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<PopMaJihHble HeiipoHHhie ~eTn·(~M., IianpnMep, [J; mana 'ij)'Jfpe'.u
,cTallnl!I<)T. co6on. HOBYIO . Te:Jffi~rrorttiO ~bi'tHCJICHHR' KOTOpaJI· liBJIReT· 
cR pe:lyrri>TaToM .PYH.UaMeHTaJihHhlX nccrr<l,D;OJ)annn B o6iiacTn ncxyc- · . 
cTBeHHoro u~ITennexTa.· OcHOJlHhlM .uoc'roli;cTnoM 3Tor~ HatrpanJ;I~' · 
H~ll B nayK~··CTaJIO C03.UaH~e MaTeMaTiiHeCKHX cTpJKTyp,•rrb.uo6HhiX 
M03ry imn HepBHoii cn~:.eMe. HecM:oTpl!' Ha imeiiiHI<lro nciyccTneH~ 
HOCTb H axa.tteMHH~OCTl> llO.UXO.Ua Kpa3p<tfiOTKe .popMaiTbHbiX HeftpoH· 

' " • - -,_ ,-.. : •-" - ~--- -- . : i ., ' ... --- _·. - ,_ \ -... HhlX ceTen, npnM:eHenne 3Toro MeTo.ua .uaeT xopomnn n;paKTHHecxnu 
BbiXO.U B pa3HblX_ o6n;~~>IX [2, 3.; 4, 5, 6, i, sj. OcHOB~hlM .UOCTOc 

. l!HCTBOM .popMaJihH~ Heftpo_;IHhlX ceT~R :C'IHTaeTC>I IDe o6y<iaeM.oc'I'h, 
''ITO n03n<iiuef c nx D;oMoliU>iQ Bhi.UeJI>ITh ny~Hbie ptiayni>TaTr,I II3 CQc 
BOKJUH?CTII .uami'hlx c 6onhniliM 'mcJIOM napaMeTpOn, 

Ha cero.UH>IllfHIIn 11eHh .popMaJII>Hhle HeftjJOHnhle ceTn m:?'nii ncer.ua 
rrcnoJII>3JIOTC>I .Kax annapaT IipHH>ITJ!lli pemeHmf [9; Hi]. 3Too3Ha'lac 

· eT, HTO ll pe3ynhTaTe o6yHeHHK:$OpMaiihHaJI HeftpoHHaJI ceTh .uomxna, 
noo6rne ronop>I, KJI~cu.pnJ:(uponaTb ·nee no.uanaeMb!e H~ nxo.u co6biTl!R 
KB.K -ycrio~no_ "nrrO~e" · (13hl_Xo!J._ pil.BeH Q). .n "xopornne" {B_i~xo,n: _pan-eH_ 
1 ) .. .iJ.JIR·pemeHl!li TaKOro KJiaCCa 3a.Uai:! pa3pa60TaHO.HCCKOJibKO BH.UOB 
HeRpOHHbiX CCTCR II CITOcOfihl IIX Ofiy>'ICHHli [1, 2, li]. 0TMCTIIM, 'ITO 
o6rneii IT<tpa.l1urM:e · o6yHeHHR :raxrrx . .popMaJihHhlX Henp<lHHhiX ceTen 
ITOCBliiiTeHa pafioTa [12]. . . 

OnHaxo' 1,1 npaKTH'lecxux 3aAiL.'I&X '6i.rnaeT ·neo6xo.un~m noccTana- , 
,B.[IHBaTb 'He TOllbKp .UliCKpeTHble xapaxT~piiCTIIKII cofibiTIIR (xnaccrr
<iJuKanrrro ), Hif 111 Henpephll.JHb!.C XapaKTePI!fT111KII 3Tl!X C06biTIIR. fi prr~ ; 
MejJaM1'1 Taxrrx 3a.ua;i:r .Cny:lKaT cne.uyroll(He: xan:rr6ponxa xarropuMeTpa, 
;>KCTpanOJIRJ:(IIli II-l!HTepiTOJiliJ:(l!li TpeKOB, Kypcon a:K'J:(IIR 111 .upyr111x He
UpepbiBHhiX. xapaKTepiiCTljK np0111CXO.UliiiTero npor(ecca, O.unon H3 no
llbl'\'OK peineiiiiR n<Jro J<:rracca 3a.Ua'l_>IllJI",:reTcR plt6oni. [13.]. 

