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AHOTANIA

Konomoens C.O. MeToiu 1HTENEKTYaIbHOTO MTPOTrHO3YBAaHHSA apTepiaibHOTO
THUCKY Ta KJacudikalii aprepianbHoi rineprensii. — Kamidikariiina HaykoBa mpars
Ha MpaBax pPyKOMHCY.

Hucepraiisi Ha 3100yTTS HAyKOBOTO CTYymeHS OOoKTopa Qurocodii 3a
criemianpHicTIO 126 — [HDOpMaIiiiHI cUCTeMU Ta TEXHOJOTIi B rajay3i 3HaHb 12 —
[ndpopmaniitni Texnosorii. — HamioHanbHMI TEXHIYHUN YHIBEpCUTET YKpaiHU
«KuiBcbkuit momiTexHiyaui iHCTUTYT 1IMeH1 Iropst Cikopebkoro», Kuis, 2025.

JucepralliifHy poOOTy MPHUCBAYEHO PO3POOI METOJIB OOpOOKH CHUTHAIIB
O0€3MaH)XKETHOTO  BHUMIPIOBAHHS  apTepiajibHOTO THCKY 3 MOJAJIbLIMM  iX
MPOTHO3YBAHHSM Ta PO3pOOIl 1HTEIEKTyaIbHUX METOJIB Kiacudikallli CTymneHs
apTepiaJibHOI TiMepTeH31i Ha OCHOB1 BUKOPUCTAHHS TOPUIHUX HEHPOHHUX MEPEK
aHcamMOJIbOBOIO THUITY.

B poGoTi npoBeieHo aHai3 iCHyIOYUX MPo0JIeM 3 3aXBOPIOBAHHIMU CEPIICBO-
CYIMHHOI CUCTEMH, a came MpoOJeMHU JIarHOCTYBaHHS apTepiajibHOI TilepTeHs3ii,
SKa XapaKTEepU3y€eThCs MIJBUILIEHUM apTeplalbHOTO TUCKY, IO MOXKE IMPUBECTH 10
BUHUKHEHHS TaKUX TSHKKUX 3aXBOPIOBaHb sIK 1H(PAPKT a00 1HCYIIBT.

[TokazaHo, IO OCHOBHUM HUISXOM 3all00IraHHS TaAKUX XBOPOO € MOCTIMHMIA
MOHITOPUHI apTEplaibHOTO THUCKY 3aBASKA BUKOPUCTAHHIO OE3MaHKETHOTO
BUMIPIOBAHHS apTEP1aIbHOTO TUCKY 3 MOJAIBIINM HOTO MPOTrHO3YBAHHSAM 32 YAaCOM,
10 MOK€ HaJaTH MOXJIMBICTh TEPMIHOBOT'O 1H(OPMYBaHHS XBOPHUX Ta JIIKAPIB PO
HEOOXIJTHICTh MEIUKAMEHTO3HOTO BTPYYAHHS, 110 JO3BOJUTH B KOPOTKUWA TEPMIH
3HM3UTU apTepiadbHUil THUCK. [[pyrum mmsxoMm 3amoOiraHHS BUIICHA3BAHHMX
Bpakarounx eQeKTiB € po3poOka I1HTEICKTyaldbHOI CHCTEMU JA1arHOCTYBaHHS
CTYIICHIO apTeplaabHOI TIMepTeH311.

VY nepiromy po3aini HaBeneHo 1HGOPMaIliiiHy JOBIAKY 1m0A0 momupeHHs Al
y CBITI, 30KpeMa B YKpaiHl 1 3po0J€HO BHUCHOBOK, IO CTaH i€l MpoOjeMu He
BIJINIOBIJIa€ CBITOBMM CTaHAAapTaM, 30Kpema eBporercbkuM. (OcobimBO 11€

CTOCYEThCSI MPAKTUYHIN BIJICYTHOCTI BUKOPUCTAHHS O€3MaHKETHOTO BUMIPIOBAHHS



TUCKY JUIsl 3arajibHOi chiibHOTU. [IpoBeneHO aHami3 ICHYIOUYHX MPUJIAIiB TI0
0e3MaH)XeTHOMY BUMIPIOBAHHIO THUCKY.

VY npyromy po3aini oOrpyHTOBAaHO BUKOPUCTAHHS METOJIIB MPOTHO3YBaHHS
YacOBUX Ps/IIB 0 MPOTHO3Y apTepiajJbHOro TUCKY y XBopux. HaBenmeHno HoBwii
METOJI MPOTHO3YBAaHHSA apTEPIabHOTO THUCKY, SKHI TOJSIrae y BUKOPHCTaHHI
METOJIB  TOIMEPeIHbOI OOpOOKM pe3ynbTaTiB BUMIPIOBaHHS Ta METOJIB
POTHO3YBaHHS YaCOBUX PSIIB.

Bukonano ornsg HaykoBHX poOIT 3 TONEpPeaHbOi OOpOOKH JTaHUX.
OOrpyHTOBaHO BUKOPUCTAHHS METO/IIB YCYHEHHS LIyMiB, BUSBIICHHS Ta YCYHEHHS
aHOMaJiii, 3alOBHEHHS BIJCYTHIX JaHUX 3a SKUMHU HaBEJCHO pE3yJbTaTH
nonepeaHboi 00poOKU. B SKOCTI eKClepUMEHTaIBHUX JTaHUX IS 00poOKHu OyIiio
B3TO naHl HajxaHi [lep:kaBHOIO ycTaHOBOIO «HalioHanbHMI HayKOBUM LEHTP 1M.
akang. M.JI. Crpaxecka». [IpoBeneHo aHami3 BIJOMHUX METOIB IPOrHO3YBaHHS
4acOBUX PSAIB JUIs JaHUX BUMIPIOBAHHS apTepiajibHOro THCKY. IlokazaHo, 1110
HaliKpail pe3yjibTaTH Jal0Th METOAM Ha OCHOBI BHUKOPUCTAHHS PEKYpPEHTHHX
HelipoHHux Mepex, a came LSTM, GRU, BI-LSTM. 3 merorw mNOKpamieHHs
PE3yNIbTaTiB MPOTHO3YBaHHS 3alIPOIIOHOBAHO BUKOPHUCTAHHS HOBOTO MiAXOY, KU
nepeadavae 3aCTOCYBaHHA T1IOpUIHUX HEHPOHHMX MEPEK Ha OCHOBI OyCTHHTY, a
caMe IMOCJ1JOBHOTO 3’€IHaHHs Takux HeHpoHHUX Mepex sk LSTM, GRU Ta Hu3ku
ix KomOiHauii. OTprMaHi pe3ynbTaTh MOKa3adl €(PEKTUBHICTH 3alPOIIOHOBAHOIO
M1X0/y, @ caMe BIANOCs MIJBUIIUTH TOYHICTh MIPOTHO3YBAHHS PI3HUX TOPU30HTIB
B cepeanboMy Ha 10%.

B Tperbomy pozaini BupilleHa 3adady MO BUOOpPY CYTTEBUX O3HAK SKI
XapaKTEepPU3yIOTh CTYMIHb apTeplajbHOI TIepTEH31l, a caMe:

— 1715l IEpUIOTrO CTYTEHIO 3HAUE€HHSIMU THCKY;

— JUIs JApPYroro CTYNEHIO 3HAYEHHSMHU THUCKY aHaji3aMd KpoOBI Ta ceul
(epUTpOLIMTH, JIEUKOLIMTH, TE€MOIJIOOIH, TPOMOOIMTH, piBE€Hb OLIKa, pIBEHb
KpeaTuHIHY, PIBEHb XOJIECTEPUHY (3arajibHOTr0), PiBEHb IyKpY (TIIOKO03a), Kalliid,
MarHid, HaTpii, aJpeHaniH, HOpPAJAPEHANIIH, aJbJOCTEPOH), AaHOMAJIbHUMHU

nokasHukamu, siki MokHa BusiBuTd Ha EKI" ta ExoKI' (imgexc CokonoBa — JlaiioHa,
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BojbTaXHUM 1HAeKkC Kopnemra, IMJILL, xpoHiuyHOIO XBOPOOOH HUPOK TPETHOI
cTafii, KICTOYKOBO-TJICYOBUM 1HAEKCOM, BAXKKOIO PETHHOMATIEIO;

— ISl TPETHOT'O CTYNEHIO 3HaYE€HHSIMU TUCKY, HAsSIBHICTIO aHOMAJIbHUX 3HAYEHb
B anamizax, EKI" ta ExoKI sk npu Il ctyneni apTepianbHOi rinepTeH3ii, HasBHICTIO
B aHaMmHe31 IepeOpOBACKyIIPHUX  3aXBOPIOBaHb  (BHYTPIIIHBOMO3KOBOI'O
KPOBOBWJIHBY, 1IIEMIYHOTO 1HCYJIbTY, TPAH3UTOPHOT 1IIEMIYHOT aTaKu), HAsBHICTIO
B aHaMHe3l 1meMiYHOi xBopoOu cepus (iHapkTa MiOKapaa, peBacKyJspu3alii
MiOKap/ia, CTeHOKap/1ii), BUSIBJICHHIO CTEHO3Y I11]1 4ac Bi3yasi3alliiHUX JOCIIIKEHb,
HassBHOCTI TSDKKO1 alibOYMIHYPIii, HASBHICTIO YETBEPTOI a00 11’ ATOT CTa 1 XpOHIYHOI
XBOpPOOU HUPOK.

OOGrpyHTOBaHO HEOOXIAHICTh BUKOPUCTAHHS T1OpUIHUX HEHPOHHUX MEPEK
noOy/IOBaHUX Ha OCHOBI aHCaMOJbOBOrO MIAXOMY JUIsl PO3B’sI3aHHS 3ajaul
knacudikanii cryneHiB AI. Ha ocHOBI mpoBeaeHOro anamizy mHIOKa3aHO IO
HalKpaluM BapiaHTOM € BHKOPUCTAHHS OCTIHTY MpPH IIbOMY PO3p00JICHO HOBUU
METOJ sl po3B’s3aHHS JaHoi 3amavi. OTpuUMaHi pe3ylbTaTH IOKa3ald
€(hEeKTUBHICTb 3aIIPOIIOHOBAHOTO METOY.

B dgetBepTomMy po3aim po3pobseHo iH(opMalliiiHi TEXHOJOTII Ta CieHapii
BUKOPHUCTAHHS 3alpONOHOBAHO1 iH(popmariiHoi TEXHOJIOT1i 1010
1HTENeKTyaIbHOTO TIPOTHO3YBaHHS AT.

Pe3synbratu, oTpuMaHi B aucepTaliiHOMY JOCIIIKEHHI, MICTSATh HAyKOBY
HOBH3HY:

— BIIEpIIE 3alPONOHOBAHO METOJI JJIsl 0OpPOOKH JaHUX apTEePlaIbHOTO TUCKY Y
XBOpHX, SKWUW BIAPI3HAETHCA THM, II0 HA OCHOBI METOMIB O€3MaH)XETHOTO
BUMIPIOBAHHA 3JIIMCHIOE TMOMEPEAHI0 OOPOOKY OTPMMAHMX JaHMX Ta MOJaibllie
MPOTHO3YBAaHHS HAa OCHOBI BUKOPWUCTAHHS TIOPUIHUX PEKYPEHTHHX HEWPOHHHX
MEpEeK, TOPU3OHT MPOTHO3Y SIKUX aJalTOBAHO M1 OTOYHUI CTaH MAalli€eHTa, 110 J1a€
MO>KJIMBICTh 3HU3UTH IMOBIPHICTh BUHUKHEHHS 1HCYJIbTY a00 1H()APKTY y XBOPHX;

— YJOCKOHAJICHO METOJ] BHpIIMIEHHS 3a7adl kKiacu@ikaiii Ta 3HIKEHO
O0OYHMCITIOBANIbHI BUTPATH MPU MAIIMHHOMY HaBYaHH1 rOPUAHUX HEHPOHHUX MEPEK

3a paXyHOK BU3HAaY€HHS HAalO1IbII BIUIMBOBUX O3HAK apTeplajbHOI MepTeH3ll s



PI3HUX CTYIICHIB 3aXBOPIOBAHHS, SIK1 KPIM 3arajbHUX O3HAK (aHAMHE3, pe3yJIbTaTH
OTJIsIAY JIiKaps, pe3yJbTaTH aHali3iB KpOBI, CE€4l, BUMIPIOBAHHSA apTepiajbHOIro
THUCKY) BKJIOUarOTh pe3yiabratu 00pooku EKT', ExoKT';

— pO3po0JEHO METOA CTPYKTYPHO-TIAPAMETPUYHOTO CHHTE3y TiOpHIHOT
HEHPOHHOI Mepexi Uid po3B’si3aHHS 3a7adl Kiacudikauii cTymeHs apTepiajabHOi
rinepTeH3ii, SKUi BIIPI3HAETHCS TUM, 1110 T10pHUIHa HEHPOHHA Mepeka OYIyeThCs
HAa OCHOBI CTBOPEHHS OEITIHr-aHCaMOJII0 I1HTENEKTyalIbHUX KJacu(ikaTopis,
BKJIIOYEHUX B aHCAMOJb 32 KPUTEPISIMU TOYHOCTI Ta Pi3HOMAHITTS, LIO J03BOJISE
M1IBUIIIUTH TOYHICTh KJ1acudikalrii.

Jucepraiiiiina po6oTa CKJI1aa€ThCs 31 BCTYILY, 4 pO3/1J1iB, BACHOBKIB, CIIUCKY
BUKOPHUCTaHUX JiKkepen 3 210 HaliMeHyBaHb Ta OJHOTO J0JATKy. 3araJibHUH oOcsr
mucepranii ckiaaae 150 cropiHok, MICTUTh 47 pUCYHKIB Ta 21 TabauIio.

KitrouoBi cioBa: aprepiaiibHa rinepTeH3is, riudoke HaBuaHHs, IH(opMalliiiHa
TEeXHOJIOT1s, Kiacudikallisi, MalllMHHE HaBYaHHS, HEUPOHHA MEpeKa, ONTUMI3allisl,

POTHO3YBaHHS, IITYYHUN 1HTEJIEKT, IITYYHA HEHPOHHA Mepexa.



ABSTRACT

Kolomoiets S.O. Methods of intellectual prediction of blood pressure and
classification of arterial hypertension.

Dissertation for the degree of Doctor of Philosophy in the specialty 126 —
Information systems and technologies in the field of knowledge 12 — Information
technology — National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2025.

The dissertation is devoted to the development of methods for processing
signals of cuffless blood pressure measurement with their subsequent prediction and
the development of intelligent methods for classifying the degree of hypertension
based on the use of hybrid ensemble-type neural networks.

The paper analyzes the existing problems with diseases of the cardiovascular
system, namely the problem of diagnosing arterial hypertension, which is
characterized by high blood pressure, which can lead to serious diseases such as
heart attack or stroke.

It has been shown that the main way to prevent such diseases is to constantly
monitor blood pressure through the use of cuffless blood pressure measurement with
its subsequent time prediction, which can provide an opportunity to urgently inform
patients and doctors about the need for medical intervention, which will allow to
reduce blood pressure in a short time. The second way to prevent the aforementioned
striking effects 1s to develop an intelligent system for diagnosing the degree of
hypertension.

The first section provides information on the prevalence of hypertension in
the world, including Ukraine, and concludes that the state of this problem does not
meet international standards, including European ones. This is especially true for the
practical absence of cuffless blood pressure measurement for the general public. An
analysis of existing cuffless pressure measurement devices is carried out.

The second section substantiates the use of time series forecasting methods

for predicting blood pressure in patients. A new method of blood pressure prediction
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is presented, which consists in the use of methods of preliminary processing of
measurement results and methods of time series prediction.

A review of scientific works on data preprocessing is made. The use of
methods for noise reduction, detection and elimination of anomalies, and filling in
missing data for which the results of pre-processing are presented is substantiated.
The data provided by the State Institution “National Scientific Center named after
Academician M.D. Strazhesko” were used as experimental data for processing. We
analyzed the known methods of time series prediction for blood pressure data. It is
shown that the best results are obtained by methods based on the use of recurrent
neural networks, namely LSTM, GRU, BI-LSTM. In order to improve the
forecasting results, a new approach is proposed, which involves the use of hybrid
neural networks based on boosting, namely the sequential connection of such neural
networks as LSTM, GRU and a number of their combinations. The obtained results
demonstrate the effectiveness of the proposed approach, namely, it was possible to
increase the accuracy of forecasting different horizons by an average of 10%.

The third section solved the problem of selecting the essential features that
characterize the degree of hypertension, namely:

— for the first degree, pressure values;

— for the second degree - pressure values by blood and urine tests (red blood
cells, white blood cells, hemoglobin, platelets, protein level, creatinine level,
cholesterol (total), sugar (glucose), potassium, magnesium, sodium, adrenaline,
norepinephrine, aldosterone), abnormal values that can be detected on ECG and
echocardiography (Sokolow-Lyon index, Cornell volt index, IML, chronic kidney
disease of the third stage, ankle-brachial index, severe retinopathy;

— for the third degree, blood pressure values, abnormal values in the tests, ECG
and echocardiogram as in the second degree of arterial hypertension, history of
cerebrovascular diseases (intracerebral hemorrhage, ischemic stroke, transient
ischemic attack), a history of coronary heart disease (myocardial infarction,

myocardial revascularization, angina pectoris), detection of stenosis during imaging
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studies, severe albuminuria, and the presence of stage four or five chronic kidney
disease.

The necessity of using hybrid neural networks built on the basis of the
ensemble approach to solve the problem of classifying the degrees of hypertension
is substantiated. Based on the analysis, it is shown that the best option is to use
backpropagation, and a new method for solving this problem is developed. The
results obtained have shown the effectiveness of the proposed method.

In the fourth chapter, information technologies and scenarios for the use of
the proposed information technology for the intelligent prediction of blood pressure
are developed.

The results obtained in the dissertation study contain scientific novelty:

— For the first time, a method for processing blood pressure data in patients was
proposed, which differs in that it uses cuffless measurement methods to pre-process
the data and further forecasting based on the use of hybrid recurrent neural networks,
the forecast horizon of which is adapted to the current state of the patient, which
makes it possible to reduce the likelihood of stroke or heart attack in patients;

— improved method of solving the classification problem and reduced
computational costs in machine learning of hybrid neural networks by identifying
the most influential signs of hypertension for different degrees of the disease, which,
in addition to general signs (anamnesis, results of medical examination, results of
blood and urine tests, blood pressure measurements), include the results of ECG and
echocardiography;

— amethod of structural and parametric synthesis of a hybrid neural network for
solving the problem of classifying the degree of hypertension, which differs in that
the hybrid neural network is built on the basis of creating a bagging ensemble of
intelligent classifiers included in the ensemble according to the criteria of accuracy
and diversity, which allows to increase the accuracy of classification.

The thesis consists of an introduction, 4 chapters, conclusions, a list of 210
references and one appendix. The total volume of the dissertation is 150 pages,

contains 47 figures and 21 tables.
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MEPEJIIK YMOBHUX INIO3HAYEHbD
BI-LSTM (Bidirectional Long Short-Term Memory) — JIBoHampaBiena moBra
KOPOTKOCTPOKOBA 1aM’SITh
GRU (Gated Recurrent Unit) — BeHnTuibHUN peKypeHTHHI 010K
LSTM (Long Short-Term Memory) — /[oBra KOpoTKOCTpOKOBa am’ATb
ML (Machine Learning) — MaiuHHe HaB4aHHS
RNN (Recurrent Neural Networks) — PexypenTHa HelipoHHa Mepexa
SVM (Support Vector Machine) — MarmHa omopHUX BEKTOPiB
AI' — AprtepialibHa TinepTeH3is
AT — AprepiasibHU THCK
BOO3 — BcecBiTHs oprani3aliisi OXOPOHH 3710pOB’ s
BOC — BcecBiTHs oprasizariis ceps
JAT — [iacToniuHuii apTepialbHUIA TUCK
EBI — Enextpuunuii 6ioiMIie1anc
EKI" — Enexrpokapaiorpadis
ExoKI" — Exoxapmiorpadis
IKT" — ImnenancuHa kapaiorpadis
MO3 — MiHicTepCcTBO OXOPOHHU 3/10POB’ ST
HM — HeiiponHa mepexa
[TAT — IlynbcoBuii apTepiadbHHUI THCK
CAT — CucromuHuil apTepialiIbHUN TUCK
CKI" — Ceiicmokapaiorpadis
CC3 — CeprieBo-CyauHHI 3aXBOPIOBaHHS
TAI' — Tonoaprepiorpadis
OIII" — doTomnerusmorpadis
I — IITy4yHuii iHTEAEKT
[ITHM — IlITyuna HelipoHHA Mepexa

[ITTX — HIBuaKICTh MOMUPEHHS MTYJIHCOBOT XBUITI
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BCTYII

AKTyajdbHiCTh TeMH. Ha cbOromHImHIA JOE€HH  CEPIEBO-CYIAUHHI
3aXBOPIOBAHHS JMILNAIOTHCS MEPIIMMHU 32 YACTOTOIO CMEPTHOCTI SIK B YKpaiHi TaK 1
B CBITI 3araioM. B Ykpaini koxkeH pik Ouibine 400 Tucsd oci®O MOMHUPAIOTh Bijl
CEPIICBO-CYJMHHUX 3aXBOpPIOBaHb, 10 ckiagae 60% cmeprei. HaiiOinbime
MOMHUPAIOTh BIJ 1HCYJIBTIB Ta 1H(PAPKTIB MiOKapja, a 1€ came Tl 3aXBOPIOBAHHS,
AKUM MOXHa 1 Tpeba 3amoOirTv, CepreBl HamajJu HEe BUHHMKAIOTh PANTOBO, a €
HaciAKaMu o0pa3y JKUTTS Ta 3aBYACHOI JiarHOCTUKH. 46% MOpocCiuX, M0 MaloTh
apTepiayibHy TIIEPTEH3110, HE 3HAIOTh MO 11e. 3a JaHuMu gociipkeHds STEPS, ske
npoBoauiioch B Ykpaini B 2019 pori, migBUIIEHUH apTepiallbHUA THCK MaloTh
34,8% ykpainimiB y it Bix 18 g0 69 pokis [1].

3 METO MOKpalIeHHS CHUTYyalllii B I[bOMYy MHUTaHHI HEOOXIHO TEPMIHOBE
CTBOPCHHSI 1HIUBIIyaIbHUI CHCTEM 0€3MaHXETHOTO BUMIPIOBAHHS apTEepPiaibHOTO
TUCKY Y XBOPHUX 3 HACTYNHHM HOT0 MPOTHO3YBAaHHSM Y YacOBOMY IPOCTOpI Ta
JIarHOCTUYHUX CUCTEM BU3HAYEHHS CTYIECHS apTepiaibHOI MepTeH3ii.

HITyyHuil 1HTEIEKT € HAa CbOTOAHI € CBITOBUM TPEHJIOM PO3BUTKY HAYKH 1
TEXHIKH, IKUW HaJa€ BEJMKI MOXKJIMBOCTI MO0 BUPIIICHHIO 3a7a4 TPOTHO3YBAHHS Ta
JIIarHOCTHUKH.

3 MeTow MiJABUIECHHS €(EeKTUBHOCTI OOpOTHOM 3 HACIHIJIKAMU CEpIEBO-
CyIMHHMX  XBOpOO  BUMAara€rbcsi  po3poOKa  IHTENEKTyalbHUX  METOIB
MPOTHO3YBAaHHSA apTEpIaIbHOTO THCKY Ta JIarHOCTUKA BHU3HAYCHHS CTYIEHS
apTepiayibHOI T1IePTEeH3I.

3B’A30K po00TH 3 HAYKOBUMM MPOrpaMaMu, MJIaHAMH, TEMAMM.

HuceprarriiiHe AOCTIPKEHHS BUKOHYBAJIOCH BiAMmoBimHO 10 muiaHiB HJIP,
mporpaM 1 JIOTOBOPIB 10 BHUKOHYBaJMCh Yy HallioHaIbHOMY TEXHIYHOMY
yHiBepcuteTi YkpaiHu «KuiBcbkoMy MONITEXHIYHOMY I1HCTUTYTI iMeH1 Irops
Cikopcekoro». Jluceprariiiine JOOCHIUKEHHS TpoBoawiocs Ha jgaHux JY
«HarionaneHuii HaykoBUM HEHTp iMeHi akanemika M.J[. Ctpaxecka» B pamkax
noroBopy mnpo cmiBopamio Mk «KIII im. Irops Cikopcekoro» Tta 1Y

«HationanbHuii HaykoBHii LIEHTp iMeH1 akagemika M.JI. Ctpaxkeckay.
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Merta i 3aBaaHHs J0CHiIKeHHsA. MeTOrO AUCepTallIfHOTO JTOCTIIKEHHS €
CTBOPEHHS METOJIB 00poOKM curHamiB 0OE3MaH)XETHOTO  BUMIPIOBAHHS
apTepiaibHOT0 THUCKY 3 TMOAAJBIIMM WOr0 TMPOTHO3YBAaHHSAM Ta po3podKa
IHTEJIeKTYyaJIbHUX METO/I1B Kiacu(ikallii TUIY apTepiajabHOI rnepTeH31i Ha OCHOBI
BUKOPDUCTAHHA TIOpUIHUX HEHPOHHUX Mepex  aHcaMmOnboBoro Ttumy. Jlis
JIOCSITHEHHSI METHU TTOCTaBJICH1 Ta BUPIIIEH] TaKl 3aBJIaHHS:

— Ppo3po0Ka METO/IIB IHTEJIEKTYyaIbHOTO IPOTHO3YBAHHS apTeP1aIbHOTO TUCKY 3
PI3HUMHU TOPU30HTAMHU IPOTHO3Y aJIallTOBaHe IiJl HOTOYHUN CTaH XBOPOTO;

— Ppo3po0Ka METOJIIB 1HTEIEKTYyadbHOI JIarHOCTUKHM apTepialibHOI TinepTeH3il
HAa OCHOB1 BUKOPUCTaHHS TOPUIHUX HEMPOHHUX MEPEX aHCaMOJIbOBOTO THITY.

O0’eKkT A0CHIIKEHHS — METOAM I1HTEJIEKTYalbHOIO IPOrHO3YBaHHS
4aCcOBUX PSJIIB Ta 0araTokJ1IacoBoi Kiacuikaiii.

IIpenmer AocCaiIzKeHHSI — I1HTEJNEKTyalbHI METOAM IMPOTHO3Y IUHAMIKU
apTepiayIbHOTO THUCKY Ta CTPYKTYPHO-TIApaMETPUYHOTO CHHTE3y Ti1OpHUIHUX
HEHPOHHUX Mepex Ui Kiacudikallii aprepiajbHOI TinepTeH3ii Ta BU3HAYEHHS ii
THUITY.

MeToam aocaigxeHHs1 0a3yr0ThCs Ha MOJOKECHHSX:

— Teopii 00poOku 1HpopMaIrii;

— Teopli TYYHOTO IHTEIEKTY.

Sk 3aci0 po3B’s3aHHS  TOCTaBICHUX 3aBJaHb BHKOPUCTOBYBAJIOCS
MaTeMaTM4YHE  Ta  KOMII'IOTEpHE  MOJENIOBaHHSA. Y  JIOCHIKEHHSX
BUKOpUCTOBYBaIUCh nporpamui maketu TensorFlow, Scikit-learn, a Takoxx MoBa
nporpamyBaHHs Python.

HaykoBa HOBH3HA OTPMMAHUX Pe3yJIbLTATIB:

— BIIEpIIE 3alPONOHOBAHO METOJI JJIsi 0OpPOOKH JaHUX apTepiaIbHOTO TUCKY Y
XBOpHUX, SIKUM BIAPI3HAETHCS TUM, IO Ha OCHOBI METOJIB O€3MaH>KETHOTO
BUMIPIOBaHHS 31MCHIOE TOIMEpPETHI0 O0pOOKY OTPUMAHMX JAaHUX Ta IOJaJIbIIe
MPOTHO3YBAaHHS HAa OCHOBI BUKOPUCTAHHA TIOPUIHMX PEKYPEHTHHX HEWPOHHHX
Mepe’K, TOPU30HT MPOTHO3Y SIKMX aAalTOBAHO MiJ MOTOYHUI CTaH MAalli€eHTa, 110 A€

MO>KJIUBICTh 3HU3UTH IMOBIPHICTh BUHUKHEHHS 1HCYJIbTY 200 1H()APKTy y XBOPUX;
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— YIOCKOHAQJIEHO METOJ BHpIIIeHHS 3a1aul Kjacudikamii Ta 3HHUKEHO
O0YHCITIOBAJIbHI BUTPATH MPU MAIIMHHOMY HaBUYaHH1 TOPUIHUX HEHPOHHUX MEPEK
3a paXyHOK BU3HAUCHHS HaWOUIbII BIUIMBOBUX O3HAK apTeplaibHOI TnepTeHs3ii A
PI3HUX CTYIICHIB 3aXBOPIOBaHHS, SIK1 KPIM 3arajbHUX O3HAK (aHAMHE3, pe3yJIbTaTH
OISy JIiKaps, pe3yJbTaTH aHaji3iB KpOBI, Cedl, BUMIPIOBAHHS apTepialbHOTO
THUCKY) BKJIIOUarOTh pe3yibratu 00podku EKT', ExoKT';

— PpO3pO0JEHO METOJI CTPYKTYPHO-IIAPAMETPUYHOIO CHUHTE3y TiOpUIHOT
HEHPOHHOI Mepexi JUid po3B’si3aHHs 3ajadi Kiacudikamii cTymneHs apTepiajibHOi
rinepTeH3ii, SKUi BIIPI3HAETHCS TUM, 1110 T1OpHUaHa HEHPOHHA Mepeka OyIyeThCs
HAa OCHOBI CTBOPEHHS OEITIHr-aHCaMOJII0 I1HTENEKTyaJIbHUX KJIacu(ikaTopis,
BKJIFOUEHUX B aHCaMOJIb 32 KPUTEPISIMU TOUYHOCTI Ta PI3HOMAHITTS, L0 JO3BOJIE
M1JIBUIIUTH TOYHICTh KJ1acuikarrii.

I[IpakTnyHe 3HaYeHHs] OTPUMAaHUX pe3yabrarTiB. Ha mincrasi
PO3pO0OJICHOT0 MaTEeMAaTUYHOTO 3a0€31eYEHHS:

— po3po0JieH] IHTENEKTyallbHI METOAM Ta aJTOPUTMU IPOTHO3YBAaHHS 3HAUYEHb
apTepiaJbHOTO THCKY Ha OCHOBI BUKOPHUCTAHHS 0€3 MaHKETHOTO BUMIPIOBAHHS, 1110
JTIO3BOJIMIIO TIABUIIUTH PIBEHB 3al100ITaHHS 1HCYJIBTIB Ta IHPAPKTIB y XBOPUX;

— po3po0JieHO HOBUW MIAXiJ 10 J1arHOCTYBaHHS CTYINEHIO apTepiajbHOi
rinepTensii y XBopux;

— BHUKOPUCTAHHS  3alpOMOHOBAaHMX METOAIB Ta amroput™mie y Y
«Harionanbanii HaykoBuii 1eHTp imeHl akamemika M.J[. Crpaxecka», 110
J03BOJIMJIO MIABUIIUTH PIBEHb 3a1100IraHHs 1HCYJIBTIB 1 IHPAPKTIB Y XBOPHUX.

Ocobuctuii BHecok 3100yBaua. Bci pesynbratu, siKi BIIHOCATBCS 0
3aXUCTY, OTPUMaH1 aBTOPOM OCOOHCTO.

Anpobaunia pe3yabTatiB aucepramii. OCHOBHI pe3yJbTaTh AOCHIIKEHb
JOTOBIAAINCS 1 00rOBOPIOBAIIUCS HAa HACTYMMTHUX MIKHAPOIHUX HAYKOBO-TEXHIYHUX
KOH(epeHisx:

— VII MixnapoaHa HaykoBo-npakTuuHa koHgpepeHuis «Grundlagen der

modernen wissenschaftlichen forschungy (Ilropix, IlIBefiniapis);
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— IV MixunapoaHa ©HaykoBa koHbepeHmis «llepion TtpaHchopmariiiHux
MPOIIECiB B CBITOBIM HayIli: 3a/1a4il Ta BUKIUKNY (PiBHE, YKpaiHa);

— VIII MixnapogHa HaykoBo-TeopeTHuHa KoHpepenmis «[Ipobnemu Ta
MEpPCIIeKTUBH peaii3allii Ta BIPOBAHKEHHS MDKIUCHUIUTIHAPHUX HAYKOBHX
nocsirnenb» (Konoromn, Ykpaina);

— 'V MixknapoaHa HaykoBo-nipakTuuHa kKoHpepeHitis « Theoretical and practical
aspects of modern scientific research» (Ceymn, [liBnenna Kopes).

Iy6aikamii. 3a pe3yiabTaramMu JAMCEPTALIIIHOIO JOCHIKEHHS OyJo
omyOJIIKOBAaHO 5 HaAyKOBHUX MyOJIiKaIlii, 3 Skux 3 myOmikarii y ¢axoBUX HAyKOBUX
BUJIaHHAX KaTeropii «by.

CTpykrypa Tta odcar aucepramii. /lucepramiitna poOoTa CKIagaeThes 3i
BCTYNY, 4 pO3/1lJ1iB, BACHOBKIB, CIIUCKY BUKOPUCTAHUX Jikepen 3 210 HaliMeHyBaHb
Ta OJJHOTO JOJATKy. 3arajibHuil obcar nucepTtauii ckiagae 150 cTOpiHOK, MICTUTD

477 pucyHkiB Ta 21 Tabnuio.
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1. MIPOBJIEMHU JIATHOCTUKHU APTEPIAJIBHOI T'IITEPTEH3IT

1.1 AprepianbHa rinepreHsis, il 03HAKHM Ta NOLIUPEHHS

AprtepianbHoro TinepteH3iero (Al') Ha3uBaKOTh XPOHIYHY MATOJIOTIHO KOJHU
cuctosiuyaui aprepianbanii TUCK (CAT) Bumuii 3a 140 MM.pT.CT. Ta A1aCTOIYHUN
aptepianbHui TUCK ([JAT) Bumuii 3a 90 MM.pT.cT. CHUCTONIIYHUM apTepiaibHUN TUCK
— IIe TUCK y CyJIMHaX B MOMEHT BHIITOBXYBaHHS KpoOBi cepieM. JliacTomiuHuii
apTepiaJibHUN THCK — 11€ TUCK, B MOMEHT KOJIM Ceplie BIAMOYMBAE MIXK YJapaMHu.
be3 Hane)XHOTO crocTepekeHHs Ta JikyBaHHS Al MoO)ke TPH3BECTH 10 TaKHX
YCKJIaJHEHb SIK 1H(QApPKT, 1HCYJIbT, MOTIPLIIEHHS 30py, CeplLeBOoi abo HUPKOBOI
HEJIOCTATHOCTI [2].

Ha cporoguimHiii JneHh 3a JaHUMH BCecBITHBOI opraHizallii OXOpoHHU
3nopoB’s (BOO3) ta MinictepcTBo oxopoHH 310poB’st Ykpaiau (MO3), cepieso-
cynunH1 3axBoproBanHs (CC3) € HaltO1IBIIO MPUYUHOK CMEPTHOCTI K B YKpaiHi,
TakK 1 B MiJIOMYy CBITI [3, 4].

3a ocrannii 30 pokiB cmepTHicTh Bix CC3 3pocia Ha 60% [5]. 3rigHo qaHuX
BcecsitHboi opranizarii cepis (BOC) mouynnaroun 3 1990 poky 1 1o 2021 poky
KUTBKICTh cMepTeit 301umbimiiocs 3 12,1 minbiioH1B mroaeit 10 20,5 MiTbHOHIB.

3riHO BiIKPUTOI CTATUCTHUKU YKPATHCHKOTO IEHTPY CYCHUIBHHX IaHMX,
KokeH pik Outbie Hixk 500000 ykpainiis nomuparoth Big CC3 [6]. CmepTHICTD 32
TUIIOM MICLEBOCTI MepeBaxkae y Micbkoro HaceneHHs 60% nHan ciuibebkum 40%.
CMepTHICTD 3a CTaTeBUMH O3HAKaMH Maiixke piBHA (40soBiku 49,5%, xinku 50,5%),
OJHAK  HAWOUIBIIMI  MIK  CMEPTHOCTI Yy  YOJOBIKIB  TpUINaga€e  Ha
MPOMIKOK 65- 69 pokiB, a y xkiHOK — 80-84 poku, 11e 00YMOBIECHO BIKOM, >KIHKH
cTatoTh Ok cxuibHUMU 10 CC3 micnsa meHonay3u. CTaTUCTUKA CMEPTHOCTI BiJl

CC3 no pokam npuBeieHa Ha pUCYHKY 1.1.
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Pucynok 1.1 — CmeptaicTs Big CC3 B Ykpaini 2018-2020 poku

Hwxue npencraBneno knacudikaito TUIB apTepiaibHOTo TUCKY (AT).

