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AHHOTAULMUSA

Llenb uMccnepoBaHMA: C MOMOLLBI MaTeMaTU4YecKoro amnnaparta MCKYCCTBEHHbIX HelpoHHbix ceten (MIHC) otobGpatb
Hambonee YyBCTBUTENbBHbIE NapameTpbl AN co3gaHua mogenu MHC ¢ uenbio nporHoanpoBaHns dunbpunnaunmn npeacepann
(Pr) y Mmy>x4mnH ¢ nwemnyeckon 6onesHsto cepaua (MBC).

MaTtepuan u metoabl. Matepmanom cnyxunu gaHHble obcrnefoBaHMsa NauneHToB permcTpa KopoHapHoOW aHruorpadum ¢
aHrvnorpaduyeckn gokasaHHon MIBC: 180 myxunH ¢ @I — ocHoBHasg rpynna, 713 myx4uH 6e3 Ol — rpynna cpaBHeHUs,
conoctaBMmas Mo BO3pacTy C OCHOBHOW. [N oueHkn pucka Hanmumsa @I ncnons3osanu matematudeckyto mogens NHC —
MHOTOCIOWHbIA NEPCENTPOH C OOHMM CKPbITbIM crioeM. MicxogHoe KonmMyecTBo naumeHToB 6bino pasgeneHo Ha 3 BbiGopku:
06y4aloLLyto, TECTOBYIO U KOHTPOSMbHYIO.

PesynbTatbl. [aumeHTbl ¢ ®I1 cTaTMCTUYECKM 3HAYMMO pexe Obinnm TPyAOoYCTPOEHbl B OHOAXETHbIX opraHu3aumsax
(55,0 npotne 63,7%; p = 0,040), yawe pemoHcTpuposanu Gonee Bbicokue (llI-1V) dyHkumoHanbHble knaccel (PK)
XpoHu4yeckon cepaeyHon HegoctaTodHocTh (XCH) no NYHA (49,2 npotus 21,1%; p < 0,001), nHgekcel maccol Tena (30,2
[27,4; 33,2] npoTue 29,0 [26,1; 32,3] kr/m?; p = 0,002), axokapamnorpaduieckmne MHAEKCbl MacCbl MMOKapAa feBoro xenyaodka
(JTK) (163,7 [144,5; 192,4] npoTms 143,9 [126,1; 169,0] r/m?; p < 0,001), paamepos JIXK (25,8 [24,1; 29,1] npoTtus 25,6 [23,9;
27,5] mm/m?; p = 0,020) n npasoro xenyaoyka, nesoro npegcepansa (J1M) (23,6 [21,7; 25,7] npotus 21,1 [19,7; 22,7] mm/m?;
p < 0,001). FlemoguHamuyeckm 3Haunmasn mutpansHas peryprutaumns (MP) B rpynne ¢ ®l1 Bctpeyanack yaue (48,2 npotus
14,1%; p < 0,001), nHoekc pasmepa KopHsa aopTbl (17,7 [16,4; 19,0] npotmns 18,3 [17,8; 20,0] mm/m?; p = 0,002) n dppakums
Bblopoca (PB) JK 6binu Huxke (49 [42; 56] npoTus 56 [47; 60]%; p < 0,001), kopoHapHbIN KanbumnHo3 (23,2 npoTtuns 15,7%;
p = 0,024) n npokcumanbHoe nopaxeHue npasow kopoHapHon apTepun (MKA) (28,3 npotus 22,7%; p = 0,025) Bbissnanu
yauwle. [InarHocTuyeckasi TOYHOCTb COBOKYMHOCTU MPU3HaKoB, BkoumBlien 10 napameTpoB, Ha KOHTPONbHOW BblGOpke
coctaBuna 85%, yyBcTBuTensHoCTb — 85%, cneumdunyHocTb — 86%.

3akntoyeHue. Passutne Iy myxumH ¢ MUBC mMoxHO nporHo3anpoBaTtb ¢ nomoubto Mogenu UHC, Bknovatowen Hanmume
3Haummon MP, 3aHsATOCTb BO BHeGomkeTHoM cdhepe, PK XCH no NYHA, kopoHapHbIi KanbLUMHO3, NPOKCUMarnbHOe NnopaxeHue
[MKA, nHgekcel Maccbl Tena, pa3amepoB NeBbIX OTAENOB cepaua U KOpHst aopThbl, a Takke OB JDK.

KntoueBble cnoBa: NCKYCCTBEHHbIE HENPOHHbIE CeTU, nbpunnaumsa npegceponn, uwemmnyeckas 6onesHb cepaua.

KoHdnuKT nHtepecos: aBTOpPbI 3aABMAIOT 006 OTCYTCTBMU KOH(PIIMKTA UHTEPECOB.

Mpo3payHocTb huHaHCOBOM nccrnegoBaHvie BbINOMIHEHO 3a CYET CpeacTB dheaepanbHoro Giogxera THOMEHCKOro kapguo-

AeATeNbHOCTH: NOrMYecKoro HayyHoro ueHTpa, TOMCKMI HauMOHanbHbIA UCCNEAOBATENbCKMN MEeOULNHCKUIA
ueHTp Poccuinckon akagemmm Hayk.

CooTBeTcTBME NPUHLMNAM MHOPMMPOBAHHOE Corfacme Noy4eHo oT Kaxaoro nauneHTa. iccnegosaHue ogobpeHo atu-

ITUKU: YECKMM KOMUTETOM THOMEHCKOrO KapAMOOrMyeckoro Hay4yHoro ueHTpa, TOMCKUIA HauMoHarnb-
HbI MCCcnegoBaTENbCKUA MEANLIMHCKUI LeHTp Poccuiickon akagemun Hayk (npotokon Ne 160
o1 25.09.2020 r.).
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Abstract

Aim. The aim of the study was to select, based on mathematical apparatus of artificial neural networks (ANN), the most sen-
sitive parameters for creating an ANN model aimed at prediction of atrial fibrillation (AF) in men with coronary artery disease
(CAD).

Material and Methods. The study focused on data of men from the register of coronary angiography with angiographically
proven coronary artery disease: the main group comprised 180 men with AF; the comparison group comprised 713 men of
comparable age without AF. The ANN mathematical model, a multilayer perceptron with one hidden layer, was used to assess
the risk of AF. The initial group of patients was divided into three samples: the training, test, and control samples.

