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JIEKIIUA 1. OcHOBHBIE NOHATHA U KJIacCH(PUKAUA METOI0B
IKCIMEPUMEHTAJIBHOI0 UCCIIEeI0BAHMS

Beeoenue

TexHon0THs MAIMHOCTPOCHUSI 3aHUMAET 0CO00€ MECTO Cpelu APYruX TeX-
HOJIOTMYECKHUX TMPOIECCOB MPOU3BOACTBA AeTanei mamuH. Hapsny ¢ npeumyiie-
CTBaMU SKOHOMHUYECKOTO XapakTepa o0paboTka METAJJIOB pe3aHUEM 3a4acTylo sB-
JSI€TCSL €IMHCTBEHHO BO3MOKHBIM CIIOCOOOM MOJIy4YeHUs U3JAeNuid TpeOyeMoro Ka-
yecTBa. OCOOCHHO BO3pacTaeT pojb U 3HAYEHUE YUCTOBBIX U OTICIOYHBIX OIepa-
Ui, 00eCreUnBAIOIIUX BBHICOKYI0 TOYHOCTh M YHUCTOTY OOpabOTaHHBIX MOBEPXHO-
CTEH.

CoBepIIICHCTBOBAHNE TEXHOJOTUYECKUX METOJOB 00paOOTKM OCYIIECTBIISCT-
Csl HA OCHOBE JIaJIbHEUILIETO Pa3BUTHUSI TEOPETUUECKON 0a3bl TEXHOJOTMH MAIWHO-
ctpoerusi. OMHOBPEMEHHO BO3pPACTaeT 3HAUYCHHUE SKCIIEPUMEHTAIBHBIX UCCIEI0BA-
HUH, IPU3BAHHBIX YTOYHUTH U JOTIOJTHUTH TCOPETUICCKUEC U3BICKAHMS.

K skcnepuMeHTy Hepeako mnpuOerarT HE TOJIBKO B JIA0OpaTopuu, HO U B
MPOU3BOJICTBEHHBIX YCIOBUSIX. DTO CBA3aHO, MIPEXKE BCETO, C TEM, YTO MYTH PeaIu-
3alMK UJIeH, 3a710’)KEHHBIX B KOHCTPYKIIMU MAIlIMHBI, YaCTO SIBJISIOTCS TJIABHOW 3a-
Jayell TEXHOJOTHYECKON IMOJArOTOBKM MPOU3BOJACTBA. 3aBOJCKON HHXKEHEpP, OTBE-
YaIOIIN 3a BBITYCK KAUYECTBEHHOW MPOAYKIIMU, COOTBETCTBYIOIIECH YTBEPHKIACHHBIM
yepTekaM M TEXHUYECKUM TPeOOBaHUSAM, 00513aH HE TOJIBKO BBIIBUTH IPUYUHBI 110-
SBJICHUS Opaka, HO U YCTPAaHUTh UX HamOoJee 1enecoodpa3HbiM ciocobom. Cremo-
BaTeIbHO, OH JIOJDKEH B COBEPIICHCTBE BJIAJIETh HABBIKAMU JKCIEPUMEHTAIBHBIX
UCCIICIOBAHUM.

B nipon3BOICTBEHHBIX YCIOBUSX Yallle BCEr0 MPUXOIUTHCS UCCIEI0BATh TOY-
HOCTb, CTAOMJIBHOCTh U YCTOMYMBOCTh TEXHOJIOTMYECKUX MPOIIECCOB, BBISIBISATH I1€-
71ec000pa3HOCTh MMPUMEHEHUSI HOBBIX METOJIOB 00pabOTKHU, OMPEAEISTh ONTUMANb-
HbI€ YCJIOBHS JIOCTH)KEHHSI TpeOyemMoro kadectBa 0OpaOOTaHHBIX MOBEPXHOCTEM,
MPOBOJAUTH CTOMKOCTHBIE UCIIBITAHUSI MHCTPYMEHTOB. Pe3yiabTatamMu ucciie10BaHui
MOT'YT CTaTh pa3paOOTaHHbIE M BHEJIPEHHBIE MEPONPUSTHS, YCTpaHsIOIUe Opakx,
MOBBIIMIAIOIINE YKOHOMUYHOCTh 00pabOTKH, JETaronue TEXHOIOTHYECKUN MPOIECC
yrOpaBisieMbIM. [[711 yCTIEIHOTO MPOBEJEHUSI SKCIEPUMEHTANBHBIX HMCCIIeI0BAaHUN
WHXEHEPY HE0OXOAUMO:

- XOPOIIIO 3HaTh TEXHOJOTHUIO MAIIIMHOCTPOCHUSI BOOOIIE ¥ TEXHOJIOTHIO U3T0-
TOBJICHUS] KOHKPETHOM JIeTalli B YaCTHOCTH;

- 001a1aTh UHKEHEPHOM JIOTUKOM;

- YME€Th OTJINYATh MPUUYUHY OT CJICJICTBUS;

- OBITH OOBEKTUBHBIM;

- 3HaTh METPOJIOTHIO, YMETh JIMYHO MPOU3BOJAUTH BCE HEOOXOIUMBIC JIJISl MC-
CJIeIOBaHUS U3MEPEHUSI U MPOBEPSIThH TOUHOCTh U3MEPEHUI;

- 3HaTh NMPUEMBI U METO/IbI MATEMAaTHUYECKON 00pabOTKH pe3yJIbTaTOB OIbITA;

- TUYHO pa3pabaThiBaTh paboYre METOAUKU UCCIETOBAHUM (BHIOMpATh METO-
JIbI KICCJICIOBaHUM ).

DKCneprUMEeHTAIbHBIE MCCIIEIOBAHUS BKJIIOYAIOT B CE0S CIEIYIONTNE OCHOB-
HBIC JTaIlbI:

- IOJITOTOBKA K 3KCIIEPUMEHTAILHOMY HCCIIEI0BAHUIO;



- pa3paboTKa METOIUKH SKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN;

- IPOBEJCHHUE UCCIICIOBAHUN;

- aHaJu3 Pe3yJIbTaTOB MCCJEJAOBAHUM U pa3paboTka MepONpUsTHIl, HalpaB-
JIEHHBIX Ha COBEPIIEHCTBOBAHUE MIPOLIECCA;

- BHeJIpeHue pa3paboTaHHbIX PEKOMEHIAIUH.

B nmaHHOM Kypce NMPUBOISATCS OCHOBHBIE IOJIOKEHHUSI ATAlOB SKCIEPUMEH-
TaJIbHBIX UCCIEAOBAHUMN.

B camomM o01iem Bujie 1Mo CBOEH CTPYKType Hay4yHbIE UCCIEIOBAHUS IESATCS
Ha (yHJAaMEHTaIbHBIC U IPUKIIAIHbIC.

DyHoamenmaibHple VCCICIOBAHNS HANPABJICHBI HA OTKPHITUE HOBBIX, PAHEE
HE U3YYCHHBIX SIBJICHUUA M 3aKOHOB MPUPOJBI U COLHATBHON PEATBbHOCTH, a TAKKE
Ha CO3JaHHUE HOBBIX HMCCIEAOBATEIBCKUX MeTomoioruil. Mx nenwro sBisgeTcsa pac-
IMPEHUE HAYYHOTO 3HaHUS B 11ejoM. OHM BeyTCSl Ha TPAHUIIE U3BECTHOTO U HEU3-
BECTHOT'O M 00J1aa0T 3HAYUTEIBHON CTENIEHbIO HEONIPEAEIECHHOCTH.

Ilpuknadusie viccienoBaHUS HANPaBICHbI HA HAX0XICHUE CITIOCOOOB UCIIONb-
30BaHMUS SIBJICHUM U 3aKOHOB IIPUPOIBI ISl CO3JaHKs HOBBIX U COBEPLICHCTBOBAHUS
CYIIIECTBYIOIUX CPEJICTB U CIIOCOOOB YEIOBEUECKON JCSITENbHOCTU. VX 11e1bI0 BhI-
CTYIaeT YCTAaHOBJICHUE KaK MOKHO OOJIBIIIETO YKCIIa BAPUAHTOB MPAKTUUECKON K C-
IUTyaTaluyi UMEIOLIMXCS HAYYHBIX 3HAHUU.

Paznmuuue mexay ¢GyHIaMEHTAIbHOW HAayKOW M TMPUKIATHON OBLJIO OYEHB
TOYHO OxapakTepu3oBaHO J[[. TOMCOHOM — OTKpBIBATENEM BIIEKTPOHA — B PEYH, MPO-
u3HeceHHoW uM B 1916 rony: «Iloa uccnenoBannem B (hyHAaAMEHTAIbHOW HAayKe S
MMOHUMAIO UCCJIEOBAHHUE HE C LEIBIO IPUMEHECHUS €TI0 PE3YIbTATOB B IMIPOMBIILICH-
HOCTH, & TOJBKO IS YMHOXXEHHUsI 3HaHuM 0 3akoHax [Ipuponer». Tomcon yTBep-
JKJIAJT TAKXKE, 4TO MPUKJIaAHAsd HaAyKa COBEPIICHCTBYET CTAPbIE METO/IbI, B TO BPEMS
Kak (QyHIaMeHTajdbHas HayKa CO3JaeT HOBBIE METOJbI, U YTO «ECIU MPHUKIAJHAS
Hayka BelleT K pedopmaM, TO pyHIaMeHTaIbHAsA HayKa MPUBOJUT K PEBOJIOLMSM,
KOTOpbI€, OyJlb OHM TOJMTHUYECKUE WM HAy4YHBIC, SBISIOTCS MOUIHBIMH HHCTPY-
MEHTaMH, €CJTM Bbl HAXOJIUTECh Ha CTOPOHE TTOOETUTEIS.

[Ipuknagusie ucciaenoBanus IuPPepeHIUPYIOTCS HA HOUCKOBbIE, HAYYHO-
ucciedosamebckue U OnblimHo-KOHCmpPYyKmopckue papomai. I1ouckoBbie nccie-
JIOBAHUS HAMPABIICHbI HA YCTAHOBJIEHUE (DAKTOPOB, BIUSIONINX HA U3y4aeMbIi 00b-
exT 0o mporecc. HayuHo-uccnenoBaTenbckue paboThl CBSA3aHbI C CO3/IaHUEM HO-
BBIX TEXHOJIOTHH, OMBITHBIX YCTAHOBOK, MPUOOPOB. OMNBITHO-KOHCTPYKTOPCKUE HC-
CJIe/IOBaHUs HAMpPaBJIEHbI HA MOA00P KOHCTPYKTUBHBIX XapaKTEPUCTUK CO3/1aBAEMO-
ro TEXHUYECKOTO YCTPOUCTBA.

3aBepIIaroIe CTaIuei MPUKIATHOTO UCCIIEIOBAHMUS, KAK MPABUIIO, SBJISECTCS
paspadomka, TO €CTb LEJEHANpPABICHHbIA Mpolecc MNpeoOpa3oBaHUs HAyYHO-
TeXHU4YeCcKor nHpopmanuu B popMy, IPUTOJHYIO SISl OCBOCHUSI B IMTPOMBIILICHHO-
CTH, MOJITOTOBKA K BHEJIPECHUIO.

OnHO Y3 NMPUHLMIHAIBHBIX Pa3Iuyuil MEXay (yHIaMEHTAJIbHBIMU U TPHU-
KJIQJTHBIMH WCCJIEIOBAHMSIMU KaK pa3 U COCTOUT B TOM, YTO JIF000E MPUKIIATHOE HC-
CJIEOBAHUE — 3TO BCErJa TAKOW HAYYHBIN MPOEKT, PE3yJIbTAThl KOTOPOTO U3HAYAIIb-
HO aJpECOBAaHbI MPOU3BOJMUTENSM U 3aKa3UMKAM M KOTOPOE PYKOBOJCTBYETCS HYXK-
JaMU WM KEJTAHUSAMH 3TUX KIUEeHTOB. DyHIaMEHTAIbHBIE KE UCCIIEIOBAHUS aJipe-
COBaHBI MPEXKE BCErO JPYTMM YJE€HAM HAy4YHOTO COOOINEeCTBA M HANpPABJICHBI, B
MIEPBYIO 0YEPE/lb, HA PACIIMPEHNUE 3HAHUS O MUPE KAK TAKOBOTO.




[Ipu 3TOM HY>XHO MOHMMAaTh, YTO Ha COBPEMEHHOM JTalle Pa3BUTHUS HAYKU U
TEXHUKHA B HEKOTOPHIX MOMEHTaX (yHIaMEHTAIbHBIC U TIPUKIIATHBIE NCCIIETOBAHMSI
cxonsatcs. Tak, Harpumep, [UIsl COBPEMEHHOM MHKEHEPHOU AesITeIbHOCTU TpeOyeT-
Csl OCYIIIECTBJICHHE HE TOJIBKO KPATKOCPOUYHBIX NMPOEKTOB, HAMPABIEHHBIX Ha pelie-
HUE CIIEUUANIbHBIX 3374, HO U IIKUPOKas TOJrOBpeMEeHHas rnporpamma (pyHaaMeH-
TaJbHBIX MCCIIEIOBAaHUM, CHEIUAIBLHO MpPEIHA3HAYCHHBIX ISl Pa3BUTHUS TEXHHUYE-
CKUX HayK B 1IeJoM. B To ke Bpemsi coBpeMeHHbIe (DyHIaMEHTalIbHbIE UCCIIEA0Ba-
HUS (OCOOEHHO B TEXHHYECKHUX HAyKaX) OYEHb TECHO CBS3aHBI C MPAKTUYECKUMHU
MPUIOKEHUSMU.

[ToMumo mpodyero, AJjisi COBPEMEHHOIO dTala Pa3BUTUS HAYKU U TEXHUKH Xa-
pPaKTEpHO HMCMOJIb30BaHUE METOAOB (DYHIAMEHTAIbHBIX HCCICAOBAHUN JIA pellie-
HUS MPUKIIAIHBIX TIpoOsieM. B To ke Bpems, TOT GakKT, 9TO UCCIACAOBAHUE SBIISACTCS
(dbyHIaMeHTaIbHBIM, €II€ HE 03HAYAET, YTO €r0 Pe3yNbTaThl MparMaTH4eCcKu Oecro-
JIE3HBI, a pa00Ta, HAaNMpaBJICHHAS HA MPUKIATHBIC IIEJIH, MOKET HOCUTH (PyHIaMeH-
TaJbHBIN Xapakrep. KpurepusaMu ux pasnesieHus sSBISIIOTCS B OCHOBHOM BPEMEHHOM
dakTop u creneHb oOMHOCTH. BriosHe mpaBoMepHO CEeTro/Hs TOBOPUTH U O (yHAa-
MEHTAJIbHBIX MTPOMBIIIUICHHBIX HUCCIICIOBAHUSX.

Hano noMHUTH TakKe U O TOM, YTO B HEKOTOPBIX ClIydasix, He Oyay4u UCTOY-
HUKOM, (pyHJIaMEHTaJIbHAsl HayKa BBHICTYMAeT OCHOBOW TE€X WJIM MHBIX TEXHOJOTHUYE-
CKUX JOCTIKeHUU. Takast poiib PyHIaMEHTaIbHON HAYKH OOBIYHO MOKET OBITh BbI-
SBJICHA TOJIbKO PETPOCHEKTUBHO. SIPKUM MPUMEPOM MOJOOHOTO TMOJOKEHUS el
ABJIIETCS] CO3[JaHUE ATOMHBIX PEAKTOPOB M aTOMHBIX 00MO. B onpeneneHHOM OTHO-
IICHUU aTOMHBIN MTPOEKT MOXKET OBITh PACCMOTPEH B KaU€CTBE MPUIIOKEHUS CIIECIH-
aJbHON TEOPUU OTHOCUTEIBHOCTH, KOTOpasi COOCTBEHHO U BBICTYIHJIA UCTOUHUKOM
YIOMSIHYTBIX BBIIIE TEXHOJOTMYECKUX U300PETCHUI.

Takum o0Opazom, SCHO BHUIHO, YTO Xapakmep ceazeil_mexcoy dhynoamen-
MaibHOU U NPUKIAAOHOU HAYKAMU — IO 00HA U3 HAubo.1ee 21Y0OKUX U mPYOHbIX
npoo.1emM 6 UCOPUU U Mem000102UU HAVYHO20 NO3ZHAHUA.

[TonsiTne «MeTom» 03HaYaeT Croco0 UCCIeOBaHUS, TyTh TO3HAHUS JICHCTBU-
TEJIBLHOCTH, (HOPMY TEOPETHUECKOTO0 U TMpaKTU4YecKoro ocBoeHusi e€. [IpaBuibHO
BBIOPAHHBI METOJ MIPacT PEIIAIOIIYI0 POJIb B MO3HABATENBHBIX IMPOIECCaX, TaK
KaK HEro 3aBUCAT PE3YJIbTAThl U YCIEXHU UCCIEAOBAHUU.

BceoOmmm MeTosoM MO3HaHUS JEHCTBUTEIBLHOCTH CIYKUT MAmepuanu-
cmuueckana_ouanekmuka. OHa COCTABIISIET OCHOBHOE SPO OOIIEH METOI0JIOTHH
no3HaHusl. E€ mpuHIMIBI U TOHSATUSI BHIpA0OTaHBl HA OCHOBE M3y4deHMs Haunbojee
o0LIMX 3aKOHOB MPHUPOJIbI, OOIIECTBA U MbllUIeHUs. Mccienys pazianunbie popmbl
JBW)KCHUSI MaTEpUM, MaTepUATUCTUUECKasl TUAIEKTUKA TTO3HAET UX KaYeCTBEHHYIO
U KOJMYECTBEHHYIO ONPEJEICHHOCTh, PACCMATPUBAET OKPYXKAIOIIME HAC SBJICHUS
BO B3aMMOCBSI3HU U B3aMMOOOYCJIOBICHHOCTH, B JIBJKCHUU U PA3BUTHH.

Kaxnas Hayka uMeeT CBOM METO/IbI ITOMCKa U 000CHOBAHUSI HAYYHOUN MCTUHBI
Memod nayunozo ucciedoganus — 3TO CUCTEMa YMCTBEHHbBIX W (WJIM) MpakTUye-
CKHMX omepanui (mpoueayp), KOTOpble HalleJIeHbl Ha PEIICHHE OMPEAECTICHHBIX MO-
3HABATEJIbHBIX 33]1a4 C YYETOM OIPEEICHHON MTO3HABATEIbHOMN LIEIIH.

Dyukyusi Memooda COCTOUT B TOM, YTO C €r0 MOMOLIBIO MOJYy4YarOT HOBYIO UH-
dbopmanuio 06 OKpyX)aromel MeHCTBUTEILHOCTH, YITYOJSIIOTCS B CYIIHOCTD SIBJIE-
HUHW ¥ TIPOIIECCOB, PACKPHIBAIOT 3aKOHBI U 3aKOHOMEPHOCTH Pa3BUTHS, (OPMUPOBA-
HUS U QYHKIIMOHUPOBAHUS 00BEKTOB, KOTOPHIE UCCIIETYIOTCS.




Ot kauecTBa METOJa, MPABWIBHOCTA €r0 HCIIOJIB30BAHMS 3aBHCUT HWCTHH-
HOCTb IOJYYEHHBIX 3HaHUN. Hay4dHbI METOJ MCCIENOBAHUS XAPAKTEPU3YETCs Ta-
KHUMU YEePTaMHU: * SCHOCMDbIO; * HAYENAeHHOCMbI0 Ha JOCTUKEHUE ONPEICIICHHOM I1e-
JIY, pEIICHUEe KOHKPETHBIX 3aJlau; 0emepMUHUPOBAHHOCMbI0 — CTPOTOM TOCIIeI0Ba-
TEJLHOCTBIO MCIIOJIb30BaHUsI METOJa (MakCHUMajbHas €ro aJlrOpUTMU3AIMs); - pe-
3YIbMAMUEHOCHbIO — CTTIOCOOHOCTBIO 00ECIIEUUTh JOCTH)KCHUE OIPEeICHHOMN I10-
CTaBJICHHOU IIEJI; HAOENHCHOCMbI0 — CIIOCOOHOCTHIO C BBICOKOM BEPOSTHOCTHIO
o0ecTIeUnTh TMOJYyUYCHHUE KEJTAeMOIro Pe3yibTaTa; IKOHOMUYHOCHbIO — BO3MOXKHO-
CTBIO TIOJIYYCHUS OIPEIEICHHBIX PE3yJIbTaTOB C HAMMEHBIIIMMU 3aTpaTaMu BpEeMEHHU
U CPE/CTB.

BaxxapIM TpeOoBaHMEM K METOy TO3HAHUS SIBJISIETCS €T0 COOTBETCTBUE 00B-
EKTYy MCCJICIOBAHUS U YPOBHIO TIO3HAHUS.

OmHUM W3 TOJIOKEHHH METOJIOJIOTHH SBISETCS TO, YTO KaXKIBIA METOJ HC-
CJICIOBAHUN CaM JIOJKEH OBITh TEOPETUUECKH 0OOCHOBAHHBIM.

Memoo — 3mo _cnocod _0ocmudiceHus _ueau _6_meopuu, Komopas_papaoa-
muieaemca. OH NOJKEH ObITh OOBEKTHUBHBIM, TaK KaK OTOOpakaeT JIEUCTBUTEIb-
HOCTb B €€ B3aUMOCBsI3M. OTHOBPEMEHHO METOJ SIBIIIETCS M CyOBEKTHUBHBIM, IT0-
CKOJIbKY HCITOJIb3YeTCS KOHKPETHBIM HCCIIEIOBATENIEM C €r0 CYOBEKTUBHBIMHU OCO-
OCHHOCTSIMH.

Juddepennmanms HayK MPOUCXOIUT HE TOJIBKO MO XapaKTepy 00BEKTOB U3Y-
YEHHUsS, HO M 10 METOJIaM, KOTOpbIe B HUX NMpUMEHst0TCA. C apyroil CTOPOHBI, OT-
JebHBIC HAYKW, HE3aBUCUMO OT UX Pas3lIMdusi, IMECIOT MHOTO OOIIEro, mpexae Bce-
TO B CBS3M C TEM, YTO OHU PACCMATPUBAIOT 3aKOHOMEPHOCTH MAaTEPUATILHOTO U JY-
XOBHOTO MHUpPa Ha OCHOBE WX M3yUYEHUS, UCIIOIB3YIOT OJHHU U TE K€ 3aKOHBI MBIIILIC-
HHS U METOJIbl HCCIICIOBAHUM.

Hayunoe no3nanue MOXHO TIPEACTABUTH B BUJE CIICAYIONMICH CXeMbl: (DaKThI
— COOTHOIIIEHUS MEXTY HUMH — SKCTICPUMEHTHI — HadaJbHbIC THIIOTE3bl — TCOPHUS —
MPaBAOMOA00HbBIE TOMYIICHUS] — CHOBA THUIOTE3bl — DKCTIICPUMEHT — YTOYHCHHE —
MIPOBEPKA YK€ MPUMEHSIEMON TCOPUH — BOSHUKHOBEHHUE IMApaIOKCOB — TEOPHS — CH-
Tyalldss — 03apEeHHE — HOBasl TEOPHs, HOBBbIC THIIOTE3bl — DKCIIEPUMEHT U CIICIYIO-
AN 1K

MeToapI HAyYHOTO MO3HAHUS AeIATcsA Ha (umocodcekue, oOmeHaydHbIe (T.€.
JUISl BCEX HAayK) U KOHKPETHO-HAy4IHBIC (JIJIs1 OTACIBHBIX HAYK).

dunocodckre MeToIbl 0a3UPYIOTCS Ha UCIOIb30BAaHUU B HAYYHBIX HCCIIEIO-
BaHUSX KaTErOpUM, MOJIOKEHUM, MPUHIIMIIOB M 3aKOHOB OmpeesieHHon (uiiocod-
CKOM CHCTeMbl. TakMMHM CHCTEMaMH CETOJHS SBIISIOTCS IMO3UTHBHU3M, HEOIO3HTH-
BU3M, TIOCTMOJICPHH3M U T.II.

OOG1ieHay4HbIe METObI UCTIOIB3YIOTCS B MPE00JIaIatoieM KOJIMYECTBE HAaYK,
HAyYHBIX JTUCIHIUIMH W HampasieHui. OHU YCIOBHO NENATCSA HA TPAAUIIMOHHBIC U
COBPEMCHHBIC.

K mpaouyuonnvim meTonam oTHOCSTCS:

* Hab00eHue — CIIoco0 MO3HaHUS 0OOBEKTUBHOTO MHUPa Ha OCHOBE HETIOCPEI-
CTBEHHOTO BOCTIPUATHS TPEIMETOB M SBJICHUN C MOMOIIBI OpraHoB 4yBcTB. OHO
BEJICTCS 110 TUIAHY W TIOTYMHSETCS OTPEICIICHHON TaKTHKE;

* aHaau3 — crnoco® HAyYHOTO HWCCIENOBaHUS, TP KOTOPOM Mporiecc (sBiie-
HUE) pasyiaraeTcsi Ha COCTABIISIONINE C IIEJIbI0 UX BCECTOPOHHETO M3ydeHus. B Hem
0c000€ MECTO 3aHMMAaeT CUCTEMHBIN aHaIN3, KOTOPBIM COCTOUT M3 YETHIPEX ITAIOB:




- ompeneneHns o0beKTa, 1eNiel U 3a7a4d UCCIIEeI0BaHMs, KPUTEPUEB IS U3Y-
YEeHHSI U YIPABICHUS O0BEKTOM;

- OTIpEeJICTICHUSI TPAHUI] CUCTEMBI, €€ CTPYKTYpbI, 0O0bEKTOB U MPOLIECCOB, KO-
TOpPbIE UMEIOT OTHOIIIEHUE K MOCTABICHHOM 11eJIH;

- COCTaBJICHUSI MATEMAaTUYECKON MOJIENTU UCCIIETYEMOM TEMBI;

- aHaJIM3a MaTeMaTUYECKOW MOJIENIN U MOJTYYeHHBIX PE3yJIbTaTOB;

* cuMme3 — UCCJIeJIOBaHUE sIBJIEHUS (IIpoliecca) B 1I€JIOM Ha OCHOBAHUU 00b-
€IMHEHUS OJTHOTO AJIEMEHTa 3a APYTUM B eauHoe 1enoe. CUHTe3 mo3BOJsieT 0000-
IIUTHh TOHSTHS, 3aKOHBI M TeOpHuio. B TeopeTHuyeckux Haykax OH BBICTYMAeT Kak
OOBEIUHAIOMNN KOHKYPUPYIOIIME B OMPEACIIEHHOW CTENEHH MPOTHUBOIOJIOKHBIE
TEeOpuU B GOPMBI MOCTPOCHUSI IEAYKTUBHBIX TEOPUH;

UHOYKYUS — METOJI, TIPU KOTOPOM MO KOHKPETHBIM (PakTam U SBICHUSM
YCTaHABIMBAIOTCA OOIIUE MPUHIUIIBI U 3aKOHBI;

© 0edyKyusi — METOJI UCCIIEIOBaHMsI, TP KOTOPOM KOHKPETHBIE TOJIO0KEHUS
BBIBOJISITCS M3 OOIINX;

- cpasHenue (110 I'erento) — 370 crocod nmokasatk 001ee B PA3IUYHOM U pa3-
JIMYHOE B 001IIeM;

* aHano2us — Takol MpueM MO3HaHUs, IPU KOTOPOM Ha OCHOBE CXOJICTBA 00b-
€KTOB MO OJHUM IpHU3HAKaM JIEJIaeTCsl 3aKJIIoUeHUuEe 00 UX CXOJCTBE U B JPYTUX
npusHakax. CylecTBOBaHHE aHAJIOTUU SIBJICHUH COCTaBIISIET T'HOCEOJIOTUYECKYIO
OCHOBY MOJICJIUPOBAHUS;

* 0000WeHue — TIPUEM MBIIUICHUS, B PE3YIbTaTe KOTOPOTO BBISIBISIOTCS 00-
1€ CBOMCTBA M MPU3HAKU 00BEKTOB. Ornepanuu 0000LIEHUSI MOTYT MOBTOPSATHCA
HECKOJIBKO pa3 MOCIeI0BATENbHO, MPUBOAS K HOBBIM IMOHSATHUSIM.

K cospemennvim oTHOCATCS METOABI MOJEIHPOBAHUS, CUCTEMHBINH, (hopMa-
JU3aIUH, UCATU3AIH, aKCHOMATHKO-/1eAYKTUBHBIH.

Mooenuposanue — nuzyueHue oObEKTa (OpUTHHAA) MyTEM CO3JAaHUSI U HC-
MOJIb30BAaHUSl €ro KOMUU (MOJENH), KOoTopas 00JiaJjaeT OOIMMH C OPUTHHAIOM
CBOMCTBAMM, MHTEPECYIOLIUMHU HccienoBaTeNss. Mojellb MOXET COOTBETCTBOBATh
OpUTHHAJY MO M3y4aeMbIM IMPHU3HAKaM, HO CYIIECTBEHHO OTJIMYATHCS MO JAPYTUM
cBoiicTBaM. Mojiean MOTyT ObITh IPEAMETHBIMU U 3HAKOBBIMHU.

Aneopumm MeToAa MOAEIMPOBAHHUS BKIIOYAET: MOCTAHOBKY 3aJlauM; CO3/a-
HUE WJIM BBIOOP MOJIENH; UCCIEIOBAaHHUE €€; MEPEeHECEHUE 3HAUCHUN (PKCTpamoss-
M) C MOJIETT Ha OOBEKT UCCIICIOBAHMUS.

