U3BECTHUY
TOMCKOTI'O OPJAEHA TPYAOBOIO KPACHOI'O 3HAMEHH TTOJIMTEXHHUYECKOT ()
MHCTUTYTA nmenu C. M. KUPOBA

Tom 160 1965

- ONTUMHU3ALUHUA IJNEKTPHYECKHX MALHHH C NOMOUIbIO
MNOBEPXHOCTEN OTKJIHKA

A. C. THTMAH, 3. K. CTPE/IbBEHIJKHH

3alaya HaXOXKJIEHHSA ONTHMAJbHbIX COOTHOIIEHHH Pa3MEpPOB IJEKTPH-
yecKMX MallMH BocXoduT eiie k M. Buamapy, Xotopblit onTuMH3UPOBAI
KBaJApaTuuHble QopMbl JABYX NepeMeHHbIX [1]. B Takoii mocradoBKe 3a1a4da
TepsAsa CBOH MPHUKIATHOH CMBIC U sIBJAsiach He Gogee, 4eM H3ALIHONH H.I-
JiocTpalliell cylllectBoBaHHS 3KcTpemyMa mo crouMoctd. Cam Buamap no-
HUMaJ HecOBEepIIeHCTBO CBOEH TeOpUM IKOHOMHWUECKOM ICOPAa3MEePHOCTH, 00-
Jee MO3JHUMH HCCAeI10BaTeNsiMM 3Ta TeopHs Oblia TOINOJHEHA MOHATHCM
JeHCTBUTENBHOCTH CTOMMOCTH, UTO NTO3BOJIMJIO YUHUTHIBATH YCAOBHS IKCIIYA-
tauuu [2]. Tem He MeHee 3TOT yueT He BbIBeJa 3a1ady U3 paMOK ABYXMEPHOTO
MPOCTPAHCTBA U He H30aBHJI OT HEOOXOJIMMOCTH MOCAeI0BATEebHbIX MpH-
6mmxenuit. TlpuunHa HEHHCTPYMEHTAJbHOCTH 3TOH TeOPHH W CHJABHOTrO €2
YCJI0KHEHUs NpH Nepexode K NPOCTPAHOTBY OGOJBLIETO UHMC/Aa MEePCMEHHDBIX
3aKJI0UaeTCsl B HAJHUUHMHM CYILECTBEHHBIX 3(M(MEKTOB B3aUMOJACHCTBUS MeXK-
1y He3aBHCHMbIMM TlepemeHHbIMH. Hanuuue stux sdbdexro dasajio BO3- |
MOKHOCTb @HaJHTHUYECKH HAaXOAWThb TOJABKO JOKAaJbHBIE ONTHMYMbI NPH ABYX
HE3aBHCHMBIX TiepeMeHHbIX. OTbicKaHue ro6anbpHOr0 ONTHMYMa HeH30ek-
HO NPUBOJAMJIO K BapHaHTHOMY MeToly pacyera. [losiBiaenue OblcTpoldeict-
" syrouux IILBM 3HauuTeNBHO YBEJHYHIO CKOPOCTb U TOUHOCTb ONpPEIeJeHUs
ontumyma [3]). Tem He menee DIIBM ne cHAMIM cyllecTBEHHbIH HEIOCTATOK
BAapHAHTHOTO METOJ]a — TOJYyYeHHe TOJMbKO YHCAOBOIO peLIeHHsd, KOTOpoe B
JajbHeiillleM HeJb3sl [MOJBEpPraTb aHaJHTUUECKHM Tpeobpa3zoBaHusiM ITpU
VBSI3Ke OTAEeJbHBIX BOMPOCOB NPOEKTHPOBAHHUA (TONIOBOH H BEHTHJALHKON-
HBIl pacueTbl, yuyeT H3MeHeHHs TeXHHYeCKHX YC/JAOBHiH). IDTOT HeI0CTaTOK
CTAHOBUTCA elle Oojiee CYLIeCTBEHHBIM, €CAH HMeTb B BHIYy OYEBHIHYIO
HeOO0X01MMOCTh TPOBECTH B JajdbHeHlieM Gosee LIMPOKYIO ONTHMH3AIMIO
TIPY CTATUCTHYECKOM YyueTe MHOrooOpasus (pakTHYeCKHX DPeXKHMOB pPadoThl
MallMH B 3KCIJAYyaTalHH.

