JIeKIuM 1o JUCHUILJINHE «H.]'IaHI/IPOBaHHe H Opraumsanus
IKCIIEPUMEHTA»

1. Peanu3anus 3KCNEPUMEHTAIbHBIX UCCIEI0BAHUM

KoppekTHo mocTaBieHHbIE 3a7a4M U MMOJHOE 00eCIieYeHre UCClIeI0BaHuM Mo-
3BOJISIFOT, PEAJIM30BAB AKCIIEPUMEHT, MOJYYUTh B TOW WM UHOU (hOopMe OTBETHI Ha
MOCTaBJICHHBIEC HCCIieoBaTeNieM Bonpockl. [IpuueM ctparerus M TaKTHKa HCClie-
JIOBAaHUM OMpeAesitoTCa 0OIled METOAO0JOTHEN U YaCTHBIMU METOJUMKaMHU HCCIie-
JTOBAHUI.

1.1 MetoaoJioruss 1 MeTOAUKA

MeTtoo050rusi HAy4YHOTO MO3HAHUS, B O0IIEM HIMPOKOM CMBbICIE, Oa3upyercs
Ha JMAJIEKTHKE — HayKe O HamboJjee oOLIuX CBOMCTBaX, CBA3AX M 3aKOHAX OBITHS.
N3 o01ero 1uaaeKTUYECKOro MojixXo/1a BRITEKAaeT METOJl — MpaBuia 03HABATEb-
HOW JESATENIbHOCTH WM CIIOCOO OCYIIECTBICHUS 3TOU AESITENbHOCTH, ONPEAEAIO-
LU €€ CTPYKTYpY, T.€. HEKOTOPYIO COBOKYITHOCTh OIEPALNil, IPUMEHSEMBIX JJIS
peLIeHHUs 3a1a4 ONPEIEICHHOIO Kiacca.

B kauecTBe nmpumepa MOKET ObITh NPUBEACH UCTOPUUECKUI METOM — CIIOCO0
pelieHus 3a7a4 MO3HAHUS IyTEM BOCIPOU3BEICHUS MX MCTOPUM (F€He3uca Mmpo-
0JIEMBI) WM JIOTUYECKUI METO-CIIOCO0 PElICHHs 3a/1a4 MMO3HAHUS ITyTEM BOCIPO-
U3BEJCHUS TAKUX CTOPOH OOBEKTA, KOTOPBIE XapaKTEPU3YIOT €r0 OTHOCUTEIBHYIO
CTaOMJIBHOCTh, MTHBAPUAHTHOCTD (HAIIPUMED, TUIl KPUCTAJUTMUECKOU PEIIETKH).

[Ipumepamu 0OLIEHAYYHOTO METOJOJIOTMYECKOTO MOAX0/a SABIIAIOTCS TaKkKe
CUCTEMHO-CTPYKTYPHBIE M CTAaTUCTUYECKUE METOAbl. O METOAOJOTMU COBPEMEH-
HOT'O MHXEHEPHOTO 3KCIEPUMEHTa MOXHO TOBOPUTD, €CIIM UMEETCsl 00111as MeTo-
JIIKa JJIs1 UCCIIEIOBaHMsI 0ObEKTOB MJIM MPOLIECCOB pa3HON (GU3HUECKON MPUPOIBL.

Crnenyroommii 3Tan peaau3aluu SKCIIEPUMEHTa — 3TO METOJMKA HCCIEeA0Ba-
HUM, T.€. COBOKYITHOCTh CIIOCOOOB M MPHEMOB MPOBEIEHUS IKCIIEPUMEHTAIbHBIX
UCCIIEIOBaHUM, 00eCreynBaroONINX MOJyYeHUE €IMHOOOPA3HOro (CTATUCTHUECKU
OJTHOPOJIHOTO) U JOCTOBEPHOTO (BOCIPOM3BOJUMOI0) IMIUPUUYECKOTO MaTepraa.

IToCcKOIBKY METOIOJIOrUsl COBPEMEHHOIO HWH)KEHEPHOI'O SKCIIEPUMEHTa Kak
00s3aTeNbHBINA ATal BKIIIOYAET (pOpManu3aluio 00bEKTa U MOJAEIMPOBAHUE, OCTA-
HOBUMCSI Ha moclieqHeM. Mojenb — 3TO aOCTPaKTHBIM WM KOHKPETHBIN OOBEKT,
OTpaXarollui CTPYKTYpPy W TMOBEICHHUE pPeabHOTO 00beKTa WM mpoiecca. Ha-
npuMep, NpoCcTeiIIas MOAENb PEIICHUs UHXKEHEPHOH 3a/laul MOXET OBbITh Ipej-
CTaBJICHA B BUJIE OJIOK-CXeMBI (puc. 1).

B Hacrosiiee Bpemsi MOJIETMPOBAHKUE MPUOOPETAET poib OOIIEr0 METoa Ha-
YYHOT'O UCCIIEOBAHUS.
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Pucynok 1 biok-cxema pemieHust uccie1oBaTeb-
CKHX 3aJ1a4

[Tonsitue monenu HenpepblBHO pa3BuBaetcs. Jlo XIX Beka nmogobuem ornepu-
pOBaJIM TOJBKO B MEXaHWYECKUX IpeAcTaBieHusX. Ceiluac B OCHOBE MOAEIUPOBa-
HUS JISKUT Teopus nonoous. OCHOBHOW €€ MOCTyJaT: 00BEeKThl MOJA00HBI, €CIH
MEXIy HUMU HaOJIIOJAETCsl COOTBETCTBUE, OMPENEIIeMOe KPUTEPUIMH 0100 —
0e3pa3MepHBIMU KOMITJIEKCAMH TTapaMeTPOB MPOIECCa U CUCTEMbI, B KOTOPOH OH
nporekaeT. [IpuMepamu moi0OHBIX KOMIUIEKCOB OyeT uncio PeitHonbaca B ruj-
paBnuke, [IpanaTis — B TeruioTexHuke, Maxa — B a9poJIMHAMUKE.

Mogenu moryT ObITh MaTepUAIbHBIMHU (BEIIECTBEHHO-arperaTHbIMU), MbIC-
JeHHbIMU (TiporpaMMbl DBM) 1 3HAKOBBIMH (XUMUYECKUE CUMBOJIBI 2JIEMEHTOB).

Crnenyer uMeTh B BUAY, YTO MOJENH, OTBEYAOUIUE (PU3HKE NApaMETPOB WIIU
MpoIecCOB (PUBHMUECKUE 3aKOHBI), MOXKHO MOJYyYUTh B TEXHUUYECKUX IKCIIEPUMEH-
Tax TOJIbKO Ha OCHOBE TEOPETUYECKUX IMPEANOCHUIOK, & HE HEMOCPEACTBEHHO U3
pPEe3YyJAbTATOB AKCIEPUMEHTOB. DTO OOBSCHSETCS TEM, YTO JHOOBIE DKCIIEPUMEH-
TaJbHBIE PE3yJIbTaThl (OOBIYHO PSAMBI YKUCET) MOKHO AIMMPOKCUMUPOBATH IEIBIM
HA0OpOM pa3NUYHBIX MareMmatnueckux ¢GyHkiui. Ho u3-3a orpaHM4eHHOCTH WH-
TEpBaJIOB BapbUpOBaHUS (DAKTOPOB CTPYKTypa 3Tux GyHKUIUN (Momaenei) MOKeT
HUKAK HE COOTBETCTBOBATH PEAIBHOMY (PU3MUECKOMY COJIEPKAHHUIO MCCIIEYEMBIX
npoiieccoB. [IpuMepomM MOTYT CIYKUTh U3BECTHBIC dMMHUpUUYECKHE (HOPMYJIbI pe-
3aHUSI METAILJIOB.

OTHU 00CTOATENbCTBA MOATBEPHKAAIOT CYIIECTBEHHOCTh CBSI3U IKCIIEPUMEH-
TaJbHBIX MCCIIEJOBAaHUN ¢ TeopeTnyeckuMmu. «Hu olHO HcciienoBaHne HE MOXKET
Ha3BaThCs UICTUHHOM HAyKOH, €CIIM OHO HE MPOILIO Yepe3 MaTeMaTH4eCcKUe JToKa-
3atenbcTBa» (JIeonapno-aga-Bunun).

[lepexoa OT AMOUPUYECKOTO K TEOPETUUECKOMY YPOBHIO — 3TO HE MPOCTO Tie-
pPeBOJl 3HAHUM C OOBIJIEHHOTO SI3bIKa HA HAYYHBIM, a U3MEHEHUS B COJACPKaHUU U
dbopme 3Hanuit. Ilo I1. JlamxkeBeny: «Teopust mpeBpaiaer HOBble (PakThl B HOBBIE
MPUHLIUATIBDY.

BriiBuras HoBoe TeOpETUYECKOE MOCTPOCHHE, Mbl OMPOBEPraeM 4TO-TO CTa-
pO€ U OJHOBPEMEHHO JOKAa3bIBAEM UTO-TO HOBOE. T€OpeTHYeCKOEe MBILIJIEHUE OT-
pakaeT 0OBEKT CO CTOPOHBI €r0 BHYTPEHHUX CBSA3CH M 3aKOHOMEPHOCTEH, TTOCTH-
raeMbIX MyTEM paIlMOHAIBHONW O0OpabOTKH SKCIEPUMEHTAIBHBIX JTaHHBIX. Teope-
TUYECKUE MCCIIEIOBAHUS OO, a SKCIIEPUMEHTAIbHBIE — OTPAXKAIOT JIUIb YaCTh
CYLIHOCTH.



Haydnast Teopust — 570 00beIMHEHHAS €AMHBIM HAYAJIOM CHCTEMa CY>KIICHUM,
BKJIIOYAIONIAasi OTHOCUTEIBHO 3aKOHUEHHBIE MBICIH, OTpaXXKarollue 00bEKThI, SBJIe-
HUS1, UX CBOMCTBA, CBA3U U OTHOLLICHUS.

OnHako yTBEpKIEHHE, YTO SKCIIEPUMEHT JIUIIb JTOKA3aTE€IbCTBO HCTUHHOCTH
TEOPUU WJIA OPYIHUE IOCTPOCHHMS HOBBIX T'MIIOTE3, HEBEPHO. Pe3yspTarsl BCIKOTO
HAay4YyHOI'0 JKCIEPUMEHTa HE TOJIBKO OTPAKAIOT MUMEKOLIUECS TEOPETUUYECKUE I10-
CTPOEHUS, HO U SABJISIOTCSI CAMOCTOSITEIILHBIM HOCUTENIEM 00BEKTUBHOM HH(pOpMa-
1005078

1.2 Pe3yJbTaThl HCCJIEI0BAHUI

XapakTepHON O0COOEHHOCTBIO MOJABISIOLIETO YMCIIA WHKEHEPHBIX HCCIIEN0-
BaTEJIbCKUX 33]1a4 SIBJISIETCS] COYETAaHUE MOJYEPKHYTO KOHKPETHOTO 3aJjaHusl C He-
OTIPEJICTICHHOCThIO B BBIOOPE pelIEeHUM, T.€. C OOJBIION TBOPYECKOM CBOOOJIOMH.
DTO CBA3aHHO C TeM, 4TO «y4yeHbIi o T. KapMmeHny — n3yyaer To, 4TO CyIIECTBYET,
a UHXKEHEP TO, YETO €llle HUKOTJa HE OBbLIO».

CrnenoBaTellbHO, MH)KEHEP-UCCIIEN0BATENb BBIHYXIACH ONPEIEIUTh BO3MOXK-
HOCTb IIOCTPOEHUSI CHCTEMBI aJbTEPHATUB IIPU PELICHUH 33Ja4M, T.€. BBIIBUHYTh
PSII TUIIOTES.

['unoressl — 3TO HE UCTUHHOE ITO3HAHKUE IPUPOJIBI, & JOTAJKH O HEM.

BriaBrkeHre W IIpoBEpKa TMIOTE3 O0azupyercd Ha JBYX METOoJax. AJTrOpuUT-
MUYECKOM — CTPOTOM MOCIEI0BATEIbHOCTH YETKUX YKA3aHUM U ABPUCTUUECKOM —
UHTYUIUH, ACCOLUALIUSX.

XapakTepHO, UTO TUIOTE3a HE MOKET ObITh OKOHYATEIBHO YJIOCTOBEPEHA MpHU
€€ DKCIEPUMEHTAIILHON MpOBEpKE. [ 'MMOTE3bl BCEra OTKPBITHI s JalbHEHIIEH
poBepKU. MOKHO JIMILb CKa3aTh, YTO TUIIOTE3a HE OMPOBEPraeTcs pe3ybTaTaMu
HaAOJIOICHH.

Bb160op anpTepHaTUBBI pelIeHUs MMOCTABICHHON 3a/lau B 3aBUCUMOCTH OT €€
THUIIa MOKET OBITh BBITIOJHEH MPU MOMOIIY aHAJIW3a MaTeHTHBIX, JIUTEPATYPHBIX U
JPYTUX UCTOYHUKOB, METOJaMH allpUOPHOTO PaHKUPOBAHUS WM CIIy4aiHOro Oa-
JIaHCa, a TAK)KE MOWCKOBBIMU WJIM YCTAHOBOYHBIMH SKCIIEPUMEHTAMM.

IToncKOBBIE IKCIIEPUMEHTAIIBHBIE MCCIIEI0OBAaHNS MMO3BOJIAIOT YCTAHOBUTH Ha-
npaBjieHue Tpoiecca (1o OJHOMY OIMBITY Ha MIN 1 Max rpanunax dakropa), 3Ha-
YUMOCTh (paKTOpOB (IO J1Ba OmbITa Ha (PAKTOp), BapHAHT MPHUHITOW THUIOTE3bI
(Tpu-nisiTH OMBITOB). B pesynbraTe MbI OyZeM UMETh pabo4yro THUIIOTE3Y (CM. pHC.
1) — Hay4HOE MPEIOJI0KCHUE O PA3BUTHH UCCIICAYEMbIX SBJICHUN U X OOBsCHE-
Hue. [Ipennonoxenus: He JOKa3aHHbIE, HO BEPOSITHBIE.

VYca0BUS, UCKYCCTBEHHO CO3/IaHHBIE JKCIEPUMEHTATOPOM B JIA0OpATOPUH,
HEOCYILIECTBUMBI Ha MPAKTUKE B peajbHbIX cucTemMax. Ho Jaxke B 3TUX HeaIU3U-
POBAHHBIX YCJOBHSIX BOCIIPOM3BOJAUMOCTb PE3YJHTATOB OMBITOB HE aOCONIOTHA.
[ToaTOMy TOBOPAT O CTENEHU BOCIPOU3BOJIMMOCTH (TMPUOIMKEHHUH), T.€. HE 00
OJINHAKOBBIX, 4 O NAPAJJIEIbHBIX OIbBITAX.

Jlaxe camoe mpocToe YCTPOMCTBO (MallvHA, 3JIEKTPOTEXHUYECKUM armapar,
JIpyroil 0OBEKT) OPraHUYECKU COETUHSIET B C€O€ JIEMEHTHI, SIBISIIOIINECS JTOCTH-
KEHUSMH CaMbIX pa3HbIX AMCHMIUIMH. OTCIOAa BBITEKA€T BO3MOXKHOCTh peaiu3a-
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U WHTETPATHLHOTO MOIX0/Ia K 00BEKTy (Hampumep, MaliuHe) Kak K equHou (u-
3MKO-MEXaHUYEeCKON cucteme. BMecTe ¢ TeM, HECOBEPILIEHCTBO OOJIBIIIMHCTBA KC-
NEePUMEHTAIBHBIX METOJIOB MO3BOJISIET MCCIENOBAaTh OOBEKT JIUIb B PacCUJICHEH-
HOM modjemMeHTHOM Buje. [lpu peanuzanuu nogoOHoro auddepeHnnanbHOro
MOJX0/1a CIeAYeT pa3indarh UCCIECOBAHUS U UCTIBITAHHUS.

HccnenoBanne — 3T0 U3y4eHUE 3aKOHOMEPHOCTEHM pa3BUTHUS SBJICHUM M HX
O0OBsICHEHHE, a UCTIBITAHUS — 3TO MPOBEPKA, YCTAHOBJICHHBIX 3apaHee (Hampumep,
['OCTom) cBOMCTB WM KaueCcTB 0OBEKTA.

B npuknaaHbpIX AUCHUIIMHAX UCHBITAHUS UTPAIOT HE MEHEE BAXKHYIO POJIb,
YEM UCCIIEI0BAHHUS.

ComnocTaBisisi pe3yJbTaThl SKCIEPUMEHTAIBHBIX UCCIEI0BAHUM, MOKHO pac-
KPBITh CBSI3M, B3aMMOJICHCTBUS, (PYHKITMOHAIbHBIEC 3aBUCUMOCTH. [locne ux ycra-
HOBJICHUSI BBISIBIISIIOTCS TJIABHBIE CBS3U U OOIIME 3aKOHOMEpPHOCTHU siBieHui. [Ipu
HKCHEPUMEHTAIIbHBIX HUCCIEAOBAHUSIX HCHOJIB3YIOTCSI B OCHOBHOM HPUYHHHO-
CJICJICTBEHHBIC CBSI3U JIJIS BBIABJICHUS U MIO3HAHUS BCEX JIPYTUX CBSA3EH B 0OBEKTE.

Takum 00pa3om, SKCIIEPUMEHTAIILHBIE UCCIIEIOBAHUS UTPAIOT TPOSKYIO POJIb:

- MOJTBEPKJIAIOT WU ONPOBEPTrarOT, YCTAHOBJIEHHBIE PAHEE TEOPETUUYECKUE
MTOJIOKEHHUS;

- SIBJISIFOTCSI UICTOYHUKOM HOBBIX THUIIOTE3 U TEOPUI;

- CIIy’KaT HAKOIICHUIO OOBbEKTUBHON HAyYHOU MHGOpPMAIIHH.

Pe3ynbTaThl 3KCIIEPUMEHTATBHBIX UCCIICIOBAHUI MOTYT OBITh IPEACTaBICHBI
B BHUJIE TaOJIUII, JUArpaMM, HOMOTPaMM, TUCTOTpaMM, TpaUKOB pa3IMYHOTO THUIIA,
MaTeMaTHYECKUX MOJeNeH, OJOK-CXeM, CTPYKTYp M MEpeuHsl CBs3el 0OBEKTa.
Cnoco0 uHTEepHnpeTaluu pe3yJbTaToB 3aBUCHUT OT liefiel uccienaoBanus. Jns Ha-
[JISIATHOTO MH(MOPMUPOBAHUS — 3TO TpapUKH U JUarpaMMBbl; JJIsi UHTEPIIOJSIIUOH-
HBIX PacueToOB — ATO TAOJHUIIbI, HOMOTPAMMbI, MaTEMaTUYECKUE MOJAEIH; JJIsS pac-
KPBITHS] KAYECTBEHHBIX XapaKTEPUCTHK 00bEKTa — 3TO OJIOK-CXEMBbI, CBS3H H T.II.

B urtore o0mias cxema OCHOBHBIX 9TaIloB MPHU peaU3aiiy KCIEPUMEHTATb-
HBIX UCCJIEOBAHHUM OOBIYHO BKIIIOYAET:

1) mocTpoeHue anbTepPHATUBHBIX TUIIOTE3 (BAPUAHTOB);

2) BBIOOp paboyeii TUIIOTERHI;

3) BBISIBIIGHUE CBSI3U C TEOPHUEH;

4) BBIOOp CTPYKTYpPBI MOJIENEH;

5) peanuzamus OmbITOB;

6) onpeneneHne NapaMmeTpoB MOJIEIIN;

7) ananu3 MoJIy4eHHOU UH(pOpMaInu;

8) MHTEepIpeTalUI0 YKCTIEPUMEHTATBHBIX PE3yJIbTATOB;

9) 9KCTpanoAIUI0 BHIBOJOB Ha 00Jiee MIMPOKYIO, YEM B DKCIIEPUMEHTE, 00-
JacTh apaMeTpoB OOBEKTA.

[Tocnenuuii aTan HeU30€KHO TPEOYET OIMEHKHW TOYHOCTH AKCTPATIOJIAINH, OTI-
penenseMon qUCTIEPCUEN MPeICKA3aHUM.



2.AnpuopHasi uHpopmanus u ee 00padoTka

AnpropHO# Ha3bsIBaeTCs MHPOpPMAIUs, KOTOPOH pacrojaraeT ucciaea0BaTeNb
710 TOTO, KaK OH MPHUCTYIUT K SKCIIEPUMEHTaM. B COBpEMEHHBIX OTpaciisax 3HAHHUNA
00BeM ITOW MHQPOPMAITNH, KaK TPABHUIIO, JOCTATOYHO BEJIMK U ONpeesieTcs my0-
JukanusaMu o teme. [logoOHast mHpopMaIus 4acTo IPOTUBOPEYHBA U UMEET HE
BCEI/Ia BBICOKYIO JOCTOBEPHOCTH (pPa3HbIe 3KCIEPUMEHTHI B CXOIHBIX YCIOBHSIX
JlaJId pa3dyHble Pe3ybTaThl), a TPAHUIIBI €€ Pa3MbITHI (HE BCET/la M3BECTEH JAHa-
NIa30H BapbUPOBAHUS TaPaMETPOB).

Taxum obpazom, anpruopHas HHPOPMAIIUS MOKET OBITh MPEACTABICHA B BUJIC
MHOJKECTBa OTJIEIbHBIX HECHCTEMATHU3UPOBAHHBIX JAaHHBIX 00 00BEKTE HCCIEO-
BaHMs (TIpoliecce, YCTpOMCTBE) U ero napamerpax. CleCTBUEM ATOTO SIBJISIETCS
3ama4a 00 0OBEKTUBHOM OTPaHMUYEHUH HOMEHKJIATYPhI IEPEMEHHBIX U O BBIJCIE-
HUU TJIABHBIX (PAKTOPOB.

2.1 CucTteMHBIN MOAXO0/X

B coBpeMeHHOM HayKke MPOUCXOAUT OBICTPBIA POCT UHTETPAJIbHBIX 3a1a4 CHH-
Te3a, TPEOYIOMNX MEXIUCIUIUIMHAPHBIX HccienoBanuid. Pa3paboTka ux mpusena
K OOBEAMHEHUIO HAyYHBIX METOJIOB U YCTAHOBJICHHUIO OOIIMX 3aKOHOMEPHOCTEM
JUTSL pa3JIMYHBIX 0OBEKTOB M TPAIUITMOHHBIX HAYYHBIX JUCITUATIINH.

B pe3synbrare pycckuii Bpau, ¢punocod u oOmecTBeHHbIN aesarens A.A. bo-
rAaHoOB pa3paboTayl B Hauvajge XX BeKa OOIIYI0 TEOPUIO CHCTEM, Ha3BaHHYIO UM
TEKTOJIOTUEMN.

Cucrema — 3TO psl IEMEHTOB, B3aMMOCBSI3AHHBIX CTPYKTYPHO U (DYHKIIHO-
HajbHO. [lOHSITHE CHCTEMBI OTHOCHUTENIBHO: JIF00Ass CUCTEMa BKIIFOYAET IMOJCUCTE-
MBI M caMma SIBJISIETCS TIOJICUCTEMOM O0Jiee 00IIIei CHCTEMBI.

Teopus cucrem — 310 (opmasbHAs YMIUPUKO-UHTYUTHUBHAS AUCIUIUIMHA,
MpUMEHUMas KO BCEM HayKaM, UMEIOIINM JIeJIO C CUCTEMaMHu.

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

ecTb HabOp OOBEKTOB,;

€CTh Ha0Op NMPHU3HAKOB KAKIOT0 OOBEKTa;

€CTh Ha0Op MpHU3HAKOB HA0OpPa OOBHEKTOB;

€CTh HaOOp MPHU3HAKOB HA0Opa MPU3HAKOB OOBEKTOB.

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

IlepBbie 1Ba yCIOBUS — 3TO YCIOBUSI aKTyaJdbHOCTH, T.€. HaOI0gaeMbie 00b-
€KThl CTAHOBATCS MPETEH/ICHTAMHU Ha BKJIIOUEHHE UX B cUCTEMY. TpeThe - onpee-
JISIET CBA3h MEXKITY 00BEKTaMU, YETBEPTOE — CBSI3b MEXKY MPU3HAKAMU 00BEKTOB.

Kaxxnas cucrtemMa MOXeT OBITh BBIACICHA THIIOTETHYECKON 000J109KOi (BOOO-
paxaeMol KOHTPOJBHOM MOBEPXHOCTHIO, JIOTMYECKOW T'paHUIEH) U3 €€ OKpyKe-
HUSL.

K BHYTpeHHUM CBSI35IM CUCTEMBI MOKHO OTHECTH CJIEAYIOIIHUE:

- CTPYKTYpHBIE (CBSI3U CYOOpAMHAITUN);
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- FTEHETUYECKHUE (CBSI3U Pa3BUTHUS);

- KOOPAMHAIIMOHHBIE (CBSI3M B3aUMOJACHCTBUA);

- pyHKIMOHAJIbHBIC (CBSI3M HA3HAYCHMUS ).

CBsi3b CUCTEMBI C OKPY>KEHHEM OIpeJesieTcsl BXOAOM M BbixojoMm. OTcrona
GyHKIHST CUCTEMBI — 3TO MPeoOpa3oBaHUE BXOJOB B BhIXOAbL. OHO MOXET MOJIe-
JIMPOBATHCSI TEPMUHOIOTUYECKH, MAaTEMAaTUYECKU, (PU3MUECKUMHU aHaJoraMu, 3Ha-
KOBBIMU CUCTEMaMH U T.II.

CucrteMa pa3oMKHyTasi (OTKpBITasi), €CJIM CYIIECTBYET OOMEH MAaccoul, IHep-
rueit, nHpopmameit ¢ okpyxatoiieit cpenoit. Cucrema 3aMKHYTa (3aKpbITa), €CIIU
3TOT 00bEM MPEHEOPEKUMO MaJl.

CTpyKTypHOE OINHMCAaHUE CHUCTEMBI — 3TO €€ BHYTPEHHHE MapameTpshl, QyHK-
[IUOHAJIbHOE — BHEIIIHUE.

[Ipu cymecTByOIEeM ypoBHE 3HAHUN TTOHUMaHHUE CIIOKHBIX CHCTEM BO3MOXK-
HO TOJIBKO IPHU BBIACJICHUN OTAEIBHBIX CPE30B CUCTEMBI — €€ (DYyHKIIMOHAJIbHBIX
IUIOCKOCTEN ¢ COOCTBEHHBIM CIIEU(UIECKIM BXOAOM-BbIXOI0M.

Hanpumep, B U3MepUTENbHON CUCTEME MOYKHO BBIIEIUTH CpE3bl MPeodpaso-
BaHUsI, KOMMYTalluu, (PUKCAIUU U T.II.

Wrak, oOmas cxema CUCTEMHOr0 MOAXO0/Aa BKJIKOYAET dTallbl, XapaKTepU3yIo-
M€ CTPYKTYPY BBIIEICHHON CUCTEMBI.

B cymiecTByromeM Bue CUCTEMHBIN 1MOAX0] 3(PPEKTUBHO BBINOIHIET OCTA-
HOBKY MpO0OJIeMBbI, 0a3UpysICh HA IECKPUNTHUBHOM (OMKCATEILHOM) aHAJIU3€ U CUC-
TEMaTHU3alui CYLIECTBYIOUIETO 3HaHUA, T.€. anpuopHoi mHpopmanuu. Hakoruie-
HUE OTPOMHOM €€ MacChl HE TOJBKO HE OOJIErdaer, HO 3HAYUTEIbHO YCIOMXKHSET
MIPEICTABICHUE 00 HCCIIEyEMOM OOBEKTE.

JIro0ast obmras KapTUHA CI0XKHOTO 00BEKTa BCEra OCTAeTCsl HEMOJHOW U OJ1-
HOCTOpPOHHEW. BrICTynasi ¢ aHanuM30M, CUCTEMHBIM TMOAXOH BBIACIAECT CBOMCTBA,
JieNaonue 00beKT YacThiO LEJNIO0ro, a — C CHHTE30M — MO3BOJISIET MPEACTaBUTD I1e-
Joe, COCTOsIIIee M3 OTAEIbHBIX YacTed. 37ech OOJIBLIYI0O pOJib UIPAaeT MPUHLIUI
(dbopManu3ay — yTOUHEHHUS COJIEPKaHUsl MOCPEICTBOM BBISIBICHUS €r0 (POPMBI.

2.2 Knaccupuxauus

Knaccudukanus mo0bx 00bEKTOB HEPA3PHIBHO CBsI3aHA C CUCTEMHBIM IO/I-
XOJOM H SIBJISIETCS €0 JJOTMYECKON KOHKpeTU3anuen u pazsutueM. [lepBas onepa-
1IMsI, MPOU3BOAMMAsT UCCE0BATEIEM HaJl MHOXECTBOM JIaHHBIX alpUOPHON HH-
dbopmanuu, BKIIOYAET U3yYEHHE €r0 OpraHu3alyi, T.e. pa3HooO0pa3usi BXOASIINX B
HEro 0OBEKTOB M UX CBS3EH.

Cucremaruzaiys 00beKTOB HHGOPMAIMOHHOTO MHOXKECTBA MOXKET OBbITh BbI-
MOJIHEHA IMYTEeM pa3JieJIeHusl BCEr0 MHOXKECTBAa Ha TPYMNIbl B COOTBETCTBUHU C
obobmarmumu 1 AuddepeHIUPYIOMUME TpU3HakaMu. B KadyecTBe MOCIIETHUX
WCITIOJIB3YIOT JIFOOOW KpUTEpUi, HAapUMep, CTENEHb CI0KHOCTH 00BEKTOB. ITorom
CUCTEMATHU3AlMK JIOJDKHA OBITh KiIaccu(UKaIMs, KOTopash HE TOJIBKO JIEJUT BCE
MHOKECTBO Ha OTJEIbHBIE TPYIIIBI U 3JIEMEHThI, HO U BCKPBIBAET CBSI3U MEXIY
HUMH.



CrnenoBatenbHo, knaccudukanus TpeOyeT 3HAHHUS COOTHOILIEHUS ILIENoro U
€ro 3JIEMEHTOB, a TAKXKE CTPYKTYPHBIX CBS3EH.

OCHOBHBIE THIIBI CBSI3€H BKIIIOYAIOT CJIEeIyIOIIIee:

1. OTHOCUTENBHBIE CBSI3U, KOT/Ia CAMOCTOATEIbHbIE 0OBEKThl 00BEANHSAIOTCS
B3anMoJieiicTBueM. Harpumep: CONHIIE U ITaHETHI.

2. [lpuynHHO-CTIeICTBEHHBIE CBSA3M. Hampumep: oTel U ChIH; Harpy3ka u Ha-
npsDKEHHE.

3. CBs3b OTHOIIICHUH IBYX M O0Jiee CTOPOH B €AMHOM IieioM. Hampumep: mo-
JFOCa MarHuTa.

4. CBs3b IPEIIECTBYIONIETO COCTOSTHUS ¢ Tocneaytonmm. Hanpumep: oOkat-
Ka JIBUTATENS U €T0 HOpMaJibHas SKCILTyaTalysl.

5. CpaBHuUTENbHAS CBSA3b OOJBIIOTO M Manoro. Hampumep: TOICTONINCTOBON U
TOHKOJIMCTOBOW MPOKAT.

B kaxIoMm sBIEHMM MMEIOTCS BHYTPEHHME 3JIEMEHTBI, €ro OOpasyrolue, U
COOTBETCTBYIOILIAsl CTPYKTypa — CIIOCOO UX CBsI3U Mexay cobOoil. Kaxnprii aie-
MEHT, B CBOIO OU€epe/ib, 001a/1aeT BHYTPEHHEN CTPYKTYpPOH.

[Ipu knaccudukanuu ocodoe BHUMAHHE CIENyeT YIEHSITh €IUHOMY 0000-
IAIOIIEMY JIOTUYECKOMY MpuU3HaKy. [IpeHeOpexeHne 3TUM NMPUBOIUT K BbICKa3bl-
BaHusAM tuna: «llen noxnap u Tpu ctyaeHTta. OUH — B YHBIHUHU, JPYTOM — B KaJlo-
113X, TPETUI — B TUBHYIOM.

OdeHb BaXXHBIM SIBISIETCS TPEOOBaHUE BBIIEPKUBATH €IUHBIA HEePAPXUUCCKUN
ypOBEHb MpHU3HAKOB. Eclii B KauecTBe TaKOTO MpU3HAKa BHIOpaHa CTEMEHb BaXKHO-
CTH 3JIEMEHTOB, TO HEBEPHO yTBEPXKAATh, UTO YEIOBEK COCTOUT U3 TOJIOBBI, TYJIO-
BHIIIA, BOJIOC, HOT'TEH M T.II.

Hakonen, paznuuurtenbHble TPU3HAKK JOJDKHBI OBITH AUCKPETHBIMH, T.€. TO-
3BOJISITH OJHO3HAYHO pas3luyaTh TPYIIBI AJIEMEHTOB Kiaccupukanuu (Kpecyo,
CTyJ, TabypeT), UM, XOTs Obl, YCIOBHO JNUCKPETHBIMU (TIpecchl Majioro Ao 63 T.,
cpennero 10 100 1. u 6ombioro 6osee 100 T. ycumus)

K HenocTaTkaM pa3inMyuHbIX KJIACCU(PUKAMOHHBIX MOIX0I0B CIIEAYET OTHECTH
clleyrolee:

- 3HAYUTEJIbHBIN BKJIaJ CyOBEKTUBHBIX KaUECTB HCCIIEIOBATEIIS;

- HEOJHO3HAYHOCTh, TaK KaK BO3MOXKHBI Pa3JIMYHbIe BapUaHTHl Kiaccupuka-
1I1Y;

- OTCYTCTBHE BO3MOXKHOCTH MaTE€MaTH3MPOBATH MPOIECC U OOBEKTHBHO OIIe-
HUTH €r0 Ka4eCTBO.

OcHoBOI1 1000# KiIacCU(PUKALMK SBIAIOTCS MPU3HAKA — XapaKTEPUCTHKH,
o0o01IaemMple 7151 BCETO MHOKECTBa 00BEKTOB (HAIpUMep, U3MEPUTEIbHBIE HHCT-
pymenTsl). [Ipu3Hak n 3Ha4MM, €CJIM MHOKECTBO OOBEKTOB pa30MTO Ha N KIACCOB.
3HaTh MPHU3HAK — 3TO ONPEACTUTH MPUHAIICIKHOCTh K COOTBETCTBYIOIIEMY Kiaccy,
1o KpailHel Mepe, OAHOro 00beKTa (HampUMep: MUKPOMETPUYECKHE U IITAHTCH—
UHCTPYMEHTBHI).

[lepBoHayanbHBIM 3TanoOM KjacCHU(PUKAIMK SBIsSETCS (popMasn3anus onuca-
HUSI MHOXECTBA OOBEKTOB ITyTEM YCTAHOBJIEHMs 0a3MCOB — MOJAMHOXKECTB (paKkTH-
YECKH HEOOXOAMMBIX Npu3HAKoB. ba3ucHas Tabmmia uaeHTU(UKAIUNA BKIIOYACT



CTOJIOIBI — OOBEKTHI M CTPOKU — HEOOXOUMBIE U JTOCTATOYHBIE MPU3HAKHU JIJIST OT-
JIETICHUS KaXK0ro 00bEKTa OT BCEX OCTaTbHBIX.

[IpakTUuecku jerde BbIACIUTH MPU3HAKK HE MyTeM HMX MOJPOOHOro omuca-
HUS, @ IyTeM COMOCTABJICHUS IPYT C APYTOM.