llpe:>K.ue '!eM paccy:lKAaTI> o6 o6yHenim .popMaJII>HMx nenpoH!mx 
ceTeli, Heo6xo.uuM:o cTporo onpe.ueimih <>TOT ·o6'beKT. • B .'l'eopnn <jlop~ 
M:arrh~X HeiipoHHhlX ceTen i:reT pacxo:lK.UeHnn n~ 3TOMY nonpoGy: B. 
nepnoii: qacTn non pa6oTbl np111ne.ueHo o.i:lno nx caMMX xpaTKHJC n 
<jJJHKlll!OHaJihHhiX ?ITJlC,ll,elleHJ'!R _ <jJOpMaJihHOR HeftpoHHOH CCTll, 3aHM; 

' 2 

t' 

CTBOBaHHOe H3 CTaThH [12]. Bo BTOJlOR HaCTII o6cJ:lK)1aeTCli B03MO:lK
HOCTb o6yHeHIIli <jlopMaJibHOR HeRpOHHOH ceTII )jJili pacn03HaBaBllli HC
npepbiBHhlX xapaKTepHCTHK BX0/1HhiX C06hlTHR. 

1 Onpenerremre <}lopMaJihHOH Heii:poHHoii: ceTH 

<PopMaJibHbiH nertponno onpe.uerreHHIO nMeeT cJie)1yronzyro cTpyxTypy: 

• WopMaJihHhlR HeftpoH IIMeeT HCKOTopoe MHO:lKeCTBO BX0/1HblX Ka
HaliOB npneMa aHarroronon nnrr 6yrrenoil rrH<jlopManrrrr n o.unH Bhl
xo,o:Ho:ft KaHan. KonnHeCTBO n nxoAHhiX KaHaJIOB RBJIReTCR BHyT
peHHen xapaKTeprrcTnxon HenpoHa. Bn.u nepe11anaeMoro cnrHarra 
onpe.uerrReT Ha3nanne <jlopMaJILHoro Henpona. Ecrrn nepe.uanae
Mbr:ll ITO BCeM KaHaJiaM CHrHaJI HBJISieTC.si OAHOfiliTOBbiM, TO TaKO.ff 

HeilpoH Ha3hlBaeTCR 6ynenhlM. Ecrrn nepe.uanaeMhlR no nceM xa
HaJiaM cnrHaJI MO:lKeT HenpephlBHO 1113MeHRTbCli B npe.uerrax OT 0 
.UO 1, TO TaKOR neftpoH Ha3hlBaeTC.si aHaJiorOBbiM. 

• Ka:lK)10MY BX0!1HOMY xanany c HOMepoM j <jlopMaJII>Horo HenpoHa 
CTaBHTCH B COOTBeTCTBHe "l!HCJIO Wj, Ha3I:JBaeMOe BeCOM 3TOrO 

KaHana. BeKTOJl necon w = ( WJ, ... , wn) liBJIReTca nnyTpeHHeR 
xapaxTepncTHKOll .popManhHOro HeilpoHa. 

• WOpMaJihHhlR HeRpOH C n BXO.UHbiMH KaHaJiaMH <jlopMIIpyeT cur
Hall cofiCTBCHHOrO BHJTpeHHero B036J:lK!1CHHli no cne.uyrorneMy 

3aKOHJ: 
n 

N= I: WjXj, 
j=l 

r,ne X = ( x1, ... , Xn) ecTb nxo,nno:H CHTHaJI. 

• BMxo.uHon cnrHan y <jlopMarri>Horo Henpona nonyHaeTCR nprrMe
HeHneM <jlyHKJ:(HH o6pa6oTKH F K cnrHarry BHJTpeHnero B036y-

:lK.UeHna: 

y=F(N). 
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<l>yHKII,Hli F liBJil!eTcli BHyTpeHHe:iir xapaKTepncTHKo:iir ljlopMaJib

Horo He:iirpoHa. Bn,n; pe3yJihTaTa ljlyHKIJ,HH F ,n;OJI2KeH cooTBCT

CTBOBaTb BH,n;y HHijJOpMaiJ,HH, ITepe,n;anaeMOH ITO BhlXO,ll;HOMY KaHa

rry HCITOJIHHTCJil!. 0TMCTHM, 'ITO B CJiy'laC 6yrreBhlX ljJOpMaJibHhlX 

HellpOHOB '!aCTO HCITOJib3YCTCli ITOpOrOBa.>I CHrMOH,ll;Hal! ljlyHKII,Hl! 

