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HEHPOHOMEPEXXEBA IHOOPMAIIMTHA TEXHOJIOTIA ONPALIOBAHHA MEJUYHUX JAHUX

IIBuaKMi PO3BUTOK KOMITTOTEPHOI TEXHIKH (POPMYE MEPEeayMOBH IS PO3POOOK HEHPOKOMIT'IOTEPiB (TOOTO KOMI'TOTEpPiB 6-T0
TIOKOJIiHHS), 5IKi, 32 IPOTHO3aMH B Taly3i MITYYHOTO IHTENEKTY, aKTUBHO OYIyTh BUKOPHUCTaHI JUIs nepepobIieHHs Oyab-sKol iHdop-
Manii, 32 TUMH X IPUHIUIAMH, 0 H 0i0J0TiuHi HEHPOHHI Mepexi— Taki SK JIOACBKHHA MO30K. TOMY HONHUT Ha BHKOPHUCTaHHS
HeHpoMepeKeBl TEXHOJIOTIT MOCTYIOBO OXOILTIOE JIefjalll MHUPIINiT KOJIO KOPUCTYBAdiB 30KpeMa i y raiy3i OXOpoHH 310poB's. Jloci-
JOKEHO MOXIIMBOCTI 3aCTOCYBAaHHS IITYYHUX HEWPOHHHUX Mepek Uil 00poOIeHHs TaHUX perioHaIbHOI 0XOpOoHHM 370poB'sa. Heiponni
MepesKi — IMOTY)KHUH MEeTOJ] MOJIEIIIOBAHHS, 1[0 A€ 3MOTY BiATBOPIOBATH CKJIa[(Hi HENIHIHHI 3aJI€KHOCTI, IO aKTYaJIbHO IS CUCTEM
MIPUIHATTS PillleHb YIIPaBIiHHS MAI[i€HTONOTOKOM y MEAWYHHX 3aKjiajaX. 3alpolloOHOBaHO iH(opMaliiiHy TEXHOJIOTiI0 00pOOICHHS
MEIUYHUX JAHHX 3a JOIIOMOTO0 IITYIHUX HEHPOHHUX MEPEeX, IO AACTh 3MOTY IiIBUIIHUTH €EeKTHUBHICTh HAJAHHS MEIUYHOI JIOTIO-
MOTH TiJ] 94ac NpoLTaKTHYHNX MEAOJIAAIB, HiX BifioMi iH(popManiiiHi TexHomorii kinacudikamii. Po3risHyTi Taki HOMOXKEHHS: IPHUH-
LU Aii IITYYHUX HEHPOHHUX MEpeK, IepeBart i HeJoJIiKY IX BUKOPHUCTAHHS Ta OCHOBHI (yHKIil. Takok HaBeJEHO NEpPCIEKTHBU
BHUKOPHCTAHHS MTYYHUX HEHPOHHUX MEpEeX Iozo Kiacudikanii NamieHTiB Il MPOXOMKEHHS PO LTAKTUIHOTO MEANTHOTO OTJISIY.
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IHTEJIEKT.

Beryn. IInpoke BnpoBamkeHHs iHpOpMaIiiHIX TEXHO-
JIOTIH y JIIKyBaIBbHUH Ta A1arHOCTUYHMH MIPOLIECH, iHTeTpais
y CBiTOBHH 1H(QOPMALIHIHA IIPOCTIp € BXKINBUM KOMITOHEH-
TOM pe)OpMYyBaHHS BITUM3HSIHOI Taly3i OXOPOHH 3/I0POB'SL.
Ie macte 3Mory 3a MOPiBHSIHO KOPOTKUI TEPMIH JOMOITHCS
ICTOTHOTO MiABUIIEHHS €EKTUBHOCTI pOOOTH 3aKJIafiB 0XO-
POHU 3JI0POB'sl, TONIIMMIIATH SKICTh JIKyBaHHS Ta J[IarHOCTHU-
ku. PoboTa MemuHNX MpaIiBHUKIB 3HAYHOIO MipOIO MOB'sI3a-
Ha 31 3aIIOBHEHHSIM BEJIMKOI KUIBKOCTI JIOKyMEHTIB Ha Tare-
poBUX HOCisIX. BrukoHaHHS Takoi poOOTH IPU3BOAUTH 0
3HAYHOTO BUTpAYaHHS poOOYOro 4acy (3a AESKMMH OLiHKa-
mu — 25-50 %) (Girosi, Meili & Scoville, 2005).

Bennkoro 3HaueHHs! HA0YBaIOTh 3aBAAHHA 31 CKIIAIHOO
¢dopmaizariero, TOOTO Taki, ISl SIKHX aJTOPUTM PIilICHHS
a00 He € equHNM, a00 HE JJa€ 3MOI'M OLIIHUTU SKICTh YH JI0-
CSDKHICTB pimeHHs. HelipomepeskeBi TEXHOJIOTT] MOKIMKaHI
BUpIIIYBaTH 3aBJAaHHS, IO BAXKKO (OPMaNi3YIOTHCS, 110
SIKMX, 30KpeMa, 3BOAUTHCS OLTBIIICTh METOTUK 00POOICHHS
MeIMYHMX JaHux. [lepeayciM ne moB'si3aHo 3 THM, IO JOC-
JMJHAKY IOBOJUTHCS AaHANI3yBaTH HAABEIHKY KUIBKICTh
pi3HOMaHITHHX (PAaKTHYHUX AAHUX, JUIS SIKHX 1€ HE CTBOpE-
HO MatemaruuHoi moxeni (Nazirova & Kostenko, 2017;
Devarakonda, Mehta & Tsou, 2017).

