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BoeAeHMe. 
Tpe600aHMSI K CMCTeMe MOHMTOpMHra 

M AMarHOCTMKM. 
6onbw~HCTBO TeXHonor~4eCK~X np0l..\eCCOB B X~M~4e­

C KO~ nponuurneauocr« OTHOC51TC51 K pa3p51AY nOTeHI..\~­

anbHO onao-ux (nOTIl) . OTclOAa B03H~KaeT Heo6xoA~­

MOCTb aenpepuaaoro MOH ~Top~H ra nOTn ~ A~arHOCT~K~ 

ero COCT051H~51 . OCTpoTa npo6neMbi 06b51CH51eTC5l TeM, 4TO 
crpenneune K ~HTeHc~ep~Kal..\~~ nOTn 4aCTO npueonar K 
Heo6xoA~MOCT~ pa60Tbi Y rpa-uu; AonYCT~MbIX 6e30nac­
HblX 30H ~ Aa>Ke B npeAaBap~~HbIX 30Hax, rae, KaK npa­
B~no, ssuue ~HTeHC~BHOCTb ~ creneus KOHBepc~~. B TO 
>Ke BpeM51 06513aTenbHble B TaK~X cnY4a51X C~CTeMbl 3al11~­

ru , YXYAwalOT Ka4eCTBeHHbie ~ Kon~4eCTBeHHble (B TOM 
4~cn e 3KOHOM ~4eCK~e ) nokasarena npouecca, T.K. ~X 

cpaoarueauae 06bI4HO COnpOBO>KAaeTC51 c6pOCOM peax­
I..\~OHHO~ MaCCbl, H eo6paT~MblM nonaeneuaen peaxuua ~ 

T.n. Ae~CTB~51M~, np~BOA51I11~M~ K CYl11eCTBeHHblM nore­
p51M [1-3]. 1l03TOMY Ba>KHO o6HapY>K~Tb OTKnOHeH~51 npo­
uecca OT uopnansuoro pe>K~Ma Ha paHH~ x CTaA~51X pas­
B~T~51, korna OH~ el11e o6paT~Mbl, ~ He AOBOA~Tb AO no­
pora cpa6aTbIBaH~51 C~CTeMbl saunrru. 

Ilpofinena A~arHOCT~K~ COCT051H~51 nOTn ycyry6n51eT­
C51 TeM, 4TO KaK npasano, nOTn xapaKTep~3YIOTC51 BbICO­
K~M vposuea HeonpeAeneHHOCTe~, 60nbw~M~ HeKOHTpo­
n~pyeMbIM~ B03MYl11eH~51M~, CYl11eCTBeHHO~ BHyTpeHHe~ 

Hen ~He~HOCTblO ~ 4aCTO nnoxoji Ha6nlOAaeMOCTblO (pacv ­
HOK 1). 04eHb 4aCTO OH~ He ~MeIOT MaTeMaT~4eCK~X onn­
caH~~. Ha p~CYHKe 1 nOKa3aHO TaK>Ke pacnonoxeune C~­
CTeMbl MOH~Top~Hra ~ A~arHOCT~K~ B ~epapx~~ aBTOMa­
T~3~poBaHHo~ C~CTeMbl vnpaeneans IlOTIl. 
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PI4CYHOK 1. Pecnonoxenne CI4CTeMbl MOHI4TOpl4Hra 14ausrno­
CTI4KI4 B l4ep ap x l4l4 ACYTn. 

He3i3B~~MO OT np~MeH51eMbIX MeTOAOB MO>KHO c¢opMyn~­
posars OCHOBHble Tpe60BaH~, KOTOpblM AOn>KHa YAOBne1BO­
P5lTb c~creMa A~arHOCJ1.1K~ [1]. npe>KJ:\e ecero, 3TO B03MO>K­
HOCTb pa-n-ere 06HapY>KeH~ HapyweH~, 4TO He06xOA~MO, 

so-nepeux, AJl51 B03BpaTa KOHTpOn~pyeMoro rpouecca Bperna­
MeKn-lble paMK~, T.K. Ha paHH~ CTa,l:\~51X B03H~KalOl11~e He­
urraruue ~al..\~~, KaK opasano, 06paTV1Mbl. Bo-BTOpblX, one­
paropy npeACTaBn51eTC5l 60nbwe BpeMeH~ AJl51 np~H5lTV151 COOT­
seTCTBYIOI11~ Ae~CTB~~ no npece'-ieH~1O Pa38~51 HeWTaTHO~ 
~I..\~~ ~, TaK~M 06pCl3OM, B03MO>KH0CTb He AOny~ paa­
B~~e ~I..\~~ AO noporos cpa6aTblsaH~51 G1creMbl 3a111~1. 

04eHb sa>KHO o6eale4~ BblCOKYIO creneas rny6~Hbl A~a ­

rHocrn~, noA KOTOPO~ nOH~MaeTC5l moc06HOCTb A~arHocrn ­
4eo<O~ c~creMbl pa3n~4aTb np~4~Hbl 6n~K~ no xapaxrepy 
npo51BneH~51 HapyweH~~ (TaK Ha3blsaeMbie KOHKYp~pYIOI11~e 

~al..\~~). 
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..KYPKl<1Ha Bl<1KTopl<1~ Bagl<1MOBHa, KaHg. TeXH. HayK, aouesr, Kaepegpa aBTOM aT ~ 3a~~l<1 npoueccos x~M~4ecKo ~ nponsnunenuocra , e-mail: 
vlctoria.kurktnacpqmail.com 
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CKOro npouecca, KOTOPbl~, KaK opaenno, CY~eTGl crauuo-ap­

HblM ~ 3pro,l:\~4ec~M. Korzia npouecc HaXO,l:\~Gl B HOpMe, Ha­

6nlQ,I:\eHl-15l ~MeIQT uexoropue Bepo5ITHOCTHble pacnpenenenns, 
COOTBeTCTBYIQLl.\~e HOpManbHOMY Pe>K~MY pa60TbI. np~ -epv­
WeH~5lX B XO,l:\e npouecca napanerpu pampe,l:leneH~~ OTKnOH5l­

IQTGl OT HOM~HanbHbIX 3Ha4eH~~. COOTBeTCTBeHHO, MOH~O­

p~Hr COCT05lH~5l npouecca MO>KeT 6blTb n03~l.\~OH~P0BaH KaK 

np06neMa 06HapY>KeH~5l ~MeHeH~~ B napaMeTpaX CTOXa~­

4ecKO~ ~CTeMbl. 

np~ ~mOnb30BaH~~ cra~~4ecKoro nO,I:\XO,l:\a ~ paeore B 

pe>K~Me peanbHOrO BpeMeH~ ~3MepeH~5l nepeMeHHb~ npo~3­

BO,[\5lTGl nocneaoearensno -iepes paeuue BpeMeHHbie ~HTepBa­

nbl ~ ,I:\~arH03 CTPO~Gl Ha OCHOBaH~~ Bbl60poK ~3 3~X ~Me­

peH~~, nonyyeHHb~ snnors ,1:\0 resvuiero MOMeHTa. Peuieuue 0 

Han~4~~ HapyweH~5l MO>KeT np~H~MaTbC5l np5lMO no 3Ha4eH~­

5lM ~3MepeH~~: X(t)= [Xj(t), Xz(t), ... , Xn(tWE Rn, r,l:\e Rn - KP~­

~4ecKa5l 06naCTb (Hanp~Mep, kapru llluoxapra [9]). O,l:\HaKO, 

60nee 4aCTO crpoarcs HeKOTOpa5l craracrnka get) KaK ¢YHKl.\~5l 

BeKTOpa ~MepeH~~ nepeMeHHb~ npouecca x(t) ~ peuieuae 0 

Han~4~~ HapyweH~5l np~H~MaeTGl npn npeBblweH~~ 3Ha4eH~­

eM 3TO~ cra~CT~~ get) uekoroporo nopora C. Ka4eCTBO patio­
Tbl 06HapY>K~en5l HapyweH~~ (BpeM5l 06HapY>KeH~5l, 4~cnO 
nponYCKOB HapyweH~~ ~, uaooopor, 4~cnO nO>KHbiX rpesor) 
CYLl.\eCTBeHHO 3aB~~ OT Bbl60pa cra~~~ get) ~ 3Ha4eH~5l 
nopora. 