C BHyTpeHHCH xapaKTCpHCTHKOH 0: 

{ 
0 z 

F(z)= 1: 0< z 
~o 

B crry'lae ciTe,n;naJibHoro nn,n;a ljlopMaJibHhiX He:iirpoHHhlX ceTe:iir -

Krrero-.::r:ahrx aBTOMaTOB - OfihPIHO IIpHMCHHCTCH IIOporoBaa KOJlO

KOJIOH,ll;aJibHa.>IIjlyHKII,Hli 

{ 
o, z < o, 

F (z) = 1, 01 < z < 82 
0, 02 ~ z 

o, < o2. 

O,n;Ho:iir H3 caMhlX ITOITyrr>IpHbiX ljlyHKIJ,HH ,n;Jil! o6pa6oTKH cnrHarra 

BHYTPCHHero nm6y2K,n;eHHl! B crry'lae aHarrorona He:iirpoHa l!BJil!eT

Cl! JIOrncTH'lCCKal! ljlyHKII,Hli C BHyTpCHHCH xapaKTepHCTHKOH <J: 

1 
F(z)= 1+exp(-<Jz)" 

06IIIHH BH,ll; ljJOpMaJihHOrO He:iirpoHa H306pa2KCH Ha pncynKe 1. 

<f>opMaJibHal! HCHpOHHal! CCTb ITO OITpe,n;eJICHHIO HMCCT CJIC.l(yromyro 

CTPYKTypy: 

e CeTb COCTOHT H3 HCKOTOporO MH02KCCTBa ljJOpMaJihHbiX HCHpOHOB, 

BXO,ll;bl H BbiXOII,hl KOTOpblX COC,ll;HHCHhl CBl!3liMH. Ilpn 3TOM KOJIH

qeCTBO HeftpoHOB II TOIIOJIOrHH HX CBH3eft HBJHIIOTC.si BHyTpeHHHMM 

xapaKTepiiCTHKaMn 3TOH ceTH. BhlXOAHOH cHrHaJI ljlopMaJihHoro 

HCHpOHa CCTH M02KCT ITepe,n;aBaTbCl! ITO JII06oMy KOJIII'ICCTBY CBl!-

3Cll. 

e Bxo,n; CCTH COCTOIIT li3 HCKOTOpbiX BXO,[(HhlX KaHaJIOB OT)lCJibHbiX 

ljlopMarrbHhiX He:iirpoHoB ceTn. Ecrrn nxo,n;Ho:iir KaHaJI ljlopMaJihHoro 
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__ ___,.IN= W_1 X_1 + ... + W_n X_n y ...... 
...... 
/ 

---7IY=F(N) 

F ( z) = Sign ( z ·A) 

F ( z ) = 1/( 1 + exp (- A z) ) 

PucyHoK 1: 06runi1: BHn ¢opMaJihHOro ueiipoua. 

HCfipoHa CCTH He ITpiiHa.UJIC)KHT BXo.n;y HeftpOHHO:ft Cf'TII, TO 3TOT 

BXOL(HO:ff KaHaJI COC.IUIHCH C BbiXO.UOM OJlHOrO 'II TOJibKO O,llHOTO Heft

poHa 3TO:ll CCTH. 

e BhlXOA CCTII COCTOHT ll3 BhlXO,ll;HhiX KaHaJIOD HCKOTOphlX ljlopMaJib

HblX HeftpoHoD ccTH. Ecrrn DbiXO,ll;HOH KaHaJI ljlopMaJibHoro HCH

poHa CCTll HC ITpiiHa,ll;JIC)I(HT DhlXO,ll;Y HCHpOHHOll CCTII. TO 3TOT 

BhlXO,IlHO:fr KaHaJI COC,UHHCH C O,UHHM HJHI Hf'CKOJibKIIMH BXO.UHhlJVIli 

K<lHaJiaMH OllHOTO HJHI HCCKOJibKIIX HC:ftpoHOB 3TOii C('TII. 

06y<IeHHe .popMaJihHOll HeiipoHHOH ceTH 

3aljJIIKcnpyeM ljlopMaJihllyro He:iirpoHHYID ceTb N c n nxo,n;HhlMH ll m 

UblXO.D:HbiMH aHaJIOrOBbiMH KaHanaMH. 