1.2 TIpo6aeMu AiarHOCTMKM apTepiajJbHOI rinepTeH3ii
[Ipobnemu miarHocTuku Al monsraroTh SIK B MEAWYHINA TUTONIMHI TaK 1 B
oprasi3zaniiiHii. /1o o0CHOBHUX Mpo0OieM AlarHoCTUKA Al BITHOCSTH:

— JIOCTOBIPHICTh 3HAY€Hb BUMIPIOBAHHS TUCKY (BUCOKUU THUCK Y MOBCSAKACHHI,
aJle HOpMAaJlbHUH THUCK NMPH BUMIPIOBaHHS B MEIUYHOMY 3aKJaji, MOPYIICHHS
TEXHIKH BUMIPIOBaHHS TUCKY, CHHAPOM «O1710T0 XallaTy»);

— HejocTaTHICTh BuMiptoBaHHS AT (BUMIpIOBaHHS THUCKY JIMILE TPU BIAYYTTI
cumntomiB Al' abo BumiptoBaHHsS pa3 Ha J00y; MPaBWIBHUM BBaKAEThCS
BHUMIPIOBAHHS TUCKY 3paHKy Ta BBeuepi (Tpuul 3 IHTEpBajIaMH Ta 3all1C CEPEIHBOTO
3HA4YECHHS));

— HeJoCTaTHIA 30ip 3arajJlbHOrO aHaMHE3y Ta HEBpaxyBaHHS CYITyTHIX
3aXBOPIOBAHb;

— BUKOPUCTAHHS PI3HUMH 3aKJIaJlaMH OXOPOHH 3JIOPOB’Sl Pi3HOI Kiacudikaii
AT, 1110 BIUITMBA€ Ha TOYHICTh MOCTAHOBKH J1arHO3y (B1JICYTHICTh YITKO1 3arajibHO1
CTaHapTH3aIlil TOCTAHOBKH J1arHO3Y);

— HEJOCTaTHIM KOHTPOJb Ta 0013HaHICTh PO 3aXBOPIOBAHHS 3 OOKY IMaIlIEHTIB.
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BpaxoBytoun nmiarHoctuuHi npooiemu AlT MokHa 3pOOMTH BHCHOBOK, IIIO
BapTO 30CepeauTH OiIbplle yBark Ha OOI3HAHOCTI CaMHUX TMAall€HTIB MIOJ0
IPaBWIBHOCTI BUMIpIoBaHHS AT, akIeHTI Ha MPaBUJIBHUX YMOBAaX BUMIPIOBAHHS,
oesnepepBHOMY BuMiproBanHi AT 11106 MaTu 3MOTy TIpoaHajizyBaTH BEJIUKi 00cAru
JaHUX 3MIHM THUCKY Yy TAalll€eHTa TMpOTIroM Yyciei A00M [ YHUKHEHHS
HEJIOCTOBIPHUX TOKa3HUKIB AT Ta MOXIMBOCTI TOMNEPEKATH TINEPTOHIYHI
npo0OsieMy A0 iX KpUTUYHHX TpOosiBiB. Jis MOKpalieHHs JaHOTO MHUTAHHS BapTO
PO3TISTHYTH METOJ1 Kilacu(iKallii apTepialibHOTO THUCKY, CTaHAApTU3YBAaTH CUCTEMHU
kiacudikaimli Mmjag €IMHUN CTaHIapT Ta CTBOPUTH CHUCTEMU O€3MepepBHOIO
MOHITOpUHTY AT 3 MOXJIMBICTIO MMONEPEKEHHSI AI[IEHTA PO MOAAIBIII HEOO0X1/1H1

nii juist 3anmo0iraHHs BUHUKHEHHS CEPIIEBO-CYJIWHHUX YCKJIAIHCHb CIIPUYMHEHUX

AT

1.3 Knacudikauisa MeToiB BUMipIOBAHHS APTEPiaJIbHOI0 THCKY

[cHyIOTB 4iITKI perjaMeHTalii Ta BUMOTH 10 BuMiptoBaHHs AT Ta npuiajis
3a JOMOMOIOI0 SIKMX TMPOBOJATHCA BHUMIpPHU. ICHYIOTH J1Ba OCHOBHI METOAU
BuMiptoBaHHd AT — 1HBa3uBHMI (TpsAMUN, 3 NPOHUKAHHSIM BUMIPIOBAIBHHUX
IPUCTPOIB Yy apTepiro) Ta HEIHBa3WBHUN (HEMPSMUIA, BHUMIP BIJOYBAa€ThCS 3a
JIOTIOMOTOI0 JIaTYMKIB Ha TIOBEPXHI MIKIPH TAIIEHTA).

3a3BrYail iHBa3UBHMIA METO/I BAKOPHCTOBYIOTH JIMIIIE B CTAI[IOHAPHIX YMOBaX
py XIpYpPrivHuX BTpy4daHHSX [7]. B apTepiro BBOAUTHCS 30H] 3 JATYUKOM THUCKY,
3aBISIKA 1IbOMY MOXHa MOHITOPYBaTH THUCK O€3MepepBHO, CIOCTEPIraroyu 3a
CHIBBIJIHOIIEHHSIM MOKa3HMKIB THUCKY MPOTATOM Yacy, L€ 1 € HaiOLIbIIO
nepeBaroro 1poro Meroay. OaHak 1eil MeTo; MOKHa BUKOPUCTOBYBATH TUIBKH Mij1
HarJISJIOM CIIELIaNiCTIB BPaxXOBYIOUM PU3MKHU K1 BiH Hece. [losiBa TpoM0O03y abo
reMaTOMH y MICIll OMepaliifHOro BTpPYy4YaHHS, 1H(EKIIHHE ypaKeHHs, MOXKIIHBa
KpOBOTe€Ua NpU 3a0upaHHl 30HYy, yCl Ll HEJOMIKA pOOJIATh 1HBA3UBHUU METOJ
NPUIATHUM JIJI1 BUKOPUCTAHHS JIUIIE TIPY OTIepaAIlifHUX BTPYUYaHHSX M1l HATJISA0M
CIEIIAJIICTIB 1 30BCIM HE MIIXOMASTH JIJII MOHITOPYBaHHS Ta NMporHo3yBaHHs AT y

JIIOJIeH B OBCAKIACHHOMY JKHUTTI.
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B cBoro uepry HeiHBa3MBHMI METOJ Mae Habarato OiIbIIY PO3raayKeHICTh
Ta PO3MOBCIOJDKEHICTh Y METOJaX BUMIPIOBaHHS THUCKY Ta TMOIUISETbCS Ha
ayCKyJIbTaTUBHUM, OCLIWIIOMETPUYHHM Ta NAIBIIATOPHUM.

Ha croroauimHii AeHb yc1 NPUCTPOI A1 HeiHBa3UuBHOTO BUMIpY AT MokHa
PO3IUTATH HA JIBAa TUIIW: MAHXKETHI Ta O€3MaH>KETHI.

Ha cworomHimHiii 1eHb y CBITI ICHYIOTh 3pYy4YH1 MOPTAaTUBHI TEXHOJOTI]
OCHOBaHI Ha Oe3MaH)XeTHOMY BUMIiprOoBaHHI AT, sKi BUKOPUCTOBYIOTHh JATUYMKH,
0o0poOKy curHagy Ta IITyYHHM IHTENEKT I TOYHOCTI poOotu. [omoBHUM
cynepewiuBuM mnuTaHHa € craHgaptdy AAMI/ESH/ISO saxi po3poOneni s
MaH)XeTHOTO BuMiptoBaHHs AT, oJHak BOHM 30BCIM HE MIIXOIATH IS
cTaHjapTu3aiii Oe3MaHXETHUX MPHUCTPOIB dYepe3 pI3HUIIO B MIAX0JaX 0
BUMIpIOBaHb. binbiiicTh Oe3MaHKETHUX MPUCTPOIB TNOTpedye MepiogUIHOIO
KamiOpyBaHHS 3 BHUKOpHUCTaHHSM 3HaueHb AT, BHUMIpSAHHUX 3a JIOOMOIOIO
MaH)XETHUX TPHUCTPOiB. Takok HEOOXiTHO BpaxoBYBaTH IO JAEsAKl Oe3MaHKETHI
IpUCTPOi MOXKYTh OTpeOyBaTu 1H(opMalii npo mnaiieHTa (Bara, Bik, 3piCT, CTaTh),
T00TO HEe BuMmiptoBaTu AT, a BimcrexyBaTu 3mMiHu B AT 3a 10MOMOTror0 MITy4HOTO
1HTEJIEKTY.

Ha#iGinpm nomupeHuMy TeXHOJIOT1sIMU Jytst BUMiptoBaHHs AT 3a jomoMororo
0€e3MaHKETHUX MPUCTPOIB €:

—  @oromneruzmorpadis (PIII)

OIII" 3’stBUacs K MEPCIEKTUBHUN HEIHBa3UBHHUI MeTO/l MOHITOpUHTY AT
Ta cepueBo-cyauHHOi (yHKiii [8]. BiH mpaioe nuisxoM OCBITICHHS TKaHWH
CBITJIOM 1 300py CBITJIA, IKE TIPOITYCKAETHCS a00 BiAOMBAETHCSA. CBITIIO 3MIHIOETHCS
yepes3 NOTIMHAHHA TeMOTI001HY B yJIbCYIOUil apTepianbHii kpoBi. Lleit ontuunuii
CUTHAJI BUSIBIIAETHCS 200 JATYMKOM, PO3MILIEHUM Ha MPOTHIICKHOMY OOI[l TKAHUHU
(nepenaBanpuuii GIII7), a60 BinOMBAOYMM JaTIMKOM, PO3TAIIOBAaHUM Ha Tik camii
CTOPOHI 1 B Tii camiii IJIONIMHI, IO ¥ BUIPOMIHIOBaY CBiTja (BimOuBatouunii OIIT).
Cratu4Hi KOMIIOHEHTH, BKJIIOYAIOUM M’ SI3M, JKUp, IIKIpy Ta 1HII TKaHUHU,
CKIaAaoTh moHaa 95% aMIuITyid CBiT/IA, B TOW 4Yac K Ha PEIITy TUHAMIYHOT

CKJIaJI0BOi BIUIMBAIOTh 00’€MHI 3MIHM B CYyAMHAaX, BUKIMKaHI CEpUEOUTTSIM, SKi
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MOXHa BUSBHUTH 3a JomoMororo myibcarii [9]. Ak nacminok, dopma xpumi OIIT
MICTUThH LIHHY 1H(OPMALIIIO PO CEPIIEBO-CYIUHHY TUHAMIKY 1 J€MOHCTPY€E TiICHUN
38’130k 3 AT [10]. Anamiz mynbcoBoi xBwii (Pulse wave analysis, PWA) [11]
no3BoJise BUIIUTH 3 curHadiB DI’ ocoGauBOCTI, MOB’sA3aHI 3 apTepiaibHOIO
nyJjbcaii€ero. 3aBAsSKkd MpocTtoTi oTpumanHs curHamiB DI 3a momomororo
(GOTOCNEKTPUYHUX JIaTUYUKIB, Oe3mepepBHUN Oe3MaHXeTHUM MOHITOpUHT AT
MPUBEPHYB 3HAYHy yBary MeEIWYHOI CHUILHOTH. binmbiie Toro, cur”Hamu OIIT
MOKYTh OYyTH JIETKO 1IHTEIpOBaHi1 B HOcUMI MpUcTpoi [12], Taki sik cmapTdonu [13,
14] Ta cmapT-roguHHUKY [ 15]. B ocTaHHIX OCTIKEHHSIX CIIOCTEPIraeThCsl 3HAYHUN
iHTEepec 10 Oe3mamwkeTHOro BuUMIptoBaHHS AT 3 BHKOPUCTaHHSIM METO/IIB
BUMiproBaHHs Ha ocHoB1 DI [16].
— Enextpokapaiorpadis

EnexTpony BUKOPUCTOBYIOTH PI3HUIIO HAMIPYTH Ha CEPIl Ui BUMIPIOBAHHS
CJICKTPUYHOT aKTUBHOCTI Ceplis, sKa 1HIIII0E MexaHiuHe ckopouyeHHs. CrodyaTky
npunyckanu, mo ominka AT BHKIIOYHO 3a €JIeKTPOKApIOTPaMoI0 € MOKIUBOIO
[17], ane HemomaBHO OyJIO TOBENEHO, 10 Takuid miaxin € Henamaiiaum [18]. EKT
Jla€ 1IHHY 1H(POPpMAITiI0 PO CePIECBUM ITUKIL.

— bamicrorpadis

banicrokapniorpagis (bKI')) - 1e HelHBa3sMBHAa  METOJIMKa, sKa
BUKOPUCTOBYETHCSI /11 BHUMIPIOBAHHS MEXaHIYHUX PYXiB JIOACBKOIO Tija Y
BIIMOBIZIb HA BHKHJ KpPOBI 3 cepls I Yac KOXHOro cepreoutrtsa. JlaBHO
BCTAHOBJICHO, 1110 TLJIO TMPOSIBIISE TOHKI PYXU 3 KOXXKHHUM cepleouttsam [19], mo
MIPEICTABIISIOTH COOOIO BIMIOBIIb HA BUKU]T KPOBI cepiieM B apTepii. i BusiBneHHs
Ta peecTpaiii WX PyXiB y PI3HUX YaCTHHAX TuIa OylM CTBOPEHI PI3HOMAHITHI
npuiaau. 3amucaHa OaiicTokapaiorpama Hajgae iH(OpMali MPO 4Yac 1 CHILY
KOXKHOTO CEepIeOUTTs, a TAKOXK MeBHI acniekTu cepreBoi Gyukii [20]. Lei meTon
MOHA BUKOPHUCTOBYBATH JIJIsl 0araThb0X Pi3HUX BUJIB 30HyBaHHS, ajie¢ BIH TaKOX
MO3Ke CTBOPIOBATU apTedaktu pyxy [21], siKi HOTPIOHO PETENbHO MPOAYMYBATH NPU

aHaJi31 Ta IHTEpHIpeTallii CUTHAIIB.
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— Enextpuunnii 6ioiMneaaHc

Enextpuunnii 6ioimnenanc (EBI) - e meTonm BUMIpIOBaHHS €IEKTPUYHUX
BJIACTUBOCTEH 010JI0TTYHUX TKaHUH. BiH IPyHTY€ThHCS Ha TOMY, 1110 Pi3HI TKAHUHU B
OpraHi3Mi MO-pi3HOMY HPOBOAATH €NEKTpUKY [22]. Ileli MeToa € HeIHBa3UBHUM 1
MO’K€ HaJlaTu LIHHY 1H(QOpMaIliio Mpo pi3Hi (Pi310JI0TIUHI MapaMETPH, BKIOYAIOUN
AT [23]. Bin npornionye Ouibiity riauOuHy npoHukHeHHs1, Hixk [T, € mpocrimum,
HDK yJIbTpa3ByK [24], ajie He Aa€ TaKoi K BUCOKOI SIKOCTI XBUJILOBUX (opmM. Konu
iaerbes mpo BuMipioBaHHS AT, enekTpuuHUN O10IMIIEJaHCHUM METOH 3a3BUYaid
BKJIIOUae B cebe crnenudiuHUi BapiaHT, BIIOMHH SK «OloiMIegaHCHA
wietusmorpadis» abo «imnegancHa kapaiorpadis (IKI)». OcHoBHMIA mpHHLIUIT
noJisira€ B TOMY, IO 3MIHM 00’€My KpOBI B apTepisix BHUKJIMKAIOTh 3MIHU
CJIEKTPUYHOIO 1MIMENAHCY, $KI MOXHa BUSBUTH 3a JOINOMOTOI0 €JIEKTPOJIB,
po3MilleHuX Ha 1Kipi [25]. 3a3Buyail HaOlp 3 YOTUPHOX EIEKTPOAIB PO3MIIIYIOThH
Ha TPYAHIA KJIITII, MOAAIOYM HEIIKIJIMBUN EJICKTPUYHUN CTPyM 1 BHUMIPIOIOUU
pe3yNbTyIouy Hampyry. B pe3ynabTati MOKHA OTpUMATH €JIEKTPUYHUM 1MIIEaHC,
KM 3MIHIOETBCSI B OCHOBHOMY Y€pe3 BHCOKONPOBIAHY IYJIbCYIOUY KpOB.
besnepepBHo BiAcTexxkyroun 11 3MiHM, curHan IKDT moxna o00poOnsaty 1
BUKOPHUCTOBYBAaTH [UIsl BU3HAUEHHS TE€MOJAMHAMIYHUX MapaMmeTpiB, BKIOYAIOUU
CUCTOJITYHUH 1 I1acTONIYHUM TUCK [26]. Byno nmpoaeMmoncTpoBano, o IKI € iiinaum
ITHCTPYMEHTOM Ji1 O€3MepepBHOIO HEIHBA3MBHOI'O MOHITOPUHIY B KOHKPETHHX
KIIHIYHUAX cHUTyamisx [27], Takux sK Mg 4ac (Pi3MyHOTO HaBaHTaeHHs. L[s
METOJIMKa MOXe OyTH 3aCTOCOBaHa JI0 PI3HUX AUISHOK Tia [28]. CucTteMu Ha OCHOBI
0l0IMIeaHCy JOJIAl0Th OOMEXKEHHS ONTHYHHX CHCTEM, OCKUIBKA MOJAJIbHICTh
3aJIeKUThH BiJl PO3MOALTY Jy’K€ MIHIMAlIbHOIO, HEIHBA3MBHOT'O, BUCOKOYACTOTHOTO
3MIHHOTO CTPyMY i/l LIKIPOIO, @ 3alUC CUTHAIY HAMpyru 0a3yeThesi HA 00’ €EMHOMY
pO3MOAUII  PI3HUX THUMIB TKAaHWH 3 1X  YHIKQUIBHUMH  E€JICKTPUYHUMH
Xapaktepuctukamu. JloBeeHO, MmO 1 CHUCTeMH €(QEKTUBHO PEECTPYIOThH
apTeplajJbHUN KPOBOTIK, KOJIM O10IMIIEAAHCHI €JIEKTPOAN KOHTAKTYIOTh 31 HIKIPOIO 1

BHUPIBHIOIOTHCS 3 MIAMIKIPHOIO apTepiero [29].



25

— Ceticmokapaiorpadis

Ceiicmokapmiorpadis (CKI') mepenbauae 3amuc Ta aHai3 KOJIUBaHb TPYIHOL
CTIHKHM, II0 BUHUKAIOTh IPHU CKOPOUYEHHI Ceplsl, NIl OTPUMAaHHsS YSABIEHHS IPO
CepIEeBO-CYAMHHY (DYHKIIIIO 3a JOIMOMOIOK aKceJIepoMeTpiB ab0o JaTYUKIB pyXy
[30]. s Meronuka MOKe OIIIHUTH apTeplajJbHUM THUCK HEIHBA3MBHO, OCKUIBKH
HACOCHa Jisl ceplls reHepye xapakTepHi (GOpMU XBUJIb, SIKI MOKHA CITIBBIAHECTH 31
smiHamMu AT mig yac cepueBoro Iukiay. Axamizyrouun ¢opmu xBuwib CKI,
JOCTIAHUKN Ta KIIHIMUCTH MOXYTh BUABHUTH crieudiyHl MaTepHH, MOB’s3aHl 31
3miHamu AT. Lli matepHr MOXyTh OYTH TOB’sI3aH1 3 CUCTOJIIYHUM 1 J1aCTOJIYHUM
AT [31]. Mopdororia ceficMokapaiorpaMH JIEMOHCTPYE 1AeHTU(]IKOBaHI OMOPHI
TOUKH, IO JIO3BOJISIE BUSIBJISITH BaXKJIMBI IMOAIl, Takl K BIAKPUTTA aOpTaJIbHOTO
kiamada [32]. B manuit yac nmpoBOASTHCS MOCTIMHI AOCTiKeHHs [33], OCKUIbKU
HEO0OX1IHO O1JIbIIIe JOCIIHKEHD JUIS BaIigalii Ta M ABHUIIEHHS TOYHOCTI 1 HaJ1HOCTI
CKI' nns BumiproBanHs AT. Byno BuU3Ha4eHO, 110 MO3MINIOHYBAaHHS JaT4yhKa Ta
apTeakTu pyxy € YCKIaIHIOIOUUMH (pakTopamu [34].

— JlaTyuku TUCKY

Tonoaptepiorpadiss (TAI'), abo ammikamiiiHa TOHOMETpis, Hependavae
MPUKJIAAaHHS JaTYUKa TUCKY JI0 MIKIpY MMOBEPXHEBO J10 IEpU(EpUIHOi apTepii ais
3anucy KpuBoi THCKY [35]. JlaTdyuk TOHOMETpii YMHHUTh TUCK Ha MEBHY apTepito,
BUKJIMKAIOUU CIUIONIEHHS (a00 anmiiaHalliio) CTiHKY apTepii. Lle 3HiMae okpy>KHU
HATAT KPOBOHOCHOI CY/IMHHU, OTXKE, €TMHUM KOMIIOHEHTOM CHJIH, 110 PEECTPYETHCH,
€ KOMIIOHEHT, 3yMOBJIEHMM BHYTpillIHbOApTepiaibHuM TUCKOM. Jlatumku TAT
MOXXYTh TEPETBOPIOBATA BXOAM THCKY B €JIEKTpUYHI Buxonu [36]. Anamizyrouu
OTpUMaHy OCHWJIOrpaMy, NaTYMK OOYHUCIIIOE MYJIbCOBUN THUCK 1 IPOMOHYE OLIHKY
AT [37]. TlepeBara arutikaiiiHOi TOHOMETpIi MOJSATAE€ B TOMY, II0 BOHA MOXE
BUKOPUCTOBYBaTH YHIKaJIbHUM OJHOTOUYKOBHM JATYUK, SAKUH MOXHA JIETKO
HAHOCUTH Ha M’SIKi TIOBEPXHI, Taki sk mmikipa moaudu [38, 39]. bynu mocmimxeHi
PI3H1 MEXaHI13MU BUMIipIOBaHHA TUCKY [40].

HemonaBust po3poOka THYYKHMX JaTUYMKIB THCKY IMpoKJIaja LUIIX [0

MOKpPAIICHHS CEepLEBO-CY/IMHHOIO MOHITOPUHTY 3a IuM npuHuunoMm [41]. Hosi
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BJIOCKOHAQJICH1 JIaTYUKU MOXYTh (PikcyBaTu OUIBII JeTajbHI XapaKTePUCTHKU
MyJIbCOBUX XBWIIb [42]. LI HOBI JaTYMKH JIETK1, MPUIISATAIOTH J0 MIKipH, 610CyMICHI,
cTaOlIbHI, HENOPOri Ta MAaJOMOTYKHI, L0 pOOUTh iX NPUIATHUMHU IS
PI3HOMaHITHUX 3acToCcyBaHb [43]. JocnimkeHHs: 6e3MaHxeTHOro BuMiproBanHs AT
3a JIOTIOMOTOI0 THYYKHMX JAaTYMKIB THUCKY MPOAEMOHCTpYBaiu OaratooOilsroul
pe3ynbTatu [43].

—  YpTpa3BykK

VYnbpTpa3Byk [103BOJISIE  OILIHUTH aOCONIOTHMHA 00’€éM KpOBi, IUIOMLY
MONepeyHoro mepepizy Ta (GopMu XBWIb MIBUAKOCTI KPOBOTOKY B apTepii 3a
nonomMoror M-pexumy Ta npuHUHUIIB nomieporpadii [45]. [TomiTHOIO epeBaroio
Haa OIII" € ioro 3maTHICTS MPOHUKATH B TIMOOKI apTepii A Kpalioi Bizyasizallii.
TuMm He MeHII, ICHYI0OTb OOMEKEHHSI, SIK1 CJI1l BpaXOBYBATH, BKJIIOUAIOYHM 3HAYHUN
pO3Mip yIBTPAa3BYKOBUX T€HEpATOpiB, HEOOXIAHMX JUIsl IOIO MIIXOMY, LIO
YCKJIQJTHIOE OTO IHTETpalliio 3 TUHAMIYHUM JaTYUKOM.

Ha cboroHimiHiii AeHb iICHY€ HU3Ka NOPTATUBHUX MPUCTPOIB MAH)KETHOTO Ta
O6e3MamkeTHOTO THUMIB. [lOpiBHSHHA JaHWUX TUITB TPUCTPOIB HABEICHO B
tabmui 1.1.

Tabnuys 1.1

IHopiBHSIHHS MAHKETHUX TA 0€3MAHKETHUX NIPUCTPOIB

No XapaKkTepUCTUKA IPUCTPOIB MamnxeTHi be3manxeTH1

BumiproBaHHs THUCKY 3
1 . ' Tax Tax
(ikcailiero yacy

2 Enexrpokapniorpadis (EKI') Hi Tak
3 [TynscokcumeTpis Hi Tak
4 AxTirpadis Hi Tak
HIBUAKICTD MOMIUPEHHS
5 MyJBCOBOI XBUJII B a0PTi Hi Tak
(LLITIITX)

6 [TopTaTuBHICTH Hi Tak
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3 tabmuil 1.3 Mo)KHA 3pOOMTH BUCHOBOK, 1110 O€3MaH)KETH1 TUITH MIPUCTPOIB
MalOTh MIMPUIMI CHEKTP 3aCTOCYBAaHHS, HI0 B IMOEAHAHHI 3 iX IMOPTATUBHICTIO
JI03BOJISIE 3pYYHO HOCHUTH Ha TUIl HPUCTPIM Uil 11710000BOTO MOHITOPYBAaHHS
cTtaHy mnamieHTa. [lpukiangy HaUMOMMpPEHIMMX Oe3MaH)XETHUX MPHUCTPOIB s
BUMIPIOBAHHS TUCKY HaBeleHO B Ta0mmmi 1.2.

Tabnuysa 1.2

be3maH:keTHI NpUCTPOI 1J1s1 BUMipIOBaHHsA AT

Hazssa )
Ne Burmnan Oco0ymBoOCTI
MIPUCTPOIO

BumiproBanns AT 3
dikcariero gacy, EKT,
SOMNOtouch

NIBP

MyJIbCOKCUMETPIs, akTirpadis,

HIIIITX, MOHITOPUHT CTaHy
Hali€eHTa Yepe3 3aCTOCYHOK

MOPTATUBHICTh

BumiproBanus AT 3

. (hikcalli€ro 4yacy, MOHITOPUHT
2 BioBeat .
CTaHy MaIlleHTa yepes

34aCTOCYHOK, HOpTaTI/IBHiCTB

BuwmiproBanns AT 3
dikcamiero yacy, EKT,
Asus

VivoWatch BP

MyJBCOKCUMETPIA,
MOHITOPHUHT CTaHy MaIfi€eHTa

gepe3 3aCTOCYHOK

MOPTATUBHICTh
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Hassa .
No Burman OcobymBocTi
MIPUCTPOIO

BuwmiproBanns AT 3
dikcamiero yacy, EKT,

. BUMIPIOBAHHS KiJTbKOCTI
Turister S3

4 KPOKIB, MOHITOPUHT (pa3 CHY,
Smart . _
MOHITOPHHT CTaHy HaIlieHTa
gyepe3 3aCTOCYHOK
MOPTAaTUBHICTh
BumiproBanns AT 3
¢ikcamiero yacy, EKT,
Samsung '
MyJTECOKCUMETPIf,
5 | Galaxy Watch . .
MOHITOPHHT CTaHy HaIlieHTa
FE

gepe3 3aCTOCYHOK

MOPTAaTUBHICTh

[IpoBeneH1 JOCIIPKEHHS 3 METOIO MOPIBHIHHS O€3MaHKETHOTO BU3HAUYCHHS
apTepiaIbHOTO TUCKY 31 3HAYCHHIMHU, OTPUMAHUMU MIPU MaH)KETHOMY BUMIpIOBaHHI1
3a MeronoM KopoTkoBa mpu BUKOPUCTAHHI KOPENALIMHOTO aHali3y, t-KpUTEpiio
CrelonenTa, merony biienna-AnTmana A po3paxyHKy CTaHAApTHE BIAXUIICHHS
pi3HULI Ta 95% AOBIpuUMil 1HTEpBad IOKa3adu, IO CTATUCTUYHO 3HAYYIIUX
BimMiHHOCTeH 3a cepenanimMu 3HadeHHssMu CAT 1 JIAT nans aBox MeToniB
BUMIPDIOBaHHS HE BHUSBJICHO. BiI3HA4eHO CHUJIBHUM MpSAMHUN 3B’SI30K MIXK
nokazHukamu CAT 1 JIAT, Bumipsaumu asoma merogamu. 3cyB (Bias) mast CAT 1
JAT cranoBus: -0,5 MM pT. cT. 1 -0,3 MM PT. CT. BIANOBIAHO. Pi3HUIIS BUMIPIOBaHb
JAT 3anexana Big piBHst AT. 3anmwxkenns 3Hauenb AT Oyno Ouibln BUpaKeHUM

st Hu3bkux AT Bim 55 10 75 Mm pr. CT.
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1.4 BucnoBku 10 po3aiay 1

Ha ocHOBI mpoaHami3oBaHUX JDKEPEN JITepaTypyd BCTAHOBJICHO, IO IS
M1BUIIEHHS TOYHOCTI IPOTHO3yBaHHS PiBHSA AT HOIUIbHE MTOCTIHE BUMIPIOBAaHHS
AT, 1bOro MOXIMBO JOCATTH BHUKOPUCTOBYIOUM JiMIE O€3MaHXKETHUN THUII
BUMIPIOBAHHSA, OCKUIBKH TPAIUIIAHI MaHKETHI MPUCTPOI POOISATH BUMIPIOBAHHS 3
BEJIMKUMU 1HTEpBaJlaMU, 110 POOUTh BUOIPKY 3 TaKUMH JAaHUMHU HETOYHOIO IS
IPOTHO3YBAHHS.

Bcranosneno, mo ans npunaaiB 6e3mamkeTHoro BumiproBanis AT icHyI0Th
HaWOUIbII ~ TMEPCIEeKTUBHI Meroau, Taki Ak ¢doromiaeTusmorpadis,
eNeKTpokapiorpadis Ta MyJIbCOOKCUMETPIs, K1 JO3BOJISTH 3pOOUTH KOM(POPTHUM
oe3nepepBHe BuMiptoBaHHs AT.

BcranoBneHo JMOUUIBHICT, MOMANBINOI  HEMEPEPBHOI  1HTENEKTYalIbHOI
0OpoOKHM JaHWUX 3 METO BUKOHAHHS MPOTHO3Y apTePiaIbHOTO THCKY Ha MEBHUUN
JaCOBUH MEPio/I, 0 JO3BOJIUTH 3aM00IITH TAKUM TOCTPUM CTaHaM sIK 1HapKT abo

1HCYJIBT.
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2. IHTEJEKTYAJIBHE ITPOI'HO3YBAHHSA APTEPIAJIBHOT'O
TUCKY HA OCHOBI BESMAH’KETHOI'O BUMIPIOBAHHS

2.1 HeoOXigHiCTh NMPOTrHO3YBAHHSI APTEPiaibHOIO THCKY Y XBOPHX Ha
apTepiaJibHy rinepreHsiio

Ha cporoanimHiil 1eHb 310pOB’10 HACEIEHHS IUNIAHETH CYTTEBO 3arPOXKYIOTh
aprTepiajibHa TiMepTeH31s, BUCOKUI apTeplaliIbHUN THCK, BIJl SIKHUX CTPaKJa€ MOHA[
MUIbSIP]T JIFOJIEH Y BChbOMY CBITI. ['ilIepTeH3isi Takok € OCHOBHUM (DaKTOPOM PUBHUKY
CEpLEBO-CYAMHHMX 3aXBOPIOBaHb, IHCYJIBTY Ta HUPKOBOI HeocTaTHOCTI. [loMiTHO,
10 3HAYHUN BIJICOTOK SIK CMEpTEH BiJ CeplLEBUX 3aXBOPIOBaHb, TaK 1 CMEpPTEH Bij
1HCYJIBTY TOB’SI3aHUM 3 TINEPTOHIE0. Y cdepl OXOPOHU 370POB’SI BIIOYBAIOTHCS
IpOpUBH, ajie B KpaiHax 3 HU3BKUM 1 CEPEIHIM PIBHEM JI0XOAY, € JOCTYI 0
MEAMYHUX MOCITYT YaCTO OOMEXKEHUM, TIIIEPTOH1S YaCTO HE J1arHOCTYEThCS, a OTXKE,
1 He JTiKyeThes. ['inepTeH3is MOKe BiJIirpaBaTv 3HAYHY POJib Y 301IbIIIEHH] KITBKOCTI
CEpIICBUX HAIAJlIB Ta iMIeMiuHO1 XBopobu cepiis [46].

besnepepBHuUii MOHITOPUHT apTepiaibHOro THUCKY (AT) Mae BupimagbHe
3HAUYEHHS B yMOBaxX IHTEHCHBHOI Teparli, TaKuX SK ONepaliiiHl Ta BIAJUICHHA
inTeHcuBHOi Tepamnii [47]. PamrtoBi 3miHm AT MOXyThb CHTHANI3yBaTH PO
NOTIPUIEHHSI CTaHy MailieHTa abo moOiyHl peakilii Ha jikyBaHHsA [48]. OpnHak
NEepiONMYHI BUMIPIOBAHHS 3a JTOTIOMOTOI0 MaHXETH MOXKYTh IPOIMYCTUTH TOCTPI
3MiHH, W10 CIOHYKa€e A0 JOCHIIKeHb Oe3MaHX)eTHOro BuMiptoBaHHS AT 3a
JOTIOMOTO10 (h1310JI0TTYHUX CUTHATIB [49].

Jnst  epexkTuBHOrO Ta  TOYHOTO  MpPOrHO3yBaHHS  gauHamiku AT
BUKOPHUCTOBYIOTBCS MOJIENI TPOTHO3YBAaHHS 4YacoBHX psniB. IIporHosyBaHHs
apTepiaJbHOTO TUCKY MOTEHITIHHO MOKE JOTIOMOTTH JIIKAPIO BXKUTHU MTPEBEHTUBHUX
3aX0JlIB € 10 TOTO, K BUHUKHYTHh HeOE3Me4yHl MeIu4Hi cutTyauii. BBaxaerbcs
JOLIIBHUM MPOTHO3YBaTH apTepianbHuil THCcK Ha 30 xBuiuH Buepen|S0].

V3aranpHeHni mopem Oymu po3poOJieHl, aje YacTo HE BPaxOBYIOThH
1HMBIAYyaNnbHI Bapiatii perymsmii AT [51], o ycKiIaaHIO€ TOCITHEHHS Y3TOJPKEHO1

IPOAYKTUBHOCTI B pealibHUX YyMoBax. Hanpukman B pobGorti [52] Oyno
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3aIpOIIOHOBaHO MeToJ Ha ocHOBI PPG 13 cepenHbor0 aOCOJIIOTHOI MOXHUOKOIO
(MAE) 9,43 mm prt.cT. miis cuctomgHoro aprepiansHoro Tucky (CAT), a Sun Ta iH.
[53] moBimomuiiu Tipo ctanaaptHe BiaxuieHHs (SD) 7,97 mm pt.cT. 1 CAT, o
HiAKpeCItoe 0OMEXEeHHs B TOYHOCTI y3aranbHeHux mojaeneid CAT. Jlns BupimieHHs
i€l npoOiemMu Bce OUIbINOI yBaru HaOyBae nmepcoHanizoBana ouinka AT [54, 55].
Leitner Ta iH. [53] po3poounu Mmoaeiabr BP-CRNN-tpancdepy 3 BUKOpUCTaAHHSIM
MOTIEPEHHOI0 HABUAHHS Ta TOYHOTO HAJAIITyBaHHS, KA MOKpAIIWia TOYHICThH
MPOTHO3YBAHHS, aje BKIIOYala CKJIaJAHl KPOKU, HENPUIATHI IS KJIIHIYHOI
npakTuku. Wang Ta iH. [56] po3poOwiid JIeTKy MNEPCOHAII30BaHy MOJIENb s
noBroTpuBainoro BifactexxkeHns AT, xoua BoHa Oyina oOMeXeHa OJHUM CIICHApPIiEM.
Pediaditis Ta iH. [57] npoaeMoHCTpyBaiy, 10 1HAWBIAyaTi30BaHl MOJEN 3HAYHO
3MEHIIYIOTh TOMUJIKU MOPIBHSIHO 3 MOJIEISIMU IPYHOBOTO piBHA. Po3ristHemMo O11bIi
JETAIbHO METO/U MPOTHO3YBAaHHS YaCOBUX PSAIIB.

B npanii  poOOTI MOPOMOHYETHCS HOBUM  METOJ  1HTEJIEKTYaJlbHOTO
IPOrHO3YBaHHS apTePiaIbHOTO TUCKY, KU OJISATA€E Y MOCIIIJOBHOMY 3aCTOCYBaHHI
JIBOX aJITOPUTMIB:

— 1HTeJeKTyajbHa TMOmNepenHss o0poOka pe3ynbTaTiB  OE€3MaHXETHOTO
BUMIPIOBAHHS apTEPIaIbHOTO TUCKY;

— 1HTeJIeKTyaJbHE MPOTHO3YBAHHS apTEPlaIbHOrO THUCKY MMalliEHTa Ha OCHOBI
pe3yNbTaTIB IHTEIEKTYaIbHOI MonepeIHbol 0OpOOKH pe3yNbTaTiB 0€3 MaHKETHOTO

BUMIPIOBaHHS.

2.2 IlocTaHoBKa 32724l NPOTHO3YBAHHS APTEPiaJIbHOI0 TUCKY

Hexali yacoBuil psin 3Ha4eHb apTEpIaibHOTO THUCKY MpEeACTaBICHUIN
nocaigosHictio {y;} = 1, ... N, a¢ y; BUMipsiHe 3HAYEHHS B MOMEHT 4acy £. Y 1[bOMY
JOCITIJIKEHHI 3aCTOCOBYETHCS AaBTOPETPECIMHUN MAXiJ 10 MPOTHO3YBAHHS,
3aCHOBaHMUI Ha rinoTe3l, U0 MallOyTHE 3HAUYEHHS YacOBOIO Psly MEBHUM YHMHOM
3QJIEKUTh Bil HWOTO TOMEpenHiX (IOCTYIMHHMX) CHOCTEepeXeHb. BiamoBigHO,
CIIMPAOYMCh Ha HasBHI J]aHl, MOKHA 3 MEBHOIO TOYHICTIO MepeAdauuT PO3BUTOK

psay B MailOyTHBOMY.
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dopmatizaris 3a1a4i IPOrHO3yBaHHS BKIIIOYAE HACTYITHI KOMITOHEHTH:

— Bubipka 3 monepeanimMu ganumu {y,} = 1,...N .

— I'muOuna mnpornozy h = 1,2,.., skuil BHU3HAYa€ KUIbKICTh MaiOyTHIX
nepioiB, A IKUX CI1J] 3A1MCHUTH TPOTHO3YBaHHS.

— HinpoBuit dyHkmioHan F:( — R, 1O OIIHIOE TOYHICTh 1 €()EKTHUBHICTH
OPOTHOCTUYHOT Mozeni. TyT () mo3Hayae MHOXKUHY YCIX JOIMYCTUMHUX
aBTOPETPECIHHUX MOJIETICH.

