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BBEJIEHUE 5

HGJ'IBI-O OCBOCHHUA JHUCIHUIIIMHBI

aBnsercs (QopmupoBaHHe HaboOpa yHHBEpPCAIbHBIX,

o0mIIenpoPEeCCHOHANBHBIX M MPOPECCHOHANBHBIX KOMIICTCHIIMK Oymaymiero OakanaBpa IO
HarpaBjeHuto moAroToBku 15.03.02 TexHOIOTHYECKHE MAIIMHBI M 000pYI0BaHUE.
JluctiinHa JOJDKHA 3aKJIa/IbIBaTh OCHOBBI, HA KOTOPBIX OyaeT 0a3upoBaTbes H3ydeHUE

MOCJIEIYIONINX JUCIHUIUIMH B BY3e Ha COBpeMEHHOM ypOBHE.

3agaun QUCIIAILINHEL:

— C(bOpMI/IpOBaTL CHOCO6HOCTB OcyHIGCTBJ'IHTB IIOHUCK, KpI/ITI/I‘-ICCKI/Iﬁ adHaJIu3 WU CHHTE3 I/IH(l)OpMa]_II/II/I,

HpI/IMeHSITI) CI/ICTCMHI)Iﬁ moaxon aJist peIlIeHI/ISI ITOCTABJICHHBIX 3aJ1a4,

— c(hopMHpPOBATH CIOCOOHOCTH MPUMEHSITH OCHOBHBIE METO/IBI, CITOCOOBI M CPEACTBA TOMYyUCHUS, XPaHCHUS,
nepepadoTKH HHGOPMALK [IPU PEIICHUH 33124 MPOdeCCHOHAIBHON e TeIbHOCTH.

IlepeyeHb miIaHMpyeMBIX pe3yJbTaTOB OOyYeHHS] 1O JAUCHHUILUIMHE

(MOayJII0), COOTHECEHHBIX €

IIAHHPYEMBIMH Pe3yJIbTATAMH 0CBOEHHS 00Pa30BaTEIBLHO MPOTrPaMMBbI

Kon, hbopmynupoBka
KOMIIETEHLIUU

Kon, dopmynnpoBka HHIAUKATOPA

[Tnanupyemsbie pe3yabTaThl 00YUCHHUS 11O
TUCITUTUTHHE (MOJIYIIIO),
XapaKTePU3YIOIINE 3Tarbl GOPMUPOBAHUS
KOMITETCHIINH, HHIUKATOPOB

YK-1
OCYILLECTBIATH
KPUTUYECKUI
CHHTE3

Crocoben
TTOKCK,
aHanmM3 |
nHpOpMaIy,
IMPUMCHATH CUCTEMHBIN
MONX0J  JUIi  peUICHHS
MOCTABIICHHBIX 3aJ1a4

HU-1 Beigensier mTpoOIEeMHYIO
CUTYallMIO, OCYIIECTBIISIET €€
aHaJIn3 u ANAarHOCTUKY Ha
OCHOBE CHCTEMHOT0 MOJIX0/a

Iloporosslii ypoBeHb

MOHMMAaeT CYIHOCTh ¥  3HAYCHUS
WHQOpPMAaIM B Pa3BUTHH COBPEMEHHOTO
o0miecTBa, CIHOCOOHOCTBIO TONYYaTh U
00pabaTsIBaTh rHMOPMAITHIO 3
Pa3IMYHBIX HMCTOYHUKOB, TOTOBHOCTHIO
HMHTEPIIPETUPOBATh, CTPYKTYpUPOBAaTh H
ohopmiATh MHGOPMALUIO B JOCTYITHOM
IUISL IPYTHX BUJIE

IloBbIlIEHHBIN YPOBEHD

NMOHUMAET CIOCOOBI CHCTEMAaTHYECKOTO
HU3y4YEHUS Hay4YHO-TEXHUYECKOI
uHpopmarmy, OTEYECTBEHHOTO u
3apy0eKHOro OIIBITA o
COOTBETCTBYIOIIEMY npo U0
HOJTOTOBKU

HNJ-2 ocymecTBiasSeT MOUCK,
oTbop u CUCTEMATH3ALNIO
UHPOpPMALIMU IJIsL ONpeAeTICHUs
aNbTePHATUBHBIX BapHaHTOB
CTPATETMYECKUX  PCLICHUH B
POOJIEMHOM CUTYyaluu

Iloporosslii ypoBeHb

NpPUMeHsieT BO3MOXKHOCTh IOJydYaTh W
00pabaTheIBaTh UHPOPMALHIIO u3
pa3IMYHBIX HMCTOYHUKOB, TOTOBHOCTBIO
WHTEPIIPETUPOBATh, CTPYKTypUPOBAaTh U
opopmiiATh HMH(DOPMAIUIO B JOCTYITHOM
JUTSL IPYTHX BUJIE

IloBbIlIEHHBIH YPOBEHD

NPUHHUMAaeT Yydactue B paborax 10
COCTABJIICHHIO HAy4YHBIX OTYETOB IO
BBHIMIOJTHEHHOMY 3aJaHUI0 W  BHEIPATDH
pe3yibTaThl UCCIENOBaHUM U pa3paboToK
B 00acTH TEXHOJIIOTMYECKMX MAllMH M
00opyIoBaHUs

HUJ-3 ompenensieT U OLICHUBAET
PUCKH BO3MOXHBIX BapHaHTOB

pereHuit poOIeMHOI
CUTYAlIVH, BbIOMpaeT
ONTUMAJIBHBIN BapuaHT eé
peLIeHUs

IToporosslii ypoBeHb

HCIOJIb3YeT TIOHUMaHHE CYIIHOCTH |
3HaueHUs MHGOPMAIMM B  Pa3BUTHH
COBPEMEHHOT0 OOIIECTBA, CIIOCOOHOCTHIO
MoJTydaTh W 00pabaTbiBaTh WHGPOPMAIIHIO
M3 pa3siIMdYHbIX HUCTOYHUKOB, I'OTOBHOCTBLIO
UHTEPIPETUPOBATh, CTPYKTYPUPOBATh H
oopmiATe MHPOpPMALMIO B JIOCTYITHOM
JUISL APYTUX BUJE

IoBbIIIEHHBIH YPOBEHb




IK-23 crtocoOHOCTHIO MPOSKTUPOBATH

6TEXHOJIOTMUYECKHE IIPOLIECCHI C

y4acTByer B pabote Hax
MHHOBALMOHHBIMU TIPOEKTAMH, HCIOJNIb3Ys
0a3oBble  METOABI  MCCIEJOBATENIbCKOMN
JeATeIbHOCTU

OIIK-2 Crioco0en
OPUMEHSTh OCHOBHBIC
METO/IBL, CHOCOOBI u
cpencraa MOJTyYCHUS,
XpaHeHus,

nepepaboTku  MHPOPMALUH
npH penieHnn 3amaq
po¢heCCHOHAITBHOM
JeSITEbHOCTH

nia-1 IIOHUMAET

METOABI, CIOCOOBI M
NOJTYYEHUsI, XpaHEeHHUs,
nepepaboTK  MHPOPMALMH  IpU
peleHny 3a1a4 mpogecCHOHANBHON
JeSATENbHOCTH

OCHOBHBIE
cpencraa

Iloporosslii ypoBeHb

IOHMMAET OCHOBHEIC METOJBI, CIOCOOBI
U CpeACTBA  TIOJNyYEHHS, XpaHEHHUS,
nepepaboTku nHpOpMau
IloBBIIEHHBIN YPOBEHD

IMOHUMAET OCHOBHBIE METOJBI, CIIOCOOBI
M CpeACTBa  TIOJNyYCHUs, XPaHCHWUS,
nepepadoTKH MH(GOPMAIMU MPU PELICHHH
33724 MpoeCCUOHAIBHOM NS TEIbHOCTH

na-2 pelaer CTaHJIapTHbIE
npodecCHOHAIBHBIE  3aJadydl  C
MIPUMEHEHNEM CIIOCOOOB M CPEJICTB
NOJTYYeHUsI, XpaHEHHUS,
nepepaboTku  MHQPOpMAIMU  TPH
perreHun 3a/1a4 mpoQeccnoHaTbHON
JeSITETFHOCTH

Iloporosslii ypoBeHb

pewraer CTaH/IapTHBIC
npogecCHOHaIbHBIC 3a1a4n c
IPUMCHEHUEM  CIIOCOOOB U CPEICTB
NONYy4YeHUs,  XpaHEHHs, INepepadoTKH
HHpOpMAIIH

IloBbIIEHHBIN YPOBEHD

Pemaer CTaH/IapTHBIC
npodeccuoHabHbIE 3a71aun c
NPUMEHEHHEM  CIIOCOOOB M CpEICTB
NONYyYeHUs,  XpaHEHWs, IepepadoTKH
WHpOpMaMu TpH  PEUICHWH  3ajad

po(heCCHOHAIBHO IS TEIbHOCTH

nia-3 MPUMEHSIET HaBBIKH
TEOPETHIECKOTO u
SKCIIEPUMEHTAIBHOTO

WCCIICZIOBAHUS TP PELICHUU 3a/1a4
npodeccuoHaIbHON NeATESTHPHOCTH

Iloporossliii ypoBeHb

HCIIOJIL3Y€T HAaBBIKM TEOPETHUYECKOIO H
OKCIICPUMEHTAJIBHOI'O UCCIICIOBAHUA
IloBbIIEHHBIN YPOBEHD

HUCMOJb3YET HABBIKM TECOPECTHUYECKOTO U
OKCIICPUMEHTAJIBHOI'O HMCCJIICAOBAHUA IIPpU
pemieHHH  3agad  MpogeCCHOHATBHON
JCATCIIBHOCTHU




1 OCHOBHBIE OIIPEJEJEHUA 7 U KJIACCUKALIUA METOJIOB
INIAHUPOBAHUSA DKCIIEPUMEHTA

1.1 OcHOBHbIE OHATHSA IJIAHUPOBAHUSA IKCIIEPUMEHTA

OKCHEpUMEHT BCErJa CIYXKWJ CPEICTBOM II0O3HAHMS OKPYXKAIOLIEro MHpa,
KpUTEpPUEM HCTUHHOCTHU THUIOTE3 M Teopuil. Jlonroe Bpemsi cUUTaIoCh, YTO BBHIOOP
CTPAaTEruy 3KCHEPHUMEHTA U €ro pealn3alyy MOJHOCTHIO ONPEAEIISAIOTCS OINBITOM U
WHTYULIUEeW wucciaegoBaTens. MaremMaTUKU K€ MPUHHMAIM Yy4acTHE TOJbKO B
00paboTKe pe3yJIbTaTOB IKCIIEPUMEHTOB.

