenomM CcoJieHOuIa
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,I[J'[F[ BKJIOYEHMA BOJIBTMETPA VM MMWIJIJIMaMIIEepMeTpa B TY WM MHYKO LEIllb
ciryxuT nepexjouarens 10. HecTa®unm3MpoOBaHHEE [IE€PEMEHHHE HAIPsXEeHUS
CHIMMawnTC4d C KJIeMM, PacCIIOJIOXEHHBEIX B HIMKHEeM YacTu nepenHeIZ IIaHeJIn
BEIIIPAMUTEIIA .

Hemnb conenonna (pucynok 18.6) murtaercs ot Boinpsimurens “20—-600.

AnonHas uens jamibl (pucyHok 18.7) nuraercs ot BbmpsaMurens “0—400”.

HanpspkeHne Hakana CHUMaETCsl HEMOCPEICTBEHHO ¢ KieMM 9 “2,5v”.

mA »
A
K rHesnam
"0-400y"
K
Hakan >
25v
PucyHokx 18.7 — Cxema Lenu Hakajga M aHOLHOM ILelu

18.4 3ananue v NOPSIAOK BHINOJHEHHS PAGOTHI

1. PaGoTa HauMHAETCS C U3yYEHUS FICKTPUICCKOHN MU U €€ COOPKH.

2. Tlocne mpoBepKH 1ienel mpenoaBaTellb BKII0YAeT YHUBEPCATbHBIN UCTOYHUK TUTAHUS.

B MOMEHT BKIIIOUEHHS LIETIH BCE PETy/ISATOPHI HAMPSDKEHHS JIOJDKHBI ObITh BBIBEICHBI HA
HOJIb, a TMIEPEKIIIOYATETN HAIIPSHKEHUS TTOCTABJICHBl HA MUHUMAJIBHBIN TTPEACII.

3. Uepe3 HecKoJIbKO MUHYT (3 — 5) mocie mporpeBa HUTH Hakaja YCTAHOBUTh BEITUYUHY
aHoJHOTO HampsbkeHus 15...20 B.

4. TlocreneHHO yBeNUYMBAs TOK B COJICHOUJE, U3MEPSIOT BEIMUYMHY aHOAHOTO ToKa. [Ipu
3TOM HEOOXOJMMO TOCTOSIHHO CJEAUTh 3a MOCTOSHCTBOM aHOJHOTO HampsbKeHus. PesynbTaTsl
U3MepeHut 3aHocAT B Tabmuiry 18.1.

Tabnuma 18.1 — Pe3ynbrarel nu3mepeHuit

Ic
Ia

5. Ha ocHOBaHMM JaHHBIX TaONHIBI BBIYEPUMBAIOT TpadUK 3aBHCHUMOCTH BEIHMYHHBI
AHOJTHOTO TOKa OT Bedu4uHbI ToKa B coseHoune la = f(lc) (pucynoxk 18.8). HanGomnbias kpyTusHa
criajia KpuBoi (Touka meperuda A) Aaet 3HaUeHHUe “KPUTUYECKOT0’’ 3HaYeHHs TOoKa coseHouna lck,

a, 3HAYUT, ¥ “KPUTUYECKOTO”’ 3HAUYEHUS] MAarHUTHOW MHAYKIUHU Bk.

131



Ick Ic

Pucynok 18.8. — O6mwmii Bux rpaduka 3apucumoctu Ia=f (Ic)

6. Ilo rpaduky onpenensieTcs “KpuTHYecKas” BEJIMYMHA TOKa cojieHouaa lck, mo ¢popmyne
(18.8) onmpenensieTcss BenUuMHA “KPUTHIECKON ™ MarHUTHOW MHIYKITUU Bk

7. lns pacdera pamuyca KPHBU3HBI TPACKTOPUH DSJICKTPOHOB OepyT JaHHBIC W3
JOTIOJTHUTEBHBIX YKA3aHUHN M UCTIONB3YIOT hopmyiy (18.7).

8. BbruncimB HE0OX0aMMbIC BeTHYHHBI, 0 (Gopmyie (18.6) ompenensor BeauuuHy e/m
YAETBHOTO 3apsijia SJIEKTPOHA.

9. OmnpenenuTh OTHOCUTEIHHYIO MMOTPEIIHOCTh U3MEPEHUs o popmyrie

e
m) AU _Al
= = +2—°¢
€ U leg (189)
m

A
rac T — OTHOCHUTEIIbHAA NOTPEHIHOCTD U3MEPCHUSA aHOJHOI'O HAIIPSAKCHU A,

Alc — abcooTHAsT TIOTPEITHOCTh M3MEPEHUST KPUTHYECKOTO TOKa coJjicHomaa lck 1o
rpaduky la = f(lc).

Al
CnenyeT OTMCTUTDH, YTO BCIIMYHMHA - HC JOJIDKHa OBITH MEHBIIE KiIacca TOYHOCTH

CE
npuodopa.

10. OmnpenenuTb aOCOMIOTHYIO MOTPEIIHOCTh U3MEPEHHUS

Afleg. £
m m-
11 CﬂeHaTL BBIBO/J I10 CHeHaHHOﬁ pa60Te, CpaBHI/ITB 3KCHepI/IMeHTaHLHoe U Ta6HI/ILIHOC

e
3HAa4YeHHEe —__ .
m
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12. 3ammcarh OTBET B BUIE

E_A(Ej:m, Ee
m m ea

A(e
m

€
m

N—

€= -100% =....

Conepxanue oTyera

. JJaboparopnas pabora No ...

. HaumenoBanue paboThl.

. Llens paboTHI.

. [Ipubops! u MaTepuanbl.

. Ueprex mim cxema yCTaHOBKH (eciu TpedyeTcs).

. DOpMyIIbl HCKOMBIX BEJIMYMH U UX MOTPEIIHOCTEM.

. Tabnuua c pe3yapTaTaMy U3MEPEHUN U BBIYUCIEHUHN TIOrpelHocTel (eciu TpedyeTcs).
. Beruncnenus pe3ynpTaToB.

9. OxkoHYaTenbHBIN pe3yIbTaT, BBIBOJ U IIpoYee (COTIACHO 1eNn paboThI).
B BBIBOZIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- YTO BBI JIeJIaJIM, B 4EM LieJIb Baliel paboThl;

- KaKue pe3yNibTaThl Bbl 0KUJIAJIH TTOJIYUUTh;

- COBIIAJIM JIU PE3yJIbTaThl Ballel paboThI C 03KUTAEMBIMH.

01NN KW

18.5 KoHTpoJibHbIe BONPOCHI

Uto Takoe yAeNbHBIN 3apsi 4YaCTUIbI?

Kaxk onpenensercs cuna JlopeHiia, ee BelTMyrMHa U HanpaBjieHue?

Kak onpenenuTs Hanps>KeHHOCTh MATHUTHOTO TOJISL coJieHou 1a?

Ha xaxom npuHIuIIE 0CHOBAHO OIpeIeeHHEe YACIbHOT0 3apsia 0 METOAy MarHeTpoHa?
Cnenatp BbIBOJ pacyeTHOU (POPMYIIBI TSl YACTBHOTO 3apsijia YaCTULIBI.

aogrwnPE

CIHUCOK JTUTEpaTyphl, PEKOMEHIYEMOM K HCIOIb30BAHUIO 110 JaHHOM padote: [1-9]

Crucoxk auTeparypsl.

OcHoBHas JiuTeparypa:

1. Tpocdumona, T. 1. ®usuka : yueOHUK : AJisl CTYACHTOB BY30B, 00yJarOMMUXCs 0 TEXH. Harp.
noaroroBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
ui. - (Beicmee npodeccuonansuoe oopazopanue) (bakanaBpuar). - [Ipenm. ykas.: c¢. 330-3309. -
ISBN 978-5-7695-9820-3.

2. Tpodumosa, T. U. Kypc ¢uzuku ¢ npumepamu pemieHus 3aaad : yueOHuk : B 2-x 1./ T.1.
Tpodpumona, A.B. @upcos, T. 1. - M. : Knopyc, 2015. - 584 c. - (bakanaspuar). - [Ipui.: c. 575-
577. - ISBN 978-5-406-04427-8.

3. Tpopumosna, T. U. Kypc ¢pusuku ¢ npumepamu pemeHus 3ajaad : yaeonuk : B 2 1./ T.H.
Tpodumona, A.B. @upcos, T. 2. - M. : KHOPVYC, 2013. - 378 c. : npuun. - (bakanaspuar). - ISBN
978-5-406-00339-8. - ISBN 978-5-406-00341-1

JlonoJHMTeIbHAS JIUTepaTypa:
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4. Tpodpumona, T. . CoopuuK 33124 10 Kypey ¢usuku: 11 BTy30B / T. . Tpodumosa. - 3-¢
u3n. - M.: OHUKC 21 Bek: Mup u ObpazoBanue, 2005. - 386¢. - ISBN 5-329-01369-0. - ISBN 5-
96666-196-5

5. Tpodumosa, B. JI. IIpupononons3oBanue. Tonkossrii cioBaps / B. JI. Tpodumosa. - M.:
®unancel U cratuctuka, 2002. - 186 c. - bubnuorp: c. 182-183. - ISBN 5-279-02687-2

6. Imutpuesa, B. @. 3amaun no gusuke: yueod.mocodue as rexaukymon / B. @. Jlmurpuesa. -
3-e u3n., crep. — Mocksa: Akanemus, 2009. - 336 c.: un. - (Cpennee npodeccruoHanbHOe
obpazoBanue. O0meoOpazoBaTenbHble TUCHUIUIHHEI) (YaeoHoe mocodue). - ISBN 978-5-7695

7. Bonbkenmreitn, B. C. CoopHuk 3a7a4 no o0memMy Kypcy GU3UKU: IS CTY/A. TEXH. BY30B /
B. C. Boabkenmreii. - 3-¢ uza. ucnp. u jgot. - CI16: Kawxkasiit mup, 2007. - 327 c.: uin. - [pun.: c.
308-327. - ISBN 5-86657-2357-7

8. SABopckwmii, b. M. CripaBounuk no ¢usuke / b. M. fBopckwii, A. A. [etnad. - 8-e 3.,
niepepad. u ucrp. - M.: OHUKC : Mup u obpazoBanue, 2008. - 1056 c. : ui., Tadm. - [Ipeam. ykas.:
c. 1011-1062. - ISBN 978-5-688-01677-0

9. Yepros, A. I'. 3agaunuk no ¢usuke : [yued.mocodue mist BTy30B] / A. I'. UepTos, A. A.
Bopo06beB. - 8-e 3., mepepad. u morm. - M. : dusmaraut, 2007. - 660 c. - [Ipu.: c. 623-660. -
ISBN 5-96052-098-7

134



METOANYECKHUE YKA3AHUSA
10 BbINOJIHEHHUIO J1a00PaTOPHBIX PadoT
no JucuumninHe «Ouzukay

Yacte 3. Onrruka. Pusznka aroma

Hanpasnenue noarotoBku 15.03.02
KBanudukanus BeITyCKHHKA bakanasp
dopma 00yueHus Ounas
YyueOHBIN IUIaH 2022 rona
N3yuaercs B 2-3 ceMmecTpax

Hesunnomnicck, 2022

135



OBIIME CBEAEHUA
dus3nKa — Hayka HSKCIEPUMEHTalbHAs. DKCIEPUMEHT SBIISCTCS Ba)KHOM HEOOXOAUMOM
4acTbIO BCETO IIPOLIECCa HAYYHOTO ITO3HAHUS, KOTOPBIH B LIEJIOM MOKHO MPEACTaBUTh COCTOSIIINM U3
TPEX 3TAIOB:
1. BocnpusiTie iy NepBUYHOE H3yIEeHUE KOHKPETHOTO (PU3NYECKOTO SBJICHUS MTPU TOMOIIH
HaOIOIeHUSI.

2. O06o0meHne WM CO3/aHUE THUIOTE3bl, KOTOpas CBS3BIBACT OTACIBHBIC PE3yJIbTATHI
HaOIroIeHNIT MeX1y co00i M C JPYrUMH HM3BECTHHIMH (PAKTaMH W YCTAHABJIMBAET MEXIY HUMH
OTIpe/IeNIEHHbIE KOJIMYECTBEHHBIE COOTHOILICHUSI.

B mnporiecce sToro 00600IIeHNsT WHOT/Ia BO3HUKAET HEOOXOIUMOCTH B JIOTIOJHUTEIHHBIX
TAHHBIX — IPOBOAATCS JOTIOJHUTEIbHbIE HAOTIOACHUS U CIIEUAIbHbBIE SKCIIEPUMEHTBHI.

3. IlpoBepka runoTessl Ha MPAKTUKE B PEATIbHBIX YCIOBUSX, T.€. IPU HATMYUH OTOPOIIEHHBIX
paHHee BTOPOCTENEHHbIX (akTopoB. Eciau mnpakThka MOATBEP)KJAeT THUIOTE3Y, TO TMOCIEeAHsA
CTAaHOBUTCS TEOpHUEH, a YCTAaHOBJIEHHBIE €€ COOTHOILIEHUS MOMyJyaroT paHr 3akoHOB. Eciu ke HeT —
YUUTBHIBAIOTCS HOBBIE (aKTOpPbI, KOTOpPhIE IE€PBOHAYAIBLHO KAa3aJIUCh BTOPOCTENEHHBIMH U
oTOpachIBaJNCh. YCTaHABIMBAIOTCS HOBBIE COOTHOILIEHHUS M CHOBA MPOM3BOJUTCS WX IMPOBEpPKa Ha
npaktuke. 1 Tak nanee.

OnHako mpoLecc HayyHOTO MO3HAaHWS JAHHOTO SIBJIGHHMS HAa 3TOM He 3akaHumBaercs. C
TEUEHUEM BPEMEHHU MOSIBISIOTCS HOBBIE ONBITHBIE JTAHHBIE, KOTOPbIE NPUXOIAT B MPOTHBOPEUHUE C
W3BECTHON Teopueil. Bo3HuKaeT HOBasg TeOpHs, COOTBETCTBYIONIAS JIaHHOMY OJTally pa3BUTHUSA
AKCIIEPUMEHTA W HAyKHW B IIEJIOM. 3aT€M OHAa MOXKET OBITh 3aMeHEHa elle 0ojee HOBOW M TMOJTHOU
Teopuei u T.11. Takum myrem rpoiiecc No3HaAHUS MPOI0JIKAETCS OECKOHEUHO.

XOTs KCIIEPUMEHT HE SABJIAECTCS €AUHCTBEHHBIM CPEICTBOM HAYYHOT'O MCCIIEJOBAHUSA, HO €r0
pOJIb KaK HMCTOYHHMKA MCXOJHBIX NaHHBIX W KPUTEPHUs HCTUHHOCTU JIFOOOM TEOpHH SBISETCS
pematomiedi. [loaromy Ha sKCnEepUMEHTAaTOpe, NPOBOJSALIEM TE€ WM HHBIE HCCIECIOBAHMUS, JIEKUT
rpoMaJiHasg OTBETCTBEHHOCTb. OT pe3ylbTaTOB €ro OIBITOB 3aBUCUT HE TOJBKO Cyan0a
COOTBETCTBYIOIIEH TEOPHH, HO H, KaK 3TO 4acTo ObIBAJIO B (PH3UKE, BCE Pa3BUTHE HAYKH HA TOBOJHHO
MPOJIOJKUTENFHOE BpeMs. DKCIIEPUMEHT JI0JDKEH IIAHUPOBATHCS U MIPOBOAUTHCS TaK, YTOOBI CBECTH
K MUHUMYMY BCE€ BO3MOXXHBIE OIIMOKM M YTOOBI €ro pe3yiabTaTbl HE HMENHU HEOJHO3HAUYHOTO
TOJIKOBAHHS.

Bce nznoxeHHoe BbIIIEe ONpPEEIseT poib U MECTO JJAOOPATOPHOTO MPAKTUKYMa B Ipoliecce
u3yueHus pusuku. B mabopaTopuu CTYAEHT petiaeT caMOCTOSTENbHO PsAJ] SKCIIEPUMEHTAJIbHBIX 33/1a4.
Bo-nepBbIX, OH JOKEH HAyYUTHCS CAaMOCTOSITENBHO BOCIPOU3BOAUTH U aHAJIU3UPOBATh OCHOBHBIE
¢u3nyeckue sBIeHU. Bo-BTOPBIX, OH JODKEH MOTYYUTh IEPBUYHBIC HABBIKM PaOOThI B (PH3HMUECKON

nabopatopuu. B-TpeTbuX, CTYIEHT JI0JIeH HaydyUTbCcs MPOCTEHIIUM MeTojaM 00paboTKH
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HKCIIEPUMEHTAIBHBIX PE3yIbTaTOB U UX aHaju3a. [1oydeHHbIH OnbIT B 1abopaTopuu (GU3NKU CTYJCHT

JOJDKEH YCIIEUTHO NPUMEHSTh HPU BBIIOJHEHHUU JTA00PATOPHBIX PabOT B Kypcax MOCIEAYIOIIUX

JUCHUIIIINH.

B cooTtBercTBHU C rocyaapCTBCHHbBIMU O6pa3OBaTeJILHBIMI/I CTaHJgapTaMu H y‘IC6HBIMI/I

IUTAaHAMH M3y4eHHs Kypca (DUM3HMKH Il MHKEHEPHO-TEXHUYECKUX CIIEHUAIBHOCTEH J1ab0paTOpHBI

MPAKTUKYM COJEPKUT METOJMYECKHE YKa3aHWi K pabdoTaM IO Pa3IMYHBIM pasjenaM (QHU3UKH:

MCXaHHWKa, MOJICKYJISIpHasa (1)I/I3I/IKa U TCpMOJWHAMHKA, JJICKTPUYCCTBO U MArH€TU3M, KOJICOaHHS U

BOJIHBI, BOJIHOBAs U KBAHTOBAs OIITHUKA, (1)1/131/11(21 TBEPAOTO TCJIA, (1)I/I3I/IK8, aromMma.

B coorBercTBUM ¢ 1eISMH  OCHOBHOM 0Opa3oBaTeNIbHONW TMPOrpaMMbl M 3aJadyaMu

podecCHOHAIbHON JIeATENbHOCTH TNpPU BBINOJHEHUE BcCeX J1a0OpaTOpHBIX pabOT H3Yy4aroTcs

CJICAYIOINUEC KOMIICTCHIINH:

Hamnpasienne
[TOTOTOBKH

[Ipoduib

HNunekc

DopMynHpoBKa:

OIIK-4 [IOHMMAHUEM  CYIIHOCTH U  3HA4YECHUS
MHPOpMAUM B Pa3BUTHH COBPEMEHHOTO|
00I1ecTBa, CHOCOOHOCTBIO TOJy4aTb U
00pabaTeiBaTh MHOOPMALIUIO U3 PA3TUYHBIX|
MICTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETHPOBaTh, CTPYKTYpHUpOBaTh U
0hopMIIATh MHPOPMAIIHIO B JOCTYITHOM JIJIst
IPYrUX BUJIE.

OK-7 CITIOCOOHOCTBIO K  CaMOOpTraHW3allud U
CcaM000Opa30BaHUIO NPOEKTAMHU, HCIIOJIb3Ys
0a30BbIE  METOJBl  MCCIEIOBATEIbCKON
NesITeIbHOCTH

B X0J€ U3YUYCHH U BBIIIOJTHCHHUA J'Ia60paT0pHBIX pa60T CTYACHT HOJIKCH:

3HaTh:

- OCHOBHBIC TTpaBUJIa JIs1 00paOOTKHU PE3yabTaTOB IKCIIEPUMEHTA;

- 0a30BblE METOJIBI UCCIEA0BATEILCKON NeITEIbHOCTH,

- METO/Ibl CAMOOPraHU3alMU K CaM00OPa30BaHHUIO CTY/ICHTa HanpaBieHHs « T eXHOIOTHYECKHEe MATUHBI
1 000pyIOBaHUSDY.

YMeTh:

- MIPUMEHSTHh 3HAHUS OCHOBHBIX (DU3NYCCKUX 3aKOHOB U NMPHUHIUIIOB IIPH aHAJIM3E MPUPOJIHBIX U
TEXHUUYECKUX MPOILIECCOB U SIBICHUH, BOSHUKAIOIINUX B MPO(ECCHOHATBHON IeATETHbHOCTH; IPUMEHSTh
COOTBETCTBYIOIINK (DU3MKO-MAaTeMaTHUYECKU ammapar, METOJbl aHajdn3a U MOJCIUPOBAHMUSA,
TEOPETUYECKOTO U IKCIIEPUMEHTAIFHOTO UCCIIEIOBAHUS TPU PEIIEHUH MPoQecCHOHANBHBIX 33/1a4;

- MIPUMEHSTH 0a30BbIe METO/IbI CCIIEOBATENILCKOM ASSITENFHOCTH B pabOTe HaJl MHHOBAIITHOHHBIMHU
MPOEKTAMH IO HarpaBieHUI0 « TeXHOMOTHYECKUE MAITMHBI U 000PYIOBAHUEY.

Bnaners:
- METOJaMH HCCIeI0OBATEeNIbCKON ASSITeTbHOCTH IPpH paboTe HaJl MPOEKTaMU;
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- MOHMMaHUEM CYIIHOCTH W 3Ha4YeHHs HH(OpMalMu B pPa3BUTUU COBPEMEHHOTo oOOIIeCTBa,
CIOCOOHOCTh MMOJIy4aTh M 00pabaThiBaTh MHGOPMALMIO U3 PA3IMYHBIX HUCTOYHHUKOB, TOTOBHOCTB
MHTEPIPETHUPOBATh, CTPYKTYPUPOBATh U 0QOPMIIATh MHQOPMAIIMIO CO CTYACHTAMH HAIlPaBIICHUS —
TexHoJOrMUECKNEe MAIIMHBI U 000PYAOBaHUS.

COHAEPXAHUE
(01001112 (S0 153 (S1517 6 ST PP PP P PP PPPRPTTRRPPPN 136
Texauka 0€30MaCHOCTH TPU BBITIOTHEHUH JAOOPATOPHBIX PAOOT ..ovvvvervrreiiieeesirieeniieeesneeennns 139
JlaboparopHass pabora Nel9. M3ydeHuwe 3aBUCHMOCTH TIOKa3aTellsd TMPEIOMIICHHS BO3AyXa OT
JABJICHUS U U3MEPEHUE €TO BEIMUHMHBIL TIPH .....eeevvrriiiieeeesssiiiinseeesseesssssssinsnsssaase s s s s ssasnnnnseneseessnnns 140
HOPMAITBHBIX YCTIOBYISIX ..tvvvttteeesssssustssssttaessssssassssssssssssssssssssssssasssaaesasssassbbssesaaeeessssssbnnneeneeeeeennns 140
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JB 03 (030107 QX0 (=) 10821910 s N0 < ¢ VU 146
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JlabopaTopuast pabora Ne 23. M3mepeHue Cuiibl CBETa JJICKTPUUECKOW JIAMIIBI HaKaJUBaHUS C
MTOMOTIIBIO (DOTORIIEMEHTA U OTIPEIICTICHUE €€ YACTBHON MOIITHOCTH ... evvvvvvereeeeeesssnsinnnneneeaeessnns 163
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Texnuka 0€30MacCHOCTH NPU BBHINOJHEHUU J1AOOPATOPHBIX PabOT

[Ipu paboTe B 1a6OPAaTOPUHM ONTHKH, aTOMHOM U sSAEpHON (PU3MKH HEOOXOIUMO 0OpaTuUTh
BHUMaHHE B NEPBYIO OYepe]b HAa COOIIONEHHE MEp MPEeIOCTOPOKHOCTH NMPH BKIIOYCHHUU
HEKOTOPBIX IpUOOPOB B ceTh HanpsbkeHueM 220 B.

JUJ1s1 3TOTO Ha CTOJIaX MCIIOJIB3YIOTCS THE3/Ia B KAYeCTBE PO3ETOK ISl BKITFOUSHHSI, HAPpUMeED,
CTHJIJIOCKOIIA, TUTaHUS yCTaHOBKM 10 (ortodaddekry, ocBeTUTENeH caxapumerpa,
MHUKPOCKOTIOB, pedpakToMeTpa, YCTaHOBKM 10 HaOmoneHuro d¢pdexra Dapazes,
AIIEKTPOHHBIX CYETYHMKOB, Jlazepa. HyKHO ciaemuTs 3a TeM, 9TOOBI 3a3eMIISIONIUE ITPOBOJIA HE
OBUIM OTCOEMHEHBI OT Ja00PATOPHOU KIEMMBI «3EMIISD».

Oco60 6epexxHoro obparnieHus: TpedyeT Bce ONTHYECKUE MPUOOPHI: HU B KOEM CITydae Helb3s
POHSATH UX Jaxke Ha Ja00PATOPHBIN CTOJ, TJI€ OHU PacloJIaratoTCs.

Cpasy e Tmocine BBITIOJIHEHHS PaboThl TpeOyeTcss HEMEUIEHHOE BBIKIIOYCHHE JF000M
YCTaHOBKH M3 CETH.

Heo0xoauMo cieuTh 3a TeM, 9ToOBI pYKH HE KacalrCh ONTHYECKOW YaCcTH YCTAHOBOK: JIMH3,
3epKall, 0ObEKTUBOB, OKYJISPOB U T. JI., MO0 Jake TPU OJHOM KAaCaHUHM HA HUX OCTAeTCs
3aMETHBIM CIIOM JKHpa, KOTOPBIM MPUBOIUT K HEOOXOIMMOCTH TIIATEIBHOW OYUCTKH
CIIUPTOBBIM PACTBOPOM ITHX JIEMEHTOB ONITHYECKUX YCTaHOBOK.

B paGore mo wusydenwio BHemHero ¢orodddekra Bo H30€KaHHWE BBIBOJA U3 CTPOS
dboTodmeMenTa TpeOyercsi OepekHOe oOpalieHHe ¢ HUM: TUIABHOE TEpPEMENICHHE €ro IIo
HaTPaBJISIOIINM, a TAKKE HY)KHO CIIENUTH 32 TEM, YTOOBI MHKPOAMIIEPMETP HE 3alllKaIHBall.
[Ipu paboTe Ha CTHUIUIOCKOTE COONIONATH PEXHM €ro JKCIUTyaTallid: KPaTKOBPEMEHHO
BKJIIOUaTh ero Ha 5-10 cexyH, n60 B MPOTUBHOM Cilydae BO3MOJKEH MEPErpeB €ro U BHIBO
U3 CTPOSL.

OcobGoro oOpamenust TpeOyeT ma3ep: HU B KOEM Ciy4dae HeNb3s, 4TOObl JIMOO He-
MOCPEJCTBEHHO, 100 ¢ MOMOIIBIO 3epKaja Ja3epHbIil JIyd momnaji B ryia3 HaOJoaaTeso, Tak
KaK IpU 3TOM MPOUCXOJUT OCJIEIIJICHHE TJ1a3a U Jake MOTeps ero 3puTeIbHON CIoCOOHOCTH
13-3a OOJIBIION MIIOTHOCTH SHEPT UM U3ITyUEHUS.

[Tpu paboTte ¢ pacTBOpaMu HEOOXOAMMO COOITIOIATH MEPBI MPEAOCTOPOIKHOCTH C TEM, YTOOBI
9T PacTBOPHI HE MOMAK Ha OJCHKIY.

Uro kacaercsi MPOTUBOMOXKAPHON OE30MacCHOCTH B JIa0OpaTOPUHM ONTHUKHU, TO B Cllyyae,
HampuMmep, BO3HUKHOBEHHUS TJe-TH00 B MOJBOAALIMX IMPOBOJAX KOPOTKOTO 3aMbIKaHUS,
TpeOyeTcs HeMEUIEHHO OTKJIIOYUTh OOIINH IIUT, PaCIOJIOKEHHBIN B KOPHIOPE.

139



JIABOPATOPHA PABOTA Ne19. U3VUEHUE 3ABUCUMOCTU IIOKA3ATEJIA
[MPEJIOMJIEHUA BO3AYXA OT AABJIEHUA U UBMEPEHUME EI'O BEJIMYMHEBI [TPU
HOPMAJIbHBIX YCIIOBUAX
Heas pabdoThI: 03HAKOMHUTHCS C MPHHUUIOM pabOThl MHTEPPEPOMETpa; H3MEPHUTH

II0Ka3aTeNb MPEJOMIICHUS BO3AyXa IIPH HOPMAJIbHBIX YCIOBHSX.

19.1 O6opynoBanne u MaTepHAJIbI

1. laxmnoiii unmepgpepomemp LLIHU-S.
2. Cunbghon — 2azo8wiii peszepgyap nepemenHo2o obvema.
3. Boosinoii U-obpasnulii manomemp.

4. Ucmounux MOHOXpOMAMU4YECKO20 ceemda.

19.2 TeopeTnyeckoe BBeaeHUE

[lokazarens mpenomiieHUs — (Qu3MYecKas BeIMYMHA, MOKa3bIBAIOIas, BO CKOJIBKO pa3
CKOPOCTh CBETa B cpejie (BEIIeCTBE) MEHbIIIE, Y4eM CKOPOCTh CBETA B BaKyyMe

C

n=—
Vl

(19.1)

rae ¢ =3 * 108 M/c — cKOpOCTb CBeTa B BAKYyMe;

V — CKOpPOCTh CBETA B IaHHOM cpefie.

[Tokazarenb mpenoMJIeHUS 3aBHCUT OT YaCTOTHI M3IY4YEHHsI CBETa, a TAKKE 3aBUCHUT OT
YCIIOBUM, TPHU KOTOPBIX HAXOJUTCS BEIIECTBO (TEMIIEpaTypbl, IUIOTHOCTH, JAaBICHUS U T.I.).
CornacHO 3JIEKTPOHHON TEOpUHU TUCHEPCUU IOKa3aTedb MPEIOMIICHUS N CBA3aH C IJIOTHOCTBHIO
BelIecTBa P GopMyoit

2
n“-1 1
. '*:Ry (19.2)
n“+2 p
rae R1—Hekas KOHCTaHTa, KOTOpas Ha3bIBAeTCs yIeIbHON pedpakiueil BemecTBa.

Jlnst ra30B MpPU HOPMAJBHBIX YCIOBHSAX N HEMHOTO OOJjblle eauHUIbl. Hampumep, mis
KHCJIOpoia s skentol muaun Hatpus (A = 589,3 um) n = 1,000272. Takum oOpazoM, okasareib
MIPEIOMIICHUS JUIS Ta30B MOXHO TpeacTaBuTh B Buae: N =1 + a, e a << 1. [Ipeo6pazyem (19.2)

n“1 1_(n1)-(n+1)_(n-1)-Q+a+1) 2:(-1) 1
n242 P 0ﬁ+2)p (@+ay+2)9 3 i

Torna
n-1_
p

rac Ry — HCEKOTOPAsA KOHCTAHTA.
Tak kak npu IIOCTOSHHOM TEMIICPATYPC IJIOTHOCTD Ira3a NpornopuruoOHaJIbHa JaBJICHUIO, TO

R,. (19.3)
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MOKEM 3a11ncarTb

n-1_c, (19.4)
P

rae C — HeKoTopast KOHCTaHTa;
N — Mokasaresb IpeJoMIICHHUS BelllecTBa (rasa);
P — naBnenwue rasa.
Otcrona
n-1=C-P. (19.5)
UroObl Haiitu moctostHHyto C 3amumeM (19.5) mnst AByX COCTOSIHMIL raza MpH pa3HBIX
JaBJICHUSIX U IOCTOSTHHOM TeMIiepaType

n-1=C-P;
n,-1=C-P,;
n2—n1=C-[P2—P1j;

AN=C-AP. (19.6)
U3 ypaBuenus (19.6) cienyer
c=4n (19.7)
AP
Torna, moxcraBus (19.7) B (19.5), monyuanm
n-1=4" . p . (19.8)
AP

Ecnu navanbHOE n3Mepenue npoBoauTh npu P = P,
rae Po = 1 atm. = 760 mm.pT.cT. = 101 xI[la — HOpManmbHOE aTMOC(hepHOE TaBIEHUE, TO
MOJKHO 3aIucarthb

n=1+j|:- P, (19.9)
n=1+C-P,. (19.10)

Takum oOpa3om, ucnosib3ys (19.9), MOXHO HaWTH MOKa3aTeldb IPEIOMIICHHS N TPHU
nasinenuu Po. Ho cHauana Heo0xoaumo onpenenuts KoHCTaHty C.

19.3 Memoouka sxcnepumenma

Koncranty C, Heobxoaumyto ansi pacdera mo (19.10), MOXHO oOIpeneiauTh, MOCTPOUB
rpaduk 3aBucumoct An = f(AP). Ilpu u3mMeHeHnn qaBJeHUs ra3a MoKa3aTelb IPeIoMIICHUs OyaeT
U3MEHATHCS, IPUYEM Ha OYEHb MaJICHbKYIO BenuMHY. [To3TOMy 3aduKcupoBaTh JaHHOE U3MEHEHHE
MO’KHO JIMIIb C HOMOILBIO HHTEPPEPOMETPA.

[Ipu HanoxeHnu NBYX (MM HECKOJIBKUX) KOTEPEHTHBIX JIydel BO3SHUKAET UHTEephEepeHIIHS
— yCTOMuUMBOE pacrpeseieHne SHepruM KojiebaHuil B mpocTpaHcTBe. s BUAMMOTO CBETa 3TO
NPOSBISIETCS B YEpEelOBAaHMM CBETIBIX M TEMHBIX YYacTKOB Ha 3kpaHe. CBeTsble y4acTKu —
MaKCUMyMbI (Max), TeMHbIe — MHHUMYMBI (MiN). Pe3ynprar MHTEpEpeHINH B TAHHOH TOYKe
npocTpaHcTBa — (MaxX win Min) 3aBUCHUT OT PA3HOCTH XOJ1a JIyuel OT HCTOYHUKA B TAHHYIO TOUKY.

YcnoBue nHTEpHEPEHITUOHHOTO MaX UMEET BU]]

n-L—-n-L=mA, (19.11)
N1 — 1IOKa3areiab MpEJIOMJICHUA CPEAbI, B I(OTOpOfI nacr HepBLIP'I JIy4,
L1— reomerpuueckas JUIMHA IIyTH TIEPBOTO JIy4a;
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N2u L2 — cOOTBETCTBYIONIME ITapaMeETPhI JUIsl BTOPOT'O JIy4a;

m =0; 1; 2;... — mr000¢€ 1eI0€ YUCIIO.

Venosue Min umeer B

A
n-L,-n,-L, :(2m+1).§. (19.12)
EcrulLi1=L2=1L, mo
(nl —nz)- L=m-A - ycnosue max; (19.13)

[nl—nzj- L:(Z-m+1j-}2L _yenosre min.  (19.14)

Takum 006pazoM, eciu Ha MyTH KOTEPEHTHBIX JIydel MOCTaBUTh KIOBETHI C BO3/1YXOM U 3aTEM
W3MEHUTh JaBJieHHME B OJHOM U3 KIOBET, TO OyAeT HaOIoAaTbcs CABUT HHTEpP(EpEHLIHMOHHON
KapTUHBI 32 CYET U3MEHEHUS! ONTHYECKON pa3HOCTU XOJa MEXIY JiydaMH, MPOLIEAIIUMU pa3Hble
KIOBETBHI.

CnenoBarenbHO, B OJHOM M TOM e TOUKE IKpaHa MpPH IUIABHOM M3MEHEHHUH JaBiieHus (a,
3HAYMT, W TIOKa3aTeNs MPeOMIICHHs) OyayT moodepenHo Habmogatbes max u min. Iloacuuras
KOJIMYE€CTBO CMEHUBILUXCSI MAKCUMYMOB (MHHUMYMOB), MOKHO OIIpeenuTh AN = Ny — Ny.

Cwmemenne nHTEpHEPEHIIMOHHON KApTHHBI Ha OJIHY 1M0JIocy (Max Wik MiN) COOTBETCTBYET
M3MEHEHUIO Pa3HOCTH X0/1a Ha OJHY JUIMHY BOJIHBI, CMEILlEHHE Ha M T0JI0C — Ha M JUTMH BoJH. Toraa
u3 (19.13) cnenyer

An="m2 | (19.15)
L
rme m=1, 2 ... — 4uCI0 CMEIICHHBIX IT0JIOC;

L — mmHA X0/a Jyda B KIOBETE.
N3menenue naBnenus AP MOKHO U3MEPUTH € MOMOIIBIO BOJSTHOTO MaHOMETPA.

19.4 Cxema ycTaHOBKH

s w3ydenus 3aucumoctu An = f(AP) ucnonssyem mraxtueiii uareppepomerp IIN-5,
NPUHIMTIIHATIBHAS CXeMa KOTOpOTo MpecTaBlieHa Ha pucyHke 19.1 (uatepdepomerp Pases).

)
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Pucynok 19.1 — [IpuanumuansHas cxema uaTephepomerpa LIIMN-5
CBer OT UCTOYHHUKA | TPOXOIUT Yepe3 KOJUTMMATOP 2 M BBIXOJIUT OTTYJA HapayljiebHbIM
nyykoM. Jnadparma 3 AeIUT mydok Ha JABa KOTEPEHTHBIX JIyda, KOTOPBIE MPOXOIAT Yepe3 KIOBETHI
4. Jamee nydn coOuparoTcsi B (POKAIBHOW IUIOCKOCTH JHH3BI S5, TIe ¥ HaOII0JaeTcs
uHTEepEpeHIIMOHHAs KApTHHA C IIOMOIIBIO OKYJIsIpa 6.
Pabouas cxema I1IM1-5 npencrasnena Ha pucynke 19.2.

Cger ot namnbl 1 (MOXET ObITh 3aMEHEHA HCTOYHUKOM MOHOXPOMAaTHUYECKOTO M3ITyYEHHUS])
IIPOXOAMT Yepe3 KOHJECHCOP 2, alaeT Ha CTEKIITHHYIO IIJI0CKONapalIe/IbHYIO IIIACTUHY, Ha KOTOPOH
IIPOMCXOAUT pa3/ieiICHUEe OJHOIO Jiyda Ha ABa. JIydn, OTpakeHHbIE OT BEpXHEN U OT HUYKHEU I'paHel
IUIACTHHBI, MIONAJIAI0T B pa3Hble KioBeThl A 1 B. B ktoBeTe B 1aBieHne MOKHO U3MEHSTh C IIOMOIIBIO
crib(OHHOTO BeHTWISI (pucyHOK 19.3), KOTOpBIH TpeacTaBisier coOoil pe3epByap MEPEeMEHHOTO

o0BeMa.
kLA
HE

F ) .">
I

=
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T

Pucynoxk 19.2 — PaGouas cxema untepdepomerpa I1I11-5

1
2

U 3

A | B

|

]
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Pucynok 19.3 — [IpuHiunuansHas cxemMa peryJinpoBaHus U U3MEpPEHUs

naBiieHus: 1 — KIoBeThI; 2 — CHIIb(OH C BEHTHIIEM; 3 — MaHOMETD (BOJISHOM)
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[Tpu oTpaskeHHH OT BEepXHEH W HUXKHEH rpaHei MIaCTHHBI 3 MEXKIY JiydaMu a u b Bo3Hukaet
Pa3HOCTh X0/1a, KOTOPYIO yOHparoT TakuM oOpazoMm. Ha mytu mydeit craButcs mpusma 4, KOTopas
noBopauuBaet Jiyud Ha 180°, u 3Tu yuu, npoiiis KroBeThl A U B, CHOBa 10I1a/1al0T Ha IJIACTHHY 3.
[Tpudem B pe3yibTaTe OTpaXKECHHS OT HUKHEH U BepXHel rpaHei (pucyHok 19.2) imyun a u b tepsitot
BO3ZHUKIIIYIO B pe3y/bTaTe MEPBOT0 OTPaKEHUs Pa3HOCTh xoja. Jlanee jaydu MAyT BIOJIb OJHOU
MPsIMON U NOMAJAI0T Ha MIOBOPOTHYIO IPU3MY 5, C IOMOIIBI0 KOTOPOH MOKHO CMELIATh M0JI0KEHHE
UHTEpPEPEHIIMOHHON KapTUHBI B 10JIE 3pEHUs OKyJsipa 6. Pydka moBopoTa mpu3Mbl 5 HaXOAUTCS Ha
neBoil crenke npudopa LIN-5. TloBopauuBas 3Ty pyuKy, MOKHO YCTaHOBUTH OJIMH U3 MUHUMYMOB
UHTEPPEPESHITMOHHON KapTUHBI Ha HYJIb KAl (MM Ha TI000€ Ipyroe JICJICHHE).

Cnenyer OTMETUTb, YTO NMPUMEHEHHE MOBOPOTHON NMPU3MbI 4 BIBOE YBEIMUYMBAET JUIUHY

Xoaa J'Iy‘IGfI B KIOBE€TaxX — BABOC YBCINMYMNBACTCA U YyBCTBUTCIIbBHOCTD an60pa.

19.5 3aganue u NOPSAAOK BHINOJIHEHUS] PpadOTHI

1. BxirounTh OCBETUTEND (BMECTO OCBETUTENSI U CBETO(UIBTPAa MOXKET OBITh MPHUMEHEH
MOHOXpPOMATOp, JAIOLINI CBET OOJIBIIION MOHOXPOMATUYHOCTH).

2. Bpamenuem pyuku cuiib(poHa yCTAHOBUTH OJIMHAKOBOE JaBJICHUE B 00EUX KIOBETax (Mpu
3TOM ypOBEHB BOJIbI B JIEBOM M ITPAaBOM KOJIEHAX MAaHOMETpPA JO0JKEH ObITh OJIMHAKOB).

3. YcTaHOBHTH MOJBIKHOM MPU3MON 5 0TMH U3 MiN Ha HyJIb HIKaJBI (MM Ha JIF000€ ApYyroe
JICJICHHE).

4. VI3MeHATh JaBJjeHUE B KIOBETE B ¢ MOMOIIBI0 CHIL()OHHOTO BEHTHJIS JI0 TE€X MOp, IMOKa
CIeyIoIMiA MIN, BCIEACTBUE CIOBUra MHTEPHEPCHIIMOHHONW KapTHHBI, HE YCTAaHOBUTCS Ha HYIb
mKansl (WM Ha Jr000€ Jpyroe NmepBOHA4YalbHO BBIOpAHHOE JEJIeHHE). DTOT CIBUT IMPOUCXOAMUT
BCJIC/ICTBUE€ HW3MEHEHHUs ONTHYECKOW pPAa3HOCTH XOJa Ha OJHY JUIMHY BOJHBI A HW3Iy4YCHHUS.
[Ipumeuanue: u3MeHEHUE aBJICHUS B KIOBETE€ B NMPOU3BOAUTH MEJIEHHO, YTOOBI MPOIECC CKATUS
MOKHO OBLIO CUMTATh MU30TEPMHUUECKUM. Bpalenue pydku cuiib(OHHOTO BEHTHIIS TPOU3BOIUTH 110
4acOBOM CTpeske, BO M30e)aHue TOTa aHusl BOJIbI B KIOBETY B.

5. [IpousBectu 3 — 5 U3MepeHUH, MOCTEIIEHHO YBEJIUYMUBAsA PA3HOCTh JABJICHUN B KIOBETaX
BuA.

6. Ilonyuennvie dannvie 3anecmu 6 maoauyy 19.1.

Tabmuna 19.1 — Pe3ynbTarhl u3mepeHuit

[Topsnok JlaBiieHue 1o MaHOMETPY Paznocth An
min nokaszarenei C=—,
JleBoe I[paBoe AP IIPEJIOMIICHHUS, AP
KOJIEHO, KOJIEHO, MM.BOJL.CT. Ia An 1
MM. MM. ITa
1.
2.
3.
4.
5.

7. BbIUMCIUTH PAa3HOCTHb JaBJI€HUU AP B JIEBOM U MPaBOM KOJIEHE MaHOMETpa M AN 1o
dopmyne 19.15.
8. I[Moctpouts rpaduk An = f(AP).
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An.
Am

9. Ilo rpaduxy onpenenuts oTHOIIEHHE (=

10. PaccuntaTth mpuOOpPHYIO HOTPENTHOCTD 1O (hopMyIIe

L_AC_Am AL AL A4P) (19.16)
C m A L AP
roe Am =0,
Al u A, AL 1 L naHbI B TOTIOJTHUTEIBHBIX YKa3aHHUIX K paboTe;
A(AP) =1+ 1 =2 MM BOJHOTO CTOJIOA;
AP — HauMeHbIIIee 3HAYCHUE PA3HOCTH JABJICHHUH B OTIBITE, B MM BOJHOTO CTOJIOA.
11. Onpenenuth abcoMOTHYIO MorpemHoct AC=¢- C=....

12. PaccuuTaTh mOKa3zareinb MPEJIOMIICHHS BO3IyXa IMPH HOPMAIBHBIX YCIOBHUSAX IIO
dbopmyre (19.10). OTBeT mpenoCTaBUTH B BUJIE

N=1+(C-PoxAC-Po)=..., e=....
19.6 Koumponvhsie eéonpocut

1.B yem 3akitouaercs siBineHue uHTepdepeHunn?

2. Kakye MCTOYHMKH CBETA HA3bIBAIOTCSI KOTEPEHTHBIMU?

3. Kakoii Buj OyzeT umeTh HHTEpPepeHIIMOHHAast KapTrHa B 6emom cBete? [louemy? [Touemy
HYyJIEBasl MI0JI0Ca HE UMEET PAy>KHOM OKpacku?

4. Tlouemy B DOKCIEpUMEHTE MNpPHU U3MEHEHHM [JaBJICHUS NPOUCXOJUT  CABUT

UHTEeP(HEPEHITMOHHON KapTHUHBI?
5. O0BICHUTD POIb IIAcCTHHBI 3 B nHTEepdepomerpe [TN-5.

6. O6bsicauTh padoty LIN-5.
7. BeiBectu hopmyiy 19.16.

8. KaKy'IO 4aCTb OT HOPMAJILHOTI'O aTMOC(l)epHOFO JaBJICHHUS COCTaBJIACT MaKCHUMaJlbHas

Pa3HOCTb I[aBJ'IeHI/Iﬁ B KIOBETax IIpU 3KCHepI/IMeHTe?

Conep:xanue oTyera

1. JJaboparopHas pabora No ...

2. HaumenoBanue paboThI.

3. Llenb paGoTHI.

4. ITpuGopsl 1 MaTepUabI.

5. UepTex miin cXema yCTaHOBKH (eciiu TpedyeTcst).

6. @opMysbl HCKOMBIX BEJIMYUH M UX IIOIPELUIHOCTEN.
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7. Tabnmuua ¢ pe3yabTaTaMu H3MEPEHUI U BBIYUCIICHUH TIOTpelTHoCTel (eciu Tpedyercs).
8. Boiuncienust pe3yabTaroB.

9. OkoHYATENBHBIN PE3yIbTAT, BHIBOJ U IIPOUEe (COTIIACHO METU padOThI).

B BBIBO/IE HEOOXOAMMO OTBETUTH HA BOIIPOCHI:

- 4TO BBI JIeJIaJIA, B UM LIeJIb Baiiei paboThl;

- KaKue pe3yibTaThl Bbl OKUAAIN MTOJTYYHTh;

- COBIAJIM JIX PE3YIbTATHI Balleil pabOThI C 03KHUIaEMBIMHU.

CHmCcoK JIMTepaTypbl, PEKOMEHIYeMO# K UCIIOJIb30BAHUIO 10 JaHHOU padore: [1-9]

JIABOPATOPHAS PABOTA Ne 20. OIIPEJEJIEHUE JUJIMHBI BOJIHBI CBETA MJIN
PAINYCA KPMBU3HbI JIMH3LI ITPU ITOMOIN KOJIEL] HBIOTOHA

He.]]b paﬁoTbl: I/ISMepI/ITB JJIMHY BOJIHBI CBETA UJIK PaaAnNyC KPUBU3HBI JIWH3EGI.
20.1 Ob6opynoBaHMe U MaTePHAJIbI

1. 3mepuTenbHbIii MUKPOCKOIL.

2. [1n10oCKOBBITYKJIas JIMH3A.

3. [TnockonapasuienbHas MIACTUHKA.

4. IcTOYHUK MOHOXPOMATHYECKOTO U3Ty4YEHHUS.

20.2 TeopeTuueckoe BBeieHHE

[Ipu HanOXeHUH CBETOBBIX MMYYKOB OJIMHAKOBBIX JUTMH BOJIH U C IOCTOSTHHOM Pa3HOCTHIO (a3
BO3HUKAET TepepacipeiesieHle YHEPIHH CBETOBBIX IIYYKOB B IIPOCTPAHCTBE, IPU KOTOPOM B OJIHUX
TOYKaX MPOCTPAHCTBA BO3HUKAET YCUJICHHE MHTEHCUBHOCTU CBETa — MaX (MakCUMyM), a B APYrUX
YMEHbIIICHHE HHTEHCUBHOCTH JI0 HYJISI — MIN (MUHUMYM). DTO SIBJICHUE Ha3bIBACTCS MHTEphepeHIIneH
CBeTa.

[Tyuku cBeTa OJHOMN AJTUHBI BOJHBI U C IOCTOSIHHOM Pa3HOCTHIO a3 (MOHOXPOMATUYHbIE)
JAI0T TOJBKO KOTEPEHTHBIE MCTOYHUKH, KOTOPbIE MOTYT OBITh MOJYYEHBI JHIIb MCKYCCTBEHHBIM
nyreM. KorepeHTHble MCTOYHUKH TOIYYalOT Pa3NUYHBIMU CHOCOOAMHM, Yallle MyTeM pa3/eicHHUs
OJIHOTO JTy4ya Ha JIBa WK Ooee.

OpnuM U3 crioco0o0B MOTyYeHUsI KOTEPEHTHBIX JIy4eil ¢ Mocleayroeil ux nuatepdepeHiueit
SABIIAETCA pa3lielieHHe Jiydya TMpU TMaJeHUH Ha TOHKYI0 IUIGHKY KakKoro-mmbo BellecTBa
(uHTepdepeHLnss B TOHKMUX IUIeHKax). [Ipy HanokeHHH dydell, OTpaKeHHBIX OT MepeIHed U OT
3aJJHel TOBEPXHOCTH IUIEHKH, BO3HUKAeT MHTepdepeHuus. Pe3ynbraT uHTepdepeHuun B JaHHOU
00J1acTH MPOCTPAHCTBA 3aBUCUT OT PA3HOCTH XoJa jyded. Takxke HE0OXOAUMO y4ecThb, YTO IPHU
OTpa)KEHHH CBETa OT ONTUYECKH 00Jiee IUIOTHOM cpeibl MPOUCXOIUT MOTEPs MOTYBOJIHBI % .

B pa60Te B KaueCTBE TOHKOM IIJICHKHU HCIIOJIB3YCTCA BOSI[yI_HHBII\/'I 3430p MCKAY BBIHYI(HOﬁ
MOBCPXHOCTLIO HHOCKOBBIHYKHOﬁ JIMH3bI U HHOCKOH&p&J’IJ’ICJ’ILHOﬁ IUTACTHUHOM.

20.3 Teopetuueckoe 000CHOBAaHHE METOAUKH IKCIIEPUMEHTA
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[InockoBbImyKIIasi JIMH3a KIJIAJETCS Ha IUIOCKONApAJIEIbHYIO IUIACTUHY BBITYKION
ctopoHo#. Takum 00pazom, MEX 1y TUH30M U TIIACTUHOW BOSHUKAET BO3AYIIHBIN KJIIMH IEPEMEHHOU
TonuHbl. [lyqok mapamienbHbIX Jydeil najaeT Ha JIMH3Y BepTUKAIbHO BHU3 (pucyHOK 20.1).

/o

.-]IIII

A
,]” 1|||
B 0

Pucynoxk 20.1 — JIlun3a Ha miocKkonapaijielbHOM IJIacTUHE

PaccmotrpuMm mnosenenue syda | nmpu mageHnu Ha auH3y. JIyd 1 mpoxomuTt B JIMH3Y M
YaCTUYHO OTpa)kaeTcsi B TOUKE A IpaHUIlbl CTEKII0-BO3yX (17), a Takke 4aCTUYHO MPEeIOMIISIETCS U
MPOXOJUT B BO3AYIIHBIN 3a30p (1°7). JIyu 1°° oTpaxaercst B Touke B u yd 1°°° magaer Ha rpaHuiy
BO3IYX-CTEKJIO, TJe TpesoMiisieTcs u jyd 1’777 uHTepdepupyer ¢ jgydoMm 1°, Tak Kak ITH JTy4H

SIBJISIIOTCS KorepeHTHhIMH. [Ipu oTpaxenuu B Touke B myd 1777 Tepser momyBoaHY % Takum

o0pa3oM, OITHYECKast pa3HOCTh Xoma A Mexay jiydamu 1’ u 1°°°° paBHa
2

A:Z-d-n+&, (20.1)

2

rie d — ToJIKHA BO3IYIIHOTO 3a30pa B MECTE MaJCHuUs Jiy4a 1;

N — moKa3aTesb MPEJIOMIICHHS BO3ayXa (cuntaem N = 1);

A — JUITMHA BOJIHBI MAJJAIOIIETO CBETA.

PaccMoTpeHHast HaMu TOYKa 4 JISKUT HA PACCTOSIHUU O OT TUIACTUHBI, U TAKMX TOYCK Ha
nuH3e — OeckoHEeUHOe MHOXeCTBO. Bee onu paBHOyAaneHs! ot npsimoit OO’ ,To ecTh HaXOAATCS Ha
OKPYKHOCTH C paguycoM I' u ienTpoM B Touke C. Pesynbrar unrepdepenuuu aydeid 1’ u 17777 nns
TUX TOYeK OydeT OJIWHAKOB, CIIEJOBATENbHO, WHTEp(EepeHIIMOHHAs KapTHHa OyaeT coO0oi
MIPEJICTaBIATh YEPETYIOIMECs CBETIIbIE U TEMHBIE KOJIbI[Aa YMEHbIIAIOUIECs IUPUHBI (pucyHokK 20.
2).

BrisicHuM B3auMOCBSI3b JUIMHBI BOJHBI A, paauyca Kojiblia HeroToHa I u paguyca nuH3bI R.
N3 pucynka 20.1 cnenyer

Pucynoxk 20.2 — Konsiia HetoToHa
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00'=04 =R.

Torma
r2=R?*—(R-d)?*=R?*-R?+2Rd—d? (20.2)
Tak xax TomnuHa d << R, nmeeM
r~2-R-d Hﬂndzi. (20.3)
2R
[ToncraBum (20.3) B (20.1)
r’
N=—+~ (20.4)
R 2

PaccMmotpuMm TemHble kKosblla Hetorona (min). [ns ux oOpa3oBaHHUs, COTJIACHO TEOPUH
BOJIHOBBIX ITPOLIECCOB, H€06XOI[I/IMO BBITIOJTHCHUEC YCJIIOBUA

A:(Z-m+1)-72‘, (20.5)

r7ie M — HoMep MHHUMYMa (B HaIIeM CiIydae 3TO HOMep TeMHoro koieia), m=0, 1, 2, ...
[Tpupasusem npassie yactu (20.5) u (20.4)
2
r- A A
— 4+ =m-A+—. (20.6)
R 2 2

N3 (20.6) BbIpa3uM paauyc M-ro TEMHOTO KOJIbLa

r =+vMmRA . (20.7)

B nienTpe nnTephepeHIIMOHHON KapTHUHBI OyIeT HaOMI01aThbCsl TEMHOE TATHO, TaK Kak M =
0, ro=0.

Taxkum oOpazoM, eciiu U3MEPUTh PaTuyCc M-TO KOJIbIA I'm, TO MOXHO TI0 dopmyie (20.7)
HaWTH KakOW-TMOO0 HEW3BECTHBIM Mapamerp: A wim R. DTo MBI M Hcmoas3yeM B Hamied pabore.

e

Pucynoxk 20.3 — JIuH3a Ha nacTuHe

C Y4E€TOM 3a30pa

Onnako ¢popmyinoit (20.7) Ha MpakTHKe MOJIb30BAaTHCS HEb34, TaK KaK JIake Ha «a0COIIOTHO» YUCTOM
IUTACTUHE BCET/la HaXOAATCS NBUIMHKU. [1o3TOMy Mexay JIMH30M W IUIaCTHMHOM BCerja MMeeTcs
HEKOTOPBIH 3a30p TOMIKHON X (prucyHOK 20.3).

BcneacTrue Hanuuus 3a30pa MOoABJIACTCA NJOTIOJHUTCIIbHAA PA3HOCTh X0Ja ( 2 'X)

148



A=2-d +72“+2-x:(2~m+1)}2‘, (20.8)

2
r< A A
T2 X=mA+ (20.9)
R 2 2
U Torna paamyc M-ro TeMHOTO KOJIbIIA OTIPEACTUTCS 110 hopMyie
r2=RmA—2RX. (20.10)

BGJH/I‘-H/IHy X HEJIb341 U3MEPUTH HEHOCPCACTBCHHO, HO MOXHO HCKJIIOYHUTH, 3HAdA paguyc

apyroro, k-ro xosbiia
Iz =RkA—2RX. (20.11)
Torna, Bbruta u3 ypaBuenus (20.10) ypaBuenue (20.11), nonyuum:
r2—rz=RA-(m-k). (20.12)

Ha npaktuke ygoOHO U3MepsITh HE paJnyChl KoJjell, a auameTpsl. Torna gpopmyna (20.12)
MIPUMET BH/T

d _dg

=RL-(m-k). (20.13)
4 4
Ucnonw3ys hopmyny (20.13), MOKHO HANTH WK PAINyC KPUBU3HBI JINH3BI
d2—d?
R=—"m “k_ (20.14)

4)-(m—Kk)
WM HEM3BECTHYIO JUTMHY BOJIHEI
2 2
A= d m —d k

= (20.15)
4AR-(m—K)

20.4 Onucanue yCTaHOBKH

Cxema ycTaHOBKH M300paxeHa Ha pucyHke 20.4, rae 1 — HCTOYHMK CBETa; 2 — KOJUICKTOP;
3 — muadparma; 4 — cBeToPprIIbTP; S — AMH3BI; 6 — OTpaXkaTeabHas TUIACTUHKA; 7 — O0OBEKTHB; 8 —
00BbeKT (JuH3a); 9 — nmpusma; 10 — OKyIISIpHBIA BUHTOBOM MHUKPOMETP.

Hcrounuk cBeta 1 KOJIIEKTOPOM 2 MPOEKTUPYETCS HA LIEHTP Auadparmsl 3 U fanee TMH3aMu
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Pucynox 20.5 — HenoBwxHas mkana ¢ ABOMHOM
PHCKOM U TIEPEKPECTUEM B TOJIC 3PCHUS

MHUKPOCKOIIa

4
o

OTPAKATEJIBHOM IJIACTUHOW 6 mepenaercs
Ha o0bekTuB 7. [Ipoiins yepe3 0ObEKTHB
7, Mydu majnaroT Ha OOBEKT 8, co3maBas
paBHOMepHOe ero ocBeuieHre. OObEKTUB
7 BMecTe ¢ pu3Moit 9 naet nzobpaxeHue
OCBEIIEHHOTO O0BeKTa 8 B (POKAIBHOU
IIJIOCKOCTH OKYJISIpHOTO Mukpometpa 10.
C  1oMOUmBK  OKYJISIPHOTO
BUHTOBOTO MHKPOMETpa IPOU3BOJIAT
U3MepeHue auaMeTpoB kojen HpioToHa.
B  ¢okambHONH IMJIOCKOCTH  OKYyJIsApa
HAXOJUTCS HemoaBmKHas mmkana (0 — 8)
u MOJIBUKHAS MJIaCTUHKA C
MEPEeKPECTUEM U JIBOMHON  PHUCKOMH,
IpUYEM LIEHTpP MEPEKPEeCTUss HaXOIUTCS
Ha OJIHOM BEPTUKAJIH C IECHTPOM JIBOMHOM
pucku. J[BoiiHas pucka M IepeKpecTue
nepemMeniaroTes BaoJb mkaisl (0 — 8) npu
MOMOIIY BUHTAa MHUKPOMETpA, KOTOPHIN

HaxXoJUTCA HEMMOCPEACTBCHHO Ha OKYIIAPE, C npaBoﬁ CTOPOHBI.
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Ha 1IKasne Oapabana
MUKpPOMETpUYECKOro BUHTa Haxoautcs 100
nenenuii. [lomuelii  moBopoT  OGapabana
BOKpDYI  CBOEH  OCH  COOTBETCTBYET
MEPEMEILECHUIO JBOMHOW PUCKH, a, 3HAYUT, U
NEepeKpecTusi, Ha OJTHO OOJIBILIOE JICIEHUE TI0
HEIOJBUKHOM IIKaJe MHUKpoMeTpa. Takum
00pa3oM, MO HEMOJBMKHOM IIKaJI€ MOMXKHO
OTCUUTHIBATh COTHHU JICJICHUH, a MO IIKaje
Oapabana — geciaTku u enuuHuibl. llena
JICTICHUS Oapabana JaeTCst B
JIOTIOJTHUTEIbHOM yKa3aHUU.

CneBa OT HyNs Ha HENOJABHKHOM
HIKaJIE JIEJICHUI HET, XOTs JIBOWHAs pHUCKa,
NepeKpecTue, a TakxkKe JIeBble Kpas

01234567

Pucynox 20.5 - HenojawkHas IIKana €  juaMeTpoB KOJEI] MOTYT HAXOAUThCS CieBa

JBOMHOM PHUCKOW M IMEPEKPECTUEM B IIOJIE 3PEHHUSA OT Hynd. [lui  npoeneHwsi - OTCuCTa
HEOOXOINMO:

MHKpOCKOIIa 1. CocunTaTh KOJMYECTBO MOJIHBIX

000poTOB OapabaHa mpU NEpeMelIeHUH
JIBOWHOW PUCKU BJIEBO OT HYJSI — 3TO Oyjaer
KOJIMYECTBO COTEH JIEICHUIA.

2. OnpenenuThb, KaKoe U3 JIeJICHUI Ha OapadaHe COBIAJIO C HYJIEBOM OTMETKOH, a 3aTeM OT
9TOro 3HaueHusa oTHATEL 100 — 3TO JACT NECIATKH U e TUHUIIHI JSIICHHUH.

Hanpumep: npu HaBeneHWHM MEpeKpecTHs HA JIEBBIM Kpall JauaMmeTrpa 5-TO KoJiblia ObLIO
CIENIaHO JBa TOJHBIX 000poTa, W OapabaH moka3biBaeT 64 neneHus. CiemnoBaTenbHO, OTCUET
cocrasiser: — (2-100) + (64 — 100) = — 236. 3HaKk MHUHYC YKa3bIBACT, YTO MOJyYEHHOE 3HAYCHHE
HaXOJUTCS clieBa OT HYJIS.

20.5 3agaHue ¥ MOPSII0OK BBITIOJTHEHUSI padoThI

1. Bkitouuth ocBeTutenb. XKaarh 2 — 5 MUHYT JJ0 HarpeBa JaMIIbl.

2. IToJ10KUTh TMH3Y HA CTEKJIO BHIMYKJIONH CTOPOHOM U YCTAaHOBUTD IAHHYIO CUCTEMY B TT0JIC
3pEeHHsI MUKPOCKOTIA.

3. Ucnonb3ys MeXaHW3M HaBOJIKH, TOOUTHCS PE3KOTO M300payKEHHUS IITKAJIBI B ITOJIC 3PCHHS
OKYJIIPHOTO MUKPOMETpa, a Takxke kosen HproToHa.

4. TlepeMmecTuTh NepeKkpecTue B IEHTP Mol 3peHus. [Ipu 3ToM ABOMHAS pucKa JTOJDKHA
HaxoJUThCs Ha Idpe 4, a MUKPOMETPUUSCKHI BUHT TIOKA3bIBATh HYJIb.

5. IlepenBurasi CTEKISTHHYIO IJIACTUHKY, HA KOTOPOM JICKUT JIMH3a, C MOMOUIBIO MOJI3YHKOB
npenaparoiepykarelisi T0OUThCsl TOro, 4ToObl Kosblla Hpl0TOHA HAXOIUIUCh TOYHO B IIEHTPE MOJIS
3penus. [Ipu sToM nepekpecTtre OyIeT HAXOAUTHCA B LIEHTPE TEMHOTO MATHA IOCEPEINHE.

6. IlepemecTuTh mepeKkpecTHe Ha JIEBBIA Kpail MOCIEAHET0 HHTEPECYIONIEro Hac Kojblia U
CHSTH OTCYET 10 HEMOABM)KHOM IIKAJIC U IIIKAJIe MHKPOMETPA.

7. IlepeMemiasi mepeKpecTUe BIPABO, MOOYEPEAHO CHUMATh KOOPAMHATHI CHadalla JICBBIX
KOHIIOB AMAaMETPOB Kouel: 5-ro, 4-ro, 3-ro, 2-ro, 1-ro, a 3aTtem u npasbix: 1-ro, 2-ro, 3-ro, 4-ro, 5-
ro.

8. Jlannble m3MepeHuii 3aHectu B Tabmuiyy 20.1. J{ns mepeBoaa JUIMHBI AUaMETPOB U3
JIeNIeHU B METPBI HCIOIH30BaTh LIEHY JAeTeHHs nmpudopa (6epeTcs U3 JOTMOTHUTETHHOTO YKa3aHHs).
Tabnuua 20.1 — Tabnuna 3anucu pe3yabTaToB U3MEpeHHH

No JleBblii kpau [IpaBeiit kpaii | unamerp Hnametp Auma R, M AA umm
KOJIell | JuMaMeTpa JeNl. | AuameTpa Jejl. | KOJel Jel. |  KOJIell, M AR, M
1
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BN

Cpennee 3HaueHue

OIIHOKY

(20.14)?

9. Mo dopmyme (20.14) wmu (20.15) HaTH HEU3BECTHYIO BETHYUHY.

10. Ommbka ompexaemnsiercss mo oOmmM mpaBwiaM. Heo0XonuMo OLEHHTh MPHOOPHYIO
1 OLIMOKY M3MEpPEHUH, 1 OOJIBIIYIO U3 HUX MIPUHSATH 32 OUIMOKY paOOThI.

11. OtBeT 3anucath B CTAHJAPTHOM BH/IE.

20.6 KoHTpoJIbHBIE BONIPOCHI

1. Yro Takoe nuntepdepeHus? YciaoBus HaOM0IeHNUS HHTEPPEPEHITUN.

2. Uto Takoe mosjockl paBHOTo HakiaoHa? [Tomockl paBHOM TOMIIMHBI?

3. OOBSICHUTh METOJIMKY SKCIIEpUMEHTA U JIaTh BBIBOJ popMyisl (20.14).

4. Tlouemy myis pacdera HeNb3sl MOJb30BaThes (popmynoi (20.7), a Hamo — dopmynoi

5. Kak m3meHuTcs JAUaMETP KOJICH Hrrotona Ipru UBMCHCHHUU JIMHBI BOJIHBI ITaJAarOIICTO

ceera? [Ipu 3aMeHe BO3qyxa IpyruM BEIIECTBOM?

6. Uto nmpou3oiiieT, ecar BMECTO MOHOXPOMATUYECKOTO CBETA UCIOJIb30BATh OEbIii?
7. ITouemy TOJIIMHA KOJIEL] YMEHBIIAETCS C YBEIMUEHUEM TMaMeTpa Kojen?
Conep:xanue oTyera

1. JJaGoparopnas padota Ne ...

2. HaumeHnoBaHue pabOTHI.

3. llenb paGoTHI.

4. ITpuGopsl U MaTEpHUAIIHI.

5. YepTex wim cxeMa yCTaHOBKH (eciu TpedyeTcs).

6. DopMyIbl HCKOMBIX BEJIMYUH M UX MOTPEITHOCTEH.

7. Tabnuna ¢ pe3ynbTaTaMu U3MEPEHHUI M BBIYUCIICHHH TIOTPEITHOCTEN (ecim TpedyeTcs).

8. Beruncnenus PE3YJIbTAaTOB.

9. OxkoHYaTenbHBIN Pe3yIbTaT, BHIBOJ U IIpoUee (COTIACHO LENTU padoThI).

B BeIBOZC HCO6XOI[I/IMO OTBCTHUTDH Ha BOIIPOCHI:

- 4TO BBI JIeTIANIM, B YEM LIeJIb Baliel padoThl;

- KaKueC pe3yJIbTaThl BbI OXKUJAJIN ITOJYUNUTD,

- COBIIAJIN JIK PE3YJIbTAThI BallIei pa6OTBI C OKHJJaCMBbIMHU.

Crnucok JuTeparypsl, PEKOMEHIyeMOH K UCIIOJIb30BAHUIO IO JaHHOU padoTe: [1-9]
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JIABOPATOPHASI PABOTA Ne 21. OIIPEJIEJIEHUE JUUIMHBI CBETOBOM BOJIHBI ITPU
[IOMOIIU JIUPPAKIIMOHHOM PEIIETKHA

Henab paGoThl: U3MEPUTD JUIMHY BOJIHBI CBETA.

21.1 OGopynoBaHHe U MaTepHAJIbI

1. IndpakumoHHas pemerka.
2. OnTuyeckas CKaMbsl.
3. Ocserutens OY-1 nnn nazep JII'-4.

4. Ceerouibtp.

21.2 TeopeTnyeckoe BBeJeHUE

SIBneHME OTKIIOHEHUSI CBETOBBIX Jy4€H OT MPSAMOJMHEWHOIO IYTH PaCIpOCTPAHEHHs IIPH
MIPOXOXKJEHUH B CpeJie C ONTHUYECKUMU HEOTHOPOJHOCTIMHU HazbIBaeTcs nudpakuuei. Judpakuus
SIBJISIETCS TIPOSIBJICHHMEM BOJIHOBBIX CBOWMCTB cBeTa. Jludpakius CymecTByeT HE3aBUCHMO OT
COOTHOIIIEHUH pasMEpPoOB HCOAHOPOAHOCTHU (HperITCTBI/IH) W JAJHHBI BOJIHBI, HO OTYCTJIIHMBO
HaOIr01aTh TM(QPAKIIMI0 MOKHO JIUIIH TIPU OMPEICTICHHBIX YCIOBUSX.

OtyeriiuBo nudpakmuss OymeT HaOMIOAAThCS TPU HUHTEPPEPEHIIMH BOJIH, OTHOAIOIINX
npensTcTBre. B 3ToMm ciydae Ha TeMHOM (oHE (dKpaHe), TIe M0DKHA ObITh TEHb OT MPETSTCTBUSA,
MOSIBSITCSL CBETIIBIC O0JIACTH — MAKCUMYMbI HHTEp(epeHIINH.

OmauM #3 cnocoOOB TMOJYYeHUsS YCTOWYMBON IH(PPAKIIMOHHOW KapTUHBI SIBISICTCS

MPOITyCKaHHe cBeTa yepe3 TUPPAKIIHOHHYIO PEUIETKY.

JudpakironHas peuierka

JudpakuroHHas pelieTka MpeacTaBIsieT cOO0W COBOKYMHOCTh IMPO3PAayHbIX JUIsl CBETa

OJIMHAKOBBIX IIeJIeH, pa3/IeICHHbIX PABHBIMU HEMPO3PAYHBIMHU MMPOMEKYTKaMH (pUCYHOK 21.1).

Pucynox 21.1 — ludpaxnuonnas pemerka

a — IMPHHA [IeNH, D — MUpUHA HEMPO3PAYHOTO MPOMEKYTKA,

d = a + b — mepuon perrerku.
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Judpakimonnas KapTuHa

Ecnu Ha mudpakiMOHHYIO PEIIeTKY HANpaBUTh MapajuIeibHbBIN Iy4OK CBETa, TO (POHT
BOJIHBI OyJieT B MIOCKOCTH pemieTku. [To mpuanmmy [roiirenca Bce Touku (poHTAa MOKHO TPUHSTH
3a 3JIEMEHTapHbIE HCTOYHUKH, IOCHIIAIONINE CBET 10 BCeM HampasiieHUsM. Ho Ha akpaHe cBet Oyzer
HaOJI0IaThCS HE 1O BCEM HAIIPABIICHHSM, a JIUIIb 110 TE€M, /i€ pa3HOCTh X0J1a MEXy HUMHU OyneT
paBHa LEJIOMY YHCIY JJIUH BOJH. To ecTh OyneT HaOMIONaThCs COBOKYIMHOCTh CBETJIBIX IOJIOC Ha

TeMHOM ¢oHe. [1o70ckI OyIyT pacooKEHbI B TEX MECTaX, I KOTOPBIX BBITIOJIHSICTCS YCIOBUE
A=KkA (21.1)
Trac A — onTuueckas Pa3HOCTb XO0aa MCEXKAY COCCIHWMH JIydaMH, A - JUIMHA BOJIHBI
najatoriero ceeta; K = 0,1,2,... — HaTypaabHBIN PsIJT YUCEN, ITOKA3BIBAIOIINH MOPSI0K MAaKCUMYyMa.
Ecmn coOpatp nyum, mpomreqmue depe3 JUPPAKIUOHHYIO PEIIETKY, JIMH30HM, TO B €e
(hoxanbHOU TIIOCKOCTH OyJeT HAOMI0AAThCS PS MAKCUMYMOB.

Pa3zHocth Xx0na A, BO3HUKAIOUIYIO MEXKIY COCEIHUMHM JIydaMH, MOXHO OIPEICIUTh W3

|

pucyHka 21.2.

Pucynox 21.2 — PazHocTh X012 MEXIy Jy4amMu

Tak kak AB=d | BC = 4, umeem
A=dsino, (21.2)

TAC ¢ — YroJj, nmoJg KOTOpbIM BUJICH MAKCUMYM.

Torga u3 ypaBuenui (21.1) u (21.2) nonyuaem
dsinp=kx (21.3)

_dsing
B

3Has Inepuoa peicTKn d, " OIpCACIINB YTJIBI P, IO KOTOPBIMU BUAHBI MAKCUMYMBI, MOKHO

A (21.4)

no opmyse (21.4) paccuuTarhb JJIMHY BOJIHBI A.

21.3 Onucanue yCTaHOBKU

B kadecTBe HMCTOUHHMKA CBeTa HCHOJIb3yeTcs pyouHoBbId nazep 1 (JI[-4), Ha xoTtopom
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Kpernutcst audpaknuoHHas pemerka 2. Ha onrtuueckoil ckambe 3, KOTOopas MpeACTaBiIseT coO0i
JUHEWKY C JeNICHUSIMH, MPUKPEIUIAETCS MoNepevHas JIMHeiKa 4 ¢ JeleHUs MU 10 00€ CTOPOHBI OT
neHrpa. Jlyun cBeta mocie BbIX0Ja U3 TU(PPAKIUOHHOW PEIIeTKH UIYT MOJI Pa3HBIMU YIJIaMHU ¢ TIO
OTHOIIEHUIO K [IEHTPAJIbHOMY JIy4y U IONaJal0T Ha JIMHENKY 4, BEICBEUMBasi Ha Hel Tu(paKMOHHbIE

MaKCUMYMBbI HYJICBOI'O, IICPBOr0, BTOPOIo U T.A. IIOPAAKA.

Pucynok 21.3 — Cxema 3KCIEpUMEHTAIbHON YCTAHOBKH

VYT05 ¢ COOTBETCTBYIONIETO JU(PPAKIIMOHHOTO MAaKCUMyMa MOKHO OMPEENUTh 10 (popmyrie

gy = T (21.5)

|

[Tocne atoro mo (21.4) MOXKHO pacCUMTATh JIJTUHY CBETOBOU BOJIHBI A.

21.4 3a0anue u nopaook evinoHeHUA padomol

1. BKIIIOYHTH UCTOYHUK CBETA.

2. JloOuthcs nosiBneHus: AudpakiimoOHHON KapTUHBI HA 1IKaie 4.

3. Ompenenuts noynoxeHue 4 — 6 MaKCUMyMOB.

4. TlpousBectu BbluncieHus mno gopmynam (21.5), (21.6), (21.4), pe3ynpTaThl 3aHECTH B

tabnuiy 21.1.

5. BBIUMCIUTH MOTPEeIHOCTh U3MEPEHUHN ABYMsI CITOCOOaMU.

6. OTBer 3amucaTh B CTaHAApTHOM BUIC.
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Tabmuua 21.1 — Tabnuna u3mepennii

Ne PaccrosiHue 1o tge o, sing A, A4,
max MaKCHUMyMa pan M M
BJIEBO BIIPaBO cp.
MM MM MM
1
2
3
4
5
Cpennue 3HaYCHHS Aep Adep
A\
[Ipumeuanue: T , OOYCIIOBJIEHHYI0 METOJMKOM 3KCIIEPUMEHTa U HCIOJIb3YyeMbIMU

npudopamMu, omnpesensieM o Gopmyie
Ak Ad N Asing
A d sing -

Tak kak yrox ¢ omnpezensiercsi 4epe3 TaHr'€HC, TO

Asing  Atge
sing tgo
Agp _ Al AL
tgp I L
M_ad A A
A d I L -

21.5 KoHTpoJIbHBIE BONIPOCHI

. B uem 3axitouaercs siBinenue audpakuun?

1
2. Yto Takoe nudpakmroHHas pemerka?

w

. [louemy nudpakumoHHas penieTka siBisieTcs JUCIEPCHOHHBIM MpUoopom?
4. Yewm ornunuaercs AU(ppakIUOHHBINA CIEKTP OT MPU3MaTHIECKOro?

5. Jatb BeIBOI hopmymsl (21.3).

6. lates BbIBOI hopmyisl (21.5).

7. Ipunuun @penens-Iroiirenca.

8. Merox 30u ®penens.

(21.6)

9. HapwucoBath audpakiiMOHHbIe KapTHHBI At cutyanuit: A >> d, A << d, A ~d, rme 1 —

JJIMHA BOJIHEI, d- pasMeEp NpeusATCTBUA.

Conepxanue oTuyeTa
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1. JJaboparopuas pabota Ne ...

2. HaumeHoBaHue pabOTHI.

3. Llenb paGoTHI.

4. TIpuGopsl M MaTepHAIIBL.

5. UepTex uim cxeMa yCTaHOBKH (eciiu TpeOyeTcs).

6. ®opMyIIbl HCKOMBIX BEJIMYMH U X MTOTPEITHOCTEH.

7. Tabnuua c pe3yapTaTaMi U3MEPEHUI U BBIYUCIIEHUH TorpetHocTel (eciu Tpedyercs).
8. Beruncienus pe3yabTaToB.

9. OkoHYaTenbHBIN pe3yiabTaT, BHIBOJ U IpoYee (COMNIaCHO LIETU padOThI).
B BBIBOZIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JIeJIaJIU, B 4YEM LieJb Baliel paboThl;

- KaK#e pe3yJbTaThl BBl 03KUIATHU TIOJTyIUTh,

- COBIIAJIM JIU PE3YJIbTAThl Ballel paboThI C 0KHIaEMbIMH.

CIuCOK JUTEpaTyphl, PEKOMEHIYEMOM K HCIOIb30BAHHUIO TI0 JaHHOM padoTe: [1-9]

JIABOPATOPHA PABOTA Ne22. OIIPEAEJIEHME KOHIEHTPALIMY PACTBOPA
ITPU ITIOMOIIN KPYT'OBOI'O IIOJIAAPUMETPA

Heabr padorbl: [lo3HAaKOMUTBCS C MNPUHIMIIOM pabOThl KPYyroBOro MoOJsIpUMETpa U

OIIPCACIINTE KOHLICHTPAOWIO paCTBOpa caxapa.

22.1 O6opynoBaHue U MaTepuabl

1. Tlomspumerp.
2. TpyOxka c pacTBOpoM caxapa.

3. OcseTurens.

22.2 TeopeTnueckoe BBeCHUE

Csetr MMpEACTaBJIACT coboit QJICKTPOMArouTHYIO BOJIHY, B KOTOpOI‘;I MMPOUCXO AT KoJIeOaHHS
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BEKTOPOB B u E Bossanvmo IEPIEHIUKYJIPHBIX IUIOCKOCTAX. Hanpasienue pacpocTpaHeHus
BOJIHBI MEPIECHANKYISPHO TIOCKOCTSIM KOJIEOAHUN BEKTOPOB BuE. Hanpasnenue xonebanuit

BEKTOPOB BuE s Ipezeiax IIOCKOCTH, EPIEHINKYIIIPHON HAIIPABICHUIO PACIIPOCTPAHEHUS
BOJIHBI, HENPEPBIBHO MEHAETCS B CHIIy XaOTMYHOCTH IIpOLiecca H3JIydeHHsI BOJIHBL. Ecim Bce

HaIpaBJIeHUs KOJIeOaHUH paBHONPABHbI (PABHOBEPOATHBI ), TO TAKOM CBET HAa3bIBAETCS €CTECTBEHHBIM

Ld

E E

Pucynok 22.1 — EcTecTBEeHHBIN CBET Pucynox 22.2 — [lonsspru30BaHHbIN CBET

(pucynok 22.1). Ecnu e koneGaHusi MPOUCXOAAT BJIOJIb OJJTHOTO HampaBieHUs! (0JHON MIIOCKOCTH),

TO Takas CBETOBas BOJHA Ha3bIBa€TCAd JIMHEHHO TMOJISIPU30BAHHON (IJIOCKOIOJISIPU30BAHHOMN)

(pucynok 22.2). IlmockocTh, B KOTOPOW MPOUCXOMAT KoJieOaHUS BEKTOpa E , Ha3bIBaeTCs

IUIOCKOCTBIO KOJeOaHuM, a IJIOCKOCTh, B KOTOpPOMl MPOUCXOIAT KojeOaHUs BEKTOpa B -

IIJIOCKOCTBIO MMOJIAPU3aIlHH.

HpI/I HpOXO}KI[eHI/II/I HHOCKOHOHHpI/IBOBaHHOFO CBCTa qepeS HeKOTOpBIe BCIIECCTBA
Ha6J'IIOI[aeTCH HOBOpOT IIJIOCKOCTH nonﬂpnsaunn. TaKI/Ie BCIICCTBA HA3BIBAKOTCA OIITHYCCKH
aKTUBHBIMH (KBapIl, BOAHBINA PacTBOp caxapa, INIFOKO3bI, XJIOPMHUIIETHH U JIp.). B TBepIbIX BemecTBax
er.]'I HOBOpOTa IIJIOCKOCTH nonﬂpmaunn 3aBHCUT OT TOJIIIMHBI CJIOS BEHICCTBA, qepes KOTOpBIﬁ
npomen CBCT. I[J'IH paCTBOpOB OIITUYCCKN AaKTHBHBIX BCHICCTB YFOJ'I HOBOpOTa 3aBUCUT €IIC U OT
KOHIIEHTPALIMHT

a=akpl, (22.1)
rac o — erJ'I HOBOpOTa ITIJIOCKOCTH HOJ'IHpI/I3aI_II/II/I;

k — KOHHGHTpaHI/IH paCTBOpeHHOFO OINTUYCCKHU aKTHUBHOI'O BC€IICCTBA,

O — KOHCTaHTa, Ha3bIBaCMas y,HCJ'IBHBIM BpaI_I_IeHI/IeM NI HOCTOHHHOfI BpaH_[eHI/IH;

p — IIJIOTHOCTH paCTBopa;

I — OJIWHAa Hy’TI/I CBECTOBOI'O J'Iy‘Ia B paCTBOpe.

HOCTOHHH&H BpaH_[eHI/Iﬂ O YUCIICHHO paBHa er'Iy HOBOpOTa IIJIOCKOCTHU HOJ'I}IpI/ISaLII/II/I CBCTa

TP TIPOXOXKIEHUM UM IyTH JUIMHOH 1 cM B pactBope ¢ koHieHTpanueit 1 r/cm®. TlocTosHHas
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BpaIleHHsI 3aBUCHT OT JJIMHBI BOJIHBI M OT TEMIIEPATYPBI paCTBOPA, HO 3Ta 3aBUCIMOCTb OYEHb ciabdas
U €10 BO MHOTHX CJIy4asiX MOXHO IpeHeOpeyb.

U3 (22.1) MoxHO BBIpa3uTh K

k= <% (22.2)
o, POl

Takum o0pazoM, eciu U3MEPUTh YToJI MOBOPOTA IIOCKOCTH TOJIIPU3AIINH, MOKHO JIETKO
ONPEEIUTh KOHIIEHTPALUIO PACTBOPA, HO Ul 3TOr0 HEOOXO0IUM MOJISPU30BAHHBIN CBET.

Ha npaxTuke nmoJyispu3oBaHHBIN CBET MOKHO MOJYYUTh Pa3IMYHBIMU criocobamu. B Hamei
paloTe moJisipu3anys cBeTa OCyHIECTBISETCA ¢ MOMOINBIO nosisgpousa. [lomsponn nmpomyckaer CBer,
y KOTOPOTo Kojie0aHUsI CBETOBOI'O BEKTOPA MPOUCXOAT MPAKTUUECKH B OJJHON IIIOCKOCTH, T.€. €CIIH
Ha IIOJISIPOMJ I1aJla€T €CTECTBEHHBIM CBET, TO MOCIE MPOXOXKACHUS MOJAPOHAA IOJIydaeM

MTOJISIPU30BAHHBIN CBET.

Pucynok 22.3 — [IpoxoskieHre cBeTa yepe3 NOJISIPOUIbl, y KOTOPBIX
IUIOCKOCTH MPOIYCKaHUS MapauIeIbHBbI
Ecnu Ha myTH moJIIpU30BAHHOIO CBETa MOCTAaBUTh APYroi MOJIAPOU], TO UMHTEHCUBHOCTD
MIPOLIE/IIETO Yepe3 HEero cBeTa OyJAeT MEHAThCS B 3aBUCUMOCTH OT TOT0, KaK B3aUMHO PACIIOJIOKEHbI

TJIOCKOCTH MPOMYCKaHUs KojeOaHui (TOoaspU3aliu) NoJISIpOUIOB.
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Pucynoxk 22.4 — IlpoxoxaeHue cBeTa yepe3 NoJIpouabl, y KOTOPBIX TUIOCKOCTH

MIPOITYCKaHMs COCTABISIOT HEKOTOPBIN yroi

Ha pucynkax 22.3 u 22.4 0603Hau€eHBI:

1. UcTOYHUK €CTECTBEHHOTO CBETA;

2. Ionspoua (mossipu3zaTop);

3. Ionsipoun (aHanMM3aTOP);

A — 00acTh €CTECTBEHHOTO CBETA;

B — o6nacTh mOJIIpHU30BaHHOTO CBETA;

C — oOmacte HaOIOAEHUS.

NHTEHCHMBHOCTh MPOIICIIIET0 Yepe3 MOJAPOUAbl €CTECTBEHHOTO CBETa OMPEIEIsAeTCs
3akoHOM Mautoca.

Ecou B obmactu B Mexay NOJISIPOUJAMHU ITOMECTUTh ONTHYECKH aKTHBHOE BEIIECTBO, TO
IJIOCKOCTh TOJISIPU3AIMH JTyda Oy/eT IMoBOpavYMBaThCs HA HEKOTOPBIM yroJ. Eciu mnepBoHayabHO
IJIOCKOCTH TIOJIAPU3AIMK TOJAPOUAOB ObUIM CKPEIEHBI, T.€. HHTCHCUBHOCTh ITPOIIEIIIETO JIyda B
obnactu C OblIa paBHA HYJIO, TO TENEPb MHTEHCUBHOCTh OyAeT OTIHYHA OT Hyis. YToObI CHOBa
3aTeMHUTH TOJI€ 3pEHHs], HA/I0 MOBEPHYTh aHAIM3ATOP Ha YroJI, paBHBIN yIiIy MOBOPOTA MJIOCKOCTH
MOJISIpU3alliy Jyda B pacTBope. Toraa, ucnonn3ys Gopmyny 22.2, MOKHO HAWTH KOHIIEHTPAIHIO
pacTtBopa.

Omnpenenenre MOMEHTA TMOJIHOTO 3aTEMHEHUS] HE MOXKET OBITh BBIMOJHEHO TOYHO B CHITY
CBOMCTB uenoBedyeckoro riaza. [IoaToMy Ha mpaKkTHKe MPUMEHSIOTCS IOTYTEHEBBIE MOISIPUMETPEI, B
KOTOPBIX HCIIOJIL3YEeTCS CPAaBHEHHE OCBEIIEHHOCTEH OTIENbHBIX udacTeil mois 3penus. [Ipu sTom
NOOWBAIOTCA PAaBHOM OCBEIIEHHOCTH YacTel MOJS 3PEHHs, a 9TO MOXHO CcJAelaTh C OOJbIION

TOYHOCTEBIO.
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22.3 Onucanue npudopa

B paboTe ucronp3yercss WK KpyroBOd MOJSPUMETP, WM CaXapuMeETp, MPUHIUI pabOTHI
KOTOPBIX OJMHAKOB. OTIMYHE COCTOUT B TOM, YTO B KPYTOBOM IOJIIPUMETPE TI0JI€ 3PSHUS pa3IeNIeHO
Ha TpU 4acTu (TpOHOE TOJje 3peHus), a B caxapuMeTpe — Ha aBe 4acTH. OTCYeT yria moBopoTa
TUTOCKOCTH TOJISIPU3AIUH BENIETCA: a) B KPYTOBOM TOJIIPUMETPE MPH ITOMOIIM KPYroBOH IIKAaJbl C
HOHMYycOM; 1ieHa aejtenns — 0,05, kpyrosas mKaa HEMOABIKHA, 2 HOHMYC BPAIIAETCS ¢ TTOMOIIBIO
(bpUKIHOHA, KOTOPBIHA CBSA3aH C aHAIM3aTOPOM; 0) B cCaxapuMeTpe MPH MOMOIIH JIMHEHHOM IKaIbI, y
KOTOPOH HOHUYC HEIMOJBMKEH, a OCHOBHAS IITKaJIa JABUTACTCS TP IOMOIIN (PPUKIINOHA, CBI3aHHOTO
¢ aHanM3aTopoM, 1ieHa aenenus — 0,346°.

[IpuHnunuaneHas cxema NoJsSpUMeETpa MoKa3aHa Ha pUCyHKe 22.5,

1 — ocBeTuTEND;

2 — cBeTOHITBTP;

3 — monspu3aTop;

4 — xBapueBas TUIACTHHA, CIY)KHUT ISl TIOBOPOTA TUIOCKOCTH TMOJIIPH3AIIAY JIyda B IIEHTPE
TIOJISI 3PEHUS, T.€. CO3/IaeT TPOWHOE TI0JIe 3PEHHS,;

5 — TpyOKa ¢ pacTBOPOM;

6 — aHaM3arTop;

7 — oxyJsIp.

A

2 3 6 7

Pucynox 22.5 — [IpunnunuanpHas cxema nojsipuMerpa
@DOKyCHUpOBKa OKYJSpa OCYIIECTBISETCS IepeMenieHneM My(Thl BIIOJIb OCH OKYISPHOU

TPY6I>I I10 HAIIPpaBJICHUIO K I'N1a3y UJIK OT HETO.

22.4 3anaHue ¥ MOPSI/IOK BBITIOJTHEHHUSI Pad0ThI

1.  BKJIIOYHUTH OCBETUTEIIb.

2. Ilepemenias My(dTy OKyJsipa BAOJb OCH NMpUOOpa, TOOUTHCS PE3KOro M300pakeHUs
OJIS 3pEHUSL.

3.  BpameHueM (QpuUKIMOHA aHaIM3aTOpPa YCTAHOBUTH pPABHOMEPHOE 3aTEMHEHHUE
TPOUHOTO (JIBOIHOTO) MO 3PCHHUSL.

4.  CHATH OTCUET IO LIKAJe U 3aHECTH 3HAUCHHE yria o B Tabmuiry 22.1.
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Tabmuua 22.1 — Tabnuua u3mepeHuit

Ne onbita | 1 2 3 4 5 6 7

OTCUCT

cpenHee
3HAYCHUE

HavYalbHBII OTCUET (1

Ao

KOHEYHBIN OTCUET 2

Ao

5. YOpaTh paBHOMEPHOE 3aTE€MHEHHE TPOMHOTO MOJS M CHOBA BBITIOJHUTH I1.3, OMBIT

IIOBTOPUTH 5 — 7 pas.
6. IlomecTuth B mprbOp TPYOKY C PACTBOPOM.

7. IloBropuTth m.m. 3 — 5, 3aHOCS 3HaUeHUs o2 B Tabnuny 22.1.

8.  BrrumcnuTh cpeiHue 3HAYCHUS )T 000UX CITyJaeB W HAUTH yroJI IOBOPOTA TUNIOCKOCTH

MOJISIpU3AIAHU TI0 popMyIie

O = Olyg — Olypg
9.  HaiiTu xoHIICHTpaIHIO pacTBOpa 1Mo Gopmyie (22.2).

10. OmmOKy paccyuTaTh MO OOIINM TIPABUIIAM.

22.5 KoHTpo/IbHBIE BONPOCHI

1.  Kakoii cBeT Ha3bIBaCTCS €CTECTBEHHBIM; TIOJIIPU30BAHHBIM?

(22.3)

2.  Ilouemy moJyiyTeHEBBIMHU YCTPOMCTBAMH MOJIB30BaThCS yIOOHEE, YeM MPOCTO ABYMS

MoJIApouIaMu?
3. OOBICHUTDH YCTPOUCTBO U MIPHUHIIUI pabOTHI MOJISIPUMETPA.
Y10 TaKkoe ONTUYECKH aKTUBHOE BEIIECTBO?

Yto Ha3pIBaeTCsA YACIBbHBIM BpalllCHUEM ITTIOCKOCTH HOHﬂpHSaHHI/I?

4
5
6. 3axon Mamoca?
7 3akoH bprocrepa?
8

YTto Takoe HBOﬁHOG Hy‘IereHOMHGHI/IC?

Conep:xanue oTyera

1. JIaboparopHas pabota Ne ...
2. HaumeHnoBaHue pabOTHI.
3. Llenb paGoTHI.

4. ITpuGopsl 1 MaTepUAIbIL.
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5. UepTex wim cxema YCTaHOBKH (eciu Tpedyercs).

6. ®opMysbl HCKOMBIX BEJIMYMH U UX MOTPEITHOCTEH.

7. Tabmuua ¢ pe3yapTaTaMu H3MEPEHHUA U BEIYMCICHUN MTOTPEIIHOCTEH (eciiu TpeOyeTcs).
8. Boruncienus pe3yabTaToB.

9. OxkoHYaTenbHBIN pe3yibTaT, BHIBOJ U IIPOYEe (COMIACHO LIEIU padOThI).

B BbIBOJIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JI€JIAJIU, B 4YEM LieJIb Balliel paboThl;

- KaKue pe3yibTaThl BbI OXKUIAIN TTOTYYUTh;

- COBIAJIM JIX PE3YyIbTATHI Balleil pabOThI C 03KHUIaEMBIMHU.

CHmCOK JIMTepaTypbl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 10 JaHHOH padore: [1-9]

JIABOPATOPHAS PABOTA Ne 23. U3MEPEHUE CHJIbI CBETA DJIEKTPUYECKOM
JIAMITBI HAKAJIMBAHUSI C TIOMOIIBIO ®OTODJIEMEHTA U OTIPEEJIEHUE EE
VJIEJIbHOI MOIIIHOCTH

Heap pabdoTbI: M3MEPEHUE CHUJIBI CBETA DJEKTPUYECKOW JIaMIbl HAKAJIUBAaHUS |

OTIpe/ieNIeHUE €€ yAeTbHONW MOITHOCTH MPH PA3TUYHBIX HAMIPSDKECHHSX.
23.1 O6opynoBaHNe U MAaTEePHAJIBI

DOTO3IEMEHT.
l'ansBanomeTp.

Jlamma (220 B; 10 Br).
Ammnepmerp (0 + 50 mA).
Boasrmerp (0 + 250 B).

S o

Peocrar.

23.2 TeopeTnyeckoe BBeJeHUE

q)OTOSJ'IeKTpI/ILIeCKI/IC SABJICHUA  HaAOJIM OIrpOMHOC IMPUMCHCHHUE B  TCEXHHUKC. Hx
HCIIOJIb30BAHUC TTO3BOJIMIIO OCYIICCTBUTL 3BYKOBOC KHMHO, TCJICBUACHUEC, BUJACHUC B TCMHOTC U T.I.

HOZ—)TOMy (I)OTOBJICKTpI/I‘-ICCKI/II\/II B(I)Q)CKT MNpEaACTABJIACT UHTCPEC HC TOJIBKO KaK ABJICHUC, U3YUCHUC
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KOTOPOT'O CHIrPajio 0COOYIO POJIb B YCTAHOBIICHUH MPABUIIBHOTO B3TJIs[a HA IPUPOLY CBETA, HO U JUIS
VMH)KEHEPHOU IPAKTUKH.

B 3aBucMMOCTH OT CybObI JIEKTPOHOB, MOTJIOTUBIINX (POTOH, Pa3INn4alOT TPH OCHOBHBIX
Buza dororddexra:

1. B wmeraurax HaOmomaercss BHemHUN (otodddekr. Ilamaromuii Ha MOBEPXHOCTH
MeTajljla CBET HOIVIOIIAETCs CBOOOHBIMU JIEKTPOHAMU B OYEHb TOHKOM clioe BeecTBa. [lornotus
(OTOHBI, SITEKTPOHBI IPHOOPETAIOT SHEPTHIO /1V, TOCTATOYHYIO JUISl TOTO, YTOOBI BBIPBATHCS U3 TEJa
Hapyxy.

2. B mpo3paduHOM JWAJIEKTPUKE M TIOJYNPOBOJHHUKE (OTOH TIOTIIONIACTCS BHYTPH
KpHUCTaJlJia 3JIEKTPOHOM, CBSI3aHHBIM C OINpPEAETICHHBIM aTOMOM peleTKu. [lpu Takom BHYyTpeHHEM
¢doTo3ddexTe AEKTPOH BBIPHIBAETCS U3 aTOMA, HO OCTAETCSl BHYTPU KpHUCTaJLIa.

3. Bentunpnbii  ¢doroddpdexkr. Ha rpaHmme MeTaIUT-IPOBOTHUK  oOpaszyercs
3anuparomuii  cioid. [Ipu ocBeleHWr MOMYMPOBOJHHMKA CBETOM C (OTOHAMHU, 00JIaTAIONTUMU
HEeoOXouMOM sHeprued hv, BbIpBaHHbIE M3 aTOMa N-TOJIYNPOBOJHUKA 3JIEKTPOHBI MPOXOMST
3alUPAOIIMN €O B MPOMYCKHOM HAIlpaBIE€HUM M, CKAaIUIMBAsCh HA BHEIIHEW TIpaHHILE p-
MOJIYTIPOBO/IHUKA, CO3/AAI0T MMOCTOSIHHYIO pa3HOCTh MoTeHnuanos U. Eciu coemHUTh TPOBOJHUKOM
o0e TrpaHUYHbIE TOBEPXHOCTH, TO UYEpe3 HEro MOoTe4yeT TOK, M3MepseMblii TampbBaHOMEeTpoM G.
PaznocTs motennmano U sBIseTCS AJIEKTPOABIKYIIECH CUIIONW TIO OTHOIIEHUIO K 3aMKHYTOM IIETTH.
Ora JJIC cozmaer B MNpoBOAHUKE (POTOINEKTpUUECKUN TOK |p, KOTOpBIN MpomOpIHOHATIeH
MajarolleMy MOTOKY u3ydeHus: .

[TpuGopsl, B KOTOPBIX (OTOIPPEKT UCTIONB3YETCS 17151 TPEBPAIICHHS SHEPTUU U3TYyICHUS B
ANIEKTPUYECKYI0, Ha3bIBalOTCA (poTornemenTamu. @OTO3IEMEHTHI OBIBAIOT Pa3HBIX THIIOB.

Bakyymubie ¢oTosnemeHTsl. OTO (OTORIEMEHThl, OCHOBAHHBIE Ha HCIOJIb30BAHUU
BHemHero (otodddekra. M3roToBnsoTcs OHU B BHUAE CTEKISHHOTO OajulOHA, BHYTPEHHSS
MOBEPXHOCTh KOTOPOTO MPUMEPHO Ha IOJIOBUHY IOKPBITa CIOEM YYBCTBUTEIHLHOTO BEIIECTBA,
o0Opa3yromuM «pOTOKaTOa». DTO BEIIECTBO BBHIOMPAETCS B 3aBUCUMOCTH OT MPEIAbSBISIEMBIX K
(boTOorMEeMEHTY TpeOOBaHUI, B 0COOEHHOCTH B OOJIACTH CIIEKTPa, B KOTOPOH OH JOJKEH paboTaTh.
s paboThl B BUAMMOI 00JacTU CIEKTpa OCOOCHHO IIUPOKO MPHUMEHSIIOT CYpbMSHO-IIE3UEBBIC
dboToKaToABl. AHOJIOM CIYKUT METaJUIMUecKash MeTelibka WM CeTKa, MOMEIICHHAas B IEHTpe
6amnona. Ilpun nocraTouyHO# pa3sHOCTH MOTEHLIMAIOB MEXAY KaTOJIOM M aHOJIOM BCE JIEKTPOHHI,
BbUIETarOIUE ¢ (hoTokaToaa, OyayT coOuparhcs Ha aHoje. B 3Tom ciydae cuia Toka B mpubdope
OyzeT CTporo MpoNopLUUOHATbHA WHTEHCUBHOCTU MaJAIOIIEro Ha (POTOKATOJ M3ITydeHUs, pUYeM
cuiia Toka OyZeT MEHAThCS IPU U3MEHEHUH CBETOBOTO ITOTOKA MPAKTHUECKH MIHOBEHHO, 0€3 BCAKOM
CUHEPLUN».

I'azonanonHeHHbIE (I)OTOBJICMCHTBI. Tox B (I)OTOBJ'IGMGHTC MOJKET OBITh YCUIICH, CCJIU
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HAmNOJHUTh OaVIOH Ta3oM M CO3JaTh MEXAy OJJIEKTPOJaMH TaKO€ HaNpsHKEHHUE, YTOOBI
(OTOANEKTPOHBI MOTJIH, YCKOPSSACH, TPOU3BOIUTH MOHM3ALIKIO Ta3a. [Ipr 7ToM BHOBH 00pa3oBaHHBIE
AIIEKTPOHBI OYIyT, ABHUTasiCh K aHOIY, B CBOIO OYepe/lb YCKOPSTHCA M MPOU3BOAUTH MOBTOPHYIO
noHu3anuio. I1ogoKuTenbHbIE HOHBI YCTPEMSITCS K KaTOAy, BHOCS CBOIO J0JIIO B YCHJIEHUE TOKa.

Jiist HanoTHEeHUs (POTODTIEMEHTOB HCIIOJIB3YIOT HHEPTHBIE ra3bl (HEOH, aproH) HECTIOCOOHBIE
BCTYNATh B XMMHYECKUE COEIMHEHUS C METAJUIMYECKUMU YacTsAMuU (oToieMeHTa. JlaBineHue raza
JOJDKHO OBITH JOCTATOYHO MajbIM, YTOOBI AJIEKTPOHBI Ha JJIMHE CBOOOJHOTO TMpoOera MOTin
nproOpecTH SHEPrur0, HEOOXOAUMYIO /sl MOHM3auuu. [IpakTHYecku 3TO JaBICHHE COCTaBIISIET
COTBIE JI0JIN MUJJTUMETPA PTYTHOIO CTOJI0A.

@DOTO3IEMEHTBl C «3alMPAIOIIMM  CJIOEM». OTH (OTOAIEMEHThl, OCHOBAHHBIE Ha
BHYTpeHHEM (poTo3PdeKTe U cBONCTBAX NOBEPXHOCTU COMPUKOCHOBEHUS MOJTYIPOBOJHUK-METaI,
00J1a/1a10T LIETBIM PSJIOM J0CTOMHCTB. Kak 1 BakyyMHbI€ (DOTO31€MEHTHI, OHU Jat0T (POTOTOK, CTPOTO
MIPOMOPLIMOHAIBHBIN UHTEHCUBHOCTH IaJAlOIIEr0 CBeTa (HEM3MEHHOTO CHEKTPajJbHOTO COCTaBa).
Onu o0OnajnaroT Ype3BbIYAHO OOJIBIIONW YYBCTBUTEIBHOCTBIO, B OCOOCHHOCTM K BHUIUMBIM U
nH(ppakpacHbIM JydaM. Bbicokumu kadecTBamH 00JIajalOT CEpHO-TAJUIMEBBIE (DOTOIIEMEHTHI C
YyBCTBUTEIBHOCTHIO, JOCTHTAWOIIE 6 Ma/IM, ©W  CEpHO-CepeOpsiHHBIE  (POTOIIEMEHTHI.
@DoTo3EMEHTHl € 3allMpalOIUM CJIOEM SIBIISIOTCS €AMHCTBEHHBIMU B CBOEM pOJE MPUOOpaMH,
HEMOCPEJCTBEHHO MPe0Opa3yoIMMH CBETOBYIO SHEPTHIO B 3JIEKTPUUYECKYIO.

®oTo371eMEHTHI HAXOAAT OYEHb IIUPOKOE MPUMEHEHUE B MPOU3BOJACTBE: CUET AeTajeil Ha
KOHBeliepe, COpPTUpPOBKa JeTajeil, a Takke B APYrUX aBTOMATUYECKUX U TeJIeMEXaHUYECKHX
YCTaHOBKaX, Ha TPAHCIIOPTE, B BOCHHOW TEXHHKE, JUIsl Mepenaud u3o0paxeHuil mo Tenerpady, B
3BYKOBOM KHHO.

VY AenpHOI MOIIIHOCTBIO 3JIEKTPUUECKOM JIaMITbl Py, Ha3bIBa€TCSl OTHOILLEHUE MOTPEOIsieMoi
€10 AIIEKTPUUECKON MoIIHOCTH P K ee cuiie cBerta |

P
P, = T (23.1)

VYaenpHas MOIIHOCTh XapaKTEPU3YeT SKOHOMHUYHOCTH DJEKTPOJAMIIbl U 3aBUCUT OT
TEeMIIepaTyphbl U MaTepuaia HUTHU Jamibl. C MOHWKEHUEM TeMIIepaTypbl HUTH yJeIbHAs MOIHOCTD
cwibHO Bo3pactaer, a KIIJ] mammnbl ymenbmiaercs. Cuny cBera | MCTOYHHMKA MOKHO H3MEPHTb,
CpaBHHMBas ee C CHJIoil cBeTa lg Opyroro MCTOYHHWKA, SBISIFOIIETOCS YCIOBHBIM 3TajlOHOM (WU
00pa3loBbIM HCTOYHHMKOM). Ecnu moouepeqHo ocBemaTh OJHY U Ty JK€ TIOBEPXHOCTh
CpaBHMBaeMbIMH HCTOYHHKAMU CBETAa M, MOJOOpaB COOTBETCTBYIOIIME pPACCTOSHUS I1 M Ig OT
HCTOYHUKOB JI0 NMOBEPXHOCTHU, JOOUTHCS PaBEHCTBA OCBEIIEHHOCTHU £ 3TOW MOBEPXHOCTU B 000UX
Cllydasix, TO TPH YCIOBHM HOPMAIbHOTO TAaJeHUs cBeTa OyJdeT HMETh MECTO CIeIyolee

COOTHOIICHUC:
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. r?
_h (23.2)

-1
-
l,

3TO COOTHOIICHHE BHITEKAET U3 U3BECTHOM (hopMyJbl £ ~ _I’ 2 W BBIIIOJIHSETCS CTPOTO JIMIIb

pH COONTIOJICHUH CIICAYIOIINX YCIOBHI: NCTOYHUK CBETA JIOJDKEH OBITh TOUEYHBIM; CBETOBO IMOTOK
HE JIOJDKEH MCHBITHIBATH IOIVIOLIEHUs CO CTOPOHBI TOM Cpefbl, B KOTOPOM OH pacIpoCTpaHsETCs;
HCTOYHUK CBCTAa JOJDKCH MCIIYCKATb BO BCX HAIIPABJIICHHAX OIIHOpOIIHBIfI CBECTOBOM TOTOK. I[JI?I
HU3MEPCHHA OCBCIICHHOCTH MTPUMCHATOTCS 00BEKTHUBHBIE CpOTOMGTpI)I HJIN JIIOKCMETPHI, HpI/IéMHI/IKOM
CBETa B KOTOPBIX SIBJISIOTCS BEHTWIbHBIE (POTOANIEMEHTHI, reHepupytoume JJC noxa neicTBuemM
AJIEKTPOMArHUTHOTO M3JIy4€HUsl ONTUYECKOTO Anarna3zoHa. Bennunna ¢poro-3/1C nponopruoHansHa

B OIMPECACIICHHBIX NpCAcIax MmaaaronmeMy CBETOBOMY ITOTOKY.

23.3 Onucanue yCTaHOBKH

Cxema ycTaHOBKHM Hu300pakeHa Ha pucyHke 23.1, tme O1-O; — onTHyYeckas CKaMbsl,
cHaOeHHas IIKaJoi ¢ JAeneHusIMU yepe3 | MM U AByMs mosi3yHKaMu. [1oJI3yHKH MMEIOT 3aKUMBbI
JUIA 3aKpeIyIeHHs] U yKa3aTelld OTcueTa MX MOJIO0XKEeHMs Ha ckaMbe. Ha 01HOM mos3yHKe yKperieH
BEHTWJIBHBIA (POTOAIEMEHT PO, KOTOPBIA ISl MPEAOXPAHCHHS OT ACHCTBUS PACCESHHOTO CBETa
3aKpBIT KPBITIKOH. DOTOTOK, poniopiinoHanbHbINA (hoTo- DJIC 1 co3aaBaemblii GOTOINEMEHTOM MPU
€ro OCBEILEHUH, U3MEPSETCS IPU MOMOIIH ranbBaHoMerpa G.

Ha BTOpOoM mos3yHKe yKperjieH MaTpoH, B KOTOPbIM BBUHYMBAETCS CHayaia jamma L c
M3BECTHOM CUJIOM CBETA, a 3aT€M U HCCIeAyeMas JIaMIIa.

HcrounnkoM cpaBHEHHUs SIBIIsIETCS OOBIKHOBEHHAs JJIEKTpUYeckas Jiamiia, cuiia cBeta lo
KOTOPOM IpU OMNpEACICHHOW MOIIHOCTM TOKa W3BecTHAa. Jlnsg omnpeneneHus MOIIHOCTH
ANEKTPUYECKOTO TOKA, HAKAIMBAIOLIEIO HUTH JIAMIIbI, B LI€Mb MOCJIEIHEN BKIIOYEHBI aMIIEpMETD,

BOJIbTMETP U peoctar R.

O3
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Pucynoxk 23.1 — Cxema 3KCiepuMEHTaJIbHON YCTaHOBKHU

23.4 3aiaHue U NOPSI0K BHINOJTHEHHS PadoThI

®

(i1%¢
@ E%) @) ~-220 B

Pucynoxk 23.2 — Dnextpudeckas cxema yCTaHOBKHU

1. CoOpatp ycTaHOBKY IO CX€Me€, yKa3aHHOU Ha pucyHke 23.2. BcTaBUTh B aTPOH JamIly
C U3BECTHOM CUJION CBETa M MOJaTh Ha HEE yKa3aHHOE Ha I0KOJe JaMibl HanpsbkeHue. [logobpath
TaKoe paccTosHuE rp MEXITy (POTO’IEMEHTOM W JIaMIIOM, IPU KOTOPOM CTpesiKa rajibBaHOMETpa
OTKJIOHUTCSI Ha ‘4 ImKanel. B Tabmuiyy wu3MmepeHuil 3amMcarh IMOKa3aHMs TajbBaHOMETpa No,
paccrosiHue o ¥ cuity ceta lo.

2. 3aMEHUTH JIaMITy C U3BECTHOW CHJION CBETa MCCIIEyeMOH, M01aTh Ha Hee HOMHUHAIIBHOE
HarnpsbkeHue (Ha KoTopoe oHa paccuutana). [logoOparh paccrosiHue I1 Tak, 4TOOBI TaIbBAHOMETP
JlaBaJl TO K€ MOKa3aHHe, U 3alucaTh 3TO paccTosiHue, Hanpsokenue Ui U cuity Toka i, muTaromiero
Jamimy.

3. YMeHbIas HampsOKeHWE Ha KIeMMaxX MCCIeayeMou jaMmbl 4depe3 kKaxzasie 10 B,
MOBTOPUTH U3MEPEHHUS COOTBETCTBYIOIUX BennyuH [j, Ui, ;.

4. JIns KakJIOro M3MEpPEHHUs MOJICUUTATh CHIIy CBETa MCCIEAyeMOU jammbl 1o dopmyse
(23.2), onpeenuTh MOTPEOIIEMYIO JTAMITIOW MOITHOCTh M HAWTH YACIbHYIO MOIIHOCTH 10 (popmyiie
(23.2).

5. Bprueptuth rpaguk 3aBUCUMOCTH YIEIbHOW MOIIHOCTH HAIpPsDKEHHUS, OTKJIAAbIBas IO
OCH OpJIMHAT YAETbHYIO MOILTHOCTD, @ TI0 OCH a0CIHCC — HApPsKEHHE.

6. Ilo u3BecTHOM MCTOJHUKEC OIIPCACIINTD INOI'PCITHOCTD HSMCpCHHﬁ.

Tabnuma 23.1 — Pe3ynbratel u3mMepeHui

[TapameTpsl DTajJ0HHAas JaMIia Wccnenyemas nammna

1 2 3 4 5 6 7 8
[Tokazanus ranbBaHomeTpa N, Aell.
Paccrostaue r, MM
Cuna cBeta |, k1
Hanpsioxenue U, B
Cuia toka |, 4
[ToTpebnsemas MomHoCTh P, BT
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‘ VY penpHas MomHOCTH Py,, BT/K1 ‘ ‘ ‘ ‘ ‘ ‘

23.5 KoHTpoJIbHBIE BONIPOCHI

1. Yro Ha3piBaeTCs IIOTOKOM CBETOBOM OSHEpPruu, CWJIOH CBE€Ta HCTOYHUKA W
OCBEILIEHHOCThI0? KakoBbl €IMHUIIBI U3MEPEHUSI 3TUX BEIUUMH B cucteme CU?

2. Kaxk ycTpoeH HOBBIH CBETOBOM ATaJIOH?

3. B 4em cocrout 3aKOH OOpaTHBIX KBaJPAaTOB U T€ HEOOXOAMMEBIEC YCIOBHS, IPU KOTOPHIX
OH cTporo BeImosHseTcsI? BriBemute dopmyny (23.2), mpuMeHHB 3aKOH OOpaTHBIX KBaJpaToB.
OnpaBapIBaeTCs JIM ATOT 3aKOH B YCJIOBUSIX JIaHHOM 3a1auun?

4. UYrto sBnseTCS OCHOBAHUEM JJISi UCHOJB30BaHUS (OTOAIEMEHTa B (POTOMETPUUECKUX
n3MepeHusx?

5. Ilouemy yaenpHast MOIIHOCTb Pyy 3aBUCUT OT TEMIIEPATypbl HUTH?

6. Kakoif mpakTW4YecKd IIOJIC3HBIA BBIBOJ MOXHO cjaenarb otHocutensHo KIIJ

OJICKTPOJIaMIIbI, ITOJIYYHUB Fpa(l)I/IK 3aBUCHUMOCTH YHGHBHOﬁ MOITHOCTH OT HaHpH)KCHI/ISI?

Conep:xanue oTyera

1. JTaGoparopnas padota No ...

2. HaumeHnoBaHue pabOTHI.

3. llenb paGoTHI.

4. ITpuOGopsl U MaTEpHUAIIBI.

5. YepTex wim cxeMa yCTaHOBKH (eciiu TpedyeTcs).

6. DopMyIbl HCKOMBIX BEJIMYUH U UX MOTPEITHOCTEH.

7. Tabnuua c pe3yapTaTaMi U3MEPEHUN U BBIYUCIICHUHN TIOrpelIHocTel (ecnu Tpedyercs).
8. Beruncnenus pe3ynbTaTosB.

9. OkoHYaTeNnbHBIN Pe3yIbTAT, BHIBOJ U IIpoUee (COTIACHO LENTU padOThI).
B BBIBOZIE HEOOXOIMMO OTBETUTH HAa BOMIPOCHI:

- 4TO BBI JIeTIANIU, B YEM 1I€JIb Baliel padoThI;

- KaKue pe3ylbTaThl BbI 0KUJIATH MOIYUUTh;

- COBIIAJIN JIK PC3YJIbTAThI BallIei pa6OTBI C O KN JaCMbIMU.
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CHmcoK JIMTepaTypbl, PEKOMEHIYEMO K UCIIOJIb30BAHUIO 110 JJaHHOH padore: [1-9]

JIABOPATOPHA PABOTA Ne24. U3YUEHUE ©OTOITPOBOJVUMOCTHU B
[HOJIYITPOBOAHUKAX

Heap padorel: onpenencHue napamerpos (ortoconporusieaus ®CK-1 u u3yueHue ero

BOJIBTAMIIEPHOU U CBETOBOM XapaKTEPUCTHUK.

24.1 O06opynoBaHue U MaTepHAJIbI

1. YcranoBka ans uzydenus poroconporupienus CK-1.

2. JIrokcmerp.
24.2 TeopeTuyeckoe BBeJIeHHE

YBenuueHue 3JeKTPOMPOBOAHOCTH TMOJYIPOBOHUKOB IO IEHCTBUEM CBETa HA3bIBACTCS
siBJICHUEM (DOTOTIPOBOJAMMOCTH, a OCHOBAaHHBIC HAa 3TOM SIBJICHHU TIPUOOPHI — (HOTOCOTIPOTUBIICHUSMH.
dmsrueckas mprpoa (HOTOMPOBOAUMOCTH 3aKITIOUaeTCs B clemyromeM. [Ipu HeKoTopoil TeMriepaType B
3aTEMHEHHOM IOJYPOBOJHUKE C DJIEKTPOHHOW MPOBOJAMMOCTBIO KAaKOE-TO YHCIO N 3JIEKTPOHOB
HaXOJUTCA B 30HE MPOBOJMMOCTH. OTH 3JIEKTPOHBI OOYCIABIMBAIOT OOBIUHYIO 3JIEKTPOIPOBOJIHOCTD
BEILIECTBA, MHAU€ Ha3blBaeMyl0 TEMHOBOW. [Ipy ocBellleHHH MOTYNPOBOJHHMKA B 30HE MPOBOJUMOCTU
MTOSIBUTCS. HOBOE YKCJIO N1 “CBETOBBIX’ AJEKTPOHOB M 00IIIEE YUCIIO JICKTPOHOB CTAaHET paBHBIM N +

N1. B cBsA3M € 3TUM yJeiabHas 3JeKTPONPOBOAHOCTh BO3PACTAET U CTAHET pPaBHOMU
y =neu+n.eu

Tac e — 3apAa] 2JICKTpPOHA,

U — NOABHUXHOCTB 3JICKTPOHA.
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I 30Ha MPOBOAUMOCTH
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BajieutHag 30Ha
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Pucynok 24.1 — Cxema 3HepreTH4ecKux

30H MOJYITPOBOHUKOB
AHAJIOTUYHBIE TTPOIIECCHI MMEIOT MECTO B TIOIYIPOBOTHHUKE C IBIPOYHOM TPOBOANMOCTHIO.

q)OTOHpOBO)II/IMOCTI) BO3HHUKACT IIpHU YCJIOBHUU h |4 Z AE ,T.€. DHEPI'Hs TMOTJIOIICHHOI'O

¢otonHa hv f1omKHa OBITE GOJIBIIIE “TIIMPUHBL AE sanperieHHol 300561 |11 i, mo kpaiineit mepe, paBHa
eil. ToJIbKO TpX 3TOM YCJIOBHUHM DJIEKTPOH M3 3alOJHEHHOW 30HBI | CMOXKeT mepedTH B 30HY
nipoBoMocTH |1 (pucyrok 24.1).

I'panuna GoTonpoBOIMMOCTH 3aBUCUT OT MPHUPOJBI CAMOTO IMOJIYIPOBOJHUKA, a TAKXKE OT
Hanuuus B HeM mpumeceid. TOK, BO3HUKAIONIUI B MOJIYIPOBOJHUKE MPHU MOTJIOIMIEHUU CBETOBBIX
KBaHTOB, TOYHEE, Pa3HOCTh MEXKIY CBETOBHIM M TEMHOBBIM TOKOM, HA3bIBAIOT MEPBUYHBIM TOKOM
¢doTompoBogumocTH |1, [lepBUUHBIM TOK MPOMOPHUOHANIEH SHEPTUU MOTJIOIIEHHOTO U3IY4YeHUS U
OE3MHEPLHUOHHO CIIEyeT 3a U3MEHEHHEM ero MHTEHCUBHOCTHU. [Ipu Hem3MeHHOIl MHTEHCHUBHOCTHU
MaJalollero HW3My4YeHUs BelMYMHA MEPBUYHOTO TOKa OOpaTHO MPOMOPLHHOHANIBHA YacTOTe
u3nyueHusi. Ha nepBuunblii Tok |1, HakmagpiBaeTcss BTOPUYHBIA TOK |2, KOTOpBINA co3maercs
BCJIE/ICTBHE YAaCTUYHOTO PA3pyLICHUS KPUCTAUIMYECKON PElIeTKU Tella MPHU MPOXOKICHUM Yepe3

HEero Toka l1.
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3 R BropruHblii TOK BO MHOIMX  ClIydasx
7 ) npeBbllIaeT — nepBuuHblii  Tok. Tok |2 He
/ IPONOPLUUOHANIEH MAJAIOLIEMy CBETOBOMY IIOTOKY H
i CUJIBHO 3aBUCUT OT BEIIMYUHBl HAIPSOKEHUS W
Y TEMIIEpaTyphl KpHcTaJia, T.K. 00ycIoBIIeH

\L BO3HUKHOBEHHEM JI€HEKTOB B  KPHUCTAJUIMYECKOM

L]

peuerke. [locne npexkpameHus u31y4eHus] BTOPUYHBII
TOK HMCYE3aeT HE Cpa3y, a ¢ HE3aMETHOM WHEPUHUEH.
@DOTOCONPOTUBIIEHUE TMPEACTABISAET COO0N (PUCYHOK

24.2) HaHeceHHBI Ha M30JIMPOBAHHYIO MOJIOKKY (1)

I @ TOHKHI CIIOW TOJIyMPOBOJHUKA (2), HA TIOBEPXHOCTH

KOTOPOro ImnoMEHICHbI TOKOIIPOBOAAINWE JSJICKTPOABI

Pucynok 24.2 — Cxema
(3).

(hoTOCOTPOTUBIICHUS
Baxueimmmu XapaKTEepUCTUKAMU

dotoconporuBiieHuss (@C) SBISAIOTCS WHTETpajdbHAss M CIEKTpalbHAs YyBCTBUTCIHHOCTD,
BOJIbTAMIICpHAsT 3aBUCHUMOCTh, pabodee HANpsHKCHHE, TEMHOBOE COIMPOTHUBIICHUE, 3aBUCHUMOCTH
YyBCTBUTEJIBHOCTH  OT  OCBELIEHHOCTH  (CBeTOBas  XapakTepuctuka).  MHTerpanbHas
YyBCTBUTEJIHLHOCTD @ BBIUUCISAETCS Kak OTHOIIeHHE (poToToKa |y K moToky uznydenust D a = lg/ De
U BbIpaxkaetcs B amriepax Ha BaTT. Eciiu @C npumeHsieTcs mpu perucTpauy BUAUMOTO U3IyUeHUS,
4yBCTBUTEIHHOCTh YI0OHO BhIpa)KaTh B amIiepax Ha jtomeH. [Ipu onpeneneHun 4yBCTBUTEIBHOCTH
@C B BUIAMMOM 00JIaCTH CIEKTPa UCTOYHUKOM H3IYYEHHsI OOBIYHO CIIY)KUT JaMmIla HaKaJIMBaHUS C
BOJIb(hpaMOBOH HUTKIO ITpHU Temmeparype 2840 K.

Benuunna ¢oToTOKa 3aBUCHUT HE TOJIBKO OT MOTOKA M3IYYEHHUsS, HO U OT MPHIIOKEHHOTO
HanpspkeHud. [loaToMy mpu 3alaHud YyBCTBUTENLHOCTH YKa3bIBAlOT paldouee HaIpsHKEHHE WU

IMOJIB3YIOTCS IIOHATHEM y,I[eHBHOﬁ YYBCTBUTCIIbHOCTHU

\ _ I O
RICNTE

Irac U- IIPUIIOKCHHOC HAITPSXKCHHUC.

Ha pucynke 24.3 n3o00paskeHbl THITUYHBIE BOJIbTaMIIEPHBIE XapaKTepucTuku @C, CHATHIC B

TEMHOTC W IIpU OCBCHICHUU. VY OGoapmunctBa @C BOJIBTAaMIICPHBIC XAPAKTCPUCTUKU HUMCIOT

JIMHEWHBIN XapakKrep.

lp, MKA lp, MKA
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TOK IIPH OCECIIEHHH

TOK B TEMHOTE

/

0 o, U, U.B 0 Fim
Pucynok 24.3 — BonbT-ammiepHbie Pucynok 24.4 — CsetoBas
xapakrepuctuku ©C xapakrepuctuka ©C

Ha pucynke 24.4 uzobpaxena cBetoBas xapakrepuctuka @C. 3aBUCUMOCTh (OTOTOKA OT
ocBemieHHOCTH @PC OOBIYHO HUMEET HEIMHEWHBIX XapakTep, TaK BHYTPEHHUH (QoTodPdeKT
COMPOBOXKIAECTCA PA3IUYHBIMH BTOPUYHBIMU SIBICHUSMHU (peKOMOHMHaIMel HOcCUTeled Toka B
o0beMe M Ha IOBEPXHOCTH, 3aXBATOM HOCUTENEH, 1eheKTaMH PEIIETKH).

Jia cozmanus @C B o0nacTv BUAMMOTO CIEKTpa MPUMEHSETCS CEPHUCTBIA KaaMHiA,

CEPHUCTBIN TAJUIHH, B HHPPAKPaCHOM 001aCTH — CEJICHUCTBIN CBUHEIL.

K nocrouncrsam ®C Hago OTHECTH BBICOKYIO YYBCTBUTEIBHOCTh K M3MEHEHHUSM CBETa,
XOPOIIIHE CIIEKTPAIbHBIC XapaKTEPUCTHUKH, OOJIBIION CPOK CITYKObI, Majible TabapUTHI.

K menocratkam @C OTHOCAT WX WHEPIMOHHOCTb, CHJIBHYIO 3aBHCHMOCTH (DOTOTOKA OT
TEMIIEpaTypbl OKpPYXKAIOUIel cpelbl U HEIMHEWHOCTh 3aBUCUMOCTH (POTOTOKA OT MHTEHCUBHOCTH

CBCTOBOI'O IIOTOKA.

oC IIOJIYYHIIM HIMPOKOE paCIIpOCTPAaHCHUE B 3BYKOBOM KHMHO, TCJIICBUACHHNHU, aBTOMATHUKE,

JJId yripaBJICHUS Ha paCCTOSAHHUU ITPONU3BOACTBEHHBIMU ITPOLIECCaAMMU.

24.3 OnucaHue yCTaHOBKH

B pabote wucnonb3yercs dotocompoTtusienue tuna @CK-1 (U3 CEpHUCTOrO KaaMHUS).

DnekTpuyeckas cxema Juisi '3MEpeHU JaHa Ha pucyHke 24.5, rae
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Pucynok 24.5 — Cxema 3KciepuMeHTalIbHON YCTaHOBKHU:
R — notenmomertp (1 xom);
H A — muxpoammnepmetp (0 — 200mKa);
G — ramsBanomerp (1 gem. = 1,5 - 10°a);
V — BonbT™eTp (0 — 15 B);
K — nepexiroyarens;
CK — CBETOHEIPOHUIIAEMBIN KOKYX;
3, 4 — poTOCOMPOTUBIICHUS;

5 — namrmiouyka HaKaJIMBaHUS.

24.4 3ananue v MOPAI0K BBHINOJHEHHSI PadOTHI

1. IToctaBute mepeximrouarenb K B mojoxkeHne 1-1 W CHATH  BOJIBTAMIIEPHYIO
XapaKTepUCTUKY TEMHOBOTO TOKa, U3MeHss HanpsbkeHue oT 0 10 15B uepes kaxapie 3 BOJIbTA.

2. Ilepexmouatenp K TmiepeBEeCTH B TIOJIOKEHHE 2-2 M CHATh BOJBTaMIICPHYIO
XapakTepucTuky otoToka (n3mensist Hanpsbkenue oT 0 1o 15 B depe3 kaxkapie 3 BoJibTa) MpU ABYX
3Ha4YeHMAX ocBeneHHOCTH (E1= 100 nk, E2 = 150 5K).

OcgemieHHOCTh @C U3MEPSIOT MPH MOMOIIH JTIOKCMETPA, a H3MEHSIOT € IIOMOIIBIO peocTaTa
B LICTIM TUTAHUS JTAMIIOYKY HaKaTHBaHMUSL.

Pe3ynbrarel u3Mepenuii 3anectu B Tabauiy 24.1.

Tabnuua 24.1 — Pe3ynbTaTsl H3MepeHUH BOJIbTAMIEPHBIX XapaKTEPUCTUK

E=0 E =100 nx E =150 nk
Hanpsixenne U (B)
TemHoBoO# TOK | (MKA)
Tox mpu ocB. lc (MKA)
®otoToK |p(MKA)
3. Tloctpouts rpaduku 3aBUCUMOCTH TEMHOBOTO TOKa U ()OTOTOKA OT HAMPSHKEHHUSI (TpU
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rpaduKa pacriojoXHUTh Ha OJHOM YEpPTEKe).

4.  BpIUNMCAUTH TEMHOBOE COIIPOTHUBIICHUE I
rr= U/l
5.  Cuatp cBeroBble xapaktepuctuku @C npu Hampspbkenuu 10 B u 15 B, usmenss

ocBelleHHOCTh @C ¢ MOMOUIBIO PEOCcTaTa B LIENHU TpaHC(HOPMATOpa, MUTAIOIIETO JaMIIOUKY.
Pesynbrarel u3Mepenuii 3anectu B Tabauiy 24.2.
6.  Iloctpouts rpadmk 3aBUCHMOCTH |¢ OT OCBEIIEHHOCTH.
7.  BplUMCINTH MHTETPATBHYIO d U YIENBbHYIO do YyBcTBHTENbHOCTH PC mpu pabodyeMm

Hanpspbkenuu 15 B u ocBemennoctu E = 100 nik.

a— ,\6 ’ ao — o ’
@) O -uU
rnie ®=S-E,
S=3-10% m? — mromanm noBepxHocTH @C.
8.  Ilo crammapTHOM METOIMKE OIICHUTH MMOTPEITHOCTH U3MEPEHUS I'r, d, ao.

Tabnuma 24.2 — Pe3ynbrarhl U3MEPEHUN CBETOBBIX XapaKTEPUCTHK

U:=10B U,=158B

Hamnpsoxenue U (B)
TemHoBO# TOK | (MKA)
Tox ipu ocB. ¢ (MKA)
®otoToK |p(MKA)

24.5 KoHTpoJIbHBIE BONIPOCHI

MexaHu3M COOCTBEHHOM MPOBOJIUMOCTH TOJIYTIPOBOTHUKOB.
DOoTONMPOBOAMMOCTD U €€ 0OBICHEHHE Ha OCHOBE 30HHOM TEOPHUHU ITPOBOIUMOCTH.
VYerpoiictBo @C, MX TOCTOMHCTBA M HEAOCTATKH.

KakoBsl BaxHeiiue xapakrepuctuku @C?

YTto Takoe HUHTCrpaJIbHAA U YACIIbHASA YYBCTBUTCIIbBHOCTD oC?

© o > w D -

[Ipumenenne OC.

Conep:xanue oTyera

1. JIaboparopHas pabota Ne ...
2. HaumeHoBaHue pabOTHI.
3. Llenb paGoTHI.

4. ITpuGopsl 1 MaTepUAIbIL.
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5. UepTex wim cxema YCTaHOBKH (eciu Tpedyercs).

6. ®opMysbl HCKOMBIX BEJIMYMH U UX MOTPEITHOCTEH.

7. Tabnuua c pe3ynbTaTaMu U3MEPEHUH M BEIYMCIICHHUH TOTPEITHOCTEH (eciu TpedyeTcs).
8. Boruncienus pe3yabTaToB.

9. OxkoHYaTenbHBIN pe3yibTaT, BHIBOJ U IIPOYEe (COMIACHO LIEIU padOThI).

B BbIBOJIE HEOOXOIMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JI€JIAJIU, B 4YEM LieJIb Balliel paboThl;

- KaKue pe3ynbTaThl Bbl 0KUJIAJIH MOJIYUUTh;

- COBIAJIM JIX PE3ybTAThI Balleil pabOThI C 03KHUIaEMBIMHU.

CHmCOK JIMTepaTypbl, PEKOMEHIYEMO# K UCIIOJIb30BAHUIO 10 JaHHOH padore: [1-9]

JJABOPATOPHAS PABOTA Ne25. OITPEJIEJIEHUE ITOCTOSHHOM IIJTAHKA
eap padoOTBI: 3KCINEPUMEHTAIBLHO MPOBEPUTH YpaBHEHUE ODWHIITEWHA NJi1 BHEUIHETO

dhoTtorddexra u onpenenuTh MocTossHHYO [lnanka.

25.1 Ob6opynoBaHNe U MAaTEPHAJIBI

DOoTORIEMEHT.

HcTOYHMK MUTAHUSL.

Hcrounuk cBeta ¢ HAOOPOM CBETO(UIBTPOB.
[Torenmomerp.

Munnuamnepmerp.

o g bk~ w b PF

MunnuBoJbTM CTp.

25.2 TeopeTuueckoe BBeeHHE

SIBnenue BHemHero ¢poro3ddexra ONUCHIBaeTCs ypaBHEHUEM DWHIITEHHA

mV 2max

hz):A+—2 | (25.1)

rae h — mocrosiunas [lnanka,

U —4YacCToTa CB€Ta,
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A — paboTa BEIX0/1a JIEKTPOHA U3 METAJLIa,

K I

Pucynox 25.1 — Cxema BKJIIOYEHHUS

(dhoTod7IEMEHTA B IICTIH

mV 2max

2 — MaKCHUMaJlbHAasA KWHCTUYCCKAsA SHEPIrusd BBIOMBAEMOI0 (bOTOHOM OJICKTPOHA

(boTo3n€eKTpOHA),

m — mMacca GOTOAIEKTPOHA,

Vmax — €r0 MaKCUMaJlbHasi CKOPOCTb.

s wccnemoBaHust BHemHero  ¢orodddexkrta OOBIYHO HCIOJB3YIOT BaKyyMHBIC
(OTO3IEMEHTBI, CIIEKTPAJIbHAS YyBCTBUTEIILHOCTh KOTOPBIX HAXOIUTCS B BUAMMOM YacTH CIIEKTpA.

®otosnemeHT @D COCTOUT U3 CTEKISIHHOW KOJOBI, HA MOBEPXHOCTU KOTOPON HaHECEH
TOHKHI cj10i MeTaiia (dorokaron K) u cobuparomiero aekrpoa (aHox A).

Cxema BrmoueHuss @D B nenb mokasaHa Ha pucyHke 25.1. TunuynHas 3aBUCHMOCTD
doroToka (oTOANIEMEHTa OT NPUIOKEHHOTO K €ro AJIEKTPOJaM HAaNpsbKEeHHUs (BOJIbTaMIIEpHAs

XapaKTepUCTHKA) MIOKa3aHa Ha pUCYHKe 25.2.
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T, U

Pucynoxk 25.2 — BonbTamnepHas XxapakTepucTuka GpoTosnemMeHTa
3nech |y — GoTOTOK HACHIIIEHUS,
U, — 3azepxuBarolMii MOTEHIHUaN, NMPU KOTOPOM (POTOTOK oOpamiaerca B Hymnb. [lo
BenmuuHe U; MOXeT OBITh OTIpe/ielieHa MaKCUMallbHas KHHETHYECKas SHEPTUs OTOAIEKTPOHA:
mV 2max 2 U
2 =a ¢, (25.2)

rJIe e — 3apsi/] SJIEKTPOHA.

[Toncrasnss ypaBaenue (7.1) B (7.2), mosrydaem:

h A

U,=—v——
37 . e (25.3)

N3 ypaBuenus (25.3) cneayet, 4To BEIMYHMHA 3a/IepKUBaroIIero noreHnuana Uz TuHeHO
3aBUCHUT OT YaCTOTHI CBETA v (PUCYHOK 25.3).

Us

) -~

d

Pucynoxk 25.3 — 3aBUCMMOCTB 3aJ1€pKUBAOLIET0 NOTEHIIMANA OT
4acCTOTHI CBETA
[Tocrostnayto Ilnanka MOXKHO OTpeneNnuTh, U3MEPUB YIIIOBOHM Ko3(pduumeHT nuHeHoM

3aBUCUMOCTH (25.3)
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AU,
== (25.4)

fga =
J AU e

Otcrona nomydaem:

h=e-tga (25.5)

25.3 OnucaHue 3KCIepUMEHTaIbHON YCTAHOBKHU

Cxema »JKCHEpUMEHTAJIbHONW YCTAaHOBKM IIOKa3aHa Ha pucyHke 25.1. l3menenue
HaNpsDKEHHs, [I0JaBaéMOro Ha DJJIEKTPOAbl  (OTOZIEMEHTa, NPOU3BOJUTCA C MOMOIIBIO
noteHunometpa II. 3agepxuBatomuii noreHuuan Us u3MmepsieTcs ¢ MOMOIIbIO BoJbTMETpa V,
($OTOTOK — ¢ IOMOIIbIO MIJITTHaMIiepmeTpa MA.

®dorodMuccHs 3JIEKTPOHOB MPOUCXOAMT TMpU 0OdydeHHH (HOTOKAaTO/Ma CBETOBBIM
MOHOXpPOMAaTHYECKMM Iy4KOM OT PTYTHOW JaMmbl. BeijneneHue CcBETOBOro myyka Y3KOM

CHEKTPAJIBbHOM IIUPUHBI OCYHIECTBIISIETCS MIPHU MOMOIIM HAObOpa Y3KOMOJIOCHBIX CBETO(MUIBTPOB.
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25.4 3aaHue U NOPSAI0K BBHINOJHEHUs PadoThI

1.  CoOpaTb IEKTPHUUECKYIO CXEMY YCTAHOBKHU COTJIACHO PUCYHKY 25.1.

2.  BKJIIOYUTH UCTOYHHK CBETA U YCTAHOBUTH CBETO(PUIBTP COOTBETCTBYIOLIECH YaCTOTHI

3. 3Bamkuyrts K04 K u ¢ momouipio moteHnuomerpa Il ycTaHOBHTH Ha 3JEKTpoJax
¢dorosrnementa @D pazHocTh noTeHIMANOB Us, 700MBasCh OTCYTCTBHS TOKA B LIENH (POTOIIEMEHTA.
3HaueHus YaCTOThI CBETA 0 U 33/1€P>KUBAOIIETO0 IIOTEHI[MaJIa 3aHECTH B TabuIly HaOmoaeHuid. Kirou
K pa3oMKHYTB.

