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CpaBHJITeJIhHaH OueHKa TeXHOJIoI11:MB OTpaClliIX AIIK
AxaaeMUK MAR jJ:.f.fAPAEB

HHH uHl/JopMau.ubHHbIX mexHOIlozuu B.AIl/(, MocKBa

A general problem of ranging of different technologies in the industries of
APK by reducing it to a multicriterion task of selection is considered.
Methods of solving of this problem with the use of expert assessments are
supposed, and a possibility of use of Information for many years is shown.

TIPH BhI60pe TeXHOJIOfHH B OTpacJIHx ATIK 60JIhmoe 3Ha-

qeHHe HMeeT HX cpaBHHTeJIhHaR oueHKa. CJIQ)KHOCThcpaB-

HHTeiThHoH oueHKH PaJJIH'IHhIX TeXHOJIOfHH 3aKJIIOqae-rCjJ

B TOM, qTO Ka)f(n.aR TeXHOJIOfHR xapaKTepH3yeTCjJ He on.-

HHM nOKaJ~eJIeM (aTpH6YTOM), a HeCKOJIhKHMH,qaCTO paJ-

HOpolI.HhIMH no CBoeH npHpon.e.

.lJ.JIjJTOfO qT06hI BhlJlBHTh cpen.H MHOfHX TeXHOJIOrHH

nyqmylO, Tpe6yeTcjJ cpaBHHBaTh HX no MHOrHM nOKa3a-

TeJIRM, a qT06h1 paH)f(HpOBaTh paJHhIe TeXHOJIOfHH, Han.o

nOJIh30BaThCjJ On.HHM H TeM )f(e Ha60pOM nOKaJaTeJIeH.

TIp" m060M KOHeqHOM Ha60pe nOKaJaTeJIeH, KaK npaBH-

JIO, MO)f(HOHaHTH XOTR6hI eIlle On.HHnOKaJaTeJIh, no KOTO-

pOMy 0lI.H03HaqHO npHHHMaeTCR pemeHHe 0 npeHMYmeCTBe

OlI.HOHTeXHOJIOrHH Han. lI.PyroH. OlI.HaKO paJpa60TKa nOJI-

HOfO cnHCKa nOKaJaTeJIeH lI.JIjJcpaBHHTeJIhHOH oueHKH paJ-

JI~blX TeXHOJIOfHH B OTpaCJIRXATIK He RBJIReTCjJueJILIO

HamHX HCCJIen.OBaHHHH MLI 6yn.eM cqHTaTh, qTO Ha60p

OCHOBHhIXnOKaJaTeJIeH CKOppeKTHpOBaHHy)f(HLIM 06paJOM.

OTMeTHM, qTO Ha60p nOKa3aTeJIeH n.OJI)f(eH 6h1Th Ta-

KHM, qT06b1 npH Bcex <pHKCHpOBaHHhIx paBHhIx nOKaJaTe-

JIRX, KpoMe on.Horo, TeXHOJIOfHH MO)f(HO 6hIJIO CpaBHHTL

no :noMY nOKa3aTeJIIO. TaK, eCJIH OTHomeHHeM npen.noq-

TeHHH HBJIHeTCHOTHomeHHe «He MeHhme» H 3TOT nOKaJa-

TeJIh OLtHOHTeXHOJIOfHH 60JIhme COOTBeTcTBylOIIlHX no-

Ka3aTeJIeH n.pyrnx TeXHOJIOfHH, TO no HeMy nepBaR TeXHO-

JIOfHH n.OJI)f(Ha6hITh npH3HaHa JIyqme OCTaJIhHhIX.

1. CBelleHHe K 3:maqe MHoroKpHTepHaJlLHOH

onTHMH3aUHH

l-fTaK, qT06hI paH)f(HpOBaTh HeCKOJIhKO TeXHOJIOrHH B

oTpaCJIHX ATIK, Han.o HX cpaBHHBaTh no pHlI.Y pa3Hopon.-

HblX, qaCTO npoTHBOpeqHBhIX nOKaJaTeJIeH. C TOqKH 3pe-

HHH TeopHH HCCJIen.OBaHHHonepaUHH [1, 3, 4] TaKaH 3an.a-

qa Ha3b1BaeTCHMHOrOKpHTepHaJIhHoH. TIp06JIeMa MHoro-

KpHTepHaJIhHOfO paH)f(HpOBaHHH 061>eKTOBB 06meM BH.n;e

paccMoTpeHa B pa60Te [2]. HaMH cn.eJIaHa nonhITKa HC-

nOJIh30BaTh 3TH 06mHe nOJIO)f(eHHH, a TaK)f(e npelI.JlO)f(eHLI

HOBbie non.xon.hI lI.JIH MHoroKpHTepHaJIhHoro paH)f(HpOBa-

HHH pa3JIHqHLIX TeXHOJIOfHH B OTpaCJIHXATIK.

Bce cpaBHHBaeMLIe nOKa3aTeJIH o6paJylOT HeKOTophIH .

BeKTOp, KOTOpblH 6yn.eM HaJhIBaTh HH<popMaUHOHHLIM.