AHaJi3 ocTaHHIX JocaifkeHb i myOikaniii. Y Hayko-
Bilf JliTepaTypi iCHye YMMaJo CTaTeil II0J0 3aCTOCYBaHHS
HEWPOHHNX MEpeX y MEAWIMHI, 30KpeMa IIiJ 9ac 00poo-
JICHHS BEJIMKMX MACHBIB JaHUX Ta IPOTHO3YBAHHS PO3BUT-

IHpopmauis npo aBTopis:

Ky moniil. ITopiBasiHHS edexkTuBHOCTI neural network 3 iH-
OIMMHA METOJIaMU aHaNi3y 3MIMCHIIIN Taki BueHi, sk: F. Gi-
rosi, V. Murthy, Li Xiang, Grégoire Montavon, I. A. Map-
kiHa, K. B. MeJbHHK.

Crnparounich Ha eMIIpUYHI /aHi, aBTOpW AIWILIA BUC-
HOBKY, 110 neural network € onTHMaJbHUM METOIOM JUIS
MOJICTIIOBaHHS Oy/b-SKNX HENEepPEepBHUX Ta HEIiHIHHMX
(GYHKIIH, SIKI HE NPUITYCKAIOTh >KOJHUX YMOB IO BXIJHOI
iapopmanii (Li, Ding & Sun, 2017). V¥ cBoiit pobori, mpuc-
BSYCHIN ITOEMHAHHIO TEXHIYHOTO Ta (hyHAaMEHTaIFHOTO
aHamizy 3 HelipoHHMMH Mepexxkam, . A. Mapkina (Palm,
2016) HaBenma KijbKa OCHOBHHMX IepeBar OCTaHHIX, BUI-
JIMBIIM YUCIIOBY IpHpony neural network, mo € HeoOXin-
HUM Juisi 0OpoOJIeHHs MacuBiB JaHMX. HeliponHi mepexi
TIPAIIOIOTH ITOKPOKOBUM METOJOM, SKHH J]a€ 3MOTY BHKO-
PHUCTOBYBATH HOBI JaHi Ul TPEHYBAaHHS MEPEXi, 00 MOK-
panmty monepenni pesynpraté (Montavon, Samek &
Miiller, 2017). Cepen nociimkens neural network mns Bu-
KOpHUCTaHHS B 00poOJIeHH] iH(popMaIlil BapTO Ha3BaTH Ipa-
ui Xiang Li (Li, Ding & Sun, 2017), Grégoire Montavon
(Montavon, Samek & Miiller, 2017), I. A. Mapkinoi (Palm,
2016) ta K. B. Mensauk (Melnik, 2015), saxi moBenmm ix
e(EeKTHBHICTh Ta JI€BICTh JJIS BUPINICHHS 3aBJaHb KIacH-
¢ikauii Ta nporano3ysanns B meauimai (HFA-DB, 2012).

IMocTanoBka 3amaui. HefiporHa Mepexa — 11e TIOCITiOB-
HICTh HEHpPOHIB, 3'€JHAHNX MiX co0ot0 cuHancamu. [Ipoto-
TUIIOM JJIsl CTBOPEHHSI HEMPOHHHUX MEpEX MOCIYKHIH Oi-
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OJIOTIYHI HEMPOHHI MepeXi. 3aBISIKU TaKiil CTPYKTYpi CHC-
TeMa OTPUMYE 3/IaTHICTh aHAIII3yBaTH 1 HaBITH 3armam'siTo-
BYBaTH pi3Hy iHpopMariro. HefipoHHi Mepexi Takox 37at-
Hi HE TUJIBKY aHaNi3yBaTu BXinHY iH(poOpMaliro, a i BiaTBO-
proBatH ii 3i cBoei mam'ati. IX BUKOpHCTOBYIOTH IS BHPpI-
LIEHHS CKJIAJHUX 3aBJIaHb, sIKi BUMAraroTh aHIITHYHAX 00-
YHCIIEHb MOI0HHUX JI0 THX, IO POOHTH JIFOACHKUA MO3OK.