4.  TloBroputh n.0. 2 1 3 1151 APYTUX CBETOPUIBTPOB.

5.  Ilo TabmuyHbIM JaHHBIM NMOCTPOUTH HA MUJLTUMETPOBKE rpaduk 3aBucumoctu Us oT
) tae — AU,
YaCTOTHI v, C IOMOIIBIO KOTOPOTO HAMTH 3HaueHHe ' Ab
6. Tlo dpopmyie (25.5) BerunciuTh 3HaUeHHUE ocTostHHOM [Tanka h.
7. OueHuTh NOrPELUIHOCTh U3MEPEHHS 110 CTAHIAPTHON METOIHKE.
8. Crenath BBIBOIBI IO BRITIOJTHEHHOM paboTe. 3anucaTh OTBET.

Conep:xanue oTyera

1. JTaGoparopnas padota No ...

2. HaumeHnoBaHue pabOTHI.

3. llenb paGoTHIL.

4. ITpuGopsl U MaTEPHUAIIBI.

5. YepTex wim cxeMa yCTaHOBKH (eciu TpedyeTcs).

6. @opMyJsIbl HCKOMBIX BEJTMYMH M MX MOTPEUTHOCTEH.

7. Tabnuua c pe3yapTaTaMu U3MEPEHUN U BBIYUCIICHUHN TOTPEIIHOCTEH (eciu TpedyeTcs).
8. Beruncnenus pe3yabTaToB.

9. OxkoHYaTenbHBIN Pe3yIbTaT, BHIBOJ U IIpoYee (COTIIACHO LENU padOThI).
B BBIBOZIE HEOOXOIMMO OTBETUTH HAa BOMIPOCHI:

- 4TO BBI JIeTIANIM, B YEM LIeJIb Baliel padoThI;

- KaKueC pC3yJIbTaThl Bbl OXKUJAJIN ITOJYUNUTD,
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- COBIIAJIM JI PE3YJIbTAThI Balield paboThI C 0KHUIAEMBIMH.

CHmcoK JIMTepaTypbl, PEKOMEHIYEMO K UCIIOJIb30BAHUIO 110 JJaHHOH padore: [1-9]

JIABOPATOPHAS PABOTA Ne26. TPAJIYUPOBKA CIIEKTPOCKOITIA U OITPEAEJIEHUE
[IOCTOSIHHOM PUJIBEPT A

Henp pabGorbl: M3yuyuTh NPUHLUI PAOOTHI CIEKTPAIbHBIX HPUOOPOB HA MpUMEpE

CIIEKTPOCKONA; M3Y4YUTh JMHEHYaThle CHEKTPbl HM3Iy4eHUs (PTYTHM U BOJOPOJA); ONPEAEIUTHh

ocTosiHHY10 Punbepra.

26.1 O6opynoBaHue U MaTePUATBI

CrekTpockon (MOHOXpOMATOP).
PryrHas namma.

Bonoponnas namma.

w0 D oe

YHuBepcanbHbIi HCTOUHUK MUTAHUA.

26.2 TeopeTnieckoe BBEJICHNE

Benebrii cBeT nmpeacTaBisieT co00i COBOKYIMTHOCTh 3JIEKTPOMArHMTHBIX BOJIH B aramna3oHe 400
— 800 HM. YCII0BHO BeCh BUAMMBIN TMAMAa30H PA3AeIsIoT MO [IBETaM: KPaCHBIN, OpaHKEBbIN, )KEJITHIM,
3€JICHBIN, TOIYy00H, CHHUMA, (PUOIeTOBBIA. Takoe pa3yioKeHHe o IBETaM, a 3HAYUT H 10 SHEPTUIM
(dacToTaMm), Ha3bIBACTCS CHEKTPAJbHBIM Pa3J0KEHHEM, a IOojydaeMass IpU 3TOM COBOKYIHOCTb
UBETHBIX JMHUNA — creKTpoM. CHEKTphl MO CBOEMY BHEIIHEMY BUIY JENATCA Ha JIMHEeHYarble,
0JIOCaThIE U CILJIOLIHBIE.

CriomHoOM CeKTp aeTcs pacKaleHHBIMHU KUIKOCTSIMU, TBEPIBIMH T€JIaMU, a TAKXKE Ia3aMu
60mb1110# TI0THOCTHU. [ToNtoCcaThIil CIeKTp MaeTcsi He OUYeHb Pa3peKEHHBIMU ra3aMu U MPEJICTaBIsIeT
co00i1 COBOKYIHOCTh I[BETHBIX MOJIOC, COCTOSIIIUX U3 TUIABHO MEPEXOSAIINX APYT B Ipyra JTUHUMH,
pa3aesieHHbIX TEMHBIMU TPOMEXKYTKaMu. JInHeHyaTbie CEeKTPhI AAI0T OYCHb pa3peKeHHbIE ra3bl.

Kaxxaplii XMMUYECKHi 3JIEMEHT HCIIYCKAaeT CBET, COCTOSIIMA M3 CTPOTO OMPEeIeIEHHOTO
Habopa yactoT. [losTomMy mo Buay cnektpa (Habopy TUHUI) MOXKHO ONPEAECTUTh BEIIECTBO, KOTOPOE
JIAJI0 TAHHBIN CHEKTP.

Jl7is u3ydeHus CIeKTPOB BEIIECTB UCHOIB3YIOTCS CIIEKTPOCKOIM. DTO MPUOOP, CITYKAIIHi
JUI TIPOCTPAHCTBEHHOTO pa3/eieHHs Ty4el pa3iMyYHbIX AJUH BOJH M BHU3YAJIBHOTO HAOMIOJCHUS
MOJYy4eHHOTO cnekTpa. Cxema mpocTenIero CreKTpoCKoIa npecTaBieHa Ha pucyHke 26.1.

KOHHI/IMaTOp COCTOUT M3 MICIH S1 ¥ JIUH3BI L]_, N CIIYXXUT JJId CO3JaHUsA MapaJlyICJIbHOT'O
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IIydKa CBE€Ta, KOTOPBIM IIafacT Ha JUCHEPCUOHHYI Ipusmy P. Ilocine mnpusmbel BBIXOZAT
napajuleJibHble IYy4YKU JIy4eil pa3jMuyHOIo LBEeTa (JUCIepCcHs) W MajaroT Ha JuH3Y L2 3putenbHOM
TpyOsI. Ilocie 3Toro ayun codbuparoTcs Ha 3kpaHe 3, KOTOPbI HaX0IUTCs B (POKAIBHOI MIOCKOCTH
muH3bl L2, Takum oOpazom, Ha skpaHe oOpasyercss cnekTp. Ecnu mpusmy P moBOpayuBaTh B
IJIOCKOCTH PHUCYHKAa BOKPYI OCH, NEPHEHIUKYJIAPHOM IUIOCKOCTH PUCYHKA, TO LIBETHBIC JIMHUU
(;mHMM criekTpa) OyayT CMemaThesl BIOJb 9KpaHa. Eciu B 9KpaHe chenaTh menb S U MOCTaBUTh B

HEC OKYJIAP, TO MOXKHO 6}’IICT oCJICa0BAaTCIBHO Ha6JHOI[aTI) OTACJIbHBIC JIMHHUU CIICKTpA.

3

Pucynok 26.1 — IIpyHIMnmanbHas cxeMa CIeKTpOCKOIa

[ToBOpOT MpPHU3MBI OCYIIECTBIISAETCS ¢ TIOMOIIBI0 OapabaHa C JENCHUSIMH, CIEI0BATEIBHO,
KKJIOMY JeJICHHI0 Ha OapabaHe COOTBETCTBYET CBOS JJIMHA BOJIHBI, MaJaromiedl B menb Sp. st
TTOBBIIICHUS pa3periaroniell ClIoCOOHOCTH B CIIEKTPOCKOTIE MOT'YT OBITh HCTIOJIb30BaHbBI HE OJTHA, & JIBE
MIPU3MBL.

CHeKTpOCKON  TMO3BOJIIET  ONPENSIUTh  TOJBKO  OTHOCHUTEIBHOE  PaCIOJIOKEHHUE
CHEKTPaJIbHBIX JIMHUH, HO HE JIAET CBEJICHUH O JUTMHE BOJIHBI JIIO00H crieKTpaibHON TuHUH. [ToaTOMY
pu paboTe cO CIEKTPOCKONIOM HEOOX0IUMO CHavaia MporpajyupoBaTh €ro 1Mo U3BECTHBIM JUTMHAM

BOJIH, T.C. IPUBECTHU B COOTBETCTBUEC KaX(ﬂOﬁ JJIMHE BOJIHBI ACJICHHUEC Ha 6apa6aHe.

26.3 Cnexmpeul

To, 9TO KaXKXIOMYy XUMHUYECKOMY DJIEMEHTY COOTBETCTBYET CBOS JIJIMHA BOJHBI, XOPOIIO
0O0BSCHSIETCS COBPEMEHHON TEOpHell cTpoeHusi atToMa. PaccMoTpuM 3T0 Ha MpUMepe MPOCTEHIIEro
aToma — aroMa BOA0po/ia.

OcHoBbIBasiCh Ha runore3e IlnaHka o KBaHTOBOM XapaKTepe H3IIYy4eHHS W TMOTVIONICHUS
cBeTa, bop chopmynrpoBan 3aKkOHBI ABMKEHUS AIIEKTPOHA B aTOMe B BHJIE MOCTynaToB. CoriacHo
3TUM MOCTYJaTaM, 3JIEKTPOH B aTOME MOKET HaXOJIUTCS TOJBKO B COCTOSIHUSIX C ONPEICICHHBIMU
3HAYEHUSMU YHEPTHUH, ONIPEeAeTIEMbIMH HA0OPOM KBAaHTOBBIX yKcen: N = 1; 2; 3;... . 3nyueHue uiu

TIOTJIOIICHH A KBaHTA SHCPIUn E=hv MMPOUCXOOUT ITPU MEPEXOAC SJICKTPOHA C OAHOT'O pa3pCHICHHOT'O
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YPOBHS Ha Ipyrou

E=E —-E (26.1)

rae Em — 3Heprus Ha M-OM YpOBHE;

Ex —sneprus Ha k-om ypoBHe.

oy

|
5 393
|

I
W o

=
[
]

n=1
Pucynok 26.2 — Cxema nepexo10B 3J€KTPOHA M0 YPOBHIM

CxeMa BO3MOKHBIX IIEPEX0/I0B [T0OKAa3aHa Ha pUCYHKE 26.2.
W3 pucynka 26.2 BUAHO, YTO BCE JIMHUU CIIEKTpAa MOTYT OBbITh OOBEIUHEHBI B CEpHH,
COOTBETCTBYIOIIUE TIEPEXOy ICKTpoHa ¢ ypoBHs K Ha ypoBenb M, rme m=k + 1; k + 2;..., wm

HaO60pOT. JIJ'II/IHa BOJIHBI H3JIYYCHHSA, COOTBETCTBYIOIIAA KaXXIOMY IIEPEXOAY, OIPCACIIACTCA

dhopmynoit banemepa-Punoepra:

1 1 1
7 *e ) 262

rae A — JUIMHA BOJHEL
R — nocrossaHas Punbepra.
BusyansHo MokHO HaOm0AaTh TuHUU ceputo bamemepa (K =2; m = 3; 4; 5; 6).

Ucnonb3ys mnocrtynarel bopa u muanerapHyto Mmojnenb atoma Pesepdopaa, MOXKHO

TCOPCTHUYCCKHU PACCUUTATDh BCIIMYNHY IMOCTOSIHHOM Pnz[6epra

" m-e*
8-go-c-h3 : (26.3)
rae M — Macca SHeKTpOHa;
e — 3apsm SHGKTpOHa;
C — CKOpOCTL CB€Ta,
h — mocrosiunas I1nanka,
a TaKKe PaJnyc MepBOi OPOUTHI AIEKTPOHA B aTOME BoJopoa (N = = 1)
80 ¢ n2 ¢ h2
- 7 . 26.4
7-m-e? (26.4)
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3HaueHus JJIMH BOJIH, KOTOPBIC H3JIYYAKOTCA aTOMOM BOJOpOAda U pPAaCCUUTBIBANOTCS IIO
dopmyiie (8.2) XOpoIIo COTIacyroTCs ¢ IKCIIEPUMEHTATLHBIME 3HaueHUussMU. Dopmyna (26.2) MOKET

OBITh UCIIOJb30BaHA AJId pacucTa CIICKTPOB BOI[OpOI[OHOI[OGHBIX aTOMOB B BHUJIC

1 (1 1
PN iy (26.5)
rae Z — MopsiIKOBBIM HOMep aneMeHTa B Tabnuue MenneneeBa. st pacuera npyrux
ceKTpoB (26.2) u (26.5) HENPUTOIHBI.
DKCIIepUMEHTAIBHO MMOCTOSIHHYIO Prioepra MoKHO HaTH, HCTIONB3Ys hopmyiry 26.2. Ecnu

M3MEPUTH JAJIUHY BOJIHBI U3JIy4Y€HHUs, COOTBETCTBYIOILETO MEPEXO1Y IEKTPOHA C OPOUTHI Ha OPOUTY,

—, .

rnek=2,m=3,4,5,6....

26.4 Onucanue ycmanoKu

B paGoTe mist rpayMpoBKHU CIIEKTPOCKOTIA UCTIOJIB3YeTCS PTYTHAS JIaMIIa, JIJIsl HaXOXKISHUS
nocrosiHHOW Punbepra — BogopoaHas namma. Jlammbl MOJKITIOUYEHBl K UCTOYHUKY muTanus OY-1.

HaGnrogenue criekTpoB BeIeTCs ¢ MMOMOIIBIO CIIEKTPOCKOTIAa (MOHOXpOMATOPA).
26.5 3a0anue u nopaodok évinosHeHUs padGomol
26.5.1 I'panynpoBKa CIEKTpOCKOTIa

1. TlocraBuTh PTYTHYIO JIAMITy Iepel IIEIb0 S1 KOJUTUMATOpa, BKIIOYUTH JIAMITY
(pazorpeB jgammnbl 1 — 5 MUHYT);

2. JloOuThCs pe3Koro M300pa)KCHUs CIEKTPAIbHBIX JIMHUH (TOJIIIMHY CIIEKTPAIbHBIX
JIMHUN MOYKHO PETyJIMPOBATh, MEHSIS IIUPUHY MISITH S1);

3. Bpamas 6apabaH, CMECTHTh CIIEKTPAJIbHYIO KApTHHY K OJHOMY M3 KpacB (KpacHOMY
Wik PUOJIETOBOMY);

4.  Bpamenuem OapabGaHa 100OMBAaThCS COBMEIICHUS KaXJAOW CIEKTpalbHOW JIMHUU C
yKa3aTelleM OKYJsIpa Sy U MPHU STOM 3alKChIBaTh COOTBETCTBYIOIIEE JeNIeHUe Mo IKane OapabaHa B
Tabnuiy 26.1.

Taonuya 26.1 — I'padyuposounan mabauya cnekmpockona

Llgem nunuu JlnvHa BOJIHBI A, HM

n/ IIKAJTBI

Ne [Toka3zauus
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1 KpacHbIH (sipKasi JieBasi TUHUA) 691
2 KpacHBbIH (sipKasi mpaBast JMHUSA) 623
3 KENTHIN (sSipKas JIeBast INHUS) 579
4 JKEJITHIN (spKasi IpaBasi JIMHUS) o7
S) 3eJIeHbIN (sipKasi JINHUA) 546
6 roJry0oii (sipKast JTMHHUS JICBEe HEPE3KO) 492
7 CUHUI (sIpKas JIMHMSI IpaBee JIBYX C1a0bIX) 435
8 (buoneToBBIN (JIeBas JIMHMS) 408
9 (buoneToBwIi (paBast TMHNA) 405

Bpamenue 6apaGana npy COBMEIIEHUH JIMHUNA CIIEKTPa C yKa3aTeleM OKyisipa
IIPOU3BOIUTH TOJIKO B OJJHOM HaIlpaBJI€HUH, BO H30ekaHue OMMUOKH, BHOCUMOI todToM Oapabana!

5. Tlocrpowuts rpadux A =f(N), rae N — nenerue 6apabana.
26.5.2 Onpenenenne nocrosiHHoM Pundepra

1.  TlocraBuTh Mepen MENbI0 S1 BOAOPOJIHYIO JAMITY.

2.  Bpamenumem OapabaHa [10OWMBaThCS COBMEUICHWs IIMHHWHA cepun bambmepa ¢
yKazarejaeM OKYJIsipa Sy M 3alMChIBaTh MOKA3aHMS IITKAIBI B TaOIHITY 26.2.

3. Ilo rpamynpoBoyHOMY rpapiKy HalTH JUTHHBI BOJIH cepun bambmepa.

4.  Tlo dopmyne 26.6 HaiiTu nocTosiHHyI0 Punbepra.

5. Haiitu ommOKy u3MepeHust o 0OIIUM MpaBUIIaM.

Tabauya 26.2 — Onpedenenue nocmoannou Puoovepza
Ne m/m [Tokazanus mo JlmmHa BOJIHEI 110 ITocrostHHAS AOcomoTHas
mKae n rpaduKy Punbepra R, M | ommbka AR, M

AIWIN|F-

26.6 KoHTpoIbHBIE BOIIPOCHI

1. B uem 3akimoudaercs sIBIICHHE AUCTIEPCUU?

2. OOBSICHUTH YCTPOMCTBO CHEKTPAIBHBIX TPUOOPOB.

3. OOBIACHUTH HPOUCXOXKIACHUE CIEKTPOB: JIMHEWYAThIX, MOJOCATHIX, CIUIOIIHBIX.
[TonyueHne CrIEKTPOB MOTJIONICHHUS M UCITYCKAHHSL.

4.  BniBectu hopmyny 26.3.

5 BeiBectu dopmyny 26.4.

6.  BsiBecTH Qopmyny /Ui pacyera OLIUOKH.

7. Tloctynatsl bopa.

8

Monenu aroma o Tomcony, Pezepdopay, bopy.
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Conepxanue oT4yera

1. JlTaboparopuas pabota Ne ...

2. HaumeHoBaHue pabOTHI.

3. Llenb paGoTHI

4. TIpuGopsl M MaTepHAIIBL.

5. UepTex uim cxeMa yCTaHOBKH (eciiu TpeOyeTcs).

6. ®opMyITBI ICKOMBIX BEJTHYMH U MX TOTPEITHOCTEH.

7. Tabnuua c pe3yapTaTaMi U3MEPEHUI U BBIYUCIIEHUH TOrpelHocTel (ecau Tpedyercs).
8. Brruncienus pe3yabTaToB.

9. OxkoHYaTenbHBIN pe3yiIbTaT, BHIBOJ U IIpoYee (COrIacHO 1IeU paboThI).
B BBIBOIE HEOOXOITMMO OTBETUTH HAa BOIIPOCHI:

- 4TO BBI JIeJIAJIU, B 4YEM LieJb Baliel paboThl;

- KaKHe pe3ysbTaThl Bbl 0KUATH MOJIyYUTb;

- COBIIAJIM JIU PE3yJIbTaThl Ballel paboThI C 05KUIAEMBIMH.

CIuCOK JUTEpaTyphl, PEKOMEHIYEMOM K HCIOIB30BAHHUIO TI0 JaHHOM padoTe: [1-9]

Cnucok JuTeparyphbl.

OcHoBHas1 iuTEeparypa:

1. Tpodumona, T. N. ®usuka : y4eOHHK : U CTYJACHTOB BY30B, 00YUYAIOIIUXCS [10 TEXH. HArp.
noaroroBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
ui. - (Beicmiee npodeccuonanbuoe oopazopanue) (bakanaBpuar). - [Ipenm. ykas.: c. 330-3309. -
ISBN 978-5-7695-9820-3.

2. Tpodumosa, T. U. Kypc ¢usuku ¢ npumepamu pemienus 3aaad : yueonuk : B 2-x t. / T.W.
Tpodumona, A.B. @upcos, T. 1. - M. : Knopyc, 2015. - 584 c. - (bakanaspwuar). - [Ipun.: c. 575-
577. - ISBN 978-5-406-04427-8.

3. Tpodpumosa, T. U. Kypc ¢pusuku ¢ npumepamu pemeHus 3a1ad : yueOHuk : B 2 1./ T.H.
Tpodumona, A.B. @upcos, T. 2. - M. : KHOPVYC, 2013. - 378 c. : npuun. - (bakanaBpuar). - ISBN
978-5-406-00339-8. - ISBN 978-5-406-00341-1

Jlono/IHuTeIbHAS JIUTepaTypa:
4. Tpopumona, T. M. CoopHuK 3a1a4 1o Kypcy ¢usuku: s BTy3oB / T. . Tpodumosa. - 3-e
u3a. - M.: OHUKC 21 Bex: Mup u O6pasosanue, 2005. - 386¢. - ISBN 5-329-01369-0. - ISBN 5-
96666-196-5
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5. Tpodumosa, B. JI. IIpupononons3oBanue. Tonkossrii cioBaps / B. JI. Tpodumosa. - M.:
®unance U cratuctuka, 2002. - 186 c. - bubnumorp: ¢. 182-183. - ISBN 5-279-02687-2

6. Imutpuesa, B. ®. 3amaun no ¢pusuke: yued.mocodue s TeXxHUKyMmoB / B. @. Jlmutpuesa. -
3-e m3x., crep. — Mocksa: Akagemus, 2009. - 336 c.: ui. - (Cpennee npodeccnoHaabHoe
obpazoBanue. O0meoopazoBaTenbHble TUcHUIUIHHBI) (YaeoHoe mocodue). - ISBN 978-5-7695

7. Bonmbkenmreitn, B. C. CoopHuk 3a71a4 mo o0memMy Kypcy GU3UKU: IS CTY/A. TEXH. BY30B /
B. C. Boabkenmreiis. - 3-¢ uza. ucnp. u jgot. - CI16: Kawxkasriit mup, 2007. - 327 c.: un. - [pun.: c.
308-327. - ISBN 5-86657-2357-7

8. SABopckwmii, b. M. CripaBounuk no ¢usuke / b. M. fBopckwii, A. A. [ernad. - 8-e u3z.,
nepepad. u ucnp. - M.: OHUKC : Mup u o6pazosanue, 2008. - 1056 c. : un., Tabmn. - [Ipenm. ykas.:
c. 1011-1062. - ISBN 978-5-688-01677-0

9. Yeptos, A. I'. 3agaunuk o ¢usuke : [yaed.mocoodbue st BTy308] / A. I'. UepTos, A. A.
Bopo0ObeB. - 8-e u3a., mepepad. u morm. - M. : dusmariut, 2007. - 660 c. - [Ipu.: c. 623-660. -
ISBN 5-96052-098-7
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MUWHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHU A
POCCHUMCKOU OEJEPALINN
denepanbHOE rOCYAapCTBEHHOE aBTOHOMHOE

00pa3oBaTeIbHOC YIPEKACHUE BBICLIECIO 00pa30BaHMUsl
«CEBEPO-KABKA3CKUNU ®EJJEPAJIbHBIN YHUBEPCUTET»
HeBunHOMBICCKHE TexHOMOTHYECKHI HHCTUTYT» ((pmmman) CKOY

METOAUYECKUE YKA3ZAHUA
110 BHINOJIHEHHUIO PAKTHYECKUX padoT
no JucuumnanHe «Ouznkay

«QJIEKTPOHHBIM JJIOKYMEHT»

HanpasieHnue moaroroBku 13.03.02 DnexTposrHepreTHKa 1 3JIeKTPOTEXHUKA
I'on Havyama oOyueHus 2022
N3zygaercs B 2-3 cemecTpax
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Hesunnomsicck, 2022
MeTtoudeckre yKa3aHus MO BBITOJHEHUIO MPAKTHYECKUX PabOT COCTABICHBI B COOTBETCTBUU C
denepalibHBIM  TOCYJAPCTBCHHBIM CTAaHAAPTOM, pabo4YMM y4eOHBIM IIJJAHOM M TIPOTpamMMOi

TUCHUTUITUHBI «DPu3uKay Ui CTYACHTOB HampabieHui noAarotoBku 15.03.02 TexHosiormueckue
MaIlIMHBI ¥ 000py/IOBaHHE.

CocraBuTenu: KaHj.Iel. Hayk, noueHT CeipoBarckas B.U.
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BBEJEHUE

Hacrosiiee uznanue sBisieTcss METOIUYECKMMM YKa3aHUSMHU Ul CTYJIEHTOB OakanaBpuara U
MpeJHAa3HAYCHO JJIsl OPraHM3allMd WX MPaKTU4YecKod paboTel mo pazmenam kKypca DPU3UKA,
pasmensl:  «Mexanuka», «Konebanuss u BoOdHB, «MonekynsipHas ¢(HU3MKa W OCHOBBI
TEPMOJIMHAMUKNY, « DJIEKTpOMarHeTusm», «Onruka. KBantoBast npupoja u3inydeHus», « JIeMEeHTbI
KBAaHTOBOH (U3UKH», «IIEMEHTHl (HU3UKKM AaTOMHOTO sIpa W DJIEMEHTApHBIX dYacTuiy. B
METOMYECKUX YKa3aHHUAX NMPUBEICHBI OCHOBHBIE (POPMYIIBI M 3aKOHBI, IPUMEPHI PEUICHUs 3ajad,
3aJauul JUISI CAMOCTOSITEIBHOTO PEIICHHMs], BAPUAHTHI 3a/1a4 ISl paOOThl HAa ayAUTOPHBIX 3aHATHUSIX,
PEKOMEHA0BAaHHAs JINTEPATypPA.

Ecnu cTyneHT HCHBITBIBAET 3aTPYyIHEHHS B OCBOCHUM TEOPETHYECKOIO WM IPAKTHYECKOTrO
Marepuaia, TO OH MOKET IIOJIyYUTh YCTHYIO WM MCbMEHHYIO KOHCYJIBTALMIO Y IIPENoJaBaTesl.

Komnereniuu obydaromierocs, (GopMupyemMble B pe3yiabTaTe H3Y4YEHMs] U BBIIOJHEHMSI BCEX
MPaKTUYECKUX padoT, CleyIolue:

Harnpasienne
[TOTOTOBKH

[Ipoduip

Nunexc

DopMynHMpoBKa:

OIIK-4

MOHMMAHHEM  CYIIHOCTM W  3HAYeHUSs]
MHPOpMAlMM B Pa3BUTHA COBPEMEHHOTO
00I1ecTBa, CINOCOOHOCTBIO MOJy4yaTh H
00pabaTeiBaTh MHOOPMALIUIO U3 PA3TUYHBIX|
MCTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETHPOBAaTh, CTPYKTYpHpPOBATh U
0hopMIIATh HHPOPMAIIHIO B JOCTYITHOM JIJIsI
IPYTUX BUJIE.

OK-7

CIIOCOOHOCTBIO K  CaMOOpPTaHM3allMu U
caM000pa30BaHUI0 TPOCKTAMHU, HCIIOJIB3YS
0a30BbIE  METOJBI  KCCIICIOBATEIHCKOH

NCATCIIBHOCTH

B X0J€ U3YUYCHH W BBIIIOJTHCHHUS ITPAKTUYCCKUX pa60T CTYACHT HOJIKCH:

3HaTh:

- OCHOBHBIC TTpaBUJIA IJIs1 00paOOTKHU PE3yabTaTOB IKCIIEPUMEHTA;

- 0a30BBIE METOJIBI HCCIEA0BATEILCKON NeITEIbHOCTH,

- METOJIbl CAaMOOPTraHU3alMK K cCaMOOOpa30BaHMIO CTYyJEHTA HarpaBjieHUs «TeXHOIOTHYECKUE
MaIIHbI U 000pYIOBaHUS.

Ymers:

-TIPOBOJUTH 00PaOOTKY MH(MOPMAIUK C UCIIOJIB30BAHUEM MPUKIIATHBIX TPOTPAMMHBIX CPEJCTB
cdepsl mpohecCHOHATLHOMN JICATEIIEHOCTH;

-TIPUMEHSTh 0a30BbIE METOJBI HCCIICOBATEIBCKON  JCITEIBHOCTH B paboTe Haj
WHHOBAlIMOHHBIMU ~ TPOCKTAMHM [0  HAmpaBlIeHHIO  «TEXHOJOrMYeCKHWe MalluHbl U
o0opynoBaHue.

Bnagers:

- METOJaMH HUCCIeI0BATeNIbCKON AeITeTbHOCTH IPpU paboTe HaJl MPOEKTaMHU;

- TOHMMaHUEM CYIIHOCTH M 3Ha4eHHs] MHPOpPMAIMH B PAa3BUTUH COBPEMEHHOTO OOIIEeCTBa,
CIOCOOHOCTh TONy4aTh M 0O0padaThiBaTh WHGOPMAIMIO W3 PA3NUYHBIX HCTOYHHUKOB,
TOTOBHOCTh HHTEPIPETUPOBATH, CTPYKTYPUPOBATH U 0(POPMIISATH HHGDOPMALIUIO CTYACHTAMU
HampaByieHUs — TeXHOIOTrn4eCcKre MaIlIHBI U 000PYIOBaHMS.
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[TpucTtynas K pemeHuto 3aaa4 13 J00bIX TPAKTUIECKUX PabOT, MPUBEICHHBIX HIXKE, HYKHO
MIPUIEP>)KUBATHCS CIEAYIOIIET0 NOopsiaAKa:

1. BHUMaTenpHO IPOYUTATh U NIEPENUCcaTh YCIOBUE 3aJauu.
2.M3yunTh TEOpPETUYECKHH MaTephall M0 HMMEIOUIEMYCS TOCOOHIO, YCTAaHOBUTH CBSI3U MEXIY
JTAHHBIMU (PU3UYECKIMU BETUYMHAMMU.
3.YcTaHOBUTH, BCE JIM TEPMHUHBI B YCIOBHMM 33Ja4d U3BECTHBI U MOHSATHBI. ECIu 4TO-TO HE SICHO,
CIIEyeT ellle pa3 oO0paTUThCA K Y4eOHUKY, IOCMOTPETh PEIIECHHUs 3a7ad Ha 3Ty TeMY B y4eOHO-
METOIUYECKUX TOCOOUSX.
4. 3anucarb KpaTKO€ YCJIOBHE 3aJa4H.
5. [lepeBectu Bce 3amaHHbIe BeIMUMHBI B eAMHUIBI CU.
6. Ecnn HeoOxoaumo, caenath uepTex. [Ipy 3TOM HYKHO HArjIsiIHO NPEACTaBUTH (U3UUYECKYIO
CUTYAIUIO, COJIEPKAIIYIOCS B 3a]1aue.
7. ITpoBecTr aHAIIN3 3a/1a4H.
8.YcraHoBUTh, Kakue (PU3MUECKHE 3aKOHBI M COOTHOIIEHHUS MOTYT OBbITh HCIOJIb30BAaHBI IPU
pPELICHUH JaHHOM 3a/1a4uu.
9.CocTaBUTh ypaBHEHUS, CBS3bIBAIOUINE (U3NYECKHE BEJIWYMHBI PACCMATPUBAEMOIO SIBIIEHUS C
KOJINYECTBEHHON CTOPOHBI.
10. laTh kpaTKue NOSCHEHUS UCTIONIb3YeMbIX (OopMys 1 OyKBEHHBIX 0003HAUEHUH.
11. Pemnthb 3TH ypaBHEHUS OTHOCUTEIHHO HEM3BECTHBIX BEJIMYMH, MTOJIYYUTh OTBET B O0IIEM BUJIE.
12. [IpousBectu JeHCTBUE C Pa3MEPHOCTSIMHU U YOEIUTHCS, YTO MCKOMasl BEJIMYMHA TOJyJYaeTcs B
equanIax CU.
13. Caenarth Bce HEOOXOIMMBIE BEIUYUCIIEHUS U 3aIIACAThL OTBET C HANMEHOBAHUEM.
14.1Tpoananu3upoBaTh JOCTOBEPHOCTH IMOJYYEHHOTO pe3yJibTaTa, HUCCIENOBaTh, HET JIM APYTHX
[ 911(S317178
15. Ecnu npu pemieHuu 3aiad BO3HUKHYT TPYIHOCTH, KOTOPBIE CTYAEHT HE MOXKET IPEOJ0JIETh
CaMOCTOSITEIIFHO, HE0OX0IMMO 00paTUTHCA Ha Kadeapy 3a KOHCYJIbTAIUEH.
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INPAKTUYECKOE 3AHATHE Ne 1-2. 9JIEMEHTBI KHNHEMATHUKH.

Heab-3akpenuTh HM3y4EHHBIH MaTepual Mo TeMmaThuke «DJIEMEHThl KWHEeMaTuku. Mopenu B
MexaHuke. Cucrema orcuera. Tpaekropus, JUIMHA IIyTH, BEKTOP MEPEMEILECHUS. Y CKOPEHUE U
€ro COCTaBJISIOUINE. YTIIOBAsi CKOPOCTh U YIIIOBOE YCKOPEHUE.

AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh MOJIYYEHHbIE TEOPETUUYECKUE 3HAHUS U
BBIPAa0OTaTh HABBIKA M YMEHHUS IPAKTUYECKOTO PEIICHUS 33/1a4, B TO YHCJIE U CAMOCTOSITEIIBHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJisl 00pabOTKHU pe3ysIbTaTOB SKCIEPUMEHTA;

-0a30BBIE METOJIBI UCCIIETIOBATEIBCKON AEATEIBHOCTH.

Ymers:

-IPOBOJIUTh 00pabOTKy MH(pOpPMAlMK C UCHOJIb30BAaHHUEM MPUKIATHBIX MPOrPaMMHBIX CPE/ICTB

cdepbl

npo¢ecCHOHATBHOM JIeATETLHOCTH;

-IIPUMEHATH 0Aa30BbI€ METO/IbI CCIIEI0BATEIBCKOM IEATEIBHOCTH B pabOTe HaJl MYHHOBAIIMOHHBIMU

MIPOEKTAMH IO HarpaBieHUI0 « TexXHOoIornyecKknue MaluHbl 1 000PYI0BaHUEN.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON ESITEIbHOCTH TP paboTe HaJl IPOEKTaMu;

- TMOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs MHPOpPMAllMM B PAa3BUTUU COBPEMEHHOrO OOIECTBa,

CIIOCOOHOCTh
moiyyaTb M 00pabaTbiBaTh HMHQOpPMAIMIO U3  PAa3IUYHBIX HMCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMH HampaBieHHs — TexHolornyeckue
MAaIlIUHBI ¥ 000PYIOBaHUSI.
Peanu3zyemblie KOMIIETEHIMU

IIK-4 ciocoOHOCThIO y4aCTBOBATh B pa0OTE HaJl MHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJIB3Ys Oa30BbIC
METO/IbI MCCIIEIOBATEIBCKON IEATEIILHOCTH

OIIK-4 noHMMaHWEM CYNTHOCTH W 3HaYeHUs WH(POpPMAIMU B Pa3BUTHH COBPEMEHHOTO 00IIIECTBa,
CIIOCOOHOCTBIO MOJIy4YaTh U 00padbaThiBaTh HHGOPMAIIHIO U3 PA3TMYHBIX HCTOYHUKOB, TOTOBHOCTHIO
WHTEPIPETHUPOBATh, CTPYKTYPUPOBATH U OPOPMIISTh HH(GOPMAIIHIO B JOCTYITHOM JIJISI IPYTUX BUJIC

TeopeTnyeckas 4acThb
1. Moneau B Mexanuke. Cucrema orcuera. Tpaekropus, JVIMHA IyTH, BEKTOP MepeMenieHunst

MexaHuka — 4acTh (DU3HKH, KOTOpas M3ydaeT 3aKOHOMEPHOCTH MEXaHHYECKOTO JIBIKEHUS U
MIPUYMHBL, BbI3bIBAIOIINE WM U3MEHSIONIUE 3TO JBUKEHHE. MexaHuvecKoe JABUKeHHe — 3TO
M3MEHEHUE C TEYEHUEM BPEMEHHU B3aMMHOTO PACIIONOXKEHHUS TEJl WIM UX YaCTEH.

Pa3zButne mexanuku kak Hayku HauuHaercs ¢ III B. g0 H. 3., KOrga ApEeBHETPEYECKUN YUYEHBIN
Apxumen (287—212 o H. 3.) chopMynUpOBaN 3aKOH PABHOBECHSI pbluara U 3aKOHbI pABHOBECHS
aBatomux Tea. OCHOBHBIE 3aKOHBI MEXaHUKHU YCTAHOBIEHBI HUTANbSHCKUM (U3UKOM U
actpoHomoMm [I'. Tamuneem (1564—1642) H oxoHUaTENbHO CHOPMYIUPOBAHBI AHTIUHCKUM
yuensiM U. HerotoHoM (1643—1727).

Mexanuka ['anunes—HpOTOHA HAa3bIBAETCS KIACCHYECKON MEeXaHMKOM. B Hell n3y4yaroTcs 3aKOHbI
JBUKEHUSI MAKPOCKOIIUYECKHUX TEJl, CKOPOCTH KOTOPBIX MAJIbI [0 CPABHEHHIO CO CKOPOCTBHIO CBETA
C B BakyyMe. 3aKOHBI JBW)KEHHS MaKpPOCKOIMYECKHUX T€JI CO CKOPOCTAMH, CPAaBHUMBIMU CO
CKOPOCTBIO C, U3y4alOTCs PeJIITHBUCTCKON MeXaHUKOM, OCHOBAaHHOM Ha CNelHAJIbLHON TeOpuHu
OTHOCUTEJIBbHOCTH, chopMynupoBaHHON A. OIiumreiiHom (1879—1955). na onucanus
JBUKCHHUSI MUKPOCKOMUYECKHX Tel (OTAETbHBIE aTOMBl U AJIEMEHTapHbIE YAaCTUIIbI) 3aKOHBI
KJIACCUYECKOW MEXaHUKH HENPUMEHUMbI — OHU 3aMEHSIOTCS 3aKOHAMHU KUTOBOI MEXaHHUKH.
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B mepBoii uactu Hamero Kypca Mbl OyneM wu3ydaTb MexaHuky [amunes—HproroHa, T.€.
paccMaTrpuBaTh JIBUKEHUE MAKpPOCKOIMYECKUX TEJI CO CKOPOCTSIMH, 3HAUUTEIBbHO MEHbIINMU
cKkopocTu ¢. B kmaccuyeckold MexaHHWKe OOMICTIPUHSATA KOHIIETIHUS MPOCTPAHCTBA U BPEMEHH,
paspabortanHas M. Hpl0TOHOM ¥ TOCIOICTBOBABIIASI B €CTECTBO3HAHUN HA MPOTsHKeHUH X VII—
XIX BB. Mexanuka [anunes—HbloTOHa paccmaTpuBaeT IPOCTPAHCTBO M BpeMsl  Kak
00BEKTHBHBIE ()OPMBI CYIIECTBOBAHUSI MAaTEpUH, HO B OTPBIBE JIPYT OT Jpyra W OT JIBH)KCHUS
MaTepUATIbHBIX TEJl, YTO COOTBETCTBOBAJIO YPOBHIO 3HAHUI TOr0 BPEMEHHU.

Mexanuka nenuTcs Ha Tpu paszaena: [) kKuHeMaTuky; 2) IMHAMUKY; 3) CTaTHKY.

Kunemarnka wusydaeT JBH)KEHUE Te€J, HE paccMaTrpuBas IPUYMHBI, KOTOpPbHIE 3TO JABWKEHHUE
00yCIIOBJIMBAIOT.

JluHaMuKa U3y4daeT 3aKOHBI JBMXKEHUS TNl U MPUYMHBI, KOTOPbIE BBI3BIBAIOT WM U3MEHSAIOT 3TO
JBIKECHHUE.

CraTnka u3ydaeT 3aKOHbI paBHOBECHUS CUCTEMBI TeJl. Eciii M3BECTHBI 3aKOHBI IBUKEHUS TEJ, TO U3
HUX MOYHO YCTAaHOBUTH U 3aKOHBI paBHOBecusl. [103TOMY 3aKOHBI CTaTUKH OTAEIBHO OT 3aKOHOB
TUHAMUKH (QU3HKA HE pacCMaTPUBAET.

MexaHuKa Ui ONMCAaHUS ABM>KEHUS TeJl B 3aBUCUMOCTH OT YCJIIOBMM KOHKPETHBIX 33]1a4 UCIOJIB3YET
pasHble Qusuueckue modenu. IlpocTeiiiiell MOJENbIO ABISETCS MaTepHaJbHasi TOYKA — TeJo,
obJajaromiee Maccoi, pasMepaMu KOTOPOTO B JaHHOW 3amade MOXKHO TpeHeOpeub. [lonsitue
MaTepUaTbHOM TOYKM — aOCTpaKTHOE, HO €ro BBEJCHHE OOJIEr4aeT pelIeHHe NMPaKTUYECKUX
3anau. Hampumep, usydast 1BrkeHue miaHeT 1no opoutam Bokpyr CoJjHIIa, MOKHO NMPUHSATH UX 32
MaTepHUaJbHbIE TOUKH.

[Ipou3BosIbHOE MaKpPOCKOIMYECKOE TEJIO0 WM CHCTEMY Tell MOXKHO MBICIEHHO pa30MTh Ha Majble
B3aUMO/ICHCTBYIOLIUE MEXKIy CcOOOM uacTH, KaxJas M3 KOTOPBIX paccMaTpuBaeTcs Kak
MaTepuagbHas Touyka. Torna u3ydeHue ABMXKEHMsSI MPOU3BOJIBHOM CHCTEMBI T€JI CBOJIUTCS K
M3Y4YEHUIO CUCTEMBbI MaTepHalbHBIX TOYEK. B MeXaHWKe CHayana M3y4aroT JIBH)KEHHE OJHOU
MaTepUaIbHOM TOUKH, a 3aTEM MEPEXOIAT K N3YUEHUIO ABMKEHUS CHCTEMbI MATEPUAJIBHBIX TOYEK.

[Tox Bo3aelicTBUEM TeJ APYT Ha JIpyra Tejaa MOTyT AepOpMUpPOBATHCS, T. €. U3MEHATH CBOIO (hopMy
u pasmepsl. [losToMy B MexaHHKe BBOJIUTCS €lIe OJHAa MOJENb — aOCOIIOTHO TBEPIOE TEJO.
AGCOIOTHO TBEPIBIM TEJIOM HAa3bIBAETCS TEJO, KOTOPOE HU MPH KAKUX YCIOBHUSAX HE MOXKET
ne(popMUPOBATHCA U IIPH BCEX YCIOBUAX PACCTOSHUE MEXKAY IBYMS TOUKAMU (MJIM TOUHEE MEXKIY
JIBYMsI YaCTHIIAMH) 3TOTO Te€JIa OCTAETCS MOCTOSHHBIM.

JIroboe nBMKEHHE TBEPJOro Teja MOXHO IMPEACTaBUTh KaK KOMOHMHAIIMIO TOCTYMAaTeJIbHOTO U
BpamareabHoro aBwxeHuil. [loctynarenbHoe qBMKEHHE — 3TO JABMXKEHHUE, IIPU KOTOPOM Jro0ast
npsiMasi, JKECTKO CBSI3aHHAs C JABWKYLIMMCS TEJIOM, OCTaeTcs NapajyIeIbHOW CBOEMY
[IEpBOHAYAIBHOMY IOJIOKEHHIO. BpamaTenbHoe ABUKEHNE — 3TO JIBKEHHE, IIPU KOTOPOM BCE
TOYKHU Te€Ja JABMXKYTCS IO OKPYKHOCTSIM, LIECHTPbI KOTOPBIX JIeKAaT HAa OJHOW U TOM K€ MPsAMOH,
Ha3bIBa€MOM OChIO BpAILICHHUSL.

JIBrKeHHE Tea MPOMCXOOUT B MPOCTPAHCTBE M BO BpeMeHH. [losToMy aisi onucaHus JBUKEHUS
MaTepuaibHOM TOUKH HAJI0 3HATh, B KAKUX MECTaX MPOCTPAHCTBA 3T TOUKA HAXOIUJIACh U B KAKUE
MOMEHTHI BPEMEHHU OHa MPOXOIuia TO UIN UHOE MOJIOKEHUE.

[Tonoxenue maTepuanbHOW TOYKU OIpeAesieTcs MO OTHOIICHHIO K KaKOMY-JHOO JIpyromy,
MIPOU3BOJILHO BHIOPAaHHOMY Tely, Ha3blBaeMoMy TejoM oTcyera. C HUM CBS3BIBAETCSl CHCTEMa
OTCUYETa — COBOKYIIHOCTb CHCTEMBbI KOOPJIMHAT M 4YacoOB, CBS3aHHBIX C TEJIOM OTcyeTa. B
JIeKapTOBOM CUCTEME KOOPIUHAT, UCIIOIb3yeMO Hanboliee 4acTo, MoJI0KeHHE TOUKU A B JTaHHBIH
MOMEHT BPEMEHH I10 OTHOILIEHUIO K 3TOM CUCTEME XapaKTEpU3yeTcs TPEMS KOOpAUHATAMHU X, Y U
Z WIA paJuycOM-BEKTOPOM I, TPOBEJACHHBIM M3 Hayajaa CUCTEMbl KOOPAMHAT B JAHHYIO TOUKY
(puc. 1).

[Tpu nBMXXEHUN MaTepUANIbHOM TOUKU €€ KOOPIMHATHI C TeUeHHUEM BPEeMEHHU U3MeHstoTcs. B oOmem
cllydae €€ IBM)KEHHUE ONIPEAETSAETCS CKAIAPHBIMY YPAaBHEHUSAMHU

x = x(t), y =y(t), z = z(t),
(1.1)
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SKBUBAJIEHTHBIMU BEKTOPHOMY YPaBHEHHUIO
r=r(t).
(1.2)

VYpasuenust (1.1) u coorBercTBeHHO (1.2) Ha3bIBalOTCd KHHEMATHYeCKHMH YPAaBHEHUSIMH [BU-
KEHUSI MATEPHAJILHOM TOYKH.

Yucno He3aBUCUMBIX KOOPAMHAT, IOJHOCTBHIO ONPENEISIONINX MOJ0KEHUE TOUKU B IIPOCTPAHCTBE,
HA3bIBACTCSl YMCJIOM cTemeHeii cBo0oaAbl. Ecim martepuanbHas TOYKa CBOOOJHO JBHIKETCS B
MPOCTPAHCTBE, TO, KakK yKe ObUIO CKa3aHO, OHa oO0JagaeT TpeMs CTENEeHSIMHU CBOOOIBI
(KOOpAMHATEL X, ¥ U Z), €CJIM OHA JBWXKETCS MO HEKOTOPOU MOBEPXHOCTHU, TO ABYMS CTEIECHSIMHU
CBOOO/IBI, €CITU BIOJb HEKOTOPOH JIMHUH, TO OJTHOW CTETICHBIO 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? :

Uckmiouas t B ypaBHenusix (1.1) u (1.2), nosryuum ypaBHEeHHE TPACKTOPUU JBUKEHHS MaTepHabHON
Touku. TpaekTopusi IBMKEHUS MaT€pUaIbHOW TOYKH — JIMHUS, OMMChIBa€Masi 3TOM TOYKOU B
npocTpaHcTBe. B 3aBucumMocTs 0T POpPMBI TPACKTOPUHU JBUKEHHE MOXKET OBITH MPSMOITUHEHHBIM
WU KPUBOJIMHEHHBIM.

PaccmoTpuM nBHKEHHME MaTepuaaIbHOW TOYKU BIIOJIB MPOU3BOJIBHON TpaekTopum (puc. 2). Orcyer
BPEMEHHM HayHEM C MOMEHTa, KOrjJa TOYKa Haxoawiach B MojoxkeHun A. JlnmmHa ydacTka
TpaeKTOpUU AB, NPONUJIEHHOIO0 MAaTepHAIbHON TOYKOW C MOMEHTa Hayajga OTCYETa BPEMEHHU,
HA3bIBACTCS JJIMHOM MYTH AS U SBIIICTCS cKaIsApHou (hynkyueti BpeMenu: AS = As(t). Bexkmop Ar
= I — ro, IPOBEJCHHBIN U3 HAYAJIBHOIO IOJOXKEHUS JBWKYIIEHCA TOYKHU B IOJIOKEHUE €€ B
JaHHBIH MOMEHT BpeMeHHM (IpHUpalleHue paanyca-BeKTopa TOYKHM 3a paccMaTpUBaEMbIii
MIPOMEXYTOK BPEMEHH ), Ha3bIBaeTCS MepeMelleHueM.

[Ipy npsAMOIMHENHOM JBUKEHUU BEKTOP MEPEMEIIECHHS COBIAJAET C COOTBETCTBYIOIIMM Y4aCTKOM
TPAeKTOPUU U MOJYIb IepeMelleHus |Ar| paBeH NpoiicHHOMY ITyTH AS.

2. YcKopeHue M ero coOCTaBJIsiionme

B ciydae HepaBHOMEPHOTO JBIKEHHS BAYXKHO 3HATh, KaK OBICTPO U3MEHSIETCS CKOPOCTh C TCUCHHEM
BpeMeHU. DHU3NYECKOW BEIWYMHOM, XapaKTepH3yIOield ObICTPOTY W3MEHEHHsI CKOPOCTH IO
MOJIYJIFO M HAIIPABJICHHIO, SIBJISICTCS YCKOPEHHE.

PaccmoTpuM miiockoe IBHKeHHe, T.C. JBIKCHHE, IPH KOTOPOM BCE YYaCTKU TPACKTOPUU TOYKHU
JISKAT B OJTHOM IockocTu. [IycTh BEKTOp V 3a/1aeT CKOPOCTh TOUYKH 4 B MOMEHT BpeMeHHu . 3a
BpeMsi At IBIKYIIAsiCsl TOUKA Tepelia B OJ0KEeHUE B 1 nMprodpelia CKopoCTh, OTIUYHYIO OT V
KaK 110 MOJIyJII0, TaK W HAlpaBJICHUIO U paBHYIO V1 = V + AV. IlepeHeceM BEKTOp Vi B TOUKY A U
HaizeM AV (puc. 4).

CpeaHuM YCKOpeHHEM HEpPaBHOMEPHOTO JBIDKEHHS B HHTepBaie oT t mo t + At HaswiBaeTcs
BEKTOpHAs BEIMYMHA, pPaBHAsl OTHOLIEHUIO U3MEHEHUSI CKOPOCTH AV K MHTEpBaly BpeMeHH At

Av
{(a) = v

MrHoBeHHBIM yYCKOpeHHMeM a (YCKOPEHHEM) MaTepHaJbHOW TOYKM B MOMEHT BpeMeHHu t Oyner
IIpeJell CPEAHEr0 YCKOPEHUs:
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. . Av dv
8= lim{a) = lim — = —.
Ars0 . A0 At dt
Takum 00pazoM, yCKOpEHUE a €CTh BEKTOPHAS BEJIMUMHA, paBHAS IIEPBOM IPOU3BOJHON CKOPOCTH 110
BPEMEHHU.

Paznoxxum BekTOop AV Ha aBe coctamistomue. s sToro u3 touku A (puc. 4) Mo HanpaBJICHUIO

—_—

cKopocTH V oTiIo)kuM Bektop AD, mo moymro paBHbiid Vi. OueBuaHo, uTo Bektop CD , paBHBIii
AV_, omnpenensieT U3MEHEHHE CKOPOCTH 3a Bpems At no moodynio: Av, =V, —V. Bropas xe

cocraBisromas AV, Bekropa AV XapakTepu3yeT HU3MEHEHHE CKOpOCTH 3a Bpems At no

HanpaenleHuo.
TaHFeHHHaJIbHaH COCTaBJIAOIINAA YCKOPCHUS
Av,

lim — = lim — = —,
a0 At a0 Ar di

g

a,

T. €. paBHa IIEPBOM TPOU3BOTHON 10 BPEMEHH OT MOJIYJISl CKOPOCTH, OTIPEEIISAS TEM CAMBIM OBICTPOTY
M3MEHEHHUs CKOPOCTH 110 MOYIIIO.

Haiinem BTOpYIO COCTaBisAONIYyI0 ycKOpeHus. JlomycTuM, 4To Touka B JOCTaTOYHO OJU3Ka K TOUKe
A, mo3ToMy AS MO>KHO CUMTATh IyTOM OKPYKHOCTH HEKOTOPOTO paaunyca I, Majo OTInYaromencs
ot xopasl AB. Toraa u3 momgoous TpeyroiapbaukoB AOB u EAD cnemyer AVa/AB = vi/r, HO Tak Kak
AB = VAt, 0

Av, vy

Ar r
B npenene npu At — 0 nomyunm VvV, — V.

Puc. 4

¢ [ate onpegeneHnn BeKTOPOB cpefHel CKOpo-
CTH W CpPefiHero YCKOPOHWA, MrHOBEHHOR cxo-
POCTH W MrHOBBHHOTO YCKOPOHNA. KakoBi WX
HANPABNOHNR?

@ Y4T0 XapaxTepusyeTr TAHreHUWANbHAA cocTas-
NAKLAA YCKOPOHMAT HOPMANBHAA COCTABNA-
IOUAR YCKOPBHNAT KAKOBLI MX MOQYNHT

® Bo3aMOXHLI N ABMIKEHHA, NPU KOTOPbIX OTCYT-
CTBYET HOpPMAaNbHO® YCKOPeHWe? TaHreHum-

) aneHoe yckopexne? [TpuBeanTe npuMepsl.

ITockonbky V, — V, yroa EAD ctpemurcs k Hyio, a Tak Kak TpeyroiabHuk EAD paBHOOeApeHHBIH,

to yron ADE mexny V u Avy ctpemuTtcs K npsimoMy. CrnenoBatenbHo, pu At — 0 BeKTOpbI AVy
M V OKa3bIBAIOTCS B3aWMHO IEPICHIUKYISAPHBIMU. 1aX Kak BEKTOP CKOPOCTH HAIpaBJICH IO
KacaTeJIbHOU K TPACKTOPHH, TO BEKTOP AVyh, IEPIICHIUKYISPHBIA BEKTOPY CKOPOCTH, HAIIPABIICH
K LIEHTPY €¢ KPUBU3HBI. BTOpas cocTaBisionias yCKOpEeHuUs, paBHas

Ha3bIBACTCA HOpMaJIbHOﬁ cOCTaBJAKOIIEH YCKOpeHUs 1 HallpaBJICHA 10 HOPMAJIM K TPACKTOPHHU K
LHEHTPY €€ KPHUBU3HBI (HO3TOMy €€ Ha3bIBAIOT TAKKE HEHTPOCTPEMHUTEC/IbHBIM ycxopeHHeM).
IToanoe YCckopenue TEiIa €CTb TCOMETPHUYECKas CyMMa TaHT'€HLIHAJIbHOU H HOpMaHLHOﬁ

COCTaBISAOMIUX (pUC.5):
dv

a=—=8+1,
dr ™
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Wrak, maneenyuanvras COCTAaBIAIONIAs YCKOPEHUS XapaKTEPUBYET ObICIMPOMY USMEHEHUsL CKOPOCMU
no mooyno (HampaBJeHa IO KacaTelIbHOM K TPAaeKTOPUH), a HOPMANbHASA COCTABIIAIONIAS
YCKOPEHUSI — ObICMpPOmY U3MEHeHUs CKOpocmu Nno HanpaeieHuro (HampaBieHA K LEHTPY
KPUBU3HBI TPAEKTOPUH).

B 3aBHCMMOCTH OT TaHrE€HIIMAIBHONH M HOPMAJILHON COCTABISIOMIMX YCKOPEHHUS JABM)KEHHE MOKHO
KJIaccu(pUIMPOBATH CIETYIOIIMM 00pa3oM:

1) a, =0, an= 0 — npsiMoNHEHHOE PaBHOMEPHOE JIBIKCHUE;

2) a_=a=const, an = 0 — mpsAMoNMHEHHOE paBHOIEpEMEHHOE ABWXKeHMe. [Ipu Takom BuIE
JIBYOKCHUS
A v~
®EAT AT ey

Ecnu HauansHbIil MoOMeHT BpemeHH 11=0, a HayanbpHast CKOPOCTh V1=Vo, To, 0003HauuB 2=t u Vo=V,
noixyunMm a = (V—V,)/t, oTkyna

v = vy+at.

[IpounrerpupoBas 3Ty (GopMyly B mpeienax OT HyJs 10 MPOU3BOJLHOTO MOMEHTa BpeMeHH i,
HalJIeM, 4TO JUIMHA YTH, IPOWIEHHOTO TOYKOW, B CIIy4ae PABHOIIEPEMEHHOTO ABHKEHUS

t '
5 = Iﬂdt = I(vo+at)dt = yot+at?(2;
0 0

Puc. §

@ YTo HAa3LIBABTCA YINoBOA CxOpOCTL? ymo-
BbLIM YCKOpeHnom? Kaxk onpenennrioTcR WX Ha-
NPaBNeHnA?

@ Kaxopa CBA3b M@XAY NNHOAHLIMN W YIMOBLIMH
BONUYUHAMNT

3) a, = f(t), an= 0 — npsiMonMHEHHOE IBHKCHHUE C IEPEMEHHBIM YCKOPCHUEM;
4) a_=0, an = const. Ilpu a, =0 cKOpOCTh MO MOAYIIO HE HM3MEHSCTCS, a H3MEHSETCS MO

HanpasieHuio. M3 popMyisl an=V/I criemyeT, 4To paguyc KPUBU3HbI JOJKEH OBITh MOCTOSHHBIM.
CrnenoBarenbHO, IBHKEHUE TI0 OKPY>KHOCTH SIBJISIETCS PABHOMEPHBIM;
5) a, =0, a, # 0 — paBHOMEepHOE KPHBOJIMHEIHOE IBIIKCHUE;

6) a, =const, a, # 0 — kpUBOJIMHEITHOE PaBHOIIEPEMEHHOE JIBUKCHUE,

7) a_= f(t), a, # 0 — xpuBOJIMHENHHOE IBUKECHHE C TIEPEMECHHBIM YCKOPEHHEM.

3. YrioBasi CKOPOCTb H YIJIOBO€ YCKOpPeHUe

PaccmoTpuM TBepio€ T€10, KOTOPOE BpaLaeTCsi BOKPYT HENOABMXKHOM ocu. Torna oTesbHble TOUKH
3TOrO Tena OyayT ONMMCHIBaTh OKPY)KHOCTH PAa3HbIX PAJUYCOB, LIEHTPHl KOTOPBIX JIEKAT HA OCH
BpateHus. [lycTe HeKoTopas Touka JBMIKETCS [0 OKPYKHOCTHU paauyca R (puc. 6). Ee monoxxenue
yepe3 MPOMEXYTOK BpeMeHM At 3amgagum yriiom A¢ . DiaeMeHTapHble (OeCKOHEYHO Mallble)

MOBOPOTBI MOKHO paccMaTpHuBaTh Kak BEKTOPbI (OHH oOo3HauaroTcst A@ win d¢). Moayib

e

BCKTOpa dq) paBC€H Yyri1y HnOBOpPOTa, a €TI0 HaIpaBJICHUC COBIAAACT C HAIIPABICHUCM

IIOCTYNATEJIbHOTO JBMKEHMSI OCTpUS BHMHTA, I'OJOBKAa KOTOPOIO BpallacTcs B HaIlpaBJICHUU
JBUKEHMS TOUKH 10 OKPY>KHOCTH, T.€. IOJUNHSAETCS MPABUJIY NPaBOro BUHTA (puc.6). BexTopsl,
HamnpaBJeHUs  KOTOPHIX  CBS3BIBAIOTCS  C  HANpaBJICHWEM  BpAIIECHUS,  HA3bIBAIOTCS
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NCEeBJAOBEKTOPAMHU WM aKCHAJIBHBIMH BeKTOPAaMH. DTU BEKTOPBl HE UMEIOT OIPEIEIICHHBIX
TOUYEK MPUJIOKEHUS: OHU MOTYT OTKJIQJBIBATHCS U3 JIIOOOM TOYKM OCH BpAIICHUS.

Yr10Boil CKOPOCTBI0O Ha3bIBACTCA BEKTOPHAs BEJIMYMHA, PaBHAs I[EPBOM IMPOU3BOJHOM yria
IIOBOPOTA TEJA [0 BPEMEHHU:

BexTop @ HampaBiieH BJI0JIb OCH BpallleHUs 110 IPaBUiIy IIPaBOro BUHTA, T.€. TaK XKe, KaK U BEKTOP

de (puc.7). Pasmepnocts yriosoii ckopoct dim o=T!, a ee exunua — paguad B ceKyHIy

(pan/c).
JluneiiHas CKOPOCTh TOUYKHU (CM. pHC. 6)
. As . RAg . Ag
= lim — = lim —— = Rlim — = Ro,
’ a0 At Ao At a0 At
T. €
v = wR.
P \
d""l A
R
1s
Prc. 6 Prc. 7

B BektopHoM Buae Qopmyny s JIMHEHHOW CKOPOCTH MOXKHO HamUcaTh KakK BEKTOPHOE
MIPOU3BEACHUE:

v = [@R].

Rsin (@ R

IIpu 5TOM MOyJlb BEKTOPHOTO NPOM3BEICHHS, 10 ONpeiesieHuto, paeH @Rsin(@ R), 4 yanpasnenne
COBITQ/IACT C HANPABJICHHEM IOCTYIATEIFHOTO JBMKCHHUS [IPABOTO BUHTA TPH €TO BPAIICHUH OT
@ x R.

Ecnu (@ = const, To BpalieHue paBHOMEPHOE U €0 MO’KHO XapaKTepU30BaTh NEPUOIOM BpALeHHUSsI
T — BpemeHeM, 3a KOTOPOE TOYKa COBEpPLIAET OAWH TOJHBIA 000POT, T.€. MOBOPAYMBACTCS HA
yroi 2n. Tak kak npoMexyTky BpemeHu At = T cootBeTcTBYeT A@ = 271, T0 @ = 27/T, OTKYy D2

T = 2n/w.

Yucno moiaHbIX 000pOTOB, COBEPIIAEMBIX TEJIOM IPH PABHOMEPHOM €ro ABMKEHUU MO OKPYKHOCTH,
B €IMHUIlY BPEMEHH Ha3bIBACTCs YACTOTOW BPALLICHUA:
n = 1/T = o/2x),

OTKy/1a
® = 2nn.

YrinoBeIM YCKOPCHUCM HA3bIBACTCA BCKTOPHAA BCIIMYMHA, paBHaA HepBOI\/’I HpOH3BOI[HOI>i yTJ'IOBOﬁ

CKOPOCTH 110 BPEMCHHU:
- da
& = —

dt
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[Tpu BpameHnu Tesa BOKPYT HETOABMKHONW OCH BEKTOP YTIIOBOTO YCKOPEHHsI HAIpaBiIeH BIOJIb OCH
BpaIlleHHs B CTOPOHY BEKTOPA AIEMEHTAPHOTO MPUPALICHHS YTI0BOM ckopocTu. [Ipu yckopeHHOM
IBMKCHUU BEKTOP £ COHAIpaBIIEH BEKTOPY @ (puc.8), IpU 3aMeATIEHHOM — IIPOTHBOHAIIPABIICH
emy (puc.9).

dv
a=—,v=0RHn
TanreHnuanbHas COCTABISIIONIAs YCKOPEHUS dr
d(wR) R do Re
“T7a% T Ta T
HopmansHas cocraBisironiast yCKOpeHHUs
v?  w’R? 2p
= —_—= — =)
o R
w, w
w !
d_"..u>g F(ﬂ
dt w,
wq - —~——
I >
//’ € ""\\ \( )
{ IR Sd o~
N /
S €
Puc. 8 Pac. 9

Takum oOpa3oM, CBsI3b MEXIY JHMHEHHBIMH (JIMHA TYTH S, TPOWJIECHHOTO TOYKOW TO JyTe
OKPY)KHOCTH paauyca R, nuHeiHas CKOpOCTb V, TaHT'€HIIMAJIbHOE YCKOPEHHE a_, HOpMajbHOE

o
YCKOpPEHHE a,) M YIVIOBBIMU BEIMYMHAMHU (YroJl MOBOPOTAa @, YrJoBas CKOPOCTh @, YIJIOBOE

YCKOPEHHE €) BBIPAKACTCS CIACAYIOMUMH (POPMYIaMH:
§=Rp, v=Row, a = Re, a, = o’R.

B cityuae paBHOIIEpEMEHHOTO ABMKEHHS TOUKHU 10 OKPYXKHOCTH (£=CONSt)
o=oyte, @=ont el

I7Ie () — HaydajbHas yriioBas CKOPOCTb.

3aaHus ¥ BONIPOCHI

1.1. 3aBHCHMOCTB NPOIJIGHHOTO TEJIOM MyTH OT BPEMEHH 3ajaeTcs ypaBHeHHeM S=A+Bt+Ct?+Dt?
(C=0,1 m/c?, D=0,03 m/c®). Onpenennts: 1) BpeMs Hocie Hauana JBHKEHHS, Uepe3 KOTOPOE
yckopeHue a Tena Oyner paBHO 2 M/c?; 2) cpeaHee yckopeHue (a) Tela 3a 9TOT HPOMEKYTOK
Bpemenu. [1) 10 ¢; 2) 1,1 m/c?]

1.2. IIpeneOperas compoTHBIEHHEM BO3AyXa, OMPEACTUTh Yrodl, MOJ KOTOPBIM TENO OpOIIeHO K
TOPU30HTY, €CIIU MaKCMMasbHas BHICOTA MOIbeMa Teja paBHa 1/4 ganpHOCTH ero noiueta. [45°]
1.3. Koneco pamguycom R=0,1 M Bpamaercs Tak, 4TO 3aBUCUMOCTb YTJIOBOM CKOPOCTH OT BPEMEHU
3ajaeTca ypaBHeHHeM o = 2At + 5Bt* (A = 2 paw/c® u B = 1 pan/c®). Onpenenuts nojHOE
yCKOpeHHUe To4Yek 000/1a KoJeca yepes t=1 ¢ mocie Hadana BpalieHus ¥ 9ucio 000pOTOB, CleIaH-

HBIX KOJIECOM 32 3TO Bpemsl. [a=8,5 m/c%: N=0,48]

1.4. HopManbHOE YCKOpEHHE TOYKH, IBUXKYIIECHCS MO OKPYKHOCTH paauycoM =4 M, 3amaercs
ypaBHEHUEM an=A+Bt+Ct? (4=1 m/c?, B=6 m/c?, C=3 M/C4). Onpenenuts: 1) TaHreHUHUATBEHOE
YCKOpPEHHUE TOYKH; 2) MyTh, MPOUICHHBIA TOUKOM 3a Bpems t1= 5 ¢ mocne Havyana ABMKEHUS; 3)
T0JIHOE YCKOPEHHE [l MOMeHTa BpeMerH =1 c. [1) 6 m/c?; 2) 85 m; 3) 6,32 m/c?]
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1.5. YacroTa BpauieHus Kojeca Ipy paBHO3aMEIJICHHOM JIBMKeHNH 3a t=1 MuH ymenbinnacs ot 300
mo 180 muml. Ompenenuts: 1) yrioBoe yckopeHHe Kojeca; 2) 4MCIO HOJHBIX OGOPOTOB,
C/IeIAHHBIX KoJlecoM 3a 9To Bpems. [1) 0,21 pan/c?; 2) 240]

1.6. uck paguycom R=10 cM Bpamaercss BOKpYr HENOABM)KHOM OCH TaK, YTO 3aBUCUMOCTbH yrja
TI0BOPOTA PaJMyca JMCKa OT BpEMEHH 3ajaercs ypaBHeHneM ¢=A+Bt+Ct>+Dt® (B=1 pan/c, C=1
pan/c?, D=1 pan/c®). OnpenenuTs W ToueK Ha 000/e Kojieca K KOHILy BTOPOH CEKYH/bI MOCIe
Hayaja JBWKEHUS: |) TaHMeHIMAIbHOE YCKOPEHHUE a_; 2) HOPMAJIbHOE YCKOPEHHE dn; 3) MOJIHOE

yckopenue a. [1) 1,4 m/c?; 2) 28,9 m/c?; 3) 28,9 m/c?]
Crniucok nurepaTypbl

1. Tpopumosa, T. Y. dusuka : yueOHUK : AJIs CTY/IEHTOB BY30B, O0yJarOIIMUXCS 1O TEXH. HaMp.
noarotoBku / T.U. Tpodgumona. - 2-e u3a., nepepad. u pom. - Mocksa : Akagemusi, 2013. - 346 c. :
wi. - (Beicmee nmpodeccnonanbaoe obpaszoBanue) (bakamaBpuar). - Ilpenm. ykas.: c. 330-339. -
ISBN 978-5-7695-9820

2. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu perieHus 3agad: B 2-x 1. : yuebnuk / T.W.
Tpodumona, A.B. dupcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipuin.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

3. Tpodumona T.U., dupcosa A.B., CoopHUK 33134 110 pusmke- 2-¢ U31I., nepepad. u 011 - Mocksa

: Axagemmus, 2013.

IMPAKTUYECKOE 3AHATHUE Ne 3-4 TUHAMUKA MATEPUAJIBHOM TOYKH U
HOCTYHATEJBHOT'O ABUKEHUA TBEPAOI'O TEJIA

eab-3aKkpenuTh M3y4YEHHBIM MaTepuall MO TeMaTUuKe «J/[MHamMuka MarepuambHOM TOYKH U
MOCTYNATEIbHOTO JBWKEHUS TBEpIoro Tena.3akoHbl HploTOHa M cuia TpeHus. 3aKoH
COXPAHEHHUS UMITYIbCaY.

OcBauBaeMble KOMIIETEHIIMH B PE3YJIbTaTe MPOBEACHHS MPAKTUUYECKOTO 3aHATHUS YKa3aHbI B
nyHkTe «O01Ire cBeIeHU

AKTYaJIbHOCTh NMPAKTHYECKOT0 3aHATHSA — 3aKPENUTh IMOJTy4YE€HHbIE TEOPETUYECKHE 3HAHUS U
BbIPA0OTATh HABBIKM M YMEHHS MPAKTUYECKOTO PELICHHs 3a/1a4, B TO YUCIIE U CAMOCTOSTENBHO.

3HaTth:

-OCHOBHBIE ITpaBmUiIa AJisi 00pabOTKHU pe3ylIbTaTOB SKCIIEPUMEHTA;

-0a30Bble METOJbI HCCIIEA0BATEIBCKOM IEATEIbHOCTH.

Ymers:

-IPOBOJIUTH 00pabOTKy MH(GOPMALIUK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPAMMHBIX CPEICTB

chepsl

npodeccuoHaIbHON 1eATENbHOCTH;

-IIPUMEHSATH 0A30BbIE METO/IbI UCCIIEIOBATENILCKON IEATEIHbHOCTH B pabOTe HaJl MTHHOBAIIMOHHBIMU

MIPOEKTaMH IO HarpaBieHUIO « TeXHOIOTHYeCKUEe MAIIMHBI U 000PYIOBAHUEY.

Baanern:

-METOJaMH HCCIIEI0BATENbCKON NESITEIbHOCTH P paboTe Hal IPOEKTaMU;

- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs HMHPOpPMAIlMM B PA3BUTUU COBPEMEHHOTO OOIIECTBa,

CIOCOOHOCTh
nmoiydyaTb U 0o0pabarbiBaTh HMHPOPMAIMIO U3  PA3NUYHBIX  HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATh HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TeXHOIOTnyecKue
MaIIHBI U 000pyIOBaHHUS.

PeanmyeMble KOMIIETCHI MU
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IIK-4 criocoOHOCTBIO y4acTBOBAThH B paboTe Ha/l MHHOBAIIMOHHBIMH MPOEKTAMH, UCTIOIB3Ys 0a30BbIe
METO/IbI UCCIIEIOBATENBCKOM JIESITENbHOCTH

OIIK-4 mnoHMMaHHWEM CYIIHOCTH W 3Ha4YeHUs HH(OpPMAIMU B Pa3BUTUH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTHIO TOTyYaTh U 00pabaTbiBaTh MHOOPMAIIHMIO U3 PA3IIMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETHUPOBATh, CTPYKTYPUPOBATh U OPOPMIISTh HH(GOPMAIIMIO B JOCTYITHOM JIJIsl IPYTUX BUJE

Teopernyeckas 4acTb
1. IlepBbiii 3akon Herotona. Macca. Cuia

JluHamuKa SIBJISIETCS OCHOBHBIM Pa3fieJIOM MEXaHUKH, B €€ OCHOBE JIekaT TpHU 3akoHa HbroToHa,
chopmynupoBanHabie UM B 1687 1. 3akoHbI HBIOTOHA HTPAFOT HCKITIOYUTEILHYIO POJIb B MEXAHHKE
U SBIAIOTCS (Kak M Bce (DU3MYECKHE 3aKOHBI) 0000IIEeHHEM pe3yJbTaTOB OrPOMHOIO
YeJI0BEYECKOro onbiTa. VX paccMaTpuBalOT Kak cucmemy 63aumMOCEA3AHHbIX 3KOH08 U OTIBITHOM
IIPOBEPKE MOABEPTatOT HE KaXK/IbIM OTJEIbHBIN 3aKOH, a BCIO CUCTEMY B LIEJIOM.

IlepBrlii 3akoH HbloTOHA: 6Csikas mamepuanvras mouka (meino) coxpansem cocmosiHue noKos uiu
PABHOMEPHO20 NPAMOTUHEUHO20 OBUNCEHUS 00 MeX NOp, NOKA 8030elCmaue O CMOPOHbl OpPY2UX
mein He 3acmaeum ee usmenums 3mo cocmosanue. CTpeMIIEHHE Tejla COXPAHATh COCTOSIHUE TIOKOS
WM PABHOMEPHOTO MPSIMOJIMHEMHOIO JBWKEHMS HA3bIBACTCS MHEPTHOCTBHIO. [103TOMY mepBsIii
3ak0oH HbI0TOHA Ha3bIBAIOT TAK)KE 32aKOHOM MHEPUHH.

MexaHnyeckoe IBUKEHHE OTHOCHTEIBHO, U €ro XapakTep 3aBUCHT OT CHCTeMbl oTcyera. [lepBblit
3akoH HpIOTOHA BBIMOHSETCS HE BO BCIKOW CHCTEME OTCUETa, a T€ CUCTEMBI, 10 OTHOIIEHUIO K
KOTOPbIM OH  BBINOJIHSIETCSA, HA3bIBAIOTCS HHEPUHAJBHBIMH CHCTEMAMHM  OTCYeTA.
HNuepumanbHON CHCTEMON OTCYETA SBJISETCA Takas CUCTEMa OTCYETa, OTHOCHUTEIBHO KOTOPOl
MaTepuagbHas TOUKa, c860000HAA OM GHEWHUX 8030elcmsuti, MO0 TOKOUTCS, 00 JIBUKETCS
paBHOMEpHO U TpsMoNuHEeNHO. [lepewviti 3axkon Hvlomona ymeepawcoaem cywecmeosanue
UHEPYUATbHBIX CUCTNeM Omcyema.

OnBITHBIM TYTEM YCTAHOBJEHO, YTO WHEPLUHMAIbHOM MOXHO CUYUTATh TEIHOLEHTPUUYECKYIO
(3Be31HYI0) CUCTEMY OTCYETa (HAYaJI0 KOOPAWHAT HaXoauTcs B ieHTpe CoJIHIIA, a OCH ITPOBEAAHbI
B HaIpaBJICHUU OTIpEIeTICHHBIX 3Be3/). CrcTeMa oTcueTa, CBsA3aHHas ¢ 3eMJIei, CTpOro roBops,
HEUWHepIMaabHa, 0AHaKO 3((EKTh, 00yCIOBICHHBIE €€ HEMHEPIUATBLHOCTHIO (3eMJIsl BpaliaeTcst
BOKPYT cOOCTBEHHOM ocu 1 BOKpyr CoJHITa), TPU pelIeHU MHOTHX 3a71a4 MPEHEOPEKUMO MaJIbl,
U B ATHX CIIy4asix €€ MOXHO CUMTATh HHEPLIHATIBLHOM.

W3 ombiTa U3BECTHO, UTO MPU OJUHAKOBBIX BO3JACHCTBUAX pa3IMYHbIC TEJIa HEOAUHAKOBO U3MEHSIOT
CKOPOCTh CBOETO JBHXEHHS, T.€., UHBIMH CJIOBaMH, MPHOOPETAIOT pPA3IMYHBIE YCKOPEHUS.
YckopeHue 3aBUCUT HE TOJIBKO OT BEJIMYMHBI BO3JEHCTBUS, HO U OT CBOMCTB caMoro Tena (0T ero
Macchl).

Macca tena — ¢usnyeckas BeIMUNHA, SBIISIIONIASACS OJHON U3 OCHOBHBIX XapaKTEPUCTHUK MaTEPUU,
OTIpe/IeIIsAoNIasl e¢ WHEPIHOHHbIC (MHEePTHAsi Macca) M TPaBUTAIMOHHBIE (IPaBUTAIHOHHAS
Macca) cBoiicTBa. B Hacrosimiee BpeMsi MOXHO CYUTAaTh JOKAa3aHHBIM, YTO HWHEpPTHAas U
IPaBUTALIMOHHAS MACChl PaBHBI APYT APYTY (C TOUHOCTHIO, He MeHblieh 10712 ux 3nauenus).

UToOB! ONMKCHIBAaTH BO3ACUCTBUS, YIIOMUHAEMbIE B IEPBOM 3aKOHE HbIOTOHA, BBOJAT MOHSITHUE CHUIIBI.
[Tox neiicTBueM cui Tena TUOO0 U3MEHSAIOT CKOPOCTh JIBMXKEHUS, T. €. IPHOOPETAIOT YCKOPEHUS
(mMHAMHYECKOE MPOSBICHHE CHIT), JUOO AeOPMUPYIOTCS, T. €. U3MCHSAIOT CBOIO (GOpMy H
pa3Mepsl (CTaTHYeCKOe MPOsBIECHUE CHIT). B KaxkIplii MOMEHT BPEMEHH CHUJIa XapaKTepHU3yeTcs
YHCIIOBBIM 3HAUEHUEM, HAMPABICHUEM B MPOCTPAHCTBE U TOUYKOM mpuiioxeHus. Utak, cuiaa —
9TO BEKTOPHAsI BEIMYMHA, SBJISIOIIAACS MEPON MEXaHUYECKOTO BO3EHCTBHUS HA TEJIO CO CTOPOHBI
JPYTUX TeJ WU NOJIEH, B pe3yibTaTe KOTOPOTo TeJIO MPHOOpeTaeT yCKOPEHNE WIM U3MEHSET CBOIO
¢dbopmy U pa3Mepsl.
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2. Bropoii 3akon HbroToHa

Bropoii 3akoH HbIOTOHA — 0CHOBHOU 3AKOH OUHAMUKU NOCMYNAMENbHO20 O8UNCEHUsT — OTBEYACT
Ha BOIPOC, KaK M3MEHSAETCS MEXaHWYECKOE JBUKEHUE MaTepualibHOM TOYykd (Tena) moj
JEMCTBUEM MPHUIIOKEHHBIX K HEW CHUIIL.

Ecnu paccMoTpeTs 1elCTBHE pa3aMYHbIX CHJI HA OJTHO U TO K€ TEJI0, TO OKa3bIBAETCS, YTO YCKOPEHUE,
nmprodOpeTaeMoe TeJIOM, BCErja MpsiMO MPOMOPIMOHAILHO PAaBHOACHCTBYIOMICH MPHIIOKEHHBIX
CHII:

a ~F (pr = const).

(6.1)

[Ipy nmeficTBUM OJHOM M TOM K€ CHJIBI HA TEJa C Pa3sHbIMM MAacCaMH MX YCKOPEHHUS OKa3bIBAIOTCSA
pa3IMYHbIMU, & UMEHHO
a ~ 1/m (F = const).
(6.2)
Wcnonb3ys Beipaxenus (6.1) u (6.2) u yuuTbIBas, 4TO CUjia U YCKOPEHHE—BEINYNHbBI BEKTOPHBIE,
MOXKEM 3alucarhb
a =kF/m.
(6.3)
CootHomienue (6.3) BeIpakaeT BTOpoii 3akoH HbloToHA: yckopeHue, mpruodperaeMoe MaTepruaibHON
TOYKOM (TEJIOM), MPOTIOPLIMOHAIILHO BBI3BIBAIOIIEH €r0 CHUJIE, COBIIAJAET C HEIO 10 HAIPABIECHUIO
1 00paTHO TPOMOPIIMOHATIEHO Macce MaTEPHAILHON TOYKH (Tena).
B CHU kosddurnent nponopunonansHoct K= 1. Torma

a = F/m,

1581071
dv
F=m=m-—,
-dt
(6.4)
VYuuThIBasg, 4TO Macca MaTepHaJbHOW TOYKU (TeNa) B KJIACCHYECKOM MEXaHUKE €CTh BEJITUYMHA
MOCTOSTHHAS, B BEIp@KeHNH (6.4) €€ MOXKHO BHECTH T0J1 3HAK MTPOU3BOTHOM:

d
F =2 om)
(6.5)
BeKTOpHa}I BCJIMYHNHA
p = my,
(6.6)

YHCIIEHHO paBHAs TMPOM3BEACHHUIO MAacChl MaTepUajbHOW TOYKM HA €€ CKOPOCTh U HMEIoIas
HaIpaBJIEHUE CKOPOCTH, HA3bIBACTCSI HMILYJILCOM (KOJIHY€eCTBOM JIBHKEHHsI) 9TOI MaTepuaib-
HOU TOYKH.

[Toacransis (6.6) B (6.5), nomyuyum

(6.7)

Oto BeIpakeHHEe — 0oJ1ee 00mas GopmyaupoBka BTOporo 3akoHa HeroTroHa: ckopocTs u3Me-
HEHMsI UMIYyJIbCca MaTepHajJbHONW TOYKM paBHa JeWcTBymolleil Ha Hee cuie. Bripaxkenue (6.7)
Ha3bIBACTCSl yPABHEHUEM IBHKCHHSI MATEPHATBHON TOYKH.

Enunnna cusl B CU — nploton (H): 1 H — cuna, kotopas Macce 1 kr coobuaer yckopenue 1 m/c?
B HaIlpaBJICHUU ACUCTBUSI CUJIIBI:

1 H =1 kr-m/c%

Bropoii 3akoH HploTOHA clipaBeAuB TOJIBKO B MHEPLUUAIBHBIX CUCTEMax oTcueTa. [lepBrlil 3aKOH

HproToHa MOXHO TMOJydUTH W3 BTOpPOro. JI€MCTBUTENBHO, B Cllydae paBEHCTBA HYIIIO
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paBHOJIEHCTBYIOIIEH CcU (TP OTCYTCTBUU BO3JEHUCTBHS HA TEJIO CO CTOPOHBI JPYTUX TeEN)
yckopenue (cm. (6.3)) Takxe paBHO Hymo. OgHAKO nepgviti 3akoH Hvlomona paccMaTpuBaeTcst
KaK camocmosimenbHbulll 3akoH (@ HE KakK CIEJCTBHUE BTOPOIO 3aKOHA), TaK KaK MMEHHO OH
YTBEPKJIa€T CYIECTBOBAHNE MHEPIIMAIBHBIX CUCTEM OTCYETA, B KOTOPBIX TOJBKO U BBITIOJIHSIETCS
ypaBHenue (6.7).

Puc. 10

@ Kakan cncTema 0TcHeTa Ha3biBAGTCA WHepLUH-
ancHo#A? Mo4eMy CHCTeMa OTCYeTa, CBA3aH-
ua; ¢ 3emneil, CTPOro roBOpPA, HeNHepLWanb-
Ha

@ Y7o TaKoe cwna? Kak ee MOXXHO OXapaKxTepn-
30BaTL?

® ABnAeTCA nv nepebifi 3akoH HbioToHa cnepcT-
B1eM BToporo saxkosa? MNovemy?

B MexaHuke O0oJiplllo€ 3HAUYE€HHE HMMEET NPHHLIMI HEe3aBMCUMOCTH JelCTBUSI CHJI: €CIM Ha
MaTepUaJbHYI0 TOUYKY JCHCTBYET OJHOBPEMEHHO HECKOJIbKO CHJI, TO Kaxaas M3 3TUX CHII
coo0IlaeT MaTepUaIbHOW TOYKE YCKOPEHHE COTJIaCHO BTOpoMy 3akoHy HbloToHa, kak Oynro
Opyrux cuil He Obuto. CorjacHO 3TOMY MPHUHIIMITY, CUJIBI U YCKOPEHHS MOXKHO paszjaraTh Ha
COCTaBIISIOIIME, UCTIOJIb30BAHUE KOTOPBIX NMPUBOIUT K CYHIECTBEHHOMY YIPOILIEHUIO PEUICHUS
3amau. Hampumep, Ha puc. 10 pelictByromas cuna F=ma pasnoxkeHa Ha J1Ba KOMIIOHEHTa:
TaHTeHIMAJIbHYIO cUiy F-, (HampaBlieHa 1Mo KacaTelbHOW K TPACKTOPHUH ) U HOPMaIbHYIO crty Fn

dv v
(HampaBJieHa 10 HOPMAJIM K LIEHTPY KpUBH3HBI). Mcrnomb3ys BeIpakeHUs a_ = a ha

Takxke V= R®, MOXHO 3amucaTh:

7 dv
= == m—;
v = ma dr

F, = ma, = mv*/|R = ma*R.
Ecnu Ha MaTepHaibHYIO TOUKY JAEHCTBYET OJHOBPEMEHHO HECKOJIBKO CHJI, TO, COTJIACHO MPHUHITUITY

HE3aBUCUMOCTH JIeHCTBUS cuil, 1o F Bo Bropom 3akoHe HbI0TOHA MOHUMAIOT PE3YyIbTUPYIOIIYIO
CHILY.

3. Tpernii 3akon HeroToHa

BiaumopneiictBue Mexay mMaTepuaibHbIMU TOUYKAMH (TeJIaMH) OMpeAeNseTcs TPeTbUM 3aKOHOM
HebloToHa: Bcskoe JAelicTBUE MaTepUAlbHBIX TOYEK (Ten) APYr Ha Jpyra HOCHUT XapakTep
B3aUMO/ICHCTBUS; CHIIbI, C KOTOPBIMH JIEHCTBYIOT JPYr Ha JIpyra MarepHalibHble TOYKH, BCErla
PaBHBI IO MOJYIIIO, IPOTHUBOIIOJIOKHO HAMPaBJICHbI U JEHCTBYIOT BJIOJIb MPSMOM, COSTUHSIONIEH
9TH TOYKHU:

Fi12 =—Fa,
(7.1)
rae F12 — cuita, felicTByromnas Ha MepBy0 MaTepPUAIbHYIO TOUYKY CO CTOPOHBI BTOPOI;
F21 — cuia, AefcTByOINas Ha BTOPYK MAaTEPUAIbHYIO TOYKY CO CTOPOHBI MEPBOM. DTH CHIIBI

NIPUIIOKEHBI K pa3HblM MaTepUATIbHBIM TOYKaM (TellaM), BCer/ia ACHCTBYIOT napamu U SBISIOTCS
CHJIAMH 0OHOU NPUPOOUL.

Tpetwnii 3akoH Hpl0TOHA O3BOJISIET OCYIIECTBUTH EPEXO OT JUHAMUKHU 0MmOeIbHOl MaTepUaIbHON
TOUKU K JAUHAMHKE cucmeMbl MaTEPUANIbHBIX TOYEK. DTO CIIEAYeT U3 TOTO, YTO U Ul CUCTEMBI
MaTepHAIbHBIX TOYEK B3aMMOJICHICTBHE CBOJAUTCS K CHJIaM MapHOIO B3aHMMOAEHUCTBHS MEXIY
MaTepHaIbHBIMU TOYKaMH.
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4. Cuibl TpeHUA

OO6cyxaas 10 CUX MOP CUJIbI, Mbl HE HHTEPECOBAITUCH UX MPOHUCX0KIeHHEM. OTHAKO B MEXaHUKE MBI
Oy/eM paccMaTpUBaTh Pa3IMYHbIC CUIIbI: TPEHHUS, YIIPYTOCTH, TATOTEHUSL.

W3 onbITa N3BECTHO, UTO BCAKOE TENO, ABMKYILEECS 10 TOPU30HTAIBHOM IIOBEPXHOCTH JPYroro Tena,
IIPY OTCYTCTBUU JEHCTBUS HA HETO APYIMX CUJI C TEUEHUEM BPEMEHM 3aMEIJISIET CBOE ABUKECHUE
U B KOHIIC KOHIIOB OCTaHABIHMBAETCS. DTO MOXXHO OOBSCHUTH CYIIECTBOBAHHWEM CHJIbI TPEHHS,
KOTOpasi NPENITCTBYET CKOJIBKEHUIO CONPHUKACAIOIIMXCS TeNl APYr OTHOCUTENbHO Apyra. Cuiibl
TPEHUSI 3aBUCAT OT OTHOCUTENIbHBIX CKOpocTell Te. Cuiibl TPEHUSI MOTYT ObITh pa3HOM IPUPOIBL,
HO B pe3yJibTaTe UX ACUCTBUSI MEXaHUWYecKas SHEPrusl BCEr/a IPEBpAIlAaeTCs BO BHYTPEHHIOIO
SHEPIHUIO CONPUKACAIOLIUXCS TEl.

Paznuuator BHelIHee (CyXoe) U BHYTpEHHee (KUAKOE WM BA3KOE) TpeHue. BHemIHMM TpeHueMm
Ha3bIBAETCSl TPEHUE, BO3HUKAIOIIEE B MJIOCKOCTH KaCaHUs JBYX CONPHUKACAIOLUIUXCS TEJ MPHU UX
OTHOCHUTEJILHOM IepemelieHnu. Eciu conpukacaromuyecs Tejia HemoABMKHbBI IPYT OTHOCUTEIBHO
Jpyra, TOBOPAT O TPEHUU TOKOS, €CIH K€ IPOUCXOAUT OTHOCUTEIBHOE MEPEMEIICHUE 3TUX Tell,
TO B 3aBUCHUMOCTH OT XapaKTepa X OTHOCUTEIHHOTO ABM)KEHUS TOBOPAT O TPEHUH CKOJIbKEHHU S,
KayeHMsl WM BepYeHus .

BHyTpeHHUM TpeHHeM Ha3bIBAECTCS TPEHHE MEXIY YacTSIMHU OJHOTO M TOTO K€ Teja, Halpumep
MEXY Pa3IU4YHbIMU CJIOSIMU KUIKOCTH WM T'a3a, CKOPOCTH KOTOPBIX MEHSIOTCS OT CJI0s K CJIOIO.
B ornuune oT BHEMIHEro TpeHus 37ech OTCYTCTBYET TpeHHe NOKos. Eciu Tena CKONb3AT
OTHOCHUTENIHO JIpYT JIpyra W pasjefieHbl MPOCIONKON BS3KOW KMIKOCTH (CMasKH), TO TpEeHUE
MIPOUCXOJUT B CJIO€ CMa3Ku. B TakoM ciydae roBopsAT 0 THAPOAMHAMHYECKOM TPeHUuM (CIoif
CMa3KH JIOCTATOYHO TOJICTBIN) U TPAHUYHOM TPEHUHU (TOJIIIMHA CMa304HOM npocinoiiku ~0,1 MKkM
Y MEHBIIIE).

O6cyauM HEKOTOphle€ 3aKOHOMEpPHOCTHM BHELIHEro TpeHHs. OTO TpeHue oOyCIOBJIEHO
LIEPOXOBAaTOCTHIO COMPUKACAIOIINXCS MOBEPXHOCTEH; B CIIydac K€ OYCHb INIaJKUX TOBEPXHOCTEU
TpeHHe 00YCIIOBJIEHO CUIAMU MEKMOJIEKYIISIPHOTO MPUTSKEHHUS.

PaccmoTtpumM nexaree Ha TiockocTu Teio (puc. 11), K KOTopoMy MIPUIIOKEHA TOPU30HTAIBHAS CHJIa
F. Temo mpunmer B ABMKEHUE JIMIIb TOT/A, KOT/A MPHJIOKEHHas cuia F Oymer Oosblie CHITbI
tpeuust Frp. Opannysckue ¢usuku I'. Amonton (1663—1705) u III. Kymon (1736—1806)
ONBITHBIM IIyT€M YCTAHOBWIM CIEAYIOIIMH 3aKOH: CHJIAa TPEHHUS CKOJIBXKEHUA Frp
nponopuroHaisHa cuie N HOpMalIbHOTO JaBJI€HHs, C KOTOPOH OJJHO TeJIO ACHCTBYET Ha APYroe:

Fip=fN,

rie f — Ko3DOGHULIUEHT TPEHUSI CKOJBKCHUS, 3aBUCSIIMHA OT CBOMCTB CONPHKACAIOIINXCS
MOBEPXHOCTEM.

Haiinem 3nauenue ko3ddunuenra rpeaus. Ecnu Teno HaxoquTces Ha HAKJIIOHHOM MJIOCKOCTH C YIJIOM
HakioHa o (puc.12), TO OHO MNPUXOAUT B MABMKEHHE, TOJBKO KOTJa TaHIeHIMAIbHAas
cocraBisiromiast F cunbl Tsokectn P Gonbie cuiel TpeHust Frp. CrenoBarenbHO, B MPeieIbHOM
cinydae (Havano ckoibxkenus tena) F=F.p. wmu Psin oo = f N = f P cos oo, oTkyna

f = tgoL.

Takum oOpa3oMm, KOA(QQUUHUEHT TPEHUs paBeH TAHICHCY yIJa 0o, IPU KOTOPOM HauMHAeTCs
CKOJIbJKEHUE TeJIa 110 HAKJIOHHOM INIOCKOCTH.

JUid  rnagkux TOBEPXHOCTEM ONpEAEICHHYIO pOJIb HAUYMHAET WIpaTh MEXMOJEKYISIPHOE
IPUTSDKEHUE. J{71s HUX IPUMEHSETCS 3aKOH TPEHHUS CKOJIbKEeHHA

FTp =f HCT (N + SpO),

rie po — JA00aBOYHOE JaBJie€HHE, OOYCIOBIEHHOE CHUJIAMU MEXMOJIEKYISPHOTO TNPHUTKEHUS,
KOTOpPBI€ OBICTPO YMEHBILAIOTCS C YBEJIMYEHUEM PACCTOSIHUSA MEXAY YaCTHIIAMU; S — IUIOIIA/b
KOHTaKTa MEXIY TelaMH; fucr — MCTUHHBIA KOI(OHUINEHT TPEHUS CKOJIBKCHUSI.

Tpenue urpaer G60ybLIYI0 POJb B IPUPOAE U TeXHUKE. braronaps TpeHUIO JBUXKETCS TPaHCHOPT,
yIEpKUBAETCs 3a0UThIH B CTEHY I'BO3/b U T. 1.

B HEKOTOpBIX cy4asx CHIIbI TPEHUS OKa3bIBAIOT BPEHOE JEMCTBUE U IOATOMY X HA/I0 YMEHBIIATH.
Jlj1g 3TOr0 Ha TpyUIMeCs IOBEPXHOCTH HAHOCAT CMa3Ky (CHJIa TPEHHS YMEHbBIIAETCS IPUMEPHO B
10 pa3), koTopas 3aroJHsAET HEPOBHOCTU MEX/1y 3TUMHU MOBEPXHOCTSAMH U PACIIOJIaraeTcsi TOHKUM
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CJI0EM MEXIy HUMH TaK, YTO OBEPXHOCTH KakK Obl MEPECTAIOT KacaTbCs APYr APYyra, a CKOJIB3ST
APYr OTHOCHUTENIBHO Jpyra OTICNbHBIC CIOM JKUAKOCTU. Takum o0pa3oMm, BHEIIHEE TPEHHUE
TBEP/bIX TEJ 3aMEHSIETCS 3HAUUTEIILHO MEHBILIUM BHYTPEHHUM TPEHUEM JKUJIKOCTH.

lN

ﬁl _F
e s ‘ b .

Pac. 11 Pac. 12

PasiuKaibHBIM CIIOCOOOM YMEHBIIEHHUS CHITBI TPEHHS SIBJIIETCS 3aMEHa TPEHUS CKOJIBKEHUS TPEHHEM
KaueHus (IIapUKOBBIE U POJUKOBBIE TIOAMIMITHUKH | T. J1.). CHila TpEeHHs Ka4eHUs ONPEIEIIeTCs
10 3aKOHY, YCTaHOBJIEHHOMY KyTOHOM:

Frp=Ff« N/r,
(8.1)

rjae I — paauyc Karsmerocs tena; f — KoapdUIMenT TpeHus KaueHus, UMEIOMIA pasMEPHOCTh
dim f. =L. U3 (8.1) cmeayer, 4TO cHja TpEHHs KadyeHUS OOpPATHO MPOMOPIHUOHAIBHA PAAUYCY
KaTSIIErocs Tena.

5. 3akon coxpaHenusi ummyJbca. LlenTp macc

Jlnsi BBIBOZIA 3aKOHA COXpaHEHUsS HMMITYJIbCa PACCMOTPUM HEKOTOpbIe MOHATHS. COBOKYITHOCTH
MaTepuaIbHBIX TOUYEK (TEN), pacCCMAaTPUBAEMBIX KaK €IMHOE 11€JI0€, HA3bIBACTCSI MeXaHUYeCKOM
cucremoii. Cuiibl B3aUMOJICUCTBUSI MEXKIY MaTe€pPUAIbHBIMA TOYKAMH MEXaHHMYECKOW CHUCTEMBI
Ha3bIBAIOTC — BHYTPeHHMMH. CHIbl, ¢ KOTOPHIMH Ha MaTEpPHAIbHBIE TOYKH CHCTEMBI
JEHCTBYIOT BHEIITHUE TeJIa, HA3bIBAIOTCS BHEIIHUMH. MexaHu4ecKasi CUCTeMa Tell, Ha KOTOPYIO
HE JCHCTBYIOT BHEIITHUE CHJIBI, HA3bIBACTCS 3aMKHYTO# (MM H30JTMPOBaHHOM ). Eciin MbI nMeeM
MEXaHUYECKYIO0 CHCTEMY, COCTOSIIYIO U3 MHOTHX T€J, TO, COTJIAaCHO TpeTheMy 3aKoHy HbloTOHa,
CHWJIBI, ICCTBYIOIIME MEXTY STUMH TeJIaMHu, OYAyT PaBHBI ¥ MPOTHUBOIIOJIOXKHO HAIPABIICHBI, T. €.
reoMeTpHUUYecKasi CyMMa BHYTPEHHUX CHJI PaBHA HYJIIO.

PaccMoTpuM MEXaHWYECKYHO CHCTEMY, COCTOSIIYK0 M3 N Tel, Macca M CKOPOCTh KOTOPBIX
COOTBETCTBEHHO PaBHBI M1, My,.... M, U V1, Va,..., Vo. Ilycts F,F,,...,F, — paBHOAeiicTBYtOIINE

BHYTPEHHUX CHIJI, JEHCTBYIONIMX Ha Kaxkaoe U3 31ux tei, a F,F,,...,F — paBHoxelcTByromue
BHEIIIHUX CHJI. 3alUIIIeM BTOPOH 3aKk0H HproTOHA IS KaXKA0r0 U3 N TE MEXaHUYECKON CUCTEMBI:

d ,
a’;(?"l“l) =F, +F,

d .
ar (my)) = F, + F,,

d .
3 (M) = F, + E,
CKJ'Ia,[[LIBaH MOWICHHO 3TH YpaBHCHH, MMOJIy4acM

d . . ,
a—;(m.v. +mv;+ .. +my)=F, +F,+ .. +F, +F+F + . +F,

Ho Tak kak reomeTpuyeckas CyMMa BHYTPEHHUX CHJI MEXaHMUYECKON CUCTEMBI 10 TPETHEMY 3aKOHY
HeroToHa paBHa HYIIIO, TO
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d
y mvi+mv+ . . +mv)=F+F+. +F,

'@ B 4eM 3aKNIOYAETCA NpMHLUMN HE3ABHCMMOCTH @ KBKOBA (bWINYeCKaR CYIHOCTL TPeHHA? B YoM
‘AeAcTenA cnn? OTNINYMEe CYXOro TPOHMA OT Xuakoro? Kakue
BAALl BHelHero {cyxoro) TpeHMA Bol aHaeTe?

HNIN
dp
—=F+F,+..+F,
d! 1 2 n
(9.2)
n
rae p= Y, m¥ — WMIYJIbC CUCTEMBI. TakuMm 00pa3oM, MPOU3BOJHAS [0 BPEMEHH OT MMITYJbCa

imi
MEXaHUYECKON CHUCTEMBl paBHa T'€OMETPUUYECKOM CyMMe€ BHEUIHUX CHJI, JECHCTBYIOIIMX Ha
CHCTEMY.
B cinydae oTCyTCTBHS BHEHMIHMX CUIT (PAaCCMaTPHBAEM 3aMKHYTYIO CHCTEMY)

®_ 5L mw)=0 ) nst
—_—= —(m =0, T. ¢ = my; = const.
a S P o

[TocienHee BBIpAKECHHE W SBISCTCS 3aKOHOM COXPAaHEHHS] HMMIIYJIbCA: UMITYJIbC 3aMKHYTOM
CHUCTEMBI COXPAHSETCS, T. €. HE U3MCHSICTCS C TSUCHUEM BpEMEHHU.

3aKOH COXpaHEHHsI UMITyJIbCa CIPABEIINB HE TOJIBKO B KJIACCHYECKOH (DM3HKE, XOTS OH M TOIydeH
KakK CJIeJICTBHE 3aKOHOB HBIOTOHA. DKCIEPUMEHTHI JOKa3bIBAIOT, YTO OH BBITIOJIHSCTCS U IS
3aMKHYTBIX CHCTEM MHKpPOYACTHIl (OHM IMOJYHHSIOTCS 3aKOHAM KBAaHTOBOW MEXaHHWKH). JTOT
3aKOH HOCUT YHUBEPCAITLHBINA XapaKTep, T. €. 3aKOH COXPaHSHHSI IMITYJIbCa — (YHOAMEHMATbHbILL
3AKOH NPUPOObL.

3aKOH COXpPaHEHUS HMITYJIbCa SBJISCTCS CJICICTBHUEM OIPENEICHHOTO CBOWCTBA CHUMMETPUHU
MPOCTPAHCTBA — €r0 OJHOPOTHOCTH. OTHOPOAHOCTH MPOCTPAHCTBA 3aKIIFOYACTCS B TOM, YTO
IpH TapajuieTbHOM IEPEHOCE B IMPOCTPAHCTBE 3aMKHYTOW CHCTEMBbI TEl Kak IIeJoro ee
(du3nvecKkue CBOMCTBA M 3aKOHBI JIBUKCHUS HE M3MEHSIOTCS, UHBIMHU CIIOBAMH, HE 3aBHUCST OT
BBIOOPA TOJI0KEHUS HaYalla KOOPIMHAT HHEPIIMAIbHON CHCTEMBI OTCYETA.

Otmerum, 4rto, cornacHO (9.1), UMIyIbC COXpaHSETCS M Ul HE3aMKHYTOHW CHCTEMBI, €CIU
reOMETPUYECKasi CyMMa BCEX BHEIIHHUX CHJI paBHA HYJTIO.

B mexanuke [Nanunes—HpOTOHA M3-32 HE3aBUCHMOCTH MAacCChl OT CKOPOCTH HMITYJIbC CHCTEMBI
MOYeET OBITh BBIPAXKEH Yepe3 CKOPOCTh e¢ 1eHTpa Macc. LleHTpom Mace (Wi HeHTPOM HHEPIHH)
CHUCTeMbl MaTE€pHAIbHBIX TOYEK Has3bIBaeTcs BooOpaxkaemas Touka C, MOJIO)KEHHE KOTOPOM
XapaKTepU3yeT paclpeaeiiCHHe MacChl 3TOi cUcTeMbl. Ee pannyc-BeKTOp paBeH

n
Zm, I

i=1
Ie=s—"7""",
m

rae Mi U fi — COOTBETCTBEHHO MacCa M paauyC-BEKTOP i-i MaTepI/IaHBHOﬁ TOYKH; N — YHUCIIO
n

MaATCpHUAJIbHBIX TOUCK B CUCTEMC, m= m;  — MacCCa CUCTEMBI. LKOPOCTH LICHTpPA MacCC
; C
=1
n dl'f n
Z m;—— Z mv;
v drC j=] dt fm=l
c = —_—= -_— g -
dr m m
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n
YuuteiBast, 4to Pi = Mjvi, a Y P ecTb HMILYJIBC P CUCTEMBI, MOKHO HaIlMCaTh
=1

p=mvc
9.2)
T. €. UMITYJIbC CUCTEMBI PaBEH IIPOU3BEAECHUIO MACChl CUCTEMBI HA CKOPOCTbh €€ LIEHTPa Macc.
[ToncraBus BoipakeHue (9.2) B ypaBHenue (9.1), nosyuum

d\'c N
m—=F+F,+ . +F,
dr

(9.3)

T. €. LIEHTP MAcC CUCTEMBI JBWKETCS KaK MaTEpUAJIbHAsl TOYKA, B KOTOPOH COCPENOTOYEHA Macca
BCEW CUCTEMBI M Ha KOTOPYIO JEHCTBYET CUJa, PaBHAs F€OMETPUYECKONW CyMME BCEX BHEIIHMX
CHJI, IPUJIOKEHHBIX K cucteMe. Boipaxkenue (9.3) npeacraBiser co00i 3aK0H ABUKEHHUA LIEHTPa
Mmacc.

B coorBeTcTBUM C (9.2) M3 BakKoOHa COXPaHEHUS MMIIYyJbCa BETEKAaeT,

uTO ILIeHTp Macc S’aMK'HyTOI‘/‘I cHucTeMEl JIMbO IOBUXETCS HpHMO.HMHeﬂHO 7

PaBHOMEPHO, JMbOO OCTaeTCsa HENOIBIMXHEIM.

3agaHusi 1 BONPOCHI

1. ITo HaKJIOHHOM MIJIOCKOCTH € YII0OM HaKJIOHA a K TOPU30HTY, paBHBIM 30°, cKoJIb3UT TeI0. Onpene-
JUTh CKOPOCTHh TeJla B KOHIIC TPEThEH CEKYHIBI OT Hadaja CKOJBXCHHs, eClH Kod(pQHIHeHT
tpenus 0,15. [10,9 m/c]

2. Camonet omumceiBaer netiato Hecrepoa pammycom 80 M. KakoBa pomkHa ObITh HaWMEHbIIAS
CKOPOCTh CaMoJIeTa, YTOOBI JICTUUK HE OTOPBAJICS OT CHUICHBS B BepXHEH yacTu netiu’? [28 m/c|

3. B0k ykperuieH Ha BepIliiHE JBYX HAKJIIOHHBIX IUIOCKOCTEH, COCTaBISAIONIUX C TOPU3OHTOM YIJIbI
O0=30°wu [1=45°. I'upu paBHOI Macchl (M1=My=2 KT') COeAMHECHBI HUTHIO, IEPEKUHYTON Uepe3
6sok. CuuTasi HUTh ¥ OJIOK HEBECOMBIMH, IPUHUMAs KO3()PHUITUEHTHI TPSHHS THPb O HAKIIOHHBIS
mwiockoctu paBubiMu f1=f>=f=0,1 u npenedperas TpeHrem B 6J10Ke, OMPEACTUTH: 1) yCKOpEeHHE, C
KOTODPBIM JIBIKYTCS TUPH; 2) cHiTy HaTsbkeHnst HuTH. [1) 0,24 m/c?; 2) 12 H]

4. Ha »xene3HoJ0posKHOM maTdopMe ycTaHOBIIeHa 0e30TKaTHas MyIIKa, U3 KOTOPOM MPOU3BOAUTCS
BBICTPEJT BAOJIb MOJIOTHA N0 yriioM [1=45° k ropu3oHTy. Macca miardopmsl ¢ mymkoit M=20 T,
Mmacca cHapsiga M=10 kr, KO3QUIMEHT TPEHUS MEXKIY KoJjiecaMu iathopMbl U penibcamu f =
0,002. Ompenenuth CKOPOCTh CHapsiJa, €cliu IMocie BhICTpesa IuardgopMa oTKaTuiIach Ha pac-

crosiHue $=3 M. [Vo=M /2 fgs /(mcos[1)=970m/c]

5. Ha kaTepe maccoilt m=5 T HaXOJUTCS BOJOMET, .BEIOPACHIBAIOIINK (=25 KI/C BOJIBI CO CKOPOCTHIO
u=7 M/C OTHOCHTEIIbHO KaTepa Hazaa. [IpeHeOperas CONpOTHBICHHEM JBW)KCHHUIO KaTepa,
omnpeneauTh: 1) CKOpoCTh Karepa dYepe3 3 MHUH I0CJA€ Hayaua JBWKCHUS; 2) TpeacibHO
BO3MOXHYIO CKOpOCTh Katepa. [1) v=u (1—expt¥™ = 4,15 m/c; 2) 7 m/c]

Cnmcok Jiureparypbl

1. Tpodumosa, T. . ®usuka : yueOHUK : JUIS CTYICHTOB BY30B, OOYUYAIOIIMXCSI IO TEXH. HArp.
noarotosku / T.U. Tpopumosa. - 2-e u3a., nepepad. u jpomn. - Mocksa : Akagemus, 2013. - 346 c. :
ui. - (Beicuiee nmpodeccuonansnoe obpaszoBanue) (bakamnaspuar). - Ilpenm. ykas.: c. 330-339. -
ISBN 978-5-7695-9820

2. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu pemienus 3agad: B 2-x 1. : yuebnuk / T.W.
Tpodumona, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaspwuar). - [Ipun.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

3. Tpodumona T.N., ®upcosa A.B., CoopHuk 3a1a4 1o pusmke- 2-e uzf., nepepad. u goi. - Mocksa

: Axkagemus, 2013.
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INPAKTUYECKOE 3AHATHE Ne 5-6 DQHEPT'US, PABOTA, MOIIIHOCTD.

Heab-3akpenuTh M3y4YeHHBIH MaTepual IO TeMmaTtuke «DHeprus, padoTa, MOIIHOCTb.
Kunernueckas 1 noTeHMalIbHasl SHEPIUU. 3aKOH COXPAHEHUSI SHEPTUN».
OcBauBaemMble KOMIIETEHIMH B PE3YJIbTAaTe NMPOBEACHUS MPAKTUUYECKOIO 3aHATUS YKa3aHbl B
nyHKTe «OO0IIne CBeICHIS
AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh MOJIYYEHHbIE TEOPETUUYECKUE 3HAHUS U
BBIPAa0OTATh HABBIKA U YMEHHUS IPAKTUYECKOTO PEIICHUS 3a/1a4, B TO YHCIIE U CAMOCTOSITEIIBHO.
3HaTh:
-OCHOBHBIE ITpaBWiIa AJis1 00pabOTKHU pe3ysIbTaTOB SKCIIEPUMEHTA;
-0a30BBIE METOJIBI UCCIIETOBATEIBCKON JEATEIBHOCTH.
Ymers:
-IPOBOJIUTh 00pabOTKy MH(OPMALMK C HCHOJIb30BAaHUEM MPUKIATHBIX MPOrPaMMHBIX CPEJICTB
cdepbl
npohecCHOHANTBHOM JIeATETLHOCTH;
-IIPUMEHATH 0a30BbI€ METO/IbI CCIIEI0BATEIBCKOM IEATENIBHOCTH B pabOTe HaJl MYHHOBALIMOHHBIMU
MIPOEKTAMH [0 HarpaBieHUIO « TeXHOIOrnyecKkue MallluHbl U 000PYA0BAHUEY.
Baaners:
-METOJJaMH HCCIIEI0BATENbCKON NeSITEIbHOCTH P paboTe HaJl IPOEKTaMU;
- TMOHUMAaHUEM CYIIHOCTH W 3Ha4YeHUs MHPOpPMAllMM B PAa3BUTUU COBPEMEHHOrO OOIECTBa,
CIIOCOOHOCTh
nmoyiyyaTb M 00pabarTbiBaTh HMHQOpPMAIMIO U3  Pa3IUYHBIX HMCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATH,
CTPYKTYpPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHolornyeckue
MalllMHbI U 000PYIOBaHMSL.

PeanmyeMble KOMIIETCHIIUHN

IIK-4 ciocoOHOCThIO Yy4aCTBOBATh B pa0OTE HaJl MHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJIB3Ys Oa30BbIC
METO/IbI UCCIIEIOBATEIBCKON ACATEIIHEHOCTH

OIIK-4 mnoHMMaHHWEM CYIIHOCTH W 3HaYEHUS WH(OpPMAIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTHIO TIOJTy4aTh U 00padaThiBaTh HHQOPMAIIHMIO U3 PA3JIMYHBIX KCTOYHUKOB, TOTOBHOCTBIO
WHTEPIPETHUPOBATh, CTPYKTYPUPOBATH U 0POPMIISTh HH(GOPMAIIHIO B JOCTYITHOM JIJISI IPYTUX BUJIC

TeopeTnyeckas 4acThb
1. DHeprus, padoTa, MOIIHOCTH

DHeprus — yHUBepcallbHasl Mepa pa3InyHbIX GopM IBUKEHHS U B3auMoaencTBUs. C pa3IHuHbIMU
dbopMaMu NIBIKEHUST MaTEpPHH CBS3BIBAIOT pa3IU4Hble (OPMBI SHEPrHUU: MEXaHHYECKYIO,
TEIUIOBYIO, DJIEKTPOMArHUTHYIO, SIEPHYIO U Ap. B oaHuX siBieHusX ¢opma JABUKEHUS MaTepUu
HE U3MEHAETCS (HampuMep, Topsiuee TeJIo HarpeBaeT X0JI0AHOE), B APYTUX — MEPEXOIUT B HHYIO
dbopmy (HampuMmep, B pe3yabTaTe TPEHHsI MEXaHUYECKOe ABMKEHUE MPEBPAIAeTCs B TEIIOBOE).
OpHako CyIlecTBEHHO, YTO BO BCEX CIIydasix SHEpTus, OTAaHHas (B TOW U UHOM Gopme) OTHUM
TEJIOM JPYrOMYy Telly, paBHA SHEPIUH, MOTYYEHHOMN MOCIETHUM TEIOM.

N3MeHeHne MEeXaHM4eCKOTO JABW)KEHHS Tella BBI3bIBACTCA CUJIAMH, JEUCTBYIOUIMMU Ha HErO CO
CTOPOHBI Jpyrux Tes. YToObl KOJMYECTBEHHO XapaKTepU30BaTh Ipoliecc oOMEHa 3Heprueit
MEK]ly B3aUMOJICHCTBYIOLUIMMHU TE€JIaMH, B MEXAaHUKE BBOJIUTCA MOHATHE PAad0ThI CHIIbI.

Ecnu Teno aBuxkercs npsamonuneriHo U Ha HEro JEHUCTBYET NocTosgHHas cuia F, kotopas coctaBisier
HEKOTOpHIi yro [] ¢ HampaBlIeHUEM MepeMelleHus, TO paboTa 3TOH CHIIbI paBHA TPOU3BEICHUIO
npoeknuu cuibl Fs Ha HanpaBienue nepemenieHus (Fs= FCosl), yMHOeHHOW Ha TIepeMeIleHHe
TOYKH MPUIIOKESHUS CUJIBL:
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A = F,5 = Fscosa.
(11.1)

B o0mem cnydae criia MOXKET M3MEHSTHCS Kak MO MOJIYJIIO, TaK U MO HANPaBJICHHUIO, TOATOMY
dopmymoit  (11.1) moms3oBaThCs HeNb3s. Ecou, OIHAKO, pPacCMOTPETh DIIEMEHTapHOE
nepemerrenue dr, To cuiy F MOXKHO CUMTATh TIOCTOSIHHOM, @ ABMIKEHHE TOUKHU €€ TPUIIOKECHUST —
MPSMOJIMHEHHBIM. DJIeMeHTapHOIi padoToii cuibl F Ha mepeMeniennu dr Ha3bIBACTCS CKAIAPHAS
BEJIMYMHA

dA = Fdr = Fcosa ds = F,ds,

rae [J — yron mexnay Bekropamu F u dr; ds = |dr| — snemenTtapusiii myTh; Fs — mpoekius Bekropa
F na Bexrop dr (puc. 13).

PaboTta cuibl Ha y4yacTke TPaeKTOPHHM OT TOYKM 1 10 Touku 2 paBHa anreOpanmyeckod cymme
3JIEMEHTapHBIX Pa0OT Ha OTAEIbHBIX OECKOHEYHO MaJIbIX YUacTKax MyTH. JTa cymMMa IPUBOINUTCS
K UHTETPay

2 2
A = | Fdscosa = | F, ds.
1 1

(11.2)

Pac. 13

*

® B 4Yem pasnuune MeXAY NOHATAAMA JHEpPIMK
n pabotun?
@ Kax Haftth paGoTy nepemMeHHoR CHNbi?

J1Jis BBIYUCIIEHUS! STOTO UHTErpajia HaJl0 3HaTh 3aBUCUMOCTb CUJIbI Fs, OT MyTH S BJOJIb TPAEKTOPHUH
1—2. IlycTte 5Ta 3aBUCHUMOCTDH TpejcTaBieHa rpadgudecku (puc. 14), Torna mckomas padorta 4
ompezensercs Ha rpaduke IUIOMIANbI0 3alITpuxoBaHHOW ¢urypel. Ecnu, Hampumep, Teno
JBIDKETCS MPSMOJTMHEIHO, cuita F=const u [1=const, To moxy4um

2
A = [ Fdscosa = Fcosa | ds = Fscosa,

1

-y b

r7e S — MPOMICHHBIN TeJIOM IyTh (cM. Takke dopmyiy (11.1)).

N3 dopmyner (11.1) cnemyer, uro npu [ < [1/2 paboTa CHIIBI MOJIOKHUTEIbHA, B 3TOM Cllydae
cocraBisromas Fs coBnasaeT mo HampaBJICHUIO C BEKTOPOM CKOPOCTH JBIXKEHHS V (cM. puc. 13).
Ecom [0 > [1/2, 10 pabora cunbl otpunarenbHa. Ilpm [1 = [1/2 (cuma HampaBieHa
MEPICHINKYIISIPHO TIEPEMEILICHHIO) Pad0Ta CHIIbI paBHA HYJIIO.

Engununa padotsr — gaxoyas (Jx): 1 Ixx — pabota, coBepmaemas cuioit 1 H va mytu 1 m (1 Jx=1

H - ™).
Yro0bI O0XapaKTCPHU30BaATb CKOPOCTh COBCPUHICHUA pa6OTH, BBOJAT IIOHATUEC MOIITHOCTH.
dA
N = E;
(11.3)

3a BpeMid dt cuma F coBCpHIACT pa60Ty Fdl', U MOIIHOCTb, pa3BUBaACMas 3TOM CI/IJIOI>'I, B JTaHHBIN
MOMCHT BpCMCHHU
Fdr
N= 'Et—' = FV,
T. €. paBHa CKAJIIPHOMY IIPOU3BCACHUIO BECKTOPA CUJIbI HA BEKTOP CKOPOCTH, C KOTOpOfI JABHIKETCA
TOYKa IMPUIIOKCHUA 3TOM CHIJIBI; N — BenuuuHa CKAJIAAPHAAL.
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Enunnna Momuoctn — BatT (BT): 1 Bt — MomHOCTSB, Ipu KOTOpO# 3a Bpems 1 ¢ coBepuiaercs
pabora 1 Ix (1 Br =1 JIx/c).

2. KuneTuueckas u MNOTCHIHAJTbHAA SHEPIrUA

KuneTrnueckasi JHeprusi MEXaHUIECKOM CHCTEMBI — 3TO DHEPTHsI MEXaHUYECKOTO JIBHYKCHHSI STOU
CHUCTCMBEI.

Cuna F, neiicTBys Ha MOKOSIIEECs TEJO U BBI3BIBAS €T0 JBIKCHHE, COBEPIIACT paboTy, a SHEPTHs
JIBMDKYIIIETOCS TeJla BO3PACTaeT Ha BEJIMUMHY 3aTpauycHHON paboThl. Takum oOpazom, pabora dA
cwibl F Ha TyTH, KOTOPBIA TEJIO MPONUIO 332 BpeMsi Bo3pacTaHusi ckopoctd oT 0 10 v, uaeT Ha
yBeIMYEeHUE KHHETHYeCKOH suepruu dT Tena, T. €.

d4 = dT.

o dv
Hcnonb3ys BTopoii 3akoH HbI0TOHA Fa=j — ¥ YMHOXas Ha niepemerrenue dr moayqaem
dr

Fdr=m$dr=dA.
dr

Prc. 14

dA

)

@ Kakyio paloTy coBepiuaeT pasHofedcTBYIO-
wan Bcex Cun, NPUOXEeHHbIX K Teny, pasHo-

5 MEpPHO OBWMXYLLEMYCA NO OKPYXHOCTH?
@ “ro rakoe mowHocTL? Boieegute ee dopmyny.

oL,

/]

ez

Takum 0Opa3om, TEJI0 MacCoM T, IBUKYIIEECS CO CKOPOCTHIO V, 001a/1aeT KHHETHIECKON dHEpruei
T = mv?/2.
(12.1)

N3 dopmyiel (12.1) BUAHO, YTO KUHETHYECKAs YJHEPT U 3aBUCUT TOJIBKO OT MAacChl U CKOPOCTH TeJa,
T. €. KHHETHYECKasi DHEPTHUsl CUCTEMBI €CTh (DYHKITHS COCTOSIHUS €€ JBUKCHUSI.

[Ipu BeIBOE hopmynbl (12.1) mpenronaraaock, 4To ABMKEHUE pacCMaTPUBACTCS B MHEPIIUATBHOM
CHUCTEME OTCYETa, TaK KaK WHa4ye Helb3s ObUIO OBl MCMOJB30BaTh 3aKOHBI HbhroTOHA. B pa3zHbIx
MHEpLUAJIbHBIX CUCTEMAaX OTCYETa, ABMKYLIUXCS IPYr OTHOCUTEIBHO APYyra, CKOpOCTh Te€na, a
ClIeIOBaTeNIbHO, W €ro KWUHeTHWYeckass »JHeprusi OyayT HeoJWHAKOBBL Takum o0pasom,
KHHETHYECKask YHEPTUsl 3aBUCHT OT BbIOOpA CHCTEMBI OTCUETA.

IMoTeHnuanbHASA JHEPIrUsl — MEXAHUYECKas SHEPTUsl CUCTEMBI TeJl, OnpeaeisieMas UX B3auMHBIM
PaCIIOJIOKEHUEM U XapaKTepPOM CUJI B3AMMOJICHCTBUS MEXITY HUMHU.

[lycth B3auMojeWCTBHE TEJ OCYIIECTBISETCS MOCPEACTBOM CHUJIOBBIX MOJEH (Hampumep, MOJs
YIPYTUX CUJI, TIOJISI TPABUTALIMOHHBIX CUJI), XapaKTEPU3YIOLUXCA TEM, 4TO paboTa, coBepiiaeMas
JEUCTBYIOIMMU CUJIAMU IIPU MEPEMELIEHUH TEJIa U3 OTHOTO IMOJIOKEHUS B APYrO€, HE 3aBUCUT OT
TOrO, 10 KaKOM TPAeKTOPHUH 3TO NEPEMELIECHHUE NTPOU3OIIIIO, a 3aBUCUT TOJIBKO OT HAYaJIbHOTO U
KOHEUYHOTO MoJjoXeHuil. Takue nosst Ha3pIBaloTCA MOTEHUUAJbHBIMH, & CUJIbI, ACHCTBYIOIINE B
HUX, — KOHcepBaTuBHBIMHU. Eciu ke pabota, coBepiiaemasi CUJION, 3aBUCUT OT TPAEKTOPUU
MEpEMEIIEHUS Tea U3 OJHOW TOYKHU B JAPYI'YHO, TO Takas CUJa Ha3bIBACTCS AUCCUINIATHBHOM; €€
MIPUMEPOM SIBIISICTCS CUJIA TPEHHUSL.

Teno, HaxoIsACh B MOTEHIMAILHOM IOJIe CWI, oOnanaeT moTeHIManbHOU »Heprueid [I. Pabora
KOHCEPBATHBHBIX CHJI MPHU DJIEMEHTApHOM (OECKOHEYHO MalloM) M3MEHEHHH KOH(UTYpaluu

209



CHCTEMBl paBHA MPUPALICHUIO MOTEHIMAIBHON SHEPIHH, B3ATOMY CO 3HAKOM MHHYC, TaK Kak
paboTa coBepIaeTcs 3a cueT yObUIM NOTEHIUAIbHON SHEPTUu:
d4 = — dIL
(12.2)
PabGota dA BbIpakaeTcsi Kak CKaJISIpHOE Ipou3BeJcHUE CUilbl F Ha mepeMeienue dr 1 BeIpaKeHUE
(12.2) MmoxHO 3anucath B BUJE
Fdr = — dIl.
(12.3)
CnenoBatenbHo, ecnu u3BectHa QyHkiwms [1(r), To u3 Gopmynsr (12.3) Moxuo HadTu cuity F mo
MO/IYJIIO ¥ HAlIPaBJICHHIO.
[loTeHumanpHas 3HEPIUs MOXKET OBITH onpezaeneHa ucxoad us (12.3) kak

Il = — [Fdr + C,

rae C — MOCTOSIHHAs UHTETPUPOBAHUS, T. €. OTEHIIUAJIbHAs SHEPTUs OMpPENEsIeTcsl ¢ TOYHOCThIO
710 HEKOTOPOH MPOU3BOIBHON MOCTOSIHHOM. JTO, 0JJTHAKO, HE OTpakaeTcs Ha (PM3NYECKUX 3aKOHAX,
TaK Kak B HUX BXOJMT WJIM PAa3HOCTh MOTEHIHUAIbHBIX SHEPTUH B IBYX MOJIOKEHUSAX TeJa, WU
npousBojgHas Il mo koopaumHatam. Ilo3ToMy MOTEHIMANBHYIO SHEPTUI0 Tejla B KaKOM-TO
OTIPENICTICHHOM IOJIOKEHUH CUYMTAIOT PAaBHOW HYJIO (BBHIOMPAIOT HYJIEBOM ypOBEHb OTCUETa), a
SHEPruI0 Tejla B JPYIHX TMOJIOKEHUSX OTCUUTHIBAIOT OTHOCUTENBHO HYJIEBOro YpoBHS. s
KOHCEPBaTUBHBIX CHJI

P aIl _ o _ o
S A M P
HNJIN B BeKTOpHOM BHUJIC
F = —grad I,
(12.4)

rie
a1l or on
grad IT = Ei + 51 + E
(12.5)
(i, j, K — enuHUYHBIE BEKTOPHI KOOPAMHATHBIX oceil). BekTop, onpenenseMblit Beipaxenuem (12.5),
Ha3bIBACTCS IPajiMieHTOM cKauspa [1.
Jlns Hero Hapsay ¢ obosnauenumem grad IT mpumensiercs taxke obosnauenue VII. V («Habmay)
O3HAYaeT CHUMBOJIMYECKHI BEKTOp, Ha3biBacMblii omeparopoM I['amuiabToHa* unu HadJa-
onepaTopom:

k

d 0 d
V=5;i+a'_y]+'a—zk.

(12.6)

* V. I'amunbToH (1805—1865) — upiaHacKkuil MaTEMaTHK U (DHU3HK.

Kounkpernsiii Bun ¢ynkuuu [1 3aBUcHT OT xapakTepa cuiioBoro mnosis. Hampumep, moTeHuanpHas

SHEPTrHsl TeJIa MaCCOM M, TIOJHATOTO Ha BBICOTY N Haj MOBEPXHOCTHIO 3eMIIH, paBHA
I1 = mgh,
(12.7)

rae BeicoTa N OTCUMTHIBAETCS OT HYJIEBOro YpoBHs, misi kotoporo IIp=0. Bsipaxenue (12.7)
BBITEKAET HEMOCPEACTBEHHO U3 TOTO, YTO MOTEHIMAIbHAsL SHEPT sl paBHA PabOTe CHIIBI TSHKECTU
IpH MAJICHAH Tela ¢ BBICOTHI N Ha MOBEPXHOCTH 3eMITH.

Tak kak Hayajgo OTcueTa BBHIOMpAETCS MPOM3BOJILHO, TO MOTEHILMAIbHAs SHEPIUs MOXKET UMETh
OTPHLIATEIILHOE 3HAYCHUE (KUHemuueckas dHepaus ece2oa nonodxcumenvral). Ecium npuHITh 3a
HYyJb MOTEHLUUAIbHYIO SHEPTUIO Tella, JIEKAIIero Ha MOBEpXHOCTH 3eMIIM, TO MOTEHLHAIbHAs
SHEPrHUs Tella, HaXOAIMIErocs Ha JHe maxThl (Tayouna h'), [I= —mgh'.
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Haiinem nmoTeHIMalbHYIO SHEPTUIO yIpyroaehopMupoBaHHOTO Tena (mpyxunbl). Cuiia ynpyrocta
PONOPIHOHATIEHA JeQOpMaLiu:
Fyypy = — kx,

r1e Fxynp — IPOEKIUS CHITBI YIIPYTOCTH Ha OCh X; K — K03 puimeHT ynpyrocru (11s npyXKHHbI —
7KECTKOCTh), a 3HAK MUHYC YKa3bIBa€T, YTO Fx ynp HampaBieHa B CTOPOHY, MPOTHBOIIOJIONKHYIO
nedopmaruu X.

Ilo Tperbemy 3akoHy HbroToHa, nedopmupymomas cuia paBHa IO MOJIYIIO CHIIE YHPYrOCTH H
IIPOTUBOIIOJIOKHO €1 HallpaBJIeHa, T. €.

Fx&’—F;m=kx.

DnemenTapHas padota dA, coBepiiaemast cuitoit Fy ipu Geckonedro maioi aedopmaiyu dX, paBHa
dA=F, dx=kxdx,

a ToJiHast paboTta

A=kadx=kx=/z
' 0

UJET Ha YBEJIMYEHUE OTEHINAIbHON SHEPTUU IPYKUHBI. TakuM 00pa3oMm, MOTeHIIUaIbHAas SHEPrus
yrnpyroae(popMupoBaHHOTO Teja

T = kx*f2.

HOTeHI_[I/IaJ'II)HaSI BHCPFI/IH CUCTCMBI ABJIACTCA Q)YHKHHGIZ COCTOSAHHUA CUCTEMBI. OHa 3aBUCUT TOJIBKO
oT KOHCbI/IpraI_[I/II/I CUCTCMBI U €€ ITOJIOKCHUA 110 OTHOIICHUIO K BHCIIITHUM TCJIaM.

HOJIHaﬂ MEXaHn4vYecCckas 3HepFl/Iﬂ CUCTEMBbI — 3Heprm[ MECXaHNYCCKOI0O OIBWXCHHIA W B3a-
UMOJIEUCTBUS:

E=T+11,

T. €. paBHAa CyMM€ KMHETUYECKON U MOTEHUUAIbHOW SHEPTUMA.
3. 3aKoH coXpaHeHUsI IHEPrumn

3aKOH COXpaHEeHHs PHEPTUU — Pe3yJabTaT 000OLICHHS] MHOTHX KCIIEpUMEHTAIbHBIX JaHHBIX. M nes
3TOTO 3aK0oHa MpuHaLIe:)KUT M. B. JlomorocoBy (1711—1765), n310KUBIIEMY 3aKOH COXPaHECHHS
MaTepuMd U JBUKEHHS, a KOJMYECTBEHHas (POPMYIHPOBKA 3aKOHA COXpPAHEHMs] DHEPIHM JaHa
HemenkuM BpadoMm [O. Maiiepom (1814—1878) u HemenkwMm ecrecTBOUCIbITaTENeM [
I'ensmrombiem (1821—1894).

PaccmoTpuM cuctemMy MaTepHallbHBIX TOUYEK MaccaMu Mi, Mz,..., My, ABIKYIIUXCS CO CKOPOCTSIMHU
Vi, Va,..., Vn. Ilycte F/, F,..., F, — paBHOzelicTByIOIMe BHYTPEHHHX KOHCEPBATHBHBIX CHII,

JNEUCTBYIONIUX Ha KaXAYIO U3 3THX Touek, a F1, F2, ..., Fn — paBHOIelCTBYIOIIIME BHEITHUX CUJI,
KOTOpbIe Takxke OyaeM cuuTaTh KOHCepBaTHBHbIMU. Kpome Toro, Oyaem cyHWTarth, 4TO Ha
MaTepuaabHble  TOYKM  JEWUCTBYIOT €Il€ M  BHEUIHUE HEKOHCEPBATHUBHBIE  CHUIIBL;
PaBHOACUCTBYIOIINE 3TUX CHII, IEHCTBYIOIIUX Ha KaXAYIO0 U3 MaTepHAbHBIX TOUYEK, 0003HAUUM

fj_, f2, veey fn. HpI/I V<<C MaccChl MaTCpHUaJIbHBIX TOUYCK IMOCTOAHHBI U YPABHCHUSA BTOPOI'O 3aKOHA
Hrrorona JJISL OTUX TOYCK CIICAYIOIIHC:
m v =F,+F +1
dt 1 1 1
ng!-2= F,+F + 1,
dr
dv, .
mnd—t =F,+F,+1,.
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JIBUrasch 1o ACUCTBUEM CHJI, TOYKH CUCTEMbI 32 HHTEpBaJl BpeMeHH dt coBepIIaroT nmepeMerieHus,
COOTBETCTBEHHO paBHbie dry, dry, ..., drn. YMHOXHMM KaXI0€ M3 ypaBHCHHH CKaJIIPHO Ha
COOTBETCTBYIOLIEE MIEPEMEILICHHE U, yIUThIBasi, yTo dri==V; dt, mosy4nm

my (vydv)) — (F) + F;) dr, = f,dr,,
my (v2dvy) — (F, + F,)dr, = f,dr,,

my, (v,dv,) — (F, + F,) dr, = f,dr,.

@ [afite onpepenenns W BuiBegnTe topmynsl @ Yem ofycnosnexo M3MEHEHHe NOTeHUHanL-

ONA WIBECTHLIX BaM BHAOB MEeXaHW4ecKon HOR 3Heprnu?

SHOPrun. @ HeofxopnMo nu ycnoBHe SaMKHYTOCTA CHCTe-
® Kakosa cBA3b M@XAY CHNOH K NOTEHYWANBHOA Mbl ANA BLINONHEHNA 3aKOHA COXpPaHeHWA me-

aHepren? XAHWYECKOH IHepMHU?

Crno’x1B 3TH ypaBHEHHUS, MTOJIy4YUM
n

T mdv) — ¥ (F, + F)dro = ¥ f,de.

i=1 i=i =]
(13.1)
[TepBrrit wien neBoit yactu paBercTna (13.1)

Y m (ndv) = 3 d(mef2) = dT,

i=] =]

n
rae dT — mnpupalieHne KHHETHYECKOH JHEepruM cucteMbl. Bropoil unen Y, (F,+F)dr paBeH

im1
3JIeMEHTapHON paboTe BHYTPEHHUX U BHEITHUX KOHCEPBATUBHBIX CUJI, B3SITOI CO 3HAKOM MUHYC,

T. €. PaBEH 3JICMEHTAPHOMY MPHUPAIIEHUIO oTeHInanbHo# sHeprun dIT cuctemsl (cm. (12.2)).
[IpaBas yacTth paBeHcTBa (13.1) 3amaeT paboTy BHEITHUX HEKOHCEPBATHUBHBIX CHJI, IEHCTBYIONMINX Ha
cuctemy. Takum 00pazom, UMeemM
d (T+II) = dA.
(13.2)

HpI/I nepexoa€ CUCTEMBI U3 COCTOSAHUA 1 B xakoe-mbo cOCTOsTHHE 2
2

J'd (T+11) = Ay
1

T. €. UI3MEHEHHUE MOJHON MEXaHWYECKON PHEPIHMM CUCTEMBbI MPHU MEPEXOJE U3 OJTHOTO COCTOSIHUS B
Ipyroe paBHO paboTe, COBEPIICHHOMN MPU STOM BHEIIHUMH HEKOHCEPBATHBHBIMU cuiiamu. Eciu
BHEIITHUE HEKOHCEPBAaTUBHBIE CUJIBI OTCYTCTBYIOT, TO U3 (13.2) cnemyer, 4To

d (T+I) =0,

OTKyJa

T + II = E = const,
(13.3)

T. €. TOJHAs MEXaHWYEeCKas SHEPrus CHUCTEMbI COXpaHseTCs IMOCTOSHHOW. Bripaxkenue (13.3)
MpeJICTaBIsIeT cOO0N 3aKOH COXpAHEeHHEe MEXaHHYeCKOW JHEePruu: B CHCTEME Tell, MEXIY
KOTOPBIMH JI€HCTBYIOT TOJIBKO KOHCEPBATUBHBIC CHUJIBI, IIOJHAs] MEXaHWYECKas DHEPrus CO-
XpaHsETCs, T. €. HC UBMEHSICETCSI CO BpEMEHEM.

MexaHn4ecKie CUCTEMBI, Ha TeJla KOTOPBIX JEHCTBYIOT TOJIHKO KOHCEPBATHBHBIE CUIIBI (BHYTPEHHUE
Y BHEIIHKE), Ha3bIBAIOTCS KOHCEPBATHBHBIMHU CHCTEMaMU. 3aKOH COXpaHEHUS! MEXaHUYECKOM
SHEPTrUU MOXHO C(POPMYIHUPOBATh TaK: B KOHCEPBATHBHBIX CHUCTEMaX IOJHAS MeXaHW4ecKas
DHEPIrus COXpaHsIeTCs.
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3aKOH COXpaHEHHS MEXaHHMYECKOH 3HEPrHH CBSA3aH C 00HOpOOHOCmblo épemenu. OIHOPOIHOCTH
BPEMEHHU NPOSBIIETCS B TOM, 4TO (pU3MUYECKHE 3aKOHBI MHBAPUAHTHBI OTHOCHTEIBHO BHIOODPA
Hayaja oTcueTta BpemMeHu. Hampumep, mpu cBOOOTHOM MaJ€HUM Teja B IOJIE CHII TSDKECTH €ro
CKOpPOCTh M MPOMJICHHBIN MyTh 3aBUCST JIMIIb OT HAYaJbHONH CKOPOCTH U MPOJOJDKUTEIHHOCTH
cBOOOTHOTO Ma/IeHUs TeJIa U HE 3aBUCAT OT TOTO, KOTJa TEJIO HaYaJlo MaaTh.

CymiecTByeT emie OJWH BHJ CHCTEM — JHCCUNMATHBHBIE CHCTEMbI, B KOTOPHIX MEXaHHYECKas
SHEPrus MOCTENEHHO YMEHbILAETCS 3a CUeT peoOpa3oBaHus B Ipyrue (HeMexaHuueckue) popmbl
SHEPruM. DTOT MPOLECC TOIYyYHJ Ha3BaHWE AMCCHNALNMM (WM paccesinus) dHepruu. Ctporo
TOBOPSI, BCE CUCTEMBI B IPUPOJIE SBISIOTCS TUCCUITATHBHBIMH.