Mamemamuueckoe mooenuposanue — 3TO CO3IaHUE MAaTEMAaTUUYECKON MOJIETN
¥ DKCIIEPUMEHTHUPOBAHKE C HEH C IENBI0 MOYUYEeHUS PE3YIbTUPYIONIErO MOKa3aTeNs
IpU U3MEHEHUU NTapaMeTPOB, BIUSIIONINX HA 3TOT MOKA3aTelb.

Memoo ¢opmanuzayuu — vzydeHre oOBEKTOB MyTEM OTOOPAKEHUS UX CO-
JepKaHUs, CTPYKTYpbI, GOpMbI WK (GYyHKITMOHUPOBAHUS B 3HAKOBOM BHUJIE C TTOMO-
b0 MCKYCCTBEHHBIX S3BIKOB: MAaTEMATHUECKOTO M JIOTMKO-MaTeMaTHYECKOTO MO-
JIENTUPOBAHNE, SI3bIK XHMHUECKUX CHMBOJIOB U OTIEpAIlUii C HUMHU.

Memoo uoeanuzayuu TperycMaTpUBAET CO3JAAHME HJCATbHBIX MOJENEH U
CPaBHUTEJBHBIX CUTYyallUl, KOTOpBIE U3yUYaloTCs B UIcaIbHOM BapuaHTte. [Ipu sTom
UCIIOJNIB3YIOTCS crielu(uueckrue 0COOEHHOCTH HEKOTOPBIX JAPYTUX METOJOB - MOJIE-
JUPOBAHUS aHAJIOTMU, aOCTparupoBaHus U T.N. VeanbHble MOJENIH CTPOAT IBYMS
criocobamu. [lepBrrit — 3TO abcTparupoBaHue OT BCeX, KpOME OJTHOM caMOU BaKHOM
B JJaHHOM acIieKTe 4epThl (0COOEHHOCTH), KOTOpas AOBOAMTCA N0 abCONIOTU3MA.



Bropoit crmoco6 — mpuaaHue MOJENHM BCEX BO3MOXKHBIX 4Y€PT M OCOOCHHOCTEH
(pyHKUMIA, OTHOIIEHUI), KOTOPHIE UMEIOT PEAIbHbIE OOBEKTHI.

AKcuomamuko-0edyKmugHvlil Memood NIPUMEHSETCS, KaK IPaBUJIO, B TOUHBIX
Haykax (MaTeMaTuke, pusnke) u 6a3upyeTcs Ha yCTaHOBJIECHUH HadalbHOTO Habopa
NOHATUH, (POPMYITUPOBAHUU HECKOJIBKUX aKCHOM, T.€. HCTHH, KOTOpPbIE HE TPEOYIOT
JIOKA3aTeNIbCTB U U3 KOTOPBIX 3aTEM CTPOTO JOTUYECKUM IMYTEM BBIBOJAATCS pa3iny-
HBIE CIICJICTBUSI.

Konkpemno-nayunvlie memoovt uccied0sanus VCrob3ylOTCsS B OTIACIbHBIX
WIN B HECKOJBKUX OJM3KUX MEXIYy COOON HAyYHBIX TUCHHUIIMHAX. JTH METOJbI
JEJATCS Ha MEKIUCIUTUIMHAPHBIC U CIICIIUAIbHBIC.

K mesrcoucyunnunapnvim OTHOCATCS METOJIBL:

noJesulx ucciedosanuii (B T€0JI0TuH, reorpaduu, OMOIOTHHU, IKOJIOTHH U T.J1.)
UCITIOJIB3YETCSI JUTsl HEMTOCPEICTBEHHOTO U3YYCHHS 00BEKTa B HAType MyTeM HaOJI0-
JICHUS 32 HUM, HHCTPYMEHTAJIBHBIX U3MEPEHUI MapaMeTpoB, UCCIEAOBaHMUS (yHK-
ITMOHUPOBAHMSI WJIA PA3BUTHS.

CymiecTBYIOT pa3jdHbIe CIIOCOOBI ATUX UCCIIEIOBAHUA — OOIIMIA, BHIOOPOY-
HBIM, MapIIpyTHBINA. B HUX MpeaycMaTpuBarOTCs 3Talbl : MOATOTOBUTENbHBIN (H3Y-
YeHUEe HUCTOYHUKOB HHPOpMauu 00 HCCIeAyeMOM O0BbeKkTe U (POopMUpOBAHUE
HaYaJIbHBIX HJIEH, MpoOJeM, TUIOTE3), HEMOCPEACTBEHHbIN (COOp MaTepuaoB U
NepBUYHON WH(OpMAIUU, YTOUHEHHE CYIIECTBYIOIIUX JAHHBIX) U KaMepabHBIM
(oOpaboTka, aHaIM3, COMOCTaBJICHUE, pa3padoTKa BHIBOJIOB U T.J.). B 3KOHOMUKE K
HUM OTHOCSTCSI MApKETHHTOBBIE UCCIICIOBAHUS PeaTN3alliy MTPOTYKIINHA U YCIIYT;

9KOHOMUYECKO20 PAtOHUPOB8AHUsI — OCHOBHOM MeTOJ 00OCHOBAaHUS TEPPUTO-
PHATBHO-KOMILIEKCHOTO Pa3BUTHUS U PA3MEIICHUS MPOU3BOIUTEIHHBIX CHJI CTPaHBI
U €€ DKOHOMHUYECKUX PAOHOB JIJIsl pa3paOO0TKH TaK Ha3bIBAEMBIX TEPPUTOPHUATHLHBIX
cXeM. DTO MpeIIaHOBbIe (TPOTHO3HBIC) HAYYHBIE UCCIICIOBAHUS YIKOHOMUYECKOTO
Pa3BUTHS OTICITBHBIX TEPPUTOPUATILHBIX SIUHUIT HA 15 1 Oosee neT;

Memoo aHaIu3a aHaN0208blX 00BLEKMOE — U3yUYCHHUE MOJOOHBIX OOBEKTOB IMy-
TEM UX CPaBHEHHUS, €CJIM 3HAHUS 00 OJTHOM U3 HUX SIBJISIOTCS JOCTOBepHBIMU. [Ipu
ATOM BBIJICIISICTCS JBA dTAra:

- YCTaHOBJICHHE OOIIUX 4YepT MEXKIYy OObEKTaMHu, KOTOPbIE UCCIENYIOTCS, U
y>K€ U3BECTHBIM OOBEKTOM;

- U3y4YEHNE HYKOHOMHYECKUX YePT MEXIY dTUMH 00BHEKTAMU;

- banancoswlli — TPyMIa PaCUeTHBIX MPUEMOB JUIsl aHATIU3a IPOTHO3UPOBAHUS
U TJIAHUPOBAHUS Pa3BUTHS JUHAMHUYCCKUX CHCTEM C YCTAaHOBJICHHEM ITOTOKOB pe-
CYpCOB M TPOAYKITUHU («3aTpaThl — BBIMYCK», IIPOU3BOJACTBO — MOTPEOJICHHUEY,
«TpUOBLTL — 3aTPaThl» ). B AKOHOMUKE COCTaBISAIOTCS OaTaHCHI TPYAOBBIX PECYPCOB,
MUTPAIMOHHBIX MPOIIECCOB, MPOU3BOACTBA U MOTPEOJICHHS PA3IMYHBIX BUIOB TPO-
TYKITAW, TOTLTUBA, DJICKTPOIHEPTHH U JP.;

Kapmoepaghuueckuti — COCTABIICHUE OTACIBHBIX KapT, UX CEPUU M aTiIacoB
JUTSL TIOJTYYCHHS HOBBIX 3HAHUH ITyTEM WX aHaJIW3a U nmpeodpazoBaHus. Kapma — 3To
HOCHTEJIb MPOCTPAHCTBEHHON MH(OpPMAITNH, €€ XPAaHUTENb U MepeaTIHK.

CneuuanpHnvle _Memoovl _UCCAE)08AHUA__0DOCHOBLIGAIOMCA _OMOeIbHOU
HAYKOW U UCROIb3YIONCA 21A6HbIM_00pazom 6 neu. K num omnocamcea pacuent-
HO-KOHCHPYKMUBHbLIL, IKOHOMUKO-CHIAMUCMUYECKUI, MeopUus_6eposamHocmell,
MemoObl 0e106bIX U2DP U IKCHEPMHBIX OUEHOK.

3HaHus, He podicOeHHble ONbIMOM, MAMEPbIO BCAKOU 00CMO8EPHOCHU, Dec-
RI0OHBL U NoJaHbL ouubok. lJleonapdo-oa-Bunuul




Hauwano 21 Beka mopakaeT Hac TpaHAMO3HBIMU JOCTHKEHUSIMU B 00JacTH
KOMIBIOTEPHBIX TEXHOJIOTHH, CO3/IaHUEM TIIO0ATBHBIX MH(POPMAIIMOHHBIX CETeH U
MCKYCCTBEHHOI'O MHTEJUIeKTa. Ha mepBblil B3I MOXKET MOKa3aThes, 4TO JIAaBUHO-
o0pa3Hble UH)OPMAITMOHHBIE TEXHOJIOTUH BBITECHSIOT 3KCIIEPUMEHTAIBHBIE, HO 3TO
Janexko He Tak. bmarogapsi mMosIBUBIIEHCS BO3MOXXHOCTH TOCTAHOBKM MAaIIHMHHBIX
HKCIIEPUMEHTOB, KOJIUYECTBO (PU3MUECKUX HCCIEIOBAHMNA JEHCTBUTEIHHO 3HAYH-
TEJILHO COKPATUJIOCh, HO AKCIIEPUMEHTHI CTalli OoJiee CIOKHBIMU, 00Jiee TOUHBIMU
u OoJiee TOpOTUMH.

Anrnuiickuii pu3uk 6apoH KenbBHH, OIleHHBAs pOJb MPAKTHKH, CPAaBHUBAI
TEOPHUIO C KEPHOBAMH, a ONBITHBIE JAaHHBIC C 3€PHOM, KOTOPOE 3aChINAIOT B ITH
xepHoBa. COBEPIIEHHO SICHO, YTO OJIHU KEPHOBA, CKOJBKO Obl OHU HE KPYTHIIUCH,
HHUYEro IMOJIE3HOTO JIaTh HE CMOT'YT (Teopus paboraeT cama Ha cebs). Ho kadecTBo
MYKH OTpeeNsieTcsi KaueCTBOM 3€pHA, U THIJIOE 3€pHO HE MOXKET JaTh MUTATEINb-
HOi MyKu. [ToaTomy 100OpOKauecTBEHHOCTh SKCIIEPUMEHTA SIBISIETCS HEOOXOAUMBIM
YCIOBUEM Kak JJI IOCTPOCHUS NEPEIOBON TEOPHH, TaK U JJIS MOTYYCHHS MPAKTU-
YECKUX PE3YyJIbTaTOB.

Beictynas Ha o0meM coOpanun uneHoB Axagemun Hayk, axagemuk
[T.JI.Kanuna oTMeTHI1, YTO pa3pbiB MEXAY TEOPUEH U SKCIIEPUMEHTOM, MEKIY TE€O-
puell U )KU3HBIO, MEXKIY TEOPUEH U MPAKTUKOW €CTh CUMIITOM CEPbE3HbIX Hapyllle-
HUIl HOpPMaJbHOI'O Pa3BUTHs HayKH. B TOT MOMEHT, Korja Aa)ke caMblil KpYIHBIHI
YUEHBIN nepecTtaeT padoTaTrh caM B JIaOOpAaTOPUH, OH HE TOJIBKO IPEKpAIIaeT CBOM
pPOCT, HO M BOOOIIIE MEPECTAET ObITH YUECHBIM.

DKCIIepUMEHTANIBHBIE HMCCIEIOBAHUS MaTEePHATBLHOTO MHpPA, 3aPOIUBIIHECS
HECKOJIbKO BEKOB Ha3ajl, HE yTPATWJIA CBOCH aKTyalbHOCTH M B HACTOSIIEE BPEMs.
OKCTepUMEHTAIBHBIE METO/IbI OYEHBb YaCTO MCIIOJIB3YIOTCS COBMECTHO C PaCYECTHBI-
MU JOMOJHSASA ApYT Apyra. Tak, n3MepeHus: Ha HaTYPHBIX KOHCTPYKIMSIX MO3BOJISIOT
OTIPEIETUTH NCUCTBYIOIINE Ha HUX HArPy3KH, HAMIPsDKEHUA U Aepopmarui. J(aHHble
OTIBITOB UCTOJB3YIOT MPHU pa3paboTKe MaTeMaTUYECKUX MOJEIe KOHCTPYKIIHMA, a
TaK K€ JUIsl OLIEHKM TOYHOCTH PE3yJbTaTOB UYUCICHHBIX PacyeTOB. DKCIEPHUMEH-
TaJbHbIE METOJbl IIUPOKO HCHOJIB3YIOTCS MPU HW3YYEHUH MEXAHUYECKUX CBOMCTB
MaTepuasoB, UCIIBITAHUU KOHCTPYKIIMI Ha MPOYHOCTB, JIJIs aHATIU3a



JIEKHUSA 2. Dxcnepument. OCHOBHbBIE NOHSTHS U ONpeaeIeHHs

Oxcnepumenm. Ixcnepumenmamop. Obvekm dkcnepumenma. Dakmopul
Heu3MeHHble, gapbupyemvle, caydatinvle. 3a0ayu opeanu3ayuu U niaHupo8anUsl IKC-
nepumenma. Oynxyus yenu u npasuia ee nasHadenusi. Cnocodbvl noayueHus: Yyucio-
801 Xapakxmepucmuku oovekma. Unmepnonayuonunsie u onmumMu3ayuoHHvle 3a0adiu
axcnepumenma. Tpeboeanus xk eapvupyemwvim ¢haxmopam. OnepayuoHaibHOCHb,
He3a8UCUMOCTb, YAPABIAEMOCHb, COBMECMHOCMb akmopos. [Ipuemsl coxkpauye-
HUs Koauuecmea (pakmopos. Ananuz pazmepHocmetl.

Axcnepumenm (ot yat. Experimentum-orbIT)-HaydHO MOCTaBICHHBIN OIIBIT -
HAOJI0/IEHUE UCCIIEYeMOro SIBIICHUS B CIIEUATBHO CO3/1aBAEMbIX U TOYHO YUHUTHI-
BAEMBIX YCJIOBUSX, O3BOJIIOIIMX CIEINTH 32 XOJAOM SIBJIEHUS U BOCCO3ABATh €0
KOKIBIA pa3 NpU MNOBTOPEHUHM ITUX YCIOBHM. BMecTe ¢ NMPOU3BOACTBEHHOM €S-
TEJIBHOCTBIO JIFOJEH SKCIIEPUMEHT COCTABIISIET BAKHEUIIYIO CTOPOHY IIPAKTUKH, SIB-
JSAIOIIYIOCS OCHOBOM NO3HAHMS M KPUTEPUEM HMCTUHBI PE3yJIbTATOB IpoLecca Io-
3HAHMUS.

B nocnenHue necaTuiieTus MUPOKOE Pa3BUTHE MOITYYHIM HAyYHBIE HCCIIEN0-
BaHUs, 0OBEKTOM KOTOPBIX SBHJICS CaM IKCHEPUMEHT. 3HAUUTEIbHBIE YCIEXU JO-
CTUTHYTHI B 00JIaCTU TUIAHUPOBAHMS HKCIEPUMEHTA, KOTOPOE MPEBPATUIIOCH B ca-
MOCTOSITENIbHOE, OBICTPO pa3BUBarolieecss U 3(P(HEKTUBHOE HAYYHOE HaIpaBlICHUE.
Bonbiioe u 6:1aroTBOpHOE BIUSHUE HA OPTaHU3ALMIO SKCIIEPUMEHTA B TEXHUKE OKa-
3ana Teopud noaoous. Ilomyuniio pazBurre MOAEIMPOBaHUE KaK CBOEOOpa3HbIN BUJT
DKCIIEPUMEHTA.

Pa3BuTtne Teopum sKCHEpUMEHTa BMECTE CO CTPEMMUTEIBHO IPOTPECCUPYIO-
UMY TEXHUYECKUMHU CPEACTBAMHU €r0 MPOBEJECHUSA OTKPHIBAET IIMPOKUE BO3MOK-
HOCTH JJI MOBBIIIEHUS 3()(PEKTUBHOCTU BCEX BUJIOB 3KCIEPUMEHTAIBHBIX HUCCIIENI0-
BAHUM.

X. lllenk B mpenuclIOBUM K CBOEW KHUTE «Teoprs MHKEHEPHOTO JKCIIEpH-
MEHTa» IPUBOJUT OCTPOYMHOE BbIpakeHHe: «lIpoBelneHne 3KCIEpUMEHTOB - HC-
KYCCTBO, KOTOPOMY MOKHO HAay4HThCsl, HO KOTOPOMY HEJIb3sl HAY4YuTh». B HeM mon-
YEPKHYT BEPHBIN U OYEHb BAXKHBIM CMBICI: YCIEX B SKCIIEPUMEHTE, B UCCIIEAOBAHUH
MOJKET OBITh JOCTUTHYT JIUIIb B pe3yJIbTaTe TBOPUYECTBA, 3aMEHATh KOTOPOE HE MO-
I'yT HAKaK{e, JaXKe CaMble COBEPIUEHHBIE MPHUEMBI, METO/bI, UHCTPYMEHTHI U MPHU-
0opbl. OHK MOTYT BMECTE C TEM CIIOCOOCTBOBATh TBOPUYECKOMY MPOILIECCY— COKpa-
TUTh BPEMsI UCCIICIOBAHMS, MOMOYb M30ekaTh OMMUOOK, CHOPMYITUpPOBATH PE3yJib-
TaThl B yA00HOM JJI UCTIOJIB30BAHMS BUE U T.I. IMEHHO ¢ Tako# LEeNbIo U u3jara-
€TCS JaJIe€ TEOPUSI COBPEMEHHOIO dKCIIEPUMEHTA. N3yuenne osToM Teopum
JIOJKHO MPUHECTH TMOJIb3Y TBOPUYECKU MBICIAILIEMY UHXKEHEPY B €ro JAESTENbHOCTH,
B MPAKTUYECKON pealin3aluyi NeHUaJTbHOW JICHUHCKON (OpMYJIbl TEOPUHU TTO3HAHMUS:
«OT %UBOTO co3eplaHusi K aOCTPaKTHOMY MBILIJIEHUIO U OT HErO K IMPaKTUKE - Ta-
KOB JTMAJICKTUYECKUN MTyTh O3HAHUS UCTUHBI, O3HAHUS OOBEKTUBHOU PEATIbHOCTH.

3aodaua opzanuzayuu u NAIAHUPOBAHUA IKCHEPUMEHMA - HAXOKICHUE TaKUX
IpaBWJI €ro MPOBEACHUS U 00pabOTKH Pe3yJbTaTOB, MPU KOTOPHIX YJIAETCs IMONY-
YUTHh HAaUOOJBIIYI0 HH(OPMALIMIO - HAIEKHYIO U JOCTOBEPHYIO - MJIM HAalTH MyTh K
ONTHMYMY C BO3MOXXHO MEHBLIEH 3aTpaTod Tpyna, a TakKe MPEACTAaBUTh 3Ty HH-
dbopmanuio B KOMITAKTHOW U yA0OHON (hopMe C KOJMYECTBEHHON OIICHKOM ee TOoY-
HOCTH.



BBeneM HECKOJBKO TOHSTUW, CYIIECTBEHHBIX JISI paCCMATPUBAEMOW KOH-
LENIUA SKCIIEPUMEHTA.

IKcnepumenmamop—mcciieIoBaTeNb, MPOBOAIIINN SKCIIEPUMEHT.

Oovexkm _Ikcnepumenma - TPEAMET HCCIEIOBAaHUS, TO, YTO IOJBEPracTcs
HCCIICIOBAHHUIO.

Henv, hynkyua yeau—ro4HOE yKa3aHWE CBOWMCTBA, MPU3HAKA, XapaKTEepH-
CTUKH M T.II., yCTAHABIMBAEMBIX WJIM ONTUMHU3UPYEMBIX B MPOIIECCE IKCIEPUMEHTA;
TO, paJid Yero MpPOBOJUTCS dKCIEPUMEHT. be3 sicHo chopMynupoBaHHOM eI dKC-
MEPUMEHT Yallle BCEro MpOCTO MOTEPsl BPEMEHM, a MHOTAA U CPeACTB, B ogHOM 3a-
pyOEKHOM TEXHMUECKOM >KypHalle MPUBEJICHA yAauHasi IIyTKa MO 3TOMY MOBOY:
«Henb3s naxe 3a01yIUTHCS, €CJIM HE 3HACIIIb, KYyJ1a UJICIIIbY.

Heu3zmennvle ghakmopul Wi yCIOBUS SKCIIEPUMEHTA - COBOKYITHOCTh HE M3-
MEHSIEMbIX HaMEPEHHO B IPOIIECCE JIAHHOTO 3KCIIEPUMEHTa MPU3HAKOB OOBEKTA U
VCTIBITBIBAEMBIX UM BO3JCUCTBUN. Hen3MeHHbIE BO3ICHCTBYS, BXOIAIINE B YCIOBUS
HKCIEPUMEHTA, MOTYT 3a/1aBaThCs C MOMOIIBIO KaKOr0-JIMOO UCTBITATEIBHOTO CTEH-
J1a, B KOTOPBIM MOMEIIAeTCsl 00BEKT IKCIIEPUMEHTA; OHU JOJDKHBI KOHTPOJIUPOBATh-
CA TTIOCPEACTBOM COOTBETCTBYIOIIECH U3MEPUTEIIBLHON anmaparypsl. Pe3yibrarsl sKc-
MEPUMEHTA YaCTO OKAa3bIBAKOTCS JIMIICHHBIMU LIEHHOCTH, & HHOTJA U CMBICIIA, €CIIU
OHHU HE COMPOBOXKIAKOTCS YETKUMU U MOJHBIMHU YKAa3aHUAMHU YCIOBUN SKCIIEPUMEH-
Ta.

Bapvupyemvie paxmopvi—Ipu3HAKU WU BO3JAEUCTBUS, U3MEHSAEMBIE B IIPO-
1ecce JaHHOTO AKCIIEPUMEHTA ISl YCTAHOBIICHUS MX BIMSHUS Ha (DYHKIUIO LIETH.
BapbupoBaHue MOKET OCYHIECTBIATHCA MO BOJIE IKCIIEPUMEHTATOpa — TAaKOW IKC-
NEPUMEHT HA3bIBAIOT aKTUBHBIM. JlJI1 €ro oCyIecTBIEHUs OOBIYHO TPEOYIOTCS CIie-
LMAJBHO CO3/aBaeMble OOBEKT U HCIBITAaTENbHOE 000pyaoBanue. MakTopbl, BIUS-
HUE KOTOPBIX Ha (DYHKIMIO IEJM M3Y4YaeTCs B DKCIIEPUMEHTE, MOTYT MU3MEHATHCS
MOMUMO BOJIM 3KCHEPUMEHTATOPA U JIMIIb PETUCTPUPOBATHCA UM - TAKOW dKCIEpHU-
MEHT Ha3bIBalOT NacCUBHBIM. ClieyeT MOIYEpKHYThb, YTO JieJeHue (PaKkTopoB Ha
HEU3MEHHbBIE U BapbUpPyEMbI€ YCIOBHO M OMNpEAEsSeTCs JHUIIb 3aJa4aMu JTaHHOTO
KOHKPETHOI'O SKCIIEPUMEHTA.

Cryuaiinvle ghaxmopvl—HEKOHTPOJIUPYEMBIE BO3JICHCTBUS HA 0OBEKT B IIPO-
1ecce IKCIepuMenTa. B kimaccudyeckoil KOHIENIUU BIUSHUE CIIyYalHBIX (aKTOpPOB
CTPEMSTCSI CBECTH K MUHUMYMY, pacCMaTpUBAaTh SIBIICHUE, MTPOIIECC B UNCTOM BHUJIE.
Taxoil moaxon HEOOXOAUM, €CiT OOBEKT MCIOJIb3YETCs AJI U3YUEHHUS] OTAEIbHBIX

ABJICHUN WM (PU3NYECKUX 3aKOHOB.
lz BmecTte ¢ TeM OOBEKTOM 3KCHEpUMEHTa BCE
yalie CTaHOBSTCS CJIOXHbIE AU(Qy3HbIE CHU-
CTeMbl  (TEXHOJOTMYECKUU MpoLecc, KOM-
IJIEKCHOE YCTPOWCTBO U T. H. ), TJ€ MPOSBIIS-
I0TCS BO B3aMMOJEHCTBUM MHOTHE 3aKOHBI U
s

OYE€Hb 3aMETHO BJIMSHUE CIIyYallHBIX HEKOH-

TpOIUpPyeMbIX Bo3aeucTtBui. [lpu 3Tom, KO-

Puc. 1.1. HEYHO, HET CMBICJIA CBOJIUTH 3TU BO3IEUCTBUS

K MHUHUMYMY, T. €. JIeJlaTh OOBEKT Hepealb-

HBIM, & CJIEAYET MX TLIATEJIbHO YUYUTHIBATHh B XOJE€ OPraHU3alMHU SKCIEPUMEHTA U
00pabOTKH JTaHHBIX.
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Jlannsle — wHbopmarus B moboi popme, morygaemasi B mporiecce mpoBe-
neHus skcnepuMenta. O0paboTaHHbIe M IOJIBEPTHYTHIC aHATIN3y AaHHbBIE 00pa3yroT
pe3ynbTaThl SKCIIEPUMEHTA.

IInan 3xcnepumenma—cOBOKYITHOCTb IIPABUII, B COOTBETCTBUU C KOTOPBIMHU
OTIPENENAETCS LEb, BBIIEISAIOTCS U KilacCu(puuupyroTcs (akTopbl, yCTaHABINBACT-
Csl TMOCJEI0BATEIbHOCTD JIEHCTBUI 3KCIEPUMEHTATOpa, 00padaThIBalOTCs JaHHbIE,
VHTEPIPETUPYIOTCS NOJIyYCHHBIEC PE3YIIBTATHI.

B o6miem Buze cxema 3KCepuMEHTa MOXKET ObITh IpecTaBieHa 00beKToM 0
(puc.1.1), xapakrepuzyeMbplM (pyHKUIHEH 1eau Y, Ha KOTOPBIM BO3JEHCTBYIOT Baphb-
upyemsbie (pakTopsl X, HeU3MEHHbIE (PAaKTOPHI Z U cirydaiiHbie pakTopbl W.

B 3apmauy skciepruMeHTa BXOJUT YCTAaHOBIICHHUE CBA3KHU Y M X, CIPAaBEIIMBON
JUISl IPUHATBIX YCIOBUHM Z NP CIy4alHbIX BO3AEUCTBUSIX W, T. €. IIOJyYEHHBIE 3a-
BUCUMOCTH

Y=FX) (X-3X.X,..%) (1.1)

Byznem Ha3bIBaTh Takue 3a7a4d UHTEPIOJISALIMOHHBIMHU.

3amaueit HKCIIepUMEHTa MOXKET ObITh TaKXKE OTPE/IeTICHUE HEKOTOPOTO, HAMITYYIIIETO
B OTIPEICJICHHOM CMBICJIE codeTaHus (pakTopoB Xopt, TpH KOTOPOM (PYHKITUS IEITH
JIOCTUTAET KEJIaeMOT0 dKCTpeMyma Yext T. €.

}’ext :F(‘}fu:up’r,:I (12)

Takue 3a1a4un OTHECEM K ONTUMHU3ALMOHHBIM, WM 33a4yaM ONTUMH3ALHH.

[Ipu onHoM Bapbupyemom ¢akrtope 3aBUcUMOCTH (2.1) u (2.2) MoryT OBITH
JIETKO MPEJICTaBICHBI KaK Tpauyecku, Tak U aHATUTUYECKU; MPHU ABYX (aKTopax
rpaguueckoe NpeCcTaBIeHUE elle BOZBMOXKHO, XOTs YK€ HeyZ00HO (cemeiicTBa Kpu-
BBIX); IIpU TpeX ,u Ooiiee akTopax HYKHO 00s13aTE€IBbHO UCKATh AaHAIUTHUYECKYIO
dbopmy cBs3H.

BriepBbie KOHLIENIINUS aKTUBHOTO SKCIIEPUMEHTA, B KOTOPOU paccMaTpUBajIOCh
HECKOJIbKO OJHOBPEMEHHO BapbUpyeMbIX (pakTopoB X M HE UTHOPUPOBAIOCH JCii-
ctBue (haktopoB W, Obliia pa3BUTa aHTIMICKUM cTatucTukoM P. ®@umepom B 20-¢
IT. HAIIErO CTOJIETUS.

OOBEKTOM IKCIIEPUMEHTA CITYKUJIO TI0JIe, Ha KOTOPOM BBIPAIIMBAJIACh 3€PHO-
Bas KyJbTypa, QYHKIMEH Lenu - ypoxkaid 3epHa. B coctaB daktopoB rpymmbl X,
MOABJIACTHBIX MCCJIENOBATEN0 U BAPBUPYEMBIX UM, BXOAWIN KOJIMYECTBO U COCTAB
BHOCHUMBIX YJI0OpeHUH, riyOrHa, BCHAIIKUA U CTENEHb Pa3phIXJICHUS MOYBHI, MMOJI0-
TOBKa ceMsiH U T.I. K ¢akropam rpynnsl Z OTHOCHIIMCH MECTOIOJIOKEHUE YYaCTKOB
TOJIs, COCTaB MOYBKI, COPT MilleHUIlbl. HakoHer, ciayJaiinbie pakTophl B 3TOM 3a1aue
OYEBU/IHBI U TTIABHBIN U3 HUX—IIOTO/IHBIE YCIIOBUSI.