HaiinommpeHimmmy 3acTocyBaHHSIMH HEHPOHHHX Me-
pex €:

® xnacugikayis — po3MOIIT NaHKX 3a mapamerpamu. Hampuxman,
Ha BXiJ] JA€ThCs HAOIp JFOCH 1 MOTPiOHO BUPIIIUTH 33129y PO3-
TIOALICHHS TIOTOKY TAIi€HTIB, JUIL MPOXOMKEHHS IOPIYHMX
npodinakTHaHuX orsAiB. [{ro po6oTy Moxe 3poduTH HEHpPOH-
Ha Mepeka, aHaNi3yloud TaKy iH(OpPMAIiIo SIK: CTaTh, BIK, THUII
3alHSTOCTI Ta IHINI J]aHi, IO MICTATECS B €JICKTPOHHINA MeIud-
Hill KapTi;

® nepedbauenns — MOXIIUBICTE TIpOrHo3yBaHHs. Hampuxoan,
MPOrHO3yBaHHs 3pOCTaHHSA abo Ha,IIiHHﬂ HaHi€HTOHOTOKy, rpyH-
TYIOUNCh Ha JJAHUX 3BEPHEHHS 10 (axiBILiB, eIiJeMIYHOI CUTY-
arii B peTioHi Tomo;

L4 pO3ni3Ha€aHH}l — Ha CI)OFOIIHi Haﬁmnpme 3aCTOCYBaHHA
HeﬁpOHHHX MEPEIK. BI/IKOPI/ICTOBYCTI)CH B 0araTbox MCIUYHUX
CHCTeMax, IUIsl PO3Mi3HaBaHHS JAHUX 31 300paKeHHSIMH 00CTe-
xeHb. Hanpuxonan, 3a nannvu IBM Watson ananizy pesyinsra-
TiB (hmrooporpaiuHuX 00CTeKEHb, INIOIMIA KPHBOI IIOMIJIOK aJl-
ropurMmy cranosmia 0,788.

Posp'sizanns 3amaui Knacuikalii MAIi€eHTOOTOKY s
MIPOXO/PKEHHS MPO(QUIAKTUYHUX OIJIA/IB JACTh 3MOTY OINTH-
Mi3yBaty rpadiku 3aiHATOCTI (paxiBIiB MEIUYHHX YCTaHOB,
3MEHIIUTH BUTPATH 4Yacy Ha (opMajbHI [ii Ta ITOJIIMINTH
SIKICTh Ha/IaHHSI MEIMYHMX TIOCITYTI HaceJIeHHI0. Bukopucran-
HI HEHpOHHOI Mepexi I Kiacudikamii 3HaYHO CHPOCTUTh
00pOOJIEHHS! HECTPYKTYpOBaHMX a00 HEMOBHHUX IaHHX Ma-
LI€HTIB, 110 B pa3i 3aCTOCYBaHHS KJIACHYHUX MAaTEMaTHYHUX
Moyesnelt Jae BEJMKY KUTBKICTb €TallB Ta 3HAUYII TOXUOKH.

3acTocyBaHHSI IITYYHHUX HEHPOHHUX Mepex AJIs 00-
podienHs menu4Hoi iHgopmanii. Bionoriunnii HelipoH
iMITyeTbCsl y INTY4YHiN HEHpOHHIN Mepexi uepe3 akKTHBa-
uiiiny gynkmiro. Y 3amavax kinacudikanii (Hampukiam pos-
TIOJIJICHHS TTAI[iEHTOIIOTOKY 110 MEAOIIIAAax) aKTHBalliiiHa
(GYHKIISI TOBUHHA MaTH XapaKTepucTHKY "BMukauda'. Po3-
TIITHEMO TaKy IOIf0: SIKIIO Ha BXiJ MOJAHO OiibIe HiX
Jiesike 3HaYCHHs, TO BUXiJ] MOBUHEH 3MIHIOBAaTH CTaH, Harl-
puxian 3 0 Ha 1, abo -1 na 1. e imitye "BrmoyeHHs" 6i-
OJIOTiYHOTO HelpoHa. Sk akTHMBaliiHYy (YHKIIIO 3a3BHYait
BHKOPHCTOBYIOTh CUTMOiTAJIbHY (DYHKIIiFO

F(z) =

N 1+exp(—a ~z) '

(1)

s dpopmyna — curmoiganbHa GYHKIIS, O KoedimieHT
"a" BIANOBiga€ 3a PETYNIOBAHHS CTYNEHS CTHCKAHHS CHT-
MOI¥, 3JI€XKHO BiJl PIBHS T'yCTOTH HACEJICHHS B IIEBHOMY
perioni. Curmoroniona ¢ynkuis, Hanrcana Mosoto Python,
Mae Takuid Burisg (puc. 1). Ilporpamumii kox QyHKII
HeWpoHHOI Mepesxi MoBoto Python HaBeneno Huxue.

Ha puc. 2, ne npeacrasneno pyHkuito y BUrIsai rpagi-
Ka, MOXKHa MMOOAYMTH, IO BOHA "aKTUBAIliifHA" — 3pocTae
Bix 0 1o 13 KOKHUM 301IbLIEHHSAM 3HaYeHHS X. Curmo-
inanpHa QyHKOis € raakoro i 6esnepepsHo0. e o3Hauae,
III0 BOHA MAa€ MOXiAHY, 110, BOIHOYAC, € AY)KE BaKINBUM
¢axTopoM aist HaBUaHHA anroputMmy. Lleit edexr i cnpuse
HABYAHHIO MEpeXi Ha MiJcTai KOPENAIii BXiTHAX 1 BUXiJ-
HUX JIaHHX.