CoBpeMeHHble cnO>KHble rexaonora-eooie npoueco, xa­

paKTep~3YIQTGl 6onbw~M 4~cnOM nepeneaaux, koppenupo­
BaHHblX Me>K,I:\y co60~. B 3TOM cnv-ae 3cPcPe~BHbl MHoroMep­

Hble craT~~4~e MeTO,l:\bl, OH~ yY~IBaIQT «oppensuaou­
HYIQ Kap~HY Ha npouecce ~ n03BOn5lIQT Bbl5lB~ ee ~MeHe­

H~5l. np~MepoM TaK~ Mem,l:\OB cny>KV1T MeTO,l:\ rnasusrx KOMno­

HeHT (Mil<, B aHrn~~CKo~ TepM~Honom~ - PCA) [10]. 

npHMeHeHHe MrK npa MOHHTopHHre 
inaBHo~ oco6eHHOCTbIQ Mil< 5lBn5leTC5l npeoopaaosaaae 

Bbl60p~ ~CXO,l:\HbIX KOppen~POBaHHbIX nepeneuuux B Bbl60PKY 

HOBblX HeKoppen~poBaHHblx nepeneanux 3Ha4~enbHO (~HO­

rna 60nee 4eM Ha nopsao«) MeHbwe~ pasnepaocra Jl~He~Hoe 

npecopasosauae, ~mOnb3yeMoe B MiK, ~MeeT Bw:\: 

X =TpT Wl~ T =XP (1), 
r,l:\e X [nxp] - MaTp~l.\a ,[IaHHbIX ~ n Bbl60poK ~MepeH~~ C 

p nepeMeHHbIM~, HopM~poBaHHbIM~ K HYneBoMy cpe,l:lHeMY ~ 

e,I:I~H~4HO~ ,I:\~mepa.1~. MaTp~l.\Y P [pxp] Ha3blBaIQT MaTp~l.\e~ 
HarpY3~, OHa >Ke 5lBn5leTGl MaTp~l.\e~ co6CTBeHHblX BeKTOpoB 

KOBap~al.\~OHHO~ MaTp~l.\bl XXT 
~CXO,l:\HbIX ,l:\aHHblX ~ HOBblM 

6a3~COM, npe06pa3YIQLl.\~M MaTp~l.\Y X B MaTp~l.\Y T. MaTp~l.\a 
T [nxp] ~MeeT pa3MepHOCTb ~CXO,l:\HO~ MaTp~l.\bl X ~ Ha3blBaeT­

Gl MaTp~l.\e~ CYeTOB (score matrix) Wl~ MaTp~l.\e~ npoeKl.\~~ 
~CXO,l:\HbIX ,l:\aHHbIX B no,l:\npocTpaHCTBo rnaBHblX KOMnoHeHT. 1113 

(1) cne,l:lyeT, LiTO KCDK,l:\bl~ 3neMeHT t; 5lBn5leTGl CKan5lpHblM 

npo~3Be,I:IeH~eM Xi Ha COOTBeTCTBYIQLl.\YIQ CTpoKY B P. ,l],Pyr~M~ 

cnoBaM~, j-~ 3neMeHT BeKTOpa t i ecTb npoeKl.\~5l Xi Ha j-IQ 

CTpoKY MaTp~l.\bl P. ,l],anee rnaBHble KOMnoHeHTbI 6Y,I:\eM 

0603Ha4aTb a66peB~aTYpo~ rK 
Ta~M 06pa30M, Mil< ,l:\enaeT O,l:\HO CTporoe, HO MOLl.\Hoe ,1:\0­

nYLl.\eH~e: n~He~HOCTb. XOT5l cnO>KHble ~CTeMbl n04~ scer,l:\a 

Hen~He~Hbl ~ 4aCTO ~ rnaBHble Ka4ecTBeHHbie oco6eHH~ ­

np5lMoe cne,l:lCTB~e ~ Hen~He~H~, HO nOKanbHO n~He~Hble 

annpOK~Mal.\~~ 06bl4Ho 06eme4~saIQT xopowee np~6nl-1)\(e­

H~e, T.K. Hen~He~Hble YneHbl BbICOK~ nOp5lAKOB 06bl4Ho CTpe­

M5lTGl K HynlQ Ha ypoBHe ManblX B03MYLl.\eH~~. 

Mil< npe,l:lcraBn5leT co60~ opToroHanbHoe n~He~Hoe 
npeo6pa30saH~e ~CXO,l:\HbIX ,l:\aHHbIX K HOBO~ ~CTeMe KOOP,l:\~­

HaT TaKO~, 4m caMa5l 6onbwa5l ,I:\~mepa.15l np~ npoeKl.\~~ ,l:\aH­

HblX no nlO6o~ KOOp,l:\~HaTe HOBO~ ~CTeMbl OKa3bIBaeTGl Ha 

nepBO~ KOOp,l:\~HaTe (Ha3BaHHo~ nepBO~ rnaBHo~ KOMnOHeH­

TO~), BTOpa5l caMa5l 6onbwa5l ,I:\~mepcl-15l - Ha Bmpo~ KOOP,l:\~­
HaTe, ~ TaK ,l:\anee. MiK MO>KeT ~mOnb30BaTbC5l ,[In5l coKPaLl.\e­

H~5l pa3MepHOCT~ B Ma~Be ,l:\aHHblX, COXpaH5l5l Te ero oco6eH­

H~, KOTopble BHOC5lT Ha~60nbw~~ BKna,[l B ero ,I:\~mepa.11Q 

3a C4eT yYeTa KOMnoHeHT 60nee H~3KOro nOp5l,l:\Ka, ~ ~rH0P~­

py5l KOMnoHeHTbI 60nee BbICOK~ nOp5lAKOB, OTHOGl ~ K WYMY. 

inaBHble KOMnOHeHTbl MOryT 6blTb Bbl4~cneHbl Pa3HbIM~ 

moco6aM~. B [10] np~BO,I:\~Gl ~epal.\~OHHbl~ ~roP~TM NI­

PALS, O,l:\HaKO, -iatue Ha npa~Ke np~MeH5lIQT Bbl4lt1CJleH~e 
T

rnaBHblX KOMnOHeHT, pasnaras Kosap~al.\~oHHYIQ MaTp~l.\Y XX
no co6CTBeHHblM BeKTOpaM. T.K. Mil< MaCWTa6Ho 3aB~~Mbl~ 
MeTO,l:\, TO ~CXO,l:\Hble ,l:\aHHble HOPM~PYIQTGl He ronsko K Hyne­

BOMYcpe,I:IHeMY, HO ~ K e,I:I~H~4HO~ ,I:\~mepa.1~. 
npO~BOnbHYIQ MaTp~l.\Y X [mxn] MO>KHO paanoscrrs Ha 

,l:\Be 0PTOHOpM~pOBaHHble MaTp~l.\bl ~ O,l:\HY ,I:\~aroHanbHYIQ B 

cne,l:lYIQLl.\e~ cPoPMe 
X=U~VT (2), 

r,l:\e U={ul, u2, ... , up} - MHO>KecTBQ co6CTBeHHblx BeK-
T,TOpoB MaTP~l.\bl XX ; ,I:\~aroHanbHa5l MaTp~l.\a 2:={oi, i = 1,2, . 

. . , p}, oi - KOPH~ ~ C06CTseHHb~ 3Ha4eH~~ MaTp~l.\bl XTX 
(3neMeHTbI MaTp~l.\bl I ynop5lA04eHbl no y6bIBaH~IQ: 01 > 02 
> op ;:: 0); V={vl,v2, ... ,vp} - MHO>KeCTBO co6CTBeHHblx 

eecropos MaTp~l.\bl ~X. 
CpaBH~Ba5l Bblpa>KeHl-15l (1) ~ (2) MO>KHO Bw:\eTb, 4TO MaT­

pnua rnaBHblX KOMnOHeHT MO>KeT 6brrb nonv-eua, ecn~ nono­
>K~b P=V , a MaTp~l.\a npoeKl.\~~ T=UI. 

Mil< MO,l:\enb rpouecca ,l:\On>KHa crpoarscs Ha ,l:\aHHblX, sa­
p~al.\~~ KOTOpbIX Bbl3BaHbl np~4~HaM~, He HapywalQLl.\~M~ era 
pernaae-rruoe re-e-u-e, r.e, KOr,l:\a rpouecc HaXO,l:\~Gl B era­
l.\~OHapHOM COCT05lH~~. HOBbie ~MepeH~5l conocraensnorta C 

3TO~ MO,l:\enblQ uopnansuoro COCT05lH~5l npouecca, HOBa51 

MHoroMepHa5l Bbl60pKa ~3MepeH~~ nepeneiu-ux X H npoeuepv­
eros B noanpocrpaacrso rnaBHblX KOMnOHeHT, onpeneneuaoe 
MaTp~l.\e~ P ,[In5l nonyYeH~5l sexropaC4eTOB (npoeKl.\~~): 

t 
H 

= P;X 
H 

(3), 

r,l:\e Pq - nepsue q CTon6l.\OB B MaTp~l.\e P, KOTOpa5l 

onpeaenser 6a3~c iK. 

An5l MOH~Top~Hra npouecca CTP05lTC5l nee CTaT~CT~K~ 

T Z ~ Q. An5l H~X ~3BeCTHbl noporosue 3Ha4eH~5l, ecnn 
nepeneuuue, BXO,l:\5lLl.\~e B MaTp~l.\Y X, npauaanexar re­

HepanbHO~ COBOKYnHOCT~, T.e. pacnpeaeneuu HopManbHO 

C HyneBblM Cpe,l:\H~M ~ He~3MeH~BWe~C5l KOBap~al.\~OHHO~ 
MaTp~l.\e~ S. Ecn~ «oppenaunouuue CB5l3~ Me>K,l:\Y nepe­

MeHHbIM~ npouecca ~3MeH5lIQTC5l, 4eM 06bl4HO conposo­
>K,I:\aeTC5l B03H~KHOBeH~e HewTaTHO~ orrvauna, TO ra ~n~ 

~Ha5l CTaT~CT~Ka npeseuuaer noporoaoe 3Ha4eH~e. nep­

Ba5l CTaT~CT~Ka (nponOpl.\~OHanbHa KBa,l:\paTY paCCT05lH~5l 

MaxanaH06~ca) ~MeeT B~,I:\: 

r 2 = t (TTT )-1 t T (4),
k k q q k 

r,l:\e k - ~H,I:\eKC KOOp,l:\~HaTbl B 6a3~ce rnaBHblX KOMno­

HeHT. CTaT~CT~Ka T Z
k B (4) 5lBn5leTC5l KBa,l:\paT~4Ho~ ¢op­

MO~, ¢aKT~4eCK~ onpe,l:len5llQLl.\e~ paCCT05lH~e no KOOP,l:\~­

HaTe k OT ,l:\aHHOrO BeKTopa ,1:\0 l.\eHTpa MaCC~Ba ,l:\aHHbIX, 

no KOTOpblM CTpo~naCb MO,l:\enb MiK. Y4~TbIBa5l, 4TO B 

MO,l:\en~ ~cnonb3yeTC5l q rnaBHblX KOMnOHeHT, 3TO pacCTO­

5lH~e 6Y,I:\eT paBHO:
 