Results. Patients with AF were significantly less likely to be employed in budget organizations (55.0% vs 63.7%, p = 0.040)
and more often showed higher (l11-1V) heart failure NYHA classes (49.2% vs 21.1%, p < 0.001), higher body mass index (BMI)
(30.2 [27.4; 33.2] kg/m? vs 29.0 [26.1; 32.3] kg/m?, p = 0.002), and higher echocardiographic indices of the left ventricular (LV)
myocardial mass (163.7 [144.5; 192.4] g/m? vs 143.9 [126.1; 169.0] g/m?, p < 0.001), left (25.8 [24.1; 29.1] mm/m? vs 25.6
[23.9; 27.5] mm/m?, p = 0.020) and right ventricular dimensions, and the left atrial diameter (23.6 [21.7; 25.7] mm/m? vs 21.1
[19.7; 22.7] mm/m?, p < 0.001). The group of AF patients had higher rate of hemodynamically significant mitral regurgitation
(48.2% vs 14.1%, p < 0.001). In this group of patients, the index of aortic root dimensions (7.7 [16.4; 19.0] mm/m? vs 18.3
[17.8; 20.0] mm/m?, p = 0.002) and LV ejection fraction (EF) were lower (49 [42; 56]% vs 56 [47; 60]%, p < 0.001); coronary
calcification (23.2% vs 15.7%, p = 0.024 ) and proximal lesions of the right coronary artery (RCA) (28.3% vs 22.7%, p = 0.025)
were detected more often. The final model, which included 10 parameters, had the diagnostic accuracy of 85%, sensitivity of
85%, and specificity of 86%.

Conclusion. Atrial fibrillation in men with coronary artery disease can be predicted by ANN model that takes into account
the presence of significant mitral regurgitation, extra-budgetary employment, severity of heart failure, coronary calcification,
proximal lesion of RCA, BMI, echocardiographic indexes of left heart, aortic root dimensions, and LV EF.

Keywords: artificial neural network, atrial fibrillation, coronary artery disease.
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BBepeHue MU cBA3aHbl U I, N KOpOHAPHLIN aTepockrnepos: BO3pacT,

Punbpunnauma npegcepouii (Pr1) — ogHO M3 cambix Ya-
CTO BCTpevalLMXcsl HapyLlieHun putma cepaua, o 50 net
anarHoctupyetca B 0,14%, B 60—70 net — B 4% v y nuu, ctap-
we 80 net — B 14% cnyyaes [1]. YacToTa BbisiBneHus ®Iy
60nbHbIX € Nwemmyecko bonesHeto cepgua (MBC), no 3apy-
GeXHbIM faHHbIM, cocTaBnsieT 6,7% [2]. Mo gaHHbIM Haluero
perucTpa KopoHapHoW aHrmorpaduu (KAI), ata undpa Hxe
oonee yem BABoe — 2,9%, YTO OOBACHAETCS OTHOCUTENBHO
MonoAbiM BO3pacToM Hawmx naumneHToB ¢ MIBC n ®I: 62 +
8 npotue 70 + 9 net 3a pybexom [3]. PaspabotaHo gocta-
TOYHO OOnbLIOE KONMMYECTBO CMOCOOOB MPOrHO3MpPOBaHUS
@I B pa3nuyHbIX NONyNAUMsAX, OAHAKO onpederneHve MecTa
KOPOHapHOro CTeHOo3NpoBaHusa B pa3sutumn ®I1 3atpyaHeHo
13-3a BNUSIHUS COMNYTCTBYHOLLMX (paKTOPOB prcKa, C KOTOpbI-

MY)XCKOW non, apTepuanbHas runeptoHus (AlN), xpoHudeckas
cepgevHasi HepgocTatovHocTb (XCH), oxvpeHue. BrnusiHue
aTux hakTopoB (koHdayHAEepOB) 3aTPyAHSET M3yYeHue B3a-
MMOCBSI3eil KOpoHapHoro aTtepockriepos3a n ®I1. C ucnonb-
30BaHUEM PasfM4YHbIX MaTEMaTUYECKNX MeTogoB 06paboTKu
OaHHbIX ObINO yCTaHOBMEHO, YTO B CMELLIAHHOW MO Mony rpyn-
ne 6onbHbIX MBC ®I1 cBAzaHa ¢ nopaxeHUsiMM NpaBow Ko-
poHapHoin apTepun (MKA) [3, 4]. PaHee mbl nokasanu, 4to y
MYXXYMH C NMOCTUH(APKTHLIM KapAMOCKIIEPO30M MopaxeHune
IMKA gaBnsetca He3aBUCUMbIM NPEOUKTOPOM 3HAYMMON MU-
TpanbHon peryprutauun (MP) [5]. OTo no3BonsieT roBopuTb
0 noteHumanbHoM Bknage nopaxenHus MNKA B passutne oIl
B 9TOW reHAepHOW rpynne n nocpeacTsom 3Hadnmon MP, a
Takke co3gaeT Mpeanochinky ANns UccrnegoBaHusi B3aMMo-
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cBazelnt Pl n3onnpoBaHHO Y MYX4MH 1 xeHwwmH ¢ MBC. Pas-
paboTka mMogenu nporHoavposaHus PI1 nomoxer npenort-
BpaTMTb pasBUTUE AAHHOIO HapyLleHWs pUuTMa y naumMeHToB
C KOPOHAapHbIM aTepOCKIepO30M.

Llenb nccnegosaHnA: ¢ NOMOLLBIO MaTemMaTM4ecKoro ar-
naparta MCKYCCTBEHHbIX HelpoHHbIx ceTen (MHC) otobpaTb
Havnbonee 4yBCTBUTENbHbIE NapameTpbl ANA CO34aHMsA MO-
aenn NHC ¢ uenbto nporHoanposaHusa ®Iy myxunH ¢ MBC.