B 3amauy skcrnepuMeHTa BXOJIUIIO ONpenesieHrue BIUSHUS (DaKTOPOB TPYIIIBI
X Ha ypokail U, KOHEYHO, HAXOXJICHHE TaKOro covyeTaHus 3TuxX (akTopoB Xopt ,
Py KOTOPOM YpOKail OKa3bIBAJICSA MaKCUMalbHBIM. Pemas momoOHbIe 3amauu, P.
dumrep chopMyIpoOBaT OCHOBHBIE MPUHIIUIBI HAYYHOW TUCIUIIIUHBI — TEOPHUH
IJIAHUPOBAHHUS IKCTIEPUMEHTA.

Crnemnduka ero 00HEKTOB IKCIIEPUMEHTa COCTOMT B TOM, YTO OHU KpaiHe
pa3HOOOpa3HbI - OT COBOKYITHOCTH 3ar0TOBOK, 0OpabarkiBaeMbix Ha ctanke ¢ UITY,
WJIM TIpoLEecCa KOIMAHMUS TPYHTA, OCYLIECTBISEMOrO MIAraroluM JKCKaBaTOPOM, J10
CHUCTEeMbl HEIMHEHWHBIX HHTEerpoAudPepeHIMaIbHbIX YPaBHEHUH, 3aJ0’)KEHHBIX B
nporpammy OBM. B niepBoM ciiydae 04€BUHO CUIIBHOE BIMSHHUE CIIy4alHbIX (Dak-
TOPOB, COBMECTHOE M HEPA3AEIUMOE NPOTEKAHWE MHOTHX PA3IUYHBIX IO CBOEH



PUPOJIE SIBJICHUM, YTO AETAET OOBEKT «IJI0XO OPTaHU30BAHHBIMY, IMEHHO TaKUM, C
KaKUMH MMEET JeJI0 TeOpHsl IJIAaHUPOBAaHUS IKCIEpUMeHTa. Bo BTOpOM - 0OBEKT
BOBCE HE MOABEPKEH CIIYYalHBIM BIUSHUSAM, MOJHOCTHIO JETEPMUHUPOBAH, OTJIMY-
HO OpPraHU30BaH W ympasiigeM. B Hamry 3amady OyaeT BXOAUTh KaK U3ydyeHUe 00-
IIUX [PUHLHIOB, JEXKAIIMX B OCHOBE COBPEMEHHOU TEOPUHU IKCIIEPUMEHTA, TaK U
y4deT crneruduKku 00BEKTOB, XapaKTEPHBIX ISl JIEKTPOMEXaHUKH, B YACTHOCTH, Ma-
TEMATUYECKUX MOJEJIEH U KOMILIEKCOB

«MOJIENIb — MaKEeT».

IIpasuna naznauenus gynxkyuu yeau

[IpaBunbpHBI BEIOOP (DYHKIMI LEAH B 3KCIEPHUMEHTE - HEOOXOAUMOE YCIIO-
BUE ycIiexa. DTOT BBIOOp OTHOCHUTCS B 3HAUUTEIHHONW MEpe K TBOPUYECKOM CTOPOHE
AKCHEPUMEHTA, T. €. K TOM KOTOpoi, kak ormeuan X. I1leHk, Henb3s HayunTh. Bme-
CTe€ C TeM MOXHO Ha3BaThb HEKOTOpHIE OOIIMe MpaBuiia, KOTOpbIE HEOOXOIUMO
UMETh B BUAY IpHU BbIOOpe PyHKIMH 11enu

Ilepeoe n ri1aBHOE npaguio - QyHKyusa yeau JOJKHA MOJHO, TOYHO U YHHU-
BEPCAJIbHO OTpa)kaTb UMEHHO TO, YTO (DAKTHUECKHU MHTEPECYET HKCIEPUMEHTATOPA.
HecMoTpst Ha KaXXyLIyrOCS OYEBUIHOCTH IIpaBUia, OHO JAJEKO HE BCET/a BBIITOIHS-
€TCSl Ha IPAKTUKE, B YACTHOCTH, C HUM HE COBMECTHMBI SKCIIEPUMEHTBHI, IIPOBOM-
MBI€ «Ha BCSIKUM CITy4aii», 4ToObI «mouccae0BaTh Boobme». Ho gaxke B mpaBuiibHO
IIOCTABJICHHBIX KCIIEPUMEHTAX IPABUIIO UMEET CHITY.

[Tpusenem npumep. Llenp sxkciepuMeHTa — ONpEAENUTh BIUSIHUE psijia pak-
TOPOB Ha 3HEPTeTUYECKYIO 3(P(HEKTUBHOCTH IEKTPONPUBOJIA, PAOOTAIOIIETO B IIUK-
JMYECKOM pexknuMe. B kadecTBe QyHKUIMU LEIU MOXKeET ObITh BbIOpaH nuoo KIIJ[ B
HEKOTOPBIX YCIOBUSAX, JIMOO MOTEPSI SHEPTHUU 3a LUK, 00 koo KIT/]

fg (3dt
My = 7 ; E
[ B0 + [ £P@Edr
i il

rae P (t), AP (t) — mose3Hass MOITHOCTh U TIOTEPH MOITHOCTH KaK (PYHKIIUU BpE-
MeHU; b, — Bpems 1ukia. HeTpyHO BUAETh, YTO MOCIEIHSS XapaKTePUCTHKA 3HAa-
YUTENILHO 00JIee eMKO, TIOJIHO U YHHUBEPCAIBHO OTPAXKAET OCHOBHYIO IeJIb.

Bmopoe npasuno: GyHkuus nenu NODKHA OBITH ONpEAeieHa KOJINYECTBEH-
HO, T. €. BBIP@XKECHA YKCIIOM. B psijie cirydaeB 3TO MPaBUIIO BBIMOHSIETCS €CTECTBEH-
HO U MPOCTO, HAITPUMED, TIPH 3aIKMCH B KAUECTBE JAHHBIX IKCIICPUMEHTA TTOKa3aHHi
U3MEPUTEIBHBIX TIPHOOPOB. OJHAKO Yallle ero BHIMOIHEHHE TPeOyeT OnpeeIeHHO-
IO BHUMAaHUSI.

1 A , Hanpumep, wu3ydas skcnepumeH-
. /?é;% TaJbHO (MJIM MOCPEICTBOM pacuera) pe-
” o KUMBI paboOThl JTU(Ta C IEIBI0 MOCIIe-

JYIOIIET0 MPOEKTUPOBAHUS AJIEKTPOIPHU-
BOJIa JUUII HEro, Mbl 0e3 Tpyna yoOexma-
€MCsl, YTO UHTEPECYIOIINE HAC BEIUYNHBI
* —  [POJOJDKUTENBHOCTh  LHKIA U
Harpys3ka - ciy4ausele. [[ns BbIllonHe-
HUS TIpaBUiia TpeOyeTcs ux cmamucmu-
yeckasa oopabomka, B pe3ysibTaTe KOTO-
pOI1 OIpeAeIIIOTCS YUCIa — MapamMeTphbl
3aKOHOB pACMpEEIeHUs] CIy4YalHbIX BEIMYMH. JTa K€ CUTyalus HEM30€XKHO BO3-

E‘H?‘J

Y
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Puc. 1.2 I'paduk nepexogHoro npouecca



HUKAeT TPU W3YYCHUU BIMSHHUS PEKHMOB MPHUBOAA IKCKaBATOpa HA MPOU3BOIU-
TEJIBLHOCTh €ro padOoThl, MPU UCCICIOBAHUU KAa4eCTBA JETAJNCH, MPOU3BOJIUMBIX Ha
CTaHKE C HATAXXUBAEMBIM HOBEHIIINM 3JIEKTPOIIPHUBOJIOM, BO MHOXECTBE JAPYTUX TIO-
TOOHBIX CITyYaeB.

OdeHp YacTO JaHHBIC SKCICPUMEHTA IOJIyJaloTCs B BUAEC KPUBBIX. JTO B
MEPBYIO OYEPEb OTHOCUTCS K JIFOOBIM TUHAMHYECKHM IPOIIeCCaM, PETUCTpUpYe-
MBIM C TTIOMOIIBI0 ociiutiorpada wim camonucia. s BEIIOTHEHHS MpaBUiia Tpe-
OyroTCst 00pabOTKa KPUBBIX U MOJYYEHHUE YHCEIL.

[TycTh, HampuMep, W3y4aeMbIH MpOIECC UMEET XapakTep, MOKa3aHHBIA Ha
puc. 1.2. B xadecTBe (DyHKIMI 1I€IM MOTYT MCIIOJIB30BATHCS CIACAYIONINE BEITHYH-
HBI:

1. tun — nmpomomKUTENBHOCTS IEPEXOIHOTO IpoLiEcca, onpeelsemMas Kak
BPCM: BXOKIACHUS HBMGHﬂIOMCﬁCH BCJIMYMUHLI B 3a/TaHHYIO 30HY OKOJIO YCTaAHOBHUB-
mIerocCsa 3HAYCHMUSI,

e~ S

T oy = f

]

A
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—Jorapu(MUUECKUl JEKPEMEHT KOoeOaHul;

Ny — yncno kosiebaHui (MaKCUMYMOB) /10 BXOKJEHUSI BEJIMYMHBI B HYKHYIO
30Hy (Ha puc.1l.2 N=2), a Takxe mo0bIe Ipyrue, yao0HbIe B KOHKPETHOM HCCIIE0-
BaHUMU.

B cnoxHbIX 3amauax Haubosiee MHTEPECHBIMM M OTBEYAIOUIUMH IEPBOMY
IIPaBUJIY YacTO OKAa3bIBAIOTCSl KAYECTBEHHBIC NTPU3HAKHU, KOTOPBIE HE yIaeTcs Mpo-
CTO BBIPa3WTh B BHJIC YMCIIA B pe3ysbTare usmepeHus. Hanpumep, ecnu cpaBHUBa-
I0TCS. U3/ENINs, NTPOU3BEICHHBIE HA NMPELUU3UOHHBIX CTaHKaX ¢ KOHKYPUPYIOIIHMHU
CUCTEMaMH 3JIEKTPOIPUBOJIA, TO JIaXkKe OIMBITHBIM CIleNUannucTaM (KOHEUHo, Oecrpu-
CTPACTHBIM) MHOTJA TPYAHO OTAATh MPEANOYTEHHUE OJHON U3 CHCTEM — CIMILKOM
MHOTO MPU3HAKOB JAOJKHO OBITh MPUHATO BO BHUMaHKE. B mMog00HBIX ciyyasx oka-
3bIBAETCS TIOJIE3HBIM PAH206bII NOOXO00, KOTJAa KAaueCTBEHHOMY MpU3HAKY (MU
CJIOKHOM COBOKYIHOCTH KOJIMYECTBEHHBIX) CTABUTCSI B COOTBETCTBUE YHUCIO —
panr. MHbIMU cllOBaMHU, KaXIOMY HM3JIEIUI0 B HAIIleM MpuUMepe OecrpUCTpaCTHbBIE
KOHTPOJIEPBI CTABIT OTMETKY IMpHU NPHUHATON 3apaHee cucreme. He Oynem moapo0-
HEe KacaThbCsl YKa3aHHOM BO3MOXXHOCTH BBIMIOJIHSATH BTOPOE MPABWIIO: KaXKIbIM U3
YUTATEJIeH-CTYyIEHTOB MPEKPACHO 3HAET clladble M CHIIbHBIE CTOPOHBI PAHTOBOTO
M0JIX0/1a, ITOCTOSIHHO UCIBITHIBAJI €0 Ha ce0e B MpoLecce KOHTPOJI TeKyLIel ycre-
BAa€MOCTH U OCOOEHHO Ha CECCUSIX.

Tpemve npasuno: B UHMEPROJAUUOHHBIX 3adauax (DYHKIHMA 11eTH MOXKET
OBITh CKOJIKO YTOJTHO; B ONTUMHU3ALMOHHBIX 33/la4aX TOJIbKO OHA.

JIeCTBUTENBHO, €CIIM MBI U3y4YaeM BJIMSHUE, HAIPUMED, TapaMeTPOB MPUBO-
Jla Ha ero AMHAMUKY, KOTOPYIO HaOJIt0jaeM B BUJE KPUBBIX, TOJOOHBIX MOKAa3aHHON
Ha puc. 2.2, TO BCE NMEPEUYHUCIICHHBIE BbILIE U MHOTHE JIpyrue GyHKIUHU 1IEIU MOTYT
Ha PaBHBIX (PUTypUPOBATH U PETUCTPUPOBATHCS B IKCIiepuMeHTe. Ero utorom oyner
CTOJIbKO BhIpaxkeHuM (2.1), CKOIbKO PYHKIUHN LIETU Mbl PUHSIU K PACCMOTPEHHUIO.
Ecnu xe MbI UIlleM HEKOTOPOE ONTUMAIbHOE COYETaHHE MapaMeTpoB, TO (PYHKIIUS
eI, paJid KOTOPOM ATO JIeTaeTCs, Ha3bIBaeMasi HHOTAa B 3TOM Cllydae mapameTpoM
ONTUMM3ALMH, TOJIKHA OBITh OJIHA U TOJBKO, 0jHA. [loNbITKa HCKaTh ONTUMYM Cpa-
3y MO HECKOJIbKMM IapaMeTpaM ONTUMHU3AIMHU CTOJIb K€ OECCMBICIEHHA, CKOJIb

- OTHOCHTEIPHOE MaKCUMAJIBHOE MTEPePEryTUPOBAHHE;
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MIPUHSATOE BCEPHE3 YTBEPKIACHUE: «H 80KU Cblmbl, U 08YbL YEabl».

B 3agavax omtmmu3zanuu npu HEOOXOIMMOCTH yUUTHIBATH HECKOJIBKO (DYHK-
MM LEJIU MOYKHO BOCIIOJIb30BATHCS OJHUM U3 JIBYX MyTEH.

[IyTe mepBbIfi - onHa U3 QyHKUMKA 1enu (TJIaBHAs) BHIOMpAETCsS B Ka4eCTBE
rapamMeTpa ONTUMHU3ALUUA U B SKCIIEPUMEHTE UIIETCS €€ MUHUMYM WJIA MAaKCUMYM,
a BCe OCTaJbHBIC UTPAIOT POJIb OrpaHnyeHui (mumuTepoB). Hampumep, He nuiieHa
CMBICJIa Takas IMOCTAHOBKA 3aJlaud: Macca MpuBOAa JOHKHA ObITh (MUHMMAaIbHOMN
npu OpicTpoaciicTBun U KIIJI nukia He HYDKE 3aJaHHBIX U MIPU UCKAKCHUU HaIpsi-
JKEHUSI CETHU U MEPETPEBE JBUTATEIISI HE BBIIIEC 33/ IaHHBIX.

[Tyt BTOpOI — CTPOUTCS OJAUH O0OOOIIEHHBIN TapaMeTp ONTUMHU3ALNU, 00b-
CIUHSIOMNN K MCXOTHBIX (QYHKITHHA LIEITH:

Y =RY, T, Y T

DTOT MyTh, KaK ObI OH HU OBUT PeaTu30BaH, BCET/IA CBSA3AH C CYOBEKTUBU3MOM H OIACHO-
CTBhIO UCKATh HE COBCEM TO, UTO XOUYCTCA. E. C. BeHTHCJ’IB B O,I[HOI>‘I 13 CBOUX pa60T 10 UcCcjacaoBa-
HUIO OIlepaluil IPUBOJUT KPUTEPUN JOCTOMHCTB YeJIOBEKa, NpeaiokeHHbii B myTky JI. H. Tou-
CTBhIM H Hpe,Z[CTaBJ'IHIOIHI/Iﬁ coboit ,Z[p06b, B YUHCJIIUTEIIC KOTOpOﬁ — HCTHMHHBLIC JOCTOMHCTBA, 4 B

3HaMeHaTesIe - MHEHUEe 4ejloBeka o cebe. Jlerko BUACTH, YTO IPU OYCHbL MaJIOM 3HAMCHATCIIC
CTPEMUTLHCA K POCTY YHUCIUTCIIA KaK 6y,Z[TO OBl U HE OYEHb HYXXHO ...

[Ipu nmocTpoeHnu 0060OIIEHHOTO MapaMeTpa ONTUMU3AIUU OOBIYHO OO0BEIU-
HAIOT Oe3pa3MepHble (PYHKIMU LETU - HEMOCPEACTBEHHO WJIU ¢ KaKUMU-ITHOO BECO-
BbIMU KOX(huimentamu. Jiis npuBenenus Yi; Kk 0e3pazMepHoit popMe Vi, MOKHO
BOCIIOJIb30BaThCA MPOCTEUIIIEH OITepaluen
Omopm ¥, <1
lopr I, <¥,

THaCT
r71€ Yi gocr - AOCTUTHYTBIA YPOBEHH Y. 3HAK < UCIIOJIB30BAH 3/IECH B CMBICIIE «XYKE»,
3HaK > - «irydwey. [Ipu ontumuzanum
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DTOT TpyOBId MpUEM, OYECBHIAHO, MPUBOAWT K OYCHb HEUYBCTBUTEIHHOMY
0000IIEeHHOMY TTapaMeTpy ONTUMHU3ALNH.

CymecTByeT MHOTO 00jie€ TOHKUX MPUEMOB, HE YCTPAHSIONINX, OJHAKO, OT-
MEUYEHHBIC BBINIC MPUHITUITHAIBHBIC HEIOCTATKH. MHOTHE W3 HUX CBS3aHBI C TaK
HA3bIBAEMBIMU (PYHKUUAMU HCEIAMENbHOCMU, C TIOMOIIBIO KOTOPBIX IMBITAIOTCS
dbopMann30BaTh MPEACTABICHUE YKCIIEPUMEHTATOPA O BAKHOCTH TE€X WJIM MHBIX KO-
JMYECTBEHHBIX 3HAYCHUM OTICIBHBIX (DYHKIHMH 1€, 00hEIUHIEMBIX B 0000IIEH-
HBIN MapaMeTp ONTUMU3AIUH.

B cnyuae, xorna xaxmas u3 oObeAUHSIEMbIX (PYHKIIUN 1€ UMEET U3BECTHOE

«HUAOCAJTIBHOC) 3HAYCHHUC Yi un » MOKHO BBCCTHU
Y. -1
i iy

4 -

ji":

Toraa IIpHU OIITUMHU3 AN 6yaeM HUMCTDb
k

Y:ZF:' —0
i=1

[locnennee ycinoBue MOKHO YCOBEPILIEHCTBOBATh, BBEJII B HETO BECOBbIE KO-
3G GUIUEHTH! @i, OTpa)KaloUe 3HAYMMOCTh Ka)XJ0ro cjiaraeMoro (mo-mpexHeMmy,
KOHEYHO, CYObEKTHBHYIO):
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[IpuBeneHHble MpaBuiia MOTYT OBITH MOJIE3HBIMU JIUIb ISl TBOPYECKUA MBIC-

JISIIIETO HKCIIEPUMEHTATOpa; X (opMalibHOE PUMEHEHHUE HE MPUBEIET K YCIEeXy.
Tpebosanus k sapbupyemvim pakmopam

Paccmotpum akTopsl rpymnmbl X NPUMEHUTETBHO K aKTUBHOMY SKCIIEPUMEH-
Ty, T. €. BO3JACHCTBHS HA 0OBEKT, OPraHu3yeMble U BapbUpPyeMble IKCIIEPUMEHTATO-
pPOM C IENbIO ONpPEAETCHUS UX BIUSHUSA Ha QYHKIUIO 1enu. PakTopsl rpymmsl Z
KaK OTMEYajoch, JOJDKHBI 00J1aaTh JIIIb OJTHUM IJIaBHBIM CBOMCTBOM - HEM3MEH-
HOCTBI0, KOTOPYIO HEOOXOAMMO CTPOT0 KOHTPOJIHPOBAThH B SKCIIEPUMEHTE.

Kak u ¢ynkuus nenu, paxtopsl rpynibl X TOJKHBL OBITh OMPEEICHbI KOIU-
yecmeeHHo. JTO TpeOOBaHUE BBITEKAeT U3 CHOPMYIHPOBAHHON paHEe 3a/ayMl dKC-
NEepUMEHTA — YCTAHOBJIEHU 3aBUcuMocTelt (2.1) nmm (2.2).

YToObl MpaBUIIBHO HHTEPIPETHPOBATh PE3YIbTAThl IKCIEPUMEHTA, HYKHO
TOYHO YKa3bIBaTh CIIOCOO KOJMYECTBEHHOT'O OINpeAesieHUs] (paKkTopa, COBOKYIHOCTh
U TI0CJIeI0BaTENbHOCTh IEUCTBUMN, B pe3ybTaTe KOTOPBIX (PaKTOPY CTABUTCS B CO-
OTBETCTBUE TO WJIM MHOE yKcio. Takoe onpeneneHue pakropa Ha3bIBAIOT onepayu-
OHAJIbHBIM.

[ToxaxkeM Ba)XKHOCTh CKa3aHHOI'O Ha MPOCTOM mpuMepe. M3yuaeTcs BiausHUE
TEeMIIepaTypbl IEpErpeBa U30JSILMK OOMOTOK JIBUTATENsl HA CPOK €ro ciaykobl. Oue-
BUJTHO, YTO HE yKa3aB, KAKMM CIIOCOOOM U TJI€ U3MEPSAETCS TEMIIepaTypa, Mbl MPHU-
JIEM K HUYETO HE OTpakarolleil MOJENH: TeMIlepaTypa B pa3IMUHbIX TOYKAX JIBUra-
TEJsl pa3IMYMB U CWJIBHO 3aBUCHUT OT TOTO, Kak (TEpMONapol WM MO U3MEHEHHIO
CONMPOTHUBJIEHUS! TPOBOJHUKA) ObLIIa U3MEPEHA.

B psne ciiydaeB OKa3bIBa€TCS BO3MOKHBIM HCIIOJNB30BaTh B AKCIIEPUMEHTE
CJIOXHBIE (PAKTOPBI, TAKHE, HAIPUMED, KaK TUI MPUBOJAA (€CIU U3YYaeTCs €ro BIHS-
HUE Ha NOTpeOJieHWEe SHEpPruuM WIM Ha KauyecTBO MPOAYKLHH), (popma KpuBOH
YIPaBJISIOLIEr0 CUTHAJIA, HACTPOKa perysropa U T. . [Ipu 3ToM KonnuecTBeHHas
OINPEJENICHHOCTD JIOCTUTAETCsl MPUCBANBAHUEM Ka)XKIOMY HCIIOJIB3yEMOMY YPOBHIO
CJIO)HOTO (haKTOpa KaKoro-mmbo HoMepa.

B aktuBHOM 3KcriepuMeHTe (PakTOpbl X TOJKHBI OBITH ynpasiiemvimu, m. e.
HKCIIEPUMEHTATOP JOJIKEH UMETh BO3MOKHOCTh 3aJ]aBaTh JIt000e TpeOyemoe 3Haue-
HUEe (akTopa BHYTPU OOJACTH €ro ONpeleseHUs U MOAACpXKUBaTh (HakTop Ha 3a-
JAHHOM YPOBHE B XOJI€ IKCIIEPUMEHTA.

ToyHOCTh 3aJaHus KaXI0ro (pakTopa JOJKHA OBITh BBICOKOW, BO BCSKOM
cllydae Takou, 4ToObl YpOBHU (pakTOpa OBLIM YETKO Pa3IMYUMbl U YTOOBI BIUSHHE
ciy4aiiHbIX (hakTOpoB Ha X ObUIO CYIIECTBEHHO MEHbIIE, 4eM Ha Y.

®akTopbl X B aKTUBHOIO SKCHEPUMEHTE JIOJKHBI ObITh HE3A8UCUMBIMU, T. €.
KQKJbIM U3 HUX JIOJDKEH YCTAaHABIMBATHCS Ha JIOOOM TpeOyeMOM ypOBHE BHE 3aBU-
CUMOCTH OT TOTO, Ha KaKUX YPOBHSX (M3 YHCIIa HCIOIb3yEMbIX B 3KCIIEPUMEHTE)
HaxosATcsa npyrue (axropel. Hemb3s, Hampumep, BeIOpaTh B KadecTBe (aKTOPOB
HaNpsDKEHUE, TOK U COMPOTHUBIIEHHE KaKOT0-IMOO 3JI€MEHTa LENH, MOCKOIbKY OHU
cBsi3aHbl 3akOHOM OMa U JIMIIb JIBa U3 HUX, HO HE BCE TPHU, MOTYT BapbUpPOBATHCS
HE3aBUCUMO.



®akTopsl X B aKTUBHOM IKCIEPUMEHTE JOJIKHBI OBITH COBMECHIHBIMU, T. €.
JT00BIE UCTIOJIb3YEMBIE B IKCIIEPUMEHTE COUETAaHUSI UX YPOBHEH HE JTOJKHBI PUBO-
JUTh K aBApUIHBIM CUTyalUsIM (ONaCHBIE MEPETPY3KH, KOPOTKUE 3aMBIKaHMS, U T.
I.) WIK K PeKUMaM, HE UMEIOLUM CMBICIIA, HAPYIIAIOIUM HOPMaJIbHOE (PYHKIIMO-
HUpPOBaHUE 00bEKTa 3KcniepuMeHTa. [locneanee npaBuiIo—OYEBUAHO: IJIaTa 3a €r0
HEO0O0LIEHKY — UCIIOPYEHHOE 000pyI0BaHuE MpU paboTe ¢ PU3NIECKUMHU O0BEKTA-
MU WIH HOIYCTY UCTPAYEHHOE BpeMsI IpU paboTe ¢ MaTEMaTUYECKUMU MOJIEIISIMHU.

Brei6op ¢akTopoB, kak W HazHayeHHE (DYHKUIMH LENH, - ATall OpraHUu3aluu
HKCIIEPUMEHTA, HEOCYILIECTBUMBIN O€3 TBOPUECKOT0 MoAXoAa K aAeny. [IpuBeneHnble
IpaBuia, cojeprKaliyecs B Jr000M NOCOOUH MO IUIAHUPOBAHUIO 3KCIIEPUMEHTA, MO-
T'YT IOMOYb, HO HE MOTYT OCBOOOAMTH 3KCIIEPUMEHTATOpPa OT HEOOXOJUMOCTHU Y-
MaTh U TOYHO 3HATh, 3a4€M ITPOBOJUTCS HIKCIIEPUMEHT.

W3 U310KEHHOTO YK€ SICHO, YTO TEXHUYECKU HKCIIEPUMEHT .COCTOUT B yCTa-
HOBJIEHMH (PaKkTOpoB X Ha HEKOTOPBIX YPOBHSIX M HAOJIIOJEHUH IIPU 3TOM 32 (PyHK-
uuel uenu Y. [Ipouenypsl v anropuT™Mel OyAyT pacCMOTPEHBI Aaliee, OKa e OTMe-
THM, 4TO TOJIHBIN Tiepebop Bcex K ypoBHeit n ¢pakTopoB notpedyer N onbITOB, Ipu-
qem

N=k " (2.3)

HetpynHo BumeTs, 4to M make mpu MHHUMAIBHOM K=2 pe3ko pacTeT ¢ yBe-
JUYEHUEM 71, @ 3TO 3HAYMT, YTO PE3KO PacTyT BPEMs, CTOUMOCTb, TPYJOEMKOCTh
JKCIIEpUMEHTa. B Teopuu IuiaHHpoBaHMsI IKCIEPUMEHTa pa3paboTaHbl MPHUEMBI,
IIO3BOJISIOIIME B TOM WJIK NHOM MEpPE MPEOJ0JIEBATh YKA3aHHYIO CIIOKHOCTh. BmecTe
C TEeM TPOTUBOPEUNE MEKIY XKEJIaHHEM y3HaTh OoJiblie (7 OOJbIIe) U 3aTpavynBac-
MbIM TpyzaoM (Oombimoe N) Becerma compoBoxaaeT sKcnepuMenTaropa. Otcroa sic-
HO CTPEMJICHUE YMEHBIIUTh YHCIO BaApbUPYEMBIX (AKTOpOB 1 6€3 motepH, nHPOP-
Maluu 00 0OBEKTE.

OnHuM M3 caMbIX pacIpOCTPAHEHHBIX IPUEMOB CIYKUT IIEPEXO0] K OTHOCH-
TeJIbHBIM BelIMurMHaM. [okaxkeM ero nmpuMeHeHue Ha IpuMepe.

