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PO3POBKA METOJY IHTETPAIIII MAIIMHHOI' O HABYAHHSI
3 BUBEJEHHAM HA OCHOBI ITPABHJI

Y ecmammi npeocmaeneno Hoguil Memoo inmezpayii MAWUHHO20 HABUAKHS 3 NPOYEOYPOIO BUBCOCHHS HA OCHOGL
npasui 8 iIHMeNeKmyaIbHUX CUCMeMAx, wjo Oa3yImsbCs HA UMOGIPHICHUX npasunax. 3anponoHosanull Nioxio cnpsamMoeanuil
Ha Ni08UWEHHA MOYHOCTI NPOSHO3Y8AHHA MA AOANMUBHOCMI cucmemu npu 00podyi enuKkux 06csa2i8 OaHux, 8 AKUX
NpUCYMHI PiSHOMAHIMHI O0dxcepena HegusHauenocmi. Memoouka TpYHMYEMbCsa HA BUKOPUCHAHHI SHYYKUX HEeUpPOHHUX
Mepedic, 30amHUX BIOHOBNIOEAMU NOBHY [HHOPMAYII0 3 HACMKOBUX OAHUX, WO O00360JA€ ONMUMIZYEAMU 64208]
OecKpunmopu npasu yepes 8ionogioHy bazamopisuesy inmezpayiio. [lposedeno demanvHutl ananis iCHylOHUUX an20pummis
MAUWUHHO20 HAGUAHMSA, CMPYKMYPHOI onmumiszayii 0a3u 3HAHb cUcmemu ma ModICIUGoCcmel inmezpayii 3 Cy4acHuMu
mexnono2iamu pobomu 3 danumu. Pozpobnena moodenv 3abesnevye egpexmughe 8paxyeanHs CmyneHs HeGUHAYEHOCHI 6
hopmi Koeghiyicnmis eneenenocmi ma adanmayilo napamempie CUcmemu 6 yM0o8ax 60AAMuUIbHocmi oanux. Ompumani
pe3ynbmamu 8iOKpUBAIoNb NEPCREKMUBU 3ACMOCYBAHHs OAHO20 NIOX00Y 8 PISHUX 2any3sX, 0e NOMPIOHA 3aCMOCY8aHHs
MeMOoOUK MAWUHHO2O HABYAHHSL.

Knrouosi cnosa: 6azamowaposa HelpoHHa Mepedica, 2auboKe HAGUAHHA, 6a3a npasui, KoepiyicHmu
8nesHeHocmi, 00poOKa OaHUX, IHMeNeKMYAIbHI CUCIEMU HA OCHOGI NPABUIL.
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DEVELOPMENT OF A METHOD FOR INTEGRATING MACHINE LEARNING
WITH RULE-BASED INFERENCE

This article presents a method for integrating newest Al methods into classical rule-based intelligent systems by adding a
information retrieval processing layer that replaces the traditional weights coefficients calculation routine. The proposed approach
involves using a multi-layer neural network as coeficients for information retrieval method, which allows implementing associative rules
in the system structure and increasing its efficiency in prediction, classification, and decision-making tasks under uncertainty and
fuzziness. The methodology is based on eliminating the constraints of the classical approach to weights coefficients calculation, which
relies on traditional operations of according to the degree of relevance and rule weights. The integration of associative rules allows for a
more complex and adaptive calculation of weights, which contributes to increasing prediction accuracy and flexibility in decision-making
in complex hybrid environments. The proposed method provides automatic gaining of system parameters, including weight coefficients,
neuron, and activation functions, which allows adapting to changes in input data and increases the overall performance of the system.
Unlike traditional methods that use static rules and weighting coefficients, the developed approach allows dynamically updating
parameters during system operation, which increases its flexibility and resilience to changing environmental conditions. The inclusion of
associative rules contributes to more accurate pattern recognition in data, which improves the quality of decision-making even in cases
with incomplete or missing information. Additionally, the use of automatic information retrieval reduces dependence on hard rules and
lowers the need for manual system tuning, significantly simplifying its deployment and use. The obtained results demonstrates improved
prediction accuracy, reduced error, and increased efficiency in data analysis. The proposed method can be used in a wide range of
applications, including big data analysis, automated control of technological processes, cybersecurity, financial modeling, risk
forecasting, medical diagnostics, and the development of autonomous systems for operation in conditions of high uncertainty.

Key words: multilayer neural network, deep learning, rule base, confidence factors, data processing, rule-based intelligent
systems.
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ITocTanoBka 3agaui

MeTo10 1IbOTO JOCIHIIKEHHS € po3po0Ka Ta O0IpyHTYBaHHs METO/Y iHTerpauii riMOoKoro HaByaHHs
Ha OCHOBI acCOIIIaTUBHOI MaMm’ATi 3 TMpPOLEAYypOI0 BHBEICHHSA TPABWJI B IHTENEKTyalbHIH CHCTEM.
3arpornoHOBaHUH METOA CIPSMOBAaHMH Ha MTOKPAIICHHS TOYHOCTI IPOTHO3YBAHHS B YMOBaX HEBH3HAUYEHOCTI
IUITXOM yIOCKOHAJICHHS MEXaHi3My OOYHMCIICHHS Bar akTUBAIil mpaBuil. JJOCATHEHHS wi€l MeTH mependayae
(dopmarizarito mpodbieMu Ta aHaJi3 iICHYIOUMX MiAXOiB MO0 BH3HAYCHHS Bar aKTHBAIii B iHTEICKTyaJbHUX
CHCTEMaX, 30KpeMa y CUCTEMax, 10 0a3yloThCs Ha MPAaBHUIaX BIEBHEHOCTI.

VY Mexax TOCHIKCHHS MPOIIOHYETHCS po3poOKa METOMOJIOTI] iHTerpamii IIMO0KOro HaBYaHHS, M0
BKJIIOYa€ BHKOPHCTaHHS OaratomrapoBoi HEHpPOHHOI Mepexi 3 acoIiaTUBHOIO IaM’ATTIO, sIKa JIO3BOJISIE
KOpUI'yBaTH BarW akKTUBAllii MNpPaBWI, 3MEHINYIOYM BIUIMB HEBH3HAYEHOCTi. 3alpOIIOHOBAHUM MiAXin
IPYHTYETBCS HAa CTBOPEHHI MaTeMaTH4HOi MOJeNi B3aeMoii miapy riMOOKOro HaBYaHHS 3 IMPOLETYPOI0
BUBEJICHHS TIPAaBUJI, 110 J1a€ 3MOTY YTOYHIOBATH Bark Ha OCHOBI BCTAHOBJICHHUX acoOIlialii.

AHaJti3 ocTaHHIX TKepeJt

Metoau rimmbokoro HasuaHHs (DL - Deep Learning) mmpoko 3acTOCOBYIOTBCS 7151 00pOOKH BETHKUX
MacHBIB JaHWX 3aBISKH MEHIIIH MOTpedi B momepenHiit oOpoOIli MOPiBHAHO 3 TPATUIIHHUMH aITrOPUTMaMHU
MAaIIMHHOTO HaBYaHHsI. BogHOYac BHCOKa CTYIiHP HEBH3HAYCHOCTI, XapaKTEepHA U BEIHKHUX O0CSTIB CHPUX
JAHWUX, YCKIAJHIOE NOCATHEHHS BHCOKOI TOYHOCTI MPOTHO3YBaHHA.OCTaHHI TEXHOJIOTiYHI IOCSTHEHHS B
ramy3i [areprery peueit (IoT) Ta xXMapHUX 00YHCIICHB CIIPUSIOTH TeHEpAIlii 3HAYHUX OOCSTIB CHPHX NaHUX.
OnHak eeKTHBHE MPOTHO3YBAHHS HAa OCHOBI IUX JAHUX 3aJIUIIAETHCA CKIATHUM 3aBJAHHSAM JUIT METOIIB
MAIIMHHOT'O HaBYaHHS.

TouHe NpOrHo3yBaHHS HAa OCHOBI PEAIbHHUX JAaHUX 3aJHMLIAETHCS CKIATHUM 3aBJIAHHSAM Ui PI3HUX
METOJIB MAallMHHOTO HaBYaHHS. Y Cy4acHHMX HAyKOBHUX 1 IPOMHCIOBUX Taily3siX, 3aBISKH PO3BUTKY
texnouoriii [arepHery peueit (IoT) Ta xMapHUX 00YHUCIICHB, BiZIOYBAa€ThCS OC3MEpEepBHA FeHEpallis BEIUKUX
oOcsriB naHumx. OpHak Wi JaHi HEMHHYYe MICTATh Pi3HI BHIM HEBU3HAYCHOCTI, 30KpeMa HEMOBHOTY,
HEBIZIOMICTh, HEOJTHO3HAYHICTh, HETOYHICTD 1 IBO3HAYHICTD, II0 3HAYHO YCKIIAJHIOE TPOIIEC iX ePEKTHUBHOTO
aHaI3y Ta MPOTHO3YBAaHHS.

