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BBEJIEHUE 5

Lenpto  ocBOEHUS  OUCUMIUIMHBL  siBisieTcss  (opmMupoBaHHe  Habopa
oO1enpodeccCuoOHABHBIX U MPOGECCUOHANBHBIX KOMIETEHIIUN Oyayiero 0akaaaBpa
1o HanpasiaeHuto noArotoBku 18.03.01 Xumuueckass TEXHONOTUS MMyTEM H3Y4YCHHUS
HAy4YHbIX METOJaMHU TMO3HAHUS U HUCCIEOBaHUSA;, O0Oy4YeHUE CTYAECHTOB MPUHIUIIAM
OpraHu3allid  HAy4YHBIX  MCCIIEOBaHUH, IOCTaHOBKE U TMpOBEACHUS
AKCIIEPUMEHTAIBHBIX HCCIEIOBaHUM, HMX OOpabOTKM W TEXHUKOW OQopMIIEHUs
pE3yJIbTATOB.
Brinosinenne nabopaTopHbIX padoT (HOPMUPYET y CTYACHTOB CIEAYIOIINE
KOMIIETEHIUU:
IIK-16 cnocoGHOCTh MIIaHUPOBATH U MPOBOAUTH (PU3MUECKUE U XUMUUYECKUE
HKCIIEPUMEHTBI, POBOIUTH 00PAa0OTKY X PE3YJIHTATOB U OLIEHUBATH MOTPEITHOCTH,
BBIJIBUTATh TUTIOTE3bl U YCTAHABIUBATH TPAHUIIBI UX PUMEHEHUS, IPUMEHSTh
METOJIbl MAaTEMaTHYECKOTO aHAJIM3a U MOJIEITMPOBAHUS TEOPETUUECKOTO U
HKCIIEPUMEHTATBFHOTO HCCIIEIOBAHUS
3HaTh: PU3NYECKHUE U XUMUYECKUE IKCIIEPUMEHTHI, METObl MATEMATUYECKOTO
aHaIM3a ¥ MOJICTUPOBAHUS TEOPETHUECKOTO M IKCIIEPUMEHTAIILHOTO UCCIIEA0BAHMS
YMeTb: BBIIBUTATH TUIIOTE3bI M YCTAHABIMBATH TPAHUIIBI UX TIPUMEHEHHUSI,
IPUMEHSTh METOJIbI MAaTEMaTHYECKOTO aHAJIn3a U MOJICTUPOBAHUS TEOPETUUECKOTO U
AKCIIEPUMEHTATBLHOTO HCCIICIOBAHUS
Baagers: ciocoOHOCTHIO MIIAHUPOBATH U MMPOBOJUTH (PU3NUECKHE U XUMUUECKHE
HKCIIEPUMEHTBI, TPOBOAUTH 00PAaOOTKY UX PE3YJIbTATOB U OLIEHUBATH IOTPEIIHOCTH
ITK-20 roTOBHOCTHIO U3y4YaTh HAYYHO-TEXHUYECKYIO HHPOPMAIINIO, OTEUECTBCHHBIN
1 3apyOeKHBIH OIBIT MO TEMATUKE UCCIEOBAHUS
3HATH. HAYYHO-TEXHUYECKYIO0 NHPOPMAIINIO, OTE€YECTBEHHBIN U 3apyOEKHBIN OIBIT
10 TEMATHKE UCCIIEIOBAHUS
¥YMeThb: U3yyaTh HayYHO-TEXHUUECKYIO0 HH(POPMAIMIO, OTEYECTBEHHBIN U
3apyO€KHBII OMBIT [0 TEMATUKE UCCIETOBAHUS
Baagers: rOTOBHOCTBIO H3y4aTh HAYYHO-TEXHUYECKYIO HH(OPMAIIHIO,

OTEUECTBEHHBIN U 3apyOEKHBIN OIBIT [10 TEMATUKE UCCIIEIOBAHUS






1 OCHOBHBIE OIIPEJAEJIEHUS 7/ KIACCUKALIUA METO/10B
INVIAHUPOBAHUSA SKCIIEPUMEHTA

1.1 OcHOBHBIC MOHATHSA IVIAHMPOBAHMS IKCIIEPUMEHTA

OKCIIEPUMEHT BCET/Ia CIYXWJI CPEICTBOM TO3HAHUS OKPYXKAIOMIETO MHpa,
KpUTEpUEM HCTHHHOCTH THIOTE3 W Teopuil. [[onroe Bpemsi cuuTanoch, YTO BHIOOP
CTpaTeTUH SKCIEPUMEHTAa U €T0 peau3alyd MOTHOCTHIO OMPENESIOTCS ONMBITOM U
UHTYUIIMEH wuccnenoBarens. MareMaTHKHA Ke TPUHUMAIA YYacTHE TOJBKO B
00paboTKe pe3yIbTaTOB SKCIIEPUMEHTOB.

OmHako pocT O00BEMOB  OKCIEPUMEHTANBHBIX  HMCCIEIOBAHUN  cAenal
aKTyaJbHOW TMOCTaHOBKY Bompoca 00 3((EKTHBHOCTH JKCIEPUMEHTA; IMOSBICHHE
OBM OTKpBUIO AOPOTY M pea3allMd TaKUX CXeM SKCIIEPUMEHTHPOBAHMUS,
KOTOpbIE PE3KO TIOBBICHJIM €ro K.I.J. BO3HUKIM MareMaTthdeckas TeOopHs
AKCIIEPUMEHTA ¥ IIAHUPOBAHUE SKCIIEPUMEHTA KaK €€ YacTh.

CoBpemMeHHOE IIJIaHUPOBAHHME OJKCIIEpUMEHTa ObUIO 3alokeHo bokcom wu
Yunconom B 1951 1., KOTOpble JOMONHWIM (DaKTOpHOE TUTAHHUPOBAHUE
000CHOBaHHBIM JIBUKEHHUEM B 00JIACTh ONTUMYyMa M OINKCAJIU €r0 B BUJE MOJMHOMA
(opTOroHaJIbHbIE  TUIAHBI). [Mpunuunel  poraTabenbHOTo TUTAHUPOBAHUS
chopmupoBanu bokc u Xanrep B 1957 r.

MeTonbl TUTAHUPOBAHUS SKCIEPUMEHTA HMCIOIB3YIOTCS M MPU UCCICIOBAHHUH
00BEKTOB XMMUYECKON TEXHOJIOTHH.

[Ipomecchl, mpoTekaromue B OOBEKTaX  XUMHUYECKOH  TEXHOJIOTHUH,
XapaKkTepU3yloTCs MEPEMEHHBIMU, MEXAY KOTOPBIMU CYILECTBYIOT OIpe/eICHHbIE
NPUYUHHO-CIECTBEHHbIE  CBs3U. llepeMeHHble, wurparoniye pojb MPUYHH,
HA3bIBAIOTCSl 6XOOHbLIMU, A TIEPEMEHHbIE, OTPAXKAIOIIUE IOCIEACTBUS MPUYUH —
8bIXOOHbIMU. BXOAHBIE TIEPEMEHHBIE KOHTPOJIUPYIOTCS, HUMH TaKXKe MOXKHO

YIIPaBJISTh.

X — BEKTOp BXOJHBIX MEPEMEHHBIX;
Y — BEKTOp BBIXOJIHBIX IEPEMEHHBIX;

Z — BEKTOP BO3MYIIAIOIINX [TE€PEMEHHBIX.



Pucynox 1 — Cxema obvexma 8 uccne0o8aHus

OOBEKT XMMHYECKOM TEXHOJOTMH, Ha KOTOPOM OYyIeT OCYIIECTBIATHCS
IJIAHUPYEMBIM JKCIIEPUMEHT, XapaKTepU3yeTCs O00sS3aTelIbHbIM YCIOBUEM — BCE
BXOJ/IHBIC MIEPEMEHHBIC JOJIKHBI OBITh YIIPABIISIEMbBIMHU.

O603HauMM BXOJIHBIC YIIPABISEMbIC MEPEMEHHBIC X1, X2, ... ,Xn M, COTJIACHO
MPUHATON TEPMUHOJIOTUM HA30BEM WX @hakmopamu:. BBIXOAHBIE TEPEMEHHBIC
0003Ha4MM Y1, Y2,..., Yn, BOBMYIIAIOIIYIO TIEPEMEHHYIO, KOTOpasi He KOHTPOJIUPYETCS
U ABJISIETCA CIIyYaliHOW MEPEMEHHOW WIJIM TTOMEXOW, UMEIOIIEN OIPEICIICHHbIN 3aKOH
pacripeneneHus Z.

OKCNEpUMEHT IUIAHUPYETCAd 1O  ONPENCICHHOMY IUIAaHy —  3apaHee
COCTaBJICHHOMY, ONTHMaJbHOMY B CTPOTOM CMBICJIE aJropuTMa H3MEHEHUS
(dbakTopoB, peanu3anusi KOTOPOTO MO3BOJHUT OCYIIECTBUTH KOMIUICKCHOE BJIMSIHUE Ha
NIEPEMEHHBIE COCTOSTHUS 00BEKTA HCCIICI0BAHUS.

[Inanbl SKCHEpPUMEHTAa COCTABJISIOTCS MUCXOIS M3  3aJaHHBIX  IeJel
UCCJIeIOBAaHHUsSA, KOTOPBIX MOXET ObITh MHOXKECTBO. PazHooOpasue 1enelt mopoxaaer
MHOT000pa3ue MIaHOB SKCIIEPUMEHTA.