Ipumep 1.1. Jlng 3yOuaToil CTpyKTyphl
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| BoJa A oT reoMmeTprueckux ¢aktopos 0, ai, az

| , 1, hy, 9, 1. Ilpu BappupoBaHUHU KaXKIOTO M3

| 7 (bakTOpOB JUIIH HA MBYX YPOBHSX TOJHBIN

| nepebop BCEeX COYETAaHH B COOTBETCTBUM C
g «—  (2.3) cocrasur N=2"=128 Ilepexom K OTHOCH-
TEJIHHBIM BEJIMYMHAM TPU BHIOOPE B KAYECTBE
0a3bl 3y0II0BOTO JENEeHHs T JaeT MecTh (ak-
TOPOB:

Xo=0/r, X, =a/t, X, =a /e, X, =/, X, -h /e, X;=8/7
T. €. ymenbiaetr N ¢ 128 1o 64 npu 0IHOBPEMEHHOM JTOCTUKEHUHU YHUBEPCAIBHO-
CTH PE3yNbTaTOB, T. €. MPUTOJHOCTH WX JJISl JIOOBIX T€OMETPUYECKH IOJ00HBIX
CTPYKTYD.
Ananu3s xapakrepa (GakTOpOB MO3BOJISIET OOHAPYKUTh UX pa3auuue: PaKkTopbl

X1 ,..., X5 OTpaXkaroT TEOMETPHUIO 3y0UaTOl CTPYKTYPHI, TOT/Ia Kak (akTop Xo Xapak-
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TEPU3YET OTHOCUTEIIBHOE IOJI0KEHNE BEPXHENU U HWKHEW 4acTeu, OT KOTOPOro 3a-

BucuT A. [[ns kaxaoro coyeraHusi 3Ha4y€HU Xj ,..., X5 COOTBETCTBYIOIIETO KOH-
KpPETHOM KOH(GUTYpalMy BO3IYIIHOTO MPOMEXKYTKA, (DYHKIIUS
A= flAG)

MOKET OBITh IpeicTaBjIeHa psaoM Pypbe
A :ﬁn + Zlﬁy cos‘\-"XU
W=

IJ1€ V - HOMEp FapMOHUKH.
Koad¢unmenTs! B mocieHeM BbIPAKEHUH, 3aBUCSIINE OT T€OMETPUIECKUX

pa3MepoB 3a30pa
by =P, X,

yI00HO BBIOpaTh B KauecTBe GyHkiui menu (v=0, 1, 2, 3). Takoit BeIOOp QyHKIIUN
nenu (Av BMecTo A) MO3BOJIUI YMEHBIIUTD YUCIO (PaKTOPOB €Ile Ha OJAUH 0e3 Mo-

TEpH OOIHOCTH U YHUBEPCAIBHOCTH pe3ybrata. (¥ = Aic )

B psge 3amau, ¢ KOTOPBIMH YacTO MPHUXOIUTCS UMETh €0 B dJIEKTpoOMeExa-
HHUKE, YHCI0 (aKTOPOB YAaETCs COKPATUTH MIPH OJHOBPEMEHHOM YBEIMUCHUH YHH-
BEPCAJIBHOCTH pPE3yJibTaTa Ha OCHOBE NPUMCHCHHWS aHajln3a pa3MEpHOCTEH, pac-
CMaTPUBAEMOTO B CJICIYyIOIIEM maparpade.

Ananuz pasmeprocmeti Kak cpedcmeo YMEeHbUEeHUs. YUCLA PAKMOPO8

B ocHOBy aHajm3a pa3MEpHOCTEH IMOJIOKEHBI CIICIYIONUE HHTYUTHBHO OYe-
BUJIHBIC MTOCTYJIATHI.

1. JIroboe sBICHHME WM TPOIECC, MOMYMHSIOMUECS ICHCTBHIO (HH3HMUCCKUX
3aKOHOB, JIOJDKHBI MMETh MaTEMaTHUYECKOE OINMCaHWe, WHBAPHMAHTHOE K CHCTEME
¢IMHUII, B KOTOPOI BBIPAXKCHBI IIEPEMEHHBIE U ITAPaMETPHI.

2. B MaTeMaTH4eCKOM OMHUCAHUU 00S3aTEIbHO HCIIOIB3YETCS OIMEpaIlis H3-
MepeHust PU3UUECKOM BEJTMUUHBI, T, €. COMPSKEHUE €€ C YHUCITOM.

Bce pusnueckre BeMYUHBI MOXHO Pa3/ICiUTh HA NEPEUUHbLE U BMOPUUHbIE B
3aBUCHUMOCTH OT TOTO, KaK OCYIIIECTBIISIETCSA UX U3MEPEHHE.

[TepBHYHBIC BETMYUHBI X U3MEPSIOTCS IyTEM MPSMOTO COIMOCTABICHUS UX C
3TaJOHAMHU (EAMHUIIAMH U3MEPEHHUS.) Xo, T. €.

A=xlx

rae X - YUCIIeHHOe 3HAYCHUE BEJIMUMHBI X TIPH ATAJIOHE Xo.

OueBHIHO, YTO YHUCJICHHBIC 3HAYCHHUS X CYIIECTBEHHO 3aBUCAT OT BHIOpaH-
HBbIX 3TaioHOB. Hampumep, BeIOpaB 3a 3TajnoH JIMHBI Xo =1 ¢M, MBI BBIpa3uM pas-
Mephl TETpaau, Ha KoTopol mumieM, kak X1=28 u X,=20. [IpunsB 3a 3TaJIoOH Jelu-
meTp (Xo’=1am), momyunm X;’=2,8 u X2’=2,0; BeIOpaB mMeTp (Xo=1M), OyaeM HMMeTh
X17=0,28; X5°==020 u T.1. Takum oOpa3oM, caMH UYHUCIICHHBIC 3HAUCHUS HUKOUM
00pa3oM HeJb3sl CYUTaTh a0COMIOTHBIMU MPU3HAKAMU 00BEKTA - OHU 10 CBOCH CyTH
OTHOCUTEJIbHBI:

(1.4)

X h=j X
=k, (L5)
rae . k!' =7 J"Irxl:l
OnHako ecTh W aOCOMIOTHBIA MPHU3HAK, KOTOPBIA HE 3aBHCHT OT BBIOPAHHBIX

Xi - 9TO omHouwieHue YucieHHulX 3HaueHuil. J|eicTBUTEIIBHO,
x ,!XE =X /XE =X ffz = const

(1.6)



B namewm npumepe otHomienue pazmMepoB X1/X;=1,4—rmnpusHak oobexTa (TeT-
pazu), THBAPUAHTHBINA K BEIOPAHHOM CHUCTEME €IMHUIL (3TAIOHOB JJINHBI).

B ananmze pazMepHOCTEH 3TO Ba)KHOE CBOMCTBO HA3bIBAIOT a0COJIOTHOCTHIO
oTHouieHU. OHO OTpa)kaeT MEPBBIA MOCTYJAT U AJIs EPBUYHBIX BEJIUYHUH BBINOJI-
HSIETCS aBTOMATUYECKHU.

Bropuunble BeIMYUHBI ) BBIPAXKAIOTCA 4Yepe3 NMEPBUYHBIC MOCPEICTBOM H3-
BECTHOT'O ONPEJIETUTEIILHOTO YPaBHEHUS

y:fl:xl,...,-x!',---sxmj (17)

Nx yucnennsie 3HaueHUs1 Y 3aBUCAT KaK OT 3TAJOHOB Xoi TAK U OT BUJA YpaB-
Henus (2.7).
B cooTBeTcTBUU € MEPBBIM MOCTYJIATOM M JJIsi TUX BEJIIMYUH JIOJDKHA CYIIIe-
CTBOBAaTh a0COJIFOTHOCTh OTHOILIEHUH, T. €. €CIH
Y= FE X e '),
Y= A Kt K
U cripaBesiuBo (2.5), To
r'=Kr" (1.8)
Brinonnenne ycnoBus (2.8) BO3MOXKHO JUIIb MPH CIAEAYIOIIEM BUJIE OIpEie-
JUTENbHOTO ypaBHeHus (2.7):

T R
y=Ax " x xy (1.9)

Torma, oueBUAHO,
Y= A XY X,
F":ﬂ(}f]-":lﬂl ...(X!-"]Iﬂ"...(Xm u)ﬂm
u c yueTom (2.5)
i i )
¥ (1.10)
[TonydeHHBIN pe3ylbTaT MOXKHO PACIHpPOCTPAHUTH U HA CIydald, KOTa HEKO-
TOpasi BTOPUYHAs BEJIMYWHA 3aBUCUT OT 7 NIEPBUYHBIX U I BTOPUYHBIX, T. €.

¥=Jlx 0y _— ,...,yr]

(1.11)
Torna
y= x iyl e (1.12)
u
K=kl kK], KX (1.13)

Bripaxxenus (2.10) u (2.13) HazbiBatoT dhopmysiaMu pazmepHocHiU WA pa3-
MEPHOCMAMU, A TIOKA3aTENIN CTETICHU B HUX— HOKA3AMeIAMU PA3ZMEPHOCHIU.

[IpuBenem mpumep, 4TOOBI MOSCHUTH HCIOJIB30BaHHBIE 0003HaueHus. BTo-
pUYHasl BEIMYMHA—CKOPOCTh Y=V — BBIpA)KaeTcsl 4epe3 MEepBUYHbBIC: MYTh X1=S U
BpeMs Xo=t. OnpenenuTenbHOe ypaBHEHNE

y=Flx;, %) :Hxlﬂlxgz
B kKoTOopoM A=1, a1=1 ,ar=-1.
Torna B 0603naueHusx (2.10) popmyna pasMepHOCTH V (MK pa3MEPHOCTh V)
3aMUIIETCS KaK

K, =k k!



WHoraa ucnonb3yloT APYryro CUCTEMY 0003HAUCHHM, 3aMeHsIs1 KO3 PHuIneH-
Thl CUMBOJIAMH BEJIMYHMH, K KOTOPHIM OHU OTHOCSTCS; TIPH 3TOM BTOPUYHBIC BEJIH-
YUHBI MHOTJA 3aKII0YaloT B KBaJpaTHbIE CKOOKH. 3aMKCh, SKBUBAJICHTHAs MPEIbI-
JYIIEN, UMEET BUJL

[V]=L06"

3nech L 1 6 — COOTBETCTBEHHO CHMBOJIBI, JUTMHBI U BPEMEHU;

[V]—pa3mepHOCTh CKOpOCTH, BBIpa)KeHHAs Yepe3 MEPBUYHBIC BEIIMIMHBI.

OtMmeTruM, 4TOo (hopmysia pa3MEepHOCTH (Pa3MEPHOCTh) MEPBUYHON BETUUHHBI
COBIAJAET C €€ CUMBOJIOM. be3pazMepHbie BENTUUMHBI UMEIOT HYJIEBbIE MOKAa3aTEIH
pa3MEepHOCTH.

JIroOyro 3aBucUMOCTh BUJA (2.1), onmuchIBarONy0 (PU3HYECKOE SBJICHUE WUITH
MPOIECC U CBA3BIBAIOIIYIO CYIIECTBEHHBIC AJISl JAHHOM 3a/1auul MepeMeHHbIe, mapa-
METpPbl M KOHCTAHTBI, MOXXHO paccMaTpuBaTh KaK OINpPEACTUTEIIbHOE YpaBHEHHE
(2.12) 1 momyuuTs a1 Hero popmyny pazmepHoctH (2.13), BeIOpaB HEKOTOpBIE U3
BEJIMYMH B KayeCTBE NMEPBUYHBIX. B MeXaHWKE YacTO MEPBUYHBIMHU BEIMYUHAMHU
CUMTAIOT Maccy, JUIMHY U BpeMs U 0003HAYarOT X COOTBETCTBEHHO CHMBOJAaMHU M,
L u 6. OTmMeTuM, 4TO yKa3aHHBIN BBIOOP, BOOOIIE TOBOPS, HE 00s13aTEICH, BO3MOXK-
HBI U Jpyrue coderanus (Hampumep, F (cuma), L, O u 1. 11.), 0AHAKO UCHOJIB3YIOT
TPH HE3aBHCHMBIC TEPBUYHBIC MEXAaHUUYECKHE BEIMYMHBL. B TETUIOBBIX 3amadax K
HUM J00aBisieTcsi Temmeparypa T, B 3JeKkTpoTexHuueckux—Tok |. PasmepHocTn
pa3IMYHBIX MEXaHHYECKHUX TEIUIOBBIX U DJIEKTPHUECKUX BEITUYMH, BHIPAKEHHBIC Ye-
pe3 MepeurciIeHHble, KOTOPbIE PACCMATPUBAIOTCS KAK OCHOBHBIE IIEPBUYHBIE, MPU-
BezeHbl B Tabu. 1.1 [7].

Tabmuua 1.1. opmyiisl pazmepHocTell. MexaHn4eckue BeTMYNHbI

Bemmuuna PasmepHOCTE

O6BeM L3
KpupizHa L
CKOpOCTE Lg-!
VckopeHue Lq"2
VIIIoBas CKOPOCTh q--f
VIIIoBOE yCKOpPEHHE q“2
IInoTHOCTH MIL-3
KomnuecTro OBIDKEHHA MLgq -1
MOMeEHT KOJTHYeCTBA JBIKEHIA MI2g -1
Cuna MLg -~
PaGora, 3neprua ] ng -2
MOTITHOCTE ML%q -3
B3KOCTE ML1g -1
KHHEMATIUECKAs BA3KOCTh Lg!
[ToBepXHOCTHOE HATLKECHHE Mg~
JlaBTeHHe ML g2
MOMEHT CHITBL MILq 2

®dopmyinel pazmepHoctd (1.13) cimyxat oCHOBO#M A MpeoOpa3oBaHHs HC-




X0AHBIX BbIpaxkenuil tuna (1.11) x O6e3pasmepHoMy BUIy, T. €. IJis Mepexoaa OT

MEPBOHAYAIILHBIX Pa3MEPHBIX (DAKTOPOB X1 ... , Xm ,V1, ... , Vr K HOBBIM (pakTOpam —
0e3pa3MepHBIM KOMITJIEKCAM T ,..., Tn , YACIO0 KOTOPHIX MEHBIIIE YMCIIa UCXOIHBIX
(haxkTopOB.

VYka3zaHHas omeparus BBIIOJIHSAETCS B COOTBETCTBUU C TeopeMoil bakunrema,
WJIU TT-TEOPEMOM, COCTOAIIEH U3 ABYX YaCTEH.

llepsas yacmes meopemvl. ecnu (popMysia pa3MEpHOCTH OJHOPOJHA, TO OHA
MOKET OBITh MpeJICTaBIIEHA O 0e3pa3sMEPHOM BHJIE.

YcnoBue oaHopoaHocT ypaBHeHUs (1.13) o3HavaeT OTIIMYME OT HYJISI BCEX
BXOJISIIIMX B HETO MOKa3aresiel crernenu, HeBbInmoaHeHne 3Toro ycuoBus MoKa3bIBa-
€T, 4TO ucxoaHas 3anuch (1.11) HEKOpPpEeKTHA ¢ TOYKU 3pEHUS COOIt0/IeHUs (HU3H-
YECKUX 3aKOHOB: B HEH JHOO0 MPOMYIIEHBI CYIIECTBEHHBIE AJS 3a/la4dl MapaMeTphl
WM KOHCTAHTBI, TUOO, HAMPOTHUB, MIPUCYTCTBYIOT BEJIMYHUHBI, HE BIUSAIONINE HA U3Y-
YaeMbIi TIPOIECC UITH SIBJICHUE, T. €. HE CYIIECTBEHHBIE JIsl TAaHHOW 3a/1auH.

AHaM3 pa3MEPHOCTEN HE TaeT OTBETA HA BOIPOC O TOM, YTO UMEHHO HE BEp-
HO, OJTHAKO 3aCTaBJIsIET MCCIIEOBATENS 3ayMaThCsl O TIOCTAHOBKE 3a/ladll U COOT-
BETCTBYIOIIUM 00pa3oM M3MeHUTh ee. OmHopoaHocTh ypaBHeHus (1.13) pazymeer-
Csl, HE TapaHTUPYET MPABUILHOCTH IMOCTAHOBKHU 3ajauu, T. €. 3amucu (1.11), ona
CBUJIETEIBCTBYET JIUIIL O TOM, YTO NMPOTHUBOPEUUS C 3aKOHAMU (DU3UKU B ITOU 3a-
IIUCH HE COJIEPIKUTCA.

Bmopas uacmv meopemsbi: uncio 0e3pa3MEpPHBIX KOMIUIEKCOB PABHO YHCIY
MEPEMEHHBIX, MAPaMETPOB M KOHCTAHT, CYIIECTBEHHBIX /I M3y4aeMOoro mpolecca
WIM SIBJICHUS, 32 BBIYETOM YHKCJIAa HE3aBUCHUMBIX MEPBUYHBIX BEJIMYUH, Yepe3 KOTO-
pbI€ BBIPAXKEHBI 3TH TIEPEMEHHBIE, TApaMETPhl U KOHCTAHTHI.

Jlna ompenenenusi 6e3pa3MEepHBIX KOMIUIEKCOB HYXKHO PEIINTh YpaBHEHHUE
(1.13) oTHOCHTENBHO MOKAa3aTeNIel CTEIEHU, TOYHEE, — BBIPA3UTHh HEKOTOPHIC BBI-
OpaHHBIC TMOKa3zaTedu uepe3 octayibHbie. [Ipu unciie kommiekcoB N>1 BO3MOXKHBI
pa3iryHbIe KOMOMHAIINH, OTIpEieNiieMble TeM, KaKHe U3 MOKa3aTeeil BhIPaKatoTCs
yepes octaibHble. CTporoe pelieHue Bomnpoca 0 4ucjie KoMOUHaIui, 00 ux pamuo-
HAJIBHOM BBIOOpPE M T. . BBIXOJUT 32 PaMKU JIAHHOTO PaCCMOTPEHUS U MPEAroiara-
€T HCTOJb30BaHUE OoJiee MOTHBIX MOCOOU, HAIPUMEp yKa3aHHBIX paHee KHUT A.
A. T'yxmana, B. A. Benukoa u I'. B. BenukoBa u ap.

Ipumep 1.2. [1]. IlycTh uzy4aeTcs ABMXEHHE HEKOTOporo tena (puc. 2.4) B
BS3KOM Cpejie U OMpeesieTCsl BIMSHUE Ha CHITY JJOOOBOTO COMPOTUBIICHUS F 4eThI-
pex ¢akropoB: ckopocTtu Tena V, Ero pasmepa H, MIOTHOCTH p U BSI3KOCTHU L Cpe-
TIBI, T. €.

F=FfwvH puw

B coOTBETCTBHHU C M3JI0KEHHBIM 3aITUIIIEM ATy 3aBH-
cumocTb B Buje (1.12).

F o= 4y @K o] b C n d
u OyneM uMeTh HopmyITy pa3sMepHOCTH
Puc. 1.4 KF=K$3£%K§KE
[Tonb3ysicek Tabs. 1.1, BeIpa3um pa3sMepHOCTH BCEX BETUYMH Yepe3 TPU OC-
HoBHEBIC nepBuuHbie (M,L,0)
Mre? =ne ™y PPy (mrtehH?




[TpoBeprM OTHOPOTHOCTH YpaBHEHUS — yOEIUMCS, UTO BCE MOKA3ATENH CTE-
MIEHU OTJIMYHBI OT HYJIS. ITO YCIOBHE MOXKET OBITh BBITOJIHEHO, MTOCKOJBKY BCE OC-
HOBHBIE CUMBOJIBI BCTPEYAIOTCS B (POpMyJie HE MEHee IBYX pas.

Bocnonb30BaBIIMCE BTOPOW YaCThIO TEOPEMBI, OMPEISTNM YHCIO KOMITICK-
coB. B 3agade msATh BenMUMs, KOTOPHIE B CHIy OJHOPOJHOCTH YpaBHEHHUS pa3Mep-
HOCTEM MOXXHO CUMUTATh CYHIECTBEHHBIMU. DTH BEJIUYMHBI BBIPAXKEHBI 4Yepe3 TpH
MIEpBUYHBIC, B CBSI3M C UeM N=5-3=2.

Haiinem Ge3pazMepHbIe KOMIUICKCHI, IJIsl YE€TO 3alHIleM 110 OJTHOMY ypaBHE-
HUIO, CBSI3BIBAIOIIEMY MTOKA3aTeNsl CTENEHH, IS KaXKIOM U3 TpeX MEePBUYHBIX BEIH-
YHH:

i M 1=c+d
mi L 1=a+b-3c-d,
i 0 -2=-a-d

Nmeem Tpu ypaBHEHHUsI ¢ YETBIPbMS HEM3BECTHBIMH, T. €. MOXKEM BBIPA3UTh
Jr00BIe TpU IOKa3aTelsd 4Yepe3 OCTaBIIMICS 4eTBepThI. Bhipasus a,b, ¢ depes d,
MOJTy4YUM

a=b=2—d; c=1-d.

IToacraBuB 3TH 3HaYeHus B (*), HalijemM

Foaidpi-d l-d 4

d
F b

7 -4 '

v H p vip

YetblpexPaKkTOpHYIO 3a/1a4y Mbl CBEIU K OJHO(DAKTOPHOM, PE3KO COKpPATHB
TPYI U, YTO, MOXKET OBbITh, O0JIee Ba)KHO, MOJYYUB YHUBEPCAIbHBIN pe3yibTaT. Ba-
7, =wfvip

NN

pPBUPYST KOMIUIEKC Ha HECKOJIbKMX YPOBHSIX, Oy/IeM HCKaTh B 3KCIEpH-

2rd
m,o = FivH
MCHTC COOTBeTCTBy}OH_[I/Ie 3HAUYCHU KOMIIJIICKCA 1 / }9" T. €. CTpOI/ITI) KpI/I-

BYIO, KOTOPasi OTpaKaeT MHTEPECYIONIYIO HAC CBSI3b JIJISl BCEX MOJOOHBIX OOBHEKTOB.



JIEKIIUA 3. CraTucTHYeCKHE METOIbI MCCJIeIOBAHUI B IKCIIEPUMEHTE

Cnyyaunas eenuuuna u ee napamempol. Cmamucmuueckuu anamuz CB. Cmamu-
cmuyeckue 3a0a4u nepeozo u emopo2o munos. Keanmuiu pacnpeoenenus. 3axKoHul
pacnpedenenus. Aneopummoel peuienus 3a0ay MamemMamuyeckou Cmamucmuxu.
Owubxu nepsoeo unu 6mopoco pood.

[TpuntunuanbHas 0COOEHHOCTH cayuaiiHou eeauyunst (CB) — HEBO3MOXK-
HOCTh MPEJICKa3aHus €€ KOHKPETHOTO 3HAYEHUS JIO UCTIHITAHUS.

JMuckpernsie CB - nienouncieHnsie 3Ha4eHAS (YUCIIO ABUTaTENeH, paboTa-
IOIHUX Ha 00BEKTE B KaKOM JIMOO MOMEHT BPEMEHH ). HenpepbiBubie CB — to-
00¢ 3HaUeHHE B HEKOTOPOM MHTEpBaje (pa3Mep MOBEPXHOCTH JACTANH ).

OcHoBuble napametpsl CB npuBenieHs! B TabuIe.
Ha3zBanue ['enepanbhbie Bribopounsie

N — HEKOTOPOE YuCIIo Habro1ae-

N MBbIX 3HaueHuii CB
—>® Xi, i=1.n

O0bem CB BeckoneuHoe (M1 04eHb 60Ib-
moe yucno) nposisienne CB

Nn<=5 — manas BEIOOpKA
10<n<30 — cpeanss BeIOOpKa
50<n<200 — Gompiias BEIOOpKA

Omnpenenser HanboIee BEPOSTHYIO

30Hy HaxoxaeHus CB npu 6ecko- Bribopo4noe cpeanee
€4HO YHUCJIE €€ MPOSIBICHUN n
MatemaTuueckoe |
R al<MX<a2 > X,
OKHNIAHUE He siBrsieTcst KOHKPETHBIM YHC- ; _ =l
JIOM, onpefieNsieTcs rpaHuaMu n

JIOBEPHUTENBHOTO HHTepBana al, a2
Ormpenensier Hanboee BEPOSTHBIN

pasmep obnactu paccesnusi CB BbIG0pOUHas AUCIIEPCHS

pu OCCKOHEYHO YHCIIC €€ IIpoAB- n 2
JIEHUH <
Hucnepcus CB b1<SX<h? Z( X, — X)
_ =1
He sBisieTcst KOHKpETHBIM YHC- o=
JIOM, OMPCACIIEICTCA I'paHNIIaMU n _1

JIOBepUTEIbHOr0 HHTEpBaia bl, b2

Kak oxapakrepuzoBats CB? HeoO6xo1uMo MoTy4uTh YUCIOBBIE XapaKTepH-
CTUKHU €€ TeHEepaJIbHbIX U (WJIH) BBIOOPOYHBIX MTAPAMETPOB.

Jliist monmyyeHus KoaudecTBeHHbIX olleHOK CB Heobxoaumo nposectu CTA-
TUCTUYECKUI AHAJIN3. OCHOBHEIE STATIbI CTATUCTHYECKOTO aHANN3a:
1 TlonyuuTs BEIOOpOUYHYIO COBOKYMHOCTH CB Xj, 1=1..n
2 Paznenuth moste paccessHust RX=max(X)-min(X) na K naTepBanoB nojay4uB BeK-
TOp FPAHUI] UHTEPBAJIOB Y

K=1+1.43*In(n)
Y1=min(X) Yj+1= Y]+ (max(X)-min(X))/K, j=1..K+1

3 Jlns xaxxmoro uatepBana [Yj,Yj+1] onpeaennuTs KOIMUECTBO MOMABIIMX B HETO
3Ha4YeHUN X, TO €CTh MMOIYYUTh BEKTOP YACTOT Vj.
4. Ioctpoutrs TMCTOI'PAMMY pacnpenenenus BeIUnYuHbl X — CTOJIOYATYIO 1ha-
rpaMMy 3aBUCHUMOCTH Vj. OT Y (CM. pHCYHOK)



15
Teopernueckoe
13.5 pacrpeneieHue

an
10.5 \ [ucTorpamma

o B —  pacnpeneneHus
7.5
6 OMIIMpUYEcKoe
\\ pacrpezie/icHIe
4.5 C
4 A\
1.5

1 1.7 2.4 3.1 3.8 4.5 5.2 5.9 6.6 7.3 8

5 TlocTpouTh KpUBYIO SMIIMPUYECKOTO PaCIpEACICHUS

6 ConocTaBUTh NOJYYEHHBII 3aKOH SMIUPUUYECKOTO PACTIPEICIICHUS C U3BECTHBIM
TEOPETUYECKUM 3aKOHOM PACHpENeNICHHs. ITO MOKHO CHIeNIaTh U BU3yalbHO. Ho
JIy4lll€ UCTIOJIb30BAaTh CIIEIUATbHbBIE KPUTEPUU COOTBETCTBUS (HAIIPUMED, ISl HOP-

MaJbHOTO pactnpesenenus ['aycca — kpurepun Konmoroposa wiun XM-kBaapar)
[TonpoOHyI0 METOAMKY CTATUCTUUECKOIO aHaJIM3a CM. PAKTUYECKYI0 padoTy «CraTtuctu-
YeCKUI aHaJIN3 CIy4ailHOM BETMYUHBI»

Kak monawvko onpedenen 3axon pacnpeoenenusa CB,

J100vIe ee napamempuobl Mo2ym Obimb 8bIYUCICHDL.

CymiecTByeT J1Ba TUIA 3a/1a4 MaTEMAaTUYECKON CTAaTUCTHKHU.

1. TTo BEIOOPOYHBIM YKCIIOBBIM XapakTepuctukam CB monyunts npeacrasie-
HUE O YMCJIOBBIX XapaKTEPUCTUKAX PACIIPEIEICHUS T€HEPAIBbHOM COBOKYITHOCTH.

2. TTo BBIOOPOYHBIM YHCIIOBBIM XapakTepuctukam CB 060cHOBaHHO CyUTh O
IIPAaBOMEPHOCTH NPHUHATHS HEKOTOPOM CTaTUCTUYECKOW TMIIOTE3bI, HAIIPUMED:
- BBIJIBUHYTOM TMIIOTE3€ PaCIpeIeICHUs TeHEPAIbHOM COBOKYITHOCTH;
- IPUHAITICKHOCTH IBYX WM 0oJiee BBIOOPOK OJTHOM reHepaaIbHONW COBOKYITHOCTH;
- CITy4yalilHOM WJIM HECITYYailHOM pa3finyuy NapaMeTpOB CTATUCTUUYECKUX BBHIOOPOK

Cnucoxk cunomes 0aa 3a0au emopozo muna HEOI'PAHUYEH u 3aeéucum
Om mMeEopPYeCKoil AKMUBHOCHU U YCHEUIHOCMU IKCREPUMEHMAMOpa.

Pelenue 3a1a4 OCHOBaHO Ha MCIOJIb30BAaHUU 3aKOHOB pacnpeneneHus CB u
UX KBAaHTUJIEN pacnpeacicHusl.

3akon pacnpenenenusi CB - 3TO OTHOLIEHHWE, YCTaHABIMBAIOLIEE CBA3b
MEXIy BO3MOKHbIMU 3HaUeHUsIMU CB 1 BeposITHOCTSIMU, C KOTOPBIMH IPUHUMAIOT-
Csl 3TU 3HAYEHUS. 3aKOH pacipeiesieHus MMOJHOCThIO XapakrepusyeT CB.

[Tycte X — HekoTOpas ciydaiiHas BEJITMYMHA, MPOSBIIAIONIAs ce0sl HA YUCIIO-
Boil ocu X. PaccmarpuBaeTcsi coObITHE, 3aKJIIOUAIOLIEECs] B YCIOBUH, YTO X OKa-
’KETCsl MEHbIIIe YeM HekoTopas BenmunHa Xp (X<Xp). BeposTHOCTB 3TOro cOOBITHS
obo3HaudaeTcs kak P(X<Xp). YpoBeHb 3HaunmMoct =1-p. Beezoa p+q=1.

[Ipeamnonoxxkum, 4To W3BECTHA (PYHKITUS 3aKOHA PACTIPEEICHUS CITydailHOM
BENTMYUHBI X, TO €CTh JJII KaXJI0ro XP MMEeTCsl COOTBETCTBYIOLIAsi €My BEpOST-
HOCTBh CcoObITHsI P(X<X,) — omHOCTOpOHHee pacmpeneneHne uian P(Xp1<X<Xp2) —
JIBYXCTOPOHHEE pacIpeiesieHue.




KBanTnib 3aKoHa pacnpeneneHus Xp - 3HAYCHUE CIIy4alHON BEJIUYHUHBI X
C MPUIMKCAHHOU el BeposTHOCTHIO P. Jlpyroe ompeneneHue KBaHTWIIS - TaOyIupo-
BAaHHOE 3Hau€HUE (PYHKIMH 3aKOHA PaCHPECIICHUs CITy4aiiHON BEJIMYUHBI.

PaccMoTpuM mocTpoeHue 3aKkoHa HOpMaJIbHOTO pacnpenenenus ['aycca F(X)
1 GYHKIMH IJIOTHOCTH HOpMaisHOro pacnpeacnenus f(X) (MathCad).