st 06poOKM HEBU3HAYEHUX JTAHUX ITHPOKO 3aCTOCOBYIOTHCS METOIH, 3ACHOBAHI Ha HEUITKiN JIOTIII.
BoHN BHKOPHCTOBYIOTBCA B Pi3HHX MPHUKIAAHUX cdepax, 30KpeMa B 00poOImi 300pakeHb , YHpaBIiHHI
nopt¢esieM aKTUBIB Ta KepyBaHHI TEXHOJIOTIYHIMH MPOIECaMH, Ji¢ HEBU3HAYEHICTh € BaXKIMBUM (DaKTOPOM
[1-4]. CuctemMu HEYIiTKOTO HABYAHHS 3/IHCHIOIOTH ABTOMATHYHE HANAINTYBaHHS (YHKIIH HAIEKHOCTI Ta
TCHEPYIOTh HEUITKI TpaBWJIa Ha OCHOBI BEIMKHX HaBYalbHUX BuOiIpok [5]. INomampmra oOpoOka maHMX
3IICHIOETHCS Yepe3 MEXaHi3M HEUITKOT0 BUBEACHHS, 110 JI03BOJISIE OTPUMYBATH HEUITKI 3HAYEHHS, SIKi 3r0ZI0M
NePEeBOAATHLCS B YITKI PE3yIbTaTH 3a IONIOMOTOI0 METOIB Aedasudikarlii, TAKUX sIK METOI LIGHTPY Baru, MeTo]
CepeIHbOro MakCHUMyMy 1 METOJ| cepeAHboro 3HadeHHs. [Ipore, He3Bakarouum Ha CBOIO €(DEKTHBHICTH y
BUpIlIEHH] Mpo0JieM, MMOB’A3aHUX 13 HETOYHICTIO, JIBO3HAYHICTIO T4 HEOJHO3HAYHICTIO, CUCTEMU HEYITKOTO
HABYAHHS HE 3/1aTHI BPaXOBYBaTH HEBH3HAUCHICTh, 3yMOBJIEHY HEIOBHOTOO Ta HEBiIOMICTIO [ 6].

Meroau raiOOKOro HaBYaHHS IIMPOKO 3aCTOCOBYIOTHCS IJISl BUPILIEHHS 3aJad NMPOTHO3YBaHHS Ha
OCHOBI aHaITi3y BEJMKUX 00CATIB JaHWX. J{J1s ABHINICHHS TOYHOCTI MPOTHO3YBaHHS BUKOPHCTOBYIOTHCS Pi3HI
AITOPUTMH TIHMOOKOTO HaBYaHHS, IO JIO3BOJLSIIOTH ONTHMI3YBaTH Ipoliec oOpoOku iH(popMarii, 30kpema
TIO€THAHHS METOAUKH «BUNAOKO6020 icy» 13 TIIMOOKMM HaBYAHHAM JUIS IIOKPAIICHHS 3a/1a4 Knacugikarii. Y
TAaKOMYy MiAXOAl MINOOKEe HABYAHHS BUKOPHUCTOBYETHCS JUISl BIUIYUYCHHSI BUCOKOPIBHEBUX XapaKTEPUCTHUK, SIKi
MOTIM MEPEIAIOTHCS «BUNAOKOBOMY Aicy» JUIsl BAKOHAHHS Kiacu(ikaniiHoro aHamizy[7].

Meron Fuzzy Deep Convolutional Network (FDCN) [8] moeanye Teopir0 HEWiTKHX MHOXHH i3
rIHOOKMMH  3ropTKOBUME Helponnnmu Mepeskamu (Deep Residual Network) 3 wmeroro BpaxyBaHHS
HeBu3HaueHocTi. Apxitekrypa FDCN ckiagaerbcss 3 1mSITH OCHOBHHMX KOMIIOHEHTIB: BXIJHOTO MOJYJIS,
rmuboxkoi 3roptroBoi Mepexi (Deep Convolutional Network, DCN), weuitkoi mepexi (Fuzzy Network, FN),
MOJIyJISl 3TTUTTS Ta MPOTHO3YIOUOro MoAyis. BxinHi maHi omHOouacHO mepenarotbes 10 moxyniB FN ta DCN,
TiCJIS 9OTO iXHI BUXiHI CHTHAIN 00’ €HYIOTBCS B MOJIYJIi 3JIUTTS ¥ MEPENaloThCsl Ha MPOTHO3YIOUNH PiBEHb.
Onrumizanis mapamerpiB DCN ta FN 31iliCHIO€TBCS DUITXOM MiHIMI3amii (YHKIT BTpAT MijJ 4ac HABYaAHHSI
Mmogedni. [licns 3aBepiieHHs Mpolecy HaBUYaHHS CUCTEMa 37[aTHa TeHEepyBaTH MPOTHO3HI 3HaueHHA. OCHOBHA
poibp DCN mnomsirae y BHUSIBIEHHI 3aKOHOMIPHOCTEH y BXIIHHUX JaHMX, ToAl Ik FN BHKOpHCTOBYETBHCS IS
BpaxyBaHHS HeBu3HaueHocTi. [IpoTe, He3Baxkatoun Ha nepeBarn FDCN, HewiTKi cucTeMH MaroTh 0OMEXEHHs
110710 00POOKH HEBU3HAYEHOCTI, ITOB’513aHOT 3 HETTOBHOTOIO Ta HEBIJJOMICTIO, III0 MOKE 3HIKYBAaTH TOYHICTb
MPOTHO3YBaHHS.

B mopeni iepapxiuHoi HewiTKo1 TibGoK01 HefiporHoi Mmepexi (Fuzzy Deep Neural Network, FDNN) [9-
10] st 3amau kiacugikamii JaHUX BXiTHI JaHi OJHOYACHO OOPOOIIAIOTHECS HEYITKOIO CHCTEMOIO Ta MOJIYJIEM
rmuboxoi HelpoHHOi Mepexi (DNN), micis 9oro oTpuMaHi pe3yibTaTd iHTErPYIOTHCA Ta MEPefaloThCs IO
3aBIAaHHA-OPIEHTOBAHOTO PIBHS I OCTaTOYHOI Kiacudikamii. BUKOpHCTaHHS HEWITKMX MHOXWH IO3BOJIIE
MOJIeJli BpaxOBYBaTH HEBU3HAUEHICTh, TOJI SIK MEXaHI3MHU INTMOOKOTO HABYAHHS CIPHUSIOTH 3MEHIIEHHIO PiBHA
uyMy y BXizHux ganux(data noise). Ouinka FDNN iMnemMeHTOBaHa Ha 3aadax Kiacudikanii TKaHHH MO3KY 32
300pa’keHHsIMU MarHiTHO-pe3oHaHcHOI Tomorpadii (MPT) Ta nporHo3yBaHHSI ()OHIOBUX IHIEKCIB, € METOJ
MIPOJIEMOHCTPYBaB KOHKYPEHTOCIIPOMO>KHI pe3yibraru. BopHouac, oquuMm 13 kmodoBux obmexenb FDNN e
HEMOXJIMBICTh BPaxXyBaHHS HEBU3HAYCHOCTI, 10 BHHHKAE BHACTIJOK HENOBHOTH Ta HEBIJOMOCTI JaHHUX.
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HasBHicTh 1IyMy y BXiHUX JaHHX MOXKE HPH3BOJIUTH A0 IXHHOI HEHOBHOTH ab0 HEBIIOMOCTI, 1110 HETaTUBHO
BIUIMBAE Ha TOYHICTH MPOTHO3yBaHHS. OCKUIBKM HEYITKI CHCTEMH MOXYTb MOJIEJIFOBATH HEBU3HAUCHICTB,
3YMOBJICHY HETOYHICTIO, IBO3HAYHICTIO Ta HEOJHO3HAYHICTIO, ajie HE 37aTHI e(EeKTHBHO IMPAIfiOBATH 3
HETIOBHUMH 200 HEBiIOMUMH JaHUMH, TOYHICTD PE3yIbTAaTYI0UO0] KIacudikaii 3aHIIanacTbcss 0OMEXEHOIO.

[lincymoByr0our BUKOHAHUI aHaJi3 MOXHA 3pOOMTH BHCHOBOK, IO HEUITKI CHCTEMH 31eOiIbIIOr0
BHKOPHUCTOBYIOTBCA SIK OKpeMi MOAYJi IIiJ dac iHTerpamii 3 TJIMOOKMM HaBYAHHAM [UIi OOpOOKH
HEBU3HAYCHOCTI. BOHM 10O3BONSIOTH MOJENIOBAaTH HEBU3HAYEHICTh, IO BHHUKAE€ UYEpe3 HETOUYHICTH,
JTBO3HAYHICTH Ta HEOMHO3HAYHICTH . OTHAK y BHIAIKaX, KOJM HEBU3HAUCHICTH ITOB’I3aHAa 3 HEMOBHOTOIO 200
HEBIJIOMICTIO JaHHX, TOYHICTb IPOTHO3YBAHHS TAKUX IHTEI'POBAHMX IMiXOIB 3IHIIAETHCS OOMEKEHOIO.