MaTepMan n Metoabl

WccnepoBaHue naBnsieTcst peTpOCNEKTUBHLIM - OLHOMO-
MEHTHbIM CpPE30M 3NEKTPOHHOM 6a3sbl AaHHbIX — perucrpa
KAT, koTopbin Begetcsa B TIOMEHCKOM Kapauonormyeckom
Hay4HoM ueHTpe ¢ 1991 r. [6]. 3 6978 nauneHTOB pernctpa
C reMoguHaMu4eckm 3Ha4YMMbIM KOPOHAPHbLIM CTEHO3UPOBa-
Huem (50% npocBeTa 1 6onee) Kak MUHUMYM OHOWN apTepum
Obiny oTobOpaHbl U pasfeneHbl Ha rpynnbl My>XYUHbLI B 3aBU-
CMMOCTM OT Hanm4us unu otcytcTeusa O, OcHoBHyO rpynny
coctaBunu 180 myxumH ¢ @I, Ytobebl co3paTte conoctaBu-
MYIO MO OCHOBHOMY KOHGpayHA-dpakTopy (BO3pacTty) rpynny
cpaBHeHus1 6e3 O, Gbin Ucnonb3oBaH METOA, OCHOBAHHbIN
Ha BblpaBHUBaHWU YaCTOTHLIX pacnpeaeneHuin. Vicknioums c
€ro NnoMoLLb0 BMSIHWE BO3pacTa, Mbl CO3[anu rpynny cpae-
HeHust — 713 myxuuH ¢ BC 6e3 Or1.

Bcem naumeHTam peructpa MNpoBOAMIMU KIIMHUYECKOE,
nabopaTopHoe 1 MHCTpyMeHTansHoe obcnegosaHne. Maccy
Tena oueHuBanu no kputepusm BcemupHon opraHusauum
3apaBooxpaHeHusi. KypeHue, ynotpebneHvue ankoronsi, 3a-
HATOCTb B OHOMKETHBIX UNN BHEGHMKETHBIX OpraHu3aumsx
yunTbiBanu npu onpoce [7]. Bcem obcnenoBaHHbIM Obina
BbinornHeHa cenektusHasa KAl no metoay Judkins (1967).
YunTbiBanu KonmuM4yecTBO, OKanu3auuio U CTeneHb nopa-
KEHWNSI KOPOHAPHbIX apTepui; Hapsigy C reMoaMHaMUYecKu
3HaYMMbIMM OLIEHMBANU U reMoavHaMUYeCKN He3HauMMble
nopaxeHuns (oo 50% npoceBeTa U HEPOBHOCTU BHYTPEHHErO
KOHTypa). OuarHocTuKy KNMHUYECKMX CUHOPOMOB NMpPOBOAU-
N NO OTeYEeCTBEHHbIM PYKOBOACTBaM, AEWCTBOBAaBLUMM BO
BpeMsl rocnvtanu3aumu, U pekoMeHOauusM, akTyarbHbIM
B HacTosilee Bpems [8, 9]. Pesynbrathl axokapauorpadum
(OxoKTl) oueHvBanu no CTaHOAPTHBIM KPUTEPUSIM: CUCTO-
nunueckyto yHkuuo nesoro xenygodka (JIXK) cumtanu cHu-
XeHHON npu cpakuum Boibpoca (PB) JIK meHee 50%, JK
cynTanu AunaTMpoBaHHbLIM MPU UHAEKCE €ro KOHEeYHO-aua-
cTonu4yeckoro pasmepa 6onee 31 MM/M? y Myx4mH 1 Bonee
32 mm/M? y xeHLWwwmH, nesoe npeacepaune (J1I) — HezaBncnmo
OT nona npu MHOEKCe ero AmacTonuyeckoro pasmepa bonee
23 mm/m? [10-12].

AHanua BKIMOYEHHbIX B UCCNeA0BaHNE AaHHbIX NPOBOAU-
N C NOMOLLbIO si3blKa NMPOrpamMMUPOBaHUSA AN CTaTUCTUYe-
ckov 06paboTkm aaHHbIX R (v. 3.6.1) B nakeTe npuknagHbIx
nporpamm R Studio (v. 1.2.1335) nporpammbl STATISTICA
(StatSoft, Bepcuun 10 ¢ gononHuTensHbIM Naketom Automated
Neural Networks). PacnpegeneHne Ha HopmanbHOCTb Ansi
KONMUYECTBEHHbIX MOKa3aTene OuEeHUBaNM C MOMOLLbIO
Tecta Wanupo — Yunka. [ns BbISBNEHUsI CTATUCTUYECKU
3HAYMMbIX Pa3NUYUA KONMYECTBEHHLIX MOKasaTenewn B He-
3aBUCUMbIX Fpynnax npu oTCyTCTBUM HOpMarbHOro pacrpe-
JAeneHunst cnonb3oBanu kputepun MaHHa — YUTHU ¢ ykasaHu-
€M MeAVaHHOro 3Ha4YeHNs U MHTEPKBAPTUILHOIO MHTEpBana
(Me [Q,,; Q,J]). ns cpaBHeHUA KaTeropuasbHbIX NepemeH-
HbIX Mcnonb3oBanu kputepuin x? MupcoHa. Pasnuuns cunta-
NN cTaTUCTUYECKM 3HaYMMbIMKu npu p < 0,05.

Ons oueHkn pucka Hanuuusa Ol ucnonb3oBany matema-
Tnyeckyto mogenb MHC [13], TN KOTOpPON MOXHO oxapakTe-

pv30BaTb Kak MHOTOCMONHBIN NEPCENTPOH C OAHUM CKPbITbIM
cnoem. McxogHoe KonuyecTBO naumeHToB ObiNO pasgene-
HO Ha 3 BbIOOPKM: 0Oy4YaloLLyl0, TECTOBYIO U KOHTPOSBHYHO.
Mpu noctpoeHnn ontumansHon mogenu MHC otbop dak-
TopoB B nakete Automated Neural Networks nporpammbl
STATISTICA npousBoaunuM MeTOAOM MOCneaoBaTerbHOro
ucknoveHus: ctponny 1000 HEMPOHHBIX CETEN, N3 HUX Bbl-
oupanu 100 nyywunx no obLlien TOYHOCTM Knaccudmkauum
Ha Bcex Tpex Bblbopkax, 3atem n3 100 ny4wmx BbIGUpanu
10 HEMPOHHBIX CeTei, KOTopble Ha KOHTPOMbHON BblIGOpKe
nokasbiBanv HamBbICLLYH YyBCTBUTENbHOCTL (B CPEAHEM OT-
nuyanuck Ha £5%). [insa otobpaHHbIX 10 HEMPOHHBIX ceTein
nNpoBOAMMM aHann3 YyBCTBUTENbHOCTU Ha OCHOBE CYMMbI
KBaapaToB OWMBOK NPOrHO3MPOBAHUA MPU NPUHATUN 3HaYe-
HWS UccnegyemMoro nokasarens 3a cpegHee B 06Ler BblGop-
ke (Residual Sum of Square — RSS). Ecnu no pesynsratam
OLEHKM cpegHunx 3HadeHus RSS 6binv MeHblle eanHuubl,
WCKMoManu nokasaTtenb C HanMmeHbLuen oueHkon. Ecnu Bce
rokasatenv nMenu oueHky 6onblue eanHuLbl, Bbibrpanu mo-
Aernb C Hamny4Llen TO4HOCTbIO. B kayecTBe pyHKUUN aKTMBa-
LMW CKPbLITOrO Cros UCNonb3oBany yHKUmMIo «rmnepbonunye-
CKUW TaHreHcy, B KayecTBe (PYHKLUM akTUBALMKN BbIXOOQHOIO
cnost — Softmax. KnaccudmkaunoHHble nokasaTenu BbIXO4-
HOrO Cros — onpeaensnu Hanudme unn otcytcteue ®rl: Ha-
nnyne OI - IAF(1)Il, otcytctBue ®IM — IAF(0)I. Ecnv IAF(1)ll
6onbLe nnu pasHo IAF(0)Il, no gaHHBIM MOZENWN, MOXHO ro-
BOpWTL 0 Hanudmm ®r1; ecnn IAF(1)Il menblie IAF(0)Il, Mmox-
HO roBopwuTb 06 oTcyTcTBum PI1. [Ins onpegenexHvs auarHo-
CTMYECKOM TOYHOCTM Mogenu npumensancsa ROC-aHanus.