X := -100..100 (min(x) + max(x)) G = 30
a:=

2 ) !
f(x) = — 20"

X c
F(x) = J fix) dx o2-m
— 1000 0.015
1 0.012
0.8 0.009
f(x)
0.6 0.006
F(x)
0.4 0.003
0
0.2 -100 ~60 20 20 60 100

%0 60 20 20 60 100
X
PaccMOTpuM MpoIecC MOCTPOEHUS KBAaHTUJIEH CTAHIaPTHOTO HOPMAaIbHOIO
pacnpenenenus. (MathCad)

X—a

Beenem HOBYIO CriyyaiiHyHO BEMMYAHY u(x) = bi=-4.-3.5
(o3
2
—u ul :=-4,-3.99..4
1 2
Hu) = e
2-m u
F(u) = J‘ f(u) du
= 0.39894 _5
M2
0.4 u= if(u< 0,F(u),F(u) — F(—u))
4 3.13846:10-5
0.32 -3 0.00135
0.24 -2 0.02275
f(ul) -1 0.15865
0.16 0 0
1 0.68269
0.08 2 0.9545
3 0.9973
0—5 -3 -1 1 3 5 4 0.99994
5 1
ul

F(1.96) — F(-1.96) = 0.95
Cmanoapmnoe HOpMAIbHOE pAcChpedeleHUe — CUMMEmMPUUHOe
08yXCcmopoHHee pacnpeoeieHue



Haubonee wacmo npumensiemviti ¢ mexnuke yposetv eeposimuocmu pP=0.95.
Keanmuns cmanoapmnozo nopmanvnozo pacnpedenenus cocmagnsem 11,96

Aneopumm peutenus 3a0a4 nepeoeo muna
[TycTh M3BeCTEH 3aKOH paclpeeseHus CIydailHOi BeIUYuHbl X - CTaHAapT-
HOE HOPMAJIbHOE pacIipe/ielieHue, G U pe3yJbTaT OJHOro HaOmoaeHus Xo. Onpene-
JIUTH TEHEpaJIbHOE CPEHEE CIIyYailHOM BeIUYUHBI X.
3AJTAYA TIEPBOI'O TUIIA, Tak kak HEOOXOAMMO HAWTH MapaMeTp reHe-
paJIbHOM COBOKYMHOCTH !!!

1. Haxomuwm cBs3b 3a1anHol B 3a7aue CB ¢ CB, kBaHTHUIIM KOTOPOM M3BECTHBI.
Tak xak X MOTYUHSIETCS CTAHIAPTHOMY HOPMAJIBLHOMY pACIpENCICHHI0, TO (CM.
pHC. BBIIIE)

Xx=atou => u=(x-a)loc
2. BpIOpath 10BEpUTENIBHYIO BEpOSTHOCTh oTBeTa. P=0.95
3. YcTaHOBUTH KBAHTWJIbHBIE TPAaHUIIBI U CHOPMUPOBATH pa3pellaloliee 3aaady
HEPaBEHCTBO

Up=0.95—71,96
-1.96<u<1.96
-1.96<(x0-a)/0<1.96

4, PemuTh HEPABEHCTBO OTHOCUTEIBLHO OMPENEIIIEMON BETUUNHBI
X0-1.960< a < Xp+1.960

Aneopumm pewienus 3a0a4u 6mopo2o munda
B oneite nomydyeHo oxHo 3HaueHue CB U=Ug. IIpoBepuTh rumoresy o Tom,
yro U noguuHsAeTcs CTaHIapTHOMY HOPMAJIbHOMY PACIIPEIEICHUIO.
3AZTAYA BTOPOI'O THUIIA, Tak kak HEOOXOIUMO MPOBEPUTH CTATUCTUYE-
CKy1o runore3y!!!

1. Haxomuwm cBsi3b 3aganHoi B 3aaue CB ¢ CB, kBaHTUIIM KOTOPOU U3BECTHBI.
Tak kak U mpoBepseTCs Ha COOTBETCTBUE CTAHAAPTHOMY HOPMAJIBHOMY paclpese-
JIEHUIO,

u=u
2. BpiOpaTh n0BepHUTENbHYIO BEepOsTHOCTh oTBeTa. P=0.95
3. YcTaHOBHUTH KBAaHTHIbHBIE TPaHHIBI U CHOPMHUPOBATH paspellaroiiee 3aaady
HEPABEHCTBO

Up=0.95=71,96
-1.96<u(<1.96

4. TlpoBepuTh UCTUHHOCTh HEPABEHCTBA OTHOCUTENILHO ONPEAEIsIEMON BEIUUHHBI

Ecnn HEepaBeHCTBO HCTMHHO — IPUHATH TUIIOTE3Yy. ECiM HEPABEHCTBO JI0KHO
— OTBEPIrHYTh IUIIOTE3Y.

[Ipu pelieHuu CTaTUCTHUYECKHUX 33/1a4 MOXHO COBEPIIMTH OLIMOKHU TEPBOTO
WUJIM BTOPOTO pOJa.

Ommubka 1 pona - OTBEprHyTh XOPOUIYIO TUIIOTE3Y.

Ommubka 2 poa - HE OTBEPrHYTh HEBEPHYIO TUIIOTE3Y.

BeposiTHOCTh COBEpIINTH OMMOKY MEPBOTO POJa MaAaeT C YMEHbIIEHUEM
g=1-P.

BeposiTHOCTh CCOBEPIINTH OUIMOKY BTOPOTO POJia YMEHBIIAETCS C POCTOM
g=1-P.



JIEKIIUS 4. O0630p cTATUCTHYECKUX KPUTEPHUEB ISl pellleHus] 3a/1a4
HHKEHEPHOI0 IKCIEPUMEHTA

Cmamucmuueckue kpumepuu Cmorooenma, llupcona, @Quwepa, Koxpena. TAY-
kpumepuil. [Ipumepwvl pewienus cmamucmuyeckux 3a0a4 Ha npuMeHeHue Kpumepu-
es.

Pemienne craTucThyecKkux 3a7ay MPOBOJUTCS HA OCHOBE psiia CHIEIUAbHBIX
pacnpeneneHui ¢ N3BECTHRIMU (TaOyTMpPOBaHHBIMHU ) KBAaHTHIIIMH. OOITHI TI0IX0T
COCTOUT B TOM, UTO BBOJIUTCS CIyyaiiHasi BEJIMYMHA, CBSI3aHHAS C U3y4aeMOU U
yA0OHas! Ui pelIeHUs] TOW WM UHOW KOHKPETHOM 3a/1auu.

Pacnpeoenenue Cmorooenma (t-kpumepuii).

Pacnipenenenne Obuto monydeHo ['occerom (nceBmonum CrthrogeHta) B 1908
r. 3aBHCUT OT 00beMa BbIOOpKH N mim yrcia crenenerd cBo0o el f=N—1, ¢ koTOpBHIM
ompezieleHa BBIOOpOUHas mucriepcus S? (cpeaHee KBaJpaTUYECKOE OTKIOHEHUE
(CKO) BbiOOpKH S), M OT 33JJaHHOI BEPOSATHOCTH OTBETA, ONPEICIISICMON MapaMeT-
POM YPOBHS 3HAUUMOCTH ( . DopMyIia KpUTEpHS:

t=%ax/ﬁ, (3.1)

I7Ie a — IeHePAIbHOE CPEIHEE UCCIEAYEMOM CIIydYalHOM BEJIMUMHBI X;

X — BBIOOPOYHOE MaTEMaTUYECKOE OKuaHue X.
Pacnipenenenre CHMMETPUYHO OTHOCHTEIBHO Hadaja KOOpPAWHAT, T. €.

q/2 = 4q/2-

Bostee monHbie TabaMIbI KBaHTHICH pactipenesieHuss CThIOICHTA I YPOBHS
snaunmoctu q =0,05 cogepxarcs B [1].
Tabmmma 3.1 Ksantumm pacnipenenenus Cteronenta npu =0,05

t

f=N-1 1 2 3 4 S) 6 7 8 9 10 | 20 | 30 | o©

tl—q/2 12,7 | 43 | 31 | 2,7 | 25|24 |23 |23 |22|22|20|20)|19
1 0 8 8 7 5 7 1 6 3 9 4 6

Pacnpeoenenue Cmviooenma oaem 603MOINCHOCMb HAXOOUMb 2eHEPANTbHOE
cpeonee U NPosepsmb CMAMUCMU4ecKue 2Unomessbl Npu 04eHb MAlblX 8b1OOPKAX.

Ipumep 1. M3BeCTHBI Tpu 3HAUYEHUS HOPMAJIbHO PACIPEIEICHHON CIy4ai-
oM BemmuuHbl X: X1 = 10; X2 =9,5; X3 = 10,2. TpebyeTcs OLIEHUTHh TeHEPATBHOE
cpenHee ¢ BeposaTHOCThIO p = 0,95 (3amava mepBoro TuIa).

Onpenenum BoiOopouHoe (N = 3) MaTemarnyeckoe oxumanue X
N

X.
- ,Z_l“ ' 10+9,5+10,.2
X = = =
N 3
Onpenenum Beioopounoe CKO mpu f = N-1=2:

2

9,9

N _
X, —X

,221:( ! ) _ (10-9,9)2+(9,5-9,9)2+(10,2-9,9)2
N -1 2

3anuiemM BeIpaxkeHue g t B cooTBeTcTBHH C (4.1):

=0,36,




t— x—am:9,9—a\/§
S

0,36
ITo Tabn. 1 onmpenennm KBaHTWIBHBIC Tpanuusl ., =4,30, t,, =-4,30 u
3aruIIeM HePaBEHCTBO

99—-a
_ <22 "% 3« ,
4.30 0.36 4.30

PemmB HEpaBEHCTBO OTHOCHUTEIBHO d, TMOJIYYUM C JOBEPUTEIHLHON BEPOSTHO-

cteio p = 0,95
9,0 <a<10,8.

Ipumep 2. [IpoBepuTh rUMOTE3y, COCTOSAIIYIO B TOM, YTO HOPMajJIbHO pac-
npeIelicHHas CiIyJaiiHas BeIMYnHa X UMEeT reHepabHOEe MaTEMaTHICCKOE 0XKH 1a-
HUe a = 10 Ha OCHOBAaHMM PE3YyJbTATOB JABYX HCHBITaHHM: X1=8,1, X,=8,9 (3amaua
BTOPOTO THIIA).

[To pe3ynbTaTam ucnblTanmii onpenensem X =85 u s=0,57.
Boruucisiem no (4.1) 3nauenue kputepust CThrojieHTa t:
8,5-10
t= J2=-371.
0,57
Bri6upaem ypoBens 3HauuMocTi = 0,05 u o tab:1. 4.1 Haxoaum
ana  f=N-1=1 rpanunsl kputuueckux obmacteil rumoressl 4, =12,71,
ty, =—12,71.
I'mnioresa He oTBepraeTca Ha ypoBHE 3HAYUMOCTH (=0,05, TOCKOJIbKY
= 3,71 nexut BHE KpUTHUYECKUX o0Osiacteil. OTMETHUM, YTO OYeHb Masiasi UHPOp-

marmst (N = 2) v HU3KUH ypOBEHb 3HAYUMOCTH HE JIAalOT OCHOBAHUH OTBEPTHYTH
IJIOXYIO Ha B3I runotesy. Eciu Obl, Harpumep, Te &e pe3yaIbTaThl

(X =8,5us=0,57) 6bumu noaydensl npu N = 4 (f = 3), To, KaKk Jerko BUIACTh, TU-
1I0TE3y CIIE0BAJI0 OTBEPrHYTh Ha TOM K€ YPOBHE 3HaunMOCTH. IIpu BeIOOpE Ooitee
)KecTkoro ypoHs 3Haunmocty, 4=0,2 uT_,,, =3,08,1. e. runoresa Takxe 10/KHA
OBITH OTBEPTHYTA.
Pacnpeoenenue Ilupcona
Pacnpenenenne ITnpcona ( y° -kputepuii) ynoOHO I OLEHKH TeHEpaIbHOI

2 O o2 o
aucnepcu O no BeiOopounoit S°. B 1900 r. ITupcon BBeln ciayyaliHyIO BEIMYUHY

V& :w (3.2)

c
W Hallle]l ee pachpeelieHue, 3aBucdilee Jullb oT f =N -1. OHO HECUMMETPUYHO,

2 2
cJIeJOBATEIIbHO, ﬂq /2 = ﬂi_q /2 . HekoTopble KBaHTHIIM MpUBEACHBI B Ta0.2. bonee
TIOJTHBIE TaOJIUIBI COJCPKATCS B ClipaBOUHUKax [1].
2
Tabmuua 3.2.  Ksantunu pactpenenctus [Tnpcona 4

f 1 2 3 4 5 6 / 8 9 10 |15 |20

A 0es | 0,0039 (0,103 | 0,352 | 0,71 | 1,14 | 1,63 | 2,17 | 2,73 | 3,32 (3,94 | 7,3 |10,9

A oos | 3,8 6,0 7,8 95 |111 126|141 | 155|169 | 18,3 | 25,0 | 31,4




Kpumepuu Ilupcona noszeonsem pewams cmamucmudeckue 3a0adyu o Ouc-
nepcusix.
Ipumep 3. Haiitu ¢ BepostHocThIO p = 0,9 noBepUTENbHBIMN UHTEPBAI IS

2 el L e —
G° HOPMAJBHO pAacHpeAeiIeHHON Cclay4ailHOW BenuuuHbl, ecnmu mpu f = 5,

S?=1.0Onpenenus 1o Ta611.2 KBAHTUIILHBIE FPAHHIIBI ﬂvoz o5 =1,14 u /102 o5 =11,1, ume-

em 1,14< fs? / 6* <11,1 umm nocne npeobpaszosanuii 0,45< o” <4,39
IIpumep 4. IIpoBepuTh rUnoTE3y, COCTOSAUIYIO B TOM, YTO T€HEpajbHas AMC-

o o v 2
nepcus HOPMaJIbHO PacIpeieNIeHHON CITy4yaifHOW BEJIMYMHBI G =2, eciik 00padoTKa

2 2
nauHbIX fecsaty onbiToB (f = 9) nama S? =4. B cBs3u ¢ TeM, 4T0S” = G°, HMeeT
CMBICJI UCIIOJIb30BaTh OJHOCTOPOHHIOI OLIEHKY cBepxy. Breiopas = =0,05, omnpe-

9.4
[ennM 110 Tabi. 2 AZog =16,9. O6Hapyskusaem, uto A° = - =18>16,9 1. e. ru-

noTe3a JI0JKHA ObITh OTBEPrHYyTa Ha ypoBHE 3HaUMMOCTH 0,05, MOCKOJIBKY paccyu-

2 o
TaHHas BEJIMUMHA A~ 0Ka3anach B KPUTHUECKOM 00IaCTH.
Pacnpeoenenue @uwmepa (F-kpumepuii)

Hcnonb3yeTcst Ui IPOBEPKU OJTHOPOAHOCTH ABYX BBIOOPOUYHBIX JUCIIEPCHIA
2 2 2 2
S m S, (OOBIYHO MPHHUMAIOT S > S, W HUCHOIB3YIOT OJHOCTOPOHHHE OICHKH),

HaiileHHpIX cootBercTBeHHO ¢ fim f,, ¢ menbro ycraHoBuTH MM OTBEPrHYTH HMX

MNPpUHAAJIC)KHOCTD OHHOﬁ I’CHGpEUIBHOfI COBOKYIIHOCTH. CDI/IIHCpOM BBCICHA cnyqaﬁ-

Hasl BeJIMYMHA
2
S
F=2 (33)
SZ
U TOCTPOCHO €€ pachpeneseHue, 3apucsmiee ot f,u f,. Hekotopsle kBaHTUIN pac-
npenenenusa Oumepa mis q=0,05 npuBenens! B Tad. 4.3.

Tabmuma 3.3 KBantunu pactipenenenus duiiepa F,_
f f
? 1 2 3 4 5 6 12 24 o0
1 164,4 | 1995 |215,7 |224,6 |230,2 |234,0 |244,9 |249,0 |254,3
2 18,5 19,2 19,2 19,3 19,3 19,3 19,4 19,5 19,5
3 10,1 |96 9,3 9,1 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6
5 6,6 5,8 54 52 51 50 4,7 4,5 44
6 6,0 5,1 4,8 4,5 4,4 4,3 4,0 3,8 3,7
7 5,6 4,7 4.4 4,1 4,0 3,9 3,6 3,4 3,2
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9
9 5,1 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7
10 5,0 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 2,1
20 4.4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4
o [38 |30 [26 |24 |22 |21 |18 |15 [10

IIpumep 5. IIpoBepuTh runoTezy 00 OJHOPOAHOCTU JABYX BBHIOOPOUYHBIX AMC-
MEPCUK HOPMAJbHO PACHPENCIICHHOW CIIyYallHOW BEJWYMHBI. Pe3ysIbTaThl OIBITOB:
s:=09 npu f,=3 u s;=0,2 mpu f,=5.



Bei6pas 04=0,05, Haxonum no tabdn. 3 F,_,=5,4. M3 naHHBIX ONBITOB UMEEM

2 2
F=0,9/0,2=4,5, cnenoBarensHo, F < Fl_q W TUTIOTe3a 00 OJHOPOAHOCTH S; U S, , T.
€. 0 NPUHAJIEKHOCTH HUX OJIHOM T'€HEepPaTbHOM COBOKYITHOCTH, XapaKTepU3yeMOu
2
G, He oTBepraercs Ha ypoBHe 3Haunmoctu 0,05
Pacnpeoenenue Koxpena (G-kpumepuit)

Hcnonb3yeTcst Il MPOBEPKH OJHOPOAHOCTH K BBIOOPOYHBIX JTUCICPCHUH,

HAWIEHHBIX C OJJMHAKOBBIMU YHUCJIAMH CTEIIEHEW CBOOOIBI fi =N-1. Koxpenom BBe-

JICHA CJTy4daiiHas BEJIMYMHA

2
j,max

>t
=1

T7e S} — HaHOONbIIAs U3 CPABHUBAEMEIX JMCIEPCHIl; H MOCTPOEHO €€ PacIpee-

S

G (3.4)

nenue, 3aBucsmee oT f; n k. B Tabn. 4.4 mpuBeneHbl HEKOTOPBIE KBAHTHIN G,

s =0,05.

Tabmuma 3.4 KBantumu pacnpenenenus Koxpena c, x10?
k I

1 2 3 4 5 6 7 8 9 10 0
2 100 |98 94 91 88 85 83 82 80 79 50
3 97 87 80 75 71 68 65 63 62 60 33
4 91 77 68 63 59 56 54 52 50 49 25
5 84 68 60 54 51 48 46 44 42 41 20
6 78 62 53 48 44 42 40 38 37 36 17
7 73 56 48 43 40 37 35 34 33 32 14
8 68 52 44 39 36 34 32 30 29 28 13
9 64 48 40 36 33 31 29 28 27 26 11
10 60 45 37 33 30 28 27 25 24 24 10
20 39 24 22 19 17 16 15 14 14 13 5
o |0 0 0 0 0 0 0 0 0 0 0

IIpumep 6. [IpoBeputsh runote’y 06 OJHOPOAHOCTH BHIOOPOUHBIX AUCTIEPCHI
512 =3, 822 =5, Sf =15, Sf =2 " S: =4, xaxxaas U3 KOTOPHIX omnpenenena ¢ f,=4 na
ypoBHe 3HaunmocTHu =0,05.
ITo Tabn. 4.4 HaxomuM Juii OJXHOCTOpOHHeW oneHku mpu f,=4 u k=5
Gy o5 = 0,54 . I3 onbITHBIX JaHHBIX B COOTBETCTBUM ¢ (4.4) umeeM
15

¢ 3+5+15+2+4
T. €. Ha ypoBHe 3HauuMocTH 0,05 rumnoresza 06 0OAHOPOJHOCTH AUCHEPCUN HE OTBEP-
racTcsl.
OTMeTHM 371eCh, YTO HAWIyYIlleH OIICHKOW K-OMHOPOIHBIX JUCIEPCHU CITy-
JKUT JUCIIEPCHsL, ONIpeaersaeMas KaK

szz(zk:ssz/k (3.5)

=0,52<0,54



¢ gucioM creneneit cobonsl f =kf; =k(N —1). Dra orjeHKa MOXKeT HCIIONB30BATH-

CSI IUTSL OTIPE/ICIICHNS JOBEPUTEIBHOIO HHTEPBAIA IS TeHEPAIbHOI AUCIICPCHH O .
T -pacnpeodenenue (T -Kpumepuii)
Ucnonb3yeTcss s TMPOBEPKH OAHOPOJHOCTH HAONMIOJIEHUN, HCKIIOUYEHUS
rpyObIX OIIMOOK WM BBIOpOCOB. KBaHTHIIM pacnipeiesieHus: ClIy4yailHOM BETUYHHBI
‘Xip —X ‘
r=-

s (3.6)

3aBHCSIIETO JIUIIL OT 00beMa BRIOOPKH N, TT0 KOTOPOU OMpEeeNsIIOTCs X us, pu-
BEJICHBI J1s BepositHocTh p=0,95 B Tab. 3.5.
Tabnuna 3.5 Ksantwiu r -pacnpenenenus npu ¢=0,05

N 3 4 5 6 7 8 9 10 15 20

Ti.q [141 169 |1,87 |200 (217 (224 [229 |229 |249 |262

IIpumep 7. Ha o1HOM U3 MSATH OJUHAKOBBIX arperaTtoB (TPEThEM), BBITIOTHS-
IOIUX OJTHOTUITHBIC TEXHOJIOTUYECKHE OTepaIiii, ObUTH BHEAPEHBI MEPOIIPHUSATHUS T10
HDKOHOMUHU JJIEKTpOodHEprur. OneHnuTh ux 3PGEeKTUBHOCTD, €CITU 3apErUCTPUPOBAH-

HO€ MECSIYHOE MOTpPeOJIeHNEe SHEPTUU KaXKIbIM arperatoM cocrasisier X,= 10, X, =
12, X3=8, X, =9, X;=11.
Kak u npenmnonaranochb, Ha TPETHEM arperaTe pacxoj SHEPTMH MHUHHMAJICH,

T. €. X3= 8. BeiOpan q=0,05, naiizem o Tab:1. 5 9t0, T30 = 1,87. [0 ONBITHBIM J1aH-
8-10]

HBIM OIPEICIIUM )_( =10, s=1,58 u BeruncHuM ¢ = ", o = 1,27

1,58
[Tockonbky 7 =1,27 <1,87, T. . HE TIONaAa€T B KPUTHUECKYIO 001aCTh TUIIO-
Te3bl, HET OCHOBAHUW CUMUTATh, YTO JOCTUTHYTHIA pe3ybTaT HECIydaeH, T.e. 00Yy-
CJIOBJICH TTPOBEACHHBIMU MeponpuaTUsiMU. OH BIOJHE MOXKET ObITh OOBSICHEH €CTe-
CTBEHHBIM Pa30pOCOM B MOTPEOJIECHUHU JICKTPOIHEPTUU OTJEIbHBIMU arperatamu, u
OCHOBAHUM JIJIs1 BBITIJIATHI IPEMUU B 9TOM ClIy4dae CTaTUCTHKA HE JaeT.



JIEKIIUA 5. IucniepCHOHHBIN aHAIN3

Ha3znauenue u cywnocms oucnepcuonnoco ananuza. Cmanoapmuulil nian npose-
OeHus ucnotmanuil. Panoomuzayus. Aneopumm oopabomru oannvix. OCHOBHbIE Bbl-
800bl NO MemOoOuKe.

[TocTaBuM 3amady onpeneauTh (HakT BIUSHUAS (GaKTOPOB X HA QYHKIIHIO TEIH
V B ycroBusix neHCTBUAX ciiydailHbIX (hakTopoB W.

3ajada pemaeTcsi ¢ MOMOIIbI0 AucnepcuoHHoro ananusa ({A), koTopslil
MO3BOJISIET BBISIBUTH, MPUBEACT JIM W3MEHEHHE X K 3HAYUMOMY H3MEHEHHIO Y TO
ecTh ()aKTHUECKH SABJISETCS I X BapbUPYEeMbIM (DAKTOPOM.

Pesynbrat onbiTa ¥ MOKHO MPEICTABUTh KaK CyMMY 2-X CJIaraéMbIX:
=y +¥7,
rae V' - yacTh pe3ylsbrara, 00yCIOBIICHHAS BIUSIHUEM X,

V’’ - qactb pesynbTaTa, 00ycnoBieHHas BiausiHueMm W.

ITo cBomicTBaM Iucniepcuu:

DY =Dy’ + DV,

rae DY — obmias aucnepcus pe3yabTaToB HAOII0ACHUN
DY’- nucniepcust V, 00ycnoBiaeHHas BIUSHUEM X |

DYV- nucniepcus V, o0ycnosnenHas Biausinuem W.

Ecnu oyenumv oonopoonocms obwer oucnepcuu pezyrvmamos DY u ouc-
nepcuu om IuUAHUS CLyYaunblx pakmopos DY’’, mo 6 cayuae npunamus eunomesol
komnonenma DY’ (Oucnepcus om enusinus X) oxasvleaemcs He3HAUUMENbHOU, UIU
X Ha YV ne enusem.

Tabmuna 4.1 Tlnan npoBegeHUs! AUCIEPCUOHHOTO aHAIN3a

No YpoBHu X

OIIBITA X1 Xz X3 Xm
1 Y V2 Vi3 Xim
2 Va1 \%%) AZ% Xom
3

i=1..K =1..M
K Vi1 A\ Yks Ykm

Nrak, nucnepcuoHHbIN aHATIU3 CBOJMTCS K OMPEAEICHUIO TUCIIEPCUU PE3YIIb-
TaTOB ONMBITOB DY’ 00yCcnOBICHHBIX BIMSHUEM Ciiy4dailHbIX (hakTopoB W. JlanHas
3aJlaya MOKET OBITh perieHa TOJIbKO MyTeM 3aIUIaHUPOBAHHOTO MOBTOpeHust K ormbi-
ToB Ha M ypoBHsx. B Tabi. 6 mpuBeneH cTaHJapTHBIN TIJ1aH MOCTPOCHUSI HCCIIE0-
BaHMUM.

JI1s1 UCKITFOYEHUSI CUCTEMATUYECKUX MOTPENTHOCTEN JaHHBIX U3MEPEHUM T10-
cnenoBaTeabHOCTh TTpoBeaeHus N = K-M onbIToB onpeesnsieTcsi ¢ TOMOIIbIO MPo-
Heaypsl panoomusauuu (tadn. 4.2).

Tabnuna 4.2 PanpgoMu3anus mocyien0BaTeIbHOCTH MPOBEJCHUS OTBITOB

Ne .. ['eneparop cinyuaiinbix uyncen ot 1 1o M-K

VpoBeHb 1 1 1 1 2 2 e K

OmbiT Ne 1 2 3 M 2 3 ... M
[TopsamoK IpoBeIeHus 5 2 1 3 8 4 24

O0paboTka JaHHBIX CTPOUTCS O CIEAYIOLIEMY aITOPUTMY.



1. OnpenensieM BEIOOPOYHOE MATEMATUIECKOE OXKHJIAHKE M0 KAXKIOMY YPOBHIO
¢dakropa X.

K

_ Z Vi
y_ — =1
. K
2. OmpenensieM BBIOOPOUHBIE TUCTIEPCUU TS KaXI0T0 ypoBHS akTopa X:
K _ 2
Z(y i Y )
K-1

3. IIpoBeprM OJHOPOAHOCTD MOITYYEHHBIX BBIOOPOUHBIX JUCIIEPCUI IO KPUTEPHUIO
Koxpena.

SyJ? =

G- max(Sy;)
M
2.8y
j=1
Ecmu G < G465, THIIOTE32 OTHOPOTHOCTH TIPUHUMACTCS.
B ciygae, xorga runore3a oJHOPOIHOCTH OTBEPraeTcs, HEOOXOIUMO TIpeKpa-
TUTh pacueT U PEKOMEHIOBATh:
1) YBenu4uTh KOJUYECTBO OIMBITOB;
2) IlpoBepuTh HAACKHOCTH U3MEPHUTEIBHBIX CPEJICTB U MPUHATH MEPHI K ITOBBIIIIEC-
HUIO CTAaOMJILHOCTH IIOBEIEHHS 00BEKTA.
3. Onpenenum IUCTIEPCUIO OT BIUSHHS CITy4alHBIX (DaKTOPOB.
M
1l JZ; Sjj
AY" = BV
4. Onpenenum MaTeMaTUYECKOE OKHUIaHUE BCEX HAOIIOICHMI:

K M
22
oI

M -K

5. Onpenenum OOITYIO JUCTIEPCUIO BCEX HAOIIOICHUIMA

ii(Yi,j _Y_)Z

y=-—
A MK -1

6. ITpoBepum mucnepcuu A" U JV Ha 0MHOPOAHOCTD 110 KpuTepHio Puiiepa.
F =4y

P 1l
ay
Tabnuunoe 3HaueHue kputepus duinepa onpeaensem mno tadiu. 4.3 ais
fi = M(K-1), f, = MK-1
1

Ecmu Fy> Fry65, TO rumnoresa ognoponnoctu aucnepeuid 1Y u 1Y oreepraercs
U, CJIeIOBATEIBHO, C BEpOSITHOCTHIO P (cM. Tabn. dumiepa) ynpasisiemblit haktop X
OKa3bIBAET 3HAUMMOE BIUsIHME HA (PYHKLMIO 11eu Y. B mpoTUBHOM cilydae HE0OXO0-
JIMMO CJIeJaTh TPOTUBOIOJIOKHBIN BBIBO/I.