OpHako poct OOBEMOB 3KCIEPUMEHTANBHBIX HCCIECIOBAaHUN  clemall
aKTyaJIbHOW IOCTAHOBKY BoIpoca 00 3(h(EKTUBHOCTH HKCIEPUMEHTA; IOSBIICHUE
OBM oOTKpBUIO J0pOTYy Jis peanu3alMi TaKUX CXEeM JKCIIEpUMEHTHUPOBAHUS,
KOTOpPBIE PE3KO TMOBBICWIM €ro K.I.J. BO3HMKIM MareMarnyeckas Teopus
HKCIIEPUMEHTA U TUIAHUPOBAHKE IKCIIEPUMEHTA KaK €€ 4acTb.

CoBpeMeHHOE IUTAHMPOBAHHE OJKCIEPUMEHTa ObUIO 3aJokeHOo bokcom wu
Yuncomom B 1951 1., KOTOphle JAOMONHWIA (PaKTOpHOE TUTAHUPOBAHUE
000OCHOBaHHBIM JIBUIJKEHHEM B 00JIACTh ONTUMyMa M OINKCAIU €ro B BUJE MOJMHOMA
(opTOroHasIbHBIE IUTAHBbI). [IprHIMIIBL poTarabenbHOro IJITAHUPOBAHUS
chopmupoBanu bokc u Xanrep B 1957 r.

MeTonbl TUIAaHUPOBAHUS SKCIEPUMEHTA UCIONB3YIOTCA U MPHU UCCIEI0BAHUU
O00BEKTOB XUMUYECKON TEXHOJIOTHUH.

[Tpoueccrl, mpoTtekaromue B  OOBEKTaX  XUMHYECKOM  TEXHOJOTHH,
XapaKTEPU3YIOTCS MEPEMEHHBIMU, MEXAY KOTOPHIMH CYILIECTBYIOT OIpEAENICHHBIE
NPUYUHHO-CIIE/ICTBEHHbIE  CBS3U. llepeMeHHble, WurpalpIKue poyib  MPUYMH,
HA3bIBAIOTCS 6XOOHbIMU, A TIEPEMEHHbIC, OTPaKAIOIIME IOCIEACTBUS MPUYUH —
8bIXOOHLIMU. BXOIHbBIE TEepEMEHHbIE KOHTPOJUPYIOTCS, HMMH TaKKe€ MOXHO

YIIPABIISTH.

X — BEKTOP BXOJIHBIX EPEMEHHBIX;
Y — BEKTOpP BBIXOJHBIX
MIEPEMEHHBIX;

Z — BEKTOp BO3MYIIAKOIINX IEPEMEHHBIX.



Pucynok I — Cxema obvexma 8 uccne008ansl

OOBEKT XMMHYECKONW TEXHOJOTHHM, Ha KOTOPOM OYyJET OCYIIECTBISITHCS
MJIAHUPYEMBIN JKCIEPUMEHT, XapaKTepHU3yeTcs 00s3aTeIbHBIM YCIOBHEM — BCE
BXOJIHBIE TIEPEMEHHBIC JTOJDKHBI OBITH YIIPABISICMBIMHU.

O0603Ha4uM BXOJHBIC YMpaBJs€MbIe MEPEMEHHBIE X;, X2, ... ,X, M, COIJIACHO
NPUHATOM TEPMUHOJIOTUM HA30BEM UX @akmopamu:. BBIXOJHbIE TIE€PEMEHHbIC
0003HA4YUM )4, V,..., ¥n, BOSMYIIAIONIYIO IEPEMEHHYIO, KOTOpPAss HE KOHTPOJIUPYETCS
U ABJISACTCA CIIYYaWHOW MEPEMEHHOMN WJIM IMOMEXOW, UMEIOIIEN ONPEACIICHHBIA 3aKOH
pacnpenenenus 2.

OKCIEpUMEHT IUIAHUPYETCSd 1O  OIpEeJeSICHHOMY IUIaHy —  3apaHee
COCTaBJICHHOMY, OITUMAaJIbHOMY B CTPOTOM CMBICIIC QITOpUTMa HW3MEHEHUS
(bakTopoB, peanuzanus KOTOPOro MO3BOJIUT OCYLIECTBUTh KOMIUIEKCHOE BIUSHUE HA
IIEPEMEHHBIC COCTOSIHHUS 00BEKTa UCCIICIOBAHMUS.

[Imanbl SKCHEPUMEHTA COCTABJISIOTCA HMCXOAd W3 3aJaHHBIX LEeu
UCCJIEI0BAHUSI, KOTOPBIX MOXET ObITh MHOKECTBO. Pa3zHOOOpasue Lenei mopoxaaer
MHOT'000pa3ue MIAHOB KCIIEPUMEHTA.

1.2 Konuenmust ONTHMAJILHOI'O HCIO0JIL30BAHUSA

(pakTOpHOrO NMpoOcTpaHcTBA

OnHOM M3 CaMbIX PACHPOCTPAHEHHBIX HUJIEH TEOPUU SKCIIEPUMEHTA SIBIACTCS
KOHIICTIIIUS ONTUMAJIBHOTO HCIOJB30BaHUA (PAKTOPHOTO IIPOCTPAHCTBA, HIIH
KOHIICTIIUSL MHO20()aKMOPHO2O IKCNePUMEHmMA.

CyTh ee 3akioydaeTcss B TOM, YTO COCTOSIHUE OOBEKTa B Ka)JOM OIIbITE
ompenensaeTcss IO  pe3yldbTaTy OJHOBPEMEHHOIO  BapbUpOBaHUA  (PaKTOPOB,
BBI3BIBAIOIINX M3MCHEHHE COCTOSHUS O0OBEeKTa. Takoe JKCIEPUMEHTUPOBAHHE
MPOBOJIUTCS B MPOTUBOBEC IOOYEPEAHOMY M3MEHECHUIO IEPEMEHHBIX, KOTrIa
COCTOSIHME OOBEKTa OMPENeNseTCS MO pe3yjibTaTaM HW3MEHEHUsS BHAadajie OJHOU
nepeMeHHo, 3areM Jpyroil u T.4. ONTUMalbHOE HCHOJb30BAHHE (PAKTOPHOIO
MPOCTPAHCTBA MO3BOJISIET JOOUTHCS 3HAUUTEIHLHOTO YBEJIIMYCHUS] TOYHOCTH pacuera

KOB(l)(bI/IHI/IGHTOB MaTEMaTHYECKOM MOJICIIN (TO‘IHGG — CHHI)KCHUA NUCIICPCHUU



K03((PULIMEHTOB) U XOTA OCYILIECTBIECHUEIITON UIeH AEIIO CIO0KHOE, B TEX 3aj1ayax,
IJle OHa pean30BaHa, MOoJIy4YeH 3HAUUTEIbHBIN TOJ0KUTENbHBIN 3P PEKT.

1.3 IL1aHbI 3KCTPEMAJIBHOT0 IKCIIEPUMEHTA

XUMUKU-TEXHOJIOTH  HaumOojee LIMPOKO TMOJb3YIOTCS — IJIaHaAMM  Tak
HA3bIBAEMOI'0 JKCTPEMAJILHOTO AKCIIEPUMEHTa, pa3pabOTaHHBIMU Jig ONpeaeleHus
ONTUMAJbHBIX YCJIOBUNH MPOTEKAaHUS MPOLECCOB B OOBEKTaX MCCIEIOBAHUA.
OnTtuMyM ompezensercs MO0 MaTeMaTHYeCKOW MoJAeNu OOBEKTa HCCIEIOBAHMUA,

KOTOPYIO MINYT B BUAC IMOJIMHOMHAJIbHOT'O YPABHCHUSA:

y= bo + k k 7

Zblj X, X Zbii X;

ji=l,j=i i=1 : (1)
KOTOPBIE YaCTO HA3BIBAIOT QYHKYUAMU OMKIUKA.

B maTtemaTuueckoil Teopuun dKCEepUMEHTa pa3padoTaHbl ONTUMAIbHBIE TTaHbI
MOJIYYCHHS] TAKUX MATeMAaTHMYECKHX MOJENed W HCIOJIb30BaHME WX JJisi TIOHCKa
IKCTpPEMyMa.

[ImaHbl AKCTPEMabHOTO JKCIEPUMEHTa pEANM3yIOTCS B COOTBETCTBUU C
KOHIICTIIIMEH TIOCJIeIOBAaTEIbHOTO aHaimu3a. B MocienoBaTelIbHOCTH pealn3aluu
MJIAHOB MOYKHO BBIICNIUTH CIACAYIOIINE dTaIlbI:

1) omenka anpuopHoid wuHpOpMaMKM W OTceuBaHWE  (AKTOPOB,
HECYIIECTBEHHBIX ISl KOHKPETHOTO 00BEKTa HCCIIEIOBAHUS;

2) moiy4yeHue MaTeMaTUYeCKON Mojenu o0beKTa B BUJE JMHEHHON (yHKUIUU
OTKJIMKA;

3) moucK oNTUMaNIbHOU 00J1acTH 00BEKTA 1O TMHEHHON PYHKIIUU OTKIIMKA;

4) moyiydyeHHEe MaTeMaTUYeCKOW MOJIeIN 00bEeKTa UCCIeAOBaHUs 00JacTu
ONTHUMYMa B BUJI€ HETMHEHHON QYHKIIUNA OTKINKA;

5) MOUCK ONTUMAIBHON KOOpAMHATHI (PaKTOPHOTO MPOCTPAHCTBA 00JIACTH

ONTUMYMa.



1.4 Knaccupurkauusa MeronoB  10niaHupoBaHus 3KCTPEMAJIBLHOIO

IKCIIEPUMEHTAa

[TpennaraeTcsi HECKOJIBKO — KJIACCU(MKAIIMOHHBIX  MPU3HAKOB  METOJ/IOB
HKCTpEMaJIbHOTO FKcnepuMenTa. [Ipexe Bcero, pa3nuyaroT 0ObEKThl UCCIIET0BAHUS
OuHamuyeckue u cmamudecKue.

[Io norumke MeTONbl AKCTPEMAJIBHOTO SKCIEPUMEHTAa MOXKHO pa3JeiIuTh Ha
METO/IbI IPEIBAPUTEIIBLHBIX U OCHOBHBIX MUCCIJIEIOBAHUN.

K npeosapumenvnvim skcnepumenmam npuHaaieKar Te, KOTOpble OLEHUBAIOT
anpuopHyro HHpopMalnio 00 00bEeKTe (KOPPEISUOHHBIN aHaIN3, METO/Ibl PAHIOBOM
KOppeJsSIIMM U JIp.) WKW HCIONB3YIOTCS Uil OTCeMBaHUA (HDaKTOPOB M PEIICHUs
BOINPOCOB OpraHU3alM OCHOBHOI'O JKCHEpHMEHTa (MEeToJ Ciy4aiHoro OaraHca,
JTUCIIEPCUOHHBIN aHAIN3 U T.J.).

