
Pl0-2000-180 

B .H. CaMottnoa 

METOL{hl AHAJU13A I1H<l>OPMAUI10HHhIX MOL{EJIEM 

HECTPYKTYPMPOBAHHhIX ITPOUECCOB 

Hanpasnetto s )l(ypHan «ABT0Mannaum1 npoeKn1posam1.11» 



CaMowtoB B.H. 
MeTOAW aHaJIH3a ~H~opMa
J:!1'10HHhlX••·· 
PI0-2000-180 

I ., 

1. BBeAeHHe . · -

B HaCTOHLL1ee speMH TeOplllR,Clll,CTeM Ill CIIICTeMHoro aHa111113a npeACTaBJlHeT 

6ypHO pa3B111BalOL.LIYIOCS1 0611acT1;, 3HaHIIIC1, HaXOAHLLIYIO see 6onee WlllpOKOe 

np111MeHeH111e np111 pa3pa60TKe III pa3s111rn111 c111cTeM opraH1113a41110HHoro ynpasne- . 

HIiis:!, npoeKTlllpOBaHl/1111 CJlO>KHblX HaY'-'HO-TeXH"1YeCKIIIX KOMnileKCOB Ill C03AaHI/IIII 

COOTBeTCTBYIOLLIIIIX 111Hcj:>opMa41110HHblX CIIICTeM. B no111cKax MeTOAO~ MOAeI1111po

saH111S1 npo6neMHblX c111rya4111C1 IIICCileAOBaTeJllll 06paLL1a10TCS1 K pa3Jlllll.lHblM pa3-

AeJlaM MaTeMaTIIIKIII, npeAnaras:1 HOBble MeTOAbl nocTaHOBKIII 3aAaY Ill nplllHHTIIIH 

peweH111C1 no pa3pa6oTKe III cosepweHCTsosaH111to cno>KHblX npo4eccos. ,Qns:1 

peweHIIIH 3aAaY C 60JlbWOC1 CTeneHblO HeonpeAeJleHHOCTIII nplllBJleKalOTCH Teo

p111s:1 · MHO>KeCTB, MaTeMaTI/IYecKaH 11or111Ka, MaTeMaT111YeCKaS1 Jll/lHrBIIICTI/IKa, TeO

plllH rpacj:>os, CI/ICTeMHblC1 aHaJll/13. MeTOAbl MOAeI1111pasaHIIIS1 CJlO>KHblX CIIICTeM 

MO>KHO pa3AeJ1111Tb Ha ABa 60JlbWIIIX · KJlacca: MeTOAbl cpopMaJllll30BaHHOro 

npeACTasneHI/IH CI/ICTeM Ill MeTOAbl, HanpasneHHble Ha aKTI/IBl/l3a411110 IIICnOJlb30-

BaHI/IS1 IIIHTYIIIL.1111111 Ill onblTa cne4111a11111CTOB. nocTaHOBKa Jlto6oC1 3aAaYIII 3aKJltoYa

eTCS1 B TOM, YT06bl nepeseCTI/I ee CJlO>KHOe sep6ailbHOe on111caH111e B cpopMaJlb

HOe, YTO HBJlHeTCH COCTaBHOC1 YaCTblO npo4eAypbl nplllHHTIIIH peweHI/IH. l-1HblMIII 

CJlOBaMIII; nepeBOA sep6ailbHOro on111caHI/IS1 B cj:>opMaJlbHOe, OCMblCJ1eH111e, IIIH

rnpnpeTa4111s:1 MOA8111/1 Ill nonyYaeMblX pe3yJlbTaTOB CTaHOBHTCH HeOTbeMJleMoC1 

YaCTbto Ka>KAoro 3rana MOAe11111posaH111H cno>KHoro pa3s111satoLL1erocs:1 «o6beKTa 

- c111cTeMbl - npo4ecca»• [1-3]. 

. B Jlto6oC1 ccpepe AeHTeJlbHOCTIII YeJlOBeK nplllHIIIMaeT peweHIIIH. B c11yi.1ae >Ke, 

KOrAa peweH111e 38AaYI/I 6a3111pyeTCS1 Ha 1113BeCTHblX 38KOHax cplll3111KIII, XIIIMl/1111 111 

APYrlllX cj:>yHAaMeHTaJlbHblX 0611acrnC1 3H8HIIIC1, 11111111 KOrAa npo6neMa MO>KeT 661Tb 

on111caHa B TepMIIIHaX np111KI1aAHblX 3aAaY, Alls:! KOTOpblX pa3pa60TaH COOTBeTCT

BYIOL.LIIIIC1 MaTeMaTI/IY8CKIIIC1 annapaT, npo6neMbl nplllHHTIIIH peweHI/IH He cyLL1eCT

syeT: noTpe6HOCTb B 3TOM TepMIIIHe Ill pa3pa60TKe MexaHlll3MOB nplllHHTIIIH pe

weHI/IH . B03HI/IKaeT B TeX CJlY'-'aHX, KOrAa Alls:!· nOCTaHOBKIII III peweHIIIH .TOC1 11111111 

I/IHOC1 3aAaYI/I He MO>KeT 661Tb' cpa3y onpeAelleH nOAXOAHL.LIIIIC1 annapaT cj:>opMa

Jll/l3a4it1it1, T.e. 38AaYa npespaLL1aeTCS1 B npo611eMy.·flp111 MOA811111pOB8HIIIIII CJlO>K

HblX pa3s'111satoLL1IIIXCS1 t1 HeCTPYKTYPIIIPOBaHHblX npo4eccos nOCTaHOBKa 4enoYKIII 

B3al/lMOCBS138HHblX 3aAaY CTaHOBIIITCH npo6neMoC1, AJlH peweHIIIH KOTopoC1 Tpe-

6yeTCS1 pa3pa6oTKa cne4111aJ1bHblX· nOAXOAOB, np1118MOB Ill MeTOAOB, KOTOpble no-

3BOJ1HIOT aHaJ11/13111pOBaTb B03HI/IKalOLL11/1e sonpOCbl TaKI/IM o6pa30M, YT06bl pe-

r. o~w:i._~.,::·:.i.n ti-.::.1.qy 
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weHHe no npo6neMHo171 cwryal..(H"1 o npespal.J..leHHH npo6neMbl s 3aAaYy 6bino 

np"1HRTO. 8 KOHeYHOM "1TOre .(lnR peanH3al..(HH npol..(eAYP «H3MepeHHe - 01..(eHKa 

- npHHRrne peweHHR» HY)KHO nocTp0"1Tb cf:>opManH30BaHHOe Bblpa>KeHHe, CBR-

3b1Bal01.J..1ee l..(enb "1nH C"1CTeMy l..(ene171: nonyYeHHe pe3ynbTaTa c 3aAaHHblMH xa

paKTep"1crnKaM"1 HaH6onee acf:>cf:>eKTHBHblM cnoco60M npH ycT0171YHBOM cf:>YHK

l..(HOHHPOBaH"1H «06beKTa - CHCTeMbl - npol..(ecca», co cpeACTBaMH ee AOCrn>Ke

H"1R C noMOI.J..lblO BBOA"1MblX KpHTepHeB AOCrn>KHMOCrn l..(en"1 H 01..(eHKH Heo6xo

A"1MblX cpeACTB, T.e. KPHTepHR cf:>YHKl..(HOHHposaHHR, KPHTepHR HnH noKa3aTenR 

acf:>cf:>eKTHBHOCrn, l..(eneso171 HnH KpHTep"1anbH0171 cf:>YHKl..(H"1, cf:>yHKl..(HH l..(enH (1, 2]. 

np"1 H3yYeH"1H cna6ocTPYKTYPHposaHHblX H HeCTPYKTYPHposaHHblX npol..(eccos 

HeB03MO>KHO OAH03HaYHOe YCTaHOBneHHe scex B3aHMOCBR3e171 Me>K,D,y noAnpo-

1..(eccaMH, n03TOMY peweHHe no Bb16opy H cf:>opMHposaHHIO HHq:>OpMal..(HOHH0171 

MOAenH npHHHMalOT B pe3ynbTaTe aHanH3a nepeMeHHblX, xapaKTepH3YIOI.J..IHX 

am B3aHMOCBR3H (1). B pa6oTax (4, 5) pa3pa60TaHbl MOAHq:>Hl..(HposaHHblH Me

TOA aHanH3a COOTBeTCTBHH H HTepal..(HOHHblH MeTOA AHHaMHYeCKoro rpynnHpO

saHHR nepeMeHHblX, n03BOnRI01.J..1He COBMeCTHO aHanH3HposaTb KaYeCTBeHHble H 

KOnHYeCTBeHHble nepeMeHHble B HHq:>OpMal..(HOHHOM npocTpaHCTBe MOAenH H3-

MepeHHH cnO>KHblX MHorocf:>aKTOpHblX npol..(eCCOB, He06XOAHMble AnR cf:>opMHpO

BaHHR MOAene171 l..(ene171, npol..(eAYP "13MepeHHR, Ol..(eHK"1 "1 npHHRrnR peweHH171. 

l..\enbiO HaCTORI.J..leH pa60Tbl RBnReTCR pa3pa60TKa acf:>cf:>eKT"1BHblX MeTOAOB 

onpeAeneHHR Mepbl "1 noKa3aTene171 TeCHOTbl B3aHMOCBR3eH Me>K,D,y yKa3aHHbl

MH nepeMeHHblMH, BblAeneHHR HaH6onee Cyl.J..leCTBeHHblX nepeMeHHblX H cf:>op

MHposaH"1R CTPYKTYPHO-cf:>YHKl..(HOHanbHOH 6a3oso'1 MOAenH l..(ene171. Pa3pa6o

TaHHble MeTOAbl RBnRIOTCR OCHOB0171 naKeTa npHKnaAHblX nporpaMM aBTOMarn-

3HpOBaHHOH "1Hq:>OpMal..(HOHHOH CHCTeMbl ,C\nR cf:>opMHpOBaHHR 6aHKOB AaHHblX 

HHq:>OpMal..(HOHHOH MOAenH H o6ecneYeHHR noMeP>KK"1 cno>KHOro npol..(ecca. 

CTpyKrypa pa60Tbl cneAYIOI.J..laR. B pa3Aene 2 paCCMOTpeHbl MaTeMarnYe

CKHe npol..(eAYPbl Bbl6opa CYI.J..leCTBeHHblX nepeMeHHblX. B pa3Aene 3 npeA

CTasneH MeTOA onpeAeneHHR noKa3aTene171 TeCHOTbl B3aHMOCBR3"1 Me>K,D,y TeX

HHK0-3KOHOMHYeCKHMH napaMeTpaMH HHq:>OpMal..(HOHHOH MOAenH. 8 pa3Aene 4 

AaHo on"1CaHHe MeTOAOB nocTpoeHHR 6a3oso171 CTPYKTYPHo-cf:>yHKl..(HOHanbHOH 

MOAenH l..(ene171 "1 06061.J..1eHHblX npH3HaKOB aneMeHTapHblX o6beKTOB. B pa3Ae

ne 5 paCCMOTpeHbl npHMepbl CTPYKTYPHO-nHHrB"1CrnYeCKOro onHCaHHR npo-

6neMHblX C"1ryal..(HH, xapaKTepHblX .(lnR aHan"13a napb1 «npo6neMa - 3aAaYa». 
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2. MaTeMaTH'l~CKH8 npOl..(8AYPbl Bbl6opa cy11.1ecTB8HHblX nepeM8HHblX 

8b16op cyl.J..leCTBeHHblX, nepeMeHHblX HHq:>OpMal..(HOHHOH MOAenH - HTepa

rnBHblH npol..(ecc, CxeMa TaKoro npol..(ecca npHBeAeHa Ha pHc. 1. OH HaYHHaeT

csi C cf:>opMHpOBaHHR HHq:>OpMal..(I-IOHHOrO npocTpaHCTBa MOAenH l-13MepeHHH 

«o6beKTa - c"1cn{Mbl - npol..(ecca». 3aTeM, comacHo Knacc1-1cf:>1-1KaTOpy, nposo

AI-ITC~ c6,op CTarnCTll!YeCKl-1~ AaHHblX O TeXHOnOrHYeCK0M npol..(ecce. nocne 3TO

ro 0L\8Hl-1BaeTCR TeCHOTa CB5'13H Me>KJJ.Y'. nepeMeHHblMH, Ha OCHOBe 3TOro npOH3-

BOAHTCR Bbl60p Cyl.J..leCTBeHHblX nepeMeHHblX C yYeTOM AOCTOBepHocrn Ol..(eHKl-1 

TeCHOTbl B3aHMOCBR3H. Aanee npOBOA~TC~ nposepKa nonHOTbl I-IHq:>OpMal..(HOH

H0H M0AenH. B TOM cnyYae, ecnH HHq:>OpMal..(HOHHaR Mop,enb He nonHa, TO n°~

peX0ART K onpeAeneHHIO npl-14HH ee HenonH0Tbl. TaKOH npH4HHOH MO>KeT 6b1Tb 

Hnl-1 HeAOCTaT04H0CTb CTarncrn4eCKI-IX AaHHblX (B 3T,0M ,cnyYae Heo6XOAHMO 

nposeAeHHe A0nonHHTem~Horo c6opa AaHHblX),. 1-1n1-1 HenonHora •Knacc1-1cp1-1Ka

TOpa (s 3TOM cnyYae Heo6xOAI-IMO nononHeH1-1e Knacc1-1cp1-1KaTopa). HanonHe

HHe KnaCCHqJHKaTopa Tpe6yeT nposeAeHI-IR AOnonHHTenbHOH Hay4H0-

1-1ccneAOBaTenbCKOH 1-1n1-1 onblTHO-KOHCTPYKTOpCKOH pa60Tbl AnR BblRBneHHR 

H0BblX nepeMeHHblX. Ha 3TOM 3asepwaeTtR TeKYI.J..ll-1~ war ~TeparnsHoro npo-

1..(ecca Bbl6opa Cyl.J..leCTBeHHblX nepeMeHHblX. 

1/13yYeH1-1e npocTpaHcTsa nepeMeHHblX, 3aAat01.J..1ero on1-1caH1-1e CTPYKTYPHblX 

aneMeHTOB I-IHcpOpMal..(H0HH0H MOAenH, HenocpeACTBeHHO BnHReT Ha Bbl6op 

nyrn B npol..(eAype npl-lHRTl-11-1 peweHI-IH. Ba>KH0 ycTaHOBneHl-le B3ait!MOCBR3eH 

nepeMeHHblX, TaK Kak B cnyYaRx, K0rAa ABe Hnl-1 .6onee nepeMeHHblX CHnbH0 

CBR38Hbl Me>K,D,y co6o171, MO>KH0 6e3 y1.J..1ep6a AnR Ka4eCTBa npHHRrnR peweHHH 

HCKnl04HTb 1-13 paccM0TpeHHR OAHY "1nH HeCKOnbK0 nepeMeHHblX. 3TO o6CTOR

TenbCTB0 npl-lB0AHT K 38A84e noHCKa He6onbworo Ha6opa cy1.J..1eCTBeHHblX 

(Ha1-16onee HHcpOpMarnBHblX) nepeMeHHblX, K0TOpble He06XOAl-1Mbl AnR no

CTpOeHI-IR amopliHMa; npHHRrnR · peweHHH ·np"1 COKP81.J..1eHH0M 4HCne nepeMeH

HblX 6e3 3H84HTenbHOH noTepH HHcpOpMal..(HH. np1-1 Bbl6ope Cyl.J..leCTBeHHblX ne

peMeHHblX Henb3R AeHCTB0B8Tb, HCX0AR HCKnl04HTenbHO 1-13 cf:>opManbHblX KpH

TepHeB. B PRAe cnyYaeB He06XOAHM0 coxpaH"1Tb nepeMeHHYIO B npocTpaHCTBe 

on1-1caHH171, YTO MO>KeT 6b1Tb o6ycnosneHO nOCTaHOBKOH 38A8YH (pHC. 1 ), TaK KaK 

"1HcpOpMarnBHOCTb nepeMeHHOH OTHOC"1TenbH8 "1 38B"1C"1T OT l..(enH HCcneAOBa

H"1H. 
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CTarncrnYecKaR o6pa6oTKa 
nepeMeHHblX 

OnpeAeneHlrle Mepbl CBR31r1 
Me)t(Ay nepeMeHHblMlr1 

8bIAeneH1r1e cy1.4ecTBeHHblX 
nepeMeHHblX 

VIH(pOpMa1..11r10HH0e 
npocTpaHCTB0 o6beKTa 

<t>opM1r1poeaH1r1e Kn8CClr1(plr1K8TOpOB 
nepeMeHHblX 

nplr1HRrne 
peweH1r1R 

P1r1c. 1. CxeMa lr1TepaTlr1BHOro npo1.1ecca Bbl6opa cyu.jeCTB8HHblX nepeMeHHblX 
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BO3MO>KHbl .QBa cnoco6a Bbl6opa cy1.11ecTBeHHblX nepeMeHHblX. K nepaoMy 

cnoco6y OTHOCRTCR MeTO.Qbl, n03B011RIOl.1\111e COKpaTlr1Tb pa3MepHOCTb npo

CTpaHCTBa 6e3 8111.Q01113MeHeHll1S'l nepeMeHHblX. Cpe.Q111 Hll1X MO>KHO Bbl.Qe11i.1Tb TaK 

Ha3blBaeMylO rpynn111pOBKY B3all1MHO Koppe11111poaaHHblX nepeMeHHblX, KOr.Qa, 

Hanp111Mep, MaTp1111.1a CBR3e~ npeo6pa3yeTCR K 6J10llHO-.Qll1aroHaJ1bHOMY ai,,.Qy, a 

3aTeM 1113 Ka>K.Qoro 6110Ka (rpynnbl nepeMeHHblX) Bb16111paeTCR O.QHa nepeMeH

HaR, 06pa3y101.11aR 8 COl!eTaHll1111 C nO.Q06~blMll1 npe.QCTaB1r1TeJ1RMll1 APYrlr1X rpynn 

COBOKYnHOCTb cy1.11ecTBeHHblX nepeMeHHblX. PacnpocTpaHeHHble MeTO.Qbl Bbl

.QeJ1eH111R cy1.11ecrneHHblX nepeMeHHblX OCHOBaHbl Ha nocTpOeHlr11r1 111r1He~HO~ 

perpeCCll10HHO~ MO.Qe111r1. B 3TOM c11yl!ae nOll1CK nepeMeHHbiX ocy1.11ecTBJ1ReTCR 

noc11e.QOBaTeJ1bHblM lr1CK1110lleH111eM (11111"1 BBe.QeH111eM) "13 (a) MO.Qe111r1 nepeMeH

HblX, a lr1X oTHeceH1r1e K pa3pRAY cy1.11ecTBeHHblX nepeMeHHblX onpe.QeJlReTCR 8 

COOTBeTCTBll11r1 C lr13MeHeHlr1R~lr1 MHO>KecTBeHHOro K03cpq:m41r1eHTa Koppe11R4111111. 