JIEKIIUSA 6. OnHogaKkTOpHBIIi perpecCHOHHBII aHAIN3

Buowt 3asucumocmeit Y=f(X) — ¢pynkyuonanvnas, pecpeccuonnas, KOppensyuoHHas.
Omanvl pecpeccuonnozo ananuza. Memoo naumenvuiux keaopamos. HMnowcenepnoiii
aneopumm ghopmuposanus CJIAY. Aoexsamunocms ypasnenus pezpeccuu.

[103HaKOMHUBUINCH C OCHOBHBIMU LIEJIIMU U MPUEMAMH JUCIIEPCHOHHOTO aHa-
734, MOCTAaBUM CIIEAYIONIYIO 3a/]auy: HAyYUThCS ONPEAEIATh, Kak BIuieT paktop X
( moka ouH) Ha QYHKIKUIO 1eH Y B YCIOBUSAX JEHCTBUS CiiydaiHbIX (pakTopoB W.

3amMeTuM, 4TO U3 ABYX BenudyuH X U Y, MEXAYy KOTOPBIMU YCTaHABIUBAETCA
CBsI3b, JIUIIL OAHA Y ciayyaiiHas. Eciu Obl 00e BeMUMHBI ObUIM HECITyYalHBIMH, TO
MbI OBl UMEJU JIE10 ¢ 0OBIYHON (YHKIIMOHATBHOM 3aBUCUMOCTBIO, U3y4aeMOi B Ma-
TeMaThuyeckoM aHanuse. Ecinu, Hao0opoT, paccMaTpuBalOTCs JIBE Cly4yalHbIE BEJIH-
yuHbl X U Y, TO JUIsl OLICHKHU CBSI3U MEXKy HUMH MOKHO BOCITIOJIb30BaThCs KO3 u-
IUEHTOM KoppeJsiiuu [7].

B nHamem ciyuae (X- HecnmywailiHas BelMuMHA, Y—CiTydaiiHas) 3aBUCHMOCTh
Y= f(X) Ha3wIBaIOT pecpeccueri Uu ypasHeruem pecpeccuu. ITa 3aBUCUIMOCTH B OT-
JUYKMe OT (PYHKIMOHAIBHOW OTpaXaeT CBA3b MEXKIY Haubonee 8eposimHbIM 3HaAYe-
Huem CIIy4alHOW BEJIMYUHBI Y U BETUYUHOM X.

OCHOBO# JUIs1 HAXOXKIEHUSI PETPECCUH CIYXKUT SKCIEPUMEHTAIbHBIA MaTepH-
an — N touek B mockoctu Y, X. VX pacnonokeHue rmoka 4To HeCyIeCTBEHHO: OHU
MOTYT OBITh MOJIYYE€HBI, KAK B PACCMOTPEHHOM NPHUMEPE, WM MOTYT MOSIBUTHCA B
pe3ysibTaTe YCTAaHOBKM X Ha HEKOTOPBIX (PUKCHUPOBAHHBIX YPOBHSX U MPOBEJCHUS
Ha Ka)XJI0M YPOBHE OJIHOTO WJIK HECKOJIbKMX U3MEPEHUI Y .

[TosydueHue perpeccuu BKIOYAET TPH dTala.

Jrtan |: noctynupyercs BUJ ypaBHEHUS PETPECCUH, BKIIOYAOLIEr0, Kpome X
1 Y, HECKOJIbKO HEU3BECTHBIX MapamMeTpoB (KOA(hOUIIMEHTOB), KOTOPhIE HAXOAATCS
110 OIIBITHBIM JJAHHBIM.

Jran |l: onpenensitorcst Heu3BecTHBIE KOIPDUIIMEHTHI, BXOAIIUE B TIOCTY-
JMPOBAHHOE YPABHEHHUE PETPECCHH.

Jran |ll: npoBoaUTCS CTAaTUCTUUECKUN aHAIU3 PErPECCUU C I1IeNIbI0 JI0Ka3a-
TEJIbCTBA €€ aJIeKBATHOCTU IKCIIEPUMEHTAIbHBIM JAHHBIM, KOTOpPbIE OHA MPEICTaB-
JISIeT.

Jrtan | BeImoHAETCS 0OBIYHO HA OCHOBE AlPUOPHBIX COOOpakeHU (Harpu-
Mep, HyXXHa JIMHEWHass MOJENb), MPEAIIECTBYIOIErO ONbITa, UHTYUIIMU U JPYTUX
He(hOpMaTU3yEeMbIX TIPUEMOB.

OO6b1yHO (HO HE 00s3aTENHHO) YPaBHEHUE PETPECCUH MOCTYJIUPYETCS B BUJIE
nosuHoMma. Haubosnee pacnpocTpaHEeHHBIMU U YAOOHBIMU PErpECCHOHHBIMHU MOJIE-
JSIMU MOXHO CUMTATh cleqyromue: Moaens | nopsanka Y=By+B:1X; moxens Il no-
panka: Y=Bo+BiX+By 1 X2.

B mpakTrke MOTYT MCHOJIB30BaThCA JIIOOBIE IPYrHe MOENH, B TOM YHUCIE U
HEJIMHEHHbBIC OTHOCUTEIbHO K03 duiineHToB (cM. Tabm. 6.1).

B pe3ynbrare 3aMeHbI IEPEMEHHBIX, BCE yKa3aHHbIe B Ta0:1.6.1 QpyHKIMu Mo-
I'yT OBITH IIPe0OpPa30BaHbI B IMHEHHYIO MOJIETh IEPBOTO MOPSAIKA.



Tabnuia 5.1. Buasl ypaBHeHUH perpeccud U UX JUHEAPU3YIOIINE MPeoOpa3oBaHUs

Jluneapusytomue npeoOpa3oBaHus

Ne [Ipeobpa3zoBanus Bripaxxenus s
n/m DynKiH IIEPEMEHHBIX BeanuuH BO u B1.
Y' X' Bo’ By

B 1

1. Y=B +—1 Y - B B
"X X ° '

2 = L L X B B
' B, + B, - X Y 0 !

X X
3. B, + B, X 7 X Bo B1
4. Y =B, B/ In(Y) X In(Bo) In(B1)
5. Y =B, -e™” In(Y) X In(Bo) Bi
_ 1 1 X

° B, +B,-e” vy ¢ B0 B
7. Y =B, -X"™ In(Y) In(X) In(Bo) B1
8. Y =B, +B,-Ln(X) Y In(X) Bo B:1
0. Y = BO i X i i
B, + X Y B, B,

0 | voBX 1 ] 5 L
B, + X Y X B, B,

11 = In(Y) L In(Bo) B
' Y = BO . ex X 0 1
12. Y=B,+B,-X" Y X" Bo B:1

OTMeTuM, 4TO HEyauyHO BbIOpaHHAs (OCTYJIMPOBAHHAS) MOJIENb MOKET BbI-
3BaTh HEMPOU3BOAUTEIIbHYIO TPATy BPEMEHH, XOTS U HE NPUBOJIUT K NPUHLIUITHAIIb-
HBIM OLIMOKaM B pe3yJibTaTe, MOCKOJIbKY €€ aJeKBaTHOCTh MPOBEPSETCS HA MOCIEI-
HEM JTarle U Ijoxas MoJesb He ucnois3yercs. [loaToMy Ha 3Tane BeIOOpa Buaa pe-
I'pPECCUM HaJ0 MCIOJIb30BaTh BCIO UMEIOILytocs nHpopmauto. Hanpumep, ecinu us-
BECTHO, 4TO Y U X 00paTHO MpONMOPIHUOHATBHBI, MOKHO BHIOpPAaTh B KauecTBe (pak-
topa X' = 1/X. Eciu anpruopHO# WK Kakoi-In00 apyroit HHGOpMAaIIMU HET, CIeay-
eT HauMHaTh ¢ npocreiei moaenu (| mopsaka) — naxke €civ OHa U OKaXKeTCs He-
aJIeKBaTHOM, MOTPeOyeT Uil MOJYyYEHUSI MEHBIINX YCHIIUM.

Jdran |l — HaxoxaeHue HEU3BECTHHIX KOI(D(UIIMEHTOB MO OMBITHBIM JaH-
HbIM — OOBIYHO BBINOJHSAIOT Ha OCHOBE MeTOjJa HauMeHblux kBajapatoB (MHK).
PaccMOTpUM 3TOT IIMPOKO MCIOJIB3YEMbI B HAYKE M TEXHUKE «METOJ U HAYyUUMCS
€ro MPUMEHSTh.

[lycTh moctynupoBaHa JUHEHHas perpeccusi u Tpedyercs HaiTu Bo u B1 mo N
OTBITHBIM TOYKaM. B 11000M U-M ombITe nMeeM

Yu=Bo+B1Xutey, (6.1)
rae Yy, Xy — 3Ha4eHMs CIIy4ailHOW BeJIMYuHBI Y U HeclydailHOro aprymenrta X B U-
M orbiTe; Bo, f1— «MCTUHHBIE» 3HAYCHUS KOI(DDUIIMESHTOB perpeccuu, COOTBET-
cTBytomue MoJeiu Y= Bot+ B 1X;
€u — ommOKa, OOBSCHSIONIAS OTANYHE HAOII0/1aeMOT0 3HAYCHUS OT KUCTUHHOTO» H
oOyCIJIOBJIEHHAs BO3/IEUCTBUEM Ha Y CIIy4ailHbIX (PaKTOPOB.



OueBHIHO, YTO HAM HHMKOT/IA HE yaacTCs HaWTh [Bo U P1, @ KOAPDHUIIMEHTHI
Bo 1 B1, KOTOpBIE MBI JJOJDKHBI OTPEIEITHTE, €CTh HEKOTOPbIE Hauryuuue oyeHku Bo
1 31. MeTo1 HaMMEHBIINX KBaPATOB ONPEIEIISIET CIEAYIONIEe COAEPKaHNEe TEPMHU-
Ha «HAWTYYIIHe»:

N
Z(Yu —Y, o) = Min.

T. €. TAKKE, YTO CYMMa KBaJpaTOB OTKJIOHEHUI HaOMr01aeMbIX Y OT «MCTUHHBIX)
MUHHMAJIbHA.
JIns nTMHENHOM perpeccuu ciienyer apyras 3anuck ycinosuss MHK
N N
S=>(Y,-B-BX,) =D & =min,

u=1 u=1
HEIMOCPEICTBEHHO TTO3BOJISIONIAs HAWTH ONleHKH By u B1. [Ipoauddepenimporas S
110 o ¥ 1 ¥ IPUPaABHSB MOJIYYCHHBIC YaCTHBIC TIPOU3BOIHBIC HYIIIO, UMEEM CIICITY-
IOIIYI0 CUCTEMY JIMHEWHBIX aJlreOpanyecKux ypaBHEHUM:

B,N + Bli X, =i\(i
i=1l i=1
N

Boi X, + Bli XZ=DT(Y,-X,)

i=1

: (5.2)

pelias KOTOpYIo JTF0ObIM CIIOCOOOM, OTpeiesieM HEU3BECTHbIE KO (PUITUEHTHI
ypaBHeHUs perpeccun By u Bj.

[To3HaKOMUMCS ¢ «MHKEHEPHBIM METOJI0M» (POPMHUPOBAHUS CUCTEMBI JIMHEH-
HBIX YpaBHEHUU JJI1 HaXO0KJI€HUS HEU3BECTHBIX KO3(PUUUEHTOB perpeccuu. AHa-
7au3 ypaBHeHus 6.1 v epBoro ypaBHeHHsI CUCTEMBI 0.2 TIOKA3bIBAET, YTO B HUX E€CTh
«HeyTo obuiee». Bropoe ypaBHeHue cucrembl 6.2. Moiydaercs MyTeM «yMHOXe-
HUSD» NEPBOrO ypaBHEHMsI Ha cyMMmy X. OTH HaAOIIOJEHUS MO3BOJIIOT CHOPMHUPO-
BaTh «@BpucTHUeckuil anroput™m ¢opmupoBanust CJIIAY» 3axnrodaromuiics B ciie-
YIOIIEM:

Ilepsoe ypasHnenue cucmemvl coomseemcmayem 8Udy 8blOPAHHO20 YPAGHEHUS.
pezcpeccuu ¢ 3aMEeHAMU:

Bo Ha BoN; X Ha cymmy X; Y Ha cymmy Y

Kaowcooe nocneoyrowee ypasnenue cucmemst noiyiaem uz npeodvloyuje2o ny-
mem YMHOdCeHUs Ha cymmy X.

[IpowsmtocTpupyeM aaropuTM Ha mpuMepe.

[TycTh HEOOXOIMMO HAWUTH HEM3BECTHBIE KOA(DPUIIMEHTHI PETPECCUOHHOTO
ypaBHEHUS BUJA

Y:BQ+81X+82X2

B ypaBHeHuu Tpu Heu3BecTHbIX KoadpdunuenTa. CneaoBareiabHO, TOPSIA0K

CJIAY pagen 3. [IpuMeHsis «3BpUCTHUECKUNA alITOPUTMY, TTOITYUAEM:

B,N + BlzN: X, + BZZN: X2 :ZN:Yi
i=1 i=1 i=1

BOZN:Xi + Bli xi2 + BzZN:Xia :i(Yi 'Xi)
i1 i-1 i-1 i-1
N

Boi Xi + Bli xi2 + Bzi Xi4 :Z (Yi 'Xiz)
i1 i1 i-1

i=1

OTmeTHM, YTO U3JI0KEHHAs MPOIeIypa MOXKET ObITh OCYILIECTBIEHA B JHOOBIX
cnyyasx — MHK Bcerna mo3Bosmmr nmpoBecTH JIMHUIO, COOTBETCTBYIOIIYIO IOCTY-



JUPOBAHHOMY BBIPKEHHUIO M HAWIYYIIUM 00pa3oM (B YKa3aHHOM BBIILE CMBICIIE)
OTBEYAIOIIYIO 3KCIIEPUMEHTAIIBHBIM TOYKaM.

Jran |l — ananu3 anekBaTHOCTH PErPECCHH, B PE3YJIbTaTe KOTOPOTO MbI
JIOJDKHBI BBISICHUTD, YJIAYHO JIM BhIOpaHa MCXOAHAs MOJIENb, T. €. a€KBATHO JIU OT-
paxaeT MoJy4YeHHas Perpeccusi IKCIIEPUMEHTAIbHBIM MaTepual, MOJIOKEHHBIN B ee
OCHOBY.

[IpoBepky aJeKBaTHOCTH TMOCTYJIMPOBAHHOM MOJEIN TMPOU3BEAEM IyTEM

o 2
CpaBHCHHA ABYX AHUCIICPCUH, OJHA N3 KOTOPBIX SY XapaKTCPU3YCT BIMAHUC HaA Y

. 2 .
CIydaliHbIX (JAaKTOPOB, a BTOPast S,, OLEHUBAET pa3OpOC OIMBITHBIX 3HAYEHUH Y OT-

HOCHUTCJIbHO JIMHHUU PCTPCCCHUH U BBIYHUCIIICTCA KaK
N

2
Z (Yi - y(xi))
2 _ i3
ao N _ K
¢ uuciom crerneneit cBoooawl f,; = N - K (B Mmogenun o N ombiram onpenenensr K
KO3 UITUCHTOB).
CocTaBuM OTHOILIEHUE
2
F = Sy
P SZ
ao

¥ CPaBHHMM €T0 C KBaHTWJIbHOM rpanuiieit kpurepus Oumepa F, npu fi = N-1u f, =
fan . Eciu F< F; TO rumore3a 00 0JHOPOIHOCTH CPAaBHUBAEMBIX TUCICPCHI HE OT-
BepraeTcs Ha ypoBHE 3HAUYMMOCTH (], CIeA0BaTelIbHO, HaOmogaemMblil pazopoc Y u
y(Xi) MokeT OBITh OOBSICHEH €CTECTBEHHBIM BIUSHHEM CIy4YalHbIX (PAaKTOPOB U MO-

2
ACJIb HCAJICKBATHO OIIMCBIBACT IIPOLCCC. Ecmm xe F> FT TO Saﬂ 3HAYMMO MCHBIIC

2
Sy , T. €. IIOCTYJIINPOBAHHAA MOJACJIb CTATUCTHUYICCKH 3HAYNMO OIIMCBIBACT ITPOICCC U

MOXET OBITh NMpU3HAHA aJeKBAaTHOW. 3aMETUM, YTO B Cilyyae, Korja JUCIEpCHs
aZICKBaTHOCTU CTPEMUTCS K HYJIIO, PACUETHBIM KpuTepuil Puimepa CTpEMUTCA K
0eckoHeyHOCTU. Takum 00pa3om, Aucnepcus aeKBaTHOCTU MOXKET ObITh MpU3HAHA
OCHOBHBIM IIapaMETPOM, OLICHUBAKOIIUM Ka4eCTBO TOCTPOCHHOM MOJIEIIH.



JIEKHIUSA 7. MHorogakTOpHbI perpeccHOHHbIN aHAIN3

dmanvt MHO20()aKmMopHo20 pespeccuorHo20 anaiusa. Heobxooumocmo nepexooa x
bespazmeprvim pakmopam. OcHnosHvle mampuyvl MPA. Omanvi MDA. Ycnosue
MHK HUnoicenepnviii anecopumm popmuposarus CJIAY. 3nauumocmv kosgpduyu-
eHmog pezpeccuu. Aoexeamunocms yYpasHeHusi pecpeccuu.

Haunboniee nHTEpeCcHbIE U MPAKTUYECKU BaXKHBIE 33Ja4l OOBIYHO TpeJrosia-
raloT TOJYyYCHHE 3aBUCUMOCTU Y OT HECKOIbKUX B030elicm8yIowux @axmopos
{X—X1, X2, ... , Xi, ..., Xn). Takue 3agaun npuBOASAT K MHOTO(AKTOPHOMY perpec-
CUOHHOMY aHAJIU3Y.

OueBHIHO, YTO UMETH JIEJI0 C HECKOJIBKUMHU PA3HOPOJAHBIMU HE3aBUCHUMBIMHU
MEPEMEHHBIMH, KOTOPHIE BBIPAXKAIOTCS COBEPILIECHHO Pa3IMYHBIMU UMEHOBAaHHBIMU
YUCJIaMU W BAPBUPYIOTCS B Pa3JIMYHBIX MpENeNax W T. I., IO KpalHEeW Mepe, He-
yno6Ho. {7 Toro ytoObl M30aBUTHCS OT ATOr0 HEYJA00CTBa, MEpesieM K KOJIUPO-
BaHHBIM (PaKTOpam, KOTOphIe OyJeM 0003Ha4YaTh CTPOYHBIMU OYKBaMHU X C COOTBET-
CTBYIOIIMMHU HWHIEKCAMHU U KOTOpPbIE OYIyT CBSI3aHBI C MCXOJHBIMH HCTHHHBIMU
dakTopamu X COOTHOIICHUSIMU

X-X, _ X — Xcp
ch_xn'in XTT'B.X _X(,p
r71€ Xmin, Xmax— MHUHHMaJIbHOE M MaKCHUMaJbHOE 3HA4YCHHS (haKTOpa, BHIOpaHHBIC

BHYTpH JIMAIla30Ha €r0 U3MEHEHHUs (BapbUpOBaHUs); X, —CpEIHEE 3HAUCHUE (ak-
TOpA, OIPENEIAEMOE KaK

X =

X - Xoin + X e
@ =T 5

[Tocne BBIMIOJIHEHUS! ONEpallii KOJUPOBAaHUS Mbl HMEEM JIeo ¢ Oe3pasmep-
HBIMH (haKTOpaMH, BAPbUPYIOIUMHUCS OKOJIO HYJISI B HEOOJBIIHX MpeIesiax
(yacTo B aKTMBHOM JKCIIEPUMEHTE BbIOMparoTes npeaenst —1...+1).

[loctynupyem  mMomens  cieayromero  Buaa  (KOdQUIMEHTH  IpU
.KOJIMPOBAHHBIX (akTOpax OyaeM 0003HaYaTh CTPOUHBIMU OyKBamu b):

Y=b0+b1x1+ oo FD X FD X Xo+D13X X3 F ...+

Dn-1,nXn-1XnF+D123X1XoX3+ ... +D1o.. 'nX1X2...Xn+b11X12+ +bnan2.

B Mozenb BXOAAT HyJIeBOW WiIeH, WieHbl Buaa Dixj (JIMHeWHas perpeccus),
qIeHbI BUIA DiijXiXjXk, OTpakaroie B3anMoIeHCTBUS (GaKkTOpOB (HEMOIHAs KBaapa-
TUYHAs PErpeccys), M, HaKOHell, WieHsl Buaa biiXi? (kBagpatuunas perpeccus). Oue-
BUJTHO, YTO TIPH 3HAYMUTEILHBIX N 3aMMCh BUIAa YPABHCHUS CTAHOBUTCS BEChbMa IpoO-
MO3JIKON U HeynoOHoW. He u3meHsst Buga Mojenu, 3anuiieM ee B 00ojiee KOMITaKT-
HOU opme

A m
Y =) bx
i~0 ,
rie Xo=1; xj mpu 1 > N 0003HA4YaeT MPOU3BEACHUS M KBaapaThl (hakTopoB; b npu i >
N —ko3hPUIMEeHTH NpU MPOU3BEACHUSIX W KBajparax (PakTopoB; M — TMOJHOE
YHUCJIO WICHOB MTOJIMHOMA, HE CUMTAs HYJEBOTO (Bcero M+1 usen).



[Tepexoaum Temephb K ONpeaesieHuIo KoddGUIMEeHTOB perpeccuu b; o jaaH-
HBIM omnbITOB. Kak u B cityyae olHOMEpPHOI perpeccuu (cM. Jiek. 6), B 1000M U-M
OTIBITE NUMEEM

Yy= BOXOu + lelu +...t Bmxmu + &y,
rac Yu—3HaLICHI/Ie Y B y-M OIIBITC Xou, X1uy---;Xmu —3HAUYCHUA HC3aBHUCUMBIX nepe-

MEHHBIX X0,...Xm, B U-M OIBITE; Po,...,pm — «UCTUHHBIEY» 3HAUCHUS KOA(PPHUIIMECHTOB
perpeccuu, OlleHKH KOTOPbIX Do,...,0m BXOAST B Monenb; &—omuoOKa B U-M OIIBITE.

PC3YJIBTaTBI Bcex N ombITOB 3anuimeM B BHUJIC MATPUIHOI'O YPABHCHUA

Y=Xpte
r7e
Yy | Xo X1p+-Xm Po €1
Y=Y, || X=|Xoy XXy 1 B=|Bi [ e=|¢y
A | Xon XN Xn B €N
Pa3mep BekTOpa HAOMIOACHUI, WM MAaTPULIBI-CTOJIONA Y U BEKTOpa OUIMOOK,
win marpuibl-croiona € — (Nx1); pasmep BekTopa kodddumuentoB (m+1x1);

pasmep matpuiibl X (Nxm+1).
Ycaosue MHK 3ammiem B Buae
S=(Y-Xf)* — min.
HopwmainbHbie ypaBHEHHS OTyYuM, TpoaudPpepeHinpoBas 1o :

TR
(muddepenHimpoBanre BBHIMOIHICTCS O OOBIYHBIM TNPAaBWJIAM, HO TIEpea CKOOKOM
3aMKUCHIBACTCS X; YTOOBI YMHOXEHHE MMEJIO CMBICI) W TPUPABHSB MPOU3BOIHYIO
HYJIIO:

XTX B =XTY

Torma

B=(XT-X)tXTY,
yT0 U siBsieTcs maTpurieit MHK—ornieHok ko3 duiineHToB perpeccuu.
O6Gosnaune  XT'X =C, nonyunm B = CIXTY,

OtMeTuM, 4TO B BEIpaxkeHue s B Bxoxur o6partnas matpuna C?. Ucxonnas
matpuiia C ompesieneHa Ha OCHOBE MaTpuUIllbl X, OTpakarolell 3HAaYCHHs] He3aBUCH-
MBIX MEPEMEHHBIX B OMbITaX. Ecu MBI camu 3ajlaeM HE3aBHCHUMBIE TIEPEMEHHBIC B
KQKJIOM OTIBITE, T.€. MPOBOANM AKTUBHBIM SKCIIEPUMEHT, MBI HIMEEM BO3MOXKHOCTH
1103a00TUTLCA O TOM, YTOOBI CKOHCTpyupoBath C, a cnenosarensHo, 1 C! mexoro-
PBIM HAWJIYYILIUM OOpa3oM.



[To3HakOMUMCS ¢ «MHKEHEPHBIM METOJIOM» (DOPMHUPOBAHUS CUCTEMBI JTMHE -
HBIX YPaBHEHUN 711 HAXOXKACHHUS HEM3BECTHBIX KO3 (PUIIMEHTOB MHOTO(DAKTOPHOI
perpeccum.
Ilepsoe ypasHnenue cucmemvl coomeemcmeayenm 8Udy 8blOPAHHO20 YPAGHEHUS]
pezpeccuu ¢ 3aMeHamu.
Bo Ha BoN; Xy Ha cymmy Xyi; k=1..m; Y Ha cymmy VY
Kaoicooe nocnedyrowee ypasrnenue cucmemvl noxyyaem nymem yYMHONCEHUS
nepeoco Ha cymmy X.
[IpousmttocTpupyem aJlrOpUTM Ha IIPUMEpE.
[TycTh HEOOX0IMMO HAWTH HEM3BECTHBIE KOA(D(PULIMEHTHI PETPECCHOHHOTO
ypaBHEHHUS BHUJA
Y=By+B1X;+B,Xo+ B3 X3
B ypaBHeHuu 4yetbipe Hen3BeCTHHIX KoddduimenTa. CrneaoBarenbHO, TOPS-
nok CJIAY pagen 4. [IpuMeHss «IBpUCTUUECKUI aITOPUTM», TIOJTyYaeM:
N N N N
B,N+B, Y X, +B,) X, +B.> X, :Z;‘Y‘
=

i=1 i=1 i=1
N

N N N N
Boz Xi,l + Blz X 2i,1 + Bzz Xi,z + 832 Xi,3 :Z (YiXi,l)
i-1 i-1 i-1 i-1 i-1

N N N N N
Boz X2+ Blz X+ Bzz X 2i,2 + Baz Xis :Z (Yixi,z)
i=1 i=1 i=1 i=1 i=1

N N N N N
Boz Xi,3 + Blz Xi,l + Bzz Xi,z + Baz X 2i,3 :Z (Yi Xi,s)
i=1 i=1 i-1 i1 i=1

[Tepeiinem K TpeTheMy ATaIly PErpeCCUOHHOIO aHAIM3a U MOJYYUM BBIpaXKe-
HUS JIJISL TUCTIEPCUU OIIEeHOK Kodhduimentos B.

BBenem B paccMoTpeHre MaTpHILy TUCTIEPCHH KOA(DPHUITUESHTOB:

DB=C™".DY,

rae DY — nucnepcust HaGmo1eHuit

B o6mem ciiyqae DB — kBagparnas matpuiia pasmepom (1+m)x(1+m); mua-
TOHAJILHBIC AJIEMEHTBI—IHUCIIEPCUN COOTBETCTBYIONMIUX KOA(DPHUITMEHTOB, HEIUATr0-
HaJIbHbIe— KOBapHaIliH, MPEJICTABISAIONINEG COO0K MEpy HEOINpEeIeIeHHOCTH, BO3-
HUKAIOMICH B CHJIy 3aBHCUMOCTH APYT OT Jpyra KoddduimeHToB perpeccun. Mart-
putia DB MokeT ObITh HUCITOIb30BaHa JJIs OICHKH 3HAYUMOCTH KOA((PHUITMEHTOB pe-

I'PECCHHU.

t :i, 1=0,1.m
D

1,1
rae ti — pacuernslii kpurepuii CThIOIEHTA B 3aa4e O TUIIOTE3¢ PABCHCTBA HYJIIO | —
ro kodduimenTa MoIeu.
IIposepxa adexeamnocmu pezpeccuu 8bINOIHAEMCSA CHOCOOOM, ONUCAHHBIM 8
aekyuu 6 0151 00HODAKMOPHOU pecpecCUOHHOU 3A8UCUMOCTIL.



JIEKIIUS 8. MeT0o10/10THsl IKCTIEPUMEHTAJIBHBIX UCCJIEI0BAHMIA.
Metoauka ¢paKTOPHOIo IKCIIEPUMEHTA

Omansl 3KCNEPUMEHMATLHBIX UCCIe008anUll. Bbloop modenu ucciedyemoco
obvexma. Bvlbop memooa uccrnedosanus. Pazpabomxa memoouxu skcnepumer-
manvHulx ucciedosanu. Llenv u 3a0auu uccnedosanuu. Obvexm, gaxmopwvt npo-
yecca u cpeocmea ucciredosanuil. Iloocomoska k npogedenuro ucciedoganuu. Me-
MoOuKa noano2o axmopnozo sxcnepumenma (I1D3). [pobuwiii paxmopmwili K-
nepumenm

Pemenue nocraBieHHON Iepes HUCCIEAO0BATENIEM 3aadyd METOIOM IIPSIMOTO
HKCIEPUMEHTUPOBAHUS CBA3aHO C INIyOOKMM IIPOHUKHOBEHUEM B CYIIIHOCTh U3yya-
€MOr0 Ipolecca.

