CoBpemeHHble
NH(OPMaLMOHHbIe
TexHonornu

n UT-o6pasoBaHune

WCCNEAOBAHMSA N PA3PABOTKU B OB/TIACTU HOBbIX UHMOPMALIMIOHHbIX
TEXHOMOIUIA U UX NPUNOXEHWUI

VIK 0048

DOI: 10.25559/SITITO.16.202003.664-672

HUHTe//IeKTya/IbHas NOoAAepPrKKa NPUHATHSA BpayeGHbIX
peleHun

H. ®. Acraxosal, E. U. Kucenesa®

1 ®I'BOY BO «BopoHeXCKUH rocyjapCcTBEHHbIN YHUBEPCUTET», T. BopoHex, Poccuiickas Penepanus
394018, Poccuiickas ®enepanus, r. BopoHex, YHUBepcUTeTCKas miomazap, a. 1

2 dTBOY BO «BopoHeXCKUH rocyjlapCTBEHHbIH NTelaroruyecKui yHUBEPCUTET», I. BopoHexk, Poccuii-
ckast Penepanus

394043, Poccuiickas ®efepanus, r. BopoHex, yi1. JleHuHa, . 86

* ekaterkisel@mail.ru

AHHOTaUA

B AaHHOﬁ CTaTbe NNpeAcCTaBJIeHa pa3pa60’r}ca " UccjiegoBaHue MOoJen (bOpMaJIHBaLU/II/I npormnecca 1no-
CTAaHOBKH AHAarHo3a C UCIoJIb30BaHUEM METOA0B HCKYCCTBEHHOI'O MHTEJIJIEKTA. B HacTodllee BpeMda
CO3JIaHbI U NIPUMEHAKTCA [IPU NIOCTAHOBKE JUAlrHO3a pa3/INdHbIe HCKYCCTBEHHbIE HeﬁpOHHbIe CeTHu U
JKCIIepTHbIE CUCTEMBbI. Ananus AAaHHBIX pa60T TMOoKa3zaJl, 4YTO JaHHbl€ MeTO/ bl IIOKAa3bIBAOT XOpouiue
pe3ysibTaTbl, OAHAKO UMEKT pAg HELOCTATKOB, CAMBIMH CYLIECTBEHHBIM U3 KOTOPbIX ABJIAETCA CJI0XK-
HOCTb OpraHU3aLHUH U 60JIbIIOE BpEMs], 3aTpayrBaeMoe Ha 06y4eHre HEHPOHHOM ceTH. TakuM o6pa-
30M, CTaBUTCsA np06nema pa3pa60TKn HOBBIX aJITOPUTMOB, UMEIOUIHNX BEPOATHOCTb IOCTAHOBKH TOY-
HOTO AUarHo3a, CpaBHUMYIO0 C UCKYCCTBEHHBIMHU HeﬁpOHHbIMI/I CeTAMMU U SKCIIEPTHBIMU CUCTEMaMH U
IpHu 3TOM o6naaa}0mnx MEHBbIINM BpeMEHEM 06y‘{eHI/IH. O/I[HPIM Hnu3 HyTeﬁ peuieHuda 3TOH 3ala4u dB-
JIideTcda pa3pa60'r}<a MozesIn JUAarHOCTUKHU CaxapHOro ,Lma6e'ra Ha OCHOBe€ HCKYCCTBEHHOﬁ PIMMyHHOﬁ
CHUCTEMBI. ]_lef[b}O paGOTbI ABJIAETCA pa3pa60TKa Hn HUcciaengoBaHue MoJen (I)OpMaJ'lI/ISaLU/II/I npornecca
INOCTAHOBKHU AWarHo3a C UCroJib30BaHUeM MeTOA0B UCKYCCTBEHHOI'O MHTEJIJIEKTA. PaCCManl/IBaeTCH
MozeJb Ipouecca NOCTaHOBKH AUArHO3a: HpeLL,E[PIa6eTHOE COCTOsAAHHUE (HapymeHI/Ie TOJIEPAHTHOCTH
K IVIIOKO3€e, HapylleHre TJIMKEMUH HaTollak), Auabet | tuna, auabdert Il Tuna. 3agada AUarHoCTUKU
3a60/1eBaHUSA MOXKET paccMaTpUBaTbLCA KaK 3aZa4da Knaccn(l)mcaunn. B L[aHHOﬁ pa60Te nporecc 1o-
CTAaHOBKH AWArHo3a pacCMaTpUBaJICAd KaK pa3zie/ieHrue JaHHbIX daHAaJIM30B U daHAMHe3a INIalMeHTOB Ha
YeTbIpe KJyiacca, COOTBETCTBYHO WX OAHOMY U3 JUAT'HO30B: npe,zmnaGeTHoe COCTOsSAHHUE (Hapymel—me
TOJIEPAaHTHOCTH K IJIIOKO3€, HapyllleHHe INIMKEMUHU HaTolak), iuabet | Tuna, auadet Il Tuna. s pe-
LIEeHUS 3TOU 3a/ja4y UCIO0JIb30BaJIMCh UCKYCCTBEHHAdA UMMYHHAs CUCTeMa U UCKYCCTBEHHasA HeflpOH-
Has ceTb KoxoHeHa. I/ICKYCCTBEHHE\H WUMMYHHasdA CUCTeMa IpeJCcTaBadeT HﬂeaﬂH3HpOBaHHbIﬁ BApUAHT
€CTeCTBEHHOI'0 aHaJiora U BOCIIPOM3BOAMT KJIFOYEBbIe COCTABJIAKOIIME IPHUPOAHOTIO IIponecca: 0T60p
JIyYIIMX aHTUTEJ MONYJISILMU B 3aBUCUMOCTH OT CcTeneHU X apduHuTeTa (6J1M30CTH) K aHTUTEHY,
KJIOHUPOBAHHWE aHTUTEJI, MyTall¥sd aHTUTEJI.

KiiroueBble €/10Ba: caxapHbld [1abeT, MCKYCCTBEHHAs HEHPOHHAS CeThb, MCKYCCTBEHHAs HMMYyH-
Hasl cucTeMa.
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Abstract

This article presents the development and study of a model for formalizing the diagnosis process using
artificial intelligence methods. At present, various artificial neural networks and expert systems have
been created and are used in the diagnosis. The analysis of these works showed that these methods
show good results, but they have a number of disadvantages, the most significant of which is the com-
plexity of the organization and the large time spent on training the neural network. Thus, the problem
is posed of developing new algorithms that have the probability of making an accurate diagnosis, com-
parable to artificial neural networks and expert systems, and at the same time having less training time.
One of the ways to solve this problem is to develop a model for diagnosing diabetes mellitus based on
an artificial immune system. The aim of the work is to develop and study a model for formalizing the
diagnosis process using artificial intelligence methods. A model of the diagnosis process is considered:
pre-diabetes state (impaired glucose tolerance, impaired fasting glucose), type I diabetes, type II dia-
betes. The problem of diagnosing a disease can be viewed as a classification problem. In this work, the
process of making a diagnosis was considered as dividing these analyzes and anamnesis of patients
into four classes corresponding to one of the diagnoses: pre-diabetes state (impaired glucose tolerance,
impaired fasting glycemia), type I diabetes, and type II diabetes. To solve this problem, an artificial
immune system and an artificial neural network of Kohonen were used. An artificial immune system
represents an idealized version of a natural analogue and reproduces the key components of a natural
process: selection of the best antibodies in a population depending on the degree of their affinity (prox-
imity) to an antigen, cloning of antibodies, and mutation of antibodies.
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666 NCCNENOBAHISA U PASPABOTKIN B OB/IACTU HOBbIX o ik
NHOOPMALIMOHHbBIX TEXHOMOTUI 1 UX MPUMTOXEHUN - - ACTaxX0Ba, t. V. ncenesa
BBeaeHue Ilesib pa6oTHI

[Tpy mocTaHOBKe JJMarH03a MeAUIIMHCKOMY PaGOTHUKY IPUXOANT-
cs1 06pabaThIiBaTh OOJIBIIONM KOJWYECTBO MHPOpManuu. B cBs3u
C 3TUM Bo3pacTaeT HHQOPMaIMOHHAA HArpy3Ka Bpaya, YTO MpH-
BOAUT K QU3NYECKON M IMCUXOJIOTMYEeCKOH yCTaJOCTH, OLIMOKaM
Mpu BbIOOPE Y NPOBeIeHUH JiedeHUs WM 3aTATMBAHUIO polecca
MMOCTAaHOBKHM TOYHOTO JMarHo3a. [10aToMy o4eBHU/IHO, YTO B HACTO-
Allee BpeMsl UMeeTc TeHJ,eHIUs K BO3pacTaHUIo0 YyKcIa pa3paba-
ThIBaeMbIX JUAarHOCTUYECKUX MeJULMHCKUX HHPOpPMalMOHHBIX
cuctem (MUC). Kpome Toro, [loctanoBneHue [IpaButenscTBa PO
Ne555 ot 05.05.2018 «O eguHOM rocyapCcTBEHHOW HHpOpMaIu-
OHHOM cHcTeMe B chepe 3/ipaBOOXpaHEHUSI» CIOCOOCTBYET POCTY
BHe/IpeHUH UHPOPMALMOHHBIX CHUCTEM B 06J1aCTH 3/ipaBOOXpaHe-
HHUA.