Kpurepuem pasrpanuueHus pa3inuUuTEIbHBIX U U30BITOUHBIX MMPU3HAKOB SIB-
JISIeTCS UX YCTPAHUMOCTh. [Ipu3Hak ycTpaHuM, eciu 00bEeKThl MOTYT OBITh pa3iiu-
YUMBbI 0€3 3TOr0 MPHU3HAKA, T.€. 3TH MPU3HAKU CBSA3BIBAIOT CUCTEMY C OKPYKEHHUEM
— o0BeKTaMu B HEHl OTCYTCTBYIOmMUMH. [Ipy onmmcanum cpeasl 4epe3 CUCTeMy OHU
CTAHOBSTCSl HanOoJIee CYIIECTBEHHBIMU. Tak, CHOCOOHOCTh U3MEPUTH pa3Mep SiB-
JSETCSA U30BITOYHBIM (HE OTIMYUTEIHHBIM) MPU3HAKOM IITAHTCH U MUKPOMETPH-
YECKUX MHCTPYMEHTOB, HO ATOT MPHU3HAK MO3BOJISIET OOBEIUHUTH UX U BBIJCIHUTH
u3 0oJiee 00IIeH TPYIITEI HHCTPYMEHTOB, BKITIOUAIOIINX €I1e KATHOPhI M STaJIOHBI.

2.3 [locaegoBaTeIbHbIN 0TCEUBAOIINI IKCIICEPUMEHT

[TocnenoBarenbHbli OTCEUBAIOIINN 3KCIEPUMEHT — 3TO UUCTO HKCHEPUMEH-
TajbHas MPoIleypa, MPOBOAUMAS C IEIbIO BBIABICHUS U3 allpUOPHOTO MHOKECTBA
(bakTOpoB TeX, KOTOpbIE OKa3bIBAIOT HAWOOJIbIIIEE BIMSHHUE HA BBIXOJHOW IMapa-
MeTp 00BEKTA.

Hcnonw3zoBanue 3Toro metona Hanbosnee 3¢ (HEeKTUBHO, KOrja mapameTp Bbl-
X0/1a 3aBUCHUT OT OOJBIIOTO 4yucia (akTOpoB M, B OCOOCHHOCTH, €CJIU MMOCJICIHHE
HOCAT JUCKPETHBIN KaUECTBEHHBIA XapakTep.

CyTp MeTO/a 3aKIII0YAETCS B MOCJIEA0BATEILHOM HKCIIEPUMEHTAIBLHOM Mepe-
Oope Bcex MepeMEeHHBIX (PAKTOPOB B OJHUX M TEX YK€ YCIOBHSIX IJISl BBISBICHHUS
HauOoJiee BIMSIOIMX Ha pe3yapTaT. [Ipum 3TOM mpumensitorcs (HopcHupOBaHHBIE
peXUMBbl (MAaKCUMaJIbHO COKPAILIAIOLIME BpEeMs 3KCHEPUMEHTA) MPU COXPAHEHUU
HEU3MEHHOCTH (PU3MUECKHX MPOLECCOB MO CPABHEHHUIO C HOMUHAJIBHBIMHU YCIO-
BUSIMH TIPOBEJICHUS OTIBITOB.

Hampumep, Tpebyercss moBbICUTH pecypc (BpeMsi paboThl) BTYJIOK W3 TO/-
IIMITHUKOBOTO CIUIaBa. AHAJINU3 anmpuOpHON WHOOPMAIMU CBUIIETEILCTBYET, YTO
JUTSL 9TOTO MOKET OBITh MCIOJIb30BaHO 10 jerupytonux saemMeHToB. J[o6aBisis mo
oueper M0 OJTHOMY JICTUPYIOIIEMY JJIEMEHTY M UCIIBIThIBAs CILIaB, MOYKHO HAWTH
JIETUPYIOLIME 3JIEMEHTHI, MOBBIIIAIONIME W3HOCOCTOMKOCTD, IOHWXKAIOIINE €€, U
HeUTpasibHbIE. DTO TpeOyeT nepedopa BCceX BapHaHTOB B OJTHUX U TE€X K€ YCIOBH-
SX.

I'opazno Gonee »ddexTrBEeH METOJ OTCEHUBAIOIIETO SKCIEPUMEHTa, KOrja
MOKHO COKPAaTHTh BPEMS OTICIBHOTO HCIBITAHHS B Pe3yJbTaTe Y)KECTOUCHHUS pe-
KUMOB. B Hamem nmpruMepe MOKHO YBEJIHMUUTh HArpy3Ky U CKOPOCTh CKOJBKECHUS
B TTOAIIUITHAKE, COXPAHUB TIPH 3TOM (U3HUCCKYIO KapTUHY W3HAITMBAHUS.

Takum oOpa3zoM, onmucaHHask METOJIMKA OTCEHBAIOIIETO IKCIIEPUMEHTA TIPEY-
CMAaTPHUBAET TOCIICIOBATEIIPHOE UCIBITAHUE KAXKIOTO JIEMEHTA M3 WMEIOIIETOCS
anpuoOpHOTO MHGOPMAIIMOHHOTO MHOKECTBa MpH 0Oojiee KECTKUX, HO CTPOTO
UJICHTUYHBIX YCIOBUSX M MOCTOSTHHOM KPUTEPHUH OIEHKHU BBIXOJHBIX MApaMETPOB.
Peanuzammst MmeTo/1a BRI3BIBAET HEOOXOIUMOCTD B PEIIEHUU Psifia CMEKHBIX BOIPO-
COB.



B cBs3u ¢ TeM, UTO UCHOJIb3yEMbI€ B IKCIEPUMEHTAIBHBIX HCCIIEI0BAHUSIX
npuOOpsl U HU3MEPUTENIbHbIE KaHajdbl MMEIOT MOTPEHIHOCTh (KJIAcC TOYHOCTH),
CTEH/Ibl, UCIIBITATEIIbHBIC MAIIMHbI U YCTAHOBKH 33Jal0T PEXKUMBI HATPYKEHUS C
HEKOTOPbIMU KOJICOAaHUSIMH, U, HAKOHEI], 00bEKThI MCCIEAOBAHUN MMEIOT 3HAYM-
TEJIbHBIM pa30poC XapaKTEPUCTHUK, PE3YJIbTAThl IKCIIEPUMEHTAIBHBIX UCCIEI0Ba-
HUN (MX BBIXOJ) SIBJSIIOTCS CIyYailHBIMHM BEIMYMHAMHM, KOJECOIIOUUMUCSA B OMpe-
JIEJICHHBIX TIpe/iesiax v JAloUMMU JUIIb TPUOIMKEHHYIO OLICHKY napamMeTpoB. OT-
CI0JIa CIEAyeT, YTO JJIsl MOBBIIIEHUS JOCTOBEPHOCTH M HAJEKHOCTU PE3YJIbTaTOB
HKCIIEPUMEHTAJIbHBIX HCCIEA0BAHUI HEOOXOJUMO NPHUBIICUYEHUE CTATUCTUUYECKUX
METOJIOB U ONEPUPOBAHUE HE €IWHUYHBIM BBIXOJIOM, a BBIOOpKOH (HaboOpoMm pe-
3ynbTaToB). TO €CTh MpU MJIAHUPOBAHUU OTCEMBAIOIIUX SKCIIEPUMEHTOB HEOOXO-
JUMO pPACCUMTaTh TpeOyeMoe KOJMYECTBO IMOBTOPEHHI NapaUIEIbHBIX OMNBITOB
(0oOBeM BBIOOPKH).

DTO BBINIOJHAETCS HA OCHOBE CIEAYIOIMIMNX JIaHHBIX:

- TpeOOBaHMM K TOUHOCTH PE3YJIbTaTOB;

- HEOOXOJIMMOM TOCTOBEPHOCTH MX OLIEHKH (U1 TEXHUYECKUX MapaMeTpoB
00b19HO 95 %);

- 3HaHUS THNAa JuddepeHInanbHON KPUBOU paclpeeieHUs] ONpeaesieMbIX
BEJIMYUH.

CrnenyeT OTMETHUTD, UTO MPH BbIOOpKax o0beMoM Oosee 30 cuuraroT pacrpe-
JIeJIeHUE TapaMeTPOB BbIX0/1a OJIM3KUM HOpMalibHOMY. [Ipu MeHbIIEM 00bEME BBI-
OOpKH ONEPUPYIOT KBAaHTWISIMU pactipeaesieHus CThIOJIEHTA.

[lockonbKy OTCEHBAIOIIME SKCHEPUMEHTBI OYEHb PEIKO TPEOYIOT BBICOKOU
TOYHOCTH, TOpa3J0 Yalle BO3HUKAET OOpaTHas 3a/aya: PacCuUTarh JOBEPUTEIIb-
HbII MHTEPBAJ MOJYYEHHOW BEJIIMYUHBI, T.€. ONPEEIUTh C BHIOPAHHON BEPOSTHO-
CThIO €€ MUHUMAJIbHOE U MAaKCHUMAJIbHOE 3HAaYEHUSI.

Crnenyer uMeTh B BUIY, YTO MUHUMAJIbHOE KOJIMYECTBO MapaJIEIbHBIX OIbI-
TOB paBHO TpeM. OOBICHSIETCS 3TO MPOCTOM JIOTUKOW: €CJIM y Bac JBOE YacoB, TO
HEU3BECTHO, KAKME M3 HUX IOKa3bIBAIOT HEBEpHOE Bpems. HbIMU ciioBamu, Mpu
2-X TapaJJIebHBIX OMBITaX rpyoOas ommoOka (apredakT) MOKET ObITH MPUHATA 32
BEPHBIN PE3YJIbTAT.

N3-3a OTHOCUTENBHO HU3KOM TOYHOCTH OTCEUBAIOIINX IKCIIEPUMEHTOB BEIU-
YUHBI BBIXOJOB (JIa’ke MPU HECKOJIBKUX MapajUIeIbHBIX OIbITaX) MPU Pa3IAYHBIX
3HAQYCHUSAX MEPEMEHHBIX (PAaKTOPOB MOTYT OBITh TPYAHO Pa3IUUUMbI MPOCTHIM
cpaBHeHUEM. B 3TOM ciiyyae HEOOXOJUMO CTAaTUCTHYECKHU JOCTOBEPHO YCTAHOBUTH
MOKa3aTellb CYIIECTBEHHOW pPAa3HUIbI CPEAHUX PE3YJIbTaTOB ATHX BBIXOJOB, HC-
NoJIb3ysl KBaHTWIb CThIOJEHTA.

2.4 MeTo/ 3KCIIEPTHBIX OI[EHOK
Camo Ha3BaHME METOAAa CBUIETEIBCTBYET O TOM, UYTO K OIIEHKE alpUOPHOM

uH(OpPMAITUU TIPUBJICUEH PSiJ] SKCIEPTOB. DTO MOTYT OBITH pealibHbIC JIOAM (CIie-
[UAJIMCTHI B JAHHOW 00JIaCTH) WJIM Pa3JInuHbIE JIUTepaTypHbIE UCTOYHUKH (OTUe-



ThI, CTaThW, MOHOTPA(PUH U T.I.), B KOTOPHIX OMyOJWKOBAHBI PE3YIHTATHI MO00-
HBIX WJIM aHAJIOTMYHBIX UCCIIEIOBaHUM.

OnuH U3 METOJIOB AKCIEPTHBIX OIEHOK, MCIOJIb3YEMbIX [JISl YIOPSA0YEHUS
UCXOJIHOM MH(pOpMaIINK, HA3bIBAETCS allPUOPHBIM paHXkupoBaHueM. OH HCHOJb3Y-
€TCsl PYU HU3KOU JIOCTOBEPHOCTU alpUOPHON MHGOPMAIIMH, HATJISTHO OIUCAHHOM
Joructuyeckon kpuBoi (puc.2). [Ipu 3ToM sKcriepTHas OIIEHKA SIBJISETCS BEPOST-
HOCTHOM, OCHOBAaHHOM Ha CTIIOCOOHOCTH JIMYHOCTH JaBaTh MOJIE3HYI0 HHPOPMALIUIO
B YCJIOBHSIX HEOIpEAEIEHHOCTU. Hens3BecTHas KOJMYECTBEHHAs XapaKTEPHCTHKA
UCCJIEYEMOTO SIBJIEHUSI pACCMATPUBAETCS KaK CilydailHas BEJIMYMHA, OTPAKEHUEM
TOYEYHON OLICHKHM KOTOPOMW SIBJIAETCS MHAMBUAYaJbHOE MHEHHE CIIELHAIINCTA, O
3HaYMMOCTH TOT'O WJIM UHOTO COOBITHS, MpOIlecca, mapaMeTpa.

CyTp paHXUpOBaHMS WIM PACHpPEEICHHUS MO paHIraM 3aKJIIYaeTcs B MpH-
CBOCHHUE OTIEIBHBIM (paKTOpaM, KOTOpBIE, COIVIACHO alpUOpHON WH(pOpMaIH,
MOTYT BIUSITh Ha OOBEKT HCCJIEAOBAHMS, ONPEACIICHHOIO paHTra — MOPSIKOBOTO
Mecta. Bkiian kaxxaoro gakropa OleHHUBAETCS M0 BEIUMYUHE paHTa (MOPSIKOBOMY
HOMEPY MECTa), KOTOPbIA OTBEICH CIEIUATUCTOM JaHHOMY (DaKTOpy MPHU paHKU-
poBaHuu (pacnpeiesIeHuH Mo MecTaM) Beex (pakTopoB HHPOPMAITMOHHOTO MHOXKE-
CTBA.

A

JocToBepHocTn

Tun undopmannn

>
>
IIpeanonoxenue Muenue 3HaHuKe

OBJIACTb IPUMEHHMOCTH
PAHXXKHUPOBAHUWA

PucyHok 2. 3aBUCUMOCTh JOCTOBEPHOCTH UH(OP-
Maluu OT €€ THMa

PanxvpoBaHue BBIMOJHAETCS C YYETOM MPEANoJiaraeMoro (3a4acTyro KOJIHU-
YECTBEHHO HEM3BECTHOTO) BIMSHHUSA Kaxaoro (akTopa Ha WTOTOBBIM IapaMeTp
(BeIXOM, pe3ynbTar). Takum oOpa3oM, IKCIIEPTAMU HUCIOJIb3YETCsl ONpeeICHHAS
1IKaja Tops/jKa, Ha KOTOPOM 3aJaHHBIM MOKa3aTeslb OMpeessieT pacloIoKeHHe
O00OBEKTOB BO BCEW MX COBOKYMHOCTH B COOTBETCTBHM C MPUHATHIM MacCIITabOM
mKajibl. TO €CTh KaKJIOMY OOBEKTY COOTBETCTBYET HEKOTOpAasl KOJWYECTBEHHAas
XapakTepucTuka uiu Mepa. «Korga omnuvcaHue OTKpPBIBAET MyTh JJIs U3MEPEHUs,
JIMCKYCCUU 3aMEHSIOTCSl BEIYUCICHUSIMIY (amepukaHckuil icuxosor C. CTUBEHC),
T. €. OII€HKA CTAaHOBUTCSI OOBEKTUBHOM.

Utak, pamxupoBaHue — npoleaypa yCTaHOBJICHUS OTHOCUTEIBLHON 3HAYNMO-
CTU (TIPEANOUYTUTEIIBHOCTH ) UCCIIETyEMbIX OOBEKTOB HA OCHOBE UX YIOPSI0YCHUS.
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Panr — nokazartens, XapakTepU3yIOIIN MOPSIIKOBOE MECTO OOBEKTa B TPyIIIe
JIPYrUX 00bEKTOB, 001aIaAI0IINX CYIIECTBEHHBIMHU JIJISl OLICHKH CBOMCTBAMH.

To4YHOCTH U HAZEKHOCTh MPOLETYPHI PAHKUPOBAHUS B 3HAUUTEIHLHOM cTere-
HU 3aBUCAT OT KOJIMYECTBA PAHKUPYEMBIX O00OBEKTOB. B mpuHIUIE, YeM MEHbIIEe
TaKuX 0OBEKTOB, TEM BBIIIE UX PA3TUUYUMOCTb C TOYKH 3PEHHUS SKCIEPTOB, a Clie-
JIOBATEJIbHO, TEM 0oJiee HaJeKHO MOXKHO YCTaHOBUTH MX paHr. KonuyecTBo pan-
KUPYEMbIX 00BEKTOB, KaK MPaBUJIO, HE JOJDKHO mpesbimath 20, a Haubosee Ha-
JIEKHBIE pe3ynbTaThl OTHOCATCA K 10 0ObekTaM.

YKCIIEHHOCTh TPYNIbl IKCIEPTOB TAK)KE MMEET BakHOE 3HaueHue. [Ipu ma-
JIOM HX YHUCJIE TEPSAETCS CMBICI KOJUIEKTUBHOM OLEHKH, TaK KaK pPEe3KO BO3PACTAET
BIIMSIHUE KaX10T0 dKcrepTa. [Ipu OGonbliiom — MHAUBUAYa bHAs OLIEHKA MpaKTUde-
CKHA HE BIUSET HA TPYIMIOBYIO M, KPOME TOr0, CHH)KAeT YPOBEHb JOCTOBEPHOCTH
BCJIEZICTBUE MPUBJICYCHUS MaJOKBATU(UIMPOBAHHBIX CIENHAINCTOB. B o0mem
Ccllydae YMCJIEHHOCTh IKCIEPTOB JOJIKHA MPEBBIIIATh YUCIO OLEHUBAEMBIX (DaKTO-
POB, HO OBITh MEHBIIIE O0IIET0, TOTEHIUAIBHO BO3MOKHOTO YHCIa CIIEHUATUCTOB.

[IpakTryecKuil BBIXOJ allpUOPHOTO PAaHKMPOBAHUS COCTOUT B CIEAYIOLIEM:

MOCTPOCHHE alPUOPHBIX AHArPaMM PAHTOB, YTO MPHU MCIOJIb30BAHUH JIUTEPa-
TYPHBIX UCTOYHHKOB SIBJISIETCS, IO CYIIECTBY, KPAaTKUM HAIJISIAHBIM 0030pOM IO
TEeMeE HUCCIIeIOBaHUM;

oTOop HauboJiee 3HAUMMBIX AJI HCCIEAOBaHUSA (PAKTOPOB, UYTO COKpAILAeT
00BbeM U NOBBIIIAET A3P(HEKTUBHOCTH UCCIIEIOBAHUM.

Takum oOpa3oM, apUOPHOE PAHKUPOBAHUE, ABIISSICH CyObEKTUBHBIM MHEHHU-
€M 3KCIEepPTOB B JaHHOW 00OJacTH, AA€T, TEM HE MEHee, OOBEKTUBHYIO MH(pOpMa-
L[1I0, TAK KaK MHEHHE CHEIUATNCTOB OOBEKTUBHO OTPAXKAET PeaNbHOE MOJIOKEHUE
BEIlIeH B paccMaTpuBaeMoil 00JaCcTy 3HAHUH.

AJTOpUTMU3UPOBAHHAS METOJMKA APUOPHOIO PAHKUPOBAHUS MOMKET OBITh
IIPEICTABIICHA B BUJE HUXKECIEIYIOIIMX OCHOBHBIX 3TanoB. B MeTonuKe umeercs
pEaJIbHBIN YUCIIEHHBIA IPUMED.

1. TTocTranoBKa 3aJja4u UCCIEAOBAHUN.

2. BriOop mapaMeTpoB BhIXOa WM OTKJIHKA.

3. CocraBnenue nepeyHeil pakTopoB, BIUSIONIMX Ha U3y4aeMblil poliecc.

4. OnepanlMOHHOE ompeseneHrne GakTopoB. DTO ONPEACIICHUE BBOJAUTCS IS
OJIHO3HAYHOTO TTOHMUMAaHUS CIEIUATUCTaMH KaXI0ro (akTopa.

5. YcTaHoBJIEHHE UHTEPBAJIOB BapbUPOBAHUS OTJICIbHBIX (DAKTOPOB. ITO CBSI-
3aHO C TE€M, YTO BIUSHUE OTACIbHBIX (PAKTOPOB MOKET OBITh PA3JIMYHBIM B PA3HBIX
00nacTsaX GakTOpPHOro MPOCTPAHCTBA.

6. PamxupoBanue (pakTopoB B MOpsiAKe yObIBaHUS UX BO3JEHCTBUS Ha Mapa-
METp BBIXOJA.

Kaxnomy daktopy u3 obuiero nepeyHsi npucBauBaerca panr (uudpa Hary-
pPaJIBLHOTO psAZla), COOTBETCTBYIOIIMI MECTY, OTBEIIEHHOMY MCCIIEOBATEIEM JIaH-
HOMY (DaKTOPY B PaHKUPyEeMOM psiny (HamboJiee BakHbIN (hakTop — 1, MEeHee Baxk-
HBIN — 2, e1le MEHEee BaXXHBIN — 3 U T.1.).

7. dopmanbHas IPOBEPKA PaHKUPOBAHUA.

CymMa paHTOB B Ka)KJJOM CTOJIOIE
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sn=" 03, M)

IJI€ N — YUCJIO pacCCMaTPUBAEMBIX (DAKTOPOB.
8. OnpeneneHre CyMMbI PaHTOB 10 (hakTopam.

iai,j ' (2)
j=1

TI€ g j — PaHT Kaxao0ro i-ro (Gakropa y j-ro CHenManucTa (MM 110 j-My HC-

TOYHMKY JINTEPATYphl); M — KOJUYECTBO OINPOIICHHBIX DKCIEPTOB (UJIU PacCMOT-
PEHHBIX JTUTEPATYPHBIX UCTOUHUKOB).
9. Omnpenenenue cpeHel CyMMbl PaHTOB.

n m
2. 2.4, .
— i=lj=1 n+
T = =m . 3
) @
10. Onpenenenue abCOMOTHON BEJIMYMHBI PA3HOCTU MEXAY KaKI0M CyMMOM

paHroB 1o (akTopam U CpeHEN CyMMOM PaHTOB.

m
Ai :Zai,j—T . (4)
j=1
11. Onpenenenue KBaapaTa pa3HOCTEM.
A ()
12. Onpenenenne cyMMbl KBapaTOB Pa3HOCTEM.
n
2
Sw = ZAi . (6)
i=1
13. Onpenenenue nokasareyei rpyni CBA3aHHBIX PAHTOB.
Y(K), =t} —t, (7)

rae t — KOJMYECTBO OJIMHAKOBBIX CBA3aHHBIX PAHTOB B J-M PaHXHPOBAHUU;
K — MHIEKC BEMYHMHBI OJJUHAKOBBIX CBSI3aHHBIX PAHTOB B j-M PaHKHPOBAHUH.

14. Onpenenenrie CyMMapHOTO MOKa3aTelis CBA3aHHBIX PAHTOB MO PAHXKHUPO-
BaHMUIO.

p
Tj ZIZV(k),-. ’ (8)
=1

IJIe P — YUCJIO TPYII OJMHAKOBBIX CBS3aHHBIX PAHTOB B j-M PaHKHUPOBAHUHU.
15. Onpenenenue cyMMbl CyMMAapHBIX MTOKa3aTeNeH CBSI3aHHBIX PAHTOB.

m
2T 9)
j=1
16. Onpenenenne koddduIeHTa KOHKOPIAIUH.
W= 12S,, . (10)

m
2,3
m“(n®-n)-m)"T;
j=1
Koadpunment konkopaanuu W mensiercs ot 0 10 1, mpudemM paBeHCTBO €11-
HUILIE O3HAYAET, YTO BCE DKCIEPTHI NAIM OJWHAKOBBIE OLEHKH IO JAHHOMY IpH-
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3HAKY, a PAaBEHCTBO HYJIIO O3HAYAET, YTO CBS3h MEXKIY OICHKAMH, MOTYyICHHBIMU
OT pPa3HBIX 3KCIEPTOB, HE CYIIECTBYET.

17. IlpenBaputenbHas orieHKa K03 PHUIIMeHTa KOHKOP/IAIHH.

18. Onpenenenrie 3HaUUMOCTH KOAh(OUITMEHTA KOHKOPIAITHH.

[Tpu umcie HhakTOpOB MEHBIIE WM PABHOM CEMH MOYKHO IOJIb30BaThCS CIIe-
IUaJbHON Tabmuiel (pacyeTHoe S, JMOKHO OBITH OOJIBIIE KPUTHUYECKOTO, Tab-

anaHoro). [lpu Gonbiiem uncie GpakTOpoB JOCTATOUHO, YTOOBI 3HAUECHUE PACUET-
HOTO yp KPHUTEpHs ObIIO GOJIbINE 3HAYCHHS TAOIMYIHOTO 32 KPUTEPHs JUIA COOT-

BETCTBYIOIIEH CTENEHU CBOOOJBI (v) M IOBEPUTEIBHONU BEPOSITHOCTH (P), OOBIYHO
npuauMaemoit 0,95 unu 0,99.

v=n-1, (11)
25 = 12 SWl ——=m(n-DW . (12)
mn(n +1) —H\ZTJ-

_j=1

m
HpI/IMe‘laHI/Ie: IIpHU OTCYTCTBHU CBSA3AaHHLIX PAHI'OB BCIMYMHA LZTJ 06pa-
n-1%
=

1IA€TCA B HYJIb.

19. ITocTpoeHue anpuopHBIX JUarpamMM PaHToB.

[Tonyyenue 3Haunmoro ko3¢ @GUIMEHTa KOHKOpAAaUU (T.e. MOATBEPKICHUE
COTJIaCOBAaHHOCTH MHEHUMN CHEIMAJIMCTOB) Ja€T BO3MOXHOCTh MOCTPOUTH CPE.i-
HIOIO alPUOPHYIO AMArpaMMy PaHTOB B KOOpJMHATAX: OpJIMHATA — CyMMa PaHIOB;
abciucca — pamxupyembie 00beKThI (PpakTopbl). Yem MeHbIlle CyMMa paHroB JIaH-
HOTO (haKTOpa, TEM BBIIIIE €r0 MECTO Ha Tuarpamme (puc.3).

101

N
o
T

w
o
1

CyMMma paHTOB

N
o
|

6 17 11 1381101312 14 1121519 111

dakTopsI

Pucynok 3. /I[uarpamma panros

20. IIpunsTHE pEMIEHUH IO CTPATETHH MOCIEIYIOIIETO YKCIIEPUMEHTA:
JlnarpamMma paHTOB MOKET UMETH CIEAYIOUIAN BU:
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20.1. Pacnpenenenue (paznuuue B paHrax) (pakTopoB U MX yObIBaHHE PaBHO-
MepHoe. B aToM cilydae ypoBeHb anpuOpHOW MH(OpMalMKU BeCbMa HU30K, U IO-
3TOMY BC€ (PAKTOPBI JOJKHBI BKIIOYATHCS B SKCIIEPUMEHT.

20.2. PacnpeneneHue paBHOMEpPHOE, a yObIBaHHME HepaBHOMepHoe. B sTom
cllydae, €CJId BO3MOYXHO, JIyUIlI€ BKIIOUYUTH B (PU3NYECKUI SKCIIEPUMEHT BCe (pak-
TOPBI, HO BO3MOXEH U allPUOPHBIN OTCEB UX.

20.3. Pacnipenenenue HepaBHOMEPHOE, a yObIBaHUE paBHOMEpHOE. Bo3MoxkeH
ampUOPHBIN 0TCEB (PaKTOPOB C HU3KUM PAHTOM.

20.4. Pacnipenenenue u yObIBaHNE HEpAaBHOMEPHOE (HAIPUMEp, IKCITOHEHITH-
albHOE). JTO HamOoJiee ONaronpusITHas CUTyalHs, TaK KaK HYKHO OTCEHUThb DS
($akTOpOB, OTHECEHHBIX K IIIyMOBOMY IOJIO.

2.5 Metoa cay4aiiHOro 0aJjianca

Emie onHuM MeTonom, mpenBapsomUuM yITyOJIEHHbBIE SKCIIEPUMEHTAbHbBIE
UCCJIEIOBaHUsA, ABIACTCS METOJ CllydaiiHoro OajaHca, mpenjokeHHbI Carrtep-
3BaiiToM B 1956 1. [To muenuto B.B. Hamumosa (MI'Y), meTon ciyvaitHoro 6anas-
ca — 3TO MOMbITKAa (HOPMATU30BaTh MCUXO(PUZUOIOTHYECKUE TTPUEMBI BBIJCICHUS
CYLIECTBEHHBIX (DAKTOPOB, KOTOPHIE MCIOIB3YIOT 3KCIEPUMEHTATOPHI, OCHOBLIBA-
SCh HA CBOMX 3HAHUSX, ONBITE U UHTYULIUH.

Jleno B TOM, 4TO mepBas 4acTh METOAA — 3TO ONEPUPOBAHUE MCCIIEIOBATEIS
C IMarpaMMou paccesHusi — CyObEeKTUBHAS MPOLEypa, OCHOBaHHAs Ha €r0 OIbITE
Y UHTYUUHUH. BTOpO# 3Tan — 0OBIYHBIN perpecCUOHHbBIN aHAJIU3.

CnoxxHbie 00BEKTHI XapaKTEPU3YIOTCS OOJIBIIIUM YUCIOM KOJUYECTBEHHBIX U
KaueCTBEHHBIX (hakTopoB. OueHb 4acTo (HaKTOPHI BIMSIOT HA BBIXOJIHOW MapameTp
HE IpsIMO, a KOCBEHHO — uepe3 3(ddexTsl B3aumopeicTBuil. [lpu BapbupoBanuu
(bakTOpOB BCETro Ha JIBYX YPOBHSIX, AXe JJII OTHOCUTEIHLHO HEOONIBIIIOTO UX KOJU-
yectBa, HampuMmep 17, oflee YMCIO OTIAEIBHBIX OMBITOB gocruraer 2 = 13072,
T.€. TIOJIHBIN Tepedop BapUAHTOB HEBO3MOXKEH. [ TTaBHOM 11€JIbI0 METO/IA CIIyHaitHO-
ro OanaHca sIBISICTCS BBIJICIICHUE U3 MHOKECTBA (PaKTOPOB, BIMSIONIMX HA BBIXO/I,
HanOoJee 3HAYNMBIX.

MeTtoa MokeT ObITh UCTIOJIB30BaH aKTUBHO U MACCUBHO. AKTUBHAs peaan3a-
M. METOAA MPENyCMATPUBAET MOCTAHOBKY CEPUH OIBITOB MO CHEIUAIIbHBIM IJIa-
HaM U MPUMBIKAET K AKCIIEPUMEHTAJIbHBIM HCCIIeI0BaHusIM. [laccuBHOE HCTOIB30-
BaHUE 3TOTO METO/Ia, OCHOBAHHOE Ha 00pa0OTKe JaHHBIX JINTEPATYPHBIX UCTOUYHHU-
KOB, PE3YJIbTATOB UY>KMX WJIM MPOMBIIUICHHBIX 3KCIIEPUMEHTOB, NMPOBEAEHHBIX Ha
CIIy4ailHO BBIOPAHHBIX YPOBHSX, IMO3BOJISIET 00padaThIBaTh anpuoOpHYI0 UHPOpMa-
nu. To ecTh MeToA ciydailHOTO OajlaHca MOXKET ObITh MCIOIB30BaH Jjisi oOpa-
OOTKHU TOTOBBIX MAaCCHUBOB IKCIIEPUMEHTAJIbHBIX JaHHBIX.

B ocHOBY MeTO/1a TIONIOKEH MOCTYNAT: (PaKTOPHI, PACTIONOKCHHBIC B TIOPSIKE
BO3pacCTaHus BIUSHUS HA CYMMapHYIO JUCIIEPCHIO BBIXO/A, 00pa3yroT PaHKUPO-
BaHHBIN Psifl, OMUCHIBAEMbIN 3aTyXarolleil SKcoHeHTo. OCHOBHAs UAES METOJA —
ATO coYeTaTh Bce (haKTOPHI CIyIalHBIM 00pa30M MPH BO3MOKHO HAMOOJIBIIIEM WH-
TepBaJie BapbUPOBaHUA (MX BIUSHUE CTAHOBUTCS IIYMOBBIM mojieM). Torma mocne-
nyromiasi 00paboTKa MO3BOJUT BBIICIUTH HaWOOJIEEe CYIIECTBEHHBIN (aKTop mpu

14



€ro Nepexoe C OAHOro ypoBHs Ha Apyroi. CylHOCTh TAKOTO MOIX0/A 3aKIH0YaeT-
Csl B MPENINOJIOKEHUH, YTO MOXKHO MOCTPOUTH KPUBYIO paclpeleieHUs] 3HaYeHUN
napameTpa BbIX0Jla MPU (PUKCALUU BCEX EPEMEHHBIX (PAKTOPOB, 32 UCKIIOUYECHUEM
OJTHOTO, Ha MOCTOSIHHOM ypoBHE. Ecnu 3T0T (hakTop BIUsET CYIIECTBEHHO, TO MIPH
€ro Mepexojie ¢ OJIHOTO YPOBHS Ha JPYrod Mpou30MAET CMENIeHHEe IIEHTpa pacipe-
JIeJIeHHs TlapaMeTpa BbIX0/la Ha HEKOTOpYyIo BenuuuHy. [lo omeHke 3Toro cmerie-
HUS OCYILECTBIIAECTCS] OTOOp HanboJee 3HaYUMbIX (PaKTOPOB.

Hcnonb3oBaHue B METOJE CIIy4ailHOro OajaHca CiIy4YalHBIX, & HE CUCTEMa-
TUYECKUX BBIOOPOK, IMO3BOJISIET CUNTATh 00pabarkiBaeMbie HAOOPHI (PaKTOPOB Clia-
00 KOppenupoOBaHHBIMU MEXIy co0oil. [Ipu 3TOM COBMECTHBIE OIEHKH OKa3bIBa-
IOTCS CMEIIaHHBIMH CITY9aifHBIM 00pa3oM, 4TO MO3BOJISET MOYTH HE3aBHCHMO OIle-
HUTH BCe Mpeobaaaaronye GakTophl.

CnenyeT OTMETUTb, YTO B METOAE CIIy4ailHOro OajaHca HWCHOJIBb3YIOTCS
CBEPXHACHIIIICHHBIE IIJIAaHBI, KOT/Ia YMCII0 OoNbITOB N MeHbIe uncia dakropos K, To
€CTh yucIIo creneneii cBoooapl orpunarenbio (f = N — K < 0). Dto He mo3Bosser
JIaTh CTPOTYIO0 KOJIMYECTBEHHYIO OLIEHKY BIMSHUIO ()aKTOPOB, HO JJI OTCEHBAIO-
IIUX SKCIIEPUMEHTOB 3TO U HE HYKHO.

CrnenoBareiabHO, METOJI CIIy4aiiHOTO OajaHca SIBISETCS J0CTaTOYHO TPYObIM:
UMEET MaJTyI0 YyBCTBUTEIBHOCTh — CHIOCOOHOCTD BBIJIEIATH OTJIMYHbBIC OT HYJS KO-
7 dUIMEHTH YpaBHEHUS PErpecCcun, HO, OJHOBPEMEHHO, 00J1a1aeT OOJBIION pas-
pemarnieil cnocoOHOCTHIO — BO3MOYKHOCTBIO BBIIENATh IIaBHbIE AP(EKTHI Cpenn
UX 3HAYUTEIHHOTO OOIIET0 YHCIa.

B Metone ciydaiiHoro 0ajaHca B Kau€CTBE LEHTPa pacipeiesIeHUsl UCIOb-
3yIOT HE CpelHee apudmeTnueckoe, a MeAuaHy, Tak Kak oHa Oonee d(pdekTruBHA
IIPU OTKJIOHEHUSX 3aKOHA pachpelesieHus OT HOpMallbHOTO. MennaHa — 3HaueHue
CIIy4ailHOM BEJIMYMHBI, pa3aeistonee o0uiee KOJIMYeCTBO Pe3yJIbTaTOB MOMOJIAM.

Kpurepusimu cyiecTBEeHHOCTH (paKkTopa SBIISIOTCS:

- abcoroTHast BeMMYMHA BKIaja (pakTopa B mapaMeTp BbIXoaa (pPa3HOCTh Ya-
CTHBIX MEJIHaH);

- YHUCIIO BBIICNISIONIMXCS TOUEK Ha JUArpaMMe PacCestHUS JUIsl KaKIoro (ak-
TOpA.