BBen.eM HeKOTophIe 0603HaqeHHH. TIYCTh

i - HOMep TeXHOJIOfHH;

1- MHO)f(eCTBOBcex cpaBHHBaeMhIX TeXHOJIOrnH (i E 1);
I~- KOJIHqeCTBO cpaBHHBaeMLIX TeXHOJIOrnH;

m - HOMep nOKa3aTeJIjJ (aTpH6YTa), no KOTOpOMy cpaB-

HHBaIOTCjJPaJJIHqHhle TeXHOJIOrHH;

M - MHO)f(eCTBO HOMepOB Bcex cpaBHHBaeMhIX nOKaJa-

TeJIeH (m E M);
1M] - KOJIHqeCTBO Bcex nOKa3aTeJIeH;

~ = Ci;l, ... 'x;m,... ,x4M1) - HH<popMaUHOHHhIH BeKTOp i-H

TeXHOJIOnm;

~m- m-H KOMnOHeHTa HH<popMaUHoHHoro BeKTOpa i-H

TeXHOJIOnm.

TaKHM 06paJOM, JII06aR i-H TeXHOJIOfHH xapaKTepH3Y-

eTCJIBeJIHlIHHOH 1M! KOJIHQeCTBeHHLIX aTpH6yToB (KpHTe-

pHeB) H BCJI na HH<pOpMauHJI co.n;ep)f(HTcjJ B BeKTOpe X;.
TIpHBeJl:ellHl>IeBLIIDe 0603HaqeHHH npen.CTaBTIeHLIB m6rIH:ue.

B .n;aJILHeHmeM npen.nOJIafaeTCR, qTO n.aHHble B n6JIH-

uelIpOHOpMHpoBaHLI.

)J,JIH CpaBHeHHR HH<pOpMauHOHHLIX BeKTOpOBPaJJIHqHbIX

TeXHOJIOrHH y.n;06HO BBeCTH HOpMHpOBaHHe CJIen.yromero

BH.n;a. TIYCTL

Xm =maxxim-
lEI

llOKa3ameJIU aJlJl CpaBHeHUJIpa3llU&tHbIX mexHOIlOZUU 6
OmpaC/lRX AllK

HOMep HH<PoPMaUHOHHble BeKTOPbI

CpaBHHBaeMoro CpaBHHBaeMblX TeXH01IornA i (i E I)
nOKa3aTe1lJl
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MaKCHMaJIhHOe AJIjI BCeX TeXHOJIOrHH 3HaqeHHe m-ro aT-

pH6yTa. C nOMOll(hJO3TOHBeJI~HHhI npoHOpMHpyeM 3Haqe-

HHHm-ro aTPH6YTa AJIH BCeX BeKTOpoB H B AaJIhHeHWeM 6y-

AeM paCCMaTPHBaTh HOpMHpOBaHHhle 3HaqeHIDI aTPH6yroB

Xim
Xim = --;::;- i E I, mE M

Xm

H cooTBeTcTByJOll(He nOKOMnOHeHTHO HOpMHpOBaHHhle

BeKTophI

Xi = (Xil'···,XiIM!), iE I.
KOMnOHeHThI Xim YAOBJIeTBopHJOT HepaBeHCTBaM

O~xim ~1, iE I, mE M. (3)
TaKHM 06pa30M, 3aAaqa paml<HpOBaHHH TeXHOJIOrHH

CBOAHTCHK cpaBHeHHIO BeKTopOB

oX1,X2,···,Xi , ••• , 1/1.
Bce 3HaqeHHH KOMnOHeHT BeKTopOB (KpHTepHeB)

MO)l(HO ynopHAOqHTh no npeAnOqTeHHJO 6e3 paCCMOT-

peHHH 3HaqeHHH OCTaJIhHhIX KOMnOHeHTOB. TaKHe KpH-

TepHH B TeopHH MHorOKpHTepHaJIhHOH onTHMH3aQHH Ha-

3hIBalOTCH He3aBHCHMhIMH no npeAnOqTeHHJO OT oc-

TaJIhHhIX [1, 3].
TIpeAnOJIaraeM, qTO OTHoweHHeM npeAnOqTeHIDI j1BMeT-

CH6HHapHoe OTHOWeHHe ~ (<<HeMeHhwe»), T.e. npHHHMa-

eM, qro qeM 60JIbWe 3HaqeHHe m-ro KpHTepHH, TeM JI)"illIe.

TaKHM 06paJOM, paccMaTPHBaeMM 3a,D.aqapaH)l(HpOBaHHH

TeXHOJIOrHHCBOAHTCHK MHOroKpHTepHaJIbHOH 3a,D.aqeMaK-

CHMH3aQHHHa KOHeqHOMqHCJIe 3JIeMeHTOB(OHO paBHo III -
qHCny 3JIeMeHTOBMHO)l(eCTBaI). OrclOAa cJIe.n.yeT,qTO AM

peweHHH 3a,D.aqHpaH)l(HpOBaHHH MO)I(HO BOCnOJIh30BaThCjI

MeTOAaMHMHorOKpHTepHaJIbHOH OnTHMH3aQHH.