MHC nomMoraloT MeJUIIMHCKUM pabGoTHHKaM, 06JIer4arT UX Jes-
TeJbHOCTb, NIPU 3TOM YJIy4llaeTcsl KayecTBO NpPejoCTaBJIseMbIX
MeJHUIMHCKUX ycayrT [1-7].

B naHHOM paboTe paccMaTpUBAIOTCH aJITOPUTMBbI, [TO3BOJIAIOLIME
BBINOJIHUTD U} PepeHIIMPOBaHHYI0 AUATHOCTUKY CaxapHOTO AU-
abeTa NepBOTO U BTOPOTO THUIIA, HAPYIIEHHUS TOJIEPAHTHOCTH K
[JII0KO3€ U HapylIeHHUsl IJIMKeMHUH HaTollaK.

Paspa6oTka ONTHUMa/JIbHBIX CXeM JiedeHHUsl OOJIbHBIX CaXapHbIM
nuabetoM (C/) c roqamMu cTaHOBUTCS Bce 60Jiee BOCTpe6GOBaHHOM
3aZiayeld. HecMoTpsl Ha ycusidg opraHusalui 3/paBOOXpaHeHUs
BO MHOT'MX CTPaHax MHUpa YMCJIO JIIoZleH ¢ 3abosieBaHHEeM JuabeTa
pacTeT NOCTOSIHHO. JTO 3a60/IeBaHKe 3aHUMaeT YeTBepTOe MECTO
B MUpe Cpe/ii IPUYUH peX/eBpeMeHHOW CMepTHOCTH Jitojied. Ha
CEerofHALIHUMI eHb UM CTPaJaloT 0K0JIO 422 MJIH YesJ0BeKa, YTO
coctaBJjisieT 6,028 % oT Bcero HacesieHMs miaHeThl. B Poccuu ca-
XapHbIM ]JUa6eTOM CTPAIal0T 0KOJIO 8 MJIH. YesloBeK. B nocnesHue
JleCITUJIETHS MeJJUKU PErUCTPUPYIOT CTaGUJIBHBIN pocT 3a6oJie-
BaeMOCTH JJUabeToM BO BCeX BO3PACTHbIX rpynnax. Eciu panblue
60J1e3Hb 6bl1a GOJIblLIEe pacnpocTpaHeHa cpeau JuL, crapiue 40
JIeT, TO CeroJiHsl el GOJIEIOT Jjaxke JIeTH U MoApocTKU. UccieoBa-
HUA MOKA3bIBAIOT, UTO JJIs KaXKJOM BO3PAaCTHOM I'PyNIbl Xapak-
TepPHbI CBOM 0COGEHHOCTH TeyeHHUs 3a60s1eBaHUs. [[pUYUHBI 3TOTr0
3a00J1eBaHUs 10 KOHIA He u3ydyeHbl. OZIHAKO yyeHble IOJIaraoT,
YTO OCHOBHOM MCTOYHUK TAKOH TEHJEHLUHU SIBJISETCS MaJoIoj-
BWKHBIN 00pa3 »HU3HU U HeraTUBHasl 9K0JIOrMYecKasi 00CTaHOBKa.
HM3BecTeH psii paboT OTEYECTBEHHbIX U 3apyOeXHbIX UCCIe0Ba-
HUH, B KOTOPBIX OCYIECTBJISINCh MOMbITKH JUAarHOCTUKHU caxap-
HOro AuabeTa NepBOro WM BTOPOrO THUIA, B CBOEH OCHOBE OHHU
HCIOJIb30BAJIM TEXHOJIOTMU UCKYCCTBEHHOI0 MHTeJIeKTa. Cpesu
Hux pa6otsl E. A. [lycTtosepoBa, T. A. O6esen, Kupana Tanrozaa, O.
[1. llecTrepHukoBoH, lunun Kymap Uyou, 0. M. Anaze, . Bumxka-
ampy, [k, [pxaswpu [8-15].

AHanu3 JaHHBIX PAGOT MOKa3aJ, YTO JlaHHble METO/bl 0Ka3bl-
BAIOT XOpOLIME pe3y/abTaThbl, OJJHAKO HMEIT psiJi HeJOCTATKOB,
CaMbIMM CyLI€CTBEHHbIM U3 KOTOPBIX SIBJISIETCS CJIOXKHOCTb Opra-
HU3ALMU U GOJIbLIOE BpeMsl, 3aTpayrMBaeMoe Ha oby4yeHHe Hel-
poHHo¥ ceTu. TakuM 06pa3oM, CTaBUTCS NpobseMa pa3paboTKH
HOBBIX 2JITOPUTMOB, UMEIOIHUX BEPOSITHOCTb TOCTAHOBKU TOYHOT'O
JIMarHo3a, CPAaBHUMYIO C UCKYCCTBEHHbIMU HEHPOHHBIMU CETSMHU
U 3KCIEPTHBIMU CHCTEMAMHU U HPU 3TOM 06/1aJAI0I[UX MEHbIIUM
BpeMeHeM 06y4yeHus. OAHUM U3 MyTel pelleHUs ITON 3a/jauH fB-
JieTcs pa3paboTKa MoJie/IM JUArHOCTUKHU CaxapHOro AuabeTa Ha
OCHOBE UCKYCCTBEHHON HMMYHHOM CUCTEMBI.

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

]_leJIb}O pa60TbI ABJIAETCA paspa60TKa U HccJieJloBaHUEe MOoJen
cl;opmannsaunn nponecca nNoCTaHOBKU AUAarHo3a ¢ UCIoJIb30BaHU-
€M MeTOZI0B UCKYCCTBEHHOI'O UHTEJIJIEKTA.

MaTepﬂaJIbI 1 MeTOoAbl

PaccMoTpuM MoJiesib mpoliecca NOCTAHOBKH JiMarHo3a: npejaua-
6eTHOe COCTOsIHMe (HapylleHHe TOJIePaHTHOCTH K IVIIOKO3€, Hapy-
IeHHe [JIMKeMUH HaTollak), juabet | tuna, auabet I Tuna.
3alaya JUarHoCTHUKM 3a60/1eBaHUA MOXET pacCMaTPUBATbCs KaK
3ajjaya kJaaccudukanuu. B qaHHOM paboTe mpoluecc NocTaHOBKU
JIMarHosa paccMaTpUBaJICs KaK pasjesieHue JaHHbIX aHaJIM30B U
aHaMHesa NallMeHTOB Ha YeThIpe KJ1acca, COOTBETCTBYIOIIHUX OHO-
My M3 JJMarHo30B: NpejAjrabeTHOe COCTOsIHMe (HapylleHue ToJle-
PaHTHOCTH K IVIIOKO3€, HapyllleHHe [JIMKeMHH HaTollak), AuaberT |
THhna, guader Il Tuna.

s pelieHUst 3TOHM 3aZlauyM MCII0JIb30BAJINCh UCKYCCTBEHHAS UM-
MYHHasl CUCTeMa U UCKYCCTBeHHasl HepoHHas ceTb KoxoHeHa.
HckyccTBeHHass MMMyHHasi CUCTeMa IpPeJCTaBJseT HJeaausu-
pPOBaHHBIA BapUaHT eCTECTBEHHOI'O aHaJora U BOCIPOU3BOJUT
KJII0U€eBble COCTABJISIOLME IPUPOJHOTO Npoliecca: 0TOOP JIYUIIUX
QHTUTEJ MONYJIALUU B 3aBUCUMOCTH OT CTeneHu ux apduHUTETA
(6s1M30CTH) K aHTUT€EHY, KJIOHUPOBaHUEe aHTUTEJI, MyTalUsl aHTH-
Tes1 [16-25]. AITOpUTM HCKYCCTBEHHON HMMYHHOM CUCTEMBI TIPeJI-
CTaBJIeH Ha pUcyHKe 1.

