Jleknuu no aucuumiinHe «OCHOBBI TCOPHUU IKCIICPUMCEHTA»

1. PEAJIM3AIINA DKCNEPUMEHTAJBHBIX UCCJEJTOBAHUI

KoppekTHo mnocTaBieHHbIE 337aud M TOJIHOE OOECleueHHue HCCleOBAaHUMN
MO3BOJISIOT, PEAJIN30BAB SKCIEPUMEHT, MOJTYYUTh B TOW MM UHOU (hOpPME OTBETHI
Ha TOCTaBJICHHbIE MCCIeqoBaresieM Bonpockl. [Ipuuem crparerus M TaKTHKA HC-
CJIEIOBAHUN OMpPEACIIAIOTCS 00IIeld METOJ0JIOTHUEH U YaCTHBIMU METOJUKAMH U C-
CJIEJOBaHUU.

1.1 MeTomos10rusi 1 METOAMKA

MeTtonoaorus Hay4HOIO MO3HaHHUS, B OOIEM IIMPOKOM CMbICIE, Oa3upyeTcs
Ha JTUAJIEKTHKE — HayKe 0 HanboJiee oOIUX CBOMCTBAX, CBA3SX U 3aKOHAX OBITHA.
M3 o0miero 1uanekTHYecKoro moaxoja BBITEKAET METOJI — IPABUIIA ITO3HABATENb-
HOM JIeATENbHOCTH WX CIOCOO OCYIIECTBIEHUS 3TOU AESATENBHOCTH, ONPEIEISIO-
U €€ CTPYKTYypY, T.€. HEKOTOPYIO COBOKYIHOCTbh ONEpaluii, TPUMEHSIEMBIX IS
peLIeHHUs 3a]1a4 ONPEIEIIEHHOr0 Kacca.

B kauectBe nmpuMepa MOKET OBbITh IPUBEIACH UCTOPUUECKUN METOJT — CIOCO0
pelIeHus 3a7a4 MO3HaHUS IyTEM BOCIPOM3BEICHUS UX UCTOPUM (T€He3uca Mpo-
0JIeMbl) WM JIOTHYECKUN METOJ-CIIOCO0 PEIIeHUsI 3a/1a4 MMO3HAHUS ITyTeM BOCIPO-
U3BEJICHUS TAKUX CTOPOH OOBEKTa, KOTOPHIE XapaKTEPHU3YIOT €r0 OTHOCUTEIHHYIO
CTaOMJIBHOCTh, MTHBAPUAHTHOCTH (HAIIPUMED, TUIT KPUCTAIUTMUECKON PEIIETKH ).

[Ipumepamu 0OLIEHAYYHOTO METOJOJIOTMYECKOTO MOJX0/1a SABIIAIOTCS TaKKe
CHUCTEMHO-CTPYKTYpPHBIE M CTaTUCTUUECKUE METOJbl. O METOAOJOTHH COBPEMEH-
HOT'O MHXKEHEPHOTO YKCIIEPUMEHTa MOXHO TOBOPHUTH, €CIIM UMEETCs 00I1as MEeTo-
JIMKA JIJIS1 UICCIIEIOBAHUS OObEKTOB WIIM MPOLIECCOB Pa3HOM (PU3UUECKOM MPUPOIBI.

Crnenyroommii 3Tan peanu3aliy SKCIePpUMEHTa — 3TO METOJMKA HCCIeaoBa-
HUM, T.€. COBOKYMHOCTh CIIOCOOOB M MPUEMOB MPOBEICHUS IKCIEPUMEHTATBHBIX
UCCJIEIOBAHNM, 00ECTICUNBAIONIUX TMOJYyYE€HUE €TUHOOOPA3HOTO (CTATUCTUYECKU
OJTHOPOJTHOTO) U JOCTOBEPHOTO (BOCIIPOM3BOIUMOI0) SMITUPHUIECKOTO MaTepHaa.

[TockoJIbKy METOAOJIOTHSI COBPEMEHHOTO MHXKEHEPHOI'O SKCIEPUMEHTAa Kak
o0s3aTeNbHBINA ATAN BKIIOYaeT (hopmanuzanuio 00beKTa U MOJACIUPOBAHUE, OCTA-
HOBUMCS Ha MocjeaHeM. Monenb — 3T0 aOCTPaKTHBIM WM KOHKPETHBINH OOBEKT,
OTpaXalolui CTPYKTYpy H TIOBEJCHUE peaJbHOr0 OOBEeKTa WM Tpolecca.
Hampumep, mpocreifiias MoAeNlb PEHICHUS WHXXEHEPHOM 3a7a4d MOXKET OBbITh
MpejCTaBlIeHa B BUJE OJIOK-CXeMBI (puc. 1).

B Hacrosimiee BpeMsi MOJIETMPOBAHKME NPHOOpETaeT pPojb OOIIEro MeTojaa
HAy4YHOT'O UCCJIEOBAHMS.
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[Tonsite Monenu HenpepbiBHO pa3zBuBaetcs. Jlo XX Beka mogoOuem onepu-
pPOBaJIM TOJIBKO B MEXaHUYECKUX MpejcTaBiaeHusx. Ceiluac B OCHOBE MOJIEIIUPOBa-
HUS JISKUT Teopus: nmonoous. OCHOBHOW ee MOCTyJaT: 00BbEKThl MOJA00HBI, €CIH
MEXIy HUMU HaOJIIOJAeTCsl COOTBETCTBUE, ONPENEIIeMOe KPUTEPUIMH TTOI00MS —
0e3pa3MepHBIMU KOMILJIEKCAMH TTapaMeTpPOB MPOIEcca U CUCTEMbI, B KOTOPO OH
nporekaeT. [IpuMepamu mog0OHBIX KOMIUIEKCOB OyeT unciio PeitHonbaca B ruj-
paBnuke, [Ipanatis — B TeriorexHuke, Maxa — B a3poJIMHaMHUKeE.

Mogenu moryT ObITh MaTepUAIbHBIMU (BEIIECTBEHHO-arperaTHbIMU), MbIC-
JeHHbIMU (TIporpaMMbl DBM) 1 3HAKOBBIMH (XUMUYECKUE CUMBOJIBI JIEMEHTOB).

Crnenyer uMeTh B BUAY, YTO MOJEJH, OTBEHAIOUIUE (PU3HKE NMApaMETPOB WIIU
IpOIECCOB ((PU3NYECKUE 3aKOHBI), MOKHO MOJYYUTh B TEXHUUYECKUX IKCIIEPUMEH-
Tax TOJIBKO HAa OCHOBE TEOPETUYECKUX MPEANOCHUIOK, & HE HEMOCPEICTBEHHO W3
pEe3yJAbTATOB SKCIEPUMEHTOB. DTO OOBICHAETCS TEM, UTO JIOOBIE IKCIEPUMEH-
TaJbHBIE PE3YyJIbTaThl (OOBIYHO PAJIBI YKMCEN) MOKHO aIlMPOKCUMHUPOBATH IIEJIBIM
HA0OpOM pas3NUYHBIX MareMmatnueckux ¢yHkiuid. Ho u3-3a orpaHM4eHHOCTH HH-
TEpBAJIOB BapbUpOBaHUS (DAKTOPOB CTPYKTypa 3TUX GyHKUUN (Mojenei) MOKeT
HUKaK HE COOTBETCTBOBATH PEAJLHOMY (PU3NYECKOMY COJEPKAHUIO MCCIIEAYEMbIX
npoueccos. [IpuMepoM MOTYT CIIyKHUTbh U3BECTHBIE SMIHUpPUUYECKHE (HOPMYIIBI pe-
3aHUSI METAILJIOB.

OTu 00CTOSITENBCTBA MOATBEPKIAIOT CYLUIECTBEHHOCTh CBS3M JKCIIEPUMEH-
TaJbHBIX MCCIIEJOBAaHUN ¢ TeopeTnueckuMu. «Hu oHO HMccnenoBaHuE HE MOMKET
Ha3BaThCsl UICTUHHOM HAyKOH, €CIIM OHO HE MPOILIO Yepe3 MaTeMaTHYeCKUE JT0Ka-
3atenbcTBa» (JIeonapno-nga-Bunun).

[lepexoa OT AMOUPUYECKOTO K TEOPETUUECKOMY YPOBHIO — 3TO HE IPOCTO Tie-
pPEBOJ 3HAHUU C OOBIJEHHOTO $3bIKa HA HAY4YHBIN, a U3MEHEHHS B COJACPKAHUU U
¢dbopme 3Hanuii. Ilo I1. JlamxkeBeny: «Teopust mpeBpaiiaer HoBbIe (DAKTHI B HOBbIE
TPUHITUTIBD.

BeiaBrrass HOBO€ TEOPETUYECKOE IMOCTPOEHUE, MBI OIPOBEPraeM 4TO-TO CTa-
pO€ M OJHOBPEMEHHO JOKAa3bIBAEM YTO-TO HOBOE. TeopeTnyeckoe MBIIIJIEHUE OT-
pakaeT 0OBEKT CO CTOPOHBI €r0 BHYTPEHHUX CBSI3€H M 3aKOHOMEPHOCTEH, MOCTH-
raeMbIX MyTE€M palMOHAIbHON OOpabOTKH SKCIIEPUMEHTAIBHBIX JaHHBIX. Teope-
TUYECKUE UCCIIEOBAHUS OOIIM, a SKCIIEPUMEHTANIbHbIE — OTPa)KaloT JIMIIb YacTb
CYILIHOCTH.

Hay4nas teopust — 370 00beIMHEHHAsA €AMHBIM HAYaJIOM CHCTEMa CYKJICHUI,
BKJIFOYAIONIAasi OTHOCUTENIBHO 3aKOHUYEHHBIE MBICIIH, OTpakarouue 00bEKTHI, SBJIe-
HUS, UX CBOWMCTBA, CBSI3U U OTHOLLEHUS.

OpnHako yTBEpKIAEHHUE, YTO SKCIEPUMEHT JUIIb J10KA3aTEIbCTBO UCTUHHOCTH
TEOPUH WIH OpPYyIHUE MOCTPOCHHS HOBBIX TMIIOTE3, HEBEPHO. Pe3ynbTaThl BCAKOTO
HAyYHOT'O JKCIEPUMEHTA HE TOJIbKO OTPaXKarOT MMEIOIIHUECS TEOPETHYECKUE IO-
CTPOEHHMSI, HO U SIBJISIOTCS CAMOCTOSTEIIbHBIM HOCUTENEM OOBEKTUBHOM MHpOpMa-
1107078

1.2 Pe3yJbTaThl HCCJIEI0BAHUI

XapakTepHOl 0COOEHHOCTHIO MOJABIISIOLIETO YMCIa WHKEHEPHBIX HCCIEN0-
BaTEJIbCKUX 3314 SIBJISIETCS] COYETAHUE MOJYEPKHYTO KOHKPETHOTO 33JaHusl C He-
OTIPENENEHHOCThIO B BHIOOpPE pEIICHUH, T.€. ¢ OOJBIIONW TBOPUECKOH CBOOOAOH.
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OTO CBA3aHHO C TeM, 4TO «y4yeHblil o T. KapmeHy — n3yyaer To, 4TO CyIIECTBYET,
a MHXKEHEP TO, YEro elle HUKOT/Ia He ObLIOY.

CrnenoBaTelbHO, UH)KEHEP-UCCIEI0BATENb BBIHYXACH ONPENEIUTh BO3MOXK-
HOCTh TTOCTPOEHUSI CUCTEMBI aJbTEPHATUB MPU PEIICHUU 3a/auH, T.€. BBIABUHYTH
PSI TUIIOTES.

['unoTre3sl — 3TO HE UCTUHHOE MMO3HAHKUE MPUPO/IBI, & TOTAJKU O HEM.

BoiaBukeHre v mpoBepKa TMIOTe3 O0a3upyercs Ha JBYX METolax. AJTOpuT-
MHUYECKOM — CTPOTOM MOCIEN0BATEILHOCTH YETKUX YKA3aHUM U 3BPUCTUUECKOM —
WHTYUIIUH, ACCOLIMAIUSX.

XapakTepHO, YTO TMIOTE3a HE MOKET ObITh OKOHYATENIBHO yI0CTOBEPEHA IIPH
€€ DKCIEPUMEHTAIIBHON MpoBEpPKE. ['MIOTE3bl BCET/Ia OTKPBITHI ISl JaJbHEUIIEH
pOBEPKU. MOKHO JIMILIb CKa3aTh, YTO FMIIOTE3a HE ONPOBEPraeTcsl pe3yjbTaTaMu
HaAOJIIOICHUM.

Br16op anbTepHAaTUBBI PEIICHHS MOCTABICHHOMN 3aJja4l B 3aBUCUMOCTHU OT €€
THUIIa MOKET ObITh BBITIOJHEH MPU MOMOIIY aHAlIM3a MaTeHTHBIX, JIUTEPATYPHBIX U
JPYTUX MUCTOYHUKOB, METOJAMHU allpUOPHOTO PAaHKUPOBAHMS WU CiIydailHoro Oa-
JIaHCa, 8 TaK)K€ OMCKOBBIMH MJIM YCTAHOBOYHBIMU SKCIIEPUMEHTAMM.

[TonckoBbIE 3KCIIEPUMEHTAIBHBIE MCCIEAOBAHUSA TO3BOJISIOT YCTaHOBUTh
HarmpasjeHue npouecca (10 OJHOMY OMBITY Ha MIN U Max rpaHunax (akropa),
3HAYUMOCTh (DakTOpoB (110 /Ba OMbITAa HA (DAKTOP), BapUAHT MPUHSATOU TUIIOTE3BI
(Tpu-misITH ONMBITOB). B pe3ynpTare Mbl OyJieM UMETh pabouyro TUIOTE3Y (CM. pUC.
1) — Hay4HOE MPEINOI0KEHUE O PA3BUTHH UCCIIEAYEMbIX SBJICHUN U X OOBsCHE-
Hue. [Ipennonoxenus: He JOKa3aHHbBIE, HO BEPOSITHBIE.

VYca0BUS, MCKYCCTBEHHO CO3/aHHBIE JKCIEPUMEHTATOPOM B J1Ia0OpaTOpHH,
HEOCYLIECTBUMBI Ha MPAKTHKE B peajbHbIX cucTteMax. Ho naxe B 3TUX He€anu3u-
POBAHHBIX YCJIOBUSAX BOCIPOU3BOJUMOCTbH PE3YJIbTATOB OIBITOB HE aOCOJIOTHA.
[ToaTOMy TOBOpST O CTENEHH BOCHPOU3BOJAUMOCTU (MPUOIMIKEHHH), T.€. HE 00
OJINHAKOBBIX, a O TAPAJIJICITHHBIX OIBITAX.

Jlaxke camoe MpoCToe YyCTPOMCTBO (MalinHa, JIEKTPOTEXHUYECKUN ammapar,
JIPYroii 00OBEKT) OPTaHUYECKH COCIMHSET B CcEOC AIIEMEHTHI, SBISIONINECS JTOCTH-
KEHUSIMU CaMbIX Pa3HbIX AUCUUILIMH. OTCIO/Ia BBITEKAET BO3MOXXHOCTh peain3a-
I UHTETPaJIbHOTO MOJAX0/a K 00BEKTy (Hampumep, MalluHe) Kak K eIuHoN (u-
3UKO-MEXaHUYEeCKO# cucteme. Bmecte ¢ TeM, HECOBEPILIEHCTBO OOJIBIINHCTBA IKC-
NEePUMEHTAIBHBIX METOJIOB MO3BOJSIET MCCIENI0BAaTh OOBEKT JIMIb B PACUJICHEH-
HOM TmodniemMeHTHOM Buje. Ilpu peanuzanuu nogoOHoro auddepeHInaIbLHOTO
MOJX0/1a CIEAYET Pa3andaTh UCCIEIOBAHUS U UCTIBITAHUS.

HccnenoBanne — 3T0 U3y4eHHUE 3aKOHOMEPHOCTEU pPAa3BUTHsL SIBJICHUU U UX
OOBSICHEHHE, a UCTIBITAHUS — 3TO MPOBEPKA, YCTAHOBJICHHBIX 3apaHee (Hampumep,
['OCTom) CBOMCTB WM KaueCTB 0OBEKTA.

B mpuknagHeIX TUCIMIUIMHAX WCTIBITAHUS UTPAIOT HE MEHEE BAXKHYIO POJIb,
YEM HCCIIEIOBAHMSL.

ComnocraBisisi pe3yJbTaThl SKCIEPUMEHTAIBHBIX HCCIEI0BaHUN, MOXKHO pac-
KPBITh CBSI3M, B3aMMOJICHCTBUSI, PYHKIIMOHAIBbHBIE 3aBUCUMOCTH. [locne ux ycra-
HOBJICHUS BBISIBIISIIOTCS TJIABHBIE CBSI3U M OOIME 3aKOHOMEPHOCTH siBlieHUU. [Ipu



AKCIIEPUMEHTATILHBIX HWCCIEAOBAHUSIX HCIOIB3YIOTCS B OCHOBHOM TPHUYUHHO-
CIICJICTBEHHBIC CBSI3H IS BBISBIICHUS ¥ IMO3HAHUS BCEX JPYTHX CBS3CH B 00BEKTE.

Takum o0pa3oM, FIKCIIEPUMEHTATbHBIC UCCIEOBAHUS UTPAIOT TPOSKYIO POJIb:

- MOATBEPIKIAIOT WJIM OMPOBEPTAIOT, YCTAHOBJICHHBIE paHEe TCOPETHUECKUE
TIOJIO’KEHUS;

- SIBIISIFOTCS ICTOYHUKOM HOBBIX THTIOTE3 U TEOPHH;

- CITy’KaT HaKOIJICHUIO OOBEKTUBHOM HAyYHOW MH(DOpMAIIHH.

Pe3ynbTaThl 3KCIEpUMEHTANBHBIX UCCIIEIOBAHUN MOTYT OBITH MPECTABICHBI
B BHJIC TaOJUIl, AMarpaMM, HOMOTPaMM, THCTOTPpaMM, TpadhUKOB Pa3TMIHOTO THUIIA,
MaTeMaTHYECKUX MoOjeJel, OMOK-CXeM, CTPYKTyp M TepeyHs CBsi3ed 0ObeKTa.
Crioco6 uHTepmpeTanuu pe3yabTaToB 3aBUCUT OT Iiesied uccienoBaHus. J[ms
HaTJISITHOTO WH(POPMUPOBAHUS — 3TO TpadUKU U JUATPAMMBI; 1T WHTEPIOJISIIH-
OHHBIX PACUETOB — 3TO TAOIHIIBI, HOMOTPAMMBbI, MAaTEMAaTHYECKUE MOJICITH; IS
PACKpBITHSI KaUYeCTBEHHBIX XapaKTEPUCTUK OOBEKTAa — ITO OJIOK-CXEMBI, CBSI3H U
T.I.

B urtore o0miasi cxema OCHOBHBIX 9TaIloOB IMPHU peaM3aliy dKCIEPUMEHTATb-
HBIX UCCJIEAOBAHUM OOBIYHO BKIIIOYAET:

1) mocTpoeHue anbTepPHATUBHBIX TUIIOTE3 (BAPUAHTOB);

2) BBIOOp paboyeii TUIIOTERHI;

3) BBISIBIICHUE CBSI3U C TEOPHUEH;

4) BBIOOp CTPYKTYPBI MOJIENICH;

5) peanuzarus OnbITOB;

6) ompeneneHNe mapaMeTpOB MOJIEIH;

7) ananu3 MoJiy4eHHOU UH(pOpMaInu;

8) mHTepnpeTamuIo YKCIEPHMEHTATBHBIX PE3yIbTaTOB;

9) 9KCTpamnosAIuio BBIBOJIOB HAa 00Jiee MIMPOKYIO, YEM B IKCIIEPUMEHTE, 00-
JacTh NapaMeTpoB OOBEKTA.

[Tocnennuii sTanm HEW30EKHO TPEeOYeT OIEHKHM TOYHOCTHU HKCTPATOJIAIINH,
ONPEAEIAEMON AUCTIEPCUEN TTPEIICKA3aHUIM.



2.ATTIPUOPHAS UH®OPMAIUA U EE OBPABOTKA

AnpuopHoi#l Ha3zbiBaeTcs MHGOpMaIIUs, KOTOPOM pacrojiaraeT UcCciaea0BaTelb
JI0 TOT0, KaK OH MPUCTYIUT K DKCIIEpUMEHTaM. B COBpEMEHHBIX OTpacysx 3HAHUM
0o0beM 310l MHBOpPMAIIUU, KaK MPaBUJI0, JOCTATOUHO BEJIUK U OMpeesseTcs myo-
aukarusaMu 1o teMe. [lomoO6Has uHbopMalus 4acTo IPOTUBOPEUHUBA U UMEET HE
BCETJla BBICOKYIO JIOCTOBEPHOCTH (pa3Hble SKCIEPUMEHTHI B CXOJHBIX YCIOBHUSIX
Jlajiy pa3IudHbIe pe3yJIbTaThl), a TPAHUIIBI €€ Pa3MbITHI (HE BCErjaa U3BECTEH JHa-
Ma30H BapbUPOBAHUS MAPAMETPOB).

Takum oOpazom, anpuopHas HHGOPMAIHS MOXKET OBITh TIPEICTABIICHA B BUJIC
MHOECTBa OTJICJIbHBIX HECHCTEMAaTU3UPOBAHHBIX JAHHBIX 00 OOBEKTE HCCIEN0-
BaHMs (TIpoliecce, YCTpOMCTBE) U ero napamerpax. CleCTBUEM ATOTO SIBJISIETCS
3a1aua 00 0OBEKTUBHOM OTPAaHUYECHUM HOMEHKJIATYpPhl MIEPEMEHHBIX U O BbIJIETIE-
HUU TJIABHBIX (PAKTOPOB.

2.1 CucTreMHBI OAXO0]

B coBpeMeHHOM HayKke MPOUCXOAUT OBICTPBIA POCT UHTETPAJIbHBIX 33]]a4 CHH-
Te3a, TPEOYIOMNX MEXIUCIUIUIMHAPHBIX HcclienoBanuid. Pa3paboTka ux mpusena
K OOBEAMHEHUIO HAyYHBIX METOJIOB U YCTAHOBJICHHUIO OOIIMX 3aKOHOMEPHOCTEM
JUTSL pa3JIMYHBIX OOBEKTOB M TPAIUITMOHHBIX HAYYHBIX JUCITUTIIMH.

B pesynbrare pycckuii Bpau, ¢unocod u obmecTBeHHbIN AesaTens A.A. bor-
JJaHOB pa3paboTran B Hayajge XX BeKa OOIIYI0 TEOPHUIO CUCTEM, HAa3BAHHYIO UM
TEKTOJIOTUEN.

Cucrema — 3TO psl IEMEHTOB, B3aMMOCBSI3AHHBIX CTPYKTYPHO U (DYHKIIHO-
HajbHO. [lOHSITHE CHCTEMBI OTHOCUTENIBHO: JIF00As CUCTEMa BKIIFOYAET IMOJCUCTE-
MBI B caMa ABJISIETCS MOACUCTEMOM 0oJiee OOIEel CHCTEMBI.

Teopust cucrem — 310 (dopmaiabHas IMIUPUKO-UHTYUTUBHAS IUCIUILIMHA,
MPUMEHHNMAsi KO BCEM HayKam, UMEIOIINM JEJIO C CUCTEMaMHU.

VYcaoBus CymiecTBOBaHUSI CHUCTEM MOTYT OBITH C(HOPMYIHUPOBAHBI CIEAYIO-
UM 00pa3oMm:

ecTh HabOp OOBEKTOB,;

€CTh Ha0Op NMPHU3HAKOB KAKIOT0 OOBEKTa;

ecTh Ha0Op MPHU3HAKOB HAOOpa 0OBEKTOB;

€CTh HAaOOp MPHU3HAKOB HA0Opa MPU3HAKOB OOBHEKTOB.

Kaxnoe u3 3Tux ycioBuii HEOOX0AMMO, HO TOJIBKO UX CyMMa TO3BOJISET BhI-
JIETTUTh CUCTEMY.

IlepBbie 1Ba yCIOBUS — 3TO YCIOBUSI aKTyaJdbHOCTH, T.€. HaOrogaeMbie 00b-
€KThl CTAHOBATCS MPETEH/ICHTAMHU Ha BKJIIOUEHHUE UX B cUCTEMY. TpeThe - onpeje-
JISIeT CBSI3h MEXKAY 00BEKTaMU, YETBEPTOE — CBSI3h MEXKY MPpU3HAKAMU 0OHEKTOB.

Kaxnas cucrtema MokeT ObITh BbIAEJICHA TUIIOTETUYECKON 000J109KOi (BOOO-
paxaeMol KOHTPOJBHOM MOBEPXHOCTHIO, JIOTMYECKON T'paHUIEH) U3 €€ OKpyKe-
HUSL.

K BHYTpeHHUM CBSI35IM CUCTEMbI MOKHO OTHECTH CJIEAYIONIHUE:

- CTPYKTYpHBIE (CBSI3U CYOOpAMHAITNN);

- FTEHETUYECKHUE (CBSI3U Pa3BUTHUS);

- KOOPJIMHAIIMOHHBIE (CBSI3U B3aUMO/ICICTBUS);
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- (hyHKUIMOHAJIbHBIE (CBSA3M Ha3HAUCHUS).

CBsI3b CHCTEMBI C OKPYKEHHEM OIPEAENSIETCA BXOAOM M BbIxoaoM. OTcroaa
GyHKIHST CUCTEMBI — 3TO MPeoOpa3oBaHUE BXOJOB B BhIXOAbL. OHO MOXET MOJIe-
JMPOBATHCS TEPMUHOJIOTUYECKH, MAaTEMAaTUUYECKU, (PU3MUECKUMHU aHaJoraMu, 3Ha-
KOBBIMHM CUCTEMAMHM U T.II.

Cucrema pazoMKHyTasi (OTKpBITasi), €CJIM CYIIECTBYEeT OOMEH Maccoi, 3Hep-
rueil, uadopmanueit ¢ okpyxaromiei cpenoil. Cucrema 3aMKHYTa (3aKphITa), €ClU
3TOT 00bEM MPEHEOPEKUMO MaJl.

CTpyKTypHOE ONKCAHUE CUCTEMBI — 3TO €€ BHYTPEHHHE MapaMeTphl, (PyHKIU-
OHaJIbHOE — BHEITHUE.

[Ipu cymiecTByIOIleM YpOBHE 3HAHUI MOHUMAHUE CIOKHBIX CUCTEM BO3MOX-
HO TOJIBKO TIPH BBIJEICHUH OTACIBHBIX CPE30B CHUCTEMBI — €€ (YHKIIMOHATBHBIX
MJIOCKOCTEN ¢ COOCTBEHHBIM CHEIU(PUUECKUM BXOJIOM-BBIXOJO0M.

Hampumep, B U3MEpUTENbHON CHUCTEME MOKHO BBIJICIHUTH CPE3bl MPeodpas3o-
BaHUsI, KOMMYTalluu, (PUKCAIUH U T.I1.

Wrak, obmras cxema CUCTEMHOTO IMOAXO0/a BKIIIOYAET ATallbl, XapaKTepU3yIo-
1IUE CTPYKTYPY BBIJICTICHHON CUCTEMBI.

B cymectByromieM Bujie CUCTEMHBIN 10aAX01 3((HEKTUBHO BBITOIHSIET MOCTa-
HOBKY MPOOJIEMBbI, 0a3UpysICh HA JECKPUIITUBHOM (OMHCATEIBHOM) aHAJIN3€ U CH-
CTEeMaTHU3allUK CYIIECTBYIOIIETO 3HAHUSA, T.€. allpuopHoi nHpopmanuu. Hakorie-
HUE OTPOMHOM €€ MacChl HE TOJIbKO HE 00Jier4aeT, HO 3HAYUTEIbHO YCIOKHSET
IIPEICTABICHUE 00 HCCIIETyEMOM OOBEKTE.

JIro0ast obmrast KapTUHA CIOXKHOTO O0OBEKTa BCEra OCTACTCsl HEMOJHOM U OJ1-
HOCTOPOHHEW. BpicTynas ¢ aHaau30M, CHUCTEMHBIA MOAXOJ BBIJACISAET CBOWMCTBA,
Jienarone 00beKT YacThIO LEIO0ro, a — C CHHTE30M — MO3BOJISIET MPEACTABUTH Lie-
JI0€, COCTOSIIIEe U3 OTIEIbHBIX YacTeil. 37ech OOJIbUIYI0 POJb UIPAET MPUHIUI
dbopmanuzanum — yTOuHEeHHUs COACPKaHUs MOCPEICTBOM BBISIBIICHUS €r0 (POPMBI.

2.2 Knaccupuxauus

Knaccudukanus mro0bx 00bEKTOB HEPA3PHIBHO CBsI3aHA C CUCTEMHBIM IO/I-
XOZOM U SIBJISIETCS €T0 JIOTMYECKON KOHKpeTU3auuen u pazsutueM. Ilepsas onepa-
1Ysl, IPOU3BOAMMAsT UCCIEAOBATEIEM HaJl MHOXECTBOM JaHHBIX alpUOpPHON WH-
dbopmaru, BKIFOYAET U3YUEHUE €r0 OpraHu3alliy, T.e. pa3Hoo0pa3us BXOAIINX B
HEro 0ObEKTOB M MX CBA3EH.

Cucremaruzaiys 00beKTOB HHGOPMAIIMOHHOTO MHOXKECTBA MOXKET OBbITh BbI-
MOJIHEHA IMYTEeM pa3JieJIeHus] BCErO0 MHOXKECTBAa Ha TPYMIbl B COOTBETCTBUM C
obob6maromumMu 1 auddepeHuupyomuMu npru3HakaMu. B kadecTBe mociemHux
WCIIOJIB3YIOT JIOOOM KpUTEpUid, HapUMep, CTETNEHb CJI0KHOCTH 00BeKTOB. MTorom
CHUCTEMAaTH3allMM JOJDKHA OBITh Kiaccu(uKalius, KoTopas HE TOJBKO JIEJTUT BCE
MHOKECTBO Ha OTJEIbHBIC TPYIIIBI U JIEMEHTBI, HO U BCKPBIBAET CBSI3U MEXIY
HUMH.

CrnenoBaTenbHO, Kiaccudukaiusi TpeOyeT 3HAHUS COOTHOIICHHS IIEJIOT0 U
€ro 3JIEMEHTOB, & TAKXKE CTPYKTYPHBIX CBS3EH.

OcHOBHBIE THUIBI CBSI3€H BKIIFOYAIOT CJIEIYIOIIEE:

1. OTHOCUTEBHBIE CBSI3H, KOTJAa CAMOCTOSTEIbHBIE 00BEKTHl 00BEIUHIIOTCS
B3anMojercTBUEM. Hanpumep: ConHIE U TUIaHEeTHI.
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2. IlpuunHHO-CEeICTBEHHbIE CBsi3U. Hampumep: oTen W CbIH; Harpyska u
HaIpsHKeHHeE.

3. CBsi3b OTHOIICHHH ABYX U 00Jiee CTOPOH B €MHOM LiesoM. Hampumep: mno-
J10Ca MarHuTa.

4. CBs13b NMPEIIECTBYIONIETO COCTOSHUS ¢ TTocienyonmM. Hanmpumep: oOkat-
Ka JIBUTATENS U €r0 HOpMaslbHasi SKCILTyaTalusl.

5. CpaBHuTeNbHAS CBSI3b O0JBIIOTO U Masnoro. Hanmpumep: TOJICTOIUCTOBOM U
TOHKOJIMCTOBOW MPOKAT.

B kaxaoMm SBIECHUU UMEIOTCS BHYTPEHHHE 3JIEMEHTHI, €ro 00pa3yrolue, u
COOTBETCTBYIOIIAsl CTPYKTypa — CIOCO0 UX CBSI3U MEXIy coOoil. Kaxnaplii siie-
MEHT, B CBOIO OYepe/ib, 001a/1aeT BHYTPEHHEN CTPYKTYPOH.

[Tpu knaccudukanuu ocoboe BHUMaHUE CIEAYeT YAENATh eIMHOMY 000011a-
IOLEMY JIOTHYECKOMY Mpu3HaKy. [IpeHeOpexeHrne 3TUM NPUBOJIUT K BBICKA3bIBa-
HusM tuna: «lllen noxae u Tpu crygeHta. OAMH — B YHBIHUH, APYTrod — B KaJlo-
1ax, TPETH — B IUBHYIOY.

OdeHb BayKHBIM SIBIISIETCSA TPEOOBAHUE BBIIEPKUBATH €IUHBIN HEPAPXUIECCKUI
ypOBEHb MpU3HAKoB. Eciii B KauecTBe TaKOTo MpHU3HAKa BbIOpaHA CTENIEHb BAYKHO-
CTH 3JIEMEHTOB, TO HEBEPHO YTBEP>KJIATh, YTO YEJIOBEK COCTOUT U3 I'OJIOBBI, TYJIO-
BHIIA, BOJIOC, HOTTEH U T.II.

Hakonert, pa3nuuurenbHble TPU3HAKU JOJKHBI OBITH JUCKPETHBIMH, T.€. MO3-
BOJISITh OJHO3HAYHO pasinyaTh TPYNIbl 3JIEMEHTOB Kiaccuukamuu (Kpecio,
CTyJI, TaOypeT), Ui, XOTS Obl, YCIOBHO JAUCKPETHBIMU (IIPECcChl Majoro Jo 63 T.,
cpeanero 10 100 1. u Gonbiioro 6osee 100 T. ycuus)

K HenocTaTkaM paziuyHbIX KJIACCU(DUKAMOHHBIX TOJIX0IOB CIEAYET OTHECTU
cleytoniee:

- 3HQUUTEJIbHBIN BKJIaJ CyOBEKTUBHBIX KAUY€CTB UCCIEA0BATEIS;

- HEOJTHO3HAYHOCTh, TAK KaK BO3MO>KHBI Pa3jIMYHbIC BapUaHTHI Kiaccuduka-
11Y;

- OTCYTCTBUE BO3MOKHOCTH MaTe€MaTHU3UPOBATH MPOLECC U 0OBEKTUBHO Olle-
HUTb €ro Ka4ecTBO.

OcHoBOI1 7M000# KJIacCHU(PUKAIMK SIBISAIOTCS TPU3HAKA — XapaKTEPUCTUKU,
o0oO1aemble i1 BCETO MHOXECTBa OOBEKTOB (HalpUMep, U3MEPUTEIbHbIE HH-
cTpyMeHThl). [Ipu3Hak n 3Ha4UMM, €clii MHOXKECTBO OOBEKTOB pa30OUTO Ha n Kilac-
COB. 3HaTh MPHU3HAK — 3TO OMNPEACIUTh MPUHAIICKHOCTh K COOTBETCTBYIOLIEMY
KJIaccy, Mo KpailHell Mepe, OAHOro oObeKkTa (HampuMep: MUKPOMETPUYECKUE U
IITAHT€H—UHCTPYMEHTHI).

[lepBoHaYaJIbHBIM 3TANOM KJaccUpUKaIUU sBisieTcs GopManu3anus omnuca-
HUS MHOKECTBa OOBEKTOB MyTEM YCTAHOBJIEHUSI 0a3UCOB — MOJMHOXKECTB (aKTH-
YecKd HeOoOXOJMMBIX MpU3HAKOB. basucHas Tabiuua uaeHTU(UKAIMU BKIIOYAET
CTOJIOIBI — OOBEKTHI M CTPOKU — HEOOXOUMBIC U JIOCTATOYHBIE MPU3HAKHU JIJIST OT-
JIeJIEHUs] KaKA0ro 00BbEKTa OT BCEX OCTAJIbHBIX.

[IpakTiyecku jerdye BBIACIUTH MPU3HAKK HE MYTEM HMX MOAPOOHOrO OIuca-
HUS, @ IIyTEM CONOCTABJICHUSI IPYT C APYTOM.