2
 

T 2 =" q !..L (5),
L..k~J 2 

Sk 
r,l:\e SZk -,I:\~cnepc~5l tk• 

An5l e,I:I~H~4HO~ BbI60PK~ C HOBbIM~ ~3MepeH~5lMV1 

nepeMeHHblx XI (pxl) ~ Ol.\eHKe MaTp~l.\bl S no n BbJ60pOK 

nocne,l:\H~X 3Ha4eH~~ nepeMeHHblx pacnpe,l:\eneH~e CTaT~­

CT~K~ T Z annpoKc~M~pyeTC5l pacnpe,l:\eneH~eM <t>~wepa C 

q, (n-q) CTeneH5lM~ CB060,l:\bl, 4TO np~ ypoBHe 3Ha4~MO­

CT~ a ,l:\aeT ,l:\n5l KOHTponbHoro nopora CT3Ha4eH~e: 

C = en -t n +)l)q F. (q,(n _ q) '" (n + l)q F. (q,(n _q» (6)
r n n-q n-q 

TaK~M 06pa30M, ecn~ BblnOnH5leTC5l HepaBeHCTBo: 

Ti 2 ~CT (7), 

TO Bap~al.\~5l BbI60PK~ (BeKTOpa) HOBblX ~3MepeH~~ Xi 

ne>K~T B npe,l:\enax r~nep3nn~nca ,l:\OnYCT~MbIX Bap~al.\~~ 
B XO,l:\e npOl.\eCca, T.e. 06b5lCH5leTC5l MO,l:\enblQ MiK, no­

CTpoeHHO~ Ha MaCC~Be ~CXO,l:\HbIX ,l:\aHHbIX X. Ecn~ Hepa­

BeHCTBO (7) HapywaeTC5l, TO ¢~Kc~pyeTC5l ¢aKT 06Hapy­

>KeH~5l HewTaTHo~ c~TYal.\~~. 
Ecn~ B03H~KaeT HOBa5l c~TYal.\~5l, KOTOPO~ He 6blno B 

~CXO,l:\HO~ MO,l:\en~ MiK, ee BeKTOp nOna,l:\aeT B nO,l:\npo­
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crpancrso HeB5130K. 3TOT Tli1n C06b1TIi1~ MO>KeT 6blTb 06Ha­

py>KeH C nOMOLl.\blO Q-craTli1crli1KIi1 (Ii1HOrAa ee Ha3blBalOT 

crannapruoa OWIi16KO~ npeACKa3aHIi151 - SPE), 1i13MepHIO­

Ll.\e~ Bapli1aL11i11i1 B 3TOM nonrtpocrpaacrse. Crarucnuca Q 

npeAcraBnHeT c060~ EBKnIi1AOBO paccr051Hli1e OT pa60Y e~ 
TOYKIi1 npOL1eCCa ,'10 rnnepnnocxocrn, CepOpMli1pOBaHHO~ 
YYIi1TblBaeMblMIi1 B MOAenli1 rK: 

Q = eTe = (X- i) T(X-~) = I ;=I(X ) - ~ d (8), 

rne e = (I - P p T)X - HeBH3KIi1 Bbl60PKIi1 x, j - Ii1HAeKC 
q q 

nepeMeHHo~ B Bbl60pKe. 

Bblpa>KeHli1e (8) nOATBeplKAaeT YKa3aHHbl~ asuue epaKT 

B03MO>KHOcrli1 06Hapy>KeHIi1H craTli1crli1KO~ Q HOBblX C06bl­

TIi1~ , KOTOpblX He 6blno B MaCCIi1Be, no KOTOpOMy 6blna 

CIi1HTe3li1pOBaHa MOAenb MrK. OAHaKO, ecnn Yli1cno rK B 

MOAenli1 6YAeT BenIi1KO, TO, KaK cnenver 1i13 (8), craracru­
xa Q He CMO>KeT 6blTb 3epepeKTIi1BHbiM kpnrepaen AnH 06­

Hapy>KeHIi1H HeWTaTHblX cIi1TYaL1li1~ [11]. 

YYIi1TbIBaH, YTO Yli1cno c06crBeHHbi x aekropos MaTpli1­

L1bl S, YYIi1TblBaeMblX B MOAenli1 Ii1 CBmaHHblX C noanpo­
crpaucrson rK, paBHO q, TO c06crBeHHbiX BeKTopOB, CBH­

3aHHbiX C nozmpocrpaucreon HeBH30K 6YAeT (p-q). COOT­

eercrsesso K HIi1M 6YAYT OTHOCIi1TbCH (p-q) MeHbWIi1X c06­

crBeHHblX Yli1cen Aj MaTpli1L1bl S, j = q+1/ " ./ p. Torna 
KOHTponbHbl~ nopor ,'1n51 craTli1crli1KIi1 Q MO>KeT 6blTb onpe­

aene-: no Bblpa>KeHIi1IO [4, 12] : 

CQ = a(b + cza)d (9), 

a = L ~= I Ai; b = 1+ (82h o(ho- %2); 
rne () = ,"" p A2 , h =(1- 2<iJ J )/ . 

H 2 LJ i =1 I ' 0 /30i ' 
o 

8 = ,""p AJ ·c= J28 2hZI ·d= II · ~ 3 LJ i= J I ' /a ' / h ~ o 

) ­ Z. - 3HaLJeHIi1e a-npOL1eHTHO~ TOYKIi1 HOpManbHoro pacnpe­

Ii1 AeneHIi1H, A~ i= q+1/.00/ P - co6cmeHHble 3HayeHIi1H, xoropue 
06bHCHHIOT Bapli1aL11i11i1 onopuux AaHHblX B nonnpocrpaucree)­

HeB5130K, BMecTO BCeX P C06cmeHHbIX 3HaLJeHIi1~ .
H 

Ecnli1 npa nOCTYnneHli11i1 HOBO~ Bbl60PKIi1 1i13MepeHIi1~ XI 

BblYli1cneHHoe 3HaLJeHIi1e craTli1crli1KIi1 Q npesuorr noporo­
), ace 3HayeHIi1e CQ, T.e. uapvumrcs uepaeeacreo: 

Qs CQ (10) 
) ­ TO TaK xe, KaK Ii1 B cnv-ae CO craTli1crli1KO~ T2 (uepa­
) ­ aeucrso (7)), epli1Kcli1pyeTcH epaKT B03HIi1KHOBeHIi151 HeWTaT­

1­ HO~ cIi1TYaL1li1li1.
 
(, CTaTli1crli1KIi1 Q Ii1 T2 B3ali1MHO AononHHIOT npvr npvra:
 
B ecnn XOTH 6bl OAHa 1i13 HIi1X npeeuorr csoe noporosoe
 
)­ 3HaLJeHli1e, TO 3TO cBIi1AeTenbcrByeT 0 HapyweHli11i1 HOP­

ManbHoro npOTeKaHIi1H «o-rrponnpvenoro npouecca. 
Pa3nli1LJHbie MeToAbl 06Hapy>KeHIi151 HeIi1CnpaBHocre~, 

~ , OCHOBaHHble Ha MrK, OTnli1LJalOTCH nOAxoAaMIi1 K cIi1HTe3Y 

MOAenli1. B 06blLJHOM Bapli1aHTe MrK-MoAenb c03AaeTcH no 

Bbl60pKe AaHHblx, cooTBeTcrBYIOLl.\Ii1X HopManbHoMy XOAY 

Ii1 npoL1ecca, CepOpMli1pOBaHHo~ 0AHalKAbl Ii1 Ii1cnonb 3yeMo~ 

IK Aanee 6e3 1i13MeHeHIi1H [1, 11]. 3TOT Bapli1aHT not:\X0AIi1T 

1­ ,'1nH craL11i10HapHblx HenpepblBHblX npoL1eccoB C napaMeT­

paMli1, Heli13MeHHblMIi1 BO BpeMeHIi1. 60nbwaH y a crb XIi1MIi1­
)- LJeCKIi1X npOL1eCCOB He YAoBneTBopHeT 3TIi1M Tpe60BaHIi151M. 

n03TOMY 6blnli1 pa3pa60TaHbi APyrli1e Bapli1aHTbl MeToAoB 

MOHIi1TOpli1Hra TaKli1e, KaK IABli1lKYLl.\Ii1~CH" MrK (moving;) 
PCA) . 3Aecb epopMli1pyeTC51 HayanbHOe BpeMeHHoe OKHO 

1i13 N 1i13MepeHIi1~ AaHHblX npoL1ecca, He COAep>KaLl.\li1x Ha­

pyweHIi1H, Ha OCHOBe 3TO~ Ii1HepopMaL11i11i1 crP0Ii1TC51 MrK­

MOAenb Ii1 BblYli1cnHIOTCH noporoBble 3HaLJeHIi151 ,'1nH craTIi1­

crli1K T2 
Ii1 Q . 3aTeM epopMli1pyeTcH cneAYIOLl.\ee OKHO Ii1 T .A. 