JlnarpaMmma paccessHusI UMEET Ha a0CIucce MOPSAKOBBINA HOMEp (hakTopa X; ¢
yKa3aHHEM JIByX €ro YpOBHEH (HAauMEHBIIEro U HauOOJbIIEro), a Ha OpJANHATE —
3HAUYEHHUE BBIXOJA Y B BUAE TOUYKU. [IpnuéM cieBa HaHECEH BBIXOJ MPU HUKHEM
ypoBHE (akropa (—), a cupaBa — npu BepxHeM (+). Boigenstoniecs Touku aua-
rpaMMBbl PaCCESHUS PACIIONIArarOTCA BbIIIEC CAMOM BEPXHEU WIIM HUKE CAaMOW HU K-
Hel TOUKHU BBIXO/a, HAXOJIAIICHCS Ha TPOTUBOMOI0KHOM YPOBHE TOTO e (hakTopa.

Paccmotpum o6mryro cxemy metoja. [Ipenmnomnaras, 4To BBIXOJ — ClydaiftHas
BEJIMYMHA, 3aBUCAILIAs OT Habopa (HaKTOPOB, MOKHO MOCTPOUTH PErPECCHOHHYIO
MOZieNb B BUJle NoNHHOMA. Pa300béM Bce (akTophl Ha IPYIILY CYHIECTBEHHBIX Xj U
HECYIIECTBEHHBIX Xj. [locie 3TOro cBepXHACHIIEHHBIN TUIaH (OMBITOB MEHBIIE,
4yeM (haKTOpPOB) CTAHOBUTCSI HACHIIMIEHHBIM MO OTHOIIECHUIO K 3HAYUMBIM (DaKTo-
pam.

B 3TOM ciyuae ypaBHEHHE perpeccur MOKHO 3alliCcaTh B BUJE

15



K K
y:b0+ibjxj+ibixi+s, (4.26)
=1 i=1
rne K=K;+K; — o01mee konndecTBo (hakTOpOB; € — CilydaiiHasi COCTaBJIAIOIIA.

[Ipu >TOM Amcriepcust yIUTHIBaeT Bee IPPEKTHI Dj, M3 KOTOPBIX TOKa enié He
BBIJICJICHBI CYILIECTBEHHBIE U CIIy4YailHbIE COCTABISAIOIINE. DTa OCTATOYHAs AUCIEP-
CHsl, B OIICHKY KOTOPOM BXOJASAT 3HAYUMbIE, HO €II€ HE BBIJCICHHBIE (PaKTOPhI, BHA-
yaie Benuka. [lpu yganeHuu mar 3a miarom 3Ha4MMBIX 3(PPEeKToB e€ BeauunHa
ymenbaercs. [Iporecc BbiaeneHus 3HaYamUX (aKTOPOB MPOJODKAIOT O TEX
1op, MOKa BEJIMYMHA OCTAaTOYHOM JHMCIEPCHUH HE CTAHET COM3MEPUMOI ¢ aucmep-
CUEll BOCIPOM3BOAMMOCTH OMbITa. B UTOre moimydyum npuOIMKEHHYI0 MaTeMaTu-
YECKyI0 MOJIeNIb CBSI3M BBIXOZAa CO 3HAYAIIUMH (PaKTOpaMU U KOJIMYECTBEHHYIO
OLIEHKY UX BKJIAJIOB.

Metop ciayuaiiHoro 6anaHca MOXKET OBITh HCIIOJIB30BaH MPHU YHUCHE (HaKTO-
poB 6ozee 70. OgHako (pakTOpOB, CYIIECTBEHHO BIMSIONIMX HA MapaMeTp BbIXOAA,
JOJKHO ObITh He Oonee 10-25%. IIpourie — MOTyT OBITH OTHECEHBI K IITYMOBOMY
MIOJIF0 — COBOKYITHOCTH CIIYyYalHBIX MIOMEX, MAJIO3BHAYMMBIX JTUHEHHBIX 3(DPEKTOB 1
MX B3aUMOJICVICTBUM.

CrnenyeT OTMETHUTB, UTO NPHUONMKEHHAST PETPECCUOHHAsT MOJIENb CBS3bIBAET
nepeMeHHble (PaKTOpPhI C MAPaMETPOM BBIXOJ1a, HE paCKpbIBasi (PU3NUECKON CYIIHO-
CTH, IPOUCXOMSIINX BHYTPU HCCIEAYyEMOro o0bekTa mpoueccos. IIpaBna, «monu
HE CTaHyT OTKa3bIBaThCsl OT CBOETO 00€/la TOIBKO MOTOMY, UTO HE MOJHOCTBIO MO-
HUAMAIOT MPOLECC NMUIIEeBapeHus», — 3ameTinl O. XeBucana. A MpUHOKN «4EPHOTO
AIUKa» - BechbMa () (PEKTUBHBI MHCTPYMEHT B CAMBIX PA3JIMYHBIX OOJACTAX HC-
CJIEIOBAHUM.

Metoauka ciydaitHoro Oananca pa3burta Ha Be yactu. [lepBast yacTh, npu-
BeZIEHHAS B HACTOSIIEM pasjielie, 3aKaHYUBAETCs BbIICJIEHHEM HanboJiee 3HaYaImx
(bakTopoB U MapHBIX B3aMOJIeHCTBUNA. BTOpas, 3akirounTenbHas 4acTb METOIMKH,
MOXKET OBITh OCBOEHA TMOCJIE M3JIOKEHUSI MaTepHrayia O IJIaHUPOBAHUM MHOTO(aK-
TOPHBIX SKCIIEPUMEHTOB U PETPECCUOHHOM aHAJIU3E.

PaccmoTpum anroput™ (opmann3oBaHHBIX MPOLEAYpP, BKIOUAIOIIMNA I0-
CJIEIOBATENIbHYIO LIETIb ATAIOB:

1. IlocTanoBKa 3a1a4M UCCICAOBAHUI.

Boigenenre qoMuUHHpYROMMX (DaKTOPOB M3 anmpHOpHOM HH(opmauu 06
00BEKTE UCCIIEI0BAHU.

2. Bei0op mapamerpa BbIXo0/a Yj.

3. Bb10op nepeMeHHbIX (PAKTOPOB X;.

OTtOupaem Bce GakTOphl, KOTOPHIE MO JaHHBIM UMEIOIINUXCS IKCIIEPUMEHTOB
WJIU JIUTEPATYPbl MOTYT BJIMSATH HA BBIXO/.

4. CocTaBiieHHe MAaTPHIBbI CJIYYAHHOr0 0ajlaHCca

5. IlocTpoeHune MATPHUIIBI CIYYAHHOr0 0ajIaHCa ¢ PAHKMPOBAHHBIM BbI-
XO0A0M.

6. BoinesieHue (pakTOpoOB ¢ HAM0OIbIIUM BKJIAA0M.

BrisiBnenue gpakTtopoB ¢ HaMOONBIIMM BKJIAJIOM B MapaMeTp BBIXOAA OMpe-
JIEJISIETCS. HA OCHOBE PA3HOCTH OIEHOK YAaCTHBIX MENHMAH MO 3Ha4eHHsIM (pakTopa
Ha YPOBHE «+» U HA YPOBHE «—».
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Bx, =Mx,+ —Mx, -, (4.27)
rae By — BKmaj (axtopa Xi; My ,, My _ — OLEHKH YaCTHBIX MEIMAH MO Pa3HBIM

YPOBHSIM (PAaKTOPOB (BEPXHEM U HUKHEM).
7. IlocTpoeHue 1MarpaMMsbl paccestHus.
8. AHaym3 1MarpaMMel paccestHus.

3. INTAHUPOBAHHUE OJHOP®AKTOPHBIX OKCIIEPUMEHTOB

OnHO(aKTOPHBIMUA CYUTAEM HKCIICPUMEHTAIBHBIC WCCICIOBAHUSA, KOTJa
IUTAHUPYEMOE BO3MYIIAIOIIee BO3/ICHCTBUE HANPABICHO TOJBKO HA OJUH (aKTop,
a MpoYKe — MOJAJICPKUBAEM HA TOCTOSIHHOM YPOBHE WM, €CJIA 3TO HEBO3MOXKHO,
OTHOCHM K IIyMOBOMY Tot0. IHBIMU clTOBaMH, BapbUpPyEM TOJBKO OJHWH U3 Tie-
pPEMEHHBIX (HhaKTOPOB, & €CJIM UX HECKOJbKO, TO U3MEHEHHE UX YPOBHEH OCYIIECT-
BIIsieM noouepénaHo. Huke paccMoTpeHbl HECKOJIBKO THUIOB OJHO(MAKTOPHBIX IKC-
MIEPUMEHTOB.

3.1 Kinaccuueckuid 3KCIIePUMEHT

Knaccrnueckum Ha3bIBaroT HaMOOJIEE CTAPBIM METO IIJIAHUPOBAHUS U peaju-
3alMK 3KcnepuMeHToB. OH MpeaycMaTpuBaeT (PUKCHUPOBAHUE HA ONPEEIEHHBIX
YPOBHSIX BCEX MEPEMEHHBIX (PAKTOPOB, KPOME OJHOT0, KOTOPBII MPUHUMAET HEKO-
TOpbIE€ JTUCKPETHBIE 3HaueHMs (YpPOBHH) B HCCIEAYEMOM 4YacTU OOJACTH CBOETO
CyILIECTBOBaHMs. B pe3ynprare HaxoauMm 3aBUCUMOCTH MCCIENYEMOW BEIMYUHBI
(mapameTpa BbIXOJa) TOJBKO OT OJHOro ¢akropa. MatemaTuueckas MOJENb 3TON
3aBUCUMOCTH MOKET OBITh MMOJIydeHa B pPe3yJibTaTe psa I€OMETPUYECKUX IO-
CTPOCHUH WJIH, Yallle BCEro U C ropa3o MEHbIIEH NOTPEIIHOCTHIO, METOIOM HaHu-
MEHBIINUX KBAIPATOB.

[TockonbKy 3TOT METOJ HE ONpEAeNseT CTPYKTYpy MoIydaeMol omgHo(pax-
TOPHOW MOJIENH U TpeOyeT HAIMYHUS TIEPEHACHIIIICHHOW CUCTEMbI YPAaBHEHHM (YnC-
JIO YpaBHEHUI MPEBBIIIAET YMCIIO HEU3BECTHBIX) SISl BHIYHMCIICHUS TTApaMeTPOB, Ha
KOJIMYECTBO YpOBHEH MepeMeHHOro (hakTopa HajararoTcs onpeaesEéHHbIe OrpaHu-
YEHUS.

Ecnu BbIXOJ M3MEHSIETCS MO 3aKOHY, OJM3KOMY K JINHEWHOMY, TO JJI HaXO-
JKJIEHUS IapaMETPOB JTUMHEMHOU MOJENU JOCTATOUYHO TPEX TOUYEK HA JIMHUM OTKIIU-
ka. To ecTb 1OCTaTOYHO BapbUPOBATH MEPEMEHHBIN (HaKTOp Ha TPEX AUCKPETHBIX
ypoBHAX. OQHAKO BHUJ JUHUU OTKJIMKA DKCIIEPUMEHTATOPY 3a4aCTYyI0 HEU3BECTEH.
B sToM ciiydae ecTeCTBEHHOE CTPEMIICHHE COKpPaTUTh OOBEM HKCIIEPUMEHTOB
BCTYTAaET B MPOTUBOPEYHE C MOCIEIYIOIEeH BO3MOXHOCThIO (PYHKIIMOHAIBHON HIIN
rpaduyeckoil MHTepHIpeTauu ux pe3yiabTaToB. [locieqHue MOryT MOIXYUMHSTHCS
0oJiee CII0)KHOMY 3aKOHY, (HampuMep, KBaJpaTUYHOMY) C OOJIBIIINM YHMCIIOM Mapa-
METPOB. DTO OOCTOSTEIHCTBO 3aCTaBIISIET IJIAHUPOBATH OJHO(PAKTOPHBIN JKCIe-
PUMEHT KaK MHUHUMYM Ha YETHIPEX YpPOBHAX NEpeMeHHOro ¢akropa. A mpu
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UMEIOIIENCS] OMACHOCTH CPBIBA OJIHOTO W3 OIMBITOB HEOOXOIUMO MPETyCMOTPEThH
MATYIO PE3EPBHYIO TOUKY.

CrnemyeT OTMETHUTh, YTO €CJIM HEJIWHEHHYIO SKCIEPUMEHTAIBHYIO 3aBHUCH-
MOCTb JIMHEApPHU30BaTh jJorapumupoBanruemM (O0TJIOKHUB Ha rpaduke B JOrapupMu-
YECKOM MaciTade), TO MOXKHO JUIS alMpOKCUMAIIMK SKCIIEPUMEHTAJIbHBIX Pe3yJib-
TaTOB UCTOJIb30BATh CTCIICHHYIO MJIU TTOKa3aTeIbHYIO byHKIUN.

Hampuwmep, u3

y =ab* (5.1)
nMeeM lg y=lg a + X-Ig b, 4To SKBUBaIEHTHO NHWHEWHON 3aBHUcHUMOCTH Y=A+xB
IIPY ONIEPUPOBAHUH HE CAMHUM PE3YJIbTaTOM 3KCIIEPUMEHTA, a €ro JIorapu(hMOM.

BrruncneHus mo ompeaesieHUIo MapaMeTpoB MOJICTH METOJAOM HauMEHBIINX
KBaJIpaToOB yI00HO BBIMOJIHATH B BHI¢ TaOauIb! (Ta01.5.1).
Tao6auma 5.1
Brraucnenne napameTpoB MOACITH

Ne X X y Xy x> x" X%y

1] 2 3 4 3) 6 7 8

N| Zx | =x* | Zy XXy >x° | =x' | =Xy

Jns nmuHEeMHOM Mojenu y=ab* (JoCTaTOYHO CTOJOIOB 1-5) MMeeM cucTeMy
YPaBHEHUN:

bN + aXx =ZXy;
{ 5.2)

bIX + arx® = Ixy,
peias KOTOPYH0, HaXO0AWM IMapaMCTpbl MOACINU «a»u «b».
KBagpatuunas MOZJENb y=ax’ +bx+c TpeOyeT CIemyIomeil CHCTEMBI ypaB-
HEHUH:
arx? + bz +cN= 2y,
ax’ + bE¥? + CIX = Sxy; (5.3)
arx® + bz3® + czx? = =x%y.

Kpurepuem BbIOOpa TOM MM MHOW MOJIETH SIBJIIETCSA MOTPEIIHOCTD alpOoK-
CUMALINH.
Mepoil OLEHKM paccesiHhs MapaMeTpa BbIXOJA SIBJISIETCS NHCHEPCUS BOC-

MMPOHU3BOAMMOCTHU — CPCAHAA JUCIICPCHA BCCX OIIBITOB.
N

n
>>¢,-v2
35 :—':1U§1(n o (5.4)

7€ U — KOJMYECTBO MapasuieNbHbIX ONBITOB (1...n); 1 — KOJUYECTBO YPOBHEH me-
peMmeHHoro (akropa (Touek Ha kpuBoi oTkimka) (1...N); y — cpeaHee 3Ha-

YEHUE BHIXOJa U3 CEPUH MaPAUICTHHBIX OTBITOB.
B oaHOdakTOpHBIX SKCHEpUMEHTaX AUcHepcHsi KOI(PPHUIIMEHTOB MOJEIH,
MOJIYYCHHBIX METOJIOM HAaMMEHBIITUX KBAJPaTOB, paBHA
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g2
Sh=" - (5.5)

Dta nucnepcus TO3BOJISET OLEHUTh 3HAYUMOCTh KO3 (PUITMEHTOB MOJIEIH.
[TpoBeast HEOOXOAUMOE IJIST UCCIAEAYEMOTO 00BEKTa YUCIO OJHO(PAKTOPHBIX
AKCIIEPUMEHTOB, TIOJyYUM HA0Op YaCTHBIX OJHO(MAKTOPHBIX Mozenel. X MOXKHO
00BEUHUTH B 00IIYI0 MHOTO()AKTOPHYIO MOJIECITD.
Ilpumep:
JlaHO: YacTHBIE MOJICTIA BU/IA:

PZ = atxp ; (56)
P, =bs”?; (5.7)
P, =cHB". (5.8)

1. [IpuBeném mobObie nBa BeIpaxkeHus (5.7) u (5.8) xk 6e3pazmepHOMY BUAY,
pa3zenuB Ha BEIMYUHY BBIXOJIa, COOTBETCTBYIOILYIO YCIOBUSIM NPOBENEHUS Iep-
BOT'0O SKCIIEPUMEHTA, TO €cTh 3HaueHusM S; u HB;:

bs”» cHB"
ml = =
bSl CHB_]_
2. YMHOXHM MPaBYyIO 4acTh YaCTHOW Mojeinu (5.6) Ha MOTyYEHHbIE 3aBUCUMO-
ctu (5.9).

=Ms; m, =M,HB". (5.9)

P, =at"?M;S"?M,HB" = C,t"?S""HB", (5.10)
rae C,=aM;M, — HOBast KOHCTaHTa.
OCHOBHOE JOCTOMHCTBO M3JI0)KEHHOTO METOja — 3TO ero npocrora. OH Mo-
KET OBITh PEKOMEHJOBAH JJIi UCCIEIOBAHUS MPOCTEUIINX OOBEKTOB U MOCTPOE-
HUSI TAPUPOBOYHBIX 3aBUCUMOCTEH.
K HepocTtatkaMm MeTO/1a MOKHO OTHECTH CIEAYIOIIHE:
- 3Ha4YUTEJbHBIC 3aTPAThl BpeMEHH (0O0JIBIIIOE YHCIIO OIBITOB);
- HE’KOHOMHMYHOCTB;
- HaJIMYMe CUCTEMAaTUYECKHUX OIINOOK;
- OTCYTCTBHE YU€Ta CMEIIAHHBIX B3aUMOJICHCTBUM.
CoBepIlIeHCTBOBAHUE AKCIEPUMEHTAIBHBIX METOJUK MO0 MO0 HUXKECIETy 0-

IIUM HaIpPaBJICHUSIM.

JIisi KOMIIeHCaIluu MEePBOr0 U BTOPOT0 HEJOCTATKOB ObUIM pa3pabOTaHbI
YCTPOMCTBA, MO3BOJSIONIME BECTH IKCIEPUMEHTHI OJHOBPEMEHHO MPHU Pa3HBIX
3HaYCHUAX (HaKTOPOB.

JI71s1 IOBBINIEHUS! TOYHOCTH (TPETUM HEIOCTATOK) YBEIMYMBAIN KOJIHMYECTBO
napajuiesIbHBIX OMNBITOB. MUHUMaJIBHOE YHUCJIO TMapajIebHBIX OMBITOB PaBHO
TpEM.

Hakonen, ajs KOMIIEHCAIlMd YETBEPTOrO HEIOCTaTKa ObUIM pa3pabOTaHBI
0oJee CIOXKHBIE TUIAHBI TIPU OJTHOBPEMEHHOM M3MEHEHUH HECKOJIbKHUX (DaKTOpOB,
TO €CTh MHOTO(aKTOPHBIE.

OcraHoBuMCs MOJIpoOHEE HA OYEHb BAXKHOM MpOIeAype, Ha3bIBAEMOU paH-
nomu3zanuen. [Ipu npoBeneHnn nccienoBaHUM SKCIIEPUMEHTATOPY 3a4acTyH) MO-
I'yT OBITh HEM3BECTHBI BCE (PAKTOPHI, BIUSIONIME HA BBIXOJ, WA P U3BECTHBIX
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(bakTopoB UM HE MOKET ObITh YUTEH. [IprMepnl MoJ00HBIX PAKTOPOB — ATO CKAUKU
HAIPSHKEHUS SJIEKTPOCETH THEM M BEUEPOM, OCOOCHHOCTH 3PEHUS OJTHOTO M3 Olle-
paTOpPOB, CUNTHIBAIOLIUX MTOKA3aHUs MPUOOPOB, U3MEHEHUE TEMIIEpaTyphbl BO3IyXa
U ToMy 1oJI00HOe. VI3MeHEeHrEe BBIXOJIHOTO MapaMeTpa UCCIEeTyeMOTro 00bEeKTa Mo
KaKoi-mmbo KoopauHaTe (Hanmpumep, BpEMEHH WM TeMIepaType), He CBsI3aHHOE C
JNEUCTBUSIMHU DKCIIEPUMEHTATOPa, HA3bIBAETCA APEePoM U SBISIETCS UCTOYHUKOM
cucTeMaTu4decKux ommuoOoK. [locmeaHue BRI3BIBAIOT CMEIEHUE OIEHOK K0P PHUIIH-
€HTOB MOJIEJICH.

OCHOBHBIM CIIOCOOOM YMEHBIIIEHUSI OIIMOKK HKCIEPUMEHTATOpA H3-3a
BIIMSIHUS MCTOYHUKOB HEOJHOPOJHOCTH (CHCTEMAaTUYECKUX OIIMOOK) SBISIETCS
paHIOMM3alMs — UCKYCCTBEHHOE MPEBpAllleHHe CUCTEMAaTUYECKUX OLIMOOK B CITy-
yaliHple. JTO JOCTUTaeTCsi MOCTPOCHHUEM TOCIIEI0BATEIBHOCTH MPOBEACHUSI OT-
JIEBHBIX OIBITOB MO TabMUIIAaM CIIy4ailHBIX uucesl. PaccMoTpuM paHmoMu3aIuio
Ha npumepe. [IycTh Hy)KHO U3YYUTh BIMSHUE KOHCTPYKIIMM IyJibTa ynpaBieHus B
Ha BpeMsi BBIMOJIHEHUS oniepanuu T. 371ech HICTOUHUKOM HEOJTHOPOIHOCTH SIBIISICT-
cs oneparop O, puc.5.1.

OrpaHuyeHue Ha paHIOMU3AIUIO 3aKJIIOYAETCS B TOM, YTO SKCIIEPUMEHTA-
TOp Ha OCHOBaHHWM amnpuUOPHOW WHOOpMAIMU 00 UCTOYHUKAX HEOAHOPOIHOCTH
4€TKOo GopMynupyeT TpeOOBaHUS K IUIAHY SKCIEPUMEHTA, IMOJHOCTHIO HCKIIIO-
YaIoIMe UCTOYHUKU HEOJHOPOJHOCTHU PA3IMYHBIX TUIIOB (AUCKPETHBIC U HEMpe-
PBIBHBIE).

Ba-| Bpewms
3KCI'IepMMEHT HE paHAOMU3NPOBaH
pHaHT | onepanuu MO KOHCTPYKUMK, T.€. KOHCTPyKUus B

3aBucuT OT onepatopa O.

KOHCT- | Ty | T | T3
pyKLIH
Bi ]0:1]0:|04
B, 10210210,

B; |0O3[03|03
SKCTIEPUMEHT HEe PaHAOMU3MPOBaH
B, 010,03 Mo BpeMeHu, T.e. BpeMsi T 3aBUCUT

ot onepatopa O.
B, |0:]0,|0;
B; |01]0,|03

B1 02 03 01 PaHAOMM3aUMs MO KOHCTPYKUMU B
1 no spemMeHun T.

B, [03]/0,|0,

B3 Ol Ol 03

B1 Ol 02 03 PaHaoMM3aumMs C orpaHUYeHneM.

OnepaTtop BCTPeYaeTCst TOMbKO

B2 02 03 Ol 1 pa3 B CTPOKE U B CTON6LE.
Bs |03]|0.| 0,

Puc. 5.1. CxeMbl 0JHO(AKTOPHBIX TJIAHOB

5.2. KoMmOnHUpOBaHHbIE B3AUMHOOPTOTOHAJIbHBbIE KBAJIPATHI
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DTOT METOJ ABJSETCS OJTHUM U3 CIIOCOOOB TUTAHUPOBAHUS OAHO(DAKTOPHBIX
HKCIIEPUMEHTOB C OTPAHUYEHHEM HA PAHJOMU3ALUIO.
Hctopuyeckre UCTOKM METOJa BOCXOMST K YUCIOBBIM KOMOMHATOPHBIM 3a-
nadam. Tak, JI. Dinepom B 1779 rogy paccmaTpuBaiach 3ajiaya O BO3MOKHOCTH
noctpoeHus 36 ouilepoB B Kape Tak, YTOOBI B KaXIOM PAIY U
AlB|c|D B KaXIOU miepeHre ObuIo Obl MO OJHOMY OQUIEpPY Kaxa0ro
MOJIKA U KaXA0T0 YMHA. DUJIep MPEArnoa0Kuil HEBO3MOKHOCTh
TaKoro CTPOS.
HNcxogHoil il MOCTpOEHUS IUIaHA SIBJISIETCS KBaJpaTHAs
Tabnuiia, cojepxkamas «N» CTpPOK U «n» 3JIEMEHTOB, B KOTO-
Puc. 5.2. NamHoknit  pOM JTFOOOM M3 DIIEMEHTOB BCTPEUAETCS B KAXKJOM CTPOUYKE U B
eanpar 4 Ka)XJIOM CTOJIOIIE OJIMH M TOJIbKO OAMH pa3. JIaTMHCKUM KBaj-
paT Ha3bIBAIOT B CBSI3M C T€M, YTO KOMOWHAIIUU 3JIEMEHTOB BHYTPU HEro 0003Ha-
qaroT OyKBaMU JaTHHCKOTO andaButa (puc. 5.2).
JIBa naTtuHCckux KBajpata (puc.5.3,a,0) OpTOroHaNIbHBI, €CIU MPU HAJIOXKE-
HUU OJHOTO KBaJpara Ha APYTrod Kaxkaas mapa 3JIeMEHTOB BCTpedaeTcs B TaOJIMLe
TOJIBKO OAUH pa3 (puc.5.3,B).

B| C D A

C| D A B

D| A B C

1]2]3]4 1234 [11]22]33]44

201]4]3 3/4a1]2] [23]14]a1]32

31412 4132 1] |34]43][12]21

413121 21 1]4]3]| [42]31]24]13
2) 6) B)

Puc. 5.3. OpTroronanbHbl€ JIATUHCKUE KBAaAPaThI 4x4

[lepecTaHoBKa CTPOK, CTOJIOIOB HMJIM OYKBEHHBIX CHMBOJIOB IpeoOpa3yeT
100011 TaTUHCKUI KBajpaT B HOBbIU. JIjist kBajpaTa 2x2 BO3MOKHBI JBa BApHAHTA
(puc.5.4), 3x3 — 12 BapuanToB, 4x4 — 576, 5x5 — 161280.

Jlna  HekoTtopbix  (HE
BCEX) JIATUHCKUX KBaJpPaTOB
MOYXHO TIOCTPOUTH BTOPOH
KBaJaparT,  OPTOTrOHAJIbHBIN

IEPBOMY To ecThb Kaxaas Puc. 5.4. BapnaHTbl NaTUHCKOrO
: KBagpaTa 2x2

B A A B

OyKkBa 3TOro HOBOTO KBajpa-

Ta BCTPEYAETCA HE TOJBKO OJIMH Pa3 B KaXJOMl CTPOKE M OJUH pa3 B KaXKIOM
CTOJIOIE, HO TaKXe OJUH pa3 ¢ KaxJ0i OyKBOW JaTMHCKOTO KBajapaTa. ITO OpTO-
TOHAJIbHBIE KBaJpaThl 00Jiee BBICOKOTO TMOpPsSIKa, I'pEeKo-JIaTHHCKHE (puc. 5.5).
[IpumMep KX UCIIONB30BaHUS MOHATEH U3 ciedyrouiero npumepa. [lycrs [-V — Ba-
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pPHAHTBI TEXHOJOTHYECKOro mporecca, 1-5 — tun aeranu, A—J] — cmoco® KOHTpo-
781, @ a—O — YyBCTBUTEIBHOCTH MPUOOpPaA. 3/1eCh OJJHOBPEMEHHO OYAyT HCClea0Ba-
HBI JIBA MHOXKECTBA: CIIOCO0 KOHTPOJISL U YYBCTBUTEIBHOCTD MPUOOpA.

Bcio mMaccy paznumunbix skcriepumeHTOB ®. AHCKOMO (1948 1.) yCiioBHO
pa3zenul Ha ABE TPYIIIbL:

- OLICHMBAHUE BEJIUYHH KOHCTAHT;

- CpPaBHUTEJbHBIE SKCIIEPUMEHTBHI.

KoMOuHaToprka JTaTUHCKUX KBAJIPATOB UCIOJIB3YETCS Yallle BCETro AJI IKC-
NEPUMEHTOB CPABHUTEIILHOIO THUIIA.

OnucaHHBII METOJl TUIAHUPOBAHUSI DKCIEPUMEHTOB MpPU HCCIEAOBAHUU
BIIUSHUS JaHHOTO (haKTopa Ha M3ydaeMbld OOBEKT OO0ECreYrBaeT rapaHTHPOBaH-
HO€ yCpEIHEHME BIMSHHUS BCEX OCTalbHBIX (pakTopoB. Kpome Toro, sTor meron
T03BOJISIET COKPATHTH 00IIee KOIMYECTBO OMBITOB B N™ > pa3. 371eCh M — YHCIIO Ie-
PEMEHHBIX (DAKTOPOB, a N — KOJIUYECTBO YPOBHEH KaxK10TO (pakTopa.

Kak u B mpenpiayieM ciydae, CyliecTBEHHa poJib pangomusauuu. B.Koxpen u
K. Kokc cunTaroT paHIOMH3ALMI0 aHAJIOTOM CTPaxoBa-
1 2 3 4 5 HUA. 3710 BO3HUKAET PEJKO, HO €CJIM OHO BO3HHKIIO, €r0

| | Ap|Ey|Dul|cs|Be| HYKHOKOMICHCHPOBATH.

I'oBOpst mpH pacCMOTPEHUH KIIACCUYECKOTO IKC-
NEPUMEHTA O PAHJIOMU3ALMH, MBI YXKE CBOJIMIIMN JKCIIE-
Il | By | A8 | Ce | Ea | DB | PHUMEHTHI B OJIOKU — KOMOMHAIIUU CTPOK U CTOJIOIIOB.

W | Ee | Cp | BS | Dy | Aa JlaTUHCKUI KBaJpaT SBIISIETCS PaCHOJIOKEHUEM
3JIEMEHTOB, MO3BOJIIOIIMM YUYUTHIBATh 1B MHOYKECTBA
OJIOKOBBIX OTPaHUYECHHUI (CTPOKU U CTOJIOIIBI), KOTOPHIE
Puc. 5.5. [peKo-naTuHcKuit JOJKHBI OBITh MCIOJIB30BaHbl OJTHOBpeMeHHO. Hampu-
kBagpat 5x5
Mep, kBaapat 4x4 Ha puc.5.3,a.

JlocTOMHCTBaMU IUJIAaHUPOBAHUS SKCIIEPUMEHTOB 0 JIATUHCKUM KBaJpaTam
B CPAaBHEHUH C KJIACCUYECKUM SIBJISTFOTCS:

- COKpaIIeHUE KOJIMYECTBA IKCIIEPUMEHTOB;

- BO3MOXKHOCTb MCCIIEI0BAHNS HEKOTOPBIX MHOTO(DAKTOPHBIX CHUCTEM.

K HenmocTaTkaMm MeToAa MOYKHO OTHECTH:

- OTCYTCTBUE CTAaTUCTHUYECKH OOOCHOBAHHBIX PE3YJbTATOB (BBIXOJ 3aBUCUT
OT HEKOHTPOJIUPYEMBIX (PaKTOPOB);

- OrpaHUY€HHAas 00JaCTh MPUMEHUMOCTHU (HEBO3MOKHOCTh MOCTPOUTH OPTO-
TOHAJILHBIC KBAPAThl 6X6);

- HECOBEPLIEHCTBO METOJIOB TOCTPOEHUS SMIIUPUUECKUX MOJEIEH.

PaccMmoTpum moapoOHO GopMamn3zoBaHHYIO PabOYyr0 METOIUKY TUTAHHPO-
BAaHUS PAlMOHAIBLHOTO SKCIIEPUMEHTA 110 OPTOTOHAIBHBIM JIATUHCKUM KBaJpaTaM.

1. 3amaémcs mapaMeTpoM BhIXOa UCCIIETyeMOTO O0BEKTA.

y — napameTp BbIXO/Ia.
2. BriOupaem KOIMYECTBO MEPEMEHHBIX (DAKTOPOB, BIAUSIONIMX HA BHIXO/I.
m=4(a, b, c, d).
3. 3amaém unciio YpoBHEM Kaxaoro (akropa.

Il | Ca|De| Ay |BB| Ed

V | Dé | Ba | EB | Ae | Cy
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n=3.

4. CTtpouM BCIIOMOTATEIbHYIO TaOMUIly — OONBIION KOMOWMHAITMOHHBIN
KBAIPAT C KOJIMYECTBOM BCEX BO3MOXKHBIX KOMOMHarmii onbsitoB 31 = 81, T.e. nme-
eTcst 81 KJIeTka — MOTCHINATBHBINA OTIBIT.

DTO YHCII0 MOKHO COKPaTHTh B 32 = 9 pas, M KOJIMYECTBO OIBITOB OYIET
paBHO 9 (puc.5.6).

w | N

3

Puc.5.6.boabIoit KOMOMHAIIMOHHBINM KBaIpaT

5. CTpouMm 1u1aH 3KCIEPUMEHTA.

HcnonpzyemM cnocod, 3aKI04aromUNics B pa3MEIIEHUU AUAarOHaJbHbIX KIIETOK
OTJEJIBHOTO CPEIHEro KBajJpaTa B CTOJNOLAX U CTPOKax OOJbIIOr0 KOMOMHAIIMOH-
HOI'O KBajpara.

5.1. Crpoum cpenHmii KBagpaT U HyMEPYEM €ro KJIETKH CIIEBa HaIpaBo,
CBEpPXY BHU3.

5.2. JloctpauBaeM €ro HaJauaroHaJIbHBIM PSIIOM CBEpXY (2; 4) 1 mojauaro-
HaJILHBIM PSJIOM CHU3Y (6; 8).

4
1123
2 5/61]8
71819
6

5.3. CuuThiBaeM MOCIEA0OBATEIbHO JUArOHAJbHBIE PAJIbI, KaK MOKAa3aHO Ha
cXeMe:
1-# psin — cpemHss AuaroHanb CBEpXY BHU3, clieBa HampaBo — 1, 5, 9;

23



2-1 psig — CpemHsIsl MUaroHallb CHU3Y BBEpX — 7, 5, 3;

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

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

5.4. 3anocuM psabl udp B 00IBIION KOMOMHAIIMOHHBIN KBajpaT (puc.5.7)
B CJICAYIOIIEM MOPSIKE:

1-# psig — B cpeiHMi (BTOpOM) CTOIOCI CBEPXY BHU3;

2-1 psll — B CpeAHION0 (BTOPYIO) CTPOKY ClieBa HaIpaBo;

3-1i psia — B JIEBBIN (KpaifHMIT) CTOJIOCI] CHU3Y BBEPX;

4-11 psin —B MpaBblid (KpailHUii) cTO0EI] CHU3Y BBEPX.

a 1 2 3
c|db|1l/2/3]1/23|12 3
1 1
1] 2 6
3 8
1 3
2| 2 5
317
1 2
3| 2 4
3 9

Puc.5.7. BapuaHT 3amoinHeHrss KOMOMHAIIMOHHOTO KBaJipaTa

[Tpuuém, kaxxkaas uudpa cTaBUTCSA B Ty KIETKY OJHOTO CPEIHEro KBajapara,
HOMEpP KOTOPOW COOTBETCTBYET ATOM mudpe (Hymepamus KICTOK B MOJIMYHKTE
5.1). Ilpu 3TOM B Ka)xJA0M CTOJIOIE M B K&XI0M CTPOKE OOJBIIOrO KBajapaTa JOJIK-
Ha OBITh TOJIBKO OJ[HA 3aHATAsI KJIETKA.

5.5 BrimosnHsaeM MpoBEPKY Ha HE3AaBUCUMOCTh U3MEHEHUS (haKTOPOB.

a=1|a=2 | a=3 c=1]c=2]c=3
b{3,1,2(1,2,3/2,3,1]a|1,2,3]1,2,3(1,2,3
c/1,2,3(1,2,3/1,2,3|b|3,1,2]1,2,3(2,3,1
d2,3,1(1,2,3(3,1,2(d|2,1,3[3,2,1|1,3,2
— —

HenocrarkoM moCTpOEHHOT0 KOMOWHAITMOHHOTO KBaJApaTa SIBISICTCS MOHO-
MOHHOe U3MEHEHUE YPOBHEH HECKOJIBKUX (DAaKTOPOB (IS psiia 4acTeil KBajpara),
MIPUBOJISIIIIEE K yTpaTe HE3aBUCUMOCTU N3MEHEHUS (haKTOPOB.