Pi3Hi anroputmu HaBuaHHs, 30kpeMa renetnuHuil anroput™ (GA) [11], nudepeniiaabHa eBOTHOLIs
(DE) [12] ta ontumisaris poto dactok (PSO) [13], akTuBHO 3aCTOCOBYBAIHCS IS MiIATPUMKUA HABYAHHS B
IHTEJIeKTyalbHUX cucTeMaX. BoHu QyHKIiOHYBanu sSIK OKpeMi MOJyJIi B MEXax 1HTEJIEKTyaIbHOI CUCTEMH Ha
ocHoBi mpasuin BnesHeHocti (ICIIB), 3abesnmeuyroun onTuMmizauio napamerpiB mojeni. Ilomupenumu e
anroput™ HauaHHA i ICIIB, cripsiMoBaHi Ha 3HAXOMKEHHS ONTHMAILHUX 3HAYCHB NAapPaMETPiB, TAKUX 5K
Bard aTpuOyTiB, Bar¥ MPaBW i CTYIEHI BIIEBHEHOCTI, 3 METOIO ITiABUIIICHHS TOYHOCTI IPOTHO3YBaHHs. ToMy
TEOPETHYHO, MOXKHA IMIUIEMEHTyBaTH MeTonu crminbHoi omrumizamii mams ICIIB, mo BpaxoByOTh SIK
CTPYKTYpHI aCIIeKTH, TaK i MapaMeTpy HaBYaHHA. | iINOTETHYHHMHA MiIXiJX CHIJIFHOI ONTUMI3aIlii mapaMeTpiB i
crpykrypu ICIIB, mMoxe 3acTocoByBaTH KpuTepill iHpopmamii sk minpoBy QyHKIif0. Takuit Merox
0azyBaTUMEThCS Ha BUKOPHCTAHHI €BPHCTHYHOTO alTrOPUTMY IUIS ONTHMI3allii CTPYKTYpH Ta aJITrOpPHTMY
nudepeHnianbHOi eBOJIoNii  JUI HajlallTyBaHHS MapaMeTpiB. B KiHIEBOMY MiICyMKYy MOXKHA OTpUMATH
BJIOCKOHAJICHHI METO/I CIUILHOI ONTUMI3AIlil Ha OCHOBI aJanTUBHOI TU(EPEHINIaTbHOT SBOJIOIT IS IPaBUII
BIICBHCHOCTI 3 METOO MOTEHIIIMHOTO MiABHUIICHHS TOYHOCTI PE3yJIbTaTyHOUOr0 IPOTHO3YBAHHSL.

BaxnuBHM MiJIX0JJOM € IHTerpallisi yMOBHOT'O y3arajbHEHOro MiHiMambHOTo poscitoBanHs (CGMYV -
Conditional Generalized Minimum Variance)[14] i3 ICIIB mnst oniHku Ge3MeKH CKIaTHUX TEXHIYHUX CHCTEM.
VY upomy migxoni CGMYV BUKOpUCTOBYETHCS M1 BinOOpy XapakTepucTuk, Toi sik ICTIB 3actocoByeThes ast
omiHKH piBHA Oesmeku. OOmaBa MeToaM PYHKIIIOHYIOTH BiIIOBiTHO HE3aJIe)KHO OJMH BiJl OJHOTO, 0€3 3MiH y
npornenypi suBenenns [CIIB, mo 3amobirae 3HIKEHHIO TOYHOCTI IIPOTHO3YBAaHHSA B YMOBaX 00pPOOKH BEIHKHUX
00CSTIB JaHUX.

B po6ori [15] mpencraBneHo iHTerpariro rimbokoro HapuaHHas 3 ICIIB mns mporHo3yBaHHS piBHA
3a0pyIHEHHS MOBITPSI HA OCHOBI 30BHIMTHIX 300pa)keHb. Y MeXax I1i€i MeTOIUKHU 3TrOPTKOBI HEHPOHHI Mepexi
(CNN) BHKOpHCTOBYBAJIHCS IJIsl IPOTHO3YBaHHS KOHILEHTpAIII] 3a0pyIHEHHS, a OTpUMaHi pe3yJIbTaTH pa3oM
i3 nannmu faBauiB Haaxoawnu B ICTIB st oliHKHM 3arajgbHOTO piBHS 3a0pyAHEHHS MOBITPS. Y LLOMY ITiAX0A1
CNN Ta ICIIB nparroBainu sik okpeMi Moy, 0e3 BHECeHHs 3MiH Y npoleaypy Buenenns ICIIB, o6 morio
0 oOMexXyBaTh MOXJIMBOCTI CHCTEMHM ILOJO IHTErpaiii acouiaTWBHOI MaM’aTi Ta YCKJIAJHIOBAaTH 0OpOOKY
BEJIMKUX 00CATIB JaHUX MPO MOTEHILIHHI 3a0pyJHEHHS.

TakuM 4MHOM, TIPOBEACHHUN OTJISIN ITOKA3ye, 10 MEPCIEKTUBHAM € IHTErpallis HeYiTKUX CHCTEM 3
METO/IaMH TIIMOOKOTO HaBYaHHS JUISl MOJICJIIOBAHHSI HEBU3HAUCHOCTI B YMOBaX pOOOTH 3 BETMKUMHU 00CSTaMU
naHux. BomHodac icHyroWi iHTerpamii HEWiTKHX Ta TIHOOKMX METOMIB HaBYaHHS IEMOHCTPYIOTh ICBHI
00Me)KeHHs, 30KpeMa HEMOKJIMBICTh YpaXyBaHHS BCiX BHAIB HEBH3HAYCHOCTI Yepe3 CTPYKTYPHI OOMEKEHHS
caMme B KJlaci HeUiTKUX cucteM. it migBuIneHHs TogyHOCTI mporHo3yBaHHs ICIIB BUKOpHCTOBYIOTECS BHIIE
3rajlaHi aNropuTMH onTuMi3alii ski iHTrerpyBammcs 3 ICIIB sk okpemi MOy, CIIpSIMOBaHI Ha ITiBUIICHHS
e(pEKTHBHOCTI ii (PYHKIIOHYBaHHS.

OpHak Hapasi BIZACYTHI JOCIIIKSHHS, 1[0 PO3IJISIAI0Th MOYKIIMBICTh IHTErpaIlil acoI[iaTUBHOT ITamM’SITi
Oe3rnocepeiHbo B nporenypy BuBeaeHHs ICIIB st miBHIIEHHS TOYHOCTI IPOrHO3YBaHHS B YMOBaX BEJIMKUX
00csriB JaHuX. 3 OrVIsIAY Ha 1€, JaHa po00Ta 30CePEKYETHCS HA PO3POOII METOUKH THTErpalii rIIHO00KOro
HaBYaHHS Ha OCHOBI acoLiaTHBHOI IaM’sTi 3 npoueaypoto BuBeaeHHs ICIIB s mokpamieHHs ii nporHo3Hux
XapaKTePUCTHK.

Buxkiax ocHOBHOro MaTepiaiy

InrenexryansHi cucremu Ha ocHOBi mnpasun BrneBHeHocTi (ICIIB) € omuuMm i3 miaxomiB 1o
OTIpAIFOBaHHS HEBU3HAUCHUX JaHUX. [IpoTe IXHs 0OMeKeHa 3/1aTHICTh 10 IHTErpalii acoliaTHBHOI mam’ATi y
NIPOLIECH BUBEJICHHS NPU3BOJMUTH 10 HU3BKOI TOYHOCTI NPOTHO3YBaHHS y BHUIIAJKaX POOOTH 3 BEIMKHMH
MacHBaMH JlaHuX. Y 3B’SI3Ky 3 LMM Y JAaHOMY JIOCHI/PKEHHI 3allpOIIOHOBAHO IJXiA, IO IHTErpye METOIH
rMOOKOro HaBYaHHS Ha OCHOBI acoliaTBHOI mam’siTi y npouecu BuBeaeHHs [CIIB, mo cripusie BUABICHHIO
TOYHIMIKX 3aKOHOMIpPHOCTEH y JaHWX Ta IMiABHIIEHHIO TOYHOCTI IPOTHO3YBAaHHS B YMOBAaX HEBH3HAUYEHOCTI.
Kpim Toro, 3anpornoHoBaHU METO/I TOPiBHIOBABCS 3 IHIIMMHU MOJIEISIMU TITHOOKOT0 HaBYaHHS, 30KkpeMa Long
Short-Term Memory (LSTM) ta Deep Neural Network (DNN).

ICIIB € po3mmpeHHAM TpaauIiifHUX CHUCTEM HEYITKOrO0 HaBUYaHHA, IO 3a0e3ledye IOKpamieHe
MIPEJCTAaBICHHS HEBH3HAYCHHWX 3HAaHb LUIIXOM IHTErparii CTpYKTypH HpaBWiI BIEBHEHOCTi. Bimomo, mio
TUTIOBA IHTEJIEKTyaJbHA CHCTEMa CKJIAQIA€ThCA 3 JBOX OCHOBHHUX KOMIIOHEHTIB: 0a3n 3HaHb 1 MEXaHi3My
JIOTIYHOTO BMBEJIEHHS, a cama 0a3a 3HaHb IPEJCTABIAETHCS y BUIIAL npaBui Ty "SAxmo-Toxni". Ognak
TaKWi MiIXiT HE BPaXOBYE BHUIIAIKHU, KOJH PIBEHb BIICBHCHOCTI B HacTaHHI moxii € meHmmM 3a 100%. st
BUpIIIEHHS Ii€i NMPOOJEeMH BHKOPHUCTOBYETHCS HOBa CXEMa IPEICTaBJICHHS 3HaHb LUISIXOM IHTEerpauii
pO3MOJiNIeHOT OLIHKM, 10 0a3yeThCsl HA CTPYKTYpl BIIEBHEHOCTI. Hampukiaza, y BUNAAKY MPOTHO3YBaHHS
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NIPUXOIUIEHHsT OypWJIbHOT KOJIOHM miJ 4ac OypiHHsA HaTOBHX 1 Ia30BHX CBEPAJIOBUH MNPABHIIO MaTHMeE
HACTYITHUN BUTJISI:

“AKL]O Al = "anunucmi” (snesnenicmo 0.7), A2 = "senuxe” (6nesnenicmo 0.8), A3 = "necamusna”
(enesnenicmo 0.9), A4 = "snauni” (enesnenicmo 1.0)
TOAI: Cl = "Husvekuii pusux npuxonienns” (snesmenicmo 0.1), C2 = "Cepeoniii pusux
npuxonnennsn" (énesnenicmo 0.3), C3 = "Bucokuti pusux npuxonnenns” (enesnenicmo 0.9)”

ne Al — tan nopin, A2 — BiIXWISHHS CBEPIUIOBHHU BiJ BepTHKali, A3 - PI3HUIS MIX IUIACTOBUM
THUCKOM 1 THCKOM OypOBOTO PO3UMHY 1 A4 — HasBHICTH OCHIIIB a00 00BaJiB.