B KoHCepBaTHBHBIX CHCTEMax IOJHAs MEXaHHYECKas SHEPrHsl OCTAeTCs TMOCTOSHHOW. Moryt
MPOUCXOUTH JIUIIb TPEBPALICHUS KUHETHYECKOW PHEPrUU B TMOTCHIUAIBHYIO W OOpaTHO B
SKBUBAJICHTHBIX KOJHMYECTBAX TaK, YTO TMOJHAS SHEPIHs OCTACTCS HEM3MEHHOW. DTOT 3aKOH HE
€CTh TIPOCTO 3aKOH KOJUUECMBEHHO20 COXPAHEHHS YHEPTUH, a 3aKOH COXPAHEHUS U TIPEBPALCHHUS
SHEPTHH, BBIPAKAIOIINN U KauecmeeHHyl0 CTOPOHY B3aUMHOTO TIPEBPAILEHHs Pa3IMIHBIX (POpM
JBYDKEHUS APYT B Jpyra. 3aKOH COXPAaHEHHS M TPEBPALICHUS dHEPTUU — DHYHOAMEHMATbHbILL
3aKOH Npupoosbl, OH CIPABEIUINB KaK Il CHCTEM MaKPOCKOTMYECKUX Tell, TaK W JUIsl CUCTEM
MUKPOTEIL.

B cucreme, B KOTOPOii IEHCTBYIOT TaK)Ke HEKOHCEPBATUBHBIE CHITBI, HATPUMEP CHUJIIBI TPEHUSI, TIOTHAS
MeXaHWYeCKasi SHeprus CHCTEeMbl He coxpassercs. CremoBaTenbHO, B ITHX CIy4asX 3aKOH
COXpaHEHHMsS MEXaHHWYeCKOW »dHeprun HecrpaBeuB. OIHAKO TIPH  «HMCYC3HOBEHUM
MEXaHMYECKOW YHEPTHH BCETJa BO3HUKAECT YKBUBAIIEHTHOE KOJMYECTBO YHEPTHUHU JIPYrOTO BHIA.
Takum 006pazom, sHepaus HuKo20a He ucuesaem u He NosABIAemcs 6HO8b, OHA UL NPesPaUiaemcs
u3 00H020 6uda 8 Opyeou. B 3TOM U 3aKiouaeTcs gusuueckas cyuHoCcms 3aKOHA COXPAHCHUS U
MIpEeBpaIeHUs SHEPTHH — CYIIIHOCTh HEYHHUTOKUMOCTH MAaTEPUH U €€ IBIKCHUSI.

3aaHus ¥ BOIIPOCHI

1. Onpenenuts: 1) paboTy MOAHATHS Ipy3a MO HAKIIOHHOM TIOCKOCTH; 2) CPEIHIONI0 U 3) MaKCUMAaJTb-
HYIO MOIIIHOCTH MOIbEMHOTO YCTPOUCTBA, €CJIM Macca rpy3a 10 Kr, JyiMHa HAKIIOHHOW MIIOCKOCTH
2 M, yroJ ee HaKJIOHa K TOpu30oHTY 45°, koaddunuent tpenus 0,1 u Bpems moabema 2 ¢. [1) 173
JIx; 2) 86 BT; 3) 173 Br]

2. C OGamam BBICOTOM 35 M ropu3oHTaJIbHO OpomieH kameHb maccoi 0,3 kr. [IpeneOperas co-
MIPOTUBIICHUEM BO3]lyXa, OMPEENUTh: 1) CKOPOCTh, C KOTOPOM OpoIlleH KaMeHb, eciu yepe3 1 ¢
MOCJIe Havaja JBMXKEHUS ero KuHeTuueckas sHeprus 60 J[x: 2) NoTeHMaIbHYIO SHEPTUI0 KaMHS
yepe3 | ¢ mocie Havana apwxenus. [1) 17,4 m/c; 2) 88,6 JIx]

3. Ilpenebperasi TpeHueM, ONPEACTUTh HAUMEHBIIYIO BBICOTY, C KOTOpPOM JOJKHA CKATHIBATHCS
TeJeKKa C YeJIOBEKOM I10 3Keio0y, nmepexosieMy B rmemio paguycom 10 M, 4uToObl OHa caenana
MTOJIHYIO TIETIII0 U HE BhINAJia U3 XkKenooda. [25 m]

4. Tlyns maccoit m=10 r, neTeBmIasi TOpU30HTAIBHO €O cKopocThio V=500 M/c, momagaer B Oaiu-
CTUYECKUI MasTHHUK JUHOU |I=1 M u maccoii M=5 kr u 3actpeBaeT B HeM. ONpeaeauTh yroJ
OTKJIOHEHMSI MasiTHUKA. [ 18°30']

5. 3aBUCUMOCTD NMOTEHIIUATIBHOM SHEPTUU YACTHUIIBI B IICHTPAIILHOM CHIJIOBOM I0JI€ OT PACCTOSIHUS I

A B
70 IIEHTpa MoJisA 3ajaetcs Beipaxkenuem I (r) = P rie A u B — TMOJIOKUTEIbHbIE
nocTosiHHbIie. OnpeaenuTs 3HaUeHue o, COOTBETCTBYIOIIEE PABHOBECHOMY MOJIOKEHUIO YACTHUIIBI.
SIBAIsieTCS JTK 9TO TOJIOKEHHE MOJIOKEHUEM YCTOHYMBOTO paBHOBecHs? [Fo=2A/B]

6. IIpu neHTpanbHOM aOCONIOTHO YIPYIOM yaape JABMOKYIIEecs TeNOo Maccoil mi yaapsercs o Io-
KOSIIEECS TEJIO MACCOU M2, B PE3YyNbTATE YETO CKOPOCTH IIEPBOTO TEJIa yMEHbIaeTcs B N=1,5 pasa.
Ompenenutb: 1) oTHOmIeHHE M1/M2; 2) KUHETHYECKYIO O3HEpruto 72 BTOPOTO Tena, eCIH
MepBOHavYalIbHAsA KHHEeTUYeCcKas sHeprus nepsoro tena T1=1000 Ix. [1) 5; 2) 555 x]

7. Teno maccoii m1=4 Kr ABMXETCS CO CKOPOCTHIO V1=3 M/C U y1apseTcsl O HEMOABM)KHOE TEJI0 TaKOU
xe Maccbl. CumTas yjgap LEHTPaJbHBIM U HEYNPYTUM, OMNPEACIUTh KOJWYECTBO TEIUIOTHI,
BblAENUBLIEECS ITpU yAape. [9 JIx]
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INPAKTUYECKOE 3AHATHUE Ne 7 MOJIEKYJIAPHO-KUHETUYECKAS TEOPUSA
NAEAJIBHBIX 'A30B

Ieab-3akpenuTs HM3y4EHHBIM Marepuan 1Mo TeMmarhuke «MOoJIeKyJIIpHO-KUHETHYECKass TEeopus
uaeanbHbIX Ta3oB. CTaTUCTMUECKUH M TEepMOJUMHAMHUYECKUH MeTOobl. OTBITHBIE 3aKOHBI
uaeanpHOro rasza. YpaBHeHue Kianelipona — MengeneeBa. (OCHOBHOE YypaBHEHHUE
MOJIEKYJISIPHO-KHHETUUYECKONH TEOpUHN HJeallbHBIX ra3oB. 3akoH MakcBemia o pacnpeaeaeHun
MOJIEKYJ UJIEAJIbHOTO T'a3a 10 CKOPOCTSIM U SHEPTHUSIM TETJIOBOTO JBUKECHUSD.

OcBauBaeMble KOMIIETEHIIMH B PE3YJIbTaTe NMPOBEACHUS MPAKTUUYECKOIO 3aHATUS YKa3aHbl B
nyHkTe «O01re cBeeHUs

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHSA — 3aKPENUTh MOJTYYE€HHbIE TEOPETUUYECKHE 3HAHUS U
BbIPa0OTATh HAaBBIKM M YMEHHS MPAKTUYECKOTO PELICHHUS 3a/1a4, B TO YUCIIE U CAMOCTOSTENBHO.

3HaTth:

-OCHOBHBIE ITpaBWiIa AJisi 00pabOTKHU pe3ylbTaTOB SKCIIEPUMEHTA;

-0a30BbI€ METOJbI HCCIEA0BATEIBCKON IEATEIBHOCTH.

Ymers:

-IPOBOJIUTH 00pabOTKy MH(GOPMALMK C HMCIOJb30BAaHUEM MPUKIATHBIX MPOrPaMMHBIX CPE/ICTB

chepsl

npodeccruoHabHOMN 1A TENbHOCTH;

-IPUMEHATH 0a30BbIE METO/IbI UCCIIEIOBATENIbCKON IEATEIbHOCTH B pabOTe HaJl MTHHOBAIIMOHHBIMU

MIPOEKTaMH IO HarpaBieHUIO « TeXHOIOrnYecKue MaIuHbI U 000PYIOBAHUE.

Baanern:

-METOJJaMH HCCIIEI0BATENbCKON NeSITEIbHOCTH P paboTe Hal IPOEKTaMU;

- MOHUMAHUEM CYIIHOCTH U 3HAa4YeHUs MHQOpPMAllMM B PA3BUTUU COBPEMEHHOrO OOIECTBa,

CIIOCOOHOCTh
nmoiydyatb U 0o0pabarbiBaTh HMHPOPMAIMIO U3  PAa3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATH HH(OPMALIMIO CTYACHTaAMU HampaBieHHs — TeXHoIornuecKkue
MaIIHbI U 000pyIOBaHHUS.

PeanmyeMble KOMIIETCHIIUHU

ITK-4 crioco6HOCTBIO y4acTBOBATh B pab0Te Ha/l MHHOBAIIMOHHBIMU IPOEKTAMH, UCTIOJIb3Ysl 0a30BbIe
METO/IbI UCCIIEN0BATENBCKON NEATEIBHOCTH

OIIK-4 mnoHMMaHHMEM CYIIHOCTH U 3HauY€HUs HH(OpMAIMK B Pa3BUTUH COBPEMEHHOTO OOIIECTBa,
CMOCOOHOCTBIO MOTy4aTh U 00pabaThiBaTh MH(QOPMAIMIO U3 Pa3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETHUPOBATh, CTPYKTYPUPOBATh U OPOPMIISTH HH(OPMALMIO B JOCTYITHOM JIJIsl IPYTUX BUJE
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Teopeanecxaﬂ 4acTb
1. Cratucruyeckuii u TepMOHHHaMquCKHﬁ METOAbI. OnpITHBIE 3aKOHBI HICAJIBHOI'O ra3a

CraTucTHYecKHIl M TepMOAMHAMUYECKHI MeTOIbl HcciaeloBaHusl. MoiekynsipHas (usnuka u
TEPMOIMHAMHKA — Pa3JieNbl (U3UKU, B KOTOPBIX M3YYalOTCS MAKPOCKONMUYeCKHe MPOoLecchl B
TeJax, CBA3aHHBIE C OTPOMHBIM YMCIOM COJEpXAallUXCsl B TeJaX aToMOB M Mojekya. s
UCCJIEIOBAHUS 3TUX MPOILIECCOB NPUMEHSIOT JIBa KAaYECTBEHHO Pa3IMUHBIX M B3aMMHO JIONOJ-
HSIOIUX JPyr Jpyra MeEToJa: CTATUCTHYECKHil (MOJIEKYJISPHO-KUHETHYECKHi) U
TepMoaMHaMuyeckuii. IlepBblii JIEKUT B OCHOBE MOJIEKYJIApHON (U3HKH, BTOPOM —
TEPMOIMHAMHUKHU.

MouiekyasipHas puznka — pasyen GU3NKH, H3yJarolIHid CTPOCHUE U CBOMCTBA BEIIECTBA UCXOIS
U3 MOJIEKYJIIPHO-KUHETHUUECKUX IPEICTABICHUM, OCHOBBIBAIOLIUXCS HA TOM, YTO BCE Tela
COCTOSIT U3 MOJIEKYJI, HAXOAAIUXCS B HEIPEPHIBHOM XaOTUYECKOM JIBUKECHHH.

Wnest 00 aTOMHOM CTpOEHHMM BEIIECTBAa BbICKa3aHa JpeBHErpeueckuM puiocopom JleMokputom
(460—370 110 H. 3.). ATOMHCTHKA BO3POKAaeTCsi BHOBB Jiviib B X VII B. 1 pa3BuBaetcst B paborax
M. B. JIoMmoHOCOBA, B3TJIs1IbI KOTOPOTO HAa CTPOEHHUE BEIIIECTBA U TEIUIOBBIC SIBJICHUS ObLITH OJTU3KH
K coBpeMeHHbIM. CTporoe pa3BUTHE MOJIEKYISIPHOM T€OpHUM OTHOCHUTCS K cepenuHe XIX B. u
cBs3aHO ¢ paboramu Hemenkoro ¢usuka P. Knaysmyca (1822—1888), HIx. Makceenna u Jl.
bospnmana.

[Iporeccrl, n3ydyaeMpie MOJICKYISIPHOUW (DU3HKOM, SBIISIFOTCS PE3YJIbTATOM COBOKYITHOTO JIEHCTBUS
OTPOMHOT0 4YHCJIa MOJIEKYJd. 3aKOHBI MOBEAEHHS OrPOMHOIO YHCIAa MOJIEKYJ, SBISSICH
CTaTUCTUYECKUMU 3aKOHOMEPHOCTSIMH, HU3Y4alOTCS C IOMOIIBIO CTATHCTHYECKOr0 MeToAa. JTOT
METOJI OCHOBaH Ha TOM, YTO CBOMICTBa MaKpPOCKOMHUYECKOW CHCTEMbI B KOHEYHOM CYETE
OTIPEIeIIAIOTCS CBOWCTBAMU YAaCTHI] CHCTEMBI, OCOOEHHOCTSIMH MX JBUXEHUS U )yCPeOHeHHbIMU
3HAYEHUSMU TUHAMHYECKUX XapaKTePUCTUK 3TUX YacTUIl (CKOPOCTH, SHEPTUH U T. A.). Hanpumep,
TeMIIepaTypa Tejla ONMPEAEIAeTCS CKOPOCThIO Xa0TUYECKOIO ABMXKEHHUS €r0 MOJIEKYJl, HO TaK KaK
B JII000M MOMEHT BPEMEHHU pa3Hble MOJIEKYIIbI UMEIOT Pa3IMuHble CKOPOCTH, TO OHA MOKET OBITh
BBIPAXKEHA TOJILKO 4Yepe3 CpelHEe 3HAUEHWE CKOPOCTH JIBMXKEHMS MOJIeKyll. Henb3s roBoputh 0
TeMIlepaType OJHOM Mojekynbl. Takum 00pa3oM, MaKpOCKONHYECKHE XapaKTEPUCTUKU Tell
UMEIOT (PU3UYECKUN CMBICT JIMIIb B clTydae O0JIBIIOTO YKCIa MOJIEKYIT.

Tepmoaunamuka — paszaen GU3NKUA, U3YyYaloMUi 00IIHUe CBOMCTBA MAKPOCKOIMMYECKUX CHCTEM,
HaxOJAILIMUXCS B COCTOSSHUM TEPMOJUHAMUYECKOIO PaBHOBECHUS, M IMPOLIECCH MEPEX0Ja MEXKIY
3TUMHU COCTOSIHUSIMHU. TepMOJAMHAMHMKa HE pacCMaTpUBAET MUKPOIPOLIECCHI, KOTOPBIE JIEXKaT B
OCHOBE 3THUX MNPEBPALIEHUNA. OTUM TEePMOAUMHAMMYECKHI MeTOJ OTJIMYaeTca OT
craructuyeckoro. TepMmoarHamuka 0a3upyeTcs Ha IByX Hayanax — (yHIaMEHTaJIbHBIX 3aKOHAX,
YCTaHOBJICHHBIX B pe3yJbTaTe 000OIICHHS ONIBITHBIX TAaHHBIX.

OO6nacTh NpUMEHEHHUs TEPMOJAMHAMUKHM 3HAYUTENBHO IIHUPE, YeM MOJIEKYIISIPHO-KHHETUYECKOM
Teopuu, OO HET Takux obnacted PU3MKU U XUMHUH, B KOTOPBIX HENb3sl ObUIO OBl MOJIb30BATHCS
TePMOJUHAMUYECKUM MeTo0M. OJIHAKO, € JpPYroil CTOPOHBI, TEPMOJUHAMUYECKHUN METOL
HECKOJIBKO OIPAHMYEH: TEPMOJAMHAMHUKA HUYETO HE TOBOPUT O MHUKPOCKOIMYECKOM CTPOCHUH
BEILIECTBA, O MEXAHU3ME SIBJICHUM, a JIUIIb YCTAHABIMBAET CBSI3M MEXKIY MaKpPOCKOIMWYECKUMHU
CBOMCTBAMM BeILIECTBA. MOJEKYIIpHO-KMHETUYECKass TEOpUsT M TEPMOJUHAMHMKA B3aUMHO
JOTIONHSIIOT Jpyr Apyra, o0pasys eIuHOoe I1el0e, HO OTJIMYasCh Pa3IMYHBIMU METOAAMHU
HCCIEA0BaHUS.

TepMoauHaMuKa HMMEET €0 C TEPMOAMHAMHYECKOW CHCTEMOM — COBOKYITHOCTBIO Mak-
POCKOIIMYECKUX TeJl, KOTOPbIE B3aUMOJECHCTBYIOT U OOMEHHMBAIOTCS SHEPTUEH KaK MeX]ly COOOi,
TaK ¥ C JpYrMMHU Tenamu (BHemHed cpenoif). OCHOBa TepMOJMHAMMYECKOTO MeToja —
OTPEICIIEHUE COCTOSIHUASA TEPMOJMHAMUYECKOW cHCTeMbl. COCTOSIHME CHCTEMBI 3alaeTcs
TePMOANHAMMYECKHMH NapaMeTpaMu (apaMeTpaMu COCTOSIHMA) — COBOKYIHOCTBIO (DU3U-
YECKUX BEIMYUH, XapaKTePU3YIOIIMX CBOICTBA TepMOAMHAMHUECKON crcTeMbl. OOBIYHO B Ka-
YeCTBE MapaMeTPOB COCTOSIHUS BBIOMPAIOT TEMIEPATypY, JaBICHUE U YACIbHBIA 00beM.
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Temnepatypa — OJHO U3 OCHOBHBIX NOHSTUN, WIPAlONIMX BAXHYK pOJb HE TOJIBKO B
TEpMOJMHAMHKE, HO U B (u3uke B nenoMm. Temmeparypa — ¢usndeckas BeIMYUHA, Xapak-
TEPU3YIOLAsl COCTOSIHUE TEPMOJAMHAMUYECKOTO PAaBHOBECHS MAaKpPOCKONMYECKONH cucTeMbl. B
cooTBeTcTBUU ¢ pemenueM XI ['enepanbHOil koHbepeHmuu mo mepam U Becam (1960) B
HACTOSIIIIEE BPEMSI MOXHO IPUMEHSATH TOJIBKO [BE TEMIIEpATypHbIE IIKAJIbl — TepPMOJMHA-
MHYECKYI0 U MekIyHAPOJHYI0 NPAKTHYeCKYl0, TIpaJyupOBAHHbIE COOTBETCTBEHHO B
kenpBUHAX (K) u B rpagycax Lenbcus (°C). B MexkayHapoaHoil npaKkTH4eCKOH HIKaJje TeM-
Teparypa 3aMep3aHus ¥ KUMeHus Bojsl npu nasnenun 1,013-10° ITa cooterctsenHo 0 u 100°C
(pemepHbIEe TOYKH).

TepmoaguHamMu4yeckasi TeMIepaTypHasi IIKajJda OIpEJENsIeTcs MO OJHOW pernepHOd TOuKe, B
KauyecTBE KOTOpPOW B35iTa TPOHHasi TOYKA BOAbI (TeMmIeparypa, Npu KOTOpPOW JieA, BoAa U
HacChIIeHHBIM map npu naBieHus 609 Ila HaxomsTCs B TEPMOIMHAMUYECKOM PABHOBECHH).
TemmepaTypa 5TOW TOYKH MO TepMOJAMHAMUYEeCKoU mikane paBHa 273,16 K (touno). I'pamyc
Lenbcust paBeH kenbBUHY. B TepMoauHaMuuecKol 1kaiie TeMneparypa 3aMep3aHus BOAbl paBHa
273,15 K (npu TOM ke aBIeHUH, YTO U B MeXyHapOoIHOM MPaKTHYECKON IKaJIE), [I0ATOMY, IO
OTpEJIeNIEHUIO, TEepMOJAWHAMUYecKas TeMmIleparypa W Temmeparypa no MexayHapoaHou
MPaKTUYECKOH IIKaJIe CBA3aHbl COOTHOILIEHHEM

T=27315+t.

Temmeparypa T = 0 K Ha3piBaeTcs HyJieM KeJIbBHH. AHATU3 Pa3UYHBIX MPOIECCOB TMTOKA3HIBACT,
gyto 0 K HemocTmxum, X0Ts IpUOIMKEHHE K HEMY CKOJIb YTOJIHO OJIM3KO BO3MOKHO.

YaeabHblii 00beM V — 3T0 00beM eAMHUIIBI Macchl. Korja Teno o JHOpoIHO, T. €. €ro IIOTHOCTh O
= const, To v=V/m=1/p. Tak kak Mpu NOCTOSHHOW Macce yAeIbHBIH 00BbEM MPOTOPIUOHATICH
o0uiemMy 00beMy, TO MaKpOCKOIIMUYECKHUE CBOMCTBA OJTHOPOJIHOTO Tela MOKHO XapaKTepHU30BaTh
0o0BeMOM Terna.

[TapameTpel COCTOSIHUSA CHUCTEMBI MOTYT M3MEHAThCS. Jl000e M3MEHEHHEe B TEPMOJMHAMUYECKOM
cHCTeMe, CBSI3aHHOE ¢ M3MEHEHHEM XOTs Obl OJJHOTO U3 €€ TEPMOIAMHAMHUUYECKUX MapaMeTpoB,
Ha3bIBACTCs TEPMOJAMHAMMYECKHM MpoueccoM. Makpockonudeckas cHcCTeMa HaXOAUTCS B
TePMOANHAMHMYECKOM PAaBHOBECHH, €CIIM €€ COCTOSIHHE C TEUYEHHUEM BPEMEHHM HE MEHSEeTCs
(mpenrmoJiaraeTcsi, 4YTO BHEIIHUE YCIOBUS pPACCMATPUBAEMOM CHCTEMBI IIPU TOM HE U3MEHSIOTCS).

B MousieKkynspHO-KHHETHUUYECKOH TEOPUU MOJBb3YIOTCA UOeATU3UPOBAHHOU MOOenbl0 NAeaTbHOI0
ra3a, COrjJacHo KOTOpOi CUUTAIOT, YTO:

1) co6cTBEHHBII 00BEM MOJIEKYJ Ta3a MPEHEOPEIKUMO MaJl 10 CPABHEHUIO C 00BEMOM COCY/Ia;

2) MeXy MOJIEKYJIaMU T'a3a OTCYTCTBYIOT CHJIbI B3aUMOAECHCTBHS;

3) CTOJIKHOBEHMSI MOJIEKYJI ra3a MEXy COOOH M cO CTEHKaMM cocyia a0COJIIOTHO YIPYTHe.

Mojenp uieabHOrO Ta3a MOXHO HCIOJb30BaTh IPH W3YYEHUM PEalbHbIX a3oB, TaK KaK OHM B
YCIOBHAX, OJIM3KMX K HOPMaJbHbIM (Hampumep, KUCIOPOJ M TeIHii), a TakkKe NpU HU3KUX
JABJICHUS» U BBICOKMX TeMIepaTypax OJM3KU 110 CBOMM CBOMCTBAM K MJealbHOMY razy. Kpome
TOr0, BHECS IOINPAaBKH, YUYUTHIBAIOLIME COOCTBEHHBIH 00bEM MOJIEKYN raza MU JIEHCTBYIOIIME
MOJIEKYJISIPHBIE CHJIbI, MOKHO MEPENUTH K TEOPHH PEaTbHBIX I'a30B.

PaccMoTpuM 3aK0HBI, OIMCHIBAIOIIUE [TOBEICHUE UEATbHbIX T'a30B.

3akoH boilia—MapuorTa™®: 115 1aHHON Macchl ra3a Npu MOCTOSIHHOM TeMIepaType pou3BeIeHUE
JIaBJICHHsI ra3a Ha €ro 00beM €CTh BEJIMUMHA MTOCTOSTHHAS:

m Vi
Ay =—RTIn— = — 0,
u =3, kT2 0;

Vs (41.1)

* P. Boitnb (1627—1691)—anraumiickuii yuensiit; O. Mapuotr (1620—1684) — ¢paniy3ckuii
¢bu3uK.

KpuBas, nzobpaxaromias 3aBUCUMOCTb MEX/y BEJIMYMHAMU p U V, XapaKTepU3YIOLIUMH CBOHCTBA
BEIIeCTBA NP MOCTOSTHHOM TeMmIepaType, Ha3blBaeTcs HM30TepMoii. M30TepMbl MpeacTaBiIsioOT
coOoif rumepOosbl, PacrlooKeHHble Ha Trpaduke TeM BBIIIE, YeM BBINIE TeMIepaTypa, Mpu
KOTOPO# mpoucxoaut npouecc (puc. 60).
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3akonbl Ieii-JIroccaka™: 1) 00beM MaHHOW MacChl Ta3a MPU MOCTOSSHHOM JAaBJICHUU U3MCHSICTCS
JINHEMHO C TEMIIEPATYPOA:
(41.2)
2) naBneHHE JAaHHOM MAacChl raza Mpy MOCTOSSHHOM 00beMe U3MEHSETCS JINHEHHO C TeMIIepaTypoii:
(41.3)

* K. Teii-JTroccak (1778—1850) — dpaHiry3ckuii y4eHBIi.

B s1ux ypaBHeHusix t — temneparypa no mkane Lenscus, po u Vo — nasnenue u o6beM npu 0°C,
koo durment o = 1/273,15 KL,

IIpouece, mpoTekaromuii MpyU MOCTOSHHOM JaBJICHUH, Ha3bIBaeTcs M300apHbiM. Ha quarpamme B
koopauHaTtax V, t (puc. 61) ator mpouecc uzoOpaykaercsi NpsMOM, Ha3blBAEMON H300apoii.
IIpouecc, mpoTekaronuii Tpu MOCTOSIHHOM 00beMe, Ha3bIBaeTCs M30XOopHbIM. Ha nuarpamme B
KOOpJUHAaTax p, ¢ (puc. 62) oH uzo0Opaxkaercs NpsAMoii, Ha3bIBae€MOil H30X0POii.

3 (41.2) u (41.3) caenyer, 4To M300apbl M HM30XOpHI MEPECEKAIOT OCh TEMIIEpaTyp B TOYKE
t=—1/a=-273,15°C, onpenensemoii u3 ycnosust 1+at = 0. Ecnu nepenectn Hayano oTcuera B 3Ty
TOYKY, TO IPOUCXOJUT nepexoa K mkaie Kenbuna (puc. 62), oTkyna

BBons B dopmynel (41.2) u (41.3) TepMoaMHaMuYecKyro TemrmepaTypy, 3akoHam ['eii-Jlroccaka
MOXHO MPUJIATH OoJiee yIOOHBIN BUI:

(41.4)
(41.5)
r7Ie MHIAEKCH | B 2 OTHOCSTCS K MPOU3BOJIBHBIM COCTOSTHUSIM, JICXKAIIUM Ha OJIHOW mM300ape wiu
H30X0peE.

3akoH ABOrajapo*: Moim JIIOOBIX Ta30B MPH OJWHAKOBBIX TEMIIEpaType W JABJICHUU 3aHHUMAIOT
O/IMHAKOBBIE 00BbeMBbI. IIpH HOPMAIBHEIX YCIOBUAX 3TOT 00BbeM paser 22,41-10~ m/Moub.
* A. ABoranpo (1776—1856) — utanbsHCKUil PU3MK ¥ XMMHK.

[To ompenenenuto, B OJTHOM MOJIE PA3IMYHBIX BEIIECTB COACPKHUTCS OJHO M TO K€ YMCIIO MOJIEKYII,
Ha3bIBAEMOE MOCTOSTHHOM ABOrajpo:
N,=6,022"10%° Mom"1.
3akon JaabToHAa™: TaBICHUE CMECH HJICATHHBIX Ta30B PABHO CYMME IMapIuaIbHbIX JaBICHUH P1, P2
,..., Pn BXOJIAIIIMX B HEE Ta30B:
Pp=p+p+ ..+ p
IMapuunanbHoe 1aBJeHNe — JaBJICHUE, KOTOPOE MPOU3BOIAMII ObI Ta3, BXOSAIINNA B COCTaB Ta30BOM
cMecH, ecii Obl OH OJIMH 3aHUMaJl 00BEM, PaBHBIM 00BEMY CMECH TMPH TOH K€ TeMITepaType.

* JIx. dansToH (1766—1844) — aHrIMiiCKU XUMHK ¥ (PH3HK.

2. YpaBHenue Kitaneiipona — MenesneeBa

Kak yxe yka3pIBaloCh, COCTOSHME HEKOTOPOM Macchl raza OIpenessieTcs TpeMsl TepMOIUHa-
MUYECKHMHU [apaMeTpaMu: JaBieHueM p, oobemoMm V u Temieparypoil 7. Mexay 3TUMH
IapaMeTpaMu CyILIECTBYET ONIPEIEIICHHAs CBsA3b, HA3bIBa€Masi ypaBHEHHEM COCTOSIHHMSA, KOTOPOE
B 00I11eM BUJIE JJAE€TCS BBIPAKEHHEM

f. V. D=0,

7l KaXJasi U3 epeMeHHbIX ABIsieTcs QyHKINEeH IByX APYrHX.

@pannysckuil ¢usuk u umxenep b. Knamelipon (1799—1864) BbiBen ypaBHEHHE COCTOSIHUSA
ueanbHOro raza, o0beIMHUB 3aKOHbI boiinst — Mapuotra u I'eii-JIroccaka. Ilycts HekoTOpas
Macca rasa 3aHumaer oobeM Vi, UMEeT JaBJIEHUE p1 U HAXOIUTCS IpU Temieparype Ti1. DTta xe
Macca rasa B JIpyrom IpoHM3BOJLHOM COCTOSIHUM XapaKTepu3yeTcs mapamerpamu pz, Vo, T2 (puc.
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63). Ilepexon u3 cocrostHus 1 B cocTOsiHME 2 OCYIIECTBISIETCS B BUJIC ABYX MPOIECCOB: 1)
uszotepmuueckoro (uzorepma 1-1"), 2) uzoxopsoro (nzoxopa 1'-2).

P Pac. 62
V,=const

V, ~const ® NMouemy TepmoaWHAMMYECKHIA ¥ CTaTMCTMYeC-

KA (MONeKyNAPHO-KNHETHYeCKHA) Merofs

. . HCCINBAI0BAHNA MAKPOCKOMNYECKHX CHCTEM Ka-

/7 1>V; HECTBEHHO Pa3NM4HbI W B3AWMHO [OMOMNHAIOT

Lo APYr Apyra?
Vs - @ YTo TaKkoe TepMOAWHAMMUYECKHe NapameTpbi?
The 7 I3 Kaxne TepMofMHaMKYeCKHe NapameTpbi Bam
N . _ M3BECTHLI?
7 Y 3 ® Kak ofuacHuTe 3akon bBoins — Mapuorta
' C TOMKM 3DEHMR MONEeKYNAPHO-KMHETHHECKOR
Teopnn?
B cootBercTBHH ¢ 3akoHamu boiins — Mapuotra (41.1) u I'eit-JIroccaka (41.5) 3anumem:
vy = p\Vs,
(42.1)
Py Ti
n T
(42.2)

Uckmrouns u3 ypaBHenui (42.1) u (42.2) p; nosydnm
nV =Pz £]
T T,

Tak xak coctossHus 1 1 2 ObLIM BEIOpaHBI IPOM3BOJIBHO, TO IS JaHHOW Macchl rasa Benuunna pV/T

OCTaeTCsl HOCTOSIHHOM, T. €.
pV|T = B = const.
(42.3)

Bripaxenue (42.3) sBnsercs ypaBHeHueM KiameiipoHa, B KoTopoM B — ra3oBasi MOCTOSTHHAs,
PA3IUYHASA O] PA3HBIX 2A308.

Pyccknii yaensii [I. 1. MenneneeB (1834—1907) o6benunamn ypaBHenune Kianeiipona ¢ 3akoHOM
ABoranpo, otHecs ypaBHeHHEe (42.3) K OJIHOMY MOJIIO, HCIIOJIB30BaB MOJISIPHBIA 00beM V.
CornacHo 3aKOHY ABOTajipo, IpY OJMHAKOBBIX p U T MOJH BCEX ra30B 3aHUMAIOT OJUHAKOBBIN
MOJISIpHBINA 00beM Vi, TO3TOMY TTOCTOSIHHAS B OyIeT 00uraxosotl 015 6cex 2az08. Ita o01mast 1
BCEX Ta30B NOCTOsIHHAs oOo3HauaeTcss R M Ha3bIBaeTCs MOJIAPHOM TIa30BOil NMOCTOSIHHOM.
YpaBHeHUI0

pPVu = RT
(42.4)

yIIOBJIETBOPSET JIMIIb HICATbHBIN T'a3, K OHO SIBIIIETCS YPABHEHHEM COCTOSIHUSI H1eaIbHOI0 rasa,
Ha3bIBa€MbIM Takke ypaBHeHueM Kianeiipona — MenjesieeBa.

YucnoBoe 3HaUE€HUE MOJIIPHON ra30BOM MOCTOSIHHOM omnpeaennm u3 Gopmyinsl (42.4), nonaras, 4To
MOJIb T'a3a HAXOAUTCA IIPU HOPMAJIBHBIX YCIIOBUAX (po= 1,013-10° Ma, To=273,15 K, Vm=22,41-10"
3 M3/monp): R=8,31 JIx/(Monb-K).

Ot ypaBHeHus (42.4) 1uis MoJI raza MOKHO TiepeiiTu k ypaBHeHuto Kitaneiipona — Menneneesa yis
MIPOU3BOJILHOM Macchl ra3a. Eciu npu HEKOTOPHIX 3aJaHHBIX IAaBJICHUU U TeMIIepaType OJJUH MOJIb
ra3a 3aHHUMaeT MOJSIPHbBIN 00beM Vi, TO MPH TEX K€ YCIOBUAX Macca m rasza 3aiimer o0bem V=
(m/M)Nm, Tne M — moasipuast macca (Macca OJHOTO MOJsS BemiecTBa). Enununa momsipHoit
Macchl — KUJIOTpaMM Ha MoJIb (KI/MoIib). YpaBHeHue Knaneiipona — MenzeneeBa 1j1sl Macchl m
raza

pV = Z RT = wRT,
M
(42.5)
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rac v =m/M — Ko0JH4YeCcTBO BelIeCTBA.

Pac. 63

® Kakvmy ‘38KOHAMHM ONWCLIBAIOTCA n3ofapHbie
W M30XOPHbLI® NPoYeccH?

@ Kaxos hu3n4eckuit cMbiCn NOCTOAHHOR ABorag-
po? uncna Nowmnara?

® MpH  HeKOTOpLIX 3HAYEHWAX TeMNeparypbl
W [&BNEHNWA a30T KONWYeCTBOM BelwecTsa
1 Monb 3aHuMaet o6bem 20 n. Kakod o6uem
NPH 3THX X@ YCNOBHAX 3aAMET BOAOPOL KONK-
4ecTBOM BeujecTBa 1 MONb?

YacTo mOJB3yIOTCS HECKOJBKO WHOM (OpPMON ypaBHEHHUS COCTOSIHHUS HJEATHHOTO Ta3a, BBOJSA
nocrosinnyio bojgbumana:

k=R/Nx=1,38-10"%° [Ix/K.
Hcxons u3z aToro ypaBHeHue cocTosiHus (42.4) 3anuiiem B BUIE
P = RT|Vy = KNp\T|Vy = nkT,

rie Na/Vm = N — KOHIIEHTpaIHst MOJICKYJT (YMCIIO MOJICKYJT B equHuUIle 00bema). Takum o0pazom, U3

YpaBHEHHS
p = nkT
(42.6)

CIIEyeT, 4TO JaBJICHUE HWJCaTbHOTO ra3za NMpH TaHHOH TeMmIeparype MpsSMO MPOTOPIHOHAIBHO
KOHIICHTPAIIMHU €r0 MOJICKYJ (WM TUTOTHOCTH Ta3a). [Ipn oJMHAKOBBIX TeMIIepaType U JTaBICHUN
BCE Ta3bl coJepXkaT B €AMHHUIE OObeMa OJMHAKOBOE YHCIO MOJIeKyd. Yuciao Momeky,
coziepKauxcs B 1 M rasa IIpH HOPMATbHBIX YCI06USX, Ha3bIBaeTCs YHcaoM Jlommuara™:

Ny = po/(kTo) = 2,68-102% m~2.

* U. Jlommuar (1821—1895) — aBcTpuiicKuii XUMUK U (DU3HK.

3. OcHOBHOe ypaBHeHHE MOJIEKYJISIPHO-KUHETHYECKO TeOPpUHU H1eaIbHbIX ra30B

Jlyis BBIBOJA OCHOBHOTO YpPaBHEHHSI MOJIEKYJISPHO-KUHETHUECKONW TEOPUH PACCMOTPUM OJHO-
aTOMHBIN HJeanbHbIil ra3. [IpennonokuM, 4To MOJEKY/Ibl ra3a ABIXKYTCS XaOTUYECKH, YUCIIO
B3aUMHBIX CTOJIKHOBEHHMH MEXIy MOJIEKyJaMU Ta3a MpeHeOpeKHUMO Majo IO CPaBHEHUIO C
YHCIIOM YJIapOB O CTEHKH COCY/a, a COyIapeHHs MOJEKYJI CO CTEHKaMHu cocyda abCOIIOTHO
yrnpyrue. Beiiennum Ha cTEHKe cocyla HEKOTOPYIO 3JeMeHTapHyro Imiomaaky AS (puc. 64) u
BBIYKCIIUM JaBJIEHUE, OKa3blBaeMOe Ha ATy Iuiomaaky. [lpu kaxmom coymapeHUH MoJliekyJa,
JBIDKYINASCS MEPICHINKYIIAPHO TUIOMIAJIKE, IepeacT il UMITYJIbC MoV — (— MoV) = 2MqV, rae Mo
— Macca MOJIeKYyJbl, V — ee CKOpocTb. 3a Bpemsi Al muomanku AS JOCTUTHYT TOJBKO TeE
MOJIEKYJIbI, KOTOPBIE 3aKII0UYEHbI B 00beMe IIUIUHAPa ¢ OCHOBaHUEM AS U BbICOTOI VAL (puc. 64).
Yucio 3TUX MOJICKYJ paBHO NASVAL (N — KOHIIEHTpAus MOJIEKYI).

Heob6xomumo, 0J1HAaKO, YUUTHIBATh, YTO PEATbHO MOJIEKYJIbI ABMXKYTCS K IIIOMAaAKe AS Mo/ pa3HbIMU
yriaaMu ¥ UMEIOT pa3iNyHble CKOPOCTH, MPUYEM CKOPOCTh MOJEKYI MPU KaXKIOM COYAapEeHUHU
MeHsieTcs. g ynpoleHns pacyeToB XaO0TUYECKOE JBHKEHUE MOJIEKYJ 3aMEHSIOT JBUKEHUEM
BJIOJIb TPEX B3aMMHO MEPIEHIUKYISPHBIX HAMpaBICHHUH, Tak 4TO B JII0OOOW MOMEHT BpEMEHU
BJIONTb KaXKJIOTO M3 HUX JBIDKETCA /3 MOJIEKyI, MpHYeM MOJNIOBUHA MOJIEKYIN 1/ IBUAKETCSA BOID
JAHHOTO HAMPABJICHUS B OJIHY CTOPOHY, TOJIOBHHA — B IPOTHUBOIOJIOXKHYIO. TOr/Aa 4iciio yaapoB
MOJIEKyJl, JBMKYIIMXCA B 3aJaHHOM HaIpaBlieHHH, o Tiomanky AS Gymer /sNASVAL. Tlpu
CTOJIKHOBEHUHU C TUIOMIAJKOMN 3TU MOJIEKYJIbI IEPEIaayT € UMITYIIbC

AP=2mgv " /¢nASvAt="/;nmwASAt.
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Toraa nasnenue ra3a, 0ka3plBa€MOE UM Ha CTEHKY COCY/a,
p=AP/(AtAS)=" 3 nmw*.
(43.1)
Ecou raz B obveme V coaepxur N MOJeKys, ABUKYIIUXCS CO CKOPOCTAMH Vi, V2, ..., VN, TO
11enecoo0pa3Ho paccMaTpUBaTh CPEAHIOI0 KBAIPATHYIO CKOPOCTH
= 1 & 2
{(ve)= ﬁ:?x vy,
(43.2)
XapaKTEePU3YIONIYIO BCIO COBOKYITHOCTh MOJIEKYJI Ta3a.
VYpasuenue (43.1) ¢ yuerom (43.2) npumeT BUJL

p="/nmy (va)*.
(43.3)

Bripaxxenue (43.3) Ha3bIBaeTCS OCHOBHBIM YPaBHEHHMEM MOJIEKYJISIPHO-KMHETHYeCKOH TeopuH
HAeAJIbHbIX Ta30B. TOUHBIM pacdyeT € Y4eToM JBHKEHHMSI MOJIEKYJ IO BCEBO3MOXKHBIM
HaIpaBJICHUSM JA€T Ty Ke popMyiy.

YuauteiBast, uro N =N / V, nonxydum

pV= 1/3 Nmy <vll>zi
(43.4)

W

py=ipy TS

2
(43.5)

rae E — cymmapHas KUHETHYecKasi HepTHsl MOCTYNATEeIbHOTO ABMXKEHUS BCEX MOJIEKYJI rasa.
Tak xak macca raza m=Nmo, To ypaBHeHue (43.4) MOXKHO TIEpeNHCcaTh B BUIE

pV="{3m{va)*.
Jlnst omHOTO MOJIst Taza m=M (M — MousipHast Macca), II03TOMY
PVu="/3M (vs)?,

rae Vm — MoJsipHbid 00beM. C Zpyroil cTopoHsl, 1o ypaBHeHuto Kianedipona — MeHueneena,
pVm=RT. Takum o6pazom,

=%/, E,

RT='/3 M {v)?,

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?

OTKyJa

3RT
()= [—.

M
(43.6)
Tak kak M:mONA, rge mo — Macca O,Z[HOI71 MOJICKYJIBI, a NA — ITIOCTOsIHHAas1 ABoraz[po, TO H3

ypaBHeHus (43.6) crienyert, 4To
3RT 3kT
<”II> = = T
VmeNa  V mo

(43.7)
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rae k=R/Na — mocrostnnas bosbipvana. OTcroga Haijaem, 4TO HpPU KOMHATHOW TeMIIepaType
MOJICKYJIBI KHCIIOPOIa HMEIOT CPETHIO0 KBaAPAaTUIHYIO CKopocTh 480 M/c, Bogopoaa— 1900 m/c.
[Tpu Temneparype KUAKOTO TeNus Te ke CKopocTu OyayT cootBercTBeHHO 40 11 160 m/c.

Cpennsisi KHHETHYECKasi SHEPT U OCTYNATeIbHOTO ABMKEHHS OTHOM MOJIEKYJIbI HICATBHOTO ra3a

(&) = E/N = my{va)*2 = *[,kT
(43.8)

(ucnosib3oBasu hopmyisl (43.5) u (43.7)) nponopruoHaibHa TEPMOIMHAMUYECKON TeMIIepaType u
3aBHCUT TOJBKO OT Hee. M3 atoro ypaBHenus ciemyer, uto npu 7=0 <go>=0, 1. e. mpu 0K
MpeKpalaeTcs MoCTyNnaTeNIbHOE ABIKEHIE MOJIEKYII T'a3a, a CJIeI0BaTeIbHO, €ro IaBJICHNE PaBHO
Hymo. Takum o0pa3oMm, TepMOAMHAMHYECKas TeMIleparypa SBISETCS MeEpod cpeaHei
KWHETHYECKOW SHEPTHH IOCTYNATEILHOTO ABIKCHHS MOJICKYN HACATBHOTO Tasza, W Qopmyina
(43.8) packppIBaeT MOJIEKYIISIPHO-KHHETUYECKOE TOJKOBAHUE TEMIIEPATYPHhI.

4. 3akon MakcBeJLia o pacnpeacjicHu MOJICKYJI UA€AJTBbHOI0 rasa 1nmo CKOpocrimMm u
JHEPIrusiM TECIJIOBOI'0 ABUKCHUSA

[Ipu BBIBOJIE OCHOBHOTO YpPaBHEHUS MOJIEKYISIPHO-KUHETHYECKOW TEOPHM MOJIEKYJaM 3aJaBalld
pa3u4HbIe CKOPOCTU. B pe3ynbTaTe MHOTOKpPATHBIX COYJAPEHHUN CKOPOCTh Ka)KI0M MOJIEKYIIbI
M3MEHsIETCS IO MOJYJII0 U HampaBieHHto. OJHaKO M3-3a XaOTUYECKOTO JBUKEHMSI MOJIEKYI BCe
HaIpaBJICHUS JIBIDKCHUS SBJIIOTCS PAaBHOBEPOSITHBIMHU, T. €. B JIIOOOM HaIpaBJICHUU B CPEAHEM
JBUKETCSA OJMHAKOBOE YHCIIO MOJIEKYII.

[To MONeKyIIpHO-KMHETHYECKOW TEOPHH, Kak Obl HU HW3MEHSJIUCh CKOPOCTH MOJIEKYT TIpH
CTOJIKHOBEHUAX, CPEAHSA KBAIPATUYHASI CKOPOCTh MOJIEKYJI MacCOW mo B Ta3e, HaXOAAIIEMCS B

COCTOSIHUHM paBHOBECHS PU 7= CONSt. 0CTaeTCst MOCTOSTHHOM U paBHOU {vxs) =/ 3KT/my.

DT0 OOBACHAETCS TEM, YTO B Ta3e, HAXOIIEMCS B COCTOSHHUHM PaBHOBECHS, yCTAHABIMBACTCS
HEKOTOpOE CTAllMOHApHOE, HE MEHSIOLIEEeCs] CO BPEMEHEM pacIpeielieHHe MOJIEKYJ MO CKOpo-
CTSIM, KOTOPOE€ IMOJYMHSETCS BIIOJIHE OMpPENEICHHOMY CTaTUCTHYECKOMY 3aKOHY. JTOT 3aKOH
TeopeTndecku BoiBeaeH [[x. MakcBemiom.

[Ipu BbIBOJE 3aKOHa paclpeAesieHUs MOJIEKYJ MO CKOpOCTsAM MakcBemul mpeamnojiarai, 4To ras
COCTOUT U3 O4€Hb 00JbIIOro yucia N TOXIECTBEHHBIX MOJEKYN, HAXOISAIIUXCS B COCTOSHUU
OecropsI0YHOT0 TEIIOBOTO JABMKEHUS MPU OJMHAKOBOU Temneparype. [Ipenmnonaranocs Takxe,
YTO CUJIOBBIE MOJISI HA T'a3 He JEHCTBYIOT.

3akoH MakcBemia omuceiBaeTcs  Hekotopour  (ymkumeirn  f(V), HaspiBaemoii  yHKUHeN
pacnpeneaeHuss MOJIeKYJ MO ckopocTsiM. Eciu pa3ouTh auama3oH CKOpocTed MOJEKyl Ha
MaJible HHTEPBaIbI, paBHbIe 0V, TO Ha KX IbIi HHTEPBAJI CKOPOCTH OYIET MPUXOIUTHCS HEKOTOPOE
yrciao Mosiekyn dN(V), HMEIOIHMX CKOPOCTh, 3aK/IIOYEHHYIO B 3TOM HMHTepBaie. Dynkuus f(v)
ornpeesnsier oTHocuTe bHOE Yrcio MosieKyst AN(V)/N, cKkopocTH KOTOPBIX JIeKAT B MHTEPBAJIE OT
vV 1o v+dy, T. e.

dN (v)/N=f(v)dv,

OTKyJia
dN (v)
p)=
flv) Ndo
[MpumeHsis MeTOAbI TEOpHH BeposiTHOocTeil. MakcBemn Hamen ¢yakiuio f(v) — 3akoH o
pacnpeueﬂeﬂﬂ MOJIeKyJI HACAJBbHOI0 ra3sa 1o CKOpOCTﬂM:
my \?
v) = 4n v2 exp[—mev?/(2kT)).
10 = 4n () *espl-mas* 2k

(44.1)
W3 (44.1) BuaHO, 9TO KOHKPETHBIH BUA (QYHKIUH 3aBHCUT OT pojia ra3a (0T MacChl MOJICKYIIbI) U OT
napameTpa COCTOsIHUS (0T TeMmnepatypsl 7).
I'paduk ¢ynkmum (44.1) nmpuBeneHn Ha puc. 65. Tak kak mpu BO3pacTaHUHM V MHOXHUTEIb EXP[—
Mov?/(2KT)] yMeHbITaeTcs ObICTpee, YeM pacTeT MHOKUTENb V2, To gynkius f(V), HauuHasch oT

221



HYJIsI, IOCTUTaeT MaKCMMyMa IpH Ve, M 3aT€M aCUMIITOTUYECKH CTpeMHUTCA K Hymro. Kpusas
HECMMMETPUYHA OTHOCUTEINBHO VB.

Otnocutenbroe unciio Moiyiekyn dN(V)/N, ckopocTu KOTOpBIX JieKar B MHTEpBaie OoT V o V+dv,
HAaXOJUTCS KaK IUIOIA/lb 3aIUTPUXOBAaHHOM MI0JIOCKH Ha puc. 65. Ilnomanb, orpaHndeHHast KpUBOU
pacrpelieliecHus ¥ OChbl0 aOCIMCC, paBHA eAMHHUIE. OJTO o3Ha4yaer, uyto GyHkuus f(v)
YIIOBJIETBOPSET YCIOBHIO HOPMUPOBKHU

cff(u) dv=1.
0

Ckopoctb, npu KOTOpPOW (YHKIMS pacHpelesieHus MOJIEKYNl HIEAJbHOTO raza I0 CKOPOCTSIM
MaKCUMaJbHa, Ha3bIBa€TCSd HanboJiee BEPOATHON CKOPOCTHIO. 3HaUeHUE HanboJiee BEpOSTHOM
CKOpPOCTH MOXHO HaiTu npoauddepeHpoBas BeipakeHue (44.1) (MOCTOSIHHbIE MHOMKHUTEIH

OTyCKaeM) IO apryMEHTY V, IPUPABHSB PE3YJIbTAT HYJIIO U HCIOJB3Ys YCIOBUE I MAKCUMyMa

BeipakeHus f(Vv):
2

2kT

3HaueHust V=0 1 V=00 COOTBETCTBYIOT MUHUMYyMaM BbIpakeHus (44.1), a 3HaueHue V, Ipu KOTOPOM
BBIpa)KE€HUE B CKOOKAaX CTAHOBUTCS PaBHBIM HYIIIO, U €CTh HCKOMasi HanboJiee BEpOsSATHasE CKOPOCTh
VB.

d
3 (v exp[—mo?/(2kT)]) = 2v (1 B ) exp[—mev?/(2kT))=0.

vy = /2kTjmo = 2RTIM.
(44.2)

Puc. 65

@ Kaxos ¢uanyecxwis cmuicn QyHKUWM pacnpepe-
NEHNA MONEKYN NO CKOPOCTAM? NO SHEPTHAM?
@ Kak, sHaa cyHkywio pacnpegeneHns Monexkyn
N0 CKOPOCTAM, NepeinTn K dyHKUWu pacnpege-

NeHNA Mo 3Hepruam?

U3 dopmynsr (44.2) cremyer, 4YTO NpU TOBBIIMIEHUH TEMIEPATyphl MaKCUMyM (YHKIIMU
pacnpeseneHuss MOJIEKYa MO CKOpocTsM (puc. 66) cmecTHTcs BIpaBoO (3HaueHHe Hauboiee
BEPOSITHON CKOPOCTU CTAHOBUTCS Oosbiie). OHAKO MIIONIalb, OTpaHHUYEHHAs! KPUBOI, OocTaercs
HEU3MEHHOM, MOATOMY IpPH TOBBIIIEHUHM TEMIEpPaTypbl KpUBAas pacHpelesieHUss MOJIEKYN IO
CKOPOCTSIM OyJIeT pacTAruBaThCS U OHUKATHCSL.

CpenHsisi CKOPOCTb MOJIEKYJIbI <V> (cpeaHsisi apudMeTHdecKasi CKOPOCTb) OINpECseTCs 10
dbopmyre

Vg <V> <V

l @« [ ]
<">=‘]\-}I vdN (v)= | of (v)dv.
0 0
[Moncrasnss crona f(v) u uaTerpUpys, Morydaem
() =~/8kT/(xmo)=/8RT/(xM).
(44.3)
CKOpOCTH, XapaKTEepU3YIOIUE COCTOSIHUE Ta3a: 1) Haubosiee BEpOATHAS w,=+/2RTIM, 2) cpenHss
(v)=+/BRT/(rM)=1,13v,; 3) CpeHsA KBAJAPATUYHAS {(9g)=+/3RT/M=1,22v, (puc. 65). Vcxonas u3
pacrpeeneHust MOJIEKYJT IO CKOPOCTSIM

n
- My —myA(2kT)
dN ()=N'4x | —— 2,70 X

®) " (ZukT) ve do

(44.4)
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MOYKHO HAMTH PACIpPEEICHUE MOJIEKYIN Ias3a 10 3HAaYCHUSIM KMHETUYECKOM sHepruu €. g atoro

nepeiiieM OT nmepeMeHHOi V k nepeMenHoit e=mov?/2. Tloacrasus B (44.4) v=,/2/m, u dv=

(2m,&) M*de, nonyanm

dN (e)=& *kT) &7 4o Nf () de,

Nz
rae dN(g) — uucno MosieKys, UMEIOLIMX KHMHETHYECKYH0 DHEPrHI0 MOCTYIATEIbHOTO JBUKCHUS,
3aKIIFOYCHHYIO B HHTEpBAJIE OT £ 710 & + de.
Takum 06pa3om, (PyHKIHSI pacnpeae/ieHusi MOJIEKYJI 10 YHEPrUsiM TeIIOBOI0 IBHKEHHSI
2
SE@=—x
7

CpenHss KUHETUYEeCKasi SHEPrusl <& MOJIEKYJIbI U/I€aIbHOTO ra3a

(kT)_m Blﬂ c—ﬂf(kn.

&) =? &f () de=—2 (kT)—m?emc_EKm de=">/,kT,
0 \/’_’ 0

T. €. IOJIYUMJIU Pe3yJIbTaT, COBMaatoNuii ¢ hopmyroii (43.8).

f T,<T, Pac. 66

@ Kax onpegennetca Hanbonee BepoATHaR CKO-
PoCTL? CPOAHARA CKOPOCTL?

® Bo cKXonbkO pas M xaK WM3IMEHWTCR CpefjHAR
CKOPOCTL [1BHIKOHMA MONeKyn NpM nepexoge
OT KMCNnopoaa X BOopoAy?

<‘r

3aaHus ¥ BOIIPOCHI

1. Haueptuth 11 00BACHUTH TpadUKH U30TEPMUUYECKOTO B M300apHOTO MPOIECCOB B KOOPAUHATAX |
uV,puT, TuV.

2. B cocyne npu temneparype t = 20°C u maBnenun p = 0,2 MIla comepkutcsi cMeCh Ta30B —
KHCIIOpOJa Maccoi My =16 T 1 a3ota Maccoii M= 21 r. OnpeaenuTh WIOTHOCTh cMecH. [2.5 kr/md]

3. OnpenenuTs Haubosee BEPOSTHYIO CKOPOCTh MOJIEKYJ ra3a, IJIOTHOCTh KOTOPOIO MPHU JIaBICHUH
40 xITa cocrasmser 0,38 kr/m3. [478 m/c]

4. Vcnonb3ys 3aKOH O paclpelielieHUd MOJIEKYN HJIEalIbHOrO ra3a Mo CKOPOCTSM, HalTHU 3aKOH,
BBIP@KAIOIIUIA paCIpeie/iecHHe MOJEKYJI MO0 OTHOCHUTEIbHBIM ckopoctsiM u (U = V/ve). [

f(u) = 4/ze " u?]

5. Bocrosib30BaBIIMCE 3aKOHOM pachpeiefieHus] UAeaJbHOTO Ta3a M0 OTHOCUTEIBHBIM CKOPOCTSM
(cm. 3amauy 8.4), onmpenenuTs, Kakas 10Ji1 MOJIEKYI KUCIOPOa, HaXOsIIerocs Ipy TeMIepaTtype
t = 0°C, umeer ckopoctu oT 100 10 110 m/c. [0,4]

6. Ha xakoil BbICOTE TJIOTHOCTH BO3/lyXa B JIBa pa3a MEHbIIIE, YEM €ro IUNIOTHOCTh Ha YpOBHE MOps?
Cuutath, 4YTO TEMIIepaTypa BO3ayxa Be3je oauHakoBa u paBHa 273 K. [5,5 km]

7. OnpenenuTts CPeIHIO MPOAOJDKUTEIBHOCTh CBOOOJHOTO MpoOera MOJEKYlT BOJOpOJa IMpU
temreparype 300 K u napnenun 5 xlla. ddexktuBnbiii AuamMeTp MoKyl NpUHATH paBHbIM 0,28
HM. [170 HC]

8. Koadduruents! quddy3un 1 BHyTPEHHETO TPEHHS MPU HEKOTOPBIX YCIOBHIX PaBHBI COOTBETCT-
Benno 1,42-10* m?%/c u 8,5 mkIla-c. OnpenenuTh KOHIEHTPAIMIO MOJIEKYI BO3LyXa MpU 3THX
yenosusx. [1,25-10% m73]
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K nacocy

T

rr Tz 1

Pac. 75 Pac. 76
Cnucok uteparypsl

1. Tpopumosa, T. Y. dusuka : yueOHUK : JJi CTY/IEHTOB BY30B, O0yJarOMIMUXCS 1O TEXH. HaMp.
noarotoBku / T.U. Tpodgumona. - 2-e u3a., nepepad. u pom. - Mocksa : Akagemus, 2013. - 346 c. :
wi. - (Beicmee nmpodeccnonanbaoe obpaszoBanue) (bakamaBpuar). - Ilpenm. ykas.: c. 330-339. -
ISBN 978-5-7695-9820

2. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3agad: B 2-x 1. : yuebnuk / T.U.
Tpodumona, A.B. dupcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipni.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

3. Tpodumona T.U., ®upcosa A.B., CoopHUK 33134 110 pu3uke- 2-¢ U31I., nepepad. u 011 - MockBa

: Axagemmus, 2013.

INPAKTHYECKOE 3AHATHE Ne 8-9 OCHOBbI TEPMOJIMHAMMUKHA

Ieab-3aKpenuTh U3y4eHHBIN MaTepral 1o TeMatuke «OCHOBBI TEPMOJIUHAMUKH. YUCTIO CTENeHen
CBOOOIBI MOJIEKYJNIBI. 3aKOH PaBHOMEPHOTO DPACIIPENENICHUs SHEPTrUU IO CTENEHSM CBOOOIBI
MoJiekya. [lepBoe Ha4asio TEPMOJUHAMUKHIO. TEMI0EMKOCThY.

OcBauBaeMble KOMIIETEHIIMH B PE3YJIbTaTe MPOBEACHHS MPAKTHUYECKOTO 3aHSATHUS YKa3aHbI B
nyHkTe «O01re cBeIeHUs

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHS — 3aKPENUTh MOJTY4YE€HHbIE TEOPETUYECKHE 3HAHUS U
BbIPA0OTATh HABBIKK M YMEHHS MPAKTUYECKOTO PELICHH 3a/1a4, B TO YUCIIE U CAMOCTOSTENBHO.

3HaTth:

-OCHOBHBIE ITpaBmUiIa AJisi 00pabOTKHU pe3ylIbTaTOB SKCIIEPUMEHTA;

-0a30Bble METOJbI HCCIIEA0BATEIbCKOM IEATEIBHOCTH.

Ymers:

-IPOBOJIUTH 00paboOTKy MH(MOPMALMK C HCHOJIb30BAaHHUEM MPUKIATHBIX MPOrPAMMHBIX CPEJICTB

chepsl

npodeccuoHaIbHON 1eATENbHOCTH;

-IIPUMEHATH 0a30BbIE METO/IbI UCCIIEOBATENBCKOM IEATEIPHOCTH B pabOTe HAJl MTHHOBAIIMOHHBIMU

MPOEKTAMH IO HarpaBieHUIO « [eXHOIOTHYECKUE MAIIMHBI U 000PYAOBAHUEY.

Baanern:

-METOJaMH HCCIIEI0BATENbCKON NESITEIbHOCTH P paboTe Hal IPOEKTaMU;

- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUS HMHPOpPMALlMM B PA3BUTUU COBPEMEHHOTO OOIECTBa,

CIOCOOHOCTh
nmoiydyaTb U 0o0pabarbiBaTh HMHPOPMAIMIO U3  PA3NUYHBIX  HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATH HHGOPMALIMIO CTYACHTAMU HampaBieHHs — TeXHOIOTUYecKue
MaIIHBI U 000pyIOBaHHUS.
Peanu3zyemble KOMNeTeHIIMU
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IIK-4 criocoOHOCTBIO y4acTBOBAThH B paboTe Ha/l MHHOBAIIMOHHBIMH MPOEKTAMH, UCTIOIB3Ys 0a30BbIe
METO/IbI UCCIIEJ0BATEIBCKOM NESITEIbHOCTH

OIIK-4 mnoHMMaHHWEM CYIIHOCTH W 3Ha4YeHUs HH(OpPMAIMU B Pa3BUTUH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTHIO TOTyYaTh U 00pabaTbiBaTh MHOOPMAIIHMIO U3 PA3IIMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETHUPOBATh, CTPYKTYPUPOBATH U 0POPMIISTh HH(GOPMALMIO B JOCTYITHOM JUISI IPYTHX BHUJIE

Teopernyeckas 4acTb

1. Yncio creneneii cB000AbI MOJIEKYJIbI. 3AaKOH PABHOMEPHOI0 pacnpe/ieTeHHsi JHEPTHH 110
CTeNeHsIM CBOOO/IbI MOJIEKY.I

BaxxHo# XapaKTepuUCTUKOI TEPMOIMHAMUYECKON CUCTEMBI SIBJISIETCSI €€ BHYTPeHHsAsA dHeprust U —
SHEpPrusi XaoTHYECKOro (TEMJIOBOr0) ABMKEHHS MHUKPOYACTHI[ CHCTEMBI (MOJIEKYN, aTOMOB,
AIIEKTPOHOB, AJEp U T. JI.) U SHEPrUsl B3aUMOJEHUCTBUS ATHX 4YacTull. M3 3toro ompexneneHus
CIIEy€eT, UTO K BHYTPEHHEN SHEPrUu HE OTHOCSTCS KMHETUYECKasl SHEPTUs JIBHIKEHUS CHCTEMBbI
KaK 11eJIOTO Y MOTEHIMAIbHAs SJHEPTUs CUCTEMbI BO BHEIIIHUX IMOJISIX.

BHyTpeHHss 3HEpTrUust — 00HO3HAYHAA YyHKYUs TEPMOINHAMUYECKOTO COCTOSIHUSI CUCTEMBI, T. €. B
Ka)KJIOM COCTOSIHMHM cHcTeMa 00J1aJiaeT BIOJIHE ONPEJEeNIEHHON BHYTpEHHEH 3Hepruel (oHa He
3aBUCHUT OT TOTO, KaK CUCTeMa IpHIIJa B JAaHHOE COCTOSIHUE). DTO O3HAYAET, YTO MPH MEPEX0JIe
CUCTEMBI U3 OJIHOTO COCTOSIHUSA B JPYro€ U3MEHEHHE BHYTPEHHEN SHEPTUU ONpeIeNsieTCs TOJIbKO
Pa3HOCTBIO 3HAYEHUI BHYTPEHHEN SHEPIUU 3THUX COCTOSIHUM M HE 3aBHCHUT OT IIyTH ITEpeXoa.

B 1 OGwputo BBEIEHO TOHSITHE YHICIIAa CTEMEHEW CBOOOJBI: ATO YHCIIO HE3aBHUCHUMBIX MEPEMEHHBIX
(KoOpAMHAT), MOJIHOCTHIO OMPENENSIONINX MOJ0OXKEHHE CUCTEMBI B IPOCTpaHCTBE. B psne 3agau
MOJIEKYILYy OJJHOQTOMHOTO ra3a (puc. 77, a) paccMaTpuBalOT KaK MaTepHalIbHYIO TOUKY, KOTOPO
MPUMKCHIBAIOT TPHU CTENEHU CBOOOABI MOCTyNMaTeabHOro ABMKeHus. llpu sTOM 3Hepruto
BpAIIATENBHOTO JBIKEHUS MOXKHO He yauThiBaTh (I — 0, J = mr’— 0, T,,=Ja?/2—0).

B kmaccuueckoil MexaHMKE MOJEKyla JIBYXaTOMHOTO Ta3a B IIE€PBOM  MPHUOIMKEHUU
paccMaTpuBaeTcsi KaKk COBOKYIMHOCTh JBYX MaTe€pUalbHBIX TOYEK, KECTKO CBS3aHHBIX HeJle-
dbopmupyemoit cBsi3pto (puc. 77, 6). DTa cucreMa KpoMe TpeX CTEIEeHEeW CBOOOJbI MOCTYyIa-
TEJIHHOTO JIB)KEHHUSI UMEET ellle BE CTENeHH CBOOOJIbI BpallaTeIbHOTO ABMKEHHUA. BpaiieHnue
BOKPYT TpeThel ocu (OcH, MPOXOsIel yepe3 006a aToma) JUIIEHO CMbICia. TakuMm oOpazowm,
JIBYXaTOMHBIN Ta3 00JiafaeT MmaThi0 creneHsMu cBoooabl (I = 5). Tpexatomuas (puc. 77, s) u
MHOTOATOMHAasl HEeJIMHEWHbIE MOJIEKYJIbl UMEIOT IIECTh CTENeHell CBOOOIbI: TPU MOCTYNATEIbHBIX
U TpU BpamlareiabHbIX. ECTECTBEHHO, UTO >KECTKOM CBSI3M MEX]y aTOMaMH HE CYIIECTBYET.
[ToaToMy Ui pealbHBIX MOJIEKYT HEOOXOJAMMO YYUTBIBATH TaKKe CTEMEeHH CBOOOIbI
K0JIe0aTeIbHOTO TBUKCHHUSL.

HezaBucumo oT oOmiero uucia crerneHedl cBOOOABI MOJIEKYNI TpPH CTEINEHH CBOOOJBI Bceria
noctynarensueie. Hu ofHa M3 mocTynareiabHBIX CTeleHel cBOOOJbl HEe MMEET MperuMyIlecTBa
nepes APYrdMU, MO3TOMY Ha KaXAYI0 U3 HUX MPHUXOAUTCA B CPEJAHEM OJMHAKOBAsl SHEPTHs,
paBHas 1/3 3HaueHus <&> B (43.8):

B knaccuueckoil craructuueckod ¢usuke BbBIBOAUTCS 3akoH bBoJbnMaHa o paBHOMepHOM
pacnpee]eHUM HEPrud MO CTENeHsIM CBOOOIbI MOJIEKYJ: /sl CTaTUCTUYECKON CHCTEMBI,
HaxoJsulelcs B COCTOSTHUM TEPMOJUHAMUYECKOTO PaBHOBECHS], HA KaX/Iyl0 MMOCTYNATEIbHYIO U
BpAIaTeIbHYIO CTETIEHH CBOOOIBI MIPUXOIUTCS B CPEIHEM KHHETHYECKasi dHeprusi, paBHas KT/2,
a Ha KaXIyl KoJeOaTelnbHYK CTeleHb CBOOOABI — B CpelaHeM »JHeprus, paBHas KT,
KonebarenbHas cTenenp «o0nagaeT» BIBOE 00JblIei SHEepriuel NOTOMY, YTO Ha Hee MPUXOAUTCS
HE TOJIbKO KHHETHYeCKas SHeprus (Kak B Cllydae MOCTYNaTeIbHOTO U BpaIllaTeIbHOTO IBM)KEHUH),
HO M NOTEHUUAIbHAsA, IPUYEM CPEIHUE 3HAUEHUS] KMHETUYECKOW M MOTEHLHAIbHON DHEPIUid
OJIMHAKOBBI. TakuM 00pa3oM, cpe/iHssl FHEPTUsl MOJIEKYJIIbI

i
&) = 3 kT,
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rac I — CyMMa 4HuCJia MOCTYIATCIIbHBIX, YU CJIa BpalllaTCIIbHBIX B YABOCHHOTO YHUCJIa KOJIEOATENBHBIX

cTerneHei cB0OOAbI MOJICKYJIBL:
i = by + ippam + 2xoncs

B kiaccuueckoi TeoprH paccMaTpUBAIOT MOJICKYJIBI C )KECTKOM CBSI3bIO MEKIY aTOMaMM; ISl HUX |
COBIIQJIACT C YHMCIIOM CTETEHEH CBOOOIbI MOJIEKYJIBL.

Tak kak B WIeaJbHOM ra3e B3auMHas MOTCHIMAIBHAS YHEPTUS MOJICKYJ paBHA HYIIO (MOJEKYIIbI
MEX]ly COO0M HE B3aUMOJICHCTBYIOT), TO BHYTPEHHSS DHEPT U, OTHECEHHASI K OJJHOMY MOJIIO Ta3a,
OyzeT paBHA CyMMe KMHETHYECKUX dHEepruil Na MoeKyit:

i i
U, = — kTN, = — RT.
m= AT,
(50.1)
BryTpeHnHss dHeprus A NpoU3BOJIBLHOM MacChl m rasa.

=2 rr—vLinRrT
M2 2

rae M — moJisipHas Macca, v — KOJIMYECTBO BEIECTBA.
2. IlepBoe Haya10 TePpMOANHAMHUKH

PaccmoTpuM TepMOIMHAMUYECKYIO CUCTEMY, JJIT KOTOPOW MEXaHWUYeCKasl SHEPTHsS HE U3MEHSETCS,
a U3MEHSETCS JIUIIh €€ BHYTPCHHsIS SHEPTUsl. BHYTpEHHSISI SHEPTUS CHCTEMBI MOXKET U3MEHSITHCS
B pe3yibTaTe PAa3IMYHBIX TMPOIECCOB, HAMPHUMEpP COBEPIICHHS HAJ CHUCTEMOW pabOThI WK
cooOmeHus ei TernoTel. Tak, BABUTAs TOPIIEHb B IWJIWHIDP, B KOTOPOM HAXOJWTCS Ta3, MbI
CKUMaeM JTOT Ta3, B pe3yjabTaTe Yero ero TeMmIiepaTypa TMOBBIMIACTCS, T. €. TEM CaMbIM
n3MeHseTcs (YBeTUIMBaeTCs) BHYTPEHHssI sHeprus ra3a. C 1pyroil CTOpoHbI, TEMIIEpaTypy rasza
Y €T0 BHYTPEHHIOK SHEPTHIO MOXKHO YBEIIMYHTH 32 CYET COOOIIEHUS €My HEKOTOPOTO KOJIMYECTBA
TEIJIOThl — 3HEPIHH, MEepelaHHON chcTeMe BHEIIHMMH TeJaMH IyTeM TeruiooOMeHa (mpoiiecc
oOMeHa BHYTPEHHUMHU SHEPTUAMHU MTPU KOHTAKTE TeJl C pa3HBIMU TEMIIEpATypamu).

Takum 00pa3oM, MOXKHO TOBOPUTH O JABYX (opmax mepeAayd 3HEPTUU OT OJHUX Tel K APYrUM:
paboTe u TeruioTe. DHEPrusi MEXaHWYEeCKOro IBMXKEHHS MOXKET IMPEBpAlllaThCsi B SHEPTHUIO
TEIJIOBOTO ABMXKEHHUA, U Ha000poT. [Ipu 3THX mpeBparieHusx coOIoaaeTcsi 3aKOH COXpPaHEHUs U
MIPEBPALEHUS] SHEPTUHU; MPUMEHUTEIBHO K TEPMOJUHAMUYECKUM IpolleccaM 3TUM 3aKOHOM U
SBJIIETCS TII€pBOE Hayajlo TEPMOJIMHAMUKU, YCTAaHOBJIEHHOE B pe3ylbTaTte 00001eHus
MHOTOBEKOBBIX OIBITHBIX TAHHBIX.

Pac. 77

@ B uem cyTb sakoHa GonbuyMana O paBHopacn-
pefeneHnn 3HeprMM No creneHAM CcBo6oabi
monexkyn? ‘

® lNo4yemy xonebartensHan crenexHs csoboawu 06-
napaet sfeoe 6onuwed sHeprued, YeM nocTy-

a) 6/ 8) navensHas  BpauiaTensvHan?

JlomycTuM, 4TO HEKOTopas cucTema (ra3, 3aKJIOYEHHbIH B LWIMHIAP MOJ TOpIIHEM), oOianas
BHyTpeHHe# sHeprueil Ui, momydnsia HEKOTOpOe KOJIMYecTBO TeruioThl Q u, mepeiins B HOBOE
COCTOSIHUE, XapaKTepusylolieecs: BHyTpeHHel sHeprueit Uz, coBepimia paboTy 4 HaJl BHENIHEH
CpEIOH, T. €. IPOTUB BHEIIHUX CHJI. KOJIMYECTBO TETIIOTHI CYMTAETCS MOJIOKHUTEIbHBIM, KOT1a OHO
MIOJIBOJIUTCSL K CUCTEME, a paboTa — IOJIOKUTENbHON, KOT/Ia CHCTéMa COBEpIIAET €€ MpPOTHUB
BHEIIHUX CWI. ONBIT NMOKAa3bIBAE€T, YTO B COOTBETCTBHM C 3aKOHOM COXpPAHEHMs DHEPruu Ipu
mo60M crocobe nepexosia CUCTEMBbl U3 TIEPBOTO COCTOSIHUS BO BTOPOE M3MEHEHHE BHYTPEHHEH
sHeprun AU=U>—-U;1 Gyaer 0JMHAKOBBIM M PaBHBIM Pa3HOCTH MEXIY KOJIMUYECTBOM TEIUIOTH Q,
MOJIy4EHHBIM CUCTEMOH, U paboTON A, COBEPILIEHHON CUCTEMOM MPOTUB BHEIIHUX CUJI:

AU=Q—A4,

W
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Q=AU+ A.
(51.1)
VYpapaernne (51.1) BelpakaeT nepBoe HAYAJA0 TEPMOAMHAMHMKH: TEIUIOTa, COOOIIaeMas CUCTEME,
pacxoayeTcsi Ha W3MEHEHHME €€ BHYTPEHHEW SHEpPruuM M Ha COBEpIIEHHE €0 pabOThl MPOTUB
BHeIMHUX cul. Beipaxkenue (51.1) B nuddepenunansuoit popme Oyner MMeTh BUA

d0=4U+dA,
wim B OoJiee KoppekTHOM popme
8Q=dU+64,
(51.2)
rae dU — OeckOHEYHO Majoe W3MEHEHHE BHYTPCHHEH SHEPrUU CHUCTEMbI, OA — dIIeMEHTapHas
pabora, &) — OECKOHEYHO Majoe¢ KOJMYECTBO TEIUIOThL. B 3TOM Bbipakenun dU siBisercs

noyHeIM U depenHnuanom, a 04 u &Q TaKOBBIMH He SBISIOTCS. B manmpHelimem Oyaem
HCI0JIb30BATh 3aMKUCh IEPBOIO Havaja TepMoAnHaMUKU B hopme (51.2).

N3 dhopmynst (51.1) cnenyet, uyto B CU K0IMYECTBO TEMJIOTHI BBIPAXKAETCS B TEX K€ €IUHUIIAX, YTO
paboTa u sHeprus, T. €. B 1Koynax (Jx).

Ecnu cucrema mepuoanyeckud BO3BpaIllaeTCs B MEPBOHAYAIBHOE COCTOSIHHE, TO HU3MEHEHHUE ee
BHyTpeHHeil sHeprun AU=0. Torna, cornacHo nepBoMy Hayaixy TEpMOAUHAMUKH,

A=0,

T. €. BEYHBbIil ABUrarTe/ib MEPBOro poAa — IEPUOANYECKH JECHUCTBYIOIUN JBUTATENb, KOTOPHIN
coBepIa 01 OOJIBITYIO paboTy, YeM COOOIIEHHAS €My W3BHE DHEPTHUSI, — HEBO3MOXKEH (0HA U3
(hOopMyITMPOBOK MEPBOT0 HaYaIa TEPMOJUHAMUKH).

3. Tem10eMKOCTH

YaeabHas TENMJI0EMKOCTh BellIeCTBA — BEIIMYNHA, PaBHAS KOJUYECTBY TETUIOTHI, HEOOXOIMMOMY
Ju1st HarpeBaHus 1 kr BemectBa Ha 1 K:
6Q
cC=——.
mdT
Enununa yaenbHOM TEIOEMKOCTH — JKOYIbh Ha KujiorpamMM-kenbBuH (JIx/(kr - K)).
MoJuisipHasi TeIJIOEMKOCTb—BEJIMYMHA, paBHAas KOJMYECTBY TEIUIOTHI, HEOOXOIUMOMY st
HarpeBaHus 1 moib BemecTBa Ha 1 K:

(53.1)
riae V=m/M—KoJu4ecTBO BellecTBa.
Enuauiia MoJIsIpHOH TEIIIOEMKOCTH — JKOYJIb Ha MOJIb-KeabBHH ([x/(Momsb - K)).
VY aenpHas TEMIIOEMKOCTb ¢ CBsI3aHa ¢ MOJIAPHOM Cm, COOTHOLIIEHUEM

Cn = cM,

(53.2)
rae M — monsipHasi Macca BellecTBa.
Pa3nuyaroT TemimoeMKOCTH MpH MOCTOSTHHOM 00beMe M MOCTOSHHOM JaBIIEHUH, €CJIH B MPOLIecce

HarpeBaHus BEUIECTBA €r0 00bEM WM JaBJICHHUE MOIICPKUBACTCS MOCTOSIHHBIM.
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Ay
=
——-
p 5
—
—-
dt Y 3
W .
Pac. 78 Prc. 79

3anuiiemM BeIpaXEHUE TEPBOro Havaia TepMoauHaMuku (51.2) mst 1 Mok ra3a ¢ yueroM Gopmy
(52.1) u (53.1):
CodT = AUy + pdV,,.
(53.3)
Ecnu ra3 marpeBaeTcs mpu MOCTOSSHHOM 00beMe, TO paboTa BHEIIHUX CUJI paBHA HyIO (cM. (52.1))
1 cooOrraemas ra3y U3BHE TEIUIOTa BJIET TOJIBKO Ha YBEITMUYEHUE €T0 BHYTPEHHEH SHEPTHH:
AUn
.Cr =37
(53.4)
T. €. MOJISIpHAsl TEIUIOEMKOCTh Ta3a MpHU MOCTOSIHHOM oO0beme Cv paBHa U3MEHEHHIO BHYTPEHHEH
sHepruu 1 Mouib rasza npu noBeiieHuu ero temmeparypsl Ha 1 K. CornmacHo ¢opmyne (50.1),

dUm=§RdT. TOTaa
Cy = iR[2.
(53.5)
Ecnu ra3 HarpeBaercs npu MOCTOSITHHOM JIaBJICHUH, TO BeIpakeHHE (53.3) MOKHO 3amucaTh B BHJIC
dU, pdVy
dT T 4T

C, =

Y4uThIBast, 4TO % HE 3aBHCUT OT BHJA Ipolecca (BHYTPSHHSS SHEPTHs WACaIbHOTO ra3a He
3aBUCHUT HH OT ), HU OT V, a onpesensercs aumib Temiepatypoit 1) u Bcerna paBHa Cv (cM. (53.4)),
u muddepenuupyst ypaBuenue Kiameiipona — MenneneeBa pVm=RT (42.4) mo T (p=const),
MoJTy4aemM
C,=Cy+R

(53.6)

Bripaxxenue (53.6) Ha3piBaeTcs ypaBHeHueMm Maiiepa; oHo nokasbiBaet, uto C, Bceraa Oomnbiie Cy
Ha BEJIMYHHY MOJISIPHOM ra30BOM MOCTOSTHHOW. DTO 0OBACHSAETCS TEM, YTO MPH HArPEBAHHUU raza
npu NOCMOAHHOM OasileHuu TpeOyeTcs emie TOTOJHUTENBHOE KOJUYEeCTBO TEIJIOTHI Ha
COBepIIeHHEe pPa0OThl PACHIUPEHHs ra3za, TaKk KaKk IMOCTOSHCTBO [aBJICHHs OOECTeunBaeTCs
yBeln4YeHneM oobema rasza. Mcenonb3osas (53.5), Beipaxenue (53.6) MOKHO 3amucaTh B BUJIE

|+ 2
C, = 5-2—— R
(53.7)

[Ipu paccMOoTpeHnH TEPMOAMHAMUYECKHUX MIPOLIECCOB BAYXKHO 3HATH XAPAKTEPHOE I KAXKJIOIro rasza
otHomenue Cp k Cv':
7 = C/Cy = (i + 2)/i.
(53.8)
N3 gopmyn (53.5) u (53.7) cnenyet, 4TO MOJSPHBIE TEIJIOEMKOCTH OMPEACISIOTCS JHUIIb YHUCIOM
CTemeHel CcBOOOABI W HE 3aBUCAT OT TEMIepaTypbl. OTO YTBEPKACHHE MOJIEKYISIPHO-
KUHETUYECKON TEOPUM CIIPABEUIMBO B JIOBOJBHO IIMPOKOM HMHTEPBAJIE TEMIIEPATYP JUIIb JUIS
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OJTHOATOMHBIX T'a30B. YK€ y JABYXaTOMHBIX ra30B YHCJIO CTETEHEH CBOOObI, MPOSBISAIONICECS B
TEIUIOEMKOCTH, 3aBHCUT OT TeMIepaTypbl. Mojekyna JByXaTOMHOIO Tra3a o0JajaeT Tpems
MOCTYIATEeNbHBIMU, IBYMS BpallaTeIbHBIMU M OJTHOM KOJICOATEIIbHOM CTENEHIMHU CBOOOIBI.

[To 3aKOHY paBHOMEPHOTO pacCIpeIeIICHHs SHEPTHHU TI0 CTEIIeHsIM CBOOOIbI (cM. 50), Isi KOMHATHBIX
temneparyp Cv = /2 R. U3 KauecTBEHHOH SKCIEPUMEHTANLHON 3aBUCHMOCTH MOISPHOI
teroemMkoctu Cyv Bogopoaa (puc. 80) cienyet, uto Cv 3aBUCUT OT TEeMIEPATyphl: NMPU HU3KOM
temmneparype (=50 K) Cv=3%/» R, npu xomuarroit — Cv = °/2;R (BMecTo pacuetsix '/2R) u mpu
oueHb BBICOKOH — CV=/ R. DTO MOXHO OOBACHUTH, NPEINOJOKHB, YTO TIPH HU3KUX
TeMIleparypax HaOJIr0JaeTcs TOJIbKO MOCTYNATEIbHOE JBUKEHHE MOJIEKYII, IIPU KOMHATHBIX —
N00aBIISIETCS UX BpAIIEHHE, a IIPH BRICOKUX — K 3THM JIBYM BHUJIaM JBHKCHHS JOOABISIOTCS €lle
KOJIeOaHUsT MOJICKYIL.

PacxoxaeHne Teopun U SKCIEPUMEHTA HETPYIAHO OOBACHUTH. Jleno B TOM, YTO MpPH BBIYUCICHUU
TEIJIOEMKOCTH HAJ0 YYWUTHIBATh KBAaHTOBAHWE HHEPrUU BpAIllEHHS U KOJIEOAHMM MOJEKYI
(BO3MOXHBI He JtOOBIE BpallaTelbHble U KOJeOaTeNbHbIE SHEPIHM, a JHIIb ONpEIeICHHBIN
JTUCKPETHBIN psa 3HayeHWil sHepruil). Ecinm sHeprus TemioBoro ABMXKEHUS HENOCTAaTOYHA,
HampuMmep, Juid BO30YXJeHUs KoJieOaHWM, TO 3TH KoyieOaHUs HE BHOCSAT CBOEro BKJIaja B
TEIJIOEMKOCTh (COOTBETCTBYIOIIAS CTENIEHb CBOOOABI «3aMOPAKUBACTCSI» — K HEMl HEIPUMEHUM
3aKOH PaBHOPACTIPENCIICHUS] JHEPTruu). OTUM OOBSICHSAETCA, UYTO TEIIOEMKOCTh MOJIs
JIByXaTOMHOTO Ta3a — BOJOpOJa — MpU KOMHATHOH Temmeparype pasHa °/» R Bmecto '/2R.
AHAJIOTUYHO MOXHO OOBSICHUTh YMEHbIIEHHWE TEIIOEMKOCTH MpH HU3KOW TemIieparype
(«3aMOpakMBalOTCS» BpallaTelbHbIE CTENEHW CBOOOJBI) M YBEIMUYEHUE TMPH BBICOKOM
(«BO30YKIAIOTCS» KOJIEOATENbHBIE CTENIEHN CBOOO/IBI).

4. Bropoe HayaJ10 TePMOAUHAMHUKH

[lepBoe Hayasio TEPMOJWHAMHKH, BBIpaXKas 3aKOH COXPAHCHHUS W TPEBPAIlCHHUs] SHEPTUH, HE
M03BOJISIET YCTAHOBUTH HAIIpaBJIeHUE MPOTEKAaHUS TEPMOIMHAMUYECKHX MpolieccoB. Kpome Toro,
MO>KHO IMPEICTaBUTh MHOKECTBO MPOLIECCOB, HE MPOTUBOPEUAIIUX NIEPBOMY Hadaly, B KOTOPBIX
SHEpPrusi COXpaHseTcs, a B MPHUPOJE OHM HE ocyulecTBisAtoTcs. [losBieHue BTOpoOro Havasna
TEPMOJIMHAMHUKH CBS3aHO ¢ HEOOXOAUMOCTHIO 1aTh OTBET Ha BOIPOC, KaKKe MPOLIECCH B TPUPOJIE
BO3MOXHBI, a Kakue HeT. Bropoe Hauano TepMoAMHAMUKH OTIpeiesisieT HapaBieHHe MPOTEKaHUs
TEPMOIMHAMHYECKHUX MPOIECCOB.

Hcnonp3yss TOHATHE OSHTPONMU H HepaBeHCTBO Kiay3myca (cM. 57), BTOpoe Hayajo
TEPMOJAMHAMMKH MOXHO CQOPMYIMPOBATh KaK 3aKOH BO3PACTAHUSI HTPONMHU 3aMKHYTOU
CUCTEMBbI MPU HEOOPATUMBIX MPOLIECCcaX: 11000U HeoOpamumblii npoyecc 8 3aMKHYMOU cucmeme
npoUCxXooum max, 4mo OHMPONUA CUCEMbL DU IMOM 603DACNGEI.

@ Bosmo)xeHu nu npouecc, Npu KkoTopom Tennota, @ [laidTe NoHATHE 3HTPONUKM (onpefenexve, pas-

B3ATAA OT HarpeBaTens, NONHOCTLIO npeobpa- MEPHOCTb U MATEMATHYECKOO BbiPAXXEHNE BHT-
ayetcs B paGoty? ponuM A4NA PA3NHYHbIX NPOLECCOoB).

@ B xaxOMm HanparneHMH MOXeT UIMEHATLCA 3aHT- @ WMaobpasnte B cucrteme KoopawHat T, S wao-
ponua ;anxnywﬁ CUCTEMbIT HB3AMKHYTOW CH- TepMWYECKMA W agnabaTn4eckni NpoLyeccsl.
cTeMbl

MosxHo nath Gonee KpaTtkyro (GOpMYyIHpPOBKY BTOPOTO Haudaja TEPMOJWHAMUKU: 8 mpoyeccax,
NPOUCXO0AWUX 8 3AMKHYMOLL cucmeme, SHMponus He yovieaem. 31eCh CYILIECTBEHHO, YTO pPeYb
UJET O 3aMKHYTBIX CHCTeMaX, TaK KaK B HE3aMKHYTBIX CHCTEMax JHTPOIHS MOXKET BECTH ceOs
mo0bIM 00pa3oM (yObIBaTh, BO3pacTaTh, OCTABATLCS MOCTOSHHOI). Kpome Toro, oTMeTuMm ere
pa3, YTO SHTPOMHUS OCTAEeTCs IMOCTOSHHOM B 3aMKHYTOM CHCTEME TOJBKO MpPU OOpaTUMBIX
nporeccax. IIpu HeoOpaTUMBIX Ipolieccax B 3aMKHYTOM CHCTEME SHTPOIUS BCET/1a BO3PACTAET.

@®opmyna boneimana (57.8) mo3BossieT OOBSCHUTH TMOCTYJIHPYEMOE BTOPBIM  HadyalioM
TEPMOJUHAMHKHU BO3pacTaHHUE SHTPONHH B 3aMKHYTOW CHCTEME MpPU HeoOpaTHMBIX MpoIleccax:
8o3pacmanue HMponuU 03HAYAET TIEPEX0]l CUCTEMBI U3 MeHee 8epOAmHbIX 8 Dollee 8eposmmble
coctostHus. Takum o6pas3oM, ¢popmyna bonblMaHa Mo3BOJISET 1aTh CTATUCTUYECKOE TOJIKOBAHHE
BTOPOro Hayayia TepMoAUHAMUKU. OHO, SBIAACH CTATUCTHYECKUM 3aKOHOM, OMMCHIBAET
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3aKOHOMEPHOCTH Xa0TUYECKOTO JIBU)KEHUS OOJIBIIIOTO YKCIIa YaCTHUII, COCTABIISIOIIUX 3aMKHYTYIO
CUCTEMY.

VYkaxeM eme aBe GopMyIHPOBKU BTOPOTO HaYala TEPMOIMHAMUKH:

1) mo KeabBUHY: Hego3MOdCEH KpY2o80l npoyecc, eOUHCMEEHHbIM pPe3yibmamom KOmopo2o
ABIAEMCS Npespalyere meniomsl, NOLYYEeHHOU OM HA2Pesamelis, 8 IKGUBAIEHMHYIO el pabomy,

2) mo Kumaysmycy: negosmooicen Kpyeogou npoyecc, eOUHCMBEHHbIM De3VIbmamom KOomopo2o
A6AeMcs nepeoaya menjiomul Om MeHee Haepemoz20 meia K 0onee Hazpemomy.

MOKHO JTIOBOJIBHO TIPOCTO I0KAa3aTh (MIPEI0CTaBUM 3TO YHTATEII0) SKBUBATIEHTHOCTH (JOPMYIUPOBOK
KensBuna u Knaysmyca. Kpome TOro, mokasaHo, 4to €ciii B 3aMKHYTOM CHUCTEME IMPOBECTH
BOOOpaXaeMblIii IpoIece, MPOTHBOPEUAIINI BTOPOMY Hadaly TEPMOJMHAMHUKHI B (POPMYIINPOBKE
Knay3suyca, TO OH CONPOBOXKIAETCS YMEHBIICHHEM OHHTPOMUU. ITO KE JOKa3bIBAET
SKBUBaJIEHTHOCTh (hopmynupoBku Kiaysuyca (a cnenosarenbHo, 1 KenbBUHA) M CTAaTUCTUYECKOM
(hOpMYIUPOBKH, COTJIACHO KOTOPOM 3HTPOIHNS 3aMKHYTOM CHCTEMBI HE MOKET YObIBATb.

B cepenmnne XIX B. BO3HMKIA mpoOiieMa Tak Ha3bIBaeMOM TeIJioBOH cmepTu BceseHHoii.
PaccmarpuBas BceeneHHyr0 Kak 3aMKHYTYKO CHCTEMY M INPHUMEHsISI K HEH BTOpOE Kadayo
TepMoauHamMuKkH, Kiay3uyc cBen ero cojepkaHue K yTBEPKICHHUIO, 4TO SHTpomus BcenenHon
JOJIKHA TOCTUTHYTh CBOETO MakCMMyMa. JTO 03HA4aeT, 4TO CO BPEMEHEM Bce (DOPMBbI IBUKEHUS
JOJIKHBI TIEpEeNTH B TEIIOBYIO. Ilepexos ke TemnoThl OT TOPSYMX TEJl K XOJIOAHBIM NMPUBEIET K
TOMY, 4TO TeMmIlepaTypa BceX Tesl BO BceneHHOMN cpaBHsAETCS, T. €. HACTYNHT IMOJHOE TEIJIOBOE
paBHOBECHE U BCE Mpoliecchl BO BceneHHO mMpekparsaTcs — HACTYNUT TeIIoBas CMEpTh
Bcenennoii. Ommb0YHOCTE BBIBOA O TEIJIOBOW CMEPTH 3aKITIOYAETCS B TOM, YTO OECCMBICIEHHO
MPUMEHSITh BTOPOE Hayallo TEPMOJUHAMHKM K HE3aMKHYTHIM CHCTEMaMm, HampUMep K Takon
0e3rpaHNYHON U OECKOHEYHO pa3BHUBAIOIIEHCS cucTeMe, Kak Beenmennas.

[lepBpie 1aBa Hayasa TEPMOJAMHAMUKHM JAalOT HEAOCTATOYHO CBEACHMH O TMOBEACHUU
TepMOJUHAMUYECKUX cucTeM Ipu Hyle KenbBuHa. OHM JNOMOJHSIOTCA TPETbHUM HA4YaJOM
TepMOAUHAMHUKA, Wi TeopeMoii Hepucra* — Ilnanka: sumponus eécex men 6 cocmosnuu
PAHOBeCUsi CMPEeMUMCSL K HYTII0 NO Mepe NPUbIudcenus memnepamypul K Hyato Kenveuna:

lim § = 0.
T—0

*B. ®@. I'. Hepucr (1864—1941) — Hemenkwii GU3NK U XUMUK.

Tak kak SHTpOMNHUS OMPENENAETCS C TOYHOCTHIO JI0 aJAJUTHUBHON MOCTOSIHHOM, TO 3Ty MOCTOSIHHYIO
yI0OHO B3A4Th paBHOU HyM10. OTMETUM, OJIHAKO, YTO TO MPOU3BOJILHOE TOMYIICHHUE, TIOCKOJIbKY
SHTPOMUS MO CBOEH cyuHocmuy BCEria OMPEeNseTcsl ¢ TOUHOCTBIO 10 aJATUTUBHOM MOCTOSIHHOM.
N3 teopembr Hepucra — Ilnanka cnenyer, uto temioeMkoctd Cp, 1 Cv ipu 0 K paBHBI Hy10.

5. TensioBbIe ABUTaTEM U X0J0AWIbHbIe MamIuHbL. Lluka KapHo u ero k. m. a. mis
HAeaJLHOI0 ra3a

W3 dopmynupoBku BTOpOro Hauyana TEepPMOAMHAMHUKH 10 KenbBUHY cleAyeT, 4YTO BeYHBIH
ABUraTeJ b BTOPOI0 PoAa — IMEPHOJNYECKU JACHCTBYIOIINIA IBUTaTeNb, COBEPIIAIONINN paboTy
32 CUET OXJIAKJEHHUS OJHOTO MCTOYHHMKA TEIUIOTHI, — HEBO3MOXKEH. J[1s WILTIOCTpanuu 3TOoro
MOJIOKEHHUSI PACCMOTPUM pPalbOTy TEIJIOBOTO JABHUrareis (MCTOPUYECKHM BTOpOE Hauyaio
TEPMOJUHAMUKH U BOSHUKIIO M3 aHajIM3a pabOThI TEIIJIOBBIX IBUTATEIICH ).

[IpuHIMI 1efCcTBHS TEIUIOBOTO JIBUTATENs MpUBEAeH Ha puc. 85. OT TepMocraTa® ¢ 6ojiee BEICOKOM
TeMriepatypoit 71, Ha3pIBA€MOTO HArpeBaTeJieM, 3a IIMKJI OTHUMAETCS] KOJIMYECTBO TETOTHI Q1,
a TepMocTary c Ooiiee HHM3KOHM Temmeparypoil 72, Ha3pIBAEMOMY XOJOAMJIbHMKOM, 32 IIUKII
nepenaeTcsi KOIMYecTBO TEIUOTh Q2, mpu 3ToM coBepiaercs padotra 4 = Q1 — Q.

*TepMoaHaAMHUYECKas CUCTEMA, KOTOpasi MOKET OOMEHMBATHCS TEIJIOTOMN C TelnaMu 0e3 W3MEHEHUs
TeMIepaTyphl.

Uto06b! TepMUYEeCKHil KOA((UIIMEHT MOIE3HOTO ASHCTBHSI TEIIOBOTO BUTaTeNs (56.2) ObLa paBeH 1,
HeoOxouMo BhIMOTHEeHHE ycioBus Q2 = 0, T. e. TEmIOBOW NBUTATeNlb TOJDKEH UMETh OJIUH
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HCTOYHUK TEIUIOTHI, @ 3TO HEBO3MOXHO. TaX, (paniy3ckuit pusuk u umkenep H. JI. C. Kapno
(1796 — 1832) moxkasai, 4To Jyiss pabOTHl TEIUIOBOTO IBUTaTelisi HEOOXOIMMO HE MEHEE JBYX
HCTOYHUKOB TEIUIOTHI C Pa3IMYHBIMU TEMIIEpaTypaMM, HHA4Ye 3TO MIPOTUBOPEUMIIO ObI BTOPOMY
Hayajly TEpMOJIMHAMUKH.

JIBuratens BTOpPOrO poia, Oyab OH BO3MOKEH, ObUT Obl MpakTHUECKH Be4HbIM. OXiaxjaeHue,
HaIpuMep, BoJbl OKEaHOB Ha 1° nano Obl OrpoMHyI0 SHEpruto. Macca Boabsl B MUpPOBOM OKeaHe
cocrapiseT npumepro 10 T, mpu oxnaxkaeHnn kKoTopoit Ha 1° BeAenuIock 61 mpumepHo 102
JI’K TEIIOTHI, YTO SKBHBAJIEHTHO MOIHOMY ckuranmio 10%* T yrna. YKene3HonopoxkHsIid cocTas,
Harpy)KeHHBIH OSTMM KOJNMYECTBOM YIIi, pacTaHyincs Obl Ha paccrosame 10 xm, wgro
MPUOIU3UTENBHO COBMAAeT ¢ pazmepamu COTHEUHOM crCcTeMbI!

XonoaunbHan
Maui uHa

Tennoeo#
ABWratens

Prc. 85 - Pac. 86

[Iporecc, oOpaTHBI TPOUCXOAAIIEMY B TEIUIOBOM JIBUTATENe, HCIOJB3YeTCS B XOJIOIMIIBHOM
MalllMHE, IPUHINII IEUCTBUSA KOTOPOU MIPEACTaBIIEH Ha pyuC. 86. CUCTEMOM 3a IIUKII OT TEpMOCTATa
¢ OoJiee HU3KOU TeMIIepaTypoil 72 OTHEMAETCS KOJUYECTBO TEIUIOTHI Q2 M OTHAaeTcs TepMoCTaTy
¢ 0oJiee BBICOKOM TemIiepaTypoit 71 koiudecTBo TerioThl Q1. [[ist kpyroBoro mpoiecca, CoriacHO
(56.1), Q=A, Ho, o ycaoBuio, Q = Q2 — Q1 <0, mostomy 4<0 1 Q2— Q1 = -4, mau Q1= Q2+ A,
T. €. KOJHYECTBO TEIUIOTH Q1, OTIAaHHOE CHCTEMOW MCTOYHHUKY TEIIOTHI Npu 0oJiee BBICOKOM
TemnepaTrype T1 OOJbIe KonMdecTBa TEIUIOTH Q2, MOJYYEHHOTO OT UCTOYHWKA TEIUIOTHI MPH
Oojiee HHM3KOW TeMmmeparype I, Ha BEIWYMHY paOOThl, COBEPIICHHOW HaJ CHCTEMOM.
CrnenoBatenbHO, 6e3 cosepuieHus pabomvl Helb3s omoupams meniomy om MeHee HAZPemo2o
mena u omoasams ee Oojiee Hazpemomy. ITO YTBEPKICHHUE €CTh HE YTO HHOE, KaK BTOPOE HAYaIIO
TEepMOJAMHAMUKH B popmynupoBke Kiaysuyca.

OpHako BTOpOE HAYaJI0 TEPMOJMHAMUKY HE CIIEYeT MPEACTaBIATh TaK, YTO OHO COBCEM 3amperiaet
Mepexo/ TEIUIOThI OT MEHEee Harperoro Tena K Oojiee Harperomy. Beap MMEHHO TakoW mepexont
OCYIIECTBIISICTCS B XOJIOAWIbHOM MammHe. Ho mpu 3TOM Halo MOMHUTH, YTO BHEIIHUE CHJIBI
COBEpILIAIOT pa0dOTy HAJ CUCTEMOH, T. €. ITOT MEPEXO]] HE SIBJISETCS CIUHCTBECHHBIM PE3yIbTaTOM
nporiecca.

OCHOBBIBasICh Ha BTOPOM Hauajie TepMOJWHAMHKH, KapHO BBIBEN TEOpEMY, HOCAIIYIO TEIEph €ro
UMS. U3 BCEX ICPUOJMYUECKH JCHUCTBYIONIMX TEIUIOBBIX MAIIMH, WMEIOIINUX OJMHAKOBBIC
temrieparypbl HarpeBareneil (Ti) u xomogunsHUKOB (T2), HaubosbUM K. M. 1. oOJamaroT
oOpaTtumble MAalIMHBI; IPU 3TOM K. II. J. OOpaTHMMBIX MAIIWH, paOOTAIOIIUX MPU OJUHAKOBBIX
TeMIiieparypax Harpesarenei (T1) u xonoaunbHUKOB (T2), paBHBI APYyr APYry U HE 3aBUCAT OT
npupoJbl pabouero Tteia (Tesla, COBEPIUIAMOIIETO KPYroBOW MpoOIlecC W OOMEHHBAIOUIETOCS
SHEprueil ¢ APYrUMHU TeJlamH), a ONPENeNAIOTCS TOJBKO TeMIlepaTypaMHu HarpeBareist u
XOJIOTUJIbHUKA.

KapHo Teopernyecku mpoaHanu3upoBal oOpaTUMbIil Hanbosiee SKOHOMUYHBINA UK, COCTOSIINN U3
IBYX M30TepM M ABYX anuabar. Ero HaspBaroT mukiom Kapuo. Paccmorpum mpsavou yuxn
KapHo, B koTOpoM B KauecTBe paboyero Teia MCIOJb3yeTCsl UICAbHBIN ra3, 3aKIIOUEHHBIN B
COCY/I C TIOJIBIDKHBIM MOPITHEM.

Hukn KapHo wu3o0pakeH Ha puc. 87, rae M30TEpPMUYECKHE pacCIIMpEeHHE U CKaThe 3aJaHbl
COOTBETCTBEHHO KpuBbIMU 1—2 u 3—4, a aquabaTudeckue pacluIiupeHrue U C:KaTue — KPUBBIMU
2—3 u 4—1. Ilpu u3orepmuueckoM mnporecce U=const, mosromy, cornacHo (54.4), KOJIN4ECTBO
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Ter1oThl Q1, MOTyYEeHHOE ra30M OT HarpeBarelis, paBHO padoTe pacHIMpeHus A1z, COBEpIIAEMO
ra3oM Ipu MepexoJie U3 COCTOSTHUS 1 B cocTosiHUE 2:

Az =%RT,1n;: - 0.

(59.1)

[Ipu agmabaTuvyeckoM pacIIUpeHud 2—3 TEIIOOOMEH C OKpPYKaIoUIed Cpenoi OTCYTCTBYET U
paboTta pacmupeHusi 423 coBepIIaeTcs 3a c4eT M3MEHEHHs] BHYTpeHHel sHepruu (cM. (55.1) u
(55.8)):

m
Apn = — 'A_{CV (T2:-T)).

Pac. 87

@ Npepcrasns ynkn KapHo Ha guarpamme p, V
rpagMyecku, yxkaxure, Kakod nnowagelo
onpepenserca: 1) paota, coBepweHHan Hajg
rasoM; 2) pa6ora, COBEpPIWIEOHHAR CAMMM pac-
WHPAIOLWWMCA TasoMm.

@ NpepacrasbTe rpadmyeckn ywkn KapHo 8 nepe-
meHHbiX T, S.

KomnuectBOo TEIIOTHI Q2, OTAAHHOC Ta30M XOJIOAWJIIBHHUKY HNpHU H30TCPMHUYCCKOM CXKATHUH, paBHO
pabote cxxatust 434!

m V¢
Ay = —RT;ln— = — Q.
u= Ry (1)}
(59.2)
PaboTa amnabaTnyeckoro CxaTus
m
Ay = — X’lCV(TI_TZ) = — Ap.

PaboTa, coBepiiaemas B pe3ynbTaTe KpyroBoro mpoiecca,
A=Ap+An+Au+ A=+ An—Q—An=0,—-0,
U, KaK MOKHO TOKa3aTh, ONPEACISIETCS JIOIA/IbI0, 3aAlITPUXOBAHHOW HA puc. 87. Tepmuyeckuii K.
. 1. nukia Kapho, cormacho (56.2),
n=A/Q = (G:1—Q)/Ch.
[IpumenuB ypaBHenue (55.5) mis aquadar 2—3 u 4—1, nosrydaum
nvi'=nyl™,  nviT'=mriT

OTKy/Ia
ValVi = Va/Vs.

(59.3)
[MoacraBnss (59.1) u (59.2) B hopmyny (56.2) u yuutsiBas (59.3), nonydaem

V. Ty
2 R — 2 RTIn 22

"=Q1—QzaM i M V4=T|-T2
o m V2 T’
MRTl.ln V.
(59.4)

T. €. 11 1MKiIa KapHo K. 1. 4. JeHCTBUTEIBHO ONIPENEISAETCS TOJNIBKO TEMIIEpATypaMH HarpeBaTels 1
XOJNOAUIbHUKA. JInsg ero mnoBbIIEHUS HEOOXOAMMO YBEIMYMBATh PA3HOCTh TEMIIEPATyp
HarpeBartess ¥ xonoauiabHuka. Hanpumep, npu T1 = 400 K u T2 = 300 K n = 0,25. Eciu xe
Temneparypy Harpesarens noseicuth Ha 100 K, a TemnepaTypy XoJIoqWJIbHUKA OHU3UTH Ha 50
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K, To 7 =0,5. K. . 1. BCAKOTO peaqbHOrO TEIJIOBOTO JBHUraTENs M3-3a TPEHUS M HEM30EKHBIX
TEIUIOBBIX IIOTEPh I'OPA3/10 MEHbILIE BEIUUCIEHHOTO A5 1ukia KapHo.

Obpammnviii yukn KapHO TIONOXEH B OCHOBY JACHCTBUS TeEIJIOBBIX HacocoB. B ormuume ot
XOJIOWIBHBIX MAIIUH TEIJIOBBIE HACOCHI JOJDKHBI KaK MOJKHO OOJIbIIE TEIUIOBOW SHEPTHH
OTJaBaTh ropsUYeMy Telly, HallpUMep CUCTeMe OToIuleHHs. YacTh 3TO# 3Hepruu oTOMpaeTcs OT
OKpYyXarolei cpeapl ¢ 0oJjiee HU3KOW TeMIlepaTypoil, a 4YacTb — TIOJy4aeTcss 3a Cuer
MEXaHUYECKOH paboThl, TPOU3BOIUMOM, HATPUMEDP, KOMIIPECCOPOM.

Teopema KapHOo mnociyxuna OCHOBAaHMEM JUIsl YCTAHOBJICHHS TEPMOJAMHAMUYECKOH IIKAJIbI
Temnepatyp. CpaBHUB JIEBYIO U TIpaByto yactu Gpopmyisl (59.4), nonydaum

/T =045/,
(59.5)

T. €. JUI1 CpaBHEHUsl Temneparyp 71 ¥ T2 IBYX Tel HEOOXOJAMMO OCYIIECTBUTH OOpPaTHUMBIM ITUKII
KapHo, B KOTOpOM OJIHO TEJIO UCIIOJIb3YETCsl B KAUECTBE HArpeBaTelisl, Apyroe — XOJIOAUIbHHKA.
N3 paBenctBa (59.5) BUAHO, YTO OTHOIIEHHE TEMIIEPATyp TeJl PaBHO OTHOIIEHHIO OTIAHHOTO B
9TOM IMKJIE KOJIMYECTBA TEIUIOTHI K mosydyeHHoMmy. CormacHo Teopeme KapHo, xumuueckuit
cocTaB paldouero Tejga HE BIMSET Ha pe3ylbTaThl CPaBHEHUS TEMIIEpaTyp, MO3TOMY Takas
TEpMOJIMHAMHUYECKAss IIKaja HE CBA3aHa CO CBOMCTBAMH KaKOTO-TO ONPEIENIEHHOTO
TepMoMeTpuueckoro teiaa. OTMeTUM, YTO MNPAKTUYECKH TakuM o00pa3oM CpaBHHUBATh
TeMIIepaTypbl TPYIHO, TaK KaK peajbHble TEPMOJMHAMHYECKHE IIPOLECCH, KaK YX€ YKa3bIBaJIOCh,
SIBJIIIOTCSI HEOOPATUMBIMHU.

3agaHusi 1 BONPOCHI

1. Azot maccoit 1 kxr Haxoautcst ipu Temmneparype 280 K. Onpenenuts: 1) BHYTPEHHIOIO YHEPTHIO
MOJIEKYJI a30Ta; 2) CPEAHIOI KUHETUYECKYIO SHEPTUIO BPAILlaTEIbHOTO IBUKEHHS MOJIEKYT a30Ta.
I"a3 cuuraTte uaeansupM. [1) 208 xk/Ix; 2) 83,1 xJIx]

2. OnpenenuTs yaenbHbIe TEIUIOEMKOCTH Cv U Cp, HEKOTOPOTO JBYXaTOMHOTI'O T'a3a, €CJIU MJIOTHOCTh
3TOTO Ta3a NPU HOpPMaIbHBIX yenoBusax 1,43 kr/m>. [ev= 660]1x/(kr - K), cp= 910 Jx/(xr - K)]

3. Bogopon maccoit m = 20 r 6611 HarpeT Ha AT = 100 K npu noctostHHOM naBiieHun. OnpeaennTh:
1) xonmaecTBO TewoTHl Q, mepenanHoe rasy; 2) npupamenue AU BHYTpeHHEH sHeprun rasa; 3)
paboty A pacmupenus. [1) 29,3 xJIx; 2) 20,9 x/Ix; 3) 8,4 x/[x]

4. Kucnopoa o6semMoMm 2 11 Haxomutcs noxa aaienueMm 1 MIla. Onpenenutb, Kakoe KOJUYECTBO
TEIJIOTH HEOOXOAMMO COOOIIUTH Ta3y, YTOOBbl YBEIMYUThH €r0o JaBJICHHWE BJIBOE B pe3ysbTare
MU30X0pHOTO npouecca. [5 kJx]

5. HekoTopelii ra3z maccoit 2 kr Haxoautes npu Temmeparype 300 K u nox nasnennem 0,5 Mlla. B
pe3ynbTaTe H30TEPMHYECKOTO C)KaTus JaBJEHHE ra3a yBEJIMYWIOCh B Tpu pasza. Pabora, 3a-
TpadeHHas Ha cxkarue, A = —1,37 xJlx. Onpeaenutb: 1) Kakoi 3T0 ras; 2) mepBOHAYATLHBIN
yenbHbIH 00beM raza. [1) remmii; 2) 1,25 m3/kr]

6. JIByxaTOMHBIN HJeallbHbIN ra3 3aHuMaeT oobeM V1= 1 1 u Haxoautcsa non AasieHueM p1 = 0,1
MlIla. ITocne aguabaTudyeckoro ckatus ras xapakrepuszyercs oobemMoM V2 u naBieHuem Pz. B
pe3ynbTaTe MOCIEAYIOIIEr0 H30XOPHOTO MpoIiecca ra3 OXJIaXIaeTcs 0 MepBOHAYATbHON TeMIIe-
patypsl, a ero gasinenue p3= 0,2 MIla. Onpenenuts: 1) 06bem V2, 2) gaBnenue P2. [IpencraButh
3T Tpouecchl rpaduueckw. [1) 0,5 m; 2) 0,26 MIla]

7. neanbHblil Ta3 KOJTUYECTBOM BeLIECTBA V = 2 MOJb CHayalla U300apHO HArpenu Tak, 4TO €ro
00BbeM yBeIMUUIICS B 1 = 2 pa3a, a 3aTeM W30XOPHO OXJIAJIIN TaK, YTO JAAaBJICHUE Ta3a YMEHbIIIN-
Jochk B n = 2 pasza. OnpenenuTs NpupanieHue SHTPONMU B XOJI€ yKa3aHHBIX IpoueccoB. [11,5
Jx/K]

8. TemoBas mainHa, coBepias oopatumMblit uki KapHo, 3a ouH Uk coBepmaeT padoty 1 k/[x.
Temneparypa nHarpeBarens 400 K, a xonoaunsauka 300 K. Onpenenuts: 1) K. M. JI. MalIuHbl; 2)
KOJIMYECTBO TETUIOTHI, MOTYyYaeMO€ MAIIMHOW OT HArpeBaTelNs 3a IUKI; 3) KOJTUYECTBO TEIUIOTHI,
OTJIaBa€MO€ XOJIOJAUIBHUKY 3a UKL [1) 25%; 2) 4 x/1x; 3) 3 x/[x]
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9. UneanbHblil ra3 copepiaeT nuki KapHo, repmuueckuii K. 1. A. kotoporo paseH 0,3. Onpenenutsb

paboTy M30TEPMHUIECKOTO CXKATHSI ra3a, eclid paboTa H30TEPMUUECKOTO PACIIUPCHHS COCTABIISICT
300 x.[-210/0x].

Cnmcox uteparypsl

1. Tpopumosa, T. . ®usmka : yueOHHUK : JUII CTYIEHTOB BY30B, 00YUJaAIOMIUXCS MO TEXH. Harp.
noarotoBku / T.U. Tpodumosa. - 2-e u3a., nepepad. u pom. - Mocksa : Akagemus, 2013. - 346 c. :
wi. - (Beicmee nmpodeccnonanpaoe obpaszoBanue) (bakamaBpuar). - Ilpenm. ykas.: c. 330-339. -
ISBN 978-5-7695-9820

2. Tpopumona, T. U.; Kypc ¢usuku ¢ npumepamu pemienus 3agad: B 2-x 1. : yuebnuk / T.W.
Tpodumona, A.B. dupcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipuin.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

3. Tpodumona T.U., ®upcosa A.B., CoopauK 33134 110 pu3uke- 2-¢ u3l., nepepad. u 1011 - Mocksa

: Akagemus, 2013.

INPAKTUYECKOE 3AHATHE Ne 10 JIEKTPOCTATHUKA

eab-3aKkpenuTh W3YYEHHBIA MaTepual MO TEMaTHUKE «IDJEKTPOCTATHUKA. 3aKOH COXPaHEHUS
ANEKTpUYECKOTO 3apsaa. 3akoH Kymona. OnekTpoctatuyeckoe mosie. HampskeHHOCTh
AIEKTPOCTAaTHYEeCKOro mnojs. [IpuHumMn cynepno3uuum siekTpoctatndeckux mnosiei. [lome
munonst.  Tuner  gudnektpukoB.  [lomspusanus  audnexktpukoB.  [IpoBomHuMKH B
ANeKTpocTaTuueckoM rmoJje. Konmaencarops.
OcBanBaeMble KOMIIETEHIIMU B PE3yJIbTaTe MPOBEACHHS MPAKTHUECKOTO 3aHSATHS yKa3aHbl B
nyHkTe «OO01mme CBeACHU
AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHHA — 3aKPENUTh MOJYYEHHBIE TEOPETUUYECKUE 3HAHUS U
BbIPA0OTATh HAaBBIKM M YMEHHS MPAKTUYECKOTO PEUICHHs 3a/1a4, B TO YUCIIE U CAMOCTOSTENBHO.
3HaTth:
-OCHOBHBIE MTpaBuiia AJis1 00pabOTKU pe3yIbTaTOB SKCIIEPUMEHTA;
-0a30BbI€ METOJbI HCCIEA0BATEIBCKON IEATEIBHOCTH.
Ymers:
-IPOBOJUTH 00pabOTKy MH(GOPMALIUK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPAMMHBIX CPE/ICTB
chepsl
npodeccruoHabHOMN 1A TENbHOCTH;
-IPUMEHATH 0a30BbIE METO/IbI UCCIIEIOBATENILCKON IEATEIHLHOCTH B pabOTe HAJl MTHHOBAIIMOHHBIMU
MIPOEKTaMH IO HaIpaBieHUIO « TeXHOIOrnYecKue MaIuHbI U 000PYIOBAHUE.
Baanern:
-METOJJaMH HCCIIEI0BATENbCKON NESITEIbHOCTH P paboTe Hal MPOEKTaMU;
- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs HMHPOpPMAllMM B PA3BUTUU COBPEMEHHOTO OOIECTBa,
CIOCOOHOCTh
nmoiydyaTb M 0o0pabarbiBaTh HMHPOPMAIMIO U3  PAa3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATh HHGOPMALIMIO CTYACHTaAMU HampaBieHHs — TeXHOIOrnyecKue
MaIIHbI U 000pyIOBaHHUSL.

PeanmyeMble KOMIIETCHUI MU

ITK-4 criocoGHOCTBIO y4acTBOBATh B pab0Te Ha/l MHHOBAIIMOHHBIMU IPOEKTAMH, UCTIOJIb3Ysl 0a30BbIe
METO/IbI UCCIIEN0BATENBCKON NEATEIBHOCTH

OIIK-4 mnoHMMaHHEM CYIIHOCTH U 3HauY€HUs HH(OpPMAIMK B Pa3BUTUH COBPEMEHHOTO O0IIECTBa,
CIOCOOHOCTBIO MOTyYaTh U 00pabaTbiBaTh HH(OPMAIIMIO U3 Pa3IMYHBIX UCTOYHUKOB, TOTOBHOCTHIO
MHTEPIPETUPOBATh, CTPYKTYPUPOBATH U 0POPMIISTH HH(GOPMAIMIO B JOCTYITHOM JIJIsl IPYTUX BUJE
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Teopeanecxaﬂ 4acTb
1. 3akon COXPaHEHHUS IJTCKTPUIECCKOIOo 3apsiia

Eme B rimy0oKoii IpeBHOCTH OBLIIO 3BECTHO, YTO SHTAPh, OTEPTHINA O HIEPCTh, IPUTATHBACT JIETKHE
npeaMersl. AHrnuiickuil Bpau JDkuiabOepT (koner; XVI B.) Ha3Ban Tena, CIOCOOHBIE IOCIIE
HATHpaHHs TPUTATUBATH JIETKUE MPEIMETHI, Ha3JIeKTPU30BaHHbIMH. Ceifyac Mbl TOBOPUM, YTO
TeJa TPU 3TOM NPUOOPETAIOT AMEKTpHUECKHe 3apsiabl. HecMOTpsi Ha orpoMHOE pa3sHOOOpasue
BEIIECTB B IPUPOJE, CYIIECTBYET TOJIBKO 08a MUNA 21eKMPUYeCcKUX 3apsao08: 3apspl, ToOI00HbIe
BO3ZHUKAIOMIMM Ha CTEKIJIE, MOTEPTOM O KOXKY (MX HA3BAIH HOJONCUMENbHbIMU), W 3aPAIbL,
MOJI00HBIC BO3HHUKAIOMIMM Ha J00HUTE, MOTEPTOM O MeX (MX Ha3BallU OmpuyameibHblMu),
OJTHOMMEHHBIE 3apsbl IPYT OT Jpyra OTTAIKWBAIOTCS, Pa3HOUMEHHBIE — MPUTATHBAIOTCS.

OnseiTHbM yTeM (1910—1914) amepuxanckuit ¢puzuk P. Mumuken (1868—1953) nokaszan, uto
AIIEKTPUYECKHUIA 3apsii TMCKPeTeH, T. €. 3apsj] JI00TO Tela COCTABIISET LEJN0e KPaTHOE OT
3J1eMEHTAPHOI0 YJIeKTpHUecKoro 3apsaaa e (e=1,6-107° Ki). Daexrpon (Me=9,11-103! xr) n
nporon (mp= 1,67-10%" «xr) sBIAIOTCA COOTBETCTBEHHO HOCHTEISAMH DJIEMEHTAPHBIX
OTPHIIATEIIEHOTO U TIOJIOKUTEIIBHOTO 3apsi/IOB.

N3 00001meHnsT OMNBITHBIX JaHHBIX OB YCTAHOBIICH (DYHOAMEHMANIbHLIN 3AKOH NPUPOObL,
AKCIIEPUMEHTAIILHO TOATBEPKIeHHbIN B 1843 1. anrnuiickum ¢uzukom M. dapaneem (1791—
1867), — 3aKkoH coxpaHeHHs 3apsiia: aareOpanyeckas CyMMa 3JCKTPUUECKUX 3apsiioB JIF000H
3aMKHYTOH CHCTEMBI (CHCTEMBI, HE OOMEHHBAIOIICHCS 3apsiaMu C BHEITHUMH TEJIaMH ) OCTAETCS
HEM3MEHHOH, KaKue OBl IPOIIeCChHl HU MTPOUCXO I BHYTPH ITON CHCTEMBI.

DNEeKTPUYECKUH 3aps] — BEIMYMHA PEISTUBUCTCKH MHBAPHAHTHAS, T. €. HE 3aBHCUT OT CHCTEMBI
oTCYeTa, a 3HAYHT, HEe 3aBUCHUT OT TOTO, JIBHIKETCS 3TOT 3apsi/l MIIH IOKOUTCS.

2. 3akon Kynona

3aK0H B3aUMOJICHCTBUS HENOOBUNCHBIX MOUEYHBIX DTIEKTPUICCKUX 3apsiI0B ycTaHoBieH B 1785 . I1.
Kynonowm ¢ moMoIipio KpyTHIBHBIX BECOB, TIOJIOOHBIX TeM, KOTOPHIE (CM. 22) HCTIOIB30BaIUCH I
Kasengumem nmst onpeneneHus TpaBUTAIIMOHHON IMMOCTOSIHHOM (paHee 3TOT 3aKOH ObLT OTKPHIT I
Kasengumem, omHako ero pabora ocrtaBaiach HeusBecTHoW Oonee 100 ner). ToyeuHbIM
Ha3bIBAETCS 3apsll, COCPEIOTOUCHHBII Ha Teje, JUHEWHbIE pa3Mephbl KOTOPOro MPEeHEOPEeKUMO
Majbl IO CPaBHEHHUIO C PACCTOSHHEM JO0 JPYrUX 3apsHKEHHBIX Tell, C KOTOPBIMH OH
B3aumojieiictByeT. lloHsTne TOYeuHOro 3apsiia, Kak W MaTepUaIbHOW TOYKU, SIBISETCS
Qusuueckoti abcmpaxyuetl.

3akon KyJona: cuna B3aumojeiictBust F mMexay IByMs HENOJBHKHBIMU TOUYEUHBIMH 3apsiaMH,
HaXOJSIIUMHUCS 8 8aKyyme, TponopiroHaibHa 3apsaaam Q1 u Q2 1 06paTHO MpoMOpIHOHATbHA
KBaJIpaTy pacCTOSHUS I MEXTy HUMU:

101 @il
F=k ———,
r2
riae K — k03 UIMeHT mponopIHoHaIbHOCTH, 3aBUCSIIUI OT BHIOOPA CHCTEMBI SIUHHIL.
Cuna F manpaBneHa mo mpsAMOil, COENMHSIONICH B3aUMOJICHCTBYIOLIUE 3apsiibl, T. €. SBISETCS
LEHTPAIbHOM, U COOTBETCTBYeT MpuTsLKeHuo (F<0) B ciaydae pasHOMMEHHBIX 3apsiOB H
orrankuBanuio (F>0) B ciiyyae OJHOMMEHHBIX 3apsiIoB. JTa CHUJia HA3bIBAECTCS KYJOHOBCKOM

cuiioii. B BekTopHO# hopme 3akon Kynona umeer Bun

(78.1)
rae Fi12 — cuma, peiictBytomas Ha 3apsg Qi co croponsl 3apsga Q2, 2 — paamyc-BEKTOp,
coeaunsronuii 3apsaa Q2 ¢ 3apsaom Qu, r = |ri2| (puc. 117). Ha 3apsa Q2 co ctoponsl 3apsiaa Q1
neiictByet cuna Fo1 = —Fio.
B CU ko3 dunment mponopruoHanTsHOCTH PaBeH

k= 1/(4mec).
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Tornaa 3akoH KylioHa 3anuiiercs B OKOHYATEIIbHOM BHUJIE:

1 OQx
F.=4—1u—o rz .

(78.2)

F. he E, Pac. 117 ‘
@ B Yem 3aKniouaeTca 3aKOH COXPaHeHWA 3apA-
a>0 >0 fa? MNpvsegnTe NpMeps NPOABNEHNA 38KOHA.

Bennumnna €0 Ha3bpIBaETCA AIEKTPUUECKON TOCTOSIHHOM; OHA OTHOCUTCS K YUCITY (DVHOAMEHMANbHbIX
@uzuueckux NOCMosHHbIX U paBHA
8=885-10""2 Kn?/(H M%), mwm z=885-10""2 ®/m,
(78.3)
rae ¢papan (D) — enununa siektpudeckot emxoctd (cMm. 93). Torma

1/(4meq)=9- 10° a/®.
3. 3J1€KTPOCT3TH‘{€CKO€ moJIe. HaﬂpﬂHCEHHOCTL JEKTPOCTATHIECCKOI'O IMOJISA

Ecnu B nmpocTpaHCTBO, OKpYysKarolee 3JIeKTpUYECKUi 3apsil, BHECTH APYroM 3apsf, TO Ha Hero Oyner
JIEHCTBOBATH KYJIOHOBCKAs CHJIA; 3HAYUT, B IPOCTPAHCTBE, OKPY)KAIOIIEM JICKTPUUECKUE 3aPSIIbI,
CYIIIECTBYET CHJIOBOe moJie. COrTacHO MPECTaBICHUSIM COBPEMEHHOU (U3HKH, TOJIE PeabHO
CYIIECTBYET W HapsIy C BEIIECTBOM SBISCTCS OMHOM W3 (OpM CYIIECTBOBAHHS MATEpPHUH,
MOCPEJCTBOM  KOTOPOTO  OCYIIECTBISIFOTCS ~ OMNpPEACIICHHBIE  B3aUMOJCHCTBUS  MEXIY
MaKpOCKOIMYECKIUMH TeJIaMU HJIM YaCTUIIAMH, BXOJISIIIMMHU B COCTaB BellecTBa. B maHHOM ciy4yae
TOBOPAT 00 DIIGKTPUYECKOM TIOJIe — TIOJIe, TOCPEICTBOM KOTOPOTO B3aMMOJICHCTBYIOT
ANIeKTpUYecKue 3apsabl. Mbl OyJeM paccMaTpHUBaTh 3JIEKTPUUECKUE MOJISI, KOTOPhIE CO3/IAl0TCS
HEMOABWKHBIMH AJIEKTPUUYECKUMU 3apsilaMU U Ha3bIBAIOTCS 3JIEKTPOCTATHYECKUMM.

Jly11 oGHapy>KeHUsl U OMBITHOTO UCCIIEOBAHUS 3JIEKTPOCTATUYECKOTO TOJISl UCHIONB3YETCS NPOoOHbILLL
MOYeYHbBI NOJOHCUMENbHBLU 3aps0 — TaKOW 3apsijl, KOTOPBIA HE UCKaKAeT UCCIEAYyeMOe IO
(He BBI3BIBACT IepepaclpenesieHns 3apsaoB, cosfpatomux nose). Eciu B mone, co3maBaemoe
3apsoM Q, momecTuTh MpoOHKIH 3apsia Qo, TO HA HEro JehCcTBYeT cuia F, pasnmuuHas B pa3HBIX
TOYKaxX IMOJIs1, KOTOpasi, coryiacHo 3akony Kysona (78.2), nponopuuonansHa npooHomy 3apsny Qo.
[Tostomy otHomienue F/Qo He 3aBucuT OoT Qo M XapaKTepU3yeT AIEKTPOCTATHIECKOE MOJIE B TOH
TOYKE, Iie MPOOHBIN 3apsa] HAXOAUTCA. JTa BEJIMUYMHA HA3bIBACTCS HAMPSHKEHHOCTHIO U SIBIISICTCS
CUTIOBOU XAPAKMEPUCTMUKOU INeKMPOCMAMUYecKo2o NoJs.

HanpsizkeHHOCTh 3J1EKTPOCTATHYECKOr0 MOJS B JAaHHON TOuyke ecTh (u3Mueckas BEJIUYUHA,
ompenensieMas CHJIOH, JCUCTBYIONICH HAa TMPOOHBIM EIWHUYHBIN TOJIOKUTEIBHBIA 3aps,
MTOMEILIEHHBIN B 3Ty TOUKY HOJIS:

E = F/Qo.
(79.1)
Kak cnenyet u3 dopmyn (79.1) u (78.1), HanpsyKEHHOCTH MOJISE TOYEUHOTO 3apsiia B BaKyyMe
1 Qr 1 Q
= —=—mmE = — =,
dneg rt r dngy r?
(79.2)

Hamnpasnenue Bektopa E coBmamaer ¢ HampaBieHHEM CHIIBI, JEHCTBYIOIIEH Ha MOJIOKUTEIbHBIH
3apsia. Ecnu mone co3maercs mosioxKUTeIbHBIM 3apsiioM, TO BeKTop E HampaBieH BIosb paguyca-
BEKTOpa OT 3apsiia BO BHEIIHEE MPOCTPAHCTBO (OTTATKHWBaHWE MPOOHOTO TMOJOKUTEITHHOTO

3ap$ma); €CJIM MOJIC CO3ACTCA OTPULATCIIBHBIM 3apsAAOM, TO BEKTOP E HaITpaBJICH K 3apsay (pI/IC
118).
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é___ 4 e Puc. 118
——

o
@ B 4 ® 3anwnunte, chopMynupyATe W OOBLACHUT® 3a-
KOH KynoHa.

N3 popmyisl (79.1) crieayet, 9T0 €MUHUIIA HAMPSHKCHHOCTH 3JICKTPOCTATHYSCKOTO TI0JISI — HBIOTOH
Ha kynoH (H/Ki): 1 H/Kit — HanpspKeHHOCTh TaKOTO IMOJIs, KOTOpoe Ha TouedHbId 3aps 1 Ki
neiicteyer ¢ cuinod B 1 H; 1 H/Kn= 1 B/m, tnme B (BombT) — enuHUIIAa TOTEHIIHATIA
AIEKTPOCTATUYECKOTO MOt (cM. 84).

I'paduueckn AIIEKTPOCTATUYECKOE TM0JIE M300paKaIOT C MOMOUIBIO JIMHUI HANPSKEHHOCTH —
JIMHUN, KacaTeJIbHbIE K KOTOPHIM B KaXKJIOM TOYKE COBMAJAIOT C HampamieHueM BekTopa E (puc.
119). JluausaM HanpspKEHHOCTH MPUIMCHIBAETCS HANPaBJIEHUE, COBIAJIAIONIEE C HApaBIEHUEM
BEKTOpPA HANpPSHDKEHHOCTH. Tak Kak B KaXIOM JaHHOM TOYKE IPOCTPAHCTBA BEKTOP
HaIpsHKEHHOCTH HMMEET JIMIIb OJIHO HampaBjeHHE, TO JIMHUM HANpPSHKEHHOCTH HHUKOT/IA He
nepecekarorcs. {1 oaHOpoaHOro moJisi (KOorja BEKTOp HANpsHKEHHOCTH B JIIOOOH TOuKe
MOCTOSTHEH TIO0 BEJIMYMHE W HAMPABICHHWIO) JIMHUM HAMPSHKEHHOCTH TMapajlyieIbHBI BEKTOPY
HarpsDKEHHOCTH. Eciu mosie co3maercss TOYEHHBIM 3apsiioM, TO JMHUU HAIMpPSKEHHOCTH —
pazuaibHbIC TIPSIMBIC, BRIXOIAIINE U3 3apsija, €CIM OH ToJioxkuTeneH (puc. 120, @), u Bxoasmme
B HETO, ecitu 3apsi orputiatencH (puc. 120, 6). BeaeactBue 00bIIONH HATTISAHOCTH TpaGUUeCKHi
Croco0 mpeAcTaBIeHUS IEKTPOCTATUHUECKOTO MOJIS IIMUPOKO MPUMEHSIETCS B AJIEKTPOTEXHUKE.

UT0oOBI ¢ MOMOTIIIO JIMHUHA HATPSHKEHHOCTH MOKHO OBLIO XapaKTEepU30BaTh HE TOJIHKO HAMpPaBIIEHUE,
HO W 3HAaY€HWE HAMPSKEHHOCTH SJEKTPOCTATHYECKOTO TOJIs, YCJIOBWJIMCH IMPOBOJUTH HX C
ompeneneHHo rycroToit (cMm. puc. 119): uynciao nAWHWN HAMPSHKEHHOCTH, MPOHH3BIBAIOIIUX
EAVHUITY TTOIIAN TTOBEPXHOCTH, IEPTIICHAUKYISIPHYIO JIMHUSAM HaIPSKEHHOCTH, JTOJDKHO OBITh
paBHO wmoxaymo Bekrtopa E. Torma uwucino nauHMA HanpsHKEHHOCTH, MPOHU3BIBAIOIIMX
AIIEMEHTAPHYIO TUIoIIaaKy dS, HopMaas N KOTOpoii o6pasyer yroa o ¢ BekropoM E, pasro E dS
cosa. = EndS, rue E,—mnpoeknus Bektopa E Ha Hopmais N k miomraake dS (puc. 121). Bennunna

d0z=E,dS=EdS

HA3bIBACTCS MOTOKOM BEKTOPA HANMPSKEHHOCTH depe3 miomanxy dS. 3mecs dS = dSn — BekTop,
MOJYJIb KOTOpPOTO paBeH dS, a HanpaBJeHHe COBMAJAeT C HaMpaBICHUEM HOPMAaJU N K MJIOUIAa/IKE.
Br16op HampaBiienus BeKTopa N (a cienoBaTesibHO, U dS) yclI0BeH, Tak Kak ero MO>KHO HaIlpaBUTh
B 100y10 cTopoHy. EfqunuIa moToka BeKTOpa HAMPSKEHHOCTH 3JIEKTPOCTATUYECKOTOo ot — 1
B-Mm.

J{nst Tpou3BOJIbHOM 3aMKHYTOM MOBEPXHOCTH S MOTOK BeKTOpa E CKBO3b 3Ty MOBEPXHOCTH

0s=§ E,ds=§Eds,
s )

(79.3)
rJie UHTerpan Oepercs mo 3aMkHyToM noBepxHocTH S. [loTok BekTopa E siBnsiercs ancedpauueckou
8eIUYUHOLL: 3aBUCUT HE TOJIbKO OT KoH(urypanuu nois E, Ho u oT BeiOopa HanpaBneHus N. s
3aMKHYTBHIX MOBEPXHOCTEH 3a MOJIOKUTEIbHOE HAMPaBICHHE HOPMATU MPUHUMACTCS GHEUlHss
HOpMAlb, T. €. HOpMaJlb, HAIIpaBlIEHHAs! HAPYXKY 00JIACTH, OXBAaTHIBAEMOM TOBEPXHOCTHIO.

aj &)

Puc. 120
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B wucropum pasButHs (QuU3MKA HMena MecTo Oopb0a JBYX TEOpWi: JaNbHOJACHCTBUSA H
Onmu3koAercTBUSA. B Teopum AajibHONEHCTBMS TPUHUMAETCSA, YTO AIIEKTPUUYECKHE SIBICHUS
OTIPENIENAIOTCS MTHOBEHHBIM B3aUMOJICWCTBUEM 3apsiioB Ha JIOOBIX paccTosHusX. CoriiacHo
Teopun OJM3KOAEeHCTBHS, BCE DJIEKTPUUECKUE SIBICHMS ONPEACIAIOTCS MU3MEHEHUSMHU IOJel
3apsAI0B, IIPUYEM 3TH HW3MEHEHHUs PaCIpOCTPAHSIOTCA B IPOCTPAHCTBE OT TOYKH K TOYKE C
KOHEYHOW CKOpOCThI0. [IpMMEHUTENHHO K 3JIEKTPOCTATHUYECKHM IOJISIM 00€ TEOpHH JaroT
OJIMHAKOBBIE PE3YyJbTaThl, XOPOIIO COTJIACYIOIIMECS € ONbITOM. llepexon ke K SBICHUAM,
00yCIIOBIICHHBIM JABIKEHUEM DJICKTPUUYECKUX 3apsi/IOB, IPUBOJUT K HECOCTOSTEILHOCTH TEOPHH
JNAIBHOJIECUCTBUSA, II09TOMY COBPEMEHHOM TEOPHEM B3aMMOJCHCTBHS 3apsDKEHHBIX YaCTHI]
SIBJISICTCSL Meopusi O1U3K00etucmaus.

4. lIpyuHUMI cynepno3HIUM dIeKTpocTaTuyeckux noJjei. [osae qunoss

PaccmoTpuM MeToa ompepeneHUs MOAYJS M HalpaBlIeHUs BEKTOpa HampsbkeHHocTH E B ka0
TOYKE 3JICKTPOCTATHIECKOTO TOJIsS, CO3/IaBAEMOT0 CHCTEMOM HEIOBIKHBIX 3apsyioB Q1, Qo, ...,
Qn.

OnBIT OKA3bIBAET, YTO K KYJTOHOBCKHM CHJIaM MPUMEHUM PACCMOTPEHHBIM B MEXAHHUKE MPUHITUTI
HE3aBUCHUMOCTH JACUCTBUS CHII (CM. 6), T. €. pe3ylbTUpYyIoias cuia F, neficTByromas co CTOpoOHbI
oJIst Ha IpoOHBIN 3apsia Qo, paBHA BEKTOPHOU CyMMe CHII Fi, IPUIIOKEHHBIX K HEMY CO CTOPOHBI
Kaxoro u3 3apsaoB Qi

F=Y F.
i=1
(80.1)
Cornacao (79.1), F = QoE u Fi = QoEi, rne E—HanpsokeHHOCTh pe3ylIbTUpYIomero noist, a Ei —

HaIpPsHKEHHOCTH oIS, co3aaBaeMoro 3apsaom Qi. [loxcraBnss nocnennue Beipaxenus B (80.1),
noJryqaeM

n
E=} E.
faa]
(80.2)
®opmymna (80.2) BeIpakaeT MPUHLIMI CYNEPNO3HIHHU (HAJIOKEHHUsT) FJIEKTPOCTATHYECKUX MOJIeH,
COTJIaCHO KOTOpPOMY HampshKeHHOCTh E pe3yiabTUpylomero mnojsi, CO3/J1aBa€MOro CHUCTEMOMU
3aps7I0B, paBHA 2eoMempuieckol cymme HAIPsHKEHHOCTE! ToJieH, CO3/1aBaeMbIX B JAHHOW TOUYKE
KaXKIbIM U3 3apsJI0B B OTACIBHOCTH.
[IpyHIMI CyNEeprno3ulMy TO3BOJSET PACCUUTATH SJIEKTPOCTATHUECKUE MO JII00OH CHCTEMBI

HCIIOABMIKHBIX 3apsd0B, IMIOCKOJIbKY €CJIU 3apsaabl HE TOYCUYHBIC, TO UX MOXXHO BCEraa CBCCTH K
COBOKYITHOCTH TOYCYHBIX 3apPs10B.