[1,4, 12, 13]. 
npOL1eAypa MOHIi1TOpli1Hra B cnyYae npli1MeHeHIi1H «ABIi1 ­

lKYLl.\erocH» MrK 6YAeT Ii1MeTb cneAYIOLl.\Ii1~ BIi1A: 

1.C1>0pMli1poBaHli1e HaYanbHO~ MaTpli1L1bl AaHHblX X\ 
(k=O) 1i13 N crpOK (1i13MepeHIi1~) Ii1 p cron6L1oB (3HaLJeHIi1~ 
nepeMeHHblx) npli1 HopManbHblx ycnOBIi151X pa60Tbi npoL1ec­

B 
ca. HOpMli1pOBaHli1e MaTpli1L1bl Ha Hyne~oe cpeAHee Ii1 eAli1­

;1­

HIi1YHYIO Ali1cnepcli1lO. Flposepka ua Hanli1Yli1e BbI6poCOB, 

Han[)Ii1Mep, C Ii1CnOnb30BaHIi1eM MeAli1aHHoro epli1nbTpa. 

2.C1>0pMli1pOBaHli1e MrK-MoAenli1 BblYli1cneHli1eM Harpy­

30K Plk Ii1 CLJeTOB T,k, anropnrsion NIPALS Ii1nli1 HaXOlKAeHIi1­

eM co6CTBeHHbiX BeKTOpOB KOppenHL11i10HHO~ MaTpli1L1bl Ii1C­

XOAHoro MaCCIi1Ba Ii1 onpeAeneHli1e Yli1cna KOMnOHeHT ~ 

YYIi1TblBaeMblX MOAenblO (HanpIi1Mep, no none Ali1cnepCli11i1 

Ii1CXOAHblX AaHHbIX, 06bHCHHeMbiX 3TIi1MIi1 q KOMnOHeHTaMIi1, 

YYIi1TblBaeMblMIi1 B MOAenli1). BblYli1cneHli1e noporosux 3Ha­

YeHIi1~ CQ Ii1 CT ,'1nH crarucn-« Q Ii1 T2 no (6) Ii1 (9). 
3.nonyyeHli1e HOBoro eexropa Ha6n1OAeHIi1~ X k+1, ero 

ueurpnpoeaune Ha crapoe 3HayeHIi1e cpenuero, HOPMIi1PO­

sauae aa crapoe CKO Ii1 3anOMIi1HaHli1e. Aanee BblYli1cne­

Hli1e CTaTIi1CTIi1K Q Ii1 T2 no (5) Ii1 (8) Ii1 cpaeueuue Ii1X C no­

poroaunu 3HayeHIi151MIi1, BblYli1cneHHblMIi1 B n.2. 

4.Ecnli1 B TeyeHli1e r (1<r<N) nocnenoaarenu-ux ueroa 
KaKaH-n1i160 1i13 crarucnuc rpeasnuaer noporoeoe 3HayeHIi1e, 

TO HapyweHli1e CYIi1TaeTCH 06Hapy>KeHHbIM. Ecnli1 B re-ieane N 

uiaroa npeauureans noporosux 3HaYeHIi1~ He npOIi1CXOAIi1T, TO 

1i13 3anOMHeHHbiX N BeKTOpOB {Xk+l, " '/ X k+N} epopMli1pyeTGl 
HOBaH MaTpli1L1a XIi1 npOIi13BOAIi1TCH BOOB par K wary 2. 

l1oKam13a,-,HSl HapyweHHM 
KaK y>Ke OTMeLJanOCb, ecnu KOHTponli1pyeMbl~ npOL1eCC 

AOCTaTOYHO cnO>KHbl~, xapaxrepaavercs AeC51TKaMIi1 nepe­

MeHHblX, TO ,'1nH 06nerLJeHIi1H nO Kanli13aL11i11i1 HapyweHIi1H 

(onpezieneuaa v-acrxa npouecca, rne np0li130WnO Hapy­

uieuae), L1eneC006pa3Ho npOBeCTIi1 AeKOMn031i1L11i11O npo ­
uecca. 3TO n03BonHeT BblAenli1Tb fionee npocrue crpvk­
TYpHble eAIi1HIi1L1bl, YTO vnpouiaer nocrpoeune MOAenli1. 

npli1 3TOM OCHOBHblM Tpe60BaHIi1eM np» BblAeneHli11i1 TaKIi1X 

crPYKTYPHblX eAIi1HIi1L1 HBnHeTCH ofiecne-reuae MaKCIi1Manb ­

HO~ Ii1X aBTOHOMHOCTIi1. 

AeKoMn031i1L11i11O MO>KHO nposornrrs, Ii1CnOnb3YH pa3nIi1YHble 

nOt:\X0Abl MH BblAeneHIi1H crPYKTYpHblX e,'1Ii1HIi1L1 [14]: 
.C1>YHKL11i10HanbHbl~ nOAXOA - BblAeneHli1e AOCTaTOYHO 

He3aBIi1CIi1MbiX APyr OT npvra CTpyKTYP (v-racrxoa, rpynn, 

eAIi1HIi1L1 060pYAoBaHIi151), BbInOnH51IOLl.\Ii1X onpeneneauue 
epyHKL1Ii1Ii1, He3aBIi1CIi1MO OT Ii1X rononornn Ii1 BpeMeHIi1 epyHK­

L11i10Hli1pOBaHIi151. 

•Tepparopaansusui nOAXOA - BblAeneHli1e yLJacrKoB 

npouecca no Ii1X pacnOnO>KeHIi1IO B npocrpaucree C yyeTOM 

TOnOnOrli11i1 npouecca. 
.BpeMeHHo~ nOAXOA - L1eneC006pa3eH ,'1n51 nepli1oAIi1 ­

yeCKIi1X TeXHOnOrli1yeCKIi1 X npoueccos. J],nH uenpepuaaux 
npoueccos raioke MO>KHO ucnonsaoaars BpeMeHHo~ npli1H­

L1li1n B cnv-iae, xorna B HIi1X npnneuaerca peaepenposanne 
Ii1nli1 1i13MeHeHIi1e KOM6Ii1HaL11i11i1 patioraiourero 060pYAoBa­

HIi1H B 3aBIi1CIi1Mocrli1 OT Harpy3KIi1. 

J],nH AOCTIi1>KeHIi1H 3epepeKTIi1BHocrli1 AeKOMn031i1L11i11i1 ee 

L1eneC006pa3Ho np0Ii13BOAIi1Tb, npli1MeHHH KOM6Ii1HaL11i11O 

YKa3aHHbix MeTOAOB. B pesvnsrare TaKo~ AeKOMn031i1L11i11i1 

BblHBnHeTCH MHoroypoBHeBaH crpvkrvpa 06beKTa, KOTO­

pas Ii1cnonb3yeTcH npn nOCTpOeHli11i1 AM Ii1 BBOAIi1T uepap­
XIi1YHOCTb B ee CTpyKTYPY. 

C1>aKTli1yeCKIi1 TorAa 06Hapy>KeHli1e aHoManbHo~ cli1TYa­

L11i11i1 np0Ii13BOAIi1TC51 ,'1nH KalKAO~ crPYKTYPHO~ eAli1HIi1L1bl 

OTAenbHO . 

~AeHTH~HKa'-'HSl HeWTaTHblX CHTYa'-'HM 
/1jJeHTI1epuKal.(Ufl HeWTaTHblX curyal.(uJ1 s MrK-npo­

CTpaHCTse. C06CTBeHHO Ii1AeHTli1epIi1KaL1Ii1H HapyweHIi1~ B 

cnyYae Ii1CnOnb30BaHIi1H MrK BblnOnHHeTCH no Benli1YIi1He 

BKnaAa nepeMeHHo~ B AeepeKTHylO CTaTIi1CTIi1KY, CpaBHIi1­

BaH ero C BKnaAOM 3TO~ nepeMeHHO~ B TY >Ke craTli1crli1KY 

npli1 HopManbHoM xOAe npoL1ecca [4,11, 15]. B cnyLJae 

OTKa3a AaTYIi1Ka Ii1nli1 perynli1pYIOLl.\ero opraHa 3TOT MeTOA 

pa60TaeT 3epepeKTIi1BHO, HO ecnli1 CIi1TYaL1Ii1H ycnO>KHHeTCH Ii1 

COnpOBOlKAaeTC51 1i13MeHeHIi1eM MHOrli1X nepeMeHHblx, 3ep­

epeKTIi1BHocrb MeTOAa CTaHOBIi1TCH HeOYeBIi1AHo~. 3TO 

MO>KHO BIi1AeTb no rpaepli1 KaM pli1cyHKa 3, rAe npeAcraBne­

Hbl AIi1HaMIi1Ka 1i13MeHeHIi1H BKnaAOB nepeMeHHblx npli1 pa3­

BIi1TIi1Ii1 OAHO~ 1i13 HeWTaTHblX cIi1TYaL1li1~ Ha npoL1ecce nli1po­

nli13a [16]. 
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PJ1CYHOK 3. Ilpnnep /JJ1HaMJ1KJ1 J13MeHeHWI BKfla/JOB 
nepeMeHHblx B /Je¢eKTHYIO CTaTJ1CTJ1KY rtp« pa3BJ1TJ1J1 He­

WTaTHOU cJ1ryal./J1J1(npouea: nJ1pOflJ13a). 