1.2 KoHuenuus oNTUMAJIbHOI0 HCNOJIb30BaHUA (PAKTOPHOIO

NPOCTPAHCTBA

OnHoll M3 caMbIX PacHpPOCTPAHEHHBIX UJEW TEOPUU HKCHEPUMEHTA SBISIETCSA
KOHIENIMSI ONTUMAJIBHOTO HCIOJB30BaHUS  (PAKTOPHOTO TPOCTPAHCTBA, WIIU
KOHIICTIIUS MHO20PAKMOPHO20 IKCNepUMeHmA.

CyTh ee 3akKiioyaeTcs B TOM, YTO COCTOSHHE OOBEKTa B KaXJIOM OIBITE
OmpejieNsieTcsl 1O  pe3yJbTaTy OJHOBPEMEHHOTO BapbUpOBaHUS  (PAKTOPOB,
BBI3BIBAIOIIUX W3MEHEHUE COCTOSHMS OOBeKkTa. Takoe HSKCInepruMEHTHPOBAaHUE
MPOBOAUTCS B IPOTUBOBEC ITOOYEPEAHOMY M3MEHEHHIO IEPEMEHHBIX, KOrAa
COCTOSIHUE OOBEKTa OMNpeAeNsieTcsl MO pe3yJbTaTaM H3MEHEHHS BHadalle OJHOU
MEepEMEHHOM, 3aTeM Apyrod u T.4. ONTUMaIbHOE HCIHOJIb30BaHUE (HaKTOPHOIO
MIPOCTPAHCTBA MO3BOJISICT JOOUTHCS 3HAUUTEIBHOIO YBEJIMYEHHS] TOYHOCTH pacuera

KO3(pPUUIMEHTOB MaTeMaTH4eCcKOM Mojieid (TOYHEEe — CHUXKEHUS UCIEPCUU



KO3((PUIIMEHTOB) U XOTS OCYLIECTBIECHUEIITOMN UIEn eNI0 CIOKHOE, B TE€X 3aJayax,
I/l OHA PEAIN30BAHA, TOTYUYEH 3HAUUTENIbHBIN OJI0KUTEIbHBIN AP (DEKT.

1.3 IlnaHbI IKCTPEMAIBHOI'0 IKCIIEPUMEHTA

XUMUKHU-TEXHOJIOTH  Haubojee IMIHUPOKO  TMOJB3YIOTCS  IUIAHAMHU  TaK
HAa3bIBAEMOI'0 SKCTPEMAJIbHOTO AKCIIEPUMEHTA, pa3pabOTaHHBIMHU JJI OIpeaesieHUs
ONTUMAJIBHBIX YCJIOBUM TIPOTEKAHMs] TMPOLIECCOB B OOBEKTAaX HCCIEIOBaAHUS.
OnTumyMm ompenensieTcss Mo MaTeMaTH4YeCKOM Mojenu o0O0beKTa HCCIeI0BaHus,
KOTOPYIO UIIYT B BUJI€ MOJIMHOMUAJIBHOTO YPaBHEHHUS:

k k
y= bo + Zb” Xin +Zbiixi2
i=1, j=i i=1 (1)
KOTOPBIEC YACTO HA3BIBAIOT YHKYUAMU OMKIUKA.

B maTemaTnueckoil Teopuu dKCEpUMEHTa pa3padboTaHbl ONTHUMANIbHbIE TJIAHBI
NOJIyYeHHUST TaKUX MaTeMaTUYeCKUX MoOJeNied M HCMIOJb30BaHME HUX JJIsl TOMCKa
JKCTpEMYMA.

[ImaHbl 3KCTPEMAJIBHOIO HKCIEPUMEHTA PEAIU3YIOTCA B COOTBETCTBHHM C
KOHLIETIINEN IOCIEA0BATENbHOTO aHainu3a. B mociieoBaTeNnbHOCTH peain3aluu
IJIAHOB MOKHO BBIICJIUTH CJIEIYIOIINE 3TAIIBI:

1) omenka ampuopHoid  uwHDOPMANMM U OTCEMBaHHE  (DAKTOPOB,
HECYIIECTBEHHBIX JIJI1 KOHKPETHOTO O0OBEKTA UCCIIEOBAHUS;

2) mojy4eHrue MaTeMaTHYSCKOM MoJiesid 00BbeKTa B BHJIE JIMHEHHON (DYHKIIUU
OTKJIMKA;

3) moucK onTUMaIbHOU 00J1aCTH 00BEKTA MO TUHEHHON (DYHKIIMH OTKIIHKA;

4) nonydeHue MaTeMaTHU4YeCKOM Monenu 0O0beKTa HCCleA0BaHus 00J1acTu
ONTUMYMAa B BHJIC HETUHEHHON (QYHKITUN OTKIIMKA;

5) TOWCK ONTUMAaNbHOM KOOPAMHATHI (PAKTOPHOTO MPOCTPAHCTBA 0O0JaCTH

ONTUMYMa.



1.4 Knaccuduxanus merogoB  10mianupoBanus 3KCTpPeMaJIbHOI0

IKCIEePUMEHTA

[IpenmaraeTcss HECKONBKO  KJIACCU(UKAIMOHHBIX  MPHU3HAKOB  METOJIOB
AKCTpEeMabHOTO dKcrepuMeHTa. [Ipexae Bcero, pa3nuyaloT 0ObEKTHl HCCIIeTOBAHUS
OuHamuveckue U cmamuyeckue.

[lo moruke METOABI SKCTPEMANTBHOTO SKCIEPUMEHTa MOJKHO pa3feluTh Ha
METOJIbI TIPEIBAPUTEIIBHBIX M OCHOBHBIX UCCIICIOBAHUH.

K npeosapumenvrvim sxcnepumenmam MpUHAIIICKAT T, KOTOPHIE OIEHUBAIOT
anpuopHyto HHPOpMaIUio 00 00bEKTe (KOPPETSIIUOHHBIN aHaINu3, METOIbI PAaHTOBOM
KOPPESAIUU M JIp.) WIN KCIOJB3YIOTCS ISl OTCEUBaHUSA (DAKTOPOB W pEIICHUS
BOIPOCOB OPTraHM3AIlMM OCHOBHOTO JKCIIEpUMEHTa (METoj ciydaiiHoro OalaHca,
JTUCTICPCUOHHBIN aHAIH3 U T.11.).

3amaya OCHOBHO20 OSKCnepumeHma — TIONyYeHUE MaTeMAaTUYeCKOW MOIeIn
nmpolecca W MCHOJB30BaHME €€ JUIsl CTaTUYECKOM ONTUMHU3AIMU  00BEeKTa
UCCJIEIOBAaHUA. 3/1€Ch HCIIONB3YIOTCS MIaHbl (PAKMOPHO2O OSKCnepuMeHma s
NOJIyYeHUS JIMHEHHBIX MOJENe U KOMHO3UYUOHHblEe NAAHbL IS TIONy4YeHUs
HEJIMHEWHBIX MOJIeJIeil 00BbEKTa UCCIIeI0BAHMS.

[lo cnocoby opraHu3anud  pa3lidyaloT HACCUBHOE W AKMUBHOE
sKcIiepuMeHTUpoBaHue. bonee A PEeKTUBHBIM  SBIAETCA  IIE€JICHANIPABICHHOE
U3MEHEHHE  TIpollecca HM  PErucTpamnus  pe3ylbTatoB, T.6.  aKTUBHOE
HKCIIEPUMEHTUPOBAHUE. TOJNBKO AKTUBHBIA HKCIIEPUMEHT MOXHO TUIAHHUPOBATb.
Metonpl, OCYHIECTBISIONIME AaKTUBHOE OKCICPUMEHTUPOBAHUE, HA3BIBAIOTCS
Memooamu naaHupoBaHus IKCHepUMenma.

2 IPEJBAPUTEJIbHBIM DKCIIEPUMEHT

OOblyHO eme a0 oOmbiTa 00 O0BEeKTE HCCIEAOBAHUS  CYIIECTBYIOT
OTIpEeJICIICHHBIC, HO pa3pO3HEHHBIC CBeAcHUS. VX cOOp MPUBOMUT K MOSBICHUIO TaK
HA3bIBAEMOU anpuopHol uH@Gopmayuu.

YToOBI IMETH TIPEICTABICHUS O TOM, KaK U3MEHSIOTCS TIEPEeMEHHBIC TIPOIIEcCa,
HKCIIEPUMEHTATOP TPOBOJUT HECKOJBKO OIBITOB Ha JIA0OPATOPHOW YCTaHOBKE.

OnBITBI MOI'yT OBITH OpraHn30BaHLI 110 OIIPCACIICHHBIM IIJIaHAM.



['maBHo#l 3amaueit opranmzanuullnogoOHBIX — HCCIENOBAaHUN  SIBISIETCS
BBIOOp (haKTOPOB M MEPEMEHHBIX COCTOSIHUS, KOTOpPbIE BOMAYT B IJIaH OCHOBHOTO
sKcrepuMeHTa. Bcee wucciienoBaHusi, HalpaBi€HHbIE Ha pEUICHUE HTOW 3aJayd,
COCTaBIIAIOT CYTh MPEABAPUTEIBHOTO IKCIIEPUMEHTA.

2.1 Bp100Op nepeMeHHBbIX COCTOSTHUS

Pa3znnyarioT 3KOHOMUYECKHE M TEXHOJIOTMYECKUE MEpPEMEHHBbIE COCTOsHUA. B
KaueCcTBe HOKOHOMMYECKHMX IEPEMEHHBIX HCIOJIB3YIOT  MPOU3BOJAUTEIIBHOCTD,
ce0eCTOMMOCTb U JIpyTue MoKa3aTenu.