Prc. 121

@ Kakue nona Ha3biBaloT 3N6KTPOCTaTUMECKUMK?

@ YTo Takoe HanpsxeHHoCTb E 3nexkrpocrarm-
4eckoro nona?

@ Kakoso HanpasrneHue BeKTopa HanpsiK@HHOCTH
E? EguHuya HanpsxeHnoctn 8 CA?

HpI/IHHI/IH CYyIIepro3snuuu MnpuMEHUM JIs1 pacde€Ta SJICKTPOCTATUYCCKOT'O IIOJIA 3SJICKTPUYCCKOTO
JUIIOJIA. 3J1€KTpPl‘leCKI/Iﬁ AUIO0JIb — CHUCTEMA JABYX pPAaBHBIX IO MOAYIIO Pa3HOUMMEHHLIX
TOYCUHBIX 3apsaa0B (+Q,—Q), pacCcTosIHuC I MCKAY KOTOPBIMU 3HAYUTCIBHO MCHBIIC
pacCToAHUA 10 paCCMaTpUBACMBbIX TOYCK ITOJIA. BCKTOp, HaHpaBJ’IeHHHﬁ 10 OCH JUIIOJIA (pr[MOfI,
HpOXOI[fIH.ICﬁ qepe3 o0a 3ap;ma) OT OTPHULATCIBHOIO 3apsala K IIOJIOXKUTCIBHOMY U paBHHﬁ
PacCTOAHNUIO MEXK Y HUMH, HA3bIBACTCA MJACIYOM JUII0JIA 1. BCKTOp

p=10QI},
(80.3)
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COBITIAFOIIMH 110 HAIIPABJICHHUIO C IJICYOM JIMIIONS U PaBHBIN Mpou3BeaeHuo 3apsaaa |Q| Ha mieyo |,
Ha3bIBACTCS JTEKTPUYECKUM MOMEHTOM JHIOJS WU IUNOJbHBIM MOMEHTOM (puc. 122).

CornacHo npuHImny cynepro3uiuu (80.2), HanpsKeHHOCTh E 1moJis 1unosist B pou3BOIBHOM TOUKE

E=E,+E_,

rne E+ m E. — HanpspKeHHOCTHM TOJIEH, CO3[aBAaEMbIX COOTBETCTBEHHO IIOJIOKUTEIIBHBIM U
OTPHUIATEIILHBIM 3apsijaaMi. BocIoJib30BaBIIMCE 3TOUW (OPMYJIOH, pacCUMTaeM HAIMPSHKECHHOCTh
TI0JIs1 B TPOU3BOJIBHOM TOUKE HA MPOJOJIKEHUU OCHU JIUTIONS U Ha MEPIICHIUKYIIAPE K CEPEIMHE €ro
OCH.

1. HanpsikeHHOCTB 110J1s1 Ha IPO/I0JKEHUHU OCH AuIouid B Touke A (puc. 123). Kak BUugHO U3 pucyHka,
HaIPsHKEHHOCTH TOJIS TUTIOJISE B TOYKE A HalpaBiieHa M0 OCH JUIMOJIA U [0 MOJIYJIIO paBHA

E«=E, —E_.

O0603HaYuB pacCTOSTHUE OT TOYKH A IO CEPEeIUHBI OCH JHUIMOJIA Yepe3 I, Ha OCHOBAHUHU (DOPMYJIBI

(79.2) nyst BaKyyMa MOKHO 3aIicaTth

1 1) Q 1 Q ¢+i2P—(-I2

" aneg [ - ]‘E =1y r+427

A

(r=12*  (r+12)?

CornacHo onpeneneHuto aumnois, l/2<<r, mostomy
1 200 1 2p

A=— = ——

dne 1° dme P
2. HanpspkeHHOCTB TIOJIA Ha TMEePIICHIMKYISIPE, BOCCTABIIEHHOM K OCH U3 €T0 CepearHbI, B Touke B
(puc. 123). Touka B paBHOymaneHa oT 3apsa0B, TOITOMY
1 g 1 9
Tameg (P + P24 dme () (80.4)
rae r' — paccTosiHue OT TOUkH B 1o cepeawssl mieda aumnosis. M3 mogoOus paBHOOEAPEHHBIX
TPEYroJIbLHUKOB, OMTUPAIOIINXCS HA TUIeH0 numoiist u Bektop EB, momyunm
Ep ! 1
E. Joy+amt 7
OTKyJa
Ez=E Ifr'.

E+=E_

(80.5)

Prc. 122 :

P o LI’f(t;tm;an(oe notok sektopa E? Epunnya ero
B

[ToncraBus B Beipaxenue (80.5) 3nauenue (80.4), moaydnm
1o 1 p
" dmey () ameo (7)
Bextop EB unmeer HampaBliieHHE, MPOTHBOIIOJIIOXHOE BEKTOPY AMEKTPUYECKOTO MOMEHTA AMIIOJNS
(BEKTOp p HAIPaBJIEH OT OTPULIATEIILHOTO 3apsijia K MOJI0KUTEITLHOMY).

5. Tunsl qu3aekTpukoB. Hoasspuzanus IMIJIEKTPUKOB

JdnekTpuk (Kak ¥ BCSKOE BEIIECTBO) COCTOMT M3 aTOMOB M MOJIEKYN. Tak Kak IMOJIOKUTENbHbIH
3apsi] BCEX SAEpP MOJIEKYNBI paBe€H CyMMapHOMY 3apsly SJ€KTPOHOB, TO MOJEKYlIa B ILIEJIOM
ANIEKTPUYECKH HeWTpasibHa. ECiiM 3aMEHUTH MOJOXKUTENbHBIE 3apS/Ibl SIEP MOJIEKYJT CYMMapHbIM
3apsaoM + Q, HaxoIAIMMMCS B IEHTPE «TSDKECTH» TOJIOKUTEIBHBIX 3apsloB, a 3apsi Bcex
AIIEKTPOHOB — CYMMAapHBIM OTPUIIATEIBHBIM 3apsSA0M — Q, HAXOSIIUMCS B IICHTPE «TSKECTH
OTPULIATENBHBIX 3aps/IOB, TO MOJEKYJIY MOKHO PacCMaTpuBaTh Kak AJEKTPUYECKUN AMIMOJb C
AIIEKTPUIECKIM MOMEHTOM, ompeenseMbIM dopmyoii (80.3).

[Tepyto rpynmy nuanektpukoB (N2, Hz, Oz, CO2, CHs, ...) COCTaBISAIOT BEIIECTBA, MOJEKYJIbI
KOTOPBIX HMMEIOT CUMMETPUYHOE CTPOCHHE, T. €. ILEHTPbl «TSKECTU» IMOJOKUTEIbHBIX H
OTPULIATENLHBIX 3apAJIOB B OTCYTCTBHME BHEUIHETO JJIEKTPUYECKOTO TMOJS COBMANAOT U,
CJIeI0BATENIbHO, JUIOJbHBIA MOMEHT MOJIEKYJIBI P paBeH HYI0. MOJIeKYJIbl TAKUX JUAIEKTPUKOB
Ha3bIBAIOTCA HeNMOJSIpHbIMU. [log 1eicTBHEM BHEIIHEro JJIEKTPUUECKOTO TMOJS  3apsibl
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HEMNOJIAPHBIX MOJIEKYJ CMEIIAIOTCA B MPOTUBOIOJIOKHBIE CTOPOHBI (MOJOKHUTENIBHBIE 110 TOJIIO,
OTpHILIATENIbHBIE IPOTHB I0JIS1) U MOJIEKYJIa IPUOOpETaeT TUIOIBHBIN MOMEHT.

I _ Prc. 134 .

N )

@ Yemy pasHa paGoTa No nepemelyexnio 3apaaa
BAONb IKBWNOTEHUMANLHOA NOBEPXHOCTH?

Bropyto rpymmy auanekrpukoB (H20, NHz, SO2, CO,...) cocTaBisioT BemecTBa, MOJICKYIIBI KOTOPBIX
UMEIOT aCHMMETPUYHOE CTPOCHUE, T. €. IIEHTPBI «TSHKECTH TOJOKUTEIBHBIX U OTPUIATEILHBIX
3aps70B HE COBNaAal0T. TakuM 00pa3oM, 3T MOJIEKYIIbI B OTCYTCTBHUE BHEIIIHETO 3JIEKTPUUECKOTO
mojsi o0NafalT JTUMOJBHBIM MOMEHTOM. MOJeKyJIbl TaKuX AUAJIEKTPUKOB HA3bIBAIOTCS
noJsipHbIMU. [IpW OTCYTCTBHMW BHEIIHETrO IIOJISA, OJHAKO, JHITOJBHBIE MOMEHTHI IOJISIPHBIX
MOJICKYJI BCIICACTBHE TEIJIOBOTO JIBUXKEHHS OPHEHTHPOBAHBI B MPOCTPAHCTBE XAOTUIHO U UX
Pe3YNbTUPYIOMNI MOMEHT paBeH Hym0. Ecnu Takoit TUAIEKTPUK MOMECTUTh BO BHEIIIHEE TOJIE,
TO CHJIBI 3TOTO TIOJIS OYAYT CTPEMHTHCS TIOBEPHYTH JUTIOJIN BJIOJIb ITOJISl M BO3HUKAET OTIMYHBIN
OT HYJIS Pe3yTbTHPYIOIIHA MOMEHT.

Tpetsio rpynny auanexkrpukos (NaCl, KCI, KBr, ...) coctaBnsor BelecTBa, MOJIEKYIbI KOTOPHIX
MMEIOT HWOHHOE CTpoeHue. VOHHBIE KPHUCTAUIBI TMPEACTABISIOT COOOW TMPOCTPAHCTBEHHBIE
pelIeTKH C MPaBWIBHBIM YepeOBAaHMEM HWOHOB Pa3HBIX 3HAKOB. B 3THX KpHCTalaX HEb3s
BBIJICITUTH OTJICIBHBIC MOJICKYJIBI, @ PACCMATPUBATh MX MOXKHO KaK CHCTEMY JBYX BJIBHHYTBIX
OJIHa B JIPYryl0 MOHHBIX MojpenieTok. [Ipy HamoXeHuu Ha MOHHBIA KPUCTAILI JIEKTPUUECKOTO
MOJIsI IPOUCXOUT HEKoTopasi nedopMmalus KpUCTAIIIMYECKOW PEIIeTKH WM OTHOCHUTEIbHOE
CMEIlIEHHE MOIPEIIETOK, MPUBOAAIIEE K BOSHUKHOBEHUIO JUMOIbHBIX MOMEHTOB.

Takum oOpa3om, BHECEHHE BCEX TpeX TPYII AUAJIEKTPUKOB BO BHEIIHEE 3JIEKTPUUYECKOE I0JIe
MPUBOJUT K BOSHUKHOBEHHIO OTJIMYHOTO OT HYJIS PE3YAbTUPYIOLIETO 3JIEKTPUUECKOr0 MOMEHTA
TURJIEKTPUKA, WM, UHBIMH CJIIOBAaMHU, K MOJIsIpu3anuu qudiiekrpuka. Ilonsspusanueii nusnexTprka
HA3bIBAETCSl MPOIIECC OPUEHTAIMM JUIOJCH WM TMOSBICHHUS IOJ BO3ACWCTBUEM BHEIIHETO
AIIEKTPUYECKOTO MOl OPUEHTUPOBAHHBIX IO MOJIIO TUTIOJIEH.

CoOOTBETCTBEHHO TpEM Ipyliam AUAIEKTPUKOB pa3InyaioT TPHU BHUIA MOJISPU3AIIH:

3JIEKTPOHHAs, WK 1edopMALMOHHAS, NOJSIPU3ALUS TUIIEKTPUKA C HETIOSPHBIMHU MOJIEKYJIaMH,
3aKJIIOYAIONIAsCs B BOSHUKHOBEHUH Y aTOMOB MHIYIIUPOBAHHOTO JUIOJBHOTO MOMEHTA 3a CUET
nedhopmaIuu JEKTPOHHBIX OPOUT;

OPUEHTAIMOHHAS, WM JMIOJIbHAS, MOJSAPU3ALMS TUDJIEKTPUKA C MOJSPHBIMU MOJIEKYJIaMU,
3aKJIIOYAIONIAsCS B OPHUEHTAIMM HMEIOIIUXCSA JUMOJIBHBIX MOMEHTOB MOJEKYJI IO TOJIIO.
EcTtecTBeHHO, YTO TEIUIOBOE MABM)KEHHE MPEMSATCTBYET MOJHOW OPHUEHTAlMU MOJIEKYN, HO B
pe3ynbTaTe COBMECTHOIO JEHUCTBUSL 000uX (akTOpoB (PIEKTPUUECKOE I0JI€ U TEIMJIOBOE
JIBUKEHHE) BO3HUKAET IMPEHMYILECTBEHHAs OPUEHTAIUS JMUIOJIBHBIX MOMEHTOB MOJIEKYN IO
TMOJTI0. DTa OpUEHTALIMSI TEM CUIIbHEE, YeM OOJIbIIIE HAMPSHYKEHHOCTD 3JIEKTPUUYECKOTO MOJISL M HIDKE
TEeMIIeparTypa;

HOHHASI TMOJSIPU3AUMS JUDJICKTPUKOB C HOHHBIMU KPUCTAJUTMUECKUMHU pPEIIeTKaMU, 3aKIIto-
Yaromascs B CMEIICHUH MOAPEIISTKH MOJO0KUTENIbHBIX HOHOB BOJb MOJS, & OTPUIIATEIbHBIX —
MPOTHUB TOJIS, TPUBOSIIEM K BOSHUKHOBEHUIO TUTIOJIEHBIX MOMEHTOB.

6. IIpoBOAHMKH B 3J1EKTPOCTATHYECKOM I10JI€

Ecau nmomectuth MMPOBOAHUK BO BHCHIHEC SJICKTPOCTATUYCCKOC ITOJIC UIIU €TO 3apsAAnUTb, TO HA 3aps/ibl
IIPpOBOAHUKA 6y,ueT JIENCTBOBAThH QJICKTPOCTATUYCCKOC TIOJIC, B PE3YJbTATC YCro OHU HAYHYT
nepeMenaTbCH. HepeMemeHI/Ie 3apsA 0B (TOK) npoaoJKaCTCd 10 TEX MOP, MMOKAa HEC YCTAHOBUTCHA
PAaBHOBCCHOC pacCIpCACICHUC 3apsa0oB, IPH KOTOPOM JSJICKTPOCTATUYCCKOC TIIOJIC BHYTPHU
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MIPOBOJIHUKA OOpaIaeTcs B Hyllb. JTO MPOHMCXOIUT B TEUCHHE OYCHb KOPOTKOTO BpeMeHH. B
CaMOM JieJie, €CIIH OBl 110JIe He ObUIO PaBHO HYIIIO, TO B IIPOBOJAHUKE BO3HUKIIO OBl YIIOPSAA0UYEHHOE
JBUOKEHHE 3aps/IoB O€3 3aTpaThl 3HEPTUU OT BHELIHEIO MCTOYHUKA, YTO IPOTUBOPEUUT 3aKOHY
COXpaHEHHUs dHepruu. Mrak, HanpsKEHHOCTh MOJIsl BO BCEX TOYKAaX BHYTPH MPOBOJHUKA paBHA
HYJIIO:

E=0.
OTtcyTcTBHE MO BHYTPU MPOBOJHUKA O3HAYAET, COTIIACHO (85.2), 4TO MOTEHIMal BO BCEX TOUKaX
BHYTPH TMPOBOJAHMKA TIOCTOSIHEH (¢ = CONSt), T. €. TOBEPXHOCTh IIPOBOJHUKA B

ANIEKTPOCTATUUECKOM TIOJIE SIBIISIETCS 9kgunomenyuanvrou (cM. 85). OTcroga ke CiaeayeT, 4To
BEKTOP HANPSDKEHHOCTH TOJIsl Ha BHEITHEH MOBEPXHOCTH MPOBOJHUKA HAIIPABJICH MO0 HOPMAJHU K
KOKIOW TOYKe ero moBepxHocTu. Ecimm Obl 3TO OBUIO HE TaK, TO TMOJ JIEHCTBUEM KacaTeIIbHON
coctapJsitoiedd E 3apsanpl Hauanu Obl MO MOBEPXHOCTH MPOBOJHUKA MTEPEMEIIATHCS, YTO, B CBOIO
ouepe/ib, IPOTUBOPEUHIIO Obl PABHOBECHOMY PacHpeesIEHUIO 3aps/I0B.

e /ey / ¢
i e [o]-) |

Pac. 139 Pac. 140

Ecmm  mpoBOJHWKY COOOMIMTH HEKOTOPBIH 3apsa Q, TO HECKOMIICHCUPOBAHHBIC —3apsiibl
pacIoyararoTCs MoabKO HA NOBEPXHOCMU TIPOBOJAHHUKA. DTO CJEIyeT HENOCPEICTBEHHO W3
teopembl [aycca (89.3), cormacHo kotopoi 3apsn Q, HaxomAImUKCS BHYTPH TPOBOJHUKA B
HEKOTOPOM 00beMe, OTPAHUICHHOM IIPOM3BOJILHON 3aMKHYTOH MOBEPXHOCTHIO, paBEH

0=¢§DdS=§ D,ds=0,
s 5

TaK Kak BO BCEX TOUYKax BHYTpHU moBepxHoctu D=0.

Haiinem B3auMOCBSI3b MeXAy HANPSHKEHHOCTbIO £ MOJs BOJM3M MOBEPXHOCTU 3apsyKEHHOTO
MIPOBOJHUKA M TOBEPXHOCTHOW IUIOTHOCTBIO G 3apsiioB Ha €ro moBepxHocTH. Jljig 3TOro
MpUMEHUM TeopeMmy ['aycca k OECKOHEUHO MajJoMy LMJIUHAPY C OCHOBaHHMSIMHU AS, mnepeceka-
IOILEMY TPaHUIly TPOBOTHUK — AUAIEKTpUK. OCh IMIIMHApPA OPUEHTUPOBaHA BJIOJb BekTopa E
(puc. 141). TloTok BekTOpa ANEKTPUUYECKOTO CMEUICHUS uYepe3 BHYTPEHHIOI YacTh LMJIMH-
pHYECKO# MOBEPXHOCTH PaBeH HYIIO, Tak Kak BHYTpu npoBoaHuka E1 (a ciemoBarensHo, u Di)
paBeH HYJIO, MO3TOMY HMOTOK BekTopa D CKBO3b 3aMKHYTYIO HWJIMHAPHUYECKYIO MOBEPXHOCTD
OTIpe/IeNIIeTCsl TOJILKO TMOTOKOM CKBO3b Hapy)XHO€ OCHOBaHue HuianHiapa. CoriacHO Teopeme
laycca (89.3), sror motok (DAS) paBen cymme 3apsgoB (Q=o0AS), 0XBaThIBaeMbIX
noBepxHocThi0: DAS=0AS T.e.

D=g
(92.1)

Win
E=o/(e0£),
(92.2)

rJie € — JUAJICKTPHUYECKAs IPOHUIIAEMOCTh CPEJIbl, OKPY)KAIOIICH MPOBOIHUK.

Takum 00pa3oM, HaANPSHKEHHOCTb JJIEKTPOCTATHYECKOTO TMOJS Yy TIOBEPXHOCTH IPOBOJTHHKA
OTIpENIeNSIeTCs MOBEPXHOCTHOM IIIOTHOCTHIO 3apsiI0B. MOYKHO MOKa3aTh, YTO COOTHOIICHUE (92.2)
3aJ]aeT HAINPSDKEHHOCTh 3JIEKTPOCTATHUECKOTO TIOJIE BOJU3U TOBEPXHOCTH MPOBOTHHKA 170001
Gopmbi.
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Ecnu BO BHemIHEe 3JEKTPOCTATUYECKOE T0JI€ BHECTH HEUTpalbHBIA MPOBOJHHUK, TO CBOOOJHBIC
3apsiibl (3JEKTPOHBI, HOHBI) OYAyT epeMeIaThCs: MOJI0KUTEIbHBIE — IO TOJII0, OTPULATEIbHbIE
— mpotuB noJisi (puc. 142, a). Ha oxHOM KOHIE MPOBOJHUKA OyIET CKAIlJIMBAaTBHCS H30BITOK
MIOJIOKUTENBFHOTO 3apsa, Ha APYroM — H30BITOK OTPUIATEIBHOTO. DTH 3apsabl HA3bIBAIOTCA
HHAYUHpPOoBaHHBIMH. [Iponiecc Oyaer MpoUCXOAUTH A0 TEX MOp, MOKa HANPSHKEHHOCTH IMOJIS
BHYTpPU NPOBOJHHUKA HE CTAHET PABHOW HYIIO, a JIMHUM HANPSDKEHHOCTH BHE IMPOBOJHHUKA —
NEpNEeHIUKYIApHbIMU €ro mnoBepxHocTH (puc. 142, 6). Taxum oO0Opa3oM, HeHUTpaJdbHBIN
IIPOBOJIHUK, BHECEHHBIN B AJIEKTPOCTATUYECKOE I10JI€, pa3phIBAECT YACTh JUHUM HANPSKECHHOCTH;
OHM 3aKaHYMBAIOTCSI Ha OTPULATEIbHBIX MHAYLIMPOBAHHBIX 3apsjax U BHOBb HAUMHAIOTCSA Ha
MOJIOKUTENbHBIX. MHAYIMpOBaHHBIE 3apsiabl paclpeiesstoTCs Ha BHEIIHEH IOBEPXHOCTH
MIPOBOJHMKA. SIBJIeHHE IepepaclpeneeHis] MOBEPXHOCTHBIX 3apsJ0B Ha IPOBOJHUKE BO
BHEIIIHEM 3JIEKTPOCTATUYECKOM II0JI€ Ha3bIBACTCA FJIEKTPOCTATHYECKONH MHIYKIUEH.

a)

[
[ <o &)
e~ <o\
N e/
Puc. 141 Puc. 142

W3 puc. 142, 6 cnenyet, 4YTO MHAYLUMPOBAHHBIE 3apsi/ibl MOSBISIOTCS HA MPOBOJHHUKE BCIIEJCTBUE
cmeujenuss X NoJl IeUCTBUEM MOJIs, T. €. G SBJISETCS MOBEPXHOCTHOM MJIOTHOCTHIO CMEIICHHBIX
3apsanoB. Ilo (92.1), smektpuueckoe cMmemnieHne D BOMM3M TPOBOJHUKA YHCICHHO DPAaBHO
MMOBEPXHOCTHOM TUIOTHOCTH CMELIEHHBIX 3apsinoB. Ilostomy Bekrop D momyunn HazBaHue
BEKTOpA JEKTPUUECKOTO CMEIIECHUSI.

Tak kak B COCTOSSHMM paBHOBECHS BHYTPU MPOBOJHUKA 3apsiibl OTCYTCTBYIOT, TO CO3[JaHUE BHYTpU
HEro TMOJIOCTH HE TMOBIMSIET Ha KOH(PUIYypalUIO PAaCIOJIOKEHUS 3apsiioB U TEM CaMbIM Ha
aneKkTpocTatuyeckoe mnosie. CienoBaTeNIbHO, BHYTPU TOJOCTH 1ojie OyAeT OTCyTCTBOBaTh. Eciu
Terepb 3TOT MPOBOJHUK C MOJOCTHIO 3a3€MJIUTh, TO MOTEHLIMAT BO BCEX TOYKAaX MOJOCTU OyneT
HYJEBBIM, T. €. MOJOCTh MOJHOCTHIO M30JMPOBAaHA OT BIUSHUS BHEUIHUX 3JIEKTPOCTATHUECKUX
nosieid. Ha 3ToM ocHOBaHa 3JIeKTPOCTATHYECKAs] 3aAIIUTA — DKPAHUPOBAHHUE TEJ, HApUMEp
U3MEpUTENbHBIX MPUOOPOB, OT BIMSHUA BHEIIHUX OJJIEKTPOCTaTHYEeCKUX TmoJiedl. Bwmecto
CIUIOIIHOTO MPOBOJHUKA IS 3aIIUTHI MOXKET ObITh UCIOJIb30BaHA IyCTasi MeTaInyeckas CeTKa,
KOTopasi, KCTaTH, siBiserca AS(GQGEeKTUBHOW NpH HAJIMYUKU HE TOJBKO TIOCTOSHHBIX, HO U
MIEPEMEHHBIX AMEKTPUUECKUX MOJICH.

CBOWCTBO 3apsIOB pacrojiaraThbCsli HAa BHEIIHEH MOBEPXHOCTHU MPOBOJHUKA HMCHOJb3YETCS s
YCTPOMCTBA FJIEKTPOCTATHYECKUX F€HEPATOPOB, MPEIHA3HAYCHHBIX JJI HAKOTUICHHS OOJBIINX
3apsAI0B M JOCTHIKEHHS PA3HOCTH TMOTEHIMATIOB B HECKOJIbKO MHIJJTMOHOB  BOJIBT.
DNeKTpOCTaTUUECKU TeHepaTop, U300peTeHHbI aMmepukaHckuM ¢usukom P. Ban-ne-I"paadgom
(1901—1967), coctouT 13 mapoodpa3Horo mojoro mnposoanuka 1 (puc. 143), ykperieHHOro Ha
u3onsaTopax 2. J[Bumkymiascs 3aMKHyTas JieHTa 3 W3 NPOPE3MHEHHON TKaHU 3apsuKaercss OT
WMCTOYHUKA HANPSDKEHUS C MOMOIIBI0 CUCTEMBI OCTPHEB 4, COEIMHEHHBIX C OJHUM U3 IMOJIIOCOB
HCTOYHHKA, BTOPOH IOJIIOC KOTOPOTO 3a3eMJIeH. 3a3eMJIeHHas IUIAaCTUHA S YCHIJIMBAET CTEKaHUe
3aps/I0B ¢ OCTPUEB Ha JIeHTy. [[pyras cuctema ocTpueB 6 CHUMAET 3apsiJibl C JIGHTHI U MepesiaeT
UX TOJOMY IIapy, U OHM NEPEXOJAT Ha €ro BHEIIHIOI NOBepXHOCTh. Takum oOpazom, cdepe
nepeaaeTcsi NOCTENEHHO OOJIBIION 3aps/ U yIaeTcs J0CTUYb Pa3HOCTH MOTEHIIUAIOB B HECKOJIBKO
MUJIJIMOHOB  BOJIBT. ODJIEKTPOCTATUYECKUE T'EHEepaTopbl TNPUMEHSIOTCS B BBICOKOBOJIBTHBIX
YCKOPUTEIISIX 3apsKEHHBIX YaCTHIL, & TAKXKE B cJ1a00TOUYHON BBICOKOBOJIBTHOM TEXHUKE.
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+ Prc. 143

@ KakoBbl H8NPAXEHHOCTL ¥ NOTeHUuan nons,
& Tax)xe pacnpegeneHve 3apafos BHYTPN ¥ Ha
NOBEePXHOCTH 3apAXEBHHOro nposogxKka?

@ Ha 14em ocHoBaHa anexTpocTaTM4eckas sauju-

7 Ta?

CILITLIEI I FILPI7 17T I II2 17007
LIPIIITIIIIIIIZE. F2ITIEILIEIEIIIIIIZL 2

7. Konnencaropsl

Kak Buano u3 93, mist Toro 4To0bl MPOBOJHUK 00J1a1an OOJIBIION €MKOCTBIO, OH JOJDKEH UMETh
oueHb Oonbliue pasMmepel. Ha mpakTuke, ogHaKo, HEOOXOIUMMBI yCTpOWCTBa, oOJafaromiue
CIIOCOOHOCTBIO MpPH MalbIX pa3Mepax M HEOONBIINX OTHOCUTEIBHO OKPYXKAIOMIHUX Tel
MOTEHIMaNIaX HaKaIlUIMBaTh 3HAYMTENIbHBIC O BEJMYMHE 3apsbl, HHBIMH CIIOBaMH, 00JIaaTh
00JIBIION €MKOCThI0. DTH YCTPOUCTBA MOJIYYUIIH Ha3BAaHUE KOHAEHCATOPOB.

Ecmm k 3apsykeHHOMY TIPOBOJHHUKY TIPUOMIDKATh JApYyrHe Tejla, TO Ha HHUX BO3HUKAIOT
WHIYUUpPOBAaHHbIE (HA TPOBOJHUKE) WM CBS3aHHbIE (HA [AWAJIEKTPUKE) 3apsaibl, MpHUEM
OmKalIMMU K HaBosmeMy 3apsay Q OymyT 3apsiisl POTUBOTIONIOKHOTO 3HAKA. DTH 3apsiibl,
€CTeCTBEHHO, OCHAOJSIOT ToJe, co3gaBaeMoe 3apsaoM Q, T. €. TOHMKAIT TOTEHIHAT
MIPOBOIHUKA, YTO MPUBOJIUT (CM. (93.1)) K MOBBIILIEHUIO €r0 AIEKTPOEMKOCTH.

Konpnencarop coctout U3 AByX NpOBOJHUKOB (00KIa10K), pa3AeaeHHbIX AudIekTpukoM. Ha emkocTh
KOHJIEHCaTopa HEe JOJDKHBI OKa3blBaTh BIMSHHUS OKpYXAlOIIHe Teja, MOATOMY MPOBOJHUKAM
NpUIAIOT Takyl (opMy, 4YTOOBI TOJIe, CO3JAaBacMO€ HaKAaIUIMBAEMBIMHM 3apsjaamMu, OBLIO
COCpPEIOTOUEHO B Y3KOM 3a30pe Mexay OOKIagkaMu KOHAEHCAaTopa. JTOMY YCIOBHIO
yAOBJIETBOPSIOT (cM. 82): 1) ABE TUIOCKME TJIACTUHBI; 2) JBa KOAKCUATBHBIX ITUINHAPA; 3) NBE
KoHLeHTpuueckue cepsnl. [Toaromy B 3aBUCHMOCTH OT POPMBI OOKIIAJ0K KOHACHCATOPHI JENATCS
Ha IUIOCKMe, HUJIMHAPUYecKHe U chepuyecKue.

Tak kak moJie cOCpeJOTOUEHO BHYTPH KOHIEHCATOPA, TO JIMHUW HAMPsHDKEHHOCTH HAUYWMHAIOTCA HA
OJIHOH OOKJIaJIKe M KOHYAIOTCA Ha JPYroi, Mmo3ToMy CBOOOIHBIE 3apsijibl, BO3HUKAIOIIUE HA
pa3HbIX O0KJIAa/IKaX, ABJIAIOTCS PABHBIMU 10 MOAYJII0 Pa3HOUMEHHBIMHU 3apsiaamu. [1os1 eMKkocThIO
KOH/IeHCcAaTOpa TIOHMMaeTcsi (Qu3uyeckas BeIUMYMHA, paBHas OTHOLIEHUIO 3apsga  Q,
HAKOIUICHHOTO B KOHJIEHCATOPE, K Pa3HOCTH MOTEHIINANIOB ((1 —(2) MEXY €ro 00KJIaKaMu:

C=0/(¢1—@2)-
(94.1)

PaccuntaeM eMKOCTb IIOCKOTO KOHJIEHCATOPA, COCTOSIIETO U3 IBYX MapalieIbHBIX METAITNYECKIX
IUTACTHH TUIOMIABI0 S KaXK/1asi, pacloiOKEHHBIX Ha paccTossHuK 0 Ipyr OT Apyra U UMEROIIHX
3apsaasl +Q u —Q. Ecnu paccTosiHue MexXy MIaCTUHAMU MaJlo TIO CPABHEHUIO C UX JTUHEHHBIMU
pa3Mepamu, TO KpaeBbIMU dPPeKTaMu MOKHO MPEeHEeOpeUs U IM0Jie MEKIY OOKIaJKaMHU CUUTATh
onHopoaHbM. Ero mMoxkHo paccuutaTh ucnonib3ys dopmynsl (86.1) u (94.1). Ilpu nanuuum
JMAJIEKTPUKA MEXAY 00KJIaKaMH pa3HOCTh MOTEHLMAIIOB MEXAY HUMH, coriacHo (86.1),

01— @2=0d/(eoz),
(94.2)

r7ie € — JUdJIeKTpuYeckas nmpoHunaemMocts. Torna usz dopmynsl (94.1), 3amenss Q=oS, ¢ yuetom

(94.2) nomy4yuM BbIpakeHHUE JUIs EMKOCTH INIOCKOTO KOHJIEHCAaTopa:
C=¢geS/d.
(94.3)
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JIns ompeneneHuss €MKOCTH LWIMHAPHYECKOTO KOHJCHCATOpPa, COCTOSILNEr0 W3 JIBYX MOJIBIX
KOAKCHAIBHBIX LWIMHIPOB C paauycamu 1 U 2 (r2 > r1), BCTaBJICHHBIX OJWH B JPYrOM, OTISTh
npeHeOperass  KpaeBbIMH  d(QQPEKTaMH, CYATACM I[0Jie  PaJAUAIbHO-CUMMETPUYHBIM U
COCPEIOTOYCHHBIM MEXIy LWIMHAPHYSCKUMHU OOKIaaKkamMu. Pa3HOCTh NOTCHLHUAIOB MEXIY
oOKkagKamMu BeIYHCIUM 10 Gopmysie (86.3) uist OJsE paBHOMEPHO 3apsiKEHHOTO OECKOHEYHOTO
WIHHIpa ¢ JTUHEeHHOH mioTHOCThI0 T =Q/| (—mmHa oOknanok). [pu HamMYMK AMAIIEKTPUKA

MCKIY OGKJI&IIK&MI/I Pa3HOCTL MOTCHIIUAIOB

T r Q r
O Carw bl
(94.4)

[ToacraBus (94.4) B (94.1), nonyunuM BbIpa’keHUE JUIsl EMKOCTH HUJIMHIPUYECKOTO KOHJEHCATOPA:
C=2negelfIn (ry/ry).
(94.5)

Jlig onpeseneHuss eMKOCTH CPeprudecKoro KOHJAEHCATOPa, COCTOSIIEr0 U3 JIBYX KOHIIEHTPUYECKUX
0OKJIaZI0K, pa3/ielIeHHbIX CPEPUUYECKUM CIOEM TUAIEKTPHKA, Ucnoib3yeM (opmyny (86.2) mis
Pa3HOCTH MOTEHIIMAIOB MEX/Iy IBYMSI TOUKAMH, JISKAIIMMHU HA PACCTOSIHUAX I1 U I2 (r2 > r1) ot
LEHTpa 3apsDKeHHON cdepuyeckoil mnoBepxHocTH. [IpyM HanmMuuM JUAIEKTPUKA MEXAY
00KJTaJIKaM¥ Pa3HOCTH MOTEHIIMAJIOB

Q0 /1 1
e (7

(94.6)

[Toncraus (94.6) B (94.1), nomyuum

T

C=4nee
n-r

Ecmm d=r2—rl<<rl, 10 12 = 1l ~ r u C=4neler2/d. Tak kak 4nr2 —momans cHepruIecKou
oOkmanku, To moxydaeMm dopmyny (94.3). Takum oOpa3zoMm, Mpu Majioil BETUYMHE 3a30pa IO
CPaBHEHHMIO C pauycoM cQepbl BBIPAKEHUA Ui EMKOCTH C(HEepUYecKoro a IUIOCKOTo
KOHJICHCATOPOB COBMAAAIOT. DTOT BHIBOJ CHPABEUIMB U JJISl HUWIMHIPUUYECKOTO KOHAEHCATopa:
MIPU MaJIOM 3a30p€ MEXAY MUIUHIAPAMU 10 CPABHEHHIO ¢ MX paaumycamu B dopmyne (94.5) In
(r2/r1) MOXHO Pa3NOKUTH B Psijl, OTPAaHUYHMBASICh TOJBLKO YIEHOM IEPBOTro nopsaka. B pesynbrare
OTIAITH TIpUXOAUM K hopmyie (94.3).

N3 dopmyn (94.3), (94.5) u (94.7) BBITEKAET, YTO EMKOCTh KOHIACHCATOPOB JHO0O0M (OPMBI TIPSIMO
MPOMOPLHUOHAIBHA  TUAJIEKTPUYECKOW  MPOHUIAEMOCTH  JIUAJIEKTPUKA,  3aIOJIHSIOIIETO
MPOCTPAaHCTBO Mexay oOkimaakamu. I[losromy mnpuMeHeHHe B KayecTBe MPOCIONKHU
CErHETORJIEKTPUKOB 3HAUUTEILHO YBEITUUMBAET EMKOCTh KOHIEHCATOPOB.

KonpneHncaropsl xapakTepu3yroTcs MPOOUBHBIM HAIPSKEHUEM — PA3HOCTHIO MOTEHIIUATIOB MEXKIY
oOKJIaZiKaMu KOHJEHCAaTOpa, IPU KOTOPOI MPOUCXOAUT MPOOOH — AIIEKTPUUECKUM pa3ps uepes
CIION AMd3JIeKTpUKa B KoHAeHcaTope. [IpoOuBHOE HampspkeHue 3aBHCUT OT (OpPMBI OOKIAJOK,
CBOMCTB JIMAJIEKTPUKA U €r0 TOJIIHHBI.

Jl7is yBeIMYEHUsI eMKOCTH M BapbHPOBAHUS €€ BO3MOXKHBIX 3HAYEHHUI KOHJIEHCATOPBI COSAUHSIOT B
Oatapew, MPU 3TOM HCIIOIB3YETCs UX MapajuIebHOE U MOCIIE0BATEILHOE COCTUMHEHHUS.

1. TlapannensHoe coeauHeHUE KOHAEHcAaTOpoB (puc. 144). YV mnapamienbHO COEAUHEHHBIX
KOHJICHCATOPOB Pa3HOCTh MOTEHIIMAIOB Ha OOKJIaIKaX KOHJEHCATOPOB OJMHAKOBA U paBHA PA —
¢B. Ecinu emkoct otaensHbIx koHneHcatopoB Cl, C2, ..., Cn, To, coriacHo (94.1), ux 3apsiisl
paBHBI

21=C, (¢a—o»),
0:=C, (p4—@»),

Qu=éu (.‘F"' _G"B):’
a 3ap;m 6aTapeH KOHI[CHCB.TOpOB
Q=Y @=(C\+C+..+C,) (p4—@a).

i=]
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[Tonmuas eMkocTh GaTtapeu
n
C=0/(p4—05)=Ci+Cy;+..+C,=). C,
im]

T. €. IpPU MapajuIeTbHOM COCJMHEHWH KOHIEHCATOPOB OHA PaBHA CYyMME E€MKOCTEH OTAEIbHBIX
KOH/ICHCAaTOPOB.

2. IlocnenoBaTenbHOE COEAMHEHHE KOHIEHCATOpoB (puc. 145). V mocnenoBarenbHO COeIMHEHHBIX
KOHJICHCATOPOB 3aps bl BceX 0OKIa0K PaBHBI IO MOJYIIIO, @ pa3HOCTH NOTEHIMAJIOB Ha 3a)KMMax
Oatapeun

n
A(p: Z A‘pi'
i=1
TJIe JUIs TF000T0 U3 paccMarpuBaeMbix KoHaeHcaTopoB A@i = Q/Ci. C mpyroii CTOpOHBHI,
n
Ap=0/C=Q ¥, (1/C),

=

” Puc. 144
Cn

| - I

ot

A B @ TpH 0QMHAKOBbLIX KOHGEHCATOPA OAWH pa3s co-
o——I I-C———o e4MHeHbl NOCNegoBaTeNnbLHO, APYrod — na-
?
+_

pannensHo. Bo CKONbLKO pas M KOFQa eMKocTh
Garapeu Gyper 6onbuie?
® Moxer nn aneKkTPoCTaTHka OTBETHTL Ha BOnN-

1l pOC: rAe NOKan130BaHa 3HEpPrnA K YTO ABNRET-
||C, CR ee HocuTenem — 3apaas unu none? MNove-
+ - my?

OTKyJa
LJ
1/c= 73, (1/C),
e
T. €. IpH MOCJIEeI0BATEIbHOM COECIMHEHUN KOHAECHCATOPOB CYMMHPYIOTCSI BEJIMYMHBI, 0OpaTHbIE
emMkocTsiM. Takum o0pa3oM, TmpH .MOCIHEAOBATEIBHOM  COEJUHEHHH KOHJEHCATOPOB
pe3ynbTupyromas eMKocTs C BCer/ia MeHbIIIe HAaMMEHBIIIeH eMKOCTH, UCIIOIh3yeMOi B OaTapee.

3aaHus ¥ BOIIPOCHI

1. JIBa 3apshKeHHBIX IIapHUKa, MOBEIICHHBIX Ha HUTIX OJMHAKOBOMW JJIMHBI, OITYCKalOTCSl B KEPOCHH
miotHocThio 0,8 r/cM3. KakoBa J0/bKHA OBITH IUIOTHOCTH MaTepHaia MIApUKOB, YTOOBI Yrol
pacxosk/ieHusT HHUTEH B BO3JAyXe M KepocuHe ObUl OAMH M TOT ke? Jludnexrpuueckas
NpOHHIIAEMOCTh kepocuHa £=2. [1,6 r/cm®]

2. Ha HEKOTOpOM paccTOSIHUU OT OECKOHEYHOW PaBHOMEPHO 3apsiKEHHOW IUIOCKOCTH C HOBEpX-
HOCTHOI moTHOCTBIO 0 =1,5 HKi1/cM? pacronoskena Kpyrias miacTuHKa. [110CKOCTb MIACTHHKH
COCTaBJISIET C JMHUSAMHU HaNpspKEHHOCTH yron o=45°. Onpenenuth MOTOK BEKTOpa Hamps-
YKEHHOCTH 4epe3 3Ty IUIaCTUHKY, eciu ee paguyc =10 cMm. [1,88 kB-M]

3. Koapuo pamuycom r=10 cM M3 TOHKOH MPOBOJIOKM PABHOMEPHO 3apsHKEHO C JIMHEHHOM
IJIOTHOCTHIO =10 uKi/m. OnpeaenuTs HaNPSHXKEHHOCTD MOJIS HA OCH, MPOXOAAIIEH yepes
LEHTP KOJIbIla B TOUKE A. yIaneHHO’ Ha paccTosHue @ =20 cM oT LeHTpa kojbia. [1 kB/M]

4. llap pammycom R=10 cM 3apskeH PaBHOMEPHO C OOBEMHON ILIOTHOCTBIO P =5 HKI/MS.
Onpenenuth HAMPSKEHHOCTh AIEKTPOCTATUYECKOro MOJIs: 1) Ha paccTOSHUU M1=2 CM OT LEHTpa
mapa; 2) Ha paccTostHuM F2=12 cM ot 1ieHTpa tmapa. [loctpouts 3aBucumocts E(T). [1) 3,77 B/wm;
2) 13,1 B/m]

5. DIeKTpoCTaTH4YecKoe MOJIe CO3/IaeTCsl MOJIOKUTENIBHO 3apsKeHHON OECKOHEUHOM HHTBIO C TO-
CTOSIHHOM JmHeiHOU tioTHOCThi0 7= 1 HKi/cM. Kakyio ckopocTs mpuoOpeTeT 3IeKTpoH, Ipu-
ONMU3MBIIKCH TIOJT IEHCTBUEM OISl K HUTH BIOJb JTMHUH HAMIPSKEHHOCTH C PACCTOSIHUA 1=2,5 cM
1o r=1,5 cm? [18 Mwm/c]
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6. DJIEKTpOCTaTHUYECKOE TMoJIe co3maetcs chepoil paauycom R=4 cM, paBHOMEPHO 3apsKEHHOU C
IIOBEPXHOCTHOH MIOTHOCTHIO ¢ =1 HKi/M?. OnpeienuTh PasHOCTh TOTEHIUATIOB MEX/TY ABYMS
TOYKAMH TOJISI, JICKAIIUMH Ha pacCTOSHUAX 1=6 cM u =10 cm. [1,2 B]

7. OnpenenuTs TUHEWHYIO MJIOTHOCTh OECKOHEYHO JUIMHHOM 3apsHKEHHOM HUTH, eciu padoTa CHil
noJtst o nepemertenuto 3apsaa Q =1 aKi ¢ paccrostaust ry =10 ¢cM 0 2= 5 ¢M B HampaBICHUH,
nepreHAuKyIsipHOM HUTH, paBHa 0,1 mJx. [8 MxKin/m]

8. TIpocTpaHcTBO MEXay OOKIaIKaMu IUIOCKOTO KOHJEHCATOpa 3amojiHeHO mnapaduHoMm (& = 2).
Paccrosnue mexay mactuaamu 0=8,85 M. Kakyto pa3HOCTh OTEHIIMATIOB HEOOXOAMMO IM01aTh
Ha IJIACTUHBI, YTOOBI MIOBEPXHOCTHAS TUIOTHOCTH CBSI3aHHBIX 3apsi/IOB Ha TMapaguHE COCTABIIsIIA
0,05 uKi/cm?? [500 B]

9. CB0GOIHEIE 3aps/Ibl PABHOMEPHO pacIpe/ieNeHbl ¢ 00beMHO# MIoTHOCTRIO p =10 HK1/M® 1o mapy
paauycom R = 5 cM U3 OJHOPOAHOrO H30TPOIHOTO JUIIEKTPUKA C JUAIEKTPUUYECKOU
MIPOHULIaeMOCThI0 €=0. OnpeaenuTh HANPSHKEHHOCTH JIEKTPOCTATUYECKOTO MOJIsl HAa PaccTos-
HUsX =2 cm u 2= 10 cm oT nienTpa mapa. [E1=1,25 B/m; Ex=23,5 B/Mm]

10. IIpocTpaHCTBO MEXy IUIACTUHAMU IJIOCKOTO KOHJIEHCATOPa 3aIl0JIHEHO CTeKJIoM (& = 7). Pac-
cTosiHMe MeXy tuiactuHamu d=5 mm, pazHocts noteHimanoB U=500 B. Onpeaenuts SHEPTUIO
TIOJIAPU30BAHHON CTEKISHHOMN MITACTUHBI, €Iy ee miomans S = 50 cm?. [6,64 MxJIx]

11. I1nockuii Bo3mymiHbI KoHAeHCaTOp eMKoCcThio C=10 n®d 3apskeH A0 pa3HOCTU MOTEHLHAJIOB
U=1 xB. Ilocne oTkmtoyeHHs] KOHAEHCATOpAa OT MCTOUYHMKA HANPSHKEHHUS PACCTOSIHHE MEXITY
IJIaCTUHAMHU KOHJIeHcaTopa ObLIIO YBEMYEHO B /iBa pa3a. Onpenenuts: 1) pa3HOCTh MOTEHIINATIOB
Ha 00KJIaJIKaxX KOHJIEHCATOPa TIOCIIe UX PAa3IBIKEHUS; 2) paOb0OTy BHEITHUX CHJI TI0 Pa3IBHKEHUIO
mnactul. [1) 2 kB; 2) 5 Mx/JIx]

12. Pa3HOCTh MOTEHIMATIOB MEXIy IuiacTuHamu kKoHaeHcaropa U=200 B. Ilmomane kaxmoi
miactuEel S=100 cM?, paccTosHME MeXTy TacTHHAMu O=1 MM, TIPOCTPaHCTBO MEXTy HUMH
3arnoJiHeHo mapaguHoM (& = 2). OnpenenuTs CUTy IPUTSDKEHUS TUTACTHH JIPYT K Apyry. [3,54
MH]

Cnucok Jureparypbl
1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DeKTpoHHBIHN pecypc] : yueOHOe ocooue s
CTYJCHTOB BBICIINX Y4EOHBIX 3aBeICHUH, 00YJarOIINXCS IO TEXHUYECKUM HaIPaBJICHUAM
MoAroToBKH U crienranbHOCcTsIM / B. U. Bapcykos, O. C. IMuTpueB. — DIEKTPOH. TEKCTOBbIE
nanHbie. — Tam00B : TaMOOBCKHI rocymapcTBEHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryma: http://www.iprbookshop.ru/63918.html
2. 3r03uH, A. B. ®usnka. Mexanuka [ DJIeKTpOHHBIN pecypc] : yaeOHoe mocobue 1ist By30B / A.
B. 3to3un, C. b. MockoBckuii, B. E. TypoB. — DieKTpOH. TEKCTOBbIE JaHHbIE. — M. :
Axanemuuaeckuit [Tpoekt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocryma:
http://www.iprbookshop.ru/36623.html
3. Tpodumona, T. . ®usuka : yueOHUK : AJisi CTYJCHTOB BY30B, 00yJarOMIMUXCS IO TEXH. HaMp.
noaroroBku / T.U. Tpodumoga. - 2-¢ u3a., nepepad. u nom. - Mocksa : Akaaemus, 2013. - 346 c. :
ui. - (Bsiciiee mpodeccuonansnoe oopazoBanue) (bakanaspuar). - [lpeam. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820
4. Tpodumosa, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3aaad: B 2-x 1. : yuebnuk / T.1.
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., dupcosa A.B., CoopHuK 3a71a4 no ¢pusuke- 2-e u3l., nepepad. u J01m. -
Mocksa : Akagemus, 2013.
IIpakTnueckoe 3ansiTe Ne 11 IlocTOAHHBIH JJIEKTPHYECKHI TOK
Ieab-3akpenuTh HM3y4eHHBIM Marepuayl 1o TeMaTuke «IIOCTOSIHHBIN JIEKTPUYECKUN TOK.
DNEeKTpUUYECKUN TOK, CHJIA U MIOTHOCTh TOKa. CTOpPOHHHE CHIIBI. DJIEKTPOABIKYILAS CHIIA U
HanpspkeHne. 3akoH Oma. CompoTuBIEHHE MPOBOJHUKOB. PaboTa ¥ MOIIHOCTH TOKa. 3aKOH
Jxoyns — Jlenna. 3akon Oma ams HeoHOpPOAHOTO y4acTka uenu. [IpaBuna Kupxroda mis
Pa3BETBIICHHBIX IIETICI.
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OcBauBaemMble KOMIIETEHIMH B PE3YJIbTAaTe MPOBEACHUS IPAKTUYECKOIO 3aHATUS YKa3aHbl B
nyHkTe «OO0IIne CBeCHIS
AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHS — 3aKPENUTh MOJYyYCHHBIE TEOPETUUYECKUE 3HAHUS U
BbIPAa0OTaTh HABBIKU U YMEHHUS IPAKTUYECKOTO PEIICHUS 33/1a4, B TO YHCJIE U CAMOCTOSITEIIBHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJisl 00pabOTKHU pe3ysIbTaTOB SKCIEPUMEHTA;

-0a30BBIE METO/IBI MCCIIETOBATENBCKON JIESTEIHLHOCTH.

Ymersn:

-IIPOBOJIUTh 00pabOTKy MH(GOPMALIMU C HMCIOJIb30BAaHUEM MPUKIATHBIX IMPOIPAMMHBIX CPE/ICTB
cepsr

podecCHOHABHON IeATEITFHOCTH;

-IIPUMEHSTH 0a30BBIE METOIbI HCCIIEI0BATEIBCKOM NESITEILHOCTH B padOTe HaJl MHHOBAITMOHHBIMHU

MIPOEKTAMH [0 HarpaBieHHI0 « TexXHOIornuecKkrne MallliHbl 1 000pY/I0BaHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON ESITEIbHOCTH MIPU paboTe HaJl IPOEKTaMu;

- MOHUMAHUEM CYIIHOCTHM W 3HAa4YeHUs MHPOpPMALlMM B PAa3BUTUU COBPEMEHHOrO OOIECTBa,
CIIOCOOHOCTh

moyjyyaTb M 0o0pabaTbiBaTh HMHQOPMAIMIO U3  Pa3IUYHBIX HMCTOYHMKOB, T'OTOBHOCTH
HHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHolornyeckue

MAaIlIUHBI ¥ 000PY/IOBaHUSI.

Peanu3yemblie KOMIIeTeHUUH

IIK-4 cniocoOHOCTBIO Yy9aCTBOBATh B pa0OTe Ha/l THHOBAIIMOHHBIMHU TTPOEKTAMH, HCTIOJB3Ysl 0a30BbhIC
METO/IbI HCCIIE0BATEIbCKOM e TEIbHOCTH

OIIK-4 noHMMaHUEM CYITHOCTH W 3HaYeHUs WH(OpPMAIMU B Pa3BUTHH COBPEMEHHOTO 00IIECTBA,
CIIOCOOHOCTBIO MOJy4YaTh U 00padbaThiBaTh HHGOPMAIIHIO U3 PA3TMYHBIX HCTOYHUKOB, TOTOBHOCTHIO
UHTEPIPETUPOBATH, CTPYKTYPUPOBATh U 0(OPMIISITh HHPOPMAIMIO B JOCTYITHOM JIJIsl APYTUX BUJIE

Teopernyeckas 4acTb
1. DJjeKTprYeCKHid TOK, CHJIA U INIOTHOCTH TOKA

B aiekTpoauHamMuke — pasjese yueHus 00 AJIeKTpUYeCcTBe, B KOTOPOM PacCMaTpPUBAIOTCA SIBJICHUS
U TpoLecchl, 00yCIOBJICHHbIC ABWKEHUEM ODJIEKTPUUECKUX 3apsiioB WM MaKPOCKOMUYECKUX
3apsSOKEHHBIX TN, — BAXHEWIIUM TOHSATHEM SBJISETCS IIOHATHUE DJIEKTPUUECKOTO TOKA.
DJIEeKTPUYECKMM TOKOM Ha3bIBae€TCsA JI000€ YHOPSAJOUEHHOE (HAIpaBJICHHOE) JIBIKEHUE
AIIEKTPUYECKHX 3apsAA0B. B mpoBoaHKKE MO AeCTBUEM MPUIIOKEHHOTO AeKTpruueckoro nois E
CBOOOJHBIC DIEKTPUYECKHE 3apsiibl TMEepEeMEIIaoTCs: TMOJOXKHUTENbHbIE — [0  MOJIO,
oTpuIaTeNbHbIe — MPOTUB MOJs (puc. 146, a), T. €. B IPOBOJHUKE BOSHUKAET AJIEKTPUUECKHH TOK,
HA3bIBAEMBI TOKOM NPOBOAMMOCTH. Ecnu ke ymopsaoueHHOE IBUKEHHE DIIEKTPUUYECKHX
3apsA0B OCYHIECTBIISIETCS MEPEMEIICHHEM B MPOCTPAHCTBE 3aPsHKEHHOTO MaKPOCKOMUYECKOTO
tena (puc. 146, 6), To BO3HUKAET TaK Ha3bIBAEMbIii KOHBEKIIMOHHBII TOK.

Jl7is BO3HUKHOBEHHUS M CYIIECTBOBAHMS DJIEKTPHUUECKOTO TOKAa HEOOXOAMMO, C OJHOW CTOPOHBI,
HaJIu4yue CBOOOJHBIX HOCHTEJeH TOKa — 3apsHKEHHBIX YACTHI], CIOCOOHBIX IEpeMeIaThCs
YHOPAJIOYEHHO, & C APYTOM — Haiuuue 31eKmpuyecko20 nojs, SHEPrusk KOTOPOTO, KAKUM-TO
00pa3oM BOCHONHSSCH, PacX0J0Ballachk Obl Ha MX YIOPSIJA0OYCHHOE JBM)KCHHE. 3a HampaBlieHUE
TOKa YC/106HO IPUHUMAIOT HATIPABIICHUE IBHXKEHUS HONONACUMENbHBIX 3AP008.

KonudecTBeHHOM Mepoi SIEKTPUUECKOTO TOKa CIYKUT cuja Toka | ckamspHas dQusmdeckas
BEJIMYMHA, OIpefenseMas dIEKTPUUECKUM 3aps/ioM, MPOXOSAIIUM Yepe3 MONEPEeYyHOEe CEUEHUeE
MIPOBOJIHHUKA B €JUHUILY BPEMEHH:

J=-=,
dr
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Ecnmu cuna toka u ero HaIlpaBJICHUC HC U3BMCHAIOTCA CO BPEMCHCM, TO TAKOM TOK HAa3BIBAETCS
MNOCTOAHHBIM. I[HSI IIOCTOSIHHOT'O TOKa
I= Q/[;

Puc. 146

@ Y70 HasbiBaeTCA CUMOoW TOKA? NNOTHOCTLIO TO-

al
———————
2 © o= E?
S ——————
ka? KakoBb nx egnhnubi? (flaTe onpepene-

al HHMA.)
@ Ha3oBuTe ycioBHA BO3HMKHOBEHWA W CYLecT-
v BOBAHWA ANEXTPUIeCKOro Toka.
rae Q — DIIeKTPUYECKHH 3apsil, MPOXOIIIHi 3a Bpems  uepe3 monepeyHoe ceueHue MPOBOTHHKA.
Enununa cuiel Toka — amrep (A).
dusnyeckas BEIWMYMHA, OMpeaeiseMas CHJIOW TOKa, MPOXOJAUIEro 4Yepe3 EAUHUILY IO IIaaun
MOMEPEYHOI0 CEUEHHS MPOBOJHMKA, MEPIECHANKYJISIPHOTO HAIMPABICHUIO TOKA, HA3bIBAECTCS

IJIOTHOCTHIO TOKA:
dr
J—-E-
Bripasum cmily m MIIOTHOCTH TOKa 4epe3 CKOPOCTh (V) YHMOPSAOYEHHOTO ABMXKEHHUS 3apsiioB B
npoBOoJHUKE. EciyM KOHIEHTpalusi HOCUTEIEH TOKa paBHA N M KaXAbld HOCUTEIh HMEET
ANIEMEHTAPHBIH 3aps e (4To He 00s3aTeNIbHO Uil MOHOB), TO 3a Bpems Ot yepe3 momepedHoe

ceueHue S MpoBoAHKKA TiepeHocuTes 3apsa dQ=ne (v) S dt. Cua Toka
dQ
[=—= S,
3 ne {v)

a TNIOTHOCTh TOKa
j=ne (¥).
(96.1)

[110THOCTD TOKa — 6eKkmOop, OPUEHTHUPOBAHHBIN M0 HAMPABJICHUIO TOKA, T. €. HAIlpaBJIEHUE BEKTOPa
J COBMaaeT ¢ HaNpaBJICHUEM YIOPSIOYCHHOTO IBUKCHHUS MOJIOKHUTEIbHBIX 3apsaoB. Eaunuiia
IIOTHOCTH TOKa — aMIlep Ha MeTp B KBazpare (A/M2).

Cuita ToKa CKBO3b IMPOU3BOJIBHYIO TIOBEPXHOCTD S OMPEIeNseTCsl Kak MOTOK BEKTOpa j, T. €.

I={ jds,

S
(96.2)
rae dS=ndS (N — eaMHUYHBIN BEKTOP HOPMAJIH K IUIomiaake dS, cocTaBismomeii ¢ BEKTOPOM | yroj
).

2. CTOpoHHHE CHJIBL. DJIEKTPOABMAKYIASI CHJIA M HATIPS/KEHHUE

Eciu B menu Ha HOCUTENM TOKa JACUCTBYIOT TOJBKO CHJIBI 3JIEKTPOCTATMYECKOrO MOJIs, TO
IIPOUCXOJUT MEepeMElIeHne HOCUTENIeH (OHU MPEeAIoJaratloTcsi MOJ0XKUTEIbHBIMU) OT TOYEK C
OO0JIBIIMM MMOTEHIHAJIOM K TOYKaM ¢ MEHbIIUM MOTEHLHAJIOM. DTO MPUBEAET K BHIPABHUBAHHIO
MIOTEHIMAJIOB BO BCEX TOYKAaX IIENMM M K MCUYE3HOBEHMIO 3eKTpuueckoro nois. ITostomy mns
CYIIECTBOBAHMsI MOCTOSIHHOTO TOKa HEOOXOJMMO HaJM4Yue B LIEMU YCTPOMCTBA, CIIOCOOHOTO
CO3/1aBaTh U MOJICPKUBATh PA3HOCTh NOTEHIIMAJIOB 3a CUET PA0OTHI CHJI HEAIEKTPOCTATHUECKOTO
IIPOUCXOXACHNUA.  Takue  yCTpONCTBAa  Has3bIBAIOTCS  HMCTOYHMKAMHM  TOKa.  Cuibl
HeINeKMpOCMamuiecko2o npouUcxXoxncoeHus, NeMCTBYIOIUE Ha 3apsaabl CO CTOPOHBI HCTOYHHKOB
TOKa, Ha3bIBaIOTCSI CTOPOHHHUMH.

[Tpuposia CTOPOHHUX CHUJI MOXKET ObITh pa3nuuHoi. Hampumep, B rajpBaHMUECKUX 3J€MEHTaX OHU
BO3ZHHKAIOT 3a CYET DHEPIUU XUMHUYECKHX PEaKUUN MEXIY DJIEKTPOJaMHU U DJIEKTPOJIUTAMHU; B
reHepaTope — 3a CYET MEXAaHMYECKOM SHEPruM BpallleHus poTopa reHeparopa u T. . Poib
MCTOYHMKA TOKA B 3JIEKTPUUECKOH 11ern, 00pa3HO ToBOps, Takas ke, KaKk pojib Hacoca, KOTOPBIN
HEOOX0UM Ui TepeKayMBaHMs >KUJKOCTH B THApaBiudeckoil cucreme. Ilox neiictBuem
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CO3aBa€MOI0 IOJIsl CTOPOHHUX CHJI 3JIEKTPUUECKUE 3apsiibl IBUKYTCS BHYTPH MUCTOYHMKA TOKA
IPOTHB CHJI DJIEKTPOCTATHYECKOTO TOJIsA, Ojarojaps 4yeMy Ha KOHIAX LENH MOJIEpKUBACTCS
Pa3HOCTh MOTEHIMAJIOB U B LIENIN TEUET NOCTOSIHHBIN JIEKTPUUECKUM TOK.

CropoHHHME CHJIBI COBEPIIAIOT pabOTy O MEPEMELICHHUIO 3JIEKTPUYECKUX 3apsinoB. duznueckas
BEJIMYMHA, ONpejessieMas paboToOH, COBEpIIaeMOil CTOPOHHHMMHU CHUJIaMH MpU TEPEMELICHUU
€IMHUYHOIO TIOJIOKUTEIIBHOTO 3apsifia, Ha3bIBACTCA JJEKTPOABMIKYIIEeH cuJaod (3.1.C.),
JNEUCTBYIOIIEH B LIEIIHN:

€ =4/0,.
(97.1)

Ota paboTa MPOU3BOAATCS 33 CUET PHEPTUH, 3aTPAYMBACMOI B ICTOUHUKE TOKA, TIOATOMY BEIUYHHY
& MOKHO TaKkKe Ha3bIBaTh HIEKTPOIBIIKYIIEH CHION MCTOYHMKA TOKA, BKIFOUYEHHOTO B LEb.
Yacto, BMECTO TOTO 4YTOOBI CKa3aTh: «B LIEMIH JEHCTBYIOT CTOPOHHUE CHIIBD», TOBOPAT: «B LIEMU
JNEUCTBYET 3.71.C.», T. €. TEPMUH <«AJIEKTPOABMKYILAS CHIIa» YIOTpeOIseTcs Kak XapaKTepruCTUKa
CTOPOHHHUX CHJI. D.JI.C., KaK U MOTEHIMAI, BhIpakaeTcst B BoJibTax (cp. (84.9) u (97.1)).

Croponnsis cuia Fet, nefictByromas Ha 3apsia QO0, MOXKeT ObITh BbIpaXKeHa Kak

For=E; O,

rae E — HanpshkeHHOCTh 1M0J1 CTOPOHHUX cHil. PaboTa jke CTOpOHHUX CHUJI IO IIEpEMEIIEHUIO 3apsaaa

Qo Ha 3aMKHYTOM y4acTKe [ENH paBHA

A= §F.d = 0§ E- L.

(97.2)
PaznenuB (97.2) Ha Qo, MOTydnM BBIpaKEHUE JJIA 3. 1. C., ICUCTBYIOIICH B IIETIH:

E= §E.d,

T. €. 3.11.C., ICUCTBYIOIIAsA B 3aMKHYTOU IIE€NTH, MOXKET OBITH OMpe/esieHa KaK IUPKYJISIUS BEKTOpa
HaAMPSKEHHOCTH TM0JIS CTOPOHHMX CHIL. J.J1.C., IeHCTBYIoMas Ha ydacTke 1—2, paBHa

2
£ = [ Endl.
1

(97.3)
Ha 3apsin Qo mOMHMO CTOPOHHUX CHJI JIEHCTBYIOT TAK)Ke CHIIBI AJIEKTpocTaTHdecKoro mois Fe=QoE.
Taxum 00pa3oM, pe3yabTHPYOIIAs CHia, JeHCTBYOMAs B enu Ha 3apsia Qo, paBHa

- -

PaboTa, coBepiaeMas pe3ynbTupyroniei cuinoi Haa 3apsaaom Q0 Ha yyactke 1—2, paBHa
2

2
Az = Qo [ Ec; dl + Qg [ EdL.
1

1
Hcnonw3ys Beipakenus (97.3) u (84.8), MmoxxeM 3anucaTh

Ap=00 E2+ Qo (01— 02). (97.4)

Jns 3aMKHYTOH Lienu paboTa >JIEKTPOCTATUYECKUX CUII PaBHA HyIO (cM. 83), M0STOMY B JaHHOM
ciydae A=0o & 1.

Hanpsokennem U Ha ydactke 1—2 HaspiBaeTcsi ¢u3nyeckas BeIMUYMHA, Ompenensemas paboToid,
COBEpIIAeMON CYMMApHBIM TOJIEM JIEKTPOCTATUYECKUX (KYJIOHOBCKHUX) M CTOPOHHMX CHJI MpHU
MepeMeIeHU eTMHUYHOTO TOJIOKUTENBHOTO 3apsiia Ha IaHHOM ydacTke enu. Takum oOpazom,
cornacHo (97.4),

Un=@1—¢:+ & na.

Ilonsatue HAIPsSDKCHUS ABJISACTCA 0606IH6HI/ICM NOHATHA PA3HOCTU NOTCHHOHUAJIOB: HAIIPAXKCHUC HaA
KOHIaX y4JacCTKa LCIHU PABHO PAa3HOCTH IMOTCHIMUAJIOB B TOM ClIydac, €CJIM Ha 3TOM Y4YaCTKE HC
HeﬁCTByeT 9.,[[.0., T. €. CTOPOHHHEC CHUJIbI OTCYTCTBYIOT.
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3. 3akon Oma. ConporuB/ieHHEe TPOBOJHUKOB

Hemeuxwii pusuk I'. Om (1787;—1854) skcriepuMeHTalbHO YCTAaHOBMII, YTO CHJIa ToKa |, TeKyiero
[0 OJHOPOJHOMY METATMYECKOMY NMPOBOJHHKY (T. €. MPOBOJHUKY, B KOTOPOM HE JEHCTBYIOT
CTOPOHHHE CHJIBI), POMIOPIHOHAIbHA HANIpspKeHHI0 U Ha KOHIIaX MPOBOTHUKA!

I=UJR,
(98.1)

rae R — anekrpudeckoe conpoTUBIEHUE NPOBOIHUKA. Y paBHeHHE (98.1) BeipaxkaeT 3akoH OMa 1u1d
ydyacTka menmu (HE COJEpXAallero HCTOYHMKA TOKa): caja TOKa B IIPOBOJHHUKE IIPSIMO
MIPONOPIMOHATIFHA TPUIIOKEHHOMY HAIPSHKEHHUIO M 00PaTHO MPOMOPIMOHAIEHA COTIPOTUBIICHHUIO
npoBoaHuka. ®opmyina (98.1) no3BoJigeT yCTaHOBUTH €IMHULLY CONPOTUBIEHUS — oM (Om): 1
OM — conpoTHBIICHHE TAKOTO MPOBOJHHUKA, B KOTOPOM IpH HanpspkeHnu 1 B Teyet mocTossHHbII
Tok 1 A. Bennuuna

G=1/R

HA3bIBACTCS YJIEKTPUUECKOii MPOBOIMMOCTHIO NPOBOAHMKA. EQMHUIIA TPOBOIUMOCTH — CHMEHC
(Cm): 1 CM — mpoBOAMMOCTD y4acTKa dJIEKTPUUECKOU 1ernH conpoTuBieHrueM 1 OM.

ComnpoTuBJIeHNE TPOBOJHUKOB 3aBHCUT OT €ro pa3MepoB M (OpMBI, a Takke OT MaTepuaia, u3
KOTOPOTO TPOBOJAHUK U3TOTOBIIEH. [1JIs1 OZTHOPOHOTO IMHEHHOTO TIPOBOTHHUKA COTIPOTURICHNE R
IPSIMO TIPOTIOPIIMOHATBHO ero uTuHe | 1 00paTHO MPOMOPIIMOHABHO MJIOIIAAN ero MOIePEYHOro
cedeHus S:

R 1
=p 5’
(98.2)

rie p — KOAPPHUIMEHT TMPOMOPIUOHATBHOCTH, XapaKTEepU3YIONIMKA MaTepuall MpPOBOJHHKA H
HA3bIBACMBIH Y/AEJbHBIM JJEKTPUYECKHM CONPOTHBJIEHHeM. EJWHWIA yIEeThbHOTO JIIEKT-
pUYECKOro conmpoTHBIeHUsT — oM-MeTp (Om-M). HaumeHbIIMM yHEeTbHBIM COMPOTUBICHHEM
o6manaror cepedpo (1,6-10°8 Om-M) n memp (1,7-10° Om-m). Ha mpakTike Hapsmy ¢ MeTHBIMH
MIPUMEHSIOTCS aIIOMUHKEBbIE TPOBOJA. XOTs aJlOMUHUI U UMeeT OoJIbIliee, YeM Me/lb, YIEIbHOE
conporusierne (2,6:10° Om-M), HO 3aTo 00NagaeT MeHbIIEH IUIOTHOCTHIO 110 CPABHEHHIO C
ME/IbIO.

3akoH OMa MOXXHO TIpeAcTaBUTh B auddepeHmanpHo ¢Gopme. IlomcrtaBuB BhIpaxeHUE IS
conpotusiienus (98.2) B 3akon Oma (98.1), momyaum

3)

U
Il

00 thhl =~
© | -

9
IJie BEJIMYMHA, 00paTHAs yIACTbHOMY COTIPOTHUBIICHUIO,
y=1/p
Ha3bIBACTCS Y/IeJIbHON YJIEKTPHUECKOil MPOBOIMMOCTHIO BEleCTBA NMPOBOAHUKA. Ee equHnma —
cumenc Ha MeTp (Cm/M). YuutsiBast, uto U/l = £ — HanpsHykeHHOCTb SJIEKTPUYECKOTO IMOJIS B
npoBoaHuKE, I/S = ] — muoTHOCTE ToKa, hopmyiy (98.3) MOXKHO 3amucath B BUZE
J=yE.
(98.4)

@ Y470 Takoe CTOpOHHWe CHNbI? KakoBa WX npu- @ MoueMy HaNPRXOHKe ABNABTCA OGOOLIOHHbIM
popa? ‘ NOHATHEM PASHOCTH NOTeHYWanoa?

@ B yem 3axnouaerca puanveckuii cMbicn anex- @ Kaxosa CBA3L MEXAY CONPOTHBNOHHOM W NPO-
TpoABMXYWeA cHnbi, AedcTeyoweh B uyenu? BOANMOCTLIO, YAGNLHLIM  CONPOTHBNEHNEM
HANPAXOHNAT PAIHOCTH NOTOHUNANORT n YRenLHo# NpoBOANMOCTLIO?

Tak kak B HU30TPOITHOM IMPOBOAHUKE HOCUTCIIM TOKa B Kax(noﬁ TOYKEC ABUXKXYTCA B HAIIPABJIICHUU
Bektopa E, To Hanpaenenus j u E coBnanarot. [Toaromy dopmyiy (98.4) MOKHO 3amicaTh B BUIE
j=7E.
(98.5)
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Bripaxkenue (98.5) — 3akon Oma B 1updepenuuanbHoM GopMe, CBA3BIBAIONININ INIOTHOCTh TOKA
B J1F000# TOYKE BHYTPH MPOBOJAHUKA C HAMIPSHKEHHOCTHIO AJIEKTPUUYECKOTO MOJIS B 9TOH JK€ TOUKE.
OTO COOTHOIIEHNUE CIIPABEAINBO U JJIs1 IEPEMEHHBIX HOJIEH.

OnbIT NOKa3bIBAET, YTO B IEPBOM IPUOIMIKEHUN U3MEHEHHUE YJIENBHOIO COIIPOTUBIIEHMS], @ 3HAUUT U
COIPOTUBIIEHUS, C TEMIIEPATYPOIl ONUCHIBAETCS TUHEUHBIM 3aKOHOM:

p=po (1+ar), R=Re (1 +ar),

rae pu po, R 1 Ro— cooTBETCTBEHHO y/1€/bHbBIE COPOTUBIEHUS M COIIPOTUBIICHNUS IPOBOIHUKA ITPU
tu 0°C,  — TemnepatypHblii K03Q(PHLIMEHT CONPOTUBJIECHMS, JJIS YUCTHIX METAJUIOB (TIpU HE
OueHb HM3KHX TeMIeparypax) Ommskuii k 1/273 K1 CrenosarensHO, TemmepaTypHas
3aBUCHUMOCTb COIIPOTUBIICHUS MOXKET OBITH IIPE/ICTABJICHA B BUJIE

R=aR,T,

rae 7 — TepMoJarHaMuYecKasi TeMneparypa.

KaugecTBeHHBIN X0 TEMIIEpaTypHON 3aBUCUMOCTH CONPOTHUBIIEHUS METAJlJIa IIPEICTABIECH Ha pPUC.
147  (xpuBas 1). BnocneactBuu ObII0 OOHApYXKEHO, YTO CONMPOTUBJICHHE MHOTHUX METaIOB
(manpumep, Al, Pb, Zn u ap.) u ux crutaBoB npu oueHb HU3KkHX Temmneparypax Tk (0,14—20 K),
Ha3bIBAEMBIX KPUTHYECKMMM, XapaKTEpHbIX JUISI KaXJO0ro BEIIeCTBA, CKauyKoOOpa3HO
yYMEHbIIaeTcss 10 Hyns (KpuBas 2), T. €. METAI CTAaHOBUTCS aOCOJIOTHBIM IPOBOJHUKOM.
BrniepBbie 310 sBIIeHUE, Ha3BAaHHOE CBEPXIIPOBOAMMOCTHIO, OOHapyxeHo B 1911 r. I'. Kamepnunr-
OnHecoM JUIst pTYTH. SIBJIEHHE CBEPXIPOBOJANMOCTH OOBSCHSIETCS Ha OCHOBE KBAHTOBOW TEOPUHU.
[IpakTHyeckoe UCIOIb30BAHUE CBEPXIPOBOAALINX MAaTEpUAIOB (B 0OMOTKAX CBEPXIPOBOIALINX
MarHuToB, B cHUcTeMax mamsath DOBM wu 1p.) 3aTpyiHEHO H3-3a UX HHM3KUX KPUTHYECKHX
TeMreparyp. B HacTosiiee Bpemsi OOHapyXeHbl W AKTUBHO HCCIENYIOTCS KepaMHYecKHe
MaTepuaisl, 001aaloUIe CBEPXIPOBOAUMOCTRIO TpH Temneparype Boime 100 K.

Ha 3aBrucHMOCTH 371€KTPUYECKOTO COMPOTUBJICHHS METAIJIOB OT TeMIIepaTypbl OCHOBAHO JAEHCTBHE
TEPMOMETPOB CONPOTHBJIEHHNA, KOTOpBIC IO3BOJIAIOT IO TIPagyUpPOBAHHOM B3aUMOCBS3H
COINPOTHUBIICHUS OT TEMIIEPATYPBI U3MEPATH TeMIIEpaTypy ¢ TouHOCThIO 10 0,003 K. TepmomeTpnl
COINIPOTHUBJIEHUS, B KOTOPHIX B KaueCTBE pabOYero BEIECTBA MCIOJbB3YIOTCS MOIYNPOBOIHUKH,
U3TOTOBJICHHBIE 10 CIIENMAIBHON TEXHOJIOTUH, HA3bIBAIOTCA TepMHCTOPaMH. OHHU MO3BOJISIOT
U3MEPATH TEMIIEPATYPBI ¢ TOYHOCTBIO 10 MAJUTMOHHBIX JT0JIEH KEJIbBUH.

R Pac. 147

2 ® B yem 3aKno4yaeTcs RBNEHWE CBEpPXNPOBOAN-
- MOCTH? KBKOBbI €ro NepPCneKTUBLI?
et - @ Ha 4em ocHOBaHO fleficTBME® TepPMOMEeTpPOoB Co-
Te K NPOTHBNEHNA?

’

4. Padora 1 MOIIHOCTH TOKA. 3akoH Jxoyass — Jlenna

PaccmoTpuM 01HOPOAHBIN TPOBOAHUK, K KOHIIAM KOTOPOTO MpUiIokeHo Hanpsbkenue U. 3a "Bpems
dt uepe3 ceuyenue mpoBoaHKMKA TepeHocuTcs 3apsaa dq=Ildt. Tak kak TOK mpeacTaBiseT coOOi
nepemenienue 3apsaaa dq moj AeiicTBUEM 3JIEKTPUIECKOTO MO, TO, 1o Gopmyste (84.6), paboTta
TOKa

dA=Udg=1IUdt.
(99.1)

Ecnu conpoTtuBnenue npoBogHuka R, To, ncnomib3ys 3akoH Oma (98.1), nonyuum
2

d4 = I’PRdt = —g-— de.
R (99.2)

N3 (99.1) u (99.2) cnenyet, 4TO MOIIHOCTH TOKA

P=d-f!-=- Ul = I’R = U*R.
dr (99.3)
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Ecnu cuna Toka Belpa)kaeTcsl B aMIiepax, HalpspKeHUE — B BOJIBTaX, COMPOTHUBIIEHHE — B OMax, TO
paboTa ToKa BeIpa)kaeTcs B JHKOYJISAX, @ MOIITHOCTh — B BaTTax. Ha mpakTHKe MPUMEHSIOTCS TaKKe
BHECHCTEMHBIE €JJMHULIBI paOOTHI TOKA: BaTT-4ac (BT-1) u kunosarr-uac (kBt-u). 1 Br-u — pabora
Toka MoIHOCTbI0 | BT B Teuenue 1 u; 1 Br-u=3600 Bt-c=3,6-10° /Ixc; 1 kBr-u=10° Br-u= 3,6-10°
k.

Ecnu Tox poXoauT 1o Henoodguchomy METAININYECKOMY ITPOBOJIHUKY, TO BCS paboTa TOKa UIET Ha
€ro HarpeBaHMue U, 110 3aKOHY COXPAaHEHUS SJHEPTUH,

dg=a4. (99.4)

Takum oOpazom, ucnob3yst Beipakenus (99.4), (99.1) u (99.2), noryuanm

U
dQ = IUdt = I*Rdt = — dt.
0 R (99.5)

Beipaxxenue (99.5) mpencrasiasier coboil 3akoH Ixoyns—JleHna, skcneprMeHTanbHO YycTa-
HOBJIEHHBIN He3aBHCUMO Jpyr oT apyra Jx. xoyinem u 3. X. Jlenuem. *
* 9. X. Jlenr (1804—1865) — pycckuii Gpusuk.

BbiienniM B MPOBOAHMKE d3JEMEHTapHbIM IauHapudeckuin odbem dV=dSdl (ock mmmmHApa

dl
COBIaJIaCT C HaNpaBICHNEM TOKa), CONPOTHBIICHHE KOToporo R=p = Tlo saxony Jikoyns —
Jlenna, 3a BpeMs dt B 5ToM 00BbEME BBLIEIUTCS TEILIOTA
1
dQ = PRt = % Jod)-dt = pjtdvde.

KommuectBo TCIUIOTHI, BBIACIIAIOMICCCA 3a C€AWHHUINY BPEMCHHU B CIAWHUIC 061)eMa, Ha3bIBACTCA

yAeJbHOH TENJI0BOi MOIIHOCTHIO TOKa. OHA paBHA
22

CwW=pjn. (996)
Hcnons3ys auddepennunansuyio popmy 3akona Oma (j=yE) u cootHomiecHune p=1/y, moayanm
w=/E=yE> (99.7)

®opmyinbr (99.6) u (99.7) sBiusroTcst 0000IIeHHBIM BhIpakeHHeM 3akoHa Jkoyas—Jlenna B
auddepeHuAIbLHOI (popMe, TPUTOTHBIM /IS TFOOOTO TTPOBOTHUKA.

TenoBoe AeiicTBHE TOKa HAXOAUT MIKPOKOE MPUMEHEHHE B TEXHUKE, KOTOPOE HAYaJI0Ch C OTKPBITUS
B 1873 1. pycckum umxenepom A. H. Jlogpruasim (1847—1923) nmammbl HakanmuBauus. Ha
HarpeBaHWU TMPOBOJHUKOB DJEKTPUUECKUM TOKOM OCHOBAaHO JCMCTBHE AIIEKTPUYECKUX
MyGenbHBIX TeUeH, AEKTPUIECKON ayru (OTKphITa pycckuMm umkeHepom B. B. ITlerpoBbiM
(1761—1834)), KOHTAKTHOMH 3JEKTPOCBAPKH, OBITOBBIX 3JIEKTPOHAIPEBATEIBHBIX MPHOOPOB U T.
1.

5. 3akon Oma ISl HEOTHOPOJIHOT0 YYACTKA HeNu

MBp1 paccmaTpuBainu 3akoH Oma (cM. (98.1)) i 0 JHOPOJHOTO YUacTKa IETH, T. €. TAKOT0, B KOTOPOM
HE JEBCTBYET 3.4.C. (HE NEHCTBYIOT CTOPOHHHE CHIIbI). Temepb pacCMOTPUM HEOAHOPOIHBINH
Y4acTOK IWenH, rie [eHCTBYIOLIyI0 3.1.c. Ha ydactke 1—2 oOo3HaunM uyepe3 Eyp, a

MPUJIOKCHHYIO Ha KOHIIAX y4acTKa pa3HOCTh MOTCHIIMAIOB — Yepe3 g1 —@p.
Ecnu Tok mpoXoauT MO HenoodguscHuiM MPOBOJHUKAM, 00paszyromuM ydactok 1—2, to pabota A1z
BCEX CHJI (CTOPOHHMX U 3JICKTPOCTATHUECKUX), COBEpIIacMasi HaJl HOCUTEISIMUA TOKa, MO 3aKOHY
COXpaHEHHUS U MpeBpalleHNs YHEPTUH paBHA TEIUIOTe, BRIIEISIONIEica Ha yyacTke. PaboTta cuu,
coBeplaemast pu nepemerenuu 3apsaa Qo Ha yyactke 1—2, cornacho (97.4),
Ajz=0o Ei2+ Qo (91— 02
(100.1)

D.n.c. Ep,  Kak W cuwna Toka |, — BenuumHa ckanspHas. Ee HeoOxoaumo OpaTh nubo ¢
MOJIOKUTETBHBIM, JHOO C OTpHUIATETbHBIM 3HAKOM B 3aBUCUMOCTH OT 3HaKa paloThl,
COBEpIIaeMOl CTOPOHHMMHU CuiIaMH. Eciu 3.11.C. cOCOOCTBYeT ABMXKCHHIO TMOJIOXKHTEIBHBIX
3aps0B B BBIOpAaHHOM HampaBieHun (B HampaBieHuun 1—2), to Ep, > 0. Ecmm »a.a.c.
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MPEMSATCTBYET JBUKEHUIO IOJIOKUTENBHBIX 3apsAA0B B JaHHOM HAlpaBlICHUH, TO Eg, < 0. 3a

BpeMsi t B MpOBOHUKE BbIIEsIETCS TerioTa (cm. (99.5))
Q = I*Rt = IR (I) = IRQ,.

(100.2)
N3 dpopmymn (100.1) u (100.2) nomyanm
IR=(g;— @)+ En, (100.3)
OTKyJia
1= —@+ &2
R (100.4)

Beipaxenue (100.3) wim (100.4) mpeacrapiser coboii 3akoH OMa JIst HEOTHOPOIHOTO yJacTKa [eTn
B MHTErpaibHON (opMe, KOTOPBIH SIBIsIETCSl 00001IEHHBIM 3aKOHOM OMa.

Ecnan Ha 1aHHOM y4acTKe LENU MCTOYHHMK TOKA OTCYTCTBYET (512’ =0), To u3 (100.4) npuxoaum K

3akoHy OMa Juist 0JJHOPOTHOTO y4yacTka menu (98.1):
I=(p,—¢2)/R=U/R

(Ipu OTCYTCTBHM CTOPOHHUX CHJI HamlpsHKEHHE Ha KOHIAX y4acTKa PaBHO Pa3HOCTH MOTEHIMAJIOB
(cm. 97)). Ecnu ke snexTpudeckas 1ernb 3aMKHyTa, TO BhIOpaHHBIE TOYKH | U 2 COBMAJaroT,
¢1=¢2; rorna u3 (100.4) mosyyaem 3akoH OMa A7l 3aMKHYTOH LIENU:

I= E/R,

rae € -a.1.c., neifcTByromas B enu, R — cymMmMapHOe conpoTuBIeHue Beeld enu. B obmiem ciydae
R=r+R1, rne r — BHyTpeHHEE CONPOTUBIECHNE UCTOYHUKA TOKa, R1—conpoTuBinenne BHEMIHEN
uenu. [Tostomy 3axkon Oma Juist 3aMKHYTOH 11enu OyJeT UMETh BU/T

I= E/(r+R).
Ecnu nens pazomkHyTa 1, ciaeaoBarenbHo, B Hell Tok oTcyreTByeT (I = 0), To 3 3akona Owma (100.4)

MOJIy4YUM, YTO s =@l—2, T. €. 3.1.C., ICUCTBYIOIIAsE B PA30MKHYTOM IIETH, PaBHA Pa3HOCTH
MOTEHIIMAJIOB Ha ee KoHIaX. ClenoBaTenbHO, AJIs TOr0 4TOObI HAWTH 3.1.C. ICTOUYHHKA TOKa, HAJI0
M3MEPUTH Pa3HOCThH MOTEHIIMAIIOB Ha €T0 KJIIEMMax MPHU Pa30MKHYTOU LEMH.

6. IIpaBusa Kupxroda 1 pa3BeTBJIEHHBIX 1enei

O6006mennbIi 3ak0oH OMa (cMm. (100.3)) mo3BOISAET paccUnTaTh MPAKTHICCKH JTFOOYIO CIIOXKHYIO IIETTh.
OpaHako HEeNnoCpeACTBEHHBIN pacyeT Pa3BETBICHHBIX LENel, coAepKaluX HECKOIbKO 3aMKHYTHIX
KOHTYpPOB (KOHTYpbl MOTYT HMETh OOIME Yy4acTKH, KaXIblH K3 KOHTYPOB MOMKET HMETh
HECKOJIbKO MCTOYHHKOB TOKA U T. [I.), JOBOJIBHO CIOXEH. JTa 3a/1a4ya pemiaerca 6osee IpocTo C
oMo1IIIbIo ABYX npaBuJ Kupxroga.™

*I". Kupxrod (1824—1887) — nemenkuii GpusuK.

JIro6as Touka pa3BeTBIICHUS IEMH, B KOTOPOHM CXOIUTCS HE MEHEEe TpeX MPOBOJHHUKOB C TOKOM,
HasbIBaeTcsl y3naoM. [Ipu 3TOM TOK, BXOISIIMI B y3€l, CYMTAETCSA MOJIOKUTEIbHBIM, a TOK,
BBIXOISIINIA U3 y3J1a, — OTPULIATEIILHBIM.

IlepBoe npaBuio Kupxroga: anredbpandeckas cymMMa TOKOB, CXOSIIUXCS B y3J1€, paBHA HYIIO:

Y I=0.
k

Hamnpumep, ais puc. 148 nepBoe npaBuio Kupxroda 3anumiercs Tak:
I|—11+13—I4—15=0.

IlepBoe mnpaBuno Kupxroda BbITEeKaeT U3 3aKOHA COXpPAaHEHUS AIEKTPUYECKOTO 3apsia.
JIeHCTBUTENBHO, B Cllydae YCTAHOBUBUIETOCA MOCTOSIHHOTO TOKA HU B OJHOM TOUYKE MPOBOHUKA
Y HU Ha OJHOM €0 y4acCTKE He JOJKHBI HAKaIIUBAThCs DJIEKTpUUYECKUE 3apsAibl. B mpoTuBHOM
cllydae TOKM He MOTJIM ObI 0CTaBaThCS TIOCTOSTHHBIMHU.

Bropoe mpasuno Kupxroda nomyuyaercst u3 06001meHHoro 3akona OMa ajs pa3BeTBICHHBIX LETei.
PaccMoTpuM KOHTYp, cocTosIui U3 Tpex ydacTkoB (puc. 149). Hampasnenue 06xo/1a o 4acoBoi
CTpeJKe MPUMEM 3a MOJIOKHUTEITbHOE, OTMETHB, YTO BBIOOpP STOTO HAMPABJICHHS] COBEPIICHHO
mpou3BoJieH. Bce TOkH, cOBMamaromye MO HaMpaBICHHIO C HampaBlieHHEM 00Xo/a KOHTYpa,
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CUHUTAIOTCA MOJIOKUTCIIbHBIMU, HC COBIIAJAIOIUC C HAIIPABJICHUCM 06x0):[a — OTpHULATCIbHBIMU.
WcTtoyHukun TOka CcUHUTAIOTCSA IOJIOXKUTCIBbHBIMH, €CJIM OHH CO34aI0T TOK, HaHpaBHeHHBII;'I B
CTOpOHY 00x0aa KoHTypa. [IpumMensis k yaactkam 3akoH Oma (100.3), MOKHO 3anucarh:

hRi=@4—@st+ €,
~LR;=pp—9c—E 3,
LRy=@c—@4+ E 3.

Iy

' . /E\ :
¥ | tﬂ%ft Rl
1 2172142
A c
Is -

2 ‘ L1 R5. 07 4
Pac. 148 Pac. 149
CkiazpiBast MOWIEHHO 3TH YPaBHEHMSI, TOTYyYUM
LR —LR;+LRy= E,—E ;4 B 5
(101.1)

VYpasuenue (101.1) Beipaxkaer BTOpOoe mpaBujo Kupxroda: B 11000M 3aMKHYTOM KOHTYpE,
MIPOM3BOJILHO BBHIOPAHHOM B Pa3BETBJIEHHOM 3JEKTpUYECKOW Lienu, ainredpandeckas cymMma
MIPOM3BEACHUN CUII TOKOB |i Ha conmpoTuBiIeHUs Ri COOTBETCTBYIOIKUX YYaCTKOB 3TOTO KOHTYpa
paBHa anreOpanyecKoi CymMme 3.1.C. , BCTPEYAIOLIUXCS B 3TOM KOHTYpE:

YIR=) T

i k
(101.2)

[Tpu pacyere CIIOKHBIX IIETIEH MOCTOSTHHOTO TOKa ¢ MpUMeHeHneM TpaBwil Kupxroda HeoOxoaumo:

1. BwiOpaTh npouzsonbHoe HaNpaBlieHHE TOKOB Ha BCEX YYacTKax IICMH; JCHCTBUTEIBHOE
HaTpaBJICHUE TOKOB ONpEACISCTCS NPU PENICHUH 3aJaHHus W BOIPOCHI: €CIIM HCKOMBIA TOK
MOJTYYHTCS TIOJIOKHUTEIBHBIM, TO €r0 HallpaBJeHHE ObIJIO BBIOPAHO MPAaBUIIBHO, OTPHUIIATEIEHBIM
— €ro UCTUHHOE HaIPaBJICHHE IPOTHBOTIOI0XHO BHIOPAaHHOMY.

2. BpiOparp HampaBiieHHE 00X0Ja KOHTypa W CTPOTO €ro NpHACpKUBAThCs; MpomsBeneHue IR
MOJIOKUTEITFHO, €CITU TOK Ha JJaHHOM y4acTKe COBIAJAET C HalpaBlieHHeM 00X0/a, U, Ha00opoT,
3.1.C., NEHCTBYIOIIME TO BBIOPAaHHOMY HAIPABICHHIO 00XO0/a, CYMTAIOTCS TOJIOKUTEIBHBIMH,
MPOTHB — OTPHIIATEIIEHBIMHU.

3. CocTaBHUTh CTOJIBKO YpaBHEHHH, YTOOBI MX YHUCIO OBLIO PAaBHO YKMCIY MCKOMBIX BEIUYMH (B
CHCTEMY YpPaBHEHUH JTOJDKHBI BXOJHUTH BCE COMPOTHUBIICHUS W 3.].C. paCCMaTPUBAEMOU IEIH);
KaX/Iblii paccMaTpyBacMbIii KOHTYpP JOJDKEH COJEpKaTh XOTS OBl OJWH JJIEMEHT, HE
COJICp KAIUICS B IPEBIAYIINX KOHTYpaxX, HHA4Ye MOJTY4aTcsl YPaBHEHHUS, SIBISTIONIHECS MPOCTON
KOMOMHAIUEH y)KE COCTABIICHHBIX.

B kadecTBe nmpumMepa ucrnosib3oBanus npasmwi Kupxroda paccmorpum cxemy (puc. 150) usmepurens-
Horo mocra YurcroHa.* ComporusieHus Ri, Rz, Rz u R4 obpasyror ero «mwieun». Mexnay
ToukaMu A ¥ B MocTa BKiItoueHa 6arapes ¢ 3.1.c. & U cOnpoTuBIeHUEM I, Mex 1y Toukamu C u
D BriroueH rajmpBaHOMeETp C comnpotuBieHHeM Rg. s y31moB 4, B u C, npuMeHss nepBoe
npaBuio Kupxroga, mosryanm

LI —I=0, L+h—1,=0, I} —I—I=0.
(101.3)
s xoutypoB ACBA, ACDA u CBDC, cornacao Bropomy npasmity Kupxroda, MoOxKHO 3anicath:
Lr+ IR +LRy= &, IR +IGRG—I4R4=0, LRy—I3R3—IGRG=0.

(101.4)

* Y. Yurcron (1802—1875) — anrnuiickuii Gpusuk.
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Pac. 150

® Buibegute 3akoHn Oma n [xoyns — JleHya
B AnddepeHuynansHoi opme.

® B u4em 3aKknouaeTcR HU3MYECKMA CMbICT
YAGNLHOA TeNNOBOA MOWHOCTH TOKa?

@ Npoananvanpyite oGobweHHbIR 3akoH Oma.
Kakue 4acTHbie 3aKOHBI MOXHO M3 Herc nony-
YHTL?

® NoacHnTe pr3nyecknit CMbICN INEKTPOABNIXY-
WeR CunLl, PA3HOCTM NOTEHUMANOB W HanpA-
JKOHWA HA YHACTKe INeKTPUYecKOd Lenu.

Ecnu u3BecTHBI BCe COMPOTUBIICHUS W 3.J.C., TO, pelias MOJy4deHHBIE IEeCTh YPAaBHEHHM, MOXHO
HaWTU HEW3BECTHhIE TOKU. V3MeHss u3BecTHhIe conpoTuBiieHus Ry, Rz u R4, MOkHO moOuUThCS
TOT0, YTOOBI TOK uepe3 rajpBaHoMeTp Obu1 paBeH HyIO (I = 0). Toraa u3 (101.3) Haiigem

h=0h, L=,
(101.5)

a u3 (101.4) nomyunm
I|R| = I4R4, Isz-lgkg.

(101.6)
N3 (101.5) u (101.6) BBITEKAET, YTO
Ri Ry RyR4
— m-— . HIH Rl-—.
Rs Ry
(101.7)

Taxum oOpazom, B cirydae papHOBecHOTO MocTa (I = 0) mpu onpeneneHrn HICKOMOTO COTTPOTHUBIICHHUS
R1 »3.4.c. GaTapen, conpoTHBIIeHUs OaTapeu U rajJbBaHOMETpa POJIM HE UTPAIOT.

Ha npaktuke 0ObIYHO UCTIOJIB3YeTCS PeOXOPAHBbIH MOCT YuTcToHa (puc. 151), rae conpoTuBieHus
Rs u Rs mpencraBnsitor co0oil UIMHHYIO OTHOPOJHYIO TPOBOJIOKY (peoxopna) ¢ OOJbITUM
YIEIbHBIM COMPOTHUBICHHEM, TaK 4TO OTHOIICHHE R3/Rs4 MOkHO 3ameHHTH OTHOIIEHHEM l3/la.
Torna, ucnonb3ys Beipaxkenue (101.7), MoxkHO 3amucaTth

Ry=Ry A
L

(101.8)
Jumunst |3 u s nerxko m3mepsirores mo mikane, a R Bcerga m3Bectho. ITostomy ypaBuenue (101.8)
MIO3BOJISIET OMPEIENIUTh HEU3BECTHOE CONPOTHBIIEHUE R1.

Puc. 151

Y ;D & .@ KakvuMn onsitamu Gbina BbIACHeHa Npupofa
) HOCHTeneR 3NeKTPMHYEecKOoro Toka 8 metannax?
R @ Kakoeb ocHOBHbie uaen Teopnk [pyne — Jflo-
A 4 fis B peHya?

T - ® Kak copmynupyiotca npasuna Kupxroga? Ha

1y Is 4YeM OH¥ OCHOBAHBLI?
- @ Kak cocTasnsioTcA ypaBHeHWA, Buipaxaioilye

npaeuna Kupxroca?

3agaHust 1 BONPOCHI

1. Tlo MeHOMY MPOBOJHMKY cedeHHeM 1 MM? TedeT TOk; cuia Toka 1 A. OmpenenuTh CPemHIo
CKOPOCTh YIMOPSJIOYCHHOTO JIBUKCHHS DJICKTPOHOB BJIOJIb MPOBOJHMKA, MpEIIojaras, 4To Ha
KKIBIH aTOM MeIM MPUXOAUTCS OJMH CBOOOMHBIH 2nmekTpoH. IInotHocts Menu 8,9 r/em®. [74
MKM/C]
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2. OnpenenuThb, BO CKOJIBKO pa3 BO3PACTET CUJla TOKA, MPOXOSAIIETO Yepe3 IUIATHHOBYIO MeUb, €CITU
IpU TIOCTOSHHOM HAIPsDKEHUHM Ha 3aXHMax ee TemmepaTypa moBbimaercs ot t1=20°C no
t2=1200°C. TemneparypHblii KO3QPUINEHT CONPOTUBICHUS IUIATUHBI IPUHATH paBHBIM 3,65-10~
3K [B 5 pa3]

3. ITo menHOMY TIpoBOY ceueHneM 0,3 Mm? Teder Tok 0,3 A. OnpenenuTh Cuily, JeHCTBYIONIYIO Ha
OTJeNIbHBIE CBOOOIHBIC AIEKTPOHBI CO CTOPOHBI AJIEKTPUIECKOTO OIS, Y IEIbHOE COTIPOTUBIICHHE
memu 17 HOM-M. [2,72-1072! H]

4. Cuna Toka B mpoBoiHUKe conpoTuBiaeHueM 10 Om paBHomepHO yobiBaeT ot lo=3 A mo 1=0 3a 30
c. OnpenenuTh BBIJCIUBIIEECS 32 3TO BpEMsI B MPOBOJHUKE KOTUYECTBO TEIUIOTHL. [900 [Ix].

5. I1IOTHOCTB SIEKTPUYECKOTO TOKA B aTIOMMHHEBOM IIPOBOJIE paBHA 5 A/cm?. OnpeaenuTs yaelb-
HYIO TEIUIOBYIO MOIIHOCTh TOKa, €CIIM YJEeIbHOE CONpPOTHUBICHHE amtoMHHUsA 26 HOM-M. [66

T/ (vP-c)]

6. OnpenenuTh BHYTpEHHEE CONMPOTUBIICHNUE I ICTOYHUKA TOKA, €CJIM BO BHEIIHEH IIETIH TP CUIIe
TOKa [1=5 A BeImensercst MmomaOCTh P1=10 BT, a mpu cuie Toka 1:=8 A — momHocTh P2=12
Br. [0,17 OM]

7. Tpu ucrounuka Toka c 3.1.c. E1=1,8 B, Ex=1,4 B u Es=1,1 B coeanHeHsl HaKOPOTKO OJIHO-
MMEHHBIMH M0JIIocaMi. BHyTpeHHee conpoTuBieHne nepBoro uctoynuka ri=0,4 Om, BToporo —
r,.=0,6 OM. OnpenenuTh BHyTPEHHEE COMPOTUBIIEHNE TPETHETO UCTOYHUKA, €CIIM Yepe3 MEePBBIH
nucrounuk uaet Tok 11=1,13 A. [0,2 Om]

Crnncok Jiureparypsbl

1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DneKTpoHHBIN pecypc] : yueOHOe ocoOue is
CTYJCHTOB BBICIINX YIeOHBIX 3aBEICHUH, 00YJIArOIINXCS TT0 TEXHHYECKAM HAIPABJICHUSIM
noAroToBku U cnenuansHoctsM / B. U. bapcykos, O. C. ImutpueB. — DIIEKTPOH. TEKCTOBBIE
nanHbie. — Tam00B : TaMOOBCKHIT rocymapcTBEeHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryma: http://www.iprbookshop.ru/63918.html

2. 3ro03uH, A. B. ®usnka. Mexanuka [ DIeKTpOHHBIN pecypc] : yaeOHoe mocobdue st By30B / A.
B. 3to3un, C. b. Mockosckuii, B. E. TypoB. — D5eKTpOH. TEKCTOBbIE JaHHbIE. — M. :
Axanemuuaeckuit [Tpoekrt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. Y. ®usnka : yueOHUK : I CTYIGHTOB BY30B, 00yJaIONIUXCs MO TEXH. HaIp.
noarotoBku / T.U. Tpodumosa. - 2-¢ u3., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
un. - (Beicmee npodeccuonansHoe oopasoBanue) (bakanaBpuar). - [IpenM. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc ¢husuku ¢ npumepamu pemenus 3a1ad: B 2-x T. : yaeonuk / T.H.
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.U., ®upcoa A.B., CoopHuk 3a1a4 1o Gpusuke- 2-e U31., nepepad. u Aom. -
Mocksa : Akagemus, 2013.

INPAKTHYECKOE 3AHATHE Ne 12 SJIEKTPUYECKHUE TOKHU B METAJIVTAX,
BAKYYME U T'A3AX

Henb-3akpenuTh U3yYCHHBIN MaTepual Mo TeMaTuke «IEeKTpUUecKre TOKU B MeTalljlaX, BaKyyme
U raszax. OJEMEHTapHas KJIacCU4yecKas TEOpUsl DIIEKTPOINPOBOJHOCTH METAIIIOB. BbIBOA
OCHOBHBIX 3aKOHOB JJIEKTPUYECKOTO TOKAa B KIACCUYECKOW TEOPUH AIEKTPONPOBOJAHOCTU
METAaJIOBY.

OcBanBaemMble KOMIIETCHIIMH B PE3yJIbTaTe MPOBEACHMS MPAKTUUECKOTO 3aHATUSA YyKa3aHbl B
nyHkTe «O01Ire CBeeHH

AKTYaJIbHOCTh NMPAKTHYECKOT0 3aHATHA — 3aKPENUTh MOJYyYEHHBbIE TEOPETUUYECKUE 3HAHUS U
BBIPA0OTATh HABBIKM M YMEHHS MPAKTUUYECKOTO PEIISHHS 3a/1a4, B TO YHUCIIE U CAMOCTOSTENBHO.

3HaTh:
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-OCHOBHBIE ITpaBWiIa AJ1s1 00pabOTKHU pe3ysIbTaTOB 3KCIIEPUMEHTA;

-0a30BbIE METOJIbI UCCIIEIOBATENBCKON AEATEIBHOCTH.

Ymersn:

-IPOBOANTE 00pabOTKy MH(pOpPMAMU C HCHOJIH30BAHUEM MPUKIAJHBIX HMPOTPAMMHBIX CPEICTB
cepsl

podecCHOHABHON IeATEIFHOCTH;

-IIPUMEHSTH 0a30BBIE METOIBI MICCIIEIOBATEIHCKON IEITETLHOCTH B padOTe HaJl MHHOBAIMOHHBIMHU

MIPOEKTaMH IO HAIPaBICHUIO « TeXHOIOrHIeCKHe MAIMHBI U 000PYAOBaHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON JESITEILHOCTH IIpU paboTe HaJl IPOEKTaMu;

- MOHMMaHWEeM CYIIHOCTH W 3HaueHHWs WHQPOPMAlMUd B PAa3BUTHH COBPEMEHHOTO OOIIEeCTBa,
CIIOCOOHOCTh

mojyyaTb U 0o0pabarTbiBaTh HMHQOpPMAIMIO U3  PAa3IUYHBIX HMCTOYHMKOB, TOTOBHOCTH
UHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHoiornyeckue

MaIlIUHBI ¥ 000PYI0BaHUSI.

PeanmyeMMe KOMIICTCHIIUHU

IIK-4 ciocoOHOCThIO y4aCTBOBATh B pa0OTe HaJl NHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJB3Ysl 0a30BbhIC
METO/IbI HCCIIEI0BATENbCKOM e TENIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HA4€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTBIO MOJTyyaTh U 00pabaThIiBaTh HHGOPMAIUIO U3 PA3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
UHTEPIPETUPOBATH, CTPYKTYPUPOBATh U 0(OPMIISTH HHPOPMAIMIO B TOCTYITHOM JUISI IPYTHX BUE

Teopernyeckas 4acThb
1. DieMeHTapHasi KJlaccH4ecKasi TeOpHs 3J1eKTPONPOBOIHOCTH METAJLIOB

HocutensMu Toka B MeTaiuiax siBJISIFOTCSI CBOOOTHBIE SJIEKTPOHBI, T. €. AIEKTPOHbI, Cl1a00 CBS3aHHBIE
C HOHAMU KPUCTAJUNIMYECKON PEHIETKH METaJljla. DTO MPEACTaBICHHUE O IPUPOJI€ HOCUTENEH TOKA
B MeTa/Jlax OCHOBBIBAETCS Ha JJIEKTPOHHON TEOpUHM NPOBOJAUMOCTH METAJJIOB, CO3JIaHHOM
HemenkuM ¢usukom 1. Ipyne (1863—1906) u pazpaboTaHHON BIOCIIEICTBUHN HUJIEPJIAHICKHM
¢uzuxom X. JIopeHiieM, a Takke Ha pAJE KIACCUYECKUX OTBITOB, MOATBEPHKAAIOMINX MMOJI0KEHHUS
AIIEKTPOHHOU TEOPHUH.

[TepBrIit U3 Takux OoNbITOB — oNbIT Pukke* (1901), B KOTOPOM B TE€UEHHE T'0/1a AIEKTPUIECCKUN TOK
MPOITyCKaJICA 4epe3 TPU IOCIEA0BATEIbHO COCOUHEHHBIX C TIHIATENBHO OTHLIM(OBAaHHBIMU
TopriaMu Metaumueckux muwiuaapa (Cu, Al, Cu) oxuHakoBoro paamyca. HecMoTpst Ha TO 4TO
001muiA 3apsi, MPOIICANINN Yepe3 3TH MWIMHJIPHI, JOCTHTa]l OTPOMHOTO 3HAYCHUS (~3,5~106 Kun),
HUKAKHX, Ta)kKe MUKPOCKOTIMYECKUX, CIIEJ0B MEPEHOCa BEIIECTBA HE OOHAPYKUIIOCH. JTO SIBUJIOCH
AKCMEPUMEHTAJIbHBIM J0KA3aTEIbCTBOM TOTO, UTO MOHBI B METAJUIaX HE y4acTBYIOT B MEpeHOCE
AIIEKTPUYECTBA, a IEPEHOC 3apsa B METalllaX OCYLIECTBIISETCS YaCTUIIAMHU, KOTOPBIE SBIISIOTCS
oOLIMMH 7151 BCeX METauIoB. TakuMu 4acTUllaMU MOTJIM ObITh OTKPBITHIE B 1897 I. aHrMiicKUM
¢uzukoMm J1. Tomconom (1856—1940) sneKTpOHBI.

*K. Pukke (1845—1915) — Hemenkwuii Gu3uK.

Z[J'ISI AO0Ka3aTeJIbCTBa 3TOTO MNPCAIIOJIOKCHUSA HeO6XO,Z[I/IMO OBLIO OIPEACIINTE 3HAK W BCJIMYUHY
YACIBHOTO 3apsiaa HOCHUTEIEH (OTHOH_IGHI/IC 3apsia HOCHUTCIS K €Tro MaCCC). Hnes HOI[06HBIX
OIIBITOB 3aKJIIFOYaJIaCh B CICAYIOIMIEM: €CJIM B METAJJIC UMCIOTCS ITOJABUKHBIC, c1a00 CBSI3aHHBIC C
pemeTKoﬁ HOCHUTCIIN TOKA, TO IIPU PE3KOM TOPMOKCHHUU IMPOBOAHHKA 3THU YACTHUILIbI JOJIKHBI 110
HHCPpIUU CMCHIATHCA BIICPC, KAK CMCHIAIOTCA BIICPC MMACCAXKUPBI, CTOALIUC B BArOHC IIpU €ro
TOPMOIKCHHU. PCSYJ'IBTaTOM CMCHICHUA 3apsAa0B JOJUKCH OBITh HUMITYJIBC TOKA; IO HAITPaBJICHHUIO
TOKa MOJKHO OIIPCACINUTH 3HAK HOCHUTENeH TOKa, a 3Has pasMEpbl U COIMPOTUBJICHUC ITPOBOAHUKA,
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MO>KHO BBIYMCIIUTH YAEIbHBIN 3apsia Hocuteneil. Mnes 3tux oneitoB (1913) u ux xauecrBeHHOE
BOIUIOIIEHHE MpHUHAIeKAT poccuiickuM ¢usukam C. JI. Manpensmramy (1879—1944) u H. 1.
[Mamanekcu (1880—1947). Otu ombitel B 1916 . ObUIM yCOBEPIICHCTBOBAHBI M IMPOBEICHBI
amepukanckuMm (usukom P. Tommenom (1881—1948) u panee moTimanackum ¢usukom b.
Crroaptom (1828—1887). Imu sKkCriepUMEHTANIBHO JIOKA3aHO, YTO HOCUTENM TOKa B METajliax
UMEIOT OTPHUILATENbHBIA 3apsil, a UX YIACJIbHBINA 3apsii NpUOIM3UTENIBHO OJMHAKOB JJIs BCEX
UCCIIEI0OBAaHHBIX MeTaJIOB. [10 3HAaUeHHIO YAETBbHOTO 3apsaa HOCUTENEH AIEKTPUUYECKOrO TOKa U
[0 omnpeAeneHHOMY paHee P. MWIMKEHOM 3JIEMEHTapHOMY JJIEKTPUYECKOMY 3apsiay Oblia
onpezeneHa ux macca. Oka3anaoch, YTO 3HaUEHUs yJIE€IbHOTO 3apsja U Macchl HOCUTENEH TOKa U
AJIEKTPOHOB, JBIKYIIMXCA B Bakyyme, coBmajainu. Takum oOpa3oMm, ObUIO OKOHYATEIBHO
JI0Ka3aHO, YTO HOCUTEIISIMU 3JIEKTPUUYECKOT0 TOKA B METAJLIAX SIBISIIOTCS C80000HbIE DNIEKMPOHDI.

Cy1ecTBOBaHHE CBOOOIHBIX 3JIEKTPOHOB B METaJlJIaX MOKHO OOBSCHUTD CJIEIYIOLUM 00pa3oM: IpH
00pa30BaHUM KPUCTAIIIMUECKOMN pElIeTKU MeTajula (B pe3yibTare CONMKEHUs M30JUPOBAHHBIX
aTOMOB) BAJIEHTHBIE 3JIEKTPOHBL, CPABHUTEIBHO cJIab0 CBS3aHHbIE C ATOMHBIMM sIpamH,
OTPBIBAIOTCS] OT aTOMOB METAJIA, CTAHOBSTCS «CBOOOIHBIMI» U MOTYT IIEpEMENIAThCS 110 BCEMY
o0bvemy. Takum 00pa3oM, B y3i1ax KpUCTANIMYECKOM PELIETKH pacloiaraloTcss HOHblI MeTaa, a
MEXAY HHUMU XAOTHYECKM JIBUXKYTCS CBOOOJHBIE DJEKTPOHBI, 00pa3ys cBoeoOpa3HbIii
AIIEKTPOHHBIA Ta3, 00JaJaloIINid, COTJIACHO OJJIEKTPOHHOM TEOpUM METauIOB, CBOMCTBAMH
UJeabHOTO Ta3a.

DNEeKTPOHBI MPOBOJIUMOCTHU MPU CBOEM JIBUKEHHH CTAIKUBAIOTCS C MOHAMHU PEIIETKH, B pe3yJbTaTe
Yero YCTAHABIIMBAETCA TEPMOJAMHAMUYECKOE pPABHOBECHE MEXAY JJIEKTPOHHBIM Ta3oM U
pemetkoi. [To Teopuu [dpyne—JlopeHiia, 3m1eKTpoHbI 00J1aat0T TAKOH K€ SHEPTUEH TEMI0BOTO
JBUKEHMSI, KaK U MOJIEKYJIbI OJTHOATOMHOrO ra3a. [loatomy, mpuMeHsis BBIBOJIbI MOJIEKYJISPHO-
KHHETH4YeCKoi Teopuu (cM. (44.3)), MOKHO HAaWTH CPETHIOI CKOPOCTh TEIJIOBOTO JABHKEHUS

AIIEKTPOHOB
(u)=+/8kT/(nm,),

xoTopast as T=300 K pasna 1,1-10° m/c. TemnoBoe ABMKEHUE dTEKTPOHOB, ABIAACH XAOTHUECKUM,
HE MOYXET IPUBECTH K BOZHUKHOBEHUIO TOKA.

[Tpu HaTO’KEHUH BHEIITHETO JIEKTPUIECKOTO MOJIS Ha METAJUTHIECKUH MPOBOAHUK KPOME TEIIOBOTO
JIBYDKEHUS AJIEKTPOHOB BO3HHUKAET UX YIOPSIOUYCHHOE ABHIKEHHE, T. €. BOSHUKACT AICKTPHUCCKHI
TOK. CpeTHIOI0 CKOPOCTH (V) YIIOPSIOUYEHHOTO JIBHKCHHUS JIEKTPOHOB MOYKHO OIICHUTH COTJIACHO
dbopmye (96.1) s mtoTHOCTH TOKA: j=n€(V). BEIOpaB 10MyCTUMYIO IFIOTHOCTH TOKA, HAIIPUMED
IUTSL MEJTHBIX TIPOBOJIOB 107 A/M?, noy4um, 4To NP KOHIEHTPALUU HOCUTENIeH ToKa N =
8-10%8m2 cpennsia ckopocTh (V) YIOPSAMOYEHHOTO JIBUKEHMS JeKTpOHOB paBHa 7,8-107% mic.
CrnenoBatenbHO, (V)<<(U), T. €. JaKe MPU OYCHb OOJBIINX IUIOTHOCTIX TOKA CPEIHSSI CKOPOCTh
YIIOPSIIOYEHHOTO IBUKCHUS 3JICKTPOHOB, 00YCIIOBIMBAIOIIETO JICKTPUICCKUH TOK, 3SHAYUTEIBHO
MEHbIIIE UX CKOPOCTH TEIUIOBOTO IBIDKEHHS. [109TOMY NMpH BBIYMCICHHSX PE3YJIbTHPYIOIIYIO
CKOpOCTh (V) + (U) MOKHO 3aMEHATh CKOPOCTHIO TEIJIOBOTO JBYOKEHHS (U).

Kazanock Obl, MOJy4eHHBIH PEe3yNIbTaT MPOTUBOPEUUT (HaKTy MPAKTUICCKA MTHOBCHHOU Iepenavu
ANIEKTPUYECKUX CUTHAJIOB HA OOJIBIINE PAacCTOSIHUSA. J[e10 B TOM, YTO 3aMBIKAHHE JICKTPHUYCCKOU
IIeNH BIeYeT 3a co0OH pacmpocTpaHeHHe EKTPUUECKOTO MO co cKopocThio ¢ (C=3-108m/c).
Yepes Bpems t=l/c (I — mnuHa 1enu) B0 HEMH YCTAHOBUTCS CTAMOHAPHOE BIICKTPUYECKOE
MoJIe ¥ B HEW HAYHETCS YIOPSIOYEHHOE JBUKCHUE 3ICKTPOHOB. [103TOMY 3eKTpHUECKUi TOK
BO3HMKAET B LIEMIU MPAKTUYECKU OJTHOBPEMEHHO C €€ 3aMBbIKaHUEM.

2. BbIBOJI OCHOBHBIX 32KOHOB 3JICKTPHY€CKOI0 TOKA B KJIACCHYECKOH TEOPUH
3JIEKTPONPOBOJHOCTH METAJIJIOB

1. 3akon Oma. IlycTh B METaJJIMYECKOM THPOBOJHHMKE CYIIECTBYET 3JIEKTPHUUECKOE IOJIe
HanpsbkeHHocThio E=const. CO cTopoHbI NoJs 3aps]] e UCHBIThIBaeT aeiictBue cuibsl F = eE u
npuobperaer yckopenne a=F/m=eE/m. Takum oOpa3om, Bo Bpemsi cBoOomHOro mpoOera
AIIEKTPOHBI JIBHKYTCS] PABHOYCKOPEHHO, MPHOOpETast K KOHILY CBOOOTHOTO Mpo0era CKopocTh

258



Unmax=e€E {I>fm,

rae (t) — cpemHee BpeMst MEXy IBYMS IMOCIIEIOBATEIILHBIMU COYAAPSHHUSIMU JIEKTPOHA C HOHAMH
PEIICTKH.

CornacuHo Teopuu [pyne, B KOHIIE CBOOOIHOTO MPOOera EKTPOH, CTAIKUBASICH C HOHAMU PEIISTKH,
OTJIaeT UM HAKOTUICHHYIO B IIOJIE DHEPTHIO, TO3TOMY CKOPOCTh €T0 YIMOPSI0OYCHHOTO JBHKCHHUS
CTaHOBHUTCS paBHOW Hym0. CIlIeIOBAaTEIIBHO, CPEIHSS CKOPOCTh HAMPABICHHOTO JBYKCHUS
JJIEKTPOHA

{0) = (Vmax+0)/2=€E {1)/(2m).
(103.1)

Kraccudeckas Teopusi METaIIOB HE YUUTBIBACT PACIIPEICIICHHSI JJIICKTPOHOB 110 CKOPOCTSIM, TIOATOMY
cpennee Bpems (t) cBOOOAHOTO Mpobera onpeaeIeTcs Cpeaneit JIuHON cBoOoHOTO mpodera (I)
U CpeTHEH CKOpPOCTHIO JIBW)KCHHSI JJICKTPOHOB OTHOCHUTENIBHO KPHCTAJUIMYECKOW PEIIeTKA
MIPOBOJIHUKA, paBHO# (U) + (V) ((U) — cpeaHsisi CKOPOCTh TEIJIOBOTO JBMKEHUS 3JIEKTPOHOB). B
102 61710 MOKa3aHo, uTo (V)<<(U), MOITOMY

O =L{D{Ku).

[ToncraBus 3nauenue (t) B popmyny (103.1), nomyunm

(v)=eE(D[(2m{w)).

[1n0THOCTH TOKA B METAJTIMUECKOM MPOBOIHUKE, 11O (96.1),

ne* <D
J =M(ﬂ)=m E

OTKYJIa BHJIHO, YTO TUIOTHOCTh TOKA MPOIMOPIMOHATBHA HAMPSHKCHHOCTH ITOJISL, T. €. MOJYYHJIA 3aKOH
Owma B nuddepenimansroit hopme (cp. ¢ (98.4)). KoadduimeHT mpomopririoHaibsHOCTH MEXKITY |
u E ecTh He 4TO MHOE, KaK yJelbHAs MTPOBOIUMOCTh MaTepraa

ne* (1)

2mu)’

(103.2)

KOTOpas TeM OOoJibIle, YeM OoJIbllle KOHIIEHTpAIsl CBOOOJHBIX AJICKTPOHOB W CPEIHSS JJTMHA MX
cBOOOTHOTO TIpo0dera.

2. 3akon Ixoyass — Jlenna. K xoHIiry cBoOomHOTO TpoOera 3JeKTPOH MO ACHCTBHEM TOJIS
MPUOOPETAET AOTIOTHUTEIIBHYIO KHHETHYECKYIO DHEPTHUIO

2 212
(Boy="ms_ £ D pa

2 2md?
(103.3)
HpI/I COyaapCHUH BHCKTpOHa C MOHOM OJ9Ta 3Hepr1/1;{ IOJIHOCTBIO IICPCHACTCA PCHICTKEC U nacT Ha
YBCIIMYCHUC BHYTpeHHefI 3Heprnn MCTallia, T. €. Ha €ro HaneBaHI/Ie.
3a eIMHMITY BPEMEHHU AJICKTPOH MCTIBITHIBACT C Y3JIaMH PEIIECTKH B CPEHEM (Z) CTOJIKHOBEHUM:
(2)=Cw/KI).
(103.4)
Ecomm n — KOHOCHTpanus 3JICKTPOHOB, TO B e,I(I/IHI/II_Iy BpPCMCHHU IIPOUCXOIUT n(Z> CTOJIKHOBEHUU U
PCUICTKE IICPCAACTCA SHEPT U

'}l=

w=n{z) (E,
(103.5)

KOoTopasi ueT Ha HarpeBaHnue mpoBoanuka. [loacraBus (103.3) u (103.4) B (103.5), nonyynum Takum
o0pa3oM DHEpruio, MNepeJaBacMyl0 pelIeTKe B €IUHUIlE 00beMa MPOBOJAHHMKA 32 EAWHUILY
BPEMEHH,

_nedhy
W—Zm-—-—"(u) E*
(103.6)
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Benuunna W sBIsieTCS YAENBHOM TEIUIOBOM MOIIHOCTBIO Toka (cMm.  99). Koaddunment
IPONOPIHOHATLHOCTH Meskay W u E? 1o (103.2) ecTh yaenbHas IPOBOAUMOCTb ¥, CI€0BATENLHO,
Beipakenue (103.6)—3axon [[xoyns—IJlenna B muddepernuansaoit popme (cp. ¢ (99.7)).

3. 3akon Bugemana — ®@panna. Metasl 00671a1a10T Kak 00JIBIION 3IEKTPOIPOBOJTHOCTHIO, TaK H
BBICOKOM TEIUIONPOBOJHOCTBIO. DTO OOBACHSIETCS TEM, YTO HOCUTEISIMH TOKAa M TEIJIOTHI B
MeTajljlax SBJISAIOTCS OJJHU U T€ )K€ YaCTUILIBI—CBOOOHBIE AIEKTPOHBI, KOTOPHIE, IEPEMEIIASCh B
MeTajjle, IMEPEHOCAT HE TOJIbKO DJIEKTPUYECKUH 3apsil, HO U MPUCYIIYI0O UM SHEPTHUI0
Xa0TUYECKOTO (TEIUIOBOr0) IBUKEHHUSI, T. €. OCYILECTBISIOT IEPEHOC TEIIOTHI.

Bunemanom u ®@pannem B 1853 r. sKCnepUMEHTAIIBHO YCTAHOBJIEH 3aKOH, COTJIACHO KOTOPOMY
OTHOIIICHUE TEILIOMPOBOJHOCTH (A) K yIeIbHOW IPOBOAUMOCTH () U1l BCEX METAILJIOB ITPU OJTHOM
U TOH e TeMIepaTrype OAMHAKOBO U YBEIMUYMBAETCS MPOMOPIHOHAIBHO TEPMOJAUHAMUYECKOU
TeMIieparype:

Afy=$T.

rje [} — NOCTOsIHHASL, HE 3aBUCAIIas OT pojia MeTalla.

DnemMeHTapHas Kiaccudeckasl TeOpUs AJIEKTPONPOBOJIHOCTH METAJIOB MO3BOJIMJIA HAUTH 3HAYEHHE
B /=3(kle)?, tne k—mocTosuHas BoapiMaHa. DTo 3HAUEHHE XOPOIIO COTNACYETCS C OMBITHEIMH
naHHbIMU. O/IHAaKO, KaK OKa3ajoch BIIOCIEJCTBUM, 3TO COIVIACHE TEOPETHYECKOro 3HAYEHMs C
OTBITHBIM CiTydaiiHO. JIopeHI], MpUMEHMB K 3JEKTPOHHOMY ra3zy CTaTUCTHKY MakcBenna —
BoIbIIMaHa, yaTs TeM caMbIM pacipe/ieieHne SIeKTPOHOB Mo CKopocTsM, oy f=2(k/e)?, ato
MIPUBEJIO K PE3KOMY PACXOXKICHHUIO TEOPHHU C OTIBITOM.

Takum 00pa3zoM, Kilaccuueckast Teopus 3JIEKTPONPOBOAHOCTH METAIJIOB 00BsICHIIIA 3aKOHBI OMa U
Jlxoymst — Jlenma, a Takxke Jajla KaueCTBeHHOE OOBsiCHeHHME 3akoHa Bumemana — Ppaniia.
OnHako OHa NOMHMMO pAacCMOTPEHHBIX MNPOTUBOpPEUYMid B 3akoHe Buaemana — ®panma
CTOJIKHYJIaCh €Ile C PSAIOM TPYIHOCTEH NpH OOBSICHEHWH pa3IMYHBIX ONBITHBIX JAaHHBIX.
PaccmoTpuM HEKOTOpBIE U3 HUX.

TemneparypHasi 3aBUCUMOCTH conpoTuBaenusi. 3 Gopmynsr yaenbHoit nmpoBoaumoctu (103.2)
CJIETyEeT, YTO CONPOTUBIICHUE METAJIIOB, T. €. BEJIMYNHA, 00paTHO NMPOMOPIMOHANbHAS ¥, JOJDKHA

BO3pPAacTaTh MPOTIOPIIUOHATHHO JT (8 (103.2) n u {I) oT Temmeparypsl He 3aBUCAT, a <u>~ﬁ ).
DTOT BBIBOJI JICKTPOHHONW TEOPHH MPOTUBOPEUYHUT OIMBITHBIM JaHHBIM, COTJIACHO KOTOpPhIM R~T
(cm. 98).

Ouenka cpeaHeil JJIHHBI CBOOOTHOr0 Mpodera 3JeKTPOHOB B MeTajuiax. YToObl mo dopmyie
(103.2) mosty4uTh ¥, COBIAMAIOIINE C ONMBITHBIMU 3HAYECHUSAMH, HaJ0 MPUHUMAThH l) 3HAaUMTEIBHO
0O0JIbIIIe NCTUHHBIX, HHBIMU CJIOBAMU, MIPEATNOJIArarh, 4To JICKTPOH MPOXOJAUT 0€3 COyIapeHHH C
MOHAMU PEHIETKH COTHU MEXKI0Y3€JbHBIX PACCTOSIHUM, YTO HE coryacyercs ¢ Teopueit Hpyne —
Jlopenua.

Tem10eMKOCTh MeTAJ/LUIOB. TemIoeMKOCTh MeTajljda CKIagbIBaeTCd U3 TEIJIOEMKOCTH €ro
KPUCTAIJIMYECKON PEIIeTKH M TEIUIOEMKOCTH 3JIeKTpoHHOro rasza. Ilostomy atomuas (T. e.
paccurTaHHas Ha 1 MOJIb) TEIUIOEMKOCTh METajula JOJDKHA OBITh 3HAYUTEIBHO OOJIbIIEH, YeM
aTOMHasl TEIJIOEMKOCTh JUAIIEKTPUKOB, Yy KOTOPBIX HET CBOOOJHBIX AJEKTpOHOB. CoTriiacHO
3akony [rononra u IItu (cMm. 73), TEmIoeMKOCTh OAHOATOMHOTO KpucTasia paBHa 3R. Yutewm,
YTO TEMI0EMKOCTh OJHOATOMHOTO 3JIeKTPOHHOTO ra3a paBHa °/2R. Torma aToMHas TennoeMKoCTh
METaJUIOB JOJKHA ObITh Onm3ka k 4,5R. OHaKo OMBIT JI0OKa3bIBaeT, 4TO OHA paBHA 3R, T. e. mis
METaJJIOB, TaK K€ KaK M JJIs JUAJIEKTPUKOB, XOPOILIO BbIMOJHSETCS 3akoH Jltoionra u IlTu.
CrnenoBaTenbHO, HAIUYKE 3JIEKTPOHOB IMTPOBOIMMOCTH MTPAKTUUYECKH HE CKa3bIBAETCS HA 3HAYEHUU
TEIMJIOEMKOCTH, UYTO He OOBSICHSAETCS KIACCHYECKOU IJIEKTPOHHOM Teopuei.

VYka3aHHbIE PACXO0KIECHUS TEOPHUH C OTIBITOM MOKHO OOBSCHUTH TE€M, UTO JABWKEHUE DJIEKTPOHOB B
MeTajljiax MOJUMHICTCS HE 3aKOHAM KIIACCUYECKOM MEXaHWKH, a 3aKOHAM KBAaHTOBOM MEXaHUKHU
U, CIIEOBATENbHO, MOBEJCHUE JJIEKTPOHOB NMPOBOJAMMOCTH HAJ0 OINHUCHIBATh HE CTATUCTUKOMU
MakcBemia — bonbliMaHa, a KBaHTOBOW cTaTUCTUKON. [loaToMy OOBSCHUTH 3aTpyAHEHUs
3JIEMEHTapPHOU KIIACCUYECKON TEOPUU DJIEKTPONPOBOJTHOCTH METAIJIOB MOYKHO JIUIIb KBAHTOBOM
Teopuel, Kotopas Oyder paccMOTpeHa B JanbHelmeMm. Hamo, oaHako, OTMETHTh, YTO
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KJIACCUYECKAasl DJICKTPOHHAS TEOpUsS HE YTpaTuia CBOECTO 3HAYEHHs M 10 HACTOALIEIO BPEMEHH,
TaK KaKk BO MHOTHX Clly4dasx (Hampumep, Ipu MajJol KOHLIEHTPALMU JIEKTPOHOB MPOBOJAUMOCTH
U BBICOKOM TeMIIEpaType) OHa JAeT IPABWJIbHbIE KA4ECTBEHHBIE PE3Y/IbTAaThl U SBJISETCS IO
CPAaBHEHUIO C KBAHTOBOM TEOpUEH IIPOCTOM U HATJIAHOM.

33}13HI/IH H BOIIPOCHI

1. KoHIeHTpaIus 3eKTPOHOB HPOBOIMMOCTH B MeTasule pasHa 2,5-10%2 cm . OnpeenuTs cpeuion
CKOPOCTb X YIOPSI0UEHHOTO JBIKEHHUS IPH TIIOTHOCTH Toka 1 A/Mm?. [0.25 mm/c]

2. Pabota BBIXONa 2yIeKTpoHA W3 BoJib(ppama cocramiser 4,5 3B. Onpenenutb, BO CKOJIBKO pa3s
YBEJIMYUTCS IUIOTHOCTh TOKA HACBIIEHUsI TP MOBbIIeHnH Temneparypsl ot 2000 no 2500 K. [B
290 pa3]

3. Pabora BBIXOJa 3J7€KTpOHA M3 MeTauia paBHA 2,5 3B. Onpenenute CKOPOCTh BBUICTAIONIETO W3
MeTayia 3IeKTPOHa, eclM OH obmanaer smeprueit 1078k, [1,15 Mm/c]

4. Bo3yx Mexay MiacTUHAMM IUIOCKOTO KOHJIEHCATOpa MOHU3UPYETCS] PEHTT€HOBCKHUM H3ITy4€HU -
eM. Cuia Toka, TEKymero Mexay ractuHamu, 10 mMxA. Thnomane kaxmaoW TIacTUHBI KOHJIEH -
caropa paBHa 200 cM2 paccTosHHe MeXTy HUMH 1 cM, pasHOCTh moTennuanos 100 B. Tloasu-
KHOCTh TOJIOKUTENBHBIX MOHOB Di=1,4 cM%/(B-c) u orpunatempbix b=1,9 cm?/(B-c); 3apsan
Ka)KJIOTO MOHA paBeH 3JIEMEHTapHOMY 3apsany. OnpeaenuTh KOHUEHTPALHUIO 11ap MOHOB MEXAY
ITACTHHAMH, €CJTH TOK JaJieK OT HackimeHns. [9,5-101 v

5. Tok HachllIEHUs PU HECAMOCTOSITENILHOM pa3psizie paBeH 9,6 mA. OnpenenuTs YUCIo nap HOHOB,
co3naBaeMbIX B | ¢ BHemHUM noHu3atopom. [3-107]

Cnucok Jiureparypbl

1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DneKTpoHHBIN pecypc] : yueOHOe ocooue s
CTYJCHTOB BBICIINX Y4eOHBIX 3aBe/IEHUH, 00YUaIOIINXCS IO TEXHUUYECKUM HaIllpaBICHUSIM
MoAroToBKH U crienranbHOCTsIM / B. U. Bapcykos, O. C. IMuTpueB. — DIEKTPOH. TEKCTOBbIE
nanHbie. — Tam00B : TaMOOBCKHIT rocymapcTBEHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexxum noctyma: http://www.iprbookshop.ru/63918.html

2. 3r03uH, A. B. ®usnka. Mexanuka [ DIeKTpOHHBIN pecypc| : yaeOHoe mocobdue st By30B / A.
B. 3to3un, C. b. Mockosckuii, B. E. TypoB. — D5eKTpOH. TEKCTOBbIE JaHHbIE. — M. :
Axanemuuaeckuit [Tpoekrt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. V. ®usnka : yaeOHUK : I CTYJICHTOB BY30B, 00YJArOIINXCSI IO TEXH. HaIp.
noarotoBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
un. - (Beicmee npodeccuonansHoe oopazoBanue) (bakanaBpuar). - [IpenM. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc dbusuku ¢ npumepamu pemenus 3a1ad: B 2-x T. : yaeonuk / T.H.
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., ®upcoa A.B., CoopHUK 3a1a4 10 pusmke- 2-e u31., nepepad. u Ao. -
Mocksa : Akagemus, 2013.

INPAKTHUYECKOE 3AHATHE Ne 13 MAT'HUTHOE I10JIE

Iesb-3akpenuTh U3y4eHHBIH MaTepuai Mo TeMatuke «MarHutHoe noje. MarHuTHOE 1oJie U €ro
XapakTepUCTUKU. 3akoH Awmrmepa. BsaumopelicTBue mnapaielbHbIX TOKOB. MarHurHas
MOCTOsIHHAS. EMHUIIBI MAarHUTHOM MHTyKIIMY U HAPSHKEHHOCTH MarHUTHOT O 1oJisl. MarHuTHOe
noJie IBuKymerocs 3apsaaa. ekt Xomna. [lorok Bekropa MarHUTHOM nHAYKIMH. Teopema
I"aycca s nonst B. PaboTa no mepemerieHnto NpoBOJHUKA U KOHTYpa ¢ TOKOM B MarHUTHOM
TIOJIEN.

OcBauBaemMble KOMIIETEHIIMH B PE3YJIbTAaTe NPOBEACHMS IPAKTUYECKOIO 3aHATUS YKa3aHbI B
nyHkTe «O01ue cBeIeHUSD
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AKTYaJIbHOCTH NPAKTHYECKOI0 3aHATHS — 3aKPENUTh IOJIYYEHHbIE TEOPETUUYECKUE 3HAHUS U
BbIPAa0OTaTh HABBIKK U YMEHHUS IPAKTUYECKOTO PEIICHUS 33/1a4, B TO YHCJIE U CAMOCTOSITEIIHHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJ1s1 00pabOTKHU pe3ysIbTaTOB 3KCIIEPUMEHTA;

-0a30BbIE METO/IbI MCCIIEIOBATENBCKOM NESTEIHLHOCTH.

Ymers:

-IPOBOJIUTh 00pabOTKy MH(pOPMALMU C HMCIOJIb30BAaHUEM MPUKIATHBIX IMPOrPAMMHBIX CPE/ICTB
cepsr

podecCHOHABHON IeATEIIFHOCTH;

-IIPUMEHSTH 0a30BBIE METO/IbI HCCIIEI0BATEIBCKOM NESITEILHOCTH B padOTe HaJl MHHOBAITMOHHBIMHU

MPOEKTaMH IO HaIpaBJiIeHUIO « TeXHOIIOTHYEeCKHEe MAITUHBI 1 000PYJOBAHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON JESITEIbHOCTH TP paboTe HaJl IPOEKTaMu;

- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs MHQOpPMALlMM B PAa3BUTUU COBPEMEHHOrO OOIECTBa,
CIIOCOOHOCTh

mojyyaTb U 0o0pabarTbiBaTh HMHQOpPMAIMIO U3  PA3IUYHBIX HCTOYHUKOB, TOTOBHOCTH
HMHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0POPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHoiornyeckue

MAaIlIUHBI ¥ 000PY/IOBaHUSI.

Peanuzyemblie KOMIIeTeHUUH

IIK-4 ciocoOHOCThIO Yy4aCTBOBATh B pa0OTe HaJl MNHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJIB3Ysl Oa30BbhIC
METO/IbI UCCIIEIOBATEIILCKOM eI TEIEHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HAY€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO MOJIy4YaTh U 00padbaThiBaTh HHGOPMAIIHIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO
UWHTEPIPETUPOBATh, CTPYKTYPUPOBATh M 0(OPMIISITh HH(GOPMALIMIO B JOCTYITHOM JJIsl APYTUX BUJIE

Teopernyeckas 4acTb
1. MarHuTHoOe 1noJjie U ero XapakTepUuCTUKHU

OIBIT MOKA3BIBAET, YTO, TIOJ00HO TOMY, KaK B IIPOCTPAHCTBE, OKPYXKAIOIIEM 3JIEKTPUUCCKHE 3apPsIIbI,
BO3HHUKAET JJIEKTPOCTATHYECKOE TI0JIE, TAK M B IIPOCTPAHCTBE, OKPYXKAIOIIEM TOKH M TIOCTOSIHHBIE
MarHuThl, BO3HMKAET CHJIOBOE IOJIC, HA3hIBAEMOC MArHMTHBIM. Haiwuwe MarHMTHOTO MOJIs
0OHApy)KHBAETCs 110 CHJIIOBOMY JICHCTBHMIO Ha BHECEHHBIE B HETO MPOBOJHHKH C TOKOM HIIH
MOCTOSIHHBIC MarHuThl. Ha3BaHWe «MarHUTHOE I10JIe» CBS3BIBAIOT C OpPHEHTAIMEd MarHHTHOM
CTPEJIKU MO JEHCTBUEM IOJISL, CO3/1aBAEMOT0 TOKOM (3TO sSIBJICHHE BIIEPBbIE 0OHAPYKEHO JTATCKUM
¢busukom X. Dpcregom (1777—1851)).

DIJIEKTPUYECKOE MOoJIe ACHCTBYET KaK Ha HEMOIBIKHBIC, TAK U HA BIDKYIIUECS B HEM 3JICKTPHUYCCKUE
3apsiibl. BakHeiimas 0co0eHHOCTh MArHUTHOTO TIOJIsk COCTOMT B TOM, YTO OHO JEHCTBYET MOAbKO
Ha Osudicywuecss B ITOM TMOJIE BJICKTPUYECKHE 3apsibl. OMBIT MOKa3bIBAET, YTO XapakTep
BO3JICUCTBHS MArHMTHOTO IOJISI Ha TOK Pa3jIMuyeH B 3aBHCHMOCTH OT ()OPMBI MPOBOIHHUKA, IO
KOTOPOMY TE€YET TOK, OT PACIOJIOKEHHS MPOBOJTHUKA M OT HampaBiicHus Toka. ClieIoBaTeNbHO,
4TOOBI OXapaKTEPHU30BaTh MarHUTHOE TI0JIE, HAJIO PACCMOTPETH €r0 JACHCTBUE HA ONPEIeIeHHBIH
TOK.