Ko BTOpOMY cnoco6y OTHOCRTCR MeTO.Qbl, 8 KOTOpblX CHlr1>KeH1r1e pa3MepHOCTlr1 

ll1HQ)OpMa4111OHHOro npocTpaHCTBa npo111CXO.Qlr1T O.QHOBpeMeHHO C ero npeo6pa-

3OBaHll1eM, - 3TO cpaKTopHbl~ aHaJllr13, MeTOA maBHblX KOMnOHeHT, KaHOHlr1lle

CKll1~ aHaJllr13. XapaKTepHO~ oco6eHHOCTblO 3TOro no.QXO.Qa RBJlReTCR TO, l!TO 

npOlr1CXO.Q111T Bbl60p 111 O4eHKa 3Hallll1MOCTlr1 He OT.QellbHblX nepeMeHHblX, a «111H

cpopMarnBHblX no coaoKYnHocrn» rpynn nepeMeHHblX. Brnpo~ cnoco6 a.QeKaa

TeH A11R 1r1cc11e.QOBaHll1R «3KCn11yarn41r1111», a TalOKe .QJlR lr1CCJ1e.QOBaHll1.R CTPYKTY

p111poaaHHblX TexHO11ornl!ecK1r1x npo4eccoa. 

ComacHo cxeMe (p1r1c. 1) a KOHL.le ollepe.QHoro wara 1r1TeparnaHoro npo4ec

ca paccMaTplr1BaeTCR Bbln011HeHi-1e YC11OB111R nOJlHOTbl lr1HQ)OpMa41110HHO~ MO.Qe-

11111. 'C11e.Qy'eT pa3Jllr1llaTb .QBa KJlacca 3a.Qall, CBR3aHHblX C 04eHKO~ nOJlHOTbl 

ll1HQ)OpMa41r1OHHO~ MO.Qe111r1, - 3TO O4eHKlr1 .QOCTaTOllHOCTlr1 lr1 Heo6XO.Qlr1MOCTlr1 

HeKOTOpo~ COBOKYnHOCTlr1 nepeMeHHblX. npoaepKa Ha6opa nepeMeHHblX Ha He

o6XO.Qlr1MOCTb HY>KHa .QJlR COKpa1.11eHlr1R lllr1CJ1a nepeMeHHblX, T.e. 3.QeCb pewaeT

CR 3a.Qal!a Bbl.Qe11eHll1R cy1.11ecTBeHHblX nepeMeHHblX. npoaepKa Ha AOCTaTOll

HOCTb COCTO111T B onpe,i:ie11eHll1lr1 a.QeKBaTHOCTlr1 lr1HQ)OpMa41r10HHO~ MO.Qe111r1 C 

ylleTOM Tpe6oaaH1r1~. npe.QbRBJlReMblX K Cll1CTeMHOMY aHa111,13y_ C11e.QyeT noM

Hll1Tb, l!TO npo611eMy Mll1Hlr1Mlr13a41111r1 npocTpaHCTBa on1r1caH1r1~. T.e. Bb16op cy1.11e

CTBeHHblX nepeMeHHblX, He11b3R paccMaTp111aaTb B OTpblBe OT npaa1r111 nocTpoe

Hlr1R pewa101.111r1x cpyHKl.llr1~ MO.Qe111r1 lr13MepeHll1~. 
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8b16op cyU1eCTBeHHblX nepeMeHHblX HenocpeACTBeHHO CBSl3aH C onpeAe

neH1,1eM TeCHOTbl "1 cpopMbl CBSl31,1 Me>KAy nepeMeHHblMl,1. np1,1 aHan1,13e cna6o

CTPYKTYP"1POBaHHblX npo1..1eccoe Heo6XOA"1MO peweH1,1e ABYX 3aAaY. 80-

nepeb1x, onpeAe!leH1,1e TeCHOTbl CBSl31,1 Me>KAY nepeMeHHblMl,1 "1, BO-BTOpblX, on

peAe!leH"1e cpopMbl CBSl31,1 Me>KAy H"1Ml,1. EC!ll,1 npeAnO!IO>Kl,1Tb nO!1"1HOM"1a!lbHYIO 

3a~"1C"1MOCTb Me>KAy nepeMeHHblM"1, TO nOAXOASlll.1"1Ml,1 1,1 AOCTaTO'-lHO pa3pa6o

TaHHblMl,1 SlB!ISllOTCSl MeTOAbl, 1,1cno!lb3yeMble B T0op1,11,1 nnaH1,1poeaH"1Sl 3Kcne

p"1MeHTa. 

Mepbl CBSl31,1 MOryT xapaKTep1,13oeaTbCSl 60!lbWll1M '-lll1C!IOM np"13HaKOB. 111Ae

a!lbHaSl Mepa CBSl31,1 AO!l>KHa OTBe'-laTb C!leAYIOU1111M YC!1OB"1SlM: 

- np"1H"1MaTb 3HaYeH"1e, paBHOe HY!IIO, TOrAa 1,1 TO!lbKO TOrAa, KOrAa paCCMaT

p1,1eaeMble cnyYaHHble nepeMeHHble crnrncrnYeCKll1 He3aB"1Cll1Mbl, a TaK>Ke 3Ha

YeH1,1e, paBHOe eA"1H"1L1e, TOrAa 111 TO!lbKO TOrAa, KOrAa Me>KAy Be!ll,1'-ll,1HaM"1 

111MeeTCSl «>KeCTKafl» cpyHKL.1"1OHa!lbHafl CBSl3b; 

- yKa3blBaTb Ha CTeneHb 3aB"1C"1MOCT"1 B cnyYae He TO!lbKO !1"1HeHHOH, HO 1,1 He

!1"1HeHHOH perpecc1,11,1; 

- onpeAe!ISlTbCSl TaK"1M o6pa3OM, YT06bl MO>KHO 6bl!IO HaHrn Bbl60pO'-lHOe pac

npeAe!leH1,1e cnyYaHHOH Be!ll,1'-ll,1Hbl (x,y)' np111YeM >Ke11aTe!lbHO 6e3 KaK"1X-!1"160 

npeAno11o>KeH"1H o ero xapaKTepe. :3To yc11oe1,1e TPYAHOBblnO!IH"1MO, no3TOMY 

MO>KHO orpaHll1'-l"1TbCSl nonyYeH"1eM npeAe!lbHOro Bbl60pOYHOro pacnpeAe!leH"1Sl 

Mepbl; 

- "1CnO!lb3OBaTbCSl KaK A!lfl HenpepblBHblX cnyYaHHblX, TaK 1,1 A!lfl A"1CKpeTHblX 

Be!ll,1'-ll,1H. 8 YaCTHOCT"1, AO!l>KHa cyU1eCTBOBaTb BO3MO>KHOCTb onpeAe11eHll1Sl 3a

Bl,1C1,1MOCT"1 B cnyYae Ka'-leCTBeHHblX cnyYaHHblX nepeMeHHblX C noMOUlblO Me

pbl; 

- onpeAe!ISlTbCSl TaK, '-lT06bl 6b111a BO3MO>KHOCTb Bblf1B11SlTb cpyHKL.1111OHa!lbHYIO 

3aB"1Cl,1MOCTb Me>KAy MepoH 1,1 KO3cpcp1,11..11,1eHTOM KOppe!lfll..1"1"1. 

}l(e11aTe!lbHO rnK>Ke o6ecneY"1Tb BbmonHeH1,1e ABYX cneAYIOU1"1X ycnoe111H: 

1) aHa!1"1T"1'-leCKl,1H B"1A Mepbl AOll>KeH 6b1Tb cpaBH"1T0!1bHO npoCTblM, '-lT06bl 

o6ecne'-l"1Tb BO3MO>KHOCTb ee "1CnO!lb3OBaH"1Sl Ha npaKT"1Ke; 2) pacYeTbl, CBSl-

3aHHble C MepoH, He AO!l>KHbl 6b1Tb C!lll1WKOM rpOMO3AK"1M"1. nepeY"1C!leHHble 

YC!IOB"1Sl, KOTOpblM AOll>KHa OTBe'-laTb pa1..11,1OHa!lbHO onpeAe!leHHafl Mepa CBSl-

31,1, TPYAHOBblnO!IH"1Mbl. :3rnM o6bSlCHSleTCSl pa3H006pa31,1e Bbl6opa Mep O1..1eHK"1 
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TeCHOTbl CBSl3"1, 111cnO!lb3yeMblX Ha npaKT111Ke, KOTOpble nO3BO!1SllOT pewaTb no

CTaBJleHHYIO 3aAaYy, nO3TOMY np1,1eeAeM HeKOTOpble np1,1Mepbl. 
- • •• , ,, < 

Ko3cpcp1,11..11,1eHT 3aBll1Cll1MOCT"1 Xenne111ra paCC'-l"1TblBaeTCSl A!lfl nepe,~e.HHblX 

(x, y) cneAYIOUlll1M o6pa3oM:. 

- CTpO111TCSl cne1..11,1anbHaSl Ta6n1111..1a, COAep>Kall.lafl B Ka>KAOH KJleTKe O1..1eHKY ee

pOSlTHOCTl,1 pij HaCTYn11eHll1Sl COBMeCTHOro co6blTl,1Sl (x = X;, y = Y;) 111 npO1113Be-

AeH1,1e O1..1eHOK eepOSlTHOCTeH P; "1. qi HaCTYn11eHl,1Sl co6b1T1,1ij (f = ,xJ 111 

(y = y;); 

- B Ka>KAOH KJleTKe 3TOH Ta611111l..lbl cpaBHll1BalOTCSl ABa '-lll1C11a 111 OTblCKll1BalOTCSl 

KI1eTK111, Allfl, KOTOpb)X cnpaeeAn111eo HepaeeH9Teo Pif > p,q i;. 

- Bbl'-lll1C!ISleTCSl O4eHKa K03cpcp1111..1111eHTa B3all1MOCBSl3111 no c11eAYIOU1eH cpopMy

ne: 

I P;;- LP,q; 
i} := I (i,j,)eM (i,j,)eM 

(1) 

min(r,s) 

3A0Cb, M -: MHO>K0CTBO KI10TOK, Aflfl KOTOpblX cnpaB0A11111BO HepaaeHCTBO 

pij > P;q1,, r - '-lll1C!IO CTpOK, s- '-lll1C11O CT0116l..lOB .. 

npaKTll1'-l0CKOe ,3H8\.10Hll1e 3TOro KO3cpcp1111..1111eHTa onpeA011Sl0TCSl TeM, '-lTO, KaK 

HenapaMeTp111'-l0CK8Sl Mepa 3aBll1C111MOCT"1, OH MO>KeT 111CnO!lb3OBaTbCSl B TeX c11y

Yas:ix, KOrAa o6e nepeMeHHble 1113M0pll1Mbl 11111111 Hell13Mepll1Mbl, OAHa 1113Mep11Ma,,c:1 

Apyras:i Hell1311t1ep111Ma, _KOrA~ o6e nepeMeHHble H~npepblBHbl .11111111 A"1CKpen-jbl, 

111111,1 MOryT np111Hll1M8Tb MHO>K0CTBO 3H8'-l0Hll1H, 111!1111 ecero ABa. CyU1eCTB8HHblM 

HeAOCTaTKOM 3TOH Mepbl SlBJlfleTCSl OTCYTCTB~e npeAe!lbHOro BblffopOYHOro 

pacnpeAe11eH111s:i. 

8b16opO'-lHblH K03cpcp1111..1111eHT KOppe!ISll..1111111 paCC'-lll1TblBaeTCSl A!lfl ecex nap 

ne~e~e~l:J_blX, ~ COCTaB11Sl.lOTCSl Ma:rp~l..lbl K03cpcp1111..11,1eHTOB KOppens:i1..11111,;1 A!lfl 

eceeo3MO>KHblX nap CTPYKTYPHblX 3IleMeHTOB "1HcpopMa1..11110HHOH MOAe11111. JJ,11s:i 

Ka)l(AOH riapbl nepeMeHHblX (x,y)"BblY~'cns:i10TCSl: .,: 

a) Bbl60pOYHblH K03cp¢1,11..1111eHT Koppens:i1..1111111 

Ix;y; -nxji :'•.,, 

R - ; ' 
xy - (11 - l)axa y '(2). 

I•.· ... 
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r,Qe x, ji - 04eHKl,1 MaTeMaTli1Y8CKoro 0)1{1,1,Q8Hl,1R nepeMeHHblX x, y; a_,, a y -

048HKl,1 cpe,QH8KBa,QpaT1i1YHOro OTKTIOH8Hli1R nepeMeHHblX, n - KOJ11,1Y8CTBO ne

peM8HHblX; 

6) CT8H,QapTHaR 0Wli16Ka K03cpcp1,141,1eHTa KOppe11si41,11,1 

I I+Rxy. 
S_n• =-lg--, 

· 2 1-Rxy 
(3) 

B) H0pM1,1poeaHHOe 0TKTI0H8H1,18 

R_n· r---::: 
t,>· = ~ "n -2 . ( 4) 

vl-R.,Y 

Ha1,16011ee ea>KHblM ,QOCT01,1HCTBOM 3TOCi M8pbl CBR31,1 RBJ1R8TCR TO, YTO B 

cnyYae HOpMaJlbHOro pacnpe,QeJ1eHli1R nepeM8HHblX K03cpcp1,141,1eHT KOppensi-

41,11,1, paeHblCi Hymo, 03HaYaeT OTCYTCTBl,18 CTaTli1CTl,1Y8CKOCi CBR31,1 Me>K,Qy nepe

M8HHblMl,1, a paBHblCi 8,Q1,1H1,148 - H8J11,1Yl,18 «)1(8CTKOCi» J11,1H8CiHOCi cpyHK41i10H8flb

HOCi CBR31,1 Me>K,Qy nepeMeHHblMl,1. K YHCfly H8,QOCT8TKOB 3T0Ci Mepbl CBR31,1 Cfle

AY8T OTH8CTl,1 TO, YTO 3Ta Mepa nnoxo onpe,QeJ1R8T H8fll,1Yllle 38B1,1Cl,1MOCTl,1 Me

>KAY nepeMeHHblMl,1 B TOM cnyYae, 8Cfll,1 l,1X cpyHK1.11,10H8flbH8R 38B1,1C1,1MOCTb HO

C1,1T H8fl1,1H8CiHb1Ci xapaKTep. KpoMe TOro, OHa, KaK npae1i1110, npli1M8HR8TCR K ne

peMeHHblM, 1,13MepeHHblM B IIIHTepeaflbHOCi WKane l,1f11,1 B WKafle OTHOW8Hli1Ci. 