2. OnpeAeJIeHHe ,lJ;OMHHHpylO",HX TeXHOJIOrHH

B 06ll(eM cJIyqae B03MO)l(HO cyu.\ecTBoBaHHe a6COJIIOT-

HO nyqWeH TeXHOJIOrHH, T.e. nyqweH no BceM nOKaJaTe-

MM. B HawHX BeKTOpHbIX 0603HaqeHHjIX 3TO 03HaqaeT, qTO

cyll(eCTByeT TaKOH BeKTOp Xi , qTO Me)I(,D.yHHM H ApyrHMH
I

BeKTOpaMH MO)l(HOyCTaHoBHTb OTHOWeHHe npeAnOqTeHHH

Xi ~ Xi' iE I. (4)
I

B KOOPAHHaTHOH3anHCH 3TO 03HaqaeT, qTO

Xim ~ xim,iE I,mE M,
I

Xim = maxxim, mE M,
I lEI

a nOCKOJIbKyy Hac BeKTOpbI HOpMHpOBaHbI B COOTBeTCTBHH

C (2), TO Y AOMHHHpylOll(ero BeKTopa Xi Bce KOMnOHeH-
I

TbI paBHbI eAHHHI.(e:

Xi = (l,1, ...,1).
I

Bo06ll(e, AOMHHHPYlOll(HX BeKTopoB MO)l(eT 6bITb He-

CKOJIbKO,OAHaKO 3TO MaJIOBepoHTHo. Ey.n.eM CqHTaTb, qTO

TaKOH BeKTOp OAHH, XOTHHe npeACTaBJIHeT oco60ro TpYAa

paCCMOTPeTbcnyqaH HeCKOJIbKHXAOMHHHPYIOll(HX BeKTOpoB.

ECJIH HCKJIlOqHTb BeKTOp Xi" TO cpeAH OCTaBwHXCH

TaK)l(e MO)l(eT cyll(eCTBOBaTb AOMHHHpylOll(HH HaA OC-

TaJIhHbIMH (MhI 6YAeM Ha3bIBaTb ero AOMHHHpyJOll(HM

BeKTopOM BToporo nopHAKa).

OnpeAeJIHM Tenepb AOMHHHpylOll(HH BeKTOp BToporo

nopHAKa (eCJIH, KOHeqHO, OH cyll(eCTByeT) KaK BeKTOp C

YCTaHOBJIeHHbIM OTHoweHHeM npeAnOqTeHHjI

T.e. BeKTOp, AOMHHHpylOll(HH HaA OCTaJIbHbIMH, 3a HC-

KJIlOqeHHeM BeKTOpa XiI'

OnpeAeJIHM TaK)l(e nOCJIeAOBaTeJIbHOCTb AOMHHHpylO-

ll(HX BeKTopOB H OAHOBpeMeHHO BbIAeJIHM MHO)l(eCTBO

HeAoMHHHpylOll(HX BeKTOpOB

i = I \ ~l }\ ~2}\ ...
KaK 6bIJIO CKaJaHO BbIIIIe, MO)KeT OKa3aTbCH, qTO I = I

HJIH i = e,
rAe e --:-nycTOe MHO)KeCTBO.

3. HCnOJIb30BaHHe 3KcnepTH3 B paHiKHpoBaHHH

TeXHOJIOrHH

MTaK, CTOHT 3aAaqa - paH)KHpOBaTb Bce OCTaBWHeCH

BeKTOpbI H3 MHO)l(eCTBa i. 3ry 3aAaqy QeJIeC006paJHO

peIlIaTb, HCnOJIb3Yjl3KcnepTHble OQeHKH [4].
IIocJIe Tll(aTeJIbHOrO He<popMaJIbHOrO aHaJIH3a, OCHOBaH-

HOro Ha cpaBHeHHH Bcex aTpH6YTOB, Ka)l(,D.bIH3KcnepT MO-

)KeT YCTaHOBHTb CBOH nopMoK npeAnOqTeHHH HenocpeA-

CTBeHHO Me)I(.fI.YBeKTOpaMH. OAHaKo B TOM cnyqae, KorAa

KOJIHqeCTBOH BeKTOpOB,H aTpH6YTOB BeJIHKO,npOaHaJIH3H-

pORaTb TaKOH o6beM HH<popMaQHH (a OH nponopQHOHaJIeH

npOH3BeAeHHIO IMlIlI) BeCbMa 3aTpYAHHTeJIbHO. TI03TOMY

HY)KHbI npOQeAypbI He TaKHe TpYAoeMKHe, OCHOBaHHbIeHa

cyll(eCTBeHHO 60JIee npOCTbIX 3KcnepTHbIX OQeHKax.

HH)Ke H3JIO)l(eHbI ABa MeTOAa, OCHOBaHHbIe Ha 3KcnepT-

HbIX OQeHKax 3Ha<rnMOCTHaTpH6yTOB, H OTJIHqalOTCjI TOJIb-

KO <pOpMOH3aAaHHjI TaKoro npeAnOqTeHHH.