Jlis nemoHcTparii 6aratodakTopHOro 00pobIeHHs ja-
HUX IITyYHHUMH HEHPOHHHUMH MEpEXaMH, Y XOJi JIOCIHifiB

OyJI0 BHKOPHCTAHO EKCICPUMCHTaIbHI aHOHIMHI JaHi aH-
KEeT TMali€eHTiB-10HOpiB iHpopManii. OnuTyBaHHS MPOBOIH-
JIM 32 JOTIOMOTOIO 3aTBEPPKEHOT0 HA MDKHAPOIHOMY PiBHI
omutyBansHnKa "The World Health Organization Quality
of Life (WHOQOL-100)" (VOZ, 2017). Ils meromuka oiri-
HIOE BiUYTTS JIIOZEH y KOHTEKCTI 1X KyJIbTYpH 1 CHCTEMH
LIHHOCTEH, a TAKOXK X OCOOMCTHUX ITiJIeH, CTAHAAPTIB 1 iHTE-
peciB. Meroqukun WHOQOL 6yio po3po6iieHo chijibHUMHU
3YCWIISIMH LIUJIOI HU3KU LEHTPIB y Pi3HUX KpaiHax CBITY i
IIMPOKO MPOTECTOBaHO, Ta Mictats 100 3ammrans. Excre-
pUMEHTANbHI JaHi npeacrasieHi y Burisigi CSV-daitny, 31
3HAUYEHHSMH, PO3IICHIMU KOMaMH, B SIKOMY KOXKEH PSIIOK
BIJITOBia€ OMHIN aHKETI.

Puc. 1. Jlicrinr komy moBoro Python

Puc. 2. I'padix curmoigansroi Gpynknii (1)

Jlna kmacudikanii 3TiHO 3 TEPMIHOM MEAOTIIALY Ta Te-
pHUTOpiaJIbHOI NPUHAIEKHOCTI MAIlieHTa aHKeTa aHOHIMHO-
ro joHopa iHdopmarnii mictuts Taki nani (Nazirova & Kos-
tenko, 2018): 1) nqata ocTaHHROTO MEAOTIANY; 2) IaTa Ha-
po/pkeHHs; 3) aapeca NPOXKUBAHHA: MICTO, Bynums, Oyawu-
HOK; 4) pifl 3aHATH, HAIIPSIMOK POOIT.

[MopganpmmMMy 3aBIaHHSAMH OCTABIEHOI 3aadi oTpio-
HO BUPIIIMTH NUTAaHHS iHTErpauii MONHUTY HEOOXiAHOCTI
MIPOXO/PKEHHST MEIOTIISITY Ta MOMJINBOCTEH PETiOHAILHOTO
JIKYBAJEHOTO 32Ky HAJaTH MOTPIOHI 0OCATH JOIITEHIX
o0cTexxeHb 1 mociipkenb. s peanizanii cucreMu Kiacu-
¢ikanii ekcriepuMeHTaIEHOT0 Ha0opy JaHUX OyJIeMO BHKO-
pHUCTOBYBAaTH 0araromapoBy ITIOBHO3B'SI3KOBY IITYYHY
HEWpOHHY Mepexy (baraTtomapoBUii NMEpCENTpPOH), B SIKiH
KOXKEH HEHpOH JOBUIBHOTO IIapy IOB'S3aHMN 3 ycima
HeWpOHAMH TONIEPEAHBOTO MIapy.

BararomapoBuii mepcenTpoH MiCTHTh TPH THIM IIApiB
HEHpOHIB: BXIiMHWH, NpUXoBaHWH 1 BuUXigHWH. KoxkeH
HEWpOH MepexXi Mae IIajKy HeNiHIHHY QYHKIIO aKTHBALi.
BararomnrapoBi HemniHiMHI HEHPOHHI MEpEXi JAIOTH 3MOTY
(hopMyBaTH CKJIATHINII 3B'S3KH MiXK BXOIAMU 1 BHXOIAMH,
HiX OIHOMIApOBi JiHikHI. JloBemeHO, IO TpUIIAPOBa
HeWpOHHA MepeXa 3 OAHUM IPHXOBAHUM ILIAPOM MOXeE Oy-
TH HaBYCHA allpOKCHMYBATH 13 JOBIJIBHOIO TOYHICTIO OY/b-
Ky OesmnepepBHy QyHKuiro (Montavon, Samek & Miiller,
2017).
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OnunieMo CTpyKTypy MoAeni HeWpoHHOI Mepexi. Bus-
HAYMMO BXIJIHWH, BUXiIHUN 1 mpuxoBaHi mapu. Heliponna
Mepexa Ma€ HIJIbHY CTPYKTYpPY — KO)XKEH HEHpOH IOB'sA3a-
HUH 3 yciMa HeHpOHaMH HacTymHoOro mapy. Jist mo0ynoBu
HEWpOHHOI MeEpeXi 3 JIOCTaTHBOIO Y3arajbHIOBAJIEHOIO
3/IaTHICTIO, HEOOXiMHO BHW3HAuuUTH Mipy BamHuika-Uepso-
HEHKica Ui 1€l Tonojorii HefiporHoi Mepexi (Montavon,
Samek & Miiller, 2017), 3rigHo 3 Takor0 (HOPMYIIOO:

2)

ne: N — po3MIipHICTh TaHUX Ha BXO[i; K — KiJTBKICTh HEHpO-
HIiB B IIPUXOBaHOMY miapi; NV, — 3arajibHa KiJIBKICTb Bar Me-
pexi; N, —3araibHa KiJbKiCTh HEHPOHIB MEpPEXi.

