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Lenb n3nanus — myOnu4HOE NPECTaBICHUE HAYYHO-TEXHUYECKOM 00IIECTBEHHOCTH HayYHBIX Pe3yJIbTaToB (yHIaMeH-
TaJIbHBIX, MPOOIEMHO-OPUEHTHPOBAHHBIX HAyYHBIX MCCIIEJOBAHUI B TaKUX 00JACTSIX, KaK MH()OPMALMOHHBIE ¥ UHTE-
JIEKTyaJbHbIE CUCTEMBI, MEXaTPOHUKA U POOOTOTEXHHKA, paclio3HaBaHUe U 00paboTka n300pakeHH, CHCTEMHBIN aHAJIH3
Y TIPUHATHE PEUICHUH, MOJCTNPOBAaHNE B MEAUIIMHCKNX M TEXHHYECKUX CHCTEMax, MPUOOPHI M METOIBI KOHTPOJIS IIPH-
POZHOI cpenpbl.

B xypHaie myOiauKyroTCsl OpUrHHAIbHBIE pabOTHl, 0030pHBIEC CTAThH, PELICH3UN B 00CY>KAECHHS, COOTBETCTBYIOIINE TeE-
MaTHKe U3JaHusL.

[Ty6nmukanust ctaTeil B )XypHaie A aBTOPOB OecIuIaTHa.

IeneBas aymuropus: Hay4dHbIe paOOTHHUKH, MPO(ECCOPCKO-TIPENOIaBATEIBCKII COCTAB 00Pa30BATEIbHBIX YUPESKACHHUH,
IKCIIEPTHOE COOOIIECTBO, MOJIO/IbIE YUCHBIE, aCHHPAHThI, 3aUHTEPECOBAHHBIC IPECTABUTENN LIMPOKOH 00LIECTBEHHOCTH.

KypHan npunepkuBaeTcs MOJUTUKU OTKPHITOrO AocTtyma. [ToJHOTEeKCTOBbIe BEepCHH cTaTeil OCTYIHBI Ha caiTe XKyp-
HaJla, Hay4yHOU 3JeKTpoHHoM oubnuoreku eLIBRARY.RU.

XKypHan BkIoueH B NepeueHb BEIYIIMX Hay4yHbIX XypHasioB u m3nanuii BAK MunoOpHayku Poccun, B KOTOPBIX
JIOJDKHBI OBITH OITyOJIMKOBaHBI OCHOBHBIC HAay4YHbIE PE3YJIbTAaThl JUCCEPTALMI Ha COMCKAHNE YYEHBIX CTEleHel NOKTOpa
HayK, KaH/nuaTa HayK IO CIIeIyIOUIMM HAyYHbIM CIIEI[HaIbHOCTSIM:

2.2.4. TlpuGops! 1 METOBI H3MEPEHHUS (TI0 BHIAM H3MEPECHUH) (TEXHUUECKUE HAYKH).

2.2.8. Metozp! 1 prOOPHI KOHTPOJIS M TUarHOCTUKH MaTepHAIOB, U3EIHUH, BEIECTB U MIPUPOIHON Cpeabl (TeXHUIe-
CKHUE HAyKH).

2.2.12. Tlpubopkl, CHCTEMBI ¥ U3ENNS METUIIMHCKOTO Ha3HAYCHUS (TEXHUYECKUE HAYKH).

2.2.15. CucreMBl, CeTH U yCTPOHCTBA TEIICKOMMYHHUKALIUH (TEXHUUECKUE HAYKH).

2.3.1. CucreMHblil aHanM3, ynpasieHue 1 00padboTka uHpopMauH (10 0TPacisiM) (TEXHUYECKUE HAYKH).

2.3.8. Unpopmarmka 1 nHPOpMAIIMOHHBIE ITPOLIECCHI (TEXHUYECKHE HAYKH).

3.3.9. MenunuHcKas nHGOpMaTHKa (MEIUIINHCKHE HAYKH).
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Pesome

Lenb uccnedoeaHus 3akiodaemcs 8 oripedenieHuu mpebosaHull u pa3pabomke KOHUEenuuu u apxumekmypb! My/ib-
mucepsucHoli cucmembl «KnueHmcekuli meduyuHCKull eeb-cepaucy.

Memodbl. B ocHose mpebosaHuli k cucmeme «KnueHmckutl meduUyuHCKUL 8eb-cepeucy MoroxeH npoeedeHHbIU UCor-
Humensmu pabomei oripoc 500 pecrioHdeHmMo8 06 ux rMpednoYymeHusix 8 obrracmu Ucrosib308aHUsI MEPCOHaIbHOU UHGOP-
Mmayuu o 30oposbe. AHanu3 omeemos rposoourIcs C UCob308aHUeM Memodo8 Mamemamu4yeckoli cmamucmuku.
Pe3ynbmamai. Mo pe3ynsmamam ornpoca 8bisi8/ieHbl 0CHO8HbIe mpebosaHusi K pa3pabomke Myibmucep8UCHbIX CU-
cmem: Hanu4yue JIU4HOo20 yYyacmusi nayueHma, y0obcmeo ucrnosib308aHuUsi CUCMEMbI U CKOPOCMb nepedayqu uHgop-
mayuu. Ha ocHosaHuu mpebogaHull pa3pabomaHa 08yxKoMrnoHeHmMHasi cucmema «KnueHmcekuli meQuyuHCKul eeb-
cepsuc» Ha OCHO8aHUU rPeOdoXeHHOU HaMu Kapm-cxeMbl. Apxumekmypa cucmembl 8KiloHuna 8 cebsi cucmemy 83a-
umocesizaHHbIX Moodynel, uHgbopmayusi komopbix nepedaemcsi no HTTPS-npomokorny ¢ onmumarbHbIM K3Wuposea-
Huem u xpaHeHuem meduyuHckol uHgopmayuu. Npednazaemasi cucmema obecriedum 803MOXHOCMb OCyUecmere-
Husi 6e3onacHo20 obmeHa uHghopmayueli Mexoy y4pexoeHuUem 30pasooXpaHeHusi u nayueHmom, npedocmasus cmo-
poHaMm yrnipasreHue yposHsmu docmyna. VIHmeepuposaHHbIli modxo0 K xpaHeHuto uHghopmayuu peanuzyemcs pabo-
mou APIl-cepeepa, obecriedusasi 8biCOKUU yposeHb be3donacHocmu OaHHbIX 0651a4HO020 XpaHuuwa u e2o peasnusa-
yuto 8 pamkax yodaneHHoeo docmyna.

3aknroyeHue. lNpednoxeHHas cucmema «KnueHnmckuli meduyuHckul eeb-cepsucy npednazaem nepcrekmussb! 8 ro-
8bllWEeHUU Kavyecmea ycinya o npedocmasneHuo MeduyuHcKoU uHgopmayuu, ee obMeHy U XpaHeHur. Ydacmue na-
yueHma 8 3arnosiHeHuUU ceoeli MeQUUUHCKOU UHGhopMayuu, yripasrieHue ee yposHsIMU docmyria u pacrnpocmpaHeHue
8 crlyyae Heobxodumocmu Mo380s1um 0ocmuYb 8bICOKO20 pe3yribmama, MOoCKOMbKY UHhopMayusi cmaHem omkpbima
Ons nayueHma u mem cambIM rosbicum e20 0010 8 CAMOKOHMPOJIE NNIeYeHUs] U 8bIMONIHeHUsI HasHavYeHud. lMpakmu-
Yeckas peanusayusi npednazaemoli cucmembi obecriequm yrnyduieHue duHamMuku eedeHusi bonesHel, coxpaHus npu
amom 6e3ornacHocmb 0aHHbIX U HE Hapywus rpuHyuUnos8 KoHgpudeHyuansHocmu.

© Kopasrenko M. C., I'puropssta A. JI., Caxso /1. A., I'puropssn O. JL.

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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Knroueenie cnoea: meduyuHckasi UHghopmayuoHHasi cucmema; 6asa daHHbIX; nayueHm.

KoHgpnnukm uHmepecos: Asmop deknapupyem omcymcmeue S68HbIX U MomeHyuasnbHbIX KOHQIUKMO8 UHMepecos,
cesisaHHbIX ¢ rybnukayuel Hacmosiuiel cmamabu.

Ona untnpoBaHusa: KnueHTckuin meamumHckmii Be6-cepuc / M. C. KoaneHko, A. JI. MpuropbsH, O. A. CaxHo,
O. 1. I'puropbsH // 3BecTus KOro-3anagHoro rocyaapcTBeHHOro yHmeepceuteTa. Cepus: YnpasneHue, BbluncnmTenbHas
TexHuka, nHdopmatuka. MegmunHckoe npmbopocTtpoenune. 2025. T. 15, Ne 3. C. 8-20. https://doi.org/10.21869/ 2223-
1536-2025-15-3-8-20
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Abstract

The purpose of research is to define the requirements and develop the concept and architecture of the multiservice
system “Client medical web service”.

Methods. The requirements to the system "Client medical web-service" are based on the survey of 500 respondents
about their preferences in the field of using personal health information. The answers were analyzed using the methods
of mathematical statistics.

Results. The results of the survey revealed the main requirements for the development of multiservice systems — the
presence of personal involvement of the patient, the usability of the system and the speed of information transfer.
Based on the requirements the two-component system "Client medical web-service" was developed on the basis of the
map-scheme proposed by us. The system architecture included a system of interconnected modules whose information
is transmitted via HTTPS-protocol with optimal caching and storage of medical information. The proposed system will
enable secure information sharing between the healthcare facility and the patient by providing the parties with access
level management. The integrated approach to information storage is realized by the API server operation, providing a
high level of cloud storage data security and its implementation within remote access.

Conclusion. The proposed system "Client medical web-service" offers prospects in improving the quality of services
for providing medical information, its exchange and storage. Patient participation in completing their health information,
managing its access levels and disseminating it when necessary will achieve a high result, as the information will be
open to the patient and thus increase their share in self-monitoring of treatment and prescription fulfillment. Practical
implementation of the proposed system will provide improved disease management dynamics while maintaining data
security and not violating confidentiality principles.
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BBepneHue CHUCTCMbI JOOJIZKHBI CTaTb MCAUIMHCKHEC

[ToBbIIEHNE KayecTBa MEIULIMHCKOIO
OOCITY)KMBaHUSA W COIMAIBHON 3allUTHI
HACEJICHHs Ha OCHOBE BHEIPEHMsI MH(Op-
MAalMOHHBIX W TEIEKOMMYHUKALIMOHHBIX
TEXHOJIOTMH ABJISIETCS IPUOPUTETHOM 3a1a-
4eil pa3BUTHS MH()OPMAIIMOHHBIX TEXHOJIO-

ruii  cTpanbrt

. 3HAUUTENBHO PaCLIUPUTh
BO3MOKHOCTH MEIUITMHCKOTO 00CITyKHBa-
HUS TIPEIIOJIAraeTCs 3a CYET BHEAPCHHS
HOBBIX METOJIOB OKa3aHHUS MEIUIIMHCKOMN
MTOMOIIIH, a TAKKE TUCTAHIITMOHHOTO 00CITy-
JKUBAHUS TAIMEHTOB.

B ocHoBe AMCTaHIIMOHHOTO OOCITYKH-
BaHMS JICKUT KOHIEMIIAS MOHUTOPHWHTA U
aHajan3a IoKasaTesaeil KadyecTBa MEIUIINH-
CKOoM momomu. B COOTBETCTBHM C 3TOH
KOHIIETIIIUEH MOXKET OBITh CO3/1aHa TOCY-
JapCTBEHHAss WH(POPMAIIMOHHAS CHCTEMa
NepCOHU(UIIUPOBAHHOTO yYeTa OKa3aHHs
MeauirHCcKoM momontu. [Ipu aTom npezmno-
JlaraeTcsi, YTo UICTOYHUKAMU TIEPBUYHOMN UH-
dbopmanuu JuIst GOPMUPOBAHKS JIEMECHTOB

1 06 ocHOBax OXpaHBI 310POBbs TPAK/IAH B
Poccuiickoii ®@enepanuu: DenepaibHbld 3aKOH
or 21 HosOps 2011 r. Ne 323-®3: [pen. ot
29.07.2017r.]. URL: https://minzdrav.gov.ru/
documents/7025-federalnyy-zakon-323-fz-ot-21-
noyabrya-2011-g (mata obpamenus: 17.06.2025).

YUPEXKIIEHUSA, a TaKKe TEePPUTOpUATIHHBIC
(GboHIBI  00s3aTEIHPHOTO  METUIIMHCKOTO
CTpaxOBaHMSI.

HaunGonee BaXHBIMU 3JICMEHTAMH CH-
CTEMBI SIBJISIIOTCS «3JICKTPOHHAS HCTOPUS
00JIe3HN» U «DIIEKTPOHHAS TEPCOHATbHAS
MEIUIIMHCKAS 3aIChy», ONPEICICHHE, TIPa-
BUJIA CO3/IaHUS M MCIIOIH30BAHMUS KOTOPBIX
conepxarcs B 'OCT P 52636-2006, Bcty-
nuBiem B cuny ¢ 01.01.2008 1.2 O6a 1e-
MEHTa SIBJISIOTCS OCHOBOM JIJ1sl cOOpa U Xpa-
HEHUS aHaMHe3a MalMeHTa U 00YCIIOBIIH-
BalOT KaueCTBO NPOBEJICHUS MEPBUYHOTO
JTUarHOCTHYecKoro oOmyxuBanus. Cie-
IyeT OTMETUTh, YTO BAXXHO HE TOJIBKO CO-
3/1aTh CIICIUAJIN3UPOBAHHYIO CHCTEMY 00-
paboOTKH M XpaHEHWS MEIUIUHCKHUX JaH-
HBIX, HO U 00€CTIEYUTh BO3MOXKHOCTb OJJHO-
BPEMEHHOU paboThl ¢ HEW Kak MeIAMIIMH-
CKOT'O IepcoHalla, TaK U CaMOro MalHeHTa
[1]. Takum o6pa3om, HE0OX0AMMO obecIie-
YUTHh JOCTYN TOJIb30BaTeNie (MalueHTOB)

2TOCT P 52636-2006. DnekTpoHHAas UCTO-
pust Oonesnu. OO0mue monoxkeHus. Harnponans-
HbI cTaHmapt Poccuiickoit @eneparuun. URL:
https://docs.cntd.ru/document/1200048924 (nata
oOpamenus: 17.06.2025).
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K IIPOrpaMMHOMY MPOJAYKTY, CTPYKTypa U
TEXHUYECKHE MapaMeTpbl KOTOPOTo ajar-
TUPOBAHBI 11 HHOOPMAIIMOHHOTO COIPO-
BOXJCHUS MEIUIIMHCKOW WHGOpMaIun
KJINCHTA.

OOmasi KOHIENIUS CUCTEMBI MEJIU-
IIMHCKOTO MEHEDKMEHTa IpearnojaracT
HaJIMuue MH(POPMAIIMOHHON CHUCTEMBI, CO-
CTOSIIIE W3 CEPBHUCOB  MEIUILIMHCKOMN
HAIpaBJICHHOCTH, TEXHUYECKHUE XapaKTe-
PUCTUKH U CTPYKTYpa KOTOPBIX adanTUPO-
BaHbI 11 MH(QOPMAIIMOHHOTO COMPOBOXK-
NEHUS  MEIHWIIMHCKOTO  OOCITY>KUBaHHS
nonb3oBarens. JlaHHas cucTemMa JI0DKHA
OBITh HAIpaBJICHA HAa PEIICHHE 3a1ad I10
MOBBIIEHUIO 3PPEKTUBHOCTH HAKOTUICHUS
U IEHTPAJU30BAHHOTO XPAHEHHUS MeEIu-
LIMHCKOW HMCTOpUU MAalMeHTa, BKJIIOYAO-
el mocelleHue Bpayei, pe3ysbTaTtbl 00-
CJIEIOBAHMI U aHAJIM30B, )KYpHaJbl Ha3Ha-
YeHUsS M MpUEMa METUKAMEHTOB, a TaKXKe
KOHTPOJIb BBITIOJTHCHUS MAIIIEHTOM ME]IH-
HUHCKHAX PEKOMEHIALNN 1 HAa3HAYECHU .

HccnenoBanue u pa3padoTka TpeOoBa-
HUN K MYJIBTUCEPBUCHON CUCTEME JTOJIKHBI
BKJIIOYaTh KOMITOHEHTHI B3aUMOJICHCTBUS
MalKUEeHT-MEIPA00OTHUK M YYUTHIBATH OCO-
OeHHOCTH PabOTHI C MEPCOHATBHOU Meau-
IMHCKOU MH(pOpMAITUEH.

MaTtepuanbi 1 meToAbl

B ocHoBe TpeOoBaHWII K CHCTEME
«KueHTCKrit MEIUITMHCKHN BEO-CEPBUCH
JIeXKaT Pe3yJIbTaThl MPOBEACHHOTO HMCIOJI-
HUTEISIMH paboTsl onpoca 500 pecrioHeH-
TOB. BbUIH BBISIBIIEHBI 0COOEHHOCTH B 00pa-
00TKE, XpaHEHWH U  HCHOJIb30BAaHUU

L TOCT P 52636-2006. DieKTpoHHast HCTOPUS
0oxe3an. OOmme momoxeHusd. HarmoHaneHeINH CTaH-
napt  Poccuiickoii  ®enepammun.  URL:  https:/
docs.cntd.ru/document/1200048924 (mara oGparie-
Hust: 17.06.2025).

MEIUIIMHCKOW WH(pOpMaINuu, Ha KOTOPBIC
Jaiie BCEro oOpamiaeT BHUMAaHHE OIPO-
LHIEHHOE HacelieHue. Pe3ynbTaTel omnpoca
00paboTaHbI C MOMOIIBIO METOJIOB MaTeMa-
TUYECKOM CTAaTUCTHKH.

Pe3ynbTaTtbl M X 06CyXAeHue

CepBuCHl ympaBlIeHUS MEIULIHUHCKON
uH(GOpPMAaLIUU JOJKHBI YUUTHIBATH MOTPEO-
HOCTH KaK HACEJICHUs, TaK U MEAUIIMHCKIX
yupexaeHuii. OTMeyaeTcs, 4To CyIIeCTBYeT
HEOOXOMMOCTh TOJHOIIEHHOTO M MHOTO-
(baKTOpHOrO MOAXO0Aa K BEACHHUIO MalMeH-
TOB [2], UX KypHUPOBAaHHUIO C TOYKU 3PECHUS
THYECKUX M JACOHTOJIOTHUECKUX MPUHIH-
noB [3], a Tak)ke yIpaBIeHHs 1 3aIIUTHI Me-
quirHCKoN nHpopmarmn [4]. Mcrmonb3oBa-
HUE MYJIbTHCEPBUCHBIX CHCTEM MOXKET
CTaTh PEIICHHEM JaHHBIX BOIPOCOB B KOH-
TEKCTe KaK roCyJapCTBEHHOTO aIMHUHUCTH-
pPOBaHMSA U Mep O yIYYIICHHIO KayecTBa
NPEAOCTABIIEMON MEIUIIMHCKON MOMOIIN
(BKITFOUAst THPOPMALIMOHHYIO), TaK ¥ ITOBBI-
IICHHST OCBEIOMJICHHOCTH HacenneHus [5].

MynbtucepBucHas cuctema «Knmuent-
CKHI METMIIMHCKHH BeO-cepBUC» OyIeT OT-
HOCHUTBCS K KJIACCy MEIULMHCKUX HUH(OpP-
MaIMOHHBIX CUCTEM B 00JIaCTH LIUPPOBOTO
3/IpaBOOXPAHEHUSI C NPUMEHEHUEM HHHO-
BallMOHHBIX MH(QOPMAIIMOHHO-TEIEKOMMY-
HHUKAIMOHHBIX TexHoJoruil. [1o onpenene-
auto TOCT P 52636-20061 meaunmuckas
nHpopmannonHas cuctema (MUC) — sto
KOMIUICKCHAsl aBTOMAaTHU3MpOBaHHAs WH-
GopManmoHHas cucTeMa’, B KOTOPOil 00b-
€AUHEHBI AJICKTPOHHbIE MEAUIMHCKHUE 3a-
NUCH O TMAalWeHTax, JaHHbIE MEIHUIIUH-
CKHUX HcclieloBaHuM B 1udpoBoit popme,

2 O Crparterun pasputus HHGOPMAIIOHHOTO 00-
mecTtBa B Poccutickoit @eaeparim Ha 2017-2030 ropr:
Vxa3 IIpesunenta Poccuiickoit @eneparim ot 9 mas
2017 r. Ne203. URL.: https://base.garant.ru/71670570/
(mata obpamenus: 17.06.2025).
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JTAaHHbIE MOHUTOPHMHTA COCTOSHUS Talu-
€HTa C MEJUIIMHCKHUX MPHUOOPOB, CPEACTBA
OOIIeHUsI MEXAYy COTPYIHHKaMH, (pHHAH-
COBas ¥ aJIMUHUCTpaTHBHAs uH(popmanus’.

Anamu3 peiaka UT pemennit mudpo-
BOTO 3/IpaBOOXPAHEHUS B HACTOsIIEE
BpEMS MIOKA3bIBAET, UTO MPEAJIaraeMble Me-
JTUIUHCKAE WH(OPMALMOHHBIE CHUCTEMBI
0OBIYHO MOCTPOEHBI B BUAE PAa3PO3HEHHBIX
ABTOMATH3UPOBAHHBIX PAabOYUX MECT U
BKJIIOYAIOT Pa3HbIE TEXHUYECKHE CPEICTBA
U MaTeMaTH4YecKue MmIaTPopmbl. DTH Me-
TUIUHCKAE WH(OPMAIMOHHBIE CHUCTEMBI
Yale BCer0 HE WHTErPUPOBAHBI B PaMKaxX
MEXIY Pa3TUIHBIMU METUIIUHCKUMHA yUpe-
KACHUSIMHU 1 OPUSHTHPOBAHBI Ha (PUHAHCO-
BbIC U XO35HICTBEHHBIC HYXKBI [6]. ABTOPBI
OTMEYAIOT, YTO HE MPOUCXOIUT KOMILIEKC-
HOro ooOecrieyeHus: uHpoOpManMend Kak
Bpaua, Tak W manueHta. Kpome Toro, cre-
IyeT OTMETUTh MPOOJIEeMy BOCHPHSITHS
MUC u ee uHTErpaliii B MEIUIIMHCKOE
npoctpanctio [ 7]. [Iponiecc mapopmarTuza-
MU 3IPaBOOXPAHEHUsS 3aTPYAHEH M Tpe-
OyeT, BeposATHO, Oosiee TIIyOOKUX Mep,
HanpaBlieHHbIX Ha pa3Butue MUC [8].
TpeOyroTcst MepbI 110 IPUBJICYEHHIO JOTI0J-
HUTEJIbHBIX MHBECTUIMI B pa3paboTKy u
BHEJPCHUIO TIOJIOOHBIX CHCTEM, a TaKke
CO3MaHMIO O00pPa30BATEINBHBIX MPOTPAMM
KaK JIJIsl COTPYJHUKOB YUPEKICHUH, TaKk U
Juist nareHToB. Buenepuue «KnueHtckoro
MEIUIIMHCKOTO BEO-CEPBUCA» MOXKET CTaTh
pELIEHHEM JITaHHBIX TPOOJIEM U BOCIIOIHUTD
npo0esl B HECOBEPIIEHCTBE MEIULIMHCKON
uHpOpMaIIHH.

B pesynbraTe mpoBeAEHHOrO oOIpoca
YCTaHOBJEHO, 9YTO JIMYHOE YyYacTHe

L TOCT P 52636-2006. DyieKTpOHHAs UCTOPHS
6one3nn. OOmue nonoxxkeHus. HarmoHanpHBINA CTaH-
jgapt  Poccwmiickoii  ®eneparmu.  URL:  https://

NalMeHTa B HAMIOJIHEHUHU CBOEH 3JIEKTPOH-
HOM HCTOpUHU OOJIE3HM SIBJISIETCS MPEUMY-
HIECTBOM  MH(OPMAIIMOHHBIX  CHUCTEM.
YacTh OnpoIIeHHBIX YBEPEHBI, YTO JINYHOE
y4acTHE IIO3BOJIUT YJIYUIINTh CaMOCTOSI-
TEJIbHOE BeJeHUE OOJIC3HU M CBOEBPEMEH-
HOE 00pallleHne B MEIUIIMHCKOE YUIPEKIe-
HUE B CJyyae yXyIUICHUS COCTOSHH. Yua-
CTHE MallMeHTa B 3aMOJHEHUHU 3JIEKTPOH-
HOUM uctopuu OOJE3HU B ACHUCTBUTEIBHO-
CTH MOJXET CHocoOCTBOBaTh 3PPEKTUB-
HOMY HAaKOIUICHUIO BAXKHBIX JIJISI JICUCHHS
JAHHBIX, a TaK)KE HMCIIOIh30BaThCS B Kade-
CTBE HMHCTPYMEHTA II0 YJIy4IIEHUIO KOH-
TPOJIS BBIOJIHCHHS TAIMEHTOB MEIUIIMH-
CKMX pPEKOMEHJauuid W HazHaueHuil. [lo-
CTYNHBIMU JUIsl 3allOJIHEHHUSI CaMOCTOS-
TEJILHO MOXKET CTaTh clieAytomas nHhopma-
sl MOCEIICHUE Bpauel, pe3ysibTarbl 00-
CIICIOBAaHUM, aHAJIM30B, THEBHUK IpHeMa
METUKaMEHTOB H T. JI.

C ydeToM HEOOXOAUMOCTH ICHTPAIIN-
30BaHHOTO yIIpaBieHUs WHOOpMaIuen u
BO3MOXKHOCTBIO OOMEHa €l MexXIay pas-
HBIMU MEAUITUHCKUMH YUPEKICHUSIMHU (B
TOM YHCJIE Ha PETMOHAJILHOM U (penepab-
HOM YPOBHSIX) HCTIOJIb30BaHUE CUCTEM MO-
HUTOPHWHTA TTOKa3aTeNei 370pOBbs 00JIeT-
YaeT KOHTPOJIb 3a COCTOSTHUEM 3JI0POBBS,
MTOJICPYKUBACT JIOSITBHOCTD TTAI[UEHTA K JIe-
yeHnio [9], obecneunBaeT moiydeHue 0o-
Jiee JOCTOBEPHOM U MpOBEepeHHON MH)OP-
Malliid O COCTOSIHUM 3/I0POBbsI, BKJIIOUAS
00paTHYIO CBSI3b MO OLICHKE JIEUCTBHUS Jie-
KapCTBEHHBIX TPEMapaToB U HUX HeEXena-
TenapHbIX nocnenctsuil [1]. CorpynHuue-
CTBO Bpaya W MAIMEHTa B paMKax dJIeK-
METUITHHCKUX

TPOHHBIX CEpPBHCOB

docs.cntd.ru/document/1200048924 (mara o6parie-
Hus: 17.06.2025).
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MO3BOJIUT OLEHUBATh JUHAMHKY Pa3BUTHS
3a0osieBaHus B opmaTe OHJIANH, 00CYX-
JaTh ¥ BHOCUTh KOPPEKTUBBI B TAKTUKY Jie-
yeHus: B cirydae Heooxomumoctu [8]. Ilo-
CKOJIbKY CHCTE€Ma TIPEIojaraeT BO3MOX-
HOCTh CaMOCTOSITEJIbHOTO BHECEHUS TIOJIb-
30BaTesIeM MEAUITMHCKUX 3anncei (pe3yb-
TATOB aHAJIM30B, OCMOTPOB, 00OcCIen0Ba-
HUIi), €CTh IIAHC MOBBICUTH €r0 BOBJICYECH-
HOCTh B MOHUTOPUHI CBOETO 3I0POBbS B
npejenax CBOMX KOMIETEHIUNA U BO3MOXK-
HocTel. [IpuBepKEHHOCTh ManMeHTa K Jie-
YEHUIO U COOJTIOICHHUIO HA3HAUYCHUH MOXKET
CTaTh HMHCTPYMEHTOM, KOTOPBIM CHHU3HUT
TPEBOKHOCTH M HEPBO3HOCTH HA BpeMsl 00-
JIe3HMU.

[Ipenyiaraemass MyJbTUCEpBHUCHAS CHU-
crema «KIHEHTCKUA MEIUIIMHCKHUU BeO-
CepBUC» OyIIeT BBIMOJHATh (QYHKIHUH WH-
(dhopmarmoHHOTO OOECIIeUeHUs IareHTa.
ITo pesympTaTam TPOBEACHHOTO OIpoOca
YCTaHOBJICHA, YTO Ka4eCTBO M JOCTOBEP-
HOCTh HWH(MOpPMAIMA O CBOEM 3JI0POBBE
CTOWT Ha IEPBOM MeCTe Jijisl maruenTa. [la-
LUEHTHl JICUCTBUTEIBHO MOTYT BHOCHUTH
MEJIMIIMHCKUE JaHHBIE CaMOCTOSTEIBHO,
mocie 4ero OyIeT CclenoBaTh IMPOIECcC
CBEpKH HWH(POPMAIMK CO CTOPOHBI MEIH-
IIUHCKOTO YUPEKICHHS, TEM CAMbIM 3HAYH-
TEIBHO TIOBBIIIAS KauyeCTBO HH(MOpPMAITMH
[10]. Ha manpeHTa JISKET OTBETCTBEHHOCTh
10 YNPaBJICHUIO TIpaBaMU JOCTYIIa K CBOEH
MEePCOHAIBHOW MEIUIIMHCKON uHdOopMa-
1IMU, TEM CaMBIM paspelias WM 3arperias
YTCHUE JIaHHBIX TOMY WJIM WHOMY MEJIU-
MUHCKOMY yupexaeHuto. [lo Hamemy mMHe-
HUI0, TAKOE YIIPABJIICHHUE JOCTYTIOM KaK MH-
HUMYM TIO3BOJISIET TOBBICHTH Oe3o0mac-
HOCTh HH(]OpMAINK, €€ WCIOJIb30BAHNE
CTOPOHHUMH JIUI[AMU CTAHOBUTCS OT'PAHHM-
YEHHBIM.

PecnioHIeHTBI OTMEUaIOT, YTO HECO-
BEPIICHCTBO IIU(PPOBBIX CUCTEM B 3PaABO-
OXpaHEHUHU SIBJIAETCS CYUIECTBEHHOM Mpo-
OyleMol, ycyryOJsome MmoaydeHue o-
CTOBEpPHOU MH(OPMALIMH O COCTOSIHUU CBO-
ero 310poBbs. PaszBuTHe HHPOpPMAIMOH-
HBIX TEXHOJIOTUM B POCCUMCKOM MPOCTPaH-
CTBE JECHUCTBUTEIHHO COMPSIKEHO C PSAIOM
TPYIHOCTEH, OJIHAKO TEKyllue MyTH
HaIpaBJieHbl Ha MHTErPalMI0 HOBBIX IMOJI-
XOJ0B aJMHHHUCTPUPOBaHUs cuctem [8].
[To HameMy MHEHHIO, IMEHHO MYJILTHUCEP-
BHCHBIC CUCTEMBI JIOJDKHBI CTOSATH B IIEHTPE
BHHUMaHUA Kak HanOoJiee MoAXOASIInue HH-
CTPYMEHTHI 17151 00eCTIeueHus TEeKYIUX T10-
TpeOHOCTEM HaceleHUsT B MEIULIUHCKOM
00CITyKUBaHUH.

CnenyeT npuHSATH BO BHUMaHHUE, YTO
MEPCOHAIM3UPOBAHHOE MEJIUIIMHCKOE CO-
MPOBOXK/ICHUE SIBIISIETCS. OCHOBHOM IEJIBIO
Konnenmuii pazsutus [11], mpuyaem 310 10-
CTOBEpHO OyAeT yiIydiate MOHUTOPHHT
XpPOHUYECKNX 3a00JIeBaHWII M CBOEBpeE-
MEHHO BHOCHUTh U3MEHEHUS B IIJIaHBI BeJle-
Hus nanueHToB [12]. bonee Toro, 3T0O 1M03-
BOJIUTh PEIIUTh BOIPOCHI, CBS3aHHBIE C
no100pOM MEIUKaMEHTO3HOTO JICUEHUSs,
MOCKOJIbKY HH(OpMAIHs 0 manuenTe Oy et
XPaHUTHCS B OJTHOM MECTE M JIOTIOJNHSATHCS
o HeoOxoaumoctr [13]. Oxkumaercs, 9To
MYJIbTUCEPBECHBIC CHCTEMBI CTaHyT pellie-
HHUEM MHOTHX CJIOKHBIX aCIIEKTOB peain3a-
MY MEIMIIMHCKON MHpOpMaIUH.

Peanusanuss MyJIbTHCEPBUCHOM CH-
creMbl «KJTMEHTCKHIT METUIIMHCKUN BeO-
CEPBHC» B MEPCIIEKTHBE M3MEHUT KOHIICTI-
muro coszmanug MUC. 3anomHeHue 0a3bl
nanubix (b/]) ocyuiecTBisieT naluueHT, 4To
MO3BOJISIET OCBOOOIUTH MITAT COTPYTHUKOB
JIITY OT BBINOJIHEHUS] pyTUHHBIX U 3aTpaT-
HBIX 110 BpPEMEHH OIepaluii BBOJA
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JaHHBIX. Taxxe MMaIUCHT MOXKCT ABIATHCA

JULOM, KOHTPOJUPYIOUIUM  KadyecTBO
MPEOCTaBIAEMOI €My epCOHAIbLHON Me-
TunuHCKOU nHpopmanuu, a y JIITY noBbI-
1IAaeTCd OTBETCTBEHHOCTh 3a KadyeCTBO
sToil mHpopManuu. B 3ToM mponecce mo-
JIO)KUTEIBHYIO POJb CHIFPAET KOHKYPEH-
s Mexay pasiauubbivu JIITY [14]. Ta-
KUM 00pa3oM, CO3/IaHie KOHIIETIIUA MEJIU-

OUHCKOT'O B€6-CGPBI/IC8 HaripaBJICHa Ha

MOBBIIIIEHUE KauyecTBa MEIUIIMHCKOro 00-
ciaykuBaHusl HaceneHus Poccuiickonn ®e-
JEpaLUU.

[To pe3ynpTaTam ompoca chopmMyIupo-
BaHA CHCTEMa CBSI3€l MEXY MallUeHTOM U
MEIUIIMHCKAM  YUPEXKJACHHUEM, KOTOpas
YUUTBHIBAET MOTPEOHOCTH OOEMX CTOPOH.
Jletanu3upoBaHHasi KOHLENUUS CHUCTEMBI
«KnueHTCcKkuit MeTUIIMHCKUN BeO-CEepPBUCH
npejcrasiacHa Huxke (puc. 1).

Kapta cuctembl «KnneHTCKuiA meguumuHcKuii Be6-cepsuc»

I

Puc. 1. KapTa cuctembl «KnneHTCkuin MmeguumnHckuin Beb-cepBucy

Fig. 1. System map "Client medical web service"

Kapra nemonctpupyet unrepdeiics! u
MOJIyJIM CUCTEMBI, peau3yolue TpedoBa-
HUSl PECHOHJEHTOB. YepHbIE JIMHUU COOT-
BETCTBYIOT IepexojaM Mexay HHpopma-
LIMOHHBIMU MOJYJISIMH, KpacHbIE€ JIMHUU —
YIPAaBISAIOINM CBSI3IM B cUcTeMe. Takum

o0Opa3oM, TMoIb30BaTeNlb  4epe3  BeO-

uHTepdeiic ynpasisieT CBOeH MeIUIIUHCKON
UCTOpHEH, BKIIIOYasi MH(POpMaLIUIO O moce-
HICHUM Bpadel, pes3yibrarax o0OcienoBa-
HUH, aHAIM3bI, TUArHOCTUYECKHE H300pa-
KCHHS, )KypHAITbI HA3HAUCHHS ¥ IpréMa Me-
TKaMeHTOB. CHUCTeMa OCYIIEeCTBIISIET KOH-

TPOJb HaA BBIIOJIHCHUECM MCAUIUHCKHUX

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIINTENBHASA TEXHUKA, MHOopMaTMKa. MeanumuHckoe npubopoctpoerue. 2025;15(3):8—-20



KosaneHko M. C., MpuropbsH A. J1., CaxHo [. A. v gp.

KnneHTckmin megnumHckuin Beb-cepeuc 15

pEKOMEH 1AM, Ha3HAYeHUH, peann3ys 00-
paTHYIO CBs3b B BUJI€ COOOIIEHUI-HATIOMHU-
HaHUMU.

J/IByKOMIIOHEHTHass  CUCTEMa, IO
HaIleMy MHEHHIO, SIBJISIETCS] HanboJee mo-
XOJSIINM, 000CHOBAHHBIM M OTPAKAIOIINM
MOTPEOHOCTH HACEJCHHUS B MEIMIIMHCKOU
uHpopmanuu peniearneM. MHpopmamon-
Hasi KOMITOHEHTa — 3T0 (YHKIIMOHAI IS
HaKOIUICHUs U LIEHTPAITM30BaHHOIO XpaHe-
HUS MEIULIIMHCKON UCTOPUU MOJIb30BATENS,
BKJIFOYAs CBEJICHUS O MOCEIICHHUSIX Bpavei,
pe3yabpTaTax OOCJICIOBAHMN M WX aHAIIH-
3ax, )KypHaJOB Ha3HAYCHUU M MpPUEMa Me-
TUKaMEHTOB. Brtopass komMmoHeHTa CH-
CTEMbI OTHOCHUTCSI K HA0OPY CEPBUCOB, KO-
TOpPbIE KOHTPOJUPYIOT BBIMIOJHEHUE MEJIU-
LIMHCKUX PEKOMEHJAlUi M Ha3HAYeHHH.
[Ipyaem HAOOp CEpPBUCOB AOKEH OBITH
YCTPOCH TaKUM 00pa3oM, 4TOOBI yIIPaBIsATh
MPOIIECCOM Tepelayu JaHHBIX HWH(popMa-
LMOHHOW KOMITOHEHTHI.

[IpennaraemMass HaMU KOHILEHIMS CH-
CTEMBI I103BOJISIET CHOPMYIUPOBATH OCHOB-
Hble TpeOOBaHUs, BBINOJIHEHHE KOTOPBIX
SIBIIIETCS HEOOXOAMMBIM JIJISI COOTBETCTBHSI
MOTpeOHOCTE!H TAIUCHTOB:

1) moxnepkka KOHCHCTEHTHOCTH JIaH-
HBIX (COTJIACOBAHHOCTH NAHHBIX JPYT C
JPYroM, LEJIOCTHOCTb U UX BHYTPEHHSS HE-
MIPOTUBOPEYUBOCTb);

2) BOBMOXKHOCTh ~XpaHCHHUsI BHUJIEO-,
aynuodailiioB, M300paKeHHM, TEKCTOBBIX
JAaHHBIX, 00ECTIEUYNBAIOIIAs MTOJIE30BATEITIO
XpaHEHHUE ¥ MOCJIEeTYIOIIEee NCTIOb30BAHNE
MIEPCOHAIBHOW MEIULIHUHCKOW JTHArHOCTH-

Yyeckoi nHpopmanmu;

3) KOHTPOJIb JOCTYIIA K MTOJIb30BATEIIb-
CKUM JIaHHBIM U UICHTH(UKAIUS TTOJIH30-
BaTesei, HeoOXOAUMbIE IS padOTHI CH-
CTEMbI B KOMITBIOTEPHBIX CETsAX (3TO Tpebo-
BaHUE peau3yeTcsl Ha JTane pa3paboTKu
MOJICUCTEMBI Ay TEHTU(DUKAIIUN U KOHTPOJIS
JIOCTYTIA TI0JIh30BATENEH);

4) TOpU30HTAILHOE  MAacCIITaOupOBa-
HUE CHCTEMBI — JOOABJICHUS JOMOJHUTE b~
HBIX Y3JI0B MH(GPACTPyKTyphl (IpoliieHne
Ha PSII METIKUX CTPYKTYPHBIX JIEMEHTOB U
pasmelieHue no otAeabHbIM OBM unu uc-
MOJIb30BAHNE HECKOJIBKHUX CEPBEPOB), KaXK-
JBIiA M3 KOTOPBIX MOXKET B3ATh Ha cels
4acTh HArpy3Ku OCTalbHBIX [14]; ropu30oH-
TaJbHAsI MaCIITAOUPYEMOCTh HHPPACTPYK-
TYypbl CHUCTEMBI OOECIICYUT BO3MOYKHOCTH
OBICTPOTO HapalIMBAHUS BEIYMCIUTEIHHBIX
MOIIIHOCTEH W  paclpeaeneHus 3aaad
MEXy HUMH,

5) ucmonp30BaHue CBOOOTHBIX M OT-
KPBITBIX IPOTPAMMHBIX CPEICTB O0ECIEUUT
BO3MOXXHOCTb 00Jie€ HIMPOKOTO HCIIOIb30-
BaHUs, MPOCTYI0 MHTETPAIMI0 CHUCTEMBI C
CYIIECTBYIOMIMMH KOMMEPYECKIUMH peIIie-
HUSMHA W BO3MOXKHOCTHh Pa3BEPTHIBAHUS
BeO-cepBrca B JIIOOBIX MOIYJISIPHBIX OTepa-
[IMOHHBIX CHCTEMaX, 9YTO0 00ECTIeUUT CBO-
001y B BbIOOpE anmapaTHOM 0a3bl.

TexHuueckass apXuTeKTypa XpaHEHUS
1 00pabOTKHU JTaHHBIX MOXET OBITh peaju-
30BaHa C MOMOINBIO CHUCTEMBI CBSI3aHHBIX
monyned. Ha pucynke 2 mnpencrasieHa
mpenanoyiaraemMasl apXuTeKTypa MOoJA00HON

CHCTCMEI.
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(Vue.js framework)

Frontend ceprep

Ba3za
JMAHHBIX

(Postgres)

O .
O0paTHbIi API cepgep
IPOKCH-cepBep . Kam
(ngi (Node.js+Nest]JS)
IToab30BaTeNL ginx) (Redis)
(Bpaysep)
daiinioBoe
XpaHuinie

CepBHC N0OYTOBOIM
pacchblIKH 0TYETOB
(Node.js) (Node.js)

CepBHuC reHepanun

Puc. 2. ApxutekTypa cuctembl «KnneHTCkMn meanumHckmin BeB-cepBnc»

Fig. 2. Architecture of the system "Client medical web service"

JlocTyn u B3auMoJieiicTBHE TOIH30BA-
TEJII C CUCTEMOM MOXET OCYILECTBIATHCS
HOCPEJICTBOM KJIIMEHTCKOro web-mpuioxe-
Hus (Opaysepa), 3arpyxeHHoro ¢ frontend-
ceprepa [3]. KimueHnTckoe npritoxeHue pe-
aJIM3yeTcsl ¢ MPUMEHEHHEM Web-TeXHOJIOo-
ruit u oubnumoreku Vue.js. ObMeH undpop-
Maled W JaHHBIMH MEXIy KIHUCHTOM U
CepBepoM B TakoM ciydae Oyner ocy-
mectBiATbed o HTTPS-nporokony, uto
o0ecrieuynBaeT BBICOKUH ypoBEHb Oe3omac-
HOCTH TMepellaBaeMbIX uepe3 CeTb Melu-
UHCKUX JTaHHBIX. OOpaTHBINA MPOKCH-CEP-
BEp B JIaHHOW CHCTEME SIBIISICTCSI MEPBBIM
3BEHOM, 00pabaThIBAIOIIUM 3alpOChl KIIU-
eHTta. Ero ncnosiap3oBaHue Mo3BOJISET ONTH-
MHU3UPOBaTh 00pabOTKY 3alpocOB U KOH-
TPOJIUPOBATh HArpy3Ky Ha OTICIbHBIC
y311bl cucteMmbl. Hanbornee yacto 3arpyxa-

CMBIC ITIOJIB30BATC/IIXIMU CTAaTHUYHBIC (baﬁnm

(n300paxkeHue, BUIIEO, KIMEHTCKUM KON)
MOTYT K3IIIMPOBATHCA HA TAaHHOM dTare 00-
pabotku. 3ampockl kK API, oprannzoBaHHbIC
B pamkax apxutektypHoro ctuisi REST,
nepenarTca Ha BbieleHHbIN API-ceprep.
Jloruka cepBepa peaiu3yercsi CpeICTBaMU
Node.js u ¢peitmBopkom NestJS. Xpane-
HUE U K3LIMPOBAHUE JAHHBIX peallu3yeTcs
¢ momomisio CYBJI Postgres u Redis coot-
BeTCTBEHHO. OTMETHM, HYTO HCIIOJIb30Ba-
nue CVYB]J[ Postgres mo3Bosser onTu-
MajJbHO XPaHUTh TEKCTOBYIO MEIHIIIH-
ckyro uadopmanuto [15]. Onnako s xpa-
HEHUS! BU3YaJIbHBIX, 3BYKOBBIX M IPOYHMX
MEIMIMHCKUX JaHHBIX (B T. 4. M CHELHaNIHU-
3UpoBaHHbIX (popmaToB, Harpumep DICOM)
0oJiee ONTUMaJIBLHO MCTIOIh30BaHUE (hariIo-
BbIX XpaHwmil [16]. [Toatomy s ux xpa-
HEHUS apXUTEKTypa MpeIyCMaTpUBACT HC-

MOJIb30BaHUE BBIICIICHHOTO  (halJIoBOTO
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xpanwinia. OHO MOXKET ObITh pearn3o-
BaHO, B JopMaTe 00IaYHOrO XPaHUIIUIIA.
CepBucHble GyHKIMH (MIOYTOBAsi pac-
CBIJIKA, TeHEpalrs OTYETOB, IIIAHUPOBIIHK
3a/1a4) BHIHECEHBI B OTJICIbHBIC MPHIIOKE-
HUS-CEPBHUCHI NIJIsi 00Jiee YCTOWYMBOW pa-
O0TBI U BO3MOKHOCTH MacIITaOMpPOBAHUS
cepBuca mnpu pocte Harpy3ok [17]. Oum
TaK)K€ peajn30BaHbl C TMPUMEHEHUEM
Node.js, uTo obecnednuT BBHICOKYIO MPOU3-
BOJIUTENIFHOCTh M CKOPOCThH BBIMTOJTHEHHS
3agad. [IocKkonpKy 1OCTYITHOCTD MCIIOJIB30-
BaHUS CEpPBHCA SIBISIETCS OJHOM U3 CyIIle-
CTBEHHBIX TpETpaj BO BHEAEPHHUH T000-
HBIX CHCTEM, HHTErpalusi CEPBUCHBIX
GyHKIMIA TaHHBIM CIOCOOOM YIyYILIUT Ka-
4ecTBO MH(pOpMAIMK U €€ XpaHEeHHE U UC-

ITIOJI30BAHUC B I[aaneﬁmeM.

BbiBOoAbI

Ha ocHoBe IMPOBCACHHOTO OIIpoCa
YCTaHOBJICHO, 4YTO HanOosee 3HAYMMBIMHU

TpeOoOBaHUSAMU K  WH(DOPMAIMOHHBIM

CHUCTEMaM MEIULIMHCKOW HaIlpaBJICHHOCTH
ABJSIIOTCA  JIMYHOE y4acTHE IalUEHTa,
yI00CTBO HMCIOJNIB30BaHUSI U CKOPOCThH TIe-
penauu uHQOPMAIMN MEXKIY Pa3TUdHBIMU
yUpeKIeHUsAMH. B COOTBETCTBUM € 3TUM
Obla chopMySIMpOBaHA KOHIICTIITUS MYJIhb-
TUCEPBUCHOU cucteMbl «KimeHTCckuil Mme-
JULUHCKUN BeO-CEpBUC», KOTOPAs YUUTHI-
BAa€T OCHOBHbIE IOTPEOHOCTH: KadyeCTBO
uHpOpMaINH, €€ XpaHeHHE U HCII0JIb30Ba-
HUe, cepBUCHOE oOciyxuBaHue. Pa3pado-
TaHa TexHH4Yeckas apxurekrypa MUC,
OTIHMCHIBAIONIASI HEOOXOAMMBIE PJIEMEHTHI U
TEXHOJIOTMH, ONTUMAJbHBIX IS peanu3a-
uuu  chopMyIMPOBAHHOM  KOHIEHIIMH.
[IpakTHueckas peanu3anus MpeaIoKEHHON
MYJIbTUCEPBUCHOU cucTeMbl «KnmeHTckuii
MEIUIMHCKUN BeO-CEpBUCY TO3BOJUT J10-
CTUYb HMHTEIPUPOBAHHOIO MOAXO0Ja K
YOPaBICHUIO MEIUIIMHCKOW  mH(OpMa-
LMW, €€ XPAaHEHUIO U UCIIOJIb30BAaHUIO KaK
MAalUEeHTOM, TaK M MEIULMHCKUMHU yupe-

KACHUAMU.
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MporpammHo-nHOpMaLMOHHAA CUCTEMA OLLEHUBAHUSI KOTHUTUBHbIX
CNocobHOCTEN COTPYAHUKOB M KaHanaaTtoB B HR-oTaenax
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Pesome

Lenb uccnedoeaHus 3aknoyaemcs 8 pa3pabomke rnpospaMmMHO-UHGOpMayUOHHOU cucmembi 0715 agmomamu3ayuu
OUEHKU KO2HUMUBHbIX criocobHocmeli compyOHUKO8 U KaHOUdamoe C UCIMob308aHUEM Hay4HO OBOCHOBaHHbIX Me-
moduk mecmuposaHusi 8 HR-omdenax.

MemoOsi. [ins peanu3ayuu npozpaMMHO-UHGHOPMayUOHHOU cucmeMbl Obi UCNob308aH S3bIK Mpo2paMMupo8aHus
C# ¢ npumeHeHuem petmeopka ASP.NET Core, a makxe A3blK rpogpammuposaHusi JavaScript ¢ npumeHeHUem
bubnuomeku React. [ns xpaHeHus1 0aHHbIX O M0f1b308amerisx, pe3ynbmamax mecmuposaHusi U omyémax rnpumeHsi-
nace CYB/[] MSSQL. [ns peanusayuu cucmembl UCMob308anuch credyruue Hay4Ho 060CHO8aHHbIE MEemOOUKU:
«Tabnuyp! LLlyneme» (. LLynbme) Onsi udamMepeHust KOHUeHmpayuu sHuUMaHusi, «Memoduka 3arnomMuHaHuUs nap crioe»
(. 366uHzay3) dnsi oueHKU KpamkospemeHHoU namsmu, «[lpoepeccusHbie Mampuubi PaseHa» ([x. PaseH) 0ns aHa-
J1u3a si02u4ecKko2o MblwneHusi, « Tecm Xonmca u Pesi» (T. Xonmce, P. Pel) dnsi QuazHOCMUKU ypO8HSI cmpeccoycmou-
yueocmu, a makxe «Memoduka benbuHa» (P. M. benbuH) onsi onpedeneHusi KoMaHOHbIX poriell. BXoOHbIMU OaHHbIMU
05151 cucmemMsbl A8/1910Mcs pe3yribmambl Mecmos, Komopbie erocredcmeuu aHanusupytomces 0715 MOCMPOEHUsT Om-
yémoe u npedocmasrieHusi pekomeHOayuu.

Pesynbmamsbi. Co30aHa npozpaMMHO-UHOPMayUOHHas cucmema, Komopas asmomamu3upyem npoyecc OUeHKU
KO2HUMUu8HbIX criocobHocmeli compyOHUKO8 U KaHOudamos. Peanu3osaHbi uHmepgelics! 0ns nons3osamerned u HR-
crieyuanucmos, obecrniequsarouue docmyn K mecmam, pedyrnbmamam u aHanumuke. [TpoeedeHHoe mecmupogaHue
Ha 8bIbopKe u3 compyOHUKO8 KOMaHUU roKa3sasno moYyHocme duaeHocmuku Ha yposHe 93%. Cucmema rnpedocmas-
J15€em 803MOXHOCMU MePCOHaNU3UpPO8aHHO20 U 2pyrno8o20 aHanu3a, 8KmoYas eeHepayuto pekomeHoayull 0r1s pas-
8UMUSI HaBbIKO8 U MOCMPOEHUE C800HbLIX om4émos, Ymo Oeniaem €€ 3chgheKmueHbIM UHCmMpPyMeHmom Ons HR-
omodenos. Pe3ynbmambi mecmupogaHus rnokasaru, 4mo cucmema rnosIHoCmbio ydosriemeopsiem hyHKUUOHATbHbIM
mpeboeaHUsIM U 20mo8a K UCIMOb308aHUH0.

3akntoyeHue. Pa3pabomaHHasi npoepaMMHO-UHGhOPMayUOHHas cucmema obecrneyusaem 8bICOKYH mMOYHOCMb Oua-
2HOCMUKU U 9KOHOMUM 8peMs1 crieyuanucmos 3a cyém asmomamu3auposaHHoU obpabomku daHHbIx. Nepcrnekmuesol
paszsumusi s1e1iemcsi pacuupeHue yHKUUOHaIbHbIX 803MOXHOCMeU, ekoyass dobasrieHue HO8bIX MemMOOUK me-
cmuposaHusi, BHeOpeHue adanmusHbiX areopummos u uHmezpauyusi ¢ HRM-cucmemamu dna onmumusayuu rnpoyec-
€08 yrpasrieHus epcoHasiom.

Knroueenie cnoea: koeHumusHoe mecmuposaHue; HR-omden; mabnuye! LLlynbme; npoepeccusHble Mmampuubi Pa-
8eHa; cmpeccoycmoliqugocms; 8€6-rpuoXeHUe; asmomMamu3auyusi; mecmuposaHue; KOMaHOHbIE POIIU.

KoHgpnnukm uvmepecoe: Asmopbl Oeknapupyom omcymcmeue sI8HbIX U NomeHyuarnbHbIX KOHEIUKMOo8 UuHmepe-
co8, ces3aHHbIX ¢ nybnukayuel Hacmosweld cmambu.

Ans yumupoeaHus: Tomakosa P. A., Manbiwes A. B., Beikos A. B. lNporpaMmHo-uHdopmMaumoHHas cuctemMa oueHu-
BaHWs KOrHUTUBHBLIX CNOCOOHOCTEN COTpyaHMKOB U kaHamaaToB B HR-oTaenax // UsBectus KOro-3anagHoro rocyaap-
CTBEHHOro yHuBepcuteTa. Cepusi: YnpaBneHue, BbluMCIUTENBHAA TEXHUKA, UHdopmaTuka. MegmuuHckoe npmbopo-
ctpoeHue. 2025. T. 15, Ne 3. C. 21-39. https://doi.org/ 10.21869/2223-1536-2025-15-3-21-39
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Abstract

The purpose of the research is to develop a software and information system for automating the assessment of
cognitive abilities of employees and candidates using scientifically validated testing methodologies in HR departments.
Methods. To implement the software system, the C# programming language was used with the ASP.NET Core frame-
work, along with JavaScript and the React library. For storing data on users, testing results, and reports, the MSSQL
database was utilized. The following scientifically validated methodologies were employed: "Schulte Tables"
(G. Schulte) to measure attention concentration, "Pair Word Memorization Method" (H. Ebbinghaus) to assess short-
term memory, "Raven's Progressive Matrices" (J. Raven) to analyze logical thinking, "Holmes and Rahe Stress Scale"
(T. Holmes, R. Rahe) to evaluate stress resilience, and "Belbin's Methodology" (R. M. Belbin) to determine team roles.
The system uses test results as input data, which are subsequently analyzed to generate reports and provide recom-
mendations.

Results. During the development, a software and information system was created to automate the process of as-
sessing cognitive abilities of employees and candidates. Interfaces for users and HR specialists were implemented,
providing access to tests, results, and analytics. Testing on a sample of company employees demonstrated a diagnostic
accuracy level of 93%. The system offers personalized and group analysis capabilities, including generating recom-
mendations for skill development and building summary reports, making it an effective tool for HR departments. The
testing results showed that the developed software fully meets functional requirements and is ready for use.
Conclusion. The developed software and information system enables the automation of cognitive testing processes
for employees and candidates, providing HR departments with a convenient tool for evaluating key skills and developing
development plans. The system ensures high diagnostic accuracy and saves specialists’ time through automated data
processing. Future development prospects include expanding functionality, adding new testing methodologies, imple-
menting adaptive algorithms for dynamically adjusting task complexity, and integrating with HRM systems to optimize
personnel management processes.

Keywords: cognitive testing; HR department; Schulte tables; Raven's progressive matrices; stress resilience; web
application; automation; testing; team roles.
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BBepgeHue

CoBpemeHHbIE peainu TpeOyIoT OT Co-
TPYJHUKOB HE TOJIBKO BBICOKOTO YPOBHSA
npodeccuoHanu3Ma, HO U Pa3BUTHIX KO-
THUTUBHBIX HABBIKOB, TAaKUX KaK BHHMa-
HUE, TMaMATh, JOTMUYECKOE MBIIUICHNUE,
CTPECCOYCTOMUMBOCTD M yMeHHUe 3(dek-
THUBHO paboTaTh B KOMaHjAe. DTU KauyecTBa
OTPEACNAIOT  CHOCOOHOCTH  YeNOBEKa
CHPABIATHCS C Pa0OYNMH BBI30BaMH U BHO-
CSIT 3HAYUTEIFHBINA BKJIAl B OOIIYIO TIPOU3-
BOAWTEIFHOCTh OPTraHU3AlHNH, MOITOMY
OHU JOJDKHBI YYUTBIBATHCS B MpOIEcCax
HaiimMa, agantanuu u npodecCuoHaTbHOTO
pa3BUTHs A YCIEUIHOTO YIPaBJICHUS
nepcoHaaoM. Bee 3To genaeT KOrHUTHBHOE
TECTUPOBAHNE KIIOYEBBIM WHCTPYMEHTOM
B pabore HR-otmenos [1].

TpagummoHHBIE METOIBI TECTUPOBAHUS
[2] 3auacTyro npenanonararoT py4Hoe MpoBe-
JICHUE OIICHOK, YTO CBS3aHO C OOJIBIINMU
BPEMEHHBIMM W MaTepHUaJbHBIMHU 3aTpa-
tamu. bosee Toro, Takue mMoaxo bl HEPEIKO
MOJIBEP’KEHBI CyOBEKTUBHOCTH M HEHOCTa-
TOYHOW TOYHOCTH pe3yJsibTatoB. C pa3Bu-
THEM WH(POPMAIIMOHHBIX TEXHOJIOTHIA aBTO-
MaTH3aIHs TPOIECCOB OIEHKU COTPYIHH-
KOB CTAaHOBHUTCS BCE OoJiee aKTyaabHOM, TakK
KaK OHa TIO3BOJISIET HE TOJIBKO CHU3UTH IIO-
IPEIIHOCTh aHallu3a, HO W 3HAYUTENIbHO
YCKOpUTh 00paboTKy naHHbIX. [Iporpam-
MHO-MH(pOPMAIMOHHBIE CUCTEMBI, CIIOCO0-
HBI€ BBITIOJHATH TaKue (PYHKINUU, TPUOOpe-
TarOT BCE OOJBIIYIO 3HAUUMOCTB TSI YIIPaB-
JICHHS YEJIOBEUECKUM KAITUTAJIOM.

[{udpoBu3arusi KOTHUTHBHOTO TE€CTH-
POBaHMS C UCIIOJI30BAaHUEM HAy4HO 000C-

HOBAaHHBIX MCTOAWK OTKPBLIBACT JOIIOJIHU-

TEJIbHBIE BO3MOYKHOCTHU JJIsl OLEHKH U pas-
BUTUS NEPCOHANA. AaNTUPOBAHHbBIE K OH-
JailH-cpeZie  METO/Abl IO3BOJIAIOT O0BEK-
TUBHO OIICHHBATh KOTHUTHUBHBIE CTIOCOOHO-
CTH COTPYJAHUKOB, IPEOCTABIIATH NHIUBH-
IyanbHBIE PEKOMEHIALNUU MO0 WX Mpodec-
CHOHAIILHOMY POCTY, YYUTBIBATH T'PYIIIO-
BYIO JMHAMUKY U B3aUMOJEHCTBUE B KO-
MaHze. B ycnoBusx ObICTpO MEHSIOIIMXCS
TpeOOBaHUH B pa3JINYHBIX OTPACISX, IE OT
yeynoBeKka TpeOyeTcsi TMOKOCTb, BBICOKas
KOHIIEHTPALUS ¥ CIOCOOHOCTH K OTIepaTHB-
HOMY MPUHSITUIO PEIICHUI, TAKIE HOBOBBE-
IIEHHAST CTAHOBSITCS Bce 0o0jee HEOOXOoau-
mbimH [3].

[IpumeHeHne aBTOMATU3MPOBAHHBIX
CHUCTEM CIIOCOOCTBYIOT Oojiee OBICTpOMY
BBISIBJICHUIO CUJIbHBIX U CJIA0BIX CTOPOH CO-
TPYJAHHUKOB, ONTHUMM3ALUU Ipouecca (op-
MHUPOBAHUS KOMaH/] U KOPPEKTUPOBKE MPO-
rpamMm oOydenus. Onum momorarotr HR-
OTJIeJIaM peIIaTh CTPATErHYeCKHUe 3aJayuH,
HAIPaBIICHHBIC HA MOBHIICHNUE YPPEKTHUB-
HOCTH TIEpPCOHAA.

OCHOBHOH 1LIE€JIBIO JTAaHHOT'O HCCIEN0-
BaHUs SBIISIETCS pa3paboTKa MpOrpaMMHO-
MH(OPMALIMOHHOW CUCTEMBI, KOTOpasi 00b-
€IMHSET NPOBEPEHHbIE METOAMKU KOTHHU-
TUBHOTO TECTHUPOBAHUSA, aJalTUPOBAHHBIC
nox U(GpPOBYIO Cpely, W MPEIOCTABIISACT
HR-cnermanucraM ynoOHbBIM MHCTPYMEHT
JUTSL OIICHKW, aHalu3a W IUIAHUPOBAHUS
po(hecCHOHAIBHOTO Pa3BUTHS COTPYIHU-

KOB U KaHJIUJaTOB.

MaTtepuansi U meToAabl

Jliis opranuzanuu XpaHeHus u 3gpdex-
TUBHOTO yMpaBieHUs WHPOpManuen o
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nonp3oBarensix, HR-cnenmanucrax u npu-
MEHSIEMBIX METOAMKaxX Oblla co3maHa 0aza
nanubix (b/I). B e€ ocHOBy nerna cTpyk-
Typa, TO3BOJISIIOIIAs 00ECIeUnTh HaAEK-
HOCTh, OBICTPOZACHCTBHE M MacHITaOUpye-
MOCTh cucteMbl. [ peaymsaruu bJ1 Ob11
BbIOpan Microsoft SQL Server (MSSQL)
Onaromapsi €ro BbICOKOW TIPOM3BOIUTEIILHO-
cTH [4], mogaepKKe CI0XKHBIX 3alpPOCOB U
HAIEKHOCTH MPH 00pabOTKe OOJIBIINX 00h-

éMoB maHHbIX [5]. MSSQL obGecneunBaet

NPOCTOTY HMHTETPAIlMK C CEPBEPHON da-
cteto cuctembl Ha ASP.NET Core u BO3-
MOYKHOCTH JIJIs1 ONITUMU3AIIUH 3a11pocoB [6].
PaccmoTpenHass apXHTEKTypa TO3BOJISET
s¢dexkTrBHO paboTaTh ¢ AAaHHBIMHU, OOecC-
MeyuBasi UX JOCTYIHOCTh JUISl aHalu3a U
(hopmMupoBaHUs OTYETHOCTH.

Ha pucynke 1 mpencraBieHa KOHIICTI-
TyaJlbHass MOJIETb JAaHHBIX B BHUJC JUa-
rpaMMBbI, KOTOpas OTpa)kaeT OCHOBHBIC

CYIIHOCTHU U UX B3aMMOCBA3U.

0€30MacHOCTh  XPaHUMOW  WH(pOPMAIIHH,
Teams
1D (FK)
TeamMembers 'I'?E-,a_IEI_D___* TeamMName : —_ ManagerD
D PK) e ManagerlD [FK to Users)
TeamlD (FK to Teams)| _ T
UserlD FE to Users) ______————_____ UserlD \
RolenTeam ____‘———______
—______H_ Users
HRReports T ID (PK)
1D (PK) TR [T FirstName
GeneratedBy [FK to Users) GeneratedBy - LastName
GeneratedDate Email
Summary Userll ¥ |Role (Admin/User)
- [ Datejoined |
Feedback B T - .-"‘
ID [FKJ - I
UserlDr IFK to Users) !
TestID [FK to Tests)
_Enmment T - TestID
Rating (1-5) .
T
UserlD
UserResults B Tests
ID IPK) _— D FKI
UserlD K to Users)| — TestID Name
TestIl IFK to Tests) Description
Score ~ TestD ErEi.t-vE:dB].-' IFK to Users)
CompletionDate f____.--' DateCreated
Answers r _.--""--
Questions -
D (ER) QuestionlD ID (PK)
QuestionlD FK to Questions) bl LT o=
Text Tert
IsCorrect (Boolean)

Puc. 1. KoHuenTtyanbHasa mogenb gaHHbIX MHGOOPMaLNOHHON CUCTEMBI

Fig. 1. Conceptual data model of an information system
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B nporpamme npeaycMOTpeHBI B€ OC-
HOBHBIE POJIM — 3TO MOJIb30BATEIb (KaH M-
nat) u HR. B cooTBeTcTBUH ¢ UX MOTPEO-
HOCTSIMA OBUTM peayim30BaHbl (yHKIIHO-
HaJbHBIC TPEOOBAHMUSI.

@OyHKIMOHAJ, MOCTYIHBIM IMOJIb30Ba-
TEJNIO:

1. ABropu3zanus B JIMUHOM KaOUHETE.

2. [TpoxoxaeHne TeCToB.

3. [IpocMOTp pe3ysbTaTOB BHITIOJIHEH-
HBIX TECTOB.

4, CopTUpOBKa pE3yibTAaTOB IO JaTe
BBINIOJTHEHMS.

5. PemakTupoBanre  MEpPCOHAIBHBIX

JaHHBIX B JIMYHOM KaOUHETE.

OynkuuoHai, noctynasii HR:

1. ABTopuzauusi B JUYHOM KaOWHETe
HR.

2. [TpocMOTp COAEPIKUMOTO TECTOB.

3. [IpocMOTp pe3ynbTaTOB TECTUPOBA-
HUSI KaHIHIATOB.

4. @unbTpanus pe3yiabTaToB TECTUPO-
BaHUS 110 IMEHH TI0JIb30BATEISI U J1aTe MPO-
XOXKJICHHS.

5. PenaktupoBanue  mepcOHaIbHBIX
JIAHHBIX B JINYHOM KaOMHETE.

Ha pucyHke 2 npoaemMoHCTpUpOBaHa
JIarpaMma TpereIeHTOB, Ha KOTOPOH I10-
Ka3aH (QYHKIIMOHAI pa3pabOTaHHOTO TIPO-

I'PaMMHOTO IPOAYKTA.

PermcrpaumA

ABTOpW3AUNMA

3 EAAKTUPOEAHME OaHHE
)\ BKKAYHTA
HR Monez0BaTENL

Belx0f W3 aKkayHTa

MpocMoTp pesynLTaTos

MpocMoTp TECTOE .
TECTUpPOBaHWA

Bwibop TecTa

: Includes A Includes _.-=" "---__Includes

Extends

MNpocMmoTp BONPOCOE MpoxXo¥aeHne

MNpoCMOTP PE3YNETATOE

TECTUPOBaHWA
DUNETPALNA NO HMEHHN

NONL20BATENA W aTe
NPOXO¥IEHIUA

]
| Includes

MpocMoTp OTBETOE

Puc. 2. [lnarpamma npeueneHToB st NPOrpaMMHON CUCTEMBbI

Fig. 2. Use case diagram for a software system
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CornacHo TpeOOBaHUAM K IPOrpaMM-
HOU cucTeMe, B paMKax MpoeKTa ObUTU pe-
anu30BaHbl cueHapuu aercteuid HR npu
aHaJau3€ Pe3yJabTaTOB TECTUPOBAHUSA OT-
JIETBHOTO

[1OJIb30BATES. Janubie

CTpaHuua

CTpaHMua HR
ABTOPUALMN

HR

ABTopWaaLng 3

OTpeITHE MNepexo Ha cTpaHWuLy
CcTpansuUe HR TECTOE

Mepexon Ha CTPaHHLY
pesynETaToE

CIICHApUU TPEACTaBICHbl B BHUJAE JHUa-
rpammbl (puc. 3). PucyHok 4 n1eMOHCTpH-
pyeT auarpamMmy TOCJEAO0BATEIbHOCTH
JICCTBUHM TIOJB30BATENS TMPHU IMPOXOK]IE-
HUH TECTUPOBAHUS.

CTpaHuua

CTpaHWLa TecTos
PaHuLa PE3YNLTATOR

A

A
i
:
i
0
i
[
[
i
[
[
[
[
[
i
i

4

5 OTpOpAKeHMe De3YIETaTOE - o ocemean

¥

OUNETPELMA Pe3YNETATOR

|

QUNETpaLMA

R
—

Puc. 3. Juarpamma nocnegoBaTtensHoctn Ana HR

Fig. 3. Sequence diagram for a HR

TecTa

CTpaHvua exibopa

MonezoBarens

BwiGop Tecta

-
*

MNpoxo¥asHUe TECTHPOEBAHUA

CTpaHuua
MPOXOM¥LEHHA
TECTUPOBAHNA

Bleoq peaynsTaTtos
TECTMPOBAHWA

MNpocwoTp
pezynsTaToe
TECTUPOBEHUA

r g

Puc. 4. [luarpamma nocnegoBaTenibHOCTM NPOXOXAEHUSA TECTMPOBaHUA

Fig. 4. Diagram of the sequence of passing the test
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st coznaHus WHPOPMAITMOHHON CH-
CTEMBI, IPEIHA3HAYEHHON ISl KOTHUTHUB-
HOT'0 TECTUPOBAHUS COTPYAHUKOB U KaH/IU-
natoB B HR-ormenmax, Obutn BeIOpaHBI
Hay4YHO OOOCHOBAHHBIE W IIUPOKO MPHUMeE-
HSIEMBIE B IICUXOJIOTUYECKOM MPAKTUKE Me-
TOAUKHU. DTH MOAXOABI TO3BOJISIOT MTPOBO-
IUTb TOYHYI0 U OOBEKTHBHYIO OLIEHKY
KJIIOUEBBIX KOTHUTUBHBIX CIIOCOOHOCTEN U
SMOLIMOHANBHBIX XAPAKTEPUCTUK IOJIb30-
BaTeJIel, YTO UIPAET BaXHYIO pOJIb INPU
NPUHATUN PELIEHUN O HallMe, alanTally |
pa3BuTHU TiepcoHana. llpuMeHeHne HTHX
MeToZ0B B IudpoBoM dopmare aenacT
MPOLIECC TECTUPOBaHUs Ooiiee YyIAOOHBIM,
MaclITadUpyeMbIM M TOYHBIM, YTO OCO-
OCHHO aKTyaJbHO B YCJIOBUSIX COBPEMEH-
Hbix HR-niponieccos.

OrneHka BHUMaHUS TIPOBOAMUTCA C TIO-
Momipto Metoauku «Tabmurer Lllymere»
[7]. DTOT MOAXOX 3aKIFOYAETCS B TIOCIIEN0-
BaTEIHHOM ITOMCKE YHCET B TAOIHIIE B BO3-
pacTarolieM MopsIKe, 4TO MO3BOJSET Ole-
HUBaTh TaKHE BaXKHbIE MApPaMETPhl, Kak
KOHIIEHTpAallMs BHUMAaHUSA, CKOPOCTh peak-
MU U YCTOWYMBOCTH K BHEIITHIUM OTBJIEKa-
oM paktopam [8]. Uem meHbIe Bpe-
MEHHU TpeOyeTCsl y9acTHUKY TeCTa IS BbI-
TTOJTHEHUS 3aJaHHsI, TEM BBIIIEC YPOBEHB €TI0
KOHILEHTPALUU. DTOT METOJI OCOOEHHO I10-
JI€3€H JUIsl BBISIBJICHUSI COTPYJIHUKOB, CIIO-
COOHBIX 3((PEKTUBHO CHPABIATHCS C 3a/1a-
HUSIMU B YCJIOBHSIX MHOT033Ja4HOCTH U
BBICOKOT'O YPOBHSI OTBETCTBEHHOCTH [9].

KpaTkoBpemeHHass TamsaTh TPETEH-
JICHTa aHAJIM3HUPYETCS] C HCIOJIb30BAaHHEM
«Metonuku 3anoMuHaHus map ciosy [10].

I/ICHBITyeMOMy nperaracTtcss 3allOMHUTD

ompeIeIEHHOEe KOJIMYECTBO IMap CJIOB, IO-
CJI€ Yero CHCTEMa OIICHHBACT TOYHOCTH
BOCTIpou3BenieHus. J[aHHAass MeTOaMKa TO-
MOTAa€eT BBISIBUTH CIIOCOOHOCTH K acCoOIlHa-
THBHOMY 3allOMHHAHHWIO U YCTaHABJIMBACT
YPOBEHb KPAaTKOBPEMEHHOW NaMSATH, YTO
0COOCHHO Ba)KHO JJIS JOJIKHOCTEH, TpeOy-
IOIIMX 3allOMHHAHUS OO0JBIIOr0 00BEMA
uH(pOpMAIUA 32 KOPOTKUH TPOMEKYTOK
BpPEMEHH.

Jlornyeckoe MEBIIICHUE OICHUBACTCS
¢ ucrnoyib3oBaHueM Metoauku «lIporpec-
cuBHbIe Marpuilsl PaBena» [11], kotopbie
SBIIAIOTCS. OJTHAM W3 HauOoJiee MOmyJsip-
HBIX TECTOB IS aHajin3a CIIOCOOHOCTH K
a0cTpakTHOMY MbIluIeHHO [12]. B pamkax
9TOW METOJMKH YYaCTHHK JOJDKCH HAWTH
HEJIOCTAOIIUI SJIEMEHT B JIOTUYECKOM I0-
CIEI0BATEIIFHOCTH. JIaHHBIN ITOIXO0J I103-
BOJISIET OLICHUTHh YPOBEHb aHAIUTHYECKOTO
MBIIJICHUS, CITOCOOHOCTD BBISBIISTH 3aKO-
HOMEPHOCTH ¥ HAXOAUTH ONTUMAJILHEIE pe-
mrenust [13].

CrpeccoyCTOWYMBOCTD THATHOCTUPY-
eTcsl ¢ moMollbio MeToauku « Tect Xonmca
u Pes» [14]. Meroauka HampaBlieHa Ha
OTIpeJIeNIeHNE YPOBHS CTpEcca U CIIOCOOHO-
CTH TIOJIL30BATEIIS CIIPABJISATHCS C KU3HCH-
HBIMH TpyaHOCTAMH. OHa BKIIOYAET aHa-
JU3 PA3IUYHBIX KU3HEHHBIX COOBITHH, UX
YaCTOThl U MHHTCHCUBHOCTH BO3JICCTBUS Ha
YyeJoBeKa, 4YTO MOXET mo3BojauTh HR-
CIICLIUAIIMCTAM BBISIBJISITE COTPYIHUKOB C
BBICOKMM  YPOBHEM yCTOHYHMBOCTH K
cTpeccy. DTO 0OCOOCHHO BaKHO IS JTOJIK-
HOCTEH, CBSI3aHHBIX C PAaOOTON B CIIOKHBIX

1 HECTaOMIIBLHBIX YCIIOBUSX.

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
Information Science. Medical Instruments Engineering. 2025;15(3):21-39



28 MHdopmaumoHHble 1 MHTeNNekTyanbHble cnuctemsl / Information and Intelligent Systems

Onpenenenre KOMaHTHBIX POJICH TTPO-
BOAMTCS Ha ocHOBe «Mertonuku benouHay
[15]. B pamkax Tecta y4yaCTHHK OTBEYaeT
Ha BOTIPOCHI, TIOCJIEC Yer0 CHCTEMAa aHATU3H-
pYeT ero mpeanodYTeHUus: B KOMaHIHOW pa-
00Te W oOmpeAenseT poJib, KOTOPYI OH
HanOosiee 3(pPEKTUBHO MOXKET BBHITIOHSTH
(Hampumep, nHaep, aHAIWTHK, HCITOJIHU-
tenb M T.A.) [16]. Dto momoraer HR-
cnenuaiuctaM (GopMUPOBAaTh TapMOHHUY-
HBbIC KOMaH/Ibl, TJI¢ KOKIbI YYACTHUK BBI-
TOJTHSET 3aJla4d, COOTBETCTBYIOIIUE €Tro
CHJIBHBIM cTOpOHaM [17].

Kaxxnas U3 METOUK, MPUMEHSIEMBIX B
pa3pabOTaHHOW CHUCTEME, HMeEET YETKO
MIPOITMCAHHBIA AITOPUTM aHAJIM3a JAHHBIX.
Hampumep, B wmetonuke «Tabmuubl
[ynbre» cuctema (GUKCUPYET BpeMs BbI-
TIOJTHCHUSI 33JaHUs, Ha OCHOBE KOTOPOTO
paccumMThIBacTCS IMOKa3aTellb KOHIICHTPA-
nuu [7]. B meromuke «IIporpeccuBHbie
MaTpuilbl PaBeHa» ydYHTBIBACTCS KOJHYE-
CTBO MPaBUJILHBIX OTBETOB U BPEMsI Ha BBI-
MOJIHEHUE KaKJIOTO 3aJaHHs, YTO I03BO-
JSET TIIyOXKe OIICHUTh YPOBEHBb JIOTHYC-
ckoro MeIieHus [11].

Cucrema aBTOMAaTH3UPYET MOACUYET
pe3yJIbTaTOB TECTHPOBAHUS, UYTO HCKITIO-
94aeT BEPOSATHOCTh OIMMOOK, CBSI3aHHBIX C
YeJIoBeYeCKUM (akTopoM. MToroswie naH-
HBIC TIPCICTABIISIFOTCS B BHJIC HHIUBHIY-
QITBHBIX ¥ TPYIIIOBBIX 0TYETOB. UHIUBHTY-
aJbHBIC OTYETHI BKIIFOYAIOT B ceOs aHAIM3
CHJIBHBIX U CJTA0BIX CTOPOH, PEKOMEHTAINU
10 Pa3BUTHIO, & TPYIIOBBIC TO3BOJISIOT
HR-cienmanuctam oneHUTH OOMIYIO Kap-

TUHY KOTHUTHBHBIX CIIOCOOHOCTEH B

OpraHu3alluy, BBIIBUTH OOIME TECHIACHINH
U TIPOOJIEMBI.

Takum ob6pazom, pa3zpaboTaHHas cu-
cTeMa CTaHOBUTCS 3(PPEKTUBHBIM HHCTPY-
menTtoM g  HR-otnenos, cmocoOHas
00eCTeunTh TOYHOCTh aHAN3a U YA00CTBO
ucnoiabp3oBanus. OHa HE TOJIBKO IMO3BOJISIET
BBISIBIIITh KOTHUTUBHBIC MPEUMYIIECTBA U
HEIOCTaTKU COTPYAHHUKOB, HO U TIOMOTaeT
¢dbopmMupoBaTh CcTpaTeruu UX Mpodeccuo-
HAJILHOTO Pa3BUTHS, YTO, B CBOIO OYEpelb,
CIOCOOCTBYET TMOBBIMICHUIO 3((HEKTHBHO-

CTH pabOThI OPTAHU3AIIUH B IICJIOM.

Pe3yl1bTaTbl n nx o6cy>|<.qe|-me

Hnst cozganust uHOOPMAIMOHHON CH-
CTeMbl ObUIa UCHOJB30BaHA MPOTrpaMMHas
cpena Visual Studio, koropas mpencras-
JSIeT MOIIHBIM HMHCTPYMEHT Uil pas3pa-
OOTKH COBPEMEHHBIX MPOTPAMMHBIX IPO-
nykToB. OCHOBHOM BeO-CEpPBHUC peain30-
BaH Ha si3bIKe porpaMmupoBanus C# ¢ uc-
nonp3oBaHueM  (periMBopka ASP.NET
Core. Beibop cpenbl 00ycoBiIeH BEICOKOM
HPOU3BOAUTEILHOCTRIO T1aThopmbr [18],
e€¢ ynoOCTBOM Ha BCEX CTaausxX pas3pa-
OOTKH, a TaKXe HAJIMYHEM OOIIUPHOTO
Habopa WHCTPYMEHTOB ISl WHTETpAIlHH,
TECTUPOBAHUS U Pa3BEPTHIBAHUS.

JInst KITMEHTCKOW JacTH Obliia MCIIONb-
30BaHa OnbanoTeka React, n3BectHas cBoeit
ruOKocThiO [19] W MMPOKMMH BO3MOXKHO-
CTSIMH B CO3/IaHUM UHTEPAKTUBHBIX TOJIb30-
BaTenbckux uutepdericon [20]. React obec-
MeYNBaeT KOMIIOHEHTHBINA TIOJIXO/I K pa3pa-
6oTke [21], 4To ympoIIaeT MOIAEPKKY U
MacmrabupoBanue cucteMsl [22]. [lpume-

HEHHUE ITOU OMOJIMOTEKH TAKKE TO3BOJIMIIO
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peayn30BaTh COBPEMEHHBIE TOIXO/IBI K 00- Ha pucyske 5 n3o0pakeHa quarpamMma
paboTke cOOBITHI HA CTOPOHE KJIMEHTA IJIs KOMIIOHEHTOB pa3pabOTaHHOW MpOTrpamMM-
MOBBIILIEHUS OT3bIBYMBOCTHU U yA00CTBa pa- HOU CUCTEMBI.

OOTBI C IPHIIOKEHUEM.

<<component>» E
<<component=> E Views
Models
<<component>> E' <<component>> E' <<component>> E' <<component>> g <<component>> E
Question.cs UserAnswer.cs UserResult.cs Home Test
<<componentss <<componentss €| <<componentss €| <<component>» g <<component>> E
IdentityModels.cs Answer.cs Test.cs Account Question
<<components>
Models.cs A
x x
<<component== E
DataBase.mdf
=<component=> g
Controllers
<<component>> <<component>>
|QuestionController.cs TestController.cs
<<component>> <<component== E
AccountController.cs HomeController.cs

Puc. 5. lnarpamma KOMMNOHEHTOB NPOrpaMMHOI CUCTEMBI

Fig. 5. Diagram of software system components

[Tocne 3amycka MPUIIOKEHUS TOJB30- Ha)XaTh HAa KHONIKY «BX0m» WM nepenTu K
BaTelb I10I1aJJaeT Ha IVIABHYIO CTPAHULY C CO3/IaHUIO AKKayHTa, Ha)XaB Ha COOTBET-
NPUBETCTBEHHBIM TeKCTOM (puc. 6). B ciy- CTBYIOILYIO KHOIIKY «Perucrpanus».