4. PaHiKHpoBaHHe C HCnOJIb30BaHHeM 3KcnepTHoro

ynopH,lJ;O'leHHH aTpH6yToB no 3Ha'lHMOCTH

IIepBbIH MeTOA paH)I(HpOBaHHjI OCHOBaH Ha HCnOJIb30-

BaHHH ynopjlAOqeHHjI no 3HaqHMOCTH aTpH6yToB, npOBe-

AeHHoro C nOMOll(blO 3KcnepToB. B03MO)I(HbIH cnoc06 npo-

BeAeHHjI TaKOH 3KcnepTH3bI 6YAeT onHcaH HH)I(e. IIpeAno-

JIO)KHM, qTO TaKajl 3KcnepTH3a npoBeAeHa H nopHAoK 3Ha-

qHMOCTH aTpH6yToB onpeAeJIeH. Ee3 OrpaHHqeHHH 06-

ll(HOCTH 6YAeM CqHTaTb, qTO nOpjlAOK 3HaqHMOCTH COBna-

AaeT C HCXOAHOH nOCJIeAOBaTeJIbHOCThIO HOMepOB aTPH-

6yTOB m E M. 3Toro BcerAa MO)KHO A06HTbCH COOTBeT-

cTBylOll(eH nepeHyMepaQHeH aTpH6yTOB.

.ll:aJIee npOQeAypa paH)KHpOBaHHH BeKTopOB CBOAHTCHK

nOCJIeAOBaTeJIbHOCTH CJIeAylOll(HX warOB.

llJaz O. IIoJIo)l(HM S:= i,L := e .



lllaz 1. IloJIo)l(HM m:= 1, K:= S.
lllaz 2. Onpe}l,eJI}leM BeKTophI, COCTaBJI}lIOLQHeMHO)l(e-

CTBOJ C MaKCHMaJIbHOH m-H KOMnOHeHTOH:

J = {j I x jm = max
K
x jm} •

]E

lllaz 3. ECJIH III = 1 HJIHm= 1M!,TOnepeXO}l,HM K wary 5.
lllaz 4. B npoTHBHOM cJIYtIae, nOJIO)l(HM m := m + 1,

K := J H nepeXO}l,HM K wary 2, T.e. Teneph 6y}l,eM pac-

cMaTpHBaTh CJIe}l,yIOLQHHno Ba)l(HOCTH nOKa3aTeJIh.

lllaz 5. IloJIo)l(HM S:= S\J, L := L u J.
lllaz 6. ECJIH S= e, TO nepeXO}l,HM K wary 7, B npoTHB-

HOM cJIyqae, nepeXO}l,HM K wary 1.
lllaz 7. 3m KOHeQnpOQe}l,yphI paH)l(HpOBaHH}I (Bech cnH-

COK BeKTopoB HCtIepnaH).

PaH)l(HpOBaHHe BeKTOpOB onpe}l,eJI}leTC}I cnHCKOM L.
5. MeTO}l, nOCJIe}l,OBaTeJIbHblX YCTYnoK

IlycTh TaK)l(e cpaBHHMhIe nOK~aTeJIH (aTpH6yrhI) Ka-

KHM-JIH60 06pa30M ynopMOtIeHhI no 3HatIHMOCTH H, KaK H

paHee, nOp}l}l,OK 3HatIHMOCTH COBna}l,aeT C HCXO}l,HOHnoc-

JIe}l,OBaTeJIhHOCThlO HOMepoB aTpH6yTOB. PaccMoTpHM

eLQeO}l,HHHe<l>opMaJIhHhIHMeTO}l,paH)l(HpOBaHH}I, OCHOBaH-

HhIH Ha MeTO}l,e nOCJIe}l,OBaTeJIhHhIX ycrynoK [1]. 3TOT

MeTO}l,noxo)l( Ha H3JIO)l(eHHhlH BhIwe, HO rOpa3}l,0, KaK HaM

Ka)I(eTC}I, 60JIee cOBepweHHhIH H CBO}l,HTC}IK CJIe}l,ylO-

LQeHnOCJIe}l,OBaTeJIhHOCTH}l,eHCTBHH.

BBe}l,eM noporOBhIe 3HatIeHH}I }l,JI}I Bcex aTpH6yToB (3TH

3HatIeHH}I TaK)l(e onpe}l,eJI}lIOTC}I 3KcnepTaMH)

Xm, mE M.
BeJIHtIHHa~ - 3TO HaHMeHhwee }l,onycTHMoe 3HatIeHHe

m-ro nOKa3aTeJI}I.

HaH}l,eM

X;m ~ Xm, mE M \{l}, iE i,
T.e. BhI6epeM JIyqwylO TeXHOJIOrHIO B COOTBeTCTBHH C

YCTaHOBJIeHHbIM nOp}l}l,KOM nOKa3aTeJIeH. 3aMeTHM, tITO

B OTJIHtIHe OT npe}l,hI}l,yLQerO MeTO}l,a He MO)l(eT 6hITh JIYtI-

weH TeXHOJIOrH}I, HMelOLQa}l npoBaJIhHhIe nOKa3aTeJIH XOT}I

6hI no O}l,HOMynpH3HaKY.