IToAroTOBKA K 3KCIEPUMEHTAIIBHOMY MCCIIEI0BAHUIO HAYMHAETCS C TINATEIIb-
HOTO U3Y4YE€HUS BCEX MAaTEPUAJIOB, OTHOCSIIUXCS K LIEJIA U IPEAMETY UCCIEIOBaHUS.
Hanpumep, npu uccieoBaHUM KakoW-TMOO TEXHOJOTMYECKOW orepanuu HeoO0Xo-
JUMO BBIICHUTh KOHCTPYKTHMBHBIE OCOOCHHOCTH 00OpabaThIBAEMOU JEeTalH, TEXHH-
YecKue TpeOOBaHUS K HEM, XapaKTepUCTUKH MPUMEHSIEMOro 00OpyAOBaHUs, MpPH-
CIOCOOJIEHUI M MHCTPYMEHTOB, PEXUMBI pE3aHUs U JIp. yCJI0BUA 00paboTKu. 3aTeM
HY’KHO TOIBITaThCS J1aTh HAYYHOE MPEANOJOKEHHE O XapaKTepe MPOTEKAIOIIEro
Ipoliecca U BEpOSATHOE €ro OOBbICHEHHE, MHAYE TOBOPS, pa3padoTaTh pabouylo r'u-
note3y. Kak MuHuMyMm, paboyasi TUIoTe3a yCTaHABIMBAET (PaKTOPbI, 00YCIOBIUBA-
IOILME Pa3BUTHE UCCIIELYEMOTO MPOLECCa.

Ha BpIcieM ypoOBHE IPEANOJIAracéMoe pa3BUTHE Ipolecca IPENCTABISIETCS
MaTE€MaTUYeCKUM BBIPa)KCHHEM, ONMCBHIBAIOLIUM, HaIpUMED, ero (usukKo-
MEXaHU4eCKHEe 3aKOHOMEpHOCTH. HO BO Bcex ciydasx TMIlOTe3a HE B COCTOSIHUM
COBEPIIECHHO OTOOPa3UTh peajbHbIN MPOLIECC U MO3TOMY HYK/IA€TCs B yTOUHEHHUSX,
OpabOoTKax, axe MHOTJa B paIuKAIIbHON 3aMEHE HOBOM.

Buvioop mooenu uccneoyemozo npouecca

Kaxxnplii n3ydaemblil IpOLECC B KOHEYHOM MTOT€ MPEJICTABISAIOT B BUJIE HE-
KOTOPOH MOJIENH, HapUMep, rpauKoM WM MaTeMaThieckoi ¢popmyioil. I’ maBHoe
CBOMCTBO MOJEIM — 3TO €€ CIHOCOOHOCTb MPEACKA3bIBaTh XapaKTep MNPOTEKAHMS
npoliecca Mpu U3MEHEHUH JIEUCTBYIOIIMX Ha HETO (haKTOPOB.

PaccMmoTpum crienyroniee BhIpaXeHUe, MpecTaBistonee coO0l aHaIuTHYe-
CKYIO 3aBUCUMOCTbD YNPYro# AepopMaliuy Mo OTBEPCTUIO I€TaIN NPU JOPHOBAHUU:

b2
O-S 3;4‘1 bz
U =3—Eab2—|n—2, (81)
-1 e
a

I7I€ Gs — BEJIMYMHA CONPOTHUBIICHUS MaTepHasa IUIACTUYECKOMY aepopMUpOBa-
HUIO, 3aBUCSIIIAs TAKXKE OT HATATA TOpHOBaHUs; 2D, 28 — HapyXHBII U BHYTPCHHUI
JAAMETPBI AeTanu; £ — MOIysb IPOAOIbHON YIIPYTOCTH.

[IpeacraBnennas opmyna — 3TO MOJENb Mpollecca U3MEHEHMS] BEITMYMHBI
ynpyroi nedpopmarmu U. He mpuberast k (u3nyeckuM OIbITaM, MO HEH MOXKHO
YCTaHOBUTH UCKOMOE 3HadueHHe aedopMalluu Npyu U3MEHEHUU HATAra JTOPHOBaHUS,
pa3MepoB AETANIM U €€ MaTepHaIa.

Monenbs B JaHHOM CiIy4ae BBISBISET HE TOJBKO TJIaBHBIE (DaKTOPBI paccMat-
pPUBaEMOro MPOIECCa, HO U CTENIEHb BIUSHUS KaXXI0r0 U3 HUX Ha IIPOLIECC B LIEIOM.



Hmes Takyio MoJienb, UCCIAEAOBATENb JIETKO OCYIIECTBUT JACTAU3AIUI0 METOIUKH
MOCJEAYIOMIEr0 SKCIEPUMEHTAIBHOTO UCCIEA0BAHUS, C IOMOIIBI0 KOTOPOTO0 MOKHO
YCTaHOBUTH MOTPEIIHOCTh (DOPMYJIIBI U YTOUHUTH 00JIACTh €€ IPUMEHEHHUSI.

B TexHoNOrMM MammMHOCTPOCHUS MHOTHE MPOIIECChl MPEACTABISIIOT B BHJIE
AMIIUPUYECKUX POPMYII, CTPYKTYpa KOTOPBIX OMPEEsSETCsS Ha OCHOBE allpHUOPHOI
uHdopmaruu. Hanpumep, mpu ucciieoBaHWM HaKJIENa MOBEPXHOCTHOTO CJIOS I10-
cJie TOYeHUs TOJyueHa CIeAYIOasi 3aBUCUMOCTb:

138, 7 . 80,02t0,02a0,01r0,05
Ko VO®(90+v)
riue H,, — MUKpPOTBEpAOCTh HAa OBEPXHOCTHU AETaNu; V — CKOPOCTb pe3aHus; S —
nojaava; t — riyouHa pe3aHus; o — 3aJHUA Yroi;, Y — NepeAHuil yromi; I — paauyc
OKPYTJICHHSI PEXKYIIEeH KPOMKH.

[IpumeHeHnue mnpuBeneHHONW (QOPMYJIbI OrPAaHHUYEHO MAaTEepUaIoM JIeTalu
(cramp 45) m uwHcTpyMmMeHTa (T16K6), ckopocteio (71...282 wm/muH.), momadeit
(0,05...0,43 Mmm/00) u T.1. Dopmyity (8.2.) HENB3s UCIIONH30BATH HETIOCPEACTBEHHO
JUI pacdeTa BeJIM4MHBI /1, ipu 00paboTKe, HallpUMeEp, 3aKaJIEHHOW CTaIH 3JIb00pO-
BBEIMU pe3rnamu. O HAKO HCCIIeIOBAaTEIh UMEET BCE OCHOBAHMSI TIPEAIIOIOKUTh, YTO
CTPYKTypa MOJICTTH B HOBOM IPOIIECCE HE M3MEHUTCS U TIPEJACTABUTH €€ B BHUJIC:

_a-S'tafr’
M VH(90+7)'

B mpuBeneHHBIX BBINIE TTPUMEPAX BXOISIIHUE B GOpMYIbl (DaKTOPHI, ONpeae-
JISIOIIME XOJ1 POoIecca, MOTYT IPUHUMATh 10 JKEeJIAHUIO UCCIIeIoBaTeNs JI00bIE T0-
CTOSIHHBIC 3HAY€HHUs C 3aJaHHOM TOYHOCTHIO U TOJIEPKUBATHCA Ha 3aJaHHOM
YpOBHE B Te€UeHHUE Bcero ombiTa. Takue (hakTOpbl HA3BIBAIOTCA YIPABISIEMBIMH, a
HKCIIEPUMEHT, B KOTOPOM OHH YYaCTBYIOT — AKTUBHBIM.

OdeHb BaXXHO B MEPUOJ MOATOTOBKM K AKCIIEPUMEHTY Bce (PaKTOpbl, 00Yy-
CJIaBJIMBAIONIUE MPOIIECC, PA3ACIUTh HA OCHOBHBIC, OKA3hIBAIOIINE PEIIAOIIEE BIIH-
SHUE Ha Pa3BUTHE TPOIlecca, U JOMOJTHUTEIbHbIE WM BTOPOCTENICHHbIE. J]omoaHu-
TeJIbHBIC (PAKTOPHI OOBIYHO CTAPAFOTCS HEHTPATM30BaTh B MPOIECCE IKCIIEPUMEHTA
MyTeM CO3JIaHMsI TaKUX YCIIOBHUM, TIPH KOTOPBIX WX BIUSHUE Ha JAPyTrue (HaKTOPHI
CTAaHOBUTCS HE3HAUYHMTENIbHBIM. OIHAKO CIIeyeT TOMHHUTh, YTO JelieHHue (aKkTopoB
Ha OCHOBHBIC M JOTIOJTHUTEBHBIC B OOIIEM ClTydae YCIIOBHO M MOXKET OBITh MPOM3-
BEJICHO TOJIBKO HA OCHOBE JJOBEPUTEIBHON allpUOPHON MH(POPMALIHH.

Buvioop memooa uccnedoeanusn

B03MOXHOCTH OJTHOBPEMEHHOTO W3Y4YEHHUsS BIMSHUS PsAZla OCHOBHBIX TEpe-
MEHHBIX (DaKTOpOB Ha MPOTEKAHWE OJHOTO Tpollecca He Bcerjaa ocyiiecTBuma. B
TaKUX CIydasx JUIsl TIOJyYEeHUs C JIOCTATOYHON CTEMEHBIO HAJICKHOCTH YETKOMW 3a-
KOHOMEPHOCTHU TPOIECCa CIIEAYET BhIACIUTh B KAYECTBE OCHOBHOTO (haKTOpa JIHIIIb
OJIMH, HEUTPATM30BaB BCE OCTAIbHBIC. 3aTeM, TIOCIICIOBATEIHLHO TIepedupas OCHOB-
HbIE (PAaKTOPHI IPH HEM3MEHHOCTH OCTaJbHBIX, YCTAHABIUBAIOT OOIHE 3aKOHOMEP-
HOCTH Pa3BUTHS UCCIIEyEMOTo Tpoiiecca. Takoi METOoJl UCCIIeI0BaHUs Ha3bIBACTCS
0JTHO(AKTOPHBIM SKCIICPUMECHTOM.

JlocTrkeHre 1eau C MOMOIIBI0 OJHO(GAKTOPHOIO SKCIEPUMEHTa TpelOyeT
MMOCTAHOBKHA MHOTOYHMCJICHHBIX OIBITOB, YHCIIO KOTOPBIX BO3PACTaeT ¢ POCTOM KO-
andectBa (pakTopoB. Kpome TOro, BO3HHKAaeT HEYBEPEHHOCTh B OIEHKE MCKOMOTO
napameTpa, Korja BXOJAIINE B HAlACHHYIO GopMyny (HaKTOpbl IPUHUMAIOT OJTHO-
BPEMEHHO pa3JIMYHbIC 3HAYCHUS, OTIUYAIOIINECS OT (DUKCUPOBAHHBIX B DKCIICPH-

Hiwd, (8.2)

(8.3)



meHnTe. [IpeomoneTs BO3HUKIINK Oapbep MOMOTAaeT METOJI MHOTO(AKTOPHOTO Iijia-
HUPOBAHUS HKCIIEPUMEHTATIBHBIX UCCIEAOBAaHUN. ITOT METO]T MO3BOJISET OJTHOBpE-
MEHHO BapbUpOBaTh BCEMU (DAKTOpAMU B HYKHOM HAMPABJICHUU IO CHEHUATBHBIM
npaBujiaM — ajifOpUTMaM. 3aJaud, JUIsl PEeIICHUs KOTOPBIX MOXKET MCHOJIb30BATHCS
MHOTO()AKTOPHOE MJIAHUPOBAHKUE HKCIIEPUMEHTA, YPE3BbIYATHO pa3HOOOpa3HbI. ITO
— MOMCK ONTUMAJbHBIX YCIOBHUM MPOBEJACHUS Ipoliecca, MOCTPOCHUE MaTeMaThye-
CKUX Mojelied, BbIOOp cyliecTBEeHHBbIX (akTopoB u ap. IIpu stom mpenmnoureHue
OTJIAE€TCS MOJIENISIM Ha OCHOBE CTEMEHHBIX PSAAOB - alreOpanyecKuM IMOJIMHOMAaM
pasznuyHoOM crenenu. Hampumep, MoJIMHOM NEPBOM CTENEHU ¢ (paKkTopaMu X1, X2, X3
U T.J. OyJIeT UMETh BH/I:

y=Db, +bx, +0,X, +b,X; +....+b X, . (8.4)

Herpynno yoenuTbes, 4TO K TAKOMY BHIY JIETKO MPUBOJIUTCS BCTpEUaBIIEECs
BhIIIIE BhIpakeHue (8.3) myTeM ero jorapupMupoBaHHUs.

B mpakTuke TeXHOJIOIMH MAIIMHOCTPOEHUSI BCTPEUAIOTCS MPOLecChl, (popmu-
pyromecs: moJ Bo3AeiicTBUEM CilydailHbIX (akTopoB. Tak, oOpabaTrbiBaeMble jeTa-
JIM UMEIOT TIEPEMEHHBIE TI0 BETMYMHE MPUITYCKU U PA3IMYHYIO TBEPAOCTh MaTepua-
Jla, YTO BBI3BIBAET HE MOJIAIONINECS KOHTPOJIIO U3MEHEHHUS CUJI pe3aHus U Koseba-
Hus ynpyrux orxkatuii B cucteme CIIWU]I. B pesynbrare pasmepsl oOpabaThiBae-
MBIX JeTajied OyIyT cilydailHbIM 00pa3oM OTKJIOHSTHCS OT HACTPOEYHOTO pa3Mepa,
T.€. OyAYT U3rOTOBJIEHBI C HEKOTOPOI MOIPEIIHOCTHIO.

J171s1 BBISIBJICHUS XapaKTepa U CTENEHU BO3JEUCTBUS CllydallHbIX ()aKTOpOB Ha
nporecc NpuOerarT K CTaTUCTUYECKUM MoJeNsaM. Buja cratuctudeckod mojenu
9aCTO HOCHT MHOTOBAapPHAHTHBIA XapaKTep U MOXKET OBITh YCTAHOBJICH DKCIICPUMCH-
TaJbHBIM TyTeM. [IpakTHYEeCKH CTATUCTUYECKYIO MOJIEIb BBHIOMPAIOT HAa OCHOBE
anpuopHoit nHopmanuu. Hanpumep, ais u3ydeHUs: MOTPEIIHOCTEN JIMHEWHBIX U
YIJIOBBIX Pa3MEpPOB, IIEPOXOBATOCTU IMOBEPXHOCTH, TBEPIOCTHU, MEXAHUYECKUX
CBOMCTB MaTepHalia, a TakKe Macc JieTajiel 4acTo MPUMEHSIOT HOPMaIbHBIA 3aKOH
pactipeneneuus (I"aycca). MI3MeHeHHS SKCIIEHTPHUCUTETA, HECOOCHOCTH U OMCHUS,
Pa3HOCTEHHOCTH, HEMapaJyIeIbHOCTH U HEMEePICHIUKYISIPHOCTH, KOHYCHOCTH U3Y-
Jal0T Ha OCHOBE 3akoHa 3kcueHTpucuteTa (Penes). Hepeako mpuberaror K KOMITO-
3UIMOHHBIM 3aKOHAM pACHpENeNICHUs], MPEICTaBISIIONUM CO0OM COBOKYMHOCTh
MPOCTBIX pachpeaesieHU AByX U 00jiee HE3aBUCUMBIX CITyYalHbIX BEJIMYHH.

B TexHonornyeckux 3KCrnepuMeHTax 4acTo BOZHUKAET HEOOXOIUMOCTh OIpe-
JETICHUS CBSI3CH MEXAY JABYMsI WU OONBIIMM KOJUYECTBOM (DaKTOpOB, mMpUyYeM B
OOJBIIIMHCTBE CIy4aeB 3TH CBS3U SBJISAIOTCS HE (YHKIIMOHAIBHBIMH, & CTATUCTHYE-
CKUMH (BEPOATHOCTHBIMH) M OOHAPYKHMBAIOTCS JIMIIb MPU MAacCOBOM H3YHYEHHUH
npu3HakoB. Hanbosee mpocThIMU CTATUCTHUYECKUMU CBSI3SIMU SIBJISIFOTCSI JINHEWHBIE,
HO BCTPEUAIOTCS U KPUBOJUHEHHBIE (HeMnHerHbIe). CTaTUCTUYECKUE MOJIEIINA TaKUX
MIPOIIECCOB BBISBIISIIOT METOJIOM KOPPETSIIMOHHOTO aHAJIA3a.

C moMomIbi0 KOPPESIMOHHOTO aHAJIW3a ONPEACIISIIOT, HApUMep, KaKk U3Me-
HSIETCA TI0JIe pAacCesHUS pa3Mepa JeTal PH U3MEHEHUH MPHUITYyCKa WU TBEPIOCTH
3arOTOBKH, U3yYalOT B3aUMOCBS3U MEX]y IMapaMeTpaMu YepHOBOM M YUCTOBOH 00-
paboTKH # T.1.

Kax BUAHO W3 mpeapLAyiero, BbIOOp MOJENH Mpolecca U MeToJa UCCae0Ba-
HUS 4acTO BECbMa CJIOKEH, a cama MOJEJb €llle HE TapaHTUpyeT ycnex. TeM He Me-
HEe, pacCMaTpUBAEMBbIN ATaN SIBJISICTCS COBEPIIIEHHO HEOOXOAUMBIM JJIsl Ompeiesie-
HUS BCEX MOCTEAYIOUINX JeHCTBUN SKCIIEPUMEHTATOPA, T.K. OT 3TOr0 dTara 3aBUCST



00BEM M Ka4eCTBO BBITIOJIHEHHBIX UCCIIENOBATEIbCKUX onepanuil u 3pGHeKTUBHOCTh
KOHEUHOI'0 pe3yJibTaTa UCCIEAOBAHUM.

Ha paccmoTpeHHOM 3Tane CTaBUTCS 3a/laya IPUHATh TOT BapUAHT MOJAENIU U
TOT METOJI HCCJIEIOBAaHUS, KOTOPBIA MPEANOIOKUTEILHO MOXKET OO0ECHeUUTh
HauOoJiee OBICTPOE U BEPHOE pelieHue 3a1auu. /(1 BBIMOTHEHUSI YKAa3aHHOTO Tpe-
OOBaHMSI B HEKOTOPBIX CIIy4asix ObIBAET MOJIE3HO BKIIOYHUTH B IIPOrpaMMy HCCIIEO-
BaHMI CIelHaIbHbIE MMOMCKOBBIE OMBITHI, MPEIUIECCTBYIONIME pa3paboTKe oO0IIeit
METO/IUKHU.

Pazpadomka memoouku IKCnepumMeHmaibHvlX UCCE008AHULL

BHe 3aBUCHMOCTH OT CJO0KHOCTH 3KCIIEPUMEHTAIBHBIX HCCIIECIOBAHUI TPO-
BEJICHUIO DKCIIEPUMEHTOB 00s13aTEIHHO JTOJDKHA TPEIIIIECTBOBATH pa3padboTka pado-
Yyell METOJMKHU UCCIEAOBAHUN U MaTEMAaTUYECKON 00paOOTKHU MOTYUYEHHBIX JaHHBIX.

Memooukoit IKcCnepumMenmaibHolX Ucc1e008aHull HA3bIBACTCS JACTAIbHBIN
IJIaH UCCIEOBAHUM, YCTAHABJIMBAIOIINI COBOKYMHOCTh CIOCOOOB, MPUEMOB HC-
CJIeIOBaHUsA, UX MOCIEAOBATEILHOCTh U CPEJICTBA OCYILECTBICHUS HCCIECIOBAHUIN
(o6opynoBaHue, MPUCTIOCOOTICHUS, THCTPYMEHT, U3MEPUTEIBHYIO anmnaparypy).

Meroanka, OTHOCSIIAsCSA KO BCEMY MCCIIEIOBaHUIO, Ha3bIBaeTcs odmei. OT-
JIebHO pa3padaTbiBaeMble paboyre METOAMKHU JIJIsi MPOBEACHUS, HAIIpUMED, TOUC-
KOBBIX IKCIIEPUMEHTOB WJIM OMPENEICHHBIX YCIOBHM IKCIIEPUMEHTA, HOCST Ha3Ba-
HUEe 4acTHbIX. [IpaBuibHO pa3paboTaHHAas METOJIMKA HCCIEAOBAHUS — 3aJIOT €ro
yCHenHoro ocymiectsieHus. K pa3padoTke METOIUKH CIeayeT OTHECTUCh CaMbIM
cepbe3HbIM 00pa3oM BO H30€KaHHE MOJYyYEHUS OLIMOOYHBIX PE3yIbTaTOB WM He-
MOJAAIOIErocsl HUKaKoi 00paboTke Oecroae3Horo Mmarepuana.

B paboueii MeTo/IMKe JOJKHBI OBITH BBISBJICHBI BCE 3JIEMEHTAPHBIE MOAPOO-
HOCTH AKCIEPUMEHTOB. B Hel yka3bIBalOTCS: - 11€JIb UCCIEAOBAHUS; - TIOCIIEI0BA-
TEJILHOCTh MPOBEJACHUS SKCIIEPUMEHTOB; - MOJTOTOBKA K MPOBEICHUIO SKCIIEPUMEH-
TOB; - MPaBUJIa U3MEPEHUN U MOPSATOK PETUCTPALIMU PE3YJIbTaTOB U3MEPEHUN; - Xa-
PaKTEPUCTUKU U TpaPuKH, MOJydyaeMble B pe3yJbTaTe MaTeMaTUYeCKO 00paboTKU
HaAOJIOICHUM.

Ienwv u 3a0auu uccneoosanuii.

Lenb nccnenoBanus OoJkHA ObITh CPOPMYIUPOBAHA OUYEHb YETKO M JIOMYyC-
KaTh KOJIMYECTBEHHYIO OLIEHKY. Llenpb nccnenoBanus MoeT ObITh JOMOJHEHA (op-
MYJINPOBAaHUEM OTHENBHBIX 3aJad, Pa3JeiIOIIMNX COAEPKAHUE HMCCIEIOBAaHWN Ha
XapaKTEPHBIE ATAlbI.

OcHoBHas 11eJ1b TPOU3BOJICTBEHHBIX UCCIEAOBaHUI — 3TO o0ecreyeHue Kaue-
CTBa BBIITYCKaeMOW MPOAYKIMH MPU MUHUMAJIbHBIX 3aTpaTax Ha €€ MPOU3BOACTBO
(MHa4e roBops, ONTUMM3ALIKS MPOU3BOCTBA). 3aJa4aMH UCCIIEJOBAHUMN SBIISIOTCS:
- OOBEKTHBHBIM BBIOOP KOHTPOJMPYEMBIX MapaMeTpoB ((pakTOPOB) TEXHOIOTUYE-
CKOTO MpoIlecca;
- MUHUMM3AIUsl pacxo/la MaTEpUaiOoB Ha €AMHUILY BBIMYCKAEMON MPOAYKLHMH TPU
COXpaHEHUU €€ KayeCTBa;
- MOBBIIIEHUE MPOU3BOJUTEIBHOCTH TPYJa 3a CUET BHEAPEHUS HOBOW TEXHUKH U
TEXHOJIOTHH ITPY HEU3MEHHOCTH Ka4€CTBA BBIITYCKaeMOM MPOIYKLNN;
- TIOBBIIIIEHHE OJJTHOPOJIHOCTH, CTAOMIBHOCTH KauecTBa MPOIYKIUH, €€ HaJCKHOCTH
B JKCILTyaTaluy;
- YBEJIMYECHHE HAJIEKHOCTU U OBICTPOAEUCTBUS MPUMEHSEMBIX CPEACTB MPOU3BO/I-
CTBA, YIIPABJIEHUS U KOHTPOJIS U AP.



IIpumep 1. Ilenp uccnenoBannss MUKPOTBEPAOCTH NOBEPXHOCTHU JETAIEU I1O-
clie 3JIbOOPOBOrO TOUEHUS: BBISIBUTH YCIOBMS MOJIy4Y€HUs 3HaUeHuil H, B yCTaHOB-
JIEHHBIX YEPTEKOM Ipezenax (yKas3blBaloTCs 3HaueHus /,) Ipu yIO0BIETBOPUTEIIb-
HOM MPOU3BOUTEIBHOCTH Ipoliecca 00pabOTKH.

3a/1auu UCCIEeI0BAHNUSA:

- BRIOOP KOHTPOJIMPYEMBIX HTapamMeTpoB ((hakTopoB);
- OIpeieNIeHre CTENEeHU BIUsHUA (PaKTOPOB Ha MPOLIECC;
- o0OecrieueHue CTaOMIIBHOCTH JTOCTUTAEMOTO KauecTBa 00paboTku (mo H,).

[Ipumep 2. llenb uccnegoBaHus mpolecca JOPHOBAHUS OTBEPCTUM TpyOUa-
THIX JIeTajieil MHOr03yObIMU JOPHAMH - ONPEJEICHUE YCIOBUN MOIYYEHHUS OTBEP-
ctuii 10 xBasmurera TOyHOCTH TpU npousBoguTenbHOocTH 1000-1200 nmeraneit B
CMEHY.

3a/1a4u UCCIEI0BaHNUSA:

- BBIOOP KOHTPOJIUPYEMBIX MapaMeTpoB ((pakTopoB);
- ONTUMH3AIHS PEKUMOB 00paObOTKH;
- BBIOOP CMa3Ku U JIp.

N3 npuBeAeHHBIX TPUMEPOB BUAHO, YTO LEIb U 3a/1a4d UCCIEAOBAHUS MOTYT
OBITh YCTAHOBJIEHBI JIMILb [1OCJIE TIIATEILHOTO U3YYEHHUs BCEX MaTE€pHalioB, OTHO-
CSALIMXCS K pacCCMAaTPUBAEMON TEME.

Oovexm, hakmopul npouecca u cpeocmea uccied006aHuil.

Ha ocHoBe npeiokeHHON MOJIeNH IpoLecca He00X0AUMO YCTaHOBUTD:
- BUJ1, (hopmy U pa3Mepbl 00BbEKTA UCCIIET0BAHMS;
- KOJIMYECTBEHHbIE 3HAUEHUs (DAKTOPOB U YPOBHU UX BAPbUPOBAHUS, a TAKXKE yCIIO-
BUS UCIBITAHUI;
- cpeAcTBa HccienoBaHus (000pyAoBaHUE, HHCTPYMEHT, U3MEPUTENIbHBIE YCTPOU-
CTBa U TPEOOBAHUS K HUM);
- KOJIMYECTBO MOJJIEKAINUX POBEICHUIO HCTIBITAHUN.

@akTopbl HCCIEAYEMOro Ipoliecca Te ke, YTO U B pa3pabOTaHHON MOJAEIH.
[To BennunHe (QakTOphl AOKHBI OBITH OIPaHUYEHBI CHHU3Y M CBEPXY B L€IE€CO00-
pa3HbIX TpaHuliax. Hampumep, CKOpOCTb pe3aHusi MpPU TOYCHUU HE MOXKET OBITh
paBHOW HYJIO UM OeckoHeYHOCTU. [Ipu ManbIX CKOPOCTSIX pe3aHusi HU3Ka MPOU3-
BOJIUTEIILHOCTh 00a00TKH, TIPH OOJIBIIIMX — Majla CTOMKOCTh PEXKYIIEro HHCTPYMEH-
Ta. J[Mana3oH W3MEHEHUs CKOPOCTH, CIIEI0BaTENIbHO, JOJKEH OBITh 1enecoo0pas-
HeIM. ClielyeT UMETh B BHJy, YTO PACIIMPEHUE TPAaHUIl BapbUpOBaHUS (HaKTOPOB
MPUBOJUT K CYHIECTBEHHOMY IOBBIIIEHUIO 3aTpaT Ha MPOBEJICHUE HKCIIEPUMEHTOB,
a CIIMIIKOM y3KHI IUara3oH — He MO3BOJIMUT JOCTUTHYTH LIEJIH UCCIEIOBaHUSI.

VYcnoBust UCTIBITAHUN OTIPEENSIOTCS Ha OCHOBE BBHIOPAHHOTO METOJa McClie-
noBanui. Hampumep, npu o1HOGAKTOPHOM 3KCIIEPUMEHTE CIEAYET CTPOrO OrOBO-
PUTH 3HAUEHUS HEUTPAIM30BaHHBIX (PAKTOPOB B KaKIOM ombiTe. [Tpu cratuctuue-
CKUX HCCJIEIOBAHMUIX TpeOyeTcs 00ecrneyuTh B3SITUE BHIOOPOK, YIOBIETBOPSIOLINX
YCJIOBHIO CIIyYalHOCTH.

Oco0bo¢ 3HaYeHHE TPUOOpPETAET BOIMPOC HA3HAYCHHUS KOJIMYECTBA OIBITOB.
Hampumep, ecnu npeiaraemasi MoJieib MpoIecca MpeCTaBIsIeT coO0N THHEHHYIO
3aBUCUMOCTb, TO, OUEBUHO, MOXKHO OTPAHUYMTHCS HAXOXKJIECHUEM JHUIIb JIBYX TO-
YEK CO 3HAYUTEJIBHBIM ITPOMEKYTKOM MEXAY HUMU. 11 MOCTPOEHUST OKPYKHOCTH
YIOBIETBOPSIOTCS TpeMsi TOYKaMu. [IpW CIOXHBIX KpPUBBIX HEOOXOIUMO 3HATh
0obII0€ KOJIn4ecTBO ToueK. COOTBETCTBEHHO HAI0 Oy/AeT MpUAaBaTh TaKoe ke KO-
JMYECTBO 3HAYEHUH KaKI0MY HcclienyemMoMy (pakropy. Jlanee, yauTsiBasi AeicTBUE



HE BKIIOUCHHBIX B HCCIEOBaHUE (DAKTOPOB, CIEAYeT BECh OMBIT MOBTOPHUTH, T.€.
MPOBECTU CEPUIO OMBITOB, KOJUYECTBO KOTOPHIX YACTO NPUHUMAETCS HE MEHEE 3-X.
DTO MOBbIIAET OOBEKTUBHOCTH OLIEHKHM KOOPAMHAT KAXKIOM OmpenesieMoil TOUKH
MyTeM UX YCPETHEHUSI.