3amaya o0cCHOBHO20 IKChnepumenma — TOIYYEHHUE MaTEeMaTHYECKON MoJenu
npolecca W MCIONb30BaHME €€ JUIsl CTaTMYECKOM ONTUMHU3aluu  O0BEKTa
UCCJEeIOBaHUs. 3/€Chb HCIONBb3YIOTCI NIAHbl (DAKMOPHO20 IKCHepuMeHma JJis
NOJIYYEHUS] JIMHEHHBIX MOJENEH W KOMHO3UYUOHHbIE NIAAHbI NI  TIONYyYEHHUS
HEJIMHENHBIX MOJIeed 00beKTa NCCIIeI0OBaHUS.

[Io cnocoOy opraHu3zalMd  pa3IMyYalOT  HACCUGHOE W  AKMUBHOE
JKCIEpUMEHTUpOBaHUE. bomee 3(PPexTUBHBIM  sBISETCS  ILieJIEHANpPaBIECHHOE
U3MEHEHHEe  Ipollecca M pEerucrpauus  pe3yJbTaroB,  T.€.  aKTHUBHOE
HKCIIEPUMEHTHUPOBAaHUE. TOJIBKO AKTHBHBIM HKCIEPUMEHT MOKHO IUIAHUPOBATh.
MeTonpl, OCYIIECTBIAIOIIAE AKTUBHOE OJKCIEPUMEHTHUPOBAHHME, HAa3bIBAIOTCS
Memooamu nAAHUPOGAHUA IKCnEPUMERMA.

2 IPEJABAPUTEJIbHBIN DKCIIEPUMEHT

OObiuHO eme A0 ombiTa 00 OOBEKTE HCCIEIOBAaHUSI  CYIIECTBYIOT
OIpe/ieTICHHbIE, HO pa3pO3HEHHbIE CBeAeHMs. X cOOp MPUBOIUT K MOSIBICHUIO TaK
HA3bIBAEMOMW anpuopHol uH@dopmayuu.

YToObl UMETH NPECTABICHUS O TOM, KaK U3MEHSIOTCS NEpEMEHHbIE ITpoLecca,
HKCIIEPUMEHTATOpP IPOBOJUT HECKOJIBKO ONBITOB Ha JIA0OPATOPHOM YCTaHOBKE.

OnwITHI MOI'yT OBITH OpraHu30BaHbI I10 OIIPCACIICHHBIM ILJIaHAM.



['maBHO# 3amaueit opranuzanuul lmOAOOHBIX  HCCIIEIOBAHUM  SABJISIETCS
BbIOOp (PAKTOPOB U NMEPEMEHHBIX COCTOSIHUSA, KOTOpPbIE€ BOWIYT B IJIaH OCHOBHOTO
JKCIepuMeHTa. Bce wucciienoBaHus, HalpaBi€HHbIE Ha pEIIEHUWE ATOW 3ajaud,
COCTAaBIIAIOT CYTh MIPEABAPUTEIILHOIO SKCIIEPUMEHTA.

2.1 Bp10op nepeMeHHBIX COCTOSTHUS

Pa3nnyaroT 3KOHOMUYECKHE M TEXHOJIOTMYECKHE NEPEMEHHBIE COCTOSIHUA. B
KaueCcTBE 3KOHOMHUYECKHX IEPEMEHHBIX HCHOJB3YIOT  MPOU3BOJUTEIBHOCTD,
ce0eCTOMMOCTh U IPYTHUE MOKA3aTENH.

TexXHOJOTHYECKUMH TEPEMEHHBIMU CIIyKaT KadecTBO MPOAYKTa, BBIXOJ
LEJIEBOr0 MPOAYKTAa, HAAEKHOCTh IMOJy4aeMbIX u3nenud u  1ap. Yacto
TEXHOJIOTHYECKHE ITEPEMEHHBIE COCTOSIHUS TECHO CBSI3aHbI C SKOHOMUYECKUMU. [Ipu
BBIOOpE NMEPEMEHHOM COCTOSIHUSL HEOOXOIUMO YUUTHIBATh CIIEAYIONIUE TPEOOBaAHMUS:

a) MepEMEHHAas COCTOSIHUS JOJKHA UMETh KOJUYECTBEHHYIO XapaKTEPUCTHUKY,
T.€. U3MEPATHCS;

0) mepeMeHHass COCTOSIHUS JIOJDKHA OJHO3HAYHO H3MepsATh A(PPEeKTHBHOCTH
00BEKTa UCCIEOBaAHUS;

B) TEpEeMEHHAas COCTOSHUSA JODKHA ObITh cratmuecku 3(()EKTUBHOH, T.e.
00J1a1aTh BO3MOKHO MEHbLIEH AMCIEPCUEN PU TPOBEICHUH OIBITOB.

[IpaBuibHBIM  BBIOOp TEPEMEHHON COCTOSIHUA OOBEKTa UCCIEeIOBaHUS
NOBBIIIAET HIAHCHI KCIIEPUMEHTATOPA HA YCIIEX.

2.2 Be10op ¢paxTopos

[Tpu BeIOOpE PaKkTOPOB HYKHO BBITIOHSTH CICTYIONTUE TPEOOBAHUS:

a) (akTop MOHKEH OBITh PETryJIUPYEMBbIM, T.€. C IMOMOIIBIO OIMpPEACICHHOTO
PEryJIupyIOIIEro yCTpOUcTBa (PaKTOp MOKHO M3MEHATH OT 3HAUCHUS X; JI0 X;.

0) TOYHOCTh M3MEpPEHUs W ympaBlieHUs (PaKTOpoB AOKHA ObITh M3BECTHA U
JIOCTATOYHOT'O BEJIMKA (XOTsI Obl Ha MOPSAOK BBIIIE TOUHOCTH U3MEPEHUSI BBIXOJHOM
TIEPEMEHHOMN ).

K dakropam u nepeMeHHbIM COCTOSIHUSI OJHOBPEMEHHO TAKXKE MPEAbIBIISCTCS

psn TpeOOBaHUM:



1) ¢aktopel u  mnepeMeHHble12COCTOSAHMSI JIOJDKHBI HMMETh  00JacTH
OIIpEIEIICHMS, 3aJlaHHbIE ~ TEXHOJIOTMUYECKUMHU WM  TMPUHIUNHAATEHBIMU
OTPaHUYCHUSIMU;

2) Mexay (akTopaMH W TEPEMEHHBIMU COCTOSHHUS JOJKHO CYIIECTBOBATh
OJTHO3HaYHOE COOTBETCTBHE; OHO ITO3BOJUT B OCHOBHOM JKCIIEPUMEHTE IOCTPOUTH
MaTEeMaTUYECKYIO0 MOJIEb OOBEKTaM MCCIIEIOBAHUS U PEIIUTh TTOCTABJICHHYIO 3374y
HKCIIEPUMEHTA.

2.3 Coop uH(popManyu B MPeABAPUTEIBHOM IKCIIEPUMEHTE

B npenBaputenbHOM SKCIEpUMEHTE MHQPOPMAIUI0 OOBIYHO COOMPAIOT TpeMms
crocobamu:

1 AnpuopHyio uHOpPMAIMIO TOMYyYalOT U3 JIUTEPATYPHBIX HCTOYHUKOB,
OLIGHKOM pe3yJibTaTOB MCCIEAOBAHUA aHAJIOTMYHBIX OOBEKTOB, a TaKXke Ha
OCHOBAHMH OIPOCA CIELHATIMCTOB-TEXHOIOTOB.

2 Yacte undopmanuu o0 0OBEKTE HCCIECAOBAHMS OIPEACISIOT U3 OMNBITOB,
KOTOpBIE IPOBOAUT FKCIIEPUMEHTATOP MPU HaJaIKe JabOpaTOPHON yCTaHOBKH.

3. OcHOBHyIO uYacTh HH(pOpPMAIMKU TPEABAPUTEIBHOTO  AKCIEPUMEHTA
MOJTy4aroT MOCTAHOBKOW HEOOJIBIIOTO YMCJIa OMBITOB MO ONPEACNCHHBIM IIJIaHaM.
OTU 3KCHEPUMEHTHl Ha3bIBAIOT omceusarowjumy, a TUIaHbl, N0 KOTOPHIM OHHU
CTaBATCS, — CBEPXHACLIUEHHbIMU, TIOCKOJIBKY YHCIO HCCIEIYyEMbIX NEPEMEHHBIX
Bcera OoJbIlle Yuciaax CaMUX IKCIIEPUMEHTOB.

MeTroapl TIOCTAaHOBKM OTCEHBAIOIIMX OSKCIEPUMEHTOB U HX 00paboTka
MpUBEJICHBI B padoTte [3].

B pesynbTaTe npeaBapuTenbHOT0 SKCIEPUMEHTA OTIPEICIISIFOTCS:

1) obnactu cymectBoBaHus (haKTOPOB;

2) uHTEepBaJbl BAPbUPOBAHUS (DaKTOPOB;

3) npenBapUTEIbHOE YUCIIO MApaJUICIbHBIX OIBITOB;

4) uncno ¢GakTOpoOB M MX B3aUMOJACWUCTBUI, BKIIOYAEMbIX B IJIAaH OCHOBHOTO

OKCIICPUMCHTA.



3 OCHOBHOM SKCIEPUMEHT, 13 IIJIAHBI IEPBOI'O MOPSJIKA

CymHocTh  ()aKTOPHOTO DKCIMEPUMEHTa MEepBOr0 MOpsIKa COCTOMT B
OJIHOBPEMEHHOM BapbUpPOBAaHUM BceX (PAKTOPOB TMPH €ro MPOBEJACHUU TIO
OTIPEJICIICHHOMY IUIaHy, TPEACTAaBICHUM MaTeMaTudeckoi wojenu (dyHKIuu
OTKJIMKA) B BUJE JIMHEHHOrO0 MOJMHOMAa M MCCIEIOBAHUU IMOCJIEIHEr0 METOJaMu
MaTeMaTU4eCKOW CTATUCTUKH.

3.1 OcHoBHBIE OnpeaeIeHUs

Yposenem ¢haxmopa Ha3bIBalOT OIpEAEIEHHOE 3HaueHHe (akTopa, KOTOpOe
Oyner  ¢ukcupoBaTbcs ~ NpU  TMPOBEJACHUU  JKclepuMeHTta.  Hampumep,
AKCIEPUMEHTAILHOE M3yYECHHE IMpollecca MapoBOM KOHBEPCHM MPUPOJHOIO Tasza
MpOBOAAT NpHU TemrepaTypax Ha Beixoge 790 u 830°C, mpu paBienusax 3,8 u 4,2
Mlla.