Buibop anTuresa l

lenepauns nonyaauwum aumpouuTos

¥
Beruucnesue addmunoctn
mOUMTOB K auTureny u seibop
TMMAOUHTA ¢ HATYSIIHM
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KOTOPBIX MEHBLIE 33JAHHOIO

YpoBHS

I
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TMMAOUHTOR B NONYIALMH
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uMpOLHTOB

|
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ONTHMATEHOCTH
A0CTHIHYT?

Py c. 1. AITOpUTM MCKYCCTBEHHOM HMMYHHOM CHCTEMBI

Fig. 1. Artificial immune system algorithm

B npeanaraeMoi/i PICKyCCTBeHHOﬁ PIMMyHHOﬁ CUCTeMe B Ka4eCTBe
AHTUI'€Ha pacCMaTpHUBAETCA BEKTOpP g, KOMIIOHEHTaMH KOTOpPOro
ABJIAKOTCA BEl€eCTBEHHbIE U 6y}16BbI 3Ha4Y€HUd OTpaxarwuue AaH-
Hbl€, ITOJIy4Y€HHbIE B X0/ie c60pa dHaMHe3a U KJIMHUYeCKHX UcCcJie-
ﬂOBaHPlﬁ NnangueHTa, JUarHo3 KoOToporo H606XOL[I/IMO OonpeAeJIuThb.
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g= (91,92 - 915), re 91 — non nanuenTa, g, — GyneBa ne-
peMeHHas, oTpaxkawmas GakT POKAEHUs y NMalueHTa pebeHkKa
BECOM CBbILIE 4 KT, §3 — BO3pacT, §4 — BeC, 5 — poCT, S — UH-
JIEKC Macchl TeJa, J; — Jo — GyJIeBbl IepeMeHHbIe, OTpaKaIoIHe
Ha/IMYMe y MalMeHTa POACTBEHHUKOB, HMEKIMX CaXapHbIi /Ha-
6eT, OJIMAUIICHIO ¥ [IOJIHYPHIO, Jq( — YPOBEHb IJIIOKO3bI ILJIa3Mbl
HaToWaK, J11 — YPOBEHb IVIIOKO3bI MJIa3Mbl Yepes 2 yaca nocje
UCIOJIb30BaHUsl EePOPAJIbHOTO IJIOKO30TOJEPAHTHOTO TECTa,
912 — ypoBeHb IIIOKO3bI NPU CIyYalHOM ompejeneHut, gi3 —
HbAlc, 914 — uncynuH, 815 — C-nentu,

AnTuteno npescrasaser co6oii Bekrop, | = (I, 15 ... l;¢), Tae
l; — l;5 mocnen0BaTeNbHOCTD BENECTBEHHBIX M Gy/IeBbIX 3HAYE-
HUii, aHAJIOTMYHbIX aHTUTEeHY, |1 — JMarHO3 MalMeHTa, KOTOPbIH
COOTBETCTBYET TaKUM MoKa3aTeasiM. KOMIOHEHTbI BEKTOPOB aH-
TUTE/ U aHTUTEHOB Ha30BEM reHaMu. AHTHUTEJA, IPUHAJIEKAT K
OZIHOMY M3 YEThIPeX KJACCOB, B COOTBETCTBUM C MOCTaBJIEHHBIM
JIMarHO30M: ZInabeT MepBOro WM BTOPOTO THIA, HAPYIIEHHE TO-
JIEPAaHTHOCTH K IVIIOKO3€, HapylleHWe IJIMKEMUHU HaTolaK. 3a/a-
4ell UMMYHHOM CHCTEMBI SIBJISIETCS OMPEJENUTD, K KAKOMY KJIaccy
OTHOCHTCS] aHTUTEH.

AnropuT™M 00y4YeHHMs MCKYCCTBEHHOW HMMYHHOW CHCTEMbI

MO>KHO NpeACTaBUThb CJ1eJyI0LUM 06pa3oM.

1. Tlosb30BaTesib BHOCUT B TEKCTOBOE I0JIe HAa3BaHUE JIUarHo-
3a, MOCTAaHOBKe KOTOPOT0 HEO6XOJUMO OOYYUTH CUCTEMY U
WHULIMUPYeT Hadyauo 06y4yeHus.

2. Cospaercs rpynma anturtesn l;, i = 1...1n, kaxgoe U3 KoTo-
pBIX NOJIyyaeT Ha3BaHHe BBeJIEHHOIO IOJib30BaTeJieM Ju-
arHosa. 3HayeHHsi KOMIOHEHT BeKTOpa KaX/loro aHTUTeJa
3a/JIal0TCs CIy4YalHbIM 06pa3oM.

3. W3 y4eGHOro Habopa JaHHBIX CIy4alHBIM 00pa30M BbIOHpa-
eTcsl aHTUreH g = (gl,gz ...915), 3HaAYeHHUs MoKa3aTesen
KOTOPOI'0 COOTBETCTBYIOT BBeZleHHOMY 110JIb30BaTeJIeM Aua-
rHO3Y.

4.  Bobruucasercsa QyHKUUA apPUHHOCTH aHTUTEJ K aHTUTeHY 10
c/le/yroleMy paBuiy:

A = k /15, rge k - uuci0 reHOB aHTHUTEJIA, YAOBIETBOPSIO-
LIMX YCIOBUIO
li—gil <eai=1,..,15 a= 0,05

5. KtanrturtenaM, abGUHHOCTb KOTOPBIX K aHTUT'€HY NpeBblla-
eT YCTAHOBJIEHHBIN NMOPOT p, IPUMeHseTCs NpoleAypa KJo-
HUPOBAHHUA, B X0Jle KOTOPOM CO34aeTcss m KONMHUHM KaxKJoro
aHTUTeJa.

6. K Kk/JI0HaM aHTHUTeJ IPUMEHSETCA ONlepaTop MyTaLUH, COCTO-
SIIUKA B CJIyYalHOM BBIOOpE T€HOB U BHECEHHS CAyYalHbIM
06pa3oM U3MeHeHHUH B X 3HAaYeHHUSl.

7.  Bbraucasiercsa aGPUHHOCTb KJIOHOB aHTHUTEJL.

Yuuuroxaercs [ (I>mt) aHTHTe ¢ HaUMeHblIeH apPUHHOCTBIO.

9. YMCJEHHOCTb MOMYJSIMHA BOCCTAHABJMBAETCS MyTeM reHe-
pUpOBaHUs CJy4yalHbIM 06pa30M n-l HOBbIX AaHTUTEJI.

10. Ilaruy 4-9 noBTOPAITCA [0 TeX OP, I0KA He TPOUCXOAUT CTa-
O6UIM3aLUA NOMYJIALMU Ha TPOTSXKEHUH HEKOTOPOIo KoJinye-
CTBa LIUKJIOB.

11. ToBTopstoT waru 3-9 A0 TeX Mop, NoKa He GYAYT UCI0JIb30Ba-
HbI BCE aHTUTEHBI U3 Y4eOHOU BBIGOPKH.

12. Bce aHTHTeJIa U3 NOMYJIALMHU A06ABJISAIOT B OT/I€JIbHYIO I'PYTI-
My, NpeJiHa3HAYeHHY [AJ JaJbHeHLIero HCroJb30BaHUsA
MPH NOCTAaHOBKeE JIUarHo3a.

I
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OnucaHHBIYA NMPOLECC NOBTOPSIIOT NPU HEOGXOAMMOCTH 00y4YeHHs
MMMYHHOH CHCTeMe [I0CTaHOBKE JPYTUX AUarHO30B.