TexXHOMOTUYECKUMH TIEPEMEHHBIMU CITyKaT KauyeCTBO TMPOAYKTA, BBIXOJ
LEJIEBOr0  MPOJAYKTa, HAJASKHOCTh TMOJy4daeMblX wu3genuit u  gap. Yacro
TEXHOJIOTUYECKHUE TEPEMEHHBIC COCTOSHUS TECHO CBSI3aHBbI ¢ SKOHOMHYECKUMHU. [Ipu
BbIOOpE MEPEMEHHON COCTOSIHUS HEOOXOAMMO YUUTHIBATH CIEAYIOIINE TPEOOBAHMUS:

a) TIEpeMEHHasi COCTOSIHUS JIOJDKHA UMETh KOJIMUYECTBEHHYIO XapaKTEPUCTHUKY,
T.€. U3MEPSATHCS;

0) mepeMeHHas COCTOSHUS JIOJDKHA OJHO3HAYHO HM3MEpSATh 3((PEKTUBHOCTH
00BEKTa UCCIEOBAHMS;

B) TEpeMEHHasi COCTOSHUS JIOJDKHA OBITh cTaTuuecku 3¢P(EKTUBHOM, T.e.
o0JaaTh BO3MOKHO MEHBIIIEH AUCTIepCHen PU POBEICHNUH OTBITOB.

[IpaBuibHBI BBIOOP TEPEMEHHOM COCTOSIHUSI OO0BEKTa HCCIICAOBAHUS
MOBBIIIACT IIAHCHI IKCIIEPUMEHTATOPA Ha yCTeX.

2.2 BriGop ¢akTopoB

[Tpu BBIOOpPE PaKTOPOB HYKHO BBHITIOIHATH CJIEIYIOIINE TPEOOBAHUS:

a) dakrop momKeH OBITH PEryIUPYEMBIM, T.€. C TIOMOIIBIO OMPEIEICHHOTO
PETYIHPYIOUIETO YCTPOHCTBA (DAKTOP MOKHO U3MEHSTH OT 3HAUYCHUS X1 J10 Xp.

0) TOYHOCTH M3MEPEHUsSI W ympaBiieHUs (PAKTOPOB JOJKHA OBITh M3BECTHA U
JIOCTATOYHOT'O BeJIMKA (XOTsI Obl HA MOPSJOK BBIIIE TOYHOCTU M3MEPEHUSI BBIXOJIHOM
MIEPEMEHHOM ).

K dakropam u nepeMeHHBIM COCTOSIHUS OJHOBPEMEHHO TAKXKE MPEIbSBISETCS

psl TpeOOBaHUM:



1) aktopel u  mnepeMeHHble12cOCTOSIHUS NOJKHBI  MMETh  00JacTH
OIpeJIeIICHMUS, 3aJlaHHbIE TEXHOJIOTUYECKUMU Wi MPUHIUIHATBHBIMU
OTpaHUYECHUSIMU;

2) mexnay (akTopamMu U TEPEMEHHBIMU COCTOSHHS JOJDKHO CYIECTBOBATH
OJIHO3HaYHOE COOTBETCTBUE; OHO IMO3BOJUT B OCHOBHOM JSKCIIEPUMEHTE MOCTPOUTH
MaTeMaTUYECKYIO0 MOJIENIb O0OBEKTaM MCCIIEOBAHUS U PEIIMTh MOCTABICHHYIO 3a7a4y
HKCIIEPUMEHTA.

2.3 Coop undopmanuu B IpeABAPUTEIbHOM IKCIIEPUMEHTE

B npeaBaputenbHOM 3KcriepuMeHTe MHGOPMAILMIO OOBIYHO COOMpPAIOT TpeMs
crocobamu:

1 AnpuopHyro wuHGOPMAIIUIO TMOJIYyYAlOT W3 JIUTEPATYPHBIX HCTOYHHUKOB,
OLICHKOM pe3yJIbTaTOB MCCIEJOBAaHUS AHAJIOTMYHBIX OOBEKTOB, a TaKXke Ha
OCHOBAaHHUHU OIPOCA CIEIUATMCTOB-TEXHOIOTOB.

2 Yacte unpopManuu 00 OOBEKTE HCCIEIOBAHUS OINPEIENSIOT U3 OIbITOB,
KOTOpBIE MPOBOIUT SKCIEPUMEHTATOP NMPHU HaJaaKe Jab0paTOpHON YCTAaHOBKH.

3. OcHoBHYI0 4YacTb UWHGOPMAIMK MPEABAPUTEIHLHOTO SKCIEPHUMEHTA
MOJIYYalOT MOCTAHOBKOW HEOOJBIIOr0 YMCa OMBITOB MO OMPENENEHHBIM IIaHAM.
OTH HKCHEPUMEHTHl HA3bIBAIOT oOmceugaowumu, a IUIaHbl, 1O KOTOPbIM OHH
CTaBATCS, — CBEPXHACLIUEHHbIMU, TIOCKOJBKY YHCIO HUCCIEAYyEMbIX IMEPEMEHHBIX
Bcer/ia OoJIbIlle YMCIax CaMUX SKCIIEPUMEHTOB.

MeTonbl TOCTAaHOBKM OTCEHBAIOIIMX JSKCIEPUMEHTOB M HUX 00paboTka
npuBeAeHHI B padote [3].

B pe3ynbrare npenBapUTENbHOTO SKCIEPUMEHTA ONPEACIISIIOTCA

1) obnactu cymiecTBOBaHUS (PAKTOPOB;

2) UHTEpBaJIBI BAPbUPOBAHUS (HAaKTOPOB;

3) npeaBapUTenbHOE YUCIIO NapaJyIeIbHbIX OMBITOB;

4) yncno (GakTOpoOB M WX B3aUMOJICHCTBUI, BKIFOYA€MBIX B IJIAH OCHOBHOTO

IKCIIEPHUMEHTA.



3 OCHOBHOM SKCHEPUMEHT, 13IIJIAHBI TIEPBOTI'O ITOPSJIKA

CymHocTh  ()aKTOPHOTO HSKCHEPUMEHTa MEPBOrO MOpPSIKA COCTOMT B
OJTHOBPEMEHHOM BapbUpPOBaHUU Bce€X (PAKTOPOB TMpU €ro NPOBEICHUU IO
OTPENICICHHOMY TUIaHy, TPEACTaBICHUM MaTeMaTHYecKoh wmojaenu (PyHKIHUH
OTKJIUKA) B BUJE JMHEHHOro MOJIMHOMA M MCCIEIOBAaHUU MOCIECIHEr0 METOAaMH
MaTeMaTU4eCKON CTaTUCTHKHU.

3.1 OcHoBHBIC ONIpPeeTICHUA

Yposnem ¢hakxmopa Ha3bIBalOT OIpenesieHHOE 3HaueHue (PakTopa, KOTOpOe
Oymer  QgukcupoBaThCid  NpW  TPOBEACHUM  JKcrepumeHTa.  Hampuwmep,
HKCIIEPUMEHTAIBHOE HM3YyYEHHE IMpoliecca MapoBOW KOHBEPCHUU TPUPOJHOTO rasa
npoBOASAT mpu Temmneparypax Ha BbeixoAe 790 m 830°C, mpu naBnenusx 3,8 u 4,2
MI]a.

O4eBuAHO, YTO YpOBHAMH (hakTOpa «TemiepaTypa Ha Bbixoae» OyayT 790 u
830°C, ypoBusmu (akropa «aasienue» — 3,8 u 4,2 Mlla.

Paznuuarot gepxuuii yposensv paxmopa — X;p (310 830°C, 4,2 MIla) u HuscHuii
yposenv  gaxkmopa — Xz (dro 790°C wm 3,8 Mlla). Cpennue 3HadYeHUs
paccmarpuBaeMblx HHTepBaioB, T.e. 810°C u 4,0 Mlla, Ha3bIBaloTCs Hy/re8biMU
ypoeuamu — Xio, 3HaueHWe (akTopa B HATypalbHBIX €IWHUIAX, MpHOaBICHUE
KOTOPOr0 K HYJEBOMY YPOBHIO JAa€T BEPXHUI, a BBIYMTAHUE — HIOKHUI YPOBEHb
dakropa, Ha3bIBaeTCs unmepaanrom sapwvuposarus — (3to 20°C u 0,2 MIla).

Taxkum obGpazom,

Xig = Xjo + A%

XjH =Xjo —AXj

DKCIIepUMEHTAIIBHBIC 3HAYCHUS, KOTOPhIE MOTYT NHPHHUMATH (DaKTOpHI, HE
MCHSISI CBOMX (PHU3MKO-MaTeMaTHYCCKHX CBOMCTB M HE MCKa)Kas CYTH HCCIICIYEMOT0
Mporiecca, Ha3bIBAIOTCS epAHUYAMU CYWeCmB08anus akmopos, a MHTEPBaN (X1Max —
X1MIN) — 0Oacmobio onpedenenus pakmopos. Ha pucynke 2 3to ob6aacts L.

Pucynok 2 — I'eomempuueckas unmepnpemayusi 0oaacmu onpeoeieHus

¢daxkmopos L u obracmu nposedenus sxcnepumenma M



OueBnaHoO, 4TO uHTepBanl4BappupoBaHus (dakTopoB JOJKEH
COCTaBJIAITh 4YacTb OO0JacTH ompenencHus (aKTOpoB, €CIU pelaercs 3aaada
ontumuzanuu. Ha pucynke 2 o0OnacTe NpoBeAeHUS SKCHEPUMEHTa O0O3HayeHa
OykBoit M.