2.1 Ooyqaromee !VIHOlKeCTBO 

Ey,n;eM na3hiBaTh o6y'larome:iir napoii AJil! :non He:iirpoHHO:iir ceTII crre,n;y

rolll..YID ynopl!,ll;O'ICHHYID ITapy BCKTOpon: 

( x, !7), x = (x~, ... , ;r,), Y = (Yh ... , y,). 
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ConoKyiiHOCTh ncex o6yqaiOUIIIX nap o6paJyeT o6yqa10ruee MHO:lKCCTBo 

.;\li. 0TM€TllM, 'ITO 3TO MHOM€CTBO HHOr.Ua Ha3:biBaiOT (-c.racTI-P:IHOfl) 

<PYHKIIHeii Bhr6opa nannoii rrpo6rre~>moii o6rracTrr [14]. 

EyneM ronopiiTh, 'ITO .pop"IaJihHaH HefrponnaH }.[ ccTb o6y'ICHa Ha 

MHoJKecTne Jvt. ec;m nrrH rr106oro 3JieMcHTa ( x, y) HJ M ceTb /v na 

nxone x nacT Bhlxon jj. B pa6oTe [12] ·noT 3Tan 6hm HaJnaH rrpenna

prrTeJihHhiM o6y'IeHrreM. CrrenyeT oT~!eTHTh, 'ITO ecrrn ,PnKcHponaua 

KOH<iJnrypal(HH HClliJOHI!Oll CCTII ( KOJIII'ICCTBO II BH)l HCiipOHOB. CBH3H 

M€2K.UJ HIIMll), TO HC .UJUI -BCHKOro o6y•IaiOruero MH02K€CTBa CJ'IU€CTBY

CT CCTh C UaHHOll KOH<iJHrypauHell, KOTOIJaH B IIIJH!!l(HITC M02KCT 6biTh 

o6y'IeHa Ha 3TOM MI!OJKCCTBC [15, CJIC)lCTBHC 2 K TCOIJCMC 5.3]. IlpHMC

IJOM MoJKeT crryJKHTh H3BCCTHaH "rrpo6rreMa pa3UCJIJIJOIUcro MJIM" [1, 
mana 2]. 

0TMCTHM, 'ITO cyrueCTBYCT IIpHHl(HIIHaJibHOC pa3JIH'IHC MCJK)ly llBY

M5I BHLI:aMH tllopMaJibHhiX Hell:pOHHhlX cereil:: C aHaJiorOBbiM DhlXOL(HhlM 

cHrnarroM 11 c 6yrrenhlM BhiXOllHhlM cHrHaJIOM. CeTh c 6yrrenhlM Bhi

XO.UHhiM CHrHaiTOM MO)K€T 6biTh o6y-tieHa TOCJ:HO, HO IIJiaTOfi 3a 3TO 

:s!BJI5.l€TC51 TIOJIHOC OTCJ'TCTBH€ B03MOMHOCT€il: IIHTepiiOJUIII.HII II .n;py
rHX crroco6on pacrro3HanannH HcrrpephlBHhiX xapaKTcpncTHK. CeTh 

C aHaJIOrOBhiM BhlXOUOM CpaBHHTCJlhHO TIJIOXO pa6oTaCT B 3a)la'IaX 

KJiaccnqecKoro paCIIOJHaBaHIDI (y3HaBaHHH IIJIH, KaK IIHOr,Ua rOBOpHT, 

IIMCHOBaHHJI), OUHaKO naeT B03MOJKHOCTh KJiaCCH,PIInHpOBaTb o6pa3hl, 

o6y'IeHIIC KOTOIJhlM H€ IIIJOH3BOUIIJI0Ch. 

2.2 Mepa rrpoae.n:ennoro o6y'IeHHH 

06o3Ha'IHM Bhrxon HeiipoHHoii ceTII N na nxone x CHMBOJIOM N ( x). 
Mepoii nponenenHoro o6y'IeHnll .popMaJihHOll He:iipoHnoil cCTII MOJKCT 

crryJKIITh crrenyJOmaH ,PyHKI\HH: 

E(M,N)= L F(N(x),y), 
(i!,y)EM 

rrpii'ICM F ( 0) = 0 II <PYHKUIIOHarr F HBJiliCTCll BhlrryKJihlM BHH3. 