[Togo6HO TOMY, Kak MPH HMCCIICAOBAHUHU IJIEKTPOCTATHUYECKOTO MMOJISI UCIOJIb30BATUCH TOYCUHBIC
3apsibl, MPH UCCICIOBAHUHM MAarHUTHOTO MOJISI UCTIONB3YETCS 3AMKHYMbIU NIOCKULL KOHMYP C
MOoKOM (PamKa ¢ moKom), THHEHHBIE pa3Mepbl KOTOPOTO MaJibl IO CPABHEHHUIO C PACCTOSTHUEM 10
TOKOB, 00pa3yroIux MarHuTHoe mosie. OpHeHTalusi KOHTYpa B MPOCTPAHCTBE OMPEACIACTCS
HampaBJICHUEM HOPMaHM K KOHTYpy. HampaBjieHne HOpMalU OMPENCIACTCS Npasuiom npaso2o
GUHMA: 32 TIOJIOKUTEILHOE HAPABICHUE HOPMAJIA MPUHUMAETCS HAIIPABJICHHE MMOCTYNATEIbHOTO

ABHUIKCHUA BUHTA, T'OJIOBKA KOTOPOI'O BpallacTCd B HAIIPABJICHUH TOKA, TCKYLICTO B PAMKC (pI/IC
160).
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Puc. 160

@ Kak, nonbsysch MArHNTHOA CTPENKOR, MOXHO
ONpPeIeNnNTL SHAKK MONICOB MCTOUHNKOB Mo~
CTOAHHOTO TOKAa?

@ “eMmy paBeH M KAK HaNPaBNeH MArHHTHLIA MO-
MEHT paMmKn ¢ TOKOM?

OnpITHI NOKA3bIBAOT, YTO MArHUTHOE 110JI€ OKA3bIBAET Ha pAMKY C TOKOM OPUEHTUPYIOLIEE AeHCTBUE,
MOBOpauMBasi €€ OMNpeleICHHBIM 00pa3oM. OTOT pe3yJbTaT HCIOJB3YeTCS HJs BbIOOpa
HaIpaBJICHWs MAarHUTHOTO TOJI. 3a HallpaBJI€HWE MAarHUTHOTO IO B JaHHOW TOYKe
MIPUHUMAETCS HalpaBieHUE, BAOJIb KOTOPOTO paclojaraeTcs MoJokKHUTeIbHas HOpMallb K paMKe
(puc. 161). 3a HampaBieHHME MAarHUTHOTO TOJS MOXET OBbITh TakKe MPUHATO HaIlpaBJICHUE,
COBIIAJAIOIIEE C HANPABICHUEM CHIIbI, KOTOPAas NEHCTBYET HA CEBEPHBIM IOJIKOC MAarHUTHOU
CTpPEJIKH, TIOMEIIEHHON B JaHHYIO TOUYKy. Tak Kak o0a MoJifoca MarHUTHOW CTPEJIKH JIeXKaT B
ONM3KUX TOYKAaxX IIOJIsi, TO CHJIBI, JEHCTBYyIOIlee Ha o0a TMOoJIoca, pPaBHBI JPYr JPYrY.
CnenoBarenbHO, HA MArHUTHYIO CTPEJIKY JIEHCTBYET Mapa CUJjl, HOBOpadnBaroIias €e Tak, YToObl
OCb CTPEJIKH, COETMHSIONIAs I0KHBIN TOJIIOC C CEBEPHBIM, COBIIa/lajia ¢ HallpaBJIEHUEM MOJIS.

PaMKoi#i ¢ TOKOM MOKHO BOCIIOJIB30BaThCs TAKXK€ U JJIsl KOJMYECTBEHHOTO OMHCAHUS MarHUTHOTO
noyst. Tak Kak pamMKka C TOKOM HCIBITHIBAE€T OPUEHTHUpYIOLIee IEeHCTBHE MOJIs, TO HAa Hee B
MAarHWTHOM MOJI€ IEUCTBYET Napa Cujl. Bpamaromuii MOMEHT CHJI 3aBUCHT KaK OT CBOMCTB MOJIS B
JTAHHOM TOYKE, TaK U OT CBOMCTB PaMKHU U ompeesieTcs: GopMymoi

M = [p.B],
(109.1)

r71€ Pm — BEKTOP MAarHMTHOIO MOMEHTa paMKHu ¢ TOKOM (B — BeKTOp MarHuTHOI MHAYKIUH,

KOJIMYECTBEHHAs XapaKTepUCTUKAa MarHUTHOTO 10JIs1). [[71s1 MIockoro KOHTypa ¢ TOKoM |
Pm= 15,
(109.2)

rjae S — mionaab MOBEPXHOCTU KOHTYpa (PaMKH), N — eIMHUYHBIN BEKTOP HOPMAJIH K MOBEPXHOCTH
pamku. Hampasienue pm coBIagaet, TakuM 00pa3oM, ¢ HallpaBJICHUEM MOJI0KUTEILHOW HOPMAJTH.

Ecnm B [aHHyI0 TOYKY MAarHMTHOTO MOJs IOMENIaTh pPaMKUA C pa3IMYHbIMM MarHUTHBIMU
MOMEHTaMH, TO HAa HUX JEHCTBYIOT pa3jW4HbI€ Bpallalol[M€ MOMEHTBI, OJJHAKO OTHOLIECHUE
Minax/pm (Mmax — MaKCHMaJbHBIH BpaIarOIIdii MOMEHT) Ul BCEX KOHTYPOB OJHO W TO K€ U
MIOTOMY MOJKET CIY)KUTh XapaKTepUCTUKOM MAarHUTHOrO IIOJIsl, HA3bIBA€MOW MArHUTHOM
UHIYKIIUEH:

A\
Z4

B=Munu/pm-

MarauTHasi WMHAYKOUS B JaHHOW TOYKE OOHOpPOOHO20 MArHUTHOTO TIOJIS OIpe/ensieTcs
MaKCHMAaJbHBIM BpAIlAlOIUM MOMEHTOM, JCUCTBYIOIIUM Ha PAMKy C MarHUTHBIM MOMEHTOM,
PaBHBIM €IMHMIIE, KOTJIa HOpMalb K paMKe INEepHeHAMKYJspHa HampasieHuto noss. Ciuemgyer
OTMETUTH, YTO BeKTOp B MoskeT ObITh BBIBElEH Takke W3 3akoHa Ammepa (cm. 111) u u3
BBIpakeHUs 11 cuitel Jloperna (cm. 114).

Tak Kak MarHUTHOE T0JIE SIBJSETCS CUIOBbIM, TO €T0, TI0 AHATIOTUH C AIIEKTPUUECKUM, U300pakKaroT ¢
MIOMOIIBIO JINHUA MATHUTHOW MHAYKUMH — JIMHUH, KacaTeJIbHbIE K KOTOPBIM B Ka)JI0H TOUKE
COBIIAJAIOT C HalpaBjeHueM BekTopa B. VX HampaBieHue 3a1aeTcsi MpaBUIIOM MPAaBOTO BUHTA!
rojIoBKa BMHTA, BBUHUYMBAEMOIO IO HANpPABJICHUIO TOKA, BpAIllaeTCsl B HANpaBICHUU JIMHUI
MAarHUTHON UHAYKIIHUH.

Prc. 161

@ YT0 HasLIBAIOT MHAYKUNGA MBrHWTHOro nons?
Kaxoso HanpasneHwe sextopa B?

@ Hapncyiite H nNoKaxmnre, K&K opHeHTHPOBRHbLI
NMHKAN MATHUTHOR MHGYKLUWK NONA NPAMOro TO-
Ka.

[y

|
;

(
Yy
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JIMHUM MarHUTHOM MHIYKIMU MOXHO «IIPOSIBUTH» C IOMOINBIO JKEJIE3HBIX OIWIOK,
HAaMarHUYMBAIOIIMXCS B HCCIIEyeMOM TI0JI€ M BEAYIIUX ce0s M0J00HO MaJIeHbKUM MarHUTHBIM
crpenkam. Ha puc. 162, a noxa3zaHpl IMHUM MAarHUTHOM MHAYKIUY T0JIS1 KPYTOBOI'O TOKA, HA PHUC.
162, 6 — nuHUM MarHUTHOW WHAYKIIMH I0JIs1 COJICHOM 1A (COJICHOUI — PAaBHOMEPHO HAaMOTaHHAsI
Ha LWIMHAPUYECKYIO MOBEPXHOCTh IMPOBOJIOYHAS CIIUPAJb, M0 KOTOPOH TEYET 3JIEKTPUUECKUI
TOK).

JIMHUY MarHUTHOW WHAYKIMU BCETIA 3AMKHYMbl M OXBATHIBAIOT MPOBOJHUKH C TOKOM. DTUM OHH
OTJIMYAIOTCSI OT JIMHUN HANpsDKEHHOCTHU 3JIEKTPOCTAaTHMUECKOIO I10JI, KOTOpbIE SIBISIOTCS
paszomkHymulyMu (HAUMHAKOTCS Ha MOJIOKUTEIBHBIX 3apsAaX U KOHYAIOTCS Ha OTPULIATEIbHBIX (CM.
79)).

Ha psic. 163 n300paskeHbl JIMHUM MarHUTHOW MHIYKUIWHU TIOJIOCOBOTO MAarHMWTa; OHH BBIXOIAT W3
CEBEPHOI0 IOJII0CAa M BXOAAT B IOKHBIM. BHawane kazanoch, 4To 37€Ch HaOJIOJAETCS MOJIHAS
AHAJIOTHS C JIMHUSAMH HAMPSHKEHHOCTH AJIEKTPOCTATUYECKOTO TOJISl M TIOJTFOCHI MAarHUTOB UTPAIOT
POJTb MATHUTHBIX «3apsIOB» (MarHUTHBIX MOHOTIONEH). OTBITH MMOKa3ald, YT0, pa3pe3as MarHuT
Ha YacTH, €r0 MOJIIOCHI pPa3/IeNsITh HEb34, T. €. B OTIMYHE OT AIEKTPUUYECKUX 3aps10B CBOOOTHBIE
MarHuTHBIE «3aps/ibl» HE CYIIECTBYIOT, MOJTOMY JIMHAW MarHUTHON WHAYKIIMH HE MOTYT
oOpbIBaThCs Ha MOJtOcax. B nanpHelinem ObUIO YCTaHOBJIEHO, UTO BHYTPH IOJIOCOBBIX MarHUTOB
UMEeTCs MarHWTHOE II0Jie, AHAJOTMYHOE IOJII0 BHYTPU COJICHOWJA, W JIMHHUM MAarHUTHOU
WHAYKIIAHA 5TOTO MarHUTHOTO TIOJIS SIBJISTFOTCS MTPOIOJDKEHUEM JIMHUN MarHUTHOM MHIYKIIUU BHE
Marauta. TakuMm 00pa3oM, JIMHUM MarHUTHOM WHIYKIIMA MAarHUTHOTO TIOJISI TIOCTOSIHHBIX
MarHHATOB SIBIISTIOTCS TAKXKE 3aMKHYTBIMH.

Jlo cuxX TOp MBI pacCMaTpPHBAIN MaKPOCKONMYECKHE TOKH, TEKyIIHe B MpoBOAHWKaX. OIHAKoO,
COTJIACHO TPEIIOJIOXKEHNI0 (paHiy3ckoro (usuka A. Ammepa (1775—1836), B mobom Tene
CYIIECTBYIOT MHUKPOCKOTIMYECKHE TOKH, OOYCIOBJICHHBIE IBMKEHHEM JJIEKTPOHOB B aromMax U
MoOJIEKyJaX. DTH MHUKPOCKOIINYECKHE MOJIEKYJISIPHbIE TOKH CO3[Jal0T CBOE€ MAarHUTHOE IOJIE U
MOTYT IOBOPAYMBAThCSl B MAarHUTHBIX MOJISAX MakpoTokoB. Hampumep, ecnu BONIM3M Kakoro-To
TeJla MOMECTUTh MPOBOJHUK C TOKOM (MakKpOTOK), TO MOJ JCHCTBHEM €ro MarHUTHOIO MOJIS
MHUKPOTOKM BO BCEX aTOMax OIpPEIENEeHHbIM 00pa3oM OpHEHTHPYIOTCS, CO3[aBas B Tele
JIONOJIHUTEIbHOE MAarHuTHOE Toje. BekTtop MarHutHOW wuHAykuMu B XapakTtepusyer
pesynbmupyioujee MarHUTHOE TOJIE, CO3JABAEMOE BCEMU MAKpo- U MUKpomoxamu, T. €. Ipu
OJITHOM U TOM K€ TOKE U IIPOYUX PaBHBIX YCIOBUSAX BEKTOp B B pasruunvix cpepax Oyner uMeTsb
pasHbie 3HaYECHUs.

1109.3)

MarHuTHoe 1O0Je Makpomokog ONUCHIBAETCS BeKTOPoM HamnpsikeHHoctH H. Jlns ogHopoaHoi
M30TPONHOM CpeAbl BEKTOp MAarHUTHOW MHAYKUUH CBA3aH C BEKTOPOM HaIpPsDKEHHOCTH
CJICAYIOIIHUM COOTHOIIEHUEM:

B=puuH,

IZie fo — MarHuTHas MOCTOsIHHAs,  — Oe3pa3MepHasi BeIMYMHA — MATHUTHAsl IPOHULAEeMOCTh
cpelbl, [T0Ka3bIBAOLIAsl, BO CKOJbKO Pa3 MarHUTHOE I0Ji€ MAaKPOTOKOB /{ ycaluBaeTcs 3a CYeT
10JI1 MUKPOTOKOB CpEJIbI.

CpaBHuBasi BeKTOpHbIe xapakTepuctuku aekrpocratudeckoro (E u D) u marautHoro (B u H)
0JIeH, yKaXKeM, YTO aHaJIOTOM BEKTOpa HaIPsDKEHHOCTH AJIeKTpocTaTndeckoro nous E spisercs
BEKTOp MarHUTHOW MHAYKUuU B, Tak kak BekTopsl E u B onpenenstor cunoBelie neficTBUS 3TUX
1I0JIeH 1 3aBUCAT OT CBOMCTB Cpefibl. AHAJIOTOM BEKTOPA AIEKTpUYECKOro cmemieHus D sBisercs
BEKTOp HanpsikeHHocTH H MarHuTHOTO MoJIs.
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2. 3akoH Ammnepa. BzanmoaeiicTBue napajiieJibHbIX TOKOB

Marnutnoe mone (cm.  109) oxa3piBaeT Ha pamMKy C TOKOM OPHEHTHPYIOIIEE JIEHCTBHE.
CnenoBarenbHO, BpallatoIMii MOMEHT, UCTIBITBIBAEMbIN PaMKOMH, €CTh Pe3ylbTaT ACUCTBUS CHUJ
Ha OTJAeNbHbIE ee deMeHThl. O0001ast pe3ynbTaThl UCCIEOBAHUS JEHCTBUS MarHUTHOTO TIOJIS
Ha Pa3JIUYHbIC IIPOBOHUKH C TOKOM. AMIIEp yCTaHOBHII, 4TO criia dF, ¢ KoTopoit MarHUTHOE TI0JIe
JeWCTBYeET Ha dyeMeHT npoBoaHuka dl ¢ TokoM, HaXOAAIIErocst B MAarHUTHOM TI0JIe, paBHA

dF=1I[dl, B},
(111.2)

rae dl—sexrop, mo mMoaymto paBubii dl U coBnamaromMii O HAMPaBICHUIO ¢ TOKOM, B — BekTOp
MarHUTHOW WHIYKITHH.

Hanpasnenune Bektopa dF moxker ObiTh HaiineHo, corjmacHo (111.1), mo oOumum mpaBuiIaM
BEKTOPHOI'O MPOU3BEACHUS, OTKY/Ia CIEeyeT MPABUJIO JIEBOW PYKH: €CIU JIaJI0OHb JIEBOM PyKU
PacCIOJIOKHUTh TaK, 4YTOOBI B HEE BXOMII BEKTOp B, a 4eThIpe BBITAHYTHIX MaJbIla PACTIOIOKHUTH 110
HaIpaBJICHUIO TOKA B MPOBOJIHUKE, TO OTOTHYTHIM OOJIBIION IMaJiel] MOKa)KeT HaIpaBJICHUE CUJIBI,
JIEUCTBYIOIIEH HA TOK.

Monyns cunsl Ammepa (cm. (111.1)) Beraucnsercst mo gopmyie

dF=IB dlsina,
(111.2)

rae o — yroa Mexay Bekropamu dl u B.

3akoH AMrepa MPUMEHSIETCS ISl ONPEEICHUSI CUITbI B3aUMOICUCTBUS IBYX TOKOB. PaccmMoTpum 1iBa
OCCKOHEYHBIX MPSMOJUHEHHBIX IMapauIebHBIX TOKA |1 1 |2; (HarpaBiaeHUs TOKOB yKa3aHbI Ha PHC.
167), paccrossHue Mexay KOoTopbiIMu paBHO R. Kakawlii m3 mpoBOJHUKOB CO3/1a€T MarHUTHOE
1oJie, KOTOpoe JEHCTBYET MO 3aKOHY AMIepa Ha JIpyroil MpoBOJHUK C TOKOM. PaccmoTpum, ¢
KaKoO# CHJION JIelicTBYeT MarHuTHOE ToJie Toka |1 Ha aemeHT dl Broporo nmpoBoiHKKa ¢ TOKOM 2.
Tox |1 cozmaer BOkpyr ce0s MarHMTHOE TMOJ€, JHUHUM MArHUTHOM HWHIYKIHUU KOTOPOTO
MIPEJICTaBJISAIOT cO00M KOHIIEHTpUYecKre OKpyHOCTH. Hampasienue Bexktopa Bi onpenensiercs
MIPaBUJIOM TIPABOTO BUHTA, €ro MoayJib 1o Gopmyne (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.

Hamnpasnenne cunet dF1, ¢ koTopoii none B1 aelictByer Ha yuactok dl BToporo Toka, onpezaensercs
10 IPAaBUITY JICBOM PYKH M YKa3aHO Ha pucyHKe. Moynb cuibl, cornacHo (111.2), ¢ yuerom toro,
YTO YTOJI ¢ MKy JIeMeHTaMu Toka |2 1 Bekropom Bi1 mpsiMoii, paBeH

dF, = LB, dl;
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IOoACTaBJIAA 3HAUYCHUC OJIA Bl, oJIy4Yrnum

(111.3)

Paccyxniasi aHaloru4HO, MOXKHO IOKa3arh, 4to canma OF2 ¢ koTopoii marHuTHOe moje Toka |2
nerictByer Ha 31eMeHT dl mepBoro mpoBojHKMKa ¢ TOKOM |1, HampaBieHa B MPOTHBOIOJIOKHYIO
CTOPOHY U 110 MOJYJII0 paBHA

topt 24L1
dFy=1B, dl=— ——dl.
2=1B; ax R
(111.4)
Cpasnenue Boipakenuid (111.3) u (111.4) noka3zeiBaer, 4yTo
dF, =dF;,
T. €. 084 NAPANLENbHBIX MOKA 0OUHAKOBO20 HANPAGIEHUS NPUMASUBAIOMCA OpPY2 K OpY2y ¢ CUIION

(111.5)

Ecnu moku umerom npomueononodxcuvle nanpasienus, TO, UCNIOJIb3Ys IPABUIIO JIEBOM PYKH, MOKHO
MOKa3aTh, YTO MEXIY HUMHU JIEHCTBYET cuia ommanxkueanus, onpeaensemas popmynoii (111.5).

3. MaruuTHasi NOCTOsIHHAA. EAMHMIBI MATHUTHON MHAYKIMHU U HANIPSIKEHHOCTH
MATHUTHOIO MOJIfA

Ecnim nBa mapamienbHbIX MPOBOJAHMKA C TOKOM HaxoAsaTcss B Bakyyme (u=1), TOo cuia
B3aMMOJICHCTBUS Ha €IUHUITY JUTHHBI POBOAHMKA, coriacHo (111.5), paBHa

dF _ Ho 2[1[1
dl  4n R’
(112.1)

JI1st HaXOXKACHUST YUCIIOBOTO 3HAYCHUS Lio BOCTIONB3YEMCSI OIIPEIeIEHUEM aMIiepa, COTIIaCHO
dF _
KOTOPOMY 3?;2-10 "H/mnpu 11=12=1 Au R =1 m. [loacrasus 310 3Hauenue B popmyny (112.1),

MOJIy4UM
po=4m-10"7 H/A2=4x"10"" Ta/m,
rae redpu (I'H) — equHUIA THAYKTUBHOCTH (cM. 126).
3akoH Amriepa MO3BOJIAET ONPEACIUTh €AUMHUILY MarHUTHOW MHAyKuMu B. Ilpeamosioxkum, 4To
aneMeHT mpoBoaHKuKa dl ¢ TokoM | mepreHuKyaspeH HampaBICHUI0 MAarHUTHOTO moJisi. Torma
3akoH Amriepa (cm. (111.2)) 3anumercst B Buge dF=IBdI, otkyna
_1dF
=3
Engunauna marautHo# unaykuuu — teca (Tm): 1 T — MarHuTHas MHAYKIUS TAaKOTO OJHOPOIHOTO
MarHuTHOTO MOJIs, KOTOpoe AeiicTByeT ¢ cuiioil 1 H Ha Kakaplii MeTp AIMHBI TPSIMOJIMHEHHOTO
MIPOBOJHHKA, PACIOJIOKEHHOTO TMEPIEeHIUKYIIPHO HANPaBICHUIO TIOJIA, €CIH MO 3TOMY
MIPOBOJIHUKY MPOXOJIUT TOK 1 A:
1 Tn=1 H/(A M).
Tak xax o= 47-107" H/A?, a B ciiyuae Bakyyma (4 = 1), cornacuo (109.3), B=zH, To a1s nanuoro
ciydas
H=Bfye.
Enqunnia HanpsHyKeHHOCTH MarHUTHOTO TOJS — ammep Ha meTp (A/m): 1 A/M — HampsHKEeHHOCTh
TAKOTO TI0JIsi, MATHUTHASA MHAYKIMS KOTOPOTO B Bakyyme paBHa 47-107" T,

4. MarauTHOe noJjie ABHKYLIerocs 3apsjaa

Kamnmﬁ NpOBOAHUK C TOKOM CO3MaCT B OKpPYXKAOIECM MPOCTPAHCTBE MArHUTHOC IIOJIC.
3JICKTpI/IquKI/Iﬁ JKC TOK MNPCACTABJIACT coboit YIIOPAAOUYCHHOC JIBUKCHHUC OJJICKTPUYCCKUX
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3apsaa0B. [loaToMy MOXKHO cKa3aTh, YTO 000U IBWKYILUICS B BAKYYME WIIN CPEZE 3aps/l CO3acT
BOKPYT ce0si MarHuTHOE mosie. B pesynbraTe 0000IIEHNST ONBITHBIX JAHHBIX ObUI YCTaHOBJICH
3aKOH, omnpeAensiomuid mose B Toueunoro 3apsma Q, CBOOOJHO JBIIKYIIETOCS C
HEPEISATUBUCTCKOW CKOPOCTBIO V. [100 c80000HbIM O8UdNCEHUeM 3apsAoa TIOHUMAETCS €ro
JBUKCHHE C TIOCTOSTHHOW CKOPOCTBIO. DTOT 3aKOH BhIpaxkaeTcst PopMyrion

o 0l
B= 4 P’
(113.1)

rzie I — paanyc-BEKTOp, MpOBeNeHHBIH OT 3apsina Q k rouke Habmonenus M (puc. 168). CoriacHo
BoipakeHuto (113.1), Bexktop B HampaBieH NEPHEHAUKYISPHO IJIOCKOCTH, B KOTOPOM
PacroJIo’)KeHbl BEKTOpPBl V U I, a MMEHHO: €ro HampaBJeHHE COBIAJAET C HAaINpaBICHUEM
MOCTYNATEIbHOTO JBM)KEHHUS TPABOT0 BUHTA IPU €ro BpaleHUH OT V K I.

Monyne MmarauTHOM uHAYKIMH (113.1) Beiuncnsercs no gopmysne

I7I€ & — YroJl MeX]ly BEKTopaMu V U I.

CpasnuBas Beipaxenus (110.1) u (113.1), BunuM, 4To ABMXKYIIMICS 3aps] 0 CBOMM MarHUTHBIM
CBOMCTBaM 3KBUBAJICHTEH AJIEMEHTY TOKa!

I1d1=Qv.

[TpuBenennsie 3akoHomepHocTr (113.1) m (113.2) cipaBeITMBEI TUIITH TTPU MATTBIX CKOPOCTX (V<<C)
JBUKYIIMXCS 3apsA70B, KOIJIa AJIEKTPUYECKOE I0JIe€ CBOOOTHO JBHXKYIIETOCS 3apsga MOXHO
CUUTATh AEKTPOCTATUYECKUM, T. €. CO3aBAEMbIM HEMOJIBUKHBIM 3apsAIOM, HaXOSIIUMCS B TON
TOYKE, IJI€ B JAHHBII MOMEHT BPEMEHH PACIOJIOKEH JBUKYILUICS 3aps.

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) onpeaensieT MarHUTHYIO MHIYKIUIO MOJIOKUTEIBHOTO 3apsija, ABUXKYLIETOCs CO
cKopocThio V. Ecniu nBMXKeTCs OTpULaTeabHbId 3apsan, To Q Hano 3ameHuth Ha —Q. CKOpoCTh V
— OTHOCHUTEJIbHasg CKOPOCTh, T. €. CKOpPOCTb OTHOCHUTENIbHO HaOmonatens. Bekrop B B
paccMaTpuBaeMoil CUCTEME OTCuUeTa 3aBHCHUT KaK OT BPEMEHH, TaK M OT IOJIOKEHUS TOYKU M
HabmoneHus. [loatomy cieayeT moAYEpKHYTh OTHOCHUTENBHBIA XapaKTep MArHUTHOTO IOJIS
JBUKYIIETOCS 3apsijia.

BrniepBbie mose ABMKYILErocs 3apsa yAaaoch OOHapyXuTh amepukanckoMy ¢usuky I'. Poynannmy
(1848—1901). OxonuarenpHo 3TOT (akT ObUT ycTaHOBIEH mpodeccopoM MoOCKOBCKOTO
yHuBepcuteta A. A. DiixenBaibaoMm (1863—1944), wu3yyuBIIMM MarHUTHOE IIOJIE
KOHBEKI[MOHHOTO TOKa, a TaKXe MAarHUTHOE II0JIe CBSI3aHHBIX 3aps0oB MOJSPU30BAHHOTO
TURIEKTpUKa. MarHUTHOE MOJIe CBOOOHO IBMKYIIIUXCA 3apsiI0B ObLIO U3MEPEHO aKaIEeMUKOM A.
®. Hodde, nokazaBmIuM HSKBUBAIEHTHOCTh, B CMBICIE BO30YKIEHUS MAarHUTHOTO IIOJIA,
AIIEKTPOHHOTO My4YKa U TOKA MPOBOJIUMOCTH.

5. IToTrok BekTOpa MarHuTHOM MHAYKU UK. Teopema I'aycca pus noas B

IToTokoM BeKTOpa MArHUTHOW MHAYKIUU (MATHUTHBIM MOTOKOM) Yepe3 uiomaaky dS HasbiBa-
eTcs ckanapHas Gpusnueckasi BeIUUNHA, paBHast
d®,=BdS=B,dS,
(120.1)
rne Bn=B c0S o —npoekius Bektopa B Ha HanpaBieHre HopMaiu K womanake dS (o — yroa Mmexay
BekTopamu N u B), dS=dSn — BekTop, Mo1yib KOTOPOTO paBeH dS, a HaNpaBJICHUE €0 COBMAIACT
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C HampasJIeHHEM HopMaiM N k 1uiomaake. [Totok BekTopa B MoeT ObITh Kak MOJIOKUTEIbHBIM,

TaK M OTPHUIIATEIbHBIM B 3aBUCHMOCTH OT 3HaKa COS & (ompeensieTcss BBIOOPOM MOJI0KUTEIBHOTO

HanpasiyieHus: HopMaiu N). [lotok BekTopa B cBSA3BIBAIOT € KOHTYPOM, II0 KOTOPOMY TE€UET TOK. B

TAaKOM CIIy4ae IOJIOKUTEIIbHOE HAIPABICHUE HOPMAIM K KOHTYPY HaMH YK€ OIPEIEICHO (CM.

109): oHO cBA3BIBAETCS C TOKOM IIPABWJIOM IIPAaBOro BUHTA. TakuM 00pa3oM, MarHUTHBIN MOTOK,

CO3/1aBa€MbIli KOHTYPOM 4€pe3 NOBEPXHOCTh, OTPAHUYECHHYIO UM CAMHUM, BCEI /1A ITOJIO0KUTEIICH.
[Totok BekTOpa MarHuTHOU MHAYKINK Dp Yepe3 MPOU3BOIBHYIO TOBEPXHOCTh S paBeH

@,={ BdS={ B,dS.

s s :
(120.2)

JlJi1 OTHOPOAHOTO MOJIS U IUVIOCKOM MOBEPXHOCTH, PACIOJIOKEHHOM MEPHEHIUKYIIpHO BeKTOpy B,

Brn=B=const u
O'SBS.

U3 stoii popmynsl onpenensieTcss euHUIla MarHUTHOro nmotoka Bedep (BO): 1 BO — marautHbIN
MIOTOK, TMPOXOASAMIMH CKBO3b ILUIOCKYIO IIOBEPXHOCTh IUIONIAAbI0 1 MZ  PacrooKeHHYIO
MEPIEeHIUKYIIIPHO OJHOPOJAHOMY MarHMUTHOMY IOJII0, MHAYKIUs KoToporo pasHa 1 Tiu (1 Bo=1
Tn-m?).

Teopema I'aycca s mosss B: moTok BeKTOpa MarHUTHOW MHAYKIIUU CKBO3b JHOOYIO 3aMKHYTYIO
MTOBEPXHOCTh PaBeH HYIIIO:

$BdS=§ B,dS=0.
s s

(120.3)

Ota Teopema oTpakaeT (PaKT OTCYTCTBUS MAarHUTHBIX 3apsI0B, BCIACACTBUE YETO JTUHUU MAarHUTHOU
HWHAYKOHUHU HC UMCIOT HHM Hadajla, HA KOHIIA U ABJIAIOTCA 3aMKHYTBIMH.

Wrak, 11s motokoB BekTopoB B 1 E ckBO3b 3aMKHYTYI0 TOBEPXHOCTh B BUXPEBOM M MOTEHIIMAIHLHOM
MOJISIX MOJTYYaroTCs pa3nuyuHblie BeipaxkeHus (cm. (120.3), (81.2)).

B kauectBe mpumepa paccumTaeM NOTOK BekTopa B CKBO3b cosieHOMA. MarHuTHas HHAYKIUS
OJIHOPOJHOTO TOJISI BHYTPU COJIEHOWJA C CEpPIEYHHMKOM C MAarHMTHOM MNPOHHUIIAEMOCTBIO L
cornachHo (119.2), paBaa

B=pouNIjl.
MarauTHbII IOTOK CKBO3b OJIMH BUTOK COJICHOUJA IJIOMIA/IbI0 S paBeH
®,=BS,
a TMOJIHBIII MarHUTHBIM MOTOK, CLEIUICHHBII CO BCEMH BHUTKaMHU COJICHOMJA U Ha3bIBaeMBbIil

MOTOKOCICIIJICHHEM,
2

NI
‘P=Q|N=NBS=M _[— S.

(120.4)
@ Wcnonb3yR Teopemy o YUPKYNALMM BekTopa MarHMTHOro NoNA, OOBLACHMB 6@ (hU3MYEeCKHi
MArHKTHOR MHAYxLun B, paccuntaiite MarHwr- CMbicn.
Hoe none Toponaa. @ Kaxas ¢M3MMeckan BENMYMHA BbiPaXaeTch
@ YTo HasLIBAIOT NOTOKOM BEKTOpa MAarHWTHOR seSepax? flaire onpegenexne sebepa.

wHayxuun? 3anuwunre Teopemy laycca ana
6. PadoTa no nepemenieHHI0 NPOBOJHNUKA H KOHTYPa ¢ TOKOM B MATHMTHOM 110J1€

Ha npoBoHMK ¢ TOKOM B MAarHUTHOM TOJI€ IEHCTBYIOT CHIIBI, OTIpE/IEsieMble 3aKOHOM AMIiepa (CM.
111). Ecnu npoBOJHUK He 3aKperuvieH (Hampumep, OJJHa U3 CTOPOH KOHTYpa M3rOTOBJIEHA B BHJIE
MOJIBIKHOM MepeMbIukH, puc. 177), To moa AedcTBUEM cuibl AMrepa OH OyAeT B MarHUTHOM
noJie nepemeriarsesi. CienoBarenbHO, MarHUTHOE T0JIe COBEpIIAeT padoTy MO MepeMENICHHIO
IIPOBOJTHUKA C TOKOM.
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Jlns onpezeneHust 3Toi paboThl PACCMOTPUM MPOBOIHUK JUTMHOM | ¢ TokoM | (OH MOXeT CBOOOIHO
IIEPEMEIATHCS), TOMEIIEHHBIM B OJIHOPOJHOE BHELIHEE MAarHUTHOE I10JIE, MEPIEHIUKYISIPHOE
I10cKocTH KOoHTypa. Cuia, HampaBiI€HHE KOTOPOM Ompenensercs MO MpaBUily JIEBOW PYyKH, a
3HaueHHe — Mo 3aKoHy Amrepa (cm. (111.2)), paBHa

F=1IBIl.

[Tox neiicTBUEM 3TOM CHIIBI TPOBOJIHUK IIEPEMECTUTCS MApaJIeILHO caMoMy ceOe Ha OTpe3ok X u3
nosioxkeHust 1 B mosioxkenue 2. PaboTa, coBepiaemasi MarHUTHBIM TI0JIEM, paBHA

d4=Fdx=IBldx=IBdS=1Id9,

tak kKak ldx=dS — momaznpe, nepecekaemasi MPOBOJAHUKOM HPHU €ro MEPEeMEICHHHA B MarHUTHOM
nojie, BAS=d® — noTok BekTopa MarHMTHOW MHIYKIUH, TIPOHU3BIBAIOIIMHN 3TY IUIOIIA/b. Takum
obOpazom,

dA=1d0,
(121.1)

T. €. paboTa 1o MepeMeIleHnI0 MPOBOIHNKA C TOKOM B MarHUTHOM I0JI€ paBHA IPOU3BEICHUIO CUJIIbI
TOKa Ha MarHUTHBIN MOTOK, nepeceueHnblli 08UdCywyumcs nposooHukom. 1lomydennas popmyna
CIpaBeUIMBa U JUIsl IPOU3BOJILHOTO HampaBieHUs BekTopa B.

Boruncnum paboTy mo nepeMenieH!Io 3aMKHYTOI0 KOHTYpa ¢ MOCTOSIHHBIM TOKOM | B MarHUTHOM
none. [Ipeanonoxxum, 4to0 KOHTYp M mepememaercs B IUIOCKOCTH YepTeXa M B Pe3yibTare
OECKOHEYHO Majoro nepeMeuieHus 3aiimer mnonoxkenue M', nzoOpaxeHHoe Ha puc. 178
ITpUXOBOM JMHUEH. HampaBieHue Toka B KOHTYpe (II0 YaCOBOW CTpEJIKE) U MarHUTHOTO IOJIS
(mepneHAMKYISPHO IUIOCKOCTH uepTeka — 3a 4epTek) ykazaHo Ha pucyHke. Koutyp M
MBICIIEHHO pa300beM Ha JIBa COSJIMHEHHBIX CBOMMH KOoHIIaMu nipoBogauka: ABC u CDA.

I ‘,"_"
* o o o o
J: o o B - I
. [ N ] [ ] [ ] [ ] —"
. -I_. L ] .:. L ] ﬁl #
. H 2
Puc. 177 Puc. 178

Pabota dA, coBepmiaemas cuiamMu AMIepa MpPU paccCMaTPUBAEMOM IMEPEMEIICHUH KOHTYpa B
MarHuTHOM II0JIe, paBHA ajre0panyeckoil cymme paboT Mo nepeMenieHuto npoBogHukoB ABC
(dA1) u CDA (dA2), T. e.

dA=dA4,+d4,.
(121.2)

Cunbl, npunoxenHble K yqyactky CDA koHTypa, 00pa3yloT ¢ HampaBiIeHHEM NEpeMEelIeHUsI OCTphIE
yIIIbl, TO3TOMY coBepmiaemass umu pabota 0A>>0. .CormacuHo (121.1), sta paborta paBHa
MIPOU3BEACHUIO CHJIBI TOKA | B KOHTYpe Ha nepecedyeHHbIN MpoBoAHUKOM CDA MarHUTHBIN OTOK.
IMpoBoauuk CDA mepecekaer mpu cBoeMm JBikKeHHH MOTOK O®o CKBO3b MOBEPXHOCTD,
BBIMOJHCHHYIO B I[BeTE, U NMOTOK (M2, MPOHHU3BIBAIONIMI KOHTYP B €r0 KOHEYHOM IOJIOKECHHUH.
CnenmoBaTeiabHO,

dA;=I{d®p+dD,).
(121.3)

Cunbl, neictByromue Ha yyactok ABC KoHTypa, 00pa3yloT ¢ HAalpaBJICHUEM TMepEeMEIeHUs TyIbIe
yIIIbI, MO3TOMY coBepimacMas umu padota dA1<0. TIposomuuk ABC mepecekaeT MpuU CBOEM
IBWKeHUH TOTOK O®g CKBO3b MMOBEPXHOCTH, BBIMOJHEHHYIO B I[BeTe, W TOTOK dd1,
MIPOHU3BIBAIOIIMI KOHTYp B Ha4allbHOM MoJiokeHuu. Clie1oBaTenbHo,

dA, = —I({dDe+dDy).
(121.4)
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[Moncrasnsis (121.3) u (121.4) B (121.2), nonay4dum BbIpaskeHHE JUISl JIIEMEHTAPHON paOOThI:

dA=1(d0,—do)),

riae dd,—dd;=dd' — uzmeneHue MarHUTHOTO IOTOKA CKBO3b ILIOIIA/Ib, OTPAHUYCHHYIO KOHTYPOM

¢ TokoM. Takum oOpazom,
dA=Ido'.
(121.5)

[Tpounterpuposas Beipaxkenue (121.5), onpenenum padoty, coBepiiaeMyro cujiamu AMIiepa, mpu

9.

KOHCYHOM ITPOM3BOJIbHOM .IICPEMCUICHNH KOHTYpa B MArHuTHOM I10JIC:

A=IAD,

(121.6)
€. paboTa MO TEepEeMENIEHHI0O 3aMKHYTOTO KOHTypa C TOKOM B MAarHMTHOM IIOJIé paBHa
MIPOU3BEJICHUIO CWJIBI TOKAa B KOHTYpPE HA U3MEHeHUe MASHUMHO20 NOMOKA, CYENIeHHO20 C
koumypom. Dopmyna (121.6) ocraercst cnpaBeAuBON sl KOHTypa Jr000iM ¢GopMBI B TpoO-
M3BOJIBHOM MAardiuTHOM IIOJIC.

3agaHusi 1 BONPOCHI

. Tonkoe kombIl0 Maccoit 15 T u pagumycoM 12 cM HeceT 3apsii, paBHOMEPHO pacIpeesieHHbIN ¢

nuHelHON mnotHOCThI0 10 HK/M. Kombllo paBHOMepHO Bpalnaercs ¢ wactotoif 8 ¢! or-
HOCHUTEJIbHO OCH, NEPINEeHIUKYISIPHONW IUIOCKOCTH KOJbIla U MIPOXOJsIIed 4Yepe3 ee IeHTP.
Onpenenuth OTHOIIEHHE MAarHUTHOTO MOMEHTA KPYroBOTO TOKa, CO3/1aBA€MOT0 KOJIBLIOM, K €T0
MOMEHTY uMmnyibca. [251 aKn/kr]

. [To mpoBoAy, COTHYTOMY B BUJE KBaJpara CO CTOPOHOM, paBHOU 60 cM, T€UET MOCTOSIHHBIA TOK 3

A. OnpenenuTh MHAYKIIMIO MarHuTHOTO 1oJs B LlenTpe kBaapara. [5,66 MxTi]

. Tlo ABYM OECKOHEYHO JJIVMHHBIM TIPAMBIM ITapaJlJICJIbHBIM ITPOBOAHUKAaM, pPaCCTOSAHUC MEXKIY

KOTOPBIMHU PaBHO 25 cM, TeKyT TOKH 20 1 30 A B IPOTUBOIOJIOKHBIX HaNlpaBieHUsAX. OnpeneanTb
MarHUTHYIO MHIYKLIHIO B B Touke, yaaJieHHOW Ha =30 cM oT nepBoro u =40 cm oT BTOpOTO
NpoBOJHUKA. [9,5 MKT]

. OrnpenenuTh MarHUTHYIO MHAYKIIMIO HA OCH TOHKOTO MPOBOJIOYHOTO KoJiblia paguycoMm 10 cm, 1o

KoTOpoMy TedeT Tok 10 A, B TOUKe, pacloJIO)KEHHOW HAa PACCTOSHUM 15 CM OT LIEHTpa KOJIblia.
[10,7 MxTn]

. HBa OECKOHEUHBIX HpHMOJ’IHHGﬁHHX napajjiCJIbHbIX IIPOBOJHHUKA C OAMHAKOBBIMU TOKaMH, TC-

KyIIMMH B OJHOM HaIpaBlIEHWH, HAXOAATCS JAPYr OT jApyra Ha pacctossHuM R. UToObl mx
pa3aBuHYTh A0 paccrosiHus 3R, Ha KaxIplii CAaHTHUMETp JJIUHBI MPOBOJHUKA 3aTPAayMBACTCS
pabota A=220 u/>x. OnpeaenuTs CUTy TOKa B mpoBoAHMKaX. [10 A]

. OHpeI{eJ’II/ITB HAIpsHKCHHOCTD IIOJIsL, CO3JaBacMOro HpHMOHHHeﬁHO PAaBHOMCPHO ABHXXYHIUMCA CO

ckopocthio 500 KM/C DIIGKTPOHOM B TOYKE, HaxXOJAIICHCS OT Hero Ha pacctosaur 20 HM U
JeXaled Ha NeprHeHAUKYIsIpe K CKOPOCTH, MPOXOMSIIEM Yepe3 MIHOBEHHOE IOJIOXKEHHUE
anekTpoHa. [15,9 A/m]

. HpOTOH, YCKOpCHHHﬁ Pa3HOCTBIO ITIOTCHIIMAJIOB 0,5 KB, BJICTasA B OJHOPOJHOC MAaroHuTHOC I10JIC C

uaaykuuen 0,1 T, aBuxercs no okpyxHOCTH. ONpeaenuTh paguyc 3TON OKPYKHOCTH. [3,23 cM]

. OHpeI[eJ'II/ITb, IIpH Kakou CKOPOCTH JIYUOK 3aps’KCHHBIX YaCTUL], INPOXOAd NECPHCHIAUKYIIAPHO

00J1aCTh, B KOTOPOH CO3/1aHBl OJTHOPOJIHBIC IMOIEPEUHBIE JICKTPUUYECKOEC W MArHUTHOE IOJISI C
E=10 kB/M u B= 0,2 Tn, e orknonsarcs. [50 km/c]

HuknoTpoH yckopsier npoToHsl A0 3Hepruu 10 MaB. Onpenenuts paanyc 1yaHTOB LUKIOTPOHA
MPU UHIYKIUU MarHuTHOro nojst 1 T, [>47 cMm]

10. Yepe3 ceuenne MeqHoM IutacTMHKM ToymuHOM 0,1 MM mpomyckaercs Tok 5 A. Ilnactunka

MOMEIIaeTCsl B OJJHOPOJHOE MarHutHoe moje ¢ uuaaykuued 0,5 Tn, nepneHaukynspHoe pedpy
MJACTUHKHU U HAIpaBJeHUI0 Toka. CunTas KOHUEHTPALMIO 3JIEKTPOHOB MPOBOJIMMOCTH PaBHOM
KOHIIEHTPAIIMK aTOMOB, OINpPEAEIUTh BO3HUKAIONIYIO B IJIACTHHE MOMEPEYHYIO (XOJUIOBCKYIO)
pasHocTh noTeHManoB. IlnotHocts Menu 8,93 r/em®. [1,85 MkB]
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11. Io npsimoMy OECKOHEUHO JIUHHOMY NMPOBOIHUKY TeueT ToK 15 A. Ompenenuts, Moyb3ysch
TEOPEMOU O LUPKYJISALHUHA BEKTOpa B, MarHUTHY!0 MHAYKLIHIO B B TOYKE, pacCIOJIOKECHHOM Ha
paccrosinuu 15 cM oT npoBoaHuKa. [20 MKT]

12. Onpenenutp, MONB3YSICh TEOPEMOI O HUPKYIALMU BEKTOpa B, MHIYKIUIO U HANPSHKEHHOCTh
MarHUTHOTO TOJIsI HA OCH TOpomja 0e3 CepAeuHUKa, M0 0OMOTKE KOTOporo, coaepxkameir 300
BUTKOB, IIpoTekaeT Tok 1 A. BHemnuil nuamerp topouna paseH 60 cm, BHyTpeHHu — 40 cm.
[0,24 MmTx; 191 A/m]

13. TloTox MarHMTHOW WHIYKIIMU CKBO3b IUIOMIA]b TOIEPEYHOr0 CeueHUs cojieHomma (0e3 cep-
neunuka) ®=5 mxB0. [lnuna conenoupa |=25 cm. Omnpenenuts MarHUTHBIE MOMEHT Pm 3TOTO
conenouna. [1 A-m?]

14. Kpyrnas paMka ¢ TOKOM miomazasio 20 cM? 3akperiiena napauienbHo MarHuTHOMY oo (B=0,2
Tin), n Ha Hee neiicTByeT Bpamaromuii MoMmeHT 0,6 MH-M. PamMky ocBo60 a1, ITOCIIE MOBOPOTA Ha
90° ee yrnosas ckopocTh cTana 20 ¢ . Onpeenuts: 1) cHily TOKa, TEKYLIETo B PAMKE; 2) MOMEHT
MHEpIMH PaMKU OTHOCUTENBHO ee quamerpa. [1) 1,5 A; 2) 3-107° kr-m?]

Cnmcok uteparypsl

1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DneKTpoHHBIHN pecypc] : yueOHOe ocodue s
CTYJCHTOB BBICIINX YICOHBIX 3aBEICHUH, OOYIAFOIINXCS IO TEXHUYECKUM HAIPaBICHHSIM
noAroToBku U cnernuansHoctsM / B. U. bapcykos, O. C. ImutpueB. — DIEKTPOH. TEKCTOBBIE
nanHble. — TamOoB : TaMOOBCKUIl rocyaapcTBEHHBIN TexHuueckuil ynusepcuter, 9bC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexxum noctyma: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usnuka. Mexanuka [ DIeKTpOHHBIN pecypc] : yaeOHoe mocobdue st By30B / A.
B. 3ro3un, C. b. Mockosckuii, B. E. TypoB. — DJIeKTpOH. TEKCTOBBIE JaHHbIE. — M. :
Axanemuueckwnii [Ipoekr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum nocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. V. ®usnka : yaeOHUK : IS CTYJICHTOB BY30B, 00YJarOIINXCSI TI0 TEXH. HaIMp.
noarotoBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u jom. - Mocksa : Akagemusi, 2013. - 346 c. :
un. - (Beicmee npodeccuonansHoe oOpazoBanue) (bakanaBpuar). - [IpenM. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc dbusuku ¢ npumepamu pemenus 3aaad: B 2-x 1. : yaeonuk / T.H.
Tpodumona, A.B. ®upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaBpwuar). - [Ipun.: c. 376-378.
- ISBN 978-5-406-04428-5.

5. Tpodumona T.U., dupcopa A.B., COopHUK 3a1a4 110 pU3UKe- 2-¢ u3., nepepad. u Jo1I. -
Mocksa : Akagemust, 2013.

INPAKTUYECKOE 3AHATHE Ne 14 DJIEKTPOMATI'HUTHASA UHAYKIUA

Henb-3akpenuTh W3YYEHHBII MaTepualn Mo TeMaTHKe «DJIEKTPOMAarHUTHas MHAYKIus. SIBieHue
anekTpoMarHuTHOW MHAYKIUHU (ombiThl Dapanes). 3akon dDapanes U ero BHIBOJ M3 3aKOHA
COXpaHeHHus SHepruu. BparieHne pamMku B MarHUTHOM molie. BuxpeBbie Toku (Toku Dyko).
NunyktuBHocTh KOHTypa. CamouHAyKuus. TOKuM TMpU pa3sMbIKAHUM WM 3aMBIKAHUHM IIETH.
Bzaumnas unayknus. Tpancdopmatopsl. DJHEpTrys MarHUTHOTO TOJIS.

OcBauBaemMble KOMIIETEHIIMH B PE3YJIbTaTe MPOBEACHHS MPAKTHYECKOTO 3aHSATHUS YKa3aHbI B
nyHkTe «O011Ire CBeIeHH

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHSTHS — 3aKPENUTh MOJTY4YE€HHBIE TEOPETUYECKHE 3HAHUS U
BBIPA0OTATh HABBIKM M YMEHHS MPAKTUYECKOTO PEIICHHs 3a/1a4, B TO YHUCIIE U CAMOCTOSTENBHO.

3HaTh:

-OCHOBHBIE TIpaBuUiIa AJisi 00pabOTKH pe3ylbTaTOB IKCIIEPUMEHTA;

-0a30BbIE METOJBI MCCIIENOBATENLCKON AEATEILHOCTH.

YMmerh:

-IIPOBOJIUTH 00pabOTKy WMH(GOPMALMK C HMCIOJIb30BAaHUEM MPUKIATHBIX MPOTPAMMHBIX CPEJICTB

cepsl
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npodecCHOHAIBHON IeATETHHOCTH;
-IIPUMEHSATH 0A30BbIE METO/IbI UCCIIEIOBATEILCKOM ISATEIIBHOCTH B pabOTe HAJl HHHOBAIIMOHHBIMU
MIPOEKTAMH IO HaIpaBiIcHUIO « T €XHOIOTHYECKUE MAIIUHBI U 000PYAOBAHHE.
Baapers:
-METOJIaMH MCCIIEIOBATEIBCKOM IEATETLHOCTH MIPU paboTe HAJl MPOCKTAMHU;
- MOHUMAHUEM CYIIHOCTH W 3HAYCHHUS HH(POPMAIMM B PA3BUTUU COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTh
moyiydaTb #  0o0pabarbiBaTh HHPOPMAIMIO W3  PA3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
HWHTEPIPETUPOBATH,
CTPYKTYPUPOBATh U OPOPMIISATh HHDOPMALIUIO CTYACHTAMH HampaBleHHs — TeXHOIOTHYECKUE
MalIHbI ¥ 000pyJOBaHMUSL.
Peasin3yemMble KOMIIETEHIIUH

ITK-4 cniocoOHOCTBIO y4acTBOBaTh B pab0OTE HaJl ”HHOBAIIMOHHBIMU IIPOEKTAMU, UCTIONb3ys Oa30BbIe
METO/Ibl UCCIIEI0BATENbCKON IEATEIbHOCTU

OIIK-4 noHMMaHHEM CYIIHOCTHU U 3HA4E€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO MOJIyyaTh U 00pabaThiBaTh MH(GOPMAIUIO U3 PA3IMYHBIX HCTOUHUKOB, TOTOBHOCTBIO
MHTEPIPETUPOBATH, CTPYKTYPHUPOBATh U 0(OPMIISTH HHPOPMAIMIO B TOCTYITHOM JUIsl IPYTHX BUE

Teopernyeckas 4acTb
1. SIBJIeHHE 3JIEKTPOMATHUTHOM MHAYKIUH (onbITHI Papajes)

B rn. 14 6110 MOKa3aHO, YTO ANEKTPUUECKHE TOKH CO3/IA0T BOKPYT ce0si MarHuTHOE moje. CBs3hb
MAarHUTHOTO TOJISl ¢ TOKOM TPHBEIa K MHOTOYHMCIIEHHBIM MOIBITKaM BO30YIUTh TOK B KOHTYpPE C
MOMOIIBI0 MAarHUTHOTO TOJIsA. DTa (yHIaMeHTallbHas 3a1ada Obuta OnecTsie pemieHa B 1831 r.
anrmiickuM ¢uzukom M. dapaneem, OTKPHIBIIMM fIBJIEHHE 3JI€KTPOMATHUTHOM WHAYKIVH.
OHo 3aKitoyaeTcsi B TOM, YTO B 3aMKHYTOM MPOBOJAIIEM KOHTYpe MPH HU3MEHEHHH MOTOKa
MarHUTHOM WHAYKIMH, OXBAThIBAEMOTI'O JTHUM KOHTYpOM, BO3HHKAeT OJJEKTPHUUYECKUU TOK,
MOJIyYMBIIMN Ha3BaHWE MHAYKIIMOHHOTO.

PaccmoTpum kiaccuueckue omnbITel dapazes, ¢ MOMOIIbI0 KOTOPHIX ObUIO OOHAPY)KEHO SIBJICHHE
AIIEKTPOMArHUTHOW MHIYKIIUH.

OmnpiT I (puc. 179, a). Eciin B 3aMKHYTBIH Ha ralhbBaHOMETP COJICHOWJ BABUTATh WM BBIJIBUTaTh
MTOCTOSIHHBIM MarHUT, TO B MOMEHTBI €T0 BJIBUTAHMSI WJIU BBIIBUTAHUS HAOII0AAaeTCsl OTKIOHEHUE
CTpEJIKHU raJbBaHOMeTpa (BO3HMKAeT MHAYKIIMOHHBIN TOK); HANpaBICHUS OTKIOHEHHH CTpEIKu
[P BABUTAHUU U BBIJBUTAHUY MarHUTA MPOTUBOIOJIOKHBL. OTKIOHEHHE CTPEJIKHU I'aJIbBAHOMETPA
TeM OoJspie, 4yeMm OoJbllIeé CKOPOCTbh JIBUYKEHHS MarHuTa OTHOCHTENBHO KaTymiku. [lpu
W3MEHEHUHU TOJIFOCOB MarHUTa HAIpPaBJIEHUE OTKJIOHEHHS CTPENKH u3MeHHUTcs. s momydeHus
WHIYKIIHOHHOTO TOKAa MAarHUT MOYXHO OCTaBJISATh HEMOJBIKHBIM, TOTa HYXHO OTHOCHUTEIHHO
MarHuTa fepeiBUraTh COJICHOUI.

OnbiT II. KoHIBI OHOM U3 KaTylleK, BCTaBIEHHBIX OJHA B APYIyI0, MPUCOCIUHSIOTCA K Trallb-
BaHOMETPY, a 4epe3 IPYrylo KaTylIKy rnpomnyckaercs Tok. OTKIOHEHHE CTPEIKU rajibBAaHOMETpa
HaOI0JaeTCsl B MOMEHTBI BKIIFOUEHUS WJIM BBIKIIOUYEHUS TOKA, B MOMEHTBI €r0 YBEIMUYCHUS UITU
YMEHBILIEHUSI WIH TpPH TEpPEeMEIIeHUN KaTylleK Ipyr OTHOCUTEeNbHO aApyra (puc. 179, 0).
HampaBiienuss OTKJIOHEHUH CTPENKU rajibBaHOMETPA TAK)KE MPOTHUBOIOJIOKHBI IPU BKIIOYEHUU
WJIM BBIKITIOYCHHUH TOKA, €r0 YBETWYSHUH WM YMEHbILIEHUH, COMMKEHUH WIH yIAIeHUN KaTyIIIeK.
O0600mas pe3yabTaThl CBOMX MHOTOYHUCICHHBIX OMNbITOB, apagel mpuinen K BBIBOAY, 4YTO
WHJIYKIMOHHBIN TOK BO3HUKAET BCETJa, KOT1a MPOUCXOIUT U3MEHEHUE CIEIIEHHOTO C KOHTYpOM
MMOTOKAa MarHUTHOM WHAyKUMH. Hampumep, mpu moBopoTe B OJHOPOJHOM MAarHUTHOM IIOJiE
3aMKHYTOTO MPOBOJAIIEIO KOHTYpa B HEM TaKkKe€ BO3HHMKAET WHAYKIHMOHHBIN TOK. B manHOM
cllydae MHIYKIHMST MarHUTHOTO TOJS BOIW3HM MPOBOJHUKA OCTAETCA MOCTOSIHHOM, a MEHseTCs
TOJILKO TTOTOK MAarHUTHOM MHIYKIIMH CKBO3b KOHTYP.
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OnBITHBIM IyTEM OBLJIO TAK)KE YCTAHOBJIEHO, YTO 3HAYEHUE MHAYKIIMOHHOI'O TOKAa COBEPIIEHHO HE
3aBUCUT OmM CHOCOOA U3MEHeHUsI NOMOKA MAcHUMHOU UHOYKYuy, a OIPENENAeTCs JIHUIIb
cKopocmbio €ro n3MeHeHus (B onbiTax dapazies Takke JOKa3bIBAETCsl, YUTO OTKJIOHEHUE CTPEIKU
ragpBaHoMeTpa (cuiaa Toka) TeM OoJiblle, 4eM OOJbIIE CKOPOCTh JIBMIKCHUS MarHuTa, WM
CKOPOCTbh U3MEHEHUS CUJIbI TOKA, UJIM CKOPOCTb IBUKEHUS KaTYIIEK).

OTKpbITHE SIBICHUS SIIEKTPOMArHUTHON WHIYKIMHM HMMeENOo OOJIbIIoe 3HAa4YeHHE, TaK Kak Obuia
JI0Ka3aHa BO3MOYKHOCTh IOJIy4YEHUS JIEKTPUUECKOTO TOKA C MOMOILbIO MAarHUTHOTO NOJIS. DTUM
ObUla yCTAaHOBJIEHA B3aWMOCBS3b MEXIY JJIEKTPHUUECKMMH M MAarHUTHBIMH SIBICHHSIMH, YTO
MOCIIY’KUJIO B JAJIbHENUIIEM TOJTYKOM JJIsl Pa3pabOTKU TEOPUH AJIEKTPOMATHUTHOTO IOJIS.

il

)
}
|

~Puc. 179

® Y70 ABNAGTCA NPUYMHOA BO3HWKHOBEHHA 3.4.C.
MHOYKUHK B 38MKHYTOM NPOBOAALeM KOHTY-
pe? OT 4ero W KaKk 38BMCHT 3.0.C. MHAYKLMWH,
BO3HMKAIOWAA B KOHTYpe?

® B yeM 3aKNOHAEGTCA ABNOHNE ATOKTPOMAIHHT-
HOR MHAYKUMN? MNpoaHannsvwpyiTe onbiThi. da-
pages. : .

[

o —

2. 3akon ®apajes u ero BbIBOJ U3 3AKOHA COXPAHEHMS YHEPTrUH

O060061mas pe3ynbTaThl CBOMX MHOTOYHCIEHHBIX OMNBITOB, Dapajeil mpuien K KOJIMYECTBEHHOMY
3aKOHY DJEKTPOMAarHuTHOM HWHAYKIMM. OH MOKa3ald, 4TO BCAKHM pa3, KOTAA MPOUCXOIUT
W3MEHEHNE CUEIUIEHHOTO C KOHTYPOM IIOTOKa MarHMTHOW WHIYKIWH, B KOHTYpE BO3HHMKAET
WHJIYKIUOHHBIN TOK; BO3HMKHOBEHME WHIYKIIMOHHOTO TOKAa YKA3bIBA€T HAa HAJIW4Me B LENU
JNEKTPOJBWKYIIEN CHJIBI, Ha3bIBAEMON JJIEKTPOABMKYIIEH CHJIOM 3JIeKTPOMATHMTHOM
HHAYKIMU. 3HAYCHUWE WHIYKIMOHHOTO TOKa, a CIEJOBATEIbHO, M 3.1.C. JJIEKTPOMAarHUTHOMN

UHAYKIOUH E; ONpCACIIAOTCA TOJIBKO CKOPOCTBIO U3BMCHCHHA MAarHUTHOI'O IOTOKaA, T. €.

do
E,~ a

Teneps HEOOX0AUMO BBIACHUTH 3HaK E,;. B 120 ObLIO MOKa3aHO, YTO 3HAK MArHUTHOTO TOTOKA
3aBHCUT OT BBIOOpA TOJIOKHUTEIHPHOM HOPMaJIM K KOHTYPY. B CBOIO ouepenp, MOJIOKUTEIHLHOE
HalpaBJieHHEe HOPMaJIM OMpeeNseTcsl mpaBuioM mnpaBoro BuHTa (cMm. 109). CrnemoBaTenbHO,
BBIOMpAs MOJIOKUTEIHHOE HANPABICHUE HOPMAJIU, MBI OTIPECIISIEM KaK 3HaK MMOTOKAa MarHUTHOM
WHIYKIIMW, TaK ¥ HallpaBJIeHUE TOKA U 3.]1.C. B KOHTYype. [10Jb3ysch 3TUMM MpeACTaBICHUSIMU U
BBIBOJIaMH, MO>XHO COOTBETCTBEHHO NPHUUTH K (DOPMYIMPOBKE 3aKOHA 3JI€KTPOMATrHUTHOM
uHaAyKkuuu Dapajgesi: kakoBa Obl HY ObLTa MPUYMHA U3MEHEHHS MMOTOKA MarHUTHOM WHIYKIIUH,
0XBaThIBAEMOT'0 3aMKHYTBHIM IIPOBOISAIIAM KOHTYPOM, BO3HHKAIOIIAS B KOHTYpE 2. 1. C.

g =2

dr
(123.2)

do
3Hak MHHYC IIOKa3bIBACT, YTO YBCIIMYCHUC ITOTOKA (I > 0 ) BBI3BIBACT 3. 1. C. E;' <0, T. . IoJIC

HHAYKIOHOHHOI'O TOKA HAIIPABJIICHO HABCTPEYY IIOTOKY; YMCHBIICHUC ITIOTOKA (d_o < 0) BBI3BIBACT

dt
El > o! T.C. HaHpaBJ‘IeHI/IH IIOTOKA U II0JIA I/IHI[YKI_II/IOHHOFO TOKa COBITIaAAROT. 3HaK MI/IHy'C B
dopmyne (123.2) ompenensiercst mpaBmwioM JleHma — oOOMIMM TPaBWIOM JUIS HAXOXKJIECHUS

HaIpaBJIEHUs UHYKIIMOHHOTO TOKA, BhIB€AEHHOTO B 1833 .

IIpaBuno JleHnma: WHAYKIMOHHBIM TOK B KOHTYpE HMEET BCErJa TAaKOE HaIlpaBJIE€HUE, YTO
CO3/1aBa€MO€ MM MarHUTHOE T0JI€ MPENATCTBYET U3MEHEHUI0 MarHUTHOTO TIOTOKA, BBI3BABIIEMY
3TOT UHAYKIMOHHBIN TOK.

3akon ®Dapanes (cM. (123.2)) MokeT OBITH HEMOCPEIACTBEHHO TOJTYYEH W3 3aKOHA COXPaHCHHS
SHEPruu, Kak 3To BrepBbie caenan I'. ['enbMromnsil. PaccMoTpuM nmpoBOJHUK € TOKOM |, KOTOpPBIiA
MOMEUIEH B OJJHOPOJHOE€ MAarHUTHOE MOJe, MEePHEeHANKYISIPHOE TIOCKOCTH KOHTYpPa, U MOXET

273



cBoOo1HO niepemeniatbes (eM. puc. 177). Ilox neiictBuem cuibl Amnepa F, HanpaBiieHue KOTopoit
MOKa3aHO Ha PHCYHKE, TPOBOJHUK NepemeniaeTcs Ha oTpe3ok dX. Takum oOpas3om, cuiia Ammnepa
pou3BoauT padoty (cM. (121.1)) dA=ld®d, rae dd — nepecedeHHbIN TPOBOJHUKOM MarHUTHBIH
MOTOK.

CornacHO 3aKOHY COXpaHEHHsS SHepruu, paboTa HCTOUHWKAa Toka 3a Bpems dt (EIdr) Oyzner
CKJIaJIBIBATBCS M3 pabOTHI Ha JuKoyIeBy TemtoTy (12Rdt) u paGoThI 1o mepeMeIeHnio TPOBOTHHKA
B MaruutHoM mosie (1dd):

EIdt = I’Rdt + Id0,
rae R — nonHoe conpotuBieHue KouTypa. Torna

dao
1= € -—)R
(E dt

()
d_t = E, ecTb He 4TO MHOE, Kak 3akoH Dapanes (cMm. (123.2)).

3akon dapangess MOXHO CHOPMYIUPOBATH €IIe TaKUM OOpa3oM: 3.Ja.Cc. E; aJIeKTpOMarHUTHOM
UHIYKIUA B KOHTYpPE YHCIIEHHO paBHa M IMPOTUBOIOJOXKHA MO 3HAKy CKOPOCTH M3MEHEHUs
MarHUTHOTO IOTOKA CKBO3b NOBEPXHOCTh, OFPAaHUYEHHYIO 3TUM KOHTYPOM. DTOT 3aKOH SBJIAETCS
VHUBepcanibHuiM: 3. N. ¢. E; He 3aBUCHT OT cnoco0a M3MEHEHHS] MarHUTHOTO IMOTOKAa. J.J.C.
AIIEKTPOMAarHUTHOM HWHIYKIMM BbIpa)kaeTcsi B BoJIbTaxX. JleMCTBUTENBHO, YYHUTHIBAsA, YTO
€IMHULIe MarHUTHOTO MOTOKa siBisieTcs Bebep (BO), moryunm

d®] B6 Tn'm* H'M®* Hx A'Bc
By

KakoBa npupoga 3.4.c. anekTpoMarHUTHON MHAYKIMK? Eciau npoBoaHUK (TOABUXKHAS EpEeMBbIUKa
KOHTypa Ha puc. 177) nBumKeTcss B TOCTOSHHOM MarHMTHOM Tojie, To cwia JlopeHua,
JeUCTBYIOLIAasl Ha 3apsAabl BHYTPU IPOBOJHMKA, ABMIKYLIMECS BMECTE C MPOBOJHUKOM, OyneT
HanpasjeHa IPOTUBOIOJIOXKHO TOKY, T. €. OHa OyJeT Co37aBaTh B MPOBOJAHHUKE MHAYKIIMOHHBIN
TOK NPOTHBOIIOJIOKHOTO HAIPABJIEHUs (3a HANpaBICHUE SJIEKTPHUUECKOrOo TOKA MPUHUMAETCS
JBYDKEHUE TIOJIOKUTENBbHBIX 3apsaaoB). TakuM oOpa3zom, BO30yXJI€HHE 3.1.C. MHIYKLUU IpU
JBMDKEHUSI KOHTYypa B MOCTOSHHOM MarHMTHOM I0JIe OOBsICHseTCs JieiicTBueM cuibl JlopeHia,
BO3HHKAIOIIEH ITPY IBUKEHUH ITPOBOJHHKA.

CornacHo 3akoHy Papajesi, BOSHUKHOBEHHUE 3.J1.C. IEKTPOMarHUTHOM MHAYKLIUU BO3MOXHO U B
ClIlydae HENOJBIKHOIO KOHTYpPa, HAXOMALIETOCs B nepemMeHHoM MarHuTHOM noje. OqHako cuiia
JlopeHnia Ha HEMOJBWKHBIC 3apsAibl HE JEHUCTBYET, IIO3TOMY B JAaHHOM CIIy4ae €l HEIb3s
OOBSICHUTh BO3HHUKHOBEHHUE 3.].C. MHIYKUUHU. MakcBem1 [uid OObACHEHMs 3.1.C. HHAYKIUHU B
HenooUIICHbIX TIPOBOJHUKAX MPEINOJI0KHMI, YTO BCSIKOE IEPEMEHHOE MAarHuTHOE II0JIe
BO30Y)XJIa€T B OKPYXKAOIEM IIPOCTPAHCTBE MIEKTPUUECKOE TI0JI€, KOTOPOE U ABISAETCS NPUUUHON
BO3HMKHOBEHHUS MHIYKIIMOHHOIO TOKa B IpoBonHuKe. Llupkymauusa Bexkropa Es 3Toro noss no
1000My HENOIBUKHOMY KOHTYpY L npoBogHMKa npeacTaBiseT co0oil 3. 11. €. 3IeKTpOMarHUTHOM

WHIYKIIWU:

g = Bl = — 2,
L

dt
(123.3)
3. Bpanlenue paMKu B MAarHUTHOM 110J1€

SIBneHue >NeKTPOMAarHUTHON MHIYKIIMY IPUMEHSIETCS TS Tpeo0pa30BaHus MEXaHUYECKOM SYHEPTUU
B DHEPIUIO0 AJIEKTPUYECKOro TOKa. [[7s 3TOM 1Lenu HMCHOJIb3yIOTCS TeHepaTopbl, MPUHIUI
JNEUCTBUSL KOTOPBIX MOJKHO pacCMOTPETh HAa MpPUMEPE IUIOCKOM paMKH, Bpallaromieiics B
OJTHOPOJTHOM MarHUTHOM roJie (puc. 180).

[TpearmnosoXuM, 4TO paMKa BpalaeTcsi B OJAHOPOJAHOM MarHuTHOM moJje (B=const) paBHOMepHO ¢
YTI0BOU CKOPOCTHIO 1=CONSt. MarHUTHEIN MOTOK, CIETNICHHBIN C paMKOH MIOMaAbio S, B 110001
MOMEHT BpeMeHH t, cornmacHo (120.1), paBen

® = B,S = BScosax = BScoswt,
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rjae o = ot — yroy IOBOpOTa paMKHi B MOMEHT BpeMeHH t (Hagasio oTcueTa BRIOpaHO Tak, 9TOObI IPU
t=0 Obu10 =0).
[Tpu BpameHnn pamMky B Helt Oy/ieT BO3HUKAThH IepeMeHHast 3.11.Cc. uHAyKun (cM. (123.2))
do

| = - —&-t- = BSwsinwt,

(124.1)
M3MEHSIOIIASACS CO BPEMEHEM 10 rapMOHnYeckoMy 3akony. [Ipu Sinat = | ».1.c. €, makcumaibHa,
T. €.
E = BSw.
(124.2)

VYuursiBas (124.2), Beipaxenue (124.1) MoxHO 3anucaTh B BUAE
E[= Emsm wt,
Takum oOpa3om, eciu B OJIHOPOJAHOM MAarHWTHOM I10JI€ paBHOMEPHO BpalllaeTcsl paMKa, TO B Hell
BO3HUKAET MEPEMEHHAs 3.11.C., U3MEHSIOMIASICS 10 TAPMOHUYECKOMY 3aKOHY.

® lMousMy gna obHapyxeHns WHAYKUWOHHOro @ BCerga NM NpH WSMEHeHWM NOTOKA MArHWTHOM

TOK&. NyNWe WCNONb30OBATL SAMKHYTLIA npo- WHAYKUWH B NPOBOAALLEM KOHTYPE B HeM BOS-
BOAHVK B BMAe KATYLIKM, 8 He B BHAe OAHOro HUKAST 3.4.C. MHAYKUNN? MHAYKUWOHHBIA TOK?
BWTKA npopofa? @ Bo3HpxaeT nu MHAYKUNOHHBIA TOK B NPOBOAQSA-

o Cdopwmynnpyiite npasuno JleHya, NpoMnNoCT- weiA pamxe, NOCTYNATeNnbHO ABMXYWENRCA
PHpPOBAB €r0 NPUMEpPaMH. B OJHOPOAHOM MArHWTHOM none?

@ Kax HanpasneH WHAYKUWOHHLIA TOK?

13 popmyisl (124.2) BEITEKAET, YTO € ma (CII€I0BATENBHO, U 3.]1.C. UHAYKLUH) HAXOAUTCS B IIPSIMOI
3aBHCHMOCTH OT BeJMuuH @, B u S. B Poccun npunsTa crangapTHas yactora Toka v = al(2m) =
50 I'm, mo3TOMY BO3MOXHO JIMIIb YBEJIMYEHUE JIBYX OCTAJIbHBIX Benuuuu. Jlid yBenuyeHus B
MPUMEHSIOT MOIIHbIE TIOCTOSHHBIE MAarHUTHl MWJIM B  JJIEKTPOMAarHWTax IMPOIYCKaoT
3HAYUTENbHBIN TOK, a TAK)K€ BHYTPb 3JIEKTPOMAarHuTa MOMEIaloT CEpACYHUKN U3 MaTepHalloB C
00JIBIION MarHUTHOM MPOHMIIAEMOCTbhIO L. Eciu Bpamarh He OJHH, a PsiJ BUTKOB, CO€AMHEHHBIX
MOCJIEIOBATEIbHO, TO TeM caMmbiM yBenuuuBaeTcs S. [lepeMeHHOe HampsHkeHHE CHHUMAETCS C
BpAIAIOIIErOCs BUTKA C TIOMOIIBIO MIETOK, CXeMaTHYECKH n300pakeHHBIX Ha puc. 180.

[Ipomecc mpeBpamieHUs: MEXaHUYECKOW SHEPIHHM B IJICKTPUYECKYI0 oOpatuMm. Ecimm mo pawmke,
MTOMEIIEHHON B MAarHUTHOE JI0JI€, IPOMYCKAaTh JEKTPUUECKUM TOK, TO B COOTBETCTBUU € (109.1)
Ha Hee Oy/eT AeiicTBOBAThH BpAIlAIOLINl MOMEHT U paMKa HauHeT Bpamiarbes. Ha stom npunnumne
OCHOBaHa paboTa 3JIeKTPOJABUraTe e, MpeJHa3HAUCHHBIX JUIS MPEBPAIlleHUs AIEKTPUUECKON
SHEPrUU B MEXaHUYECKYIO.

4. UHAyKTUBHOCTH KOHTYpa. CaMOMHIAYKIUA

DNEeKTpUYECKUN TOK, TEKYIIUH B 3aMKHYTOM KOHTYpE, CO3/1a€T BOKpYr ce0si MarHuTHOE TOJIe,
UHIYKIHS KOTOporo, mno 3akony buo — CaBapa — Jlamnaca (cm. (110.2)), nponopuuoHaibHa
ToKy. ClLemjeHHbIH C KOHTYpOM MAarHUTHBIH MOTOK @ mosTOMY mpomopiuoHaieH Toky | B
KOHTYpE:

Q= LI,
(126.1)

rae Ko3(hUIUEHT NPONOPIHOHAIBHOCTH L Ha3pIBaeTCsS HHAYKTHBHOCTHIO KOHTYPA.

[Ipu M3MeHeHuN CUIIbI TOKa B KOHTYpe Oy/eT U3MEHSTHCS TaKXKe U CIETUICHHBI ¢ HUM MarHUTHBIN
MOTOK; CIIEJIOBAaTeNbHO, B KOHType OyaeT WHAYIUpPOBaThCA 3.1.C. BO3HHKHOBEHHE 3.1.C.
WHIYKOUUW B TPOBOJSAIIEM KOHTYpEe IpU H3MEHEHMHM B HEM CHJIBl TOKa Ha3bIBAETCA
CaMOMHIYKIIUEH.
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dlcg
I

il

L
—_JL____]
Pac. 181 Prc. 182
W3 Beipaxenus (126.1) ompenensercs eauHuna MHAyKTUBHOCTH TeHpu (I'H): 1 I'm — wumn-
JTYKTUBHOCTb TAKOTO KOHTYpPA, MATHUTHBIN MOTOK CAMOMHIYKIIMK KOTOPOTO IpH TOKe B 1 A paBeH
1 BO:

1 I'm=1 B6/A=1 B'c/A.

PaccuntaeM WHAYKTUBHOCTh O€CKOHEYHO MHHOrO cosneHouaa. CormacHo (120.4), mosHbIM
2

. NI
MAarHUTHBI TIOTOK CKBO3b COJICHOWJ (TIOTOKOCIEIJICHUE) paBeH Fokt —~ S. TloncraBuB 3TO

BbIpakeHue B popmyny (126.1), monyuum
1
L=M£§
(126.2)
T. €. MHAYKTUBHOCTh COJICHOM/IA 3aBUCHT OT YKCiIa BUTKOB cojieHouaa N, ero munsl |, muomamu S u
MarHuTHOM MPOHHUIIAEMOCTH £/ BEUIECTBA, U3 KOTOPOTO M3TOTOBJIEH CEPJCUYHUK COJICHOUA.
MoxHO TmOKa3aTh, 4YTO MHIYKTHUBHOCTH KOHTypa B OOLIEM ciyyae 3aBUCUT TOJIBKO OT
TeOMETPUUECKOM (OpMBI KOHTYpa, €ro pa3MepoB M MAarHUTHOW MPOHUIIAEMOCTH TOHM Cpeipbl, B
KOTOpOM OH HaxoJWTCSA. B 3TOM cMbICiie MHAYKTUBHOCTh KOHTYpa — aHAJOT 3JIEKTPUYECKOU
€MKOCTH YeIMHEHHOTO MMPOBOJHUKA, KOTOpask TaKKe 3aBUCHUT TOJIBKO OT (OPMBI IPOBOIHHKA, €TO
pa3MepoB U TUAICKTPUUECKOW MPOHUIIAEMOCTH cpefibl (cM. 93).
[IpuMeHsist K sSIBICHHIO caMOMHAYKIMK 3akoH Dapaxes (cm. (123.2)), momydum, 49ro 3. 1d. C.
CaMOMHIYKIINH

Ecniu kouTyp He paedopMupyercss M MarHuUTHas TNPOHHUIIAEMOCTh CpeAbl He u3MeHsieTcs (B
nanpHeieM OyieT moka3aHo, YTo Mocje/IHee YCIOBHE BBITIOJIHAETCS He Bceraa), To L = const u

E,= - L—

ar’
(126.3)
rJie 3HaK MUHYC, 00YyCIOBJIEHHBIHM TpaBuiioM JIeHIa, OKa3bIBAET, YTO HAIWYNE WHIYKTHBHOCTH B
KOHTYPE MPUBOJINT K 3AMEONCHUIO USMEHEHUsl TOKA B HEM.

dr
Ecmn ToK CO BpEMCHECM BO3pacCTacT, TO a;>0 H 5,(0, T. €. TOK CAaMOUHIAYKIIMU HaIIPAaBJICH

HaBCTPEYY TOKY, 06YCJ'IOBJ'IGHHOMy BHCITHUM UCTOYHUKOM, U 3aMCIUISICT €0 BO3paCTaHUC. Ecmu

dr o
TOK CO BPEMCHCM Y6BIB8.CT, TO la—<ﬂﬂ E,)O, T. €. MHAYKIIUOHHBIM TOK HMECT TaKOC IKC
4
HaIlpaBJICHUEC, KaK U Y6BIB8.IOIHI/II>'I TOK B KOHTYpPC, U 3aMCIUISICT €TI0 Y6BIB8.HI/I€. Takum o6pa30M,
KOHTYP, o6naﬂa;1 onpeneneHHoﬁ HHAYKTUBHOCTELIO, ano6peTaeT OJICKTPUYCCKYIO MHEPTHOCTD,

3aKIIIOYAr0Iyrocsa B TOM, 4YTO m000€ U3MEHEHHE TOKa TOPMO3UTCA TEM CHIIBHCC, YCM 0oJIbIIIE
HHAYKTUBHOCTL KOHTYpaA.
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5. Toku Npu pasMbIKaHUH U 3aMbIKAaHUH LEIMA

HpI/I BCAKOM HM3MCHCHHHU CHUJIbI TOKAa B ITPOBOAAIICM KOHTYPC BO3HHUKACT 3. A. C. CAMOUMHAYKIWH, B
PE3YIbTATC YCro B KOHTYPC IMOABJIAIOTCA AOIIOJHUTCIILHBIC TOKHU, HA3BIBACMBIC IKCTPATOKaAMHU
CAMOUHAYKIMH. SKCTpaTOKI/I CaMOMHAYKIOWH, COIJIACHO ITpaBUITY .HGHI_[a, BCCraa HallpaBJICHBI
Tak, YTOOBI MNpeIATCTBOBATH USMCHCHUAM TOKA B LICTIH, T. €. HAIIPABJICHLI IIPOTHBOIIOJIO)KHO TOKY,
CO31aBaACMOMY HCTOYHHUKOM. HpI/I BBIKJIFOYCHHUH MCTOYHHKA TOKa 3KCTPATOKKW MMCIOT TAKOC KC
HaIpaBJICHUEC, YTO U OCJ'Ia6CBaIOHII/H>'I TOK. CHGILOB&TCHLHO, HAJIMYNUC MHAYKTHBHOCTH B LCIIA
IMPHUBOJUT K 3aMCIJICHUIO UCUC3HOBCHHUA UJIKM YCTAHOBJICHUA TOKA B LCIIH.

@ 470 Takoe Bmxpesbie TOKM? BpefiHbi OHM MM @ TloveMy cephevHnkM TpaHchopMaTtopoB He
NonesHu? [enawT CNNOWHLIMK?

PaccmoTpuM mporiecc BHIKITIOYEHHUS TOKA B IIETIH, COIEprKalleld HCTOYHUK TOKa C 3.]1.C. &, Pe3UCTOp
conpoTHBIIEHHEM R W KaTymky MHAYKTHBHOCTBIO L. Ilon meficTBreM BHeMIHEH 3. 1. C. B IENH
TE€YEeT MOCTOSIHHBIN TOK

I = E/R

(BHYTPEHHHUM CONPOTHBJIEHUEM UCTOYHHUKA TOKa MpeHeOperaem).

B mMomenT BpemeHu t=0 OTKIIOYMM HCTOYHHMK TOKa. TOK B KaTylIKe MHIYKTUBHOCTBbIO L HauHeT

dr

YMEHBIIATHCSA, YTO MPHUBEAET K BO3HUKHOBEHHIO O.JI.C. CAMOMHIYKIMH & =-—L ar
t

MPEMSTCTBYIOIIEH, COTJTaCHO MpaBuily JIeHIa, yMEeHbIIEHHIO TOKA. B KaXkabplii MOMEHT BpEMEHHU

TOK B I[N ompeensiercs 3akoHoM Oma = & s/ R, mm

IRa—Ld—I

dr
(127.1)

PaznenuB B BeIpakenuu (127.1) mepeMeHHBIE, TOTYIUM dle - %dr. WNHTerpupys 310 ypaBHEHHUE

mo | (ot lo 1o I) ut (ot 0 go t), Haxomum In (I /o) = —Rt/L, wiu
I=15e™,
(127.2)

rae t=L/R — mocrosiHHasi, Ha3bIBacMas BpeMeHeM penakcanum. 13 (127.2) ciexyer, 94To T eCTh
BpeMsi, B TCUCHHE KOTOPOTO CHJIa TOKA YMEHBIIIAETCS B € Pas.

Takum o00Opa3oM, B Tpolrecce OTKIIOUCHHS HWCTOYHMKA TOKAa CHJIA TOKa YOBIBaeT 110
AKCIIOHCHIIMAIBHOMY 3akoHy (127.2) m ompenensiercss kpuBoir 1 Ha puc. 183. Uem Oombine
WHAYKTHBHOCTh IIEMH M MEHBIIC €€ CONMPOTHBJICHUE, TeM OOJIbIIe T M, CIEJI0BATEIbHO, TEM
MEIJICHHEE YMEHbBINASTCS TOK B IIEIH MPH €€ pa3MbIKAaHHH. o

HpI/I 3aMbIKaHUH 1IETTH TIOMUMO BHEITHEH 3. a. C. & BO3HMKAET 3. A. C. CaMOUMHAYKIIUH JE,:: -L—,
dt

HPENSTCTBYIOIIAs, COTIACHO NpaBuity JIeHIa, Bo3pactanuio Toka. [To 3akony Oma, IR = € + E,,
WIn

dar
IR=§¢ —~L ar
BBens HOByIO nepeMeHHYO u=IR— E, npeodpaszyeM 3TO ypaBHEHHUE K BUAY
du dr
PiaiEs
rie T — BpEMs pellaKkCalluu.
Pac. 183

@ Korpa 2.a.c. camowHgykynn OGonbiue — npu
3aMbIKAHWM MMM Pa3sMbikaHWh Uenu NOCTOAH-
HOro ToKa?

@ B 4em sakmoyaercA (UINHECKUA CMLICN WH-
AYKTHBHOCTM KOHTYpa? B3aMMHON MHAYKTHBHO-
CTH ABYX KOHTYpOB? QT Yero oHn 3aBHCAT?
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B moment 3ambikanust (t=0) cuna Toxka | =0 u u = — € . CnenoBarenbHo, HHTErpUpys mo u (0T — &

1o IR- &) ut(or 0 go t), naxomum In[(IR- E)])/— & =—t/7, wim
I=h -e",
(127.3)

rie fy= &/R — yCTaHOBHBIIHIACS TOK (IIpU t—0).

Taxum 0Opazom, B mpoliecce BKIIFOYCHUSI HCTOYHUKA TOKAa HapacTaHUE CHJIBI TOKA B LIEMH 33aeTCs
¢bynkuueit (127.3) u onpenensercs kpuBoit 2 Ha puc. 183. Cuia Toka Bo3pactaeT OT Ha4aJIbHOTO
3HaueHuss |=0 ¥ acCHMMOTOTHYECKHM CTPEMUTCS K YCTaHOBUBIIEMYCs 3HaueHHiO h= E/R..
CxopocTh HapacTaHus TOKA OTIPEICIISICTCS TEM JKe BpeMeHeM peakcanuu 7—=L/R, 4yTo u yObiBaHue
TOKa. YCTAaHOBIJIEHHE TOKa MPOUCXOJUT TE€M OBICTpEe, YeM MEHbIIe WHIYKTHBHOCTH LENU U
0oJIbIIIE €€ COMTPOTHBIICHHE.

OIGHNM 3HAYEHHWE 3.1.C. CAMOMHAYKIMH €a, BOSHHKAIOMEH NPH MIHOBEHHOM YBEIHUYCHHH
COTIPOTHUBJICHUS LIEMH OCTOSTHHOTO TOKa OT Ro 110 R. [Ipennonoxum, 9To MBI pa3MbIKaeM KOHTYD,
KOT/Ia B HEM TeUeT yCTaHOBUBIIHIACS TOK Jo= E/R.. [Ipu pa3MbIKaHUH [[ETTH TOK U3MEHSIETCS 110
dbopmyne (127.2). IloacraBuB B Hee BbIpakeHue st lo v 7, mosryuanm

1L
Ry
D.11.C. CAMOMHAYKIIHH
ST P
dt Ry

T. €. MPHU 3HAYUTEIILHOM yBeluueHuu compotusieHus nenu (R/Ro>>1), obnanaromieit 6oabIion
WHAYKTHBHOCTBIO, 3.]1.C. CAMOMHIYKIIMHA MOXET BO MHOTO pa3 MPEBBIIIATH 3.7.C. HCTOYHHKA TOKa,
BKITIOYCHHOTO B Ilenb. TakuM 00pa3oM, HEOOXOJWMO YYHTHIBATh, YTO KOHTYp, COJIEpIKAIIUIA
WHAYKTHBHOCTB, HEIb3s PE3KO Pa3MbIKaTh, TaK Kak 3TO (BOSHHMKHOBEHHE 3HAYUTENBHBIX 3.1I.C.
CAMOMHAYKIIMK) MOXET NMPUBECTU K MPOOOI0 M30JIALUH M BBIBOJY U3 CTPOS M3MEPUTENIBHBIX
npubopoB. Ecinu B KOHTYp CONPOTHBICHHE BBOJUTH IOCTENEHHO, TO 3.1.C. CAMOMHAYKIIMU HE
JOCTUTHET OOJIbIINX 3HAYECHUH.

6. B3aumnasi uHAyKIUA

PaccmotpuMm nBa HemoaBWXKHBIX KOHTYpa (1 u 2), pacmoyoKEeHHBIX TOCTATOYHO OJM3KO JAPYr OT
npyra (puc. 184). Ecnu B koHType 1 Teuer Tok |1, TO MAarHUTHBIN MOTOK, CO3/IaBaEMbIH 3TUM TOKOM
(mone, co3pgaromiee HSTOT TMOTOK, HA PHUCYHKE HM300paXEHO CIUIOIIHBIMU  JIMHUSIMH),
npornopuuoHaiet li. O6o3naunm yepe3 @21 Ty 4acTh MOTOKA, KOTOPAsi IPOHU3BIBAET KOHTYp 2.
Torna

Oy =Lk,
(128.1)

rae Lio — koadpumueHT nponopruuoHaaILHOCTH.

Ecnu ok |1 u3MensieTcs, To B KOHType 2 MHAYLUPYETCs 3.1.¢. € 12, KoTOpas 1o 3akony Papazes (cm.
(123.2)) paBHa ¥ IPOTUBOIOJIOKHA MO 3HAKY CKOPOCTH M3MEHEHHS MarHUTHOTO moToka Dz,
CO3JJaHHOTO TOKOM B IIEPBOM KOHTYpPE U MPOHU3BIBAIOIIETO BTOPOM:

4o, dl
s=——r==Ly—.
dt dr
AHaJ'IOFI/I‘IHO, IIpU NPOTCKAHUU B KOHTYPC 2 TOKa |2 MarHUTHBIN IOTOK (CFO II0JIE I/I306pa)KeH0 Ha
puc. 184 mWITPpUXOBBIMM JIMHUSMH) IPOHU3BIBAET NEPBbIA KOHTYp. Ecim ®12 — yacTe 3TOTO
IOTOKA, TPOHU3BIBAOIICTO KOHTYP 1, TO
@12= Lz L5

Ecmu Tok |2 m3mensiercs, To B koHType 1 uHaymupyercs 3.0.c. € ;,, KOTOpas paBHa M MPOTH-
BOIIOJIO’KHA II0 3HAKY CKOPOCTH M3MEHEHHMS MAarHUTHOTO NoTtoka P12, CO3AAHHOTO TOKOM BO

BTOPOM KOHTYPC U NPOHU3BIBAIOLICTO HepBLIfIZ

dd,, drn
- e — [y —,
En dr 2°dr
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SIBneHMe BO3HMKHOBEHHS 3.1.C. B OJHOM M3 KOHTYPOB IIPU HW3MEHEHHUU CHJIBI TOKA B JIPYrOM
Ha3piBaeTcs B3aMMHON wuHAyKHued. Kosdounumentsr npomopumonansHoctn L1 m Li2
Ha3bIBAIOTCS B3aUMHON HWHAYKTHMBHOCTBIO KOHTYpPOB. PacueTsl, moATBEp)KIaeMble OIIBITOM,
IIOKa3bIBaIOT, 4TO L21 u L12 paBHBI ApyT Apyry, T. €.

Lyy=Ln.
(128.2)

Koadpduuumentsr L1z m L21 3aBucAT OT reomerpuueckoil (OpPMBI, pa3MepoB, B3aWMHOTO
PacroJio’)KeHUsI KOHTYPOB M OT MAarHUTHON NPOHMUIIAEMOCTH OKPYXAlOIIeH KOHTYpPbI CpE[bl.
Enununa B3auMHON MHAYKTUBHOCTH Ta )K€, YTO U JUIsl UHIYKTUBHOCTH, — reHpu (I'H).

PaccuntaeM B3auMHYI0O MHIYKTUBHOCTb JABYX KaTyIIEK, HAMOTAHHBIX Ha OOLIMN TOPOMJAJIbHBIN
CepJCUHUK. OTOT ciydyaid MMeeT OoJjblloe mpakTuyeckoe 3HadeHue (puc. 185). MaruutHas

MHIYKLKS 10JI, CO3/IaBa€MOro MepBOi KaTylIKoM ¢ yucioM BUTKOB N1, TOKOM |1 U1 MarHUTHOM

Ny

MPOHUIIAEMOCTBIO A CeplieuHHKa, coraacHo (119.2), B=peu —, Tae | — mmHa cepiedHuka no

. . . ML
CpelHel TMHUHA. MarHuTHBIN IOTOK CKBO3b OJIMH BUTOK BTOPOM KaTyIIKU ;= BS= oy e S.

Torna moHBIM MarHUTHBINA MOTOK (MIOTOKOCIEIJICHHE) CKBO3b BTOPHYHYIO OOMOTKY, COJIEPIKAIILYIO
N2 BUTKOB,
NN,
/

¥ = OzNg = oM SI|

[Torox ¥ co3maetcst TokoMm |1, moaTomy, cormacuo (128.1), momyuaem

b4 NN,
=— = S.
Ly I Hot —
(128.3)
TN~ 2 Prc. 184
- T —
"'---—'--‘L——-—-———-—-f_ — @ B 4em 3aKMOYAIOTCA ABNEHHA CAMOMHAYKUMK
5\ A M BIANMHOA MHAYKUMN? BbluncniuTe 3.4.C. WH-
— p—— —_— - AyKunn ana obGoux cnyuyaes.
= > — ® B ueM 3aKmouaeTch HHINYECKWA CMbiCH Bpe-
T MeHu penaxcauywn t=L/R? [okaxwre, uto
< OHO MME6T Da3MepHOCTb BPEMOHM.

Ecnu BBIYMCINTH MArHUTHBIN MMOTOK, CO3JaBaeMbIii KaTyIIKOW 2 CKBO3b Karymiky 1, To mis Li2
MOJYYUM BBIp@KEHHE B COOTBeTCTBMH ¢ (opmynoit (128.3). Takum o00pa3om, B3auMHast
HHIyKTUBHOCTH JIBYX KaTYIIICK, HAMOTAHHBIX Ha OOIINN TOPOUIATIbHBIN CEPACUHHUK,

N\N;

Lz = Ly “MTS

7. Tpancdopmaropsbl

[MpuHnun necTBUsS TpaHCPOPMATOPOB, MPHUMEHSEMBIX JJIsi TOBBIIICHHUS WM TOHMKEHUS
HampsDKeHUs TIEPEeMEHHOro0 TOKa, OCHOBaH Ha SBJICHWU B3aUMHOW WHAYKIWU. Brepsbie
TpaHchopMaTopsl OBUTH CKOHCTPYMPOBAHBI U BBEJCHBI B MPAKTHKY PYCCKUM AJIEKTPOTEXHUKOM
IT.H. Sl6noukoBeiM (1847—1894) u pycckum o¢msukom MN.O. VYcaruusim (1855—1919).
[MpuHnunuaneHas cxema TpaHchopMaTopa mokazaHa Ha puc. 186. IlepBuuHas u BTOpHUHAs
KaTymku (0OMOTKH), uMmeromue cooTBeTcTBeHHO Ni m N2 BHTKOB, yKperieHbl Ha 3aMKHYTOM
KEJIe3HOM cepJieuHHuKe. Tak Kak KOHIbI MEePBUYHON OOMOTKH MPUCOCTUHEHBI K HCTOUYHUKY
TIEPEMEHHOTO HAPSDKEHHS C 9.71.C. & 1,, TO B Hell BO3HUKAET MEPEeMEHHbIH TOK |1, co3aaromuii B
ceplieuHrKe TpaHchopMmaropa MEPEeMEHHBI MarHUTHBIM TOTOK @, KOTOPHIH MPaKTUYECKH
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IIOJIHOCTBIO JIOKAJIM30BAH B JKCIIE3HOM CEPACYHUKE U, CICNOBATENIBbHO, IIOYTH ILCIUKOM
IMPOHU3BIBACT BUTKHU BTOpH‘-IHOfI 00MOTKH. M3MeHeHNEe 3TOr0 IMOTOKA BEI3LIBAET BO BTOpH‘-IHOﬁ
00MOTKE MOSIBICHHE 3.]1.C. B3AUMHON HHYKLIUH, a B IEPBUYHON — 3./1.C. CAMOUHIYKITUH.

Toxk |1 mepBUYHON OOMOTKH OnpeaensieTcs CornacHo 3akoHy Oma:

d
— — (N,®) = IR,
El dt(l) 143

(129.1)
rae Ri1 — conporusnenue nepsuuHoit ooOMoTku. [lanenue nanpspkenus 11R1 Ha conpotuBnenun Ri
pu OBICTPOTIEPEMEHHBIX MOJISIX MAIO2 [0 CPABHEHUIO C KAXKAOH U3 IBYX 3.1.C., IOITOMY

do
~ Ny —.
EI 1 dr
(129.2)
D.J1.C. B3aMMHOW WHIYKIIMY, BOSHUKAIOIAsi BO BTOPUYHON OOMOTKE,
d (N,®) do
e TS

(129.3)

Pac. 185 Puc. 186

CpaBuamBas BoipakeHus (129.1) u (129.2), momydum, 9TO 3.4.C., BO3HHMKAIONIAs BO BTOPHYHOM
0OMOTKE,

£ Mg
1= =7 1
N, ?
e 3HaK MI/IHyc HOKaSBIBaeT, 4qToO 3.4.C. B HepBH‘IHOfI u BTOpH‘IHOﬁ O6MOTKaX HpOTPIBOHOJ'IO)KHBI 10

dbaze.

OtHomrenune uncina BUTKOB N2/Ni, mokassiBaroiiee, BO CKOJBKO pa3 3.1.C. BO BTOPHYHOH 0OMOTKE
Tpanchopmaropa Oosblie (WJIM MEHbBIIE), YeM B TNEPBUYHOM, Ha3bIBaeTCsd KOIPPUIIHEHTOM
Tpancopmanmu.

[Ipenebperas moTepssMu YHEPTUH, KOTOPBIE B COBPEMEHHBIX TpaHCc(opmMaTopax He MpeBhIIIaOT 2%
Y CBsI3aHBI B OCHOBHOM C BBIJICJICHUEM B 0OMOTKaX JPKOYJICBOM TEIUIOTHI U MOSIBJICHUEM BHXPEBBIX
TOKOB, ¥l IPUMEHSISI 3aKOH COXpaHEHHUS SHEPTUHU, MOKEM 3aMKcaTh, YTO MOIITHOCTH TOKAa B 00EHX
00MOTKax TpaHchopMaTOpa MPAKTUUYECKU OJMHAKOBHI:

&L= &\,

OTKYJIa, YUuThIBasi cooTHoueHue (129.3), Haiinem

&/ &, = L/ = NyfN,,

T. €. TOKA B 0OMOTKaxX 0OpaTHO MPOMOPIUOHAIIEHBI YUCITY BUTKOB B 3TUX 0OMOTKAX.

Ecmu N2/Ni>1, To uMeeM €0 ¢ MNOBBIIIAKINAM TPaHCHOPMATOPOM, YBECIHUHBAIONUM
MEPEMEHHYIO 3.1.C. U MOHIKAIOIIUM TOK (MPUMEHSIOTCS, HApUMep, Ui Mepeiadu dJIeKTPo-
SHEPruu Ha OOJbIINME PACCTOSHHS, TaK KaKk B JAaHHOM Ciydyae MOTEPH Ha HKOYJIEBY TEILIOTY,
MPOMOPIIHOHATIBHBIE KBaApaTy CHJIBI TOKa, cHmkawTcs); ecaud Na/Ni<l, To ummeem 1eno ¢
NOHMKAKIIUM TPAaHC(HOPMATOPOM, YMEHBIIAIOMIMM 3.7.C. ¥ TOBBIIAIOIUM TOK (IIPUMEHS-
I0TCS, HAPUMED, MPHU IIEKTPOCBAPKE, TaK Kak Uil Hee TpeOyercs OONbIION TOK MPH HU3KOM
HanpsOKEHUN).

Mg paccmatpuBaiy TpaHCHOPMATOPHI, UIMEIOIINE TOIBKO 1Be 00MOTKH. OTHAKO TpaHCHOPMATOPHI,
UCIOJIb3YeMbIe B PaIOyCTPOICTBaX, UMEIOT 4—5 00MOTOK, 00JaIal0NIUX Pa3HBIMH PabOIUMU
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HampsbkeHusMu.  TpanchopmaTop,  cocTosIMii W3 OJHOM  OOMOTKHM,  Ha3bIBaeTcs
aBToTpancopmaTtopom. B ciydae moBblmaroniero aBTorpanchopmaropa 3.7.c. HOJBOIUTCS K
yacTd OOMOTKM, a BTOpPHYHAas »3.1.C. CHUMaerci co Bced o0OMOTKH. B moHmkaromem
aBTOTpaHC(OpMATOpPE HANpPSHKEHHE CETH MOJAeTcss Ha BCIO OOMOTKY, a BTOpHUYHAs 3.1.C.
CHMMAETCSI C YaCTH OOMOTKH.

8. 3Hepl"]/lﬂ MAardMTHOTO IOJIdA

[IpoBOHUK, IO KOTOPOMY IMPOTEKAET MIEKTPUUYECKHI TOK, BCErla OKPYKEH MAarHUTHBIM IIOJIEM,
IIPUYEM MAarHUTHOE I10JI€ MOSIBIISIETCS U UCUE3aET BMECTE C MOSIBJICHUEM U UCUE3HOBEHHUEM TOKA.
MaruutHoe mnoje, NOJO0OHO 3JIEKTPUYECKOMY, SIBISETCS HOCUTENIEM HHEepruu. EcTecTBeHHO
MPEIOJI0KHUT, YTO SHEPIHsl MArHUTHOTO TOJIS paBHa paboTe, KOTOpask 3aTpaunBaeTCsi TOKOM Ha
CO3JaHHE ITOTO MOJIA.

PaccMoTpuM KOHTYp MHAYKTUBHOCTHIO L, no koTopoMy TeueT Tok |. C JaHHBIM KOHTYPOM CLEIJIEH
MarHuTHBIA MOTOK (cM. (126.1)) ®=LI, npuvem npu uzmenennn Toka Ha dl MarHUTHBINA TOTOK
uamensiercst Ha dO=LdIl. OmHako i M3MEHEHUsI MArHUTHOTO MOTOKA Ha BenmunHy dd (cm. 121)
HeobxoauMo coBepinuth padoty d4=ldd=LIdIl. Torma pabota Mo co3aaHNUI0 MArHUTHOTO OTOKA
@ OyzneT paBHa

¥
A = [ LI&I = LI*]2.
0

CrnenoBaTenbHO, SHEPTHSI MATHUTHOTO TOJIS, CBSI3aHHOTO C KOHTYPOM,
W = LI*f2.
(130.1)

I/ICCJ’IG}IOB&HI/I@ CBOMCTB MNEPEMEHHBIX MArHUTHBIX noneﬁ, B YACTHOCTH pPacCIpOCTPaAHCHUIA
OJICKTPOMArduTHBIX BOJIH, SABHJIOCH O0KA3aTCJIIbCTBOM TOI'O, YTO JHEPrud MArHUTHOI'O IIOJIA
JIOKAJIM30BaHA B MPOCTPAHCTBE. DTO COOTBETCTBYET MPEACTABICHUSIM TEOPHUH IOJIS.

DHEepru0 MarHUTHOTO TOJISi MOYKHO NMPEACTaBUTh KaK (PYHKIMIO BEJIMYMH, XapaKTePU3YIOUIUX 3TO
MoJie B OKPYXKaIoIeM MpOoCTpaHCTBE. JJI 3TOro pacCMOTPUM YACTHBIN Cilydaid — OJHOPOJIHOE

MarHuTHOE TOJIe BHYTPH UIMHHOTO cojieHouzaa. [loacraBuB B dopmymy (130.1) BeIpaxenue
(126.2), momyunm
1 N7

W o= —
2 Ho =7

Tak kax 1=Bl/(1ouN) (cm. (119.2)) u B=ppouH (cm. (109.3)), To

S.

rae S| =V — o6beM costeHOnA.
MarHuTHOE M0JIe COJICHOMA OJHOPOIHO M COCPEIOTOYCHO BHYTPH HEIrO, MOSTOMY SHEpPrus (CM.

(130.2)) 3akmroueHa B o0ObeME COJICHOMJIA M pacrpejelieHa B HEM C MOCTOSHHOW OOBEeMHOM
IUTIOTHOCTBIO

W B® puH® BH
Wem— e — Y
V 2up 2 2
(130.3)

Beipaxenue (130.3) 111 00beMHO# IMJIOTHOCTH SHEPTHMH MarHUTHOTO TTOJISI UMEET BUJI, aHAJIOTHYHBIH
dopmye (95.8) w1t 00BEMHOM INIOTHOCTH SHEPTUH SJIEKTPOCTATUIECKOTO MOJIS, C TOW pa3HULIeH,
YTO 2JEKTPUUECKUE BEIMUYUHBI 3aMEeHEHbl B HeM MarHUTHbIMU. Popmyna (130.3) BeiBeneHa Juis
OJTHOPOJTHOTO MOJIs, HO OHA CHpaBeaIMBa M JUIl HEOJHOPOJHBIX mosiedl. Beipaxkenue (130.3)
CIIPaBEUIMBO TOJIBKO AJISL CPENl, ISl KOTOPBIX 3aBUCUMOCTD B OT H nunetinas, T.6. OHO OTHOCHUTCS
TOJIBKO K MMapa- U JuamMarHeTukam (cm. 132).
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'. 3annunTe ¥ NPOBHANWSMPYATE BLIPAXOHNMA B Asa pa3a. Kak uaMeHunacs ofbemHas nnot-

ANA 06bLOMHOA MNOTHOCTH 3HEPIMM ANeXTPo- HOCTh 3HOPIMM MArHUTHOIO nonn?
CTATM4ECKOTO M MATHWTHOrO nonefl. Yemy pas- @ lMpneeanTe CCOTHOWGHWE® MeXAY TOKaMM
Ha OOBEOMHER MNNOTHOCTL 3HGPIMK 3NeKTPOMAr- B NepanuHOR n BTOPHUHOA OOGMOTKAX NOBbLILLA-
HMTHOrO NONA? joilero TpanctopMartopa.

@ HanpaxeHHOCTL MArHWTHOrC NONA BoOapocna

3agaHust 1 BONPOCHI

15.1. Konpo u3 amromMuHueBOro nposoja (p=26 HOM-M) NOMEIIEHO B MarHUTHOE IOJI€ MEpIIEH-
JTUKYJISIPHO JIMHUSIM MarHUTHOW MHAYKuuu. Jmamerp koisbua 20 cMm, quamerp mpoBojaa 1 mwm.
OnpenenuTh CKOPOCTh U3MEHEHUS MAarHUTHOTO TIOJIsA, €N crila Toka B koubire 0,5 A. [0,33 Ti/c]

15.2. B 0AHOPOJIHOM MarHUTHOM moJje, uHaykius kotoporo 0,5 T, paHomepHo ¢ yactotoit 300
MUH 1 BpamaeTcsl KaTymika, cojepskamas 200 BUTKOB, IJIOTHO MPHIIETAIOMUX APYT K APYTY.
[Inomans momepeuroro cedeHus karymku 100 cm2. Och BpameHHs MepIeHIUKYIAPHA OCH
KaTYILIKH U HAIIPaBJIEHUIO MarHUTHOTO NoJis. OnpeienuTh MaKCUMaIbHYIO 3.11.C., UHIYLIUPYEMYIO
B Katymike. [31,4 B]

15.3. Onpenenutp, CKOJIBKO BUTKOB ITPOBOJIOKH, BIUIOTHYIO IPUJIETAIOIIUX APYT K APYTY, T1aMETPOM
0,3 MM ¢ u30JAIMENd HUYTOXKHO MaJOW TOJIIMHBI HAJO0 HAMOTAaTh HA KApPTOHHBIN IWJIMHIP
aruaMeTpoM 1 M, YTOOBI MOJIYYUTh OJTHOCIIONHYIO KaTyIIKY ¢ MHAYKTUBHOCTBIO 1 MI'H. [3040]

15.4. Onpenenuth, yepe3 CKOJIbLKO BPEMEHHM CHJIa TOKa 3amblKaHus pocturHetr 0,98 mpenenbHOro
3HAQUYEHMs, €CIM HCTOYHMK TOKAa 3aMbIKalOT Ha KaTymky conpoTtuBieHueM 10 Om m
nHayktuBHOCTHIO 0,4 I'H. [0,16 ]

15.5. JIBa conenouna (MHIyKTUBHOCTH 0HOTO L1=0,36 I'H, BTOpOTO0 L2=0,64 I'H) 0AMHAKOBO JJTUHBI
W TIPaKTUYECKH PABHOTO CEYCHHS BCTAaBJICHBI OJAWH B Jpyro. Omnpenenuth B3aWMHYIO
WHIYKTUBHOCTBH cojieHou10B. [0,48 ['H]

15.6. ABTroTpanchopmarop, nmoHmwxkaronwmin Hanpspkeane ¢ Ui=5,5 kB mo U>=220 B, coxepxut B
nepBuuHoit 0OMOTKe N1=1500 BuTKOB. CompoTHBIICHHE BTOpUYHON O0OMOTKHM R>=2 Owm.
ComnpoTHBICHHE BHEIIHEH I1enu (B CETH MOHMKeHHOTOo HampspkeHus) R=13 Owm. IlpeneOperas
COMPOTHUBIIEHUEM MEPBHUYHON OOMOTKH, ONPENENIUTh YHCIO BUTKOB BO BTOPUYHONW OOMOTKE
Tpanchopmatopa. [68]
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moAroToBkH U crienranbHocTsIM / B. U. Bapcykos, O. C. IMutpueB. — DJIEKTPOH. TEKCTOBbIE
nanHbie. — Tam00B : TaMOOBCKHI rocymapcTBEHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocrymna: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usnka. Mexanuka [ DIeKTpOHHBINA pecypc] : yaeOHoe mocooue st By30B / A.
B. 3ro3uH, C. b. Mockockuii, B. E. TypoB. — DneKTpoH. TEKCTOBBIE JaHHbIE. — M. :
Axanemuueckuii [Ipoexr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum nocryma:
http://www.iprbookshop.ru/36623.html
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ISBN 978-5-7695-9820
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- ISBN 978-5-406-04428-5.
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INPAKTUYECKOE 3AHATHE Ne 15 MATHUTHBIE CBOMCTBA BEIIECTBA

eab-3aKkpenuTh HM3Yy4EHHBIM MaTepuan N0 TeMmaTuke «MarHuTHbIE CBOWCTBA BEILECTBA.
MarauutHble MOMEHTBI AJIEKTPOHOB M aromoB. Jlua- m mapamarsern3m. HamMarHMueHHOCTb.
MarnutHoOE€ noJie B Bemectse. PeppoMarHeTUKU U UX CBOMCTBa».

OcBauBaeMble KOMIIETEHIHMH B PE3YJIbTAaTE MPOBEACHUS IPAKTUYECKOIO 3aHATUS YKa3aHbI B
nyHKTe «OO0IIne CBECHIS

AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh NOJIYYEHHbIE TEOPETUUYECKHE 3HAHUS U
BBIPAa0OTATh HABBIKA U YMEHHUS IPAKTUYECKOTO PEIICHUS 3a/1a4, B TO YHCIIE U CAMOCTOSITEIIBHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJisl 00pabOTKHU pe3ysIbTaTOB SKCIIEPUMEHTA;

-0a30BBIE METOJIBI UCCIIEAOBATEILCKON eI TEIHbHOCTH.

Ymers:

-IPOBOJIUTh 00pabOTKy MH(GOPMALIUK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPaMMHBIX CPEICTB

cdepbl

npohecCHOHANTBHOM JIeATETLHOCTH;

-IIPUMEHATH 0a30BbI€ METO/IbI CCIIEI0BATEIBCKOM IEATENIBHOCTH B pabOTe HaJl MYHHOBALIMOHHBIMU

MIPOEKTAMH IO HarpaBieHHI0 « TeXHOIOrnyecKrue MallluHbel U 000PyI0OBaHUE.

Baaners:

-METOJJaMH HCCIIEI0BATENbCKON NeSITEIbHOCTH P paboTe HaJl IPOEKTaMU;

-CIIOCOOHOCTBIO MOTy4aTh U 00padaThiBaTh HH(YOPMALIKIO U3 PA3TUYHBIX HCTOUHUKOB, TOTOBHOCTD

MHTEPIPETUPOBATH, CTPYKTYPUPOBATh U 0(OPMIISATH HH(GOPMALIUIO CTYJEHTaMU HaIlpaBJICHUS —

Texnonornueckre MalliMHbl 1 000PYAOBAHUS

Peanu3yemblie KOMIIeTeHUUH

IIK-4 ciocoOHOCThIO Yy9aCTBOBATh B pa0OTE HAJl MHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJIB3Ysl Oa30BbIC
METO/IbI MCCIIEIOBATEIBCKON ICATEIILHOCTH

OIIK-4 noHMMaHWEM CYINTHOCTH W 3HaYeHUs WH(POpPMAIMK B Pa3BUTHH COBPEMEHHOTO 00IIIEeCTBA,
CIIOCOOHOCTBIO MOJIy4YaTh U 00padbaThiBaTh HHGOPMAIIHIO U3 PA3TMYHBIX HCTOYHUKOB, TOTOBHOCTHIO
WHTEPIPETHPOBATh, CTPYKTYPUPOBATH U OPOPMIISITh HH(GOPMAIIHIO B AOCTYITHOM JIJIsl IPYTUX BUJIE

Teopernyeckasi 4acThb
1. MarHuTHbIE MOMEHTBI JIEKTPOHOB U aTOMOB

PaccmaTpuBas neficTBUE MarHUTHOTO MOJISl HA POBOJHUKY C TOKOM U Ha JIBHXKYIIUECS 3apsiibl, MbI
HE MHTEPECOBAIINCH MPOLIecCaMy, IPOUCXOASIIMMU B BetlecTBe. CBONCTBA cpelibl YUUTHIBAIUCH
(¢bopManpHO € TOMOIIBI0 MAarHUTHOM MpoHUIaeMocTu . Jns Toro 4roObl pa3oOparbcs B
MarHUTHBIX CBOMCTBAX CpeJ U UX BIMSHUU HA MAaTHUTHYIO MHIYKIIMIO, HEOOXOIUMO PAacCCMOTPETh
JeCTBHE MAarHUTHOTO TOJIS HA aTOMBI U MOJIEKYJIbI BEILIECTBA.

OnpIT MOKa3bIBa€T, YTO BCE BEIIECTBA, MOMEIIEHHBIE B MAarHUTHOE TOJE, HaMarHHUYHWBAIOTCS.
PaccMoTpuM mpu4MHY 3TOTO SBJICHUS C TOUKH 3PEHUS CTPOCHUS aTOMOB M MOJIEKYJI, MOJIOXKHB B
ocHoBy runoresy Awmmepa (cm. 109), cornacHo KOTOpodl B IOOOM Tej€ CYLIECTBYIOT
MUKPOCKOTIHUECKHE TOKH, 00YCIIOBICHHbIE ABIXKEHUEM JIEKTPOHOB B aTOMaX U MOJIEKYyJaX.

JlJis Ka4yecTBEHHOTO OOBSICHEHHS] MAarHUTHBIX SIBICHUN C JOCTATOYHBIM HPHUOIMKEHUEM MOKHO
CUUTATh, YTO AJIEKTPOH ABMKETCS B aTOME MO KPYrOBBIM OpOUTAM. DJIEKTPOH, ABUKYIIHUICS O
OJIHOM M3 TaKMX OPOUT, IKBUBAJICHTEH KPYrOBOMY TOKY, IOATOMY OH 00JIajaeT OpOUTAIBLHBIM
MArHUTHBIM MOMeHTOM (cM. (109.2)) pm=1ISNn, Moaymnb KOTOpPOTO

Pu=IS=evS,
(131.1)

rae |=ev— cuna Toka, v— 4acTtoTa BpalleHHs IEKTPOoHa o opouTe, S — 1uiomiaas opouTel. Ecimn
AIIEKTPOH JIBUYKETCS MO YacOBOM cTpeske (puc. 187), To TOK HampaBiieH TPOTHB YaCOBOM CTPEIKU
U BEKTOp Pm (B COOTBETCTBHH C MPABHJIOM TMPABOTO BHUHTA) HAMpaBJICH MEPHEHAUKYIIPHO
TJIOCKOCTH OPOUTHI DJIEKTPOHA, KaK YKa3aHO Ha PUCYHKE.
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C npyroit CTOpOHBI, IBWKYIIMKUCS MO OPOUTE AIIEKTPOH 00JaJaeT MEXaHUYECKHM MOMEHTOM
uMIynbca Le, MOTynb KoTOpOTO, coryiacHo (19.1),
L,=mvr=2mvS,
(131.2)
- 2 —
raeV = 2zxv, 2t = S. Bextop Le (ero HampaBieHue TakKe OMpeAesieTcs Mo MPaBUTy IPABOT0 BUHTA)
Ha3bIBAETCSl OPOUTAIBLHBIM MeXaHUYeCKHM MOMEHTOM 3JIeKTPOHA.

W3 puc. 187 cinenyer, uTo HanpaBiaeHUS Pm U Le, IPOTUBOINOJIOKHBI, IOITOMY, YUUTBIBASI BEIPAKECHUSI
(131.1) u (131.2), nomyuum

e
Pm = = 5’7' L¢ = ng,
(131.3)
A€ BEIN4YMNHaA
e
£= -
(131.4)

Ha3bIBAETCS THPOMATHUTHBLIM OTHOLIIEHHEM OPOMTAJBLHBIX MOMEHTOB (OOIEPUHSTO MMUCAThH CO
3HAKOM «—», YKa3bIBaIOIIMM Ha TO, YTO HANpaBIEHHUs MOMEHTOB IPOTHUBOMOJIOXKHBI). ITO
OTHOIIIEHHE, ONPEENIIEMOE YHUBEPCATbHBIMUA MOCTOSHHBIMM, OJMHAKOBO JUISl OO0 OpOUTHI,
XOTS JJI pa3HbIX OpOUT 3Ha4YeHUs V U I' paznuuHbl. @opmyna (131.4) BeiBeneHa A KpyroBoi
OpOUTHI, HO OHA CIIPABEINBA U JUISI SJUITUIITUYECKUX OPOUT.

B O6I_HeM cnytlae MaFHI/ITHblﬁ MOMCHT SHGKTpOHa CKJIaAbIBACTCsA U3 Op6I/ITaJ'H)HOFO 1 CIIMHOBOTO
MArdmuTHBIX MOMCHTOB. MaFHI/ITHI)Iﬁ MOMEHT aromMma, CJICA0BAaTCIbHO, CKJIAaIbIBACTCIA U3
MAarHmMuTHbBIX MOMECHTOB BXO/AIIUX B €10 COCTaB 3J'IeKTpOHOB U MAarHuTHOIroO MOMCHTA sulpa
(0OycIOBJIEH MarHUTHBIMH MOMEHTAMH BXOJSIIMX B SAPO IMPOTOHOB M HEHTPOHOB). OmHAKO
MarHUTHBIC MOMEHTHI SIIEP B THICSYM pa3 MEHBIIIE MATHUTHBIX MOMEHTOB 3JICKTPOHOB, TIOITOMY
uMH TipeHeOperatoT. Takum 00pa3om, oOIrii MAarHUTHBI MOMEHT aToMa (MOJICKYJIbI) Pa paBeH
BEKTOPHOHW CyYMME MAarHMTHBIX MOMEHTOB (OpOMTAJIBHBIX M CIMHOBBIX) BXOJSANIMX B aTOM
(MOJIEKyYITy) DJIIEKTPOHOB:

P=2PatLPur
(131.6)

Eme pa3 oOparuM BHUMaHUE HA TO, YTO MPU PACCMOTPEHUU MATHUTHBIX MOMEHTOB 3JICKTPOHOB U
aTOMOB MBI ITOJIb30BAIIMCH KJIACCHUECKON TCOPHCH, HE YUMTHIBAs OTPaHUYCHUM, HAKIIaIbIBACMBIX
Ha JBWOKCHHE DJICKTPOHOB 3aKOHAMH KBAHTOBOW MeXaHMKH. OJHAKO 3TO HE MPOTHBOPEUUT
MOJIYYECHHBIM PE3yJIbTaTaM, TaK Kak JUIs JajdbHEHIIEro oObsICHEHUsS HaMar HHYMBAHHS BEIECTB
CYIIECTBEHHO JIMIIb TO, YTO aTOMbI 00JIa1al0T MATHUTHBIMA MOMCHTAMH.

2. Ilna- u napaMarneTusm

Bcesikoe BelecTBo sBISETCS MAarHeTHKOM, T. €. OHO CIIOCOOHO MOJ JIeHCTBUEM MarHUTHOTO IOJIS
puoOpeTaTh MarHUTHbIM MOMEHT (HaMarHu4uBaThbes). Jlas NMOHMMAaHUS MEXaHHW3Ma 3TOTO
SBJICHUsI HEOOXOJIUMO paccMOTpEeTh JAEHCTBHE MArHUTHOTO IOJISL Ha JABHXKYIIHMECS B aTome
3JIEKTPOHBI.

Paau npocToThl MPEanoa0KUM, YTO 3JEKTPOH B aTOME JIBUXKETCS 110 KpyroBoi opoute. Ecnu opobura
3JIEKTPOHA OPUEHTHUPOBAHA OTHOCUTENILHO BeKTOpa B mpon3BOJIbHBIM 00pa3oM, COCTABIISISI ¢ HUM
yroi « (puc. 188), To MOXKHO J10Ka3aTh, YTO OHA MPUXOAUT B TaKoe JABMKEHHE BOKpYr B, mpu
KOTOPOM BEKTOP MarHMUTHOTO MOMEHTA Pm, COXPaHss IOCTOSHHBIM YIOJ ¢, BPAIAETCs] BOKPYT
BekTOpa B C HekoTopoil yrioBoi ckopocTero. Takoe IBMKEHME B MEXAaHHUKE Ha3bIBAETCS
npeneccueii. Ilpeneccuto BOKpPYr BEPTHKAIbHOW OCH, NPOXOAAIIEH YEpe3 TOYKY OIOPBI,
COBEpUIAET, HAIIPUMEP, TUCK BOJIUKA ITPH 3aMEJUICHUH IBUKCHMSL.
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Pac. 188

@ MOXHO N NPOBECTH AHANCIHIO MeXK Y Hamar-
HHYGHNOM MAMATHOTHKE M NONApM3aLnel au-
ANOKTPHKA C HENONAPHLIMKH MONBKYNnaMu?

® Mo)XHO ¥ NPOBECTH AHANOIMIO MeX Y HaMmar-
HNYOHNEM NAPAMATHETMKE M NonApHsauven
ANINOKTPUKA C NONAPHLIMK MONBKynaMn?

@ YTo TAaKOe AMAMATHOTMKH? NApaMarHeTMKu?
B 4eM pasnnune nx MarHMTHLIX ceoicTe?

Takum 00pa3om, 3JEKTpPOHHBIE OPOMTHI aTOMa MOJ JEHCTBUEM BHEIIHET0 MAarHUTHOTO IOJIf
COBEPUIAIOT MPEIIECCUOHHOE JABMKEHUE, KOTOPOE IKBUBAJIEHTHO KPYroBOMY TOKY. Tak Kak 3TOT
MUKpPOTOK MHIYHUPOBAaH BHEIIHUM MarHUTHBIM IOJIEM, TO, COTJIacHO mpasmily JleHa, y aroma
MOSIBJISIETCSl COCTABJISAIONIAS MAarHUTHOTO TIOJIs, HaIlpaBJIEHHas MPOTHUBOIOJIOKHO BHEUIHEMY
nonto. HaBeneHHbIE COCTaBISIONIME MAarHUTHBIX TOJEH aToOMOB (MOJIEKYJ) CKIIAIbIBAIOTCS U
00pa3yioT COOCTBEHHOE€ MAarHUTHOE I0JIE BELIECTBA, OCIA0SAIoNIee BHEIIHEE MArHUTHOE IOJIE.
OT1oT 3(h(eKT noxyunsa Ha3BaHUE AMAMATHUTHOIO 3¢peKTa, a BelecTBa, HAMArHUYUBAIOIIHUECS
BO BHEIIHEM MarHUTHOM TI0JI€ MMPOTHUB HAIIPABIICHUS MOJIS, HA3bIBAIOTCS AMAMATHETUKAMM.

B oTcyTcTBHE BHEIIHErO0 MarHUTHOTO MOJI AMAMAarHETUK HEMAarHUTEH, IOCKOJIbKY B JAHHOM Ciydae
MarHUTHBIE MOMEHTBHI JJIEKTPOHOB B3aWMHO KOMIIEHCHPYIOTCS, M CYMMAapHBIH MarHUTHBIN
MOMEHT aToMa (OH paBeH BEKTOPHOM CyMMe MarHUTHBIX MOMEHTOB (OpOUTAIbHBIX U CIIMHOBBIX)
COCTaBJISIOLIMX aTOM 3JIEKTPOHOB) paBeH Hyit0. K quamaraHeTukaM OTHOCATCS MHOTHE METaJUIbl
(manpumep, Bi, Ag, Au, Cu), OOJIBIIMHCTBO OPraHMYECKUX COCANHEHUMN, CMOJIBI, YIIIEPO H T. .

Tax kak fuamarHUTHBIN 3P ekt 00yCII0BIEH IeiCTBHEM BHEIIHETO MAarHUTHOT'O MOJISl HA AJIEKTPOHBI
aTOMOB BEIIECTBAa, TO JAMAaMarHeTH3M CBOMCTBeH BceM BemiectBaM. OnHaKo Hapsangy ¢
IMaMarHUTHBIMU BELIECTBAMHU CYILECTBYIOT M TAapaMarHMTHble — BEIIECTBA, HaMa-
THUYUBAIOIINECS BO BHEIIHEM MAarHUTHOM I10JI€ [10 HAIIPABJICHUIO MOJIS.

3. HamaranyenHoctb. MaruuTHoe 10JI€ B BellleCTBe

HOI[O6HO TOMY, KaK MJIA KOJIMYCCTBCHHOI'O OIMMCAaHUA IOJAPHU3alU OUIJICKTPUKOB BBOAHJIACH
MMOJIIPU30BaHHOCTD (CM. 88), IJIsI KOJIMYECTBCHHOI'O OIIMCaHHWs HaMarHu4yeHHUusi MarHe€THuKOB
BBOJAT BCKTOPHYIO BCIIMYHMHY — HAMAarHM4€HHOCTb, OIPEACIACMYIO MArHUTHBIM MOMCHTOM
CANHHNIIbI 00beEMa MarHeTHka:

J=Pm/V=Z /Y,

rae Pm=2 P — MarHuTHBI MOMEHT MArHETHKa, MPEACTABISIONINI COOGOH BEKTOPHYIO CyMMY
MarHUTHBIX MOMEHTOB OTAEIbHBIX MOJIEKYI (cM. (131.6)).
PaccmarpuBasi XapakTepUCTHKH MarHuTHOro moiist (cm. 109), Mbl BBOJWJIM BEKTOp MarHUTHOU
UHAYKIMHE B, XapakTepu3yoomuil pe3y/IibTUPYIOIIee MArHUTHOE 10JIe, CO3/IaBAaEMOE BCEMHU MaKpo-
Y MHKPOTOKaMH, U BEKTOp HarnpsbkeHHOCTH H, XapakTepu3yromiui MarHUTHOE 110JIe MAKPOTOKOB.
CrnenoBarebHO, MArHUTHOE I0JIC B BEIIECTBE CKIIAABIBACTCS M3 JIBYX TOJICH: BHEUIHETO IOJIS,
CO3/1aBa€MOr0 TOKOM, W TIOJIsS, CO3/[aBACMOTO HaMarHWYCHHBIM BeEHIECCTBOM. Torma Moxkem
3aImcarhb, YTO BEKTOP MAarHUTHOW WHAYKIIMH PE3yJbTHPYIOIIEr0 MArHUTHOTO HOJIS B MAarHETUKE
paBeH BEKTOPHOW CyMMe MAarHMTHBIX WHAYKIUN BHemHero mnois Bo (mons, cozmaBaemMoro
HAMarHMYMBAIOIMM TOKOM B BakyyMmMe) H TOJsS MHKpoTokoB B' (mons, co3gaBaemoro
MOJIEKYJISIPHBIMH TOKaMH):
B=B,+B',
(133.1)
rae Bo=goH (cm. (109.3)).
Jlyis omucaHusl TMOJIA, CO3aBa€MOTO MOJIEKYISPHBIMA TOKAaMHU, PACCMOTPUM MAarHeTUK B BUJC
KPYroBOTO IWJIMHPA CEUEHUS S ¥ JUTUHBI |, BHECEHHOTO B OJJTHOPO/IHOE BHEIITHEE MATHUTHOE TTOJIC
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¢ u"aykuueil Bo. Bo3Hukaroniee B MarHeTKE MarHUTHOE II0JI€ MOJIEKYJSPHBIX TOKOB OyneT
HAIIPaBJIEHO MPOTHBOIIOJIOKHO BHEIIHEMY IOJIO Ui JUAMarHeTUKOB M COBIAJATh C HUM IIO
HaIIPaBJICHUIO U1l IapaMarHeTUKoB. [IOCKOCTHM Bcex MOJIEKYISPHBIX TOKOB PacIOJIOKATCA
NEPIEHIUKYIIIPHO BEKTOPY Bo, Tak Kak BEKTOpPHI MX MArHUTHBIX MOMEHTOB Pm aHTUIIAPAJIIEIIbHBI
BekTopy Bo (A1 quamarseTukoB) u napauienbHsl Bo (11 napamarsetukos). Eciau paccMoTpeTs
m000€e CeyeHne IMWIMHAPA, MEPIEHANKYISIPHOE €r0 OCH, TO BO BHYTPEHHHUX YY4aCTKaxX CEYCHUs
MarHeThKa MOJIEKYJISIPHbIE TOKHM COCEJHMX aTOMOB HAaIpaBIE€Hbl HABCTpEdy IPYr IPYry U
B3aUMHO KommeHcupyrorcs (puc. 189). HeckomneHcupoBaHHBIMU OyIyT JIMILIB MOJEKYJISPHbIE
TOKH, BBIXOJAIIME Ha OOKOBYIO OBEPXHOCTh LIMJIMHJPA.

Tok, Texymuii mo OOKOBOW MOBEPXHOCTU LUIUHJIPA, TOAOOEH TOKY B COJICHOUE U CO3/Ia€T BHYTPU

HEro I10JI€, MAarHUTHYIO MHIYKIUIO B’ KOTOPOro MOKHO BBIYUCIUTD, YUUThIBast popmyay (119.2)
st N = 1 (cosieHOM U3 OJTHOTO BUTKA):
B'=pI'fl,
(133.2)

rae |' — cua MonekynspHoro Toka, | — IMHA paccMaTpuBaeMOro IWJIMHIpPA, a MarHUTHAs

MIPOHUI[AEMOCTb £/ IPUHATA PABHOM €IMHHUIIE.
C npyroii croponsl, I'/l — Tox, mpuxoasiuiics Ha eQUHUIYY JUTHHBI IWIMHAPA, WINA €T JIMHEeHHAS

IUIOTHOCTb, TO3TOMY MarHUTHBIH MOMEHT 3Toro Toka P = I'lS/I = I'V/|, rae V — o6beM MarueTuka.
Ecau P — MarHUTHBIA MOMEHT MarHeTHka 006eMoM V, TO HAMarHMYEHHOCTh MarHETHKA
J=P|V=Il
(133.3)
Comnocrasnss (133.2) u (133.3), noxyuum, 4To
B=pyl,
WU B BEKTOPHOU opme
B'=pyd.
Pac. 189

@ Y470 TAK0O® HAMATHHWYEHHOCTL? Kakan Berinyn-
Ha MOXET CNYXNTb @8 AHANOIrOM 8 ANeKTPo-
craruke?

@ 3anuunte u 06LACHNTE COOTHOWBHWA MeXay
MErHUTHLIMH NPOHMLABMOCTLIO H BOCTIPHKMYH-
BOCTBIO AR NAPAMAIHOTHKA; fANIA AWAMArHeTH-
Ka. :

@ Buisegnte COOTHOWGOHNE® MEXAY BEKTOpaMM
MArHWUTHOA MHAYKUMK, HANPAXEHHOCTH Mar-
HWTHOTO NONA U HAMATHHYBHHOCTH,

[ToncraBus Beipaxenus it Bo u B' B (133.1), monyuum

B=poH+ ptoJ = po (H+J);
(133.4)
W
B
—=H+1J
Ho
(133.5)
4. ®eppoMarHeTUKU 1 UX CBOICTBA
[ToMrMO paccMOTpEHHBIX ABYX KJIACCOB BEUIECTB — JUa- M IApaMarHeTHMKOB, Ha3bIBAEMBIX

CJ1a00MarHUTHBIMH BelmieCTBaMHU, CYIIECTBYIOT €II€ CUHJIbHOMArHMTHBIC BelleCrBa —
(l)epI)OMaFHeTI/IKI/I — BCIICCTBA, O6J'IaI[aIOH_[I/IC CIIOHTAaHHOU HaMaroHmd€HHOCTbBIO, T. €. OHH
HaMaron4eHbl OaXXC IMPU OTCYTCTBUU BHCHIHET'O MATHHUTHOI'O ITOJIA. K (beppOMaFHeTI/IKaM KpoME
OCHOBHOT'O UX IIPEACTABUTECIIA — KCJIC3a (OT HCIro U ncT Ha3BaHUC ((q)epI)OMaFHCTI/ISM») — OT-
HOCATCA, HAlIpUMEP, K068.J'IBT, HUKCJIb, l"a,Z[OJ'II/IHI/II‘/JI, UX CIIJIaBbl 1 COCOAMHCHUS.
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Puc. 191

——————————— e I'lponng’nnsnpyﬂ're TeopeMmy 0 Ynpkynayumn se-

___________ xTopa B B BeujecTee.
———————————— @ Nonyunte copmyny (134. 5).

deppoMarHeTHKH MOMHUMO CHOCOOHOCTH CHJIBHO HAaMarHMYMBATHCS OOJANAIOT €lie W JIPYruMHU
CBOWMCTBAMH, CYIIECTBEHHO OTJIMYAIOIIMMU HMX OT JWa- W TapaMarHeTukoB. Ecmu s
ciaboMarHuTHBIX BemlecTB 3aBucuMocTh J or H muneitna (cMm. (133.6) u puc. 192), To ans
(heppOMarHeTUKOB dTa 3aBUCHUMOCTb, BIIEPBbIE H3ydeHHast B 1878 r. MeT0o10M OAITUCTHYECKOTO
rajibBaHoMeTpa s keneza pycckuMm ¢uszukom A.I'. CroneroBsiM (1839—1896), sBusercs
JOBOJIBHO ciI0XkHOM. [1o Mepe Bo3pacTtanus H HaMarHM4eHHOCTh J CHavyalia pacTeT ObICTPO, 3aTEM
Me/JICHHEE ¥, HAKOHEIl, TOCTUTAETCS TaK Ha3blBAEMOE MATHHUTHOE HACHINIEHHE Jyac, YK€ HE
3aBHCsIIEe OT HampspKeHHOCTH mnodisl. [logoOHbIN xapakTep 3aBucumoctd J oT H MOXHO
OOBSICHATH TEM, YTO TI0 MEpE YBEIWYCHHS HAMAarHWYMBAIOIIETO TOJSI YBEITMUUBACTCS CTETICHD
OpPHUEHTAIIMN MOJICKYJISIPHBIX MarHUTHBIX MOMEHTOB MO IIOJIFO, OJHAKO 3TOT TPOIECC HAYHET
3aMeISAThCS, KOTJa OCTaeTCs BCE MEHbBIIE W MEHBIIE HEOPUEHTHPOBAHHBIX MOMEHTOB, W,
HAKOHEIl, KOTJa BCE MOMEHTHI OyqyT OpHMEHTHPOBAHBI IO TIONIO, MallbHEHIee yBenndeHue J
MpeKpalaeTcst 1 HaCTyNaeT MarHUTHOE HACHITIICHHUE.

MaruautHas uHaykius B= g (H+J) (em. (133.4)) B cmabbix mouisix pacteT ObICTpo ¢ poctom H
BCJIC/ICTBUE YBEJIMYEHHUS J, a B CHJIBHBIX MOJIAX, MOCKOJbKY BTOpPOE CllaraéMo€ MOCTOSHHO
(J=Juac), B pacrer ¢ yBeauueHreM H 10 nuHeiiHOMY 3aKOHY (pHc. 193).

CymiecTBeHHass 0COOEHHOCTh (PepPOMArHETHKOB — HE TOJBKO OOJIbIIINE 3HAUCHUS L (HATpUMeEp, IS
xene3za — 5000, ms crutaBa cynepmaiios — 800 000!), Ho u 3aBucumMocTh 1 oT H (puc. 194).
Buauane u pacter ¢ yBenuueHueM H, 3aTem, NOCTUTash MaKCMMyMa, HAUWHAET YMEHbBIIATHCA,
CTpeMsICh B citydae cuiabHBIX mosteld k 1 (¢ = B/(wwH) =1 + J/H, mostomy mipu J = Juac = CONSt ¢
poctom H otHomenue JJH — 0, 1 — 1).

XapakTepHasi 0COOCHHOCTh (PepPOMArHEeTUKOB COCTOUT TAK)K€ B TOM, UTO JIJIsl HUX 3aBUCMOCTb J OT
H (a cnenoBarensHo, u B ot H) onpenenseTcst npeaplcTopuell HaMarouueHus GpeppoMarHeTHKa.
OTO0 sBIEHME TOJYYWIO Ha3BaHHE MArHUTHOIO rucTepe3uca. Eciu HaMarHuTUTh
(beppomarueTuk A0 HacbiieHus (Touka 1, puc. 195), a 3aTem HauaTh yMEHbIIATh HAPSXKEHHOCTH
H namarHM4YmBaroIero mnoJis, T0, Kak MOKa3bIBAET OIBIT, YMEHbIIIEHUE J OMTUCHIBAETCA KpUBOW 1—
2, nexamei Boime kpuBod 1—O0. [Ipu H = 0 J otyimuaercs ot Hyns, T. €. B eppoOMarHeTHKe
HaOMOaeTCsl OCTATOYHOEe HamMarHudeHue Jo.. C HalIMyueM OCTaTOYHOTO HaMarHUYEHUs
CBSI3aHO CYIIECTBOBAHHE MOCTOSIHHBIX MAarHuToB. Hamarnuuenue oOpamjaercs B HyJdb MOJ
neiictBueM mois [Hc, UMEIOUIero HampaBlieHHe, MPOTHBOIOJIOXKHOE TIOJI0, BBI3BABIIEMY
HamaranueHue. HanpspkeHHocTh He Ha3bIBaeTCs KOIPUMTHBHOI CHJION.

[Ipn panpHelIeM yBEIUYEHUH MPOTHBOIOIOKHOTO MMOJS (eppOMArHeTHUK IepeMarHuYUBaeTCs
(xkpuBast 3—4), u pu H = —Huac mocTuraercs HaceimeHue (touka 4). 3arem ¢GeppoMarHeTHK
MOJKHO OMSTh pa3MarHuTUTh (KpuBast 4—5—6) U BHOBb NIEPEMArHUTUTh IO HACBILIEHUs (KpHUBas
6—7).