3.2 KogupoBaHHbIe 3HAYeHUSA (PAKTOPOB

Jlist cocTaBineHus: perpecCUuBHOIO YpaBHEHUS MCIOIb3YIOTCA HE (PAKTUUYECKUE
3HaueHus (PaKTOpoB, a MX KOAMPOBaHHbIE 3HaueHUs. BepxHuil ypoBeHb (akTopa
o0o3HayaeTcsi CUMBOJOM «+1». HikHuil ypoBeHb (akTOopa — CHUMBOJIOM «—1».
[lepexox oT (daxkTHueckux 3HAUY€HUU (HAKTOPOB K KOJMPOBAHHBIM 3HAYEHUSIM
OCYILECTBISETCS 110 hopMyJie
_ X ~ Xig

X; =
AXi (2)

Jlns paccMOTpPEHHOTO TpUMepa KOJAMPOBaHHBIC 3HAaueHUs (aKTOpOB (BEpXHUE

U HIDKHHUE YPOBHH) CIEAYIOIINE:

Xig = +1 Xy = -1
18 X, 20 H X, 20
Xyg = Xog —Xg0 _ 4,20—24,0 St Xy = XoH —Xp0 _ 3,80—24,0 _
X2 1 X2 1

KonupoBanue (axtopoB, o CyTH, O3Ha4aET MEPEXO] OT CUCTEMBI KOOPAMHAT
B HATypaJIbHbIX €IMHUIAX (PUCYHOK 3,a) K CHCTEME KOOpPAMHAT B KOAUPOBAHHOM
dopme (pucyHok 3,0). Kaxxmast Touka gakroprnoro mpoctpancrsa — (+1,+1), (—-1,+1),

(+1,-1), (-1,—1) — 5TO OMBIT B UCCACAOBAHMSIX.
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a) — B HaTypaJIbHbIX KOOPJIMHATAX 0) — B KoopaAuHATHOU popme

Pucynox 3 — I'eomempuueckas unmepnpemayus niaua 2 Ha niocKkocmu
B o6miem ciyyae 3KCIIepuMEHT, B KOTOPOM pEaU3yIOTCsl BCE BO3MOKHBIE COUETaHUS
ypOBHEN (PaKTOPOB, HA3BIBACTCS MOJHBIM (hakmopHuvim Ikcnepumenmom (11DI).
Ecnu kax/plii (pakTop BapbHpyeTCs Ha ABYX YPOBHAX, TO momydaetcsa I1®D tuma 2¥
rjae k — komudyecTBO (hakTOpOB.

[TonHbIi (aKTOPHBINA SKCIIEPUMEHT UMEET CIEAYIOLIUE JOCTOMHCTBA:

1) He3aBUCHUMOCTH THCHEPCUN MEPEMEHHON COCTOSHUS OT BPALEHUS CHCTEMBI
KOOpPJIMHAT B LIEHTPE IJIaHA;

2) OAMHAKOBYIO0 U MUHUMAJIBHYIO JUCTIEPCHIO KO3P(HUIIMEHTOB PErpeCcCuu;

3) HEe3aBUCUMOCTH OIpeiesieHUus KOd(PPUIIMEHTOB PErpeCCUu APYT OT IPYra;

4) MpOCTOTY B BBIUMCIEHUSAX KOIPPUIIUECHTOB.

3.3 IlocTpoeHne MATPUIBI IVIAHUPOBAHMS

[Tnan, comepkammii 3amuch BCel KOMOWHANUKA (DaKTOPOB WIJIM WX YacTU B
KOAMPOBAaHHOUN (hopme, Ha3bIBaeTCS Mampuyell niaruposanus. KonmuecTBo ONbITOB

— N 3aBHCHT OT KOJIMUECTBA N3y4YaeMbIX (DAKTOPOB U omnpeensieTcs no Gopmymne
k
N = 2%
B Tabnunie 1 mpoBeneHa Matpuiia MIIaHUPOBAHUS IS ABYX (DAaKTOPOB Ha JABYX

YPOBHSIX.

Tabnuya 1 — Mampuya naanuposanus IO D 2?

[InaHupoBaHue IlepemenHas
OMBITEI Xo
X1 Xo coctostHUA Y
1 +1 +1 +1 Y1
2 +1 -1 +1 Y2
3 +1 +1 -1 Y3
4 +1 -1 -1 Ya




Bo Bropoit rpade TaGnuibilbnpuBeneHsl 3HAYEHHUS (bUKTUBHOMU
MEePEMEHHOM Xo (TOKIECTBEHHO paBHOM +1), KOTOpas MOHaA00UTCS MPHU BBIYUCIECHUN
CBOOOJHOr0 4ieHa MOJMHOMA. B mepBoil cTpoke CIIaHUpOBaH MEPBBIN OMBIT, KOTAa
(dakTopamMu X1 U X2 NPUAAIOT MAaKCUMaJlbHbIE 3HAYEHMSI; BO BTOPOW CTPOKE — KOTJa
(dakTopy X1 NpUIAI0T MUHUMAJIbHOE 3HaYeHue, a (aKTopy X2 — MAKCUMAJIbHOE U T.J.

JUist mocTpoeHuss MaTpullbl IUIAHUPOBAHUS C OONBIIMM YHUCIOM (haKTOPOB
UCIIONB3YIOT psii TpueMoB. Yaine HUCHosib3ylOT NpHEM YepelOBaHUs 3HAKOB: B
NEPBOM CTOJIOIE 3HAKM HE MEHSIOTCA, B TPETbEM OHM YepeNylTcs 4epe3 1Ba, B

4eTBEpPTOM — uepe3 4 u T.11. (cM. Tabnuiry 2).

3.4 Peaqu3anus MaTpUUbI IVIAHUPOBAHUA

[Tocne mocTpoeHust MaTPUILl TUTAHUPOBAHUS IPUCTYNAIOT HEMOCPEACTBEHHO K
skcriepuMeHTy. OOBIYHO MaTpHIly TUTAHUPOBAHUS TPEICTABISIOT B BUJE, YIOOHOM
Ul peald3allud OIBITOB — BCE KOJMPOBAHHBIE 3HAUYEHUS (PAKTOPOB 3aMEHSIOT
HaTypaJbHBIMU. TaKyro MaTpuIly IUTAHUPOBAHUS HA3bIBAIOT pabdoyell.

[TInan nubo peann3yeT HECKOJBKO pa3, MoJjiydas M MapajulebHbIX 3HAYCHUN
HEPEMEHHOM COCTOSIHUS, OO MapajieiabHbIE OIBITHI MPOBOJAAT TOJIBKO B OJHOM
TOYKE, KaK MpaBuUJIO, B LeHTpe MiaHa. llocienHuit MeTON HCMONB3YIOT, KOI/a

HN3BCCTHA 3apaHCC XOopouIad BOCIIPOU3BOJUMOCTD OIIBITOB Ha 00BeKTe HCCIICAOBAaHMS.

2
Owmn6ky onbitoB ~0 paccyuThIBaIOT 110 hopMyire

2 1 No — \2
So = 1 1Z(y0n - Yo)
0 +n=1 ’ (3)

rae: Yon — 3HAUYEHUS NEPEMEHHOM COCTOSIHMSI B IIEHTpE IJIaHA; Yo _ cpeaHee
3HAYEHUE MEPEMEHHOM COCTOSIHUS B LIEHTpe miaHa; No — 4KCIIO ONBITOB B LIEHTPE

IJ1a”Ha.



3.5 AlropuT™ pacdera moJaHoro 17¢aKkTopHoro 3KkcnepuMenTa tuma 2K
ANTOpUTM pacueTa W aHaJM3a MaTeMaTUYECKOW MOJENU JKCIIEPUMEHTAIBHO-

CTaTUCTHUYCCKUMH MCTOAAMH IIPUBCIACH Ha PUCYHKE 4.

Tabnuya 2 — Opeanusayus mampuy nianuposanus 119D om 2% 0o 2°

Homepa dakTopsl
OITBITOB Xo | X1 | X2 | X3 | X4 | X5
1 +1 +1 +1|+1|+1 ]| +1
2 nod | +1 -1 +1 | +1 | +1 | +1
3 22 |41 41 1| +1 | +1|+1
4 | § (6] +1 -1 -1 |+1|+1]+1
5 23 +1 +1 +1 1| +1|+1
6 +1 -1 +1 -1 |+1]|+1
7 +1 +1 -1 -1 ]+1]|+1
8 |§ (6] +1 -1 -1 -1 |+1]+1
9 24 +1 +1 +1 +1 1| +1
10 IMoHbIi +1 -1 +1 +1 -1 |+1
11 bakTopHBIN +1 +1 -1 +1 -1 +1
12 JKCIIEPUMEHT +1 -1 -1 +1 -1 +1
13 [®D 2° +1 +1 +1 -1 -1]|+1
14 +1 -1 +1 -1 -1]|+1
15 +1 +1 -1 -1 -1]|+1
16 +1 -1 -1 -1 -1]|+1
17 +1 +1 +1 +1 +1 -1
18 +1 -1 +1 +1 +1 -1
19 +1 +1 -1 +1 +1 -1
20 +1 -1 -1 +1 +1 -1
21 +1 +1 +1 -1 +1 -1
22 +1 -1 +1 -1 +1 -1




23

24

25

26

27

28

29

30

31

32

18

+1
+1
+1
+1
+1
+1
+1
+1
+1
+1
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Pucynok 4 — bnok-cxema ancopumma paciema u anaiu3a Mamemamuieckou mooenu
9KCHEePUMEHMAIbHO-CIMAMUCMUYECKUMU MemoOamu
Jlist nuuerino#t hopMbl ypaBHEHHUS :
k
9i = 2 bix;
1=0 =01, .., k), 4)
rie K — mepeMeHHas COCTOSTHUS pacyeTHaI.
Ha ocHOBaHuMm pe3ynbTaTOB  pealu3aldd  MaTpullbl  IUIAHUPOBAHUA

KOd(h (PUIHEHTHI ypaBHEHUS PETPECCUH PACCUNUTHIBAIOTCS 1O (hOPMYIIe

1 N
bi - Nzxiu Yiu
u=1 i=01 .. k). (5)



Ilocne BbIuKclieHna20k03( pUIIMEHTOB perpeccuu Nepexoisir K
CTaTUYECKOMY aHaJIN3y YPAaBHEHHUS PErPECCHH, KOTOPbIA COCTOUT U3 TPEX ITAOB:

® OICHKa OMMOKHU ombITa (10 ypaBHEHHUIO (3));

® OIIEHKA 3HAYMMOCTHU KO3 (HUIIMEHTOB YpaBHEHUS PETPECCUU;

® OIICHKA aJIeKBATHOCTU MOJIEIIH.