3aBISIKM LiH yJOCKOHAJICHIH CXeMi IIPeICTaBICHHS 3HaHb 3HAWIIIIIM 3aCTOCYBAaHHS B PI3HUX raiy3sx,
TaKUX sSK MPOTHO3YBaHHA NPHPOAHUX KaracTpod, MeJuyHa NiarHOCTHKa, (DiHAHCOBE NMPOTHO3YBAaHHS Ta
MIPOTHO3YBaHHs i yac OypiHHsA Ha(TOBUX 1 Ta30BHUX CBEPJIOBHUH, J€ NpoOJieMa HEBU3HAUEHOCTI Biairpae
KITIOYOBY POJIb Y MPOIIECi YXBAJCHHS PIllICHb.

Icaytots nBa ocHoBHI Tunm ICIIB: kOH'IOHKTHBHAa Ta AW3 IOHKTHBHA. Y KoH foHKTHBHIN [CIIB
aTpuOyTH aHTEIeJeHTa MIPaBIUiIa MMOETHYIOTHCS 3a JOMOMOTOIO JIOTIYHOTO orepartopa "I", mo nmpu3BoAuTE 10
3HAYHOTO 3POCTAHHS OOYHCITIOBAIFHOI CKIIAHOCTI Yepe3 KOMOIHATOPHUN BHOYX 1, K HACTIIOK, 301TbIICHHS
KUTBKOCTI TIpaBui y 0a3i 3HaHs [ 14], [15]. HatoMicts au3’torkTrBHA [CI1B BHKOPHCTOBYE JIOTIYHMIA OIIEpaTOp
"ABO" mis 00’eqHAHHS aHTEIEACHTHUX YMOB, IO 3MEHIITYE OOUUCITIOBATBHY CKIIAJIHICTD 1 3HIKYE KUTBKICTh
MIPaBUJI Y CUCTEMI.

OcTaHHIM 4acoM IIMOOKe HaBYaHHS 3apEKOMEHIyBaJIo ceOe K e(heKTUBHHUN IMiIXiJ] VI BUPIICHHS
3a/a4 pPO3Mi3HABaHHs MIAOJOHIB Ta PErPECiiiHOTO aHami3y, II0 3YMOBJICHO HOTO 3aTHICTIO 0€3MocepeIHbO
00pobiaTH cupi maHi. [IpoTe, rTHOOKI HEHPOHHI MEPEKi MArOTh OOMEXKEHI MOXKJIMBOCTI II[OJI0 BpaxXyBaHHS
HEBU3HAYCHOCTI, OCKIJIBKU IXHS CTPYKTypa He 3a0e3ledye MeXaHi3MiB poOOTH 3 TaKHMH AacClCKTaMH, sSK
HETOBHOTA, HEBIJIOMICTh, JBO3HAYHICTh, HCOJHO3HAYHICTh 1 HETOUHICTh. Y To# yac sik ICIIB edekTuBHO
00pOOIIAIOTh Pi3HI TUITM HEBU3HAYCHOCTI B €IMHIN iHTETpOBaHIN MOJETI, BOHA HE 3[aTHI BUKOPHCTOBYBATH
acoIiaTHBHy IIaM ST y mporeci BuBeAeHHA. OCHOBHA NMPUYMHA I[bOTO OOMEKCHHS IOJIITAE B TOMY, IO
MexaHi3M BuBeneHHs [CIIB 6a3yeThcs Ha apiuMeTHIHUX OIepallisix MHOKCHHS, JOIaBaHHS Ta AUICHHSA, SKi
He 3a0e31euyroTh 30epeXeHHS Ta BiTHOBIICHHS iH(QopMarlii. Lle yHeMOKITHBITIOE BUSBIICHHS TIOBHUX IIa0JIOHIB
Ha OCHOBI HEITOBHUX a00 YaCTKOBHX JaHUX.

Hanpukian, min vac 0O9HCICHHS Baru aKTUBAIIi] IpaBUia BUKOPUCTAHHS CTYICHIB BiIOBITHOCTI Y
pamkax ICIIB 31iHCHIOETBCS 32 IOTIOMOTOIO Olepalliii MHOXKEHHsI Ta qiieHHs. OQHak Taki 0O4YHMCIeHHs He
JI03BOJISIFOTh OTPUMATH TOYHI 3HAYEHHs aKTHBAalil KOKHOTO IpaBWiia, 110, CBOEKD 4YEProlo, BIUIMBAE Ha
MEXaHi3M arperyBaHHs NpaBWI, SKUH € KPUTHYHHM €TarioM NPOTHO3YBaHHS. Y 3B’S3Ky 3 IIUM Y JaHOMY
JOCII/DKeHH] Il BHU3HAUSHHS Bard axkTHUBAllii NpaBWiI 13 ypaxyBaHHSAM CTYIEHIB BiJIIOBIZHOCTI
BukopuctoByethest meron Deep Neural Network (DNN), mo € yactuHOMO MigXxoay TIHOOKOrO HaBYAHHSL.
Bukopucrannss DNN o0rpyHTroBane THM, IO L€l MeTon 0a3yeTbCsi Ha INTYYHHX HEHPOHHHX Mepexax
(Artificial Neural Networks, ANN), siki € cuctemamu acoriatuBHO1 iam’siti. ANN 31aTHI BiJTHOBITIOBATH TOBHY
iH(pOpMaIilo Ha OCHOBI 11 9YaCTKOBUX (hParMeHTIB, a TAKOK BCTAHOBITIOBATH KOPEJIAIil MiX BXiTHUMHU TaHAMU
Ta 30epeXKEHNMH 3HAHHAMHU.

TakuMm 9MHOM, 3aIPOTIOHOBAHUH IMIAXiJ IHTETPY€e MEXaHi3M acOLiaTHBHOT aM STl IS BiTHOBIICHHS
ITOBHOTO 3HAYCHHS BAarW aKTHBAIlil IPaBUII i3 BHKOPHUCTAHHSAM CTYICHIB BilmoBimHOCTI. [le 3Ha4HO migBUIIye
edextuBHicTh Npouecy BuBeneHHs B ICIIB, ocobnBo npu o0poO1i BeIUKUX 00CATIB 1aHMX, Ta 3abe3rneuye
OLIBLI TOYHI Pe3yJabTaTH NPOTHO3yBaHHS. B ocTaTouHOMY MiJICYMKY Taka iHTErpallisi CIpHs€e MOKPAIEHHIO
3aranpHOi TogHOCTI ICIIB.

OkpiM TOro, IOCSTHEHHS BHCOKOi TOYHOCTI IPOTHO3YBaHHS BHMAara€ ONTHUMi3alii KIIOYOBUX
mapameTpiB HaBuaHHSA ICIIB, Brirowaroun BarW INpaBwWjl, Bard arpuOyTiB Ta CTyNeHi BHeBHEHOCTI. Llg
ONTHUMI3aIlisl BUKOHYETHCS 3@ JOTOMOIOI0 Pi3HHMX anropHTMiB HaBuaHHS. OCKUIBKM iHTETrparis rimOoKoro
HaBYaHHS Ha OCHOBI aconiaTuBHOI mam’siti B ICTIB nomae HOBI mapameTpw, Taki sSIK Bard HEHPOHIB i 3MIIIICHHS,
iX TakoX HeoOximHO ontumiszyBatu. Lle BuMarae BgockoHaneHHs mexaHi3my HaByanHs [CIIB. Onrumizaris
rapaMeTpiB acoLiaTHBHOI I1aM’ATi BiJIirpae KIIIOYOBY pOJIb y MiABUILEHHI TOYHOCTI NPOTHO3yBaHHS CHCTEMHU.

[TpaBuio BHEBHEHOCTI Ma€ J[BI YaCTMHM: OJIHA — L€ aHTEIEJeHT abo MpeMica, siKa CKIaJaeThes 3
aHTEIeZIGHTHUX aTpUOYTiB; iHIIA — 16 KOHCEKBEHT a00 BUCHOBOK, SIKUH MIiCTHTh KOHCEKBEHTHHUH aTpHOyT.
AHTeUueAeHTHI aTpuOYTH BHKOPHCTOBYIOTH pe(epeHTHI 3HA4eHHS, a CTYNEHI BIIEBHEHOCTI MOB'SA3aHi 3
KOHCEKBEHTHHM aTpuOyTOM IpaBmia BrieBHEHOCTI. KokHe mpaBMiio BIIEBHEHOCTI Mae IpU3HAYEHY Bary
MpaBuiia Jyisl MO3HAYEHHsI HOTO BaXKITHBOCTI.