[I{o6 3amobirty "mepeHaB4yaHHIO" HEHPOHHOI MeEpexi,
PO3MIpHICTh (KUIBKICTH HEWPOHIB) MPUXOBAHOTO IIapy IIO-
BHUHHA OYTH HIDKYOIO, 00 JOPIBHIOBaTH PO3MIPHOCTI HaB-
gapHOi BUOipku. [llap momaerbes no moxaemi (puc. 3) meto-
nom add(). dns BximHOTO mMIapy HEOOXiJHO BKa3aTH Kilb-
KicTh O3HaK input dim, sike B HAIIOMY BHUITAJKY JOPiBHIOE 4:

2[§}N <VCyim <2N,,(1+1gN,)

Puc. 3. Jlicrinr xomy HonaBaHHS apy

Sxmo HaboOpH O3HAK YTBOPIOIOTH OaraToBUMIpHY TaO-
JIMIIO, TO 3aMICTh mapamerpa input dim MoXXHa BHKOpHC-
TOBYBaTu mapamerp input shape, mo npuiiMae KOpTex 3
KIJIBKICTIO €JIEMEHTIB B KO)KHOMY 3 BUMIpiB. Sk (yHKIIiIO
aKTHUBAIIi1 IS BCiX IIApiB, OKPIM BUXiTHOTO, OyIEMO BHUKO-
pucroByBaru ¢ynkuito ReLU — rectified linear unit(3).

&(x)=max(0,x). 3)

Ii moximma mopiBHIOE a60 ofMHMII, 260 HyIIO, i TOMY He
MOXKE TIPH3BECTH JI0 PO3POCTaHHS ab0 3aracaHHs IPaJli€HTIB.
binpme Toro BukopucraHHS wi€i (QyHKIIi NPU3BOIUTH 10
MIPOPIPKYBaHHS Bar (JIiCTiHT — puc. 4, rpadik — puc. 5).

Puc. 4. Jlicrinr xoxy ¢pynknii pyrknito ReLU moBoro Python

Puc. 5. I'padix dpynknii ReLU (3)

Jl1st BUXiTHOTO TIapy CKOPHUCTAEMOCS CHUTMOITaIhHOIO
(YHKII€IO I BU3HAYCHHS KiHIIEBOI O3HAKU HEOOXiTHOCTI
poXomKeHHsT Meaorisiny. CrpoekToBaHa HEHpPOHHA Mepe-
*a (puc. 6) MICTUTb BXIAHUH 11ap, OAWH MPUXOBAHUH mIap i
BUXiJHMH 1map. Bxinxuii map HeWpoHHOI Mepexi Mae n-Hy
KUTBKIiCTh HEHPOHIB, IO Oy/Ie BiAMOBIMATH KUTBKOCTI ITOJIIB
Tabmuili aHkeTd. BuxigHuil map Mae oquH HEHPOH, BiJIO-
BiIHO HACTaHHIO HEOOXiTHOCTI MPOXOIKCHHS MEIOTIITY
abo BiJCYTHOCTI Takoi HEOOXIJHOCTI B 3alaHUi MPOMIDKOK

yacy. [IpsMe mommpeHHs CHrHaIy HPOBOAWTHCS IOMIAPO-
BO, ITOYMHAIOYHM 13 BXIJHOTO MIapy, NPH LOMY PO3PaXo-
BYETBCSI CyMa BXIJJHUX CHT'HAJIIB JUI KOXKHOTO HEHpoHa 1 3a
JIOIIOMOT 00 (PYHKII{ aKkTHBaMii TeHepyeThCs BiATYK HEWpo-
Ha, KU HOMIMPIOEThCS B HACTYITHUM IIap 3 ypaxyBaHHSIM
Bar MDKHEHPOHHOTO 3B'S3Ky. BHAcCIiZOK BHKOHAHHS
I[LOTO €Tary MOXKJIMBO OTPHUMATH BEKTOp BHXIJHUX 3HAa-
YeHb HeHpoHHOI Mepexi. HactynmHuii eran HaBuaHHS — 00-
YHCIIEHHS TIOMUIIKM HEHPOHHOI MepexXi SIK Pi3HUII MiX Odi-
KYBaHWM i ICHUM BVIXiJTHUMU 3HAYCHHSIMU.