4yac HaJIn4duid y‘-ICTHOfI 3allMCu  MOXXHO

v B Resctipe x o+

3 C O localhost3000

AOGPO no>anoeatb B CUCTEMY KOTHUTUBHOIo TecTUpoBaHKuA

Puc. 6. MmaBHasa cTpaHuua

Fig. 6. Main page
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Ha pucynke 7 MOXHO yBHUIETH CTpa-
HHLy peructpanuu. OHa BKJIIOYaeT B ceOs

(bOpMy C JIMYHBIMH JaHHBIMMU I10JIb30BATCJIA.

v B Reactapp X+

< C @ localhost:3000/register

JIist co3iaHusl akKayHTa He0OXO0AUMO BBe-
cti ums, Gamuinio, e-mail, a Taxke npu-

JyMaThb MapoJb.

Perncrpauus

Wma:

Bawe uma

Damunnsa:
Bawa chamunua
Email:

example@mail.com

Mapone:

Baw napons

3aperncTpupoBaTeca

Puc. 7. CtpaHuua pernctpauum

Fig. 7. Registration page

Peanuzanus aBTOpM3alMU B cHUCTEME
OCHOBaHa Ha HCIIOJIb30BAaHUM COBPEMEH-
HBIX 0€30MaCHBIX TOX00B K YIPABICHUIO
JIOCTynIOM Ttosb30BaTener. Bcee maponn
XpaHATCA B 3amM(pPOBAHHOM BHJE C HC-
MOJIF30BAHUEM AJITOPUTMA XJITUPOBAHUSA,
YTO HUCKIIIOYAET BO3MOXHOCTh UX MPSMOTO
noctyna. [Ipu aBropu3zanuu noiab30BaTellb
BBOJUT CBOW JIOTUH W Napojb, KOTOpPbIE
CBEPSIIOTCSL C JIaHHBIMH, XPAHSIIUMUCS B
0aze maHHBIX. [ ympaBieHHS CECCHSIMU
WCTIONIE3YETCS MEXaHW3M TOKEHOB Ha OC-
HoBe TexHonorun JSON Web Token (JWT)
JUIst o0ecrieYeHUs 3alUIIEHHOTO JOCTyTa K
pecypcam cucteMbl U 3(h(PEeKTUBHOTO pas-
TPaHUYEHUS MPaB MEXKIY pa3InYHbIMU Ka-

TEropusiMu HOJ'IB3OB3T€JI€I71, TaKMUMH KakK

HR-cnenumanuctel 1 KaHauaatel. BeiOpaH-
HBI TOJAXOJ] TapaHTHUPYeT Oe30MacHOCTh
JaHHBIX U yI00CTBO pabOTHI C CHCTEMOA.
Peann3oBaHHy!0 CTpaHWIy aBTOPU3AINH
MOJKHO YBHUJICTh HIDKE (pucC. 8).

[Tocne BXoaa B y4ETHYIO 3aIIACh MOJIb-
30BaTelb MOMAJAeT Ha CTPAHUIy JTUYHOTO
kabuHeTa. B 3aBHcHUMOCTH OT poiu B cu-
cteMe OylIeT OTIMYaTbCid JOCTYIHBIN
¢ynkuuonan. Paccmorpum crpanuny HR-
cnenuanucra (puc. 9).

[Tocne mpousBencHUs: aBTOPU3ALUAH
MOJI30BAaTE€NIhb MMEET BO3MOXKHOCTH OT-
KpbITh CTpPaHUIly pEAaKTUPOBAHUSA IPO-
¢uns (puc. 10). 3mech MOXHO H3MECHUTH
JMYHbIE JaHHbIE, MOMEHATh (aMHIIHUIO,

HUMs1, OTYSCTBO.

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIUTENBHASA TEXHUKA, MHDopMaTrKka. MeanumHckoe npubopoctpoerune. 2025;15(3):21-39
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v B Reactapp x  +
€ C @ localhost:3000/login
ABTOopMnsayus
Email:

example@mail.com

Mapone:

Baw napone

2

Puc. 8. CtpaHuua aBTopusaumm

Fig. 8. Authorization page

B Rresctapp x o+

= ] @ localhost:3000/hr

JInuHblll KabuHet HR

Peaaktuposats npogmnib

Puc. 9. CtpaHuua nuyHoro kabuHeta HR
Fig. 9. HR account page

v [ ReactApp x  +

<« c @ localhost:3000/editProfile

PepakTupoeaHue npodpuns

Damnana:

@amunma

Uma:

OTtuecteO:

Otuecteo

CoxpannTa

Hazapg

Puc. 10. CtpaHuua pegaktnpoBaHust npoduns

Fig. 10. Edit profile page
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Takxe Mmoiab30BaTENb MOKET MEPEUTH
Ha CTPAaHHUILY C BBIOOPOM TecTa ISl JAallb-
Helmero mnpoxoxaeHus. IIpemycMmorpen
MOMCK 10 HA3BaHUIO METOJIUKH, a TAKIKE pe-
aJM30BaHO TOCTPAHUYHOE OTOOpaKCHHE.

P?II[OM C KaXAbIM IIYHKTOM B CIIMCKC

v B reactapp X o+

< C @ localhost:3000/tests

CnUcoK TecToB

Tect

Tabnuye! Lynsre

MeToavka 3anoMWHaHWA nap cnos
lNporpeccueHble MaTpuLbl PaseHa
Tect Xonmca v Pea

Metoavka benbuna

B :

IMPUCYTCTBYCT KHOIIKA «Hauatb» L 3a-
ITyCKa TCCTUPOBAHMA, 4 TAKKE KHOIIKA «Pe-
3yJbTAaTbD» JIsL IIPOCMOTPA OTYCTOB IIO
OpouuibiM  ITOIBITKAM. PeaJ'II/I3OBaHHy10
CTpaHuly CO CIIMCKOM TE€CTOB MOXHO YBH-

nets uuxe (puc. 11).

Mowck ne Tectam

OeicTBun

Puc. 11. Ctpanuua TectoB ans HR

Fig. 11. Page with tests for HR

Ha pucynke 12 nokazana ctpanuua c
peny-
CMOTpeHa (PIIbTpaIus MO JaTe MPOXOK-

pe3yibTaTaMd  TECTUPOBAHUSA.

JICHUS 3aJ]aHni, a Takxke mouck 1mo d.1.0.

y4yacTHuKa. Kpome Toro, Takxe peanuso-
BAaHO IIOCTPAHMYHOE OTOOpa)XeHHe IS
YIPOILIECHHOW HAaBUTAIlMA 110 pe3yJbTa-

TaM.

Tect "Tabnuubl LWynbte"

v @ ReactApp %+

“« [&] @ localhost:3000/testsResults
Mou o O
@Uo [aTa 3aBepleHua
Meanos MeaH MeaHoB1Y 2024-12-01
Metpoe MeTp MeTpoBuy 2024-12-03
Cwnpopoe Cugop Cuaopoeuy 2024-12-05

Bacuneesa AHHa Hukonaeexa 2024-12-02

Ky3HeuoB Muxaun AHapeeBny 2024-12-04

B :

Hazan

an.maLrrer m

Pesynbrat BpeMs BbINONHEHWA

BbICTpOE BHUMaHWe 32 cex
CpenHee BHUMaHUe 45 cek.
MeaneHHoe BHUMaHWe 60 cek.
BeICTpOE BHUMaHWe 30 cek.

CpeaHee BHUMaHWe 50 cek.

Puc. 12. CtpaHuua ¢ pesynbtatamm TECTUPOBAHMS

Fig. 12. Results page

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIUTENBHASA TEXHUKA, MHDopMaTrKka. MeanumHckoe npubopoctpoerune. 2025;15(3):21-39



TomakoBa P. A., Manbiwes A. B., boikoB A. B.

[porpaMmHo-uHpopMaUnoHHasa cuctema oUeHUBaHNS ... 33

s oienku 3 pekTUBHOCTH pa3pado-
TAHHOW CUCTEMbl ObUIO MPOBEACHO €€ Te-
CTHUpOBaHuE Ha BbIOOpKE U3 50 coTpynHuU-
KOB KOMITAHWUH, Pa3AeNEHHBIX HA TPYMIHI B
3aBUCHUMOCTH OT HMX NpOo(hecCHOHATBHBIX
obsi3aHHOCTEH. BEIOOpKa BKITIOUAa:

1) 10 coTpyaHHKOB OTAeda IPOAAK,
4bst paboTa TpeOyeT BEICOKOTO YPOBHS KOH-
LEHTPALUU U CTPECCOYCTOMYUBOCTH;

2) 15 COTpYIHHKOB aIMHHHCTPATHB-
HOT'O OTH€Na, Ul KOTOPBIX BaXKHbI KOTHU-
THUBHBIC HAaBBIKHM, TAKWE KaK MMaMATh U BHU-
MaHHue;

3) 10 cotpynuukoB IT-otaena, ubst ae-
ATEJIbHOCTb CBS3aHA C JIOTUYECKUM MBbILI-
JEHUEM M AaHAJIUTHYECKUMHU CIOCOOHO-
CTSIMU;

4) 15 cOTpyTHUKOB IPOU3BOJICTBA, IJIC
KJIFOUEBYI0 POJb UIPAIOT BHUMAHHE W
YCTOWYMBOCTH K OTBJIEKAIOIMNM (haKTOpaM.

Kaxgas rpynma coTpyaHHUKOB MPOXO-
JIAIIa CEPHIO TECTOB, aJaNTHPOBAHHBIX O]
ux npodeccuoHanbHble 3anaun. Hampu-
Mep, COTPYIHUKH OTAea IPOAak B OCHOB-
HOM BBITIIOJIHSUIM TECTHl Ha CTPECCOYCTOM-
yuBOCTh (MeToanka Xonamca u Pes) u BHU-
Manue (tabmumpl lyneTe), Torna xKak s
IT-criermanucToB ObUT aKIEHT HA JIOTHYE-
CKO€ MBbIIUIeHHE (MIPOTPECCUBHBIE MaT-
punsl PaBena) u mamsth (MeToAMKa 3aro-
MUHaHUS 1ap CJIOB).

B mpouecce mpoBeneHHsI TECTUpOBa-
HUsL OBLIM COOpaHbI M MpOaHAIU3HUPOBAHBI
CJIETYFOIIHE TTOKA3aTeIu:

1. Bpemss  BbIIIOJIHEHUS — 3aJaHUl.
Cpennee BpeMs BBITTOTHEHHS TecTa «Tab-
nuusl HlynaeTe» coctaBuio 35 ¢, npu 3ToM
MOKa3au

HauIy4Iuue pe3ybTaThl

cotpyanuku IT-otaena (30 c), a cotpyn-
HUKM TPOU3BOJCTBA JIEMOHCTPUPOBAIH
qyTh O0siee muTensHoe Bpems (40 c).

2. TOYHOCTh BBITIOJHEHUSI TECTOB. B
tecte «I[IporpeccuBHbie MmaTpuilbl PaBeHay»
coTpyaHuku [T-oTaena npaBUibHO BBINOJI-
HuM 92% 3a1aHui, TOr1a KaK COTPYIHUKHU
aJIMUHHCTpaTHBHOTO oTAena — 85%.

3. YpoBeHb crpeccoycroiunBocT. [lo
pesysibTataM tecta Xoamca u Pest 70% co-
TPYIHHUKOB OTHENAa TPOJAX IPOIEMOH-
CTPUPOBAJIY BEICOKUHN YPOBEHb YCTOWYNBO-
CTH K CTpecCy, TOTJla KaK y COTPYIHUKOB
MIPOU3BOJICTBA ATOT IMOKA3aTeb COCTaBUII
55%.

4. TlamsaTe. B Tecte Ha 3amomMuHaHue
nap CJIOB CpeJHUH MoKa3aTelb COCTaBWI 8
13 10 npaBuiIBLHO BOCITPOU3BEAEHHBIX Map.
Jlyumme pe3ynbTaThl ObUTH 3a(UKCHPO-
BaHBI Y COTPYTHUKOB aIMUHHCTPATHBHOTO
oTAena.

BbiBoabl

Pa3zpaboTtanHas mporpamMmmMHO-UH(OP-
MAaIOHHAs CHCTEMa JIJIsl TECTUPOBAHUS KO-
THUTHUBHBIX CITOCOOHOCTEH COTPYAHUKOB H
kanauaatoB B HR-otnemax nmpemocrasnsier
MIMPOKUIA (DYHKITMOHA, 00ECTICUNBAIOIITHIA
aBTOMAaTH3alMI0  KJIIOYEBBIX IPOIIECCOB
oneHku. Ona nozsossier HR-cienmnanucram
ya00HO paboTaTh C pe3yibTaTaMu TECTOB,
AT BO3MOXKHOCTb (DUIIBTPALIUU, COPTH-
POBKH, MTOMCKA U aHAIM3a JaHHbIX. Peanu-
30BaHbl MEXaHU3Mbl 00PAOOTKH pe3yybTa-
TOB Ha OCHOBE HAy4YHO 0OOCHOBAHHBIX Me-
TONWK, TaKUX Kak TeCcThl «Tabmuirel
[lynereyn, «MeTtoauka 3allOMUHAHHS Map
cioB», «lIporpeccuBHpie MmaTpuipl Pa-
BEHa» U JpyTHe.
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PesynbTaThl TECTUpOBaHUS TOKA3aJIH,
YTO CHCTEMa YCIEIIHO CIPABIISAETCS C 3a/1a-
Yyeil aBTOMATU3aIMK OLIECHKH KOTHUTHUBHBIX
¥ SMOIMOHATBHBIX CIIOCOOHOCTEH COTpyI-
HUKOB. OHa oOecrneunBaer:

1. Tounocts anamm3a (93% cosmaje-
HUW C pe3yibTaraMu Py4YHOH 00paboTKu
TECTOB, MPOBEAEHHBIX MTCUXOJIOTAMH).

2. CokparieHue BpeMeHUu 00paboTKh
(aBTOMaTH3aIMs MMO3BOJIMIA CHU3UTH Bpe-
MEHHBIC 3aTpaThl HA 00PabOTKY pe3yJsbTa-
ToB Ha 40% 1O CpaBHEHUIO C TPATULIMOH-
HBIMH METO/IaMH).

3. YnobctBo ananmsa (HR-cnenmanm-
CThI OTMETHJIN YIOOHBIH HMHTEp(deic cu-
CTEMBI, TIO3BOJIAIOIINN JIETKO HaXOAWTh U
COpPTUPOBATh PE3YJbTAThl MO Pa3TUIHBIM
napameTpam).

Ha ocHoBe poBeaEHHOTO TECTUPOBA-
HUA U oOpaTHOU cBs3u oT HR-cnermanuc-
TOB OBUIM ONpPENEICHBl HANPABICHUS IS
JalbHEeHmero pa3sutus cuctembl. OHU
BKJIFOYAIOT B ce0s MHTETpaI{io C Cylle-
ctBytouumu HRM-cuctemamu i 3Hauu-
TEJILHOTO YIIPOIICHUsI YIpPaBIEHUS IaH-
HBIMU COTpYTHUKOB. [loq00HOE BHEApEHNE
o0ecreynT aBTOMAaTUYECKOe OOHOBIICHUE
WH(GOPMAIIUHU O TOJTH30BATEISAX, TPOBEICH-
HBIX TECTaX W UX pe3yJbTaTax, MUHUMHU3H-
pys HEOOXOIMMOCTh PYYHOTO BBOJA JaH-
HBIX. JTO, B CBOIO OYepEe/b, YCKOPHT IPO-
LIECC aHajJn3a M MOBBICUT 00IIyI0 3¢ ek-
TUBHOCTH paboTel HR-ciennanucros.

JIOTIOTHUTENBHO TUIAHUPYETCS pac-
mupeHre Habopa HUCHOJIB3yeMBIX METO-
UK TECTHPOBaHUs. BHeIpeHHE OLCHKU
KPEaTHBHOCTH, IMOIMOHAIBLHOTO WHTEII-
JIeKTa U APYTUX aCTIEKTOB IMO3BOJIUT OXBa-
TUTh 0OJIee MUPOKHUI CHEKTP KOTHUTHB-
HBIX ¥ JIMYHOCTHBIX XapaKTCPUCTHK, YTO
UMeeT 0co00€ 3HAUYCHUE JJIS KOMIIAHUH,

paboTaronux B cdepax, TpeOyromux He-
CTaHJAapPTHOI'0 MOJXOJa K 3ajadyam, BbICO-
KOH THOKOCTH M SMOIIMOHAIBHON yCTONYH-
BOCTH COTPYAHHMKOB. Takke BO3MOXKHO
BHEJ[PEHUE AJANTUBHBIX AJITOPUTMOB, KO-
TOpbIe OYIyT MOACTPaNBaTh CIOKHOCTH 3a-
JaHWI TIOJI YPOBEHb MOJIb30BATENS B pe-
KUME peabHOro BpeMeHu. /laHHoe yiyu-
IIEHHE MO3BOJIUT IOJIy4aTh 0OJIee TOUHbIE
pe3ynbTaThl TECTUPOBAHUS, TIOCKOJIBKY 3a-
naHus OyAyT COOTBETCTBOBATh MHJMBUILY-
QIBHBIM OCOOCHHOCTSM KaXKJIOTO TOJIb30-
Bates. [Iporecc nuarHocTuku cTaHeT 00-
Jiee TEePCOHATU3UPOBAHHBIM U 3P HEKTHB-
HBIM.

Takxke  mIaHUpyeTcss  yJydIleHue
I10JIb30BATEIBCKOr0 UHTEpP(Eelica CUCTEMBI.
Buenpenue 6onee MHTYUTUBHO HMOHSTHBIX
9JIEMEHTOB HABUTallMM M PACIIUPEHUE
¢ynkaumonansHocTn Ul obecrieynt KoM-
dhopTHYIO paboOTy C CHCTEMOM I KaH/IH-
JaTOB JTFOOOTO ypoBHS moarotoBku. Croma
MOJXKET BXOAHUThH yIPOIIEHUE MPOIIecca aHa-
JU3a JAaHHBIX, JOOABJICHUE BU3yallU3allMH
pe3yNbTaTOB M PACIIUPEHHE BO3MOKHO-
CTeH HACTPONKU CUCTEMBI [10/1 KOHKPETHbBIE
Hyx161 HR-oTnemnos.

Kpome Toro, B mepcnekTHBe paccmar-
pUBacTCI BO3MOXKHOCTH  HCIOJB30BAHMS
TEXHOJIOTUH MAIIMHHOTO OOydYeHHUs B aHa-
JIM3€ Pe3yNIbTaTOB TECTUPOBAHUS ISl BHISIB-
JIEHUsl CKPBITBIX 3aKOHOMEPHOCTEW B JIaH-
HBIX U npenoctasinenuss HR-cnenuanucram
OoJiee riyOOKON aHATMTUKY, BKIIFOYAIOIICH
IPOrHO3UPOBAHUE TIOBEJIEHUSI COTPYAHHU-
KOB Ha OCHOBE UX KOTHUTHBHBIX U 3MOITHO-
HaJbHBIX XapakTepucTuk. [[pumenenme uc-
KYCCTBEHHOTO WHTEIJICKTa MOXXET CTaTh
BaXHBIM HHCTPYMEHTOM B yTIPABJICHUH Ta-
JaHTaMM ¥ TOBBIIEHUU 3(P(HEKTUBHOCTU
paboThl KOMaH/IBbI.

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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B wutore pa3pa60TaHHaﬂ CUCTEMA HC 3HAYUTEIIbHBIN IHoTCHIMAJI JJIA ,Z[aJIBHeﬁ-
TOJIBKO ITOJIHOCTBIO YIOBJICTBOPACT (bYHK- ero yCOBCPUICHCTBOBAHUA U IPUMCHCHUA
MM OHAJIbHBIM TpC6OBaHI/IHM, HO W HMCCT B HR-OTI[CJ'I&X KPYIIHBIX KOMIIAHHUM.
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Ponb pacnpenenéHHbIX BbIYUCTIUTENbHbIX CUCTEM
B COBPEMEHHbIX TEXHOJIOrM4YeCKMUX IKOCUCTEeMaXx

C. A. HectepoBuu! =, A. H. BpexHeBa?

1 Poccuiickoro rocyaapCTBeHHOro CoLuuansHoro yHMBepcuTeTa
yn. Bunerenema lNuka, a. 4/1, r. Mocksa 129226, Poccuiickaa ®epepaunsi

2 PoccuiACKUIn 3KOHOMUYECKUI yHBepeuTeT umenm . B. MnexaHosa
CTpeMsiHHbBIN Nep., 4. 36, r. Mockea 117997, Poccwuiickas depepauns

*Je-mail: NesterovichSA@rgsu.net
Pesome

Lenb uccnedoegaHus 3aK/04aemcs 8 aHau3e posnu pacrnpedeniéHHbIX 8bIHUCIUMEbHbIX cUCmeM 8 (hopMuUpo8aHUU
U pa3gumuU KIIo4esbix HarpasieHul cospeMeHHOU Uughposol UHbpacmpyKmypbl, @ Makxe 8 8bIsi8/IeHUU epCrieK-
mue u 8bI30808, C853aHHbIX C UX UHMezpayuel 8 mexHOmo2u4yecKue 3Kocucmemsi.

MemoOdsi. Vicrions3o08aHbl cmamucmuYeckue OaHHble U aHaiumuyeckue omyémsi 8edyuux ucmoy4Hukos (Statista,
DB-Engines, MarketsandMarkets, Cambridge Centre for Alternative Finance), a makxe mexHu4yeckue crieyugukayuu
u npakmuyeckue Kelcbl UCronb308aHusi chpelimeopkos u cucmem (Apache Hadoop, Cassandra, IBM Summit). Me-
modosiocu4ecKu NPUMEHEH cpasHUMeErbHbIU aHanu3, 0606wWeHuUe Nnpakmu4yecKkux npuMepos U rnpoeHo3Upo8aHUe Ha
OCHOBE COBPEMEHHbIX MEXHOTI02UYECKUX MPeHO08.

Pesynbmamai. [loOmeepxdeHo, ymo PBC sensiomcs yHOameHmom 0nsi obrayHbix 8biducrieHul, obpabomku
bonbwux OaHHbIX, IHmepHema gewiel, 8bICOKONPOU3800UMESTbHbIX 8bIYUCTEHUU U mexHonoaul brokyelH. Obnay-
Hble nnamgpopmbl AWS, Microsoft Azure u Google Cloud ucnons3yrom pacripedenéHHble apxumekmypbl 0518 mac-
wmabupyemocmu u omkadoycmoudueocmu. B Big Data knoqesyro ponb ugparom ¢hpeltiveopku Apache Hadoop u
Spark, noseonsawowue aHanu3uposams 02pPOMHbie 06bEMbI OaHHbIX. PacripedenéHHblie 6a3bli OaHHbIX, makue Kak
Cassandra u MongoDB, obecrnie4dusaiom 8bICOKYH0 rpou3sodumensHocme U omka3oycmouyusocms. B IoT PBC noo-
depxxusarom obpabomky daHHbIX Ha yposHe edge u fog computing, MuHumMu3upys 3adepxku. HPC-cucmemsl, Harnpu-
mep cynepkomrbomep Summit, 0e MOHCMPUPYIOM 8bI4UCTIUMESbHY MOWb pacrnpedeniéHHbix cucmem. brokyelH u
Kpurnmosasombi Ucronb3yrom pacrpedenéHHbie y3nbi 051 6esonacHocmu u deyeHmpanusayuu. BoideneHsi kode-
8ble mpeHObI: uHmMezpauyusi ¢ W, pocm edge/fog computing, keaHmosasle pacrpedenéHHble apxumekmypbl, 008epeH-
Hble 8bl4uUCIeHUS] U asmomamu3auyus yripasneHus. Cpedu 8bi30808 — 80Mpocki be3onacHocmu, CHOXHOCMU yrpas-
nieHusi, Macwmabupyemocmu, 3a8UucuMocmu om cemegoul UHGpacmpyKmypbl U HOPMamueHo20 peayiupo8aHUs.
Bbie8odbI. PBC uepatom onpedensiroulyto posb 8 yugposoli mpaHcghopmayuu. VIx npumeHeHue rnoseosnsem obecre-
4umb 0OMKa30ycmou4yugocms, MacwmabupyemMocms U 8bICOKYH npoussodumernibHocmb UT-cepsucos. bydywee PBC
cesi3aHo ¢ sHedpeHuem UM, asmomamu3sayuel ynpasneHus u adanmayuel K HO8bIM 8bI4UCIUMENbHLIM MOOEISIM.
[ns ycmolt4ueoeo paszsumusi PBC Heobxodumbl peweHusi 8 obnacmu 6e3onacHocmu, HOPpMamugHO20 peaynuposa-
HUS1 U omumu3ayuu cemesgol UHgpacmpyKmypbi.

Knrouyeenblie crnoea: pacrpedenéHHble ebiducumerbHble cucmemsl; 0bnadyHbie mexHonoauu, bonbwue darHHbie; 10T,
6riokyeliH; HPC; edge computing.

KoHghbnnukm uHmepecoe: Aemopbi Oeknapupyom omcymecmeue si8HbIX U MomeHyuanbHbIX KOHGhIUKMO8 uHmepe-
€08, cesi3aHHbIX ¢ Mybrukayuel Hacmosiuel cmamabu.

© Hecreposuu C. A., bpexnesa A. H., 2025
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The role of distributed computing systems in modern
technological ecosystems
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Abstract

The purpose of research is to analyze the role and significance of distributed computing systems (DCS) in shaping
and developing key areas of modern digital infrastructure, as well as to identify the prospects and challenges related
to their further integration into technological ecosystems.

Methods. The materials used include statistical data and analytical reports from authoritative sources (Statista, DB-
Engines, MarketsandMarkets, etc.), as well as technical specifications of frameworks and systems (Apache Hadoop,
Cassandra, IBM Summit , etc.). The methodology involves comparative analysis, generalization of practical case stud-
ies, and forecasting based on technological development trends.

Results. It has been established that DCS form the foundation of cloud computing, Big Data, 10T, high-performance
computing (HPC), and blockchain technologies. Key technological trends have been identified: integration with artificial
intelligence, the growth of edge and fog computing, the development of quantum distributed architectures, and trusted
computing. Noted risks include management complexity, cybersecurity vulnerabilities, scalability challenges, and legal
issues.

Conclusion. Distributed computing systems play a crucial role in digital transformation. Their implementation ensures
fault tolerance, scalability, and high performance of IT services. The future of DCS lies in Al integration, automated
management, and adaptation to emerging computing models. Sustainable development of DCS requires advances in
security, regulatory frameworks, and optimization of network infrastructure.

Keywords: distributed computing systems; cloud technologies; big data; loT; blockchain; HPC; edge computing.
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BBepneHue

CoBpemenHbIe HH)OPMAIIMOHHBIE TEX-
HOJIOTUM CTPEMHTEIHHO pPa3BUBAIOTCSH B
YCIIOBUSX TI00aTbHON 1IU(POBHU3AINH, 110~
poxnas BcE Ooiee CIOXKHBIE M MaciiTad-
HbIE CUCTEMBI 00pabOTKU JaHHBIX. B 3THX
YCIOBHSIX 0c000€ 3HaUeHHE MPUOOpETaroT
PBC, koropbie 103BONSIIOT 3((HEKTHBHO
YOPaBIATh OOJBIIMMH 00bEMamMu HHQOP-
Maluu, o0ecrneuynBaTh OTKa30yCTONYH-
BOCTb, MAacCIITaA0UPYEMOCTh U BBICOKYIO
npousBoAuTeNbHOCTS [ 1]. PBC nexar B oc-
HOBE TaKUX KJIOYEBBIX HAIpPaBICHHM, Kak
o0JiauHbIe BBIYMCIICHUS, aHAIU3 OOJIBIIMX
nanubix, Matepuer Bemieit (IoT), Bricoko-
MIPOM3BOIUTEIBHBIC BBIUMCICHHS, a TAKKE
ONMOKYEH ¥ KPUNTOBAIIOTHBIE IUIAT-
dopmsl [2]. HacTosimas ctaThs mocBsiIeHa
aHAIM3Y POJH PacTpeAeIEHHBIX BBIYUCIIH-
TEJbHBIX CUCTEM B (POPMUPOBAHUU TEXHO-
JIOTUYECKUX IKOCUCTEM, UX TEKYLIUM BO3-
MOKHOCTSIM, MEPCIEKTUBAM pa3BUTUS U
BO3HUKAIOIIUM BbI30BaM.

PBC urparoT ueHTpagbHyI0 pojib B UH-
bpacTpyKType COBPEeMEHHBIX WH(OpMAIIn-
OHHBIX TEXHOJIOT U1, 0OecreunBast PyHKIIU-
OHMPOBAHHUE KIIIOUYEBBIX CEPBUCOB, TAKUX
Kak oO0jauyHble BBIYMCIIEHHUSA, 00paboTKa
OO0JBIINX JAHHBIX, BBICOKOIIPOU3BOIUTEIb-
Hble BeruncaeHus u [oT. Otu cucremsl 1o3-
BOJSTIOT 3P PEeKTHBHO 00pabaThIBaTh, Xpa-
HUTH U TIepe/laBaTh OOJbIIME 0O0BEMBI TaH-
HBIX, & TaK)Ke 00eCTieunBaTh MacIITabupye-
MOCTh, OTKAa30yCTOHYHMBOCTh M BBICOKYIO
npou3BoauTeIbHOCTE. PBC BnusOT Ha pas-
JMYHBIE 00JaCTH U OTPACIH, a TAKKE KaKHhe

CTaTUCTUYCCKUC MOAaHHBIC ITOATBCPKIAIOT

*kk

UX BXKHOCTb. TeM He MeHee OCTarTCs He-
KOTOPBIE BOIIPOCHI, CBA3AHHBIE C TEHACHIU-
ssmu pa3BuThs B PBC B cCOBpeMEHHBIX TeX-

HOJIOTHYCCKHUX 3KOCHUCTEMAX.

MaTepMan bl U MeéTOAbI

B nccnenoBannu MCMONb30BaH METO
aHaJIM3a BTOPUYHBIX JAHHBIX: CTATUCTHYC-
ckux otuéroB (Statista, Market Research
Future, Cambridge Centre for Alternative
Finance u 1p.), TeXHHUYECKOW ITOKyMEHTa-
uun (Apache, AWS, Microsoft Azure u
Ip.), @ TaKKe OTKPBITBIX HCTOYHHKOB MU
MyOJIMKAIAHA, OTPAKAIOIINX TEKYIIee CO-
CTOSIHUE W TPEHIbI B O0JIACTH pacrpeje-
JEHHBIX BBIYUCIUTEIBHBIX cucTeM. OCHOBY
aHaJIM3a COCTABJISIOT PEabHBIC MPUMEPHI
BHeApeHuss PBC B pa3iuuHbIX TEXHOJIOTH-

4eCcKUX 00J1acTaX.

PacnpenesiéHHble BBIYHCIEHUS

B 00J1aYHBIX cepBucax

OO6nayHble BEIYUCICHUS SIBISIOTCS OJ1-
HUM U3 SIPKUX MPUMEPOB UCIOIB30BAHUS
pacrpenesi€HHbIX BBIYUCIUTENBHBIX CH-
crem. CornmacHo maHHbIM Statista [3], mu-
POBOI pHIHOK 0OMayHbIX yciuyr B 2023 .
onenusaerca B 597 mupn nomt. CIIIA, a mo
nporroszam K 2027 r. ata nudpa Bo3pactér
10 1,2 tpnH posn. KimroueBbIMU UTpoKamMu
Ha 3TOM pBIHKE sBIsIIOTCS Amazon Web
Services (AWS), Microsoft Azure [4] u
Google Cloud Platform [5], kaxapIii 13 Ko-
TOPBIX MCHOJIB3YET paclpeieiéHHbIE Bbl-
YHUCIIUTENIbHBIE APXUTEKTYPHI AJs1 obecrie-
YEeHHsI MAaCIITAOUPYEMOCTH M OTKa30yCTOM-

YHBOCTH CBOHMX CEPBHCOB [6].
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Hampumep, AWS [5] B 2022 r. KOHTpO-
nuposaia 6onee 30% MUPOBOro 00J1a4HOTO
PBIHKA, YTO MOJUYEPKUBACT BaXKHOCThH pac-
npenenEHHbIX BEIYUCIEHUN sl obecrede-
HUS pabOThI TAKUX KPYIHBIX 00JAYHBIX MH-
pacTpykTyp.

Kommnanuu, takme kak Netflix [7],
Dropbox u Airbnb, ucronb3yrOT 00JIauHbIC
peureHus it 00paboTKH OONBIINX 00BE-
MOB JaHHBIX U O00ecTeYeHus JOCTYIHOCTH
CBOUX CEpBUCOB Ha TJI00aTbHOM YpPOBHE.
D10 noarBepxaaeT poiab PBC kak 0CHOBBI
Ui OOJNaYHBIX BBIYMCIICHWUN, TAEe oOpa-
00TKa MaHHBIX W WX XpaHEHHE TPeOyloT

pacnpeﬂenéHme CHCTCM.

O0padoTka 00AbIINX JAHHBIX

OO0pabotka Oompmmx naHHbIX (Big
Data) — emé oxna kio4eBas 00J1acTh, e
pacripeeiéHHbIE  BBIYUCIIUTEIBHBIC CH-
CTEMBbI UTPAIOT BaKHYIO poJib. PbiHOK Big
Data mpogomxkaeT ObICTPO pacTH: IO JIaH-
HeIM Market Research Future, oxxumaemsrii
poct 3Toro peiHka ¢ 2023 no 2030 rr. co-
craBut 18,6% B rox, u k 2030 1. ero 00BEM
nocturuet 401,9 mupa gos.

Apache Hadoop [5] u Apache Spark —
3TO JIBa IIUPOKO MCHOJIBb3YyEeMbIX (peim-
BOpKa, KOTOpbIe 00€CIeUnBalOT pacnpesie-
N€HHYI0 00pabOTKy NaHHBIX B peajbHOM
BPEMCHH. OTH TEXHOJIOTHU ITO3BOJISIOT
aHAJM3UPOBATh OTPOMHBIC MACCHBBI JIaH-
HBIX, KOTOpBIC TPaJAWIIMOHHBIC ICHTPAIIU-
30BaHHBIE CUCTEMBI 00pabOTaTh HE MOTYT.

[IpumMepoM yCHENIHOTO HCIOIh30Ba-
HUS pacTpeieIEHHBIX BEIYUCICHHH B 00J1a-
ctu Big Data sBusiercst Netflix [7], koro-
poIii 0OpabaTeiBaeT 6osee 2 MIIpA 9 BUIIEO

KaXKIbIH MeCAI. DTO MO3BOJIIET KOMIIAHUU

AHAJIM3UPOBATL HNPECANIOYTCHHA I10JIb30Ba-
Tenen u npeaoCTaBJIAThL MMEPCOHATIU3UPO-

BAaHHBIC PCKOMCHAAIIUU.

Pacnpenesénnbie 0a3bl JAHHBIX

Pacnipenenénnbie 6a3bl JaHHBIX, TAKHAE
kak Cassandra [8], MongoDB [9] u
CouchDB, axkTMBHO WHCHOJB3YIOTCA MAJIA
XpaHeHus: 1 00pabOTKH JaHHBIX B pealib-
HOoM Bpemenu. [lo mamueiM DB-Engines
[10], Ga3bl maHHBIX, HCIIOIB3YIOIINE Pac-
MpEACIICHHBIC aPXUTEKTYpPhl, 3aHUMAIOT
6omnee 50% priHKa B 001acTH 6a3 JaHHBIX.

Hampumep, Apache Cassandra wuc-
MOJIb3YETCS TAaKUMH KOMIIAHUSMH, Kak
Netflix, Spotify u Instagram, s oGecrie-
YEHHUs OTKa30yCTOWYMBOCTH M MAaCIITaOH-
PYEMOCTH CBOHMX CEpBHCOB. Instagram 006-
pabateiBaeT 10 100 MiIpA 3aTIPpOCOB B JICHb,
4TO JEMOHCTpHpYeT BaxkHOCTh PBC ms
BBICOKOHAIPY)KCHHBIX MTPUIIOKCHHH.

B 2019 1., cornacHo DataStax, Cassandra
oOpabotaiia Oosee 5 Mipa orneparuii B ce-
KYHY TI0 BCEMY MHpY, YTO MOATBEPKIACT
POJTH pacTpeIeIEHHBIX CHCTEM B obecriede-
HUW BBICOKOW IPOU3BOJIUTEILHOCTH 0a3

JaHHBbIX.

HNurepuer Bemeii (IoT )

PBC Takxe sSBISIOTCS HEOTHEMIIEMOMU
yacthto dkocucteMbl [oT. CormacHo
Statista [6], 8 2023 1. KOJUYECTBO MOIKIIIO-
yéHHbIX ycTpoucTB [0T B Mupe cocrasnsier
14 mupa, 1 31O YMCIIO OyIET pacTu C TEM-
oM 11% B rox 10 2030 r. B a0t 06nactu
pactpeeiéHHbIC BBIYUCICHHUS TTOMOTAIOT
s dexkTuBHO 00pabaThBaTh JaHHBIC OT

MWJIJINAPJIOB YCTPOMUCTB.
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Edge Computing [1], koTOpBIii sSBIIS-
ercs vacteio HH(ppacTpykTypsl loT, wuc-
NOJIb3yeT pacrhpeAeiEHHbIE BbIUNCICHUS
JUIs1 00pabOTKHM JaHHBIX HA MECTaX, MUHU-
MU3HPYSI 33JepP>KKH U obecreunBasi ObICT-
pyro peakuuro cucremsl. Hanpumep, ywm-
HBIE YCTPOWCTBA B IOMaxX WK Ha (hadpukax
ucnonb3ytor PBC nns ananusza u oOpa-
00TKM HH(OpPMAIUH B pealbHOM BPEMEHHU.

PacnpenenéHnuple  CHCTEMBI — TakkKe
obecrnieunBaroT 00pabOTKYy W aHAJIU3 JlaH-
HBIX OT TAaKUX YCTPOWCTB, KaK YMHBIE Tep-
MOCTAaTbhl, CUCTEMbl BHJICOHAOIIOCHUS H
MPOMBIIIUICHHOE  00OpyAOBaHHE,  YTO
Ba)XHO JJIS1 aBTOMATH3AIMH U TIOBBIIICHUS

3¢ (HEKTUBHOCTHU PA3IUYHBIX IPOLECCOB.

BblCOKOl’[pOI/BBOIlI/ITeJ'ILHbIe

BbIYHMCJICHUSA

Bricokonpou3BoiUTEIbHBIE  BBIYUC-
JICHUS UCTIOJIB3YIOTCS JIJISl PEIICHUS CIIOXK-
HBIX Hay4YHBIX, HHKEHEPHBIX U (PUHAHCO-
BBIX 3a/1a4. B 3T0i oOnactu pacnpenenéu-
HBIE CHCTEMBI 00ECTICYMBAIOT HEOOXO0H-
MbI€ BBIYUCIUTEIBLHBIC MOIITHOCTH JJIS Pa-
6oTeI cynepkomnbiorepoB [11]. CormacHo
MarketsandMarkets [12], psIHOK BBICOKO-
MIPOU3BOJUTEIIbHBIC BBIYUCICHHUS OyAeT
pactu Ha 8,4% B o1, 1 k 2028 1. ero 00bEM
JIOCTUTHET 48,2 MIIpJ AOJLIL.

Hampumep, cymepkommprorep Summit,
pa3pabotanHbiii B IBM, sBIsieTCS OTHUM U3
CaMbIX MOITHBIX BBIYMCIIUTEIBHBIX CHCTEM
B MHpE, MCHOJIb3YIOIIUX pacnpeeEHHbIE
APXUTEKTYPHI JUISI MOJEIHPOBAHUS CIIOXK-
HBIX (PU3MYECKUX MPOIECCOB. Summit cro-
coben BeIMONHATE Oosnee 200 metaduornc

BBIYMCJICHUH B CCKYHIY, YTO IMOATBECPIKAACT

KIr0ueByIo posib PBC B Hay4HBIX Hcclieno-
BaHHSX.

BbICOKOTIPOM3BOIUTEBHBIC BBIYHCIIC-
HUSl aKTHBHO HCIOJB3YIOTCS JIsi TPOTHO-
3MPOBAHUS MOTOJIbI, TEHETUICCKUX HCCIIe-
JOBaHUU W pa3pabOTKU HOBBIX JICKapCTB,
rze Tpedyercs 00paboTka OrpOMHBIX 00BE-

MOB JaHHBIX.

biok4eilH 1 KpUNITOBAJIIOTHI

TexHomornu OJIOKUYEHH W KPHUIITOBA-
JIFOTBI TAKKE€ OCHOBBIBAIOTCA HA pacrpee-
JEHHBIX BBIYMCICHUSAX I OOECIeYCHHUS
0€30MacCHOCTH ¥ TPO3PAYHOCTH TpPaH3aK-
nuid. CormacHo Cambridge Centre for
Alternative Finance [13], B 2023 r. BbIuuc-
JUTENbHAS MOITHOCTH ceTu Bitcoin cocras-
nsiet 6omee 150 skcdutoric (oneparuii B ce-
KyHJy), 9YTO TOAYEpPKHMBAET MaciTad wu
BaXHOCTh PACIPEACIEHHBIX BBIYUCICHUN
JUTSL TIOAIeP>KaHUsI paOOThI TAKUX CETCH.

Bitcoin u npyrue KpunToBaIOTHI HC-
HOJIB3YIOT pacipeneaEHHbIe Y3IIbl JUIs OJI-
TBEP)KIICHUSI TPAH3aKIMKA M OOeCTeUeHus
0€30MacHOCTH CHCTEMBI. JTO TIO3BOJIACT
CO3/aBaTh JACICHTPAIM30BaHHBIC (PUHAH-
COBBIE CHCTEMBI, B KOTOPBIX HET HEOOXO/1U-
MOCTHU B LEHTPAIBbHBIX OCPEIHUKAX.

C pa3ButHeM 1U(GPOBBIX TEXHOJIOTHM
U Tio0anbHON HU(POBHU3ALMHU paclipeie-
JEHHBIC BBIYUCIIUTEIBHBIC CUCTEMBI OYIyT
MPOJIOJKATh JAEMOHCTPHPOBATh yCTOWYH-
BBIM POCT U Pa3BUTHE.

B Gmmkaiimem OymayieM MOXHO OKH-
JaTh CIEAYIOIIUE KIOYEBbIC TEHACHIINN:

1. UnTerpauusi ¢ HMCKYCCTBEHHBIM
WHTEJUIEKTOM M MAaIllMHHBIM OOy4YEHHUEM
PBC Bcé uame npuMeHSIOTCA I pac-
MIPEACIEHHOTO

o0yueHHsT  HEHPOHHBIX

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIIUTENBHASA TEXHUKA, MHDopMaTrKka. MeanumHckoe npubopocTpoenne. 2025;15(3):40-49
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ceTel M yCKOPEHHsI aHaJIN3a OONBIINX JTaH-
Heix. TexHonorum, takue kak Federated
Learning [14] (benepatuBHOE 00yUeHHE),
MO3BOJISIFOT 00y4aTh Moaenmu WU Hemo-
CPEICTBEHHO  HA  IOJIb30BATEIHCKHUX
ycTpoiicTBax 0e3 HEeoOXOAMMOCTH Iepe-
Jla4d JTaHHBIX B IEHTPATU30BAHHBIC IICH-
TPBI.

2. Poct Edge Computing [1] u Fog
Computing [15]. Yctpoiictea 10T [3] co-
3AI0T OTPOMHBIE 00BEMBI JAHHBIX, KOTO-
peie TpeOyroT 00pabOTKM BOIM3HM HCTOY-
Huka. Poct edge- u fog-undpacTpykTypsl
MpUBEIET K emé OoJiee MMPOKOMY pacipo-
CTPAaHEHHIO pACHpPENeNEHHBIX CHCTEM B
MIPOMBIIIIEHHOCTH, 3paBOOXPaHEHHH,
TPAaHCHOPTE U YMHBIX TOPOJIaX.

3. KBaHTOBBIE BBIYMCIIECHUS B pacIpe-
nenéHHbIX apxurekrypax. C pasBUTHEM
KBaHTOBBIX TEXHOJIOTHH pacrpeaenEéHHbIe
BBIUMCIICHUSI MOTYT MHTETPHPOBATH KBaH-
TOBBIE MOYyJH [ 16], uT0 0OecreynT BeIauC-
JUTENIbHYI0 MOIIHOCTh, HEJAOCTHXKUMYIO
JUISL KJIIACCUYECKUX CHCTEM.

4. be3onacHble U JOBEPEHHBIE BbIUHC-
nenus (confidential computing [17]). B
YCIIOBUSAX PACTYIEro BHUMaHUS K KOH(U-
JCHIIMAIEHOCTH PACTIPEICIIEHHBIC BBIYHC-
JTUTENbHBIE CUCTEMBI OYyIyT BCE aKTHBHEE
MCTIOJIh30BATh aNIapaTHbIe MEXaHU3MBI 3a-
LIUTHI JAHHBIX, T03BOJISIS O€30MacHO o0pa-
OaTbIBaTh JaHHbIE JaK€ B HEJIOBEPEHHOMN
cpene.

5. ABTOMaTH3alMs YIPABJICHUS U CaMo-
ONITUMM3AIUS CUCTeM. braromaps WHCTpY-
MEHTaM OpKECTpaIlMd W HCKYCCTBEHHOMY
untesekty [18], PBC cmoryT aBromaTu-

YeCKH MacIITabUpOBaThCA, PaCIpenesiTh

HArpy3Kd M YCTpaHATh cOou Oe3 BMelIa-
TEJIbCTBA OIEPaTopa.

Hecmotpst Ha Bce nmocromnctBa PBC,
OCTalOTCSI TIOTEHIUATIbHBIE YS3BUMOCTH U
BbI30BbI [19]:

1) 6e3onmacHocTh U KubOeparaku. Yem
0oJIbIIe y3710B B CHCTEME, TEM BBIIIE BEPO-
ATHOCTh ysA3BUMOCTeH. Pacnpenenénusie
ApXUTEKTYphl OCTAIOTCS MHIICHSIMH JUIS
atak tuma DDoS, aTak Ha KOHCEHCYC B
OJoKueiiHe, KOMIIPOMETAIlMU OTAEIbHBIX
y3JI0B U TiepexBaTa ganHbix [20];

2) CII0KHOCTD YIPABJICHUS M OTJIAIKH.
Koopaunamnust MHOXeECTBa KOMIIOHEHTOB
TpeOyeT BBICOKON KBaTM(UKAIMU U HATEK-
HBIX UHCTPYMEHTOB MOHUTOPHUHTA. OIIIOKH
KOH(pUTypalum, ceTeBble cOoW M IMpo-
OJeMBbl ¢ CHHXPOHU3AIMEl BpEMEHH MOTYT
BBI3bIBAaTh TPYAHOBBISBIISIEMbIE OIINOKA
[21];

3) mpobsieMbI ¢ MacIITAOUPyEMOCThIO
npu pocte Harpy3ku. Xotsa PBC npoekTu-
pYIOTCSI C TPHULEIOM Ha MacliTabupye-
MOCTb, YpE3MEPHBIN POCT MOKET BBI3BIBATH
y3KHE€ MECTa B CETH, OIpaHHYEHHE Mpo-
MMyCKHOM CITOCOOHOCTH W POCT 3a/ICPKEK
[22];

4) 3aBHCUMOCTh OT CceTeBOW WH(pa-
cTpykTypbl. DddextnBaocts PBC Hanps-
MYIO 3aBHCHUT OT CTaOMJIBHOW U OBICTpOM
cet. Ilorepn makeroB, BbICOKasl JaTEHT-
HOCTb WJIM OTKJIFOUEHHUE CETU MOT'YT IpUBE-
CTH K CHIKEHHUIO TPOU3BOAUTEIHLHOCTU
WJIN HEJIOCTYITHOCTH cepBHCOB [23];

5) BONPOCH HOPMATUBHOTO PETYIIHPO-
BaHWA W KOH(DHICHIIMATHHOCTH JTaHHBIX
[24]. Tpu pacnipeneneHy BEIYUCICHUN IO

Pa3HbIM CTpaHaM W HOPUCIUKIHUAM MOT'YT
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BO3HUKATh KOH(MIMKTHI MO MOBOJYy XpaHe-
HUs, 00pabOTKM M Tepefayd MepcoHalb-

HBIX JaHHBIX [25].

PesynbTaTtbl U X 06CyXaeHue

AHanu3 Tmokazall, 4TO pachpeeséH-
HbIC BBIYMCIUTEIHHBIC CUCTEMBI SIBJISIOTCS
KIIFOUEBBIMM ~ TEXHOJOTUSAMH  ITU(DPOBOI
SKOHOMUKH. OHU TPUMEHSIOTCS B BBICOKO-
HArpy’>KeHHBIX 00JIauHBIX MIaThopMax, 00-
paboTke OoybIIUX AaHHBIX, cucTemax [oT,
CYyNEpPKOMIIbIOTEpax M OJoK4YeHH-uH(ppa-
cTpykrype. [IpencraBnenHsie craTucThye-
CKHe JaHHbIe (00BEMBI PHIHKOB, MPUMEPHI
KPYITHBIX KOMITAaHWH, yYpPOBEHb BBIYHCIIH-
TEJIbHOM MOIIIHOCTH) MOATBEPXKIAIOT pac-
tymiee 3HaueHue PBC. bpuin Takke BbISB-
JIEHBI IEPCIIEKTUBHBIC HAIPABJICHUS pa3BHU-
tiusa  (uaTerpauus c¢ WM, edge/fog
computing, KBAHTOBbIC BBIUMCIIECHHUS) U aK-
TyaJIbHbI€ BBI3OBBI: BOIPOCHI 0€30IacHO-
CTH, YIIPABJICHUS, MaCIITAONPYEMOCTH, Ce-
TEBOM 3aBHCHMOCTH M MPABOBOTO PETYIIH-

POBaHM:.

BbiBOoAbI

PBC gBistroTcss OCHOBOM i1 MHOXKE-
CTBa COBPEMEHHBIX TEXHOJIOTUYECKUX pe-
meHnii. OHM UTparoT KIIOYEBYHO pOJIb B

00JIaYHBIX BBIYUCICHUAX, 00paboTKe OOIIb-
WX JaHHBIX, QYHKIIMOHUPOBAHUH pacIpe-
nenéHHbIX 0a3 naHHbIX, MIHTEpHETE Beluel,
BBICOKOIIPOU3BOAUTEIbHBIX BEIYUCICHUSAX U
omoxueiiHe. CTaTUCTHYECKUE JAHHBIE MOJ-
TBEpXkKIatoT, 4yTo posib PBC B coBpeMEHHbIX
TEXHOJIOTUSIX MPOAOKAET PACTH: PBIHOK
o0auHbIX BhUMciIeHnd u Big Data yBenn-
YMBAETCS C KaXKIBIM I'010M, KOMIAHUU UC-
nons3yroT PBC nmns  macmrabupoBaHus
cBoux cepBucoB, a HPC-cuctembl 1mo3Bo-
JSAI0T pelaTh 3aJadyd, KOTOpblE HEBO3-
MO>XHO BBINOJHUTH C MOMOILIBIO TPaaULIU-
OHHBIX BBIYUCIIUTEIBHBIX OJXOOB.
PacnipenenéHuble  BBIYMCIIUTEIbHbBIE
CUCTEMBbl OO0ECHeurBarOT MacuTadupye-
MOCTb, OTKa30yCTOMYMBOCTh, MPOU3BOAU-
TENbHOCTh W HAJEKHOCTh COBPEMEHHBIX
MH()OPMAIIMOHHBIX TEXHOJOTUH, UTpast He-
3aMEHHMYIO POJIb B PA3BUTHH TJI00ATBHOM
uuppoBori uHppacTpykTypel. bynymiee
PBC cBsizaHo ¢ ux ajpantanueil K HOBbIM
TpeOoBaHUsIM: OoJyiee HHTEJUIEKTYaJIbHOM,
aBTOHOMHOW u Oe3omacHoil pabore. [Ipu
YCJIOBUM CBOEBPEMEHHOI'O PELIECHUS BBIILIE-
ykaszanHbIx mpoosiiem PBC OyayT u nanbiie
OCTaBaTbCAd KPaeyrojabHbIM KaMHEM BBICO-

KOTEXHOJIOTUYHBIX dKocucTeM X XI Beka.
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WHTennekTyanbHas cuctemMa NnoaaepXXku NPUHATUSA peLleHun Bpaya
B ANArHoCTUKe HOBOOOGpPa3oBaHMM KOXKU Ha OCHOBe aHanu3a
AepMaToCKONM4YeCKMX N3obpaxxeHnn
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Pesome

Lenb uccnedoeaHull — paspabomka uHmersnnekmyarnbHoU cucmeMbi MOOOEPXXKU MPUHAMUS peweHull epadya, OCHO-
8aHHasl Ha asmoMamu3upo8aHHOM aHanu3e 0epMamoCKOMUYEeCKUX U3obpaxeHul ¢ UCnoib308aHUEM anzopummos
MawuHHO20 0by4eHusi, npedHa3Ha4YeHHOM 071 paHHel Oua2HOCMUKU U 8bISIBNIEHUS 31I0Ka4YECMBEHHbIX KOXHbIX HO80-
obpa3soeaHuli. Pa3pabomka uHmesnnekmyarsnbHoOU cucmembl noddepXXKU MPUHAMUS peweHusi epadya Kak Onsi npo-
unbHbIX crieyuanucmos, mak u 055 gpayveli obuwel npakmuku u cpedHezo MeOUUUHCKO20 repcoHarna, ocyu,ecms-
nsOWUX nepeuyHyto obcriedosaHue nayueHmos ¢ HoeoobpasoeaHUsIMU KOXU, 518/19emcsi akmyarsibHbIM Harpaese-
Huem uccredosaHull.

MemoOsi. lNpednoxeHa apxumekmypa uHmesiekmyasnbHol cucmemb! MoOOePXKKU MPUHSMUs peweHuli epava, oc-
HOBaHHOU Ha aHasnuse 0epMamocKonu4Yeckux usobpaxerul. Cucmema peanu3ogaHa 8 8ude KIUeHM-cepeepHoO20
8eb-rpunoxeHus. B kavecmee knueHma ebicmynaem 8eb-npusnoxeHue, peanusyrouiee (yHKUUOHas TU4HO20 Kabu-
Hema 8paya. [Npu amom cepsepom sierisemcss obrayHasi uHgbpacmpykmypa, ocyuecmernsrouwas cbop, xpaHeHue u
aHanu3 0epMamocKonu4YecKux usobpaxkeHul, a makxe ¢hbopMuposaHue omyema o HO30/102U4eCKOU epyrne KOXHO020
obpa3soeaHusi. B npouecce aHanusa depmMamocKonu4yecKux u3obpaxxeHull npuMeHsItomcsi Memo0Obl MalWUuHHO20 00y-
YeHUS], OCHOBaHHbIEe Ha UCIMOMb308aHUU HEUPOHHbIX CEMEBLIX C apXumeKkmypol «8upmyarsbHbIl mpaHcgopmepy» u
cghopmuposaHHo20 Habopa depmMamoCKonuUYeCcKUx u3obpaxeHud.

Pe3ynbmamel. [pakmuyvecku peasnu3ogaHa u arnpobuposaHa 8 KIIUHUYEeCKUX yCcriogusix paspabomaHHasi UHMesiieK-
myarbHas cucmema rnodO0ePXKU NPUHAMUS peweHull 8paya, Xxapakmepusyu,asicsi 3Ha4eHUSIMU MOYHOCMU, peabi-
warowumu 93% 0ns nokasamensi Accuracy u 89% — F-mepa Ha smane obydeHusi, 6onee 89% (nokaszamerns
Accuracy) — 8 npouecce nposedeHusi MeOUUUHCKUX ocMompos. [Nony4YeHHble 3Ha4YeHUs1 IKCrnepuMeHmalribHbIX OUEHOK
r1o3eonunu cghopmuposams pekomeHOayuu rno uHmezpayuu paspabomaHHolU UHMesiekmyarsnbHol cucmemsbi nood-
OepXKKU NMPUHAMUS peweHul epaya 8 paboyue rnpoyecchbl MeOUUUHCKUX y4pex0eHud.

3aknroyeHue. PaspabomaHHas cucmema obecriequgaem aemomMamu3upo8aHHbIl aHanu3 uzobpaxeHudl, cmpykmy-
puposaHue MemadaHHbIX, 8u3yanu3ayuto npedckazaHuli Modersiell U 803MOXHOCMb 3KCNepMHOU pa3Memku, Moxem
6bImb PUMeHeHa He MOJbLKO MPOUIIBHLIMU 8padYyamu rpu nposedeHuU MeOUUUHCKUX OCMOmMpo8 U uccriedosaHud,
HO U 8pavYamu obwell npakmuku U cpedHUM MeAUUUHCKUM MEPCOHAoM rpu nposedeHuuU CKpUHUH208bIx 0bcriedosa-
Hul, 8bIe30HbIX NMPOoghunIakmu4ecKux npuemos u oducnaHcepusayuu.

Knroueenle cnoea: cucmema noddepxKu npuHamus peweHull epaya; 0epMamoCcKonu4Yeckue U306paxeHUsl; KOXHbIe
HOB006pa308aHUsl; MauWUHHOe 0by4eHue.

© Kozauok E. C., Ceperun C. C., Ko3zadok A. B., Eneukwuii K. B., Camosapos O. U., 2025

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIIUTENBHASA TEXHUKA, MHDopMaTrKka. MeanumHckoe npubopoctpoerune. 2025;15(3):50-65


https://doi.org/10.21869/2223-1536-2025-15-3-50-65

Kosauok E. C., CeperviH C. C., Kozauok A. B. n gp.  VIHTennekTyansHas cuctema nogaepKki NpUHATUS peLLeHni ... 51

KoHgpniukm uvmepecoe: Asmopsl Oeknapupyom omcymcmeue si8HbIX U NomeHyuanbHbIX KOHQIUKMOo8 UHmepe-
€08, C8513aHHbIX C NMybnukayuel Hacmosweld cmambu.

Onsa umtnpoBaHuA: VIHTennekTyanbHas cuctema Noaaep Kk NPUHATUS peLleHniA Bpaya B AnarHocTrMke HoBoobpa-
30BaHUI KOXM HA OCHOBE aHanu3a gepMartockonuyeckmx nsobpaxenun / E. C. Kosavok, C. C. CeperuH, A. B. Kosa-
Yok, K. B. Eneukun, O. UN. CamoBapos // Ussectua KOro-3anagHoro rocygapctBeHHoOro yHmeepcuteta. Cepus:
YnpaeneHue, BbluNCnIMTENbHAs TEXHWUKA, MHopMaTrka. MeguumnHckoe npnbopocTtpoeHune. 2025. T. 15, Ne 3. C. 50—
65. https://doi.org/10.21869/2223-1536-2025-15-3-50-65

lMocmynuna e pedakyuto 06.07.2025 lModnucaHa e nevams 04.08.2025 Onybnukosa+a 30.09.2025

Intelligent system for supporting physician decision-making in skin
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Abstract

The purpose of the research is to to develop an intelligent decision support system for physicians based on automated
analysis of dermatoscopic images using machine learning algorithms, designed for early diagnostics and detection of
malignant skin neoplasms. The development of an intelligent system for supporting physicians' decision making for
both specialized specialists and general practitioners and nursing staff performing primary examination of patients with
skin neoplasms is a research relevant area.

Methods. The intelligent system architecture for supporting doctors' decision-making based on the analysis of der-
matoscopic images is proposed. The configuration used is a network approach based on the client-server mode. The
client is a web application implementing the doctor's personal account functionality. This server hosts a cloud infra-
structure that collects, stores and analyzes dermatoscopic images, and also maintains a report on the nosological
group of skin lesions. In the analyzing process dermatoscopic images, machine learning methods are used based on
the neural network’s usage with the virtual transformer architecture and a formed set of dermatoscopic images.
Results. The developed intelligent system for supporting physician decision-making has been practically implemented
and tested in clinical conditions. It is characterized by accuracy values exceeding 93% for the Accuracy indicator and
89% — F-measure at the training stage and more than 89% (Accuracy indicator) during medical examinations. The
obtained values of experimental assessments made it possible to formulate recommendations for integrating the de-
veloped intelligent system for supporting physician decision-making into the work processes of medical institutions.
Conclusion. The developed system provides automated image analysis, metadata structuring, visualization of model
predictions and the possibility of expert marking and can be used not only by specialized doctors during medical ex-
aminations and studies, but also by general practitioners and mid-level medical personnel during screening examina-
tions, mobile preventive appointments and medical examinations.

Keywords: a doctor's decision support system; dermatoscopic images; skin growths; machine learning.
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BBepgeHune

3JI0KaYeCTBEHHbIE HOBOOOpa30BaHUs
KOXH IPEACTaBIsAI0T OJHY M3 Haubosee
3HaYUMBIX [TPOOJIEM COBPEMEHHOM OHKOJIO-
ruu. [1o nanaeiM BecemupHoit opranuszanuu
3IpaBOOXPAHEHUS, €KETOTHO B MUPE PETH-
cTpupyercs Oojiee 2 MUJUIMOHOB CIy4acB
HEMEJIAHOMHBIX 3JIOKAaYECTBEHHBIX HOBO-
oOpa3oBanuii Koku u mopsnka 130 Teicsa
ciyuaeB MenaHoMmsbl [ 1]. B Poccutiickoii @e-
Jepaliyd CTaTHUCTUKA TaKXe CBUJIETENb-
CTBYET O pOCTE€ OHK03a00JI€BaEMOCTHU KOKHU
cpenu HaceneHus. [lo nanasiM Munucrep-
cTBa 3apaBooxpanenus Poccniickon dene-
parun, B 2023 1. OBIIO 3apETUCTPUPOBAHO
okoJ10 70 cityyaeB 3710Ka4E€CTBEHHBIX HOBO-
obpazoBanuit koxxu Ha 100 000 HaceneHus,
U3 KOTOPBIX Mopsiika 9% Npuxoauiocs Ha
MenaHomy [2]. Belcokas cMEpTHOCTh IIpH
MO3HEM BBISIBICHUU U CJIOKHOCTb paHHEH
JMArHOCTHKU ONPEIENAIOT aKTyaJbHOCTb
pa3paboTKH ¥ BHEIPEHUS TMOIXOA0B U Me-
TOJOB paHHEW JUArHOCTHUKE 3JI0KAYECTBEH-
HBIX HOBOOOpA30BaHUH.

Onxum u3 HanOoIee THPOPMATUBHBIX U
IIMPOKO TMPHUMEHSEMBIX METOOB JMArHo-
CTHUKH SIBJISIETCS IEPMATOCKOIHS, TO3BOJISIIO-
1asi BBISBJISITh PaHHHE MPU3HAKU 3JI0Kaue-
CTBEHHBIX HOBOOOpa30BaHWM, HEBUIUMBIC

1 O6 yTBepK/IEHNH CTPATErMYECKOTO HAIIPaB-
JieHus1 B 001acTH IMpOBOH TpaHchopMaIuy 31pa-
BooxpaHeHus: Pacnopspkenue IlpaBurenscTBa
Poccwmiickoit ®@eneparmu ot 17 ampenst 2024 1.

Accepted 04.08.2025

Published 30.09.2025

NP TPOBEAECHUHM BHU3YaJbHOTO OCMOTpa
nanueHTa. [Ipu sToM 3 pexTuBHOCTH Nep-
MAaTOCKOIIMH 3aBUCUT KaK OT OMBITA M KBa-
auduKanuy Bpada, Tak M OT KayecTBa Jep-
MaTOCKOIIa U XapaKTepU3yeTcsl MokKasare-
JeM TOYHOCTH JIMarHOCTUKU 3JI0Kaye-
CTBEHHBIX HOBOOOPa30BaHMUI KOXH B 65—
85% [3]. J1yist mOBBIIIEHUS] TOYHOCTH PaH-
HEH MAarHOCTUKHA aKTUBHO pa3padaThiBa-
FOTCS ¥l BHEPSIFOTCS] UH()OPMAIIMOHHBIE CH-
CTeMBl TOAJNCPKKU TPHUHSATUS PEIICHUN
Bpaya, OCHOBAHHbIE Ha IPUMEHEHUU METO-
JIOB MAIlIMHHOTO OOy4Y€HHUs U paclo3HaBa-
HUs 00pa3oB, MO3BOJIAIOIINE AHAIU3UPO-
BaTh JIEPMATOCKOIINYECKUE N300pakeHUs C
BBICOKOM TOYHOCTBIO.

B MupoBOi MEIMIMHCKON MPAKTUKE
MCCIIeIOBATEIBCKUE MEUIIMHCKUE TICHTPHI
u xkauHuku ['epmanuu, CIOA, WU3pauns u
Kurtas npumeHstoT anropuTMbl Ha OCHOBE
CBEPTOUYHBIX HEUPOHHBIX CETEH, MHTErpHU-
pOBaHHBIE B MOOMJIbHBIE U CTAllMOHAPHBIE
w1atGopmsl IpU pa3pabOTKe CUCTEM IOJ-
JIEPKKH TIPUHSATHUS PEIICHUH Bpayda, Xapak-
TEPU3YIOIIHUECS YyBCTBUTEIBHOCTBIO 87%
u cnenupuIHOCThI0 77%, 9TO TPEBOCXO-
JIUT TIOKA3aTENH CTICIUATNCTOB Y3KOM CIIe-
nuanuzanuu - (80% wu 74%  cooTBer-
ctBerno)!. B Poccum HampaBieHHE MO

Ne 959-p. URL: https://www.garant.ru/products/
ipo/prime/doc/408813257/?ysclid=mgrgze2ugn
607226848 (nara oopamienus: 11.06.2025).
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CO3JJaHUI0O M BHEAPEHHUIO CHUCTEM IMOJA-
NEPKKW TPUHSTHS PEIIeHU Bpaya Jist
paHHEW JAMArHOCTUKHM 3JI0KAaYE€CTBEHHBIX
HOBOOOpA30BaHUI KOXKH, OCHOBAaHHBIX Ha
aHaJIM3€ JACPMATOCKOIMYECKUX H300paxe-
HUW, B MEIUIIMHCKYIO MPAKTHKY SBIISICTCS
OJTHUM M3 aKTyalbHBIX HaIllpaBlIcHu [4].

[To gaHHBIM AHAJIUTHYECKOIO LIEHTpa
npu [IpaButensctBe Poccumickonn denepa-
uuu 3a 2022 r., u3 65 komnaHui, padoTaro-
X B 00JaCTH BHEAPCHHS MOAXOIOB HC-
KYCCTBEHHOTO HHTEJUICKTa B MEIHIIMHE,
okosio 35% cocpenoToueHbl Ha aHalu3e
MEIMIIMHCKUX H300paxkeHui. B mepeune
3apEeruCTPUPOBAHHBIX MEAUIIUHCKUX U3JIE-
JIU|, TOCTPOEHHBIX C TPUMEHEHUEM METO-
JIOB HCKYCCTBEHHOI0 WHTEUIeKTa, 72%
MMEIOT OTHOIIIEHHE K BU3yaJIbHOW JUArHO-
ctuke [5]. B pamkax rocymapcTBeHHOM
ctparerun «L{udpoBoe 3apaBoOXpaHEHUEY
IJIAaHUPYETCs BHEIpEHHEe MUHUMYM 12 cep-
BHCOB, COJIEPKAIIUX METOABI NCKYCCTBEH-
HOT'O MHTEJJIEKTa, B Kaka0M peruoHe Poc-
curickod @enepanun 1o 2030 r., BKIrOYas
JepMaTOJIOTHYECKUE perreHus [6].

[Ipu 3TOM HanMuMe 3HAYUTENBHOM BO-
BJICUCHHOCTH Pa3TMIHBIX KOMITAHHUH B pa3-
paboTKe W co3JaHUM WHGOPMAITHOHHBIX
CUCTEM TOJJCPKKH TPUHATHS PEIICHHI
Bpaya, OCHOBaHHBIX Ha aHAJIU3€ JIEPMAaTO-
CKOIUYECKUX HW300pakKeHUH, OTIMYaeTCs
AMHUYHBIMY CITy4assMH CO3JIaHUS U BHE/I-
peHUs METUIIMHCKUX W3IETUN 11 paHHEeH
TUATHOCTUKHU 3JIOKAYECTBEHHBIX KOXKHBIX
HOBOOOPA30BaHUI B MEIUITMHCKYIO TpPaK-
TUKY [7]. YKa3aHHBIE OCOOCHHOCTH JICITAIOT
3aa4qy 1o pa3paboTKe ¥ BHEIPCHUIO UHTEII-
JIEKTyaJIbHON CUCTEMBI TOJICPKKH TPUHS-

TAA pEUIeHHd Bpaya B JUArHOCTHKE

HOBOOOPA30BaHMI KOXH HAa OCHOBE aHAJIN3a
JEPMATOCKOIIMYECKUX HM300paKEHUH aKTy-

AJIbHBIM HAIIpaBJICHUCM HCCHeﬂOBaHHﬁ.

MaTepManbl n MmetToabl

B nponecce pa3paboTku MHTEILIEKTY-
QITbHOW CHCTEMBI IOICPIKKH TIPUHSITHS pe-
LIEHWW Bpada, IpeaHa3HAYEeHHOU ISl na-
THOCTHKH HOBOOOpPa30BaHUI KOXH, cop-
MHUPOBaHbI TPEOOBAHUS, IPEABSIBIAEMBIEC K
crcTeMaM JiaHHoro tuna [8]:

— MOAJIEP)KKA PA3IUYHBIX (OpMATOB
MpeICTaBICHUS JI€PMATOCKOTTMYECKIX
nzoopaxenuii (PNG, BMP, JPEG, JPG,
GIF, TIFF u 1. 1.);

— MPUMEHEHNE METOI0B U aJITOPUTMOB
MaIIMHHOTO 00ydYeHus (TEOpUH paclo3Ha-
BaHUs 00pa30B) Ul paclO3HABAHUS THUIIA
HOBOOOPA30BaHUS KOXKHU;

— KJIMEHT-CEpPBEPHASI apXUTEKTypa B3a-
UMOJICHCTBUS KOMITOHEHTOB HHTEIUICKTY-
aJIbHOW CHUCTEMBI;

— COBMECTUMOCTh C Pa3THYHBIMH TH-
naMu JIepMaTOCKOIOB (JI€pMAaTOCKOIUYE-
CKOro 000pyZ0BaHUs);

— aJlanTanus K pa3IHuHbIM CIICHAPHSIM
NpUMEHEHHUsST (B TOM YHCIE B YCJIOBHSX
OTPaHUYECHHBIX PECYPCOB);

— obecrieyeHne TpeOyemMoro YpOBHS
TOYHOCTH OOHAPYKEHUSI HOBOOOPA30BAHHIA
KOXH TpU BOCIPOU3BOAMMOCTH JIMArHO-
ctuku [9].

Hcxons u3 npeacraBieHHbIX TpeOoBa-
HUI pa3paboTaHa WHTEIUICKTyaJbHAs CH-
CTeMa TMOJICPKKH TPUHATHS PEHICHUH
Bpaya Ha OCHOBE aHAJIM3a JACPMATOCKOIIH-
YeCKUX H300pakeHMi, pealn30BaHHAS B

BU/IE KIINEHT-CEPBEPHOI HHPPACTPYKTYPHI.
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PaspaboTannas nndopmaiionHas cucreMa
HOJACPKKH MPUHATHS PEeLUIeHUN Bpaya pe-
anuzyer (PyHKIMOHAT aBTOMAaTU3UPOBAH-
HOT'O aHaJIM3a JI€PMATOCKONUYECKUX U300-
paKeHHI KOKHBIX HOBOOOpPA30BaHHWI Ha
OCHOBE TPE/UIOKEHHBIX aITOPUTMOB KJIac-
cu(uUKalKuK, TOCTPOSHHBIX C UCIOJIB30Ba-
HUEM METOJAOB ri1yOokoro odyuenusi. Oc-
HOBOH I TIOCTPOCHMSI CHUCTEMBI MOCITY-
KU CHEeNHaIbHO CPOPMHUPOBAHHBIN YHH-

KaJbHBIA HAa0Op MJaHHBIX, COACpKAIIUN

Monb3aoBarenbckuit UHTEpdEiic

WN3o6paxeHue / MeTagaHHble

JepMaTOCKOMMYECKUE N300pasKeHUs C KIIH-
HUYECKU BepUUIIUPOBAHHON pa3METKON U
pacIIMpEHHbIMU METaJaHHBIMU, BKIOYAs
cBeZieHHsI 0 (POTOTHUIIE KOKU, BO3PACTHBIX,
AHATOMUYECKUX M BU3YaJbHbIX XapaKTepH-
CTMKaX HOBOOOpAa30BaHMii, YTO MO3BOJIMIIO
00ecnevnTh aIaNnTalrio0 PeIIeHUH K MOMy-
JSIMUOHHBIM OCOOEHHOCTSIM NAI[MEHTOB Ha
tepputopun Poccuiickon @enepannu. Pac-
CMOTPUM CTPYKTYpy pa3paOOTaHHOU HH-

TEJUICKTyaIbHOM cuctembl (puc. 1).

O6nayHblil cepBuc

N HenpodunbHbli
() cneuuanuct/
iv” Mnagwmit
000
OC MeanepcoHan
J]epM aTockon [lepmatockonuyeckui

CHUMOK
HOBOOGPBSOBBHMR

1. B80O aHKemHbIx GaHHbIX nayueHma (gospacm, rnon,

B
“
. |

W3obpaxerue Mopyne Moaynb Moayns
npepobpabotkn U3BneyeHus  Knaccudukauumn
n306paxeHuit np13HaKoB

Cuctema
XpaHeHus:

JSON

MeragaHHble

AaHHbIX

nokanusayus, xanobsl u m.o0.)
2. 3axeam 0epMamocKonu4yecko2o u3obpaxeHus <
3.0mnpaeka usobpaxeHusi 8 cucmemy

Peaynbrar pacnosHaBaHus

Puc. 1. CTpyKkTypa UHTENNEeKTyanbHoOM CUCTEMbI NOAAEPXKKM NPUHATUS PELLUEHWUI Bpaya

Fig. 1. Intelligent decision support system for physicians’ structure

WNnTennexktyanbHas cuctemMa IOJ-
JEp’KKU TPUHATHS pEHIeHUH Bpada co-
CTOUT M3 cieayromux kommonent [10]:

1. KomnoneHTa mnosb3oBaTens (MOjb-
3oBarenbCckui mHTEpdeic). [Ipencrasmser
co0oii BeO-TiprIIokeHHe ¢ (PyHKIIMOHAIOM
JUYHOTO KaOWHETa Bpada, Pealin3yIOIIero
cieayomue QyHKINU:

—3axBaT ((opMHUpOBaHHE) IepMaTo-
CKOITUYECKOT0 M300paKEHUsI KOXKHOIO HO-
BOOOpa3oBaHUs MAIUCHTA,

— CO3/IaHME€ aHKEThl MalMeHTa C BO3-
MOXKHOCTBIO JOOaBJICHHUS B HEE JepMaTo-
CKONMMYECKNX CHUMKOB, METAQJaHHBIX U

pe3yNbTaTOB KIMHUYECKUX HCCIIEIOBAHUM
HOBOOOpa30BaHUI KOXH (OUOICUA U TH-
CTOJIOTUYECKUH aHAIIU3);

— OCYIIECTBJIEHUE PAa3METKH JepMaTo-
CKOMTMYECKIX H300paKeHNH KOKHBIX HOBO-
o0pa3oBaHMii, B T. 4. HECKOJBKHMH CTICTIH-
aMMCTaMd C TPUMEHEHHUEM aJTOPUTMOB
(hopMHUPOBaHHS HTOTOBOTO PE3YJIHTATA;

—epeaya pa3MEUYEHHBIX JepMaro-
CKOIMYECKUX U300paKeHHI Ha CEpPBEPHYIO
KOMITOHEHTY JJIsl aHAJIN3a;

— IOJTly4YEHUE pe3ysbTaTOB aHalu3a
KOXHBIX HOBOOOpazoBaHMil U (popmupoBa-

HHUE OTYeTa 1Mo JiepMarockonuu [11].

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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2. CepBepHast (00rayHas) KOMIIOHEHTA.
[IpencraBnser coboil cepBepHYIO HIH 00-
JayHyl0 UHGPACTPYKTYpPY (B 3aBUCUMOCTHU
OT peanm3aIium) JJIsl OCYIIECTBICHHS coopa
JepMATOCKOIIMUECKUX HU300paxkeHui, op-
MUpOBaHUs HA0Opa JaHHBIX JEPMATOCKOITH-
YeCKHX H300paXeHU HOBOOOpPA30BaHMIA
KOXKH, Pa3METKH KIMHUYECKH 3HAYMMBIX

IIPU3HAKOB  KOYKHBIX HOB006p330BaHI/II‘/’I,

o0yueHHs] aJIropuTMOB Kiaccupukanuy,
OCYILIECTBIICHUS KIacCU(PUKAIINH JepMaTo-
CKOMMYECKUX U300pakeHuit Ha chopmupo-
BaHHOM HaOope JaHHBIX U (POPMUPOBAHUU
pe3yJabTaTOB  IMPOBEIEHHOI'O  aHalu3a
(xmaccuukanum) B BHUIAE OTYeTa. ApXH-
TEeKTypa cepBepHOil (00Ja4HOI) KOMIIO-
HEHTBHI UHTEJUIEKTYaJIIbHOI CUCTEMBI Mpel-

cTaBJicHa HIXKe (pHc. 2).

Moay:
Moxayae ci']yjb
‘ - mpegoopaboTRE
cbopa .
H300 paskeHHH

Mozyas

Mogyas
H3BJICUSHHA =

KIac CH(HKATEH

IPH3HAKOB

¥

Puc. 2. ApxuTtekTypa cepepHoi (06n1a4HOM) KOMNOHEHTbI MHTENNEKTYarbHOW CUCTEMBI

noaaepXKKN NPUHSATUS PeLIeHNIn Bpada

Fig. 2. Server (cloud) component architecture of the intelligent decision support system

for a physician

CepBepnast (o6yiayHasi) KOMIIOHEHTa
BKJIFOYAET Ciieyromue Moayu [12]:

— MOIylb cOopa, 00eCcTeunBarOIIEro
B3aNMOJICVICTBHE KJIMEHTCKON U CEPBEPHOU
KOMIIOHEHT U OCYIIECTBIISIOLIETO 3arpy3Ky
Ha cepBep JAEPMATOCKOMMYECKHX H300pa-
KEHHUI U MeTaJlaHHbIX, UX 00paboTKy, Xpa-
HEHUE U TOCIEeAYIOUYI0 Nepeadyy Ha Mo-
IyJI pa3METKH U MPECTABICHNUS;

— MOJyJIb TIPeI00paboTKN M300paxke-
HUMW, MpeTHA3HAYCHHBIN IS 00€CTICUCHHS
CTaHJApTU3aIMH Tpoliecca pa3MeTKu Jep-
MAaTOCKOITMYECKUX M300paXeHUI BpadaMu
OHKOJIOTAMU W/WJU JepMaTojioraMu, a
TaK)Xe IpeBapUTENIbHON 00paboTKH nep-
MaTOCKOIMYECKUX U300paxeHHi, BKItOYa-
IOIEH CerMEHTAIMI0 M yAaJleHUuEe IIyMO-
BbIX 3(dextoB. Kpome Toro, momymns mpe-
no0paboTKK peann3yeT (pyHKIHIO BHU3ya-
TU3auy, GUIBTPAMU U COPTUPOBKHU H300-
POKCHHIA MO Pa3IUYHBIM KPUTCPUSM U3
c(hOpMHUPOBAHHOTO HA0Opa JAAHHBIX MOIY-
JeM cOopa, a TakKe BBIBOJ 3arpy>KEHHbIX

n300paskeHu 111 OTOOPaKEHHST WU TIPO-
BeJICHUsI BU3yalibHOTO aHanm3a [13];

— MOJyJTb M3BJICUCHHS IPU3HAKOB, pea-
JM3YIOIIHH MIPOLEAYPY MOArOTOBKH 00y4a-
IOIIero Habopa JaHHBIX U MOCIEIYIOIIEro
o0yueHHsI alrTOPUTMOB KJaccu(UKAIIUU Ha
MOJTOTOBJICHHOM Ha0ope JaHHBIX. B kaue-
CTBE HCIOJB3yEMBIX AITOPUTMOB KJIacCH-
(GUKAIMH UCTIONB3YIOTCSI aITOPUTMBI TITy-
00KOr0 00yUYEHUS, peaTH3YIONINX apXUTEK-
TypY CBEPTOYHBIX HEHPOHHBIX CETEH U BH-
3yallbHBIX TpaHchopmepoB. B mporiecce
OOy4YCeHHSI aJITOPUTMOB  KJIACCH(PHUKALUU
ObT HCHOJNB30BaH IMOJXOJ AaBTOMAaTH4e-
CKOoro oOyueHHs MoOJeNell U alrOpuTMOB
CBEPTOYHBIX HEHPOHHBIX CETEH sl TIOBBI-
HICHUS] TOYHOCTH OOYUYCHUS U ONITUMH3ALINU
THIIepapamMeTpoB Mozenei [14];

— MOJLyJTh KJIaCCU(UKAIIMH, OCYIIECTB-
JSIFOIIAHA  KiTacCU(UKAIMIO  aHATTM3UpYye-
MBIX H300paK€HHI COTJIACHO HCHOJb3Yye-
MOW HO30JIOTUM KOXHBIX HOBOOOpa3oBa-
HUI, a TaKkKe IMOCPEACTBOM OOYYEHHBIX
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MoJieNiell U aNrOpUTMOB KilacCH(UKAIINU.
Monyne knaccudukanuy Mo3BOJIET pea-
JU30BaTh OJMH U3 ABYX MOJXOAOB K Kjac-
cupukanuu (Mo HCHOIB3YyEeMOH HO30I10-
TUH): MHOTOKJIACCOBasi KJACCU(UKALIUS
3JI0Ka4Y€CTBEHHBIX HOBOOOpa3oBaHMil (OT-
HECEHHE K OJHOU M3 AMATHOCTUYECKUX Ka-
TEropuii: 10OpoKayecTBEHHOE OOpa3oBa-
HUE, MEJAaHOMa, HEBYC, 0a3ajlbHOKIJIETOY-
Hasi KapUUMHOMAa, AaKTUHUYECKHUM Keparos,
nepmaTouOpoma, COCYAHMCTBIE MOpaxKe-
HUS KOXKU U TUIOCKOKJIETOYHBIN pak) u Ou-
HapHas KacKaJHas JBYXdTallHas KJIacCH-
¢dbukanus (Ha IEpBOM dTare: ONpeesieHne
MPUHAJISKHOCTH K MEJIaHOIMTAPHOW/ He-
MEJTaHOIMTAPHON Tpymme, Ha BTOPOM —
mupdepeHIas MEXAY MEJaHOMOW H
HEBYCOM).