Bb16opOYHblCi K03cpcp1,141,1eHT paHroeoCi Koppensi41,11,1 KeH,Qanna paCCYl,1Tbl

eaeTCR ,QflR napbl nepeMeHHblX (x,y) . .[tflR 3TOro Heo6XO,Q1,1MO Bbln0flHl,1Tb Cfle

AYIOlJ.11118 A8CiCTBli1R: 

- ynopR,QOY1,1Tb 3fl8M8HTbl Bbl60pK1,1 (x;,Y;) no Hey6b1B810IJ.IIIIM 3H8Y8Hli1RM x, 

T.e. nonyYli1Tb B pe3yflbTaTe OT06pa>KeH111e 

(

X1,X2,····, Xn ) . . . ' 
Y1 ,Y2,·····• Yn 

(5) 

- ynopR,QOYl,1Tb y;. y ; , ... , y : B Hey6b1ea10111y10 n0Cfl8A0B8T8flbH0CTb 1,1 ,QflR 

Ka>K,Qoro y;U = I, n) onpeA8Ill,1Tb rj- H0Mep 3fl8M8HTa y; B ynopRAOY8HHOCi 

n0Cfl8,Q0BaTeflbHOCT1,1, T.e. paHr 3fl8M8HTa y;; 

- 38M8Hl,1Tb B (5) 3fl8M8HTbl X;, y; COOTB8TCTBYIOIJ.ll,1M~ 1,1M paHraMli1, T.e. no

CTp01,1Tb nOACTaHOBKy 
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(
I, 2, .... ,n) 
r1,r2,••••,rn I 

(6) 

- HaCiTIII YIIICflO S;(i = I, n) TaKIIIX paHroe rj a no,QCTaHOBKe (6), ,QflR KOTOpblX 

cnpaee,Qn111eo HepaeeHCTeo 

ri > r; np111 i > j; 

- BblYIIICfllllTb K03cpcp1111.1111eHT paHrosoCi KOppellRl.1111111 KeH,Qanna no cpopMyne: 

4I;s; 
t,y =-j--1. (7) 

n(n -1) 

Ko3cpcp1111.1111eHT KeH,Qaflfla M0)f(HO IIICnOflb30BaTb ,QflR nepeMeHHblX, 1113MepeHHblX 

B nopR,QKOBblX III IIIHTepBaflbHblX WKanax, a TaK)f(e B WKane 0TH0W8HIIICi. ,QocTO

IIIHCTBOM 3TOCi Mepbl CBR3111 RBflR8TCR TO, YTO 0Ha np111MeH111Ma np111 mo6blX 8111,Qax 

cpyHKI.IIIIOHaflbHOCi 3aBIIICIIIMOCTIII, K0TOpble RBflRIOTCR MOHOTOHHblMIII (a 3TOM >Ke 

ee maBHblCi He,QOCTaTOK). 

Bb16opOYHblCi K03cpcp1114111eHT paHroeoCi K0ppellRl.1111111 Cn111pMeHa paCCYIIITbl

eaeTCR ,QflR napbl nepeMeHHblX(x,y). np111 3TOM BblnOflHRIOTCR Cfle,Qy10111111e 

,QeCiCTBIIIR: 1) nocTpoeHllle n0ACTaHOBKIII (6) KaK B anroplllTMe pacYeTa K03cpcp111-

1.1111eHTa paHrosoCi K0ppeflRl.1111111 KeH,Qanna; 2) BblYIIICfleHl/le K03cpcp1114111eHTa paH

rosoCi Koppensi1.1111111 Cn111pMeHa no cpopMyne: 

6~(r; -i)2 

Pxy = 1- ; 
2 

• (8) 
n(n -1) 

Ko3cpcp1111.1111eHT CnlllpMeHa 0611a,QaeT TeMIII )1(8 AOCTOIIIHCTBaMIII, a TaK)f(e He

,QOCTaTKaMIII, YTO III K03cpcp1111.1111eHT paHrosoCi KOppellRl.1111111 KeH,Qaflna. OHIII OTfllll

YalOTCR fllllWb pa3HblM noee,Q8HllleM B IIIHTepsane (0, 1 ). 

nocKOilbKY KOppellRI.IIIIOHHble OTHOWeHIIIR n111pc0Ha RBflRIOTCR H8CIIIMMeT

plllYHblMIII, TO npOIIICXO,QIIIT pacYeT Mepbl CBR3111 KaK e(x,y), TaK Ill e(y,x). np1,1 

3TOM CHaYami ,QflR Ka>K,QoCi nepeMeHHOCi paccMaTp111eaeM0Ci napbl Heo6XO,QIIIMO 

BblnOflHIIITb Cfle,Qy10111111e ,QeCiCTBIIIR: 

a) onpe,QefllllTb CTaHAaprnoe OTKflOH8Hllle ycnoBHblX MaTeMaTIIIY8CKIIIX 0)1(111,Qa

HIIICi 

9 



~[(xi -xi~>!i] 
sz(x-)== J ' 

J L~>ij 
2 - J:[c,, -Y>'f•, l 

. s <Y;)- LLn!i (9) 

i j i j 

6) Bbl4111CJH1Tb YCilOBHble AJ11Cnepc111111: 

Lkx; -x)2 n!i] 
S 2 (x) == -';'-----=---

Ln!i 

L[{yi -y;)
2 n!i] 

2 )- j 
S (Y; - -L "°'· 'n·•!i (10) 

j 

B) H81ATIII cyMMapHble ,q111cnepc111111: 

S
2
(x)== S/(x)+S 2 (x), S2 (y)== S/(y)+S 2 (y;), (11) 

rAe 

Ln!i 
2( ) i ' S-\x) == LS xi LLn!i 

J j i j 

Ln!i 
s/(y) == LS2

(y;) :iLn!i · 
I i j 

3aTeM paCC4111Tb1B8IOTCR KOppe11si4111OHHbl8 OTHOWSHIIIR n111pc0Ha: 

S
2
(xi) s2 (5';) 

e(x,y)==-2-, e(y,x)==-
2
-. 

S (x) S (y) 

(12) 

(13) 

PacCMOTpeHHaR Mepa CBR3111 np111M8HR8TCR AJlR OI.ISHKJ/1 nOK838T8JlR TSCHO

Tbl CBR3111 nepeMSHHblX, 1113MepeHHblX B HOMIIIH8JlbHOIA, nopRAKOBOIA, IIIHTep

B8JlbHOIA WKa11ax Ill WKaJle OTHOWSHIIIIA. TaKasi Mepa nO3BOJlR8T onpeASilRTb 

B38JIIMOCBR3b nepeMSHHblX, MS>J<AY KOTOpblMJ/1 CYl..l.lSCTByeT cpyHKI.IIIIOH8JlbH8R 

38BIIICIIIMOCTb He TOJlbKO JllllHSIAHOro, HO III H8JllllH81AHOro BIIIA8. 8 3TOM 38KJll048-

eTCR OCHOBHOe npelllMYl..l.lSCTBO A8HHOIA Mepbl CBR3111 nepeA MHOrlllMJ/1 APYflllMIII 

MepaMJII. K OCHOBHblM H8AOCTaTK8M 3TOIA Mepbl CJ18AY8T OTHSCTJ/1 H8CIIIMM8T

Plll4HOCTb no OTHOWSHIIIIO K nepeMeHHblM, 4TO 38TPYAHR8T IIIHTepnpeTa4J1110 

TeCHOTbl CBR3111, Ill He06XOAIIIMOCTb no11y4eHJIIR 60JlbWOro 4111CJla 1113MepeHJIIIA AilR 

AOCTOBepHoro BblCK83b1B8HIIIR O H8Jllll4111111 11111111 OTCYTCTBJ/1111 CBR3111 MS>J<AY nepe

MSHHblMIII. 

6111cep111aJ1bHbl!A KO3cpcp1114111eHT KOppe11si4111111 paCC4111Tb1B88TCR no cpopMy11e: 

10 

·Pxy r 
Lx; Lx1 j 

Y;EM1 YjEMo .J(n, - no) 
-------n, n0 n 

L(x; -xi 
.. (14) 

n-.1 

rAe X !1 y - napa nepeMeHHblX, np11148M y JIIMeeT TOJlbKO ABS rpaAa1.1111111: Io Ill 

/ 1 ; n - 061..l.188 4111CJ1O 1113MepeHIIIJA; M 1 - MHO>KSCTBO BCSX 1113M'epeHJIIIA nepe

M8HHOIA y , paBHblX / 1 ·; M O - MHO>KecTso ecex 1113MepeHIIIH nepeMeHHOH y , 

paBHblX / 0; Ill - 4111CJ1O 1113MepeHIIIIA nepeMeHHOIA y ' paBHblX /I ; no - 4111CJ1O 1113-

MepeHJIIIA nepe.MeHHOIA y , paBHblX Io; .x - O4eHKa M8T8M8Tlll48CKOro O>Klll,Q8HIIIR 

nepeMeHHOH x . 

_,QaHHaR Mepa CBR3111 npe,QH83Ha4eHa ,QJlR onpeASJ18HIIIR n_OK838TeJlR TepHo

Tbl CBR~III Me>K,Qy napo!A nepeMeHHblX, O,QHa 1113 KOTOpblX K848CTB8HH8R Ill MO>KeT 

nplllHIIIM,8Tb JllllWb ,QBa 3H848HIIIR. 

,[\IIIXOTOMlll48CKIIIIA K03cpcp1111.1111,eHT KOppe11si4111111 paCC4111Tb1B88TCR .,no c11e

AYIOl..l.l81A cpopMy11e: 

2IP;LP ;u log(p1,; I pi) 
- i j 

axv - ) ' 
· I+2IP;LP1,;log(pji;lpi 

i j 

(15) 

r,Qe 
II n-- II· 

P;=_;_; Pjl;==i; P1==-1..; n;=L11J;n1==Ln!i; nu 
n n; n i ; , 

- a6COJ1IOTH8R 

48CTOTa H8CTYnJ1eHJIIR co6b1TIIIIA (x == X;, y == Y;); II - MIIIHIIIM8JlbHOe lf'1CJ10 1113-

MepeHJIIIA. 3Ta Mepa CBR3111 np8AH83H848H8 ,QJiR onpe,QSJ18HIIIR nOK838T8JlR TeC

HOTbl CBR3111 TOJlbKO JllllWb MS>J<AY K848CTB8HHblMIII nepeMSHHblM~. 

np111HRT111e peweHIIIR no 8BTOM8Tlll381.1111111 T8XHOJ1Orlll48CKOro npo1..1ecca MO

>KeT npOIIICXO,QIIITb CJ18AYIOl..l.llllM o6pa30M. ll1cc11e,QyeTCR TlllnOBOIA T8XHOJ1Orlll48-

CKIIIIA npo4ecc, A.i:1R KOTOporo MO>KHO 38,Q8Tb _H~CKOJlbKO Ha6opoe CYl..l.lSCTBSHHblX 

nepeMeHHblX, K8>K,[lbl!A 1113 KOTOpblX 06ecne4111~aeT nOJlHOTY IIIHq>OpMa4111OHHOIA 

MO,Q8Jllll. Ha 6a3e 3TIIIX Ha6opoe cyl..l.leCTBSHHblX nepeMSHHblX CTpOIIITCR no11111-

HOM }Ken:lJ1KIIIHa,.m-:1e10U1IIIH B O61..l.18M c11y1..1ae CJ18,QYIOl..l.lllllA BIIIA: 
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y = C0 + (C1AX1) + ... + (C.)..x.) + ... + (C1_2AX1A..X2 ) + ... 

+ (C •.• -1AXn-1AXn) + ... + (C,.2 ...... AX, ... AX. ), 
(16) 

r,Qe (+) - onepa1.11,u:1 cno>KeH1.1R no Mo.Qymo 2; ,._ - onepa1.11.1R norw-1ecKoro yMH0-

>K8H"1R; Co,C,, ... ,c,.2 .....• - K03Q)Q)"11.1"18HTbl nonl.1H0Ma >KeranK"1Ha, RBflRIOLl.1"18CR 

6yneBCKl,1Ml,1 senw-11.1HaM1.1; X; - 6yneBCKaR nepeMeHHaR, np"1H"1Ma101..1.1aR 3Ha'-!e

H"18 «"1CT"1Ha», ecnr.1 X RBflR8TCR cy1..1.1ecrseHH0H nepeMeHH0H, 1,1 «n0>Kb>>, ec111,1 

x He RBflR8TCR cy1..1.1ecTB8HH0H nepeMeHH0H. Hanpr.1Mep, np1,1 n = 3 non"1H0M 

>KeranK1.1Ha 1.1Meer sr.1,Q: 

y = C0 +(C1AX1) +(C2AX2 ) +(C3AX 3 ) +(C1_2AX1AX 2 ) + 

+(C,_3 AX1AX3 ) +(C2.3AX2AX3 ) +(C,.2•3 AX1AX2 AX3 ). 

(17) 

npr.1 aHan1,13e K0HKperHoro rexHonornYecKoro npo1.1ecca 6epercR nonr.1HoM 

>Kera11Kr.1Ha, nocrpoeHHblH ,QnR aHanornYH0ro rnnosoro rexHonornYecKoro 

npo1.1ecca, 1,1 Ta C"1CT8Ma ,QaT'-!"1K0B C"1CT8Mbl "13M8p8H"1H, K0TOpaR 1,1cnonb3yer

CR .QnR 1.1ccne,QyeMoro rexHonornYecKoro npo1.1ecca. no 3HaYeH1.110 nonr.1H0Ma 

>KeranK1.1Ha· npr.1Hr.1MaercR peweH1.1e o B03MO>KHocrn asr0Marn3a1.11.11,1 ,QaHHoro 

npo1.1ecca. npr.1HRrne peweHr.1'1 MO>Ker ocy1..1.1ecrsnRTbCR TaK>Ke 1,1 c noMOLl.lblO 

,Qpyrnx M8TO,QOB, Hanpr.1Mep, Ha OCHOBe 6e'1ecoBCK"1X pewa101..1.11.1x cpyHK1.1"1H, 

npo1.1e,Qyp (MHOroKpr.1rep1,1anbHOro) fl"1H8HH0ro nporpaMMl.1POBaH"1R 1,1 T.n. 

3. MeTOA onpeAeneHHJI T8CH0Tbl B3aHMOCBJl3H M8>KAY napaMeTpaMH 

noKa3aren1,1 T8CH0Tbl B38"1M0CBR3"1 Me>K,Qy T8XH"1K0-3KOHOM"1'-!8CK"1M"1 na

paMerpaMl.1 6y,QeM ycnosHO Ha3blBaTb K03Q)Q)"11.1"18HTaMl.1 T8CH0Tbl CBR3"1: K0-

3cpcpr.11.11.1eHTbl T8CH0Tbl CBR31,1 Me>K,Qy T8XH"1K0-3KOHOM"1'-!8CKl.1Ml,1 napaMerpaMl.1 

BHyrp1,1 KOMnOH8HT - r; K03cpcpr.11.11.1eHTbl T8CH0Tbl CBR31,1, Bbrpa>KeHHble Yepe3 

T8XH"1K0-3KOH0M"1'-!8CK"18 napaMeTpbl, Me>K,Qy K0Mn0HeHTaMl.1 "1HcpopMa1.11.10HHOH 

MO,Qen1,1 - k (p1,1c. 2). Ko3cpcpr.11.11.1eHTbl T8CH0Tbl B3al.1MOCBR31,1 rij xapaKTep1,13y-

lOT He06XO,Q"1MOCTb T8XHl,1K0-3KOH0M"1'-!8CK"1X napaMerpos 1,1n1,1 npRMYIO CBR3b B 

KOHrypax M0,Q8fll,1 npo1.1ecca. Ko3cpcpr.11.11.1eHTbl T8CH0Tbl CBR3"1 kij xapaKTep1,13y

lOT ,QOCTaTO'-!H0CTb T8XH"1K0-3K0H0M"1'-!8CKl,1X napaMerpoa 1,1n1,1 o6paTHYIO CBR3b 

B C00TB8TCTBYIOL1.1"1X KOHrypax MO,Qenr.1 npo1.1ecca. 

Ha OCHOBe "13MepeHHblX 3Ha'-!8H"1H K03cpcpr.11.11.1eHTOB crpol.1M pacnpe,Qene

H"1R T8XH"1K0-3KOH0M"1'-!8CK"1X napaMeTpOB Ha OCRX npl.188,Q8HHOH Ba>KH0CTl,1. 

Pe3ynbTaTbl nocrpoeH"1R CflY>KaT OCHOBOH ,QnR npr.1HRT"1R peweH"1H no aBTOMa-
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Tlll38L\IIIIII T8XH0110rlr1'-18CK0ro np0L\SCCa. Koop,QIIIH8TaMIII AJls:I pa3M81.J..\8HIIIR T8XHIII

K0-3K0H0Mlll'-18CKIIIX napaMeTp0B no 0CRM RB11RIOTCR 3H8K np111 K03cpcp1r1L11118HTe 

(-,+) 111 IIIH,[l8KC CCIII (X, .. .X.,Y, ... Ym,Z, . ..Zp). A6comoTH0e 3H8'-18Hlll8 K03cpcpllll\lr1-

eHTa 0TKI18AblBaeTCR Ha oc1r1 Ir I; I k I - Yc11osHaR scnoMorare11bHaR Kp1r1BaR 

C11y>KIIIT AJlR pa3M81.J..\8HIIIR T8XHIIIK0-3K0H0Mlr1'-18CKlr1X napaMeTp0B Ha C00TB8TCT

BYIOIJ..\IIIX 0CRX np111B8,[l8HH0'1 B8>KH0CTIII no '-IIIIC110BblM 3H8'-18HIIIRM K03(:pcpllll\lr18H-

' Ta TSCHOTbl CBR3111. 

,Q11R 8H8111113a pacnpe,Q8118Hlr1R T8XHlr1K0~3K0H0Mlr1'-18CKIIIX napaMeTp0B no 

0CRM np111B8,[l8HHOCI B8>KH0CTIII 3TIII 0Clr1 pa36111B8IOT Ha n paBHblX lr1HTepB8110B. 