O1eHKy 3HaYUMOCTU KO3(P(HUIIMEHTOB PETPECCUH OCYIIECTBIAIOT 10 hopMyIie

bl
P~ g
b (6)
i yeomo fip >t ™
rje ‘bi‘ — albcomoTHOE 3HaueHHEe Kod(dduimeHta perpeccuu; tt — Tabnu4HOE

3HavyeHue kputepuss CThIOJICHTa, KOTOPOE HAXOSAT 10 YKCIy CTereHel cBoooabl fo =
No — 1 u ypoBHiO 3HauuMocTu ( (cmoTpu Tabmuiy Al mpunoxenuss A.); Spi —
CPEIHEKBaPaTUYHOE OTKJIOHEHHUE.

Hucnepcuio k03P GUIIMEHTOB PETPECCUU HAXO AT 10 popmyiie

g2
Spi =2
N, (8)

T.€. TUCIIEPCUU BCeX KOA((PUIIMEHTOB paBHBI, TOCKOJIBKY 3aBUCAT TOJIBKO OT OIITHOKH

2
OTbITa SO Y Yuciia CTPOK MaTpulibl IiianupoBanusi N (4ucia omnbITOB).

Ecmu nns xakoro-to xodddurmenta ycnosus (6) u (7) He BBINOIHAIOTCS, TO
COOTBETCTBYIOIINN (PAKTOp MOXKHO MPU3HATH HE3HAUYMMBIM W HUCKIIOYUTH €r0 W3
YpaBHEHHS PETPECCHH.

[IpoBepka aneKBaTHOCTH JMHEHHOTO YPAaBHEHUSI PErPECCUU OCYILIECTBISETCA

IIyTECM CPaBHCHHA ABYX I[I/ICHepCI/Iﬁ — OJ[HA ITOKAa3bIBACT PACCCAHHNEC OIBITHBIX JaHHBIX

MEPEMEHHOU COCTOSAHUSA Yy OTHOCUTEIIBHO T€X 3HAYECHUIN MEPEMEHHON COCTOSIHUS yu :
KOTOPBIE MPEJICKA3aHbI TOJIYYEHHBIM JIMHEWHBIM YPABHCHUEM PETPECCUM.

OTta AUCIICPCHUA HA3bIBACTCA ,Z[I/ICHepCHeﬁ AJICKBATHOCTH W PACCUHUTBLIBACTCA I10

dbopmyne
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2 m 3 2
Sad = N Z(yu_YU)
“lu=1

, 9)
rJe M — YUCIO HapaluIeibHBIX ONBITOB; | — YKCIIO YIEHOB B ypaBHEHHM PErPECCHHU,
OCTABILHUXCS MIOCIIE OLICHKU 3HAYUMOCTH.

Bropas gucmepcus — 3T0 ommOKa ONbITa. AJIEKBATHOCTH IPOBEPSIOT,
OLICHMBAsl OTHOLIEHUE
Sad
Fp = S—Z
0 (10)

u cpaBHuBas pacuetHoe (Fp) m Ttabmuunoe (Fr) 3Hauenwe kputepus Durepa.
Kpurepuii ®ummepa Fr onpenensieTcst s cTeneHei cBoOO0 bl faa=N-—-lufy=

N(m — 1) u 3a1aHHOTO YPOBHS 3HAYMMOCTH (| 110 TadyuIe A2 MPUIOKEHHS.

Ecnu BeIMoHSETCS yCIOBHE Fp<Fy : (11)
TO TUHEHHOE YpaBHEHHUE MIPU3HACTCI A0eKB8AMHbBIM.

[Tony4yeHHbBIN TMHEWHBIN MOTUHOM MOKHO MCIOJIB30BaTh JUIs MOMCKA 00JIacTH
ontuMyMa oObekTa wuccienaoBanus. Ecimum yciaoBue (11) He BBINOJMHSETCS, TO
JUHEWHOE ypaBHEHHE NpHU3HACTCI HeadekgamuwviM. IIpyu HeaneKBaTHOW JTHMHEHHOMU
Mozenu Hauboree YacTo NPUHUMAIOT pelieHHe 00 YMEHBIICHUUW HHTEpPBAJIOB
BapbUPOBaHUS (HaKTOPOB M MOBTOPEHUH IKCIIEPUMEHTA.

3.6 IpoOHblil paKTOPHBII IKCIIEPUMEHT

[Tonuprit  (HaKTOPHBIM JKCHEPUMEHT SBIAECTCA BechbMa A(O(PEKTUBHBIM IS
MOJIYYCHHSI MaTeMaTUYECKONW MOJIEIN MCCIEAYEMOTO 00BhEKTa OCOOCHHO MPU UYUCTIEe
daktopoB Kk > 3. OpHako yBenmueHWe unciaa (PAKTOPOB MPUBOJUT K PE3KOMY
yBEJIMUYEHHIO uKcia onbiToB. Tak, IIDD 2° tpebyer nocranoBku 64 onmbITOB, a 27 yxe
128.

[IpakTrika TOKa3bIBA€T, YTO JJISI MOJYYEHHUS JAOCTATOYHO TOUHBIX OIICHOK

KO3 (DUIIMEHTOB PErPEeCCUd MOXKHO OOOWTHUCH HEOONBIITUM KOJIHMYECTBOM OITHITOB,



BBEld MOHATHE JPOOHOr0 (PaKTOPHOro22>KcrnepuMeHTa (WM APOOHBIX PEIIIUK),
KOTOPBIH IIPEJICTABISIIOT COOON HEKOTOPYIO YacTh

111

2'4'8 OT MOJIHOTO (PAKTOPHOTO HKCIIEPUMEHTA.
4 OCHOBHOM YKCHEPUMEHT. INIAHBI BTOPOI'O TIOPSJIKA
[locne noctuxeHuss 00J1aCTU ONTUMYyMa IEepe] UCCIEA0BATEIEM BCTAET 3aaua
JETATbHOTO U3YYEHUs] TMOBEPXHOCTU OTKIMKA. Onucarb 007acTh ONTUMyMa
JIMHEMHBIM YPAaBHEHHEM PETPECCUM HE YIAeTCAd M3-3a KPYTU3HBI THUIEPILUIOCKOCTEU
dakTopoB U kBagpaTU4HBIX 3(pdekToB. [loaToMy obOacTh ONTHUMYMa OMUCHIBACTCS
MOJIMTHOMaMU 00Jiee BBICOKMX MOPSIKOB, CPEId KOTOPHIX CaMbIe paclpOCTpaHEHHbIS

YPaBHEHHUS BTOPOTO MOpPsIJIKA:

k k k
y = bo +Zbixi +Zbij Xin +Zbiixi2
i=1 i=1 i=1

j>i (12)

Jlis monydyeHus MaTeMaTH4ecKOW Mojaenu o00J1acTh ONTUMymMa B BHJE
ypaBHeHus (12) ucnonab3yroTcs CrielMaibHbIC TUIaHBI.

4.1 IlocTpoenne MaTPUUbI IVIAHKPOBAHMSI

bokc m VYwicoH mnokazanu, 4TO, JONOJHUB JBYXYpPOBHEBBIM Iutan [IPD
ONpEJENCHHBIMA  TOYKaMHu  (aKTOPHOTO  TMPOCTPAHCTBA, MOXKHO  TOJYYUTh
HEOOXOIUMBIE TUIAHBI, KOTOPBIC HA3BIBAIOTCS YEHMPATbHbIMU U KOMHOZUYUOHHBIMU.

OO611ee ynCI0 OMBITOB MIPH TAKOM TNIAHUPOBAHUU OTIpeesieTcs: hOpMYIIOi:

N =n;+nz +ng (13)

r7ie N1 — YUCJIO OMBITOB B S/Ip€ MJIaHa; N3z — YKCIIO OMBITOB B «3BE3IHBIX» TOUKAX; No
— YKCJIO ONBITOB B LIEHTPE IJIaHa.

PaccmoTpeHre KOMIO3UITMOHHBIX IUIAHOB MOYKHO MPOBECTH Ha mpumMepe K = 2
(pucynox 4). Touku 1, 2, 3, 4 0Opa3yloT HONHBIA (DAKTOPHEIA JKCrEpUMEHT 22,

TOYKH, 0003HauYCHHBIC 3Be3fgoukamu (5, 6, 7, 8) 00pa3yloT «3BE3[HBIC» TOUKH C



(+a,0) , (Oa) g23

KOOpANHAaTaAMU OCHTPC ILIaHa IIPOBOAATCA HYJICBLIC

onbIThl ¢ kKoopauHaTamu (0,0).