B [13J npennaraercs npoeoznrrs ~AeHT~ep~Kal.\~IO, ssr­
Y~cn5151 ~HAeKc Ai, xapaKTep~3YIOLl.\~~ ~3MeHeH~51 i-roro 
rnasuoro KOMnOHeHTa. HeAOCTaTKOM sroro MeTOAa ~AeH­
T~ep~Kal.\~Vl B MrK-npOCTpaHCTBe 5lBn51eTC51 He06 xOA~­

MOCTb ~MeTb B 6a3e A~arHOCT~YeCKO~ MOAen~ CaM) MHO­

>KeCTBO MrK MOAene~ A/151 aHOManbHblX C~TYal.\~~. K co­

>KaneH~1O 3TO peAKO AOCTYnHO, TaK KaK B03MO>KHOCT~ ssr­
nOnHeH~51 axrasuoro excnepaaeura aa peansuux npo­

ueccax OyeHb np06neMaTW-IHbl, a >K,L:\aTb noxa B XOAe nac­
CVlBHoro sxcnepnneara npO~30~AeT Ta VlnVl APyra51 He­

WTaTHa51 C~TYal.\~51 ~ cofipari, He06xOA~MYIO CTaTVlCT~KY ­
euie 60nee np06neMaT~YHO, T.K. 3TO MO>KeT nOTpe60BaTb 

ueonpenene-u-o 60nbworo BpeMeH~. 

B TO >Ke BpeM51 sxcnepru Ha OCHOBe ~X onsrra Vl 3Ha­

H~51 npouecca MOryT orutcusars c~TYal.\~~ Aa>Ke Ha napa­
MeTp~YeCKOM ypoaue ~, TaK~M 06pa30M, paH>K~pOBaTb 

CVlMnTOMbl no ~X Ba>KHOCT~, YTO n03BOn51eT YBen~Y~BaTb 

rny6VlHy A~arHOCT~K~. 

J1/JeHTJ1¢J1Kal./J1J1 HeWTaTHblX cJ1ryal./J1U Ha tiese 3KC­
neprnoti JIM. OCHOBHa51 cnO>KHOCTb npn ~cnonb30BaH~~ 
akcnepruux AM COCTO~T B TOM, YTO napanerpu HeWTaT­
HblX CVlTYal.\VlC1 npn pa3n~YHblX peanuaauaax He COBnaAa­

lOT B TOYHOCT~ ~ MO>KHO oueunsars n~Wb creneus ~X 

6nVl30CT~. Ilp~ 3TOM sxcnepru ace-raxn -rauie onpenens­

lOT 3HaYeH~51 napaMeTpOB HeYeTK~M~ 3HaYeH~51M~ T~na 

«Oy e Hb fonsuioji », «cpeAH~~» ~ r.n . 
,[\n51 epopMan~3al.\~~ TaKoH ~HepopMal.\~~ npoaoaarcs 

epa33~epVlKal.\Vl51 napanerpoa HeWTaTHblX C~TYal.\~H, 
Hanp~Mep , cpaBHeHVleM VlX 3HayeHVlH C uexoropsmn WKa­
naMVl . Ilp~Mep TaKo~ WKanbl npueenen B Ta6n~l.\e. Be­

nVlYVlHa epYHKl.\VlVl npVlHaAne>KHOCTVl /-ls(uJ onpenenaercs 
cpaBHeHVleM 3HayeHVl51 CVlMnTOMa (uanpnnep, napanerpos 
rexaonoru-teocoro npouecca, sapauee npeoopaaoeanuux 
B 6e3pa3MepHYlO epOpMy Vl MacwTa6VlpyeMbix B VlHTepBane 
[O,lJ) C 3TOH wKanoC1 [16]. 

Ta6nl1L{a. Tl1nOBaH IJJKana 

/VIH KOnl1'1eCTBeHHor o nOe,ljCTaBneHI1H He'leTKOCTI1 

He-ierxoe 3H aYeH~ e VlHTepBall 

OyeHb C~llb HO B bI C O K~i:1 0.90· 1.00 

C ~llbH O Bbl c o K~ i:1 0.80 .. 0.89 

B bI CO K~ ~ 0.70 - 0.79 

n OBblweHHbri:1 0.55 - 0.69 

Cp eAH~i:1 (H opMallbHo) 0.45 - 0.54 

n OH~ )f( eHH bli:1 0.30 - 0.44 

H ~3 K ~ i:1 0.20 ..0.29 

C ~ll bH O H ~3 K~i:1 0.10 - 0.19 

O y eHb C ~ llb HO H~ 3 K~ ~ 0.00 .. 0.09 

CV1TYal.\Vl51 B 3TOM cnyYae npe,L:lCTaBn51eTC5l HeyeTKVlM MHO­

>KeCTBOM A(uJ, 5lBn51IOLl.\VlMC5l nOAMHO>KeCTBOM YHVlBerxanbHoro 
MHO>Kecma U, BKnlOyalOLl.\ero B KaYeCTBe 3neMeHTOB Bce 803 ­

MO>KHble ycnOB~51 UI ( U,E U), CTeneHVl np051BneHVl51 KOTOPblX B 

AaHHO~ CV1TYal.\VlVl (epYHKl.\VlC1 npVlHa,[lne>KHocrn /-ls(uJ) BXOASIT B 
neBble Ya~ 6a 3bl npaBVln BAM. Tor,[la ~l.\~,[\n51 Ka>K,L:\OrO 

npoAYKl.\VlOHHoro npaBVlna 6YAeT onVlCbIBaTbC5l BAM BeKTopoM 

S" =(Sl ~ S2~ ... s/ "), 3neMeHTbI xoroporo s/*=/-ls'(u/) orpa­
>KalOT, no MHeH~1O 3KmepTOB, « \I1,[\ea n bHoe» ,[\n51 ,[laHHOro Ha­

pyw eH~51 nposanenae CVlMnTOMOB. Ha6nlOAaeMa51 Ha npouecce 

TeKYLl.\a51 (peanu-aa) cV1TYal.\Vl51 OnVlCbIBaeTC5l BeKTOpoM S= (Sl/ 
S2/ ... s.), 06pa3oBaHHbIM Ha6nlO,L:\aeMblMVl 3HaYeHVl51M~ CY1MnTO ­
MOB. IlpVl BblnonHeH~Vl scex ycnOBVl~ neBO~ Ya~ (HanVlYVlVl Ha 

06beKTe BCex CY1MnTOMOB, yYV1TbIBaeMbIX AaHHblM npaaanoa), 
rpasano qJa6aThIBaeT. Torna CYVlTaeTC5l, YTO CY1TYal.\Vl51, onu­
CbIBaeMa51 npaaunon, VlMeeT MeGO Vl AOn>KHbl 6bnb pearuooea­
Hbl vnpaaneuns, COAep>KaLl.\VleC5l B npa8O~ Ya~ 3TOro npasa­
na . Ha npa~Ke yaCTO COOTBeTcmVle BeKTOpOB S* Vl S uenon­
Hoe Vl MO>KHO roBOpV1Tb 0 KaKO~-TO crenesnvsepen-ocr» B Bbl­

BOAe CI'"":c;1. 
An51 \I1,[\eHTl-1epVlKal.\VlVl CY1TYal.\Vl~ HY>KHO npoaseecru cpaaue­

HVle BeKTOpa CV1TYal.\VlVl, Ha6n1OAaeMO~ B AaHHbl~ MOMeHT Ha 

rpouecce, C BeKTOpaMVl onVlcaHVlC1 aHOManbHblX CY1TYal.\VlC1, 
BKnlOyeHHblX B vcnosnueYa~ npasan AM. 

,l:\n51 onpeneneuas creneun 6n~30CTVl CVlTYal.\Vl~ MOryT 

Vlcnonb30BaTbC5l pa3nVlYHbie KpVlTepVlVl [17, 18]. 1113 HVlX 
nocne cpaeuarensuoro Vlccne,L:lOBaH~51 6bln~ BblAeneHbl 

ABa Ha~60nee 3epepeKT~BHbl x[19]. 

IKpurepnti SMl. MOA~epVll.\VlpOBaHHbl~ Kp~Tep~C1 C 
EBKn~AOBbIM paCCT051H~eM. 

d(S,S*)
SM(S S*) = 1 (11), 

, l+d(S,S*) 2 

J - Y~cno napanerpoe B 

npenvcnosna npaaana, }j - secoasre K03epep~l.\~eHTbl, 

onpenensenue, uanpnnep, ~3 paH>K~pOBOK C~MnTOMOB, 

npencrasneuuux akcneprann [18]. 
2 . Kp ~ Te p ~ ~ SM4. CKan51pHOe npoaaeezienae eexropoa 

S~ S*: 
L:~j .s *j y.Y, 

SM(S ,S*) j (12) 

max(~~j . sJ'!Y',~~ * j 's *J\Y') 
Becosue K03epep~l.\~eHTbl }j n03BOn51IOT nOAyepKHYTb 

3HaY~MOCTb roro Vln~ ~HOro C~MnTOMa A/151 pacnosuaea­

H~51 AaHHo~ c~TYal.\~~. 
3KcnepTHylO AM npeanaraerca CTPOVlTb B B~Ae AByx 

YPoBHeBo~ eppe~MoBO-npOAYKl.\~OHHOH crpvxrvps: [14, 
18]. Ka>K,L:\a51 BbiAeneHHa51 npa AeKOMn03~l.\~~ CTpyKTYP­
Ha51 eA~H~l.\a npouecca B A~arHOCT~YeCKOC1 MOAen~ onu ­

CbIBaeTC51 OTAenbHblM KopHeBblM eppe~MoM (pVlCyHOK 4), 

06beA~H51IOLl.\~M 06Ll.\YIO ~HepopMal.\~1O 0 C~TYal.\Vl51X Ha 

3TOM v-racrxe cnO>KHOrO npouecca. 
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PJ1CYHOK 4. CTPYKTYpa ¢peUMOB 3KcnepTHOU 
/JJ1arHOCTJ1LJeCKOU MO/JeflJ1. 