IlocTaHOBKA JMarHo3a OCYLLeCTBJISIETCA Ha OCHOBe CJeJylo-

el noc/jie 0BaTe/IbHOCTH LIAr0B:

1. B kadecTBe aHTWUIeHa CUCTeMe NpeJbsBJISIETCS BEKTOp, CO-
JlepKalllui JaHHble NalMeHTa, KOTOpOMy TpeGyeTcss mocra-
BUTb JMArHO3.

2. V3 nomynsiuuu aHTUTeEN C/ly4alHbIM 06pa3oM OTOUpPAETCs
HEKOTOpOe KOJMYeCTBO aHTHUTEJ, OTHOCSIIUXCA K pasyind-
HBIM KJlacCaM BO3MOKHbIX IMarHO30B.

3. TlopcyuThIBaeTCs YUCIO aHTUTEJ B BbIOPAHHOUM MOMYJSIIUA
OTHOCALIMXCA K KJIaccy dl-l, rae i=1,...4.

4. 1laru 4-10 npefblAyL1ero aJiropuTMa NoBTOPSOTCA /15 BbI-
GpaHHOY MOMYJISLUH, /10 TEX MOp, T0Ka He 6yZeT JOCTUTHYTa
ee cTabW/IM3alys Ha NMPOTSKEHUH HEKOTOPOTO KOJIMYecTBa
LIMKJIOB.

5. TlopcyuThIBaeTCs YUCI0 aHTUTE B BbIOPAHHOU MOMYJISIUA
OTHOCALIMXCA K KJIACCy C HOMEPOM | diz' rae i=1,...4.

6. ,HJIH KaxXzaoro KJ1acca BbIYUC/ISAETCA OTHOILIIEeHHEe
2
ds
z
v,=—"+,i=1,..4.
i 17 ’
d;

Ecu To/IbKO 0/IHO M3 3THX OTHOLIEHUH GoJibllle 1, HOMep KJacca
COOTBETCTBYET MOCTABJIEHHOMY JAMarHosy, B MIPOTUBHOM CJIy4ae,
MOBTOPSIOTCS ATy aJropyuTMa 2-6, OJHaKO B MOMYJSLUI0 BKJIIO-
4al0TCH TOJHLKO aHTUTE/A TeX KJIAcCoB, A8 KoTopbix U; > 1.
3a/1aya MOCTAaHOBKH JIHarHo3a MOXET ObITh PACCMOTPEHA Kak 3a-
Jaya Kjaccupukanuu. 3asada KjaccuUKaluuu Oblia pelieHa C
HCIIOJIb30BaHMEM HEHPOHHOU ceTH KoxoHeHa.

B cetu KoxoHeHa 4HMC/I0 BXOZOB KaXK/0ro HEHpOHaA paBHO pas-
MEpHOCTH MapaMeTpoB KJjaccupuuupyemMoro ob6bvekTa. B Hamem
cayvae KJacCuGUIMPOBAThCA OYAyT pe3y/IbTaThl aHAJTU30B U JaH-
Hble TaneHTOB. Kak onpeseneHo paHee, JaHHbIE ALIUEHTOB CO-
Jepkat 15 mokasaresiel, T.e. KaX/1blil HEHPOH UMeeT NSATHAAATh
BX0/10B. Kostm4ecTBO HEHPOHOB paBHO YUCJIY JUAarHO30B, KOTOPbIEe
MOTYT GbITh NOCTABJIEHBI NAl[MeHTaM. B JaHHOM paboTe nanueHThI
OyAyT paszeseHbl Ha 4 TPyIIbI:

1. 6osbHBIE caxapHbIM AnabeToM | Tuna;

2 60JibHbIE CaxapHbIM JuabeToM Il Tuna;

3. 6oJsibHBbIE C HAPYLIEHUEM IVIMKEMUHU HATOLIAK;

4. OoJibHBIE C HAPYLIEHHEM TOJIEPAHTHOCTH K TJIIOKO3€.

AnroputMm o6ydyeHus cetu KoxoHeHa COCTOUT U3 CJIeJyIOLIUX

1Iaros.

1. HWHunmanusanus ceTH.

2. Tlpucsoenue BECOBBbIM ko3 PpureHTam ceTn
Wi, i = 1,n,j = 1, m manbix ciy4aiiHbIx 3Ha4eHHUH. 3aja-
10TCs 3HaYeHUs:: g — HavYaJbHBIM TeMI 00y4eHUs U Do —
MaKCHMaJIbHOE PACCTOSIHHE MeXAY BEeCOBBIMH BEKTOPaMH
(cTonbuamu MaTpuust ).

3. IlpexabsiBieHHe CETH HOBOTO BXOAHOTr0 curHasia X M3 obyda-
fo11el BBIOOPKH.

4.  BbluMc/eHHe DACCTOSIHUS OT BXoaa X /10 BCeX HEMPOHOB CETH:

dj =X (X - W2 j=1m

5. BoiGop HelipoHa k,1 < k < m ¢ HAaUMEeHbLINM PACCTOSHU-
eMm d; OT BX0oJa 10 HEHPOHOB CETH.
6. Hacrtpoiika BecoB -ro HelHpoHa M BCeX HEHWPOHOB, HAXO-
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AAIIUXCA OT Hero Ha pacCTOAHHH, He IMPeBOCXOoASAlEeM
. N+1 _ N N

7. YMeHbllueHHe 3HauYeHUM AN, Uy .

lllaru 2-7 MOBTOPAITCA A0 TeX MOp, NOKa Beca He MepecTaHyT
MeHATbCA (WM N0Ka CyMMapHOe M3MeHeHHe BCeX BeCOB CTaHeT
MeHbllle BeJINYMHBI, 3aZJlaHHOH [10J1b30BaTe/IEM).

[Tocsie 06yyeHHUs ceTH NMOCTAHOBKA JMarHo3a BbINOJHAETCA I0-
CPe/ICTBOM II0ZIa4i UCIIBLITYEMOI0 BEKTOPA Ha BXOJ, CETH U BBIUHMC-
JIEHUS paCCTOAHUA OT HETO, 10 KaXKJ,0ro HelipoHa ¢ NoC/Iejyo1uM
BbIGOPOM HeHpoHa C HaMMEHbUIMM PacCTOSAHUEM B KayecTBe WH-
JiMKaTopa kJjacca. Homep BbIGpaHHOro Kjiacca COOTBETCTBYeT J1U-
arHo3sy naiueHTa.

Pe3synbTaThl

BbL10 Mpon3BeieHO CpaBHEHHE TOYHOCTH MOCTAaHOBKH IMarHo3a C
HCI0JIb30BaHWEM HCKYCCTBEHHOW HEHPOHHOM CeTH U UCKYCCTBEH-
HOW UMMYHHOU CHCTEMBI.

1 opraHusanuu paboThl IPOrpaMMHOI0 KOMIIJIEKCA MCI0/b30-
BaJIMCh JaHHble 186 nanueHTOB C U3BECTHBIMU 3aKJ/JIIOUHUTEbHBI-
MU AuarHosamu. B o6ydaromyto Bei6opky Bomin 100 3amuceis, B
KOHTPOJIbHYIO BBIGOPKY 86 3amucei.

JlMarHo3bl NalMeHTOB, KOTOpble MOJIy4eHbl B XoJe paboThl Npo-
rPaMMHOI'0 KOMIIJIEKCA, CPAaBHUBAJIMCh C U3BECTHBIMU 3aKJIIOUM-
TeJIbHBIMU JIMarH03aMH, Jjajiee BbIYMCJISIICS TPOLIEHT COBNAIeHUH
C IOJIyYEHHBIMH B X0Zle paboThl IPOrpaMMBbl.

Ta6sauial CpaBHeHHe pe3y/IbTaTOB NOCTAHOBKH JUardo3a

Table 1. Diagnosis results comparison

MeToz IIpoueHT NPaBUJILHO NOCTABJIEHHBIX
AUATHO30B

JluHeiHbIH KaaccudukaTop (HelipoHHas ceThb ¢ 1 cioem) 88 %

HelipoHnHas ceTb KoxoHeHa 92 %

UckyccTBeHHasi UMMYHHasi CUCTEMA C HayaJlbHOU nonyJsisinueit n=80 95 %

HcKyccTBeHHas MMMyHHasl CHCTeMa C HadaJIbHOM NomnyJisnyel antutes n=100 96 %

HckyccTBeHHasi UMMYHHasl CUCTEMa C HayaJlbHOU nonysisinveit antutesn n=200 96 %

Kak BU/IHO U3 pe3y/bTaTOB NMPOBE/J€HHBbIX 3KCIIEPUMEHTOB, Hau-
Jly4lllve pe3yJbTaThbl T0Ka3aja UCKyCCTBEeHHAss UMMYyHHas CHUCTe-
Ma C Haya/IbHOH nomnyJsinuei, npesbliatonieii 100 aHTUTe .