Iloozomoeka Kk npogedenHuIo uccied08anuil.

B meTonuke pacKpbIBarOTCS YCJIOBHS WM3TOTOBJIEHHMS M MOHTaxa oOpasloB,
METO/bl aTTECTALlMK OOOPYIOBaHUA W KOHTPOJIBHO-HU3MEPHUTENBHBIX IMPUOOPOB,
IpaBujia TAPUPOBKHU CIIEUUAIBHBIX CPEACTB U3MEPEHUM, YCIOBUS MPOBEICHUS 3KC-
NEPUMEHTOB, T.€. TEMIIEpaTypa OKPYKAIOIIEH Cpeibl, BIaXKHOCTb, TEXHOJIOTHUECKHE
cpenctBa u crocoObl ux npumenenus (Hanpumep, COX) u ap.

B pabGoueit MeTonMKE MOMEIIAIOTCS CXEMbl U3MEPEHHUS U WX OIKCAaHUE
(pacumudpoBka), ecau 3To TpedyeTcs o yCIoBUAM dKcriepumenTa. Hampumep, yka-
3bIBAIOTCSl U3MEPUTENIbHBIE CeUEHUs (OCEBbIC U TMAMETPATIbHBIE) KOHTPOJIUPYEMbBIX
MOCJI€ IOPHOBAHMS OTBEPCTHM, MOJOKEHUE U HAIPABJICHUE U3MEPEHUs IUIOIIAIKH
M3HOCA PEKYIIEH rpaH MHCTPYMEHTA M T.J. 3aTEM OINpPEAENSIeTCs MOPSAOK MPOBE-
JICHUSI ONBITOB M PETUCTPALMU MX PEe3ynbTaToB. /[ 3TOro B METOOUKE JOJIKHBI
OBITh MPETyCMOTPEHBI (POPMBI CHEHUATBHBIX TAaOJIUL, KOTOPbIE MOMEIIAIOTCS B
YKypHAaJIe UCCIIEIOBAHUM.

B nocnennein yactu METOAMKHA MOMEIIAIOTCS YKA3aHUsl O METOAaxX MaTeMaTH-
4yecKoi 00pabOTKH pe3yJbTaTOB IKCIIEPUMEHTA, a TaKkKe (GOpMbI TaOJIULL, TPpa(HKOB,
MOJTy4aeMbIX B PE3YyJIbTaTe 3TONH 00paOOTKH.

Memoouka noanozo gpakmoprnozo sxcnepumenma (Id3)

Huxe mpuBoauTCS KpaTKOe M3JI0KEHHE TIOTHOTO (PaKTOPHOTO SKCIIEPUMEHTA
(II®D) Tuna 2X, B KOTOPOM Ka)JIO0MY U3 BKIIOUEHHBIX B SKCIIEPMMEHT (aKTOPOB X7,
x%, ..., XX («k» (aKkTOpPOB) yCTAaHABJIMBAIOT TOJNLKO JBA YPOBHS BapbHUPOBAHMS:
BEPXHUU U HYKHUM.

[TockonbKy (akTopsl mpolecca HEOAHOPOIHBI U UMEIOT Pa3IMUHYIO pa3mep-
HOCTb, @ YHCJIa, BBIpAXKaIoU[e BEJIUYUHBI (PAKTOPOB, UMEIOT pa3IMUHbIE MOPSIKH,
UX MPUBOJAT K €IUHOM CHCTEME CUMCIEHHUs IIyTeM Iepexoja OT AeHCTBUTEIbHbBIX
3HauYeHUN (PAKTOPOB K KOJUPOBAHHBIM IO (OPMYyIIaMm:

Ximax T Xi min

xi oen 2 ’ (85)
Ximex — Ximi
A_xi — I max I mn ; (8.6)
2
=~ xi - Xi ocH
% = , (8.7)
A)Ci
rae x,,, — OCHOBHOW YPOBEHB; X; x — BEPXHUU YPOBEHB; X, nin — HIDKHUH YPO-
BEHb; | — HOMep (pakTopa; Ax, — HHTEPBAJl BapbUPOBAHMS; X, — KOJUPOBAHHOE 3HA-

yeHue (pakropa, onpeaensseMoe s Kakaoro gpakropa.

Tak kak 4uca0 ypoBHEH ISl KaXA0ro pakTopa paBHO 2, 3HAYEHUS X; MOTYT
OBITh PaBHBI X WIH X,. KomoBble 3HaueHUs (HhakTOPOB, PACCUMTAHHBIC IO
dbopmyre (8.5), OynyT paBHBI «+1» (BepXHHI YPOBEHB), «-1» (HIKHUI YPOBEHB) U
«0» (ocHOBHOM ypoBeHb). [Ipyu mocTpoeHnH MIaHOB MATPUIL IJIAHUPOBAHUS SKCIIE-
puMeHTa UGPHI (€AMHUIBI) OOBIYHO OMYCKAIOT U MHIINYT TOJBKO 3HAKU «+» WIIH
«—», a BMECTO X, —X; .



JUist nprMepa pacCMOTPUM METOAMKY TutanupoBanus [1DD nis onvcanus 3a-
BHCHUMOCTH TIOKa3aTellsi CTOMKOCTH KOHIIEBBIX (ppe3 OT 3aiHero yrina o (xi), nepea-
Hero yria v (x2) u mmpuHsl JeHTouku f (x3). Ilpm Tpex dakTopax KOJMUeCTBO
onbIToB B akcrepumente N=23 = 8. YpoBHM (aKTOPOB ¥ MHTEpBAIIbl BADLUPOBAHHS
3aMMCHIBAIOT B Tabnuily Tumna 8.1., ucrnosib3oBaB anpuOPHYIO HHPOPMAIUIO O BIUS-
HUU (PaKTOPOB.

Tabnuua 8.1. YpoBHU (haKTOPOB U UHTEPBAJIBI BAPbUPOBAHUS
YpoBHU (aKkTOpOB O6o3HaueHue o« bl f, Mm
X1 X2 X3
OcHOBHOI 0 14 15 0,05
HHuTepBan BapbupoBaHuUs Ax; 4 6 0,03
Bepxuuii + 18 21 0,08
Huwxuaunit - 10 9 0,02

Jlanee cTpouM CTaHAAPTHBIN IUJIaH MaTPUILIbI IUTAHUPOBAHUS SKCIIEPUMEHTA B
Bujie Tabi. 8.2. B Hell mpencTaBlieHbl BCE BO3MOXKHBIC COUYETAHHS YPOBHEH (haKTO-
pPOB M HX B3aUMOJICHCTBHI, YTO JOCTUTAETCs cleayrouuMm obpazoM. B mepBom
cToJiOlie (UKTUBHOMY (PAKTOPy Xo MPHUAAIOT OJIMHAKOBBIE KOJIOBbIE OOO3HAUYCHUS
«tm.

B cTonbue Ay nepeMeHHOro Qakropa Xxi 3HAKH YEPEOYyIOT IO OJHOMY, IS
X2 —TIO JIBA U I X3 — IO YEThIpE. AHATOTMYHO MOKHO MOCTPOUTH IIJIAHBI MATPHII
JUISL 9eThIpeX (YepeayroT 3HaK M0 BOCEMb), IATH (10 LIECTHAALATH), AECITH U T.J.
¢akropoB. KomoBble 3HaueHUs NMpou3BeACHUN (AKTOPOB OINPENEISAIOT IyTeM all-
reOpanuecKkoro NepeMHOKEHHsI KOJOBBIX 3HAUCHUW comMHOxuTened. Ilnan skcre-
PUMEHTa BBIJICISIOT paMKOM B Ta0:. 8.2., ocTalibHbIE JAHHBIE UCTIOJIB3YIOT JJIS pac-
yeTa Ko3((HULMEHTOB MOJEIIH.
Tabmuma 8.2. [Tomnnublii m1aH GpaKTOPHOTO SKCIEpUMEHTa 2°

KomOunamms mpoussee- N
3HaueHus GakTOpoB B . JlelicTBUTENbHOE 3HAYEHUE
Howmep HUM (HaKTOPOB B KOAOBBIX 9
KOZIOBBIX 0003HAYEHUSIX MoKazarens CToKocTH (pes
OmbITa 0003HaYECHMSIX
X0 X1 X2 X3 | X1x2 | X1x3 | X2x3 | X1x2x3z | Y1 Y2 Y3 Y
1 + - - - + + + - 41,0 | 34,85| 34,85 36,90
2 + + - - - - + + 43,85 | 47,45 | 40,90 | 44,07
3 + - + - - + - + 43,30 | 32,00 | 29,25 | 34,83
4 + + + - + - - - 48,85 | 58,50 | 50,50 | 52,62
o) + - - + + - - + 26,70 | 15,38 | 12,25 | 18,11
6 + + - + - + - - 31,52 | 24,35 | 36,30 | 30,72
7 + - + + - - + - 17,32 | 30,85 | 28,70 | 25,62
8 + + + + + + + + 30,75 | 29,50 | 38,15 | 32,80

[Tocne mocTpoeHus miaHa MaTPUIlhI TTIAHUPOBAHUS TIPOBEPSIIOT €€ CBOMCTBA:

—CUMMETPUYHOCTh OTHOCHUTEIILHO IICHTpa SKCIEPUMEHTA: alreOpanyeckas
CyMMa d3JIEMEHTOB CTOJOIa KaXIoro ¢akropa MOJDKHA OBITH paBHA HYJIO (Kpome
XO), T.C.

i X, =0 (8.8);

— HOPMHUPOBKY: CyMMa KBaJJpaToOB JIEMEHTOB KaKJOr0 CTOJI0La paBHA YUCIY
OTBITOB, WX

ZN:Xi%/ =N (8.9);

V=l



— OpPTOTOHAJIBLHOCTh: CyMMa MOWICHHBIX MPOU3BEICHUHN JTIOOBIX JIBYX CTOJIO-
1IOB MATPHIIbI PaBHA HYJIIO, T.€.

N
Mxx, =0, j#i, i=012.K (8.10)
V=l

Ecnu pazpaboTaHHbIi 11aH MaTPUIIBl OTBEYAET YKa3aHHBIM CBOMCTBAM, MOX-
HO TMPUCTYNHUTh HEMOCPEJICTBEHHO K MPOBEIEHUIO HKCTepuMeHTOB. [lopsaok mpo-
BEJICHUS OIBITOB B CIY4YalHOU MOCIIENOBATENbHOCTU [JISl KAXKJIOM CEpUM OIBITOB
1[eJIeCO00pa3HO YCTAaHOBUTH C TMOMOUIBIO TaOJMI] PABHOMEPHOTO pacIpeiesieHUs
ciy4aiiHbeIx yucen. Hanpumep, B paccMaTpuBaeMOM Cilydae OMbITHI CIEAYET MPOBO-
JTUTH TaK:

Tabmuna 8.3. PangomMu3anys onbITOB B DKCIIEPUMEHTE
Howmep 1 ‘ 2 ‘ 3 l 4 l 5 ‘ 6 ‘ 7 ‘ 8 Ne cepun
OTbITa Crpoka miaHa (moBTOD)
[Topsimok 1 6 5 8 2 7 4 3 |
peanu3anuu 3 8 7 2 1 4 5 6 ]
OIBITOB 7 1 4 2 5) 8 3 4 11

DTa onepainusi Ha3bIBa€TCs paHOOMU3AyUell U IPUMEHSETCS C LEJIbI0 UCKITIO-
YEHUSI CUCTEMATUYECKUX OIIMOOK, BHI3BAHHBIX BHEITHUMHU YCIOBUAMHU (IIEPEMEHOM
TEMIIEPATYPHI, CHIPbS, ONIEpaTOpa U T.1I.).

[Tocne xaxaol cepur ONbITOB Moay4yaroT N 3HaAUEHHI MCKOMOTO TMapameTpa
Y1, Y2, Y3 M pacCUnTHIBAIOT CpeIHEE 3HAYECHUE HapaMeTpa Y I KaxIoi Hccleay-
eMOM TOUYKM TuTaHa 1o GopmyJie:

m
n:%;nm (8.11)
rre Yjkx — pe3ynsTar K, | onbITa MaTpUIbl TUIAHUPOBAHUS, M — YHCIIO TMapauIeIbHBIX
HaOJII0ICHUH B Kax10# Touke (B mpuMepe M = 3, j=1..3); K — HOMep ombITa (B IpH-
mepe k =1..8).
JIJist OTIeHKM OTKJIOHEHHUS TOKa3aTelis mapaMeTpa OT CPEIHEero 3HAUCHUS Clie-
JYeT BBIYMCIUTH TUCIIEPCHIO BOCIPOM3BOIUMOCTH IO JaHHBIM «K» MapauieabHbIX

HaOJII0JICHUH TUTaHA MATPUIILI TUTAHUPOBAHUS B KaXKI0M TOUKe 110 hopmyJie:

m

Z(Vk —Yk’j)2

2 _ j=
Sp= . (8.12)

Hanpumep, B Touke 1 muiana (ctpoka 1) nomyunm:
_ 2 _ 2 _ 2
57 (36,90—41,0)" +(36,90—34,85) + (36,90 —34,85) _12.60.
3-1

AHanOrnyHO HAXOMAST 3HAYEHUSI TUCTIEPCUI B OCTAIbHBIX TOUKAX:

S?=10,76; SZ=5544; S;=27,41 S=232,36;

SZ=36,18, S’=52,89; S=21,36
Hanee onpenensitor kpurepuit Koxpena G, mo koTopomMy MmpoBepsieTCsl TUIIO-

TE€3a OJHOPOAHOCTH JUCIIEPCHIA:
max(S?)

)
2S¢
k=1

WJIM, JJI pacCMaTpUBAEMOro IpuMepa,

(8.13)



G- 55,44 _
12,60+10,76 + 55,44 + 27,41+ 32,36 + 36,18 + 52,89 + 21,36

[TonydenHoe 3HaueHue «G» cpaBHUBAIOT ¢ TaOmuuHbIM Gy, (Ta0m.4.4.),

omnpenesiseMbIM Ha nepecedueHuu croaona N, .. =m-1 u ctpoku N, =N. B pac-

cmaTtpuBaeMoM mpumepe 111 m-1=2 u N = 8 nHaxogum G, = 0,5157. Ecnu oxa-
KETCsI, UTO pacueTHoe 3HaueHue «G» menble TabinyHoro Gy, To runoresza oo oj-
HOPOJHOCTU JAUCTIEPCUNA M BOCIIPOU3BOJAUMOCTH PE3yJIbTAaTOB MpUHUMAaETCs. B mpo-
TUBHOM CJTy4ae He0OXOAMMO YBEIUYUTh YUCIIO MapaliieTbHbIX OBITOB.

Ecnu nucnepcun OTHOPOJHBI, UX CIIEAYET YCPEAHUTh U HAWTU JUCIIEPCHUIO
UCCIIeyeMOT0 TapaMeTpa o popmyiie:

>s;
s2-a 289 3105, (8.14)
N 8

rae S? — cpenuss apuMeTHUECKas JUCIIEPCHI BCEX PA3IMYHBIX TOYEK IIAHA MAT-
PUITHI WU TUCTIEPCHS HCKOMOTO TTapaMeTpa.

[TapameTpsl MOIETH HCCIEAYEMOTO TpoIiecca Uik Kod()PHUIIMEHTHI perpeccuu
OMPENEIAIOT MO €AUHOUN opmyTie:

= (8.15)

rae b — xoadpdunment perpeccun i = 1, 2...N

[MpousBenem pacyeT KOA(PPHUIMEHTOB PETPECCHH I PACCMATPHUBAEMOTO
npuMepa.
XOl?l +x02)_’2 +...+ XOB)_’a _

b, =

8
_ (1-36,90+1-44,07+1-34,83+1-52,62+1-1811+1-30,72 +1-25,62 +1-32,80) 3446
8 1

b, = X Yi+x,Yo+..+x,Ys _

8
_ (-1)-36,90+1-44,07 + (-1)-34,83+1-52,62 + (-1)-1811+1-30,72 + (-1) - 25,62 +1-32,80) _ 559
8 Ll

Takum myTeM HaXOJUM BCE BOCEMb UCKOMBIX KO3 (MULIUEHTOB:
b2 = 243, b3 = —7,64; b12 = 0,65; b13 = —0,65; b23 = 0,39; b123 = —0,5.
Hckomoe ypaBHEHHE B IPEOOPA30BaHHBIX IEPEMEHHBIX Xi OyIET:
Y =34,46+5,59x, +2,43x, —7,64x, + 0, 65x,x, —0,65x,x, +0,39x,x, — 0, 5x,x,x;.

Jlanee crieayer OIEHUTh 3HAUMMOCTh KO3(pPUIMeHToB perpeccuu mo t — kpu-
teputo CthiofieHTa. J[71s1 3TOr0 CHayvana onpenesitoT AUCTIEPCUI0 U CpeTHEKBaApa-
TUYECKOE OTKJIOHEHHE KOA(h(OUIIMEHTOB perpeccuu mo GopMyiam:

2
sb2=s—=%=1,296. (8.16)
Nm 8.3
82
S, = Y 1,296 =1,13. (8.17)
3aTeM pacCUMTHIBAIOT 3HAYEHUS i — KpUTEpUSI:

L= M (8.18)

1 Sb . .

Jlig paccMaTpuBaeMoOro npuMepa noJrydnM:



3447 559 243 7,64

t, = 30,49; t,=—-=4095 t, 215, t,=———=06,76;
113 113 113 113
0,65 0,65 0,39 0,5
t,=——=057, t,=——=057, t,=—-—-=034 t,,=——=044.
%113 B 113 2113 2113

Kputnueckoe 3Hauenue t, onpenerstor no tadmn.4.1. B 3aBUCUMOCTH OT YHC-
na creneHed cBoOoapl N, =N(m-1)=8-(3-1)=16 mpu 3aJaHHOM YPOBHE 3HAUHU-
moctu ( = 5%: t, = 2,1190.

Ecmu t > t, , TO0 koapumment b; npusnaercs 3HaunmpiM. CornacHo pacye-
Ty, 3HAYHUMBIMU SBIITIOTCS KOAPPHUITUESHTHI Dy, D1, b2 11 b3, Ocransabie K03 dHIH-
eHTBI D12, D13, D23 1 D123 cTarmyeckn He3HAUMMBI M MOTYT OBITH OTOPOIICHEBI O3
repecyeTa BCeX OCTaIbHBIX.

B maremMaTtndeckyro MoJieNb Mmporecca Wik 00beKTa BKIIOYAIOT TOJHKO 3HA-
quMbIe K03 GUIUeHTHI. J[1s Halero npuMepa moxyIum

Y =34,47+5,59x, +2,43x, —7,64x,.

Hakosetr, 4T0ObI MOTYYUTh MOJIENIb B HATYPAJIbHBIX TIEPEMEHHBIX, HAJ0 B TO-
Jy4YE€HHOE ypaBHEHHE TMOJICTABUTh BBIpAXKEHUS Xi U3 (HOpMyJbl MpeoOpa3zoBaHUs
(8.5).

[Ipunumas Bo BHUMaHue Tadid. 8.1., Ui paccMaTpUBaeMOTro MpuUuMepa moiy-
YUM:

a-14 y-15. _ f-05

X, = v Xp =, X3 y

0,03

CraenoBaTeibHO
Y(a,y,f)=33,7+1,4a+0,4y - 255f .
[Tocne BbrumciaeHus KO3(PGUIMEHTOB ClIeAyeT MPOBEPUTH IMPUTOJIHOCTh MO-
JIeJIA UJIW €€ aICKBATHOCTh. [[J11 3TOro BHavaje HaXOJUM OILICHKY JUCIIEPCUU aTCK-
BATHOCTH MOJEIH S’, 1Mo popmyJie:

m & ?
Szfd: N I (y_Y(a,!}/”f,‘)) ] (8.19)
—li=1
rae | — gucino 3HaYuMBIX K03 PUIMEHTOB (B HameM cirydae — 310 Do, by, b2, bs,
T.c. | =4); Y (¢, 7;, f;) — MaTeMaTU4ECKOE OKUIaHNE HCKOMOT'O IMapaMeTpa, IMoACuu-

TaHHOE I10 YPABHEHUIO perpeccuu. Ero onpenessror 1y KaK/10M CTPOUKH IIJIaHa
MaTpHIbl, C YYETOM 3HaKa (pakTopa, Kak aareOpandeckyro CyMmmy Ko3(ppuuueHToB
ypaBHUBaHUuA. Tak, 111 IEPBOM CTPOKHU

Y (e, 1) =34,47+(-1)-5,59+(-1)-2,43—(-1)- 7,64 =34,00.

AHAQJIOTUYHO MOJTyYHM:
Y(ay, 7, f,)=4527; Y(as 7, 1) =38,95 Y(a,,7, f,)=50,13; Y(as, s, f5) =18,81;

Y (2,76 £5)=29,99; Y(,,7,, f,)=23,67; Y(a, 7, fy)=34,85.
Torna

SZ = % [(36,90 —34,09) + (44,07 — 45,27)* + (34,83 —38,95)° + (52,62 —50,13)° +

+(1811-18,81) + (30,72 — 29,99)° + (25,62 — 23,67)° + (32,80 — 34,85) | = 45135,
AJIEKBaTHOCTh MOJIEIIH TIPOBEPSIOT MO popMmyIie:

2
FoSw BI85, 0 (8.20)

— Za0 _ TVEY

S? 31125

rne  F — xpurepuit @uiepa, TabauvyHoEe 3HaUEHUE KOTOPOro F., oOmpenenstor no
TabJ1. 4.3 B 3aBUCUMOCTH OT 4yMclia cTenenen ceodoasl N, =N—-1 u N,, =N(m-1).



[ns paccmarpuBaemoro npumepa npu N, , =4, N, , =16 ¥ YPOBHE 3HAUUMOCTH (]
= 5%, F =3,01.

Ecnu pacuetHoe 3HaueHue Kputepus F okaxeTcs MeHblue 3HaueHus Fo, (B
npumepe 1,45 <3,01), To runores3a ageKBaTHOCTH MOJCIIH IPUHUMACTCS.

AHAJIN3 MOJEJIN

[TomydyeHHass MOIEIIb MOXKET OBITH MCITOJIB30BAaHA TOJIBKO B 33JaHHBIX TaOJI.
8.1. uaTepBanax BapeupoBanus paktopos: o= 10...18°,v=9...21° u f=0,02...0,08
MM. B yKka3aHHBIX TIpejieiaX yBEJIMUCHUE O U 7Y MPUBOJUT K MOBBIIIEHUIO CTOMKO-
CTU MHCTpYMEHTA. BivsiHuE yria o CYIIECTBEHHO BBIIIE, YTO BUIAHO M3 COMOCTAB-
JICHHUSI COOTBETCTBYIONUX KOA(D(HIMEHTOB. YBEIWYCHHE MIUPHUHBI JICHTOYKH T,
HA000POT, MOHUXKAET CTOMKOCTh, O YeM TOBOPHUT 3HaK Kodpduimenta. BnusHue
HIMPUHBI JICHTOYKHU — 3HAYUTEIBHOE.

[Tocne mpoBeneHns MHOTO(AKTOPHOTO IKCIIEPUMEHTA U ONPEICIICHUS MOJIe-
JM MOXET OBITh MOCTaBJIEHA 3ajladya ONTHUMH3aluU (DAKTOPOB HA OCHOBE METO/IA,
HaIrpuMep, KpyTOTO BOCXOKIACHUS.

JIpoonuwtii hakmopnwiii 3xkcnepumenm (/{D3)

B paccmotpenHoM BbllIe npuMepe Bee 3PGEKTbl B3aUMOJEHCTBUS OKa3aUCh
HE3HAuMUMBbl, Ojarojaps yueMy Obula MOJy4yeHa JIMHEeWHast Mojenb. Ecnu Obl 310 00-
CTOSITEJIbCTBO OBLIO M3BECTHO AlPUOPH, YHCIIO OMBITOB MOKHO OBLITIO ObI COKPATHUTh.
JInst 3TOro A0CTaTo4HO OBLIO OBl (DAKTOPY MPHUCBOUTH BEKTOP-CTONOEL MaTPHUIBL,
IpHHAJIEKAIMH B3aUMOIEHCTBUIO (pakTOpoB Xx1X» B miane N = 22 (ta0um. 8.4).

Tabnuma 8.4 [TonHbIi GaKTOPHEIN JKCIEPUMEHT 22
Ne omtbr- Xo X1 X2 X Vi V2 \E y
TOB (x1x2)
1 + - - +
2 + + - -
3 + - + -
4 + + + +

[TocTaBMB X3 Ha MECTO X1X2, MBI COKPATHIIM KOIMYECTBO OMBITOB I1DD 23 ¢ 8
10 4-X, T.e. BOCIOIB30BAINCh MoJoBUHOM 1D 2° mwm nonypermkoi. C yBenu-
YEHUEM KOJIMYECTBA (DAKTOPOB B DKCIEPUMEHTE IPOOHOCTH PEIJIUK MOXKET BO3pac-
TaTh, & KOJIMYECTBO OIBITOB COOTBETCTBEHHO YMEHBIIATHCS MO CpaBHEHUIO ¢ [IDD

(Tabm. 8.5).
Tabnuma 8.5. YcnoBHbIe 0003HAYCHUS JPOOHBIX PETUIMK U KOJTMYECTBO OMBITOB

Koun-Bo ¢ak- JpoGHast YcnoHoe 060- Kon-Bo Kon-Bo
TOpoB «K» permka snayenue 2K onbIToB 151 DD onbIToB Ju1st [1DD
3 1/2 ot 2° 2%t 4 8
4 1/2 or 2* 241 8 16
5 1/4 ot 2° 2°2 8 32
6 1/8 ot 2° 253 8 64
7 1/16 ot 2’ 2 8 128
5 1/2 ot 2° 251 16 32
6 1/4 ot 2° 252 16 64
7 1/8 ot 27 278 16 128
8 1/16 ot 2° 254 16 256
9 1/32 or 2° 2%° 16 512
10 1/64 ot 2'° 210 16 1025
11 1/128 or 21 217 16 2048




12 1/256 ot 2% 2128 16 4096
13 1/512 or 213 2139 16 8192
14 1/1024 ot 2% 214-10 16 16384
15 1/2048 ot 2% 21511 16 32768

C — xonn4ecTBO JUHEHHBIX 3G (PekTOoB ((hakTOpOB), MPUPABHEHHBIX K A Pek-
TaMm B3aUMOJICHCTBUSI.
PaccmoTtpum meTonuky noctpoeHust miaHoB MDD s u3ydeHus: 3aBUCUMO-
CTH MHUKPOTBEPIOCTH TIOBEPXHOCTH MPH 3IHOOPOBOM OOTAaUYMBAHUM 3aKaJICHHOM
JeTaNM OT MoJauu S, TIIYOWHBI pe3aHus t, 3alHeTo yria o, paguyca Mpyu BEpITHHE
pesna I, ckopoctu pe3anusa V u nepeaHero yria y. Jiig nomydeHust MOJenu, CX0-
HOM 1O CcTpyKType ¢ popmynoii (8.3), pakTopsl 0003HAYAIOT CIAEAYIOIMIMM 00pa3oMm:
X =IS; x,=It; x;=hea;, x,=Ir; x;=IV; x;,=In(90+y).
[Tocne xonupoBaHusi (HakTOPOB BCE UX BO3MOXKHBIE COUETAHUSI, B TOM YHUCJIE
B3aUMOJECUCTBUS BCEX MOPSAIKOB, MOKHO IPEJACTABUTH CIECIYIOLIUM PSIOM:
X1, X2, X3; X4; X5; X,
X1X2, X1X3, X1X4, X1X5, X1X6, X2X3, X2oX4; X2Xs5, X2Xs,
X3X4; X3X5; X3Xe; X4Xs5, X4Xe, X5Xe,
X1X2X3; X1X2X4, X1X0Xs5; X1X0Xg, X1X3X4, X1X3X5, X1X3X6,
X1X4X5;, X1X4X6, X1X5X6, X2X3X4, X2X3X5, X2X3X6, X2X4Xs5,
X2X4Xp, X2X5X6, X3X4Xs5; X3X4Xe, X3X5Xe; X4X5Xe,
X1X2X3X4; X1X2X3X5; X1X2X3Xe, X1X2X4Xs, X1X2X4Xe, X1X2X5X6,
X2X3X5X6, X2X4X5Xg, X3X4X5X6,
X1X2X3X4X5; X1X2X3X4Xe, X1X2X3X5Xe; X1X2X4X5X6,
X1X3X4X5X6, X2X3X4X5X6,
X1X2X3X4X5X6.
CrenoBaTensbHo, OJHbIH (paKTOPHEINA SKcrepuMeHT Tumna 2° morpe6oBan GbI Ipo-
BeJIcHUS HE MeHee 64 onbIToB. Ecnu anpuopu U3BECTHO, UTO BCE B3aUMOJIECHCTBHUS,
HA4YMHAs C MapHBIX W BBINIE, HE3HAYUMBI, TO 00BEM JKCIEPUMEHTA PE3KO YMEHb-
mutes. JlelictButensHo, BMecTo 11D 2% moxHo nocrasuts JIDD 23, 3anucas Ha
MeCTax B3aMMOJICHCTBUMA X1Xp, X1X3 M X1X2X3 B Ta0OJd. 8.2 GakTopel X4, X5 U Xe.
MBI nosy4uM JpoOHEIH (haKTOPHBIN dKcepuMenT Tuna 252, apnsrommiics 1/8 pe-
winkn ot 2°. Bech manbHEHINMI X0/ SKCIIEPUMEHTA ¥ MaTEMaTHYECKOM 00paboTKH
€ro pe3yJibTaToB HE oTinm4aercs ot [1D3.