B xome mnpakTumueckoil peanuzaunuu
KJIMEHTCKOM KOMIIOHEHTBI CHCTEMbI MOJ-
JNEpKKH TIPUHATHS PEIICHWH Bpada B

JMAarHOCTUKE HOBOOOPA30BaHUI KOKU Ha
OCHOBE aHalm3a JIePMATOCKOMUYECKUX
M300paKEHUI MCIIOIB30BAHBI CIICIYOIIHE
TEXHOJIOTUU W CPEICTBA Pa3pabOTKH s
BU3yaIIM3alliH TI0JIH30BATEIBCKOTO WHTEP-
¢eiica, Takue Kak OMOIMOTEKN pa3pabOTKu
Fabric.js, OpenSeadragon u ¢peitMBOpK
Vue, obecrieunBaronme MacitabupoBaHue
¥ aHHOTHPOBAHHE, a TAKIKE MOJJICPIKKY JI0-
0aBJICHUS HOBBIX (DYHKIIMI U BOBMOYKHOCTb
ajanTtanuu rpaguyeckoro HHTepdeiica.
Jnst obecnieueHus HAIE)KHOTO U OBICT-
POT0 B3aMMO/ICHCTBUS C CEPBEPHOI YaCThIO
BeO-TIpIIIOKEHNE paboTaeT depe3 HHTEp-
¢etic REST API, ucnonb3ys popmar JSON
JUTS TIepeiaun JaHHbIX. [IpakTHyeckas pea-
JHU3alUsl CEPBEPHON KOMIOHEHThI MHTEII-
JIEKTYaJbHOM CHCTEMBI OCHOBAaHA Ha CTEKE
TEXHOJIOTUH,  TMPEICTABICHHBIX  HIKE

(puc. 3).

IR
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@
»)
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A |
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‘ YY ! Postgre SQL PgAdmin
o — Menenmep coobuienni il o a A
NGINX RabbitMQ o
Men. paboTHux > » < 5 SN
Q@ 4—1
"o:o:e = Nuuneiit kabuwert spava
Jlepmarockon Aepmarockonuuecsuit

CHMMOK
HOBOOOPAIOBANMA

Puc. 3. CTek UCrnonbayembIX TEXHOMOMMI Npu pa3paboTke UHTENNEKTyanbHON CUCTEMbI
NOAAEPXKN NPUHATUS peLleHnin Bpaya

Fig. 3. Stack of technologies used in the development of an intelligent decision support
system for physicians

K npumenseMomy CTEKy TEXHOJIOTHH — OajaHCHUpPOBUIMK Harpy3ku Nginx

Y CPEJICTBAM pa3pabOTKU OTHOCSTCS: BBITIOJIHSIET POJIb BeO-cepBepa 1 00paTHOTO
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MPOKCH-cepBepa, obecrieunBas Oe3omac-
HYIO U OBICTPYIO TIepeiauy JaHHBIX MEXKITy
HOJIB30BaTesIMH U cepBepoM. Kpome Toro,
Nginx oTBeYaeT 3a pacupeesieHue BXOIs-
IIMX 3aIIPOCOB Ha CEpBEP MEXKIY HECKOJb-
KHMH CEpBepaMu, 0OecreynBasi MaciTabu-
PYEMOCTh ¥ OTKa30yCTOMYMUBOCTh (PYHKITHU-
OHHPOBAHUS CHCTEMBI;

— MmeHemkep  (Opokep)  cooOrmeHwMiA
RabbitMQ mnpexacraBnser coboii cucTeMy
oOMeHa cOOOIIEHUIMH, 00ECTIEUHBAOIIYIO
ACMHXPOHHOE B3aMMOJICHCTBUE U MapIIPy-
THU3AIHI0 MEXy KOMIOHEHTAMHU CUCTEMBI.
OyHKIMOHUPYET Ha 0a3e TPOTOKOJA
AMQP (Advanced Message Queuing
Protocol) u obecrnieunBaeT HalEKHYIO Tie-
penady n300pakeHU#, pe3ylbTaTOB aHa-
aM3a M pa3MeTKu Hu3 web-TpuinoxeHus
MOJIb30BATENS HA CEPBEPHYIO YaCTh;

— (paiimoBoe xpanmnuiie MinlO, mpu-
MEHSIEMO€ I XPaHECHHs HN300pakKeHHI,
OTIpaBIIIEMbIX Ha cepep. MinlO momep-
JKUBAET MPOTOKOJIBI S3 ISl JIOKAJIBHOIO
XpaHEHUs1 M300paKeHUM, OTHPAaBIIIEMbIX
MI0JIb30BATEISIMU Ha CEPBEPHYIO YacTb AJIs
aHa/IN3a;

— xpanwuiie Redis, BbicTymnaroiee B
KaueCTBC BHYTPCHHEH IaMATH KIIIOYEH-
3HAYECHUM, HCIIOIB3YEMON Il XPAaHCHMS
BPEMEHHBIX JAaHHBIX, TAKUX KaK CECCHH
MOJIB30BATENEH, KAIMIMPOBAHHBIX JTAHHBIX H
JpyTrHUe JaHHBIX, UCTIOIb3YyEMbIX CUCTEMON
U1 OBICTPOTO JOCTYINA;

— 0a3a nanHbIx PostgreSQL u cucrema
ynpasieHus: 0azamMu JaHHbIX pgAdmin.
PostgreSQL ucnomnp3yercss A XpaHEHHS
MOCTOSTHHBIX TAHHBIX, TAKUX KaK HH(popma-
U O TalWeHTaX, M300paKEHUIX U pe-
3ynbTaTax aHaiausza. pgAdmin mpeaHasHa-
YyeHa Juisl yIpaBlieHus1 6a30i JaHHBIX U BbI-
ITOJIHEHUS 3aIPOCOB K HEW.

Jns penienus 3agauu Kiaaccuukanuu
JIepMaTOCKOMMYECKUX N300pakeHuit 000c-
HOBAaHO TNPUMEHEHHE MOJENIN BUPTYyallb-
Horo Tpanchopmepa SeyedAli/Melanoma-
Classification amsi MHOTOKJIacCOBOM Kiac-
cupuKanu u Mojenu microsoft/swinv2-
tiny-patch4 Ha mepBom 3Tame OWHApPHOMN
KacKagHOW KiIaccH(pUKAIMH, a TakKKe
SeyedAli/Melanoma-Classification — mus
BTOPOTO dTana OMHapHON KacKaJHOM Kiac-
cu(UKaIWH.

Pe3ynbTaTtbl U X 06CyXAeHue

[Iporpammuas peanusanus paspado-
TaHHOW HMHTEJUIEKTYaJbHOH CHCTEMBI
NOAJCPKKN TPHUHSATUSA pEUICHUs Bpada
npeAcTaBlieHa B BUIe OOJAYHOTO cep-
BHCa C JOCTyIIOM u4epe3 BeO-Opaysep
(https://cab.ai-melanoma.ru/), a Takxke
MOOMJIBHOTO TPHUIIOXKEHUS, JOCTYITHOTO
JUI omepamuoHHBIX cucteM Android u
10S. I'maBHOE OKHO MOJIB30BATEIHCKOTO
uHTepdeiica obmayHOro cepBHca Mpen-
CTaBJICHO HUXeE (puc. 4).

[Tonb3oBarensckuii uHTEpDENC (IMU-
HBI KaOMHET Bpaya) MO3BOJISET:

— CO3/1aBaTh aHKETY MaIMeHTa, COJep-
JKAIIylo JAETaabHYI0 HH(pOpMammio: BO3-
pacT, oI, TUI BOJIOC, THIT KOXH, PACIOJIO-
JKEHUE W KOJIIMYECTBO POJMHOK, HACIEH-
CTBEHHOCTb, IIPHUEM MpEnapaToB WK HaJIU-
yre 3a00JIeBaHNH, HAJTMYUE BECHYIIEK, (o-
TOTHUI KOKU ¥ HATMYHE 03KOTOB;

—3arpyxarb  JI€PMaTOCKOIUYECKHE
n300pakeHUsT HOBOOOPA30BaHUM KOXKH, pe-
3yJIBTAThl MPOBEICHHBIX THCTOJOTUICCKUX
U KIMHUYECKUX HCCIEAOBAHUN, a TaKKe
OCYIICCTBIIATh aHAIN3 W Pa3METKy KIIMHH-
YECKU 3HAYMMBIX TTPU3HAKOB (puUcC. 5).
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Fig. 4. User interface of the intelligent decision support system for physicians

MoapoGHLIN pe3ynkTaT aHanu3a poauHKMU Ne437 oT 2025-04-02T07:31:55.272821Z

Hesyc

MenaHoma
Nanunnoma
AMCnNacTuyeckuin Hesyc
KepaTonanuisioma
JHepmatodpubpoma
3nnaepmanbHan KMCTa
PaK KOX#n

Numdoma KoXu
FemaHrnoma

Capkoma Kanowm
Basanvoma

Apyroe

MayueHT Ne205

(3

‘ Hesyc

Puc. 5. [Nonb3oBaTenbckuin UHTEPdENC MHTENNEKTYanbHON CUCTEMbI MOSOEPXKKN

NPUHATUSA PELLEHUI Bpa4va

Fig. 5. User interface of the intelligent decision support system for physicians
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[Tonb3oBaTenbCKu HHTEPGEHC MO3BO-
JSeT OCYLIECTBIIATH cOOp J1€pMaTOCKOIU-
YeCKUX H300pakeHui, (OpMUPOBAHUE
HaOOPOB JaHHBIX ISl 00YUYESHHSI MOJIETICH U
QITOPUTMOB MAIIMHHOTO oOOyueHus. B
X0JIe¢ TMpOBENEHUS NPOPUIAKTUIECKUX
MIPUEMOB NALIMEHTOB JAEPMATOBEHEPOIOTU-
YeCKOro npo@uiisi NocpeacTBOM IpUMEHE-
HUS pa3padOTaHHOM HHTEIUIEKTyaJIbHON

CUCTCMbI NOAACPIKKN HNPUHATHA PCIICHHA

Bpaua copMupoBaH HabOp JIEpPMaTOCKO-
NUYECKUX H300pakeHUIl KIMHHYECKU Be-
PUQHUIUPOBAHHBIX CIy4yaeB MeEJIaHOLUTAp-
HBIX U HEMEJIAHOIIUTAPHBIX HOBOOOpa30Ba-
HUHW, YYHUTHIBAIOIUX (DOTOTUIIBI KOXHU
Hacenenus Poccum (I-IV dororumsr mo
kinaccupukanun dunmarpuka). PaccmoT-
PHUM CTPYKTYpy chopMupoBaHHOTO HAbOpa

(tabm. 1).

Tabnuua 1. PacnpegeneHue n3obpaxeHuin No TMnam KOXHbIX HOBOOGpa3oBaHuin B CHOPMUPOBAHHOM
Habope AaHHbIX epMaTOCKONMNYECKUX U30OpaxeHun

Table 1. Image distribution by skin lesions in the generated dataset of dermatoscopic images

Kon-Bo o . Cocynu- bazanpHoKkIe-
Ce0opeiinblii | Mena- epmaro- ITnockokne-
n3zobpaxe- [HeByc CThIE TIOpa- TOYHas Kapiu- .
. Nev Keparo3 HOMa ¢bubpoma TOYHBIN paK
HUHN KEHUS HOMa
SK Mel DF SC
Images VL BCC
657 353 116 75 61 19 18 15

CdopmupoBaHHblii HaboOp Jepmaro-
CKOITMYECKUX H300paKEHUN MPUMEHSCTCS
I 00YYEHUS UCTIONB3YEMBIX AJITOPUTMOB
KJIaCCH(UKAIIMK COBMECTHO C HabOpom
mauHbx [SIC-20109.

B xone o0yueHust UCTIONIb3yEMBIX all-
TOPUTMOB KJIACCH(HUKAIIMUA, OCHOBAaHHBIX
Ha MOJIEJISIX BU3YalbHBIX TPaHC(HOPMEPOB,
MOJTYYCHBI CIIEIYIONINE Pe3yIbTaThl TECTH-
pOBaHUS MOJICIICH:

— MHOTOKJIacCOBasi  KJIaCCU(UKAIIUS
(monens SeyedAli/Melanoma-Classification):
nmokasarens Accuracy — 93,2%, F-mepa —
89,1%);

— IByXdTanHass OuMHapHasi Kiaccu(puKa-
1IUST: TIEPBBIN ATAIT: MOJIENIb microsoft/swinv2-
tiny-patch4, nokaszarens Accuracy — 95,4%,
F-mepa — 94,8%, BTOpOH »3Tam: Mojelb

SeyedAli/ Melanoma-Classification, moka3a-
tenb Accuracy — 96,4%, F-mepa — 95,1%.
[Tonydennsie pe3ynbpTaThl Bepuduka-
MW MOJEJIEH MO3BOJIMIN MEPEUTH K IKC-
MIepUMEHTAIBHBIM OIICHKaM pa3paboTaH-
HOW MHTEJUIEKTYaJlbHOM CHCTEMBI TOJ-
JIEp>KKHU NIPUHATUSA PENICHUN Bpaya Ha OC-
HOBE aHaiuu3a JIEPMaTOCKOMUYECKUX
n3o0paxenuii. [Ipaktuueckas ampodarus
pa3pabOTaHHOW CHCTEMBI NTPOBOJIMIIACH B
peaJIbHBIX KJIMHUYECKUX YCIOBUAX B paM-
Kax cepuu MPOoPUIAKTUUCCKHX MEPOIIPH-
SITUW MOJ, Ha3BaHUEM «/I€Hb MEITaHOMBI»,
OpPTaHW30BaHHBIX Ha 0a3e MEIUIIUHCKUX
YUPEKACHUN U MPU TMOJJIEPKKE MPOCBE-
TUTeNbckol  miaatdopmbl - Melanoscope

(https://melanoscope.ru).
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B pamkax ampoOanuu mpUMEHsIach
METOJIMKA CKPHUHHHTOBOTO OOCIICIOBAHUS
uisi paHHed nuddepeHnnaibHOW JUarHo-
CTHKM MEJIaHOIUTAPHBIX HOBOOOpa3oBa-
HHMH KOXXH C MCHOJIb30BAHUEM MOOMILHOM

ACPMATOCKOIIMH, BKIIIOYAaromas moJIyudCHuc

MNauvert

Q@
Voo
U
Lepmarockon
HenpodunbHblit cneunanuct/
Mnagwmia MeanepcoHan
Men. yupexnenue
NepBMYHOrO 3BeHa
1. Peructpauus naumeHTa BpayoM Yepes
NnYHBIA kabnHeT

QOA IEPMATOCKONUM

5w oryeT o [ hem

5. Pesynbratbl aHanuaa n3obpaxeHus ¢
anropuTmMos

6. oryera Ans

BBICOKOKAQYEeCTBEHHBIX  JIEpPMATOCKOITHYE-
CKUX M300pa)XCHUI C MOMOIBIO ONTHYE-
CKOTO JIePMATOCKONa B COYETAaHHH CO
cMapThOHOM, a TAKKE HMX IMOCIEAYFOIIHI
aBTOMATU3UPOBAHHBIN aHaIN3 Ha Oa3e pasz-

paboTtaHHO# cuctemsl (puc. 6).

Mpodune nawnenta

aaaaaaa

3. Monyyexne AepMaTocKONNYECcKoro
cn 6 a
[AepmaTockonui

2. BBOA @HKETHBIX AaHHBIX
nauvenTa

PesynuraTe: ananusa

4, 3arpy3ka nsobpaxeHus ans aHanvsa

Puc. 6. I'IpmmeHeHme I/IHTeJ'IJ'IeKTyaJ'IbHOVI CUCTEMbIl NoALOEeP>XXKN NMPUHATUA peLueHvu7| Bpaya ona anarHoCTuku

HOBOOGPAa30BaHWU KOXMK

Fig. 6. Application of an intelligent decision support system for physicians to diagnose skin neoplasms

B Xxone 1iectd OTAENBbHBIX CECCH,
npoueamux ¢ Hosiops 2024 r. mo UIOHb
2025 r., 6s110 OecmmaTHO 00CIeT0BAHO 00-
nee 250 manueHTOB, OOPATHBIIUXCS 10
COOCTBEHHOMY JKEJIAaHUIO I TIPOXOXKJIe-
HUA I€PMATOCKONTMYECKOT0 CKPUHUHTA HO-
BOoOOpa3oBaHuil Koxu. KaxxaoMy nanueHTy
BBHITIOJIHSUIACh MOOMJIbHAS JIEPMATOCKOIIHS,
MOCJIe Yero M300pa)KeHUs] aBTOMAaTUYECKH

AHAJIM3UPOBAINCH C IIOMOIIBIO

pa3zpaboTtaHHOi cucTeMbl. Moaynb cu-
CTeMbl KJlaccu(puUUpoBal HOBOOOpa3oBa-
HUS 10 TMarHOCTUYECKUM KaTerOpusM, UH-
TEPIPETUPYEMBIC BPAYOM-CIEITHAIICTOM.
B pesynbpTaTte mpoBeACHHBIX MEPOTPHUSIITHIA
OBLIIO BBISBJICHO 9 ciydaeB MeTaHOMEI, 6
ciy4yaeB 0a3ajibHOKIETOYHON KapLUUHOMBI
u 6onee 30 ciy4yaeB aTUNMUYHBIX (AUCILIA-

CTHYECKHX) HEBYCOB.
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BbiBOAbI

PesynbraTel paboThl cHCTEMBI ObLTH
COIOCTAaBJICHbI C 3aKIIOUYEHUSIMU Bpauei-
JIEPMAaTOJIOTOB M OHKOJIOTOB, IMPUHUMAB-
IMX y4actue B o0cienoBanusix. [1o uroram
MEPOIPUATUN YCTAHOBIIEHO YTO:

— CcpeqHee BpeMsl aHaln3a OIHOTO
n3o0paxenus cokparuiock Ha 3040 % no
CpPaBHEHHIO C TPAJUIHMOHHBIM PYYHBIM
MPOTOKOJIOM;

— B 89% ciyuyaeB HaOJIOAAIOCH COBIIA-
JICHUE MEXIy pe3ysbTaTaMyd aBTOMaTHYe-
CKOM KiacCU(UKAINN U KIMHUYECKUM 3a-
KJIFOUEHUEM Bpaya;

— cucTeMa MPOJEMOHCTPUPOBAIA
YCTOMYUBOCTh K pEalbHBIM YCIOBHUSIM
CBbEMKH: M300paXEHHUS BapbUPOBAIUCH IO
Ka4yecTBY, COJepkKaiu apTedakThl (BOIOCH,
JTUHENKN, HEPOBHOE OCBEIICHHE), HO OBLIH
ycrentHo oopaboTaHbl 0€3 CHUKEHUS TOU-
HOCTH.

Oco0eHHO BaXKHBIM PE3yJIbTATOM SIB-
JsieTCsl BO3MOXKHOCTh TPUMEHEHHSI UHTEJI-
JIEKTyaJIbHOM CUCTEMBI HE TOJIBKO B CTallU-
OHAPHBIX, HO U B MOOMJIBHBIX KJIMHUYECKHX
YCIIOBUSIX: CUCTEMA YCNEIHO (PyHKINOHH-
poBaJia Kak B BeO-uHTEpdeiice, Tak U B MO-
OWJIBHOM TIPUJIOKEHHUH. DTO JCIIaeT WHTEJI-
JEKTyaIbHYIO CUCTEMY TTOAIEPKKH MPUHS-
TUSl PELIEHUN Bpaya MEepCHEeKTUBHBIM HH-
CTPYMEHTOM JJIi MacCOBOI'O CKpPUHUHTA,
NpO(PUIAKTUYECKUX OCMOTPOB U TeEJIeMe-
JTUITMTHCKUX KOHCYJIbTALUM.

Ha ocHoBe ombiTa anpoOaruu ObLTH
c(hOpMHUPOBaHB PEKOMEHIAIIMN TI0 HHTE-
rpalliy WHTEJUIEKTYAIbHONW CHUCTEMBI TOJ-

NEpKKM TPUHATUS pELIEHUH Bpada B

paGoune mporecchl MEAULIUHCKUX yupe-
KJIEHUI, BKIIIOYas:

— BO3MOXXHOCTh HUCTIOJIb30BAHUSL CH-
CTEMbI B paMKaxX CKPHHHMHIOBBIX 00CIIe0-
BaHWW, BBIC3AHBIX MPOPUITAKTHIECKHX
NPHUEMOB U AHMCIIaHCEPU3ALINY;

— HACTPOMKY HWHTEJUIEKTYaJlbHOW CH-
CTeMbI TIOJJICPKKH TIPUHSATHS PEHICHUHN
Bpaya Kak JOMOJHUTEIHHOI'O MOIYJIS K Cy-
[IECTBYIOIIUM MEIUIIMHCKUM HH(pOpMaIm-
OHHBIM CHUCTEMaM;

— OpraHu3alHi0 PETyJISIPHOTO CKPH-
HUHTAa B MAaJIOPECYPCHBIX YUPEKICHHUSIX
(DAIleL, LIPB) c ucnonszoBaHremM MOOMIIb-
HOTO TPUIIOKECHHUS;

— OTCYTCTBHE MPHBSI3KH K KOHKPET-
HOMY JIEpPMaTOCKOITy: CHCTEMa COBMECTUMA
C IIMPOKUM  CHEKTPOM  ONTHYECKHX
YCTPONCTB, YTO PACUIMPSIET IPUMEHUMOCTh
peLIeHHS;

— BO3MOKHOCTh MaCCOBOTO CKPUHUHTA
C LEJIBIO MIePBUYHON (PUIBTPAIIUH HaIHEH-
TOB, CHUKEHUS KOJIMYeCTBa HEOOOCHOBAH-
HBIX HAIIPABIICHUN B OHKOJIOTHYECKUE JHC-
MaHCEPbl U TMOBBIMIEHUS 3((HEKTUBHOCTU
MapIIpyTHU3aINH;

— OPUEHTHPOBAHHOCTh Ha Bpadeil 00-
1Ie MPaKTUKU U CPETHEro MeaIepcoHaa,
0COOCHHO B OTJIAJICHHBIX U CEIIBCKUX panio-
HaX, IJIe OTCYTCTBYIOT PO UIbHbIE BpaUH-
JI€PMATOJIOT'H/OHKOJIOTH.

Takum oOpa3om, IpoBeIeHHAs apoda-
1S HOATBEPHIIAa TEXHOJIOTUYECKYIO TOTOB-
HOCTh CUCTEMBI K BHEJIPECHUIO, €€ KIIMHUYEC-
CKYIO TPUMEHUMOCTD U 3HAYUMOCTb JJIS T10-
BBIILICHUS] OHKOHACTOPOXXEHHOCTH Bpaye
npu paboTe ¢ KOXHBIMH HOBOOOPa30BaHM-

SIMH Ha 3Tallc HCpBH‘-IHOﬁ JUAarHOCTHUKH.
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Abstract

The purpose of research. The purpose of this scientific work is to conduct a comprehensive theoretical and analytical
review of modern machine learning algorithms used to solve the problems of dynamic route planning for mobile robots.
The main focus is on a comparative assessment of the effectiveness of various learning paradigms — reinforcement
learning, teacher-based learning, and hybrid approaches — in a changing and uncertain environment where rapid ad-
aptation, learnability, and algorithm stability are important.

Methods. The study is based on an analysis of more than 40 peer-reviewed scientific publications selected from leading
international academic databases for the period from 2020 to 2024. A structured methodology was used, including
descriptive, comparative, and analytical approaches. The main evaluation criteria were: convergence rate; computa-
tional efficiency; generalization ability; noise tolerance; adaptability to real-time and stable behavior in changing condi-
tions.

Results. It is shown that tabular algorithms provide basic navigation functionality, but they do not scale for complex
tasks. Deep models have a high degree of adaptability and efficiency. Teaching with a teacher demonstrates accuracy
in the presence of expert data, but is vulnerable to the accumulation of errors. Hybrid architectures combining graph
neural networks and symbolic modeling achieve the best interpretability and stability in an unstable environment.
Conclusion. The results obtained form a reliable theoretical basis for the selection and application of autonomous
navigation algorithms. The comparative analysis highlights the value of flexible, scalable, and explicable models in
intelligent robotics systems of a new generation.

Keywords: dynamic path planning; machine learning; behavioral cloning; deep Q-networks; proximal policy optimiza-
tion; mobile robots; autonomous navigation.
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CpaBHeHMe anropuTMOB MaLUMHHOIO O0y4eHus
ANs AMHaMU4YeCKOro NiaHMpPoBaHUA NyTU poboTa

A. B. Kaiimakosa' ™, X. Y. Angamypartos!

1 KazaxcTaHcko-BpuTaHCKMM TeXHUYECKWn YyHUBEPCUTET
yn. Tone 6w, g. 59, r. AnmaTtel 050000, Pecnybnuka KasaxctaH

* e-mail: ai_kaimakova@kbtu.kz
Pesome

Uenb uccnedoeaHusi. Llenbio Hacmosiwel HaydyHol pabomsi sisrisemcsi npoeedeHue KOMIIEKCHO20 meopemuye-
CKO20 U aHanumu4eckoeo 0630pa Co8PeMEHHbIX aneopummo8 MalluHHO20 0ByYeHUs], MPUMEHSIEMbIX Oisi peleHUs
3a0ay QuHaMU4eCcKo20 rniaHuposaHusi Mapwpymos MobusibHbix pobomos. OCHOBHOE 8HUMaHUE yOernsemcsi cpagHuU-
merbHOU ouyeHKe 3ghghekmusHOCMU pa3nuyHbixX napaduem obydYeHusi: 0by4yeHuUst ¢ NoOKperneHueMm, 0by4yeHus ¢ y4u-
mernem u 2ubpudHbix MoOxX0008 — 8 ycriosusix uaMeHsirowelcsi U HeoripedenéHHol cpeldbl, 20e saxxHa onepamugHasi
adanmauyusi, 0byyaemMocms U ycmolyueocms afzopumma.

MemoOdsl. ViccriedosaHue ocHogaHO Ha aHanuse 6ornee 40 peueH3upyeMbix HayYHbIX Mybnukayull, omobpaHHbIX U3
8edyuux MmexdyHapoOHbIx akademudeckux 6a3 OaHHbIx 3a nepuod ¢ 2020 no 2024 zz. [NpumeHsinacs CmpyKkmypupo-
8aHHasi Memodorioaus, 8KIMYawas onucameribHble, cpasHUMenbHble U aHanumuyeckue nooxodsl. B kayecmee
OCHOBHbIX KpUumepuees OUEHKU UCMO0Ib308asIUCk; CKOPOCMb CXO0UMOCMU; 8blHUCTUMEbHasH 3¢hgheKmMuUEHOCMb; Crio-
cobHoCcmMb K 0606WEHUI0; ycmoliyugocms K WyMy; adanmueHOCMb K peasibHOMY 8peMeHU U cmabunisHocms nosede-
HUST 8 USMEHSIOUUXCST YCIIOBUSIX.

Pesynbmamsi. [TokazaHo, ymo mabnuyHbie anzopummsl obecrieqyusarom 6a308yt0 HaBU2aUUOHHYO (hyHKUUOHaIb-
HOCmb, HO He Macwmabupyromcs Onsi CroXHbIX 3aday. [nybuHHble Modenu obnadarom 8bicOKOU cmerneHbio adarl-
musHocmu u aghgpekmusHocmu. O6ydeHue ¢ ydumenem 0eMOHCMPUPYem MOYHOCMb NPU HanuYuU 3KCcrnepmHbiX 0aH-
HbIX, HO ySI38UMO K HaKorM/eHUr owubok. [ubpudHbie apxumeKkmypbl, codemarowjue epagoebie Hellpocemu u CUM-
gosiudeckoe mModenuposaHue, docmuearom Hauslydwux rnokasamesel uHmeprnpemupyemMocmu u ycmou4ueocmu 8
ycrosusix HecmaburbHol cpeobi.

3aknroyerue. NonyyeHHbie pe3ynbmamb! hopMupyom HadEXHy meopemuyeckyro ocHogy Orisi 8bibopa U npume-
HEeHUSsI ar2opummoe asmoHOMHOU Hasuzayuu. CpagHumersnbHbIl aHau3 nod4épkugaem yeHHoCmb 2ubKuX, Macuwma-
bupyembix U 06BSCHUMBIX MOOesiel 8 UHMeIeKkmyarbHbIX PO60MOMEeXHUYECKUX cUCmeMax Ho8020 MOKOIEHUS.

Knroyeenble cnoea: duHamuyeckoe nnaHupoeaHue rnymu, MmawuHHoe o6yquue; rogedeH4YeckKoe KITOHUpoBaHue, any60-
Kue Q-cemu; npoKcumMaribHas ornmumu3ayusi noaumuKu; MobusibHbeie pobombl; a8mMoOHOMHas Haguaauusi.

KoHdbniukm unmepecoeg: Aemopbi OeKkiapupyom omcymcemeue siI8HbIX U MOMeHUUasibHbIX KOHQIUKMO8 UHmepe-
COB, CBSI3a@HHbIX C NyGnMKauMen HacTosILLEN CTaTbMy.
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Introduction

Dynamic path planning refers to the
autonomous computation of collision-free
trajectories in environments that change
over time. This class of algorithms plays a
pivotal role in enabling robots to react in
real time to environmental dynamics, en-
suring safe and continuous operation in
complex scenarios [1]. Unlike static plan-
ning, which assumes a fixed map and im-
mutable surroundings, dynamic path plan-
ning is built to handle uncertainty and the
constant movement of objects, humans, or
terrain features. One of the recent techno-
logical advances in this area involves the
hybridization of the Sparrow Search Algo-
rithm with the Dynamic Window Ap-
proach. This combination has demon-
strated significant improvements in path
efficiency and obstacle avoidance across
variable-speed environments, as shown in
trajectory simulations with dynamic obsta-
cle fields [2]. At the same time, adaptive
dynamic programming has been used to re-
formulate path planning as a continuous-
time optimal control problem, allowing ro-
bots to adjust to rapid changes in their local
context, especially in narrow indoor corri-
dors and crowded environments [1].

The application of deep reinforcement
learning, particularly the Soft Actor-Critic
(SAC) model, has further strengthened dy-
namic decision-making in robotics. SAC

lModnucaHa e nedams 15.08.2025

Ony6nukosaHa 30.09.2025

achieves stable trajectory convergence even
in cluttered and continuously shifting envi-
ronments, as evidenced in IFAC benchmark
trials using multiple mobile platforms [3].
In parallel, a growing body of analytical re-
views has highlighted the transition from
deterministic search algorithms to learning-
based systems capable of real-time replan-
ning, reflecting the evolving demands of
mobile autonomy in dynamic environments
[4]. Mobile robots operating in shared in-
door spaces or urban outdoor settings must
often combine path planning with real-time
tracking. Dynamic programming ap-
proaches used in such cases offer low-la-
tency updates to control signals, even when
robots face discontinuous obstacle move-
ment and occlusion [5]. These methods are
also actively adapted for planetary rovers
and field robots, where environmental vari-
ability can occur due to weather, terrain
shift, or autonomous system degradation.
An extensive review of classical and mod-
ern path planning strategies has outlined the
progression from grid-based techniques to
biologically inspired metaheuristics and
Al-integrated models. This trajectory of de-
velopment marks a shift from local safety to
global optimization, integrating spatial pre-
diction and adaptive feedback [6]. Like-
wise, the use of path planning in advanced
autonomous systems increasingly requires
the fusion of sensory data with predictive
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models, as demonstrated by robot platforms
tested with LIDAR and stereo vision under
dynamic constraints [7].

Experimental work has also focused on
the integration of Ant Colony Optimization
(ACO) with reactive models such as DWA.
The hybrid ACO-DWA algorithm, tested in
both simulated and physical environments,
achieves path smoothness and high success
rates in obstacle-dense fields, especially in
disaster recovery simulations [8]. Mean-
while, Simulated Annealing (SA) has been
refined to improve its convergence speed
and global search capacity, with modern
versions reducing path complexity by up to
27% in stochastic environments [9]. Fi-
nally, heuristic optimization continues to
evolve. Real-time path planning based on
hybrid algorithms now supports rapid recal-
culation cycles — down to tens of millisec-
onds — by integrating motion prediction and
adaptive cost maps. These methods are par-
ticularly useful for swarm robotics and de-
centralized navigation tasks [10].

The incorporation of machine learning
(ML) into dynamic path planning has pro-
foundly reshaped mobile robot navigation.
Unlike traditional rule-based algorithms,
ML techniques — particularly reinforcement
learning (RL) — have enabled robots to learn
optimal paths in real-time by interacting
with dynamic environments [11]. This shift
is not merely technical; it represents a con-
ceptual leap in how autonomy is defined in
robotic systems. As research has shown,
Deep Q-Networks (DQN) outperform clas-
sical algorithms such as A* and Dijkstra in
both computational speed and adaptability
to moving obstacles [12]. This superiority
is especially evident in non-deterministic

settings, where static methods struggle. In
more complex simulations, policy gradient
methods have demonstrated increased
training stability compared to traditional Q-
learning, especially in high-dimensional
environments like Gazebo [13]. To address
the complexity of real-world input, hybrid
models combining CNNs, LSTMs, and re-
inforcement learning have emerged. These
models integrate spatial and temporal data
for more nuanced obstacle avoidance and
trajectory prediction [14]. Experience Re-
play, used in DDPG, further refines learn-
ing by storing prior interactions, accelerat-
ing convergence and improving path effi-
ciency [15]. Notably, CNNs facilitate real-
time obstacle recognition using visual input
streams, making perception faster and more
accurate [16]. However, simulation-to-real-
ity transfer remains problematic — over 40%
of models successful in simulation fail in
physical trials due to noise and unseen var-
lables [17]. Despite this, ML approaches
continue to offer exceptional advantages in
adaptability and generalization across envi-
ronments [18], particularly with the use of
Graph Neural Networks for encoding dy-
namic topologies [19].

The past three years have seen an un-
precedented surge in RL and DL applications
in robotic navigation. A 28% increase in re-
lated publications between 2021 and 2023
highlights this growing interest [11]. Yet, de-
spite the volume of research, comparative
studies remain scarce. Most publications fo-
cus on isolated models without cross-evalua-
tion, limiting broader applicability [12]. Ex-
perimental setups often vary widely, mak-
ing it difficult to assess algorithms under
unified benchmarks [13]. Some prioritize
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time-to-goal, others measure collision rates
or energy use, creating inconsistencies in
reported outcomes [14]. Real-world tests,
like those conducted with TurtleBot3 in Ga-
zebo environments, confirm RL models
reach targets up to 35% faster with fewer
collisions than classical planners [15].
However, such results lack standardization
across platforms. Moreover, key scientific
reviews point out that current literature is
fragmented, with little effort to synthesize
experimental results into a cohesive frame-
work [16; 17; 18; 19]. This fragmentation
underscores the urgent need for theoretical
consolidation to guide practical implemen-
tation.

The primary aim of this article is to
conduct an in-depth theoretical and analyt-
ical review of contemporary machine
learning algorithms applied to dynamic
path planning in mobile robotics. The
study systematically examines scientific
models, compares algorithmic efficiency,
and synthesizes results from over 40 peer-
reviewed sources to identify patterns, lim-
itations, and advancements across rein-
forcement, supervised, and hybrid learning
approaches.

Materials and methods

This study is grounded in the compre-
hensive analysis of more than 40 peer-re-
viewed scientific sources published be-
tween 2020 and 2024. The literature was
drawn from globally recognized academic
databases such as Scopus, Web of Science,
IEEE Xplore, Springer, and ScienceDirect.
Selection criteria included direct relevance
to machine learning-based dynamic path
planning, verified methodological rigor,

and the presence of empirical performance
data or experimental results.

The research employs a structured an-
alytical framework to review and synthe-
size findings from published studies on ma-
chine learning algorithms in robotic naviga-
tion. A combination of descriptive, compar-
ative, and analytical methods was applied to
dissect algorithmic design principles, as-
sess performance metrics like adaptability
and computational cost, and map scientific
contributions across reinforcement, super-
vised, and hybrid learning models. Each
study was evaluated within its methodolog-
ical context to ensure consistency and depth
of interpretation.

Results and their discussion

Reinforcement Learning-Based
Approaches in Dynamic Path Planning

Reinforcement learning began with
tabular methods like Q-Learning and
SARSA, which remain relevant in struc-
tured environments with limited state com-
plexity. Q-Learning operates off-policy,
updating its state-action values based on the
best possible action, not necessarily the one
taken. This allows it to converge faster in
deterministic settings, where complete ob-
servability is present [20]. SARSA, how-
ever, updates its estimates based on the ac-
tual policy the agent follows, making it
more resilient to noise and uncertainty dur-
ing exploration [21]. In semi-structured en-
vironments, where state transitions are sto-
chastic or partially observable, SARSA
tends to produce smoother and more cau-
tious trajectories. Yet, it does so at the cost
of slower convergence when compared to
Q-Learning. Both algorithms become
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impractical when the number of states and
actions grows, due to the exponential in-
crease in memory and computation — a

problem known as the curse of dimension-
ality. These foundational differences and
constraints are synthesized in Table 1.

Table 1. Comparative Analysis of Q-Learning and SARSA

Parameter Q-Learning SARSA
Learning Type Off-policy On-policy
Exploration . e
.p. ) Less sensitive More sensitive
Sensitivity
Convergence Faster in deterministic Slower but more stable in
Speed environments stochastic cases
Safety in Risky Can be unsafe due to over- Safer; follows current
Domains estimation policy
- May diverge with im- More stable under same
Stability . .
proper exploration conditions
. Suitable for known/struc- Better for noisy/semi-struc-
Usage Domain . .
tured environments tured environments
- Limited in large state Also limited; suffers from
Scalability .
spaces same constraint
To address scalability limitations, pipeline — from visual input to discrete ac-

Deep Q-Learning Networks (DQNSs) were
introduced. These models use deep convo-
lutional architectures to approximate Q-val-
ues from high-dimensional inputs, such as
raw pixels or LIDAR scans [22]. In naviga-
tion tasks involving dynamic obstacles,
DQN significantly outperformed classical
A* planners, achieving a 24% reduction in
collision rate. Still, DQN suffers from over-
estimation of action values. Double DQN
(DDQN) corrects this by decoupling action
selection from evaluation, which improves
both convergence and stability in training
[23]. Dueling DQN further advances the ar-
chitecture by separately modeling state-
value and advantage functions, helping the
agent better evaluate which states matter,
even when actions seem irrelevant [24].
The structure of the deep Q-network

tion selection — is illustrated in Figure 1.
Policy optimization approaches offer a
robust alternative to value-based methods,
especially in environments with continuous
action spaces. Proximal Policy Optimization
(PPO) is among the most widely adopted
due to its clipped objective, which ensures
smoother updates and greater training sta-
bility [25]. PPO has been successfully de-
ployed in real robots like TurtleBot3, reduc-
ing task completion times by up to 40%
compared to DQN. A3C (Asynchronous Ad-
vantage Actor-Critic) acelerates learning
through parallel training threads, with
agents operating asynchronously to explore
different trajectories. This design not only
increases sample efficiency but also helps
avoid convergence to suboptimal local min-
ima [26]. In dynamic environments with
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moving goals and obstacles, A3C demon-
strated 35% faster convergence than DQN.
It is particularly suited for multi-agent sys-
tems and environments with frequent
change, where learning speed and policy
generalization are critical. TRPO (Trust Re-
gion Policy Optimization) builds on these
concepts by strictly bounding policy up-
dates  within  trust regions. This

Convolution Convolution
- -

I m
Ooooo0a OO0DE00 _[ORR0O00 0000008 §OB00000

mathematical safeguard enhances training
stability, especially in long-horizon navi-
gation tasks that demand consistent be-
havior over extended episodes. Compared
to PPO and A3C, TRPO maintains
stronger guarantees for monotonic policy
improvement, making it a preferred
choice in safety-critical scenarios [26].
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Fig. 1. Architecture of a Deep Q-Network (DQN)

Supervised and Imitation Learning
Approaches

Behavioral Cloning (BC) remains one
of the most widely used supervised learn-
ing strategies in robotic navigation. In BC,
the model passively learns a mapping be-
tween observations and actions by mim-
icking an expert’s trajectory, collected
from human-operated or algorithmically
optimal control systems [27]. These
demonstrations, usually obtained from
simulators like CARLA or real-world

robots, provide sequential data aligned
with expert decision-making processes
[28]. Despite its simplicity, BC is prone to
error accumulation: small deviations in
early predictions can cascade into major
trajectory failures over time. This phenom-
enon becomes especially critical in ex-
tended episodes, where uncorrected deci-
sions amplify over the planning horizon
[29]. To mitigate this, techniques like
DAgger have been introduced — these iter-
atively allow expert corrections to be
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integrated into the training dataset, reduc-
ing the divergence from desired behavior
[30]. The method’s generalization capabil-
ity is inherently limited by the diversity
and coverage of expert trajectories. In safe
yet structured environments, such as ware-
house logistics or traffic lanes, BC models
exhibit high short-term accuracy — up to

92% in certain benchmark tests [30]. How-
ever, their adaptability to new conditions
remains constrained unless supplemented
with additional learning strategies, such as
reinforcement-based fine-tuning [30]. A
comparative overview of BC and broader
expert imitation frameworks is presented
in Table 2.

Table 2. Comparative Analysis of Behavioral Cloning and Expert Demonstration Learning

Aspect Behavioral Cloning (BC)

Expert Demonstration Learning

Learning Type

Supervised learning

Supervised or semi-supervised

Input Data .
actions

Labeled trajectories of expert

Real-time or pre-recorded expert
demonstrations

Error Accumulation .
horizons)

High (compounding over long

Moderate (depending on correction
strategies)

Adaptability

Low in unseen environments

Moderate if integrated with online
feedback

Training Safety

Safe (no trial-and-error required)

Safe if offline; risk increases with
real-time feedback models

Required
Demonstrations

High (100 + for complex tasks)

Moderate (50-100)

Real-World Use

Autonomous driving, warehouse
Cases navigation

Surgical robotics, service robots

Weaknesses

Overfitting, no correction of out- | Limited generalization if expert data
of-distribution errors

IS sparse

Sequential decision-making in dy-
namic or partially observable environments
necessitates models that can retain and pro-
cess historical context. Long Short-Term
Memory (LSTM) networks, due to their
gated memory architecture, excel in such
tasks by preserving long-range temporal de-
pendencies between observations and deci-
sions [31]. In contrast, Gated Recurrent
Units (GRUSs) provide computational effi-
ciency, often vyielding similar accuracy
while reducing training time by 10-15% in
practical navigation systems [32]. RNN-

based architectures are particularly effec-
tive in applications where real-time sensor
data may be delayed or partially corrupted.
Their ability to model temporal context al-
lows agents to predict and compensate for
unseen obstacles or state transitions. This is
especially critical in autonomous indoor
navigation, aerial robotics, and hospital de-
livery systems [33]. Beyond standard
RNNs, sequence-to-sequence (seq2seq)
models expand the predictive horizon by
generating full sequences of actions based
on prior observations, rather than single-
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step predictions. In navigation experiments
involving dynamic objects and occlusion,
seg2seq models reduced trajectory devia-
tion by approximately 30% compared to
basic LSTM predictors [33]. These archi-
tectures become even more powerful when
integrated with attention mechanisms,

SST sequence

Hidden Layer

Xiines

Input Layer

Hidden Layer Dense

which enable the network to focus selec-
tively on critical moments in the input se-
guence — greatly improving interpretability
and precision [34]. A visual breakdown of
how LSTM and GRU architectures process
temporal input for navigation purposes is
shown in Figure 2.

Dense Output
Layer Layer

Fig. 2. Architecture of LSTM and GRU Models for Path Prediction Tasks

Hybrid and Graph-Based Learning
Architectures

Graph Neural Networks (GNNSs) pro-
vide a computationally efficient and topo-
logically expressive framework for dy-
namic path planning. Their ability to en-
code spatial and relational information
across both local neighborhoods and global
structures makes them particularly effective
in unpredictable and evolving environ-
ments [35]. In Dyngmp, a GNN-based mo-
tion planner tested under shifting obstacle
scenarios, agents achieved up to 28% im-
provement in path continuity compared to
baseline DNN models [35]. Beyond static
geometry, modern GNN frameworks

incorporate spatio-temporal dependencies
to handle changing maps. By continuously
updating node embeddings based on neigh-
bor states and temporal sequences, these
networks enable mobile agents to react
adaptively to obstacle movements or shift-
ing targets [36]. In transportation robotics,
such architectures have been successfully
applied to urban grid layouts, encoding in-
tersections and street segments as intercon-
nected graph nodes with real-time traffic
conditions as edge weights [36]. Stochastic
occupancy grid prediction also benefits
from graph-based formulations. GNNs ena-
ble probabilistic inference over partially ob-
servable environments by propagating
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information iteratively across a spatial map
graph, thus allowing the agent to maintain a
stable path despite environmental uncer-
tainty [37]. This approach significantly re-
duces the computational load, especially in
embedded systems where real-time con-
straints are critical [37].

Hybrid models that merge neural learn-
ing with symbolic reasoning are becoming
essential in contexts where explainability
and constraint satisfaction matter. For ex-
ample, symbolic abstraction techniques
such as reachability analysis can guide hi-
erarchical reinforcement learning, segment-
ing the environment into interpretable sym-
bolic goals [38]. A robot trained in this
manner does not merely optimize naviga-
tion but understands transitions between se-
mantically meaningful states like "exit
room" or "avoid hazard" [38]. The value of
hybridization becomes most apparent in
real-time semantic navigation. In recent ex-
periments using vision-based neuro-sym-
bolic pipelines, agents were able to parse
visual data, interpret semantic labels, and
align actions with symbolic goals, even un-
der changing indoor layouts [39]. These
systems integrated CNN perception mod-
ules with symbolic planners in a feedback
loop that enabled both correction and gen-
eralization of behavior [39]. Importantly,
this dual-channel architecture — where neu-
ral models propose and symbolic systems
validate — supports task reliability in uncer-
tain domains. It ensures that emergent be-
haviors remain within operational con-
straints and goal semantics, which is

especially crucial in applications involving
human interaction, such as eldercare or col-
laborative manufacturing.

Conclusions

This article presents a detailed analyti-
cal synthesis of machine learning algo-
rithms used in dynamic path planning for
mobile robots. Through the structured ex-
amination of over 40 peer-reviewed scien-
tific works, the study identifies the evolu-
tion and differentiation of learning para-
digms — reinforcement learning, supervised
models, and hybrid frameworks. Q-Learn-
ing and SARSA offer foundational insights
into value-based strategies, whereas their
deep learning extensions (DQN, DDQN,
Dueling DQN) enhance scalability and ro-
bustness in high-dimensional state spaces.
Policy optimization models such as PPO,
A3C, and TRPO demonstrate superior
adaptability in continuous action domains
and dynamic environments. Supervised
techniques, particularly Behavioral Cloning
and seq2seq models, underscore the value
of expert demonstrations, though they re-
main vulnerable to compounding errors.
Meanwhile, recurrent architectures like
LSTM and GRU handle partial observabil-
ity with temporal memory capabilities. The
emergence of Graph Neural Networks and
neuro-symbolic systems introduces a new
layer of abstraction and interpretability, es-
sential for real-world deployment under un-
certainty. These findings form a theoretical
framework that aligns algorithmic selection
with task-specific constraints in modern ro-
botic navigation.
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OcobGeHHOCTU NpeAcTaBneHnss CUrHanoB B Mano6a3soBou
Nnonsipu3aLumMoHHON U3MepUTESIbHOMN cUCcTeMe

W. E. MyxuH?!, A. H. Nonog!, A. B. XmeneBckasa? ™, U. N. OnenHuk®
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2 lOro-3anagHblit rocyaapCTBEHHbIN YHUBEPCUTET
yn. 50 net OkTs6ps, 4. 94, r. Kypck 305040, Poccuiickas Penepaums

3 BenropoAckuii rocyaapCTBEHHbIN HaUMOHaNbHbIA UCCNeaoBaTeNbCKUA YHUBEPCUTET
yn. MNobGepapl, o. 85, r. benropog 308015, Poccwuiickas ®enepaums

™ e-mail: aguarel85@mail.ru
Pe3tome

Uenb uccnedoeaHusi — aHanus ocobeHHocmel npedcmasrieHus cueHanoe 8 Manoba3osol nonsipusayuoHHoU uame-
pumenbHoUl cucmeme.

Memodai. Vicrionb3osarnuck Memodkbl meopuu 8eposimHocmel, MameMamuyeckol cmamucmuku, cmamucmu4eckol
paduomexHUKU, 8bI4UCIIUMENbHOU MameMamuKu, KOHCMPYKMuUeHbIe 0CObeHHOCMU Maiob6a3080u Nosspu3ayUoHHOU
usmepumernbHoU cucmemsl. [1onyyeHHbIe ypasHEeHUsT 10380715110M 8bIHUCUMb 8bIXOOHbIE HarnpsXKeHusi Ons npueM-
HbIX aHmeHH obeux no3uyuti. CoomHoweHusi crnpasednueb! nMpu ycrnosuu UGeHMUYHOCMU KOHCMPYKUUL obeux no3su-
yud, eknovarowux aHmeHHy 0ns 00HO8pPeMeHHo20 rpuéma u nepedayu cuaHa08 o0Hol nuHelHoU nonspusayuu, a
makxe coomeemcmesyrouee npuémo-nepedarowiee obopydosarue. [nsi cuzsHanos ¢ 20puU3oHmMarnbHol U eepmukarib-
HoU ronsipu3ayueli, opmoaoHasbHbIX Opy2 Opyay Mo OMHOWEHUIO K MeP8ol no3uyuu, ycmaHoeneHbl cCobCcmeeHHbIe
YHUKasbHbIEe ceolicmea, 3agucsawue om opueHmayuu u xapakmepa ucrosnb3dyembix nonspusdayul. PaspabomaH an-
2opumm pacyema ¢ha3oebix c08U208 OMPaKEHHbIX CugHaoe 071 aHmeHH Manobasoeoll nonspu3ayUoHHoOU usmMepu-
mesibHOU cucmeMbl, KOmopbIl MpuMeHUM 07151 20pU30HMAasIbHOU U 8epmukasibHOU rosisspu3ayuu.

Pe3ynbmamsbi: o6ocHo8aHa He3asUCUMOCMb 3HaYeHUsT amMnaumyObl MPUHUMaeMOoU 80JTHbI OMPaXEHHbIX CU2HaI06
om 0cobeHHOCMU KOHCMPYKyuU Manoba3oeol nosnsipu3ayuoHHOU usmepumersibHOU cucmeMsbl; ycmaHoeieHa 3asucu-
MOCMb 3HEPeemuUYeCcKUX nokasamesel npuHUMaeMbiX cu2Hano8 om 3ghghekmusHol NosepxHoCmu paccesiHusi 06b-
ekma (8€IUYUHbI Oy 5, Oy, Org, Opp) OIS 20pU3OHMAIbLHOU U 8epmuKaribHOU rofspusayuu; cghopMynuposaH anzo-
pumm pacyema ¢ha3o8bix cO8U208 OMPaXeHHbIX cueHano8 Ons aHmeHH Manoba3oeol nonspusayuoHHoU umepu-
mesbHOU cucmembi; uccriedosaHbl hakmopbl 8/IUSIHUS MEXHUYECKUX Xxapakmepucmuk obopydosaHusi manoba3oeol
rnonsipu3ayuUoHHoOU usmMepumersbHol cucmeMbl Ha IHepeemuYecKUe nokasamesnu npuHUMaeMblX CU2Hasos.
3aknroqeHue. [NpednoxeHa memoduka pacyema ¢ha3o8020 yeHmpa Masnoba3oeol rnossspudayuoHHOU usmepumersb-
HOU cucmeMbi, 10380risowasl peanu3osams 8HYMpPEeHHIOK 3adavyy meopuu aHMeEHHbIX CUCMEM, a makxe eblbpamab
POU38OIIbHYI0 MOYKY 8 KaYecmee yeHmpa KoopOuHam masol 6a3sbl MonspusayuoHHOU uamMepumesibHoOU cucmemsi.
3ma mouka Moxem HaxoOumbCsi 8HYmMpPU 30HbI MOKpbIMusi 6a3bi B, ekioyasi daxe rofioxXeHUe UeHmpo8 aHmMeHH
omoesibHbix no3uyull. NModo6HbIl Modxod pacwupsem subKoCcmb cucmeMsl U yiydwiaem moYHOCMb 8bI4UCIIEHUS ¢ha-
308bIX Xapakmepucmuk, obecrniequsasi yHUBEPCaIbHOCMb Memoda He3asUCUMO Oom KOHKpemHoU ¢husuyeckol pea-
nu3ayuu aHmeHH U 83aUMHO20 PacrofIOXEHUsT KOMIOHEHIMO8 CUCMEMBI.

Knroyesnie criosa: aghghekmueHasi nogepxHoCmeb paccesiHus; marnoba3soeasi nonsapu3ayuoHHas uamepumesibHas cu-
cmema; aHmeHHa; 20pu3oHmarbHas ronspu3dayus; epmukarsnbsHas rnonaspusdayus; pasossil UeHmp; cuaHarl.
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KoHgbnnukm unmepecoe: Aemopbl deknapupyom omcymcmeue sI8HbIX U MomeHyuanbHbIX KOHhIIUKMO8 UHmepe-
co8, ces3aHHbIX ¢ Mybnukayuel Hacmoswel cmamau.
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Abstract

The purpose of the research is analysis of key features of signal representation in a small-base polarization measur-
ing system.

Methods. The methods of probability theory, mathematical statistics, statistical radio engineering and computational
mathematics were used in the scientific research. The design features of the small-base polarization measuring system
were taken into account. As a result, a number of equations were obtained that allow calculating the output voltages
for the receiving antennas of both positions. These relationships are valid in the case when the designs of both positions
are similar and include an antenna for receiving and transmitting signals of the same linear polarization and a trans-
ceiver. For emitted and received signals of horizontal and vertical polarization, orthogonal to the polarization of the first
position, their inherent features are determined. The studies made it possible to formulate an algorithm for calculating
the phase shifts of reflected signals for antennas of the small-base polarization measuring system. The proposed al-
gorithm is valid for horizontal and vertical polarization.

Results: the independence of the received wave amplitude value of reflected signals from the design feature of the
small-base polarization measuring system was substantiated; the dependence of the energy indicators of received
signals on the effective scattering surface of the object (the values ov.v, ov.g, 0g.v, 0g.g) for horizontal and vertical polari-
zation was established; an algorithm for calculating the phase shifts of reflected signals for antennas of the small-base
polarization measuring system was formulated; the factors influencing the technical characteristics of the equipment of
the small-base polarization measuring system on the energy indicators of received signals were investigated.
Conclusion. The scientific article proposes a method for calculating the phases of the phase center of the small-base
polarization measuring system, which allows implementing the internal problem of the theory of antenna systems. The
proposed method allows tying the phase center of the small-base polarization measuring system to an arbitrary condi-
tional point within the base, including the centers of the antennas of any of the two positions.

Keywords: effective scattering surface; small-base polarization measuring system; antenna; horizontal polarization;
vertical polarization; phase center; signal.
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BBepgeHue

KoHCcTpyKTHBHBIE 0COOEHHOCTH MaJjo-
0a30BOW TOJIAPU3ALNOHHONW H3MEPHUTEIb-
HOW CHCTEMBI 3aKJIFOYAIOTCS B CIIEIYIOILEM:

— nepenatoutas nosunus. [lepegaruuk
OCHAIEH aKTUBHOU (pa3MpOBAHHON aHTEH-
Hoit pemérkoit (ADAP), kotopas cmo-
coOHa reHepupoBaTh JBa TUIA CUTHAJIOB —
C BEPTUKAJIBHOW U TOPU3OHTAIBHOM ITOJSA-
puzanuend. DT CUTHAIBI TEpefaroTcs K
OOBEKTYy HCCIEIOBAHUS W B3aWMOJICH-
CTBYIOT C HUM, U3MEHSS1 CBOE HaIlpaBJICHUE
pacHpoCTpaHEHUsI U XapaKTEPUCTUKH aM-
IUTUTYAHO-()a30BbIX KOJICOAHUH;

— npuémHble no3unuu. CyliecTByIOT
IBE MPUEMHBIC TIO3UIINH, KaXaasi U3 KOTO-
pBIX 00OpyIOBaHA WHAMBHUAYyATbHOW aH-
TEHHOM CUCTEMOW U NMTPUEMHUKOM, HACTPO-
€HHBIMA Ha ()UKCHPOBAHHBIC THUIIBI TOJIS-
puzauuu. [lepBas npuémHas Mo3MUIMS BOC-
MPUHUMAET CUTHAJ C BEPTUKAIbHOM IMOJISI-
pu3anuei, a BTopas — ¢ TOPU30HTAIBHOM.
[Ipu 5TOM BaXKHO, YTO PACCTOSIHHE MEKITY
STUMH JByMSl TOYKAaMH CYIIECTBEHHO
MEHBIIIE Pa3MEPOB 30H OTPAKEHUS CUTHA-
JIOB, YTO O0OECIEYUBACT IJIOCKOCTh (PPOHTA
MPUHUMAEMbIX CUTHAJIOB U MTOBBILIAET TOY-

HOCTh H3MEpPEHHiIl. OJTO MO3BOJSAET HaA

KOKIYI0 W3 MO3UIUK O00ECTIEeUUTh MpUeM
CUTHa/a, OTPAKEHHOI0 OT OAHOIO U TOrO

ke o0bekTa [1].

MaTepMaﬂbI n MmetToabl

B Mano6a3oBoii mosisipu3ainoHHOMN U3-
MEPUTEIBHOM CUCTEME pPAaCCMOTPUM CHT-
HaJ C BEpTUKAIBHOW ToJigpu3aluen ¢ op-

—>
TOM ToJsipu3aiuu (€,). AHTEHHA TepeIato-
IIEr0 YCTPOMCTBA PACHOJIOKEHA OT 00b-
€KTa Ha PAacCTOSTHUU T, M 00JIaJlaeT clieny-
IOIIMMU  XapaKTEPUCTUKAMHU: MOIIHOCTD

(PArlep.B)' MaKCUMaJIbHBIH KO3 PHUITHESHT

-
YCWJIEHUSl Ha mepenavyy (GAHepB (R)) H Ha
pueM (GAHp.B®) B HaIlpaBJICHHWH Ha 00b-
exT. [Ipynumaem Bo BHUMaHUE (ha30BbIC
CMEIeHUsT B TiepenaroeM (A Qpepy) U
NPUEMHOM (A @y ) TPAKTE.
OnuceiBaeMbIil CUTHAJ XapaKTepU3y-
€TCsl JFTMHOM BOJIHBI A U COOTBETCTBYIOIIUM
2m
BOJTHOBBIM dYHCJIOM K = - Bpemennas
dbopma curHama 3amaércs BHJIOM KOM-
TieKCHo orubaromeit Ty, 5 ().

[IpencraBnenue curHaia B BUIE BEK-
TOpa HAIPSHKEHHOCTU DJIEKTPOMArHUTHOIO

OJISl UMEET CIeAYIoIun BU [2]:
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E, (t’ R) = \/GOPAnep.BGAnep.B (ﬁ)

I[aHHoe NpeACTaBJIICHUC  NCTAJIbHO

OMKCHIBAET  PACTIPOCTPAHEHUE  BEPTHU-
KaJIbHO TIOJISIPU30BAaHHBIX CUTHAJIOB B MPO-
CTPAHCTBE C Y4ETOM BCEX 3HAYMMBIX (haK-
TOPOB, BIHSIONIMX HA HX aMIUTUTYyaAy H
dbazy.

[Ipoananu3upyeM paiee NOBeIEHUE

OTpa)KéHHOFO OT OOBEKTa CHUTHAlla C

1
—€
I

T

nep.B

e.

—jkry ejA(Pnep. B
B

(t)

BEpTUKaNbHOW monspus3auueii. Ha Hero

1)

OKa3bIBAIOT BIUsSHUE J(PPEKTUBHBIE TIO-
BEPXHOCTH pacCesiHUsI 00bEeKTa Ha BEPTHU-
KaJbHOW (Oy;) U TOPU3OHTAIBHON (O )
TIOJIIPU3ALINY.

Ha ocHoBanuu cootHomenus (1)
NIPEICTAaBUM JTAHHBIA CUTHAJ B CJICAYOIIEM

Buje [3]:

s

[IpremHBI KaHam BEPTUKAIBHOU IIO-
JSPU3ALNAA  OMMUCHIBACTCS HAIPSIKECHUEM

cobcrBenapix  mymoB  (Uy (1)), Kodd-

E.o(tR)= 80P, G (R)

= alkn JAQnep.
r € € Tnep. B
2

(t).

puuuentom ycunennst (Kyp ). Hanpsoke-

)

HHEC HAa BbIXOAC KaHalla MOXKHO OITMCAaThb CO-

OTHOILICHHUEM

UB.B (t' R) ~ KHP-BJGAHp.B (ﬁ) GAnep.B (ﬁ) PAnep.B
X Theps (D055 + Uy (D).

[IpuemHbIli KaHalm TOPU30HTAIBLHOU
MOJIIPU3ALMN OTIMCHIBACTCS HANPSKEHUEM
coocreennbix mymoB (U, (1)), koaddu-

uuenToM ycunennst (Kyp ).

1 . ) )
- e_]k(rz +r3) e]A(Pnep.B e]A(\OHp.B X
rarp

3)
HaHpﬂ)I(CHI/IC Ha BBIXOAC KaHaJIa MpC-

CTaBJICHO aHAJIOTHYHO COOTHOMIEHHIO (3):

0006 R~ Ky Gy, (R) Gy (R) P,

X Theps () 0gr 4 Uy (D).

PaccmoTpuM curnan ¢ ropusoHTalIb-
HOM TOJIIPHU3ALMEHN, XapaKTEPU3YIOIUNCS
OPT-BEKTOPOM TIoNsipu3aluu (€,). JlaHHbIH
CUTHAJI M3JIy4daeTcs AaHTEHHOW Iepenaro-

IIETO YCTPOWCTBA C MOIIHOCTBIO (PAnepr)’

PacToI0KEHHOW Ha PaCCTOSIHUH I'y OT 00b-
ekTa. MakcuMasbHbII KO3QPUIKUEHT ycu-

JICHWS] aHTCHHBI B HAIPaBJICHUN Ha OOBEKT
—>
cocTapisieT Ha nepenavy (G Anepr (R)) 1 Ha

npuem (G Aupr ®). Ilpuaumaem  BO

1 . ) .
- e_]k(rl +r3) e]A(Pnep.B e]A(pnp.r X
rTp

(4)
BHUMaHUe Haler (a3bl B TpaKTax Mepeiaro-
mero (A (prlep.r) u IIpUEMHOro (A (pnp.r)
YCTPOMCTB.

JIaHHBINA CUTHAJI ONTUCHIBACTCS JJTMHOM

BOJIHBI A U, COOTBECTCTBCHHO, BOJHOBBLIM

2m
guciaoM Kk = ~ Bpemennas ¢opma cur-

HaJja 3a1aéTcs BUIOM KOMIUIEKCHOM oruoda-
IOLICH Trlep.r (t)
N3nyyeHHbIN CUTHAJI MOKHO TIpeACTa-

BUTH B ClIe/lytollieM Buje [4]:
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BGR) = [60Pyy, Gy (R) 2 e300 (O Treps D0y + Vs (D 9
PaccMoTpuM monmpoOGHO TIOBeAEHHE MOJIIPU3aLUAX (BEpTUKAIBHOU (O 5) U TO-

CHUTHAla TOPU30HTAIBHON MOJSPU3ALINY, PU30HTAJIBHOI (O 1))

oTpax€HHOTO OT 00BeKkTa. OCHOBHOE BIIHSI- Ha ocaoBanmu cooTtHomeHust (5)

HHUE Ha 3TOT CUTHAJ OKa3bIBAIOT BEIUYMHBI NPECTaBUM JaHHBIN CUTHAN B CIIEAYIOIIEM

5GGeKTUBHBIX  IUIOMIAfel  paccesHus BuzE [4]

(OITP) oObekTa HAa COOTBETCTBYIOIIUX

— —> 1 _ . . 01—- B
— = jKr1 aJA@uep.r :
o (6 R) = [60Py,, Gy (R) - erse 0, () (017), ©)
[IpuémHbINl KaHall BEPTUKAIBHOM MO- KO PUIIMEHTOM yCWICHHS TPUEMHOTO
JSPU3AIMN  XapaKTEPU3YETCs COOCTBEH- TpakTa (Knp_B). Hanpsixenue Ha BbIxo1e Ka-
HBIM YPOBHEM IITyMa, BBIPA’KCHHBIM HaIlps- Hajla MOKHO OIMCAThL COOTHOIIIEHHUEM

xeHneM cobctBerHbIX myMoB (Uy, 4 (1)), n

. —> —> 1 . . .
U.s(tR) = Kpy \/ GAnp_B(R) GAnep_F(R)PAnep_r—e"k(rl”z)eJA‘Pnep-reJA‘Pnp-B X

rirp
X Thepr(D0r5 + Uy (D). (7)
[TpuemMHBI KaHal TOPU30HTAIBHON HampspkeHne Ha BbIX0J1e KaHaja Mpej-
MTOJISIPU3AIIANA OITMCHIBACTCS HAMPSIKCHUEM CTaBJICHO aHAJIOTUYHO COOTHOMEHHUTO (7):

cobctBeHHbIX myMoB (U, (1)), koddduru-
entoM ycutenus (Kyp ). [2].

. —> —> 1 . . .
U..(tR) = Knp.r\/GAnp_r(R) GAnep.r(R) PAnep.r — e Jk(r1411) giA@repr g APmpr

I'yry

*Thepr(O0rr + Up (D (8)

KoHcTpyKkTHBHBIE 0COOCHHOCTH MaJio- MPEANOI0KEHHE 000CHOBAHO CIIEAYIOIINM
0a30BBIX MOJSIPU3AIMOHHBIC H3MEPHUTEIh- 00pazoM: pa3Mephl TUCTAHITUN B PEATBHBIX
HBIX CHCTEM MO3BOJISIIOT 00OCHOBATH Clie- YCIIOBUSIX JOCTUTAIOT HECKOJBKUX KHIIO-
TYIOITUE OTpaHUYCHUS U TTPUOIIIKEHUS. METpPOB, TOT/Ia KaK MEXKITO3UIIMOHHAs 0a3a
PaccmotrpuMm  ycioBue — paBeHCTBa COCTaBJISIET BCErO JUIIb JECSITKA METPOB.
JNATbHOCTEN PacHpOCTPAaHEHHSI CHUTHAJIOB N3-3a cTONb 3HAYUTENBHON pa3HULBI yKa-

R~ 21, [5]. PaccrosHue Mexay AByMs 3aHHBIX BEJTUYMH W3MCHECHHS (Da3bl U am-

IUIMTYABI IPUXOJAIIETO CUTHAJIA OKAa3bIBa-
No3UIMsSIMU B CcyliecTBeHHO MEHbIe ca-

. I0TCSI IPEHEOPEKUMO MaAJTBIMH.
mux  guctaniuid  (B<KR).  laHHoe P p
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BnusHne pasHocTM myTEHM Ha BEIH-
YUHY aMIUTUTYJIbl OTPAXEHHOTO CHUTHAJa
CTaHOBHUTCS HECYIIECTBEHHBIM, YTO TO3BO-
JSeT YOPOCTUTH BbIpaXKEHUE JIsl pacyeTa
aMIUTUTYAHOTO MHOXHWTENS. Takum oOpa-
30M, CIIpaBeJIMBO COOTHOIIEHHE [6]:

1 1 1 1
S R R— 9)

_2 z .
R 7 1, 1,
B caywae (a3oBeix MHOXHUTENEH
UMEET MECTO MPUHIUIHAIBHOE OTIIHYHE.

2T

K=
rzae k — BomHoBOE YuCIo; A — JAJTMHA BOJIHBL.
Hauano ¢a3br otHocutensHO ¢azo-
Boro 1eHrpa O (o6muii HaOer ¢a3) BbIpa-

x)aercst popmyoi [7]
Y=2-k-R. (10)

Ucnone3ysa ¢opmyiy Ditniepa, 3KCHo-
HeHLUanbHble MHOXKHUTean e KT1+r2) oo
TyT OBITH IPEOOPA30BAHBI:

exp(—j2kR)=exp(—j¥). (11)

3T0 03HAYAET, 4TO (pa3a CUrHaJIa U3Me-
HSIETCS MPONOPLHUOHATIBHO CYMME PaccTosI-
HUH OT (a30BOTO MEHTPA A0 KaXKIAOH TOUKH
TPACKTOPUH PACIIPOCTPAHEHUS

JInst pacCTOSHMM MOJYyYHUM CIIELYHO-
[[1E€ COOTHOIICHHUS:

L=R-Ar, Ar, =p,;sina,
r,=R+Ar,, Ar,=p,sina.. (12)
CnenoBaTenbHO, MPUHKUMAs BO BHUMA-

HHE, 4TO Py, P, — PAAUYC-BEKTOPHI MOJI0XKE-

HUSl QHTEHH OTHOCHUTEJIBLHO YCIOBHOTO (ha-
3oBoro uenrpa O, cotHomenus (11) npu-
MYT clieyromui Bun [8]:

—k2r, =—k2R + k2p, sina.,
_k(rl + fz) =—k2R —ksin oc(p2 —pl) , (13)

B pesynbraTe 11 aHTEHH 00€UX 1M031-
M Hadaso (asbl A7 OTPAKEHHBIX CUTHA-

JIOB MOJKET OBITh BBIPA’KCHO KaK:

Y _=-k-2pssina, (14)

¥, =-k-sina-(p,-p,), (15)

T'B

¥, =k-sina-(p,-p,),  (16)
Y =k-2p,sina. (17)

B Beipaxkenusix (1-8) mpucyTcTBYyIOT

(azosbie  MHONXHTENH:  AQ,, ., AQ,,.,
A, ., A, OTIPEICIIIONINE HAYAIbHYIO

(ha3y curHajgoB B MepenaroluxX U MpUEM-
HBIX KaHallax cucTeMbl. PaccmoTpenue
3TUX BEJIWYUH BAPbUPYETCS B 3aBUCUMOCTH
OT MCIOJIb3YEMOM CXEMbl CHHXPOHU3ALNU
MEXITY SJIEMEHTAMU CUCTEMBI.

Hanpumep, B citydae ncnosnb3oBaHus
€IMHOTO 33JJaf0IIETO T€HEePaTOpa, TapaHTH-
PYIOLLETO BBICOKYIO CTEIIEHb CUHXPOHMU3A-
UM MEXJY BCEMHU DJIEMEHTAMU CUCTEMBI,
naHHbIe (Da30BbIC PA3IUYMS CTAHOBSITCS HE-
3HAQUYUTEIILHBIMU U MOTYT OBITh HTHOPUPO-
BaHbl. TakoW MOAXOI IMPOKO MPUMEHSIETCS
B COBPEMEHHBIX MU3MEPUTENIBHBIX U PAJAUO-
JIOKAIIMOHHBIX KOMILJICKCAX, TIJIE TOYHOE
yrOpaBiieHue HaudajdbHOU (ha3oi sBIsETCS
KPUTHYECKH BXXHBIM (DAaKTOPOM, MO3BOJISI-
FOLIMM ITOBBICUTBH Ka4€CTBO U TOYHOCTh pe-
THCTpaluy ¥ 00paboTKu CUTHAIIOB [9].

Hcxoasa u3 BBIIICCKA3aHHOTO MOXKHO

BBECTHU 0003HAUECHUS
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2, =Koz B, (R) G (R)Pr (19
20 =Ko B, (R) G, (R P (19)
2 =Ko B, (R) G (R P (20)
Z,, =Ky, HG (R)-Grnene (R) Py (1)
CnenyeT mpUHSATH BO BHUMAaHHUE, YTO GAB — GmaxAB |F, (Q)|2 (23)

IIpUEMHAs U NIepearoIIas aHTCHHbI COBME-
IIEHBI, T. €. Ha 00euX MO3ULIUSIX UCTIOIb3Y-
I0TCS TI0 OJTHOM aHTeHHe. TakuMm oOpaszom,
st K03 GUIMEHTa YCWICHUS aHTCHH

MO>KHO MOJYy4UTh cooTHOIIeHus [10]:

G, =G, =6,

p.T nep.r

G, =G, =G, . (22)

TIp.B mep.B

AHTEHHBI TIEPBOM U BTOPON MO3ULUI
AMEIOT KOMIUIEKCHBIE HOPMHUPOBAHHBIC

JAuarpaMMbl  HAlpaBIEHHOCTH  IEpBOii
F(Q) u F,(Q) coorsercteenno. [lanubie

3HAQYEHHS MOYKHO MOJICTaBUTH B (22), TOrAa

MOJIy4YHM cieayronme cooTHonenus [11]:

G, =Gun R Q)

B stom cityuae cootHomienus (18-21)

PUMYT BU:

z,,=K,,=5\/G% (R)-P,

.l mnp.r R 2

Z, =K, %\/GAr (R)-G, (R)-P,_.. (25)

[IpyHuMas BO BHMMaHHE COOTHOIIIE-
Hus (22-25), HanpsbKEeHUs: Ha BBIXOJIE IIPU-
€MHBIX KaHAJIOB MOXXHO IPEACTaBUTH B
CJIETYIOIIEM BHJIE:

U, (tR)=Z, exp(=]¥,,) T, (t)o,, + U, (1), (26)
U, (LR)=Z,, exp(=]¥,,) T,q (t)0,, +U,., (1), (27)
U, (tR)=Z,, exp(=j¥,,) T, (t)o,. + U, (1), (28)
U, (tR)=Z,, exp(=j¥,,) T.epu ()., + U, (1). (29)

Jns  obecrieyeHuss  MPaBUIBHOTO
(GyHKIMOHUPOBAHUS IMpoIecca Mepesadn
U npuéMa CUTHAJIOB Mano0a30BOM MOJs-

PU3aLMOHHONM HM3MEPUTEIBHON CUCTEMBI

KOMILUIEKCHBIE MHOXHTEIIH, OIpeAeIIso-
mwe ¢GopMy MOIYJIMPOBAHHOTO CHUTHAJIA
[12], mOMmKHBI COOTBETCTBOBATH CIICIYIO-
UM TPeOOBaHMSIM:
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Toaps (1) =T () =T(1),

1 nput=0,

T(t)- T (t-1)= (30)

<<1 mput=0,
T. €. Beipaxenus (26-30) koppekTasl [13]

npu t=0.

Pe3ynbTaTtbl U X 06CyXAeHWe

B pabote mosydeHbl COOTHOIICHHUS
(26-29), ycraHaBiIMBalOIIUE CBS3b MEKIY
HaMpsHKCHUEM Ha BBIXOJIC TPUEMHBIX KaHa-
JIOB Mayio0a30BO#l MOJIIPU3AUOHHON H3-
MEPHUTEIILHOM CHCTEMBI M (PH3HMUECKUMU
IPOIECCaMU, MTPOUCXOASIIMME IPH TIepe-
Jlaye U MpUEME CUTHAJIOB.

1. He3aBHCHMOCTh ~ aMIUIATYJbI  OT
CTPYKTYPbl CHCTEMbI. AMILIUTYAa OTpa-
KEHHBIX CHTHAJIOB MPAKTUYCCKH HE 3aBH-
CHUT OT T€OMETPHUH Pa3MeEIlEeHHUs 3JICMEHTOB
MITUC [14]. D10 00yCIOBICHO 3HAYNTEIb-
HBIM pa3IMdUueM MacIuTaboB: PaCCTOSHHS B
CHCTEME H3MEPSIOTCS KHJIOMETPaMH, B TO
BpeMs Kak 0a3a cucreMbl B orpanuuena

metpamu (BKR). Paznuna mexay mytsamu
IPOXOXKACHHUS BOJIH Ar, U Ar, HE3HAYH-

TeJIbHA OTHOCHUTENBbHO oOmero mytu R,
BCJIE/ICTBHE 4Yero €€ BIUSHUEM Ha aMIUIH-
TYJy MOXHO mpeHeOpeus [ 14].

2. OmnpeniesicHUE SHEPTETHICCKON CO-
CTaBJISIFONICH CUTHANIA. 3HAYUTEIbHAS POJTh
oTBOIUTCS AP (HEKTHBHBIM TTOBEPXHOCTSIM
paccenBaHusi (BEIMYUHBI Oy, Ogr, Opg,
O.r) OOBEKTa Ha pa3IMYHBIX MOJIAPU3A-
USAX, KOTOpbIE XapaKTepU3YIOT B3aHMO-
NEHCTBUE 30HIUPYIONINX CUTHAIOB C 00b-
ekToM. J[aHHBIE TTapaMeTphl UTPAIOT KITIO-
YEBYIO0 POJIb B OMNPEICIICHUH CYyMMAapHOU

SHEPIUU MPUHATOrO curHana [15].

3. ®a3zoBasi XapaKkTEepUCTHUKA CHUTHAa-
n0B. @a3a NPUHIMAEMOTO CUTHANA OTIpeie-
JsieTcsl TeOMEeTpUYeckor KoHuUrypauuei
CHUCTEMBl M TIOJIO)KEHHEM LeJIell OTHOCH-
TEIbHO WCTOYHHKOB u3NydeHus. a3l
TaK)Ke 3aBHCIAT OT yrja HakKJIOHA Jua-
rpaMMBbl HAPaBIEHHOCTH aHTEHH (0l) ¥ OT-
KJIOHEHHEM HampaBJieHUsl NPUXOAA CHI-
Halla OT HOpMaJbHOro mnonoxkeHus. ®azo-
BbI€ CIIBUTH BBI3BaHbI pa3HUIICH MyTeil pac-
NPOCTPaHEHHUsI CHTHANa U BIUSIOT Ha 00-
IIyr0 KapTuHy 00pa®oTkm curHana. Ywc-
JICHHBIC 3HaYEHUS (Pa30BBIX XapaKTEPUCTUK
MIPUHUMAEMBIX CUTHAJIOB OIPEICIISFOTCS BbI-
paxenusimu (14-17) npu ycinoBuu, 4YTO
JUTMHA BOJHBI M3Iy4aeMOro CuTHaia o00-
paTHO TMPOMOPIHOHATBHA CABUTY Hayallb-
HBIX (ha3 IPUHUMAEMBIX CHTHAJIOB [16].

4. TexHMYECKUE XapaKTEePUCTUKH all-
naparypsl U SHEPrusi CUTHAIOB. TexHHuYe-
CKHeE TTOKa3aTeIM 000pyT0BaHMS 00EUX I10-
UMK Masto0a30BOM  MOISPHU3AMOHHOMN
U3MEPUTENILHON CUCTEMbI OKa3bIBAIOT 3HA-
YUTEJIbHOE BIUSHUE HA DHEPTHIO IPUHUMA-
embIx curHanoB [17]. B ¢opmupoBanuu
WTOTOBOTO yPOBHSI SHEPTHH CHUTHAJIHLHOTO
OTKJIMKA HETIOCPEACTBEHHO YYaCTBYIOT KO-
3¢ OUIMEHTH YCUJICHHSI aHTCHH M TIPUEM-
HBIX TPAKTOB, YPOBEHb COOCTBEHHBIX IITy-
MOB IPUEMHBIX YCTPONUCTB U MOUTHOCTb I1€-
penaBaeMbix curaaion [18].

5. O000mEnHasT METOANKA OIpeerie-
Hus (a3. PazpaboranHas MeToIMKa TTO3BO-
JISIET BBIOPATh MPOU3BOJILHYIO TOYKY B Ka-
YeCTBE IIEHTpa KOOPAUHAT MaJioi 6a3bl mo-
JSPU3ALAOHHON U3MEPUTEIBHOW CUCTEMBI
[19]. Dra TouKa MOKET HAXOAUTHCS BHYTPH

30HBI TMOKPBITUA 0a3bl B, BKIOuUas naxe

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCIIUTENBHASA TEXHUKA, MHPopMaTrKa. MeanumHckoe npubopoctpoerme. 2025;15(3):79-92



MyxuH U. E., Monos A. H., XmeneBckas A. B. n ap. OcobeHHOCTM NpeacTaBeEHUs CUrHanoB B Mano6asoBon ... 87

MOJIOKEHHE ILIEHTPOB AHTEHH OTIEIIBHBIX BbiBoAb!

no3unuil. ITonoOHBI Moaxon pacmupser B Hay4HOii cTaTbe MPEUIoKEHa METO-
rMOKOCTh CUCTEMBI U YJIydlIaeT TOYHOCTh muKa pacuera (a3 hasoBOro LEHTpa Majo-
BBIYHCIICHHS  (Da30BBIX  XapaKTEPHCTHK, 0a30BOM MOJIAPU3ALMOHHON U3MEPUTEIIBHON
obecriednBas YHUBEPCAIBHOCTE METOJa CUCTEMBI, KOTOpas TMO3BOJISET OCYIIECTB-
HE3aBHCUMO OT KOHKPETHOW (pu3ndeckoil JNATh BHYTPEHHIOIO 3371auy TEOPHH aHTEH-
peanu3aly aHTeHH U B3aMMHOTI'0 Pacojo- HBIX CUCTEM.

JKCHHUSI KOMIIOHEHTOB cucteMbl [20].
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Pe3stome

Lenb uccnedoeaHull — hopmuposaHue Habopa daHHbIX OepMamoCKONMUYeCKUX uzobpaxeHull, codepxkaujux 8bICo-
KOKa4eCcmeeHHYH pasMemky KIUHUYECKU 3Ha4YUMbIX PU3HAK08 KOXHbIX HO8006pa308aHUli homomurios KOXu Hace-
neHusi Poccuu, npedHa3Ha4yeHHO20 01151 paHHel OuasHOCMUKU U 8bISIBIIEHUS 3/10Ka4€CMBEHHbIX KOXHbIX HO800bpa-
308aHull. opmuposaHue u eHedpeHuUe Habopos BepMamocCKONUYEeCKUX u3obpaxeHul 8 aemomMamu3upo8aHHbIe CU-
cmembi U 1odxo0bl paHHe20 0OHapyXeHUs1 3/10Ka4eCmBeHHbIX HO8006pa3o8aHUll KOXU Mpu nposedeHuUU MeduyuH-
cKux obcriedosaHull NayueHmMos 8/50mcest akmyarbHbIMU HarpasneHuUsiMu uccredosaHud.