Puc. 6. Apxitexrypa oTpuMaHOi HSHPOHHOI MEpexi

Jly1 HaBYaHHS ITYYHOI HEHPOHHOI MEpEXi 3aCTOCOBY-
BaBCsI aJITOPUTM 3BOPOTHOTO MouMpeHHst moMmiku (Monta-
von, Samek & Miiller, 2017). Y HbOMy 00UHCITIOETHCS TIO-
MUJIKA, SIK BUXIJJHOTO IIapy, TaK i KOKHOTO HEHpoHa HaBue-
HOI Mepexi, a TaKOK KOPEKI[isl Bar HEHMPOHIB BiANOBIIHO
JI0 X IOTOYHHX 3HAYECHb.

Ha nepmomy kpori IpOro airopuTMy Bara BCiX MiX-
HEHPOHHUX 3B'SI3KIB 1HIIIIOETHCS BUIAKOBUMHE 3HAYCHHS-
mu (Bix O mo 1). ITicrs imimiamizamii Baru B mporieci HaB-
YaHHS HEHPOHHOI MEpEeXi BUKOHYIOTHCS TaKi KPOKH:

® [IpsiMe MOLIUPEHHS CUTHATTY;
® 004HCIIeHHS TOMMIKY HEHPOHIB OCTaHHBOTO IIapYy;
L4 3BOPOTHE IMOIINPEHHS [TIOMUJIKU.

OTpuMaHi 3Ha4YeHHS IMOMMJIOK IOIIMPIOIOTHCS BiJl OC-
TAHHBOTO, BUXIJHOTO IIapy HEHPOHHOI Mepexi, 0 HepIo-
ro. [Ipy mpOMY OOYHCIIOIOTBHCS BEITUYMHH KOPEKINl Baru
HEWpOHIB 3aJISKHO Bij MOTOYHOTO 3HAYEHHS Baru 3B'S3KY,
IIBHIKOCTI HABYAHHS 1 TOMMJIKH, BHECEHOI JaHHUMH HEHpo-
HoM. [liciist 3aBepIIeHHS OO eTay KPOKH OIMHCAHOTO all-
TOPUTMY MOBTOPIOIOTHCS OTH, ITOKH IOMMIIKA BHX1JHOTO
1apy He JOCSTHE IIEBHOTO 3HAYCHHSI.

[Mporpamunii xon QyHKIII HEHPOHHOI MEpeXi MOBOIO
Python, 3 koMeHTapsiMHU HaBeJEHUHN Y JIICTHHTY HIDKYE.

Pe3ynbrat HaBYaHHA 1 TECTYBaHHS CIIPOEKTOBAHOL
HEWPOHHOI MEpEeXi MOKa3yI0Th MOXJIMBICTS ii 3aCTOCYBaHHS
JUTSL BUPIIICHHS 3aBOaHHSA KiachQikallii NarieHTONOTOKY
IIOJI0 PO3MOALIECHHS MPOMUIAKTUYHUX MEIUYHUX OIJISIB.
Pe3ynbraTi OCHi/KEHHST JalOTh 3MOTY 3pOOUTH BHCHOBOK
TIPO Te€, IO 3aIlPOIIOHOBAHA INTYYHAa HEHpOMEpeKeBa CUCTe-
Ma 3/]aTHa 3 BUCOKOIO HMOBIPHICTIO PO3IIOJUINTH JAaHi Ha OK-
peMi rpyny i 3poOUTH KOHKPETHI BUCHOBKH Ta NPHITYIICHHS
1010 KOXKHOI TPYIH TAIi€HTIB, 38 BIJHOCHO HEBEITMKOI KiJlb-
KOcTi IOMIIOK. Tak KOpHUCTYBad MEJUYHOI YCTAHOBH OTPH-
My€ MOXJIMBICTD aHAII3yBaTH I'PYNH JaHHUX 1 poOUTH camoc-
Til{HI BUCHOBKH IIPO TEH/ICHIIT BCEPEIHHI KOXKHOI TPYIIH.

BucnoBku. Emmipuuni pesynpTaté kimacudikarii ma-
LIEHTONOTOKY €KCHEPUMEHTAIEHIX aHKETHUX JaHHUX, OTPH-
MaHMX BiA JIOHOpIB iH(oOpMamii 32 JONOMOTO IITYYHOI
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HEWPOHHOI MEpEeXi, TOBOJITh €PEKTUBHICTh BUKOPUCTAHHS
I[LOr0 MAaTEMAaTHYHOTO arapaTy Ha PiBHI SIK perioHaJbHUX
MEIMYHHUX YCTAHOB, TaK 1 JJIsl YIIPABIIHHS Taily33l0 3ara-
JIOM. ATIPOKCHMYIOUi BJIACTHBOCTI IITyYHOI HEHPOHHOI Me-
peXi JTIOBOIATH MOXKJIMBICTH BPaxyBaHHS BHITAJIKOBHX IIO-
MUWJIOK Ta iHMIMX OiXeBIOPUCTHYHMX (PAKTOPIB IPU 3aIOB-
HEeHi NEepPBUHHOI JIOKYMEHTallii, 0 BIUIMBAIOTh HA BH3HA-