Kpurepuem pasrpanudeHus pa3InuUTEIbHBIX U W30BITOUYHBIX NMPU3HAKOB SIB-
JSIeTCSl UX yCTpaHUMOCTh. [Ipu3HaKk ycTpaHuM, ecium 0ObEKThl MOTYT OBbITh pa3iiu-
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YUMBbI 0€3 3TOTO MPHU3HAKa, T.€. 3TU MPU3HAKU CBSI3BIBAIOT CUCTEMY C OKPYKEHHUEM
— o0BbeKTaMu B HEell OTCYTCTBYIOMUMHU. [Ipy onucanuu cpenpl yepe3 CUCTEMY OHU
CTaHOBSITCSI HauboJiee CylIeCTBEHHbIMHU. Tak, CTOCOOHOCTh U3MEPUTH pa3Mep SB-
JsieTCs U30BITOYHBIM (HE OTJIMYUTENbHBIM) MPU3HAKOM ILITAHT€H U MUKPOMETPHU-
YECKUX MHCTPYMEHTOB, HO 3TOT MPHU3HAK MO3BOJISIET OOBEAUHUTh UX U BBIACIUTH
u3 OoJiee 0011Iel TPyIIbl HHCTPYMEHTOB, BKITIOYAIOIIUX €I11€ KAIUOPBI U ATATIOHBI.

2.3 IlocienoBaTe/IbHBIN 0TCEUMBAKOIIUI IKCIIEPUMEHT

[TocnenoBaTenbHbI OTCEMBAIOIINN SKCIEPUMEHT — 3TO YUCTO IKCIEPHUMEH-
TaJbHAsl MPOIIETypa, IPOBOAUMAS C LIETIO BBIIBICHHS U3 allPUOPHOTO MHOKECTBA
(dakTOpoB TEX, KOTOPHIE OKa3bIBAIOT HAWOOJBIIEE BIMSHUE HA BBIXOJHOHN mapa-
MeTp 00BEeKTa.

Hcnonp3oBanue 3Toro metonaa Hamdosee 3¢(HEeKTUBHO, KOT/la MmapaMeTp BBI-
X0J1a 3aBUCHUT OT OOJBIIOTO 4yucia (akTOpoB M, B OCOOCHHOCTH, €CIIU MOCIIETHUE
HOCSIT TUCKPETHBIN KaueCTBEHHBIN XapaKTep.

CyTh MeTO/1a 3aKIII0YAETCS B MOCJIEA0BATEILHOM IKCIIEPUMEHTAILHOM Mepe-
O0ope Bcex MEepeMEeHHBIX (PAKTOPOB B OJHUX U TEX K€ YCIOBUSX JJIsi BBISBICHUS
HamOoJiee BIMSIONUX Ha pe3yabpTaT. [Ipu 3TOM mpumensitorcs GhopcupoBaHHBIC
peXUMBI (MAaKCUMAJIBLHO COKpAIAIONINE BpeMsl SKCIEPUMEHTA) MPU COXPaHEHUU
HEU3MEHHOCTH (PU3UUECKUX MPOIIECCOB MO CPABHEHUIO C HOMUHAIBHBIMH yCIIOBH-
SIMH TIPOBEICHUS OTIHITOB.

Hamnpumep, TpeOyeTcs MOBBICUTH pecypc (BpeMsi pabOThl) BTYJIOK W3 MO-
IIUITHUKOBOTO CIUIaBa. AHAINW3 anmpHOPHOW WHGOPMAIMH CBUIETEIHCTBYET, UTO
JUUISL 9TOTO MOKET OBbITh UCIOIb30BaHO 10 jmerupyronux 3jemMeHToB. JloOGaisis mo
OYepeu MO OJHOMY JISTHPYIOIIEMY JJIEMEHTY U UCIIBITHIBAS CIJIaB, MOXKHO HAWTH
JCTUPYIONINE SJIEMEHTHI, MOBBIMIAIONINE W3HOCOCTONKOCTh, TIOHIKAIOUINE e, U
HeWTpanbHbIe. JTO TpeOyeT nmepedopa BceX BapUaHTOB B OJIHUX U TE€X YK€ YCIOBHU-
AX.

I'opa3no Gonee »ddexTrBEeH METOJ OTCEHBAIOIIETO SKCIEPUMEHTa, KOraa
MOKHO COKPaTUTh BPEMs OTIECIHHOTO UCIIBITAHUS B PE3YJIbTATE Y)KECTOUCHUS pe-
KUMOB. B Haliem npumepe MOXHO YBEJIMYUTh HAarpy3Ky U CKOPOCTb CKOJIbKEHUS
B MO/IMIUITHUKE, COXPAHUB MPU STOM (PU3MUECKYIO KAPTUHY W3HAIIUBAHUSI.

Takum oOpa3zoM, onmucaHHasi METOJIMKA OTCEMBAIOIIETO IKCIIEPUMEHTA MIPEey-
CMAaTPHUBAET TOCIEIOBATEIHLHOE HCIIBITAHUE KAKIOTO AJIEMEHTa M3 MMEIOIIETOCs
ampruOpHOTO WHGOPMAIMOHHOTO MHOXKECTBAa MpH 0oyiee KECTKUX, HO CTPOTO
UJCHTUYHBIX YCIOBHUSX M ITOCTOSIHHOM KPUTEPHH OICHKH BBIXOJIHBIX IMApaMETPOB.
Peanuzanms MmeTo1a BEI3BIBACT HEOOXOIMMOCTD B PEIICHUH PsAa CMEKHBIX BOIIPO-
COB.

B cBs3M ¢ Tem, YTO MCIOIB3YEMbIC B DKCIIEPUMEHTAIBHBIX HCCIICIOBAHMSIX
npuOOpsl U HM3MEPHUTEIIbHBIC KaHajdbl MMEIOT TOTPEITHOCTh (KJIacC TOYHOCTH),
CTEH/IbI, UCTIHITATEIPHBIC MAIIMHBI M YCTAHOBKU 3aJAI0T PEKUMBI HATrPYKEHUS C
HEKOTOPBIMU KOJICOAHUSIMH, U, HAKOHEI], 00bEKThI UCCIICIOBAHUN UMEIOT 3HAYH-
TeJIBHBIM Pa3OpoC XapaKTEPUCTHUK, PE3YJIbTAThl IKCIIEPUMEHTAIBHBIX UCCIEIO0Ba-
HUN (MX BBIXOJ) SBJSIOTCS CIIyYallHBIMH BEIMYMHAMH, KOJCOIIONUMUCS B OTpe-
JIETICHHBIX TIPeIesiax v JAONUMU JIUIIh TPUOIMKEHHYIO OIICHKY mapaMeTpoB. OT-
Clofla CIIEAyeT, 4TO JIs MOBBIIICHUS! JOCTOBEPHOCTH M HAJAEKHOCTU PE3YJIHTATOB
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HKCMEPUMEHTAIBHBIX MCCIEAOBAHUN HEOOXOAMMO MPUBJICYCHHE CTATUCTHUECKUX
METOJIOB U ONEPUPOBAHUE HE €IMHUYHBIM BBIXOJIOM, & BBIOOpKOM (HAabOpoM pe-
3ynbTaroB). TO €CTh NpU MJIAHUPOBAHUU OTCEUBAIOIIMX HKCIEPUMEHTOB HE00XO-
JUMO paccuuTaTh TpeOyeMoe KOJIMYECTBO IOBTOPEHUM NapasuieibHBIX OIBITOB
(oOBeM BBIOOPKH).

OTO BBINOJHAETCA HA OCHOBE CIIEIYIOUINX JTaHHBIX:

- TpeOOBaHUI K TOYHOCTHU PE3YIbTATOB;

- HEOOXOOUMOM JTOCTOBEPHOCTH MX OLEHKHU (I TEXHUYECKUX [MapaMeTpoOB
00b19HO 95 %);

- 3HaHuA THNa auddepeHINaTbHON KPUBON paclpeeieHnus OmnpeaesieMbIX
BEJIMYMH.

Crnemyer OTMETHTh, YTO TIPH BBIOOpKax oOobeMoM Oosee 30 cuuTaroT pacmpe-
JIeJIeHUE TapaMeTPOB BbIX0/1a OJIM3KUM HOpMalibHOMY. [Ipu MeHbIIEM 00bEME BBI-
OOpKU ONEPUPYIOT KBAaHTWISIMU pacnpenenenns CTblo/IeHTa.

[TockosibKy OTCEMBAIOUINE SKCIIEPUMEHTHI OYEHb PEIKO TPEOYIOT BBICOKOI
TOYHOCTH, TOPa3J0 Yalle BO3HHMKAET oOpaTHas 3ajaya: pacCUUTATh JOBEPUTEIIb-
HBI MHTEPBaJl IOJYYECHHON BEJIMYMHBI, T.€. OMPEICINUTh C BBIOPAHHOI BEPOSITHO-
CTBIO €€ MUHUMAJIBHOE U MAaKCHUMAJIbHOE 3HAYCHUSI.

Crnenyer UMeTh B BUZly, YTO MUHUMAJIbHOE KOJMYECTBO MMAPAJUICIBHBIX OIbI-
TOB paBHO TpeM. OOBICHSIETCS 3TO MPOCTOM JIOTUKOM: €clu y Bac JIBOE 4acoB, TO
HEU3BECTHO, KaKH€ M3 HUX IOKa3bIBalOT HEBEpHOE BpeMs. MHbIMU clioBaMu, MpU
2-X TapajielbHBIX OMbITax rpybas ommOka (apTedakT) MOXKET ObITh MPHUHATA 32
BEPHBIN PE3YIIbTAT.

N3-3a OTHOCUTENBHO HU3KOM TOYHOCTH OTCEMBAIOIINUX IKCIIEPUMEHTOB BEIU-
YUHBI BBIXOJOB (@K€ MPH HECKOJBKUX MapajiebHBIX OINbITaxX) MpPU pa3InYHbIX
3HAYEHHUAX MEPEMEHHBIX (PAKTOPOB MOTYT OBITh TPYAHO Pa3IUYUMBbI HPOCTHIM
cpaBHEHHEM. B 3ToM cityyae HE0OXOIMMO CTaTUCTUYECKH IOCTOBEPHO YCTAHOBUTH
IIOKa3aTellb CYIIECTBEHHOW PAa3HULbI CPEAHUX PE3YJIbTaTOB 3THX BBIXOJOB, HC-
N0JIb3Yysl KBaHTWIIb CTBIOJIEHTA.

2.4 MeToa 3KCIIEPTHBIX OLIEHOK

Camo HazBaHME METOJA CBUAETEIBCTBYET O TOM, YTO K OLEHKE alpuOpPHOMN
uH(GOpMallMU MPUBJIECUYEH Psii SKCIIEPTOB. DTO MOTYT OBITh peajbHble oAU (crie-
UAIKUCTHl B JAHHOM 00JacTH) WJIM pa3JIMYHbIC JUTEPaTypHbIE UCTOUHUKU (OTUE-
Thbl, CTaTbH, MOHOTPA(UH U T.I.), B KOTOPBHIX OMYOJMKOBAaHbI PE3yIbTaThl MOJ00-
HBIX WJIM aHAJIOTMYHBIX HCCIIEOBAaHUMN.

OauH U3 METOOB AKCIEPTHBIX OIEHOK, MCMOJIb3YEMbIX ISl YNOPSAOUYEHUS
UCXOJIHOM MH(pOpMaIK, HA3bIBAETCS AllPUOPHBIM paHkupoBaHueM. OH UCHOJb3Y-
€TCs P HU3KOW JIOCTOBEPHOCTU alpUOPHON MHGOPMALIMH, HATJISIHO OMUCAHHOM
JOTUCTUYECKON KpuBO# (puc.2). [Ipu 3TOM sKcriepTHAsE OIIEHKA SIBJISIETCSI BEPOAT-
HOCTHO#1, OCHOBAaHHOM Ha CIIOCOOHOCTH JIMYHOCTH JaBaTh MOJIE3HYIO HHPOPMAIIIO
B YCJIOBHSIX HEOIPEACIICHHOCTU. Hens3BecTHass KOJMYECTBEHHAs XapaKTEPHCTHKA
UCCJIENYEMOTO SIBJIEHUS pAaCCMATPUBAETCS KaK CllydailHas BEJIMYMHA, OTPAKEHUEM
TOYEYHON OLIEHKM KOTOPOM SIBJIAETCS MHAMBUAYaJIbHOE MHEHHE CHELUAINCTA, O
3HaYMMOCTH TOT'O WJIM UHOTO COOBITHS, TIpOIlecca, mapaMeTpa.



CyTb paH>XUpOBaHUS WIH PACIPEACIICHUS 110 paHraM 3aKI0YaeTcsl B MPUCBO-
€HUE OTACNIbHBIM (haKTOpam, KOTOPbIE, COTJIACHO allPUOPHON MHPOpPMALIUU, MOTYT
BIIUSATh HA OOBEKT HCCIEAOBAaHUS, ONPEACIIEHHOIO paHra — MOPsAIKOBOIO MECTa.
Bxnaa kaxaoro gakropa olieHMBAETCS MO BEIMYMHE paHra (TIOpsSIKOBOMY HOMEPY
MecCTa), KOTOPBIM OTBENIEH CIENUATMCTOM JAaHHOMY (DaKTOpy MpU PaHKUPOBAHUU
(pacripeiesieHUH 10 MﬁCTaM) Bcex (haKTOpPOB MHPOPMALIMOHHOTO MHOKECTBA.

—

JocroBepHocTh

Trn wadopmauun

-

Ipeanoncxkenue Muenue 3Hanne
OBJIACTE MPUMEHHMOCTH
PAHXHUPOBAHHA

Pucynok 2. 3aBUCUMOCTb JOCTOBEPHOCTH MH(MOPMALIMH OT €€ THIa

PanxupoBaHue BBINOJIHAETCA C YYETOM IMPEANOIAraéMoro (3a4acTyro KOJIu-
YECTBEHHO HEU3BECTHOIO) BIMSHUS Kaxaoro (pakTopa Ha WTOTOBBIA MapaMmeTp
(BbIXOM, pe3ynbTaT). TakuMm 00pa3oM, SKCHEpPTaMU HCIOJIL3YETCS OMNpeIesiCHHAs
HIKaja MopsAjaKa, Ha KOTOPOW 3aJaHHBIM MOKa3aTelb ONPEAENSIET PaCIONOKEHUE
O0OBEKTOB BO BCEH WX COBOKYIMHOCTH B COOTBETCTBUM C TMPUHATHIM MACIITA0OM
mKajabl. TO ecTh KakJa0My OOBEKTY COOTBETCTBYET HEKOTOpPAs KOJIMYECTBEHHAs
XapakTepucTuka uiam mepa. «Korma onucanue OTKpBIBAET MyTh ISl U3MEPEHMUS,
JIMCKYCCUHU 3aMEHSIFOTCSI BhIUUCIEHUIMI» (amepukaHckuid nicuxosor C. CTUBEHC),
T. €. OIlEHKAa CTAHOBUTCSI OOBHEKTUBHOM.

Nrak, panxupoBaHue — Npoueaypa yCTaHOBJIEHUSI OTHOCUTEIbHON 3HAYNMO-
CTH (MPEANOUYTUTEILHOCTH) UCCIENYEMBIX 00OBEKTOB HA OCHOBE UX YITOPSIIOYCHHUSI.

Panr — nokasarenb, XapakTepu3yIOLUN MOPSAKOBOE MECTO OOBEKTa B IPYIIIE
IPYrUX 00bEKTOB, 00JIAIaAI0MIMX CYILIECTBEHHBIMHU JIJIs1 OLIEHKU CBOMCTBaMU.

To4HOCTh U HAJIEKHOCThH MPOLIEAYPHl PAHKUPOBAHUS B 3HAUUTEIIHLHOM CTEme-
HU 3aBUCST OT KOJUYECTBA PAHXUPYEMbIX O0OBEKTOB. B mpuHIMIEe, YeM MEHBbIIEe
TaKuX OOBEKTOB, TEM BBIIIE UX PA3IMUUMOCTh C TOYKH 3PEHHUS DKCIIEPTOB, a Clie-
JIOBATEJbHO, TEM 00Jiee HaJeKHO MOXKHO YCTaHOBUTH MX paHr. KonuuecTBo pan-
KUPYEMBIX OOBEKTOB, KaK MpaBUJI0, HE MOJDKHO mpeBbimarh 20, a HamOolee
HAJIS)KHBIC PE3YJIBTAThl OTHOCATCS K 10 0OBEKTaM.

UuCaeHHOCTh TPYMIIBI 3KCIIEPTOB TaKKE MMEET BakHOe 3HaueHnue. [Ipu ma-
JIOM MX YHUCJE TEPSIETCS CMBICI KOJUIEKTUBHOM OLICHKH, TaK KaK PE3KO BO3pacTaeT
BIIUSIHUE KaXk10ro dKcrepta. [Ipu 6onbiioMm — MHANBUAYadbHAs OIEHKA TPaKTHIe-
CKHM HE BJIMSICT Ha TPYIIOBYIO U, KPOME TOT0, CHUYKAET YPOBEHb JI0CTOBEPHOCTHU
BCJICZICTBUE TPUBJICUYCHUS MaJOKBaTU(UIIMPOBAHHBIX CIEIHAIMCTOB. B o0mem
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Cllydae YMCJICHHOCTh IKCIEPTOB JOJKHA MPEBBIIIATh YHUCIO OLEHUBAEMBIX (DaKTO-
POB, HO OBITh MEHBIIIE 00IIET0, MOTEHIIUAIBHO BO3MOXKHOTO YHCIIa CIICIUATIUCTOB.

[IpakTUyeckuii BBIXO/1 allpUOPHOTO PAaHKUPOBAHUS COCTOUT B CIEIYIOIIEM:

MOCTPOEHUE AIPUOPHBIX AMArpaMM PaHrOB, YTO MPU UCTHOJIB30BAHUH JUTEpa-
TYPHBIX UCTOYHHKOB SIBJISIETCS, MO CYIIECTBY, KPATKUM HAIJISIAHBIM O0030pOM IO
TEeMe MCCIIEI0BAHMI;

oTOOp HamboJiee 3HAYUMBIX ISl UCCIEAOBAaHUS (PAKTOPOB, YTO COKpAIIAET
00BbeM U MOBBIIIACT 3()PEKTUBHOCTD UCCIIECTOBAHUIMA.

Taxum 00pa3zom, anpuopHOE paHKUPOBAHUE, SBISISCH CyOBEKTUBHBIM MHEHU-
€M DKCIIEPTOB B JIaHHOUM 00JacTH, JaeT, TeM He MeHee, OObEKTHUBHYIO MHpOpMa-
LIMI0, TAK KAK MHEHHE CIEIUATHCTOB OOBEKTUBHO OTPAXKAET PEATbHOE MOJIOKEHHUE
BeIIel B pacCMaTpUBAEMOM 001acTH 3HAHUH.

AJTOpUTMU3HPOBAaHHAS METOJMKA AMPUOPHOIO PAHKUPOBAHUS MOKET OBITh
IIPEICTABIICHA B BUJE HUKECIEIYIOIMX OCHOBHBIX 3TanoB. B MeTonuke umeercs
pEAIbHBIN YUCIICHHBIN IPUMED.

1. ITocTaHOBKA 3a1a4u UCCIIETOBAHNM.

2. Bo1bop mapamMeTpoB BbIX0/a WM OTKIHUKA.

3. CocraBnenue nepeyHeil pakTopoB, BIUSAIOIIMX Ha U3y4aeMblil poIiecc.

4. OnepanlMOHHOE ompefeneHrne GakTopoB. DTO ONPEACIICHUE BBOJAUTCS IS
OJTHO3HAYHOTO TOHUMAaHUS CHELHMATUCTAMH KaXKJI0To (pakTopa.

5. YcTaHoBJEeHHE UHTEPBAJIOB BapbUPOBAHUS OTIAEIBHBIX (PaKTOPOB. DTO CBSI-
3aHO C TE€M, YTO BIUSHUE OTACIBHBIX (PAKTOPOB MOXKET ObITH PA3IUUYHBIM B Pa3HBIX
00nacTsaX pakTOpPHOro MPOCTPAHCTBA.

6. PamxupoBanue (pakTopoB B Mopsiake yObIBaHHUS UX BO3JEHCTBUS Ha Mapa-
METp BBIXOJA.

Kaxnomy daktopy u3 obuiero nepeyHsi npucBauBaercs panr (uudpa Hary-
pPaJIbHOTO PpsAZia), COOTBETCTBYIOIIMI MECTy, OTBEJACHHOMY HCCIEI0BaTelIeM JaH-
HOMY (paKTOPY B paHKUpPyeMOM psiny (HauboJiee BakHbIN (akTop — 1, MeHee Bax-
HBIN — 2, ellie MeHee BaXXKHBIN — 3 U T.10.).

7. dopManbHas IPOBEPKA PaHKUPOBAHUS.

CyMMa paHTOB B KaKJIOM CTOJIOIE

s _ n(n2+1) :Z”:ai ’ (1)

n

IJIe N — YUCJIO pacCMaTPUBAEMBbIX (DAKTOPOB.
8. Ompenenenre CyMMbI PaHTOB 110 (haKTopam.

za , )

IJ€ & j — PaHr KaXao0ro i-ro (akropa y j-ro creuuanucra (Wi 1o j-My Uc-

TOYHUKY JIUTEPATYpPhl); M — KOJIMYECTBO OMPOILIECHHBIX AKCHEPTOB (WJIH PaCCMOT-
PEHHBIX JINTEPATYPHBIX UICTOUYHUKOB).
9. OnpenenieHne CpeHer CyMMBbI PAHTOB.

f:ggai’j :m(n+1j | 3)

n 2
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10. Onpenenenue aOCOMOTHON BETUUYMHBI PA3HOCTH MEXAY KaXJI0H CyMMO
paHroB 1o (GaxkTopaM U cpeHeil CyMMON paHTOB.

j=t
11. Onpenenenue KBaapaTa pa3HOCTEM.
AT ()
12. Onpenenenue cyMMbl KBaJpaToOB Pa3HOCTEN.
n
S, =D A2, (6)
i=1
13. Onpenenenue nokasareyeu rpynn CBSI3aHHbIX PAHTOB.
Tw, = ti —-t, (7)

rae t — KOJUYECTBO OJWHAKOBBIX CBSI3aHHBIX PaHIOB B j-M PaHXKKHUPOBAHNU,
K- HMHACKC BCINYHNHBI OJMHAKOBLIX CBA3aHHLIX PAHT'OB B j-M PaHXKXUPOBAHHUM.

14. Onpe,ueﬂeHHe CYMMAPHOI'O ITOKA3aTCJIA CBA3AHHBIX PAHI'OB IO PAHXHUPO-
BaHHIO.

p
T = |Z1:Y(k)j' , (8)

rac p — 4YMcCJIO I'pylll OAWMHAKOBLBIX CBA3AHHBIX PAHI'OB B j-M PAaHKUPOBAHUU.
15. OHpCIIeJIGHI/IG CYMMBI CYMMApHBIX IOKa3aTejiel CBSI3aHHBIX PaHTIOB.

2T 9)
=L
16. Onpenenenune korhGuIeHTa KOHKOPIAIUH.
W 1258, (10)

—.
2 3
m?(n —n)—le:Tj
J:

Koadppunuent konkopaamun W Mensercs ot 0 1o 1, mpruueM paBeHCTBO €1U-
HUILIE O3HAYaeT, YTO BCE IKCIEPThI JAIM OJMHAKOBBIE OLICHKU MO JAHHOMY IpH-
3HAKY, a PAaBEHCTBO HYJIIO O3HAYa€T, YTO CBSA3b MEXKAY OLEHKAMH, ITOJTYyYEHHBIMU
OT Pa3HbIX IKCIEPTOB, HE CYIIECTBYET.

17. TlpenBaputenbHas olieHKa KO (HUIUEHTa KOHKOPAALIUH.

18. Onpenenenne 3HaUMMOCTH K03 PHUITIEHTa KOHKOPIAITHH.

[Ipu uncne HakTOpoOB MEHBIIE UM PABHOM CEMH MOXHO MOJIb30BATHCS CIIe-
MaJbHOM Tabnuieil (pacyeTHoe S,, JOJKHO OBbITh OOJIbIlIE KPUTUYECKOTO, Tao-

anaHoro). [Ipu Gonbiiem ducne GakTOPOB HOCTATOYHO, YTOOBI 3HAUCHUE PACUET-
HOTO y5 KpUTepHs ObLIO GONbIIE 3HAYCHHS TAOIUYHOrO y2 KPUTEPHsS IS COOT-

BETCTBYIOILIEH CTENEHU CBOOOBI (v) U TOBEPUTENHHOU BEPOSITHOCTH (P), OOBIYHO
npuauMaemoit 0,95 unu 0,99.

v=n-1, (11)

Xs= 128““1 —— =m(n-L)W . (12)

mn(n +1) - T,

(n+1) G _1)_2 j

j=1
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[Ipumeuanue: mpu OTCYTCTBUU CBS3aHHBIX PAHTOB BEJIWYMHA iliT" o0Opa-
n-144
1jaeTcs B HyJb.

19. ITocTpoenue anpuopHBIX AUATPAMM PAHTOB.

[Tomryuenue 3HaUMMOro KOA(PGUIMEHTa KOHKOPJAIHMH (T.€. TMOATBEPKICHUE
COTJIACOBAaHHOCTH MHEHUU CIELHAIUCTOB) AT BO3MOXKHOCTH MOCTPOHUTH CPEJ-
HIOIO allPUOPHYIO THarpaMMy PaHrOB B KOOpAMHATAX: OpJMHATa — CyMMa PaHroB;
abcmucca — pamkupyemMbie 00beKTHI (pakTopsl). Uem MeHbIIIE cyMMa PaHTOB JIaH-

HOTO (paKTOpa, TEM BBIIIIE €r0 MECTO Ha auarpamme (puc.3).

101

N
o
T

CyMMa paHTOB
w
S
1

N
o
|

617 11181101312 14 1121519 |11

dakTonsl

Pucynok 3. /luarpamma paHron

20. IlpunsiTue penieHui Mo CTpaTeruy NOCIEIYIOMIETr0 IKCIEPUMEHTA!

JlnarpamMma paHroB MOKET UMETh CICAYIOIIUN BU:

20.1. Pacnipenenenue (paznuune B paHrax) (pakTopoB U X yObIBaHHWE PaBHO-
MepHoe. B aTom ciyuyae ypoBeHb anpropHOUW MHGOpMAaIMi BeCbMa HU30K, U TIO-
TOMY Bce€ (DAKTOPHI TOHKHBI BKIIFOYATHCS B DKCIIEPUMEHT.

20.2. PacmpeneneHue paBHOMEpHOE, a yObIBaHHE HEpaBHOMEpHOe. B sTom
cily4ae, €Cju BO3MOXKHO, JIy4llle BKJIIOUUTh B (DU3UUECKUIN IKCIIEPUMEHT BCe (pak-
TOPBI, HO BO3MOKEH U allPUOPHBIN OTCEB UX.

20.3. PacnipeeneHue HepaBHOMEPHOE, a YObIBaHHUE paBHOMEpHOE. Bo3MoxkeH
anpHOPHBIN O0TCEB (DAKTOPOB C HUZKUM PAHTOM.

20.4. Pacnpenenenue u yoblBaHME HEpAaBHOMEPHOE (HaIpUMeEp, SKCIIOHEHIIU-
aNbHOE). ITO HauboJiee OMAromMpUsITHAS CHUTYallMs, TaK KaK HY)>KHO OTCEUTh PsiI
(bhaKkTOpOB, OTHECEHHBIX K IITyMOBOMY TOJIO.

2.5 Mertop cay4aiinoro 0ajganca

Eme ogauM MeTomoMm, MmpenBapsIiouIiM yriiyOn€HHbIE SKCIIEPUMEHTaIbHbIC
UCCIIEJIOBAHUA, SIBIAETCA METOA Ciy4ailHOro OamaHca, mnpeanoxxeHHbd Cat-
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Tep3Baiitom B 1956 1. [1lo muenuro B.B. Hanumosa (MI'Y), meTon ciyqaitHoro 6a-
JaHCa — ATO MOIMbITKA (HOPMAIU30BaTh MCUXOPU3UOIOTHUYECKUE MPUEMBI BbIjelie-
HUS CYIIECTBEHHBIX (PAKTOPOB, KOTOPHIE MCHOJIB3YIOT IKCIEPUMEHTATOPbI, OCHO-
BBIBAsICh Ha CBOMX 3HAHUSX, OIBITE U UHTYUIUH.

Jleno B TOM, 4TO mepBasi 4acTh METOZA — 3TO ONEPUPOBAHUE UCCIIEOBATEIS
C IMarpaMMoi paccesiHusi — CyObeKTUBHAs MPOIIelypa, OCHOBAHHASI HA €0 OIbITE
W UHTYyHUIIMUd. BTOpoi 3Tan — 0ObIYHBIN perpeCCUOHHBINA aHAIN3.

CnoxxHbIe 00BEKTHI XapaKTEPUIYIOTCST OOJBIITUM YUCIIOM KOJIMYECTBEHHBIX U
Ka4eCTBEHHBIX (hakTopoB. O4eHb 4acTo (haKTOPHI BIUSIOT HA BBIXOIHOHN MapaMeTp
HE TPsSMO, a KOCBEHHO — uepe3 addekTsl B3aumozeiicTsuil. [Ipu BappupoBanuu
(akTOpOB BCEro Ha JABYX YPOBHSX, AaXKE AJII OTHOCUTEIHHO HEOOIBIIOTO X KOJIH-
qecTBa, HanpuMep 17, oblee 4rciIo OTAETBHBIX OmbIToB gocturaer 217 = 13072,
T.€. MIOJIHBIY Mepedop BApUAHTOB HEBO3MOXKEH. [ TTaBHOM LENIbI0 METO/IA CIIy4aitHO-
ro OanaHca sIBJISIETCA BBIJICJIICHUE U3 MHOXKECTBA (PaKTOPOB, BIMSIONIUX HA BBIXO/I,
HanOoJee 3HaYNMBbIX.

MeTtoa MokeT ObITh UCIIOJIB30BaH aKTUBHO U MACCUBHO. AKTHBHAS peann3a-
M. METOAA MPENYCMATPUBAET MOCTAHOBKY CEPHUU OIBITOB IO CHEIUAJIBHBIM ILIA-
HaM U MPUMBIKAET K SKCIIEPUMEHTAJIbHBIM HCCEN0BaHUAM. [laccuBHOE MCIIOIB30-
BaHHE ATOTO METOJ/Ia, OCHOBAHHOE Ha 00pa0OTKE JaHHBIX JINTEPATYPHBIX UCTOUYHHU-
KOB, PE3YJIbTaTOB YYKHX WA MPOMBIIUICHHBIX SKCIEPUMEHTOB, MPOBEAEHHBIX Ha
CIIy4ailHO BBIOPaHHBIX YPOBHSIX, MO3BOJIsIET 00padaThiBaTh alpuoOpHYI0 UHPOpMa-
nuio. To ecTb MeTOA ciydailHOTO OajlaHca MOXET ObITh MCIOJIB30BaH JJIsi oOpa-
OOTKHU TOTOBBIX MAaCCHUBOB AKCIIEPUMEHTATBLHBIX TaHHBIX.

B ocHOBY MeTOza IOJI03KEH MOCTYNAT: (PAKTOPHI, PACIOIOKEHHBIE B MOPSAKE
BO3pacTaHusl BIMSHUSA HA CYMMapHYIO JIUCIIEPCUIO BBIXO/A, 00pa3ylOT paHKUpPO-
BAHHBIN Psifi, ONUCHIBAEMBIN 3aTyXaroUIel SKCIOHEHTONH. OCHOBHAsA UJEs METOJA —
ATO coYeTaTh Bce (aKTOPHI CIyIalHBIM 00pa3oM MPH BO3MOKHO HAMOOJIBIIIEM HH-
TepBaJie BApbUPOBaHUA (MX BIUSHUE CTAHOBUTCS IIYMOBBIM mojieM). Torma mocie-
nyromias o0paboTKa MO3BOJUT BBIICIUTh HauOOJIee CYIIECTBEHHBIN (aKkTop Mpu
€ro NePEXoe C OAHOrO YpoBHS Ha Apyroi. CylHOCTh TAKOTO MOIX0/AA 3aKI0YaeT-
Csl B MPEIIOJIOKEHUU, YTO MOKHO MOCTPOUTH KPUBYIO PACHPENEIICHHUS 3HAUCHUI
napameTpa BbIXoJla MPU (PUKCAIUU BCEX TIEPEMEHHBIX (PaKTOPOB, 32 UCKIIIOUEHUEM
OJTHOTO, Ha MOCTOSIHHOM ypoBHE. Ecnu 3T0T (hakTop BIUSET CYIIECTBEHHO, TO TIPH
€ro IMepexo/ie C OAHOTO YPOBHS Ha IPYrov MPOU30OUAET CMEIIEHHUE LIEHTPA pacupe-
JIeJIeHHUs TTapamMeTpa BbIXOJla Ha HEKOTOpYylo BelnuuHy. 1o oueHke »Toro cmere-
HUS OCYILECTBIIAETCS OTOOp HanboJee 3HaYUMbIX (PaKTOPOB.

Hcnonb3oBanue B MeToJie CilyyailHOro OajaHca Cily4yalWHBIX, & HE CUCTEMa-
TUYECKUX BBIOOPOK, MO3BOJIAET CYUTATh 0OpabaThiBaeMble HAOOPHI (haKTOPOB Clia-
00 KOppearupoBaHHBIMU MeXAYy co0o0il. [Ipy 3TOM COBMECTHBIE OIIEHKH OKa3bIBa-
IOTCS CMEIIAaHHBIMH CIIy9aifHIM 00pa3oM, 4TO MO3BOJISIET MOYTH HE3aBHCHMO Olle-
HUTH BCE IIpeobagaromue GakTopwl.

CnemyeT OTMETHTh, YTO B METOJE CIy4ailHOTOo OajaHca HCIHOJb3YIOTCS
CBEPXHACHIIICHHBIC TIJIAaHBI, KOT/Ia YMCI0 ONbITOB N MeHbIe yucia ¢pakropos K, To
eCTh yucIo creneHeit cBoooapl oTpumarenbHo (f = N — K < 0). Dto He mo3Bosser
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JaTh CTPOTYIO KOJIMYECTBEHHYIO OICHKY BIMSHUIO (DaKTOPOB, HO JJII OTCEHBAIO-
HIMX SKCIIEPUMEHTOB 3TO U HE HYXHO.

CrnenoBareiabHO, METOJT CITy4aiiHOTO OanaHca SIBISETCS TOCTAaTOYHO IPyObIM:
UMEEeT MaJTyl0 YyBCTBUTEIBHOCTh — CHOCOOHOCTD BBIJEIATh OTJMYHbBIEC OT HYJS KO-
3¢ dUIMEHTH YpaBHEHUS PErpecCcur, HO, OJHOBPEMEHHO, 00J1a1aeT OOJbIION pas-
pemaromieii CiocoOOHOCTHI0O — BO3MOXKHOCTBIO BBIJICIAThH TaBHbIE 3 (EKThl cpenu
WX 3HAUUTEIHLHOTO OOIIEro Yucia.

B Mertone cmydaitHoro 6anmaHca B Kaue€CTBE IIEHTpa pacrpeneeHusT UCIOIb-
3yIOT HE CpemHee apupMeTHIecKoe, a MeIUaHy, Tak Kak oHa Oonee »ddeKTuBHA
IIPY OTKJIOHCHUSX 3aKOHA paclpenesieHus OT HOpMalbHOTO. MenuaHna — 3Ha4CHHE
CIIy9aifHOM BEIMYMHBI, pa3eisIoniee o0Iee KOITMIeCTBO PE3YIbTaTOB MOMOJIaM.

Kpurepusimu cymecTBeHHOCTH (paKkTopa SBIISIOTCS:

- abcoroTHas BeNMMYMHA BKJIaga (akTopa B mapaMmeTp BbIXoaa (pa3HOCTh
YACTHBIX ME/IMAH);

- YHUCIIO BBIICNIAIONIMXCS TOUEK Ha JUArpaMMe pacCestHUs JUIsl KaXoro ¢ak-
Topa.

JluarpamMma paccessHusI UMEET Ha a0cIucce MOpsIAKOBBIN HoMep (akTopa X; ¢
yKa3aHHEM JIByX €ro YpOBHEH (HAaMMEHBIIEro W HauOOJbIIEro), a Ha OpJAUHATE —
3HaYeHHUE BBIXOAa Y B Buje TOUkH. [Ipuuém creBa HaHECEH BBIXOJ MPU HUKHEM
ypoBHE (aktopa (—), a cpaBa — npu BepxHeM (+). Beigenstonuyecs Touku aua-
rpaMMbl PACCESHHS PACIIONATAIOTCS BBIIIE CAMOW BEPXHEN WJIM HUKE CAMOW HH K-
HEW TOUKHU BBIXO/1a, HAXOJAIICHCS Ha TPOTUBOIOI0KHOM YPOBHE TOTO k€ (pakTopa.