ITicnst cTBOpeHHst 6a3u MpaBUII NPOLIEypa BUBEIICHHSI BAKOPUCTOBYETHCS ISl TEHEPYBAHHS BUXOLY.
[Iporerypa BHBEAEHHS CKIANaeThcsd 3 Pi3HUX eTamiB, sAKi MokaszaHi Ha puc. 1. Lle Tpanchopmamis Bxoxy,
aKTHUBAIliS TPABHJI, OOUNCIICHHS Baru, OHOBJICHHS CTYTICHS BIIEBHEHOCTI Ta arperarisi IpaBuiI 3a JOTIOMOT0I0
MiAXO0Ty JOKa30BOTO MipKyBaHHs. BXilHI JaHI pO3MOIUIAIOTECS O pehepSHTHHX 3HAYCHHAX aHTCICICHTHUX
aTpuOyTiB, MO HA3WUBAETHCSA CTYICHEM BiJIOBITHOCTI, MOCATHYTHM dYepe3 Ipolec TpaHchopmarii Bxomy.
[Morim npaBuIia BIEBHEHOCTI HA3MBAIOTHCS IIAKETOM aHTELEACHTIB, a Bark akTUBALIT PaBUI OOYHCITIOIOTHCS
3a JIOIIOMOTOI0 CTYIIEHIB BiJIIOBIIHOCTI.
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Bbasa npasun / BueepeHHA Ha ocHoBI JoKa3oBOro MipKyBaHIN

OB64YMCNeHHA CTyNeHiB BiANOBIAHOCTI

O6uncneHHs Bar aKTuBaL,i

OHoBNeHHA KoedilieHTiB BNeBHEHOCTI

BxigHi gani - . Arperauia npasua /

Items, itema,...,
itemn

BucHoBoK / PilueHHA

\

Puc.1. Po6ounii npouec nodynosu pimennsi B ICIIB

VY 1u3'tOHKTHBHOMY NPUIYIIEHHI BCi PIBHI BiJNOBIIHOCTI MiJACYMOBYIOThCS MAJIsl BpaxyBaHHs
noBeaiHky oneparopa ABO y nmpaBmiax BIEBHEHOCTI. BaymBoO TakoXk 3a3HaYUTH, IO OOUNCIICHHS TIOBHOTO
3HAUEHHS Bark aKTHBALIi{ MpaBHIa 3a OMOMOTOI0 OIIEPATOPiB MHOXKCHHS, CyMYBaHHS Ta IUICHHS € CKJIQIHUM
3aBmaHHAM. Lle 3yMoBIIEHO 0OMEKEHHIME TPAAUIIHHIX 00YHCITIOBAIFHAUX MiIXOMIB, TO/I SK B aCOIiaTUBHII
mam'sTi Taka 00poOKa € MOMKIIMBOFO 3aBISIKH 11 3MaTHOCTI 10 e()eKTHBHOTO 30€peKEHHS Ta 00POOKH MaTepHIB.

VY BUmManKy irHOpyBaHHSA OyAb-SKHX 3 aHTCICJCHTHUX aTpHUOYTiB HEOOXiTHO CKOPUTYBATH CTYIIHb
BIIEBHEHOCTI, TIOB'SI3aHUH 13 KOKHUM TpaBWwiIoM. Lle oHOBICHHS 3ifICHIOETHCS 3TiAHO 3 piBHIHHEIM (1).

T Uﬂ‘l feonstr(P(tk) U{il fconstr(rc[r]¢;)))
CFk = CFk = Tk ’ (1)
Ui=q feonstr((t,k))

ne fconstr - ¢ynkuis cniBcraBnenss, Y(t, k) € [0..1], skmo t aTpuOyT BUKOPHCTOBYETHCSA Y

Bu3HaueHHi npasuna RL,(k = 1,...,Ty).

Tyt CFj npencrapise MOYaTKOBUH CTYIIiHb BIEBHEHOCTI, TOJIi IK OHOBJICHHH CTYIIiHb BIIEBHEHOCTI
CFj k-ro npasuna, rc[r],; Hpencraeise cTyINiHb, 10 SKOTO BXiJHE 3HAYEHHs HANEKHUTh atpuOyTy. IToTim
arperarist IpaBrUJI BUKOHYETHCS 3a JOIOMOTOI0 PEKYPCHBHOTO aJITOPUTMY MipKyBaHHS.

HeuiTkuii Buxin mporenypu arperamnii MpaBHJI HEPETBOPIOETHCS B YiTKE 3HAYEHHS 3a JIOTIOMOTOIO
3HAUY€Hb KOPHCHOCTI KOHCEKBEHTHOTO aTpHOyTa, sIKe BBAXKAETHCA OCTATOUYHMM OUIKyBAHHM PE3YJIBTATOM
exp ¢;.

VY migcymKky, BXimHi nmaHi item,,item,,...,item, 3iCTaBISIOTHCS 3 BIAMOBIAHUMH CTYNCHSIMHU
BiAmoBinHOCTI pedepenTHux 3Hauenb RCy, RC,, ..., RCr), aHTeNeIeHTHUX aTpUOYTiB, K NPOLTIOCTPOBAHO HA
puc. 1. Ha noyaTkoBOMy eTari BHUKOHYETHCS TpaHc(oOpMallis BXiJHUX JaHUX (HOpMaii3allis, BHIY4EHHS
03HaK, [IEPETBOPEHHS TUIIIB, TOLIO), Y PE3YJIbTATI IKOT BU3HAYAIOTHCS CTYIEH] BianoBigHocTi. Jlani, Ha OcHOBI
OTPUMAaHUX CTYIICHIB BiIMOBIAHOCTI OOYMCIIIOIOTHCS BarW akTHBALil MpPaBHJ, SIKI MOKa3ylOTb, HACKUIBKH
CHJILHO KOXKHE ITPAaBWJIO BIUTMBAE HA KiHIEBHUH pe3ybTaT.

[Tix gac erarry OHOBJIEHHS CTYIICHS BIIEBHEHOCTI MOAN(IKYIOThCS TX CTYIIEHI, TOB'sI3aH1 3 IpaBUIaMH.
Mertoj 10Ka30BOr0 MipKyBaHHSI BHKOPHCTOBYETHbCS Ui KOMOiHyBaHHS iH(poOpMalii 3 pi3HMX NIpaBHI Ta
OTpPHMaHHS OCTaTOYHOTO BHCHOBKY. Ha HacTymHOMYy erarii, B IpoIeci arperamii npaBui, BAKOPUCTOBYETHCS
PEKYPCHUBHHIA aJITOPUTM MipKyBaHHS JJIs1 GOPMYBaHHS HEUITKOTO BUXiTHOTO 3Ha4eHHs. Lle 3HaueHHs moTiM
MIEPETBOPIOETHCS B UiTKE 3HAUEHHS 32 JOMOMOT00 (PYHKIIIT KOPUCHOCTI.

HeBusnaueHicTh, 1110 BUHUKAE BHACIIIOK HEOIHO3HAYHOCTI, HETOYHOCTI, JBO3HAYHOCTI, HEIIOBHOTHU
Ta HEBIJIOMOCTI, BpaXOBY€ETHCS 3a JOMIOMOT'0OI0 CXEMU BIIEBHEHOCTI, €TaIly OHOBJIEHHS CTYIIEHsI BIEBHEHOCTI Ta
MIPOLIEyPH BUBEACHHS HAa OCHOBI JIOKa30BOTO MipKyBaHHs. 3aBAsKu peamizainii 3a3HaueHux etamiB [CIIB
3a0e3meuye KOMIUIEKCHUM MiXix 70 0OpOOKH Pi3HUX BHJIIB HEBU3HAUEHOCTI.

I'mnboke HaBUaHHSA € IMIAXOAOM /0 MAlIMHHOTO HAaBYAaHHSI, IO JIO3BOJISIE aBTOMAaTHYHO BHSBIISATH
peJIeBaHTHI MPEICTABIICHHS TAHKX Il BUKOHAHHS 3a]1a4 IPOTHO3yBaHHs a00 kiacudikarii. Haitoinem 6a3oBa
apXiTeKTypa IIIHOOKOTO HABYAHHS CKIANAETHCS 3 BXITHOTO, MPUXOBAHOTO Ta BHUXIJHOTO IapiB. BximHi naxi
MIOJIAI0ThCST HA BXIJHUH 1Iap 1 MepesaroThCs 4epe3 OAMH abo JIeKiIbKa NPUXOBAaHKX IIApiB, IO € OCHOBHOIO
XapakTepucTukoo "rauOuHu" Mepexi. KokeH map MICTUTh MHOXHHY HEHpPOHIB, KOXEH 13 SKHX
BUKOPHUCTOBYe (yHKLil0 akThBamii aiust (OpMyBaHHS HENIHIMHUX TIpeJCTaBIEHb [aHUX, IO CHpUSE
BUSIBJICHHIO BaXJIMBUX XapaKTEPHCTHUK.

MateMaTHYHO HEHPOH ONUCYETHCS HACTYITHUMH PIBHAHHAMH:

exp_ct = WC} * item! + bn!, ®)
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ne WC — BaroBuii koeiuienr, item — Bxiguuii curuan, a bn! — 3mimenns s i-ro Heiipona B I-my
mapi.

BuxinHe 3Ha4eHHS HefpoHa BU3HAYA€ETHCS 32 IOIIOMOTOI0 (DYHKIIIT aKTHBAIIii:

y_val = F_act(exp_ch), (3)
ne F_act — ¢ysakmis aktuBarii, mo 3a0e3nedye HENMiHIHHICTE MOJENi Ta JO3BOJISIE e(EKTHBHIIIC
HaBYaTHU INIMOOKI apXiTEKTYpH.