O4eBuAHO, UTO YpOBHSIMH (DakTOpa «TemiiepaTypa Ha Bbixoae» Oyayt 790 u
830°C, ypoBHsamu (akropa «aaBieHue» — 3,8 u 4,2 Mlla.

Paznuuaror gepxuuii yposenv gpaxmopa — x5 (310 830°C, 4,2 MIla) u nHuswcHuti
yposenv paxmopa — x;m (310 790°C wu 3,8 MIla). Cpennue 3HadYeHUs
paccMmatpuBaeMblx HHTEpBaioB, T.e. 810°C u 4,0 Mlla, Ha3bIBaroTCs HYIEGbIMU
VPOBHAMU — Xj, 3HauYeHUE (HAKTOpa B HATYpPaAJIbHBIX EIUHHIAX, IPUOABICHUE
KOTOpPOTO K HYJICBOMY YpPOBHIO Ja€T BEPXHHM, a BBIYMTAHHWE — HUIKHUM YPOBEHBb
dakTopa, Ha3pIBaeTCs unmepsaniom sapvuposanus — (31o 20°C u 0,2 MIla).

Takum o6pa3zom,
X.
B = xl'o + Axl ,

.x b
H = . —_ .
] .X:JO A.X:‘] ‘

OKCepUMEHTAJIbHBIE 3HAYEHUS, KOTOpPbIE MOTYT MpPUHUMATh (aKTOPhI, HE
MEHSSI CBOMX (PU3MKO-MATEMATHUYECKHX CBOWCTB W HE MCKa)kas CYTH HCCIEAYEMOTO
IpoIecca, Ha3bIBAIOTCS ePaHUYaAMU CYuecmeo8anus hakmopos, a MHTepBa (X v —
X)) — obaacmouio onpedenenus pakmopos. Ha pucynke 2 31o obnacts L.

Pucynox 2 — T'eomempuueckas ummepnpemayusi  obaacmu

onpeoenenus pakmopos L u obracmu npogeoenus 3Kkcnepumenma

M



OuyeBHUIHO,  4TO UHTEpBaJ | 4BapbUpOBaHUS (dakTopoB JOJIKEH
COCTaBJIATh 4YacTb oOO0JacTH ompeaenacHus (akTopoB, eciu pemaercs 3ajada
ontumuzauuu. Ha pucyHke 2 o0yacTh IMpOBEIEHUS SKCIEpUMEHTa O00O3HaueHa
OykBoil M.

3.2 KogupoBaHHbIe 3HAYeHUs (PAKTOPOB

Jl71 cocTaBlieHUs] PETPECCUBHOIO YPaBHEHUSI UCIONB3YIOTCSA HE (PaKTUUYECKUE
3HaueHus (PAKTOpOB, a UX KOAMPOBAHHbIE 3HAaYeHUs. BepxHuil ypoBeHb (akropa
o0o3HavaeTcsi CUMBOJIIOM «+1». HwkHHil ypoBeHb (akTopa — CHMBOJOM «—1».
[lepexon oT (dakTuyeckux 3HaUY€HUM (AKTOPOB K KOJUPOBAHHBIM 3HAYEHUSIM

OCYILECTBIISIETCS 1O (hopMyIie

i 2)
JIJ1st pacCMOTPEHHOTO TIpUMEpPa KOJMPOBaHHBIE 3HAUYCHUS (PAKTOPOB (BEpPXHUE

Y HWOKHHE YPOBHU) CIIETYIOLIHUE:!

X fxlB_ ~ 830-23810 x| _Mm = 790 - — ]
B o7 = s X1 ‘5‘11;)T
* 20 X1
Xop — X _ Xor — X _
Xy = 228 — 0 _ 42 —-4,0 _ Xy = 2H ~ 20 _ 3,80 24,!) _ 1
X, ] X, ,
0,2

KoaunpoBanue (pakTopoB, Mo CyTH, O3HAYAET MEPEXOJ OT CUCTEMBI KOOPAUHAT
B HATYpaJbHBIX €IUHHIAX (PUCYHOK 3,a) K CHCTEME KOOPIMHAT B KOAMPOBAHHOM
dbopme (pucynok 3,0). Kaxxnas Touka ¢akropHoro npoctpanctsa — (+1,+1), (—=1,+1),

(+1,-1), (-1,-1) — 9TO OMBIT B UCCIICTOBAHUSIX.
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a) — B HATypaJIbHbIX KOOPJAMHATAX 0) — B KOOpaAUHATHOU opMme

Pucynox 3 — I'eomempuueckas unmepnpemayus niauna 2 Ha niocKocmu
B o01eM cityyae SKCIEpUMEHT, B KOTOPOM PEAM3YIOTCSI BCE BO3ZMOKHbBIE COUETAHUS
YpOBHEH (haKTOPOB, HA3BIBACTCS MOHBIM (hakmophovim Ikcnepumenmom (I1DDI).
Ecnu kaxaplii (akTop BapbUPYETCS HA ABYX YPOBHSAX, TO mojydaercs [1MD tuma 2,
rae k — konuuecTBoO (pakToOpoB.

[TonHbIN (aKTOPHBIN AKCIEPUMEHT UMEET CJICIYIOIINE JIOCTOMHCTBA!

1) HE3aBUCUMOCTh JUCIIEPCUM TIEPEMEHHOM COCTOSIHUSL OT BpAIEHUS CUCTEMBbI
KOOpAMHAT B LIEHTPE IJIaHA;

2) OIMHAKOBYIO U MUHUMAJIbHYIO JUCTIEpCHIO KOAG(UIIMEHTOB PErpeccuu;

3) HE3aBUCUMOCTH OIpeesieHHs] KO3 (GUIIUEHTOB PErPeccuu Apyr OT APYTa;

4) npocTOTYy B BBIUUCIEHUAX KOADOUIIMEHTOB.

3.3 IlocTpoenue MaTpulbl NJIAHUPOBAHUS

[1naH, comepskaluii 3amuch Bcel KOMOMHAIMM ()aKTOPOB MJIM UX YacTH B
KOJUPOBAaHHOU (hopMe, Ha3bIBACTCS Mampuyetll nianuposanus. KoamdecTBo OnbITOB

— N 3aBUCHT OT KOJIMYECTBA U3y4aeMbIX (PAaKTOPOB U OMpeenseTcs mo Gpopmyre
N =2t
B taGnuue 1 npoBeaeHa MaTpuia miIaHUPOBAHUS JUIsl IBYX (PaKTOPOB Ha JBYX

YPOBHSIX.

Tabruya 1 — Mampuya naanuposanus I1DD 2°

[InannpoBanue Ilepemennas
OnBITHI X0
X1 X2 COCTOSIHUS Y
1 +1 +1 +1 Vi
2 +1 -1 +1 V2
3 +1 +1 -1 V3
4 +1 -1 -1 V4




Bo Bropoii rpade  Tabmuieil6nipuBeneHBl  3HAUYCHHS — (PUKTUBHOM
NePEMEHHON X, (TOKIECTBEHHO paBHOU +1), KOTOpas MOHAAOOUTCS MPU BHIYUCICHUN
CBOOOTHOTO uJieHa MOJIMHOMA. B mepBoil cTpoke CrIlaHMpOBaH MEPBBIN OIbIT, KOTJA
(dbakTopamMu x; U X, NPUJAIOT MaKCUMaJIbHbIE 3HAYEHUSI; BO BTOPOM CTPOKE — KOTJa
dakTopy x; IPUAAIOT MUHAUMAIILHOE 3HAYEHHUE, a PaKTOpPy X, — MAKCUMAJIBLHOE | T.]I.

JIist OCTpOeHUs MAaTPUIbl IJIAHUPOBAHUS C OOJBIIUM 4YHCIOM (aKTOPOB
UCIIONB3YIOT Psifi mpueMoB. Yaille HMCHOJb3yIOT MPUEM YepeOBaHUsI 3HAKOB: B
MEPBOM CTOJIOLIE 3HAKU HE MEHSIOTCA, B TPEThEM OHHU YEPEyIOTCS uepe3 JBa, B

4eTBEpTOM — uepe3 4 u T.11. (CM. Tabmuity 2).

3.4 Peanu3zauus MaTpulbl INIAHUPOBAHUS

[Tocne nmocTpoeHus MaTPUILbI JITAHUPOBAHMS MIPUCTYIIAIOT HEMOCPEICTBEHHO K
skcriepuMeHTy. OOBIYHO MaTpUIly TUIAHUPOBAHUS MPEJCTaBISIIOT B BUAE, YI0OHOM
JUISL peaju3alliy OIBbITOB — BCE KOJMPOBAHHBIC 3HAYECHUS (PAKTOPOB 3aMEHSIOT
HaTypajdbHBIMH. Takyro MaTpHUIly TJIAHUPOBAHMS HA3bIBAIOT padouell.

[Inan nmubo peanu3yeT HECKOJIBKO pa3, Moyiydas m HapajljiebHbIX 3HAYEHUH
MEPEMEHHON COCTOSIHUS, JIMOO MapasuIeNbHBIE OIBITHI MPOBOAST TOJBKO B OJHOM
TOYKE, KaK MpaBW/IO, B LEHTpe IulaHa. llocienHuii MeToJ HCHOJb3YIOT, KOTrIa

HN3BCCTHA 3apaHCC XOopoias BOCIIPONU3BOANMOCTD OIILITOB HAa 00BEKTE HCCICAOBAaHUA.

2
OumOKy onbIToB ~ 0 paccUnTHIBAOT 110 hopMyIie

NO
sp= !

—mn: (yOn _)’0)2

: 3)

rac: Yo, — 3HA4YCHUA HepeMeHHOﬁ COCTOAHHA B LCHTPC ILJIAHA,

Yo cpenHee
3HaYE€HHME MEPEMEHHOM COCTOSHMS B LEHTPE IUIaHa; Ny — YMCJIO ONBITOB B IIEHTPE

IJ1aHa.