Pucynox 4 — Pacnonooicenue mouek pakmoprno2co npocmpancmed 6
KOMNO3UYUOHHBIX NAAHAX 8MOPO20 NOPAOKA
Hamnbonee yacto HMCHONB3yIOT [Ba THMA LEHTPATHLHOTO KOMITO3UIIMOHHOTO
manupoBanusa (LIKII) — opmoconanvnoe u pomamabenvnoe. boiee HaaeKHBIM
crocoboM TOJlydeHHUs TOJIMHOMAa BTOPOH CTETMEHH SIBISETCA POTaTa0eIbHOE
IUTAHUPOBAHWE, OCHOBAaHHOEC Ha IIOCTOSHCTBE MJUCIEPCHA B ONBITaX, PaBHO
yIAJICHHBIX OT IIEHTPAJILHOTO OMBITA, KOTOPOE U pACCMOTPEHO B HACTOSAIIEH padoTe.
OO11ee YMCIO OIBITOB, YHCIO «3BE3IHBIX» W HYJEBBIX TOUCK, BEIMYHMHA

3BE3JIHOTO IIeYa Ol 3aBUCAT OT unciia ¢paktopos K (cm. Tadi. 3).

Tabnuya 3 — Iloxkazamenu pomamabenvbHbiX NIAHO8 8MOPO2O NOPAOKA

[TonHbIil hakTOpHBIN HpoOHpIii
HanmeHnoBanue SKCIepUMeHT THma 2K ®D Tuna 2°

k=2] k=3 | k=4 | k=5 k=5
YcIlo ONBITOB AApa MaTpullel — Ny | 22=4 | 23=8 | 2%=16 | 2°=32 2°1=16
Yucino «3BE3OHBIX» TOUEK — N3p 4 6 8 10 10
Ywucno HyneBBIX TOUEK — Ng 5 6 7 10 6
OO011ee unciio omneIToB — N 13 20 31 52 32
Benmunaa o 1,414| 1,682 | 2,000 | 2,378 2,000

N3 crpykryper LIKII crnemyer, uto kaxaplii (akTop BapbuUpyeTCs Ha IISITH
YPOBHSIX:

Sapo mnanos LIKII cocTaBnsier nonublii (pakTopHbIi skcnepument 2K npu k <
5 wiu monyperuiuka ot Hero npu K > 5. Bo3MOXKHOCTh MCHOJIB30BaHMS B KauyeCTBE
spa IUIaHa TMONYPeIUIMKKA npu K > 5 o0yciioBieHa TeM, YTO YXe TMOJyperuinKa
o0ecrieunBaeT TMOJYyYEHHE HECMEIIAHHBIX OLEHOK sl JUHEHHBIX 3(P(EKTOB U

3(heKTOB MapHOTO B3aUMOACHCTBHA.



B xauecTtBe npumepa B Tabnuue 424npeacraBieHa MaTpUla OATU(PAKTOPHOTO
KOMIIO3UIIMOHHOTO IIJIaHAa BTOPOro MOpsiaka. SApo TmuiaHa mNpeacTaBiseT coOoit
noaypemwinky 2°! ¢ reHepHpylOmUM IEpEMEHHBIX X (PasIMYHBIX (PaKTOPOB) K

0e3pa3MepHBIM Xi mpoBoauTcd 1o ¢popmye (2). Hanpumep, cm. Tabauny 2.

4.2 Peanu3anusi MATPULbI IVIAHMPOBAHUS

Ha ocHoBe Marpuibl TMJIaHUPOBAHUS, NPEACTABICHHYIO B Tabnuly 4,
COCTaBIIAIOT pabOuyI0 MAaTPUILy IJIAHUPOBAHMS, B KOTOPOUM KOJUPOBAHHBIE 3HAUCHUS
¢akropoB (t1, 0, to) 3ameHsI0T HaTypaldbHbIMU. Tak, HapUMep, NpU U3YYECHUU
npolecca NapoBOM KOHBEPCUU MPUPOJHOrO ra3a, NEpeMEeHHBIMU (haKTopamMu
SBJISIFOTCSL:

X1 — Temneparypa Ha Bbixone, °C;

X — TemIeparypa Ha Bxoje, °C;

X3 — o01iee gaBiaeHuu B peaktope, Mlla;

X4 — MonpHOE oTHoIIeHne HoO/mpupogHsiii ra3, MoJb/MOJIb;

X5 — 00bEMHAs CKOPOCTh, 'L,

Tabauya 4 — Pomomabenvhulil nian 6mopoco nopsaoxa 0 nsamu

gaxmopos (a=2,000)
Homep ®parMeHT
X1 X2 X3 X4 X5 y
OmbITa niaHa
1 ANAPO +1 +1 +1 +1 +1 Y1
2 -1 +1 +1 +1 -1 Yo
3 +1 -1 +1 +1 -1 Y3
4 -1 -1 +1 +1 +1 Ya
) +1 +1 -1 +1 -1 Ys
6 -1 +1 -1 +1 +1 Y6




7 +1 -1 -1 +1 +1 y7
8 -1 -1 -1 +1 -1 Vs
9 +1 +1 +1 -1 -1 Y9
10 -1 +1 +1 -1 +1 Y10
11 +1 -1 +1 -1 +1 Y1
12 -1 -1 +1 -1 -1 Y12
13 +1 +1 -1 -1 +1 Y13
14 -1 +1 -1 -1 -1 Y14
15 +1 -1 -1 -1 -1 Y15
16 -1 -1 -1 -1 +1 Y16
17 3BE3/1HBIE + 0 0 0 0 Y17
18 TOYKU — 0 0 0 0 Y18
19 0 + 0 0 0 Y19
20 0 — 0 0 0 Y20
21 0 0 + 0 0 y21
22 0 0 — 0 0 Y22
23 0 0 0 + 0 Y23
24 0 0 0 — 0 Y24
25 0 0 0 0 + Y25
26 0 0 0 0 - Y26
27 LIEHTP 0 0 0 0 0 Yo7
28 0 0 0 0 0 Y28
29 0 0 0 0 0 Y29
30 0 0 0 0 0 Y30
31 0 0 0 0 0 Y31
32 0 0 0 0 0 Y32

HarypanbHubie 3HaueHust GpakTOpOB MPUBEACHBI B TA0JIHUIIE 5.

Tabnuya 5 — 3nauenus goakmopos
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dakTopsl

HaumenoBanue X3, X4, Xs,

S MIla | mons/monb | 9t
HyneBoli ypoBeHb Xio 810 520 4,0 3,6 2500
WuTepBan BapbupoBaHus, AX; 20 10 0,2 0,4 500
Bepxuuii ypoBeHs, X1g 830 530 4,2 4,0 3000
Hwxuuii ypoBeHb, X n 790 510 3,8 3,2 2000
YpoBeHb «+2.0» 850 540 4.4 4.4 3500
YpoBeHb «—2.0» 770 500 3,8 2,8 1500

[locne »TOrO  MPOBOIATCS  OSKCIEPUMEHTANbHBIE  HCCIACAOBAHUS |
OTIPEJIEIISIFOTCS 3HaYEHU Y.

4.3 AJIrOpUTM pacyeTa ynpasJIeHUs] perpecCid BTOPOro MopsaKa

Pe3ynbpTaThl peanu3anuu miaHoB JTydlle Bcero oopadarsiBaTth HAa DBM. Pacuer
U CTaTUCTUYECKUI aHalIu3 YpaBHEHMS PETrpecCUd IO IUJIaHy BTOPOro IMOpsSIKa
IPOBOJUTCSI B COOTBETCTBUU C QJITOPUTMOM PHUCYHOK 3, TOJBKO W3MEHSAIOTCS
pacueTHbie (OPMYIIBL.

Koaddunmentsr ypaBHeHus perpeccuu (12) paccUMThIBaIOTCS TO JTaHHBIM

TaOIUITBI 4 TI0 CIeAYIOMHUM (GOPMYJIaMm:

N N
by =DD yi +LD > X5y
i—1

j=1i=1 ’
_]_N
IR ok
N , :
b”:mlli;xui-xj, Vi, Uz j, j=12,...k;




o 20 [f +(K-1) ] 2t
re; H ;

H=2a'[N-f+(K-1-N-n—K-I2]

CN-f+(K=2)-N-n —(K-1)-15
H

F

L=—2a"*Iy/H. G:(Ig—N*nl)/H;

2
lb=m+2%a". f=m +2*a*
Jucnepcun K03 PUIMEHTOB pacCUnTHIBAIOTCS MO (hopMysam:

2 12
Sp,=D*S;. Spij =M~ * 3.

2 _|Llxg2 2 _E*g2
2
rac 0 — AUCTICPCHUA BOCIIPOU3BOANMOCTH.
3HAYMMOCTh PACCUUTAHHBIX KOI(P(DHUIIMEHTOB PErpPecCUu IMPOBEPSIOT IO

kputeputo CTbIO/IEHTA:

1:bi > tT (q’ fO)

rae t_ TabinyHoe 3HaYeHue Kputepus CThIOJIEHTa, COOTBETCTBYIOIIEE 9, To (cm.

TabnuIty 1, MpUIoKeHUS);

fo=n,—-1 o
070 =~ —uucyo creneHei cBOOOIBI JUCIIEPCHH BOCIIPOU3BOIUMOCTH;

q — YPOBCHb 3HAYUMOCTH.

Pacuetnble 3HaueHust kputepust CTbIOJEHTA PABHBI:

_ Iy

bo=o j " e bi — i~ e
Spo - Sbij - | Spi - Sbjj _

Hesnaunmpie  kodhuIMeHTs NPUHUMAIOTCS  paBHbIE  HYyI0. Ecnwm

HC3HAYMMBIM OKa3aJICd OAWH H3 KBaJAPpaTHUYHBIX BCI)CI)CKTOB, TO TIIOCJIE €Io



UCKITIOYEHUS KOIPDUITMEHTHI ypaBHEHUAZ28perpeccuu  HEOO0XOJUMO IEepecUrTaTh
3aHOBO.