Mera:
Bubpatu ontumanbHy aBTOpErpeciiiny Mojenb sl (hOpMyBaHHSI TPOTHO3Y

32 BUTTISAAOM Viop = [ (Vey oor Yi—k+1) KA ONTUMIZYE 3HAYCHHS KPUTEPIIO TKOCTI:

f* =argmax{F(f)}.
fen

2.3 Ilomepennsi o0po0ka pe3ybTaTiB 0e3MaHKETHOI0 BUMIPIOBAHHS
apTepiajibHOI0 TUCKY

2.3.1 HeoOxigHicTh momepenHboi OOpOOKH pe3yNbTaTiB O0€3MaHKETHOTO
BHUMIPIOBaHHS apTepiaTbHOTO TUCKY

Jlist GaraThOX TAIIEHTIB € BaroMuM (akT TMOJICTIICHHS Ta CIPOIICHHS
camoctiiHoro BuMiptoBanHd AT. Tomy BukKopucTaHHS O€3MaHKETHOTO
BU3HAUCHHS THCKY € MEPCIEKTUBHUM 1 Mae€ mepeBaru. Tak, MamieHTd OTPUMAaIoTh
3pY4HICTh, OUIBIIY HE3AJECKHICTh Ta MOCTIMHHIA KOHTPOJb 3a CTAHOM CBOTO
3JI0OpOB’sl, KOJIM 3BHUAWHUI cMapT(HOH MiAKII0YaTh 10 MOHITOPY, KU Ma€ BUTJISI
yoxja Jis Tenedony. Takox mepearor crane BumipioBaHHid AT B Oyab-sSKOMY
MICIIl Ta B Oy/Ib-IKUi 9ac. Y JESKHX MAaIll€HTIB BUMIPIOBAHHS THCKY B MEIUYHOMY
3aKjaji MOXKE IIPOBOKYBAaTH TINEPTOHIIO «Outoro xanatay. Lleit dakrtop
HIBEJIIOETHCSI MIPU TMPOBEJACHHI BUMIPIOBaHb B JOMAlIHIX YMOBaX, a pe3yibTaTd
CTalOTh JOCTOBIPHIIIMMHU. 3a JIOMOMOTOI0 TEJIEMEIUYHUX TEXHOJOTIM MOKA3HUKU
JIOMAITHIX BUMIPIOBaHb MOXJIMBO TME€peIaTH JIiKapio, a I€ MOJErmMTh Miaoip
MEIUYHUX TIpernapariB Ta ix jgo3yBaHHs. [limcymMKoM cTaHe 3HWIKEHHS

3aXBOPIOBAHOCTI Ta cMePTHOCTI narieHTiB 3 Al [58, 59].
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Bukopucranas Mojeni MamuHHOTO HaBuaHHsS [60-62] nmoTpebye BUBYEHHS
BIUIMBY MepelIko Ha TouHicTh BuMiptoBanHs AT. Skicte 3anucy OIII" BinuBae Ha
Bu3HaueHHs AT O0e3mamkeTHUM MeToi0M. Lle € cepitoznum MmomeHnTOM. PeecTparris
EKI' Ta OIII' B upoMy AOCHPKEHHI MPOBOAWIACH 3 TMajbI[iB PyK Ta HE
BPaXxOBYBAJIMCh OCOOJMBOCTI KPOBOHAMOBHEHHS mMaibiiB (00’€M  masnblid,
TeMreparypa, BoJioricTs). Lleit MoMeHT notpelye O1IbII MIUPOKOTO BUBUCHHS. B
i poOOTI BUKOPUCTOBYBAJIUCH TIIbKA HEIHBA3MBHI METOIU MJISi KOHTPOIIIO
BumiptoBanHa AT, mo Takox crtajgo HepoJsiikoMm. Posmonin 3a piBHem AT €
HEPIBHOMIPHUM — OyJIM MPaKTUYHO BIJCYTHI MAI[I€EHTH 3 BUCOKMMH Ta HU3bKUMU
noka3zHukamu AT. Byiu Takosx BiICYTHI HAIIEHTH 3 ASPIIUTOM Baru Ta 0XXKUPIHHAM
2-ro Ta 3-ro cTyneHiB. TOYHICTh JaHOTO MeTOay BUMIptoBaHHS AT miaBUIITUTHCS,
AKIIO po3nofin 3a 3HaueHHAM IMT, piBHeM THCKY Ta IHIIUMHU KIIHIYHUMH
MOKa3HUKAMHU Oy/1e pIBHOMIPHHUM.

2.3.2 Meronx momnepenHboi O0OpOOKM  pe3yNbTaTiB  0e3MaHKETHOIO
BUMIPIOBAHHSA apTepialbHOTO TUCKY

Marepianmu migpo3aity 2.2.1 BKa3ylTh Ha ICHYBaHHS TE€PENIKOJ, SIKI
BIUIMBAIOTh Ha MeTO O0e3mMaHkeTHOro BuMiptoBanHs AT. HacniakoMm € qomatkoBe
3HMKEHHSI TOYHOCTI MPOTHO3YBAaHHS. 3 TEXHIYHOI TOUKH 30py JJIsl OUIBLI TOYHHUX
MPOTHO31B Ta Kjacu(ikaliid MBUAKOT KOHBEpreHilii (O1bIl e)eKTUBHE HaBUAHHS )
NoTpiOHI SKICHI 1aHl. Y CyHEHHs (paKTOpIB, 110 IIKOATH MIBUIICHHIO IKOCTI JaHUX
JaCTh MOXJIMBICTh BUKOPUCTOBYBATH iX JIJIsi pO3B’si3aHHA 3ajau Kjacudikarii ta
IPOTHO3YBaHHA. YTEepeKeH1 JaHl, BAKU/IU, IIKAJIM BapiaHTIB, MPOMYILIEHI BUMIAKU
Ta OaraToMipHi JaHi — 1€ NePEeIIKOAH, Kl Tpeda YCyHYTH Ha NUIAXY HiABUIICHHS
SIKOCT1 JaHUX.

[Tonepennst 0OpoOka — METO/I, IO OIIHIOETHCS HA OCHOBI BIUIMBY Ha JIaHi Ta
Ha MOJIEJIb TPOTHO3YBAHHS.

Etan mnonepeaHboi oOpoOKM HEOOXIAHWN JJIS BIAMOBITHOCTI BXI1JHUM
BUMOTaM, IiJIBUIICHHS €()EeKTUBHOCTI HABYAHHS MITYYHOTO 1HTEJIEKTY Ta TOYHOCTI
BUX1HUX AaHuX. Lleil eTan moTpeOye CTPYKTYpOBAHOTO Ta YHIPIKOBAHOIO MIAXOAY,

TaK sIK € JOCUTh TPYJAOMICTKUM Ta CKJIAJHUM. MeToau nornepeHboi 00poOKH TaHUX
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OyIyTh PO3IJISHYTI 3a PI3HUMU KaTeropisiMd, IO HAAacTh PO3IMIMPEHUN Ta
CTPYKTYpPOBaHUN TIEpENiIK  METOJIB MOMNEPEIHbOI OOPOOKM JaHWX YHCIOBHX
4aCOBUX PSIB.

JlitepaTypHi JDKepena JalOTh 3arajbHE PO3yMIHHS MOMEpeaHbOi 00poOKU
nanux. lle HaOip omepariiii, IO MIEPETBOPIOIOTH HEOOPOOIICHI MacuBH 1H(MOPMAITii B
SKICHI BX1H1 JaH1. 3MEHIIICHHS PO3MIPHOCTI, HOpMaJIi3ailisi, BUSBICHHS BUKU]IIB—
11e omepailii monepeapoi 00pooku gaHux [63-66]. SkicHI BXigHI Ta BUXIAHI JaHi
BaXUHBi, ocoOmmBo 11 Mepex Ta mojenei LI, Came st MOCATHEHHS SIKOCTI
BUKOPHUCTOBYIOTH €Tall IMoIepeHboi 00poOku ganHux. [lpobiemamu BUXITHHX
JAaHUX MOXE OyTH HECYMICHICTB (hopmat, po3mip TOIIO), YIIepeHKEHHS, HAsIBHICTD
BUKU/IIB Ta HAJIMIIIKOBUX 3Ha4€Hb. BUCOKa pO3MIPHICTh Ta HEOJTHOPITHICTh TAHUX
CTBOpPIOE J0JaTKOBI mepermikoau. Ilepex aHamizoM maHi MPOXOASITH JEKUIbKa
omepariiii MomepenHbpoi 00poOKW. 3aBmaHHS oOmeparid, iX MOCTIJOBHICTS,
nmapaMeTpy Ta ONTHUMalIbHE MicIle BUKOHAHHS OyayTh 3alie)XaTH BiJl THUITy Ta
JoKEepeNia JaHuX, JOCTYITHUX PECYPCiB, MPOTpaMHU, CUCTEMHOTO KOHTEKCTY, THILY
aNrOpUTMY, 110 BUKOPHUCTOBYE naHi. LlimicHa TakCOHOMIs momepeaHb0i 00poOKU

JTAaHUX TpeACcTaBjieHa Ha puc. 2.1.

3MiHa po3mipis

TpaHcdopmauiis ANCKPEeTMU3aLLif
Po36uTTA Ha . i 3MiHa TOYHOCTI
po3ainu IHme:epm OSHaK CUHTe3 nepeTBopeHHA

T™mny

HopManisauia /
3MeHLWeHHA BUNYYEHHS

ynepeayKeHHs MonepeaHs dyHKuU]T 03HaK

BMbIp dVHKLUIT
06pobka

Komnpecis AaHUX \ BiACYTHI AaHi

OunLLeHHA AaHnX

aybnikatu
3AUTTA \

. BUKNAN
OaHNX AaT4nKiB
Mpuknagm

Lwvm

MoxoarKeHHsA

Puc. 2.1 — TakconoMis nornepeaHboi 00pOOKU JaHUX.
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Hopmanizaiiis, ycyHeHHsS aHOMaJIbHMX 300iB (BHUKHIB), OUMILECHHS JaHUX,
NOIIYK BIACYTHIX JaHUX — TI 3ajadi, SKi PO3B’SI3y€ 3alpONOHOBAHUI METO.
nonepeaHbr0i 00pOOKH pe3ysIbTaTiB 0€3MaHKETHOTO BUMIPIOBAHHS apTepiaabHOIO
THUCKY.

Hopmamizamis ~ momepemxkae 3MimeHHS B OiK 00’€KTIB 3 OUIBIIMMHU
BenuunHamu. lle BakiuBui Ta ePEeKTUBHUN KpPOK MOMEpPeaHLOT OOpOOKH s
aJITOPUTMIB Ha OCHOBI BijcTaHel, BpaxoBytoul K-naitommwkuux cycigiB (K-NN),
kiacrepusaiiro K-cepennix, MammHy omnopHux BekTopiB (SVM). BupiBHiorouu
BIUIMB Ta BaXKJIMBICTH IIKaJ O3HAK, HOpMaJli3allisg 3arno0irae 301bIIIEHHIO BIUTMBY Ha
HABYaHHS IIUPOKUX J/11aMa30HiB a00 OUIBIINX BEJINYHH.

Metoau Hopmamizamii gaHux: Hopmamizamii P-Norm [67], Min-Max
[64, 67, 68], norapudmivHe MacITadyBaHHS, JTiHEAPHU3aIlisd CTETICHEBOTO PO3MOILTY
[68], meperBopenns bokca-Kokca [69], crammaptusamis [63, 64, 68, 70-74]. Ix
3aCTOCYBaHHS BWIIPABIaHE [0 YHMCIOBUX JAaHUX JIaTYUKIB Ha MEXi, SKIIO
BUKOPHUCTATH JIOKAIbHY 200 II00aTbHY CTATUCTUKY JaHUX.

BunyuenHio 3HaHb 1 poOOTI Mojeleld NEepemKoHKaloTh BUKHUIU, SKI €
NpUKIaAaMu 3allyMIIeHUX JaHux [63, 64]. danbcudikyroui Mipu moaiOHOCTI,
BUKUM MPU3BOISITH 10 HEMPABWIBbHUX Kiacudikamii. Bukuaun kimacugikyroTh sK:

— TJ00anbH1 BUKUJIA — TOYKU JIAHUX CHJIBHO BIIXHWISIIOTHCS BiJl YChbOTO HAOOpy
nanux [70];

— JIOKaJIbHI BUKHIA — TOYKH JAHUX 3HAYHO BIAXWISIOTHCS BlJ HABKOJIHIIHIX
3Ha4YeHb (JIOKAJIBHOI 00J1acT1), aje 3HaXOAAThCS B MEKaX HOPMAJIBHOTO Jiana3oHy
BChOT0 Habopy manux [70];

— KOHTEKCTyaJibH1 (YMOBHI) BUKUJMA — TOYKH JTaHUX 3HAYHO BIIXUJISIOTHCS B
JeSTKOMY KOHTEKCTI (MiClie3HaXopKeHHs, yac To1o) [70];

— KOJIGKTHBHI BUKU/H - TOYKHU JJAHUX PAa30M BIIXWISIOTHCS BiJl pEIITU HAOOPY
nanux [70].

HacrtymHi MeTou BUKOPUCTOBYIOTHCS JIJISl BUSIBJICHHS TIPOITYCKIB:

— wmeaianHe adcomtoTHe BiaxuieHHs (MAD) — MeToq Ha OCHOB1 CTaTUCTUKH €

HaJIMHUM TIKAJIbHUM OJHOBUMIPHUM OlliHIOBaYeM. BiH BUABISE TMO3UTUBHI Ta
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HEraTUMBHI BIIXWJIECHHS BiJ MeIiaHU B1JICOPTOBAHOIO HaOOpy nanux [75]. € MeHIn
e(peKTUBHUN ISl aCUMETPUYHUX PO3MOALUIIB Ta OKPECIIOE PIBHY AMCIEPCIIO IO
obuaBa 60k BiJ Meaianu (cumeTpiro) [75]. MAD BUKOPHCTOBYIOTh Ha Kparo JJis
3HAXO/KCHHS JIOKAJTLHUX BUKH/IIB B MEXaX BIKHA;

— Tect I'pabOca [76] ab0 TecT MakCHMMajabHOTO HOPMAaIi30BAHOTO 3JIULIKY.
3aCTOCOBYETBhCS /10 JaHUX 3 TayCCOBUM pO3MOAUIOM 1 € OJHOBUMIPHUM
CTATUCTUYHUM METOJIOM BUSIBJICHHS BUKHUIIB. METOI € ITEpaTUBHUM 1 32 HAIBHOCTI
JIeK1IbKOX BUKHUJIIB CTBOPIOE HOB1 HAOOPHU JJAaHUX, SIK1 YCYBAarOTh BUKHJIU, BU3HAUCHI
Ha ToIepeHIN 1Tepallii;

— TeCT y3araJibHeHoro ekctpeMmaibHoro BimxuieHHs (Generalized Extreme
Studentized Deviate, GESD) ycyBae unmaii BUKWIM B OJHOBHUMIPHHX Habopax
JAHUX 3 HOPMAJBHUM PO3IOAUIOM, MPOTE MOTpeOye JHUIIE BEPXHIO MEXY IS
OYiKyBaHOI K1IJIbKOCTI BUKH/IIB.

[ToMuiiku y miporieci BWIIy4eHHS BapTocTi, paybinnBa iHpopMallisi, HEBIpPHI
BHUCHOBKH IIPO PEAJIbHUN CBIT € HACIIIKOM aHOMaii TaHuX. Taki MOMUJIKU JOPOTO
KOILITYIOTh. AHOMAaJIl 3/1aTHI MOIIMPIOBATUCS MOTOKOM JaHUX, iX MPHUCYTHICTH 1
BIUIUB TTOCUJTIOIOTHCS B MOJEISX 1 pe3ysibTaTax. Bee 11e miakpectoe BaXIMBICTh 1X
peTeNnbHOl eniMiHalli Ha paHHIX eramax. BusBieHHs Ta oOpoOka aHOMamii — 1ie
MIPOIIEC OYMIICHHS JaHWX, KA pPOOUTH 1X HEAKICHUMH, B TOMY YHCI BUKHJIH,
BIJICYTHI Ta 3alIyMJieHi naHi [64, 65, 77].

[Ile omuH MeToJ BUSBICHHS BUKHUIIB - KJac poOAcTHUX OIIHOK. Tak,
YyTAUBUMH JO BHUKHIIB € OI[lHKA MaKCHUMaJIbHOi Ta Jiorapu(miuHoi
npaBaonoAioHocTi. HasiBHI BUKUAM B HA0OP1 TaHUX MIATATYIOTh OIHKU. Uy TIHuBOIO
JI0 BUKUJIIB € Mmipa BifcTaHi MaxamaHoOica. PoGacTHI OIIHKM 3aCTOCOBYIOTbH JJISI
oOYuCIIeHHS 0araTOBUMIPHOTO CEPEAHBOTO Ta KOBapiallli TayCCOBOTO PO3MOILTY,
K1 € CTAJIMM JI0 TIPOTYCKiB y Habopi ganux [78].

HexepoBaHuii anropuTM BUSIBJICHHS BHUKHIAIB Ha OCHOBI KBaHTHUJIIB
HA3WBAETHCS MAITMHOIO OMTOPHUX BEKTOPiB oHOTO Ki1acy (OCSVM). Lleii anroputm
BU3HAYA€ MEXY MPUUHATTS pillleHb IS HOPMajbHUX JaHMUX, NiAOMparouu

riNepIuvIoNIMHY, SIKa MaKCHUMI3y€ BIJCTaHb BIJ MOYaTKy KoopJauHatT. B 1pomy
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BUMAJIKY BUKHUJAMU BBAXalOTbCS TOYKHU JIaHMUX, SIKI BUXOHSTh 3a MEXi, TOOTO
ONMU3bKI 70 MOYATKy KOOPAMHAT. 3a JOMOMOTOI0 HENIHIMHUX AaepHUX (QyHKIIN
BUBYAIOTHCS MEXKI NPUUHATTA pilleHb Ta 0O0MiK BUKUAIB. LI dyHKIT HEsSIBHO
Bi100Opa)karoTh TOYKU JTAHUX Yy BUMIPHHUM MPOCTIP O3HAK, BIIAAICHUH BiJl MOYATKY
KoopauHar [79].

PesynbraTtun Bukopucrands metoqiiB GESD ta 3 STD, mo BUSIBIAIOTH Ta

OYHIIYIOTh aHOMaJii s momnepenHboi oO0poOku BumiptoBanb AT HaBeaeHO

Ha puc.2.2.

— Bxipg
cTas
GESD

|

01-2015 01-20 18 012021 01-2100

01-2103 0121 06 012108 012112
Yae

Pucynox 2.2 — Pesynbratu Bukopuctanas metoiB GESD ta 3 STD ms
BUSIBJICHHS Ta OYHUIIIEHHS aHOMAJTIH JIJIs MOIepeIHbOi 00POOKH BUMIPIOBaHb
apTepiaTbHOTO TUCKY

HaiinommupeHimnmow npoljaeMor SKOCTI, IO 3yCTPIYA€ThCS B CEHCOPHHX
JAHUX, € TPOMYyIIeHI 3HaueHHs. BiIcyTHI [aHi CHOPUYMHSAIOTH ITOMUJIKU
(po3noBcromkeHHs NaN), BHOCATh YNEpPEIKEHHS Ta WIKOASATh poOOTI Mojenen
[64,80]. Skmio € HYJIbOBI 3HAYEHHs, CTAaTHUCTUYHI oOlepalii HEMOXXJIUBI.
BigcyTHicTh JaHWUX MOXXHA TIPEICTABUTH 3ape3e€pPBOBAHUMHU 3HAYCHHSAMH Ta
kateropismu. Ilporte, e NUISIX 70 ymepeIKeHUX BHUCHOBKIB 1 pe3yJbTaTiB, IO
BBOJSITH B oMany [70].

Binkunanus BuOipku ab0 IrHOpYBaHHS MPOMYIIEHUX JAaHUX, IO BIATHUCKAE
Ul PSAIKH, SKI MICTITh TpomylleHi 3HaudeHHs [64, 70, 80], BigHOBICHHSA
MPOMYIICHNX JaHUX MUISIXOM ITiJICTAHOBKH a00 OINHKH — II€ METOJU TMOIIYKY
BIJICYTHIX 3Ha4eHb. binbil €()EKTUBHUMH € METOJM BiJHOBJICHHS TPOIYIICHHX

nanux. Tak BOHM 30epiraioTb yci BHOIPKM 1 HaMararoTbCs MPaBAONOAIOHO
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BIJIHOBUTH BIJICYTHI €K3eMIUIIpu. HaWnpocTimuM MeToI0oM OJHOBUMIPHOI
IMIUTIKaIi, € 1HTePHOJAIis MPOIMYIIEHWX 3HA4YeHb 13 3ape3epBOBAHUMU
KaTeropiaJibHUMH a00 HENmepepBHUMHU 3HAUYCHHSAMHU. Ta 1eil MeTol BHOCHUTH
3MIIIEHHS 1 3MEHIITY€ BapilaTUBHICTh HAOOPY AaHuXx [63, 77]. Takox TpaguiitHumMu
METO/IaMH IMIUIEMEHTAIII1 € 3aCTOCYBaHHS MOMEPEIHIX a00 HACTYITHUX 3HAYCHb.

[TonynspHuMHU METOJAMU OJHOBUMIPHOI IMILIIKAIli € BUKOPUCTAHHS
CEpEeIHBOr0 3HAYEHHS HOPMAJbHUX PO3MOJUIB, MEIIaHU Ui ACUMETPUYHHUX
PO3IOILIIB, 110 3aMOBHIOKOTH MPONyIIeH1 Bumaaku [63, 77, 80, 81].

[I{o6 3HaWTHU BIJCYTHE 3HAYEHHS MK JIBOMa TOYKaMHM B JIHIWHUX JaHHUX
YacOBUX  psIIB  3aCTOCOBYIOTh  KYCKOBO-NiHIWHY  iHTepnossiuiio  (KJII).
[ToniHoMianbHA IHTEPIOJALIS € MEHI €(EeKTUBHOIO Il HEMIHIMHUX AaHUX, HIXK
KyCKOBO-KyOiuHa crutaiiH-inTepriosismisi (KI), sika mae TowHinm pe3ynbTaTy.
3riamKeHl KpUBl, Ta SIK HACIIIOK Kpalll anmpoKCHUMAIli JUis HEJMiHIMHUX JaHUuX,
3a0€3MeuyI0ThCsl KyOIYHMM CIUTAHOM Ta MOTO MEpIIoko Ta JPYroro MOX1AHOO, SIKI
€ HerepepBHUMU (QyHKIIAMU [82].

KNN-knacudikaris s auckpeTtHux gaHux Ta kNN-perpecis ais
HEMEePEePBHUX JIAaHUX — JIBA PI3HOBUAM IMILTIKAIllT 3@ METOJ0M HAMOIMKUOTO Ccyciia
(kNN). Bukopucrtannss wetrpuku Bincrani (EBkmigoBa, MaHXeTTEHCHKA,
Maxanano6ica, MiHKOBCBKOTO TOIIO) Ja€ BU3HAYEHHS CXOXKOCTI O3HAK MIXK
BUOIpKamu, a 3 mapamMeTpoM K Bu3Hayae CycifiB JUis AaHOl BUOIpKU. I3 3amanum
3HaueHHAM Kk Ta Ha OCHOBI mpeAukTopiB OynyeTbcsi KNN-mozens 3 HaBYaIbHOI
BuOipku. Jlia  TpOrHO3yBaHHA  BIJCYTHIX  3HA4€Hb  3MIHHOI  BIATYKY
BUKOPHUCTOBYETHCS LI MOJielb [64, 83 ].

SVM-perpeciss (SVR) s Bu3HaueHHsI BIJICYTHIX 3Hau€Hb Oe€3MEpepBHUX
smMiHHUX 1 SVM-knacudikamis (SVC) s BuU3HAUEHHS BIJACYTHIX 3Ha4YeHb
KaTeropiaJIbHUX JaHUX — JBa BapiaHTH OaraTOBMMIPHOT HENIHIMHOI TEXHIKU
MOJIETIOBaHHSI MAIlIMHYU OMIOPHUX BeKTOpiB (SVM) [84, 85].

Ha puc. 2.3. HaBeneHo pe3ynbTaTd BUKOPUCTAHHS METOJIB 3allOBHEHHS
BIJICYTHIX JJaHUX (PECEMIUTIHT, KyCKOBa IHTEPIOJISIIiS) ISl ONepeHbO1 00pOoOKU

BUMiproBaHb AT.
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— Baxin
3anoBHENHA NaHNX
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Yae

Pucynok 2.3 — Pe3ynpTaTi BUKOpPUCTAaHHS METOIB 3alTIOBHEHHS BIACYTHIX
JTaHUX (PECEMIUIIHT, KYCKOBA 1HTEPITOJIALIS) JJIs TONepeIHbOT 00pOOKH
BHUMIPIOBAHb apTEPIaTbHOTO TUCKY
Ha puc. 2.4 naBeneHo pe3ynabTaTd BUKOpUCTaHHS MeTony Infinite impulse
response i OYHIIEHHS IIMyMiB [JIs TONEpPeIHbOi OOpOOKHM BUMIPIOBAHD

apTepiaibHOTO THCKY.

— Curvan
®inbTpaLLiA

CAT

012315 012318 012321 012400 012403 0124 06 0124 09 012412
Hac

Pucynok 2.4 — Pe3ynpraT BuKOpucTaHas meroay Infinite impulse response mis

OYMUILICHHS IITYMIiB JJIsl TONIEPEAHBOT 0OPOOKH BUMIPIOBAHb apTEPIaIbHOTO THCKY

2.4 Knacudikaniss MeToAiB MPOrHO3yBAHHS YACOBHUX PSAiB Ta METPHUK
MOMMJIOK
IcHye Garato pi3HHX THIIB MOJEJIeH MPOTHO3yBaHHS YaCOBHUX PSJIiB, KOKHA 3
KX Ma€ CBOI CWJIbHI Ta cJ1abK1 cTOpoHH [86]:
— Moaens aBToperpecii (AR);
— MOJIeNIb KOB3HOTO cepeaHboro (MA);

— MO/JIeJIb aBTOPETPECIMHOTO KOB3HOTO cepeHboro (ARMA);
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— MO/JIEJIb aBTOPETPECIMHOTO THTErPOBAHOTO KOB3HOTO cepenHhoro (ARIMA);

— MOJENb CE30HHOi aBToperpecii 3 IHTETPOBAHUM KOB3HUM CEpeIHIM
(SARIMA);

— MoJenb BeKTopHOoi aBToperpecii (VAR);

— MoJenb BeKTOpHOI kopekii nommiiok (VECM);

— MOJIeJIb aBTOPErPeCiiiHOTO JIPOOOBO-IHTETPOBAHOTO KOB3HOI'O CEPEAHLOTO
(ARFIMA);

— EKCIOHEHIIIHHO 3BakeHe koB3He cepeane (EWMA);

— MOJIeJIb aBTOperpeciitHoi yMoBHOI rerepockeaactudHocTi (ARCH);

— y3arajgbHEHa aBToperpeciiiHa ymoBHa rerepockenaacTuuHicth (GARCH),
GARCH-M, E-GARCH, T-GARCH, ST-GARCH, ABS-GARCH,;

— WITY4YHI HEUPOHHI MEPEXi.

Metpuku NOMHUIIOK

HapeneHno MeTpuKy MOMMIIOK, SIKI BAKOPUCTOBYIOTBCS JIJIs OILIHKH ITPOTHO31B
Ha 103aBHOIPKOBIH IUISHIN JaHUX.

JI1s1 OLIHKU SIKOCTI MPOTHO3Y cepeaHbokBaapaTudyHa noMmmika (MSE) - me
3araJIbHONPUMHATA METpPUKa I TIOPIBHSIHHSA MOJIEJeH YacoBUX PS/IIB. Ii
HEB1JI’€MHICTb, a TAKOK CUMETPUYHICTD € AyXKe I[IHHUMHU XapakTepucTukamu [87].

MSE = 3L (X; — Y;)? 2.1)

TaKOoX X; - MPOTHO30BaHE IIJILOBE 3HAYCHHS HA YaCOBOMY KpOIli I, Y; - AificHe
[IJIbOBE 3HAYCHHS HA YaCOBOMY KpOIll [; M KUIbKICTh IMPOTHO30BAHUX YAaCOBHX
KPOKIB.

Xoya MSE mae cumerpuuHicTh, cepenHbokBagparnyHa nommika (RMSE)
OIIIHIOE OUIbIII MTOMMJIKU CHUJIBHIIIE, HIK MEHIII, 1110 POOUTH 11 O1IBIIT YyTIMBOIO J10
BUKU/IIB 1 Kapae 3a HuX [88]. Lo BmacTUBICTH CJIiJTI MaTH Ha yBa3i, BOHA MOXe OyTH
SIK KOPUCHOIO, TaK 1 HETaTUBHOIO. TOMY 110 METPUKY BUKOPHCTOBYIOTH 3aJICKHO BiJl
KOHTEKCTy. Y cdepl NOpOrHO3yBaHHS TOMUTY MOXe OyTH  KOPHUCHO

BUKOPHCTOBYBATH 10 METPUKY ISl OI[IHKYA MOJIEIEH, OCKIJTbKHA BEIMKI TOMUJIKH B
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HpOI‘HOSi IMPpU3BOAATE OO 3HAYHUX €KOHOMIYHUX BTpAT, HAIIpUKIIAO, Y BI/II‘JI}II[i

HaJMIpHUX 3amaciB.

RMSE = |yn Ki¥d 2.2)

n

TaKoX X; 11e IPOTHO30BaHE IIThOBE 3HAYCHHS HA KPOIll 4acy i; Y; - miiicHe
iJThOBE 3HAYCHHS Ha YaCOBOMY KpOIIi i; N - KUIBKICTh MPOTHO30BAHUX YACOBHX
KpPOKiB

Ockinbky OOMABI paHille 3rajjaHi METPUKU HE MAaCIITa0yIOThbCs, X Ba)KKO
MOPIBHIOBATH MK YaCOBUMHM psJIaMM Ta MDK KulbkoMa Mmozemsimu. Kolossa Ta
Siemsen [89] mpomnoHyOTH IS MEPEPUBYACTUX YACOBUX PSAAIB MaciTadyBaTH
RMSE 3a 3aranbHUM cepeqHiM 3HAUY€HHSM TECTOBOro HalOopy, II00 OTpUMAaTu
MaciITabOBaHy Mipy MOXUOKH, sIKY MOXKHA MOPIBHIOBAaTH MK YaCOBUMH PsIaMHU.

J1J14 111€1 METPUKH BUKOPUCTOBYBaIOCh Mo3HaueHHa S-RMSE.
RMSE

;Zi=1y'
TaKOX Yl - CIIpaBXHE I_IiJ'IBOBC 3HAUYCHHA Ha 4YaCOBOMY KpOHi i; n -

KUTBKICTh MPOTHO30BAHUX YaCOBUX KPOKIB.
CumerpuyHa cepefaHsi aOcomroTHa BigcoTkoBa mnoxubka (SMAPE), ska
CIOYATKy BHKOPUCTOBYBajacsi B KOHKypcl M3 s OLIHKK METOAIB, IO OepyTh

Y4acCThb ¥y KOHKpri, BHU3HAYA€THCA HACTYITHUM YHHOM!

|Yt Vel

0
e+ 100% (2.4)

sMAPE = —zt 1

TaKOX K - TOPU30HT MPOTHO3YBaHHS; Y; - (pakTUUHI crocTepeXeHHs Ta Yy -
MPOTHO3M, OoTpumMaHi Mojemo B Toulll t. Ockinbku SMAPE kapae 3a Benmki
J0JaTHI MOMMJIKK O1Ibllle, HIK 3a BiJl’€MHI [88], Ha JTOMOBHEHHS J0 HHOTO OyIi0

3anpoBakeHo MASE [89]. Bin BU3Ha4a€ThCsl HACTYITHAM YUHOM:

k v
MASE — l - Zt:llYt’ Ytl . (2.5)
Ko Zt=mealYe Yl

7€ M - KUTBKICTh JOCTYMHHUX ICTOPUYHHUX CIIOCTEPEKEHb, a M - YacToTa
yacoBoro psaay. MASE, cepes 1HIIUX XapaKTEPUCTUK, HE 3aJICKUTh BlJl MacIITady

JIAHUX, WOr0 3HAYCHHSI MEHIIIe OJMHUII, SKIIO MPOTHO3 TOYHIIIMHN, HIXK CepeIHIM
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MIPOTHO3 CE30HHOTI'0 HAiBHOTO OEHYMApKY, 1 OUIbIIE OJWHMUIN, SKIO BIH MEHII

TOYHUM.

2.5 Meroau nporio3yBaHHs 4acOBHMX psiliB 3 BUKopucrtanuam [ITHM

OcTaHHIM YacoM 3HAYHO 3pOCJO MPOTHO3YBAaHHS YAaCOBUX PSIiB 32
nonomororo IIIHM. OcnoBuum mnpunnunom I[IIHM BBaxkaeTrbcs ¢parmeHTallis
BXIIHUX CUTHAJIB Yepe3 NMPUXOBaHI Iapu (0aAuH abo OiIbIe), sIKI CKIaaloThes 3
MPUXOBAHUX OJIOKIB (BY3JIB), IO pOOWTH 3B’SI3aHUMHU KIHIIEBUU Ta MPOMINKHUN
Buxoau [90]. OcnoBaumu nepearamu [IIHM e: HeniHIAHICTh, HABUaHHS Ha JJAHUX
Ta 3MiHa CTPYKTYPHU Ha OCHOBI iH(opMaIlii (BHyTpIilIHKO1 a00 30BHIIIHBOI), TTOIIYK
3aKkoHOMIpHOCTel MK nanumu. [IIHM amganTtyroTh HEpIBHOMIPHOCTI Ta HE3BHYHI
o3Haku y 4dacoBuil psan. OcHoBHumu Hepodikamu [IIMH e: moxnuBe HammipHe
3allOBHEHHSI BUOIPKM HABYAJIbHUMHU JaHUMH [91], TpuBanmuii yac HaBYaHHS Ta
BEJIMKa KUIBKICTh IMapaMeTpiB, sIKI MarOTh OyTH MigiOpaHi €KCIepUMEHTaIbHUM
nuIsixom [92].

PexypeHTHI HEWpOHHI MeEpexXi J00pe 3apeKOMEHAYBaIM cebe s
MIPOTHO3YBAaHHS YacCOBUX PAMIB (HaBUAaHHA 3 YUYUTEJEM, JIaHl MOCHiI0BHI). Bonu
MOXXYTh 3amam’sITOBYBaTH TOIMEpPEaH] JaHi, 0 KOPUCHO JJIsi TPOTHO3YBaHHS
3aJICKHOTO BiJ Hacy.

TouHicTh MeTOIB MaUHHOTO HaB4YaHHs (ML)

Meroaun ML 3 nnuHOM yacy HaOyBarOTh Jenalii OUIbIIOT MOMYJISIPHOCTI Y
3B’513KYy 31 3pocTaHHsM iHTepecy a0 11, IX BUKOPUCTOBYIOTH /ISl IIPOrHO3YBAHHS
binancoBux psanie  [93,94], wHanpsmy pyxy QonmoBoro puHKy [95],
MaKpOEKOHOMIYHUX 3MIHHUX [96], OyxranTepcbkoi 6anancoBoi iHpopmariii [97] Ta
0e3ivl 1HIMUX 3aCTOCYBaHb, IO OXOIUIIOIOTH IIUPOKHN CIEKTp ramys3eit [98].
[Tonanpie akTUBHE BUKOpPHCTAaHHS ML 3a1eXuTh BiJl CTBOPCHHS HOBHX METOJIIB
ML 1 po3poOku HOBHX CHOCOOIB MiABUIIECHHS iXHBOI TO4YHOCTI [99,100] Ta
00YHUCTIOBANTEHOT €()eKTHBHOCTI.

byna nopiBasina eextuBHicTh ML-MoOENEH Ta TpaAUIIIHHUX CTATUCTUYHUX

METO/IIB 1010 X TOYHOCTI TPOTHO3YBaHHs [99]:
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. bararomaposuii nepcentpon (MLP)

. baiteciBcpka HeliponHa mepexa (BNN)

. Pamianphi 6a3ucHi ¢yukiii (RBF)

. Y3aransHeH1 perpeciiini HeriporHi mepexi (GRNN)
. Perpecis K-naitomxgoro cyciga (KNN)

. Hepesa perpecii CART

. Perpecis 3 onopuumu Bextopamu (SVR)

. 'aycogi niporiecu (GP)

O© 0 3 O »n K~ W N =

. PexypeHTH1 HeMpOHHI Mepexi

10. 3ropTkoB1 HEMPOHHI MEpexKi

Bukopucrani ctaTUCTU4YH1 MeTOIU Ta MeToau ML

Hwxye HaBemeHo KOpOTKUi onmuc MeToiB MH, siki BUKOPHUCTOBYBAIHCS Y
aucepTariitHomy gociimkeHHl. Takox Oymo BmodeHo okpim PHM [101] ii
nigrunm LSTM [102], GRU, BI-LSTM, siki nmoyanau mpuBepTaTH 3HAYHY yBary y
cdepi MpOrHO3yBaHHS.

2.5.1 bararomaposutii nepcentpon (MLP)

Cnouatky Oynyerbest oauH mnpuxoBaHuii map NN. IloTiM Bu3Ha4aeThCs
HalKpala KiIbKicTh BXiqHUX By31iB N = [1, 2, ..., 5] 3a qonmomororo 10-kpatHOTO
npoIiecy BaJlijiailii, e BXiIHUMHU JaHUMU € criocTepexenHs Yt-5, Yt-4, Yt-3, Yt-2
Ta Yt-1 175 mpOrHo3yBaHHS YaCOBOIO PSAAY B TOYII t, 1 Tak JIJIs BCIX n - 18 naHuX.
[lo-Tpere, KUNBKICTh MPUXOBAHMX BY3diB A0opiBHIOE 2N + 1 BIANOBIAHO M0
npakTUYHUX pexomenaanii [ 103], cipsMoBaHUX HAa 3MEHILIEHHS 00YUCIIOBAILHOTO
qacy, HeoOxiqHOTO s mooynoBu NN-Moaeni (KUTbKICTh TPUXOBAHUX IIIAPIB, 110
BUKOPUCTOBYIOTBCS, SIK TMpaBWwio, Mae ApyropsiaHe 3HaueHHs) [104]. Jlus
BU3HAYCHHS  ONTUMAJIbHUX  Bar  3aMiCTh  CTaHJAPTHOTO  3BOPOTHOTO
PO3MOBCIOJKEHHSI BHUKOPHUCTOBYETHCS METOJ] MAacCIITA0OBAHOTO  CHPSHKEHOTO
rpangienta [105]. Lleit meton, KWl € aabTEPHATHUBOK BIAOMOMY aJITrOPUTMY
JleBenOepra-MapkBapaTa, BHUSBHUBCS KpalluMm Yy 0araTbOX 3aCTOCYBAHHSX 1
BBAXKAEThCA OUIBII TpUAaTHUM i ontumizamii Bar. IIBuakicTe HaBYaHHS

BuOUpaeThes Mixk 0,1 1 1, BUKOPUCTOBYIOUM BUITAIKOBI MOYATKOBI Baru Jyisl 3alyCKy
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nporiecy HaBuaHHs 3 makcumym 500 itepariii. Hapemri, mo6 MakcumizyBaTu
THYYKICTh METOAY, X04a (PYHKIIIS aKTHBAIlll MPUXOBAHOTO MIAPY € JIOTICTUYHOIO,
JUIS. BUX1JIHUX BY3JIIB BUKOPHUCTOBYEThCA JiHINMHA (PyHKIis. Ile mae BupimanbHe
3HAYEHHsS, OCKUIbKHM, SIKIIO  JIOTICTUYHA  (DYHKIS ~ aKTUBalli  BUXOAY
BUKOPHUCTOBYETHCA AJIsI ONITUMI3AIli TPEHIOBUX YaCOBUX PSiB, BOHA € OOMEKEHOIO
1 npupeyenoro Ha nposai [100]. Kpim Toro, 3aBasku HEMHIWHUM aKTHUBALITHUM
bysKIisM gaHi macmTaOyioTbes Bim 0 1o 1, mo0 yHHUKHYTH OOYMCITIOBAIBHHX
npo0semM, 3aJ0BOJbHUTA BUMOTH QJITOPUTMY Ta CHPHUATHA HIBUIAIIOMY HaBYaHHIO
Mmepexi [101].

[Ticass Toro, sk BCl MPOTHO3M 3pOOJieHl, MPOTHO3U MOBEPTAIOTHCA 0
MOYaTKOBOT'O MacIITaly.