Memo0dh.. [NpedroxeH nodxo0 Kk ghopmuposaHuto Habopa 0epMamoCKONUYECKUX U306paXeHUl C 8bICOKOU 8bICOKOKaYe-
cmeeHHoU pa3mMemkKoll KIMUHUYECKU 3Ha4YuUMbIX rpusHakos. OcHosy cghopmuposaHHo20 Habopa OaHHbIX cocmassnsiiom
depmamocKonuyeckue U30bpaxkeHUsi KOXHbIX HO800bpasosaHuli ¢ nodmeepx0eHHbIMU QuazHo3aMu, 8 MOM Hucsie C
rpUMEeHeHUEeM KITUHUYEeCKUX Memo0o8 uccriedosaHusi, coalacHo cyuwecmsytoweli Ho30102uu nayueHmos depmamose-
Heporoau4yeckoeo npoghusisi HaceneHusi Poccutickol ®edepayuu epadyamu depmamoriozamu U oHkonozamu. Omnu4u-
merbHol ocobeHHoCcMbH paspabomaHHO20 Habopa OaHHbLIX MOMUMO MPUHaONeXXHOCMU K ¢(hOmomurly KOXU HacerneHusi
Poccuu omHocumcsi 8bICOKOKauYeCmeeHHas! pa3Memia KIuHUYeCKU 3Ha4UMBbIX MPU3HaKo8, o3eonsowas MpUMeHsims
paspabomaHHbIli Habop 8 Memodax u anzopummax MawUuHHO20 0by4YeHUs U pacrio3HagaHusi obpa3os.

Pe3ynbmamsi. CchopmuposarHbili Habop depmamockonuyecKkux usobpaxeHuli cooepxxum 657 0epMamocKonu4yeckux
u3obpaxeHul, cornpoeoxoaemMbiX paclUupPeHHbIMU MemadaHHbIMU U ripedeapumeribHbIMU KITUHUYECKUMU 3aKITlOYeHU-
MU, MenaHoyumapHbIX (MefnaHoMma u Heeyc) U He MenaHoyumapHbIX (10CKOKIemoyYHbIl pak, depmamocghubpoma, co-
cyducmeble ropaxkeHusl, kKepamo3s u dp.) Hogoobpa3sosaHull. B ocHogy GaHHO20 Habopa 3a/0xeHO pacrpedesieHUe Kak
10 803pacmHOMy Kpumepuro, mak U o rnpuHadniexxHocmu U cucmeMHoCmu medeHusi 601e3HU y nayueHmos.
3aknrodeHue. Npakmuyeckas HarpasneHHOCmb cchopMupo8aHHO20 Habopa depMamocKonu4YecKUx u3obpaxeHuli ¢
8bICOKOKa4YecmeeHHoU paamemkol KIMUHUYECKU 3Ha4yuMbIX MPU3HaKoe 0380/1sem NpuMeHsimb CGhOpMUPOBaHHbIE
u3obpaxeHus Kak 8 cucmemax rnoddepxKu NpUHAMUS peweHuUl epadel rpu ocyuwecmeneHuu MeduyuHCKoU npak-
MUKU, MakK u 8 cucmemax, OCHOBaHHbIX Ha NPUMeHeHUU Memod08 U anzopummos MaluHHO20 0by4eHus 0711 paHHeU
OQuasHOCMU 3/10Ka4eCmeeHHbIX HOB00bpa308aHUL KOXU.

Knroueenie cnosa: Habop OaHHbIX; OepMamoCKOnuU4yecKue U300paeHusi; KOXHble HO800b6pa30eaHusi; MalWlUHHOEe
obyyeHue; pacrosHasaHue 06pa3os.
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Abstract

The purpose of the research is to develop a dermatoscopic images containing high-quality labeling of clinically sig-
nificant signs of skin neoplasms of the Russian population skin phototypes, intended for early diagnostics and detection
of malignant skin neoplasms. The formation and implementation of sets of dermatoscopic images in automated systems
and approaches to the early malignant skin neoplasms detection during medical examinations of patients is a relevant
research area.

Methods. An approach to the formation of a dermatoscopic images data set with high-quality labeling of clinically
significant features is proposed. The basis of the formed data set is dermatoscopic skin neoplasmsimages with con-
firmed diagnoses, including using clinical research methods, according to the existing nosology of the dermatovenere-
ological profile patients of the Russian Federation population by dermatologists and oncologists. A distinctive feature
of the developed data set, in addition to belonging to the skin phototype of the Russian population, is the high-quality
labeling of clinically significant features, which allows the developed set to be used in methods and algorithms of ma-
chine learning and pattern recognition.

Results. The generated data set of dermatoscopic images contains 657 dermatoscopic images, accompanied by ex-
tended metadata and preliminary clinical conclusions, of melanocytic (melanoma and nevus) and non-melanocytic
(squamous cell carcinoma, dermatofibroma, vascular lesions, keratosis, etc.) neoplasms. This data set is based on the
distribution both by age criterion and by the affiliation and course systemic nature of the disease in patients.
Conclusion. The practical focus of the developed dermatoscopic images data set with high-quality marking of clinically
significant features allows the use of the generated images both in decision support systems for doctors in medical
practice and in systems based on the machine learning methods and algorithms usage for the early malignant skin
neoplasms diagnosis.

Keywords: dataset; dermatoscopy images; skin lesions; machine learning; pattern recognition.
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BBepeHune

MenanonuTapHble HOBOOOpa3oBaHUs
KO, BKJIOUasi MEJIaHOMY, MPEJCTaBISAIOT
co0oli 3HAYUTENBHYIO MPOOJIEMy B COBpE-
MEHHOW OHKOJIOTUHM. MellaHoMa, HECMOTPS
Ha CPaBHUTEIBHO HU3KYIO PACPOCTPAHEH-
HOCTb CpE€I 3JI0KQYECTBEHHBIX OIMyXOJIeh
KOXKH, XapaKTepu3yeTcsl BBICOKOM arpec-
CHUBHOCTBIO M 3HAYUTEIbHBIM BKJIAJOM B
OOIIYI0 CMEPTHOCTh OT OHKOJIOTHYECKHX
3a0oseBaHuid. PaHHASI qUAarHOCTUKA HOBO-
00pa3oBaHMil TAHHOTO THIIA SIBJISICTCS KITFO-
YEeBBIM (PAaKTOPOM, OTIPEIESIIAIONINM YCIICIII-
HOCTh JICYCHUS W OOIIYIO0 TPOIOJDKUATEIh-
HOCTb JKM3HU TTAIIHCHTOB.

CrartucTruueckue JaHHBbIE CBHUIETEIb-
CTBYIOT O HEYKIIOHHOM pocTe 3a0oJieBae-
MOCTH MeJlaHOMOM kak B Poccum, Tak u B
mupe. B Poccuiickont ®enepanuu 3a mne-
puon ¢ 2001 mo 2021 rr. pacupocTpaHeH-
HOCTb MesaHOMBbI Ha 100 Thica4 HaceneHus
yBenmumwiack B 1,5 pasza [1]. CormacHo
opuUIIMaTBLHBEIM JTaHHBIM MMHHCTEPCTBA
3apaBooxpaneHusi Poccuiickori dDexnepa-
uuu (Munzapas Poccun), 3aboneBaemMocTb
MEJIaHOMOM KOXXH B CTpaHE JIEMOHCTPH-
pyeT TeHaeHuo K pocry. B 2021 r. orme-
YEHO YBEJIMYEHUE YHClia CIy4yaeB Meja-
HOMBbI KOk Ha 11,5% mo cpaBHeHHIO C
2020 r. [2]. IIpu sTom B 2022 1. B Poccun
ObT0  3aperucTpupoBaHo 11923 HOBBIX
cilyyasi MelaHOMBbl, 4To coctaBisieT 14,8%
OT BCEX 3JI0OKauYe€CTBEHHBIX HOBOOOpa30Ba-
HUI KOXH [3].

Oc0o0CHHO TPEBOXKHBIM SIBJISIETCSI TOT
(akT, 4TO, HECMOTPS HAa YCUJIUsS IO PaH-
HEMY BBISIBJICHUIO, 3HAUWTEIbHAS YacTh
CIIy4aeB HUarHOCTUPYETCS Ha TIO3JIHUX
CTaIuAX, YTO CYHIECTBEHHO YXY/IIaeT

nporio3 ans  namueHtoB. C 2018 mo
2022 rr. omHoroguuHas JI€TaJIbHOCTH IIa-
[IMEHTOB CO 3JI0KAY€CTBEHHBIMU HOBOOOPa-
30BaHUSAMU cHU3MIAch ¢ 22,2% no 19,2%.
[Tpu 3TOM [0 NALMEHTOB, COCTOSALINX Ha
yuere 5 jet u 6osee, yBeauuuiacs ¢ 54,4%
10 58%, a BbISBIEHHE 3J10KAYECTBEHHBIX
HOBoOOpaszoBanuii Ha [-II cragmsx BO3-
pocio ¢ 56,4% 1o 59,3% [4].

B ycrnoBusix pacrymieit 3aboneBaeMo-
CTH ¥ 3HAYUTEIbHON CMEPTHOCTH OT MeJa-
HOMBI 0CO00€ BHUMAaHHUE CIIEyeT yACNATh
COBEPLICHCTBOBAHUIO METOJIOB paHHEH U-
arHocTHKU. JlepmMaTtockonus 3apeKoMeH10-
Bajsia ce0s Kak 2(P(HEeKTUBHBIA UHCTPYMEHT
JUISI BBISIBJIEHUSI METAaHOLUTAPHBIX HOBOOO-
pa3oBaHMil HA paHHUX cTagusx [S]. OgHako
TOYHOCTHh UAarHOCTUKH BO MHOTOM 3aBH-
CHUT OT ONBITAa U KBATH(PUKALINHN CIICIIAAITH-
cta [6]. B aT0#i cBs13u pazpaboTka aBTOMa-
TU3UPOBAHHBIX CUCTEM aHallu3a JepMaro-
CKOIIMYECKUX HM300pa’keHUN, OCHOBAHHBIX
Ha aJropuTMax MAaIIMHHOTO OOy4YeHus,
CTAaHOBHUTCS aKTyaJbHOM 3ajaueil coBpe-
MEHHOU MEIUITNHEI.

[nsa peanmzanuy yka3aHHOM 3a1a4dd
MOTYT OBITh UCIIOJIE30BAHBI METOIBI ME/IH-
LUHCKON MH(POPMATUKHU, OTYUUBIIUE 1IN~
POKOE€ pacmnpoCTpaHEHUE M IO3BOJISIOIINE
OCYUIIECTBUTh MHTETPALIUIO HHPOPMAIIUOH-
HBIX TEXHOJIOTUH, TEXHOJOTUH HCKYC-
CTBEHHOTO MHTEJIIEKTAa ¥ METOJIOB aHAITN3a
JAHHBIX B MEIWUIHUHCKYIO TpPakTuky |[7].
Tax anropuTmsl riry00OKOro oOy4yeHHs ak-
TUBHO TMPHUMEHSIOTCS JUIsl aHAIU3a MeEIu-
nuHckux u3obpaxenuit (MPT, KT, pent-
IeH U JIp.), YTO MO3BOJIIET OCYIIECTBISATH
paHHee BBISBJICHUE MATOJOTUM JIETKUX,
cepiia, TOJOBHOrO Mo3ra HT. 1. [8].
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[IpuMeHeHne yKa3aHHbIX TEXHOJOT U B OH-
KOJIOTUYECKOU MPAKTUKE MOKET MO3BOJIUTH
C BBICOKOM TOYHOCTBIO BBISBIISITH PAHHHUE
CTaJIMM paKa, aHAJIM3HUPYSI OTPOMHBIE 00b-
€Mbl MEIWIIMHCKHX JaHHBIX, BKIIFOYAs
U300paXXeHusi, TEHETUYEeCKyr0 HWH(pOpMa-
uuio U aHamie3 namuenta [9]. IIpu stom
CUCTEMbI, OOyYeHHBbIC Ha OOJBIINX Ha0O-
pax JaHHBIX, CIOCOOHBI KaK Paclio3HaBaTh
OIyXOJIEBbIE 00pa30BaHMs Ha HM300paxke-
HUSX, TaK ¥ IPOTHO3UPOBATh UX Pa3BUTHE,
YTO 3HAYMUTEIHHO YJydllaeT IUIaHUPOBa-
HUE JICYCHUS M TEPCOHAIM3AIUI0 MEIH-
HUHCKOW nmomortnu [10].

KiroueBbIM 271EMEHTOM B CO3JJaHUHN Ta-
KHX CHCTEM SIBIISIETCS HalIMuuMe HaOOpOB
JAHHBIX, XapaKTEPU3YIOUIUXCS TOYHOU pas3-
METKOH U BbIICJICHUEM KIMHUYECKU 3HAUU-
MBIX TPU3HAKOB, YUYUTHIBAOIIMX OCOOCHHO-
CTH (POTOTUTIOB KOXH, TTO3BOJISTIOIINX C BbI-
COKOM JOJIE BEPOATHOCTH IPABUIIBHO
UACHTU(UIIIPOBATH 3JI0KaY€CTBEHHBIC HO-
BooOpa3oBanusi. CymiecTByromue  0a3bl
JAHHBIX HMEIOT JIOCTATOYHO  OOJBINOMN
00BbeM n300pakeHH 1 IeTaIbHYI0 METauH-
¢dopmarlrio, Ho XapaKkTepU3yIOTCsl HEIOCTa-
TOYHO JIETAIEHBIM OMMCAaHUEM KIIMHUYECKH
3HaYMMBbIC PU3HAKOB, OCHOBAaHHBIX Ha OCO-
O0eHHOCTAX (oTOTUNOB KOXXU. Hanmuue yka-
3aHHBIX OTPaHUYEHUI MO3BOJSET CHOPMU-
pOBaTh LIETH MPOBOJAUMOIO MCCIIEIOBAHUS,
COCTOSIIIIYIO B pa3pabOTKu Habopa JepMaTo-
CKOMMYECKUX M300paKeHU ¢ BHICOKOKaye-
CTBEHHOM Pa3METKOM, YUYUTHIBAIOLIUX OCO-
OCHHOCTH (DOTOTHUIIOB KOXKM HACEJICHUS
Poccumn, HampaBiIeHHOTO Ha TIOBBIIICHHE
TOYHOCTH OOHAPYKCHHS METaHOIIUTAPHBIX
HOBOOOPA30BaHUI B TPOIECCE MTPOBEICHUS

JIMAarHOCTHKYA HOBOOOpA30BaHUH.

MaTepuan bl U MeéTOAbI

B nacrosimee Bpems B mporecce aua-
THOCTHKH OHKOJIOTHYECKUX HOBOOOpPa30Ba-
HUM I[IUPOKOE TMPUMEHEHUE TOIYy4HIIH
CTPYKTYpPHUPOBaHHBIE HAOOPbI JaHHBIX, CO-
JepKalluX TPU3HAKOBOE MPOCTPAHCTBO
KOXHBIX HOBOOOpa3zoBanuil. K ykazaHHbIM
HaboOpaM JIEpMaTOCKOITMYECKUX U300pake-
HHUU OTHOCSITCS:

—nabop manabix I[SIC (International
Skin Imaging Collaboration): 1SIC-2016,
ISIC-2017, ISIC-2018, ISIC-2019 u ISIC-
2020 [11];

— nabop manaeix HAM10000 (Human
Against Machine with 10000 training im-
ages);

— Habop manHbIx PH2;

— Habop nanubix [AD;

— Habop nanubiX IRMA;

— Habop nanHbix Dermaquest.

Ha6op nanubix ISIC cogepxxutr 6omnee
23000 m300pakeHHid Pa3MMIHBIX KOXKHBIX
HOBOOOpPA30BaHMIA, BKJIIOYAsi HEBYCHI, Me-
JJAaHOMBI, ce0OpelHBIe KepaTo3bl, Oa3aib-
HOKJICTOYHBIE KapIIMHOMBI (0a3aaroMBl),
AKTUHUYECKUE Keparo3bl, JAepMaTo(uo-
POMBI U JApYyTrHU€ MUIMEHTHbIE MOPaKEHUS
[12]. Tak na6op ISIC-16 cocrout u3z 1279
nzoopaxkenuit (900 nnst oOydenust u 379
JUTSE TECTUPOBAHMSI METOJJaMU MAITMHHOTO
00ydYeHHsT) HEBYCOB M MEJIAaHOM C pa3periie-
HUEM OT 556x679 no 2848%x4828 nukcenen
JUTSL OCYIIECTBIICHUSI OMHAPHOU Kiaccu(u-
KaIli¥ WM CETMEHTAIMN KOXXHBIX HOBOOO-
pa3oBaHUi.

Ha6op ISIC-17 conepxur 2750 u300-
paxeHui ¢ paspeueHueM oT 453%679 no
4499x6748 mnukceneu ClenyOIHUX KOXK-
HBIX HOBOOOpa3oBaHuii: HeBycC (1372 u300-
pakeHust yTsl 00ydeHUs, 78 — BaIUJAIIIHU U
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393 — tectupoBaHus), ceOOpEHUHBIN Kepa-
T03 (254 — oOyuenue, 42 — Bamuaanus U
90 — tectupoBanue) u menanoma (374 —
ob0yuenue, 30 — Banumarus u 117 — tectu-
posanue) [13].

Habop uzoOpaxenuii ISIC-18 cdop-
MUpoBaH u3 Habopa ganHsix HAM10000 u
conepxut 10015 nzobpaxenuii c pazpenie-
Huem 450x600 nukcenen uisl peaau3aiun
MHOTOKJIACCOBOH KJlaccu(UKALUU HA CEMb
KJIacCOB: HEeBYCHI (6705 nzo0pakeHwuii), ce-
6opeitabie kepaTo3bl (1099 nzobpaxenwii),
0a3aIbHOKIIETOYHBIE  KapuuHOMBI (514
n300pakeHUH), aKTHHHYECKHE KEepaTo3bl
(327 wuzoOpaxenuit), aepmMaroGpuOpPOMBI
(115 uzoOpaxeHuit), COCyTUCThIE MOPaXKe-
HUs KoxH (142 n3o0pakeHus) 1 MeTaHOMBbI
(1113 uzob6paxenuii). Kpome Toro, B Habop
BxoaaT 12500 n3o0paxkeHn 11 peanu3a-
MU OMHAPHOW CErMEHTAIlMH HOBOOOpPa30-
BaHwMil [14].

B otmmuue ot ISIC-18 mabop ISIC-19
JOTIONTHEH €IIe€ OJHUM KIJIACCOM KOXKHBIX
HOBOOOpPA30BaHUNW — IUIOCKOKJIETOYHOU
kapuuHoMmoi. [Ipu 3ToM 00bEM BBIOOpPKH
yBEJIMYEH IPAKTUYECKH B /IBa pa3a 1o CpaB-
HeHuto c¢ ISIC-18 u cocraBusier 24765
n3o0pakeHu#t ¢ paspemenuem ot 600x450
mo 1024x1024 nukceneit, OCHOBaHHEIX Ha
M300paKEHUSX U3 TAKUX HAOOPOB JAHHBIX,
kak HAM10000, BCN2000 u ap. HaGop
ISIC-19 cocrout u3 crneayroomux u3obpa-
xeHuil: HeBychol (12875), cebopeiinbie ke-
paTo3bl (2624), 6a3anbHOKJIETOUHBIE Kap-
UMHOMBI (3323), akTMHMYECKUE KEepaTO3bl
(867), mepmarodudbpomsr (239), cocymu-
CThI€ MOpaXeHUs: Kok (253), MenaHOMBbI
(4522) ¥ TMIIOCKOKJIETOYHBIE KapIUHOMBI
(62).

ISIC-20 conmepkuT HAaMOOBIIEE KOJIH-
YecTBO HU300pakeHHsi M3 Bcex HaOOpOB

ISIC, cocrapnsromee 33090 nepmartocko-
NUYECKUX H300paKeHUH C pas3pelIieHrueM
1024x1024 nwukceneir. CTOUT OTMETHUTD,
YTO YyKa3aHHBIA HaA0Op BKIIOYAET [Ba
Kjacca u300paxeHuil: HeBycohl (32542
n300paxxeHus) U menansl (548 m3o00paxke-
HUM).

OTnuuuTeNnbHON 0COOEHHOCTHIO BCEX
HabopoB ISIC sBasercs TO, 4TO Kaxka0e
n300pakeHHe COIMPOBOXKIAETCA MOAPOO-
HOW pa3METKOW KIMHUYECKH 3HAYUMBIX
MPU3HAKOB, TaKUX KaK aCUMMETpHs, Ipa-
HUIIBI, IBETOBBIC BApUAIIUU U I€PMATOCKO-
MUYECKUE CTPYKTYPHI, YTO TO3BOJSET HC-
MOJIb30BaTh YKa3aHHBIN HA0Op B mpolecce
NPOBEACHUS JUATHOCTUKU HOBOOOpPa30Ba-
HUI METOJJaMH MallIMHHOTO 00Yy4eHUsI.

Ha6op nannsix HAM10000 Bxitouaet
10 015 nmepmaTockomuyecKux u3o0pake-
HUH, OXBAaTHIBAIOIINX CEMb KIIACCOB KOXK-
HBIX HOBOOOpa3oBaHuii [15]:

1) menanoma: 1113 uzo6paskeHwmit;

2) HeByc: 6705 nzo0pakeHui;

3) Oa3abHOKJICTOYHAS ~ KapIMHOMA!
514 uzoOpaxkeHuit;

4) akTMHUYECKUI Kepato3: 327 u300-
PaXECHUI;

5) cebopeitnblii kepato3: 1099 uzoopa-
JKCHHMH;

6) nepmatodudpoma: 115 nzobpaxke-
HUU;

7) cocynucteie mopaxkenus: 142 n3o0-
pakeHHUs.

Kaxxnoe m3zobpaxeHne cHaOKeHO Me-
TaJaHHBIMH, COJIEPKANTUMHU WH(HOPMAIIHIO
0 JTMarHO3€, JIOKAJIN3AINHA U KIIMHUIECKUX
npu3HaKax. YKa3aHHBIM HaOop m300pake-
HUH SIBISICTCS 0a30BBIM, BKIIFOUEHHBIM BO
MHOTHE Ha0OpPBI IEPMOCKOITUYECKUX U300-
paXeHUM, ¥ IHUPOKO IPUMEHSEMbIM B IPO-

necce  OOy4yeHMS] M TECTHUPOBaHUS
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AITOPUTMOB KJIacCU(DUKAIIMH METOJIOB Ma-
IIMHHOTO OOy4YeHMsI MpHU pEelIeHUU 3a]ad
0OHapyXeHUsI KOKHBIX HOBOOOpa3OBaHUI
B TIpPOIIECCE IEPMATOJIOTHISCKUX HCCIIEIO0-
BaHUHU.

PH2 Database coxepxut 200 nepma-
TOCKOITMYECKNX H300paKEHUH MEJIaHOIIH-
TapHBIX TOPAKEHUH C  pa3pelieHrueM
768x560 nukcenel, u3 KoTopsix 80 — m00-
pOKayeCTBEHHbIE HEBYCHI, 80 — aTUMHUYHbIE
HeBychl U 40 — menanomsbl [16]. Kaxnoe
n300pakeHre u3 Habopa CONMPOBOXKIACTCS
ADKCHEPTHOM Pa3METKOW, BKIIOYAIOLIEH
UICHTU(DUKAITAIO TPAHUI] TOPAKCHHUSI, IIBE-
TOBBIX W TEKCTYPHBIX XapaKTEPUCTHK, a
TaK)Ke JIUArHOCTUYECKUX IPU3HAKOB, Ta-
KMX KaK HaJIMYHUE CETKH, TJIO0YJI U TOMO-
reHHbIX obnacreid. Kaxxaplii U3 mpenacras-
JICHHBIX MapaMeTpPOB OIEHEH JKCIepTamMu
JIepMaTOJIOTaMHU.

PaccmotpenHbie HaOOpHI JaHHBIX JEp-
MAaTOCKOITMYECKNX HW300paKCHUH  SIBJIS-
I0TCS CBOOOAHO PACIpPOCTPAHSIEMBIMH U
MIPEJICTABICHBI B OTKPBITOM JOCTYTIE, YTO
MO3BOJISIET  HUCIIOJIB30BaTh  yKa3aHHBIE
Ha0Opbl HE TOJBKO BO BpaueOHOM mMpak-
THKE, HO U B TIpoiiecce 00yUYeHUs ajJropuT-
MOB KJacCU(UKAIIMU U MOJEJIeH MalluH-
HOTO O0yUYEHUS JJIs1 PAaCIIO3HABAHUS 3JI0KA-
YECTBEHHBIX KOXKHBIX HOBOOOpa30BaHHI.
Hapsiny ¢ paccMoTpeHHBIMA HAOOpHI JaH-
HBIX BO BpadyeOHOW NpaKTUKE MPHUMCHS-
I0TCSI CIIEAYIONINE HAOOPhI IEPMATOCKOIH-
yeckux u3zoOpaxkenuit: 1AD, IRMA,
Dermaquest, Dermofit Image Library u
DERM12345, xotopbsie HE TOCTYIHBI Jid
00IIIero IoJIb30BaHUs, YTO HE IO3BOJISCT
WCIIONIb30BaTh WX B MpoIEcce OOHapyxKe-
HUS KOKHBIX HOBOOOpa30BaHUI METO/IaMU

MaIIMHHOTO O0YYEHUS.

Ha6op nmanubpix IAD conepxut 100
n300paxkeHuil, u3 Koropsix 70 mzo0Opaxe-
Huil HeBycoB M 30 MenaHOM, C paspellie-
Huem 700x447 nukcened B I1BETOBOM
cxeme RGB 0e3 cooTBeTCTBYIOIUX MAaCOK
cermenTtanuu. OHAKO MO OTACIBHOMY 3a-
npocy paspaboTunkaMu Habopa JaHHBIX
TaKW€ MACKH MOTYT OBbITh MPEJOCTaBIECHBI
TOJIBKO JJIs1 TPOBEJICHUS UCCIIEIOBAaHUM.

Tak xe, kak U Habop nanHbix [AD,
Habop nanubix IRMA nocTymneH ToabKo Mo
CIIeqUAIIBHOMY 3arpocy Kk PenHcko-Bect-
(hanbCKOM TEXHUYECKOMY YHUBEPCUTETY
Axena. OH conepxxut 747 nepMaTOCKOIH-
YeCKUX M300paXeHU ¢ paspelieHueM
512x512 nukceneit, u3z kKoTopsix 187 n3006-
pa’keHUI OTHOCATCA K MeJlaHOMam, a 560 —
k HeBycam. Habop mannbix Dermaquest
[17] xapakTepuzyetcs HanmuueM 137 u300-
paxeHui, 76 U3 KOTOPBIX SBJISAIOTCS MeJa-
HOMamu U 61 — HeBycaMu.

Dermofit Image Library comepxur
1300 BBICOKOKAYECTBEHHBIX M300pa’KeHUM
Pa3IMYHBIX KOXHBIX 3a00JeBaHUM, BKIIO-
yas: MenaHoMbl (76 u300paxkeHui),
HeBycbl (331 wu3o0pakeHue), KepaTosbl
(302 m300pakeHwms1), 0a3aTbHOKICTOYHBIC
KapuuHOMBI (239 n300pakeHuit), AepMaro-
¢ubpomsr (65 N300paKeHHIT), COCYTUCTHIC
nmopaxxeHus: Koxu (199 wmzoOpaxenuit) u
IUIOCKOKJIETOUHBIN pak (88 m3o00paxeHuii)
[18]. Kaxmoe nzo0pakeHHEe COMPOBOXKIA-
€TCsl HOJIPOOHBIM OIMCAHUEM U Pa3METKON
KJIMHUYECKH 3HAYUMBIX MPHU3HAKOB, OCY-
IICCTBIICHHBIMHU BpadyaMu-AepMaTOIOTaMHU.

DERM12345 — nabop maHHBIX aAepMa-
TOCKOTIMYECKUX HM300paKeHH, CcoepKa-
nmii 12345 u3o0pakeHni KOXKHBIX HOBO-
o0Opa3oBaHUil (POTOTHIOB KOXHU KHUTENEH
MepexoIHOM 30HbI EBpomnbl U A3um, npe-
UMyliecTBeHHO kuteneil Typruum [19].
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Ha6op DERM12345 cocrout u3 5 cynepk-
naccoB, 15 ocHoBHBIX KiaccoB U 40 moa-
KJIACCOB M300pa)KEHUHN C BBICOKHM pas3pe-
menneM (10 3840x2160 nmukceneil) u sKc-
MEPTHBIMU aHHOTAIMSIMHE, BKJIFOUAs KJIACCHI
HOBOOOPA30BAHMIA:

1) MenaHoUTAapHBIEC T00POKAYECTBEH-
Heie: 10043 nzobpakeHus;

2) MEJTaHOLUTAPHBIC  3JI0KAYECTBEH-
Hbie (MenanoMa): 400 n300pakeHui;

3) HeMenaHOIMTapHBIE  J0OpOKade-
CTBEHHBIE (Keparo3, nepmarodudpoma, co-

cymucThie mopaxenws): 1077 u300pakeHHi;

4) HeMenaHOIUTAPHBIC HEOIpe/IeIICH-
Hble (aKTUHHUYECKHI KepaTo3): 58 m3o0pa-
JKCHUMH;

5) HemenaHOIMTapHBIC 3JI0KAYECTBEH-
Heie (capkoma Kamomm, 6one3an boysna u
[Temxera MOJIOUHOM Kene3bl, Oa3aabHO-
KJIETOYHBIH M IUIOCKOKJIETOYHBIM pak u
Ip.): 767 nzo0paxeHui.

Pacnpenenenue n3obpaxeHuil B mpea-
CTaBIICHHBIX Habopax JepMaTOCKOIMUYe-
CKUX H300paKEHUH TPUBEACHO HUXKE

(tabm. 1).

Ta6nuua 1. PacnpegeneHune nsobpaxxeHni no TMnam KoXxHbIX HOBOOOpa3oBaHui B Habopax AaHHbIX

OepMaTOCKOMNMYECKMX N300paXeHuUi

Table 1. Image distribution by skin lesion types in dermatoscopic image data sets

Kon-Bo Cebopeii-| bazanbHo- |AKTHHE- Hlep- Cocynu- ([Tnocko-
Habop . .| maro- Meina-
AHHBIX 1/13o6p2v1— HeByc | HbIii | KiIeTOYHAs | YECKUUH uG- CTBIE TIO- KJICVTOII— HoMa
Dataset | FCHHH Nev | keparo3 | KapIIMHOMa | KEpaTo3 poMa paeHus |HBlfi pak| -\, |
Images SK BCC AK DF VL SC

ISIC-16 | 1279 727 — — — — — - 173
ISIC-17 | 2750 1843 386 — — — — — 521
ISIC-18 | 10015 | 6705 1099 514 327 115 142 - 1113
ISIC-19 | 24765 | 12875 | 2624 3323 867 239 253 62 4522
ISIC-20 | 33090 | 32542 - — — — — — 548

HAM

10000 10015 | 6705 1099 514 327 115 142 - 1113

PH2 200 160 - — — — — — 40

IAD 100 70 - - - - - - 30

IRMA 747 560 - - - - - - 187
qulj;“s‘:" 137 | 61 - - - - - ~ | 76
Dermofi
tImage | 1300 331 257 239 45 65 199 88 76
Library

DERM

12345 12345 | 8278 607 423 58 184 282 303 400
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[IpoBeneHHbIil aHanu3 HAOOPOB /IaH-
HBIX JI€PMATOCKONMYECKUX H300pakeHU
MO3BOJIET CIEeNaTh BBIBOJ O HAJIWYHUE JO-
cTaTouHo OonplIOoro obbema u300pake-
HUH, COAEpXKAIIUX 3JI0KAYECTBEHHBIE HO-
BOOOpa30BaHMs KOXH, pa3pabOTaHHBIX C
y4eToM crnenupukd u TpeOOBaHUN METO-
JIOB U QJIFOPUTMOB MAITUHHOTO OOy4EHHS,
a Takke (OTOTUIIOB KOXU Pa3THUYHBIX
CTpaH ¥ 3THUYECKUX Ipyni. B To xke Bpems
CYILIECTBEHHBIM HETOCTATKOM PACCMOTPEH-
HBIX HA0OPOB SABISETCS TO, YTO B MPOLIECCE
X (HOpMHUPOBAHUS HE YUUTHIBAIOTCS OCO-
OcHHOCTH (DOTOTHUIIOB KOXKH HACCIICHHS
Poccun, 4to, B CBOIO Oouepenb, HE MO3BO-
JISIET UCTIOJIB30BaTh JaHHBIE HAOOPHI B TIPO-
LIECCE IMarHOCTUKHU MEJAaHOLMTAPHBIX HO-
BoOOpa3oBaHUl Ha Tepputopuu Poccuii-
ckoit denepanuu.

Jnst popmupoBanus Habopa AaHHBIX
JEPMATOCKOTTMYECKIX M300paKEHU C BbI-
COKOKAQYECTBEHHOM pPa3METKOW KJIWHHYE-
CKA 3HAYUMBIX TPU3HAKOB, YYHUTHIBAIO-
IETO 0COOCHHOCTH (DOTOTHUIIOB KOXKH Hace-
nenus Poccuu (I-1V ¢portoTuns: mo kmaccu-
¢ukannu dOunnarpuka), peaau30BaHbl ciie-
JYIOIINE HTarbl:

1) nony4yenue  WHGOPMUPOBAHHOTO
corjacHs y naludeHTOB JE€PMAaTOBEHEPOIIO-
rU4ecKoro mpoduis Ha WCCIeIOBaHHE
KOXHBIX HOBOOOpa30BaHUM;

2) 1epMaTOCKOIUsl TMOPAKCHHBIX 00-
JacTed  KOXH  BPaduoM-IepMaTOJIOTOM
W/WIM OHKOJIOTOM C LENbI0 IOCTaHOBKHU
NEPBUYHOTO JAMArHO3a;

3) co3aHue CHUMKA BBICOKOW YETKO-
CTH HOBOOOpa30BaHUA U cOOp METaJaHHbIX,
coJiepIKaInX 00e3TMIECHHYI0 HHPOPMAITUIO

1 O nepconanbHEIX JaHHBIX: DenepalbHbINA 3aKOH
or 27.07.2006 r. Ne 152-®3: [pex. ot 08.08.2024 r.].
URL.: https://www.consultant.ru/document/cons_doc_
LAW_372682/3d0cac60971a511280chba229d9h632
9c07731f7/ (nata obpamenus: 11.06.2025).

0 manueHTe (Bo3pact, 1o, uHpopmarus o
THUIIE HOBOOOPA30BaHMUs, IPEIBAPUTEIHHOM
JMarHose u mp.);

4) mpoBeZicHUE KIMHUYECKHX HCCIIe-
noBaHUW (OWMOTICHUS W THCTOJOTHYECKHI
aHaJIN3) 71 TOATBEPKICHUS (OTPOBEpIKe-
HUs) TEPBUYHOTO J[WarHoza (B cliydae
HEO0OXOIMMOCTH T10 PEUICHUIO Bpaya);

5) nobaBiieHHe AEPMATOCKOITUYECKOTO
n300pakeHNs 1 METalaHHbIX B HA0Op JaH-
HBIX IEPMATOCKOIMNYECKUX U300pakeHUH;

6) pa3MeTKka KIMHUYECKH 3HAYMMBIX
MPU3HAKOB (aCUMMETPHS, TPAHUIIBI, I[BETO-
BbIC BapHalllH, THaMEeTpP U JUHAMHKA U3Me-
HEHUN);

7) pa3MeTKa  JepPMAaTOCKOMHUYECKUX
N300paKEeHNH KIMHUYECKU 3HAYHMMBIMU
NpU3HAKAMHU, BBINOJIHSAEMAs HE3aBHCHMO
HE MEHee 4eM TpeMsl BpayaMH-IepMaToIo-
raMH W/WIA OHKOJIOTaMHU.

Jst coOnroaeHnsi TPUHLIUIIOB aHOHU-
MU3AIMA W 3alIUTHl TEPCOHAIBHBIX JIaH-
HBIX TAIMEHTOB, YCTAaHOBJIEHHBIX HOpMa-
THBHO-TIPAaBOBBIMM akTaMH Poccuiickon
denepanuu’, Ha dTane nolydeHre HHQOP-
MUPOBAHHOT'O COTJIAcHsl JaHHBIX KaXJIOMY
NAlMEHTy MPUCBAUBACTCS YHHUKAJIbHbBIN
unentudukarop (patient ID)?. B kadecTBe
patient ID ucnonb3yercs yHuKajgbHasi CUM-
BOJIbHASI CTPOKA, TIOJTydEHHAs B PE3yJIbTaTe
KpUTNITOTPapUIECKOT0 XAIIUPOBAHUS KOM-
ounaruu Homepa CHUJIC u natel poxe-
HUS TAIMEHTA, YTO MO3BOJISIET UCKITIOYHUTH
HEOOXOIUMMOCTb XpaHEeHUs Wi 00paboTKU
KOH(QUICHIIMAIBHON MHpOpMAIMU U Tep-
COHAJIbHBIX JIAHHBIX MALUEHTOB.

Ha sTane nocTaHOBKH MEPBUYHOIO JIU-
arHoza BpadaMHu JCpMAaTOJIOTaMH W/WIIN

206 ocHOBax OXpaHbl 3/0pOBbs IpaXaaH B Poc-
cuiickot @epepanuu: DenepanbHbli 3aKOH OT
21.11.2011 r. Ne 323-®3: [pexn. or 13.07.2022 r.].
URL.: https://www.consultant.ru/document/cons_doc_
LAW_ 121895/ (nata obpamenus: 11.06.2025).
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OHKOJIOT'aMHU OCYHIECTBIISIETCS I€PMATOCKO-
S IOPAKEHHBIX 001acTel KOXKH, TO3BOJIS-
oas  Kiaccu(UIUpoBaTh U300paKEHUS
COTJIacHO  KJaccupHUKaTopaM HO30JIOTUU

KOXXHBIX HOBOOOpa3zoBaHmid. J[ns mocrta-
HOBKM MEPBUYHOIO JAMArHO3a MPUMEHS-
I0TCS HEHWHBAa3UBHBIE METOJOB JIMArHo-
ctuku (Tabm. 2).

Tabnuua 2. TOYHOCTb MOCTaHOBKU nepBMYHOIro AmarHo3a HemHBa3mBHbIMU MEeTO4aMU

Table 2. Primary diagnosis accuracy using non-invasive methods

MeTtoa AMarHOCTUPOBAHUS UyBcTBUTEIBHOCTD, %0 Crneuucuynocts, %
Diagnostic method Sensitivity, % Specificity, %
[Tpasuo ABCD (6e3 E u F) 47,3 473
ABCD Rule (without E and F) (st memanom d < 3 M) | (s memanoM d < 3 Mm)
Jepmartockonuueckoe npasuio ABCD 84.1 835
Dermatoscopy ABCD rule
Anroputm CASH
Algorithm CASH %8 68
7-TOuYeHBI CIUCOK Makku
Mackey's 7-point list 9L7 53,5
7-TOueHoe MpaBwiIo Ap/UKEHIIMAHO
S : 97 71
Argenziano's 7-point rule
Metong MeHn3uca
Menzies method %2 e
Meton TADA
TADA method %4 73,5

CTOUT OTMETHTD, UTO MOJTYUYEHHBIE pe-
3yJbTAaThl JIKCHEPUMEHTAJIbHBIX OLIEHOK
(4yBCTBUTENBHOCTH U CIIEHU(UYHOCTD) HE-
WHBA3WBHBIX METOJOB HE TIO3BOJIIOT 00€ec-
MEYUTh TapAaHTHUPOBAHHYIO ITOCTAHOBKY
MIEPBUYHOTO JAMATHO3a O HAIWYUU WU OT-
CYTCTBUM HOBOOOpa30BaHUN W 3a4acTyrO
HaKJIaJbIBAIOT TpeOOBaHUE IO MpPOBEe-
HUIO JIOTIOJIHUTEIBHBIX KIMHUYECKUX HC-
CJIEIOBAHHM.

Ha srane coznaHusi CHUMKa BBICOKOM
YeTKOCTH HOBOOOpa3oBaHUA U cOOpa MeTa-
JAHHBIX ocyluecTBisieTcs portorpadupona-
HUE HOBOOOpa30BaHMS C UTOTOBBIM pa3pe-
menneM n3oopakenus 4032x3024 nmukce-
neii. [Ipumepsr n3o0paskeHnit U3 chopmu-
POBAHHOTO HA0Opa TAHHBIX MPEACTABICHBI
Hioke (puc. 1).

Puc. 1. lNprMepbl 4epMaToCKONUYeCKmx n3obpaxeHust U3 chopMUpPOBaHHOrO Habopa AaHHbIX

Fig. 1. Dermatoscopic images examples from the generated data set
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Kaxxnoe n3o0paxeHne HOBOOOpa3oBa-
HUS COCPXKUT MeTanH(opManuro, oodecre-
YUBAIOILIYI0 BBICOKYIO CTENEHb KIIMHUYE-
ckoil mHpopmaTHUBHOCTH. B coctaB mera-
JAHHBIX BXOJAT CIEAYIOIINE KOMITOHEHTHI:

— JaHHBIE O CHEIHAaTHNCTEe, MPOBOANB-
meM oOciemoBaHHe:  UACHTU(DUKATOP
MoJIb30BaTeNs (username);

— JlaTa ¥ BpeMsl IPOBEICHUS UCCIIEN0-
Banus (date);

—uHpopMaIUs O TaIMEHTE: BO3PACT
(age), mon (sex), tun Bonoc (hair), Tun
koxu (skin), ¢oroTun xoxku mo Purmmar-
PUKY (group), CBeJIeHHUS O HACJIECTBEHHO-
cTH (genetic), XapaKTEPUCTUKHA UMMYHHOTO
crartyca (immune);

— uHdopmaius 0 KOXKHOM HOBOOOpa-
30BaHUU: AHATOMHUYECKAs JIOKAJTM3alUS
(place), pa3mep obpaszoBanus (size), odiiee
KOJIMYECTBO POAMHOK (count), HamHM4ue
KpacHbIX Touek (dots), et (color);

— MIPEBAPUTENBHBIA  KIMHUYECKHUI
nuarHo3 (diagnosis), yCTaHOBJIEHHBIN 10
pe3yJibTaTaM BH3yalbHOTO U JEPMAaTOCKO-
UYECKOT0 OCMOTPA;

— 3aKITI0OYEHUE TI0 pe3yIbTaTaM TUCTO-
JOTUYECKoro wuccienoBanus (result) mpwm
HaJIMYUU TAKOBOTO.

PacmmpenHas cTpyKTypa MeTalaHHbIX
o0ecreyrBaeT BO3MOXHOCTh KakK MOApPO0-
HOTO KJIMHHYECKOTO aHaIN3a, TaK U TIIy0o-
KOW MHOTO(aKTOPHOM BaTUIAIIUN MOJIEIICH
MaIIMHHOTO OOy4YeHUs, BKJIIOYas CTpaTu-
¢ukanuo Mo QOTOTHITY KOXKH, BO3pacTy,
1oJly, TUITy OOpa3oBaHMs U JIPYTUM IpHU-
3HaKaM.

PasmeTka KIMHMYECKH 3HAYUMBIX
NPU3HAKOB Ha JIEPMATOCKOIUYECKUX H30-
OpaXeHHMSIX C TIOCTECAYIOMEH pa3MeTKOM

JE€PMATOCKOITMYECKUX n300pakeHui

KJIMHUYECKH 3HaYMMBIMU NPU3HAKaMH CO-
CTOUT U3 CJIEAYIOUINX IIaroB:

— ompejeNieHue KIMHUYECKH 3HAYH-
MBIX MPU3HAKOB: aCUMMETpPUsSI — pa3anydue
(hOpMBI, CTPYKTYPBI U pacrpeaeTICHUs T -
MEHTAlMM B Pa3IU4HbIX MOJIOBUHAX 00pa-
30BaHUSA; TPAHUIBl — CTENEHb YETKOCTH,
POBHOCTH U HETIPEPHIBHOCTH KOHTYpa HO-
BOOOpa30BaHMs;, IIBETOBas Bapuadenb-
HOCTh — HAJM4YH€ HECKOJIBKUX IIBETOB,
BKJIIOYAsl YEpHBIN, KOPWYHEBBIM, CUHUU,
OeJblil M KpacHBI U 1I€pMAaTOCKOIIUYECKUE
CTPYKTYpbl — CETKa, TJI00YJbI, TCEBIO-
HOJbl, Byallb, COCYIAMCTbIE MAaTTEPHbI U
JpyrUe XapaKTepHbIE IJIEMEHT;

— cO3/laHie aHHOTAIIMOHHOM CHUCTEMEI
u ctanaaptuzauus. g obecnieuenus Boc-
MPOU3BOIMMOCTH ¥ YHU(PHUKAIIUN PA3METKH
CO3/IAaI0TCSI CTaHAAPTU3UPOBAHHBIC TPOTO-
KOJIbBl aHHOTHMPOBAHMUS, BKIIIOYAIOLIHUE: all-
roputvm ABCD, mkany TDS (Total
Dermatoscopy Score) u anroputm CHAOS
& CLUES; npaBuiia aHHOTUPOBAHMSI KaxK-
JIOTO TIPU3HAKa, BKIIIOYAsk TOYHBIC TPAHUIIBI
U JIONyCTHMBbIE Bapualuu;

— JKCMEPTHAS pa3MeTKa W BaJWJAIIHs.
[Iponecc pasmeTkn NPOBOAUTCS B He-
CKOJIBKO IIaroB: MEpBUYHAS U KOHCEHCYC-
Hasl BAJIMIAINS, a TAK)Ke 0OOpaTHAs CBS3b U
000y4EHHE.

CdopmupoBaHHBIE JAEpPMATOCKOTIHYC-
CKHE HM300paXKeHUsI COCTABISAIOT YHUKaJb-
HbIi HA0Op JAHHBIX JEPMATOCKOIMUYECKUX
M300paKeHUH, BKITIOYAIOMUN 657 n300pa-
JKCHUM, OTJINYAOIINICS BEICOKOKAQUCCTBEH-
HOM PY4YHOW pa3METKOW, pacIIMpEHHBIMHU
METaJaHHBIMU (BO3pAcT, TOJ, (QOTOTHII
KOXH, JIOKaJIu3alus, IBET, apTeakTbl U
JIp.) ¥ PENpPEe3eHTATUBHOCTHIO B OTHOIIE-
HuM nonynsuuu Poccniickon @enepanun
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(I-IV doToTHITBI KOXKH IO KJIACCUPUKAIIH
Ournarpuka).

PesynbTartbl M nx obcyxaeHune

B mnpormecce dhopmupoBanuss Habopa
JTAHHBIX JIEPMATOCKOIIMYECKUX H300paxke-
HUW MOCPEACTBOM MPOCHEKTUBHOTO KIIU-
HAYECKOro HaOmoneHuss cGopMUPOBAHO
657 nepMaTOCKOMMYECKHX H300paKeHUN
oT 208 manueHToB epMaTOBEHEPOIOTHYe-
CKOT'0 TTPOQHIIS, COMTPOBOXKIAEMBIX PACIITH-
PEHHBIMU METaJaHHBIMU U TPEIBAPUTEIb-
HBIMU KJIMHUYECKUMH 3aKIFOUCHHUSIMU, T10-
JyYEHHBIMU B YCIIOBHUSIX PEAJIbHOW MeIu-
LIMHCKON TpakTUku. JIJisi Kaxxaoro ciydas
pa3MeTka ObUTa BBIMIOJHEHA OMBITHBIMH
NEpMaTOJIOTaMH C YYE€TOM BHU3YaJIbHBIX
MPU3HAKOB, TUMUYHBIX IS [IUPOKOTO
CIEKTpa KOKHBIX HOBOOOPA30BaHM, Kak

MNeCKOKNETOYHEIA
pak

BazanbHoKNETOMHARA
KapuWuHaMa

DepmaTogubpoMa

CocyoncTae
nopaxeH s

OwarHoz

MenaHoMa

CefiopefHbIR
HEpaTos

HesyC

MEJIaHOLUTAPHOM, TaK U HEMeIaHOoLuTap-
HOM NPUPOABIL.

Jlnarno3el ObUTH YCTaHOBJICHBI HA OC-
HOBaHUM KJIMHUYECKOW M JEPMaTOCKOIH-
YECKOM OLIEHKH, B pAJIE CIIyYaeB C IOCIeNy-
IOIUM  THCTOJIOTMYECKUM IOATBEPXK/E-
HueM. CTOUT OTMETUTD, YTO TUCTOJIOT S HE
ABIANIACH ~ O0SA3aTENbHBIM  KPUTEPHEM
BKJIFOUEHHUSI B IMPOLIECCE MEIUIIMHCKOTO
OCMOTpa, 4TO, B CBOIO OYepe/ib, I03BOJISAET
OTpa3UTh peaanu aMOyJIaTOPHOUN MPAKTUKU
U TIOBBICUTH MPUKIAJHYIO LEHHOCTH (op-
MHUpyeMOro Habopa JIaHHBIX.

Ha pucynke 2 npencraBieHo pacipe-
JIEJICHE COOPAaHHBIX IEPMATOCKOTUIECKIX
M300paXEHUI M0 OCHOBHBIM HO30JIOTHYE-
CKMM KAaTeropusiM, TMPEACTABICHHBIM B

HaOOpe NaHHBIX.

353
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Konwyectso

Puc. 2. Pacnpegenexne nsobpaxeHuin B Habope AaHHbIX NO Knaccam HO30M10MMM KOXHbIX

HoBOOGpa3oBaHUi

Fig. 2. Images distribution in the data set by classes of skin neoplasm nosology
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Hcxons w3 rpaduka 3HAUMTENHHOE
npeodsiajaHue MO KOJMYECTBY HaOJIr0/a-
ercs B rpymmne HeBycoB (353 wuzoOpaxe-
HUS), YTO COCTaBJsieT OoOJee TMOJOBHHBI
BCEX cllydaeB. Takoe CMEIIeHHEe B CTOPOHY
HEBYCOB SIBJISICTCS 0’KUJAEMBIM M KIIMHUYE-
CKH OTPAaB/IaHHBIM, IOCKOJIbKY:

1) MUTMEHTHBIE HEBYCHI  IPEICTaB-
AT co00i Hambosiee YacTyr0 MPUYUHY
oOpallleHn# K 1epMaTosIory, 0COOCHHO MpHU
HAIMYUU ~ TIOJIO3PUTEIBHBIX  MPU3HAKOB
(acuMMeTpusi, HEpOBHBIE TPAHUIIBI, U3ME-
HEHHE IBeTa), TpeOyrommx auddepeHu-
QITBHOW AMATHOCTHKH C MEITAHOMOM;

2) manueHTsl ¢ OOJBIIAM  KOJHYE-
CTBOM HEBYCOB YaCTO HaXOJATCS IMOJ JIUC-
MIAHCEPHBIM HAOJIOJICHHEM, B PE3yJIbTaTe
4Yero y OJHOTrO0 MaIlMeHTa MOXKET ObITh I0-
JY4EHO HEeCKOJIbKO CHUMKOB Pa3HBIX 00pa-
30BaHUM;

3) B peasibHOM MPAKTHKE HEBYCHI 4aCTO
CTaHOBSATCS OOBEKTaMH JUHAMHYECKOTO
HaAOJIIOJIEHUSI U TEM CaMbIM 00€CTIEYUBaAIOT
0onbIIMi 00bEM BU3YaJbHBIX JAHHBIX Ia-
L[UEHTA.

Crnenyromumu Mo 4acToTe BCTpeyae-
MOCTH SIBJISTFOTCSL:

1. Cebopeitnbiii keparos (116 nzobpa-
KEHUI) — M0O0pOKavyecTBEHHOE 00pa3oBa-
HUE, KOTOPOE YacTO OMMOOYHO MPUHUMA-
eTCsl 3a MEJIaHOMY Kak MallMeHTaMu, TaKk U
BpadyaMu, 0COOEHHO IIPHU aTUIMYHOM JIOKa-
JU3aIUU WIA BBIPAKCHHOM IMTUTMEHTAITHH.

2. Menanoma (75 m3oOpakeHuii), xa-
paKTepu3yeTcs CpPaBHUTEIHLHO MEHBIINM
YHUCIIOM, TIPU OTOM OCTAeTCsl OJHUM U3
HamOoJee 3HAYMMBIM M PaCIpPOCTPAHCH-
HBIM 3JI0KQYE€CTBEHHBIM KOXXHBIM HOBOOO-

pa3oBaHUEM.

3. Cocynucteie mopaxkenus (61 n300-
paxenue), nepmaropudpomsr (19 n3zobpa-
KEHUI), a TaKKe 3JI0Ka4eCTBEHHBIE OITy-
XOJIM HEMEJAHOLIMTAPHOTO TPOUCXOXKIE-
Hus: OazaibHOKIJIETOYHast kapruHoma (18
M300pakeHU) M TUIOCKOKJIETOYHBIM pak
(15 n300pakenwii), MpeACTaBICHBI B MEHbB-
meM o0beMe, YTO OTpakaeT HX PEIKo
BCTPEYaeMOCTb MPHU JUATHOCTUKU U B paM-
Kax amOyJIaTOpHOTO JepMaTOCKOIHYe-
CKOTO CKpWHHMHTA, a TaKXe MOTEHIUallb-
HYIO CIIO)KHOCTh MX BU3YaJIbHOW BepuQu-
Kamuu 0€3 THUCTOJOTHYECKOTO TOATBEP-
KICHHUS.

[IpencraBneHHOe pacmpeeneHne OT-
pakaeT  e€CTeCTBEHHYI0  KIMHUYECKYIO
CTPYKTYpY 00paIaeMocTH, a TaKXkKe CIelu-
(uky oTOopa aHHBIX B YCJIOBHIX amMOyJa-
TOpHOU mpakTuku. Kpome Toro, momy4en-
HbI€ 3HAYEHUS pacHpeeeHus U300paxe-
HUW OJHOBPEMEHHO MOTYEPKHUBAIOT IIO-
TpeOHOCTh B OajJaHCHPOBKE KJIACCOB MpHU
0o0y4eHUU MoJeliell MaITMHHOTO O0y4YeHus
Y BXXHOCTb BKJIFOUEHHUsSI OOJIBILIOTO YHCIIa
HETraTUBHBIX (J0OpPOKAYECTBEHHBIX) CIy-
YaeB /IS TOBBIMICHUS CIICU(DUIHOCTH M-
ArHOCTHUYECKHUX aITOPUTMOB.

Ha pucynke 3 npuBenieHo pacnpejaeie-
Hue Bo3pacToB 208 malnueHTOB HA MOMEHT
oOcnenoBanusi. OCHOBHas Macca Ha0uo1e-
HUUI NPUXOJAUTCS HAa BO3PACTHOM MHTEpBaJ
oT 25 1o 65 j1eT ¢ TUKOM OKOJIO 35 j1eT. D10
OTpaXaeT aKTHBHYIO JMArHOCTUYECKYIO
AKTUBHOCTh  YKa3aHHBIX  BO3PACTHBIX
TpyNm, a TakKe BBICOKYI) OHKOHACTOPO-
KEHHOCTB ¥ TEMIIbI PACTIPOCTPAHEHUS 3710-

KaueCTBEHHBIX KOKHBIX HOBOOOPAa30BaHUIA.

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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Konw4ecTBo NauveHToR

40

Boapact

Puc. 3. PacnpegeneHve nauneHToB AepMaTOBEHEPOIorM4eckoro npoduns no Bo3pacty

Fig. 3. Patients distribution with dermatovenereological profile by age

BBI/II[y TOI'0, 4YTO IMAOMUCHTHBI ACpMaATO-

BEHEPOJIOTUYECKOTO  TPOQHIsS  MOTYT
UMeTh 0oJiee 0JHOro 3a00JIeBaHUs UK Xa-
PaKTEepU3yIOTCS HAJTMUYUEM HECKOJIBKHX JIO-
KaJIU3aluid, HAa pUCYHKE 4 Mpe/CTaBIICEHO
pacrmpezelieHue 4ucia JAepMaTOCKOIUYe-
CKUX M300paKeHUH, MPUXOISAIINXCS HA OJI-
HOTO TMaluMeHTa B C(HOPMHUPOBAHHOM
Habope AaHHBIX. B OONbIIMHCTBE ciydaeB

(nopsiaka 25%) npucyTCTBYET TOJIBKO OTHO

KonuyecTeo nauWeHToR
&

10

n300pakeHue Ha TMaIUeHTa, OJHAKO B
Ha0Ope AAHHBIX NPUCYTCTBYIOT MalMEHThI
C  MHOXECTBEHHBIMH  OOpa30BaHUSAMHU
U/UIN CepUIHHBIM HaOIOAEHUEM — BIUIOTh
10 9 cHuMKOB. [/laHHas OCOOEHHOCTH 103-
BOJIsIeT (popMUpOBaTH NMPOGHIb BBIOOPKH,
npUOIMKEHHbINM K aMOyJIaTOPHON KJIMHHU-
YEeCKON NpaKTUKE, TAE OAHOMY MALUEHTY
MOJKET COOTBETCTBOBATh HECKOJIBKO IOJ0-

SPUTCIIbHBIX OYaroB HOBOO6paSOBaHHi/'I.

G B 10

CHUMEOR Ha NauneHTa

Puc. 4. PacnpegeneHue Konmyectea CHUMKOB B pacyeTe Ha O4HOro nauueHTa

Fig. 4. Distribution of the images numbers per patient
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Pa3paboranHbIii HabOp JAEpMATOCKO-
MUYECKUX H300paKeHUil coCTOUT 3 657
n300pakeHN, BKIIIOYasi MEJIaHOIUTapHbIE
(comepkamiye  KJIETKM  MEJIAaHOLIUTOB):
HEBYC M MellaHOMa — 428 — 1 HeMeNlaHOIH-
TapHbIe (HE COepIKaIINe KIETKA MEJIaHOIl-
UTOB): Oa3aJbHOKJIETOYHAS KapIHOMA,
IUIOCKOKJIETOUHBIN pak, aepmaToduOpoma,
COCYAMCTBIE NTOPaKEHUsI U CEOOPENHBIN Ke-
paTto3 — 229 nzo0paxeHui.

CTouT OTMETHTbH, YTO CPOPMHUPOBAH-
HbIA HA0Op JAHHBIX JEPMATOCKOIMMYECKUX
n300paKEHUI 3HAYUTENBHO YCTYMaeT IIOo
KOJIMYECTBY M300paKeHUI TaKuM Habopam,
kak ISIC, HAM1000, IRMA, Dermofit
Image Library u DERM12345. [1pu 370 pas-
paboTaHHbIi HAOOp NAaHHBIX MO HO30JIOTH-
YECKOMY Pa3HOOOPa3HI0 U ATHOMOMYJISIH-
OHHOH penpe3eHTAaTUBHOCTH IMPEBOCXOIAUT
Takue oOIIen0CTyMHbIe Ha0OpbI, kKak PH2,
IAD, IRMA u DermaQuest, B KOTOpBIX
7100 OrpaHUYEHO KOJIWYECTBO M300paxke-
HUH, 100 TPEICTABICHBI JHUIIb OHA-/IBE
JMAarHOCTHUYECKHE KaTeropuu. B oriuune
OT HUX IPEJCTABJICHHBIH HAOOp JaHHBIX
OXBaTbIBAET BCE OCHOBHbBIE THIIBI KOKHBIX
HOBOOOpa30BaHUM, BKJItOUas KaKk JoOpoKa-
YECTBEHHBIC, TaK M 3JI0KAYECTBEHHBIC, a
TaKk)K€ COCYJIHCThIe 0Opa3oBaHHUS U JAep-
MaTopUOPOMBI, HYTO JeaeT ero Oomee
MOAXOASIIAM JIJIsi OOYYCHHS] YHUBEPCAb-
HBIX U KIMHUYECKU IPUMEHUMBIX JTUArHO-
ctudyeckux moaeneid. Kpome toro, crout
OTMETUTh YHUKAJIBHOCTh CHOPMHPOBAH-
HOTO Habopa JaHHBIX, 3aKIIOYAOIIYIOCS B
TOM, 4TO OH cpOpMHUPOBaAH Ha OCHOBE (O-
TOTUIIOB KOXKH IMAIMEHTOB, HACEISIOINX
tepputoputo Poccuiickon ®enepaunum,
91O MO0 HE TMPEACTABICHO B MEXIYyHa-
poanbix HaOopax, Takux kak ISIC wnm
HAM10000, nu6Go OpHEHTHPOBAHO Ha

JpyTue MOMYJISIIIUOHHBIE TPYIIbl Hacele-
Hus, Hanpumep Typuuu, kak B Habope aH-
Heix DERM12345.

CdopmupoBaHHbIii Ha0Op JTaHHBIX
JIEPMaTOCKOTTMYECKUX U300paKeHUI mpe-
Ha3Ha4YeH JJI1 MHOTOMPO(HIEHOTO IpUMe-
HEHUS: OH MOXET OBITh HCIIOJIb30BaH KakK B
KJIMHUYECKOW MPaKTHKE IEPMaTOJIOTOB U
OHKOJIOTOB TPHU MPOBEIACHUHU JI€PMATOCKO-
MUYECKUX UCCIIEIOBAHMM, TaK U B HAYYHBIX
Y TIPUKJIAJTHBIX ENSIX, BKItoYas 00y4eHue,
BaJMIALMI0O U TECTHPOBAHUE AITOPUTMOB
MalIMHHOTO 00y4YeHUs, OpPUEHTUPOBAHHBIX
Ha aBTOMATU3UPOBAHHYIO MOAIEPKKY TTPH-
HSTHUS PELICHUN Bpaya.

BbiBoabl

bnaronapst kayecTBEHHOW pa3MeTKe,
pa3Ho00pa3uio HO30JI0THi, y4eTy poTOTH-
MOB KOXXM, XapaKTePHBIX MJIsi HACEJICHUs
Poccun, m HanMuMIO pacIIMpEeHHBIX MeETa-
JMAHHBIX, HA0Op MJaHHBIX W300pAKCHHI
npeacTaBisieT co0oil 3HAYUMBINA pecypc
KaK JUIsl yJIy4IlIeHUs! KIMHUYECKON 1harHo-
CTHKH, TaK U JUIsl pa3pabOTKH UHTEIUIEKTY-
AJIbHBIX MEIUIIMHCKUX CUCTEM, CIIOCOOHBIX
MOBBICUTH TOYHOCTh U 3((HEKTHBHOCTH
CKPUHUHTA KOXXHBIX HOBOOOpPA30BaHHWI B
PEANBHBIX YCIOBUAX 31PaBOOXPAHCHHS.

OCHOBHBIM HampaBlieHUEM JalbHEH-
IIMX UCCIEeI0BAaHUM SBIISETCS JalbHeHIee
paciupeHue u 0OHoBIIEHHE C(POPMUPOBaAH-
HOro Habopa JAEepMaTOCKONMMYECKUX H300-
pakeHM, BKIIIOYAs:

— JIOTIOJTHEHWE Habopa JaHHBIX HO-
BBIMH M300paKEHUSIMU JTHAarHOCTHPOBAH-
HBIX KOKHBIX HOBOOOpa30BaHUI;

— no0aBJeHNE HOBBIX KJIACCOB 3JI0Ka-
YECTBEHHBIX KOXHBIX HOBOOOpPA30BaHMUIA,
paHee HEJOCTATOYHO IMPEICTAaBICHHBIX B
Habope TaHHBIX;

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: YnpasneHue,
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— YBEIIMYCHHE J0TH U300paKeHUH, CO-
OTBETCTBYIOIIUX Pa3Iu4YHbIM (OTOTUIIAM
KoM HaceneHus: Poccuu, Bkimovast GoTo-
Tunel IV u BeIIIE.

Pemenne ykasaHHbIX 3a7a4 MO3BOJIUT

mpomecce 06y‘-ICHI/IH 1 IIPUMCHCHUA MCTO-
0B U AJITOPUTMOB MAlIMHHOT'O O6y‘~ICHI/I$I 141
CHUCTCEM OIITHYCCKOI'O pacino3HaBaHusl,
BHCCs BKJIaA B Pa3BUTHC CUCTEM TCIICMCIN-
LIMHCKOM JUAarHOCTUKU U COBCPIICHCTBOBA-

HCIIOIB30BaTh  chOPMUPOBAHHBI HAGOP HUSI METOZIOB paHHE! TMarHoCTUKHU 3a0oJie-

NEPMATOCKOTIMYECKUX ~ HM300pakeHu B BaHMH.
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Pesome

Lenbro uccnedoeaHus s167155emcsi U3ydeHUe KOHUeNnuuu «yMHOU cpedbl» U npoeKkmuposaHue cucmemsbl 8UOeOHa-
6r100eHus1 Onsi peweHUs1 80rpPoca C80E8PEMEHHO20 8bi803a M8epPObIX KOMMYHa lbHbIX 0MX0008 peauoHasibHbIM orne-
pamopom. QyHKUUS 3mMux mexHo02uli — MOHUMOPUH2 OKpyxatouwleli cpedbl 8 pexxume peasnibHo20 8pemeHu 24 yaca
8 CymKu 8 me4veHue cemu OHel Hedernu. BHedpeHue «yMHOU cpedbi» npuHecem 8b1200b! U yITyHWUm Ka4ecmeo XU3HuU
2opodckozo coobujecmsa. Llenbio «yMHOU cpedbi» sierisemcsi yrpasrneHue u co3faHue ycmouldyusol OKpyxarouwel
cpedkbi, obecrnequsaroueli MakCuMallibHOE UCOoMb308aHUE mexHoioauli Ha 61azo HaceneHus.

MemoOdsi uccnedosaHusi ocHosaHb! Ha MocmaroesneHuu lNMpasumenscmea P® om 20.05.2022 2. Ne 913 «O6 ymeep-
JXKOeHUU nonoxeHust o ¢hedeparnbHOU 20cydapcmeeHHOU UHOPMaUyUOHHOU cucmeme ydema meepObiX KOMMYHaslb-
HbIX 0mx0008», uccnedos8aHUsIX U npo2paMMHbIX PEWEHUSIX 8 r/1aHe agmomMamu3ayuu ebigo3a omxodos. Mcronb30-
s8aHue cucmem sudeoHabnodeHus Ors MOHUMOPUHaa cumyauuu 8 «yMHoU cpede» pea2uoHa o380siem aHanu3upo-
8amb KOHMPOJIUPYeMble napamempsl 8 PeasibHOM 8PEMEHU.

Pe3ynbmamsbl. CmodenuposaHa cucmema «yMHOU cpedbi» Onsi 3adaqu ro ceoespeMeHHOMY UHGHOPMUPOBAHUK O
Heobxoo0umocmu 8bigo3a. pumeHeHue aHanumuku sudeoHabnodeHusi 8 2opode Kypck d0ano 803MOXHOCMb M10M1y-
Yumb 0aHHbIE 8 PEXUME peaslbHo20 8PEMEHU U 8U3yaru3ayuro ycrosull okpyxarouiell cpedbl 8 30HE MOHUMOPUH2a,
4Ymo M0360J1USI0 Pe2uoHaIbHOMYy ornepamopy NMpuUHUMame peweHuUs Ha OCHoge 0b6pabomaHHbIX OaHHbIX.
3aknroyeHue. Peanusayusi cospeMeHHoU KOHUenuuu «ymHol cpeldbl» Ornsi 3a0ady koHmpors yéopku TKO Ha cezo-
OHAWHUU OeHb sisrisemcsi akmyarsbHbiM HarnpasneHuem. OpzaHu3ayus pabombl peauoHalbHO20 ornepamopa rno ob-
pauweHuro ¢ TKO sienissemcsi npoyeccom, Komopabil Hyx0aemcsi 8 cospeMeHHoU UHgopmayuoHHoU noddepxke. [ns
ocyuecmesieHus npoyecca rnocmpoeHUsi CUCMeMHbI «yMHOU cpedbi» UCMOMb3YMCs UHGOOKOMMYHUKAaUUOHHbIE KOM-
nnekmsbi U cucmemsl nepedayu 0aHHbIX Or1s1 OMCIexXueaHuUsi YPOBHSI HarosIHsseMocmu KoHmeliHepos ¢ TKO.

Knrouyesnble criosa: UHhOKOMMYHUKaUUOHHas cemb; 0bpabomka OaHHbIX; pe2uoHasbHbIl 0rnepamop; NepcoHarbHbIe
OaHHble; UHopMayUOHHas Modersb.
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Using a video surveillance model for the system "smart environment"
in the organization of the work of the regional operator
for the management of municipal solid waste
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50 Let Oktyabrya Str. 94, Kursk 305040, Russian Federation

* e-mail: did6ma@mail.ru
Abstract

The purpose of the research is to study the concept of a "smart environment" and design a video surveillance system
to address the issue of timely removal of municipal solid waste (MSW) by a regional operator. The function of these
technologies is to monitor the environment in real time 24 hours a day, seven days a week. The implementation of a
"smart environment" will bring benefits and improve the quality of life of the urban community. The purpose of the "smart
environment" is to manage and create a sustainable environment that ensures the maximum use of technologies for
the benefit of the population.

Methods. The research methods are based on the Decree of the Government of the Russian Federation of 20.05.2022
No. 913 "on approval of the regulation on the federal state information system for accounting of municipal solid waste",
research and software solutions in terms of automation of waste removal. The use of video surveillance systems to
monitor the situation in the "smart environment" of the region allows you to analyze the controlled parameters in real
time.

Results. A "smart environment" system was modeled for the task of timely notification of the need for removal (MSW).
The use of video surveillance analytics in the city of Kursk made it possible to obtain real-time data and visualize
environmental conditions in the monitoring zone, which allowed the regional operator to make decisions based on the
processed data.

Conclusion. The implementation of the modern concept of a "smart environment" for the tasks of monitoring the re-
moval of solid municipal waste is currently a relevant area. The organization of the work of the regional operator for the
handling of solid municipal waste is a process that requires modern information support. To implement the process of
building a system of "smart environments", infocommunication kits and data transmission systems are used to track
the level of filling of containers with solid municipal waste.

Keywords: infocommunication network; data processing; regional operator; personal data; information model.
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BBepneHue

OMHUM W3 CTOJIOB CHCTEMBI «yMHBIN
TOpO» SBISIETCS CHCTEMA OKPY KAFOIIAs
«yMHasi cpema», oOecleurBaromas KoM-
GopT, yCTONUMBOCTH PECYpPCOB U 3aIIUTY
OKpy’Karole cpeapl ans odmiecta [1].
«YMHas cpesia» — 3TO CUCTEMA YIIPABICHHS
rOpoJIOM, OCHOBaHHAsI Ha 3aIIUTE OKpPYyKa-
IOIIEH cpenbl, pa3paboTaHHAS C UCIIOIB30-
BaHUEM HCKIIOYUTEIBHBIX BO3MOKHOCTEH
texHosoruii [2]. Jlerkocts, ¢ KOTOPO# mpa-
BUTEIILCTBO MOXET OTCJIC)KUBATH U TIONY-
YaTh JTOCTYN K DKOJOTHYECKUM YCIIOBHIM
Ha CBOEH TEPPUTOPUU, IO3BOJHUT €My IpH-
HUMATb PEIICHUS U IPOBOIUTH MOJUTUKY B
COOTBETCTBUU C PCATHHBIMHU YCIOBHSIMHU.
«YMHas cpesiay MpH NPaBUILHOM yIIpaBJie-
HUM MOXET IIOMOYb CIPABHUTHCS C KPU3HU-
CaMH, CTUXUHWHBIMU OCIICTBUSIMH, & TAKKE
OpraHu3oBaTh ropojickyto cpeny [3]. Tex-
HOJIOTHSI BUJICOAHATUTUKH SBIISICTCS BaXK-
HEHIIUM KOMIIOHEHTOM CHCTEM pEerHo-
HaJILHOTO BHJeoHaOmoneHus. s peru-
CTpAIMH ¥ WICHTU(PUKAIINH PA3TUIHBIX SB-
JICHHU, KOTOPbIE (PUKCUPYIOT KaMepbl, Ta-
KHX KaK YPOBEHb BOJBI B PEKE, CKOPOCTh
TEYEHUS] PEKH M HaJM4HUE JIy)K Ha JJoporax,
UHTETPAllisl  CEHCOPHBIX  TEXHOIIOTHH
MMeeT BaxkHOe 3HaueHue [4]. Ucnonb3oBa-
HUE TEXHOJIOTUH BHUICOAHATHTUKH MOXKET
00JIer4uTh MPABUTENBLCTBY O0OpPHOY C MycCO-

pOM Ha TOPOJACKMX JOporax, IapKax,

Accepted 12.08.2025
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yIAULAX U CMSITUYUTH MTOCEJCTBUS €0 BJIH-
SIHUSI Ha DKOJIOTHIO [5].

DTO ABJICHHE MOKHO OOBSICHHUTH TEM,
YTO JIAHHBIM TEXHOJOTHMYECKUM Mpolece
o0Jieryaer onepaTuBHOE M TOYHOE MPEJO-
CTaBJICHHE COOTBETCTBYIOIICH WH(MOpMa-
[[UY PETHOHATIBHOMY OIEpPaTOPy MO BHIBO3Y
Mycopa U KOMMYHaJbHBIM CITy>k0aM, 1Mo3-
BOJISIS UM OTICPATHBHO M TOYHO (POpMYITH-
poBaTh perieHus [6].

AHanu3 JaHHBIX BUICOPETUCTPALIUU B
KOHTPOJIUPYEMBIX 00JIACTSIX M UX OTOOpa-
JKeHHe B 00pabOTaHHOM BHUJE SBISIETCS
nH(}OpMAIIMOHHO-aHAIUTUYECKUM ObOecte-
yeHueM Ha 0a3e COBpeMEHHBbIX HMH(opMa-
LIMOHHO-TEJICKOMMYHHUKAIIMOHHBIX CUCTEM
JUTsL TpUHATHUSA pemienuit [7]. Mycop B map-
Kax, IPUJOMOBBIX TEPPUTOPUSX, JI€Cax, Ha
JIOporax — pacnpocTpaHeHHas MmpodiieMa, ¢
KOTOPOM CTAJIKUBAIOTCS B JTIOOOM pETHOHE
Poccun [8]. IlpuMeHeHrne aHANUTUKU BU-
NeOHA0II0ICHUS TPEIOCTABIISIET HH(POpMa-
LUIO JIJI1 OTIEPATUBHOIO pearupoBaHUs Ha
BO3HHUKAFOIIUE IMPOOJIEMEI 110 3arPsI3HCHHO-
CTH OKpYXarollel cpellbl TBEPJbIMU KOM-
MYHQJIBHBIMHU U HHBIMHU OTXOJIaMH 7SI TIPH-
HSTUS PENICHUN MO OpraHu3aluu YOOpKHU
TEPPUTOPUU U YCTAHOBKU MPEIYIPEKIA0-
X 3HakoB [9]. IIpoekTupyemas aHauTh-
YyecKasi MOJIC)Ib BUJICOHAOIOICHUS JOJIKHA
OTIEpaTUBHO AaHAIM3UPOBATH COOBITHS, 3a-
MMCaHHBIE KaMEpOu, MyTeM IpeoOpa3oBa-

HUA BUACOAAHHBIX B UHCJIOBBIC JAHHBIC AJIA

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BbIYMCIUTENBHASA TEXHMKA, MHOpMaTrKa. MeanumHckoe npubopocTtpoeHue. 2025;15(3):112-121


https://doi.org/10.21869/2223-1536-2025-15-3-112-121
https://doi.org/10.21869/2223-1536-2025-15-3-112-121

Anekcanzpos [1. B., Fynamos A. A.  Vicrionb3oBaH1e MOAENY BUAEOHABMIOAEHNS ANs CUCTEMbI «yMHOM cpeabi» ... 115

MH(OPMAIIMOHHO-aHATTUTHYECKOTO  00ec-

MEYEHMsI Tpollecca NIPHUHITHUS PELICHUs

[10].

MaTepMan bl U MeTOAbI

Cuctema paHHETO OIOBEIICHHS TIPE]I-
rmoyiaraeT TMpeaocTaBieHue HWH(POPMAIHHI

AJ1 OIICPaTUBHOIO  pC€arupoBaHHA  Ha

HECaHKI[MOHUPOBAHHBIE CBAJKU WM IIpe-
BBIIIICHUE YPOBHS 3aM0JIHIEMOCTH KOHTEH-
HepoB st coopa TKO [11]. PesynpraTsl
paboThl CUCTEMBI PAaHHETO OIOBEIICHUS C
BHICOHAOJIIOICHHEM 1 aHAJINTHKOW BUICO-
HaOIIOJICHUsT Ha HEKOTOPBIX KOHTEHHEp-
HBIX TUIOIIAJIKaX B TeYeHUEe 24 4acoB npe-

cTaBiieHbl HiKe (puc. 1).

Puc. 1. KoHTelHepHble nnowaaku ans coopa TKO n BTOpchIpbs [12]

Fig. 1. Container sites for collecting MSW and recyclables [12]

Cucrema aHalM3UpyeT OOBEKT, KOTO-
pBI MOAXOAMT K KOHTEHHepy i cOopa
TKO wmm ans cOopa BTOPCHIPBS, B €CIH
BbIOpaHHBIM OOBEKT BHIOPACHIBAET MYCOpP
WIN BTOPCBHIPbE, NPOBEPSET BU3YaIbHO
YPOBEHB 3aIIOJIHEHUS JAHHOTO KOHTEHHEpa
[13]. Ecnu 3anmomHeHO 00JI€e TOJIOBHHBI
KOHTEUHEPOB, OCBIJIAETCS CUTHAJ JUCIIET-
yepy O HEO0OXOJUMOCTH OOpalleHHs] BHH-

MaHMs Ha JaHHYI [UIOMIAAKY  JUIs

CBOCBPEMCHHOTO BBIBO3a BTOPCHIPBSI U
TKO c ueé [14].

Hucneruep o0s3aH OBICTPO pearupo-
BaTh M KOHTPOJIUPOBATH OTIEPATUBHOE MPO-
BEJICHUE OIICHKM KOHKPETHOW CHUTyalluu
[15]. KpoMe Toro, B ciydyae HECAaHKIIMOHU-
POBAaHHOTO BBIBO3a MycCOpa HEOOXOJIUMO
OTIOBECTUTH OPTaHbl, KOTOPHIE OTBEUYAIOT 32

3alIUTy OKpYKarolieu cpeasl [16].
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JlaHHBIE C Kamep BHUACOHAOIIONEHUS
nepeaaTcs Ha CepBEp OpPraHM3aLUU TS

aHanm3a u oopabotku [17]. Ha pucynke 2

Mpe/cTaBiIeHa cxeMma Tnepenayn U olpa-
OOTKH JaHHBIX BUICOHAOIIOACHUS IS pe-
ruoHanbHoro oneparopa TKO [18].

| KoHTeltHepHas naowiaaxa |

| KoHTeliHepHasn naowaaka |

| KoHTeliHepHasn naowaaKka |

* 4

*

| CepBep 06paboTKM JaHHbIX

06nauHblii cepaep

Y

Puc. 2. Cxema nepegaun n o6paboTkM gaHHbIX BUAeoHabnogeHnsa ans permoHanbHoro onepatopa TKO

Fig. 2. Scheme of transmission and processing of video surveillance data for a regional MSW operator

B nanHON cxeme mpuBeneHa MOAEIb
nepeaadn TaHHBIX C KaMep BUACOHAOIIO-
JICHUST Ha KOHTCHHEPHBIX IUIOMIAJKaX Ha
cepBep 00pabOTKM JaHHBIX BHYTPHU Opra-
HU3AIUU pEeTHOHANIbHOTO omepaTtopa [19].
Jlns TOAKITIOUEHHST KaMmep K CepBepy
MOXXHO BBIIETUTH cTaTtmdeckuii |P-aapec
Ul Kakaoi u3 Touek. [locne oO6paboTku
MOJIy4eHHOW MH(GOPMAITNU Ha KOMITBIOTEP
JYCTIETYEepa UIIH MHOTO YTIOJITHOMOUYEHHOTO
nuna OyIyT MOCTYINaTh BCE HEOOXOAUMBIE
JAHHBIX JJIsI OTIEPATUBHOTO MOHUTOPHHTA
3arpykeHHoctu konreitnepoB TKO. B 00-

JaYHBIA ~ CcepBEp  KONUPYETCS  4acTh

JAHHBIX JUJII XpPAaHEHUS U BO3MOXXHOU OT-
MPaBKU B KOHTPOJIMPYIOIIME OpPraHbl MO
3anpocy win xe IIIIK PEO (my6nnyno-
npaBoBasi KoMianus «Poccuiickuil skoJ1o-
TUYECKUN omepaTopy).

Ha pucynke 3 mnokazaHa auarpamma
HAIMOJIHSIEMOCTH KOHTEWHEPOB HA OCHOBE
aHaJM3a TaHHBIX CUCTEMBbI BUJCOHAOIOIC-
HUA.

JlaHHBIE HAIONHAEMOCTH IUIOIIAJKH
TKO nepenaBanuch B AUCHETYEPCKUN OT-
JIeJ1 PETMOHAIIBHOTO OIeparopa Mo BhIBO3Y
TKO 17151 onepaTUBHOrO pearupoBaHUs Ha

CJIOKUBIIYIOCS cuTyauuto [20].