CTpYKTYpa eppe~Ma FrK't, On~CbIBaIOLl.\erO flO Cl"ClAVlIO, MO­
>KeT 6brTb npe,L:lCTaBneHa cne,L:lYIOLl.\~M 06pa30M: 

rAe B cK06Kax npVlBe,L:leHbl Ha3BaH~51 cnOTOB: NKft - ~M5l 

eppe~Ma (yYaCTKa npol.\ecca, K KOTOpOMy OH OTHOG1TC5l); AIJi ­
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Cm-1COK AL-1arH0CTl14ecK\.1X napanerpos (aTPL-16yroB), L-1monb3ye­
MblX Afl51 AL-1arHOCTl1KL-1 neurraruux onyCll\L-1l:1 Ha AaHHOM 
Y4aCTKe rpouecca: Nor, - Ha6nlOAaeMbll:1 BeKTOp AL-1arHocrn4e­
CKL-1X noxaaarerea, paCC4lt1TblsaeMbll:1 no AaHHblM L-13 6a:3bl AaH­
HblX SCAOA-CL-1CTeMbl; Im, - MaTPL-1l.\a co 3Ha4eHL-151ML-1 sxcnnyra­
1.\L-10HHbIX noporos i\Yi Afl51 OCHOBHblX AL-1arH0CTl14ecKL-1X noxasa­
Tenel:1 (acnomavercs Afl51 6blCTPOro 06Hap'Y)KeHL-151 rpynnbl CL-1­
TYal.\L-1l:1, «oropue L-1MeIOT 06111L-1e OCHOBHble CL-1MnTOMbl - KOHKY­
PL-1PYIOlllL-1X CL-1TYal.\L-1l:1, V1 BblXOAa Ha A04epHL-1l:1 eppel:1M, rzie 
crpvnru-poeauu npoAYKl.\L-10HHble rpaenna Afl51 pacn03HasaHV15l 
KOHKpeTHOl:1 npL-14L-1Hbl); Stt - crarvc «opuesoro eppel:1Ma (ycno­
BV1e L-1HL-1l.\L-1anL-13al.\L-1V1 eppel:1Ma: Sti'=l, ecIlL-1 XOUl 6bl 0AL-1H L-13 no­
Ka:3aTenel:1 55 ,1 B MaTpL-1l.\e cnora 1m BbIXOAV1T sa noporoeoe 3Ha­
4eHL-1e i\Yi), NDf - cnL-1COK B03MO>KHblX rpynn CL-1TYal.\V1l:1 (L-1MeHa 
A04epHL-1X eppel:1MOB FrDu); Next, - YKa3aTenb Haeppel:1M FRKr!+l] 
nepexona no ceTV1 (paCCMOTPeHL-1e CL-1TYal.\L-1l:1 Ha cneaYlOllleM 
Y4aCTKe npouecca). 

HeWTaTHble C~l.\L-1L-1, xoropue MOryr B03HL-1KHyrb B BblAe­
neHHblX npV1 AeKOMn03V1l.\L-1L-1 Y4aCTKax npouecca OnL-1CbIBaIOT01 
A04epHV1ML-1 eppel:1MaML-1, nOA4L-1HeHHbIML-1 KopHeBOMy. ,[Io4epHL-1l:1 
eppel:1M npencraanaerci cneaYlOlllL-1M 06pa30M: 

FrDF{NDf,;,NRFg,AtrtvStI//LFu,CF;;, 
DmdiDiagdiReeu,ProgdiConf,;} (14), 

rne, KaK L-1 paaee, B cK06Kax npL-1BeaeHbl Ha:3BaHL-151 cnOTOB 
eppel:1Ma FrDu 

B cnorax eppel:1Ma COAep>KV1T01 cneaYlOllla51 L-1HepopMal.\L-151: 
NDfu - Ha:3saHL-1e jl:1 rpvnnu KOHKYPL-1pYlOlllL-1X aeurraruux CL-1TY­
al.\L-1l:1, L-1MelOlllL-1X HecJ<onbKO 06111L-1X CL-1MnTOMOB, L-1nL-1 OAHOl:1 He­
WTaTHOl:1 CL-1TYal.\L-1L-1, HO Bbl3blsaeMol:1 pa3JlL-14HbIMV1 npL-14L-1HaML-1; 
NRFg - YKa3aTenb L-1MeHL-1 «opuesoro eppel:1Ma F~, C KOTOpblM 
CB513aH AaHHbll:1 eppel:1M L-1 3Ha4eHL-151 aTPV16yroB KOTOPOro OH ua­
cneaver; Atru - COBOKynHOCTL-1 CL-1MnTOMOB (AL-1arH0CTl14eo<L-1X 
noxasarenesi), 06ycnasnL-1salOlllL-1X aKTV1BV13al.\L-11O HaCT051111ero 
eppel:1Ma (COOTBeTCTByeT CTPOKe MaTPL-1l.\bl B cnore Im, «op-e­
soro eppel:1Ma FRKlJ, L-1 AononHV1TenbHblX CL-1MnTOMOB, CB5l3aH­
HblX C BbI3bIBalOlllL-1MV1 AaHHyIO CL-1TYal.\L-11O KOHKpeTHbIML-1 uapv­
WeHL-151ML-1 L-1 n03BOn51I0111L-1X L-1X L-1t:\eHTV1epL-1l\L-1posaTb. CraTYC 
paco-arpaeaenoro eppe~Ma Std orpenensercs no pesvnsraran 
CKaHL-1posaHV151 MaTpV1l.\bl Afl51 noaoca HeWTaTHblX cV1TYal.\L-1~, ua­
XOA5l111el:1CSl B cnore Im, COOTBeTCTBylOlllero xopsesoro 
eppe~Ma. CraTYC MO>KeT L-1MeTb cneaYlOlllL-1e 3Ha4eHL-151: Std=Bbl­
HBfleHHbl!i B03MO)/(flblU YIHeBbIHBfleHHblJ1. 

LF - MaTPL-1l.\a eecoaux Ko3C(xpL-1l.\L-1eHTOB AV1arH0CTl14ecKV1X 
nOKa3aTenel:1 ¥kj, Ol.\eHL-1BalOlllL-1X L-1X 3Ha4L-1MOCTb (no MHeHL-11O 
sxcneproa) npV1 L-1t:\eHTV1epV1Kal.\L-1L-1 AaHHo~ npL-14L-1Hbl; C~ npo­
l.\eaypa pee-era CTeneHL-1 yBepeHHOCTl1 B AL-1arH03e (Ol.\eHKa 
CTeneHV1 6nV13OCTl1 TeKYllle~ onyCll\L-1L-1, Ha6nlOAaeMol:1 Ha npo­
uecce, K ee oopasv, AeKnapL-1poBaHHoMY B npaeanax AL-1arHO­
crn4ecJ<O~ MOAenL-1); Dmu - 6a3a npoAYKl.\L-10HHblX npasnn RL¥<, 
CB513blsalOlllL-1X HapyweHV15l C OCHOBHbIML-1 L-1 AononHV1TenbHbIML-1 
CL-1MnTOMaML-1 B panxax HeWTaTHO~ Mat<pOCV1TYal\L-1L-1, orpeaens­
eMo~ eppe~MOM FrSd. CnOTbI Diagu, Reed L-1 Prog1 eppe~Ma FrDd 
COAep>KaT COOTBeTCTBeHHO npL-14L-1Hbl CL-1TYal.\L-1l:1 Dgg, peKOMeH­
Aal.\L-1V1 no V1X y~HeHL-11O ReG; L-1 nporacsu Pg~L-1X pa3BV1TL-151; 
Sp - BeKTOp CTeneHel:1 onaCHOCTl1 HapyweHL-1~. 

B pesvnsrare npouenvpa L-1t:\eHTV1epL-1Kal.\L-1L-1 HapyweHL-1~ 6y­
AeTBblrn5lt:\eTb cneaYlOlllL-1M o6pa30M: 

1.nocne 06Hap'Y)KeHL-151 epaKTa HapyweHL-151 aKTV1BL-1pyeT0l 
KopHeBO~ eppel:1M OM, B CTPYKTYPHOl:1 eAL-1HV1l.\e KOTOPOro 
npoasoumo HapyweHL-1e. npL-1 3TOM He4eTKV1~ BeKTOp CL-1MnTO­
MOB, COOTBeTCTBYlOlllL-1X TeKYllle~ CL-1TYal.\L-1L-1, cpaBHL-1BaeT0l C 
BeKTOpaML-1 Ta6nL-1l.\bl npL-14L-1HHO-cneaCTBeHHbIX CB513e~ L-1 aKTV1­
BV1PYeT0l COOTBeTCTBYlOlllL-1~ A04epHL-1~ eppe~M OM. 

2.no OAHOMY L-13 BbIWenpL-1Bet:\eHHbIX KpV1TepL-1eB Ol.\eHKV1 
6nV13OCTl1 cvrryal.\L-1~ npoL-13BQAV1T0l cpaBHeHL-1e TeKYllle~ L-1 onop­
HblX cV1TYal.\L-1~ L-13 npasnn B A04epHeM eppel:1Me CY4eTOM seco­
BblX Ko3C(xpL-1l.\V1eHTOB L-13 COOTBeTCTBYlOllle~ MaTPL-1l.\bl. 

3.Pe3ynbTaTbI cpaBHeHL-151 (3Ha4eHV151 KpV1TepL-1eB) cpaBHL-1­
BaIOT01 C noporoBblML-1 3Ha4eHL-151ML-1, onpeaen51eMbIML-1 3MnL-1pL-1 ­
4ecKL-1. 111 l.\L-1Kn nOBTOp51eT01 AO Tex nop, nOKa He npoL-130~eT 
npeBblweHV15l nopora B HecJ<onbKL-1X nocneaOBaTenbHblX l.\L-1Knax. 