[Ticass BuU3HAuYEHHS apXITEKTypU ONTHUMAJbHOI HEHPOHHOI Mepexi Oyio
nonatkoBo HaBueHO 100 moneneit MLP, siki Oynu BUKOpUCTaH1 AJI €KCTPANOJIALIT
pany. CepenHe, meaiaHa Ta MOJa OKPEMHUX IIPOTHO3IB Oy BHUKOPHUCTAHI SIK
octatoyHi poruo3u. lle 6yso 3pobieHo A1 Toro, MO0 OIIHUTH MOKJIMBI IEpeBaru
KOMO1HaIlli MPOrHO3iB, MPO SIKI MIUPOKO MOBIAOMIISIETHCS B JIITEPATYpPl, OCOOIUBO Y
BUIAJIKY HEMPOHHUX MEPEXK, Kl XapaKTepU3YIOThCS BEIMKUMH BapialisiMHU MpU
BUKOPUCTaHHI Pi3HUX TModYaTkoBuX mapameTpiB [106]. OxgHak, BpaxoByrOYH, IO
BUTpAlll y TOYHOCTI mpu OO ’€AHAHHI JEKUIBKOX MPOTHO3IB € HE3HAYHUM, a
CKJIQ/IHICTh Mai’e TMOJBOIOETHCS, MU HE HAaBOJAMMO BCl pPe3yJbTaTH, OCKUJIBKU B
IIbOMY HEMa€ HEOOX1THOCTI.

Metox MLP nobyaoBaHo 3a 1onoMoroo (GyHKIT mlp CTaTUCTUYHOTO MaKeTy

RSNNS R [107].

BxigHwin CurHan
BaMipu

Mporwxo3syeanHalN'aTs kpokie]
MNporsosysadHalTpm kpoku]
MporHosyeasHAl0AnH kpok]

150 +

++oi

130 4

120 4

T T T T
0 50 100 150 200 250
Yac [x8]

Pucynok 2.5 — Ilporno3yBannst AT 3a 10MOMOroro 6araTomapoBoro nepcenTpoHy
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Tabnuys 2.1.

MeTpHKH MOMHJIOK 6AraTomapoBoro mepcenTpoHy

Mertpuku | Ilpornosysanns | kpok | IlporHosyBanus 3 kpoku | I[IpornosyBanHs 5 KpokiB
MAE 0.230189448595047 0.29727451026439666 0.3351688623428345
MAPE 54.808580017089845 63.75174438476562 66.54087677001954
MSE 0.16029949337244034 0.21444786608219146 0.25251813381910326
RMSE 0.27363682389259336 0.33731068193912506 0.3764046519994736

2.5.2 BatieciBcbka HeiiponHa Mepexa (BNN)

BNN cxoxwit Ha MmeTor MLP, ane ontumizye napameTpu Mepexi BiIOBIIHO
10 OaifeciBChbKOI KOHLEMIII, 110 O3HA4yae€, MI0 Baru OI[HIOIOTHCA 3 ypaxyBaHHSAM
anpiopHOTO PO3MOALTY MOMUIIOK. MeToa moOyA0BaHO BiMOBITHO 0 MPOIMO3HUIIIH,
HajgaHux y [108] ta [109]. Anroputm Hryena ta Bigpoy [110] BuUKOpuCTOBY€EThCS
JUTsl IpU3HAYCHHS TTOYaTKOBHX Bar, a anroput™ ['aycca-HproToHa - 1151 BUKOHAHHS
ontuMizanii. [Togiono mo metomy MLP, Halikpaiia KUIBKICTh BXIJIHMX BEPIIWH
N = [1,2,...,5] BuzHauaerbcs 3a momomMororo 10-KkpaTHOI MEepeBipKH, a KUTHKICTh
NpUXoBaHUX BepuuH AopiBHIOoe 2N + 1. PosrmsnyTto 500 iTepartiii, naHi JiHIIHHO
MacIITa0yroThCs.

Meron BNN noOynoBano 3a gomomororo ¢yHkiii bPHM cratuctuanoro

nakety bPHM R [111].

—e— BxigHwi CurHan

@ Bumipwn
150 1 + nMporxosysanHall'aTs kpokiel
<+ MpordosyeaHHAITPY KpokwK]
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= 140 4

130 4

120 4

T T T T T T
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Yac [xB]

Pucynok 2.6 —IIporuozyBanusa AT 3a qonomororo baliecoBCbKOi HEUPOHHOT

Mepexi
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Tabnuys 2.2.

MeTtpukn noMwiIok baiiecoBcbkoi HeiipOHHOI Mepexi

Mertpuku | Ilpornosysanns | kpok | IlporHosyBanus 3 kpoku | I[IpornosyBanHs 5 KpokiB
MAE 0.23996027410030366 0.34328516840934753 0.36592585742473605
MAPE 54.95966110229492 78.57954895019532 100.90864410400391
MSE 0.16334840506315232 0.2624185335636139 0.28738179206848147
RMSE 0.27797248065471647 0.38685065031051635 0.41208949089050295

2.5.3 Pamianbhi 6a3ucHi ¢pyskitii (RBF)

RBF - 11e Mepeska npsiMoro MOMMPEeHHS 3 OTHUM MPUXOBAHUM IIAPOM 1 CXOKa
Ha metogq MLP. Ane 3amicTe curmoigHoi (yHKIII akTUBaIii BIH BUKOPHCTOBYE
JiHIMHY KOMOiHamito 3 n 0a3ucHuUX (yHKLINA, SKI € pajgialbHO CUMETPUYHUMU
HABKOJIO IIeHTPY. TakuM unHOM, 1HPOpMAaIlis IPeACTaBIAETHCS JOKATLHO B MEPEXKI,
0 poOUTh METOA OUTBII 3pPO3YMUIUM 1 MIBUAIIMM B OOYMCIEHHSX. Sk 1 B
MOTIEpeTHIX TiAX0oAaX, HaWKpama KUTbKICTh BXimHMX By3miB N = [1,2,...,5]
BU3HAYAETHCS 3a JOMOMOTOI0 10-kpaTHOi TepeBipkH, a KUTBKICTh MPUXOBAHUX
BY3J11B aBTOMAaTUYHO BCTAHOBIOEThCS piBHOIO 2N + 1. Posrsinyto 500 itepartiit, a
JlaHl JIHIMHO MacmTadyroThes. BuxinHa QyHKIIS akTUBAIlli € JIHIHHOO.

Meton RBF moGynoBano 3 BukopucranHsMm ¢yHkiii rbf craructuynoro
nakety RSNNS R [107].

2.5.4 Y3aranbHeHi perpeciitdi HelpoHH1 Mepexi (GRNN)

Merox GRNN, skmii Takok Ha3uBaioTh OIliHKO0 Hamapas-Borcona a6o
STIEPHOIO PErPECIHHOI0 OIIIHKOIO, PEaTi3y€eThCs 3a alTOPUTMOM, 3alPOTIOHOBAHHM B
[112]. Ha Bimminy Bim momepeanix metoaiB, GRNN € HemapamerpudanMm, i
MIPOTHO3M 3HAXOJATH IUIIXOM YCEPETHEHHS IIIbOBUX BUXOIB HAaBYAIHHUX TOUOK
JIAHUX BIJIMOBIIHO JI0 iX BiJICTaH1 BiJ] CIOCTEPEIKEHb, 1110 HAAAIOThCS KOKHOTO pa3y.
[lapamerp sigma, sSKMii BU3HA4Ya€ THAAKICTh MIATOHKHU, OOMPAETHCS pa3oM 3
KUIBKICTIO BXITHUX JaHuxX N 3a npomomoror 10-kpatHoi Bamigarii. JliHIMHO

MaciTaboBaH1 BX1JIH1 JaH1 3MIHIOIOTHCA BiJl 1 10 5, a curMma - Bij 0,05 10 1 3 Kpokom

0,05.
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Metonq GRNN noOynoBaHO 3 BHUKOPUCTAHHSIM (DYHKINIM BrajayBaHHS,
HaBYAHHS Ta 3rJa/HKyBaHHs cTaTUCTUYHOTO nmakeTy gRNN R [113].

2.5.5 Perpecia K-naitommkdoro cycina (KNN)

KNN - e HemapameTpu4HUil METOA perpecii, sskuii 6a3zye cBOi MPOTHO3U Ha
Mipi MOAIOHOCTI, €BKJIIIOBIM BIJICTaHI MK TOYKAMHU, 110 BUKOPHUCTOBYIOTHCS IS
HABYaHHS Ta TECTYBaHHS MeToay. TakuM 4nHOM, Marouu N BXIAHUX JIaHUX, METO]I
BUOMpae HanOmpk4i K TO40K HaBUambHUX JaHUX 1 BCTAHOBITIOE MIPOTHO3 SIK CEPEITHE
3HAYEHHS IJIbOBUX BUXITHUX 3HaYEHb JIJIsl LUX TO4OK. [Tapametp K, sikuii BU3Havae
IJIaJKICTh TIJATOHKU, 3HOBY OINTHUMI3YETHCA Pa30oM 3 KUIBKICTIO BXIIHUX JaHUX 3a
nonomoroto 10-kpatHoi mepeBipku. BxigHi gaHi, AKi JiHIHHO MacHITa0yrOThCH,
MOXYTh 3MiHIOBaTHCA Bif 1 10 5, a K - Bix 2 go 10.

Meton KNN no6ynoBano 3 Bukopuctanusam ¢yskiii KNN craructuyHoro

nakety knacy R [114].

—e— BxigHwi CurHan
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Pucynok 2.7 — [IpornosyBannst AT 3a gornomoroto perpecii K-nait0amx4yoro
cyciza
Tabnuys 2.3.
Metpukn noMuwiok K-HaGamxk4ux cycigis
Mertpuxku | Ilpornosysanns | kpok | IlporHosyBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MAE 0.22718803531252632 0.242290645688932 0.2693614557386084
MAPE 0.825880250358887 0.7921052688943752 0.7293791275665588
MSE 0.15317126688758925 0.16909994288103186 0.19673615230595795
RMSE 0.2624507788401562 0.2758465517695237 0.3021945147028736
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2.5.6 Jlepera piteHb

Hepesa pimenb CART (Classification and regression tree) — 1me MeTOf
perpecii, 3aCHOBaHMI Ha JEPEBOMOJIOHOMY PEKYPCUBHOMY PO3OMUTTI BXIJHOTO
npoctopy [115]. Tlpoctip, 3amanmii HaBUaILHOIO BUOIPKOIO, PO3OMBAETHCS Ha
o0nacTi, SKi HA3WBAIOTHCA TEPMIHATBHUMU JHUCTAIM. [loTiM  BBOIUTHCS
MOCJIJOBHICTh TE€CTIB, 5IKi 3aCTOCOBYIOTHCS /10 BY3JIIB IPUNUHATTS PIlICHB JJIS TOTO,
11100 BU3HAYHUTH, 10 SIKOI'0 JINCTKA CJILJ BIAHECTH 00’ €KT Ha OCHOBI HaJaHUX BXI1THUX
naHuX. TeCTH 3aCTOCOBYIOTHCS IMOCHIIOBHO BiJl KOPEHEBOTO By3J1a 10 TUCTKIB, IIOKU

He OyJie MPUMHATO ocTaTouHe pimeHHs [116].

160
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Pucynok 2.8 — IIporno3yBanns AT 3a qomomororo iepeB pillieHb
Tabnuys 2.4.
MeTpuKH NOMUJIOK JIepeB pillieHb
Mertpuxu | IlpornozyBanus 1 kpok [IpornosyBanns 3 kpoku | [IporHo3zyBaHHs 5 KpOKiB
MAE 0.34881012823403623 0.26259677985716096, 0.2335927969128856
MAPE 1.2874204290256246 0.8203641746800283 0.6696430682293664
MSE 0.27630925951039 0.18176697130613997 0.17243016179684353
RMSE 0.39588609789775664 0.2952770940213837 0.25575569704200696

2.5.7 MamHa onopHux BeKTopiB (SVM)

SVR - e nporiec perpecii, 1110 BUKOHYEThCS MAalTMHOIO OTIOPHUX BEKTOPIB,
sAKa HaMaraeTbcsl 1ICHTU(DIKYBATHU TIMEPIUIONIMHY, IO MaKCUMI3Y€ PIZHUINI0 MIXK
JIBOMa KJIacaMH Ta MIHIMI3ye 3araibHy MOXHOKy B Mexax gomycky [117]. s Toro,
o0 nmooyayBaTu eexktuBHy SVM, Takox BBOAUTHCS MITpad 3a CKIAIHICTD, SIKAN

OaylaHCye MDK TOYHICTIO IPOTHO3YBaHHS Ta OOYHCIIOBAILHOIO MPOJAYKTHUBHICTIO.
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OckiIbKM B JJAaHOMY JIOCJIPKEHHI TOYHICTh Habarato BaXKJIMBIIIA 3a CKJIAJHICT,
IPOTrHO3U OYJIM OTpUMaHI1 3a I0NOMOTOI0 -perpeciitHoi SVM, sika MakcUMi3ye Mexi
MOJISL 32 BIATOBITHUX YMOB, OO YHMKHYTH BKIJIFOUEHHS BUKHIIB, IO JTO3BOJISIE
SVM npuitmatu pimeHHs Ipo KUTbKICTh HEOOX1JHUX OMOPHUX BEKTOPIB. Sapo, ke
BUKOPHCTOBYETbCA [UJI1 HABYaHHS 1 NPOTHO3YBaHHS, € paialbHO-0a30BHUM,
TOJIOBHMM YHHOM 4Yepe3 HOT0 XOpOIly 3arajibHy MPOIYyKTHUBHICTh 1 HEBEIHKY
KUIBKICTh TIApaMEeTpiB, SIK1 BIH BUMAarae. 3rigHo 3 mpomno3uilismu [99], mapametp y
BCTAHOBJIIOETHCSI PIBHUM PIBHIO IIYMY HaBYaJdbHOI BHOIPKH, TOJI SIK BapTICTh
nopyiieHHs: oOMexeHb C (IKCYyeThbCS Ha MAaKCUMaJIbHOMY 3 IIJIbOBUX BHXIJIHHUX
3Ha4YeHb, 10 JopiBHIOE 1. [loTiM mapamerp y ONTUMI3y€EThCSA PA30M 13 3arajabHOIO
KUTBKICTIO BX011B N, 3a1aHUX JIJIs1 METOAY, 3 BUKOpUCTaHHSM 10-KpaTHOTO Mpoliecy
Baiijanii. BxXinHi naHi JiHIAHO MaciITaOyIOThCA, K 1 B MOMEPEAHIX OMUCAHHUX
METOJIaxX.

Meton SVR nobynoBano 3 BukopuctanHsaM ¢GyHKIIT SVM cTaTUCTUYHOTO

nakety €1071 R [118].
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Pucynoxk 2.9 — IlpornosyBanus AT 3a 70OMOroro perpecii MalHu ONOPHUX
BEKTOPIB
Tabnuys 2.5.

MeTpuKH NOMIJIOK MAIIMHHA ONMIOPHUX BEKTOPiB

Mertpuxu | IlpornozyBanus 1 kpok [IpornosyBanns 3 kpoku | [IporHo3zyBaHHs 5 KpoKiB
MAE 0.3202216938802813 0.28138468610687056 0.2790621829839274
MAPE 0.746176731121398 0.8418758019218755 0.8950136992980421
MSE 0.24311915525289 0.20160997414351647 0.20590586375640604
RMSE 0.3664511187126417 0.3199551797005248 0.31641692837053026
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2.5.8 I'aycosi npouecu (I'TI).

3rimno 3 I'Tl, kokHa MiNbOBa 3MIHHA MOXE OyTH TOB’s3aHa 3 OJHIEI0 a00
JEKUIbKOMa HOPMaJbHO PO3MOJIJIEHUMH BUNAJAKOBUMU BEJIMYMHAMH, SIKI
YTBOPIOIOTH 0araTOBUMIPHUNA HOPMAaNbHMNA PO3MOAUL, [0 BHHHUKAE HUIIXOM
00’eqHaHHS 1HAMBIAYaTbHUX PO3MOAUIB HE3aIeKHUX 3MIHHUX [119]. ¥V mpomy
BIJIHOIIEHH]I TayCOBI MPOIECH MOXYTh CIyTryBaTh HEMApaMETPUYHUM METOJ0M
perpecii, sikuil nepeadayae anpiopHUi PO3MOALT BXITHUX 3MIHHUX, OTPUMAHUX i1
yac HaBYaHHS, a MOTIM KOMOIHY€E X BIAMOBIIHUM YMHOM, BUKOPHUCTOBYIOUH MIpy
noAiIOHOCTI MK Toukamu ((DyHKIIIO siapa), 100 nepeadaynuTH MaiiOyTHE 3HAUCHHS
3MIHHOI, sIKa HAac LIKaBUTh. Y HAIIOMY BHIIaJKy BXIJHUMHU 3MIHHUMHU € MHUHYII
CIIOCTEpEKEHHS 4aCOBOTO Py, JIHIMHO MaciiTaboOBaHi, a iX 3arajgbHa KIJIbKICTh
N = [1,2,...,5] Bu3HadaeThcs 3a momomororo 10-KpaTHOTO TpOIECY Baiaallii.
SnepHa (yHKIIA, 1110 BUKOPUCTOBYETHCS, € paaiaibHO-0a3MCHOIO, a MOYaTKOBA
JMCIIepCisl IIyMy Ta JOMYCK Ha 3aKiH4YeHHs Oyiu BctaHoBiieH1 Ha piBHi 0,001,
OCKITTbKH, SIK 3a3HaueHO B [99], BukopucTaHHs TpuBHUMIpHOTO 10-KpaTHOTO
BaJIIALIITHOTO MIAXOAY JUIs iX BU3HAYEHHs Oyio O HaJATO JOPOTHM 3 TOUYKH 30Dy
00YHMCITIOBAIEHOT TEXHIKH.

Meton GP noOynoBaHO 3 BUKOPUCTAaHHSAM (YHKIIIT gausspr CTATUCTUYHOTO
nakety kernlab R [120].

2.5.9 PexypenTHa HeliponHa Mepexa (PHM)

Pekypentni Heliponni mepexi (PHM, Recurrent Neural Networks - RNN) —
116 HeUPOHHI MEpEexXi I MOCHIIOBHUX JIaHMX (€JIEMEHTH 3B’s3aHl IMOCIiJOBHO),
TOMY iX 3aCTOCOBYIOTH JI0 4aCOBUX pAiB. OCHOBHA 17ies1 PeKYPEHTHUX HEHPOHHUX
MEpEeX MOJIArae y BAKOPUCTAHHI HE JIMIIE BX1IHUX JaHUX, a U TONepeaHIX BUX1THUX
JaHUX ISl CTBOPEHHS MOTOYHOro MporHo3y. OnHaK Il Mepeki BaKKO HaBYATH 1
BOHHM MOXYTb 3a0yBaTH JaHi.

PekypeHTHa HeillpoHHa Mepeka BUKOPUCTOBYE OTpUMaHy paHilie
1H(pOopMaLlio sl pO3B’sI3aHHS 33]a4.

[HOMI nJi pO3B’sI3aHHS 3aBJAHHS MOTPIOHO TMEPErVISIHYTH TLIBKH OCTaHHIO

iH(popmarrito. Y BUNMAKaX, KOJIU PO3PUB MIXK MOMEPEAHBOI0 IHPOPMALIIEIO 1 MICIEM,
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y sSIKOMy BOHa moTpiOHa, HeBenukuii, PHM BmopaeThcs 13 3aBIaHHSIM, OJHAK Ha
npaktuii PHM He 31aTHI BUPILIUTH 11€ 3aBAaHHS.

€ Tpu nonynsapHi Ta edextuBHi PHM: noBra kopoTkodacHa mam’sTh
(Long Short Term Memory — LSTM), kepoBaHwuii (BEeHTUILHUI ) PEKYPEHTHHI OJIOK
(Gated Recurrent Unit — GRU) Ta nBoHampaBieHa J0Bra KOpOTKOYacHa IaM’siTh
(Bidirectional Long Short-Term Memory — BI-LSTM). [li Mepexi MarTh 3MOTY
3MEHILIUTH BIUIUB MIPOOJIEMHU 3aracalouoro/BuOyxXoBOro rpajii€eHTa mij 4ac HaB4aHHs
pPeKypeHTHUX Mojieliel 13 BukopuctanHsiMm Backpropagation Through Time (BPTT)
QITOPUTMY Ha JIOBTUX MOCIIJOBHOCTSIX.

2.5.9.1. Mepexi LSTM

JloBra kopoTkocTpokoBa nam’saTh (long short-term memory — LSTM) — 1ie
tunt PHM, sikuii Mojke HaBYUTHCST TOBTOCTPOKOBUM 3aJICKHOCTSIM. Ha BimiHy Bint
3udaitnux PHM, LSTM mMoxyTh mam’siTaTu MONEPENHIO 1H(HOPMAIliI0 TPOTATOM
TPUBAJIOTO Yacy.

Apxitektypa LSTM 6a3yerbcs Ha KIIOUOBOMY KOMIIOHEHTI — CTaHI
KOMIPKH, SIKHH sIBJIsSIE COOOX0 TOPU30HTAILHUM MOTIK iH(OpMallil y BepXHI1i YaCTUHI
Mojieni. BiH BUKOHYE pOjb JOBrOTPUBAJIONO CXOBHUINA JaHUX, OOCAT SIKMX MOXKE
JUHAMIYHO 3MIHIOBATHCS BIAMOBIAHO J10 TOTPed HeipoHHOT Mepesxi [121].

KoHntposb 3a 30epexeHHsIM 1 niepenayero 1HGopMallli 311HCHIOEThCS Yepes
BOpOTa, sIKI (PYHKIIOHYIOTh SIK Kepyroul MexaHi3Mu. BoHu peanmizyroTbes 3a
JIOTIOMOTOI0 CUTMOTTHOTO IIapy HEMPOHHOT MEPEXKi Ta orepallii TOKOMIIOHEHTHOTO
MHOEHHsI. BUXi/{H1 3Ha4€HHSI CUTMOIIHOTO IIapy 3HaXOJAThCs B AlanaszoHi Bij 0
1o 1, ne 0 o3Hayae nMoBHE OJIOKYBaHHS MMOTOKY JaHUX, a | — MOBHE MPOMYCKaHHS.
3aBIsSKH 1IBOMY MEXaHI3My MOJeb MOXe e(EKTUBHO BIIOMpaTH, SKI came

dbparmenTn iHGoOpmalii HeoOXigHO 30epertd abo mepeaaTH I MOJANBIIOT

00pOOKH.
ii = 0 (W, [he_y, %] + b)) (2.6)
C, = tanh(W, * [he_1, x¢] + bc) (2.7)
Co=fr*Crq+i,xC, (2.8)

o, =0 (W, " [he—1,xc] + by) (2.9



h; = o; * tanh(C;)

Pucynok 2.10 — Apxitektypa LSTM

Pe3ynbrat mporHo3yBaHHs apTepialibHOTO TUCKY 3 BUKOpucTanHsM LSTM

HaBeZeHo Ha puc. 2.10 Ta tabm. 2.6.
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Pucynok 2.11 — IlpornosyBannst AT 3a nonomororo LSTM
Tabnuys 2.6.
Mertpuku nommwiaok LSTM
Mertpuxu | IlpornozyBanus 1 kpok [IpornosyBanns 3 kpoku | [IporHozyBaHHs 5 KpoKiB
MAE 0.2508718580007553 0.350471298098564 14 0.41805645227432253
MAPE 73.90834197998046 108.46131622314454 124.95271148681641
MSE 0.17330400496721268 0.27765710175037384 0.367828780412674
RMSE 0.2914471238851547 0.40076422214508056 0.4800217986106873
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2.5.9.2. Mepexi GRU

Bentwibanii pexypentauii 6510k (Gated recurrent unit — GRU) — e Tun
PHM, sixuii Bupimye npobiaemu ctangaptHoi PHM, ane mpoctimuii 3a 0yg0BOIO
Hik LSTM uepe3 menmry kinbkicTb eneMeHTiB. Y GRU ¢inbrpu «3a0yTTs» Ta BXOAY
MOENHYIOTh B oAauH (uUIbTp «oHOBIeHHs». [lo Toro x, CK moemHyeThes 13
MIPUXOBAaHUM CTaHOM [ 122].

VY naHomy HeHpoHI BEKTOp BUXOAIB ht TakoX «BHKOHYE» POJb BEKTOpa
KOHTEKCTY, 1 BUKOPUCTOBYIOTHCS HACTYMH1 OJIOKHU:

— bnok onosnenns z; (X, hy_41, W,), mo po3paxoBye Baru B fiama3osi (0, 1), saxi
3aCTOCOBYIOTHCS IS PO3PaxXyHKy HOBOTO BEKTOpa BHUXOMIB (i, OJHOYACHO,
KOHTEKCTY) h,, BUXOISUH 3 BEKTOpa-KaHINIATa A, Ta [OMEPeIHbOr0 BeKTopa Ay_q;

— bnok «peneBanTHOCTI» 17 (X, he—1, W), IO po3paxoBye Baru B aiana3oHi (0,
1), 1m0 BHU3HAYAIOTh «PEICBAHTHICTHY)/«BAXIUBICTh» 3HAYCHBb IMONEPEIHHOTO
BUXIZTHOTO BEKTOpa h;_, TpPH PO3paxyHKYy BEKTOpa-KaHAWIATa Ui HOBOTO
BUX1JTHOTO BEKTOpa flt;

— BII0K po3paxyHKy BEKTOpa-KaHIHAATa HOBUX BUXOMIB Ay (Xp, Rp_q, e, W);

— B0k po3paxyHKy HOBOTrO BekTopa BUX0iB Ay (Ry_1, Ry, Z;) K 3BaskeHOT CyMu
Bi/TTOBIAHHX 3HAYECHB MOMEPEIHBOr0 BEKTOPa N, _; | HOBOrO BeKTOpa-KaHauaara i,
Jie Bard JJIs 3HA4YCHb IT1J1 iHIeKCOM 1 BUOMparoTbes sk 1 — z,[i] Ta z,[{] BigmoBimHO.
Y upoMy HEHpOH1 BUXITHHI BEKTOp h; TaKOX «BHKOHYE» POJIb KOHTEKCTHOTO
BEKTOPA, 1 BUKOPUCTOBYIOTHCS TaKi OJIOKU:

— bnok onoBnenns c;(x¢, hi_1,IN,;), cdx:, 4r1; IN;), sIKAlE OOUHCITIOE Baru B
niama3oni (0, 1), ki BUKOPHUCTOBYIOThCS ISl OOYMCIICHHS HOBOI'O BHXIJHOTO
BekTOpa (1, BOJHOYAC, KOHTEKCTY) h; HA OCHOBI BEKTOpa-KaHauaaTa h; 1 monepeaHin
BEKTOp hi_q.

— bnok «PeneBaHTHICTBY. 17 (X, ht—1, IN,), SKUH OOYMCITIOE Bard B Jiana3oHi
(0, 1), AK1 BU3HAYAIOTh «PEJIEBAHTHICTHY / «BaXJIUBICThY» 3HAUYCHB IOIMEPEIHHOTO
BUXIJTHOTO BEKTOpa h;_; TiJ 4ac OOYUCIICHHS BEKTOpa-KaHAWAATa I HOBOTO

BUXI1JIHOT'O BEKTOpa h;.
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— brnok nmns  po3paxyHKy — BEKTOpa-KaHAWJAaTa HOBHX  BHUXOJIB
he(x¢, he_q1, 1, IN).

— bnok nmns obuncneHHss HOBOrO BuUXigHOTO BekTtopa hy(hi_q1, h: cp) §K

3Ba)K€Ha CyMa BIATOBITHUX 3HAUYEHbB 13 MOMEPETHBOTO BEKTOPA Y| 1 HOBUI BEKTOP

KaHauaarta h;, e Bary Juisi 3Ha4eHb i 1HAeKCoM [ BUOUparoThes Ak 1 — ¢, [i] 1 ¢, [i]

BIIIIOBIIHO.

by

he_,
>
. Tt zt h‘t
g| |O th
1 ] 1
At
Pucynok 2.12 — Apxitektypa GRU
ze = 0 (W« [heq, xe D), (2.11)
re =0 (W - [heoy, %D, (2.12)
hy = tanh (W - [r; - hy—q, x¢]), (2.13)
ht == (1 - Zt) b ht—l + Zt - ht' (214)

Pe3ynbTaT mporHO3yBaHHS apTepiadbHOTIO THUCKY 3 BUKopuctanHsiM GRU

HaBe[eHo Ha puc. 2.11 ta tadm. 2.7.
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Pucynok 2.13 — ITporno3yBanus AT 3a nonomororo GRU
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Tabnuys 2.7.

Merpukn nommiiok GRU

Mertpuxku | Ilpornosysanns | kpok | IlporHosyBanus 3 kpoku | I[IpornosyBanHs 5 KpokiB
MAE 0.12439206779003144 0.1911632661819458 0.225482360124588
MAPE 57.78880523681641 88.95266064453125 104.5654214477539
MSE 0.05029731035232544 0.11382382559776306 0.16329558253288268
RMSE 0.16363367974758147 0.2388224844932556 0.2835762655735016

2.5.9.3. Mepexi BI-LSTM
X = [x1, %5, ..., xt] - 1Ie BXiZIHI XapaKTEPUCTHUKH, SIKI OTPUMAaHi 3 CUTHAJIB,
Y: = [y1, Y2, ..., V¢ ] IO3HAYAIOTS 1[iIHOBE 3HAUEHHs. Y MoBHA MmoBipHicTh p(Y;|X;)
PO3KIIaJA€THCS Ha MHOYKHHKH
_ T
p(YrlXt) = Ili=1 p(yelhe) (2.15)
1e hy Mo)KHa IHTEpIIPETYBATH SIK IPUXOBAHMI CTaH JuHaMiuHOl cuctemu AT,

1 BIH T€HEPYETHCS 3 MOMEPEAHHOTO MPUXOBAHOTO CTaHy hy_4 1 MOTOYHMIA BX1] X SIK:

hy = f(hi—1,x¢) (2.16)
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Pucynok 2.14 — Apxitektypa BI-LSTM. 3enena nyHKTHpHA paMKa BHU3Y — 11€
nBoHanpasieruit map LSTM, mo ckinamgaerbes 3 mpsiMoro (ImoMapaH4eBoro) i
3BopoTHOrO (3enenuit) LSTM. [TomapanueBa myHKTUpHA paMka oopaxkye LSTM
1ap 13 3aJUIIKOBUMH 3B’ SI3KaMHU.

3Buuaiini LSTM BuUKOpUCTOBYIOTH h; mjia 300py iHdopmalii 3 MHUHYIO1
1cTOpIi X4, ..., X;—1 Ta TOTOYHOTO BXONYy X;. JJig TorO, 106 OTpHMAaTH JAOCTYM JI0
OUTBII MacIITaOHOTO YaCOBOTO KOHTEKCTY BXI1JIHOI MOCIIIOBHOCTI, MOKHA MOXKHA
TaKOXX BKJIIOYUTH 1H(MOpMAII0 TpOo HaWOIMmK4e MaOyTHE Xiyq,...,Xp. JJIA
iHOpMYyBaHHSI TMOJAJIBIIOr0 Tpolecy MojenoBanHs. JIBonanpasineni PHM
MOXYTh peanidyBaTu 110 (YHKIII0, 0OpOONIsIoun JaHUX SK y MPSMOMY, TaK 1 B
3BOPOTHOMY HampsIMKax 3a JAOMOMOIOI0 JABOX OKPEMHMH MPUXOBAHUMH IIapaMH,
SIK1 TIOTIM 3JIMBAIOTHCS B OJWH BHUXITHUW IIap, sIKI TOTIM 3JIMBAIOTHCS B OJWH

Buxiguuil map [123]. Sk moka3zano B HWKHIM yactuHi Pucynky 2.13, BI-LSTM

00UKCIIIOE MPSIMUNA TIPUXOBAHUM CTaH h{ 3BOPOTHHII HpuxoBaHuii craH hY i

KIHIIEBHH BUXI1J hi 32 TAKUMU PIBHSHHSIMU:

ho=H W) hl_, + W) x, + b (2.17)
he = H (Wyphtyy + Wy x, + by) (2.18)
he = WinL + W/ x,WPh? + by (2.19)

Pe3ynbTaT NMpOTHO3YBaHHS apTeplaJbHOTO TUCKY 3 BUKOpUcCTaHHsM BI-

LSTM naBeneno Ha puc. 2.14. ta Tabm. 2.8.
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Pucynok 2.15 — ITporano3yBanusa AT 3a nonomorow BI-LSTM
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Tabnuys 2.8.

Mertpuku | Ilpornosysanns |1 kpok | IlporHo3yBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MAE 0.1528659814596176 0.25482955026626586 0.24249140977859496
MAPE 76.09858154296874 127.76467236328125 112.48310028076172
MSE 0.0752084830403328 0.20251152861118316 0.1814575946331024
RMSE 0.19640794932842254 0.31549927043914794 0.2984147226810455

Ha pucynky 2.16 300paxkxeno mnopiBHsHHS apxiTektyp BI-LSTM, LSTM,

GRU.
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Pucynok 2.16 — I[lopiBusanns apxitektyp BI-LSTM, LSTM, GRU

Tabnuys 2.9
HopiBusinnsa apxitektyp PHM, LSTM, GRU, BI-LSTM
XapakTepucTuka PHM LSTM GRU Bi-LSTM
Ckiamga 3
) Crpomiena HBa LSTM
ApxiTekTypa IIpocra KOMIpKamMu ] )
. Bepcis LSTM | (Boepen 1 Ha3an)
ImaM sAT1
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XapakTepucTuka PHM LSTM GRU Bi-LSTM
3abyBarounii, OHOBJICHHS,
TeiiTn Hewmae ' Sk y LSTM
BBEJICHHS, BUX1]] CKUJaHHS
Cxoxa Ha
Mam’saTh KopotkorpuBana | JloBrorpupaia JoBrorpusana
LSTM
Jlnme JInme Jlume [TonepenHiii i
Konrekcr - » - .
nonepeaHii nonepeaHii nonepeaHii HACTYITHUHN
IIpobsema 3 Bpaznusuii 1o Bupimye Taxox BHpiHIy€E
Ax y LSTM
rpajgieHTomM 3aTyXaHHs npobiemy npobaemy
[ToBinbHimIA [ToBinbHimIA
IBuakicTh IIIBuamra 3a )
[IIBuaxa yepes 4yepes NOABIMHY
HABYaHHHA ) LSTM
CKJIaIHICTh 00poOKy

2.5.10. 3ropTKoBI HEMPOHHI MEPEXKI
2.5.10.1 Informer
Jlns BupimeHHs 3aBnaHHs Ha npobnemi LSTF, Oyno 3ampornonoBaHO

Informer 3 apxiTekTyporo kojaep-aekoep. Ormsia moaen Informer 300pakeHo Ha

puc.(2.17).

_[ BUXO/IN
I_ 006’etnana kapra 00'eKTiB -! N\
1 —

If Konep \ | TosmicTio 3’ enmami mapn |
| - __
| et | - )
I Self-attention I I . . I
I I I Multi-head Attention I
| Multi-head | | Masked Multi-head |
I ProbSparse I I ProbSparse I
I Self-attention I Self-attention I
. o _., — e — e — — —_—— ——
e —— EBEEEE: oo o
BXOIH BXOIIH

Pucynok 2.17 — Ornsan moaeni Informer
EdexTruBHUII MexaHi3M camMOyBaru
MexaHi3M caMOyBaru IPYHTYETbCS Ha BXIIHUX JAaHUX Yy BUIIIAIl TPHOX

KOMIIOHEHTIB: 3anut(query), kitou(key) ta 3nauennsi(value) [124].
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BumMiproBaHHsI po3piJIPKEHOCTI 3aIUTIB

Ha ocuoBi miei merpuku ProbSparse Self-attention Oyno po3pobieHo
MexaHi3M ProbSparse Self-attention, mo omnTumizye OOYHMCIIIOBAJIbBHI PECYpCH,
30CePEIKYIOUNCH JIUIIE HA ¢ HANBAXIIMBIIINX 3aUTaX IS KOXKHOTO KJTFOYa.

Koznep cTBOpeHuil 1t BUIy4eHHS CTIMKUX JTOBrOTPUBAIUX 3AJIEKHOCTEH 31
3HAYHO JJOBI'UX BXIJIHUX MOCJIIOBHOCTEH. Y mpoiieci poOoTH, MICs O aHHS TaHUX

. . . . t t

y BUMSAL ¢-i mochigoBHOCTIi X, ocTaHHiO (opMyroTh y Matpulio Xg, €

RIx*dmodel Cxema po6OTH Koepa HaBeneHa Ha prc.(2.18).

T=t+D,

Scalar

N
St S ¢
amp S
@‘b‘bb& Feature
< L/4
) \)b‘ map
Y Convld

n-heads

k n-heads

n-heads Attention block3

Attention block1

Attention block2

Pucynok 2.18 — Cxema po6otu konepa. (1) I'opu3oHTanbHMIA CTEK CUMBOITI3YE
OKpeMy CKJIaJIoBY Kojiepa Ha puc.(2.18). (2) OcHoBHHMII CTEK MpUMMAaE BCIO BXIAHY
MOCIOBHICTb. [lanmi HacTynmHUM cTeK 00po0JIsie TOJIOBUHY IIi€T TOCTIIOBHOCTI, a
1HII1 cTeku (POopMyroThes 1IeHTHYHUM KackanoM. (3) Cipi mapu npeacTaBisiioTh
MaTpHIll TOYKOBUX JIOOYTKIB 1 peai3yloTh KacKajHe 3MEHIIIEHHS Yepes
JUCTWIALIIIO CAaMOYBaru Ha KO>KHOMY piBHI. (4) 3’€JHaHHS KapT O3HAK yCiX CTEKiB
MOJIA€THCS HAa BHUX1J] KOJIEpa.

MexaHi3M TUCTWIAILIT caMOyBaru IpyHTYEThCs Ha BiacTuBocTi ProbSparse,
3a AKOIO O3HAKM KOJepa 4YacTO MaroTh HAJJIHMINKOBI KOMOIHAIIi HIHHOCTEH V.
3aCTOCOBYIOYM JUCTUJIALIIO, BUIUISIOTHCS HAMOUIBII BaXJIMBI KOMOIHAIi 3
O3HaKaMH, IO JOMIHYIOTh, yTBOPIOIOYM C(OKYCOBaHYy KapTy camMOyBaru st

HacTymHoro mapy. Lle m03Bosisie CyTTEBO 3MEHIIUTH YaCOBUN PO3MIP BXITHHX



60

JaHUX, 110 J00pe LIIOCTPYETHCA Y MaTPUIll BaroBUX KoedillieHTIB 6aratorojioBux
yBar(cipi kBagpatu) Ha puc.(2.18).

Ha pucynky 2.17 npeacTtaBieHO CTaHIApTHY apxXITEKTypy aekoxaepa [124].
BoHa ckiamaeTscs 31 CTEKy ABOX IJEHTUYHHUX IMapiB OaratorosioBoi yBaru. Y
HAIIOMY MIXO0/1 3aCTOCOBYETHCS TCHEPATUBHHUM BHUCHOBOK 3a7UIsl TIOM’SIKIICHHS
3HM>KEHHSI POAYKTUBHOCTI MiJl Yac JOBrOTPUBAJIOIO MPOTHO3YBAHHS.