Paccmotpum o6mryro cxemy metoja. [Ipenmnomnarasi, 4To BeIXOJ — ClaydaiftHas
BEJIMYMHA, 3aBUCAIIAS OT Habopa (aKTOpPOB, MOKHO TOCTPOUTH PETPECCHOHHYIO
MOJieJIb B BUjie onuHoMa. Pa300béM Bee (hakTophl Ha TPYIITy CYHIECTBEHHBIX Xj U
HECYIIECTBEHHBIX X;. Ilocie 3TOT0 CBEpXHACHIMICHHBIN IUIaH (OIBITOB MEHBIIIE,
yeM (paKkTOpOB) CTAHOBUTCS HACBHIIMICHHBIM IO OTHOIIECHWIO K 3HAYMMBIM (haKTO-
pam.

B 3TOM Cily4ae ypaBHEHHE PErPECCHH MOKHO 3aIlMCaTh B BUJIE
Kl KZ
y=b,+> bXx;+> bx +e, (4.26)
i i1

rae K=K;+K; — o6miee konnuectBo (HakTopoB; € — CirydaitHasi COCTaBIISIONIAS.

[pu sToM muictiepcust yauThiBaeT Bce 3GEeKThI bj, U3 KOTOPHIX MOKa emé He
BbIJIEJICHBI CYIIIECTBEHHBIC U CITyYallHble COCTABIISIIONINE. DTa OCTATOUHAs JUCTIEP-
CHsl, B OIICHKY KOTOPOM BXOMASAT 3HAUYMMbIC, HO €II¢ HE BBIJCICHHBIE (DaKTOPhI, BHA-
yane Beiuka. [Ipu ymameHuu miar 3a maroM 3HaYUMBIX 3(PQexToB e€ BeanunHa
ymenbiaercs. [Iporiecc BwigeneHnus 3Ha4amuX (PaKkTOPOB MPOAOIKAOT 10 TeX
1op, TIOKa BEJIMYMHA OCTATOYHOW JUCTIEPCHUU HE CTAaHET COM3MEPUMOMN C TUCTEp-
CUell BOCIPOM3BOAMMOCTH OMbITa. B UTOTrEe MOIyyuM mpUONMMKEHHYIO MaTeMaTu-
YECKYI0 MOJETh CBSI3M BBIXO/Ia CO 3HAYANTUMHU (PAKTOPaMH W KOJIMYECTBEHHYIO
OLIEHKY MX BKJIQJIOB.

Metop ciyuaiiHoro GamaHca MOXKET OBITh MCIIONB30BaH MPHU YHUCHE (HaKTO-
poB 6onee 70. OnHako (HakTOpOB, CYHIECTBEHHO BIUAIOIIMX HA MapameTp BBIXO/A,
NIOKHO ObITH He Oonee 10-25%. [Ipourie — MOTYT OBITH OTHECEHBI K IIIYMOBOMY
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MIOJTI0 — COBOKYITHOCTHU CIy4YailHbIX TOMEX, MaJO3HAYUMBIX JTMHEUHBIX 3((HEKTOB U
WX B3aUMOJICHCTBUI.

CrnenyeT OTMETHUTh, UTO NMPUOIMKEHHAS] PETPECCUOHHAS MOJIEb CBSA3BIBACT
nepeMeHHbIe (aKTOpPhI C MApaMEeTPOM BbIXOJIa, HE pacKpbiBas (PU3HUECKON CYIIIHO-
CTH, TIPOUCXOMSIINX BHYTPU HCCIEAyeMOro o0bekTa mpoieccoB. [IpaBaa, «oau
HE CTaHyT OTKa3bIBaThCsl OT CBOETO 00e/la TOIBKO MOTOMY, YTO HE MOJHOCTHIO MO-
HUMAIOT MPOLECC MUIIeBapeHus», — 3ameTii O. XeBucaia. A MpUHIHN «YEPHOTO
ANIUKa» - BeCbMa 3PPEKTUBHBIM HHCTPYMEHT B CaMBIX Pa3IMYHBIX OONACTIX HC-
CJIEIOBAHUM.

Metonuka ciydaiinoro 6ananca pa3ouTa Ha qBe yacTd. [lepBas yacTs, nmpu-
BeJIEHHAs B HACTOSIIIEM pa3Jielie, 3aKaHYMBAETCs BbIJIEJICHUEM HanOoJee 3HaYalnx
(aKkTOpOB M MapHBIX B3aUMOJICUCTBUN. BTOpas, 3akmounTenbHas 4acTh METOAUKY,
MOKET OBITh OCBOEHA MOCJE M3JI0KEHUSI MaTrephaia O IJIAHUPOBAHUM MHOTO(aK-
TOPHBIX 3KCIIEPUMEHTOB U PErPECCUOHHOM aHAIIN3E.

PaccMmoTpum anroput™ (opmann3oBaHHBIX TPOLEAYP, BKIIOYAIOIIUNA TO-
CJIEIOBATEINIbHYO LIETIb ATAIlOB:

1. IlocTanoBKa 3a1a4H MCCJIEI0BAHUIA.

Boiaenenue qoMuUHUpPYIOIIMX (AKTOPOB W3 anpuOpHOM uH(popManuu 00
00BEKTE UCCIIEJOBAHUN.

2. Bei0op mapamerpa BbIXo/a Yj.

3. Bb10op nepeMeHHbIX (PAKTOPOB X;.

Otbupaem Bce (akTOpbl, KOTOPbIE MO JAHHBIM UMEIOIIUXCS SIKCIIEPUMEHTOB
WM JINTEPATypbl MOTYT BIUSTH Ha BBIXO/.

4. CocraBjieHHe MATPUIBI CJIy4ailHOTO 0aji1aHca

5. IlocTpoeHue MaTpUIbl CJIY4aiiHOr0 0aJlaHCa ¢ PAHKUPOBAHHBIM BbI-
XO0A0M.

6. Boigesenue pakTopoB ¢ HAMOOJIBIIUM BKJIAJI0M.

BrisiBnenue gakTopoB ¢ HaMOONBIIMM BKJIAJIOM B IMapaMeTp BBIXOAA OIMpe-
JIEJSIeTCS. HA OCHOBE PAa3HOCTH OLEHOK YAaCTHBIX MEAWaH MO 3HAYEHUsIM (akTopa
Ha YPOBHE «+» U HA YPOBHE «—».

Bxi ZMxi+_Mxifl (427)
e By — BKIAJ dakropa Xi; My ., My _ — OLEHKH YaCTHBIX MEIHAH 1O Pa3HbIM

ypOBHSIM (haKTOPOB (BEPXHEM M HIKHEM).
7. IlocTpoeHue AuarpaMMsbl paccestHus.
8. AHa/IM3 IMarpaMMsbl paccesiHus.
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3. INTAHUPOBAHUE OJHOPAKTOPHBIX OKCIIEPUMEHTOB

OnHO(MAaKTOPHBIMU CUUTAEM OSKCIEPUMEHTANbHBIE MCCIEIOBAaHUSA, KOrna
IUTAHUPYEMOE BO3MYILAIOLIEE BO3/IECHCTBUE HANPABIECHO TOJIBKO HA OJUH (aKTop,
a TIpoYHe — MOJJEPKUBAEM Ha MOCTOSSHHOM YPOBHE WJIM, €CJIU 3TO HEBO3MOXKHO,
OTHOCHM K LIYMOBOMY MOJ0. MIHBIMU cl0BamMM, BapbUpYyeM TOJIBKO OAMH W3 Ile-
pEMEHHBIX (PAKTOPOB, a €CIIM UX HECKOJIbKO, TO M3MEHEHHE HX YpPOBHEH oOcCy-
niecTBisieM noouepénno. Hike paccMOTpeHbl HECKOIBKO TUIIOB OJHO(PAKTOPHBIX
HKCIIEPUMEHTOB.

3.1 Knaccu4yeckuil IKCIIEPUMEHT

Knaccrnueckum Ha3bIBaroT HaMOOJIEE CTAPBIM METO/ IIJIAHUPOBAHUS U peajiu-
3aluu dKcnepuMeHToB. OH mpeaycMaTpuBaeT (PUKCHUPOBAHHE Ha ONpPEAesIEHHBIX
YPOBHSIX BCEX MEPEMEHHBIX (DAaKTOPOB, KPOME OJTHOTO, KOTOPBIN MPUHUMAET HEKO-
TOpbIE JAUCKPETHBbIE 3HAa4YeHMs (YPOBHM) B HCCIIEIYEMOH 4acTH OOJAacTH CBOEro
CYILLECTBOBaHMs. B pe3ynpraTe HaxoAWM 3aBUCUMOCTb HCCIENYEMON BEJIMYUHBI
(mapameTpa BbIXOJ]a) TOJBKO OT OJHOTO ¢dakTopa. MaremaTuueckass MOJCINb ITOM
3aBHCHUMOCTH MOKET OBITh MOJIy4€HA B pe3yJIbTaTe psiJia FEOMETPUUECKHUX MTOCTPO-
€HUI WJIM, Yallle BCEro M ¢ ropas3o MEHbIIEH NOTPEIIHOCTHIO, METOIOM HAMMEHb-
IIUX KBaJPATOB.

[TockonbKy 3TOT METOJ HE ONPEAENSIET CTPYKTYpYy MoydaeMoil oaHO(]ak-
TOPHOM MOJIeN U TpeOyeT HaIUYMs NMEPEHACHIIIEHHOW CUCTEMbl YpaBHEHUMN (4UucC-
JIO YpPaBHEHHI MPEBBIIIAET YUCIO HEU3BECTHBIX) JIJISl BHIYMCIICHHS TapaMETPOB, Ha
KOJIMYECTBO YPOBHEW MEPEMEHHOTO (hakTopa HaJlararoTcs ONpeesEHHbIE OrpaHu-
YEHUS.

Ecnu BbIXOJ M3MEHSIETCSl MO 3aKOHYy, OJHM3KOMY K JIMHEWHOMY, TO JIJIst
HaxXO0XJICHUSI MapaMeTpPOB JIMHEWHOW MOJENTU JOCTATOYHO TPEX TOYEK Ha JIMHUU
oTkiHKa. To ecTh JOCTaTOYHO BapbUPOBATh MEPEMEHHBIM (PakTOp Ha TPEX IauC-
KPETHBIX YpOBHAX. OIHAKO BUJ JUHUU OTKJIMKA SKCIEPUMEHTATOPY 3a4acTyrO He-
U3BECTEH. B 3TOM cilyuae eCTECTBEHHOE CTPEMJIEHUE COKPAaTUTh O0BEM IKCHEpH-
MEHTOB BCTYMNAaeT B MPOTHUBOPEYHE C MOCIEAYIOIIEH BO3MOXHOCTHIO (DYHKIHO-
HaJIBHOW MM TpaduuecKo MHTEpHpeTaluu ux pe3ynabraroB. [locnemnue MoryT
MOJUYMHATHCS 00Jiee CI0KHOMY 3aKOHY, (HarpuMmep, KBaIpaTUHYHOMY) € OOJbIIMM
YHUCJIOM NMapaMeTpoB. DTO OOCTOSITENILCTBO 3aCTABIISET MJIAHUPOBATH OAHO(PAKTOP-
HBIM SKCIIEPUMEHT KaK MUHUMYM Ha YEThIPEX YPOBHAX MEpeMEeHHOro (akropa. A
IIPU UMEIOILENCS OMACHOCTU CPbIBA OJTHOTO W3 OIMBITOB HEOOXOAMMO MPETYyCMOT-
PETh MATYIO PE3EPBHYIO TOUKY.

Cnegyer OTMETUTbH, YTO €CJIM HEJIMHEMHYIO 3KCIEPUMEHTAIBHYIO 3aBUCH-
MOCTh JTUHEAPHU30BaTh JorapudMupoBaHreM (OTIOKUB Ha rpaduke B Jorapudmu-
YECKOM MacIiTade), To MOKHO IS allPOKCUMAITUU SKCIIEPUMEHTAIBHBIX PE3YIihb-
TaTOB MCMOJIb30BATh CTETIICHHYIO UJIU MOKA3aTEIbHYIO byHKIIHH.

Hanpumep, n3

y = ab* (5.1)
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umeeM lg y=lg a + X:Ig b, uTo SKBUBaIEHTHO NWHEWHON 3aBUCHUMOCTH Y=A-+xB
IIPU OTIEPUPOBAHUU HE CAMHUM PE3YJIHTATOM SKCIIEPUMEHTA, a €T0 JOrapruMOM.
Bbruncnenus mo ompeneieHuio MmapamMeTpoB MOJAEIHM METOAOM HaMMEHbBIINX
KBaJIpaTOB yI0OHO BBIMOJHATH B BUJIE TaOIuIIbI (Ta01.5.1).
Tabaunna 5.1
Brruucnenne napaMeTpoB MOAEIU

No
X x° y X-y x° x* xzy

1] 2 3 4 5 6 7 8

N| Zx | =x* | Zy XXy >x° | =x' | =Xy

Jlns mUHEMHOM MOJenM y=ab* (JOCTaTOYHO CTOJOIOB 1-5) MMeeM cucTeMy
YPaBHEHUN:

{bN +aXx =2Xy; (5.2)

bEX + aXx® = Exy,
pemadg KOTOPYro, HAXOAUM IIapaMETPbl MOJCIIN «a»®Hu «b».
KBaaparnuHass MofieNb y=ax? +bx+c TpeOYyeT cieayrolieii CHCTEMbl ypaB-
HCHUM:
a¥Xx’ + bZX+cN=2Xy;
arx® +bZ¥? + cIT = Ixy; (5.3
arx’ + bxX® + cxx? = 3x?y.

Kpurepuem BbiOOpa TOM MIIM MHOM MOJIETH SIBIISIETCS MOTPEIIHOCTD aIPOK-
CUMALUN.
Mepoii OLIEHKM paccesiHus NapaMmeTpa BbIXOAa SIBJIAETCA AMCHEPCHS BOC-
MPOU3BOAMMOCTHU — CPEIHSAS TUCIIEPCHUS BCEX OIBITOB.
N n
Sy
g
S = N(n-1)
r7ie U — KOJUYECTBO MapajuIeNbHbIX ONBITOB (1...n); 1 — KOJTUYECTBO YPOBHEM me-
pemenHoro (akrtopa (Touek Ha KpuBoi otkimka) (1...N); y — cpennee 3Ha-
YeHHUE BBIXO/a U3 CEPUH MapaIETbHbIX OMBITOB.
B oaHodakTopHBIX 3KCHEpUMEHTaX Aucnepcus Ko3(PQPUIHUEHTOB MOJEIH,
MOJIYYEHHBIX METOJIOM HAaUMEHBIIMX KBaJpaTOB, paBHA
2
1= (55)
2
Dta qucnepcus Mo3BOJISIET OLEHUTh 3HAUMMOCTh KOA()(PUIIMEHTOB MOJIEINH.
[TpoBenst HEOOX0AUMOE JIJISl UCCIEAYEMOT0 00OBEKTa YUCIO OJHOPAKTOPHBIX
HKCIIEPUMEHTOB, TOJy4YUM HA0Op YACTHBIX OJHO(MAKTOPHBIX Mozeneld. X MOkKHO
00BEAUHUTH B 0OIIYI0O MHOTO()AKTOPHYIO MOJEIIb.
Ilpumep:
JlaHO: yacTHBIE MOJIENIA BUAA!

, (5.4)
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P, =at™; (5.6)
P, =bS”; (5.7)
P, =CcHB". (5.8)
1. [IpuBeném mobObie nBa BeIpaxkeHus (5.7) u (5.8) xk 6e3pazmepHOMY BUAY,

Pa3aciinB Ha BCIIMYHUHY BbIXOJd, COOTBCTCTBYIOIIYIO YCIIOBHAM IIPOBCACHUSA IICP-
BOTI'0 3KCIICPUMCHTA, TO €CCTh 3HAYCHHUAM Sl u HBl:

_ bS” _ cHB"

' bs, cHB,

2. YMHOXHM IPaBYyIO 4acTh YaCTHOW Mojenu (5.6) Ha MOITyYEHHbIE 3aBUCUMO-
ctu (5.9).

m =M,S"; m, =M,HB", (5.9)

P, =at*M,S”M,HB" =C t*S"HB", (5.10)
rae C, =aM;M, — HOBas KOHCTaHTA.
OCHOBHO€ JJOCTOMHCTBO M3JI0KEHHOI'O0 METOJIa — 3TO ero npocrora. OH Mo-
XKeT ObITh PEKOMEHJIOBAH JIJIsl MCCIIEJOBAaHUS MPOCTEHIINX OOBEKTOB U MOCTPOE-
HUS TAPUPOBOYHBIX 3aBUCUMOCTEHN.
K HenmocTaTkaM MeToa MOYKHO OTHECTH CJIEAYIOLIHE:
- 3Ha4YUTENbHBIC 3aTPaThl BpeMEHH (0O0JIBIIOE YHUCIIO OIBITOB);
- HEIKOHOMHYHOCTB;
- HaJIMYME CUCTEMATHUECKUX OLUINOOK;
- OTCYTCTBHE y4€Ta CMEIIAHHBIX B3aUMOJACUCTBUN.
CoBeplIEHCTBOBAHUE SKCIEPUMEHTAIBHBIX METOJIMK IMOIUIO MO0 HUKECIEAYIO-

IIMM HaIlpaBJICHUSM.

Jlnsi KoMIeHcaluu MepBOro W BTOPOrO0 HEJOCTATKOB ObUIM pa3pabdOTaHbI
YCTPOMCTBA, MO3BOJIAIOIIME BECTH ASKCIEPUMEHTHI OJAHOBPEMEHHO MPU PA3HBIX
3HAYEHUAX (HaKTOPOB.

J171s1 TOBBIIIEHHS] TOYHOCTH (TPETHI HEIOCTATOK) YBEJIMUUBAIA KOJIMYECTBO
NapaJyIebHbIX ONBITOB. MHHHUMaIbHOE YMCIIO IapAJUIEIBHBIX OIBITOB PAaBHO
TPEM.

HakoHen, ais KOMIEHCAallMM YE€TBEPTOTO HENOCTaTKa ObLIM pa3pabdOoTaHbI
0oJiee CIOKHBIE MJIaHbI TP OJJHOBPEMEHHOM M3MEHEHUHM HECKOJBbKHUX (DaKTOpPOB,
TO €CTh MHOTO(aKTOPHBIE.

OctanoBuMcs oApoOHEe HAa OYEHb BaXKHOW IMpoLieaype, Ha3bIBAeMON paH-
nomu3zanuen. [Ipu npoBeneHnn nccienoBaHUM SKCIIEPUMEHTATOPY 3a4acTyH) MO-
I'yT ObITh HEM3BECTHBI BCE (DAKTOPHI, BIUSAIOIIME HA BBIXOJ, WIHA PSIJi U3BECTHBIX
(bakTOpoB UM HE MOKET OBbITh YUTEH. [IprMepsl MO00HBIX (PAKTOPOB — ATO CKAYKU
HaIpPsHKEHUS SJIEKTPOCETH JTHEM M BEUYEPOM, OCOOEHHOCTH 3PEHHUS OJIHOTO U3 Olle-
paTopoB, CUMUTHIBAIOIIMX MOKa3aHUs MPUOOPOB, H3MEHEHHUE TEMIIEPATyphl BO3IyXa
U TOMy no100HOe. MI3MeHeHrne BBIXOJAHOTO MapaMeTpa UCCIeyeMoro oObeKTa 1Mo
KaKoi-mmbo KoopauHaTe (HampuMmep, BpEMEHH WM TEMIEpAType), HE CBA3AHHOE C
JNEHCTBUSMHU 3KCIIEpUMEHTATOpa, Ha3bIBaeTCs ApeiihoM U SBISETCS HUCTOYHUKOM
cucreMarnyeckux ommook. IlocnenHue BbI3bIBAIOT CMEUIEHHE OLEHOK KO3 dULim-
€HTOB MOJIEJIEH.
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OCHOBHBIM CIIOCOOOM YMEHBIICHHS OUIMOKH 3KCIEPUMEHTATOpPA U3-3a BIIU-
SIHUSI UICTOYHUKOB HEOJHOPOTHOCTH (CHCTEMAaTHYECKUX OINMMOOK) SIBIISICTCS paH-
JIOMH3allds — UCKYCCTBEHHOE MPEBpAIICHHE CUCTEMAaTUYECKUX OIIMOOK B ClTydaii-
HbIE. DTO JOCTUTAETCSl MOCTPOCHUEM IOCIEAOBATEILHOCTH MPOBEICHUS OT/EIIb-
HBIX OIIBITOB IO TaOJIMIIAM CIy4alWHBIX uyuces. PaccMOTpuM paHAOMM3AIMI0 Ha
npumepe. [IycTb HyKHO U3y4UTh BIMSTHUE KOHCTPYKIIMU MyJibTa yrpaBieHus B Ha
BpeMsl BBINOJHEHUs onepanuu T. 371€Ch HICTOUHUKOM HEOJIHOPOJHOCTH SIBJISICTCS
onepatop O, puc.5.1.

OrpaHuyeHue Ha PaHIOMHU3AIMIO 3aKJIOYAETCS B TOM, UYTO KCIIEPUMEHTA-
TOp Ha OCHOBAHWM ampUOpPHOW WH(OOpMAIMu 00 MCTOYHHUKAX HEOTHOPOIHOCTH
4€TKo (popmynupyeT TpeOOBaHUS K IUIAHY SKCIEPUMEHTA, MOJHOCTHIO UCKIIIOYa-
IOIIME UCTOYHUKHU HEOJHOPOTHOCTH PA3IMYHBIX TUMOB (JUCKPETHBIE U HEPEPHIB-
HBIC).

Ba-| Bpewms
3KCI'IepMMEHT HE paHAoOMeE3npoBaH
pHaHT | onepanuu MO KOHCTPYKLUMM, T.€. KOHCTPYKLUusi B

3aBUCUT OT onepaTopa O.
KOH- | Ty |T,|Ts

CTPYK-
1002071

DKCNEepUMEHT He paHAOME3NpOoBaH

B, 010,03 no BpeMeHy, T.e. Bpems T 3aBUCuT
ot onepatopa O.

B1 02 03 Ol PaHaoMmuzaums no KoHCTpyKummn B
1 no spemMeHun T.

B, [03]/0,|0,

Bs 01]0:1]|0s

B1 Ol 02 03 PaHaoMmu3aums ¢ orpaHUYeHneM.

OniepaTop BCTpe4aeTcs TONbKO

B, O, 05|04 1 pa3 B CTpoke 1 B CTOnGLE.
B; [03]|0:|0;

Puc. 5.1. CxeMbl 0JHO(AKTOPHBIX TJIAHOB
5.2. KomOnHUpOBaHHbIE B3AaMMHOOPTOTOHAJILHbIE KBAJPAThI

DTOT METOJI SIBJISETCA OJHUM U3 CIIOCOOOB IMJIAHUPOBAHUS OJHO(PAKTOPHBIX
HKCIIEPUMEHTOB C OTPaHUYECHUEM Ha PaHJOMU3ALHUIO.

HcTopuueckre NCTOKH METO/a BOCXOAST K YMCIOBBIM KOMOMHATOPHBIM 3a-
nayaM. Tak, JI. Diinepom B 1779 romy paccmarpuBanach 3aja-
4ya 0 BOBMOXKHOCTH MOCTpoeHusi 36 opuiepoB B Kape Tak, 4To-
OBl B KXKJIOM PSIIY M B KaXXJ0M IIepeHTe ObUIO OBl MO0 OJTHOMY

A| B C D

B| C D A

C| D A B

D| A B C
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oduIepy Kaxa0ro Mmojika U KaKJI0r0o YWHA. DIIep MpeanoaoKuil HEBO3MOKHOCTh
TaKOT'O CTPOSI.

HcxomaHol 11 MOCTPOCHUS TJIaHa SIBISETCS KBaJpaTHas TaOJuIla, coiepKalas
«N» CTpOK M «n» 3JEMEHTOB, B KOTOPOH JIO00H W3 DJIEMEHTOB BCTpeYaeTCs B
KKIOH CTPOUYKE M B Ka)XJOM CTOJIOIE OAWH M TOJIbKO OJAWH pa3. JlaTHHCKUM
KBaJIpaT HA3bIBAIOT B CBSI3U C TEM, YTO KOMOHWHAIINH AJIEMEHTOB BHYTPH HETO 000-
3Ha4ar0T OyKBamu JaTUHCKOro aidasuta (puc. 5.2).

JlBa maTMHCKUX KBajaparta (puc.5.3,a,0) OpTOTrOHANBHBI, €CIU MPH HaJIO0Xe-
HUM OJIHOTO KBaJpaTa Ha APYroi Kaxxaas mapa 3JIEeMEHTOB BCTpEYaeTCs B TaOIUIlE
TOJIBKO OAMH pa3 (puc.5.3,B).

1123 |4 112|134 11/22|33|44

211143 314|112 23|14|41|32

314112 41321 3414312 |21

413121 211,43 421312413
a) 0) B)

Puc. 5.3. OproroHanpHbie JIATHHCKHUE KBAJIpaThl 4x4

[lepecTaHoBKa CTPOK, CTOJIOIIOB WM OYKBEHHBIX CHUMBOJIOB IpeoOpasyer
0001 JTAaTUHCKUM KBaJpaT B HOBBIM. JIj1st kBajgpaTa 2X2 BO3MOXHBI JIBa BapHaHTa
(puc.5.4), 3x3 — 12 BapuanTtoB, 4x4 — 576, 5x5 — 161280.

Jns  Hekotopbix  (HE
BCEX) JIATUHCKUX KBaJpaTOB
MOYXHO TIOCTPOUTH BTOPOU
KBaJpar,  OPTOTrOHAJIbHBIN
HepBOMy. TO €CTh Kakaas Puc. 5.4.Kiz;|2lvlgii'gblzngMHCKoro
OyKBa 3TOTO HOBOT'O KBaJpa-

Ta BCTPEYAETCS HE TOJBKO OJWH pa3 B KAXKIOW CTPOKE U OAWH pa3 B KAKIOM
CTOJIOIIE, HO TaKXe OJUH pa3 ¢ KaK0i OyKBOW JATMHCKOTO KBajpaTa. ITO OpTO-
TOHAJIBHBIC KBajpaThl 0OJiee BBICOKOT'O IOPSAAKA, T'peKo-IaTHHCKHE (pHuc. 5.5).
[IpuMep WX UCIIONIB30BaHUS MOHATEH U3 cieayromero npumepa. [lycrs -V — Ba-
PUAHTBI TEXHOJOTMYECKOro mponecca, 1-5 — tun geranu, A—J] — cnocod KoH-

B A A B

TPOJIsl, @ a—O — YYBCTBUTEJIBHOCTh NMpUOOpa. 31€Ch OJHOBPEMEHHO OYyAyT HCCIe-
JIOBaHbI JIBA MHOXKECTBA: CIIOCOO KOHTPOJISL U UyBCTBUTEIBHOCTH MPUOOpA.

Bcio maccy paznuunbix skcriepuMeHToB @. Anckom0O (1948 r.) ycioBHO
pa3zenni Ha JBe TPYIIIbL:

- OLICHMBAHUWE BEJIUYHMH KOHCTAHT;

- CpPaBHUTEJbHBIE SIKCIIEPUMEHTBI.
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KomOuHaToprka JJaTHHCKUX KBaJpaTOB MCIOJIb3YETCS Yallle BCEro JJIsl dKC-
MIEPUMEHTOB CPABHUTEIBHOTO THUIIA.

OnucaHHbIN METOJI TJITAHUPOBAHUS SKCIIEPUMEHTOB MPU UCCIICIOBAHUU BIIU-
SHUSI TaHHOTO (DakTOopa Ha M3y4aeMbI OOBEKT OOecleurBaeT rapaHTUPOBAHHOE
YCPEIHEHHE BIMSIHUS BCEX OCTANBHBIX (DakTopoB. Kpome TOro, 3TOT METO 103BO-
JIIET COKPATHTB 0OIIee KOIMIECTBO OMBITOB B N 2 pa3. 34eCh M — YUCIO mepe-
MEHHBIX (PaKTOpPOB, a N — KOJIMYECTBO YPOBHEH KaXKI0TO (hakTOpa.

Kaxk u B npenpiayinem ciaydae, CylecTBEHHa poib panaomusanuu. B.Koxpen u
7K. Kokc cunMTaroT paHIOMH3ALMI0 aHAJIOTOM CTPaxoBa-
1 2 3 4 5 HUS. 3710 BO3HUKAET PEAKO, HO €CJIM OHO BO3HHUKIIO, €T0

\ | ap | Ey|Da|cs| Be| HYKHO KOMIICHCHPOBATD.

['oBOpst mpu paccCMOTPEHUN KJIACCUYECKOTO DKC-
MEPUMEHTAa O PaHJAOMM3AINK, Mbl YK€ CBOJMIM JKCIIE-
Il | By | A8 | Ce | Ea | DB | pPHUMEHTHI B OJIOKH — KOMOMHAIMU CTPOK U CTOJIOLOB.

W | Ee | Cp | BS | Dy | Aa JlaTuHCKMI KBaJpaT SBIAETCS PACHOJIOKEHUEM

AJIEMEHTOB, MO3BOJISIIOIIMM YYUTHIBATH JBAa MHOKECTBA

OJIOKOBBIX OTPaHUYEHUN (CTPOKU U CTOJOILIBI), KOTOPBIE

Puc. 5-?(-8 gzggg'gf;””c"”“ JIOJDKHBI OBITH HMCITOJIB30BaHBI OJHOBpeMEHHO. Hampu-
Mep, kBajapat 4x4 Ha puc.5.3,a.

JlocTOMHCTBaMU IJIAHUPOBAHUS SKCIIEPUMEHTOB 10 JIATUHCKUM KBajpaTam
B CPABHEHUU C KJIACCUYECKUM SIBJISTFOTCS:

- COKpAIIIEHHE KOJIMYECTBA SKCIIEPUMEHTOB;

- BO3MOKHOCTh MCCJIEIOBAHUS HEKOTOPHIX MHOTO(AKTOPHBIX CUCTEM.

K HepocTatkam METO/1a MOKHO OTHECTH:

- OTCYTCTBUE CTAaTHUCTHYECKH OOOCHOBAHHBIX PE3YyJbTATOB (BBIXOJ 3aBUCUT
OT HEKOHTPOJIUPYEMBIX (haKTOPOB);

- OrpaHUYEHHAas 00JaCTh MPUMEHUMOCTH (HEBO3MOXKHOCTh MOCTPOUTH OPTO-
rOHAJIbHBIC KBaaPAThI 6x6);

- HECOBEPIIEHCTBO METOIOB MOCTPOCHUS SMITMPUUECKUX MOJICIICH.

Paccmotpum moipo6HO GopMain30BaHHYIO pab0Uyyr0 METOJUKY IJIAaHUPO-
BAaHUS PAllMOHAIBLHOTO SKCIIEPUMEHTA 110 OPTOTOHATBHBIM JIATUHCKUM KBaJpaTam.

1. 3agaémcs mapamMeTpoM BbIXOJIa HCCIESTyEMOTO 0OBEKTA.

y — TlapameTp BBIXO]Ia.
2. BriOupaem KOMHYECTBO MEPEMEHHBIX (DAKTOPOB, BIUSIOMIUX HA BBIXO/.

Il | Ca| De| Ay | BB | Ed

V | Ds | Ba | EB | Ae | Cy

m=4(a, b, c, d).
3. 3amaém uncio ypoBHEH Kaxaoro (gaxropa.
n=3.

4. CtpouM BCHOMOTaTeIbHYI0 TaOMUIy — OOJBIION KOMOWHAIIMOHHBIM
KBaJpaT ¢ KOJIMYECTBOM BCEX BO3MOXKHBIX KOMOMHAIIUNA OIBITOB 34 = 81, T.e. ume-
ercs 81 KiIeTKka — MOTSHIUAJIbHBINA OIIBIT.

DTO YHCIIO MOKHO COKPATHTh B 32 = 9 pas, M KOIMYECTBO OIBITOB OYIET
paBHO 9 (puc.5.6).
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3 | |

Puc.5.6.boabI1oit KOMOMHAIIMOHHBIN KBaIpaT

5. CTpouMm 1u1aH 3KCIEPUMEHTA.

Hcnonb3yem cnoco0, 3aKiI0Yaronuics B pa3MENIeHUU AUaroHadbHbIX KIETOK
OTIEJIBHOTO CPEJHEr0 KBaapara B CTONOLAX U CTPOKax OO0JIBIIOr0 KOMOMHAIIMOH-
HOTO KBaJpara.

5.1. CtpouM cpenHuil KBagpar U HyMEpPYEeM €ro KJIETKH CJIeBa Hallpaso,
CBEpXY BHU3.

5.2. JloctpauBaeM €ro HaJAuaroHajdbHBIM PsIIOM CBEpXY (2; 4) U mogauaro-
HaJILHBIM PSJIOM CHU3Y (6; 8).

N

(o) Mool NG RNIN Gy N
(o]
oo

5.3. CuutbiBaeM MOCIEI0BATEIIFHO IMAarOHABHBIE PSJBI, KaK MOKa3aHO Ha
CXEMe:

1-# psin — cpenHss AMaroHaib CBEpXY BHU3, clieBa Hampaso — 1, 5, 9;

2-ii psig — CpenHssl 1MaroHallb CHU3Y BBepx — 7, 9, 3;

3-# psAZl — MO/ TUaroHajIblo CBEpXY BHU3 — 2, 7, 6;

4-11 psin — HAJ AMArOHAJIbIO CBEpXY BHU3 — 4, 3, 8.

5.4. 3anocuM psasl udp B 00JIBIION KOMOMHAIIMOHHBIN KBaapatT (puc.5.7)
B CJIEAYIOILEM MOPSAKE:

1-# psin — B cpenuuii (BTOpO#) CTONOCT] CBEPXY BHU3;

2-1 psii — B CPEIHIOO (BTOPYIO) CTPOKY CJIEBa HAIIPaBO;
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3-1 psan — B NeBBI (KpaitHHil) cTONOe1 CHU3Y BBEPX;
4-#1 psin —B MpaBbIi (KpatHUi) cTOIOC] CHU3Y BBEPX.

a 1 2 3
c|dbf[1/2/3]1]2/3|1]2]3
1 1
1| 2 6
3 8
1 3
2| 2 &)
3 |7
1 2
3] 2 4
3 9

Puc.5.7. BapuaHT 3anojgHeHus KOMOMHAIMOHHOTO KBajipaTa

[Tpuuém, kaxxnas uudpa cTaBUTCS B Ty KIETKY OJIHOTO CPEIHEro KBajpara,
HOMEpP KOTOPOW COOTBETCTBYET 3TOW LUdpe (Hymepauus KIETOK B IMOAIYHKTE
5.1). IIpu 5TOM B KaXXIOM CTOJIOIIE U B KaXJ0M CTpOKE OOIBIIIOr0 KBajpaTa JOJK-
Ha OBITh TOJIBKO OJIHA 3aHATas KJIETKA.

5.5 BeinosiHseM NMpoBEPKY HA HE3ABUCUMOCTh U3MEHEHUS (DaKTOPOB.

a=1|a=2 | a=3 c=1|c¢c=2|c=3
b{3,1,2(1,2,3/2,3,1]a|1,2,3]1,2,3(1,2,3
c11,2,311,2,3|1,2,3/b/3,1,2(1,2,3]2,3,1
d231/1,2,3(3,1,2|d/2,1,3|3,2,1|1,3,2
— —

HenocrarkoM mocTpoeHHOr0 KOMOWHAITMOHHOTO KBaJpaTa SBISIETCS MOHO-
MOHHOe U3MEHEHNE YPOBHEH HECKOJIBKUX (PAKTOpOB (JIs psilia 4acTeil KBajpara),
MIPUBOJISIIIEE K YTpaTe HE3aBUCUMOCTH U3MEHEHHS (haKTOPOB.