MsBecTna KOro-3anagHoro rocygapcteeHHoro yHueepcuteta. Cepusi: YnpasneHue,
BblUMCNIUTENbHAsA TEXHMKA, MHpopMaTuka. MeauumHckoe npubopoctpoerune. 2025;15(3):112-121
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JluarpaMma HamoJIHsIEMOCTH KOHTeiHEPOB HA OCHOBE aHAJIU3a
JAHHBIX CHCTEMBI BHIE€OHAOIIONEeHUS

60%
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B CyMMapHBIii ypOBEHb 3aIllOJIHEHUSI KOHTEITHEPOB

Puc. 3. ﬂManaMMa HanonHAeMocCTun KOHTeVIHepOB Ha OCHOBE aHanu3a JaHHbIX CUCTEMbI BUaeoHabnogeHns

Fig. 3. Diagram of container filling based on analysis of video surveillance system data

BHenpenue aHanuTHKM BHJIEOHAOIIO-
JeHUS Ul CO3JaHMus «yMHOH cpeabl» B
r. Kypcke npuseno k psay npobiem, oqHoM
U3 KOTOpbIX ObLIa TPYAHOAOCTYIHOCTH
MOJBEJCHUS JIEKTPOIIUTAHUS Ul BHJIEO-
KaMep Ha HEKOTOpble KOHTEHHEPHBIE IJIO-
IIaJKH U MeCTa HECAaHKLMOHMPOBAHHBIX
CBAJIOK Mycopa. B cBs13u ¢ aTum ucnosns3o-
BaJMCh OOJiee JOPOTHUE W MEHEe MpaKTH-
HbI€ KaMepbl B YCJIOBUSX 3UMHEr0 KIIH-
MaTa, a MIMEHHO KaMephl Ha COJTHEYHOH Oa-
tapee. JlaHHOE pelIeHne MOXKET II0Ka-
3aThCsl HELeJIecO00pa3HbIM, OJIHAKO BHEJ-
pEHME  AHWINTUKU  BUACOHAOIIOACHUS
ObUIO HEOOXOJUMO AJIS HAIVISIAHOTO IpeJ-
CTaBJICHMs JAHHBIX O HAKOIUIEHHU Mycopa
C TOPOJCKHX HECAHKIIMOHMPOBAHHBIX CBa-
nok. HakomieHune mycopa B TOPOACKHX
paiioHax B 3MMHHI EPUOJ IOCITYKHJIIO CO-

3IaHUI0  HEONAronpHusTHOW TOpPOACKON

CpCabl K BECHE IOCJIC yXOda CHEra u 3a-

TPA3HEHUIO OKPYKAOIIEH CPEBL.

Pe3ynbTaTtbl M X 06CyXaeHue

B xone paboTb! ObLIM BBISBICHBI NIPO-
0J1eMBI, C KOTOPBIMH CTaJIKUBAE€TCsl PErHO-
HAJIBHBIN OIepaTop MpHU yCTAHOBKE CUCTEM
BUJCOHAOIIOACHNS U DPA3BUTHU CUCTEMBI
«YMHBI TOPOA» MOCPEICTBOM IPHMEHE-
HUSl aHATUTUKH BHUAeoHaOmoneHus. [lpu
sToM B I. Kypcke uHTerpanusi BUAECOHA-
OI0ZIeHNs HaXOJIWTCSl Ha HavyaJbHOW CTa-
JIUY, U aHAJTUTHYECKas cuctema Obljia ycTa-
HOBJICHA TOJIBKO B OIPEJIEIIEHHBIX MECTaXx.
JlanHas cuctema IpOM3BOANIIA U3MEPEHHUS,
U 3(¢(}EeKTUBHOCTh MOHUTOpPUHTA peliaa
TaKue Mpo0JieMBbl, KaK 3al0IHIEMOCTb KOH-
teitnepoB TKO u oOpa3oBaHNe HECAaHKIIHO-

HUPOBAHHBIX CBAJIOK.
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BbiBOAbI

Konnenums «yMHOU cpeaph» mpenosa-
raeT MUCITOJb30BAHUE TEXHOJIOTHH, TAKUX KaK
aHAJUTUKA BUJICOHAONIOJCHUS, Ui HHTE-
Tpaluyl JTAHHBIX U YIPABJICHUS YCIOBUSIMU

OKpY>Karomiel cpeapl. DTO TMO3BOJMIO Obl

AaHAJIMTUKW BUICOHAOMOneHUsT B T. Kypcke
JaeT TMOTEHUHUAJIbHBIE MPEUMYIIeCTBA ISt
KOHTPOJISl HaJl OKpYKarolien cpeoit u 0opb-
00l C HECAaHKIIMOHMPOBAHHBIMH CBAJIKaMHU.
Jlnst monHOM peanu3anuy MOTEHIHANIA «yM-

HOM cpelb» U MPEoI0IeHus podIIeM, ¢ Ko-

YIIy4IINTh KAYECTBO YKU3HU TOPOJICKOrO CO- TOPBIMH CTAJIKUBAIOTCS TOPOAA B STOT TIEPC-

00lIeCTBa U CHOCOOHOCTH CIIPABIATECS CO XOZHBIi [IEPHOJ, HEOOXOAMMBI JaTbHEHIIIHE

CTUXMMHBIMU O€CTBUAMH. VICIOIb30BAHUE HCCIICIOBAHHS U Pa3paOOTKH.
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OueHKa TOYHOCTU MEeTOAO0B KOHTPOSIA YaCTOTbl NOXHbIX
cpabaTtbiBaHMK Npu aHHOTaUMKU cnekTpa de novo
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Pe3stome

Lenb — cpasHeHue nodxo0o8 Ha OCHO8e MalwUuHHO20 0byyeHusi (deep learning) u knaccuyeckux Mmemodos o Kade-
cmey aHHoOmauuu Macc-criekmpos 8 ycs108usix 60nblwux 0aHHbIX, @ MakKXe 8bIsI8/IEHUE ONIMUMaribHO20 cueHapusi ux
UHmMeapayuu.

Memodbl. ViccnedosaHue 6a3upyemcsi Ha ucriosib3oeaHuu Habopa 0aHHbIx PXD004452, codepxkauie2o 2,5 MIH yHUKasb-
HbIX ernmudos.

PaspabomaHa cxema e3aumodelicmeusi Ha ocHoee Python/TensorFlow/PyTorch, komopebiti obecriedugaem napasnniesibHyo
obpabomky nenmudHbix criekmpos Ha GPU-knacmepe. Mcrionb3oeaHbi criedyrowjue amaribi: puribmpayusi mor-150 nukos
1o UHMeHcusHoCcMuU; 2eHepauusi meopemuyeckux B-IY-uoHoe ¢ ydemom modughukayull; rpedckazaHue nenmudos
(PepNet — ceepmoyHas+pekyppeHmHas cemb; Tide-search — uHdekcHasi nepexewupyrowas cmpameausi). Mempuku: Ko-
nudecmeaa coenadeHutl, Oenlbma-macca, paccmosiHue JleseHwmeliHa, ROC-kpusbie, pacripedesieHue owuboK.
Pe3ynbmamsi. PepNet mpebyem 3Ha4yumeribHbIX 8bIHUCUMESIbHBIX PECYPCO8, MPU 3MOM Kayecmeo npedckasaHuli
ycmynaem Tide-search, ocobeHHO Ha OnuHHbIX nenmudax u Moougukayusix (~cpedHee cosnadeHue: 4,2 nuka vs 9,7;
p < 0,001). OdHako PepNet nyqwe rnokasbieaem cebs rpu mex crnekmpax, 2d0e e database search omcymcmeyrom
penesaHmHble nocnedogamesibHOCMU, 0eMOHCMPUPYST 8aXKHYH CrOCOOHOCMb 8bIsienisimb novel-nenmudsi. Pacripe-
OeneHue paccmosiHus JleeeHwmeliHa: ~30% — ronHoe coenadeHue (0); ~52% — Hebornbwoe omknoHeHue (1-5);
ocmarsibHOe — 3HaqyumeribHble PacxoxoeHus (>5).

3aknroyeHue. Memod deep learning (PepNet) demoHcmpupyem nepcriekmusebi, Ho 6e3 uHmeapayuu c¢ database
search ycmynaem rno mo4Hocmu.

lpednazaemcs subpudHasi apxumekmypa: pep-tagging yepe3 PepNet, 3amem ymoyHeHue u gepucbukayusi yepes
database search. Takou koHgeliep Ha 6orbwux daHHbIX MO380/IUM COYemamb OMKPbimue HO8biX renmudos (de novo)
U 8bICOKYt0 0ocmosepHocmb udeHmugukayuu (database search).

Knroyeenble crioea: mawuHHOE o6y'-/eHue; macc-criekmpomempusi; paccmosiHue JleeeHwmaltiHa; criekmpeal.

BnazodapHocmu: Bbipaxaem 6nazodapHocms 3asedyrouieMy HaydHo-yuyebHol rabopamopueli UCKycCmeeHHO20
uHmennekma 05 8bi4ducnumesnsHol 6uonoauu HNY BLIS dokmopy Hayk Kepmec-®apkaw Ammura 3a ¢hopmuposa-
Hue memodosioauu uccnedosaHusi u npedocmasneHue 0aHHbIX O cmamhbu.

KoHgbnnukm unmepecoe: Asmopbkl Oeknapupytom omcymcmeue sI8HbIX U MomeHyuanbHbIX KOHhIIUKMO8 UHmepe-
co8, cesi3aHHbIX ¢ Mybnukayuel Hacmosiwel cmamabu.

Onsa uutupoBaHus: Tessawos M. M. OueHka TOYHOCTU METOLOB KOHTPOSIS YacTOThbl NIOXKHbIX cpabaTbiBaHWi Npu aH-
HoTauumm cnektpa de novo // N3sectus KOro-3anagHoro rocygapctBeHHOro yHmBepcuteTa. Cepus: YnpaBneHnve, Belunciu-
TenbHas TexHuka, uHdopmaTvka. MeguuuHckoe npubopocTpoenve. 2025. T.15, Ne3. C. 122-141. https://doi.org/
10.21869/2223-1536-2025-15-3-122-141
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Evaluation of the accuracy of false alarm frequency
control methods for de novo spectrum
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1 Saint Petersburg State University of Economics
30-32 Griboedov canal Emb., St. Petersburg 191023, Russian Federation
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Abstract

The purpose of the research is comparison of machine learning-based approaches (deep learning) and classical
methods for mass spectrum annotation in big data conditions, as well as identification of the optimal scenario for their
integration.

Methods. The study is based on the PXD004452 dataset containing 2,5 million unique peptides. An interaction scheme
based on Python/TensorFlow/PyTorch has been developed, which provides parallel processing of peptide spectra on
a GPU cluster. The following steps were used: filtering of the top 150 peaks by intensity; generation of theoretical
B-/Y-ions, taking into account modifications; prediction of peptides (PepNet — convolutional+recurrent network; Tide-
search — index-shifting strategy). Metrics: number of matches, delta mass, Levenshtein distance, ROC curves, error
distribution.

Results. PepNet requires significant computational resources, while the prediction quality is inferior to Tide-search,
especially for long peptides and modifications (~average match: 4,2 pi vs 9,7; p < 0,001). However, PepNet performs
better in those spectra where relevant sequences are missing in the database search, demonstrating an important
ability to identify novel peptides. Levenshtein distance distribution: ~30% is a complete match (0); ~52% is a small
deviation (1-5); the rest is significant discrepancies (>5).

Conclusions. The deep learning (PepNet) method shows promise, but without integration with database search, it is
inferior in accuracy. A hybrid architecture is proposed: pep-tagging via PepNet, followed by refinement and verification
via database search. Such a big data pipeline will combine the discovery of new peptides (de novo) and high identifi-
cation reliability (database search).

Keywords: machine learning; mass spectrometry; Levenstein distance; spectra.
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*%k%k
BeeaeHue OoIpeAeaeHu TOYHOTO aMHHOKHCIOTHOT'O
Macc-CcneKTpoMeTpHsl UTPAET pelIaro- cocraBa mentuaoB. CyliecTByeT 1Ba OC-
Iyl pOJIb B TPOTEOMHKE, OCOOCHHO B HOBHBIX  IIOAXOAa K  HHTCPIPETAOHH
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cnekTpoB: database search u de novo cexse-
HUPOBaHHE.

[lepBbIil TOAX0A OCHOBAaH Ha CpaBHE-
HUM DKCIICPUMEHTAIBHBIX CIIEKTPOB C TEO-
pPETUYECKH TMPEICKAa3aHHBIMH CHEKTPaMU
M3BECTHBIX MenTUA0B. Bropoit moaxox (de
NOVO) TBITAETCSI PEKOHCTPYHPOBATH aMH-
HOKHCJIOTHYIO TOCJIEZIOBAaTENIbHOCTh HEMO-
CPEICTBEHHO M3 CIeKTpa 0e3 mpeaBapu-
TEJIBHOTO 3HaHUS TOCJIEJOBATEIbHOCTH B
0aze manHbIX. B xome paboTsl ObLIO pe-
meHo cpaBHUTH de novo u database search,
TIOCKOJIBKY 002 IT0/IX0/1a IMEFOT CBOU CHIIb-
HBIE U ci1a0ble CTOPOHHI [1].

[Touck B 6a3e TaHHBIX — 3TO CPABHEHUE
IKCHEPUMEHTAIBHBIX JTaHHBIX, IOJIy4EH-
HBIX B pe3yJbTaTe aHaln3a oOpasua Oenka
C MOMOIIBI0 MacC-CHEKTPOMETPHH, C TeO-
PETUYECCKIMH CIIEKTPAMH, CMOJICITHPOBAH-
HBIMU Ha KOMITBIOTEPE Ha OCHOBE M3BECT-
HBIX TI0CJICIOBATEIIPHOCTEH aMUHOKHCIIOT.
[Tonck B 0a3e MaHHBIX 4acTo OOJIEe TOYEH,
HO 3aBHUCHUT OT MOJHOTHI U PEIEBaHTHOCTH
0a3bl TaHHBIX [2].

CekBeHupoBaHue nentuaoB de novo —
3TO METOJ PEKOHCTPYKIIMH aMHUHOKHCIIOT-
HOW TIOCJICIOBATEILHOCTH IENTHIa HETo-
CPEICTBCHHO W3 €ro TaHJEMHOT0 Macc-
criektpa (MS/MS) 6e3 oOparieHus k 6azam
JaHHBIX OeNKoB. B oTimuune ot TpaauiinoH-
HOTO TIOWCKA, KOTOPBIH OCYIIECTBISET TO-
UCK COBIQJICHUN MEXAY SKCIIEPHUMEHTANb-
HBIM CIIEKTPOM M TEOPETUYECKUMHU CIICK-
TpaMH WM3BECTHBIX OCIIKOB, CEKBCHHPOBa-
HHUE de NOVO MOJIHOCTHIO MOJIaracTCs Ha WH-
TEpIpeTauio (HparMeHTHBIX HOHOB, TIOJTY-
YCHHBIX TpU (parMeHTaluu TeNnTUAa B

macc-cnektpomerpe. [Ipomecc ocHoBaH Ha

TOM (haKTe, 4TOo MpU PparMeHTallUH TENTHAA
00pa3yloTcs HMOHBI OINpPEAEICHHOTO THIIA
(vamie Bcero b- M y-MOHBI), KOTOPBIE COOT-
BETCTBYIOT IOCJIEIOBATENILHBIM Pa3pbIBaM
CBSI3€M aMUHOKHUCIIOT. AHAIU3UPYsl Maccy
HOHOB [3], MOJKHO OIpEIENTh, KAKHE aMH-
HOKHMCJIOTHI HaXOASATCS B TOCIEI0BATEIb-
HOCTH M B KakoM mopsiake [4].

Metonsr de novo He TpeOyIOT mpuMe-
HeHHs 0a3bl JAaHHBIX W TO3BOJISIOT HAXO-
JIUTH HOBbIE WJIM M3MEHEHHBIE TIEITUIBI, HE
MpeACTaBICHHBIE B pedepeHTHBIX 0a3ax
JAaHHBIX, HO TOJIBEPKEHBI OMMOKAM B HMH-
TEpIpeTay CIEeKTPOB, HO CTPANalOT OT
HU3KOH TOYHOCTM M IUIOXOTO KadecTBa
CTIEKTpa, HEMOJIHON (pparMeHTalnuu, JUIUH-
HBIX MENTHIOB, MPOIMYIICHHBIX HOHOB, IIe-
PEKPBIBAIOIIMXCS MUKOB, IIyMOB [5].

OcHoBHast uaes padOThHI 3aKIF0YACTCS
B ONPOBEPKEHUH TUOO JT0KA3ATEIHCTBE TH-
MOTE3BI O TOM, 4TO MeToX de novo MeHee
TOYEH B CBOMX TMPEIACKA3AHMUSIX, YEeM
database search mpu npsiMOM CpaBHEHHUHU.
Jlnis 3Toro Obla BeiOpaHa Moaudukamus de
novo nox Ha3BaHueM PepNet.

PepNet — 3To MOTHOCTHIO CBEPTOYHAS
Heripocets (fully convolutional neural
network), cienmanpHO pazpaboTaHHAS TS
aHanu3a MS/MS-cniekTpoB U MpsSIMOTo BOC-
CTaHOBJICHUS AMMHOKHMCIOTHBIX MOCIEI0-
BaTesnbHOCTEN nmentuaos. Ha Bxoq Mmoxenu
NOCTYIAeT CIEKTP, MPEACTABJICHHBIN Kak
OJIHOMEPHBII BEKTOP: MUKU M/Z OUHHUPY-
torcs ¢ paspemenueM ~0,1 Th mo guamna-
30Hy oT 0 10 2000 m/z (oxomo 20 000 u3-
MEPEHHI1), TOCJIe Yero HOPMAIH3YIOTCS IO
MaKCHMaJIbHOW WHTEHCUBHOCTH. [IpenBa-

PUTEIBHO U3 CIIEKTpa YAAISAETCS MUKOBBIN
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CHUTHAJI TpPeKypcopa, 4YTOOBl HCKIIOUUTH
€ro BJIMsHHE Ha 00y4YeHHUE U MPeICKa3aHue.

Apxutektypa (puc. 1) coctouT u3 ue-
penyromuxcsi  temporal  convolutional
network (TCN) cnoés u down-sampling
orepanuii, KOTOpbIe M3BJICKAIOT KakK IJIO-
OanpHBIE, TaK H JIOKAJIbHBIC MPH3HAKH
cnektpa. [lomyunBmmiics TeH30p mpu3Ha-

KOB 3aTeéM IIpOoXOAUT HYCpe3 ACKOACP,

KOTOPBII peKypCUBHO (OPMHPYET aMUHO-
KHCJIOTHYIO MOCIIEA0BaTeNbHOCTE. Moieb
obyuanace Ha ~3 miuH HCD-cnektpoB u3
(mpeumyie-
CTBEHHO 4Y€JIOBEK), YTO MO3BOJIMIIO €i XO-

pasIMYHBIX ~ OMOJIHMOTEK
poiro 0600maTe pa3HooOpa3HbIe BXOIHbBIE
JaHHbIC, BKJIIOYAsl CIEKTPhI HEUeloBeue-
CKHX OPTraHU3MOB M CIIEKTPbl HEOTMEYCH-

HBIX IIPEKYPCOPOB.

Input spectrum : T : I 1
| 5th TCN block ! Final feature tensor | — 3 Tryptic or not? :
: ' : K 1 1 1
' ’ ' ' €9 ' ' 1
! ; . Down-sampling and addidg ' ( s
Down-samplint pling ng
‘ ‘ : [ T ol ] : . > Peptide length? ] ‘
' ' L. !
l I | l > : [ 4th TCN block ]:—Ib Merged tenser ] ‘ ;
1 ' ' 1 ] 1
Vectprize : : ! e hD[Ammo»amd exlstance”} !
Bin size 0.1 [Th by defalut ' Repeat a1 ' |
J - - Repeat o : !
0,0,0.7,0,...,0.4,0) : £ b £ Amino-acid | !
( s Uy s Uy euny ,0) | [ Down-sampling ] : ' : composition? :
20,000-dimensional vector I ' ' |
|}
| [ 2nd TCN block H Merged tensor ] ' Adjacent amino-acid ] '
Pad zeros and pormalize, stack ' & : ' : : I pairs composition? :
o . ] )
with m/z vector gnd their reverses | [ Down-sampling ] : ' eaDown—samphng and addlr}g R ¢
|} I
et ' : ! : Final output
nput tensor - ]. A
A 1st TCN block 1st TCN output
[ (shape 20,480 * 4) ' I I ¢ ! \ =P Post correction

Puc. 1. Cxema apxutektypbl PepNet

Fig. 1. PepNet architecture diagram

[To cpaBHEeHHIO ¢ pyrumMu de novo-ce-
tamu (PointNovo, DeepNovo) PepNet ne-
MOHCTPUPYET 3HAYUTEIFHOE YIIy4IICHUE
TOYHOCTH Ha YPOBHE IOJIHOTO TENTHIA H
Ha YPOBHE JIOKaJIbHBIX MO3ULMK. OH crioco-
OCH CEKBEHUPOBATh CIEKTPBI, KOTOpBIE
OCTal0TCS HEPACHMO3HAHHBIMU MPU UCIIOJIb-
3oBannu database search-metromoB, uYTO
O0COOCHHO Ba)KHO ISl BBISIBJICHHUS HOBBIX,
MOAU(PHUIIMPOBAHHBIX WJIM PAHEE HEU3BECT-
HBIX mentuaoB. Kpome Toro, Omaromaps
3¢ (eKTUBHONW CBEPTOYHOM apXUTEKType
PepNet pabGortaer mpumepHo B 3—7 pa3
osicTpee, yemM DeepNovo u PointNovo Ha

GPU, 4uro nenaeTr ero mpuMEHUMBIM B 00-
paboTke MacmTaOHBIX acceMOnei Tpo-
TEOMHBIX JTAHHBIX.

Ot ocobeHHOCTH JenaroT PepNet
MOIIIHBIM UHCTPYMEHTOM JIJI1 BBICOKOTOY-
HOTO de Nnovo CeKBEHUPOBaHUS, OCOOEHHO
B 3a/1auax, rJe OTCYTCTBYIOT MOJHBIE CIIpa-
BOYHBIE 0a3bl MENTHJIOB, HAITPUMED B METa-
MPOTEOMHKE, MCCIICOBAaHUN PEIKUX Oe-
KOB WJIM UIMMYHOIIEITUJIOMUKE [5].

B kagectBe database search mertona
Obuta BeIOpaHa mMoaudukarus tide-search.
Tide — 3T0 BBICOKOTIPOU3BOIUTEIBHAS pea-
nuzanus anroputma SEQUEST, coznannas

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
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B pamkax npoekTta Crux, KoTopas 3Hadu-
TETBHO YCKOPSET TIOMCK TMeNTHUIOB B
tandem MS-cniekTpax, COXpaHsist
XCorr-o1eHKd UACHTHYHBIMH HCXOTHOMY
SEQUEST. OcHoBHOli pabouuii mpoiecc
HAYMHAETCS C MOCTPOCHUS WHIECKCHUPOBAH-
HOM 0a3bl menTua0B (depe3 tide-index) us
FASTA-(aiina OenkoB, 4YTO TO3BOJISICT
MHOTOKPATHO ¥ 3()PEKTUBHO EPEUCTIOINb-
30BaTh WHJIEKC MPHU MHOKECTBEHHBIX TI0-
uckax. 3artem tide-search oOpabaThiBaeT
CHEKTPHI (BX0A B OMHApHOM (opmaTe 1160
yepe3 ProteoWizard), cpaBHHBaET KaXKIbIit
CHEKTP C TEOPETUUECKUMHU CTICKTPAMH KaH-
JUAATOB U3 0a3bl TAHHBIX U BBIIAET CIIHUCOK
PSM  (peptide-spectrum  matches) ¢
XCorr-orieHKaMu M METKaMH pe3yJsibTaTa
(target/decoy).

BBuay ontumuzanuy anroputMa u
nporpaMMHO# peanuzarnuu Tide obecrieun-
BaeT mnpumepHO 170-kpaTHOE YyCKOpEeHUe
0  CPaBHEHHIO C  OPHUTHHAIBHBIM
SEQUEST: oxono 1550 cnekrtpoB/c Ha
CTaH/apTHOM Xeon-mpoIeccope, Toraa Kak
SEQUEST c Tem e uH1IeKCupOBaHUEM 00-
pabaTbIBaeT UMb OKOJIO 8,8 CHEKTPOB/C
CoBpeMeHHBIC YIyUIICHUS HWHICKCAIIHH
(Bepcus 2023) cymecTBEHHO CHU3WIIM TI0-
tpediieane CPU u RAM, uto aemaer Tide
crocoOHO 00pabaThIBaTh OUCHb OOJIBITHE
0a3bl JAHHBIX BMECTE C YYETOM MOCTTPAHC-
JISAUUOHHBIX Moaudukanuid. Kpome Toro,
Crux BKJIIOYAET JIOTIOJHUTENbHbIE KO-
MaHbl JUIS TOBBIIICHNUS HAJEKHOCTH pe-
3yabTaToB: cascade-search mis ureparus-
HOTO TOHUCKa Mo cy60azaM ¢ GoJiee CTporum
FDR wu average target-decoy competition
(aTDC) nnst cHUXKEHUST TUCTIEPCUU OIICHKH
JIOCTOBEPHOCTH TMpH paboTe C pPEIKUMH

NCrTuaaMu.

Ot ocobeHuoctu aenarot Tide-search
UieaIbHBIM HHCTPYMEHTOM JIJISl BHICOKOTO-
YEYyHOr'0 M MPOM3BOJUTEIbHOrO database
search, 0coOeHHO B KpyNMHOMAacCIITaOHBIX
HCCIICIOBAHUAX, TJIC BaKHBI CKOPOCTh H
HAJCKHOCTh MJICHTU(UKALIMH ITeTITHIOB.

B macc-criekTpoMeTpuu MenTuaoB Oc-
HOBHBIM METOJIOM TOJy4YeHHs HH(OpMa-
UM O IMOCJEJI0BATCIBHOCTH  SIBJISICTCS
¢parmenrarus. [Ipu 3tom mporiecce mer-
THUJT pa3pbIBACTCS MO NEITHIHBIM CBSI35IM, U
o0pa3yrTcsi  (parMeHThl, Ha3bIBacMbIC
(parMeHTHbIMM MOHAMHU. M3 HUX 1 HH-
TEpIpETAlMU CIIEKTPOB HAMOOJIee BaXKHBI
JBa TUNA WOHOB — B-MOHBI ¥ Y-HOHBI.
B-nOoHBI BO3HHMKAIOT MPH COXPaAHCHUU
N-koHIIa nenTuaa, uX (HparMeHT COCTOUT
U3 MEPBBIX N aMHHOKHCIIOT IOCI]IEA0Ba-
TEJBHOCTH. Y-HOHBI BO3HHUKAIOT IPH CO-
xpaHennn C-KOHIIA TENTHAA, COOTBET-
CTBEHHO, MX ()parMEHT COCTOUT M3 MOCIE/I-

HUX N aMUHOKHCIIOT [7].

[Ipumep: ecnu nentun = ACDE,
TO B-uon 2 = ACwu Y-uon 2 = DE.

Jns kaxzoro nentuaa ObUTH paccuu-
TaHbl T€OpETHUYECKHUE B-MOHBI U Y-HOHBHI,
KOTOPBIE COOTBETCTBYIOT (pparMeHTam, 00-
pa3yloIMuMcsl TpH  pa3pbiBe MENTUIHON
cBsa3u. KaxIplii MOH MMEET CBOK Maccy
(BxirO4ast MoaudUKaIm), KOTopas CpaB-
HUBAETCA C AKCIIEPUMEHTAJIbHBIMU 3HAue-
HUSIMU B criekTpe. Kaxkaas amMmuHOKHCIOTa
MMEET CBOK MOHOM3O0TOIIHYK) Maccy
(B 1anbTOHAX), ¥ MPH 00pa30BaHUN MOHOB
K 3THM MaccaMm J00aBISIOTCS KOHCTaHTHI,
CBSI3aHHBIE C THUIIOM U 3apsiIOM HOHA.

®opMyna sl BBIYUCIEHUS B-NOHOB:
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m(bn)zzm(AAﬁ)-i_
+ m(N-terminus)+m(proton),

rae M(AA)) —Macca Kaxa0i aMUHOKHCIIOTHI
Bo ¢parmente; M(N-koner) = 1,0078 Da
(macca mportona); m(uon) = 0 (0ObIYHO,
eClIM HE YYHUThIBATH KOHKpETHbIC (hpar-
MeHThI); otepu (Hampumep, —H20, -NH3)
TaK)Ke MOYKHO YYHTHIBATH Kak MoIuuka-
IHH.
®dopmyia U1 BBIYUCTICHUS Y -HOHOB:

m(y,)= im(AA)+ m(C-terminus) +
+m(H,0)+m(proton),

rae M(AAj) — Macca KaK10d aMUHOKHCIIOTBI
B0 (parmente; M(C-konewm) = 1,0078 Da
(macca nmpotona); M(nox) = 0 (00bIYHO, €CITH
HE YUUTHIBATH CielM(pUIEcKre GparMeHThl);
m(H20) = 18,0106 [a (C-xonHueBo# ¢par-
MeHT BkJrouaet rpymisl —OH u —H).

[Tpumep paccuera:

Ilentun: ACD

A =71,0371; C = 103,0092; JT = 115,0269
H-0 = 18,0106 ITpoton (H*) = 1,0078

bl =71,0371 + 1,0078 = 72,0449 Da

b2 = 71,0371 + 103,0092 + 1,0078 = 175,0541 Da
b3 =71,0371 + 103,0092 + 115,0269 + 1,0078 = 290,081 Da

y1=115,0269 + 18,0106 + 1,0078 = 134,0453 Da
y2 =115,0269 + 103,0092 + 18,0106 + 1,0078 = 237,0545 Da
y3 =115,0269 + 103,0092 + 71,0371 + 18,0106 + 1,0078 = 344,0916 Da

[lomydeHHBIE Macc-CIEKTPBI COAEP-
®KaT HH(POPMAIIHIO O THICSYAaX HOHOB C pa3-
JUIHOW MHTCHCUBHOCTHI0. OJIHAKO HE BCE
MMUKA TIPEAOCTABIISIIOT TOJIE3HYI0 WH(GOP-
MaIIMIO — CIIEKTPBI MOTYT COJCPKATh IIyM,
(hOHOBBIC CUTHAJIBl WM TMHUKA MaJOW HH-
TEHCUBHOCTH, HE HECYIIHE CMBICIOBOMN
Harpy3ku. [[ns yBenudeHWs curHaiga u
yCTpaHEHUs IyMa ObLTO PEIICHO IS KaXK-
noro criektpa otodpath 150 cambIX HHTEH-
CUBHBIX ITUKOB. Takasi (GuiIbTpaIys mo3Bo-
JISIET OCTaBHUTH TOJILKO HAaOOJIee BEPOSTHBIX
KaHJIUJATOB Ha COIMOCTABJICHUE TECOPETHYE-
CKU PacCUYUTaHHBIX ()ParMEeHTOB.

Janee nis Kaxa0ro TEOPETHYECKOTO
HOHa umeTrcs Ommxaimuii nuk uz 150

JIydmux OKCIICPUMCHTAJIBbHBIX IINKOB

(puc. 2).
YCIIENIHBIM, €CITH PasHHIla MEKIY Teope-

ComocTaBiieHue  CUMTaeTCs
TUYECKOW U IKCIIEPUMEHTAIBHON MACCOU
HE IPEBBIIIACT YCTAHOBIEHHOTO J0IYyCKa
o macce. B nannoit pa6ote Ob110 peiieHo
npuHATh fonyck +0,05 Da (naneTon), 4To
obecneuynBaeT OajlaHC MEXKJY UYYyBCTBU-
TEIIbHOCTHIO U crienupuaHOCThI0. CoBIa-
JICHUS PETUCTPUPYIOTCS B BUE Maphl (TUTT
MOHA, HOMEP MOHA, TEOPETHIECKas Macca,
OKCIIEPUMEHTANIbHAs ~ Macca, JeibTa).
Ecnu B mentune npucyTcTBYIOT MOAUU-
Kallid, TO OHU 0O0s3aTEeNbHO YYHUTHIBA-
IOTCSI TIPU pacyeTe Macchl COOTBETCTBYIO-
IIETO MOHA.

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
Information Science. Medical Instruments Engineering. 2025;15(3):122-141



128

CucTeMHbIn aHanu3 n npuHsaTue pewexun / System Analysis and Decision-Making

le7

Y ions (De novo)
----- B ions (De novo)
10 . . I . " : , . . . " i Y ions (TideSearch)
1 | 1 | 1 | | 1 1 Il 1 1+=+=+ B ions (TideSearch)
E i E E i i i i E i e : Experimental Peaks
o L I
> P ¥ i 2 £ o 1 !
goer 1 i ¥ ' : P o I R N :
g i | b & : - 1 gy il : :
i R b
HJ 1 1J ‘A N T 1L | i
200 400 600 800 lObO 1200 14'00
Puc. 2. 150 ny4ywnx nukoBs, a Takxe MoHbl B n 'Y, paccumTtaHHble C UCnonb3oBaHUeEM
meTogoB De novo n Tide Search ansa ckaHmpoBaHusa 950
Fig. 2. Top 150 peaks, plus B-ions and Y-ions calculated using De novo
and Tide Search methods for scan 950
[Tocne cpaBHEHUS TEOPETHUECKUX U nukamu (puc. 3). Takue coBnajeHus: 03Ha-
DKCIIEpUMEHTAIBHBIX  [HUKOB  BO3HUKIIA yarotT, 4yTo ¢parmeHT (B-uoH win Y-uoH),

HEO0XO/IMMOCTh KOJIMYECTBEHHO OLEHUTb,
HACKOJIBKO XOpOILO MpeACKa3aHHbIE Iel-
TUABl (HampuMmep, W3 CeKBeHHpoBaHus de
NOVO) COOTBETCTBYIOT PEATbHBIM CIIEKTPaM.
OnHoM U3 OCHOBHBIX METPUK TOYHOCTH SIB-
JSETCSl KOJIMYECTBO COBMAJCHUNA MEXIY
TEOPETUYECKUMHU M DKCIIEPUMEHTAIBHBIMU

npeCKa3aHHbIi Ha OCHOBE IOCIIEI0Ba-
TETHHOCTU TNeNTHAa, (GAaKTHYECKH HaAOIIO-
Ja€TCA B OKCICPHUMCHTAJIBHOM CIICKTPC.
OTU 3HayeHUs TMO3BOJISIIOT HAIPSAMYHO
CPaBHHTh, HACKOJBKO XOpOIIO paboTaer
mMeroa de novo mo cpaBHeHHio ¢ database
search.

Comparison of De novo and TideSearch matches (50 random spectra)
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Puc. 3. CpaBHeHune pesynbTtatoB De novo u Tide Search (50 crniyyaiHbix CNekTpoB)

Fig. 3. Comparison of De novo and Tide Search matches (50 random spectra)
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['ucrorpaMMebl, TOJy4eHHBIE Ha OC-
HOBE COBNAJICHUN TEOPETUYECKUX ITUKOB
(puc. 4 u 5), moKa3bpIBAIOT, YTO JJISI METO/1A
tide-search mpeoGagaroT 3HaYeHHS IOKa-
3arens oT 6 10 15. B to xe Bpems misa de
NOVO pe3yibTaT HECKOJIBKO XYXKe, TaK Kak
OoJiplliee 3HAYCHHE MMEIOT CIIy4aW COBIIa-
JICHHS TOJBKO OT 1 10 5 MHuKOoB, a 00Jiee BhI-

COKMX pE3yJbTaTOB — CYLIECTBEHHO

MeHbIe. OCOOEHHO SBHO BUHO pa3inyuue
OpU COBMEIIEHUH TUCTOrpamMM (THUCTO-
rpamMma  6). OrmnpezneneHHblE  BBIBOJIBI
MOXKHO CJeNaTh YK€ Ha 3TOM dTare aHa-
JM3a pe3yNbTaToB, HO OBLIO PEHICHO YIITy-
OUTHCS B MOKA3aTeIN TOYHOCTH O0OHUX Me-
TOAOB, W JUIsl 9TOTO ObLIa BhIOpaHa erne

OJ/IHa METPHUKA.

Exact distribution of the number of coincident peaks
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Fig. 4. Coincidence of calculation methods of new peaks with experimental ones
Exact distribution of the number of coincident peaks for Tide Search
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Fig. 5. Coincidence of theoretically calculated peaks using the database search method

with experimental ones

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
Information Science. Medical Instruments Engineering. 2025;15(3):122-141



130 CucTeMHbIn aHanu3 n npuHsaTue pewexun / System Analysis and Decision-Making

Comparison of distribution of coincident peaks of De novo and Tide Search
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Puc. 6. CpaBHeHWe COBNageHUn TEOPETUYECKN PACCHUTAHHbBIX U 9KCMEPUMEHTAarbHbIX NMUKOB

ans obonx MeToaoB

Fig. 6. Comparison of the coincidences of theoretically calculated and experimental peaks

for both methods.

Jlnst 6oniee TOYHOM OLIEHKW pas3inyuit
MEXy IpeIcKa3aHHbIMU U pedepEeHTHBIMU
MOCJIEI0BATEITLHOCTIMHU HCIIONB3YETCS
paccrostHue JleBeHlTeiiHa (TakXe U3BECT-
HOE KAaK pPACCTOSIHHE PEIAKTHPOBAHUS) —
MUHAMQJIBHOE  KOJMYECTBO  OTEpAIHit
(BCTaBOK, JeJelnii, 3aMeH), HEOOXOIUMBIX
TSl TpeoOpa30BaHusl OJTHON CTPOKH B JPY-
ryto [8]. B nanHoM cityuae st mpeoOpaso-
BaHMS TIENTHUA, PACCUUTAHHOTO METOJOM
de novo B menTu/I, MpeacKa3aHHbIi MPH 110~
mornu database search, T. e. maHHas MeT-
pHUKa OTpaXkaeT TO, HACKOJIbKO Pa3HBIMH SIB-
JSIOTCSL TpeJICKa3aHHbIe TEenTUAbl (4em
Oonpiie pacctostHue JleBeHinTaiHa, TeMm
OOJIBIIIE OTJIMYAETCS TIETITUT). DTa METPUKA
OCOOGHHO TMOJIe3Ha MPU aHAIM3€ KauecTBa
CeKBeHUpOBaHUsA de novo, Tae Jaxe He-
OobIIMe OMMOKN B aMHHOKHCIIOTaX MOTYT
CHUJIBHO TIOBJIMSATH Ha OMOJOTHYECKOE 3Ha-
YeHUE TICTITH/IA.

l'uctorpamma ¢ oOmmM pacrpepaene-
HUEM TI0 paccTosiHuio JleBeHmTeiiHa

(puc. 7) moka3bIBaeT, YTO MOJABIISIOIICE

OOJBIIMHCTBO 3HAYCHUN TPUHATICIKUT UH-
tepBaity ot 0 g0 5. Ilpu atom 30% cocras-
as110T 3HadeHust 0, T. €. 3HAYEHUS TTOITHOTO
coBmazenus nentuaoB. U emte 52% — 310
3HA4YCHMA OT 1 10 5, 94TO B X0/€ UCCIeI0OBA-
HUs OBUIO PEIIeHO MPHUHATH 332 HEOOJBIIOe
OTKJIOHEHHUE.

OTnenbHO XOTEN0Ch Obl OCTAHOBUTHCS
Ha HECKOJIKUX THCTOrpammax (puc. 8-13),
r7€ A8 KaXJA0ro 3HA4YeHHUs] PacCTOSHUS
JleBenmreiina (ot 0 10 42) ObITH OTHMITB-
TPOBAaHBI CTPOKH, TJI€ COOTBETCTBYIOIIEE
paccTosiHUE peIaKTUPOBAHMS MEXKIY TPe/I-
CKa3aHHOM M peQepeHTHOM mocieaoBa-
TEIBHOCTSIMU OBLJIO PAaBHO 3TOMY 3Haue-
Huto. Takum 0O6paszoM, JUIs K100 3HaUe-
HUSl pacCcTOSHUSL OBbLIM BBIOpAHBI OTHEIb-
HBIC TTOJAMHOXECTBA CIEKTPOB, I KOTO-
pPBIX CpaBHHBAJIACh TOYHOCTH IpelcKa3a-
Hus. Kak BUIHO HIDKE, Ha KaKIOM H300pa-
KEHUH OJTHA TUCTOTpaMma oToOpakaeT pe-
3yJAbTaThl Uit MeTosia de novo, a Apyras —
st Merona database search. 1o atuMm ru-

crorpaMmmaM BHJIHO, CKOJIBKO COBH&I[GHI/Iﬁ
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OBLIIO HAMICHO M1 KaXKIIOM TPYIIIBI CIIEK- u3 43, KOTOpble AOCTAaTOYHO HArJIsAIHO
TPOB M HACKOJIBKO TOYHBI METOJIbI B 3aBHU- 0TOOpakaroT OOIIYI0 TCHICHIINIO, KOTOpast
CUMOCTH OT 3HA4Y€HHs paccTosiHus JleBeH- MIPOCIIEKMUBAETCS BO BCEX TMCTOIPaMMaXx.

mreiiHa. Huxke npuBeneHsl 6 rucTorpaMm

Levenshtein distance histogram between De novo and Tide Search
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Mexgy nentuaamu, npeackasaHHbIMUM uccrnegyemosiMyM MeTogamm)
Fig. 7. Distribution of spectra by the Levenshtein distance (similarity / difference between
peptides predicted by the studied methods).
Levenshtein distance = 0
10000 A — [ De novo
__ L] [ Tide Search
8000 -
>, 6000
o —
[~
[
>
o
o
w
4000 1 ] F—
2000

0 5 10 15 20 25 30
Number of matched peaks

Puc. 8. CpaBHeHve pacnpegeneHus coBnagatowmnx nukos ansa de novo u database search
C paccTosiHuem JleBeHwTenHa, paBHbiM O

Fig. 8. Comparison of the distribution of matching peaks for de novo and database search
with Levenshtein distance equal to O

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
Information Science. Medical Instruments Engineering. 2025;15(3):122-141



132 CUCTeMHbIV aHanu3 u NpuHsSTVe peluenuii / System Analysis and Decision-Making

Levenshtein distance = 2
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Puc. 9. CpaBHeHne pacnpegeneHnsi coBnagarowmx nukos ansa de novo u database search
C paccTtosiHneMm JleBeHLwTenHa, paBHbIM 2

Fig. 9. Comparison of the distribution of matching peaks for de novo and database search
with Levenshtein distance equal to 2

Levenshtein distance = 4
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Puc. 10. CpaBHeHuve pacnpegeneHns cosnagaroLimx nukos ans de novo n database search
C paccTtosHeM JleBeHLWTenHa, paBHbIM 4

Fig. 10. Comparison of the distribution of matching peaks for de novo and database search
with Levenshtein distance equal to 4
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Levenshtein distance = 6
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Puc. 11. CpaBHeHue pacnpeaeneHus cosnagatowmx nukos anga de novo u database search
C paccTtosaHnem JleBeHLwwTenHa, paBHbIM 6
Fig. 11. Comparison of the distribution of matching peaks for de novo and database search
with Levenshtein distance equal to 6
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Puc. 12. CpaBHeHuve pacnpegeneHns cosnagaroLimx nukos ans de novo n database search
¢ paccTtosHueM JleBeHwTelnHa, pasHbiM 10

Fig. 12. Comparison of the distribution of matching peaks for de novo and database search
with a Levenshtein distance of 10
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Levenshtein distance = 20
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Puc. 13. CpaBHeHne pacnpegeneHunsi copnagaroLmx nukos ansi de novo n database search
C paccTtosiHmem JleBeHwTenHa, paBHbiM 20

Fig. 13. Comparison of the distribution of matching peaks for de novo and database search

with Levenshtein distance equal to 20

CrnenyeT OTMETUTh, YTO JJIsi OJJUHAKO-
BBIX MENTHAOB (PacCTOSTHUE PeAaKTUPOBa-
Husa () rucrorpaMMa OTAAJICHHO HANOMHU-
HaeT OOIIyl0 KapTUHY, KOTOPYIO MBI
HaOroanM Ha OOIIeH THCTOrpaMMe COB-
najeHuid mukoB. OHAKO, YeM OOJIbIe pas-
nanyarotcst mentuabl PepNet u tide-search
(uem Oomplie paccrosinue JleBeHmITeiHa),
TE€M MEHBIIE COBMAJIEHUN TEOPETUUECKUX
nuKOB /i1 de novo. DTa TeHACHIIUs Hauu-
HACT BBIICIATHCSA YXKE€ MPU MaJbIX 3HAYE-
HUSIX PaccTosiHUS JIeBEHIITEWHA U CTaHO-
BUTCS MPEJIEIIBHO YETKOM yXKe IPU PacCTO-
ssHAN pepaktupoBanus 4. [lpu paccrostaum
penakTupoBaHus 6 ructorpamma de novo
OKOHYATEJIbHO CMEILAETCsl BIEBO, a pu 10
MBI YK€ BUJIUM, UTO YacTOTa MUKOB de novo
CTajla CyIIECTBEHHO BbIIIe, uYeM tide-
search. /lanee 3TOT TpeHa TOIBKO MPOJIOJI-

JKacT YCUIINBATBHCA.

W3 mosy4eHHBIX TaHHBIX MOKHO CJie-
JaTh CICIYIOUINI BBIBOJ: YeM OOJIbIIe pa3-
HUIIA B MPEACKa3aHHBIX MENTHIAX MEXIY
de novo u tide-search, Tem MeHbIIIe cOBMa-
JICHUI B TEOPETHUECKUX MHUKaxX de novo u,
KaK CJIeJICTBHE, TEM MEHEE TOYHBIM SIBJISI-
eTCsl pe3yibTaT npeackazanuii de novo.

Urak, B x0/1€ pabOTHI K JaHHBIM OBLIN
npuMeHeHbl MeTolbl de novo u database
search. 3aTrem, 00paboTaB JaHHBIE U CpaB-
HUB UX IO CIIEKTPaM, Mbl BBIUUCIUIN TEO-
pernueckne MOHBI B 1 Y n cpaBHWIN UX C
TOIoBeIMA 150 mHUKaMu I KaXaoro
ckaHa. J{yg Kaxxaoro ckaHa ObUTH paccdm-
TaHbl coBmageHus aisa de novo u tide-
search, a 3aTeM JIJIs1 KaX0T0 CIIEKTpa OBLIO0
paccuuTtaHo paccTtosHue JleBeHITaiiHa.
J11g Kax10r0 criekTpa OblT pacCUUTaH Mpo-
[IEHT COBIIAJICHUH, YTO TIO3BOJWIJIO CpPaB-
HUTH 3(PPEeKTUBHOCTH 1BYX MeTo10B. [Ipo-
BESl PSII TECTOB, MPOBEPOK M AHAJIN30B
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MOJTYYE€HHBIX JIAHHBIX, & TAKXKE UX BU3YaAJIH-
3aI[MI0, MBI CJE€JaJd BBIBOALI OTHOCH-
TeNbHO 3 deKkTUBHOCTH de Novo 1Mo CpaB-
nenuto ¢ database search.

['mmore3a moxarBepawiack: de novo
JCHCTBUTEIILHO IOKA3bIBACT XY/IIME pe-
3yabTaThl, yeM database search. Koneuno,
00a 3TH METOJa IOKa3bIBAIOT JOCTATOYHO
yIOBJICTBOPUTEIIBHYIO ~ TOYHOCTh.  Ho
TaKke 00a JTH METOAa BCE K€ HENb3
Ha3BaTh HaeanbHbIMU. OJHAKO, YTO Kaca-
€TCSl TIPSIMOT'O CPaBHEHHS, TO HY)KHO TpPHU-
3HATh, YTO caM I10 ceOe MeTox de novo He-
JOCTATOYHO TOYCH M He3aBHCHUM. ['opaszo
pazymHee ObLTO OBl HCIIONB30BaTh €r0 B
KOMILJICKCE C JPYTMMH METOJIaMH, KaK 3TO
YK€ JICJIal0T HEKOTOPHIC KOJIJICTH.

B mocnenHee BpeMs MOsSBHIIACH TEH-
JCHITNS, 3aKJIF0YAIOIIascs B 00beIMHEHUH
de novo cexkBenupoBanus [9] ¢ apyrumu
MeTogaMu aHanu3a JaHHbIX  (database
search, rmybokoe obyuenue, DIA, DDA)
[10]. OTenbHO CTOMT OTMETUTH METOJT MC-
M0JIb30BaHUs de Nnovo pe3yIbTaTOB B Kave-
CTBE TETOB JUISI IMOCJICYIOIIETO HUCIOJIb30-
BaHUS WX JUIS YBEJIMYCHHS TOYHOCTH
database search. Takue mHTerparuu mpe-
0J10JIEBAIOT OTPAHHYUCHUS KaXI0T0 OTIACIIb-
Horo noaxoza [11] u obecnieunBaroT OoJiee
BBICOKYIO TOYHOCTh W YYyBCTBHUTEIHHOCTH
pu UACHTU(UKAIMHY TenTHIoB [12].

be3 comHenus, meron de novo kpaiiHe
oJIe3eH MpHU paboTe C HEU3BECTHBIMU O€JI-
KaMH, HO, HECMOTPSI Ha 3TO, HE CTOMT I10JIa-
raTbCsl TOJBKO Ha 3TOT moaxox. ['opasmo
pa3yMHee MCIOJIb30BaTh €ro Kak OIWH M3
HECKOJIBKUX WHCTPYMEHTOB TIpH paboTe ¢

nenTHnaaMu.

Ilocne ananmuza pe3ynbTaTOB Cylle-
cTByrommx nHCTpyMeHTOB (Tide u PepNet)
MBI IPUIILIH K HJIe€ TOCTPOSHHS MaIIMHHO-
oOyuyaromeiicss MoJenu, OOBeTUHSIOMICH
npu3HaKku 006oux moaxozaoB. Llenbio sBiis-
eTCsL:

1. VaydmuTh TOYHOCTH aHHOTAIMH
Macc-CHEeKTPOB.

2. Vlcrionb30BaTh MPeUMYIIECTBa 0a3bl
JAHHBIX, KOTJa 3TO BO3MOXkHO (kak Tide).

3. [Ipu 3TOM ymeTh 0000mIaTh Ha HO-
BbIE, paHee HE BCTPEYABIIMECS TETTHIBI,
Kak 310 aenaet PepNet.

Mopaens 10KHA TPUHUMATH CIIEKTP U
BbIJIaBaTh HanOoOJee BEPOSATHYIO MENTHI-
HYIO TOCIIeIOBATEeIbHOCTh. B oTimune ot
yrcTo reHepaTuBHoro moxaxona (PepNet),
MBI HCHOJB3yeM HHpOpMaAIIO u3 0a3bl
KaHJIUJATOB, HO OIEHUBAEM UX BEPOSITHO-
CTH C TIOMOIIBIO0 HEHPOCETH, a HE IBPUCTHUK
(xak B Tide).

Takum 0Opa3oM, MbI CTPOUM Tpexdas-
HYI0 MOJIENb:

1. Kaganoatuerii JTan (retrieval
stage): UCHoJb3yeM OBICTPBI aJITrOPUTM
(Bo3mMokHO MoamduimpoBanueiii  Tide),
9TOOBI TOJNYYUTHh TOM-N KaHIWIATOB W3
0a3b1 qaHHbIX (Harmpumep, 100).

2. Pamxupyronmii  stan  (ranking
stage): KaXIOMy KaHIUAATy MNpHUCBanBa-
€TCsl OLIEHKA PEJIEBAaHTHOCTU C MOMOIIbIO
riyOOKON MOJENH, KOTOpasi «CPaBHUBAET»
€ro ¢ HaOJII0JaeMbIM CIIEKTPOM.

3. I'enepatuBHast osTanm  (generative
stage): eClIi KaHAUIaThl OKa3bIBAIOTCS IJI0-
xuMmu (confidence HU3KHIA), TOT/Ia MOJICTH
NBITaETCsl CreHepupoBaTh de novo mocie-

JIOBATEIIbHOCTh, Kak B PepNet.
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ApXUTEKTYypa MOJeJIN:

1. CnekTp-3HKOAED

Conv1D (umu Spectral Transformer) —
BIiLSTM — Self-Attention

Bbixoa: BEKTOp MPHU3HAKOB CIEKTpa
SeRN

2. [lentua-sHKOACp

Embedding amuaokucnor — BiLSTM
ninu Transformer

Beixon: Bextop P € R"d
3. Matching Head
Bekrop cpaBuenus: [S; P; |S—P|; S * P]

Multi-layer perceptron (MLP) ua 2-3
cios, ¢ dropout u batch norm

CurMounga Ha BBIXOJIC: BEPOSTHOCTh
cootBercTBus [13].

BbIX0o1: BEpOSTHOCTH TOTO, YTO JIaH-
HBIi TIENTHI COOTBETCTBYET CIECKTPY
(score € [0,1]). DTOT MOAXOM aHAIOTHYECH
Siamese/Matching networks, rioe 3agaua —
OIICHUTh PEJICBAHTHOCTh Tapbl (CIEKTD,
MIETITUT).

Ha Tpetbeii (ha3e Hamiel CUCTEMBI HC-
MOJIB3YETCSl HEHpoceTeBass MOJEb, 00y-
YeHHas pas3u4aTh COOTBETCTBYIOIIUE H
HECOOTBETCTBYIOIIME MAPhl «CIEKTP — Mell-
taay. Lens Mogenu — mpeackaspiBaTh Be-
POSITHOCTBH TOT'O, YTO JIAHHBIN TIENTHU]] CTe-
HepupoBall naHHbId MS/MS-cnektp. st
00y4eHus MbI CPOPMUPOBATU COATAHCHUPO-
BaHHYIO 00YyYaloIIyi0 BEIOOPKY, BKIIFOUAIO-
IIyI0 KaK MO3UTUBHBIC, TAaK U HETaTHBHBIC
npumepsl [14].

[To3utHBHBIE TPUMEPBI OPATTUCH U3 pe-
QITBHBIX YKCIIEPUMECHTAIBHBIX JAHHBIX, TJIC
JUTSL K&KJIOTO CIIEKTpa U3BECTEH UCTUHHBIN
HEITH]T

(Hampumep, 1O  JAHHBIM

AHHOTUPOBAHHBIX MyOMU4HBIX MS/MS-
JaTaceToB, Takux kak Human Proteome
Project, PRIDE u T. 11.).

HeratuBHble mpuMepamMu BBICTYTIHIU
KaK CIIy4JailHble TENTHIbI, OTOOpaHHbIC U3
FASTA-6a3bl, HE COOTBETCTBYIOIIUE JIaH-
HOMY CHEKTPY IO Macce W APYTHM Iapa-
METpaM, TaK ¥ TICTITH/IbI, CTEHEPUPOBAHHBIC
PepNet Ha ocCHOBE Ipyroro CreKkTpa Uiy ¢
UCKaXEHHBIM BX010M [15].

KaxxnoMy npuMepy COOTBETCTBOBAI
MApHBIA BXOJ: 3aKOAUPOBAHHBIA CIEKTP
(BEKTOp MaCC/MHTEHCUBHOCTEH) M TICTITH/I-
Has TOCJIEeIOBATENBHOCTh (B one-hot mmm
aMOenauHTax). JOmoJTHUTEIEHO YYUThIBA-
JUCh KOHTEKCTHBIC TPHU3HAKH: 3apsa H
mnHa nentuaa [16], macca, Moaudukanmn
[17].

Monens 00y4aeTcs ¢ HICTIOIb30BaHUEM

OMHAPHOU KPOCC-IHTPOITHH:

L= —y-log(p) — (1 —y)-log(1 —p),

rae YE{0,1} — meTka kitacca (match / non-
match); p — BbIXO MOJICIIH.

Hcnonp3yroTest CTAaHIApTHBIC TEXHUKU
perymsipu3aiy 1 yIydiieHus o0oO0riaro-
mieit cnocoonoctu: Dropout, Weight decay,
Balanced sampling (1:1 no3uTHUBHBIX H
HEeraTuBHBIX NpuMepoB), Early stopping no
BanuaanmonHot AUC. OOyueHue npoBo-
munock Ha GPU, mpu momomu ppeiimBop-
koB PyTorch u TensorFlow. Pa3smep 6aTtua
coctasisil 64—128 nmpumepoB, KOJIUYECTBO
310X — oT 5 110 30 B 3aBUCUMOCTHU OT 00b-
ema JaHHbIX [18].

To4YHOCTH MOJIENIN IPOBEPSITACEH T10 OT-
JIO)KCHHOW BaJuAaIllmOHHOM BbIOOpKE. Oc-

HOBHBIMU MCETPHUKAMH KaucCTBa MOJICIN

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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obutn BeIOpaHbl: Top-1 Accuracy (mpa-
BWIBHO JIM yrajJaH Jydliuil KaHIuaar),
Top-5 Recall (BXxoauT 11 paBUIIBHBIH TIETI-
i B Tomn-5), Precision N (Ha myummx N
cnektpax), ROC-AUC (knaccudukanus
coBmaJieHue/He coBmajeHue), Q-value wu
FDR mnocne npumMeHeHHs NEPMyTALMOH-

HOI'O aHaJIn3a4.

Kpome Toro, Mbl OTACIBHO HU3MEPSIIH
BKJIaJ MOJCIH B Paclo3HaBaHUE «TPY/I-
HBIX» CllydaeB (Hampumep, TeX, e Ipa-
BIJIBHBIN menTx He BxoauT B top-1 Tide,
HO TOSBIAETCS cpeau de novo-KaHauma-
ToB) [16].

Harra Mmoens-ruOpu 1 mokas3sIBaeT pe-
3yJIBTAThI JIyUIIIHE, YEM KaXKIblii U3 MTOIXO0-
JIOB OTIEJIBHO.

Ta6nuua 1. MeTtpukn Tide search, PepNet n rmbpungHoin mogenu %

Table 1. Metrics of Tide search, PepNet and hybrid model %

Meron Top-1 Accuracy, % | Top-5 Recall, % ROC-AUC FDR, %
Tide search 68 82 0.87 1.1
PepNet 54 68 0.79 1.8
Hamta Mozeits- 76 89 0.91 0.8
ruopu

Ha w3BecTHBIX MenTHaax MpeaioKeH-
Has Mojelb mpe3omnia Tide 1Mo omeHke
coBnageHuii. Ha HeW3BEeCTHBIX — IPHOIIHU-
)aeTcss K TouyHocTH PepNet, HO m30eraeT
TeHepaIiy HeBaIUIHbIX nenTuaoB [19].

Takxke HEOOXOAMMO OTMETUTh, YTO
JUIS OLEHKH YCTOMYMBOCTH MOJENHU K 3a-
IIYMJIEHHBIM JaHHBIM MBI IPOBETU CEPUIO
TECTOB, B KOTOPBIX BXOJHBIC CHEKTPHI UC-
KKAINCh: JOO0ABIISIIICS CHUHTETHYECKHUH
WyM (paHIOMU3UPOBAHHBIE TUKU), YMEHb-
1ayiach MHTEHCHMBHOCTH CHUTHAJIOB, JMOO
yaansuiMch cinadble muku. Mojenb coxpa-
HsJIa BBICOKYIO TOYHOCTH (110 METpHKaM
Top-1 u AUC) naxe npu yxyAlIEHUH Kaye-
CTBa CIIEKTPa, B OTIUYHE OT OA30BBIX METO-
noB (Harmpumep, Tide), y KOTOphIX TOYHOCTb
CHIDKaIach 0oJiee CyIIeCTBEHHO. JDTO TOBO-
PUT O CIIOCOOHOCTH MOJEIH 0000IIaTh H
3¢ deKTUBHO

H3BJICKATb PCICBAHTHLBIC

NPU3HAKU JJaXKe U3 YaCTHMYHO MOBPEXKIEH-
HBIX WJIA HETMOJIHBIX JaHHBIX.

[Ipennoxxennass mMoaenp OOBEAMHMIIA
CKopocTh W nerepMuHM3M Tide ¢ ruoOko-
cThio 1 00yuaemocTtbio PepNet. ['uOpunnas
MOJIEeJIb TIOKa3ana HanboJsiee BHICOKYIO TOU-
HOCTb BO BCEX TECTAX, UTO JJOKA3bIBAET: Ta-
KON MOJXoJ 0COOEHHO MoJie3eH (U, Bepo-
ATHO, HEOOXOAMM) B PEaTbHBIX yCIOBUSX,
rae 0a3a MOXKET OBITh HEIOJIHOM, a CIIEK-
TPBHI — 3aITyMJICHBI.

Pe3synbTaTtbl u ux obecyxaeHue

PazpaboranHas B paMKax HaCTOSIIIETO
UCCIIeIOBaHUST THOpUIHAsT MOJENb Ipel-
CTaBIIsIeT COOOW MHOro(asHyl apXHUTEK-
TYpy, OOBEAMHSAIOUIYIO JIy4IIHE YEpThbl
JBYX TOAXOIOB K HMHTEPIpETAllUd Macc-
CHEKTPOMETPUUYECKUX JAHHBIX: TITyOOKHX
HEHUPOHHBIX ceTel de novo cexkBeHHpoBa-
Hus (Ha mpumepe PepNet) 1 BBICOKOTOUHOM
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CTpaTeruu MOMCKa MO 0Oa3e MaHHBIX (Ha
npumepe Tide-search). Ota monmens Obuia
3alyMaHa Kak OTBET Ha BBI3OBbI, CBS3aH-
HbIE C OTPAaHUYECHUSAMHU KaXJ10ro U3 MOAX0-
JIOB IIPU MX W30JMPOBAHHOM IIPUMEHEHUU.

['maBHOE NOCTOMHCTBO HOBOM MO-
nenu — e€ TpéxdaszHas CTpyKTypa:

1. IlpenBaputenbHOE CEKBEHUPOBAHHE
C UCHOJb30BAHHEM MOIUDUIUPOBAHHOMN
Bepcun PepNet, kotopas reHepupyer
HauOosee BEPOSITHbIE AMUHOKHUCIOTHBIE
MIOCJIEI0BATEIbHOCTU HA OCHOBE CIIEKTPOB.

2. baiiecoBckas (uubTpanus u rmepe-
dbopMyMpoBaHHE THUIIOTE3, B XOAE KOTO-
poii Mozens (GOpMUPYET MHOKECTBO BO3-
MO’KHBIX HENTHI0B-KaHIUAATOB, PaCIIU-
pss MPOCTPAHCTBO IMOMCKAa MO JIAHHBIM
PepNet, HO HE OTPaHUYUBASICH UM.

3. ®a3a cormacoBaHHs U paH)XUPOBA-
HUsI, B KOTOPOM HEHWPOCETEBOM MEXaHHU3M
CpaBHMBAeT W KanuOpyeT COBIMAJCHUS
MEXIy CHEKTpaMU M TEOPETUYECKHUMHU
(dparMeHTaMu Kak W3 MpPeICKa3aHHbIX IO-
CJIEJIOBATENIbHOCTEHN, Tak W M3 0a3bl JaH-
HBIX, MCIIOJIb3Ysl CUTHAJBI OT 00euX Mojie-
Jeil kak o0y4Jaromye Npu3HaKku.

BbiBOoAbI

Pe3ynbratrel TECTHPOBAHNS HA PEATBHBIX
naHHbIX (Bkirovas nmatacer PXD004452)
MOKa3ajf, 9TO THOpHIHAS MOJAEIH CYIIIe-
CTBEHHO IIOBBINIIAET TOYHOCTH HJICHTH(U-
Kaluy IIenTUa0B. Tak, J0js COBIAaACHUM
TEOPETHUECKUX U  HIKCIEPUMEHTAIBHBIX
¢bparMeHTOB BbIpOCia B cpeaHeM Ha 17—
22% 1o CpaBHEHHUIO C UCTIOJIb30BAHUEM O]I-
HOTO TOJIbKO de novo MeTo1a, a pacCTOSTHUE
JleBeHlITEliHA MeXAYy MpeACKa3aHHBIMU
NenTUAaMi U peEepEeHCHBIMH TTOCIIE0BA-

TENBHOCTAMU cokpatuiiocb Ha 30% 1o
cpaBHeHUIO ¢ PepNet. Takxke TOYHOCTH
(precision) cocraBmia 89%, a moJHOTa
(recall) — 92% wna TecTOBO# BBIOOpPKE, YTO
MPEBBIIACT AHAJOTUYHBIC IOKA3aTeIu Y
Tide-search  (85%/90%) wu  PepNet
(71%/77%). OcobeHHO BBIPAKEH MPUPOCT
TOYHOCTH OBbUI 3aMEU€H Ha JJIMHHBIX U MO-
IU(UIMPOBAHHBIX MENTHIAX, paHee COo3/a-
IOIIMX CIIOKHOCTH JIJIsI METOJIOB de novo.

Takum oOpa3om, mpeanoKeHHass MO-
JIeITb TOKa3alia CBOI0 COCTOATENBHOCTD KaK
WHCTPYMEHT BBICOKOW YYBCTBHTEIHHOCTU
Y YHHBEPCAIbHOCTH, OCOOCHHO B 3aJa4ax,
CBSI3aHHBIX C HEM3BECTHBIMH OCITKaMH, Pe/i-
KUMU TOCTTPAHCISIUOHHBIMU MOAU(UKA-
USMHU WM (parMeHTUPOBAHHBIMU Oa3zaMu
JTAHHBIX.

B nepcrniexktuBe npenioKeHHas apXu-
TEKTypa MOXKET OBITh JOTIOJHUTEIHHO yCH-
JeHa C TIOMOUIBI0 CaMOOOYYaroIINXCs
crpareruii (semi-supervised learning) Ha
0O0JIBIINX HEpa3MEUEHHBIX CIEKTpax, pac-
IIMpeHusi O0yyaroluX JaHHBIX 3a CYET
CUHTETHYECKUX CIEKTPOB, & TAaKXKe IpPUMeE-
HEeHHs attention-MeXaHW3MOB, IT03BOJISIO-
[IMX YYUTHIBATh KOHTEKCT U (PU3UKO-XUMHU-
YECKHE CBOWCTBA aMUHOKHWCIIOT TPU TPH-
HSTUU PELICHUN.

B nepcriektriBe mccnenoBaHWl WHTE-
rpauus MpeasioKEHHOM MOJeNu B Cylle-
CTBYIOIIME MaWIIaiiHbl Macc-CIIEKTPOMET-
PUYECKOT0 aHaJIN3a MPEJIOCTaBUT BO3ZMOXK-
HOCTH 3HAQYUTEIBHO MOBBICUTH 3(PPEKTUB-
HOCTh MTPOTEOMHBIX HCCIICIOBAHHMA, BKITIO-
yasi ~ MMMYHONENTHIOMHUKY,  METarpo-
TEOMHUKY ¥ TICPCOHAIM3UPOBAHHYIO MENIH-

LUHY.

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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AHanus Bo3MOXHOCTel ABYXNPOBOAHOro cnoco6a Nnoakno4YeHus
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Pe3lome

Uenb uccnedoeaHus. LLlupokoe rnpuMeHeHuUe 8 MPOMbIWIEHHOCMU cpedcmes U3MepeHUs memnepamypbl ¢ pe3u-
cmusHbIMU Oamyukamu, NOOKAYaeMbiMU M0 MPEXNPO8OOHOU UU 4embipéxnpoesodHol cxemam, 8 cucmemax
ynpaseHusi mexHos102u4eCcKUMU rpoyeccamu npueooum K yCrioXHeHUro kabesbHbix cemel, KOMMymamopos U Cy-
WecmeeHHO oepaHu4yugaem Ko/Uu4yecmeo U3MepumesibHbIX KaHa/i08 eOUHUYHO20 MOOYssi aHaroeo8020 8800a.
JlsyxnposoOHas cxema rnodKIYeHUs:, MUHUMU3UPYouwas amu Hedocmamku, 8HOCUM 8 pe3yfibmambl USMEPEHUSsT
3HayumesbHble Mo2pewHoCcmuU 3a c4ém O00NoIHUMENbHO20 HecmabuibHO20 8HOCUMO20 COMPOMUBIeHUS MPo8oo-
HUKO8 coeQuHUMersnbHoU nuHuUU. iccnedyemcs npedroxXeHHbIU asmopamu crnocob yMeHbWweHuUss 8Hocumol coedu-
HUmenbHoU nuHuel no2pewHoOCmuU, 0CHO8aHHbIU Ha OUEeHKe CONpomuereHuUs Mo pesysibmamam UHmezapuposaHusi
nepexodHo20 npouecca paspsida WwyHmupyouweeo damyuk kKoHoeHcamopa. OyeHusaemcsi cmeneHb 8/UsIHUS 3¢h-
pekma keaHMoB8aHuUs, WyMO8 U UHMepe8asios UHMeapuposaHusi peakyuu usmMepumesibHol yenu Ha noepewHocms
ornpedesieHUs1 ConpomueeHus.

MemoOdsi. OueHka enusiHusi ¢hakmopoe rposedeHa modesnuposaHuem e cpede MATLAB u akcrnepumeHmasibHol
anpobayuell npedroxeHHO20 peweHUsi Ha MakemHoMm obpasue.

Pe3synbmamsl. [TokazaHO CywecmeeHHOe NpeuMyuecmso UHmeapuposaHusi Memooom mpaneyudi, no380ssouUM
rosly4umb 8 yCriosusix aKkcriepuMeHma rozpewHocmu 6onee yem 8 300 pa3 MeHbwUe, YeM MeMOOOM J1e8biX MPSIMO-
yeornbHUKos. OnpedeneHo onmumMasbHOe 8pEMST UHMeepUpO8aHUsl, yMeHbLUarWee 81usiHue Wymo8 K8aHmMo8aHusi u
oMeX Ha noepelwHoCms U3MepeHUs 8 duana3oHe U3MeHeHUs ConpomusneHusi 0amyuka. BeisienieHo, Ymo onmumarisb-
Hble 3HaYeHUs1 8pPEMEHU UHMe2pUpO8aHUs USMEHSIOMCSI NMPONOPUUOHAIbHO 8€/IUYUHE COMPOMUBIIeHUs pe3ucmus-
HO20 damyuka, @ OMKIIOHEHUEe Om OnMmuMarsibHo20 3HadeHusi 00 50% HeKpumMu4YHO yeenu4usaem no2pewHoCmb
OUEHKU €20 COMpomuesieHUsl.

3aknroyeHue. ozpewHOCMb U3MepPeHUs! COMPOMUBIIEHUST pe3ucmueHo20 damyuka npednoxeHHbIM Clocobom 8
00UHaK08bIX yCII08USIX conocmasuma ¢ nogpewHocmsMu crocoba, 6asupyoue2ocsi Ha UHmezpuposaHuU 8cezo rne-
pexodHoz0 npouecca pa3psida kKoHOeHcamopa. MakcumarbHas noe2pewHoOCMb 8 yCrI08USIX IKCepuMeHma He rnpesbl-
waem 0,12% npu uaMepeHUU cornpomuerneHusi, pagHo2o 2 KOM, a rnpu ocmarsbHbIX 3Ha4YeHUSIX — CYUECMBEeHHO
meHbwe. pu amom npumeHeHue MpedsioXeHHO20 peweHUs! Mo380/sem CywecmeeHHO nosebicums bbicmpoded-
cmeue 3a cHem yMeHbUWEeHUSs 8peMeHU UHMe2pUpo8aHUs U yMeHbW UMb 06LEM 060pydo8aHUs 3@ CHEM UCKITHOYEHUS
CITOXKHO20 KOMMYmamopa 8 CKaHUPYHWUX cucmemax.

Knroyeeble cnoea: pe3ucmusHbil damuyuk;, memMrepamypa; MUKPOKOHMpPOIsep; mamemamu4dyecKkas modernb; no-
epewHocmu U3MepeHUs, OeyxnpoeodHa,q cxema; UHmepasar UHmeapuposaHus; Memod mpaneyuli; 8bI4UCIUMesbHbIE
asieopummesil.
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Analysis of the possibilities of a two-wire connection method
for aresistive temperature sensor
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Abstract

Purpose of research. The widespread use of temperature measurement devices with resistive sensors connected via
three-wire or four-wire configurations in industrial process control systems leads to increased complexity of cabling
networks and switching components, and significantly limits the number of measurement channels per analog input
module. A two-wire connection scheme, which minimizes these drawbacks, introduces significant measurement errors
due to additional and unstable resistance from the connecting wires. This work investigates a method proposed by the
authors for reducing the error introduced by the connecting line, based on estimating resistance from the integration of
the capacitor discharge transient process across the sensor. The study evaluates the impact of quantization effects,
noise, and integration intervals of the measurement circuit’s response on the accuracy of resistance determination.
Methods. The assessment of the factors was carried out through simulation in MATLAB and experimental validation
of the proposed solution on a prototype model.

Results. A significant advantage of trapezoidal integration has been demonstrated, allowing for measurement errors
more than 300 times smaller under experimental conditions compared to the left rectangle method. The optimal inte-
gration time was determined, which minimizes the influence of quantization noise and interference on measurement
error across the sensor's resistance range. It was found that the optimal integration time is proportional to the resistance
value of the sensor, and deviations from the optimal value by up to 50% result in only a minor increase in estimation
error.

Conclusion. The measurement error of the resistive sensor's resistance using the proposed method under identical
conditions is comparable to that of the method based on integrating the entire capacitor discharge transient process.
The maximum error under experimental conditions does not exceed 0.12% when measuring a resistance of 2 kQ, and
is significantly lower for other values. At the same time, the proposed solution allows for a substantial increase in speed
due to reduced integration time, and a reduction in equipment size by eliminating the need for a complex switch matrix
in scanning systems.

Keywords: resistive sensor; temperature; microcontroller; mathematical model; measurement errors; two-wire config-
uration; integration interval; trapezoidal method; computational algorithms.
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BBepgeHune

HamnpagneHHoe Ha MOBBILIEHNE TOYHO-
CTU U3MEPEHUS COBEPILIEHCTBOBAHUE METO-
JIOB U3MEPEHUsI TEMIIEPATYPhl MIPU MPUMeE-
HEHUU MX B PA3IUYHBIX OOJACTSIX HAYKH,
TEXHUKU U MPOU3BOJICTBE SIBISIETCS aKTY-
aJbHOM HAYYHO-TEXHUYECKOM 3a7a4yen, pe-
HIEHUIO KOTOPOM MOCBSILEHO 3HAYMUTEIb-
HO€ KOJINYECTBO HayuHBIX pabot. Mccie-
JIOBAaHUE TEMIIEPATYPHBIX MOJIEH BUXPEBBIX
MIOTOKOB Ba)XHO [JISl CUCTEM TEPMOCTaTHU-
POBaHUA U A3POKOCMUYECKON TEXHUKH [ 1],
a U3y4YeHHE TEIUIOBBIX CBOMCTB MaTepua-
JIOB HEOOXOMMO, HAIIPUMED, ISl IPOEKTHU-
poBaHust 3HeprodhHEKTUBHBIX 3/1aHUM [2].
W3ydyeHue pacnpeneneHus TeMIepaTypsl
BJIOJIb BOJIOKHA MPU pabOTe BOJOKOHHBIX
Ja3epoB IMO3BOJISIET PEIIATh BOIPOCHI UX
HAJC)KHOTO (YHKITMOHUPOBAHMS YXKE Ha
stane npoexrupoBanuu [3]. Tepmomerpus
CO CBEPXBBICOKMM pa3pelIeHUEM BOCTpE-
OoBaHa B OOJOMETpax MpH 30HIUPOBAHUU
OMOJIOrMYECKUX O0OBEKTOB, AEKTPOHHBIX U
ONTORJIEKTPOHHBIX YCTPOUCTB [4]. OCHOB-
Hasi 00JIaCTh MPUMEHEHUS CPEACTB U3MeEpe-
HUS TEMIIEpaTypbl — IPOMBIIUIEHHOE MPO-
U3BO/ICTBO.

B kagecTBe HAaTYMKOB TeMIiepaTyphl
LIMPOKO MCHOJIB3YIOTCS PE3UCTUBHBIE JAT-
yuku (P/]), orBeuaromue TpebOBaHUAM
HAJICKHOCTH U TOUHOCTH U3MEPEHUH B I1IU-

POKOM JHana3oHe N3MEHEHUS TeMIIepaTyp.

Accepted 03.08.2025

Published 30.09.2025

PJ1 ucnons3yroTcs U i1 U3BMEPEHUS Ipy-
TUX BEJIWYMH, HApPUMEp HABICHUS WIIU
BIIAXKHOCTH [5].

B nocnennue roapl pazpadbarbiBaroTCs
HOBBIE PELICHUS, HAIIPaBJICHHBIE HA COBEP-
LIEHCTBOBAHUE CPEACTB U3MEPEHUS TEMIIE-
patypsl ¢ ucnosnb3oBanuem P/l

[Ipn ymepeHHBIX TPEOOBAHUAX K TIO-
TPEIIHOCTH U3MEPEHUI UCIIONB3YIOTCA TAK
Ha3bIBa€Mble MpsMbIE HU(POBBIE HHTEP-
(eticel. B [6] npenniokeHa yHUBepcalbHas
MOCTOBAs CXeMa, [O3BOJISIONIAs HA OCHOBE
IPOMEXYTOYHOTI' 0 ITpeoOpa3zoBaHus BO Bpe-
MEHHOM WHTEpBaJl ONPEIEIUTh HEU3BECT-
HO€ CONPOTUBJICHUE WU EMKOCTD.

[IpeobpazoBaHue CONMPOTHBICHUS BO
BPEMEHHOW MHTEPBAJ C M0JIaBIICHUEM BIIH-
SITHUSL COITPOTHUBIICHUS COEAMHUTENBHOU JIN-
HUU MOKET OBITh pEaIM30BAHO MPH TPEX-
npoBoAHOM noakirouenuu PJI [7].

VYcnoxHEHNE U3MEPUTENBHOU CXEMBI
3a CYET BBEJICHHSI OTIEPALIMOHHBIX YCUIIUTE-
JIel, KOMIapaTopOB U aHAJIOTOBBIX KITOUEH
MO3BOJIIET TOBBICUTH TOYHOCTh HU3MEpeE-
Hus. Crioco® M3MEpeHus TeMIepaTypsl B
3aJIaHHOM JIMaIla30HE TEMIIepaTyp HyJie-
BBIM METOJOM OCHOBAaH Ha KOMIIEHCALlUU
BOJIBT-CEKYHJHOW TUIOLIAJN UMITYJIbCa I10-
CTOSSHHOW JUIMTENBHOCTA C aAMIUIUTYAOM,
MPONOPIMOHAIIBHON conpoTHuBieHn0 P/I,
Pa3HOCTHIO IUIOMIAJIEH UPOTHO-MOAYJIN-

POBaHHBIX HMITYJIBCOB C aMINUIMTyJdaMu,
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COOTBETCTBYIOLIUMU MaKCUMAJIbHON U MU-
HUMQJIBHOM TpaHMUIAM TEMIIEpaTypHOIO
nvama3oHa [8].

JInHeapu3oBaHHass HEypaBHOBEIICH-
Has MOCTOBasl CX€Ma MU3MEPEHHUsI C I0J1aB-
JIEHUEM BIIUSHUS CONPOTHUBIIEHUS COEIH-
HUTEJIIBHOM JIMHUU IIpU TPEXIPOBOIHOM
noakiaroueHun PJI onucana B [9].

VYnanennoe pasmemenue PJI, xapax-
TEPHOE IS pACIIPEEICHHBIX U3MEPUTEIIb-
HBIX CHCTEM, MPUBOIUT K IOTPELIHOCTAM
U3MEPEHHUS] TEMIIepaTypbl, BbI3BAHHBIM
BJIMSIHUEM CONPOTUBIICHUS] COEAMHUTEIb-
HBIX POBOJIOB HA PE3yJIbTaThl U3MEPEHUN.
[IInpoko UCIOJIB3yEMBIM TEXHUYECKHUM pe-
LICHUEM, HAIIPABJIEHHBIM HAa CHUKEHUE T10-
IPELIHOCTEN HU3MEPEHUsl TEMIIEPATyphl 3a
CYET KOMIICHCALlUM WJIH HMCKJIIOYEHUs CO-
MPOTHUBJIEHUSI MPOBOAHUKOB,  SIBJISIETCSA
MPUMEHEHHUE TPEX- U YETHIPEXIPOBOIHBIX
cxeM nonkmroueHus PJI, ynopoxarommx
CUCTEMY KakK 3a CUET yBEJIIMYEHUSI CTOUMO-
CTH NPHUCOECIWHMUTENBHBIX JIMHUH, TaK M
KOMMYTaTOpPOB B MHOT'OKAaHAJIbHBIX CHCTE-
Max.

Peanu3oBaTh MpoCTOTY IBYXHPOBOJ-
HBIX TOJKIIOUYECHHUI IO03BOJIAET MPUMEHE-
HUE Pa3IuYHbIX BAPUAHTOB MOJICPHU3ALUN
W3MEpPUTENBHBIX ~ CXEeM,  TpeOYImux
YCII0)KHEHUS QJITOPUTMOB U3MEpPEHUs U 00-
pabOTKU HW3MEpUTENbHOW HH(OPMALIUH,
0a3upyroLIMXCcsl HAa NPUMEHEHUU MHUKPO-
koHTposiepoB (MK). Moaepuuzauus us-
MEpUTEIBHBIX CXEM CONpsKEHa C BBeJe-
HUEM JIONOJIHUTENIbHBIX 3JIEMEHTOB (CTa-
OWJINTPOHOB, JMOJOB, MCTOYHHKOB TOKQ,

KOMMYTaTOpPOB U T. II.).

B [10] »aTO0 mocturaercst npu UCMOIb-
30BaHUU Mapbl COTVIACOBAHHBIX MO Xapak-
TEPUCTUKAM JIHOJAOB, OJMH M3 KOTOPBIX
BKJItOYaeTcsl mociiegoBarebHo ¢ P/, a
JpYroil HIyHTUPYET 3Ty LENb MPU CMEHE
MOJISIPHOCTU MUTAIOLIEr0 €€ HanpsHKEHUS.
IIpyn omHOM NONSAPHOCTH TOKA ITaJICHUE
HAIpsDKEHUs  OINpeAenseTcss MNaJeHHEeM
HAIpsDKEHUs Ha JIMOJE, CONPOTHBICHUEM
poBoaoB U PJI, a mpu apyrou — nageHuem
HAIpPSDKEHUS HA IMO/I€ U CONIPOTUBIIEHUEM
MIPOBOJIOB. BrlunTaHue 3TUX BEJIIUYUH I103-
BOJISIET ONPEEIUTh NaJeHUE HANPSKEHUs
Ha PJI. PeanpHO mnaneHuss HanpsoKEHUs
Jla)ke Ha COrJIacOBAHHOM mape JUOJ0B OT-
JUYAIOTCSL.

B [11] nnsa yuéra neicTBUTEIbHBIX Na-
JEHUI HamnpsHKeHU Ha COTJIaCOBAHHBIX
JMOAaX NUTAaHUE LEeNu OCYILIECTBISETCS
TPEXCTYIIEHYATBIM TOKOM IOJIOKUTEINBHON
Y OTPULIATEJIBHOMW MOJISPHOCTH, a 110 U3Me-
PEHHBIM HaNpPsDKEHUSIM BBIYUCIISIETCS CO-
nporusinenre PJ/[. M3mepurenbHas cxema
XapaKTepHa CI0KHOCTBIO UCTOYHHKA [TUTA-
HUS.