5.6 IIpeobpazyeM KOMOMHAITMOHHBIN KBapaT.

5.6.1. IlepectaBum 1-10 1 3-10 cTpOKH (10 C), puc.5.8,a.

5.6.2. [lepectaBum 1-it u 3-i1 cTonbuw! (TI0 a), puc.5.8,0.

a 1 2 2
dbl1/2/3]112[3[1[2]3
1 2

Ll @)
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2 4

3 9

1 3
2| 2 5

3|7

1 1
3| 2 6

3 8

a)

a 1 ) e}
cldbl112/3111213[1123
1 2

1| 2 |4
3 9
1 3
2| 2 5
3 7
1 1
3| 2 6
3 8
0)

Puc.5.8. IIpeoOpazoBanHbIil KOMOUHAITMOHHBIN KBaapatT
5.6.3. BpimonHUM IPOBEPKY.

a=1]a=2 | a=3 c=1|c=2|c=3
b/ 1,3,2(3,2,1(2,1,3|a]1,2,3/1,2,3/1,2,3
c/1,2,3/1,23(1,2,3|b[1,3,2]3,21|231
d21,3(321/1,32|d/23,1(1,23|3/1,2

[ToayuynM yaOBJICTBOPUTEIBHBIN TUIAH B BHAC 3alITPUXOBAHHBIX KIIETOK
KOMOHMHAITMOHHOTO KBajipaTa, puc.5.9.

a 1 2 3
c |[dbl11213]11/2/3[1/2]3

1 v
12A

3 /i

1 "':.f
2 2 2

3 s
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1 %
3| 2 2
3 7

Puc.5.9. Ilnan skcnepumeHTa

HpI/I OTOM AJi1I KaXJI0Iro 3HAa4YCHHUA OJHOI'O Q)aKTopa SHAYCHUA OPYIux
BCTPCHAOTCA OAMHAKOBO 4acCTO.

Hamnpumep:
b=1,3,2; b=3,21;
IJId a=1 <{c=123; 1Js1 a=2 <c=1,2,3;
d=2,1,3; d=3,2,1.

[ToaTOMy TIpH OTIpe/IeICHUN 3aBUCUMOCTH BbIXOJa OT (haKTopa «a» B BUIE
y=f(a) BaussHUE PaKTOPOB «by, «c», «d» ycpeaHsercs.

5.7 CtpouM MaTtpully IUIAaHHPOBAHHS, BBIMKHCHIBAS YCIOBUS JKCIIEPUMEHTA
(ypoBHH BcexX (haKTOpOB) M3 OOJBIIOrO KBaapara Mo CTPOKAM HIIM CTOJIOIAM, U
peanusyeM dKCrepuMeHT (1abm.5.2).

Tabmuma 5.2
Marpuna riana 3KCriepuMeHTa

0 YpoBHu pakTopoB E;’;
w/m 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 Y4
5 2 2 2 2 Ys
6 3 1 2 3 V6
7 1 2 3 3 Y7
8 2 1 3 1 Vs
9 3 3 3 2 Yo

6. O0pabaTtbiBaeM pe3yJIbTaThl SKCIIEPUMEHTA.
6.1. I'pynmupyem pe3yibTaThl MO 3HAUCHUSIM Kaxaoro (akropa (Tabdin.5.3).
[Ipy n = 3 kaxJIOMy 3HAYCHHIO JHOOOTO (akTOpa OyAET COOTBETCTBOBATH
TpU 3HaueHus BbIxona. [Ipu 3amomHeHWU TaOMUIl clieayeT oOpamiath BHUMaHUE

TOJIBKO Ha YPOBHH TeX (DaKTOPOB, KOTOPHIE €CTh B TAOIHUITAX.
Tabmura 5.3
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['pynnupoBka Bbixosaa mo gaxropam

a cpe C cpe 6.2. CTpouM rpaduKu SMIUpu-
b 11213 am d 1] 2] 3| | YECKHX 32aBUCHMOCTEH: OpIUHATA —
- . — CpeHUE BBIXOIBI 110 (hakTopy; aberme-

Yi|¥8|¥e | Yo Y3 |Y4|Y8| Y | ca— yporu daxropa (puc.5.10).

Y7 |5 | Y| Yab 2 |y1|Ys|Yo| Vo
3 |ya|y2|Yo| Yab 3 |y2|¥e|yr| Vaa
Cp Via | Y2a | ¥3a Cp Yic | Yac Y3c

YVieh Yok
1 2 3 a# | 2 3 b>

Puc.5.10. Koopaunatsl rpadKoB BbIXO/1a

6.3. ANMpoKCUMHUpPYEM TIOJyYCHHBIC 3aBHCHMOCTH METOJOM HaWMEHBIITHX
KBajipaToB. [ToydaeM 4acTHBIC SMITUPHUCCKHE MOJICIIH:
Ya=fi@: Yo =f2(0) Yc=fa(e) yq=Fa(d)
6.4. Ctpoum 00111yI0 MHOTO(AKTOPHYIO MOJIEIIb, IEPEMHOKAsT YACTHBIC MOJICIIN
TIOCJIE VX TIPEJICTaBJICHUS B Oe3pa3MepHOM BUJIC.
B HacTosmem pasmene mpeacTaBieHbl Hanboiee MPOCThIe CXEMBI IIaHUPO-
BaHUs DKCIICPUMEHTOB, YTO U SABJISCTCS MX CAMBIM TJIABHBIM IMPEUMYIIIECTBOM.

6. INTAHUPOBAHUE MHOI'O®PAKTOPHBIX 5KCITEPUMEHTOB

MHOro(hakTOpHBIM CUUTAaEM 3KCIEPUMEHT, KOIrJa IJIaHUPYEMOE BO3MY-
njarouiee BO3ACHCTBUE HANPABICHO OJHOBPEMEHHO Ha HECKOJBKO MEPEMEHHBIX
¢dakropoB. IlpuueM, perpeccMoHHass MOJEIb HCCIEIYEMOrOo OOBEKTa MOXKET
BKJIIOUATh HE TOJIBKO BCE NIEPEMEHHBIE, HO U 3P (HEKTHI UX B3aUMOACHCTBHIA.

6.1. Ilonnoghaxmopnuwiii Ikcnepumenm

DKCIEPUMEHT, B KOTOPOM PEANM3YIOTCS BCE BO3MOYKHBIE COUYETAHUS YPOB-
Hel BEIOpaHHBIX (PAKTOPOB, HA3BIBAECTCS MOJHBIM (PAKTOPHBIM IKCIIEPUMEHTOM.

6.1.1. BosHukHOBeHHE MeTO1A
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[InanupoBanre MHOTO(GAKTOPHBIX 3KCHEPUMEHTOB SIBISIETCA MPOAYKTOM
HaIllEr0 BPEMEHH, HO UCTOKHM €ro BOSHUKHOBEHHUS BecbMa JlajibHue. OHU BOCXOIAT
K pa3JIMYHBIM 3aJja4aM KOMOMHATOPHOTO aHau3a, 3anoxeHHoro I'. Jleitouumem, x
Pa3BUTHUIO TEOPUHU BEPOATHOCTEH, 00CYyX)IeHHOH B nTuchMax Mexay I1. depma u b.
[lackanem, Teopun npubmKeHus GyHKUMA creneHHbIMUA psgamu (JI. Ditnep).
CymectBennblii Bkiag BHecan J. Jlexxanap u K.I'aycc, o60cHOBaBIIME C BEpOsT-
HOCTHBIX IMO3UIUNA METOJI HAUMEHBIIUX KBaJPATOB.

B ¢usuxe [Ix. 'n66c BBEn mpeacraBieHUe O MOBEPXHOCTU OTKIUKA U BMe-
cre ¢ JI. bonpMaHoOM yTBEpAWI MPUOPUTET B IIPUPOJIE CTATUCTUYECKUX, a HE JIe-
TEPMUHUPOBAHHBIX 3aKOHOMEPHOCTEM.

BO3HUMKHOBEHHE U Pa3BUTHE CTATUCTHUYECKUX METOJIOB MJIAHUPOBAHUSI MHO-
ro(akTOPHBIX SKCIIEPUMEHTOB CBsA3aHO ¢ uMeHeM P. ®durepa, uzaasmero B 1935
roJly MOHOrpa(uio, NOCBAUIEHHYIO TUIAHUPOBAHUIO 3KCIEPUMEHTA U JIaBIIYIO Ha-
3BaHUE BCeMy HampasiieHHI0. Duiiepy NpuHaAUIeKAT U TEPMUH “‘nucriepcus’. .
Verc mpemioxun mis moinHO(GAKTOPHOTO SKCHEPHUMEHTAa MPOCTYI0 PACUETHYIO
CXEMY.

B 1945 rony JI. ®unHu BBEN APOOHBIE PEIUIMKH, YTO MO3BOJUIIO PE3KO CO-
KpPaTUTh YUCJIO DKCIIEPUMEHTOB.

ITocTpoeHne COBpEMEHHON TEOPUU IUIAHUPOBAHUS SKCIIEPUMEHTA 3aBEPILIU-
jock B 1947 rony nocne co3nanus H. Bunepom kubepuetuku u GopMyIupoBaHus
VM TIOHATHS “AEpHBIN ALINK .

B Poccuu 3HaunrtenbHble pa3padOTKU B 00JacTH TEOPUU M MPAKTUKH IUIa-
HUPOBAHUS MHOTO()AKTOPHOTO SKCIIEPUMEHTA BBIIIOJHEHBI MOJ PYKOBOJCTBOM
B.B. HanumoBa B MI'Y.

B Hacrosiee BpeMs MOXHO C YBEPEHHOCTBIO YTBEPKAaTh, YTO pa3padoTa-
Hbl BCE€ OCHOBHBIC TOJIOKEHUS HOBOW AUCHMIUIMHBI “‘MaremaTnueckas Teopus
AKCIEPUMEHTA .

6.1.2. OcHOBHbIE TEPMUHBI U MOHATHSA

Lenp m060T0 SKCIEPUMEHTAILHOTO MCCIEIOBAHUS — 3TO PACKPBITHE HEKO-
TOPBIX 3aKOHOMEPHOCTEH (DYHKIIMOHUPOBAHUS PACCMATPUBAEMBIX CHUCTEM, T.€. Ha-
XOXKACHNE (PYHKIIMOHAIBHOMN CBSI3H, alllPOKCUMHUPYIOMICH peatbHyI0 3aBUCUMOCTD
MEX/y BBIXOJOM M HE3aBHCUMBIMHU (pakTOpamMu. DKCIEPUMEHT, B KOTOPOM HC-
MOJIb3YETCsl 3aKOHOMEPHOE BapbHUPOBAHUE PA3IUYHBIX ABYX WM Oojiee HE3aBUCH-
MbIX (haKTOPOB, Ha3bIBaeTCs MHOTO(MakTOpHBIM. KonmaecTBo dakTopoB 0003Ha4a-
etcst OykBoit “k”.

Boixog — 310 pe3ynbTaT, 4McleHHas XapaKTepUCTHKa LENH HCCIEA0BaHUS.
DKBUBAJICHTHBIMU TEPMUHAMHU SIBJISFOTCS: BBIXOJIHOW MapaMeTp, KPUTEPUN OMNTHU-
MU3AIH, OTKIIMK, 3HaYeHHE 11esieBor GyHkmu u T.7. O003HauaeTcst OyKBou “y”.

['eomeTpuueckass WHTEpHpEeTansl BbIXOAA MPEACTaBIseT co00il TOBEpX-
HOCTh OTKJIMKa (IIpU JIBYX (pakTopax) WIM THIEPHOBEPXHOCTh OTKIMKa (OoJiee

IBYX (paKkToOpoB).
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Anrebpanyeckasi HHTEPIPETALUsl BBIXOJA MPEACTABISAET COOOW (YHKIHIO
OTKJIMKA WJIM MaTeMaTU4eCKyI0 MOJIENb Ipoliecca (YpaBHEHHUE PErpeccuu, perpec-
CUOHHYIO MOJIENb).

dakTopoM Ha3bIBaeTCsA U3MeEpsAeMas epeMeHHas BeTuYrHa, TPUHUMAIOIIAs
OTIpe/ICICHHbIC 3HAYEHUSI ¥ BO3JICUCTBYIONIASl HA pACCMATPUBAEMYIO CUCTEMY, T.€.
Ha 00BEKT HccienoBanuii. O6o3HauaeTcss OyKBOM “X”.

[TopaBnstolee YUCIO U3y4aeMbIX OOBEKTOB OTHOCHUTCS K KJIACCY CJIOKHBIX
cucreM. B o0miem ciydae 10001 0OOBEKT HCCIEAOBAHUN MOXHO MPEICTaBUTH B
BUJIC HEKOTOPOTO MHOKECTBA TOYEK B (DAKTOPHOM MPOCTPAHCTBE, KOTOPOE MOXKET
OBITh YCIIOBHO pa30MTO Ha JBa MOAMHOXECTBA: ‘“‘yepHOE” U “‘CBETIOE” .

[lepBoe, Ha3pIBaEMOE “UEpPHBIM SIIIIUKOM’, IPEACTABISAET COO0 KHOEpHETH-
YEeCKOE MOHITHE CUCTEMBI C HETOJIHBIM 3HAHUEM MEXaHU3Ma €€ (PYHKIIMOHHUPOBa-
Hus. B 9TOM citydae cTpykTypa MaTeMaTHUeCKOH MOJENH Mpoliecca HEM3BECTHA U
MOJIeJIb MOXET ObIThb MPEACTaBIIEHA B BUJE HEKOTOPOH anmpOKCUMHUPYIOLIEH
byskuuu. “CBeTibIN SIMKUK” — MOAMHOXKECTBO C U3BECTHBIM MEXaHHU3MOM TIPOIIEC-
ca, TPaJAULIMOHHBIMU 3KCIEPUMEHTAIbHBIMHU 3aJa4aMid U U3BECTHOM CTPYKTYpOi
MOJIEIH, HallpUMEp, B BUJIE€ PA3IMUHBIX (U3NYECKUX 3aKOHOB.

Ha mporuecc ucciieoBanuii Bceraa HaKIaIbIBAlOTCS OTpaHUUYEHUS, OIpesie-
JsieMble BO3MOXHOCTSIMU HM3MEPUTENBHON almnaparypbl, CTPEMJIEHUEM K CHUXe-
HUIO BPEMEHHBIX 3aTpaT Ha IOCTAHOBKY OINBITOB U MAaTEPUATIbHBIX — HA MaTEPHUAIIbI
U IpUOOPHI. DTU OTPaHUYCHUS MIPUBOJIAT K TOMY, YTO MCCIIEOBAaTENh BCETAa pac-
M0JIaraeT OTHOCUTEIHHO HEOOJBIINM O00BEMOM SKCIEPUMEHTANBHBIX JaHHBIX, Ha
OCHOBAaHUM KOTOPBIX OH JOJKEH JIENaTh BHIBOJBI O CBOWCTBAX M MOBEACHUU 00B-
eKTa u3ydeHus. Ha pe3yabTaTsl OMbITOB, KpOME TOTO, BIUSET OOJIBIIIOE YUCIO CITY-
YyallHBIX HeymnpasiisieMblX (pakTopoB. llociennee oOCTOATENBCTBO TPeOyET BKIIIO-
YeHHs] B PACCMOTPEHHE HE TOJBKO OLEHKU Pe3yJIbTaTOB, HO U OIEHKH MX TOYHO-
ctu. CrieroBaTesbHO, HEOOXO0IMMa CTaTUCTHYECKass 00paboTKa TaHHBIX.

TpaguoOHHBIMM METOAMH MOKHO MOJYYUTh TAKHUE JK€ Pe3yJIbTaThl, Kak U
MHOTO(aKTOPHBIMH 3KcniepruMeHTaMu. OHaKO TaM HET TaKOW YETKOCTHU W JIOTH-
YEeCKH YNOPSAJOUYEHHOM CTpaTeruu, Tak Kak MCCIeNoBaTellb BEJET MOUCK, PyKOBO-
JCTBYSCH TOJIBKO CBOEH MHTYHULIMEH. DTO MPUBOAMT, KaK MPABUIIO, K TOCTAHOBKE
MHOTHUX JIMIIHUX OIBITOB IPU CHUKEHUU TOUHOCTHBIX XapaKTEPUCTUK BbIXO/A.

Kpome Toro, npu miaHupOBaHMU U pealu3alMd MHOTO(AKTOPHBIX SKCIIe-
PUMEHTOB OIIEHKA MapaMeTPOB M YCTAHOBICHUE JOBEPUTEIHHBIX TPAHUIL I HUX
MIPOU3BOIAUTCS MO CTAHAAPTHOW METOJIMKE, YTO OOECIEeUMBaET COMOCTABHUMOCTH
PE3yNIbTaTOB JAHHBIX HCCIENOBATENCH Ha pa3HOM 000pyAOBaHWH, B Pa3HBIX CTpa-
Hax.

Takum o0Opazom, MaTeMaTHYECKOE IUTAHUPOBAHHME JKCIIEPUMEHTOB — 3TO
npoleAypa BpIOOpa YUCHIa U YCIOBHI MTOCTAHOBKH OTBITOB, HEOOXOIUMBIX M JIOC-
TATOYHBIX JJI PEIICHUs MOCTaBICHHOMN 3aaul ¢ TpeOyeMOoil TOUHOCThIO, METOIOB
00paboTKH pe3yIbTaTOB M MPUHSTHS PEIICHUH.

6.1.3. Kputepun onTUMaJIbHOCTH GAKTOPHBIX IJIAHOB
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PaccmarpuBasi miiaHMpOBaHHME SKCIEPUMEHTOB KaK aHAJoOr pasjerna Ipu-
KJIaJHOM MaTEMATUKH, MO>KHO C(POPMYJIMPOBATH Psifi MOJIOKEHUH, UTPAIOLIUX POJIb
aKCUOM. DTHUMHU MOJOKEHUSAMU SBISIOTCS KPUTEPUH ONTUMAIBHOCTH SKCIIEPUMEH-
Ta. Bce X MOKHO yCIIOBHO pa3/IeNUTh HA JIBE TPYIIIbI: CTATUYECKUE U TUHAMUYE-
CKHE.

IlepBbie 00pa3ylOT MO3aWKy B3aUMHO HECOBMECTHUMBIX IOJIOKEHUH, U3 KO-
TOPBIX MOKHO BBIJICJIUTH JIMILb UEPAPXUUECKU OOJIEE BasKHBIE.

Bropeie — omnpeaensioT ONTUMAIbHYIO CTPATETHUIO B IMOCIEI0BATEILHOCTH
IIPOBENICHHUS OIBITOB.

Jpyras knaccudukamnusi BBIICISIET KPUTEPUH, CBSI3aHHBIE C TOYHOCTHIO
OLIEHKH KO3((UIIMEHTOB PErpeccuy, U KPUTEPUH, OMpPEICISIONINE OIUOKY B
OLIEHKE MOBEPXHOCTH OTKIMKA. Ha chopmynrpoBaHHBIX HA MAaTEMATHUECKOM SI3bI-
K€ KPUTEpPHUAX ONTHUMAIBHOCTU CTPOUTCA BCS TEOPUS MATEMATUYECKOIO IJIAHUPO-
BaHUs1 MHOTO(AKTOPHOT'O SKCIIEPUMEHTA.

JIroOble 3KCIIEpUMEHTAJIbHBIE UCCIIEI0OBAHUS COJEPKAT HEKOTOPYIO HEOmpe-
JIEJIEHHOCTb (OIINOKY, MOIPEUTHOCTD), U SKCIIEPUMEHTATOP JOJIKEH CTPEMUTHCS HE
UCKJIFOYUTH €€, YTO HEBO3MOKHO, 3 MUHUMU3UPOBATh.

OpHako ciexyer OTMETUTh, YTO 3ajadya CO3/IaHus CTPOToro (GpopmaibHO-
JIOTHYECKOI0 MOAX0/1a K pobieMe SKCIIEPUMEHTAa Ha S3bIKE MAaTEMATHUKH IOKA He-
JNOCTUKUMA, TaK KakK JIF00OM 3KCIEPUMEHT B 3HAUMTENIBHON MEpEe CBsI3aH C IBPU-
CTUYECKOU JIEATENBHOCTBIO.

PaccMoTpuM KpUTEepur ONTUMAIBLHOCTH (DaKTOPHBIX IJIAHOB, MMO3BOJISIOIINE
OLICHUTh KO3(P(ULMEHTHI perpeccuu. s 3Toro odparumcsi, HanpuMmep, K MaTpuue
IUIAHUPOBAHUSI — YCIOBHOMY OOO3HAQUEHHMIO COYETAHUN YpOBHEH NEpPEeMEHHBIX
(akTOpOB, COOTBETCTBYIOIIMX YCIOBUSM MPOBEACHUS OTIAEIBHBIX SKCIIEPUMEHTOB
(puc. 6.1), 1 pacCMOTPUM 3TH yCIIOBUS.

[Tepemennsbie dak-

TOPBI

2

X1 Xy X3
-1 -1 -1
-1 -1 +1
-1 +1 -1
-1 +1 +1
-1
+1 -1 +1
+1 +1 -1
+1 +1 +1

o N| o g ”| W N
+
| —
|
| —

Puc.6.1. MaTpuna niaHupoBaHus IBYXYPOBHETO
Tpex(paKTOPHOTO IKCTIEPUMEHTA
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1. YcnoBue opTOroHanbHOCTH, 0OECeUnBalONIee MOJyYeHHE HE3aBUCHUMBIX
OILICHOK KO3((UIIMEHTOB PETPECCUU U UX TUCTIEPCUI.

1.1. YcnoBue opTOroHaNBHOCTU K CTOJIOIY WJIM YCJIOBHE CUMMETPUYHOCTHU
rinacur: “Anredpamyeckas cymMma 3JEMEHTOB JIFOOOro CTOJIONA MaTpUIlbl TUIaHU-
pOBaHUsl paBHA HYIIO’, T.€. TUIAHBl CUMMETPUYHBI OTHOCUTENIBHO IEHTpa JKCIIe-
pUMEHTA.

gleji o, (6.1)

rze j — Homep (akTopa; i — HOMep OIbITa (CEpUH OMBITOB).
1.2. YcnoBue napHoil opToroHasibHOCTH: “CyMMa MOYJIEHHBIX MPOU3BEJIE-
HU ABYX JIFOOBIX Pa3HbIX CTOJIOIIOB MaTPUIIbl INTAHUPOBAHUSI PaBHA HYIIIO .

N
ZXik 'Xij :O,k?fj. (62)
i=1

DTO CBOMCTBO MO3BOJISIET YIPOIIATh WM YCIIOXKHATh MOJEIH, nc-

KJItouas Uiy A00aBisia Ko3PpuuueHTsl 0e3 nepecyera yKe HalJIeHHbIX MapaMeT-
pOB.

2. Yci0BUE HOPMUPOBKHU: CyMMa KBaJIpaToOB 3JIEMEHTOB JIF0OOTO 1-I'0 CTOJO-
11a MaTpUIbl paBHA YUCITY OMNBITOB (cepuii onbITOB) — N.

%szi N, (6.3)

B cooTBeTCTBUU C 3TUM MOJIOKEHHEM KOA(PPUIIMEHTHI ypaBHEHUSI perpec-
CHUU OTIPEEISIOTCS (HOpMyTaMHU:

N
bj:N"l-inj-yi , (J :1, 2, 3k), (64)
i=1

a UX JIUCTIEPCHs]
2 S 65
Sb _mi ( : )
rie S - AUCTIepCHs BOCIPOU3BOAMMOCTH OIBITOB; N — YHCIO MAPAICIbHBIX OIbI-

TOB.

3. A — onITUMaNTLHOCTH (OT AHTIMHCKOTO TEPMHUHA average variance — cpe/l-
HSIsSL IMCTIEPCHs) COOTBETCTBYET IUIaHaM C MHMHHMAJBHOW CpeaHEH aucrepcuei
OLICHOK KO3((UIIMEHTOB PErPECCUM.

4. D — ontumanbHOCTh (10 HayaldbHOW OyKBE aHIVIMICKOTO CJOBa
determinant— ompenenuTenp) odecreynBaeT MUHUMYM OOOOIICHHOHN IHCIIEPCUN
BCEX OICHOK KOA()(PHUITMESHTOB pPEerpecCu.

5. E — ontumanbHOCTh (OT aHriauiickoro eigen value — coOCTBEHHOE 3Haue-
HUE) HE JIONYyCKaeT HAJIMYMe CIMIIKOM OOJBIINX JUCIEPCU Y HEKOTOPBIX OLIEHOK
KO3 UIIHEHTOB PETPECCHH.

KputepussmMu onTUManbHOCTH IJIAHOB, CBS3aHHBIX C OLIMOKaMH B OIICHKE
MOBEPXHOCTH OTKIIMKA, OYIYyT CIEIyIOIIHE.
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6. HacpimeHHOCTh m1aHa — NpUOIMKEHNE YHCiIa ONBITOB K YUCTy KO3 du-
[MEHTOB YPAaBHEHUS PErPECCUU. DTOT KPUTEPUN BCTYIAET B MPOTUBOPEUHUE C HKe-
JIAHUEM SKCIIEPUMEHTATOPa MAKCUMAIbHO COKPATUTh YUCIIO OIBITOB.

/. KOMIO3UIITMOHHOCTh — BO3MOKHOCTh IEpexojia OT MPOCThIX MOJENeH K
OoJiee CIOKHBIM IIPU COXPAHEHUH PE3YJIbTaTOB MEPBOHAYATIBHBIX IIAr0B.

8. PotaTabenpHOCTh (OT aHrIHMiicKOro rotatable — crmocoOHBIN K BpAIICHHIO)
— 3TO HAJIMYMUE OJMHAKOBOM IUCIEPCUU BO BCEX HAIpPaBIEHUSAX (PAKTOPHOIrO MpO-
CTPaHCTBa Ha PaBHBIX PACCTOSIHUSIX OT LIEHTpA IIIaHA.

9. G — onTuManbHOCTH (OT aHTJIMKCKOTO general variance — oOmIas gucmnep-
CHUsl) MUHUMH3UPYET MAKCUMAJIBHO BO3MOXHYIO TUCIIEPCUIO MPEACKA3aHUN — JIHAC-
MIEPCUI0 DKCTPATOIMPOBAHHBIX (ITPOJOJKEHHBIX 33 PAMKH IKCIEPUMEHTA) 3Hade-
HUM BBIXOJA.

10. Q — onTUMaIBLHOCTh MUHUMH3UPYET CPEIHIOK TUCIIEPCHIO TpeacKa3a-
HUM.

11. Bo3aMoxHOCTh MpeoOpa3oBaHusl HE3aBUCUMBIX (PAKTOPOB (IIEPEMEHHBIX )
IIPU COXPAHEHUH ONTUMAJILHOCTH ILJIaHa.

Cnenyer OTMETUTh, YTO cyllecTByeT eule 6osee 10 KpuTepueB onTUMallb-
HOCTH (paKTOPHBIX TJIAHOB, HO OHU MEHEE BaXKHBI.

6.1.4. 3agaun, pemaembie PAKTOPHBIMU IJIAHAMH

Bce skcnepuMmeHTalbHBIE 33/]ayi, peliaeMble C MOMOIIBI0 ONTUMAJIbHBIX
(haKTOPHBIX TIJIAHOB, MOKHO Pa3/CIUTh Ha JBE IPYIIIbI:

- ONITUMHUBAIIMOHHBIC WM SKCTPEMAaJIbHBIE 3a1a4H,

- 3aJ1aY¥ OTIMCAHUSI WJIH HHTEPIIOJISIIMOHHBIC.

OnTUMHU3aIIMOHHBIC 3a/1a4d CBSI3aHBI C HAXOXKJEHUEM JKCTpeMyMa MOBEpX-
HOCTH OTKJIMKa, O0ECTIEYMBAIOIIECTO ONTUMAaIbHOE (PYHKIIMOHUPOBAHHE paccMaT-
PUBAEMOMN CUCTEMBI.

Hampumep, ontumusanmsi coctaBa crutaBa. @akTopaMu SBISIOTCS MPOIICHT-
HOE COJICp’)KaHUE JICTUPYIONIUX KOMITOHCHTOB, a BBIXOJOM — HAWOOJbINAs MpOY-
HOCTh CIUTaBa. 3JIeCh BEJIWYMHA IKCTPEMyMa BBIXOJAa M ONTHMAJbHBIC 3HAYCHUS
dbakTopoB 3apaHee HEW3BECTHBHI. J[7s MOMOOHBIX 3adad XapaKTEPHBI HECKOJBKO
CIIy4aeB.

1. ImeeTcst HECKOJIBKO IKCTPEMYMOB. 371€Ch CPENId YaCTHBIX dKCTPEMYMOB
HEOOXOIMMO HAUTH II100AIHHBIMN.

2. OnTtumalibHasi BEIMYMHA TapamMeTpa ONTUMHU3AINN HMEET HEUHCIIOBOE
OJIHOCTOPOHHEE JIOTMYECKOe orpaHnyeHue. Hampumep, mpuBec OpoiiepoB wiH
MUHUMYM ceOecTouMocTr u3nenusi. [IoHSTHO, 4TO Henb3s 00eceduTh MPUBEC
Opoitnepa OoJiblle, YeM BEC KypHIIbl, WJIH CBECTH CE0ECTOMMOCTH K HYI 0. OTHAKO,
CTPOTO TOBOPSI, B HAIIIEM CIIydac OTpaHUYCHUE OTCYTCTBYET, TaK KaK ONTHMH3HU-
pyeMbIe XapaKTEPUCTHUKHA MOTYT U3MEHATHCS OCCKOHEYHO, HO TPH YMCHBIIICHUU
BEJTUYMHBI TOTO N3MCHCHHSI.

3. OnTUMYM BBIX0OJIa UMEET KOHKPETHOE OJJHOCTOPOHHEE (PU3UUECKOE Orpa-
Hu4yeHue. Hanpumep, BBIXOJT TOJTHOTO Ha JIUTHE WJIM PAacxoJ MOCYHOTO PacTBOpA.
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N3BecTHO, UTO BBIXOJ TOJAHOTO HE MOXKET npeBbicuTh 100%, a MUHUMaNbHAsE HOP-
Ma MOEUYHOT'O pacTBOpa JOJKHA 00ecleurnBaTh CMauyMBaHUE BCEM OUMILIAeMOM TO-
BEPXHOCTHU. 3/1eCh ONTUMYM ACUMIITOTUYECKU MPUOIMKACTCS K OTPAHUYEHHUIO, HO
HE J0JKEH KOTJ1a-T100 €ro MPEeBhICUTbD.

Hakonel, onTUMyM MOXET HOCUTh Kau€CTBEHHBIN XapaKTep OJHOrO U3 He-
CKOJIbKMX BapUaHTOB (TEXHOJIOTMYECKUX IPOIIECCOB, KOHCTPYKIIMI arapaTos,
paboThI OIIEPaTOPOB).

JInst KaXJa0ro ciaydas UMEETCS HEKOTOpasi ONTUMallbHAsl CTpaTerusi, HO He
Bceraa (popMaan30BaHHAS, a Yallle BCETO OCHOBAHHAS HA OTBITE M MHTYUIIUU JKC-
NepUMEHTaTOopa.

3ajaun ONMUCAHUSI HOCAT MHTEPIOJISIIUOHHBIN XapakTep. @opMupyercs pac-
yeTHas (hopMmysa — MOJCIb ISl ONIPEACIICHHsI TapaMeTpa BhIXOAa B OO0 TOUKe
MCCIIeIOBAaHHOTO Juamna3oHa ¢daktopoB. Hampumep, dhopmyna MexaHU4ecKon 00-
paboTKH, CBSI3bIBAIOIIASA CKOPOCTh pe3aHus V ¢ TiyOuHOM t, mojauel S u CTOMKO-
CThIO HHCTpYMeEHTa T:

Ve Cv (6.6)
v .g¥v.Tm

NHorpa, ecny HEBO3MOKHO MOCTABUTh SKCIEPUMEHT BO BCEM paccMaTpH-
Ba€MOM Jihara3one GakTOPHOTO MPOCTPAHCTBA, MOJYYECHHBIE MOJICTH UCIIOJIb3YIOT
JUIS DKCTPAIOJSIIMUA BBIXO0J1a, MPOTHO3UPOBAHUSL MOBEAEHUS cUCTEMBI. OIeHKa
TOYHOCTH PE3YJIbTATOB OCYIIECTBIACTCS JUCIEPCUEH MpeACcKa3aHui, a MIaH JKC-
NEPUMEHTA JI0JHKEH 00J1a1aTh POTaTa0EIbHOCTHIO.

Haxkownern, s 3KCTpeMallbHBIX 3aBUCUMOCTEM, KOTJIa M3BECTEH ONTHUMYM
BBIXOJIa U €ro JOMyCTUMBbIE KOJICOaHUs], MHTEPHOJSIIIMOHHAsA (JIMHEapU30BaHHAas
WU KBaJpaTU4Hasi) MOJIETb MO3BOJISIET PacCUMTATh JIOMYCTUMBIN pazopoc ¢akrto-
pOB, oOecreynBaroMX KojaebaHre BbIX0/1a B 3aJJaHHBIX Mpeenax.

B 3aBucMMOCTH OT CTENMEHHM KPUBU3HBI MOBEPXHOCTH OTKJIMKA OHA MOXET
OBITH OMUCaHa JUHEHHON (DYHKIMEH OTHOCHUTENHHO MEPEMEHHBIX W HEJIMHEHHOMH,
HaIMpuMep, KBaapaTuuHoi. BeIOOp mi1aHa SKCepUMEHTAIbHBIX UCCIICIOBAHUMN TIPH
OTCYTCTBUHU apUOPHON MHPOPMAIIUU OCYIIECTBIISIETCSI HA OCHOBE JIMYHOTO OMBITa
UCCIIEIOBATETIS.

Takum oOpa3om, SKCIIEPUMEHTATOp OOOCHOBBIBACT THI 3aJa4yH, BHIOOP OTI-
TUMAJIBHOTO IUIAHA, €r0 PEeaju3alii0 U MPUHATHE COOTBETCTBYIOIIMX PEUICHUMN
MOCJIe aHaIn3a MOJYyUYCHHBIX PE3YIbTaTOB.

6.1.5. Kpurtepuii onTumMuzanum

[Tpu mocTaHOBKE ONTHMH3AIIMOHHBIX 33724 OYCHb BaXKHO MPABUIBHO OIpe-
JEUTh TapaMeTp, KOTOPBIA TPeOyeTCs ONMTHMH3WPOBaTh. JTa YacTh HCCIICIOBa-
HUHW HE ToaaeTcs (opMaM3aIiuy | IEJIMKOM 3aBUCUT OT OIBITA U UHTYHIITUH HC-
cieioBaTers.

[TapameTp onTUMH3ALUK SABJISIETCS pPeakUUedl (OTKIMKOM) HCCIEeIyeMOoun
CUCTEMBI Ha Bo3feicTBre PakTopoB. [TockombKy peakius JIF000T0 00BEKTa Uccie-
JIOBAaHUH BeChMa MHOTOTPaHHA, HEOOXOIMMO BBHIOPATh aCHEKT PEAKIINH, MPEICTaAB-
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JSIOIIMKA HAauOOJIBIIUN MHTEPEC, TO €CTh MapaMeTp ONTUMHU3ALMU SBISIETCS KOJIH-
YECTBEHHOW XapPaKTEPUCTUKOM LIEIU UCCIIEIOBAHUM.