5.6 IIpeoOpa3zyeM KOMOMHAITMOHHBIN KBapaT.

5.6.1. IlepectaBum 1-10 1 3-10 cTpoku (10 ¢), puc.5.8,a.

5.6.2. TlepectaBum 1-#i u 3-i1 cTonO1kI (o a), puc.5.8,0.

a 1 2 e}
c [ dbl1/2]3[1/2/3]11[2]/3
1 2
1|2 4
3 9
1 3
2| 2 5
3 |7
1 1
3|2 6
3 8
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a 1 2 2
cldbl1l273]17213[11213
1 2

1124
3 9
1 3
2] 2 5
3 7
1 1
3] 2 6
3| |8
6)

Puc.5.8. [IpeoOpa3zoBaHHbBIN KOMOMHAITMOHHBINA KBaApaT
5.6.3. BbIoJIHUM MPOBEPKY.

a=1|a=2 | a=3 c=1]c=2|c=3
b1 1,32(321/213|a|1,2,3(1,2,3|1,2,3
c/1,2,311,23(1,2,3|b[1,3,2]3,21|231
d213/321|132|d{23,1|1,23[3,1,2

[ToayuynM yaOBJICTBOPUTEIBHBIN TUIAH B BHAC 3allITPUXOBAHHBIX KIIETOK
KOMOMHAITMOHHOTO KBajpaTa, puc.5.9.

a 1 2 3
c dblZBlZBl%ﬁ
1
1 ]2
3
1
2 | 2
3
1
3|2

Puc.5.9. ITnan sxkcnieprmeHTa

[Ipu »TOM 1 KaXIOTO 3HAYEHHUS OJHOTO (haKTOopa 3HAUCHUS JPYTUX
BCTPEUYAOTCS OJIMHAKOBO YaCTO.
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Hampumep:

b=132 b=321,
oI a=1 <{c=123; OId a=2 <c=123;
d=213; d=321

[ToaToMy mpu ompeAeeHuH 3aBUCUMOCTH BBIXOJIa OT (paKTopa «a» B BHJE
y =f(a) BmussHUE (PaKTOpOB «by, «C», «d» yCpemHseTcs.

5.7 Ctpoum Matrpuily IUIAaHUPOBAHUS, BBITTMCHIBAS YCJIOBHS DKCIIEPUMEHTA
(ypoBHH Bcex (haKTOPOB) M3 OOJIBIIIOTO KBaapaTa Mo CTPOKAaM WM CTOJIONAM, U pe-
aln3yeM dKCIepuMeHT (Tabi.5.2).

Tabmuma 5.2
Martpuiia rrana SKCIepruMeHTa

BrI-

J\}'g YpoBHU dakTOpoB XOT
i a b C d Vi
1 1 1 1 2 Y1
2 2 3 1 3 Yo
3 3 2 1 1 Y3
4 1 3 2 1 Y
5 2 2 2 2 Ys
6 3 1 2 3 Y6
8 2 1 3 1 Vs
9 3 3 3 2 Yo

6. O6pabarbiBaeM pe3ynbTaThl SKCIIEPUMEHTA.
6.1. I'pynnupyem pe3yabTaThl 10 3HAUEHUIM Kaxaoro gakropa (tadin.5.3).
[Ipu n = 3 xKaxgOMy 3HAUEHHUIO JIOOOTO (hpakTopa OyIeT COOTBETCTBOBATH
Tpu 3HaueHHus Bbixoda. [Ipu 3amomneHuu Tabmuil cieayeT oOpamiath BHUMAaHHE
TOJIBKO Ha YPOBHH TeX (haKTOPOB, KOTOPHIEC €CTh B TAOJIHIIAX.
Tabnuua 5.3
['pynmupoBka BeIxoja no (hakrtopam

X a cpe ’ Cc cpe 6.2. Ctpoum rpaduku SMIUPHU-
1123 mm 1] 2 ]3| m | 9eCKHX 3aBHCHMOCTEH: OpAMHATA —

1 - 1 ——| CpeIHHE BBIXOJIbI MO (hakTOpy; abcuuc-
Yi|Ys|Ye| Y Y3|Ya|Ys| %9 | ca— yposuu dakropa (puc.5.10).

2 |y7|ys|ys| Y 2 |y1|Ys|Yo| Vo

3 |ya|y2|Yo| Ya 3| y2|¥e|Y7]| Ya

Cp Via | Yoa | Y3a Cp Vic | Yac Y3c
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Puc.5.10. KoopaunaTs! rpadmkoB BBIXO/1a

6.3. ANmpoKCUMHUpPYEeM TIOTy4YEHHBIC 3aBHCHMOCTH METOJOM HaWMEHBIITHX
KkBaapaToB. [lomydaem yacTHBIC SMITUPUIECKUE MOICITH:
Ya=f@; yp=fal) yc=3) yq=Fa(d)
6.4. Ctpoum 0011y10 MHOTO(DAKTOPHYIO MO/IENh, IEPEMHOKAs YaCTHBIE MOJICIN
MOCJIE€ UX MPEJICTABIICHUS B O€3pa3MEpHOM BUJIE.
B Hacrosiem paszene npencraBiieHbl Hanbosee MpoCcThie CXeMbl TIaHUPO-
BaHMS SKCIIEPUMEHTOB, YTO U SBJISICTCS] KX CAMBIM TJIABHBIM IIPEHMYIIIECTBOM.

6. INIAHUPOBAHUE MHOI'O®AKTOPHbBIX OKCIIEPUMEHTOB

MHOT0()aKTOPHBIM CUUTAaEM SKCIEPUMEHT, KOT/Ia IJIaHUPyeMOe BO3MYyIIla-
I0I[ee BO3/ICHCTBHUE HAIPABIECHO OJHOBPEMEHHO HA HECKOJIBKO MEPEMEHHBIX (Pak-
TopoB. [Ipuuem, perpeccnoHHasi MOJIENb UCCIETYEMOTO 00bEKTa MOKET BKIIIOUATh
HE TOJILKO BCE MEepPEMEHHBIE, HO U 3P (EKThI UX B3aUMOJICHCTBUN.

6.1. ITo1HOAKTOPHBIN IKCIIEPUMEHT

DKCIEPUMEHT, B KOTOPOM PEANM3YIOTCS BCE BO3MOKHBIE COUYETAHUS YPOB-
Hell BBIOpaHHBIX (PAKTOPOB, HA3BIBAECTCS MOJTHBIM (PAKTOPHBIM IKCIIEPUMEHTOM.

6.1.1. BosHukHOBeHHE MeTO1A

[TnanupoBanre MHOTO(AKTOPHBIX DKCIEPUMEHTOB SIBISETCS MPOIYKTOM
HalIero BpPEMEHH, HO HCTOKH €r0 BO3HUKHOBEHHUSI BecbMa JajibHue. OHU BOCXOIAT
K pa3JIMYHBIM 3a7ja4aM KOMOMHATOPHOTO aHaIu3a, 3anokeHHoro ['. JleiiOuuiiem, k
Pa3BUTHIO TEOPHUH BEPOSATHOCTEH, 00CYX IeHHON B muchMax Mexay 1. @epma u b.
[Tackanem, Teopun mpubmOKeHUs GyHKIMA creneHHbMUA psgamu (JI. Ditnep).
CymectBeHHbIi Bkian BHecau D. Jlexxanap u K.I'aycc, obocHOBaBIIME ¢ BEPOAT-
HOCTHBIX MO3UIIUN METOJI HAMMEHBIIINX KBaJPaTOB.
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B ¢usuxe [Ix. 'n66c BBEn mpencraBieHUe O MOBEPXHOCTU OTKIUKA U BMe-
cre ¢ JI. boapiMaHoM yTBEpAMI NPUOPUTET B MIPUPOJIE CTATUCTUUECKHUX, a HE Je-
TEPMUHHUPOBAHHBIX 3aKOHOMEPHOCTEIN.

BoO3HUKHOBEHHE U Pa3BUTUE CTATUCTUUECKUX METOAOB IUIAHUPOBAHUS MHO-
ro(akTOpHBIX SKCIIEPUMEHTOB CBS3aHO ¢ uMeHeM P. ®umiepa, nznasmero B 1935
roy MOHOrpaduio, MOCBALICHHYIO IUIAHUPOBAHUIO SKCHEPUMEHTAa M JIaBIIYIO
Ha3BaHWE BCEMY HampasieHUI0. Duiiepy NpUHAUIEKUT U TEPMUH “‘mucnepcus’.
®. Merc npeanoxkui 11 HoMHO(GAKTOPHOTO SKCIIEPHMEHTA MPOCTYIO PACUETHYIO
CXEMY.

B 1945 rogy /1. ®unnau BBen APOOHBIE PEILTUKU, YTO MO3BOIHIO PE3KO CO-
KpPaTUTh YUCJIO IKCIIEPUMEHTOB.

[TocTpoeHre COBpEMEHHON TEOPUU IIAHUPOBAHUS SKCIIEPUMEHTA 3aBEPIIU-
jock B 1947 rony nocine co3nanust H. Bunepom kubepHeTuku u (popmMyInpoBaHus
MM TOHSATHS “dEPHBIN AMMK .

B Poccuu 3HauutenbHble pa3pabOTKU B 00JACTU TEOPUU M MPAKTUKU ILIa-
HUPOBAaHUS MHOTO(AKTOPHOTO 3KCIEPUMEHTA BBIMOJHEHBI O] PYKOBOJICTBOM
B.B. Hanumosa B MI'Y.

B Hacrosiiiee BpeMsi MOKHO € YBEPEHHOCTBIO yTBEPXAATh, YTO pa3pabora-
Hbl BCE OCHOBHBIE IIOJIOKEHHS HOBOW JHCHUUILIMHBI ‘“‘MartemaTudecKkas TEOpHs
AKCIEPUMEHTA .

6.1.2. OcHOBHbBIC TEPMUHBI U MIOHATUSA

Llenp 11060T0 IKCIEPUMEHTAIBHOTO UCCIEAOBAHUS — 9TO PACKPHITHE HEKO-
TOPBIX 3aKOHOMEPHOCTEW (PYHKIIMOHHUPOBAHUS PACCMATPUBAEMBIX CHCTEM, T.C.
HaxoXJeHue (yHKIMOHAIBHOM CBSI3U, alNpPOKCHMHUPYIOIIEH PEaIbHYI0 3aBUCH-
MOCTh MEXJIy BBIXOJIOM M HE3aBUCHUMBIMU (DaKTOpamMu. DKCIEPUMEHT, B KOTOPOM
UCTIONB3YETCsl 3aKOHOMEPHOE BapbHPOBAHHUE Pa3IMUHBIX ABYX WIU Ooyiee HE3aBU-
CUMBIX (PaKTOPOB, Ha3bIBaeTCs MHOro(pakTopHbIM. KonnuectBo pakTopoB 0003Ha-
yaetcst OykBoit “k”.

BrIixom — 3T0 pe3ynbTaT, YMCIICHHAsS XapaKTePUCTHUKA TN WCCIICTOBAHMS.
DKBUBAJICHTHBIMA TEPMHUHAMH SIBJISFOTCS: BBIXOJHOW TapameTp, KPUTEPUN OITH-
MU3alUU, OTKIIMK, 3HaUYeHHe 11es1eBoi pyHKIuu U T.4. O003HavyaeTcs OyKkBoit “y”.

['eomeTpuyeckas HWHTEpIpETaIusi BBIXOJA MPEICTABISET COOOW IMOBEpX-
HOCTh OTKJIMKa (MIpU JIBYX (paKTOpax) WIM THUIEPIOBEPXHOCTh OTKIMKa (Ooiee
IBYX (hakToOpoB).

AnreOpandeckass WHTEPHpPETalUs BBIXOJIA TPENCTaBIsACT cO00M (YHKIIHIO
OTKJIMKA WJIM MaTeMaTHYECKYI0 MOJIENb Tpoiiecca (YpaBHEHHUE PETPECCHH, Perpec-
CUOHHYIO MOJIENb).

dakTopoM Ha3bIBACTCSA U3MEpsAEeMasl epeMeHHas BeTUIrHa, TPUHUMAIOIIAs
OTIpe/ieTICHHBIC 3HAYCHUS M BO3JCHCTBYIONIAs HA PACCMAaTPUBAEMYIO CUCTEMY, T.€.
Ha 00BeKT uccienoBanuii. O6o3Hauaercst OykBoil “x”.

[TomaBmnstoniee YUCIO U3YIaEMbIX OOBEKTOB OTHOCUTCS K KIIACCY CIIOMKHBIX
cucteM. B o0uieM ciydae o000l 00BEKT MCCIIECTOBAHUN MOXKHO TMPEJACTABUTH B
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BUJIC HEKOTOPOTO MHOKECTBA TOYEK B (DAKTOPHOM MPOCTPAHCTBE, KOTOPOE MOKET
OBITH YCJIOBHO Pa30MTO Ha JBa MOAMHOXKECTBA: ‘“‘depHOe” U “‘CBeTyIOE”.

[lepBoe, Ha3pIBaEMOE “UEpPHBIM SIIIIMKOM, TIPEACTABISIET COOON KUOEpPHETH-
YeCKOE MOHATHE CUCTEMbl C HEMOJHBIM 3HAHWEM MeXaHu3Ma €€ (PyHKIIMOHHpPOBa-
HUs. B 3TOM ciyyae CTpyKTypa MaTeMaTH4eCKOW MOJENH MPOLECca HEU3BECTHA U
MOJIeJIb MOXET OBbITh MpeCTaBieHa B BHJIE HEKOTOPOW aNMpOKCUMHUPYIOIICH
byukiuu. “CBeTIbIN MUK’ — MOJIMHOXKECTBO C U3BECTHBIM MEXaHU3MOM IMPOIIeC-
ca, TPAJAUIIMOHHBIMU SKCIEPUMEHTAIBHBIMUA 33Jja4aMUd U U3BECTHON CTPYKTypoOH
MOJIENIH, HAIIPUMED, B BHJIC PA3TUIHBIX (PU3HUCCKUX 3aKOHOB.

Ha npouecc ucciaenoBanuii Bcerja HaKJIAIbIBAIOTCA OTPaHUYEHUS, OIpee-
JsieMble BO3MOKHOCTSIMU HM3MEPUTENIbHOW amnmapaTypbl, CTPEMJICHHEM K CHIKe-
HUIO BPEMEHHBIX 3aTpaT Ha MOCTAHOBKY OMBITOB M MaTE€PUAIbHBIX — HA MaTEpHUaIbl
U IpUOOpPBI. DTU OrpaHUYCHUS IPUBOIAT K TOMY, YTO MCCIEAOBaTEIb BCEraa pac-
M0JIarae€T OTHOCHUTEILHO HEOOJIBIIUM O0OBEMOM SKCIIEPUMEHTAIBHBIX JaHHBIX, HA
OCHOBAHHMH KOTOPBIX OH JIOJKEH JIeJIaTh BBIBOJBI O CBOMCTBAX W MOBEJACHUU O0b-
eKTa u3yuyeHus. Ha pe3ynbTaThl OMBITOB, KPOME TOTO, BIUSAET OOJIBIIOE YUCIIO CITY-
YailHBIX HeympaBisieMbIX (pakTopoB. IlocneqHee 0OCTOSTENBCTBO TPEOyET BKITIO-
YEHUs B PACCMOTPEHUE HE TOJBKO OLICHKHU PE3YyJIbTATOB, HO M OIIEHKH UX TOYHO-
ctu. CienoBarenbHO, HEOOXOUMA CTaTUCTHYECKasi 00paboTKa JIaHHBIX.

TpaaAUIIMOHHBIMU METOIAMHU MOKHO MOJYYUTh TAKUE K€ PE3YIbTAThI, KaK U
MHOTO(aKTOPHBIMU 3KcriepuMeHTaMu. OAHAKO TaM HET TaKOW YETKOCTH U JIOTH-
YECKH YIOPSIZIOUEHHON CTPATETUH, TaK KaK UCCIE0BATENb BEACT MOUCK, PYKOBO/I-
CTBYSICb TOJIBKO CBOE€M MHTYyMIMEW. DTO NMPUBOIUT, KAK IPABUIIO, K IOCTAHOBKE
MHOTHUX JIMIIIHUX OMBITOB MPU CHUKEHUU TOYHOCTHBIX XapaKTEPUCTHUK BBIXOJIA.

Kpome Toro, nmpu miaHMpOBaHUU U peaIU3alMi MHOTO(AKTOPHBIX dKCIIe-
PUMEHTOB OLICHKA MapaMeTPOB U YCTAHOBJICHHE JIOBEPUTEIIBHBIX TPAHUI] JJISI HUX
MPOU3BOAMTCS MO CTAaHAAPTHON METOJIMKE, YTO O0OECNEeYMBAET COMOCTABHUMOCTH
pE3yNbTaTOB JAHHBIX MCCIEOBATEICH Ha pa3HOM 00OpYIOBAHUH, B Pa3HBIX CTpa-
Hax.

Takum oOpa3zoM, MareMaTH4ecKoe TUIAHUPOBAHUE SKCIEPUMEHTOB — 3TO
mpoliietypa BeIOOpa YKclia U yCIOBUN MOCTAHOBKHU OMBITOB, HEOOXOJIUMBIX U JI0-
CTaTOYHBIX JIJISl PEIICHUS MOCTaBJICHHOM 3aa4yu ¢ TpeOyeMOoil TOUHOCTBIO, METO-
OB 00pabOTKH pe3yIbTaTOB U MPUHATUS PEIICHUH.

6.1.3. Kpurepun onTUMaJIbHOCTH (GAKTOPHBIX IJIAHOB

PaccmarpuBas mraHupoBaHME SKCIIEPUMEHTOB KaK aHAJIOr pasleiia Ipu-
KJIAJTHOW MaTeMaTUKU, MOKHO C(POPMYIUPOBATH PsI/T MOJIO0KEHU M, UTPAIOIINX POJIb
aKCHUOM. DTHUMHU TMOJOKEHUSIMU SIBJIAIOTCA KPUTEPUU ONTUMAIBHOCTH SKCIIEPUMEH-
Ta. Bce MX MOKHO YCIIOBHO pa3feiauTh HAa ABE TPYNIIbL: CTATUYECKUE U JUHAMUYE-
CKHE.

[lepBbie 00pa3yroT MO3auMKy B3aMMHO HECOBMECTHUMBIX MOJIOKEHHH, U3 KO-
TOPBIX MOYKHO BBIJIETTUTH JIUILb UEPAPXUUYECKH 00JIee BaKHBIE.
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Btopeie — ompenensroT onTHMaNbHYIO CTPATETHUIO B IMOCIIEI0BATEIHLHOCTH
IIPOBEJICHHUS OTBITOB.

Hpyras xmaccudukamusi BBIASISICT KPUTEPHUH, CBSI3aHHBIE C TOYHOCTHIO
OLICHKH KOX((DUIIMEHTOB PETPECCHH, W KPUTCPUHU, OMPEICISIONINE OINMUOKY B
OILIEHKE MIOBEPXHOCTH OTKIMKA. Ha chopMynmpoBaHHBIX Ha MAaTEMaTHIYECKOM SI3bI-
K€ KPUTEPUSX ONTUMATBHOCTU CTPOHUTCS BCS TEOPUS MAaTEMaTHUECKOTO TUTAHUPO-
BaHUsI MHOTO(AKTOPHOTO IKCIIEPUMEHTA.

JIroOble SKCTIepUMEHTANIbHBIE UCCIIeIOBAHUS COAEepk AT HEKOTOPYIO Heompe-
JIEIICHHOCTD (OMMOKY, TTOTPENTHOCTH), U AKCIIEPUMEHTATOP JIOJDKCH CTPEMUTHCS HE
UCKITIOUUTD €€, YTO HEBO3MOXKHO, & MUHIMHU3HUPOBATh.

OpHako cienyer OTMETUTh, YTO 3ajadya CO3JaHHs CTPOToro (GopmaibHO-
JIOTUYECKOTO MOAX0/a K Mpo0JieMe SKCIIEPUMEHTa Ha S3bIKE MaTEMAaTHUKH TTOKa He-
JTOCTIDKAMA, TaK KaK JIOOOW IKCIIEPUMEHT B 3HAYUTEIHHOW MEpEe CBSI3aH C IBPH-
CTUYECKOU JIeATeTbHOCTBIO.

PaccMmoTpum kputepun onTUMaIbHOCTH (DaKTOPHBIX MJIAHOB, IMO3BOJISIONINE
OLICHUTH K0P PUIIMEHTHI perpeccuu. /st aToro ooparumcsi, HanmpuMep, K MaTpuIle
IUIAHUPOBAHUSI — YCIIOBHOMY OOO3HAYEHHIO COYETAHUN YpOBHEH MEpPEeMEHHBIX
(bakTOpOB, COOTBETCTBYIONINX YCJIOBUSIM MPOBEACHUS OTJAEIBHBIX YKCIIEPUMEHTOB
(puc. 6.1), 1 pacCMOTPUM 3TH yCIIOBUS.

K IlepemenHbIe ak-
N TOPBI

X1 Xy X3

1 -1 -1 -1
2 | -1 -1 +1
3| -1 +1 -1
4 | -1 +1 +1
5| +1 -1 -1
6 +1 -1 +1
7 +1 +1 -1
8 +1 +1 +1

Puc.6.1. MaTpunia miaHupoBaHus JByXypPOBHETO
Tpex(haKTOPHOTO IKCIIEPUMEHTA

1. YcnoBue opTOoroHanbHOCTH, 0OECIeUnBAIONIEEe MOJYUEHHE HE3aBUCHUMBIX
OLIEHOK KOA((PUIIMEHTOB PETPECCUU U X AUCTIEPCHIl.

1.1. YcnoBue opTOroHaJbHOCTH K CTOJOIY HJIM YCIOBUE CUMMETPUYHOCTH
riacut: “Anredpamdeckas cymMma 3JIEMEHTOB JIFOOOTO CTOJIONA MAaTPHIIBl TUTAHU-
pOBaHUS paBHA HYJIO’, T.€. IUIAHBl CUMMETPUYHBI OTHOCUTEIBHO IIEHTpa JKCIIe-
pUMEHTA.
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%xﬁ o, 6.1)

r7e j — Homep (hakTopa; i — HOMEep OmbITa (CEpUU OIBITOB).
1.2. YcnoBue mapHoi OpTOroHanbHOCTH: “CymMMa IMOYJIEHHBIX MPOU3BEIC-
HUI JBYX JIIOOBIX Pa3HBIX CTOJIOIIOB MaTPUIIbI TUIAHUPOBAHUS pPaBHA HYJIIO .

N
ZXik 'Xij=0,k¢J. (62)
i=1

OTO CBOMCTBO IO3BOJISICT yIpouaTts Uik yCIIOXKHATE MOJICIIN, HncC-

KJItouas Uiy A00aBisia KodPuimeHTsl 0e3 nepecuera yke HalJIeHHbIX MmapaMeT-
pOB.

2. YcnoBue HOPMHUPOBKHM: CyMMa KBaJIpaTOB AJIEMEHTOB JIFOOOTO 1-T'0 CTOJO-
11a MAaTPUIIbl PaBHA YKCITY ONBITOB (cepuit onbIToB) — N.

%xfi N, (6.3)

B cOOTBETCTBUU C 3TUM MOJOKEHHEM KO3(P(PUUMEHTHl ypaBHEHUSI perpec-
CUU OTIpeAesItoTes: (hopMyIaMu:

N
bj = N_l'ZXij Vi, (J = 1, 2, 3k), (64)
i=1
a UX JUCICpPCusd
2 Sy
Sb = N.-n' (65)

rac Sf, - AUCTICPCUA BOCIIPOHU3BOANMMOCTH OIIBITOB; N — YKMCJIO MAapaJlJICIIBHBIX OIIbI-

TOB.

3. A — oNTUMaNBEHOCTH (OT AHTIUHCKOTO TEPMHUHA average variance — cpe/l-
HASl IUCTEPCHUS]) COOTBETCTBYET IUIaHAM C MHUHHMMAJIbHOM CpelHell aucnepcuei
OIICHOK KO3 HUIIMEHTOB PETPECCUM.

4. D - ontumanbHOCTh (10 HayaiubHOW OyKBE aHIJIMICKOTO CJIOBA
determinant— ompenenuTens) odecrnedynBacT MUHUMYM OOOOIICHHOM AMCIIEPCHU
BCEX OIEHOK KO3 (PUITMEHTOB PErpecCcum.

5. E — ontumansHOCTh (OT aHrimumiickoro eigen value — coOCTBEHHOE 3Haye-
HUE) HE JTOMYCKAeT HAJTUYHE CIIMIIKOM OOJBIINX AUCIICPCUN Y HEKOTOPBIX OIEHOK
KO2(PUIIMEHTOB perpecCum.

KpurepusMu onTUMaabHOCTH TUTAHOB, CBSI3aHHBIX C OIMMOKAMH B OIICHKE
MIOBEPXHOCTHU OTKIIMKA, OYAYT CICTYIOIINE.

6. HachileHHOCTh TUIaHa — NPUOIUKEHHUE YUCTIa OMBITOB K YHCITy Kod(du-
IIMEHTOB YPAaBHEHUS PETPECCUU. ITOT KPUTEPU BCTYIAET B MPOTUBOPEUHUE C HKe-
JIAHUEM SKCTIEPUMEHTATOPa MAKCUMAIBHO COKPATUTh YUCIIO OMBITOB.

7. KOMIO3UITMOHHOCTh — BO3MOKHOCTh TEpPEX0Jia OT MPOCTHIX MOJEIEH K
0oJiee CIIOKHBIM TIPU COXPAHEHUH PE3YJIHbTaTOB MEPBOHAYATIBHBIX I1Ar0B.

8. PoraTabenpHOCTD (OT aHrIHMiicKOro rotatable — crmocoOHBIN K BpPAIICHHIO)
— 3TO HAJIMYHUE OJMHAKOBOM HCIIEPCUU BO BCEX HAIPABIEHUSX (PAaKTOPHOTO IMPO-
CTpaHCTBa HAa PABHBIX PACCTOSHUAX OT IIEHTpA IJIaHa.
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9. G — onTuManbHOCTH (OT aHTIIMKCKOTO general variance — oOmias qucmnep-
CHsl) MUHIMH3UPYET MaKCUMaJIbHO BO3MOXHYIO JUCIICPCHIO MTPEICKa3aHUN — JHC-
MIEPCUIO IKCTPAIOIMPOBAHHBIX (MTPOJOHKCHHBIX 32 PaMKH 3KCIIEPUMEHTA) 3HaYe-
HUU BBIXOJA.

10. Q — onTUMaNTBHOCTP MUHUMHU3HPYET CPEIHIOI0 JUCIEPCHIO TMpecKa3a-
HUM.

11. Bo3M0OXHOCTB TIpeoOpa3oBaHusl HE3aBUCUMBIX (PAKTOPOB (MIEPEMEHHBIX )
IIPY COXPAHCHUH ONTUMAJILHOCTH TIIaHA.

Crnemyer OTMETHTH, YTO CYHIECTBYET emie Oosiee 10 KpuUTeprueB ONTHMATh-
HOCTH (paKTOPHBIX TUIAHOB, HO OHU MEHEE BaXKHBI.

6.1.4. 3agaum, pemaembie GaKTOPHBIMH IVIAHAMM

Bce skcnepuMeHTallbHbIE 33[]ay, PElIaeéMble C MOMOIIBIO ONTUMAJIbHBIX
(haKTOPHBIX TJIAHOB, MOXKHO Pa3/ICTUTh Ha IBE TPYIIIIHL:

- ONITUMU3AIIMOHHBIE WJIM SKCTPEMaJIbHbIC 3a/1a4H,

- 33J1a4¥ OMUCAHUSI WJIM UHTEPIIOJISIIMOHHBIC.

OnTuMHU3alMOHHBIE 3a/1a4M CBSI3aHBI C HAXOXKJIEHUEM SKCTpEMyMa IMOBEpX-
HOCTH OTKJIMKa, 00ECIEUYMBAIOIIET0 ONTUMAJIbHOE (PYHKIMOHUPOBAHHE paccMaT-
pUBAaEMOM CUCTEMBI.

Hampumep, ontumuzanus coctaBa ciuiaBa. GakTopaMu sSBISIOTCS MPOLICHT-
HOE COJIEp’KaHUE JICTUPYIONIUX KOMIIOHEHTOB, a BBIXOJOM — HauOOJbINas Mpod-
HOCTh CIUIaBa. 3JIeCh BEIWYMHA IKCTPEMyMa BbIXOJa M ONTHUMAJIbHBIC 3HAYEHUS
dakTopoB 3apaHee HEW3BECTHBHI. [[1s1 MOMOOHBIX 3a7ad XapaKTEPHBI HECKOJIBKO
CIIy4acB.

1. ImeeTcss HECKOJIBKO 3KCTPEMYMOB. 3]1€Ch CPEIM YACTHBIX 3KCTPEMYMOB
HEO0OXO0IMMO HAaWTH TI100aJIbHBIN.

2. OnTuMasibHAas BEJIMYMHA IMAPAaMETPa ONTHMM3AaLMM MUMEET HEUHMCIIOBOE
OJIHOCTOPOHHEE JIOTMYecKoe orpannyeHue. Hampumep, nmpuBec OpoiiepoB WM
MUHUMYM ceOecToMMOCTH u3aeius. [IoOHATHO, 4TO Henb3s 00eClneYuTh MPHUBEC
Opoiinepa 6oJibliie, Y4eM BEC KyPHIIbl, MJIM CBECTH CE0ECTOUMOCTh K Hy:It0. OJIHAKO,
CTPOT0 TOBOPS, B HAIIIEM CIIy4ae OrpaHUYEHHE OTCYTCTBYET, TAK KaK ONTUMHU3HPY-
€MbI€ XapaKTEPUCTUKU MOTYT U3MEHATHCS OCCKOHEUHO, HO TIPH YMEHBIIICHUH BE-
JUYUHBI STOTO U3MEHCHUS.

3. OnTuMyM BBIXO/Ia UMEET KOHKPETHOE OJTHOCTOpOHHEE (pu3nyeckoe orpa-
Hu4YeHue. Hampumep, BBIXOJ TOJHOTO Ha JUTHE WM PACXO0Jl MOEYHOTO PacTBOpA.
N3BecTHO, UTO BBIXOJ FOJAHOTO HE MOXKET npeBbicuTh 100%, a MUHUMaNbHAsE HOP-
Ma MOEUYHOTO pacTBOpa JIOJKHA 00€CIeunBaTh CMauyMBaHUE BCEW OUMINAEMOU TO-
BEPXHOCTHU. 3/1eCh ONTUMYM ACUMIITOTHYECKH MPUOTMKACTCS K OTPAHUYCHUIO, HO
HE J0JKEH KOTa-1100 €ro NpeBbICUTb.

HakoHner, onTUMyM MOET HOCHTh Ka4eCTBCHHBIM XapaKTep OJHOTO W3 He-
CKOJIbKUX BapUaHTOB (TEXHOJIOTMYECKUX IPOILIECCOB, KOHCTPYKIIMI armapaTos,
paboThI OTIepaToOpPOB).
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JUIsl KaXXZI0ro citydasi MMEETCSl HEKOTOpasi ONTHUMAJIbHAsI CTpATerus, HO He
Bcerzaa (popMaan30BaHHasl, a Yalle BCEr0 OCHOBAHHAs HA OMbBITE U MHTYUIUHU JKC-
IIEpUMEHTATOpA.

3aauyn ONMCaHUs HOCIT MHTEPHOJSLUOHHBIN XapakTep. @opmupyercs pac-
yeTHas (opMyIia — MOJEIb AJIsl ONpeAeSICHUs MapaMeTpa BbIX0/a B JIIOO0H TOUKE
UCCIIEJOBAaHHOTO Juamna3oHa (axtopoB. Hanpumep, dhopmyna mexaHuueckoil oo-
paboTKH, CBSI3bIBAIOIIAsl CKOPOCTh pe3aHus V ¢ MIyOMHOM t, mogauel S u cToiiko-
CTBIO MHCTpYMeEHTa T:

ve__Sv (6.6)
tXv.g¥v .M

WNHorna, eciin HEBO3MOKHO MOCTaBUTh HKCIIEPUMEHT BO BCEM paccMaTpuBa-
€MOM Juana3oHe (PaKTOPHOrO MPOCTPAHCTBA, MOJIYYEHHbIE MOJEIU HCIOJIBb3YIOT
JUISL SKCTPAITOJISILMKM BBIXOJA, MPOTHO3MPOBAaHUs NOBEACHUS cHUcTeMbl. OlleHKa
TOYHOCTH PE3YJBTATOB OCYIIECTBISIETCS AUCHEPCHEN MPEICKA3aHUM, a IJIaH JKC-
NEPUMEHTA JI0JKEH 00J1a/1aTh pOoTaTadeIbHOCTHIO.

Haxonen, s 3KCTpeMalIbHBIX 3aBUCHMOCTEM, KOTZIa W3BECTEH ONTHUMYM
BBIXOJIa M €ro JOMYCTUMBbIE KOJieOaHUsl, UHTEPIOJALMOHHAs (JIMHEapu30BaHHAas
WIM KBaJpaTU4Has) MOJIETb MO3BOJSET PAaCCUUTATh JIONMYCTHUMBIA pazopoc (akro-
pOB, 0OecTIeYrBarOIIMX KojeOaH!e BbIX0/1a B 3a/IaHHBIX Mpeesax.

B 3aBHCHMOCTH OT CTENEHM KPHUBHU3HBI MOBEPXHOCTH OTKJIMKA OHA MOXET
ObITH ONMHMCaHa JMHEHHON (DYHKIHMEW OTHOCUTEIBHO MEPEMEHHBIX W HEIMHEHHOM,
HaIpuMep, KBapaTH4HON. BbIOOp m1aHa sSKCepUMEHTAIBHBIX UCCIIEIOBAHUI TTPH
OTCYTCTBHUH allpUOPHON MH(POPMAIMH OCYILECTBISETCS HA OCHOBE JIMYHOTO OIbITa
UCCIIE0BATEIIA.

Takum oOpa3om, SKCIIEpUMEHTATOP OOOCHOBBIBACT THI 3aJlayH, BHIOOP OTI-
TUMAJIBHOTO IUIAHA, €r0 PEaIu3alyi0 U NPHUHIATHE COOTBETCTBYIOIIMX PELICHUN
IIOCJIE aHAJIN3a MTOJIYYEHHBIX PE3YJIbTATOB.

6.1.5. Kpurepuii onTumMu3anuu

[Ipy mocTaHOBKE ONTUMHU3AUMOHHBIX 337a4 OYEHb BaKHO IMPABWIBHO OIpe-
JENUTh MapaMeTp, KOTOPbIM TpeOyeTcss ONTUMHU3UPOBaTh. JTa 4acTh MCCIENI0Ba-
HUI He mojjaaercs popMalIu3aliyi U LEIUKOM 3aBUCUT OT ONBbITa U UHTYULIUHU HC-
CJIe10BATENs.

[TapameTp onTUMH3ALUU SIBISIETCA peakuend (OTKIMKOM) UCCIETyEMON CH-
cTeMbl Ha Bo3zeiicTBue pakTopoB. [lockonbky peakius J000ro 00beKTa UCCIIen0-
BaHMI BeChbMa MHOIOrpaHHa, HEOOXOJMMO BHIOPATh aCMEKT peaKiUu, MpPeCTaB-
JSIOIIMKA HAauOOJIbIIUMN UHTEPEC, TO €CTh MapaMeTp ONTUMHU3ALMH SBISIETCS KOJIH-
YECTBEHHOW XapaKTEPUCTUKOU €U UCCIIEIOBAHUM.

B kauecTBe ONTUMHU3UPYEMBIX XapPAKTEPUCTUK B PA3JIUYHBIX CUCTEMAX MO-
I'yT OBITH BBIOPAHBI CIIEAYIONINE TTapaMETPHI:

1. TexHOIOrNYECKHE, CBSI3aHHBIE C IPOLIECCOM IPOM3BOACTBA (KMPHOCTh
MOJIOKA, TBEpAOCTh METAJIA),
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2. KoHCTpyKTUBHBIE, ONpPENENsIonie KOHCTPYKINIO (3a30p B MOAIIUITHUKE
CKOJIBKEHHUSI, TOJIIIMHA CTEH CTPOCHHUS ),

3. MarepuasnoBeauecke, XapakTepu3yIolue CBONCTBA UCIOJIb3yEMbIX Ma-
TepHUayoB (IPOYHOCTh KUPIUYA, HETOPIOUECTh OOJIUIIOBKH).