Takum oOpa3om, mnpu JeiicTBUM Ha (QeppoMarHeTUK TMEPEeMEHHOT0 MAarHuTHOrO  IOJis
HaMarHU4eHHOCTh J M3MEHSEeTCS B COOTBETCTBUM ¢ KpuBoM 1—2—3—4—5—6—1, kotopas
Ha3bIBaeTCs MeTJleil rucTepe3nca (0T rpey. «3amnas/piBaHue»). ['ucrepesuc npuBoIUT K TOMY, YTO
HamMar{udeHue (heppoMarHeTika He sBJseTCs OJHO3HAYHOM (yHKuuel H, T.e. 0THOMY ¥ TOMY K€
3Ha4eHHUI0 H COOTBETCTBYET HECKOJBKO 3HAUCHHM J.
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DeppomarHeTnk

NapamarHeTmk

AnamarveTnk

Prc. 192 Pac. 193

¥

Pa3znuunble peppoMarHeTUk AarOT pasHble THcTepe3ucHble neriau. deppomarneTuku ¢ Manoi (B
npenenax oT HECKOJIBKHUX THICSYHBIX A0 1—2 A/cM) KO3pUUTHUBHOW cuioil He (¢ y3Ko#l meTieit
TUCTEPE3MCa) HA3BIBAIOTCA MATKMMH, ¢ OOJBIION (OT HECKOJBKHX JIECATKOB JI0 HECKOJIbKHX
THICSIY aMmIep Ha CAaHTHUMETP) KOAPLUUTHUBHON CWIION (C MIMPOKOW mMeTieill rucrepesuca) —
aecTKkUMHU. Bennuunsl He, Joc U fimax ONPEEISAIOT IPUMEHUMOCTh (DEPPOMArHETUKOB ISl T€X
WIM MHBIX MPaKTUYECKUX Iesied. Tak, *KecTKue GpeppoMarHeTHKu (Harmpumep, YriepoanucThie U
BOJIb(PaMOBbIE CTaIM) MPUMEHSIOTCSA JUIsl M3TOTOBJIEHUS IOCTOSIHHBIX MAarHUTOB, a MSATKHE
(HampuMep, MSATKOE jKele30, CIUIaB jKelie3a C HUKeJeM) — I M3TOTOBJIEHUS CEpACYHUKOB
TpaHCPOpPMaTOPOB.

deppoMarHeTUKu  00JIATAIOT  €II€ OJHOW  CYIIECTBEHHOW OCOOEHHOCTBIO: [UISI  Ka)XI0To
(deppomarHeTuka HMeEETCs OIpejAeieHHas TemIepaTypa, Ha3biBaemas Toukol Kropu, npu
KOTOpOil OH TepsieT CBOM MarHuTHble cBoiicTBa. [Ipu HarpeBanuu oOpasia Bbilie Touku Kropu
(deppomMarHeTuk IpeBpamiaeTcss B OObIYHBIN mapamarHetuk. llepexon BemiecTBa U3
(eppOMarHuTHOTO COCTOSHUS B TMapaMarHuTHoe, MNpoucxoasmuid B Touke Kriopu, He co-
MIPOBOXAAETCS TOTJIOIIEHUEM WM BBIJIEJICHHEM TEIJIOThl, T.e. B Touke Kropu mpoucxomut
(azossriii mepexon Il poxa (cm. 75).

Haxownern, npouiecc HamarHn4eHus: GeppoMarHeTUKOB COITPOBOKIAETCS U3MEHEHUEM €T0 JINHEHHBIX
pa3sMepoB U 00beMa. JTO sABJIECHUE MOIYYWIO Ha3BaHHME MArHMTOCTPUKUWHU. Bennumna u 3Hak
3 pexTa 3aBUCAT OT HAIPSLHKEHHOCTU /1 HAMarHU4MBAIOIIETO 110JIs, OT IPUPO]Ibl (peppoOMarHeTuka
Y OPHEHTAIMH KPUCTAIUIOrpahuIEeCKUX OCEH M0 OTHOIIEHHIO K MOJIIO.

3aaHus ¥ BOIIPOCHI

1. Hanpsi>keHHOCTh OJTHOPOIHOTO MAarHUTHOTO TOJIst B Meau paBHa 10 A/M. Onpenenuts MarHUTHYIO
WHIYKIHIO TOJIS, CO3/1aBa€éMOr0 MOJIEKYJISPHBIMU TOKaMH, €CIIM JHaMarHUTHas BOCTIIPUUMYHU-
Bocth Meau |x|=8,8-1078. [1.11 nTn]

2. ITo kpyroBomy KOHTYpY paauycoMm 50 cM, MOrpy>KEHHOMY B JKHJIKHH KHCIOPO, TeueT TOK 1,5 A.
Onpenenuth HaMarHUYEHHOCTh B IIEHTPE 3TOTO KOHTYpA, €CIM MarHuTHas BOCIPUHUMYKUBOCTH
KUJKOTO KHciaopoa 3,4-1073, [5,1 MA/M]

3. ITo oOmMoOTKE coneHoua MHAYKTUBHOCTRIO | MI'H, HaXo/sIIerocs B TMaMarHUTHOM cpefie, TeueT
ToK 2 A. ConeHoup umeer JuinHy 20 cM, muiomaib nonepeyHoro ceuenus 10 cm? 1 400 BUTKOB.
Omnpenenuts BHYTPU COJICHOUAA: 1) MarHUTHYIO MHIYKIHMIO; 2) HAMAarHU4eHHOCTb. [1) 5 MmTi; 2)
20 A/m]

4. AnroMuHHUEBBIN mapuk paauycoM 0,5 cM momenieH B 0JHOpoAHOE MarHuTHOe moJie (Bo= 1 Tn).
Onpenenuth MarHUTHBIA MOMEHT, MPUOOPETEHHBIN IIapUKOM, €CIM MarHUTHAs BOCIPHUMMYU-
BocTh amoMuHus 2,1-107°. [8,75 MkA-M?]

Cnmcox ureparypsl
1. bapcykos, B. 1. ®usuka. Mexanuka [DnekTpoHHbIH pecype] : yueOHOoe mocolue Juis
CTY/IEHTOB BBICIIUX y4eOHBIX 3aBe/ICHUH, 00ydJarommxcs Mo TEXHUYECKUM HalpaBICHUsM
MOJArOTOBKM U crienuansHocTsM / B. U. Bapcykos, O. C. JImutpueB. — DIeKTpOH. TEKCTOBbIE

nannble. — Tam060B : TamG0BCcKuUil rocynapcTBeHHBIN TexHUUYeckuii yHuBepcuret, 9bC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryna: http://www.iprbookshop.ru/63918.html
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2. 3103uH, A. B. ®usuka. Mexanuka [ DIEeKTpOHHBIN pecypc] : yueOHOoe mocodue uist By30B / A.
B. 3103uH, C. b. MockoBckuit, B. E. TypoB. — DneKTpoH. TEKCTOBBIE JaHHbIE. — M. :
Axanemuyeckuit [Ipoexrt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocrymna:
http://www.iprbookshop.ru/36623.html

3. Tpodpumona, T. N. ®usnka : yaeOHHK : U CTYACHTOB BY30B, 00YJaIOIIMUXCS 10 TEXH. HAID.
noarotoBku / T.W. Tpodumosa. - 2-e uzn., nepepad. u gon. - Mocksa : Akagemus, 2013. - 346 c. :
. - (Beicmee mpodeccrnonansHoe oopazoBanue) (bakanaspuar). - [lpenm. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumona, T. W.; Kypc dusuku ¢ npumepamu pemrenus 3agad: B 2-x 1. : yae6nuk / T.H.
Tpodumona, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipuin.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

5. Tpodpumona T.1., @upcora A.B., COopHUK 33124 110 PU3MKe- 2-€ U31., mepepad. u Jo1l. -
Mocksa : Akagemust, 2013.

INPAKTUYECKOE 3AHSATHE Ne 16 OCHOBBI TEOPUH MAKCBEJUIA JJIA
IQJIEKTPOMATHUTHOI'O OJIA

Henb-3akpenuTh M3y4eHHbIH MaTepuan no Tematuke «OCHOBBI Teopuu MakcBenna JUist
AJEKTPOMArHUTHOTO ToNs. BuxpeBoe »snekrpuueckoe mosie. TOK cMmenieHus. YpaBHEHHS
MakcBesuia Ui 3JI€KTPOMarHUTHOTO TOJIS.

OcBauBaeMble KOMIIETEHIIMH B PE3YJIbTaTe NMPOBEACHHS MPAKTUUYECKOTO 3aHATHUS YKa3aHbI B
nyHkTe «O01ire cBeeHUs

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHSA — 3aKPENUTh MOJTY4YE€HHbIE TEOPETUUYECKHE 3HAHUS U
BbIPa0OTATh HAaBBIKM M YMEHHS MPAKTUYECKOTO PEUICHUS 3a/1a4, B TO YHCIIE U CAMOCTOSTENBHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJisi 00pabOTKHU pe3ylIbTaTOB SKCIIEPUMEHTA;

-0a30BbI€ METOJbI HCCIEA0BATEIBCKON IEATEIHHOCTH.

Ymers:

-IPOBOJIUTH 00pabOTKy MH(GOPMALUK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPAMMHBIX CPE/ICTB

chepsl

npodeccruoHalbHOM 1eATENbHOCTH;

-IPUMEHATH 0a30BbIE METO/IbI CCIIEIOBATENBCKOM IEATEIPHOCTH B pabOTe HaJl MTHHOBAIIMOHHBIMU

MIPOEKTAMH IO HarpaBieHUIO « TeXHOIOrnYeCKUe MaIlIMHbL U 000PYAOBAHUEY.

Baanern:

-METOJJaMH HCCIIEI0BATENbCKON NESITEIbHOCTH P paboTe Hal IPOEKTaMU;

- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs HMHQOpPMAllMM B PA3BUTUU COBPEMEHHOrO OOIECTBa,

CIOCOOHOCTh
nmoiydyaTb U 0o0pabarbiBaTh HMHPOPMAIMIO U3  PAa3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATH HHGOPMALIMIO CTYACHTaAMU HampaBieHHs — TeXHoIornueckue
MaIIHbI U 000pyIOBaHMUSI.

PeanmyeMble KOMIIETCHIIUN

ITK-4 criocoGHOCTBIO y4acTBOBATh B pab0Te Ha/l MHHOBAIIMOHHBIMU IPOEKTAMH, UCTIOJIb3Ysl 0a30BbIe
METO/IbI UCCIIEN0BATENBCKON NEATENIBHOCTH

OIIK-4 mnoHMMaHHMEM CYIIHOCTH U 3HauY€HUs HH(OpMAIMK B Pa3BUTUH COBPEMEHHOTO OOIIECTBa,
CMOCOOHOCTBIO MOTy4aTh U 00pabaTbiBaTh MH(OOPMAILIMIO U3 PA3IIMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
UHTEPIPETHUPOBATh, CTPYKTYPUPOBATh U OPOPMIISTh HH(GOPMALIMIO B JOCTYIIHOM JUISL APYTHX BHUJIE

Teopernyeckas 4acTb
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http://www.iprbookshop.ru/36623.html

1. BuxpeBoe 3j1eKTpHYeCKOe NoJie

W3 3akona Dapanes (cm. (123.2)) E,=—dd/dt cnemyer, 4To 217060 M3MEHEHHE CLEIICHHOTO C
KOHTYPOM HOTOKa MarHMUTHOM MHJYKIIMU PUBOJUT K BOSHUKHOBEHUIO 3JICKTPOABIKYIICH CHIIBI
WHIYKIUK ¥ BCIEICTBHE JTOTO MOSIBISCTCS WHIYKIMOHHBIH TOK. ClenoBarelbHO,
BO3HHKHOBCHHE 0.1.C. 3JCKTPOMAarHMUTHOW WHIYKIMM BO3MOXXHO W B  HEMOJBIKHOM
KOHTYpPE,HaXOISIIEMCS B IEPEMEHHOM MarHUTHOM 1oJie. OJJHAaKO 3.11.C. B JIF00Oi1 1[N BO3HUKACT
TOJIBKO TOTJa, KOTJa B HEW Ha HOCUTEIM TOKa JCHCTBYIOT CTOPOHHHME CHJIBI — CHIIBI
HEIJIEKTPOCTaTHUECKOTO TMpoucxoxaeHus (cm. 97). IloatomMy BcTaer BOmpoOC O MPUPOJIE
CTOPOHHUX CHJI B IAHHOM CJIydae.

OmbIT MOKa3bIBACT, YTO 3TU CTOPOHHUE CHUJIBI HE CBS3aHBI HU C TCIUIOBBIMHU, HU C XUMHYCCKUMHU
MPOIIECCAMHU B KOHTYPE; MX BOSHUKHOBEHHE TAK)KE HEJb3s1 00BSICHUTH cruiiamu JIopeHIa, Tak Kak
OHM Ha HEMOJBW)KHBIC 3apslbl HE NEHUCTBYIOT. MaKCBeIT BBICKAa3aJl TUIOTE3Yy, YTO BCSIKOE
MePEMEHHOE MarHUTHOE MOJIe BO30YXKIaeT B OKPYKAKOIIEM MPOCTPAHCTBE AIIEKTPUUECKOE MOJIe,
KOTOPO€ W SIBJISCTCS MPHYMHOW BO3HMKHOBECHHUS WHIYKIIMOHHOTO TOKa B KOHType. CoryiacHo
npejcTaBieHussM MakcBesia, KOHTYp, B KOTOPOM MOSIBIISIETCS 3.]1.C., HIPAET BTOPOCTEIICHHYHO
POJIb, SIBIISSICH CBOETO POJIA JIHIIIB «IIPUOOPOMY», 0OHAPYKUBAIOIINM 3TO TIOJIE.

HWTtak, mo MakcBesty, U3MEHSIOIIEECs] BO BpeMEHH MarHUTHOE T0JI€ TOPOXKIACT AIEKTPUUCCKOE MOJIE
Eg, nupkynsauus kotoporo, no (123.3),

$ Eydl=§ Epdi= _d4
H H dt
(137.1)
rine Ep — mpoekius Bektopa Eg Ha Hanpasienwue dl.

[Moxacrasus B popmyiy (137.1) Beipaxkenne ®={ BdS (cm. (120.2)), momyunm
s
§ Esdi= - [ Bas.
L dr s

Ecnu moBepXHOCTh M KOHTYp HEMOJABHKHBI, TO onepanuu auddepeHnpoBanus 1 HHTET PUPOBAHUS
MO>KHO TIOMEHATh MecTamu. Clie1oBaTeIbHO,
B

iE,dl=— =, &5,

5

(137.2)

r7Ie CUMBOJI YacTHOW MPOU3BOJHOM MOJUYEpPKUBAET TOT (PaKkT, 4TO HHTErpaj I BdS smusercs
S
(GyHKIHEH TOIbKO OT BpEeMEHHU.
CornacuHo (83.3), qupKymsiiusl BEKTOpa HAMPSHKEHHOCTH AJIEKTPOCTATUYECKOro MMoJid (0003HauuM
ero Eq) BIoJib 11060Tr0 3aMKHYTOT'0 KOHTYpa paBHa HYIIO:

§ Egdl=§ Egdi=0.
L L

(137.3)

CpaBuuBas Boipakenus (137.1) u (137.3), Bunum, 4to MEXIy paccMarpuBaeMbiMu nossimu (Eg u
Eq) umeercs npuHIMIHAIBHOE pa3iMyue: HUPKYISINS BeKTopa Eg B 0TIIMYKME OT IUPKYISAIHH
BekTopa Eq He paBHa Hymo. CrenoBaTenbHO, 3JeKTpuueckoe rmosie Eg, Bo30Oyxkmaemoe
MarHUTHBIM TOJIEM, KaK ¥ caMO MarHuTHoe nose (cMm. 118), sBnseTcs guxpeguim.

2. Tox cmenmenns

CornacHo MaKCBeJ'IJIy, €CJIN BCAKOC MNCPEMCHHOC MAIHUTHOC IIOJIC BO36y>KI[aeT B OKpYyXKarouem
MMPOCTPAaHCTBC BUXPEBOC DJICKTPUYCCKOC IIOJIC, TO JOJLKHO CYIICCTBOBATH U O6paTHOC SABJICHUC!
BCAKOC H3MCHCHHC JJICKTPUYCCKOTO IIOJIA MOOJKHO BbI3BIBATH IIOSABJICHHEC B OKPYKAKOIICM
MMPOCTPaHCTBC BUXPCBOI'O MArHUTHOTO IOJIA. I[J'ISI YCTAHOBJICHHA KOJIMYCCTBCHHLIX COOTHOIIICHUM
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MEX]1y H3MEHSFOIIUMCSI JICKTPUIECKUM TI0JIEM U BBI3BIBAEMBIM UM MarHUTHBIM 110JIeM MakcBeIt
BBEJI B PACCMOTPEHHE TaK Ha3bIBAEMbII TOK CMelIEHHS.

PaccmoTtpuM 1ienb nepeMeHHOro Toka, coaepskalyto KouaeHcatop (puc. 196). Mexay oOkiaakamMu
3apsKAIOIIET0Cs M Pa3psKaIOLErocsl KOHAEHCATOpa UMEETCS IEPEMEHHOE AIIEKTPUUECKOE T10JIE,
M03TOMY, COTJacHO MakcBemy, 4epe3 KOHIECHCATOP «IIPOTEKAIOT» TOKH CMEIICHHUs, IIPUYEM B
TeX y4acTKax, e OTCYTCTBYIOT IPOBOIHUKH.

HaiieM KOJNMYECTBEHHYIO CBSI3b MEXKIY H3MEHSIIOIIUMCS DJIEKTPUYECKHMM M BBI3BIBAEMBIM HM
MarHuTHeIM nossiMu. [lo MakcBemry, nepeMeHHOe 3JIEKTPUYECKOE II0JIE B KOHACHCATOpE B
KaX/IbIii MOMEHT BPEMEHHU CO3/1aeT TaKO€ MAarHUTHOE T0JIe, KaK eclii Obl MEXIy OOKIIaIKaMH
KOHJ/IGHCATOpa CYIIECTBOBAJ TOK CMEUICHHWS, PaBHBIM TOKY B MOJBOIAIIMX IpoBojax. Torma
MO>KHO YTBEPKJaTh, 4TO TOKU poBoAUMOCTH (I) u cmenienust (lew) paBusbl: ley =1.

Tok mpoBoauMOCTH BOIHM3H 00KIIAI0K KOHIEHCATOpa

dg d
- “'-;g dS=|— dS——J.—' ds,
(138.1)

(moBepXHOCTHAs IJIOTHOCTh 3apsAja o Ha OOKJIaJKax paBHAa JJIEKTpUYECKOMY cMmemeHuto D B

konzeHcarope (cMm. (92.1)). [ogsiaTerpanbHoe BeipakeHue B (138.1) MokHO paccMaTpuBaTh Kak

YaCTHBIN Cllyyail CKaJIIpHOTO MPOU3BEACHUS oD ds, Korma 9D 4 dS Bzanmmo napaselbHbl.

ot ot
[TosTomy miist 001IIETO CiTydast MOKHO 3amucaTh

I-J.— ds.

CpaBHuBast 910 Beipaxenne ¢ 1=Ia={JadS (cMm. (96.2)), umeem
s

éD
jm“‘"’é}"
(138.2)
Bripaxenue (138.2) u 661710 Ha3BaHO MaKCBEIIOM MJIOTHOCTBHIO TOKA CMeEIeHHS.

MaxkcBes1 BBeJl NMOHATHE IMOJHOIO TOKAa, PAaBHOTO CyMME TOKOB MPOBOJAMMOCTH (a TaKxke
KOHBEKIIMOHHBIX TOKOB) U cMmeleHus. IlJIOTHOCTh moJIHOr0 TOKa
oD
Joom = § + — o
BBens moHsATHS TOKa CMEIIEHUS U MOJIHOTO TOKa, MaKcBeT H0-HOBOMY IMOJIOIIEN K PACCMOTPEHUIO
3aMKHYTOCTH Iiereil nmepeMeHHoro Toka. [oiHbIi TOK B HUX BCErja 3aMKHYT, T. €. Ha KOHIIaX
MIPOBOIHHUKA OOPBIBACTCS JIHILb TOK TPOBOJAUMOCTH, a B IUAJIEKTPUKE (BaKyyMe) MeX Ay KOHLIaMU
MIPOBOJIHUKA UMEETCS TOK CMEIIEHUS, KOTOPbIH 3aMBIKAeT TOK TPOBOJAUMOCTH.
MaxkcBemn 0606mua Teopemy o nupkyasiuuu Bektopa H (cm. (133.10)), BBenst B ee mpaByro 4acTh

HOJIHBIN TOK lnoms = I Jrom0S CKBO3Bb MOBEPXHOCTD S, HATSHYTYIO Ha 3aMKHYTHII KOHTYp L. Torma
S
00001IeHHAas1 TeopeMa 0 HUPKYJIsAnMH BekTopa H 3anuiercs B Buze

fHdl=J(j+ D)dS

S
(138.4)
BLIpa)KCHI/IC (1384) CIIpaBCJIMBO BCCTJa, CBUACTCIILCTBOM Y€TO ABJSACTCA IMOJIHOC COOTBCTCTBUC
TCOPHUH U OIIbITA.

3. YpaBHenusi MakcBes1a 1151 3J1€KTPOMATHUTHOIO OJIsI

Beenenne MakcBeIioM IOHSATHS TOKa CMEIIEHUS MIPpUBCIIO €T0 K 3aBCPHICHUIO CO3JJaHHOM UM
MaKpOCKOHquCKOﬁ TCOPHUHU IJICKTPOMATHUTHOTO IIOJIA, MO3BOJIUBIIEH ¢ €IMHOM TOUKHU 3pCHUSA HE
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TOJIBKO OOBSCHHUTH DICKTPUYECKHE M MarHUTHBIC SBJICHUS, HO W IMPEICKa3aTh HOBBIE,
CYLIECTBOBAaHUE KOTOPBIX ObLIO BIIOCIEACTBUM MOATBEPHKACHO.

B ocHoBe Teopun MakcBeia j1ekaT pacCMOTPEHHBIE BbIILIE YETHIPE YPaBHEHUS:

1. Dnekrpuueckoe noje (cM. 137) moxkeT ObITh Kak noTeHIMaIbHbIM (EqQ), Tak u BuxpesbiM (Esg),
[I09TOMY HaIpsKEHHOCTh cymmapHoro noist E = Eq + Eg. Tak kak nupkynsauus sekropa Eq paBHa
Hymo (cMm. (137.3)), a uupkynauus Bektopa Ep omnpenensiercss Bwipaxenuem (137.2), To
LUPKYJISLUS BEKTOPA HAIIPSHKEHHOCTH CYMMAapHOTO MOJIs

B
$E d1= —J-—- ds.
L ot

A

910 YPaBHCHHUEC IIOKA3bIBACT, YTO HMCTOYHHKAMH BJICKTPUUYCCKOT'O IIOJA MOTYT OBITH HE TOJIBKO
QJICKTPUYCCKHUC 3aps/ibl, HO 1 USMCHAIOIIUECA BO BPCMCHU MAIrHUTHBIC ITOJIA.
2. O6o06menHas Teopema o rupkyssituu Bekropa H (em. (138.4)):

fHdl———J‘(H%) ds.

s
910 YPaBHCHHUE II0Ka3bIBA€T, YTO MArHWUTHBLIC IIOJIS MOTYT BO36Y)K)IaTI)Cﬂ 100 JABHXKYIHIUMUCA
3apsAagaMu (BJ'ICKTpI/I‘-ICCKI/IMI/I TOKaMI/I), oo NEPEMECHHBIMHU SJICKTPUYCCKUMU T10JIAMHU.
3. Teopema I'aycca nnst mosst D (cm. (89.3)):

§Dds=0.
’ (139.1)

Ecnu 3apsi pacnpeieneH BHYTPH 3aMKHYTON TIOBEPXHOCTH HEMPEPHIBHO ¢ 00BEMHON TIOTHOCTHIO
0, To hopmyna (139.1) 3anumiercs B Buae

§DdS={ pav.
5 V
4. Teopema I"aycca mst mosst B (em. (120.3)):
§ Bas=0.
s
Urak, mosiHas cucrema ypapHeHuii MakcBeJlia B HHTerpajbHoil popme:
)
$Edl=— B s $Dds={ pav;
L at 5 v

5

?Hdl=j(j+%‘) ds; inS=0.

5
Benuuunbl, BXosmue B ypaBHeHHs MakcBeiUia, HE SIBISIFOTCS HE3aBUCUMBIMH U MEXIYy HUMHU
CYIIECTBYET CIICAYIOIIAsl CBsI3b (M30TPOIHBIE HECETHETOAICKTPUUYECKHE U He(heppOMarHUTHBIC
cpenbl):
D=e¢E, B=puH, j=7E,
TJIC & U flo — COOTBETCTBEHHO JJICKTPUYECKas U MarHUTHAs TIOCTOSIHHBIC, £ U L — COOTBETCTBEHHO
JMAJICKTPUYECKAsi 1 MATHUTHAS IIPOHUIIAEMOCTH, ¥ — yJeJIbHas IPOBOJAMMOCTD BEIIECTBA.

3aganust 1 BONPOCHI

1. TInockuii KOHTYp, mIoMmanbs S kKoToporo pasHa 300 cM?, HAXOAMTCS B OJHOPOJIHOM MATHUTHOM
nose ¢ uaaykauer B =0,01 Tn. InockocTs KOHTypa NEpHNEHAMKYJSpHA JIMHUSAM HMHIyKIUHW. B
KOHTYype mnojjepxuBaercs HensMeHHbI Tok |=10 A. Omnpenenuth paboTy A BHEIIHHUX CHJI IO
MIEPEMEIIEHUI0 KOHTYpa ¢ TOKOM B 00JIaCTh MPOCTPAHCTBA, MArHUTHOE I0JIE B KOTOPOH OTCYTCTBYET.

2. ITo mpoBoy, COTHYTOMY B BHUJI€ KBaJpara co CTOpOHON uInHOM a =10 cm, Teuer Tok 1=20 A,
CHJIa KOTOpOro MOJJEp>KMBaeTcsi Hen3MeHHOM. IlnockocTs kBagpaTta cocraBisgeT yroa a=20° c
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JUHUSMU UHIYKIUW OJHOPOIHOTO MarHutHOro notist (B =0,1 Tn). Beraucauts padoty A, KOTOPYIO
HEO0X0AMMO COBEPIIUTH JIIsl TOTO, YTOOBI YIATUTh MPOBOJ] 32 MPEAEIIbI MOJIS.

3. Ilo KoJb1y, CIeIaHHOMY U3 TOHKOTO I'MOKOTO MpoBojaa paanycoM R=10 cm, Teuet Tok =100 A.
[TeprieHIUKYIIPHO TUIOCKOCTH KOJIbIIA BO30YKJIEHO MarHuTHoe mojie ¢ muaykuued B=0,1 T, mo
HaIPaBJICHUIO COBITAAIONICH C MHAYKIMEH B1 COOCTBEHHOT0 MAarHUTHOTO IOJISI KOJIbIIa. ONpeIenuTh
paboTy A BHEIIHUX CHJI, KOTOPBIE, ICHCTBYS Ha MMPOBOJ, 1e(OPMHUPOBAIH €0 U MPHIATH eMy GOpMy
kBajapara. Cuja Toka MpH 3TOM HOJAEpKHUBaJlach HEM3MEHHOW. PaboToil mMpoTHB ympyrux cui
peHeopeyb.

4. B olHOpOJTHOM MarHUTHOM TioJie ¢ uHAykiueit B=0,01 Ta nHaxoaurtcst nmpsiMoi TPOBOI AJTMHOM
=8 cM, pacmonokeHHBIH MePIeHINKYASIPHO TMHIAM HHAYKIHA. [1o mpoBoay TeueT Tok =2 A. [lon
JEHUCTBUEM CHJI TIOJISI IPOBOJI MIEPEMECTUIICS Ha paccTossHue s=5 cM. Haittu padoTy A cui modsi.

5. UunyktuBHOCTh L coneHonma mmHou |1=1 M, HAMOTAaHHOTO B OJMH CJIOH Ha HEMAarHUTHBIN
Kapkac, paBHa 1,6 mI'H. [Tnomane S ceuenus coenouna papaa 20 cM>. OrnpenenuTb YUCIIO # BUTKOB
Ha KaXJIOM CAaHTUMETPE IJTUHBI COJICHOM/IA.

6. CKOJIBKO BUTKOB TIPOBOJIOKH auameTpoM 0=0,4 MM ¢ U30JIAIHEeH HUUTOXHON TOJIIIMHBI HYKHO
HaMOTaTh Ha KAPTOHHBIN HUJIUHIP AuaMeTpoM D=2 cM, 4TOOBI MOJYyYUTh OJHOCIONHYIO KaTYIIKY C
UHAYKTUBHOCTBIO L=I MI'H? BUTKH BIUIOTHYIO MPUIIErafoOT APYT K APYTY.

Cnucok Jiureparypbl
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HNPAKTHYECKOE 3AHATHUE Ne 17-18 KOJIEBAHUSA U BOJIHbBI
I'naBa MexaHu4eckue U 3JIEKTPOMATHUTHbBIE KOJIeOAHUS

Hean-3akpenuth n3ydyeHHublii Matepuain o remaruke «KOJIEBAHUW A U BOJIHBI. Mexannueckue
U DJIEKTpOMArHuTHele Konebanus. [‘apMoHMYeckue KoneOaHUS U HMX XapaKTEPUCTUKH.
MexaHn4yeckue rapMOHUYECKUE KOIeOaHus

CBoOosiHBIE TapMOHHUYECKHE KoliebaHHsl B KojeOaTelbHOM KOHType. AwmmuuTyna u (dasa
BBIHYXJICHHBIX KOJIeOaHUH (MEXaHUYECKHUX U DJIEKTPOMAarHUTHBIX). Pe3oHaHCy.

OcBanBaemMble KOMIIETCHIIMH B PE3YyJIbTaTe MPOBEACHMS MPAKTUUECKOTO 3aHATUSA YyKa3aHbl B
nyHkTe «O01Ire CBeIeHH

AKTYaJIbHOCTh NMPAKTHYECKOT0 3aHATHA — 3aKPENUTh MOJYyYEHHBbIE TEOPETUUYECKUE 3HAHUS U
BBIPA0OTATh HABBIKK M YMEHHS MPAKTUYECKOTO PEIICHHS 3a/1a4, B TO YHUCIIE U CAMOCTOSTENBHO.

3HaTh:
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-OCHOBHBIE ITpaBWiIa AJ1s1 00pabOTKHU pe3ysIbTaTOB 3KCIIEPUMEHTA;

-0a30BbIE METOJIbI UCCIIEIOBATENBCKON AEATEIBHOCTH.

Ymersn:

-IPOBOANTE 00pabOTKy MH(pOpPMAIMK C KCHOJIH30BAHMEM HPUKIAJHBIX HMPOTPAMMHBIX CPEICTB
cepsl

podecCHOHABHON IeATEIFHOCTH;

-IIPUMEHSTH 0a30BBIE METO bl HCCIIEI0BATEIBCKOM NESITEILHOCTH B padOTe HaJl MHHOBAITMOHHBIMHU

MIPOEKTAMH [0 HarpaBieHUIO « TeXHOIOrnyecKkue MalluHbel U 000PYA0BAHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON JESITEILHOCTH IIpU paboTe HaJl IPOEKTaMu;

- MOHMMaHUEeM CYIIHOCTH W 3HAa4eHHWs WHQPOPMAlMUd B PAa3BUTHH COBPEMEHHOTO OOIIECTBa,
CIIOCOOHOCTh

mojyyaTb U 0o0pabarTbiBaTh HMHQOpPMAIMIO U3  PAa3IUYHBIX HMCTOYHMKOB, TOTOBHOCTH
MHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHoiornyeckue

MaIlIUHBI ¥ 000PYI0BaHUSI.

PeanmyeMMe KOMIICTCHIIUHU

IIK-4 ciocoOHOCThIO y4aCTBOBATh B pa0OTe HaJl NHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJB3Ysl 0a30BbhIC
METO/IbI HCCIIEI0BATENbCKOM e TENIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HA4€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTHIO MOJTyyaTh U 00pabaThiBaTh HH(GOPMAIIUIO U3 PA3TUNYHBIX HCTOUHUKOB, TOTOBHOCTHIO
UHTEPIPETUPOBATH, CTPYKTYPUPOBATh U 0(OPMIISTH HHPOPMAIMIO B TOCTYITHOM JUISI IPYTHX BUE

Teopernyeckas 4acThb

1. FapMoHuYecKue KOJIeOAHUS U UX XaPAKTEPUCTUKH

KonebanusasMu Ha3bIBalOTCS IBMKEHUS UITM MIPOLIECCHI, KOTOPbIE XapaKTepU3yIOTCs ONpPeaeIeHHON
MOBTOpsieMOCThIO BO BpeMeHH. KonebareabHble Mpolecchl MHUPOKO PaCIpOCTPAaHEHBI B MIPUPOJIE
U TeXHUKE, HalpUMep KauaHWe MasiTHHUKA YacoB, IEPEMEHHBIN 3JeKTpUYecKui Tok u T. 1. lpu
KoJieOaTeIbHOM JIBUKCHUM MAasTHHKA H3MEHSETCsl KOOpIHMHATa ero ILeHTpa Macc, B ciydae
MIEPEeMEHHOT0 TOKa KOJEeOIIOTCS HampsbKeHUE W TOK B nenu. dusmdeckas mpupoja KojaedaHui
MOKET OBbITh Pa3HOM, MO3TOMY PA3IUYAIOT KOJIeOaHUSI MEXaHUUYECKUE, FIEKTPOMArHUTHBIC U JIp.
OpHako pa3ianyHble KojebaTenbHble TPOLECCH OMUCHIBAIOTCS OJTMHAKOBBIMU XapaKTePUCTUKAMU
U OJMHAKOBBIMU YypaBHeHHsIMH. OTClofa cleayeT Lelnecoo0pa3sHOCTh eO0uH020 nooxoda K
M3YUYEHUIO KOJCOaHWHN pasziuynol @usuueckol npupoosl. Hampumep, €IMHBIA IMOIXOJ K
M3YYECHUIO MEXaHUYECKUX U JEKTPOMArHUTHBIX KOJICOAHUN MPUMEHSIICS aHIIMICKUM (DU3UKOM
J. Y. Paneem (1842—1919), A. I'. CroseToBbIM, pyCCKHM HHXEHEPOM-dKcriepuMeHnTatopom I1.
H. Jle6eneBbim (1866—1912). bonpmoii BkiIag B pa3BuTHe Teopuu KojeOanmit BHecnu JI. .
Manpensiiram (1879—1944) u ero yueHuKH.

Konedanus Ha3piBatoTCsi CBOOOAHBIMH (WM COOCTBEHHBIMM), €CIIM OHU COBEPIIAIOTCS 32 CUET
MIEPBOHAYAIBHO COOOIIEHHOM SHEPTUH MPH MOCIIEAYIONIEM OTCYTCTBUU BHEIITHUX BO3JCHCTBHM Ha
KoJjebaTeNnbHyl0 cucreMy (cucreMmy, coBepuiaromyto konebanus). IIpoctredmum THUIOM
KoJieOaHUH SIBISIFOTCS TrApMOHMYeCKHe KoJIe0aHusi — KoJIeOaHus, IPU KOTOPBIX KOoJeOmromasicst
BETMYMHA W3MEHSAETCS CO BpEeMEHeM [0 3akoHy cuHyca (kocuHyca). PaccMoTpenue
TapMOHUYECKHX KOJeOaHWW BakKHO MO JBYM MpuYMHAM: 1) KonebGaHus, BCTpedaromuecs B
MpPUPOJIe U TEXHUKE, YacTO HMEIOT XapakTep, ONMM3KUNA K TapMOHHMYECKOMY; 2) pa3lnyHbIe
nepuoauYecKue mpoiecchl (MPOIECChl, MOBTOPSIOUIUECS Yepe3 paBHBIE MPOMEKYTKH BPEMEHH )
MOXXHO TPEACTABUTh KaK HaJOXKEHUE TapMOHHMUYECKUX KosieOaHMil. 'apmMoHnYeckue kKojaeOaHus
BEITUYMHEBI S OMKCHIBAIOTCS YPABHEHUEM THUIIA
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5= A cos (wet+ @),
(140.1)

rie A — MakCUMaJbHOE 3HAYECHHE KOJICONIIOLIEHCS BEIMYMHBI, Ha3bIBAEMOE AMILIUTYAOH
KoJIe0aHusl, ap — Kpyrosas (HUKJIHYeCKasi) 4acTOTa, ¢ — HavajbHas (a3a kosiedaHus B
momeHT Bpemenu t=0, (att@) — ¢a3a kosedaHusi B MoMeHT BpeMeHH . Da3za koseOaHMsI
OTpe/ieNsieT 3HaUeHUE KOJICOIOLENCsl BETMUYHUHBI B JAHHBIA MOMEHT BpeMeHU. Tak Kak KOCHHYC
u3MeHseTcs B npeaenax oT +1 10 —1, To S MOKeT MpUHUMATh 3HAUYCHUSI OT +A4 110 —A.

OnpeneneHHble COCTOSIHUS CUCTEMbI, COBEPILAIOLIEH TapMOHUYECKUE KOJI€OaHMsI, MOBTOPSAIOTCA
gyepe3 MPOMEXKYTOK BpeMeHH 7, Ha3bIBaeMblii NMEepPHOAOM KoJe0aHus, 33 KOTOpHIA a3za

KoJIe0aHUs TIOJTyqaeT MpUpalieHue 27, T. €.

OTKyJa

Benuunna, oOpatHas nepuoy KosneOaHuii,

ay (1+ 1)+ @ =(wo! + @)+ 2n,

T=2n/ux.
(140.2)

v=1/T,
(140.3)

T. €. YHCJO TOJHBIX KOJeOaHWM, COBEpIIAeMbIX B E€AMHMIY BPEMEHH, HA3bIBACTCS YaCTOTOM
Kkosedanmii. CpaBuusas (140.2) u (140.3), nonyuum

Wo=271v.

Enununa gacrorer — repu (I'm): 1 I'm — wacroTta nmepuoamdeckoro mpoiecca, Ipu KOTopoi 3a 1 ¢
coBepIIaeTcs OJUH LUK IpoIiecca.
3anuiieM MepBYI0O W BTOPYIO NPOU3BOAHBIC 1O BPEMEHHM OT TapMOHHYECKH KOJEOIromencs

BCJIMYUHEI S

& .
o — Awg sin (wot+ @)= Awy cos (wot+ @ +x/2);
(140.4)

dis

ds

(140.5)
T. €. UMEEM I'apMOHUYCCKUE KOHe6aHI/IH C TOU ke HHKHHHGCKOﬁ YaCTOTOMU. AMHJ’II/ITYI[BI BCINYNH

Aw} cos (wet+@)=Aw} cos (wpt+ @ +7),

(140.4) u (140.5) cootBeTcTBEHHO paBHbl Aan U Aw; . Daza Benuuunsl (140.4) oTauyaercs ot

¢assl Benmunnel (140.1) Ha 7/2, a daza Beawuunsl (140.5) oTmugaercs ot ¢aszsl Beauuuus (140.1)
Ha z. CremoBarenbHO, B MOMEHTHI BpeMmeHu, korjpa S$=0, ds/dt mpuoOperaer HambGosbIIHE
3HAYeHHUs; KOTJa ke S JOCTUraeT MaKCMMalbHOTO OTpPMIATENbHOTO 3HadeHus, To d2s/dt?
npuooOpeTaeT HanboJIbIIIee MOJIOKHUTEIbHOE 3HaUeHue (puc. 198).

+4 o= - —— -

1
Y I . N 5 R
'3 X A R
e

t
SN N
2
ticl S
+Aw, "‘“““T

t
Al 1 __L .S

Pac. 198

@ Kaxosa cBA3b aMNNMTYAbi ¥ ha3bLI CMOLWEeHNA,
CKOPOCTH M YCKOPBHWA NpH NPRAMONNHeAHbIX
rapMOHHU4ECKNX KoneSaHnax?

@ Yto Taxkoe kxonebanuA? csobopHuwie® xoneba-
HHA? rapMoHM4ecKkHe KoneBaHnA? nepuogwu-
4OCKHEe NPoLecchi? )

@ [aiire onpegeneHua aMnnuTygsl, hassi, Nepu-
oA, YACTOThI, UNKNHM4ecKod 4acToTul koneba-
HUA.
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N3 Beipakenus (140.5) cienyer nuddepennnanbHoe ypaBHeHHe TAPMOHHYECKHX KoJIeOaHUH
dis 2
a-t—z + wis =0
(140.6)

(roe s = A cos (antt+)). Periennem sToro ypaBHeHus siisiercs Boipaxkenue (140.1).

apmonuveckne KoyiebaHus M300paxaroTcs rpadUuecKd MeToA0M BPALIAIOLIErocss BeKTOpa
aMIUIMTY/AbI, WK METOJ0M BeKTOPHBIX AuarpaMm. J{jst 3Toro u3 mpousBosbHOHM Touku O,
BBIOPAHHOM HA OCH X, TIOJI YTJIIOM (, paBHBIM HadaJIbHOU (ha3e KoieOaHus, OTKIAIbIBACTCS BEKTOP
A, MOAYJb KOTOPOTO PaBeH aMIUIUTynie A paccMarpuBaemoro kosebanus (puc. 199). Ecnu atot
BEKTOp TPHBECTH BO BpAILEHHE C YIIIOBOW CKOPOCTHIO @, PABHOW LUKIMYECKOW YaCTOTE
KoJIe0aHMH, TO TIPOCKIIMS KOHIIA BEKTOpa OyIeT mepeMemaThCst M0 OCH X ¥ IPUHUMATh 3HAYCHHS
oT —A 1o +A4, a xonebromasca BeIUYuHa OyIeT U3MEHSITHCS CO BPEMEHEM 10 3aKOHy S=A COS
(ant+¢@). Takum o0pa3om, TapMOHHYECKOE KOJICOAHHE MOXKHO MPEACTABUTh MPOEKIMEH Ha
HEKOTOPYIO MpOU3801bHO BBIOPAaHHYIO OCh BEKTOpa aMIUIMTYIbl A, OTJIOXEHHOTO W3
MIPOU3BOJIEHOM TOYKU OCH TIOJ YTJIIOM (0, PaBHBIM HaYaJIbHOU (pa3e, M BPAIIAOLIETOCS C YIIIOBOH
CKOPOCTBIO @ BOKPYT 3TOM TOYKH.

B ¢usuke wyacro mpumeHsieTcss Apyrol MeTojA, KOTOPBIA OTIMYAETCS OT METOJa BpalllatoIIerocs
BEKTOpPa aMILTUTYIBI JIUIIE 110 opMe. B 3TOM MeTo/1e KOJIeOIONTyOCs BEIMIHHY MPEICTABIISIOT
KOMILJIeKCHBIM 4YHucsaoM. CoracHo ¢opmyse Ditnepa, Uisl KOMIUIEKCHBIX YHCET

¢“=cos a+i sin o,
(140.7)

rae i =+/—1 — MHUMast eauHUIA. [ToaTomy ypaBHeHHE rapMoHHUeckoro kojedanus (140.1) moxHO
3amucaTh B KOMIUIEKCHOU (popme:

F=Ae ),
(140.8)

BemectBennas yacth Beipakenust (140.8)

Re (5)= A cos (wpt+@)=s

MpeACTaBIsIeT co0oil rapmMoHHYeckoe Kojebanue. OOo3HaueHue Re BemiecTBeHHOW YacTu
ycaoBumcs oryckaTs u (140.8) OyneM 3anuchIBaTh B BUJIE

§= Ac‘(w“).

B TCOpUU KOJIeOaHMI IIPUHHUMACTCA, YTO KOJ'IG6J'IIOH.[3$IC$I BEJIMYMHA S paBHA 6€I/L;€CI’I’16€HHOL7 yacmu
KOMILICKCHOI'O BBIPAXXCHUS, CTOAIICTO B 9TOM PABCHCTBEC CIIpaBa.

Pac. 199

AW

|
! ® B uem 3akNI04A6TCA MASA MeTofa spalyaoule-

. ! rocA BeKTopa BMIIHTYAbI?
o \4 @ BuiBeguTe hopMynt ANA CKOPOCTH W yCKope-

Y HWSA FAPMOHWYECKH KONeSNIoWeACA TONKK Kak
E___.r__*_ (DYHKUMH BDEMEHMN.

2. MexaHn4veckue rapMoOHUYeCKHE KOJIeDaHus

ITycTe MaTepuanbHas TOYKa COBEpIIAET MPSMOJIMHEHHBbIE TapMOHMYECKHE KOJIEOaHUs BAOJIb OCU
KOOpJIMHAT X OKOJIO IIOJIOKEHHsS PpAaBHOBECHS, INPUHATOrO 3a Hadaino koopaumHaT. Torna
3aBUCHUMOCTb KOODJIMHATHI X OT BpeMeHU t 3a1aeTcsi ypaBHEHUEM, aHAJIOTUYHBIM YPaBHEHUIO
(140.1), rme s=x:

x=A cos (wpt+ @).
(141.1)

Cornacuo BbipaxkenusM (140.4) B (140.5), ckopocTb V U YCKOpEHHE a KOJeOmomeicss TouKu

COOTBETCTBEHHO PABHBI
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v=—Aaxgsin (ot + @) = Acwg cos (wot + @ + %/2);

am — Aa § cos (wor + @)= Aw § cos (ot + ¢ + %).
(141.2)

Cuna F=ma, nelicTByroimas Ha KOJEOIIONIYIOCS MaTePHAIbHYIO TOUKY Maccoi m, ¢ yaerom (141.1)

u (1412) paBHa

F=—mo}lx.

CnenoBarenbHO, CHUjla IPONOPLMOHAIbHA CMEIIEHWI0O MaTepUaJbHOW TOYKH U3 TOJIOKEHUS

paBHOBECHS M HallpaBJIEHA B IPOTUBOIOJIOKHYIO CTOPOHY (K MOJIOKEHUIO PABHOBECHS).
Kuneruyeckasi JHeprus MaTepualbHOM TOYKH, COBEPIIAKONIEH IIPSMOJIMHEMHBIE TAPMOHHYECKUE

KoJieOaHusI, paBHA

m? mA*ow?

T=‘=—2—=T sin? (wot+ @),
(141.3)
HNIN
2,2 ‘
raﬂ’%—‘"—“ 1 ~cos 2 (wot + @)).
(141.4)

IMoTeHunanbHas JHeprus MaTepuaibHONW TOUKH, COBEPILAONIEH TapMOHUYECKUE KOJIEOAHUS MO/
neiicTBreM ynpyroi cuiel F, paBHa

n= -f Fdx=£2‘1'x:-=%zmg cos® (wot+ ),
(141.5)D
HNINn
0="2% ) 4 cos2 ot +9)).
(141.6)

Crnoxwus (141.3) u (141.5), moxy4uum dhopmymny JUisl MOJTHOM IHEPTHH:
E=T+N=mA?0}/2.
(141.7)

[TosHas sHEPrUs OCTAETCS MOCTOSTHHOM, TaK KaK MPHA TApMOHUYECKHUX KOJICOAHUSX CIIPABE/ITHB 3aKOH
COXpaHEHHSI MEXaHMYECKOW SHEPTHH, TIOCKOJIIBKY YIIpyrasi CHila KOHCEpBaTHBHA.

N3 dopmyn (141.4) u (141.6) cnenyer, uto T u I1 U3MEHSAIOTCS C 4acTOTOM 2o, T. €. C YACTOTOH,
KOTOpasi B JIBa pa3a MPEBbIIIAET YaCTOTy rapMOHHUYecKOro KosieOanus. Ha puc. 200 nmpeacTaBieHb
rpaduku 3aBucuMoctd X, T u I1 ot Bpemenn. Tak kax (Sin“a) = (cos’a) = 1/2, To u3 hopmyn
(141.3), (141.5) u (141.7) cnenyer, uto (T) = (IT) =% E.

3. CB0oOOIHBIE TApMOHUYECKHE KOJIEOAHUSA B K0J1€0ATeJIbHOM KOHTYpe

Cpemy pasimUYHBIX DJICKTPUYECKUX SIBJICHUH 0c000€ MECTO 3aHUMAKOT AJICKTPOMAarHUTHBIC
KOJICOaHHUS, IPH KOTOPBIX AIIEKTPUUICCKUE BEIIMIMHBI (3apsIbl, TOKH ) IEPUOTUICCKU H3MCHSIOTCS
U KOTOPBIC COIPOBOXKIAOTCS B3aMMHBIMH TIPEBPAIICHUSIMHU AJICKTPUYECKOTO M MarHHUTHOTO
nosieli. JIist BO3OYXKACHUS M TIOJJICP)KAHHS DJICKTPOMArHUTHBIX KOJICOAHHN HCIIONb3YeTCs
K0J1e0aTeIbHbIii KOHTYP — II€Ib, COCTOSIINAs M3 BKIIOYCHHBIX IMOCICIOBATECIBHO KATYIIKU
WHIYKTUBHOCTHIO L, KoHZeHCcaTopa eMKoCcThio C U pe3ucTopa ConpoTUBiIeHnEM R.

PaccmoTpuM mocnenoBaTenbHbIE CTaUU KOJEeOAaTEeIHHOTO MPOIecca B UACATU3UPOBAHHOM KOHTYPE,
COMPOTHBIIEHUE KOTOpOro nperedpekumo maino (R=0). s Bo3OykaeHHs B KOHType KoieOaHui
KOHJICHCATOP TMPEABAPUTENBHO 3apsbKaloT, coobmas ero oOkmaakam 3apsael +Q. Torma B
HavyanbHbI MOMeHT Bpemenu t=0 (puc. 202, a) Mexay oOkaaKkaMu KOHAEHCATOPa BO3HUKHET

1
ANEKTPUUECKOE MOJIE, SHEPrUsi KOTOPOTro EQZ (cM. (95.4)). Ecnu 3aMKHYTH KOHJIEHCATOp Ha

KaTylIKy MHAYKTUBHOCTH, OH HAUHCT Pa3psKaTbCAd, U B KOHTYPC NOTCUCT B03paCTaIOH.II/II71 Cco
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BpemeHeM Tok |. B pe3ynbrare sHEprus 3J€KTpUUECKOTO HOJs Oy/leT yMEHbIIAThCS, a SHEprus
MarHUTHOTO TIOJIst KaTyiky (oHa paBHa 'fz LQ?) — Bo3pacrars.

Tak xak R~0, T0, cOracHO 3aKOHY COXpaHEHMsI SHEPT UM, TIOJIHAS SHEPTUs

TaKk KaKk OHa Ha HarpeBaHue He pacxonyercs. Ilostomy B momeHT t=Y4T, xorja koHzaeHcaTop

[EY

w

(6]

MOJTHOCTBIO Pa3pAIUTCS, SHEPTHsl DIIEKTPUYECKOTO IoJisi oOpamaercs B HyJlIb, a DSHEPTHS
MarHUTHOTO TOJIsI (@ CIeNOBaTeNIbHO, U TOK) JOCTHraeT HauOoJbliero 3HaveHus (puc. 202, 6).
Hauunas ¢ 3Toro MoMeHTa TOK B KOHType OyJeT yObIBaTh; CIeloBaTeIbHO, HAYHET OciIadeBaTh
MarHuTHOE TOJIE€ KAaTyIIK{, ¥ B HEW WHAYIHPYETCS TOK, KOTOPBIH TedeT (COTJIaCHO MpPaBUITY
JIeHnia) B TOM jK€ HampaBJICHHMH, YTO M TOK paspsaku KoHaeHcaropa. KonmeHcarop HayHeT
nepe3apsiKaThCsl, BOSHUKHET JIEKTPHUYECKOE MOJIe, CTpeMsIIeecs 0CIabuTh TOK, KOTOPBIH B KOHIIE
KOHLIOB 00paTuTCcs B Hylb, a 3apsi/i Ha 0OKJIaJKax KOHAEHCATOpa JOCTUTHET MakcUMyMa (puc.
202, 6). Jlanee Te ke MpoLECCH HAYHYT MPOTEKaTh B oOpaTHOM HampaBieHuu (puc. 202, 2) u
cucTeMa K MOMEHTY BpeMeHH t=T7 mpuaer B nepBoHavyasibHOe cocTosiHue (puc. 202, a). [ocne
ATOTO HAYHETCS MIOBTOPEHHE PACCMOTPEHHOTO IUKIIA Pa3psAKH U 3apsaKd KOHAeHcaTopa. Eciu
OBbI TIOTEPb PHEPTHH HE OBLIO, TO B KOHTYPE COBEPIIAIUCH ObI MEPHOAMYECKIE HE3aTyXarolue
KoJeOaHus, T.e. TEPUOJUYCCKH W3MEHSUINCh (Koyiebaymch) Obl 3apsnm Q Ha oOkmaakax
KOH/IeHcaTopa, HampsokeHne U Ha KOHAEHcaTope W cuiia Toka |, TeKymiero uepes KaTyIIKy
WHAYKTHBHOCTH. CIie/0BaTeNbHO, B KOHTYpE BO3HHKAIOT JJIEKTPHUYECKUE KOJICOAHUs, TpUIeM
KOJIEOaHUSI COTTPOBOKIAFOTCS IPEBPAIICHISIMUA YHEPTUH AIIEKTPUYECKOTO M MAarHUTHOTO TIOJIEH.

3agaHusi 1 BONPOCHI

. MarepuanpHast TOUKa, COBEpIIAIOIIas TApMOHUIECKUE KOJIeOaHus ¢ yacToTo v =2 ['1;, B MOMEHT

BpeMeHH t=0 MpoXoAMT MOJIOKEHUE, OITPeIeIieMOoe KOOPIMHATON Xo—6 CM, CO CKOPOCThIO Vo=14
cMm/c. OnpenenuTh aMIuITyay kojiebanus. [6,1 cm]

. [lonmHast sHEprusi rapMOHUYECKH KoJieOumrorieicst Touku paBHa 30 MkJ[K, a MakcuMasbHas CHIIa,

JeicTByIOas Ha Touky, paBHa 1,5 MH. Hamucate ypaBHEeHUE ABWIKEHHS 3TOW TOYKH, €CIIH
nepuo 1 Kosrebanuii paBeH 2 ¢, a HadanbHast (asa /3. [Xx=0,04cos(nt+n/3)]

. [Ipu moaBemmBanuu rpy3oB Maccamu My = 500 r 1 M2 =400 r kK cBOOOHBIM NPYKHMHAM TTOCIICTHUE

yuHWIHCH oauHakoBo (Al =15 cm). IIpeneOperas Mmaccoil MPyKHH, ONMPEACTUTE: 1) MEepHOIbI
KoJjieObaHuil rpy30B; 2) KOTOPBI U3 I'Py30B MPU OJMHAKOBBIX aMIUIMTyAax 00iagaer Oojbliei
SHEPTHEH M BO CKOJIbKO pas. [1) 0,78 c; 2) 1,25]

dusndecKkuil MasTHUK TPEACTaBIsIeT COOOW TOHKHH OJHOPOJHBIA CTEP)KEHb JJIUHON 25 CM.
Onpenenutp, Ha KAKOM PACCTOSIHUY OT IIEHTPa Macc JOJHKHA ObITh TOUKA MOJBEca, YTOObI YacToTa
KoJieOaHu# OblJIa MaKCUMAIIBHOM. [7,2 cM]

. HBa MATCMATHYCCKUX MAaATHHKA, JJIMHbI KOTOPBIX OTIIMYAIOTCA Ha Al=16 CM, COBE€pUIAIOT 3a OJHO

1 TO ke BpeMs: oauH N1=10 xonebanuii, qpyroit N;= 6 konedanuid. OnpenenuTh ATUHBI MaITHUKOB
Iy u . [11=9 cm, 1:=25 cM]

. KoneGarenbHblil KOHTYp COJEPXKHT KaTyLIKy C OOLIMM YHCIOM BUTKOB, paBHbIM 50, MHIYK-

TUBHOCTBIO 5 MKI'H 1 KOHZIeHCaTOop eMKOCcThIo 2 HD. MakcuManbHOe HalpspKeHUe Ha 00KIagKax
KoHJeHcaropa cocrtaBisger 150 B. OmnpenenuTs MakcHManabHbBIE MAarHUTHBIA IOTOK, IPOHU-
3pIBaOIINH KaTymky. [0,3 MxBO]

. PazHocTth (1)213 ABYX OOWHAKOBO HAIPABJICHHBIX I'apMOHHUYCCKUX KoJieOaHMit OJAMHAKOBOTO IIC-

pHo/a, paBHOTO 8 C, U OJMHAKOBOW aMIUIATYABI 2 ¢M cocrTaBiseT 7/4. Hammcarh ypaBHeHHE
JIBMDKCHUS, MOJYYAIOIIEroCst B pe3y/ibTaTe CIOKCHUS 3THX KojeOaHui, ecnu HadaiubHas ¢asza
OJTHOTO U3 HUX paBHa HYJ0. [x=0,037 cos (nt/4+1/8)]

Touka yuyacTByeT OJHOBPEMEHHO B JBYX TapMOHHYECKHX KOJICOAHHSX, MPOUCXOJAIINX BO
B3aUMHO TMEPICHINKYIAPHBIX HAMpaBICHUAX W OMHCHIBAEMBIX YpaBHEHUSAMH Xx=COSTt u

y:COSTCt/Z. OHpe,Z[eJ'II/ITL ypaBHeHHe TpaeKTOpI/II/I TOYKHU U BBI‘lepTI/ITB €€ C HAHCCCHUECM MacmTa6a.
[2y*—x=1]
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9. 3a Bpewms, 3a koTopoe cuctema copepiiaet 100 MOTHBIX KOJIEOaHHH, aMIUTUTYIa YMEHBIIIACTCS B
Tpu paza. OnpenennuTs J0OpPOTHOCTh CUCTEMBI. [286]

10. KonebaTenbHbIi KOHTYP COAEPKUT KaTyIIKy HHAYKTUBHOCTBIO 25 MI H, KOHJIEHCATOP €MKOCTBIO
10 Mx® u pesuctop compotuBieHrueMm 1 Om. 3apsa Ha oOknagkax konaeHcatopa Qm=1 MK
Onpenenutek: 1) mepwon kosiebaHWii KOHTYpa; 2) jorapuMuUecKuil NEKPEeMEHT 3aTyXaHHS
Kosie0aHuii; 3) ypaBHEHUE 3aBHCUMOCTH U3MEHEHHS HAIIPSDKEHUS Ha OOKIIaIKaX KOHIEHCATOpa OT
spemenu. [1) 3,14 mc; 2) 0,06; 3) U=100e**'c0s6361t]

11. TlocnenoBaTenbHO COEAMHEHHBIE pe3ucTop ¢ comnpoTuBiaeHueM 110 OMm U KOHIEHCATOp TOA-
KJIIOYEHBI K BHEIIHEMY IIEPEMEHHOMY HAIPSKEHHUIO ¢ aMIUIMTYAHbIM 3HaueHueM 110 B. Oxkaza-
JIOCh, YTO aMIUIUTYJHOE 3HaYeHHE yCTaHOBHBIIErocs Toka B uenu 0,5 A. Onpenenuts pa3HOCTb
(a3 Mex Iy TOKOM M BHEIIHUM HarpspkeHueM. [60°]

12. B nemns mepeMeHHOTO Toka wyactoTod 50 I'1 BKIOYeHA KaTymika JMHON 50 ¢M M IIONIaIbIo
nonepeunoro cedenns 10 cm?, conepxantas 3000 BuTkoB. ONpeenTh aKTUBHOE COTIPOTHBIICHHE
KaTYILKH, €CIIM CABUT (pa3 MKy HapsLKEHUEM U TOKOM cocTtasiisieT 60°. [4,1 OMm]

13. I'enepatop, 4acToTa KOTOPOTo cocTaBisieT 32 kK Il 1 aMIUTUTY/IHOE 3HAYCHNE HATIPSDKEHUS PABHO
120 B, BKJIIOUEH B PE30HMUPYIOLIYIO II€Mb, eMKOCTh KOTOpoil 1 H®. Onpenenuts aMIIUTYIHOE
3HaUYE€HHE HAMPSHKEHUS Ha KOHJIEHCATOPE, €CIU aKTUBHOE compoTuBiieHue nenu 5 Om. [119 kB]

14. KoneOaTenbHbIN KOHTYP COAEPKUT KaTYIIKy MHAYKTUBHOCTBIO 5 MI'H U KOHAEHCATOP EMKOCTBIO
2 Mx®. [[ns moanepkanusi B KoJieOaTeIbHOM KOHTYpE HE3aTyXarolIMX TapMOHUYECKHX Kojeba-
HUN C aMIUTUTYJHBIM 3HAUEHHEM HampshKeHHUsl Ha KoHAeHcaTtope 1 B HeoO6xoauMo moaBoauTh
cpenHoro MomHOCTh 0,1 MBT. Cumras 3aTyxanue xosieO0aHU B KOHTYpPE JOCTATOYHO MAJIbIM,
OTIPEJeNIUTh J0OPOTHOCTH JaHHOTO KOHTYpa. [100]

Cnucok Jiureparypbl
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CTYICHTOB BBICIINX Y4eOHBIX 3aBe/ICHUH, 00YUarONINXCS IO TEXHUYECKUM HaIPaBJICHUAM
MoAroToBKH U crienranbHOCcTsIM / B. U. Bapcykos, O. C. IMuTpueB. — DIEKTPOH. TEKCTOBbIE
nanHbie. — Tam00B : TaMOOBCKHIT rocymapcTBEHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryma: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usnka. Mexanuka [ DneKTpOHHBIN pecypc] : yaeOHOe mocodue ajis By30B / A.
B. 3to3un, C. b. Mockosckuii, B. E. TypoB. — DieKTpOH. TEKCTOBbIE JaHHbIE. — M. :
Axanemuuaeckuit [Tpoekt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocryma:
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3. Tpodumona, T. V. ®usnka : yaeOHUK : IS CTYJICHTOB BY30B, 00YJArOIINXCSI IO TEXH. HaIp.
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un. - (Beicmee npodeccuonansHoe oopazoBanue) (bakanaBpuar). - [IpenM. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodpumosa, T. U.; Kypc ¢usuku ¢ npumepamu perienus 3aaad: B 2-x 1. : yuebnuk / T.1.
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., ®upcoa A.B., CoopHUK 3a1a4 110 pusmke- 2-e U31., nepepad. u Ao. -
Mocksa : Akagemus, 2013.

NMPAKTUYECKOE 3AHSITHUE Ne 19 DJIEMEHTHI TEOMETPUYECKON "
JTEKTPOHHOM OIITUKUA

Leab-3aKkpenuTh U3y4E€HHBIN MaTepUall 0 TEMATHKE «DJIEMEHTHI T€OMETPHUUECKOU U 3JIEKTPOHHOU
ontuku OcHOBHBIE 3akOoHBI ONTHKHU. [lomHoe oTpaxenue. Tonkue nuH3bL. M300pakeHue
MIPEeIMETOB C MOMOIIBIO JUH3. AGeppaluu (MOTPEIIHOCTH ) ONTHYECKUX CUCTEMY.

OcBanBaemMble KOMIIETEHIIMH B PE3yJIbTaTe MPOBEACHMS MPAKTUUECKOTO 3aHATUS YyKa3aHbl B
nyHkTe «O01Ire CBeICHH
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AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh IOJYYEHHbIE TEOPETUUYECKUE 3HAHUS U
BbIPAa0OTaTh HABBIKK U YMEHHUS IPAKTUYECKOTO PEIICHUS 33/1a4, B TO YHCJIE U CAMOCTOSITEIIHHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJ1s1 00pabOTKHU pe3ysIbTaTOB 3KCIIEPUMEHTA;

-0a30BbIE METOJIbI UCCIIEIOBATENBCKON AEATEIBHOCTH.

Ymers:

-IPOBOJIUTh 00pabOTKy MH(pOPMALMU C HMCIOJIb30BAaHUEM MPUKIATHBIX IMPOrPAMMHBIX CPE/ICTB
cepsr

podecCHOHABHON IeATEIIFHOCTH;

-IIPUMEHSTH 0a30BBIE METO bl HCCIIEI0BATEIBCKOM NESITEILHOCTH B padOTe HaJl MHHOBAITMOHHBIMHU

MIPOEKTaMH IO HAIPaBICHUIO « TeXHOIOTHYeCKHe MaIIMHBI U 000PYAOBaHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON JESITEIbHOCTH TP paboTe HaJl IPOEKTaMu;

- MOHUMAHUEM CYIIHOCTH W 3HAa4YeHUs MHQOpPMALlMM B PAa3BUTUU COBPEMEHHOrO OOIECTBa,
CIIOCOOHOCTh

moiyyaTb U 00pabaTbiBaTh HMHPOPMAMIO U3  PA3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
HMHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0POPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHoiornyeckue

MAaIlIUHBI ¥ 000PY/IOBaHUSI.

Peanuzyemblie KOMIIeTeHUUH

IK-4 cniocoOHOCThIO y4aCTBOBATh B pa0OTE Ha/l NHHOBAITMOHHBIMU MMPOEKTAMH, UCTIOJIb3Ys 0a30BBIC
METO/IbI UCCIIEIOBATEIILCKOM eI TEIEHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HAY€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO MOJIy4YaTh U 00padbaThiBaTh HHGOPMAIIHIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO
WHTEPIPETUPOBATh, CTPYKTYPUPOBATh M 0(GOPMIISITH HHPOPMAIHIO B IOCTYITHOM JUIsI IPYTHX BUIE

Teopernyeckas 4acTb
1. OcHoBHbIE 3aK0HBbI oNITUKH. [losTHOE OTpakeHUe

Eme no ycTaHoBiieHHS TPHPOJBI CBETa OBIIM M3BECTHBI CIIEIYIONINE OCHOBHBIC 3aKOHBI ONTHKH:
3aKOH MPSAMOJHMHEHHOTO paclpOCTPaHEHUsI CBETa B ONTHYECKH OJHOPOJHOW Cpene; 3aKoH
HE3aBHCUMOCTH CBETOBBIX ITyYKOB (CHPABEUINB TOJIBKO B JIMHEHHON ONTHKE); 3aKOH OTPAKEHHS
CBETA; 3aKOH MPEJIOMJICHHS CBETA.

3aK0H NPSAMOJIMHEITHOT0 PACHPOCTPAHEHHS] CBETA: CBET B ONTHYECKU OJHOPOJTHOHN cpene
pacnpocTpaHseTcs IPSMOJINHEHHO.

Jloka3aTeabCTBOM 3TOTO 3aKOHA SIBIISICTCS HAIMYME TEHU C PE3KUMH IPaHULIAMH OT HEMPO3pauyHbIX
IPEAMETOB IPU OCBELICHUHN WX TOYSYHBIMU UCTOYHHKAMH CBETa (ICTOYHHUKH, pa3Mepbl KOTOPBIX
3HAQUUTEIHHO MEHBIIE OCBEIIAEMOT0 IIpeaIMeTa M PacCTOSIHUS A0 Hero). TuiarenbHbie
IKCTIEPUMEHTHI MOKA3alM, OJHAKO, YTO ITOT 3aKOH HApyYIIAEeTCs, €CIU CBET MPOXOIUT CKBO3b
OYECHb MaJllble OTBEpPCTHUS, NPHUUEM OTKIOHEHHE OT MPSIMOJMHEHHOCTH PacHpOCTPaHEHUS TEM
0oJIbIIIe, YEM MEHBIIIE OTBEPCTHUSI.

3aKOH He3aBHCHMOCTH CBETOBBIX NMYYKOB: 3((EKT, NMPOU3BOAUMBIM OTIAECIBHBIM ITy4KOM, HE
3aBUCHT OT TOTO, ICHCTBYIOT JIM OJTHOBPEMEHHO OCTaJIbHBIE ITyYKHU WIIM OHH YCTpaHeHbI. Pa3ouBast
CBETOBOM MOTOK Ha OT/AEJbHBbIE CBETOBbIE IMyYKH (HAIpHMEp, C MOMOLIbI0 Juadparm), MOKHO
MOKa3aTh, YTO JICHCTBHE BBIICICHHBIX CBETOBBIX ITyYKOB HE3aBHCHMO.

Ecnu cBeT majaer Ha rpaHulily pasziena JByX cpei (IBYX MPO3padyHbIX BEIIECTB), TO MaJarOIIUi Iy
| (puc. 229) paznensercs Ha 1Ba — oTpaxkeHHbIH || u npenomnenssiii 111, HanpaBieHUst KOTOPBIX
3aJ]a0TCs 3aKOHAMH OTPAKEHUS U MIPETOMIICHHUS.

3aKoH OTpaMeHWsl: OTPAKEHHBIN Jyd JEKUT B OJHOM IJIOCKOCTH C MAJAIOUIUM JIy4OM H
NEePIEeHUKYISIPOM, MPOBEICHHBIM K TPaHMIE pa3jieNia ABYX CpeA B TOUKE IajeHUs; yroia i'
OTpaXCHUS paBeH YTy i1 MaJICHHUS:
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i, =i,
3aKoH mpeJiOMJIEHUSI: JIyd MaJaroUIuil, Jy4 IPEJOMIIEHHBIM U MEPHEeHAUKYISAp, MPOBEACHHbBIN K
IPaHULE pa3JieNa B TOUKE MaJIeHUs, JIEKAT B OJHOM IJIOCKOCTH; OTHOLLIEHUE CUHYCA YIJIa MaleHus
K CHHYCY YIJIa [IPEJIOMJIEHUS €CTh BEJIMUMHA ITOCTOSIHHAS U1 JaHHBIX CPEJL:
sinifsini; = ny,
(165.1)
r7€ N21 — OTHOCUTEJbHBIN MOKAa3aTe/ib NMPeJIOMJIEHHS] BTOPON Cpelbl OTHOCUTENIHO IEPBOI.
Wunekcel B 0003HAUCHHSX YIIIOB 11, 1'1, 12 YKa3bIBaIOT, B Kakoil cpeze (IepBOil Ml BTOPOM) UACT
Iyd.
OTHOcUTENbHBIM TMOKa3aTeNlb MNPEJOMJICHUS JABYX CpEJ pPaBEH OTHOILEHUIO HUX a0COIIOTHBIX
IIOKa3aTeseu MpeJoMIICHHUS:
my = nafny.
(165.2)
AOCOJIIOTHBIM MOKa3aTesieM MpPeJoMJIeHHs] CPebl HAa3bIBAaeTCsl BEIUYMHA N, paBHAs. OTHOIICHUIO
CKOPOCTH C 3JIEKTPOMarHUTHBIX BOJIH B BaKyyMe K UX (pa30BOW CKOPOCTH V B Cpeie:
n=c/v.
(165.3)
Cpasnenue ¢ ¢popmysnoit (162.3) gaer, uro n\/g_,u, I7I€ €U [/ — COOTBETCTBEHHO AJIEKTpUYECKas U

MarHuTHas TMPOHMIIAEMOCTH cpeapl. YumthiBas (165.2), 3akon mpenomiienus (165.1) moxxHO
3arMcarh B BUJIC
m n'ni. =n,n'n fz.
(165.4)

N3 cummeTpun Beipakenus (165.4) BeiTekaeT 00paTUMOCTh CBETOBBIX Jiyueil. Eciu obpatuts syu 11
(puc.229), 3acTaBUB €ro majgaTh Ha TPAHMILYy pas3jeia MO YIJIOM ip, TO MPEIOMIICHHBINH Jyd B
MepBOii cpezie OyIeT pacrpoCTPAHATHCS MO YIJIOM i1, T. €. MOWJET B OOpaTHOM HampaBJICHUN
BJIOJIb Jiy4a |.

Ecnu cBet pacnipocTpansercs U3 cpefibl ¢ 00JIBIINM IOKa3aTesIeM MpeoMiIeHus Ny (onTuyecku 6osee
IJIOTHOW) B CpPeAy C MEHBIIUM TOKaszaTelieM NpeloMJeHHS N2 (ONTHYECKH MEHEee TUIOTHYIO)
(n1>n2), HanpuMep U3 CTEKIa B BOAY, TO, corinacHo (165.4),

sini;, m

> 1.

sini, n,

Otcrozia ciieiyet, uTo MPEIOMJICHHBIN JIyd YAAISIeTCsl OT HOPMAJIK U yroJl MPEIOMIICHHS i2 00JIbIIIe,
yem yroia mazgeHus i1 (puc. 230, a). C yBelIMYCHHMEM YyIjla MAACHHUS YBEIUYMBAETCS YroOJI
npenomiienus (puc. 230, 6, ) 10 Tex MOp, MOKa MPU HEKOTOPOM yriie maaeHust (1= inp) yroia
MPEIOMIICHUST HE OKaKETCS paBHBIM 77/2. YTOJI inp Ha3bIBACTCS MpeAesIbHBIM yriioM. [Ipu yriax
najieHust 11> inp BECh MAAIOIININ CBET MOJHOCTBIO OTpaxaercs (puc. 230, 2).

[To Mepe mpubnuxeHUs yria MajgeHus K MpeAebHOMY HWHTEHCHUBHOCTH MPEIOMIIEHHOTO Iy4ya
yMEHbIaeTcs, a oTpaxkeHHoro — pacreT (puc. 230, a—s6). Eciau 11=inp, TO MHTEHCHBHOCTH
MIPEIOMIIEHHOTO JTy4a oOpaliaeTcs B Hyllb, 8 ”YHTEHCUBHOCTh OTPaXEHHOTO paBHA MHTEHCUBHOCTHU
najaromniero (puc. 230, 2). Takum 00pa3zom, IpH yriax MagcHus B npeaenax oT inp 10 77/2 Iyd He
MPEIOMIIIETCS, a TOJHOCTBIO OTPaXaeTcsi B TEPBYIO Cpeay, IpHYEeM HHTEHCUBHOCTHU
OTPaXEHHOTO M TMAaJaloIero Jy4eld OJUHAKOBBL. OTO SBIIEHHWE HA3BIBACTCS MOJHBIM
OTpasKeHUEeM.
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OrtpamenHuin 1,
ayy U
I ]
MpenomnenHeIA no P
[y
nys 2

o ny> g

Pac. 229 Pac. 230
[MpenenbHbIi yrou Inp onpenenum u3 Gopmyist (165.4) npu noacTaHoBKe B Hee 12=7/2.
Torma
8ill iy =My /0y =1y,
(165.5)

VYpaBuenue (165.5) ymoBieTBOpseT 3HAUYECHUSAM yria inp mpu N2 < N1 CiemoBaTenabHO, SBICHUE
MIOJIHOTO OTPAXXEHUS MMEET MECTO TOJIbKO NpHU MaJeHUHM CBETa U3 cpedbl Onmuuecku Oofee
NJIOMHOU 8 Cpedy ONMUYEcKU MeHee NIOMHYIO.

SIBieHMEe MOJTHOTO OTPa)KEHUS UCIOJIB3YeTCs B MPU3Max MOJHOTo oTpakeHus [lokaszarens mpenom-
JIEHUs CTEKJIa paBeH N ~1,5, mosToMy mpenenbHbIN YroJl A TPaHUIBI CTEKIO — BO3JyX PaBEH
inp=arcsin(1/1,5)=42°. TlosToMy mpH MaJeHUHN CBETa HA I'PAHMILy CTEKJIO—BO3ayX npu i > 42°
Bcerja OyaeT uMeTh MecTo mosiHoe oTpaxkeHue. Ha puc. 231, a—6 noka3aHsl IpU3Mbl TOJTHOTO
OTpa)X€HMsI, MO3BOJISIONINE: a) MOBEPHYTH Jiyd Ha 90°; 6) MoBEepHYTh N300pakeHHE; B) OOEPHYTH
nyun. Takue TpPHU3MBI TPUMEHSIOTCS B ONTHYECKUX MpuOopax (HampuMep, B OWHOKIIAX,
MEPUCKOIIAX), a TAKKE B pePpakTOMETpax, MO3BOJIAIOIINX ONPEIENIATh TOKA3aTeIU MPETOMIICHUS
Tel (10 3aKOHY MPETOMIICHHS, U3MEPSIS Inp, HAXOAUM OTHOCHUTEIBHBIH MOKA3aTeb PEIOMIICHUS
IBYX Cpell, a Takke aOCOJIOTHBIN NOKa3aTesdb MPETOMIICHHs OJHON U3 Cpel, €ciM MoKa3aTellb
IIPEJIOMIIEHHUS APYTOM Cpesibl U3BECTEH).

9 Pac. 231

~

72
. 5)
® MoXxer nNu BO3HMKHYTb ABNEeHWe MONHOro or-
! paXXeHHA, ecnn CBOT NPOXOANT M3 BOALI B CTe-
2 xno?
. ® CdopmynupyiiTe n NOACHNTE OCHOBHLIE 38K0-
2 ——— Hbl ONTHKMK,
7 @ B uyem 3axniouaetca usandeckunh cmbich ab-
CONIOTHOTO NOKA3aTens NPEeNOMNOHNA cpeabl?
Y70 TAaKO® OTHOCHTENbHLIA nokasarensb npeno-
o MNeHNA? .
1 2 @ Mpwn xaxom ycnosnu HabniogaercA nonxoe ot-
paxxeHne? ,
2 1 ® B uyem 3akniouaetca NpuHUMN paboTbi cBeTO-
BOAOB?

SIBNeHME MOTHOTO OTPAKEHUS UCIIOJIB3YETCSl TAKIKE B CBETOBOJAX (CBETONPOBOAAX), IIPEACTABIIA-
IOIMX COOOM TOHKHME, NMPOU3BOJIBHBIM 00pa30M H30THYTHIE HUTH (BOJIOKHA) M3 ONTHYECKU
IIPO3payHOro Marepuasa. B  BOJOKOHHBIX JETANAX NPUMEHSIOT CTEKISIHHOE BOJIOKHO,
CBETOBEAYyILAs KWia (CepAlleBUHA) KOTOPOTO OKPY)KAETCS CTEKIOM — 000JI0YKOI M3 APYyroro
CTEKJIa C MEHBIIMM IIOKa3aTeseM IpenomiecHus. CBeT, Majaroliuii Ha TOPEl CBETOBOJA IOJ
yriamu, OOJIBIIMMH IPENEeNIbHOTO, MpeTepreBaeT Ha IMOBEPXHOCTH pasjiesia CeplLEeBUHBI U
000JIOYKH TOJTHOE OTPAXKEHUE H PACHIPOCTPAHSIETCS TOJIBKO MO CBETOBEIYIIEH KHJIE.
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Takum 006pa3oM, ¢ MOMOMIBIO CBETOBOJIOB MOKHO KaK YIrOJHO MCKPHUBJIATH MYTh CBETOBOTO ITy4YKa.
JlnamMeTp CBETOBENYILIMX KHII JIEKUT B Mpeaeiax OT HECKOJIbKUX MHUKPOMETPOB J0 HECKOIBKUX
MWIIUMETpoB. s mepenaun m3o0pakeHUil, Kak MPaBHIIO, MPUMEHSIOTCS MHOTOXXHJIbHBIE
CBETOBOJIbI. BOMpOCH Mepenayn CBETOBBIX BOJH U HM300paKEHUH HM3y4arOTCS B CHCIHAILHOM
pazziene ONTHUKA — BOJIOKOHHOM onTHKe, BO3HUKIIEH B 50-¢ roapl XX crosietus. CBETOBObI
WCIIOJNIB3YIOTCS B OJEKTPOHHO-TTYYEBBIX TPyOKaxX, B SJICKTPOHHO-CUETHBIX MalIuHaX, I
KOJIUpOBaHUs WH(OpPMALMK, B MEIUIMHE (HAmpuMmep, IUArHOCTHKA KEIylIKa), Uil Ieien
WHTETPAJIBHOW ONTHUKHU U T. 1.

2. Tonkue qun3bl. U300pakeHne npeagMeToB ¢ MOMOIIbIO JIMH3

Pa3nen onTuku, B KOTOPOM 3aKOHBI PAcIpOCTPAaHEHHs CBETAa pPAacCMaTpPUBAIOTCSI HAa OCHOBE
IIPEJICTaBJICHMS O CBETOBBIX JIydax, Ha3blBacTCs reoMeTpu4ecKkoil onTukoii. [lox cBeToBbIMHU
JIy4aMM TIOHHMAalT HOpMallbHbIE K BOJIHOBBIM IOBEPXHOCTSM JIMHUHU, BIOJb KOTOPBIX pac-
MpOCTpaHseTcsl HOTOK CBETOBOM 3Hepruu. ['eomeTpryeckas ONTUKA, OCTaBasCh MPUOINKEHHBIM
METO/IOM TOCTPOEHUSI N300pakeHUI B ONTUYECKUX CHCTEMax, MO3BOJISIET pa300paTh OCHOBHBIE
SIBJICHUS, CBSI3aHHBIE C TIPOXO0XKIEHUEM Yepe3 HUX CBETAa, U SIBJISIETCA MO3TOMY OCHOBOM Teopuu
OTNITHYECKUX MPUOOPOB.

JInH3bI NpeacTaBisAioT cO00N MpOo3pavyHbIe Tella, OTpaHUYEHHbIE ABYMS MMOBEPXHOCTIAMHM (O/IHA U3
HUX 00BIYHO cdepuyecKkasi, UHOTAa HWIMHIpUUYECKas, a BTopas — cepudeckasi Ui IIIOCKas),
MPETOMIISIOIIMMU  CBETOBBIE JIy4d, CIHOCOOHBIE (OPMUPOBATH ONTHYECKHE M300paKEeHUs
npeaMeToB. MaTepuanaoM AJis JIMH3 CIY)KaT CTEKII0, KBapll, KpUCTaJIbL, TulacTMacchl U T. 1. Ilo
BHemHel ¢opme (puc. 232) nuH3bl AeiaTcs Ha: 1) IBOSKOBBIMYKIIbIE; 2) MIOCKOBBITYKIIbIE; 3)
JIBOSIKOBOTHYTHIE; 4) IJIOCKOBOTHYTHIE; 5) BBIMYKIO-BOTHYTHIE; 6) BOTHYTO-BBINyKiIbIE. [lo
ONTUYECKUM CBOICTBAM JIMH3bI JIEJISTCS HA COOMPAIOIINE U PACCENBAIOIIHE.

Puc. 232

! 2 3 4 5 '
) ’ ) @ MNoAcHWTe, YTO Bl NOHMMASTE NOJ CBETOBbLIM
nysom?
@ Y70 vaxkoe nun3a? Kaxkne oHn GeiBawoT?

JIuH3a Ha3bIBaeTCSI TOHKOW, €CIM €€ TONIMHA (PacCTOSIHME MEXIy OrpaHWYMBAIOLIMMU
[IOBEPXHOCTSAMHU) 3HAUUTEIHHO MEHbIIE [0 CPAaBHEHUIO C PaJUyCaMH IOBEPXHOCTEH, OrpaHH-
yuBaomux JuH3Yy. IIpsmas, mpoxopjsmas uepe3 LEHTPhl KPUBHM3HBI MOBEPXHOCTEH JIMH3BI,
Ha3bIBAeTCs IJIABHOM ONTHYeCKOH 0CbI0. /11 BCSAKOM JIMH3BI CYIIECTBYET TOUYKA, Ha3bIBacMas
ONTHYECKMM LEHTPOM JIMH3bI, JIeKAallas Ha IJIABHOM ONTHYECKOW OocH M obiajaromias TeM
CBOMCTBOM, YTO JIy4d MPOXOJAT CKBO3b Hee He mpesoMrsaack. Ontuueckuit eHtp O JuH3bI Ui
IIPOCTOTHI OyZE€M CUMTATh COBIAAIOIINM C TEOMETPUYECKUM LIEHTPOM CpeHEN YacTu JIUH3bI (3TO
CIPaBEAIMBO TOJIBKO /sl JBOSIKOBBIITYKJIOHN 1 IBOSIKOBOI'HYTOM JIMH3 C OJJMHAKOBBIMH PaJMyCaMu
KPUBHU3HBI 00€UX MMOBEPXHOCTEH; Ul MIOCKOBBIITYKIIBIX U INIOCKOBOTHYTBIX JIMH3 ONTHYECKUI
1eHTp O NeXUT Ha epeceyeHUH ITIaBHON ONTHYECKOM 0CH €O cheprudecKoil HOBEPXHOCTBIO).

J1s1 BBIBO/IA (POPMYJIBI TOHKOM JIMH3BI — COOTHOIIEHUS, CBA3BIBAIOILETO pauychl KpuBH3HBI R1 1 R2
HOBEPXHOCTEH JIMH3bI C PACCTOSHUSMHU @ U D OT JMH3BI 0 MpeaMeTa U ero U300paXKeHHs, —
Bocriosib3yeMcs npuHuHunoM PepMma,* WM NPUHIUIOM HAaHMeEHbIIEI0 BpPeMEHM:
JeWCTBUTENBHBIA MyTh PAaCHpOCTPaHEHUsI cBeTa (TPACKTOPHsI CBETOBOIO JIyda) €CTh IyTh, VIS
MIPOXOXKJICHUSI KOTOPOTO CBETY TpeOyeTcss MUHUMAaIbHOE BpeMs 110 CPAaBHEHHUIO C JIFOOBIM JIPyTUM
MBICIIMMBIM ITyTE€M MEXKIY TEMHU K€ TOUKAMHU.

* 1. ®epma (1601—1665) — dpaniry3ckuii MaTeMaTHK U (HH3HK.

PaccmoTpuM aBa cBeTOBBIX Jyda (puc. 233) — nyd, coenunstomuil Touku 4 u B (myd AOB), n nyuy,
MPOXOIALINI uepes kpait 11H3bI (J1yd A CB), — BOCII0JIb30BABIINCH YCIIOBUEM PABEHCTBA BPEMEHH
poxoxaeHus ceeta Bojb AOB u ACB. Bpems npoxosxenus cseta Boyb AOB
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a+N(e+d)+b
R em————,
[+
rae N = n/n1 — OTHOCUTENIbHBIN TIOKA3aTeNb MPEIOMIICHHUS (7 U N1 — COOTBETCTBCHHO a0COJIFOTHBIC
MOKa3aTeNu MPEIOMIICHUS JIMH3bI U OKpYXarolei cpeabl). Bpemsi mpoxoxaeHusi cBeTa BIOJb
ACB paBHO

1§

Vi(a+elP + 2+ /(b+d>+h*

c

Tak kak 1= t2, TO

a+N(e+d)+b=+/(a+e)*+h* +/(b+d)*+h>.
(166.1)

PaccMoTprM mapakcuajibHble (PHOCEBBIE) JIYUH, T. €. JIydH, 00pa3yrollue ¢ ONTHYECKON OChIO
MaJible Yribl. TOJIBKO TPH UCIIOJIb30BAHNH MMAPAKCHAIBHBIX JTYY€Ei MOJIyIaeTCss CTHTMATHYECKOe
n300pakeHune, T. €. BCE JIyYd IMapakCHAILHOTO IMyYKa, MCXOJSIIEr0 U3 TOYKH A, MepeceKarT
ONITHYECKYIO OCh B OJIHOM 1 ToH ke Touke B. Torma h<<(a+e), h<<(b+d) u

K 1/ h \2
\/(a+e)’+h’=(a+e)\/1+(a—+;)—in(a+e)[l+§ (a_-l-e) ]=a+e+

2(a+e)

Ananoruyso,
2

2(b+d)

VO+dP+hr=b+d+

[ToxcraBuB HalineHHbIE BbIpakeHus B (166.1), moryuum
. R 1

(N=1) (e+d) = — (— + d).

2 \a+e b+
(166.2)
Jlist ToHKO#M MMH3BI e<<a u d<<b, mosromy (166.2) MOKHO MIPEACTaBUTH B BUJIC

N-1) e+d) = (1 4 ]
(N—=1) (e d)=2(; b)'

. 1
VuuTsiBas, 410 €=Ry;—+/R}j—h*=Ry—Ry\/1—h*/R}=R,—Ry[1 — 3 (h/R5)*)= h*/(2R2) u

cootBetcTBeHHO 0=h?/(2R1), momyanm

®—1 1+1)_1+1
R, R a b

(166.3)
N Prc. 233
[3) ! B>
A - i * I
I, a & Il @ B uem 3aKN1104a6TCH NPHHLNN epma?
@ Buisegute chopMyny TOHKOR NHH3LI.
@ Y70 TaKoe (POKyCcHO® PACCTOAHW® NWH3LI? On-
THY4ECKAA CHNA NNH3LIT POKANBbHEA NNOCKOCTL
LS 24 . MH3L?

Beipaxenue (166.3) npeacrasisier coboif popmMyay TOHKOM JMH3bI. Pajnyc KpUBHU3HBI BBITYKIIOMH
MIOBEPXHOCTHU JIMH3bI CYUTAETCS MOJIOKUTENBHBIM, BOTHYTOM — OTPULIATEIbHBIM.
Ecnu a=o0, T. €. Tyun nmajaroT Ha JIMH3Y NapajulelbHbIM ITydykoM (puc. 234, a), To
1 : 1 1
3 = (N-—l)(i: + -R:).
CooTtBercTByrOmEee 3TOMy ciydato paccrosiuue D=OF=f Ha3piBaeTcsi (pOKyCHBIM paccTOsIHHEM
JIMH3BI, ONIPEIENAEMBIM 110 GopMyIie
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1

(N-1) (l + l)
R R

OHO 3aBHUCHUT OT OTHOCHTEJIBHOTO MOKA3aTeNs MPEIIOMIICHHS U PAJIyCOB KPUBU3HBI.

Ecimu b=co, T. e. m300paxkeHrne HaXOIUTCsS B OCCKOHEYHOCTH U, CJICIOBATEIBHO, JIYYH BBIXOJAT U3
JIMH3BI TApaJUICNIbHBIM IydKoM (puc. 234, 6), o a=OF=f. Takum 00pa3zom, HOKyCHBIC PACCTOSHHUS
JIMH3bI, OKPYXEHHOU ¢ 00enuX CTOPOH OJMHAKOBOM cpenoil, paBHbl. Touku F, nexamue mno obe
CTOPOHBI JINH3bI HA PACCTOSIHUH, PABHOM (DOKYCHOMY, Ha3bIBalOTCs (POKycaMu JHH3bI. DOKyC —
3TO TOYKAa, B KOTOPOH IOCIE MpPEJOMJICHHs COOMpPAIOTCS BCE JIydd, MAJAIONINE Ha JIHH3Y
MapajuieNIbHO TIIABHOM ONITUYECKOH OCH.

f=

Bennuuna
(N-l)(-—1-+—1-1)=-1-=¢
R, R f
(166.4)
Ha3bIBACTCSl ONTHYECKOW cuiioil JuH3bl. Ee egununa — auontpus (antp). AuonTpusi — om-

THUYeCcKasi CHJia JIMH3bI ¢ (POKYCHBIM paccTosHueM 1 m: 1 nntp = 1/m.

JIMH3BI C MOJIOKUTEJBLHOM ONTUYECKOW CHUJION SIBJISIOTCS COOMPAIOIIMMH, C OTPHUUATEJIbHOH —
pacceBawmumMu. [Tnockoctu, mpoxosimue yepes GOKyCchl JUH3bI IEPIEHIUKYISPHO €€ IIaBHOM
ONTUYECKON OCH, Ha3bIBAlOTCS (POKAIBHBIMM ILIOCKOCTAMM. B oTinune ot coOuparomieit
pacceuBaromiasi JIMH3a HMeeT MHUMble (GoKychl. B MHUMOM Qokyce cxoasrcs (mocie
MIpeIoMIIEHHsI) BooOpa)kaeMble MPOJOJDKEHUS JIydel, MaJarollluX Ha PpacCeMBAIOIIYIO JIMH3Y
napajuieJIbHO TJIABHOM onTHYeckoi ocu (puc. 235).

a)

S

g/

F e | £
. -
Pac. 234 Pmc. 235
VYuuteiBas (166.4), bopmyiny sma3bI (166.3) MOXKHO 3amucaTh B BUIC
1 i 1
PR

Jlnst paccenBaroleit JinH3bl pacctostiust f u b Hago cyutaTh OTpUIIATEIBHBIMHE.

[TocTpoeHue n300paskeHus MPEIMETa B JIMH3aX OCYIIECTBIICTCS C TOMOIIBIO CIICAYIOLIUX JTyUeH:

1) Jiy4ya, POXOMSIIETO Yepe3 ONTUYCCKUN IICHTP JMH3bI K HE H3MCHSIOIIETO0 CBOCTO HAIIPABJICHUS;

2) ny4a, WAYIIETO MapaJljIebHO TIABHON ONTUYECKOI OCH; TIOCIIE TPEJIOMIICHHSI B JIMH3E JTOT JIyd
(Wi ero mpoJI0JDKEHUE) MTPOXOAUT Yepe3 BTOPOi (POKYC JINH3HI,

3) ny4a (MK €ro MpoI0JHKEHUS ), TPOXOASIIEro yepes NepBblid (JOKYC JIMH3BL; TIOCIE MPETOMICHUS B
HEel OH BBIXOJWT W3 JTUH3BI MapalljIeNIbHO €€ TJIABHON ONTUYECKOM OCH.

J11a mpuMepa mpuBeIeHbI MOCTPOCHHSI U300paXKeHHH B cobuparoreit (puc. 236) u B paccenBaromiei
(puc. 237) nuuzax: aelicrBurenbHoe (puc. 236, a) u MHuMoe (puc. 236, 6) nzoOpaxeHus — B
coOuparoleii TMH3e, MHUMOE — B pacCEUBAIOLIEH.
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a) A

=
»

N

Prc. 236
OTHOIIEHNE TMHEHHBIX pa3MepOB N300paKeHUS U IPEMETa HAa3bIBACTCS JTUHEHHbIM YBeJIHYeHUEeM
JuH3bl. OTpPHUIIATEIEHBIM 3HAYEHUSM JIMHEHHOTO YBEJIWYCHHUS COOTBETCTBYET NEHCTBUTEIBHOE
n300paxeHne (OHO MEePEBEPHYTOE), MOJIOKHUTEIBHBIM — MHHMOE H300pakeHue (OHO IPSIMOE).
KoMOuHammu coOuparmux W paccerBarONINX JIMH3 MPUMEHSIOTCS B ONTHYECKHX NpUOOpax,
WCTIOJIB3YEMBIX JUIS PEIICHHSI PA3IMYHBIX HAYYHBIX H TEXHUYECKUX 3a]1a4.

Puc. 237

A

==/
== A

] @ Kak ocywecrensaercA noctpoerne Haobpaxe-

HMR NPEMeTOB B NWH3ax?
3. AGeppauuu (MOrpenrHOCTH) ONTUYECKUX CUCTEM

PaccmarpuBasi mpoX0oKACHUE CBETAa Yepe3 TOHKUE JIMH3bI, Mbl OIPAaHHYUBAIMCH MAPAKCHATbHBIMU
nydamu (cM. 166). Tlokazarenb MpeIoMIICHUS] MaTepualia JIMH3bI CYMTAIH HE 3aBHCSIIMM OT
JUTMHBI BOJIHBI TAJAIONIETO CBETA, a NaNAIOIIMKA CBET — MOHOXPOMATHYECKMM. Tak Kak B
peabHBIX ONTHYECKUX CHCTEMAX 3TH YCIIOBUS HE BBITIOJHSIOTCS, TO B HUX BOSHUKAIOT HCKAXKCHHS
n300pakeHus1, Ha3bIBaeMble abepparus» (HIJIA MMOTPEITHOCTIMU).

1. Cdepuueckasi abGeppamus. Eciu pacxopsmuiics My4oK cBeTa IMajaeT Ha JHMH3Y, TO
napakcHalbHble JTy4H IOCJe MpeloMIIeHUs Tepecekatorcs B Touke S' (Ha paccrosHuu OS' oT
ONTUYECKOTO ILIEHTPA JIMH3BI), a JIydd, OoJjiee yAaleHHbIE OT ONTUYECKOW OcH, — B TOUke S",
omoke k suH3e (puc. 238). B pesynbraTte m300paykeHHE CBETSAIICHCS TOYKH Ha SKpaHe,
MEPIEeHIUKYIIPHOM ONTUYECKON ocH, OyleT B BHJE paCIUIBIBYATOTO MATHA. ITOT BHJ
MOTPEIIHOCTH, CBSI3aHHBIM €O C(HEPUYHOCTHIO MPENIOMISIONIMX TMOBEPXHOCTEH, HAa3bIBAETCS
chepuueckoit abeppanueit. KonnuectBeHHON Mepoii cheprueckoit abeppaliuu SBIsSETCS OTPE30K
o = 0OS" — OS'. Ilpumenss auadparMbl (OrpaHUYMBAACH MAPAKCUAIBHBIMM Jy4aMH), MOXHO
chepuueckyro abeppalio YMEHBIIUTh, OJHAKO MPH 3TOM YMEHBIIAETCS CBETOCHIIA JIMH3BI.
Cdepuueckyro abeppalio MOXKHO TMPAKTUYECKH YCTPAaHUTh, COCTABISAS CHUCTEMBI W3
cobuparomux (0 <0) u pacceuBatonux (0 >0) nun3. Chepudeckas abepparius SBISETCS YaCTHBIM
cllydaeM acTUTMaTu3Ma.

2. Koma. Eciu 4epe3 ONTHYECKYIO CHUCTEMY MPOXOJIUT IIMPOKHH My4OK OT CBETSIMICHCS TOYKH,
PacToIOKEHHOM He Ha ONTUYECKON OCH, TO MOJIydaeMoe M300paskeHre 3TON TOUKU OYyAeT B BUJIE
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OCBELICHHOTO IIITHBIIIKA, HATOMUHAIOIIETO KOMETHBINA XBOCT. Takas MOrpelIHOCTh Ha3bIBACTCS
MO3TOMY KOMOMW. YCTpaHEHHE KOMBI MPOU3BOJUTCS TEMH K€ MpUEMaMH, 4To U chepuyeckont
abeppanuu.

3. Jucropcus. [lorpemHocts, mpu KOTOPOH Mpu OONBLINX yrilaxX MaJeHUs Tydel Ha JTMH3Y JTMHEHHOe

YBCIMYCHUEC [JIA TOUYCK MNIPCAMETA, HAXOOANIMXCA Ha Pa3HbIX PpacCTOAHHUAX OT IJIaBHOU
ONITUYECKOM OCH, HECKOJIbKO pa3invaeTcsi, Ha3bIBaeTCs AUCTOpCUei. B pesynprare Hapymaercs
FEOMETPUUECKOE TMMO0J00Me MEXAy mpeaMeroM (MpsAMOyrojpHas cerka, puc. 239, a) u ero
nzoopaxenuem (puc. 239, 6 — monymkooOpa3Has auctopcus, puc. 239, 6 — 60UKO0Opa3Has
mucropeusi). Jluctopcus OCOOGHHO OmacHa B TeX CIydasX, KOTJa ONTHYECKHE CHCTEMBI
MIPUMEHSIOTCS ISl ChEMOK, HalpuMep pu adpoPoTOChEMKE, B MUKPOCKOIIUH | T.J1. JlHCTOpCHIO
HCIIPABJIIOT COOTBETCTBYIOIIMM ITOA00POM COCTABJISIFOIIMX YaCTEH ONTHICCKONW CHCTEMBI.

4. XpomaTruyeckasi abeppanus. J[o cux op MbI IPEAIIOIaraii, 4To K03(pGuimeHTs mpeaoMiaeHus

ONTUYECKOM CUCTEMBI MOCTOSIHHBIL. OJIHAKO 3TO YTBEPKIEHUE CITPaBEAIUBO JIMIIb JIsl OCBEILIEHUS
ONTHYECKON CHCTEMBbl MOHOXPOMATHYECKUM CBETOM (A = CONSt); mpu CII0O)KHOM COCTaBE CBETa
HEOOXOJIMMO YUYUTHIBaTh 3aBUCUMOCTHh KO3((ULIMEHTa NpPEeIOMIICHHUsS] BellecTBA JIMH3BI (U
OKPYXaIOIEeH CPeJIbl, €CIIM 3TO HE BO3/1yX) OT JUIMHBI BOJIHHI (SBJIeHHE aucnepcun ). [Ipu nagenun
Ha ONTHYECKYIO0 CHUCTEMY O€eJ0oro cBeTa OTIENIbHBIE COCTaBISIOLIME €r0 MOHOXpOMAaTHYECKHE
JTyud (QOKYCHUPYIOTCA B Pa3HBIX TOYKax (HauOousibliee (OKYCHOE PacCTOSHHE MMEIOT KPAaCHbIE
JTy4d, HaUMEeHblllee — (PUOJIETOBBIE), TIOFTOMY H300paKeHHE Pa3MBITO U IO KpasiM OKpPAaIlEHO.
DTO SBIICHUE HA3BIBACTCSI XpOMATHIECKO# abepparnmeii. Tak kak pa3Hble copTa CTEKOJ 00Ia1ar0T
pa3IUYHOM JUCTIEPCHUEH, TO, KOMOMHUPYS COOMpPAIOINE M PACCEUBAOIINE JIMH3BI U3 PA3TMIHBIX
CTEKOJI, MOYKHO COBMECTHUTH (POKYCHI JBYX (axpoMaThbl) U Tpex (amoxXpomaThbl) pa3IUYHbIX
L[BETOB, YCTPAaHHWB TE€M CaMbIM XpoMaTudeckyio alOeppaiuio. CHCTEeMbl, HCIpaBJICHHbIE Ha
chepuyecKyro 1 XpOMaTHYECKYI0 abeppaliii, Ha3bIBAIOTCS aljIaHATAMMU.

ActurmaTusm. llorpenrHocts, 0OyciOBIIEHHAss HEOJWHAKOBOCTHIO KPUBU3HBI ONTHYECKOM
MOBEPXHOCTH B Pa3HBIX MJIOCKOCTAX CEYEHMsI Ma/Ial0IIEro Ha Hee CBETOBOIO Iy4Ka, Ha3bIBAETCs
acTurMaTu3MoM. Tak, wu300pakeHWe TOYKH, YJAJICHHOM OT TJaBHOW ONTHYECKONW OCH,
HaOJII0JaeTCsl Ha 3KpaHEe B BHJIE PACIUIBIBYATOrO IMSTHA JUTMITUYECKON (OPMBI. DTO MATHO B
3aBUCHUMOCTH OT PACCTOSIHMSI dKpaHa 10 ONTHYECKOTO IEHTpa JIMH3bI BBIPOXKIAETCS JTUOO B
BEPTUKAIbHYIO, JIUOO B TOPU3OHTAIBHYIO MNPSAMYI0. ACTUTMATHU3M HCIpaBIsIeTCs MOA00pOM
paanycoB KPHUBHU3HBI MPEJIOMIISIONIUX MOBEPXHOCTEH M MX (OKYCHBIX paccTosiHuil. CHCTEeMBlI,
UCIIpaBJICHHbIE Ha C(EpPUUYECKYI0 M XpPOMAaTHYECKyIo abeppalii U acTUIMAaTU3M, HA3bIBAIOTCS
aHacTUTrMaTaMHu.

yCTpaHeHI/Ie a6eppaum71 BO3MOXHO JHMIIb HO,Z[60pOM CIICOUAIIBHO PACCUHUTAHHBIX CJIOKHBIX

OIITUYCCKHUX CHCTEM. OI[HOBpeMeHHoe HCITPABJICHUE BCEX HOFpGH.IHOCTGfI—S&I[&‘I& KpaﬁHe
CJIOJKHas, a HHOT' ZIa JaXXe HEpaspeuirumas. HOBTOMY OOBIYHO YCTPAHAKOTCS IMOJIHOCTBIO JIMIIb TEC
IOrp€urHOCTH, KOTOPEIEC B TOM HJIM MHOM ClIydac 0COOEHHO BpCOHLI.

[39
1

~T T
Nh\

s B I

aj ) a)

Puc. 238 Pac. 239

3agaHust 1 BONPOCHI

1. Ha muiockonapaiesibHyt0 CTeKJISHHYIO IUIacTHHKY (N =1,5) TommuHoi 6 ¢M majaer moj yriom

35° nyu cBeta. Onpenenuts OOKOBOE CMEILEHHE JTyya, IPOIIE/IIEro CKBO3b 3Ty IIIACTUHKY. [1,41
cM]|
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2. Heo0Ox0oaMMO M3rOTOBUTH IIOCKOBBIMYKIYIO JTUH3Y C ONTHYECKOW cuioi 6 antp. OnpenenuTsb
pagnyc KPHUBU3HBI BBINYKIION MOBEPXHOCTH JIMH3BI, €CJIHM IMOKa3aTelbh MPEJIOMIICHHs MaTepuala
nuH3b1 paBeH 1,6. [10 cMm]

3. OmnpenenuTh, Ha KaKyl0 BBICOTY HEOOXOJAMMO MOBECHTH JIAMIIOUYKY MOITHOCTHIO 300 BT, 4T00BI
OCBEIIIEHHOCTh PACTOJIOKEHHOU 1Mo Hel jocku Oblna paBHa 50 nk. HakimoH HOCKH cocTaBisieT
35°, a cBeroBas orgada JIAMIOYKU paBHa 15 nm/Bt. TIpuHATH, 94TO TOJHBIA CBETOBOW TOTOK,
HCITYCKaeMbIii H30TPOTTHBIM TOYEUHBIM UCTOUHUKOM cBeTa, ®o = 47tl. [2,42 Mm]
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1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DeKTpoHHBIN pecypc] : yueOHOe ocodOue s
CTY/ICHTOB BBICIINX y4eOHBIX 3aBEACHUH, 00yJaIOIINXCS 110 TEXHUYECKUM HAIPaBICHUSM
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nanHble. — TamO0B : TaMOOBCKUIT rocyaapcTBEHHBIN TexHuueckuil ynusepcurer, 9bC ACB,
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3. Tpodumosna, T. . ®usuka : yueOHUK : AJIsl CTYJEHTOB BY30B, 00yJarOMIMUXCS IO TEXH. HaIp.
noarotoBku / T.W. Tpodumona. - 2-¢ uzj., mepepad. u jom. - Mocksa : Akagemus, 2013. - 346 c. :
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IMPAKTUYECKOE 3AHATHUE Ne 20-21 THTEP®EPEHIIUSA CBETA

Hean-3akpenuTh u3y4eHHBI Marepuan mo TemaTtuke «WHTepdepeHus cBeta. Pa3Butue
IpeJcTaBiIeHu 0 mpupose cBera. KOrepeHTHOCTh MU MOHOXPOMATHYHOCTH CBETOBBIX BOJIH.
Wnrtepdepennus  cBera. Metonsl HabOmoaeHus wuHTepdepeHuun cpera. [IpumeHeHue
UHTEp(EPEHIINN CBETAY.

OcBauBaeMble KOMIIETEHIIMH B PE3YJIbTaTe MPOBEACHHS MPAKTUUYECKOTO 3aHSATHUSl YKa3aHbI B
nyHkTe «O01re cBeeHU

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHS — 3aKPENUTh MOJTY4YE€HHbIE TEOPETUYECKHE 3HAHUS U
BBIPA0OTATh HABBIKM M YMEHHS MPAKTUUYECKOTO PEUICHHS 3a/1a4, B TO YHCIIE M CAMOCTOSITEIHHO.

3HaTth:

-OCHOBHBIE ITpaBuiIa AJisi 00pabOTKHU pe3ylbTaTOB SKCIIEPUMEHTA;

-0a30BbIe METOJbI HCCIEA0BATEIBCKON IEATEIBHOCTH.

Ymern:

-IPOBOJIUTH 00pabOTKy MH(GOPMALMK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPAMMHBIX CPEJICTB

chepsl

npodeccuoHaNbHOM e TENbHOCTH;

-IIPUMEHSATH 0a30BbIE METO/IbI UCCIIEIOBATENLCKOM IEATENHHOCTH B pabOTe HAJl MHHOBAIIMOHHBIMU

MPOEKTAMH IO HarpaBieHUI0 « TeXHOIOTHYECKUE MAITMHBI U 000PYIOBAHUEY.

Biaagern:

-METOJaMH HCCIIEI0BATENbCKON NeSITEILHOCTH NP paboTe Hall IPOEKTaMU;

- TMOHUMAHUEM CYIIHOCTH M 3HAYeHUS HHPOPMAIMM B Pa3BUTUU COBPEMEHHOTO OOIIECTBa,

CIIOCOOHOCTh
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noiydyate W oOpabarbiBaTh HMH(POPMALMIO U3  Pa3IUYHBIX HCTOYHHUKOB, TOTOBHOCTH
UHTEPIPETUPOBATD,
CTPYKTYpUPOBATh U 0POPMIISATH HHGOPMAIMIO CTYIAECHTAMU HAIlpaBlieHUS — TeXHOJIOTHYECKUe
MaIITUHBI U 000pyI0BaHUS.
Peanu3yemble KOMIETEHIINH

IIK-4 criocoOHOCTBIO y4acTBOBAThH B pab0Te Ha/l MHHOBAIIMOHHBIMH IPOEKTAMH, UCTIONB3Ys 0a30BbIe
METO/Ibl UCCIIEI0BATENbCKON NEATEILHOCTU

OIIK-4 mnoHMMaHWEM CYIIHOCTH W 3Ha4Y€HUs WH(OpPMAIMU B Pa3BUTUH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTBIO TOTyYaTh U 00padaThiBaTh HHOOPMAIHIO U3 PA3IIMYHBIX HCTOYHUKOB, TOTOBHOCTHIO
WHTEPIPETHPOBATh, CTPYKTYPUPOBATH U 0POPMIISTH HH(GOPMAIHIO B JOCTYITHOM JIJIsl IPYTUX BUJE

Teopernyeckas 4acTb
1. Pa3BuTHe npeacraBjeHuil 0 Npupoae cBeTa

OcHOBHBIE 3aKOHBI ONITUKH U3BECTHHI eI1e ¢ IpeBHUX BeKOB. Tak, [TmaTon (430 r. 10 H. 3.) yCTaHOBUI
3aKOH MPSMOJIMHEHHOTO paclpoOCTPAHEHUS U 3aKOH OTpakeHus cera. Apucrorens (350 1. 110 H.
3.) u Iltonomelt usywanu npenomiieHue cBeta. llepBble mnpeacTaBieHUS O NPUPOJAE CBETa
BO3HUKIIM y JPEBHUX TI'PEKOB M ETUIITSH, KOTOpbIE B JaJbHEWIIEM, MO Mepe M300peTeHus u
YCOBEPIIEHCTBOBAHUS DPA3JIMYHBIX ONTHUYECKUX HHCTPYMEHTOB, HANpuMep NapaboIudecKuX
3epkan (XIII B.), ¢oroanmapara um mukpockona (XVI B.), 3purensHoit TpyOsl (XVII B.),
pasBuBaMCh U TpanchopmupoBaauck. B konme XVII B. Ha 0CHOBE MHOTOBEKOBOTO OIbITA U
pa3BUTHUS MIPEICTABICHHUM O CBETE BO3HUKIIN Be TeopuH cBeta: kopnyckyJsipuas (M. HoeroTon)
u BosHoBas (P. I'yk u X. T'toiirexc).

CormnacHo KOPMyCKYJSIpHOUM TeopHH (TEOPUU UCTEUCHHUsI), CBET MPEJCTABIACT COOOM MOTOK YaCTHII
(KOpITyCKYJ), HCITyCKA€MBIX CBETSAIIUMUCS TEIAMU U JIETSIINX MO MPSIMOJIMHEHHBIM TPAEKTOPUSIM.
JIBIJKEHUE CBETOBBIX KOpHycKyl HbIOTOH mnomunHun copMyaupOBaHHBIM MM 3aKOHaM
MeXaHHUKH. Tak, OTpakeHHe CBeTa MOHUMAJIOCh AHAJOTUYHO OTPAKEHHIO YIIPYroro Hiapuka npu
ylape o IUIOCKOCTb, I'/ie TakKe COOJIOAAeTCsl 3aKOH PaBEHCTBA YIJIOB MAJCHUS B OTPa)KEHUSI.
[Ipenomiienne cBera HbIOTOH OOBSICHST MPUTSHKECHUEM KOPITYCKYJ MPETOMIISIIOIIEH Cpenoi, B
pe3yJIbTaTe 4ero CKOPOCTh KOPITYCKYJ MEHSETCS IPH MEePEXOAe U3 OJHOM cpeasl B npyryro. 13
Teopu HproTOHA Ci1e10BaJI0 MMOCTOSHCTBO CHHYCA YIila MaAeHUs i1 K CHHYCY YIJIa IPEJIOMIICHHUS
i2:

a’nh v
inh; ¢
(170.1)

IIe ¢ — CKOPOCTb PACIHPOCTPAHEHUsI CBETA B BaKyyMe, V — CKOPOCTb PacCIpOCTPAHEHHUs CBETA B
cpeze. Tak kak N B cpene Beerna 0oJibllie €IUHULBL, TO, no meopuu Hviomona, V>C, T. €. CKOPOCTb
pacrpocTpaHeHHs CBeTa B Cpezie A0JKHA ObITh Beeria 00JIbIie CKOPOCTH €ro PacpoCTPaHEHNUs B
BaKyyMe.

CoriiacHO BOJIHOBOH T€OPHH, Pa3BUTON Ha OCHOBE aHAJIOTMH ONTHUYECKUX U AKYCTHUYECKUX SIBJICHU,
CBET MpPE/ACTaBIIAET COOON YNpyryro BOJIHY, PaCHpOCTPaHSIONLYIOCs B 0CO00# cpeae — adupe.
Oc¢up 3anojH’AeT BCe MHUPOBOE INPOCTPAHCTBO, IPOHU3BIBAET Bce Telna M 00JagaeT
MEXaHMYECKUMH CBONCTBAMU — YNPYrocThi0 U MIOTHOCTBIO. CornacHo ['toiirency, Oosibliast
CKOPOCTh PACHpPOCTPaHEHUs CBeTa 00YCIIOBIEHA OCOOBIMU CBOMCTBAMHU 3upa.

BonHoBast Teopusi 0ocCHOBBIBaeTCs Ha mpuHIMNeE ['I0lrenca: kaxaas TOYKa, 10 KOTOPOU TOXOIUT
BOJIHA, CIY)KUT LIEHTPOM BTOPUYHBIX BOJIH, @ OTHOA0Iast 3TUX BOJIM JAeT MOJI0KEHHE BOJTHOBOTO
¢poHTa B CcleIylOUIMi MOMEHT BpeMeHH. HamoMHuM, 4TO BOJIHOBBIM (DPOHTOM Ha3bIBaeTcs
reOMETPUYECKOE MECTO TOUEK, /10 KOTOPBIX I0XOAT KoJieOaHusl K MOMEHTY BpeMenH 1. [Tpuniun
['toiireHca Mo3BOJISAET aHATU3UPOBATh PACIIPOCTPAHEHUE CBETA U BBHIBECTH 3aKOHBI OTPAXKEHUS U

IIPETOMIICHUSI.
BriBenieM 3aKOHBI OTpakKeHMsI M IIPEJIOMJIEHUS CBETa, UCXOAs M3 npuHuuna I'roirenca. Ilycts Ha
TpaHMIly pasfena JIBYX Cpel MagaeT IUIocKas BoJHA ((PPOHT BOJNHBI — IUIOCKOCTH AB),
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pacnpocTpansomasics Brojib HampabieHus | (puc. 243). Korma (GpoHT BOJIHBI JTOCTHTHET
OTpaXkarollel MOBEPXHOCTH B TOYKE A, 3Ta TOUKAa HA4YHET W3JIydyaThb BTOPUYHYIO BOJHY. s
npoXOoXaeHus BOJHOW paccrosiausi BC tpebyercs Bpems At=BC/v. 3a 310 ke BpeMmsi (QpoHT
BTOPUYHOM BOJHBI JIOCTUTHET To4eK moiychepsl, paauyc AD kortopoii pasen VAt=BC.
[Tonosxenne hpoHTa OTPAKEHHON BOJHBI B 3TOT MOMEHT BPEMEHH B COOTBETCTBHHU C TPUHIIMIIOM
Ioiirenca 3amaercs mwiockocteio DC, a HanpaBiieHre pacpocTpaHeHus STOH BOJIHBI — JydoM | |.
U3 pasenctBa TpeyroiabHukoB ABC u ADC BbITEKaeT 3aKOH OTPKEHUs: YroJl OTPaXKeHHUs 11,
paBeH Yriy majieHus .

Puc. 242 Puc. 243

2. KOFepeHTHOCTb U MOHOXPOMATHYHOCTH CBE€TOBLIX BOJIH

HNutepdepeniinio cBera MOKHO OOBSICHUTH, paccMaTpuBas WHTepdepeHiuo BoJH (cMm. 156).
HeoOxomuMbIM  yclloBHEM HHTEPPEPEHIIMM BOJH SIBISICTCS WX KOrepPeHTHOCTh, T. €.
COTJIaCOBAHHOE IMPOTEKAHWE BO BPEMEHH M TPOCTPAHCTBE HECKOJIBKHX KOJIeOATeIBHBIX WIIN
BOJIHOBBIX ITPOIIECCOB. ITOMY YCIOBHIO YIOBJICTBOPSIOT MOHOXPOMATHYECKHE BOJHBI — He-
OTpPaHWYEHHBIC B TPOCTPAHCTBE BOJTHBI OJHOM OTPEICIIEHHOM U CTPOTO IMOCTOSTHHOM YacTOTHI. TaK
Kak HM OJUH peaJbHBI MCTOYHUK HE JIACT CTPOTO MOHOXPOMATHYECKOTO CBETA, TO BOJIHBI,
M3ITy9aeMble JIIOOBIMU HE3aBUCHMBIMH MCTOYHHKAMH CBETa, BCETla HEKOTrepeHTHHI. [loaTomMy Ha
OTIbITE HEe HAOIOMaeTCst MHTEpQEPEHIIHSI CBETa OT HE3aBUCHMBIX HCTOYHUKOB, HATIPUMED OT JIBYX
ANIEKTPUYECKHX JIAMIIOYECK.

[ToHsITh (U3MYECKYI0 NMPUYNHY HEMOHOXPOMATUYHOCTH, a CJICIOBATEIBHO, U HEKOTEPEHTHOCTH
BOJIH, MCIYCKAaeMbIX JBYMS HE3aBUCUMBIMHU HCTOYHHKAMH CBETa, MOXKHO HCXOJS M3 CaMOro
MeXaHM3Ma UCIYCKaHHs CBETa aToMaMu. B JIByX caMOCTOSITEIBHBIX MCTOYHHKAX CBETA aTOMBI
M3IYYal0T HE3aBUCHMO JIPYT OT Jpyra. B KaK70M M3 TaKKX aTOMOB IPOIIECC U3ITyUSHHsI KOHCUCH
¥ JUTUTCS 049eHb KopoTkoe BpeMs (7 ~1078c). 3a 310 BpeMs Bo36Yk/IeHHBIH aTOM BO3BpAIaeTCs B
HOpPMAJIbHOE COCTOSIHME W W3JIy4eHHE MM CBeTa Ipekpamaercs. Bo3OyauBIIMCh BHOBb, aTOM
CHOBa HAa4YMHACT WUCIyCKaTh CBETOBBIC BOJIHBI, HO YK€ C HOBOH HaudanbHOU (azoil. Tak kak
pasHoCTh (a3 MeXIy U3ITyYCHHUEM JIBYX TaKMX HE3aBUCHMBIX aTOMOB U3MEHSETCS MPU KaXKIOM
HOBOM aKT€ MCITyCKaHUsI, TO BOJIHBI, CIIOHTAHHO M3JIydaeMble aTOMaMH JIFOOOTO HCTOUYHUKA CBETA,
HEKOTepeHTHBI. Takum 00pa3oM, BOJIHBI, UCITyCKA€MbIC aTOMaMH, JIMIIb B TCUCHHE MHTEpBAja
BpeMenu 10 8¢ uMeroT npubIM3NTENHEHO OCTOSHHBIE aMIINTYAY U (asy KonebaHuii, Torna Kak
3a OOJIBIIHI TPOMEKYTOK BPEMEHH U aMIUTUTY/IA, U a3a uzMeHstorcs. [IpeppiBUCTOE H3ITydeHNE
CBETa aTOMaMH B BH/JIC OT/ICIBHBIX KOPOTKUX UMITYJIbCOB Ha3bIBACTCS BOJIHOBBIM I[yTOM.

OmnwucanHasi MOJICNTb HCITYCKAHKSI CBETA CIIPABEIIIMBA U IS JTFOOOTO MaKPOCKOITUYECKOTO UCTOUYHHUKA,
TaK KaK aTOMBbI CBETSIICTOCS Tella M3Iy4aroT CBET TaKXKe He3agucumo APYr OT apyra. ITo
03HAYaeT, YTO HayalbHbIE (a3bl COOTBETCTBYIOIIMX MM BOJHOBBIX IIYTOB HE CBS3aHBI MEKIY
coboii. [Tomumo 3TOTO, Aa’ke A OJHOTO M TOTO K€ aToMa HadaibHbIe (Da3bl pa3HBIX I[yTOB
OTIMYAIOTCS Ui JBYX MOCIEAYIONINX aKTOB u3iydeHus. CreqoBaTenbHO, CBET, UCITyCKaeMbIi
MaKpOCKOMMMYECKUM HCTOUYHUKOM, HEKOT€PEHTEH.

JIro60¥ HEMOHOXPOMATHUYECKUH CBET MOKHO MPEJCTaBUTh B BUEC COBOKYITHOCTH CMEHSIONIUX IPYT
Jpyra He3aBUCHMBIX TapMOHHMUYECKUX IYTOB. CpemHsisi MPOJO0KUTEIBHOCTh OJHOTO IYTA Tior
HA3bIBAETCSl BpeMeHeM KOrepeHTHOCTH. KOrepeHTHOCTh CyIECTBYET TOJIBKO B MpeAesiaX 0THOTO
I[yra, ¥ BpeMsi KOTePEHTHOCTH HE MOKET MPEBBIIIATh BPeMs U3IYUEHUSs, T. €. Tior < 7. [Ipubop
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OOHApPYXHUT YETKYI0 HHTEPPEPEHIMOHHYIO KapTHUHY JIMIIb TOT/A, KOTJa BpPEeMs pa3pelieHus
npubopa 3HAYUTEIHHO MEHBIIIE BPEMEHU KOTEPEHTHOCTH HAKJIJJbIBAEMbIX CBETOBBIX BOJIH.

Ecnu BonHa pacmpocTpaHsieTcss B OJHOPOTHOM cpefie, TO ¢da3za KoieOaHU B OMPEIeICHHOW TOYKe
IIPOCTPAHCTBA COXPAHSIETCS TOJIBKO B TEYEHHE BPEMEHHU KOTEPEHTHOCTH Tior. 3@ 3TO BPEMsI BOJIHA
pacnpocTpaHsieTcss B BAKyyMe Ha PAacCTOSIHUE lxor =C Tior, HA3bIBAEMOE JVIMHOM KOT€PEHTHOCTH
(vmu anMHOI myra). Takum 00pa3om, IIHMHA KOT€PEHTHOCTH €CTh PACCTOSHHE, TPU MPOXO0KICHUH
KOTOPOTO JIBE€ WM HECKOJIbKO BOJIH YTPAauMBAaIOT KOTrepeHTHOCTh. OTcrona cliefayeT, 4To
HaOmroeHue WHTep(EpEeHIIMN CBETa BO3MOXKHO JIMIIb HPHU ONTHYECKHX pA3HOCTAX XOAa,
MEHBUINX JJIMHBI KOTEPEHTHOCTHU Il UCHOJIb3YEMOT0 HCTOUHHKA CBETA.

Yem Omirke BOJHA K MOHOXPOMATHYECKOH, TEM MEHbIIE IMHpUHA A@ CIIEKTpa €€ 4acTOT U, Kak
MOXXHO TIOKa3aTh, OOJIbIIE €€ BpPEMs KOTE€PEHTHOCTU Tior, @ CIJIEJOBATEIbHO, W JUIMHA
KOTE€PEHTHOCTH lior. KOTepeHTHOCTh KOJIeOaH i, KOTOPBIE COBEPIIAIOTCS B OJTHOM U TOM K€ TOYKE
MIPOCTPAHCTBA, OINpeAessieMasl CTENeHbI0O MOHOXPOMATUYHOCTH BOJIH, Ha3bIBAETCS BpPeMeHHOM
KOrepeHTHOCTHIO.

Hapsiny ¢ BpeMeHHOM KOrepeHTHOCTBIO Ul ONMCAaHUSI KOI€PEHTHBIX CBOMCTB BOJIH B IUIOCKOCTH,
MepIEeHIUKYIIPHOM HaIpPaBJIECHUIO ux pacnpocTpaHeHus, BBOJIUTCS MIOHSITHE
NPOCTPAHCTBEHHOM KOrepeHTHOCTH. J[Ba MCTOYHMKA, Pa3MEpPbl U B3aUMHOE PACIOJIOKEHUE
KOTOPBIX MO3BOJISIOT (P HEOOXOJUMOW CTENEeHM MOHOXPOMAaTHYHOCTH CBETa) HaO0JaTh
UHTEp(EPEHINIO, Ha3bIBAIOTCS MPOCTPAHCTBEHHO-KOTepPeHTHBIMH. PanycomM KOrepeHTHOCTH
(WM AJIMHON NMPOCTPAHCTBEHHOM KOIrepPeHTHOCTH) Ha3bIBAE€TCS MaKCHMAaJIbHOE IMOIEPEeYHOe
HaIpaBJICHUIO PACIIPOCTPAHEHMsI BOJIHBI PAcCTOSTHUE, Ha KOTOPOM BO3MOKHO IPOSIBICHUE
untepdepeHuu. Takum 006pa3oM, TPOCTPAHCTBEHHAs! KOI€PEHTHOCTh ONpPEAEIseTCs] paaulycoM
KOT€peHTHOCTU. Pasiyc KOrepeHTHOCTH

Faor~ A/,

rie A — JIJuHA BOJIHBI CBETA, (9 — YIJIOBOM pa3Mep MCTOYHMKA. TakK, MUHUMAaJIbHO BO3MOKHBIN
pazanyc KOTepEHTHOCTH JIJIsl COTHEYHBIX Jydel (pu yrioBoM pazmepe CouHiia Ha 3emie ¢ ~ 10°
2 pax u A ~ 0,5 mMkm) cocraBiser ~ 0,05 mMm. IIpn TakoM MajaoM pagmyce KOTEpPEeHTHOCTH
HEBO3MOXKHO HEIMOCPEACTBEHHO HaOMI0JaTh WHTEP(EPEHIINIO COJIHEYHBIX JIyded, MOCKOJbKY
paspemaronias CrHOCOOHOCTh YEJOBEYECKOro TIJla3a Ha pPAacCTOSHUM HAWJIy4lIero 3peHHus
coctapysieT b 0,1 Mmm. OTMeTHM, YTO TIEpBOE HAOMIOAeHUE HHTEpepeHIu TpoBel B 1802 .
T. FOHr IMEHHO C COJIHEUHBIM CBETOM, ISl YETO OH MPEABAPUTEIBHO IPOITYCKAI COJIHEUHBIE JTyUU
4yepe3 OYeHb MaJloe€ OTBEPCTHE B HEMPO3pauHOM 3KpaHe (IpHU 3TOM Ha HECKOJBKO MOPSIKOB
YMEHBLIAJICS YIJIOBOM pa3sMep HMCTOYHHMKA CBETA M TEM CaMbIM PE3KO YBEIHMUYMBAIICA PaaANYC
KOTEPEHTHOCTH (WJIM JAJIMHA MPOCTPAHCTBEHHONW KOT€PEHTHOCTH)).

3. Unurepdepenuns cBera

[Ipeanonoxkum, 4TO0 JABE MOHOXPOMATHYECKHE CBETOBBIE BOJIHBI, HAKJIAJbIBAsCh JAPYr HA APYra,
BO30YXKIAIOT B OMPEICICHHON TOYKE MPOCTPAHCTBA KojeOaHUs OJWHAKOBOTO HAIPaBJICHMUS:
x1=A1c0S(wt + ¢1) u x2= A2c0S(@t + ). [loa x TOHUMAIOT HANIPSHKEHHOCTH JCKTPHUECKOTO F
Wi MarHuTHoro H nosneii BosHbl; BekTopbl E u H KonebmioTcest BO B3aUMHO MEePHEHAUKYISPHBIX
wiockocTAX (cM. 162). HanpspkeHHOCTH 3JIEKTPUYECKOT0 U MAarHUTHOTO TOJIeH MOAYUHSIOTCS
npuHIuny cynepnosuuu (cM. 80 u 110). AMmuuryna pe3yapTUpyoIero kouedaHus B JaHHOU
touke A* = A7 + A2 +2A A, cos(, — @,) (cM. 144.2)). Tak Kak BOJTHBI KOT€PEHTHBI, TO COS(¢2 —

(1) UMEeT MOCTOSIHHOE BO BPEMEHH (HO CBOE /Ul KaXIOH TOYKH MPOCTPAHCTBA) 3HAUCHUE,
I03TOMY HHTEHCHBHOCTb pe3ylbTupytomeit Bosusl (1 ~ 4%)
I=’1+12+2\/I—|-I—2 cos (¢2— ¢1).
(172.1)
B Toukax mupoctpancTBa, TAe COS(¢@2—@1)>0, wuHTeHCHMBHOCTH |>l1+l2, rHe C€OS(p2—eq1)<0,
uHTeHCUBHOCTD I<l1+]2. CrieoBaTesbHO, IPH HANOKEHUH BYX (MM HECKOJIBKUX) KOT€PEHTHBIX
CBETOBBIX BOJIH IMPOHMCXOJTHUT IMPOCTPAHCTBEHHOE Mepepaclpe/ieiicHHe CBETOBOIO IMOTOKa, B
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pe3yiabTaTeé 4Yero B OJHHUX MECTaX BO3HHMKAIOT MAaKCUMYMBbl, a B JPYIMX — MHUHUMYMBI
WHTEHCUBHOCTHU. JTO SIBIICHUE HAa3bIBaeTCA MHTEp(EpeHIIHE cBeTa.

JJ11 HEKOT€pPEHTHBIX BOJIH Pa3HOCTh (»— (1 HENPEPBIBHO U3MEHSIETCS, I0ATOMY CPEJHEE BO BPEMEHU
3HaYeHUE COS(@2—@1) paBHO HYJIHO, W HHTCHCHBHOCTH PE3YJbTHPYIONMICH BOJIHBI BCIOIY
onnHakoBa U npu l1=l2 paBHa 211 (1715 KOrepeHTHBIX BOJIH IIPU JAaHHOM YCJIOBUU B MaKCUMyMax
I=411, B Munumymax 1=0).

Kax M0HO co3/1aTh ycinoBUsl, HEOOXOAUMBIE JIJIsl BOSHUKHOBEHUSI MHTEP(HEPEHIIUN CBETOBBIX BOJIH?
JUis 1oydeHuss KOTEpEeHTHBIX CBETOBBIX BOJH IPUMEHSIOT METOJl pa3/eieHHs] BOJIHBL,
U3JIy4aeMOl OJHMM HCTOYHMKOM, Ha JIBE€ 4YacTH, KOTOpbIE IIOCIE IPOXOXKICHHUS pPa3HBbIX
onmuveckux nymei HaKIAAbIBAIOTCS APYr Ha Jpyra, W HaOmogaercs HHTepdepeHIrnOHHAs
KapTHHA.

[lycTh pa3neneHue Ha 1Be KOT€PEHTHBIE BOJIHBI IPOUCXOUT B onpeaeneHHoi Touke O. [lo Touku M,
B KOTOpOHM HaOmrofaercs MHTepQEepeHLMOHHAs KapTHHA, OJJHa BOJHA B Cpele C IOoKa3aTelieM
MPEeIOMIIEHHUS 11 MIPOLIUIA MYTh S1, BTOPast — B CpeJie € MOKa3aTesIeM MPEeIOMIIEHUs N2 — MyTh Sp.
Ecnu B Touke O (da3a xonebanuii paBHa @i, TO B Touke M mepBasi BoJIHA BO30YAUT KojebaHue
A1cos(t-S1/v1), Bropas BosiHa — Kosiebanue A2C0S(t-S2/V2), rae vi=c/N1, Vo=C/N2— COOTBETCTBEHHO
(hazoBasi CKOPOCTh MEPBOM U BTOPOI BOJIHEI. PazHoCTh (a3 konebanuii, BO30YKTaeMbIX BOJTHAMU
B TOUKe M, paBHa

d=w (ﬂ-ﬂ)=2—x (J:ﬂ:—slm)'i'x (Lz-Ll)"EE A
v: v/ A A )

(yamu, uro @ lc = 2nvic = 2nllo, Tie Ao — JyMHA BOJHBI B Bakyyme). [IpousBeneHne reomer-
PUYECKOM ITIMHBI S IIyTH CBETOBOM BOJIHBI B JJAHHOM Cpe/ie Ha MoKa3aTeiab N MpeJOMIICHHS 3TON
cpelbl Ha3bIBaeTCsl onTU4Yecko AiauHou nytu L, a A = Lo — L1 — pa3HOCTh ONTHYECKUX UIUH
MIPOXOJIMMBIX BOJJHAMM IyT€l — Ha3bIBaeTCsl ONTHYECKOii pa3HOCTHIO XoAa. Eciu ontuueckas
Pa3HOCTh X0/1a paBHA LIEJIOMY YUCIY JIIMH BOJIH B BaKyyMe

A=1+miy (m=0,1,2 ..),
(172.2)

TO O = *2mm, u KojebaHus, Bo30yx)aaeMble B Touke M 00eMMHU BOJTHAMH, OyIAyT MPOUCXOJHUTH B
onuHakoBoi ¢aze. CremoBarenbHo, (172.2) sBnsercs ycjaoBHeM HHTepdepeHIMOHHOT0
MaKcUMyMa.

Ecnu ontrueckas pa3HoOCTh X012

A= i(bn+1)i; (m=0,1, 2, ..),

(172.3)

TO O = *2(m+1)m, u kKonebanus, BO30yXKaaeMbie B TOUKe M 00eMMU BOJIHAMH, OYAYT MPOUCXOANUTH B
npotuBodase. CiaenoBarenbHo, (172.3) sBisercs ycjioBHeM HHTeP(epeHIIHOHHOT0 MUHIMYMA.

4. IlpuMmenenue uHTep(epeHINU CBETA

SIBnenne wuHTepdepeHIuU OOYCIOBICHO BOJHOBOM MPHUPOJON CBETAa; €ro KOJHMYECTBEHHBIC
3aKOHOMEPHOCTH 3aBUCSAT OT MJIMHBI BOJHBI Ao. [losTomy 5TO siBieHMe mpuMeHseTCs s
MOATBEPKICHUS] BOJTHOBOM MPUPOIBI CBETA U JIJIsl U3MEPEHHUS UTUH BOJIH (MHTep¢epeHIHOHHASs
CIIEKTPOCKONMNS).

SIBnenne mHTep(dEepeHINH MPUMEHSETCS TAKKe JUIs YAYUIIeHHs KauyecTBa ONTHYECKUX MPHOOPOB
(mpocBeT/ieHHe ONTHKH) U TIOJYYEHUS BBICOKOOTPAXKAIOIINX MOKPHITHH. [TpoxoxaeHue cBeta
yepe3 KKyl NpeJoMIISIONYI0 TOBEPXHOCTh JIMH3bI, HAPUMEDP Yepe3 IPaHuIly CTEKIIO—BO3AYX,
CONIPOBOXKIAETCS OTpakeHUEM ~4% Majaroiiero noToka (Mpu mokazarese NpeJoMIICHUs CTEKIIa
~1,5). Tak kak COBpeMEHHbIE OOBEKTHBBHI COAEPKAT OOJIBIIIOE KOJIHYECTBO JIMH3, TO YHUCIO
OTpaXEHWI B HHUX BEJIMKO, a MO3TOMY BEJIMKH U TIOTEPH CBETOBOTO MOTOKA. Takum 00pazom,
WHTEHCUBHOCTh TMPOIIEANIEr0 CBeTa OCIabiseTcs W CBETOCWJIA ONTHYECKOro mpubdopa
ymeHbliaeTcsi. Kpome Toro, orpakeHusi OT MOBEPXHOCTEW JIMH3 MPUBOJAT K BO3HUKHOBEHHIO
ONTMKOB, YTO YacTO (HApUMeEp, B BOGHHOM TEXHHUKE) IEMACKUPYET MOJIOKEHHE TPUOopa.
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Jlig ycTpaHeHus yKa3aHHBIX HEJOCTAaTKOB OCYILECTBIISAIOT TaK Ha3bIBAEMOE NPOCEemIeHUe ONMUKU.
Jnst 3TOoro Ha CBOOOJHBIC TOBEPXHOCTH JIMH3 HAHOCAT TOHKHE IUICHKH C TIOKa3aTeleM
MPEJIOMJICHHUS, MEHBIINM, YeM Y MaTepHuaia JuH3bl. [Ipu oTpakeHHH cBeTa OT I'paHHIl pa3jena
BO3/yX—TUJICHKA U TJICHKa—CTEKJIO BO3HUKAET MHTep(EpeHINs KOrepeHTHbIX dydeid 1' u 2' (puc.
253). TonuuHy tieHkd d U mokas3atesy MPeIOMICHUS CTEKIa Ne ¥ TUICHKH N MOKHO MMOA00paTh
TakK, YTOOBI BOJHBI, OTPAYKEHHBIE OT 00EHX MOBEPXHOCTEH TUIEHKH, TaCHIIH APYT Apyra. st 3Toro

UX aMIUIATY/IbI IOJKHBI OBITH paBHBL, @ ONTHYECKAsl Pa3HOCTh X0/1a paBHA (2m+1) —1; (cm. (172.3)).

Pacuer nokassIBaeT, 4TO aMIUIMTY/Ibl OTPAKEHHBIX JIy4eH paBHBI, €CIIH

n = \/’Tl‘."
(175.1)

Tak Kak N¢, N ¥ MOKa3aTesb NPeJOMIIEHU BO3AyXa No YIOBIETBOPSIOT YCIOBUAM Ne >N>Ng, TO NOTEPS
IMOJIYBOJIHBI HNPOUCXOOUT Ha 00eux MOBEPXHOCTAX; CJICAO0BATCIbHO, YCIOBUC MHHHMYMa
(mpenrosaraem, 4To CBET NajgaeT HOpMaJIbHO, T. €. 1=0)

4o
2nd = (2m+1) 2

rae Nd — onTuyeckasi TOJUHA MieHKH. OObraHO puHUMaT M=0, Torma

nd = Ag/4.

ITpoceernsio U1 HA
com Pac. 253

@ B yem 3aKno4aeTcA CyTe NPOCBETNOHNWA ONTH-
Kn?

@ Korga w nouemy cnofl (cnow) c onruyeckod
TONUMHOA B 4eTBEPTb ANMHLI BONHb CNYXUT
(cny»art) gnR NONHOTO raleHHA OTPAXEHHLIX
NIY4OA ¥ ANA NONYYEHWA BbICOKOOTPaXAIOWMX
NOKPBLITHA?

Taxum 006pa3zom, eciu BeImoHsETCS yeiaoBue (175.1) u onTudeckas ToJMHA TUIEBKHA paBHa Ao/4, TO
B pe3ysbTare MHTEPPEPEHIIMN HAOIIOAAeTCs TallleHue OTPaKEHHBIX Jyded. Tak Kak JOOUThCS
OJTHOBPEMEHHOTO TamleHUs Ui BCEX JJIMH BOJM HEBO3MOXKHO, TO 3TO OOBIYHO ENaeTCs ISt
HanOoJyiee BOCIPUUMYHUBON TJIa30M JUIMHBI BOJHBI A0~0,55 MkM. [losTOMy OOBEKTHBBHI C
MIPOCBETIICHHON ONTHKOW MMEIOT CHHEBATO-KPACHBIH OTTEHOK.