Pe3ynbrathl

HopmanbHoro pacnpepeneHusi npusHakos B 06eux rpyn-
nax He ObINo, KOppeKuMs BbIOOPKU ANs OOCTMXKEHUS HOp-
ManbHOro pacnpegeneHns He nposogunack. Ipynnbl Obinm
COMOCTaBMMbl He TOMbKO MO BO3pacTy, HO M MO YacToTe U CTe-
neHu Al, yacToTe oCTporo MHdapKTa M1Mokapaa v caxapHoro
avnabeta (tabn. 1). B rpynne myxuuH ¢ ®I1 6bin cTratnctu-
YecKkM 3HaUMMO Hpke MpoueHT paboTalowmx B GogXKeTHbIX
opraHusaumsix, Bbllle — UHOEKC Macchl Tena u cpegHss 4a-
cToTa cepaeyHbix cokpalieHun (HCC) B MUHYTY, AOCTOBEPHO
yaule BobisiBnsanu 6onee tskensle (I1I-1V) dyHKUMOHaNbHbIE
knaccbl (PK) XCH no knaccndpukaumm NYHA. B rpynne ¢ &1
npocnexveanucb TeHAeHUMn Kk Gonee pedkuMm Hectabunb-
HbIM hOpMam CTEHOKapAUM 1 aHaMHECTUYECKOMY UHAaPKTY
Munokapaa, KypeHuto, ynotpebnenuto ankoronsi, kK 6onee va-
CTbiM 3a60neBaHNAM LIMTOBUOHOWN Xenesbl.

Mpu cpaBHeHUN nabopaTopHbIX Nokasartenen cTaTucTu-
YeCKM 3HaYMMbIX MEXTPYNMOBbIX PAa3fNMYMi BbISBNEHO He
Obino (Tabn. 2).

Mpu AxoKI™ (Tabn. 3) pa3amepbl nonocren cepaua, TONLWK-
Ha CTeHOK u Macca munokapga JIK B abcontoTHbIX 3HaYeHNAX
Obinn G6onblue y 6onbHbix ¢ ®I1. MNocne nHAeKCUpPoBaHUS K
nnowagM MNoBEepXHOCTW Tena 3TU pasnunyms COXpaHWUNUCh
ANs BCEro NepeymcrieHHoro 3a UCKIMYeHeM ToMLWMHbI CTe-
Hok JIXK. Ouvnataumo JIXK n JIIN B rpynne naumeHtoB ¢ Il
pernctpmpoBany yatle.

Y 37 13 180 myxumH (21%) ¢ ®I1 Habnogany ee napoKcms-
ManbHyt opmy, 1 y GonbLUMHCTBA U3 HUX (Y 34 13 37 mMyx-
YMH) Ha POHE CUHYCOBOTO PUTMa BbISIBMANN AUACTONNYECKYHO
ancdyHkuumio JDK. Y 6onbimHcTBa Myx4nH 6e3 PI1 (78%) Tak-
Xe onpegenanu HapyLueHne amacTtonuyeckon gyHkumm JIK. Y
My>X4uH ¢ @I yalle BbISBNANM reMoguHaMU4Yeckn 3Ha4uMyto
MP. CpegHsia ®B JTXK y Hux Gbina Huke, CHUXEHWe cokpaTtu-
TenbHol cnocobHocTn JTXK oTMevanock Yaule.
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Tabnuua 1. CpaBHuUTENbHAsA KIIMHUYECKas XapakTepucTuka My>X4uH C nemmn4eckoin 6onesHbio cepaua B 3aBUCUMOCTY OT Hanuuus mbpunnsaummn npeacep-
oun
Table 1. Comparative clinical characteristics of men with coronary artery disease depending on the presence of atrial fibrillation

Myxurisl ¢ BT My>xunHbl 6e3 Pl

MokasaTenu (n=180) (n=713)
Parameters Men with AF Men without AF (n = 713) g
(n = 180)
Boapacr, net, Me [Q,,; Q,] 61 [55; 67] 61 [55; 66] 0,412

Age, years, Me [Q,; Q,]

WHpexc maccel Tena, krim?, Me [Q,; Q, ] . .
Body mass index, kg/m?, Me [025;2(5375’7 302[274:33.2] 2901261 32.3] 0,002

Pa6oTa B GrogxeTHO opraHusaumu, %

Work in a budgetary organization, % 55,0 63,7 0,040
YacToTa cepaeuHbIx cokpalueHnii B MuHyTy, Me [Q,.; Q,] 83 [70; 94] 70 [65: 78] <0.001
Heart rate, beats per minute, Me [Q,; Q,] ' ' '
KypeHwve, %
Smoking, % 48,0 56,0 0,079
Ynotpebnenve ankorons, % 16.9 237 0097
Alcohol consumption, % ! ! ’
CaxapHbin gnabet 2-ro Tvna, %
Diabetes mellitus type 2, % 156 127 0,669
3aboneBaHus WMTOBMAOHOW Xenesbl, %: 1.8 77
Thyroid diseases, %: ! !
— ayTnpeos, %
euthyroidism, % 9,5 5,4 0,062
— rMnotupeos, %
hypothyroidism, % 17 13
CrteHokapaus, %
Angina pectoris, % 76,1 80,8
CrabunbHas 0,071