B kauecTBe ONTUMHU3HPYEMBIX XapaKTEPUCTUK B PA3IMYHBIX CUCTEMAX MO-
I'YT OBITb BHIOpAHBI CIIEAYIONIME TapaMeTPBhI:

1. TexHonornyeckue, CBSI3aHHBIE C MPOILIECCOM MPOU3BOJCTBA (KUPHOCTH
MOJIOKA, TBEPAOCTh METAJIA),

2. KoHCTpyKTHBHBIE, ONIPENEISIONNe KOHCTPYKIHIO (3a30p B MOIIIHITHAKE
CKOJIbYKEHHUSI, TOJIIMHA CTEH CTPOCHUSA ),

3. MarepuanoBeaueckue, XapakTepU3yIOLMe CBONCTBA UCIOJIb3yeMbIX Ma-
TepHUayoB (IPOYHOCTh KUPIUYA, HETOPIOUECTh OOJIUIIOBKH).

4. DKcrlyaTallMOHHbBIE, CITyKalllMe OLIEHKOW paboThl cUCTEMBI (pECypc JIBU-
ratelis, U3HOCOCTOMKOCTb MOJIOIIIBHI).

5. DkoHOMHUYECKHUE (CE0ECTOMMOCTh, PEHTA0EIbHOCTb ).

[IpennoyTuTeIbHO MCMOIB30BaTh KOJIMYECTBEHHBIC MapamMeTpbl, HO MOTYT
OBITh BEIOpAHBI U KAUECTBEHHBIE:

— TUI TEXHOJIOTMYECKOTO MIPOIIECCa U3rOTOBJICHUST KAKOW-JTHO0 JIeTalu;

— pa3NMYHbIE KOHCTPYKIIUH HEKOTOPOTO Y3I1a;

— MapKa Wi CTPYKTypa MPUMEHSIEMOI0 MaTepuaa;

— PEMOHTONPUTOJHOCTH UJIU PE3EPBUPYEMOCTD;

— HEOOXOJIMMOCTh B KalIUTAJIbHBIX 3aTpaTax.

Jl1s mepeBojia KaueCTBEHHBIX MapaMeTPOB B KOJUYECTBEHHBIE MOXKET OBbITh
WCIIOJIb30BaH, HAIPUMEpP, PAHTOBBIA MOJXOJ WU pa3OMEHUE MATPUIIbl IKCIIEPU-
MEHTAJILHOTO TIJIaHa Ha OJIOKH.

JIBikeHre B (DAKTOPHOM MPOCTPAHCTBE K ONMTHUMYMY BO3MOKHO, €CJIM BbI-
OpaH OJWH €JMHCTBEHHBIN mapameTp ontumuzanuu. [Ipy HaTM4YMK HECKOIBKUX
napameTpoB (HampuMep, TOYHOCTh, c€0ECTOMMOCTh, PECYPC) BCE, KPOME OJIHOTO,
BBICTYTIAIOT YK€ HE MapaMeTpamM ONTHUMHU3AINH, & OTPAHUYCHUSIMU (ONITUMYM pe-
cypca IpH YCTaHOBJICHHOM TOYHOCTH U CEOECTOMMOCTH).

OcHoBHBIE TpeOOBaHUSI K MapaMeTpy ONTHUMH3ALUN MOXKHO CHOPMYIHPO-
BaTh B CJICAYIOIIEM BUJIE:

1 — mapameTp onTUMHU3AIUHU JOJKEH ObITh KOJMYECTBEHHBIM;

2 — U3MepsIeMbIM;

3 — IOJDKEH BBIPAXKATHCS OJHUM YHCJIOM (HAmpUMep, COOTHOIIIEHUE KOMIIO-
HeHTOB A : B =3 : 2 BeIpakaeTcs OOHUM 4HCIoM — 1,5);

4 — OBITHh OAHO3HAYHBIM B CTATHCTHYECKOM CMBICIIE (3aaHHOMY HabOpy
(haKTOpPOB COOTBETCTBYET OJTHO 3HAYCHHUE BHIXO/IA);

5 — 3(PeKTUBHBIM B CTATUCTUYECKOM CMBICIIE, T.€. ONpPEACIISIEMbIM C HaU-
OOoIBIIEH JOCTHKUMOM TOYHOCTBIO;

6 — CyIIecTBYIOUIUM JIJIsl BCEX UCCIETYEMbIX COCTOSIHUM CUCTEMBI (001acTh
€ro OmnpeAeICHUSI MOXKET UMETh OTPaHUYCHUS);

[ — yHUBEpCATbHBIM WK 00JaJaTh MOJTHOTON — CIIOCOOHOCTHIO BCECTOPOH-
HE XapaKTepu30BaTh OOBEKT;

8 — ¢ KOHKPETHBIM (PU3UUECKUM CMBICIIOM (I10 BO3MOXXHOCTH);
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9 — IPOCTHIM U JIETKO BBIYUCIISIEMBIM.

TpebGoBanue (HU3NUECKOTO CMBICIIA CBSI3aHO C MOCIEAYIONIEH UHTEpIpeTa-
uel pe3ysabTaTOB SKCIIEPUMEHTOB. JIErKO MOHATh TEPMUHBI "HAaUOOJIbIIAS POU3-
BOJIUTENBHOCTD" WM "TouHOCTH". HO KOorja mjisi mapaMeTpoB BBIXOJIa HE BBINOJ-
HsieTCsl TpeOOBaHUE CTATUCTHUYECKON 3¢ ()EeKTUBHOCTU (HApUMEpP, OJHOPOJAHOCTH
JMCIIEPCHI), MPUOEraoT K NpeoOpa3oBanmio Bbixoaa. Hanpumep: In y mim sin./y

Y CTAaHOBUTCS HESICHBIM, YTO 3HAYUT SKCTPEMYM BBIXOJA.

[IpakTHyecku Bcerna pe3yibTaThl UCCIEIOBAHUS CIOXKHBIX 00BEKTOB MOTYT
OBITh TIPEJCTABJICHBI KaK 3a7aud C HECKOJbKMMHU BBIXOAHBIMHU TMapamerpamu. B
ATOM CITy4ae MOKHO MOJYYUTh MaTeMAaTUYECKUE MOJACIHU JUIsl KaXXI0Tro ImapameTpa
BBIX0/1a, HO ONTHUMH3UPOBATH OJTHOBPEMEHHO HECKOJIBKO (PYHKITHIT HEBO3MOXKHO.

W3 monoeHuss MOKHO BBIMTH ABYMS crioco0amu: 000CHOBATh OTKa3 OT BCEX
BBIX0/I0B, KDOME OJIHOTO, UJIM BBECTH HOBBIN €IMHBIN 0000ILEHHBII KPUTEPUIA.

B nepBom ciyyae MOXKHO BbIOpaTh OJHY HamOosee BaKHYIO (PYHKIIMIO, HC-
X0l U3 ONBITa HCCIENOBATENsl M LeJel SKCIEepUMEHTa, WIM BOCIOJIb30BaThHCS
JTaHHBIMU KOPPETSIIMOHHOTO aHanu3a. [Ipu 3ToM Mex Ty BCEBO3MOXKHBIMHU TTapaMu
apaMeTpPOB BBIUUCISACTCS KOAPOUIIUEHT TApHON KOPPETSAINH — Mepa CBSA3H MEX-
Iy IByMs cilydailHbIMU BelnuuHaMu. CuiibHas KoppensiuuoHHas cBa3b (0oxee 0,8)
IIPU BBICOKOW TOCTOBEPHOCTH (00bIuHO 0,95 npu yucne creneneit cBodoas! f =N —
2) MO3BOJISIET UCKIIIOYUTh U3 PACCMOTPEHHUS JIIO00M U3 IBYX aHAJIU3UPYEMBIX Ia-
paMeTpOB KaK HE COJIEpKalUil JONOJHUTENbHON HHpopMauu 00 00beKTe Uccie-
JTOBaHUM.

['opaszno mepcrnekTuBHEE MPEACTaBIsSETCsS BTOPOW MyTh — BBEJEHHE 0000-
IICHHOTO TMapamMeTpa onTUMHU3auu. J{Jis 3Toro HeoOX0AUMO TMPEABAPUTETHHO pe-
IIMTH TPH BOMPOCa:

- PUBECTH BCE MapaMeTphl BEIXOAA K CPABHUMOMY Oe3pa3MepHOMY BUTY,

- BBECTH JJIsl BCEX MTapaMeTPOB OJHOTHUITHYIO IIKaTy U3MEPEHUH,

- BBIOpaTh MPaBWIIO OOBbEIUHEHUS! HECKOJIBKMX YaCTHBIX OTKIMKOB B €IMHBIHI
000011IIeHHBIH.

6.1.6. IlepemenHbie paKkTOPbI

HccnenoBanue m000ro 00beKTa — 3TO U3yYEHUE €r0 peakly Ha BHEIIHUE
Bo3zericTBUS WK (daktopsl. CienoBareabHo, PakTop MpeaCcTaBiIsieT coOoi n3Me-
psAEMYIO TIEPEMEHHYIO BEIMUMHY, IPUHUMAIOINTYIO B HEKOTOPBIi MOMEHT BPEMEHU
OIpeIeIEHHOE AUCKPETHOE 3HAUCHHE.

Kaxapiii ¢pakTop mmeer o0aacTh OnpeAeieHUus] — COBOKYITHOCTh MHOKECTBA
3HAYEHHUH, KOTOPHIE OH MOXET MMPUHUMATD.

@DaKkTOphl MOTYT OBITH KOJWYECTBEHHBIMHU (BETMYHMHA TIOTPEUTHOCTH, TBEP-
JIOCTh MaTepuana U T.Nl.) U KaYeCTBEHHBIMH (Pa3IMYHbIE TEXHOJIOTUYECKUE MPO-
LIECCHI, pa3Hble orepaTtopsl U T.1.). KauecTBeHHbIE (haKTOPHI MOTYT OBITH IIEpeBe-
JICHBI B KOJIMYECTBEHHbIE, HATIPUMED, PAHKUPOBAHUEM.
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®dakTopsl MOTYT OBITH pa3MEpPHBIMH (TIPOYHOCTH, MPOIEHTHBIM COCTaB) U
0e3pasMepHbIMU (paHT, OTHOCUTENbHAs AedopMmaiius); ¢ JUCKPETHOU 00JIacThiO
onpezeneHus (pa3Mepbl) U HENpepbIBHOM (BpeMsi, Temmeparypa). B mociennem
cllydae SKCIEPUMEHTATOp BbIOMpPAET HEKOTOPOE MHOKECTBO JAMCKPETHBIX 3Haye-
HUM (hakTOpa, HA3bIBAEMBIX YPOBHIMHU.

Bri6op ypoBHEH (pakTOpoB U, B 3HAUMTEIILHON CTENEHH, OTOOp 3HAYMMBIX
(bakTopoB U3 MX OOIIEro KOJUYeCTBa SIBIsAeTCS HEeOPMAIM30BAaHHOM 3BpUCTHUYE-
CKOM 3a/1aueil (HecMOTpsl Ha anmpuoOpHyI0 MHpopMaluio). Pemenue mogo0HbIX 3a-
Jlay [EJTMKOM 3aBUCUT OT UHTYUIIMH U OTBITA SKCIIEPUMEHTATOPA.

@DaxkTOphl JAOKHBI OBITH YIPABISEMBIMH, T.€. TO3BOJISATH HMCCIIEIOBATEINIO
yCcTaHaBIUBaTh TpeOyemoe 3HaueHue (YpoBeHb) (pakTopa U Mo AepKUBATh €ro mo-
CTOSIHCTBO B TE€UEHHUE BCETO 3KCIEPUMEHTA.

PaccmoTpum mporiecc uamMepeHuss HEKOTOPOUM JeTaly U BIMSHUE BHEIIHUX
(GbakTOpoB Ha €ro TOYHOCTh. YTpaBisieMbIMU (aKTOpaMU MOKHO CUHUTATh TOY-
HOCTh U3MEPUTEIIbHBIX TPUOOPOB, KBAIMPUKALIUIO (pa3psi) ornepaTopa, OCBEIICH-
HOCTh pabouero mecta u npod. K HeynpapngembiM pakTopaM MOKHO OTHECTH ca-
MOYYBCTBHE OllepaTopa, TEMIEPATYpPy U BIAKHOCTh B 1eXe U T.I. O4EeBUIHO, YTO
MpU TUIAHUPOBAHUU IKCIIEPUMEHTAJIbHBIX HCCIEIOBAHUN BO3MOYKEH YYET TOJBKO
yrpaBisieMbix (aKTOPOB, a HEYNPABISIEMbIE CIEIYET OTHECTH K ITYMOBOMY IIOJIIO
MyTEM PaHAOMU3AIMU OIBITOB.

Bce dakTopbl JOKHBI OBITh OJTHO3HAYHBIMHU, T.€. HE SABJIATHCS (PYHKUIMUSIMU
apyrux (akTopoB. B MpOTMBHOM cilydae UX TPYJAHO, a 3a4acTyl0 HEBO3MOKHO
MOJACP>KUBATh HA YCTAHOBJICHHBIX YPOBHSX. [[puMepamu oJlHO3HAYHBIX (PaKTOPOB
ABJIAIOTCSL TEMIIEpaTypa, pa3Mep, JaBJICHUE; HEOJHO3HAYHBIX — MOTPEIIHOCTD, Xa-
pakTep TemneparypHoi (yHKUMU B peakTope. B mocineaHem ciydyae MOXHO J0-
OUTHCS OAHO3HAYHOCTHU, UCHOJB3YS MPU JIMHEMHOM POCTE TEMIIEPaTypbl TAHIEHC
yrJla HaKJIOHA IPsIMOM, a IPH HEJTMHEWHOM WJIM CMEIIAHHOM 3aKOHE — HOMEpP TEM-
IepaTypHOU KPUBOM.

Bce ucnonbszyembie B akcriepuMeHTe (haKTOpbl JOJDKHBI ObITh HE3aBUCHMBI,
T.€. JTI0OOM YpOBEHBb KaXJIOTr0 (paKTopa MOKET ObITh YCTAHOBJICH HE3aBUCUMO OT
BEJTMYMHBI YPOBHEN OCTalIbHBIX (PakTopoB. Eciu 3T0 ycinoBHE HEBBITIOJIHHUMO, TO
HEBO3MOHO TUIAHUPOBATH HKCIEPUMEHT.

Hanpumep, B HEKOTOpOW TEPMOAMHAMUYECKON CHUCTEME MPU BBIIIOJIHEHUU
3akoHa MenpeneeBa—Kianeitpona (p-V = C-T) Henb3si 0JHOBPEMEHHO HE3aBUCHUMO
ycTaHOBUTH naBieHue P, oobem V u temneparypy T, Tak Kak Mo JOOBIM JABYM
dbakTopam MOKeT ObITh BbIUUCIIEH TpeTHil. [loaTOMY B mIlaH SKCIEpUMEHTA MOYKHO
BKJTFOUHTH JIMIIH JiBa JTIOOBIX (hakTopa: Pu V, P u T, V u T. Uubimu cnoBamu, me-
KTy BHIOpAaHHBIMH M BKJIFOUCHHBIMU B IJIaH SKCIIEpUMEHTa (haKTOpamMu He JOTHKHO
OBITH JTMHEHHOW KOPPENISIIMOHHON 3aBUCUMOCTH.

BriOpannbie GpakTopbl JOKHBI OBITH COBMECTHMBI, T.€. BCE MX KOMOUHAIINH
SBJISFOTCSL OCYIIECTBUMBIMU M Oe3omacHbIMU. HecoBMecTHMBIM OyJeT MOIBITKA
CIUIaBUTH 0J0BO M rpadut. HecoBMecTMO BO3JEHCTBYE HA INIULIEPUH CMECU Cep-
HOM M a30THOM KHCIIOT, MOTYIIEE MPUBECTH K B3PHIBY 00OPA30BaABILIEIOCS HUTPO-
riuuepuHa. MHorna 1o0UThCS COBMECTUMOCTH (PAKTOPOB MOYKHO YMEHBIIEHUEM
JIMana3oHa UX BapbUPOBAHUS.
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Haxkowner, cnenyeT UMeTh B BHJY, YTO TOUHOCTb (PUKCAIIMN YPOBHEW JOJKHA
OBITH BBIIIE, YEM TOYHOCTb M3MEPEHHUs MapaMerpa onTuMusanuu. B npoTuBHOM
cillydae BO3HHUKAIOT 3aTPyIHEHMs (CTaTUCTUYECKasi HEOJHOPOAHOCTb, 3HAUYUTEIb-
Hasl MOTPEITHOCTh BBIX0J1a) B 00pabOTKE pe3yabTaTOB IKCIIEPUMEHTA.

Jl1st ycnenrHoro BbIOOpa OCHOBHOTO (HYJIEBOTO), a TaKKe HauOOJBILIEro U
HAaMMEHBILIETO YPOBHEN (DAKTOPOB HEOOXOAMMO YUYUTHIBATH AlPUOPHYIO HHGOP-
MallMi0 O TOYHOCTH (PUKCHUPOBaHUS (PAKTOPOB, MOTPEIIHOCTH MapaMeTpa ONTUMHU-
3allii, THTEHCUBHOCTH BIUSHUS TOTO WM MHOTO (haKTOpa Ha BHIXO/I.

[Tpu BBIOOpE MUana3zoHa BapbHUPOBAHUS OTOOPAHHBIX (DAKTOPOB HAUMHAIOT C
Ha3HAYEHHsI OCHOBHOI'O YPOBHS (LIEHTpa 3KCIEpUMEHTAIBHOIO 1u1ana). [lpu onru-
MU3AIMOHHBIX 337a4aX B KayeCTBE HErO0 BBIOMPAIOT ONTHMYM BBIXOJHOTO Mapa-
MeTpa, a TMEepBOHAYAIBHBI WHTEPBal BapbHUpPOBaHUS (HAaKTOPOB BBHIOMPAIOT He-
OO0JBIIMM. DTO MO3BOJIAET NOJIYYaTh JUHEHHBIE MOJIETU U BBIPAOOTATh CTPATETHIO
MOIIArOBOTO JABUKEHUS K ONTUMYMY.

[Ipy MHTEPHOJIALIMOHHOM XapaKTepe IKCIEPUMEHTAIBHBIX 33/1a4 CTaparoTCs
KaK MOKHO OOJIbIIIE pacIIMpUTh AWana3oH BapbupoBanus. [Ipu aToM, Kak npaBu-
J10, ITOJTY4ar0TCsl HEJIMHEHHBIE PErPECCUOHHBIE MOJIEIH.

B 3aBuCHMMOCTH OT COOTHOIICHHS] MHTEPBAI BapbUPOBAHUS — 00JIACTh OMpe-
nenenus ¢akrtopa paznuydaroT y3kui — 0,0 , cpeaauii — 0,3 u mmpoxuii — 6o1ee 0,3
WHTEPBAJIBI.

Heobxoanmoe yncio ypoBHel (akTOpoB BBIOMpPAIOT B OOLIEM CiIydae B 3a-
BUCHMOCTHU OT KPUBU3HBI IOBEPXHOCTH OTKJIHMKA B (PaKTOpHOM mpocTpaHcTBe. He-
00X0JIMMO MOMHHUTb, YTO KOJMYECTBO YPOBHEH (pakTopa BIAMSET HAa MOPSIOK IO-
JMHOMHAIBHON MOJIEIN, @ KOJIMYECTBO OMBITOB ONpeAeisieTcs: GopMyon

N = M¥, (6.20)
rae M — gucio ypoBHe# kaxaoro (akropa; K — 4uciio mepeMeHHbIX (aKTOpPOB B
DKCIIEPUMEHTE.

HyneBoii unm cpenuuii ypoBeHb (hakTopa MOKET ObITh HAWJEH U3 BBIpaXKe-

HUS

= (6.21)
TAe Xj ., Xj, Xj  — COOTBETCTBEHHO HaUMEHBIIUN, CPpeAHUN W HaMOOJIBIINN
YPOBHH |-TO (haKTopa.

Bennuuna nHTepBaNa BapbupoBaHus (pakTopa paccuuThiBaeTCs 1Mo hopmysie

Axj=dm ~Fdmn (6.22)

2

Crnenyer OTMETHUTh, YTO MHTEPBAI BAPbUPOBAHUS HE JIOJDKEH ObITH MEHBIIIE
MOTPEIIHOCTH, C KOTOPOHl UKCcUpyeTcsl ypoBEHb (hakTopa.

C nenbto 00JIeTYeHNs U YIPOILEHUS PacueToOB NMpU 00pabOTKE IKCIIEPUMEH-
TaJbHBIX PE3YyJbTATOB, & TAKXKE ISl BOSMOXKHOCTH HCIIOJIb30BAaHUS CTaHAAPTHBIX
IJIAHOB 3KCMEPUMEHTOB (hakTOphl KoaupytoTcs. [Ipu 3ToM Bce BBIYMCIEHHS TIPO-
U3BOJATCS B O€3pa3MEepHON cucTeMe KOOpJAMHAT — KOJUpOBaHHOU cucteme. Hau-
OoJbIIEMY YPOBHIO (hakTOpa MpHrcBauBaeTca o0o3HadeHue “+1”°, HauMeHbIIemMy “—
17, a cpennemy “0”.
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KoaupoBanue — 370 nuHeHOE mpeoOpa3oBaHne HATYypalIbHBIX (Pa3MEPHBIX)
ypoBHEHN (aKTOpOB B KOAOBBIE Oe3pa3MepHble BelMUMHBI. [lepexoq oT HaTypaib-

HBIX Xj K KOOUPOBAHHBIM Xj MMCPCMCHHBIM OCYIIICCTBIIACTCA 110 Q)OPMYJIC
x; =1 "o 2 e (6.23)

ij Xj max Xj min

KOI[I/IpOBaHHOG IMPOCTPAHCTBO (HpH YuUucCJie (b&KTOpOB-OCGfI Ooiee TPCX — I'-
HCpHpOCTpaHCTBO), Ha OCAX KOTOPOIro OTKIAAbIBAIOTCA 3HAYUCHUS BAPBHPYCMBIX
(b&KTOpOB, Ha3bIBACTCA CI)aKTOpHBIM.

Takum 06p330M, IIpHU PpCIICHUH OIITUMHU3AIINOHHBIX 3a/1a4 Mbl HAXOJHUM JKC-
TPEMYM IMapaMCTpa OITHUMH3AINH, a IIPHU PCHICHHUN HMHTCPIOJIAIWOHHBIX 3aJ1a4 —

OMUCHIBAEM MPOIECC €r0 U3MEHEHUS B (DaKTOPHOM MPOCTPAHCTRBE.

6.1.7. Il.1anbl M0JTHOGAKTOPHBIX IKCIIEPUMEHTOB

B Hacrosimiee BpeMsi OTCYTCTBYET €MHasi BCEOOBEMITIONIAsE TEOPHUST DKCIIEe-
puMeHTa. BriOop TOro miaM MHOTO ONTHUMAIBHOTO TUIAHA OCHOBBIBAETCS B 3HAYU-
TEJIHLHOW CTEIEeHH Ha OMbITe MCCIIEOBATENS U JIOTUKE UCCienoBaHuil. Maremaru-
YecKasi TCOPHS IKCIIEPUMEHTA HE TaeT OJHO3HAYHO ONTHMATBHBIX PEIICHUH.

B 3aBucumocTH OT 3a71a4 MCCIIeOBAHUI CBOMCTB 0O0OBEKTA, BHITTOJIHEHUS Ma-
TEMAaTUYECKUX OTPAHUYCHHUH U T.II. MOXKHO BBIOpPATh TOT WJIM MHOM KJIacC TUTAHOB —
CTPaTETHIO0 HAYYHOTO ITOMCKA.

Opna u3 knaccuukaiuil IaHOB BBITVISIAUT CJIEAYIOMKUM 00pa3oMm:

- IUTaHbI TUCTIEPCUOHHOTO aHAJIN34;

- IUTaHBI OTCEUBAIOIIETO IKCIIEPUMEHTA;

- IU1TaHbI MHOTO(aKTOPHOTO aHAJIN3a,

- IUTaHBI 1J151 U3YYEHUSI TOBEPXHOCTH OTKIIUKA;

- IUTaHBI I JUHAMUYCCKUX 3a71a4;

- IUTaHBI JIJT U3YYCHUS MEXaHU3Ma SIBJIICHHM;

- IUTaHBI I TIOCTPOSHUS JUarpaMM COCTaB — CBOMCTRBO.

[To MeTony aHanmM3a W BHIY MaTEeMaTHYECKOW MOJEIM BCE IUIAHBI MOYKHO
pa30uTh HA TPU TPYMIIBL: TUIAHBI TUCIIEPCUOHHOTO, PETPECCUOHHOTO U KOBapHaIly-
OHHOT'O aHaJIK3a.

ITo umciy ypoBHE# mepeMeHHBIX (pakTOpOB IIaHbl ObiBatoT 2*-, 3~ u Gojee
ypoBHeBbIe. KpoMe Toro, pasnuyaroT IjIaHbl MEPBOTO MOPSAKA I MOCTPOCHUS
JUHEHHBIX MOJEINICH, BTOPOTO — JJIs KBaJAPAaTUYHBIX MOJENCH W TUIaHBI BBICIIMX
nopsiikoB. B HacTosmee BpeMss HanboJIee OCBOCHBI M PACHPOCTPAHEHBI CHMMET-
PHYHBIEC JIBYXYPOBHEBbIC IUIaHbI Thma 2% rae K — 4mcio (pakTopoB. DTH ILIAHEL
UMEIOT OJHOBPEMEHHO BCE KPUTEPUU ONITUMAIBHOCTH.

[Tnaner n300paXkaroTcs B BHUJE MATPHIl TUTAHUPOBAHUS — TAOJIUII, TJE HaU-
Oonbiee 3HaYeHUE (pakTopa 0003HAUYEeHO “+7°, a HauMeHbIee “— (puc.6.5).

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

Jlornka TOCTpOCHUS MATPHIl IJIAHUPOBAHHS IBYXYPOBHEBBIX IOTHO(AK-
TOPHBIX 3KCIEPHUMEHTOB OYEBHIHA: HEOOXOJAMMO IMOBTOPHUTH MPEIBIAYIINI TUIaH
Ha HAUMEHBIIIEM U HauOOJIBIIIEM YPOBHSX J00ABIISIEMOTO UCCIIeIyeMOoro (akTopa.
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Twn miana Homep DakToph!

OTBITa X X, X, Xy
1 - - - —
22 2 + - -
3 — + — -
4 + + - ~

2} 5 - - m

6 + — +
7 — + + —
4 8 + + + -
2 9 - - - +
10 + - - +
11 - + +
12 + + - +
13 - - + +
14 + — + +
15 — + + +
16 + + + +

Puc. 6.5. MaTputibl moHOTo (aKTOPHOTO JABYXYPOBHETO 3KCIIEPUMEHTA
(2-4 daxropa)

6.1.8. Bo10op Moxesin U ee UcCcC/iel0OBaHHE

[Ipy mUIaHUpPOBAaHUU U pEATU3ALMHU SKCIEPUMEHTOB BHUJ IOBEPXHOCTH OT-
KJIMKa U OMHCHIBAIONIECH €€ PyHKIIMM, KaK MpaBuiio, Heu3BecTeH. [loaTomy peanb-
Hasg (PyHKIMS OTKJIMKA allIPOKCUMHUPYETCS alreOpanyecKuM MOJUHOMOM, IONY-
YEHHBIM IIPH PA3JI0KEHUU HEU3BECTHOW (DYHKIMU OTKIIMKA B psj Teinopa B okpe-
CTHOCTH JIFOOOW TOYKHM M3 OOJAacTH OmpeneseHus 3TOM (QPYHKUUU B (DAKTOPHOM
npocTpancTse. Tormpa:

Kk K
y=f(xj)=bg+ > bj-xj+ > bj-xj-x;, J#I, (6.24)
= 1
rae b — koapPuimeHTsr; X — GakTopsl.

[To pe3ynbraram 3KCIEPUMEHTAIBHBIX HCCIEIOBAHUN KOA(PPUIIMEHTHI per-
PECCUOHHOW MOJENH OMpPENEIIIIOTCS METOJIOM HAaMMEHBIIMX KBaJIpaTOB — perpec-
CHOHHBIM aHAJIU30M. Mojenb Bcerja JMHEeHa OTHOCUTEIBHO KO3 (HUIIMEHTOB (HE
nepeMEHHBIX (PaKTOPOB).

[Tpn ogHO(AKTOPHBIX FKCIEPUMEHTAX MOJEIb MOXKET ObITh HHTEPIPETUPO-
BaHa F€OMETPUUECKU B BUJE KPUBOW Ha MJIOCKOCTH; MPH ABYX (akTOpax — 3TO MO-
BEPXHOCTh B MPOCTPAHCTBE; MpHU TpexX H Oosee (akTopax MOJEIb MOXET ObITh
IIPEICTABIIEHA TOJIBKO OTAEIBHBIMU €€ CEYEHUSIMU.

Onenka k0d(hOUIIMEHTOB MOJIETH JOJKHA OBITh COCTOSTEIHHOUM, HECMe-
neHHoM, 3 PeKTUBHOM U JocTaTOUHON. PaccMoTpum 310 mospoOHee.

OreHka cocToATeIbHA, €CIM MPU YBEJIMYEHUH O00beMa BBIOOPKH OHa MpH-
OJIMYKAETCsl K MICTUHHOM BEJIMYMHE; HE CMEILIEHA, €CIIM €€ MaTeMaTH4YeCKOe OKUa-
HUE paBHO olleHHuBaeMoMYy Kod(dduimenty; rpPekTruBHa, T.e. UMEET MUHUMAJb-
HYIO JUCIEPCHUI0, U JOCTATOYHA, €CJIM BKJIIOYAET MaKCUMyM HH(pOpPMAIUU O KO (-
dunueHre.

[Ipu mocTaHOBKE ONTUMM3ALMOHHBIX 33/a4 JJIsl IBHXKEHHSI TTO TOBEPXHOCTH
OTKJIMKA K SKCTPEMYMY HEOOXOAMMOE HAIpaBICHUE MOXKET ObITh BHIOPAHO IO JIU-
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HEeWHOU Mozenu. B 9ToM ciydae 3KCTpeMyM JOCTUTAETCS MOIIaroBbIM MPUOIIIIKE-
HUEM SKCIIEPUMEHTOB K 30HE ONITUMYMa.

Ecnu 30Ha skcTpeMyma anpuoOpHO M3BECTHA, U HEOOXOAUMO BBISICHUTDH, Ha-
npuMep, JAOMYCTUMBIM pa3dpoc MepeMEeHHBIX (PAKTOPOB, TO HCHOJB3YIOT METOJ
nepesaia. [Ipu 3ToM BCro 30HY (PaKTOPHOTO MPOCTPAHCTBA APOOAT Ha ABa OJIOKa:
JI0 ¥ Tociie SKCTpeMyMa. B kakoMm OJ0Ke CTaBsT OTACNbHBINA (PaKTOPHBINA IKCIIE-
PUMEHT U MOJIy4aroT JIBE JINHEHHBIE MOJIEIIN.

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

Cnengyer OTMETHUTb, YTO HMHTEPIOJILIMOHHBIE MOJENH YIOOHEE BBIPAXaTh
yepe3 HaTypajbHble 3HAUEHHS (PaKTOPOB, & ONTUMHU3ALMOHHBIE — YEPE3 KOJOBBIE.
HccnenoBanue MogydyeHHBIX MOJIENEH TakKe yJ00Hee BBINOJIHATh B KOJIOBBIX Iie-
PEMEHHBIX.

PaccmoTpum npouenypy KaHOHMYECKOTO aHalIu3a MaTeEMaTUYECKON MOJEIN
B BHJI€ MIOJIMHOMA BTOPOTO MOPsiiKa. 3a/iadya CBOAUTCS K MPeoOpa3oBaHUIO KBaApa-
TAYHOTO MOJMHOMA K BBIPAKEHUIO KAHOHUYECKOTO BUA

Kk
y-Ys =2 Aj-Z5, (6.25)
=1
r7e Y — TeKyllee 3HaueHue rnapamerpa ONTUMHU3aluY; Ys — 3HAUEHUE B HOBBIX KO-
opauHarax; Ajj — Ko3QQUIUEHTBI ypaBHEHUs PErPECCUN KAHOHMYECKOTO BHIA
IpU KBaJPaTUYHBIX WICHAX; Zj — HOBbIE OCH KOOPJAUHAT (CMEIEHHBIE B HO-
BbII LIGHTP U MOBEPHYTHIE OTHOCUTEIBHO CTapbIX OCEil).
['eomeTpuueckas HHTEpPIIpETalUsd KAHOHUYECKOTO MPeoOpa3oBaHus ypaBHe-
HUSI IOBEPXHOCTU OTKJIMKA MPEACTaBIICHA Ha puc. 6.6.
Crnemyer OTMETHTb, 4TO MpH uuciie ¢pakropos K > 3 kaHoHHUYECKHUE Tpeodpa-
30BAaHMS YCJIOKHSIOTCS, M B 3THX CIy4asx IeJeco00pa3HO MCIOIb30BATh METObI
MaTPUYHON ajIreOphl.

X1

Xis

Puc. 6.6. Cxema KaHOHUYECKUX TTPE0Opa30BaHUN
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6.1.9. Ilouck ontumyma

Uccnenosarensmu Kudepom u Bonbdosuuem (CIIA) 611 ipeasioxeH rpa-
JMEHTHBIM METOJ] ONTUMH3AlMU, TPEeIHA3HAYCHHBIA ISl I1aroBOTO JABUKEHUHU K
IKCTPEMYMY MOBEPXHOCTH OTKJIMKA B 331a4aX ONTHUMU3AIIIH.

['pagueHT QyHKIHUK MPEACTABISIET COOOM BEKTOP, MOKA3bIBAIOIINN HAUCKO-
peiiee n3MeHeHne (QyHKIIMK, BETUYMHA U HAMPABIEHUE KOTOPOTO OMPEESIOTCS
o dhopmyiie

grady= Y7+ X5, N, (6.35)
6X1 6X2 an
r7ie Y — BBIXOJl OKCIIEPUMEHTA; Xk — MEPEMEHHbIE (PaKTOPHI; i} .k — eMHNYHBIE

BEKTOPHI 10 COOTBETCTBYIOIIMM KOOPAMHATAM.
HauGoinee npocTo 3HaUeHHE TPOU3BOJIHON MOKET OBITh OLIEHEHO KaK OTHO-
HnieHue npupamnieHus: GyHKIUA K TpUPAIICHUIO OTACIbHBIX (aKTOPOB MPHU peau-
3alMM JIBYX SKCIIEPUMEHTOB, TMOCTABICHHBIX B OKPECTHOCTSAX HMCXOTHON TOYKH
(baKTOPHOTO MPOCTPAHCTBA: MPOOHOTO W PabOYETO OMBITOB, HAIIPUMED, B HAIIPaB-
nenuu ¢aktopa X;. Toraa
Yy _ Ay,
oXp Axq
CraBs mocienoBaTeIbHO HECKOJBKO OIMBITOB BOKPYT MPOOHON TOYKHU, OIpe-
JIEJISIIOT COCTAaBIIAIONIME TPAJUEHTa MO OCSIM (PAKTOPHOTrO MPOCTPAHCTBA, T.€. Ha-
MIpaBJICHUE IBIKCHHS K oNmTHMyMy. Kpome Toro, 3a1afoTCsl BETUIMHOW paboyero
1ara mpy 3TOM JIBHKCHUH.
;(>h+1:E+Ph-(ﬂwtﬂ+---+ﬂ , (6.36)
Axqp  Axy Axp
rae P — mapamerp pabouero 1ara; h — Homep 1iara.
['eoMeTpudeckass MHTEpIpETAIUs IBIXKCHUSI K ONITUMYMY METOJIOM Tpajiu-
€HTa IPECTaBIICHA Ha puc. 6.7.

.

X

Puc.6.7. Cxema qBUKEHUS K ONTUMYMY METOJIOM
rpajiieHTa
(mudpsl HA TOUKAX HOMEPA OIBITOB)
W3 menoro psijga TpaJueHTHBIX METOJO0B Hawbojiee IMHUPOKOE MPUMEHEHHE
MOJIYYUIT METOJT “KPYyTOr0 BOCXOXIEHUS , TPEAJIOKEHHbI bokcoM n YuiicoHoM B
1951 rogy. OTOT MeTOA ONpEAEHsET CTPATETUIO MOCIEA0BATEIBHOTO MOIIArOBOr0
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MIPOBEJCHUS SKCIIEPUMEHTOB, P KOTOPOM BECh LIMKJI UCCIETIOBaHUM pa30uBaeTcs
Ha OTJeJbHbIE ATamnbl. [IpyyeM Ha KaxI0M MOCIEAYIOIIEM 3Tare MCHOJIb3YIOTCS
pe3yabTaThl MPEABITYIIETO.