Hcxoa1a M3 cKasaHHOro, IpeJCTaB/seTcsd Legecoo0pasHbiM HAHTH 10-
CTATOYHO TPOCTYK) U AOCTATOYHO aleKBATHYIO aHaJUTHYecKylo dopwmy, Ko-
TOpas OTpa)Kayia Obl HaJiMuue BCeX CYIIeCTBEHHBIX CBSI3€H MeXK/]y NepeMeH-
HBIMH. DTO OKa3blBaeTCH BO3MOXKHBIM CJe4aTth C TIOMOLLbIO TpeAJaraemMors
MeTo[Aa MaTeMaTHYecKOoro IJaHHPOBaHHWsl pacuera, pa3paboTaHHOro Ha Oc-
HOBe HeJaBHO fI0ABHBILefics Teopuu (pakTopHoro aHanusa [4]. DdderTus-
HOCTb HOBOTO MeTO1a YBEJHYUBAETCA C POCTOM YHCJIA HE3ABUCHMBIX Iepe-
MEHHBIX, BKJKOuaembix B paccMmorpeHue. CyllecTBeHHbIM 3]1eCb SBJACTCHA
BO3MOYKHOCTb MOJYUEHHS] MaTeMaTHKO-9KOHOMHUECKOH MO1eaH. JTd MOTelb
SIBJASIETCS OKOHUATE/NbHOIN IPH HPHHATOH MeTOAMKe OLEHKH IKOHOMHUECKOH
3)deKTUBHOCTH, ¥ pa3JUYHble YacTHble 3a7a4d (M3MEHCHHE TEeXHHYECKHX
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YCJIOBHI, COpTaMeHTa MPHMEHSEeMBIX MaTepua/oB) pellaloTcd aHajlUTHUe-
CKH, TPHYEM pelIeHHsT BCeria MoJydYaloTcs ONTHUMANbHbIMH.

- MareMmaTHyecKu 3ajaya COCTOMT B ONpeleneHHH Ko3QPHLUEHTOB B
YpaBHEHHH perpeccHu

"td:r

-~ h h
y =P (X1, X2, -.., Xp) = by + }1‘" bix; + lebinin- (1)

y — JedcmBUATENbHAS CTOUMOCTDb Ma‘HJ‘I/I‘HbI,

y —oOLeHKa y mo ypaBHeHuio (1),

Xi — KOHCTPYKTHBHBIE pa3Mepbl MalllUHbI,

h — uucao0 yYUTHIBa€MBIX DPa3MeEpOB.

Unenn biX; — XapakTepusyloTr Juneilinsle 3dektsl, by X;? — KBazgpa-
THYHBIE 30 QeKThHl, DjjX;Xj— 3hdeKrThl ABOHHOTO B3aHMOAEHCTBHS.

VYpaBuenue (1) HasbiBalOT QYyHKUHEH OTKIMKA, & COOTBETCTBYIOIIHE efi
reoMeTpPHUECKUH 006pa3 B NPOCTPAHCTBe MEPEMEHHbIX Xj— MOBEPXHOCTHIO
OTKJIHKa.

"l GoJiblIMHCTBA 3a4ay JAOCTATOYHO HMEThb JHHEHHYI0O HWJId KBAaApA-
THuHyo dopmy (1).

Jlunelinyo dopmy oObIYHO NPUMEHAIOT AJS BOCXOXKAEHUS 110 TPAAUEHTY
B padoH 3KCTpeMyMa.

JBuKeHnue 1o MeTOAy KPYTOro BOCXOXK/JEHHS 3aKaHUHMBAETCsl, KOrJLa Mbl
nonaiaeM B TIOYTH CTAlHOHApHYO 00JacTb, KOTOpas He MOXKeT ObiThb Oflil-
caHa 0pu NOMOULH JUHHeHHOro npudauxeHus. B 3Toll yacTH NOBEPXHOCTH
OTKJHKA JOMHHHUPYIOILHUMH SIBAAIOTCA KO3(PGhHULIHEHTbl PerpeccHH, Xapakre-
pusyeMmbie apdexkramn B3aumoneictsusa. Ilourn cramuonapuyrw o67acTh
OOLIYHO yAAeTCs OMUCATH MOJHHOMAMH BTOPOrO MOPSAKA. Anpuopu MOXKHO
CYMTaTh KBajApaTHUHYIO (GOpMy AOCTATOYHO aJe€KBATHOH /s Halled 3ald-
un. HerpyaHo saMeTuTb, YTO KBaApaTHuHble 3asucuMoctd M. Buamapa as-
JSIOTCS MepeceueHreM MOBEPXHOCTH OTKiAWKa [1] ¢ rHnepnjaocKoCcTAMH, Ma-
pasjieNbHbIMH OCHAM I[I€pEMEHHBIX, BapbHPYeMbIX MPH ONTHMH3aLHMH.