Generative Inference

CraproBuii Mapkep €(QEKTHBHO 3aCTOCOBYETHCA Y  «IUHAMIYHOMY
nexonyBanHi» HJIII [125], uo mo3Bosise aganTyBaTu el MiaxXia 10 reHepaTUBHOL
MOJIeI.

Jlns  HaB4yaHHA ~ Mojell  OyJ0o  BHKOpPUCTAHO  (PYHKIIFO  BTpatT
cepenHbokBaapaTuyHoi moMuwiku (MSE), ska po3paxoByeThCs BIIHOCHO LIJTBOBUX
NOCIIOBHOCTEH. ['pajlieHTH MOMMIIOK MOIIMPIOIOTHCS 3 BUXOJIIB JIEKOJEpa Ha3al

4yepes3 yCIo MoJIelb, 3a0e3euyoun epeKTHBHE KOPUTYBAaHHS 11 TapaMeTpiB.

2.5.10.2 Autoformer

[IporHo3yBaHHs 4YacOBHX psiB CHPSMOBAaHE Ha BHU3HAYEHHS HaWOLIbII
WMOBIPHOTO MalOYTHBOTO Py 3 JOBXKHHOIO O, BUKOPUCTOBYIOYHM BiJOMI JlaHI
MUHYJIOTO — PSIT TOBXKUHU | — 1110 onucyeTbes sk miaxifn input — I — predict —
O. 3okpema, 3aBlIaHHS JOBIOCTPOKOBOTO IPOTHO3YBAaHHS 30CEPEMKEHO Ha
MPOTHO3aX 3HAYHUX YAaCOBUX IHTEPBAIIB y MallOyTHbOMY, TOOTO MpU 301JIbILIEHIN
noBxkuH1 0. Sk Oyno 3a3Hau€HO paHilie, 1€ 3aBJaHHS YCKJIATHIOEThCS uepes
noTpe0y y BpaxyBaHHI CKIJIQJHUX YaCOBUX 3aKOHOMIPHOCTEH Ta OOMEKEHb,
OB’ SI3aHUX 13 0OUMCITIOBAILHOIO €(DEKTUBHICTIO 1 ONTUMAIbHUM BUKOPUCTAHHSIM
iHpopmaii. Jlyig BUpIMIEHHA UUX BHUKIMKIB y JIOCIIPKEHHI 3alpONOHOBAHO
1HTerpario 0JIOKYy JIEKOMITO3MIIiT 10 CKJIaay MOJieiel IITMOOKOTO HaBYaHHS, a TAKOXK
apxiTektypy Autoformer, sika 0a3yeTbcsi Ha MPUHIUIAX JekomIo3uilii. OxkpiM
[bOT0, 3alpPONOHOBAHO MEXaHI3M aBTOKOPENSALIi Ui aHaji3y 3aJeKHOCTeH Ha
OCHOBI TIEPIOAMYHUX KOMIIOHEHTIB Ta arperaiiii CX0ux MiAcepil, 1o moXOoasiTh 3

0a30BUX MEPIOIB.
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ApXiTeKTypa J1eKOMMO3UIIii
Bbyno 3ampomonoBano moaepHizaiito moaeni Transformer [124], anantyroun
il 1o apxiTekrypu rmbokoi aexommnosuili (puc. 2.18). Mouenb MICTUTh KidbKa
KJIIOYOBHX KOMIIOHEHTIB, 30KpeMa BHYTPIIIHII OJOK IEKOMITO3UIIIT YaCOBUX PAIIB,
MeXaH13M aBTOKOPEJIAIIii, a TAKOX CIIeIiali30BaH1 MOy KOJepa Ta JIeKoaepa.
biiok nexomIo3uilii 4acoBUx psiB
JUis MOJEeNIOBaHHS CKJIAQJHUX YacOBHX 3aKOHOMIPHOCTEW Yy 3ajadax
JIOBTOCTPOKOBOTO TMPOTHO3yBaHHsS OyJI0 1HTETPOBAHO KOHIICTIIIO JACKOMITO3HIII]
yacoBux psaaiB [126,127]. Llg MmeToanka q03BOJIIE€ PO3IIIUTHA YACOBUM psJT HA B
B3a€MOIIOB’A3aH1 YAaCTUHU: TPEHAOBO-IIMKIIYHY KOMIIOHEHTY, sKa BigoOpaxkae
JIOBTOCTPOKOBY €BOJIIOIIIO JTaHWUX, Ta CE30HHY KOMITOHEHTY, IO MpPEICTaBJIsIE
KOPOTKOCTPOKOBI KoJIMBaHHs. OHAK MpsiIME 3aCTOCYBAHHS TAaKOi TEKOMIO3UIIIT J10
MalOyTHIX psliB yCKJIaJHEHE Yepe3 BIACYTHICTh 1H(OpMaIlii mpo MailOyTHI TOUKU
nanux. I[o6 Bupimmtu 10 mpobsieMy, OylO BIPOBAJKEHO BHYTPIIIHINA OJIOK
JEKOMITO3HUIII] YaCOBUX PSIIIB SIK CKiIagoBy Mozeni Autoformer (auB. Pucynok 2.19).
Ilet On0K TOCTYMOBO BHUISE JIOBTOCTPOKOBUM CTAaIlllOHApPHUN TpeHHI 13
MIPOTHO30BaHUX IMPUXOBAHUX MPOMDKHUX 3MIHHHX. 30KpeMma, JJIs 3TJIaKyBaHHS
KOPOTKOCTPOKOBUX KOJHMBaHb 1 BUAUIEHHS CTaOLIbHUX JOBTOCTPOKOBHUX TPEH/IIB
BUKOPUCTOBYETLCS KOB3HA cepens. Jis Bxianoro psagy X € R4, ne L nosnauae
JOBXKUHY Py, AITOPUTM JIEKOMITO3HIIIT BUTIISAIA€ HACTYITHUM YHHOM:
X; = AvgPool(Padding (X)) (2.20)
Xs =X — X (2.21)
ne Xs, Xy € RE*? penpe3eHTyIOTh CE30HHY Ta TPEHI0BO-LHUKIIUHY YaCTHHU
BIANOBIAHO. Y 1iHt popmyri AvgPool(-) BUKOHYE omepaliito KOB3HOTO yCepeIHEHHS
3 BHUKOpPUCTaHHsM JjornoBHeHHs Padding, mo pgo3Bojsie 30epiraTé MOYaTKOBY
JOBXKHUHY psAAy. Y CYKYIHOCTI ONMMCAaHWUW TIpoOIleC Mo3HadaeTbes 5K Xg, Xp =
SeriesDecomp(X’) i cTaHOBUTH OCHOBHUI (DYHKIIOHAILHUI MOAYJIb apXiTEKTYPH

HAIII01 MOJEIL.
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Bxiaai qani moaenm

BximHuMu gaHuMu JUTST KOJAEPHOT YaCTWHHM CIYTyIOTh MHUHYJI | dacoBux
KpokiB X,, € R*4. fk i B 3aransHiil apxiTekTypi AexoMmo3uiii (1uB. PHCyHOK
2.19), Bxim mo nekomepa Autoformer BKIIOYAE SIK CE30HHY YacTHHY Xgps €
IR(%JFO)Xd, TaK 1 TPEHIOBO-IIUKIIYHY YaCTUHY X ;0 € R(é+0)><d, SIK1 IIUISITal0Th
yTOUHEHHIO. [Himiamizamis X JBOX KOMIIOHEHT CKIIAMA€eThes 3 1H(opmarii mpo
PEXKUMH JIPYToi MOJOBUHU BXiTHOTO psny X, MOBXKWHOIO I/2 Ta 3amoBHIOBadiB
noBxkuHOW O, sKi CKIagaroThes 31 ckamapiB. dopmamizaliis IIbOro IPOIECy

BUIIISI1a€ HACTYITHUM YUHOM:

Xeons) Xent = SeriesDecomp(Xeni/I) (2.22)
2

Xges = Concat(Xons, Xo) (2.23)

Xaer = Concat(Xent, Xyean) (2.24)

e Xens) Xent € ]R{éXd MO3HAYalOTh CE30HHY 1 TPEHIO0BO-IUKIIYHY
KOMITOHEHTH DALY Xy, BIATOBINHO, @ Xjjeqn € RO*¢ € 3HAUCHHAM CepenHBOTO X,
a00 HYJLOBOI'O 3aIIOBHEHHSI.

Konep

Sk neMoHCTpyeTbcsi Ha pucyHKy 2.19, komep mnoOynoBaHUM ISt
MOJICJIIOBaHHSI CE30HHUX 0coOnmBoCTel nanux. Ha kozgepi 3amucana iHdopMmarris
IpO MHHYJI CE30HHI KOMIIOHEHTH, s5Ka BHUKOPHCTOBYEThCS SIK IEpeXpecHa
iH(dopMarlis, 1Mo Jonomarae ACKOAEpPY BIOCKOHAIIOBATH PE3yibTaTH IMPOTHO3Y.
[Tpunyctumo, 1m0 xKojaep ckiagaeThes 3 N mapis. 3araibHe piBHIHHS 71 1-r0 mapy
KOJIEpa OMUCYETHCS SIK:

XL, = Encoder (X! (2.25)

JleTamizariis BUTTISa€ HACTYITHUM YHHOM:

skl = SeriesDecomp(Auto — Correlation(X5;Y) + X1 (2.26)
Sé,ﬁ,_ = SeriesDecomp(FeedForward(Sel’,%) + Sé,ﬁ , (2.27)

Tyt « » mo3Hauae ycyHeHy TpeHIOBY dacTuHy. Buxin l-ro mapy xozepa

BU3HAYAECTHCA SIK Xé,n = Sérf ,ael € {1, ..., N}, a Bxigawuii map X2 — ne BOynosane
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Li . . . .
X,p,. Hosnauenns S,y,i € {1,2} BigoOpakarOTh C€30HHI KOMIOHEHTH, OTPHMaHi
MICJI 3aCTOCYBaHHS OJIOKY pO3KJIaJlaHHs Ha i-My eTarll B /-My 11api. ¥ HacTYITHOMY
po3aim Oyne nertanpHime omnucana ¢yHkiis Auto-Correlation(r), ska Moxe

3aMIHUTH CTaHAAPTHY CAMOKOPEIISINIIO.

- N Yacosi
kozep Autoformer X psm AW‘NMW
Bxix it konepa
: R o — o Seasonal
v BTO eries ee eries K N\(V % ](‘ %H%[ 5{/4/4 V\A
,\[/kr TIporHo3yBaHH: 5] g | part Zero

KOPEJISIist Decomp Forward Decomp
Trend-

cyclical |- AN

w|
part Data
Mean

(N

Seasonal Init
T

! " AsrO Series ¥  Asro Series Feed Series |

| Zero ol kopemsmis ? Decomp z\ 3 KOPeJISITist ? Decomp T Forward AQ?‘ Decomp
Trend-cyclical Init +

: 3HaueHHA /L /L

|\ JRBIHE ©

i Wi/ AWAY
. - +
\/BALIEHX ZAHHX, |_ Aexozep Autoformer N

KHHEIAEOHIOd] |

UM

X

Pucynok 2.19 — Apxitektypa aBrodopmatopa. Komep mpairtoe Ha ycyHeHHs
JIOBIOCTPOKOBUX TPEHJOBUX 1 HUKJIIYHUX KOMITOHEHT 32 JOTIOMOT0I0 OJIOKIB
CEepiHO1 I1eKOMIO3uIIii (TT03HaUEH1 CHHIMH OJIOKaMH) 1 KOHIIEHTPY€EThCS Ha

MOJIETIIOBaHHI CE30HHUX BI3€PYHKIB.

Jlexonep

Jlexogep, y CBOIO Yepry, IMOCTYMOBO BIJHOBIIOE TPEHAOBY YaCTHUHY 3
npuxoBaHux 3MiHHMX. KpiMm Toro, iHdopMmalis Npo CE30HHICTh 3 Kojepa
BUKOPUCTOBYETHCSI Yepe3 MEXaHI3M aBTOKOPEJSIl MK KOJEPOM Ta JIEKOAEPOM
(300pakeHu# 3eJIeHUM IEHTpadbHUM OJoKOM nekonepa). Jexoxep. Jlexomep
MOJIAETHCS HA JIBI OCHOBHI CKJIQJIOBi: CTPYKTypa JJisi HaKOMHYEHHS TPEHI0BO-
IIUKJIIYHUX KOMITOHEHTIB Ta MEXaHi3M aBTOKOPEJISIIIi TSl MOJICTIOBAaHHS CE30HHUX
koMnoHeHTIB (puc. 2.19). Koxen map jaekojiepa BUKOPHUCTOBYE SK BHYTPIIIHIO
ABTOKOPEJIALIIIO0, TaK 1 ABTOKOPEIIALII0 MIXK KOJAEPOM Ta IEKOJEPOM Il YTOUHEHHS
pe3ynbTaTiB TMPOTHO3YBAHHS, a TaKOX JUISi BpaxXyBaHHS MHHYJIOI CE30HHOL
iHpopMmariii. BaxiuBo 3a3HauMTH, 10 MOJACNIb BUJIydYae MOTEHUIMHUN TpeHn 13
IPOMIKHHUX MPUXOBAaHMX 3MIHHMX M 4yac mpoiiecy AekonyBaHHs. Lle mo3Bosse

aBTO(OpMaTOPy TOCTYIMOBO BIOCKOHAIIOBATA TMPOTHO3 TPEHAY 1 €(PEKTUBHO
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GUIBTpYBaTH TMEPEIIKOKYBAJIbHY 1H(QOpMaIlito, o0 3HAXOAUTH IEePIoJIUYHI
3aJIe)KHOCTI Uepe3 MEXaHi3M aBTOKOPEIIALIi.

MexaHi3M aBTOKOPEJIALi1

Ha ocHoBi cxemu, mpezacraBieHoi Ha puc. 2.20, Oyji0 3ampONOHOBaHO
MeXaH13M aBTOKOPEJIAIII 3 TOCIiJOBHUMHU 3B’ sI3KaMU JIJ1s1 TOCUJICHHSI BUKOPUCTAHHS
1H(OpMaIIil PO 3aIEKHOCTI BCepeAuH1 JaHUX. ABTOKOPEJIALIIS J03BOJISIE BUSBIISATH
NEPIOANYHI 3aJIeKHOCTI NUIIXOM PO3PaxXyHKY aBTOKOPENSAIIi 4acoBUX cepiil 1
00’e€THaHHS MOAI0HUX MiACEPii Yepe3 arperaiiiro 4acoOBUX 3aTPUMOK.

t

Linear

t

Concat

’—‘ Time Delay Agg -

Inverse FFT

e O

=5

-

= AN WL\

Delay SoftMax
@ /,/\/\/\A/\u_(k/\/ @ R(z1)
Roll(T1)
Roll(T2) /\"/_\N]/\]\ /l/y\/\/\} @ R(12) $

Roll(Tk)

uojsn4

- - ce
W] WA [
SxC I
Linear Linear Linear
Q K \%

Pucynoxk 2.20 — JliBopy4 npoliec 004UCICHHs aBTOKOPEJIALIii, a TpaBopy4
— MEXaHi3M arperaiii 4acoBUX 3aTPUMOK.

2.5.10.3 Pyraformer

B wmepexi Pyraformer chepiry crnocTepexyBaHi JaHi, KOBaplaHTH Ta
MO3UIIINHHI XapaKTEPUCTUKH OKpEeMO BOYAOBYIOTHCS B MOJEIb, MHICJIS YOTO BOHHU
CYMYIOTbhCS, TTOZI0HO0 710 peanizaiii B Informer [128]. Jlami 3a qomomoroo MoayJs
nooynoBu rpyoux macmradiB (CSCM) crBoproerbcsi C-apHe JepeBO 3 PI3HOIO
PO3AUIBHICTIO, 1€ BY3JM IpyOuX MacmTallB aKyMmymroloTh iHQopmariito C-By3iiB
o1 piOHOrO Macmtady. J[Jis MOJIentOBaHHS YacOBHUX 3aJIEKHOCTEH Yy Mekax
PI3HUX Jllana30H1B BIIPOBAKY€ETHCS MO MipaMifainbHoi yBaru (PAM), B sikomy

nepeaady iHgopmMmariii peanizoBaHO Yepe3 MEeXaH13M yBard B MexXax IipamigaibHOTO
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rpacda. 3aneXHO BiJ KOHKPETHOI 3a7adi MPOTHO3YBAaHHS, 3aCTOCOBYIOTHCS
BIJIIIOBI/IHI MEPEXKEB1 apXITEKTYPH ISl OTpUMaHHA (DIHAJIBLHOTO PE3yIbTaTYy.

Monynb nipamigaiabHoi yBaru (PAM)

OcnoBoto Pyraformer € momyns mipamiganbaoi yBaru (PAM). Ileit momynb
BUKOPHCTOBYE MipaMigaibHui Tpad AJs OMMCAHHS YaCOBUX 3aJI€KHOCTEH y psAaax,
peanizyrodu iX y MyJIbTUPO3IUIBHIN CTPYyKTypl. Takui miaxiJg Mokas3aB CBOIO
e(peKTUBHICTh y MOJEJIbOBAaHHI JOBFOTPUBAJIMX B3aeMOAill y cdepax
KoM’ roTepHoro 3o0py [129,130] 1 cratuctuuHoi oOpoOku curHams [131,132].
KoncTpykiiito mipamizanbHOro rpada MoxkHa YMOBHO MOJUIMTHA Ha JBI CKJIAIOBI:
MDKMAacIITabHI Ta BHYTpIIIHbOMACIITaOHI 3B’s3KM. MixkmaciiTaOHI 3B’ S3KU
dbopmytots C-apHe epeBo, Jie KoXeH By30i-0atbko Mae C HamaakiB. Hanpukan,
AKIIO IS HaWapiOHimoro macmTady mipamigabHOTO Tpada BHKOPHUCTOBYBATU
MOTOJIMHHI CIIOCTEPEXKEHHSI MOYAaTKOBOTO YacOBOTO psAy, TO BY3JIM Ha OUIbII
rpyoux Macmrabax MOXYTh TMPEACTABIATH IMOJCHHI, TH)KHEBI YU MICAYHI
XapaKTepUCTHKHU. Y pe3yibTaTi mipaMiJanbHUi rpad 3adesneduye 6araropo3aiibHe
MPECTaBJICHHs] BUX1THOTO yacoBoro psay. Ha Oinbin rpyOux macmTabax Jjeriie
B1IOOpa3UTH JOBTOTEPMIHOBI 3JIEKHOCTI, HAMPHUKIIAJ MICSIYHI TEPIOAUYHOCTI,
HUIIXOM 3’€HAHHS CYCIHIX BY3JiB 3a JONOMOIOI0 BHYTPIIIHbOMACIITaOHUX
3B’s3KiB. [lipaminaneHuii rpad Pyraformer 103Bosisie CKOPOTUTH OOUMCIIIOBAJIBHI
Butpatu 10 O(L), He 30UTBIIYIOUN CKIIATHOCTI MaKCUMAJIBHOTO NUIAXY Tepeadi
CUTHATy MOJIE]II.

OcHoBHUI MexaHi3M yBaru. Hexait X1 Y BiJIOB1IHO MO3HAYaAIOTh BX1]T 1 BUX1/T
OJIHIET TOJIOBKM yBaru. J{is aHamizy pi3HOMAHITHHUX YacOBHUX IIaOJIOHIB MOKHA
BIPOBAJIUTH K1JIbKa TOJ0BOK. Criepiry X mepeTBOPIOETHCS B TPU OKPEeM1 MaTpPHILL:
sarmut Q = XW,y, kimrou K = XWy ta suauenns V = XW,,, ne Wy, Wy, Wy, € RMPk,
Hns q;, panka 1 B O, BiH B3aeMOJII€ 3 ycima psaakaMu B K. TakuM 4MHOM, BUXIJ Y;
3aMHUCYEThCS SK:

yi = L eXp(QikZ/\/D_K)v"
i ¢=13L  exp(qikT//Dg)

(2.28)
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OtpumaHi TOKpamieHHs poOdSATh MOJAENb MNPUIAATHOK Ui  aHali3y
JOBrOTPUBAJIMX YaCOBUX PSIIB, AKI 3a3BUYall € KOPUCHUMH JUTSl ITiJIBUIINCHHS
TOYHOCTI IPOTHO3YBaHHA uepe3 OulbImmii oOcsr iHpopmallli nmpo 3aJIe)KHOCTI Ha
JayeKi MPOMIKKH.

BbyniBenbuuit Moaynb 30unbeHoro macimrady (CSCM)

OcHoBna meta CSCM mossirae y CTBOPEHH1 BY3J1IB Ha IpyOilux Maciradax
nipamizajabHOro rpada, o crpuse onTuMizaiii ooMiHy iH(pOpMAaLII€I0 MK By3JIaMu
yepe3 PAM. Jlns uporo By3iu (OpPMYHOTHCS TMOCTYHOBO, BiJI HAMTOHIIOrO 0

HalrpyOioro Macitady, NUIIXOM BUKOHAHHS 3TOPTOK Ha KOPEJSLIMHUX 3B’ A3KaX

JOYIpHIX BY3JIIB @1({,5). Kinbka 3ropTroBux mapis i3 siapom po3mipy C ta kpokom C
3aCTOCOBYIOTBCSL IO YacOBOi TOCHIJIOBHOCTI, TEPETBOPIOIOYM 1i B HOBY
nocnigosHicTs HoBkHHOW L/CC)  Ha xoxHOMy MacmTabi s. TakuM 4YMHOM, Ha
OCHOBI ITMX MOCTIOBHOCTEH y pizHMX MacmTabax (gopmyerbcs C-apHE AepeBo.
ITepen nomauero 10 PAM 1i mociijoBHOCTI KOHKATEHYIOTHCS IO TOPSJIKY: Bif
TOHKMX MacmTabiB 10 rpyoux. s ontumizaiii mapaMmeTpiB 1 3MEHIICHHS
00YHMCITIOBAIBHOT CKJIAJIHOCTI PO3MIPHICTh KOXKHOTO BY3Ja 3HIDKYETHCS Uepe3
MOBHICTIO 3B’ SI3HUH 1Iap Mepe 1 3TOPTKOIO 1 BITHOBIIOETHCS Micis Hei. Takuit miaxina
JI03BOJISIE CYTTEBO 3MEHIIUTH KIJIBKICTh MapaMeTpiB MOIYJIA, a TaKOX 3HUXKYE
PHU3HKYU TIEpEHABYAHHS MOJIETI.

Moaynbe IpOrHo3yBaHHs

JlJis BUKOHAHHSI OJJTHOKPOKOBOTO NMPOTHO3YBAHHS JTOJA€THCS MapKep KIHIA
(3amaHuil K Z;pq = 0) 10 iICTOPUYHOI MOCTINOBHOCTI Z¢_j41.¢, HICHS YOTO IS
MOCIIZIOBHICTh MOJAEThCs 10 mmapy BOyaoByBaHHsA. Komu PAM 3akonoBye 110
MOCIIOBHICTh, O3HAaKH, OTPHUMaHI BIJ OCTaHHIX BY3JIIB Ha KOXXHOMY piBHI
nipamifaibHOro rpada, o0’ e€IHYIOTbCS Ta MOAAIOTHCS Y MOBHICTIO 3B’S3HUN IIap
JUISL OTPUMaHHS IIPOTHO3Y.

baraTokpokoBe TPOTHO3YBaHHS pEali3yeThCs 3a JOTOMOTOI0  JBOX
MOKJIMBHUX TiaxomiB. [lepmmii MeTo mpomoBkye poOOTY MOAYISI OTHOKPOKOBOTO

MIPOTHO3YBAHHS, aje 3ICTaBIIsi€ OCTaHHI BY3JIM KOXKHOTO MacmTady 3 ycima M
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MaOyTHIMM YacOBUMM KpOKaMHU uYepe3 NakeT oOuucieHb. Jpyrud maxina
BUKOPHCTOBYE JEKOJEP 13 IBOMA PIBHSIMH IMOBHOI yBarv. AHAJIOTI4HO JI0 MAXOAY B
Transformer [124], MaitOyTHi M 4yacoBHX KPOKIB CIOYATKY 3aMiHIOKOThCA Ha 0 1
BOYJIOBYIOTHCSI TAKMIM CAMHM METOJIOM, sIK 1 icTopuuHi gaHi. Lls ingopmarris pasom
i3 KoBapialisMu Ta MO3ULIAHUM BOYIOBYBaHHAM (HOPMYy€E «MapKep MPOrHo3y» F,.
Ha nepimomy piBHi yBaru Mapkepu NporHosy F, BUKOPHCTOBYIOThCS SIK 3aIIMTH, a
Buxin koaepa F, (Bci Byznu PAM) BucTymae kiro4eM 1 3HAYEHHSIM, 110 CTBOPIOE
IpOMDKHUI pe3ynsTaT Fyq. Apyruii piBenb npuiiMae Fyq K 3amuT, a KOMOIHAIIO
Fy, 1 F, — 4K K104 1 3Ha4Y€HHS 1711 004uclieHb. IcTopuuHi naHi F, 3aIuaiThCs
KJIFOYOBUMU ¥ TIepeIatoThCsl HAIPSAMY 710 000X pIBHIB yBaru, ajpke s iHpopmarris
€ BHUPIIIAIBHOIO Ui TOYHOCTI JIOBFOTEPMIHOBOrO MporHo3yBaHHs. KiHieBuii
pe3yibTaT TMPOTHO3Y TEHEPYEThCS uepe3 MOBHICTIO 3B’SI3HMM  map, 13
BUKOPUCTAaHHAM  pPO3MIpHOCTI  KaHaiiB. OOuwaBa miaxoau 3a0e3meuyroTh
OJIHOYACHUN BHXIJ YCIX MPOrHO30BAHMX 3HAUEHb, IO JO3BOJSE YHUKHYTH
HAKOIMWYEHHS TOMWIOK, XapaKTEpHOrO JUIsl aBTOPErpeciiHOro JeKoiepa B
Transformer apxiTekTypax.

2.5.10.4 TimesNet

BpaxoByroun OaraTonepiogu4HICTh Yy YaCOBUX psiJiax, BUKOPUCTOBYETHCS
TimesNet 13 MOAYJNBbHOIO apXiTEKTYypOrO ISl €()EKTUBHOTO BHUSBIECHHS YaCOBHX
NaTepHIB, XapaKTepHUX I PI3HUX TepiofiB. 1 KOXKHOro 3 Takux MepiofiB
po3pobaeHo kommoHeHT TimesBlock, sikuii € wactuHoro TimesNet. Bin mae 3mory
NEPETBOPIOBATH OJTHOBUMIPHUM YaCOBUH s/l y IBOBUMIPHUIA POCTIP, CIIPOLILYIOUH
MOJICTFOBaHHS SIK BHYTPIIIHHOMNEPIOJAUYHUX, TaK 1 MDKIEPIOAMYHMX Bapiallii 3a
paxyHOK 3aCTOCYyBaHHSI KOMIIAKTHOI Ta €(peKTUBHOI MapaMEeTPUIHOI CTPYKTYPH.

IlepeTBOpeHHS OTHOBUMIPHUX Bapialliil y TBOBUMIPHI

KoxxHa Touka 4yacy BigoOpakae JBa TUIM YacOBUX  Bapialliii:
BHYTPIIIHBONIEPIOANYHI (MK CYCIAHIMH YaCOBUMHU TOYKAMM) Ta MDKIEPIOANYHI (3
0JIHaKOBOIO (ha3010 y pi3HUX nepiogax). [Ipore opurinansHa 1 D-cTpykTypa yacoBux
PS/IIB 37aTHA IPEICTaBIIATH JIUIIE Bapiallii Mk cyciaHiMu Toukamu. 1100 ycynyTu

el HeoJiK, OyJlo 3acTOCOBAaHO JABOBUMIPHY CTPYKTYpPY, fKa JO3BOJI€ SIBHO
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MOJIETIOBATH Bapiallii K BCEpPEIrHI OJHOTO IMepioy, Tak 1 Mik mepiogamu. Lle
M1JIBUIIY€ 3/IaTHICTH O HABYAHHS MIPEICTABIICHHS 1 TOCHIIOE TIEPEBAry B 3arajbHIn
€(hEeKTUBHOCTI.

3aBAsIKM BUSIBICHHIO TEPIOAMYHUX BJIACTMBOCTEH OAHOBHUMIPHHUI 4acOBUMA
psii MOXHa TEPEeTBOPUTU HA CTPYKTYpOBaHI JABOBHMIPHI TEH30pH, K1 3pYUHO
OMpalbOBYBATH 3a JOMIOMOIOI0 JIBOBUMIPHUX sifep. BukopucTtoByrouu nen miaxina
JUIS BCi€i MHOKMHU PI3HOBU/IB YAaCOBUX PS/IB, CTA€ MOXIMBUM PO3LIUPHUTH
HaBeJICHUH TpoIieC 1 Ha OaraTOBUMIPHI YaCOBI1 PSIIH.

Bapro 3ayBaxxuTu, 110 Take nepeTBOPEHHs MOPOKYE JBA TUIH JIOKAJi3allii
y 3MIHEHUX JBOBHUMIPHHUX TEH30pax: L€ JIOKadi3alii Mk CYyCIAHIMH YaCOBHUMH
TOYKaMH (Tak 3BaHI CTOBIUMKH, SIKI XapaKTepU3yIOTh BHYTPIIIHHONEPIOANYHI
Bapiallii) Ta JokaJi3alii Mk MOCHITOBHUMH MepiogaMu (psIKH, SKi BIJOOpakatoTh
MiKOepioAnyHl Bapiarii). OTxe, 32 TOMOMOTOI0 JaHUX JABOBUMIPHUX CTPYKTYp
4yacoBi Bapiallli Mo)kHa e(peKTUBHO 0OpOOIISTH.

Yacosuii 6510k

Konmenist 6;1oky TimesBlock peanizyerbcs 3a 3aMMIIKOBUM TPUHIIUIIOM
BIJIMOBITHO JI0 T1JIX0/1Y, OIMCAaHOro B poOoTi [133].

Omnepartiss TakMOIOKY TSI KOKHOTO APy CKIIAJAETHCSA 3 JIBOX KIFOYOBHUX
€TaIliB: KOPEKIlii YacOBUX JIBOBUMIPDHHUX 3MIH Ta aJanTUBHOrO 00’ €JIHAHHSA
penpe3eHTalliid, OTPUMaHUX Ha OCHOBI1 PI3HUX MEPIOIIB.

3axoruieHHs 4yacoBUx 2D-3miH

Ha migcTtaBi BU3HAUYEHMX JIOBXKHUH TMEPIOJIIB BUKOHYETHCS IEPETBOPEHHS
OJTHOMIPHOTO YacCOBOTO PSAY Y JBOBUMIPHHUI MPOCTIp, 110 3a0e3medye OTpuMaHHs
Habopy 2D-ten3opis. Lleit Habip y moanbiuioMy BUKOPUCTOBYETHCS JIJIs CTBOPEHHS
1H(QOPMATUBHUX TIPEJCTABICHb Yepe3 MapaMeTpUyHO-e()EKTUBHUNA IMOYAaTKOBUMN
OJIOK.

[Ticns eranmy TpaHncdopmariii JaHUM TEH30p OOPOOJSETHCS 3a JOIMOMOTOIO
napaMeTpuyHO €PEKTUBHOTO MOYaTKOBOro OJIOKY, peanizoBaHoro sik Inception(-).
[le#t Gmokx MicTUTh OaraToMaciiTaOHI JBOBHMIPHI siipa Ta BBAXAEThCS OJHUM 13

HaWMoIMpeHIuX 0a30BUX KOMIIOHEHTIB Y 3aJladyaX KOMI FOTEPHOTO 30pYy.
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AnanTHBHA arperaris

Ha 3akirounoMy eTami NPOBOAUTHCS aJanTHBHA arperaris. 3aBJaHHA
moJisira€e B 1HTErpaumii & pi3HUX OJHOMIPHUX MPEACTABICHb A Tepenadi Ha
HacTynHu# map. B po06oTi [134] i1ei aBTOKOpENALii BUKOPUCTOBYIOTh aMILTITY U A
JUTSL BU3HAYEHHS BAKIIMBOCTI OOpaHMX YaCTOT Ta MIEPiOAiB, III0 CBOEIO YEPTOI0 3a]1a€
3HAYMMICTh KOKHOTO TiepeTBOpeHoro 2D Ten3opa.

Tak sk BHYTPIIHBO- Ta MDKIIEPIOAUYHI Bapialii BXKE€ BpaxoBaHl Yy
cTpykTtypoBanux 2D Tenzopax, TimesBlock 3maTHUiI TOBHICTIO OXOIUTIOBATH
6araromacmTabni yacoBi 2D 3akonomipHocTi. Ile mo3Bomsie TimesNet mocsratu
OinbIl  e()EKTUBHOTO HAaBYaHHS MPEJACTaBICHb, HDK TpuU poOOTI JHIIe 3
OJIHOMIPHHUMH YaCOBUMHU PsIIaMHU.

Metonooris, 1o nependavyae NepeTBOPEHHS OJHOMIPHUX YaCOBUX PSIIB Y
JIBOBUMIPHI 4acoBl Bapiallii, J03BOJIAE€ 1HTETPYBaTH PI3HOMAHITHI apXITEKTypH
KOMIT FOTEPHOTO 30pY Ul 3aMiHM 0a30BOro OJIOKy HaBYaHHS penpe3eHtauii. [lo
TaKuX apXiTeKTyp HajexaTh 3arajibHoBkuBaHI mojem ResNet [133] 1 ResNeXt
[135], nporpecuBni ConvNeXt [136], a TakoK MOJielll, OpIEHTOBaHI HA MEXaHI3MH
yBaru [137]. 3acTocyBaHHS LIBOTO MIAXOAY CHpPHSIE CUHEPTii MK OJHOMIPHUMHU
YaCOBUMHU psIaMH 1 MIBUAKO 3pOCTa0OUUMHU 2D-KOMIT'IOTEPHUMH Bi3yaJIbHUMHU
OCHOBaMH, 0 JI03BOJISIE aHAJI3Y YACOBHX PSAIB OTPUMYBATH BUTOJIU BiJl TOCSITHEHD
y cdepl KOMIT'IOTEpPHOTO 30py. 3peliTor, MOTYXHinn 2D-apxiTekTypu mis
HABYaHHS PEMPE3CHTAIlIN JEMOHCTPYIOTh MiABUIIEHY €()eKTUBHICTb.

2.5.11. Tlo6ynoBa TiOpuMAHHUX HEHPOHHUX [UIsI PO3B’SA3aHHS 3ajaul
MIPOTHO3YBaHHS apTePialbHOTO THCKY

[Mepuri migxoau 10 MPOTHO3YBaHHS YacOBUX PAMIB OazyBanucs 37€01IbIIOTO
Ha CTaTUCTUYHUX METOJaX, 30Kpema perpeciiinomy anamizi [138-140]. L miaxoam
JIEMOHCTPYBaJIM BUCOKY €(EKTHBHICTh y pOOOTI 3 JaHUMHU, II0 MAIOThH JIIHINHHI
3anexxHocTi. OnHak uist oOpoOKM HENMHIWHUX JaHUX OYyJ0 CTBOPEHO MOJENi
IITYYHOT'O 1HTEJEKTY, Cepell KMX OCOOJMBE MICIle 3aiiMaloTh HEHPOHHI Mepexi

Mepexi [141-143]. OcranHiM 4acoM 3’ SIBUJIUCS T1IOpUIHI METO/H, AKI 00’ €IHYIOTh
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MO>KJIMBOCTI CTAaTUCTUYHOIO aHajizy Ta MIMOOKOr0o HAaBYaHHS, IO JI03BOJISIE
nocsratid OUThII TOYHWUX MPOTHO3IB [144-146]. OgHuM 13 KIIOYOBHX ETaIliB
3aCTOCYBaHHS T1OpUIHUX METOJIB € TMomepeaHss oOpoOka maHuX, sika mepeadoaydae
posmoain iHdopMmariii Ha okpemi kommoHeHTH [147]. Jlmg 1boro mmpoko
BUKOPHUCTOBYIOThCS [148-150] QyHKUil THIy BeWBIET-NEPETBOPEHHS, SIK-OT
nuckpeTHe BeuBieT-nepetBopeHHs (DWT), sxe mae 3Mory po3aumdTH JaHi Ha
JHIAHY Ta HEMHINHY ckiafoBi. lle 703BosIE MABUITUTH TOYHICTH MOJIEITIOBAHHS
3aBJSIKM BpPaxXyBaHHIO OCOOJIMBOCTEH PI3HMX KOMITOHEHTIB. JJIsI OILIIHKHM SKOCTI
OPOTHO3YBaHHS  3a3BMYail  3aCTOCOBYIOTbCS METPUKH, U110 3a0€3MeYyroTh
00’€KTUBHUN  aHami3 pe3ynbTariB. HallmommpeHimmMm#u  cepel HHUX €
cepeanbokBaapaTuyHa mnoxubOka (RMSE) Ta cepenns a0coiroTHa BiJCOTKOBA
noxubka (MAPE), siki BU3Ha4atoTh BIAXUJIECHHS OTPUMAHUX 3HAYEHb BiJl PealbHUX
JTAHUX.