Cepex MOIIMPEHUX METOAIB IIMOOKOTO HaBYaHHS BUALIAIOTH INMOOKi HeliponHi mepexi (DNN —
Deep Neural Networks), sroptkogi Hetiporni mepesxi (CNN - Convolutional Neural Networks), nosrorpusany
kopoTkouacHy mam’ste (LSTM - Long Short-Term Memory) ta pekypentHi Heitporni mepexi (RNN -
Recurrent Neural Networks). [Iias HaBYaHHS LUX MOJENCH 3aCTOCOBYIOTHCS Pi3HI METOMM ONMTHUMi3allil.
30Kkpema, Ui OHOBJICHHS IapaMeTpiB HEMPOHHOI Mepeki BUKOPHUCTOBYETHCS METOX TPaIi€HTHOTO CITYCKY,
OJTHaK BiH Mae oOMekeHHs MOoA0 €(peKTUBHOCTI Y BHIIAAKY TIHMOOKHX MEpekK depe3 3HauHI 0OYMCITIOBaIbHI
BUTpaTH. Y 3B’SI3Ky 3 LUM Ui HaBYaHHS Mojeieil rMOOKOro HaBYAaHHSA 3 BUKOPUCTAHHSIM AITOPHTMY
3BOPOTHOTO TIOIIUPEHHS IMOMHJIKH 3a3BHYAil 3aCTOCOBYETHCS CTOXAaCTHYHUHN rpamieHTHHH ciyck (SGD), mo
JIO3BOJISAE TiIBUMIATH e()eKTUBHICTH MPOIeCY HABYAHHS.

Tenep posrasHEMO iHTErparito MeToAiB rarbokoro HaBuaHHs 3 ICIIB. ApxiTekTypa Takoi cuctemMu
BKJIIOUa€ 0a30BYy CHCTEMY IHTENEKTYyaJIbHY CUCTEMY Ha OCHOBI IIPaBHJI Ta BiJIOBIAHY NPOLIEAYPY BUBEICHHS.
Po6ouwnii mporiec MeToly BUBECHHS MPABHII B IHTCJICKTYaIbHINA CHCTEMI i3 3aTy4CHHSIM TTHOOKOTO HABYAHHS
300pa’keHo Ha pHc. 2.

A

Baru akTKBauji npasun

U

|, OHOB/IEHHA CTYNEHA
BMNEBHEHOCTI

Arperauia npasun

BueepeHHA Ha ocHoBi goKaszoBsoro
MipKyBaHHA

\\

Y
°
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/
/
/
/

..... -

/

?
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Puc.2. [Iponec BUBeeHHS NPAaBUJI B iHTeIeKTYalIbHili cHCTeMi 3 BUKOPHCTAHHSIM IJIH00KOI0 HABYAHHS

LWap rAM6oKoro Has4aHHA BucHoBoK / PilweHHs

[Mpouenypa BUBEIEHHS MPaBWI 3 BUKOPHCTAHHSIM TJIMOOKOTO HAaBYAHHS CKIAJA€ThCS 3 YOTHPHOX
OCHOBHUX €TalliB:

1. Tpancdopmaris BXiTHUX TaHHX;

2. O6poOKa rIHOOKHM HaBYAHHSIM;

3. OHOBJIEHHS CTYTIEHS BIEBHEHOCTI,

4. Arperartis npaBuil.

JleTanbHUI ONUC KOXKHOTO 3 €TaIliB HABEJICHO HIKYE.

1. Tpancpopmayin exionux oanux

Ha mouaTkoBOMy erami BXifHI JaHI MEpeTBOPIOIOTHCS Ha CTYIEHI BIAMOBITHOCTI pedepeHTHHM
3HAUEHHSM aHTEIEJCHTHHUX aTpuOyTiB. Ll Tpancopmalis mo3HadeHa Ha puc. 2 Ik “A” Ta € KPUTHYHUM
KPOKOM JJIs HOAAJIBIIOTO aHaIi3y.

2. Obpobka enuboKuM HAGUAHHAM

Jpyruii eran, nozHauenuil sk “B” Ha puc. 2, mependavae BHKOPHCTaHHS METOAIB TTTHOOKOTO
HaBYaHHS, TakuX sK rmOoki HelponHi Mepexi (DNN), nosrorpuBana xopoTkouacHa mam’site (LSTM) Ta
3roptkoBi HelipoHHi Mepexi (CNN). ¥V pamkax 11poro gociipkeHHs 3actocoBano DNN.

Ha nanomy etarmi ¢popmyeTbes 6aratomapoBa HEHpOHHA Meperka, SIKa CKIIaaeThCs 3 BXiIHOTO MIapy,
KUTBKOX ITPUXOBAaHUX IIapiB Ta BUX1IHOTO mapy. BXigHuii map oTpuMye CTyIEeH] BiAIOBIAHOCTI, OTPAMaHI Mif
gac TparchopMariii BXigHuX HanuxX. KUTbKicTe HEHPOHIB y FOMY IIapi BU3HAYAETHCS 3aTralbHOIO0 KiTBbKICTIO
pedepenTHUX 3HaYeHb. [IprxoBanuii map Moxe mictuti N1 mapis, KoxkeH 3 skux BKIrouae N2 HelipoHiB, npu
IOMY BCi HEHPOHH € MOBHICTIO 3B’ SI3aHIMH.
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BuxigHuii map MiCTHTB CTUIBKH HEHPOHIB, CKUIBKU € NPaBWJI BIIEBHEHOCTI y 0asi 3HaHb. Heliponn
BUXIZIHOTO LIapy BUKOPHUCTOBYIOTH PiBHSHHSA (4) Ta (6) 111 0OUMCIICHHS Bar aKTHUBALil IPaBUII BIIEBHEHOCTI.
Li Barm BH3HAYaIOTh PiBEHb aKTHBAIlil BIATOBIAHWX TpaBmi. [lodaTKoBI Barm HEWPOHIB IHIIIANI3YIOTHCS
BUITQJIKOBUMH 3HAUCHHSIMH, TOAI SIK 3MIIICHHS BCTaHOBIIOIOTHCS PIBHUMU HYIIIO.

exp_c; = (w; xrc;) + bny, 4
Jie W; — IIe Bara, rc; — CTYIiHb BiIOBITHOCTI, a bn; — 3MiIIeHHS.
w_act; = max(0,exp_c;), (5)

Jie W_act; — Bara akTUBaIlil.

exp(exp_c;
W_aCtl' — p(exp_ci) 1 (6)
U fconstr(exp (exp_c;))
Jie W_act;— Bara aKkTHBaIIii.
Haiinpocrima acoriaTuBHa mam'siTb MOXe OyTH TpeicTaBicHa piBHAHHAM (12), me in_temp — 1e

BXiTHU# ma0i0H, out_templ — BuxinHuii madnoH, a Mem_Matrix — MaTpuis nam'sri.
out_templ = ff(Mem_Matrix,in_templ), )

PiBasHHS (4) MoMmenioe MeXaHi3M acoIliaTHBHOI MaM’STi, Je 7'C; € BXIIHUM 3HA4YCHHSM, exp C; —
BHXITHUM, a W; — KOMIIOHCHTOM ITaM’siTi. TakuM YHMHOM, MOKHa 3pOOHTH BHCHOBOK, mo ICIIB Ha ocHOBIi
rIMOOKOr0 HaBYaHHS BUKOPUCTOBYE (DYHKIIIO acOIiaTHBHOI MaM’ATi JJIsi OOYKMCIIEHHs BarM akTUBALii, 110
3abe3nedye OUIBII TOYHE BUSBICHHS 3aKOHOMIPHOCTEH y J@HUX TMOPIBHSHO 3 TPAAWLIHHUMH METOAaMH
00YHCIIeHHS Bark aKTHBAIlii.

30kpema, B TPaAUIIIHHOMY MiJIXOJIi, PO3PaXOBYETHCS Bara akTUBALil IUIIXOM BHUKOHAHHS OIeparii
MHOXKEHHSI Ta JAUJICHHS MIX CTYIIEHEM BiINOBIIHOCTI rc[r]; Ta Baroto npasuia WR . OnHak TYT HE MICTSThCS
3MiHHI A7 30epekKeHHsI MPOMIKHUX CTaHiB, MOMIOHO 1o mam’sti Mem_MatriX, mo BHKOPHCTOBYETHCS B
piBasHHI (7).

3anponoHOBaHUN MiAXiA 13 3aCTOCYBaHHSAM acOLIaTHBHOI MaM’sTi JAO3BOJIIE He JUIIe 30epiratu
maloHw, aje ¥ BU3HAYaTH BIAMIOBINHI Barwm akTHWBAIii, IO, y CBOI HYepry, CIpHUse OUIBII TOYHOMY
MIPOTHO3YBAaHHIO BUXITHUX 3HAYCHb.

VY rinbokux HelipoHHuX Mepekax (DNN) nam’siTe BUKOHYE (YHKIIIO aCOLIaTHBHOTO BiIHOBJICHHS,
IO JI03BOJISIE PEKOHCTPYIOBATH MOBHY iH(OpMaLlil0 Ha OCHOBI 11 YaCTKOBOTO NpeAcTaBieHHs. PiBHAHHS (6)
BU3HaYae Npolec OTPUMaHHS ITOBHOI iH(pOpMaIlil yepe3 MexaHi3M acol[laTUBHOT aM’sITi, 110 Y3TrOJUKY€EThCS 3
piBusHHsIM (4). Takum uwmnom, ICIIB, interpyroun DNN, oTpumye 3aaTHICTH 0 acoOLiaTUBHOTO
3anam’sITOBYBaHHS Ta BIIIHOBJICHHs JaHUX, IO 3a0e3Meuye TOUHilIe OOYUCIIEHHS Bark akTHUBALIIT TPAaBHUIL.