Co31aHue BBICOKOOTPKAIONIMX MOKPBITHH CTajJ0 BO3MOXHBIM JIMIIL HA OCHOBE MHOIOJIy4eBOW
uHTepdepeHnnu. B otimuune ot AByXity4eBoi HHTEphEPEHIINH, KOTOPYIO Mbl paCCMaTPHBAIIHN JI0
CHX IIOp, MHOTOJIy4eBas HMHTEPPEPEHIMS BO3HHKAET IPU HAJIOKEHUH OOJIBIIOTO YHCIIa
KOTEPEHTHBIX CBETOBBIX IIYY4KOB. PacmpejencHue HWHTCHCUBHOCTH B HWHTEPPEPEHIMOHHOM
KapTHHE CYIIECTBCHHO pPa3inyaeTcsi; WHTeP(EPEHIIMOHHBIE MaKCUMyMbl 3HAYHUTEIBHO YK€ H
spYe, 4eM IMpH HAJOXKEHHU JIBYX KOT'CPEHTHBIX CBETOBBIX MYYKOB. Tak, pe3ysibTHPYIOIIas
aMIUTUTY/Ia CBETOBBIX KOJICOAHUW OJMHAKOBOW aMILIUTY/bl B MAKCHMyMaX WHTEHCHUBHOCTH, TJIC
CII0’KeHHe MPOUCXOJIUT B OMHAKOBOI (ase, B N pa3 6ombiie, a mHTeHCHBHOCTH B N2 pa3 Gonbiie,
gyeM oT ojiHoro nmydka (N — 4rciio uHTephepUpyoOIHX My4KoB). OTMETHM, YTO IS HAXO0XKICHHUS
PE3yIBTUPYIOLICH aMILTUTY bl YAOOHO MOJIB30BATHCS I'papUIECKUM METOIOM, UCIIONIB3YS METO]T
BpAIlAIONICTOCsS  BEKTOpa aMIUIUTYAbl  (CM. 140). MmuoronydeBass uHTEp(EpeHIUs
ocyliecTBIseTcs B qU(pakmoHHON pemtetke (cMm. 180).

MHorosy4eByro HHTEp(EPEHIINI0 MOKHO OCYLIECTBUTh B MHOTOCJIOHHON CHCTEME YepeayroIuXcs
IUIGHOK C pa3sHbIMU IOKa3aTeIsIMM TPEeNOMIICHUS (HO OJUHAKOBOM ONTHYECKOM TOJIIIMHOH,
paBHO# Ao/4), HAHECEHHBIX Ha OTPAXKAIOLIYIO MOBEPXHOCTH (puc. 254). MoKHO Moka3aTh, YTO Ha
IpaHUIIe pa3jiena MICHOK (MEeXay IByMs clI0IMHU ZNS ¢ OONBIINM MOKa3aTeNleM MpeIOMIICHHS A1
HAXOJIUTCS TUIEHKA KPHOJIUTA C MEHBIIMM IOKa3aTelleM HpPEeIoOMIIEHUs N2) BO3HUKAET OOJIbIIOE
YHCIIO OTPAKCHHBIX MHTEP(PEPUPYIOIIHX JTydei, KOTOPBIE IPU ONTUYECKON TOJIIUHE TICHOK Ao/4
OyAyT B3aMMHO YCWJIMBAThCS, T. €. KOI(D(OUIMEHT OTpaKeHHs BO3pacTaeT. XapaKTepHOH
0COOEHHOCTBIO TAKOH BBICOKOOTPa)KaTEIbHON CUCTEMBI ABJISIETCS TO, UTO OHA AEUCTBYET B OYECHb
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y3KOM CHEKTpaibHON 007acTH, MpuueM 4yeMm OoJblie KOA(PQPHUIMEHT OTPAKECHHUs, TEM YK 3Ta
obmacte. Hampumep, cucrtema u3 cemu IwieHoK aiasi obmactu 0,5 MM gaer xo3dduiueHt
otpaxenus p~96% (mpu kodpdunuente nponyckanus ~3,5% u KOdIPGUIIUEHTE MOTIIOMECHUS
<0,5%). [lotoOHBIE OTpaxkaTe MPUMEHSIOTCS B JIA3ePHOM TEXHUKE, & TAK)KE UCIOJIB3YIOTCS JIJIs
cO3/1aHUs UHTEP(HEPEHITMOHHBIX CBETO(PHIBTPOB (Y3KOIOJIOCHBIX ONTHYECKUX (DHUIBTPOB).

SIBnenne wuHTEp(EpeHIMH TaKKe MPUMEHSETCS B OUYEHb TOYHBIX H3MEPUTENBHBIX TNPHOOpax,
Ha3pIBaeMbIX HHTepdepomerpamu. Bce umHTEphepoMEeTpsl OCHOBaHBI Ha OJHOM M TOM XK€
MPUHIMIE U pa3inyaroTcs JUIIb KOHCTpyKUMOHHO. Ha puc. 255 mpencraBieHa ynpolueHHas
cxema uHTepdepomerpa MaiikeabcoHa. MOHOXpOMATHYECKAN CBET OT MCTOYHUKA S majaer
o yriioM 45° Ha TUIOCKONapaJUIeNbHYI0 TUTAaCTUHKY P1. CTOpoHA IIIACTHHKY, YIAJICHHAS OT S,
nocepeOpeHHass W TOJYyInpo3padHas, paslelseT Jdyd Ha JaBe yacTtu: Jnyd 1 (oTpakaercs OT
mocepeOpeHHOTo Cios) B Jyd 2 (mpoxoauT depe3 Hero). JIya 1 oTpaxaercst ot 3epkaia M1 wu,
BO3BpaIasich 00paTHO, BHOBB NMPOXOINT Yepe3 TacTuHky P (;ryu 1'). Jlya 2 uner k 3epkany Mo,
OTpaskaeTcst OT HErO, BO3BpaIlaeTcsi 00paTHO M OTpaXkaeTcs OT TuacTuHkU P1 (oyd 2'). Tak kak
MIEPBBIN U3 JIy4yed MPOXOIUT CKBO3b IUIACTUHKY P1 IBayK/bl, TO Ul KOMIIEHCAIMN BO3HUKAIOIIEH
Pa3HOCTH XOJ1a Ha ITyTH BTOPOTO JIy4a CTABUTCS TUIACTUHKA P2 (TOYHO Takas ke, Kak u Pi1, TOJIBKO
HE MOKPBITast CioeM cepebpa).

v/

Kpuonur STV
(NasAl F6)< ) v/i gz
=152 P2 R0R7777.
s

Crewio

Cynboug
UuHMa (ZnS)
m ‘Z,J

Prc. 254 Puc. 255

Jlyuun 1' m 2' KOTepeHTHBI; CIe0BaTENIbHO, OyIeT HabM01aThCsl UHTEphEPEHITNs, PE3YIbTaT KOTOPO
3aBUCUT OT ONTHYECKOH pazHOCTH xoa ayda 1 ot touku O 1o 3epkana M1 u gyda 2 ot Touku O
1o 3epkania My. [Ipu mepemenieHnn 0JHOTO U3 3€PKaJI HA PACCTOSTHUE Ao/4 Pa3HOCTH X0J1a 000UX
Jydyeld yBEIMYUTCS Ha Ao/2 W TIPOM3OMAET CMEHAa OCBEIICHHOCTH 3PUTEIBLHOTO IOJIS.
CJ'Ie,Z[OBaTeJ'ILHO, 0 HE3HAYUTCIBHOMY CMCHICHUIO HHTCp(i)CpCHHHOHHOfI KapTUHbI MOXHO
CYAUTh O MaJIOM NEPEMECIICHUHN OJHOI'O U3 3€PKaAJI U UCITI0JIb30BAaTh I/IHTep(bepOMeTp MaiikenpcoHa
JUIsl TOYHOTO (TIOpsIKa 1077 M) U3MEpeHUs JUTHH (M3MEPEHUs JJIMHBI TeJ, JJIMHBI BOJHBI CBETA,
W3MEHEHHUS JUIMHBI TeJia PU U3MEHEHUH TeMIlepaTrypbl (MHTephEpEeHINOHHBIN AUITATOMETD)).

3aaHus ¥ BONIPOCHI

1. OnpenenuTsb, Kakyro JUIMHY IIYTH S1 IPOUJET (POHT BOJIHBI MOHOXPOMATHYECKOTO CBETA B BaKy-
yMe€ 3a TO K€ BpeMs, 3a KOTOPO€ OH IPOXOJIUT IMyTh S2=1,5 MM B CTekiie C IoKa3aTejeMm
npenomiueHus Nx=1,5. [2,25 mMm]

2. B oneite FOHra menu, pacnosoxeHHble Ha pacctostHAd 0,3 MM, OCBEIIAIMCh MOHOXPOMATHYECKUM
CBETOM ¢ JUIMHON BosIHBI 0,6 MKM. OTpesieluTh pacCTOsIHUE OT Lieliel 10 IKpaHa, eci IHUpHHA
UHTEep(EPEHIIMOHHBIX MoJioc paBHa 1 MMm. [0,5 M]

3. Ha crexnsanbiii knuH (N=1,5) HOpManpHO MaJaeT MOHOXpOMAaTHUeCKuu cBeT (A=698 HMm).
Onpenennuts yroa Mexay HOBEPXHOCTSAMHU KIIMHA, €CJIM PACCTOSHUE MEXAY ABYMS COCEOHHMM
UHTEepEPEeHIIMOHHBIMU MUHUMYMaMH B OTPa)KEHHOM CcBeTe paBHO 2 MM. [0,4']

4. YcraHoBKa Ui HaOmoeHus Kosell HproToHa ocBelaeTcss MOHOXpOMaTHUECKUM CBETOM, Iaja-
I0LMM HOpMaJIbHO. [IpH 3amoiHeHnn npoCTpaHCTBAa MEXY JIMH30M U CTEKJISHHOM IJIACTUHKOU
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MPO3pPavHON KUAKOCTHIO PAaIUyChl TEMHBIX KOJICI B OTPaKEHHOM CBETE YMEHbLIWIUCH B 1,21
paza. OnpenenuTs Noka3zareiab MPeJOMIIECHUs KUAKOCTH. [1,46]

5. Ha nun3y ¢ nokasarenem npenomiieHus 1,55 HOpMaJIbHO MaJaeT MOHOXPOMATHUYECKHUH CBET C
uinHOM BoJaHBI 0,55 MkM. [{ns ycTpaHeHHMs MOTEpbh OTPaKEHHOI'O CBETA Ha JIMH3Y HAHOCUTCS
TOHKas MyeHka. OnpeaenuTs: 1) oNTUMaNbHBIA NOKa3aTeNb IPEIOMIICHUS IUIEHKH; 2) TOJIIIMHY
mneHku. [1) 1,24;2) 0,111 mxMm]

6. B ombiTe ¢ nHTEphepomMeTpoM MaiikenbcoHa Il CMEUICHHsI HHTeP(GEpEeHIIMOHHON KapTHHBI Ha
450 moJoc 3epKajio MPUILIOCh TepeMecTuTh Ha pacctosaue 0,135 mm. OnpenenuTs JTMHY BOJTHBI
rmaiaroriero ceera. [0,6 MKM]|

7. Ha myrtu omgHOoro u3 iydeid MHTEp(QEPEeHIHMOHHOTO pedpakToMeTpa MOMECTHIH OTKAYaHHYIO
TpyOKy anmuHoi 10 cm. [pu 3anonHeHnn TpyOKH XJI0poM HHTEpPEepeHIIMOHHAsS KAPTHHA CMECTH -
nack Ha 131 monocy. OnpenenuTs Moka3aTeiab MPETOMIICHUS XJIOpa, €ClId HAOII0JCHUE TTPOU3-
BOJIUTCS C MOHOXPOMATHYECKUM CBETOM C JTiHOM BoJIHBI 0,59 mxmM. [1,000773]
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moAroToBkH U cnenuansHocTsM / B. . bapcykos, O. C. ImuTtpueB. — DIIEKTPOH. TEKCTOBbBIE
nanHble. — TamO0B : TaMOOBCKHil rocyaapcTBeHHBIN Texuuueckuit ynusepcuter, 9bC ACB,
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noarotoBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u jgom. - Mocksa : Akaaemus, 2013. - 346 c. :
un. - (Beicmee npodeccuonansHoe oOpa3oBanue) (bakanaBpuar). - [IpenM. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc dusuku ¢ npumepamu pemenns 3anad: B 2-x 1. : yaeonuk / T.H.
Tpodumona, A.B. dupcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaBpwuar). - [Ipun.: c. 376-378.
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IMPAKTUYECKOE 3AHATHUE Ne 22-23 JU®PAKLUS CBETA

Heab-3aKkpenuTh U3YYEHHBIN MaTepral 1o Tematuke «Jludpakius ceera. [Tpuniun ['roiireHca —
Openens. Meron 300 Dpenens. [IpsmonuneliHoe pacnpocTpaHeHue cBeTa. Judpaxius
Openenss Ha KpyriaoMm oTBepctud M aucke. udpakuus Ppaynrodepa Ha OJHOM IIENH.
Hudpakuuss Dpaynrodepa Ha audpakuuoHHOM pemieTke. [IpocTpaHcTBeHHas pemieTka.
Paccesnue cBeray.

OcBanBaeMble KOMIIETCHIIMH B PE3y/bTaTe MPOBEACHMS IMPAKTUUECKOTO 3aHATUS YyKa3aHbl B
nyHkTe «O01Ire CBeIeHH

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATHHA — 3aKPENUTh MOJYyYEHHBbIE TEOPETUUYECKUE 3HAHUS U
BBIPA0OTATh HABBIKM M YMEHHS MPAKTUYECKOTO PEIICHHs 3a/1a4, B TO YHUCIIE U CAMOCTOSTENBHO.

3Hath:

-OCHOBHBIE TIpaBuUiIa AJisi 00pabOTKH pe3ylbTaTOB IKCIIEPUMEHTA;

-0a30BbI€ METOJbI HCCIEA0BATEIBCKON IEATEIHHOCTH.

Ymers:

-IIPOBOJIUTH 00pabOTKy WMH(GOPMALIMK C HMCIOJb30BAaHUEM MPUKIATHBIX MPOTPAMMHBIX CPEJICTB

cepsl

npodeccuoHANBHON IeATENbHOCTH;
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-IIPUMEHSATEH 0A30BbIE METO/IbI UCCIIEIOBATEILCKON ICATEIPHOCTH B pabOTe HAJl HHHOBAITMOHHBIMU
MIPOEKTAMH IO HAINpaBICHUIO « T €XHOIOTUYECKUE MAITMHBI U 000PYIOBAHUEY.
Baapers:
-METOJJAMH HCCIIEI0BATEIBCKON NESITEILHOCTH TP paboTe Hal IPOEKTAMU;
- TMOHUMAHUEM CYIIHOCTH W 3HA4YeHUS HHPOPMAIMM B PA3BUTUU COBPEMEHHOTO OOIIECTBa,
CIIOCOOHOCTh
moyiydaTh H  00pabarbiBaTh HHPOPMAIMIO W3  PA3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATH,
CTPYKTYPUPOBATh U OPOPMIIATH HHDOPMALIUIO CTYACHTAMH HampaBleHHs — TeXHOIOTHYECKUE
MAaIlIMHBI ¥ 000PYI0BaHUSI.
Peasn3yemMble KOMIIETEHIIUH

ITK-4 cnocoOHOCTBIO y4acTBOBATh B pab0OTE HaJl ”HHOBAIIMOHHBIMU IIPOEKTAMU, UCTIONIb3Yysl Oa30BbIe
METO/Ibl UCCIIEI0BATENbCKON IEATEIbHOCTU

OIIK-4 noHMMaHHEM CYIIHOCTU U 3HA4E€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO MOJTyyaTh U 00padaThiBaTh MH(GOPMALMIO U3 PA3IUYHBIX UCTOYHUKOB, TOTOBHOCTHIO
MHTEPIPETUPOBATh, CTPYKTYPUPOBATh U 0(OPMIISTH HHPOPMAIMIO B TOCTYITHOM JUISl IPYTUX BUE

Teopernyeckas 4acTb

1. Ilpunumn I'oiirenca — ®@penens

Judpakuueii Ha3pIBaeTCA orubaHue BOJIHAMU MPEMSATCTBUI, BCTPEUAIOIIUXCS HA UX MYTH, WIN B
0o0Jiee LIMPOKOM CMBbICIIE — JH000€ OTKIIOHEHHE PACIIPOCTPaHEHHsI BOJIH BOJIHM3U MPENATCTBUN OT
3aKOHOB TeoMeTpuyeckoi ontuku. brmarogaps nudpakiuu BoJIHBI MOTYT HoNanaTh B 00JIacTh
reOMEeTPUYECKOM TeHH, Oru0aTh MPENSTCTBUS, MPOHUKATH Yepe3 HEOObIINE OTBEPCTHS B IKpaHaX
u T. 1. Hanmpumep, 3ByK XOpOIIIO CIBIIIEH 32 YTJIOM JIoMa, T. €. 3BYKOBasi BOJIHA €r0 OruOaer.

SAsnenune qudpaxiuu 00BICHIAESTCS ¢ TOMONTBIO npuryuna I oticenca (cM. 170), cortacHO KOTOpOMY
KaXKJasi TOYKa, 10 KOTOPOW JOXOJIUT BOJIHA, CIYKUT LEHTPOM BTOPHYHBIX BOJIH, a OrubOaromas
STHX BOJIH 3a/1a€T MOJIO0KEHHE BOJHOBOTO ()POHTA B CIEAYIOUINII MOMEHT BPEMEHHU.

[Iycth TuIOCKasi BOJHA HOPMAJbHO IaJla€T HAa OTBEPCTHE B HEMPO3padyHOM JKpaHe (puc. 256).
CornacHo ['rolireHcy, Kakaash TOYKAa BBIJICISIEMOrO0 OTBEPCTHEM YYacTKa BOJHOBOTO (pOHTA
CIIY’)KUT UCTOYHUKOM BTOPUYHBIX BOJIH (B OJHOPOJHON M30TPOMHON cpese OHU CHEpUUYECKUE).
[TocTpouB orubaroyr0 BTOPUUHBIX BOJIH 151 HEKOTOPOTO MOMEHTAa BPEMEHHU, BUIUM, YTO (PPOHT
BOJIHBI 3aX0JIUT B 00JIaCTh T€OMETPUYECKOM T€HH, T. €. BOJHA OrM0aeT Kpas OTBEPCTHUS.

RRIIRR NIRRT, e

@ lovemy gndpakyva seyka noscegHesHo Go-
© nee oyeBnfHa, 4em Andpaxuma ceeTa?

_@‘\‘,b‘\ 7 \_:,b'\‘f @ KaxoBbl fononHeHMA ®peHensa K NpHHUWNY
‘ 2 L S MoArexca?

SIBnenue I[I/I(I)paKI_[I/II/I XapaKTCpHO I BOJHOBBIX IIPOLCCCOB. HOSTOMy €ClIn CBCT SBJIACTCA
BOJIHOBBIM IIPOLECCOM, TO IJIA HCTO HOJIKHA Ha6J'IIOI[aTBC$I HH(bpaKHHH, T. €. CB€TOBas BOJIHA,
naaaroiasd Ha IrpaHUuLly KaKoro-anoo HCIIPO3PAYHOT'0 TCJIa, NOJI’KHA orudaTh €ro (HpOHI/IKaTB B
00J1acTh FCOMeTqueCKOﬁ TCHI/I). U3 OIIbITA, OAHAKO, U3BCCTHO, YTO MPEAMCTHI, OCBCIIACMELIC
CBC€TOM, HUAYHIUM OT TOYCYHOT'O MCTOYHMKA, HAKOT PC3KYIHO TCHbL U, CICAOBATCIIBHO, JIY4YU HEC
OTKJIOHAIOTCA OT HUX HpHMOJ’IHHGﬁHOFO pacipoCTpaHCHUA. HO‘ICMY 7K€ BO3HHUKACT pC3Kas TCHb,
€CJIM CBCT UMCCT BOJIHOBYTO HpHpOI[y'? K COKAJICHUIO, TCOpUA I'rolireHca oTBETUTh Ha 3TOT BOIIPOC
HC MOTJIa.

HpI/IHL[I/IH I'rolirenca pemacT JIMIIb 3aa1y O HAIIPaBJICHUHU paClIpOCTPAHCHUA BOJTHOBOT'O (I)pOHTa, HO
HC 3aTparuBacT BOIIPOCa 00 AaMIUIMUTyAC, a CJICA0BATCIbHO, U 00 HMHTEHCHBHOCTHU BOJIH,
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pacIpoOCTPaHSIOINUXCA MO pa3HbIM HarpaBieHUusM. DpeHenb BJIOXKWI B ONpUHUMUII [roireHca
(bu3n4eCKuil CMBICI, JIOTIOJIHUB €ro ujeei nHTeppepeHIIMY BTOPUYHBIX BOJIH.

Cornacno mpuHuuny I'iolirenca — ®peHens, cBeTOBas BOJHA, BO30ykIaemas KaKUM-IHOO
HUCTOYHUKOM S, MOXET OBITh MpPEACTABICHA KaK pe3yabmam Cynepno3uyul KoeepeHmHbulX
8MOPUUHBIX B0JIH, «H3ITY4aeMbIX» (PUKTUBHBIMH HWCTOYHMKAMH. TaKUMH HUCTOUYHHUKAMH MOTYT
CIIY’)KUTb OECKOHEYHO MaJble JJIEMEHThl JII00OW 3aMKHYTON IOBEPXHOCTH, OXBaTbIBAIOILEH
UCTOYHUK S. OOBIYHO B KAa4eCTBE 3TOW MOBEPXHOCTH BBHIOMPAIOT OJHY U3 BOJHOBBIX IOBEPX-
HOCTEMH, 1M0ATOMY BCE€ (PUKTHBHBIE MCTOYHUKH JEUCTBYIOT cuH(pa3HO. TakuM 00Opa3oM, BOJIHBI,
pacrpoCTpaHsIONIecss OT HCTOYHHUKA, SBIIIOTCS PE3YyJbTaTOM HHTEPPEPEHIIMH BCEX KOTe-
PEHTHBIX BTOPUYHBIX BOJH. DpeHenb HCKIOYMI BO3MOXKHOCTh BO3HUKHOBEHHUS OOpaTHBIX
BTOPUYHBIX BOJH W MPEANOIOKWI, YTO €CIM MEXJIYy HCTOUYHUKOM M TOYKOM HaOII0aeHUS
HaXOJUTCSI HENpPO3pauHblii SKpaH C OTBEPCTHUEM, TO HAa IOBEPXHOCTH HKpaHa aMIUIUTYyJa
BTOPHUYHBIX BOJIH paBHA HYJIIO, @ B OTBEPCTUM — TaKas e, KaKk IPH OTCYTCTBUH 3KpaHa.

VYyer aMmnuTy U a3 BTOpUYHBIX BOJIH NTO3BOJISIET B KaXKJIOM KOHKPETHOM CIIyyae HallTH aMIUIUTYAY
(MHTEHCUBHOCTB) PE3YJIBTUPYIONIEH BOJIHBI B JIFOOOW TOYKE MPOCTPAHCTBA, T. €. OMPEIEITUTH
3aKOHOMEPHOCTH paclpoCcTpaHeHus cBeTa. B o0uiem ciydae pacuer nHTEpEpeHnH BTOPUUHBIX
BOJIH JIOBOJIBHO CJIO’KHBIN M T'POMO3JKUM, OJTHAKO, Kak OyJeT MOKa3aHO HMXKE, Ui HEKOTOPBIX
CIIydaeB  HaXOXJECHHE  aMIUIUTYIObl  pPEe3ylIbTHPYIOIIET0  KOJeOaHUs  OCYLIECTBIISIETCS
anredpandeckuM CyMMHUPOBAHUEM.

2. Merton 301 @penedsi. [IpaMosinHeiiHOe paclIpoCTPaHEeHHEe CBeTa

[punnun [Moifrenca — dpenenst B paMKax BOJHOBON TEOPHHU JOJKEH ObLT OTBETUTH Ha BOIIPOC O
MPSIMOJTMHEHHOM pacipocTpaHeHUU cBeTa. DpeHenb pemmi 3Ty 3a/1a4y, PacCCMOTPEB B3aUMHYIO
MHTEeP(HEPEHITNI0O BTOPUYHBIX BOJH M MPUMEHHB TMPHUEM, TMOJYYUBIINN Ha3BaHHE MeETOAAa 30H
DpeHes.

Haitnem B mnpou3BOJIBHOW TOuYke M aMIUIMTYZQy CBETOBOM BOJIHBI, PACHPOCTPAHSIONMICHCS B
OJIHOPOJIHOM cpejie U3 ToueyHoro uctounuka S (puc. 257). CornacHo npunnuny [ rolireHca —
®peHens, 3aMEHUM JEHCTBHE WCTOYHMKA S JEHCTBHEM BOOOpaKaeMbIX HMCTOYHHUKOB,
PACIOJIOKEHHBIX Ha BCTIIOMOTATEIbHOM MOBEPXHOCTH D, SBISIOMICHCS MOBEPXHOCTHIO (HpOHTA
BOJIHBI, HAyIied u3 S (MOBepXHOCTh cdepbl ¢ IeHTpoM S). DpeHenb pa3duiI BOJTHOBYIO
MoBepXHOCTh @ Ha KOJIBLIEBbIE 30HBI TAKOTO pa3Mepa, 4ToObl pacCTOSHUS OT KpaeB 30HBI 10 M
otauyanucek Ha A/2, T. e. PIM — PoM = PoM — P1M = PsM — PoM = ... = A/2. Tlogo6Hoe pa3dueHue
(bpoHTa BOJIHBI HA 30HBI MOYKHO BBITIOJIHUTD, MIPOBEJIS C ICHTPOM B Touke M chepsl paguycamu b

A A A
+ 5 b + 25, b + 35, ... . Tak kak KojeOaHWs OT COCEIHUX 30H MPOXOIIT IO TOUKH M

paccTosiHMs, OTIMYarommecs Ha A/2, To B Touky M OHHU NMPUXOIAT B MIPOTHBOIOJIOKHOMN (ase u
MPU HAJIO)KCHUH ATH KoJieOaHUs OyayT B3aMMHO OCJIa0mATh apyr apyra. [lostomy ammmmtyna
PE3YIBTUPYIOIIETO CBETOBOTO KojieOaHusi B Touke M
A=A|—A1+A3"‘A4+--- )
(177.1)
rae A1, Az, ... — aMIIUTYABI KosieOaHuil, BO30OyxaaembIx 1-#, 2-i, ..., m-i 30HaMHU.
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Jljig OLIeHKH aMIUIMTY[ KosiebaHuil Haliem momianu 30H @penens. [lycTe BHemHS rpaHuna m-i
30HBI BBIJICJIICT HA BOJIHOBOI MOBEPXHOCTH CEpUUYECKUil cerMeHT BbICOTHI hm (puc. 258).
O003Ha4MB IUIOMA/Ib ATOTO CETMEHTA YePe3 Om, HallieM, YTO oAb M-i 30Hbl DpeHens paBHa
AOm= Om— Om-1, TA€ Om-1 —IUIOLIA/lb C(HPEPUUECKOTO CETMEHTA, BBIAEISIEMOr0 BHEIIHEH IpaHUICH
(m — 1)-ii 30Hb1. 13 prcyHKa cieayeT, 9To

rl=a*—~(a— hy)? =B+ mif2)* — (> + hy)>

(177.2)
[Tocne aneMeHTapHBIX TPe0Opa3oBaHMi, YIUTHIBas, 4TO A<<a u A<<b, mogxyuum
bmi
by = ————.
2(a+d)
(177.3)
[Tmomanpe chepruyeckoro cermeHTa v IO M- 30HBI DpeHeNsi COOTBETCTBEHHO PaBHBI
rabl " nabi
a,,.=2nah,.=mm, Aa,,.=a,.,—a,,_.=a+b.
(177.4)

Bripaxenue (177.4) He 3aBUCHUT OT m, CIIEIOBATEIBHO, TIPU HE CIIUIIKOM OOJBIIHMX 71 TUIOMIAIN 30H
®peHenss onuHAKoOBBL. Takum o0pa3om, moctpoeHne 30H DpeHens pa3OuBaeT BOJTHOBYIO
MMOBEPXHOCTh CPepUUeCKO BOJTHBI HA PABHBIC 30HBHI.

CornacHo npeanoyioxenutro dpenenst, JeHCTBUE OTIAEIBHBIX 30H B TOYKE M TeM MEHbUIE, YeM
OoJtbIIIe yrout @, (puc. 258) MeKIy HOPMaIIBIO N K MOBEPXHOCTH 30HBI U HAIIPABIICHUEM Ha M, T.
€. JICUCTBUE 30H MOCTEIEHHO YOBIBAET OT IIEHTPaIbHOM (0K0J0 Po) K mepudepuueckum. Kpome
TOrO, MHTEHCHUBHOCTh HW3JIYYCHHsI B HaIlPaBICHUH TOYKH M yMEHBIIACTCS C POCTOM m M
BCJICJICTBUEC YBEIMYCHHSI PACCTOSHUS OT 30HBI 10 TOUKH M. YuuTbeiBas 00a 3Tux (pakTopa, Mokem
3aIMcaTh

A>A>Ay> A>... .
Oo6iitee umcio 30H OpeHens, yMEIIaIuXcs Ha noaycdepe, OUeHb BEIUKO; Harpumep npu a=b=10

2
cm u A=0,5 MxMm N=E (a+b)=8-10% IlosTOMY B KaueCcTBE JOMYCTUMOTO MPUOIMKEHHSI MOKHO

CUMUTATh, YTO AMIUIUTYyJa KoieOaHUs Am OT HEKOTOpOW M-if 30HbI DpeHens paBHA CpeaHEMY
apuMeTHuyecKoMy OT aMILIUTY MPUMBIKAIOIINX K HEH 30H, T. €.
_ Am-l+Am+l
m= T
(177.5)
Tormaa Beipaxkenue (177.1) MOXKHO 3amucath B BUJE

A (A y A 4 4
A=—'+(——'—Az+——’>+(——’—A4+—’>+...=—'

2 2 2 2
(177.6)
TaK Kak BBIpaXEHUS, CTOSIINE B CKOOKax, cormiacHo (177.5), paBHBI HyItO, a OCTaBIIAsACS 4acTh OT
aMIUTUTYIbI TIOCTeIHEN 30HbI =4 m/2 HUIYTOKHO MaJa.
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Prc. 258

@ Y710 nossonun oOLACHWTL NpuHuMn ofirex-
ca — ®peHena?

® B 4yeMm saxnovaerca nNprHUAN NOCTROBHNA 30H
dpenens?

@ B yem 3aKnioMaeTcA NpMHUMN AEACTBHR 30H-
HbiX MNACTHHOK?

Taxum 00pa3om, aMIUIUTYa PE3YIbTUPYIOMINX KOJIeOaHU B MPOU3BOJIBHOM TOUKe M omnpeaessieTcs
Kak ObI IEHCTBHEM TOJIBKO IOJIOBHHBI LIEHTpaIbHOU 30HBI Ppenens. CrieoBaTenbHO, IeiiCTBHE
BCEW BOJHOBOW MOBEPXHOCTHU HA TOYKY M CBOIUTCS K JEHCTBHIO €€ MAJIOTO Y4acTKa, MEHBIIIETO
LEHTPAIBHOM 30HBI.

Ecnu B Bepaxkenuu (177.2) monoxxum, 4To BeicoTa cermMeHTa h<<a (Tipy HE CIUIIKOM OOJIBIINX /1),

torna r’ = 2ah,_ . Tloacrasus crona 3nadenune (177.3), HaiifieM paauyc BHEINHEH paHMIBI m-i

ab
i = \/m mai,
(177.7)

[Mpu a=b=10 cm u A=0,5 Mmxm pamuyc nepBoii (1ieHTpanbHO#) 30HbI 1 = 0,158 MM. CrietoBatensHO,
pacrpocTpaHeHHe cBeTa OT S K M MPOMCXOIUT Tak, OyATO CBETOBOM MOTOK PacIpOCTPaHSIETCS
BHYTPH OYEHb Y3KOTO KaHanma BAOJb SM, T.e. npawonuwneiino. Takum o0pa3oM, TPUHITHII
I'toiirenca — ®penenst MO3BOJSET OOBACHUTH MPSAMOJIUHEHHOE PACTPOCTPAHEHUE CBETa B
OJHOPOJTHOM Cpee.

[IpaBoMepHOCTD AeneHust BOJTHOBOTO (GpoHTa Ha 30HBI DpeHesns noaATBepKIeHa SKCIIEPUMEHTAIBHO.
JInst 3TOro MCHOJIB3YIOTCS 30HHbIE IUIACTUHKM — B IIPOCTEMIIEM CIIydae CTEKJISIHHBIE
IJJACTUHKH, COCTOSAIIME M3 CHUCTEMbl YEpPEAYIOIIMXCS MPO3pauyHbIX W HENPO3PAYHBIX
KOHIIEHTPUYECKHUX KOJIEL, MOCTPOECHHBIX IO NMPUHLHUILY PACHOJIOKEHUs 30H PpeHensd, T. €. ¢
paguycamu Im 30H DpeHenst, onpeaesieMbIMu BeipakenreM (177.7) nns 3aaaHHBIX 3HAYCHHUH q,
bul (m=0,2,4,.. s apo3paunsix u m = 1, 3, 5,... s HEMpo3pauHbIx Kourel). Ecian momecTuth
30HHYIO IJITACTUHKY B CTPOTO OIPECIEHHOM MecCTe (Ha pacCTOSIHUU @ OT TOUEYHOT'O UICTOYHHKA U
Ha PacCTOSIHUM D OT TOUKU HAOJIOICHHS HA JIMHUHU, COCIMHSIONICH 3TH JIBE TOYKH), TO [UIs CBETa
JUIMHOMW BOJIHBI A OHA MEPEKPOET YETHBIC 30HbI U OCTABUT CBOOOJHBIMH HEUETHBIC HAUWMHAS C
LeHTpabHOU. B pe3ynbTaTe 3TOT0 pesynprupytomas ammntyaa A=A1+As+As+... 1omkHa ObITh
00JbIIIe, YEM MPU MOJHOCTHIO OTKPHITOM BOJIHOBOM (poHTE. ONBIT MOATBEPKAAET STU BHIBOIDIL:
30HHAsl TUIACTUHKA YBEJIMYMBAET OCBEIIEHHOCTb B TOuke M, AeicTBYs mogo0HO coOuparoreit
JIMH3E.

30HBI OpeHes:

3. Iu¢ppakuus @peHesnst HA KPYIrJioM OTBEPCTHH U JUCKe

PaccmoTpuM audpakuuio B CXOAAMXCH JdydYax, Wik Auppakuuio @penest, OCylIECTBISIEMYIO B
TOM ciydae, Korja AudpakiMOHHAs KapTUHA HaOJIONAeTCsi Ha KOHEYHOM pACCTOSHUM OT
IPEISATCTBYS, BBI3BABILETr0 AU(DPAKIIHUIO.

1. Inppakuus Ha KpyrJjom orBepcTun. Cheprdeckas BoJIHa, pacpoOCTPAHSAIOIAACSA U3 TOUEYHOTO
UCTOYHMKA S, BCTpEYaeT Ha CBOEM HYTH 3KpaH C KpYIJbIM oTBepcTHeM. JudpakinoHHYIO
KapTHHY HaOII0/1aeM Ha dKpaHe D B TOUKe B, Jiexalled Ha JIMHUH, COSUHSIONEH S ¢ eHTpoM
orBepctus (puc. 259). DkpaH mapajielieH MJIOCKOCTH OTBEPCTUS M HAXOAMTCA OT HEro Ha
paccrostHun b. Pa3o0beM OTKpBITYIO YacTh BOJIHOBOM moBepxHOcTH © Ha 30HbI Openens. Bun
TU(PaKIMOHHON KapTHHBI 3aBUCUT OT 4Yuciaa 30H DpeHens, OTKPhIBAEMBIX OTBEPCTHUEM.
AMmnnuTyaa pe3yibTUPYIOIIEro KoseOaHMs, BO30yXJaeMoro B TOYKe B BCeMH 30HaMH (CM.
(177.1)u (177.6)),

A = A2 + An/2,
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I'ZIC 3HaK IJIFOC COOTBECTCTBYCT HECYCTHBIM M M MUHYC — YCTHBIM 711,

Puc. 259

® B yem otnnume aucpaxunn GpeHens Ha Kpyr-
NOM OTBOPCTHM NPH OCBELEHHH 6r0 MOHOXPO-
MaTHYeCKMM K OenuiM ceetom?

® Korga nabGniopaevcs gucbpakuyms ®peHenn?
Andpaxuns ®paynrodepa? -

@ NMouemy ancpakywa He HaGnwopaeTch Ha Go-
NBWKX oTeepcTHAX W Gonblumx guckax?

Korna oTBepcTre OTKpBIBaET HEUETHOE YHCIIO 30H DpeHess, To aMILTUTYy Ia (AHTEHCHBHOCTD) B TOUKE
B Oyner Gonbuie, yeM npu cBOOOJHOM pacHpOCTPaHEHUU BOJIHBI; €CJIM YETHOE, TO aMILUIUTYAA
(MHTEHCHBHOCTH) OyzieT paBHa HyII0. Ecitn 0TBepcTHe OTKpBIBAaeT 0/1HY 30HY DpeHernst, To B TOUKe
B ammmityna A=A1, T. €. BIBOE O0JIbIIIE, YEM B OTCYTCTBUE HEMPO3PAYHOTO IKPaHa C OTBEPCTHEM
(cm.  177). IHTEeHCUBHOCTH CBeTa OOJBIIE COOTBETCTBEHHO B 4YEThIpe pas3a. Eciu oTBepcTue
OTKpBIBAET JBe 30HBI DpeHens, To uX ACWCTBUS B TOUKE B MPaKTUYECKH YHHUTOXKAT APYT JIpyra
u3-3a uHTepdepeHuun. Takum oOpazom, AudpakIuOHHAsT KapTHHA OT KPYrJoro OTBEPCTHUS
BOJIN3H TOUKH B OyJeT UMETh BUJI YePEIYIOIINXCSI TEMHBIX M CBETJIBIX KOJIEII C IEHTPAMH B TOUKE
B (ecnu m yeTHOe, TO B IIEHTpE OyAeT TEMHOE KOJIbIIO, €CJIM M HEYETHOE — TO CBETJIOE KOJIBIIO),
MpUYeM WHTCHCHBHOCTh B MAKCHMyMaXx YOBIBA€T C PaCCTOSIHUEM OT IIEHTpa KapTHHEI.

Pacder aMmumaTyIpI pe3yabTHPYIONIETO KOJICOaHUsT Ha BHEOCEBBIX yJacTKaxX dKpaHa 0oJiee CI0XKEH,
TaK KaK COOTBETCTBYIOIIME MM 30HBI (DpeHeNs YacTHYHO MEePEeKPBIBAIOTCS HETPO3PavHbIM
skpaHoM. Eciu oTBepcTHe OcBellaeTcsi He MOHOXPOMAaTHYECKHM, a OellbIM CBETOM, TO KOJblia
OKpaIleHBI.

Yucno 308 OpeHenst, OTKPHIBAEMBIX OTBEPCTHEM, 3aBUCUT OT €ro auamerpa. Eciu o 00bIoH, To
Am<<A1 u pe3ynbTupyiomas aMmmiutyaa A=A1/2, T. e. Takas e, Kak ¥ IIPH MOJTHOCTHIO OTKPHITOM
BOJHOBOM  (pponTe. Hwukakolr  audpakimOHHOW KapTUHBI HE  HAONIOJAeTCs, CBET
pacrnpocTpaHseTcs, Kak U B OTCYTCTBHUE KPYIJIOTO OTBEPCTHUS, IPSIMOIMHENWHO.

2. Iudpakuus Ha qucke. Chepryeckas BOJIHA, paCIPOCTPAHIIOMIASACA OT TOUEYHOIO UCTOYHHKA S,
BCTpeUYaeT Ha CBOEM MyTH AucK. JudpakiunoHHyo KapTUHY HaOt01aeM Ha SKpaHe O B TOUKE B,
JIeXKAaIIeH Ha JTMHUH, COSIMHSIONICH S ¢ rieHTpoM aucka (puc. 260). B nanHOM citydae 3aKpbIThIiI
JMICKOM YYacTOK BOJHOBOTO (PpOHTa HaJ0 HCKIIOYHTh M3 PACCMOTpeHus U 30HBI DpeHens
CTpOUTh HauuHas Cc KpaeB aucka. Ilycts aumck 3akpbiBaeT M mepBbix 30H Openens. Torna
aMIUIUTY1a Pe3yIbTUPYIOLIETo KoyiebaHus B TOUKe B paBHa

A A A
A=Ay~ Api2+ Aniy— .. = "+|+ ”+1—Am+2 mt? + ..
2 2
NN
A=AHI+]/21

TaKk Kak BBIPAKCHHs, CTOSIINE B CKOOKaxX, paBHbl Hymo. CremoBareibHO, B Touke B gcezoa
HabmogaeTcss HHTepGEPEHIIUOHHBI MAaKCUMyM (CBETJIO€ MSATHO), COOTBETCTBYIOIIMI 11010 BUHE
NEUCTBUS MEpBOM  OTKpbITOM 30HbI  @Dpenens. LleHTpanbHBII MaKCUMyM  OKpYXEH
KOHLEHTPUYECKUMU C HUM TEMHBIMHU U CBETJIBIMU KOJIbLIAMHU, & UHTEHCUBHOCTh B MAKCUMYyMax
yOBIBAeT C pacCTOSIHUEM OT IIEHTPa KapTHHBI.
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Puc. 260

—_————— e s

?’*3% @ Yem onpegenserc, GYAeT NH YACNO 30H ®pe-
Hens, 0TKPbLIBABMbIX OTBEPCTHEM, YOTHLIM HNK
He4eTHbIM? OTBeT 0B6OCHOBATD.

@ KakoBbl xapakTepHbieé ocofeHHOCTH ancdpak-
UHOHHOMA KapTHHBI, nony4alomecs npu aAnd-

8. PaKL MK HA MANOM Henpo3payHoM aucke?

C yBenuueHueM pajauyca JAWCKa IepBas OTKpbITas 30Ha DpeHens yaansercs OT TOYKU B u
YBEITUYUBACTCA Yol ¢ (CM. pHuC. 258) MeEXIy HOpPMalbl0 K IOBEPXHOCTH ITOM 30HBI H
HampaBJIECHHEM Ha TOYKy B. B pe3ynbTaTre HWHTEHCHUBHOCTb LEHTPAJbHOTO MaKCHUMyma C
YBEJIMUEHUEM pa3MepoB JucKa yMeHbliaercs. Ilpu Oonpmmx pasMmepax JAMcKa 3a HUM
HaOmoaeTcsl TeHb, BOJIM3M TpaHUI] KOTOPOM MMeeT MecTo BechbMa ciabas audpakiHMOHHas
KapTuHa. B nanHOM ciyyae audpakuueit cBeta MOKHO NMpeHeOpedb M CUUTaTh CBET PaclpocCT-
PaHSIOUIMMCS TPSAMOJIMHENHO.

OtmeTuMm, 4To nupakus Ha KPYrJIoM OTBEPCTHU U TU(PAKIUA Ha AUCKE BIIEPBbIE PACCMOTPEHBI
®peneneM.

4. Iuppaxkuus @payHropepa Ha OAHOM LIeTH

Hemenxuii ¢puszuk 1. @paynrodep (1787—1826) paccmoTpen audppakimuo MIOCKUX CBETOBBIX
BOJIH, WK JU(pakunio B napajuiejbHbIX jgydax. Jduppakuus ®@paynrodepa, nmeromas
00JbIIOE TPAKTUYECKOE 3HAYCHHE, HAOII0IaeTCsl B TOM Ciydae, KOrJa UCTOUYHUK CBETa U TOYKa
HaOMrOACHUS OECKOHEUHO yNIaJIeHBI OT MPETSITCTBHSA, BhI3BaBIIEToO nudpakmuto. YToObl 3TOT THI
TU(PaKIUKU  OCYIIECTBUTh, JOCTATOYHO TOYEYHBIH MCTOYHHUK CBETa IOMECTUTh B (OKyce
cobuparoteii TUH3bI, a TM(QPaKIHOHHYIO0 KApTUHY UCCIIEI0BaTh B (POKATBLHOM IMIIOCKOCTH BTOPOM
coOuparolei JUH3bI, YCTAHOBJICHHOH 32 MPENSATCTBUEM.

Paccmotpum mudpakuuio @paynrodepa oT 6€CKOHEUHO ATUHHON IIenu (A7 3TOro MPaKTUYECKH
JOCTaTOYHO, YTOOBI AJMHA LIeJW ObUla 3HAYUTEIBHO OoJblle ee MUpUHBI). [lycTh miockas
MOHOXpOMaTH4YeCKasi CBETOBAsl BOJIHA MAJa€T HOPMAJIbHO IJIOCKOCTH Y3KOHM IIENH IHUPUHOU a
(puc. 261, a). OnTuyeckas pa3HOCTh XxoAa Mexay kpaHumu sydamu MC u ND, uaymumu ot
IeJIM B TPOU3BOJIHLHOM HAIPaBICHUH (),

A=NF=asin g,
(179.1)

rae F — ocHoBaHMe neprneHIuKysapa, onyueHHoro u3 Touku M Ha myd ND.

Pa3o0beM OTKpBITYIO YacTh BOJIHOBOM MoBepxHOCTH B miuockoctu mmenu MN Ha 30HBI @penens,
MMEIOIIUE BUJI TIOJIOC, MapaienbHbIX pedpy M menu. lupuna kax a0l 30HbI BEIOMpAETCs Tak,
9TOOBI Pa3HOCTH X0J1a OT KPaeB 3TUX 30H OblIa paBHA A/2, T. €. BCET0 Ha IIMPHUHE 1IN YMECTUTCS
A:A/2 30H. Tak Kak CBET Ha IIENb MaJaeT HOPMaJIbHO, TO MIOCKOCTH IIEIH COBMAIAET C BOJTHOBBIM
(bpOHTOM; CIIeI0OBATENBHO, BCE TOUKH BOJTHOBOTO (DPOHTA B TUIOCKOCTH IIENH OyayT KoieOaThCs B
OJIMHAKOBOH (haze. AMIUIUTY/IbI BTOPUYHBIX BOJH B IUIOCKOCTH IIeNU OYAYyT paBHBI, TaK Kak
BBIOpaHHBIE 30HBI DpeHenss MMEIT OJWHAKOBBIE IUIOMIAJM W OJMHAKOBO HAKJIOHEHBI K
HaIpPaBJICHUIO HAOIIOICHUSI.

W3 Beipakenus (179.1) BbITekaeT, uTo 4ucio 30H DpeHens, YKIaIbIBAIONINXCS HA MIUPUHE IIENH,
3aBUCHT OT yrna ¢. Ot uncna 30H OpeHens, B CBOIO 0Yepe/ib, 3aBUCUT PE3yNIbTaT HAJIOKEHHUS BCEX
BTOPUYHBIX BOJIH. V3 PHUBEIEHHOTO MOCTPOCHUS CIEAYeT, YTO MpH MHTEPPEPEHIIUN CBETa OT
Ka)KJ0M Tapbl cocedHux 30H OpeHens aMIUIUTYy/Ia pe3yIbTUPYIOMINX KoleOaHuil paBHA HYITIO, TaK
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KaK KoJIeOaHHUs OT Ka)KJIOU Mapbl COCETHUX 30H B3aUMHO racst Apyr apyra. CienoBaTeabHO, eCiiu
yucno 301 Ppenens yemrnoe, TO

i .
asing = + 2m—2— m=1,223,.)

(179.2)
U B TOuke B HaOmomaeTcss AM(PPAKIMUOHHBIA MUHUMYM (TIOJIHASE TEMHOTA), €CIIH K€ YUCIO 30H
@penens neuemmnoe, TO

asing = + (2m + 1)% 7 (’_"= 1,2,3,.)

(179.3)

u  HaOmomaercs AUGPPAKUUOHHBIE MAKCHMYM, COOTBETCTBYIOUIMH  JCWCTBUIO  OJHOM
HECKOMIIEHCUPOBAaHHOU 30HbI Ppenens. OTMeTuM, 4yTo B HanpaBiieHuu ¢@=0 1enb JeiCTBYeT Kak
onHa 30Ha @peHens, U B 3TOM HANpaBJICHUM CBET PACHpPOCTpPaHSETCs ¢ HAauOOJbIIed HMHTEH-
CHUBHOCTBIO, T. €. B TOUKe Bo HaOI0AaeTCsl HeHTPaIbHbIH THPPAKINOHHBIH MAKCUMYM.

N3 ycnoBuii (179.2) u (179.3) Mo’kHO HaTH HalpaBlIEeHUsI HA TOYKU IKPaHa, B KOTOPBIX aMIUIUTY1a
(a creoBaTeNIbHO, U HHTCHCUBHOCTD) paBHa HYJIIO (SiNgmin = + MA/a) nim MmakcuManbHa (SiN@max
= #(2m+1)A/(2a)). PacnpenerneHre WHTEHCHMBHOCTH Ha O3KpaHE, I0JIy4aeMO€ BCIICICTBHUEC

mudppakuuy (IMGpaKINOHHBINH CIIEKTP), IPUBEACHO Ha puc. 261, 6. PacueTsl noKa3bIBatoOT, YTO

WHTEHCUBHOCTH B [IEHTPAJIBHOM U MOCIIEYIOIINX MaKCUMyMax oTHocsTcs kak 1 : 0,047 : 0,017 :

0,0083 : .... T.e. OCHOBHAsI 4aCTh CBETOBOI YHEPTUHU COCPEAOTOUYECHA B IEHTPATBHOM MaKCHMYME.

W3 ombiTa U COOTBETCTBYIOIIMX PAaCcYETOB CIEAYET, YTO CY)KEHHE IIENH NMPUBOJUT K TOMY, UYTO

LEHTPAJIBHBI MakCUMyM pacCIUIbIBAETCS, & MHTEHCHBHOCTb YMEHbBIIAETCs (3TO, €CTECTBEHHO,

OTHOCHUTCS ¥ K IpyrUM Makcumymam). HaoGoport, dem miens mupe (a>A), TeM KapTuHa sipue, HO

I (paKIMOHHBIE MOJIOCH yXKe, a YUCI0 caMux nosioc donbiie. Ilpu a>>A B nieHTpe noaydaercs

pe3koe n300pakeHHe MCTOYHHMKA CBETa, T. €. UMEET MECTO IPSMOJIMHEHHOE PacHpOCTpaHEHUE

iy o

@ Haigure HanpasneHWs HA TOYKM 2KpaHa
B cnyvae audpaKkuUHMM HA Wenw, B KOTOpbIX
WHTBHCMBHOGCTD PABHA HYMNIO; MHTOHCUBHOCTL
" MaxcHmanbHa.

@ OrnnuaetcA nn andpaKkuMA Ha Wenw npwu
OCBOWEGHNH 68 MOHOXPOMATHYECKHM H GenbiM
cBeToM?

@ Kakosa npeAencHan WHpPHHEa Wenn, Npu KoTo-
poi ewe GyayT HaGMIOAATLCA MHUHHMYMbI MH-

2017 TEHCHBHOCTH?

@ Kax snurer Ha audpaxuvio ®payHrodepa ot
OfHOR WenK yBenn4eHne ANMHbI BONHB ¥ WA-
PHHLI Wenn?

o
=)

8 7

= ——==1s

-
£

0,047

- 4
stn e 24 -4 0+

R

A A s
+24 rJa_-"W

[Tonoxxenne aU(ppaKIMOHHBIX MAKCUMYMOB 3aBUCUT OT JUIMHBI BOJIHBI A, IO3TOMY paccMOTpeHHast
BbIIlIe JU(PAKIMOHHAS KapTHHA MMEET MECTO JIMIIb A MOHOXpoMaTudeckoro cpera. [lpu
OCBEIIECHUU 11eJIN OJIbIM CBETOM LIEHTPaIbHbIM MaKCUMYM HabtoaeTcs B BUje 0enoil mojJocku;
OH oOmumii A5 Bcex JUIMH BOJH (pu ¢ =0 pa3HOCTh X0/a paBHA HYINO Ui Bcex A). bokoBble
MaKCUMYMBbI PaJy’KHO OKpAIlIEHBI, TaK KaK YCIOBHE MaKCUMyMa MpH JIOOBIX 7 Pa3IUYHO JUIs
pasubix A. Takum oOpa3zom, crpaBa U cieBa OT IEHTPAJBLHOIO MaKCUMyMa HaOIIOJAr0TCs
MaKCUMyMBbI niepBoro (M=1), Broporo (m=2) u Ipyrux HOpsAKOB, oOpalieHHble (HOJIETOBBIM

322



KpaeM K LEHTpy AM(PPaKUMOHHON KapTuHbl. OJHAKO OHU HACTOJIBKO PACIUIBIBYATBI, YTO
OTYETIMBOIO DA3JICJICHUs] Pa3IMYHBIX JJIMH BOJH C MOMOIIBIO JU(PPAKIUN HAa OJHON IIENn
IIOJIYYUTh HEBO3MOKHO.

5. Ju¢ppakuusa @Ppaynrogepa Ha TuGpPaKIMOHHON peleTKe

Bonpmoe nmpakTuyeckoe 3HaYeHHE NMeeT Audpaxiys, HaOmroraemMas Ipy MPOX0KICHHH CBETa Yepes
OJHOMEPHYI0 N1M(PPAKUMOHHYI0 PellleTKY — CHCTEMY IapajuIe/IbHbIX IIEJIEH paBHOW IIUPUHBI,
JeXalluX B OJHOW IUIOCKOCTH M pa3JelieHHbIX pPaBHbIMM [0 LIMPUHE HEMPO3paYHBIMU
npomexxyrkamu. PaccmatpuBas mudpakmuio @Ppayrrodepa Ha IIETH, MBI BHICITH, YTO
pacnpe/ieieHue MHTEHCUBHOCTU Ha HSKpaHE OINpeAesseTcsl HalpaBiIeHUEM Iu(parupoBaHHBIX
Jy4yeil. OTO 03Ha4yaeT, 4To NepeMEIIEHHE 1IeIU apajuleIbHO caMOil ceOe BIEBO WIJIM BIIPaBO HE
U3MEHUT TU(paKIUOHHON KapTUHBI. Clie0BaTeNbHO, €CIIU NMEPEHTH OT OJHOM IIETU KO MHOTUM
(x nudpakuMOHHON pemieTke), TO AU(PaKIUOHHBIE KapTUHBI, CO3/1aBa€Mble KaXKIOW IIEIbI0 B
OTJIENbHOCTH, OyIyT OJAMHAKOBBIMHU.

JudpakuroHHas KapTHHA HA pEIIETKE OIpeaessieTcsl Kak pe3yjabTaT B3aMMHON HMHTEp(epeHINH
BOJIH, UAYIIUX OT BCEX ILIEJEH, T. €. 8 OUPPaKyuoHHOlL peuiemke oCcyujecmeniemcs MHO201y4e8asl
unmepgepeHyuss KOTepeHTHBIX JU(PParupoOBaHHBIX MMYYKOB CBETA, UAYLIUX OT BCEX IIeeH.

Paccmotrpum mudpaknuonnyro pemetky. Ha puc. 262 ans HariasigHOCTH TOKa3aHbl TOJBKO JIBE
cocenane menmd MN u CD. Ecnm mmpuHa KakJaoW Ieny paBHa g, a MIUpUHA HENPO3PavHBIX
YYaCTKOB MeXay ImieasMu b, To Bemumumbna d=a+b Ha3piBaeTcs MOCTOSIHHOH (MEPHOIOM)
AuppakunoHHoi pemeTrku. [IycTh miockas MOHOXpOMaTHYECKas: BOJIHA MaJaeT HOPMAJIBHO K
IJIOCKOCTH peleTKy. Tak Kak LIeNIu HaXOAATCs IPYT OT Jpyra Ha OJIMHAKOBBIX PACCTOSHUAX, TO
Pa3HOCTH XOJa Jydel, UIYIIUX OT JIBYX COCEIHUX Iiesed, OyAyT Ijsl NaHHOTO HarpaBJieHUS @
OJINHAKOBHI B Mpezienax Bcel TupakIMOHHON pelIeTKH:

A=CF=(a+b) sin p=dsin g.
(180.1)

Pac. 262

NC=b " @ Kaxk n3aMeHNTCA gudpakynoOHHEA K&pTHHa, ec-

- - N¥ yBENW4KTL o6LWEes YWCNO WTPAXOS pelser-
KW, H@ MEHAA NOCTORHHYIO PeLeTKN?

@ CKONbKO AONCNHATENbHbIX MUHUMYMOB ¥ MaK-
CHMMYMOB BO3HWKHET NpU AnwPPpaKuun Ha we-
cTn wenax? . ‘

o NoyeMy AndpaKkUMOHHAA PeWeTKa pasnaraet

8 3 Ganbift cBeT B cnekTp?

OueBUHO, YTO B TEX HANPABJICHUAX, B KOTOPBIX Hi 0OHA U3 LIENIeH HE PaclpoOCTpaHsET CBET, OH He
OyIeT pacmpoCTpaHsITbCS M TpU JBYX IIENISIX, T. €. HpexcHue (21asHvie) MUHUMYMbl
MHTEHCUBHOCTHU OyIyT HaOMI01aThCs B HAIIPaBJICHUSX, ONpeiesiseMbIX yciaoBueM (179.2):

asing = + mi m=1273..)
(180.2)

Kpowme Toro, BcieIcTBIE B3aUMHOM HHTEP(PEPEHIIMU CBETOBBIX JTy4el, IOChUIAEMbIX IBYMS LLEJISMHU,
B HEKOTOPBIX HalpaBJICHUSAX OHU OyAyT TacuTh APYr JApyra, T. €. BOSHUKHYT AONOJIHHUTEIbHbIE
MHMHUMYMBI. OuYeBUIHO, YTO 3TU JONOJHUTENIbHbIE MUHMMYMbI OyIyT HaOmoJaTbcs B TeX
HAIpaBJICHHUSX, KOTOPBIM COOTBETCTBYET Pa3HOCTh Xona Jydedl A/2, 3A/2, ..., MOCHLIAEMBIX,
Hampumep, oT KpaiHux jeBbx Touek M u C obeux meneil. Takum oOpaszom, ¢ yuerom (180.1)
yCJI0BHE I0NOJTHUTEIbHBIX MUHUMYMOB:

ding = + 2m + 1)% (m=0,1,2,..)

Haobopor, nefictBue oqHOM mienu OyeT yCuanuBaTh AeUCTBUE APYroi, eciu
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dsing = + 2»!--;; = + mi (m=0,1,2,..),
(180.3)

T. €. BeipaxkeHue (180.3) 3agaer yciaoBue riaBHbIX MAKCHMYMOB.

Takum oOpa3om, mosHas AUQPPaKIIUOHHAS KaPTHHA, IS ABYX IIEJICH OTPEICNIIeTCs U3 YCIOBU |
asin ¢ =4, 24, 34, ... — TNABHELIC MEHAMYMEI; '

A 3 5
dsing = CXEEY A 2 A, ... — ONOMOJHATEIHHLIC MEHEMYMAI;
dsing =0, A, 24, 34, ..—rnaBHEnc MAXCHMYMH,

T. €. MEXAy JBYMS TJIaBHBIMH MaKCHUMyMaMH PacIioyiaraeTcsi OAWH JIOTIONHUTENLHBIA MHHUMYM.
AHaOTUYHO MOYHO TTOKa3aTh, YTO MEX/y KaXXIBIMH JIBYMS TIABHBIMH MaKCUMyMaMH TIPH TPeX
IETISIX PACIOJIaraeTCsl 1B JIOTIOHUTENILHBIX MUHIMYMA, TIPY YEThIpEX IIEJAX — TPHU H T. 1.

Ecmn mudpaxnmonnas pemerka coctouT u3 N meneit, To yCIIOBHEM TIIaBHBIX MUHHMYMOB SIBJISICTCS
ycnoBue (180.2), ycnoBuem TiaBHbIX MakcumMymMmoB — ycioBue (180.3), a ycnoBuem
JOTIOJTHUTEIHHBIX MUHIMYMOB

dsing = + mAIN (m =1,2,.., N=1, N+1, .., 2N—1, 2N+1, ..)),
(180.4)

rzie m' MOXeT MPUHUMATh BCe IesounciieHHpie 3HadeHus, kpome 0, N, 2N, .... T. e. kpome Tex, mpu
koTopbix ycinoBue (180.4) nepexonut B (180.3). CnenoBarensHo, B ciyuae N weneu medrcoy 08yms
2NABHBIMU MaKcumymamu pacnonazaemcs N—1 OononnumenvHvblX MUHUMYMOS, PA30€NeHHbIX
8MOPUUHBIMU MAKCUMYMAMU, CO30AIOUWUMU 8eCbMA CTAObIL (hOH.

UYem 6onbire mienei N, Tem Oosibliiee KOJIMUECTBO CBETOBOM SHEPTUU MPOMIET Yepe3 peleTKy, TeM
OoybIlle MUHHUMYMOB OOpa3yeTcsi MeXIy COCCJHHMH TJaBHBIMH MaKCHMyMaMH, TeM,
clieJoBaTeNbHO, 0O0Jiee MHTEHCUBHBIMM U Oojiee OoCTpeIMH OyayT makcumymbl. Ha puc. 263
KaueCTBEHHO IMpECTaBIeHa TU(PpaKIHOHHAs KapTHHA OT BOCbMH mHiejei. Tak kak Moayib Sin @
HE MOXeET ObITh OoJbIe equHUIBL, TO U3 (180.3) crmeayer, 4TO YKCIIO TIaBHBIX MAKCUMYMOB

m<djfi,

T. €. ONIPeNIeNIAETCs] OTHOIIEHUEM NIEPHOIa PELIETKU K AJIMHE BOJIHBL.

Prc. 263

@ Kax onpepenntt Hanbonbiuui NOPAROK CReK-

" 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?
@ Nouemy wx A0NXHO GbiTs Gonbiuoe Yncno?
N=8 @ 3anwwnte ycnosus ANGPaKUNOHHbBIX MHHKMY-
. MOB [INA OAHOM WWENN W MMABHLIX MaKCHMYMOB
\ Ans peweTky. Kaxos xapakTep 3Tnx Andpak-
N ' 0 sing LMOHHBIX KBPTHH?

[TonoxeHue TIaBHBIX MAaKCUMYMOB 3aBUCUT OT JUIMHBI BOJHBI A (cM. (180.3)). Ilostomy mpu
MPOMYCKaHUKM dYepe3 PelIeTKy Oeloro CBeTa BCe MAaKCHUMYyMBI, Kpome IeHTpanbHoro (m=0),
pasnoxkaTcsi B CIEKTp, (QuoneroBas o0macTe KOTOporo Oyaer oOpalieHa K IEHTPY
TU(PaKIMOHHON KapTUHBI, KpacHash — HapyXy. OTO CBONCTBO AM(PPAKIMOHHOW pPElIeTKH
WCIIOJIb3YeTCs 71l UCCIIEIOBAHUSI CIEKTPAIbHOTO COCTaBa cBeTa (OMpeaeneHus JJIUH BOJH U
WHTEHCUBHOCTEH BCEX MOHOXPOMATHYECKHX KOMIIOHEHTOB), T. €. Ou@pakyuonHas peuiemxa
Modcem Oblmb UCNONIL308AHA KAK CREKMPATbHbLIL NPUOOp.

JudpakiMOHHBIE PEUIETKH, HCIOJIb3yeMblE B PAa3MYHBIX OOJACTSIX CIEKTpa, OTIUYAIOTCA
pazMepamu, HopMoi, MaTepraIoM MOBEPXHOCTH, MPOPUIEM IITPUXOB U UX yacToToil (ot 6000
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1o 0,25 mTpux/mMM, 9TO MO3BOJISIET MEPEKPBIBATH 00JIACTH CIIEKTPa OT YIbTPa(UOIETOBON €ro
yactTd 10 UH()pakpacHoi). Hampumep, cryneH4aTslii mnpoQuiab pEmeTKHd IMO3BOJSET
KOHLIEHTPUPOBAaTh OCHOBHYIO 4acCTh MAJAr0IIEN SHEPTUU B HAIIPABJIEHUU OJITHOTO OIIPEJIEIIEHHOTO
HEHYJIEBOT'O IOPAJIKA.

6. IIpocTpancrBenHas penierka. PaccesiHue cBera

Judpakmnus cBeTa HAOII0JaeTCS HE TOJIBKO Ha IJIOCKOH 0THOMEPHO# pelieTKe (MITPUXH HAHSCEHBI
NEPIEeHIUKYJIIPHO HEKOTOPOW MpsIMONM JIMHUHM), HO U Ha [BYMEpPHOHl pemeTke (LITPUXU
HAaHECEHbl BO B3aMMHO MEPICHIMKYJSIPHBIX HAMPAaBJICHUSX B OJHOW U TOW K€ TIJIOCKOCTH).
Bonpiioit mHTEpeC mMpeAcTaBiseT TakkKe MUQPPAKIHS HA MPOCTPAHCTBEHHBIX (TPeXMeEPHBIX)
peuneTKkax — MPOCTPAHCTBEHHBIX 00PAa30BAHUSX, B KOTOPBIX JIEMEHTBI CTPYKTYPHI MOI00HBI IO
dhopme, IMEIOT TEOMETPUUYECKU MTPABUIILHOE U TIEPUOIUIECKH TTOBTOPSIONIEECS PACIOJIOKEHHE, a
TaKKe MOCTOSIHHBIC (TIEPUOBI) PEHIETOK, COM3MEPUMBIE C JUTMHOW BOJIHBI 3JIEKTPOMArHUTHOTO
m3nydeHus. MHpIME clioBaMH, TMOAOOHBIE MPOCTPAHCTBEHHBIE OOpa30BaHUS JODKHBI UMETh
MEPUOANYHOCTh MO TPEM HE JIeKallMM B OJHOM IUIOCKOCTH HampaBieHusM. B kauecTBe
MPOCTPAHCTBEHHBIX JU(PPAKIIMOHHBIX PEIIETOK MOTYT OBITh HCIOJIB30BaHbl KPUCTALITUYECKUE
TeJa, TaK KaK B HUX HEOJHOPOTHOCTH (ATOMBI, MOJIEKYJIbI, HOHBI) PETYJISIPHO TTOBTOPSIOTCS B TPEX
HaIpaBJICHUSX.

Judpakuus cBeTa MOKET IPOUCXOIUTH TAK)KE B TAaK HA3HIBAEMBIX MYTHBIX CPeIaX — Cpe/Iax ¢ IBHO
BBIPQKEHHBIMH ONTHYECKUMHU HEOTHOPOJAHOCTSIMHU. K MYyTHBIM cpeaM OTHOCSITCS a’po30Ju
(obmaka, IpIM, TyMaH), SMYJIbCHS, KOJUIOUTHBIE PACTBOPHI U T. 1., T. €. TAKUE CPEJIbl, B KOTOPBIX
B3BEIIICHO MHOKECTBO OYCHD MEJTKUX YaCTHUI] MHOPOIHBIX BeliecTB. CBET, MPOXOIs Yepe3 MyTHYIO
cpeny, naudparupyer OT OecHnopsI0YHO PaACHOJIOKEHHBIX MHUKPOHEOJHOPOJHOCTEH, JaBas
paBHOMEPHOE pacIipe/ielIeHe HHTEHCHBHOCTEH 110 BCEM HalpaBJIeHUSIM, HE CO3/1aBast KaKoM -1100
omnpeneaeHHON nudpaknoHHOW KapTUHBL [IporicXoauT Tak Ha3bpIBaeMOe paccesiHde CBeTa 8
MymHoUu cpede. DTO SIBJICHHE MOKHO HaOJI0JIaTh, HANPUMEpP, KOTAA y3KUH MY4YOK COJHEYHBIX
Jyded, MNPOXOJs 4Yepe3 3albUICHHBIM BO3/yX, pPAacCEUMBACTCS HA MBUIMHKAX M TEM CaMbIM
CTAHOBUTCS BUJIUMBIM.

3aaHus ¥ BONIPOCHI

1. [Tnockas cBeTOBasi BOJHA C TMHOM BOJHBI 0,6 MKM MajaeT HOpMaabHO Ha quadparmy ¢ KpyribiM
oTBepcTHeM auameTpoM 1 cM. OmpenenauTb paccTOSHUE OT TOYKH HAOIIOACHUS 10 OTBEPCTHS,
€CJIM OTBepcTHEe OTKphIBaeT: 1) nBe 30HbI Openens; 2) Tpu 30061 Openens. [1) 20,8 m; 2) 13,9 Mm]

2. ludpakinuoHHas KapTUHA HAOIOJAaeTCsl HA PACCTOSHUU | M OT TOYEUHOTO UCTOYHHKA MOHOXPO-
Matudeckoro csera (A=0,5 mxm). [TocepenuHe Mex 1y HCTOYHHUKOM CBETa U 9KPAaHOM HAXOJAUTCS
nadgparma ¢ KpyrislM oTBepcTHeM. OmnpenenuTh paguyc OTBEPCTHS, NMPU KOTOPOM LEHTP
TudpaKIIMOHHON KapTUHBI Ha 3KpaHe OyneT Hanbosiee TeMHBIM. [0,5 MM]

3. Ha mens mupunoii 0,2 MM masaeT HOpMaIbHO MOHOXPOMATHYECKHUM CBET ¢ JUTMHOW BOJHBI 0,5
MKM. DKpaH, Ha KOTOpoM HalOumronaeTcs nudpakidoHHas KapTHHA, PACIHOJIOXKEH MapaieibHO
mend Ha pacctossHuM 1 M. OmnpenenuTh pacCTOSIHUE MEXAY MEePBBIMU JAU(PPaAKIHOHHBIMU
MUHHUMYMAaMH, PACIIOJIOKEHHBIMU 10 00€ CTOPOHBI LIEHTPAIILHOTO (PpayHropepoBa MaKCUMyMa.
[5 MMm]

4. OnpenenuTth YMCiIO MWTPUXOB HA 1| MM IU(paKIIMOHHON pEelIeTKH, €Clu Iy /2 COOTBETCTBYET
MAaKCUMYM IISITOTO MOPSAKA 11 MOHOXPOMATHUECKOTO cBeTa ¢ JIMHOU BOJIHBI 0,5 MkM. [400 MM~
]

5. Y3kuii napamienbHbId My40K MOHOXPOMATHYECKOTO PEHTI€HOBCKOTO H3Iy4YeHHUS NaJaeT Ha TPaHb
Kkpuctamia ¢ paccrosaueMm 0,28 HM MEXIy €ro aTOMHBIMHU IIOCKOCTAMU. ONpenenuTh UTHHY
BOJIHBI PEHTTEHOBCKOTO H3Iy4eHHs, eciau moja yrioMm 30° K TUIOCKOCTH TpaHU HaOIoJaeTcs
T(paKIMOHHBIA MaKCUMYM BTOPOTO nopsaka. [ 140 nm]

6. OnpenenuTh MOCTOSHHYIO TU(PPAKIIMOHHON PEIIETKH, €CIM OHA B IEPBOM MOPSAKE pa3peliaeT IBe
CHeKTpaJibHble JTMHUU Kanus (A1=578 M u A2=580 um). lnuna pemerku 1 cm. [34,6 MkM]
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MNPAKTUYECKOE 3AHATHUE Ne 24-25 TIOJIAPU3ALIUSI CBETA

Heab-3akpenuTh U3yd4eHHbIM Marepuan no tematuke «llomspuszanus cBera. EcTecTBeHHBIN U
MOJIApU30BaHHbIN cBeT. [lonspusanus cBeTa npu OTpaXKEHUH U MPEJIOMIIEHUU HA TPaHUILE JIBYX
TUANEKTpUKOB. [losisipu3ainOHHbIE TPU3MBI U TTOJISIPOUIBDY.

OcBanBaeMble KOMIIETEHIIMH B PE3yIbTaTe MPOBEACHMS IMPAKTHUYECKOTO 3aHATUSA YKa3aHbl B
nyHkTe «O01re cBeeHU

AKTYaJIbHOCTh NMPAKTHYECKOI0 3AHATHHA — 3aKPENUTh MOJTYYEHHBIE TEOPETUUYECKUE 3HAHUS U
BbIPa0OTaTh HaBBIKU M YMEHUS MPAKTUYECKOTO PEUICHUs 3a/1a4, B TO YHCIIE U CAMOCTOSTENBHO.

3HaTth:

-OCHOBHBIE ITpaBmWiIa AJisi 00pabOTKHU pe3ylbTaTOB SKCIIEPUMEHTA;

-0a30BbIe METOJbI HCCIIEA0BATEIBCKOM IEATEIBHOCTH.

Ymers:

-IPOBOJUTH 00pabOTKy MH(GOPMALIUK C HCIOJb30BAaHUEM MPUKIATHBIX MPOrPAMMHBIX CPE/ICTB

chepsl

npodeccruoHabHOMN 1eATENbHOCTH;

-IPUMEHATH 0a30BbIE METO/IbI CCIIEIOBATENBCKOM IEATEILHOCTH B pabOTe HAJl MTHHOBAIIMOHHBIMU

MIPOEKTaMH IO HarpaBieHUIO « TeXHOIOTHYeCKUEe MAITMHBI U 000PYIOBAHUEY.

Baanern:

-METOJJaMH HCCIIEI0BATENbCKON NESITEIbHOCTH MPH paboTe Ha/l TPOEKTaMU;

- MOHUMAHUEM CYIIHOCTH W 3HA4YeHUs HMHPOpPMAIlMM B PA3BUTUU COBPEMEHHOTO OOIIECTBa,

CIOCOOHOCTh
nmoiydyatb U 00pabarbiBaTh HMHPOPMAIMIO U3  PAa3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYpPUPOBATh U 0POPMIIATH HHMOPMALIMIO CTyJEeHTAaMH HampaBleHHs — TeXHOIOTuYecKue
MaIIHbI U 000pyIOBaHHUS.
Peanusyembie KOMIIeTeHUUH

IK-4 crioco6HOCTEIO Y4aCTBOBATH B pa60Te HaJa MTHHOBAIITMOHHBIMHA IIPOCKTAMH, UCIIOJIb3YyH 0a30oBBIC
METOObI UCCIEA0BATENBCKOM ASATEIbHOCTH
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OIIK-4 mnoHMMaHWEM CYIIHOCTH Y 3HA4YEHUS MH()OPMAIK B Pa3BUTHH COBPEMEHHOTO OOIIECTBa,
COCOOHOCTBIO TOTyYaTh U 00pabaThiBaTh MHOOPMAIIHMIO U3 PA3IIMYHBIX HICTOYHUKOB, TOTOBHOCTBIO
MHTEPIPETUPOBATh, CTPYKTYPUPOBATH U 0POPMIISATH HH(GOPMAIIHIO B JOCTYITHOM JIJIs IPYTUX BUJE

Teopernyeckasi 4acTb

1. EcTrecTBeHHBIN U NOJISPU30BAHHBIN CBET

CnencrBueM teopun MakcBemna (cM. 162) sgBisieTcsl NONEPEYHOCTh CBETOBBIX BOJIH: BEKTOPBI
HanpspKeHHocTel anekTpudeckoro E u marautHOro H moJiei BOJHBI B3aUMHO NEPIEHIUKYIISPHBI
U KOJICONMIOTCS TEPHEHIUKYISIPHO BEKTOPY CKOPOCTH V  PaclpOCTPAaHEHHS  BOJIHBI
(nepneHauKyasipHO Jydy). [losTOMy JUIsi OmMcaHUS 3aKOHOMEPHOCTEW MOJIAIpU3alluu CBETa
JIOCTaTOYHO 3HATh MOBEAEHUE JIHUIIb OJHOIO U3 BEKTOPOB. OOBIYHO BCE PaCCyXACHUS BEAYTCS
OTHOCHUTEJILHO CBETOBOI0 BeKTOpa — BekTopa HampsbkeHHocTu E snexrpudueckoro moiis (3To
Ha3zBaHHe OOYCIIOBJIEHO TEM, YTO MPHU JACHCTBUU CBETa HA BELIECTBO OCHOBHOE 3HAYEHUE HMEET
AJIEKTpUYECKasi COCTABJISAIONIAs OISl BOJIHBIL, AEHCTBYIONIAs HAa AIEKTPOHBI B aTOMAaXx BEILIECTBA).

Cget npeacTaBiisieT co00i cCyMMapHOE 3JEKTPOMarHUTHOE U3JTy4YeHHE MHOYKECTBA aTOMOB. ATOMBI
)K€ U3JIy4aroT CBETOBBLIE BOJIHBI HE3aBHCHMMO JpYr OT Jpyra, I[OJTOMY CBETOBas BOJIHA,
u3lyyaemasi TeJIOM B IEJIOM, XapaKTEepHU3yeTcs BCEBO3MOXXHBIMH  PaBHOBEPOSTHBIMU
KoJie0aHUSMU CBETOBOTO BeKTopa (puc. 272, a; y4 nepneHAUKYJISpeH MIOCKOCTU pUCyHKa). B
JAHHOM CJlydyae paBHOMEpPHOE pacripesesieHrne BEeKTOpoB E 0O0BscHsAeTCS OOMBIIUM YHUCIOM
aTOMAapHBIX M3JIyyaTeslel, a paBeHCTBO aMIUIUTYHBIX 3HaueHUui BekTopoB E — oaunHakoBoit (B
CpEeHEM) HWHTEHCHUBHOCTBIO M3IY4YEHMs] KaXKJOoro u3 aToMoB. CBET €O BCEBO3MOKHBIMU
paBHOBEPOSATHBIMU OpueHTauusiMu Bekropa E  (u, cnenoBatensHo, H) HazpiBaeTcs
€CTeCTBEHHBIM.

CBet, B KOTOPOM HamlpaBlieHUs1 KOJeOaHUI CBETOBOrO BEKTOpa KaKMM-TO 00pa3oM YHOPSAIOUYEHBI,
Ha3bIBAETCS MOJSIPU30BaHHBIM. Tak, eciiu B pe3ynbTare KakKuX-1u00 BHEIIHUX BO3ACHCTBUIA
MOSIBJISIETCS MPEUMYIIIECTBEHHOE (HO HEe MCKIIIOUnTENbHOE!) HanpaBieHue Koyiebanuii Bekropa E
(puc. 272, 6), TO IMEEM JIEJIO C YACTHYHO MOJISIPU30BAHHBIM cBeTOM. CBET, B KOTOPOM BEKTOD
E (u, cnenosarensHo, H) KonebaeTcst TOJIKO B OJTHOM HaIlpaBJIEHUH, NEPICHIUKYISIPHOM JIydy
(puc. 272, 6), Ha3pIBAETCS MJIOCKOMOJIAPH30BAHHBIM (JIMHEHHO MOJISIPU30BAHHBIM).

Puc. 272
a) q) s)
@ Bo3moxHa nu nonspusayus AnA NpoAoNbHbLIX
BonH? Mouemy?
® HTO Ha3bLIBAeTCR ©eCTecTBeHHbIM CBETOM?
IFIOCKONONAPHIOBAHHBIM CBBTOM? 4ACTHYHO

NONAPU30BAHHbLIM CBBTOM? INMNTHYECKK NO-
NAPN30BAHHLIM CBETOM?

[lnockocth,  mpoXojsiias  4Yepe3  HampaBieHHE  KoJe0aHHil ~ CBETOBOIO  BEKTOpa
IUIOCKOTIOJISIPH30BAHHOM BOJIHBI M HAIPABICHHE PACIPOCTPAHCHHSI ITO BOJIHBI, HAa3bIBACTCS
IJIOCKOCTBIO MoJsipu3anuu. [110CKOMOISIpH30BaHHbI CBET SIBISITCS MPEACTBHBIM ClIydaeM
UIMNTHYECKH TOJSIPU30BAHHOTO CBeTa — cBera, uisi kotoporo Bektop E (Bextop H)
U3MCHSETCSl CO BPEMEHEM TaK, YTO €ro KOHEIl OIMCHIBACT DJUTHIIC, JISKAIIUHA B IIOCKOCTH,
HepIeHIUKYISAPHOH Jydy. Eciu smmunc nonspusanuu Beipoxkaaercs (cM. 145) B mpsmyro (mipu
pasHocTH (a3 @, paBHOW HYJIH WIH 7), TO HMEEM JelI0 C pPAcCMOTPEHHBIM BBIIIE
IUIOCKOTIOJISIPU30BAHHBIM CBETOM, €CIIH B OKPYXHOCTh (MIPH @ = *7/2 U paBEHCTBE aMILIUTY/I
CKJIAJIHIBAEMBIX BOJIH), TO HMEEM €0 C HUPKYJISIPHO MOJSIPU30BAHHBIM (MOJISIPH30BAHHBIM
10 KPYTy) CBETOM.

CreneHbIo MOJISIPU3AINT HA3bIBACTCS BEIUYHHA

Imn""[lin

P= \
Tax+ Inin
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1€ Imax, ¥ Imin — COOTBETCTBEHHO MaKCHUMallbHas M MHUHHMMajbHasi MHTEHCUBHOCTH YaCTUYHO
MOJISIPU30BAHHOTO CBETA, MPOMYCKAEMOro aHaiu3aTopoM. s ectectBeHHOTo cBeTa Imax=Imin #
P=0, nns maockononsspu3oBaHHOTO Imin =0 1 P=1.

EctecTBeHHBII CBET MOKHO MPEOOpa30BaTh B IJIOCKOMOISAPU30BAHHBIN, UCIIOIb3Ys TaK Ha3bIBaEMbIC
NOJIAPU3ATOPBI, TPOITYCKAIONINE KOJIeOaHHs TOJIBKO ONPEAEICHHOTO HANpaBiIeHUs (HarpuMep,
IIpOITyCKaloIe KoJjiebaHus, napaulieibHble TJIaBHOM IJIOCKOCTH MOJISIpU3aTOPa, U MOJHOCTHIO
3aJIepKUBaOIIKE KosieOaHusl, IEPIEHIUKYIISIPHbIE 3TOM MIIOCKOCTH). B KauecTBe nossipu3aropon
MOTYT OBITh HCIIOJIB30BAHBI CPENIbl, AaHM30TPONHBIE B OTHOIICHWH KojeOaHWil Bekropa E,
HaIpuMep KpUcTajuibl (MX aHU30Tpomnus usBectHa, cM. 70). V3 mpupoaHbIX KpUCTAIIOB, JaBHO
HCIO0JIb3YEMBIX B Ka4E€CTBE MOJISIPU3ATOPa, CIELyeT OTMETUTH TYPMAJIMH.

2. HO.J'IﬂpI/ICiaIII/Iﬂ CBE€TA IIPH OTPAKCHUH U IIPECJTOMJIICHUMN HA TPAHULEC ABYX TUIJICEKTPUKOB

Ecnmu ecrecTBeHHBIN CBET MaaeT Ha TPAaHUILY pas3zeia ABYX JUIJICKTPUKOB (HApUMeEp, BO3AyXa U
CTEKJIa), TO YaCTh €r0 OTPAKAETCSA, & YaCTh MPETIOMIISIETCS B pAaCIIPOCTPAHSIETCSI BO BTOPOH cpeie.
VYcranaBnuBas Ha IIyTH OTPKEHHOTO W MPEJIOMIJICHHOTO JIyded aHanmm3atop (Hampumep,
TypMaliuH), yOexgaeMcs B TOM, YTO OTPaKEHHBIH M TIPEJOMIICHHBIH JIydH YacTHYHO
MOJIIPU30BaHbl: TIPW TOBOPAYMBAHUM aHATM3aTOpa BOKPYr JIydell WHTEHCHBHOCTH CBETa
MEPUOIUYECKH yCaJIUBaeTCsl U ociiadeBaeT (IOJHOTO ramieHus He HaOmonaercs!). JlanpHeimue
MCCIIeIOBAaHUS TIOKA3aJi, YTO B OTPAKEHHOM JIyde MPeoOIagaroT KoJieOaHus, IepIeHIUKYISIPHBIC
IJIOCKOCTH MajieHus (Ha puc. 275 oHM 0003HaYEHbI TOUKAMH), B MPEIOMIIEHHOM — KoJIeOaHMUs,
napauieNIbHbIe TUIOCKOCTH MaJIeHUs (M300pakeHbI CTPEIKAMH).

CreneHp mosisipu3anuy (CTETIEHh BBIJCIICHHSI CBETOBBIX BOJH C ONPEACICHHON OpHEHTaImei
ANIEKTPUYECKOT0 (M MAarHUTHOTO) BEKTOpA) 3aBUCUT OT yIJia MaJeHus Jdyd4ed M TMoKaszaTess
npenomienus. [Hotnanackuii pusuk /1. Bprocrep (1781—1868) ycTaHOBMII 3aKOH, COTJIaCHO
KOTOpOMY TpH yriie najaeHus ig (yroi bprocrepa), onpeaensieMoro COOTHOICHUEM

tgip=ny

(n21 — moka3zarenp MPEIOMIICHHST BTOPOHM Cpelbl OTHOCHTENIBHO TEPBOW), ompadceHHbvlll 1y
ABNAEMCS NIIOCKONONIAPU308AHHBIM (COIEPKUT TOJIBKO KOJIeOaHUs, MEPHEHAUKYISIPHbIE IUIOC-
koctu maneHust) (puc. 276). [lperomnennviil dice ayy npu yeae naodenus i NOAAPU3Yemcs
MAKCUMATILHO, HO He NOJIHOCIbIO.

Ecnu cBer magaeTr Ha rpaHuily paszeina mnoj yriiom bproctepa, TO OTpak€HHBIM W MPEsIo MICHHBII
ayuan ezaumuo nepnenouxyiiapuel (tgis = sinig/cosis, N21=sinig/siniz (i — yromx mpenomieHus),
OTKyaa C0Sig=Siniz). CiemoBaTensHo, ig + i2 = 77/2, HO | '8 = Ig (3aKOH OTpa)KEHMS), MO3TOMY | B +
i2 = 72.

Pac. 274

N ]
Y

@ Yem samevareneH yron bpocrepa?
® MokaxuTe, YTO NpM BLINONHEHKH 3aKoHAa Bpio-
| CTepa OTPAXOHHLIA W NPONOMMOHHLIA Ny4H
> |/ : B3AWMHO NePneHanKyNApPHbE. ‘

® VIHTeHCHBHOCTL BCTECTBSHHOIO CBETa, npony-

X T LeHHOro Yepes fBa NONAPMIATOPE, YMEHLWNK-
d B4 nace BABOe. KaK OpMeHTMPOBAHLI MONAPHIE-
0 TOPLI?

Crenenp nosisipu3allid OTPAKEHHOTO W TPEJIOMIIEHHOTO CBETAa NPHU Pa3IMYHBIX YyIVIaX MaJcHUS
MO)KHO paccuMTarh U3 YypaBHEHMH MakcBenna, €ClIM y4ecTb TIpaHM4YHBIE YCIOBUS IS
3JIEKTPOMArHUTHOTO TOJs Ha TpaHMLEe pas3jiena ABYX M30TPOIHBIX JUAIEKTPUKOB (Tak
HazbiBaeMble opmyJibl Dpenens).

CreneHp MONSpU3aLUMM  NPEJIOMIEHHOTO CBETa MOXET OBbITh 3HAYMTEIBHO IOBBIIICHA
(MHOTOKpATHBIM NPEIOMJICHUEM IIPH YCIIOBUU MMAJICHUs CBETa KaX/bli pa3 Ha rpaHuUIly pas3zaena
non yriom bprocrepa). Ecnmm, wanpumep, mns crekna (n= 1,53) cremeHs mnoispu3anuu
IIPEIOMIIEHHOTO JIy4ya cocTaBisieT ~15%, To nocne npenomieHus Ha 8—10 HalOKEHHBIX IpYyr Ha
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Apyra CTEKJISIHHBIX IUIACTHHOK BBIMICAIINNA W3 TaKOil CHUCTEMBbI CBET OyJeT NpaKTHYECKH
IIOJIHOCTBIO MOJISIPU30BAaHHBIM. Takas COBOKYNHOCTh IUIACTMHOK Ha3biBaeTcsa cromoi. Croma
MOXKET CIIY)KUTb Ul aHAJIM3a MOJISIPU30BAaHHOIO CBETA KaK IPU €r0 OTPAXEHUHU, TaK U IPU €ro
IIPEIOMJICHUN.

__*
Pac. 275 Pac. 276

3. HOJIﬂpI/I3aIII/IOHHbIe NMPU3MBbI M MMOJIAPOUABI

B ocHoBe paboThl MOJIAPU3ALUOHHBIX MPHUCIIOCOONICHUM, CIy)KalluX i MOJIy4eHUs MOJIspH-

30BaHHOTO CBETA, JIGKUT sBJICHHE JBOMHOro Jsyuenpenomienus. Haubonee vacto s 3toro
MIPUMEHSIOTCS PU3MBI U OJAPOUAbI. [Ipu3mel ensaTcs Ha ABa Kiacca:
1) mpu3MBl, JaroIIKe TOJIBKO IIOCKOTIOISPU30BAHHBIH JIy4 (MOJSIpM3aLMOHHbIE IPU3MBbI);

2) MMPU3MBI, JAOIMIKUC JOBa IOJJIAPU30BAHHBIX BO B3aMMHO MNEPHCHAWKYIAPHBIX INNIOCKOCTIAX JIyda

(a1BOsSIKOMpeEJTOMIISIIOLIME TIPU3MBI).

[Tonspu3aninoHHbIe TPU3MbI TIOCTPOCHBI 10 MPHUHITUITY MOJHOTO OTpaykeHus (cM. 165) omHoro M3

my4eil (Hanpumep, 0OBIKHOBEHHOT0) OT TPaHMIIbI pa3jiena, B TO BpeMs KaK JpYroi Jyd ¢ Apyrum
MoKa3zaTejeM TMPEJIOMIICHUS MPOXOAMT dYepe3 ATy TrpaHully. TUINHYHBIM MpelCTaBUTEIEM
MOJISIPU3AIMOHHBIX TTPU3M siBisieTcsl mpu3Ma Hu2kous*, HazpiBaeMas yacto Hu2koseM. [Ipusma
Huxouns (puc. 281) npeacrasisieT co00il TBOMHYIO MPU3MY U3 UCIAHACKOTO IINaTa, CKICCHHYIO
BJIOJIb JIMHUU AB kaHaackuM Oanb3amoM ¢ n=1,55. Ontudeckas ock OO’ pU3MBI COCTABIISIET C
BXOJIHOM rpaHbpio yroia 48°. Ha mepenHeil rpaHd mpu3Mbl €CTECTBEHHBIN JIyd, MapayljieIbHbINA
pebpy CB, pa3aBauBacTcs Ha JIBa Jiy4da: 0OBIKHOBEHHBIH (N,=1,66) 1 HeOOBIKHOBEHHBIH (Ne=1,51).
[Ipn cooTBeTcTByIOIIEM MMOAOOpPE yria NaJACHHs, PABHOTO WM OOJBIIErO MPEAeNbHOTO,
OOBIKHOBEHHBIN Jy4 HCIBITHIBAET MOJHOE OTpakeHUE (KaHAJCKUN Oalib3aM JJIsl HEro sBISETCS
CpeIoi ONITUYECKU MEHEe IJIOTHOM ), a 3aTeM NOTJIO0NIaeTCs 3a4epHEHHOM OOKOBOM OBEPXHOCTHIO
CB. HeoObIKHOBEHHBIM Jy4 BBIXOAUT U3 KpUCTAUIa MapajjiesibHO TajaoleMy JIydy,

HE3HAYMTEBHO CMEIEHHOMY OTHOCHTEIBHO HETO (BBHIY IPETOMIICHHS Ha HAKIOHHBIX TPAHAX
AC u BD).

3aaHusi ¥ BOIIPOCHI

1. VYron o Mexay IUIOCKOCTSMHU NIPOIyCKaHUs MOJspU3aTOpa M aHanuzatopa paseH 45°. Bo
CKOJIBKO pa3 YMEHBIIUTCSI MHTEHCUBHOCTh CBETA, BHIXO/AIIEIO M3 aHAJIM3AaTOPa, €CIIU yroil
YBEIUYUTH 710 60°7

2. B o¢QoromMeTpe OIOHOBPEMEHHO pacCMaTpMBAalT IOBE I[IOJIOBUHEL I10JIA
3peHMsa: B OIOHOM BMIHA DTAaJIOHHAS CBeTAllasacsa IIOBEPXHOCTL C
apkocTbio L1=5 kkO/mM?, B IOPYyTO¥ — MUCHHTyeMas I[NOBEPXHOCTL, CBET
OT KOTOPOM MNPOXOIMUT dYepe3s IOBa HMKOJIL. I['paHMlIa Mexny oberMmu
[IOJIOBMHAMM IIOJI 3PEeHMUS MCUe3aeT, E€CJIM BTOPOM HMKOJL [IOBEPHYTH
OTHOCUTEJILHO IepBOTrOo Ha yros a=45°. HalTu ApKocTh L, MCHHTYEMOM
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IIOBEPXHOCTM, eCJin n3BEeCTHO, gTo B KaXIoM nu3 HUKOJIEeN
MHTEHCMBHOCTL [aZaluero Ha HEero CBeTa yMeHbllaeTcsa Ha 8 %.

3. CreneHb nojgpmMsaluMy P 4acTHUUHO-NOJNIAPMB0BAHHOTO cBeTa paBHa 0,5.
Bo CKOJIBKO pa3 OTAMYaeTCHd MaKCuUMaJlbHasd MHTEHCUMBHOCTL CBeTa,
[IPOIIyCKaeMoI'0 dYepes3 aHalms3aTop, OT MUHMMAJILHOM?

4. Ha nyTM YaCTUUHO-IIOJAPMI30OBAHHOTO CBeTa, CTeIeHb nojndpmusaunu P
koTOoporo paBHa 0, 6, HDOCTaBMUJIM aHalIM3aTOp Tak, UTO MHTEHCUBHOCTL
cBeTa, IpolledfueIrc uYepes3 HeIro, CcTajla MaKCKMMaJIbHOM. BO CKOJIBKO
Pras3 yMeHbUMTCHA MHTEHCUMBHOCTBL CBe€Ta, €CJIM IIJIOCKOCTB IIPOIIYCKAHMA
aHaaMs3aTopa IOBEepPHYTh Ha yros o =30°7?

5. Ha HuMKOJIbE @HajaeT I[OIYYOK UYaCTUYHO-IOJAPM3OBAHHOIO CBeTa. llpu
HEKOTOPOM IIOJIOXEHUMN HVMKOJIA VMIHTEHCVBHOCTbBb cBeTa, npomenmeIro
yepes HEro, CTajla MMHMMAJIBHOM. Kora [JIOCKOCTH MIPOIIYCKAaHUS
HUKOJIA TOBEPHYJIM Ha yTroJl B =45°, MHTEHCHMBHOCTL CBETa BO3pOCIa
B k = 1,5 paza. OnpenenuTb CTeNeHb nHojapu3auum P ceera.

6. IlnactuHKy KBapia TOJMIIHHON 01=2 MM, BBIPE3aHHYIO MMEPICHIUKYISIPHO ONTHYECKON OCH,
MTOMECTHITU MEX Y apaJlJIeIbHBIMU HUKOJISIMU, B PE3YJbTATE YETO IIOCKOCTH MOJIIPU3AIIIT
CBETa MOBEpHyJach Ha yroa ¢ =53°. OnpeaenuTh TOMIMUHY (2 MIACTHHKH, MPH KOTOPOWM
JTAHHBII MOHOXPOMATHYECKUW CBET HE MPOXOJIUT YEPE3 aHATU3ATOP.

Cnncok Jiureparypbl

1. Bapcykos, B. 1. ®uzuka. Mexanuka [ DneKTpoHHBIN pecypc] : yueOHOE ocoOue s
CTYJCHTOB BBICIINX YIeOHBIX 3aBEeICHUH, 00YJIArOIINXCS TT0 TEXHHYECKAM HAIPABJICHUSIM
MOAroToBKM U cnernuansHocTsM / B. U. bapcykos, O. C. JIMutpueB. — DIE€KTPOH. TEKCTOBbBIE
nanHbie. — Tam00B : TaMOOBCKHIT rocymapcTBEHHBIN TexHnueckuit yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryma: http://www.iprbookshop.ru/63918.html

2. 3ro3uH, A. B. ®usnka. Mexanuka [ 371eKTpoHHBINA pecypc] : yaeOHoe mocooue st By30B / A.
B. 3to3un, C. b. Mockosckuii, B. E. TypoB. — D5eKTpOH. TEKCTOBbIE JaHHbIE. — M. :
Axanemuuaeckuit [Tpoekrt, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum pocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. V. ®dusnka : yaeOHUK : IS CTYJICHTOB BY30B, 00YJArOIIUXCSI IO TEXH. HaIp.
noarotoBku / T.U. Tpodumosa. - 2-¢ u3z., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
un. - (Beicmee npodeccuonansHoe oopa3zoBanue) (bakanaBpuar). - [Ipenm. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc dbusuku ¢ npumepamu pemenus 3a1ad: B 2-x T. : yaeonuk / T.H.
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.U., ®upcoa A.B., CoopHUK 3a1a4 110 pusuke- 2-e u31., nepepad. u Ao. -
Mocksa : Akagemus, 2013.

ITPAKTHUYECKOE 3AHSATHE Ne 26-27 KBAHTOBASA ITPUPOJA U3JTYYEHUA

Henb-3akpenuTs U3y4eHHBIN MaTeprai no TemaTuke «KBaHToBas npupoa u3inydeHus. Temnosoe
U3Iy4YeHHue M ero xapakrepuctuku. 3akoH Kupxroda. 3akonst Credana — bonbumana u
cmenenust Buna. @opmyisl Panes — xunca u [Tnanka. Bunst poTtosnexrpuyeckoro s¢dpdekra.
3aKkoHBI BHEIIHETo GoTodhdeKxTar.

OcBauBaemMble KOMIIETEHIIMH B PE3YJIbTAaTe€ NMPOBEACHHS IPAKTUUYECKOIO 3aHATUS YKa3aHbl B
nyHkTe «O01ue cBeIeHUs

AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATHS — 3aKPENUTh IOJYYEHHbIE TEOPETUYECKUE 3HAHUSA U
BbIpPa0OTaTh HABBIKU U YMEHHUS IPAKTUYECKOTO PEIICHUs 3a/1a4, B TO YUCJIE U CAMOCTOSITEIIBHO.

3Harh:
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-OCHOBHBIE IIpaBMJIa Ui 00paOOTKU Pe3yabTaTOB KCIIEPUMEHTA;

-0a30BbIE METOJIbI UCCIIEIOBATENBCKON AEATEIBHOCTH.

Ymersn:

-IPOBOANTE 00pabOTKy MH(pOpPMAMU C HCHOJIH30BAHUEM MPUKIAJHBIX HMPOTPAMMHBIX CPEICTB
cepsl

podecCHOHABHON IeATEIFHOCTH;

-IIPUMEHSTH 0a30BBIE METOIBI MICCIIEIOBATEIHCKON IEITETLHOCTH B padOTe HaJl MHHOBAIMOHHBIMHU

MIPOEKTaMH IO HAIPaBICHUIO « TeXHOIOrHIeCKHe MAIMHBI U 000PYAOBaHUEY.

Baaners:

-METOJJaMH MCCIIEI0BATENbCKON JESITEILHOCTH IIpU paboTe HaJl IPOEKTaMu;

- MOHMMaHWEeM CYIIHOCTH W 3HaueHHWs WHQPOPMAlMUd B PAa3BUTHH COBPEMEHHOTO OOIIEeCTBa,
CIOCOOHOCTh

mojyyaTb U 0o0pabarTbiBaTh HMHQOpPMAIMIO U3  PAa3IUYHBIX HMCTOYHMKOB, TOTOBHOCTH
WHTEPIPETUPOBATH,

CTPYKTYpPUPOBATh U 0QPOPMIIATH HH(OPMALIMIO CTYACHTaMU HampaBieHHs — TexHoiornyeckue

MaIlIUHBI ¥ 000PYI0BaHUSI.

PeanmyeMMe KOMIICTCHIIUHU

IIK-4 ciocoOHOCTBIO Yy4aCTBOBATh B pa0OTe HaJl MNHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJB3Ysl Oa30BbhIC
METO/IbI HCCIIEI0BATENbCKOM e TENIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HA4€HUs MH(OpPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO MOJTyyaTh U 00padaThiBaTh MHGOPMAIUIO U3 PA3TUYHBIX HCTOYHUKOB, TOTOBHOCTHIO
UHTEPIPETUPOBATH, CTPYKTYPUPOBATh U 0(OPMIISTH HHPOPMAIMIO B TOCTYITHOM JUISI IPYTHX BUE

Teopernyeckas 4acThb
1. Terui0BO€ U3JIy4YeHHE U €r0 XapaKTePUCTUKH

Tena, Harpe€ThIi€ A0 JOCTATOYHO BBICOKHX TEMIICPATYP, CBCTATCA. CseucHue T, 06yCJ'IOBJ'IeHHOC
Harp€BaHHUEM, HA3bIBACTCA TEMJI0BBIM (TeMHepaTyprlM) N3JIYYCHHUEM. TemnmoBoe H3JIy4YCHHUC,
ABJIAACH CaMbIM pPaCOpOCTPaHCHHBIM B IIPHUPOAEC, COBEPIIACTCA 3a CUECT OHEPIruM TCIIJIIOBOIO
ABHOKCHHUA aTOMOB H MOJICKYII BECIIICCTBA (T. €. 3a CYET €ro BHYTpeHHefI 3Heprnn) 1 CBOHCTBEHHO
BCEM TECJIaM IIPU TEMICPATYPE BBIIIC 0 K. TemmoBoe H3JIIYYCHHUE XapaKTCPU3YyCTCA CIIOIIHBIM
CIICKTPOM, IIOJIOKECHHEC MaKCHMyMa KOTOPOTO 3aBHCHUT OT TEMIICPaTyphl. HpI/I BBICOKHUX
TEMIICpaTypax H3IYy4JarOTCad KOPOTKHE (BI/I,Z[I/IMBIe u yHBTpa(bI/IOJIeTOBBIC) 3JICKTPOMAarHuTHHIC
BOJIHBI, IIPH HU3KHUX — NPCUMYIICCTBCHHO IJIINHHBIC (I/IH(l)paKpaCHBIe).

TenmoBoe H3JIIYYCHHUE — IMPAKTUYCCKH €IMHCTBEHHBIN BH] N3JIy4YCHU, KOTOpHﬁ MOJXET OBITh
PaBHOBECHBIM. Hpe,[[HOJ'IO)KI/IM, YTO HArpeToc (I/ISJ'Iy‘laI-OH_[ee) TCJIO IIOMCLICHO B IIOJIOCTH,
OIrpaHUYCHHYIO HACAIBHO OTpaxcanmeﬁ o0omoukoi. C TeuyeHHeM BpEMEHH, B PEIYIbTATC
HEMIPECPBIBHOT'O obMeHa 3HepFI/IeI71 MEXOY TEJIOM U U3JIYUCHUEM, HACTYIIUT PABHOBECHUC, T. €. TEJIO
B CIMHUIY BPECMCHHU 6y1[eT IOrJjIoIaTh CTOJBKO XK€ 3HCPIruM, CKOJIBKO U U3J1y4aTh. I[OH}’CTI/IM, qTo
PaBHOBECHUE MEKOY TECJIOM U HU3JIIYUYCHHUEM II0 Kakoi-11bo IPUYNHEC HAPYIICHO U TEJIO U3J1y4acT
SHEPrun 6OJIBH_IC, yeM mnorjomiaer. Eciu B CAWMHULY BPEMCHH TECIIO0 0oJIbIIIE H3JTy4acT, 4YEM
morjaomacTt (I/IJ'II/I HaO60pOT), TO TEMIIEpaTypa T€jIa HAYHET IMOHMKATBhCA (I/IJ'II/I HOBBIH_IaTLCH). B
pe3yiabTaTe 6y,£[eT 0CIa0NIAThCS (I/IJ'II/I B03paCTaTB) KOJIMYCCTBO I/I3Hy‘laeMOI>'I TCJIOM OHEPIrum, 1oka,
HaKOHECI], HC YCTAHOBUTCA PaBHOBECHE. Bce ApYyryue BUAbI U3JTYyUYCHUS HEPABHOBCCHEI.

KoanuecTBennoit XapaKTepHCTHKOﬁ TCIJIOBOTO H3JIYYCHUA CIYXKUT CHEKTPAJbHasA NJIOTHOCTH
3Hepreanec1c0171 CBCTHUMOCTH (I/I3J1y‘IaTeJIbHOCTI/I) TeJa — MOHIIHOCTH M3JIYUCHHSA C CAMHUIIBI
IJiomaay MoBEPXHOCTHU TEJIAa B UHTEPBAJI€ YaCTOT €IMHUYIHOMN INUPHUHBI:

dW'.-l!Hv

R,r= »
T dv
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rne dW ™~ — SHeprusi 3JeKTPOMArHUTHOTO W3IIYyYCHHUs, UCITYCKAGMOTO 3a CIMHUILY BPEMEHU

v,v+dv

(MOIIIHOCTH M3JIY4EHHMsI) C €IUHUIIBI TUIOMIAAN MOBEPXHOCTH TeJa B MHTEpPBAJIC YACTOT OT V JI0

v+dv.
EnuHuna crexTpajibHON TUIOTHOCTH 3HEpreTHuyeckoi cBetuMoct (R,1) — MKOyJab Ha MeTp B

kBazapare (Jx/m?).
3anucanHyo GOPMYTy MOXKHO MPEICTABUTh B BUIC (DYHKIIUU JTTUHBI BOJTHBI:

dW:'“,‘, = R,_rd\' = RLTCM.
Tak xkak c=Av, T0o
di c A
- TET T

I'JIe 3HaK MUHYC YKa3bIBaeT Ha TO, YTO C BO3PACTAHUEM OTHOM M3 BEJIMUUH (VU A) Ipyras BeJIuduHa

yObiBaeT. [losTOMY B anbHeiIeM 3HaKk MUHYC OyJieM omycKkaTh. Takum o0pasoM,

2
Ryr= Ry %‘
(197.1)

C nomorsto popmysst (197.1) moxuo nepeiitu oT Ry 1 k Ray1 1 Ha060pOT.
3Has CIEKTPAIbHYIO INIOTHOCTh YHEPTeTUYECKOW CBETUMOCTH, MOKHO BBIYHCIUTh HHTErPAJILHYIO

JHEPreTHYECKY) CBETUMOCTh (MHTErpajbHYyI0 HM3J1y4aTeJbHOCTh) (€€ Ha3bIBAIOT MPOCTO

SHEPTEeTUUECKOU CBETUMOCTHIO TEJa), TPOCYMMHUPOBAB 1O BCEM YaCTOTaM:

-]

Ry = { R,pdv.

0
(197.2)

CrocoOHOCTh TeN TOTJIOMATh Majaroniee Ha HUX H3IIYYEHHE XapaKTepU3yeTcs CHEeKTPaJabHOM
MOrJIoIATEeJbHOI CIOCOOHOCThIO

_awem,

de. v+dv’

MOKa3bIBAIOIIEH, KaKas J0JIsl SHEPruM, MPUHOCUMON 3a €IMHUILY BPEMEHU Ha €AMHUILY ILIOIIATU
MMOBEPXHOCTH TEJIa MaJaI0NIMMHK Ha HEe 3JICKTPOMAarHUTHBIMU BOJTHAMH C 4aCTOTaMH OT V10 v+d v,
norJiomiaeTcs TesioM. CrieKTpalibHas MOTJIONIATEeNIbHAS CIIOCOOHOCTh — BeMYHHA Oe3pa3mepHast.
Benmuuunbl Ryt ¥ 4,1 3aBUCAT OT IPUPOJIBI TEJIA, €T0 TEPMOJIUHAMHYECKON TEMIIEPATyphl U MPHU
3TOM Pa3IMYarOTCs ISl U3JIYYEHUN C Pa3IMYHbIMU YacTOTaMU. [103TOMyY 3T BETMUYMHBI OTHOCAT
K onpezeacHHbM T U v (BepHEE, K JOCTATOYHO Y3KOMY HHTEPBAIy 4acTOT OT v 10 v+d V).

Teno, cnocoOHOE mTOrIONIATh IMOJHOCTHIO MpU JHO0OM TeMmeparype Bce Majalplnee Ha HEro
M3JIy4eHHEe JIF000OM  4YacTOThl, Ha3biBaeTcsa uepHbIM. (CrenoBaTenbHO,  CIEKTpajbHas
MOTJIONIATENIbHASI CIIOCOOHOCTh YEPHOTO TeJla IS BCEX YacTOT M TeMIIepaTyp TOXKIECTBEHHO

Avr

q
paBHa equnune (A7 =1). AGCOIIOTHO YepHBIX Tel B IPUPOJIE HET, OAHAKO TaKUE TeJa, KaK Caxa,

IJIATUHOBAs YePHB, YEPHBII OapXaT U HEKOTOPbIE IPYTHE, B ONPEACICHHOM HHTEPBAJIE YaCTOT 10
CBOUM CBOWCTBaM OJIM3KHU K HUM.

WneanpsHolt MOAENBI0O YEPHOTO TeJa SIBJSIETCS 3aMKHYTasl MOJIOCTh ¢ HeOosbuM oTBepcTHeM O,
BHYTPEHHSISI IOBEPXHOCTh KOTOPOI 3auepHeHa (puc. 286). JIyu cBeTa, monaBmuii BHYTpb TaKoil
MIOJIOCTH, UCTIBITHIBAET MHOTOKPATHBIE OTPaXKEHHsI OT CTEHOK, B Pe3yJIbTaTe Yero MHTEHCUBHOCTh
BBILIE/IIET0 U3IYyYeHHUs! OKA3bIBACTCS MPAKTUYECKU PaBHOM HYIHO. OMBIT NOKA3bIBAET, YTO MPU
pa3mepe otBepctusa, Menbliero 0,1 nuamerpa MoJIOCTH, MAAAIOUIEE H3JIYyYEHHE BCEX YacTOT
MOJHOCTBIO MOTJIONAeTcs. BeneacTBue 3T0ro OTKphIThIE OKHA IOMOB CO CTOPOHBI YIUIBI KAXKYTCS
YEpHBIMH, XOTSI BHYTPH KOMHAT JOCTATOYHO CBETJIO U3-3a OTPAXKEHUS CBETA OT CTEH.
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Pac. 286

@ Ha cdapdoposoit Tapenke Ha caevnom ¢oHe
~ NMEeeTCs TeMHbiR pucyHok. MNodvemy, ecnu ee
~ ObiCTPO BLIHYTL HS NEYW, FAO OHA Harpenacs
AOC BLICOKOA TOMMNepAaTYpL, W PacCMaTPMBATL
0 B TeMHOT®, HabnNIoAAeTCA CBETNLIA PHCYHOK Ha

TeMHOM toHe? :
@ YoM OTIIHYEETCA CepOoe TeNo oT YepHoro?

Hap;my C IMOHATUCM YCPHOTO TCJIa UCIIOJIB3YIOT IMMOHATUC CEPOro Te€ja — TCjIa, MorjiomarciibHad
CIIOCOOHOCTH KOTOPOIro MCHbBIIC CAMHUIIbI, HO OAMHAKOBa AJIA BCEX YaCTOT U 3aBUCUT TOJIBKO OT

TEMIICPATYpPhl, MaTCpHaia U COCTOAHUA IIOBCPXHOCTHU TCJIA. Takum 00 a30M, JJIs CEPOTro TCiIa c
T

=At = const<l.
I/ICCJ'IGJIOBaHI/Ie TCIIJIOBOTO I/IBJ‘I}”I@HI/ISI cr,lrpano Ba)KHyIO pOJ‘IB B CO31aHUU KBaHTOBOfI TGOpI/II/I CB€Ta,
MOATOMY HEOOXOMMO PACCMOTPETh 3aKOHBI, KOTOPBHIM OHO IO TYHHSIETCSI.

2. 3akon Kupxroga

Kupxro¢, omnupasicb Ha BTOpON 3aKOH TEPMOJMHAMUKHA W aHAJIM3UPYs YCIOBHSI PaBHOBECHOTO
U3ITy4yeHUs B M30JUPOBAHHOM CHUCTEME Tel, YCTAaHOBHWJI KOJIMYECTBEHHYIO CBSI3b MEXKIY
CHEKTPaJIbHON IUIOTHOCTBIO SHEPreTHYECKOM CBETUMOCTH M CHEKTPAJIBHOW IOTJIONIATEIbHON
crocoOHOCThIO Tesl. OTHOIIEHHE CHEeKTPadbHOW IUIOTHOCTH SHEPreTHYEeCKOM CBETUMOCTU K
CHEKTPaJIbHOM MOTJIOMIAaTeIbHOW CIIOCOOHOCTH HE 3aBUCUT OT MPHUPOABI T€la; OHO SBJISETCS IS
BCEX TeNl YHHBEpCaJbHOM (YyHKIMEH YacTOThl (AJUHBI BOJHBI) U TEMIEpATyphl (3aKOH
Kupxroda):

Ryr
Ay

=TT

(198.1)
Jlst yepHOTO TENa A&T =1, nosromy u3 3akona Kupxroda (cm. (198.1)) BeiTekaer, uro R,1 mms

YepHOTo Teja paBHa I,7. Takum 00pa3om, yHuBepcaiabHasi pynkuusa Kupxroda r,r ectb He 4TO
WHOE, KAK CHeKmpanbHas NIOMHOCMb IHEPeeMmu4ecKkol CEemuMoCmu 4epHo20 meid.
CrnenoBaTtenpHO, corjacHO 3akoHy Kupxroda, ams Bcex Ten OTHOIIEHUE CIEKTPATbHON
IJIOTHOCTH SHEPTreTHYECKON CBETUMOCTHU K CIIEKTPaJIbHOM MOIJIOMATEIbHOW CIOCOOHOCTH PaBHO
CHEKTPaJIbHOM IUIOTHOCTH JHEPreTUYECKOM CBETUMOCTH YEPHOTO Tela npu mou e
memnepamype u uacmome.

N3 3akona Kupxroda cnenyer, 4To criekTpajibHas IIIOTHOCTh SHEPreTHUYECKON CBETUMOCTH JII000T0
Tena B J1000# 00JacTH CHEKTpa BCErja MEHbIIE CHEKTPaTbHOM IUIOTHOCTH 3HEPreTH4ecKOu
CBETUMOCTHU YEPHOTO Teja (MpH TeX ke 3HaueHusix 7 u V), Tak kak 4,,7< 1 u moaromy Ryt <r,rT.
Kpome Toro, u3 (198.1) BeITeKaeT, 4TO €CM TEJNO MPU JAHHOW Temmeparype I He IMOTJIOIIacT
AIIEKTPOMArHUTHBIC BOJIHBI B UHTEPBAJIC 4aCTOT OT V10 V+d V, TO OHO UX B 3TOM HHTEPBAJIE YaCTOT
IIpH TeMIieparype T U He U3JIydaeT, Tak Kak rnpu A, =0

RV,T =0.

Hcnonb3ys 3akoH Kupxroda, BeipaxkeHHe A SHEpPreTudeckoi ceetumocTtu Tena (197.2) moxHo
3amnucaTh B BUJIE

L]
Rr = j A,_T ryT dv.
0

s ceporo Tena
-]
R§ = Ar [ r,ydv = ArR,,
0

(198.2)
rae

@

R = {rrdv
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— JHepPreTH4YecKH CBETHMOCTh YEePHOI0 TeJIa (3aBUCUT TOJIBKO OT TEMIIEPATYPHI).

3akon Kupxroga onuceBaeT TOIBKO TEIIOBOE M3IyYEHHUE, SBISISICH HACTOIBKO XapaKTEPHBIM JUIS
HEro, 4TO MOJKET CIY)KUTh HaJEXKHBbIM KPUTEPHEM JUIsl ONPEAEICHMS] IPUPOJbl HU3JIy4EHUS.
Wznydenue, kotopoe 3akoHy Kupxroda He moauuHsIeTCs, HE SBISETCS TEIIIOBBIM.

3. 3akonbl Ctepana — Boabiumana u cmemenust Buna

N3 3akona Kupxroga (cm. (198.1)) crmemyer, uTo crnekTpanbHas IUIOTHOCTb 3HEPIETUYECKOE
CBETHMOCTH YEPHOTO TeJla SBJISIETCS YHUBEpCAbHOE (PYHKIMEH, TOITOMY HAaXO0XK/ICHHE €€ SIBHOU
3aBHCUMOCTH OT YacTOTHI M TEMIEpaTyphl SBISIETCS BAXKHOW 3alavyell TEOPHH TEIUIOBOTO
U3ITy4YEHUS.

Ascrpuiickuii pusuk 1. Credan (1835—1893), ananmsupys sKcriepuMeHTanbHbIe aHHbIe (1879),
u JI. bonbuman, npumeHsist TepMoauHamuueckuil meton (1884), pemmnu 3Ty 3amady Junib
YaCTUYHO, YCTAHOBUB 3aBUCHUMOCTh SHEPT€TUYECKON CBETUMOCTH Re 0T TemnepaTypsl. CorsnacHo
3akony Credana — bosbumana,

R,=aT*,
(199.1)

T.e. DHEpPreTuyeckass CBETUMOCTb YEPHOIO Tejla NPONOpLUOHAIbHA YETBEPTOW CTENEHH €ro
TEPMOJIMHAMHUYECKON TeMmIeparypsl; o — mnocrosHHas Crtepana — bonblimana: ee skcrepu-
MEHTaJIbHOE 3Ha4YeHue paBHo 5,67-10°8 Br/(m? - K%).

3akon Credana — bonbimana, ompezaensisi 3aBUCUMOCTh R. OT Temmeparypsl, HE JTaeT OTBETa

OTHOCUTENILHO CHEKTPAJIbHOIO COCTaBa M3JTYy4YEHHUS 4YEpHOTO Tena. M3 sKcnepuMeHTalbHBIX
L
KPUBBIX 3aBUCUMOCTH (DYHKIUU [T OT JJIMHBI BOJHBI A ("'T=.ﬁ "-.r) MpU  Pa3ITUYHBIX

teMrieparypax (puc. 287) cieayer, uTO paclpeaeieHHe SHEPruu B CIEKTPE YEpHOTO Teia
SBJIIETCS HEpAaBHOMEPHBIM. Bce KprBbIe UMEIOT SIBHO BbIPAKEHHBIM MaKCUMYM, KOTOPBIH [0 Mepe
MOBBIIIEHUSI TEMIIEPATyphl CMEIIAeTCs B CTOPOHY Oojee KOpoTKuX BosH. [lnomane,
OTpaHMYEHHAs KPUBOW 3aBUCHUMOCTU [T OT A M OCBIO alCIHCC, MPONOPIUOHANIBFHA SHEp-
TETUYECKON CBETUMOCTH Re UepHOTO TeNa U, ClieoBaTeNbHO, 1Mo 3akoHy Ctedana — bosbimana,
YEeTBEPTOM CTENEHU TeMIEePaTypBhl.

Pac. 287

@ B yeMm 3aKNIOHASTCA (DHINHECKHA CMBICT YHH-
pepcansHoll yHKyun Knpxrogpa?

@ Kax n BO CKONbLKO PRI HIMOHNTCR IHEPreTH-
YOCKan CBOTHMOCTE YSPHOIO Tena, 6CnNn oMo
TOPMOAIWHAMMYECKAA TOMNOPATYPR YMOHL-
WHTCA saBoe?

@ Kax CMOCTHTCA MAKCHMYM CNeKXTpansHoi nno-
THOCTH SHEPreTH4YECKOA CBETUMOCTM Fy T “ep-

Fi HOTO TeNna C NOBLILeHNeM TeMNePaTYPbI?

Hemenxuii ¢uszuk B. Bun (1864—1928), onmpasch Ha 3aKOHBI TEPMO- W DJIEKTPOJUHAMHUKH,
YCTaHOBUJI 3aBUCUMOCTD JJIMHBI BOJHBI Amax, COOTBETCTBYIOIIEH MakKCUMYMy (QYHKIHMH [T, OT
temmneparypsl 7. CoriacHo 3aKoHy cMemeHusi Buna,

Amax=b/T,
(199.2)

T. €. JUIMHA BOJIHBI Amax, COOTBETCTBYIOIIAs MaKCUMaJIbHOMY 3HAUEHUIO CIEKTPAIbHOM MJIOTHOCTH
SHEPreTHYeCKOM CBETUMOCTH F,T UYepHOro Tena, oOOpaTHO MPOMOPLUUOHAIBHA  €ro
TePMOJIMHAMHUYECKON TemrepaTrype, b — mocTosiHHas BuHa; ee SKCIepUMEHTaIbHOE 3HAYCHUE
pasHo 2,9-103 m-K. Beipaxkenue (199.2) noToMy Ha3bIBAIOT 3aK0HOM cMewujenus BuHa, 4To OHO
MIOKa3bIBAET CMEUICHUE TOJIOKEHUS MakcuMyma (YHKIMM F,7 1O Mepe BO3pacTaHMs
TeMIepaTypsl B 001aCTh KOPOTKUX JUIMH BOJH. 3ak0H BHUHa 00bsACHSET, MOYeMy NPpH MOHWKEHUN
TeMIIepaTypbl HArPETHIX TEJl B UX CIIEKTPE BCE CUIIbHEE MTPEe00IalaeT JITMHHOBOIHOBOE U3TyUEHHUE
(HammpuMep, nepexo 6eoro KajJeHus B KpaCHOE MPU OCTBIBAHUU METAJLIA).

rar
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4. ®opmyasbl Pasies — Jlzkunca u Ilinanka

N3 paccmorpenus 3akoHoB Crepana — bonprmana u Buna ciieqyeT, 4To TepMOIUHAMHYECKHMA
MOJXOJ K pEIICHHUI0 3a7aya O HaXOXACHWW yHHBepcanbHOW (ynkumu Kupxroda ryr He man
&KeJlaeMbIX pe3yapTaToB. Clieqyromas cTporasi NOnbITKa TEOPETUUECKOTO BbIBOJA 3aBUCHUMOCTH
7 NpUHAUICKUT aHrauiickuMm ydeHbiM J[. Pamero u JI. dxuncy (1877—1946), kotopbie
INPUMEHWIN K TEIJIOBOMY H3JIy4EHHIO METOJbl CTAaTUCTHUECKOM (PHU3MKH, BOCIOJIb30BaBIIKMCH
KJIACCHYECKUM 3aKOHOM PAaBHOMEPHOTO paCHpeAeTICHHUS YHEPTUHU TI0 CTETICHSIM CBOOOIBI.

®opmyJia Paies — [mkuHca 1515 CIEKTPAIbHON IJIOTHOCTH SHEPTETUYECKON CBETUMOCTH YEPHOIO
Teaa UMEET BUJ

@ =20,
Fyp = —— (&) = —— ’
vT pe; o2
(200.1)
rae (&)=KT — cpemsist SHEprusi OCHMILIATOpPA ¢ COOCTBEHHOW wacToToW V. Jlnms ocumsuisTopa,

COBEPIIAIONICTO KOJeOaHMs, CpelHHWE 3HAYCHHS KWHETUYECKOW M TMOTEHIHUATBLHOW HHEpruit
oMHAKOBHI (cM. 50), MO3TOMY CpefHsisi SHEPrusl KaKI0M KojaeOaTeTbHON CTENeHU CBOOOIBI
(&)=kT .

Kak mokazan onbit, Beipaxkenue (200.1) cornmacyercsi ¢ SKCIIEpUMEHTaIbHBIMU JaHHBIMU MO/bKO B
0o0JacTu JIOCTaTOYHO MaJlbIX 4acTOT M OoJsibIIMX Temmeparyp. B obmacTu OOJBIIMX YacTOT
¢dopmyna Panes — JI)kuHCa pe3Ko pacXoIUTCs C SKCIIEPUMEHTOM, a TAK)KE C 3aKOHOM CMEILEHUS
Buna (puc. 288). Kpome Toro, okazanoch, 4To MOMNbITKa NOTYyYUTh 3aKkoH Ctedana — boibiimana
(cm. (199.1)) u3 dopmyinel Paness — J[xuHca mpuBoauT K a0Cypy. JlelcTBUTEIHHO, BEIYUCIICHHAS
¢ ucnosibzoBanueM (200.1) sHEpreTHyecKas CBETUMOCTh YepHOTO Tema (cM. (198.3))

a0

2nkT %
Ro= frrdve—— [vidv = o,
0 €
B TO BpeMs Kak 1o 3akoHy Ctedana — bombimana R. mpomopinoHanbHa 4YETBEPTOM CTENEHU

TeMIepaTypbl. TOT pe3yibTaT MOJYYWT Ha3BaHHE «YJIbTPapHOICTOBOW KatacTpodb». Takum
00pa3oM, B paMKax KJIaCCHYECKON (M3UMKM HE YHAIOCh OOBSCHUTH 3aKOHBI PACTIPEICICHHS
SHEPTHU B CIIEKTPE YEPHOTO TEJIa.

,‘Wr‘ Mo Psneoo—,ﬂmm.cy ‘ Pac. 288
]

]

!
!
/

/ Mo Buwy @ Hapucyf#ite n conocTaBbTe KpHebie ryr W ryT.
/ @ Vicnonbsyn opmyny MNnaxxa, Hafgure nocro-
4 AHHY10 Credana — Bonbymana.

@ Npn kaknx ycnosuax us cdopmyns Mnanxa
- NONY4AI0TCA 38KOH cMeuleHWA Buna » dopmy-
v na Panes — [xnuxca?

B o6sacti 6OJIBIIMX YaCTOT XOPOIIIee COTIache C ONBITOM acT (popmyJia Buna (3akoH u3JrydeHust
Buna), nosnyuyenHas uM u3 oOIIMX TEOPETHUECKUX COOOPaKEeHUM:

- A
7 g=Cv? Ae™ ",
rae ry1 —CHEKTpajlbHas INIOTHOCTH BHCPFeTquCKOﬁ CBCTUMOCTHU YCPHOI'0 TCJa, CuAd —
MOCTOSIHHBIC BETUYHHLI. B COBPEMCHHBIX 0003HAYEHHX C UCIIOJIH30BAaHUEM IIOCTOSHHOM HHaHKa,
KOTOpas B TO BpEMs CIIC HE ObL1a HU3BCCTHA, 3dKOH U3JIYYCHUA Buna MoxeT OBITh 3aITicaH B BUJIC

2mhv?  _jiny
ryyr= 2 ¢ .

[IpaBunbHOE, COTNIACyIOIIEECs] C ONBITHBIMH JJAHHBIMH BBIPAXKEHHE Ul CIEKTPaIbHON IUIOTHOCTU
HHEPreTUYeCcKOl CBETMMOCTH uepHOro Tena Obuto HaijeHo B 1900 r. Hemenxum ¢uszukom M.
[Tnankxom. {7151 3TOT0 €My NPUIUIOCH OTKA3aThCs OT YCTAHOBUBILETOCA MOJI0KEHUS KIACCUYECKOU
(U3UKH, COTIIACHO KOTOPOMY HEPrusi JH0O0H CHUCTEMBI MOXKET M3MEHSITHCA HEenpepvbiéHO, T. €.
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MOXET MPUHUMATH JIOObIE CKOJIb YroAHO Oyin3kue 3HaveHus. CorjiacHo BhIABHHYTOW [LmaHkom
KBaHTOBOIH THIOTe3e, ATOMHBbIC OCIHWLUIATOPHl H3JIy4alOT SHEPTrUI0 HE HENPEpPhIBHO, a
OTIPEICTICHHBIMY MOPLUSIMU — KBAaHTAMH, IIPHYEM DHEPIHsi KBaHTA MPOMOPIIMOHAIIbHA YaCTOTE
koJiebanus (cm. (170.3)):
g=hv=nhe/d,
(200.2)

e h=6,625-10"% JI-c — nocrosinnas Ilnanka. Tak kak U3IydeHHe HCIYCKAETCS MOPIHUAMHE, TO
SHEPrUsl OCHWLIATOpA £ MOXET NPUHUMATH JIMIIL ONPE/ACICHHBIC OUCKpemHble 3HAYEeHUs,
KpaTHbIE [IEJIOMY YHCITY 2JIEMCHTaPHBIX TOPIMH SHEPTUHU &

e=nhv (n=0,1,2,..).

B naHHOM ciydae CpeIHIOI SHEpruio (&) OCHMUIATOpAa HeNb3si NMpUHUMAaTh paBHOM KT. B
NPUOTIKEHUH, YTO paclpeeieHue OCHUUIATOPOB 10 BO3MOXHBIM JHCKPETHBIM COCTOSIHUSIM
Mo TUUHSIETCS pacupeneneHuto bombimana ( 45), cpensist SHEPTUs OCHUIUIITOpa

hv
<s> = hv{fkn
e -1

»

a CHCKTpaﬂBHafI IIJIOTHOCTH 3HepFeTI/IquKOI71 CBCTHUMOCTHU ‘{epHOl"O TElIa
: 2nv: Ay 2nhv? 1
2 ik T el ’
¢t MDD _, ¢ ¢ 1 n-1

hr =

Taxum oOpa3zom, [lmank BeIBen mist yauBepcanbHon Gpynakmnu Kupxroda dopmyny

2mhv? 1

Tet men
(200.3)

N3 popmynsl [lnanka, 3Hast yHuBepcanbHbie MOCTOSHHBIE N, K ¥ ¢, MOKHO BBIYMCIIHTD MMOCTOSTHHBIE
Credana — bonbumana o u Buna b. C apyroii cTopoHsl, 3Hast SKCIIEpUMEHTAIbHBIC 3HAUCHUS O
u b, MoxxHO BbIUMCIUTH 3HaueHus h u K (MMEHHO Tak W ObUIO BIEPBbIC HANICHO YHCIOBOE
3Ha4YeHHe nmocrosiHHoi [1nanka).

Takum oOpazoMm, ¢opmyna [lnmanka HE TOJBKO XOPOIIO COIJIACYETCS C AKCIEPUMEHTAIbHBIMU
JAHHBIMU, HO U COJIEPKUT B ce0€ YaCTHBIE 3aKOHBI TEIIOBOTO M3IYYEHHMsI, a TaKKe MO3BOJISIET
BBIYHMCIUTH MOCTOSIHHBIE B 3aKOHAX TEIUIOBOTro m3nyudeHus. CrenosarenbHo, dopmyna [lnanka
SBIISETCS TMOJIHBIM peIIeHHEeM OCHOBHOM 3aJaHus U BOMNPOCHl TEIUIOBOTO H3JIY4EHUS,
noctaBienHoi Kupxrogom. Ee pemienre ctano BO3MOXHBIM JIMIIL Oyiaroiapsi peBOIIOIMOHHOM
KBaHTOBOM runore3e [lnanka.

hr =

5. Buabl porodiiekrpuueckoro 3pgexra. 3akonnl BHenHero poroddpdexra

l'unote3a Ilnanka, Onecrtdine pemmuBiIas 3aAady TEIIOBOTO M3IYYEHUS YEPHOTO Teja, MOIydusia
MOATBEpPKICHUE U JTaIbHEMIIee pa3BUTHE TPU 00BsICHEHUH (OoTOI(PdeKTa — SBICHUS, OTKPHITHE
1 UCCJIEIOBAHNUE KOTOPOTO ChITPajio BXKHYIO POJIb B CTAHOBJIEHUU KBAHTOBOM Teopuu. Paznuyaror
¢dboTorddexkT BHEMIHUN, BHYTPEHHUUW U BEHTWIbHbIH. BHemHuM ¢oT03/IeKTpruYecKUM
3¢ dextrom (poroddpdexTom) Ha3pIBACTCSH UCITYCKAHUE FIEKTPOHOB BELIECTBOM MO ICHCTBUEM
AIIEKTPOMArHUTHOTO U3NMy4yeHus. Buemnuii Qotodrddexr Habmomaercs B TBEpABIX Telax
(MeTamiax, MOJYNPOBOJHUKAX, AMAJICKTPUKAX), a TaKKe B ra3ax Ha OTICJIbHBIX aToMax u
Mosekynax (poromonuszanus). Dotosapdexr odbuapyxken (1887 r.) I'. 'epuem, HaGmronaBIuM
yCUJIEHHE TIpollecca pas3psa Mpu OOIyuYeHUH HCKPOBOTO MPOMEXYTKA YIbTpaduOIeTOBBIM
W3IIy4EHHEM.

[lepBrie (pyHmaMeHTanbHBIE HccienoBaHUs (oTod(PQeKTa BBHIMOTHEHBI PYcCKUM y4deHbIM A. T
CroneroBeiM. [IpuHniunuanbHas cxema Juist uccienoBanus Gporoaddexra npusenena Ha puc. 289.
JIBa anextpoaa (karon K u3 uccineayeMoro Meramia u aHoa A — B cxeme CTosieToBa NpUMEHsIach
MeTaJTnyeckasl CeTKa) B BaKyyMHOW TpyOKe MOJKIIOYEHBbI K OaTapee TakK, YTO C MOMOIIBIO
MOTEHIIMOMETpa R MOXXHO W3MEHATH HE TOJBKO 3HAYEHHE, HO M 3HaK M0JIaBaéMOTO Ha HHX
HampspkeHus. TOK, BOSHUKAIONINI MTPHU OCBEIIEHUH KaToJa MOHOXPOMATHUYECKUM CBETOM (depes
KBapIIeBOE OKOIIKO), U3MEPSETCsl BKIIOYCHHBIM B IeNb MuIHammepmerpoM. OOmydast KaTon
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CBETOM DAa3JIMYHBIX JAMH BOJH, CTOJIETOB YCTAaHOBUI CIELYIOLIME 3aKOHOMEPHOCTH, HE
yTpaTUBIIME CBOErO 3HAYCHHSA [0 Hamero BpemeHu: 1) Hambonee 3(dekTnBHOE AEHCTBHE
OKa3bIBaeT YJIbTPA(HOJIETOBOE H3IIydeHHE; 2) T0J ACHCTBHEM CBETa BEHIECTBO TEPSET TOIBKO
OTpULIATENbHbIE 3apslbl; 3) CUIa TOKAa, BO3HUKAIOIIErO I0J JEMCTBUEM CBETa, MPAMO
IIPONOPLIMOHAIIBHA €r0 UHTEHCUBHOCTH.

Jix. JIx. Tomcon B 1898 r. u3mepun yaenbHbIN 3apsa UCIYCKaeMbIX MOJ] JEHCTBUEM CBETa YaCTHUIL
(0 OTKJIOHEHUIO B AJIEKTPUYECKOM M MArHUTHOM IOJIAX). DTH M3MEPEHUs MOKa3aJlM, YTO IMOJ
JEMCTBHEM CBETA BBIPHIBAIOTCS AJIEKTPOHBI.

Ceet Puc. 289

m ® Mouemy hOTOINEKTPHUECKHE HIMEDPEeHHA Be-

A CbM8 YYBCTBHTENbHLI K NPHPOAE W COCTORHMIO

noBepxHocTH croTokatona?
— —— @ MoXer Nk 30N0TaR NNACTHHKE CNYXHTL hoTo-
' CONpOTHRNEHNEM?

'4.——3”—\ @ Kax npn 3afaHHOA 4acToTe CBOTA WSMEHMTCA
¢OTOTOK HACHIWEHHA C YMOHLLWeHWeM ocBe-

—J
WeHHOCTH xaTtoaa?
als I+!'— @ Kak n3 onwitoB no covoadexry onpegens-

eTcA nocToAxHan MNnaxka?

Buyrpennuit ¢poro3dgdeKT — 5TO BBI3BAHHBIE JJIEKTPOMATHUTHBIM H3JIyYEHUEM IEPEXO/Ibl
AJIEKTPOHOB BHYTPHU MOJIYIPOBOJHUKA WM TUAIEKTPUKA U3 CBS3aHHBIX COCTOSTHUI B CBOOOHBIE
0e3 BblIeTa HAPYXKY. B pe3ynbrare KOHLIEHTpallMs HOCUTENEH TOKa BHYTPH TeJjla yBEJINYNBaAETCs,
YTO MPUBOAUT K BO3HUKHOBEHHIO (POTONMPOBOAMMOCTH (MOBBILIEHUIO 3JIEKTPOIPOBOJIHOCTH
MOJIYIPOBOIHUKA UJTH TUAJIEKTPUKA MIPHU €0 OCBEIIEHNUH) WIIM K BOBHUKHOBEHHIO 3.]1.C.

Bentunbubiii  GoTodpexT, SABISIONIUICT pPa3sHOBUAHOCTBIO BHYTpeHHEro Qororddekra, —
BO3HHUKHOBEHHUE 13.11.C. (POTO-3.11.C.) IPU OCBEILIEHNH KOHTAKTa ABYX Pa3HbIX MOJYINPOBOJHUKOB
WIK TOJYOpPOBOJHMKA W MeTaiia (MpU OTCYTCTBUM BHELIHETO AJIEKTPUYECKOrO TIOJIS).
BenTtwipabid GhoTO3PPEKT OTKpHIBAECT, TAaKUM 00pa3oM, MyTH IS MPSMOTO TpeoOpazoBaHUS
COJIHEYHOM DHEPTHHU B AJIEKTPUUECKYIO.

Ha puc. 289 mnpuBeneHa skcnepuMEHTAIbHAs YCTAHOBKA [IJIsi HUCCIIEIOBaHUS BOJILT-aMIIEPHOM
xapakTepuctuku ¢orodpdexkra — 3aBucumoctd (oroToka |, 00pazyeMoro MOTOKOM
AIIEKTPOHOB, MCIYCKaeMbIX KaTOJOM TIOJ JeMcTBHEM cBeTa, OT HampsikeHuss U Mexay
anekTpoaaMu. Takasi 3aBUCUMOCTb, COOTBETCTBYIOIIAsl JIBYM Pa3jMYHBIM OCBEIICHHOCTSIM E,
Karoga (YacToTra cBeTa B 00OMX ciydasX OJuHaKoBa), mpuBeneHa Ha puc. 290. Ilo mepe
yBenunyeHus: U (HOTOTOK mocTeneHHO BO3pacTaer, T. €. Bce Oojbliee Yuciio (OTORIEKTPOHOB
nocruraet anoja. [lomoruii xapakTep KpUBBIX MOKa3bIBAET, YTO DJIEKTPOHBI BHIJIETAIOT U3 KaTO1a
C Pa3IMYHBIMH CKOPOCTSIMH. MaKcHUMallbHO€ 3HaYeHHE TOKA lyac — OTOTOK HAChIIIEHHS —
ompesensercss TakuM 3HadeHueM U, Mpu KOTOpPOM BCE€ 3JIEKTPOHBI, HUCIyCKaeMble KaTo0M,
JOCTUTAIOT aHOJa:

Lyc=en,
rae N — 4YucCio QJICKTPOHOB, UCITYCKAEMbIX KaTOAOM B 1c.
(202.1)
Pac. 290

® lNpwn aameHe ogHOro metanna ApyrMM AnwHa
BONHbLI, COOTBETCTBYIOWAA KPACHOR rpaHMye,
yMeHbWAaeTcA. YTo MOXHO ckaslaTte o pabote
BLIXOQAa 3THX MeTannos?

® Kak ¢ nomMoiybio ypaBHeHMA JilHwTeAHa o0b-
AcHuTb I n II 3axoHbl oToadpexra?