BbL1 pa3paboTaH nporpaMMHBIN KOMILJIEKC, peaIu3yoLUi pa3pa-
60TaHHble aJIFOPUTMbI U MoJiesii. CpeZiIcCTBOM peaiM3al iy NOCTaB-
JIEHHBIX 33/1a4 OBLIM BbIOpaHBI cpesa pa3paborku C++ Builder u
CYB/l Paradox. ®yHKIIMOHaIbHAs CXeMa MPOTPAaMMHOTO TPOAYKTA
MpUBe/leHa Ha pUCYHKe 2.

AnMHUHHECTpATOp

Monyinb HacTpoitkn
MPOrPaMMHOTO KOMILIEKCA

e N

Monyne paboTsi ¢
MCKYCCTBEHHO#
MMMYHHO#
CHCTEMBI

PN

Monynb 06yuenus
HCKYCCTBEHHO#
MMMYHHOIT
CHCTEMBI

Ilonb3oBarens

—>

Moynb pabots ¢
HEeUpPOHHOIT ceThIo

Monyis
TIOCTAaHOBKH
JIMarHosa ¢
HEHPOHHO

CETBIO

Monyns
TIOCTAHOBKU
JIMarHo3a ¢
MCKYCCTBEHHOH
HMMMYHHOU
CHCTEMBI

Monyms
00yueHus
HeHpoHHOI
cetTu

baza gaHHbIX

P u c. 2. DyHKIMOHA/IbHAsA CXeMa NPOrpaMMHOr0 KOMILIeKca

Fig. 2. Functional diagram of the software package

[IporpaMMHBIF KOMIJIEKC pa3/ie/ieH Ha 2 4acTH, YacThb M0JIb30Ba-
TeJss (MalMeHTa) ¥ 4acTh aIMUHUCTpaTopa (Bpaya). [lepBas yactb
CUCTeMBbl AJ1s1 paboThl aZAMHUHHUCTpaTopa (Bpaya), oHa HpeJHa-
3HayeHa /I HaKOIJIEHHUs] ¥ XpaHeHHs HTHPOPMaLMH, HaCTPOUKHU

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

06y4eHHsI ¥ NMOCTAaHOBKHM JMarHo3a C MOMOLIbI0 MCKYCCTBEHHOH
HEMPOHHOU CeTH M HCKYCCTBEHHON MMMYHHOU cHcTeMbl. BTopas
4yacTb obecrieyrBaeT paboTy Mmosb30BaTes (anreHTa) U MpeHa-
3HayeHa /Il NOCTAaHOBKH JuarHosa. CTpyKTypHas cxeMa B3auMo-
JIeHCTBUSI OCHOBHBIX MOJy/Iell TOKa3aHa Ha PUCYHKe 3.

ITonk3oBarens
Baza jannbIx
Ucnonusemas
CYB/] Paradox TporpaMMa Ha
s3pike CH++

Mopyns paGoTsl ¢ Monyib
HCKYCCTBEHHOM paboTel ¢
HUMMYHHO# CHCTEMBI HEHPOHHOK

v d

ITocranoska
JuarHosa

ITocranoBka

JIMarHo3a

‘ OO0yuenue ‘ ‘ ‘ ‘ O0yuenue ‘

P u c. 3. CTpyKTypHas cxeMa B3auMO/IeHCTBHA MOZly/Iel NPOrpaMMHOT0
KOMILJIEKCa

Fig. 3. Block diagram of the interaction of the modules of the software package

3aK/o4yeHue

B naHHOM pa6oTe moJjiyyeHbl c1e/lylole OCHOBHbIE Pe3yJIbTaThl.

1. PaspaGoraHa ¢popmasbHas MOJesIb IPOLiecca MOCTAHOBKH JIU-
arsosa.

2. Pa3paboTaH aJiropuTM IIOCTAaHOBKM JHarHosa: INpejaua-
6eTHOe COCTOsIHHe (HapylleHHe TOJEPAaHTHOCTH K IJIIOKO3e,
HapylleHWe IIMKeMHH HaTOIakK), Auabet | Tuma, auaber II
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THIA, OTJIMYAOLUIUHACI UCI0Jb30BaHHEM MUCKYCCTBEHHOU HUM-
MYHHOM CHCTEMBI.

Paspa6GoTaH aJaropuT™m MU MoJesib HeHpoHHOU ceTu KoxoHe-
Ha, NI03BOJIAOIAs pellaTh Npo6seMy IOCTaHOBKY JUarHosa:
npesauabeTHOe COCTOsIHME (HapyLleHHe TOJIEPAaHTHOCTH K
[JIIOKO3€, HapylleHHe IIMKEMHHM HaTollak), AuabeT | THma,
nuatert Il Tuna.

[TpousBesieHO cpaBHeHHE 3)GEKTUBHOCTH OCTAaHOBKH JHa-
rHO3a C MCIOJIb30BAaHHEM HEMPOHHBIX CeTeH U MCKYCCTBEH-
HOW UMMYHHOM CHCTEMBI.

Co3/1aH MPOrpaMMHbBIH KOMILJIEKC, PeasIN3Y IO OMHUCaHHbIE
aJITOPUTMBL.

CnMCOK MCNO0JIb30BAHHBIX UCTOYHHUKOB

(1]

(2]

(3]

[4]

[5]

Haglin, J. M. Artificial neural networks in medicine / J. M.
Haglin, G. Jimenez, A. E. M. Eltorai. — D01 10.1007 /s12553-
018-0244-4 // Health and Technology. — 2019.— Vol.
9, issue 1.— Pp. 1-6. — URL: https://link.springer.com/
article/10.1007/s12553-018-0244-4 (maTa o6palieHus:
11.06.2020).

Soumya, C. V. Artificial neural network based identifi-
cation and classification of images of Bharatanatya ges-
tures / C. V. Soumya, M. Ahmed.— DOI 1010.1109/
ICIMIA.2017.7975593 // 2017 International Conference
on Innovative Mechanisms for Industry Applications
(ICIMIA). — Bangalore, 2017.— Pp. 162-166.— URL:
https://ieeexplore.ieee.org/document/7975593 (maTa
obpawenus: 11.06.2020).

Nowikiewicz, T. Application of artificial neural networks for
predicting presence of non-sentinel lymph node metasta-
ses in breast cancer patients with positive sentinel lymph
node biopsies / T. Nowikiewicz, P. Wnuk, B. Matkowski,
A. Kurylcio, ]. Kowalewski, W. Zegarski.— DOI 10.5114/
aoms.2016.57677 // Archives of Medical Science.—
2017.— Vol. 13, no. 6. — Pp. 1399-1407. — URL: https://
www.archivesofmedicalscience.com/Application-of-artifi-
cial-neural-networks-for-predicting-presence-of-non-sen-
tinel,60521,0,2.html (zaTa o6pamenus: 11.06.2020).
Sheikhtaheri, A. Developing and Using Expert Systems
and Neural Networks in Medicine: A Review on Benefits
and Challenges / A. Sheikhtaheri, F. Sadoughi, Z. Hashemi
Dehaghi.— DOI 10.1007/s10916-014-0110-5 // Journal
of Medical Systems. — 2014. — Vol. 38, issue 9. — Article
110. — URL: https://link.springer.com/article/10.1007/
s10916-014-0110-5 (zaTa o6pamenus: 11.06.2020).
Ultsch, A. Integration of Neural Networks and knowl-
edge-based systems in medicine / A. Ultsch, D. Korus, T.
0. Kleine.— DOI 10.1007/3-540-60025-6_170 // Ar-
tificial Intelligence in Medicine. AIME 1995. Lecture
Notes in Computer Science (Lecture Notes in Artificial
Intelligence); P. Barahona, M. Stefanelli, ]. Wyatt (ed.).
Springer, Berlin, Heidelberg. — 1995.— Vol. 934.—
Pp. 425-426.— URL: https://link.springer.com/chap-
ter/10.1007%2F3-540-60025-6_170 (mata o6palieHus:
11.06.2020).