CornacHo TeopeMme Teinopa o pa3ioKeHUH aHATUTUYECKON (DYHKIIMU B PS/I,
YacTHBIEC MPOU3BOHBIE (PYHKIIMU 10 (haKTOpaM paBHBI IO BEJIMUMHE U 3HAKY COOT-
BETCTBYIOIIUM KO3 PUIIMEHTAM JTUHEHHOTO YpaBHEHUS PETPECCUH.

CraenoBaTeibHO,
grady=by- i +by- j +-+by -k (6.37)
51
b: _y _ 6.38
I 6X| ( )

Paccmotpum dopMann3oBaHHYIO MPOLEAYPY KPYTOrO BOCXOXACHHUS C YHUC-
JIEHHBIM IIPUMEPOM.

B nHavane He0OX0UMO UMETh JTMHEHHYIO MOJIEJIb, IOCTPOEHHYIO 110 PE3YJib-
TaTaM 3KCIIEPUMEHTA, U 3HaTh MHTEPBAJIbl BAPbUPOBAHMS U HYJIEBOM YPOBEHb (PaK-
TOPOB.

JlaHo: aziekBaTHas JTUHENHHAsE MOJICIIb B KOJIOBBIX IEPEMEHHBIX:

h =41+ 10X, + 6X, — 5X3 — 4%, .

N3BecTHO, UTO X4 SBJIAETCA KauyeCTBEHHBIM (DaKTOpOM (Hampumep, KOHCT-
pYKIMEH y37a) U HAaWIy4IlIne pe3yIbTaThl 1aeT KOHCTPYKIUS C KOJIOBBIM 3HAYEHH-
em “—1”. IIpu KpyTOM BOCXOXIAEHUHU 3TO 3HAUEHUE KAUECTBEHHOTO (pakTopa (k-
CUPYETCSI U MOJIETb IPUOOpETAET BUJT

h =45 + 10x; + 6X, — 3X3 .

Ecnu 006a ypoBHA KauecTBEHHOTo (hakTopa NaroT OJM3KHE PE3yJbTaThl, TO
KPYTO€ BOCXOKJICHHE IOBTOPSIETCS HA JIBYX YPOBHsX. MIHTEpBasibl BappupOBaHUs
(bakTOpOB B HATYpaIbHBIX IEPEMEHHBIX:

AX; = £0,15; AX, = +£100; AX5 = +50;
HYJIEBOW YPOBEHb (PAKTOPOB:
Xo1 = 0,4; Xo2 = 840; Xo3 = 60.

1. Bwsibop 6a3oBoro dakropa.

B kauecTBe 6a30BOr0 peKOMEHAYETCsl BHIOUpaTh (HakTOp ¢ HAauOOJIbIIeH a0-
COJIFOTHOM BEJMYMHON Kod(dduimeHnTa JIUHEHHOW Mojenu win (GakTop C Hau-
OOJBIIIMM UHTEPBAJIIOM BapbUPOBAHMUS.

Ipumep.

Bri6upaem B kauecTBe 6a30BOTO (HaKTOP Xz, TAK KAK

|bg| > |bo| > |ba] u AXp > AXz > AX;.

2. Bwibop mara 6a3ucHoro dakropa.

Bennuunbl maroB IBMKEHHS MO (DAKTOPHBIM OCSIM JIOJKHBI OBITH OOJIbIIE
OLIMOKH, C KOTOpOH pukcupyeTcst Gpakrop. Manblil mar yBeau4ruBaeT KOJIMYECTBO
OIBITOB, & CIIMIIKOM OOJIBIION — MOKET MPUBECTU K MPOCKOKY IKCTPEMYyMa.

OO6pryHO mar P; BEIOMPAIOT B 04X | HHTEpBaJla BAPbUPOBaHUs (pakTopa:

Pj = M'AXJ', (639)
rae 0 <p<1.
Ilpumep.
Ps=P,=0,2-100 = 20.
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3. Pacuer maroB /it oCTaIBbHBIX (JaKTOPOB BHITIOIHSIEM TI0 (hopMYyJie
bi-Ax;
i 2%

P.—P , 6.40
) 0 b6 . AX6 ( )
r7ie HHIEKC “0” oTHOCHUTCS K 6a30BOMY (hakTopy.
Ilpumep.
p =200 015 05 p 90350 g
6-100 6-100

[Tpu HEOOXOIMMOCTH TIIark MOKHO TSI YA0OCTBA CUETA OKPYTJIATh.

4. BrpiOop Hayana ABM>KEHHS 1O ITPATUECHTY.

3a Hauajo JIBIKEHUS IO TPagUeHTY (PyHKIMHU OTKIMKAa MOXHO OpaTh JIO-
Oyr0 TOUKY NOBEPXHOCTH OTKJIMKA. OOBIMHO HCIONB3YIOT LIEHTP 3KCIEPUMEHTA
(OCHOBHOW WJIM HYJIEBOM ypoBeHb Kaxaoro (axrtopa). Ho ecnu ects npeamnosnoxe-
HUE O HAJIMYUM SKCTPEMyMa B HEKOTOPOM TOYKE, TO 3Ty TOUKY HYXHO Oparh B
BUJIKY.
Ilpumep: B xauecTBe Hayana ABUKEHUSI BHIOMPAEM OCHOBHOW YpOBEHb.

5. Pacuer BennuuH (akTOpOB AJIs IEPBOIO I1ara:

Xj=Xj, +n-Pj, (6.41)

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 IEPBOTO 111ara ABUKEHUS
B KOJIOBBIE.

X;=—) "o (6.42)

TlIe X; — HaTypaJbHOE 3HaYeHHE (aKTopa.

Ilpumep.

_ 0,45-04 0,33; Xy = 860—84020,2 © Xq = 55-60 _
0,15 100 50
7. Pacuet BbIX0/1a B IEPBOM MBICIICHHOM OIIBITE.

Iipumep.

1

Yo =45+ 10-0,33 + 6:0,2 — 3:(-0,1) = 49,2
8. [loBTOpUTH ATamsl 5, 6, 7. Pe3ynbraTel cBefeHbI B Ta0MI. 6.1.
Tabnuua 6.1
Peanu3anus peaibHbIX U MBICJIEHHBIX SKCIIEPUMEHTOB

Ho- PakTopsl
Br1
MEp | HAaTypaJIbHBbIC |  KOZOBBIC 0 [Tpumeya-
0;1;1 % | %o | %s | X | X0 | Xa | HUE
71
1 05194 |11 41| 41| +1 | 58 JDD 2
51010 TS
9 02]94 |11 1| 41| +1 | 3g | mocTpoCHHUS
5101]0 JTUHEHHOM
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3 065 704 ]bl 1| 21| +1 | 46| MomeTH

4 Oéz 751 ]bl -1 |-1|+1]26

5 OéS 904 10 | +1 | +1 | -1 | 64

6 Oéz 904 10 | -1 | +1| -1 | 46

7 OéS 751 10 | +1 | -1 | -1 52

8 Oéz 751 10| -1 |-1|-1|32

J Oé4 8O6 55 Oég 0.2 OTl 429 | Meicien-
10 065 808 50 0%6 0.4 0?2 53, HBIE OIBITHI
108|951 00 5 | o
12 066 902 40 1é3 0.8 0T4 63?’ Mgicien-
13 OéG 951 35 1%6 1 0?5 6;3, HBIE OIIBITHI
14 067 9O6 30| 2 |12 OT6 7157’ Peannubie
15 Oé7 908 o5 2é3 14 0?7 gi, OIIBITEI

ITocne KaxabIX OJHOTO-TPEX MBICICHHBIX OIIBITOB CJIEAYET CTaBUTh OJUH
peasibHBIN ¢ TeM ke marom Juisi mpoBepku. OOHapyX HUB ONTUMYM, HEOOXOAUMO
NOCTaBUTh OJMH WJIM JBa (C ABYX CTOPOH OT HKCTPEMyMa) peajbHBIX OMbITa AJIs
IIOATBEPXKACHUS HAIW4UA oNTMMyMma. B mpouecce ABUKEHMS 10 TPAIUEHTY DKC-
TPEMYM MOET OBbITh KaK BHYTPH MHTEPBAJIOB BapbUPOBaHUS (PAKTOPOB, TaK U BHE
UX, T.€. IOMYCKAaeTCA HEKOTOPasi SKCTPANOJALIUs SKCIEPUMEHTAIbHON 00J1acTH.

Ecnu onuH U3 (pakTopoB MpU JBUKEHUU 110 TPATAUEHTY JOCTUT CBOUX (pU3U-
YECKUX MPEENIOB U JIajbllle U3MEHATHCA HE MOXKET, TO HE0OX0AMMO, (PUKCUPOBAB
€ro Ha 3TOM MPEACIIbHOM YPOBHE, IBUTAThCS, MEHsI OCTaBIIUECS (HaKTOPHI.

KpyTroe BocxoxkaeHue npekpamaroT, €CJIi HalJeH ONTUMYM WJIM €CIIA Orpa-
HUYEHHUA M0 (PakTopam JearoT JBUKEHHUE 10 TPaJAUEHTY He(PU3HMUHBIM (Hepeasb-
HBIM).

Crnenyet uMeTh B BUAY, YTO, COKpalias 00IIee YUCIO OMBITOB JIJIsl TOCTHXKE-
HUSl OKCTPEMYMa, METOJ KPYTOrO BOCXOKICHHS HE MO3BOJSIET OOHAPYXUTh JKC-
TPEMYM OJHUMH MBICIEHHBIMH ONBITAMHU (YPAaBHEHHE PETPECCUU JIMHEWHO); OH
YKa3bIBaeT JIMIIb HA KPATYAUIINM IIyTh K ONTUMYMY.
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6.1.10. MeTtoauka noaHO(QaKTOPHOTO
JIBYXYPOBHETO KCIIEPUMEHTA

PaccmoTrpuMm (opmanu3zoBaHHbIE ATambl peanu3alvd MOJHO(PAKTOPHOTO
HKCIIEPUMEHTA B PaMKaX MHTEPIIOJSILIMOHHON 3a/1a4H.

1. ITocTaHOBKa 3a/]a4M UCCIIETOBAHUII.
Ilpumep: nony4eHne MaTeMaTHYECKON MOJIeIH pabOThl TOPLEBBIX YIJIOTHEHUH U3
CHJIMIIMPOBAHHOTO TpadwuTa.

2. Be16op mapameTpa BbIXo/a.
Ilpumep: BennuuHa yteuek — Q, n/gac.

3. Br1bop nepeMeHHBIX (PaKTOpPOB.
Ilpumep: 1) sxcmnyarannoHHsid napamerp PV, Mlla-m/c; 2) yucno mukioB Ha-
rpyxenus K, mr.

K=k+m,
rae K — 9ucio myckoB U OCTaHOBOK, M — YKCIIO COPOCOB M MOHEMOB JIABJICHUS 32
CYTKH palOThI;
3) nunamuyeckuii napametrp D, 6e3pa3mepHsbli,

rac p — JAaBJICHUC B CC€TH IIOCJIC C6pOC3 WK 11oabEMa JaBJICHMUA, MHa, p —

cpeaHee pabouee nasnenue, Mlla.
4. OnpeneneHue BO3MOXKHOM TOUHOCTH OompeiesieHus (haKTOPOB:

Ilpumep.
1) PV — 5%j;
2) K—1 mr.;
3) D — 10%.

5. YcraHOBIIEHNE UHTEPBAIOB BapbUPOBaHUA (DAKTOPOB.
Ipumep. BoibupaeM quana3oH BapbUpOBaHUs (PaKTOPOB, MX MUHUMAJIbHOE U MaK-
CUMaJIbHOE 3HAUYCHHE:

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

2) 19..30 mr.;
3)0,7...2.
PaccuuThiBaeM Benmu4uMHYy MHTEpBaja BapbUPOBaHUS 1O (hopmyrie
AA = Amax ;Amin ; (6_43)
1) APV:50_24:13; 2)zu<:30_10=10;

3)AD=2:fJ:O£5
6. Onpenenenne 1enTpa mwiana. HyneBoit ypoBeHb (GakTOPOB ONPEACIISICTCS
o ¢hopmyiie

Ag = Fimint B (6.44)

Illpumep:
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B urore nonmyuyaem naHHble, KOTOPBIE CBECHBI B Ta011.6.2.

1) PV 4=

I/ICXOI[HBIG JaHHBIC B HATYPAJIbHBIX IICPCMCHHBIX

24+50

3) Do 3=

37,

2) Kgo=
0,7+2

10+30

=1,35.

daxTopbl NH-
Ne Hrox Bep | Hy- Tep-
. | XHu | Je-
O06o- | Pa3- | gumit | . | Bax
Haunwme- 171 BOU
n/ 3Ha- | Mep- | ypo- Baph-
HOBAaHUE ypo- | ypo-
I YeHHeE | HOCTh | BEHb Upo-
BEHb | BEHb
BaHUsI
OKcmtya-
g | ramon- | gy, MUa TS, ey g7 |13
HBIH ma- m/c
pamerp
Yucno
g | MMRIOB e e | 10 | 30 | 20 | 10
Harpyxe-
HUSA
JnHamu-
3| 4yeckuit D — 0,7 2 |135| 0,65
napameTp

7. Pa3zpa0oTka maaHa SKCIIepUMEHTA.
Ilpumep. CrangapTHas MaTpulia MJAHUPOBAHUS JABYXYPOBHETO TpeX(aKTOPHOTO
skenepumenta (110D 2°) mpuseena B Ta61.6.3.

Tnan TTOD 2°
0 PakTopsl [Topsinox
n/ peanu3aiuu
X1 X2 X3
a OIILITOB
1 — — &)
2 + — — 8
3 — + — 3
4 + + — 7
5 _ + 1
6 + — + 4
7 — + + 6
8 + + + 2
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B nocneanem cronbie tabdi. 6.3 ykazaH mopsiiok (Ha OCHOBE TaOJIUIIbI CITy-
YaHBIX YKCEIT) BBIIIOJHCHUS OTACIBHBIX OIBITOB IPH MX PAHJIOMHU3AIMH TI0 BpE-
MEHU.

8. Peasim3anust 5KCIIEpUMEHTOB.

Ilpumep: pe3yabTaThl SKCIICPUMEHTOB IPH BBIMOJIHCHUU TPEX MapaIeIbHBIX
(Tpex MOBTOPHBIX) OIBITOB B BHJC 3HAYCHHI BBIXOJHOIO IapaMeTpa CBEJCHHI B
Taba. 6.4 (cToyouE! 2...4).

9. Pacuer cpennero Beixona 1mo ¢hopmyse

n
= > Viu (6.45)
u=1
Ilpumep: cronben 5 tabma. 6.4.
Tabmnura 6.4
PCSyHLTaTBI SKCHepI/IMeHTa
Cpe
Ng JHHA
Brixon u Pacuer
H/ BbI-
I XOJT
Vi | Yo | Vi Vi Gi-%2| ¢p-vi2 (/is—yif gl"iU’yif
11234 5 6 | 7 8 9
1515 ‘(‘5’ 49 | 004 | 001 | 009 | 014
2| 5 57 %’ 55| 025 | 004 | 000 | 038
3|61 71 % 65| 016 | 036 | 004 | 056
40688 65 711009 | 081 | 036 | 126
5|57 g’ ? 60 | 009 | 004 | 001 | 014
6.7, 524
6/58|5 || 66| 064|016 | 144 | 22
7173 76’ %’ 78 | 025 | 004 | 049 | 078
8|81 %’ 88’ 86| 025|009 | 004 | 038
N
> | 588
i=1

10.  Orenka OJTHOPOTHOCTH PE3YyJIbTATOB IKCIIEPUMEHTOB.
OAHOPOTHOCTH TUCTIEPCUI PE3YNIBTATOB OLICHUBAETCS 10 Kputepuio Koxpe-
Ha:
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n

-
> ¢iy Vi 5|max
G U—l

p= <Grt, (646)

" N on
> -V’
i=lu=1
riue | — Homepa cepuii onbIToB (0T 1 10 N); U — KOJIMYECTBO MapaJIeIbHBIX ONBITOB
B cepun (0T 1 1o N); G, u Gt — pacueTHsIit U TabaMuHbIA kpuTepun Koxpena
st 5%-Hoi 3HaunMocT npu N cpaBHUBaeMbIX U N mapaJuleIbHbIX
OIbITaX.

IIpu ynosnerBopeHun HepaBeHCTBa (6.46) cuMTaem pe3ynbTaTbl OJHOPOJ-
HBIMH, T.€. COOTBETCTBYIOILIMMU HOPMaJbHOMY pacnpeneieHuto. [Ipu orcyrecrBun
[apaJuIeJIbHBIX OIBITOB OLICHKA OJHOPOJHOCTH AUCIIEPCHUIl HE TPOU3BOIUTCS.

Ecnn moctpouHnble AMCIIEpCUM TMPU HEOJAMHAKOBOM YHCIE MapaliesIbHbIX
OIBITOB OTJIMYAIOTCS HA MOPAJOK U Oojiee, TO HEOOXOIMMO MPOBEPUTH UX OJIHO-
POIHOCTB 110 KpuTepHio Bapriera. J{is 9TOr0 HAXOAWTCS BETMYMHA X’ JUTS UHCIIA
crenieHei cBo0o bl f = N — 1 1 TOIDKHO BBITIOTHATHCSI HEPABEHCTBO

1 N
XPZZE' f-1gSy - f-1gS? |<x%, (6.47)

i=1
rIe c=0,4343 [1+ ;J il - 1]; (6.48)
3.-qN-1) (5f f
f,=n; — 1 — crennenu cBOOOIBI MTOCTPOYHBIX JUCIIEPCHUA;
Si2 — IIOCTpOYHAA AUCIICPCHUA.

Ipumep: pacuet kputepust Koxpena npuseneH B 1adi1. 6.4 (cronoimpl 6-9).

Gy =£‘=0,38< Gt =0,61.
5,88

BriBoa1: nucniepcuu OJTHOPOIHBI.

11.  OmnpeneneHue AUCHIEPCUU BOCIIPOU3BOAUMOCTH.

Jucnepcusi BOCIPOU3BOANMMOCTH B HATYPaJIbHBIX TIEPEMEHHBIX OMpeIeseT-
cst o hopmyiie

N n
> G -vi

2 _i=lu=l

Sy = T (6.49)

[Ipu oTcyTcTBMU MapauienbHBIX OMBITOB (N=1) B cepusx miaHa HEOOXOIU-
MO TIOCTaBUTH JOTIOJTHHUTENIBHO OTBIT B IIEHTPE TJ1aHa (TIpU HYJIEBBIX YPOBHSIX (pak-
TOPOB) C YKCIJIOM MapaJlIeIbHBIX OMBITOB HE MEHbIIIE YeThipeX. Torga aucnepcus
BOCITPOU3BOJMMOCTH PACCUUTHIBACTCA 1O (hOpMyIIe

n
> ¢, -y2
S5 :L*ﬂ?, (6.50)

[Ipu pa3nuyHOM KOJIMYECTBE MapaJlIebHBIX OMBITOB (N — Var) s cepuit
MaTpullpl TuianupoBaHus N aucrepcusi BOCIPOM3BOJUMOCTH OMPEESETCs IO
dbopmyIie cpeTHEB3BEUIEHHON TUCIIEpCUU
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S?,—N—, (6.51)
2 fi
i=1
rae ;i =n;— 1 — ancno creneneit cBOOOIEI.
IIpumep. 1o nanueiM Ta01. 6.4, UMeeM:
2 5,88 B
S e %
12. PacueT k03¢ HUIIMEHTOB ypaBHEHUS PETPECCUH.
Jlst TIDD 2° YpPaBHEHUE PErPECCUN UMEET BUJ:
Y =Dbo + D1-Xq + DXz + b3-Xs + D12 X1-Xa + D23-Xo-X3 + D13-X1-Xs,
N
Z)‘/ 1 N 1N
rae bO:%; bjzﬁ‘%yi'xji; bjuzﬁ';yi'xji‘xui-
- -
Ipumep. JIns ynobcTBa pacuet cBeieH B TabI. 6.5.
Tabnuua 6.5
PacueT k02hHHUIMEHTOB ypaBHEHUS PETPECCUU
No| Ilnan | BeI-
0/ | X | X|X| XOH | yx | Y% |yx VXX | YXoXy | ¥expxg
Mja)2/3] ¥
1|—|--1] 49 4.9 —4.9 49 +49 | +49 | +49
+5, ~
2 |+|—|—| 55 5 -5,5 5.5 55| +55 | -55
3|—-|+|—| 65 6.5 +6,5 6.5 6,5 | -6,5 | +6,5
+7, —
4 | +|+|—| 71 1 +7,1 71 +7,1 | -71 | -7,1
_ +6,
5/-|—-|+| 6,0 6.0 -6,0 0 +6,0 | -6,0 | -6,0
6|+ |+ 66 || 66 "] 6666 +66
— +7,
7|—|+|+| 78 78 +7,8 3 —78 | +78 | -7,8
8 |+ +|+| 86 | 'o | +86| "' | +86 | +86 | +86
z 53 126, 7 | 5102 |06 |02
53 C .26 con T oo _5_ o 02 -
b =" =6,625; by=""=0325; by =_=0875] by=-=0625; bjp=-"=0025;

bys =%=0,075; bys = 0,025.

Koaddumment by » 3 cunTaercss HE3HAYUMBIM.
13. Pacuet nucnepcuun Ko3hPUITMEHTOB YpaBHEHUS PETPECCHUM.
Pacuet npousBoaum 1o dhopmyse
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sg=—Y, (6.52)

Ilpumep.

S? _0367_ 40153
83

14. Onpenenenue 3Ha4UMOCTH KOA((UITMEHTOB YPaBHEHUS PETPECCUM.
3HauYUMOCTh KOA(PPUIIMEHTOB YpaBHEHUSI PErpEecCHU OIICHUBAETCS CpaBHE-
HUEM UX a0COJIOTHOTO 3HAYEHUS C JIOBEPUTEIbHBIM HHTEPBAJIOM:
Ab=t, -+/S% <[bi], (6.53)
rae t, — kpurepuii CTerofeHTa npu 5%-HoM 3HAYUMOCTH JJIS YUCJIa CTENEHEN CBO-
ooxapl f = N-(n—1).
Ilipumep.
Ab=2,12.,/0,0153=0,26.
BbiBo1: He3HAUMMBI KO3 (GHUIMEHTHI CMEIIAHHBIX B3aUMOACHCTBUI D15, D23, Dy3.
15. 3anuch ypaBHEHUS PETPECCHH.
Ilpumep.
y = 6,625 + 0,325-x; + 0,875-X, + 0,625-X3.
16. ITepexon kK HaTypaJIbHBIM EPEMEHHBIM.
OH ocyuecTBisieTcs 1o popmyJe: ‘
— 2- ‘\J _AjmaX/+1

X (6.54)
J Ajmax _Ajmin
riae Aj — epeMeHHBIN (PAKTOp, COOTBETCTBYIOMIMI KOJOBOMY 3HAYCHHUIO X;.
Ipumep. X, = 2:-€V-50_,_ 0,077-PV-2,85
5024
X :2'«—_30/+1:0,1. K-2
30-10_
X3 = 2'0—_241:1,54- D-2,08
2-0,7
17. 3anuch Mozien B HATYpadbHbBIX 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).
YnpocTuB, MOIy4rUM OKOHYATENBHO:
y = 2,65+ 0,025-PV + 0,087-K + 0,96-D.
18. Pacuer nucnepcuu aieKBaTHOCTH.
Jlucniepcust aeKBaTHOCTH OIpesiessieTcs o popmyie

- 2
nz &i - ypacqi _

2 _ =1
-, (6.55)

THE  Ypay — PacueTHoe (MO MOJENHM) 3HAYEHUE BBIXOAHOTO MApaMeTpa;
K — urcio k03 pHIHEeHTOB B MOICITH.
Jlis yno6cTBa pacuer cBezieH B Ta01.6.6.

Ilpumep.
Tabmnura 6.6
Pacuer nucnepcun ageKkBaTHOCTH
NQ y — Ypacu; 0
Yi Ypacy; &i ~ Ypacu; 2 5= 100 %

Yi
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/

II

1 49 4,79 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 7,8 7,78 0,006 1,02
8 8,6 8,43 0,029 1,98

>z 0,068
2 _3-0068_ .0,

an — _
19. TIpoBepka ageKkBaTHOCTH MOJIETIH.
AJZIEKBaTHOCTh MOJIEJIM OLICHUBAETCA MO Kputeputo dumiepa, KOTOPBIA 10JI-

JKEH OBITh MEHBIIIE TAOJIMYHOTO.
2

Fp:ZL;<Fr, (6.56)
y

rae Fp, Fr — pacdernslil u Tabnuuneli kputepun duinepa it 5%-Ho# 3HaYUMO-

CTH TIPU YHUCJIE CTENEeHEN CBOOOBI JJIsl JUCTIEPCUU aJIEKBATHOCTH f=N-

K. st iucrnepcuy BOCIPOM3BOIMMOCTH YUCIIO CTeTeHel cBoOoabI paBHO f, =
N-(n-—1).

Ilpumep.
Fo =%§;=0,55<H— =5,8.
BriBoa: nuHeiiHas MoIeIb ajJekBaTHaA. 10T K€ BBIBOJ MOYKHO ObLIO CAEIaTh

MCXOMISl M3 YCIIOBHS S <S3.

20. PacueTr OTHOCUTENBHOW NOTPEIIHOCTH MOJENH.

[TorpemHoCTh onpesaensieTcs AJis UCCIEeIOBAHHBIX TOYEK (PaKTOPHOTO TPO-
CTpaHCTBa 1o Gopmyie

5= ‘Ypi__ yl‘
Yi

st ynoOGcTBa pacueThl CBeJIeHbI B Ta0IUIy (CM.Ta01.6.6).
Ilpumep. Pe3ynbTatsl pacdera MpUBEJCHBI B MOCIEAHEM CTOJI01IE Ta0. 6.6.

21. BeIBo/BI MO pe3yiibTaTaM 3KCIIEPUMEHTANTBHBIX HCCIICIOBAaHUN U aHATH-
3y TIOJIYY€HHOU MOJICIIU JTOJDKHBI BKITFOUATh JaHHBIC:

- 00 a/ICKBaTHOCTH TIOJTyYCHHON MOJICIIH;

- 0 BKJIJIe OT/IENBHBIX (DAKTOPOB B BBIXO/ (TI0 BenuuHE KOA((PHUIIHEHTOR);

- 0 HAJIMYMH WA OTCYTCTBUH SKCTPEMyMa B SKCIIEPHUMEHTAILHOM 30HE;

- 0 TIOTPEITHOCTH MHTEPIOJISAIIAA 110 MOJICITH;

- 0 BIMSIHUHM HEYYTEHHBIX (haKTOPOB (110 BeITUUMHE Kod(duitueHTa Dp);

- 0 CTPATEruU JAIBHEUIINX UCCIICIOBAHUM.

.100 %.

51



6.2. PazBuTie MHOro)aKTOPHBIX IJIAHOB
U METOANKA UX peau3aunu

Hapsiny ¢ HECOMHEHHBIMU JIOCTOMHCTBAMU IOJHBINA (DAKTOPHBINA 3KCHEpu-
MEHT MMEET LEJNbII sl HEJOCTATKOB, CYIIECTBEHHBIM OOpa3oM COKpaIlaroIlIuX
BO3MOXKHYIO 00JIaCTh €ro NpuMeHeHUsl. Tak, KOJIM4eCTBO OMBITOB B MOJHO(DAKTOP-
HBIX TUTAHAX 3HAYUTENIHFHO MPEBOCXOAMT YHUCIIO OMpeAesseMbiX Kod(hduineHTos
JUHEWHOTO ypaBHEHUs perpeccurd. Kpome Toro, ¢ pocToM KOJIMYECTBa UCCIETye-
MBIX (DAKTOPOB OUYEHB OBICTPO PACTET OOILIEe YUCIIO FIKCTIEPUMEHTOB, U peaT3alys
NOJHO(AKTOPHBIX IJIAHOB CTAHOBHUTCSI HEPEATHHOMM.

W3 momHOro (hakTOpHOTO 3KCHEPUMEHTa HEJb3s U3BIeYb MH(GOPMALUIO O
KBaJIpaTHYHBIX YJICHAX, T.€. OMHCAHUE IKCTPEMAaTbHOW 30HBI TOBEPXHOCTH OTKIIH-
Ka HEBO3MOXKHO.

CoBepILIEHCTBOBAaHUIO METOAMK NMPUMEHEHMSI (DAKTOPHBIX MJIAHOB MOCBSIIECH
JTAHHBINA pa3JIeII.

6.2.1. JIlpoGHbIii (hakTOPHBIN SKCIEPUMEHT

Wtak, nis moaHo(paKTOPHOTO IKCIEPUMEHTA YHCIIO cepuil onmbIToB N= 2¥
pacTeT ropa3o ObICTpee KOJIMYECTBAa HCCIEAyeMbIX (DakTOpoB K ¥ TpeBbImIacT
YUCJO JIMHEWHBIX KOA(Q(UIMEHTOB perpeccur. Bo3MOXKHO COKpalieHue 0OILero
YHUCJia OMBITOB 3a CUET 3TOM M30bITOUHON HHpopmanuu. [Ipu 3TOM HEOOX0aUMO
COXPAHUThH ONTHMAJILHOCTD TUTaHa (OPTOrOHAIBHOCTh, pOTAaTa0CILHOCTD U T.11.).

CymrHocTs apoOHoro (aktopHoro 3kcnepumenTa (JIDI) cocrout B 3ameHe
BEKTOPa—CTOJOIa MAaTPUIlbl TUIAHUPOBAHUS, OTHOCSIIETOCS K CMEIIaHHOMY B3au-
MOJICHCTBUIO, HA HOBBIN JTOMOJHUTEIBHBIN (DaKTOp, 3HAYEHHUSI KOTOPOTO OMpejie-
JISTFOTCSI 3HAKAMHM 3TOTO cToJIONa. [IpaBOMOYHOCTH Takoi 3aMEHbI OCHOBBIBAETCS Ha
MPEANOJI0KEHUN O HE3HAYUMOCTH KO3(PPUITMEHTOB CMEIIaHHBIX B3aUMOJICHCTBUH,
TaK KaK CTPOUTCS TOJIbKO JIMHEHHAsI MOJIETb.

Takum 00pa3omM, TIPU YUCIIE OMBITOB COOTBETCTBYIOIIMX ABYX(aKTOpHOMY
mrany (N = 2° = 4), MOXHO omepupoBath TpeMst (akTopamu. IIpu ToM Gymem
MMETh TMONOBHHY WJIH TOMyPEIUIHKY OT monHodakTopHoro miaxa 1P 2° = 8 B
Buze apobroro dakroproro JA®D 2% =4 (puc.6.8) n COKpPATHM YHCIIO OMBITOB B
JIBa pasa.

JpoOHOM perinKoi Ha3bIBaeTCs TIJIaH DKCIIEPUMEHTA, SBJISIFOIIUNACS YacCThIO
1JiaHa MoJHO(PAKTOPHOIO SKCIEPUMEHTA.

Marpuna P coxpanser Bce cBoricTBa MaTpulbl 11PD u nmo3Bonser ore-
HUTbH KO3 PUIIMEHTHI TPU JIMHEWHOM U CBOOOTHOM YJICHE.

[TockonbKy 1enecooOpa3HO HAaMOOJBINEE COKpPAIIEHUE KOJIMYECTBA OTBITOB,
TO N7l 4eThIpeX (DAaKTOPOB UCIOJB3YIOT MOTYPEIIUKY MOJHO(GAKTOPHOTO TUTaHA
24_1, JAIOIIYI0 8 OMBITOB, @ HE 16; AJIsI 5 — YETBEPTh PEILIUKY 25_2, JAIOIIYI0 8, a HE
32 onbITa; Ais 6 - Y8 peIiuKy 26_3, Jarlyto 8, a He 64 onbITa U T.A.

(Ne  [xg X [Xg | | XoXs | XX |
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n/n

AWIN|F
|
+
|
|
+

a) 0)

Puc. 6.8. JIpoOHbIi (paKkTOPHBIN AKCTICPUMEHT:
a — matpuna P> 2% 6 — coBmagaromme BEKTOP-CTOJOIIbI

B o0miem cityuae mist IO 2P veem “k” (axTopoB 1 ”K—P”’ OIBITOB.

[IpenenbHOE KOIMYECTBO UCCIEAYEMBIX (PAKTOPOB HE JOJIKHO ObITH MEHBIIIE
yucia ko3 OUIIMEHTOB JIMHEHHONW perpecCMOHHON Mojieiu. To ecTh aiig 4-X OIbl-
toB (DD 2° 1) — 910 3, st 8 (AP 2" =7, st 16 — 15 u 1.1,

[Ipu BBIOOpPE APOOHOM PEITMKH YYUTBHIBAETCS HACBHIIIEHHOCTh IUIAHA, T.€.
COOTHOIIIEHUE YHuciia KO3P(HUIIMEHTOB PErpeccur M KOJIMYEeCTBa OMbITOB. Eciu
3¢ (HEKTH B3aUMOJICHCTBUS PEIIMKHA 3aMEIICHBI HOBBIMU JOTIOTHUTEIIBHBIMU (haK-
TOpaMu, TO OHa Ha3bIBaeTCs HachileHHOH. [Ipu 3TOM uKciio GpakTOpoB paBHO UMC-
1y K03 PUIIMEHTOB MOJIENH, U €€ aJICKBATHOCTh IPOBEPUTH HEJb3s, TAK KaK YUCIIO
CTerneHe cBo0O bl paBHO HYJ0. OHAKO YUCIIO OMBITOB MPU ’TOM MUHUMAJIBHO.

CrnenoBaTelbHO, IPU BHIOOPE IPOOHOM PEIIMKA HEOOXOAUMO:

- OIIPEJIETTUTh YMCII0 KOA((DUIIMEHTOB B YPAaBHEHUH PETPECCUU, PABHOE YK C-
ay ¢akrtopos (K + 1);

- BBIOpATh TUTaH MOJIHO(AKTOPHOTO SKCIEPUMEHTA, COJEp KA HAaUMEHb-
mree ynciio onbiToB N > (K + 1), ¥ IpUHATH €ro 3a OCHOBY NMPH COCTABJICHUH ILJIaHA
JDD.

CrnemyeT OTMETUTDh, YTO C YBEIMYEHUEM KOJIMYECTBA (PAKTOPOB MUHMMU3A-
Ml YKCJia OMBITOB MyTEM HCIOJBb30BaHUS JIPOOHBIX PEIUIMK TpEeBpallaeTcs B
BEChbMa CIIOKHYIO 33/1a4y.

[Tpu noctpoenun miana PO oneHku kodPGUIMEHTOB pPerpeccuu OyayT
cMenranabivi. Tak, most D 2% (eM.puc.6.8,a) Haiinennbie K09(QHIHEHTE! 6Y-
JYT OLIEHKaMU COBMECTHBIX 3(pdekToB: mis b; — 310 B1+P23, bo—Bo+PB1 3, s
bs—Bs + B

W TombKO IpH HE3HAYMMOCTH CMEMIAHHBIX B3amMozeicTBuii (D; ~ B, by ~
B2, b3 ~ B3) ko dummenHTsl perpeccuu OYAyT XapaKTEpHU30BaTh COOCTBEHHO JIU-
HelHbie 3 dexThl. M3-3a cMemeHns OIeHOK Pa3HbIE€ BEKTOP-CTOJIO-T[BI MATPHIIHI
J DD 6ynyT coBnanare. Jljist mpumepa, Ha puc. 6.8,0 9T0 X; U XXz, X2 U X1 X3.