3.5 AJIrOpHMTM pacyera MoJHOro 17¢akTopHOro KcnepumMenTa tuma 2
AJroput™ pacuera M aHajaM3a MaTEMaTHMYECKOH MOJEIM IKCIEPUMEHTAIbHO-

CTaTUCTHUYCCKHUMHU MCTOAaMU IIPUBCIACH HAa PUCYHKC 4,

Tabauya 2 — Opaanuzayus mampuy naanupoeanus IIDD om 2° 0o 2°

Howmepa dakTopsl
OIIBITOB Xo X1 X2 X3 X4 Xs
1 +1 +1 +1 | +1 | +1 | +1
2 oD | +1 -1 +1 | +1 | +1 | +1
3 R B B B B B
4 [§ (06 +1 -1 =1 |+1]+1] +1
5 53 +1 +1 +1 -1 | +1 | +1
6 +1 -1 +1 —1|+1|+1
7 +1 +1 -1 -1 +1 | +1
8 e +1 -1 -1 —1|+1]|+1
9 Y +1 +1 +1 +1 -1 +1
10 TonHbrii +1 -1 +1 +1 -1 +1
11 (baKTOpHEIi +1 41 -1 1 1|+l
12 KCTIEPHMEHT +1 -1 -1 +1 -1/ +1
13 1D 2° +1 +1 +1 -1 -1 +I
14 +1 -1 +1 -1 -1 +I
15 +1 +1 -1 -1 -1] +1
16 +1 -1 -1 -1 -1|+I
17 +1 +1 +1 +1 +1 -1
18 +1 -1 +1 +1 +1 -1
19 +1 +1 -1 +1 +1 -1
20 +1 -1 -1 +1 +1 -1
21 +1 +1 +1 -1 +1 -1

N
[\

+1 -1 +1 -1 +1 -1




23

24

25

26

27

28

29

30

31

32

18

+1
+1
+1
+1
+1
+1
+1
+1
+1

+1
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Pucynox 4 — brok-cxema aneopumma pacuema u anaiuza Mamemamuideckou
MOOenu IKCNEPUMEHMANbHO-CMAMUCMUYeCKUMU Memooamu
Jlist muHeliHoi hopMbl ypaBHEHHUS:
k
Y= zbixi
i=0 (i=201, .. k), 4)

rje k — nepeMeHHasi COCTOSIHUS pacueTHasl.

Ha ocHoBaHMM pe3yibTaTOB peaiu3alldd  MaTPUIbl  TUIAHUPOBAHUS
KO2(PUIIMEHTHI YPaBHEHUS PETPECCUH PACCUUTHIBAIOTCS IO (hopMyJie

b, =N

i
L3N x,

YiuV u=1 i=0 1, .., k). (5)



[Tocne BbIYHCIeHUA20K03 (P (HULIMEHTOB pErpeccur NEPEXOAT K
CTaTUYECKOMY aHAJIN3Yy YPaBHEHUSI PErPecCUr, KOTOPBIA COCTOUT U3 TPEX ITAIOB:

® OIICHKA OIMMOKHU OmbITa (10 ypaBHEHHIO (3));

® OIICHKA 3HAYUMOCTH KOA(D(DHUIIMEHTOB ypaBHEHUS PETPECCUN;

® OIICHKA aJIeKBATHOCTH MOJIEIIH.

O11eHKy 3HaYUMOCTH KO3 (DHUITUESHTOB PErPECCUH OCYILECTRIIIOT IO (hopMyIie

t ="
ip
S, (6)
t. _t
1 YCIIOBUIO i > (7)
;. ’
b.
rae ! — abconoTHOE 3HavYeHue Kod(ppuiueHTa perpeccuu; fr — TaOIMYHOE

3HaueHne kputepus CThIOACHTA, KOTOPOE HAXOIAT TI0 YUCTY CTENEHEH CBOOOIBI fy =
Ny — 1 u ypoBHIO 3HauuMOCTH ¢ (cMmoTpu Tabmuiy Al mpunmoxenus A.); Sy —
CPEHEKBAAPATUYHOE OTKJIOHEHUE.

Jucnepcrro ko3 (PpHUIMEHTOB perpeccuy HaxXoAT 1o (hopmyJie

2
S§2 _So
bi
N, (8)

T.€. JUCTIEPCUU BceX KO (PUITMEHTOB paBHbI, MIOCKOJIbKY 3aBUCST TOJIBKO OT OIIMOKHU

2
ombITa 0 M 9¥Ciia CTPOK MaTPHUIIbI ITITAHUPOBAHUS N (YHCIIa OMBITOB).

Ecnmu nnsa xakoro-to koddduruenta ycnoBus (6) u (7) HEe BBIIOIHSIOTCS, TO
COOTBETCTBYIOIIMI (H)aKTOp MOKHO MPU3HATH HE3HAUYUMBIM U HUCKJIIOYUTH €r0 W3
YpaBHEHHUS PETPECCUH.

[IpoBepka ajeKBaTHOCTH JIMHEHHOTO YPaBHEHHUSI PErPECCHUM OCYIIECTBIISETCS

IMIyTEM CpPAaBHCHHA JIBYX I[I/ICHepCI/Iﬁ — O0aHa IMOKAa3bIBACT PACCCAHNUC OIIBITHBIX HAHHBIX

MIEPEMEHHON COCTOSIHUS ), OTHOCHUTENBHO TEX 3HAYEHUN IEPEMEHHOM COCTOSHUS yAu
2

KOTOPBIE NPEICKa3aHbI I0JyYEHHBIM JINHEMHBIM YPABHEHUEM PETPECCHUM.
Ota aucnepcrs Ha3bIBAETCS JUCIIEPCUEN aIEKBAaTHOCTH U PaCCUUTHIBAETCS 10

dbopmye
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s2 ="
YNy -y )
ad . u
N-I , 9)
u=1

rJie m — YUCIIO MapajlyIeNbHbIX ONBITOB; / — YKMCIIO YWIEHOB B YPAaBHEHUHU PETPECCHUH,
OCTaBLIMXCS I1OCIIE OLEHKU 3HAYUMOCTH.
Bropas nucnepcuss — 3T0 ommuOKa onbiTa. AJIEKBAaTHOCTh MPOBEPAIOT,

OLICHHUBAas OTHOLICHUEC

S2

F = ad

p=§?
0 (10)

U cpaBHUBas pacyetHoe (Fp) u Tabmuunoe (F7) 3HadueHwe kputepus Duiiepa.
Kpurepuit ®ummepa Fr onpeaensercs Ajis CTENEHeH cBOOO b fu=N-—-1lufy=
N(m — 1) 1 3a1aHHOTO YPOBHS 3HAUMUMOCTH ¢ TI0 Tabnuie A2 NPUI0KEHUSI.

Ecnu BeImonHsIeTCS Fp<Frp ’ (11)

yCIIOBUE
TO JINHEWHOE YpaBHEHHE MPU3HACTCS A0eK8AMHbIM.

[Tony4yeHHBIN JTMHEHHBIA MOJTMHOM MOKHO MCIOJIB30BaTh ISl TOMCKA 001acTH
ontumMyma o0bekTa wuccineaoBanusa. Ecnmu ycnoBue (11) He BbIoNHSAETCS, TO
JUHENHOE ypaBHEHUE MpU3HACTCS HeadeksamHuiM. lIpu HeaneKBaTHOW JUHEHHOM
MOJIeNIM HaubOojee 4YacTO NPUHUMAIOT pelleHue OO0 YMEHbBIIEHWH HWHTEPBAJIOB
BapbUpOBaHUs (HaKTOPOB M TIOBTOPEHUU IKCIIEPUMEHTA.

3.6 IpoOHblii GaKkTOPHBIN IKCIIEPUMEHT

[TonHbI#t  (HaKTOPHBIN JKCIEPUMEHT SIBIAETCA BechbMa A(DPEKTUBHBIM IS
MOJIYYSHHUS] MaTeMaTUYeCKOW MOJIETH HCCIEAYEeMOro o0ObeKTa OCOOCHHO TPH YHCIIe
daktopoB k£ > 3. OmHako yBenW4YeHUE 4YHCIa (PAKTOPOB TMPUBOAUT K PE3KOMY
YBEJIUUEHUIO YHCIIa OnbITOB. Tak, IIMD 2° tpebyer moctanoBKU 64 ONBITOB, a 27 yiKe
128.

[IpakTrKa MOKa3bIBAET, YTO AJIA MOJIYYEHHUS JHOCTATOYHO TOYHBIX OIICHOK

KOA(PPUIIMEHTOB perpeccuu MOXKHO OOOMTHCH HEOOJBIIUM KOJUYECTBOM OIIBITOB,



BBE/S NOHATHE APOOHOro (HaKTOPHOro223KCIepuMeHTa (MU APOOHBIX PEILIUK),

KOTOPBIN MPEJICTABIISIOT COOOM HEKOTOPYIO YacTh

C

5 l)’ _ OT MOJIHOTO (DAKTOPHOTO IKCIIEPUMEHTA.
2 48
4 OCHOBHOM SKCITEPUMEHT. IVIAHBI BTOPOT O IIOPSIJTIKA
[Tocne nocTmxeHus: 006J1acTU ONTUMYyMa Tepe] UCCIIEeI0OBATEIeM BCTAET 3aa4a
JIETaJbHOTO M3YyYEHUS TMOBEPXHOCTH OTKIMKA. OmnucaTte 00JacTh ONTUMyMa
JMHEWHBIM YPAaBHEHUEM PErpecCUU HE YJaeTcsl M3-3a KPYTU3HBI THMIIEPILNIOCKOCTEH
bakTopoB U kBagpaTudHbIX ddekToB. [loaToMy 0b6sacTh ONTUMyMa ONUCHIBACTCS

MOJINHOMAaMHU 00Jie€ BBICOKMX MOPSIIKOB, CPEAN KOTOPBIX CaMble PaCHpOCTPAHEHHBIE

ypaBHEHUSI BTOPOTO MOPSIIKA:

yeb X k koo,
0 +> b;x; +D byxix 1D byx;

J
i=1 l"=1. i=1
J>1 (12)

Jig mosydeHHs MareMaTH4ecKoW Mojenu o0nacTd ONTHMyMa B BHJE
ypaBHeHUs (12) uCnonb3yroTcs ClieliualbHbIE TUIaHBI.
4.1 IlocTpoenne MaTpULbI IJIAHUPOBAHUSA
bokc m VYwmiCOH mnoka3aim, 4TO, JOIOJHUB JBYXypOBHEBbIM IuiaH [IDD
ONpEAENCHHBIMA  TOYKaMH  (AKTOPHOTO  MPOCTPAHCTBA, MOXKHO  IOJYYHUTb
HEOOXOUMBbIE IJIaHbl, KOTOPbIE HA3BIBAIOTCA YEHMPATbHbIMU U KOMHOZUYUOHHBIMU.
OO611ee YKCIIO ONBITOB IPU TAKOM IJIAHUPOBAHUU onpeeisaeTcs: GopMyIIoun:
N:l’l1+l’l3B + (13)
Mo
i€ 1; — YACIIO OMBITOB B SIIPE IUIAHA; M3z — YHUCIIO OMBITOB B «3BE3HBIX» TOUKAX; My
— YHCJIO OMBITOB B LIEHTPE IJIaHA.
PaccMoTpeHre KOMITO3UIIMOHHBIX TUIAHOB MOKHO MPOBECTH HA MpumMepe k = 2
(pucynok 4). Touku 1, 2, 3, 4 06pasyroT NOMHBINA (AKTOPHBINA SKCIEPUMEHT 2°,

TOYKH, 00O3HAUEHHBIE 3Be3noukaMu (5, 6, 7, 8) 00pa3ylOT «3BE3THBIC» TOUKH C



KOOpJAMHATAMHU (+0,0) u (0.x0) B23ueHTpe IJJaHa TMPOBOJSTCA HYJIEBbBIC

onbIThI ¢ KoopauHatamu (0,0).