Jlictunr. [porpamuunii kox GpyHKIIT HelipoHHOI Meperxi MoBoro Python

BaromMnm aprymMeHTOM Ha KOPHCTBH IIHOTO MiJXOAY € Te,
110 IITYYHI HEHPOHHI MEpEeXi 3/1aTHI MBUJIKO aJIalTyBaTHCS
JI0 HOBHX JIaHUX, HE MOTPeOyIOTh 3aTydEeHHS BHCOKOOILIA-

YEeHHs YacOBOT'0 Iepioy HACTaHHS BHIIAJKY HEOOXiTHOCTI
MEIMYHOTO orisiay. Pe3ynpraTh HaBuaHHS 1 IIepeBipKH
MIPaIe3/laTHOCTI CHPOEKTOBAaHUX HEHPOHHMX MEPEX IOKa-
3YIOTh iX yCHIIIHE 3aCTOCYBAaHHS JUIs BUPIIIEHHS II0CTaBJIe-
HUX 3aBJaHb 1 3[aTHICTh 3HAXOAWUTH CKJIaJIHI 3aKOHOMIip-
HOCTI Ta B3a€MO3B'SI3KM MK HECTPYKTYpPOBAaHUMH MacHBa-
MU JIaHUX.

YyBaHUX Ta KBaTi(DIKOBAHMX EKCIIEPTIB, HAlOTh 3MOTY
IIBHIKO BUSIBUTH TIPUXOBaHI 3aKOHOMIPHOCTI, Y 3pyYHOMY
BUIIA/I TIPEACTaBUTH PE3yNIbTaTH 00pOOJIeHHS iHpopMarii.
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[Nomanpine BIpoBaKEHHS 3aIIPOIIOHOBAHOTO B POOOTI ITij-
X0y mozo kinacugikanii mamieHTiB, 1acTh 3MOry BUOpaTh
MIPIOPHUTETHI HANPSIMKKA HEOOXiHOTO pe)OpMyBaHHS Yy peri-
oHax YKpaiHW, 3/iHCHIOBaTH MTOCTIHUIA MOHITOPHUHT CTaHy
3JI0pOB'sl HACEJICHHSI, 110 MTO3UTHBHO BILIMBATHME HA 3arajb-
HUHA cTaH 3/10poB'st Hamii. Takox me AacTb 3Mory 30Mparu
JTaHi TMI0I0 HEOOXIHUX IMOCTYT B OKPEMHUX paiiOHaX, TOUHi-
1€ po3paxoByBaTH Tpadiky 3aBaHTAKEHHS MEAWYHUX Ipa-
LiBHUKIB Ta KOHTPOJIIOBATH SKiCTh MEANYHOI JTOITOMOT'H.

IepcnexTnBH NOAANBIIMX AOCTiKeHb. OTpuMaHi
pe3yNbTaTh TOUiIHbHO BUKOPHCTOBYBATH B ITOJAJIBIINX JI0C-
mipkeHHsx. Ha maiiOyTHe mimaHyeTbcs po3poOka iHTerpa-
uiitnoi HeWpoHHOI Mepexi Kiacudikamii NarieHTONOTOKY
Ta MOMJIMBOCTEH PETiOHAIBLHOTO JIIKYBAJIBGHOTO 3aKJaay B
HaJaHHI TOTPiOHUX 00CATIB 00CTEXKEHB Ta OCIiKeHb. Ta-
KOXX IEpPCIIEKTHBHOIO € MOXUINBICTH PO3poOKH, Ha mijcTai
OTPUMAHUX IapaMeTpiB, TEXHOJIOTII iHTeponepabenbHOCTI
KOMITOHEHTIB MEJIMYHUX JAaHHX.
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Xapvrosckuii HayuonanvHwlll yHusepcumen 20poockoeo xozaticmea um. A. H. bexemosa, 2. Xapvkos, Ykpauna
HEWPOCETEBAAl UHO®OPMAIIMOHHAA TEXHOJIOTUAI OBPABOTKH MEJAUIIMHCKHX IAHHBIX