Iarerpamis DNN y mponec BuBenenns ICIIB 3HauHO migBwiye HOro e(eKTHBHICTH, OCKUIBKH
MeXaHi3M acOIiaTUBHOI ITaM’SITi JO3BOJISIE 3MEHIIUTH PiBEHh HEBU3HAYCHOCTI P OOYHCIICHH] Barl aKTHBAIIIT
TIPaBHIL.

3. Onosnenuss cmynems 6neeHeHoCmi

Tperiii eranm — 11e OHOBIJICHHS CTYIEHSI BIIEBHEHOCTI, IKE OOUYHCITIOETHCS 3a JOTIOMOTOIO0 PiBHSHHS
(1). OHOBIICHHS BIIEBHEHOCTI JIOTIOMArae BpaxyBaTH HEBH3HAYEHICTh Yepe3 HEBIOMICTb, IKa BUHUKAE Yepes3
BIZICYTHICTb aHTeleAeHTHOTO arpubyTa. et eran no3HaveHo sik “B” Ha puc. 2.

4. Aepecayis npasun

YeTBepTHii eTan — 1€ arperailis IpaBuiI. B pe3ynbTaTi [bOTro eTay reHepyeThCsl HediTKe 3HaYCeHHS,
SIKE TIOTIM TIEPETBOPIOETHCS B YITKE 3HAYCHHS, 1[0 € IMPOTHO30BaHUM BUx00M. Lleit eran mo3nayeHo sk “I™
Ha pUC. 2. OHOBJICHHSI CTYIICHSI BIIEBHEHOCTI Ta J0KAa30B€ MIPKyBaHHsS BPaxOBYIOTh HEBH3HAYEHICTh depes
HEOTHO3HAYHICTh, HETOYHICTh, IBO3HAYHICTh, HEITOBHOTY Ta HEBIIOMICTh.

IMpouec mpezncraBieHWit HA PUCYHKY 2, TO€AHYE B coOl IepeBarn TIIMOOKOrO HaBYaHHS Ta
IHTEJIEKTyaJIbHUX CUCTEM, 3aCHOBaHMX Ha mpasBmiax. [llap rimubokoro HaByaHHs J103BOJISIE BUIIYYaTH CKIIAAHI
O3HaKU 3 BXIJIHUX JaHUX, a 0a3a mpaBui Ta iHTepdelCc Ha OCHOBI JI0OKa30BOrO MipKyBaHHs 3a0e3MeqyIOTh
MOXIJIMBICTB IHTEPIIPETAlii Ta HOSICHEHHS PE3yJIbTaTiB.

VY3araipHIOI0YH, 3aIPOIIOHOBAHUN METO/] HA OCHOBI IIMOOKOT0 HaBUYaHHS 3abe3neuye 0OpoOKy BCix
BU/IiB HEBU3HAYEHOCT] IIUIIXOM BUKOHAHHS IOCIITOBHHX €TalliB: MEPETBOPEHHS BXIIHUX AaHUX, OHOBJICHHS
CTYIICHIB BIEBHEHOCTI 1 arperaimii mnpaBmi. BuxopucTtaHHS TrHOOKOTO HaBYaHHSA CIHpHUSAE IHTErpamii
acoIiaTHBHOI MaM’ATi 3 IHTENEKTYaTbHOI CHCTEMOIO, III0 JJO3BOJISIE BHUSIBIIATH IIPUXOBAHI 3aKOHOMIPHOCTI B
JIAHUX 3 BUCOKOIO TOYHICTIO. TakiuM 4MHOM, MOYKHA JIIATH BUCHOBKY, 1110 IO€IHAHHS INIMOOKOr0 HaBYaHHS Ta
ICIIB migBumiye TOUYHICTh IPOTHO3YBaHHS B CUCTEMI 3aBISKH €(DEKTHBHOMY PO3ITi3HABAaHHIO CTPYKTYPOBaHHUX
3aJIe)KHOCTEH Y JTaHUX 332 YMOB HEBU3HAYEHOCTI.

[Ipouec HaB4aHHS BiJirpae KIOYOBY POJIb y BU3HAUEHHI ONTUMaNbHUX IapaMeTpiB mozeni ICIIB 3
BUKOPHCTAHHSM INTMOOKOTO HaBYaHHS, 10 3a0e3neuye ii epekTrBHE (GYHKIIOHYBaHHS HAa OCHOBI HABYAJILHOTO
Ha0opy MaHuX. 3a3Ha4yeHi mapaMeTpy MOXKYTh OYTH IOIIepeIHbO 3a1aHi eKkcriepTaMu a00 00paHi BUIaAKOBUM
yuHOM. Y koHTekcTi ICIIB ocHOBHMMH mapameTpaMu HaBYaHHS € Barosi koedinienTn atpulytiB W R, Baru
npaBunt WA; ta crymeni BmneBHeHocTi CFj. JlomaTkoBo, y pa3i BHKOPHUCTaHHS TIJMOOKOTO HaBYaHHS,
BKJIFOYAIOTHCS TaKi MapaMeTpH, K Bard HEHpoHiB W, 1 3MimueHHs bn;, BiInoBigHO 10 BuMor metoniB DNN.

AHTEIeICHTHI aTpUOYyTH Ta MpaBUJIa BIIEBHECHOCTI BIOPSAKOBYIOTHCS Ha OCHOBI BiJIOBITHHX Bar
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aTpuOyTiB 1 NpaBWi, TOXI SK CTYNEHI BIEBHEHOCTI KOHCEKBEHTHOTO aTpuOyTa 3acTOCOBYIOTHCS JUIA
MO/JICTIIOBaHHSI HEBU3HAYCHOCTI BUXIJIHUX AaHMX. TakuM YUHOM, NapaMeTpy HaBYaHHS € HEBiJ €MHOIO
CKJIAJIOBOIO CHCTEMH, 1 JJIs iX BU3HAUCHHS HeoOXimHui edextuBHUIT Metox ontumizamii. Hapuanns ICIIB 3
BUKOPHCTaHHSM INIMOOKOI0 HaBYaHHs Ha OCHOBI peaJbHUX JaHHUX JA03BOJISIE OTPUMATH ONTHMAJbHI 3HAUCHHS
mmapaMeTpiB, 0 MOKPAIIYE AKICTh IPOTHO3YBaHHS.

CnocTepesyBaHi
BMXiaHI gani (in_val) l

PeanbHa cuctema

Moxubka

BxigHi gaHi

Um

IHTenekTyanbHa
cMCTEMaA 3 iHTerpauieo
rnboKOro HaBYaHHA

3MmoaenboBaHi
BUXiAHi Aani (in_val)

Puc.3. Ilpouec HaBYAHHS iHTEIEKTYaJIbHOI CHCTEMH 3 BUKOPHCTAHHSAM IIM00KOI HeiipoHHOI Mepe:ki

Jns ontumizauii mapameTpiB HEOOXiZHO MiHIMI3yBaTH DIi3HHLIO Ay MK CIOCTEPEKYBAHUMH

BUXIIHMMH 3HAYEHHSMH in_val Ta 3MONEIHLOBAHMMH BHUXITHMMHU 3HAYEHHAMHM in_val, 10 BU3HAYAECTHCS
piBHAHH:M (8) 1 TOKa3aHO HAa PUCYHKY 3:

Agy = %U{;l feonstr((in_val — in_val)?), (8)

Po3srnsiHeMo OCHOBHI eTany HaBYaHHS CUCTeMH (pHc. 3):

1. 30ip maHUX.

Ha nepiromy kpoiii BiOyBaeThes 30ip JaHUX, SKi MPEICTABISIOTH MOBEMIHKY peanbHoi cucteMu. 11i
JIaHi CKJIaaroThes 3 map "BXig-Buxin'.

2. Ininianizanis Mojei.

Mopgenb cucTeMHu iHiLiali3y€eThCs 3 NOYaTKOBUMH 3HAYCHHIMH MapaMeTpiB R, siki BKIIFOUatoTh B cede
Baru HEMPOHHOI Mepexi, mapaMmeTpu 0a3u MpaBuiI BIEBHEHOCTI Ta HIII HAJIAIITYBaHHS MOJIEIII.

3. Mpsimuii npoxin (Forward Pass).

JI1st KOXKHOTO BXiJHOTO HA0OpY JaHUX 3 HaBYAJbHOI BHOIPKH BHKOHYETHCS MPSIMHN MPOXin yepes
Mozens cucteMu. Lle o3Hauae, 1o BXiIHI JaHi MepesarThes Yepe3 map IMOOKOro HaB4YaHHs, MOTIM yepes
0a3y npaBuJI BIIeBHEHOCTI Ta iHTepdeiic ER s oTpuMaHHs 3M01eIbOBAHOTO BUXO/Y.

4. O6uucnenns noxubku (Error Calculation).

3MoJenboBaHuil BHXiZ in_val TOPIBHIOETBCA 3 CIOCTEPEKYBAHMM BHXOAOM in_val peanbHOT
cucTeMu i 00UMCIIOEThCS MOXuOKa Ay, fAKa NpejcTaBise pisuuio Mik in_val ta in_val. 3azsuvait
BHKOpPHUCTOBYEThCs ByHKis Brpat (l0ss function), Taka sk cepeanbokBagparnuHa moMuika (mean squared
error), ais 00YMCIICHHS TOXUOKH.