3a,QaBaR noporosbre 3Ha'-leHIIIR h 1r1 I, cpopM1r1pyeM 0611acrn onpe.Qe11eH1r1R na

paMeTpos. 8b16op 3H8'-18Hlll'1 h lr1 / onpe,Q811RSTCR Tpe6yeM0'1 TO'-IH0CTblO pe

W8HIIIR 38,[18'-1111. 3Ha'-18Hlr1R K03cpcplr1L\lr18HTOB TeCH0Tbl CBR3111 (I r!i I; I k!i I~ h) CBlr1-

A8T811bCTBYIOT 0 H8111r1'-llr1111 T8CHOCI CBR31r1 Me>K,Qy IIICC118AY8Mb1Mlr1 napaMeTp8Mlr1. 

np111 K03cpcpllll\1118HT8X M8HbW8 8,[llr1HIIIL\bl 38B1r1Clr1M0CTb Me>K,Qy napaMeTpaMlr1 

C'-llr1Ta8TCR H83H8'-llr1T811bH0CI. Ko3cpcp1r1L\lr18HTbl TeCH0Tbl CBR3111 r III k M0ryT np1r1-

HIIIM8Tb 11l06bl8 3H8'-18HIIIR Ha IIIHTepsa11e (0, 1). B 38B1r1CIIIM0CTIII OT 3H8'-18Hlr1'1 r 

1r1 k np111B8,[l8HHbl8 0Clr1 M0>KH0 YC110BH0 pa361r1Tb Ha Tplr1 30Hbl. 

3oHa I (lr!i l;lkii ~h) xapaKTep1113yeT recHyio, 6111113KYIO K cpyHKL\lr10Ha11bHOCI 

B381r1M0CBR3b napaMeTp0B Ill pery111r1pyeTCR CHlll3Y 38 C'-18T YB8111r1'-18HIIIR 1/1111,1 

YMSHbWSHIIIR 30Hbl II. 

3oHa II (/~lr;i l;lkii l~h) c no11HblM ocH0BaH111eM Ha3brsaercR 30Ho'1 norepb, 

TaK KaK C YB811lll'-18Hlll8M T0'-IH0CTIII onpe,Q8118HIIIR TeCH0Tbl CBR3III YB811111'-1111B88TCR 

sepoRTH0CTb nona,QaHIIIR napaMeTp0B B 30HY 11, _YB811111'-1111B88TCR Heonpe,Qe11eH

H0CTb T8CH0Tbl CBR3111. 

3oHa Ill (I r;i l;I k!i 1~ I) xapaKTep1r13yer He3as111c111MoCTb, 11111111 caM0CT0RTe11b

H0CTb, napaMeTp0B. 3oHa H838BI/ICIIIM0CTI/I napaMeTp0B orpaHlr1'-18Ha csepxy 1,1 

M0>K8T YB811111'-1111B8TbCR 11111111 YM8HbW8TbCR 38 C'-18T 1113M8H8HIIIR WlllplllHbl BTOp0C\ 

30Hbl. 

OTH8C8Hlll8 napaMeTp0B 1113 30Hbl II K cpyHKL\lr10H811bH0CI 30H8 I 1,1111,1 K 30H8 Ill 

0TH0CIIIT811bH0CI H838BIIICIIIM0CTIII M0>KH0 0CYIJ..\8CTBlr1Tb np1r1 noM0IJ..\lr1 MST0,[10B 

3KCnepTHblX OL\SH0K. T111n CBR3111 (npRMaR 11111111 o6paTHaR) OTpa>KeH B MaTeMaTlll

'-ISCK0M on111caHIIIIII 111HcpOpM8L\IIIOHHOCI M0,[18111,1 CI/ICT8MH0ro 8H81111138. 
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TaKlr1M o6pa30M, np111M8H8Hlll8 M8TeM8Tlll'-18CKlr1X MeJ0A0B Bblf1B118HIIIR cy

l.J..leCTBeHHblX nepeMeHHblX RB11REHCR 3cpcpeKTIIIBHblM IIIHCTpyMeHT0M, 06ecne

'-II/IB810l.J..llr1M ycTaH0Bl1eH111e onTIIIM811bH0ro Ha6opa T8XHlr1K0-3KOHOMlr1'-18CKIIIX na

paMeTp0B A11R noCTaH0BKlr1 Ill peweHI/IR K0HKpeTHblX 38,[18'-I. np111 3TOM Ha,Qe>K

H0CTb onpe,Qe11ReTCR no11H0T0CI ~HcpopMal\lll0HH0ro on111.caHI/IR 06beKTa (KI1ac

c1r1cp1r1KaTOpa), a Heo6XO,[ll/lMOCTb Ill ,[l0CTaTO'-IH0CTb napaMeTplll'-18CK0ro om1ca

Hlr1R nepeMeHHblX ycraHaB111/1BaeTCR YC110BIIIRMIII pewaeMoe\ 38,[l8'-llr1. 

4. CrpyKTypHo-cpyHKL\MOHa11bH3R MOA811b L\8118H 

HetM0TpR Ha 3Ha'-1111Te11bHoe· '-1111c110 pa6or [6, 7], nocBRIJ..\eHHblX ocMb1c11e

Hlll10 noHRTIII.R L1e111r1 KaK PYK0~0ACTBa K ,QeHCTBIIIIO, AO Clr1X nap ocraeTCR H8RC

H0'1 TeXH0110rlllR K0HCTpy111p0B8HIIIR caM0H L1e11111. npaKTlr1'-leCKIII scer,Qa np111Hlr1-

MaeTCR anp1r1op1r1 He3b_l6118"'.10CTb L1e11111, Ill see noc11e,Qy10IJ..\l/le yc1r1111r1R TpaTRTCR 

Ha ee 6e3YC110BH0e A0CTlll>KeH1r1e. Me>K,Qy TeM IIIMeHH0 B TeXH0110rllllll np_lllHRTIIIR 

peweHIIIR HaX0AIIITCR caMoe c11a6oe 3BeHo, raK KaK Ha cpopMy11111poBKY .L1e11111 

'-18CTO B111r1ReT cy6beKTI/IBHblH cpaKTop, a IIIH0r,Qa 1,1 cpaKT0p HeK0MneTeHTH0CTIII 

pyK0B0,[ll/lT811R - 11IIIL\8, np111HIIIM8IOIJ..\ero peweHllle (nnP). npo611eMa 3Ta KpaC1He 

C110>KHaR, no3T0MY Mb( He CT8B1r1M nepe,Q co6oe\ 38,[la'-ly paccM0TpeTb mo6a11i:,

HblH MexaHlll3M cpopM1r1posaHlr1R L\8111,1, a orpaHl/l'-IIIIMCR nonblTK0H nepe0CMblC-

111/1Tb n0HRTllle «L\811b» Ill YK838Tb B03M0>KHbl8 Kp111rep1111r1 AJls:I 0L1eHKlr1 «L1el1b -

pe3y11bTaT» .. 

np111 peweHI/IIII 3TOCI npo611eMbl npe,Q11araeTCR C00TH0CIIITb pecypCbl C' no

Tpe6HOCTRMIII C noM0IJ..\blO rpacpa L\811e'1, coxpaHRR np1r1 3T0M yc11os1r1e B03M0>K

H0CTIII np1r1MeHeHIIIR TaKoro peweHI/IR KO BCeM C0CTaB11RIOIJ..\IIIM CTPYKTYPH0-

cpyHKL\lr10H811bH0H M0,Qe111r1 L1e11ee\ (p111c. 3). He38BIIICIIIMO OT I/ICC118,QyeMoro 06b

eKTa rpacp L1e11ee\ A011>KeH 6b1Tb npe,QCTaB11eH K0Mn11SKC0M cpyHKL\lr10H811bHblX 

xapaKTeplr1CTIIIK. 3TO 0TH0C1r1TCR KO BCeM 06beKTaM, paCCM0TpeHHblM B ,[l8HHOH 

111 noc11e.QY10IJ..\IIIX pa6orax. B 3as1r1c111M0CT111 OT nocTas11et-it-tb1x 3a.Qa'-I 111cxo.QH0CI 

npe_AnOCblilK0H A011>KH0 6b1Tb ,Qepesc, Lle11eBblX cpyHKL\111'1. 8 0CH0BY nocTp0eHlr1R 

,Qepesa no11o>KeH nplr1HL\llln cpopM111po'saHIIIR cpyHKL\IIIOH811bHblX CTPYKTYP-

PaccM0TplllM 6011ee no,Qpo6Ho, '-IT0 raKoe L1e11b 1r1 CTPYKTYPH0-

cpyHKL\lr10Ha11bHaR M0,Qe11b C ee lr1HcpopM8L\lr10HHblM Han011H8Hlr1eM. 8 A811bHSH

weM no,Q L1e11bl0 Mbl 6y,QeM n0HIIIM8Tb «O>Klr1,QaeMblH pe3y11bT8T 061.J..\eCTBSHHO 

He06XO,[llllMblX HanpaB118HHblX A8'1CTBlr1H, Bblpa>KeHHblCI K0Mn11eKC0M TeXHlr1K0-
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3KOHOM"14eCK"1X napaMeTpOB». np1,1 cpopM"1pOB8H"1"1 1..1e1m AOil>KHbl Y4"1Tb1B8Tb

Cfl ABa OCHOBHblX MOMeHTa: 1) COCTaB 3JleMeHTOB 1..1e111,1; 2) Ha6opbt napaMeT

pos, 0Tpa>Ka101..1.11,1e 1..1e11b, AOil>KHbl COOTBeTCTBOB8Tb nOilHOTe aTp"16yrnK"1 (eA"1-

H"11..1bl "13MepeH"1s:t, T04HOCTb, Macwrn6, A"1CKpeTHOCTb 1,1 AP-)- CTPYKTYPHO

cpyHKL.1"1OHanbHas:t MOAellb 1..1e11e111 - 3TO CJlO>KHOe CTPYKTYPHOe o6pa30B8H"1e, 

BKI11048IOL.Llee 3JleMeHTbl, npeACTaBJleHHbte Ha p1,1c. 3. CoAep>KaH"1e yKa3aHHblX 

3JleMeHTOB np1,1seAeHO B Ta6n. 1. 

Ta6mu._\a 1. CoAep>KaHHe cTpyKTypbt l.\8J1eH 

NQ Ha111MeHOBaH111e L.le11III CoAep>KaH111e 

L1e11b «noTpe6HOCTb» 4TO o6beKTIIIBHO Heo6XOAIIIMO? 

1 KoMy (aApec) 

CKO11bKO (K KOHKpeTHOMY aApecary) 

Ka4eCTBeHHble xapaKTeplllCTIIIKIII, AOCT8TO4Hble A11fl 

on111caH111ft L.le11111 

L1e11b «TeXHO11Or1114e- 4TO MO>KHO no11y4111Tb? 

2 CK8fl» KoMy (aApec) 

CKO11bKO (K KOHKpeTHOMY aApecary) 

Ka4eCTBeHHble xapaKTeplllCTIIIKIII, AOCT8TO4Hble A11fl 

on111caH111ft L.le11111 

L1e11b «npol\ecc» KaKI/IM o6pa30M (TeXHO11Orlll4eCKIIIIII npOL.\eCc)? 

3 KaK (BIIIA Ill cnoco6 no11y4eHlllfl, nocneAOBaTe11bHOCTb, 

opraH1113aL.\lllfl) 

Ka4eCTBeHHO-K0111114eCTBeHHble·xapaKTep111CT111K111, AOC-

T8TO4Hble A11fl on111caHl/lfl L.le11III «npOL.\eCC» 

L1e11b «KOHe4Hbllll 4TO HY>KHO no11y4111Tb? (c y4eTOM OTCYTCTBl/lfl 4ero-TO B 

4 npOAYKT» 1-3, 5, 6 11111111 npeBblWeHl/lfl pe3y11bTaTa 38 C4eT BCKpbl-

Tlllfl nplllHL.\lllnllla11bHO HOBblX peweHi/1111, BO3HI/IK8IOI.J..IIIIX B 

KOM6IIIH8L.\IIIIII C04eTaHI/IIII OCT811bHblX L.le11e111) 

5 l...lenb «TeXHO11Or1114e- roTOBble peweHl/lfl, KOTOpble MOryT 6b!Tb IIICnO11b3OBa-

CKIIIIII pecypc» Hbl (MeTOAO110rlllfl, MeTOAbl, cnoco6bl, TeXHO11Orlllfl, no-

cneAOBaTe11bHOCTb, opraHl/l38L.\"1fl, a11roplllTMbl, npo-

rpaMMbl, o6y4eH111e Ill T.n.) C O6ft3aTe11bHblM Ha6opoM 

Ka4eCTBeHHO-KO111/14eCTBeHHblX xapaKTeplllCTIIIK, AOCTa-

TO4HblX A11fl np111MeHeHl/lfl 

6 L1e11b «pecypc» nepe4111c11eH111e (Ha6opb1) scex BIIIAOB pecypcos (1110-

AIII, MaTep111a11bHbllll, Q)I/IHaHCOBbllll, speMfl, Ka4eCTBeH-

HO-KO111/14eCTB8HHble xapaKTeplllCTIIIKIII, AOCTaTO4HO Ill 

nO11HO OnlllCblB8IOI.J..lllle pecypc) 

7 L1e11b «BO3MY1.J..1eH111e» L1e11111 1-6 paccMaTp111B8IOTCfl np111MeH111Te11bHO K 38A8H-

HOMY ypoBHIO CTa61/111bHOCTIII BO3MYI.J..leHlllfl (ycnOBlllfl). 

rpaHIIIL.\blCTa611111bHOCTIII 
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Bee C0CTaBflf!IOlJ.(He 4enH npH ee HH(pOpMaL(HOHHOM onHCaHHH anpH0pH 

paBH03Ha'-lHbl. OAHaKO 4enb M0>KH0 CllHTaTb ccpopMHpoBaHH0'1 TOflbK0 B TOM 

cnyl.lae, ecnH paCCM0TpeHbl ace C0CTaBflf!IOlJ.(He, a B3aHM0CBfl3H Me)l(Ay HHMH 

o6pa3ytoT HH(pOpMaL(HOHHOe npocTpaHCTB0, He06XOAHMOe H A0CTaT0'-lH0e Aflfl 

ee cpopMHP0BaHHfl. CyuteCTBYIOT ABa npHHL(HnHanbH0 pa3flH'-lHblX n0AX0Aa K 

nocTpoeHHto Aepesa 4ene'1: 

1) Aepeao 4ene'1 CTp0HTCfl Aflfl peweHHfl K0HKperno'1 3aAal.lH, rAe B Ka'-leCTBe 

seTBe'1 cny>KaT y>Ke H3BeCTHble nyrn peweHHR; 

2) Aepeao 4ene'1 CTp0HTCfl Ha 0CH0Be 6a30B0'1 HH(pOpMaL(HOHH0'1 CTPYKTYPbl, H 

Allfl peweHHfl K0HKperno'1 3aAal.lH Bbl6HpatoTCfl He06XOAHMble 31leMeHTbl Allfl 

nocTpoeHHR Aepeaa. 

nepBbl'1 n0AX0A nocTp0eHHfl Aepesa 4ene'1 npHMeHf!eTCfl, KaK npaBHil0, 

Aflfl TeXHH'-leCKHX CHCTeM H HaH60JlbWee pacnpocTpaHeHHe nonyl.lHJl npH no

CTp0eHHH Aepeaa 0TKa30B. Llaute scero TaK0'1 BHA Aepeaa cny>KHT 0CH0B0'1 

Allfl peweHHfl Cfl0>KHblX 3aAa'-l, rAe '-lHCJl0 yposHe'1 BJl0>KeHH0Crn 6onbwe Ae

Cflrn. 3cpcpeKTHBHOCTb npHMeHeHHfl TaKoro Aepesa 4ene'1 3aBHCHT OT K0Mne

TeHTH0Crn PYK0B0AHTeJlf! pa60T - nnP. OAHaKO B npo4ecce cpyHKL(H0HHposa

HHfl Cfl0>KHblX TeXHHl.leCKHX CHCTeM, oco6eHHO a cnyl.laf!x, K0rAa Aepeao 4ene'1 

paCC'-lHTaH0 Ha peanH3aL(HIO B Tel.leHHe AilHTeJlbH0ro HHTepsana apeMeHH, 

B03HHKaeT He06XOAHMOCTb cosepweHCTB0BaHHfl 0TAeJlbHblX l.laCTe'1 CHCTeMbl C 

HCn0ilb30BaHHeM A0Crn>KeHHfl Hayl.lH0-TeXHHl.leCK0ro nporpecca (nOf!BJlf!IOTCfl 

aHanorn c ynyl.lweHHblMH xapaKTepHCrnKaMH H T.A.) [1]. 3TO npHB0AHT K nepe

CTp0'1Ke acero Aepeaa 4ene'1 H CHH>KaeT 3cpcpeKTHBHOCTb npHMeHeHHfl TaKoro 

n0AX0Aa. 

npHMeHf!fl TY >Ke HAeto 06 HepapXHH, M0>KH0 CTp0HTb Aepeso 4ene'1 BTO

pblM cnoco6oM. B 3T0M cny'-lae Aepeao 4ene'1 CTp0HTCfl He H3 peweHHfl K0H

KpeTHblX 3aAa'-l, a C HCn0ilb30BaHHeM 6a30B0'1 CTPYKTYPH0-cpyHKL(HOHaJlbH0'1 

M0AeJlH. 111HcpOpMaL(HOHHOe HanonHeHHe M0AenH 4ene'1 onpeAeJlfleTCfl npH

HaAfle>KH0CTblO Ka)KA0'1 4enH K onpeAeneHH0MY KJlaccy («noTpe6HOCTb», «pe

cypc», «K0Hel.lHbl'1 np0AYKT» H T.A.). KpoMe 3T0ro BblAellf!IOT KJlaCCbl 4ene'1, 

nony'-laeMble Ha 0CH0Be 4eneBblX K0HTYP0B B CTPYKTYPH0-cpyHKL(HOHaJlbH0'1 

M0AeJlH 4ene'1, K0T0paR npeACTaBJlf!eT co6o'1 C0B0KYnH0CTb ceMH 3fleMeHT0B 

C;, i = 1,2, ... ,7, H B03M0>KHble B3aHM0CBfl3H Me)l(Ay 3JleMeHTaMH M0AeflH, T.e. 
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CBfl3H Me>KAy C; H cj (i * }; i,. j E {1,2, ... , 7} ), K0T0pble onpeAeJlf!IOT A0nycrn