ComnpoTHBIICHUE JTMHUA MOXXET OBITH
ONpENIETICHO MPHU MUTAHUU U3BECTHBIM TO-
KOM U3MEpUTENbHOW 1enu B Buue P/,
ITYHTUPOBAHHOTO TPEIHU3UOHHBIM CTa0u-
mutpoHoM [12]. CymmapHoe compoTtusiie-
Hue P/[ u nuHumM onpenenstorces npu nura-
HUW U3MEPUTEIBHON LIENH OT MCTOYHHMKA,
rapaHTHPYIOLIEro HaIpsDKEeHUe Ha €€ 3a-
KUMaX, MEHbBIIIEEe HAMPSDKCHUS MPoOos
cTabunmutpoHa. Masioe 3HaueHUE TaJACHUS
HaIpsKEHUs Ha CONMPOTHUBJICHUU JIMHUM B

CpPaBHEHHHM C HaNpsHKEHHEM  Mpo0os
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NPEIU3UOHHOTO  CTAOWJIMTpPOHA  CYyIIe-
CTBEHHO CHUKAET TOUYHOCTH €ro ornpeesie-
HUSAL.

B [13] npenyoxkeH crocod u3MepeHus
PJI, Gasupyrommiicss Ha HCHOJIb30BAHUU
npsiMoro UG pPoBOTo HHTEPPEiica c mpome-
YKYTOYHBIM IIPEOOpa30BaHHEM BO BPEMEH-
HOM MHTEPBAJ U MOJABJICHUEM BIUSHUSA CO-
npoTUBJCHUsT JUHUU. [ obecnieueHus
MPUEMJIEMOI TOYHOCTH MPU OTPAaHUUYEHUU
BPEMEHU U3MEPEHUS MPEAJIOKEHO UCTIOIb-
3oBath [ IJIMC.

ABTOpaMH NPETOKEHBI PEIICHHUS, UC-
KJIFOYAIOIINE BJIMSIHUE CONPOTHUBIICHUS CO-
€IMHUTEIBLHON JIMHUMU TIPU JABYXIPOBOJ-
HOM IOJKJIFOUCHUH JaTYMKa 32 CUET BBEJIC-
HUS OJHOTO JIOMOJIHUTEIBHOIO 3JIEMEHTA
CXEMbl — KOHJIEHCATOpPa, IIYHTUPYIOIIETO
PJ1, 1 uMIy1bCHOTO MUTAHUS U3MEPUTEIb-
Hou nenu. [Ipu 3Tom conporusnenue P/l
OIPENICIISIETCS. YEPE3 HAMPSIKECHUE HA HEM,
TOK, NPOTEKAIIMA B HW3MEPUTEIBHOU
[ETH, — MPU MTOJTHOCTHIO 3aPsSHKEHHOM KOH-
nencarope. Hanpsoxenue na P/l npu 3aps-
YKEHHOM KOHJIEHCATOpe B COOTBETCTBUHU C
3aKOHOM KOMMYTAIlM{ PaBHO HAIPSHKCHHUIO
Ha HEM TOCTIe OTKITIOUCHUS TUTAHUS U3Me-
purensHOM nenu. Jnga  onpeneneHus
HANPSDKEHUS MOJKET HCTOJIB30BATHCS €T0
HETocpeacTBeHHOE u3Mepenue [ 14], Ho 60-
Jiee TOYHBIE PE3YJIbTaThl IOCTUTAIOTCS MPU
00paboTKe pe3yIbTaTOB U3MEPEHUS HAMIPSI-
JKEHUSI BO BpeMs IMEPEXOJHOro mpolecca
pa3spsana konjaencaropa Ha P [15]. Pe-
3yJbTaThl KCIEPUMEHTAIBHBIX HCCIEI0-
BaHWH crioco0a M3MEpEeHUs MPEACTABICHBI
B [16]. ITockonbKy MHTErpUpOBaHUE OCY-

MCCTBIACTCA Ha BCEM HHTCPBAJIC

MEPEXOIHOTO IMponIecca, TO 3TO IPUBOAUT K
YBCIIMYCHUIO BPpECMCHHU HU3MCPCHUA U YBC-
JIMYCHUIO BJIMUAHHUA aAlICPUOJUICCKUX I10-
MCX, BO3HHUKAKOIIMX Ha 3aKJIHOYHUTCIBHOM

Y4aCTKEC MHTCPBAJIa MHTCTPHUPOBAHUA.

MaTepMan bl U MeTOAbI

[IpennoxxeH crnoco® M3MEpPEHHs TeM-
NepaTypsl, MO3BOJSAIOIIMNA CHU3HUTH IIO-
TPELIHOCTH M3MEPEHHS MPU JIBYXIIPOBOI-
HOM MOAKJIFOYEHUHN JaTYMKa MPU COKpalle-
HAM BpPEMEHU HW3MEPEHHs, 3aKIH0Yalo-
IIUNICS B BBIYUCIICHUM TAJICHUSI HAIPsKe-
Hus Ha PJ] o pesynbraram MHTErpupoBa-
HUS MIEPEXOAHOr0 Ipolecca pas3psia KOH-
JIEHCAaTOpa Ha HEKOTOPOM BPEMEHHOM HWH-
TE€pBAJIE C COXPAHEHUEM PE3YJIbTATOB B CE-
penune t1 u KoHIE nHTEpBaia t2 = 2t1 coot-
BeTcTBeHHO. Ha pucynke 1 npexacraBieHa
CTPYKTypa H3MEPHUTEIBHOIO YCTPOWCTBA,
peanu3yromas npeIoKEHHBIA CIOC00 n3-
MEpEHUS.

ens PJI muTaercst npsiMOyTOJIBHBIMU
MMITYJIbCAaMU 33/IaHHOM CKBaXXHOCTHU. 3a
BpEMs UMITYJIbCA KOHAEHCATOP MOJIHOCTHIO
3apsikaercs. B ycTaHOBUBIIEMCS peXKUME
110 OKOHYAHUH TpoLecca 3apsia KOHIeHca-
TOpa U3MEPSAETCS HAINIPSHKEHNUE HA OTOPHOM
pesucrope. [lo 3aBepmieHMM wuMITyIBCA
JIMOJT CMeIaeTcss B oOpaTHOM Harmpablie-
HUU U paspsiBaeT uenb nutanus PJI. C 3a-
JIAHHBIM 11aroM JMCKPETHU3alNU HaIpsKe-
Hue Ha PJI, mognep:xkuBaemMoe pazpskaro-
HIMMCST KOHIEHCATOpOM, Mpeodpasyercs B
M (POBON KO U OCYIIICCTBIISCTCS YHCIICH-
HOE€ MHTETPUpPOBAHHUE. 3HAUYCHUS] MHTErpa-
JOB S1 M Sz COXpaHSIOTCS B CepeauHe U

KOHIIE MHTEpBaJla HHTETPUPOBAHUS B

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
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MOMCHTEI BpEMCHHU {1 1 2 cooTBETCTBEHHO.
Ol"paHI/ILICHI/IC JJIMTCIIBHOCTH HHTCpBaJIa

UHTETrpUpoBaHus t2 = 211 MO3BOJISAET MOBBI-

HOIPEIIHOCTh MHTETPUPOBAHMS, CBSI3aHHYIO
¢ 3¢ ¢peKToM yMEHBIIEHHs HaNpsHKEHHs Ha

PJ1 B kOHIIEe TepexoAHOT0 Mpoliecca 10 BEu-

CUTH 6BICI‘p0,Z[eI>'ICTBI/Ie nu yMeHBH_H/ITB YHUH COIIOCTAaBUMBIX C IIIAaroM KBAHTOBAHU.
VD R REF Rw2
) S I
\_/
U
<D L Rg Cl
CVD T
Ry,
N -

Puc. 1. Cxema namepeHus conpotusneHms P npy AByXNpOBOAHOM MOAKIOYEHUN NHTEMPUPYIOLLIUM
MeToaoM: U — NICTOYHMK MMMNYTbCHOMO HaMnpsXXeHUs NUTaHUs U3MepUTErnbLHON uenu;
V1, V2 — BonbTMeTphbl; VD — Anoa; Rrer — OMOPHBIN pe3nctop, Rwiz — conpoTusneHne
coeanHuTEmNbHbIX NPOBOAOB; RTs — pe3ncTuBHbIN AaTyuk (Termosensor);

C — WyHTUpyoLWMIN KoHgeHcaTopa

Fig. 1. Measurement scheme of the resistance of Rrs using an integrating method with a two-wire
connection: U — power supply voltage source for the measurement circuit; Vi, V2 — voltmeters;
VD — diode; Rrer — reference resistor; Rw:z — resistance of the connecting wires;
Rts — resistive sensor (Thermosensor); C — shunting capacitor

Hanpsbkenne Ha PJ[ B KOHLE 3apsiia
koHneHcaropa (Urso) ompenensiercs B co-
OTBETCTBUU CO CIEAYIOIINM BBIPAXKEHUEM:

U+so =Upow " Rrs /(RREF +Ry + RTS)y (1)

rae Upow — HampspDKeHWE MUTAHUS, H3Me-
peHHOoe BOIBTMETPOM V1; RReF — COMTPOTHB-
JIEHUE OTOpPHOTO pe3ucTtopa; Rw — compo-
TUBJICHUE COCAMHUTEIHHBIX TPOBOIHUKOB,;
Rts — conporusnenue PJI.

HanpsikeHre Ha ONMOPHOM pe3UCTOpe
URrer, KOTOpOE MOXET OBITb ONPEIEICHO
KaK pa3HOCTb MOKa3aHUM BOJBTMETPOB Vi

u Va2, paccunTsIBaeTCs KaKk

Urer =Upow " Rrer /(RREF +Rw + RTS)- (2)

[Ipu 3aBepiIeHNN UMITYJIbCA HATIPSIKE-
HHE Ha KoHAeHcaTtope P/[ ymeHbiaeTcs mo

HKCIIOHEHIMAIbHOMY 3aKOHY:

Uss =Uqgo -exp(-t/1) =

Y ®)
=Ug -eXp(—n-At/ 1),

rae t = n-At — Bpems OT Hadasia mepexo.-
HOI'O IIpolecca paspsia KOHJIEHCATopa,;
At — nHTEpBaN AUCKpETU3aUnu; N — KO-
YECTBO UHTEPBAJIOB TUCKPETU3ALNH, YKJIIA-
JBIBAIOIIMXCA BO BPEMEHHOM MHTEpBan f{;
T = R1sC — mocTosiHHas BpeMEHHU IICTIH pa3-
psla KOHAEHCAaTopa.

HaTerpan HanpspKeHUs NEPEXOIHOrO
Ipouecca pa3psaa KOHAEHCaTopa Ha pe3u-
CTHUBHBIN JAaTYMK TEMIIEPATYPBl Ha MUHTEP-
BaJIe BpEMEHH {1:

S, =1tU1gg [1—exp(—tl/t)] : 4)

HaTerpan HanmpspkeHUs NEPEXOIHOTO
rporecca paspsna KOHAeHcaTopa Ha pe3u-
CTHUBHBIN JAaTYMK TEMIIEPATYPHl HA UHTEP-
BaJIe BpEMEHHU 12!
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S, =tU+q [l—exp(—tz/t)]. (5)

OtHomenune uHTerpaigos (S2/S1) mo-
JKET OBITh OMPENIETICHO B COOTBETCTBUH CO

CJIE/LYIOLIMM BBIPAKEHHUEM:
(exp(ty/7)+1)(exp(t,/7)-1) )
(exp(t,/7)-1)

1
XW =1+exp(-t,/1).

Omnpenensisi 0TCIO/1a TIOCTOSIHHYIO BpPe-

S,/ =
(6)

MEHU ¥ TMOACTABIAA €€ B (4), MoIydum

o In(S,/8,-1)

= . 7
T T (2-8,15) ")

Tak KaKk HaNpsHKEHUS Ha OTIOPHOM PE3H-
crope u PJl B KoHIIe mporecca 3apsijia KOH-
neHcaropa B coorBerctBuu ¢ (1) u (2) npo-

ITOPLUMOHAIBHBI X CONPOTUBIIEHUAM, TO
Rrs = RreeUts /Uper - (8)

ITockonpKy NpUMeEHSEMBIE B TPOMBIILI-
JICHHOCTH PEIICHUS OOBIYHO OTIMPAIOTCS HA
UCIIOJIb30BAHUE MOJYJIEM aHAJIOro0BOTO
BBO/JIa, MOJIKJIFOYAEMBIX K IPOrpaMMHUpYye-
MBIM  JIOTUYECKMM KOHTpPOJUIEpaM, TO
HEOTHEMJIEMBIMU 3JIEMEHTAMU MOJ00HBIX
CHUCTEM SIBJISIIOTCS aHAJI0r0-1IU(PpOBBIE Mpe-
oOpazoBatenu (ALII), MynbTUIIIEKCOPSI,
MUKPOKOHTPOJUIEPl, HCTOYHUKH OIOp-
HOTO HamlpsHKEHUS! WM TOKa, OTIOPHBIE pe-
suctopsl. [Ipeanaraemslii cioco0 moapasy-
MEBA€T NPHUMEHEHUE  IEPEUUCICHHBIX
YCTPOWCTB, OJTHAKO MPH 3TOM HUCKIHOYAETCS
HEOOXOJIMMOCTh B CJIIOXHBIX MYJIbTUILICK-
COpax, MOCKOJIbKY JIJIsl peaJIn3allii MHOT'O-
KaHAJTLHOCTU TPEOYIOTCS JIHIIb IBA aHAJIO-
roBeix Bxoaa AIIIl u nByHampaBlieHHbIE

upoBkIe BBIBO/IbI 110 YUCITY

KOMMYTHPYEMBIX H3MCPUTCIIBHBIX KaHa-
JOB, a TakKXXC CHMIKXAIOTCA Tp€60BaHI/I}I K

TOYHOCTU OMOPHBIX UCTOYHHUKOB [16].

HccaengoBanue cnocoda usmepeHust

JI7151 OLIEHKH ITOTEHIMATIbHBIX BO3MOX-
HOCTeH crocoba Mcmonbp3oBagach MaTeMa-
TUYECKAasi MOJEIb YCTPOWCTBA, pPEAIN30-
BaHHas B MATLAB. C e€ nomouisto one-
HMBAJIOCH BIIMSIHUE HA MTOIPEIIHOCTD OIpe-
nenennst Pl mHTEpBana AMCKpEeTH3aLuH,
crocoba MHTETPUPOBAHUS, UHTEpBaJla WH-
TerpupoBanus, 3(p(PeKToB KBaHTOBAHUS U
mymoB. MccenenoBaHuss NpoOBOAWINCH IS
JMaIia3oHa U3MEHEHHUs1 conpoTuBieHus PJJ
paBHOrO 4, 4TO B Clly4ae NpUMEHEHUS IuIa-
THHOBBIX TEPMOMETPOB COIPOTUBIICHUS
MO3BOJISIET EPEKPHITH AUAIIA30H TEMIIepa-
Typ B 800°C. Ilutanue uenu PJ/[ moxer
OCYILECTBIIATECS KaK OT MCTOYHMKA TOKa,
TaK M OT MCTOYHMKA HAIIPSIKEHHUs 4epes
ONOPHBIN PE3UCTOp (B MOJEININ U CTEH/IE UC-
II0JIb30BAJICS MOCJEIHUN BapUaHT).

Hanpsbkenne na PJI Bhiumcnsercsa B
JIMCKPETHBIE MOMEHTBHI BPEMEHH IO BbIpa-
*eHuto (3), a MHTErpUpPOBaHUE OCYIIECTB-
JISI€TCSl YUCICHHBIM METOI0M. BaXkHbIM ma-
paMeTpOM, BIIMAIOIIMM Ha IIOIPEIIHOCTH
U3MEPEHHUs], SBJISICTCA OTHOLLIEHUE HHTEP-
BaJIa JUCKPETU3AaLUHU K IIOCTOSHHOMY Bpe-
MEHHU paspsaa KoHJeHcatopa. Ha pu-
CyHKE 2 MpUBEJIEHA 3aBUCHUMOCTbh OTHOCH-
TEJIbHOM MOTPEIIHOCTH ornpeneneHus: PJJ
OT BEJIMYMHBI UHTEpPBaa UHTErPUPOBAHUS
JUISL PA3JIM4YHBIX OTHOILUEHWW WHTEpBaJa
JUCKPETU3alUUA K ITOCTOSHHOMY BPEMEHU
IIPU METOJE MHTEIPUPOBAHHUS JIEBBIX IIpsI-

MOYTOJIbHHUKOB.
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n = t1/At
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Puc. 2. 3aBucMMOCTb NOrpeLwHocTn onpeaenexuns conpotmenerms PO oT BpeMeHu
WHTErpMpoBaHns METOAOM NEBbIX MPAMOYTrOSIbHUKOB MPW Pa3NNYHbIX OTHOLLEHUAX
At/t : 1 - 1/50; 2 — 1/100; 3 — 1/150; 4 — 1/200

Fig. 2. Dependence of the error in determining the resistance of the RTS on the integration time using
the left rectangle method at various At/t ratios: 1 — 1/50; 2 — 1/100; 3 — 1/150; 4 — 1/200

I'paduku HA pucyHke 2 JEMOHCTpPHU-
PYIOT MNPONOPLUUOHAIBHYI 3aBHUCHUMOCTh
MOTPEIHOCTH OT oTHomeHus At/t. [pu

3TOM

Or = SORA—t , %. 9)
TS
[TorpemHOCTh ONpeAeaeHUs COMpO-
THUBJICHHSI PE3KO BO3pacTaeT MPHU MPUOITH-
JKGHUM WHTEpBaJla WHTETPUPOBAHUS K
KOHIly TIEPEXOJHOro IIpolecca paspsaa
KOHJIeHcaTopa u oTHomeHus S2/S1 k 1, uto
COTIPOBOXKIAETCSI C CTpeMJeHHueM abco-
JIOTHOW BEJTMYUHBI YUCITUTEIS BBIPAKEHUS
(7) k —o0.
Ha pucynke 3 npuBeaeHbl aHAIOTHY-
HbIE 3aBHUCHUMOCTH [UJIi MHTETPUPOBAHUS

METOJIOM Tpareiuu.

I[Tpu 5TOM MOTPEUIHOCTD OMPEICTCHUS
comporuBienus P/ (%) mnomguuHseTcs

KBa,Z[paTH‘IHOﬁ 3aBHUCUMOCTH.

2
g =8,3(3) RA—t . (10)
TS

[Ipu nmocTossHHOM BpeMEHM IpeBbIIIa-
Iollel nHTepBal Auckperusanuu B 100 pa3
OTHOCHUTEJIbHAs MOTPEIIHOCTh CTAHOBUTCS
menbine 10°%, a 114 MeToa JeBBIX Hpsi-
MOYroJbpHUKOB — 0,5%. Takoe cymecTBeH-
HOE OTJIMYME B BEJIUYMHE MOTPEIIHOCTH
IpU NMPAKTUYECKH OJUHAKOBOW BBIYHMCIIHU-
TEJIBbHON CI0KHOCTH NPHUBOJMUT K LIEIECO-
00pa3HOCTH MHTETPUPOBAHUS METOJOM

Tpaneuuu.
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0 1

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
n=t1/At

Puc. 3. 3aBncMMOCTb NOrpeLLHoCcTy onpeaeneHus conpoTtueneHns P ot Bpemexun
WHTErpMpoBaH1s MeToA40M TpaneLunin Npn pasnnyHbiX OTHOLLIEHNUSX At/t:
1-1/50; 2 - 1/100; 3 — 1/150; 4 — 1/200

Fig. 3. Dependence of the error in determining the resistance of RTS
on the integration time using the trapezoidal method at various At/t ratios:
1-1/50; 2 — 1/100; 3 — 1/150; 4 — 1/200

[Ipu peanmuszanuun CTE€HIA HOMHHAIb-
HOE 3HaueHue conpotusieHus P/ npunsato
paBHbIM 1 KOM, a €MKOCTh LIYHTHPYIO-
miero koujaeHcaropa — 6,8 Mx®. [Ipu aTom
YBEJIMYEHUE YacCTOThl JUCKPETH3ALUU OT
PEKOMEHJIOBaHHBIX mpouszBoautesieM MK
10 xI'u go 40 kI’ He mpuBeIO K yBEIUYE-
HUIO IOTPEIIHOCTH OJHOKPATHOTO U3MEPE-
HUSI HalpsHKEHUS HAa HAYallbHOM Y4YacTKe
MIEPEXOAHOTO TpoLecca. ITO TMO3BOJIUIO
BBIOpAaTh HMHTEPBAI JTUCKPETH3AIlUA PaB-
HbIM 26 MKc. JlanbpHeliiee MOIeTupOBaHNE
OCYIIECTBIISIIOCh TIPH BBHIOPAHHBIX Tapa-
METpax U3MEPUTEIIHHOMN LETH U UCTI0JIh30-
BaHMM MHUKpOKOHTposuiepa ATmega328 c
BcTpoeHHBIM 10-6uToBbiM ALIIL. ITpu aTOM
HEO0OXOAMMOCTH B TPUMEHEHUHU TUOA TS
pa3pbiBa LENH MUTAHUS aTYMKaA HET, T. K.
pa3phIB LENU OCYIIECTBIISETCS TIEPEBOIOM
BbIBOJIa nopTa MK B pexxum BBOJA.

Pe3ynprar OLEHKM  TOTPEMIHOCTH

OIlpelIeIIEHUs COIPOTUBIICHUSA P,

00yCIJIOBJIEHHONW WHTErpUPOBAHUEM IIEepe-
XOJIHOI'O IIpoLiecca METOAOM TpaneLui s
3HAYCHUW COMPOTUBIICHUM B JHAIla30HE
1-4 xOwm, npencraieH Hinke (puc. 4).

CoryiacHO NOJIy4YeHHBIM pe3yJIbTaTaM,
MOTPEIIHOCTSMU QJITOPUTMa BBIYUCIICHUN
B BbIOpaHHBIX YCJIOBHMSIX MOKHO IpeHe-
opeus (Menee 0,00013%).

1 OuEHKM BIHMSHUS KBAaHTOBAaHUS
U3MEPSEMOr0 HaNpsLDKEHUS HMCIOJIb30Ba-
Jach omnepanusi OKpyIJICHHs U3MEpPSieMbIX
HanpspKeHn 1o nensix. 1pu aTom Hanps-
YKEHUE MUTAHUS U3MEPUTEIIBHON LIeTH, 13-
MepsieMO€ B COOTBETCTBUU C PUCYHKOM |
BOJIbTMETPOM V1, NMPUHUMAIOCH PaBHBIM
MakcumanbHoMy koxy ALl (mns n-pas-
psagaoro AT — 2"). [Inst necsitupaspsi-
Horo AIIIl 3aBUCUMOCTH OTHOCHUTEIBHOU
NOrpeImHocTy onpenenenus Pl ot unrep-
Bajla UHTETPUPOBAHUSI MPUBEACHBI HA pHU-
CyHKE 3.
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Puc. 4. 3aBucumocTb NorpeLwHoOCTN naMepeHua OT BpeMeHn MHTerpupoBaHnAa MeToaom Tpaneumﬁ

Fig. 4. Dependence of the measurement error on the integration time using the trapezoidal method
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Puc. 5. 3aBNCMMOCTb NOrpeLLHOCTM OT BPEMEHN MHTErPUPOBaHUS ¢ y4eToM adcpekTa
kBaHToBaHUA 10-paspsagHbim ALM npy n3secTHoM Toke nuTaHua uenu P

Fig. 5. Dependence of the error on the integration time considering the quantization

effect of a 10-bit ADC at a known circuit supply current
MOTYT CIEIMaTIbHO TOIMEIINBATHCS), pac-
MPEAETIEHHBIX [0 HOPMAJIbHOMY 3aKOHY CO
CpeaHECKBaAPaTUIYCCKUM OTKJIOHEHUEM
(CKO), paBHBIM €IMHUIE MJIAJIIIETO pas-
psina, paccMoTpuM Huke (puc. 6).

AHanu3 IMOBEIEHUS JTUX 3aBUCHMO-
CTEH MO3BOJIIET CHENATh BBIBOJ O CyIIe-
CTBOBAaHMHU JHAIa30HOB UHTEPBAJIOB UHTE-
ITPUPOBaHMs, B IIPEAeax KOTOPBIX IIO-
I'PEIIHOCT, MMHUMAalbHA. BimsHue Hekop-

PEMPOBAHHBIX C CHUTHAIOM ILIYMOB (OHH
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Puc. 6. 3aBncumoctb CKO BbIMMCNEHHBIX 3HAYEHU OT HOMUHAMbHbLIX 3HaYeHUN

conpoTtuBnenun P ot BpemeHn nHterp

MpoBaHusA ¢ yyeToMm acpdekTa

KBaHTOBaHUA 1 BIUSAHWS LWYMOB npu ycpeaHeHun no 500 namepeHunsam

Fig. 6. Dependence of the RMS deviation of computed resistance values from nominal RD

values on integration time, considering q
when averaged over 500 measurements

[Honoxenne munumyma CKO 3aBucur
OT BEJIMYMHBI U3MEPSEMOr0 COMPOTHUBIIC-
HUSI, T. €. JJISI KaOKIOro 3HA4YE€HUs COIpPO-
tuBieHua PJ[ cymiecTByer onTUMallbHOE
BpeMsi MHTErpUpoBaHus. Bennuuna ontu-
MaJIBHOTO BPEMEHU MHTETPUPOBAHMS OKa-
3bIBAETCA MPONOPLUHUOHAIBHON BEIWYMHE
conporuBieHus P, a OTKJIOHEHUE OT OIl-
TUMAaJIbHOTO 3HaueHus B npenenax 50% ne-
CyHIECTBEHHO BiMsieT Ha o. llpu sTOM
t1 = 0,76r.

OntumanbHOE BpeMsi HMHTErPUpPOBa-
HUsl {1 MOXKHO OIICHUTHh B COOTBETCTBHUU C

BBIPAXKECHUEM:
b=ty RTS/RTSN 1

rae tin — onTUMaIbHOE BpEMSI HHTETPUPO-

(11)

BaHMs IIPU HOMUHAJIBHOM 3HAa4€HUU CO-
npotusieHuss PJ{; Rrsn — HOMHHalBHOE

3HaueHue conporusieHus PJI.

uantization effects and noise influence

OnHako aJist ero onpeeneHus: Heoo-
XOJUMO 3HATh BEIIMYMHY COMPOTHBIICHHS
Rts. Bospmmoe momyctuMoe OTKIIOHEHHUE
BPEMCHH WHTETPUPOBAHHUSA OT ONTHMAaJIb-
HOTO 3HAYE€HHS II03BOJIIET JUIS €ro
OIIEHKH BOCIOJIb30BaThCS OJIHOKPATHBIM
U3MEpPECHUEM HaMpsKEHUS Ha 3aXKUMax
COCAUHUTEIHPHON JIMHUU B KOHIIE HM-
nyJbca 3apsija KoHAeHcaTopa, Uild 1Mociie
OTKJIFOUEHHS IHTAaHUS, ¢ MHUHHUMAaJILHOMH
3aaepxkkoi (5—10 MKc) mocre 3aBepuieHus
KOJIeOATEIPHOTO TTEPEXO0THOTO TIpoliecca,
BO3HHMKAIOIICTO B JUIMHHON JIMHUM IIOCJIC
OTKJIFOUCHUA nuTaHus nenu P/I.

Crnenyer yduThIBaTh, YTO TMPECTaB-
JICHHBIE PEe3yJbTaThl MOJICITUPOBAHUS HE
YYUTHIBAIOT MOTPEITHOCTH, KOTOPHIC BBI3HI-
BaroTcs AuddepeHnnanbHON 1 HHTErpab-

HOM HennHEHHOCThIO ALLII.

M3BecTus KOro-3anagHoro rocyaapCcTBEHHOrO

yHuBepcuTeTa. Cepusi: YnpasneHue,

BblUMCNIUTENbHANA TEXHMKA, MHpopMaTuka. MeauumHckoe npmubopocTtpoeHue. 2025; 15(3):142-159
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Pe3yanaTb| n nx 06cy)|q:|eHMe

Ha pucynke 7 mpencrasieHn ucciaeno-
BaTeNbCKUWA  CTeHA  Ha  miuardopme
ARDUINO ¢ MK ATmega328, pecypcoB u
MPOU3BOAUTENBHOCTH KOTOPOTO  J0CTa-
TOYHO ISl yTpaBlieHUus U 00paboTKH pe-
3yJbTAaTOB U3MepeHus. B kauecTBe uzmepsi-
€MOT0 COMPOTUBIICHUS UCIOJB3YyETCs Ma-
razun conpotusieHuii P4831 c¢ kmaccom
tounoctu 0,02.

J11s O1leHKHM CIOCOOHOCTH K MO/1aBe-
HUIO CONPOTHUBIICHHUS JIMHUU €€ COMPOTHB-
JICHHE WCKYCCTBEHHO 3aBBIIICHO BKIIOYE-
HUEM MOCIIEI0BATEIFHO C MPOBOAHUKAMHU
pe3ucropoB 1o 120 Om.

[Tporpammuoe obecnieuenrne MK, pas-
paboTaHHOE aBTOpaMH, MO3BOJISIET 3aja-
BaTh KOJMYECTBO WM3MEPEHUU, PACCUUTHI-
BaeT CpelHHe, MaKCUMalbHble MU MUHU-
MaJIbHbI€ 3HAYEHUS CONMPOTUBICHUHU, 000-
3HaueHHbIX Kak RTD_average, RTD _max u
RTD min, coorBeTcTBeHHO. B X011€ dKCTIC-
pPUIMEHTa COTIPOTHBIICHHE TOCIEI0BATEIHFHO

yCTaHABIMBAJIOCH paBHbIM 1, 2, 3 1 4 kOwm,
a Ui KaKJ0ro ero 3Ha4eHHs! OCyILeCTBIIs-
nock 100 uzmepenuit. OnTumanbHOE Bpems
HHTErpUpOBaHUsd tiN YTOYHSJIIOCHL Ha OC-
HOBE IKCIIEPUMEHTAIIbHBIX JTAHHBIX U OBLIO
npuHATO paBHbIM 100-At. Bpems unrterpu-
pPOBaHMsI ONPENEISIETCS B COOTBETCTBUM C
(11) Ha OCHOBE OJHOKPATHOTO MU3MEPEHUS
MOCJIE 3aBEPILICHUS 3apsia KOHACHCATOpa U
oTkIoueHuss nuranuss uenu P, Ilo-
CKOJIbKY HM3MEpsieMOe HampsDKeHHE 3arno-
MUHAETCSI BCTPOEHHBIM YCTPONCTBOM BBHI-
OOpKH-XpaHEHUS, & 3aTEM OCYIIECTBIIICTCA
ero npeoOpazoBanue ALl B 1mudposoit
KOJ, TO 3TO IO3BOJISIET J03aPAIUTH KOH-
JeHCaTop BO BpeMsl MpeoOpa3oBaHUs.
OyHKHs mpeodpazoBaHus KOPPEKTHPOBa-
J1lach B COOTBETCTBUM C JIMHEWHOW perpec-
cuoHHOM Mmozenbto. Ha pucynke 8 mpen-
CTaBJICH CKPUHIIOT TEPMHUHAIBHON TIpO-
rpaMMbl C pe3yjibTaTaMH H3MEpPEeHUui co-
npotusieHus PJl npeayioxkeHHbIM CHOCO-
oom.

Puc. 7. ViccnepoBaTenbCkuii CTeHA

Fig. 7. Research stand

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
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Transmit
CLEAR Send Fie m [~ CR=CRsLF BREAK

Macros
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I
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Puc. 8. CkpuHWOT TepMuHana ¢ pesynbtatamu uamepeHun PL: TI0 — onTumansHoe Bpemsi
WHTErpMpoBaHus, COOTBETCTBYIOLLEEe HOMUHaNbHoMy conpoTusneHuio PO — 1 kOwm;
TI1 — onTumMarnbHoe BpeMs UHTErpUpPOBaHNA Npu N3MepPEHNN KOHKPETHOIo

3Ha4YeHnA conpoTmueieHnA

Fig. 8. Screenshot of the terminal with RTS measurement results:T10 — optimal integration time
corresponding to the nominal resistance of the RTS — 1 kQ; TI1 — optimal integration time
for measuring a specific resistance value

B Tabaume 1 comocrtaBieHBI OTHOCH-
TEJIbHBIE TOIPEITHOCTH HU3MEPEHHUS COIMPO-
tusneHui P/] nByms cnocobamu: Ha OCHOBe

00pabOTKH pPE3yabTATOB HHTETPUPOBAHUS

Ha BCEM MHTEPBAJIC IIEPEXOTHOTO TIpoIecca
paspsina koraencaropa Ha P/ (B.1) u cro-
coOOM, pacCMOTPEHHBIM B JIaHHOW pa-
oore (B.2).

Tabnuua 1. Pe3ynbTaThl 9KCNepuMeHTanbHbIX UCCrnegoBaHni

Table 1. Results of experimental studies

Riom, KOM Rep

Rmax

8, %
Rmin B.1 B.2

1,0001 1,0009

0,9991 0,11 0,01

1,9977 1,9977

1,9966 —0,0558 | 0,115

3,0001 3,0019

2,9989 0,0768 0,003

AIWIN|F

4,0004 4,0018

3,9990 0,0201 0,01

M3Bectusa KOro-3anagHoro rocyaapcTBeHHOro yHueepcuteta. Cepus: Ynpasnexue,
BblUMCNIUTENbHANA TEXHMKA, MHpopMaTuka. MeauumHckoe npmubopocTtpoeHue. 2025; 15(3):142-159
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BbiBOoAbI

IIpoBeneHo uccie10BaHus METO1A U3-
MEpPEHUSI COINPOTHUBIICHUS PE3UCTUBHOIO
aT4YMKa NpH €ro ABYX MPOBOJHOM IOJ-
KJIIFOYEHUH METOJOM MOJIEIMPOBaHUs B
cpene MATLAB. IlonydeHsl BbIpaxkxeHUs,
MO3BOJISIIOIINE OLEHUTh COCTABJISIOLLYIO
NOTPELIHOCTH OIPEICIIEHUS CONPOTUBIIE-
HUS JaTYMKA, BBI3BAHHYIO NPUMEHSIEMBIM
METOJOM YMCIIEHHOTO MHTETPUPOBAHUS OT
COOTHOLICHUSI MHTEpBala JUCKPETU3ALUU
U TIOCTOSIHHOW BpPEMEHHU pa3psija KOHJCH-
caropa Ha Pe3UCTUBHBIN JaTuuK. [lokazaHo
CYILIECTBEHHOE MPEUMYLIECTBO HHTETPU-
pOBaHUs METOAOM TpallelHi, MO3BOJIAIO-
LIUM IIOJYYUTh B YCIOBHSX DKCIIEPUMEHTA
norpemHocTH, 6osnee yeM B 300 pa3 MeHb-
1IMe, 4eM METOJIOM JIEBBIX NPSIMOYIOJIbHH-
KOB.

UccnenoBano  BiusiHue dsddexra
KBAaHTOBAaHUSA U IIYMOB Ha PE3yJIbTAThI U3-
MepeHuii. IlocTpoeHs! 3aBucuMOCTH pac-
MpeJEICHUs ITOIPEIIHOCTEN N3MEPEHHUSI OT
BPEMEHU UHTETPUPOBAHUSI, BBIPAKEHHOT O
KOJINYECTBOM HMHTEPBAJIOB JIMCKPETHU3a-
LUHUM, TO3BOJSAIONIME ONPEACIUTh ONTHU-
MaJIbHbIE€ BPEMEHHbIC WHTEpBaibl 1 Js
pPa3IMYHBIX HOMHUHAJbHBIX 3HAYEHUU CO-
NIPOTHUBJICHUN TepMHUCTOpA. BpIsBIEHO
HaJIMYME AUANa30HOB BPEMEH UHTEIPUPO-

BaHMHA, B KOTOPBIX OTHOCHUTCJIbHAA

HNOTPEUIHOCTh OIPEAEIEHUSI CONPOTUBIIE-
Hus PJl nocturaeT MMHMMaJIbHBIX 3Haye-
Hull. [Ipy 3TOM BBISBIEHO, YTO ONTHMAaJb-
HBbIC 3HAYEHUS BPEMEHHM HMHTETPUPOBAHUS
W3MEHSIOTCS TTPOMOPLUOHAIBHO BETUYHHE
conporuBieHus P/, a OTkiIoOHEHUE OT Orl-
TUManbHOTrO 3HaueHus a0 50% uHecyuie-
CTBEHHO  YBEJIMYMBAET  IOTPELIHOCTb
olieHku conpotusienus PJ[. OtoT nmo3so-
JS€T MPOBOAUTH OLEHKY ONTHUMAJIBHOIO
BPEMEHHU UHTETPUPOBAHUS 10 pe3yJIbTaTam
OJTHOKPATHOT'O M3MEPEHMS HANIPSKSHUS 3a-
PSUKEHHOTO KOHJIEHCAaTopa.

[IpoBenena ampoOarust METO/Ia HA DKC-
NEepUMEHTaJIbHOM CTeHne. JloCTUrHYThIE
3HAYEHUs] NOTPEIIHOCTe HM3MEPEeHUs Cco-
INPOTUBJICHUI MPEAJIOKEHHBIM CIIOCOOOM
COIMOCTaBUMBI C MOTPEIIHOCTSIMU CIIOCO0a,
0a3upyromerocss Ha  HMHTETPUPOBAHHUH
BCEr0 IMEpPEXOJIHOro Ipoliecca paspsaa
KOHJeHcaTopa. MakcumanpHasl Iorpen-
HOCTh B yCIJIOBHUSIX DKCIIEPHMEHTa HE TIpe-
Bbimaet 0,12% npu u3mMepeHuu ConpoTUB-
neHusi, paBHoro 2 kOwm, a Mpu ocTajIbHBIX
3HaYEHUSIX — CYIECTBEHHO MeHblie. [Ipu
ATOM MPUMEHEHHE MPETOKEHHOTO perlie-
HUSl TIO3BOJISIET CYIIECTBEHHO ITOBBICHUTH
OBICTPOACHCTBHE 3a CYET YMCHBIICHUS
BPEMEHN HWHTETPUPOBAHUS M YMEHBIIHTH
00bEM 000pyTOBaHUS 32 CUET UCKITFOUCHUS
CJIIO)KHOTO KOMMYTaTopa B CKaHUPYIOIIUX

CHUCTCMax.
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Pesome

Lenb uccnedoeaHusi — S6/1551€MCS 108bILLEHUE Ka4Yecmea OUeHKU cmerneHu pucka subpayuoHHol 6one3Hu y noded,
KOHMaKmupyowux ¢ py4YHbIM 8U6GPOUHCMPYMEHMOM, U COMymMCMeYWUX He8pomu4YecKux paccmpouticms rnymem uc-
rnonb3o08aHusi 2ubpudHbix modesiel, 06beOUHSIIWUX MPaduyuoHHbIe 071 npoghrnamosioauu npU3Haku ¢ rnokasame-
NIIMU ypoeHs adanmauyuu op2aHo8 MUeHel Ha OCHO8E HeYemKUX UHMesIeKmyasibHbIX MexHonoaul.

MemoOosbi. Nccnedyembili krnacc 3adady OmMHOCUMCS K MI0X0 ¢hopmarnusyembiM 3adadyaM, ¢ HEYEMKUM onucaHuem
cmpykmypbl OaHHbIX. B ces3u ¢ amum & kayecmee 6a308020 MameMamu4yecKo20 arnnapama eblbpaHa HevYemkasi
J102UKa MPUHSAMUS peweHul, U 8 YacmHocmu, Memodosioausi cuHme3sa 2ubpudHbIX HeYemKux pewaroujux npasus. Ha
ocHoBaHuu smol memodosioauu bbinu nosny4YeHbl 2ubpudHbie MOOENIU OUEHKU pucka MosiefieHUss U pas3sumusi
8ubpoboresHU U conymcmeyrujux Hegpomu4YecKux paccmpolicms, 8 KomopbiX Hapsidy ¢ mpaduyuoHHbIMU Orisl Co-
speMeHHOU MeduUyuHbI MPpuU3HaKkamu 8xo0sim rokasamersu, xapakmepu3syrouwue adanmayuoHHbIU NomeHyuasn opaa-
Hu3Mma 8 uesniom u adanmauyuoHHbIl NomeHyuasn opeaHo8 MulWeHel 8 YacmHocmu.

Pe3ynbmamel. [Jns1 npakmu4yeckoeo peweHusi 3adady rno OUeHKe pucka 803HUKHOBEHUS JIOKalbHOU eubpayUuoHHOU
bosie3Hu kucmel pyK U CoOmymcmeyruwux Heepomu4eckux paccmpolcms 0r1s coomeemcmeytoujeli cucmems! nood-
OepXKKU npuHamMusi peweHul bbin pa3paboma aneopumm yrnpaesieHus npuHImueM peweHud, obecrneyusarowjud rmo-
8bileHUE Kadecmea OKasaHusi MeOQUUUHCKOU rnoMouwu uccriedyemMol Kamezaopuu rnayueHmos.

C yyemom 3HayumersibHolU 00U Memodo8 3KCrepmHO20 OyeHU8aHUs 8 cuHmese modernell MpUHAMuUs peweHul u
obuwux pekomeHOayull ebibpaHHOU Memodosnoauu bbi10 peanu3osaHo mpu criocoba nposepku kadecmea pabomei
Moy4EeHHO20 pewarouezo npasuna:; 3KCrepmHoe OUeHUBaHUEe; 3KCrepmHoe MoOesupos8aHUe KOHMPOIIbLHOU 8bi-
60OpKU U cmamucmuy4ecKue UCrbimaHusi Ha Pernpe3eHmamueHbIX KOHMPOJIbHbIX 8bI60PKax.

3aknroyeHue B xole akcrnepmHO20 OUeHUBaHUSI U 3KCMEPMHO20 MOOEIUPO8aHUsi KOHMPOJIbHbIX 8bI60POK 6biI0
ycmaHo8iIeHo, Ymo rpeodnoxeHHbIt Memod rno3sonsem Ha 10-20% ysenu4ums Ka4ecmeo nMpuHUMaeMbiX peweHul
10 cpasHeHUIo ¢ MOOeIsIMU, He UCMOMb3YWUMU roka3amenu xapakmepusyrowue adanmayuoHHbIl nomeHyuarsn op-
2aHuU3Ma U yposeHb adanmauyuu op2aHos MuweHel. Takue xe pe3ynbmamsi bbi1u nosy4YeHbl 8 Xxo0e crmamucmudye-
CKUX ucribimaHul, nposoduMbIx 1o 0bWenpuUHIMbLIM 8 MeopuU pacrio3HasaHus rnpasusnam.

Knroyeenbie cnosa: subpayuoHHasi 605e3Hb;, Hegapomuveckue paccmpoticmea; adanmalyuoHHbIU nomeHyuar, op-
2aHbl MUWeHU; Hedemkasi MoO€erb; an2opumm yrnpassieHusl.
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KoHgpnnukm unmepecos: Aeémopsbi Oeknapupyrom omcymemeue KOHIUKmMa UHmMepecos, cesisaHHbIX ¢ nybnukayuedl
OaHHOU cmamau.

Ona untupoBaHuaA: MeTtoa ynpaBneHus 6puragamu MalimH cry6bl CKOpo MEeAULIMHCKON MOMOLLM Ha OCHOBE UC-
nonb3oBaHns reovHgopmMaumoHHbix cuctem / O. A. Knbiw, K. B. Pagymosa, C. H. Poguorosa, C. A. dunuct, B. H. Mu-
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Abstract

The purpose of the research is to improve the quality of risk assessment for vibration-induced stress syndrome (VIS)
and associated neurotic disorders in individuals exposed to hand-held vibrating tools by using hybrid models that com-
bine traditional occupational pathology criteria with indicators of the adaptation level of target organs based on fuzzy
intelligent technologies.

Methods. Given that the class of problems under study is poorly formalized and has an ambiguous description of the
data structure, fuzzy decision logic was chosen as the basic mathematical framework, specifically a methodology for
synthesizing hybrid fuzzy decision rules. This methodology was used to develop hybrid models for assessing the risk
of VIS and associated neurotic disorders. These models, along with traditional modern medical criteria, include indica-
tors characterizing the adaptive potential of the body as a whole and the adaptive potential of target organs.

Results. To address the practical challenges of assessing the risk of localized hand vibration disease and associated
neurotic disorders, a decision management algorithm was developed for the corresponding decision support system,
improving the quality of medical care for the studied patient population.

Given the significant use of expert evaluation methods in the synthesis of decision-making models and the general
recommendations of the selected methodology, three methods were implemented to validate the performance of the
resulting decision rule: expert evaluation, expert modeling of a control sample, and statistical testing on representative
control samples.

Conclusion. Expert evaluation and expert modeling of control samples revealed that the proposed method enables a
10-20% improvement in the quality of decisions compared to models that do not use indicators characterizing the
body's adaptive potential and the level of adaptation of target organs. The same results were obtained during statistical
tests conducted according to the rules generally accepted in recognition theory.

Keywords: vibration syndrome; neurotic disorders; adaptive potential; target organs; fuzzy model; control algorithm.
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BBepgeHune

Cpenu npodeccroHanbHBIX 3a00J1eBa-
HUHM J0CTATOYHO LIMPOKOE pacnpocTpaHe-
HUE TOTy4YriIa BUOpaiMoHHas 00JI€3Hb KU-
CTeH pyK, CBsI3aHHAS C yAepKaHHEM BUOPO-
WHCTPYMEHTOB B pabouux pykax [1]. B oc-
HOBE BHOpAIMOHHOW OOJNE3HU  JICKHUT
CIIOXHBIA M HEIOCTATOYHO XOPOUIO H3Y-
YEHHBIA MEXaHU3M HEPBHO-PEPICKTOPHBIX
Y HEMPOTYMOPAJIbHBIX HAPYLICHUM, IPUBO-
JSIIMX K Pa3BUTHIO 3aCTOMHOTO BO30Y X 1e-
HUS C TIOCTEAYIOMUMU CTOMKAMU M3MEHe-
HUSIMUA B PELIEITOPHOM arapare U LeH-
tpanbHoi HepBHOU cuctemsl (ITHC) [2].

HenocraTtounast n3y4eHHOCTh TaTore-
He3a BUOPALIMOHHOM 00JIE3HU CHUXKAET I10-
TEHI[MATBHBIE BOZMOXHOCTH COBPEMEHHOI
MEIUIMHBI B CBOEBPEMEHHON OIEHKE pHC-
KOB TIOSIBJICHUS ¥ Pa3BUTHSI BUOPALIMOHHOM
0oMe3HN ¢ TMOCHeqyromuM (HOpPMUPOBa-
HUEM aJIeKBaTHBIX Mep €€ MPO(PUIAKTUKH.
AHann3 TUTepaTypbl U COOCTBEHHBIE WC-
CJIeTOBaHUS TIOKA3aJIi, YTO KOHTAKT C BUO-
POMHCTPYMEHTOM HPOBOLUPYET MOSIBIIE-
HUE W Pa3BUTHE psifa 3a00JeBaHUI HEPB-
HOM cucteMsl [3]. Kpome Toro, pazsuturo
HEBPOTUYECKUX  PACCTPOMCTB  CIIOCOO-
CTBYIOT TaK)X€ W YCJOBHsSI TpyJa, CBsI3aH-
HBIE€ CO 3HAUUTEIBHBIM HEPBHO-PMOIIHMO-
HAJIBHBIM  HaIpsDKCHHEM,  crenuduye-
CKHMH TI03aMH, CTaTHKO-TUHAMUYECKUMHU

HanpsHKEHUAMU U ap. [4].

AHann3 CyUIECTBYIOLIUX METOJI0B M
CPEICTB AUArHOCTHKH BUOpAIMOHHON 00-
JI€3HH U HEBPOTHYECKUX PACCTPONUCTB T03-
BOJISIET CZeNIaTh BHIBOJI O TOM, YTO B HACTO-
sIIee BpeMs HE CyIIEeCTBYET €JUHOro 00-
HIETIPUHATOTO CTAaHJApTa MO OIIEHKE pHC-
KOB M TOJXOJ0B K TUAarHOCTHKE BHOpaIu-
OHHOW OO0JIE3HH W COITyTCTBYIOIIUX HEPB-
HBIX PAaCCTPONCTB, KOTOPBIEC HA MPAKTUKE B
3HAYUTEIHHON CTETNIEHU OMUPAIOTCS Ha pe-
3ylbTaThl BpadyeOHOro oOcienoBaHUA U
MHEHHE Bpaua, a HE Ha TOYHBIC KOJINYE-
CTBEHHBIE METO/IbI aHanu3a [1].

C yueTom cKka3zaHHOTO pa3paboTKa Me-
TOJIOB U CPEJCTB, TOBHIIIAOIINX KAYECTBO
OLICHKH CTEINEHU pUCKa BUOpALIMOHHOMN 00-
JIE3HU U COIMYTCTBYIOIIHUX HEBPOTHUYECKUX
paccTpoICTB, SABISETCA aKTyaJlbHOM 3ania-

yeu.

MaTepuanbl U meToAbl

AHaNIM3 CTPYKTYpPHI TaHHBIX, XapaKTep-
HBIX IS 33/1a4 OLIEHKH PUCKA UCCIIeTyeMbIX
KJ1accoB 3a0O0JIeBaHUM, IOKa3al, 4YTO HC-
HOJIb3yeMble (PaKTOPBI pHCKA HMEIOT HeUeT-
KyIO TIPUPOJLY, & UCCIIEeIyeMbIe KIacChl 3a-
OosieBaHMI MMEIOT 00JacTH IepeceueHHi
C II0X0 (POpMaATN3yEeMbIM aHATUTUIECKAM
ormcanueM [2]. C ydeToM 3Toit 0cOOCHHO-
CTH CTPYKTYPBl JAHHBIX JUIS TOBBILICHUS
Ka4yecTBa OLIEHKH CTEeTeH! pHCKa BUOpaIu-
OHHOH OOJIE3HM M  COINYTCTBYIOLIUX
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HEBPOTUYECKUX PACCTPOUCTB OBUIO MpH-
HSITO PEIICHUE HCIOIb30BATh TEXHOJIOTHUIO
HCKYCCTBEHHOT'O MHTEJIIEKTa BOOOIIIE U TU-
OpuIHbIE HEUETKHE TEXHOJIOTHH B YaCTHO-
ctu [5], a B kauecTBe 0Aa30BOr0 MaTeMaTH-
YECKOI'o arrapara — MCHOJb30BaTh METO-
JOJIOTHIO CUHTE3a THOPUIHBIX HEYETKHUX
pemraromux npaswit (MCI'HPII) [6], 6a30-
BBIMU 3JIEMEHTAMH KOTOPOW SIBJISIFOTCS
(YHKIMM TPUHAUICKHOCTH K HCCIenye-
MBbIM KJ1accaM cocTtosiauit [7]. B pabdote [8]
ObL1a TTOKa3aHa MEePCIEKTUBHOCTD HCTIONb-
30BaHUS 3TOM TEXHOJOTUHU B Mpodmaroo-
ruu. B pabore [9] npemoxkeH moaxo 1 npu-
meHenust MCI'PII k pemenuro 3a1a4 Koau-
YECTBEHHOW OIEHKH YPOBHSI 3PTrOHOMHKHU
TEXHUYECKUX CHCTEM, HaIIeAIIUNA CBOE
npoaospkerue B pabore [10]. B pabdore [11]
MOKa3aHO yCIENIHOE MPUMEHEHUE ITON Me-
TOIOJIOTHH TIPH PEIICHUH 3a/1a49 ITPOTHO3H-
pPOBaHUS M AUATHOCTUKHU MPOQECCUOHATD-
HBIX 3a0o0JieBaHUN PaOOTHHUKOB arporpo-
MBIIJICHHOTO KoMIUiekca. B pabote [12]
YCHENIHO pelleHa 3ajada MPOTHO3HPOBa-
HUS TpodeCCHOHATBHBIX 3a00JICBaHUN B
JJIEKTPOIHEPreTUUECKOM OTpaciu. A B pa-
oote [13] pemreHsl 3a/1aun IPOTHO3HPOBA-
HUsA, paHHed u auddepeHnmaibHON aua-
THOCTUKH MYJIbTHIICHTPUYHOTO WIIEMHYe-
CKOTO TIOPAKCHHSI | T. [I.

Hcrnonw3ysi METOJ CHUHTE3a MOjeIel
OIICHKH CTETMEHU PUCKA BUOpAIIMOHHOMN 00-
JIe3HH, ONTUCAHHBIN B pabote [2], u porHo-
3UPOBAHMS TIOSIBJICHUS M Pa3BUTHS HEPB-
HBIX OOJIe3HEH, OmHMCaHHBIX B padote [3],
ObUTM TIOJIyYE€HBI THOPWUIHBIC MOEIH
OIICHKH CTETICHU pHUCKa BUOPAITMOHHOHN 00-
JIE3HU W COIYTCTBYIOIIUX HEBPOTHUYECKUX

paccTpoOMCTB.

XapakTepHOH OCOOEHHOCTBIO pelIae-
MBIX B paboTe 3a/1a4 sIBJISETCS B3aMMOBIIHU-
SIHUE HCCIEeyEMBIX KJIACCOB 3a00JIeBaHUM
JpyT Ha apyra. C y4eToM 3TOTO B pelliaro-
1iee MPaBUJIO0 OLIEHKH PUCKAa BO3HUKHOBE-
HUSL ¥ pa3BUTUA BUOPOOOJIE3HM BKIIOYA-
eTcst QyHKUMS MPUHAIICKHOCTH C 0a30BOM
NEPEMEHHOM, XapaKTepU3yIOLIEH PUCK IO~
SBJICHUSL U Pa3BUTHS HEBPO30B, U HA000-
pOT, B pelIarollee NpaBuiIo OLEHKH PUCKa
BO3HUKHOBEHHUS M Pa3BUTHS HEBPO30B
BKIIFOYaeTCsl (GYHKIUS MPUHAIIC)KHOCTH C
0a30BOM MEPEMEHHOMN, XapaKTEePHU3yIOMICH
PUCK TIOSABIICHUS M pPa3BUTUS BUOPOOO-
JIE3HHU.

VYBepeHHOCTh B MOSIBJICHUU U pPa3BH-
iU BUOparmonHou 6one3nu UVW onucei-
BAeTCs BEIPAKCHUEM BUIA

UVW(q+1) =UVW (q) +

+Qg+1 [1— UVW ()], 1)
rne 4 = 1,...4;, UVW(Q) = Q1 = UVpy;
Q2 =UVkap; Q3 =Ulis;Qy = UVpg;
Qs = UV UVyys — yBEPEHHOCTD B MOSIB-
JICHUH ¥ PAa3BUTHHA BUOPOOOIIE3HU IO TTOKA-
3aTeJI0 YPOBHS aIallTallMOHHOTO TIOTEHITH-
ama opraamma UAO; UVy,, — yBepen-
HOCTH B TIOSIBJICHUH W Pa3BUTHUU BUOPOOO-
JIE3HU TI0 TIOKA3aTENI0 YPOBHS aJanTaliu
nepuepruIecKoro KPOBOCHAOKCHUS KH-
ctu paboueit pyku UAK; UV,, — yBepeH-
HOCTPH B TIOSIBJICHUH W Pa3BUTHU BUOPOOO-
JIE3HU TI0 Ha0Opy MPHU3HAKOB, WCIOJIb3Ye-
MbIX B TPAJAUIIMOHHON MEIUIIMHCKOM MpaK-
tukKe; UVp, — YBEPEHHOCTDh B NIOSIBJICHUHU U
pa3BUTHN BUOPOOOJIE3HH TIO IHEPreTHYC-
CKOMYy pa30ajaHCy COOTBETCTBYIOIIUX

BAT; UVy, — yBEpEHHOCTD B MOSABICHUH U
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pa3BUTHH BHOPOOOJIE3HHU TIO TPYIIAM JI0-
MIOJIHUTENBHBIX (DAKTOPOB PUCKA, BKIIIOYA-
IOIUX SPTOHOMHKY, IKOJIOTHIO W WHIUBU-
yallbHOE COCTOSIHHE OpTraHUu3Ma.

Cocrasnsromas UV,,, omnpenensercs
GyHKIIMEH TNPUHAIJISKHOCTH K KIIACCy
«BBICOKUW PHUCK BHOPAIIMOHHOW O0JIC3HH
(kmacc wpg ) Mg (UAO)»:

UVoas = s (UAO). )

bazoBasa nepemennass UAO onpenens-
eTcs Beipaxkenuem [14]:
UAO (j+1)=UAO(j) +

+ fagp(Qg)[1 = UAO ()], ©)

0,3 ectu UAO < 0,3,

w, (UAO) =
0,ecitn UAO = 0,7.

Cocrasnsiromiass UV, onpenensiercs
GyHKIMEH NPUHAICKHOCTH K Kjaccy
60-
ne3nn W, (UAK)», roe 6a3oBasi epeMeH-

«BBICOKHH  PHUCK  BHOpAIIMOHHON

Hast UAK onipenensieTcsi BIpaXeHHUEM:

e j =1, 2, g =1, 2, 3 UAOQ1) =
= fap(Q1) = fop (MDPH); fap(Q2) =
= fae (AIIIP); fas(@3) = fagp (ATIAC);
fao (MOW), £, (ATIIP), £y (ATIAC) — HOp-
MUpYIOIIUe (GYHKIUH YPOBHS aJanTalluu
10 TIOKa3aTeasiM HHICKca (DYHKIMOHAb-
Hbix m3menennii (UPH), pazbananca 6mo-

JJOTHYCCKHU aKTHBHBIX TOYCK, OTHOCAIINXCS

Kk rpynne ooOmecucreMubix (AIIDP), xa-
pakTepu3yrommx (pyHKIHOHUPOBAHHUE AH-
THOKCUJIAHTHOMN CUCTEMBI 3aIIUTHI
(AITAC).
0,5—4(UAO — 0,3)%,ecn 0,3 < UAO < 0,5, ()
3,75(UAO — 0,7)?,ecnun 0,5 < UAO < 0,7,
UAK = AGK][ f,5x ( FSgx),
faBK( FRBK)r faBK(TB)L (5)

rne AGK — arperarop HOPMHUPYIOIIUX
GyHKUMiA ypoBHs agantanuy; fuu( FSgy),

faBK( FRBK): faBK (TB) -
(yHKUIMU YpOBHS aJanTaluu.

HOPMUPYIOIINE

0,5 ecin UAK < 0,3,

UVkap = Ug (UAK) =

0,5 —-4(UAK —
4(UAK — 0,8)%,ecin 0,55 < UAK < 0,8,

0,3)%,ecnn 0,3 < UAK < 0,55, ©)

0,ecnin UAK = 0,8.

ba3oBble nepeMeHHbIE HOPMUPYIOLIUX
(GyHKIUH YpOBHS ajanTalllyd ONpeness-
I0TCs cienyromuM obpasoM. Ilokazarens
FSgk, Xapaktepu3yrommii (HyHKIHIOHATb-
HOE€ COCTOSIHHE CHCTEMbI KPOBOCHA0KEHHUS

BCPXHUX KOHGHHOCTGﬁ, OIpCACIIACTC I10

dbopmyie
S
FSpk = i, (7

rae Sy — cpeaHsas IIowmaab noja Gorore-
tusmorpammont (PIIIY), peructpupyemoit
Ha pabodell pyke 3a 3aJaHHbII IPOMEXKY-
TOK BPEMEHH; Sy — HOMUHAJIbHAS MJIOIAAb
OIII', onpenensieMast Ha 310POBOM PYKE.
Iloka3arens FRpy, XapaKTepU3yOLIUi
¢bynkunonanpHbii peseps (OP) nokanbHON
CHCTEMbI KPOBOCHAOXEHHUSI BEPXHUX KOHEU-
HOCTEH, onpeensercs 1o Ggopmyiie
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FRgk = 2% FSgg1 — FSpka,  (8)

rae S; — cpeansia miowans BosH DI,
orpejeNieHHas 10 X0JI0I0BOM MPOOkI; Sy —
cpennss miowmanp BosH OIIIT onpenenen-
Hasi Moclie XOJIOAOBOM mpoObl; FSpiq —
(hYHKIIMOHAJIBHOE COCTOSIHME JIOKAJIbHOM
CUCTEMBbl KPOBOCHA0)XCHHSI BEPXHHX KO-
HEYHOCTEH, ONpEAesieMoe A0 XOJOA0BOU
npoObl; FSpyk, — QyHKIMOHAIBHOE COCTO-
SITHUE JIOKaJIbHOM CUCTEMBI KPOBOCHAOXe-
HUS BEPXHUX KOHEYHOCTEH, OTIpeieIieMoe

MTOCJIE XOJIOJIOBOM MPOOHI.

0,ecinY; < 0,2,
11,1(Y; — 0,2)%,ecin 0,2 < Y; < 0,35,
0,5—11,1(Y; — 0,5)%,ecnmu 0,35 < Y; < 0,5,

OOmme BOMpOCHI CHHTE3a HEYETKUX
MoJieTiel OLEHKH (YHKIHMOHAIBHBIX COCTO-
SIHUW omnvcaHbl B pabore [15], a dyHKIMO-
HAJILHOT'O pe3epBa — B padore [16].

Bpemst BoccTaHOBiIeHUST KPOBOCHAOXe-
HHS TI0CJI€ XOJIOAO0BOM mpoOsl Ty ompene-
JSIeTCS KaK BpeMsl BXOXKICHUST MOJTYJIS pa3-
HOCTH |S; — S| B 3aJaHHYIO DKCIIEPTAMH
«TpyOKy» AS.

Jns ouenku cocraistoment UV, uc-
MOJIb3yeTCST WMHTETPAIbHBIN  I[MOKa3aTellb
Y;, onucanubiii B padote [2]:

UV = pg(Y1) =4 0,5,ecmn 0,5 <Y, <07, 9)

DHepreTUYecKuii pazdanaHc s 6a3o-
BOM mepemeHHOU mnokazarens UVgg ompe-

ACIACTCA BBIPAXKCHHUEM

0,5—6,25(Y; —0,7)%,ecnn 0,7 <Y, <0,9,
6,25(Y; —1,1)%,ecmn 09 <Y, < 1,1,
\0,ecin¥; = 1,1.

ECJIU [(6Rrgz = 15%)U(6Rrp14 = 15%)]

TO|ERg5 =

rae fR(6Rj) — HOpMUpYIOLUE (YHKIUU
SHEPreTUYECKOro pazbajaHca s TOUKH |,
«CBSI3aHHOW» ¢ BHOpAIIMOHHOMN OO0JIE3HBIO
¢ obmacteto 3Hauenus [0, ... ,1]; SRy =
= 6Rrr3; Ry = ORrpia; 6R3 = ORyps.
Bonpocel cuHTE3a HEYETKHX pelaro-
IIMX TPaBHUJI 110 SHEPreTHYECKOMY pa3da-
nancy BAT onu canbl B padote [17].

0, ectu UVN < 0,2,
0,22(UVN —0,2)%,ecin 0,2 < UVN < 0,5,
0,4—0,22(UVN — 0,8)2,eCJII/I 0,5 <UVN < 0,8,

UV[[B = U (UVN):

2¥3, fr(5R;)| MHAYE (ERgs = 0), (10)

B kxadecTtBe MOMOJHUTENBHBIX (aKTO-
POB pUCKa SKCHEPTHI MPEITI0KUINA UCTIOJIb-
30BaTh [10KA3aTENb YBEPEHHOCTH B IOSIBJIE-
HUM HeBpoTHueckux paccrpoiicts UVN,
IUISL KOTOpOTo ToKasarens UVy, onpenens-

eTCsl CIeAYIomuM 00pa3zom:

(11)

0,4,ecru UVN = 0,8.
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VYBEpEeHHOCTh B MOSBICHUU U Pa3BU-
TUU HepBHBIX Oosie3Helt UV N onuckiBaeTcs

BBIPAXXCHUCM BHUlA

nokazaressiMm UAQ, ananTaiiuOHHOTO  T10-
TeHnuaina HepBHOU cuctembl (UAN), mo

TpaJUIMOHHBIM (PaKTOpaM pUCKa, IO YHEp-

UVN(q+ 1) = UVN (q) + TeTHYECKOMY pa30ajaHCy COOTBETCTBYIO-

+Rom [1- UVN (@] (12)
rne q=1,..,4;, U/NQ) = Ry = UV,
Ry =UVkaws R3 = UV Ry = UVgy;
Rs = UV, UVoaws UVaw, UVey, UVgy,

UVjy — YBEPEHHOCTH B HOSIBICHUH M pas-

uux BAT, mo rpynmnam AONOTHUTENBHBIX
(hakTOpOB pHCKA, BKIIOYAIOIIUX 3IPTOHO-
MUKY, SKOJOTMI0 U MHAWBHUIYaJIbHOE CO-
cTostHue opranusma. s Beipaxkenus (12)
HOJIyY€H CJEeAYIOLMI HabOp YacTHBIX pe-

IIaroMMX IIpaBHII.
BUTHU HCBPOTHYCCKUX PACCTPOUCTB II0

0,3 ectu UAO < 0,3,
0,5 —4(UAO —0,3)?,ecnin 0,3 < UAO < 0,5,

Uv.. =w. (UAO)= 13
oan = W (UAODZY S 140 — 0,792 ecnn 0.5 < UAO < 0.7, (13)
0,ecin UAO = 0,7.
0.4 ecoiu UAN < 0.3,
0,4 — 5(UAN — 0,3)?,ecnmu 0,3 < UAN < 0,5,
UVKaH = U'H (UAN): ( ) (14)

5(UAN — 0,7)%,ecniu 0,5 < UAN < 0,7,
0,eciu UAN = 0,7.

[Tokazarens UV, 3auMcTBOBaH U3 pa- CUCTEMOH, ompeaensercss GyHKIUeH mnpu-

HaiexHoCTH Wy (ERyp):

IMokaszarens UVy, mpencraBicH Moje-

ootel [3]. YacTHOe periaroliee MPaBUIO
OIpejieNieHrsl YBEPEHHOCTH B TOSIBICHUH U
pa3BuTUM HEpBHBIX Oonesnert UVy, 1o

rpynoe bBAT, cBA3aHHBIX C HEPBHOH
Py ’ p neto pacueta UVIW:

0, ecin UVIW < 0,2,

2,78(UVW —0,2)%,ecin 0,2 < UVW < 0,5,
0,5—2,78(UVW — 0,8)?,ecin 0,5 < UVW < 0,8,
0,5,ecitu UVW = 0,8.

OnHako aropyuT™ YIpaBIECHUS IPUHATHEM

PesynbTaTbl U nX obcyxaeHune

pelleHH 1 perarole MoayIu 0a3bl 3Ha-

AHamM3 U3BECTHBIX CUCTEM TTOIICPIKKH .
. HUM JOJDKHBI COOTBETCTBOBATH TUIIAM pe-

npunsTtus pemenuit (CIIP) u ux 6a3 3Ha-
B IIaeMbIX B paboTe 3a/1a4, 4To TpedyeT pas-
HUM MOKa3all, YTo JJIsl IPAKTUYECKOro perie-
paboTku

OPHUTHHAJIBLHOTI'O aJiIropuTMa

HUA 3a1a4 110 OLICHKC PUCKAa BOBHUKHOBCHUA o
yrnpaBJICHUA W COOTBCTCTBYIOIIEU CTPYK-

JIOKAJIbHOI BHOPAIIMOHHON 00JIE3HN KUCTEN .
P Typsl 6a3b1 3HaHuit CIITIP.

K M COITyTCTBYIOIINX HEBPOTHYECKUX .
by YICTRY P C yueToM 0coOeHHOCTEH perraeMbIx B

aCCTPOMCTB MOYKHO HCIIOJIb30BaTh YHU- N
pacetp y pabote 3amad pa3paboTaH 0OOOIICHHBIN

BEPCATLHYIO MPOrPAMMHYIO 000JIOUKY pa3-

QJITOPUTM TPUHSTUS PEIICHUN, IPUBE/ICH-
pabotku xkadpenper BMU IO3C'Y [18].

HbIi HIKe (puc. 1).
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( oo ) )

L 0
13 1
Onpenenenue
ACH u TIHIT coctasa UI1T
3 | 14
®opmuposanue PPIT Cunres HOYA
15
CuHTe3 Moaenu
YAIIO
16 e
Tlouck CuHTtes Mojenu
HH()OPMATUBHEIX YAIIO
BAT Bb
6 |
[Iponomxenune
Cunres MERgs 1IPO?
1
7 |

Cunres [, (ERBB )

Iouck
HHPOPMATUBHBIX
BAT HP
10 |
Cunres —
11 |

Cunres [, (ERHP )

® o L o

Puc. 1. Cxema anroputMa ynpasneHus (MpogosikeHne 1 oOkoH4yaHue Ha c. 168—170)

Fig. 1. Scheme of the control algorithm (continued and ended on pages 168-170)
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95X BAT BB?

HN3amepenue DX
BAT Bb

20

Pacuér E RB];

21

Pacuer p, (ERBB)
UV = g (ERBB)

[P

HN3mepenue DX
BAT HP

24

Pacuér ERHP

25

Pacuer Uy (ERHP)
UViu =1y (ERHP)

<
<

26
27 1
N3mepenne UOU,
ATIDP, ATIAC
28
Pacyer HOYAO
29 I
Pacuer UAO

Puc. 1. MNpogomxeHne (Hayano cm. Ha ¢. 167, okoH4YaHue Ha c. 170)

Fig. 1. Continued (see beginning on page 167, ending on page 170)
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41
Pacuer UAK
[«
Ompeneneane OP 42 1
Bb
32 | 43 0
Pacuer Y1 Pacuer UAO
33 |
Pacuer UV1s
34 0 Pacuer UVN

35 1 46 f——

Pacuer UV5; Pacuer UVoos, UVkas,
UVis
47 |
36 0 Pacuer UVW

37 1

Hsmepenue Sy,
Pacuer FSgk

38 I HNsmepenue YP,
TIposenenue XI1, YUt
Pacuer FR
oK 50 |
39 Pacuer Unyp, Unvu
Ompenenenne Tg
51 |
40 | W3zmepenne UDP
Brruucnenue
HD®YABB

© ©© L

Puc. 1. lNpogomnxeHne (Hayano cMm. Ha c. 167—168, okoH4aHue Ha c. 170)

Fig. 1. Continued (beginning on pp. 167-168, ending on p. 170)
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L]

<]

52 62
Pacuér UVry Pacuér UAN, UVka
63
53 1
Pacuér UVN
54 0 i:
Pacuér UViy < Kownen )
4—
55 1
56 0
Pacuér UAO, UVoon
4—
57
1
58 0

Pacuér UVW, UV

V)

W3mepenue
JIT, CT, KB, OOL]

61 l

Brraucnenne HOYAHC

@

Puc. 1. OkoH4yaHue (Ha4yano cM. Ha ¢. 167-169)

Fig. 1. The end (see the beginning on pages 167-169)
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B coBpeMeHnHOU TeopuM pacmno3HaBa-
HUsI 00pa30B MPHUHSTO Mepel BLIOOPOM MO-
Jeneil MpUHATHUS peleHui TPOBOIUTH aHa-
JU3 CTPYKTYPbI NAaHHBIX C LENBI0 MOHCKA
HamOoJee aJeKBAaTHOTO METO/a CHHTE3a
pemaomux npasuwil. B psge pabor 3ToT
9Tan MCCIIEOBAHMs HA3bIBAIOT Pa3Beq0Y-
HeIM aHanu3oMm (PA) [19]. C yueToM BHI-
OpaHHOM METOJOJIOTHH CHHTE3a pelIaro-
WX TpaBUJ B paMKax HEYETKOW Mapa-
JUTMBI TIPU peaju3aliy mpoueaypsl o0y-
yenust (IIOb, O6mox 1) ocymecTBiseTcs
aHanm3 cTpyktypsl nanHbix (ACH) ¢ dop-
MHUPOBAHHEM TPOCTPAHCTBA HH(POPMATHB-
Hbix npusHakoB (ITUII, 6mok 2). Ha stom
e ITane ucciae10BaHui GopMHUPYIOTCS pe-
KOMEHJIAI[H 10 BBIOOPY SJIEMEHTOB U TIa-
paMeTpoB peIIAlONIUX MPABUI U CIIOCOOOB
ux arperaruu (PPII, 6710k 3).

OnHOM U3 COCTABJISIFOIIMX PELIAIOIINX
MIPABUII SIBJISTFOTCS] MOJICITH OIICHKU CTETICHU
pucka BuOpanuonHoit 6onesan (MPBB) u
HeBpoTuyeckux paccrpoicts (MPHP) mno
SHEPreTHYecKOMy paszbanaHcy Ouosioruye-
CKM aKTUBHBIX Touek. Ecnu pemraercs 3a-
nada cuateza MPBbB (6510k 4), To 1o atna-
caM Mepuiuad onpesaensiercs cnucok bAT,
«CBSI3aHHBIX» C BHOPAIIMOHHON OOJIE3HBIO
Y C WCTOJIH30BAHUEM METO/Ia, OMTMCAHHOTO
B pabore [17], ompenensitorcs uHpopMa-
TUBHbIE W JMArHOCTMYECKH 3HAYUMBbIE
Touku (6sok 5). Jlanee mocienoBaTesbHO
OCYIIECTBIISIETCS CHUHTE3 MOJIEIN OLEHKH
SHEepreTuveckoro pasbananca HHPOpMa-
TUBHBIX BAT, «CBsI3aHHBIX» C BUOpAIMOH-
HON Oose3npro (Oyok 6, moxens 10), u
onpeAensoTcss (YHKIUU MPUHAIICKHO-

CTH K  KJaccy  BBICOKMM  pHCK

BUOparmonHoi 6one3nu W, (ERgg) (010K
7). AHanoruuHo pemaeTcs 3ajada CUHTE3a
MPHP (610ku 8-11).

Bropoi#i BaxxHO# cocTaBisomend ¢u-
HAJIBHBIX MOJENel SBISETCS  MOJelNb
OLIGHKH aJamnTallMOHHOTO MOTEHIIHANa Op-
raHn3Ma Ha OOIIECMCTEMHOM YpOBHE
(MOAII) I[Ipu cunTese >Tok Mmonemnu (610K
12) onpenensercs coctaB MHOOPMATUBHBIX
nokazareneit (MII) mnst oueHkw ypoBHs
allanTallMOHHOTO TMOTEHIMajla OpraHu3Ma
(YAIIO, 6m0x 13), ocyuiecTBisieTcss CUH-
T€3 HOPMHUPYIOIIUX (QYHKIUNH ypOBHA
anantauuu (HOY A, 6ok 14), u MmeToom
WX arperamyy Mmoy4aroT HCKOMYIO MOJIENb
(6mox 15). Ha 3aBepmmaromeM 3Tame ocy-
HIECTBIISIETCS CHHTE3 THOPUAHBIX MOJETIECH
OIICHKH CTETIEHU PHCKa BUOPAIMOHHOH 00-
Je3HH U HEBPOTHUYECKUX PACCTPOICTB Y
Bpaueil CTOMAaTONOroB, KOHTAKTHPYIOIIUX
¢ Bubpouncrpymernrom ('MBBH, 610k 16).

KonTposb 3a okOHUaHueM mpoliecca
obyuenns (ITPO) ocymecTBisieTcs B
omoxe 17.

[Ipu pemenny 3a1a4d ONEHKHA CTETICHH
pHUCcKa BUOpaLlMOHHOW 0OJIE3HU U HEBPOTH-
YEeCKUX PaccTpOICTB y Bpauei-CTOMaToJIo-
rOB MpeJUIaraéMblii ajJrOPUTM YUYUTHIBAET
TO, UTO pEIIeHHE 00 UCKOMBIX PUCKAX MO-
JKET MPUHUMATHCS KaK C MCIIOIh30BAHUEM
BCEro cocTaBa MH()OPMATHBHBIX TTOKa3aTe-
JIe#, TaKk U IPH OTCYTCTBUH YaCTH U3 HUX C
€CTECTBEHHBIM CHIDKEHHEM YPOBHS JIOBE-
pus K MOJydyaeMbIM olleHKaMm [19].

Ecnu 1 onieHku cteneHu pucka noss-
JICHUS U pa3BUTHs BUOPOOOJIE3HU HCTIONB3Y-
IOTCSl  DHEPreTUYECKUE  XapaKTePUCTUKU

BAT, cBs3aHHBIE C BHOPOOOJIE3HBIO TI0
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HHEPreTHYECKOMY pazdanaHcy Ouosoruye-
cku akTuBHBIX ToueK (DXBATBB, 6510k 18),
TO U3MEPSIOTCS CONMPOTUBICHUS ToUeK TR3,
TR5 u TR14 (610k 19) u mo dopmyte (10)
MIPOM3BOJIUTCSL PAcUeT COOTBETCTBYIOLIETO
sHepreTudeckoro paszbamanca (6mox 20) u
BBIUUCIIACTCS (DYHKIHS TIPUHAITICKHOCTH K
KJIacCy BBICOKHMI PUCK BHOpAIMOHHON 00-
nesun W, (ERgg) (Omok 21), ompenensio-
1asi YaCTHYI0 yBEPEHHOCTh B TOM, YTO Y
CTOMATOJIOTa MOSBUTCS BUOpaoHHast 00-
ne3Hb UVgg. AHamoruyHo omnpenensercs
yacTHas yBepeHHOCTh UVgy, 4TO y cTOMa-
TOJIOTA PAa30BbETCSI HEPBHOE PACCTPOUCTBO
(6stoxm 22-25).

Ecnu ans onleHKM cTeneHu pucka BbI-
OpaHHOW TATOJIOTHH HCIOJB3YETCS ajar-
TallMOHHBIN nmoTeHuuan opranuszma (AIlO,
0710k 26), TO TPOU3BOAUTCS U3MEPEHHE HH-
Jnekca  (YHKIMOHAJIBHBIX  HW3MEHEHHI
(UDU); amantanimOHHOrO IMOTEHIMANA,
OTIPEJICIIIEMOTO TI0 YPHEPTeTHUECKOMY pa3-
6anmancy odmecucteMHbix BAT (AIIDP), n
aJanTaloOHHOTO TIOTEHIANa, ONpeaense-
MOT0 10 COCTOSIHHIO aHTUOKCHIAHTHOM CH-
ctembl 3amuThl (AITAC) (610K 27), ¢ no-
CIIEIyIOIIMM ONpPEJEICHUEM HOPMUPYIO-
mmx (yHKUMA ypOBHSI ajanTalud opra-
amsma (HOVAO): f,,(MPN), f,,(AIIIP),
fad(ATIAC) (6mok 28), najnee — UCTIOIB3Ys
HEYETKYIO0 MOJieNb (3), BBIYUCISIETCS YPO-
BeHb ATIO (mokazatens UAO, 61ok 29).

[Ipu olileHKe cTeneHn pucka BUOpaIu-
onHoi Ooneznu (OPBB) mo makcumans-
HOMY Ha0Opy MH(OPMATUBHBIX MPU3HAKOB
(6mox 30) mpow3BOAMTCS ONpPEICICHHE
(hakTOpoB pHICKa BUOPAIMOHHOW 0O0JIC3HH

(O®PBb) 1o TPaIULIMOHHOMY IS

npodmaromorun ux crnucky (6mok 31) c
pacueToM HWHTETPaJbHOrO MoKazaTens Y
[2] (650K 32) U yBEepEeHHOCTH B PUCKE TIO-
SABJICHUS U pa3BUTUA BHOpoOonesnu UV,
(momens 9, 6ok 33). Ecnu Ha mpenbiay-
ntux oranax pacuetr UVg, (omeHKa yBepeH-
HOCTH B BO3HUKHOBEHUHU BUOPOOOIIE3HH 110
sHeprernueckomy paszbanancy BAT) He
BeIMoNHsUICS (070K 34), a TMOoIb30BaTENb
pEeIIaeT ero NCroiIb30BaTh B OIICHKE PUCKA
BB, To peanmuzyercs 610k 35, BBIMOIHSIO-
WA TE K€ pacyeThl, 4To 1 O0yoku 19-21.
Ecnu nmpuHMMaeTcs perieHne ucnoib-
30BaTh MOKA3aTellb YPOBHS aJanTaliy Ie-
pudepruecKoro KpOBOCHAOKEHUS KHUCTH
paboueti pyku (Y AIIK, 6510k 36), To omnpe-
NeNIeTCs WHTEHCHUBHOCTH KpPOBOCHaOXKe-
HUSI UCCIIEAyeMOW KOHEYHOCTH TI0 CpeIHEei
IUIOINAAM IO/ perucTpupyemoii Qotoruie-
tusmorpammont (®II) Sy 3a 3amaHHbBIN
IPOMEKYTOK BpeMEeHH 1ty U ¢ UCTIOIBh30Ba-
HHeM MoJienu (7) pacCUUTHIBAETCS KOJIUYe-
cTBeHHas xapakrepuctuka OC nokaapHON
CUCTEMBl KPOBOCHA0XEHHSI BEPXHHUX KO-
HeuHocTel FSgy (611ok 37). Jlamee opranu-
3yeTcsi MPOBEJIEHUE XOJOJO0BOW MPOObI
(XITI) ¢ pacueroM BenUWYMHBI (PYHKIIHO-
HaJIBHOTO pe3epBa (Monenb 8, 6ok 38),
OTIpE/ICNIACTCS BpPEeMsS  BOCCTAHOBJICHHS
KpPOBOCHAOXEHHUS  TOCIIE  XOJIOJOBOI
poOsl Ty (6110K 39), BBIYUCIAIOTCS HOP-
MUpYOIKe (YHKIIMH YPOBHS aganTariu
M0  OTHONIGHWIO K  BUOpoOOIEe3HH
(Hq)yABB): faBK( FSBK)’ faBK( FRBK)a
fusx(Tg) (61ox 40), KOTOpHIE arperupy-
I0TCS B MOJICJIb pacueTa ypOBHS ajanTaiu-
OHHOT'O TMOTEHIIMAJA JIOKAJbHOW CHCTEMBI

KPOBOCHA0XEHHUSI BEPXHUX KOHEUHOCTEH
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UAK (monens 5, 6mok 41). Ecniu Ha mpeibi-
nymux sTtanax pacuetr UAO He BbINOIN-
Hsics (O67ok 42), a monap30BaTeb PeIaeT
€ro HUCIOJb30BaTh B OlleHKe pucka Bb, To
peanusyercsi 010K 43, BBINOJIHSIOMMMA Te
e pacdeTsl, yTo u O0sioku 27—29.