C nOMOLQhlO 3KcnepTOB Ha3HatIHM «ycrynKY» Axi,l H

pewHM 3a}l,aqy:

II1aXXi2 = Xi22 ,
iE/\{;, }

Xii ~x;,I-Axill' iE i\g};

X;m ~ Xm, m E M \ {I}\ {2}, i E i \{i1} •

CMhICJI 3TOH 3a}l,aqH 3aKJIlOtIaeTC}I B TOM, qTO MhI HaXO-

}l,HM HaHJIYtIwylO no BTOpOMy no 3HaqHMOCTH nOKa3aTe-

JIIO TeXHOJIOrHIO H3 MHO)l(eCTBa cpaBHHBaeMhIX TeXHOJIO-

rHH, KOTophIe no npe}l,hI}l,yLQeMy nOKa3aTeJIIO MaJIO OTJIH-

qaJIHCh OT JIytIWeH TeXHOJIOrHH il. MepOH 6JIH30CTH H

}lBJUleTC}I BeJIHtIHHa Ax; I .,
Pe3YJIhTaTOM peWeHH}I 3TOH 3a}l,atIH 6y}l,eT BTOpa}l B

paH)I(HpOBaHHOM p}l}l,y TeXHOJIOrH}l i2.
C nOMOLQhlO 3KcnepTOB Ha3HatIaeM «ycrynKY» no BTO-

pOMy nOKa3aTeJIIO Axi22 H pewaeM 3a}l,atIy:

Xii ~xil-Ax;l' iE i\{i,}\{i2};, ,
X;2 ~ X;22 - Axi22 , i E i \g}\{i2 } ;

X;m ~ Xm, mE M \ {I}\ {2}\ {3}, i E i\{~}\{i2 } •

B pe3YJIhTaTe HaH}l,eM TpeThlO no 3HatIHMOCTH TeXHO-

JIOrHIO H T.}l,.

HeTpy}l,HO BH}l,eTh, qTO CYTh MeTO}l,a 3aKJIlOtIaeTC}I B

TOM, tITO no Mepe yrOqHeHH}I perueHHJI «rpy6hIe» orpaHH-

tIeHH}I THna (6) 3aMeHJlIOTCJI60JIee «TOtIHhIMH», 060CHO-

BaHHhIMH OrpaHHqeHH}lMH THna (a).

6. PaH)KHpOBaHHe, HCnOJIb3YI0l ••ee BeCOBbie

KpHTepHaJIbHble K034»4»HQHeHTbl

)l;pyroH MeTO}l, paH)l(HpOBaHH}I OCHOBaHHa HCnOJIh30Ba-

HHH BeCOBhIX K03<l><l>HQHeHTOB,oTpa)l(alOLQHX OTHOCHTeJIh-

HYIO 3HatIHMOCTh COOTBeTCTBYIOLQHXKpHTepHeB. 3TH KO-

3<l><l>Hl.\HeHThITaK)l(e }l,OJI)I(HhI 3a}l,aBaThCJI C npHBJIeqeHH-

eM 3KcnepTOB. Cnoc06 npOBe}l,eHHJI COOTBeTCTBYIOLQHX

3KcnepTH3 6y}l,eT onHcaH HJI)I(e, a CeHtIaC npe}l,nOJIO)l(HM,

qTO TaKHe BeCOBhIe K03<l><l>HQHeHThIAm nOJIYqeHhI H OHH

HOpMHpOBaHhI CJIe}l,YIOLQHM06pa30M:

LAm =l,Am ~O,mE M. (6)
mEM
C nOMOLQhlO BeCOBhIX K03<l><l>HQHeHTOBc<l>opMHpyeM

O}l,HHnOKa3aTeJIh 3HatIHMOCTH (CBepHyrbIH KpHTepHH) }l,JIJI

Ka)I(}l,Oro 06'heKTa (TeXHOJIOrHH) H3 MHO)l(eCTBa i H y)l(e

no 3TOMy e}l,HHCTBeHHoMy arperHpOBaHHoMy nOKa3aTeJIIO

npOBe}l,eM COOTBeTCTBylOLQeepaH)I(HpOBaHHe.

PaccMoTpHM }l,Ba cnoc06a BhItIHCJIeHH}I arperHpOBaH-

HhIX nOKa3aTeJIeH 3HatIHMOCTH - }l,Ba cnoc06a CBepTKH

KpHTepHeB.

1. )l;JIJI Ka)l(}l,OrO 06'heKTa BhItIHCJIHM BeJIHqHHY

Fi = L Amxim, iE i (7)
mEM

Ynop}l}l,OqeHHe 3THX BeJIHtIHH F; H 3a}l,aCT Tpe6yeMhIH

nOp}l}l,OK Cpe}l,H 06'heKTOB H3 MHO)l(eCTBa i.
2. )l;pyroH cnoc06 3aKJIIOtIaeTCJIB BhItIHCJIeHHH BeJIHqHH

~
Gj=maxAmx;m' iEI (8)

mEM
B 3TOM CJIyqae nOp}l}l,OK Cpe}l,H 06'heKTOB yCTaHaBJIH-

BaeTC}I ynop}l}l,OqeHHeM Ha60pa {Gj}.