2.5.11.1. I'iépuani nigxoau, mo noeanyot ARIMA ta BPNN a6o GRNN

Yu Ta xoneru [151] 3anpononyBanu miaxifg AJsi MPOTHO3YBAHHS MPOAAXKIB
OJISITY, CIPSIMOBAaHUN Ha ONTUMI3ZAIIIO MPOLECY IJIaHyBAaHHS JJI1 BUPOOHUKIB Ta
MPOJIABIIB 1ILOIO CeKTOpy. BoHM BBakarOTh, IO JlaHI TMPO MPOAAXKI MAIOTh
OJIHOYACHO JHIMHI 1 HENIHIWHI KOMIIOHCHTH, Yepe3 IO TPaaulliifHl METOIu
MIPOTHO3YBAHHS € HEJIOCTATHRO €(HDEKTUBHUMH Y 1X 3aCTOCYBaHHI IO TaKMX JaHHX.
Haiikpami pe3yabratu 1s JiHIMHOTO (PakTopy BOHM JOCSTIM 3a JIOIMOMOTIOIO
ARIMA (RMSE: 27,684), y Tol yac SIK IJisi HEJNIHIAHOI CKJIAJ0BOi HaWBHUILY
To4HicTh TipoaemMoHcTpyBasia BPNN (RMSE: 15,503). 3anponoHnoBaHa riopuaHa
moznenb ARIMA-BPNN BusBmiacs HaiOUIbII yCHINTHOIO, 13 HaWMEHIIIOIO
noxubkorw (RMSE: 12,543) [151]. Hadwan Ta iHII npeAcTaBUIN YHIBEpCATbHUN
MiIX11 0 TPOTHO3YBaHHS 4YacoBHX psAmiB [152], sxuil BKiIrO4ae Tpu MOAEII
nporHo3yBanHs: ARIMA, HelipoHHY Mepexy 31 3BopoTHUM TomupeHHsM (BPNN)
3 aJanTUBHUMH TNapaMeTpaMHu Haxuwily ¥ IMIOYJbCy, a TaKOX TiOpUIHY MOJEINb
ARIMA-BPNN. HaykoBui mpoTecTyBajiu 1ii MOJEIl Ha JABOX BHOIpKax JaHUX:
nepiia cTocyBajiacsi MporHo3yBaHHs iHAekcy cnoxkuBuux 1iH (ICILI), a apyra —

KUIBKOCTI XBOpUX Ha pak y mposiHuUli 160, €meH. JlJig OLIHIOBaHHSA TOYHOCTI
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BUKOPHUCTOBYBAJIM METPUKHU cepeaHboKBaApaTnuuHoi noxudbku (RMSE), cepennboi
abcomotHoi moxuOku (MAE) Ta cepemnboi abCOMIOTHOT MOXMOKHA y BIICOTKAX
(MAPE). 3okpema, B aHamizi HaOOpy JaHUX IPO paK HaWKpall pe3yiabTaTh
nokasana riopugna moaens ARIMA-BPNN 13 RMSE 0,453, [152] nopiBHsSHO 3
1,252 nns ARIMA Ta 0,896 mis BPNN. Hua po3pobuin MeTos1 mporHo3yBaHHs,
CIIpSIMOBaHUM Ha OIIHKY BajJioBoro BHYyTpimHboro mpoaykry (BBII), mo €
BOKJIMBAM MAaKPOCKOHOMIYHHM ITOKa3HUKOM EKOHOMIYHOTO CTaHy KpaiHW Y
periony [153]. HaykoBii Harosocuivd, 110 OUIBLIICT HASBHUX METO/IIB
nporuosysanHs BBII opieHTOBaHI BUK/IIOUHO HA JiHilHMIA aHamni3. IXHi ri6puaHuii
nigxin 06’enqnye moneni ARIMA ta BPNN. Crodarky mporaHo3oBaHi 3HauY€HHS
OKpeMHX Mojiesield Oyiau 3BaKeHI W ycepeaHEeHl sl OTpUMaHHS ITOKa3HUKIB
JMIHIAHOI YacTUHU MOJEI; HOail 3AIMCHIOBAJIOCH MOIEIIOBAHHSI HEIIHIMHUX
3anumikiB 3a ponomororo BPNN Ta ix iHTerpauis 3 JiHIMHUMH TPOrHO3aMH. SIK
pe3yiabTar, Oyia JOCATHYTa BHUINA TOYHICTH MporHo3yBaHHs: a1 ARIMA MAPE
nopiBatoBaio 2,80, mist BPNN — 3,70, a my1s1 3anpornoHoBaHoi Ti0puIHOT MO —
1,88 [153]. Wang Tta iumii [154] nocaianiay MOKIUBICTh BUKOPUCTAHHS MPOTHO3HUX
MoJieel y MEIUITMHI JIJIs1 TOKpaIIeHHs TPO(IIaKTUKYA TeMOpariyHo1 JTUXOMaHKH 3
HupkoBuM cunjipomom (I'JIHC), sika € BaKJIMBUM BUKJIMKOM JJIs TPOMAJICHKOTO
3nopoB’sa B Kurai [154]. Bonu 3anpononysanu moaeiib ARIMA-GRNN i1 otpumanu
taki pe3yabTatu: 111 ARIMA RMSE cknano 220.6269/MAPE 21.02, ayis GRNN
RMSE — 202.1684/MAPE 19.20, a nHalikpaiiorw BHUSBHIAcS TiOpUHA MOJECIb
ARIMA-GRNN i3 RMSE 196.4682/MAPE 17.83. JlocniAHUKHA A1MIIUIA BUCHOBKY,
0 TXHIM MiAXiT MOXe CTaTH €()EeKTUBHUM 1HCTPYMEHTOM MIATPUMKU MPUNHHSATTS
pimieHs y cdepi npodinmaktuku Ta koHTtpono [JIHC. V cxoxidl mniomuHi
npaifroBany i Li ta koneru [155], Humu Oyio 3anmponoHOBaHO METOT I METUIHOT
chepu, crIpsMOBaHHI Ha MPOTHO3YBAaHHS 3aXBOPIOBAHOCTI Ha TyOepKynbo3. B
iXHbOMY JOCIIIJI)KEHHI BUKOPUCTOBYBAJIMCS JaHI IPO 3aXBOPIOBAHICTh y MICTI
Jlsuptonbran 3a mepion i3 ciuns 2007 poky mo udepBenb 2016 poky. ABTopu
pO3po0MIM riopuaHmid miaxia, skuil interpye ARIMA-Mozens 1 ITy4YHy HEUPOHHY

Mepexxy GRNN. PesynpraTu gocnimpkeHHs Li Ta ciiBaBTOpiB MPOJIEMOHCTPYBAIIU
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Buily epexktuBHicTh riopugHoi ARIMA-GRNN mozeni (RMSE: 0,2805; MAPE:
8,8797) mopiBHsiHO 3 okpeMoto ARIMA-mozaemmo (RMSE: 0,2553; MAPE: 5,7222)
Py KOPOTKOCTPOKOBOMY IPOTHO3YBaHHI 3aXBOPIOBAHOCTI Ha TYyOEpKyiIbo3 Yy
KUTanCchKiM nomysanii. KpiM Toro, aBTopu aklieHTyBalu yBary Ha TOMY, IO iXHiH
riopunaui miaxin [155] ocobmmBo m006pe BIoOpaBcs 13 3aBIaHHSIM MOJCITIOBAHHS
MIKIB 1 MIHIMYMIiB 3aXBOPIOBAHOCTI, III0 € KPUTUYHO BAXKJIUBUM JIJIs1 320€3ME€UEHHS
TOYHOCTI MPOTHO3YBAHHS.

2.5.11.2. I'ilOpuaHi METOAM 3 BUKOPUCTAHHSAM BEUBJICT-I€KOMITO3HUIIIT

Uenr Ta #oro KoJjieru po3poOMSIM METOJ MPOTHO3YBAHHS MPU3EMHOI
KOHIICHTpAIlli 030HY, OCKIJILKH, Ha iXHIO JYMKY, 11 MP00OJIeMa CTAaHOBUTh CEPHUO3HY
3arpo3y JIACKKOMY 3JI0POB’I0 Ta pOCTY POCIMHHOCTI [156]. JI1s cBOTX AOCIIIKEHD
BOHHM BHKOPHUCTAJIM JaHI MPO KOHIIEHTpAIil0 Ipu3eMHoro o3oHy B lllenbuxeni. ¥
JOCIIKEHH1 OyJI0 MMPOTECTOBAHO Pi3HI AITOPUTMH JEKOMITO3UIlii, HAbIp MaHUX 1
KJIIOUOB1 (pakTopu. BOHM BU3HAUYMIM, IO BEHUBIET-NIEPETBOPEHHS Y IXHBOMY
BUIAJKY AEMOHCTPY€E Kpamly epekTUBHICTh [156] MOpiBHSAHO 3 TAKUMH METOJaMHU,
K eMITipudHa MoasibHa aekommosuilis (EMD), ancam6ieBa eMmipriHa Mo1ajibHa
nexkommnosutiist (EEMD) ta moBHa ancam6iieBa eMIlipuyHa MOJialbHa JEKOMITO3HUIIIS
3 agantuBHUM 1mymoM (CEEMDAN). 3anponoHoBanwWii HUMH TiIOpUIHUNA METO.
orpumaB Ha3zBy WD-LSTM-SVR. Cnouarky BOHM 3IIACHIOBIM PO3KJIaJdaHHS
JAaHUX Ha KUIbKa PIBHIB 3a JOMOMOroI0 BelBieT-po3kiaaannsa (WD), micas goro
KOXKEH IIap aHali3yBaju 1 mporHosyBaiu 3a gonomoror LSTM ta SVR. L
KOMOIHOBaHa METOJMKA MPOJIEMOHCTpyBaJia 3Ha4yHO Kpami pesyiabratd (RMSE:
4,7383; MAPE: 7,9348) mopiBHSIHO 3 OKpEeMHUMH TMixojamMu. 30Kpema, MOJEIb
LSTM y ixapomy gocmimkerHi gocsria RMSE 12,2361 1 MAPE 23,2028 [156].
Inme nocnimxenHs nposenu Wu Ta HOro CriBaBTOPH, SIKI pO3pOOMIIN T1OpUAHMIA
O1AX1J JUIsE IPOTHO3YBaHHS OMaJiB 1 MOCYX y MiBHIYHUX NpoBiHLisAX Kurtato. Bonu
BUKOPHUCTOBYBAJIU JIOBTOCTPOKOBUM IIOMICAYHUM HAO1p gaHux 3 1967 mo 2017 pik
JUTSE TPHOX METeOposIoTiyHuX cTaHIii [157]. MeTtoauka 6azyBanacs Ha MO€THAHHI
ARIMA Ta LSTM, 0HOBHEHHMX JMCKPETHHM BeEiBIET-TIEPETBOPEHHAM. IXHiit

riOpuIHUN MiAXiJ nepeBepurB TOYHICTH okpeMux Mmozeneir ARIMA (RMSE:
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0,13342; MAPE: 0,72) ta LSTM (RMSE: 0,07; MAPE: 0,56) [157], nocaruyBuiu
RMSE 0,06633 1 MAPE 0,51. Yxan 31 cniBaBTOpaMu 3alpONOHYBaJId MOJENb
WAARMA-BP, ska noennye aproperpeciiine Beribier-neperBopers, ARMA Tta
BPNN s mporao3yBaHHs TMHOWHU TA3EMHUX BOJ, 00 Mepen0aynT MIHOUHA
M136MHUX BOJI 3 3ATYYEHHSIM IIEPEXPECHOT TEPEBIPKHA METOIOM 3ATHIIICHHS OJTHOTO
nponyiieHoro eaeMeHTa(LOOCYV) [158]. [lns HaBUYaHHS BOHM BHUKOPUCTOBYBAJIU
nani 3 1981 mo 2021 pik, orpumaHi 3 MiBHIYHO-3axiAHOTO perioHy Kwuraro.
OuiHroBaHHa Mojeni npoBoauiiock 32 RMSE. PesynbTaTél mpojieMOHCTpYyBallud
3Ha4YHO BUINY edeKTUBHICTH TiopuaHoro migxoay (RMSE: 0,0136) nopiBHsHO 3
okpemoro mozaemto ARMA (RMSE: 0,05) abo BPNN (RMSE: 0,0797) [158]. 31
cBoro 6oky Eua-Arporn Ta iforo komanja npeactraBuin miaxii EWT-ARIMAANN,
AKUI 0a3yBaBCsi HA BUKOPUCTAHHI €MITIPUYHOTO BEHBIIET-IEPETBOPEHHS Pa3oM i3
ARIMA Tta ANN [159]. Emnipuune BeHBIET-IEPETBOPEHHS T03BOJISIIIO PO30MBATH
MOYaTKOBHM YaCOBUM Pl HA TiICEPii, 1110 BiJ0OpaXkaiy YHIKaJIbHI XapaKTePUCTUKN
PI3HUX YAaCTOTHUX CKIagoBHX. i1 mepeBipKH €PEeKTUBHOCTI LILOTO METOAY OYJ0
BUKOPHUCTAHO YOTHPH HAOOPH JTaHUX: COHSYHA aKTUBHICTH (TissMu), AQI, OeH3uH
ta CO2. 3anpononoBana Mojeib EWT-ARIMAANN pocsirna 3HaueHHss RMSE
13,966 1 mepeepmmna pesynbrat okpemux ARIMA (RMSE: 17,385) Ta
ANN (RMSE: 18,561) [159]

2.5.11.3. I'it6puH1 METOIU MPOTHO3YBaHHS

VY paMkax Ib0TO JOCHIIIKEHHS, MpoBeaeHOoro 3a Metojooriero PRISMA,
OyJI0 TPYHTOBHO IPOAHAII30BaHO PI3HOMAHITHI peati3allii riOpuaHuX MiAX0AiB 10
MPOTHO3YBAaHHS YacOBUX PsAiB. Y JACIKUX BUMAJKAaX aBTOPU 3aCTOCOBYBAIIU
MPUHIIUIIOBO Pi3HI METOM JJIsI MOJCITFOBAHHS YacOBOr0 Nepediry naHux, siki 0yiau
OTpUMaHi 3 PI3HOMAHITHUX Trajxy3eldl HayKOBUX Ta MPUKIAAHUX JOCTIIKEHb. Taki
chepu BKIIOYAIM €KOHOMIKY, €KOJIOTII0 Ta MEAUIMHY. B eKoHOMII, HApHUKIaI,
PO3TIISIATNCS MOJIE1 TPOTHO3YBaHHS TeMIiB 1HQJIAIII Ha OCHOBI aHaJ3y 1HJIEKCIB
[160], mporHO3yBaHHS BamOTHHX KypciB [161] Ta oIiHIOBaHHS BajJOBOTO
BHYTPIIIHBOTO MPOAYKTY KpaiHu [153]. B ekoyioriyHOMYy KOHTEKCTI JOCIIIIHUKU

OpUAUIAIIM  yBary MOJENIOBAaHHIO TeMIiepaTypu IpyHTy [162], oOLiHIOBaHHIO
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KOHIICHTpAIlli CTIMKKUX opraHiuHux 3a0pyaHtoBayiB (CO3) [163], mporHo3yBaHHIO
3MiH piBHS MOps Ta Boau [164, 165], rmubunu 3ansranss migzeMHux Box [158], a
TaKOX KOHIIEHTpAIlii MpU3eMHOro 030HYy [156]. ¥V MeaunuHiil cdepi OCHOBHY yBary
OyJo crpsIMOBaHO HA MPOTHO3YBaHHS 3aXBOPIOBAHb 3 aKLIEHTOM Ha MPO(LIaKTUKY
Ta KOHTPOJIb, IO JAEMOHCTPYE 3HAUYIIMHM MPUKIAJ] MOTEHIIITHOIO 3aCTOCYBaHHS
riopuaHux metoiB [154, 155].

JIBi y3arampHeHl TiOpuaHi cTparterii Oynaum mpe3eHTOBaHI XaJABaHOM 1
criBaBTopamu [152, 159], a Takox Eya-ApropHom 3 kosieramu. XaJBaH Ta 1HIII
3anpononyBaiu miaxiaq ARIMA-BPNN, sikuii BOHM 3aCTOCYBaJIM /10 PI3HOMaHITHUX
HAOOpIB JaHUX, 30KpeMa Jid aHalli3y MOKAa3HUKIB 1HACKCY CHOKMBYUX I[H 1
NporHo3is y cdepi onkonorii. IXHS Mojenp Moka3ana MO3UTHBHI Pe3yabTaTH I
000X crieHapliB BUKOPUCTAHHS, TPUYOMY HaMKpaIlll MOKa3HUKU OylIu AOCATHYTI Yy
BUIAJIKY JAHUX MPO OHKOJIOT1uHI 3axBoproBaHHs [152]. Hatomicte Eya-Aprmion i3
KojieraMd Bukopuctanu riopuany mozaenb EWT-ARIMA-ANN, ska iHTerpye
emnipuyHe BeiiBier-neperBoperns (EWT) 3 metononorismu ARIMA ta miry4noi
HeliponHoi Mepexi (ANN). Ileit migxim OyB 3aCTOCOBaHWN JI0 MPOTHO3YBaHHS
YOTUPHOX PI3HUX THUIIB JIAHUX: COHSUHHUX IUIAM, 1HAEKCY sKocTi moBitps (AQI),
00CSTIB CMOKUBAHHSA OCH3MHY Ta PiBHIB BUKUAIB CO,. Pe3ynbraTu nociimkeHHs
CBIIUaTh, IO IXHSA TIOpHUJIHA MOJIENb TEepeBepIlniia 3a TOYHICTIO KOXHY 31
CKJIQJIOBUX MOJIEJIEH JjIsl BCIX KaTeropii ganux [159].

Pe3ynbTaTu Hamoro qoCiiKeHHs, OTpuMaHi uyepe3 merozosiorito PRISMA,
OyJ10 3rpyINoOBaHO B I’ SITh OCHOBHHUX KaTErOpiii:

— Ilepma kateropis OXOIUTIO€ TIOpUAHI MiAX0aH, 1O noennyioTh ARIMA Tta
LSTM [161-163, 166, 167];

— Jpyra kareropist BKJII04a€e Miaxoau, ki BAKOpUCTOBYI0Th SARIMA pa3om 13
LSTM [144, 160, 164];

— Tpers kareropist 06’eHye poOoTH, 1110 acoiitorTs ARIMA a6o SARIMA 13
HITY4YHUMU HelipoHHUMH Mepexamu (LITHM) [165-168];

— UerBepTa KaTeropisi XapakTepU3YEThCS MiAXoAaMu Ha 0a3l HEWPOHHHX

MEpEex, M0 3aCTOCOBYIOThC pimmie [151, 152, 154, 155];
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— IDP’ara xaTeropis npeacTaBisie METO/IU, 110 BUKOPUCTOBYIOTh JEKOMITO3UIIIIO

yepe3 BelBieT-nepersopenns [ 154, 156, 158, 159].

3arajoM MOXXHAa BIJ3HAUMTH, 110 OCHOBHa Maca MpOaHaII30BaHUX
JOCTIKEHb 30CEPEeIKY€EThCs Ha TIOpUIHUX MeToAax, KOTpi iHTerpytotb ARIMA
a6o noxiany Bix Hei SARIMA 3 LSTM. JlomaTkoBo 10 OT0, 0COOJIMBE 3HAYCHHS
MalTh pOOOTH, SKI BIEpIIE 3alMpPONOHYBAIM MOALT JIHIMHUX 1 HETIHIMHUX
KOMIIOHEHTIB 13 BHUKOPUCTaHHSIM BEHBJET-IepeTBOpPeHb. [l  OIiHIOBaHHS
pe3yJIbTaTiB aHai3y BUKOPUCTOBYIOThCS JBa KIO4OBUX Kputepii — RMSE Ta
MAPE. B izneani HaWTOYHIIII MO/IEJTi TOBUHHI IGMOHCTPYBATH HIKY1 3HAUCHHS ITX
METPUK, 10 03HAYAE€ MIHIMAJIbHY PI3HUIIO MK MPOTHO30BaHUMH Ta (PAKTUUHUMU
nanuMu. OJIHaK, YSIBUTH SKUNCh OJWH TMIAXiJA SK YHIBEPCAJIbHO HaWKpamiui
HEMO>KJIMBO Yepe3 3aIeKHICTh PE3YyIbTaTIiB BiJ XapaKTEPUCTUK BXiIHUX naHuX. Ha
OCHOBI 310paHoi iH(opMaIlii Mo’kHA 3pOOUTH BUCHOBOK, IT10 T1IOPUAHI MOEITI MAIOTh
CYTTEBI MEpeBary o0 TOYHOCTI MPorHo3iB 3 Touku 30py RMSE ta MAPE cepen
yCiX mpeacTaBieHUX MeTofiB. CyTTeBE TOKpAIICHHS CIIOCTEPITa€ThCs SIK IS
37€011bII0I0 HENIHIMHUX TaHUX, TaK 1 A1 JIIHIHHUX.

2.5.11.4. 3acTocyBaHHs T1OpUIHKUX T1IXO0/IIB 10 MPOTHO3YBAHHS Y BI3yalIbHIN
aHAJTITULI

Hocmmkenas, mnpoeAaeHe B pamkax PRISMA, 3acBiguuio 3HayHUN
MOTEHII1aJ]l BIPOBAKEHHS TOPUIHUX MIAXOIB y IPOrHO3YBAaHHI YaCOBUX PAJIB Y
pi3HUX Tany3ax. [10pujHI METOAM BXK€ 3HAWIUIM 3aCTOCYBaHHsS B 0araTtbox
NpaKkTUYHUX cepax, IeMOHCTPYIOUH NEePCIEKTUBHI pe3ynbTrati. HaBiTh 32 yMOBU
BUKOPUCTAHHS OJHUX 1 TUX CaMHX MOJEJIEH I PI3HUX HAOOPIB JaHUX, T1OpUIHI
MIIXOAW TEPEeBEPIIYIOTh TPAAMIIIAHI CTaTUCTUYHI MOJENI, $KI 3a3BUYal
3aCTOCOBYIOTHCS Yy BI3yaJibHIA aHAmTHI, Ta 3a0e3Me4yloTh CYTTEBO Kpalll
IOPOTHOCTUYHI pe3ynbTaTH. [HTerpaimiss TriOpUIHUX METOMIB JO0 KOHBEEPIB
TpaHcopMmarlii  Bi3yaJdbHOI AHAIITHUKA BIJKPUBAE HOBI MOJKJIMBOCTI  JIJIA
MIBUIIEHHS SKOCTI MPOIIECIB MPUIHATTS PIIICHb.

byno aganToBaHO KOHIEMIIO TiOPHUIHOIO MPOTHO3YBAHHS JO ICHYHOYOL

CHUCTEMH BI3yaJIbHOI aHATITUKH B paMKaX LbOTo JociikeHHs [171-173].
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Pucynok 2.21 imocTpye npuKiiag BUKOPUCTAHHS Bi3yalli3allli IPOTHO3Y, 1110
JIEMOHCTPYE JMHAMIKY PO3BUTKY TEXHOJOTIH 13 pe3yiabTaTaMH MPOTHO3YBaHHS,
OTPUMaHKUMHM 3a JOTIOMOTOI0 1HTErpoBaHOTro TidopumHoro miaxoxy [171, 173, 174].
Jnsa ommcy MaiOyTHHOrO TPOTHO3Y OyJIO 3acTOCOBAaHO MAapKepH MEHIION
HACHYEHOCTI, 3HAYCHHS AKHX BU3HAYAIOTHCS napaMeTpamu
CEpeTHBOKBAPATUIHOTO BiIXHIICHHS aJITOPUTMY MTPOTHO3YBaHHHI.

[HTerpanis riOpuIHUX MIIXOAIB y Cy4acHI CUCTEMH Bi3yaJIbHOT aHAJIITUKU Ta
MEXaHI3MU YXBJICHHS PIIlICHb TMPEJCTABIsA€ 3HAYHMM IHHOBAI[IMHUM TOTEHIIIAII.
3okpeMa, Il METOAM MOXKYTh BJIOCKOHAJIIMUTH CTpaTeriyHe IuiaHyBaHHS [173]
[UIIXOM yJIOCKOHAJIEHHSI MEXaHI3MIB MPOTHO3YBaHHS MailOyTHBOTO PO3BUTKY
HOBITHIX TEXHOJIOT1M, CHPUSIOYM TOKPAIIEHHI0 KOPHOpaTHUBHOIO (opcaiTy 3a
JOTIOMOTO10 Bi3yanbHOi aHamiTuku. llle OoAHMM BaXJIIMBUM 3aCTOCYBaHHSIM €
BUKOPUCTaHHA IUX METOMIB JUIsi MOHITOPUHTY JISJIBHOCTI KOHKYPEHTIB abo
MPOBITHUX EKCIIEPTIB Tally3l. Bummii piBeHb TOYHOCTI MPOTHO3IB JI03BOJISE
e(peKTUBHO OIIHIOBATU MalOyTHIN BIUIMB KOHKPETHHUX OCIO abo Moiii, 1Mo ciayrye

JIOAATKOBUM THCTPYMEHTOM JIsl IATPUMKH MPOLIECIB yXBaJeHHs piieHs [175].
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Pucynoxk 2.21 — [Ipuxian BUKOPUCTaHHS IHTETPOBAHOTO TOPUAHOIO MIAXOAY B
CUCTeMI BI3yaJIbHOT aHATITUKU. MalOyTHE MPOHO3YBaHHS MPEICTABICHO Yepes

MaJuii piB€Hb HACUYCHOCTI, IKUI BU3HAYAETHCS BEIMUYNHAMU
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CepeIHbOKBAPATUYHOTO BIIXWJICHHS MPOrHO3HOTO aroputMmy. I1o oci x
BioOpakeHo yacoBuil inTepsai 3 2008 1o 2025 poky i3 KpOKOM B OJIUH PiK, TOA1
SIK TI0 OC1 ) Tpe/IcTaBjIeHa KUTbKICTh HAYKOBUX ITyOJTiKaIii y mianma3oHi Big 0 10
5000 13 kpoxom y 1000.

2.5.11.5 Anani3 nigxoaiB A0 GopMyBaHHsS aHCAMOJIIB IITYYHUX HEHPOHHHUX
MEpEx

Ancam0u1i mTydHux HeripoHHux Mepex (IIIHM) sBasttoTh co0010 CyKyTHICTD
pI3HUX TOMOJIOT1H, 00’€IHaHMX B €JAMHY IHTErpOBaHy cUCTeMy. BOHM MOXYTh
BIJIPI3HATHUCS 32 apXITEKTYpOIO, aJTOPUTMAMHU HaBYaHHS, KPUTEPISIMU ONTUMI3AIlli
IPOIIeCy HaBYAHHS Ta TUIIAMH HEUpoHiB [169, 176, 177], 1K1 BUKOPUCTOBYIOThCS. Y
JeAKUX BUITQJKaxX IiJ aHCcaMmOJIIMU PO3YMIiIOTh 00 ’€HAaHy MOJEib, KIHIICBUM
pe3ynbTaT sKOi € (QYHKIIOHATLHUM IIOETHAHHIM BUXITHUX JaHUX OKPEMHX
ckianoBux [163].

BxinHi f1aHi 115 TaKUX CUCTEM MOXKYTh OyTH MOJIUJICH] Ha Pi3HI CETMEHTH JIJIs
napajenbHOoi OOpOOKM OKpEeMUMH HEWpPOHHMMU MepekamMu aldo MojaaBaTucs
OJIHOYACHO Ha BC1 €JIEMEHTH aHCaMOJIIO.

ITponec cTBopenHs edextuBHOro ancamosto [ITHM nepenbayae BupimeHHs
JIBOX KJIIOYOBHX 3aBJaHb: 3a0€3MEUECHHS BUCOKOI SIKOCTI HAaBYaHHS KOXKHOI OKPEMOi
MOJIeJIl Ta BU3HAYEHHSI ONTUMAIBHOTO MIAXOAY 0 IXHBOTO iHTerpyBaHHsA. CyyacHi
anropuTMu (HopMyBaHHsI aHCaMOJIIB MOJUISIOTh Ha JABa OCHOBHI kiacu [177]. do
NEePIIOro HaleXKaThb METOAM, IO 3MIHIOIOTH PO3MOALT HAaBYAIbHUX MPUKIIAIIB
3aJIEKHO BiJl TOYHOCTI, IOCATHYTO1 MONEPEAHIMU MOACIIIMH, TOCUITIOIOYH 3HAYEHHS
HENpPaBUIBHO Kiacu(pikoBaHuX mpukiaais. Li MmeToau Biomi sk migxou OyCTIHTY.
Jlo npyroro kiacy BXOJSTh METO/IH, Y SIKUX HABYAHHSI HOBUX MojieJieH B11I0YBa€ThCS
HE3aJIC)KHO BiJl ICHYIOUHX, 110 XapakTepHO I MiaxodiB 6erinry. OcoOauBOCTI Ta
HEJOJIKM OCHOBHUX alrOpuTMiIB 00’€IHAaHHA KOMIOHEHTiB aHcamOuiB [IIHM,

HaBEJCHO Ha puc. 2.22 ta 2.23 [163].



YcepeHeHHA 3a
aHcambnem

NiHiMHa KombiHauis BUXiAHWUX
curHanis LUHM

® 3anexHicTb pesynbraTy Big,
NpPaBW/IbHOrO BU3HAYEHHS
KomneTeHTHOocTi LUHM.

® 36iNblIEHHA CKNagHOCTI
aNropuUTMy 3a paxyHoOK
3aCTOCYBaHHA anropuTmis
KOpeKLU,i «L1yMmoBUX
BUKMAIBY.
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DopmMmyBaHHA MHOXUHKU LUHM
Ha OCHOBI CYKYMHOCTI
NiAMHOMWH HaB4YabHOT
BMBIpKM 1 HacTynHoro
06’elHaHHA pe3ynbTaTis
po6otu LLUHM

KoHa HoBa LLIHM 6a3yeTbcs
Ha pesy/ibTaTax paHilue
nobyaoBaHux

3acTtocyBaHHA KoHLUenu,ii
MeTa HaBYaHHA

¢ [lopaTkoBi 06YMcntoBanbHi

BUTPaTK, NoB’A3aHi 3

HeobxigHicTio popmysaTn

BEJINKY KiJIbKiCTb

NiAMHOXWH HaBYaNbHOI

BUBIPKU.

MiAMHOXWHM NpUKNaais

BiAPi3HAIOTbCA OAHa Bif,

OfHOI, ane He €

He3aNeXXHUMM, OCKINbKN

BCi BOHM 3aCHOBaHI Ha Tin

CaMili MHOMMUHI.

e 1na poboTn anropntmy
HeobxigHa BenvKa
KiNbKiCcTb gaHnx ana
HACTPOOBaHHA 1
HaBYaHHA.

® HasgHicTb 6inbLuoi
KiNbKOCTi NpuKNaais
HaBYaNbHOI BUBIPKU.
BupogaeHHA aHcambnio
LUHM y cknagHy
HeedeKTUBHY
HeMpomepekesy
CTPYKTYPY, WO BUMarae
BEJ/INKOI KiNbKOCTI
0b4mncntoBaNbHUX
pecypcis.

OcTaHHi LWHM HaByatoTbea
Ha «HaWCKNaAHILLIMX»
npuKnagax.

e CKNaZHiCTb TEOPETUYHOTO
aHanisy yepes 6e3niy
nocnifoBHO GopMoBaHUX
moaenen.

¢ MoX/1MBe po3pOCTaHHA
piBHIB meTamogeni, o
MOXKe NpuU3BeCTU A0
LUBUAKOTO BUCHAXKEHHA
064MCIIoBaNIBHUX
pecypcis.

Pucynox 2.22 — OcoOJIMBOCTI Ta HEAOJIKA OCHOBHUX aJITOPUTMIB 00’ € THAHHS
VH

KoMroHeHTiB ancaMOiiB [IIHM (cTatucTuyHi CTpYyKTYpH)

3MmilwaHHA pe3syabTtaTtiB poboTty LLUIHM

06’eaHaHHA 3HaHb LWIHM 3a paxyHoK
3aCTOCYBAHHA MEPEXKI W3y

* ANTOPUTM BUMO/TMBUIA A0 064YMC/IOBaSIbHUX
pecypciB Npu po3OuBLL BUXiAHOrO NpocTopy.

CTaE MOXNMBUM CTBOPEHHSA BENUKOI KiIbKOCTI

obnacrtei, Wo npueene Ao 3aMBoI
KNacTepusalii NpocTopy 1 cTBOpKTL Binbluy

rpyny 6a3osux LLUIHM 3i cknagHum mexaHiamom

B3aEMO/T 33 JOMOMOrOK MepeX L/H3Y.

e HaB4YaHHA M HACTPOIOBAHHA iEpapXivyHOi moaeni

nNpeacTaBAaEe CKNaaAHUM 064YMCcNOBabHUI
npouec. Npouec HaB4aHHA Ha OCHOBI
CTOXaCTUYHOTO rpafieHTa 3aCHOBaHUM Ha
HaCTPOIBAHHI Barosux KoeodiuieHTis LLUHM,

MepeXi W3y NepLloro M Apyroro pisHS, Wo

NPUBOAMUTL A0 CKA3AHOrO aNAropuTmy
KOMMNAEKCHOI ONTUMI3aLlii BCi€i
HeMpoMepeXeBOi MalLlUHK

Pucynok 2.23 — Oco0auBOCTI Ta HEAOMIKH OCHOBHUX aIrOPUTMIB 00’ € THAHHS

KoMroHeHTIB ancamOuiB [IIHM (aunamMiuHi CTpyKTYpH)
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CyTHICTb T1OpUIHUX METO/IIB

['OpuaHi MeToan TMOTPEOYIOTh YITKOTO BiJMEXKYBaHHS BiJlT aHCAMOJIEBUX
MIJXO/1B, OCKIJIBKM OCTaHH1 3/I€OLIBIIOTO € MPOCTUMH KOMOIHAIISIMU OKPEMHX
IpOrHo3iB. AHCaMOJieBl MeTOAM (HOPMATTI3YIOTHCS MATEMATHUHO SIK CyMa:

u=yN_,wyu(m) (2.29)
ne u(m) - e oKpeMi MpOTHO3H, 1110 BXOSTh J0 CIUJIBHOTO aHcamOIo, m =
1, ..., N, a N no3Havae 3arajibHy KiIbKICTh BUKOpUCTaHUX Moaenei. [lapamerp wy,
€ BaroBUM Koe()ilieHTOM, SIKU{ BU3HAYA€ BHECOK KOYKHOTO OKPEMOTO MTPOTHO3Y /10
¢inanbHOrO pesynbrary (Atiya). OCHOBHHMI NpUHUMI pPOOOTH aHCaMOJIEBHX
Mojieiell BioOpa)kae KOHIICMII0 YHpPaBIIHHS pPHU3MKaMHU, 3a SKO1 IO€THAHHS
MIPOTHO31B, OJIEP’)KAHUX PI3HUMHU MIIX0IaMHU, MOXKE KOMIICHCYBATH HEIOIIKA Oy Ib-
aKoi 3 Mojenedr okpemo (Atiya). Hampukman, nocmimkeHHs Krogh 1 Vedelsby
CBIIYUTH MPO T€, 10 BKIFOYEHHS KIJTbKOX PErpeciiHuX MOEJICH 3HaUHO ITiJIBUIIY€E
3ATHICTh CHUCTEM [0 y3arajibHEHHs. AHAJOTIYHUM MIAXiJl YTBEPAUBCS B TaKHX
rajxy3sx, ik METOJ BUIIQJIKOBUX JIICIB: I TEXHIKA Nepeadadae iHTerpaiito KiibKoX
JepeB pilieHb 11 GopMyBaHHS €AMHOTO poruo3y (Breiman).

B yMmoBax 3amad mporsHosyBaHHsI TiOpUIHI METOAM BIIAPI3HSIOTHCS CBOEIO
CKJIQJIHICTIO Ta 1HTErpoBaHicTIO. BOHM 00’€IHYIOTh CTATUCTUYHI aJTOPUTMH Ta
METOJM MAIIMHHOTO HaBYAaHHS Ha OUThII rOOKOMY piBHI B3aemoii. Ile 3HauHO
MepEeBUIIYE MEXI 3BUYAMHOI arperaiili He3aJeKHUX MPOTHO3IB, SKa MpUTaMaHHA
aHcamOyieBUM miaxojaM. TakuMm dYWHOM, TIOpUIHI MOJENI XapaKTEePU3YIOThCS
MPUHIIMIIOBOIO BIAMIHHICTIO Y CBOTi KOHLIETITyaJbHINA OpraHi3allii.

CraTtucTUYHI MiIX0AU Ta METOIM MAIIIMHHOTO HABYaHHS IEMOHCTPYIOTh Pi3HI
nepeBard y KOHTEKCTI MPOTHO3YBaHHS dYacoBUX psimiB. OmHAK HEAOMIKH IHX
METOIB BKa3ylHOTh Ha OOMEXKEHICTh X OKpeMoro 3actocyBaHHs. [laHi y TaOmui
2.10 cucremMaTU3yHOTh OCHOBHI IepeBard ¥ HEMOJIKH KOXKHOTO 3 IHMX MiAXO/IIB,
OOTPYHTOBYIOUM HEOOXITHICTh iX CHHEPreTUYHOro OO0 €AHAHHS Yy paMKax

TiOpUAHUX MOJIETIEH.
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Tabnuysa 2.10
IlepeBaru Ta HeIOJIKH CTATHCTUYHUX METOAIB i MeTOIIB MAIIMHHOT O

HaBYaHHA

ITepeBaru OO6MexxeHHs

[IpocToTa, 3p03yMiNiCTh
o [TpunymenHss mpo
ATnpiopHI 3HAHHS o
JIHIAHICTH
CratucTuyHi METOIU EdextuBHicTh npu .
_ | BincyrtHe nepexpecHe
0oOMeXeHii TOCTYIHOCTI

HaBYaHHS
TaHUX
be3 npumnymenss npo
JIHIAHICTH
MeTtoau MaImHHOTO . Bumorn no manmx
VYHiBepcalbHa .
HaBYaHHS . OOGuucaroBaIbHI 3yCHILIA
arpoKCUMAaIs

[lepexpecHe HaBUaHHS

OcHOBHa KOHLEMIIA TIOPUAHUX METOJIB MOJSITrae y MOEIHAHHI CHUIBHHUX
CTOpPIH CTaTHUCTHUYHUX IMIJXOJIB 1 aJrOPUTMIB MAIIMHHOTO HABYaHHS 3 METOIO
MiHIMIi3alii HEJOIKIB KOXXHOTO 3 HHUX. 30KpeMa, e(PEeKTUBHICTh CTATUCTHYHHX
METO/IIB B yMOBaX OOMEKEHUX JIAHUX JI03BOJISIE KOMIICHCYBATH 3HAYHY 3aJICKHICTD
MaIllMHHOTO HaBYaHHS BiJ BEJIUMKMX HaOopiB AaHux. KpiM TOro, 3amydeHHs
ampiopHoi iH(pOpMaIlii Cripusie CyTTEBIM ONTUMI3allli MPOTHO3YBAHHSI Ta 3HUKEHHIO
00uMCIIIOBAIbHUX BUTpAT. [10pUJIHI TEXHOJOTIi TaKOXX HaJIalTh MOXKJIUBICTh
peami3oByBaTH TMEPEXpEecHe HaBUaHHS, IO 3a3BHYail HEJOCTYIIHE B CYTO
CTaTUCTUYHHX MeEToJaxXx. BoaHOYac BOHU yCYBarOTh OOMEXKECHHS, TOB’S3aHi 3
MPUITYIICHHSM PO JIHIHHICTh MOJieNIel. Y BUNAJKY MPOTHO3YBaHHS YaCOBUX PSIIB
BapTO BPaxOBYBAaTH, IO I PSIM MOXYTb OyTH JIHIMHUMH, HETIHIHHUMH, a00 XK
komOiHoBaHuMu (Panigrahi Ta Behera). Xoua mtyuyni nefiponni mepexi (ILIHM)
JIOBEJIU CBOIO €(peKTUBHICTh Y po3B’s3aHHi npooieM ARIMA-Mozeneit y KOHTEKCTI
HENIHIMHUX B3a€MO3B’SI3KIB, 1X pe3yslbTaTd il CyTO JIHIMHMX YacOBUX PSAIiB

3aJIMIIAIOTRECS  HenmocamoBHUMHU. Takmm umHoMm, H1I ARIMA, nm1 IIIHM =He
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3a0€3Me4yl0Th JIOCTAaTHBOI YHIBEPCAIbHOCTI HJisi aJeKBATHOI'O MOJCIIOBAHHSA
peanpauX yacoBux psaiB (Khandelwal Ta i1.). V 3B’s3Ky 3 1iuM TiOpuaHi miaxoan
MalTh Ha METI CHUHTE3yBaTH HaWKpallll XapaKTepUCTUKH 000X METOJIB s
I1IBUIIIEHHS TOYHOCTI TTPOTHO31B.