Summers, R. M. Deep Learning and Computer-Aided Diag-
nosis for Medical Image Processing: A Personal Perspective

Vol. 16, No. 3. 2020 ISSN 2411-1473 sitito.cs.msu.ru
I — and IT-Education

(7]

(9]

[10]

[11]

[12]

(13]

/ R. M. Summers.— DOI 10.1007/978-3-319-42999-1_1
// Deep Learning and Convolutional Neural Networks for
Medical Image Computing. Advances in Computer Vision
and Pattern Recognition; L. Lu, Y. Zheng, G. Carneiro, L. Yang
(ed.).Springer,Cham,2017. — Pp.3-10. — URL: https://link.
springer.com/chapter/10.1007%2F978-3-319-42999-1_1
(maTa o6pamenus: 11.06.2020).

Wang, J. Quantitative Analysis of Ca, Mg, and K in the Roots
of Angelica pubescens f. biserrata by Laser-Induced Break-
down Spectroscopy Combined with Artificial Neural Net-
works / J. Wang, M. Shi, P. Zheng, Sh. Xue, R. Peng. — DOI
10.1007/s10812-018-0631-7 // Journal of Applied Spec-
troscopy. — 2018.— Vol. 85, issue 1.— Pp. 190-196. —
URL: https://link.springer.com/article/10.1007 /s10812-
018-0631-7 (naTa o6pauenus: 11.06.2020).

Sejdinovi¢, D. Classification of Prediabetes and Type 2 Diabe-
tes Using Artificial Neural Network / D. Sejdinovi¢ [et al.]. —
DOI 10.1007/978-981-10-4166-2_103 // CMBEBIH 2017.
IFMBE Proceedings; A. Badnjevic (ed.). Springer, Singapore. —
2017.— Vol. 62. — Pp. 685-689. — URL: https://link.spring-
er.com/chapter/10.1007%2F978-981-10-4166-2_103
(mata obpamenus: 11.06.2020).

Alade, 0. M. A Neural Network Based Expert System for
the Diagnosis of Diabetes Mellitus / O. M. Alade, O. Y. Sow-
unmi, S. Misra, R. Maskelitinas, R. Damasevicius. — DOI
10.1007/978-3-319-74980-8_2 // Information Technology
Science. MOSITS 2017. Advances in Intelligent Systems and
Computing; T. Antipova, A. Rocha (ed.). Springer, Cham. —
2018. — Vol. 724. — Pp. 14-22. — URL: https://link.spring-
er.com/chapter/10.1007%2F978-3-319-74980-8_2 (zmarta
ob6pamenust: 11.06.2020).

Srivastava, S. Prediction of Diabetes Using Artificial Neural
Network Approach / S. Srivastava, L. Sharma, V. Sharma, A.
Kumar, H. Darbari. — DOI 10.1007/978-981-13-1642-5_59
// Engineering Vibration, Communication and Information
Processing. Lecture Notes in Electrical Engineering; K. Ray,
S. Sharan, S. Rawat, S. Jain, S. Srivastava, S. Bandyopadhyay
(ed.). Springer, Singapore. — 2019. — Vol. 478. — Pp. 679-
687. — URL: https://link.springer.com/chapter/10.1007%
2F978-981-13-1642-5_59 (nara o6pamenus: 11.06.2020).
Li X. Artificial intelligence neural network based on intelli-
gent diagnosis. / X. Li. — D01 10.1007 /s12652-020-02108-
6 // Journal of Ambient Intelligence and Humanized Com-
puting. — 2021. — Vol. 12, issue 1. — Pp. 923-931. — URL:
https://link.springer.com/article/10.1007 /s12652-020-
02108-6 (nara o6pamenus: 11.06.2020).

Asad, M. A Review of Continuous Blood Glucose Monitor-
ing and Prediction of Blood Glucose Level for Diabetes Type
1 Patient in Different Prediction Horizons (PH) Using Ar-
tificial Neural Network (ANN) / M. Asad, U. Qamar. — DOI
10.1007/978-3-030-29513-4_51 // Intelligent Systems
and Applications. IntelliSys 2019. Advances in Intelli-
gent Systems and Computing; Y. Bi, R. Bhatia, S. Kapoor
(ed.). Springer, Cham. — 2020.— Vol. 1038. — Pp. 684-
695. — URL: https://link.springer.com/chapter/10.1007%
2F978-3-030-29513-4_51 (z#aTa o6pamenus: 11.06.2020).
Raihan, M. Diabetes Mellitus Risk Prediction Using Artificial
Neural Network / M. Raihan, N. Alvi, M. Tanvir Islam, F. Farza-