5. Omrrumizanist napametpis (Parameter Optimization).

Mera HaB4aHHS MOJISTae B TOMy, OO MiHIMi3yBaTn 10XHOKy A(g). [lisl HBOrO BUKOPUCTOBYIOTHCA

NrOpPUTMHU ONTHUMI3alil, Taki sk rpamieHtHuii cnyck (gradient descent) abo #oro BapiaHTH. AJTOpPUTM
onTuMi3alii KOpurye mapaMmetpu R Momeni cCHCTeMH Ha OCHOBI Tpaji€HTa IMOXWOKH, MO0 3MEHIIUTH Ii
3HAYCHHSI.

6. Itepauii HaBuanns (Training lterations).

Kpoku 3-5 HOBTOPIOIOTBCS MPOTATOM KiJBKOX iTepauiid abo emox (epochs) i Ha KoxxHil iTepawii
MOJIeNTb CUCTEMH OTPUMYE HOBI JlaHi 3 HaBYaJIbHOI BUOIPKH, 00YHCITIOE TIOXMOKY Ta KOPUTY€E CBOT ITapaMeETPH.
[Iporiec HaBUaHHS TPUBA€E IO THX IIip, MOKM MOXHOKA HE JOCSATHE HMPUHHATHOTO PiBHSA abo MOKW He Oyne
JOCATHYTa MaKCHUMaJIbHA KiJIBKICTH iTeparliii.

7. Banmigaris ta rectysauns (Validation and Testing).

[Ticnsa 3aBepiIeHHs HaBYaHHS MOJIENb BAJIAYETHCS Ha OKpeMOMY HabOopi JaHUX, MO0 OIHWTH ii
MIPOJyKTUBHICTh Ha HOBUX JaHMX. SIKIIO MOJENb MOKa3ye 3aJI0BUIbHI Pe3yabTaTH Ha BaliJaliiiHOMy Habopi,
BOHA MO>XKe OYTH MPOTECTOBAaHA HA TECTOBOMY HA0Opi TaHMX ISl OCTATOYHOI OIIHKH T TPOXYyKTUBHOCTI.

HaBuaHHSs iHTENEKTyaJ bHOI CHCTEMH TAaKOXX BKJIIOYAE HaJlAIITYBaHHS TileprapaMeTpiB, TaKUX 5K
LIBHUKICTh HaBYAHHS, KUIBKICTh IIapiB HEMPOHHOI Mepexi Ta iHmI mapaMeTpu Mojeni. ['mnboke HaBYaHHS
JI03BOJISIE BHITydaTH CKJIaJHI O3HAKM Ta BUSBIATH 3aKOHOMIPHOCTI B JIaHUX, IO OCOOJHMBO BaXKIUBO JUJIS
CKJIaHUX cHUCTeM. basza mpaBuil BIEBHEHOCTI 3abe3nedye MOSKIMBICTH IHTepHpeTamii Ta MOSCHEHHS
Ppe3yNbTaTiB, M0 POOUTH MOJIEIH OUIBII MPO30POIO Ta 3PO3YMINIOIO.

[Iponec onrrumizanii mapaMeTpiB GOPMYITIOETHCS SIK 3a/1a9a MiHIMI3allii:
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7rgnA(R) (9)
ERR = P(6(REF;), WRy, W Ay, CFy,, w;, bn,)

Jie TboBa (DYHKIIiSI IPYHTYETHCS Ha MPaBHIIAX PEKYPCUBHOTO AITOPUTMY MipKyBaHHsS. KpiMm Toro,
JUTs 3a0€3MeYCHHST KOPEKTHOCTI MOJIENI HEOOXITHO BUKOHYBATH TaKi 0OMEKEHHS:

- 3HAYCHHS KOPHCHOCTI KOHCCKBCHTHHX AaTPUOYTIB Ta AaHTCICICHTHUX aTPUOYTIB IMOBUHHI
3an0BoNbHATH YMOBY: O(REF;),j = 1,...,n,0(REF;) < O (REF))npui < j;

- Baru nipasunt WR, noBunHi Hanexaru intepsany: 0 < WR, <1,k =1,...,K,;

- Baru anTteneneHTHux atpudytie WA, takox obmexeni giamazonom: 0 < WA, <1,k =1,...,K.;

- CTyIEHI BIIEBHCHOCTI KOHCEKBEHTHOTO aTpuOyTa UIg Kk-ro mpaBwjia TOBHHHI BiAMOBiIATH
HACTYIHHUM OOMexeHHM: 0 < CFp<1,j= 1,....n,k=1,...,L., 27:1 CFy =1,

- Bard HEHpoHiB W; i 3MiumieHHs HelponiB DN MOBUHHI HaneXaTH HACTYIHUM Jiana3oHam
BimnoBigHo: 0 < w; < 1,0 < bn; < 1.

i BU3HaYCHHS ONTHUMAJbHUX 3HAYCHb NapaMeTpiB HaBYAHHS, Bar HEHPOHIB i 3HAUYEHb 3MIICHHS
MOXHa BUKOpHcTaTH ¢yHKito fmincon, moctymuy B cepemosunii MATLAB, mo peanizye mpouenypy
OoInTHUMi3alii.

VY 3amporoHOBaHOMY METO[Ii iHTerpalii MaIlHHHOTO HABYAaHHS B IHTEICKTYAIbHIA CHCTEMi HOHAaHO
map oOpoOKM TIMOOKMM HaBYAHHAM, 3aMIiHHMBIIM eTanm OOYMCIeHHAS Bard aktuBamii. DNN, sxuii €
6araTomnapoBol0 HEHPOHHOIO MEPEKEI0, BUKOPUCTOBYETHCS SIK METOA TiuOokoro HaB4aHHs. lllap oOpoOkm
THOOKMM HAaBYaHHSM MICTHUTh acoIliaTUBHY mam'sith. Etan oOuncienns Baru aktusaiii ICIIB BukopucToBye
oreparii MHO)KEHHS, CYMyBaHHs Ta JJICHHS 32 JONOMOTOIO CTYINEHIB BIAMOBIAHOCTI Ta Bar mpaBui. OTxke,
LIei eTar He MICTUTb JKOJJTHOTO KOMIIOHEHTA acOLiaTUBHOT MaM'siTi, 110 MPU3BOIUTH IO HEIIOBHOTO OOYHMCIICHHS
Bar akTuBaiii npamwi. OpHaK map oOpOOKU ITTHOOKHUM HABUAHHSM JIO3BOJISIE OOYMCIIIOBATH MTOBHI 3HAYCHHS
Bar aktuBamii npaBmwi. Omxke, ICIIB 3 iHTerpaifiero Metony riimOOKOro HaBYaHHS Ha OCHOBI acOI[iaTWBHOL
maM'sTi B IPOIIECH BUBEICHHS IIPABIII IO3BOJISAE O1IBII TOYHO MPOTHO3YBAaTH B yMOBAX HeBH3HaueHOCTI. Kpim
TOTO, MiJ Yac IPOILEeCY HaBYaHHSA TAaKOi CHCTEMH BKJIOYEHHS JOJATKOBHX ITapaMeTpiB, TaKHX SK Bard Ta
3MIIIICHHST HEUPOHIB, BiIIrpae BaXKIUBY POJIb Y MiABUINEHHI TOYHOCTI IPOTHO3yBAHHS.

BucHoBku

VY npencraBieHOMY JOCHIIKEHHI PO3IISIHYTO METOA IHTerpamii MalIMHHOTO HaBYaHHSA B
IHTEJIeKTyaJIbHy CHCTEMY MUIIXOM JOJaBaHHA MHIapy OOpOOKM TJIMOOKMM HaBUaHHSAM, IO 3aMiHIOE
TpaaMuUiitHuil eTan o0uncIIeHHs Baru akTuBauii. Bukopucranns 6araromapooi HeliponHoi mepexi (DNN) sk
MeTo/y IJTMOOKOro HaBUaHHS JI03BOJISIE Peali3yBaTH acOLIaTHBHY IaM’sTh y CTPYKTYpPl IHTEIEKTyaJbHOT
cUCTeMHU. 3allpoIOHOBAaHWIl MiAXiJ ycyBae OOMEXKEHHS TpaIuLiiHOTO OOYMCIICHHS Bar akTHBallil, IO
I'PYHTYETBCS Ha OTepallisiX MHOYKEHHS, CyMyBaHHS Ta JIIICHHS BIATOBITHO 10 CTYIIEHIB BiJIIIOBIIHOCTI Ta Bar
npaBuil. BrintoueHHs: acomiaTMBHOI mam’sTi 3a0e3reuye MOBHIlIe OOYMCICHHS Bar akTHBALil IPaBw, IO
/IBUIIYE€ TOYHICTh IPOTHO3YBaHHS B yMOBax HeBH3HaueHOCTi. KpiM Toro, miji yac HaBYaHHS CHUCTEMH
BUKOHYETHCS JI0JIaTKOBE HAJIAIITYBAHHS IapaMeTpiB, TaKMX SIK BarM Ta 3MIIIEHHS HEHPOHIB, IO CHpUsE
Ii/IBUIICHHIO e()eKTHBHOCTI NMPUHAHSTTS piteHb. OTke, 3apONOHOBaHUI METO IMTOKpAIye alallTUBHICTh Ta
TOYHICTH IHTEIEKTyaIbHUX CUCTEM, 10 0a3yIOThCs Ha MPABHIIAX BIEBHEHOCTI.

Hopmanpmmi HampssMu poOOTH OYyAYTh 30CepeDKeHI Ha JOCHIIKEHHI BIUIMBY Pi3HHX ITapaMeTpiB
MOJIeIi, 30KpeMa THMIB aKTHBALIMHUX (QYHKI[i Ta MEXaHi3MIB peryspH3allii, Hd TOYHICTh IPOTHO3YBAHHS.
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