OcTtanHiM yacoM Ti0OpHIHI METOIM MPUBEPTAIOTH 3HAUHY YBary JAOCJIIHHUKIB,
[0 CIHPHUSJIO TOSIBI BEJIUKOI KIIBKOCTI HAyKOBUX mpaib. HacTymHuii posain
MPOMOHYE OTJSAJ [HUX JOCTI/PKeHb, aHall3 HaWBAKIUBINIUX MOJEIeH 1
JIEMOHCTpAILIIIO TIIXO0A1B 0 IXHBOI ridOpuau3arii.

BignoBigH1 mociipKeHHS

JocaimkeHHss TIOpUAHUX METOIIB MPOTHO3YBAaHHA YAacOBHX psIiB HE €
HOBAaTOPCHKOIO 1JIE€10, /K€ X MOYATOK csArae Maike IBOX NECATUIITH TOMY.
OCHOBOIOJIOXKHUN TAXIJ A0 ridpuau3aii 0yjao 3anpornoHoBaHoO y podoti Zhang,
ne aBtop noenHaB metonosiorii ARIMA (aBToperpeciiiHa iHTErpoBaHa MOJEINb
KOB3HOTO0 cepeHboro) Ta MLP (GaraTomapoBuii nepuentpoH). ['oioBHa KOHIIENITis
noysirasia B ToMy, mo MLP HaBuaeTbcsi Ha 3alMIIKaX MK MPOTHO30BAHUMHU
3HAQUYEHHSIMH, OTpUMaHUMU 3a jaonomMororo ARIMA, 1 ¢pakTHYHUMHU aHUMH, IO
JTIO3BOJISIE CKOPUTYBATH 111 3AJIUILKH 38151 JOCATHEHHS BUIOT TOYHOCTI Mojieni. e
niaxiJ oOIpyHTOBaHMM, OCKIJIBKM YacOBI PSAAM YaCTO MAlOTh CKJIAIHY CTPYKTYpY,
sIKa BKJIIOYAE SIK JTIH1MHI aBTOKOPEJIALIHI 3aJI€KHOCTI, TaK 1 HEI1HIHHI KOMIIOHEHTH.
MatematuuHo 11e MokHa opMaiizyBaTH Tak (Zhang):

Ye = Ly + N; (2.30)
ne L; mpencraBise miHINHY CKIagoBy, a N, BIAMOBiIae 3a HEIiHINHI
KOMITOHEHTH.

Mogaenr ARIMA opieHTOBaHAa Ha MOJCIIOBaHHS JIIHIMHOT CKJIaJ0BO1
4acoBOTO psiy. BogHouac 3amumiky, 1o BUHUKAOTE Ticis 3actocyBaHHs ARIMA,
BiI0OpakaroTh 1H(GOPMAIIIIO TIPO HEJIHIMHI 3aJIeKHOCTI B 1aHuX (Zhang). 3anuiiku
BU3HAYAIOTHCA AK PI3HUIA MiK (DAaKTHYHIMH 3HAUEHHAMH Y, Ta NPOTHO3aMH L,

OTpUMaHUMH 32 joromMororo ARIMA:

e, =y + L, (2.31)
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TakuM 4YWHOM, 3anponoHOoBaHWM Zhang miaXia J03BOJIsAE €()EKTUBHO
KOMOIHYBaTH CHJIbHI CTOPOHH JIiHIMHOTO MojentoBanHs (ARIMA) Ta HelipoHHHX
Mepex (MLP) nis BpaxyBaHHSI HETIHIMHUX aCIIEKTIB.

Hactynmaum eramom meton naiimenmmx kBanpaTiB (MHK) BuxopucroBye
3aJIMIIKH, OTPUMaHI Ha TONEPEAHbOMY KpOIl, SK BXIJHI JaHl A HaBYaHHS
byHKII1, siKa 31aTHa €()eKTUBHO MPOTHO3YBATH 111 3aUIITKUA. Taka QyHKIIIS OLIHIOE
OUiKyBaHE 3HAYCHHS 3aMINKIB. Y pe3ynbTaTi GOpMYy€EThCS TIOPUIHHIA MMPOTHO3 ¢
IIUIIXOM 00’ €THAHHS Pe3yIIbTaTiB 000X Mojeneil: miHiitHoi L, Ta HeminiitHO1 N, 110
3aIACY€EThCA y BUTIISIALL

9. =L, + N, (2.32)

HNocmimkenns, nposeaeHe Zhang y 2003 pomi, HOpoAEMOHCTPYBAIO
OOHAIMINBI pe3yNbTaTh BUKOPUCTAHHS T10pUAHOTO Miaxoay. TecTyBaHHS LIbOTO
METOIYy Ha TPbOX pEAJTbHUX YACOBHUX pAJAX BUSBUIO 3HAYHO BHUILY TOYHICTH
MIPOTHO3IB Y TOPIBHSHHI 3 OKPEMUM BHUKOPHCTAHHSAM JIHIMHMX a00 HETIHIHHMX
Mozeseil. YTiM, HEJOJIKOM 3ajuilanacs BiJICYTHICTh 3arajbHOi J1arHOCTUYHOI
CTATUCTUKU JUIsl aJIEKBATHOTO TOJIAHHS CKJIAJIHUX HENIHIMHUX 3aJI€KHOCTEH, 1110
oOMexyBao eQpeKTUBHICTh Moieni Zhang.

Buxonsun 3 1mi€i KOHIENIi, 3roJoM OyiIM 3amporoHOBaHI YHCIICHHI
yAOCKOHaJeHHs Ta Moaudikarii moaem. Hanpuknan, nocmimkenns Khandelwal 3i
CHIBaBTOpaMHU  CIIPSIMOBYBAjJoOCS Ha BHpPIMIEHHS MNpoOJIeMU  BiICYTHOCTI
JI1arHOCTUYHUX THCTPYMEHTIB JIJIs1 aHAJI13y HEJIHIMHUX 3B’ s13KiB. BOHU 3acTOCYyBaM
nuckpetHe BeiiBier-neperBopenHs (DWT) y ribpuaniii mogeni ARIMA-MLP. ¥V
pamkax 1poro miaxony DWT poszainse yacoBuil psia Ha JiHIMHY Ta HETIHIAHY
KoMmnoHeHTH. JIiHiiHy yacTuny Mojientoe ARIMA, a pe3ynbTaT y BUTJISAI1 3aJIUIIKIB
JOJJATKOBO aHAII3YEThCS 3a JOMOMOrow OaratomapoBoro mnepuentpona (MLP).
OcTaToyHui TPOTHO3 OOYMCIIOETHCS HUIIXOM 00’€IHAHHS Pe3ysbTaTiB 000X
Mojiesield. ABTOpU MiJKPECIIOIOTh, 10 TaKa 1HTErpaiis 3HA4YHO IMEPEBEpUIYE SIK
130J1b0BaHI MO, TaK 1 MOYaTKOBUM Miaxig Zhang 3a TOYHICTIO MPOTHO3YBAaHHS
Khandelwal. Domingos Ta HOro KoJjierM TaKOX pPO3BUHYIM 1€ T1OpUIHHUX

MOJEJIEH, 3MICTUBINM aKI[EHT Ha METOAU IIO€AHAHHS JHHIAHUX 1 HEIIHIHHUX



83

KOMITOHEHTIB. IXHIifl Miaxis nepeadavyae CTBOPEHHS MEXaHI3MY MAIIMHHOTO
HaBYaHHS JJIs IHTErpallii pe3ynbTaTiB 000X Mojeneil y equHuii nporao3. OcCHOBHA
11e TIOJNSrae y 3HAXO/KEHHI ONTUMalibHOI (yHKINi, ska omnucyBada O
B3a€EMO3B 30K MDK 3arajbHUM TPOTHO30M YacOBOTO PSAy Ta 3aJUIIKOBOIO
KOMIoHeHTor0. Halikpamii pe3ynpTaTl O0yj0 OTpUMAaHO 13 3aCTOCYBaHHSIM perpecii
onopHux BekTopiB (SVR), sika 3apekomenayBaia cede ik e(heKTUBHUN IHCTPYMEHT
JUTSI MOJICTTIOBAHHS CKJIQIHUX HETIHIWHUX 3anexxHocted (Domingos Ta iH.).

OpieHTyr0unCh HA MOJIEPHI3aIlil0 OKPpEMUX KOMIIOHEHTIB, Panigrahi 1 Behera
3alPONOHYBAJIM MOJICIIb, 10 TIOEHYE €KCIIOHEHIlINHE 3riakyBaHHs 3 MLP. Ile
J1aJI0 3MOTY CYTT€BO MIBUIIMTH TOUHICTb nepeadadenb. OJTHaK MPOPUB Y LK ramysi
cTaBcs 3aBasiku  po3poOmi  mojmeni  Smyl. TloenHanHS — €KCIIOHEHITIHHOTO
3rJ1a/KyBaHHS 3 MEPEKaMU JJOBTOi KOPOTKOCTpoKkoBoi mam’siti (LSTM) Bukimkasno
3HaYHUI 1HTEpeC cepeia MOCHIIHUKIB y cdepi MPOTHO3YBaHHS YacCOBUX PSIIIB.
Hactynuuii po3nin Oyne NpUCBSYEHUN JETadbHOMY PO3TIALY M€l Mopem, ii
apXITEKTYPH Ta MPAKTUIHOI €(DEKTUBHOCTI.

[Mopuaauil miaxin

Y cydyacHMX HAyKOBUX JOCHIDKEHHSX IS  pO3B’S3aHHA  3aj]ad
IPOrHO3YBaHHS aKTHBHO 3aCTOCOBYIOTHCS SIK JIIHIMHI, TaK 1 HEMiHIMHI T10pUaHI
Mozieni. Y paMKax IbOTO JOCHIIKEHHS 0yJIO po3p00JICHO HOBATOPCHKY T1OPHUAHY
MOJIEJb, O TOEHYE APXITEKTYPHI €JIEMEHTH JOBIOTPUBAJIOI KOPOTKOCTPOKOBOI
nam’ati (LSTM) Tta moaynst 3ropHytux pekypeHTHux HeuponiB (GRU). Jlns
dbopMyBaHHS HaBYAJIbHUX 1 TECTOBUX BHOIPOK JlaH1 MOAUISIINCS Y CIiBBITHOIICHHI
70% no 30%, micis 4oro HopMalizyBaidHcs B Mexax iHTepBainy Bia 0 1o 1 merogom
MacmiTadyBaHHs min-max. Takuil migxig 3a0e3nedye ePeKTHUBHY aJarTailiio
BXIJTHUX JIAHUX JI0 33JIaHUX TTapaMETPIB MOJICITIOBAHHS.

CtpyKTypy 3ampOIroHOBaHOT MOJeNi (HOPMYIOTh TpU OCHOBHI mapu. [lepmmit
map — 1ie 6ok LSTM, mo cknagaetses 31 128 npuxoBanux By3iiB. pyruii map
npencrasienuid mogyiaem GRU i3 64 nmpuxoBaHWMU HEWpOHaMH, TOJI SIK TPETIM,
BUXI1JIHUM 11ap, € UIIJILHUM 1 BKJIIOUA€ OJIMH €IMHUM HelpoH. Buxin 13 6moky LSTM

nepenaerbes n0 mapy GRU, 3abe3neuyroun OaraTopiBHEBY OOpOOKY NaHUX IS
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OTpPUMaHHS  IHTErPOBAHOTO  PE3yJabTaTy TMPOTHO3YBaHHSI. TakuM  YWUHOM,
3alpOTIOHOBAaHA apXITEKTypa 0a3yeThCsl HAa TOCIHIIOBHIA B3a€MO/III KOMIIOHEHTIB,
K1 YTBOPIOIOTh €JIMHY Yy3TO/DKEHY CTPYKTYpY Tepenadl il a”amizy iHdopmairii.
Mopuenb pearnizye cBiii GyHKITIOHAT Yepe3 KiIbKa eTamiB 00pooku. Ha mouatkoBomy
eram BXiJHI JlaHl, IO TMPEACTaBISAIOTh YacoBl psaAM (HAMpHKIad, pPIBEHb
6e3po6iTTs), mogaroThes 10 010ky LSTM. KoxeH npuxoBaHWil €JIE€MEHT I[bOTO
HIapy TeHEpY€ 3BaKEHE 3HAUCHHS, SIKE € MPOMIKHOIO OLIIHKOIO JIsl TPOTHO3YBAHHH.
Lli pe3ynbTaTu TepenaroThCs OO0 HAacTymHoro kommoHeHTa — Imapy GRU, nme
BUKOHYIOTHCS OJATKOB1 PO3PaxXyHKH JIJIsl yTOUHEHHs porHo3y. [Totim iHpopmartis
HAJIXOJUTH JI0 IMIUIBHOTO MIapy, ¢ OAMHUYHUNA BUXITHUN HEHPOH TeHEepYe KiHIEBE
3HAYeHHS TPOTHO30BAHOTO mapameTpa. Jlns 3abe3meueHHsT BUCOKOI TOYHOCTI
MOJIeTIl BUKOPHUCTOBYEThCS (YHKIISA BapTOCTI, SKa OIHIOE PIZHUIIO MIX
OTPUMaHMM TPOTHO30M 1 (pakTuyHMMHU maHWUMH. Ha ertami HaB4YaHHS MOMEIb
MiHIMI3y€ (YHKIIIFO BapTOCTi, MOCIIJIOBHO KOPUTYIOUH KOE(]IIIEHTH BaroBUX
3HAYCHb 1 3MEHIICHHS] TIOMHIJIOK MPOTHO3YBaHHS. [Iicisi KOKHOTO OHOBIIEHHS
Baru (PikCyroThCs 17151 3a0€3MeUeHHs] CTaOLIBHOCTI M TOYHOCTI IMij Yac MallOyTHIX
nependayeHb. CxeMaThuyHa peaiizailis 3anporoHOBaHOI apXiTEKTypH HaBe/leHa Ha
puc. 2.24, KUl UTIOCTPY€E KJIIOYOBI aCMEKTH ii CTPYKTYpH Ta Ipoiec oOpoOKu

iH(}opMaIIil MI’)K OKPEMUMHU ITapaMHu.



85

00000

Bxia ri6pua
Puc. 2.24 — I'ibpuanmii MmeTon
3 METOI MiABUIIEHHS TOYHOCTI MPOTHO3YBAHHS B POOOTI 3alpOIOHOBAHO
CTBOpPEHHSI TIOpUAHMX HEHPOHHUX Mepexk. B SKOCTI MOXJIMBUX BapiaHTIB
po3risiHyTo Taki Tonojorii LSTM-GRU (puc. 2.25, ta6n. 2.11), 2 LSTM-2 GRU
(puc. 2.26, T1abn. 2.12), 4 LSTM-4 GRU (puc. 2.27, Tabn. 2.13).

—e— BxigHwi CurHan T e
Bumipwn

Mporxo3sysanHAll'aTs Kpokisl
MNporxo3yeanHalTpu kpoku] G
MporxosysanHal0anH kpok]

150 +

o e b

_______

130 +

120 1

T T T T T T
0 50 100 150 200 250
Yac [xB]

Pucynok 2.25 — LSTM-GRU
Tabnuys 2.11
Metpukn nommwiiok LSTM-GRU

Mertpuku | Ilpornosysanns | kpok | IlporHosyBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MAE 0.14571757197380067 0.235571373462677 0.24793088555336
MAPE 77.41872833251954 126.78560083007812 125.47924682617187
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Mertpuku | Ilpornosysanns |1 kpok | IlporHosyBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MSE 0.06484194427728653 0.18074594831466675 0.19647163271903992
RMSE 0.18596352219581605 0.29595776295661924 0.30650529384613034
—e— BxigHui CurHan
@ Bumipwn
150 1 <4 nMporxosysanHalN'aTs kpokisl

=+

= 140 4

Mporxo3syeanHAlTpK kKpokw]
MporxosysanHal0anH kpok]

S
130 +
120 1
6 SI() 160 150 2tl)0 25;0
Yac [x8]
Pucynoxk 2.26 — 2 LSTM-2 GRU
Tabnuys 2.12
Metpukn noMmwiok 2 LSTM-2 GRU
Mertpuxku | Ilpornosysanns | kpok | IlpornosyBanus 3 kpoku | I[IpornosyBanHs 5 KpokiB
MAE 0.13342227697372436 0.16332850646972658 0.16637203335762024
MAPE 92.52266784667968 93.32590899658203 110.01583618164062
MSE 0.05750887006521225 0.08907050681114197 0.09585623681545258
RMSE 0.18080406546592712 0.21379239153862 0.21915608882904053
—e— BxigHui CurHan
@ Bumipn
150 1 <4 nMporHosysaxHALN'ATs KpoKie]
<+ MpordosyeaHHAITpY kpokwu]
'_ MporxosysadHa[0anH kpok]
5 140 -
130 +
120 1
6 SI() 160 léO 2ll)0 25;0
Yac [x8]
Pucynok 2.27 — 4 LSTM-4 GRU
Tabnuys 2.13
Metpukn noMmuwiok 4 LSTM-4 GRU
Mertpuku | IIpornosysanns | kpok | IlporHo3yBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MAE 0.12750604450702668 0.1837962293624878 0.14740030765533446
MAPE 87.81119842529297 120.94832366943359 92.17434387207031
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Mertpuku | Ilpornosysanns |1 kpok | IlporHosyBanus 3 kpoku | [IpornosyBanHs 5 KpokiB
MSE 0.050095555186271665 0.11866544425487519 0.0723742127418518
RMSE 0.17371360659599305 0.2388857924938202 0.19645367860794066

HaBeneno rpadiune mopiBHAHHS BCiX BUKOPHCTAHUX HEMPOHHHUX MEPEXK 3a
CepeHbOI0 a0COMIOTHOK MOoXuOKow (puc. 2.28), cepeaHbOI KBaJIpaTUYHOIO

noxuokoro (puc. 2.29), KopeHeM cepeHbOI KBaapaTuIHo1 moxudku (puc. 2.30).
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Pucynok 2.28 — Cepenns abcomoTHa TOXHOKa
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B 1, Kpokw

Pucynok 2.29 — Cepenns kBagparuyHa noxuoka
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Pucynoxk 2.30 — Kopinb cepeHbOi KBaIpaTUYHOI TOXHUOKHU

&

[ umHegosirewdoH “1yD | mirnWou 1oHkuLedTeay joadradad aHidoy

pO3paxyHKH MpejicTaBieHi B a0, 2.14 ta tadm. 2.15.
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Tabnuysa 2.14

IlopiBHsIHHSA HelpOHHMX Mepe:k 3a MeTpukamu MAE ta MAPE

MAE 1 MAE 3 MAE 5 MAPE 1 | MAPE 3 | MAPE 5

MLP 023018944 | 0.29727451 | 0.33516886 | 54.8085800 | 63.7517443 | 66.5408767
8595047 | 026439666 | 23428345 | 17089845 | 8476562 7001954

B 0.23996027 | 0.34328516 | 0.36592585 | 54.9596611 | 78.5795489 | 100.908644
410030366 | 840934753 | 742473605 | 0229492 5019532 10400391

. 022718803 | 0.24229064 | 0.26936145 | 0.82588025 | 0.79210526 | 0.72937912
531252632 | 5688932 | 57386084 | 0358887 | 88943752 | 75665588

SUM 032022169 | 028138468 | 0.27906218 | 0.74617673 | 0.84187580 | 0.89501369
38802813 | 610687056 | 29839274 | 1121398 19218755 | 92980421

HepeBa | 034881012 | 0.26259677 | 0.23359279 | 1.28742042 | 0.82036417 | 0.66964306
pimmens | 823403623 | 985716096, | 69128856 | 90256246 | 46800283 | 82293664

LSTM 025087185 | 035047129 | 0.41805645 | 73.9083419 | 108.461316 | 124.952711
80007553 | 809856414 | 227432253 | 7998046 | 22314454 | 48681641

BI- 0.15286598 | 0.25482955 | 0.24249140 | 76.0985815 | 127.764672 | 112.483100
LSTM 14596176 | 026626586 | 977859496 | 4296874 | 36328125 | 28076172

GRU 0.12439206 | 0.19116326 | 0.22548236 | 57.7888052 | 88.9526606 | 104.565421
779003144 | 61819458 | 0124588 3681641 4453125 4477539

LSTM- | 0.14571757 | 0.23557137 | 0.24793088 | 77.4187283 | 126.785600 | 125.479246
GRU 197380067 | 3462677 555336 3251954 | 83007812 | 82617187

2LSTM- | 0.13342227 | 0.16332850 | 0.16637203 | 92.5226678 | 93.3259089 | 110.015836
YJGRU | 697372436 | 646972658 | 335762024 | 4667968 9658203 18164062

4LSTM- | 0.12750604 | 0.18379622 | 0.14740030 | 87.8111984 | 120.948323 | 92.1743438
AGRU | 450702668 | 93624878 | 765533446 | 2529297 | 66943359 | 7207031

Taomurs 2.15

IopiBHsiHHA HelipoHHUX Mepe:x 3a MeTpukamMu MSE ta RMSE

MSE 1 MSE 3 MSES | RMSE1 | RMSE3 | RMSE 5

0.16029949 | 0.21444786 | 0.25251813 | 0.27363682 | 0.33731068 | 0.37640465

MLP 337244034 | 608219146 | 381910326 | 389259336 | 193912506 19994736
0.16334840 | 0.26241853 | 0.28738179 | 0.27797248 | 0.38685065 | 0.41208949

BNN 506315232 | 35636139 | 206848147 | 065471647 | 031051635 | 089050295
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MSE 1 MSE 3 MSE 5 RMSE1 | RMSE3 | RMSE 5

. 0.15317126 | 0.16909994 | 0.19673615 | 0.26245077 | 0.27584655 | 0.30219451
688758925 | 288103186 | 230595795 | 88401562 | 17695237 | 47028736

qun | 02311915 | 020160997 [ 0.20590586 | 036645111 [ 0.31995517 | 0.31641692
525280 | 414351647 | 375640604 | 87126417 | 97005248 | 837053026

Hepesa | 027630925 | 0.18176697 | 0.17243016 | 0.39588609 | 0.29527709 | 0.25575569
pilleHb 951039 | 130613997 | 179684353 | 789775664 | 40213837 | 704200696

LSTM | 017330400 [ 027765710 | 036782878 | 0.29144712 [ 0.40076422 | 048002179
496721268 | 175037384 | 0412674 | 38851547 | 214508056 | 86106873

BI- 0.07520848 | 0.20251152 | 0.18145759 | 0.19640794 | 0.31549927 | 0.29841472
LSTM | 30403328 | 861118316 | 46331024 | 932842254 | 043914794 | 26810455

GRU | 005029731 | 011382382 | 0.16329558 | 0.16363367 | 023882248 | 028357626
035232544 | 559776306 | 253288268 | 974758147 | 44932556 | 55735016

LSTM- | 0.06484194 | 0.18074594 | 0.19647163 | 0.18596352 | 0.29595776 | 0.30650529
GRU | 427728653 | 831466675 | 271903992 | 219581605 | 295661924 | 384613034

2LSTM- | 0.05750887 | 0.08907050 | 0.09585623 | 0.18080406 | 0.21379239 | 0.21915608
JGRU | 006521225 | 681114197 | 681545258 | 546592712 | 153862 | 882904053

ALSTM- | 0.05009555 | 0.11866544 | 0.07237421 | 0.17371360 | 0.23888579 | 0.19645367
AGRU | 5186271665 | 425487519 | 27418518 | 659599305 | 24938202 | 860794066

[IpoananizyBaBiM HaBeneHi AaHi 3 Ta0mumb 2.14 1 2.15 Ta pucyHnkis 2.28,
2.29, 2.30 mo>xHa 3p0OUTH BUCHOBKH, 110 peKypeHT1 HeliponHi mepexki GRU Ta BI-
LSTM kparte crpaBisiOThCs 3 3a7adyero MPOrHO3YBAHHS Ha BIAMIHY BiJl 1HIIMX
BUKOPHCTAHUX MEPEX HE3aJICKHO BiJ] 3MIHU KPOKIB MPOTrHO3yBaHH:. B cBolO uepry
riOpuIHI PEKypEeHTHI HEMPOHHI MEPEXi MPAIIOIOTh OLIBII TOYHO 32 PEKYPEHTHI

HEHUPOHHI Mepexi 31 301IbIIEHHAM KUTBKOCTI MEPEX Y 1X CKIIal.

2.6 BucHoBKH 10 po3aiiay 2
OOrpyHTOBaHO METOJ 1HTENIEKTYaJIbHOIO IPOTHO3YBAHHS apTepialbHOIO

TUCKY SIKMH BKJIIOYA€ IHTEJICKTyalbHYy TONEpeaHI0O OOpoOKy pe3ysbTaTiB
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6e3mamxeTHoro BuMiptoBanHs AT Ta iHTenekTyansHe mporHo3yBanas AT mamienrta
110 Aa€ MOKJIMBICTh YHUKHYTH MOJIMBOCTI BUHUKHEHHS 1HCYJBTIB 200 1H(apKTIB.

3anporoHOBaHO MiAXIJA A0 TMOIMepeaHbOi 00pOOKH JaHMX OE3MaHXKETHOTO
BuMipioBaHHA AT Ha OCHOBI BUKOPUCTAHHSI aJTOPUTMIB YCYHEHHS aHOMaJbHHX
BUKHJIIB Ta OYMIIECHHSA [aHUX, [0 JAa€ MOXJIMBICTb MOKPAIIUTH PE3yIbTaTh
nporao3yBanHsa AT y XBopux.

3anponoHOBaHO HOBMM MiAX1J MPOrHO3yBaHHA 3HadeHb AT y XBopux 3a
pPaxyHOK BUKOPHCTAHHs TiOpUIHUX HEHPOHHUX MEPEeX SKi BKIIOYAIOTh HEHPOHHI
Mepex1 JOBroi KOPOTKOCTPOKOBOI IMaM’sITi Ta BEHTUIILHUX PEKYPEHTHUX OJIOKIB 1110

JI03BOJISI€ MIABUILUTH TOYHICTH MPOTHO3YBAHHS.
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PO3/ILI 3. IHTEJIEKTYAJIBHA KJIACU®IKALISA CTYIIHEHS
APTEPIAJIBHOI I'IIET TEH3II

3.1. CtyneHi aprepiajbHOI rimepreH3ii
B nepmomy po3ain po6oTr BUKOHAHO aHai3 11010 nomwupenas Al y cBiti
Ta B YKpaini. He3Baxawouu Ha HECHPHUATIUBY iHGOPMAIIIO TPO TMOIIUPEHHS
noB’si3aHKX 3 Hero. Lle MokHa 3poOUTH 32 paxyHOK BYACHOI JIarHOCTHKH sIKa Ha
JKaJib Y BEJIMKOMY 00CsI31 BUKOHYETHCSI BPYUHY KOKHUM JIIKapeM okpeMo. B ocTanHi
poku Oarato Oyno 3po0JeHO 3 TOYKH 30py pO3MHUpeHHs iHopMarlii, SKy MOHa
OTPUMATH JJIS TAIlI€HTA 3aBSKH BEIMKOTO PO3IMIUPEHHS 00’ €My CIOCTEPEKEHb. 3
OJIHOTO OOKYy BeIuKHN 00’eM 3700yTOi 1H(pOpMAIlli PO3MIUPSE MOMKIUBOCTI IO
J1arHOCTYBaHHA apTepilaibHOI TiepTeH3ii, a 3 IHIIOro OOKY BUMarae 3aJly4eHHs J10
00poOkM i€l iHGopMaIlli BEJIMKOT KUIBKOCTI (haxiBI[iB, IO YCKJATHIOE MPOIEC
JIarHOCTYBaHHsS Ta BHUMAara€ 3HAYHUX BUTpAT 4Yacy. ToMy IS YCYHEHHS ITMX
HEJOJIKIB aKTUBHO BHUKOPHUCTOBYETbCS IITY4HHMH iHTenekT. [lpu mpomy cimin
BIIMITUTH, 10 U1 €pEeKTUBHOI OOPOTHOM 3 HACIIIKaAMHU apTepiayibHOI TinepTeH3ii
HEOOX1THO KpiM J1arHOCTYBaHHS Ii€] XBOPOOH JOJATKOBO BU3HAUUTH 1i CTYMIHb 1
TaKUM YMHOM BHOpaTH ONTUMAJIBHUH MiAXiM 10 JiKyBaHHS. Ha maHuii yac He mae
€MHOTO TIIXO0y /0 BU3HAYCHHS IMX IapaMETpiB, a TOJIOBHE HE ICHYE METOJIB
e(pEKTUBHOTO OLIHIOBAHHS 1IUX MapaMeTpiB.
3rigHo GpeMiHTeMChKOi MOJIeNl ICHYE 5 TPyN PU3UKY XBOPHUX 3 IIJIBUILICHUM
AT [178]:
— MIHIMaJIbHUI — BIpOTiHICTh ycKIaaHeHb 1 cmepti Big CC3 mpotsirom 10
pokiB < 5%;
— HHM3BKUN — IIaHC YCKJIaIHEHb 1 cMepTi mpoTsiroM 10 pokis <15%;
— TOMIpHUH — aHaJoriyHa WMOBIPHICTh, HaWHEOE3MEUHINX HACIIIKIB
cTaHoBUTH 15-20%;
— BucOkuil — 20-30%;

— Haoubmmii — nepesuiye 30%.
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3.2. JliarHOCTHKA CTYIeHs apTepiajibHOI rinepreH3ii
OCHOBHMMH JpKepenaMy JaHUX JJI1 BU3HAUEHHS O3HAK, SIK1 XapaKTepPU3yIOTh
ctymninb Al" € HacTymHI:

— CKapru mnarjieHTa (CTifiKe MiBUILECHHS apTepiaJbHOIO TUCKY MPOTATOM 100U
BUIIIE HOPMH, TOJIOBHUH OUIb PI3HOTO XapakTepy Ta CTYNEHI0 BUPaKEHOCTI,
3allaMOPOYCHHS, IIyM Yy ByXaxX, IMOYEPBOHIHHS IIKipU 00nu4us, O11b B 00JacTi
ceplis, 3aIUIIKa MpHU 30UIbIIeHH] ()13UYHOTO HaBaHTAXXEHHSI, OPYIICHHS 30DY;

— pe3yJbTaTH BUMIPIOBAHHS apTEPialIbHOTO THCKY

— MEIUYHUN aHaMmHe3 (BiK, CTaTh, KypiHHS, I1JBUIIICHUN PIBEHb XOJICCTEPUHY

— IYKpOBUI 1ia0eT, 3aXBOPIOBAHHS, SKUMHU TAIIIEHT paHimie cTpaxaaB ado
CTpaX</1a€ B JaHUI 4yac, CHaJKOBHM aHaAMHE3, TOOTO YU CTpa)KJald Ha TIIEPTOHIIO
0aThKH, J1i1yci-0a0yci XBOpOro Ta iHII OJU3bKI poauyi);

— OIJISII JIiKaps

— EJICKTpOKapJiorpama,

— Ol0XIMIYHUI aHaJi3 KpOBi (PIBEHb XOJIECTEPUHY Ta JIIMONPOTEIHIB BUCOKOT,
HU3bKOI Ta Jy>X€ HU3bKOI IIJIBHOCTI, PIBEHb LYKPY);

— 3arajJbHUM aHaII3 KPOBi ;

— JIOJATKOBUW aHami3 KpoBI Ha Kajid, MarHii, HaTpiil, aJapeHaH,
HOpaJIpeHaiH, allbJJOCTEPOH;

— aHaJi3 KPOBi Ha PIBEHbh TOPMOHIB IIUTOIOAIOHOT 3aJI03H;

— aHalli3 Ha PIBEHb €JIEKTPOIITIB;

— 3araJibHUi aHami3 ceyl (BUSBJICHHS HAsSBHOCTI O171ka 00 YEPBOHUX KPOB’ ITHUX
KIIITHH),

— V3] cepus;

— Y 3] yepeBHOI MNOPOKHUHU 3 HUPKAMHU;

— V3] cynum.

Hiarnocrtuka rineprensii Il ctynento
I'ineprensis Il cTyneHio - e ¢popmMa BUCOKOr0 apTepiaJbHOTO THUCKY, KOJIH
AT 3naxomguthes B mpomixkky 160 < CAT < 180 mm.pt.cT. Ta 109 < JIAT < 109

MM.PT.CT.
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JliarnocTtuka rineprensii 11 cTyneHo nounHaeThes 3 OISy JIiKapeMm, 300py
anamue3y Ta BumiptoBaHHsIM AT. AT BumiproeTbcsa Ha 000X pyKax Mali€HTa, B pasi
BEJIMKOI PI3HUII MK MOKa3HUKaMU — BUKOPHCTOBYIOTHCS MOKa3HUKH OUIBLIOTO
THUCKY.

SKI0 MOKa3HMKM apTeplajibHOTO THCKY IIJIBUILIEHI, TO JIKap MOXe
MIOPEKOMEHIyBaTH JI0JJATKOB1 0OCTEKEHHS Ta aHaJII3H, SIK:

— aHaJi3 KpoBi;
— enektpokapaiorpamy (EKI') (anomanpHi mokasnuku Ha EKI HaBemeHo B
Tadm. 3.1).
Tabnuys 3.1
AHOMaJIbHI NOKa3HUKH AKi MoskHa BUABUTH Ha EKI Tta ExoKI' s

niarnoctuku AT 2 cTtynenro

['inepTpodis AiBOro HUTyHOUYKA

1iHnexc CokonoBa — Jlaitona > 35 MM

RBsaVL >11 Mmm

_ > 28 MM (40JIOBIKH)
BoJIbTaXXHUH iHIeKkc KopHenna .
> 20 MM (KI1HKH)

> 50 r/m? (40710BiKH)
IMJILL .
> 47 r/m? (KiHKn)

— VYibpTpa3ByKoBe JOCHIKEHHS cepus (exokapaiorpadist): i  OIIHKH
ctpyktypu 1 ¢ysakuii cepus. (ExoKI' mo3Bonsie B kinmbka pasiB  TOYHIIIE
nmiarHoctyBatu [JIUI; 8% Businenus I'JIII na ExoKI' mpotu 2,1% BusiBieHHs
['JIII na EKT - ®pemiHnreMcbke TOCTIIKEHHS)

— PeHnTren rpyAaHoOi KINTKU: U1 OI[IHKK PO3MIPIB CEPIIS 1 JIETEHb.

— XoJITepIBCbKEMOHITOPYBaHHS: JJIsl TOCTIMHOI peecTpalli eleKTPUYHO1
aKTUBHOCTI CEpIIs MPOTITroM 24 roJIuH.

— MoHiTOopyBaHHA apTepiajJbHOrO0 THUCKY: JJIA 3alKuCy IOKa3HUKIB THCKY

MIPOTATOM JI00H.
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Takox npyra crajis apTepiaabHOl TiIepTeH31i XapaKTepU3y€eThCsl HASIBHICTIO
tpethoi cramis XXH (pIIK® 30-59 mu/xs/1,73 M2); KICTOYKOBO-TIJICHOBUUM
iHgekcoM < 0,9; Bakkow peTHHOmaTie€lo (KPOBOBWIMBH ab0 €KCyHIaTH,
narnijioeemMa).

JIaGoparopHi anani3u rineptensii Il cTynento

ITix yac miarHoctuku rineprensii 11 cTyneHro nmpoBoAsATH Taki JlabopaTOpHI
anami3u [179]:

— 3arajbHHI aHaji3 KPOBI1 - JAa€ 3MOTY BUSIBUTH HasBHICTh aHeMii ab0 1HIIMX
MOPYIIEHb Yy CKJIaJl KpPOBi, 110 MOXXE BIUIMHYTH Ha pOOOTY CEplEeBO-CYJIHWHHOI
CUCTEMHU.

— bioximiuamii aHami3z KpoBi - Ja€ 3MOTY OLIHHUTH pPIBEHb XOJECTEPUHY,
IJIIOKO3U, KPEaTHHIHY Ta IHIIMX IOKAa3HUKIB, fKI MOXYTh OyTH TOB’S3aHi 3
riIepTOHIEIO.

— 3aranbHHUM aHai3 ceul - JAa€ 3MOTy OIIHUTH POOOTYy HHUPOK 1 BUSBUTH
HasIBHICTh OlTka a00 YepBOHUX KPOB’STHUX KJITHH y cedi, [0 MOKE BKa3yBaTH Ha
MOPYIICHHS B POOOTI HUPOK.

— AHai3 Ha piBEeHb FOPMOHIB HIMTOMOAIOHOI 3aJI03U - Jla€ 3MOTY BHSIBUTHU
NOpYyLIEHHST B poOOTI HIMTONOMIOHOI 3a03U, AKI MOXYTh OyTH TOB’s3aHl 3
riIEPTOHIELO.

— Amnani3 Ha piBeHb METa0O0JITIB HOPAJAPCHAIIHY Ta aJpeHalliHy - Ja€ 3MOTYy
OIIIHUTH aKTUBHICTh CUMITATHYHOT HEPBOBO1 CUCTEMH, sIKa MOXE OyTH TIOB’si3aHa 3
TIIEPTOHIELO.

Y Ttabmumi 3.2 mpoAeMOHCTPOBAHO AHOMAJIbHI 3HAYEHHS IO KOXHOMY 3
7a00paTOPHUX aHali3iB, SKa JO3BOJISIIOTH BUSBUTH apTepiaibHy TINEPTEH3II0
APYTOTO CTYIIEHSI.

Tabnuys 3.2

AHOMAJIbHI 3HAYEHHS JIA00OPATOPHUX aHAJI3IB 1J1s BUsiBJIeHHA AT 2 crynens

Ananis AHOMAaJIbHI 3HAYECHHSI

EPUTPOLUTH >5,2T/n
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Amnaniz AHOMaJsbH1 3HaYEHHS
JIEUKOLIUTHA >1021I/n
reMoro0iH > 156 r/n

TPOMOOLIUTH >389 I'/n
piBeHb OiKa >82 1/n
piBEHb KpEaTHHIHY > 77 MKMOJIB/1T
piBEHB XOJIECTEPHUHY (3arajJbHOrO) >5,2 MMOJIB/TT
piBEHB IIYKPY (TITFOKO32) > 6 MMOJIB/JT
KaJiu > 5,5 MMOJIB/JI

MarHif > 1,07 MMOJIB/T

HaTpid > 146 MmMoIB/N
aZpeHaIiH > 125 ar/n

HOpaJpeHaiH > 600 Hr/n
alabJOCTEPOH > 30 Hr/mn

Hiarnoctuka rineprensii 111 ctynento
ApTepianbHa TinepTeH3is TPEThOl CTYMEHIO XapaKTepU3yEThCs ONEPEIHIMU
O3HAaKaMH TEPIIOoi Ta APYroi CTajii, a TAKOXK:

— HAasBHICTIO B aHaMHe31 1epeOpPOBACKYIISIPHUX 3aXBOPIOBaHb
(BHYTpPIIIHBOMO3KOBOTO KPOBOBWJIMBA, I1MIEMIYHOTO 1HCYJIBTY, TPAH3UTOPHOI
1IIIEMIYHOT aTaKu);

— HasBHICTIO B aHaMHE31 1MIeMi4HOi XBopoOum ceprs (iHdapkTa Miokapna,
peBacKyJspu3allii Miokapaa, CTEHOKapIii);

— BUABJICHHS CTEHO3Y ITiJ Yac Bizyasi3alliiHUX JOCIIIKCHb;

— HasIBHOCTI TsDKKOT antbOyminypii (> 300 mMr/no0y);

— HasBHOCTI yeTBepToi ab0 1m’atoi cranii XXH (pIIK®< 30 mn/xs/1,73 mM2).