3Ha4eHL-151 Ol.\eHOK 6nL-130CTl1 KOHKYpV1PYlOlllL-1X C~l.\L-1~, 
crpynnL-1posaHHble B A04epHeM ¢pel:1Me, xapaKTepL-13YIOT CTe-

PYlCYHOK 5. npYlMep o6Hapy)/(eHYlH YI YljJeHTYlcPYlKal./YIYI 

HeWTaTHOU curysun« C YlCnOflb30BaHYleM 3KCnepTHOu lIM 

Ha pL-1cyHKe 5 npL-1BeaeH npL-1Mep MOAenL-1posaHV15l aeurrar­
HOl:1 onyClUV1V1, B03HL-1KalOllle~ B XOAe npouecca nnponasa, a 
L-1MeHHO «neperpes nepeoro PaAL-1aHTHoro 3MeeBL-1Ka». 3Ta CL-1­
TYaUL-151 MO>KeT Bbl3blBaTb0l cneaYlOlllL-1ML-1 npL-14L-1HaML-1: Pr1 ­
KOKcoo6pa30BaHL-1e B PaAL-1aHTHo~ ceKl.\V1L-1; Pr2 - CHL-1>KeHL-1e KO­
nV14ecrna 6eH3L-1Ha B 3MeeBV1Ke; Pr3 - KOKc006pa30saHL-1e B 
TPy6HOM npOCTPaHCTBe saxano-u-oro annapara; Pr4 - Hapywe­
HL-1e pe>KL-1Ma patora KOTna yrwlV13aTOpa. Pa3BV1TV1e CL-1TYaUV1L-1 
Ha4anOCb Ha 100-M ware. 1113 AByx, noKa3aHHblX ua pL-1cyHKe 
TpeHt:\OB craTV1crnK, noporosoro 3Ha4eHL-1e nepsoa AOCTl1rna 
T2

- craTV1crnKa Ha 134 ware L-1 C 3TOro MOMeHTa Ha4an0l aHa­
nL-13 TpeHt:\OB L-13MeHeHL-151 KpV1TepL-1eB 6nL-130CTl1 TeKYllle~ CL-1TYa­
UL-1V1 K 06pa3ClM 3TO~ CL-1TYaUL-1L-1 npL-1 B03HV1KHOBeHL-1L-1 ee OT 
pa3Hbix YKa3aHHbIX npL-14L-1H., 3anL-1caHHbIM B npoAYKUL-10HHblX 
npasanax no-epsero eppe~Ma. Ha 743 ware L-1t:\eHTV1epL-1UL-1POsa­
Ha npL-14L-1Ha Pr2. Taxoe 3ana3AbIBaHL-1e no OTHOWeHL-11O K MO­
MeHTY 06Hap'Y)KeHL-151 06b51CH51eT0l MeAfleHHblM pa3BV1TV1eM OA­
uoro L-13 CL-1MnTOMOB, onpeaen51I0111L-1X CL-1TYal.\L-1lO. 

I1jJeHTYlcPYlKal./YlH HeWIcJTHblX arryal./Ylu Ha tese HeupoceTe­

BOUlIM 1I13Y4eHL-1e L-1cnonb3osaHL-151 3KcnepTHbIX CL-1CTeM B AL-1a­
rHOCTl1Ke, npoBOAL-1BWeeCSl BTe4eHL-1e AOCTaT04HO AflV1Tenbl-ioro 
BpeMeHL-1, Bbl51BL-1nO P51A HeaOCTaTKOB. B 4aCTHOCTl1, B03HL-1KaIOT 
npo6neMbi C Ha3Ha4eHL-1eM 3Ha4eHL-1~ AL-1arHOCTL-14ea<L-1X napa­
MeTpoB B ycnOBHO~ 4acrn npasan, secoeux K03epepL-1UL-1eHTOB L-1 
noporoe zina pa60Tbl KpV1TepL-1eB6nL-13OCTl1 L-1T.A. [6,12-14] . 

B TO >Ke BpeM51 OT TaKL-1X np06neM CBo6oAeH He~poceTeBO~ 

not:\X0A [1, 16, 17]. He~poHHble ceTV1 HenL-1He~Hbl no CBoe~ 
npvpone . He~poceTeBOl:1 nOt:\X0A oco6eHHO npL-1nO>KV1M Afl51 
rpoueccos, y KOTOpblX T04Hbie MaTeMaTL-14eCKL-1e MOAenL-1 5lB­
n51IOT0l nL-160 cnL-1WKOM cnO>KHbIML-1 L-1nL-1 L-1X nony4eHV1e cnL-1WKOM 
TPYAoeMKO, B 4aCTHOCTl1 npa AL-1arHocrnKe COCT051HL-1~ nom [1, 
6, 8]. HeaOCTaTKOM 3TOro not:\X0Aa 5lsn51eT0l TPYAHOCTb L-1t:\eH­
TL-1epL-1KaUL-1L-1 HOBblX C~l.\L-1~, koropue He 6blJlL-1 Y4TeHbl B 06y­
4alOllleM MaCCL-1Be L-1nL-1 Afl51 KOTOpblX He 6blno npenvo-orpeao 
BblXOAHOro Hel:1poHa B CTPYKTYpe ceTV1. ,[IPYrL-1ML-1 HeaOCTaTKaML-1 
5lsn51IOT0l TPYAHOCTl1 C MHO>KecrneHHbIML-1 HapyweHL-151ML-1, 
HeaonycrnMble BpeMeHa 06Y4eHV151 L-1 T.n. ,[Ianee 06cy>KAalOT0l 
MeTOAbl npeononeaas 3TL-1X TPYAHOCTe~ . 

Cnoco6HOCTb He~pOHHbIX CeTe~ K KnaCCV1epL-1KaUV1L-1 L-1H¢op­
MaUL-1L-1 n03BOnL-1na L-1cnonb30BaTb L-1X Afl51 AL-1arHOCTl1KL-1 COCT051­
HL-151 TexHGnorL-14eCKL-1X npoueccos. II1ccneaosaHV15l no npL-1MeHe­
HL-11O He~poHHbIX ceTe~ B AL-1arHOCTl1Ke wnL-1 no AByM -arpaane­
HL-151M. nepsoe OTHQCV1nOCb K Bbl60py HaL-16onee YAa4Hol:1 apXL-1­
TeKTYpbl ceTV1, 4TO B OCHOBHOM Kacanocb Ol.\eHKL-1 B03MO>KHO­
CTe~ ceTe~ C pa3JlL-14HbIML-1 npeo6pa:3Y10111L-1ML-1 epYHKUL-151ML-1: CL-1r­
MOL-1t:\anbHol:1, rL-1nep60nL-14ecJ<oro TaHreHca, ceTe~ C PaAL-1anb­
HbIML-1 ¢YHKUV15lML-1 L-1 T.n. 3AeCb ony6nL-1KosaHo HaL-160nbwee KO­
nL-14ecTBO pa60T, B TOM 4L-1cne L-1 Afl51 AL-1arHocrnKL-1 XL-1ML-1Ko-Tex­
HOn0rL-14ecJ<L-1X npoueccoB [1, 8, 20, 21]. BTOPoe HanpasneHL-1e 
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kacanocs anropan-os 06yYeHltl5l. 3Aecb Haltl60nbwee pampo­
crpaaeuae nOnyYVlnltl anropYlTMbl 06yYeHltlH CyYVlTeneM. 

Haltl60nbwee pacnpocrpaaeuae nonyYVlnltl ABa TI1na Hei1­
poHHblX ceTei1: ceTI1 npanoro pacnpocrpaaenns (feedforward 
networks - FFN) ltl eeTI1 CPClAltlanbHblMltl 6a3ltlCHblMltl epYHKl.\ltlH ­
Mltl RBFN. Vlcnonb3yeMble B CV1CTeMax AltlarHOCTI1Kltl eeTI1 FFN 
06bl4HO I-1MelOT TPI-1 enos, B Ka4ecTBe epYHKl..\l-1i1 aKTI1Bal..\l-1l-1 AnH 
exon-oro 1-1 (pexe) BblXOAHOro cnoes npl-1MeHHIOT Cl-1rMOVlAY 1-1 
mnep60nI-14ecKV1i1 ra-renc. Bo BXOAHOM 1-1 I-1HorAa BblXOAHOM 
cnOHX I-1mOnb3Y1OT nl-1Hei1Hble Hei1poHbl. 

CeTI1 RBFN - TPeXcnOI1Hble CHenI-1Hei1HbIMI-1 epYHKl..\l-1HMI-1 aK­
TI-1Bal..\l-11-1 ronsxo B CKpblTOM cnoe. (eTI1 ltlmOnb3Y1OT epYHKl.\l-11-1 
aKTI1Bal..\l-1l-1 BVlAa <p(n)=exp( -rr), V13 KOTOpblX Haltl60nee nony­
nHpHa rayCCOBa. L\eHTPbl 6a3ltlCHbiX epytlKl..\ltli1 06bI4HO Ha3Ha4a­
IOTCH npltl KnacrepV13al..\l-1l-1 COCTOHHltli1 rpouecca. B TO >Ke BpeMH 
B CTaHAapTHblX FFN epYHKl..\l-11-1 Cl-1rMOVlAbl VlnI-1 mnep6onI-14eCKO­
ro rasreaca onpeneneuu BO BCeM Al-1ana30He. 