Mble 4enesb1e K0HTYPbl (pHC. 3) .. 
BHAbl 4ene'1 M0>KH0 reoMeTpHl.leCKH npeACTaBHTb rpacpoM, K0TOpb1'1 Ha30-

seM rpacp0M Gj B03M0>KHblX BHA0B 4ene'1, H306pa>KeHHblM Ha pHC. 4. noA 4e

Jlbl0, C00TBeTCTBYtoute'1 (pHKCHposaHHOMY KJlaccy, 6yAeM not;tHMaTb, A<>nycrn

Mbl'1 K0HTYP s HH(pOpMaL(HOHH0'1 M0AeJlH 4ene'1, npeACTaBilf!IOLJ.tH'1 co6o'1 Bbl-

60pKY no j 31leMeHTOB (1 :'.', j :'.',)) H3 MH0>KeCTBa {Ci, Ci, ... , C7}, npHl.leM Bbl-

6opKa C0Aep>KHT pa311H'-lHble K0Mn0HeHTbl HHcpopMaL(HOHH0'1 M0AeJlH. CBR3H 

Me>KAy sepWHHaMH ypoaHe'1 onpeAeJJHM nocpeACTB0M noAMH0>KeCTBeHH0ro 

BKiltol.leHHR, T.e. ecn'H G1• - sepwHHa k-ro yposHR G1 = {G, ,G1 , ••• ,G, }, a G
1
. -

, I 2 k 

sepWHHa (k + 1 )-ro · ypoBHfl Gj = {G;, ,Gi, ,.,.,Git ,Gh,, }, rAe k E {1,2, ... ,6}, 

G,, E {C"C2 , ••• ,C1 } H t = l,J, _To Me)K,Qy sepwHHaMH G, H Gj onpeAeneHa CBR3b 

npH Bbln0JlHeHHH ycn0BHfl n0AMH0>KeCTBeHH0ro BKJltol.leHHfl G, C Gj. 

PacCMOTpHM CTPYKTYPHO-cpyHKL(HOHaJlbHYIO M0AeJlb 4ene'1 C T0'-lKH 3peHHfl 

ee peanH3aL(HH, a HMeHH0: o6beKT KaK C0B0KYnH0CTb 3JleMeHTOB A0Jl>KeH 6b1Tb 

npeACTaBJleH B BHAe 4eneHanpasneHHblX n0ACHCTeM, 11H60, Hao6opoT, CHHTe-

3HposaH H3 MH0>KeCTBa nOA06HblX 4eneHanpasneHHblX n0ACHCTeM. O6beKT, 

paccMaTpHaaeMbl'1 KaK CHCTeMa 3JleMeHTOB, He onpeAenf!eTCfl nonH0CTblO ero 

(pH3Hl.leCKHM onHcaHHeM. ,[lnfl nonHoro onHCaHHfl A0il>KH0 6b1Tb 3aAaH0 HH

cpopMaL(H0HH0e C0Aep>KaHHe (aneMeHTbl, CBfl3H H napaMeTpbl), a TaK>Ke HC

nonb30B8Hbl 3JleMeHTbl TeXH0il0rHH, ynpasneHHfl H T.A. ,[laHHaf! K0H4en4Hfl f!B

Jlf!eTCfl ocHosononaratoute'1 Allfl onpeAeneHHfl aneMeHTapHoro o6beKTa (30). 

npo4ecc HHcpopMaL(H0HH0ro OT06pa>KeHHfl xapaKTepH3yeTCfl 60JlbWHMH 

n0TOKaMH HH(pOpMaL(HH, '-lTO BH0CHT 3JleMeHTbl HeonpeAeneHH0Crn B onHCaHHe 

o6beKTa, K0TOpb1e Heo6xoAHMO CTPYKTYPHposaTb. B TO >Ke apeMR H311HWHRR 

K0HKpern3aL(Hfl 4ene'1 HaH0CHT Yutep6 nonyl.leHHIO aAeKB8TH0ro HHcpOpMaL(H-

0HH0ro onHCaHHfl. CoapeMeHHOe C0CTOf!HHe MaTeMarnl.leCKHX MeT0A0B no3B0-

Jlf!eT cpopMaJlH30BaTb aeCbMa CJl0>KHble 38A8'-lH. OAH8KO C0CTaBJleHHe nonHo'1 

M0AellH CJl0>KHblX CHCTeM, B cpyHKLIHOHHposaHHH K0T0pblX HMetoT MeCT0 30Hbl 

HeonpeAeneHH0Crn, Bbl3blBaeT 3aTPYAHeHHe. 8 TaKHX ycn0BHf!X MeT0A0il0rH-

1.leCKH o6ocHOBaHH0'1 f!BJlf!eTCfl cxeMa peweHH~ 38A8'-lH, YllHTblBatoutaf! pac-

19. 
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npeAeJleHHe 30H HeonpeAeJleHHOCTH B npo1.1ecce HHQ)OpMal.lHOHHOro OT06pa

>KeHH.FI. 

no xapaKTepy HeonpeAeJleHHOCTH, B03HHK8l0Ll.leM npH HHQ)OpM81.1HOHHOM 

OT06pa>KeHHH, MO>KHO BblAeilHTb CileAYIOl.l.lHe rnnbl: 

- HeonpeAeJleHHOCTb no HCXOAHblM A8HHblM Ny, B03HHK8I01.l.18.FI no npH4HHe 

pa311H4HOM CTeneHH AOCTOBepHOCTH H nOilHOTbl npeACT8B11eHH.FI A8HHblX; 

- HeonpeAeJleHHOCTb no CTPYKTYP006pa39eaHH.FIM (CTPYKTYP8M) N,' CB.Fl38HH8.FI 

co CT8AH.FIMH >KH3HeHHOro LIHKila 06beKTa; 

- HeonpeAeJleHHOCTb no 1.1e11.F1M Ng, KOTOpa.FI Ha pa3HblX CT8AH.FIX >KH3HeHHOro 

LIHKila HMeeT pa3HblM xapaKTep; 

- HeonpeAeileHHOCTb no cpyHKL!H.FIM N'9' o6ecne4HB8l0Ll.lHM >KH3HeHHblM LIHKil 

o6beKTa. ,lJ,11.FI npo1.1ecca ynpae11eHH.F1 TaKOBOM 6yAeT HeonpeAeneHHOCTb, CB.Fl-

3aHHa.FI C cpyHKL!H.FIMH ynpaeneHH.FI; 

- HeonpeAeileHHOCTb N,, no CHTY81.1H.FIM, 06yc11oe11eHHa.F1 pa3H006pa3HeM Bbl-

6opa peweHHM, AeMCTBHM HilH AeMCTBH.FI IlnP npH HHQ)OpMal.lHOHHOM OT06pa

>KeHHH B 38BHCHMOCTH OT KOHKpeTHO nOCTaBJleHHblX 1.1e11eM [7, 8]. 

KaK npaBHilO, HeonpeAeileHHOCTb HMeeT CMewaHHblM xapaKTep, 4TO npeA

CTaBJl.FleT HeKOTOpble TPYAHOCTH B ycTaHOBJleHHH cpyHKL!HOHaJlbHblX 38BHCHMO

CTei.1, nOCKOilbKY He cyuteCTByeT cpopMaJ1H30B8HHOro nOAXOAa K «CH.FITHIO He

onpeAeJleHHOCTH». 8 Ka4eCTBe npHMepa cpopM811H381.1HH MO>KHO paCCMOTpeTb 

aHaI1H3 npH3H8KOB HCXOAHblX A8HHblX. AHaI1H3 ecex rnnoe HeonpeAeJleHHOCTeM 

H HX B38HMOCB.Fl3ei.1 Tpe6yeT 6011ee AeTaJlbHOrO HCCileAOBaHH.FI H npeACTaBil.Fl

eT co6oM aKryaI1bHY10 38Aa4y. 

noA npH3HaKOM 6yAeM noHHMaTb «napaMeTp (P.FIA napaMeTpoe), noKa3a

Te11b (P.FIA noKa3aTeJleM) HilH HX C04eTaHHe, He06XOAHMble Afl.FI peweHH.FI KOH

KpeTHOM 38A84H» [9]. npoH3B0IlbHblM TeXHHK0-3KOHOMH4eCKHM napaMeTp, Kpo

Me 3Ha4eHH.FI H HaHMeHOBaHH.FI, MO>KHO oxapaKTepH30B8Tb P.FIAOM ecnoMora

TeJlbHblX xapaKTepHcrnK: H8HMeHOBaHHe (ceMaHrnKa); MeTOA H3MepeHH.FI; 3Ha-

4eHHe; T04HOCTb; epeM.FI no11Y4eHH.FI. .QaHHble xapaKTepHCTHKH no3B011.FIIOT, B 

npHHL!Hne, onpeAeilHTb ypoeeHb HeonpeAeileHHOCTH Afl.FI HCXOAHblX A8HHblX. 

BBeAeM B pacCMOTpeHHe cpopMy npeACTae11eHH.FI HCXOAHblX A8HHblX B BHAe 

o6o6uteHHOro npH3HaKa, nOA KOTOpblM 6yAeM nOHHM8Tb 3JleMeHT np.FIMOro 

npOH3BeAeHH.FI 

21 



y E YA C s X M X EX F X DX T~ • 

r,Qe YA - napaMeTp1-14ecKoe on1-1caH1-1e o6beKTa A. TaK1-1M o6pa3oM, np?l-13-

BOJlbHblH 06061..L1eHHblH npl-13HaK l-1MeeT B1-1,Q 

y = (s,m,e,f,~,t)_,_ 

np1-14eM ,QonycrnM0 0TCYTCTBl-1e HeK0TOpblX K9Mno~eHT, K0TOpbJe 3aMeHRIOTCR 

cpopMaJlbHblM 3Ha4eHl-1eM ( * ), Han_p1-1Mep: 

y = (s,*,~,/,*,*). 
npe,Qcrns1-1~ 6onee no,Qpo6Hoe on1-1caH1-1e K0Mno_HeHT _06061..L1eHHoro np1-1-

3HaKa. 8 OTe4eCTBeHH0H J11-1HrBl-1CTl-1Ke npl-1HHTbl cne,Qy10LL1l-1e yp0BHl-1 R3blK0BblX 

BblCKa3blBaHl-1H: CeMaHrn4eCKl-1H, Cl-1HTaKCl-14eCKl-1H, MOpcpOI10rl-1~eCKl-1H, cp-1-1110110- -

rl-14eCKl-1H 1-1 cpm-iern4eCKl-1H [10, 11]. nocne,QHl-1e ,QBa TOJlbKO 06bRBJ1eHbl, HO He 

on1-1caHbl, no:noMy Mbl He 6y,QeM l-1X paccMaTpl-1BaTb. H1,1)1{e npl-1B0,Ql-1TCR M0-

,QeJlb npeo6pa30BaHl-1R CMblCn ➔ TEKCT, l-1Me10LL1aR Ha3BaH~e CEMn [12]. 

Mo,QeJlb CEMn BKJ1104aeT ,QBe K0MnoHeHTbl: ceMaHrn4eCKl-1H rpacp 1-1 cse,QeH~R 

0 KOMMYHl-1KarnBHOH opraHl-13al\l-11-1 CMblCJla . .QnR on1-1caHl-1R Hal-1MeH0BaHl-1R (ce

MaHrnKl-1) napaMeTpa 3Tl-1 ,QBe K0Mn0HeHTbl l-1MelOT npocrne CTp0eH1-1e, n03TOMY 

6onee ,QeTanbHblH aHa111,13.1,1x np1-1so,Q1-1Tb He 6y,QeM [13]. B paccMaTp1-1saeMoM 

c11y4ae np1-1 on1-1caH1-11-1 npo1-13soJ1bH0ro o6beKTa Ha yposHe CEMn onpe,Qe11ReT

CH Ha6op Ha1-1MeHOBaHl-1H ,QeTa11eH np0L\eCC0B 1-1 T.,Q., T.e. onpe,Qe11ReTCR npo

CTpaHCTB0 ceMaHrnK: S = {s}. B Ka4eCTBe 311eMeHTa s 3TOro ceMaHrn4eCK0ro 

npocTpaHCTBa ·. Bb16epeM ceMaHrn4eCKl-1H MH0)l{l-1Te11b (ea aTOM CMblC11a), T.e. 

311eMeHT, He MeHSllOI..Lll-1HCR np1,1 Cl-1H0Hl-1Ml-14eCKl-1X npeo6pa30BaHl-1RX. KpoMe 

CeMaHrn4eCKoro npocTpaHCTBa S , 3a,Qa,Ql-1M MH0)l{eCTB0 cpyHKL\l-1H CBR3eH fij . 

<t>yHKL\1-151 CBR3"1 - 3T0 HeK0TOpoe OTHOWeH1-1'e Me)l(Ay aTOMaMl-1 CMblC11a (ceMaH

Tl-14eCKl-1Ml-1 MH0)l{l-1Te11RMl-1 s. 1-1 s -), onpe,Qe11ReMoe Ha111,141-1eM B aTOMax CMblC: 
' ' ' ' J > I 

11a Q)l-1KCl-1p0BaHH0ro MH_Q)l{l-1Te11R («pO,QCTBeHHl-1K», «n0CTaBI..Lll-1K np0,QYKL\1-11-1» 1,1 

T.,Q.). Ha 0CH0Be 3Tl-1X 0TH0WeHl-1H _B03Hl-1KaeT CTP)'.KTYPa ceMaHrn4eCKoro ~1-1,Qa 

(ypoBHJI CEMn) - aTOM CM~IC11a. 

nepeH,QeM Tenepb K on1-1c~Hl-1IO MeTO,Qa_ 1,13M~_peHl-1R,, T04H0CTl-1, e,Ql-1Hl-1l\bl.. 

1-13MepeH1-1R 1-1 3Ha4~Hl-1R . .Q11si _a,;o~Q- paccMoTp~M /;\Ba rnna wKa11, K0TOpb1e on

pe,Qe111-1M KaK.MH0)l{eCTB~ 81-1,Qa 

ml = {l,;r ER}, lll2 = {/p/2,···•/n} • (1_8~ 

:22 

Mern,Q l-13MepeH1-1R onpe,Qe111-1M KaK onepaL11-110, conocrns11R101..L1y10 np1-13HaKY y, a 

l-1MeHH0 ero 3Ha4eHl-1IO fr, e,Ql-1Hl-1l\Y l-13MepeHl-1R /y, HeK0TOpble 311eMeHTbl 1-13 

WKa11, onpe,Qe11eHHblX C00TH0WeHl-1RMl,1 (18). np1-1 l-13MepeHl-11-1 B03Hl-1KaeT n0HR

rne norpeWH0CTl-1 (T04HOCTl-1) KaK HeK0T0p0H Be111-141-1Hbl 0TKJl0HeHl-151 OT l-1CTl-1H

H0ro (cp1,131,14ecKoro) 3Ha4eHl-1R OCTaHOBl-1MCR no,Qp06Hee Ha on1-1caHl-1l-1 3T0H 

K0Mn0HeHTbl 06061..L1eHHOro npl-13HaKa. 

B Te0pl-11-1 41-1CJ1eHHblX MeTO,Q0B, rosbpR 0 B03M0)1{H0M cosna,QeHl-11-1 np1-16111-1-

)l{eHH0ro 1-1 l-1CTl-1HH0ro 3Ha4eHl-1H Be111-141-1Hbl, l-1MelOT B B1-1,QY l-1X apl-1cpMern4eCKOe 

paseHCTB0. Ho B npaKTl-1Ke l,1H)l{eHepHblX peweHl-1H Hepa3Jll-141-1M0CTb l-1CTl-1HH0ro 

1,1 np1-16111,1)1{eHHoro peweHl-1H 0CH0BblBaeTCR, K0He4H0, He Ha l-1X ap1-1cpMern4e

CK0M paBeHCTBe, a Ha n0,QCTaH0BKe 3Tl-1X 3Ha4eHl-1H B o6nacrn Heonpe,Qe11eH

H0CTl-1 l-1CTl-1HH0ro 3Ha4eHl-1R BeJ11-141-1Hbl, T.e. B l-1HTepsane 

b•aM - d ~ a.er ~ b•aM + d, (19) 

r,Qe d - rpaHl-1l\a a6COJ1IOTHOH norpeWH0CTl-1 np1-16111,1)1{eHl-1R 1-1111-1 H0pM1-1posaHHaR 

T04H0CTb. np1-1 3a,QaHH0M d 1-1HcpOpMal\l-1R 0 TOM, KaKoe 3Ha4eH1-1e B 3T0M l-1H

Tepsa11e RB11ReTCR l-1CTl-1HHblM, a KaKoe np1-16111,1)1{eHHblM, KaK npas1-1110, C T04Kl-1 

3peHl-1R TeXHl-14eCKl-1X peweHl-1H 0Ka3blBaeTCR nocTOp0HHeH. 3TO 06CTORTe11bCT

B0 no3so11ReT a6cTpar1-1posaTbCR OT yKa3aHl-1H TaKoro po,Qa, paccMaTp1-1saR 

npocrn napb1 a 1-1 b, Ha,QeneHHb1e T04H0CTblO d. TaK nocryna10T, s 4acrnocrn, 

K0r,Qa l-1CTl-1HH0e 3Ha4eH1-1e Be111-141-1Hbl 3aMeHRIOT npoeKTHblM (HOMl-1HaJ1bHb1M), 

yKa3blBaR 0,QH0BpeMeHH0 ,QonycK Ha cpaKTl-14eCKl-1H pa3Mep ,Qern111-1, 

l-13,Qe111-1R 1-1 T.,Q. 