Jlucriepcuio BOCIIPOU3BOIUMOCTH OIIPEENISIOT 10 ONBITAM B LIEHTPE IJIaHa:

Ny Ny
>yl -9°)° >y
— u=1 yo _u=1

S —u=l

a OCTATOYHYIO JTUCIIEPCHUIO IO popMyIie

N
Z(Yi - )7i)2
SZ _ i=l
ocm _I:

ocm

Tac yl — 3HaA4YCHHC HepeMeHHOﬁ COCTOAHUA, PACCUUTAHHOC II0 YPaBHCHUIO

perpeccum; ocm ( B ) — YHCJIO CTEeMEeHel CBOOOAbI OCTATOYHOM aucrepcuu; | —
YHCJIO 3HAYUMBIX KO (PHUIIMEHTOB B yPAaBHEHUH PETPECCUHU.
ANIEKBaTHOCTh YpPaBHEHHMS PETPECCHH JKCIEPUMEHTY MpOBEpSAETCS IO

kputeputo Ouiepa

2
rjae “ad — qucnepcus afeKBaTHOCTH, KOTOPYIO OMPEIETSIOT o GpopmMyrie

2 2
Socnz'focnz_'SO 'fO

SZ, =
ao faa

roe a0 ( ocm 0) — YUCJIO CTENEHEN CBOOOIBI JUCIICPCHUU aJICKBAaTHOCTH.

YpaBHEHUE a€KBATHO, €CJIN

Fp < F @@, fu. fo)

rae Fr_ TabnnM4HOoe 3HaueHue kpurepust Ouiiepa (cMm. Tadmuiy A2).
Ecnmn o6paboTka 3KCrepUMEHTANIbHBIX JAHHBIX IJIAHOB BTOPOTO MOPSAJIKA AT

aJICKBATHYIO MOZACJb, TO 3aJa4da HCCICOAOBAHHA Ha OJOTOM OJTaIllC BBIIIOJHCHA: B



pacnopsKeHUN sKkcrepuMeHTaropa29umeercss ~ MaTeMaTU4yecKas MOJICIb,
OMHCHIBaIOIIAasl 00JacTh onTtuMyMa. JlanbHeilliee uccieoBaHUEe 3aBUCUT OT
MOCTaBJICHHOM 3a/1a4M.
5 OIITUMM3AINUA OB BEKTA UCCJUIEJIOBAHUS 110
YKCIHNEPUMEHTAJBHO-CTATUYECKOU MOJJAEJIN
5.1 llouck onTumMyma
B skcTpeManbHOM HKCIEPUMEHTE CTaBUTCS 3ajlaya MOMCKa KOOpAMHATOpA
ONTUMYMa IO UMEIOIIEICS MAaTEMAaTUYECKO MOJIETIH.
3agaynm  CTaTMYECKOM ONTHMM3AIMM OYEHb YacTO PEIIAlT IMOUCKOBBIMU
METOJaMH, KOTOPbIe OTJIUYAIOTCS OOJIBIIUM pa3zHooOpazueM. BMecTe ¢ pa3nuyHbIMU
MOAUGUKAIIMSAMH WX HACUUTHIBAIOT HECKOJBKO JIEeCITKOB. K OCHOBHBIM MeETOJaM
MOMCKA MOYKHO OTHECTH CJIEIYIOIIHE:
® METOJ I'PaJUCHTA;
® METOJ HAaUCKOPEHUIIETo CIyCKa WM METOJ KPYITHOTO BOCXOXKICHUS;
e wmeton ["aycca-3eiinens;
® METOJ CUMILICKCOB;
® METOJI CJIy4YalHOIO MOKCKA.
MHoroMepHasi ONTUMH3AIMS 3aKJIF0YAETCs B TOMCKE DKCTPEMYMOM ()YHKITUU
MHOTHX IepeMeHHbIX F(X1, X, ...,Xn).
MeTo KOOpAMHATHOIO CHYyCKa 3aKJIIOYaeTcsi B IOOYEPETHOM IOUCKE
MHUHHAMYMa MO0 KOOPJAWHATE X1, 3aTeM X2 U T.1. [lociie HaX0XAEHUST TOYKM MUHUMYMa
[0 KOOPJUHATE X1 MEPEXOAUM K HAXOXKJACHUIO TOUKM MUHUMYMa MO KOOPJAUHATE X2 U

T.1. [Touck BCACTCA C OAMHAKOBBIM II4I'OM, KOTOpBIﬁ YMCHBIIACTCA IIOCJIC

C o Xqm Xommseees X
HAXOXKAEHUS BCEX 3HAYeHuit 1M’ 72mMr=*-2nm - Takum o06pa3’oM, aIrOPUTM
peanmM3alyu 5TOro MeTo/a MoJ00EH aIrOPUTMY METOA TIOPA3PAIHOTO TPUOIKEHHS
Y JIUIIb JOMOJIHSAETCS LMKIOM 3aaHHs IEPEMEHHBIX X1, X2,...,Xn BHYTPH KOTOPOIO

OLCHHUBACTCA MOrpECIIHOCTh HAXOXACHUS Xim AJI K&)I(I[Oﬁ HepeMeHHOﬁ.



5.2 KanoHu4eckuii aHAIM3 30moBepXHOCTH OTKJIMKA

JUis  onTMMHU3alMK  HUCCIEAYeMOTO OOBEKTa, KOTOPBIA  OMHCHIBAETCS
yYpaBHEHMEM BTOPOTO TMOpsAKa, CYIIECTBYeT IpeoOpa3oBaHME, IO3BOJISIONICE
MOJyYUTh TPaQUUECKYI0 M AHATUTHYECKYI0 HHTEPIPETAlUI0 OOJACTH ONTUMYyMA.
310 peoOpa3oBaHuE HA3BIBAIOT KAHOHUYECKUM.

Kanonnueckoe npeoOpa3oBaHHE HCXOJHOTO YPAaBHEHHUSI PErpeccur BTOPOTO

nopsijika

r r r
y = bo +Zbixi + Zbinin +Zbiixi2
i<j

npecTapisieT co00M nepexo K CTAaHAAPTHOMY YPaBHEHUIO

;
Y—Ys :ZBiixiz
i=1

2
rac yS — 3HA4YCHHUC BLIXOHHOﬁ HGpGMCHHOﬁ B IHCHTPC IMOBCPXHOCTHU OTKIIMKA, Xi -

KaHOHUYECKHUE NTEPEMEHHBIE; Bii — K03 (HUIIMEHTH KAHOHUYECKOTO YPAaBHEHHS.

Ilepexo K HOBOMY YPaBHEHHUIO OCYLIECTBIISIIOT IEPEHOCOM Havasla KOOpJIAUHAT
B TOYKY LIEHTpPA MMOBEPXHOCTU OTKIMKA U IOBOPOTOM OCEl Ha ONMPEAEIICHHBIA YIOJl.
[lepenoc Hauyajma KOOpAWMHAT YCTpaHSAET JIMHEWHBIC WICHBI MU CBOOOJHBIA YJICH B
YPaBHEHHH: TIOBOPOT OCEH MUCKITIOYAET B3aUMO/IeCTBUE (DAKTOPOB.

[Ipu yucne daxtopoB I > 3 naTh HAIVSIAHOE TPENCTABICHHWE O TE€OMETPUU
GYHKIIMM OTKIMKAa HEBO3MOXXHO, OJHAKO M B OTOM Ciydae KaHOHHUYECKOE
nmpeoOpa3zoBaHue JAET XOPOIIHUE Pe3yabTaThl, €CIIH MOCIEIOBATEIIbHO PACCMATPUBATh
M3MEHEHHE JBYX (HDaKTOPOB MPH OCTAJbHBIX 3aCTAOMIM3UPOBAHHBIX. TaKo mMpuemM
MO3BOJISIET MOJYYUTh CEPUIO KOHTYPHBIX Ha IIOCKOCTH.

[Tpu kaHOHHWYECKOM MPeoOpPa30BaHUM YPABHEHUSI PETPECCUU BTOPOTO MOPSAKA

IU1s1 ABYX (pakTopoB (I =2) mosiy4yaroT ypaBHEHHE:

y—9s = B11)(12 + Bzzxg_
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s ypaBHEHUS (27) B 3aBHUCHMMOCTH OT 3HAaKa U BEJIMYHUHBI

u By, BO3MOJKHBI YE€TBIPE BHJA KOHTYPHBIX KPHUBBIX C DPaBHBIMH 3HAYCHHUSIMH

napameTpa ONTUMHU3aLHUU (PUCYHOK 5).

5.2.1 KoadunmeHntsr By 151 By MMEIOT OJJMHAKOBBIE 3HAKU

KoHTypHBIE KpUBBIE B 3TOM CIIy4ae SIBJISIOTCS JUIMIICAMHU.

B

[Ipu i < 0 mentp smwnmnca 6yaeT MAKCUMYMOM, TTPU B; > 0 — MUHUMYMOM.

Eciu | Byyl <| B, To amimmc BeITSHYT 110 OCH X2, TO M HA060POT (PHCYHOK 5,).