6 

l 
I, 

} 

IlpnMepaMII TaKHX <iJYHKUHOHaJIOB MoryT CJIYJKIITh CJICllYlDUIIIC Bhl

paJKCHHJI 

F(a,v)=lliT-vll~, p::::L 

OnnnM H3 caMhiX norryrrllpHhiX [1, 2, ll]liBJilleTcll <PYHKI\IIOHarr KBa

npaTa rHJib6epTOBOll HopMbi (rrpii p = 2). 

MHorna [2] HaxonHT npnMeHeHIIe <PYHKunonarrhl F, IIMCJOUIIIC MII

HIIMYM n Hyrre II nH,P,PepenunpyeMhle n oKpecTHOCTII. MHneKcoM j 
6yUeM o603Ha'IaTh HOMep KOMIIOHCHThl BCKTOIJOB, >IBJIHIOUIIIXCll apry

MCHTaMII 3TOrO <iJYHKI\HOHaJia. IlpiiMCpaMII MoryT CJIY2KIITh <iJYHKl(II

OHaJI IIepeKpCCTHOll 3HTIJOIIHII 

F (a, v) = - L Vj log Uj + ( 1 - Vj) log ( 1 - Uj) 

J 

II Mepa Kyrrh6aKa (Kullback) 

F(a,v)=L 
J 

v· 
vi log --'-. 

Uj 

2.3 MeTO,ll o6paTHoro pacrrpocTpanenu>r 

OnHoii II3 o6merrpiiHliThlX [1, 2, 11, 16] npouenyp o6y'IeHnH .popMaJih

Hoii HCllpOHHOll CCTH >IBJiliCTC>£ MCTO)l o6paTHOrO o6paTHOro pacrrpo

CTpaHeHIIH, rrpencTaBJili!Olliifll co6oi1: anarror MeTana rpaniieHTHoro 

crrycKa. PaccMoTpiiM onnn H3 naii6orree rronyrr>rpHhlX BHUOB .popMaJih

HhiX HeiipoHHhlX ceTeii- rrepuerrTpOHhl. Torrorrornll nnyTpenmix cnll-

3eii: <iJopMaJibHhlX HepoHOB TaKOll CCTH HMCCT TIOCJIOllHYIO CTpyKTypy, 

o6paTHhle CBH3H OTCYTCTBYIOT, CIIrHaJI pacrrpOCTpaHliCTCH OT BXOna 

'Iepe3 nnyTpeHHIIe crron K Bhlxony. 

Ilpil o6y'Iennn MeTonoM o6paTnoro pacrrpocTpaneniiH c.popMnpo

naHHhlll cnrHaJI omn6Kn, npn nocTaTO'IHO 6orrhmoii neJIH'IHHe .pynK

unii Mephl nponenennoro o6y'IeHnll, pacrrpocTpan>reTC>I B rrepuerrTpone 

ITO CJIOHM B o6paTHOM HanpaBJICHIIII: OT BhlXO)la KO BXony - ITO ny

TII KOppeKTHpyH neca CBll3Cll. IlpoiiJIJilOCTpiipyeM 3TY rrpouenypy Ha 
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ITCpi\CITTpOHe 6e3 CKphiThlX CJIOCB ( BXO.l(HOll CJIOH HCHpOHOB liBJil!CTCli 

BbiXOJl.HbiM). 

IlycTh Mepa npone.n:eHHoro o6y'!emil! Bhl'IHCJilleTcli cne.n:yroiilHM o6pa-

30M ( rrrnhfiepTOBO ITpOCTpaHCTBO BCKTpOB) 

E(M,N)=~ .?= L(N(x)j-Yjf, 
(x,y)EM J 

N(x)j=F (~ wjkxk)· 

Tor,n:a 3aKOH H3MCHCHHll BCCOB CBli3Cll Ha Ka>K.l(OM mare o6y'!eHHll CCTH 

MO>KHO 3aiiHCaTh B CJie,n:yiOIIICM BH.l(C: 