Kos¢pdunnentsl ypabHeHuss (1) HaxoasdATcs MeTOJOM HAHMEHDLIIAX
KBaApaToOB IpU BapHalluu He3aBHCHMbIX nepemennblx N pas. [lpupasun-
Basi HYJI0 YacTHble MPOM3BOIHBIE OT KBaApaTHUHOH (OpMbl

N
Y (yy — vy = min, (2)
W==1t
B3dTbic MO NePeMEeHHbIM bj, MOJYUHM CHCTeMYy TaK Ha3blBaeMbIX HOPMaJjb-
HbIX ypaBHEHHH.

Kosbduuuentsl b; ABAAIOTCS pellleHHEM IOJAYyYEHHOH CHCTEMbI.

Panu ynpolleHus o6o3Hauenuil o6paTUMCS K MaTpU4HOH anaredpe. Dy-
Jdem masbiBaTh npsMoyrospHyto (h, N) —marpuny X wmarpuumeil HesaBuCH-
MbIX TepeMEHHbIX, MaTPHLYy — cToadel Y — BeKTOPOM HaO/IIOAeHHH, MaTpi-
1y — croatbelr B — BekTopoM Ko3(Q(HIMEHTOB pPerpeccHH.

B marpuuHoil opme cHcTeMa HOPMAaJbHbIX YDABHEHUH 3anuiIeTes cje-
OYIOUIUM 00pa3oM:

X*XB=X*Y (3)
Pemennem cucteMbl (3) siBAsieTCS BblpaXkKeHHe
B = (X*X)~1(X*Y) (4)

B caydae auHelHoCTH MCTHHHOH cBsiy Mexay Y H X peulenue (4) He
3aBHCHT OT PAaCHOJOKEeHHA 3IKCIEepHUMeHTa bHBIX TOUeK B (PaKTOPHOM Mpo-
crpancrse. OgHaKo, ecjaud B MaTpule X CKaJIspHBIC NPOU3BEIEHUSA 115 BCEX

N
BEKTOPOB-CTOJIOIOB PABHBI HYJIIO (Z Xig Xju = 0), T. e. Matpuua X
u

CIMJIaHHPOBAHAa OPTOTOHAMAbHO, TOo Martpulla (X* X) moayuaeTcs QHAaroHaldb-
HOH, U MBI H306aBJaseMcsi OT HEOOXOAHMOCTH pellaTh cucreMy (3).
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Kputepufi opTOroHaJbHOCTH sIBJISIeTCS HEAOCTATOYHO CHJBHBIM KpHTe-
pueM ONTHMAJIbHOCTH JIs MJIAHUDPOBAHUSI BTOPOTO MOPSIAKA.

Mudopmanua o moBepXHOCTH OTKJIHKa, COJepXKallasicss B ypaBHEHUH De-
IPECCHH, MOXKeT OBITb OLeHeHa ¢ MOMOLIbI 00pPaTHOH CTaHAAPTHU30BaHHOL

A
aucnepcuu 1/Ne® (y) . Jasg pasiuuHbix Toyek (aKTOPHOTO MPOCTPAHCTHA

3Ta BeJHYMHA OpHHHMaeT pasuble 3Hadenud. [TosaTomy umeer cmbica pic-
CMaTpuBaTh HH(POPMAUUOHHBIE KOHTYDBl I[I0BEDXHOCTH paBHON HHQOpMa-
uun. Ilnanuposanue, obsnajaiollee CBOHCTBOM PaBHOMEPHOTO pacrpepesc-
HUST MHGOPMALHK, Ha3biBaeTcss poTaTabeJbHbIM NaaHupoBanueM. Ilpu moeo-
pote (aKTOPHLIX OCell B NPOCTPAHCTBe TOYHOCTb onpepeneHus Koadouuuen-
TOB perpeccHH He MEeHsIeTCH.

B matemaTHuecKoH TeODHHM 3KCNEPUMEHTa B HacTosllllee BpeMsi paspa-
GOTaHbl CIOCOOLI [IOCTPOEHHs DpoTaTade/IbHbIX [JIAHOB BTOPOro MopsiKa.