CreHokapaus, % Stable 67,8 60,1
Angina pectoris, %

HectabunbHasa Unstable 8,3 20,7
@K cTeHokapaum HanpsixkeHus, % -l 46,3 47,1 0.808
Angina functional classes, % =1V 527 536 ’
OcTpblii HAPKT Mrokapaa, %
Acute myocardial infarction, % 156 197 0.65
WHdapkT mmokapaa B aHamHese, %
History of myocardial infarction, % 44,7 52,0 0,004
ApTepuanbHas runepTonus, %
Arterial hypertension, % 911 88,5 0,53
CreneHb apTepuanbHO runepToHnmn, % 1-2 37,2 40,9 0.16
Arterial hypertension degree, % 3 62,8 59,1 ’
®K XCH no knaccndukaummn NYHA, % =l 50,8 78,9 <0.001
NYHA class of HF, % =V 49.2 211 !

MpuMeyaHue: p — ypoBeHb 3HAYMMOCTM PasnUUMn MeXay rpynnamMu naunmeHToB npy OTCYTCTBUM HOPMasibHOrO pacrnpeseneHus senuuun, Me [Q,; Q,J —
MeAuaHHOe 3HaYeHWe W VMHTEpKBapTWIIbHBIA pasmax, uHTepBan Mexpy 25- n 75-m npoueHtunamu, MBC — nwemunyeckas GonesHb ceppua, P —
dunbpunnsaums npegcepaun, PK — dyHkumMoHanbHbIM knacc, XCH — xpoHuyeckas ceppeyHast HegoctaTtouHocTb, NYHA — Hblo-Mopkckas accouunauus
cepaua.

Note: p — level of significance of differences between groups of patients for not normally distributed values, Me [Q,,; Q,,] — median values and interquartile

range and the interval between the 25" and 75" percentiles, IHD — ischemic heart disease, AF — atrial fibrillation, HF — heart failure, and NYHA — New York
Heart Association.

Tab6nuua 2. CpaBHUTENbHAsA XapakTepucTMka nabopaTopHbIx nokasartenei 6onbHbIX MWeMUYeCKon 6onesHbio cepala B 3aBUCMMOCTU OT HanMuus
rbpunnsLMu Npeacepanii

Table 2. Comparative characteristics of laboratory parameters in ischemic heart disease patients depending on the presence of atrial fibrillation

MokaszaTtenn MauvenTsl ¢ @I (n =180) MauneHTbl 63 PI1 (n = 713)
Parameters Men with AF (n = 180) Men without AF (n=7 p

Oucnunupoemusi, %

Dyslipidemia, % 92,6 95,2
O6wwin xonectepuH, mmons/n, Me [Q,; Q, ] . .
Total cholesterol, mmol/L, Me [Q,; Q,j ’ 5,274,51; 5,98] 51514,32;6,02] 0,269
XC NNBM, mmone/n, Me [Q,; Q, ] . .
HDL cholesterol, mmol/L, M; [Q;; Q] 1,09[0.96; 1,27] 1,08[0,91; 1,28] 0.614
XC NMHM, Mmone/n, Me [Q,; Q,] 3,4 [2,78; 4,01] 3,2 [2,42; 3,97] 0,125

LDL cholesterol, mmol/L, Me [Q,.; Q,]
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OkoH4yaHue Tabn. 2
End of table 2

Moka3aTenu
Parameters

Tpurnuuepuasl, mmons/n, Me [Q,; Q,J

MauvenTsbl 6e3 @I (n = 713)
Men without AF (n=713)

T oeres mmalL. e 10, & 1,49 [1,09; 2,01] 1,56 [1,14:2,18] 0,205
e g 1[0, 0, s rsaan o1 509
oo o o e o 23 srousessn s 000
Gubpuriorex, rin, Me [Q,; Q] 3,50 [2,99; 3,90] 3,32 [2,97; 3,80] 0,712

Fibrinogen, g/L, Me [Q,;; Q,.]

Mpumeyanme: XC JIMBI — xonectepuH NMNONPOTENHOB BbICOKOW NnoTHocTu, XC JTMNHI — xonectepuH NMnonpoTenHoB HU3KOW MIIOTHOCTY.

Note: HDL cholesterol — high density lipoprotein cholesterol, LDL cholesterol — low density lipoprotein cholesterol.

Ta6nuua 3. CpaBHUTENbHAs XapakTepucTKa axokapanorpaduyeckux nokasarenem 60mnbHbIX NLEMUYECKOR 6onesHbio cepaua B 3aBUCUMOCTY OT Hanuyus

dnbpunnsauum npeacepann

Table 3. Comparative characteristics of echocardiographic parameters in patients with coronary artery disease depending on the presence of atrial fibrillation