5.2.2 Koagpdpuyuenmar By u By, umerwm pasmnvle 3HaKu
KoHTypHBIE KpHBBIE B 3TOM Ciydae SBISIOTCS runepOonamu. LlenTp durypsi

Ha3bIBACTCA «CCAJIOM)» HIIN «MHHHMAKCOM)). B 3aBuMCUMOCTHM OT COOTHOIICHUS

Bl BZZ

aOCOJIIOTHBIX BEJIIMYMH  KOA(DPUIIMEHTOB 1 wm U3MCHCHHE BBIXOJHOM
MIEPEMEHHOM T10 0CSM X1, X2 OyAeT pa3audHbIM (puc. 5,0).
Pucynok 5 — KonmypHuie kpugvle pyHkyuu omxauka ooiacmu onmumyma,
ONuUCHIBAEMOU YPABHEHUEM 8MOPO20 NOPAOKA
5.2.3 Ooun u3z korphuyuenmoe 6auU30K uaru pagen Hyr0

BZZ =

Ecimu 0 — nenTp HaxoauTCs Ha OeckOHEUYHOCTH. [IOBEpXHOCTh OTKIIMKA

npeacTaBiIsier coOoi Bospacraroiiee Bo3BbllieHHE 'Tpebenp". MHorma BZZzO 5
HEeHTp (UTrypsl HaXOAWTCA B JIOOOM MecTe ocu Xp. [loBEpXHOCTH OTKIMKA
MpeacTaBisieT coOoil '"cranmoHapHoe Bo3BbImIeHHE". Ha mpakTtuke »TOT ciydaid
BCTpEYaeTCs PEIKO.

Anzopumm KaHOHUUECKO020 NPeodPa306aHUA CLeOYIOUUIL:

a) Jlms mepeHoca Hawyama KOOPAMHAT B HOBYIO TOYKY (PAaKTOPHOTO
MPOCTPAHCTBA S ypaBHEHHUE perpeccuu BTOporo nopsiaka (25) auddepeHnupyroT mo
KaKI0My (GakTopy W MPUPABHUBAIOT HYNIO. Pemas cucremy ypaBHEHWH, HAXOJIAT

KOOPJAMHATBHI HOBOTO LIEHTPA, MOJACTABISAIOT UX B YPABHEHHUE PETPECCUU U MOIYHYAIOT

3HAYCHUE BBIXOJHOW IEPEMEHHOU ys B ILeHTpe S. B ypaBHEHUM perpeccuu

HCYC3ar0T YJICHBI HepBOﬁ CTCIICHU U U3MCHACTCA CBO60I[HBIﬁ YJICH.



r r ) 32
§—9s =D byxx; + D bix
i, J i=1
H
6) Ocu B HOBOM LIEHTPE MOBOPAYMBAIOT IO COBMEIIECHUS C TJIABHBIMH OCSIMHU
MOBEPXHOCTH (DYHKIIMHM OTKJIMKA. DTa OMNEpamus OCYIIECTBISACTCS IO H3BECTHBIM

IIpaBujIaM aHAJTUTUYECKOM TCOMCTpPUH.

Hanpumep, 15 r = 2 xapakTepUCTHYECKUN TETEPMUHAHT UMEET BUJ:

b; B 05-by
05-b,  bpp—Bf

Pemenue (29) 3anuchiBatoT B BUJI€ ypaBHEHUS

B*-aB+a,=0

rae & = (bll + I:)22) , ap = (b11b22 o 0’25b.L22 _

JIBa KOpHS ATOT0 YpaBHEHHUS J1al0T HCKOMbIE 3HAYeHHs KO (DUIIMEHTOB ypaBHEHUE B

KaHOHUYECKOH (opMme.

B) [IpoBepsitOT MpaBUILHOCTH PacueToOB MO popMyIie

6 COCTABJIEHUE MATEMATHUYECKOM MOJEJIN ITPOIIECCA C
NCHOJIb30OBAHUEM 2BM

Jljist cocTaBneHus: MAaTeMaTHYeCKOW MOJIETH UCCIIEyeMOro 0OBEKTa Ha OCHOBE
HKCIIEPUMEHTATBHBIX JAHHBIX, MOJYYCHHBIX B COOTBETCTBUU C pabodeil MaTpHIlei
IJIAHUPOBAHUSI, aHallM3a 3TOM MOJIENIM U €€ ONTHUMHU3ALMKU pa3paboTaHa Imporpamma
Ha OBM «MMOD», koTopas BKJIIOYAE€T HECKOJIBKO MOJNPOTpaMM U IO3BOJISET
MIPOU3BOAUTH CIEAYIOIIME PACUEThI:

1. Onpenenenune omMOKK OMbITA JJISI pacyeTa JIMHEHHOTO PErpecCUMOHHOTO
YpaBHEHUS;

2. PacdeT IMHEWHOTO PErPECCUOHHOIO YPABHEHUS,

3. Pacuer ypaBHEHHUs perpeccuu;



4. Ilouck onTUManbHbIX 3HAUeHUII33()aKTOPOB HA  OCHOBE  ypaBHEHHS
perpeccuu BTOPOro Mopsijika;

5. KaHOHMYECKUI aHau3 MOBEPXHOCTU OTKJIMKA YPaBHEHHUS] BTOPOTO MOPsAKa
JUISl IBYX MIEPEMEHHBIX;

6. [loctpoeHue TabaUIl HA OCHOBE PErPECCUOHHOTO YPaBHEHHUS.

7 METOJIUKA ONITUMMU3AIIMN DKCIIEPUMEHTAJIBHBIX
NCCJEJIOBAHUM

Huxe MNPUBCACH AJITOPUTM OPraHU3AIMH IKCIICPUMCHTAJIbHBIX HCCHCHOB&HHﬁ,
HOSBOJIHIOH_II/Iﬁ npn MHUHUMAJIBHOM KOJHUYCCTBC OKCICPUMCHTAJIBHBIX OIIBITOB
I[MOJY4YUTb HAOOCTOBCPHYIO MATCMATUYCCKYIO MOZICIb HMCCICAYEMOI'o IIpouccca H
IMPOBCCTHU aHAJIN3 MOACIIN:

1. Bbl6paTb (I)aKTopI)I, HHTCPBAJIbI UX BAPbHUPOBAHUA U IICPCMCHHBIC COCTOAHUA

2. TloctpouTh MaTpuIly IUIAHUPOBAHUS MOJHOTO wWin JapoOHoro (mpu K > 5)
(haKTOPHOTO PKCIIEPUMEHTA IEPBOTO MOPSAKA JIJIsT BRIOpAaHHOTO yucia (haKTOpPOB.

3. CocraBuTh pabouyrd MATpHUIly IUIAHUPOBAHUS M TMPOBECTH IO HeH
OKCIICPUMCHTAJIBHBIC HCCICIOBAHNA, A4 TAKIKC HCCKOJIBKO IIapaJUICJIbHBIX OIIBITOB B
LCHTPE IJIaHa AJI1 OIIPEACICHUS OILIMOKH OIIBITA.

4. PaccuutaTh JMHEWHOE PETPECCHMOHHOE YpPaBHEHHUE U IIPOBEPUTH €r0
AJICKBATHOCTDH SKCIICPUMCHTAJIbHBIM JAHHBIM. Ecimn YPaBHCHHC AJICKBATHO
OKCIICPUMCHTAJIbHBIM  OdHHBIM, TO HGO6XOI{I/IMO IIPOBCCTH €TI0 AaHAJIN3. ECJII/I
YpaBHEHUE HEAJEKBATHO 3KCIIEPUMEHTAIbHBIM JaHHBIM, TO IEPEUTH K MYHKTY .

5. TlocTpouTh MaTpuIily pOTaTA0EIBHOTO KOMITO3UIIMOHHOTO IUTAHUPOBAHUS
BTOPOTO MOpsAKA.

6. CoctaBUTh pabOUyI0 MaTPUILy TUIAHUPOBAHUS U MPOBECTU JIOMOTHUTEIbHBIE
OKCIICPUMCHTAJIBHBIC UCCIICAOBAHUSA (B 3BC3HbBIX TO‘—IKaX).

7. Paccuurtarh perpecCMOHHBIE YpPAaBHEHUsI BTOPOTO MOPSAKA M ONPEACIUTH

€Iro, aICKBATHOCTD OKCIICPUMCHTAJIbHBIM JaHHBIM.



8. Ha ocHoBe mONYy4eHHOr034pErpeCCUOHHOIO YPaBHEHUS ONPEACIIUTD
ONTUMAaJbHbIE 3HAaY€HUS (PAKTOPOB, TMO3BOJISIONIME TMOJIYYUTh MAKCHUMAJIbHBIC
3HAYEHUS OTKIIMKOB.

9. [TIlpoBectn KaHOHHWYECKOE TMpeoOpa3OBaHUE UCXOJHOTO ypaBHEHUS
perpeccuu BTOPOro MOPSAAKa U OCYIIECTBUTH €0 aHaJIU3.
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Tabauya Al — 3uavenus kpumepus Cmvrooenma

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




Tabnuya A2 — 3nauenus xpumepus Duwepa 0nsa yposuadbzuauumocmu q=5%

Yucno crenneHen

CBOOOBI (11

Yucno creneHedt cBo0o bl (s yrcauTens — fr)

savenatens) — T 1 2 3 4 5 6 8 12 24 0
1 161,40 | 199,50 215,70 224,60 | 230,20 | 234,00 | 238,90 | 234,90 | 249,00 | 254,30
2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,45 19,50
3 10,13 9,95 9,28 9,12 9,01 8,94 8,84 8,74 864 8,53
4 7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63
5 6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36
6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79 3,57 3,41 3,23
8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,93
9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71
10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54
11 4,84 3,98 3,99 3,36 3,20 3,09 2,95 2,79 2,61 2,40
12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30
13 4,67 3,80 3,41 3,18 3,02 2,92 2,77 2,60 2,42 2,21
14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13
15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07
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16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01
17 4,45 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,86
18 4,41 3,55 3,16 2,93 2,17 2,66 2,51 2,34 2,15 1,92
19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88

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