BricTpoe pa3BuTHE KOMIBIOTEPHONW TEXHUKH (POPMHUPYET NMPEANOCHUIKH VISl pa3paboTKU HEHPOKOMIIBIOTEPOB (TO €CTh KOMIIBIO-
TEPOB 6-FO HOKOJIeHI/ISI), KOTOpbIC, 110 TPOTrHO3aM B 06J18.CTI/I HUCKYCCTBCHHOI'O MHTEJUJICKTA, aKTUBHO 6yﬂy’[ HCIIOJIB30BAaHBbI IJIs1 06pa-
60TKPI JIIO60ﬁ I/IHq)OpMaIII/II/I, 10 TEM K€ IMPpUHIUIIAM, YTO U 6I/IOHOFI/I‘IGCKI/IC HeﬁpoHHLIe CCTH — TAKHUC KaK ‘{CIIOBC‘{CCKI/Iﬁ MO3T. HO-
9TOMY CIPOC Ha HUCIIOJIb30BaHUC HeﬁpOceTeBbIX TeXHOJ’IOI‘I/Iﬁ IIOCTCIICHHO OXBAaThIBACT BCC 60]’[66 HII/IpOKI/Iﬁ Kpyr HOJIB30BaTeJIefI, B
TOM 4YHUCJIC U B 06J'IaCTI/I 3APaBOOXpPaHCHUS. I/ICCJ’IeIIOBaHI)I BO3MOXXHOCTH NPUMEHECHHS UCKYCCTBCHHBIX HeﬁpOHHBIX ceTe171 JJIsT 06pa-
60TKPI JAaHHBIX PEruOHAJIBHOTO 34PaBOOXPAHCHUS. HeﬁpOHHbIe CCTHU — MOHIHI)Iﬁ METOA MOACIIMPOBAHUA, KOTOprﬁ AacT BO3MOXK-
HOCTb BOCIIPOU3BOAUTH CJIOKHBIC HeJ'IHHeﬁHBIe 3aBUCUMOCTH, YTO aKTYaJbHO UISI CUCTEM IPUHATUA peI_HeHI/Iﬁ Ipy yrnpaBJIC€HUU 1a-
HUCHTOIIOTOKaMHU B MEAUIUHCKUX YUPCIKICHUAX. Hpezmomeﬁa I/IHq;)OpMaIII/IOHHaSI TECXHOJIOTUs1 06pa60TKI/I MCOUIIMHCKUX OAaHHBIX C
TIOMOILIBKO UCKYCCTBEHHBIX HeﬁpOHHBIX ceTeﬁ, YTO IIO3BOJIUT IIOBBICUTH 3(1)(1)6KTI/IBHOCTB OKa3aHUus MelIHIIHHCKOfI TIOMOIIHU IIpH 1IpO-
(1)I/IJIaKTI/I‘IeCKI/IX MEOOCMOTpax, 4€M HU3BCCTHBIC I/IHq)OpMaIII/IOHHI)Ie TEXHOJIOI'HHU KJIaCCI/I(i)I/IKaHI/II/I. PaCCMOTpeHBI CJIEAYIOMKUE I10JI0-
JKCHUS: MPUHIHNIIBL HeﬁCTBHﬂ HUCKYCCTBCHHBIX HeﬁpOHHLIX ceTeﬁ, NpeuMynieCcTBa U HEAOCTATKU HMX HCIOJb30BaHUSI U OCHOBHBLIC
Q)yHKHI/II/I. TaK)Ke NPUBEACHBI IEPCIICKTHUBLI UCIIOJIb30BaHUA UCKYCCTBEHHbBIX HeﬁpOHHbIX ceTeﬁ JJIsL KJIaCCI/I(i)I/IKaHI/II/I IMAaIIUCHTOB JIs1
MPOXOXKACHUA HpO(i)I/UIaKTI/I‘IeCKOI‘O MEIUIMHCKOI'O OCMOTpaA.

Kﬂm'leﬂble cnoea; MECOUITMHCKaA PIH(i)OpMaIII/IOHHaSI CHUCTEMA; UCKYCCTBCHHAsL HeﬁpOHHaﬂ CETh; NaHHBIC PETHOHAJILHOTO 3paBo-
OXpaHCHUS; HCKYCCTBeHHbIﬁ HHTCJUICKT.

T. A. Nazirova, A. B. Kostenko

O. M. Beketov National University of Urban Economy, Kharkiv, Ukraine
NEURAL NETWORK INFORMATION TECHNOLOGY FOR THE PROCESSING OF MEDICAL DATA

The aim of the article is to investigate the possibility of using artificial neural networks for processing regional health data. The
spread of using computers in many business units in economic activity has significantly developed in recent years. Such a develop-
ment is due to the most significant developments in recent years of so-called artificial intelligence and its applications. Artificial in-
telligence is defined as the use of computer in the simulation of human intelligence information (experience)-based computer prog-
rams through which a decision can be reached similar to human decision. One of the main biomedical problems lies in detecting de-
pendencies in semi-structured data. Modern medicine rushes away from verbal description towards formalized processes, mathemati-
cal models and information technologies. These adaptive learning algorithms can handle diverse types of medical data and integrate
them into categorized outputs. Diagnostic and prognostic tasks cannot be solved without creation of appropriate informative environ-
ment. It enables settling the problems of data and knowledge representation, seeking dependencies, and creating decision rules. The
neural network is a new and promising computational technology that provides new approaches to solving problems in various scien-
tific and social spheres of society. The interest in artificial neural networks has renewed in late eighties due to the need to process da-
ta in a manner that stimulates human mind, the progress in computer technology and neurology that resulted in greater understanding
of human brain structure. This article discusses the nature of neural networks, especially their ability to training (setting of architectu-
re and synaptic connections). An effective neural network training algorithm is provided. The authors also reveal the development
prospects of application and use of artificial neural networks to apply the distribution of patients for a preventive medical examinati-
on. The use of artificial intelligence, in particular the use of artificial neural networks, to solve similar problems will help improve the
quality of medical institution services.

Keywords: medical informatics system; artificial neural network; regional health data; artificial intelligence.
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