4. DKCIUTyaTallMOHHBIE, CIIyKalllue OIEHKON padoThl cucTeMBbI (pecypc BU-
raTessi, U3HOCOCTOMKOCTh MOJIOIIBHI).

5. DKoHOMHUYECKHUE (CE0ECTOMMOCTh, PEHTA0EIBHOCTB ).

[IpeAnoYTUTENBHO HMCHOJB30BATh KOJIMYECTBEHHBIE MapaMeTphbl, HO MOTYT
OBITh BEIOPAHBI U KAYECTBEHHBIE:

— TUI TEXHOJIOTMYECKOTO MPOIECCAa U3TOTOBIICHHS KAKOW-JIMOO JETaNH;

— pa3IMYHbIE KOHCTPYKIIMH HEKOTOPOTO Y3J1a;

— MapKa WK CTPYKTypa MPUMEHSIEMOI0 MaTepuaia;

— PEMOHTONPUTOAHOCTh UJIU PE3EPBUPYEMOCTH;

— HEOOXOJIMMOCTh B KAIIUTAJIbHBIX 3aTPaTax.

Jlist mepeBojia KaYECTBEHHBIX MMapaMETPOB B KOJIMYECTBEHHBIE MOKET OBIThH
UCITIOJIb30BaH, HANpPUMEp, PAHTOBBIM MOAXOJ WIM pa30MEHUE MaTPHIIbl SKCIEpH-
MEHTAJILHOTO TUIaHA Ha OJIOKH.

JIBrkeHnue B (hakKTOPHOM IMPOCTPAHCTBE K ONTUMYMY BO3MOYKHO, €CJIH BbI-
OpaH OJWH €IMHCTBEHHBIM MapameTp OonTUMU3auu. [Ipy HaIMYKMKU HECKOJIBKUX
napaMeTpoB (Harpumep, TOYHOCTb, CE0ECTOMMOCTh, PECYPC) BCE, KPOME OAHOTO,
BBICTYTIAIOT y>K€ HE MapaMeTpamMu ONTUMHU3ALNH, & OTPAaHUYECHHUSIMU (ONTUMYM pe-
cypca MpU YCTAaHOBJICHHOM TOYHOCTHU U C€0€CTOMMOCTH).

OcHoBHbIE TpeOOBaHUA K MapaMeTpy ONTUMHU3ALMH MOXKHO c(hopMyIupo-
BaTh B CIEAYIOIIEM BHUJIE:

1 — mapameTp oNTUMH3AIUHU JOJHKEH ObITh KOJTMUYECTBEHHBIM;

2 — U3MEPSEMbIM;

3 — TOJDKEH BBIPAXKATHCS OJHUM YHCJIOM (HAmpuUMep, COOTHOIIIEHUE KOMIIO-
HEHTOB A : B =3 : 2 BeIpakaeTcs OMHUM 4rciioM — 1,5);

4 — OBbITh OAHO3HAYHBIM B CTATHCTHYECKOM CMBbICIIE (33JaHHOMY HabOpy
(aKTOpOB COOTBETCTBYET OJTHO 3HAYEHUE BHIXOA);

5 — 5(Q¢deKTUBHBIM B CTATUCTHYECKOM CMBICJIE, T.€. OMNpEAeIsieMbIM C
HauOOJIbIIIEH JOCTHIKUMOIN TOYHOCTEIO;

6 — CyIIeCTBYIOIINUM I BCEX UCCIENYEMBIX COCTOSHUN CHUCTEMBI (00JacTh
€ro ONpEeaEICHUS MOKET UMETh OTPAaHUYEHUS);

[ — yHMBepCaJbHBIM WK 00Ja1aTh MOJHOTON — CIIOCOOHOCTHIO BCECTOPOH-
HE XapaKTepU30BaTh OOBEKT;

8 — C KOHKPETHBIM (PU3UYECKUM CMBICIIOM (110 BO3MOXHOCTH);

9 — IPOCTHIM U JIETKO BBIYUCIISIEMBIM.

TpebGoBanue (HU3NUECKOTO CMBICIIA CBSI3aHO C MOCIEAYIONIEH WHTEpIpeTa-
MeN pe3ysIbTaTOB SKCIEPUMEHTOB. JIErko MOHATh TEPMUHBI "HAaMOOJIbIIAS POU3-
BOJIUTENBHOCTE" WK "ToyHoCTh". Ho Koraa juisi mapaMeTpoB BBIXOJA HE BBINOJI-
HsEeTCS TpeOOBaHHME CTATHCTHYCCKON A((PEKTHUBHOCTH (HAIIPUMEP, OTHOPOIHOCTH
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AMCIIepCuii), mpuOerarT K mpeodpa3oBaHuio Beixoaa. Hampumep: In y win sin.Jy

Y CTAHOBUTCS HESCHBIM, YTO 3HAYUT SIKCTPEMYM BBIXO/IA.

[IpakTrueckn Bceraa pe3ynbTaThl HCCICIOBAHUS CIOKHBIX OOHEKTOB MOTYT
OBITh TIPEACTABIEHBI KaK 3ajlaud C HECKOJbKMMH BBIXOJIHBIMU Tapamerpamu. B
ATOM CJIy4ae MOKHO IMOJYYUTh MAaTEMAaTUUYECKUE MOJICIIH JJIsl KaKI0ro nmapamerpa
BBIX0/1a, HO ONTUMU3UPOBATH OJHOBPEMEHHO HECKOJIBKO (DYHKITUH HEBO3MOKHO.

N3 monoxxeHust MOKHO BBIMTH ABYMSI CIIOCOOaMU: 000CHOBATh OTKa3 OT BCEX
BBIXOJIOB, KPOME OJHOTO, MJIM BBECTH HOBBIN €IMHBIA 000OIICHHBIA KPUTEPHH.

B mepBoM ciyuae MOKHO BBIOpaTh OJHY HanOoJiee BaXKHYIO (DYHKIIHUIO, HC-
XO/Isl M3 ONbITa MCCIEAOBATENSl W UEJIeH AKCIEPUMEHTA, WU BOCIOJIb30BaThCS
JAHHBIMHU KOPPEJSIITUOHHOTO aHanu3a. [Ipu 3ToM MeXy BCeBO3MOKHBIMH MapaMu
rapaMeTpOB BBIYUCIIAETCA KOI(PPHUIIUSHT TapHON KOPPEIAINN — Mepa CBSI3H MEX-
Iy IBYMS CITydaliHBIMU BellnurnHaMu. CHIIbHAs KOppesaimonHas cBs3b (0oiee 0,8)
IIPU BBICOKOH JT0CTOBEpHOCTH (00b19HO 0,95 mpu umciie creneHei cBoooasl =N —
2) T03BOJISIET UCKIIOUNUTh M3 PaCCMOTPEHHS JTI000H U3 JBYX aHAIU3HPYEMBIX I1a-
paMeTpOB KakK HE COJAEp AU JOMOIHUTENbHON nH(popMauu 006 00BEKTE HCclie-
JIOBaHUM.

['opazno mepcrnekTuBHEE MPEACTaBISIETCS BTOPOMl MyTh — BBEJEHUE 0000-
HIEHHOT'O MapaMeTpa onTuMu3anuu. s 3Toro HeoOXOAMMO MPEIBAPUTEIHHO pe-
IIMTh TPU BOIPOCA:

- IPUBECTH BCE TapaMeTPhl BBIXOa K CPAaBHUMOMY Oe3pa3MepHOMY BHUY,

- BBECTH JIJI BCEX MapaMeTPOB OJHOTUITHYIO KAy U3MEPEHUM,

- BEIOpATh MPaBUJIO0 OOBEIUHEHHUS HECKOJIBKUX YaCTHBIX OTKJIIMKOB B €IUHBII
000OIIIEHHBII.

6.1.6. IlepemenHbie GaKkTOPbI

HccnenoBanue m000ro 00beKTa — 3TO U3yYEHUE €r0 peakliy Ha BHEIIHUE
Bo3nericTBUs WK ¢daktopsl. CienoBareabHO, PaKkTOp MPEACTaBIseT cOO00M n3Me-
pAEMYI0 IEPEMEHHYIO BEJINUMHY, IPUHUMAIOIYIO0 B HEKOTOPBII MOMEHT BPEMEHHU
OINPENEIIEHHOE TUCKPETHOE 3HAYEHHE.

Kaxnpiit ¢paktop mmeer o0gacTh onpeAesieHus] — COBOKYITHOCTh MHOKECTBA
3HAYEHUI, KOTOPBIE OH MOXKET IPUHUMATb.

@akTopbl MOTYT OBbITh KOJIMYECTBEHHBIMHU (BEJIMYMHA MOTPEIIHOCTH, TBEP-
JIOCTh Marepuaia U T.I.) U KaYECTBEHHBIMU (Pa3IMYHbIE TEXHOJOTUYECKHE MPO-
LIECChI, pa3HbI€ onepaTopsl U T.1.). KauecTBeHHbIE (aKTOPhl MOTYT OBITH MEpeBe-
JIEHBI B KOJINYECTBEHHbIE, HATIPUMED, PAHKUPOBAHUEM.

@dakTopbl MOTYT OBITH pa3MEpPHBIMHU (MPOYHOCTh, MPOLEHTHBIM COCTaB) U
0e3pa3MepHBIMHU (paHr, OTHOCHTENIbHAS AedopmMaliusi); ¢ JTUCKPETHON 00J1acThiO
omnpenesieHus: (pa3Mepbl) U HENPEPHIBHOM (Bpemsi, TemmepaTrypa). B mociennem
cllydae 3KCIEPUMEHTAaTOp BHIOMpAeT HEKOTOPOE MHOKECTBO TUCKPETHBIX 3Haue-
HUll (paKkTOpa, Ha3bIBAEMBIX YPOBHSIMHU.
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Bri6op ypoBHe# (pakTOpoB U, B 3HAUUTEIHHOW CTEIEHHU, OTOOP 3HAYMMBIX
(bakTopoB U3 MX OOIIEro KOJUYeCTBa SBIsAETCS HEeOPMAIM30BAHHOW 3BpUCTHUYE-
CKOM 3a/iayeil (HecMOTpsl Ha anpuopHYI0 uHpopmaluio). Perenne noqoOHbIX 3a-
J1ay 11eJIMKOM 3aBUCUT OT UHTYHUIMH U OIbITA YKCIIEPUMEHTATOPA.

@dakTopbl TOKHBI OBITH YIPaBISEMBIMH, T.€. MO3BOJSATH HCCIEIOBATEIIO
yCTaHaBJIMBaTh TpeOyeMoe 3HaueHue (YpoBeHb) dakTopa U MoAJIepKUBATh €ro mo-
CTOSIHCTBO B T€UEHHE BCETO IKCIIEPUMEHTA.

PaccMmoTpuM mporecc n3MepeHus HEKOTOPOW JE€Talld M BIUSHUE BHEUIHUX
(GakTOpoOB HAa €ro TOYHOCTh. YTPABIAEMBIMH (DaKTOpaMH MOKHO CUUTATh TOY-
HOCTh M3MEPHUTEILHBIX TPHUOOPOB, KBM(PUKAUIO (pa3psi) omepaTopa, OCBEIICH-
HOCTh pabouero mecta u npod. K HeymnpasisieMbiM (hakTopaMm MOKHO OTHECTH ca-
MOYYBCTBHE OIlEpaTOpa, TEMIIEPATYPy M BIAXKHOCTb B LeXe U T.I. OUYEBUIHO, YTO
[P [JIAHUPOBAHUM SKCIIEPUMEHTAIBHBIX UCCIEI0BAHUN BO3MOXEH YYET TOJIBKO
yIpaBisieMbIX (aKTOPOB, a HEYIPaBIsIEMblE CIEAYET OTHECTH K IIyMOBOMY IOJIO
IIyTEM PaHJOMH3aLUH OIBITOB.

Bce (akTopbl 10KHBI OBITH OIHO3HAYHBIMU, T.€. HE SBIATHCA QYHKIUSAMU
npyrux (axktopoB. B mpoTUBHOM cilydae MX TPYJHO, a 3a4acTyl0 HEBO3MOXKHO
HOJIIEP’KUBATh HA YCTAaHOBJIEHHBIX ypOBHsX. [IpumepaMu 01HO3HAYHBIX (AKTOPOB
SBIJIAIOTCS TEMIIEpATypa, pa3Mep, JaBJICHUE; HEOJIHO3HAYHBIX — IOTPEIIHOCTD, Xa-
pakTep TemmeparypHoil GyHKUMU B peakTope. B mociegHem ciydae MOKHO J10-
OUTHCS OAHO3HAYHOCTH, UCIOJb3YS MPU JIMHEWHOM POCTE TEMIIEPaTypbl TAaHT€HC
yria HaKJIOHA NPSAMOM, a IPU HEJIMHEHMHOM WJIM CMEIIaHHOM 3aKOHE — HOMEp TEeM-
NepaTypHOU KPUBOM.

Bce ucnonbszyemblie B 3KCriepuMeHTe (haKTOPhI JOJKHBI ObITh HE3aBUCHUMBI,
T.€. TIOOOW YPOBEHb KaXJIOro (hakTopa MOXKET ObITh YCTAHOBJIEH HE3aBHUCHUMO OT
BEJIMYMHBI YPOBHEH OCTalbHBIX (PakToOpoB. Eciu 3T0 ycioBHE HEBBIIOJIHUMO, TO
HEBO3MOYKHO IJIAHUPOBATh IKCIIEPUMEHT.

Hanpumep, B HEKOTOpOW TEPMOAMHAMUYECKON CHUCTEME MPU BBIIIOJIHEHUU
3akoHa MenpaeneeBa—Kmnaneiipona (p-V = ¢-T) Henb3st OAHOBPEMEHHO HE3aBUCUMO
yCTaHOBUTH naBiieHue P, o0beM V u temneparypy T, Tak Kak mo JtoObIM JIByM
(dakTopam MOKeT ObITh BbIYMCIIEH TpeTHil. [l03TOMY B IIaH 3KCEPUMEHTA MOKHO
BKJIFOUUTH JUIIbL JiBa J0ObIX (aktopa: Pu V, P u T, V u T. UnsiMu ciioBamuy,
MEXIy BbIOpAaHHBIMU M BKIIIOUEHHBIMH B IUIaH 3KCOEpUMEHTa (HakTopaMu He
JOJKHO OBITh JIMHEWHON KOPPENSALUOHHON 3aBUCHMOCTH.

BriGpannbie GpakTopbl JOKHBI OBITH COBMECTHMBI, T.€. BCE X KOMOMHAIINH
SBIISIIOTCS OCYIIECTBUMBIMU U Oe3omnacHbiMH. HecoBMecTHMBIM OyaeT MOMbITKA
CIUIaBUTH 0JI0BO U rpadut. HecoBmecTMO BO3/EHCTBYE HA TIUIEPUH CMECU Cep-
HOM M a30THOM KHCJOT, MOTYIIIEe MPUBECTU K B3PHIBY 0Opa30BaBIIErOCs HUTPO-
rnunepuna. MHorna go6uThesi coBMecTUMOCTH (aKTOPOB MOXKHO YMEHbBIIIEHUEM
JMana3oHa uX BapbUPOBAHHUS.

Haxkowner, cienyeT UMETh B BUJY, YTO TOUHOCTb (PUKCAIIUN YPOBHEW JOJKHA
OBITH BBIIIEC, YEM TOYHOCTb M3MEpPEHHUs Mapamerpa onTUMu3auuu. B mpoTuBHOM
cillydae BO3HUKAIOT 3aTPyIHEHMs (CTaTUCTUYECKAas HEOJHOPOIHOCTb, 3HAUUTEIb-
Hasl MOTPENIHOCTD BbIX0J1a) B 00pabOTKe pe3yIbTaTOB IKCIIEPUMEHTA.
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Jlns ycrenrHoro BbIOOpa OCHOBHOTO (HYJIEBOTO), a TakKe HAauOOJBILEro U
HAaMMEHBIIIETO YpPOBHEN (DAKTOPOB HEOOXOAMMO YUYUTHIBATH AlPUOPHYIO HHGOP-
MalMi0 O TOYHOCTH (PUKCHPOBaHUS (PAKTOPOB, MOTPEUTHOCTH MMapaMeTpa ONTUMHU-
3allMM, UHTEHCUBHOCTb BIIUSHUS TOTO UM MHOTO (haKTOpa Ha BBIXO/I.

[Ipu BBIOOpE MUarna3oHa BapbUPOBAHUSI OTOOPAHHBIX (DAKTOPOB HAYMHAIOT C
Ha3HAYEHUsI OCHOBHOI'O YpOBHS (IIEHTpa dKCIEpUMEHTalIbHOTO 1u1ana). [lpu onrtu-
MU3AIMOHHBIX 337]a4aX B KaueCTBE HEr0 BBHIOMPAIOT ONTUMYM BBIXOJHOTO Mapa-
MeTpa, a TMEepBOHAYAIBHBI WHTEPBal BapbHUpPOBaHUS (HAaKTOPOB BBHIOMPAIOT He-
O00apIIMM. DTO MO3BOJIAET MOJYyYaTh JIMHEMHBIE MOJIETU U BbIPaOOTaTh CTPATETHIO
MIOIIIArOBOTO JBM)KCHUS K ONITHMYMY.

[Ipy MHTEPHOIALUOHHOM XapaKTEpe IKCIEPUMEHTAIBHBIX 337a4 CTapAKOTCS
KaK MOXHO OOJIbIIIe pacIIMpUTh Juana3oH BapbupoBaHud. [Ipu sToM, Kak mpaBu-
J10, TIOJTYYar0TCs HETMHEHHbIE PErPECCUOHHBIE MOJIETH.

B 3aBuCHMMOCTH OT COOTHOIIICHUSI HHTEPBAJ BapbUPOBAHUS — 00JIACTh OMpe-
nenenus ¢akrtopa paznuydaroT y3kui — 0,0 , cpeaauii — 0,3 u mmpoxuit — 6o1ee 0,3
WHTEPBAJIbI.

Heobxoaumoe uucio ypoBHel (hakToOpoB BeIOMpAIOT B 00IEM Ciiydyae B 3a-
BUCUMOCTH OT KPHUBHU3HBI IMOBEPXHOCTU OTKIMKA B (PAaKTOPHOM MPOCTPAHCTBE.
HeobxoaumMo MOMHUTH, YTO KOJIMYECTBO YPOBHEH (hakTOpa BIUSET HA MOPSIOK
NOJIMHOMUAJILHOW MOJIEIH, a KOJIMUYECTBO ONBITOB ONpeAeseTcss GopMyioit

N = M¥, (6.20)
rae M — uncino ypoBHe# kaxaoro (akropa; K — dncio mepeMeHHbIX (aKTOPOB B
HKCIIEPUMEHTE.
HyneBoii nnu cpeanuii ypoBeHb (hakTopa MOKET ObITh HalJEH U3 BhIpaXKe-
HUS
X;, = X ] min _;ijax ’ (6.21)
TAC Xj ., Xj,» Xj, — COOTBETCTBCHHO HAaWMEHbIIMHA, CPEIHHI W HAUOOJBIINI
YPOBHH |-TO (paKTopa.
Benuuuna nHaTepBana BapbupoBaHus (pakTopa paccuuThiBaeTcs 1o hopmysie
= Lol (6.22)

CrnenyeT OTMETHUTb, YTO MHTEPBAJI BAPHUPOBAHUS HE JIOJDKEH OBITH MEHBIIE
MOTPENTHOCTH, C KOTOPOI GUKCUPYETCS ypOBEHb (hakTopa.

C nenpro 00JIETYCHUS U YIIPOIIECHUS PACUETOB MPU 00pabOTKE IKCIIEPUMEH-
TaJbHBIX PE3YyJIbTATOB, & TAKXKE JIS BO3MOXKHOCTH HCIIOJIH30BAaHUS CTaHIAPTHBIX
MJIAHOB DKCIIEPUMEHTOB (DakTophl KoaupytoTcs. [Ipu 5ToM Bce BBIYUCICHUS TPO-
U3BOJATCS B Oe3pa3MepHON CHUCTEME KOOpAWHAT — KOAMPOBAHHOW CHCTEME.
HauGonbmeMy ypoBHIO (pakTopa mprcBanBaeTcsi 0003HaueHue “+1”°, HauMeHbIIIe-
My “—17, a cpennemy “0”.

KoaupoBanue — 310 JnHelHOE npeoOpa3oBaHne HaTypaIbHBIX (pa3MEpHBIX)
ypOBHEH (PakTOpoB B KOAOBBIE Oe3pa3MepHble BeauuMHbl. [lepexos ot Hatypaib-
HBIX Xj K KOAUPOBAHHBIM X IEPEMEHHBIM OCYHIECTBISETCS 110 hopMyJIe
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NI B 2:(X) =X )
) AXJ'

= +1. (6.23)
Xj max Xj min
KOI[I/IpOBaHHOG IMPOCTPAHCTBO (HpH YUucJie (b&KTOpOB-OCGfI OoJee TPCX — I'-
HCpHpOCTpaHCTBO), Ha OCAX KOTOPOI'0 OTKJIAABbIBAKOTCA 3HAYCHHA BAPbUPYCMBIX
q)aKTOPOB, Ha3bIBACTCA (1)aKTOpHI>IM.
Takum 06p330M, IIpH pCIICHUH OIITUMHU3AIINOHHBIX 3a/1da4 Mbl HAXOJHUM JKC-
TPEMYM IMapaMCTpa OITHUMH3AIHNH, a IIPU PCHICHUU HMHTCPIIOJMIIMOHHBIX 3aJ1a4 —
OIIMCBIBACM IIPOLECCC €T0 UBMCHCHU B CI)aKTOpHOM IMPpOCTPaHCTBC.

6.1.7. Il1anbl M0JTHOGAKTOPHBIX IKCIIEPUMEHTOB

B mHacrosimiee BpeMsi OTCYTCTBYET €uHasi BCEOOBEMITIONIAsE TEOPHUST DKCIIEe-
puMeHTa. BpiOop TOro miM MHOTO ONTHUMAJIBHOTO TUIAHA OCHOBBIBAETCSA B 3HAYU-
TEJIHLHOM CTEIEeHH Ha OMbITe MCCIIEOBATENS U JIOTUKE UcciaeaoBaHuil. Maremaru-
YyecKas TeOpusi IKCIIEPUMEHTA HE JIAeT OJIHO3HAYHO ONTUMAIbHBIX PEIICHU.

B 3aBucumocTH OT 3a71a4 MCCIIeOBAHUI CBOMCTB 0OOBEKTA, BHITTOJIHEHUS Ma-
TEMaTHYECKUX OTPAHUYCHHUH U T.II. MOXKHO BBIOpPATh TOT MJIM MHOM KJIacC TUTAHOB —
CTPaTETUIO0 HAYYHOTO ITOUCKA.

Opna u3 knaccu@ukanuil IaHOB BBITVISIAUT CJICAYIOIKUM 00pa3oMm:

- IUTaHbI TUCTIEPCUOHHOTO aHAIN34;

- IUTaHbI OTCEUBAIOIIETO YKCIIEPUMEHTA;

- IUTaHbI MHOTO(AaKTOPHOTO aHAJIN34;

- IUTAHBI IJIs1 U3YYEHUSI TOBEPXHOCTH OTKIJIMKA,;

- IUTaHBI I JUHAMUYCCKUX 3a71a4;

- IUTaHBI IJIs U3YYCHUST MEXaHU3Ma SIBJIICHUH;

- IUTaHBI I TTIOCTPOEHUS JUArpaMM COCTaB — CBOMCTRBO.

[To MeTony aHanmM3a W BHIY MAaTEeMaTHYECKOW MOJEIM BCE IUIAHBI MOYKHO
pa30uTh HAa TPU TPYMIIBL: TUIAHBI IUCIIEPCUOHHOTO, PETPECCHOHHOTO M KOBapHaIlH-
OHHOT'O aHaJIK3a.

ITo urciy ypoBHE# miepeMeHHBIX (pakTOpPOB IIaHbl ObiBatoT 2*-, 3*- u GoJjee
ypoBHeBbIe. Kpome Toro, pasnuyaroT IjiaHbl MEPBOTO MOPSAIKA JJIT TTOCTPOCHUS
JMHEHHBIX MOJENIel, BTOPOrO — JJisi KBaJAPATUYHBIX MOJENIEH U TUIaHBl BBICIIMX
nopsiikoB. B HacTosimiee BpemMst Hanbojee OCBOSHBI M PACIPOCTPAHEHBI CHMMET-
PHYHBIEC JIBYXYPOBHEBbIC IUIaHbI Thma 2% rae K — 4mcio (pakTopoB. DTH ILIAHEL
UMEIOT OJHOBPEMEHHO BCE KPUTEPHUU ONITUMAIBHOCTH.

[Tnanel M300paXkarOTCsl B BHUIE MATPUIl TUTAHUPOBAHWS — TaOJHI, T/E
HanOoJbIee 3HaUCHHE (hakTopa 0003HAYEHO “+”°, a HauMeHbIee “— (puc.6.5).

Kax b1t cTonber B MaTpuIle TUTAHUPOBAHUS HA3bIBACTCS BEKTOP-CTOJIOIIOM,
a CTPOKA — BEKTOP-CTPOKOM.

Jloruka TOCTpOEHUS MATPHIl IJIAHUPOBAHHS JIBYXYPOBHEBBIX IMOJTHO(AK-
TOPHBIX 3KCIIEPUMEHTOB OYEBHIHA: HEOOXOJMMO MOBTOPUTH MPEABIAYIIANA TJIaH
Ha HaUMEHBIIIEM U HauOOJIbIIIEM YPOBHSIX J00ABIISIEMOTO UcclieayeMoro (pakropa.
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Puc. 6.5. MaTpuiibl 1oJIHOTO ()aKTOPHOTO ABYXYPOBHETO 3KCIIEPUMEHTA
(2-4 daxtopa)

6.1.8. Bb10op Moaesin u ee ucciaeg0BaHue

[Ipu TUTaHUPOBAHWUW W peATM3AIMH SKCIEPUMEHTOB BHJ ITOBEPXHOCTH OT-
KJIMKA U OMHCHIBAIONIECH €€ PYHKIIMM, KaK MpaBuiio, Heu3BecTeH. [loaTomy peanb-
Hasi (PYHKIMS OTKJIMKA alIPOKCUMHUPYETCS alreOpandyecKuM MOJIUHOMOM, IONY-
YEHHBIM TPU PA3TOKEHUU HEU3BECTHOM (DYHKIIMU OTKIWMKAa B psan Teinopa B
OKPECTHOCTH JIF000M TOYKU U3 00JIaCTH OrpeaesieHus 3Tol GyHKINU B (aKTOPHOM

npocrpancTse. Toraa:
k k

y=f(Xj)Ebo+ij-Xj+ij|-Xj-X|, J?fl y (624)
j=1 j=1
rae b — koapPuimeHTsr; X — GakTopsl.

[To pe3ynbraram 3KCIEPUMEHTANBHBIX HCCIAEAOBaHUN KOA(D(HUIIMEHTH pe-
I'PECCUOHHON MOJENIN ONPEAENIAIOTCS METOJJOM HAMMEHBIIINX KBaJApaTOB — perpec-
CHOHHBIM aHaJIU30M. Mojiesib Bcerja JuHeHa OTHOCUTENIBHO KOA(DPUIIMEHTOB (HE
nepeMEHHBIX (DaKTOPOB).

[Tpn ogHO(AKTOPHBIX FKCIEPUMEHTAX MOJEIb MOXKET ObITh HHTEPIPETHPO-
BaHa T€OMETPUYECKH B BUJIE KPUBOM Ha IJIOCKOCTH; TP ABYX (PakTopax — 3TO MO-
BEPXHOCTHh B MPOCTPAHCTBE; MpHU Tpex U Oosiee ¢dakTopax MOJECITh MOXKET OBITH
MPEACTaBIICHA TOIbKO OTACIBHBIMU €€ CEYECHUSAMMU.

Onenka k0d(hOUIIMEHTOB MOJETH JOJKHA OBITh COCTOSTEIHHOUM, HECMe-
neHHoM, 3 (PeKTUBHOM U JocTaTOUHON. PaccmMoTpuM 3T0 moapoOHee.

OrneHka COCTOATENbHA, €CJIM TIPH YBEIMYCHUH 00beMa BBHIOOPKH OHA IMPHU-
OJIMIKAeTCsl K MCTUHHOM BETMYMHE; HE CMEIIICHA, €CITM €€ MaTeMaTHIEeCKOE OKHIa-
HUE paBHO olleHHuBaeMoMYy Kod(dduimenty; r3pPekTruBHa, T.e. UMEET MUHUMAJb-
HYIO JUCIIEPCHUI0, U JOCTATOYHA, €CJIM BKJIIOYAET MaKCUMyM HH(pOpPMAIUU O KO3 (-
dunueHre.

[Tpu mocTaHOBKE ONTUMU3AMOHHBIX 3a/1a4 JIJIsl IBUKEHUS IO TTIOBEPXHOCTH
OTKJIMKA K SKCTPEMYMY HEOOXOAMMOE HAIPaBICHUE MOXKET ObITh BHIOPAHO IO JIU-
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HEeWHOU Mozenu. B 9ToM ciydae 3KCTpeMyM JOCTUTAETCS MOIIaroBbIM MPUOIIIIKE-
HUEM 3KCIIEPUMEHTOB K 30HE ONITHMYMa.

Ecnu 30Ha sKkcTpeMyMa ampHOpHO HM3BECTHA, U HEOOXOIAMMO BBISICHUTD,
HaIpuMep, TOMYyCTUMBIA pa3dpoc MepeMeHHbIX (PaKTOPOB, TO HUCHOIB3YIOT METO]
nepeBaia. [Ipu 3ToM BCio 30HY (PaKTOPHOTO MPOCTPAHCTBA APOOST Ha JBa OJOKa:
JI0 ¥ Tociie SKCTpeMyMa. B kakoMm OJ0Ke CTaBsT OTACNbHBINA (PaKTOPHBINA IKCIIE-
PUMEHT U MOJIy4arOT JIBE JINHEWHBIE MOJIEIIN.

HanexHoe npenckasaHue MOBEAEHUS UCCIEAYEMOIo 00ObEKTa MPU MOMOLIU
MOJIEJI BO3MOKHO TOJIBKO IIPH €€ aJleKBaTHOCTH. MoJienb aieKBaTHA, €CIIU €€ MO-
TPEIIHOCTh HE MPEBBIIAET MOTPEITHOCTH IKCIIEPUMEHTOB, HA OCHOBAHUHU KOTOPBIX
OHA IMOJyY€EHa.

Crnegyer OTMETHUTh, YTO HMHTEPIOJIALIMOHHBIE MOJENH YIOOHEE BBIPAXATh
yepe3 HaTypajbHble 3HAUEHHsS (PaKTOPOB, & ONTUMHU3ALMOHHBIE — YEPE3 KOJOBBIE.
HccnenoBanue MogydyeHHBIX MOJIENEH TakKe yJ00Hee BBINOJIHATh B KOJIOBBIX Iie-
PEMEHHBIX.

PaccmoTpum npoueaypy KaHOHMYECKOTO aHaIN3a MaTeMaTUYeCKOW MOJAEIH
B BHJI€ MIOJIMHOMA BTOPOTO MOPsiiKa. 3a/iadya CBOAUTCS K MPeoOpa3oBaHUIO KBaApa-
TAYHOTO MMOJIMHOMA K BBIPAKEHUIO KAHOHUYECKOTO BU/A

K
y-ys=D Aj-Z§, (6.25)
j=1
r7ie Y — TeKyllee 3HaueHue mapamMeTpa ONTUMHU3AINY; Ys — 3HAUCHHE B HOBBIX KO-
opauHarax; Ajj — KoOOQQHUIIMEHTBI ypaBHEHUS PETPECCHH KAHOHMYECKOTO BHJIA
IpY KBAaJpPaTUYHBIX 4ICHAX; Zj — HOBBIE OCU KOOPAMHAT (CMELICHHBIE B HO-
BBII IIGHTP U MTOBEPHYTHIE OTHOCUTEIHLHO CTAPBIX OCEH).
['eomeTpuyeckas HHTEpIPETALMS KAHOHUYECKOTO MpeoOpa3oBaHusl ypaBHe-
HUSI TOBEPXHOCTH OTKJIMKA MPEJICTABICHA HA PUC. 6.6.
Cremyer OTMETHTb, YTO MpH uuciie paktopoB K > 3 kaHoHHUYECKHUE TPeodpa-
30BaHUs YCIOXKHAIOTCSA, U B 3TUX CIy4asx LIeJIecO00pa3HO MCIOIb30BaTh METO/IbI
MaTPUYHON aiareOphl.

X2

Xa8

(=3

X135

Puc. 6.6. Cxema KaHOHMYECKUX MPeoOpa3z0BaHUit
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6.1.9. Ilouck ontumyma

Uccnenosarensmu Kudepom u Bonbdosuuem (CIIA) 611 ipeasioxeH rpa-
JMEHTHBIM METOJ] ONTUMH3AlMU, MPEeIHa3HAYCHHBIA JUIsl 11aroBOr0 JABMKEHHH K
IKCTPEMYMY MOBEPXHOCTH OTKJIMKA B 331a4aX ONTHUMU3AIIIH.

['pagueHT QyHKIHUK MPEACTABISIET COOOM BEKTOP, MOKA3bIBAOUIUN HAUCKO-
peiiee n3MeHeHne (QyHKIIMK, BETUYMHA U HAMPABIEHUE KOTOPOTO OMPEESIOTCS
o dhopmyiie

gady= 7+ XG4+ Vg, (6.35)
X 0%y X
rjie Y — BBIXOJ SKCIIEPUMEHTA; Xy — IepeMeHHble (aKkTophl; i ,j .k — eAUHUYHBIE

BEKTOPBI [0 COOTBETCTBYIOIINM KOOPAUHATAM.
Hawnbonee npocto 3HaueHHE MPOU3ZBOJIHON MOXKET OBITH OI[EHEHO KaK OTHO-
HIEHUE MpUpanieHrus QYHKIUU K MPUPAIIEHUIO OTACIbHBIX (DAKTOPOB MPU peaiu-
3allUU JBYX SKCIIEPUMEHTOB, MOCTABJICHHBIX B OKPECTHOCTSIX HMCXOJHON TOYKHU
(bakTOpHOTO MPOCTPAHCTBA: MPOOHOTO U PAabOYEro OMbITOB, HAIIPUMEDP, B HAIIPAB-
neHuu ¢akropa X;. Torga
Ay
oX1  Axq
CraBs mocienoBaTeabHO HECKOJIBKO OMBITOB BOKPYT MPOOHOW TOYKH, OTIpe-
JEJSIIOT  COCTaBISIOIIME TpaJleHTa MO OcsiM (DAKTOPHOTO MPOCTPAHCTBA, T.€.
HaIlpaBJeHUE JBUKEHUS K onTUMyMmy. Kpome Toro, 3aaroTcsi BEIMUMHON paboue-
ro I1ara Npu 3TOM JBUKEHUH.
;h+1:E+Ph-(ﬂ+ﬂ+---+ﬂJ, (6.36)
Ax1  Axy Axp
rae P — mapamertp paboudero 1rara; h — Homep 1iara.
['eomeTpuyeckasi UHTEpIpETALUs JBIXKCHUSI K ONTUMYMY METOJOM Tpaju-
€HTa MPECTaBIICHA Ha puc. 6.7.

X2 4

X
Puc.6.7. CxeMa IBMKEHUS K OITUMYMY METOJIOM
rpaaueHTa
(1@ psl HA TOUKAX HOMEPA OIBITOB)
W3 nenoro psaa rpaJde€HTHBIX METOAOB Haubojiee MIHUPOKOE MPUMEHEHHE
MOJIYYUIT METOJT “KPYyTOr0 BOCXOXIAEHUS , TPEeAJIOKEHHbIH bokcoM u YuiiconoM B
1951 rogy. OTOT METOA OMpPEAENSIET CTPATETHIO MOCIEA0BATENBHOTO MOIIArOBOTO
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MIPOBEJCHUS SKCIIEPUMEHTOB, P KOTOPOM BECh LIMKJI UCCIETIOBaHUM pa30uBaeTcs
Ha OTHeibHbIC ATamnbl. [IpuyemM Ha KaXIOM MOCIEIYIOIIEM 3Talle UCHOJIb3YIOTCS
pe3yabTaThl MPEABITYILETO.

CornacHo TeopeMme Teinopa o pa3ioKeHUH aHATUTUYECKON (DYHKIIMU B PS/I,
YacTHBIEC MPOU3BOJHBIE PYHKIMU 1O (haKTOpaM paBHBI M0 BEJIMYMHE U 3HAKY COOT-
BETCTBYIOIIUM KO3(PUIIMEHTAM JTUHEHHOTO YpaBHEHUS PErPECCUH.