Modern
Information
Technologies



NCCNEAOBAHNA N PASPABOTKI B OB/TACTW HOBbIX
670 | 1HEOPMALMOHHBIX TEXHOMOT I 1 X MPUNOXEHH M. . Actaxosa, E. 1. Kncenesa
na, M. Mahadi Hassan. — D01 10.1007/978-981-15-3607-6_7 er Science; Y. Tan, Y. Shi, Z. Ji (ed.). Springer, Berlin, Heidel-
// Proceedings of International Joint Conference on Compu- berg. — 2012. — Vol. 7331. — Pp. 284-290. — URL: https://
tational Intelligence. Algorithms for Intelligent Systems; M. link.springer.com/chapter/10.1007/978-3-642-30976-2_34
S. Uddin, J. C. Bansal (ed.). Springer, Singapore, 2020. — Pp. (maTa obpamenus: 11.06.2020).
85-97. — URL: https://link.springer.com/chapter/10.1007%  [21]  Astachova, I. F. The application of artificial immune system
2F978-981-15-3607-6_7 (naTa o6pamenus: 11.06.2020). for parallel process of calculation and their comparison with
[14]  Arul Kumar, D. Application of back propagation artifi- existingmethods /1. F. Astachova, S. A. Ushakov, A. 1. Shashkin,
cial neural network in detection and analysis of diabe- N.V.Belyaeva. —D0I110.1088/1742-6596/1202/1/012003
tes mellitus / D. Arul Kumar, T. Jayanthy. — DOI 10.1007/ // Journal of Physics: Conference Series.— 2019. — Vol.
s12652-020-02371-7 // Journal of Ambient Intelligence 1202. — Pp. 012003. — URL: https://iopscience.iop.org/
and Humanized Computing. — 2020. — URL: https://link. article/10.1088/1742-6596/1202/1/012003/pdf (maTa
springer.com/article/10.1007%2Fs12652-020-02371-7 obparenus: 11.06.2020).
(maTa ob6pamenus: 11.06.2020). [22]  KamwupwuHa, U. JI. HeiipoceTeBbie Texnosoruu / U. JI. Kamu-
[15] Jayashree, ]. Linear Discriminant Analysis Based Genetic Al- puHa. — BopoHex: u3za-so BI'Y, 2008.
gorithm with Generalized Regression Neural Network — A [23]  AcraxoBa, U. @. AIropuT™ HCII0/1b30BaHUS UCKYCCTBEHHOMN
Hybrid Expert System for Diagnosis of Diabetes /].Jayashree, MMMYHHOW CHCTEMBI /IJIsi ONTHMHU3ALUK LeJIEBOr0 KOMIIO-
S. A. Kumar. — DOI 10.1134/S0361768818060063 // Pro- HeHTa MHQOPMALMOHHON o06pa3oBaTesbHOU cucteMbl / Y.
gramming and Computer Software. — 2018. — Vol. 44, is- ®.AcraxoBa, E. U. Kucenesa // BectHuk Boponexckoro ro-
sue 6.— Pp. 417-427. — URL: https://link.springer.com/ cyzilapcTBeHHOTo yHUBepcuTeTa. Cepusi: CUCTEMHBIN aHAIHU3
article/10.1134/S0361768818060063 (maTa obpalieHus: 1 uHpopMaloHHble TexHosornuu. — 2017. — Ne 2. — C. 61-
11.06.2020). 65. — URL: https://www.elibrary.ru/item.asp?id=29880179
[16]  Sahan, S. The Medical Applications of Attribute Weight- (maTa ob6pamenus: 11.06.2020). — Pe3. aHru.
ed Artificial Immune System (AWAIS): Diagnosis of Heart [24]  Holland, J. H. Adaptation in Natural and Artificial Systems:
and Diabetes Diseases / S. Sahan, K. Polat, H. Kodaz, S. An Introductory Analysis with Applications to Biology, Con-
Giines.— DOI 10.1007/11536444_35 // Artificial Im- trol, and Artificial Intelligence / J. H. Holland. — Cambridge:
mune Systems. ICARIS 2005. Lecture Notes in Com- The MIT Press, 1992.
puter Science; C. Jacob, M. L. Pilat, P. ]. Bentley, J. I. Tim- [25]  Sudholt, D. Theory and practice of population diversity in
mis (ed.). Springer, Berlin, Heidelberg. — 2005.— Vol. evolutionary computation / D. Sudholt, G. Squillero. — DOI
3627.— Pp. 456-468. — URL: https://link.springer.com/ 10.1145/3377929.3389892 // Proceedings of the 2020
chapter/10.1007%2F11536444_35 (mata o6palieHus: Genetic and Evolutionary Computation Conference Com-
11.06.2020). panion (GECCO ‘20). — New York, NY, USA: Association
[17] Lin, H. An Application of Artificial Immune Recognition for Computing Machinery, 2020. — Pp. 975-992. — URL:
System for Prediction of Diabetes Following Gestational https://dl.acm.org/doi/10.1145/3377929.3389892 (maTa
Diabetes / H. Lin, C. Su, P. Wang. — DOI 10.1007/s10916- obpamenusi: 11.06.2020).
009-9364-8 // Journal of Medical Systems. — 2011. — Vol.
35, issue 3.— Pp. 283-289. — URL: https://link.spring- Ilocmynuaa 11.06.2020; odobpeHa nocse peyeH3upo8aHus
er.com/article/10.1007%2Fs10916-009-9364-8 (mara 29.09.2020; npuHsima k ny6aukayuu 20.11.2020.
ob6pauenusi: 11.06.2020).
[18]  Chikh, M. A. Diagnosis of Diabetes Diseases Using an Artificial
Immune Recognition System2 (AIRS,) with Fuzzy K-nearest =~ Acraxosa Hpuna ®eaoporHa, npodeccop kadeapbl MaTeMaTH-
Neighbor / M. A. Chikh, M. Saidi, N. Settouti. — D01 10.1007/  4eckoro o6ecnedyeHuss IBM, akynpTeT npuk/IaJHONH MaTeMaTH-
s10916-011-9748-4 // Journal of Medical Systems.— ku, uHpopmaTuku U MexaHuku, PTB0Y BO «BopoHexckuii rocy-
2012. — Vol. 36, issue 5. — Pp. 2721-2729. — URL: https://  pmapctBeHHbIH yHUBepcuTeT» (394018, Poccuiickas eneparus, T.
link.springer.com/article/10.1007%2Fs10916-011-9748-4  BopoHex, YHUBepcUTeTCKas MJIoLab, . 1), JOKTOp TeXHUYEeCKUX
(maTa obpamenus: 11.06.2020). HaykK, npodeccop, ORCID: http://orcid.org/0000-0002-2627-8508,
[19] Wu, J.-Y. Hybrid Artificial Immune Algorithm and CMAC astachova@list.ru
Neural Network Classifier for Supporting Business and KwuceneBa Exkarepuna UropeBHa, crapminii npenojaBaTesb Ka-
Medical Decision Making / J.-Y. Wu. — DOI 10.1007/978-3-  ¢denpbl meJaroruku U MeTOAMKH JIOMIKOJBHOIO M HavyaJbHOTO
642-25856-5_4 // Advanced Data Mining and Applications. = 06pasoBaHus, ncuxosoro-negarorudeckuit pakynoret, PI'6OY BO
ADMA 2011. Lecture Notes in Computer Science; J. Tang, .  «BopoHeXCKHUI rocylapCTBEHHBIH NeJarorniecKuii yHUBEPCH-
King, L. Chen, J]. Wang (ed.). Springer, Berlin, Heidelberg. —  TeT» (394043, Poccuiickas ®enepanus, r. BopoHex, yi. JleHuHa, 1.
2011.— Vol. 7121.— Pp. 41-54.— URL: https://link.  86), ORCID: http://orcid.org/0000-0002-6406-9782, ekaterkisel@
springer.com/chapter/10.1007%2F978-3-642-25856-5_4  mail.ru
(maTa o6pamenus: 11.06.2020).
[20]  Fu, X. An Improved Artificial Imnmune Recognition System Bce aemopbl npoyumanau u 0006puiu 0KOH4ame1bHblll 8apUAHM

Based on the Average Scatter Matrix Trace Criterion / X. Fu, S.
Zhang. — D0110.1007/978-3-642-30976-2_34 // Advances
in Swarm Intelligence. ICSI 2012. Lecture Notes in Comput-

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

pykonucu.

Tom 16, N2 3. 2020 ISSN 2411-1473 sitito.cs.msu.ru



I. F. Astachova, E. I. Kiseleva

RESEARCH AND DEVELOPMENT IN THE FIELD OF

671

NEW IT AND THEIR APPLICATIONS

References

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(9]

[10]

Vol. 16, No. 3. 2020
e —

Haglin ].M,, Jimenez G., Eltorai A.E.M. Artificial neural net-
works in medicine. Health and Technology. 2019; 9(1):1-6.
(In Eng.) DOI: https://doi.org/10.1007 /s12553-018-0244-
4

Soumya C.V,, Ahmed M. Artificial neural network based iden-
tification and classification of images of Bharatanatya ges-
tures. In: 2017 International Conference on Innovative Mech-
anisms for Industry Applications (ICIMIA). Bangalore; 2017.
p. 162-166. (In Eng) DOI: https://doi.org/1010.1109/
ICIMIA.2017.7975593

Nowikiewicz T., Wnuk P, Matkowski B., Kurylcio A., Kow-
alewski ., Zegarski W. Application of artificial neural net-
works for predicting presence of non-sentinel lymph node
metastases in breast cancer patients with positive sentinel
lymph node biopsies. Archives of Medical Science. 2017;
13(6):1399-1407. (In Eng.) DOI: https://doi.org/10.5114/
aoms.2016.57677

Sheikhtaheri A., Sadoughi F, Hashemi Dehaghi Z. Devel-
oping and Using Expert Systems and Neural Networks in
Medicine: A Review on Benefits and Challenges. Journal of
Medical Systems. 2014; 38(9):110. (In Eng.) DOI: https://
doi.org/10.1007/s10916-014-0110-5

Ultsch A, Korus D., Kleine T.O. Integration of Neural Net-
works and knowledge-based systems in medicine. In: Bar-
ahona P, Stefanelli M., Wyatt ]. (ed.) Artificial Intelligence
in Medicine. AIME 1995. Lecture Notes in Computer Science
(Lecture Notes in Artificial Intelligence). 1995; 934:425-
426. Springer, Berlin, Heidelberg. (In Eng.) DOI: https://doi.
org/10.1007/3-540-60025-6_170

Summers R.M. Deep Learning and Computer-Aided Diagno-
sis for Medical Image Processing: A Personal Perspective.
In: Lu L., Zheng Y., Carneiro G., Yang L. (ed.) Deep Learn-
ing and Convolutional Neural Networks for Medical Image
Computing. Advances in Computer Vision and Pattern Recog-
nition. Springer, Cham; 2017. p. 3-10. (In Eng.) DOI: https://
doi.org/10.1007/978-3-319-42999-1_1

Wang J., Shi M., Zheng P, Xue Sh., Peng R. Quantitative Anal-
ysis of Ca, Mg, and K in the Roots of Angelica pubescens f.
biserrata by Laser-Induced Breakdown Spectroscopy Com-
bined with Artificial Neural Networks. Journal of Applied
Spectroscopy. 2018; 85(1):190-196. (In Eng.) DOI: https://
doi.org/10.1007/s10812-018-0631-7