Takum o6pasom, Haxox/JeHHe aHAJIMTHYECKOTO NpencraBiaenust (1) cso-
AUTCs1 K IOBEPOYHOMY PacyeTy y AJsl pasiiyHBIX KOMOHHAUUi Xj, 3ajaBae-
MBIX [0 ONpeJeJeHHOMY Ii1aHy, U MNOCHEeAYIOUlEMY OlpefeseHH0 KO3phu-
IIMeHTOB perpeccHH.

Hasi yuera orpannueHuil, HakJaAbiBaeMblX TEXHHUECKHMH YCJAOBHSIMIIL,.
paccMOTpUM JApPYrue [tOBEPXHOCTH OTKJHKA:

Vi = @1 (X1, Xz, ..., Xh)
Vi = @i (X1, X2, ..., Xh) (5)

Ym = Pm (X], X9y oeny Xh) s
rae yi—i-Toe TEXHHUECKOE YCJIOBYE (MOLIHOCTh MYyCKOBON MOMEHT H T. IL.).
OTH NOBEPXHOCTH OTKJAHMKA NOJydaeM I[IOBEPOYHBIM PacyeTOM INPH TOM XKe
miade, 4To U s ¢ (X1, Xo, ...,Xh).
Ontumusanuo (1) npu orpaHuuyeHusax (5) MOKHO MNPOU3BECTH, Ha-
npuMep, MoJAb3ysCb METOAOM HeOMNpeleNeHHbX MHOXKUTeded JlarpaHimkai.
ATOT METOI CBOMUTCS K peLL[eHH}O CHCTEMbI:

0 Jp

92 il =

0X1 ! dxl + - d ot }\/m dxl 0,

9 ., e e, Ofm 5
ox; T Max, +"2d";+”'+km ox, 7 ©
Tan T ony T e Tt g =0

@1 (X1, X2y .oy Xp) =

Pm (XI’X21 (EX3 ) Xh) = ¥Ym
Pewenuem cucrembr (6) sIBAfeTCs BEKTOP ONTUMAJBHBIX Da3Mepos
Xma\x.
Cucrema (6) Moxer ObITb pellleHa CPeNCTBAMH BBIYHCIUTENbHOH Mare-
MaTHKH, HanpuMep, MeTOJOM HaHCKOpeHIlero chnycka.
HpGﬂJCTaB‘I/IM Aanee Xijmay B BHAE KBaAPATHUHOTO NOJHHOMA OT Y

Ximax = 9 21‘4 a; yi + 21 Z a1ij Yi¥js

J

Xomax = az0 +§ as Vi + 2 > A%j Yi Vi (7}

]

L Y I T ST T T T Y
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”MB

m m
Xhmax= aho + 2 ni ¥i +. 2 anij¥i Vi
i ]
Ilas noucka ko3dpduuuentoB GopMbl (7) cHOBA NpUMeHHM poTarabenb-
Hoe IVIaHHPOBaHHUE, BAPbUPYs Ha 3TOT pa3 COCTABJAIOLIHE ;.
[Mepenumem cucremy (7) B MaTpuuHodt Qopme

Xxm = AY (8)

Martpuny A MOXHO paccMaTpHBaTh KaK MaTeMaTHKO-3KOHOMHUYECKYIO
MOJ€Jib OTpe3Ka CepHH, TaK KaK OHa IEePeBOJHT BEKTOp TeXHHYECKHX YyCJo-
Brii Y B BEKTOp Pa3MepOB Xmay, COOTBETCTBYIOILNI ONTHMAJbHOH MalIHHE.

ITnanupoBanue pacyera pe3Ko COKpalllaeT KOJIMYeCTBO BAPHAHTOB, HA-
npumep, OJs1 7 He3aBUCHUMbIX NEPEeMEHHBIX, JOCTaTOYHO MPOBECTU MOBEPO1-
HBbI pacuer Mg 163 komOunauuii. Kpome Toro, Mbl mosydaeM, KpoMe YHC-
JI0BOro pettenusi (6), Takke M pAJ BaXKHBIX aHAJHTHUECKHX 3aBUCHMOCTEH
(1) u (5), KOTOpble MBI MOKEM HCIOJb30BaThb AJS APYTUX ILieell, HampH-
Mep, MPU pelleHHH TOYHOCTHBIX 3ajady.
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