Ecnu Ha mpepiayniux sTanax pacyer
UVN wne BemomnHsuics (6510k 44), a moyib30-
BaTelb PEIIAeT €r0 UCTIOIb30BATh B OLIEHKE
pucka Bb, To peanusyercs 050k 45, BbI-
MOJIHAIOIINN PacyeT IMOKa3aTelsi yBepeH-
HOCTH B PHCKE TIOSBIICHUS W PA3BUTHS
HepBHBIX Oone3Her. Ecnm B pacuerax wuc-
nonb3ytores mokazatenn UAK, UAO wu
(wmu) UV N, to, ucnione3ys mozenu (2), (6)
u (wn) (11), 115t HUX ONPEeICIIAIOTCS BEIIH-
iHbl UVpyag, UViay YP 1 (um) UV, (G110K
46), TI0 KOTOPBIM PACCUMTHIBAETCS YBEPECH-
HOCTh B PHCKE BO3HHMKHOBEHHS BHUOPOOO-
ne3au y cromarosoroB UVW (momens 1,
o110k 47).

[Tpu orieHKE CTETIEHH PUCKA HEPBHBIX
pacctpoiicte (OPHP) mo makcumanpHOMY
HaOoOpy  WHGOPMATUBHBIX  MPU3HAKOB
(610K 48) TPOU3BOAUTCS OINPEACIICHUE Te-
kyuiero ypoBHs yromienus YU [20] u
[13H YP [21], Bpems ux Bo3aeiicTBHs t, KO-
TOpBIE, B CBOIO OYEPE/Ib, ONPEACISAIOT MPO-
THOCTHYECKYI0 YBEPEHHOCTh B KJIacce IO
(dakTopam mmrensHoe [I1OH UHYP wun
yromiieane UHYU (6moku 49, 50).

[Tpon3BoauTCS OMpEeIeICHIE UHINBH-
nyanbHBIX QakTopoB pucka UDP, o xoto-
PBIM OIIPEIEISETCS YBEPECHHOCTH B TOSIBIIE-
HUU U Pa3BUTUU HEPBHBIX Oonesneit UV,
Mo TpyIIe HWHAUBUAYAIbHBIX (DaKTOPOB
pucka (6noku 51, 52). Ecnu Ha mpenpiay-

mux dtanax pacyetr UV, He BBINOIHSIICS

(olleHKa YBEpEHHOCTH B BO3HHKHOBEHHH
HEPBHBIX OOJIE3HEH MO IHEPreTHUYECKOMY
pazbanancy BAT) (6mok 53), a monbs3oBa-
TeJb PEIIAeT €ro MCIOJIb30BaTh B OIICHKE
pHUCKa HEPBHBIX PACCTPOMCTB, TO pPeaTu3y-
eTcsi 010K 54, BBIMOJHSIOMINKN TE XKe pac-
YeThI, 4TO U 010KH 23-25.

Ecnu Ha npenpimymux 3Tamnax pacder
UAO wue Boinoausics (070K 55), a moias30-
BaTeJb PEIIAET €ro UCTOIb30BaTh B OLICHKE
pHUCKa HEPBHBIX PACCTPOKCTB, TO PeaTu3y-
eTcsi 010K 56, BBIMOJHSIONIMN TE ke pac-
4eThbl, 4YTO U OJI0Ku 27—29, u pacyeT moka-
3arens UV,,, (Mmonmens 13).

Ecnu Ha npenpimymux 3tanax pacder
UVW ne Bemonssiacs (010K 57), a Mojb-
30BaTellb PEIIAET €ro HWCIOIb30BaTh B
OIICHKE PUCKa HEPBHBIX PACCTPOKNCTB, TO
peanuzyetcst 6JI0K 58, BBITTOIHSIOMUN pac-
YeT MOKa3aTessl YBEPEHHOCTH B PUCKE I10-
SIBJICHUS] M pa3BUTHUsI BUOpoOosie3Hu (010K
30) u pacuer mokasarens UVy, (mMonems
16).

Ecnu monp3oBaTens pemmi UCoiab30-
BaTh MMOKA3aTeNb YPOBHS a/IallTalliy HEPB-
Hoii cuctemsl (YAHC, 610k 59), TO Qukcu-
PYIOTCSI pe3yJIbTaThl BHIIIOJHEHUSI TECTOB
«yHas TpeBoxkHOCTH» JIT u «curyaTus-
Has TpeBoxHOCTh» CT, onpezenstorcs mno-
KazaTesb KOHIeHTparuu BHUMaHUS KB u
XapaKTepUCTUKA OIEPATUBHOW MaMSTH,
oTpesieNisieMast 0 METOAMKE «ONpeeICHNe
orcytctByromieit mudpe» OOLL (610K 60),
BBIUUCIISIOTCS HOPMUPYIOMIME (PYHKIHH
ypoBHs agantanuu HC (61o0k 61), onpene-
JSieTCsl YPOBEHb aJalTallMOHHOTO MOTEH-
[Majga HEPBHOW CHCTEMBI M TIOKAa3aTellb
UVk.y (Momens 14) (6mox 62). Onenka
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YBEPEHHOCTH B PHUCKE BO3HUKHOBEHUS
HEpBHBIX OoJie3Heil y cromaronoroB UVN
peanuzyercst 6okom 63 (Moaens 12).

IIpoBepka kauecTBa pabOTHI MOTYUYEH-
HBIX MOJIEJIEH MPUHATUS PELIEHUH U airo-
pUTMa NPUHATUS PELIEHUH OCYILeCTBIs-
Jach 10 TpexypoBHEBoH cxeme. Ha nmepsom
YpOBHE  TMPOWM3BOAMIACH  JKCIIEPTHAs
OIICHKA YPOBHS JOBEPHUS K MPOTHOCTHYE-
ckum mozersm (1) u (12).

Ha BTOpOM ypOBHE 3KCHEPTHI COCTAB-
JSUIM KOHTPOJIbHBIE BBIOOPKH, B KOTOpbIE
BKJIFOYAJIMCh OOBEKTHI, B KiIacCU(DUKAIUU
KOTOpBIX HE ObUIO COMHEHHUI Ha O0IIenpu-
HSITOM YPOBHE, M OOBEKTHI CO 3HAUCHHUSIMH
(bakTOpoB pHCKA, KOTOpHIE, MO MHEHHUIO
HKCIIEPTOB, PABHOBEPOSITHO MOXHO OTHE-
CTH KaK K OJTHOMY, TaK ¥ K IpyroMy Hcclie-
IyeMoMy Kiaccy coctossHui. [1o 3Tum BbI-
OopkaM OIpeAensIoch KOJIMYECTBO IIpa-
BUJIbHBIX U OLIMOOYHBIX «CpabaTbIBaHUI»
UCCIIETyeMbIX PpEeHIaroNInX MpaBuil (Mo-
nenu 1 1 12) 1 pacCYUTHIBAKCH OOIICTIPH-
HSTBHIC B MEIUIIMHCKHUX MCCIICOBAHUSAX T10-
Ka3aTeli Ka4eCcTBa: TUAarHOCTUYECKas JyB-
ctButenbHocTh  ([AY); cnenuduunocTh

(AC); nmarnoctuueckast 3()(PEeKTUBHOCTD

(I9); mporHocTuyeckass 3HAYMMOCTbH I1O-
noxutenbHbix (I137) u  oTpHIATETBHBIX
(IT37) pe3ynbTaToB, KOTOpBIE MPEBBICUIU
Benuuuny 0,9.

Tpernii ypoBeHb IIPOBOAMIICA Ha pe-
MPE3EHTATUBHBIX KOHTPOJIBHBIX BBIOOPKAX
C HCIIOJIb30BAaHMEM HE3aBHCHMBIX OOIIIe-
NPUHATHIX METOA0B HccienoBanusa. O0bem
KOHTPOJIbHOW BBIOOPKH OIPEACIAETCS B
COOTBETCTBUU C TpPEeOOBAaHUSIMH, IPUHS-
THIMHU B TEOPUHU pacro3HaBaHusi 00pa3oB, U
coctaBuia 100 yenosek Ha kiacc. KauectBo
KJIacCU(UKAIMKA TIPOBEPSIIOCH TI0 TOKa3a-
temsim 14, JIC, 119, 113" u I13.

BbiBoAabI

B xone npoBeneHHBbIX UCClIeI0BaHUN
OBLIO TIOKa3aHO, YTO MOJEJIM MPOTHO3a
BUOpaIIMOHHOM 00JIE3HN U HEBPOTUUECKUX
PACCTPOUCTB y JIFOI€H, KOHTAKTUPYIOIIUX
C BHUOPOMHCTPYMEHTOM, OOECTICYMBAIOT
YBEPEHHOCTh B IPABUJIBHOM MIPUHSTHH pe-
meHus Ha ypoHe 0,93 u Bblle Ha Tpex-
JIETHUM MEPHUOJ, YTO SIBISETCS IpUEMIIE-
MBIM MPAKTUYECKUM Pe3yIbTaTOM IS 3a-
Jla4y [IPOTHO3UPOBAHUS C HEYETKOU CTPYK-

TyPOU KJIaCCOB.
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Pe3srome

Uenbto uccnedoeaHus sisrisiemcsi paspabomka cucmemb! Mo00epXXKU NpUHImMuUsi peweHull 0151 epadya-euHeKosioea,
OCHOBaHHOU Ha CUHME3UPOBaHHbIX MPO2HOCMUYECKUX U OUa2HOCMUYEeCKUX pewarowux rpasunax, komopas 6ydem
ucrnonb308aHa npu duagHOCMUKe U rpo2Ho3upo8aHuU rnocrepodogoeo saHOoMempuma.

Memodai. lNpu paspabomke cucmemb! MOOOePKKU MPUHSMUS peweHul bbi Ucroib308aH credyrouull UHCMPYMeH-
mapul: meduyuHckasi cmamucmuka, MemoObl pa3pabomKu 3KCNepmHbIX CUCMEM, Meopus NPUHAMUS peweHul u
mMemoObl pacro3HagaHusi 0bpa3sos. [ns 06pabomku u aHanu3da MeOuUUHCKUX OaHHbIX, @ makxe Os1sl MPO8ePKU pewia-
rouwux GuazHOCMUYeCKUX Mpasusl MPUMEHSINIUCH MaKue UHCMpPYyMeHmbI 0711 Cmamucmu4ecKo2o aHanu3a 0aHHbIX, Kak
Excel u Statistica. [Jns oueHku pucka nocrnepodogoz2o sHoomempuma u e2o duacHoCMUKU 8K/toYeH 31 npusHak, paH-
JKUPOBaHHbIU M0 cmeneHu ux UHgopmamugHocmu. Smu daHHbIe UCMOoMb308aHbl 8 Ka4Yecmee OCHO8bI Ons paspa-
6omku anezopumma rPO2HO3UPOBaHUS pucKa pasgumus rocriepodo8o2o sHomMempuma 8 cucmeme rnoG0epPKKU nMpu-
HamMus peweHud.

Pe3ynbmamel. [pumeHeHue paspabomarHbix OUa2HOCMUYeCKUX peliarouux npasusl Ha KIuHU4YeCcKU penpe3eHma-
mueHOM Mamepuare riokasasno duazHocmu4yeckyto agpgpekmusHocme 0,96+0,02. PaspabomaHHasi sKkcriepmHasi cu-
cmema Moxem 3¢hgheKmUBHO NMPUMEHSIMbCST 8 KITUHUYECKUX yCrio8usiX. Takxe 803MOXHO UCMOb308aHUe 0aHHOU 3KC-
nepmHoUli cucmembl 8 y4eb6HOM ripouecce rpu nod2o0moeke MedUUUHCKUX pabomHUKO8.

3aknroyeHue. Yuem ¢hakmopos pucka, uHmeepauyusi 0aHHbIX U3 PasfuyHbIX UCMOYHUKOS, UCMO/Ib308aHUe NpO2HO-
cmuyeckux modenel u popmupogaHue UHOUBUDyarbHbIX pekoMeHOayull Mo e4YeHuro U npogunakmuke — ece 3mo
KIto4Yeable acriekmbl, Komopble O0/mKHbI 6bimb ydmeHb! fpu pa3pabomke makol cucmembl. BHedpeHue nodobHou
cucmeMbi 8 KITUHUHECKYH MPakmuKy MOXem 3Ha4umesibHO yiyHwums kayecmeo AuagHOCMUKU U JlIeHeHUs! Nocrepo-
008020 3HOOMempuma, CHU3UMb PUCK OCAOXHEHUU U yry4uums Ucxo0bl Onsi nayUueHmox.

© Axkcénos B. B., Ceperusn C. I1., I'pomsiko C. A., ITerpos C. B., Xapaukos A. B., ITerposa A. C., 2025
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Knroyeenie crioea: cucmema noddepkKu NpuHAMuUs peweHul; npoa2Ho3upoeaHue; duazHocmuka; nocrepodoeol 3H-
domempum.

KoHgbrnukm unmepecoa: Aemopbsi deknapupyrom omcymemeue KOHGIUKmMa UHmMepecos, cesidaHHbIX ¢ nybnukayuel
OaHHoU cmambu.

Ona unTnpoBaHmaA: Cuctema nopgaepKkv NPUHSATUSE PELLeHUIA NPU NPOrHO3VMPOBaHWUM Y OUArHOCTVKE SHAOMETPUTA B MO-
cnepogosoM nepuoge / B. B. AkcéHos, C. . CeperuH, C. A. 'pomsiko, C. B. lMNeTpos, A. B. Xapawkos, A. C. MNetposa //
MN3BecTtns KOro-3anagHoro rocyaapcTBeHHoro yHusepcuteta. Cepus: YnpaBneHue, BblMUCIUTENbHAA TEXHWKA, WH-
dopmaTtumka. MeamumHckoe npnbopoctpoeHme. 2025. T. 15, Ne 3. C. 181-200. https://doi.org/ 10.21869/2223-1536-
2025-15-3-181-200
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Abstract

The purpose of the research is to develop a decision support system for gynecologists, based on synthesized prog-
nostic and diagnostic decision rules, which will be used in the diagnosis and prognosis of postpartum endometritis.
Methods. The following tools were used in the development of the decision support system: medical statistics, expert
system development methods, decision theory, and pattern recognition methods. Such tools for statistical data analysis
as Excel and Statistica were used to process and analyze medical data, as well as to verify crucial diagnostic rules. To
assess the risk of postpartum endometritis and its diagnosis, 31 signs are included, ranked according to their degree
of informativeness. These data were used as the basis for the development of an algorithm for predicting the risk of
developing postpartum endometritis in a decision support system.

Results. The application of the developed diagnostic decision rules on clinically representative material showed a
diagnostic effectiveness of 0,96+0,02. The developed expert system can be effectively applied in clinical conditions. It
is also possible to use this expert system in the educational process when training medical professionals.
Conclusion. Consideration of risk factors, integration of data from various sources, the use of prognostic models and
the formation of individual recommendations for treatment and prevention are all key aspects that should be taken into
account when developing such a system. The introduction of such a system into clinical practice can significantly im-
prove the quality of diagnosis and treatment of postpartum endometritis, reduce the risk of complications and improve
patient outcomes.

Keywords: decision support system; forecasting; diagnosis; postpartum endometritis.
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BBegeHune

B nacTosiiiee Bpemsi cerncuc u Centu-
YECKUH 110K 3aHUMAIOT YETBEPTOE MECTO B
MHpE B CTPYKType MATEPUHCKONH CMEPTHO-
ctu (Kimnanueckue pexomenganuu M3 PO
«CenTiyeckre OCJIOKHEHHSI B aKyllep-
ctBe») [1]. B 90-95% ciyyaeB npuunHoit
Cerncuca M IIoKa SIBJISETCS IMOCIEPOIOBOM
suaomerpur (I19), koropselil ocraercs oa-
HOM W3 HauboJiee pacrIpoCTPaHEHHBIX
dbopm mocaepomoBoit mHpekuu [2]. Ya-
crora [ID BappupyeTcs B 3aBUCHUMOCTH OT
THIIA POJIOB: IOCIE CaMOIPOU3BOIBHBIX
poaoB oHa coctapisier 1-5%, nmocne naro-
jJoruyeckux poaos — 15-20%, a nocne xe-
capeBa ceueHus: — 6onee 20% [3]. YV xen-
IIUH C BBICOKMM HH(EKIIMOHHBIM PUCKOM
yactota [ID moxeTt nocturats 80,4% [4]. B
CIIy4asiX COUYETaHUsI HECKOIBKUX (PaKTOPOB
pHuCcKa BeposSTHOCTH pa3ButHs [1D Bo3pac-
taer 10 91% [5]. JoctaTtouHo yacTo Ja-
TEHTHBIN MEPHO/I HA HaYaiabHOM 3Tane 119
MPOTEKAET MO/ BUIOM JIOXHOMETPHI WU
CyOMHBOJIIOIIMM MaTKH, W TOJBKO KOTJa
MIPOIIECC BBIXOJIUT 32 PAMKH JIOKAJIbHOM WH-
(heKmn, HAYMHAIOTCS TEPONIECKHE YCUITHS
0 CIIACEHUIO )KU3HU Matepu [6]. DTu nau-
HbIE TOTYEPKUBAIOT MacITad mpodaemMbl U
HEOOXOUMOCTh ITOMCKA HOBBIX ITOIXOJI0B

K €€ pelieHuto [7].

B KoHTekcTe 3THX BBI3OBOB pa3pa-
00TKa CUCTEMBI NOJJEP/KKHU MPUHATHUS pe-
menuit (CIIIIP) nis nporuo3upoBaHus mo-
CJIEpOIOBOTO JHJOMETpPUTA IPEACTABIIA-
ercsi KpaiiHe akTyanbHOM [8]. Takas cu-
cTema Morja Obl HHTETPUPOBATH JaHHBIEC O
MHOXKECTBE (PAKTOpOB pPHCKA, BKIIOYAS
aHaMHe3 MalUMEHTKU, OCOOEHHOCTH Teue-
HUsl OEpEeMEHHOCTH U POJIOB, COCTOSIHUE
MMMYHHOU cHucTeMbl [9], a Takke MHUKpPO-
OuoJIOTHYEeCKHEe U KIMHUYECKHE I0Ka3a-
tenu [10]. D10 MO3BONMMIIO OBI HE TOJIBKO
0osee TOYHO OIICHUBATh WHANBUAYATHHBIN
puck pazsutus 110 [11], Ho u pa3pabatsi-
BaTh IEPCOHAIM3UPOBAHHBIE CTpATErUu
npodunakTuku u jgeuenus [12].

Henpto uccnenoBaHus SBISETCS pas3-
paboTka cHCTEMbl NOIJEPKKH HPUHATUS
pEIICHUH TPU TPOTHO3UPOBAHUH U JHATHO-
CTHKE DHIOMETPHUTA B IIOCIEPOJIOBOM IIE-
pHOJIe HA OCHOBE CHHTE3MPOBAHHBIX TPO-
THOCTUYECKUX U JIMarHOCTUYECKUX pellia-

IOmHUX IIpaBHJI.

MaTtepuan n metoabl

Jins peanu3anuy L€IM MCHONb30BAaHBI
METO/Ibl TEOPUH ITPUHSTHUS PEIICHUM, TEOPUU
pacro3HaBaHHs 00pa3oB, pa3paboTka HKC-
neptHeIX cucteM (DC) U MEAUIIMHCKAs CTa-
THCTHKA, TIPHHIUITEI CAMOOPTaHU3aluN MO-

JienpoBaHusl. B kauecTBe HHCTpyMEHTapUs
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pa3BeIOYHOTO aHAIKM3a U BEPUPHUKAIIUHU pe-
IAIOMUX JUArHOCTUYECKUX MPaBUJl TMPHU-
MEHsUIMCh nakeThl Excel u Statistica. Yuu-
ThIBas TO, YTO B KauyeCTBE MaTeMaTHye-
CKOTO HMHCTPYMEHTapHusi ObUIM BBIOpaHBI
MOJIEIIM, OCHOBAHHBIE HA HEYETKOM IIPHU-
HAJUIS)KHOCTH, OBUIO PEIIEHO HCIIOIb30-
BaTh YHUBEPCAJIbHYIO IPOrPAMMHYIO IJ1aT-
dbopMmy, pa3paboTaHHyI0 Ha Kadeape Omo-
meaurHckoi nmkenepun KO3IY [13]. 3a
OCHOBY B34Ta dKCIIEPTHAsi CUCTEMA OLIEHKH
pUCKa BO3HUKHOBEHHUS M PAa3BUTHS TPOM-
6osMOo0mm3Ma [14]. Jlannas cuctema ajaarn-
THpPOBaHA A MPOTHO3WpoBaHus [ID u
BHeApsieTcsa B KinuHnuecknii MEAMIIMHCKAN
ueHtp «Jlokrop Iletposy.

st ouenku pucka I3 u ero quarto-
CTUKH BKJIIOUEH 31 mpu3HaK, paHKUPOBaH-
HBII 110 CTENEeHH WX HH(OPMATHBHOCTH.
OTH JaHHBIE UCTIOJIB30BaHbI B KAUE€CTBE OC-
HOBBI JJIs1 pa3pabOTKH alropuTMa MPOTHO-
3UpOBaHMS prcKa pa3BuTus 1D B cucteme
MOJJICPKKU MPUHATHS perieHui. Cucrema
MOET aBTOMAaTUYECKH PACCUUTHIBATH CyM-
MapHBIM OaJls pUCKa Ha OCHOBE JIaHHBIX,
BBC/ICHHBIX BpauOM, U BBIJIaBaTh PEKOMEH-
JAINH 10 JATbHEUIIEMY HAOII0ICHUTO WITH
nedeHuto. Hampumep, mpu BBICOKOM pHCKE
paszButus 1D cucTtema MOXKET peKOMEH 10-
BaTh 00Jiee YaCThIii MOHUTOPUHT COCTOS-
HUS MMallMeHTKHU.

Kaxnapiit u3 31 npu3HakoB UMEET CBOU
JTUArHOCTHUYECKHM Kod(uiment, orpaxa-
IOIUI CTENIEHb €T0 BIMSHUS Ha PUCK pa3-
Butus [19. OTM npu3HAKM OXBAaTHIBAIOT
pa3IMYHbIC aCTeKThI 370POBbS KCHIIUHEI,
aHaMHe3, TeueHHue OEpEeMEHHOCTH, KJIH-

HUKY PpOJOB H IIOCICPOJOBOIO IICpHOIA.

[Tonpo6HO paccMOTpPUM KaKIBIH U3 ATHX
NPU3HAKOB U HMX JMAarHOCTHYECKHE KO-

(UITUEHTHI.

AHaMHeCTHYECKHEe JAHHBIC

1. Bo3pact matepu:

— 1o 19 ner: +1 oamr;

— 20-24 ropga: 0 6ayuI0B;

— 25-29 ner: +2 6amna;

30 net u 6onee: +2 Ganna.

Bospact matepu, ocoOeHHO Mulafie
19 umu crapmre 30 siet, MOXeET ObITh (PaKTo-
POM pHCKa.

2. CemeifHOE MOJI0KEHNE TTAllUeHTKU:

— 3amykeM: 0 GayioB.

— He 3aMyxeM: +4 Gaia.

Hezamy»xHue *KEHITUHBI MOTYT UMETh
MOBBIIEHHBIN puck [10.

3. ObpazoBanue:

— Beiciee: 0 0aoB;

— He3aKoHYeHHOE Bhicmiee: () 6amos,

— cpeaHee crienuanbHoe: +1 6an,

— cpenHee (HE3aKOHUEHHOE CpEeIHee):
+2 Ganna.

Huzkuit ypoBeHb 00pa30BaHUs MOKET
OBITH CBSI3aH C MOBBIIIIEHHBIM pUCKOM [10.

4. Cpok B35TUSl Ha y4eT 1o OepeMeH-
HOCTH:

— 10 12 nenens: 0 6a110B;

— 13 no 22 wenens: +1 Ganr,;

— 22 u 6osee Henenb: +12 0axIoB.

[To3aHee B3siTHE Ha y4yeT 1Mo OepeMeH-
HOCTH yBeIHUMBaeT puck [10.

5. [Tapurer:

— nepBble poabl: 0 0anos,;

— BTOpBIE pojsl: +1 Oa,

— TpeThU poibl U Oonee: +2 Gana.

[Tocnenyromue poibl MOTYT OBITh CBSI-

3aHBbI C MMOBBIIIEHHBIM prucKoM [19.
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6. KonmmuecTBo GepeMeHHOCTEH:

— nepBasi: +1 Gai,

— BTOpas: +2 Oasna;

— TpeThs u Oonee: +2 Oana.

MHorokpaTHble 0EPEMEHHOCTH MOTYT
yBenuuuBath puck [10.

7. Bo3pacT Hauana 1noyoBou KU3HU:

— 1o 17 net: +4 6ana;

— 18 nier u crape: —2 Gana.

Pannee Hayano mojgoBOW XWU3HU MO-
KET OBITh CBS3aHO C TIOBBIIICHHBIM PHCKOM
WHDEKIIHA.

8. AGOpTHI (MEIUIIMHCKHUE WM CaMO-
MPOU3BOJILHBIE) B AHAMHE3E:

— He O0bu10: 0 0AILIOB;

— onuH: +3 Oamia;

— 11Ba U OoJiee: +7 GauioB.

Hanuuune abopToB B aHaMHE3€ yBeU-
yuBaet puck [19.

9. ConyTcTBYyIOIIME JKCTPATCHUTAIb-
HbIE 3200JICBaHMUS:

—0e3 COMyTCTBYIONIUX JKCTparcHu-
TalnbHBIX 3a001eBaHuii: 0 60ayJIoB;

— 00J1€3HU MOUEBBIBOASIUX Ty TeH: +4
Oaia;

— 0OJIe3HW CHCTEMBI KpOBooOparie-
HUS: +4 Oayua;

— 0OJIe3HM PHJIOKPUHHOW CHUCTEMBI: +6
Oaina;

— OTATOIIEHHBIN aJIeprudeCcKui
aHaMHe3: +6 0aJIoB;

— 3a00JIeBaHUsl OPTaHOB JIbIXaHMS: +2
Oaia;

— OPBU, rpunn u npyrue uH(EKINN
BO BpeMsi OepeMEeHHOCTH: +8 0aslioB,;

—1Ba ¥ 0OJIee COMYTCTBYIOMIMX JKC-

TpareHUuTalIbHbIX 3a00JIeBaHUMA: +7 OaIIOB.

Hannuue xponunueckux 3a0oieBaHUM,
0COOEHHO aJUIEPrUYE€CKUX U SHIOKPUHOJIO-
rudeckux, a takxke OPBU, rpunna nosbI-
maeT puck [19 B mocnepomoBoM nepuoe.

10. ComyTcTBYIOIIME T€HUTAIBHBIE 3a-
0oJieBaHUS:

— HET COMYTCTBYIOIIMX T€HUTAIbHBIX
3a0o0JsieBanuii; 0 0aJLIOB;

— 1Ba ¥ OoJtee 3a0o0eBanuil; +4 dama;

— [IaTOJIOrUd LIEUKU MaTKu: +1 Oasut;

— BOCHAJIUTEIbHBIE 3a00J€BaHUs BJla-
rajuila, BarnHaJabHBIM JucOmno3: +2 Oaia;

— MHOMa MaTku: +1 Ga.

Hanunune reHuTanbHBIX 3a00JI€BaHUM,
0COOCHHO MH(EKITMOHHO-BOCTIATUTEILHBIX,
yBenuuuBaet puck [13.

Teuenue OepemMeHHOCTH

1. Ocnoxxaennss 6EpeMEHHOCTH:

— 0e3 ocnoxHenuii: 0 0aJIoB;

— J1Ba 1 0oJiee OCJIOKHEHUH: +2 0aia;

— yrpo3a npepbiBaHUs OepEeMEHHOCTH:
+1 Gamn;

— TeCTAllMOHHBIA TMHENoOHeDpUT: +6
0aJIIoB;

— BarWHUT WA BarMHAJIBHBIN TUCONO03:
+2 Oamnna;

— aHemus: +3 Oamna;

— mpeskyamicus: +3 6amia;

— XpOHMYECKas rumnokcus mioga: +10
0asIoB;

— MHOroOBOHe: +12 0aIoB;

— IIPU3HAKK BHYTPUYTPOOHOTO HH)H-
IUPOBaHUS (TIPUMECH B OKOJIOTIJIOTHBIX BO-
nax) +10 Gamos.

OcnoxHeHus: OepeMEHHOCTH, OCO-
OCHHO XpOHUYECKast TUIIOKCHS TI0a, MHO-
rOBOJIME€ U BHYTPUYTPOOHOE MH(UIIMPOBA-

HUE 3HAYUTEJIBHO MOBBIMIAOT puck [19.
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2. [IlcuxocomMaTHUECKHIA CTATYC:

— ONTUMAaJIbHBIA THIl TCUXOJIOTHYE-
CKOI0 KOMITOHEHTa T'€CTAllMOHHOW JTIOMH-
HauThl (OTTIKT'I): 0 6aios,;

— npyrue tunsl [IKT/L: +1 6am.

[Icuxomoruyeckoe COCTOSIHUE MaTepu
MOKET BJIMSTH Ha pUCK pa3Butus [10.

3. Pacnonio>xeHue miareHThl:

— Ha MepeHel cTeHKe MaTKu: +1 Oa;

— Ha 3aJHEN CcTeHKe MaTKu: +1 Oamn;

— JIOKaJM3alusl TUIAleHThl B 00JacTh
mHa Matkd: 0 0anIoB;

— MpejIeKaHue TIUIAlleHThl (HU3Kas
maneHTanus ). +8 6amioB.

Pacnionosxenne miamneHThl MOXKET BJIH-
ATh Ha PUCK BOCIAJIUTEIbHBIX MTPOILIECCOB B
maTke. Maxkcumanbublii puck 110 npu
MpeJie)KaHuU MJIAlEHTHI.

4. VlHBa3uBHBIE TUATHOCTUYECKUE Ma-
HUITYJISAIUY (AMHUOIICHTE3, XOPHOH- U TIJI1a-
IIEHTOOMOTIICHS, KOPAOIICHTE3) WU OIlepa-
THBHBIC BMEIIATENIbCTBA (AMITCHIIKTOMUS
U T. 11.) BO BpeMsi 0€peMEeHHOCTH:

— TMAarHOCTUYCCKUE MaHUMYJISIH: +12
0aJIJIoB,;

— ornepaTuBHBIC BMemiarenascTBa: +10
0amoB.

WHBa3uBHBIC THATHOCTUYECKUE MaHU-
MyJISAIANA 3HAYATEIHHO YBEITUYHBAIOT PUCK
I15.

Teuenune ponos
1. Cpox poj1oB:
— IIpeKIeBpeMeHHBIC: +12 0aios;
— cpounsie: 0 6ayyoB,;
— 3ano3aaneie: +12 6amios.
[IpexneBpeMeHHbIE U 3amo37ajible
POJABI 3HAYUTEIBHO NOBBIMIAOT pUckK 119.
2. Ocno>XHEHUST BO BPEMs POJIOB:
— 0e3 ocinoxxHenuii: 0 0ajIoB;

— IBa U 0o0Jiee OCIOKHEHUH: +8 Oaj-
JIOB;

— aHOMaJIMM POJIOBOW JIEATEIHHOCTH:
+6 0aJUIOB;

— OCTpas TUTIOKCHS TuToa: +4 Oaia,;

— UHIYIIUPOBAHHBIC POJBI: +6 OAIIIOB,;

— XOPHOHAMHUOHHUT (JPHIAOMETPUT) B
ponax: +12 6amnos.

OTH pU3HAKH YKa3bIBAIOT HA TO, YTO
OCJIO)KHEHHUsSI BO BpEeMsi POIOB, OCOOCHHO
MHO>KECTBEHHBIC, 3HAYUTEIILHO YBEIHYHU-
BAaIOT puck pazsutus [10.

3. KpatHOCTP BiarajgumiHbeIX UCCIEI0-
BAHUM BO BpEMs POJIOB:

— 4 u 6onee: +12 6amIoB;

— 3 u menee: +1 6am.

YacThle BlIarajuilHble HCCIIEIOBAaHUS
BO BpeMs pOJIOB MOTYT CIIOCOOCTBOBATh
WH(UIIMPOBAHKIO U TOBBIMIATH puck [13.

4, JImuTenpbHOCTh OE€3BOJHOTO IEpH-
ona:

— MeHee 6 yacoB: +2 Oajia;

— 6 u 6oJ€ee yacoB: +5 0amIoB;

— Oonee 12 yacos: +8 Ganos.

JnutenbHbld 0€3BOAHBIN IEPHO]T YBE-
JUYUBACT PUCK UHPUITUPOBAHUS MATKH.

5. l'umeprepmus B pomax:

— 1o 37,5. +2 Oaa,

— BoIme 37,5: +4 Gamia.

['uneprepmMusi B poaax TIOBBIMIACT
puck passutus [10.

6. XapakTep OKOJIOTUTOAHBIX BOJI:

— cetibie: 0 6anoB;

— BOJIBI C MEKOHHEM: +6 0anIoB;

— BOJIBI C MEKOHHEM U HETIPUATHBIM 3a-
maxoM: +10 0ayIoB.

OTx0KIeHUE BOJI C MEKOHUEM M HAJIH-
YreM HEMPUATHOTO 3araxa CBS3aHO C BBICO-

KUM puckom I19.
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7. IloBpexaeHust MATKUX POAOBBIX ITy-
TE:

— 0e3 noBpexaeHui: +0 6aioB;

— pa3pbIB MICWKH MaTKH +8 0asios,;

— pa3phIB CTEHOK Biarayimma: +1 6amr;

— pa3pbIB IPOMEKHOCTH: +8 0aIoB;

— MHOXECTBEHHAs TpaBMa MSTKHUX PO-
NOBBIX TyTeit: +10 Gamios.

TpaBMbl POJOBBIX IyTeH, OCOOEHHO
pa3phIB MIEUKU MaTKu 2-3 CTENIEHU U MHO-
YKECTBEHHbIE TpPaBMbI POJOBOr0 KaHaja,
3HAYMUTEIIHHO TTOBBIMIAIOT pUCK [19.

8. [IpoOmKUTEIHPHOCTD POIOB:

— ObICTpBIC: +8 OaIoB,

— cTpemuTenbHbIe: +12 0anos;

— 3aTspKHbIE: +12 0aUIoB;

— HOpMaJibHbIE: +1 Gai.

Kak crpemurenbHble, Tak U 3aTsSXKHbBIE
POJIBI YBEIMYHMBAIOT PUCK pa3BuTus [15.

9. OnepaTBHBIC BMEIIATEIIBCTBA BO
BpeMsI POJIOB U paHHEM ITOCIIEPOIOBOM Iie-
puoze:

— 0e3 BMemarenscTBa: () 0amIos;

— PY4YHOE WJIM UHCTPYMEHTAJIbHOE 00-
CJIe0BaHME MOJIOCTH MaTKH: +12 Ganos;

— KecapeBO CEUYCHUE IO SKCTPCHHBIM
nokasanusam: +10 6ayuioB;

— TIOJITOTOBKA K pojaM (MHIYKIHS) C
rmomoIpio karerepa Dosrest: +10 6amios.

OrnepaTuBHBIE BMEIIATEILCTBA, OCO-
OcHHO pyuHOEe O0O0CJIeI0BaHUE TMOJOCTH
MaTKH, 3HAYUTEIHHO MOBBIIAOT puck [13.

10. O6beM KpOBOIIOTEPH BO BpeMsl po-

JIOB:
— 110 0,5% macce! Tena: +1 6amn;
— 0ozee 0,5% maccel Tena: +3 Oaa;
— MaccHBHasi Kpoonoteps (6osee 1 1):
+6 6aIoB.

[Tatomornueckas (6onee 0,5% ot
Macchbl Teja) KPOBOIOTEPS YBEIMYHUBACT
puck 110.

11. TInomiaap MOBEPXHOCTH ILJIALICHTHI:

— 110 359 cm?: +2 Gayia;

— o1 360 10 389 cm?: +3 Gaia;

— 390 u 6o1nee cM?: +6 6asIoB.

YBenuueHHas TI0Mab TUIAIeHTH MO-
KET OBITh CBSI3aHA C TIOBBIIIICHHBIM PUCKOM
BOCIAJTUTEIHHBIX TTPOIIECCOB.

12. XapakrepucTtuka IJI0[a: Macca,
KOJIMYECTBO:

— 10 2999 r: +1 0amnx;

—3000 r 1o 3999 r: +1 damr;

— 4000 r u 6onpIze: +4 6aa;

— MHOTOIUTOTHAs OepeMeHHOCTh: +12
0aJoB.

Kpynssiit iog n MHorominoaHas o6e-
PEMEHHOCTh TOBBIIIAIOT puck [13.

TeuyeHue MoOCJIE€POIOBOIO MEPHOAA

1. Pacmiupenue monoctd MaTku (Jio-
xuometpa) mo gaHasM Y3U Ha 3-u u 4-¢
CYTKH 1OCJIE€ POJIOB:

— 110 8 MM: +9 6aJlJIOB;

— 9 1 6oee MM: +9 OaNIOB;

— OCTaTKU IUIAlIEHTapHOW TKaHu: +14
0asoB.

Pacmmmpenue monoctd MaTKu IOcCIe
POJIOB MOXKET yKa3bIBaTh Ha 3aJEPXKKY JIO-
XUW W TOBbIIATh pUCK pa3Butusa 110,
OCTaTKM IUJIAIICHTApHON TKaHW 3HAYU-
TETHHO yBEINYUBAIOT pHCK [10.

2. YpoBeHb remMoriio0nHa (mociepomao-
Bas aHEMUs):

— 89 u Mmenee 1/1: +12 O0aUIOB;

—0ot1 90 10 99 r/1: +6 OamoB;

—ot 100 no 109 r/a: +4 6amna;

— 110 u BpIIIE T/11: +1 Gan.
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AHeMus ocyie POJIOB SBIISETCS 3HAUH-
TeNbHBIM (hakTopoM pricka [13.

3. 3a00sieBaHNSI HOBOPOXKICHHBIX BOC-
MAJIUTEIILHOTO TeHe3a:

— fa: +5 0ayuIoB;

—uert: 0 6amioB.

3aboneBaHusI HOBOPOKICHHBIX BOCIIA-
JUTEILHOTO TeHEe3a MOTYT YKa3blBaTh Ha
WH(DEKIIMOHHBIC ITPOIIECCHl Y MaTEepH.

4. CoBMecTHOE IpeObIBaHUE MaTepH U
pebeHKa mocie poJioB:

— na: 0 6ayuioB;

— HeT: +6 0aIIoB.

OTcyTcTBHE COBMECTHOTO MpeObIBa-
HUSI MOJKET OBITh CBSI3aHO C OCJIOKHEHHUSIMH
y MaTepH.

5. U3meHnenue KonnyecTBa JIEUKOILHU-
TOB B Miepu(epuvecKoil KpOBH:

— OoTCyTCTBHE JielikonuTo3a: () 6amios;

— neitkormto3 o 10-10%n: + 4 Gamna;

— neitkonuro3 mo 15-10°%m: + 8 oOan-
JIOB;

— neiikoruTo3 BhIme 20-10%m: + 10
OaoB.

BrIpaxkeHHbIH TEMKOLUTO3 UITN JIEUKO-
MICHUS CBU/ICTEIILCTBYIOT O BBICOKOM PUCKE
I15.

6. CyOMHBOITIOIIMSI MATKH TTOCJIE POJIOB:

— OTCYTCTBHE CyOUHBOMIONMH: +1 Oa;

— HanuuMe cyOuHBoMOUMH: +9 Oan-
JIOB.

CyOuHBOIIONMST MaTKA CBHJIETEIb-
CTBYET O BBICOKOM pucke pa3Butus [19.

JuarHoctuueckue K03 duumeHTs
OIICHMBAIOTCSA B JWHAMHKE. CHadalla BO
BpeMs OEpeMEHHOCTH, 3aTeM K HUM J00aB-
ast0TCs KO3 HUIMeHTh (HakTOpOB, OLICHH-

BaCMbIX BO BpCM:A pOJOB, WM HaJIEC — B

TIOCTIEPOZIOBOM TepHuojie. TakuM oOpaszoM,
puck I[1D MokeT kak BO3pacTaTh, TaK U CHU-
KaThCS.

Cymma auarHoCTHYECKUX KO3 uiu-
€HTOB TO3BOJISIET OICHUTh PUCK PAa3BUTHUS
I19:

—cymMma 110 +9 06amioB: OTCYTCTBHE
pucka (wo);

—cymma ot +10 1o +14 6amnoB: HU3-
KHH PUCK (Oup);

—cymma ot +15 no +19 6amnos: cpen-
HUH PUCK (Ocp);

—cymma +20 u Oonee OaioB: BBICO-
KHN PUCK (Wgp).

OTU JaHHBIE MOTYT OBITH WHTETPUPO-
BaHbI B CHCTEMY TOJIZICP)KKH MIPUHATHS pe-
IIICHUI JIJ151 aBBTOMATHYECKOW OIICHKH PUCKa
I1D y kaxxa0¥ MalMEeHTKH Ha OCHOBE BBE-

JIEHHBIX JAHHBIX.

Pe3yl1bTaTbl n nx o6cy)|q:|,e|-w|e

s a¢ddekTuBHON pabOThI CHCTEMBI
NOJAEPKKH MPUHATUS pelleHul HeoOXxo-
VMO BBIIIOJHUTH MHTErPALUI0 JaHHBIX U3
pa3IUYHBIX UCTOYHUKOB, TAKMX KaK AJIEK-
TPOHHBIE MEIUIMHCKHE KapThl, Ppe3yJib-
TaThl JA00PATOPHBIX M MHCTPYMEHTAJIbHBIX
UCCIIeZIOBaHUM, a Takke HHPOpMAIHIO O
¢akropax pucka. HazHaueHue pazpaboran-
HOW CHCTEMBI 3aKJII0OYAeTCs B MPOBEACHUU
aHaIu3a MOJYYCHHBIX JaHHBIX B PEATbHOM
BPEMEHHU M IPEIOCTABICHUM Bpady axTy-
anbHBIX pekomeHpanui. Hanpumep, npu
MOCTYIJICHUM HOBOM HMH(OpPMALUU O CO-
CTOSIHUM TALMEHTKH (Halpumep, pe3ylib-
TaThl aHanu3a kpoBu uiam Y3U) cucrema
JOJDKHA aBTOMATHYECKU OOHOBIIATH IOJY-

YUBIIHUECCA pCKOMCHIAINM.
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Ha nepBoM »sTame mnpoekTUpOBaHUs
CIIIIP »kcriepTHOM cUCTEMBI TPOTHO3UPO-

BaHHA pPUCKa BO3HHUKHOBCHMHS I15 Obu10

KJIIMHUYECKOM IPOLECCE — B MEPBOM IIpH-
OMIKEHUU TpeaCcTaBleHO HH(OpMaLu-

OHHO-aHAJIMTHYECKON MOJIeIbIo (puc. 1).

OonpeCacICHO €c MECTO u POJIb B
4 A
4 \4
CocraBnenne Jleuenue
IManuent g [ocneponosoe |  [@opmupoBanue
aHaMHe3a = . P w/unu
o o0cneoBaHue peKoMeHaaIui
e, npoduIakTUKa
[}
A g
A 3} A P]
=¢ ,/
q') 7
g :
JlopomoBoit ocMOTp =
MAIUEHTKA = O1ieHKa BO3MOXKHOCTH
BO3HUKHOBEHHS
cocrosiaus 110 <« A
> U HCXOJIOB
A7
3 ’
A E //
Onpenenenue
JIOPOIOBBIX /
prckos 11D | _p| JmarHocTHka
COCTOSIHUS
MANHCHTKH
I Jleuenue nm ®opmupoBaHue \
€KOMEHIalNi
npoHIaKTHKA p Aan [ocneposiooe | |
oOcnenoBaHue

v

IIpunsitue pemenus o
S xapakTepe JAalbHEHIIero
BEJICHUS MAIUCHTKH

Puc. 1. IHbopMaunoHHO-aHannTuyeckass Mo4erb KNMHMYECKOro npolecca:
— WHPOPMALMOHHbIE NOTOKU; _______ — AencTeud Bpava [15]

Fig. 1. Information and analytical model of the clinical process:

— information flows;

Takum oOpazoM, GopMHpYysS U aHAIH-
3Upys aHAMHE3 U OIICHUBAsI YNCIICHHBIC 3HA-
4yeHus puckoB [1D, mo pemaronmm mnpasu-
JaM  OCYIIECTBJISIETCS IPOTHO3UPOBAHHE
pazmuuHbix ¢opMm I[1D (wo — oTCcyTCTBHE
pucka [13; ®1up — HU3KUI PUCK; W2cp — CPEII-

HUIA PUCK; M3sp — BBICOKHIA pUCK) [16].

---.—doctor’s actions [15]

[Tocne nmpoBeneHUsI TEPANEBTUYECKUX
WM TPO(PIIAKTHICCKUX  MEPOTPHITHI
00s13aTETFHO  OCYIIECTBIIICTCS KOHTPOJIb
TEKYILIEr0 COCTOSIHUSI OOJIbHOW M MPOTHO-
3UpYyeTCsl PUCK BO3HUKHOBeHHS [1D (1 mc-

XOJIOB MPOTEKaHMs 3a00JI€BaHuUs).
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ApXHUTEKTypa MPOrpaMMHOro odecrie-
yeHust CIIIP (OC BbiaeneHa mMTPpUXIyHK-
TUPHOM JIMHMEN) MOCTPOEHA MO KiIacchuie-
CKOMY TPUHIUIY W TPEICTaBICHA HIDKE
(puc. 2).

OC QyHKIHOHUPYET B TPEX peKUMAaX:

1) o6yuenue (popmupoBanue 0a3bl

3HAHUM cricuuaInCcraMu KOFHI/ITOJ'IOFaMI/I);

2) hopMHpOBaHHUE MPOTHOCTHUECKOTO
JMAarHOCTUYECKOTO 3aKJIIOYEHHUS O PHUCKE
BO3HUKHOBEHUs U pazutus [1D ans neda-
[Iero Bpaya;

3) umnopTupoBanue HHOOPMALUU O
COCTOSIHUY TIAIIMEHTA (BBITIOIHSIETCS MEIU-
UHCKUM PAaOOTHHKOM — BPa4oOM, MEJICECT-

poOii, BpauOM-CTaTUCTUKOM).

MeaunuHCKui paboTHUK E

_________________________________

i E Koraurosuor
(Bpa4-CTaTUCTHK) | :

WNurepdeiic BBoaa N Hurepdeiic
po A Wnrepdeiic JIITP pd
uHpopmanuu o KOTHHUTOJIOTA

COCTOSTHUY MAIlMEHTKH

A

y
y

dopmupoBaTeb Ipo-
THOCTHYECKOTO 3aKJI0-
YeHUS

4

4

0a3bl 3HaHUH

T

Hureprperatop <

OHCpaTI/IBHaﬂ IIaMATb

baza 3nanmit

1
1
I
1
1
1
1
Mopnyns popmupoBaHus i
1
1
1
1
I
1
1
1

Puc. 2. ApxuTeKTypa NporpaMMHOro oGecneyeHmnst aKCnepTHON CUCTEMbI

Fig. 2. Software architecture of the expert system

B onepamusnoii namamu 3C ocy-
IIECTBIISIETCS. BPEMEHHOE WIJIM [TOCTOSIHHOE
(na ycmotpenue JIIIP) xpanenue unpop-
Maluy, BBOJUMOW BpauyoM (WJIM UHBIM Me-
JUIUHCKAM paOOTHUKOM) O COCTOSIHHH
OonpHOM. OTa MHPOpManus GopMupyercs
B Iporeccax oOcieloBaHMS W aHalu3a
aHaMHe3a (BKJIIOYasl «MacloOpTHBIC» JaH-
Hble). M3 Onoka «OnepaTuBHAs MaMsTh»

uHpopmanua mnoctynaer B Onok «baza

3HaHUI», €CIIM OHA TIPUMCHSICTCS B Jallb-
HeHIeM A7 KOPPEKIUH MPOTyKITHOHHBIX
pelarouX npaBui (HapuMep, Ui U3Me-
HEHHS 3HAaYCHUH KOA((OUITMEHTOB yBEpEH-
HOCTH), WK «umepnpemamop». B 610ke
«/HTEpIIpeTaTOp» OCYIIECTBISACTCS COOT-

HECCHHUC COCTOSAHUA

AHAIU3UPYEMOTO
O0NBHOM K OJHOMY M3 albTEPHATUBHBIX
KJIACTEPOB: OTCYTCTBHE PHUCKA, HHU3KHU

PHUCK, CPEJHUI PUCK, BBICOKUW PUCK.
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AHanmu3upys 3HadeHus kodddummen-
TOB YBEPEHHOCTH, 010K «HTepmpeTaTop»
yIOPSAI0OYUBACT  UIACHTU(DUIUPOBAHHBIC
KJIACTEphI MO0 Mepe yObBaHUs KO3PPuIm-
€HTOB U TepenaeT chOpMUPOBAHHBIN KOP-
Tex B 0ok «DopmMupoBaHUs TPOTHOCTH-
YECKOI'0 3aKJIH0UECHUS».

bnok «®opmupoBarenb MpOrHOCTUYE-
CKOTO 3aKIJIIOYCHHS» CO37aeT UTOTOBOE 3a-
KIIIOYEHHE O PUCKE BOSHUKHOBEHUS M BHJIA
MCXO/I0B IS JIeYaIllero Bpaya, KOTOPOE TIe-
penaercst eMy (B CTaHIAapTU30BaHHOM
OTIpEICICHHOM BHJIE) MOCPEJICTBOM HWH-
ctpymentoB «MuTepdeiica JIITPy. [Ipenn-
KaTUBHOE UTOTOBOE BKIIIOUCHHE (popMuUpy-
eTcs B BUIC

<uHdopmalyss O MnainueHtre > (mac-
MOPTHAS YacCTh)

1. ECJIN

I[MTPOI'HO3 11D

<HUCTOYHHMK HWHpOpMaIMK> (IaHHBIC
aHanmu3a OOCIIeZOBaHUS WIM U3yYEHUS
aHaMHe3a)

<puck> <ko3(pPHUIHEHT yBEePEHHOCTH
B IPOrHO3¢>

[MPOTHO3MPOBAHUME PA3BUTUA

<BBI3JIOPOBICHHE™>  <KOA(PPUIHEHT
YBEpEHHOCTH B IIPOrHO3E>

<JIeTAJIbHBIN MCXOM> <KOA((UIIUEHT
YBEpEHHOCTH B IIPOrHO3E>

B 6moxe «ba3a 3Hanuit» pa3paboTan-
HOM DKCIIEPTHOM CHCTEMBI NPUMEHSIOTCS
CIIEyIONINE CTPYKTYpPhl MPOIYKIIMOHHBIX
pemaronye npaBui (MoJydeHsl Ha o0yda-

IOIIUX PEeNpe3eHTATUBHBIX BbIOOpKax) [1].

L L
(Riskq,, ) > por)&(Risk,, = [ 1~ H (1 - Risky,, | & z Uay,) # 0)),

cp=1l#cp

cp=1l#cp

TO npornozupyercs 119 Thna ®Bp ¢ yBEpEeHHOCTBIO Upr.

[TocpeactBom 610K «Momynb dhopmu-
poBaHUs 0a3bl 3HAHUI BBOJAATCS: HOMEpa
kiactepoB i (0, 1, 2, 3); moporoBbie 3Hade-
HUS pUCKA COOTHECEHHS K KIIACTEepy — por i
0, 1, 2, 3); ko3bdHUIHUEHTBI YBEPEHHOCTH

U (OHpGI[CJ'IHI-OTCiI KOTHHUTOJIOIT'OM Ha

Wcp

stane oOyuennst DC) u 3Hauenus Risk,, .
Bp
3Ha4YEeHUS Riskap OTpeAeIsAoTCs OJI0KOM

«UuTepriperatop» (tadu. 1). [TomyueHHbIC
3HAYEHUS TIOKa3aTeNel ObITM YTOUHEHBI Ha
JIOTIOTHATEILHOU BBIOOpKE AnamFact kiu-

HUYECKH
ana [2].

MOJATBEPKICHHOIO  MaTepu-

CeMaHTHYECKUIM CMBICI JAHHOTO pe-
IIAFOIIETO TIPaBHJIA CIEAYIONIUN: COCTOS-
HUE TIAI[MeHTa OTHOCUTCS K TOMY KJIacTepy
3aboseBanuii (i, 1 =0, 1, 2, 3), a1 KoTO-
POTO BBITIOHSIOTCS YCIIOBUSI: 3HAYEHHE KO-
s duieHTa YyBEpeHHOCTH JOKHO OBIThH
oounpmie vy (Ui>0,i=0, 1, 2, 3), BbIunc-
JICHHBIC BEJIMUWHBI PUCKOB MPEBHITIAIOT 3a-
JIaHHBIE TTOPOTOBBIC 3HaUeHUs (pori, 1 =0,
1, 2, 3), HO TP STOM OKa3bIBAIOTCS OOJIBIIIE
3HAYCHMsSI pUCKa HE COOTHECEHUS K OCTallb-
HBIM aJIbTCPHATHBHBIM BapHaHTaM KjlacTe-
pos I1D.
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Tabnuua 1. 3HayeHns pUcKoB 1 KO3 PULMEHTOB YBEPEHHOCTM ANng Bbibopkn AnamFact

Table 1. Risk values and confidence coefficients for the AnamFact sample

Knacrep i Pucku KoaddunmenTsr yBepeHHOCTH
®o AnamRisk(wo, an) = 0,88 Uy,,= 0,97
O1 p AnamRisk(wyp, an) = 0,91 Umﬂp: 0,93
®2 ¢p AnamRisk(wcp, an) = 0,95 Uwch: 0,96
®3 gp AnamRisk(wsp, an) = 0,81 Um3Bp: 0,92

2. Ecin Risk wgp> Risk wyp,
TO y 60JbHON BO3MOXKEH JIETAJbHBIN

HCXOJ] C YBEPEHHOCTHIO Upr,

NHAYE - mnporHo3upyercs BbI3IO-

poBiIeHHE OONBHOI ¢ yBepeHHOCTBIO Uy, .

[TapameTpbl  CTPYKTYphl Risk gy,

Risk wy,, 1 3HaueHns KO3 PUIMEHTOB yBe-
PEHHOCTH Uwﬂp u Ucon ONpeAesoTCs KO-

THUTOJIOTOM Ha 3Tane O0y4YeHUs IKCIepT-
HOM CHCTEMBI Ha JAOIMOJIHUTENbHON IK3aMe-
HAI[MOHHOM BBIOOpPKE.

JIJis IpU3HAKOB, TIOMYYEHHBIX MO pe-
3yJbTaTaM OOCJIEeIOBAHUS MMAIUCHTA, MPH-
MEHSIETCS MMPOTYKIIMOHHOE MMPABUIIO CIIEY-
IOIIEH KOHCTPYKIIUU:

3. ECJIU (Fin({XO})Bp),

TO cocrosiHue 60JIBHOW COOTHOCUTCS
K knactepy 119 ¢ yBepeHHOCTBIO Mgp C yBe-
PCHHOCTBIO Upr({Osmt}).

YucreHHbIE 3HAYCHUS Upr({Osmt})

UMIIOPTUPYIOTCSL KOTHUTOJIOTOM B CUCTEMY
Ha dTarne oOy4eHHUS.

®opmyisl Fin({XO} )sp npeacTaBisioT
co0oii nornyeckne (QyHKIUU B TUIBIOHK-
TUBHOU HOPMaJIbHON (popMe 1 UMIOPTHUPY-
IOTCSI B BHJIE TEKCTOBOM CTPOKH (IOJIbCKAst

uHBepCcHas 3anuch) «HTeprperaTopy.

brok «®opmupoBanre 6a3bl 3HAHUI
HACTpaMBaeT WM aaTHPYET MapameTphl
npaBui B Onoke «base 3HaHMIT» cooTHECE-
HHEM BBOJMMBIX KOTHHUTOJIOTOM Iapamer-
POB K OIpeNIeIeHHBIM CTPYKTypaM allbTep-
HATHUBHBIX KJIaCTEPOB.

PaboTa skcniepTHOM CHCTEMBl MHUITHA-
m3upyercsi 3amyckom HTML-daiina. 3a-
TEM B PEXKHUME IPYKECTBEHHOTO HHTEP-
(defica  3amONHSIOTCS  OMpPENEICHHBIC
(dbopMBI ITyTeM BBOJIA C KIIaBUATYphI 3HaUe-
HUM WK «}iaxKay MPUCYTCTBH/OTCYT-
CTBHSI OTpEACTICHHBIX MPU3HAKOB ((aKTo-
POB pHUCKa) y OOJBHOM.

Wutepdeiic BBoga nHpopMammm o co-
CTOSSHUH OOJBHOW BKITIOYACT JBE YACTH —
«ITaciopTHyI0O» U «AHAMHECTUYECKYIO».
«[TacnopTHas yacTh» BKIItOYaeT B ceOsi: (a-
MUWINIO, UMS, OTYECTBO, TOJ, ATy POXKJe-
HUSI, HOMEp MEAMIIMHCKOW KapThl, JHATrHO3
MIPH ITOCTYIUICHUH, BHJT OTICPAIIAH, ATy T0-
cTyieHus: (popmupyercss aBTOMaTHYC-
CKH). «AHAMHECTHUYECKAsi 9acTb» COCTOUT
W3 JABYX HH(OPMAIMOHHBIX OJIOKOB: aH-
KETa-OMpOCHUK (IO pe3yibTaTaM aHajmn3a
aHamMHe3a) U  IPHUCYTCTBUE/OTCYTCTBHUE
ornpeneneHHoro npusHaka. [Ipu HeoOxonu-

MocTH B mpouecce auanmora ¢ OC
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MOJIb30BATENIeM OCYLIECTBISIETCS KOPPEK-
1S HHGHOPMAIIHH.

WuTtepdeiic monp3oBaTens NpeaHa3Ha-
yeH g paboTel DC ¢ MEIULIMHCKUM pa-
OOTHHUKOM (BpauoMm): GopMHUPYETCS 3aKITO-
YeHHEe O BO3MOXKHOCTH BO3HHKHOBEHHUS
i pucka passutus 110 u BapuaHToB HC-
xoza (BbI3OpOBIEHUE WM cMepTh) [10].
OreHnBaeTCs ¥ yKa3bIBa€TCsl YBEPEHHOCTD
B mporHo3e. Bpau, cpaBHHMBas anbTepHa-
TUBHBIE MPEJIOKECHUSI, HA0JII01as1 32 MaIu-
€HTOM ¥ Ha OCHOBaHHE COOCTBEHHOTO
OTIbITa, IPUHUMAET pelieHne o0 orpee-
JICHHOW TepamneBTHYECKOW WM MpoQuIaK-
TU4Yeckou mpouenype [11].

OOpatHas cBsI3b C CUCTEMOM peanusy-
eTcs «3alpocaMi» Bpada O pa3IUYHbIX Ba-
puaHTax (QOpPMHUPOBAHUS HTOTOBOTO 3a-
kimoueHus. [IpexycmoTpen pexxum Koppek-
1A BBEJICHHOW paHee WH(OpMaIUu O Co-
CTOsIHUU TlanmeHTa B Onoke «uTepdetice
BBOJ1a MH(popMatuu o naruente» [17]. [pu
ucnosb3oBanuu JC B pexume oOydeHus
WIN «IIPOUTPbIBAHUE BO3MOXKHBIX CUTYa-
uuity ¢ nmomomnislo IC paccMaTpUBaIOTCA
pa3IUYHbIC BapUAHTHI PA3BUTHS CUTYAIlHH
B [IOCJICONEPALIMOHHBIH repuos’.

bnok «UuTepdeiic korauromoray pea-
mzyercs «Moaynb ¢popmupoBaHus 0azbl

3HAHUI IIYTEM IIOCTCIICHHOI'O HACBIIICHUA

! Cepérun C. I1. Ilytn nosbimienus s(Gdex-
TUBHOCTH MATOT€HETUYECKH 0OOCHOBAHHOTO Jie-

YCHHA XPOHHUYCCKOI'O ImpocTtaruTra: AucC. ... A-pa

0a3bl 3Hanuit JC (b3) pemaronmmMu Auarto-
CTHYECKUMH TIPABUJIIAMHU TMPOTYKIIMOHHOTO
tuna [ 18]. Pexxumbl paboThl KOTHUTOJIOTA C
OC MO3BOJISIIOT OCYILIECTBISATh KOPPEKLUIO
BBEJICHHBIX ITapaMETPOB IpaBHIia, T00aB-

nenue u ynanenue npasui [19], [20].

BbiBOAbI

[IpumeHeHne TMOMYYEHHBIX TUATHO-
CTHYECKHX PEIIAoNUX MPAaBUJ HA KIMHU-
YECKH PENpEe3eHTAaTUBHOM MaTepuaie Io-
Ka3aJI0 TUArHOCTHYECKYI0 3((HEeKTUBHOCTH
0,96+0,02. Pazpaborannas C moxet 3¢-
(EKTUBHO TPUMEHSTHCS B KIMHUYECKUX
ycnoBusix. Takke BO3MOKHO HCIOJIbh30Ba-
Hue naHHoi OC B yueOHOM Ipolecce Nnpu
MOJITOTOBKE METUIIMHCKUX PAOOTHUKOB.

VYyer ¢akTopoB puUCKa, HWHTErpanus
JAHHBIX M3 PA3TMYHBIX HMCTOYHUKOB, HC-
MOJIb30BaHKE MPOTHOCTUYECKUX MOJIeNeH 1
dbopMHUpoBaHHE WHAWBUIYAIbHBIX pPEKO-
MEHJAIHH 10 JEUEHUI0 U MPOPUIAKTUKE —
BCE D3TO KIIOYEBBIE AaCMHEKThl, KOTOpPbIE
JOJKHBI OBITH YYTEHBI TIPU pa3paboTKe Ta-
KOW cuCTeMbl. BHenpeHne mo00HOW CH-
CTEMBI B KIMHUYECKYIO MPAKTUKY MOXKET
3HAYUTENIbHO YJIyYIIUTh KAY€CTBO JAUATHO-
CTHKH U JIEYEHHSI TOCIEPOJOBOI0 3HIOMET-
pUTa, CHU3UTHh PUCK OCJIOXHEHHUH U yIyy-

HINTHb UCXOJbI JJIA ITIaIMCHTOK.

men. Hayk / [lepseiii Cankt-IlerepOyprekuit roc-
YIOApCTBEHHBI ~ MEAULMHCKUNA  YHUBEPCUTET

nmenu akagemuka U. I1. [Tasnosa. CII6., 1997.
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TB-SEIRZ-Q: mogenmMpoBaHMe 3nMaeMmonorum
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Pesome

Lenb uccnedosaHusi — pazpabomka u cucmemHbIl aHaau3 KOMIIeKcHoU MamemamuyecKkol modesu 3rnudemuorio-
eauu mybepkyne3a 8 Poccuu, yyumsigatowjeli MHOXECMBEHHYI0 riekapcmeeHHyr yecmoudusocmb (MJI1Y-Th) u kapaH-
MUHHbIe Mepbl, 0518 chopmanu3ayuu OUHaMUKU UHGeKyuU U UHGhopMayuOHHOU nod0ep KU yrpasieHYeckux pewe-
Hud.

Memodai. Vicronb3oeaHa memodorio2usi cucmemMHo20 aHanu3a. PaspabomaHa demepMuHUpoOB8aHHasi Mamemamu-
yeckasi Mmodesnb (TB-SEIRZ-Q), oniuckieaemasi cucmemol HenuHeliHbIX 0ObIKHO8EHHbIX OughghepeHyuanbHbIX ypasHe-
Hull. Modenb pacwupsiem knaccudyeckue nodxodbl 3a cHem egedeHusi nameHmHoU cmaduu, cmpamugukayuu UHU-
UupoBaHHbIX MO Yy8CcmeumesnbHOCMU K fie4eHuro U bakmepuoebiOeneHuo, a makxe pasoesnbHbIX KapaHMUHHbIX
epynn. lposedeH aHanu3 ycmouldYusocmu Mooersu, 8blHucieHo ba3zosoe pernpodykmusHoe Hucno (R,) memodom crie-
Oyrowiezo nokoneHus. Napamempb udeHmuguyupo8aHbl Ha OCHO8e oghuyuasbHbIX OaHHbIX Mo Poccuu. BeinonHeHb!
yucsieHHoe ModesnuposaHue duHaMuKU 3MudemMuu U aHau3 yyscmeumesibHOCMU KiTK4YesbiX napamempos.
Pe3ynbmamei. onydeHa modens TB-SEIRZ-Q, adekeamHo onucbkigarowas cneyuguky Tb. PacdemHoe 6a3oeoe
penpodykmueHoe yucso Ro = 2,258, ymo yka3bigaem Ha Heycmou4yugocmb cocmosiHusi 6e3 6onesHu u nepexod cu-
cmembl K 3HOeMu4YecKkomy pasHosecuro. Pe3yribmamei YucneHHo20 ModenuposaHusi 0eMOHCMPUPYIOM 8bICOKOE CO-
omeemcmeue pearibHbiM OaHHbIM 3aboneeaemocmu Th 8 Poccuu 3a 2018-2023 2e. (R? = 0,92). AHanus yyecmeu-
mesibHOCMU 8bIsIBUJST KITHO4e8YH POsib CKopocmel nepedayu UHeKYUU u usonayuu 8 senuduHe RO. YeenuueHue agh-
gexkmusHocmu u3onsyuu 0o 0,5 cHuxaem R, Huxe 1 (0o 0,95), obecrieyusasi 803MOXHOCMb fluK8UdayUU 3rudemMuu.
3akntoyeHue. PaspabomarHas modenb TB-SEIRZ-Q sensemcs 3¢hghekmu8HbIM UHCMPYMEHMOM CUCMEMHO20 aHa-
nu3sa snudemuu mybepkynesa 8 Poccuu. OHa obecnedyusaem ¢hopmasusayuro SuHaMuKku uHgekyuu ¢ yyemom MJTY-
TE u KapaHMUHHbIX Mep, a makxe UHEOPMaUUOHHYH OCHO8Y Onsi OUEHKU U ormumMu3ayuu cmpameaull yrnpasieHusi
anudemuel. Molerib ro3eonsiem npPo2HO3uposamb pa3sumue cumyayuu U KOMUYEeCmeeHHO ouyeHusamp 6rusiHue
pasnuyHbIX eMewamenbcme, Mmakux KaK ycuseHue KapaHmuHHbIX Mep.

Knroyeenblie cnoea: Mmamemamuyeckoe MOOeuUposaHue, CUCMEMHbIU aHanus; yrnpasnieHue anudemuosioaudeckumu
cucmemamu; obpabomka uHghopmayuu, OuHamuka nomnynasayuu, anudemuosioausi; mybepKynes; rnekapcmeeHHasi
ycmouyugocmb; KapaHmuH; modesnb SEIRZ-Q.

KoHdbriukm unmepecoe: Aemopbi deknapupyrom omcymcemaue KOHGuKma UHmepecos, cesisaHHbIX ¢ nybnukayueul
OaHHoU cmamhbu.
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Abstract

The purpose of the research is to develop and systemically analyze a comprehensive mathematical model of tuber-
culosis epidemiology in Russia, taking into account multidrug resistance (MDR-TB) and quarantine measures, to for-
malize the dynamics of infection and provide information support for management decisions.

Methods. The methodology of systems analysis was used. A deterministic mathematical model (TB-SEIRZ-Q) de-
scribed by a system of nonlinear ordinary differential equations was developed. The model expands classical ap-
proaches by introducing a latent stage, stratification of infected people by sensitivity to treatment and bacterial excre-
tion, as well as separate quarantine groups. An analysis of the stability of the model was carried out, the basic repro-
ductive number (R,) was calculated using the next-generation method. The parameters were identified based on official
data for Russia. Numerical modeling of the epidemic dynamics and sensitivity analysis of key parameters were per-
formed.

Results. The TB-SEIRZ-Q model was obtained that adequately describes the specifics of TB. The estimated basic
reproduction number Ro = 2,258, indicating instability of the disease-free state and the transition of the system to
endemic equilibrium. The results of numerical modeling demonstrate high correspondence to the real data on TB inci-
dence in Russia for 2018-2023 (R? = 0,92). Sensitivity analysis revealed the key role of infection transmission and
isolation rates in the Ro value. Increasing the isolation efficiency to 0,5 reduces R, below 1 (to 0,95), providing the
possibility of eliminating the epidemic.

Conclusion. The developed TB-SEIRZ-Q model is an effective tool for systemic analysis of the tuberculosis epidemic
in Russia. It formalizes the infection dynamics taking into account MDR-TB and quarantine measures, as well as an
information basis for assessing and optimizing epidemic management strategies. The model allows predicting the de-
velopment of the situation and quantifying the impact of various interventions, such as strengthening quarantine
measures.

Keywords: mathematical modeling; systems analysis; epidemiological systems management; information processing;
population dynamics; epidemiology; tuberculosis; drug resistance; quarantine; SEIRZ-Q model.
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BBepeHune

CucTteMHBI aHAJIW3 AMUAEMHUOJIOTH-
yeckux mpoieccoB Tyoepkyiesa (Th), oco-
OCHHO €er0 MHOXKECTBEHHAS JICKaPCTBEHHAS
yctorunBocth (MJIY-TB), TpeOyet paspa-
00TKE KOMITJIEKCHBIX MaTEMaTHYECKUX MO-
neneil, cmocoOHBIX (popManTu30BaTh IUHA-
MUKy HH(pEKInU U obecrneunTs HHPopma-
LIMOHHYIO OCHOBY JUIsl yIIPaBJICHUS 3MUJe-
muei [1].

Knaccuueckue momenm, Takue kak SIR
[2], SEIR [3], HE MOJHOCTBHIO YUYUTHIBAIOT
cneruduky Th, BKIrodast ATUTENBHBIN Ja-
TeHTHbI nepuon [4], QopmupoBanue
yCTOMYMBBIX IITaMMOB Mycobacterium
tuberculosis [5], Hanuume HOCUTENECH, HE
BBIJIEJISIIONIUX OakTepuu [5], u HeoOxoau-
MOCTh MpuUMeHEeHUs 3()(PEKTUBHBIX KapaH-
TUHHBIX Mep [6].

TyOepkyne3 octaeTcs OIHOM W3 TIaB-
HBIX IIPUYMH CMEPTHOCTH B Poccuiickon
®enepauuu u mupe [7].

Poccuiickue wuccnenoBaHus noauep-
KHMBAIOT BaXHOCTb aHAJM3a JIaHHBIX 3a00-
neBaeMocTu [8], JOMONHSS 3apyOeKHbIC
MOJIETTH, KOTOPHIE OXBATHIBAIOT TJI00AIh-
Hyto cremupuky MIIY-Th u puck npo-
rpeccupoBanus [9], MPOCTPaHCTBEHHYIO
HeoHOpoAHOCTH [10], BIHMsSIHME KPU3UCOB
[11], ce3ouHOCTD U pennbextmo [12] u 1u-
Hamuky [13]. CoraibHO-25KOHOMUYECKUE
¢daktopsl [14] u pervoHangbHbBIE MOJENH,
Hanpumep ansa Kaszaxcrana [15], moguep-
KHBAIOT HEOOXOIMMOCTh aJanTalud K
MECTHBIM YCIIOBHSIM.

CoBpeMEeHHBIE MTOIXO0/IBI TAKKE BKITIO-
YaroT B ce0s1 ONTUMaJIbHBIE CUCTEMBbI KOH-

Tpoas [16], yueT rereporeHHOCTH MOMyJisi-

1wy [17] 1 aHanu3 JIeKapCTBEHHOW yCTOM-
yuBocTH [18]. OmHako 3T Moaenu Hemo-
CTaTOYHO aJanTHUPOBAHBI K POCCUUCKUM
ycnoBusiM. B Poccuiickoii  ®@enepanuun
Ha0J1t0/1aeTCsl BbICOKast 3a00J1€Ba€MOCTh TY-
OepKyie30M ¢ MHOXECTBEHHOW JieKap-
CTBEHHOM YCTOMYMBOCTBIO [7], 4TO MOA-
TBEP)KIAETCs JaHHBIMU O TI100aTbHOM Ope-
MeHu dToro 3aboseBanus [19]. JomonHwu-
TEJIBHYIO CJIOXHOCTh BHOCST Takue (hak-
TOPBI, KaK PUCK IPOTPECCUPOBAHUS NH(EK-
UM B YCJIOBHSIX KOHKpETHOW cTpanbl [9],
MIPOCTPAHHCTBEHHAs] HEOJTHOPOJAHOCTh pac-
npoctpadenus [ 10], a Takke BIUSHUE COLHU-
aTbHO-9KOHOMHYECKUX JeTepMUHAHT [ 14].
Lens uccrnenoBanusi — pa3paboTka |
CHACTEMHBIN aHAJIN3 KOMIIJIEKCHOM MaTema-
TUYECKOW MOJIETH SMUIAEMHUOJIOTHU TyOep-
kyneza (Thb) B Poccuu, yuutsiBaromiei
MHOECTBEHHYIO JICKAPCTBEHHYIO YCTOM-
yuBocTh (MJIY-TB) u kapaHTUHHBIE MEPBI,
Ut popMan3aluy JUHAMUKA UH()EKIUN
1 WHPOPMAIIMOHHON TOJICPKKH YIIpaB-

JICHYECKUX PEIICHUH.

MaTepMaﬂbl n MmetToabl

HccnenoBanue 0CHOBaHO HAa METOJIO-
JIOTHUM CUCTEMHOTO aHAJIN3a U MaTeMaTH4e-
CKOr0 MOJEIMPOBAHUSA AMUIAEMHUOJIOTHYE-
ckux cuctem [20]. Pa3paborana nerepmu-
HHUPOBAHHAas KOMIIAPTMEHTHAs Moieb T B-
SEIRZ-Q, onuceiBaemasi cucTeMO# HEIH-
HEHWHBIX OOBIKHOBEHHBIX AU(PEpEeHIINATD-
HBIX ypaBHEHHUHU. I ee aHamM3a UCIOJIb-
30BaHbl METOJBl TEOPUU YCTOWYUBOCTH,
napamMeTpuuecko  MACHTHU(PHUKAUUU U

CTpyKTypHOro aHanmu3a. Mojgens TB-
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SEIRZ-Q dopmanuzyer snmaemuto Th kak
CUCTEMY TMOIYJISALUU HACENIEHUs, COCTOA-
IIyI0 W3 B3aUMOCBS3aHHBIX COCTOSIHHIA
[21]:

S — BOCTIpUUMYHBBIE, MOJABEPKEHHBIC
PHUCKY 3apaKeHUs;

E — narentHo mH(UUMpPOBAaHHEBIE, HE
BBIJICIIAIONINE MUKOOAKTEpHUH;

Is — akTUBHO OOJIbHBIE, YYBCTBUTEb-
HBIE K JICYCHHUIO, BBIACTISIONINE MUKOOAKTE-
puu;

IR — akTHBHO OOJBHBIC, YCTOWYUBHIC
(MDR-TB), BeigenstoIIne MUKOOAKTEPHUH;

IN — aKTUBHO OOJILHBIE, YYBCTBUTEIIh-
Hble, HE BBIICIAIOIINE MHUKOOAKTEpUU
(HampuMep, 3aKpbiTas popma UITH Ha Jiede-
HUN);

INR — aKTUBHO OOJIbHBIE, YCTONYMBHIE,
HE BBIIEISAIONINE MUKOOAKTEPHUH;

Y — BBI3JOPOBEBIINE, HE BHICISIONINE
MHUKOOAKTEPHH;

R — ymepiue OT eCTeCTBEHHBIX MpH-
ynH uian Th;

Qi1 — W30IMpPOBAHHBIC YyBCTBHUTENb-
HbI€, BBIJICISIONINE MUKOOAKTEPHH, C Orpa-
HUYCHHOU nepenadei;

Qz — W30IMPOBaHHBIC YCTONYMBEIC,
BBIJICTISIIONINE MHUKOOAKTEpUH, C OTpaHU-
YCHHOM Mepeaayeu.

Junamuka Th onuceiBaeTcs cienyto-
€N CUCTEMOM:

1. BoctipuuMuuBbie (S) — omuchIBaeT
npuToK HaceneHus (A), 3apaxkenue ot Is u
Ir co ckopocTsimu Pis U Bir, €CTECTBEHHYIO

CMEPTHOCTH (0):

ds
=AM Bs S s =By S —aS. (1)

2. Jlatentneie (E) — mopenupyet na-
TEHTHO HHQUIMPOBAHHBIX: 3apaKeHHE,
IPOTPECCUPOBAHUE B AaKTHBHYIO (opMy
(Ke), ecTecTBEeHHYIO CMEPTHOCTH (01):

dE
E:BIS.S.[S_|_[g,IR.S.]R_

3. AKTUBHBIC OOJIbHBIC, YyBCTBUTCIIb-
Hble, BbieIsitolue (Is) — oTpaskaer mpuToK
u3 E, Bei3noposienue (yis), nepexon B IR
(d15), cmeptHOCTh OT Th (us), H3OJISITHIO
(ois), BeIXOT M3 KapaHTHHA (Pis), IEPEXOT B
In (T1s), Bo3Bpat u3 In (piN), €CTECTBEHHYIO
CMEPTHOCTH (0):

dl
EzkE'E_YIS'IS_SIS'IS_UIS_
—Is—qi Is+pg Q) —

—TIS'IN—(X'IS. (3)

4. AkTrBHBIE OOJBHBIC, YCTOWYUBEIC,
Boiersitomue (Ir) — OMKUCHIBACT MPUTOK U3
Is, BBI31OpOBIICHHUE (YIR), CMEPTHOCTD (LUR),
M30JIAIHIO (qIR), BBIXOJI M3 KapaHTHHA (PIr),
nepexoa B Inr (TIR), Bo3BpaT u3 Inr (PINR),

€CTECTBEHHYIO CMEPTHOCTb (a1):

dlg S
E = 0Ojs° S_YIR']R_U-IR'IR_qIRx

XIg+pig-0Qz —Tr " Ig + ping X
XINR—(X'IR. (4)

5. AKTUBHBIE OOJBHBIC, YYBCTBUTECIIb-
Hble, He Bhtemsromue (In) — Mogenmupyer
npuToK u3 ls, Bo3Bpar B Is (pin), BEI3IOPOB-
neHue (YiN), CMEPTHOCTH (LLIN), €CTECTBEH-
HYI0 CMEPTHOCTH (01):

dly
WZTIS'IS_pIN'IN_YIN'IN_

—Wn Iy — - Iy, (%)
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6. AkTuBHBIE OOJIBHBIE, YCTOWYHMBBIC,
He Boiesstonue (INR) — OMHMChIBACT MPUTOK
u3 Ir, Bo3Bpart B Ir (PINR), BBI3OPOBIICHUE
(YINR), CMEPTHOCTBH (LUNR), €CTECTBCHHYIO

CMEPTHOCTH (Q):

Ak _ oo g 3|
T—TIR R~ Piyr "INR —YiNgr "INR —

—Hng “ Ing — 0 Iyg, (6)

7. Bezopogesiiue (Y) — MogeaupyeT
nputok u3 ls, Ir, In, INr, TOTEPIO MIMMYHU-

tera (0), ECTECTBEHHYIO CMEPTHOCTB (01):

dy
= Vs Is v IRty In+

+YINR'INR—9'Y—(X'Y. (7)
8. Ymepume (R) — yuuTbsiBaeT cmepT-
HOCTH: ecTecTBeHHYIO () U oT Th (s, Wir,

LN, LUNR, HQI, 1QZ):

dR
%=O(5+E+IS+IR+IN+

+INR+Y+QI+QZ+HIS.15+
+|J-1R'IR+|J-1N'IN+|-11NR'INR+
+ P—QI'Q1+|J-QZ'Q2- (8

9. U3onmupoBaHHBIE UYYyBCTBUTEIHHBIC
(Q1) — ommchIBaeT HM30JIMPOBAHHBIX YYB-
CTBUTEJBHBIX: IPUTOK U3 s U Ir, BBIXOA U3
KapaHTHHA, cMepTHOCTh oT Th m ecre-
CTBEHHYIO CMEPTHOCTB (01):

dQ
d—tlqus'IS_pls'Ql_

— Ho, " Qr —a- Q. 9)

10. UzonuposanHble yctoitunsbie (Qz) —
OIMCHIBAET M30JUPOBAHHBIX YCTOMUMBBIX:

nputok u3 ls u Ir, BBIXOA W3 KapaHTHHA,

cMepTHOCTh OT Th u ecrecTBeHHY10 CMepT-

HOCTb (01):
dqQ,
2t —Yr IR=PR 0z~
- uQZ.QZ_a.QZ' (10)
[TapameTpsr:

A — IpUTOK HaceJeHHs (Yel./Tox);

Bis, BirR — ckopocTH nepenayn UHPEK-
tuu (1/gen.-ron);

ke — nporpeccupoBanue u3 E B Is
(1/rom);

Y1, VIR, YIN, YINR — KOI(DPHUITUEHTHI BHI-
3JIOPOBIICHHSI U3 COOTBETCTBYIOIIUX COCTO-
sani (1/rom);

d1s — pa3BuTue ycroitunBocty (1/ron);

LUS, LUR, LUN, LUNR, HQI, LQZ — CMEPTHOCTh
ot Th (1/ron);

Qis, qir — u3omsiuus (1/ron);

Pis, Pir — BBIXOJ U3 KapaHTuHa (1/roxm);

Tis, TIR — TIEPEXO0JT B HE BBIJEISIONICE
coctostaue (1/roxm);

PIN, PINR — BO3BpAT B BBIICIISIONICE CO-
crosinue (1/ron);

0 — noteps ummynutera (1/ron);

0. — €CTECTBEHHasi cMepTHOCTH (1/rox).

Takum ob6pazom, TB-SEIRZ-Q sBns-
eTcs pazpuTueM Mojenu SIRZ-Q st HeoO-
paTuMbIX HHQEKIUH [15], 1omoTHEeHHBIM:

— JJATCHTHBIM KoMIapTMeHTOM (E);

— crpartudukanueit HHPUINPOBAHHBIX
(Is/1r, IN/INR);

— nBoliHBIM KapaHTuHOM (Q1/Qz).

Pe3synbTaTtbl U ux o6cyxaeHue

[IpoBeneH aHainu3 MoJenu Ha yCTOM-

YHUBOCTb, UCIIOJIB3YS CTaHﬂapTHBIﬁ noaxon
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B MaTeMaTH4eCKOM MOJETUPOBAHUM SIIH-
JEMHOJIOTUYECKUX CHUCTEM, ITyTeM U3Mepe-
HUSI TOYEK PAaBHOBECHUS M MPOBEPKH CYIIe-
CTBOBaHMUS YCTOWYMBOTO COCTOSIHHSI CH-
CTEMBI.