Sejdinovi¢ D. et al. Classification of Prediabetes and Type
2 Diabetes Using Artificial Neural Network. In: Badnje-
vic A. (ed) CMBEBIH 2017. IFMBE Proceedings. 2017;
62:685-689. Springer, Singapore. (In Eng.) DOI: https://doi.
org/10.1007/978-981-10-4166-2_103

Alade O.M. Sowunmi O0.Y, Misra S., Maskelitinas R,
Damasevicius R. A Neural Network Based Expert System
for the Diagnosis of Diabetes Mellitus. In: Antipova T,
Rocha A. (ed.) Information Technology Science. MOSITS
2017. Advances in Intelligent Systems and Computing. 2018;
724:14-22. Springer, Cham. (In Eng.) DOI: https://doi.
org/10.1007/978-3-319-74980-8_2

Srivastava S., Sharma L., Sharma V., Kumar A, Darbari H.
Prediction of Diabetes Using Artificial Neural Network Ap-

ISSN 2411-1473 sitito.cs.msu.ru

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

proach. In: Ray K, Sharan S., Rawat S,, Jain S., Srivastava S.,
Bandyopadhyay A. (ed.) Engineering Vibration, Communi-
cation and Information Processing. Lecture Notes in Electri-
cal Engineering. 2019; 478:679-687. Springer, Singapore.
(In Eng.) DOI: https://doi.org/10.1007/978-981-13-1642-
5.59

Li X. Artificial intelligence neural network based on intel-
ligent diagnosis. Journal of Ambient Intelligence and Hu-
manized Computing. 2021; 12(1):923-931. (In Eng.) DOI:
https://doi.org/10.1007/s12652-020-02108-6

Asad M., Qamar U. A Review of Continuous Blood Glucose
Monitoring and Prediction of Blood Glucose Level for Dia-
betes Type 1 Patient in Different Prediction Horizons (PH)
Using Artificial Neural Network (ANN). In: Bi Y, Bhatia R,,
Kapoor S. (ed.) Intelligent Systems and Applications. In-
telliSys 2019. Advances in Intelligent Systems and Comput-
ing. 2020; 1038:684-695. Springer, Cham. (In Eng.) DOI:
https://doi.org/10.1007/978-3-030-29513-4_51

Raihan M., Alvi N., Tanvir Islam M., Farzana F.,, Mahadi Has-
san M. Diabetes Mellitus Risk Prediction Using Artificial
Neural Network. In: Uddin M.S., Bansal J.C. (ed.) Proceed-
ings of International Joint Conference on Computational
Intelligence. Algorithms for Intelligent Systems. Spring-
er, Singapore; 2020. p. 85-97. (In Eng.) DOI: https://doi.
org/10.1007/978-981-15-3607-6_7

Arul Kumar D., Jayanthy T. Application of back propagation
artificial neural network in detection and analysis of diabe-
tes mellitus. Journal of Ambient Intelligence and Humanized
Computing. 2020. (In Eng.) DOI: https://doi.org/10.1007/
s12652-020-02371-7

Jayashree ], Kumar S.A. Linear Discriminant Analysis
Based Genetic Algorithm with Generalized Regression
Neural Network — A Hybrid Expert System for Diagnosis
of Diabetes. Programming and Computer Software. 2018;
44(6):417-427. (In Eng.) DOI: https://doi.org/10.1134/
S0361768818060063

Sahan S., Polat K., Kodaz H., Gilines S. The Medical Appli-
cations of Attribute Weighted Artificial Immune System
(AWAIS): Diagnosis of Heart and Diabetes Diseases. In:
Jacob C., Pilat M.L., Bentley PJ., Timmis ].I. (ed.) Artificial
Immune Systems. ICARIS 2005. Lecture Notes in Computer
Science. 2005; 3627:456-468. Springer, Berlin, Heidelberg.
(In Eng.) DOI: https://doi.org/10.1007 /11536444 _35

Lin H., Su C., Wang P. An Application of Artificial Immune
Recognition System for Prediction of Diabetes Following
Gestational Diabetes. journal of Medical Systems. 2011;
35(3):283-289. (In Eng.) DOI: https://doi.org/10.1007/
s10916-009-9364-8

Chikh M.A,, Saidi M., Settouti N. Diagnosis of Diabetes Dis-
eases Using an Artificial Immune Recognition System2
(AIRS,) with Fuzzy K-nearest Neighbor. Journal of Medical
Systems. 2012; 36(5):2721-2729. (In Eng.) DOI: https://doi.
org/10.1007/s10916-011-9748-4

Wu ].-Y. Hybrid Artificial Immune Algorithm and CMAC
Neural Network Classifier for Supporting Business and
Medical Decision Making. In: Tang |, King 1., Chen L., Wang
]J. (ed.) Advanced Data Mining and Applications. ADMA
2011. Lecture Notes in Computer Science. 2011; 7121:41-

Modern
Information
Technologies
and IT-Education



NCCNEAOBAHUA N PASPABOTKW B OBMTACT HOBbIX

672 | 1 OPMALIMOHHBIX TEXHONOT UM 1 VX MPUNOXKEHMI M. . Actaxosa, E. 1. Kncenesa

54. Springer, Berlin, Heidelberg. (In Eng.) DOI: https://doi.
org/10.1007/978-3-642-25856-5_4

[20]  FuX, Zhang S. An Improved Artificial Inmune Recognition
System Based on the Average Scatter Matrix Trace Criteri-
on. In: Tan Y,, Shi Y, Ji Z. (ed.) Advances in Swarm Intelli-
gence. ICSI 2012. Lecture Notes in Computer Science. 2012;
7331:284-290. Springer, Berlin, Heidelberg. (In Eng.) DOI:
https://doi.org/10.1007/978-3-642-30976-2_34

[21]  Astachova LF, Ushakov S.A., Shashkin A.L, Belyaeva N.V.
The application of artificial immune system for parallel
process of calculation and their comparison with existing
methods. Journal of Physics: Conference Series. 2019; 1202:
012003. (In Eng) DOI: https://doi.org/10.1088/1742-
6596/1202/1/012003

[22]  Kashirina LL. Nejrosetevye tekhnologii [Neural Network
Technologies]. VSU Publ., Voronezh; 2008. (In Russ.)

[23]  Astachova LF, Kiseleva E.I. The algorithm is the use of arti-
ficial immune systems to optimize the target component of
the information educational system. Proceedings of Vorone-
zh State University. Series: Systems analysis and information
technologies. 2017; (2):61-65. Available at: https://www.
elibrary.ru/item.asp?id=29880179 (accessed 11.06.2020).
(In Russ., abstract in Eng.)

[24] Holland J.H. Adaptation in Natural and Artificial Systems:
An Introductory Analysis with Applications to Biology, Con-
trol, and Artificial Intelligence. The MIT Press, Cambridge;
1992. (In Eng.)

[25]  Sudholt D., Squillero G. Theory and practice of population
diversity in evolutionary computation. In: Proceedings of
the 2020 Genetic and Evolutionary Computation Conference
Companion (GECCO ‘20). Association for Computing Ma-
chinery, New York, NY, USA; 2020. p. 975-992. (In Eng.) DOI:
https://doi.org/10.1145/3377929.3389892

Submitted 11.06.2020; approved after reviewing 29.09.2020;
accepted for publication 20.11.2020.

About the authors:

Irina F. Astachova, Professor of the Department of Computer
Hardware, Faculty of Applied Mathematics, Informatics and Me-
chanics, Voronezh State University (1 Universitetskaya pl., Vorone-
zh 394018, Russian Federation), Dr.Sci. (Engineering), Professor,
ORCID: http://orcid.org/0000-0002-2627-8508, astachova@list.ru
Ekaterina I. Kiseleva, Senior Lecturer of the Department of Ped-
agogy and Methods of Preschool and Primary Education, Psycho-
logical and Pedagogical Faculty, Voronezh State Pedagogical Univer-
sity (86 Lenin St., Voronezh 394043, Russian Federation), ORCID:
http://orcid.org/0000-0002-6406-9782, ekaterkisel@mail.ru

All authors have read and approved the final manuscript.

CoBpemeHHble

MH(OPMaLMOHHbIe ..
TeXHONornn Tom 16, N2 3. 2020 ISSN 2411-1473 sitito.cs.msu.ru

u UT-o6pasosanve