Takum 00pa3oM, MaKCHMalbHOE pa3/elieHue OIICHOK pPacCMaTPUBAEMbBIX
abdexroB nmpu JID3 BO3MOKHO TOJBKO MPU UCIOJIH30BAHUU IS JOTIOTHUTEb-
HBIX ()aKTOPOB BEKTOP—CTOJIOIOB C HE3HAYAIMMU CMEIIaHHBIMH B3aUMOJICHUCT-
BusiMU. CyIIeCTBEHHYIO POJIb B OTOM Cily4yae UTrpaeT ampuopHas HH(pOpMaIus.
[Ipn ee OTCYTCTBHMU SKCIEPUMEHTATOPY CJIEIyeT BHIOMPATh BEKTOP—CTOJOIBI C
HauOOIBIIUM MOPSAAKOM 3P ¢deKTa B3aUMOJICUCTBUN, TaK KaK C POCTOM IMOPsAKa
3HAYMMOCTh BKJIaja 3Toro 3¢ exra najaer.
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Yucno HeCMENIaHHbIX TUHEWHBIX 3(()EKTOB B APOOHOM perInKe Ha3bIBAETCS
ee paspemniarolieid cnocooHocTeio. Ee nmpsimast oneHka 3atpyanena. [loaromy apo6-
HBIE PEIUTUKH 33Ja0T C IOMOIIBIO0 TEHEPUPYIOLINX COOTHOIICHUI.

CooTHolieHue, MoKa3piBaroiee, ¢ KakuM u3 3P¢GeKToB B3aUMOJICUCTBUIMA,
NPUHATHIM HE3HAYMMBIM, CMEIIaH JaHHBIN JTHUHEHHBIA >PdekT dakTopa, Ha3bIBa-
eTcsi reHepupyiommM cootHomenreMm. Hampumep, mit JAPD 2°' umeem x4 =
X1X2X3, T.€. orleHKa 3¢ dexta by 310 Bs + P12 3.

YMHOXHUB 00€ 4acTH T€HEPUPYIOLIETO COOTHOIICHHUSI HA YPOBEHb JOTIOJIHU-
TeNBHOTO (hakTOpa (B HAIIEM IIPUMEPE X4), UMEEM X4-X4:X42:1:X1X2X3X4.

OTO CHMBOIHMYECKOE OOO3HAYEHUE MPOU3ZBEACHUS CTOJOIOB, COOTBETCT-
Bytomux (akropam 1D, paBHoe +1 mimm —1, HA3BIBaETCS OMPEACISIONIAM KOH-
TpacToM. KoHTpacT mo3BojsieT ompenenuTh, Kakoi 3P ¢GeKT CMelIaH C JTaHHbBIM.
Jlnst 3Toro 00e 4acTu ONpeAeIsIIoIero KOHTpAcTa Hy>KHO YMHOXKHTh Ha CTOJIOEL,
COOTBETCTBYIOLIHT JaHHOMY 3(bdexty. [UIs Hamero mpuMepa X; = Xi“XoXgXs =
XoX3X4, TaK Kak X1~ = 1.

CnenoBatenbHO, KO3 UIMEHT TMHEHHOTO ypaBHEHHs perpeccuu by Oymer
OHCHKOﬁ Bl + B2’3,4.

JADD, B KOTOPBIX OCHOBHBIE 3PPEKTHI CMEMIAHBI C ABYX(AKTOPHBIMH B3au-
MOJICHCTBUSIMHU, Ha3bIBAIOTCS IUIAHaMU C pazpemaroineil cnocooHocteio I (1o
HauOoIbIIEMY YHCITy (DaKTOPOB B ONPEIEIISIONIEM KOHTpacTe). Permku ¢ Makcu-
MaJIbHOW pa3pelarnieil CnocOOHOCThIO, T.€. CMEIIAHHbIE B3aUMOJICHCTBUSI HaU-
OOJIBIIET0 MOPSAIKA, HA3BIBAKOTCS TJIABHBIMHU.

Urak, nns cocraBnenus mana J{dD cienyer caenarte CIeayolee:

- BBIOpAaTh BEKTOP—CTOJIOEL, KOTOPBI OyAEeT MCIOJb30BAaH ISl MOJYyYEHHUS
OLICHKU JOTOJHUTEIBHOIO JUHEHHOro (hakTopa, T.€. ONPEICIUTh TeHEpUpYIoIIee
COOTHOIIICHHUE;

- paccuuTaTh ONPEIENISIOMNNA KOHTPACT, YMHOXXHUB 00€ 4acTH I'e€HEpUpYyIo-
IIETO0 COOTHOIIECHHUS HAa YPOBEHb JOMOJIHUTEIBLHOTO (PaKTopa;

- OIPEJIETIUTh YCJIOBHUS CMEIIMBAHUS OLEHOK, YMHOXas OIpPEAeIISIOLIHMA
KOHTPAcT Ha 0003HauU€HUE BEKTOP—CTOJIONA, C MOMOIIbI0 KOTOPOTO pPacCUMThIBa-
eTCsl JaHHBINA JTMHEHHBIN d(PPeKT.

Cnengyer oTMETHTh, YTO TpU pa3paboTke TuiaHoB [P Gombineit npoOHO-
CTH, YEM MOIYPEIUINKa, HYy>KHO BBIOMPATh HECKOJIbKO F€HEPUPYIOLIUX COOTHOIIIE-
HUI.

®opman3oBaHHas Mertoauka /(PO BKIOYAET psAl HUXKECIEAYIOIIMX JTa-
noB. OgHako HayanbHas (aza peanuzanuu DD (mocTaHoBKa 3aaa4u BHIOOp Ma-
pamMeTpa BbIX0J1a, Yiciia (aKTOPOB) MOJTHOCTHIO COBIAJAET C METOAUKOM MpOBEe-
Hus [1D3. OctaHoBUMCS HA OTIIMYUSIX.

1. Onpenenutb YUCIAO JTUHEHHBIX KOI(DPUIIMEHTOB B YpAaBHEHUH per-
peccun
Ipumep. Heobxoaumo uccienoBath Biausaue 5 ¢pakropos (K = 5).

Torna uncno k03 UITUEHTOB TUHEHHOW PErPeCCUOHHON MOJIEIH
i=k+1=5+1=6.

2. BwiOpats tutan [1DD — ocHOBY IpOOHOM PETTHKY.
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Ipumep. bmmxanumii ian [1OD, TpebOyromuii HAUMEHBIIETO KOJUYECTBA OTIbI-
TOB, HO OOJIBIIIETO, YeM YKciio Kodhdunrentor moaenu N>i, ato 1D 23,
2°=N=8>6=i.

3. BriOpats Tun peruku JJO0.

IIpumep. BeibupaeMm yeTBepThperiuky D3 2°2,

4. Ompenenutb TEHEPUPYIOIINE COOTHOUIEHUS, MOCTPOUTHh CTaHAAPTHYIO
MaTpuIly ucxomHoro ruiada [1PD u mpoaHanu3upoBaTh 3HAYUMOCTH CMEIIAHHBIX
B3aHMOJICCTBUMU.

Ilpumep. 1261.6.7.

Tabnuma 6.7

Marpuua I[1dD 2°

No X4 X5

X1XoX

v | X; Xo X3 X1Xo | XoX3 | X1X3 ;

1 |- - — + + + -

2 |+ — — — + — +

3 |- + — - — + +

4 |+ + — + — — —

5 |- — + + — — +

6 |+ - + — - + —

7 |- + + — + - -

8 |+ + + + + + +

YersepThperika DD 2°2 MOKET ObITh 3a/1aHa JIIOOBIMU JIBYMS U3 Clie-
TYIOIINX TEHEPUPYIONTUX COOTHOICHU:

1) X1Xz; 2) XoX3; 3) X1X3; 4) X1XoXa.

[Ipenanonoxum, 9To U3 anpuopHON HH(POPMAITMU W3BECTHO O HE3HAYNMOCTH
CMEIIaHHOTO B3aMMOJICHCTBHS X1X3 (HAIPUMEP: OKTAHOBOE YHCJIO TOPIOYETO U BEC
nBurarens). Mcxons u3 3Toro, st X4 BRIOMpaeM BEKTOP-CTOIOEI] MaTPHUIIBI X1X3, &
JUISL X5 — X1XpX3, TaK KaK OOBIYHO C POCTOM IOPSIKA B3aUMOJICHCTBUI 3HAYNMOCTD
BKJ1aj1a 3Toro 3¢exra najaer.

Br1OpaHHbIe reHEpUPYIOIIHE COOTHOIICHUS — ATO X4=X1X3 H X5=X1X2X3.

5. Hauitu onpenesnsrome KOHTPACTBI

Omnpenensromue KOHTPACThl HAXOJAT YMHOXKEHUEM OOEUX 4YacTel TeHepu-
PYIOIINX COOTHOIICHUH Ha YPOBEHB JOTOJTHUTEIBHBIX (PaKTOPOB.

Ilpumep:
XaXa =1 =X1X3Xa;, 1= X1XoX3Xs.

[TepeMHOXXHB 3TH OTPECIAIONINE KOHTPACTHI, TIOJYYUM TPEThE COOTHOIIIEC-
HHE
1 = XoX4Xs.

[Tomnast paspermaromniasi COCOOHOCTh PEIUIMKU OMPEEsIeTCs] 0000IEeHHBIM
OTIPECIISIIONTUM KOHTPACTOM
1= X1XoX3Xg = X1X3Xg = XoXy4Xs.

6. OnpenenuTs cXeMy CMEIIMBAHUS OLIEHOK
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OrneHkr HaxOIUM TOCIIEIOBATEIHLHBIM YMHOKEHHEM O0OOIIAIOIETO Ompe-
JEISIONIeT0 KOHTPACTa Ha X1; Xo; X3 ... Xk

Ilpumep:
X1 = XoX3Xs5 = X3Xg = X1X2X4Xs5;, D1—>B1 + Pass + Psa + Pr2as;
Xo = X1X3X5 = X1XpX3X4 = X4Xs; b—>B2 + Pras + Pr2sas + Pas;
X3 = X1XoX5 = X1Xg4 = XoX3X4Xs; D3B3 + Pros + Pra + P2sas;
X4 = X1X3X4X5 = X1X3 = XoXs, bs—>Bas + Przas + Bz + Pas;
X5 = X1XpX3 = X1X3X4X5 = X2X4; Ds—>B5 + P123 + Pr3as + Pas.

AHanM3 CMEMMBAHUS OIEHOK KO3(PPUIIMEHTOB ypaBHEHHUS PETPECCUU J0JI-
eH yOeUTh SKCIEPUMEHTATOpa B MPaBUILHOCTH BbIOOpA TE€HEPUPYIOIIUX COOT-
HOLLICHUM.

7. IToctpouts Matpuiy 1D 2%y pean30BaTh OMBITHI

Marpuua J®D 2° % npusenena B tadn. 6.7.

Ecnu nmocne peanuzanuu 3KCepUMEHTOB KO3 (GUIIMEHTH! MapHbIX B3aUMO-
NecTBUH, Harpumep, Dy, Wim D, 3 UMEIOT 3HAYMMYIO BEMYUHY (OTIMYAOTCS OT
HYJI), TO BBI3BIBAET COMHEHHE MPABWIBHOCTH BbIOOpA I'€HEPUPYIOIIETO COOTHO-
nieHus. B atom ciiydae cnenyet noctaButh BTopoit MDD, BEIOpaB APyryro peruiu-
Ky (B HalIeMm npuMmepe 74 peruiiky).

Takum 06pazom, 3pPHEeKTUBHOCTh NPUMEHEHHS APOOHBIX PEIUTUK 3aBUCHUT OT
WHTYUIIMU UCCIIEA0BATENIsA, O3BOJISIIONIEH yAauHO BBIOpATh CUCTEMY CMEIIMBAHUS
TuHENHBIX 3G (PexToB ¢ 3P dexkTamu B3auMOICHCTBUN.

6.2.2. Pa30ueHne MaTpulilbl 2-ypOBHEBBIX TUIAHOB Ha OJIOKH

Ecnu skcriepuMeHTaTop NpeaIonaraeT, YTo B MPOLECCE MPOBEACHUS HCCIIe-
JIOBAaHUH MOTYT MPOUCXOJUTh U3MEHEHHUs BHELIHEN cpe/bl (BIaXHOCTH, TEMIIEpa-
Typbl), CTapEHHUE ammnapaTypbl U U3MEHEHHE €€ MoKa3arejed, MOTYyT HMCIOJIb30-
BaTbCs MAPTUH CBHIPbsI C PA3JIMYHBIMKA OTKJIOHEHHUSIMH [TapaMeTPOB, U3y4aThCsl pas-
HbI€ KOHCTPYKIMH YCTAHOBOK M T.II., TO LI€JIECO00PA3HO MCIOIb30BaTh pa30oreHne
MaTpHIbl Ha OoTAeiabHbIe YacTu. [logo0HbIe YacTH (PaKTOPHBIX MJIAHOB HA3bIBAIOT
OJIOKaMH.

Takoe pa3zdueHne MaTpuIlbl O3BOJIIET KOMIIECHCUPOBATh BIUSHUE CUCTEMa-
TUYECKUX OIIMOOK, HCTOYHUK KOTOPBIX M3BecTeH. lIpu 3TOoM MexOI0KOBBIA 3(-
(GeKT 3aBeOMO CMEIIMBAETCS C B3aUMOJICHCTBUSAMH, KOTOPHIMA MOXXHO IpEeHEO-
peub. Kpome Toro, pazouenue Ha OJ0KH AaeT BO3MOXKHOCTh Y4€CTh KaueCTBEHHbBIE
U3MEHEHHUs1 O0BEKTa MCCIEAOBAHUN M BBECTH HUX B JKCIIEPUMEHT KaK KOJWYECT-
BEHHBIE.

Martpuiy (pakTOpHOTO PKCHEPUMEHTa THUIIa 2% MOKHO pa3ouTh Ha 2"
610K0B mpu N < K. Tax, marpura 10D 2* pasGusaercs Ha 2 610Ka MO 8 ombI-
TOB, 4 OJloka — 110 4 omnbITa WK 8§ OJIOKOB — No 2 omnbiTa. KojimuecTBo OJIOKOB CO-
OTBETCTBYET YMCIY WU3BECTHBIX HEOAHOPOJHOCTEH, KOTOpPbIE MOTYT HOCUTbH JHC-
KPETHBIN (HECKOJIBKO ONepaTopoB, KOHCTPYKIIMM, MAPTUN ChIPbs) UM HETPEPHIB-
HBIM Xapaktep (BpeMeHHOU apeiid, TemmneparypHbiii). DPGheKT HEOTHOPOTHOCTH
OTpa3UTCs Ha BEJIUYMHE CBOOOIHOTO YJieHA YpaBHEHUS! PErpeccuu U Ha Kodpdu-
IUEHTaX B3aUMOJICUCTBUMN, KOTOPHIMHU MpeHeOperaroT. [Ipu oTcyTcTBUM ampuop-
HOW MH(OpMaIMK clieAyeT BbIOUpaTh B3aUMOACHCTBHUS CaMOro BBICOKOTO MOPS-
Ka.
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[Ipu BpeMeHHOM Jpeiide MOKHO TPOCTO AyOITUPOBATH BCE OMBITHI IS KaXK-
JI0OTO BPEMEHHOTO MHTEepBasia. Toraa moiydyuM Habop K03 (ULIMEHTOB perpeccum,
110 KOTOPBIM HaXOJST BIMSHUE BPEMEHHOTO Jpelida Ha KakIplii KodpPHuImeHT B
BUJIE

y = bo(t) + by(t)x; + ... +by(t)Xx. (6.57)
OIHAKO 3TO MPHUBOAUT K 3HAYUTEIIEHOMY YBEIHUCHHIO YUCIIA OMBITOB.

CrnenyeTr OTMETUTBH, UTO MPHU MOTyUYEHUH HECKOJIBKIX MOJIEIEH OTHOTHUITHBIX
MIPOIIECCOB I TIOCTIEAYIONIEr0 0000IeH!sT He0OX0IMMO TTOMHHTH, YTO ypaBHE-
HUS PETPECCUU MHBAPUAHTHBI K N3MEHEHUIO HHTEPBaJia BAPbUPOBAHUS (PAKTOPOB.

['opazmo 6onee 3pheKTHBHO pacCMOTPETh HCTOYHUK HEOTHOPOJTHOCTH, Ha-
IpuMep, BPEMEHHBIN Jpelid Kak HOBBIA MOMOTHUTENBHBIA (akTop, T.€. MaTpHUIla
[1DD pazbuBaeTcs Ha ABa OJIOKa, SBISTFONTMXCS Tomyperukamu J DD, Hanpumep,

pa3zouenue matpuipl [1D3 2° Ha 2 6710Ka 110 4 OmbITA, BBIIIOJIHAEMOE B
peHeOPEIKEHNN B3aMMOJICHCTBUEM X1XpX3, SKBHBAJECHTHO HCIOJIb30BAHUIO TOJY-
pEIUINKU ,[[<D34'1 C ONPEIEHAOIIUM KOHTPACTOM 1 = X1XoX3X4. DOpMaIU-

30BaHHYIO METOJUKY B ATOM CITydae MOKHO CBECTH K CJICIYIONTAM dTaraMm.

1. Ctpoum crangaptHyto marpuny 11D3.

2. 3amensieM >(G(dEKT B3aMMOJIEUCTBUI caMOr0 BBICOKOTO MOpPSAKAa Ha HO-
BbIH JIOMIOJTHUTENbHBIN (aKTOP, SIBISIOUUNACS HCTOYHUKOM HEOJTHOPOTHOCTH.

3. Paz6uBaem Matpuiry Ha 2 Gioka: 1-if — ¢ BEpXHUM ypOBHEM HOBOTO (hak-
Topa (nmpeHedperaemMoro 3¢ dhexra B3auMOeHCTBUI), 2-i — C HUKHUM YPOBHEM.

B stom ciydae Bce mokasarenu 1-ro 6j0ka OyIyT 3aBbIIIeHb HA B, a 2-TO —
3aHIDKCHBI Ha TY K€ BeIMYHHY. Toraa

1 N
bo =52 vi =B, (6.58)
i=1

a BCE€ OCTaJIbHbIE KOA(P(ULIUEHTHI HE CMEIIAHbI C AperdoM.
Utak, ipu nepexonae oT 6J0ka K OJ0KY Apeiid U3MEHSETCs CKauKOOOpa3HO
Ha 2[3, a BHyTpH 0110Ka ﬂPeﬁ(b OTCYTCTBYeET. Takum 00pa3om, IjIaH SKBUBAJICHTEH
nonypernke DD 2%" rme HOBBIi (GakTop — HCTOYHHK HEOJHOPOJHOCTH
(mpeiid).
[Tpu pa3buennn maTpuil Ha OJIOKH I YA0OCTBA MPUHSTHI CJIEAYIONIHE 000-
3HAYCHUS:
- (1) — cumBoXT 0003HAYAOIINH, YTO BCe (PAKTOPHI B CTPOKE MATPHIIBI COOT-
BETCTBYIOT HI)KHEMY YPOBHIO;
- KaxaoMy (akTopy NpHCBOCHA JIaTMHCKas OykBa (X;—a, XD,
X3—C ¥ T.11.);
- HaJIM4re OJTHOM MITM HECKOJBKHUX OYKB MEpe CTPOKOW MaTPHIIBI TOBOPHUT O
TOM, YTO B ATOW CTPOKE (haKTOPHI, COOTBETCTBYIOIINE WMEIOIIUMCS JaTHHCKAM
OykBaM, UMEIOT BEpXHUI ypOoBeHb (0003HAYEHBI “+).
DTa CUMBOJIMKA IMO3BOJISAET 3alUCaTh MATPUILy OJHOUM cTpokou. Hampumep,
st Matpursl [1DD 2° ¢ pas6uennem Ha 4 610ka, nMeem (Tadi.6.8).
(1) a b ab; c ac bc abc; d ad bd abd; cd acd bcd abcd.
Ta0Omuma 6.8
Marpuia nnana 2* ¢ pa3GueHneM Ha GI0KH
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=)

o | bykBeH-
HO€E 000- X1 Xo X3 X4
3HAYECHUE
Q) - - - -
a + — — —
b _
ab +
C —
ac +
bc —
abc +
d _
ad +
bd —
abd +
cd — —
acd
bcd — +
16 | abcd + + +

1-it 610K — 3TO cTapmapTHas marpuna I[1DD 2°;

2-ii OJOK TMoJy4yaeM, YMHOXkasi OyKBEHHbIE CTPOKU 1-ro Oioka Ha “C” uium
noBTOpss 1-i OJIOK HA BEpPXHEM YPOBHE X3;

3-i1 610K ToTy4aeM, yMHOKasi OyKBEHHBIC CTPOKH 1-ro Oyioka Ha “d”;

4-ii OIIOK ToJydaeM, YMHOXasi OyKBEHHbBIC CTPOKH 2-ro Oyioka Ha “d” mim
MOBTOPSS 2-11 OJIOK HA BEPXHEM YPOBHE Xy.

CymiecTByeT HECKOIBKO OTJIMYHBIN crIOCO0 pa3OueHns MaTpuilbl (PaKTOpHO-
ro miaHa Ha 6;oku. [TokaxkeMm ero Ha mpuMepe.

IIycTh HY’KHO MOCTABHTB YKCIIEPUMEHT 2 M H3BECTHO O YETHIPEX HCTOYHH-
KaX HEOJHOPOIHOCTH, KOTOPhIE MOTYT 3HAYMTEIILHO MCKa3WTh pe3ynbrarhl. Ciie-
JOBATEIHHO, HEOOXOIMMO Pa3eINTh MAaTPHUITYy SKCIIEPUMEHTA Ha 4 Onoka.

Pa3o0bemM Hamm ACHCTBUS HA OTICTBHBIC ITAITHI.

1. Onpenenennie koaudecTBa 3PGHEeKTOB B3aUMOJECHCTBUIN, KOTOPHIMH MOXK-
HO MpeHeOpeyb.

KonudectBo Takux 3(p¢ekToB omnpeaensieTcss YuciaoM CTeNeHeH CBOOOJIBI,
CBSI3aHHBIX C PA3THUUSIMHU MEXTy OJTIOKaMU:

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

rae T — uucio creneneit cBOOOIBL, N — KOJINYECTBO OJIOKOB.

2. Bwi6op 2 dexToB B3aMO1CHCTBHIA.

JIBa a(pdexra B3anMOAeHCTBUN, KOTOPHIMUA MOXHO TIPeHEOpEeUh, BEIOUPAIOT-
Csl ICXOJIS M3 alPpUOPHON MH(POPMAIIUK WM HarOO0JIee BEICOKOTO MOPSIKA CMEIIIH-
BaHUS. JTO X1XoX3 U XoX3X4.

Tpertnii 3GdEKT SBISETCS MPOM3BEACHUEM IBYX MEPBBIX. JTO XiXp X5 Xs =
X1X4, TAK KaK KBaJIpaT ypOBHS JIFOOOTO (hakTopa B KOJOBBIX NMEPEMEHHBIX BCETIIA
PaBEH eIMHULIC.
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3. ®opmMupoBaHUe TIEPBOTO OJIOKA

Dddexram B3auMoIEHCTBUH, KOTOPHIMH MOXKHO MpeHEOpedb, MPUCBANBAEM
OyKBEeHHOE 0003HAYCHUE:
X1XoX3 —abC;  XoXsX4 — bcd; XXy — ad.

B kadectBe mepBoro ombiTa 0sioka mpuHuMaem (1), roe Bce dakTopsl Ha
HIDKHHUX YPOBHSIX.

3areM BKIIIOYaeM B OJIOK T€ OMBITHI, KOTOPHIE UMEIOT YETHOE KOJIMYECTBO
OYyKB, COBIQIAIOIINX C CHMBOJIAMHU XOTsI OBI IBYX U3 TPEX BHIOPAHHBIX B3aUMOICH-
CTBUH.

Bropoii onsiT — bC (XX3) — OyKBEHHBIE CHMBOJIBI COBITAJIAIOT C ABYMS CHUM-
BOJIaMHU JBYX MEPBBIX OTOOPAHHBIX B3aUMOJICHCTBHIA.

Tperuii ombiT — acd (X3X3X4) — ABa OYKBEHHBIX CHMBOJIA COBIIAJAIOT C CUM-
BOJIAMH BCEX OTOOpPAHHBIX B3aUMOICHCTBUM.

YerBepthiit onbiT — abd (XyX2X4) — IBa CHMBOJIa COBIANAIOT C CHMBOJIAMH
BCEX TPEX OTOOPAHHBIX B3aMMOICHCTBHIA.

Torna nepssrii 6110k — 310 (1) be acd abd.

4. ®opMHUPOBaHHUE OCTATHHBIX OJIOKOB.

Breibupaem 11000 HEUCIIOIB30BaHHBIA OMBIT U YMHOXAeM Ha €ro OyKBeH-

HBII CUMBOJI Ka)K/IbIi 4JICH mepBoro 0yioka. MiMeem, BeIOpaB ombIT “a”, a abc cd
bd. Dt0 BTOpOIi OIIOK.

Jlnst monydyeHus: TpeTbero OJioka BbIOMpaeM JpYyro HEHCIOIb30BaHHBIN
OIBIT, HalpuUMep, b. YMHoOkas Bce WieHbI IepBOro 0J0Ka Ha €ro CUMBOJI, UMEEM:

b ¢ abcd ad.

AHAJIOTUYHO TSl 4E€TBEPTOTO OJI0KA, BHIOPAB OMBIT “d”’, nMeeM:
d bcd ac ab.

5. Hoctpoenue Matpuiis 2*, pazéuroit Ha 4 610ka (cm. Tad. 6.8).

AHanu3 O6JI0KOB B MaTpPUIIEe TTOKA3bIBAET, YTO B KAXKIOM OJIOKE, 32 UCKIIFOYE-
HHEM CMEIIIaHHBIX, CYyMMa CTOJIOIIOB paBHa HYJIIO (paBeHCTBO +1 1 —1).

CnenoBatenbHO, MEKOIOUHBIN 2PHEKT OTPa3UTCS TOJIBKO HA BEJIHYUHE ClIie-
ayromux ko3dduimentoB perpeccun: bo; by 4; D123 1 by34. Ocranbhbie KO3 GHIIH-
€HTbI OCBOOOKICHBI OT BIUSHHS HCTOYHUKOB HEOTHOPOJHOCTH.

[TomoGHBIE MIIaHbI HA3BIBAIOTCSI POOACTHRIMU (YCTOMYHMBBIMU) K Apeidy uimu
WHOM M3BECTHOM CHCTeMaTH4YeCKOM omnoke (Ta011.6.9).

Tabmma 6.9
briounslit mitan, pobacTHbIN K apeidy
No byksen-
bn |Hoe 3
H/ o .S T
OK |0003Ha- (\I(Y]ﬂ‘m##>(<\l>§3>(<\l>(<*]>(<\i
II x| | X x| X | x| <] X <] X
IOHUC | 21 31 w1 3] 2 <l <] o] 52 &1 <] <] 52 o1 <]
1 (1) N o o g
2 bc S 3 1 o ) U i 4 ) .
1
3 acd S o 1 o S )N [P S Y
4 abd SO IR N ) Y N Y
5 |2 |a FEY O U O R () D




6 abc Sl [ 1 [ Y R S R (4 A
7 cd Y O I ol I o [P R ) ) (R Y O
8 bd —|H =+ =+ == F| = F ||+
9 b S I R B O I [ [ 2 I
10 C R R R B R .
11 abcd || | | ] ] ] ]
12 ad S o Y[y Y ) o s
13 d 1 e (5 [ e
14 bcd I a1 R 1 [
15 ac PN N O N O e e
16 ab R[S N O N
7. 1JTAHUPOBAHUE NPOMBILIIVIEHHBIX OKCITIEPUMEHTOB

[InaHupoBaHWE W pean3alus SKCIEPUMEHTAIbHBIX HUCCIIEIOBAHUI B MPO-
MBIIIUICHHBIX YCJIOBUAX WJIM HA MPOMBINUICHHBIX arperaTtax M yCTaHOBKaxX 3HA4M-
TEJIBHO YCJIOKHEHBI M0 CPABHEHMIO C JaOOpPaTOPHBIMHU YCJIOBHUSIMU. B OCHOBHOM
ATO CBSI3aHO C OrPAHUYECHUSMH B BO3MOXHOCTH BapbUpPOBATh MEPEMEHHBIE (PaKTO-
pol. Tak, ecnu nuana3oH BapbHUPOBAaHMS Maj, TO BBISIBUTH BIMSHUE (PAKTOPOB Ha
napaMeTp ONTHUMU3AIMU HE YAACTCS, a €CIIM BEJIUK- TO PSJi PEKUMOB MOXKET BbIii-
T 3a JOMYCTUMBIE MPEAENbl, YTO MPHUBEAET K CHUKECHUIO KaueCTBa MPOAYKIUHU
WJIU TIPOU3BOIUTEIILHOCTH arperara.

J{nst AefCTBYIONIETO MPOU3BO/ICTBA XapPAKTEPHBI CIEAYIOIMINE OCOOEHHOCTH:

- BBICOKUI YPOBEHB CIyYalHBIX TOMEX;

- BPEMEHHOU Apeild napameTpos;

- OrpaHUYEHUSI U3MEHEHUI HE3aBUCUMBIX NTaPaMETPOB;

- HAJIMYKE 3HAYUTEIHLHOIO YHCIIa HEyIpaBIsieMbIX (haKTOPOB.

Bwmecre ¢ TeM, yeM aKTMBHEE BMEIIATEIBCTBO B UCCIIEyEMBIN MTpoIlecC (4em
OoJIbllIe JUATa30H BapbUPOBAHUSA), TEM BbIIIE BEPOSTHOCTh U3BJICUCHUS MOJIC3HOM
uHbOpMAIIH I TTOCTPOSHHSI MaTEMATUYECKOW MOJIENU WX JJIsl YIIPABJICHUS MPO-
neccoM. OHaKO MPU ITOM BO3PACTAET LI€HA UHPOPMALIHH.

KomnpomuccHoe COOTHOIIEHUE MEXAY KOJIMYECTBOM MoJiydyaeMod MHMOP-
MalMd U yuiepooM, MpUYUHIEMBbIM OOBEKTY B pe3yJbTaTe aKTHBHOTO JKCIIEpPH-
MEHTHPOBAHUS, JTOCTUTACTCS CIEHHATbHBIMU METOJAMHU TMOCTPOEHUS MPOMBIIII-
JIEHHBIX SKCIIEPUMEHTOB.

CdopmynupyemM OCHOBHBIE TPEOOBaHHUS K SKCIIEPUMEHTAM, TPOBOJTUMBIM B
MIPOU3BOJICTBEHHBIX YCIOBUSX.

1. HeoOxoauma o0s3aTebHasi BO3MOKHOCTh YCTAHOBJICHUS Pa3IuIui MeXK-
Ty 3HaYCHUSMH TTapaMeTpa ONTUMH3AIUNA B TOYKAX (PAKTOPHOTO MPOCTPAHCTBA HA
(dhoHe 3HAYUTETHHOM OMUOKH BOCITPOU3BOIUMOCTH.

2. Bo BpeMs peanuzaiuu 3KCIEeprUMEHTa TEXHUKO-dKOHOMUYECKHE TOKa3a-
TeJIM UCCIIEAYEeMOTo mpoliecca JTOKHBI ObITh OJU3KUMH K T€M, KOTOpPbIe OBbLIN 10
AKCIEPUMEHTUPOBAHUSL.

3. HeobxoquMo uMeTh BO3MOXKHOCTh ONTHUMHU3UPOBATH MPOIIECCHI, 00Ja-
JAOIIMEe BPEMEHHBIM JIperiom.
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4. BeruncnuTeabHble MPONEAYPhl JOJDKHBI ObITh MPOCTHIMU U yJIOOHBIMU
JIJIS1 BBITIOJTHEHUS B IPOU3BOJICTBEHHBIX YCIOBHUSX.

O1tuM TpeOOBaHUSAM YJIOBIETBOPSIOT OMNUCAHHBIE HUXKE METOJbI AKCIEPHU-
MEHTAJIBHBIX UCCIICIOBAHMUIA.

7.1. IBOIIOLIMOHHOE TJIAHUPOBaHME

OTOT BHJl TUTAHUPOBAHMS SKCIIEPUMEHTOB OOBIYHO MPUMEHSIOT IS JIBYX-
WIN TPeX(aKTOPHBIX MPOLECCOB, TAK KAaK NPH JAJbHEUIIEM YBEIMYECHHH YHCIA
(GakTOpOB BBIYUCIICHHUS CTAHOBSTCS TPOMO3JIKHUMH. B OCHOBY 3BOJIIOLIMOHHOTO
wianupoBanust (OBOII) monokeH miaH moJHO(AKTOPHOTO AKCHEPUMEHTA WU
JTPOOHOU PEIIUKY.

B OBOII npunsita cBost TepMHUHOIOrUA. Kaxk10e OTAEIbHOE COYEeTaHnuEe He-
3aBUCUMBIX MEepEeMEHHBIX ((haKTOPOB) WM CTPOKA MATPHUIIbI TUIAHUPOBAHUS HA3bI-
BaeTCs ONEPALMOHHBIMU YCIOBUSMH.

COBOKYITHOCTh OIIBITOB, 33[JaBa€MbIX MAaTPHULIECH IUIAHUPOBAHMS, WM OJHO-
KpaTHOE ITPOXOXKICHUE BCEX ONEPALMOHHBIX YCIIOBUI HA3bIBACTCS LIUKIIOM.

[TocnenoBaTeabHOCTh MapalIeIbHBIX AYOJIMPOBAHHBIX ITUKIIOB, BBIMOJIHSIEC-
MBIX JIJISl OTHUX U T€X K€ ONEPAMOHHBIX YCIOBUM, 3a/IaHHBIX MAaTPULIEH TUIAHH-
poBaHus, Ha3bIBaeTcs (Ha3oil.

B pesynbrare DBOII BeIUUCHSIOTCA TT0 KaXI0W U3 KOOPAUHAT (PaKTOPHOTO
npoctpancTBa 3¢ dekrsl Ej. Onm B 1Ba pa3a 0oibiie K03()PHIIMEHTOB perpeccuu
bj 1 onpeaensoTCs Mo aHATOTHYHBIM (hOPMYIIaM.

[Ipu 3BOJIFOLIMOHHOM IUIAHUPOBAHHUHM MOCTYJUPYIOT OJHOPOJHOCTH UCIIEP-
CU B TOYKAaX IUIAHA.

VYcraHoBieHUE pa3avyuMs MEXAY 3HAUYCHHSIMHU MapameTpa ONTHMHU3ALUU
ONMMPAETCA HAa MPUHIUI MAaTEMATUYECKON CTATUCTUKU: MPU MOBTOPHOCTH OIBITOB
B “N” pa3 TOYHOCTH CPEIHErO Bo3pactaer B “+/n” pa3. To eCTh CTABAT 3HAYMTEIb-
HO€ YUCJIO MapajieNbHbIX OnbITOB. Ilpyu mocrosiHHO paboTaromieil mpou3BOACT-
BEHHOU YCTaHOBKE 3TO HECJIOXKHO.

[Tocne peanuzanuu nepBoit ¢aszwl (puc.7.1) U BBIABICHUS HaWITy4IlIeH, MO
3HAUEHUIO BBIXOJHOTO MapamMerpa, TOYkd (Ha puc.7.l oTMeueHO 3BE30YKOI); B
Hee NEPEHOCAT LUEHTP clieytonieil (a3bl U peaiu3yloT SKCIEPUMEHTHI.

X2 ‘r
% — TOUKH
ONTHMAJILHOTO
BBIXO/1a

DA3A 4

3 4 DA3A3

5 DA3A 2

1 2 QA3A |

»
»

Puc.7.1. CxeMa 3BOJIIOIIMOHHOTO TIIIaHUpoBaHus ((aza
—[I®D 2%)
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[Tpu BBITIONIHEHUU IKCIEPUMEHTATBHON (ha3bl UMEET CMBICHT 100aBUTH B €€
LEHTP JONOJHUTEIbHBINA AKCIIEPUMEHT Ul OIpeeiaeHHs] (OpMbl (BBIIYKJIAs WU
BOTHYTasl) U CTENIEHU KPUBU3HBI IOBEPXHOCTHU OTKJIMKA.