O611aCTb Heonpe,QeJleHH0CTl-1 (19) M0)l{H0 1-1cn011b30BaTb B Ka4eCTBe yc110-

Bl-1R 0TO)l(AeCTBJleHl-151, B K0TOp0M d 6y,QeT Bblpa)l{aTb Mepy Hepa3J11-141-1M0CTl-1 

scex ,QonycrnMblX 3Ha4eHl-1H se111-141-1Hbl, BKJ1104aR 1,1 1-1crnHH0e, s l-1HTepsa11e 

H0pM1-1pyeM0H T04H0CTl-1. <t>opMa11bHO TaK0e 0TO)l(AeCTB11eHl-1e M0)l{H0 npe,QcTa

Bl-1Tb 111-160 onpe,QeneH1-1eM 

J. =:; f2 = I J. - f2 I ~ d, (20) 

r,Qe J. 1,1 /2 - 41-1C110Bble o6beKTbl (B paccMaTpl-1BaeM0M c11y4ae K0MnoHeHTbl 

06061..L1eHHoro np1-13HaKa), s 4acrnocrn, np1-16111,1)1{eHHb1e cpopMy11b1, 111-160 onpe

,QeneH1-1eM 

J. =:; Ii = I cp(J. )-cp(f2) I ~ d, 
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rAe f.. Ill /2 - mo6b1e 06beKTbl, Hanp11Mep, AeTanl1 M8Wl1H, CSOIIICTBa <p(f..) Ill 

<p(/z) KOTOpblX AOnycKalOT 411Cnosyl0 04eHKy. 

0TO>K,QecrnneHHb1e TaKIIIM o6pa30M o6beKTbl 6YAYT d -Kon11RM11 APYr APYra, 

TaK 4TO A8HHble SblWe onpeAeneHl1fl onpaSA8HHbl, no Kpa111He111 Mepe, s TOM 

CMblCne, K8KYIO o6naCTb HeonpeAeneHHOCTIII (19) MO>KHO socnp111Hl1M8Tb KaK 

11HTepsan d -Hepa3nl1411MOCTIII, np114eM OTHOCIIITenbHOIII Hepa3nlll411MOCTIII, ecn11 

d 11CTOnKOSblSaeTCfl K8K HOpM11pOS8HH8fl T04HOCTb, 11 a6conlOTHOIII Hepa3nl1-

411MOCTIII, ecn111 d IIICTOnKOSblSaeTCfl KaK pa3pewa101.J..18fl cnoco6HOCTb Ha6nl0-

A8Tenfl 111n11 np1116opa (1113Mep11TenbHOro ycTpOIIICTBa) 0Tnlll48Tb ASa He3aSIACl1-

MblX S03Ael!ICTSl/lfl OAHO OT Apyroro. B 0601,1x cny4aflX nocpeACTSOM onpeAene

Hl,11/1 (19) 1,1 (20) TO>K,QeCTBeHHOCTb Hepa3nl141,1MblX senl1411H onpeAenfleTCfl KaK 

I/IX MeTplt14eCKOe paseHCTBO. 

KaK 1,13secTHO, ap11Cj)MeT1114eCKOMY paseHCTSY conyTcTByeT a6cTp8Kl.llllfl 

OTO>K,QeCTsneHIAfl. Ho MeTp1114eCKOMY paseHCTSY 3Ta a6cTp8Kl.llllfl y>Ke He conyT-

crnyeT. Knaccb1 peweH111111 HepaseHcTsa /q,(f.. )-q,(/2 )/ s d He o6pa3ylOT q>aKTop

MHo>Kecrna no d -Hepa3nl14111MOCTIII. no3TOMY Anfl 38A84 Ha Hepa3nlll4111MOCTb 

MO>KHO nplllHflTb APYrylO a6cTp8KLIIIIIO - a6cTp8KLIIIIIO Hepa3nlll4111MOCTIII. 0Ha MO

>KeT 6b1Tb np01113SOnbHOIII, OC03H8HHOIII, Hanp111Mep, KOrAa S onpeAeneHHOM d -

IIIHTepsane HOpM111posaHHOIII T04HOCTIII AOnycKaeTCfl OTKnOHeH111e pa3Mepos 1113-

Aenlllfl OT npoeKTHblX, HOMI/IHanbHblX. Ho 3Ta >Ke a6cTp8Kl.llllfl MO>KeT 6b1Tb Ill He

np01113SOnbHOIII, HeOC03H8HHOIII, KOrAa Mbl npocTO He MO>KeM SblflCHIIITb pa3nlll-

411111, ne>Ka1.1.111x 3a noporoM pa3peweH111fl, T.e. AOCTYnH0111 cnoco6Hocrn pa3n111-

48Tb. 

MeTp1114ecKoe paseHcTso coxpaHReT, soo61.1.1e rosopR, He see cso111crna 

ap11q>Mern4ecKoro paseHcTsa. 3arn OHO flSHO 6ora4e nocneAHero Kon1114ecT-

soM pean1113a4111111: peweHlllflMIII /q,(f.. )-q,(/2 )/ s dr RSnfllOTCfl see 3neMeHTbl 

MHO>KeCTBa KOHe4HblX pa3HOCTelll, He npesoCXOAfll.J..IIIIX dy no a6conlOTHOIII se

nlll4111He. np111 dy = 0 MeTp1114eCKOe paseHCTSO nepeXOAIIIT S ap111q>MeT1114eCKOe. 

OnpeAeneH111e paseHcTsa o6bl4HO CSfl3bIsa10T c so3MO>KHOCTblO pa3nlll4111111, 

paSHble >Ke o6beKTbl He pa3nlll48IOT, paccMaTplllS8fl KaK T04Hble KOnl/1111 APYr 

Apyra. no3TOMY Ka>KeTCfl, 4TO nor111Ka paseHCTS - 3TO Ill eCTb nor111Ka Hepa3nlll-

411MOCTelll, XOTfl onpeAeneHl/lfl (19) Ill (20) yKa3blS8IOT, 4TO 3TO, soo61.1.1e rosopfl, 

24 

He TaK, no Kpa111He111 Mepe, Ami MeTp1114eCKOIII Hepa3nlll411MOCTH, Aflfl d -paseHCTB 

B CMblCne 3Tl1X onpeAeneHl1111. 

PacCMOTPl1M rnnepb nOrHKY MeTpl14eCKOIII Hepa3nH411MOCTIII, a TOYHee - an

re6py Hepa3fll1411MOCTe'1. Anfl HaYana ycnOBl1MCfl O HeKOTOpblX cnoco6ax 3a

n11c11. nepeMeHHble d., di, ... pe3eps111pyeM Aflfl B03MO>KHblX (nono>K11TenbHblX 

se1.1.1ecTSeHHblX) 3HaYeHl1111 TOYHOCTIII. Mo>KHO CYHTaTb, YTO 3Tl1 3HaYeHHfl np11 

onpeAeneHHblX ycn0B11flx BbIpa>Ka10T nopor pa3peweHHfl Ha6n10AaTenfl 11n1,1 

np116opa. 0YeB11AHO, 4TO nopor pa3peweHl1fl TeM BblWe, YeM MeHbWe 3Ha4e

Hl1fl d. TaK, ecn111 R - Hepa3nl1411MOCTb 1,1 ecn11 d 1 <di, TO Rd,> Rd,. AnR YA06-

cTsa BBeAeM AOnonHHTenbHYIO ABOIIIHYIO 11HAeKca41110: HarypanbHble HHAeKCbl 

np11 nepeMeHHblX d., di, ... 6yAeM onyCK8Tb, 3aMeHflfl 11X KOHKpeTHblMH 3HaYe

Hl1flM d 1,1n11 M8flblMl1 6yKBaMH rpeYeCKOro anq>aB11Ta - TO>Ke nepeMeHHblMIII 

Aflfl TaKl1X 3HaYeHl1111. np111 3TOM Han114111e 6yKBbl d np11 Cl1MBOne OTHOWeHl1fl 

YK83blBaeT Ha TO, 4TO 3TO OTHOWeH111e Hepa3nl14111MOCTIII. Hanp11Mep, o603HaYe

H11fl Rd, Ill Rd = 0 paSHOCl1flbHbl. 0Hl1 rosopflT O TOM, YTO AaHHafl Hepa3nl1411-

MOCTb COBnaAaeT C o6bl4HblM TO>K,QeCTBOM. B CBOIO OYepeAb, o603HaYeH11e Rd~ 

H8AO nOHl1MaTb T8K, 4TO AaHHafl Hepa3m1411MOCTb flBnfleTCfl nonHblM OTHOWe

Hl1eM (6eCKOHe4H0'1 pa3nl1411MOCTblO), T.e. OHa HMeeT MeCTO Aflfl scex 3neMeH

TOB MHO>KeCTBa, Ha KOTOpOM onpeAeneHa. np11YeM B o603HaYeH1111 Rd~ Cl1MBOn 

oo npeAcTasnfleT, soo61.1.1e rosopfl, He 6ecKoHeYHoe, a n106oe se1.1.1ecTBeHHoe 

(KOHeYHOe) 3HaYeH11e d, np11 KOTOpOM Rd - nonHoe OTHOWeH11e Ha A8HHOM 

MHO>KeCTBe. Pa3yMeeTCfl, 4TO Ha ApyroM MHO>KeCTBe np11 3TOM >Ke se1.1.1ecTBeH

HOM d Hepa3fll1411MOCTb MO>KeT 11 He 6b1Tb nonHOIII. 

nonO>Kl1M Tenepb, YTO M - HeKOTopoe KOHeYHOe MHO>KeCTBO o6beKTOS -

pe3ynbTaTOB H3MepeHl1111 1,1n11 04eHOK, a < Md ,j S > - KOHeYHOe MHO>KeCTBO 

Hepa3fll1411MOCTe'1 (d-paseHCTBO) Ha 48CTl14HO ynopflAOYeHHblX no 3HaYeHl1flM 

TOYHOCTIII. TorAa ecTeCTBeHHO BBOA11TCfl nOHflTl1e peweTKH Hepa3nH411MOCTelll 

(peweTKH d -paseHCTB). ,Qe'1CTBl1TenbHO, nycTb B c Md 11 Bd. c Md. Hepa3n11-

411MOCTb Rda 06bl4Hb1M o6pa30M onpeA0flfl0TCfl KaK sepXHflfl rpaH1,14a B' ecn11 

P s a Aflfl scex Rd e B. B MHO>Kecrne Md 3Ta sepxHflfl rpaH114a 6yAeT 1,1 sepx

He'1 rpaHblO, 11n11 sup B. AHanorHYHO onpeAenflercfl Hl1>KHJUI rpaHb, 1,1n1,1 inf B . 
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O4eBl-1AHO, 4TO AIU! · scex , Rd , Rd •e Md, cy1J.1ecrsy10T . inf{Rd Rd } 1-1 
a. fl a• /J 

sup{Rd Rd } , no3TOMY <Ma.~ > - peweTKa Hepa:mi:,y~~ibc-i-e'1 ta-paseHCT-
a• p , , , . . .· , , .. , -; .·' - · . .,_.. '.,. _, '.r; ·,;~ , . : ·: 

sa). K peweTKe Hepa3Jll-141-1MOCTe£1 KaK a11re6pe < Ma~n;u > · Mbl nepeX(?Al1111! no~ 

cpe.QCTBOM ·. onpe.QeJleHl-1£1 • ,Rd. n Rdp "'.',inf{Rd;.~dp }, Rd. 'y Rdp•=SUp{R,1.;Rdp }, 

T.e. nonarafl, 4TO nepece4eH1-1e Hepa311·~41-1MOCTeH paBHO MeHbWeH 1,13. Hl1X, a 

06beAl-1HeH1-1e Hepa3Jll-141-1M0CTe£1 paBHO 60JlbWe'1 1,13 Hl-1X; 8bln0JlHl-1MOCTb scex 

ame6pa1,14ecK1-1x aKCl-10M peweTKl-1; ,T.e. KOMMyTarnBHOCTb, acco1.11-1arnsHOCTb; 

nom01J.1eH1,1e HeTPYAHO nposepl-1Tb; i,1CXOAfl 1-13 . .QaHHblX onpe.QeJleHl-1£1. CylJ.!eCT

BeHHO, 4TO ame6pa Hepa3Jli,141,1MOCTe£1 flBJlfleTCfl peweTKOC1. 
, . ·, - . ~ . , 

Bse.QeM rnnepb Ha MHO>KecTse M ame6pa1,14ecKy10 CTPYKTYPY c OAH0'1 a11-

re6pa1,14ecK0'1 onepa1.11-1e'1 - KOMn031-11.11-1e'1 (cynepn031-1l.11-1e'1, HaJl0)1(8H,i,1e'M) He~ 

pa3Jli,141,1MOCTe£1. 3Ta onepa1.11-1R 04eBl-1AHblM. o6pa30M onpe.QeneHa ·. Ha Md. 

OH~ nopo>KAaeT npo1,13so11bHb1e· iiepa3111,141,1Moc-r1-1, 3as1-1cR1111-1e OT· ocH0BHblX, 

1-1cxo.QHb1x. Tpe6yeTcfl TOJlbKO BblflCH11Tb xapaKTep 3T0'1 3as1-1c1-1Mocrn, mi< cKa-

3aTb, OCHOBHO~ MeTpl-14eCKl-1'1 3aKOH KOMn031-1Lll-11-1 Hepa3Ili,141,1MOCTe£1 1-11111 d

paseHCTB. 

Ha4HeM c caMo'1 npocrn'1 MO.Qe111-1; KOrAa M - Harypa11bHb1'1 PRA 41,1ce11 1,1 

3Ha4eHl-1fl TaK>Ke 6epyTCfl 1,13 M . 8 3TOM c11y4ae Allfl Hepa3Jll-141-1MOCTe'1 Ha M 

MeTp1-14ecK1-1'1 3aKOH 1-1x KOMno31-11.11-11-1 1-1MeeT Bl-1A: . Rd x Rd = Rd . O4eBl-1AHO, 
a fJ a.+f' 

4TO KOMMyTarnBHOCTb 1-1 acco1.11-1arnBHOCTb KOMn031-1Ll1-11-1 Hepa3Jll-141-1MOCTe'1 ec

TeCTBeHHO l-1HAYLll-1PYIOTCfl TeMl-1 >Ke CB0£1CTBaMl,1 apmpMern4eCKOro CJlO}KeHl-1fl. 

TaK1-1M o6pa30M, Md c onepa1.11-1e'1 KOMno31-11.11-11-1 - 3TO np1-1Mep a6e11eso£1 no11y

rpynnb1 C e.Ql-1Hl-11.1e'1 Rd. 1,1 ABYCTOPOHHl-1M COKpa1J.!eH1-1eM, 4TO Ti3K>Ke 06bflCHfl

eTCfl CB0£1CTBaMl-1 ap1-1q>Mern4ecKoro CJlO)f(eHl-1fl. Cso'1CTBO acco1.11-1arnBHOCrn 

KOMn031-11.11-11-1 n03B0JlfleT rosopl-1Tb O CTeneHl-1 Hepa3Jli,141,1MOCrn. 8 .QaHH0£1 nony

rpynne crnneHb Hepa3111,141-1Mocrn onpe.QenReTCfl no 1-1HAYKL11-11-1: 

R! = Rd , R;+1 = Rd x R; . , n = 1,2 .... 
a a. a.+wr a. a.+a(lf-1) 

Cne.Q0BaTeJlbHO, ec111,1 Hepa3Jli,141,1MOCTb He flBJlfleTCfl nOJlH0£1 l-1Jll1 o6bl4HblM. 

TO>KAeCTB0M, TO CB0£1CTBO R2 r;;..R, Allfl .d -paseHCT:B He npOXOAl-1T. no3TOMY He 

npOXOJ:11,tT 1,1 AOKa3aTeJlbCTBO no l-1HAYKL111!1-1 6011ee 061J.!ero yrsep>KAeHl-1fl 
. . ,. ' _, , . . . . ''. '~" ·,' ' . . :.) : . ' . 

V.(R".r,; R), (21) 
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XOTfl npl1HLll-1n M0HOTOHHOCrn AJlfl Hepa3Jll141-1MOCTe'1 coxpaHfleTCfl. 8 061J.1eM 

c11y4ae BKJ1104eH1-1e 6y.QeT o6paTHblM, T.e. 