Pucynox 4 — Pacnonooicenue mouex ¢haxmoprno2o npocmpancmeda
8 KOMNO3UYUOHHBIX NIAHAX 8MOPO20 NOPAOKA
HaubGonee wacto uCnosib3yrOT JABa THUMA LEHTPAIBHOTO KOMIO3UIIMOHHOTO
rmanupoBanust (LIKII) — opmoconanvnoe u pomamabenvroe. bonee HaaeKHBIM
CIIOCOOOM TOJIYYeHHsS] TOJMHOMA BTOPOW CTENEHH SIBISETCA pPOTaTadelIbHOE
IJJaHUPOBAHUE, OCHOBAaHHOE Ha TMIOCTOSHCTBE JIUCIIEPCUM B ONBITaX, PaBHO
yAAJIEHHBIX OT IIEHTPAIBLHOTO OTBITA, KOTOPOE M PACCMOTPEHO B HACTOSIIIEH padoTe.
OO01iee YUCIO ONBITOB, YUCIO «3BE3HBIX» W HYJIEBBIX TOUYEK, BEJIMYMHA

3BE3JTHOTO TIeYa O 3aBUCST OT uucia GakTopoB k (cM. Tadu. 3).

Tabnuya 3 — Iokazamenu pomamadenvbHbiX NIAHO8 8MOPO20 NOPAOKA

[TonHbli (hakTOPHBIMA HpoOHbIii
HaumenoBanue SKCIIEpMMEHT THma 2% @D Ttumna 2F°

k=2 1| k=3 | k=4 | k=5 k=5
YucsI0 ONBITOB sapa MaTpulbl —n; | 2°=4 | 2°=8 | 2*=16 | 2°=32 2>1=16
Uucno «3BE3IHBIX» TOUEK — M3z 4 6 8 10 10
Huco HyneBBIX TOYEK — Mg 5 6 7 10 6
OO011ee ynciio onsIToB — N 13 20 31 52 32
Benuuuna o 1,414| 1,682 | 2,000 | 2,378 2,000

N3 crpykrypsr LIKII cnenyer,

YPOBHSX:

YTO KaXIbli (aKkTop BapbUPyeTCs Ha MATU

Snpo nnanos LIKIT cocraBiser nonHbli GakTopHbIi sxcrepuMenT 25 npu k <
5 WK MoJyperviuka oT Hero npu k > 5. Bo3MOXHOCTb MCHOJB30BaHUS B Ka4ECTBE

A/pa TUIaHa TONYPEIUIMKK Tpu k > 5 00ycioBlIeHa TeM, YTO YK€ MOJyperinkKa
oOecreynBaeT IMOJyYEeHUE HECMENIaHHBIX OIEHOK g JUHEHHBIX 3()QekToB u

7 PeKTOB MapHOro B3aMMOACHCTBUSI.



B kauectBe npumepa B Tabiuue 424npeacTaBieHa MaTpULA MATHPAKTOPHOTO
KOMIIO3UIIMOHHOTO IUIaHa BTOPOro MopsAka. SIpo miaHa MpeacTaBiseT coOoif
HONYperMKy 2> ¢ TeHEpUPYIOUIMM IEPEMEHHBIX X (PasjIMuHbIX (PAKTOPOB) K

6e3pa3MepHBIM X; TpoBoaAUTCA 10 dhopmyde (2). Hanpumep, cM. Tabmuiry 2.

4.2 Peanu3anus MATPUIbI IVIAHNPOBAHMS

Ha ocHoBe Marpuibl IUIAHUPOBaHUS, MpPEACTAaBIECHHYIO B Tabiuuny 4,
COCTAaBJIIOT Pab0OUYyI0 MATPUILy TJIAHUPOBAHMS, B KOTOPOUM KOJUPOBAHHBIE 3HAUCHUS
¢dakropoB (1, 0, to) 3aMeHAIOT HAaTypalbHBIMU. Tak, HapUMeEp, NPU HU3YUECHHUH
mporecca MapoBOM KOHBEPCHHM MPHUPOAHOTO Trasa, IMEPEeMEHHBIMU (akTopaMu
SBJISIFOTCSL:

X; — TeMneparypa Ha Beixoze, °C;

X, — TeMIeparypa Ha Bxoze, ’C;

X3 — o0uiee gaBineHun B peakrope, Mlla;

X4 — MoabpHOe oTHOoIenne H,O/mpupoanslit a3, MOJIb/MOJIb;

X5 — 00bEMHAs CKOPOCTh, U™,

Tabauya 4 — Pomomabenvuoulil nian 6mopoco nopsaoxa OJisi nsamu

Gaxmopos (a.=2,000)

Howmep ®parMeHT
X X2 X3 X4 Xs y
OmbITa TJIaHa
1 AAPO +1 +1 +1 +1 +1 Yi
2 -1 +1 +1 +1 -1 Y2
3 +1 -1 +1 +1 —1 y3
4 -1 -1 +1 +1 +1 Va
5 +1 +1 -1 +1 —1 Ys
6 -1 +1 -1 +1 +1 \G




7 +1 -1 —1 +1 +1 V7

8 -1 -1 -1 +1 -1 ys

9 +1 +1 +1 -1 -1 Vo

10 -1 +1 +1 —1 +1 Y10
11 +1 -1 +1 —1 +1 Vi1
12 -1 —1 +1 —1 —1 V12
13 +1 +1 —1 —1 +1 ME
14 -1 +1 —1 —1 —1 Yia
15 +1 -1 -1 —1 -1 Yis
16 -1 -1 —1 —1 +1 Vie
17 3BE3/IHBIE + 0 0 0 0 Y7
18 TOUKU - 0 0 0 0 Vis
19 0 + 0 0 0 Y19
20 0 — 0 0 0 Y20
21 0 0 + 0 0 Y21
22 0 0 — 0 0 V22
23 0 0 0 + 0 ya3
24 0 0 0 — 0 Y24
25 0 0 0 0 + y25
26 0 0 0 0 — Ya6
27 LIEHTP 0 0 0 0 0 Y27
28 0 0 0 0 0 Vas
29 0 0 0 0 0 Y29
30 0 0 0 0 0 Y30
31 0 0 0 0 0 Y31
32 0 0 0 0 0 V32

HatypanpHble 3HaueHus ()aKTOPOB MPUBEACHBI B TAOJIHULIE 5.

Tabauya 5 — 3navenuss paxmopos
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DaxTopsl

HaumenoBanue o °C | oC X3, X4, Xs,

MIla | MmosB/MONIL | o -1
HyneBoi1 ypoBeH»b Xy 810 520 4,0 3,6 2500
WNurtepBan BapbupoBaHus, Ax; 20 10 0,2 0,4 500
BepxHuii ypoBeHb, X3 830 530 4,2 4,0 3000
HwxHnil ypoBeHb, X x 790 510 3,8 3,2 2000
VYpoBeHb «+2.0» 850 540 4.4 4.4 3500
YpoBeHb «—2.0» 770 500 3,8 2,8 1500
[Tocie  3TOrO0  MPOBOIATCA  OKCHEPUMEHTAIBHBIE  WCCIEAOBAHMS U

ONpPCACIIAOTCA 3HAYCHUA ;.

4.3 AsropuTm pacuyera ynpapJieHUsl perpeccuy BTOPOro mopsiika

Pe3ynbpTaThl peanu3anuu miaHoB JIyyllle Bcero oopadatsiBath Ha OBM. Pacuer

U CTAaTUCTUYCCKUU aHaJIu3 YpPaBHCHUA PETPECCHU 110 INIaAHY BTOPOIro IopsaKa

IMPOBOAUTCA B COOTBCTCTBHH C aJI'OPUTMOM PHUCYHOK 3, TOJIBKO H3MCHAIOTCA

pacyeTHble (HOPMYJIBI.

Koaddummentsr ypaBHeHus: perpeccuut (12) paccuMThiBalOTCS O JTaHHBIM

TabuIBl 4 O ciaeayomuM (Gopmyiam:
N k N




i=1

2a4[f+(K—N1)-

Vi +LZ Vi
i=1

27
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D=

Te; H

H=2a'[N-f+(K-1)-N-m—K].
N.
FN oK) N —(K—1),12
H ;
L==2a**,/H. G=0F-N*n)/H.
9 O 1 9

0=ml+2*a2  f=m+2*x"*

Jucnepcun k03QGUIIMEHTOB PACCUUTHIBAIOTCS 1O (hopMyiaM:

§ =D*

S2 —glx g2
b0 0; bij 1 0.
SP=[1*S g _prg?
bi 0 0; bjj 0

b

2
rac 0— AUCIICPCHA BOCIIPOU3BOAUMOCTH.

3HAYUMOCTh PACCUMTAHHBIX KOA(DPUITMEHTOB PpErpecCHr MPOBEPSIOT TIO

kpurepuro CTbIOJIEHTA:

tbi > tT(Q=ﬁ))

t
rne T q, /o
— TabauyHoe 3HaueHue Kkputepus: CThIOJEHTa, COOTBETCTBYIOLIEE (cMm.

Tabnuiy 1, npuaoxeHus);

=Ny — .
Jo 0 % —gucno creneneit cBOGOIBI AUCTIEPCUH BOCTIPOU3BOAUMOCTH;
q— YPOBEHBb 3HAYMMOCTH.
Pacuernble 3HaueHuss kputepust CTbIOJIEHTA PABHBI:

bi | bl bi |

[in =
SbO ; bij . Sbi

bj .
He3naunmble  korduiMeHTs  NpUHUMAOTCS  paBHble  Hymo. Ecnu

HC3HAYMMBIM OKa3ajCid OAWH HN3 KBaAPATUYHBIX B(i)(beKTOB, TO TIIOCIEC CIo



pacnopsKEHUN AKCIIEpUMEHTATOpA29UMeEETCsl ~ MaTeMaThu4eckass  MOJEIb,
3aHOBO.