MokasaTtenu MaumneHTbl ¢ ®IM (n = 180) | MauneHTbl 6e3 I (n =713)
Parameters Men with AF (n = 180) Men without AF (n =713) p
[OnameTp KOpHS aopThl, MM mm 36 [34; 39] 36 [34; 38] 0,319
Me [025; Q75]
Aortic root diameter, MM/M2 | mm/m? 17,7 [16,4; 19,0] 18,3[17,8; 20,0] 0,002
Me [Q25; Q75]
Paamep nesoro npeacepaus, MM mm 48 [45; 52] 41 [39;44] <0,001
Me [Q,; Q,]
Left atrial dimension, MM/MZ | mm/m? 23,6 [21,7; 25,7] 21,1[19,7; 22,7] <0,001
Me [Q,5 Q.
[OunaTtaunsa nesoro npeacepaus, %
Left atrial dilation, % 591 231 <0,001
Pasmep npaBoro xenyaoyka, MM mm 27 [25; 30] 25 [24; 26] <0,001
Me[QyQJ
Right ventricular dimension, Mm/M? | mm/m? 13,1 [12,2; 14,9] 12.9[12,0; 13,9] <0,001
Me [Q,; Q,]
KoHeuHo-AnacTonuyeckunin AuameTp NeBoro Xenyaoyka, MM mm 53 [49; 59] 50 [47; 53] <0,001
Me [Q,; Q, ]
Left ventricular end-diastolic diameter, Me [Q,; Q] Mm/M? | mm/m? 25,8 [24,1;29,1] 25,6 [23,9; 27,9] 0,020
[OvnaTtaumsa nesoro xenygo4ka, %
Left ventricular dilatation, % 4.9 6.1 <0,001
TonuwwmHa Mexokenyno4kosoi neperopoaku, Me [Q,,; Q,J MM mm 13[12; 14] 12[11;14] 0,006
Interventricular septum thickness, Me [Q,,; Q,.] MM/M2 | mm/m? 6,4 [5.8; 7,0] 6,5[5.8;7,2] 0,586
TonwmHa 3aaHeit CTeHKn Nesoro xenyaouyka, Me [Q,; Q, ] MM mm 12[10; 12) 11110;12] <0,001
Left ventricular posterior wall thickness, Me [Q,; Q. vm/M2 | mmim? 5,6 [5,1; 6,1] 5,6 [5,1; 6,1] 0.722
Macca mrokapaa nesoro xenyaouka, Me [Q,; Q] r 9 344,8[289,5; 406,1] 262,2[241,9; 330,8] <0001
Left ventricular myocardial mass, Me [Q,;; Q,/ vz | gim? 163,7 [144,5; 192,4] 143,9 [126,1; 169,0] <0,001
Mpun3Hakn aTepocknepoTUHEeCcKoro NopaxeHns aopTol, %
Signs of atherosclerotic lesions of the aorta, % 92,0 90,2 0,551
MuTpanbHas peryprutaums 2-i ctenenu n bonee, % 482 141 <0.001
Mitral regurgitation grade 2 or more, % ’ ’ ’
Pasmep acuHepruu nesoro xenyaouka, %, Me [Q,; Q,J . .
Left ventricular wall abnormality size, %, Me [Q,;; Q] 10[0: 29] 15 [0:29] ol
WHnekc acnHeprim nesoro xenynouka, Me [Q,; Q, ] . .
LV wall abnormality index, Me [Q,; Q,,] v 115[1,0:1.9] 1.21,0;1.5] 0,639
MocTuHdapkTHasi aHeBpy3aMa NeBOro xenynoyka, % 76 124 0102
Postinfarction LV aneurysm, % ’ ’ '
Tpomb neBoro xenyaouka, %
LV thrombus, % 18 2,6 0,699
®pakums Beibpoca nesoro xenyaodka, %, Me [Q,; Q] . .
LV ejection fraction, %, Me [Q,;; Q,] 49 [42; 56] 56 [47; 60] <0,001
Ppakuus Beibpoca nesoro xenyaouka <50%, %
LVEF < 50%, % 51,4 30,7 <0,001
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He 6bino pas3nuunii NO YacToTe BbISABNEHUSA MPU3HaKOB
aTepoCKNepoTUYECKOro MOPaXKeHNs aopTbl, NOCTUHMAPKT-
Hou aHeBpu3Mbl 1 Tpombos JDK, nHaekcy acuHeprum JIXK.
TeHnpgeHums k 6onbwemy pasmepy acuHeprum JIK Habnoga-
nacb y My>xuunH 6e3 ®rl.

Mpn KA y my>xunH ¢ ®I1 yalle onpegenany nopaxeHus
MKA, npuyemM npokcMMarnbHbIX OTAEMNOB, a Takke KanbLUHO3
KOpOHapHbIX apTtepuii (Tabn. 4). B rpynne naumexTtos ¢ ®rl

ObInn oBHapyxeHbl TeHAeHUun k 6onee peokum nopaxeHu-
M nepegHen HUCXOAsLLEN BETBU NEBOW KOPOHApHOW apTe-
pun 1 NpaBoMy TUMY KOPOHAPHOIO kKpoBoobpaLleHus.

B kauecTBe MCXOAHbIX A@HHbIX B MPOrHOCTUYECKYH) MO-
Oenb BKMOYanM TOMbKO CTATUCTMYECKM 3HAYUMMO pasnu-
YaBLIMECS MEXAy rpynnamMuv MpU3HaKu, WUCKMYasi TEeCHO
CBSI3aHHbIE, Hanpumep, MHOEKC KOHEYHO-OUACTONMYEeCKOro
anametpa JIXK n gunarauusa JK.

Tabnuua 4. CpaBHeHVe 4acToTbl TOKanNU3aLuum, BbIPaXXEHHOCTW Y pacnpoCTPaHEHHOCTN KOPOHAPHbBIX MOPaXXEHWI B 3aBUCMMOCTU OT Hannyms onbpunnsaumum

npeacepaunin, %

Table 4. Comparison of the frequency of localization, severity, and prevalence of coronary lesions depending on the presence of atrial fibrillation, %

Moka3aTenu MauneHTtsl ¢ ® (n=178)  MauneHTbl 6e3 O (n = 331)
Parameters Men with AF (n = 180) Men without AF (n =713)
CTBON NeBOW KOPOHapPHOW apTepun®
Left main coronary artery * 19.9 20,0 0,669
MepeaHsas HMCXoasLWAsA BETBb NEBO KOPOHaPHON apTepun® 827 875 0052
Anterior descending coronary artery * ’ ’ ’
OrunbatoLas BeTBb NEBON KOPOHAPHOW apTepum™ 61.1 63.4 0.834
The circumflex coronary artery * ’ ’ ’
lMpaBas kopoHapHasa apTepusi*
Right coronary artery * 88,9 808 0,008
npokcumansHas 283 227
Tlokanusaums nopaxeHus proximal
npaBoii KOPOHapHOW apTepun™ cpefHero otaena u aucrtanbHas
Localization of lesion of the middle and distal 606 58,1 0,025
right coronary artery HeT nopaxenns " 192
No lesion ’ ’
BeTBb Tynoro kpas*
Blunt edge branch * 29,3 26,0 0,520
[varoHanbHas BeTBb*
Diagonal branch * 15,6 18,5 0,538
WHTepmeamnanbHas BeTBb* 45 86 0155
Intermedial branch * ’ ’ ’
emoaMHamMnyeckn 3HaunMble nopaxeHns (>50% OpHococyancTble 304 30.2
npocseTa cocyaa) Single-vessel ’ ’
Significant lesions (>50% of the lumen) 317 28.1
[ByxcocyaucTble ’ ’ 0,361
Bilateral
MHoxecTBeHHble (3 cocyaa u 6onee) 33,9 39,6
Multiple (3 vessels or more)
KanbunHos KOPOHaPHbIX apTepuit 23.2 15.7 0,024
Coronary artery calcification
CbanaHcupoBaHHbIit
Balanced 6.9 7,2 0,107
Tun KOpoHapHOro Nesuni
KpoBOOOpaLLEeHNSs Left 7,5 13,0 0,062
Coronary circulation type
MpaBbin
Right 85,5 79,7 0,105

MpumMeyaHue: * — ntobble NopaxeHUst KOPOHAPHBIX apTEPWIA, BKITKOYAs HEPOBHOCTY NPOCBETA U OKKITIO3UU.