Wjk(t+l) =Wjk(t)+ClWjk, 
8E 

'7 -, ClWjk =- () Wjk 

r,n:e 'I] - ITapaMeTp CKOpOCTH ofiy'IeHHli, ITpH'ICM 

'7 < 1, lim '7 = 0. 
E(M,N)~o 

2.4 Pacno3HaBaHrre HenpepblBHblX xapaKTepHCTHK 

M TaK, .popMaJihHal! HelipoHHaJI ceTh o6y'!aeTCli paciT03HaBaHHIO nro-

6hlx xapaKTCpHCTHK ITyTeM TaKOll KOppeKUHH BCCOB, 'IT06hl Mepa o6y

'ICHHli yMeHbrnanach. llrrcKpeTHOCTh paciT03HanaeMhiX xapKTepHCTHK 

OITpe,n:eJiliCTCll TeM, 'ITO BhlXO.l(HOH BCKTOp y o6y'!aiOTIICll ITaphl HMeeT 

KOOpJ1HHaThl, paBHhlC 0 HJIH 1, BhlXOJ1 CCTH liBJlliCTCll IICCB.l(06yneBhlM. 

06y'ICHHC paCIT03HaBaHI'!Kl HCITpephlBHhlX XapaKTepHCTI'!K IIpOHCXO

.l(I'!T ITO TOMY >Ke anropHTMY, HO B 3TOM cny'Iae BhlXOJ1Hh1C BeKTOpbi 

3JICMCHTOB o6y'IaiOmero MHO>KeCTBa .l(OJI>KHhl 3aMeTaTh o6JiaCTh B03-

MO>KHhiX 3Ha'IeHI'!ll o6y'IaeMOH XapaKTepHCTI'!KH ITO HeKOTOpo:ff .l(HC

KpeTHOll ceTKe. A,n:eKBaTHOCTh .n:ncKpeTH30BaHHoli Mo.n:enH H3Ha'Ianh

Holi HeiTpephlBHoli 3a,n:a'!e ecTh 3JieMeHT cephe3Horo nccne.n:onaHHll, 

Tpe6yroiilHli 3aTpaT KaK npeMeHH, TaK I'! .n:pyrHX pecypcon. K co

>KaneHrrro, nccne.n:onaTeJIH, ITpnMeHJIIOIIlHe HelipoHHhie ceTH B ITpaKTH

'ICCKHX 3a,n:a'Iax, Ofihl'IHO He y,n:eJil!IOT .l(OCTaTO'IHOrO BHI'!MaHHli 3TOMY 
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BOIIpocy. "'TO. 6e1yCJIOBHO, B H1BCCTHO:ff CTCIT€HII CHIDKaeT U€HHOCTb 

IIOJI:V"11€HHhlX p€3YJ1bTaTOB. 

3 3aKJIIO'leHHe 
Ta.KnM o6pa30M. Q_)opMaJihHhle ne:ltpoHHhie cern 1·Ioryr IICIIOJih30BaTn

cl! He TOJihKO )\Jill paCIT03HaBaHIIll l\HCKj)eTHhiX xapaKTC]>IICTIIK (IIpH

HliTIIll pcrncHn>I) nJy'IaewiOTI Mo.n:emL MeTOl\ o6paTHoro paciTpocTpa

H€HlUI 1viO>KCT 6hlTh a.n;aiiTilpOBaH ,llJI51 p€UH:'HH51 1anaq pa.CII03HaDaHII5I 

HCIIpephiBHhiX XapaKTepHCTHK, HaiTj)HMep, KaJIII6pOBKII IIJIII HHTep

IIOJI5IIUHI. Ilpii 3TOlVI KOMITeHcaunei:'r 3a TO"{{HOCTh Hf'llpoHHOrO rrpe.n;

CTaBJH'HlHI pa3JUP1HhiX cl_)yHKIUifi MO:JK('T CJIY)KliTh JIII6o KaTieCTBCHHOe 

ycrrmKnenrre rorrorroriin nnYrpennnx CD513eii cern CvneJUPH'Hnc KoJiu

l;recrmt cKphlThlX errors B crry•Iae nrpuenTpOHHoii Kompnrypaunu), JIII-

6o upeo6pa3oBaHHe BXOl\HhiX l(aHHhiX K nn.n:y, Han6oner a.n:aiTTIIpoBaH

HOMy K <tiiiipOKCHMaUUOHHhlM CBOiicTBaM <i>IIKCIIj>OBaHHOrO BII)\a <jlop

Ma.TihHOI':i HCI'ipOHHOJI Cf'Tll. 
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