I[I/ICHepCI/HO BOCIIPOHU3BOAMMOCTH OIIPCACIIAIOT 110 OIIbITAM B ICHTPC IIJIaHA:

no
D =)y
u=l1

no
LB

S =
Ny
. 9
9
a OCTaTOYHYIO JIUCTIEPCHIO 110 (hopMyIie
N
A N2
Z(J’i =)
S2 _ =1
ocm
focm s
rae JA/ — 3HAYCHUE IIEPEMECHHOW COCTOSIHUS, PACCUUTAHHOE [0 YPaBHEHUIO

i

=N -1 y y
perpeccuu; ff)cm ( ) — YHCIIO CTeTIeHEe CBOOOBI OCTATOYHOU aucrepcuu; [ —
YHUCJIO 3HAYUMBIX KO3(PPHUITMEHTOB B ypaBHECHUH PETPECCHH.
AJIGKBaTHOCTb YPAaBHEHHUSI PErpPeCCUU HKCIEPUMEHTY MPOBEPSETCS IO

Kpurepuro Oumepa

g2
Fp_ Si

2
rae @0 — qUCIepcHs aJieKBaTHOCTH, KOTOPYIO OMPEESIOT Mo popMyie

) S 2 - f _52.f
Sad_ ocm 0?7:() 0 0

rae Jao =oem o) _ YHCJIO CTETICHEH CBOOOIBI AUCIICPCHH aJICKBATHOCTH.

ypaBHCHI/Ie aZACKBAaTHO, CCJIIN

F
P<Fr(q: far> S0
Iy

rJIe
A — TabNMMYHOE 3HaYeHue kputepus durepa (cMm. Tadbauiry A2).



UCKIIIOYEHUS KOI(PPUIIMEHThI ypaBHEHUSA28pErpeccCun  HEOO0XOIUMO  IEePEeCUUTaTh
Ecnu 00paboTka sKCIIepUMEHTaIbHBIX TaHHBIX TUIAHOB BTOPOrO MOPSAIKA JaeT

AJICKBAaTHYIO MOJCJb, TO 3aJa4a HCCICAOBAHMA HA O3TOM OTAIIC BLIIIOJHCHA: B



pacnopsKEHUN AKCIIEpUMEHTATOpA29UMeEETCsl ~ MaTeMaThu4eckass  MOJEIb,
ONMHCHIBAIONIAsE 00JacTh onTUMyMma. JlampHelinee uCClIenoBaHUE 3aBUCHUT OT

IMOCTaBJIEHHOU 3aJa4H.

5 ONITUMMU3BAIINA OBBEKTA UCCIIEJOBAHUA
MO SKCINEPUMEHTAJIbLHO-CTATUYECKOU
MOJEJIN
5.1 llouck onTuMyMa
B skcTpemManbHOM HKCHEPUMEHTE CTAaBUTCS 3ajaya IMOKMCKA KOOpAMHATOpa
ONTHUMYyMa IO UMEIOIIECUC MaTEMATUYECKOU MOJIEIIH.
3agauM  CTaTUYECKOM ONTHMHU3ALUUM OYEHb YAaCTO PEMIAIOT IOMCKOBBIMU
METOJIaMU, KOTOPhIC OTJIMYAIOTCA OOJIBIIMM pa3sHooOpazueM. BMecTe ¢ pa3iuyHbIMU
MOAU(MUKAUSIMU HUX HACUUTHIBAIOT HECKOJBKO AECATKOB. K OCHOBHBIM MeTO/aMm
TOUCKAa MOYKHO OTHECTH CJIEAYIOIIHUE:
® METOJ I'PAJUECHTA;
® METOJ HAHUCKOPEHIIEro CIyCKa WK METOJI KPYITHOTO BOCXOXK/ICHUS;
e wmerop ["aycca-3eliaens;
® METOJ] CUMIIJIECKCOB;
® METOJ CIy4anHOI'o MOMCKA.
MHoromepHasi ONTUMH3AIMS 3aKIIFOYACTCS B MOUCKE DKCTPEMYMOM (YHKITUU
MHOTHUX MEPEMEHHBIX F(X;, X2, ...,X»).
Meton KOOPIMHATHOIO CIHyCKa 3aKJIIOYAETCd B MOOYEPEAHOM ITOMCKE
MHHUMYMa 10 KOOPJMHATE X;, 3aTeM X U T.4. [lociie HaXOXIeHUsI TOUYKM MUHUMYMa
10 KOOPJIMHATE X; MEPEXOJIUM K HAXOXKIECHUIO TOYKM MUHUMYMa [0 KOOPAUHATE X> U

T.H. ITouck BCACTCA C OJHWMHAKOBBIM II4arom, KOTOpBIﬁ YMCHbLIIACTCA IIOCIJIC

~

X’ yerey X

HAaXO0XICHUA BCECX 3HaquI/H\/’I —_
1m X2

nm_ TakuMm 00pa3oM, aJrOpPUTM

m
peanu3aluy 3TOro MeTo/1a Mo100eH alropuTMy METO/1a MOPa3PsTHOTO MPUOTUKECHUS
W JIMIIb JONOJHSAETCS LUKIOM 33JaHus MEPEMEHHBIX X;, X, ...,X, BHYTPH KOTOPOIO

OLCHHUBACTCH IMOIPCIIHOCTb HAXOKIACHUS Xy OIS K&)I(I[Oﬁ HCpCMCHHOﬁ.



5.2 KaHoHHWYeCKHd aHAJIN3 30moBepXHOCTH OTKJINKA

Jist  onTUMH3AIMU  UCCIEyeMOro OOBbEKTa, KOTOPHIA  OMHCHIBAETCS
YpPaBHEHUEM BTOPOTO MOPSAJKA, CYIIECTBYET MpeoOpa3oBaHUe, [O3BOJISIOLIEE
MOJIYYUTh TPAPUUYECKYI0 M AHATUTHYECKYI0 WHTEPIPETAlUi0 00JIaCTU ONTUMYyMa.
9710 npeobpa3oBaHNE HAZBIBAIOT KAHOHUUECKUM.

Kanonnueckoe mpeoOpazoBaHUE HCXOAHOTO YpPaBHEHUS PETPECcCUU BTOPOTO

MopsiJIKa

r r r
~N 2
i=1 i=1 i=1

i<
J

MPEICTaBIIAECT COOOM Mepexo] K CTaHAAPTHOMY YPaBHEHUIO

r

Y —Vs — ZBii‘X;2
i=1 ,
Vs 2

y y X;
rac — 3HAYCHHUC BBIXOJHOH INCPEMEHHOMN B LCHTPC MOBCPXHOCTH OTKIIMKA, I —

KAaHOHMYECKHUE ITIEPEMEHHBIE; Bi — K03 (PpUIIMEHTHl KAHOHUYECKOT'O YPaBHEHUS.
[

[Iepexon kK HOBOMY ypaBHEHHIO OCYUIECTBISIIOT MIEPEHOCOM Hayajaa KOOPAUHAT
B TOYKY LIEHTPA IOBEPXHOCTH OTKJIMKA U IIOBOPOTOM OCEM HA ONPEACIICHHBIM YTOJI.
[lepeHoc Hauana KOOpAWHAT YCTPaHSET JWHEWHBIC WIEHBI W CBOOOJHBIM YJIEH B
YpaBHEHUU: TOBOPOT OCEU MCKIIIOYAET B3aUMOAEHCTBUE (DaKTOPOB.

[Ipn yucne daxkTopoB r > 3 naTh HANIAIHOE NPEACTABICHUE O F€OMETPHH
GyHKUMHA OTKJIMKA HEBO3MOXHO, OJHAKO M B H3TOM Clydae KaHOHHYECKOE
npeoOpa3zoBaHuE JIAE€T XOPOIINE Pe3yJIbTAThl, €CIIM MOCIEI0BATENIBHO pacCMaTpUBATh
U3MEHEHHUE JBYX (PaKTOPOB IPU OCTAJIBHBIX 3aCTAOMJIM3UPOBAHHBIX. TakoW HpueM
MIO3BOJIAET MOJYYUTh CEPUI0 KOHTYPHBIX Ha MJIOCKOCTH.

[Tpn kKaHOHHYECKOM MPEe0OPa30BaAHUM YPABHEHUS PErPECCUN BTOPOTO MOPSAKA
JUTst IBYX (hDaKTOPOB (7 =2) MOTy4YaloT ypaBHEHUE:

Y =) =B xt+ » v
B .



31 B
st ypaBHEHUS (27) B 3aBHUCHUMOCTH OT 3HaKa M BEIUYMHBI ~ 11

)54 822
BO3MOZKHBI YCTBIPC BHAA KOHTYPHBIX KPHUBBIX C pPaBHBIMH 3HAYCHUAMH

napaMeTpa ONTUMH3aLNUH (PUCYHOK 5).

5.2.1 Koadhpunmentor By By MMEIOT OJIMHAKOBBIC 3HAKHU

KOHTypHBIE KpUBBIE B 3TOM CIIy4ae SBJIAIOTCS JIIUIICAMH.

B

[Tpu B, < 0 meHTp autuIca OyaeT MaKCUMyMOM, TIpu ¢ > () — MUHUMYMOM.

i i

Ecmu | Byl <| B, , To smumce BeITsmyT 110 OCH X,, TO B HA0GOPOT (PHCYHOK 5,3).

5.2.2 Koagpgpuyuenmot By, u By umerom pasHvle 3HaKu
KoHTypHBIE KpUBBIC B 3TOM clydae SBISIFOTCS rutniepbonamu. Llentp duryps

Ha3bIBACTCA «CCAJIOM» HIIM «MHUHHMAKCOM). B 3aBUCHMMOCTH OT COOTHOIICHHUS

aOCOJIIOTHBIX BEIMYHMH KOA(PPHUIIMCHTOB B11 B22 M3MeHeHHe BEIXOMHOI

u
MEPEMEHHOM 1O OCSM X, X> OyIeT pa3nuuHbIM (puc. 5,0).
Pucynox 5 — Konmypuvie kpusvle pynkyuu omrauxa ooiacmu onmumyma,
ONUCHIBAEMOLL YPABHEHUEM 8IMOPO20 NOPAOKA

5.2.3 Ooun u3 korppuyuenmoe 61U30K UIU PAGEH HYIO

B

Ecmu 722= (0 — meHTp HaxoguTcs Ha OCCKOHEYHOCTH. [IOBEpXHOCTH OTKIIMKA

npejacTaBisieT co0ol Bo3pacTaroiliee Bo3BhIlIeHHE 'Tpedensb". MHornma By ~O u
HEeHTp (GUrypsl HaxoguTcss B JI0OOM Mecte ocu X, [loBepXHOCTh OTKIIMKa
npeacTaBisgeT coboil '"craumoHapHoe BO3BbIIeHHME". Ha mpakTuke »3TOT ciydai
BCTPEYAETCS PEJIKO.