® Hapucyiite n 00LACHNTE BONbLT-AMNEPHbLIe Xa-
PaKTepMCTHKHA, COOTBETCTBYIOL4ME® ABYM pas-
NWYHLIM OCBOWEeHHOCTAM Karoga NpW 3ajaH-
HOW 4acTOTe CBeTA ¥ A4BYM Pa3aNH4YHbLIM 4ACTO-
Tam npu 3afaHHOR OCBELe@HHOCTH,

pacrer

E

<y
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W3 BonbT-aMIepHOM XapaKTEepUCTHKH cienyeT, uro npu U=0 goToTok He ucuesaet. CienoBareibHo,
AIIEKTPOHBI, BBHIOWTBIE CBETOM M3 Karojaa, 00JagaroT HEKOTOPOW HayaJlbHOM CKOPOCTBIO V, a
3HAYHT, ¥ OTIUYHOM OT HYJIS KUHETHYECKOHW SHEprueil 1 MOTyT JOCTUTHYTh aHO/1a 0€3 BHEIIHET O
noJist. [y Toro uto0b! (POTOTOK CTAT PAaBHBIM HYITIO, HEOOXOAMMO MPHIIOKUTH 3aepKuBaloliee
Hanpsixenne Uo. [Ipu U=Ug Hu 01H U3 3JIEKTPOHOB, JTake 00JIaAalOUINH TPH BBIIETE M3 KaToAa
MaKCHUMaJIbHOM CKOPOCTBIO Vmax, HE MOYET IPEOA0JETh 3aJCPKUBAIOIIETO MOJIS U JJOCTUTHYTh
anoja. CieqoBaTelbHO,

mvl, [2=eU,,

T. €., U3MEpUB 3ajepkuBaroniee Hanpsokenne Uo, MOXKHO ONpenennuTh MaKCHMaJbHBIE 3HAYCHUS
CKOPOCTH ¥ KHHETHYECKOU SHEPIUr (POTOIIEKTPOHOB.

[Ipu m3yueHHH BOJBT-aMIIEPHBIX XapPAKTEPHCTUK Pa3HOOOpa3HBIX MaTEpUAIOB (Ba)KHA YHCTOTA
MIOBEPXHOCTH, MMOITOMY HM3MEPEHHs MPOBOJATCS B BAaKyyMe€ W Ha CBEXKHX IMOBEPXHOCTSIX) IPH
Pa3NMMYHBIX YaCTOTaX MAJAONIET0 Ha KaToA W3JIYYCHUS M Pa3IMYHBIX DHEPTETUYSCKUX
OCBEILIEHHOCTSX KaToAa 1 0000IeHHsI IOJTYYEHHBIX IJaHHBIX ObLJIN YCTaHOBJICHBI CIEAYIOIINE TPH
3aKOHa BHelHero ¢gorodpdexra.

I. 3akon CroseroBa: npu GUKCUPOBAHHON YaCTOTE MAJAIONIETO CBETa YMCIO (HPOTOIIEKTPOHOB,
BBIPBIBAEMBIX U3 KaTOJa B €JMHMILY BPEMEHH, MPOMOPIHOHAILHO WHTEHCUBHOCTH CBETa (CHIIa
(hOoTOTOKA HACBHIIIEHUS TPOIIOPLIMOHANIEHA YHEPIe€TUYECKOI OCBEIIEHHOCTH E, KaTo/a).

II. MakcumanbHasi HadalbHAs CKOPOCTh (MaKCHMaibHas HadalbHAsh KHHETHYECKash JHEPTHs)
(OTOANEKTPOHOB HE 3aBUCUT OT UHTEHCUBHOCTH MAJAIOIIEr0 CBETA, a OMPENENSIeTCS TOIbKO €ro
4acTOTOH V.

I1l. st xaxmoro BemecTBa CYMIECTBYET KpacHas epanuya Gotodddexra, T. €. MUHHUMAIbHAS
4acToTa W CBeTa (3aBHCAIIAs OT XHMHYECKOW TPUPOABI BEHIECTBA W COCTOSHHS €ro
MTOBEPXHOCTHU ), HUXKE KOTOPOH (HOoTOAPHEKT HEBO3MOKEH.

KadgectBenHoe o0bsicnenre Gpotorddexra ¢ BOIHOBON TOUKH 3pEHHUS HA MEPBBIN B3I HE JOJKHO
ObLIIO OBbI MPENICTABIATh TPYAHOCTEH. [[elicTBUTEBHO, MO IEHCTBHUEM T0JISI CBETOBOM BOJIHBI B
MeTaJlJie BO3HUKAIOT BBIHYKJIEHHBIE KOJeOaHUs 3JEKTPOHOB, aMILUIUTYa KOTOPBIX (Harpumep,
MIPU PE30HAHCE) MOYKET OBITh JOCTATOUHOM JJIsl TOTO, YTOOBI AJIEKTPOHBI MOKUHYJIU METaJLT; TOTJa
n HaOmomaercs (ororpdext. Kunerndyeckas sHEprusi BHIPHIBAEMOTO W3 MeTaula AJIEKTPOHA
JoJKHa Obla Obl 3aBUCETh OT MHTEHCHBHOCTH MAJAIOLIEro CBeTa, TaK KaK C yBEJIWYEHHEM
MOCJIETHEH ANIEKTPOHY NepeaaBaitach Obl 6osbinas sHeprusi. OJHAKO 3TOT BBIBOJ MPOTUBOPEUUT
Il 3akony doTorddekra. Tak kak, MO0 BOJHOBOW TEOpHH, SHEPTHs, IepeaaBaeMas dJICKTPOHaM,
MPOMOPLIMOHATIEHA UHTEHCUBHOCTH CBETA, TO CBET JIFOOOM YacTOTHI, HO JOCTATOYHO OOJIBIION
MHTEHCUBHOCTHU JIOJKEH ObLIT ObI BHIPBHIBATH DJIEKTPOHBI U3 METAJIa; HHBIMU CJIOBaMH, KPaCHOMN
rparuilel Gotodddekra He TODKHO ObITh, 4TO NpoTHBOpeuuT Il 3akony dhororddexra. Kpome
TOrO, BOJIHOBAas TEOpHUsI HE CMOrja OOBICHUTh Oe3bIHepPIHOHHOCTH (oTo3rddexTa,
yCTaHOBIIEHHYIO onbITamu. Takum oOpa3zom, GoTorPheKT HEOOBICHUM C TOUKU 3PEHUS BOJTHOBOU
TEOPUHU CBETA.

3aaHusi ¥ BONIPOCHI

1. OnpenenuTb TeMIepaTypy I, IOPM KOTOPOM BsHepreTMUecKas CBETUMOCTDb
M, uepHOTO Tejia paBHa 10 KBT/M?

2. [lorok »sHepruu &., wMBIyUYaeMbBl M3 CMOTPOBOI'O OKOUIKa I[1JIABUJILEHOM
neuy, paBeH 34 Br. OnpemenuTs TeMIepaTtypy T TI[euu, eCciu IJomanb
orBepcTUa S = 6 CMZ?.

3. OnpenenuTh BHepIUio W M3JIydaeMyl 3a BpeMda t= 1 MMH M3 CMOTPOBOTIO
OKOIIKa IJomankio S=8 cM? MJaBUJILHOM [eunr, eciaM ee TeMmaeparypa T=1,2
kK.

4. Temniepatypa T BepxHUX cJjoeB 23Besnu Cupuyc paBHa 10 kK,
OnpenenuTh MNOTOK 3Heprum &, MBJIIyUYaeMEM C IIOBEPXHOCTM IJjomaidbil S=1
KM?2 3TOM 3BE3IH.
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5. OnpenenmMTb OTHOCUTEJIBHOE YyBejuueHue A M./M, DHepreTUYeCcKOoM
CBETMMOCTHM UEPHOT'O Tejla IpM yBeJMUeHUM eI'0 TeMIepaType Ha 1%.

6. BO CKOJBKO pa3 HAaI0o YBEJIMUMTL TEepMOIMHAMMUECKYK TeMIepaTypy
YEepHOT'O TeJla, 4YTOOE €I'0 DHEepreTHudYecKas CBEeTMMOCTb M, BO3pPOCia B IOBa
pasa?

7. llpuHmMmada, uyto COJIHLIe M3JydYaeT Kak dYepHOoe TeJiO, BHYUMCIUTL €TI0
DHEPTEeTUUECKYKD CBEeTUMMOCTb M, U Temnepatypy I €TI0 IOBEPXHOCTHU.
COJIHEUHBV OMCK BUIEH C 3eMJIM 104 YIJIOM 3 =32’. CojHeuHad NOCTOAH-
Haga *C=1,4 xIx/ (M%2*c) .

8. Ha kakyon IJMHY BOJIHEL A, [IPUXOOUTCS MaKCUMyM CIEeKTpaJibHOMU
IIJIOTHOCTM BHEPTEeTUUECKOM CBETUMMOCTU (M), 1) max YE€PHOTO Tejla IIpu
TeMmneparype t=0°C?

9. TeMnepaTypa BepxHUX cJoeB ConHuLa pabBHa 5,3 kK. Cumras CoJjHLe
UEepHBIM TEJIOM, OINPEemeiMTh IJMHY BOJIHEL Ay , KOTOPOM COOTBETCTBYET
MaKCMMaJibHa s CHexTpajibHasa IJIOTHOCTHb DHEPIEeTUYECKON CBETUMOCTU
(My,7) max COJIHLIA .

10. Onpenmenmure TeMIeparypy I dYepHOTO Telna, opu KOTOPOM
MaKCUMyM CIEKTPAaJIbHOM IIJIOTHOCTM DHEPIETUYECKOM CBEeTUMOCTU (M), 1) max
NPUXOOUTCS Ha KPaCHYKon TIpaHMLy BUIMMOTO cHoekTpa (A; =750 HM); Ha
dmosieToBy0 (A,=380 HM) .

11. MaxcuMyM CIHEKTPAJIbHOM IIJIOTHOCTM DZHEPIEeTUUYECKOM CBETUMOCTU
(My,7) max APKOM 3Be3IbE APKTYP NPUXOIUTCS Ha IJMHY BOJHH Ap =580 HM.
[IpmuMMasa, uTo 3Be3Ja U3JIydaeT KaK depHoe TEeJo, ONIPEeneNInThb
TeMInepaTypy I NOBEPXHOCTHM 3Be3IEHL.

12. BcriencTBMe M3MEHEHMS TeMIepaTyphl UYEepHOT'O TeJjla MaKCUMyM
CIEKTPaJIbHOM MJIOTHOCTU (M), 7)max CMeCTUJICA C A1=2,4 MKM Ha Ay=0,8 MKM.
Kak ¥ BO CKOJIBKO pas M3MEHUIIMCH BHepreTHudecKasd CBETUMMOCTb M, Teja u
MaKCHMaJIbHAg CIeKTpaJibHas I[IJIOTHOCTB BHEPTeTUUECKOM CBETUMMOCTHU?

13. [Ipy yBeIMUEHUM TepMOIMHAMMUECKOM TeMIepaTypel. T UYepHOTO
TeJla B IOBa pasa OJMHa BOJHE An Ha KOTOPYKH IIPUXOOUTCS MaKCUMyM
CHeKTpPaJibHOU I[IJIOTHOCTU DHEPIreTUUYeCKOM CBETUMMOCTH (M), 1) max ,
yMeHbmmJIack Ha AAN =400 HM. OnpenejamMTb HadvaJlbHYK UM  KOHEUHYI
TeMmnepaTypsl T; m T,.

14. 3TaJIOH eIOMHMIE CWMJIBI CBeTa — KaHIeJla — IpencTaBJjdeT cobomn
IIOJIHBEIM (MBJIydanlMy BOJIHEI BCeX OJIMH) M3JlydaTeJlb, IOBEPXHOCTH KOTOPOIO
womansin S = 0,5305 mMM?2 mMMeeT TeMIepaTypy t 3aTBepOeBaHMSA I1J1ATUHEH,
paeHyn 1063 °C. OnpemesmTh MOWHOCTL P M3JydaTelid.
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IHNPAKTUYECKOE 3AHSATUE Ne 28 TEOPUSA ATOMA BOAOPOJA 110 BOPY

Ieab-3aKkpenuTh U3y4eHHBIA MaTepuai 1o TeMatuke «Teopus atoma Bogopoaa no bopy. Monenu
atoma TomcoHa u Pesepdopra. DneMeHThl KBaHTOBOM MexaHUKH. KopryckynspHO-BOJIHOBOM
TyaJln3M CBOMCTB BemiecTBa. BoiHoBast pyHKIMS U €€ CTAaTHCTUYECKUN CMBICI.

OcBanBaeMble KOMIIETEHIMH B PE3yNbTaTe NMPOBEACHUS MPAKTUYECKOTO 3aHATHS YKa3aHbl B
nyHkre «O01me CBeACHU

AKTYaJIbHOCTh NMPAKTHYECKOT0 3aHATHSI — 33aKPENUTh TOJYYCHHbIE TEOPETHUECKUE 3HAHHS U
BBIpa6OTaTI) HAaBBIKHM 1 YMCHU A MTPAKTUYCCKOTO PCIICHUA 3aaa4, B TO YUCJIC U CaMOCTOSATCIIBHO.

3HaTh:

-OCHOBHBIE TTPaBMIIA JUIsi 00paOOTKU pe3yabTaTOB IKCIIEPUMEHTA,

-0a30BBIE METOJIBI UCCIIEIOBATEIBCKON JIEATEIHHOCTH.

Ymers:

-IPOBOJIUTH 00pabOTKy MH(pOpPMAMU C UCHOJIb30BAHUEM MPUKIATHBIX MPOrPaMMHBIX CPEICTB

cdepbl

pohecCHOHATBHOM JIeATETLHOCTH;

-IIPUMEHSTH 0a30BBIE METOIBI MCCIICIOBATEIHCKON ACSITEIILHOCTH B pabOTe HAJ MHHOBAIIMOHHBIMHU

MIPOEKTaMH IO HapaBJICHUIO « TeXHOIOTHYECKHE MAITMHBI 1 000PYAOBaHUEY.

Baagers:

-METOJIaMH MCCIIEJ0BATENIbCKOM EATEIbHOCTH IIPU paboTe HAJl MPOEKTaAMU;

- NOHMMAaHUEM CYIIHOCTM U 3HAa4eHHMs WHQPOpPMAallMUd B PA3BUTHUH COBPEMEHHOIO OOLIECTBa,

CIOCOOHOCTh
nojlyqyate M oOpabaTbiBaTh MH(GOPMALMIO U3  PAa3IUYHbIX HCTOYHUKOB, TOTOBHOCTb
UHTEPIPETUPOBATD,
CTPYKTYpUPOBaTh U 0GOPMIIATh UHQOPMALMIO CTYyAEHTaMU HallpaBlieHUs — TeXHOJIOrn4ecKue
MalllMHbI U 000PYLOBaHMSL.
Peanusyemble KOMIeTeHIINH

IIK-4 cnocoO6HOCTBIO y4acTBOBAaTh B pab0OTE HaJl ”HHOBALIMOHHBIMU MTPOEKTAMU, UCTIONb3Ysl 0a30BbIe
METO/IbI HCCIIEI0BATENbCKOM NeSTEIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HAYCHUS MH(OPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTBIO MOJTy4aTh U 00pabaThIBaTh HHGOPMAIUIO U3 PA3IMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
WHTEPIPETUPOBATH, CTPYKTYPUPOBATH U 0(OPMIISTH HHPOPMAIIHIO B TOCTYITHOM ISl IPYTUX BUIE

Teopernyeckast 4acThb

1. Moaeau atoma Tomcona u Pesepdopaa

[IpencraBnenne 00 aromMax Kak HEAENMMBIX MeJNbUaiIIMX YacTHUIAX BelIeCTBa («aToMoC» —
HEpa3JoKUMbIH) BO3HUKJIO elle B aHTH4YHble BpeMeHa ([lemokpur, Onukyp, Jlykpeuwmii). B
CpelHHEe BeKa, BO BpeMeHa Oe3rpaHH4yHOro TOCMOJACTBA LEPKBH, ydeHHE 00 aromax, Oynyduu
MaTepUaATMCTUYECKHM, ECTECTBEHHO, HE MOTJIO MOJYYUTh MIPU3HAHHUS, a TeM OoJiee abHeiiero
pasButusa. K nHavanmy XVIII B. atoMuctuueckas Teopusi NpHOOpeTaeT Bce OOJBILIYIO
MOMYJISIPHOCTD, TaK Kak K 3TOMY BpeMeHH B pabotax A. JlaByaswe (1743—1794, ¢paniuy3ckuii
xuMuK), M. B. JlomonocoBa u /I. JlanbToHa Obljia JOKa3aHa peaIbHOCTh CYILIECTBOBAHUS aTOMOB.
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OpHako B 3TO BpeMsl BOIIPOC O BHYTPEHHEM CTPOEHUH aTOMOB Ja)K€ HE BO3HUKAJI, TAK KAK aTOMBbI
MO-TIPEKHEMY CUUTAINCH HEJICIIMMBIMH.

Bonbiyto posibs B pa3BUTHHM aToMHUCTHYECKO# Teopun ceirpan . . MenaeneeB, pa3paboTaBIInii B
1869 r. Ilepmoauueckyro CHCTEMY 3JIEMEHTOB, B KOTOPOIl BIEpBbIE HA HAYYHOH OCHOBE ObLI
IOCTABJIEH BOIIPOC O €AUHOM MpUpoae aToMoB. Bo BTopoii nosioBuHe XIX B. 3KCIEPUMEHTAIBHO
OBUIO JIOKAa3aHO, YTO DJEKTPOH SBIISETCS OJHOM W3 OCHOBHBIX COCTaBHBIX YacTeW IJFOOOTO
BEILIECTBA. DTH BBIBOJBI, & TAKK€ MHOTOUYMCIIEHHBIE 3KCIIEPUMEHTAIbHbBIE JaHHbIE MMPUBEIH K
TOMY, 4TO B Hagasle XX B. CEPbE3HO BCTAII BOIIPOC O CTPOEHUH aTOMa.

[lepBas monpITKa CO34aHMSI HA OCHOBE HAKOIUIEHHBIX SKCIIEPUMEHTAIbHBIX JAHHBIX MOJIEIN aToMa
npuHaiexxut Jx. k. Tomcony (1903). CormnacHo 3TOH MOJenu, aToM NpeACTaBisieT coOoi
HETPEPHIBHO 3aPSKEHHBIN TONOKUTENBHEIM 3apA0M Inap paguycoM mopsanka 1070 M, BayTpH
KOTOPOTO OKOJIO CBOMX IIOJIO)KEHUH pPAaBHOBECUSI KOJEONIOTCS DSJICKTPOHBI; CyMMAapHBIH
OTpULATENIbHBIM 3apsj IEKTPOHOB PAaBEH MOJIOKUTEIBHOMY 3apsiy Illapa, MO3TOMY aTOM B
1enoM HeWtpaneH. Uepe3 HECKOJIBKO JIET ObLIO JOKa3aHO, YTO IMPEACTABICHHE O HEMPEPHIBHO
pacnpeieieHHOM BHYTPU aToMa MOJIOKUTEIbHOM 3apsijie OIIMO0YHO.

B pa3BuTum npencraBieHuil 0 CTPOEHUH aTOMa BEJIMKO 3HaYEHHE OIBITOB aHTJIUICKOro (usnka J.
Pezepdopna (1871—1937) o paccessHuto o-4acTuil B BemiecTBe. AJb(})a-4yacTUIIbI BOSHUKAIOT
MIPU PaTMOAKTUBHBIX MTPEBPAIICHUX; OHU SIBJISFOTCS TIOJIOKUTEIBHO 3apsSHKEHHBIMU YaCTHIIAMU C
3apsaoM 2e u Maccoi, mpumepHo B 7300 pa3 Oombiieit maccel anmekTpoHa. [lyuku o-dactuin
007a/1at0T BBICOKOW MOHOXPOMATUYHOCTBHIO (711 IaHHOTO MPEBpAIleHUs] UMEIOT MPAKTUYECKU
OJIHY 1 Ty %e CKopocTh (Topsaka 107 m/c)).

Pesepdopn, uccnenys mpoxoKIeHHE O-YacTHUIl B BEHIECTBE (Uepe3 30J0TyI0 (HOJIBTY TOJIIUHOU
mpUMEpHO | MKM), ITOKa3aJl, YT0 OCHOBHAS MX YacCTh MCIBITHIBACT HE3HAUNTEILHBIC OTKIIOHECHUS,
HO HEKOTOpBIE o-yactuipl (mpumepHo ogHa u3 20 000) pe3ko OTKIOHSAIOTCS OT
MepBOHAYAIBHOTO HaIpaBjIeHUs (YriIbl OTKIOHEeHHS AocTuranu gaxe 180°). Tak kak 37I€KTPOHBI
HE MOTYT CYIIECTBEHHO U3MEHUTH JBMXKEHUE CTOJIb TSDKEIBIX U OBICTPBIX YACTHUII, KaK O-4aCTHULIBI,
T0 Peszepdopaom ObLI cienaH BBIBOJ, YTO 3HAYUTEIHHOE OTKIIOHEHHE OL-4aCTHI] 00YCIOBIEHO UX
B3aUMO/JICHICTBUEM C TOJIOKUTEIBHBIM 3apsaaoM Oousblioi maccbl. OAHAKO 3HAYUTEIBHOE
OTKJIOHEHHUE UCTIBITHIBAIOT JIUILIb HEMHOTHE O.-YaCTHIIbI; CJIE0BATEIBHO, JTUILIb HEKOTOPBIE U3 HUX
MPOXOJAT BOJMM3HM JAHHOTO MOJIOKUTENBHOIO 3apsiia. JTO, B CBOIO OYEpeb, O3HAYAET, UTO
MOJIOKUTETILHBIN 3apsi]] aToMa COCPEIOTOUYEH B 00beMe, OUEHb MAJIOM IO CPaBHEHHIO C 00bEMOM
aToma.

Ha ocHoBanuu cBoux uccnenoBanuii Pezepdopn B 1911 1. npemioxun sjiepHyro (IJIaHETAPHYI0)
Mojaeab atoma. COrjiacHO 3TOM MOJIEIH, BOKPYT MOJOXUTEIBLHOTO SIpa, UMeroIero 3apsi Ze (Z
— TOPSIIKOBBIII HOMEp 3JeMEeHTa B cucTteMe MeHeneeBa, e — 3JIEMEHTapHbIN 3apsii), pazMep
10°—107%* m 1 maccy, mpakTHUECKN PAaBHYIO MAacce aToMa, B 0071aCTH C IMHEHHBIMU pa3MepaMu
nopsaka 1070 M o 3aMKHYTBEIM OpOUTaM ABUKYTCS SMEKTPOHBI, 00pasys MIEKTPOHHYIO 000JI0UKY
aToma. Tak Kak aTOMbl HEUTPaJIbHBI, TO 3apsi] Apa PaBeH CyMMapHOMY 3apsiiy 3JEKTPOHOB, T. €.
BOKPYT spa A0JKHO BpamaThesi Z 3JEKTPOHOB.

JlJis IpOCTOTHI MPEATONIOKUM, YTO SIEKTPOH IBUKETCS BOKPYT sApa Mo KPYroBoi opOuTe paguyca
r. IIpy >TOM KyIOHOBCKasi cujia B3aMMOJCHCTBHUS MEXIY SAPOM U AJIEKTPOHOM COOOIIaeT
ANIEKTPOHY ILIEHTPOCTPEMUTENbHOE YcKopeHue. Btopoil 3akon HplooToHa [ 37€KTpoHa,
JBUKYIIETOCS TI0 OKPY>KHOCTH MO/ IEHCTBUEM KyJTOHOBCKOM CHIIBI, UMEET BUJ]

Zee my?
dnegr '
(208.1)

T/Ie Me, M V — Macca U CKOPOCTh DIIEKTPOHA Ha OpOuTe paaunyca I, & — dIEKTpUUEcKas MOCTOSHHAS.
VYpasuenue (208.1) comepkut qBa HEM3BECTHBIX: I' U V. Cle0BaTeIbHO, CYIIECTBYET OECUMCIEHHOE
MHOKECTBO 3HAYCHHI paauyca M COOTBETCTBYIOUIUX €My 3HAYEHUH CKOpPOCTH (a 3HAYUT, U
SHEPTHUH), YAOBIETBOPSIONINX ITOMY ypaBHEeHUIO. [103TOMY BenmuuHEI I, V (clenoBaTenbHo, U E)
MOTYT MEHATHCS HEIMpPEpPBHIBHO, T. €. MOKET UCIYCKaThCs Jr00as, a He BIIOJHE ONpeesieHHas
Mopuus Hepruu. Torga CeKTpbl aTOMOB JIOJKHBI OBITh CIIONIHBIMU. B JeCTBUTENFHOCTH Ke
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OTIBIT MMOKA3bIBAET, UYTO aTOMbI UMEIOT JIMHEWUaThIN ciekTp. 13 Beipakenus (208.1) ciemyer, uto
npu r~101° M ckopocts mBmwkenus smexrpono V = 10° m/c, a yckopenme V/r =10%2 m/c?,
CornacHO KJIaCCHYECKOM 3JIEKTPOJMHAMHUKE, YCKOPEHHO JABMKYLIMECS 3JIEKTPOHBI JIOJKHBI
U3JIy4yaTh 3JIEKTPOMArHUTHBIE BOJIHBI U BCJEACTBUE 3TOIO HENPEPBIBHO TEPATH SHEpruto. B
pe3yibTare EKTPOHBI OyAyT MPUOINKATHCA K SIIpY M B KOHIIE KOHIIOB yMAAyT Ha Hero. Takum
obpa3om, arom Pesepdpopaa okas3piBaeTCs HEYCTOMYMBOW CHCTEMOH, HYTO ONSTh-TaKU
MIPOTUBOPEYUT JIEHCTBUTEIBHOCTH.

[TombITKM MOCTPOUTH MOJIENb aTOMA B PAMKAaX KJIACCHYECKOW (PM3UKM HE IPUBEIH K YCIIEXY: MOJIENb
Tomcona Opima ompoBeprHyTa ombiTaMu Pesepdopaa, smepHas e MOJENb OKasajach
HEYCTOMYMBOW D3JIEKTPOJMHAMUYECKM M IPOTUBOPEUYMIIA OIBITHBIM JaHHBIM. llpeononenue
BO3ZHUKIIUX TPYJHOCTEH MOTPEOOBAIO CO3JaHMs KaueCTBEHHO HOBOM — K8aHmMO60U — TEOPUU
aToMma.

3agaHusi 1 BONPOCHI

1.BEUMCINTE PAOUYCEL 'y M I3 BTOPOM M TpeThbey OopbMT B aToMe BOJOopona.

2.0npeneguUTb CKOPOCTB V B3JIEKTPOHAa Ha BTOPOM opbOuTe aTtoMa BOoIopona.

3.0npeneauTh 4YacTOTy OOpalleHus 3SJIEKTPOHA Ha BTOPOM opdOuTe aToMma
BOIOpPOLA .

4. OnpenenuTb NOTeHUMaJIbHYK I[I, KMHeTHMueckylw T U IOJIHyI E >sHeprumn
BJIEKTPOHAa, HaxXOoHAWeI'OCs Ha [IepBOM opbuTe aToMa BOLNOPOLA .

5.0npeneauTs OJMHY BOJIHEL A, COOTBETCTBYNIYID TpPeTbel CIeKTpaJlbHOMU
JIMHUM B cepumM bajibMepa.

6.Hatt HauOOJNBWYI Apax HAVMMEHBUY Apipn OJIMHEL BOJIH B IIE€PBOU
MHOPAKPAaCHOM CcepuM CIeKTpa Bomopona (cepum IllameHa) .

7.BeUMCINTE 3Heprui € QOTOHAa, MCIYyCKaeMOoT'O IpM Iepexone BJIeKTPpOoHa
B aTOMe BOHOPOIa C TPEeThbeI'0 SHEPreTUMUEeCKOI'O YPOBHSA Ha I[IE€PBHI.

8.0npenenuTh HaAVMMEHBUYK Epin M HaAMOOJBWY Ehpax DHEepIMM (GOTOHA B
VIABTPadMOJIEeTOROM CepuM CIeKkTpa Bomopola (cepum JlarMaHa) .

9. ATOMAapHBM BOIOPOH, BO3ODYXIEHHEM CBETOM OIpeleJIeHHOV IOJIMHB BOJIHEL,
IpM Hnepexome B OCHOBHOE COCTOSHME MCIYCKAaeT TOJIBKO TpM CIeKTpaJlibHBE
JMHUM . OnpenesnThb IOJIMHBL BOJIH 3TUX JIMHUM M yKas3aTb, KaKMM CepusaM OHU
npuHanjexar .

Cnucok Jureparypbl

1. bapcykos, B. 1. ®usuka. Mexanuka [ DJIeKTpOHHBIN pecypc] : ydeOHOe mocooue s
CTYICHTOB BBICIINX Y4eOHBIX 3aBe/ICHUH, 00YJYarOIINXCS IO TEXHUYECKUM HaAIPaBJICHUAM
noAroToBku U cnernuansHoctsM / B. U. bapcykos, O. C. ImutpueB. — DIEKTPOH. TEKCTOBBIE
nanable. — Tam00B : TaMOOBCKHil rocyaapcTBEeHHBIN TexHuueckuit yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexwum noctyna: http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®usuka. Mexanuka [ DneKTpOHHBIN pecypc] : yuebHoe mocodue Juist By30B / A.
B. 3ro3uH, C. b. Mockockuii, B. E. TypoB. — DneKTpoH. TEKCTOBBIE JaHHbIE. — M. :
Axanemuueckuii [Ipoexr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum nocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. WM. ®usuka : yueOHUK : Al CTYJCHTOB BY30B, 00yJarOMIMUXCS IO TEXH. Harp.
noarotosku / T.W. Tpodumosa. - 2-e uzf., nepepad. u gon. - Mocksa : Akagemus, 2013. - 346 c. :
ui. - (Beiciiee mpodeccuonansHoe oopazoBanue) (bakanaspuar). - [lpeam. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumona, T. 1.; Kypc duzuku ¢ npumepamu pemienus 3aaad: B 2-x 1. : yue6nuk / T.H.
Tpodumona, A.B. @upcos, T.2. - M. : Knopyc, 2015. - 378 c. - (bakanaspuar). - [Ipun.: c. 376-378.
- ISBN 978-5-406-04428-5.
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5. Tpodumona T.U., @upcora A.B., COopHUK 33124 110 PU3UKe- 2-€ U3 1., mepepad. u Jo1l. -
Mocksa : Akagemus, 2013.

INPAKTUYECKOE 3AHATHE Ne 29-30 SJIEMEHTHI COBPEMEHHOM ®U3UKHA
ATOMOB 1 MOJIEKY!I

Henab-3akpenuTh H3YYCHHBIH MaTepUaII IO TEMATUKE «DJIEMEHTHI COBPEMEHHOU (PU3UKH aTOMOB H
MOJIEKYJI. ATOM BOJIOPO/ia B KBAHTOBOH MexaHuKe. 1s-CoCTOsIHHAE 3JIEKTPOHA B aTOME BOJIOPOJIA.
Crinn snexTpoHa. CIMHOBOE KBAHTOBOE YHCIIO. DJIEMEHTHI KBAHTOBOM CTAaTUCTUKU. KBaHTOBas
craructuka. @azoBoe nmpoctTpancTBo. OYHKIUS pacIpeIeTICHHS.

OcBauBaeMble KOMIETEHIIMH B PE3YJIbTaTe MPOBEICHHS MPAKTHYCCKOTO 3aHSATHUS YKa3aHbBI B
nyHKTe «O0IIme CBeCHUS

AKTYaJIbHOCTh MPAKTHYECKOT0 3aHSITHS — 3aKPEIUTh IMMOJTYYCHHBIC TEOPETUUYCCKUE 3HAHUS U
BBIPA0OTATh HABBIKK M YMEHHUS MPAKTHYECKOTO PEIICHHUS 3a/1a4, B TO YHCJIE H CAMOCTOSTEIBHO.

3HaTh:

-OCHOBHBIC TIpaBUIIa JJIs1 0OPabOTKH pe3ysIbTaTOB IKCIICPUMEHTA;

-0a30BbIE METOJIBI UCCIIEI0BATEILCKOM IEITEILHOCTH.

YMmerh:

-TIPOBOJIUTH 00pa0OTKYy WH(GOPMAIMK C WCIOJIb30BAaHHEM MPUKIATHBIX MPOTPAMMHBEIX CPEJICTB

cdepbl

pohecCHOHANTBHOM JIeATETLHOCTH;

-TIPUMEHSATH 0A30BbIC METOIbI UCCIICIOBATEILCKOM JISATSIIBHOCTH B pabOTe HAJlT HHHOBAITMOHHBIMHU

MIPOEKTAMH IO HaIpaBIeHHUIO « TeXHOIOTHYECKUE MAIIUHBI H 000PYIOBaAHUEY.

Baapern:

-METOJJaMH HCCIIEIOBATEIBCKON NESITEILHOCTH TP paboTe HAJl IPOEKTAMU;

- TIOHMMaHWEM CYIIHOCTH M 3HaYeHUs WH(OpMAIMd B Pa3BUTHH COBPEMEHHOTO OOIIECTBa,

CIIOCOOHOCTH
nmoiaydyatb #  oOpabarpiBaTh HMHQPOPMAIMIO W3  PA3IMYHBIX  WCTOYHHKOB, TOTOBHOCTH
WHTEPIPETUPOBATD,
CTPYKTYPUPOBaTh U 0POPMIIATE HHOOPMAITUIO CTYJCHTAMH HampaBjeHUS — T €XHOJIOTHIECKUE
MAaIlIMHBI ¥ 000PYIOBaHUSI.

PeannsyeMble KOMIIETCHIIUHU

ITK-4 cnocoO6HOCTBIO y4acTBOBATh B pab0OTE HAJl ”HHOBALIMOHHBIMU MTPOEKTAMU, UCTIONb3Ysl 0a30BbIC
METO/IbI HCCIIEI0BATENbCKOM NeSTeIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTH U 3HAYEHUS MH(OPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTBIO MOJTyYaTh U 00padaThiBaTh HH(GOPMAIUIO U3 PA3TUYHBIX HCTOUHUKOB, TOTOBHOCTHIO
UHTEPIPETUPOBATH, CTPYKTYPUPOBATH M 0(OPMIISITH HHPOPMAIIHIO B TOCTYITHOM ISl IPYTHX BUIE

Teopernyeckast 4acThb
1. ATOM BOIOPO/Ja B KBAHTOBOI MeXaHUKe

Pemenue 3aganus u BOpOCkl 00 JHEPTETUYECKUX YPOBHSIX JIEKTPOHA AJIsl aTOMa BOJIOpoa (a Takxke
BOJIOPOJIONOOOHBIX chcTeM: MoHa renust He', mBykpaTHO nmonuzoBanHoro jutus Lit™ u ap.)
CBOJMTCS K 3aJ1a4€ O JBMKEHUU DJIEKTPOHA B KYJTOHOBCKOM II0JIE SpA.

[ToTeHnmanpHas >HEPrUsl B3aUMOACUCTBUS DJEKTPOHA C AIPOM, OOMANAIONINM 3apsaoM Ze (Juist
aroma Bojopoza Z = 1),

Ze*

4negr’

ulr)= -
(223.1)
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rie I — PacCcTOsIHUE MY DIICKTPOHOM H siipoM. ['paduuecku Gpynkums U(r) u3o0paxeHa KUPHOH
kpuBoit Ha puc. 302. U(r) ¢ ymeHblieHueMm I (IpH TNPUOTMKCHUHM DJICKTPOHA K SIPY)
HEOT'PaHUYEHHO yOBIBACT.

CocrosiHHE AIIEKTPOHA B aTOME BOJOPO,/1a OMUCHIBACTCS BOJIHOBOM (PYHKIMEH I/, YIOBJIETBOPSIOIICH
cTauroHapHoMy ypaBHeHu1o [llpequnrepa (217.5), yunteiBatomemy 3Hadenue (223.1):

é$+%"(}3+ Zez)\(lao,

dmeyr,
(223.2)

I7le m — Macca JJeKTpoHa, £ — IoJiHas SHeprus JEeKTpoHa B aToMe. Tak Kak moJjie, B KOTOPOM
JBUKETCSI AIEKTPOH, SBJISETCS LIEHTPAIbHO-CUMMETPHUYHBIM, TO /Ul pellieHUs ypaBHeHus (223.2)
0OBIYHO HCIIOJIB3YIOT CHEPUIECKYIO CUCTEMY KoopAuHAT: I, 6, ¢. He B1aBasich B MaTeMaTHUECKOE
pelieHre 3Tol 3afaHusi U BOMPOCHI, OTPAHUYUMCS PACCMOTPEHHEM BaXKHEWIIMX pe3yJbTaTOB,
KOTOpBIE U3 HETO CIEYIOT, MOSICHUB UX (PU3HUECKUN CMBICIT.

1. DHeprus. B Teopun muddepeHImanbHbIX ypaBHEHUN JOKa3bIBAE€TCA, UTO ypaBHEHUs THNA (223.2)
UMEIOT  pEILIEHUs, YAOBIETBOpSIONINE TPeOOBAHUSAM  OJHO3HAYHOCTH, KOHEYHOCTH H
HENPEPHIBHOCTU BOJHOBOW (DYHKIIUH 1, TOJILKO IIPU COOCTBEHHBIX 3HAYEHUSIX SJHEPTUU

1 Zme*
E,= — FW (ﬂ=l, 2,3, u-);
(223.3)

T. €. JUIsl TUCKPETHOTO Habopa OTpULIaTeIbHBIX 3HAUYEHUI SHEPTUH.

Takum oOpa3om, Kak U B cly4ae «IOTEHIUATbHON IMbD» C OECKOHEUYHO BBICOKUMH «CTEHKaMM» (CM.
220) u rapMOHHYECKOro ocuuiuisitopa (cM. 222), pemenue ypasHenus Lllpenunrepa ans atoma
BOJIOpOJIa TPUBOJIUT K TOSBICHUIO JUCKPETHBIX DSHEPreTHYECKUX YpOoBHEW. Bo3moxHbIe
3Hauenus E1, Eo, E3,... mokazansl Ha puc. 302 B BUI€ TOPU3OHTAIBHBIX MPAMBIX. CaMbIil HUKHUN
ypoBeHb £1, OTBEUAOIINI MUHUMAJILHON BO3MOYKHOM SHEPTHH, — OCHOBHOM, BCe ocTanbHbIe (En
>FE1, n = 2, 3, ..) — Bo3oy:kaennbie (cM. 212). Ilpu E<0O aBmKeHHE SJIEKTPOHA SIBJISIETCS
CBSI3AHHBIM — OH HaXOJUTCS BHYTPU TUNEpOOMUYECKON «OTEHIUANbHOMN sIMbl». M3 pucyHka
ClleqyeT, 4YTO IO MEpe poCTa TJABHOTO KBAHTOBOTO 4YHCIa N DHEPreTHYeCKue YpOBHU
pacmonararoTcs TecHee U nmpu N=o E,= 0. [Ipu >0 nBmwkeHne 371eKTpoHa SBIISETCS CBOOOAHBIM,
obmacte HempepwsIBHOTO crnekrpa FE>0 (3amrpuxoBana Ha puc. 302) COOTBETCTBYET
HOHM30BAHHOMY aTOMY. DHEprus HOHMU3AIMK aTOMa BOJOPO/ia paBHA

E,= — E,=me*/(8k*2)=13,55 3B.

Breipaxenue (223.3) comamaer ¢ dopmynoi (212.3), momydenHoir bopom mis sHeprum aroma
BoJioposia. Oanako ecnu bopy npuiuioch BBOAUTH TOTOJHUTENbHBIE THUIIOTE3bI (IOCTYINIATHI), TO
B KBaHTOBOIl MEXaHHKE IUCKPETHbIC 3HAUEHUS SHEPTUU, SABIIAACH CIEJICTBUEM CaMOW TEOpHH,
BBITEKAIOT HEMOCPEACTBEHHO U3 perieHus ypasuenus Llpeaunrepa.

Puc. 302
EUp
Y,
E; EE‘:

@ 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?

2. KBanToBble ync/ia. B kBaHTOBOM MexaHUKe JT0Ka3bIBaeTcs, uTo ypaBHeHuto [lpenunrepa (223.2)
YIOBJIETBOPSIIOT COOCTBEHHbIE QyHKUMU V. (I, 6,9), onpenensemble TpeMs KBaHTOBBIMH

YHCIIaMU: TJIABHBIM 71, OPOUTAIBHBIM | 1 MarHUTHBIM 1.
I'maBHoe KkBaHTOBOe 4Mca0 N, coriacHo (223.3), ompenenseT 3JHepreTuyeckHe YpPOBHHU
3J1eKTPOHA B aTOME ¥ MOXKET IMPUHUMATh JF0ObIE IIeTI0YNCICHHbIE 3HAUEHUSI HAUUHAS C €M HUIIbL:
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n=1,213, ..
N3 pemenust ypaBuenuss Illpenunrepa BbITEKaeT, YTO MoOMeHm umnyibca (MEXaHUYECKUN
OpOUTAIILHBI MOMEHT) 3/IeKMPOHA K8AHMYyemcsi, T. €. HEe MOXET OBbITh MPOU3BOJIBHBIM, a
MIPUHUMACT JUCKPETHBIC 3HAYCHUS, OTIpeIesieMbie (GopMyIIoi

Li=hJ/1({I+1),

(223.4)
riae | — opéuTasbHOE KBAHTOBOE YHCJI0, KOTOPOE TP 33JAHHOM N IPUHUMACT 3HAYCHHUS
1=0, 1, ..., (1=1),
(223.5)

T. €. BCEro N 3HAYCHUM, U OTPEIEISIET MOMEHT UMITYJIbCa JJIEKTPOHA B aTOME.

W3 pewienus ypasuenuii lpenunrepa cieayer Takxke, 4To BEKTOp LI MOMeHTa umIylibca 3J1eKTpoHa
MOXET UMETh JIUIIh TaKWe OPUEHTAIMH B MPOCTPAHCTBE, MPH KOTOPHIX €ro mpoekuus Lix Ha
HaIpaBJieHWE Z BHEITHETO MAarHUTHOTO TOJIsi IPUHUMAET KBAaHTOBAaHHBIC 3HAUCHHU S, KPaTHBIE /i

Li=hbm,
(223.6)
rJie mM|— MarHiTHOEe KBAHTOBOE YU CJI0, KOTOPOE MPH 33JaHHOM | MOKET MPHHUMATh 3HAYCHHS
m=0, +1, 2, ..., +/,
(223.7)

T. e. Bcero 2l+1 3nauenuii. Takum 0Opa3oM, MArHHUTHOE KBAHTOBOE YKCIO M| OMpPEaCIAeT
NPOEKUMI0 MOMEHTAa HMMIIYJIbCa 3JIeKTPOHA HA 3aJJaHHOEe HAaNpaBJeHHe, TPUYEM BEKTOD
MOMEHTa UMITYJIbCa DJIEKTPOHA B aTOME MOYKET UMETh B IpocTpaHcTBe 21+1 opueHTaum.

Hanuumne kBaHTOBOTO YHCiIa M| JOJKHO MPUBECTH B MATHUTHOM II0JI€ K PACHICTUICHHIO YPOBHS C
TJIaBHBIM KBaHTOBBIM YKCIOM 7 Ha 2|+1 moaypoBHeii. COOTBETCTBEHHO B CIIEKTPE aToMa J0DKHO
HaOMIOJaThCsl  paclleIUICHHe  CIEKTpalbHbIX  JIMHUN.  JleWcTBUTENbHO,  paclienjeHue
SHEPTreTUYECKNX YPOBHEW B MarHUTHOM Ioyie ObLIO OOHapyxeHo B 1896 T. roimaHACKUM
¢uzukoMm I1. 3eemanom (1865—1945) u nmonyurmiio HazBaHue 3¢ dexra 3eemana. PaciienieHue
YPOBHEN JHEPIMM BO BHEIIHEM JJIEKTPHUUYECKOM IIOJIE, TOXE JIOKA3aHHOE HKCIEPUMEHTANIBHO,
HazbiBaeTcs 3¢ dexrom LlTapka*.

* U. Iltapk (1874—1957) — Hemenkuii GpusmK.

XoTs aHeprus 37ekTpoHa (223.3) v 3aBUCHUT TOJIBKO OT IJIaBHOT'O KBAaHTOBOTO YHUCIIA 71, HO KaXKIOMY
COOCTBEHHOMY 3HAYEHHUIO En (kpome £1) COOTBETCTBYET HECKOJIBKO COOCTBEHHBIX PYHKIMH W/ 10

, OTIIM4aroImuxcs 3HadeHusMu | 1 my. CrietoBatesibHO, aTOM BOJOPOa MOXKET UMETh OJJHO U TO
K€ 3HaYCHHE PHEPTUU, HAXOSICh B HECKOJIBKUX Pa3IMYHbIX COCTOAHUAX. Tak Kak Mpu JaHHOM 7
opbuTtanbHOe KBaHTOBOE 4mciao | Moxer mamenstbes or 0 mo n—1 (cm. (223.5)), a kaxaoMy
3HadeHuto | coorBercTByer 2l+1 pasnuunbix 3HadeHudd My (223.7), TO YHCIO pa3IMYHBIX
COCTOSIHUI, COOTBETCTBYIOIIUX JAHHOMY 71, PaBHO

n—1
T @+1)=n
I=0
(223.8)
KBaHTOBBIC uMcClIa M MX 3HAYCHUS SBISIOTCS CJIICACTBHUCM peI_HCHI/Iﬁ ypaBHeHI/Iﬁ Hlpez[I/IHrepa n
YCJ'IOBI/Iﬁ OJHO3HAYHOCTH, HCIIPECPBIBHOCTU U KOHCYHOCTH, HAJIAaracMbIX Ha BOJIHOBYIO q)YHKHI/II'O
w. KpOMC TOTr'O, TaK KaK IIpU ABUKCHHUU DJICKTPOHA B aTOMC CYIICCTBCHHBI BOJIHOBLIC CBOICTBa
QJICKTPOHA, TO KBAHTOBAs MCXaHHUKaA B006IJ_IC OTKa3bIBACTCA OT KIIACCHYCECKOI'O MPEACTABICHUA 00
QJICKTPOHHBIX Op6I/ITaX. CormacHo KBaHTOBOM MCXAHUKE, KaKAOMY SHCPI€TUICCKOMY COCTOSHUIO
COOTBETCTBYCT BOJIHOBAA q)YHKI_II/IH, KBaapaT MOIYJIIA KOTOpOfI OIPEaACIACT BEPOATHOCTDH
O6H3py>KCHI/I5I 9JICKTPOHA B CIUHUIIC o0BeMa.
BepOHTHOCTB O6H3.py>KeHI/IH 9JICKTPOHA B PA3JIMYHBIX YACTAX aTOMA pa3JInvHa. QHCKTpOH IIpHU CBOCM
JABHOKCHHUHU KaK OBI «pasMaizalH» 110 BCEMY O6’LeMy, O6p33y5[ QJICKTPOHHOC O6J'IaKO, IJIOTHOCTD
(FyCTOTa) KOTOPOI'0 XapaKTCPU3YCT BECPOATHOCTb HAXOKACHHUA DJICKTPOHA B PA3JIMUHBIX TOYKAX
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o0bema atoma. Keanmosvie yucna n u | xapaxmepusyrom pasmep u ghopmy snekmponnozo oonaxa,
a Keanmogoe uucio M xapakmepuszyem opuenmayuio 21eKmpoHHo20 001aKa 8 NPOCMpaHcmae.

B aTtomHOi#1 (pu3HKe, O aHAJIOTUH CO CIIEKTPOCKOTIHEH, COCTOSTHIE MIEKTPOHA, XapaKTepHU3YIoIIeecs
KBaHTOBBIMHU unciiamMu |1=0, Ha3bIBAIOT S-COCTOSIHUEM (DJIEKTPOH B 3TOM COCTOSHHU HA3bIBAIOT
s-anekrpoHoM), |=1 — p-coctosiHuem, |=2 — d-coctosiauem, 1=3 — f-cocrosiHuem u T. 1.
3HayeHWe TIABHOTO KBAaHTOBOTO 4YHCIA YKa3bIBAeTCs IIepe] YCIOBHBIM 00O3HAYCHHEM
OpOUTAIBHOTO KBAaHTOBOrO umciia. Hampumep, amekTpoHsl B coctosHUsX N=2 u |1=0 u 1
0003HaYaIOTCS COOTBETCTBEHHO CUMBOJIAMH 2S | 2p.

[lepexox A1eKTpOHA U3 OCHOBHOTO COCTOSTHHSI B BO30YKJICHHOE 00YCIIOBIJICH YBEITMUCHHEM SHEPTHH
aToMa U MOXKET IPOUCXOIUTh TOJBKO HPH COOOLICHUHN aTOMY SHEPTUH M3BHE, HAIPUMED 3a CUET
MOTJIOIIEHUST aTOMOM (poTOHA. Tak Kak MOTJIONMIAOIIUN aTOM HAaXOIHUTCS OOBIYHO B OCHOBHOM
COCTOSIHWM, TO CIEKTp aToMa BOJOpOJa JOJDKEH COCTOSATh W3 JIMHUH, COOTBETCTBYIOIIMX
nepexoaam 1s—np (N =2, 3, ...), YT0 HAXOAUTCS B ITOJHOM COTJIACHH C OTTBITOM.

2. 1s-CocTosiHme JIEKTPOHA B aTOMe BOI0OPOIa

1s-CocrosiHuE 2JIEKTPOHA B aTOME BOJAOPO/Ia SABIISAETCS CHEPUISCKU-CAUMMETPHYHBIM, T. €. HE 3aBHCHT
ot yrimoB 6 u ¢. BonHoBass QYHKIUS |/ SIIEKTPOHA B STOM COCTOSHHUM OTIPEAEISIETCS TOJIBKO
paccTostHEEeM I 3JIEKTpOHA OT sapa, T. €. ¥ = wioo(r), rae uudpsl B MHIAEKCE COOTBETCTBEHHO
ykas3eiBatoT, uto n=1, 1=0 u m=0. YpaBuenuto lllpeaunrepa aast 1S-COCTOSHUS 3IEKTPOHA B
aTOMe BOJIOPOJia YAOBIETBOPSET (DYHKIIHS BHIA

y=Ce ",
(224.1)

rJie, Kak MOKHO TOKa3aTh, a = h’4re, /(Me’)— BeanumHa, COBMAjaromas ¢ MepBbIM GOPOBCKHM
panuycoM a (cM. (212.2)) s aroma Bojopoja, C — HEKOTOpas MOCTOSTHHAsSL, ONpeAeseMas 13
YCJIOBHUSI HOPMHPOBKH BeposTHOCTEH (216.3).

brnaromapss chepuyeckoit cumMMmeTpuu -QYHKIIMH BEPOSATHOCTH OOHAPY)KEHMsI DJIEKTpOHA Ha
paccTosHUK I OJTMHAKOBA 10 BCeM HarpaieHusM. [loatomy snemeHT oO0bema dV, oTBeyaronuii
OJINHAKOBOM TUIOTHOCTH BEPOSTHOCTH, OOBIYHO MPEACTaBISAIOT B BUAEC 00beMa chepruecKoro
ciosi pagmycoM I u TommmuOH dr: dV=4nr’dr. Torja, COTNacHO YCIOBHIO HOPMHPOBKH
BeposiTHOCTEH (216.3) ¢ yuerom (224.1),

a

X © —2rfa
1={ WPdV = § C% " 4nridr.
0 )

[Tocne naTErpUpOBAHUS TOTYUUM

C=1//ra’.
(224.2)
[ToncraBuB BeIpaxkenue (224.2) B dopmyny (224.1), ompenenum HOPMHPOBAHHYIO BOJHOBYIO
(GYHKIIMIO, OTBEYAKOIIYIO 1S-COCTOSIHUIO JJIEKTPOHA B aTOME BOJIOPO/A:

1
"ﬁmu = JE
(224.3)

BeposTHOCTE O0OHAPYKUTB NEKTPOH B 37eMeHTe 00bema (cM. (216.2)) paBHa
dW=W1*dV=|y|*4nr*dr.
[ToncTaBuB B 3Ty GOpMyIly BOJHOBYIO PpyHKIMIO (224.3), momyuum

Pl

1 _2
dW = —e¢ 1% gnr dr.
na

BbruncnuM Te paccTOSHUS Imax OT SA1pa, HA KOTOPBIX DJEKTPOH MOXKET OBITh OOHApyXeH ¢
Hanboublel BeposTHOCTRIO. Vcenenys Boipaxkenne dW/dr Ha MakcUMyM, HOJIYYIHM, YTO Imax=a.
CrnenoBarenbHO, 3JEKTPOH MOXKET OBbITh OOHAapY)XeH ¢ HauOoJblIel BEpOSITHOCTHIO Ha
PacCTOsIHUAX, PAaBHBIX OOPOBCKOMY pajnycy, T. €. UMEeTCs paBHas U HauOOJblIask BEPOSATHOCTD
oOHapyXeHHs HIIEKTPOHA BO BCEX TOUYKAX, PACIOJIOKEHHBIX Ha cepax paguyca a ¢ LEHTPOM B
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sape aroma. Kazanoch Obl, KBAHTOBO-MEXaHUUECKUI pacyeT JaeT MOJHOE COrjlacue ¢ TeopHuei
bopa. OpHako, corjiacHO KBaHTOBOM MEXaHHKE, IUIOTHOCTb BEPOSITHOCTH JIMIIb IpU =a
JOCTUTAaeT MaKCUMyMa, OCTaBasiCh OTJINYHOW OT HyJs BO BceM npocTtpaHcTBe (puc. 305). Takum
o0pa3oM, B OCHOBHOM COCTOSIHUM aToMa BOJOpOJa HauOoJiee BEPOSTHBIM PACCTOSIHUEM OT
AIIEKTPOHA JIO sI/Ipa SIBISIETCA PAcCTOsIHUE, paBHOE OOPOBCKOMY paauycy. B aTom 3akirodaercs
KBaHTOBO-MCXaHHICCKHII CMBICI OOPOBCKOTO pajiuyca.

' Pac. 305
WA Wyalr! ©

@ KaxkoB KBAHTOBO-MEXAHWYECKMRA CMbiCn nep-
soro GopoBckore pagwyca? !

® CpaBHNTe NNOTHOCTH BOPOATHOCTH obHapyxe-
HUA 3N6KTPOHA B OCHOBHOM COCTORHMM &TOMAa
BOAOPOAA COrnacHo Teopun Bopa u xBaHTOBOR
MOXAHUKN.

@ KaxkoBbl npasnna KBAHTOBAHWA OpOHTANLHOroO
MBXBHW4eCKOro W colCTBeHHOrD MeXaHn4yec-
KOr0O MOMEHTOB HMNYNLCA 3NeKTPOHA? UX RPo-
eKUMA HA HANPABNEHNO BHOWHEro MArHWTHONo

a r nonA?

Wy (r)

3. CnuH yiekTpona. CiuHOBOEe KBAHTOBOE YHCJI0

O. ltepn u B. I'epnax, mpoBos npsiMble N3MEPEHHSI MArHUTHBIX MOMEHTOB (cM. 131), oOHapyxumu
B 1922 r., 4yTO y3KMil My4OK aTOMOB BOJOPOJia, 3aBEJIOMO HAXOISAIIUXCS B S-COCTOSIHUH, B
HEOJHOPOJHOM MAarHUTHOM TIOJIE€ paclleIuisieTcs Ha JBa Mydka. B 3TOM COCTOSHUHM MOMEHT
UMITyJIbCa 3JEKTpOHA paBeH Hy0 (cM. (223.4)). MarHUTHBII MOMEHT aTOMa, CBSI3aHHBIA C
OpOUTATBFHBIM JBHKEHUEM DJIEKTPOHA, TPOTIOPITMOHATIEH MEXaHHIeCKOMY MOMEHTY (cMm. (131.3)),
MI03TOMY OH paBeH HYJIIO0 1 MarHUTHOE M0JIE HE IOJDKHO OKa3bIBATh BIIMSHUS HA IBUYKEHHE aTOMOB
BOJIOPOJIa B OCHOBHOM COCTOSIHUH, T. €. pacilleryieHus ObITh He JoKHO. OHaKO B AajbHEeM
MPU MPUMEHEHHH CIEKTPAIbHBIX MPUOOPOB C OOJBINON pa3pemaroniell CrmocOOHOCThIO OBLIO
J0Ka3aHO, YTO CIIEKTpalbHbIE JIMHUU aroMa BOAOpOJa OOHApYKUBAIOT TOHKYIO CTPYKTYPY
(IBISAIOTCS TyOJIeTaMu) Oadice B OTCYTCTBHE MAarHUTHOTO TTOJISI.

JIst 0OBSICHEHUSI TOHKOH CTPYKTYPBI CHIEKTPAIbHBIX JIMHHUH, a TaKkKe psijia APYrux TPYIHOCTEH B
aToMHOU (pusnke amepukanckue pusuku . Yiaeubek (1900—1974) u C. I'ayacmur (1902—1979)
MIPEIOJIOKIIN, YTO DJEKTPOH 00Ja/laeT cOOCTBEHHBIM HEYHHUYTOKMMbIM MeXaHHYeCKHM
MOMEHTOM HMMIIYJIbCA, HE CBA3aHHBIM C JBM)KCHHUEM JJIEKTPOHA B MPOCTPAHCTBE, CIMHOM (CM.
131).

CriuH s5ekTpoHa (M BCeX IpYruX MUKPOUYACTHI]) — KBAHTOBAs BEJIMYMHA, Y HEE HET KJIACCUYECKOTO
aHaJiora; 9TO BHyTpEHHEEe HEOTHEMIIEMOE CBOMCTBO 3JIEKTPOHA, MOJ0OHOE ero 3apsiay U Macce.
Ecnu snekTpoHy npUnuchiBaeTcsi COOCTBEHHbII MEXaHUYECKUI MOMEHT UMITyJibca (cruH) Ls, To eMy
COOTBETCTBYET COOCTBEHHBIN MarHUTHBIM MOMEHT Pms. COTJIacHO OOLIMM BBIBOJAM KBAaHTOBOM

MEXaHUKH, CNUH K8AHMYEemcsi NO 3AKOH)

L=h/s(s+1),

IZIe S— CMMHOBOE KBAHTOBOE YHCJIO.

Ilo aHanoruu ¢ opOUTAJIBLHBIM MOMEHTOM HMIIYJbca, NPOEKIMs Ls CliMHA KBAaHTYeTCs Tak, YTO
BeKTOp Ls moxer mpuHumath 2S+1 opuenrtamuu. Tak kak B ombliTax lltepna m I'epiaxa
HaOII0aMMCh TOJBKO JBE OpHEeHTaluu, To 2S+1=2, otkyma S= ‘2 . Ilpoeknus cnuHa Ha
HaIPaBJICHUE BHEUIHETO MarHUTHOTO IOJIS, SBJIAACH KBAHTOBAaHHOW BEJIMYMHOM, ONPEAEIAETCS
BbIpa)KEHHUEM, aHAJIOTUYHBIM (223.6):

Lao=hm,,

I/I€ Ms — MarHMTHOE CIIMHOBOE KBAHTOBOE YHMCJIO; OHO MOXKET UMETh TOJIBKO JBa 3HAUYEHHUA: Ms=
+%.

Takum 00pa3oM, ONBITHBIE JaHHBIE NMPHUBETU K HEOOXOAMMOCTH XapaKTEpU30BaTh 3JIEKTPOHBI (U
MHUKPOYaCTHUIIBI BOOOIIE) J0OAaBOUHOM BHYTpEHHEH cTeneHbo cBo6oabl. [loaTomy i mosHOrO
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OTHCAHMUS COCTOSHHUS JJIEKTPOHA B aTOME HEOOXOIUMO Hapsay C TJIaBHBIM, OpPOHTaJIbHBIM U
MarHUTHBIM KBaHTOBBIMU YHMCJIAMU 33aBaTh €L1€ MATHUTHOE CIMHOBOE KBAHTOBOE YHUCIIO.

4 Jy1eMeHThbl KBAHTOBOH CTATHCTHKH

KBanToBas crarucruka. ®a3oBoe MPOCTPAHCTBO. (I)yHKIII/Iﬂ pacnpeaeicHus

KBanToBasi cTaTHCTMKA — pa3jall CTATUCTHYECKON (PU3MKH, MCCICTYIONINA CUCTEMBI, KOTOPBIE
COCTOSIT U3 OFPOMHOIO YHCJIAa YACTULl, TOJUUHSIOIMXCSA 3aKOHAM KBAHTOBOM MEXaHUKHU.

B ornuume OT HCXOOHBIX TOJIOXKEHUH KIaCCHYECKOM CTaTUCTUYeCKOW (U3MKH, B KOTOpOM
TOXK/IECTBEHHBIE YaCTHUI[bl Pa3IMYUMbl (HaCTUIy MOKHO OTIMYMUTH OT BCEX TAKUX K€ YacTUL),
KBaHTOBAas CTaTUCTUKAa OCHOBBIBAECTCS HA MPUHIUIE HEPA3IUYUMOCTU TOKJIECTBEHHBIX YaCTHI]
(cm. 226). IIpu 5TOM OKa3bIBaeTCs, Kak OyeT MOKa3aHO HIKE, YTO KOJUIEKTUBBI YAaCTHII C IIEJIBIM
Y TIOJTyLEIBbIM CIIMHAMU MOJUUHSAIOTCS Pa3HbIM CTaTUCTHKAM.

Ilycth cucrema cocrout u3 N yactui. BBegem B paccMoTpeHHne MHOTOMEPHOE NMPOCTPAHCTBO BCEX
KOOpJMHAT U UMITYJIbCOB YacTUIl CUCTEMBI. TOr/1a COCTOSIHME CUCTEMBI ONpeeNsieTcs 3aJJaHueM
6N mepeMeHHBIX, TaK KaK COCTOSIHHE Ka)/I0W YacTHUIIBI OTIPENIENIIeTCS TPOUKONH KOOPAWHAT X, ), Z
U TPOHMKON COOTBETCTBYIOIUX MPOEKUUN UMITYJIbCA Px, Py, Pz. COOTBETCTBEHHO YHUCIIO «B3aUMHO
MEPIEeHIUKYIISPHBIX)» KOOPAUMHATHBIX Oceil JaHHOro npocTtpaHcTBa paBHO 6N. D10 6N-mepHOe
MIPOCTPAHCTBO Ha3biBaeTcad (ha3oBbIM NMPOCTPAHCTBOM. Kax710My MUKPOCOCTOSIHUIO CHCTEMBI
oTBeyaeT Touka B ON-mepHOM (ha30BOM MPOCTPAHCTBE, TaK KakK 3a/JaHue TOYKH (Pa3oBOro
MIPOCTPAHCTBA O3HAYAET 3aJaHhe KOOPAMHAT U MMIIYJIbCOB BCEX YacTHIl cucTeMbl. PazoObem
dazoBoe mpocTpaHcTBO Ha Maibie ON-mepHBIe dJeMeHTapHble SYCUKH  00BeMOM
dgdp=dq:dqy...dgsndp1dp2...dpan, Toe § — COBOKYIMHOCTH KOOPAMHAT BCEX YACTHIl, p —
COBOKYITHOCTb ITPOEKINN UX UMITYJIbCOB. KOpIyCKyIspHO -BOJTHOBOM Jyaanu3M CBOWCTB BEILIECTBA
(cm. 213) u cooTHOLIEHUE HeonpeaeneHHocTel ['elizendepra (cM. 215) mpUBOJAT K BBIBOJY, UTO
00beM dIeMEHTapHOU sSTYCiKU (OH Ha3bIBaeTCs a30BbIM 00bEMOM) HE MOKET OBITh MEHBIIIE YeM
h® (h — nocrosirnas ITnanka).

BepositHocts W 1aHHOTO COCTOSIHHMSI CHUCTEMBI MOKHO TIPEICTaBUTh C TOMOIIBIO (YHKIMA
pacrpenenenus f(q, p):

dW=f (g, p) dqdp.
(234.1)

3neck dW—BeposSTHOCTH TOTO, YTO TOYKa (Ha30BOTO MPOCTPAHCTBA TOMAJET B JIEMEHT (Hha30BOTO
obbema dqdp, pacronokeHHOro BOIN3K JaHHO# TOUKH ¢, p. NHbiME cioBamu, W npeacrasiser
co00i1 BEpOSATHOCTh TOTO, YTO CHCTEMa HAaXOJUTCA B COCTOSHUM, B KOTOPOM €€ KOOPAMHATHI U
UMITYJIbChI, 3aKIIFOUCHBI B HHTEepBayie (, g+dq u p, p+dp.

CornacHo Qopmyne (234.1), dyHkums pacnpeneneHuss €CTh HE UYTO HMHOE, KaK IUIOTHOCTH
BEPOSITHOCTH OMPEICIICHHOTO COCTOSIHUSI cucTeMbl. [lo3TOMy OHa 10mKHA OBITH HOPMHUPOBaHA HA
€IMHULLY:

§f(a, p) dgdp=1,

/i MHTErPUPOBaHUE MPOU3BOAUTCSA 0 BCceMy (ha30BOMY IIPOCTPAHCTBY.

3uas ¢pyHkimo pacnpenenerus f(Q, p), MOKHO pelIUTh OCHOBHYIO 3314y KBAHTOBOM CTATHCTHKH —
OTpPENCNUTh CpPEAHHE 3HAYCHHUS BEIUYMH, XapaKTEPU3YIOIIMX PACCMATPUBAEMYIO CHCTEMY.
Cpennee 3HayeHue M10001 QyHKIIUU

(L(g.P>= L (g.p)f (4. p) dgdp.
(234.2)

3aganust 1 BONPOCHI

1. Onpemenuths Ojsg ©eToHAa TOJIIMHY CJIOS IOJIOBUMHHOTO OCJab-
JIEHUS X1,/2 Y3KOTO NyuykKa Y-UMBJIyUeHus C sHepruen doronHoB ¢ = 0,6 MsB.

2. Ha xakywo TJyOMHY HYXHO MHNOTPY3MTbL B BOIY MCTOUHUK Y3KOTO
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nydyka Y-UMBJIydeHud (sHeprua € raMMa-OOTOHOB pakBHa 1,6 MsB), UuToOH
MHTEHCUMBHOCTL 1 IIy4YkKa, BHEXOIOAWEIO M3 BOOH, ObBJla yMeHblleHa B Kk
=1000 pas?

3. MHTEHCMBHOCTL 1 VY3KOTO Iydyka Y-UIJIYUEHUS IIOCJIe IIpO-—
XOXIEHMS Yepes CJIOM CBMHLA TOJUMHOM X = 4 CM yMeHbIIMJIACh B kK = 8
paz. OnpenenuThb BHEPIMKO €& IaMMa-0OTOHOB M TOJIIMHY Xi/2 CJOSA
IIOJIOBMHHOT'O OCJIabJIeHUSA .

4. UYepe3s CBUHEI IPOXOOUT Y3KUM IIyUOK Y-U3JNydeHUd. Illpu
KAaKOM 3BHAQUEHUM DHHepIuM ¢ IaMMa-QOTOHOB TOJIIMHA Xi,/2 CJOHA IIOJIO—
BMHHOT'O OcCJabjieHus OyneT MaKCuMaJbHOM? ONpemneiuTb MaKCHMAaJlbHYI
TOJILMHY Xpax CJIOS MOJIOBMHHOT'O OCJIabJIeHMA IOJId CBMHIA .

5. Y3kuM Nydok y-U3JydeHMs (sHeprusa & raMMa-GOOTOHOB paBHA
2,4 MsB) npoxomuT uepe3 OETOHHYH IJIMTY TOJIMHOM xX1=1 M. Kakomn
TOJILUMHEL X, IIJIMTa M3 YyI'yHa JaeT TaKoe Xxe ocjabjieHMe IOaHHOTO IIydKa
Y-—M3IydeHua?

6. UyryHHas IJIMTa yMEHbIlaeT MHTEHCUMBHOCTL [ yYyB3KOTO IIydKa
Y-U3JIyuyeHusa (BHeprusa & raMMa-0oToOHOB paBHa 2,8 MsB) B k =10 pas.
Bo CKOJBKO pa3 yMEHBUMT MHTEHCHMBHOCTB B3TOI'O IIyUYKa CBMHLOBAA IJIMUTA

TaKOM X& TOJIIMHEL?

Cnucok Jureparypbl

1. bapcykos, B. 1. ®uzuka. Mexanuka [ DeKTpoHHBIN pecypc] : yueOHOE ocoOue s
CTYICHTOB BBICIINX Y4eOHBIX 3aBe/IeHUH, 00YUarOIINXCS IO TEXHUYECKUM HaIPaBJICHUAM
MoAroToBKH U crienranbHocTsIM / B. . Bapcykos, O. C. IMmutpueB. — DJIEKTPOH. TEKCTOBbIE
nanHbie. — Tam00B : TaMOOBCKHI rocymapcTBEHHBIN TexHnueckuii yausepcutet, ObC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryma: http://www.iprbookshop.ru/63918.html

2. 3r03uH, A. B. ®usnka. Mexanuka [ DJIeKTpOHHBIN pecypc] : yaeOHoe mocobdue 1isi By30B / A.
B. 3ro3uH, C. b. Mockockuii, B. E. TypoB. — DneKTpoH. TEKCTOBBIE JaHHbIE. — M. :
Axanemuueckuii [Ipoexr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexxum nocryma:
http://www.iprbookshop.ru/36623.html

3. Tpodumona, T. . ®usuka : yueOHUK : AJisi CTYJCHTOB BY30B, 00yJarOMIMUXCS IO TEXH. HaMp.
noaroroBku / T.U. Tpodumosa. - 2-¢ u3., nepepad. u gom. - Mocksa : Akaaemus, 2013. - 346 c. :
ui. - (Bsiciiee mpodeccuonansnoe oopazoBanue) (bakanaspuar). - [lpenm. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumosa, T. U.; Kypc duzuku ¢ npumepamu pemenus 3agad: B 2-x 1. : yue6nux / T. 1.
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., dupcosa A.B., CoopHuK 3a71a4 no ¢pusuke- 2-e u3l., nepepad. u J01. -
Mocksa : Akagemus, 2013.
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MNPAKTHUYECKOE 3AHATHUE Ne 31-32 JIEMEHTBI ®U3UKU ATOMHOI'O SAAPA

Iesab-3akpenuTh H3y4eHHBIH MaTEepUa 10 TEMaTHKE « DJIEMEHTHI (PHU3UKU aTOMHOTO sijipa. Pa3zmep,
COCTaB | 3apsi/i aTOMHOTO siipa. MaccoBoe 1 3apsiioBoe uncia. JlehekT Macchl U SHEPTHs CBA3H
anpa. CIMH siipa U €ro MarHUTHBIA MOMEHT. SnepHbie cuiibl. Monenu siapa. PagnoaktuBHoe
U3JIy4EHHUE U €T0 BUJIbl. 3aKOH paJMOaKTUBHOTO pacnaja. [IpaBuia cMmemeHus».

OcBauBaemMble KOMIIETEHIMH B PE3YJIbTaTe NMPOBEACHUS MPAKTUUYECKOIO 3aHATUS YKa3aHbl B
nyHKTe «OO0IIne CBeICHIS

AKTYaJIbHOCTh NPAKTHYECKOI0 3aHATUS — 3aKPENUTh MOJIYYEHHbIE TEOPETUUYECKUE 3HAHUS U
BBIPAa0OTaTh HABBIKA M YMEHHUS IPAKTUYECKOTO PEIICHUS 3a/1a4, B TO YHCIIE U CAMOCTOSITEIIHHO.

3HaTh:

-OCHOBHBIE ITpaBWiIa AJisl 00pabOTKHU pe3ysIbTaTOB SKCIIEPUMEHTA;

-0a30BbI€ METO/IbI HCCIIE0BATEIBCKON EATEIBHOCTH.

YMmern:

-IPOBOJIUTh 00pabOTKy MH(GOPMALMK C HCMOJb30BAaHUEM MPUKIATHBIX MPOrPaMMHBIX CPE/ICTB

cdepbl

npohecCHOHANTBHOM JIeATETLHOCTH;

-IIPUMEHATH 0a30BbIE METO/IbI CCIIEI0BATENBCKOM IEATEIBHOCTH B pabOTe HaJl MYHHOBAIIMOHHBIMU

MIPOEKTAMH [0 HarpaBieHUI0 « TexXHOIornyeckue MauHbl 1 000pYA0BAHUEY.

Baagers:

-METOJJaMH HCCIIEI0BATENbCKON eSITEIbHOCTH P paboTe HaJl IPOEKTaMU;

- TMOHUMAaHUEM CYIIHOCTH W 3HAa4YeHUs MHPOpPMAllMM B Pa3BUTUU COBPEMEHHOrO OOIECTBa,

CIOCOOHOCTh
nmoiyyaTb M 00pabaTbiBaTh HMHQOpPMAIMIO U3  PAa3IUYHBIX HCTOYHHKOB, TOTOBHOCTH
UHTEPIPETUPOBATH,
CTPYKTYpUPOBaTh U 0POPMIIATh UHYOPMALIMIO CTYyAEHTaMU HaIlpaBlieHUs — TeXHOJIOrn4ecKue
MalllMHbI U 000PYIOBaHMSL.
Peasnsyemblie KOMIIETEHIIUH

IIK-4 ciocoOHOCThIO Yy4aCTBOBATh B pa0OTE HaJl MHHOBAIIMOHHBIMHU TTPOEKTaMH, HCTIOJIB3Ys Oa30BbIC
METO/IbI MCCIIEIOBATEIBCKON IEATEIILHOCTH

OIIK-4 mnoHMMaHHWEM CYIIHOCTH W 3HaYEHUS WH(OpPMAIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIIOCOOHOCTBIO TIOJTyYaTh U 00padaThiBaTh HHOOPMAIIMIO U3 Pa3IMYHBIX HCTOYHUKOB, TOTOBHOCTHIO
WHTEPIPETHUPOBATh, CTPYKTYPUPOBATH U 0POPMIISTh HH(GOPMAIIHIO B JOCTYITHOM JIJISI IPYTUX BUJIC

TeopeTnyeckasi 4acThb
1. Pa3mep, cocTaB u 3apsii aTOMHOTr0 siipa. MaccoBoe u 3apsi/ioBoe Ync/ia

3. Pesepdopa, uccienays NpoxoxkIeHHE O-YACTULl C SHEPrUeil B HECKOJIbKO MEra’eKTPOH-BOJbT
yepe3 TOHKHE IUIEHKU 30i10Ta (cM. 208), mpuinesn K BbIBOLY O TOM, YTO aTOM COCTOUT M3
MIOJIOKUTENBHO 3apsKEHHOro S7pa U OKPY)KAIOLIUX €ro 3JIeKTpoHOB. lIpoaHanus3upoBaB 3TH
OIBITHL, Pe3epdop1 Takske MoKasal, 4To aTOMHBIE ipa UIMEIOT pa3Mephbl mpumepHo 10714 — 1071
M (IMHelHbIE pazMepsl aToma npumepHo 10720 m).

ATOMHOE€ $/1pO COCTOMT W3 DJIEMEHTapHBIX YacTUI — IPOTOHOB M HEHTPOHOB (TPOTOHHO-
HEeHTpoHHas MOJENb s1/ipa ObLIa peaioxkeHa poccuiickuM ¢usukom J1. JI. UBanenko (p. 1904), a
BIIOCIIE/ICTBUM pa3BuTa B. I'elizenbeprom).

[IpoToH (p) uMeeT NOJOXKHUTEIbHBIN 3apsja, PpaBHBIA 3apsay 5SJIEKTpOHA, M Maccy IOKOs
mp:1,6726-10‘271<r ~ 1836 me, rie me — Macca 3exktpoHa. Heiitpon (N) — HelTpanbHast 4acTuIiia
¢ Maccoii okos m,=1,6749-102"kr ~1839 me. [IpOTOHBI U HEHTPOHBI HA3BIBAIOTCSA HYKJIOHAMH
(ot mat. nucleus — sapo). Obmiee YMCIO HYKIOHOB B aTOMHOM S/Ip€ Ha3bIBACTCS MACCOBBIM
qHCIIoM 4.
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ATOMHOE SpO XapakTepusyercs 3apsiaoM Ze, rae Z — 3apsjioBoe YMCJI0 S1pa, paBHOE YHUCIY
IIPOTOHOB B SJIp€ M COBHAJANOLIEE C MOPSAKOBBIM HOMEPOM XUMHYECKOTO D3JIEMEHTA B
[lepuoguueckoii cucteme snemMeHTOB MenzaeneeBa. 3BectHple B Hactosiiee Bpems 107
3IIeMEeHTOB Tabmuibl MeH ieneeBa IMEI0T 3apsiioBbie uncia saep oT Z= 1 go Z= 107.

SInpo 0003HAYaeTCA TEM K€ CHUMBOJOM, YTO M HeHTpambHbI atoM: » X, e X — CHMBOJ
XUMHUYECKOTO JIEMEeHTa, Z aTOMHBIM HOMEp (YUCIIO TMPOTOHOB B fAJpe), A — MacCOBOE YHCIIO
(4MCI0 HYKJIOHOB B SIZIPE).

Ceifuac MPOTOHHO-HEUTPOHHAST MOJIENb fAJipa HE BBI3BIBAET COMHEHUU. PaccmaTpuBanach Takxke
TUIOTE3a O MPOTOHHO-3JIEKTPOHHOM CTPOEHHH s1JIpa, HO OHA HE BbIJIEprKajia dKCIIEPUMEHTAIbHON
npoBepku. Tak, eciau MNpUAEpPKUBATbCS ITOW THUIIOTE3bl, TO MAacCOBOE YHUCIO A JIOJIKHO
IIPEJICTaBIATh COOOM YMCIIO MPOTOHOB B SAJIPE, @ PA3HOCTh MEXJy MAaCCOBBIM YHUCJIOM U YUCIOM
AJIEKTPOHOB JIOJDKHA OBITh paBHA 3apsAOBOMY 4YHCIy. OJTa MOJEIb COIJIACOBBIBAIACH CO
3HAYEHUSIMU M30TOITHBIX Macc M 3apsi/IoB, HO MPOTHBOPEYMIIA 3HAYCHUSIM CITHHOB M MarHUTHBIX
MOMEHTOB sJIEp, PHEPrUM CBs3U sAApa U T. 1. Kpome TOoro, oHa oka3ajgachb HECOBMECTHUMOMW ¢
COOTHOILIEHUEM HeompeneneHHocted (cMm.  215). B pesynbrare rumore3a O MNPOTOHHO-
AIIEKTPOHHOM CTPOEHHH sijipa Obljla OTBEPTrHYTA.

Tak xak aToM HEUTpaJeH, TO 3apsi sJpa ONPENeNseT U YNUCIO 3JIEKTPOHOB B arome. OT uncia xe
AJIEKTPOHOB 3aBUCUT MX PACIIPEAEICHHE 110 COCTOSIHUSIM B aTOME, OT KOTOPOTO, B CBOIO OUEPE/Ib,
3aBUCAT XMMHUYecKHe cBoicTBa aToma. (CrenoBaTelbHO, 3apsll sipa ONperenseT crneuupuky
JAHHOTO XMMMYECKOTO 3JIEMEHTA, T.€. ONpPEAEISeT YUCIO JIEKTPOHOB B aTOMe, KOH(PUTypaInio
UX AJIEKTPOHHBIX 000JI0UEK, BEJTMUNHY U XapaKTep BHYTPUATOMHOTO 3JIEKTPUUECKOTO MOJIS.

Snpa ¢ onvHaKOBBIMU Z, HO pa3HbIMU A (T. €. C pa3HbIMH uKcliaMu HeiTpoHOB N=A-Z) Ha3bIBatoTCst
U30TONAMH, a S/pa ¢ OJJMHAKOBBIMH A, HO pa3HbiMi Z—mu306apamu. Hanpumep, Bogopo (Z=1)
uMeeT Tpy uzoTomna: ; H—npotuit (Z=1, N=0), 2 H—neitrepuit (Z=1, N=1), >H — tpuruii (Z=1,
N=2), onoBo—uaecsTh, U T. A. B mogaBsitonieM OOJIBIIMHCTBE CIIydaeB U30TOIBI OJHOTO U TOTO
K€ XUMHUYECKOTO IEMEHTa 00JaJaloT OJMHAKOBBIMH XMMHMUYECKMMM U IMOYTH OJUHAKOBBIMU
(GU3UYECKUMU CBOWCTBAMHU (MCKIIIOUYEHHE COCTABJISIOT, HAMpUMEp, H30TOIMBl BOJAOPOJA),
ONpENENAIONUMICI B OCHOBHOM CTPYKTYpOM 3JIEKTPOHHBIX OO0OJIOUEK, KOTOpas SBISETCA
OJIMHAKOBOM I BCEX M30TOIOB JITAaHHOTO 3neMeHTa. [IpumepoM saaep-n300ap MOTYT CIIYKUTh

anpa 7 Be, ''B, ''C. B Hactosmiee Bpems usBecTHO Gosee 2500 siep, oTanyaomuxcs Jau6o Z,
160 A, 1nbo TeM U APYTHUM.

2. JlepekT Macchl M SHEPruUs CBSI3U sAAPa

HccnenoBanusi MoKa3bIBAIOT, YTO ATOMHBIE SiAjpa SIBJISIOTCS YCTOWYMBBIMH OOpa30BaHUSIMH. DTO
03HAYaET, UTO B SI/IPE MEXKY HYKIIOHAMU CYIIIECTBYET OIpPEIEICHHAS CBS3b.

Maccy sinep 04eHb TOYHO MOYKHO OTNPEAETUTH C TOMOIIBIO0 MacC-CIIEKTPOMETPOB — HU3MEPUTETHHBIX
puOOPOB, Pa3ACAIONIUX C TOMOIIbIO AIEKTPUUYECKUX U MATHUTHBIX MOJIEH MyYKU 3apsyKEHHBIX
yacTuil (0OBIYHO MOHOB) C PasHBIMH yIAedbHbIMH 3apsgamMu Q/m. Macc-cneKTpoMeTpruecKue
M3MEpeHusl MOKa3alM, UTO Macca A0pa MeHblUle, Yem CyMMAa MAcc COCMABNIAIOWUX €20 HYKIOHO8.
Ho tak kak Bcsikomy u3MeHeHuto Macchl (M. 40) T0JKHO COOTBETCTBOBATh M3MEHEHUE DHEPTHUH,
TO, CleJOBaTeIbHO, IpU 00pa30BaHUU sApa JOJDKHA BBLICTATHCS OmNpeaeieHHas sHeprus. U3
3aKOHA COXPAaHEHUs PHEPTHH BBITEKAEeT U 0OpaTHOE: IS pa3AelieHUs siipa Ha COCTAaBHBIE YacTH
HEOOXOIMMO 3aTpPaTUTh TaKO€ >K€ KOJUYECTBO SHEPrUu, KOTOPOE BBIACNIAETCS IMpPU €ro
o0Opa3oBaHuM. DHEPrus, KOTOPYIO HEOOXOIMMO 3aTPaTUTh, YTOOBI PACILENHTD SIIPO HA OTJEIbHbIE
HYKJIOHBI, Ha3bIBaeTCsl IHeprueii cBssu aapa (cMm. 40).

Cornacho BeipakeHuto (40.9), sHeprus CBS3HM HYKJIOHOB B siApe

Eq=[Zm,+(4—2) my—m,]c?,
(252.1)

r7ie mp, Mn, My — COOTBETCTBEHHO MAacChl IPOTOHA, HEHTpoHa M sapa. B Tabmunax oObIYHO
IIPUBOJATCA HE MAacChl My siep, a Maccel m aTtomoB. llosToMy ais 3Heprum CBs3M sAApa
MOJIB3YIOTCS POPMYIIOi
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Ea=[Zmy+(4—Z)m,—m]c?,
(252.2)
rae My — macca aroma Bogopoaa. Tak kak My Oosiblie Mp HA BETUYMHY Me, TO NEPBHIN WIEH B
KBaJpaTHBIX CKOOKax BKJIOYaeT B ce0s maccy Z 3nekTpoHoB. Ho Tak kak macca atoma m
OTIIMYAETCA OT MACCHI SiIpa My KaK pa3 Ha Maccy Z 3JIEKTPOHOB, TO BBIYHCICHUS O GopMyaam
(252.1) 1 (252.2) npuBOJAT K OJUHAKOBBIM pE3yJIbTaTaM.
Bennunna
Am=[Zm,+(A—Z)m,)—m,
HazbIBaeTCs AepeKToM Macchl sjpa. Ha 3Ty BelMuMHY yMEHbBIIAETCS Macca BCEX HYKJIOHOB IIPU
00pa30BaHUM M3 HUX aTOMHOTO sIJIpa.

3. CnuH siipa ¥ ero MarHUTHBII MOMEHT

Hcnons3oBanre npubOOpPOB BHICOKOW pa3zpemiaronieid CrocCOOHOCTH M CHEIHAIbHBIX HCTOYHHKOB
BO30YXKJEHUSI CIIEKTPa MO3BOJIMIIO OOHAPYKUTh CBEPXTOHKYIO CTPYKTYPY CIIEKTPaIbHbIX JTUHHI.
Ee cymecrBoBanue B. Ilaynu oObsichun (1924) HanuuumeMm y aTOMHBIX Siiep COOCTBEHHOIO
MOMEHTA UMITyJIbCa (CIIMHA) U MarHUTHOI'O MOMEHTA.

CoOcTBeHHBbINi MOMEHT MMITYJIbCA s1Ipa — CIHH SIAPAa — CKJIAJbIBAECTCSA U3 CIIMHOB HYKJIOHOB U
U3 OpOUTAIBHBIX MOMEHTOB HMMIY/IbCa HYKJIOHOB (MOMEHTOB HMITYJbCa, OOYCIOBJIEHHBIX
JBUKEHHEM HYKJIOHOB BHYTpH sijipa). O0e 3TH BETUYMHBI SBJISIOTCS BEKTOPaMH, IO3TOMY CIIUH
sJIpa MpeACTaBIsAeT UX BEKTOPHYIO0 cyMMy. CIIUH siipa Keaumyemcsi no 3aKOHYy

Le=h/T{U+1),

rae | — cnuHOBOe silepHOe KBAHTOBOE YHUCJIO (€r0 YacTO HA3BIBAIOT MPOCTO CIIMHOM Spa),
1 3
KOTOpPO€ MPUHUMAET LIeJIbIE WU MOJTyLEbie 3HaueHus 0, > 1, 50 Anpa ¢ yeTHbIMU A UMEIOT

nensie |, ¢ He4eTHBIMU — TOJTyIenbIe .

ATOMHOE SIpO0 KpoMe ClMHA 00J1aZlaeT MATHUTHBIM MOMEHTOM Pmg. MarHuTHBIH MOMEHT s1pa
CBSI3aH CO CITUHOM sifipa (cM. aHajornyHoe BeipaxeHue (131.5) mis anekTpoHa): Pms=gals, T11€ Js
—  K03((UIHMEHT MNPONMOPLUUOHAIBHOCTH, HA3bIBAEMbIM  SIAEPHBIM TI'MPOMATHMUTHBIM
OTHOLLIEHHEM.

EnuHuneir MarHuTHoIX MOMEHTOB SIZIEP CIIYKUT iIEPHbIA MATHETOH

pia=ehf(2m,)= 505081027 [Ix/Ta,
(253.1)

rae mp — Macca npoToHa (cp. 3ty dopmyny ¢ maraetoHoM bopa ( 131)). SnepHblii MarHeToH B
Mp/Me~1836 pa3 MeHbliIe MarHeToHa bopa, T03TOMYy MarHMUTHBIE CBOMCTBA ATOMOB OITPEICIIAIOTCS
B OCHOBHOM MarHMTHBIMU CBOICTBaMH €r0O 3JIEKTPOHOB.

B cnyuae addexra 3eemana (cMm. 223) mpu NOMEIIEHWH aTOMa B MarHUTHOE TOJie HAOJII01aeTCs
pacileneHle HSHEPreTUYeCKUX YPOBHEW U CIEKTPAIbHBIX JIMHUKA (TOHKAsi CTPYKTYypa),
00yCIIOBJICHHOE CIIMH-OPOUTAIBHBIM B3aUMOICHCTBUEM DJIEKTPOHOB. BO BHEIIHEM MarHUTHOM
MoJIe TaKKe HAONI0aeTCsl pacilelyieHHue YPOBHEH AHEpru aToMa Ha OJIM3KO PacHoJIOKEHHBIE
MOAYPOBHU (CBEPXTOHKASl CTPYKTypa), OOYCIOBIEHHOE B3aHMMOJCHCTBHEM MAarHUTHOTO
MOMEHTA sJIpa ¢ MATHUTHBIM I10JIEM 3JIEKTPOHOB B aTOME.

4. Sinepuble cuibl. Moaeau saapa

Me>1<z[y COCTaBJAOIMUMHU PO HYKIIOHAMU ﬂeﬁCTBYIOT OCO6LI€, CHCI_II/I(l)I/I‘-IeCKI/Ie AJIg siApa CHJIbL,
SHAYUTCJIBbHO MPCBLIMIAOMINC KYJIOHOBCKHE CHJIBI OTTAJIKUBAHUA MCXKIAY IMMPOTOHAMH. Onu
Ha3bIBAOTCA AACPHBIMHA CUJIAMHU.

C IIOMOIIIBIO JSKCIICPUMCHTAJIBHBIX MHAHHBIX II0 PACCCIHHUIO HYKIIOHOB Ha AApaX, SACPHBIM
MNpeBpaliCHUsAM U T.A. JOKa3aHO, YTO SAJACPHLIC CUJIBI HAMHOI'O IMPEBBIIAKOT T'PABUTAIIMOHHELIC,
QJICKTPUYICCKHUEC U MAalrHUTHBIC B3aMMOJCHUCTBUS U HE CBOAATCS K HUM. HI[CPHBIC CHJIBI OTHOCATCSA
K KJIaCCy TaK Ha3bIBAEMBIX CHJIbHDBIX B3aMMO/IEeHCTBHIA.

Hepqu/ICHI/IM OCHOBHBIE CBOMCTBA AACPHBIX CUIL:
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1) snepHbIE CUIIBI ABISIOTCS CUNAMU NPUMAHNCEHUSL,

2) siIepHBIC CHJIBI SIBIISIIOTCSL KOPOMKOOECUCMEYIOWUMU — WX JICHCTBUE IMPOSBISICTCS TOJBKO Ha
paccrosausx npumepno 1071 M. [Ipu yBenuueHHN paccTOSHHUSA MEX Ty HyKIOHAMU sIepHbIE CHIIbI
OBICTPO yMEHBINAIOTCS [0 HYJSA, a NPHU PACCTOSHUSAX, MEHBIIMX WX paguyca JelcTBU,
oka3zbiBaroTcs mpuMepHo B 100 pa3 OoJiblIe KyJTOHOBCKMX CHJI, IEHCTBYIOIIUX MEXAY IPOTOHAMU
Ha TOM € PacCTOSHUU;

3) sAepHBIM CUJIaM CBOMCTBEHHA 3aps006dsl He3A8UCUMOCTb. SIIEPHBIE CUIIBL, AEUCTBYIOLINE MEXKITY
JIBYMsI IPOTOHAMU, WM JBYMs HEHUTPOHAaMH, WM, HaKOHEL, MEXIY MPOTOHOM U HEUTPOHOM,
OJIMHAaKOBbI MO BenuuuHe. OTClOJa CleqyeT, YTO SJEPHbIE CHJIbI UMEIT HEDJIEKTPUUECKYIO
IIPUPOY;

4) simepHBIM CUJIaM CBOMCTBEHHO HacbluyjeHue, T. €. KaKIbI HYKJIOH B SIAPE B3aUMOICHCTBYET TOJIBKO
C OIpPaHMYECHHBIM YHCIIOM OJIrKallliuX K HEMY HYKJIOHOB. HackllieHue nposiBiisiercs B TOM, 4TO
yZeIbHas SHEPTUs CBA3U HYKJIOHOB B sJpe (€CiU HE YUUTHIBATH JIETKUE si/ipa) MIPU YBEITUUYEHUU
quclia HyKJIOHOB HE PacTeT, a OCTaeTcs MPUOIN3UTEIBHO OCTOSTHHOM;

5) sinepHbIE CHUJIBI 3aBUCAT OT B3aUMHOHN opueHmayuu chnuHo8 B3aUMOJCHCTBYIOUIUX HYKJIOHOB.

Hanpumep, MPOTOH ¥ HEHTPOH 06pasyroT AeHTpoH (sapo n3oTomna  H) TONbKO MpH YCIOBHH

MapayieIbHOM OPUEHTALIMN UX CIIMHOB;
6) siiepHbIE CUJIbl He AGNAIOMCS YeHMPAlbHbIMY, T. €. NEUCTBYIOIIUMHU MO JIMHUH, COEAUHSIONIEH
LHCHTPEBI BSaHMO}IeﬁCTByIOHIHX HYKJIOHOB.

5. PaainoakTuBHOE M3JIy4eHHE U €ro BUAbI

Opanny3ckuit puzuk A. bexkepens (1852—1908) B 1896 r. npu n3ydyeHun JTIOMUHECLICHIIUU COJIEN
ypaHa CcIy4aiiHO OOHApYXWII camMonpousgojbHoe WCIyCKaHWEe WMH W3IYYCeHHUS HEM3BECTHON
MIPUPOJIBI, KOTOPOE JIECHCTBOBANIO Ha (POTOTUIACTUHKY, HOHU3HPOBAJIO BO3YX, IIPOHUKAJIO CKBO3b
TOHKHE METaJUIMYEeCKHe IUIACTUHKH, BBI3bIBAIO JIOMUHECIEHIMIO psifa BemiecTB. I[lpomomkas
HccaeaoBaHue ATOro sBiieHwus, cynpyru Kropu — Mapust (1867—1934) u [Ibep — oOHapy)MIH,
YTO OEKKEPEIEBCKOE U3IIyueHUE CBOMCTBEHHO HE TOJIBKO YpPaHy, HO U MHOTUM JPYTUM TSDKEIbIM
3JIEMEHTaM, TaKuM, KaK TOpPUH M akTHHUWA. OHM TOKa3aldu TakKe, YTO ypaHOBash CMOJISIHAS
obmaHka (pyna, W3 KOTOpOH MOOBIBaeTCS METAUIMUECKHH YypaH) HCIyCKaeT W3IydeHue,
MHTEHCUBHOCTh KOTOPOTO BO MHOTO pa3 MPEBBIIIACT MHTEHCUBHOCTh U3Ny4eHHs ypaHa. Takum

o6pa30M YAAIOCh BBIACIUTH ABAa HOBBIX 3JICMCHTA — HOCHUTCIIA 66KK€p€J’ICBCKOFO HU3TyUCHUA:

v 210 v 226
noJoHui ", Po u pammii “5; Ra.

OOHapyxeHHO€ H3Jy4eHHE ObUIO Ha3BAaHO PAAMOAKTHBHBIM H3JIyYeHHEM, a CaMO SIBJIEHHUE —
UCIyCKaHHE PaIMOAKTUBHOTO U3JIy4EHUsI — PAAHOAKTUBHOCTHIO.

JlanpHeWIne OIbIThl INOKa3ajld, 4YTO Ha XapakTep paJMOAKTHBHOTO HU3JIYYEHHs IpernapaTta He
OKa3bIBAIOT BJIMAHUSA BHJ XUMHUYECKOTO COCIMHEHHUs, arperaTHOe COCTOSIHME, MEXAaHUYECKOe
JIaBJIEHHE, TEMIIepaTypa, JIEKTPUUECKUE U MarHUTHbIE TI0JIs, T. €. BCE T€ BO3AEUCTBUS, KOTOPBIE
MOIJIM ObI MPUBECTH K MU3MEHEHHMIO COCTOSIHUS 3JIEKTPOHHOI 000s0uku aroma. CrenoBarenbHo,
palMoaKTUBHbIE CBOICTBA 3JIEMEHTA 00YCIIOBIIEHBI JIUIIb CTPYKTYPOH €ro sipa.

B HacTosee Bpems o paiM0aKTUBHOCTBIO IOHUMAIOT CHOCOOHOCTh HEKOTOPBIX aTOMHBIX sIJIEp
CaMOIIPOU3BOJILHO (CIIOHTAHHO) MPEBPAILATHCS B APYrHe Apa C UCIYCKaHHEM Pa3JInYHbIX BUI0B
PalMOAKTUBHBIX M3JIYy4EHUH W 3JIEMEHTApHBIX 4YacTULl. PaquoakTUBHOCTH MOJpasjensercs Ha
eCTeCTBeHHYI0 (HaOJtoJaeTcsi y HEYCTOMYMBBIX H30TOIOB, CYILECTBYIOLIUX B MPUPOIE) U
HCKYCCTBEHHYI0 (HaOmronaercs y M30TOINOB, MOJYYEHHBIX MOCPEICTBOM SIJIEPHBIX PEaKLUi).
[TpyHIMONATBEHOTO pa3IMyUs MEXJY 3TUMHU JBYMs TUIIAaMH PaJMOAKTUBHOCTH HET, TaK Kak
3aKOHBI PAJMOAKTUBHOIO MPEBPALCHHS B 000OUX CITydasiX OJAUHAKOBBI.

PagnoakTiBHOE H3IydeHUe ObIBACT TPEX TUMOB: a-, - U y~n3nydenue. [logpobHoe ux uccnenoBanmue
ITO3BOJIMJIO BBISICHUTH NPUPOY M OCHOBHBIE CBOICTBA.

o-V3nyueHne OTKIOHSETCS DICKTPUYECKMM U MarHUTHBIM THOJSMH, O00JIafaeT BBICOKOH
MOHM3HPYIOIIEH CHOCOOHOCTBIO M MajoOl NPOHHUKAIOIIEH CHOCOOHOCTBIO (HampuMep, MOTrJo-
IIAIOTCS CJI0EM AMIOMHMHUS ToMHON npuMepHo 0,05 MMm). a-U3nyuenue npencraiser coOoit
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MOTOK SiZIEp TN 3apsi]l A-9aCcTULIBI paBeH +2¢, a Macca COBMAIAET C MACCOM si/ipa U30TOIIA MEITUS
;‘He. [lo OTKIOHEHHIO Q-4acCTHUI[ B DJEKTPUYECKOM M MArHUTHOM IMOJSX ObUT ONpEIeNIeH HX

yaenbHbli 3apsa Q/M,, 3HAYEHUE KOTOPOTO MOJATBEPIHIIO MIPABUIBHOCTD MPEICTABICHUI 00 HX
IIPUPOJIE.

[-UznydeHue OTKIOHAETCS OIEKTPUYECKMM ¢ MAarHUTHBIM TMOJIIMH; €r0  HOHHU3UPYIOIas
CIOCOOHOCTh 3HAYUTEIIFHO MEHBIIE (IPUMEPHO Ha JBa MOPSJIKA), a MPOHUKAIOIIAs CIOCOOHOCTD
ropaszo 0oJibie (TIOTIOMIACTCs CII0OEM ATFOMHHUS TOJIIMHON MPUMEPHO 2 MM), YEM Y Q-9aCTHII.
S-U3iryaenue mpencTaBisier OO0 MOTOK OBICTPHIX JCKTPOHOB (3TO BBITEKACT U3 ONPEICIICHUS
WX YJIEIBHOTO 3aps/a).

[lornomienue MOTOKa 3JIEKTPOHOB C OJIMHAKOBBIMU CKOPOCTSMHU B OJIHOPOJHOM BEILECTBE
O TYMHSIETCS dKCcroHeHnansHOMY 3aKk0HY N=Noe#*, rae No 1 N — 4rciio 351eKTpoHOB Ha BXO/Ie
Y BBIXOJIE CJIOSI BEIMIECTBA TOJIIMHON X, 1 — Kod(duiueHT nornomieHus. f-M3mydenne cCuibHO
pacceuBaeTcs B BEIIECTBE, MOATOMY 4 3aBHCHUT HE TOJBKO OT BELIECTBA, HO M OT Pa3MEpPOB U
(GopMBI Tel, Ha KOTOpBIE [S-U3ITyUeHHE MaaeT.

y-3nydeHne He OTKJIIOHSETCA 3JEKTPUUECKUM M MarHUTHBIM MOJIAMM, 00JIaZjaeéT OTHOCHUTEIBHO
caboif MOHM3UPYIOIIEH CIMOCOOHOCTHIO W OYEHb OOJBIION MPOHUKAIOMIEH CIIOCOOHOCTHIO
(HampuMep, IPOXOAUT Yepe3 CIOM CBUHIA TOJILIMHON 5 CM), TPU MPOXOKICHUH Yepe3 KPUCTAIIIbI
oOHapyXuBaeT IudpaKIuio. y-U3nydenmne mnpezacraBiser co0oil KOPOTKOBOJIHOBOE
MEKTPOMArHUTHOE M3IydeHHe C Upe3BBIYaifHo Manoi mmuHoi BoHsl A<1071° M u BemencTBue
3TOTO — SIPKO BBIPAYKEHHBIMU KOPITYCKYJISIPHBIMUA CBOHCTBAMH, T.€. SIBIISIETCS] TOTOKOM YaCTHI —
J-KBaHTOB ((POTOHOB).

6. 3akoH pagnoakTuBHOro pacnaaa. [Ipasuia cmemenust

[Ton pagnoakTUBHBIM pacagoM, WK MPOCTO pacnagoM, HOHUMAKT €CTECTBEHHOE PaJOaKTUBHOE
MpEBpAIICHUE SAEP, MPOUCXOIAIIEE CAaMOIPOU3BOJIBHO. ATOMHOE SApPO, HCHBITHIBAIOIIECE
PaaoOaKTUBHBIN pacnal, Ha3blBacTCsI MaTEPUMHCKUM, BO3HUKAIOUIEE AP0 — AOYEPHUM.

Teopus paagroaKTUBHOTO PaCIa/ia CTPOUTCS HA MPEANOJIOAKEHNUN O TOM, YTO PAIMOAKTUBHBIN pacmaj
SIBJISIETCS] CIIOHTAHHBIM ITPOLIECCOM, MOJUYHUHSIONIMMCS 3aKOHAM CTaTUCTUKH. Tak Kak OTIE/IbHbIE
paaMOaKTUBHBIE SApa PACIaJaloTCsA HE3aBUCUMO Pyl OT Apyra, TO MOKHO CYUTATh, YTO YUCIIO
saep dN, pacmaBIIMXCsS B CpeJHEM 3a HHTEpBal BpemeHnu oT t go t+dt, mpomoprimonanbHO
NPOMEXYTKY BpeMeHu dt u yrcity N HepacmaBIIuXCs siiep K MOMEHTY BpeMeHH t:

dN=—ANd:,
(256.1)

rje A — MOCTOSIHHAA JJIs JAHHOTO PaJMOAaKTUBHOTO BEIlleCTBA BEJIMYMHA, HAa3bIBaeMasi MOCTOSHHOM

PAIMOAKTUBHOIO pacnajaa; 3HaK MHUHYC YKa3bIBaeT, YTO OOIIee YHCIO PAJUOAKTUBHBIX SIIEp B

Imponecce pacmnaaa yMCHbIIACTCA. Pa3z[en1/1B INEPEMCHHBIC U HHTCIPUPYA:
N

d dN ! N
_N=_;,d;, —=—ifd;, In—=-1,
N N o N,

No

HOJIyYUM
N=Npe ™",
(256.2)

rne  No—HavanpHOe uYHCIO Hepacnaswuxcs saep (B momeHT Bpemenu t=0), N—uucio
Hepacnaswiuxcs siiep B MOMEHT BpeMeHH t. Dopmyna (256.2) BbipaxkaeT 3aKOH PaAH0AKTHBHOI 0
pacmaja, cOorjacHO KOTOpPOMY YMCJIO HepaclaBIIMXCS sAep YyObIBaeT €O BpEMEHEM IIo
HKCTMIOHEHIMAIbHOMY 3aKOHY.

VHTeHCUBHOCTh Tpollecca paAMOaKTHBHOTO pacraja XapaKTEepU3YIOT JBE BEIHUYUHBI MEPUOJ
noJstypacnazna 712 U cpeiHee BpeMs JKU3HU 7 pajinoakTuBHOro siapa. Ilepuon moaypacnana 71/
— BpeMsl, 32 KOTOPOE HCXOJHOE YUCIIO PAJAMOAKTUBHBIX AJ€p 6 CpedHeM YMEHBIIAETCs BIBOE.
Torna, cornacHo (256.2),
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No/2=Noe "7,
OTKyJa

In2
Tip=—=0,693/3.

[lepuonpl mosypacmaza Ui  €CTECTBEHHO-PAJMOAKTUBHBIX  3JIEMEHTOB  KOJEOMIOTCS  OT
JECATUMILTHOHHBIX JIOJIEH CEKYHIBI 10 MHOTUX MUJUTHAPAOB JIET.

Cymmapnas npojosnkutenbHocTh ku3HE 0N simep pasua t|dN|=ANtdt. [IpounTerpupoBas 310
BBIpAKEHHUE 10 BCEM BO3MOXKHBIM 1 (T. €. oT 0 110 o0) u pa3aenuB Ha HavyaibHOE uncio siaep No,
MOJTyYHM Cpe/iHee BpeMsl KU3HHU 7 PaAHOAKTHUBHOTO s/Ipa:

1=l? il.Nrdt=l gjn mote—”dr=J.T e~ de=1
No, No o o A

(yureHo (256.2)). Takum 00pa3zom, cpefHee BpeMs JKU3HU 7 PaJMOAKTUBHOIO si/Ipa €CTh BEJIMYMHA,

oOpaTHas TIOCTOSTHHOHM paJIOaKTHBHOTO pacraja A.

3agaHusi 1 BONPOCHI
1. BHag NDOCTOAHHYK ABOTamIpo N, , ONPelesiIMTh MacCy M, HeUTPaJlIbHOTO

aToMa yIrJjepozna l2C M Maccy T, COOTBETCTBYUYI YIJIEPOOHOW eOMHUIIE
MaCCHI.

2. UeM OTIMUAKTCS MAaCCOBOE€ UMCJIO OT OTHOCUTEJNBHOM MACCH AIpac?

3. Xmop mnpencraByasgeT coboM CMeChb IBYX M30TONOB C OTHOCUTEJILHBIMU
ATOMHBEIMM MaccaMm A1=34,969 m A»,=36,966. BHUKUCIUTL OTHOCUTEJILHYI

aTOMHYI Maccy A, xXJjiopa, €CJM MacCOBHE IOJIM @; U @, MEePBOTO M BTOPOTO
MB0TOIIOB COOTBETCTBEHHO pabBHE 0,754 m 0,246.

4, Ykaxure, CKOJIbBKO  HYKJIOHOB, [IPOTOHOB, HEeMTPOHOB comepxaT
crenyomme gaipa: 1) 32He; 2) 105B; 3) 2311Na; 4) 5426Fe; 5) 10447Ag;
6) 23892U_

5. HanummTe CHUMBOJIMUECKMe OOO3HAUEeHUS AIep M30TOINIOB BOoIJopoIa U
Ha30BUTE UX.

6. YkaxmuTe, CKOJBKO CylecTByeT wu30bap C MACCOBHEM uUMcCJOM A=3.
Hanuumre CHUMBOJIMUECKMEe OOO3HAUeHUS SALOep.

7. Kakye M30TOIB COINepXaT IBa HeMTpoHa? (JaThk CHUMBOJIMYUECKYI 3alMChb
amep.)

8. OnpenmenuTbL aTOMHBIE HOMEPa, MACCOBHE UMCIIa U XUMMUUECKME CUMBOJIB

3epPKAaJILHEIX A0ep, KOTOPHE I[IOJIydYaTCsd, €ecaM B dOpax 32He, 74Be, 1580

IIPOTOHBEl BaMEHMTb HEeMTPOHAaMM, a HEeWTPOHH — [OpOTOHaMmM. IlpuBecTu
CMMBOJIMUECKY SBalMCh [IOJYUMBUMXCSH SIep.

Cnmcok Jiureparypbl

1. bapcykos, B. . ®usnka. Mexanuka [DneKTpoHHBIN pecypc] : yaueOHOe ocodue st
CTY/IEHTOB BBICIIUX y4eOHBIX 3aBe/ICHU, 00ydJarommxcs Mo TEXHUYECKUM HalpaBIeHUsM
MOJArOTOBKM U crienuansHocTsM / B. U. Bapcykos, O. C. JImutpueB. — DIeKTpOH. TEKCTOBbIE
nannble. — Tam60B : TamGoBcKkuit rocynapcTBeHHbIN TexHUUeckuit yausepcuret, 9bC ACB,
2015. — 248 c. — 978-5-8265-1441-2. — Pexum nocryna: http://www.iprbookshop.ru/63918.html

2. 3103uH, A. B. ®usuka. Mexanuka [ DJIeKTpOHHBIN pecypc] : yueOHoe nocobue ais By30B / A.
B. 3ro3un, C. b. Mockosckuii, B. E. TypoB. — DeKTpoH. TeKCTOBbIE JaHHBIE. — M. :
Axanemuyeckuii [Ipoekr, 2015. — 436 ¢. — 978-5-8291-1745-0. — Pexwum nocryma:
http://www.iprbookshop.ru/36623.html
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3. Tpodumona, T. M. ®usuka : yueOHUK : JAJIsi CTYJCHTOB BY30B, O0yJArOIIUXCS 110 TEXH. HAIp.
noarotoBku / T.M. Tpodumosa. - 2-e u3n., nepepad. u gon. - Mocksa : Akagemus, 2013. - 346 c. :
ui. - (Beicmiee mpodeccuonansHoe oopazoBanue) (bakanaspuar). - [lpeam. ykas.: ¢. 330-339. -
ISBN 978-5-7695-9820

4. Tpodumona, T. W.; Kypc dhusuku ¢ npumepamu pemenus 3axad: B 2-x 1. : yae6nuk / T.H.
Tpodumona, A.B. @upcos, T.2. - M. : Kaopyc, 2015. - 378 c. - (bakanaBpuar). - [Ipuin.: ¢. 376-378.
- ISBN 978-5-406-04428-5.

5. Tpodpumona T.1., @upcora A.B., COopHUK 33124 110 PU3MKe- 2-€ U31., mepepad. u Jo1I. -
Mocksa : Axkagemus, 2013.

I'JIABA 33 DJIEMEHTBI ®U3UKHU SJIEMEHTAPHBIX YACTHUIL]

Henb-3aKpenuTh U3YYCHHBIM MaTepral M0 TeMATHKE «DJIEMEHTHI (PU3UKH DJIEMEHTAPHBIX YaCTHII.
Kocmuueckoe wusnydenue. Tumbl B3aMMOACHCTBHM 3JIEMEHTAPHBIX YacTHL. YacTUIbl H
anTuyacTtuilel. Kitaccudukanus snemeHTapHbiX yacTuil. KBapkuy.

OcBauBaeMble KOMIIETEHIIMM B PE3YJIbTAaTE NMPOBEACHUS MPAKTHUYECKOTO 3aHATHS YKAa3aHbl B
nyHkre «O01me CBeACHU

AKTYaJIbHOCTh NMPAKTHYECKOI0 3aHATUS — 3aKPENUTh MOJYYCHHBIE TEOPETUUYECKHE 3HAHUS U
BBIPA00TATh HABBIKK M YMEHUS NMPAKTHYECKOTO PEIICHUS 3a/1a4, B TO YHCJIE U CAMOCTOSITEIIBHO.

3HaTh:

-OCHOBHBIE TIpaBUJIa Ik 00pabOTKH Pe3yabTaTOB IKCIIEPUMEHTA;

-0a30BBIe METOJbI MCCIIENOBATENLCKOHN JEATEILHOCTH.

YMmerh:

-TIPOBOIUTE 00pabOTKYy MH(OpMANMKU C KCIOIH30BAHUEM MPHUKIATHBIX MPOTPAMMHBIX CPEJICTB

cdepbl

poheCcCUOHAIBHON JIEATETLHOCTH;

-IIPUMEHSTH 0a30BBIE METOABI UCCIICIOBATEIBCKON ACSITEIIBHOCTH B pabOTE HAJ MHHOBAIIMOHHBIMHU

MIPOEKTaMH IO HaNPaBJICHHUIO « T€XHOJIOTHYECKUE MAITMHBI U 000PYI0BAHUE.

Baanern:

-METOJIaMH HCCIICIOBATEIHCKOM ACSITEIBHOCTH MTPH pabOTE HA/l MPOCKTAMU;

- TIOHMMaHWEM CYIIHOCTH W 3HaueHUs WHQPOpPMAIMd B Pa3BUTHU COBPEMEHHOTO OOIIECTBa,

CIIOCOOHOCTD
nmoiaydyatrb #  oOpabarpiBaTh HMHGPOPMAIMIO W3  Pa3IMYHBIX HCTOYHHUKOB, TOTOBHOCTH
WHTEPHPETUPOBATD,
CTPYKTYPUPOBaTh U 0POPMIIATH HHOOPMAIIMIO CTYJCHTaMH HampaBjeHUS — T eXHOJIOTHYECKUE
MAaIlIMHbI ¥ 000PYAOBaHUS.

PeanmyeMble KOMIIETCHIIUHU

IIK-4 cnocoOHOCTBIO y4acTBOBaTh B pab0TE HAJl ”HHOBAIIMOHHBIMU MTPOEKTAMU, HUCTIONb3Ysl 0a30BbIC
METO/IbI HCCIIEI0BATENbCKOM NeSTEIbHOCTH

OIIK-4 noHMMaHHEM CYIIHOCTU U 3HAYEHUS MH(OPMALIMU B Pa3BUTHH COBPEMEHHOTO OOIIECTBA,
CIOCOOHOCTBIO MONTyYaTh U 00pabaThIBaTh HHGOPMAIUIO U3 PA3TMYHBIX HCTOYHUKOB, TOTOBHOCTBIO
WHTEPIPETUPOBATH, CTPYKTYPUPOBATH U 0(OPMIISTH HHPOPMAIIHIO B TOCTYITHOM ISl IPYTUX BUIE

Teopernyeckas 4acTb
1. Kocmuueckoe u3iryyeHue

PazButue (1)I/I3I/IKI/I SJICMCHTAPHBIX YaCTULl TECHO CBA3aHO C U3YUCHUECM KOCMUUYCCKOTO U3JIYYCHUS —
HU3JIYUYCHUS, MPUXOIAIICTO Ha 3eMitro IMPAKTHUYCCKHU H30TPOIMHO CO BCEX HaHpaBJ’IeHI/Iﬁ
KOCMHYECCKOTO IMPOCTPAHCTBA. I/ISMCpCHI/ISI HUHTCHCUBHOCTHU KOCMHYCCKOI'O U3JIYYCHHA, IIPOBO-
AUMBIC MCTONaMH, aHAJIOTUIHBIMU MCTOAM PETUCTPpAUN PAAUOAKTUBHBIX I/ISJ'Iy‘lCHI/Iﬁ 1 4aCTHI]
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(cM. 261), mpUBOAAT K BBIBOJY, YTO €r0 MHTEHCUBHOCTH OBICTPO PACTET C BBHICOTOM, TOCTUTAET
MaKCHMyMa, 3aTeM yMeHbInaercs u ¢ h =50 kM octaeTcst mpakTHYecKu MOCTOSTHHOM (puc. 347).

PaznnyaroT mepBHYHOe W BTOPHYHOE KOCMUYECKHE uU3JydeHUs. l3mydeHue, mnpuxojsiiee
HENOCPEJCTBEHHO K3 KOCMOCA, Ha3blBalOT MEPBHYHBIM KOCMHYECKMM H3JIy4YeHHEeM.
HccnenoBanue ero cocraBa MOKa3ajo, YTO MEPBHUYHOE M3IyYEHHE MPEICTABISET cOO0 MOTOK
3JIEMEHTAPHBIX YAaCTUIl BHICOKOUW 3HEpruu, npuueM Oosiee 90% W3 HUX COCTABISIOT MPOTOHBI C
sueprueii npumepro 10°—10% 3B, 0k0710 7% —01-4acTHIIBI ¥ THITE HeGOoIbIas 10115 (0Ko1o 1%)
MIPUXOJUTCS Ha sizipa Oosiee TspKenbIx 31eMeHToB (Z>20). Ilo coBpeMEeHHBIM MpeCTaBICHUIM,
OCHOBAaHHBIM Ha MJAaHHBIX AaCTPOPHU3UKH W PAJAUOACTPOHOMHUH, CUUTAETCS, YTO IEPBHYHOE
KOCMUYECKOE M3JIyY€HHE HUMEET B OCHOBHOM TaJIaKTHUECKOE MpoucXoxkaeHue. Cuuraercs, 4To
YCKOPEHHUE YaCTUI[ JIO0 CTOJIb BBICOKMX 3HEPIMA MOXKET IMPOUCXOAUTH IPU CTOJIKHOBEHHH C
JBIDKYIIUMECS MEXK3BE3IHBIMU MarHUTHbIMH moJisiMu. [Tpu h>50 kM (puc. 347) HHTEHCHBHOCTh
KOCMHUYECKOTO H3JIyd4eHHUs] TMOCTOSIHHA; HA O3THUX BbICOTAX HAONIOAeTcsl JIMIIb MEepBUYHOE
U3JTy4yeHue.

C npubnuxenneM K 3eMjieé HWHTEHCHUBHOCTh KOCMHYECKOTO W3Iy4eHHUs BO3pACTaeT, dYTO
CBUJIETEIBCTBYET O MOSABJICHUU BTOPUYHOT0 KOCMHYECKOI0 M3JIy4eHHsl, KoTopoe oOpa3yeTcs B
pe3yibTaTe B3aUMOJCHCTBHS MEPBUYHOIO KOCMUYECKOTO M3JIy4EHUS C SApaMu aTOMOB 3€MHOM
aTMocdeprl. Bo BTOpHYHOM KOCMHUYECKOM U3JIy4€HUHU BCTPEUYAIOTCS TPAKTUUECKU BCE U3BECTHbBIE
aneMeHTapHble 4YacTuipl. [Ipu h<20 kM KoCMHYECKOE H3IydeHHE SBJISACTCS BTOPUYHBIM; C
yMEHbIIIEHHEM N ero WHTEHCHBHOCTh MOHM)KAETCS, MOCKOJIbKY BTOPHYHBIC YACTHIIBI 1O Mepe
MIPOBIDKEHUS K IOBEPXHOCTH 3€MITH UCTIBITHIBAIOT TIOTJIONICHHE.

B cocraBe BTOpUYHOTO KOCMHUYECKOTO HM3TY4YEHUS] MOKHO BBIJIEIHUTH Ba KOMIIOHEHTA: MATKHUIA
(CWJIBPHO TIOTJIONIAETCSI CBUHIIOM) U sKeCTKMH (00jamaeT B CBUHIIE OOJBIION MPOHUKAOIICH
croco6HocThIO0). [IporcxokaeHre MIATKOro KOMIIOHEHTa OObSICHSIETCS CielyomuM oopazom. B
KOCMHYECKOM TIPOCTPAHCTBE BCETa UMEIOTCS Y-KBAHTHI C dHeprueil £>2mec?, KOTophle B MOJIe
ATOMHBIX SIZIEp MPEBPAIIAOTCS B 3JIEKTPOHHO-TIO3UTPOHHBIE Taphl (cM. 263). O6pa3oBaBiuecs
TakuM O0Opa3oM 3JIEKTPOHBI U IMO3UTPOHBL, TOPMO3SCh, B CBOIO OYepelb, CO3/AIOT Y-KBAHTHI,
SHEprusi KOTOPBIX €Il JOCTaTOYHA AJisi 00pa30BaHUS HOBBIX 3JIEKTPOHHO-TIO3UTPOHHBIX Map U T.
J1. JIO TeX TIOp, TIOKa SHEPTHs Y-KBAHTOB He OyeT MeHbIIe 2mec? (puc. 348). OnucaHHBIH IpoIece
Ha3bIBACTCS JJIEKTPOHHO-MO3UTPOHHO-(POTOHHBIM (WM KACKaJHbIM) JHBHEM. XOTs
MEPBUYHBIC YACTHIIBI, NMPUBOAALINE K 0Opa30BaHHUIO 3TUX JIMBHEH, W 00JIaJaloT OrpOMHBIMU
SHEPrUsMU, HO JTUBHEBBIE YACTHIIBI ABJIAIOTCS «MATKUMI» — HE MPOXOAST uepe3 OOJIbIINe TOIIH
BeleCTBa. TakuM 0Opa3oM, JIMBHEBBIE YACTHIIbI — 3JIEKTPOHBI, TO3UTPOHBI U Y-KBAHTHl — H
MPEJICTaBISAIOT CO00M MSATKHM KOMIIOHEHT BTOPHYHOIO KOcMUYeckoro usmyudeHus. I[Ipupona
YKECTKOTO0 KOMIIOHEHTa Oy/IeT paccCMOTpeHa B nainbHeleM (cm. 270).
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Puc. 347 Pac. 348
HccnenoBanue KOCMHUYECKOTO M3JIYYEHUs, C OJHOM CTOPOHBI, MO3BOJIMJIO HAa HAayaJlbHOM JTalle
pa3BUTUS (PUUKU PIEMEHTAPHBIX YaCTHUI OJYYUTh OCHOBHBIE KCTIEpUMEHTANbHBIE TaHHbIC, Ha
KOTOPBIX 0a3upoBanachk 3Ta 00JacTh HAYKH, a C APYroil — Aajo BO3MOXHOCTh U ceivac n3ydaThb
MPOLECCHI C YACTULAMU CBEPXBBICOKUX IHEPTHUM BILUIOTH J0 1071 3B, KOTOpBIE €l1le HE MOJIy4YEHBI
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uckyccTBeHHBIM mmyTeM. C Havana 50-X TOHOB U UCCIEIOBAHMS AJIEMEHTAPHBIX YAaCTHI CTAJIH
IIPUMEHSTH YCKOPUTENH (TI03BOJISIOT YCKOPUTH YaCTUIIBI IO COTEH TMIa3IeKTPOH-BOJIBT; cM. 116),
B CBSI3U C YeM KOCMUYECKOE M3IYyYECHUE YTPATHIIO CBOIO MCKIIOUUTENLHOCTD MPH UX U3yYCHHUH,
OCTaBasICh JIUIIIb OCHOBHBIM «MCTOYHHUKOM)» YaCTHUI[ B 00JIACTH CBEPXBBICOKUX YHEPTUH.

2. Tunbl B3auUMO/1eiiCTBUIA 3J1eMEHTAPHBIX YACTHIL

CoryacHO COBPEMEHHBIM NPEJCTABICHUSM, B IPUPOJAE OCYILIECTBIAETCS uembvipe muna Qyn-
0aMeHMAaNbHbIX 83AUMOOeUCMEULL: CHIIbHOE, JIEKTPOMATrHUTHOE, cJ1a00e 1 TPABUTAIIMOHHOE.

CuibHoe, WK silepHOe, B3auMo/ieiicTBHe 00yCIIOBIMBAET CBSA3b IPOTOHOB M HEUTPOHOB B sijipax
aTOMOB U 00€CIeUnBaeT UCKIIOUNUTENbHYIO IPOYHOCTh 3TUX 00pa30BaHUH, JIeXKAIlyl0 B OCHOBE
CTaOMJIbHOCTH BEIIECTBA B 36MHBIX YCIIOBHSIX.

JIEKTPOMArHUTHOE B3aUMO/IelCTBHE XapaKTepU3yeTcs KaK B3aUMOIEHCTBHE, B OCHOBE KOTOPOTO
JIEKUT CBSI3b C 3JIEKTPOMArHUTHBIM 1ojieM. OHO XapaKTepHO JUIsl BCEX 3JIEMEHTAapHBIX YacTHII, 3a
UCKIIIOYEHHEM HEUTPUHO, aHTUHEHTPUHO M (POTOHA. DIIEKTPOMArHUTHOE B3aUMOJEWCTBUE, B
YaCTHOCTH, OTBETCTBEHHO 3a CYILIIECTBOBAHNE aTOMOB 1 MOJIEKYJI, 00YCIIOBINBAs B3aUMOJIEHCTBHE
B HUX MOJIOKUTENBHO 3apsyKEHHBIX sIIEp U OTPULIATENbHO 3apsKEHHBIX AJIEKTPOHOB.

Caaboe B3aumojeiictBue — Haubojee MEUICHHOE M3 BCEX B3aUMOJICHCTBUM, MPOTEKAIOUINX B
MUKpoMmHupe. OHO OTBETCTBEHHO 3a B3aUMOJEWCTBHE 4YaCTHI, MPOUCXOJAMIMX C Yy4aCTUEM
HEHUTPUHO WJIM aHTUHEUTPUHO (Hampumep, (-pacmai, p-pacrai), a Takke 3a Oe3HEHTpUHHBIE
MIPOLIECCHI pacmaja, XapaKTepU3YIOIIHeCs J0BOJIbHO OOJIBIINM BPEMEHEM JKHU3HU pacnajaroniencs
gactuisl (1> 10710 ¢).

I'paBuTaniuOHHOE B3aMMoOJeiicTBHe MpHCYIIEe BCeM 0€3 HMCKIIOUEHHUS YacTHIlaM, OJHAKO H3-3a
MaJOCTH Macc 3JIEMEHTapHBIX YaCTHUI] OHO IPEHEOPEKMMO MaJo U, MO-BUIUMOMY, B Ipolieccax
MHUKpPOMHPA HECYIIECTBEHHO.

CunbHoe B3auMoeiicTie puMepHo B 100 pa3 mpeBOCXOAUT dneKkTpoMarauTHoe u B 10 pas —
cnaboe. UeM cupHEe B3aMMOICHCTBHE, TEM C OOJIbIIICH HHTEHCUBHOCTBIO IMTPOTEKAIOT MPOIIECCHI.
Tax, BpeMs )KU3HH YacTHUII, HA3bIBAEMbIX PE30HAHCAMM, PACIIa]l KOTOPHIX OMHCHIBAETCS CUIbHBIM
B3aMMoJielicTBHEM, cocTaisieT mpuMepHo 10723 ¢; Bpemst sxm3HM °-Me30Ha, 3a pacmajg KOTOporo
OTBETCTBEHHO 3JEKTPOMArHUTHOE B3aUMOJEHCTBHUE, COCTABIIAET 10716 C; IUI pacmajoB, 3a
KOTOpBIE OTBETCTBEHHO cl1ab0e B3auMoieiicTBHe, XapakTepHbl BpeMeHa xm3an 1071°—1078 ¢. Kak
CHWJIBHOE, TaK M C1aboe B3auMOJACUCTBUS — KOPOTKOACHCTBYIOIIME. Pamnyc necTBUSI CHIIBHOTO
B3aUMOJIeCcTBUS cocTaBisieT mpuMmepHo 107 M, cmaboro — He mpesbimaer 107*° m. Pagmyc
JNEUCTBUS SJIEKTPOMArHUTHOTO B3aUMOJCHCTBHSI MPAKTUUYECKU HE OTPaHUYEH.

DeMeHTapHbIe YaCTUIIbI IPUHSATO JEIUTH HA TPU TPYIIIBL:

1) ¢oroHbI; 5Ta rpymnmna COCTOMT BCEro JHMIIb M3 OJHOW 4YacTHilbl — (OTOHAa — KBaHTa
AJIEKTPOMArHUTHOTO U3JTy4EHUS;

2) 1enToHbI (0T TPeY. «WICMTOCY» — JICTKUH), y4aCTBYIOIIUE TOJIBKO B 3JIEKTPOMArHUTHOM U ClIaboM
B3auMo/IeicTBUsAX. K JIenToHaM OTHOCSITCS AIEKTPOHHOE M MIOOHHOE HEUTPUHO, STIEKTPOH, MIOOH
Y OTKPBITHIM B 1975 T. TsDKENbIN JIENTOH — T-JIENTOH, WX TaOH, ¢ Maccoi nmpumepHo 3487Me, a
TaKk)kKe€ COOTBETCTBYIOIIME MM aHTWYacTUllbl. Ha3BaHHWeE JIEITOHOB CBSI3aHO C TEM, YTO MAacChl
MEePBBIX U3BECTHBIX JIENTOHOB OBLIIM MEHBIIIE MacC BCeX APYrux yactull. K nentoHaMm oTHOCUTCS
TaKk)Ke TAOHHOE HEUTPHUHO, CYIIECTBOBAHUE KOTOPOTO B MOCIETHEE BPEMsI TAK)KE YCTAHOBIICHO;

3) agponbl (OT Tpey. «aapoc» — KPYIHBIM, CHIBHBINA). AJPOHBI O00NATAIOT CUJIBHBIM
B3aUMO/ICHCTBUEM HAPSIY C AIEKTPOMATHUTHBIM U c1a0biM. M3 pacCMOTPEHHBIX BBIIIE YACTHI] K
HUM OTHOCSITCSI TPOTOH, HEUTPOH, MUOHBI U KAOHBI.

3. YacTHubl H AHTHYACTHIBI

I'umore3a 00 aHTHMuacTHLe BHepBble Bo3HMKIA B 1928 r., xorma II. [lupak Ha ocHoBe
PEIATUBUCTCKOTO BOJIHOBOTO YpPaBHEHHUs IpeJCKa3al CYIECTBOBaHME MO3UTpoHA (cM. 263),
oOHapyxeHHoro cmycTs derslpe rojga K. AHIepceHOM B cocTaBe KOCMHUYECKOTO M3Iy4EHHS.
ONEKTPOH U MO3UTPOH HE SABIIAIOTCSA €IMHCTBEHHON MMapoi yacTuiia — aHtudyactuua. Ha ocHoBe
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PENATUBUCTCKOM KBAaHTOBOW TEOPUM IPHUILIU K 3aKIIOYEHMIO, YTO JUIS KaKIOM dJIE€MEHTapHOU
YacTULIBl JIOJDKHA CYLIECTBOBAaTh AHTHYACTHLA (NPUHLMI 3apsiA0OBOr0 CONPSIKEHHS).
DKCIIEpUMEHTHI HOKA3BIBAIOT, YTO 32 HEMHOTHM HCK/TIOYeHHeM (Hanpumep, GOoToHa U t'-Me30Ha),
JNEUCTBUTENBHO, KaYKJJOM YaCTUIIE COOTBETCTBYET aHTUYACTHULIA.

W3 o0mux moyio’keHuii KBAaHTOBOI TEOPHH CIIEAYET, YTO YACTUIBl M aHTHYACTULIBI JOJDKHBI IMETh
OJINHAKOBbIE MacChl, OJIMHAKOBbIE BPEMEHA >KM3HM B BaKyyMe, OJMHAKOBBIE [0 MOJYJIO, HO
IIPOTUBOIIOJIOKHBIE 10 3HAKY 3JIEKTPUYECKUE 3apsAlbl (M MarHUTHbIE MOMEHTHI), OJIMHAKOBBIE
CIOMHBl M H30TONHUYECKUE CIMHBI, a TaKXK€ OJMHAKOBBIE OCTaJbHbIC KBAaHTOBBIE YMCIIA,
IPUIKCHIBAEMbIE  3JEMEHTAPHBIM  YacTHIlaM  JUIsl  ONMCAaHUS  3aKOHOMEPHOCTEH  MX
B3aMMOJICHCTBUS (JIENTOHHOE Yucio (cM. 275), GapuoHHOE 4ucio (cM. 275), cTpaHHOCTH (CM.
274), ouapoBanue (cm. 275) u T. a.). o 1956 r. cuntasniocs, 4T0 UMEETCS MOJTHAS CUMMETPUS
MEXYy YaCTHIIAMU M aHTUYaCTULIAMU, T. €. €CJIM KaKOH-TO MpoIlecc UAET MEXIY YaCTHIIaMH, TO
JOJKEH CYIIECTBOBATh TOYHO TAaKOW k€ (C TEMHU K€ XapaKTepUCTHUKaMHU) IPOLECC MEXIY
antuyactuamu. OaHako B 1956 r. mokazano, 4To mo00Hasi CAMMETPHUS XapaKTepHA TOJIBKO IS
CHJIBHOTO U 3JIEKTPOMarHUTHOTO B3aUMOJECHCTBUI U HapylaeTcs s ci1adoro.

CornacHo Teopuu Jlupaka, CTOJIKHOBEHHME YacTHULbI M AaHTUYACTUIBl JOJKHO HPUBOAMTH K HX
B3aMMHON aHHUTWIISILIMY, B pE3yJIbTaTe KOTOPOM BOSHUKAIOT IPYrHe AJIEMEHTapHbIE YaCTHUIIbI MIIN
¢otonbl. [Ipumepom Tomy sBIsieTCS paccMOTpeHHas peakuus (263.3) aHHUTWISALUM Tapbl

3JIEKTPOH — T03UTPOH ( Se+ ) e—27).
4. Knaccudgukanus 3j1eMeHTapHbIX YacTul. KBapku

B MHOTOOOpa3nu 3JIeMEHTapHBIX YaCTHIl, U3BECTHBIX K HACTOSIIEMY BPEMCHH, OOHAPYKUBACTCS
OoJiee Wi MeHee CTpOoiHasl cucTteMa Kiaccudukauu. st ee mosscHeHust B Ta0J. 8 mpecTaBICHBI
OCHOBHBIC XapaKTEPUCTUKH PACCMOTPEHHBIX BBIIIC AJIEMEHTAPHBIX YAaCTHIL XapaKTePUCTHKU
AQHTHYACTHI] HE MTPUBOJISATCS, TOCKOJIBKY, KaK YKa3bIBAJIOCh B 273, MOy 3apsiIOB U CTPAHHOCTH,
MaccChl, CIIMHbI, U30TOMMYECKUE CITMHBI U BPEeMs )KU3HU YaCTHUIl U UX AHTUYACTUI] OJTUHAKOBbI, OHU
pa3nuyaloTcs JIMIIb 3HAKaMU 3apsioB U CTPAHHOCTH, a TaKXKe 3HaKaMHU JPYTUX BEJIUYHH,
XapaKTEepU3YIOIINX UX AJEKTpUUYecKue (a cleaoBaTeNbHO, U MarHUTHBIE) cBolicTBa. B Tabnuie
HeT Takke aHTHYacTHIl (GoToHa U 7'-u 1°-Me30HOB, Tak Kak aHTH(OTOH M AHTHIH-HONb- U
aHTHITA-HONb-ME30HbI TOXKIECTBEHHBI ¢ POTOHOM U TO- 1 M’-Me30HaMH.

B Tabn. 8 snemeHTapHBIe YacTUIBI OOBEIUHEHBI B TpU Tpymmbl (cM. 272): GOTOHBI, JENTOHBI U
aJIpoHBL. DJIEMEHTApHBIE YACTHUIIbl, OTHECEHHBIE K KaXXIOW W3 ATHUX TPy, 00JalaloT 00mUMU
CBOMCTBaMH U XapaKTEPUCTUKAMH, KOTOPbIE OTIMYAIOT UX OT YaCTHIL JPYTrOM TPYIIIIHI.

K rpynne ¢oToHOB OTHOCHTCS €AMHCTBEHHAs 4YacTHIla — (OTOH, KOTOPBI MEPEHOCUT
AJIEKTPOMArHUTHOE B3anUMOJIecTBHE. B 3eKTpoMarHuTHOM B3aUMOJIEHCTBUU YYaCTBYIOT B TOU
WJIM MHOM CTETIeHU BCE YaCTHUIIbl, KaK 3apssKEHHbIC, TaK U HEUTpalibHbIe (KpOME HEUTPUHO).

K rpyrre 1enToHOB OTHOCSTCS 3JIEKTPOH, MIOOH, TAOH, COOTBETCTBYIOLIUE UM HEUTPUHO, a TAKXKE
WX aHTHYacTHIbl. Bce JenTtoHsl MMEIOT CHHWH, PaBHBIM )2, U, CIEI0BaTENbHO, SBISIOTCS
dhepmuonamu (cM. 226), moauuHssICh cTaTucTHKe Pepmu — Jupaka (cm. 235).

3aaHusi ¥ BONIPOCHI

1. DJeKTpoH HAXOAWTCS B  OCCKOHEYHO TIJIYOOKOM  MPSIMOYTOJILHOM — OJHOMEPHOM
MOTEHIMAIBLHOM siiuke mupuHoi | (puc. 46.4). Hanucarts ypaBuenue Illpeannrepa u ero penieHue
(B Tpuronomerpuueckoii popme) s obmactu I (0<x<l).

2. UW3BecTHa BOJHOBast (DYHKI[HsI, OMMCHIBAIONIASI COCTOSIHUE DIICKTPOHA B

NOTEHIMaIbHOM sAnuke mupuHoit I: y(x) = C1 sin kx + C2 cos kx Ucnonb3ys
rpannydbie ycnoBus W(0)=0 u y (I) = 0 ompenenuts koddpdunuent C2 u
BO3MO’KHBIE 3HAUEHHS BOJTHOBOTO BekTopa Kk,

3. TpHU KOTOPOM CYIIECTBYIOT HETPUBUAIbHbIE PELLICHHUS.
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4. M300pa3uth Ha rpaduKe BH] NEPBBIX TPEX COOCTBEHHBIX (YHKIMH Wh(X), OMHCHIBAIOIINX
COCTOSIHME DJIeKTPOHA B MOTEHIMAILHOM SIIMKe mupuHOi |, a Taioxe Bua [yn(X)]?. YcraHoBUTH
cOOTBEeTCTBUE Mexay 4yuciaoM N y3710B BOJHOBOHM (pyHKIMH (T. €. YUCIOM TOYEK, I'JIe BOJIHOBas
¢byHkums obpamaercst B Hyib B MHTepBaie (0<.x<I) u KBaHTOBBIM 4mciIOM n. DYHKIHIO CUUTATH
HOPMHUPOBAHHOM HA CITUHHMILY.

5. YacTuia B MOTEHIMAIBHOM SIIIIUKE IUPUHON | HaXomuTes: B BO30YKICHHOM COCTOSIHUH (11 =
2). OnpesienuTh, B Kakux Toukax uaTeppaia (0 <X < |) miotHOCTH BeposTHOCTH [W2(X)]? HaxoXAeHUs
YaCTHUIIBl MAKCUMaJIbHA 1 MUHUMAJIbHA.

6. DIEKTPOH HAXOAUTCS B MOTCHIMAIBHOM sIMKe muprHOi |. B kakux Toukax B maTepBaie (0
< X < DIIoTHOCTh BEPOSITHOCTH HAXOXJICHHS DJICKTPOHA HA MEPBOM U BTOPOM SHEPreTHUYCCKUX
YPOBHSX OJUHAKOBa? BBIYMCINTH TUIOTHOCTH BEPOSTHOCTH JUIS ATHX TOUYEK. PemieHue mosiCHUTH
rpaduyecku.

7. Yacrtuma B MOTEHIIMAIFHOM SIIIIUKE HAXOJUTCS B OCHOBHOM COCTOSTHMH. KakoBa BepOsSTHOCTD
W HaxoxaeHust yacTuisl: 1) B cpeHelt TpeTH sIMKa; 2) B KpailHel TpeTu smuka?

8. B 0OJHOMEpPHOM MOTEHIMATBHOM SIIMKE MHpHHOW | HaxomauTcsl 3MeKTpOH. BhramciuThb
BeposTHOCT, W HaxoXXJeHHs 3JIEKTpPOHA Ha MEPBOM HHEPreTUYECKOM YpPOBHE B MHTepBaie 1/4,
pPaBHOYIAJIECHHOM OT CTEHOK SIIIUKA.
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