Note: * — any damage to the coronary arteries, including irregularities in the lumen and occlusion.

B mopenb Bownun: 7 KONMYECTBEHHbIX (MHAEKCHI Macchl
Tena, pasMepoB NEBbIX OTAENOB cepALa, MpaBoro Xernyaou-
Ka, KOpHSA aopTbl 1 Macchkl Mnokapga JIK, ®B J1XK) n 5 ka-
TeropuarnbHbIX (3aHATOCTb B OrogKeTHoN cdepe, 3Ha4mMmMas
MP, 1lI-IV ®K XCH no NYHA, KanbLMHO3 KOpOHapHbIX ap-
Tepuii 1 nNpokcnmarnsHoe nopaxexue MKA) — ntoro 12 npu-
3HaKOB Ha BXxOAe, Ha BbIXxoAde — npusHak Hanuumsa Prl. Mo
pesynsratam nowarosoro otéopa 6binun BbibpaHbl 10 dak-
TOPOB, OKa3blBaKOLLMX HanborbLLee BINsTHUE HA PUCK Hamnu-
ynst Or: 5 Konm4ecTBEHHbIX (MHAEKCHI Macchl Tena, pa3me-
pOB NEeBbIX OTAENOB cepaua 1 KopHsa aopTel, PB JIXK) n tex
e 5 kaTeropnanbHbIx NpuaHakoB. ObLan guarHoctTuyeckas

TOYHOCTb MOAENN Ha KOHTPOSbHOWM BbIBOPKE NaLMEHTOB CO-
craBuna 85%, 4yBcTBUTENBLHOCTL — 85%, CneumMdnyHOCTb —
86%, 4TO CBMAETENbCTBYET O BbLICOKOW AMArHOCTUYECKOW
LeHHocTn mogenu. Mnowaab nog ROC-kpuBoW coctaBuna
0,895 (puc. 1).

Ons BeibpaHHon NHC 6bin Takke NnpoBedeH aHanm3 4yB-
CTBUTENBHOCTU (BOCMIPUUMYMBOCTW) MOLENN K N3MEHEHUSIM
KaXaoro KOHKpeTHOro ee napamMmeTpa no nokasatento RSS —
YeM OH MeHblUe, TEM MeHbLLUE U3MEHEHNE TOYHOCTU onpe-
penexHnsa Ol npu 3ameHe wccrnegyemoro napameTtpa €ero
CpenHUM 3HAYEeHMEM, a 3HA4UT, TEM MeHee Mofernb BOCMpu-
MMYMBaA K UBMEHEHMSAM MCCreayeMoro napameTpa (tabn. 5).
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Fig. 1. ROC-analysis of prognostic model

Tabnuua 5. YyBCTBUTENBHOCTb NCKYCCTBEHHbIX HEMPOHHbIX CETEN K
M3MEHEHMIO 3Ha4YEeHWsi NapaMeTpoB MOAENU

Table 5. Artificial neural network sensitivity to changes in model parameter
values

MapameTpbl RSS
Parameters
F'emogvHamnyecky 3HaYMMas MuTpanbHas peryprutaums
. o . " 4,930322

Hemodynamically significant mitral regurgitation
3aHATOCTb BO BHEOOMKETHOM chepe 4281858
Extrabudgetary employment
IV &K XCH no knaccudukaumm NYHA
NYHA CHF IlI-IV classes 4171349
KanbuuHos KOPOHapHbIX apTepuii 3,45945
Coronary artery calcification
I/IH,quc_ pasmepa Nesoro npeAcepans 3,26239
Left atrial dimension index
MpokcumanbHoe nopaxeHue NpaBovi KOPOHAPHOW
aptepuu 3,01575
Proximal right coronary artery disease
l/IHnch pasmepa KOpHsi aopTel 2130741
Aortic root dimension index
WHpexc macchl Terna 1515117
Body mass index
Ppakumsa BbIGpoca NeBoro xenyaoyka

h o ) 1,331619
Left ventricular ejection fraction
VMHOekc KOHeYHO-AMacTonNnYyeckoro AvamMeTpa neBoro
xenypouka 1,243085
Left ventricular end-diastolic diameter index

O6cyxaeHue

PaHee pans onpegeneHvst pony KOPOHapHOro CTEHO-
3upoBaHust B passutum Pl ¢ nomollbio mMeToda nceBho-
paHAOMM3aUMU Mbl CO3AanM COMOCTaBMMYIO MO OCHOBHbIM
XapakTepucTtukam (nony, BO3pacTy, MHAEKCY maccbl Tena,
BblpaxxeHHocTn XCH, yactote Al' n nHtapkTa MMokapaa B
aHamHese) rpynny cpaBHeHus 6onbHbix MBC 6e3 @I [4]. 310
AokasbiBano ces3b Ol ¢ nopaxeHmem NKA, Ho He no3Bong-
N0 co3aatb NOMHOLUEHHYO Moaernb nporHo3vposaHusa ®rl. Ha

cnegyowem atane ans popmMmpoBaHus rpynnbl CpaBHEHUS
Mbl NMPUMEHWUMN METOA, OCHOBaHHbIA Ha BbipaBHMBAHUK Ya-
CTOTHbIX pacnpegenexun [3]. C ero NOMOLLLIO Mbl HUBEMU-
poBanu BUSHUE OCHOBHOTO MO 3HAa4YMMOCTUW KOHbayHaepa —
BO3pacTa, rpynnbl 66 conocTaBnMbl MO YacToTe caxap-
Horo aAnabeta, OcTporo nHdapkTa Muokapaa, Tsxkectn Al a
TaKke No YacToTe aTepOoCKNEepPOTUHECKOro NopaXeHnst aopThbl
1 nHgekcy acuHeprum JOK.