Touku paBHOBECHS ONIPEACTSIOTCS Y-
TEM NPUPABHUBAHUS TPABBIX YacTe CH-
CTeMbI K Hymi0. PaccMoTpuMm aBa OCHOB-
HBIX THIIa paBHOBECUH — 0€300JI€3HEHHOE 1
AMHIEMUOJIOTHYECKOE.

be30one3HeHHOE paBHOBECHE MPEATIO-
Jlaraet OTCyTCTBHE HH(EKIUH.

Torma

das A
T A—aS=0-S ” (11)

Takum o6pazom, 0€3007€3HEHHOE paB-

HOBECUC
(S*, E*, 1;, IE,, I;(,, IITIR; Y* R Q;‘, Q}) =
A
- (&, 0,0,0,0,0,0,0,0, o). (12)

DONUAEMHOJIOTUYECKOE  paBHOBECHE
npexnonaraeT Hammure uadekim (Is, Ir #0).
Pemenue cucrempl ypaBHEHUM B 0OIeM
BHJIC AHAJIMTHYCCKH CIIOXKHO H3-3a 00JIb-
IIIOTO YHCJIa TTEPEMEHHBIX M TapaMeTpOB.
Jns aHanu3a yCTOMYMBOCTU HCIIOJB3YyEM
meTos1 SIkoOnaHa u 6a30BOE PEMPOIYKTHB-
HOoe 4mciio Ro, kKoTopoe ompeaenser pac-
MPOCTPAHEHUE DIUJIEMUH.

bazoBoe penpoayktuBHoe yuciao Ro
paccuuMTaeM C HMCIOJIb30BaHUEM METO/a
CIIEAYIOUIEr0 TIOKOJIEHUSI. JTOT METOJ
pasziensieT CuCTeMy Ha HHQUIIUPOBAHHBIC
cocTosiHUS W onpenenser Ro kak crnek-
TPaJIbHBIA pPalyC MaTPHUIIbI CICTYIOIIETO

ITOKOJICHUA.

[ar 1. Onpenenenve nHGUIUPOBAH-
HBIX COCTOSIHMNA. bynmem paccmatpuBath
ypaBHEHHUSI 11 UHOUIIUPOBAHHBIX COCTOS-
Huii (E, ls, Ir, Qi, Qz), Tak Kak IMEHHO OHU
Y4acTBYIOT B IIepelay MHPEKIUH.

[ar 2. Pa3znenenue Ha HOBbIE MH(DEK-
nuu (F) u nepexoasl (/). Meton cnemyto-
IIETO MOKOJICHUS pa3AelsieT MpaBble YacTu
COOTBETCTBYIOIIUX YPaBHEHUH A MH(H-
[IUPOBAHHBIX HA JIBa KOMIIOHEHTA: f — HO-
Bble MH(EKIUH, KOTOPHIE T0OABIAIOTCS B
cocTosiHUSL (T. €. HOBBIE CIydad 3apake-
HUS), ¥ J/-TIEPEXO0JIbI MEXTy COCTOSTHUSIMH,
BKJIIOYasi BBI3JIOPOBIICHUE, CMEPTh, U30JIs-
U0 M JPYTHE TPOIIECCHI.

HoBble nH(pEKINN BOZHUKAIOT TOIBKO
B COCTOSHMM FE, Tak Kak BOCIIPUHMYHUBBIC
(S) 3apaxarorcs ot Is, Ir co ckopocTsimu Pis,
Bir. Ocraneubie coctosuus (Is, Ir, Qi, Q)
HE TIOJIY4YalOT HOBBIX HH(EKIMil Hamps-
MYI0, TaK KaK UX TOIOJHEHUE TPOUCXOTUT
3a CYET MEePEX0J0B BHYTPH CUCTEMBI.

Takum oOpazom,

BisSIs + BirSIg
0
0 (13)
0
0

J/-nepexonpl BKIIIOYAIOT BCE OCTaJIb-
HbI€ MPOIECCHl: BBIXOJbI U3 COCTOSIHHMA
(BBI3OPOBIICHUE, CMEPTh, H30JISIIHS) U BBI-
X0/ 32 CUET IPYTUX COCTOSTHUY (Hanmpumep,
u3 E B Is, u3 Qi o6parno B ls), T. e. mepe-
XOJIbl BKJIFOYAIOT BBI3IOPOBIICHUE, U30JIs-
LU0, Pa3BUTHE YCTOMYMBOCTH U CMEpPT-

HOCTb. JIJ1s1 Ka)KJ10r0 COCTOSIHUSI
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kgE + o E
—kgE + (vis + 815 + s + qis + Ts + )ls — pisQp — pININ\
V= —8;5ls + (yir + g + Qg + Tg + Ig — p1rQ; — pinrIng (14)
—qsls + (Pls + Hor + O()QI
—qrlg + (PIR + Hoz + O()QZ
[Iar 3. Marpuusl Akodu u F (HOBBIE Marpuua F:
unpexun) u V (nepexonanl). Marpuusl F u A A
y 0 Bisy By 0 0
BBIYUCIISIIOTCS KaK MPOU3BOJHEIE f U 0 0 « 0 u 0 o
1Mo WHQUIMPOBAHHBIM IEPEMCHHBIM B F=1]p 0 0 0 0 (15)
To4Ke 6e30051e3HEHHOT0 paBHOBECHS (S = é, 0 0 0 00
@ 0 0 0 0 O
E=1s, Ir=Qi, Qz=0):
Marpuna V:
ke +o 0 0 0 0
—Ke 715+ +1s + 05 +Tys + L 0 —Pis 0
V=0 —dys YrRTUR TR+ TR T O 0 —Pir . (16)
0 Qs 0 Pis T Hg +a 0
0 0 —0OR 0 Pr tHgz TO
HIar 4. M - _
ar aTpuIa CIEAYIOIIETO MOKOJIE Ry =p ( FV 1),
Husl. Marpuna clenyromero MoKOoJIeHUs
FV-1 onpenenser Ro. [lns ynpoueHus Bbl- I7ie P — CIIEKTPAJIbHBIN panycC.
qyucauM Ro st Kaxkgoro IyTH 3apaKCHUSI Paznenum Ro Ha BKJaabl ot qyBCTBH-
(4yBCTBHTEIIBHBIE U YCTOWUMBBIE ITAMMBI). tenpHbIX (Ro, Is) 1 ycroitumBeix (Ro, IR)
Paccmotpum moacucremy mns E, s, I, Q, IITaMMOB.
Qz: I[J-IH IS
A
° Bis 5 ke an
01s = Pisqis
kg + + 85 + Ws + qps + Tg + o — — SIS —
(kg + ) (vis s THsT(qis TTs T A Drs T Hor +
I[J'IS[ Ir
A
Bir o 815
Ror = Pir4IR - (18)
<Y1R tHRr+qrtTg + 00— m) (Yis + 815 t s + qus + Tys + @)

Oo61zee Ro:
Ry = Ro s + Ro p.
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Ecmu Ro < 1, Ge30051e3HeHHOE paBHO-
BECHE JIOKAJIBHO aCHUMITOTUYECKU yCTOM-
yrBo (MH(pekusa ucuezaer). Ecim Ro > 1,
TO HEYCTOWYMBO M CYIIECTBYET dHACMHUYC-
CKOE€ paBHOBECHE, yKa3bIBAIOIIEE HA YCTOM-
YUBYIO SIUIEMHUIO.

Taxkum 00pa3om, MOXKHO CHIENIaTh Clie-
JTYFOIIIME BBIBOJIBI:

— 0e300J1€3HEHHOE PaBHOBECHUC CYIIIC-

A
CTBYET MPU S = —, OCTaJIbHBIC COCTOSIHUS
o

paBHbI Hy1t0. OHO ycToitunBO, eciau Ro < 1,
YTO 03HAYaeT BO3MOXKHOCTh KOHTPOJIS SIU-
JEMUU TPU HU3KOM CKOPOCTH Neperadyu
(Bis, BIr) mn BBICOKO# (PPEKTUBHOCTH Ka-
panTuHa (qis, QIR);

— DHJIEMUYECKOE pPaBHOBECHE CyIIle-
cTByeT npu Ro > 1, yka3piBas Ha yCTOWYH-
Byl0 3nujemuto. Ero ycroitunBocts Tpe-
OyeT YMCIEHHOI0 aHAJIN3a C KOHKPETHBIMU
napaMeTpamy,

— KJTFOYEBBIC TapaMeTphl Ro 3aBUCAT OT
B|s, B|R, K, qir, Jis, YTO TOJUYEPKUBAET BaXK-
HOCTH PAHHETO BBISIBIICHUS U H30JISIIUHN TS
KOHTPOJISI paCIIPOCTPaHEHUs TyOepKyIie3a.

Takxke MpPOBENEHO YHCIEHHOE MOJie-
JUpOBaHUE ycToMumBocTH Mozaenu TB-
SEIRZ-Q. IlapameTpsl Moaenu BBIOpaHbBI
Ha ocHOBe JaHHbIX PocnorpebHan3opa 3a
2018-2023 rr., BO3 u uccienoBanuii 1o
snnaemuonornn Th B Poccun, ¢ yduetom
pETHOHABHBIX 0COOCHHOCTEW (HAampHuMep,
BbICOKOM 3a00eBaemoctu B Cubupu — 83,3
Ha 100 000 Hacenenus B 2017 r.).

3HaueHus napaMeTposB (B roj):

A = 100 000: npuTOK HaceIeHHUs
(gen./rom), OCHOBaH Ha  CTaOWMJIBLHOM

NOMYJIALIMK B MOJEIBHOM PEruoHe, Mac-
mTaOMPOBAHHOM MJI YHUCJIEHHBIX pacue-
TOB;

o = 0,014: ecrecTBeHHass CMEPTHOCTb
COOTBETCTBYET CPEAHEH MPOTOKUTEIIBHO-
CTH XKu3HU B Poccuu;

Bis = 0,12: ckopocTh mepeaaun nHpEK-
UMW JUIsl  4YyBCTBUTENIbHBIX  IIITAMMOB
(omeHka Ha OCHOBe 3a0ojieBaeMocTH 48,3
Ha 100 000 8 2017 r.);

Bir = 0,08: ckopocTh mepenayu s
YCTOWYMBBIX IITAMMOB, HI)KE M3-3a MCHb-
et pacrpocrpanenHoctd MJIY-Th;

KE = 0,05: ckopocTh mepexoaa u3 jia-
TEHTHOU CTaJAuU B aKTMBHOM CTaJUM B aK-
THBHYIO0, OCHOBaHa Ha JIaHHBIX O MPOrpec-
cun Th;

Yis = 0,2, YIR =0,1, YIN = 0,25, YINR =
=0,15: ckOpOCTH BBI3IOPOBIICHHUS yYYUTHI-
BarOT 0oJiee HU3KYIO 2((HEKTUBHOCTS Jieue-
Husga MJIY-Th;

d1s = 0,03: cKopoCTh pa3BUTHS YCTOM-
YUBOCTH, COOTBETCTBYET noje MJIY-Th;

ws = 0,03, wr = 0,04, un = 0,02, Nk =
= 0,03, por = 0,02, poz = 0,03: cMepTHOCTH
ot Th ocHOBaHa Ha TaHHBIX O JIETAJIBHOCTH
(1,3 mH cmepreit robansHO B 2022 1.);

is = 0,3, qir = 0,2: cKOpoOCTH H30JIsI-
WU, OTPAKAIOT AKTUBHOE BBISBIICHUE CITY-
yaeB B Poccun (41% cityuaeB BBISIBISICTCS);

pis = 0,1, pir = 0,05: ckopocTh BBIXO/IA
U3 KapaHTHUHA, yYTEHa JUIUTEILHOCTH Jieue-
Hus (6-24 mecsina);

us = 0,1, ir = 0,08: ckopoctu mepe-
X0Jla B HEOAKTEPHOBBIJCIICHNE, OCHOBAHbI

Ha TAaHHBIX O J0JIC ITIO3UTHUBHBIX ITAIITUCHTOB
(47,7% B 2016 T.);
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pin = 0,05, pinr = 0,04: ckopocTH BO3-
BpaTa B 0AaKTEPUOBBIJCIICHHUE, OIICHEHBI HAa
OCHOBE PELIMIUBOB;

0 = 0,01: ckopocTh MOTEPU UMMYHHU-
TETa, COOTBETCTBYET JIAHHBIM O PEeHH(EK-
1107078

HavanbHbie yciaoBusi:

S(0) = 9990: Bocipuumumssie (99,9%
MOMYJISALINHN);

E(0) = 100: nareHTHO MHPHUIIPOBAH-
ueie (0,1% Ha oCHOBE TJI00ATBHON OLICHKH
25%, cKoppeKTUpOBaHHOM 1151 Poccun);

Is(0) = 10, Ir(0) = 13: HauanbHas 3200-
neBaemocTsb (48,3 Ha 100 000 st wyBCTBU-
TenabHBIX U 27% s MJIY-TB);

In(0) = 10, Inr(0) = 5, Qi(0) = 10,
Qz(0) = 5, Y(0) = 9, R(0) = 0: HayanbHbIE
3HAYCHHS OLICHCHBI ITPOITOPIIHOHAIBHO 3a-
00JIeBaEMOCTH.

YuciieHHOE MOJIETMPOBAaHUE BBIMOJ-
HeHo B MATLAB R2023a ¢ ucnonb3oBa-
HueM mertona Pynre-Kyrtrel 4-ro nopsaka
JUIsL perieHust cuctembl auddepeHnnanb-
HBIX YpaBHEHHH. AHaJIN3 YCTOMYMBOCTH
MPOBEICH 4Yepe3 BBIYHCICHHS Ro u co0-
CTBCHHBIX 3HadyeHWH SlkoOWaHa B TOYKE
6e36051e3neHHoro pasHoBecus (DFE).

Pe3ynbTaThl BEIYMCIECHUM:
Ro = Ro,is + Ro,ir = 1,482 + 0,776 = 2,258.

YcToiunBOCTh 6€3007I€3HEHHOTO PaB-
HOBECHsI TPOBEpEHa Yepe3 aHajih3 Coo-

CTBEHHBIX 3HAYeHUU SIkoOMaHAa B TOUKE

DFE. Ilockoneky Ro = 2,258 > 1, DFE

HEYCTOWYHMBO, YTO YKa3bIBaeT Ha MEPEX0.l
CUCTEMBI K DHJIEMHYECKOMY PaBHOBECHIO.
CoOGcTBenHble 3HaYeHus SIkoOnaHa, BEIUHC-
JICHHbIE YHWCJICHHO, BKJIIOYAIOT TOJIOXKHU-
TeJbHbIC 3HaYeHus (Hampumep, A =~ 0,052),
MOJATBEPK1asi HEYCTONYHBOCTb.

Cucrema pelieHa YMCIEHHO Ha MHTEp-
Basie 10 stet (2018-2028) ¢ mrarom 0,01 rona.
Pe3ynbTaThl MOKa3bIBAIOT CIEIYIOLICE:

1. lunamuka ls + Ir: 9riCIIeHHOCTD aK-
THUBHO OOJIBHBIX PACTET, IOCTHUTas TTMKA Ye-
pe3 mpuoImM3uTENBHO 3 roaa (mpuMepHo 75
Ha 100 000), 3arem crabunmu3upyeTcs Ha
yposHe 60 Ha 100 000, yTO COOTBETCTBYET
IH/IEMUYECKOMY PAaBHOBECHIO.

2. BnusiHue KapaHTHHA: yBEIWYCHHE
Qis 1 gir 10 0,5 camkaer Ro 1o 0,95, mipu-
BOAS K ODKCHOHEHIMAJIHLHOMY CHIDKCHHIO
yuciia THGUITMPOBAHHBIX 10 HYJIS 3a § JIeT.

AHanu3 4yBCTBUTEIBHOCTU METOIOM
Partial Rank Correlation (PRCC) BblsiBui,
yro napamerpsl Bis, Pir, Jis U IR UIMEIOT
HauOoubiee Bnusaue Ha RO (PRCC > 0,5,
p < 0,01). YBenmuuenue oIS wa 10% 1OBHI-
mraet 3a6oneBaemoct MJIY-Th Ha 15% B
TEYCHHE S JIET.

Jis  BU3yanu3aluM TMOATBEPKACHUS
aJIecKBaTHOCTU MOJIEJN CO3JlaH Tpaduk,
CPaBHHUBAIOUIMI  MOJICJIbHBIE  3HAUYCHMS
Is+Ir (uucino akTUBHBIX OONBHBIX Ha
100 000 naceneHusi) ¢ peaJbHBIMH JaH-

HeIMU 3a0osieBaeMocTd 3a 2018—-2023 rr.

(puc. 1).
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Puc. 1. CpaBHeHMe MoAenbHbIX AaHHbIX U peanbHbIX AaHHbIX No 3aboneBaemoctn Tb

B Poccum (2018-2023 rr.)

Fig. 1. Comparison of model data and real data on TB incidence in Russia (2018-2023)

I'paduk mokaspiBaeT OIM3KOE COOT-
BETCTBHE MEXJIy MOJCIBI0 W JIaHHBIMH,
0COOCHHO B TCHICHLIMH K CHIKCHUIO 3200-
neBaemoctu. HeGoubiioe pacxoxaeHue B
2020 r. cBg3aHO C BJIUIHHUEM HOAHAEMUH
COVID-19, xotopoe Moaelb yYHUTHIBAET
4Yepe3 CHIDKEHUE BBISIBISIEMOCTH (YMEHB-

mIeHue qis, C]|R).

BbiBoabl

AnexBatHocTh Moaenu TB-SEIRZ-Q
MOJTBEPK/ICHA ITyTEM CPaBHEHHUS PE3YJib-
TaTOB YMCJIEHHOTO MOJEIMPOBAHUS C JJaH-
HbIMU 3a200JI€Ba€MOCTH TyOEpKyJie30M B
Poccunm 3a 2018-2023 rr. YucnenHoe pe-
MIeHHEe CUCTeMBl  uddepeHnanbHbIX
ypaBHeHuM, BbinmogHeHHOe B MATLAB
R2023a ¢ ucnons3zoBanuem metoaa PyHre-
KyTTbl 4-ro mopsaka, mokas3ajlo BBICOKOE
COOTBETCTBUE C PEATbHBIMH JIaHHBIMHU
(R2= 0,92, MAPE = 5,8%). I'paduk cpas-

HEHUS MOJIEIbHBIX 3HayeHur |s+ Ir

(axtuBHO OonbHBIE Ha 100 000 HaceneHus)
¢ manabeiMu PocniorpebHanzopa u BO3 ne-
MOHCTPUPYET TOYHOE BOCIPOHM3BEACHUE
TEHJICHIINHN K CHIDKEHHUIO 3a00J7€BaeMOCTU
C HE3HAYUTENbHBIMH PACXOXKICHUSIMH B
2020 r., CBI3aHHBIMH C BJIIUSHHEM IaHJIC-
mMun COVID-19 Ha BBISIBIAEMOCTH CIY-
yaeB. Mosienb Takke KOPPEKTHO MpeACKa-
3piBaeT gomo  MIJIY-Tb  (~26,7% B
2023 r.), uTo ONMM3KO K peajdbHOHN oI
27%. YBelnyeHHE CKOPOCTH H30JISLUU
(qis, qir 10 0,5) camxaeT Ro ¢ 2,258 10 0,95,
obecrieunBasi yCTOWYUBOCTh 0€300JI€3HEH-
HOTO PaBHOBECHS M CHIDKEHHUE 3a00JeBae-
MOCTH J0 HYJIS 32 8 JIeT. DTU pe3ysIbTaThl
MOATBEPKAAIOT MPUMEHUMOCTD  MOJICIH
JUISL TIPOTHO3UPOBAHMS 3MHIEMHUOJIOTHYe-
CKOM cHTyauuu B peruoHax Poccuu ¢ BbI-
COKOI 3200J1€Ba€MOCTBIO.

Mogens TB-SEIRZ-Q nemoncTpu-
pPYeT CTPYKTypHBIC MPEUMYIIECTBA B CHU-
CTEMHOM aHaim3e smuaeMuu 1b 3a cuer
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BblUMCNIUTENbHANA TEXHMKA, MHpopmaTuka. MeanumHckoe npubopoctpoerune. 2025;15(3):201-215



Kopuesckas O. B.

TB-SEIRZ-Q: mogenupoBaHue anugemuonorumn tybepkynesa B Poccuum ... 211

UHTErpalyuy JATEHTHOIO MEepUo/a, JieKap-
CTBEHHOW YCTOWYMBOCTH M KapaHTUHHBIX
mep. B cpaBHeHHMH C IpYyrUMU MOJEISMH
TB-SEIRZ-Q obecrnieunBaet 6oJiee mMoTHOE
ONMCaHue AUHAMHUKUA Tb, 4TO BakHO MiIA
MH()OPMALIMOHHOTO OOECIeUeHHUsT yIpaB-
JIEHUs DJNUAEMUEH, Jydlle HHTErpUpyeT
kapantuH U1 MJIY. OrpanudyeHust Mmojenu

BKJIIOYAIOT OTCYTCTBUE y4yeTa KOMH(eKuun

(Tb/BUY, TB/COVID-19), BO3pacTHBIX
IPYII ¥ IPOCTPAHCTBEHHOM I'eTepOreHHO-
CTH. DTH acleKTbl TPeOYIOT NanbHenIIen
pa3pabOTKK JUIS TOBBIIMICHUS CHCTEMHOMN
MOJIHOTBL. MOJIesb TIPeIOCTaBISIET HH(OP-
MAIMOHHYIO OCHOBY JIJIsl YIIPABJICHUS ST~
JEeMUEH, BKJIIOYas ONTHMHU3ALMIO KapaH-
TUHHBIX MEP M OICHKY BJIHMSHHS pa3jiny-

HBIX I1apaMETPOB.
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The purpose of the research. The COVID-19 pandemic has shown that mathematical modeling has become important
in the management of infectious diseases. The relevance of the study lies in understanding the dynamics of the spread
of COVID-19 using mathematical modeling methods that play a key role in developing control strategies. Infection-
specific models make it possible to analyze patterns, predict trajectories, and evaluate the effect of measures, including
quarantine, social distancing, and vaccination.

The purpose of the research is to develop and analyze an improved SEIRD model using a hybrid numerical method
designed to improve the accuracy of forecasting the occurrence and development of pandemic waves and assessing
the impact of sanitary measures.

Methods. The research objectives include building a new SEIRD model as an extension of the classic SIR model with
the addition of additional categories — "Exposed", "Recovered" and "Dead". To implement the proposed categories, the
following methods were applied: explicit Euler method, fourth — order Runge — Kutta and adaptive Runge-Kutta
schemes to increase reliability. Methodologically, the SEIRD system is solved using a hybrid numerical scheme com-
bining the advantages of classical and adaptive methods, which made it possible to obtain accurate simulations and
assess the impact of interventions.

Results. The results showed that the proposed refined SEIRD model provides reliable forecasts of the occurrence and
development of pandemic waves.

Conclusion. An analysis of the results shows that a 10% increase in the number of infections signals the beginning of
a new wave that requires adjustments to the parameters and rapid response of public health services, as well as the
implementation of rapid sanitary and epidemiological measures. The SEIRD model with hybrid methods reflects the
dynamics of COVID-19, and can also be adapted to model future epidemics.
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Abstract

Lenb uccnedoeaHus. [NaHdemusi COVID-19 nokasana, 4mo Mamemamu4yeckoe ModesiuposaHue rnpuobperio saxHoe
3HayvyeHue 8 yrpasrieHuU UHGEeKUUOHHbIMU 3aboriegaHusiMu. AKmyarnbHOCMb uccriedosaHus 3akodaemcs 8 NoHuUMa-
Huu OuHamuku pacrpocmpaHeHusi COVID-19 ¢ nomowbro Memodo8 MamemMmamu4yecko2o MoOenupo8aHusi, Komopable
ueparom Kn4desyro posnb 8 paspabomke cmpameauli KoHmposs. Crneyuguyeckue Onsi UHbeKyuu mModernu no3go-
NII0M aHanu3uposame 3aKOHOMEPHOCMU, MPO2HO3UPO8amb MPAaeKmMopuu U oyeHusamps 3¢hgheKkm Mep, 8K/oYast Ka-
paHmuH, coyuarnsHoe AucmaHyupo8aHue U 8aKyuHauyulo.

Llenb uccnedosaHusi — pa3pabomame U ripoaHanu3uposame ycosepuweHcmeogaHHyo modesbs SEIRD ¢ ucnonb3oea-
Huem 2ubpudHo20 YucrieHHo20 Memoda, npedHa3Ha4yeHHy O MOBbILEHUS MOYHOCMU MPO2HO3UPO8aHUS 803HUK-
HOBEHUS U pa3sumusi naHOeMU4YECKUX 80JTH U OUEeHKU 8030elicmeusi caHUmapHbIX Mep.

Memodsbi. 3adayqu uccnedosarull 8knoyarom rnocmpoeHue Hoeol modesnu SEIRD kak pacwupeHusi Kraccudeckol
modenu SIR ¢ dobasneHuem dornonHumenbHbix Kameeaopul: «llodsepxeHHble» (Exposed), «Bbizdoposeswiue»
(Recovered) u «Ymepwue» (Dead). [ns peanu3ayuu rnpednoxeHHbIX kamezaopull 6biu npuMeHeHeHbl Memoobi: 18-
HbI Memo0 ddnepa, PyHee — Kymma yemeépmozo nopsidka u adanmueHbie cxembl PyHee — Kymmbi Ong noebiueHus
HadéxHocmu. Memodornoauyecku cucmema SEIRD pewaemcs ¢ nomouwibto 2ubpudHOU YucneHHoU cxeMbl, codema-
rowel npeumywecmesa Knaccudeckux u adanmueHbiX Memodos, Ymo 0380USO MOYHUMb MOYHbIE CUMYAUUU U
rpousgecmu OUEHKY 8/IUSHUSI Mewameribcme.

Pesynbmamsi. [lony4yeHHble pe3ynibmamel nokasanu, 4Ymo rnpednoxeHHass ymo4yHéHHass modens SEIRD obecne4u-
8aem HadéxxHble NPO2HO3bl BO3HUKHOBEHUS U pa3sumusi naH0emMu4yeckux 60IH.

3aknroyeHue. AHanu3 rMosy4YeHHbIX pesynbmamos ceudemernibCmeayem 0 moM, Ymo yeesudyeHue pocma yucria UH-
gekyuli Ha 10% cueHanu3upyem o Ha4yase Ho8oU 80s1HbI, mpebyowel KOpPeKmuposKU napamempos U ornepamus-
HO20 peazsuposaHusi cryx6 obwecmeeHHO20 30pagooxXpaHeHuUs, a makxe peanu3ayuu bbicmpblx caHUmMapHo-anuoe-
muonoeuyeckux mep. Modenb SEIRD ¢ eubpudHbimu memodamu ompaxaem OuHamuky COVID-19, a makxe moxem
66imb adanmuposaHa 0511 ModesiuposaHusi 6ydywux anudemud.

Knroueenie cnoea: modesns SEIRD; eubpudHbie YucneHHble Memoodbl; arnudemuosioaudeckoe modenuposaHue; OuHa-
muka COVID-19; npoeHocmuyeckasi 3nudemuonoaus.

KoHgbriukm unmepecos: Asmopbi Oeknapupyrom omcymemeue KOHhIUKma UHmMepecos, cesidaHHbIX ¢ nybnukayuel
OaHHolU cmambu.

Onsa untTnpoBaHua: Taxa A. Tapuk, KoHcTaHTuHoB W. C., MamaToB A. B. HoBble uncrneHHble MeToabl ANns peLlleHns
mogenu SEIRD // U3secTtus KOro-3anagHoro rocygapcteeHHoro yHuBepcuteta. Cepus: YnpasneHuve, BblUCnnTENb-
Has TexHuka, uHgopmaTtuka. MeauumHckoe npubopocTpoerve. 2025. T. 15, Ne 3. C. 216-231. https://doi.org/
10.21869/2223-1536-2025-15-3-216-231
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Introduction

The simplest [1] one has its dynamics
defined in terms of differential equations,
which describe state transitions through
how parameters such as the basic reproduc-
tion number (RO) determine epidemic dy-
namics [2], [3]. However, this is also some-
what simplistic; such omissions from mod-
els as the incubation period and variations
within the population are handled in many
different ways, such as including an 'ex-
posed' category in the SEIR model [4].
Mathematical modeling provides an oppor-
tunity to evaluate a wide variety of strate-
gies for epidemic control as they allow for
a range of relevant simulations for what-
ever permutations of intervention one
wants, such as social distancing and the ad-
dition of a seasonal pattern to infectious
disease [5]. A simple SIR model can predict
that such measures may have as much ef-
fect as a reduction of the number of infec-
tions by more than 30%, given that rigid
timing can be preserved [6].

SIR-like formalism has shown both
benefits and limitations; however, it can be
successfully modeled through the SEIR
framework. It admits asymptomatic trans-
mission of the infection, and it acts to
lengthen the incubation period [7]. The
COVID-19 pandemic has highlighted the
need for extending and, at times, develop-
ing accurate mathematical models to under-
stand its dynamics. Nevertheless, building
upper echelons of the SIR model aligned
with real-time data has allowed researchers
to calculate the peak of cyst infection and

*kk

put forth ways for developing the best con-
trol strategies, sometimes showing how mi-
nor changes in either public policy or indi-
vidual behavior can bring remarkable
changes in epidemiologic outcomes [8].

The addition of Exposed (E) and Dead
(D) compartments to the SEIRD model pro-
foundly enhances the natural ability to sim-
ulate infectious disease dynamics, provid-
ing a genuinely rich perspective of infec-
tion processes and mortality impacts [9]. It
fills certain voids left by simpler models
through the introduction of an assortment
of contextual epidemiological factors of a
rigorous description of both natural birth
and death rates-that makes it relevant for
long-term investigations while also making
a better fit with the real-world dynamics of
populations [10]. Its applicability in such
situations is a tribute to the model's ability
to administer different scenarios and evalu-
ate various interventions' effectiveness and
significance in epidemiological research
[11].

The role of classic numerical methods
like Euler's Method and Runge-Kautta is that
of their description of dynamics disease dy-
namics. Implementations have largely de-
viated from providing traditional infor-
mation required from infectious disease
models since they are simpler, Euler gener-
ally assumes that higher-order complex
equations could lead to bigger, more signif-
icant errors because, under certain condi-
tions, there seem to be nothing more than
approximations in the results from simple
steepness [12].
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On the other hand, the Runge-Kutta
methods, especially the fourth order (RK4),
are preferred for more complex epidemio-
logical models. These methods provide a
higher degree of accuracy in simulating the
intricate dynamics of infectious diseases.
The RK4 method, despite its greater com-
putational demand, offers enhanced stabil-
ity and precision, making it better suited for
detailed simulations that require a nuanced
understanding of disease transmission dy-
namics [13].

Research comparing these methods of-
ten highlights the trade-offs between com-
putational efficiency and accuracy. For in-
stance, while Euler’s Method is computa-
tionally less intensive, it may not ade-
quately capture the critical thresholds of
disease spread, potentially leading to less
reliable predictions [14]. This evaluation
underscores the importance of selecting a
numerical method that aligns with the com-
plexity of the epidemiological model and
the specific dynamics of the disease being
studied, ensuring that predictions are both
accurate and computationally feasible [15].

Materials and methods

In light of the careful arrangement of

infectious diseases such as COVID-19, the
classical SEIRD model demonstrates a
wider organizational scheme, in which both
Exposed compartments and a Dead com-
partment are furnished to make the model
simulate disease progression more realisti-
cally than traditional SIR or SEIR models
[16]. The presence of the Exposed compart-
ment makes the SEIR model an improve-
ment upon the classical SIR model since it
allows for a state of infection without con-
tagiousness. In a way, the SEIRD model
could be said to be building upon this by
modeling an even more fine-grained ap-
proach that distinguishes among individu-
als by incorporating compartments for re-
covering individuals who are immune ver-
sus those who are dead, thereby enabling a
more detailed analysis of disease outcomes.

SIR and SEIRD Model Equations Per-
mission from Your Dissertation Allowed to
Present Here.

(dS -
a - Pt

< dl SI I
ge Pl ab ()
dR

kE = al.

additional ~ compartments  defining SEIRD Model Equations [17]:
rdS
o —(BSI + Sf + Sv) + (R + Nb),
E
i —(Ef + oE) + (BSI + nR),
dl
. T —(If + o[ + (1 — wI]) + oE, (2)
dR
i —(Rf + RE+R) + (a(1 — WI + Sv),
dD
LE = O((u]).
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The factoring in of natural birth and
death rates, vaccination rates informed
from real data, and the immunity waning
take place in SEIRD model, which makes it
a highly relevant prediction tool for long-
term studies, able to portray the disease’s
spread in variable populations realistically
[18]. These features position the SEIRD
model favorably toward promising applica-
tions in predicting the trajectory of the dis-
ease and assessing different public health
interventions, thereby furnishing vital in-
sights for policymakers and health officials
in controlling the spread of COVID-19 and
similar diseases.

Parameter estimation is a more com-
plex task. The basic reproductive number
RO can be defined and used for estimation.
Typically, mathematical models are used to
estimate the value of the basic reproductive
number, and thus, the calculated value de-
pends on the chosen model as well as on the
values of all other parameters.

Suppose that infected patients, on av-
erage, have an effective contact rate § with
an average infectious period of at. Thus,
the basic reproductive number is defined as
[19]:

Ro = p/a. (3)
This leads to.

B=a-R,. 4)

Usually, the number of diagnosed in-
fected individuals I(t) at time t is known
during an epidemic. The epidemic growth
K in the early stages follows an exponential
pattern, accompanied by a logarithmic
growth rate. Usually, the number of diag-
nosed infected individuals I(t) at time t is

known during an epidemic. The epidemic
growth K in the early stages follows an ex-
ponential pattern, accompanied by a loga-
rithmic growth rate.

din[I(t

i = Al O] 5)
dt

The second equation in the system of

. : i Bs
equations can be written as d—i = % — I,

forming an initial value problem with
1(0) = lo, which has an analytical solution.

) (6)

It) = Ioe(T‘V
o find the doubling time T, substituting
I(T,) = 21, into equation 6, we obtain:

BS
21, = Ioe(TO"“>Td,
2 = e(%_a)Td_ (7)
Assuming K = % — a and applying
the logarithm to both sides, we obtain:
n2
- 8
K T (8)

If a patient infects exactly Ro new peo-
ple immediately after being infected, then
after a certain time o™, the number of in-
fected patients increases as

I1(t) = IyRg%,
In[1(t)] = In[I,] + taln[R,]. (9

The corresponding differential equa-
tion is as follows:

% = I(t)aln[R,], (10)
or

din|I(t

% = In[R,] a. (11)
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Substituting equation 5 into equation
11 gives K = aIn[R,] or

Ry = eg (12)
0 - .

Key parameters such as transmission
rate (B), current population (N), vaccination
rate (v), natural mortality (f), birth rate (b),
and mortality rate (i) were estimated based
on real-time data provided by the "Our
World in Data" platform. These parameters
were refined to reflect the specific dynam-
ics of individual behavior, spatial move-
ment, family interactions, and immunity
levels.

Using detailed data from "Our World
in Data," the model accounted for fluctua-
tions in disease dynamics, including infec-
tion surges during periods of relaxed public
measures and the protective effect of mass
vaccination. This allowed the model to
more accurately reflect the progression of
the pandemic, providing a reliable tool for
modeling future outbreak scenarios and de-
veloping public health measures. The algo-
rithm will begin by calculating the approx-
imate number of individuals in each com-
partment. Based on these compartment val-
ues, the missing parameter values will be
computed, serving as the initial values for
the model. These parameters will then be
optimized using the least squares method
with real data for these five compartments.

There is a parameter that calculates the
percentage of recovered individuals that

case fatality rate(CER) =

move to susceptibles compartment as their
immunity wine with time after about 180
days, so if we consider that they all will lose
their immunity after 180 days, if a fixed rate
is considered to move from R to S compart-
ment, with name, so

1 (13)

= T80

We can consider the same explanation
for the percentage of recovered individuals
who can become infected again, as they
have recovered and have immunity. Studies
have shown that 14% of recovered individ-
uals have immunity, so a fixed percentage
of recovered individuals also transition
from the recovered category back to the
susceptible category.

n=20,14-¢. (14)

So, summarizing each period (wave)
of the pandemic: if this is the first wave, we
can use a as the inverse of the recovery pe-
riod from the disease, then calculate the
doubling time, which is the time required to
double the number of infected individuals,
then calculate Ro, and then calculate f.
Other parameters can be derived from the
collected dataset of the governmental statis-

tical organization. If this is the first period
1
recovery time

If this is not the first period (wave), we
can use the following formula to calculate a:

(wave), we can use a =

death at day X
cases at day(X — T)’
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recovery at day (x)

R te(RR) = ’
ecovery rate(RR) casesatday (X —T)
last day in period
1
CER,,6 = z CER,
av peT'iOd lendth (days)

1
RR

first day in period

last day in period

av

N period lendth (days) z

RR,

first day in period

a = CER,y + RRyy. (15)

Parameters such as the transmission
rate (B), natural death rate (f), birth rate (b),
and others are estimated using real-time
data provided by platforms like Our World
in Data.

The SEIRD model offers a general ap-
proach to modeling diseases such as
COVID-19, which immensely improves on
the traditional SIR model by introducing
the compartments known as Exposed (E)
and Dead (D). This upgrade allows the sim-
ulation to include details about the infection
process, the period of latency before one is
infectious, as well as mortality, and this is
vital for an accurate depiction of the com-
plexities and dynamics of the disease. The
Dead Compartment is a crucial component
in considering models for calculating the
death rate and as such, it plays a great deal
of utility in planning and intervening in
matters to do with public health.

The SEIRD model also accounts for
the natural birth and death rates, thus en-
hancing its validity yet also enabling long-
term studies of disease dynamics in fluctu-
ating populations. And with the aforemen-
tioned considerations in SEIRD modeling,
one can, thus, ascertain any possible

pathways of diseases and estimate the ef-
fectiveness of different control measures to
assist policymakers and health leaders in
thinking through efforts in management
and mitigation of outbreak situations. The
SEIRD model provides an intensive and so-
phisticated instrument for modeling dis-
eases such as COVID-19, eventually prov-
ing to be an adept way to channel through
the complex dry flows between the Ex-
posed compartment and the Dead compart-
ment. The model provides a representation
of the length of time individuals are in-
fected before they are considered capable
of infecting others while at the same time
modeling mortality, which enables a realis-
tic model to explore the epidemiological
impacts on public health. The SEIRD
model, therefore, finds its use in a real-
world representation of complex disease
dynamics such as the durations between in-
fection and symptom onset, thereby en-
hancing realism with its long-term model-
ing since natural birth and death rates are
also observed [20].

Most importantly, it combines a Dead
compartment to capture fatality rates,
which are critical in planning effective
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healthcare and public health interventions.
This model requires the basic reproduction
number Ro: so-called because of its role in
the epidemiology of the infectious disease,
expressed by the basic reproduction num-
ber as Ro = e (k/a), where a is the recovery
or death rate, while k is the effective contact
rate and useful for understanding and slow-
ing down the transmission process of any
diseases. Most importantly, a Dead com-
partment is included to gauge fatality rates,
which are vital for effective health planning
and public health interventions. For this
model, RO is selected, describing the basic
reproduction number since it is widely used
during the epidemiology course of infec-
tious diseases and expressed by RO=e(k/a),
where a is the recovery or death rate and k
is the effective contact rate, which serves as
building blocks for modern models describ-
ing the transfer of any disease. This meas-
ure estimates the probability of disease de-
livery from one human to another and plays
an integral role in ensuring that control
measures keep it from becoming epidemic.
All necessary computations are entirely
performed in Python/Google Colab, where
Python is selected for the need of its robust
availability for data analysis presentation
and modeling while giving rise to different
numerical libraries, and by Google Colab to
run computations using an Internet
browser. The combination allows the con-
duct of several simulations and data han-
dling efficiently without missing other im-
portant functions needed for testing and de-
veloping new numerical methods such as
the hybrid method used in this study. In this

study, the hybrid method is adaptive and is
enhanced by traditional numerical tech-
niques to handle the SEIRD model's com-
plexities with truth, stability, and efficiency
of the simulations, as this is critical for the
design of public health plans and collective
decisions consisting of responses or mitiga-
tions during pandemics.

The SSH-(SEIRD specific hybrid)
Numerical Method

Traditional numerical methods each
come with significant limitations when ap-
plied to the SEIRD model. Euler’s method
IS too inaccurate and unstable for epidemic
simulations, while RK4, though more accu-
rate, demands excessive computations per
step. RK45 improves adaptability but is
computationally expensive due to its error
control mechanisms. Pretty much between
these two sides where implicit methods like
Backward Euler would never hesitate in
providing stability for stiff systems is
simply much too inefficient for large-scale
epidemic modeling. Such types of prob-
lems require something more desirable, that
IS, an optimized numerical method that
strikes a balance between efficiency and
stability. The SSH method is a compilation
of numerical techniques for this optimiza-
tion of large SEIRD simulations. The
model thus applies in this moment Explicit
Euler S and E, devoting high speed compu-
tations, while for the I, Predictor-Corrector
scheme increases the accuracy and stability
of the predications. For preservation of
long-term numerical stability, Semi-Im-
plicit update adopted for R and D is being
complemented with  Adaptive Time
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Stepping to safeguard overall balance and
bring on dynamic approach towards step
sizes according to infection dynamics vis -
a’-vis efficiency and precision. Differential
across the various numerical methods con-
tained in the SEIRD model equations-one
quite important-depend on the capacity for
partitioning of compartments so that they
operate quite differently and require spe-
cific treatments to ensure accuracy and ef-
ficiency in terms of computations. Time
and thus usually much slower progress with
S and D can be aptly reduced to a highly
well-timed yet simply and accelerated-styl-
ized Explicit Euler; However, the Infected
compartment | is extremely sensitive, with
quick oscillations that can lead to numerical

instabilities; hence, a Predictor-Corrector
approach should be applied to ameliorate
accuracy and prevent oscillations. Further-
more, Recovered and Deceased compart-
ments accumulate slowly and work quite
well with Semi-Implicit updates because
they allow a degree of numerical stability
over the long term with a modest increase
in computations. Also, Adaptive Time-
Stepping is used to allow the step size to
follow infection dynamics, providing a
finer resolution during rapid changes and
allowing for computational efficiency
when the system stabilizes. The allocation
of numerical methods in this way allows the
SEIRD model to be run fast, stable, and
very accurate in simulating epidemics.

Explicit Euler for Susceptible (S) and Died (D)

Sn+1 = Sn - At(BSn+1ln+1 + Sn+1f + Sn+1v) + AI:(§R71+1 + Nb)' (16)

Dpy1 = Dy + Ata(plp o). (17)

Predictor-Corrector for Infected (1) and Exposed (E)

pred
In+1

I, + At(—(I,f + al,) + oE,), (18)

d d
Loi=1, + ( (If + al,) + oE,) + —( (T + ) + 0Epyy),  (19)
BVl = Ey + At[~(Eyf + 0E,) + (BS,l, + R, (20)
At
Enyy = By +— (=(Eof + 0E,) + (BSal, +nR,)) + (21)

2 Tl+1

Semi-Implicit Updates for Recovered (R)

Ryy1 =Ry

Adaptive Time Stepping Rule

At
pred pred
+= ( ( E En+1

) + (BS, 1, + T]Rn)).

— At(R,f + R,€E+1R,) + At(a(l — Wi, + S,v)). (22)
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Significant variations in epidemic dy-
namics over an extended time frame clearly
demarcate the inception and development of
the SSH-Method through the regulation of
the rate of epochs dynamically as a function
of the variation in the course of infections.

At,,, = At X

X max (0,5, min <1,5,+,,,>>. (23)
1+|E

The dynamic and active nature of the
infection compartment (dI/dt) makes its
rate of change the primary variable that un-
derpins adaptive time-stepping.

If | dI/dt | is large, At decreases to
improve accuracy.

If | dI/dt | is small, At increases to
speed up computation.

Adaptive Time-Stepping allows for
more efficient computation by using small
time steps when infections are rapidly
changing and more efficient coercive com-
putational effort when the area is stable.

Results and their discussion

The course of infection dynamics
throughout the COVID-19 pandemic has
gone into a series of waves due to varying
government responses, public health strate-
gies, and vaccine introductions. In turn, the
case levels jJumped almost straight up in the
first few days of the pandemic, leading to
the implementation of strict lockdown
measures in the major cities of Moscow and
St. Petersburg. were especially hard hit. Af-
ter the summer of 2020, improved statistics

came as the result of tighter quarantines and
increased testing. The second wave during
late 2020 spurred a drastic surge in case-
loads where the measures imposed by the
regional authorities were based on local
conditions. The introduction of the Sputnik
V vaccine in late December 2020 gradually
saw a reduction in the cases that took ad-
vantage of extended holiday breaks as well
as social distancing.

The rise of the Delta variant by the cen-
ter of 2021 saw another boom of cases, ag-
gravated by a slow vaccination-willing and
with phasing-out of restrictions. Yet, much
toward the end of summer, several intensi-
fied vaccination drives lumped together
with reinstating certain measures brought
infection rates down. The other remaining
parts of late 2021 into early 2022 saw the
emergence of other very dramatic shifts
with the spread of the Omicron variant as
well as others further challenging ongoing
response efforts. However, targeted lock-
downs and continued vaccination cam-
paigns effectively managed these surges.

Throughout 2022 and into 2023, Rus-
sia faced additional challenges from new
variants and waves, managing these
through sustained vaccination efforts, in-
cluding booster shots, and adherence to
health guidelines. The country's response
has adapted over time, with a continued fo-
cus on managing the pandemic's impact
through a combination of health measures
and vaccination strategies.
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COVID-19 Compartments in Bussia (Scaled)
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Fig. 1. Real data of SEIRD compartments (would in data site)

individuals ,and we calculated alpha and beta

We split the pandemic into 8 main
for each period, it is indicated in table 1.

waves according to number of infected

Table 1. Values of Alpha and Beta for Eight Time Periods in the Russian Federation

Start of

Period 3/12/20 | 8/30/20 | 6/5/21 | 9/16/21 | 1/12/22 | 7/18/22 |11/15/22 | 1/11/23
o 2.2708 | 0.3360 | 0.5151 | 0.3384 | 0.4491 | 0.6217 | 0.9053 | 0.7967
B 2.3860 | 0.3591 | 0.5460 | 0.3608 | 0.5426 | 0.6874 | 0.9199 | 0.8309

At last, we used our hybrid novel nu-
merical method SHH versus, Euler, RK4,
adaptive RK45, and backward Euler, the re-
sult shown in figure 3.

We compared the real time data with
the predicted individual used = g TsSEIRD
model and the result is shown in figure 2,
we used Euler and RK numerical methods.
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186 Comparison of Real vs Modeled Infected Individuals for All Periods
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Fig. 2. modeling SEIRD fir compartment for the pandemic periods
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Fig. 3. A comparison between our proposed numerical method and existing methods

Proceedings of the Southwest State University. Series: Control, Computer Engineering,
Information Science. Medical Instruments Engineering. 2025;15(3):216-231



228 MogenvnpoBaHue B MEAULIMHCKNX N TeXHu4eckux cuctemax / Modeling in Medical and Technical Systems

The study utilized the SEIRD model to
simulate the spread of the pandemic and ap-
plied five numerical methods, including the
newly proposed SSH method. The SSH
method proved to be the best overall, pri-
marily because it strategically uses differ-
ent numerical approaches for various com-
ponents of the SEIRD model. This hybrid
approach allows it to more effectively bal-
ance speed, accuracy, and memory effi-
ciency compared to traditional methods.

In terms of execution speed, the SSH
method significantly outperformed other
methods thanks to adaptive time step selec-
tion and specific numerical strategies for
individual components. With the explicit
Euler method used for the Susceptible (S)
and Dead (D) compartments, it is the fastest
way of solving the problem where large-
scale stability is not an issue; meanwhile,
using others would enhance stability with a
modest computation overhead concerning
the classical RK4 higher-order methods for
the Infected (1) and the Exposed (E) com-
partments. In terms of memory efficiency,
the RK4 found itself optimally so. It exe-
cutes an equivalent number of function
calls per step, thus allowing direct access to
memory in substantial amounts for large
computations. Differently from it, the SSH
was the most memory-consuming method,;
this was due to the need for additional
memories to store intermediate values and
corrections. The predictor-corrector formu-
lation for the Infected (1) introduces addi-
tional computational steps, increasing
memory usage.

The SSH emerges as the optimum nu-
merical solver for high accuracy, recording
the lowest Mean Squared Error (MSE).
This can be attributed to its adaptive refine-
ment that avoids gross numerical errors,
thus being able to deal with changing peri-
ods of infections much more accurately.
The predictor-corrector scheme for I, by
preventing error accumulation, and semi-
implicit updates for R and D, already lug-
gage long-term stability. With this in mind,
computed solutions could remain suffi-
ciently close to real data.

The results are clearly showing the
SSH method as the high one in the solution,
providing a good trade-off between compu-
tation efficiency, memory efficiency, and
numerical accuracy. The SSH is, however,
a blend of various models such that each so-
lution finds one basis at that point, contrary
to those models that generally apply the
same single numerical scheme. Whereas in
memory effectiveness, RK4 surfaces best
among the rest, the SSH duly provides the
fastest computation time and high accu-
racy, making it quite practical in numerical
modeling for the SEIRD models.

Conclusions

The SEIRD model successfully cap-
tured a revealing trend in the disease-spread
behavior. The model mimics several epide-
miological dynamics. The new numerical
techniques unsustainably supported the ef-
ficacious solution of the model while en-
gaging other inherent complexities of epi-
demiological modeling. These methods,
particularly the hybrid SSH method,
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increased both computational speed and ac-
curacy, greatly enhancing the reliability of
the model. Overall, this combination of ad-
vanced numerical techniques with the
SEIRD model holds significant importance

health response. This study stresses, there-
fore, the importance of post-school tailor-
made and specialized numerical techniques
for improvement in the predictive capabili-
ties of the epidemiological models.

for the formulation and planning of a public
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MporHo3snpoBaHue nwemunyeckon 6onesHun cepaua Ha oCHoBe
rmopunAaHbIX HEYEeTKUX NPaBuIl NPUHATUA PeLUeHNN

C. H. PognoHoBa® C. A. ®unuct?, K. B. PazymoBal ™, O. M. AsanueBa'

1 lOro-3anapHblil rocyaapCTBEHHbIN YHUBEPCUTET
yn. 50 net OkTa6p4, A. 94, r. Kypck 305040, Poccuiickast Pepnepaums

“ e-mail: myelectronworld@mail.ru
Pesome

Uenbro uccnedoeaHus s165159emcsi 108bILIEHUE Kayecmea MpOoeHO3UposaHusi uwemudeckoll 6onesHu cepduya 3a
c4yem ucronb308aHust 8 MOOesAX NMPUHAMUS peweHul emMecme ¢ Habopom obWEenpPUHAMbIX (hakmopos pucka rnoka-
3amenel, xapakmepu3syrowux pabomy 3aWumHbIx MexaHU3Mo8 cepdeyHo-cocyducmoll cucmemsl.

MemoOdsi. Ha npedsapumernbHoMm amane uccriedosaHusi 8 Xo0e rposedeHHO020 pa3sedoyHO20 aHanu3a bblio ycma-
HOBIIEHO, YMO KN1acc «8bICOKULU PUCK» nosieneHus uwemuyeckol 6one3Hu cepdua rno OMHOWEHUIO K allbmepHamus-
HbIM KriaccaMm UMeem HeYyemxo 8blpaXeHHbIe 3Ha4UmesbHO nepecekarowuecss epaHuybl. B amux ycnosusix cneyua-
JIUCMbI, OPUEHMUPOBaHHbIE Ha peweHue nIoxogopmarnusyembix 3aday, PeKoMeHOYom UCMoNb308amb MeOPUIo He-
yemkol 102UKU MPUHSAMUS peweHul, u 8 YacmHocmu, Memodosio2uro cuHme3a 2UbpudHbIX HeYemKUX peluarouiux
npasun, paspabomatHyo 8 K020-3anadHom eocydapcmeeHHOM yHUsepcumeme. Ha amowm xe amarne uccrnedosaHuli
6bi1 onpedeneH cocmas UHGOPMamueHbIX MPU3HaKo8, 8 KOmMophbil 80w iU MPaduyUOHHO UCHOMb3yeMble 8 MeOUYUH-
cKoll rpakmuke rpu3HakKu, rnokasamesu cmerneHu UWeMUYeCKOo20 MopaxeHUsi 20/108H020 Mo32a U cepdua, nokasa-
menu, xapakmepu3sytowue hyHKUUOHUPOB8aHUEe aHmuoKcuOaHmMHoOU cucmembl, SHepeemuyveckul pa3banaHc «cep-
OeYHbIX» MOYEK aKynyHKMYypPbl U XxapakmepucmuKu ypOBHS 3aujumsi cepOeyHo-cocyoucmol cucmemsl.
Pe3ynbmamesl. B pabome rnonydyeHa Mmamemamu4deckasi MoOesib Mpo2HO3Upo8aHuUs uwemudyeckol bosie3Hu cepoya,
ucronb3yrouasi cucmemy mpaduyuoHHbIX Orisi MeOUUUHCKOU Npakmuku npedukmopoe 8 codemaHuu ¢ biokamu rnpu-
3HaKo8, OruUChIBaKOWUX CMerneHb ULEeMUYECKO20 ropaxeHusi cepluya U 205108H020 MO32a, (hyHKUUOHUPOBaHUEe aHmu-
okcuGaHmHoU cucmembl 3auumel, aHepeemuyeckul pa3banaHc BAT, «cesi3aHHbIx» ¢ 3abonesaHuem cepdua, U xa-
pakmepucmuKu ypoeHs 3aujumsl cepOeyHO-cocyoucmol cucmemsl.

3aknroyeHue. [posedeHHble uccriedosaHus nokasasnu, Ymo Ons yiy4YWweHUs1 Kadecmaa rpo2HO3uUpo8aHUsi 8 COOM-
semcmeyrwux pewarowux npasunax yenecoobpasHo 06be0uHsImb cnedyrouee: npedukmopbsl mpadulyuoHHOU Me-
OUUUHBI; MoKa3ameru, xapakmepusyujue cmeneHb UWeMUYecKo20 MopaxeHUsi 20/108H020 Mo32a U cepdua, rnoka-
3amenu, xapakmepu3ayoujue yHKUUOHUPOBaHUE aHMUOKCUOaHMHOU cucmeMbl; 3Hepaemuyeckuli pasbanaHc «cep-
OeUYHbIX» MOYEK aKyrnyHKmMypbl Xxapakmepucmuku yposHs 3aujumsi CCC.

Bbir10 nokasaHo, YmMo Ka4ecmao rpo2HO3UPO8aHUsT C UCMOIb308aHUEM 071y4eHHbIX 8 pabome modenel ysesnuyusa-
emcs Ha 10—15% o cpagHeHuro ¢ MOOesnsiMU, He UCIMOMb3YWUMU rToKa3amersu ypo8Hs 3aujumbl op2aHu3mMa.

Knrouesnble cnoea: npozHo3uposaHue; uwemuyeckast 6onesHb cepduya; hyHKUUU YPOBHSI 3aujumbl; YpOBeHb 3a-
wumel cepdeyHo-cocyducmol cucmeMbl; Hedemkue pewarowjue rnpasusa; Heyemxue MoOesiu npuHsmusi peweHud.

KoHgbsrukm unmepecoe: Aemopbi Oeknapupyrom omcymcemeue KOHGhrIuKma UHMepPeCcos, cesi3aHHbIX ¢ rnybnukayuel
OaHHOU cmambu.

@PuHaHcupoeaHue: Paboma ebIrnosHeHa 8 pamkax peasiuzayuu npozpammsl pazsumus ®rE0Y BO «HOezo-3anadHbiti
eocydapcmeeHHbil yHusepcumemy» ripoekma «lpuopumem 2030x.
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Prediction of ischemic heart disease based
on hybrid fuzzy decision rules
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Abstract

The purpose of the research is to improve the quality of predicting coronary heart disease by using decision-making
models together with a set of generally accepted risk factors that characterize the functioning of the protective mecha-
nisms of the cardiovascular system.

Methods. At the preliminary stage of the study, an exploratory analysis revealed that the "high risk" class of coronary
heart disease has significantly overlapping boundaries in relation to alternative classes. In these conditions, specialists
focused on solving poorly formalized problems recommend using the theory of fuzzy decision-making logic, and in
particular, the methodology for synthesizing hybrid vague decision rules developed at Southwestern State University.
At the same stage of the research, the composition of informative signs was determined, which included signs tradi-
tionally used in medical practice, indicators of the degree of ischemic damage to the brain and heart, indicators char-
acterizing the functioning of the antioxidant system, the energy imbalance of the "cardiac" acupuncture points and
characteristics of the level of protection of the cardiovascular system.

Results. The paper provides a mathematical model for predicting coronary artery disease using a system of traditional
predictors for medical practice in combination with blocks of signs describing the degree of ischemic damage to the
heart and brain, the functioning of the antioxidant defense system, the energy imbalance of BAT "associated" with heart
disease, and the characteristics of the level of protection of the cardiovascular system.vascular system.

Conclusion. The conducted studies have shown that in order to improve the quality of forecasting, it is advisable to
combine the following in appropriate decisive rules: predictors of traditional medicine; indicators characterizing the
degree of ischemic damage to the brain and heart; indicators characterizing the functioning of the antioxidant system;
energy imbalance of "cardiac" acupuncture points; characteristics of the level of cardiovascular protection. It was shown
that the quality of forecasting using the models obtained in the work increases by 10-15% compared with models that
do not use indicators of the body's level of protection.

Keywords: prognosis; coronary heart disease; functions of the protection level; the protection level of the cardiovas-
cular system; fuzzy decision rules; fuzzy decision-making models.
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Beenerue AHanu3 TOYHOCTU PaOOTHI ITUX ANTOPHUT-

AHaIu3 OTEYECTBEHHOW M 3apyOek- MOB H OT3BIBBI MPAKTUKYIOIINUX CIICIIAAIH-
HOW JIMTepaTypbl IOKA3blBAaeT, 4TO, He- CTOB ITO3BOJISIFOT C/IETATh BBIBOJ O HEO0XO0-
CMOTpsI HA HECOMHEHHBIE JOCTHXXEHHUS B JIMMOCTH HPOBEJICHHS NAIbHEHIINX HCCIie-
0611aCTH KapAHOJIOTHH, IIHPOKO HCIIONb3Y- foBaHui [7] MO MOBBILICHUIO KavecTBa
I01lIel COBpeMEHHbIE MH(MOPMAIMOHHBIE U NPUHATHSA PEIICHUH 10  HCCIeayeMOMY
WHTEJUICKTyaJIbHbIE TEXHOJIOTHH, 3a0oJe- Kjaccy 3aboneBanuii [8].
BaHMsI CEp/illa U COCYZOB MO CPAaBHEHHUIO C B Xozne uccnenoBaHni, MPOBENCHHEIX

IPYIHMMH  KllaccaMu 3a00JeBaHHMM  SBJISA- aBTOpaMM Ha Kadeape OMOMETULMHCKOM

10TCS HauboJIee YacTOM MPUYUHOMN JIEeTANb- WHKEHEPHH, OBIIIO NIOKA3aHO, UTO MOBBIIIE-

HpIX mexonos B Poccum [1] u mupe [2]. HUe KadectBa nporrHosuposanusi UbC mo-

[Ipruem 3HauMTENBHAS AOJIA OT ITUX CMEP- KT OBITh JOCTHTHYTO, CCIIM B Pa3pabaThi-

. BaeMbIX MOJIEJISIX BMECTE ¢ HAOOopoM o0IIIe-
TEH TPUXOAMTCS HA HWIIEMHUYECCKYIO 00-
HNPUHATHIX (PAKTOPOB PHCKA HCIOIB30BAThH
ne3upb cepana (MBC) [3]. C yuetom 3TOro P (axropos p
MOKa3aTelu, XapaKTepu3yromue padoTy 3a-
CBOCBPEMEHHOE M KaYeCTBEHHOE MPOTHO-
. IIUTHBIX MEXaHU3MOB CEPJCYHO-COCY/IH-
3UpOBaHUE U OOHAPYIKCHHUE PAHHUX CTaIUi .
o . CTOH CHCTEMBI MPHU UCTIOIH30BAHUU METO-
WBC [4] ¢ nanbHeiiei onTuMHr3amuei Jie-
JOJIOTHH CHHTE3a THOPHUIHBIX HEYCTKHX

4eOHO-TMarHOCTHYECKOTO TpoIlecca SBJIs- pematomyx npasin (MCIHPIT) [9].

eTCs aKTyallbHOM 3amaueii [5].
B npodunbpHON 0TedecTBEHHOM JHTe- Martepuanbl u meToabl

patype BBIACISIOT HeMOAUQHIUPYEMbIC U [IpoBeneHHBIN pa3BedOYHbIN aHAIU3

monuduipyembre dakroper pucka UbC, CTPYKTYpPBI JaHHBIX 10 (aKkTopaM pucKa

pEKOMEHAyeMbIe B Ka4eCTBE MPEAUKTOPOB WBC, MCMONb3yeMBIX B TpPaMIHOHHOI

IIpY OLICHKE PUCKA IOSBICHUS U Pa3BUTHUA MeJHLMHE, U M0 MOKa3aTelsM, XapaKTe-

UCCIIeAYyEeMOM NaToJIoTuu [6], KOTOpbIE UC- PU3YIOIMUM PaGOTy 3AlATHBIX MEXaHW3-

TOJIB3YIOTCS JUIsl HOCTPOEHHSI COOTBETCTBY- MOB CEpeYHO-COCYAUCTONH CHCTEMBI N

IOIUX MPOTHOCTHYECKHUX aJrOpPUTMOB [3]. OpraHM3Ma B LENOM, [MOKa3ai, uTo
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IIPOrHO3UPYEMBIN KJIacC COCTOSHUM (uepe3
BbIOpaHHOE BpeMsi HAOIIOJEHUS MalMEeHT
3aboneetr BC) ¢ dhopmanbHON TOYKH 3pe-
HUSL XOPOIIO OMHCHIBAECTCA B PaMKax TeX-
HOJIOTMM MSATKHUX BBIYUCIICHUH, peajn3ye-
Mol ¢ ucnonbzoBanuem MCI'HPII, opuen-
THPOBAHHOM Ha IUIOXO(opManuzyembie
CTpyKTyphl nanubix [10]. B pamkax BbI-
OpaHHON METOAOJIOTUU ObUIM TOJTYYECHBI
pa3aUyYHbIE BAPUAHTHl KOJIMYECTBEHHOU
OLICHKHM YPOBHSI 3alllUThl OpraHU3Ma U €ro
cucteMm [11]: Ha OCHOBE METO/IOB, UCTOJIb-
3yeMbIX B TPaJAWLIUOHHOW aJanTOJIOTHH
[12], peanu3yembix B paMKax BbIOpaHHOI
Meronosiornn [13]; ucnonw3ys Koauue-
CTBEHHbIE MOKA3aTEIM, XapaKTepU3yrolue
(dbyHKIMOHANBHBIN pe3epB [14] u pyHkmO-
HajpHOE cocTosiHue [15] opranusma [16] ¢
OpHEHTAIMEeH Ha TEXHOJIOTHIO MSTKHX BbI-
yucinenuit [17], BkiItouas pervoHalIbHbIC
nmeMuyeckue nporeccsl [ 18], B ueHTpans-
HOM reMoauHamuyeckou cucrteme [19], B
oTenbHbIX opranax [20] u cepaue [8].

Ha nepBoM sTane cuHTe3a MpOrHocTu-
YECKOr0 PEIIAIOLIEro MpaBuia B COOTBET-
CTBUM C OOHNIMMH  PEKOMEHIAIUSIMU
MCI'HPII ¢ yuetom BeIOpaHHON HEUETKOM
MapagurMbl OTMPEEISIICS cocTaB HMHEGOP-
MaTHBHBIX pu3HakoB Xi (1 = 1,...,12), B co-
CTaB KOTOPBIX B YacTH OOILEHPHUHSATHIX B
MEIUIMHE TPEIUKTOPOB BOLUIM: TOJI, BO3-
pacT, HaclleCTBEHHOCTb, KypeHHUE, ajKo-
rojib, OXHUpPEHHE, HEPAalMOHAIbHOE MNHUTa-
HUE, AUCITUTUIACMHUS, TUIIOJUHAMHUS, apTe-
pUaNbHAs TUTIEPTCH3WsI, HAPYIIICHUE yTJe-
BOAHOTO OOMEHa (caxapHbI nHuabeT, TH-
MEePriuKkeMus), TCUXOCOLUUaIbHbIE (haK-

TOPBI.

Ha BTOopoM 3Tame cuHTe3a ompenens-
Jach cucteMa (YHKIHA MPUHAAIC)KHOCTU
W(Xj) K KiIaccy «BbICOKas YBEPEHHOCTb B
pucke nosisnenus u pa3sutus UbCy» (kmacc
®11), KOTOPBIE arperupyroTCs B 4aCTHOE pe-
LIAOIIEE IIPABWIO OLEHKH YBEPEHHOCTH
UTu B mporuose o UBC:

UTu (i+1) = UTy (D) +

i (Xip1) [1 = UTy (D] (D)
Hcnonws3zoBanne dopmynsr (1) mpen-
nonaraet, 4ro mis pacueroB UTy Moryt
3aJIeiICTBOBAHEI HE Bce MOKa3areau. B atom
Clly4ac yMeHbIIaeTcst Mepa nosepust M1 k
MIPUHUMAEMbIM PELICHUSIM, KOTOpasl Ompe-

nensercs no gpopmyse

MA, ( +1) = MAG) +
+ Pipa[1 = MI, (D], )
re Pj 41 — yBEPEHHOCTD B @y NPH HATUYMH
W3MEPEHHOTO 3HAYEHUsI TPEAUKTOpa C
uaentudukatopom j+1;j=1,...,11.

Bennuunnsr coctapnstomux P4 onpe-
JIEJISIIOTCS. DKCIIEPTaMU B COOTBETCTBUM C
pekomeHanusMu [9].

[Ipn HanwuMM BCEX COCTABISIONINX B
mozenu (1) mepa noBepusi K HEW MPEBBI-
maet Benuuuny 0,85.

[Ipu oueHke Mepsl 10BEpUs IO CPEl-
HUM 3HA4CHHUSIM (QYHKIMH MPUHAIICHKHO-
CTH €€ BEeJMYMHA TPEBBIMIACT BEIUYUHY
0,55.

Paboramu moktopa A. beikoBa ObLIO
JIOKa3aHO, YTO UIIEMHYECKHE MPOIIECCHl B
CepAle M COCyJax, BKIIOYasi COCYJbl ApPY-
I'MX OPraHoOB, MPUOOPETAIOT XPOHUUYECKYIO
B3aUMOOTATOMAIY0 cBsi3b [18]. OT0
MO3BOJISIET CJENaTh BBIBOJA O TOM, 4YTO
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UIIEMHUIO CEpPJIlIa U TOJIOBHOTO MO3ra cle-
JIyeT paccMaTpuBaTh KaK CYIIECTBEHHBIN
dakTop pHCKa IJIs TIOSBJICHUS U Pa3BUTHS
NBC. B pabore [9] npuBoaarcst MaTeMaTH-
YECKHUE MOJENU OIICHKH CTENEHHU TSHKECTH
UIIEMHH TOJOBHOTO MO3Ta M HIDKHHX KO-
HEYHOCTEH, MO KOTOPBIM OIpEACIIAeTCS
YyacTHasi yBEpEHHOCTb B TOM, 4TO y oOcie-
JIyeMOr0 TMPOTHO3UPYETCS TMOSBICHUE U
pazsutue UBC USTy; .

Mepa  nmoBepus K  IOKa3aTeNro
USTy onpenensiercss ananoruyno (2). Ilo
HAauOOJIBIIMM 3HAYCHUSM PUCKOB Mepa J0-
Bepus k nokazaremo USTy paBna 0,58, a
Mepa JOBEepUs MO CPEAHHM 3HAYCHUSIM
GYHKIUH TPUHAISKHOCTH K KIACCYy ®y
pasHa 0,32.

B xone uccnenoBanuii, NpOBEICHHBIX
Ha Kadenpe OMOMETUITMHCKON HHKEHEPHH,
ObUTa OmpesneneHa TPeThs rpymma (paxkTo-
POB pHUCKa B COCTaBe: MEPEKUCHOE OKHCIIE-
nue nunuaoB (I1OJI); aHTHOKCHmaHTHas
akTUBHOCTH (AOA); sHepreTuueckuil pasz-
0ananc BAT, «cBsizaHHBIX» C 3a0o0JeBa-
HueMm cepana (SRB) [11].

YBEPEHHOCTD B My 10 TPETHEU TPYIIIE
(akTOpOB pHUCKa OIpPEAENsAETCS BbIpaXke-

HHEM
UDy = pyu(Z) + mu(SRB) —
—u(2) - uu(SRB), ©)
rae Uy (Z2) u py (SRB) — dynknuum mpu-
HaJUIEKHOCTH K KJIacCy @y ¢ 0a30BbIMH I1e-
pemenHbiMu Z 1 SRB cooTBeTcTBEHHO.

B cBoto ouepens, nepemenHast Z onpe-

ACISICTCA BBIPAKCHHUEM

L =X — X, ,

T H T H

X — Xy . Sx _Xpy T Xp
H ! AT H !
X XA

rne Sy =

xﬁ u xf — ITOJI n AOA, u3smepeHHoe Ha

pEnpe3eHTaTUBHON TPYNIE 3JOPOBBIX JIIO-
ne, xﬁ u x,{ — I1OJI u AOA y obcnemye-
MOT0 MaIMeHTa.

[To HauGONBIIUM 3HAYEHHUSIM PUCKOB
Mepa JoBepHsi K Mojienu (3) mpeBbIIIAeT Be-
mnuuny 0,61, a Mepa 1oBepus O CpeIHUM
3HAYEHUSIM (PYHKIMI MPUHAICKHOCTH K
KJIacCy @y npeBbimaet Bennunny 0,34.

duHanbpHasg MOAETH IPOTHO3UPOBAHUS
nosieyieHust u passutusg UBC onmceiBaeTcs

BHpEl)KeHI/IeM BHU1a
UFp (j+ 1) = UFu(j) +
+ Fy[1 — UFuu (DI, (4)

rne UFgu(1) = F, =UTy ; F, =USTy;
F; =UDy; j=1,2;9=1,2,3.

[To HamOONBIIMM 3HAYEHUSIM PHUCKOB
Mepa 0BepHs K MoJienH (4) IPeBbHIIIAeT Be-
mnunHy 0,97, a Mmepa A0BepHs IO CPETHUM
3HAYCHUSIM (PYHKIIMH TPUHAICKHOCTH K
KJ1accy ®pyc pasHa 0,8.

B pa6orte [11] ObL10 MOKa3aHO, YTO IS
YBEJIMUEHUSI TOYHOCTHU MPOTHO3UPOBAHHUS B
CUHTE3UPYEMBIX MOJENSX CIEAYET YUUThI-
BaTh YPOBEHB 3aLIUTHl UCCIIEyEMBIX Opra-
HOB U CUCTEM, OTIpeesisieMblil uepe3 pyHk-
MU YPOBHSI 3allIUThI UCCIEAYEMBIX Opra-
HOB M CHCTEM.

B xoxe npoBeaeHHBIX HAMU HUCCIEI0-
BaHWH OBUIO TMOKa3aHO, YTO YPOBEHb 3a-
HOIUTBl  CEPACYHO-COCYAUCTON  CHUCTEMBI

UZ. uenecooOpa3HO OmpenessTh MO HH-
nekcy BereratuBHoro paBHoBecus (MBP),
OTIPEICIIAIONIEMY COOTHOIICHHUE TMapachM-

NaTHYCCKOIro M CHUMIIATHYCCKOI'O OTACIIOB
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BEreTaTUBHOW HEPBHON CHCTEMBI B PETYJISI-
LMY CEpJICHYHOMN AEATEIBbHOCTU U IO MOKa-
3aTeI0 CTENEHU PHUCKA IMOpPaXXEHUs cep-
JIEYHO-COCYIUCTOM cucTembl SR, paccuu-
TBIBAEMOMY IO TpYyIIIE I'eMOJUHAMUYE-
CKUX Mokasatenei [9].

NBP onpenensiercs mo hopmyiie

VBP = AMo/VAR, (5)

rae AMo — aMIuInTy1a MOJibl JUIsl UHTEPBa-
JIOB, KOTOPbIE COOTBETCTBYIOT 3HAUYEHHUIO
Mozael RR-urTepBanion; VAR — BapuanmoH-
HBIM pa3sMax ONpeAesieMbld KaK Pa3HOCTb
MEXIY JITUTEIBHOCTHIO CaMOT0 OOJBIIIOTO
U camoro mManeHpkoro u3 RR-uHTepBasnos.
®dyukuus ypoBHs 3amuthl f,.. (MBP) xa-
paktepusyet ypoBeHb 3amutbl CCC 1o ka-
HaJaM yTpaBJIeHHUS PATMOM CepJIia CO CTO-
poust BHC.

[Tokazarens SR omnpenensiercss 10
rpynmne reMOJANHAMUYECKUX TOKa3aTeleH,
B COCTaB KOTOPBIX BXOST: aMIUIATYna
T-3ybma — X1; cmemenue cermenta ST ot-
HOCHUTEIFHO W30JIMHUHM — X2; KOHIICHTpa-
uus kpearnHdochoknHaszbl — X3; KOHIEH-
Tpauus TponanuHa T — X4 JIist oneHku cre-
nenu pucka marojoruu CCC B padote [9]
ObLI MOJTy4eH HaOOp HOPMUPYIOIUX QYHK-
1Y BUIA:

fe(Xy) =
0,06,eciu X; < 0,3,

—0,02X;,eciu =3 < X; <0,3,
=<0,ecsin 0 < X; <3,
0,05X;,ecmu 3 < X; <6,
0,15,ecnu X; = 6,
fc(Xz) =
0,19,ecnu X, < —2,
—0,095X,,ectu =2 <X, <0,
0,125X,,ecnin 0 <X, < 2,
0,25,ecnu X, = 2,

fc(XS) =
0,ecin X5 < 180,

0,0009X; — 0,16,
ecin 180 < X5 < 400,
0,25, eciu X5 = 400,

0,5X,,eciu 0 <X, <0,5,
fe(Xa) = {O,ZS?eCJm X, > o,g.

CreneHb puCcKa MOSABIICHUS U Pa3BUTHUS
3aboneBanuii CCC ompenensieTcst uTepau-
OHHOM (hopMyJIOH BUA:

SR(i+1)=SR@() +
+ fe(Xir)[1 = SR, (6)
rae SR(1) = f.(Xy).

@OyHKUUS  ypoBHs  3amuThl f..(SR)
XapaKTepU3yeT ypOBEHb 3allIMUThl CepAala
110 BHYTPEHHUM KOHTYypaMm ee (PyHKLHOHU-
pOBaHMsL.

[Ipu BbIOOpe arperatopa QyHKIUN
ypoBHs 3amuTel CCC 115 pelieHus 3a1auu
nporro3upoBanusi UBC skcrneptsl, pyko-
BOJCTBYSICh pekoMeHmanusiMu [9], BbI-

Opanu Mozelb BUaa

UZINusc = (0,9 f,s.(SR) +

+ 0,6 f,s.(UBP))/2,5. (7)
[To HamGoONBIIMM 3HAYEHUSIM PHUCKOB
Mepa ToBepHs K MojienH (7) IpeBHIIIaeT Be-
muunHy 0,99, a Mmepa goBepHs IO CPETHUM
3HaYeHUSIM (PYHKUMH NPUHAICKHOCTH K

KJIaccy @y mpeBbimaet Bennuuny 0,67.
C yuerom yposHns 3auuthl CCC ¢ opu-
eHTauuen Ha nporuBoaeiicteue MbBC mo-
JIeJIb TIPOrHO3UPOBAHUS HIIEMUYECKON 00-

JIE3HU CepALa IPUHUMAET BU/L

UPZI/IBC =

UFqy — UZINygc,
={eciu UFqy > UZINyg:,  (8)
0, ecCJin UFHI/[ < UZINI/[BC.
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[To HanGoONBIIUM 3HAYEHHUSIM PUCKOB
Mepa JOoBepHs K MojielH (§) IpeBhIIIacT Be-
muunny 0,99, a Mepa goBepus IO CPEAHUM
3HAYCHUSAM (PYHKUIUH TPUHAAIEKHOCTH K

KJIacCy @y npebimaet Beanuuny 0,93.

Pe3ynbTaTtbl U X 06CyXAeHWe

B pamkax MCI'HPII pexkomennyetcs
MIPOBOANTH TPEXYPOBHEBBI KOHTPOJB MO-
Jy4YaeMbIX PELIAOLIUX [TPaBUIIL.

Ha nepBom ypoBHE IPOU3BOIUTCS IKC-
NepTHasl OLIEHKA C ONpEJeIeHUEM MepP JI0-
BEpUS K MCCIEAYEMbIM MOJAECISAM JIs MaK-
CUMAJIBHOTO ¥ HanboJiee 4acTO BCTPEUaro-
nierocst Habopa MHGOPMATUBHBIX MPHU3HA-
KOB.

Ha BTOpOoM ypoBHE 3KcTiepThl (HhopMuU-
PYIOT HCKYCCTBEHHBIE (MOJEThHBIEC) KOH-
TPOJIbHBIE BBIOOPKH C OOBEKTaMU allbTep-
HAaTUBHBIX KJIACCOB, BBIOMpas pa3InyHBIC
BapHaHTbl Mep HuX OnuzoctH (Onu3KHe,
cpenlHue M Haubosee yJaleHHblE O00b-
eKThl). B Xo/e MaTeMaTnueckoro MoJieu-
poBaHMs OBUIO YCTaHOBJIEHO, YTO YBEpEH-
HOCTb B MPABUJIBLHOM KiIacCU(PHUKALUU AJIs
mozenu (8) Haxonutcst Ha ypoBae 0,98.

Tperuit ypoBeHb KOHTPOJISI OpraHu3y-
eTCsl TPAJAULMOHHBIM ISl TEOPHH pacIio-
3HaBaHMUS CIIOCOOOM TIO perpe3eHTaTHB-
HbIM KOHTpPOJIbHBIM BBIOOpKaM IO TaKUM
MOoKa3aTessIM KauecTBa, Kak AUarHocThye-
CKas 9yBCTBUTEIBHOCTH ([IY) 1 cnierudpny-
HocTh (HC), mumarHoctuueckas 3ddexTus-
HocTH (/13), mporHocTuueckast 3HaYMMOCTh
MOJIOKUTEIBHBIX M OTPUILIATENIBHBIX pe-

3YyJIbTATOB. B X0I€ IIATHICTHETO

HaOJIOIeHNsl 32 KayecTBOM paboThl Ipo-
THOCTHYECKOTO peIarpIiero mpasuia (8)
ObUIO IOKa3aHO, YTO IMpPUEMIIEMOE Kaue-
CTBO MPOTHO3a 00ECleYnBaeTCs HE MEHee
YeM Ha TPEXJIETHEM NEPHOJIE HAOTIOACHHMS.
[Ipu sTOoM ecnu B Mozenu (8) OTCYyTCTBYET
cocraBiswomas UZINygc, Bce moka3zaTenu
KayecTBa NPUHSITHS PELICHUI HAXOASATCS B
unreppaie 0,85-0,9, a npu ydere cocras-
nsiroten ypoBHst 3amuThl CCC npeBblaeT
Bennuuny 0,97.

[TommydeHHbIE pE3yNbTaThl TPEXYpPOB-
HEBOM NPOBEPKU MO3BOJISAIOT PEKOMEHI0-
BaTh MPEIOKECHHBIE PEIIAONINE PaBHIIA
JUTS ICTIOJIB30BAHUS B PAKTHYECKON MEIH-

LIHHE.

BbiBoAabI

[IpoBeneHHBIE HCCIIENOBAHUS TOKa-
3JId, 9TO JUIS YJIYYIICHHS KadecTBa IpO-
THO3UPOBAHUS B COOTBETCTBYIOIIMX pellia-
IOLIMX MpaBWIax LEJIeCO00pa3Ho 00benu-
HATH CIIEAYIOINIEE. MPEAUKTOPHI TPaTUIH-
OHHOM MEIUIIMHBI; TMOKa3aTelld, XapakTe-
pHU3YIOIIHME CTENEHb WIIEMUYECKOro Topa-
JKCHHA TOJIOBHOI'O MO3Ta U cepAna, mokKas3a-
TEeJH, XapakTepu3yromue (yHKIIMOHUPOBa-
HHUE aHTHUOKCHJAHTHON CHCTEMBI, DHEpTre-
TUYECKHHA pa30ajlaHC «CEPJICUHBIX» TOUCK
aKYIyHKTYPBI XapaKTePUCTUKH YPOBHS 3a-
mutel CCC.

[IpoBeneHHass OIlEHKa KadecTBa IpPH-
HHUMAEeMbIX DEIICHUH C HCIOJIb30BAHHEM
METOJIOB AKCIIEPTHOTO OIICHUBAHUS, MaTe-
MaTHYECKOTO MOJICITUPOBAHUS U CTATHUCTH-
YeCKOro

aHaJin3a IIOKa3alia, qTo
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IMOJTY4YCHHBIC FI/I6pI/II[HI>IC HCYCTKUC MO-
ACJIN o0ecrneynBaroT IMPpUEMIIEMOC Kayc-
CTBO IMPOTHO3HUPOBAHUSA ITOABJICHUSA U pa3-
BUTHA I/IBC, a BKJIFOYCHHUC B COCTAaB pcula-
IOIUX IIPaBUII IIOKA3aTCIIA YPOBHS 3allIUThI

CCC mnoBbllIaeT Ka4ecTBO MPUHUMAEMBIX

3aBUCUMOCTH OT KOJIHMYECTBA W KauecTBa
cobupaemoiri mHGOPMAITUK TI0O CPABHEHUIO
C MOJICJISIMH, HE MCITOJIb3YIOIIMMHU TOKa3a-
TEJIA YPOBHS 3aIUTHI, YTO MO3BOJISIET PEKO-
MEHJIOBAaTh IOJYYCHHBIC PE3yJIbTAThl K

MMPaKTUYCCKOMY HCIIOJIb30OBAHHUIKO B CH-

pemennii Ha 10-15% mnponeHTtoB B CTEME 37paBOOXPaHEHMUSI.
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