3TH }l,Ba cnoc06a BhltIHCJIeHH}I arpempoBaHHhIx nOKa3a-

TeJIeH CB}l3aHhI C onpe}l,eJIeHHeM pa3JIHqHbIX HOpM HH<l>Op-



MaQUOHHbIX BeKTOpOB U CpaBHeHUeM ox no :nUM HopMaM.

B TOM c.rryqae, KorJJ,a B Ha60pax {Jij} UJIU {G;} BCTpeqa-

lOTC.SIJJ,BaUJIU 60JIee OJJ,UHaKOBbIX::meMeHTa, OTHOilieHue

npeJJ,nOqTeHU.SIMe~ COOTBeTCTBYJOll\UMU06'beKTaMu JJ,OJI-

)l(}{0 6bITb yCTaHOBJIeHOCnOMOll\bIO npUBJIeqeHU.SIJJ,onOJIHU-

TeJIbHOH UH<\>opMaQUU, HanpUMep TaK, KaK :no U3JlO)f(eHO B

qeTBepTOM pa3JJ,eJIe B MeTOJJ,e, UCnOJIb3YIOll\eM Ha3Haqe-

Hue COOTHOIlleHU.SInpeJJ,nOqTeHU.SIMe~ Pa3JIUqHbIMU rex-

HOJIOfIDlMU.

7. llpoBe.l1eHHe 3KcnepTH3 H o6pa6oTKa
3KcnepTHhIX o••eHOK

7.1. YnopJlOOIJeHUe ampu6ymoe no eaJICHOCmU
IIycTb

r - HOMep 3KcnepTa;

R - MHO)f(eCTBO HOMepoB Bcex 3KcnepToB;

IRl - KOJIUqeCTBO 3KcnepTOB.

).VI.SI3aKOHqeHHOCTU JJ,aHHoHpaOOTbI npuBeJJ,eM MeTOJJ,U-

KU npoBeJJ,eHU.SIU 06pa60TKU 3KcnepTU3bI, onucaHHbIe B [2].
H:MeeTC.SI1M! aTpu6yroB U IRl 3KcnepToB, KOTopbI.e JJ,OJI-

)f(HbI ynop.SlJJ,OqUTb 3TU aTpu6YTbI no Ba)f(HOCTU. 3TO yno-

p.SlJJ,OqeHUenpoBoJJ,uTC.SI3a PM rOJIOCOBaHuH. IIpu nepBoM

rOJIOCOBaHUU 3KcnepTaM 3aJJ,aeTC.SIOJJ,UHBonpoc: «KTO

CqUTaeT, qTO nepBbIH aTpU6yT caMbIH Ba)f(HbIH?» KOJIu-

qeCTBO rOJIOCOB

O~n: ~IRI,
nOJJ,aHHbIx 3a nepBbIH aTpu6yT, 3anOMUHaeTC.SI.

Ha BTOpOM :nane roJIOCYJOT3a BTOPOH aIpu6YT KaK npe-

TeHJJ,eHTaHa JIHJJ,epcTBO.KOJIUtIeCTBO roJIOCOB

O~n; ~IRI
3anOMUHaeTC.SI.

Ha nOCJIeJJ,HeM3Tane 1M! nOJJ,CqUTbIBaeTc.SIKOJIUqeCTBO
I

rOJIOCOB nIM!, nOJJ,aHHbIx 3a JIuJJ,epcTBo IM!-ro aTpU6yTa.

3TOH UH<\>opMaQUU JJ,ocTaTOqHO, qT06bI npoBecTu yno-

p.SlJJ,OqeHUeBcex aTpu6YTOB. OnpeJJ,eJIUM caMbIH Ba)f(HbIH

aTpu6yT. TaKoBbIM 6yJJ,eM CqUTaTb TOT aTpu6yT, 3a KOTO-

PbIH nOJJ,aHoHau60JIbillee KOJIUqeCTBO roJIOCOB, T.e. aTpu-

6YT C HOMepoM

ml = arg maxnl

~M m·

~aJIee aHaJIoruqHbIM 06pa30M, UCnOJIb3Y.SlpaHee nOJIy-

I
qeHHbIe oQeHKU nm, mE M , MO)f(HO onpeJJ,eJIUTb BTO-

POH no 3HaqUMOCTU aTpu6YT

2· Im = arg max n
mEM\{ml) m

U T.JJ,.

OJJ,HaKOMbI nocrynuM nO-JJ,pyroMy. IIoBTOpuM rOJIOCO-

BaHUe, 3aJJ,aBa.SlBOnpOC 0 npeTeHJJ,eHTe Ha BTOpOe MeCTO

KaK 0 npeTeHJJ,eHTe Ha a6COJIIOTHOe nepBeHCTBO cpeJJ,u

OCTaBllIUXC.SIaTpu6yTOB. B pe3YJIbTaTe nOJIyqUM 3KCnepT-

HbIeOQeHKU

2 2 2 2
nl ,...,nml_l,nml+I,· .. nIMI'

cpeJJ,u KOTOpbIX HaHJJ,eM MaKCUMaJIbHYIO - OHa U 6yJJ,eT

COOTBeTCTBOBaTb BTOpOMy no Ba)f(HOCTU aTpu6yry:

2 2m = arg max nm
~M\{mll

IIpoBeJJ,.SI (IM!- 1) rypOB TaKUX rOJIOCOBaHuH, MbI yno-

P.SlJJ,OqUMno Ba)f(HOCTU Bce aTpu6yTbI. ~JI.SI peaJIU3aQUU

JJ,aHHoH npOQeJJ,ypbI npUJJ,eTC.SI3aJJ,aTb 1M! (1M! + 1)/2 - 1
BonpocoB. Bo06ll\e, 3TO 60JIbIlla.Sl BeJIUqUHa, HO JJ,aHHa.Sl

npoQeJJ,ypa Ka)f(eTC.SInpeJJ,nOqTUTeJIbHOH no TOH npUqUHe,

qTO Ka)f()J,bIH pa3 3KcnepTaM 3aJJ,aeTC.SInp.SlMOH Bonpoc 0

KaHJJ,UJJ,areHa nepBoe MeCTO U3 onpeJJ,eJIeHHOrO MHO)f(e-

CTBa npeTeHJJ,eHToB, Ha KOTOpbIH npoll\e OTBeTUTb.

7.2. OnpeoelleHue eecoeblX K03q)(jJulJUeHmOe eaJIC-
Hocmu ampu6ymoe

C nOMOll\bIO 3KcnepToB HaJJ,OonpeJJ,eJIUTb BeCOBbIe KO-

3<\><\>uQUeHTbI,<\>urypupyIOll\Ue B onucaHHOM paHee MeTO-

JJ,e paH)f(UpOBaHU.SI 06'beKToB. ~JI.SI 3Toro npeJJ,JIaraeTC.SI

CJIeJJ,YIOll\a.SlnpoQeJJ,ypa.

Ha3HaqUM HarypaJIbHOe qUCJIO P, U Ka)f()J,bIH 3KcnepT r
(r E R) no P-6aJIJIbHOH CUCTeMe OQeHUBaeT Cpa3Y Bce

aTpu6YTbI. IIycTb r-H 3KcnepT Ha3HaqUJI OQeHKU

( r r r) 0< r < P R MPI 'P2""PIMI' - Pm - , rE , mE .
B peJ)'JIbTare roJIOCOBaHU.SIm-H aTpu6YT no.rryqUJI OQeHKU

( I r IRI) MPm, •.. Pm, ••. Pm ' mE .
Or6pOCUM MaKCUMaJIbHYJO U MUHUMaJIbHYJO OQeHKU, KaK

He BnOJIHe 06'beKTUBHbIe U no OCTaBIlIeHC.SI UH<\>opMaQUU

BbIqUCJIUM BeCOBbIe Ko3<\><\>UQUeHTbI

Am ='L P ~ / 'L L P~, mE M , (9)
~R ~RmEM

rJJ,e' (IlITPUX) 0603HaqaeT, qTO B CyMMupoBaHUU He yqa-

CTByIOT oropoIlleHHbIe OQeHKU.

3Ta npoQeJJ,ypa MO)f(eT 6bITb UCnOJIb30BaHa U JJ,JI.SInpe-

JJ,bIJJ,Yll\ero ynopMOqeHU.SI aTpU6YTOB, nOCKOJIbKY nOp.SlJJ,oK

Ba)f(HOCTU aTpU6yroB MO)f(HO 3a):{aTb B COOTBeTCTBUU co

3HaqeHU.SIMU BeCOBbIX K03<\><\>UQueHTOB.OJJ,HaKO, KaK y)f(e

rOBOpUJIOCb, npeJJ,bIJJ,yll\UH noJJ,xoJJ" XOT.SIU 60JIee rpoM03-

JJ,KUH, Ka)f(eTC.SI60JIee QeJIeC006pa3HbIM, nOCKOJIbKY TaM

npOBOJJ,UTC.SInp.SlMOeroJIOCOBaHue, nOCKOJIbKY CTaBUTC.SIHe-

nocpeJJ,CTBeHHO Bonpoc 0 60JIee Ba)f(HOM aTpu6yTe U33a-

JJ,aHHbIX. TaKUM 06pa30M, MbI nOJIHOCThIO onUCaJIU npeJJ,-

JIaraeMYJO MeTOJJ,UKy 06pa60TKu 3KcnepTHbIx OQeHOK.

8. YqeT HH4»opMa"HH 3a T JleT

BbIIlIe 6bIJIU onucaHhI MeTOJJ,hI MHoroKpUTepUaJIhHOrO

paH)f(UpOBaHU.SI Pa3JIUqHhIX TeXHOJIOrUH B oTpacJI.SIx AIIK

B npeJJ,nOJIO)f(eHUU, qTO uH<\>opMaQU.SI0 cpaBHuBaeMhIx Tex-

HOJIOrU.SIX npeJJ,cTaBJIeHa 3a OJJ,UHroJJ,. IIpeJJ,noJIo)f(uM, qTO

UMeeTC.SI CTaTUCTUqeCKa.Sl uH<\>opMaQU.SI, aHaJIU3upyeMa.Sl

B JJ,UHaMUKe 3a T JIeT, n03BOJI.SIIOll\a.Sl CyJJ,UTh 0 pe3YJIhTa-

Tax MHOrOJIeTHerO BHeJJ,peHU.SIPa3JIUqHhIX TeXHOJIOrUH B



0TPacJUlx AIlK. KpoMe TOrO, HMeeTCR B03MO)l(HOCTh YC-

pe,lJ.HHTh HH<l>opMaQHIO, yCTPaHHB TaKHM 06pa30M BJIHR-

HHe cny'laHHhIX <l>aKTOpOB.