Rr;;. R". (22) 

3TOT pe3yllbTaT He flBJlfleTCfl HeO>Kl-1.QaHHblM. OH comacyeTCfl C onpe.QeJ1eH1-1eM 

(18) 1,1 (19). 

nepe'1.QeM Tenepb K 06061J.1eH1-110 3aKOHa KOMn031-11.11-11-1 Hepa3Jli,141,1MOCTe£1 

Allfl scex nOJlO>Kl-1TeJlbHblX BelJ.!eCTBeHHblX 3Ha4eHl-1H T04HOCrn. TaKafl c1-1rya

L11-1fl flBJlfleTCfl CTaH.QapTH0£1 B Teop1,11,1 l1 npaKTl-1Ke TeXHl-14eCKl-1X 1-1 Q)l-131-14eCKl-1X 

l-13MepeHl-1'1. no110>Kl-1M, 4TO R:i l1 Rd - OCH0BHble Hepa3Jli,141,1MOCrn 1,13 M, B 
a P 

KOTOpblX a 1-1 /J npl-1Hl-1MalOT nOJlO>Kl-1TeJlbHble BelJ.!eCTBeHHble 3Ha4eHl-1fl, np1,1-

4eM 3JleMeHTbl M - TO>Ke BelJ.!eCTBeHHble 41,tCJla. Tor.Qa np1-1se.QeHHbl'1 BblWe 

3aKOH KOMn031-11.11-11-1 Hepa3Jll-14Y!MOCTe'1 (21) 06061J.1aeTCfl CJle.QylOIJ.!i,1M o6pa30M: 

Rd xRd =Rd, max(a,/J)~y~a+/J. (23) 
a p ' 

3TOT 3aKOH noKa3blBaeT, 4TO B 061J.!eM c11y4ae KOMn031-1Lll1fl Hepa3Jll-141-1MOCTe'1 

flBJlfleTCfl l-1HTepsaJlbH0'1 Hepa3Jll-141-1M0CTblO, i,1111,1 l-1HTepBallbHblM 

d -paseHCTBOM. Cne.QOBaTeJlbHO, AJlfl MeTpl-14eCK0£1 xapaKTep1-1crnK1-1 KOMn031-1-

Lll-11-1 Hepa3Jll-141-1MOCTe£1 OJ:IHl-1X BelJ.!eCTBeHHblX 41,1ce11 He.QOCTaT04HO, a Tpe6y

lOTCfl e1J.1e i,1HTepBaJlbHble 41,tCJla. L,13 d -paseHCTBa (23) CJle.QyeT, 4TO acco1.11-1a

rnBH0CTb KOMn031-11.11-11-1 l-1HTepBaJlbHblX Hepa3Jli,141,1MOCTe'1 CBOJ:11-1TCfl K acco1.11-1a

rnBH0Crn CJlO>KeHl-1fl BelJ.!eCTBeHHblX i,1111,1 l-1HTepsallbHblX 41,1ce11 [14]. ,Qllfl Hl-1X 

onepa1.11-1R c11o>KeH1-1R acco1.11-1arnsHa, 1,1 s 3TOM c11y4ae Mbl 1-1MeeM AJlfl Hepa3111,1-

41-1MOCTe£1 ame6pa1,14ecKy10 CTPYKTYPY KOMMYTarnsHo'1 no11yrpynnb1 c e.Q1-1H1-1-

1.1e£1. 3Ta CTPYKTYPa, no-B1-1J:ll-1M0My, l-1HTepecHa C TeXHl-14eCK0'1 T04Ki,1 3peHl-1fl, 

XOTfl 1,1.Qefl ame6pbl Hepa3Jli,141,1MOCTe£1 He flBJlfleTCfl cyry6o np1-1K11a.QH0'1, ee 

MO>KHO CBfl3aTb C np1-1K11aAHblMl,1 sonpocaMl-1 Jl0rl-1Kl-1, Hanp1-1Mep, noporoBblX 

3JleMeHTOB, xapaKTep1,1crnK0'1 OTHOWeHl-1£1 B Cl1CTeMe «.QonycKOB l1 noca.QOK», 

1,1cnoJ1b3YIOIJ.!l-1XCfl B npOl-13BOACTBe, 3KCnepTHblX 01.1eHOK i,1111,1 np1-1HflTl-1fl pewe

Hl-1fl np1,1 He4eTK0'1 l-1CXOAH0'1 l-1Hq>OpMa1.11-11-1. KpoMe rnro, sonpoc O pa3Jli,141,1M0-

crn .QaHHblX Henocpe.QCTBeHHO CBfl3aH C nOHflrneM ame6pb1 6JlOK-CXeMbl npo

rpaMM, OCHOBaHHOH Ha l1HTepsallbH0M paCCMOTpeHl-11-1 Q>YHKLll-1H, C nOHflrneM 

pellfll.ll10HHblX 6aHKOB .QaHHblX Ha 38M [15]. OTMernM, 4TO AJlfl OTHOWeHl-1fl He

pa3Jll-141r1MOCTeH cnpaseAJ11-1B0 c11eAY101J.1ee YTBep>KAeH1-1e: 

\:/, \:/ .v \:/, (xRd., y " yRd,. z ::, xRd, z ), (24) 
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T.e. sropaH «creneHb MeHbWe» ecrb «MHOro MeHbWe», OTHOWeHllle «CblH» BO 

BTOpo'1 creneHIII eCTb «BHYK», 4TO rosop111r O pa3Jllll4111111 OTHOWeHIIIH Hepa3Jllll-

4111MOCTIII Ill nOHHTIIIH ap111¢MeT1114eCKOro paseHCTBa OTHOCIIITeJlbHO noporoso'1 

xapaKTeplllCTIIIKIII. 

5. CrpyKTypHO-JU1HrmtCTH'-leCKOe omtCaHl/18 npo611eMHblX c111rya4111l1 

BepHeMCH renepb K on111caHIIIIO Tl/Inoa CBH3e'1 06061.l.leHHblX nplll3HaKOB Ill 

Tl/Inoa 06061.l.leHHblX np1113HaKOB. OnpeAelllllM pa3Jllll4Hble Tlllnbl 06061.l.leHHbJX 

nplll3HaKOB, AllH 4ero BBeAeM Q)OpMallbHOe 3Ha4eH111e (*), o603Ha4alOIJ.lee OT

cyrcrs111e COOTBeTCTBYIOIJ.le'1 KOMnoHeHTbl B y =< s,m,e,f,d,t >. v1CKJll04111M 1113 

paccMorpeHIIIH 06061.l.leHHble np1113HaKIII, y KOTOpblX orcyrcrsyer KOMnOHeHra s 

11111111 OAHOBpeMeHHO see KOMnoHeHTbl. TorAa. 4111CJ10 pa3Jllll4HblX Tl/Inoa 

n-np1113HaKOB 04eH111saercsi 3Ha4eH111eM nY = ic~ = 2" -1, r.e. np111 n = 5 3Ha4e-
i=t 

HIiie ny = 31 . nepeHyMepyeM BCeB03MO>KHble Tl/lnbl nplll3HaKOB no CJleAYIOIJ.leMy 

5 

npas11111y Y; : i = 2:oj2j-1, rAe oj = 1, ec11111 Ha J -M Mecre cro111r (*), 111 oj = O a 
j=I 

npOTIIIBHOM c11y4ae. 8 3aBIIICIIIMOCTIII OT KOJ11114ecrsa OTCYTCTBYIOIJ.llllX KOMnOHeHT 

IIIMeer CMblCJl BblAelllllTb ClleAYIOIJ.lllle rpynnbl np1113HaKOB : 

rl ={yp Y2, y4, Ys, Y16}; r2 ={y3, Ys, y6, y9, Yw,Y12, Y11, YIS' Yw Y24}; 

I'3 ={Y1, Y11• Y13, Yw Y19, Yw Y22• Y2s• Yw Y2s}; 

I'4 = fr1s• Y2J• Y21,Y29, Y30}; I's = {Y31 }. 

Ka>K,QaH rpynna 06061.l.leHHblX np1113HaKos xapaKTep1113yercsi pa3Jllll4Ho'1 cre

neHblO HeonpeAelleHHOCTIII no KOMnOHeHraM, CHHTl/le KOTOpo'1 npOIIICXOAIIIT Ha 

oc~ose paccMorpeHIIIH pa3111114Hb1X c111rya4111'1, a IIIMeHHo npo611eMHblX c111rya4111'1 

Ill TlllnOBblX 3aAa4. Tlllnbl 06061.l.leHHblX np1113HaKOB BblAeJlHIOTCH Ha OCHOBe pa3-

Jll/14HblX creneHe'1 «HeonpeAelleHHOCTIII» no OTHOWeHI/IIO K KOMnOHeHre 0 , 

0 E {s, m, e, f, d, t}, " * " 03Ha4aer Ha111114111e Ha Mecre COOTBeTCTBYIOl.l.le~ KOMno

HeHTbl (KOMnOHeHT) ee ¢opMaJlbHOro 3Ha4eHI/IH. ,QaHHble Tlllnbl 06061.l.leHHblX 

np1113HaKOB npeACTaBJleHbl B ra611. 2. 
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Ta6JJHUa 2. THDbl o6o6meuublX npH3H3K0B 

N2 T111n napaMerpos HoMep HoMep rpynnbl 

1 <s,•,e,f,d,t> Yi"' 
2 <s,m,•,J,d,t> Yi 
3 <s,m,e,•,d,t> Y4 > I 
4 <s,m,e,f,•,t> Ys 
5 <s,m,e,f,d,•> Y16· 
6 <s,*,*,f,d,t> YJ 
7 <s,•,e,•,d,t > Ys 
8 < s,m,•,•,d,t > Y6 
9 < s,•,e,f,•,t > Y9 
10 < s,m,•,J,•,t > Yw 
11 < s,m,e,•,•,t > Y12 II 

12 < s,•,e,f,d,* > Y11 
13 < s,m,•,f ,d,• > Y1s 
14 <s,m,e,•,d,•> Y20 
15 <s,m,e,f,•,•> Y24 
16 <s,•,•,•,d,t > Y1 "', 

17 <s,•,•,f,•,t> Yu 
18 < s,•,e,*,*,t > Yn 
19 <s,m,•,•,•,t > Y14 
20 < s,•,•,f,d,• > Y19 
21 <S,*,e,*,*,*> Y21 

Ill 

22 < s,m,•,•,d,• > Y22 
23 < s,•,e,f ,*,* > Y2s 
24 < s,m,•,f ,*,* > Y26 
25 < s,m,e,*,*,* > Y2s 
26 <s,*,*,*,*,I > Yis 
27 < s,•,•,•, d,• > Y2J 
28 <s,•,•,f,*,* > Y21 > IV 29 <s,•,e,*,*,* > Y29 
30 < s, m,•,•,•,• > YJo 
31 < s,*,*,*,*,* > YJ1 

J 

V 
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8Be,QeHHe scnoMoraTellbHblX npH3HaKOB, no OTHOi..ueHttlO K 3HaYeH"1IO KOTO

pblX y,QaeTCH onpe.r1e11"1Tb pa311"1YHble cn:~neHH Heonp.e,Qe11e1:1Hocrn (np1,1se,QeHc 

Hble c1,1ryal\"1"1) ,QJlH TOI'! l,1Jll,1 Hi-1O11 KOMnoHeHTbl, nO3BOJlHeT nYTeM COOTHeCeHHH 

COCTOHH"1H Ha MHO>KeCTBe BCnOMOraTeJlbHblX np"13HaKOB, KOTOpble o603HaY"1M, 

COOTBeTCTBeHHO, 

Pe = {Pi, ···• PN} (25) 

1,1 S(N) (P ) = (P.(il) pU2) p(iN)) 
(j) 0 I ' 2 ' ••• , N ' 

r,Qe P/i> - j -e aHaYeHHe i -ro scnoMoraTenbHOro np1,1aHaKa K onpe,QeneHHOH 

L1en1,1 G;, i E {O, I, 2, ... , N}, (sepWHHe rpacj:Ja BO3MO>KHblX B"1,QOB L1ene11 G., 

1,1306pa>1<eHHOro Ha p1,1c. 4), Bbl,Qef1"1Tb rnnbl np1,1Be,QeHHblX c;1,1ryaL1"111 B npOL\eC

ce no,QroTOBKH npHHHrnH peweHHH. Mo>KHO TaK>Ke onpe,QeJlHTb o6nacrn npHHH

rnsi peweHHH: 

- SIP - o6nacTb np1,1se,QeHHblX c1,1ryaL1"111, cooTBeTCTBYIOI..LIHX npo6neMaM 

(o6naCTb npo6neMHblX c1,1ryaL1"111); 

- SIZ - 0611acTb c1,1ryaL1HH, cooTseTcTBYIOI..LIHX aa,QaYaM; 

- SIN - o6nacTb c1,1ryaL1HH, He HBflHIOI..LIHXCH HH c1,1ryaL1HHMH rnna SIZ, HH 

c1,1ryaL1HHMH rnna SIP, TaK HaabIsaeMaH o6nacTb He11TpanbHb1X np1,1se,QeH

HblX CHTyal\"111 (HeHTpanbHaH o6naCTb). 

no,Q npo6neM011 1,1 aa,QaYe11 s ,QanbHe11weM 6y,QeM noHHMaTb, cornacHo pa-

6oTe [9], c11e,Qy101..L.1ee: «npo6neMa - pa3HOBH,QHOCTb sonpoca, HMe101..L.1ero KOH

Kperno noCTaBJleHHYIO L\ellb, HO KOr,Qa ,nyrn ee ,QOCrn>KeHHH He MOryT 6b1Tb yc

TaHOBfleHbl ,QOCTaTOYHO CTporo B ,QaHHbll'I MOMeHT speMeHH»; «3a,QaYa - pa3-

HOBl,1,QHOCTb sonpoca, "1Me101..L.1ero KOHKpeTHO nocrnsneHHYIO L\eflb, HO KOr,Qa 1,13-

BeCTeH nyTb (HeCKOflbKO nyTe11) ee peweHHH». t,13 onpe,QeJleH"111 npo6neMbl 1,1 

3a,QaY"1 c11e,QyeT, YTO ,QaHHble nOHHTHH, KaK COOTBeTCTBYIOI..LIHe rnnbl npHBe,QeH

HblX c1,1ryaL1"1H, He "1MelOT CMblCfla 6e3 Q)HKCal\"1"1 L1en1,1 (Kllacca L1e11e11), YTO 1,1 

HB"1f1OCb npe,QnOCblJlKOH CO3,QaH"1H 6a30BOH "1Hcj:JOpMal\"1OHH011 MO,Q0fll,1 L1elle11 

(p1,1c. 3). 8 c1,111y TOro, YTO npOL\e,Qypa npHHHTHH peweHHH B HaWeM CJlyYae on

pe,QeneHa ,QJlH CHCTeMbl npHHHTHH peweHHH rnna "1HQ)OpMal\"10HHOl1, B.O3H"1Ka

eT Heo6XO,Q"1MOCTb ,QaTb 6onee cj:JopMa11"130BaHHOe on1,1caH1,1e MHO>KeCTBa np1,1-

Be,QeHHblX CHTYal\HH, onpe,QenHeMblX 3HaYeHHHM"1 COCTOHHHH Ha KOMnoHeHTaX 

06061..L.1eHHOro np"13HaKa y ,QflH Q)"1KC"1posaHHOH L.\011"1 (Kllacca L\0JleH) G, T.e. 

S(G, 0). 

·30 

C1,1cTeMy np"13HaKOB (25) Ha3OBeM onpe,Qef1HIOU(el1 C"1CT0MOH, a 3Jl0M0HTbl 

MHO>KeCTBa np1,1se,QeHHblX c1,1ryal\"1H, paccMOTpeHHble BblWe, Ha3OB0M 3JleMeH

TapHblM"1 np1,1se,QeHHblMl,1 c1,1ryaL1HHMl,1 0611acrn O,QHO3HaYHOCrn. 80061..L.1e roso

PH, npe,QnocblflKaMH Bbl,QeneHHH np1,1se,QeHHblX c1,1ryaL11,1'1 SIN, SIP, SIZ noc11y

>1<1,1n1,1 c11e,Qy101..L.1"1e apryMeHTbl: 

npo6neMHaH c1,1ryaL1HH, a rnK>Ke c1,1ryaL1HH SIN 1,1 SIZ BO3HHKalOT np1,1 Bb1-

no11HeH1,11,1 npOL\e,Qypbl npHHHrnH peweHHH, T.e. B CHCTeMaX «Ye11OB0K -

06-oeKT» l,1[11,1 «nnp - 06beKT», XOTH YaCTO nOHHrne «npo6neMa» C npOL.\0-

,QypOl'I npHHHTHH peweHHH He CBH3blBalOT; 

- COCTOHH"1H onpe,QeflHIOU(eH CHCTeMbl, T.e. COYeTaHHH 3HaYeH"111 scnoMora

T0JlbHblX np"13HaKOB, no3BOf1HIOT onpe,Q0f1"1Tb rnn c1,1ryal\"1"1 C TOI'! 1,1111,1 "1HOl1 

CTeneHblO Heonpe,QeJleHHOCrn N s, • 

no,Q cTeneHblO Heonpe,Qe11eHHocrn N s, s nocne,QHeM cnyyae noHHMaeTCH 

pacw1,1peH1,1e MHO>KeCTBa {SIN, SIZ, SIP} ,QO nonyYeHHH cj:JopMyll B H3b1Ke 

Z=({SIN, SIZ, SIP}, v, A). 
CKa>KeM, s H3b1Ke 

Z = ({SIN, SIZ, SIP}, v) 
MHO>KeCTBO BO3MO>KHblX cj:JopMyJl eCTb 

r,Qe 

SIF = {SIN, SIZ, SIP, SINZ, SINP, SIZP, SI}, 

SINZ = SIN v SIZ, 

SINP = SIN v SIP , 

SIZP = SIZ v SIP, 

SI = SIN v SIZ v SIP. 