CraenoBaTeibHO,
grady=by- i +by- j+--+by -k (6.37)
u
b =Y. (6.38)
OX;

Paccmotpum dopMann3oBaHHYIO MPOLEAYPY KPYTOrO BOCXOXIACHUS C YHC-
JICHHBIM IPUMEPOM.

B Hauasie He0OX0IMMO UMETh JIMHEHHYIO MOJIEIb, IOCTPOEHHYIO 110 PE3Yilb-
TaTaM 3KCIIEPUMEHTA, U 3HaTh UHTEPBAJIbl BAPbUPOBAHMS U HYJIEBOM YPOBEHb (Pak-
TOPOB.

JlaHo: afgexBaTHas JIMHEHHAs MOJIENb B KOJOBBIX IEPEMEHHBIX

h =41+ 10X, + 6X, — 5X3 — 4X4 .

N3BecTHO, UTO X4 SIBJIAETCA KAayeCTBEHHBIM (PaKTOpoM (HampuMmep, KOH-
CTpYKLMEN y3/1a) U HAUTy4IlINe pe3yibTaThl JaeT KOHCTPYKIIUS C KOJOBBIM 3Haue-
HueM “—17. [Ipm KpyTOM BOCXOXKJIEHHU 3TO 3HAYEHHE KaueCTBEHHOro (hakTopa
(buKcUpyeTCcs U MOJIETb TPUOOPETAET BU

h=45+ 10X1 +6X2—3X3.

Ecnu 06a ypoBHSA KauecTBEHHOTo (hakTopa NaloT ONM3KHUE PE3yJbTaTbhl, TO
KPYTO€ BOCXOKJIEHHE MOBTOPSIETCS HA ABYX YpOBHsX. VIHTepBanbl BapbUPOBAHMS
(akTOpOB B HATYpaJIbHBIX IEPEMEHHBIX:

AXy = £0,15; AX, = +100; AXz = +50;
HYJIEBOW YPOBEHb (PAKTOPOB:
Xo1 = 0,4; Xo2 = 840; Xo3 = 60.

1. Bsibop 6a3oBoro dakropa.

B kauecTBe 6a30BOro peKOMEeHAYeTCs BHIOUpATh (DAKTOP ¢ HAauOOJIbIIEeH ad-
COJIIOTHOM BEJIMYMHON KO3(P(ULMEHTa JUHEHHON Mojaenu wik (GakTop cC
HauOOJIbIIMM UHTEPBAJIOM BapbUPOBAHUS.

Ilpumep.
Bri6upaem B kauecTBe 6a30BOT0 (hakTOp Xp, TAK KAK
Iby| > |ba| > D3] u AXp > AXz > AXy.

2. Bwibop mara 6a3ucHoro ¢akropa.

BenuuuHbI 11aroB ABMKEHHS TIO0 (PaKTOPHBIM OCSM JIOJDKHBI OBITH OOJIBIIE
OLIMOKH, C KOTOpOH (pukcupyeTcs Gakrtop. Mablil mar yBeau4ruBaeT KOJINYECTBO
OTIBITOB, @ CIUIIKOM OOJIBIION — MOKET MPUBECTH K MPOCKOKY IKCTpEMyMa.

OO6pIyHO War Pj BEIOMPAIOT B JOJSX LI HHTEPBaJla BApbHPOBaHUs (pakTopa:

Pj = ].,l'AXj, (639)
rne 0 <p<1.
Ilpumep.
Ps =P, =0,2-100 = 20.
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3. Pacuer maroB jyist ocTanbHBIX ()aKTOPOB BHITIOIHSIEM 110 (hopMyJie

bi-Ax;
PJ = P6 —J J 1 (640)
b6 . AX6
r7ie HHIEKC “0” oTHOCHUTCS K 6a30BOMY (hakTopy.
Ilpumep.
p=20l0005 goc. p (950
6-100 6-100

[Tpu HEOOXOIMMOCTH IIArk MOKHO ISl YA0OCTBA CU€Ta OKPYTJISATh.

4. BrpiOop Hayvana IBM>KEHHS 110 TPAUECHTY.

3a Hauajo JNBIWKEHUS IO TPagueHTy (PYHKIHUU OTKIMKAa MOXHO OpaTh JItO-
OyI0 TOYKY MOBEPXHOCTH OTKJIHKA. OOBIYHO HCIONB3YIOT IEHTP 3KCIEPUMEHTA
(OCHOBHOM WJIM HYJIEBOM ypoBeHb Kaxaoro (axrtopa). Ho ecnu ects npeamnosnoxe-
HUE O HAJIMYMM HKCTPEMyMa B HEKOTOPOMl TOYKE, TO 3Ty TOUYKY HYXHO OpaTh B
BUJIKY.
Ilpumep: B xauecTBe Hayasa ABUKEHUS BHIOMPAEM OCHOBHOW YpOBEHb.

5. Pacuer BennuuH (akToOpoB AJis NIEPBOIO LIara:

Xj=Xj0+n-Pj, (641)

rze N — NOpsIAKOBBIM HOMED IIara.
Ilpumep.

X; = 0,4 +1-0,05 = 0,45; x, = 840 + 1-20 = 860; x3 = 60 + 1-(-5) = 55.

6. [lepeBoa HaTypaJIbHBIX 3HAYEHUI (PAaKTOPOB JIJIsl IEPBOIO 111ara ABUKEHUS
B KOJIOBBIE.

o Xj—Xj,
xj - AXJ H (642)

I7ie X; — HaTypaJibHOE 3HaueHue (akTopa.

Ilpumep.

04504

: 860 — 840
1= =033; Xp= =

0,15 100
7. PacueT BbIX0/1a B IEPBOM MBICIICHHOM OIIBITE.
Ilpumep.

02; X3

Yo =45+ 10-0,33 + 6-0,2 — 3:(-0,1) = 49,2
8. [loBTOpUTH 3TAIbI 5, 6, 7. Pe3ynbTaThl cBe/ieHbI B Ta0. 6.1.

Tabmnura 6.1
PeaHI/ISaHI/IH PCaIbHBIX 1 MBICJICHHBIX OKCIICPUMCHTOB
DakTopsl
I:)Il::::g HATypaJIbHbIE KOJIOBBIE BbIxox TTpumeyanye
X1 | Xo | X3 | X4 X5 X3

1 0,55 | 940 | 110 | +1 +1 +1 58

2 0,25 | 940 | 110 | -1 +1 +1 38

3 0,55 | 740 | 110 | +1 -1 +1 46

4 0,25 | 740 | 110 | -1 -1 +1 26 JiloC] 2+ JUTS TIOCTPOEHUS! IMHEHHOM
5 0,55 | 940 | 10 +1 +1 -1 64 MOJIENN

6 0,25 | 940 | 10 -1 +1 -1 46

7 055 | 740 | 10 +1 -1 -1 52

8 025 | 740 | 10 -1 -1 -1 32
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9 045|860 | 55 {033 | 02 |01 49,2
10 050|880 | 50 | 0,67 | 04 | 02 53,5
11 0,55 | 900 | 45 1 0,6 | 0,3 62,71 PeasbHbIii OMBIT
12 060 | 920 | 40 | 133 | 08 | 04 64,3
13 065 | 940 | 35 | 1,67 1 |-05 69,2
14 0,70 | 960 | 30 2 1,2 | 0,6 75,17
15 075|980 | 25 | 233 | 14 |07 69,21

MEIC/IEHHBIE OIBITH

MBbICIIEHHBIC OIBITHI

PeanbHbIe OMBITHI

[Tocne KaKObIX OJHOTO-TPEX MBICIEHHBIX ONBITOB CIEAYET CTaBUTh OJIUH
peasIbHBII ¢ TEM ke MaroM s npoBepku. OOHAPYKUB ONTUMYM, HEOOXOIUMO
IOCTaBUTh OAMH WU JBa (C ABYX CTOPOH OT HKCTPEMyMa) peajibHBIX OMbITa AJIs
HOJTBEPKJICHUS HAaJIU4Us ONTUMyMa. B mpouecce NBUKEHUS O TPAIUEHTY JKC-
TPEMYM MOKET OBbITh KaK BHYTPU MHTEPBAJIOB BapbUPOBAHUS (PAKTOPOB, TAK U BHE
UX, T.€. JJOMYCKAeTCsl HEKOTOPAast SKCTPAMOJISAIHUS SKCIIEPUMEHTAIbHOM 001acTH.

Ecnu onuH U3 (pakToOpoB MpU JIBUKEHUU MO TPAJAUEHTY JOCTUT CBOMX (PU3H-
YECKUX MPEJEIOB U JAJbLIE U3MEHATHCS HE MOXKET, TO HEOOXOIMMO, (PUKCHPOBaB
€ro Ha 3TOM IPEACIIBHOM YPOBHE, ABUTAThCS, MEHSS OCTABIINECS (PAKTOPBHI.

KpyToe BocxokIeHHe NPeKpaIaloT, €C/IM HAJIEH ONITUMYM WJIU €CJIU Orpa-
HUYEHUS 10 (PaKkToOpaM JIEeNa0T ABMKEHUE 10 TPAJIUECHTY HE(PU3HUHBIM (Hepeasb-
HBIM).

Crnenyer uMeTh B BUAY, YTO, COKpaliasi 00IIee YUCIIO OMbBITOB JIJIS TOCTHXKE-
HUSl OKCTPEMYMa, METOJ KPYTOrO BOCXOXKICHHS HE IMO3BOJSET OOHAPYXHUTh JKC-
TPEMYM OJHHMH MBICICHHBIMU OIBITAMU (YypaBHEHHE DPETPECCUU JIMHEHHO); OH
YKa3bIBAET JIMIIb HA KPATYAUIINN ITyTh K ONTUMYMY.

6.1.10. Meroauka moJiHO(paKTOPHOTO
JBYXYPOBHETO AKCIIEPUMEHTA

PaccmoTpum  opManm3zoBaHHbIE 3Tanbl peaju3alydyd MOJHO(AKTOPHOrO
AKCTIIEPUMEHTA B paMKax MHTEPIOJISIIIUOHHON 3a/1auHu.

1. ITocTa"HoBKa 3a/1a4u UCCIIEIOBAHUN.
Ilpumep: nonyyeHre MaTeMaTHYECKOW MOJIEIM PadOThl TOPLEBBIX YIUIOTHEHUN U3
CHWJIMLIMPOBAHHOTO Tpadura.

2. Bri0op mapamerpa BbIXo/a.
Ilpumep: BenuurHa yTeuek — Q, n/gac.

3. Bribop nmepeMeHHbIX (PaKTOpOB.
Ilpumep: 1) skcruyatannonubii mapamerp PV, Mlla-m/c; 2) 4yuciao mUKIOB
HarpyxeHus K, mr.

K=k+m,
r1e K — 9icio mycKoB ¥ OCTAaHOBOK, M — YKCIIO COPOCOB M MOJABEMOB JIABJICHUS 32
CYTKH palOThI;
3) nunamudeckuii napametp D, 6e3pasmepHsbIi,

D=P/,
%

r7ie P — IaBJICHUE B CETH TOCje copoca uiu noabema aasieHus, Mlla; p —
cpeaHee pabouee nasnenue, Mlla.
4. OnpeneneHue BOZMOXHOW TOYHOCTH OMpeieTeHus (haKTOPOB:
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Ipumep.

1) PV — 5%;
2) K—1 mr.;
3) D - 10%.

5. YcraHOBIIEHHE UHTEPBAIOB BapbUPOBaHUS (DAKTOPOB.
Ilpumep. Boibupaem nuamna3zoH BapbupoBaHus (HakTOPOB, UX MUHUMAJILHOE U MaK-
CUMaJIbHOE 3HAUYCHHUE:

1) 24...50 MIla-m/c;

2) 19..30 mr.;
3)0,7...2.
PaccunThiBaeM BemnYMHYy HHTEpBaja BApbUPOBAHUS 110 (hopmyIie
AAZM; (6.43)
1) APV = 0-24 15 ; 2) AK= 30-10_ 49 :

3) AD= 2_20'7 =0,65.

6. Onpenenenue nenTpa miana. HyiaeBoit ypoBeHb GpakTopoB ompeensieTcs
o ¢hopmyiie

Ag = M _ (6.44)
Ilpumep:
l) PV011=24+50=37; 2) K0‘2=10_;30=20,

3) Dgs = 0’72+ 2 _135.

B urore nmonydaeM naHHbIe, KOTOPHIC CBEICHBI B Ta0J1.6.2.

Tabmnura 6.2
HcxonHble TaHHBIC B HATYPAJIBbHBIX IIEPEMEHHBIX
dakTopsl NH-
No Hrox Bep | Hy- Tep-
. | xau | Je-
O06o- | Pa3- | mmit | . | Bam
Haume- 71 BOU
i/ 3Ha- | Mep- | ypo- Baph-
HOBAaHUE ypo- | ypo-
I YeHHe | HOCTh | BEHb Upo-
BEHb | BEHb
BaHUSA
DKcIuTya-
g | Tawaor- | gy, I MIa- o, s a7 | 13
HBII Ma- m/c
pameTp
Yucno
2 | IUKIOB K LT 10 | 30 | 20 10
Harpyxe-
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HUs

JlnHamu-
3| 4yeckuit D — 0,7 2 |1,35| 0,65
rnapamerp

7. Pa3paloTka maaHa 3KCIIEpUMEHTA.
Ilpumep. CtangapTHas MaTpulla TUIAHUPOBAHUS JIBYXYPOBHEIO TPEX(PaKTOPHOIO
skenepumenta (110D 2°) mpusenena B Ta6.6.3.

Tabmura 6.3
[nan [1®D 2°
Ne DaxTophl [opsinoxk pe-
I/ aJ3aIun
X1 X2 X3
II OIILITOB
1 - - - 5
2 + — - 8
3 - + - 3
4 + + - 7
5 - — + 1
6 + — + 4
7 - + + 6
8 + + + 2

B nocneanem ctonbue tabds. 6.3 ykazaH nopsiiok (Ha OCHOBE TaOIUIIbI CITy-
YaWHBIX YUCEN) BBITIOJIHCHHS OTICIBHBIX OIMBITOB MPH MX PAHIOMHU3AIMHU IO BpE-
MEHHU.

8. Peann3zanust 5KCriepuMEHTOB.

Ilpumep: pe3ynbTaTbl SKCIEPUMEHTOB IPU BBIMOIHEHUH TPeX MapauiebHbIX
(Tpex TMOBTOPHBIX) OMBITOB B BHJE 3HAYCHHWHA BBIXOJHOTO TapaMeTpa CBEICHHI B
Tabi. 6.4 (cTonOuml 2...4).

9. Pacuer cpennero Brixoa 1o ¢hopmyse

n
%=+ Vi (6.45)
u=1
Ilpumep: cronben 5 Tabi. 6.4.
Tabnuma 6.4
Pe3ynbpraThl sKCcniepuMeHTa
Cpe
Ne AHI
Brixon 171 Pacuer
1/ BbI-
- X0/
Yir | Yiz | Vis Vi Vi =i’ | i -vi)? (yi3 - yi)2 UZ::l(yiU -%if
112 13]4] 5 6 7 8 9
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1515 ‘é’ 49 | 004 | 001 | 009 | 014
2| 5 57 % 55| 025 | 004 | 009 | 038
3|61 71 g 65 | 016 | 036 | 004 | 056
4|68/ 8 65 71 009 | 081 | 036 | 1.26
5|57 g’ ‘i 60 | 009 | 004 | 001 | 014
6.7, 224
6/58|5 o] 66 064|016 144 | =
7173 2 % 78 | 025 | 004 | 049 | 078
8|81 % 88 86 | 025 | 009 | 004 | 038
N
Y | 588
i=1

10. OI.[GHKa OJHOPOAHOCTHU PC3YJIbTATOB 3KCIICPUMCHTOB.
OI[HOpOIIHOCTB zmcnepcnﬁ PE3YJILTATOB OLICHUBACTCA 110 KPUTCPHUIO KOXpG-

Ha:
n

Z(yiu ~ i |max
Gp =12 <Gr, (6.46)
> > (yiu -Vif
i=lu=1
rae | — Homepa cepuit onbIToB (0T 1 10 N); U — KOJTMYECTBO MapalieIbHBIX OMBITOB
B ceput (0T 1 1o n); G, u Gt — pacueTHslid n TabIM4HBIN KpuTepun Koxpena
st 5%-Hoit 3HaunMocT nipu N cpaBHUBaeMbIX U N mapajuieNbHbIX
OTIBITAX.

[Ipu ynoieTBopeHUN HepaBeHCTBa (6.46) cunMTaem pe3ysbTaThl OJHOPO/I-
HBIMH, T.€. COOTBETCTBYIOIIIMMHU HOPMaJIbHOMY pacnpenenenuto. [Ipu orcyrcTBun
napasuieNIbHBIX OMBITOB OLIEHKA OJHOPOIHOCTH JUCTIEPCU HE IPOU3BOAUTCSI.

Ecau mocTpouHble AUCHEpCHMU TMPU HEOAMHAKOBOM YHCIIE TapaliebHBIX
OMBITOB OTJIMYAIOTCS Ha MOPSIAOK U OoJiee, TO HEOOXOAUMO MPOBEPUTH UX OJIHO-
POJHOCTB 110 KpuTepuio Bapriera. JIJIst 5TOro HAXOAMTCS BEIMYMHA > IS 4HCIIA
crenereii cBo0obl f = N — 1 1 TOJDKHO BBITIONHATHCS HEPABECHCTBO

1 N
XpZZE.[f.lgsf,—Zfi.|gsi2J<x%, (6.47)

i=1

3-(N-1)) |5fi f
fi = nj — 1 — cTenenn cBOOO B OCTPOYHBIX TUCIICPCHIA;
S? — OCTPOYHAs JUCIIEPCHSI.
Ilpumep: pacuet kpurepust Koxpena mpuseieH B Tadi. 6.4 (cTonoms 6-9).

e c:o,m.(u;].[ii_z} (6.48)
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sz%zo,ss <Gt =0,61.

BeIBO: Auiciepcuy OAHOPOIHBI.

11.  Onpenenenue AUCIEPCHH BOCIPOU3BOIUMOCTH.

Jlucnepcusi BOCIPOU3BOAMMOCTH B HATYPAJIbHBIX IEPEMEHHBIX OIPENEIIACT-
cst o popmyiie

ii(yiu -V f
sf =1 “;1' ) (6.49)

[Ipu oTcyTcTBUU MapauienbHBIX ONbITOB (N=1) B cepusx miaHa HEOOXOU-
MO TIOCTABUTh JAOIMOJIHUTEIBHO OMBIT B IIEHTPE IJ1aHa (IIPHU HYJIEBbIX YPOBHIX (ak-
TOPOB) C YKCIIOM NapaJlICIbHBIX OIMBITOB HE MEHbIIE YeThlpex. Torma aucrepcus
BOCITPOU3BOIMMOCTH PACCUUTHIBAETCA 1O (hOpMyIie

551 —u (6.50)
n-1

[Ipu paznuyHOM KOJIMYECTBE MapaJlIebHBIX OMBITOB (N — Var) st cepuit
MaTpullpl TuianupoBanus N aucriepcusi BOCIPOU3BOJUMOCTH OMPEIESETCS IO
dbopmyIie cpeTHEeB3BEIICHHON TUCTIEPCUU

st

sy =it —, (6.51)
2fi
i=1
rae fi =n;— 1 — 4gucio crenenei cBOOOIBI.
Ipumep. 1o nanueiM Ta01. 6.4, UMeeM:
, 588
=——=0367.
Y 8.(3-1)
12. Pacuet k03¢ (HUIIUEHTOB ypaBHEHUSI PETPECCUM.
Jltst TIOD 2° ypaBHeHMe perpeccHi nMeeT BHA
Y = bo + D1-Xg + bprXa + b3X3 + D12-X1-Xa + D23-Xo-X3 + D13-X1-X3,
N
Ziy 1 N 1 N
rae bO:I_T; bj=N-ZVi'ini bju=N'ZVi'in'Xui-
i=1 i=1
Ipumep. JIns yno6bcTBa pacuet cBeqieH B TaoI. 6.5.
Tabmuma 6.5

PacueT k03¢ hULIMEHTOB ypaBHEHUSI PETPECCUU

Ne| ITman | Bel-
0/ | X | X[ X| XOI | yx, | Y% | 9:xs | §x0% | T%0%5 | §:x0x

IT |1)2]3] Y

1]—|—|-| 49

+49 | +49 | +4,9

49 49
2 |+ 55 |™ | 55| — | 55455/ -55
- | y 5 —Jy 5’5 —J y =J,




3|~ |+|~| 65 | 55| *65 g5 | 65|65 |+65
+7, _

A R AR MO AN R AR AR A
— +6,

5 |- |-+ 60 | 5| 80| '5| +60 | 60 | 60
6|+ _|+| 66 +g’ 66 +g’ 66| 66 | 46,6
— +7,

7\l 78 | 14|78 g | T8 | 478 | 18
8 |+|+ +| 86 +g’ 18,6 +§’ 186 | +8,6 | +86

s 153126 7 | 510210602

b0=%=6,625; b1=%=o,325; b2=g=0,875; b3=§:0,625; b12=%=o,025;

bys =%=0,075 © bys = 0,025.

Koaddumment by 5 3 cunTaeTcss HE3HAYUMBIM.
13. Pacuet nucnepcuu korhGUIIMEHTOB YpaBHEHUS PETPECCUH.
Pacuer npousBoaum no ¢opmyiie
g2
st=—L. 6.52
=L (6.52)
Ilpumep.

= g =0,0153 .

st
14. Onpenenenye 3HaYMMOCTH KO HHUITMEHTOB YPAaBHEHHS PETPECCHUH.
3HaYUMOCTh KOA(D(PHUIIMEHTOB YpaBHEHHUSI PETPECCHM OIICHHBASTCS CpaBHE-

HUEM MX a0COJIOTHOTO 3HAYEHUSI C IOBEPUTEIIbHBIM UHTEPBAJTIOM:
Ab=t, /S <|oi, (6.53)
rae t, — kpurepuii CtbroneHTa npu 5%-HOW 3HAYMMOCTH JJ1s1 YUCIIA CTENEHEN CBO-
oompl = N-(n—1).
Ilpumep.
Ab=212 -,/0,0153 =0,26 .

BbIBO/I: HE3HAYMMBI KOA(PPHUIIMEHTHI CMEIIAHHBIX B3aUMOACHCTBHI D1y, D23, Dy3.

15. 3anuch ypaBHEHUS PETPECCHH.
Ilpumep.

y = 6,625 + 0,325-x; + 0,875-X, + 0,625-X3.
16. Ilepexon kK HaTypaJIbHBIM IEPEMEHHBIM.
OH ocymiecTBisieTcs o Gopmysie:

2. A - A
X = A, Jmax)+1’ (6.54)
Ajmax - Aj min
rae Aj — nepeMeHHsbl (paKTop, COOTBETCTBYIOILUI KOZOBOMY 3HAYEHUIO X;.
Ipumep. Xq = 2:.(Pv-50) +1=0077 -PV -285
50-24
X :M+1:0,1.K_2
30 -10
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X3 = 2‘(D_Z)+1=1,54 -D-208
2-07

17. 3anuce MOJIEIN B HATYpaIbHBIX IEPEMEHHBIX.
Ilpumep.
y = 6,625 + 0,325-(0,077-PV-2,85)+0,875-(0,1-K-2)+0,625-(1,54-D-2,08).
YIpocTuB, NOJIYyYUM OKOHYATENIBHO:
y =2,65 + 0,025-PV + 0,087-K + 0,96-D.
18. Pacuer nucnepcun aneKBaTHOCTH.
Jlucnepcus aieKBaTHOCTH OIpeNENseTcs o popMmyJie

ni(yi - ypacqi)2

2 _ =1
S = M, (6.55)

rac ypacqi— PaCuUCTHOC (HO MOI[GJ]I/I) 3HAYCHUC BBIXOJHOI'O IIapaMcTpa,

K — urcno ko3 unmeHToB B Moaenu.
st ynoOcTBa pacyeT cBeieH B Ta011.6.6.

Ilpumep.
Tabmnura 6.6
Pacuer nucnepcuu ajieKBaTHOCTU

No

H/ Vi Ypacy; (yl ~ Ypacu i )2 5=yi_;& -100 %
i

1 49 479 0,012 2,24

2 55 5,44 0,003 1,09

3 6,5 6,53 0,001 0,50

4 7,1 7,18 0,007 1,13

5 6,0 6,04 0,002 0,67

6 6,6 6,69 0,008 1,36

7 78 7,78 0,006 1,02

8 8,6 8,43 0,029 1,98

) 0,068
2 = 3-0088 _ 01,

19. TIpoBepka agekBaTHOCTH MOJIETIH.
AJIEKBaTHOCTh MOJIEIU OLIEHUBAETCS M0 KpuTeputo duiiepa, KOTOPHIN 10JI-
JK€H OBITh MEHBIIIE TAOJIUYHOTO.
sZ,
Fp:S—2<FT, (6.56)
y
rae Fp, Fr — pacdernslii u Tabnuunelii kputepun dumepa 11a 5%-Hoi 3HaUUMO-
CTH TIPH YHUCJIE CTENEeHEN CBOOOBI JJIsl JUCTIEPCUU aJICKBATHOCTH f=N-
K. It qucnepcuy BOCTIPOM3BOIMMOCTH YUCIIO CTeTIeHeH cB0oOo B! paBHO f, =
N-(n—1).
Ilpumep.
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0,201
Fo=——"" -055<F =58.
P 0367 a
BreiBoa: nuHeiiHas MOJIEIb afeKkBaTHA. 10T K€ BBIBOJ MOYXKHO OBLIO CIeinaTh

MCXOJIS M3 YCIOBHSA Si; <Sy .

20. Pacuetr OTHOCUTENBHOW MOTPEIIHOCTH MOJEIH.

[TorpemHocTh onpezensieTcs: AJisk UCCIEIOBAHHBIX TOYEK (PaKTOPHOTO TPO-
CTpaHCTBa MO hopmyJie
‘Ypi - )7,‘

Yi

Jlst ynoOcTBa pacdeTsl CBeIeHbI B TabmuITy (cM.Ta071.6.6).
Ilpumep. Pe3ynbTaThl pacuera NpUBEJEHBI B MOCIEAHEM CTOJOIIE Tabm. 6.6.

21. BeIBOIBI MO pe3ynbTaTaM dKCIEPUMEHTAIBHBIX UCCIICTIOBAHUM U aHAJIH-
3y MOJYYE€HHOW MOJIENU JOJKHBI BKIKOYATh JaHHBIE:

- 00 aJIeKBaTHOCTH MOTYYEHHOU MOJIEIIH;

- 0 BKJIaJIe OT/IENbHBIX (DAKTOPOB B BBIXOI (110 BeIMUMHE KOO PUIIMEHTOB);

- 0 HAJIMYUU WK OTCYTCTBUU SKCTPEMyMa B SKCIIEPUMEHTAIBHOM 30H€E;

- 0 MOTPEIIHOCTH UHTEPHOJIALNH IO MOJIEIIH;

- 0 BJIMSIHUHM HEYYTCHHBIX ()aKTOPOB (10 BETUUUHE Kod(uiiueHTa Dy);

- O CTpaTEeruv JATbHENIINX UCCIIEI0OBAHNM.

5= 100 %.

6.2. PazBuTHe MHOTO()aKTOPHBIX IVIAHOB
¥ METOAMKA UX peaM3auuu

Hapsimy ¢ HECOMHEHHBIMU JTOCTOMHCTBAMHU TOJHBIN (DaKTOPHBIN SKCHEpH-
MEHT MMEET LEJNbI psii HEJOCTAaTKOB, CYIIECTBEHHBIM OOpa3oM COKpalIaroIIuX
BO3MOXKHYIO 00JIaCTh €ro nNpuMeHeHusl. Tak, KOJIM4eCTBO OMBITOB B MOJHO(DAKTOP-
HBIX IUIAHAX 3HAYUTENbHO MPEBOCXOAUT YKCIO ONpPENENsieMbIX KO3()PHUIMEHTOB
JIMHEWHOT0 ypaBHEeHUs perpeccun. Kpome Toro, ¢ poctoM KoiauyecTBa UCCIEdye-
MbIX (PaKTOPOB OYEHb OBICTPO pacTET 00ILEee YUCIO FIKCIEPUMEHTOB, M pealn3alus
MOJTHO()AKTOPHBIX MJIAHOB CTAHOBUTCS HEPEATBHOIA.

N3 nonHoro (pakToOpHOro SKCIEPUMEHTA HENb3sl M3BJIeYb MHPOPMALMIO O
KBaJpaTUYHBIX WICHAX, T.€. OMMCAHUE SKCTPEMAJIbHON 30HBI IOBEPXHOCTH OTKJIH-
Ka HEBO3MOKHO.

CoBeplIEHCTBOBAHUIO METOAMK MPUMEHEHUSI (PaKTOPHBIX MJIAHOB MOCBSIIEH
JTAHHBINA pa3]IeII.

6.2.1. JIlpoOHbIii (haKTOPHBIN IKCIEPUMEHT
. k
Wtak, nis moaHOo(MaKTOPHOTO IKCIEPUMEHTA YHMCIIO cepuil onmbiToB N= 2

pacTeT ropasio ObICTpee KOJMYeCTBA HCCIEAyeMbIX (DakTOpoB K ¥ mpeBbImiacT
YUCJIO JIMHEWHBIX KO3(P(OUIIMEHTOB perpeccuu. BO3MOXHO COKpalieHne OOIIero
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YHUCJIa OMBITOB 3a CUET ITOW M30bITOuHOW MH(popmaruu. [Ipu 3ToM HE0OXO0MMMO
COXPaHUTh ONTUMAJILHOCTH TUIaHA (OPTOrOHAIBHOCTh, POTAaTA0ETBLHOCTD U T.11.).

CymnocTth qpobHOoro gakropHoro skcrnepumenta (D) coctour B 3amene
BEKTOpPa—CTONOIa MAaTPUIIbl TUIAHUPOBAHUS, OTHOCSIIETOCs K CMEIIaHHOMY B3awu-
MOJICMCTBUIO, HA HOBBIN JTOMOJHUTEIBHBIN (DaKTOp, 3HAYEHUSI KOTOPOTO OIpejie-
JISIIOTCS 3HAKAMM 3TOT0 cToJIONa. [IpaBOMOYHOCTH Takoi 3aMEHbI OCHOBBIBAETCS Ha
MPEANOJI0KEHUN O HE3HAUUMOCTH KO3(PPHUIIMEHTOB CMEIIaHHBIX B3aUMOCHCTBUH,
TaK KaK CTPOUTCS TOJIbKO JIMHEHHAsI MOJIETb.

Takum 00pa3om, TIPU YUCIIE OIMBITOB COOTBETCTBYIOININX IBYX(HAaKTOPHOMY
mrany (N = 22 = 4), MoxHO omepupoBats Tpems (axropamu. IIpu stom Gyaem
MMETh TOJIOBHHY MM MOJYPEIUTHKY OT moiHo(akTopHOro miana 1P 2° = 8 B
Buze apobroro daxroproro JAMD 2% =4 (puc.6.8) n COKpPATHM YHCIO ONBITOB B
JIBa pasa.

JpoGHOI periMKoii Ha3bIBaeTCA TUIaH YKCIIEPUMEHTA, SBIISIOIIUICS YacThIO
1J1aHa MOJTHO(PAKTOPHOTO SKCIIEPUMEHTA.

Martpuna P coxpaHnser Bce cBoricTBa MaTpullbl [1PD u nmo3Bonser ore-
HUTbH KO PUIIMEHTHI TP JIMHEWHOM U CBOOOTHOM YJICHE.

[TockonbKy 1enecooOpa3Ho HaMOOJbIIEE COKpPAIIEHUE KOJIUYECTBA OIBITOB,
TO N7l 4eThIpeX (HaKTOPOB MCHOJB3YIOT MOJIYPEIUIMKY MOJTHO(PAKTOPHOrO IJIaHa
2“, JAIONTYIO 8 ONBITOB, a HE 16; 17151 5 — YeTBEPTh PEILIUKY 25*2, JAINIYIo 8, a HE
32 omnblTa; Ais 6 - & peImKy 2%3, narouryto 8, a He 64 omnbITa U T. 1.

No
n/n X1 Xo X3 XoX3 X1X3
T — =
2 + — — + —
3 — + — — +
4 + + + + +
a) 0)

Puc. 6.8. JIpoOHbIii (haKTOPHBINA SKCIEPUMEHT:
a — matpuna DD 23*1; 0 — coBMaaaroIIre BEKTOP-CTOJIOIIbI

B o61em ciyuae wist DD 2P umeem “k” paxropos u “k—p” ombIToB.

[IpenenbHOE KOMMYECTBO UCCIEAYEMBIX (PAKTOPOB HE JTOJDKHO OBITH MEHBIIIE
yuciaa KodhPUIMEeHTOB TUHEHHOW perpecCCHOHHON MoJienu. To ecTh s 4-X OIbI-
toB (@D 2° 1) — 910 3, st 8 (AP 2" =7, wist 16 — 15 u 1.1,

[Tpu BBIOOpPE APOOHOM PEIUTUKHM YYUTHIBAETCS HACHIIICHHOCTH IUIaHA, T..
COOTHOIIICHHE Yucia KOIP(PUIMEHTOB PErpeccuyd W KojudecTBa OmnbIToB. Ecmm
a(PexThl B3aUMOACHCTBHS PEIUIUKU 3aMEIIeHbl HOBBIMU JOMOJHUTEIbHBIMU (Dak-
TOpaMu, TO OHa Ha3bIBaeTCs HachieHHOH. [Ipu 3TOM YKciio pakTOpOB paBHO UMC-
1y K03 PUIIMEHTOB MOJIEIIU, U €€ aICKBAaTHOCTh ITPOBEPUTH HEJB3s, TAK KaK YHCIIO
CTEeIeHe cB0OOIbI paBHO HYJIO. OAHAKO YUCIIO OIBITOB MPU ’TOM MUHUMAJIHHO.

CrnepoBatenbHO, IPU BBIOOpE JPOOHOM PETIMKUA HEOOXOAUMO:
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- OIIPENIETTUTh YMCII0 KOA(D(DUIIMEHTOB B YPAaBHCHUH PETPECCUU, PABHOE UK C-
1y ¢dakropos (K + 1);

- BBIOpATh IUTaH MOJIHO(AKTOPHOTO SKCIEPUMEHTA, COJEPKAIUA HAaUMEHb-
mree ynciio onbiToB N > (K + 1), ¥ IpUHATH €ro 3a OCHOBY MPHU COCTABJICHUHM IJIaHA
JDO.

Crnenyer OTMETUTH, YTO C YBEJIMUYCHHEM KOJMYECTBA (DAKTOPOB MUHUMH3A-
U YWCJa OMBITOB ITyTEM HCIIONB30BAHUS NPOOHBIX PEIUTUK TPEBPAIIACTCS B
BECHbMa CIIOKHYIO 3a7a4y.

[Ipu noctpoenun miana JJPD oueHkn ko3¢ UIHMEHTOB perpeccud OyayT
cmemansbivi. Tak, mmst JIDD 2% (eM.prc.6.8,a) HaiineHHbe K0d(bHUIHEHTH! 6Y-
JYT OLIEHKaMHU COBMECTHBIX 3(pdekToB: s b; — 310 B1+P23, bo—Bo+P1 3, s
bs—B3 + P12

M TOJBKO NMpH HE3HAYMMOCTH CMEIIAHHBIX B3aumojeictBuii (0 ~ By, b, =
B2, b3 = B3) ko dummentsr perpeccun OyayT XapakTepu30BaTh COOCTBEHHO JIH-
HelHble ddexThl. M3-3a cMelIeHusT OIEHOK pa3HbIe BEKTOP-CTOJIO-I[bI MATPHIIBI
JDD Oyayt copnanate. st mpumepa, Ha puc. 6.8,0 3T0 X1 U XpX3, Xo U X1X3.