XOTH RBFI'J nOKa3an1-1 HeCKonbKO nyYwl-1e pesvnsraru no 
cpaBHeHl-11O C FFN, 3TOT Bbll-1rpblW Herak 3Ha4VlTeneH, oco6eH­
HO eom yYeCTb CYwecTBeHHO ecspacraouiae TPYAHOCTI1 npn 
YBenl-14eHI-1ltl pa3MepHOCTI1 np06neMbl [22, 23]. 

Ka4ecTBo 1-1 BpeMH 06yYeHltlH CeTV1 3aBI-1CV1T OT cnO>KHOCTI1 
np06neMbl. 5onbwI-1HCTBO 1l0TIl Onl-1CblBaIOTCH COTHHMI-1 nepe­
MeHHblX. 3T0 npl-1BOAVlT K HeAOnyCTVlMO 6onbwI-1M BpeMeHaM 
06Y4eHltlH ltl HV13KOi1 HClAe>KHOCTI1 pa60TbI caMOI1 CeTV1 [8]. Ilo­
cKonbKY, KaK npaeaoo, xo-rrpcnapvense npoueccsi Apei1epYlOT 
BO BpeMeHl-1, Tpe6yeTCH nepl-10AI-14eCKoe nepeo6yYeHI-1e Hel1­
poHHOi1 ceTV1. ECTecTBeHHo, 4TO Aa>Ke CyYeToM 3Ha4VlTenbHoro 
nOBblWeHVlH 6bICTpoAei1CTBI-1H coBpeMeHHblX KOMnblOTepoB ra­
Kl-1e sarparu BpeMeHI-1 Ha 06yYeHl-1e ceTV1 HeAOnyCTI-1Mbl. 

CHV1>KeHl-1e pa3MepHOCTI1 MO>KeT 6blTb AOCTI1rHYT0 pa3nltl4­
HblMI-1 cnOC06aMltl. llpe>KAe ecero, 3TO repexoa B rpocrpa-creo 
rnasasrx KOMnOHeHT. ,[Ipyroi1 MeTOA CHV1>KeHI-1H pa3MepHOCTI1 
ceTei1 - BBeAeHl-1e uepapxaa. 3To rpeover npoBeAeHI-1H Ae­
KOMn031-11..\ltlltl npouecca, HO 3aTO BblltlrpblW BeCbMa cvuiecree­
HeH. OCo6eHHO 3<fxPeKTI1BHO npltlMeHeHltle o6oVlX MeTOAOB OA­
HOBpeMeHHo. 

CTPYKTYpa TaKOi1 AByx ypoBHeBoi1 Hei1poceTeBoi1 ,[1M npn­
eeneua Ha pl-1cyHKe 6. 3aAa4a nOKanV13al..\l-1l-1 HapyweHI-1H B03na­
raercs Ha CeTb sepxaero ypoBHH (NN-HL). Ha ee BXOAbl roaa­
IOTCH TQnbKO re nepeMeHHble, «oropue xapakrepas:AnH orrya­
1..\1-111 AaHHoro crpvcrvp-oro 6noKa VlnI-1, KaK nOKa3aHO Ha pl-1cyH ­
«e 6, npoeKl.\l-11-1 nepeMeHHblx rpouecca Ha eecropu rnaBHblX 
KOMnOHeHT. 

Jii=:: 
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PUcyHOK 6. npe,lJ/laraeMafl crpYKTYpa 
Heiipoceresoii tiM. 

VlAeHTl-1epl-1Kal..\l-1H cl-1TYa 1..\1-1 1-1 np01-13BOAltlTCH CeTHMltl 
HI-1>KHerO ypOBHH (NN-Si). Ka>KAaH ceTb HI-1>KHerO ypOBHH 
onpeAen5leT npl-14l-1Hbl, Bbl3BaBWI-1e TY I-1nl-1 It1HylO HeWTaT­
HylO clt1TYal..\l-1lO. Vlx pa3MepHOCTI-1 onpeAen5lIOTC5l TOnbKO 

TeMI-1 nepeMeHHblMI-1, «oropue CBH3aHbi C AaHHblM CTpyK­
TYPHblM 6noKoM, BblHBneHHblM npltl AeKOMn03ltll..\ltlltl 1l0TIl, 
ltl, eCTeCTBeHHO, He BenltlKltl . 

3TOT nOAXOA n03BOn5leT cYweCTBeHHO CHI-131-1Tb epens 
nepeooy-reuna, «oropoe nOTpe60BanOCb 6bl An5l eAIt1Hoi1 
60nbwoi1 CeTI-1. T.K. nepeoov-reuae B OCHOBHOM «acaercs 
ronsxo ceTei1 HI-1>KHero ypOBH5l, a pa3MepHOCTb y HI-1X 3Ha­
41-1TenbHO MeHbwe no cpaBHeHl-11O Ccersio eepxuero vpos­
HH, 3TO npl-1BOAI-1T K AononHI-1TenbHOMY CHI-1>KeHI-1IO epe­
MeHHblX sarpar. KpOMe roro, ecnn B03HI-1KHeT HOBaH CIt1TY­
al..\l-1H, cers eepxuero ypOBHH noxannaver ee. Vl XOTH NN­
Si MOryT He cyMeTb Al-1arHOCTltlpOBaTb ee npltl4ltlHy, HeKO­
ropas nonesaan ltlHepopMal..\l-1H 0 MeCTe ee B03HI-1KHOBe­
HI-1H 6YAeT nony-reaa [23, 24]. 

TpeT1-111 nOAXOA K CHI-1>KeHI-1IO pa3MepHOCTI-1 CBH3aH C 
AI-1HaMI-14eCKI-1MI-1 CeT5lMI-1, Ha BXOAbl KOTOpblX nOAaIOTC5l He 
ronsxo rekvuiae 3Ha4eHI-15l nepeneuaux, HO 1-1 I-1X npeaa­
AYwl-1e 3Ha4eHI-15l. B 3TOM cnv-ae I-1CXOAHble neper-euaue 
3aMeH5lIOTC5l K03epepl-11..\I-1eHTaMI-1 perpeCCI-10HHbiX nOnI-1HO­
MOB, xoropue annpOKCI-1MI-1PYIOT TpeHAbl I-1CXOAHblX nepe­
MeHHbIX. ,[IonOnHI-1TenbHblM npeanvuiecraon sroro MeTOAa 
HBnHeTCH Crna>KI-1BaHl-1e I-1CXOAHblX AaHHblX 1-1 HeKOTopoe 
CHI-1>KeHl-1e ypOBHH WyMOB [25]. 

Ha pl-1cyHKe 7 npaeeneuu TpeHAbl BblXOAHblX Hei1po­
HOB RBFN CeTI-1 BepXHero ypOBH5l 1-1 FFN CeTI-1 HI-1>KHerO 
ypOBH5l npa Al-1arHOCTI-1Ke TOi1 »ce HewTaTHoi1 CI-1TYal..\l-1l-1, 
BbI3BaHHoi1 onars npl-14l-1Hoi1 Pr2, 4TO 1-1 Ha Pl-1c.5. BI-1AHO, 
4TO Hei1poceTeBaH ,[1M n03BOn5leT TaK>Ke yBepeHHo I-1AeH­
Tl-1epl-1l..\l-1pOBaTb CI-1TYal..\l-1lO, KaK 1-1 skcnepruas ,[1M. OAHaKo 
no CKOpOCTI-1 06Hapy>t<eHI-15l HapyweHI-15l rakan t:lM 
nponrpueaer, HO Ha srane I-1AeHTl-1epl-1Kal..\l-11-1 vsepeuuo B 
ABa pasa 6blCTpee pacnosaaer np1-141-1HY. Tpeuziu 1-13MeHe­
HI-1H Bbl XOAOB Hei1poHoB CeTI-1 HI-1>KHerO ypOBH5l no KOHKy­
PI-1PYIOWI-1M npl-141-1HaM 1,3,4 nexar B AI-1ana30He [-0 ,99 , 
-1] 1-1 Ha pl-1cyHKe He nosasaau. 

06Happ,eH He Pa crtoaa aaaxae 
HaPYllleH HR ~ n p H9:HH bI Pr2 
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PUcyHOK 7. Tpeuau SbIXO,lJHbIX HeiipOHOS Heiipocere ­
soiitiM (o6Hapy»<eHue HapyweHue - cers RBFNsepxue­
ro YPOSHfl/ U,lJeHTt1¢UKal/Ufl cnryeunn - cers FFN HU)f(He­

ro YPOSHfl) 

BblBOAbl 
XeMOMeTpl-14eCKI-1e MeTOAbl 3epepeKTI-1BHbi An5l MO­

HI-1TOpl-1Hra 1-1 Al-1arHOCTI-1KI-1 TeXHOnOrl-14eCKI-1X np0l..\eCCOB B 
XI-1MI-14ecKoi11-1 pOACTBeHHblX 06naCT5lX npOMblwneHHOCTI-1. 

• Vlcnonb30BaHI-1e MeTOAa rnaaasrx KOMnOHeHT 
(MrK) 3Ha41-1TenbHO vnpouiaer OpraHI-13al..\I-1IOMOHI-1TOPI-1H­
ra, n03BOn5l5l npOBOAI-1Tb ero, «oarponapvs Bcero ABe 
CTaTIt1CTI-1KI-1: T2 1-1 Q. 

VlAeHTl-1epl-1Kal..\l-11O HeWTaTHblX CI-1TYal..\l-1i1 Ha1-160­
nee 3epepeKTI-1BHO npOBOAI-1Tb C nOMOwblO l-1epapXI-14eCKI-1X 
3KcnepTHoi1 eppei1MoBo-npOAYKl..\I-10HHoi1 I-1nl-1 Hei1poceTe­
BOi1 AI-1arHOCTI-14eCKI-1X MOAenei1 . 
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