Ilpe,lJ.JIO)I(HMHeCKOJIhKOcnoc06oB HCnOJIh30BaHH}I HH<l>OP-

MaQHH 3a T JIeT (T> 1) B 3a,lJ.a'le paH)I(HpOBaHHR Pa3JIH'I-

HhIX TeXHOJIOrHH B oTPaCJIRX AIlk.

8.i. Ilep6bzu cnoco6 - npOCTO yBeJIH'IHTh KOJIH'IeCTBO

nOKa3aTeJIeH B Tpa3. 3TO HaH60JIee HH<l>opMaTHBHhIH no,lJ.-

XO,lJ.,nOCKOJIhK)'HHKaKaR HH<l>opMaQHRHe TepReTCR, HCnOJIh-

3yeTcR B nOJIHOM 06beMe. IlpH 3TOM MO)l(HO yqHThIBaTh

TeH,lJ.eHQHH pOCTa nOKa3aTeJIeH B pe3YJIhTaTe BHe,lJ.peHHR

cpaBHHBaeMhIX TeXHOJIOrHH. O,lJ.HaKO3a 3TO npHXO,lJ.HTCR

nJIaTHTh TaKHM )l(e yBeJIH'IeHHeM npOCMOTpa He06xo,lJ.H-

MOH HH<l>opMaQHH, H eCJIH y'leCTh, 'ITO H npH

T= 1 3a,lJ.a'la paH)I(HpOBaHH}I BeChMa CJIO:>KHa,TO npH ,lJ.aH-

HOM nO,lJ.XO,lJ.eOHa CTaHOBHTCR eIl(e CJIO:>KHee.

8.2. Bmopou cnoco6 CBR3aH c. npe06pa30BaHHeM no-

Ka3aTeJIeH 3a T JIeT K HeKoTopoH ,lJ.pyroH CHCTeMe nOKa3a-

TeJIeH, )l(eJIaTeJIhHO MeHhIIIero KOJIH'IeCTBa. IlpHBe,lJ.eM He-

CKOJIhKOnpHMepoB TaKHX npe06pa30BaHHH. .

a) 3aMeHa nOKa3aTeJIeH 3a TJIeT HX Cpe,lJ.HHMH3Ha'leHH-

RMH. B 3TOM nO,lJ.XO,lJ.eXOpOIIIO TO, 'ITO pa3MepHOCTh 3a,lJ.a-

'IH TaKaR )l(e, KaK H npH T= 1, HO Bce Ba)l(HhIe BonpochI,

CBR3aHHhle C ,lJ.HHaMHKoH pOCTa, He Y'lHThIBaIOTcR.

6) ECTecTBeHHhIMH HOBhIMH nOKa3aTeJIRMH RBJIHIOTCR

3Ha'leHHR aTPH6yToB 3a nOCJIe,lJ.HHHro,lJ.H HX npHpaIl(eHHe

3a T JIeT, yKa3hIBaIOIl(ee Ha TeH,lJ.eHQHIO 3Toro aTpH6yTa.

B ,lJ.aHHOMcny'lae KOJIH'IeCTBO nOKa3aTeJIeH no cpaBHe-

HHIO C T = 1 yBeJIH'IHBaeTCR Bcero B 2 pa3a.

B) CMeIIIaHHoe npe06pa30BaHHe, KOr,lJ.a 'IaCTh nOKa3a-

TeJIeH npe06pa3yeTcR no cnoc06y a), ,lJ.pyraR :>Ke'IaCTh -

no cnoc06y 6).

MO)l(HO npe,lJ.nOJIO)l(HTh H ,lJ.pyrHe BH,lJ.hInpe06pa30Ba-

HHR HH<l>opMaQHH 3a T JIeT, npHrO,lJ.HhIe B TOM HJIH HHOM

CJIy'lae.

TaKHM 06pa30M, paCCMOTPeHa 06Il(aR np06JIeMa paH-

)l(HpOBaHHR Pa3JIH'IHhIX TeXHOJIOrHH B 0TPaCJIRX AIlK ny-

TeM CBe,lJ.eHHRee K MHorOKpHTepHaJIhHOH 3a,lJ.a'le BhI60-

pa, npe,lJ.nOJIO)l(eHhI MeTO,lJ.hIpeIIIeHHH 3TOH 3a,lJ.a'lH C npH-

BJIe'leHHeM 3KCnepTHhIX OQeHOK H nOKa3aHa B03MO)I(HOCTh

HCnOJIh30BaHHR HH<l>opMaQHH 3a PR,lJ.JIeT.
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