To ecTh ob1iee uncio onbiToB pu IBOIT

N =2+ (k—1), (7.1)
rae K — 4mcio nmepeMeHHBIX (GaKTOpOB.

OCOOEHHOCTBIO BBIMOJIHEHUS U O0OpabOTKU Ppe3ylbTaTOB 3BOJIOLHMOHHBIX
HKCIIEPUMEHTOB SIBJISIETCS METOJMYECKOE YIPOILIEHUE MPU €CTECTBEHHOM CHHKE-
HUU TOYHOCTH, a TAK)KE UCIIOJIb30BAHNUE CIIELUATIBHBIX KapT.

CpenHee KBaJpaTHUECKOE OTKIOHEHUE HAXOAAT 1o opmyIie

c=R-d, (7.2)
rae R — pa3max B BEIOOpKE MapayuienbHBIX ONbITOB; d — TaOMMuHbIN KO3 UIIHEeHT
(d =0,34-0,46).

3HAYUMOCTb JIMHEWHBIX 3(PPEKTOB OLEHUBAIOT CPABHEHUEM HMX BEJIMYHUH C
JIBYXCUTMOBBIM JJOBEPUTEIBHBIM HHTEPBAIOM A!

20

ﬁ '

EJ‘>A= (73)

rze N — KOJM4YEeCTBO IIUKIIOB.

Paccmotpum metoauky DBOII Ha npuMepe 1ByXypOBHETO JBYX(aKTOPHOTO
IUIaHA.

1. Bo16op 1nieHTpa miaHa.

B kaudecTBe HyseBOM TOUKU (LIEHTp IJIaHa) BHIOMpPAaEM ONTUMAIbHBINA TPOU3-
BOJICTBEHHBIH pEXUM UM CTaHJAPTHBIE IPOU3BOJICTBEHHBIE YCIOBUSI.

2. Bp100p OCHOBBI IJ1aHA.

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

3. 3anuch MaTPUIIBI TUIAHUPOBAHUSI.
N X1 X5 X1X2

— — +

+ _ —

g b~ W N -
|
o +| +

4. Peanu3zanus ABYX MEPBbIX LIUKIIOB.
n (1 |2 |3 |4 |5

Yii | Y11 | Y12 | Y13 | Y14 | Y15
Yoi | Yo1 | Y22 [ Y23 | Y24 | Vo5

5. BbIuKMCI€HUE CPENHETO BBIXO/IA 11O OTIBITY:

1 n
Yi :aZin - (7.4)
u=1
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Ipumep: y, =% €11+ Y21 _, ¥ B PE3YNIbTAaTE UMEEM:

N 1 2 3
Vi Y1 Y2 Y3 Ya Y5

D
ol

6. Beraucnenue 3¢ exToB mo gaxropam.

N N
2> Vixj 2> YiXjiXyi
=

_op. =l B
\ Ej—ZbJ— I N ) jr= N (75)
Ipumep: E,=2¢ y1+y24—y3 V4. g, 2¢y1—y24+ Y3+Ya_.
B 291-Y2-V3 +Ya_
12= -
4
7. Beruuciienue pasmaxa.
R= cu,i “Yusli nax ﬁu,i ~Yusli min? (7.6)
Tae Vi — CPeIHHH BBIXOA U-TOTO M MPEABIIYIINX IUKIOB B I-X OMEPAI[OHHBIX

YCIOBHAX, Y41, — BBIXOJ u+l-ro OUKJIa B I-x OIICPALIMOHHBIX YCIIOBHAX.

[Tpu mOBeIEHUH BTOPOTO ITMKJIA BBIXOJ OIBITOB IEPBOrO IMKJIA CUUTACM
CPETHUM, T.€. Y1; =Yy,

Ilpumep:
N 1 2 3 4 5
Yu,i Y11 Y12 Y13 Y14 Y15
Yu+li Y21 Y22 Y23 Y24 Y25
Yui = Yusti | I —I3 ! I's
[Ipumeua- i
— max min
R=¢n —€r; . (7.7)
8. Pacuer cpeHero KBaipaTU4ecKoro
c=R-d.
9. OnpeneneHne TOBEPUTEIIHBHOTO ABYXCUTMOBOTO HHTEpBAJIA
A28
T

10. Onpenenenne 3Ha4UMOCTH 3PHEKTOB.

10.1. Ej| < A, 1. e. 3¢ dexThl He3HAUUMBbl. He00X0IMMO BBITIOJIHUT TPE-
TUM UK ¥ TIOBTOPHUTH II. 11. 5.

10.2. | E; | > A, T.e. 3¢ dexTsl 3HaUNMBbI (WU OAWH U3 YPPEKTOB), U MOKHO
nepexoauTh K HOBOM (ase.

11. ITocTpoeHrie HOBOM MAaTPUIIBI.

B kauecTBe HyNeBOW TOYKHM BhIOMpAeM OIEpAIMOHHBIC YCIOBHUS TPEIBITY-
et (a3pl ¢ ONTUMATBHBIM BBIXOZIOM (Hampumep, Touka 4 Ha puc.7.1). Ilpu nepe-
X0JIe K HOBOM (pa3ze MOKHO M3MEHATH BETUYMHY WHTEPBAJIOB BApbUPOBAHUS U Jla-
xe camu (paktopbl. HoBbIN miaH He 00s3aTenbHO JOJDKEH ObITh KBaapaTtoMm. OH
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ObIBaeT U MPSIMOYTOIBHUKOM. /{7151 BTOpOit (pa3bl Oepem JOBEpUTENbHBIN HHTEPBAT
s dexToB U3 nepBoi (pazbl, cCUUTAas €ro AMPUOPHO U3BECTHHIM IS (a3sl 2.

Takum oOpa3oM, cTaTUCTUUYECKUN aHanu3 pe3ynbraroB npu DBOII npoo-
JAT MOCIEA0BATEIBHO MOCIE KaXI0T0 UKIIA.

Cnengyer MMeTh B BUIY, YTO (PYHJIaMEHTAJIbHEUIIUM OTIIMYMEM IPOMBIIII-
JICHHBIX 3KCHEPUMEHTOB OT JIA0OPATOPHBIX SIBJISAETCS HPKOHOMUYECKUH (PaKTop.
[ToaToMy 1ieHa 3a nmonydeHHyo uHdopmaruio npu IBOII He nomkHa OBITH CIMII-
KOM OO0JIBIION (pOCT Opaka MUiu pa3iajka YCTAaHOBOK ITPHU IKCIIEPUMEHTAX ).

7.2. llocienoBaresibHOEC CUMILIEKC-IVIAHUPOBAaHHE

OnHUM U3 SKCIEPUMEHTAIILHBIX METO0B, MPUMEHSAEMBIX B MPOMBIIIUICHHBIX
YCJIOBUSIX, SIBJIIETCS] CUMILICKC-TIIIAaHUPOBAHUE.

OrtoT Meton Obul mpemioxkeH B 1962 rogy CnenmneeM, Hekcrom u Xum-
CBOPTOM.

CHuMIIEKC-TUIAaHUPOBAHUE — 3TO MOCIEAOBATEIbHOE IIArOBOE JIBUKEHUE K
ONTUMYMY IMOBEPXHOCTU OTKJIMWKA. [ MeTOIa XapakTepHO COBMELICHUE U3YyYe-
HUS TOBEPXHOCTU OTKJIMKA W MEPEMEMICHUS MO0 HEH. DTO JOCTUTAETCS TEM, YTO
HKCIIEPUMEHTHI CTABSITCS TOJBKO B TOUKaX (haKTOPHOTO MPOCTPAHCTBA, COOTBETCT-
BYIOIIIMX BEPIIMHAM CUMILIEKCA.

I-MEpHBI CHMIUICKC TPEICTABISET COOOH BBIMYKIYI0 (GUTYpy, 00Opa3oBaH-
Hyto i+1 Toukamu(BepmmHamu). OYEBHUIHO, YTO YHCJIO BEPIIMH CHMIUICKCA Ha
CAMHUITY TTPEBOCXOJIUT PAa3MEPHOCTh (PAKTOPHOTO MPOCTpaHCTBa. Tak, Ha MIOCKO-
CTA CHMIUIEKCOM SIBJISIETCSI TPEYTOJIBHUK, B TPEXMEPHOM NIPOCTPAHCTBE — TETpa-
3JIp, HA OTHOMEPHOM OCH — OTPE3O0K MPSIMO.

CuMIIEKC Ha3bIBAETCA PETYJISPHBIM, €CJIM BCE PACCTOSIHUS MEXIY €ro Bep-
IIMHAMU paBHBL. Ha MI0CKOCTH — 3TO paBHOCTOPOHHUMN (NIPABUIIBHBIN) TPEYTOJIb-
HUK. HenpaBuibHBIN CUMIUIEKC MOXKHO BCETZla Tpeo0pa3oBaTh B PETYISIPHBIN 1Ty-
TE€M KOJUPOBaHUs (PaKTOPOB MO OOBIYHBIM (POpMyIIaM.

B ocHOBe mpuMEHEHUs CHUMIUIEKCA ISl LIEJIEH ONTUMHU3ALMKU JICKUT Clie-
JYIOIIee €ro BaKHOE CBOICTBO: U3 JIFOOOT0 CUMILIIEKCA MOKHO, OTOPOCUB OAHY M3
BEPIIMH W UCIOJb3ys OCTaBIIIYIOCS TPaHb, MOJYUYUTh HOBBIM CHUMILIEKC, JOOABUB
BCEro JIMIIb OJIHY TOYKY (puc. 7.2). U3 cumriekca 1, 2, 3, otOpocuB Touky 1 u uc-
TOJIb3YS TPaHb 2-3, OJIydaeM HOBBIA CUMIUIEKC 2, 3, 4, TOCTPOUB TOUKY 4.

Xy

>

X2

Puc. 7.2. JIByMepHBIi CUMILJIEKC Ha MIOCKOCTH
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[IyteM mociegoBaTEIbHOIO OTOpPACHIBAHUSI BEPIIMH MOXKHO OCYIIECTBIISITh
nepeMenieHre cUMIuiekca B (haKTOPHOM MPOCTPAHCTBE MPU KaKIOM MOCIETYI0-
IeM DKCIIEPUMEHTE.

Ecnu mpoBOIUTh 3KCIIEPUMEHT B BEpPIIMHAX CHUMILIEKCA, TO MOKHO HaWTH
HaIpaBJIeHUE MAaKCUMAJbHOTO HAaKJIOHA IMOBEPXHOCTU OTKJIMKA MO PE3yJbTaTam
onbITOB. OHO MPOXOIUT U3 LIEHTPA CUMILUIEKCA Yepe3 rpaHb, MPOTHUBOMOJIOKHYIO
BEpIIMHE (BBIXOY SKCIEPUMEHTA) C “TIIOXUM’ KaueCTBOM. JTO HaIpaBliEHUE MO-
Ka3aHO cTpenakamu Ha puc. 7.2. Takum oOpa3zoM, oTOpackiBas TOYKY C HEYJOBIIE-
TBOPUTEIbHBIM 3HAYCHHEM BBIXOJA, CTPOMM €€ OTPaKCHHUE U TOJy4yaeM HOBBIN
CUMILIIEKC.

JocTurHyB o0JjlacTH SKCTpEMyMa, CUMIUIEKC HAYMHAET BPAIAThCsl BOKPYT
CBOEH TOUYKM C 3KCTPEMaJIbHbIM 3HaUYE€HHEM BbIXoJa (Touka A Ha puc.7.2), 4To Of-
pezenseT KOHell mpoliecca ONTUMHU3AIUH.

Cpeaun pasinv4HBIX METOJOB IOCTPOCHHS UCXOIHBIX CHMIUIEKCOB CIIEIYET
OTMETUTH JIBa HauboJjee ynoTpeOUTENbHBIX.

1-1i1 éapuanm.

OpnHy U3 BEpIIMH CHUMILUIEKCA [TIOMENIAI0T B HAYAJI0 KOJUPOBAHHBIX KOOPAU-
HaT. OcTajabHbIe BEPIIMHBI PACIIONAraloT TakK, 4YToObl pedpa, BBIXOJAIIME U3 Ep-
BOI BEpUIMHBI, 0OPa30BbIBATIM OJAMHAKOBBIE YIJIBI C KOOPJAUHATHBIMU OCSIMH (pHLC.
7.3, a). icxoHbIN TU1aH, COCTABIISIFOIINN I-MEPHBIA CUMIUIEKC, OPUEHTHPOBAHHBIN
yKa3aHHBIM 00pa3oM, MOXHO MPEJCTaBUTh MaTPULIEH
P02 03 ... G ... Ok-1 Ok
0y P2 03 ... Gj ... Ok-1 Ok

Ar=01 02 P3 ... 0j ... Ok-1 Qx| (7.8)
00 0O0OO0OO0 O O
rac
1 - h
i=—WQi+1-1, 7.9
Qi 2 _ ( )
P=gi+—, i=1,2,3..k dakTopos. (7.10)
V2
Xy A XZ}\
o oy = Oy
2 (X1 =qi; X2 = P2)
1 (X1 =piXx2=0q) 2 (x; =~-Ry; x9|=13) L =
(X1 =T1;%X =1
o 7 15115 X2 ;
3 (x;=0;%x,=0) X X
3 (x1=0;%=-Ry)
a)
0)

Puc.7.3. IlocTpoeHne Ha4aIbHOTO CUMILIICKCA:

65



a — 1o Bapuanry 1 (maTtpuua A;); 6 — o Bapuanry 2
(Matpuiia Ay)

[Tpu rcmonp30BaHUK MATPHUIBI HEOOXOIMMO BBIICTUTH YaCTh, COIEPIKAIIYIO
I-ctos0110B ((hakTopoB) u (i+1)-cTpok (BepiinH cumiuiekca). Kakaas crpoka Mart-
PHUIBI COOTBETCTBYET OJTHOMY SKCIIEpUMEHTY. Touka B Hadajie KOOpJUHAT MMEET
KOOPIMHATHI HOJIb TTI0 BCEM OCSIM.

2-it eapuanm.

B Hauano koopAMHAT MOMEIIAIOT LIEHTP CUMILIEKCA, a OHY U3 BEPIIHMH pac-
10JIararoT Ha OJHOM u3 oceil (puc.7.3,0). Toraa KoOpAMHATHI BEPIIMH CHUMILIEKCA
ONPENEIAOTCA MATPULIEN

I'l r2 ri rk_l I'k
-Ry o o Ik
0 —-Ry ...t oo 1 I
Ay=| o e kA ke (7.11)
0 0 ...0...—Rk_1 I'k
0 0 ...0... 0 -Rg
re riz; (7.12)

J2id+1

i .
R = /ZM:, i=1,2,3..k (7.13)

N3MeHuB B MaTpulle 3HAKA Ha IMPOTUBOMOJIOKHBIC, MOJYYHM CHUMILIEKC,
CHUMMETPUYHBIA JAHHOMY OTHOCHUTEIIBHO Hayaja KoopAuHAaT. Yucio OmnbITOB B
CUMIUIEKCHOM MaTPHUIIE PABHO YHCIIY BEPIIMH CUMILIEKCA.

JIJisi IpakTHUYeCcKOoro MOJIb30BaHUS MATpUlleld y/IoOHee MpeCTaBUTh €€ B
YHUCJICHHBIX 3HAYCHUIX (HarpuMep, s ST (aKTOPOB):

1,000 0,259 0,236 0,219 0,20 05 0289 0204 0158 0129
0,293 0,966 0,236 0,219 0,20 -05 0289 0,204 0158 0129
A 0,293 0,259 0,943 0,219 0,205 A 0 -0578 0,204 0158 0129 .
1= 2=

0,293 0,259 0,236 0,926 0,205’
0,293 0,259 0,236 0,219 0,91
0,293 0,259 0,236 0,219 0,20

0 -0,612 0158 0129
0 0 -0,632 0129
0 0 0 -0,645

o O o

OCHOBHBIMH MIPEUMYIIIECTBAMHU CUMILJIEKCHOTO TUIAHUPOBAHUS SBJISIOTCS:

- 3HAYUTEIIbHOE COKPAILLEHUE YUCIIA IKCIIEPUMEHTOB;

- OTCYTCTBUE HApyIICHUsI OOIIEro JABIKECHUS K ONTHUMYMY TMPHU HEMpPaBUIIb-
HOM OpHEHTAIIMU OJTHOTO U3 CUMILJIEKCOB, BHI3BAHHOW OIIMOKOMH OIbITA;

- BO3MOXKHOCTB JI00aBJISATh B MPOIECCE peai3alliy TIaHa JOTOJIHUTEIIbHBIN
dakTop.

B nocnennem citydae TpeOyeTcsi JOMOJHUTEIbHBINA OIBIT.

K HegocTaTkaM CHMIUIEKC—IIJIAHOB CIIEIYET OTHECTH HEBO3MOXHOCTH MpEa-
BApUTEIIBHOM pa3pabOTKH AKCIIEPUMEHTAIbHBIX TUIAHOB M KOPPEKTHUPOBKH MHTEP-
BAJIOB BapbUPOBAHUS B XOJI€ AKCIIEPUMEHTOB; NMOATOTOBKY IOCIECAYIOUIEH CEpUH
HKCIIEPUMEHTOB TOJILKO TIOCIIC peaM3alii MPEIbIIYIIeH; OrpaHuueHHYI0 HHPOP-
MAalHI0 O XapakTepe MOBEPXHOCTU OTKIIUKA.
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PaccMoTpuM Ha YHCIEHHOM NOpUMEpE MOCIEI0BATEIBHOCTh 3TAllOB CHUM-
MJIEKC—TUTAHUPOBAHUS SKCTPEMATIbHBIX SKCIIEPUMEHTOB.
1. [TocTaHOBKa 3a/1a4u UCCIIEIOBAHUS.
Ilpumep:
OnTuMu3alms TeoMeTpuu KOHIEBBIX (Ppe3.
2. Be16op BbIX0/1a (OTKIIMKA).
Ilpumep:
Croiikocts ppe3 T B MUH.
3. Bribop nepeMeHHBIX (PaKTOpPOB.
Ilpumep:
3aJIHUM yToJa O B Tpaaycax,
NepeHNui yTroi Yy B rpaaycax,
MIMpUHA JeHTOUKH f B MM.
4. OnpeneneHne BO3MOKHOM TOUHOCTH U3MEPEHUS U 3a/1aHus (DaKTOPOB.

Ilpumep:
Ao = £b';
Ay =15,
Af=0,005 mM.

5. YcraHoBNIEHNE UCXOHBIX JaHHBIX: 0a30BOTO ypOBHSA (IIEHTpa HAaYaJIbHO-
ro CUMILJIEKCA) U UHTEPBAJIOB BapbUPOBaHUS (PAKTOPOB.

BenrunHa 0CHOBHOTO YpOBHS i-T0 (DaKTOpa B HATYpaIbHBIX MEPEMEHHBIX Xig
COOTBETCTBYET CPEIHEMY apU(PMETUUECKOMY HCCIIETyEMBIX YPOBHEH (PakTopa.

X3 +Xi .
XiO — max min . (714)
2
BenuuuHbl IpefesbHBIX 3HAUCHUH HccienyeMblx (akTopoB (x; X, . )
max min

YCTaHABJIMBAIOT Ha OCHOBE allPUOPHBIX JAHHBIX WM ONbITA U UHTYUIIUU UCCIEN0-
BaTeJI.

HNHutepBanbl BappupoBaHus AX; TOJKHBI IPUMEPHO HA MOPSIAOK MPEBOCXO-
JIUTh BO3MOXHBIE OMMOKK n3MepeHuid pakrtopos (m.4). C 6a30it (HyJIEBBIM ypOB-
HEM) Xjo HHTEPBaJIbl BAPbUPOBAHUSI CBSA3aHBI BEIPAKECHUEM

AXp =X =X - (7.15)
Ilpumep: 1abn.7.1.
Tabnuua 7.1
VcxonHble JaHHBIE CHMITIEKC—TUTaHa
O6o3nauenue | Pazmep- baza WNuTepran
bakTopoB HOCTb BapbUPO-
HATy- | KOJO- BaHHUS
paibHOE | BOE
o X1 rpaj 14 4
Y X2 rpaj 15 6
f X3 MM 0,5 0,3
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6. OnpeneneHue KOOpAMHAT HAYAJIBHOTO CUMILIEKCAa B KOJOBBIX MEPEMEH-
HBIX.
JUJIst 3TOTO CTPOWTCS MaTpHIla MCXOMHOTO CHMILIEKCA, KOTOpas SBISETCS
TUTAHOM TIEPBOM CEpUU IKCTIEPUMEHTOB.
Ipumep: 3-hakTOpHOE CUMILIEKC—TUTAHUPOBAHHUE.
05 0,289 0,20
~|-05 0,289 0,20
| 0 -0578 0,20
0 0 -0,61
7. Tlepexo OT KOAOBBIX K HATypaJIbHBIM MEPEMEHHBIM HA4YaJIbHOTO CHM-
TUIeKCa.
[Tepexon BeIMOTHSETCS IO OpMYIIE
Xi = AXj - Xi | + X (7.16)

IA€ Axj — UHTEPBAJI BADbUPOBAHNUs B HATYPAJIbHBIX ITIEPEMEHHBIX; Xiy =

3HAYCHUE (HaKTOPOB B KOJIOBBIX MEPEMEHHBIX; X;, — 3HAYCHHE 0a3bl B HATY-

palbHBIX IEPEMEHHBIX.
Ipumep. KoopauHaTsl 110 ocu X; pakTopa o Juisl BEPIIUHBI |
X1 =4-0,5+ 14 = 16,
JUIS1 BEPIIWHEI 2
X; =4-(-0,5) + 14 = 12,
ISl BepuuH 3 u 4
X3 =40+ 14 =14,

KooprHatel OCTabHBIX BEPIIMH UCXOJHOIO CHUMILIEKCA PACCUMTAHbI aHa-

JIOTUYHO U CBEJEHBI B Ta0I. 7.2.

Tabnuua 7.2
KoopauHaTel BEpIIMH UCXOIHOTO CUMILIEKCa
Cum- | Bep | Koopaunara o 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. Peann3zanus miiana nepBoil CEpuu IKCIEPUMEHTOB
Ilpumep (1a61.7.3).
Tabmuma 7.3
Pe3ynbraThl 1-i cepun SKCIEPUMEHTOB
Cunm- BBVIXOJI
Bepmmna (cToMKOCTb
JIEKC
T, MuH)
1234 1 37,3
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2 31,5
32,5
4 40,0

w

9. Be1bop Hauxy/IIero BeIXoa
Ilpumep: onwiT 2 B Tabm1. 7.3.

10. ITpoBoguTcst “oTpaykeHue” HaWXyIUIEd TOYKH OTHOCHTENIBHO LEHTpa
MPOTUBOMOJIOXKHOU rpanu. KoopanHaTel HOBOM TOUKH HAaXOATCS MO (hopmyIie

k
ZZXi
=1

X! = i_k ~Xor6p » (7.17)

e N — HOPSAAKOBBIA HOMEP BEPUIMHBI “HOBOTO” CHMILIEKCA; » X; — CymMMa (ak-

TOPOB B HATyYpPaJbHBIX IICPECMCHHLIX BO BCCX BCPIIMHAX CHMIIJIICKCA KpPOMC
OT6pOHICHHOI>'I; Xotop — 3HAa4YCHUC (baKTopa B HAaTypaJIbHBIX IICPCMCHHBIX B OT-

OpOIIICHHOM BEpIIMHE CUMILICKCA; | — MOPSIKOBbIA HOMep daktopa (I = 1, 2,
3 ... k); k—uncino pakTopoB (MepHOCTH (haKTOPHOT'O MPOCTPAHCTRA).
Ilpumep.: KOOPAMHATHI TIATOTO PKCIICPUMEHTA:

5 2€6+14+14° 5 2€67+115+15
1:— =

~12=17°; X3
3 3

20,56+ 0é56 032 15604 Mm.

11. Peanuzyem SKCIIEpUMEHT BO BHOBB IOCTPOCHHOW BEPIIUHE CUM-
TUTeKCa.
Ilpumep: (Tabmn.7.4).

~

=-16,7=121°,

x5

Tabnuna 7.4
Pe3ynbTaThl 3KCIIEpUMEHTA 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 mm
MUH

[TocnenoBarenbHOEe OTOpachIBAaHUE BEPIIMH CUMILIEKCA U HAXOXICHHE KO-
OpAMHAT HOBBIX BEPIIUH (JIBM)KEHHE CHUMIUIEKCA B (DaKTOPHOM MPOCTPAHCTBE)
MPOJI0JKAETCSA, TOKA HAOIIOAAETCsl pOCT KPUTEPUSI KauecTBa (BBIXOHA).

[Ipumeyanus:

1) sKcepUMEHTHl MpEeKpalaloTcs TOrAa, Korja CUMIUIEKC HauyMHAEeT Bpa-
IaThCsl BOKPYT TOYKH ONTUMYyMa WA XOTs Obl OJJHA U3 HATypaJIbHBIX KOOpPJMHAT
HOBOM BEpUIMHBI CUMILJIEKCA HE UMEET (PU3NUECKOr0 CMbICIIA U3-3a CBOCH BEJINYH-
HBI.

Ilpumep. 1a61.7.5.
Tabmuma 7.5
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PGBYJ'IBTEITLI OKCIICPUMCHTOB

Ho- | Cum- | Bep- X1 X5 X3 y

Mep | IJICKC | IIMHA

OIIbI
Ta
6 1564 6 17,3 | 17,7 | 0,29 | 47,2
7 7564 7 165 | 13,2 | 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 (a3xcnepumenT NelQ) Benmuuna nenTouku (f = 0,01 mm) cmm-
KOM Majia U HE MOXKET ObITh PEKOMEH0BaHa JJIsi TPOU3BO/ICTBA;

2) mpu ABUKEHUU CUMILIEKCA B (PAKTOPHOM IPOCTPAHCTBE MOKET BCTpE-
TUTHCA YACTHBIA ONTUMYM, MEHBIINNA UCTHHHOTO. KpUTepusiMu 1Sl OLIEHKU OINTH-
MyMa SIBJISIFOTCSI AlIPUOPHBIE JAHHBIE U OMBIT UCCIIEA0BATEIS;

3) eciu moclie “oTpaxeHus” HauXy e TOUKY CUMILIEKCa MOoTyuyeHa HOoBast
TOYKa, KOTOpPasi B HOBOM CHUMILIEKCE TAK)KE OKaKETCsl HauXyJuleil, TO HeoOXoau-
MO, BEPHYBUINCh K MPEKHEMY CHUMILUIEKCY, ABUTATbCA U3 HErO, OTOPOCUB TOUKY,
KOTOpas OyieT Hauxyllel, eclii He CUUTaTh IEPBOL;

4) B HEKOTOPBIX CIIydasgX MOKET OKa3aTbCs, YTO IMPOLIECC, KOTOPBIA pac-
CMAaTpPUBACTCs KaK 3aBUCSIIHNA OT | (haKTOPOB, HA CAMOM JIeJIe 3aBUCHT €Ile OT Ka-
KOro-HuOyab (i+1)-ro dakTopa, BeIMYMHA KOTOPOTO B MPOIIECCE MPOBEACHHS IKC-
NIEPUMEHTOB HE U3MEHSJIACH.

[Ipu 3TOM MOXKHO “mOCTpOoUTh” cuMILIEKC 10 (i+1)-MepHOTO, BBOMISI TOJIBKO
OJTHY HOBYIO TOUKY. JIJIs 3TOro K To4kam “‘craporo’ mpoctpancTsa ¢ (i+1)-i Koop-
JMHATOM, paBHOW 0, HAJI0 MPUCOCAMHUTS CIIIE OJHY TOYKY, KOOPIUHATHI KOTOPOM

Xixs Xog -+ Xigqs Xiedq =0+ hpaq. (7.18)
31€ech X, — CpelHue apu(PMETHYECKHE 3HAYEHUS U3 COOTBETCTBYIOILNX 3HAYECHUI
KOOPAMHAT “OPEeAbIIYIIEr0” CUMIUIEKCA B HATYPAJIbHBIX IEPEMEHHBIX, PABHBIE:

k
DX
= i=1

n= y

Xj

L (7.19)

riae K — MepHOCTB “cTaporo” (hakToOpHOro MPOCTPaHCTBA (YHUCIIO (GaKTOPOB); m
— KOJIMYECTBO BEPILIUH “CTaporo’” CUMILICKca; | — HHAEKC HoMepa dakTtopa (i
=1, 2,3 ... K); 1 — uHAEKC KOOpAUHAT, JOOABOYHON TOYKH “‘HOBOTO” CHM-
TJIEKC.

3nauycHue gonojaHuTenbHOro (K + 1) hakropa HaxoauTcs mo Gopmyiie
Xk41n = d+hyy=d+ AXg1n QRuy1+ rk+l:l (720)
rae d — Benmnuuna (K + 1)-ro dgakTopa, KOTOpas B mpoiiecce MPOBEACHUS IKCIIEPH-
MEHTOB 0 “‘CTapOMy’’ CHUMILIEKCY HE YUYHUThIBAIacCh, HO OCTaBaJaCh MOCTOSIH-
HOW (B HATypalbHBIX IEPEMEHHBIX); Axy,;, — MHTepBaa BapbupoBaHus (K +
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1)-ro ¢akTopa B HATYPaTBHBIX MEPEMEHHBIX; Ry, iy — PAAUYCHI OIMCAHHON

Y BIIMCAHHOMW cep cumIieKca pasmMepHocTsio K + 1.
TIpumep: pu UCCIIEAOBAHUN CTOMKOCTH (hpe3 HEe YUMTHIBAJIOCH BIMSHUE UX TBEP-
noctu, paBaoe 60 HRC (d = 60).

[MpunumaeM: Axy,q, =Axq =10 (MHTEpBAJI BAPEUPOBAHUS),
X i1y =X4 =0=60 (6aza).

PaccunthiBaeM 3HaueHusi 4eThIpex ¢akTopoB i 10-if Touyku “HOBOro”
cumiuiekca 7, 9, 6, 8, 10.
_10 165+188+17,3+199
XlI[ = 4
X =60+10- €,632+0158 =679.

[Tocne peanuzaiuu 3TOro KCIEPUMEHTa HEOOXOIMMO BBISIBUTh HAUXYAIINI
BBIXO/ 1 BO30OHOBUTH MPOIIECC “‘OTpakeHUs1” OTOPOIICHHBIX BEPILIUH.

12. IToBTOpUTH SKCOEPUMEHT B TOUKE ONTHUMYyMa JJIsl YCTPAHEHUSI BO3MOXK-
HBIX OLIMOOK U MOBBIIIEHUS TOCTOBEPHOCTU JIAHHBIX.

CrnemyeT OTMETUTh, UTO CUMILIEKC-TUIAaHBl OTHOCSITCA K HACHIIEHHBIM (YHC-
JIO OTIBITOB PABHO YHUCITY KO3((UIIMEHTOB B YPAaBHEHUHU PErpeccrun). ITO Kacaercs
MaTpULbl IEPBOTO (MCXOAHOT0) CUMILIIEKCA U JIMHEHHON PErPECCUOHHON MOJIEIIH.

B maTpuile CUMIUIEKCHOrO IUTaHa COOIIOAAETCSl YCIIOBUE OPTOrOHAIBHOCTH

~181; X5 =156; X3 =016;

N N
Y xj=0 M He coOmojaercs yclIOBHE MAapHOH OPTOrOHANBLHOCTH » XjiXyj#0 H
i=1 i=1

N

HOPMUPOBKH fo, #0. OTu mianbl poratabenbHbl. B momoOHbIX miaHax ko3ddu-
i=1

[IUEHTHI TMHEWHON MOJIETN ONPEEIISIIOTCS TT0 GopMyiam

1 N N
bOZNZYi , bj=2) X, (7.21)
i=1 i=1
a UX JUCICpCus
S =2832,. (7.22)

CrnenoBatenbHO, KO3()PUIMEHTHI, HAIEHHBIE 110 CUMILIEKC-TUIaHY, OIpeie-
JISIFOTCSL ¢ MEHBIIICH TOUHOCTBIO, YE€M TI0 IMOJTHO()AKTOPHOMY TIIaHY.

AJZIEKBATHOCTH MOJYYEHHOU JTUHEHMHON MOJEIN MOXKET OLIEHUBATHCS TOJBKO
Ka4E€CTBEHHO I10 BEJIMYMHE PA3HOCTH

k
V- 22 vi-Y | (7.23)
i=1

r7ie Y, — DKCIIEPUMEHTAIbHOE 3HAYCHUE BBIXOJA; Y — 3HaUeHUE BHIXOJa B "XOpo-
mux" BEpIIMHAX CHMILIEKCA; Y - HAMXyJIIee 3HAYeHHe BbIXoa (y 0TOpo-
IICHHOW BEPIIUHBI); K — 4nCII0 (GakTopoB.

Yem OompInie 3Ta BeIMYMHA (PA3HOCTh MEXKIY DKCIIEPUMEHTAIBHBIM M pac-
YCTHBIM 3HAYCHUSMHU BBIXOJIa), TEM MEHEE BepHa THIoTe3a 00 aJleKBaTHOCTH JIH-
HEWHOU MOJICIIH.

Takum oOpa3oM METOAWKA CHMIUICKCHOTO TUTAHHPOBAHUS SKCIEPUMEHTOB
MOJKET 0aTh JIOIOJIHEHA.

13. PacyeT nucniepcuu BOCIpOMU3BOAUMOCTH (Tab11.7.6)
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Ne IIman Breixon
o [Ipumeqa-
ol X X2 | Xs Yik | Yik | Yik | Vi HUE
1105 0,280,20| 37, | 36, | 38, | 37,
’ 9 4 1 1 3 | BeImonHe-
0,28 10,20 31, | HO TOJBKO
21705 9 4 | | 5 TpU ma-
— payienb-
3| 0 |057 0’20 - = | = 312 ' | HBIX OIIBITA
8 B BEPILIMHE
- CHUMILIEKCA
al oo o6l - | - | - %] NI
0
2
n _~
) kZ:l(/k Y- @71-373% €67-3732 1 €81-3732
Sy: = = = = =0,52.
n-1 3-1
14. Pacuer ko3¢ duimeHToB ypaBHEeHHs perpeccun (1adm.7.7).
No IIman Brixon Pacuer
o/ | X1 | Xo | X | Vi X1Yi X2Yi X3Yi
I
105 0’58 0’20 37,3 | 18,65 10’7779 7,6092
2|05 %% 1% 315 | 1575 | 9,105 | 6426
3| 0 [057 0.20 32,1 0 18,553 | 6,5484
4
8 8
4|1 0 0 |0,61]40,0 0 0 —24,48
2
140, -
> 9 29 |1,3294 3,8964

15. Pacuer 3HaunMocTtu ko3 duireHToB perpeccunt (Tadm.7.8).

y =35,225+5,8x1 +2,6588x% —7,7928% .

| Ne| Koodbu- |

Kpurepnii CterofeHTa

’ BeiBog ‘
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[IUEHTHI

n/ pacyeTHbII TaOJIMYHBII

I

1] 35225 345 >

2| 58 569 >

3| 2,6588 2607 < 4,303 Hesna-
YUM

4| 7,7928 764 >

Sh=4255 =4/2-0,52=1,02; t, :%xmz =4,303.

16. OueHka aIeKBaTHOCTH JIMHEHHON MOJIEIU

407 _E €73+321+ 40,0}31,5} =013.

[IpruHMMaeM rumnoTesy o JIMHEHHOW MOJEIIH.

Takum o0Opa3oMm, UTOTOM TPOBENICHUS CUMILIEKC—IUIAHUPOBAHUS SIBIISICTCS
3HAHHWE OITUMAJBbHOIO 3HAYECHUS ITapaMeTpa BBIXOJA U BEIMYMH MEPEMEHHBIX
(bakTopoB, 00ECIEYNBAIOIIUX ITOT ONITUMYM.
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