Takum 00pa3oM, MaKCUMaJIbHOE pa3/ielieHHe OIICHOK pPacCMaTPUBAEMbBIX
abdextoB npu DD BO3MOKHO TOJBKO MPU UCHOJIB30BAHUM JIJISL JOMOJTHUTEIb-
HBIX ()aKTOPOB BEKTOP—CTOJIOLIOB C HE3HAYAIIMMH CMEIIaHHBIMU B3alMO/IEHCTBU-
smu. CylllecCTBEHHYIO pOjib B 3TOM CiIy4ae Urpaer arnpuopHas uHdopmanus. [Ipu
€€ OTCYTCTBUU DOKCIEPUMEHTATOPY CJIEAyeT BbIOUPATh BEKTOP—CTOJOIBI C
HauOOIBIIUM MOPSAAKOM 3PdeKkTa B3aUMOJEHCTBUHN, TaK KaK C POCTOM MOpsJIKa
3HAYMMOCTh BKJIajia 3Toro 3¢ exra najaer.

Yuciio HecMeIaHHbIX JIMHEUHBIX 3Q(EKTOB B IPOOHOM pEIIMKE Ha3bIBACTCS
ee paspemaronieit crnocooHoctero. Ee npsimast otienka 3arpyanera. [loaromy npo6-
HbIE PEITUKU 3a/1at0T C IIOMOIIBI0 TEHEPUPYIOIIUX COOTHOIICHHM.

CooTHolIeHue, MOKa3bpIBalolIee, ¢ KakuM M3 3PQPEKTOB B3aUMOJEUCTBUIA,
MPUHATHIM HE3HAYMMBIM, CMEIIaH JaHHBIN JTHUHEHHBINA 2P deKT dakTopa, Ha3bIBa-
eTcsi reHepupyrommM cootHomenneMm. Hampumep, mms JDD 2°' umeem x4 =
X1X2X3, T.€. orieHKa ¢ dexta by 310 Bs + P12 3.

YMHOXMB 00€ 4acCTH T€HEPHUPYIOIIET0 COOTHOIIEHUSI HA YPOBEHb JTOTIOJIHH-
TeJIbHOTO (hakTopa (B HAIIEM ITPUMEpPE X4), UMEEM X4-X4:X42:1:X1X2X3X4.

OT0 cuMBoJIMYeCKOe 0003HAUEHHE MPOU3BEIEHUSI CTOJIOLOB, COOTBETCTBY-
fomux ¢akropam 1D, paBHoe +1 wnm —1, Ha3pIBaETCS ONMPEACISIONIIM KOHTpa-
ctoM. KoHTpacT mo3BoJjisieT onpenennuTb, kKako a¢pext cmeman ¢ gaHHbIM. s
ATOr0 00€ YacCTH OMPEIEIAIONIEr0 KOHTPACTA HY>KHO YMHOXKHUTh Ha CTOJIOEL, COOT-
BETCTBYIOUIUN JTaHHOMY d(dekty. s Hamero mpumepa X; = X12X2X3X4 = XoX3X4,
Tak Kak X;” = 1.

CrenoBatelbHO, KO3()PUIIMEHT JIMHEHHOTO YpaBHEHHUsS perpeccuu b; Oyaer
OHCHKOﬁ Bl + B2,3,4'

JDD, B KOTOpHIX OCHOBHBIC 3((HEKTHI CMEIIaHbl ¢ ABYX()AKTOPHBIMHU B3au-
MOJCUCTBUSIMHU, HA3bIBAIOTCS IUIaHAMHU C paspematoimiei crocodHnoctrio I (mo
HanOOoJIbIIIEMY YUCITY (PaKTOPOB B OMpPEESIIoNieM KOHTpacTe). Pemmku ¢ makcu-
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MaJbHOW pa3pemaromeld CroCOOHOCThIO, T.€. CMEIIAHHBIC B3aUMOJICHCTBUS
HaMOOJILIIETO MOPsIJIKa, HA3BIBAIOTCS ITABHBIMH.

Wtak, nyst cocraBnenus miana JId3 cienyeT cuenats cienyroiiee:

- BBIOpaTh BEKTOP—CTOJIOEI, KOTOPhI OyAeT MCIOJIB30BaH VISl MOJYyYEHHUS
OLICHKHU JIOTIOJHUTEIBHOTO JUHEHHOTo (hakTopa, T.€. ONPEJCIUTh TeHepUpyroliee
COOTHOIIICHHUE;

- paccuMTaTh OMPEACISAIONINM KOHTPACT, YMHOXUB 00€ 4acTU T'€HEpUpyIo-
IIEr0 COOTHOIIEHHS HA YPOBEHB JIOMOJIHHUTEIBHOTO (DaKTOpa;

- OIPENIETUTh YCJIOBHUS CMEIIMBAHUS OLEHOK, YMHOXas OIpEAeIISIONIHiA
KOHTPACT Ha 0003HaYEHUE BEKTOP—CTOJIONA, C MMOMOIIBI0 KOTOPOTO PacCUUTHIBA-
eTCsl TaHHBINA JTUHEUHBIN 2D PeKT.

Crnengyer OoTMETHTh, YTO TIpU pa3paboTke TwiaHoB DD OGombineit npoOHO-
CTH, YEM MOIYPEIUIMKA, HY’)KHO BBIOMPATh HECKOJBKO F€HEPUPYIOLIUX COOTHOIIIE-
HUM.

@opmann3oBaHHas Metoauka (PO BKIOYAET PsAll HHXKECIECAYIOIINX 3Ta-
noB. OgHako HavyanbHas (asza peanuzaruu DD (mocTaHoBKa 3aja4u BHIOOp Ma-
pamMeTpa BbIX0Jia, YKciia (aKTOPOB) MOJTHOCTHIO COBIIAJAET C METOJUKOMN MpOBeE/Ie-
Hus [IPD. OctaHoBUMCS HA OTINYHUSIX.

1. OnpenenuTs YUCIO JTUHEHHBIX KOA((UIIMEHTOB B ypaBHEHUH pe-
rpeccuu
Ipumep. Heobxoaumo uccienoBarh Bausaue 5 pakropos (K = 5).

Torna yncio k03P HUIKUEHTOB TUHEHHON PErpeCCUOHHON MOIEIH
i=k+1=5+1=6.

2. Beibpats mian [1DD — ocHOBY ApOOHOM PETUIHKHY.

Ipumep. bmmxaiimmii man 11O, TpeOyromuil HaMMEHbIIETO KOJUYECTBA OIbI-
TOB, HO OOJIBIIIETO, YeM YKciio KodhdunnenTo Mmoaenu N>i, ato [1DD 23
2°=N=8>6=i.

3. BriOpats Tun peruku JJO0.

Ipumep. Boibupaem erepThpermtuky P2 2°2,

4. Onpenennuts TEHEPUPYIOIIUE COOTHOLIEHUS, MOCTPOUTH CTaHAAPTHYIO
Martpuily ucxogHoro miada [IdOD u npoaHain3upoBaTh 3HAUUMOCTh CMEIIAHHBIX
B3aUMOJICCTBUH.

Ilpumep. 1261.6.7.

Tabmura 6.7

Marpuna [1DD 28

No X4 X5

X1XoX

/1 X1 Xo X3 X1Xo XoX3 X1X3 5

1 — — — + + + —

2 + — — — + — +

3 |- + — — — + +

4 + + — + — — —

5 — — + + — — +
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\l

— + + — + — —
8 |+ + + + + + +

Yerseproperunka DD 2° % MoxeT ObITh 3a1aHa TIOOBIMEA IBYMS H3 Cle-
JTYIOIUX TEHEPUPYIOIIUX COOTHOIIIEHUM:

1) X1X2; 2) XoX3; 3) X1X3; 4) X1XoXa.

[Ipeamnonoxxum, 9TO U3 aMPUOPHON HHPOPMAITMHA U3BECTHO O HE3HAYUMOCTHU
CMEIIAHHOTO B3aUMOJIECHUCTBUS X1X3 (HAIpUMEP: OKTAHOBOE YUCJIO TOPIOYETO U BEC
nsuratens). Mcxons u3 aToro, aiist X4 BBIOMpPAaeM BEKTOP-CTOJIOEI] MAaTPUIII X1X3, a
JUTSL X5 — X1X2X3, TAK KaK OOBIYHO C pPOCTOM MOPSAJIKA B3aUMOJIEUCTBUM 3HAUMMOCTD
BKJIasia A Toro 3(pdekra nagaer.

BriOpaHHbIe reHepUpPYIOIIHE COOTHOIIEHHUS — ATO X4=X1X3 U X5=X1XX3.

5. Hauitu onpenesnsromme KOHTPACTBI

Onpenensitoiye KOHTPACThl HAXOASIT YMHOKEHHEM OO€UX YacTedl TeHepu-
PYIOIIUX COOTHOILICHUM Ha YPOBEHb JIOMOJTHUTEIBHBIX (PaKTOPOB.

Ilpumep:
Xa'Xs =1 =X1X3Xa; 1= X1XoX3Xs.

[lepeMHOKUB 3TU ONPEAECIAIONINE KOHTPACTHI, MOJYYUM TPEThE COOTHOIIIE-
HUE
1= XoXyXs.

[Tonnas paspermaromniasi CoCOOHOCTh PEIUIMKU OMPEesieTcs: 00001EHHBIM
OMPEIEIIAIONUM KOHTPACTOM
1= X1XoX3Xg = X1X3Xg = XoXy4Xs.

6. OnpeaenuTh CXeMy CMEIIMBAHUS OLIEHOK

OLleHKM HaXOJIUM TOCJE0BATEIbHBIM YMHOXKEHHEM 0000IIarNIero omnpe-
JEJISIONIET0 KOHTpAcTa Ha Xi; Xo; X3 ... X

Ilpumep:
X1 = XoX3Xs5 = X3Xg4 = X1XoX4Xs; D1—>P1 + PB2ss + Psa + Pr2as:
X2 = X1X3X5 = X1XoX3X4 = X4Xs; b,—PB2 + Bias + Pr23a T Pas;
X3 = X1XoX5 = X1Xg4 = XoX3X4Xs; b3—P3 + Bios + Pra + Pasas;
X4 = X1X3X4X5 = X1X3 = XoXs; bs—>Ba + Przas + Piz + Pas;
X5 = X1XoX3 = X1X3X4X5 = XoX4; bs—Ps + Bi2s + Pr3as + Poa

AHaJIN3 CMENIMBaHUs OIIEHOK KOA((PUIIMEHTOB ypaBHEHUS PETPEeCcCUU I0JI-
XKEeH YyOeIUTh SKCIIEPUMEHTATOpa B MPABUIBHOCTH BbIOOpA FEHEPUPYIOLIUX COOT-
HOILLIEHUM.

7. IllocTtpouts maTpuiy DI 2%y pEaIM30BaTh OIIBITHI

Marpura JIOD 2° % npuseneHa B Tabu. 6.7.

Ecnu mocne peanuzanuu 3KCIIEpUMEHTOB KO3 (GUIIMEHTH MapHBIX B3aUMO-
neicTBui, Harpumep, Dy, wim D, 3 UMEIOT 3HAUMMYIO BEJIMYMHY (OTJIMYAIOTCS OT
HYJI), TO BBI3BIBAET COMHEHHUE MPABUIBHOCTh BHIOOpA I'€HEPUPYIOLIETO COOTHO-
meHus. B aTom ciywae cneayer moctaButh Bropoi JIMDD, BEIOpaB APYTyIO peruin-
Ky (B HaIIeM mpuMepe Y4 perummky).

Takum 06pazom, >pGHEeKTUBHOCTh NPUMEHEHHS APOOHBIX PEIUTUK 3aBUCUT OT
UHTYULUU UCCIIEI0BATEN, MO3BOJISIONIEH yIaqyHO BRIOpATh CUCTEMY CMELIMBAHUS
JUHEHHBIX 3((HEKTOB ¢ 3P PeKTaMu B3auMOACHCTBUM.
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6.2.2. Pazbuenne MaTpuilbl 2-ypOBHEBBIX TUIAHOB Ha OJIOKH

Ecnu skcnepuMeHTaTop Mpearnoiaraet, 4To B Mpolecce MpoBEACHUS Hcclie-
JIOBAaHU MOTYT MPOUCXOJAUTh U3MEHEHUSI BHEIIHEH Cpelibl (BIAXKHOCTH, TEMIIepa-
Typbl), CTapEHHUE alIapaTypbl U U3MEHEHHE €€ MOoKa3arejed, MOI'yT HCIOJIb30-
BaTbCs MAPTUH CHIPbS C PA3IMYHBIMU OTKJIOHEHUSIMH MapaMeTPOB, U3y4aThCsl pas-
HbI€ KOHCTPYKIIMU YCTAHOBOK M T.II., TO LI€TIECO00Pa3HO MCIOIb30BaATh pa30oreHHE
MaTpHIBl Ha OTAeIbHBIC YacTh. [1000HbIE YacTH (H)aKTOPHBIX IUIAHOB HA3BIBAIOT
OJIOKaMH.

Takoe pa3OueHre MaTpHUIlbl TO3BOJISIET KOMIIEHCUPOBATh BIUSHUE CUCTEMA-
TUYECKHUX OIMMOOK, HCTOYHUK KOTOPBIX M3BecTeH. [Ipu 3TOM MEXOIOKOBBIN (-
(GeKT 3aBeOMO CMEIIUBACTCS C B3aMMOJCHCTBHUSIMH, KOTOPBIMA MOJKHO TIPEHE-
opeus. Kpome Toro, pazouenue Ha OJOKH Ja€T BO3ZMOXHOCTh yU€CTh Ka4eCTBEH-
HbIC U3MEHEHUSI 00BHEKTA UCCIICIOBAHUN U BBECTH UX B DKCIIEPUMEHT KaK KOJIMYe-
CTBECHHBIE.

Martpuily ¢pakTOpHOrO SKCHEpUMEHTa THIIA 2% MOKHO pa3ouTh Ha 2"
610K0B mpu N < K. Tax, marpura [IDD 2* pasGupaercs Ha 2 610Ka MO 8 ombI-
TOB, 4 OJloka — 110 4 omnbITa WK 8§ OJOKOB — o 2 omnbITa. KojimaecTBo OJIOKOB CO-
OTBETCTBYET YHUCIy U3BECTHBIX HEOJAHOPOIHOCTEH, KOTOPbIE MOTYT HOCUTH JIHUC-
KPETHBIN (HECKOJIBKO ONepaTopoB, KOHCTPYKIIMM, MAPTUN ChIPbs) WM HEMPEPHIB-
HBIM XapakTep (BpeMEHHOU apeild, temmneparypHbiil). IPPexkT HeoAHOPOTHOCTH
OTpa3UTCs Ha BEJIUYMHE CBOOOJHOTO 4YJIeHA YPaBHEHUS PErpeccCUu U Ha Kodpdu-
[UEHTAaX B3aUMOJICUCTBUM, KOTOPBHIMHU MpeHeOperatoT. [Ipu oTcyTcTBUM anpuop-
HOM MH(pOpPMAIMK CIeIyeT BHIOMPATh B3aUMOJECHCTBUS CAMOTO BBICOKOTO TMOPSII-
Ka.

[Ipu BpemeHHOM nperide MOKHO MPOCTO AyOIUPOBATH BCE OMbBITHI JJIsT KaXK-
JIOTO BPEMEHHOI0 MHTepBayia. Torna noaydyuM HabOp KOA(DPUIIMEHTOB perpeccum,
M0 KOTOPBIM HAaXOJST BIUSHUE BPEMEHHOTO Jipeiida Ha KaxIblii kodhdUuimeHT B
BUJIC

y = bo(t) + by(t)x; + ... +by(t)Xq. (6.57)
OpnHako 3TO MPUBOAUT K 3HAYUTEILHOMY YBEJIMUYEHUIO YMCIIA ONIBITOB.

Crnenyer OTMETUTD, UTO MPU MOTYUYEHUH HECKOJIBKUX MOJENE OJHOTUITHBIX
MIPOLIECCOB AJIA MOCIIEAYIONIEro 00001eHnss HeoOX0IUMO MOMHHUTh, YTO YpaBHE-
HUSI perPECCUU MHBAPUAHTHBI K M3MEHEHHUIO MHTEpPBaJIa BapbUPOBaHUS (PaKTOPOB.

['opa3no Oonee 3(PGEKTHBHO PacCMOTPETh HCTOYHHUK HEOJHOPOIHOCTH,
HaIpuMep, BPEMEHHBIN Jpeii() KaK HOBBIM TOMOJHUTEIBHBIN (aKkTop, T.€. MaTpHUIlA
[1®dD pazduBaeTcs Ha ABa 0J10Ka, SABISIONUXCS noayperiukamu JId3. Hanpumep,

pazouenue marpuiisl 11D 2% Ha 2 610Ka 110 4 OmbITA, BBITIOJIHAEMOE B

IPEHEOPEKEHUN B3aUMOJICUCTBUEM X1XpX3, SKBUBAJIECHTHO HCIOJIB30BAHUIO TTOTY-
4-1

pemku DD ¢ onpenensomuM KOHTPacTOM 1 = X3XX3X4. Dopmanu-

30BaHHYIO METOJUKY B ATOM CITydae MOHO CBECTH K CJICTYIOIITUM dTaram.

1. Ctpoum crangaptHyto Marpuily [1D3.

2. 3amenseM 3((eKT B3aMMOJJICHCTBUM CaMOTO BBICOKOTO ITOPSAKAa Ha HO-
BBIY JTOTIOJIHUTENIBHBIA (PaKTOP, ABJISIONIUNACS UICTOUHUKOM HEOHOPOIHOCTH.

3. Pa3OuBaem marpuiy Ha 2 Onoka: 1-if — c BEpXHUM YpOBHEM HOBOTO (ak-
Topa (mpeHebperaemoro 3 dexra B3auMOACHCTBIN), 2-i — C HIDKHUM YPOBHEM.
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B stom ciydae Bce mokasarenu 1-ro 610ka Oy TyT 3aBbIICHB HA B, a 2-TO —
3aHIDKEHBI Ha Ty Ke BeIM4nHy. Toraa

1 N
bo = 2.1~ B (6.58)
i=1

a Bce OCTaJIbHbIe KOA()(PUIIMEHTHI HE CMEIIaHbI ¢ Aperdom.
Wrak, npu nepexoje ot 0j0Ka K 00Ky Apeiid n3MEHSeTCsl CKauKooOpa3Ho
Ha 2[3, a BHyTpH OJ10Ka z[PeI?I(b OTCYyTCTBYET. Takum 00pa3om, IjIaH SKBUBAJICHTEH
nonyperuke DD 2% rme HOBBI (GakTop — HCTOYHHK HEOJTHOPOIHOCTH
(apeiid).
[Ipu pazOueHnu MaTpuil Ha OJIOKU J1Jis Y00CTBA MIPUHSTHI CIIEAYIONIHE 000-
3HAYCHUS:
- (1) — cumBoIT 0O03HAYAOIINH, YTO BCe (PAaKTOPHI B CTPOKE MATPHIIBI COOT-
BETCTBYIOT HI)KHEMY YPOBHIO;
- KaxaoMy (akTopy NpHCBOCHA JIaTMHCKas OykBa (X;—a, Xp—D,
X3—C | T.1.);
- HAJIMYUE OJTHOM MM HECKOJIbKUX OYKB Iepe]] CTPOKOH MaTPHITbI TOBOPHUT O
TOM, YTO B ATOW CTPOKE (aKTOPhI, COOTBETCTBYIOIINE MMEIOIIUMCS JaTHHCKUM
OykBaM, UMEIOT BEpXHUI ypoBeHb (0003HaYEHBI “1”).
DTa CUMBOJIMKA TMO3BOJISIET 3alMCaTh MAaTpUIly OJHOM cTpokoi. Hampumep,
11 maTputibl [1OD 2% ¢ pazouenueM Ha 4 6;10ka, umeeM (Tad71.6.8).
(1) a b ab; c ac bc abc; d ad bd abd; cd acd bcd abcd.
Tabmuua 6.8
Marpuua miasa 2* ¢ paséuenneM Ha GI0KH

o | bykBeH-

n/ H(})]: oe6o- X1 Xo X3 X4 Homep
0J10Ka

11 3HAQUCHHUC

1 [(D — — — —

2 |a + - - -

3 |b — + — — 1

4 |ab + + — —

5 |c - - + -

6 |ac + — + — 9

7 |bc — + + —

8 |abc + + + —

9 |d — — — +

10 | ad + — — + 3

11 | bd — + - +

12 | abd + + - +

13 |cd — — + +

14 |acd + — + + 4

15 | bed — + + +

16 |abcd + + + +

1-it 610K — 3TO cranmapTHas marpuna [1dD 2°;
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2-i1 OJIOK MoJy4aeM, YMHOXKasi OyKBEHHbIE CTPOKU 1-ro Ojoka Ha “C” win
noBTOpss 1-i OJIOK HA BEpXHEM YPOBHE X3;

3-ii OJI0K MoJy4YaeM, yMHOKasi OYKBEHHBIE CTPOKHU 1-ro 0y1oka Ha “d”;

4-i GJIOK TOJy4YaeM, YMHOKass OYKBEHHBIC CTPOKH 2-To Ojoka Ha “d” miu
MOBTOPSSE 2-1 OJIOK HA BEPXHEM YPOBHE Xy.

CymiecTByeT HECKOIBKO OTJIIMYHBIN crtoco0 pa3OueHus MaTpuilbl (PaKTOpHO-
ro raaHa Ha 0moku. [Tokaxem ero Ha nmpumepe.

IIycTh HY/KHO MOCTABHTH YKCIEPUMEHT 2 M H3BECTHO O YETHIPEX HCTOYHH-
Kax HEOJHOPOAHOCTH, KOTOPHIE MOTYT 3HAUUTEIHHO MCKA3UTh pe3ynbraThl. Cie-
J0BAaTEIbHO, HEOOXOIMMO Pa3AeIuTh MAaTPHUILy SIKCIIEPUMEHTA Ha 4 Groka.

Pazo6nrem Haiu 1elCcTBUS HA OTACIbHBIC STAIIbI.

1. Onpenenenne komnyecTBa 3HPEKTOB B3aMMOICUCTBHM, KOTOPBIMH MOK-
HO MpeHeOpeyb.

KonnuectBo Takux 3¢ (eKToB OmpenesiseTcss YUCIoM CTeNeHel CBOOOJBI,
CBSI3aHHBIX C PANTMUUAMU MEXKY OJOKaAMU:

f=n-1=4-1=3, (6.59)

rae T — gucio crenenei cBOOOIBI; N — KOJMYECTBO OJIOKOB.

2. Bri60op 3 dexToB B3aMO1€HCTBHIA.

JIBa a(pdexra B3auMoeHCTBUN, KOTOPHIMUA MOXHO TIpeHeOpeyb, BEIOMPAIOT-
Csl KCXOJIS U3 alpUOPHON MH(POPMAILIUU WIIM Hanbosiee BEICOKOTO MOPsI/IKa CMEIIN-
BaHUS. ITO X1XpX3 U XoX3X4.

Tpetnii 3Q(deKT ABIgeTCS MPOU3BEAECHUEM JIBYX MEPBBIX. ITO X1 Xo" X5 Xy =
X1X4, TAK KaK KBaJIpaT ypOBHS JIFOOOTO (hakTopa B KOJOBBIX NEPEMEHHBIX BCETa
paBeH eIMHUIIE.

3. ®opmupoBaHUe MepBoro OJ0Ka

Dddekram B3auMOACHCTBUIN, KOTOPHIMH MOKHO IIpeHEOpeUb, MPUCBAUBAEM
OykBeHHOE 0003HAYCHUE:!
X1XoX3 —abeC;  XoX3Xq —bed; Xy — ad.

B kauectBe mepBoro ombita Onoka mpuHuMaeM (1), rae Bce dakTopsl Ha
HUKHUX YPOBHSIX.

3atem BKJIIOYaeM B OJIOK TE€ OIBITHI, KOTOPhIE UMEIOT YE€THOE KOJUYECTBO
OYyKB, COBIQIAIONINX C CUMBOJIAMU XOTsI ObI IBYX U3 TPEX BHIOPAHHBIX B3aUMOJICH-
CTBUH.

Bropoii onbiT — bC (XX3) — OyKBEHHBIE CHMBOJIBI COBIAIAIOT C ABYMS CHM-
BOJIAMHU JIBYX TIEPBBIX OTOOPaHHBIX B3aMMOICHCTBUM.

Tperuii onbiT — acd (X1X3X4) — ABa OYKBEHHBIX CHMBOJIA COBIAJAIOT C CHM-
BOJIAMU BCEX OTOOPAHHBIX B3aUMOJICUCTBUH.

Yersepthiid onbiT — abd (X1XpX4) — Ba CHMBOJIA COBMAAOT C CUMBOJIAMHU
BCEX TPEX OTOOPAHHBIX B3aUMOJICUCTBUM.

Torma mepssrii 6510k — 310 (1) be acd abd.

4. ®opMupoBaHUE OCTATHHBIX OJIOKOB.

Bri6upaem 1100601 HEMCIIOIB30BAHHBIN OMBIT U YMHOXAEM Ha €ro OyKBEH-
HBI CUMBOJI Ka)K/IbIi 4jIeH mepBoro Oyoka. iMeem, BeiOpas ombiT “a”, a abc cd
bd. Oto BTOpOIi GIIOK.
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Jlnst monydyeHus: TpeTbero OJIoka BbIOMpaeM JpYyroid HEHCIOIb30BaHHBIN
OTIBIT, HapuMep, b. YMHOkasi Bce WIeHbI epBOro 0J0Ka Ha €ro CUMBOJI, UMEEM:
b ¢ abcd ad.

AHAJIOrHYHO JIJIS Y€TBEPTOro 0JI0OKa, BIOpaB ombIT “d”, nMeeM:
d bcd ac ab.

5. IoctpoeHue Matpuipl 2*, pa3dutoii Ha 4 6110Ka (cM. TabL. 6.8).

AHanu3 0JI0KOB B MaTpHIle MOKA3bIBAET, YTO B KAXKIOM OJIOKE, 32 UCKIIIOYE-
HHEM CMEIIaHHBIX, CyMMa CTOJIOIIOB paBHA HYJIIO (paBeHCTBO +1 1 —1).

CnenoBatenbHO, MEKOIOYHBIN YPPEKT OTPA3UTCS TOIHKO HA BEIMYUHE CIIC-
nyronx ko3ddunmentoB perpeccuu: Do; D145 b123 1 by34. OcTampabie KOG DUITH-
CHTBbI OCBOOOKACHBI OT BIUSHHS HCTOYHUKOB HEOTHOPOJHOCTH.

[ToroOHbIe MIIaHBl Ha3bIBAIOTCS POOACTHBIMHU (YCTONYMBBIMU) K Apendy win
MHOM M3BECTHOM CHCTeMaTHUYeCKOM omnoke (1Ta6:1.6.9).

Tabmauia 6.9
brounslit T1aH, poOacTHBIN K Apeidy
3 byksen-
. |bn |HOE 3
H/ o S oSS )
OK |0003Ha- o o oo oo XSS
I x| x| x| x| X X X] x| <] ]| X<
ICHUC | 2] 531 531 53] 52 5] 5] 501 501 5] 52 o] 5] 591 <
1 (1) B B e
2 bc S 1 [ (2 Y R ) S [
1
3 acd e o ) ) O O ) e
4 abd S0 S P [ N S Y R )
5 a S o e ey e i Y S S S I ey
6 5 abc m 1 8 8P O )R R Y )
7 cd =+ === =+ +]=]|+ =+
8 bd P R R 2 O 2 o e o (2
9 b e [ R 2
103 C S I I I N [ ) ) O %
11 abcd | | || ] ] ] ]+
12 ad +|—|— || ||+ |||+ |||+
13 d I B S Y
14 bcd S O Ot I o [ R (P (S S N Y B (T
4
15 ac PN R N R ) O O O sy e
16 ab S JRCS  Y  ) ) ) e
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7. INTAHUPOBAHUE IMTPOMBIINJIEHHBIX OKCIIEPUMEHTOB

[InanupoBanue U peanuszanus SKCIEPUMEHTAIbHBIX MCCIEAOBAaHUN B MPO-
MBIIICHHBIX YCIOBHSIX WJIM Ha MPOMBINUICHHBIX arperarax U yCTaHOBKAaX 3HAYM-
TEJIBHO YCJIOXHEHBI M0 CPABHEHUIO C JaOOpPaTOPHBIMHU YCIOBHSIMU. B OCHOBHOM
ATO CBS3aHO C OTPAaHUYEHUSIMH B BO3MOXKHOCTH BaphbUPOBATh NIEPEMEHHBIEC (HaKTO-
pol. Tak, ecnu nuana3oH BapbUPOBaHHUS Maj, TO BBISIBUTH BIMSHUE (DAKTOPOB Ha
napameTp ONTHMH3AIIUN HE YAACTCS, a €CIU BEJIMK- TO PSAJl PEKUMOB MOXKET BBIN-
TH 3a JIONYCTUMbIC MPEAEINbl, YTO MPUBEACT K CHUKEHUIO KauecTBa MPOIYKIUU
WM TIPOU3BOIUTEIILHOCTH arperara.

JIJ1st IeHCTBYIOMIETO MPOU3BO/ICTBA XapaKTEPHBI CICAYIONMNE OCOOCHHOCTH:

- BBICOKUI YPOBEHb CIyYaHbBIX TIOMEX;

- BpEMEHHOU Apeid mapaMeTpos;

- OTpaHUYEHUS U3MEHEHUN HE3aBUCUMBIX TAPAMETPOB;

- HaJTMIME 3HAYUTEIIBPHOTO YUCiIa HEYIIPaBIsieMbIX (PaKTOpPOB.

BwmecTe ¢ Tem, yeM akTHBHEE BMEMIATEILCTBO B UCCIEAYEMbIH Tpoliece (dem
OOJBIIIe TUATIa30H BaphUPOBAHUS), TEM BBIIIE BEPOSTHOCTH M3BICUCHHS TOJIC3HON
uHbOpMAIMK I TTOCTPOSHHSI MaTEMATUYECKOW MOJIENM WK JJIsl YIIPABICHUS MPO-
neccoM. OHaKO PU 3TOM BO3pACTaeT lieHa HH(POpMALIKK.

KoMripomMuccHOE COOTHOIIEHHE MEXIY KOJIUYECTBOM IMOJTydyaeMoi UHQOp-
Mald u yriepooM, MPUYHHIEMBIM OOBEKTY B pe3yJbTaTe aKTHBHOTO JKCIICPH-
MEHTUPOBAHUS, JOCTUTAETCAd CHEIUATbHBIMH METOJAMH TOCTPOEHUS MPOMBIIII-
JICHHBIX YKCIIEPUMEHTOB.

CdopmynupyemM OCHOBHBIE TPEOOBaHUS K SKCIIEPUMEHTAM, IIPOBOJIMMBIM B
MIPOU3BOICTBEHHBIX YCIIOBUSIX.

1. HeoOxoanma o0s3aTenbHasi BO3MOXHOCTh YCTAHOBJICHUS Pa3IMUUN MEkK-
Ny 3HaYCHUSAMH TIapaMeTpa ONTUMH3AIMU B TOUYKaX (PaKTOPHOTO MPOCTPAHCTBA HA
(b oHE 3HAYUTETHHONU OMIMOKH BOCTIPOU3BOIUMOCTH.

2. Bo BpeMs peanuzainuu 3KCHeprUMEHTa TEXHUKO-dKOHOMUYECKHE TTOKa3a-
TEJIM UCCIIEAYEMOT0 Mpoliecca TOKHBI ObITh OJIU3KUMU K TEM, KOTOPbIE ObLIN 10
HKCIIEPUMEHTHUPOBAHUSI.

3. HeoO6xoauMo UMeTh BO3MOXXKHOCTh ONTHMHU3HPOBATH MPOIECCH, 00aaa-
IOII[€ BPEMEHHBIM Jperdom.

4. BerauciuTeabHbIC MPOIEAYPHI JTOJDKHBI OBITH MPOCTBIMH W yIOOHBIMU
JUTSI BBITIOJTHEHUS B TIPOU3BOICTBEHHBIX YCIOBHSIX.

OTuM TpeOOBaHUSM YJIOBIETBOPSIOT ONMCAHHBIE HIKE METOJBI AKCIICPH-
MEHTAaJIbHBIX UCCIICTOBAHUM.

7.1. IBOIOLMOHHOE IVIAHUPOBAHME
DTOT BUJ TUTAHUPOBAHUS JKCIEPUMEHTOB OOBIYHO MPUMEHSIIOT JJI JIBYX-

WM TpeX(aKTOPHBIX MPOILECCOB, TAK KaK MPH JalbHEWIIEM YBEIMYEHHHM 4HMCIa
(aKkTOpOB BBIYUCIEHHUS! CTAHOBSTCS TPOMO3JKUMHU. B OCHOBY 3BOIIOLMOHHOTO
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wianupoBanus (DBOII) monokeH miaH MOMHO(AKTOPHOTO SKCIEPUMEHTa WIIH
JPOOHOI PEIIUKH.

B OBOII npunsara cBost tepmuHonorud. Kaxaoe otaenbHoe coueTaHUE He-
3aBUCUMBIX MEepeMEHHBIX ((aKTOPOB) WM CTPOKA MATPHUIIbI MJIAHUPOBAHUS HA3BI-
Ba€TCs ONEPALMOHHBIMU YCIOBUSMH.

COBOKYITHOCTh OIIBITOB, 33JJaBA€MbIX MAaTPHULEH IUIAHUPOBAHMSA, WM OIHO-
KpaTHOE MIPOXOKIEHUE BCEX OMEPALMOHHBIX YCIOBUI HA3bIBAECTCS LIUKIIOM.

[TocnenoBaTenbHOCTh MapalieIbHBIX AYOJIMPOBAHHBIX IIUKIIOB, BBIMOJIHSE-
MBIX JIJISl OTHUX U T€X K€ ONEPALMOHHBIX YCIOBUM, 3aJJaHHBIX MATPHILIEH MIIaHH-
pOBaHUs, Ha3bIBAETCs (Pa3oil.

B pesynbrare DBOII BoIUuCASIOTCA MO KaXA0M U3 KOOpAUHAT (PaKTOPHOTO
npoctpancTBa 3¢ dektol Ej. Onm B 1Ba pa3a 0osbine Kod(h(GUIIMEHTOB perpeccun
bj 1 onpenensoTcs MO aHATOTHYHBIM (HOPMYIIaM.

[Ipu 3BOJIFOIIMOHHOM IIJIAHUPOBAHMM ITOCTYJIUPYIOT OJHOPOJHOCTh JTACIIEP-
CUH B TOYKAX IJIaHA.

VYcTaHOBIEHHE pA3NHUUd MEXKIYy 3HAUYECHUSIMH MapaMmeTpa ONTUMHU3ALIU
ONMMPAETCA HAa MPUHIUI MAaTEMAaTUYECKON CTATUCTUKHU: MPU MOBTOPHOCTH OIBITOB
B “N” pa3 TOYHOCTH CPEJHEro BO3pacTaeT B “+n” pa3. To eCTh CTABAT 3HAYUTEIb-
HOE YHCJIO TMapauieabHbIX ONbITOB. Ilpy mocTrosiHHO paboTaronieil mpou3BOA-
CTBEHHOH YCTaHOBKE 3TO HECJIOXKHO.

[Tocne peanuszanuu nepBoit ¢asbl (puc.7.1) U BBISBICHHUS HAWIy4IIEH, IO
3HAYEHUIO BBIXOJHOIO IMMapaMerpa, TOYKU (Ha puc.7.] oTMeueHO 3BE3J0YKOM); B
Hee MEePEeHOCAT UEHTP Cleytomien (a3pl U peaanu3yroT SKCIEPUMEHTHI.

X, A

% - TO4KH
QUTHMATRHOIO
BLIX0,18

DA3A 4

3 4 DA3A3

5 (DA3A 2

1 2 OA3A L

.
-
L

<
Puc.7.1. CxeMa 5BOJIIOIIMOHHOTO TIJIaHUpOBaHusl ((paza
— 1D 2°)

[Tpu BBITTOJIHEHUHW IKCIIEPUMEHTAIBHON (ha3bl UMEET CMBICH JTI0OABHUTH B €€
IICHTP JOTOJTHUTEIBHBIA SKCIIEPUMEHT TSl onpeaecHus (GopMbI (BBITYKIIas WIIHA
BOTHYTAs) U CTETICHH KPUBHU3HBI TOBEPXHOCTH OTKITHKA.

To ectb ob6miee uncio ompiToB ipu IBOII

N =2+ (k-1), (7.1)
rae K — 9uciio mepeMeHHbIX (haKTOPOB.