(26) 

(27) 

(28) 

MHo>KeCTBO (28) reoMeTpHYeCKl,1 "1HTepnpernpyeTCH cp1,1rypo11, 1,1306pa>KeHHOH 

Ha pHC. 5. 
Bse,QeHHe o6nacTei1 Heonpe,QeneHHOCrn TeCHO CBH3aHO C H3blKOM (26). 

PacCMOTpeHHe H3b1Ka Bbl3OBeT ecTeCTB0HHble 1,13M0H0H"1H B reoMeTp"1Y0CKOH 

l,1HTepnpeTal\"1"1 o6nacTel1 Heonpe,QefleHHOCTH, HO Mbl orpaHHY"1MCH [11,1Wb H3bl

KOM (27), nOCKOJlbKY sa>KeH npHHL\Hn 1,1 npoCTOTa 1,13f1O>K0H"1H ,QJlH 11yYwe11 ,Qe

MOHCTpal\"1"1 3TOro no,QXO,Qa. Tor,Qa Ro - o6naCTb np1,1Be,QeHHblX c1,1ryaL1"1H, T.e. 

o6naCTb O,QHO3HaYHOCrn; RI - o6naCTb Heonpe,QeJleHHOCTH nepBOH CTeneHH, 
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C0CT0.RI..Lla.R 1113 rpex 3JleMeHT0B, a IIIMeHH0 SJNZ, SJNP, SJZP; R2 - o6naCTb 

HeonpeAeneHHOCrn BTopo'1 creneHIII, C0CTO.RI..Lla.R 1113 eAIIIHCTBeHH0ro 3JleMeHra 

SJ. CnpaseAI1111B0 pa3no>KeH111e 

SJF = R0 U R1 U R2 • 

TaKI/IM o6pa30M, B 061..L1eM CilY'•lae, Ail.R K0HKpernoro 06beKTa A' paccMaT

p111saeMoro KaK 1..1eneHanpasneHHa.R c111creMa (YenoseK - o6beKT 111n111 nnP -
o6beKT), IIIMeeM MIIIHIIIMaJlbHYIO CIIICTeMY (onpeAeJ1.RIOI..LIYIO) np1113HaK0B 

P, = Umin{Pi, ... PN} = {P,, ... ,P,n}, n $ Ns .. r, 
r 

(29) 

rAe MIIIHIIIMYM onpeAen.ReTC.R 1113 ycn0BIII.R 0AH03HaYHocrn C00TBeTCTBIIIR nonHo

ro C0CTORHIIIR (coYeTaHIIIR scex 3HaYeHlll'1 nplll3HaK0B) 3JleMeHTaM 1113 Ro AilR 

06061..L1eHHOro nplll3HaKa y Ill q:>IIIKClllpOBaHHOCi 1..1en111 G, a MH0>KeCTB0 P. onpe

AeJ1.ReTCR 06beA111HeHllleM no BCeM Y, C00TBeTCTBYIOI..LIIIIX o6beKTy. 

Ha MH0>Kecrse nplll3HaK0B (25) paCCM0TplllM B03M0>KHble C0CT0RHIIIR 

S({P. P }) - {p<A) pu,,J p(}t,) }- Jc,(k) ln 
1,••·, n - 11 ' 12 , ••• , ik - P fk=I 1 

rAe k $ n, i1 * im nplll / * m. 3HaYeHllle C0CTORHlll'1 0603HaYI/IM Yepe3 

s<k)(P., G, r). 

(30) 

(31) 

Ha MHO>i<ecrse COCTORHlll'1 (30) onpeAeJll/lM onepa1..1ii1to 06beAIIIHeHI/IR C0CT0R

Hlll'1 CileAYIOI..LIIIIM o6pa30M: 

ecn111 

Ill 

s<n) u s<m) = (pU,) pUt,) p<P.) p,<''il P.<''-l) 
1 2 i1 ' '1 , ••• , i,, ' t, , ••• , I,,, I 

s<n) = (pit, pii.) 
I ,1 ··• i,. , 

st)= (P,:'',l ... lt"')} tk * /_,Vs, k' 

(32) 

(33) 

(34) 

rAe (34) 03HaYaer ycnos111e HecosnaAeHI/IR np1113HaK0B, YTO paBH0CIIIJlbH0 yr

sep>KAeHIIIIO 0 HenepeceYeHIIIIII MH0>KeCTB 

{P,, , ... , P,_ }n {P,, , ... , P,. } = 0. 

8o3spal.J..laRcb K 1113no>KeHHOMY Bb1we, 0TMernM, 4T0 cnpaseAn111sa cneAY10LJ..1aR Allla

rpaMMa: 

'1'2 ( (k) ) '1'1 
(Cf;,Pe,0)<;:::} S ,G;,0 <;:::}~JF. 

\ I 
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Ro 

P111c. 5. O6naCTb HeonpeAeneHHoro rnna 

P.(1/). 
I 

P.(31). 
I 

• 
•• 
• 

P.(11/ 
I 

• p.(1/) 
2 

s<2>(Pa) ppi> 

• 

• p,(12/) 
2 

P111c. 6. rpaq> G(X,, Yi) 
33 

p(ll) 
N1 

e p(21) 
N1 

• 
• 
• 

• p(INI) 
N1 



CMblCil ,QaHHOi1 A1,1arpaMMbl COCTOl1T B c11e,Qy101.J..1eM: no COCTOHHl1IO S, c:p11KCl1-

posaHHOi1 KOMnOHeHTe 0 11 4e1111 G onpe,Qe11HeTCH rnn np11Be,QeHHOi1 Cl1TYa-

41111 113 SIF, 4TO Ha ,Q11arpaMMe OTpa)l(eHO B B11,Qe CBH311 <p, Me)l(J:ly BTOpblM 11 

rpeTb11M :meMeHTaMl1. C .Qpyroi1 CTOpOHbl, Cyl.J..leCTByeT O,QH03Ha4Haf! CBH3b 

Me)l(J:ly COCTOHHl1HMl1 11 MHO)l(eCTBOM np113HaKOB, KOTOpoe Ha ,Q11arpaMMe o6o-

3Ha4eHO 4epe3 Po. Tor,Qa 113 ,Q11arpaMMbl Cile,QyeT cy1.J..1eCTBOBaH11e CBH311 Me)l(-

AY rnnaM11 c11TYa411i1 S 11 P0 , KOTopaR Ha .Ql1arpaMMe o6o3Ha4eHa nyHKT11pHoi1 

Ill1Hl1ei1 ( IJf }, 11 B HeKOTOpOM CMblCile OT06pa)l(eH11e IJf Bblpa)l(aeT CTeneHb a,Qe

KBaTHOCTVI COOTBeTC:rBl1fl S cc:popMy1111posaHHblM 4eI1HM. npe,QMeTOM c11e

AY101.J..1ero 11cc11e.QoBaH11H 6y.QeT nepexo.Q s .QaHHoi1 ,Q11arpaMMe OT 0 K r 11 yc

TaHos11eH11e CBH311 IJf . A11arpaMMa B 3TOM c11y4ae np11MeT B11A 

(G;,Py,r) <=> (S,G,,r) ⇒ SIF. 
\. 'f/_ __ ; ' •,I 

A11H peweHl1H .QaHHoi1 3a.Qa411 norpe6yeTcH nocTpoeH11e HeKornporo c:pop-

MailbHoro annaparn, B KOTOpOM Ba)l(HylO pOilb 11rpaer onepa411H (K) Ha MHO-

)l(eCTBe SIF, _K onpe,Qe11eHl1IO KOTOpoi1 Mbl nepeXO,Ql1M. OTMernM Ill1Wb, 4TO 

Ba)l(HblM Hanpas11eH11eM B np11KI1a,QHblX 3a,Qa4ax HBilfleTCH np11MeHeH11e ,QaHHO

ro nO,QXO,Qa K o6pa6oTKe 11CXOJ:1HblX ,QaHHblX, npe,QCTaBilfleMblX B B11,Qe 0606-

IJ..leHHblX .. np113HaKOB, I(\_ aHa11113y CTpyKTypoo6pa30BaHi-1i1 (opraHl13a4110HHblX 

CTPYKTYP, c:pyHK4110HailbHblX 11 T.J:I.). 

8 BBe,QeHHOi1 onepa41111 (K) 3Ha4eHl1fl K MOryT 661Tb pa311114Hbl, 11 onepa-
, '. 

411H (K) 3a,QaeTCH MaTp114ei1 nopH,QKa m, r,Qe m - 411CI10 3IleMeHTOB 113 SIF, 

,Qilfl KOTOpblX ,QaHHaH onepa411H onpe!JeileHa. B ,QailbHei1weM 6y,QeM C411TaTb, 

ec1111 3J"O He orosopeHO, 4TO onpe,Qe1iHIOIJ..ll1e Cl1CTeMbl np113HaKOB ,Qilfl KOMno

HeHT 0 (34), a 11MeHHO 

P, - {p_(I) p<h pU>}. / - 1 2 6 
8/ - I , 2 , • • ·, NI 1 - , , • • ·, , (35) 

c:p11KC11pOBaHbl, KaK 11 nopH,QOK pacnOJlO)l(eHl1fl npl13HaKOB B 3TVIX Cl1CTeMax, 

np114eM Ka)l(J:lbli::i np113HaK xapaKTep113yeTCH A11CKpeTHbl_M Ha6opoM 3Ha4eHl1i1, 
·.-. ' r-+ 

T.e. 

P(j) - {pUI) pU2) pUr)} E {1 2 N } I < ·• < 6 r - r ' r , ••• , r I r ' , ... , I ' _ I, - • 

Tor,Qa CYIJ..leCTBYIOT COCTOHHl1fl pa311114HOi1 AI111Hbl t: 

S(,)(P ) = (p_(ll) p<21> pU'>) I</< 6 1 < t < N ll I , 2 , ••• , t • - - , - - ,. . (36) 

34 
': 

A11H Ka)l(J:loi1 onpe,Qe11HIOIJ..lei1 Cl1CTeMbl np113HaKOB Pa MHO)l(eCTBO ee COCTOHHl1i1 

MO)l(HO 11HrepnpernposaTb KaK raMl1IlbTOHOBbl nyrn s MHoroyposHeBoM rpac:pe 

G(X,, Y,). r,Qe Ka)l(J:lbli1 i - i1 yposeHb COOTBeTCTByeT MHO)l(eCTBY 3Ha4eHl1i1 i - ro 

np113HaKa 113 Pa-. AaHHbli1 rpac:p npe.QcTas11eH Ha p11c. 6. 

OTMernM TOT c:paKT, 4TO Ailfl npaKTl14eCKOi1 pea11113a41111 AOCTaT04HO xpa

Hl1Tb Ill1Wb A11CKpeTHble 3Ha4eHl1fl no Ka)l(J:IOMY scnoMoraTeilbHOMY np113HaKY 113 

(35). B CI1Y4ae, ec1111 onepa411H (t) 3a,QaHa 11 t YAOBileTBOpHeT orpaHl14eHl1HM 

(36), AOCTaT04HO xpaHl1Tb OT,QeilbHO ,QBa Macc11sa co 3Ha4eHl1HMl1 scnoMora

TeilbHblX npl13HaKOB, C noc11e,Qy101.J..1l1M 11cnOilb30BaH11eM onepa41111 (t) , T04Hee, 

COOTBeTCTBYIOIJ..lero nOilfl Heonpe,Qe11eHHOCTVI. 

Ha ,QaHHOM p11cyHKe npe,QCTaBileHbl ,QBa raMl1IlbTOHOBblX nyrn, COOTBeTCT-

BYI01.J..111e COCTOHHl1HM S(2)(P9 _) 11 S(Nt)(Pa). COOTBeTCTBl1e Me)l(J:ly COCTOHHl1HMl1 

,QI111HOi1 ,_ 

sM(Pa) , 1 :,; ,_:,; N, 

11 3Ha4eHl1eM 3TOro COCTOHHl1fl ,Qilfl c:p11KC11pOBaHHOi1 4e1111 G 

s(•l(P
9

, G) 

3a,QaeTCH C noMOIJ..lblO Ta6Jl.3 11 4. 

(37) 

O611aCTb Heonpe,QeJleHHOCTVI TeCHO CBH3aHa C no11eM Heonpe,QeileHHOCTVI, 

3a,QaHHOM Ha OCHOBaHl111 onepa41111 (K), 11 HBilHeTCH pe3yilbTaTOM, K KOTOpOMY 

np11BOAl1T ,QaHHbli1 nO,QXOA pacKpblTVIH Heonpe,QeileHHOCTVI B npo4ecce no,Qro

TOBKl1 np11HHTVIH peweHl1fl no 11CXOJ:1HblM ,QaHHblM. 8 pe3yilbTaTe no11y4aeM 

MHO)l(eCTBO MaTp114 COOTBeTCTBl1fl, KOTOpble Ha30BeM 0611aCTHMl1 Heonpe,Qe

IleHHOCTVI, T.e. MaTp114y COOTBeTCTBl1fl pa3MepHOCTVI 2 x M , rAe 

M=t,·t 2 • ••• ·t., (38) 

Ha30BeM 0611aCTblO Heonpe,QeJleHHOCTVI no COCTOHHl1HM 11 o603Ha411M 4epe3 

I(K,G,01)= I(P/1
> ... P;1l,G,01 ), 

1 :,; K :,; N, , 1 :,; / :,; 0 . 

8 npaKTl14eCKl1X 3a,Qa4aX B HeKOTOpblX c11y4af!X OKa3blBaeTCH He4e11ecoo6pa3-

HblM nonY4aTb 0611acT11 Heonpe.Qe11eHHOCT11 J:IIlH K = N,, a 6onee ycneweH 

nYTb onpe.QeneHHH 3Ha4eH11i1 J:IIlH npoMe~04Horo K : 

1:,;K:,;N,, (39) 
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Ta6mu~a 3. O6nacTb HeonpeAeneHH0CTH 

scK>(P ) e, Su'>(p G) e,, 

P,(1/) p.(1/) p(I/) 
I • 2 • ···• K SIZ 

P,(2/) p.(2/) p(2/) SIP 
I • 2 • ···• K 

P,(t,I) p.U2t) pUKI) SIZP 
I • 2 • ···• K 

Ta6n1,11.,1a 4. none HeonpeAeneHH0CTH 

x(K)r 
SIN SIZ SIP SINZ SJNP 

SIN SJNZ SJNP 

SIZ SIZP 

Ra 
SIP 

SINZ SINZ SINZ SJ 

SINP SJNP SIZP SJ SINP 

SIZP SIZP SIZP SIZP SIZP 

SI SJ SIZP SJ SJZP 
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SJNP SJ 

SJZP SJ 

SIZP SIZP 

SIZP SJ 

SIZP SIZP 

SJZP SIZP 

SIZP SJ 

Ill 3HaYeHIIJH COCTORHIIJH (37) AflR OCTaBWeHCR Y8CTIIJ npV13H8KOB Vl3 onpeAeI1RIO

LJ.1eH CVICTeMbl. Ho TOrAa ecrneT eonpoc 06 onpeAeneHHOCTIIJ 3HaYeHVIR nonHoro 

COCTORHVIR 

s{N,)(Pa,G), 

eCJlVI Vl3BeCTHbl 3HaYeHVIR 

s<K)(Pa,0) = SIF1 e SIF, 

s<N,-K)(Pa,G) = SIF2 e SIF, 

(40) 

(41) 

T.e. nORBJlReTCR He06XOAVIMOCTb BBeAeHVIR onepal,IVIVI (K). YTO n0380JlReT on-

peAeilVITb 3HaYeHVle 

s<N1>(PtJ1,G) = s<K)(Pa,G)(K) s<N,-K> -(Pa,G) = SIF1 (K) SIF2 = SIF3 e S/F(42) 

Ha OCHOB8HVIIIJ 38A8HHblX COCTORHVIH (41). 
B 38KI1l0YeHVle OTMeTIIJM,. YTO npeACTaBJleHHble MeTOAVIKVI Heo6XOAVIMbl 

AflR cpopMV1p088HVIR VIH<pOpMa~VIOHHOro npocTpaHCTBa MOAeileH «Vl3MepeHVle 

- o~eHKa - npVIHRTIIJe peweHVIH» VI amopVITMOB nocTeneHHOM cpopM8JlVl38~VIVI, 

KOTOpble npVIMeHRIOTCR AilR nocTpOeHVIR VIH<pOpMa~VIOHHblX MOAeJleM HeCTpyK

TYPVIPOBaHHblX npo~eccoe, paCCMOTpeHHblX e pa6ornx [16, 17]. 
Aernp 611aroAapeH A.H. KyAVIHoey 3a none3Hble coeeTbl VI o6cY>KAeHVIR 

npVI noArOTOBKe A8HHOM pa60Tbl K ny611V1Ka~VIVI. 
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