Anzopumm KaHOHUYUECKO20 NPeodpa308anus Ce0yIouuii:

a) Jlns mepeHoca Hayaia KOOpPAMHAT B HOBYIO TOYKY (DaKTOPHOTO
MPOCTPAHCTBA S ypaBHEHUE perpeccur BTOporo nopsaka (25) mudbdepeHuupyroT no
KOKJI0MY (pakTopy M NPUPABHUBAIOT Hyt0. Pemas cucreMy ypaBHEHUH, HaXOISAT

KOOPAMHATBI HOBOTO IICHTPA, IMOACTABIAIOT UX B YPABHCHUC PECTPECCHUU W TTOJIYYAKOT

3HAYEHUE BBIXOJHOM NEPEMEHHOU )



5.2 KaHoHHWYeCKHd aHAJIN3 30moBepXHOCTH OTKJINKA
B LeHTpe S. B ypaBHeHun pe rpeccun

HCYC3al0T YJICHBI nepBoﬁ CTCIICHU U U3MCHACTCSA CBO6OI[HI>H>'I YJICH.



4 [Tonck onTUManbHBIX 3HaquHH33LpaKTopOB Ha  OCHOBE  YpaBHEHUA

—Zb xx+zb

yS Jji,j

b

06) Ocu B HOBOM IIEHTpPE MOBOPAYMBAIOT JI0 COBMEIIEHHUS C IJIaBHBIMU OCSIMU
MOBEPXHOCTH (YHKIMHM OTKJIIMKA. JTa OMNEparus OCYIIECTBISETCS IO H3BECTHBIM
IpaBWJIaM aHAIUTUYECKON T€OMETPHH.

Hampumep, m1st » = 2 XapaKTepUCTUUECKUIN JETEPMUHAHT UMEET BUIL:

n—-
0,5-b1,

0,555
b22 - B .

Pemenue (29) 3anuceiBaloT B BUJIe ypaBHEHUS

b

2
e 41 = (b11+by) ay =(by1by — 0,350
JIBa KOpHS TOTO ypaBHEHUS AAIOT HCKOMBIE 3HaUeHUs KOA(PPUIIMEHTOB ypaBHEHUE B

KaHOHUYECKOH (hopme.

B) [IpoBepsitOT MpaBUIBLHOCTH pacyeToB 10 hopmyie

ZBi = ibii
; i=1 )
i=1
6 COCTABJIEHUE MATEMATHYECKOM MOJIEJIH ITPOIIECCA
C UCHIOJIb30OBAHUEM 2BM
Jl1st cocTaBiieHUs: MaTEMaTUYECKON MOJIENTU UCCIEAYEMOro 0ObEKTa Ha OCHOBE
HKCIIEPUMEHTATILHBIX JAHHBIX, MOJYYEHHBIX B COOTBETCTBUM C pabodeil maTpuiieit
TUTAaHUPOBAHMUS, aHAIM3a 3TOM MOJIEJIM U €€ ONTHUMHU3AIMU pa3paboTaHa ImporpaMmma
Ha OBM «MMOD», koTopas BKIIOYAE€T HECKOJBKO MOANPOrpaMM M MO3BOJISET
MPOU3BOJIUTH CIICIYIOIIHNE PACUETHI:
1. Omnpenenenrie OIIMOKK ONBITA JIJIS1 pacueTa JUHEHHOTO PErPeECCUOHHOIO
YpaBHEHUS;
2. Pacuer TMHENHOTO PErpecCHOHHOIO YPaBHEHUS;

3. Pacuet ypaBHEeHUs perpeccuy;
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perpeccuu BTOPOro Nopsiaka;
5. KaHOHMuYeCckui aHanu3 MOBEPXHOCTH OTKJIMKA YPABHEHUSI BTOPOIO MOPsIKa
JUISL IBYX TIEPEMEHHBIX;

6. [locTpoeHune TabyIMIl Ha OCHOBE PErPECCUOHHOIO YPABHEHUSI.

7METOAUKA OITUMU3ALINN
IKCIIEPUMEHTAJIBHBIX
HUCCJEJOBAHUN

Huxe npuBeieH alropuT™ OpraHU3aluy 3KCIEPUMEHTAIBHBIX UCCIIEA0BAHMM,
NO3BOJISIIOIIMN NPU  MHHUMAJIBHOM KOJIMYECTBE SKCIEPUMEHTAIbHBIX OIBITOB
NOJIYYUTh JOCTOBEPHYKD MAaTeMaTHYECKYI0 MOJENIb HCCIEAyEMOro Ipolecca u
MPOBECTH AHAJIU3 MOJIEIIH:

1. BeiOpaTh (akTOphl, MHTEPBAJIBI KX BAPbUPOBAHUS U IEPEMEHHBIE COCTOSHUSA

2. IlocTpouTh MaTpHily IUIAHUPOBAHUSA MOJHOTO Wi ApoOHoro (mpu K > 5)
(bakTOpHOro 3KCHEPUMEHTA MEPBOIro MOPSAKA i1 BBIOPAHHOTO YKcia (GakTOPOB.

3. CocraBuTh palbouyl0 MaTpully IUIAHUPOBaHMS M MPOBECTH MO HeH
DKCIIEPUMEHTAJIbHBIE UCCIEAOBaHUs, a TAKXKE HECKOJIBKO IMapajlICIbHBIX ONBITOB B
LEHTpE MJIaHa JUIsl ONPEAEIICHHs OIUMOKU OMBITA.

4. PaccuMrtarth JIMHEWHOE PETPECCUOHHOE YpaBHEHUE M MPOBEPUTH €ro
aJICKBaTHOCTh  JKCIIEPUMEHTAJIbHBIM  JaHHbIM. Ecin  ypaBHEHUE aJ€KBaTHO
HKCIEPUMEHTAIbHBIM JaHHBIM, TO HEOOXOIMMO MPOBECTH ero aHanu3. Ecnu
ypaBHEHUE HEAJCKBATHO IKCIIEPUMEHTAIBHBIM JIaHHBIM, TO MEPEUTH K MyHKTY 5.

5. TlocTpouTh MaTpuily poOTaTabeNIbHOrO KOMITO3UIIMOHHOTO IUIAHUPOBAHMS
BTOPOI'O MOPSIIKA.

6. CocTaBuTh pabOUYyI0 MaTpUIly IJIAHUPOBAHUS U MPOBECTHU JOTOTHUTEIIbHbBIE
HKCIIEPUMEHTAJIbHBIE UCCIIEOBAHUS (B 3BE3IHBIX TOUKAX).

7. PaccuuTaTh pErpecCHOHHBIE YpPaBHEHHUs BTOPOIO IOPSJAKA W OIPEACINTH

€ro, aACKBATHOCTDb 3KCIICPUMCHTAJIbHBIM JJaAHHBIM.
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ONTUMAJIbHbIE 3HA4YeHUsI (HAKTOPOB, TMIO3BOJSIONIUE TIONYYUTh MAKCHUMAJIbHbBIE
3HAYEHUS] OTKIIMKOB.

9. [IlpoBecTn KaHOHWYECKOE TMIpeoOpa3oBaHUE MCXOJHOTO  YpPaBHEHUS
perpeccuu BTOPOTO MOPSAKA U OCYLIECTBUTH €r0 aHAJIN3.

NCHOJIb30OBAHHASA JIMTEPATYPA

1. PoroB B.A., Ilozuaxk I'.I'. Mertoquka ¥ TpakTUKa TEXHUYECKHUX
HKCIEPUMEHTOB : YueOHoe rmocoodue. — M. : Axkanemus, 2012.

2. ®anneeB M.A. DnemeHTapHas o0paboTKa pe3yJbTaTOB HKCIIEPUMEHTA:
Vueonoe nocoodue. — CII6. : JIans, 2009.

3. AxnazapoBa C.JI., Kadapos B.B. Ontumu3zaiusi SKCriepuMeHTa B XUMHUH U
XUMUYECKON TEXHOJOTHM: Y4ebd. Mmocooue AJisi XUMHKO-TEXHOJOTMYECKUX BY30B. —
M.: Bricm.mikoia, 1978. — 319 c.

4. Pyzunos JL.IL., Cno6omuukoBa P.U. [lnanupoBanue sKCiepuMeHTa B XUMUU
U XUMHYeCKOW TexHonorun.— M.,: Xumwusa, 1980. — (cepus «Xumudeckas

kubepHeTuka») — 280c.



8. Ha ocHoBe mnoOMy4eHHOr034perpeCCMOHHOIO YPaBHEHUS ONPENEIINUTD

Tabnuya Al — 3uauenus kpumepusi Cmvrooenma

Hucro YpoBHU 3HAUMMOCTH ¢, Yo Hucro YpoBHU 3HAUUMOCTH ¢, Yo

CTerneHeu cTerneHen

CBOOOBL, [ 10 S 2 CBOOOIBI, f 10 S 2
1 6,31 12,72 | 31,82 11 1,8 2,20 2,72
2 2,92 4,30 6,96 12 1,78 2,18 2,68
3 2,35 3,18 4,54 13 1,77 2,16 2,65
4 2,13 2,78 3,75 14 1,76 2,14 2,62
5 2,02 2,57 4,03 15 1,75 2,13 2,60
6 1,94 2,45 3,14 16 1,75 2,12 2,58
7 1,89 2,36 3,00 17 1,74 2,11 2,57
8 1,86 2,31 2,90 18 1,73 2,10 2,55
9 1,83 2,26 2,82 19 1,73 2,09 2,54
10 1,81 2,23 2,76 20 1,72 2,09 2,53




Tabauya ANPUIKRERAphnepus Bbuepa ona ypoeualdbznauumocmu g=5%

Yucio crenneHen

cBOOOABI (11t

Uucno creneHeit cBOOOABI (1 YUCTUTENS — f;)

saverarens) — i 1 2 3 4 5 6 8 12 24 0

1 161,40 | 199,50 215,70 224,60 | 230,20 | 234,00 | 238,90 | 234,90 | 249,00 | 254,30
2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,45 19,50
3 10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 864 8,53
4 7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63
5 6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36
6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79 3,57 3,41 3,23
8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,93
9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71
10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54
11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,61 2,40
12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30
13 4,67 3,80 3,41 3,18 3,02 2,92 2,77 2,60 2,42 2,21
14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13
15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07
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16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01
17 4,45 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,86
18 4,41 3,55 3,16 2,93 2,77 2,66 2,51 2,34 2,15 1,92
19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88

4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,08 1,84
20 3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,52 1,00
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