OcoOEHHOCTBIO BBITIOJIHEHUS W OO0paOOTKHU PE3yJbTaTOB 3BOJIOIMOHHBIX
OKCIIEPUMEHTOB SBJISICTCS METOJIMYECKOE YIPOIIEHUE MPU SCTCCTBEHHOM CHIDKE-
HUW TOYHOCTH, a TAK)KE UCIIOJIb30BaHUE CITCIIUATIbHBIX KapT.

CpenHee KBaJpaTHUECKOE OTKIOHEHUE HAXOAAT 1o Gopmyrie

c=R-d, (7.2)
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rre R — pa3max B BEIOOpKE MapayuieIbHbIX ONbITOB; d — TaOmm4HbIi K03 duimeHt
(d =0,34-0,46).
3HAYUMOCTb JIMHEWHBIX 3(PPEKTOB OLEHUBAIOT CPABHEHUEM HMX BEJIMYUH C
JIBYXCHUTMOBBIM JIOBEpUTEILHBIM HHTEPBAIOM A!

2
Ej>A=T(;, (73)

rze N — KOJUYECTBO IIUKJIIOB.

PaccmoTtpum metonuky DBOII Ha npuMepe ABYXypOBHETO IBYX(aKTOPHOTO
IIaHa.

1. Beibop 1nienTpa miaHa.

B xauecTBe HyneBOM TOUYKHU (LIEHTP MJIaHAa) BEIOMPAEM ONTUMAIIbHBIA MPOU3-
BOJICTBEHHBII PEXUM WM CTaHIaPTHBIE MPOU3BOACTBEHHBIE YCIOBHS.

2. Be160p OCHOBBI TUTaHA.

Tak kak umeercs 1Ba (pakTopa, B Ka4eCTBE OCHOBBI BbIOMpaeM 11D 22,

3. 3anuch MaTPHIIBI TUIAHUPOBAHUSI.

N X1 X5 X1Xo
1 _ _ +

2 + — -

3 — + —

4 +

5 0 0

4. Peanu3anys qByX MEPBHIX IIUKIIOB.
n |1 |2 |3 |4 |5

Yii | Y1 | Y12 | Y13 | Yia | Y15
Yoi | Y21 | Y22 | Y23 | Yoa | Y25

5. BbIuncieHne cpeIHero BbIXo/1a Mo OMbITY:
I L
Yi =EZin- (7.4)
u=1

Ipumep: y, = %(yll +Y91), H B PE3yJIbTaTC HMEEM:

N 1 2 3 4
Vi Y1 Y2 Y3 Ya Ys

(@)

6. Boruucnenue appextoB no pakropam.

N N
Zzinji Zzinjini
i=1

<o
Bj=2bj=—=—1 Ep=—""— (7.5)
TIpumep: E1:2(—y1+y24—y3+y4); E2=2(_y1_y24+y3+y4);
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_2A%1-Y2-Y3+Ya)
4
7. Beruucienue pasmaxa.

Eqpp

R= (yu,i - yu+1,i)max - ()_/u,i ~Yu+,i )min 1 (7.6)
Te Yyi — CPEIHHN BBIXOJ U-TOTO M TPEABILAYIIMX [MKIOB B I-X OMEPAIHOHHBIX
YCIIOBUSIX; Yy .1 — BBIXOX U+1-ro muKIIa B i-X ONEPALIOHHBIX YCIOBHSX.

HpI/I IOBCACHHUHU BTOPOT'O IMKJIA BBIXOZ OIIBITOB IICPBOroc NHUKIIA CUUTACM
CpeAHHNM, T.C. Yqj =§/u,i .

Ilpumep:
N 1 2 3 4 3)
Yui i1 Y12 Y13 Y14 Y15
Yu+i,i Ya1 Y22 Y23 Y24 Yo5
Yui = Yusri |1 I —I3 s I's
[Ipumeya- i
max min
HUE
R=(+n)-(-r). (7.7)
8. Pacuer cpemHero kBaipaTtuaecKoro
c=R-d.
9. Onpenenenne TOBEPUTEIBHOTO ABYXCUTMOBOTO HHTEPBAJIA
A=
Nk
10. Onpenenenue 3Ha4UMOCTH 3PHEKTOB.
10.1. | < A, 1. e. 3¢ PexTsl He3HAUMMBL. HEe00X0aMMO BBINOTHUTH Tpe-

TUW IIUKIT U HOBTOpI/ITb m. 1. 5.

10.2. | E; | > A, T.e. 3¢ heKTsl 3HaUNMbI (WU OAWH U3 YPPEKTOB), U MOKHO
nepexoauTh K HOBOM dase.

11. [TocTtpoeHne HOBOW MATPHULIBI.

B kauecTBe HyNeBOW TOYKHM BhIOMpAeM OIEpAIMOHHBIC YCIOBUS TPEIBITY-
e gaspl ¢ ONTUMANILHBIM BBIXOJIOM (Hampumep, Touka 4 Ha puc.7.1). [Ipu nepe-
X0JIe K HOBOM (pa3ze MOKHO M3MEHATH BETWYMHY WHTEPBAJIOB BapbUPOBAHUS U J1a-
e camu (akTopsl. HOBEIN Tu1aH He 0053aTeNbHO JOJDKEH OBITh KBaapatoM. OH
OBIBaET M MPSIMOYTOJLHUKOM. J[7151 BTOpOIt (ha3pl OepemM JOBEpUTETHHBIN WHTEPBAT
s dexToB U3 IepBOit asbl, cCUUTas €ro aMPUOPHO U3BECTHBIM IS (Basbl 2.

Takum oOpa3oM, CTaTUCTUYECKUN aHanu3 pe3yabratoB npu DBOII mpoBo-
JISIT TIOCJIEIOBATEIHHO MOCIE KaXKI0TO IUKIIA.

Cnenyer uMeTh B BUIY, YTO (PYHIaMEHTAILHEUIIUM OTIIMYHUEM IPOMBIIII-
JICHHBIX 3KCIEPHUMEHTOB OT JIA0OPATOPHBIX SBIISACTCS AKOHOMHYECKUH (akTop.
[TosTomy 11eHa 3a noaydeHHyro uHbopmaiuo npu IBOII He nomxkHA OBITH CIUII-
KOM OO0JIBIIION (pOCT Opaka Wiu pasiiajka YCTAaHOBOK TP IKCIIEPUMEHTAX ).
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7.2. IlociienoBare/ibHOE CUMILJICKC-TJIAHUPOBAHME

OHMM 13 SKCIEPUMEHTAJIbHBIX METOA0B, TPUMEHSEMBIX B ITPOMBIIIJICHHBIX
YCIIOBUSIX, SIBJIIETCS CUMILICKC-TIJITaHUPOBAHUE.

OtoT MeTo ObLT mpemioxkeH B 1962 rony Cnenmieem, Hekcrom u Xum-
CBOPTOM.

CUMILIEKC-TUIAHUPOBAHUE — ATO MOCJIEA0BATEIBHOE IIAroBOE JIBUKECHHUE K
ONTUMYMY IMOBEPXHOCTU OTKJIWKaA. J[s MeTo/ma XapakTepHO COBMEIUIECHUE U3YyYe-
HUS TOBEPXHOCTU OTKJIMKA M MEPEeMENICHUsI MO0 HEell. DTO JOCTUTaeTCsl TEM, UYTO
DKCIIEPUMEHTHI CTAaBSITCS TOJIBKO B TOYKaX (DaKTOPHOTO MPOCTPAHCTBA, COOTBET-
CTBYIOIIIMX BEPIIMHAM CUMILICKCA.

I-MEpHBII CHUMIUIEKC MPECTaBIsIeT cCOOOW BHIMYKIYIO (GUTypy, 00Opa3oBaH-
Hyt0 i+1 Toukamu(BepmmHamu). OYEBHIHO, YTO YHUCIO BEPIIMH CHUMILICKCA Ha
€IMHUILLY TPEBOCXOIUT Pa3MEpPHOCTh (PAKTOPHOTO MPOCTpaHCTBA. Tak, Ha MIOCKO-
CTH CHMIUIEKCOM SIBJIIETCS TPEYTOJIbHUK, B TPEXMEPHOM NPOCTPAHCTBE — TETPa-
3P, HA OMHOMEPHOMN OCH — OTPE30K MPSAMOI.

CHUMIIIEKC HA3BIBACTCA PETYJSIPHBIM, €CIIM BCE PACCTOSHUSA MEXIY €ro BEp-
HIMHAMU paBHbL. Ha MI0CKOCTH — 3TO paBHOCTOPOHHUN (IIPaBUIIBHBIN) TPEYroJib-
HUK. HenpaBuibHbII CUMIUIEKC MOKHO BCErza mpeoOpa3oBaTh B PEryISIPHBIN MY-
TE€M KOJMPOBaHUS (PaKTOPOB IO OOBIYHBIM (hOpMyJIaM.

B ocHOBE mpUMEHEHHsI CUMILUIEKCA JUIsl UEIEH ONTUMHU3ALNN JICKUT CIEAY-
IOLIEEe €ro BaKHOE CBOMCTBO: M3 JIIOOOT0 CHUMILIEKCA MOYKHO, OTOPOCUB OJHY U3
BEPILMH M WCIOJIb3Yysl OCTaBIIYIOCS I'PaHb, MOJYYUTh HOBBIM CHUMIUIEKC, JOOABUB
BCEr0 JIMIIb OJIHY TouKy (puc. 7.2). U3 cumrmuiekca 1, 2, 3, otOpocuB Touky 1 u uc-
MOJIb3YS TpaHb 2-3, 0Jly4aeM HOBBIN CUMIUIEKC 2, 3, 4, TOCTPOUB TOUKY 4.

X1

»
»

X2

Puc. 7.2. JIByMepHbIil CUMIIJIEKC HA TNIOCKOCTH

[Tyrem mocneaoBaTenbHOro OTOpachIBaHUSI BEPILIMH MOXKHO OCYHIECTBISTh
nepeMenieHre cUMILieKca B (DaKTOPHOM MPOCTPAHCTBE MPU KaKIOM MOCIETYI0-
1M SKCIIEPUMEHTE.

Ecnu mpoBOIWTE SKCIIEPUMEHT B BEPIIMHAX CHUMIUIEKCA, TO MOXKHO HalTH
HaIpaBJeHUE MaKCHMAaJbHOTO HAaKJIOHA MOBEPXHOCTU OTKJMKA IO pe3yJbTaTaM
onbIToB. OHO MPOXOJIUT W3 IIEHTpa CUMIUIEKCA Yepe3 IpaHb, IPOTHUBOMOIOKHYIO
BepIIMHE (BBIXOY IKCIIEPUMEHTA) C “TINIOXUM’ KaueCTBOM. JTO HaIpaBlEHUE TO-
Ka3aHo cTpenkaMmu Ha puc. 7.2. Takum oOpa3om, oTOpachiBas TOUKY C HEYJOBIIE-
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TBOPUTEIbHBIM 3HAYEHHEM BBIXOJA, CTPOMM €€ OTPaKCHHE U IOJy4aeM HOBBIN
CUMILJIEKC.

JlocTurayB 00JacTH PKCTPEMyMa, CUMILUIEKC HAYMHAET BpallaTbCsi BOKPYT
CBOCH TOUKHM C AKCTpEMalbHBIM 3HAYEHUEM BbIXOJa (Touka A Ha puc.7.2), 4To
OTpeENISIET KOHEI] MPOoIecca ONTUMH3AIIUU.

Cpenu pa3nuyuHBIX METOJIOB MOCTPOEHMSI MCXOJHBIX CHUMILJIEKCOB CIEIyET
OTMETUTH JIBa HanboJjee ynoTpeOUTeIbHbIX.

1-i1 éapuanm.

OpaHy U3 BEpIIMH CHUMILUIEKCA MOMENIAI0T B HAYaJI0 KOJUPOBAHHBIX KOOPAU-
HaT. OcTanbHbIe BEPIIMHBI PACIONAraloT Tak, 4YToObl pedpa, BBIXOIAIINE U3 Tep-
BOM BEpIIMHBI, 00Pa30BbIBAJIM OJMHAKOBBIE YTJIbl C KOOPJAMHATHBIMU OCSIMU (pHC.
7.3, a). MicxoHbIN TUTaH, COCTABIISIFOIINN I-MEPHBIA CUMIUICKC, OPUEHTHPOBAHHBIN
yKa3aHHBIM 00pa30M, MOXKHO IIPEICTaBUTh MaTpULIeH
Pl 02 O3 ... Qi ... Ok-1 Ok
qp P2 g3 ... Gj ... Ok-1 Ok

A1=|01 92 P3 ... Qj ... Ok_1 Q| (7.8)
00 0O0OO0O0O O O
rac
g = ——(ViT1-1), (7.9)
iv/2
PiZQiJF%’ i=1,2,3...k dakropos. (7.10)
A X2 A
o o = a2
2(x1=qi; X2 =pz)
=P X2 T2 2 =-Ry; xq|=
1(x I;I;& q2) (X X7r2} 1(X1=r|;xZ=r23
3(x=0;x;,=0) X>| X1
3(x,=0;x, =Ry}
a)
0)

Puc.7.3. IlocTpoeHne HAYaJIbHOTO CUMILIIEKCA!
a — 1o BapuaHTty 1 (Marpuna A;); 6 — o Bapuanty 2
(MaTpuia Ay)

[Tpu Mcnoab30BaHUK MATPHUIBI HEOOXOAUMO BBIACIUTH YaCTh, COACPIKAIIYIO
I-cTos10110B (hakTopoB) u (i+1)-cTpok (BepiiuH cumiuiekca). Kaxkmas ctpoka mMat-
PHIIBI COOTBETCTBYET OJHOMY JKCIEPUMEHTY. TOouka B Hayaje KOOPIMHAT WMEET
KOOPUHATHI HOJIb TI0 BCEM OCSIM.

2-11 eapuanm.
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B nauano KOOpAWHAT IMMOMCIIA0T HCHTP CUMILIICKCA, 4 O/IHY M3 BCPIIIHWH pac-
MOJIaral0T Ha OJIHOM M3 OCEM (pHC73,6) Torna KOOPpAHWHATBI BCPIIMH CHMILICKCA
OIIPCACIIAIOTCA ManHHeﬁ
n rh ...0h ... Ik Ik

-Ry b o o Ik
S (7.12)
0 0 ...0.. _Rk—l Ik
0 0 ..0.. 0O -—-Rg
1
_ , 7.12
e i 712
i .
Riz 2(i—+1), |_1,2,3...k. (7.13)

W3MeHuB B MaTpuue 3HAKKM Ha MPOTUBOIOJIOKHBIC, MOJIYYHUM CHUMILIEKC,
CUMMETPUYHBIA JAHHOMY OTHOCHUTEJIbHO Hayana KoopAuHaT. YMCio OmbITOB B
CUMIUIEKCHOM MaTpHIIE PAaBHO YKCITy BEPIIUH CUMILIEKCA.

JUis mpakTUYeCKOro MOJb30BaHUS MaTpulEeill yaoOHee MpenCcTaBUTh €€ B
YUCJICHHBIX 3HAYCHUSX (HAIpUMeEDp, ISl MATH (GaKTOPOB):

1,000 0,259 0,236 0,219 0,205 05 028 0204 0158 0129
0,293 0,966 0,236 0,219 0,205 -05 0,289 0,204 0158 0129
A - 0,293 0,259 0,943 0,219 0,205; Ay - 0 -0578 0204 0158 0129].
0,293 0,259 0,236 0,926 0,205 0 0 -0612 0158 0129
0,293 0,259 0,236 0,219 0,912 0 0 0 -0632 0129
0,293 0,259 0,236 0,219 0,205 0 0 0 0 -0,645

OCHOBHBIMH NPEUMYIIECTBAMH CUMIIJIEKCHOTO TUIAHUPOBAHUS SIBJISFOTCSL:

- 3HAUUTEJIbHOE COKPAILCHUE YHCIIA YKCIIEPUMEHTOB;

- OTCYTCTBHE HapyIIEHUs OOIIETrO JBIKECHUSI K ONTHUMYMY MPU HEMPABUIIb-
HOM OpPHEHTAIIMH OJTHOTO U3 CHUMITJICKCOB, BBI3BAHHOW OIIMOKOM OIBITA;

- BO3MOKHOCTh JJOOABIISATH B MPOIIECCE pPeaTUu3aliy TUIaHa IOTOJHUTEIbHBIN
daxTop.

B nocnennem citydae TpeOyeTcst JOMOTHUTEIbHBIN OMBIT.

K HegocTaTkaM CHUMIUIEKC—IIJIAHOB CIIEYE€T OTHECTH HEBO3MOXHOCTh MPE-
BapUTEJILHOU pa3pabOTKH IKCIEPUMEHTATBHBIX TUIAHOB U KOPPEKTUPOBKU HMHTEP-
BAJIOB BAPbUPOBAHUS B XOJI€ IKCIEPUMEHTOB; MOATOTOBKY IMOCIEIYIOIIEH Cepun
HKCTIEPUMEHTOB TOJILKO TOCJIC Pean3aliy MPeIbIAyIeH; orpaHuYeHHY0 HH(OP-
MAIIUIO O XapAKTEPE MOBEPXHOCTU OTKIIMKA.

PaccMoTprM Ha 4YHMCIEHHOM OpPUMEpPE MOCIEAOBATEIBHOCTH 3TAIllOB CUM-
IJIEKC—TJITAHUPOBAHHUS IKCTPEMAIIBHBIX 3KCIIEPUMEHTOB.

1. [TocTaHOBKa 3aa4M UCCIIEI0BAHUS.

Ipumep:
OnTuMu3aIms TeOMEeTpUN KOHIIEBBIX (Ppe3.
2. Br10op BbIX0/1a (OTKIIMKA).

Ilpumep:
Croiikocts ¢pe3 T B MuH.
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3. Br1bop nepeMeHHBIX (aKTOpPOB.
Ilpumep:
3aJIHUH Yroj o B rpajaycax,
IIEpEIHUN YTOJI Y B TPalycax,
IUpUHa JeHTOYKH T B MM.
4. OnpesneneHne BO3MOKHOM TOUHOCTH U3MEPEHUS U 3a/1aHUsI (PaKTOPOB.

Ilpumep:
Ao = 15,
Ay = £5';
Af=0,005 mmM.

5. YcTaHoBIIEHUE MCXOIHBIX JAHHBIX: 0a30BOr0 ypoBHs (IIEHTpa HayalIbHO-
rO CUMIUIEKCA) U HHTEPBAJIOB BapbUPOBAHUS (PAKTOPOB.

BenmunHa ocCHOBHOTO YpOBHS i-T0 (DakTOpa B HATYpaIbHBIX MEPEMEHHBIX Xig
COOTBETCTBYET CPEIHEMY apU(PMETUYECKOMY HCCIIETyEMBIX YPOBHEN (pakTOpa.

X +Xi .
Xy = —max___lmin (7.14)
2
BenuuuHbl NpefeNnbHbIX 3HAUCHUH HccnenyeMblx (akTopoB (x; X, . )
max min

YCTaHaBJIMBAIOT HA OCHOBE AlPUOPHBIX JAHHBIX MJIM OMNBITA U UHTYHUIIMHU UCCIEN0-
BaTeJIsL.

WHuTepBansl BapbupoBaHUs AX; JOJDKHBI IPUMEPHO HA MOPSIOK MPEBOCXO-
JIUTh BO3MOYHBIE OIIMOKM M3MepeHuid paktopoB (11.4). C 6a3zoi (HyJE€BBIM ypOB-
HEM) Xjo MHTEpBaJIbl BAPbUPOBAHUS CBA3aHBI BHIPAXKEHUEM

AX; =X =X, (7.15)
Ilpumep: 1abn.7.1.
Tabnuua 7.1
HcxonHble TaHHBIE CUMITIICKC—TIIaHa
O6o3nauenue | Pazmep- baza Nutepran
bakTopoB HOCTb BapbUPO-
HATy- | KOJO- BaHUS
pajibHOE | BOE
o X rpajn 14 4
v X rpaj 15 6
f X3 MM 0,5 0,3

6. Omnpenenenue KOOpAUHAT HAYATHLHOTO CHUMILIEKCA B KOJOBBIX MEpPEMEH-
HBIX.

JIJist 9TOTO CTPOMTCS MaTpUIla MCXOJHOTO CUMIUIEKCA, KOTOpasi SIBISCTCA
MJIAHOM TIEPBOM CEPHUH IKCTIEPUMEHTOB.
Ipumep: 3-hakTOpHOE CUMILICKC—TVIAHUPOBAHUE.
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05 0,289 0,204
~05 0,289 0,204
| 0 —0578 0,204]
0 0 -06l12
7. HepeXOﬂ OT KOJIOBEIX K HaTypaHBHBIM HepeMeHHBIM HA4YaJIbHOT'O CHUM-
IIJICKCA.

[Tepexon BeIMOTHSETCS TIO POpMYIIE
Xj = AXj - X+ Xj. (7.16)
i i %ip ig

rA€ Ax; — HHTEPBaJ BAPbUPOBAHUS B HATYPAIbHBIX IEPEMEHHBIX; Xiy —

3Ha4YCHHE (PAKTOPOB B KOJOBBIX MEPEMEHHBIX; X, — 3HAYeHHE Oasbl B HaTy-

pPaIbHBIX IEPEMEHHBIX.
Ipumep. KoopauHaTsl 110 ocu X; pakTopa o Juisi BEPIIUHBI |
X1 =4-0,5+ 14 = 16,
JUJISL BEPIIUHBI 2
X; =4-(-0,5) + 14 =12,
ISl BepuuH 3 u 4
X1 =4-0+14 =14,

KooprHatel OCTaNbHBIX BEPIIMH MUCXOJHOIO CHUMILIEKCA PACCUMTAHbI aHa-

JIOTUYHO U CBEJICHBI B Ta0I. 7.2.

Tabnuua 7.2
KoopauHaTel BepIIMH UCXOIHOTO CUMILIEKCa
Cum- | Bep | Koopaunara no ocu
IUICKC | [IWHA X1 Xo X3
1 16 16,7 | 0,56
2 12 16,7 | 0,56
1234 ™37 14 [ 115 | 0,56
4 14 15 0,32
8. Peanin3zanus miiana nepBoil CEpuu IKCIIEPUMEHTOB
Ilpumep (1261.7.3).
Tabnuma 7.3

Pe3ynbraThl 1-ii cepun SKCIEPUMEHTOB

Brixon

Bepmmna (cToMKOCTB

T, MuH)
37,3
31,5
32,5
40,0

Cum-
TUIEKC

1234

AIWIN|F

9. BeiOoOp HauxyaIIero BbIX0O/1a
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Ilpumep: onpiT 2 B Tabm1. 7.3.
10. ITpoBomguTcs “oTpaxeHHe” HAMXYJIIEH TOYKH OTHOCUTEIBHO IIEHTpa
MPOTUBOIONOXKHOM rpanu. KoopauHaThl HOBOM TOUKH HaxoAsTcs o hopmye

k
Zin
XP = i:li- _X0T6p1 (717)

rjie N — MOPAIKOBLIA HOMEDP BEPUIMHBI “HOBOrO” CHMILIEKCA; » X; — CyMMa (ak-

TOPOB B HATypaJbHBIX MEPEMEHHBIX BO BCEX BEpIIMHAX CHUMIUIEKCa KpOMeE
OTOPOLIEHHOM; X5, — 3HAYECHHE (PAKTOPA B HATYpPAIbHBIX IEPEMEHHBIX B OT-

OpOIICHHOW BEpIIMHE CHUMILIEKCA; | — MOPSIIKOBBIA HOMep dakropa (I = 1, 2,
3 ... K); K —uncno pakTopoB (MEPHOCTH (haKTOPHOTO MPOCTPAHCTRA).

Ilpumep: KOOpAWHATHI IATOrO IKCIEPUMEHTA!
5 216 +14 +14) 2(16,7 +11,5+15)

P =TT 192170 X3 = -16,7=121°;
3 3
X5 = 2(0,56 + 0556 +032) 05604 MM.
11. Peanmn3yem 3KCIIEpUMEHT BO BHOBb ITIOCTPOCHHOM BEPIIMHE CUM-

TJIeKCa.
Ilpumep: (Tabn.7.4).
Tabnuna 7.4
Pe3ynbrarhl sKCriepuMeHTa B TOUKE 5

Ho
mep | Cum- | Bep-
P P X1 Xo X3 T
Ol | TUIEKC | IIHMHA
pITa
40,7

5 | 1534 5 17° | 12,1° | 0,4 Mmm

MUH

[TocnenoBarenbHOEe OTOpachIBAHUE BEPIIUH CUMILIEKCA U HAXOXICHUE KO-
OpJIMHAT HOBBIX BEPIIUH (JIBWKEHHUE CHUMIUIEKCA B (DaKTOPHOM MPOCTPAHCTBE)
MPOJI0JDKACTCS, TTOKA HAOIIOMAeTCsl POCT KPUTEPUSI KauecTBa (BBIXOMA).

[Ipumeyanus:

1) sKCIEpUMEHTHI MPEKPaIIaloTCs TOT/a, KOrJa CHUMIUICKC HaYWHAET Bpa-
IaThCSl BOKPYT TOYKH ONTUMYyMa WM XOTsI Obl OJ{HA M3 HATypalbHBIX KOOPJIWHAT
HOBOU BEPIIMHBI CUMIUICKCA HE UMECT (DH3NYCCKOTO CMBICTIA U3-3a CBOCH BEITUYH-
HBI.

Ilpumep: 1abn.7.5.
Tabmura 7.5
Pe3ynbTaThl 3KCTIEPUMEHTOB

Ho- | Cum- | Bep- X1 X5 X3 y
MCpP | INICKC | IIMHAa
OIIbI
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Ta

6 | 1564 6 173 | 17,7 | 0,29 | 472
7 | 7564 / 16,5 | 132 | 0,12 | 478
8 | 7568 8 199 | 13,7 | 0,22 | 50,6
9 | 7968 9 188 | 176 | 0,02 | 67,0

10 [ 79108 | 10 195 | 12,0 | 0,01 —

B Touke 10 (axcnepument NelQ) Benmuuna geatouku (f = 0,01 mm) cimm-
KOM Majia M1 He MOXET ObITh PEKOMEHAO0BaHA JIJIsl IPOU3BOJICTBA,

2) npu JABUKEHUU CUMILIEKCA B (DaKTOPHOM MPOCTPAHCTBE MOKET BCTpE-
TUTHCA YaCTHBIA ONTUMYM, MEHBIIUNA UCTUHHOTO. KpUTepusiMu JU1sl OLICHKU OINTH-
MyMa SIBJISIFOTCSI AlIPUOPHBIE JaHHBIE U OTIBIT UCCIIEA0BATEIIS;

3) eciu moclie ’oTpaxeHus” HauXyIIed TOUKY CUMILIEKCa MOoTyuyeHa HOoBast
TOYKa, KOTOpas B HOBOM CHUMIUIEKCE TaKXKe OKAKETCS HauXyAllIei, TO HE0OXOau-
MO, BEPHYBIIUCH K MPEKHEMY CHUMIUIEKCY, IBUTAThCA U3 HEr0, OTOPOCHUB TOUKY,
KOTopasi Oy/IeT HauXy/IlIen, eClIu HEe CYUTATh MEePBOW;

4) B HEKOTOPBIX CIIydasiX MOXET OKa3aThCs, YTO MPOIIECC, KOTOPHIM pac-
CMaTpUBAETCs KaK 3aBUCSIIMKA OT | (haKTOpOB, Ha CaMOM JIeJIe 3aBUCHUT CIIe OT Ka-
Koro-HuOy b (I1+1)-ro dakTopa, BeIUYMHA KOTOPOTO B IIPOIIECCE MPOBEICHUS IKC-
MIEPUMEHTOB HE U3MEHSJIACK.

[Tpu 3TOM MOXKHO “mOCTpOUTH” cUMILIEKC 10 (I+1)-MepHOTO, BBOJIS TOJIBKO
OJTHY HOBYIO TOUKy. J[y1st 3TOTO K TOUKaM “‘craporo” mpoctpanctsa ¢ (i+1)-ii koop-
JMHATOM, paBHOW 0, HAJ0 MPUCOCAMHUTH €IIIE OJHY TOYKY, KOOPIUHATHI KOTOPOM

Xins Xog e Xa s Xkatn =0+ g (7.18)
31ech X, — cpefHue apu(pMeTUIECKUe 3HAYCHNs U3 COOTBETCTBYIOIUX 3HAYECHUN
KOOPAMHAT “OpeAblIylIero” CUMIUIEKCA B HATYPAJIbHBIX IEPEMEHHBIX, PABHBIE!

K
i
_i=l

H m !

rie kK — MepHOCTB “cTaporo” (hakTopHOTO MPOCTPAHCTBA (YMCIIO (PAKTOPOB); m
— KOJIMYECTBO BEPIIUH “CTaporo” CUMILICKCa; | — MHACKC HoMepa dakTopa (i
=1, 2,3 ... K); 1 — UHACKC KOOpJAUHAT, T00ABOYHOH TOYKH “‘HOBOTO” CHUM-
TUIEKC.

3nauenue gonoaauTeabHOro (K + 1) pakropa HaxoauTcs o Gpopmyiie
Xki1g =d+hy g =d+ Akale[(R k1 + Tkat) (7.20)
rne d — Benmmunna (K + 1)-ro dgakTopa, KOTOpas B mpoiiecce MPOBEICHUS dKCIICPU-
MEHTOB 10 “‘CTapOMy’’ CUMIUIEKCY HE YUUTHIBAIACH, HO OCTABaJaCh MOCTOSIH-
HOH (B HaTypaJbHBIX NEPEMEHHBIX); Axy,;, — HMHTepBai BapbupoBanus (K +

Xj

(7.19)

1)-ro (akTopa B HATYpaJIbHBIX MEPEMEHHBIX; Ri1, k11 — PATUYCHI OMUCAHHOM

Y BIIMCAHHOU Cep CUMILICKCca pa3MepHOCThIO K + 1.

IIpumep: Tipu WCCIEIOBAHUU CTOMKOCTH ()pe3 HE YUHUTHIBAIOCH BIUSHUE UX TBEP-
noctu, paBaoe 60 HRC (d = 60).
[IpuHUMaeM: Axy,q, =Ax, =10 (MHTEpBAJI BApLUPOBAHUS),
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X(k+1), =X4o =d=60 (0aza).

PaccunthiBaeM 3HaueHusi 4eThIpex ¢akTopoB i 10-if Touyku “HOBOro”
cuMmIuiekeca 7, 9, 6, 8, 10.

10 165+18,8+17,3+19,9
Xl/t[ = 4

X% =60+10-(0,632+0,158)=67.9.
i)

[Tocne peanuzanuu 3TOro 3KCHEPUMEHTa HEOOXOUMO BBISIBUTh HAUXY/IINN
BBIXO/l U BO30OHOBHTH MPOIIECC “‘OTPaKEHUsI” OTOPOILIEHHBIX BEPLIUH.

12. IIoBTOPUTH SKCHEPUMEHT B TOUKE ONTHUMYyMa ISl YCTPAHEHUS BO3MOXK-
HBIX OLIMOOK U MOBBIIIEHHS TOCTOBEPHOCTH JIaHHBIX.

Crnenyer OTMETUTh, YTO CUMILIEKC-TIJIaHBI OTHOCSITCS K HACBILIEHHBIM (4HC-
JIO OTIBITOB PAaBHO YUCITY KO3(PGHUIIMEHTOB B ypaBHECHUHN PETPECCUH). DTO KacaeTcs
MaTpHIIbl IEPBOTO (UCXOJHOTO) CUMILIEKCA U JIMHEHHON PErpeCCUOHHOM MOJIEIIH.

B Marpuiie cuMIIEKCHOTO IU1aHa cOOI0AAETCs YCIOBUE OPTOTOHAIBHOCTU

=181; X5y =156; X4 =016;

N N
D xji=0 M He cOONIOJAeTCs YCIOBHUE NApPHOH OPTOrOHANBHOCTH ) XXy #0 H
i=1 i=1

N

HOPMHUPOBKH fo, #0. OTU TUIaHbl poTaTadenbHbl. B mo100HbIX mi1aHax ko3Qdu-
i=1

[UEHTHI TUHEUHON MOJIEIHU ONPEEIAI0TCA 1Mo hopMyiam

1 N N
bozﬁzyi , bj=2>Xivi, (7.21)
i=1 i=1
a MX JIUCIICPCHS
S =257 (7.22)

CrnenoBarenbHO, KOG GUITMEHTHI, HAWICHHBIC TI0 CUMILICKC-TIIaHY, OIpee-
JISIFOTCSL ¢ MEHBIIICH TOUHOCTBIO, YeM 110 MOJHO(AKTOPHOMY IIJIaHY.

AJZIEKBAaTHOCTH MOJYYEHHOW JTUHEMHON MOJEIN MOXKET OLIEHUBATHCS TOJBKO
Ka4ECTBEHHO I10 BEJIMYMHE PA3HOCTH

2 & .
Ya=| L 2Vi7Y |y (7.23)
i=1

r7ie Y, — DKCIIEpUMEHTAIbHOES 3HAYCHUE BBIX0JIa; Yj — 3HaUCHHE BBIXOJIa B "XOpO-
mux" BEpIIMHAX CHMILICKCA,; y* - HauxyJIIee 3Ha4eHUEe BbIXoaa (y OTOpO-
IIEHHOH BepuuHb); K — 1nciao (pakTopos.

Uewm Oompiiie 3Ta Benu4uHA (Pa3HOCTh MEXKY SKCIIEPUMEHTAILHBIM U pac-
YETHBIM 3HAYEHHUSIMH BBIXO/A), TEM MEHEE BEpHA TMIOTe3a 00 aJICKBaTHOCTH JIH-
HEWHOM MOJICIIH.

Takum oOpa3oM METOAMKA CHMIUICKCHOTO TUTAHMPOBAHUS SKCIEPUMEHTOB
MOJKET 0aTh JIOIIOJIHEHA.

13. Pacuer nucnepcun BOCIPOU3BOIUMOCTH (Tab1.7.6)

Tabmura 7.6

No 1 an Brxon

[Tpumeya-
X1 | Xo | Xz | Yik | Yik | Yik | Vi HHE

=
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05 0,2810,20| 37, | 36, | 38, | 37,
’ 9 4 1 7 1 3 | Bemmonne-
05 0280200 | | |31, HOTOMBEKO
’ 9 4 9) TpH T1a-
— paJuTeIb-
0 0,57 0,200 | | _ |3 HBIX OIIBITA
4 1
8 B BEpILIMHE
— CUMIUIEKCA
0 0 log1| — | - | - % NI
5 0

Zn:(Yk -y)
2 _ kL

(37,1-37,3)> +(36,7 - 37,3)> +(381-37,3

- = =052.
y n-1 3-1 '
14. PacueT k03pdpULIMEHTOB ypaBHEHUS perpeccuu (1admn.7.7).
No IInan Breixon Pacuer
o/ X | X2 | X3 | Vi X1Yi XoYi X3Yi
I
1| 05 0’58 Ofo 373 | 1865 10’7779 7.6092
2105 0’58 0’20 315 |-15,75|9,1035 | 6,426
3| 0 [0571%%0)321| o 1855365484
4
8 8
41 0 0 |0,61]40,0 0 0 —24.48
2
140, —
)y 9 2,9 1,3294 3,8964

15. Pacder 3naunMocTtu ko3 dunmeHToB perpeccun (1adm.7.8).

y=35225 +58x1 + 2,6588X » —7,7928X 3.

No Kpurepunit Ctbrofenra
Koopu- . . | BeBOx
11/ | [AEHTHI pacyYETHBIN TAOJIMYHBIN
Iyl
1| 35,225 345 >
2 58 569 > 4,303
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Hesna-

3| 2,6588 2,607 <
qUM

41 17,7928 764 >

Sh=4255 =4/2:052 =102 ; t, :g”n:z =4303.

16. O1renka agekBaTHOCTH JIMHEHHOU MOJIEIN
2
40,7—[5 (37,3+32,1+ 40,0)—31,5} =0,3.
[IpyHrMaeM runoTe3y o JIMHEWHOW MOJEH.
Takum o0Gpa3oM, UTOTOM TPOBENICHUS CUMILIEKC—IUIAHUPOBAHUS SIBIISIETCS
3HAHUE ONTHMAJIbHOTO 3HAYEHHS IApaMETpa BBIXOJIAa M BEJIMYHMH IEPEMEHHBIX
(bakTopoB, 00ECIEYNBAIOIIUX ITOT ONITUMYM.
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