OpHako Habnwaanuecb 3HaYUMbIE PasnUuns No MHOEKCY
maccel Tena, Tsxkectn XCH, yactote HecTabunbHbIX opm
MBC n aHamMHecTM4eckoro nHdapkTa Muokapaa, nHaekcam
pa3MmepoB MOnocTen cepaua M maccel Muokapaa JDK, ©B
JDK, yactote 3Haummon MP, nopaxeHwui MNMKA 1 kopoHapHo-
My KanbuuHo3y [5]. AHanorn4yHo Benu cebst 3T napameTpsbl
B rpynnax MyX4uH HacTosLLero uccnegosaHusa. Hanvune oIl
06BbACHAET BbISIBNEHHbIE MEXrpynnoBble pasnuyns no YCC,
pasmepam neBbIX OTAENOB cepAaua, Npasoro xenyaoyka, B
JDK v 7. a. Mogenb nporHoanposaHus Oy My>X4MH BO MHO-
roM nepecekaercs € pa3paboTaHHOW HaMn MoAernbl Ans
cMeluaHHon no nony rpynnei [3]. B 06enx mogensix 6onbLuoe
3Ha4yeHne MMenu napameTpbl, CBA3b KOTOPbIX ¢ ®I1 oveBna-
Ha M He Bbl3blBAET BOMPOCOB: reMOANHaMNYECKN 3HaYMMas
MP, 6onee Taxenble nposeneHns XCH, a Takke nokasare-
W, XapakTepuayoLLme COCTOSHUE NeBbIX OTAENO0B cepaua v
maccy Tena. OgHako gmarHocTuyeckas TO4HOCTb OKasanacbh
BbllLE y MoAenu, nporHoaupytoLen Pry myxuuH (84,9 npo-
"B 69,7%).

OCHOBHOM MPUYUHON KIMHWUYECKNX nposiBneHuin npu Ol
ABNAETCS paccornacoBaHne npeacepaHO-Kenyao4KOBOro
B3aVMOAENCTBUSA, YTO BeAeT K HepaBHOMEPHOMY HamnorHe-
Huto JDK n passuturo MP. NlemogmHamuyecku 3Haummas MP
oKkasanacb CaMblM CUMbHbIM NapamMeTpoM Hallen MOAenw,
YTO rOBOPUT O ee BaXHOW ponu B natoreHese Pl1, peannay-
emMoW Yepes ycyrybrneHune CTpyKTypHOro pemMogenmpoBaHus
muokapga J1M, nporpeccupoBaHme ¢ubposa 1 NOTEHUMMPO-
BaHWe CyLLEeCTBOBaHNS apuTMum.

Bce naumeHTbl, BKMOYEHHbIE B MCCeQoBaHWE, UMENn
aHrnorpadmyeckn gokasaHHyto WBC. OgHako usyyas css-
31 KOPOHApPHOro CTeHo3upoBaHus u O, cTouT yunTbiBaTh
He TONbKO reMOAUHaMUYECKM 3HAYUMBbIE, HO U HE3HAYUMBbIE
N3MEHEHNSA KOPOHAPHbIX apTePUN, NOCKOMbKY PYHKLMOHarmb-
Has 3Ha4YMMOCTb NOpPaXKEHNH Janeko He Bcerga CoOTBETCTBY-
€T cTeneHn KopoHapHou obcTpykumm [14]. HeobCTpyKTMBHBIE
U3MEHEHUSA KOPOHAPHbIX apTepuii 4acTo COMPOBOXAAKTCA
uwemnen muokapaa [15] n moryt BnuaTb Ha passutue Ol
[16], nosTomy B aHann3 Obinun BKMOYEHbI KaK 3HAYUMbIE, Tak
W HE3HaYNMble KOPOHAPHbIE MOPaXEHWUs.

B 06e mogenu nporHosmposaHus ®I1 Bowwno nopaxeHue
[MKA, Ho B cmewlaHHom no nony rpynne ®I1 He noka3ana cBs-
31 C ypoBHeM nopaxeHus aton aptepuu [3]. O6HapyxxeHHas
Yy MYX4nH cBsA3b Pl MMEHHO C NpoKCUMarnbHbIM NOPaXKeH!-
em NKA obbsacHsieTca TeMm, 4TO ee BETBb, KPOBOCHabxatoLas
CMHYCOBbIV y3en, B 60NbLUMHCTBE Cry4aeB OTXOAUT MMEHHO
oT npokcumansHoro otaena MNMKA [17], a nwemus B 6baccenHe
apTepum, cHabxXalolen CUHYCOBbIA y3en, ABNSeTCs OAHOMN
U3 NpuynH ero amcdyHkumm n ®rl. BepoatHo, Bknag npok-
cumanbHoro nopaxerus NKA B passutme Oy Myx4nH ycu-
nuBaeTca nocpeacTsoM 3Hauumon MP, Takke cBA3aHHOM C
nopaxeHunem NMKA B atov rengepHown rpynne [5].

Mo Hawwum pesynbratam OAHWM M3 npeaukTopos @Il y
Myx4mnH ¢ IBC okasancs KOpOHapHbIN KanbLWHO3, BbISBMNEH-
Hbin Npu KA. N3BeCTHO, YTO KanbLMHO3 KOPOHAPHBLIX apTe-
pvi, OBHapY>XEHHbIN MPU KOMMbLIOTEPHON TOMorpadwuun, xa-
pakTepeH ansa 6onbHbix UBC ¢ ®I1, 1 BkNoYeHne ero B LUKany
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CHA2DS2-VAS_ MOXeT CyLLeCTBEHHO peknaccuduumposarb
pesynerat [18]. BaxkHO, 4TO UCKNoYeHMe BNUSHUSA Bo3pacTa
B HalleM nccnegoBaHnM He TOMbKO He NPUBENO K BblpaBHU-
BaHWIO rpynmn no YyacTtoTe KOPOHapHOro kanbuuHosa npu KA,
HO 1 COXPaHWIO €ro BbICOKYHO NPOrHOCTUYECKYIO 3HAYNMMOCTb.

ToT hakT, YTO rpynnbl MYXX4YMH He pas3nuyanucb Mo WH-
aekcy acuHeprum JIXK n konvyectsy nopakeHHbIX apTepun,
OaeT OCHOBaHWS roBOpUTb 0 ToM, 4YTo Pl y 6onbHbIX MBC
He CBfi3aHa C BbIPaXEHHOCTbIO W PacrnpOCTPaAHEHHOCTLIO
KOpPOHapHOro arepockneposa. 3TO MO3BOMSET OObACHUTL
Yacto Habnogaemoe nocrie pesackynspusauum Muokapga
OTCYTCTBME YMEHbLUEHMSA KonnyecTsa napokcnamos drl nnu
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