3.3. Orasig MeToaiB IHTENEKTYAJbHOI JIAaTHOCTUKHU cTyneHs Al
Ony6mnikoBaHo Oarato nmociigxeHb, B skux I BukopuctoByBaBCS s

JIarHOCTHKU a00 MPOTHO3yBaHHS BUHMKHEHHS TIMNEPTOHII B 3arajibHIN MOIMYJISALI].
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HemonaBHi gocimipkeHHs ToKazanu, 1o aiaroput™Mu DL a6o ML MoxxHa
BUKOPUCTOBYBATH JUISI JIaTHOCTUKHM KITIHIYHO BXKIWBHUX CTaHIB, TaKUX SIK
MacKOBaHa HEKOHTPOJbOBaHa TimepTeH3iss abo BTOpPUMHHA  TiMepTEH3Id,
BUKOPHUCTOBYIOUYH HE TIJILKHM BEJUKI J1aH1 3 €JIEKTPOHHUX MeauuHuX KapTok (EMK),
ane i jerko iAeHTu(dikoBaHl KIIHIYHI O3HaKH, Takl Sk odicHuil AT, mynbcoBuit
THUCK, BUKOPHUCTAHHS OeTa-0J0KaTOpiB Ta pIBEHb XOJECTEPUHY JIIMOMPOTEi B
Brucokoi miapHocTI (XC JITNIBIL). Kpim Toro, 6yso kijgpka cripod giarHoctyBatu Al
3a JOTIOMOT0I0 aMILTITyIu Ta BoabTaxxy XBuiib EKI'. B po6oTi [180] npononyeTrses
3aci0 oOuucmoBambHOro 1HTENEKTYy (CIT), 1m0 BHKOPUCTOBYE CHUTHAJIH
enekrpokapaiorpam (EKI) ans HPT 1 moxmuBoro BusiBienns MHPT. Pozkman
emnipuyHoro pexxumy (EMD) BUKOPUCTOBYETHCS sl PO3KJIalaHHs MOMEPEIHbO
00poOJIeHNX CUTHATIB A0 I’SITH piBHIB. [licig UpOTro HENMiHINHI XapaKTepUCTUKU
BUTATYIOTbCA 3 I’ATH PyHKLIHM BHYTpimHbOTO pexkumy (IMF). 3rogom st Bubopy
HAa0Opy  BHCOKOJUCKPUMIHAIIIMHUX  O3HAK  BHUKOPUCTOBYEThCA  t-KpUTEpid
CreronenTa. [lotiM neit HaOip QyHKIIH BBOIUTHCS B Pi3HI KIACH(BIKATOPH, Y AKHX
Halikpairy TouHicTh 97,70% 3abe3neuye knacudikarop k-naitdmmxdoro cycina (k-
NN). Po3po0biieHnii 1HCTPYMEHT OIIIHIOEThCS METOJ0M 10-KpaTHOI mMepexpecHol
nepeBipku. Harri BUCHOBKH CBiT4aTh PO Te, M0 pO3p0OIIeHa CUCTEMA € KOPUCHOIO
JUISL  JTIaTHOCTUYHOTO  OOYMCITIOBAJILHOTO  1HTEJIEKTYaJIbHOTO 1HCTPYMEHTY B
JIKapHAHUX YMOBax 1 [0 BOHA JI03BOJIsi€ aBTOMAaTHYHO KiacudikyBatu HPT npotu
HopmanbHux curdaniB EKI'. V po6orti [] 3ampomnonoBano miaxif., IKuii 3a0e3mnedye
O1JIbIII HA/IIMHY Ta EKOHOMIYHO €(PEKTUBHY 1arHOCTUKY Ta aHaii3 Mopdouiorii EKT,
10 TIOTEHIIIITHO MOXke OyTu BuKopucTaHo s inentudikanii HPY (rineprensii) y
CUTYyaIlisiX, KOJU apTepiaibHUI THCK Ha MICI[l CTIOCTEPITa€ThCsl SK HOPMaJIbHUMH,
Hanpukinag MHP (mackoBana rimeprensis). B mepunii meromosiorii, ska
BUKOPHUCTOBYE JIEKOMITO3HUIII0 EMITIPUYHOTO PEKHUMY, CIIOYAaTKy 3aBaHTaKEHI
HeoOpoOaeni curHanu EKIDT OymyTe oOpoOieH1 A cerMeHTallii Ta yCyHEHHS
IIyMiB. 3HEIIYMJIEHHSI — 1€ BUJAJCHHS MEPEIIKOAM PI3HUX IIYMIB, TaKUX SIK
MIEePEIIKO U JIIHIT eeKTporiepeaad i aAperid 6a3zonoi minii. [loTiM 06pobieH] curHam

EKI" Oynyth po3knazeHi Ha I'STh PIBHIB 3a JOMNOMOIOI €MIIPUYHOTO PEXUMY
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nekomno3uiii. HemiHiliHI XapakTepucTUku OyayTh BHUILIEHI 3 PO3KIAJICHUX
curHanis EKI'. Bunineni o3naku mnpoiinyts T-Tect st BiaOopy HaiO1IbII
xapaktepHux o3Hak (P<0,05). BuOpani ¢yskuii OynyTb BUKOPUCTOBYBATHUCS IS
kinacudikamii curname EKIT' Ha 3gopoBuit abo HPY kiac. B apyriii meTomosorii,
sAKa BUKOPUCTOBYeThCS 3 TexHikoro CNN, mo-mepiie, 3aBaHTaXeHI HE0OpoOJeHi
curHanu EKI' Oyayte 00poOieHi ajisi cerMeHTarlii Ta ycyHeHHs IywmiB. IloTim
00po6neni curHanu EKI' Oyayte mepemani B moxenb CNN, monens CNN
BUBUYaTUME Ta ieHTU]iKyBaTuMe yHikanbHi curHatypu EKI' 1 knacudikyBatume
curHamnu 3nopoBoi EKI" 1 curnanu HPY.

B po6oti [181] mpeacraBieHo mrTyuHy HeWpoHHY Mmepexy (ANN) mns
IPOrHO3YBaHHS MAIIEHTIB 3 TIMEPTOHIYHOI XBOPOOOIO, BUKOPUCTOBYIOUU HaAOIp
JAaHUX KaHAJCbKOi 1030pHOI Mepexi nepBuHHOI MeandHoi gonomoru (CPCSSN).
Hesanexxuumu xapakrtepuctukamu Oynu  Bik, ctath, IMT, cucromiunuii 1
J1aCTOJIYHUN apTepialbHUNA THCK, JIIMOMPOTEIHU BHCOKOI 1 HM3bKOI MIUIBHOCTI,
TPUTTILEPUIN, XOJECTEPUH, MIKPOadbOyMiH 1 CHIBBIIHOLIEHHS albOyMiH-
KpeaTuHiH B ceul. J[Ji1 BHUMIpIOBaHHS TOYHOCTI MOJENI BHKOPHUCTOBYBAIHUCS
MaTpHIls MOMUJIOK 1 KpuBa pobounx xapaktepuctuk npuitmada (ROC). V mpomy
JIOKyMEHT1 BUKOPUCTAHO BETUKUI HAOIp JaHWX /I HABYAHHS MOJIETI TTOPIBHSHO 3
1HIIIUMH JTOCI1IKEHHIMU.

B po6ori [182] nmpeacTaBieHo TYy4YHY HEHPOHHY MEpexy sl Kilacu(ikailii
CepLEBO-CYAMHHUX  3aXBOPIOBaHb, BKIIOYAIOYM  TINEPTOHINO; 1L  CTATTA
BUKOpPUCTOBYBajla KuTalicbke HaceneHHs. CTaTUCTUYHUUM aHai3 mokasas, 1o 14
(bakTopiB PU3MKY IMOKa3ajl CTATHCTHUYHY BAXJIMBICTH JUISI CEPIIEBO-CYyIMHHHUX
3axBoproBaHb. KpuBa ROC BUKOPHUCTOBY€ETHCS AJIsl BUMIPIOBAHHS MPOTYKTUBHOCTI
MOJIENI.

B po6ori [183] peanizyBano OGararomapoBuii IepcenTpoH ISl Kiacudikaiii
NAll€HTIB 3 TINEPTOHIYHOI XBOpoOOow. BukopucTranumMu  He3alleKHUMU
XapaKTEePUCTUKAMU OYJIM BIK, CTaTh, CIMEMHA 1CTOPIs TINEPTOHIi, 3BUYKU KYpPIHHS,

JNONPOTEIHU, TPUTIIIEPUAN, CEUOBA KUCIIOTA, 3arajJbHUN XOJECTEPUH Ta 1HIEKC
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macu Tita (IMT). KpuBa ROC BUKOPUCTOBY€THCS ISl BUMIPIOBAHHS TOYHOCTI
MoJIel.

B po6oti [184] moOynyBaHO MOJeIh HEMPOHHOT MEPEXKI TSI MOJICITFOBAHHS
3B’SI3Ky T€HEHJO(PEHOTHI-3aXBOPIOBAHHS  JIJI1  TallBaHCBKMX  YOJIOBIKIB 3
rineproHieto. LllictHanusaTs reuis, Bik, IMT, piBeHb IIykpy B KpOBi HaTIIIE, JIIKH Bij
rinepToHii, BICYTHICTh paKy, HUPOK, MEUIHKA YM JIETEHIB B aHaMHe31. TOYHICTh
Kyacudikaili BAKOPUCTOBYETHCS JIJIsi BUMIPIOBAHHS €()eKTUBHOCTI MOJIETII.

AHaii3 pe3ysbTaTiB NPUBEIECHUX POOIT M03BOJIAE 3pOOUTH BHCHOBOK, IIO
KUTBKICTh BUKOPHUCTAHUX O3HAK JJIsl BUBHAUYCHHS CTYMEHIB TIEPTEH31i y XBOPHUX €
HEJIOCTATHIM, a TOTIOJIOTi 3aCTOCOBAHNX HEHPOHHUX MEPEX € 3aCTAPLITUMHU.

PosrnsiHeMo BUKOPUCTaHHS CyYacHHX IHTENEKTyaJlbHUX TEXHOJOTIH,
30KpeMa TiOpUIHUX, ISl O3B’ I3aHHS 3a/1a4i JJIsl BU3HAYEHHS CTYIEHIB TepTeH31i
y XBOPHX.

B  sxocTi TriOpuAHUX IHTEJNEKTYyaJIbHUX TEXHOJIOTIH MPOIMOHYETHCS

BUKOPHUCTATH aHCAMOJIEBI.

3.4. InTeiekTyaibHi aHcamMOJ1eBi TEXHOJIOT i1

Crpykrypy aHcamOJIeBUX TEXHOJIOT1 HaBeneHo Ha puc.3.1.

AncaMO11b TIM60KOro HaBYaHHS

nogajbiiaa

JleKOMITO3HITiS mmg Kimacuuni Mmeronu Crpareris 37IUTTA —> OXOpOHA 310pOB'S pobora
—>
3CyBY-Bapiartii
. HesBakeHe ycepeTHeHHT
berrinr — —

Mozeni Breryn

CratncTuasi
O04ICIIeHHS Ta
PEINpe3eHTaTHBHICT

ByCTiHr __, Maxopurapse Knacudixamis
TOIOCYBaHHS 300paxeHb
Crexiar OnTuMarbHHH

. o —
knacugikarop baiteca IIpornosysara

— Pi3sHOMaHITHICT

e 3arajibHi METOIH — V3arajapHEeHHS B CTEKY —>  Iame

Hapganns 3a
BLI'€MHOIO
KOpeJILi€0

— Cymep y4eHb

Koncencyc

SIpHe \ HesiBHE . o
3amuTH Bil KOMITETIB

Tomorenmne /
Tereporenne

Puc.3.1 — CtpykTypa aHcaMOJIeBUX TEXHOJIOT1H
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[ToeqHaHHS KIIBKOX MPOTHO31B 3 BIAMIHHUX MOJENEH BiJoMe, K aHCaMOJIeBe
HaBYaHHs. [HTErpoBaHi MEBHUM YMHOM MOJEIi 3pOOJsATh HABYAHHS Kpalle, HIX
OyIb SKWA OKPEMO B3ATHUM TIpollec. Take 3JIUTTS € BUTOHUEHUM IIiXOJ0M [0
301IBIIICHHS TPOAYKTUBHOCTI Ta KPAIIOro pe3yJbTary.

JliteparypHi mKepena 30Cepe/PKeHl Ha OTJIA/l HaBUYaHHS aHCaMOJIEBUX
Mojenel y 3amadax kiacudikarmii [185-188], 3amauax perpecii [189,190] 1
Kkiactepu3artii [191].

[TpoyKTUBHICTH MOJIENIEH 30UTBIITYBAIA 32 JOIIOMOTOIO JCSIKUX KIACHYHUX,
3araJIbHUX METOJIIB, Ta PI3HUX CTpaTerid 37auTTa. AHcamMOJIeBl MoOJell €
00YHCITIOBAIbHUMU; BEJMKUMHU 32 OOCSATOM; B CTPYKTYpl 3HAXOAUTHCSA JEKUIbKA
anropuTMiB. ToMy MiJl yac HaBUAHHS 111 IPOLECH MOTPEOYIOTh MiABUILEHO] yBary.
30epiraTu yac Jjisi HABUYaHHS, BUKJIUKATH PI3HOMAaHITHICTh cepesl 0a30BUX MOJCIIEH,
o0’enHyBaTH TmependavyeHHs JOJAaTKOBUX aJITOPUTMIB, 30epirati HHU3bKY
CKJIaJIHICTh MOJICJICH — 11€ Ti 3aj1ai, SIK1 MTOBUHHI BUPIIITYBaTH aHCcaMOJIeBl MOJIEI.

AHcaM0J1eB1 METOIU CTaIM YCIIITHUMH 3aBJASKH 301JIbIICHHIO PI3HOMAHITTS
cepen 6a3oBux kinacudikaropiB [192]. 'enepyrourt MHOXKXUHHI HAOOPH 3 BUX1THUX
JAaHUX, BOHU HAaBYAIOTh PI3HI NPEIUKTOPHU. [[1s 1bOro BUKOPUCTOBYIOTH TaKl
METOJIH, SIK: arperaifisi Oyrcrpena (Oerrinr) [ 193], anantuBauit 6yctunr (AdaBoost)
[194], BumankoBui migmpoctip [195] 1 BumaakoBuii sic [196]. Ilpu crpobi
30UIBIIUTH PI3HOMAHITHICTh BHUXIJIHMX JAaHUX 3aMICTh MHOXXUHHHX HaOOpiB
CTBOPIOBAJIMCh MHOXKXUHH1 BUXOA. Cepe] TAKKX IMiIXO0/I1B € «PO3MUBAHHS BUX1THUX
nanux» [197]. el mnpolec BUKIUKAE BUIAJAKOBUN IIyM, SKAW BHOCHUTH
PI3HOMAHITTS Y BUXIAHUI TPOCTI.

Sx  Bxke 3azHaganocs B migpo3aim  2.5.11, crpaterii  aHcaMO:r0
KJIACU(IKYIOThCSI HACTYITHUM YHHOM.

3.4.1. berrinr

berrinr (OyrcTpan-arperyBanns) [198] BBaxkaeTbCs CTaHAAPTHUM METOJIOM
redepaiii  aHcaMmOJ€BUX  alNrOPUTMIB.  3aBASKA  HOMYy  MiJABUILYETHCA
MPOYKTUBHICTh aHcambiieBoro kiacudikaropa. Ineero Oerrinry € reneparis

JEKUIBKOX HE3aJIeKHUX CHOCTEPEKEHb, 3 TAKUM K€ PO3IMOALIOM, K Y BUXITHUX
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JaHUX. 3aBISKUA CIIOCTEPEKEHHSIM Te€HEPYEThCS aHCAaMOJEBUU MPEAUKTOp, SKUMA
CTa€ KPaIiok BEPCI€r0 B OPIBHIHHI 3 OAMHOYHUM, 110 3T€HEPOBAHUYN HA BUX1THUX
naHuX. Y BUXITHUX MOJIENIAX OCITIHT reHepye BUOIPKU Ta nepenae y 0a30Bi Mojiedi,
a TAaKOXK CTpaTeriyHo 00’ €IHye nepe0aueHHs KUTbKOX MPEIUKTOPIB. I eHepyroThCs
BUOIpKH 3 3amiHOI0 abo Oe3 Hei. Jlna 3aBpanb kiacugikailii BUKOPHUCTOBYIOTh
O1IBIIICTB TOJIOCIB, TOMY 00’ €THAHHS BUX1IHUX JaHUX 0a30BHX MPEIUKTOPIB MOXKE
BIIpI3HATUCS. B TOM ke 4yac cTparterisi ycepeHEeHHs 3aCTOCOBYETLCS B 3aBJaHHSIX
perpecii 711 CTBOPEHHSI BUX1THUX JaHUX aHCaMOJIIO.

CxeMa meTojly OErTiHrYy BIITBOpEHa Ha pUCyHKY 3.2, ne D - Habopu naHux,

C - anroputmu, a Fe,s - KiHIIEBHI pe3yibTarT.

Pucynox 3.2 — berriar

ButpatHuii 3a KUIBKICTIO OOYHCIEHb OCITIHI TPU3BIB JO BBEACHHS
cyOOerrinry Ta HamiBcyooOerrinry [199]. OctanHiil, 3a OOYHMCIEHHSIMU CTaB

e(EKTUBHIIIUM Ta 3aJTUIIUBCS TOUHUM, SIK OCTTIHT.
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[IpoOnemy He30anaHCOBAHUX JAHUX HamMarajiucs BHUPIIIUTH, 3aCTOCOBYIOUH
oerrinr. B 3amadax OinapHux kiaciB, rpy06o 30amancoBanmii Oerrinr [200],
HaMaraeThCsl 3piBHATH MMOBIPHICTh BUOIPKHU KOXKHOTO KJIacy. 3aMicTh 30epiranHs
OJIHAKOBOT'O PO3Mipy BUOIPKH KOKHOTO KJIacy, BiJ’€MHI1 3pa3Ku KJ1aciB OOUPaIOThCs
3a JIOTIOMOTOK0 HETaTUBHOTO OiHOMIaldbHOTO po3noairy. ['eHepaiis 3pa3kiB
Oerrinry juis 3ajad aucOaliaHCy KiaciB BiOYBA€ThCSA 3aBASKH 30aJaHCOBAHOMY
OCrTiHry, sSIKMil BKJIFOYUB 1H(popmaIllito npo cyciactso [201]. B ocranHix MeTomax
kiacudikaiii 3acTocyBaHHs 3BHYaiiHOI auBepcu@ikaiii € OuIbll €(pEeKTUBHUM.
Takoro BucHoBKY aiinuy biamuacekuit 1 CtedanoBebkuit [201]. B apxitekTypax
rMOOKOTO HaBYaHHS, 30aJlaHCOBaHMM Ta rTpy00 30amaHcoBaHU OCTTIHT TIO
CycicTBy nocmimkeHi He Oynu. L1 migxoay rimmOoKux aHcaMOIeBUX MOJIEIEH CITijT
BUKOPUCTOBYBATH JJI BUPIIIEHHA Po0JieM AucOallaHCy KiaciB.

3a HaAsABHOCTI OONAJAHAHHA MJI 3alyCKy YNOAIOHEHHUX MoOAenel, MOXKHa
posmapainentoBaTd OCITiHT, 10 €(EeKTUBHO 3MEHIIUTh Yac HABUAHHS 1 HIBEIIIOE
30UIBIIEHHS  OOYMCIIIOBAIBHOI  CKJIagHOCTI aHcaMOmroBaHHs. Onrumizalis
JEK1TbKOX TITMOOKUX MOJISIeH B PI3HUX HaBYAJIBHUX MIIIKaX HE € 3IIMCHEHHNUM, TaK
SIK MOJIEJIi MalOTh BEJIMKWI Yac HaBYaHHSI.

3.4.2. bycTtuHr

Jlns mepeTBOpeHHsI clabKoi MoOJelll HaBYaHHS Ha MOJEIbh 3 KpaluMm
y3arajJbHEHHSIM BHKOPUCTOBYETHCS OycTuHT. Ha pucyHky 3.3 BiATBOpEHO TEXHIKY
Oyctunry. Jlo Kpamoro mporHO3yBaHHS, MOPIBHSHO 3 OJHUM CIIA0KHM YYHEM,
NPU3BOJSATh TOJIOCYBaHHS OUIBIIOCTI B pasi mpodiieM kiacudikaiii ado JiHilHA
KOMOiHalis cnabkux y4yHIB y 3ajmayax perpecii. AdaBoost 1 rpagieHTHUN OYCTHHT
[202] — meTomu OyCTHMHTY, fKi 3aCTOCOBYIOTh B pi3HMX Tamy3sx. AdaBoost
BUKOPUCTOBYE MIHIMI3alll0 OMYKJIOi CyporaTHoi (yHKIIi, OOMEXEeHOi 3BepXy
BTPATOI0 HEMPaBWIBHOI Kiacudikaiii, 3a JOMOMOTOI ayrMeHTallli Ha KOXHIN

iTeparii MOTOYHOT MOJIEJI 3 BIIMOBIAHUM 3BAYKEHUM MPEIUKTOPOM.
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Pucynok 3.3 — byctunr

AdaBoost BUKOpHCTOBY€E HEMPABUIIBLHO KJ1aCHU(DIKOBaHHM 3pa30K Ha KOXKHOMY
etarni HaBuaHHs. Takum unHoM AdaBoost HaB4aeTbCs eheKTHBHOMY aHCAMOJIEBOMY
KiacudikaTopy Ta MIiHIMI3y€e €KCIOHEHIlalbHy GYHKIII0 BTpar. B 1eil uac
rpaJieHTHUI OYCTHHT y3arajbHIOE LI0 CTPYKTYPY A0 JOBLIBHOI AU(epeHLiaabHOl
GbyHKIIT BTpaT.

AHcam0OyieBa MoOJelb, sSKa BHKOPHUCTOBYE TJIMOOKI JepeBa pillleHb
HA3WBAEThCS THOOKUM OyctwHroMm [203]. Jlyis momimimmeHHS TPOTyKTUBHOCTI
y3arajibHEHHS, IF0 MOJIEIh MOXHa BHUKOPHUCTOBYBATH B IMOEMHAHHI 3 OyIb-SIKHM
1HIIMM Ki1acudikaTopoM ciMmeiicTBa. B 3amexHoCTi Bl CKIIaIHOCTI Kiacudikaropa,
J10 SIKOT'O BIH HAJICKUTh, IPUMMAIOTHCS PILLIEHHS PO T€, AKUI KiacudikaTop AoaaTH
1 511 Baru ciiji BuOpatu. Tak Bi10OyBa€eThCs HAa KOYKHOMY €Talll TIIMO0KOro OyCTHHTY.
3a A0MOMOro0 MPHUHIIMITY MiHIMI3allii CTPYKTYPHOTO PU3MKY Ha KOXKHOMY €Talll
HaBYaHHS, POOMTHCSA 1HTEpIpeTalis kKiacudikatopa riaubokoro OyctuHry. Jms
OaratokiacoBux mpoodisiem rimbokuit Oyctunr [204] posmupus anroput™ [203] 1o

TEOPETUYHUX, AITOPUTMIYHUX Ta EMIIPUYHUX PE3YIbTaTIB.
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B nocnimkeHHsX, SKI MPOBOAWIMCH HaJl aHcaMOJeM, OIlHWIW pPi3H1
QITOPUTMHU HA OCHOBI KOHIIEMI1 OErriHr — OyCTUHT Ta MEPEBIPHIN JOCTYMHICTD
nporpaMHuX 1HCTpyMeHTIB [205]. Bynu BusIBI€HHI NpakTHYHI OpoOJIeMU Ta
MOXJIMBOCTI iX BUPIIICHHS B aHCaMOJICBOMY MO/IETTFOBaHHI.

3.4.3. Ctexinr

Jl1s1 06’ eiHaHHS B aHCaMOJIb BUKOPUCTOBYETHCS METO]T BUOOPY «HAUKPAIIIOi»
6a3o0Boi Mojieni. Takox € nuIsIXoMm 00’ €IHaHHS BUXO1B IUX MoAeneil. Ha pucyHnky

3.4 BIATBOPEHO METO]] CTEKYBAaHHSI.

?z}

Fens

Pucynox 3.4 — Crekinr
Metoa, B sIKOMy MOJelb METaHAaBYaHHS 3aCTOCOBYETbCS JUIS 1HTErparii
BUXi/THNX TaHUX 6a30BHX MOJIENel Ha3MBAECTHCA CTEKYBaHHAM. MOTO 16 Ha3uBaOTh
«3MilLyBaHHsAM Mojenei» [206]. B mopiBHsAHHI 3 JIHIKHOI MOJEIUIIO, SKa €

OCTaTOYHOI YACTHHOIO PIIICHHS, LIEM MEeTo ] po3AuIse HaOOpH JaHUX JOBIILHUM
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YUHOM Ta AUIMTH iX Ha J piBHMX 4YacTuH. OauH HaOlp BUKOPUCTOBYIOTH IS
TECTYBaHHS B paMKax j-KpaTHOI MepexpecHo0i NepeBipKH, a 1HIIHIMA A1 HaBuaHHs. Li
HapHi TAMHOXUHI HaBYaHHS Ta TECTYBaHHS JalOTh MPOTHO3M PI3HUX MOJIENEH, 10
BUKOPUCTOBYIOTBCS B SIKOCTI METaJlaHuX sl moOyaoBH MmeTamojneni. OcTaHHA
poOUTH PiHAIBHUN POTHO3, KU 1€ Ha3UBAIOTh IIEPEMOKEIL OTPHUMYE BCEM.

Stacking - meTo 3HMKEeHHS 3MitIeHHs [207]. Byo 3anpomnoHoBaHO rIu0oKy
onykiay Mepexy (DCN) [206,208], sika € apXITEKTypOr ITMOOKOTO HaBYaHHS Ta
CTBOpEHA 31 3MIHHOI KUIBKOCTI MOAYMIB, IO CKJIAJIUCA pa3oM aisi (HOpMyBaHHS
rmbokoi apxitektypu. Y DCN kokeH HaBYaJdbHUM MOAYJIb € OINYKJIHM 1
NPEJICTaBIsIE CTEK 3 KUIBKOX JIAHOK, SIKI YTBOPIOIOTBCS 3 JIIHIMHHUX BXI1JHHUX
OJIMHUIIb, HEIIHIMHUX OJUHUIb MPUXOBAHOTO IIApy Ta APYTOro JIHIHHOTO 1Iapy, 3
YUCJIOM OJIMHUIIb, 10 JOPIBHIOE YUCITY IIILOBUX KiaciB kiacudikarii. [Tomapose
3’€THAaHHS MOJYJIIB Jla€ 3MOTY TMOJATH BUX1J HIKHBOI JTAHKH, K BXIJ IJIs JAHUX
CYCIIHBOTO BUIIIOTO MOJYJISI HA JOJIATOK JJO BUX1IHUX JaHUX.

DSN Hemae THMYacoBOIO IIPEACTABICHHS JaHUX, TOMY BOHM MEHII
edeKTHBHI NI 3aBlaHb, /e ICHYIOTh THMYACOBI 3aJ€KHOCTI y BXIJHUX JTaHHX.
PexypenTHi rinuboki crexkoBl Mmepexi (R-DSN) [209] 06’ eqnanu nepeBaru DSN 1
pexypeHTHUX HepoHHux Mepexx (RNN) mist BOynoByBaHHs 4acoBoi iHGopmarrii B
DSN. R-DSN BUKOpPUCTOBYIOTh Mepexy BiITyHHsA-cTaHiB (ESN) mis inimiamizanii
Bar, a MOTIM iX TOHKOTO HaJAIITYBaHHS 3a JOMOMOTOI0 MAKETHOTO T'PaJliEHTHOTO
ciycky, Ha BiaMiHy Bi RNN, siki BUKOPHUCTOBYIOTH 3BOPOTHE MOIIUPEHHS B Yaci
JIJIS HABUAHHS MEpexi.

B nmucepramiiiHOMy — JOCTII)KeHI  BUKOPUCTOBYBAaBCA  aHCamOIb 3
napajiebHOI0 CTPYKTYpPOIO Ta MIapoM 00’ €IHaHHS, JaHWi BUOIp 3p00JICHO MicIs
NOMNEPETHBOIO aHATI3Y.

Jiist Toro 100 ancaMO1b MaB OUTBIITY TOYHICT MPU KIacuDikallli MOpiBHIHO
3 okpemuMu HM, HeoOxinHO 1100 BiH CKjIagaBcs 3 TOUHMX 1 pi3HOMaHITHUX HM.
HeoOxigHO 3HAaWTH ONTUMalbHE KOMIIPOMICHE PIIIEHHS MIDK TOYHICTIO Ta
PI3HOMaHITHICTIO, Y 3B’SI3KY 3 TUM, 1110 TPU 301TIBIIIEHH] TOYHOCTI WICHIB aHCAMOJTIO

3MEHILYETHCS PI3HOMaHITHICTD [210].
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3a3BU4ail SAKIIO MaHIMYJIOBATU JaHUMHU BUOIPKHM (HaBYAJIbHOI), TO MOXHA
JOCSITHYTH Oa)KaHWX 3HAYEHb TOYHOCTI Ta PI3HOMAHITHOCTI, 1€l MPUHIINAT JI€ IS
NEPEeBaKHOT YacTUHU aHcamOneBux MeToAiB. OJHAaK CXWIBHICTh MO MOOYIOBU
3aHAJITO BEJIIMKHUX AaHCAaMOJIB € CYTTEBUM HEIOJIKOM Il IUX IIJIXOMdIB, IIe
00yMOBIIEHO 30€peXeHHSIM HaBUYCHHUX KiIacu(ikaTopiB, TOOTO BUKOPHUCTAHHSIM
BEJIUKOT KUIbKOCTI mam’siTi. IIlo0 ycyHyTH paHul HETONIK BUKOPHUCTOBYIOTH
CIIPOIIICHHS, BOHO Ma€ Bi10paTH HaWONTUMAJIBHIIIE CITiBBITHOIICHHS 110 BUTpaTaM
nam’sTi, pPI3HOMAHITTIO Ta TOYHOCTI Cepell OKpEeMHUX KiIacu(pikaTopiB, sKi
3HAXOIATHCS Y CKJIal MO0y 10BAaHOTO aHCAMOJTIO.

Buxonsun 3 anamizy, HaBeaeHOMY B migpo3aim 3.4, MOXXHa 3pOOUTH
BUCHOBOK, W0 OEriHr Ma€ TMepeBarn Nepe] IHIIMMU 1HTEeJNeKTyaJlbHUMU
aHCAMOJIEBUMH TE€XHOJIOTISIMH, a CaMe:

— HEYYTJIMBHI a00 MaJouyTIUBUHN 10 IIyMiB;

— 3MEHIIIYE€ TMOMHWJIKUA Ta 30UIblIye CTaOUIHHICTh 3a PaXyHOK 3HM)KCHHS
aucrepcii 6e3 miABUIIICHHS 3MIIICHHST;

— HaBYaHHS €JIEMEHTIB aHCaMOJIIO BII0OYBA€THCS apaJIesIbHO;

— Ha BIAMIHY BIiJl IHIIKUX KJIACU(]IKATOPIB 31 CKIaAy aHCAMOJIt0, OETIHT i BUIILY€E
TOYHICTh poOOTHM aHcamOmio (med (akTop MOKE HIBEIIOBATH JOJATKOBI

0o0UHCITIOBaJIbHI BUTPATH, SIK1 HEOOX1IHI JIJIst HOoro pearizariii).

3.5 llocranoBKa 3aBAAHHA IHTEJIEKTYAJIbHOI JiarHOCTUKH cTyneHs Al
Posrnsaemo muoxuny nanux D = {d,,...,dy}, aka cknagaerbces 3 N TOUOK,
ne xoxkHa Touka d; = {(x;,¥;) | i € [1, N]} Bu3Hauae Habip BXIAHUX O3HAK X; 1

MITKY V;, IO XapakTepusye ii. Takok HasBHa MHOXHWHa KiacudikaTopiB C =

{c1,...,cu}, ne xoxen knacupikaTop ¢;(X;) BHKOHYE NPOTHO3 JUIl TOYKH X;.

JlonatkoBo posrisgaeThes MHOkuHA BektopiB V = {vW, ..., v} ne xoxen
(i) — () (D) - . . .

Bekrop v\ = [v;7,..., v, '] BinoOpaxkae KiJIbKICTh Nepe10aueHb I KOXKHOI 3 L

MOXJIMBUX MITOK TOUYKH 1 ITPH 3aCTOCYBaHHI Ma)KOpPUTApHOTO TojiocyBanHs [210].
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3aBmaHHs MMOJIATae y BUOOPI MiAMHOKUHE KiacudikaTopis i3 C = {cy, ..., Cp}
Ha OCHOBI iXHBOI TOUHOCTI Ta PI3HOMAHITHOCTI AJisi CTBOPEHHS €()EKTHUBHOIO
ancamOuro. Jlyis mboro HEOOXITHO MAaTH TECTOBUU HAOIp JaHWUX 1 BBaXaTH, IO
Mepexi OyJin HaBYeHI Ha OyTCTpen-BUOipKax.

Pi3HOMaHITHICTP MOKE OyTH JOCSITHYTO 3a PaxyHOK HAaBYaHHS EJIEMEHTIB
aHcamOJII0 Ha pi3HUX Habopax JgaHux. JlaHi MOXHA OTpUMATH  SKIIO
BUKOPHUCTOBYBaTH OyTcTpen meroi. HeitpoHH1 Mepexi MalTTh OYyTH elleMeHTaMu
aHcamOJI10, 11e 3a0€3MeUnTh KpUTepiid TOUHOCTI.

Meton OyrcTpena 0a3yeThcsi Ha OaraTopazoBOMYy BHOIPKOBOMY BigOopi 3
MOYaTKOBOTO EMIMIPUYHOTO PO3MOALTY JaHuX 3a gornomoror0 Monrte-Kapno. 3
BUXIHOT BUOIPKH, IO CKJIANIAETHCA 3 1 €IeMEHTIB (Xq,Xy,...,X,), BUMNAAKOBUN
eJIEMEHT X) OOHMpaeThCs HA KOXKHIM 3 7 1Tepaliil 3a JTOMOMOIOI0 PIBHOMIPHOTO
reHepaTopa BUITaIKOBUX YHCEIl 1 TOBEPTAETHCS HA3a]l y BUOIPKY, 10 I03BOJISIE H1OTO
MOBTOpPHE BHUKOpUCTaHHS. llepmmm eTamoM CTBOpeHHs aHcamMOIll0 € MmoOyaoBa
6azoBuX KinacudikaTopiB. IXHA He3alexHICTbH 3a0e3MedyeThcs TPEHYBaHHAM Ha
PI3HUX MIJIBHOIpKax. AJTOPUTM ITOOYTI0BH aHCAMOJIIO0 BKJIFOYAE TaKi OCHOBHI KPOKH:

1) CtBopenHs OyTcTpen-Bubipok. Ha 0CHOBI MoYaTKOBOi BUOIPKU I€HEPYETHCS
KUTbKAa MiJBUOIPOK OJHAKOBOTO PO3MIPY MIISIXOM BHIIAJKOBOTO BiAOOpPY 3
TIOBEPHEHHSIM.

2) HaBuanns ©0a3oBux kiacugikatopiB. g KoxkHOT OyTcTpen-BHOIpKU
TPEHYETHCSI OKpEMU HEMPOHHMM Ki1acupikaTop.

3) Bigbip moneneit. OIiHIOIOTHCS TOYHICTh Ta PI3HOMAHITHICTh OTPUMAHHUX
KJIacu(iKaTopiB, MICIS 4OTO GOPMYETHCS MIAMHOKUHA MOJIENIEH I aHCaMOJTIO.

4) Arperaritis nporaosiB. ChopmoBaHuii aHCAMOJIb IHTETPYE MPOTHO3M 4Yepe3

Ma)KOpUTapHE TOJI0CYBaHHS a00 1HIIY METOJAUKY KOMOIHYBaHHS.

3.6 I1oO0ynoBa apxiTeKTypH aHCaMO0JIiB HEIPOHHUX MepeK
st Toro mo6 moOyayBatu aHcamOiib HEOOXITHO TMOMEPETHHO CTBOPHUTH
OCHOBH1 Kkimacudikaropu. Bumora 10 OCHOBHUX KiacudpikaropiB — 1e ix

He3anexHIcTh. KnacugikaTopyu MarOTh HaBYATHCS Ha HE3AJIEKHUX HAOOpax JaHUX.
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Anroputm noOy0Bu apxiTektypu ancam6iiB HM mae Burisn [210]:

1) Hagano HaGip HaB4anbHHUX NPHKIAIIB (X1, V1), -, (X, Vin) 3 MITKaAMH
y € {1, . k);

2) Otpumatu t 6yrcTpen-Budipok D;;

3) HesanexHo (mapanenbHo) HABYUTH t Ki1acupiKaTOpiB h;, KOXKEH Ha CBOIHN
BUOIpII D;.

4) BusHaueHHs peUTUHTY KOXKHOTO Kilacu(pikaTopa 3a KpUTepisIMU TOUYHOCTI
Ta PI3HOMAHITTS;

5) BusnauenHs ckiagy aHcaMmOJIl0 Ha OCHOBI PEUTHHTY KOKHOTO
KiacudikaTropa;

6) Po3paxyHok BaroBux KoeQilliEHTIB KOXXHOTO Kiacudikaropa B 1miapi
00’ e1HaHHA.

Tenep 3BepHEMO yBary Ha MOHATTS PI3HOMaHITHOCTI MIXK KJ1acH(iKaTOpaMH.

PosriisineMo jiBa Kiacudikaropu ¢; Ta ¢j. Merpuka N (O1) nokasye KiTpKicTh

TOYOK, AKI KimacubikaTop ¢; mependayuB HEBIPHO, aje KIacH(IKaTop C;

npasunsHo. Bognouac N (10 Binobpaskae 3BOpOTHHMIT BUIAMOK: KiTbKiCTH TOYOK
NpaBUJIbHO NepeadadeHux KiacupikaTtopom c;, aje MOMUIKOBO CIHPOTHO30BAHUX

KJIaCHU()iKaTOpOM C;. baraTorpanHicTh MikK KIacu(piKaTopamu ¢; Ta ¢j O3HAYAEThCS
Ak Div;;. Ii oOUMCIIOIOTE K BIJHOLIEHHS CyMH KIUJIBKOCTI TOYOK, MPABUIIBLHO

KJIacu(piKOBaHUX JUIIE OJHUM 13 JIBOX KJAcH(IKaTOpiB, IO 3arajbHOi KUIBKOCTI

TOYOK. H}I 3aJIC)KHICTh BHUPAKAETHCA piBHHHH}IM

. N(OD 4 N(10)
Div; ; = —

(3.1)

YacTka OaraTorpaHHOCTI Kiacudikaropa ¢; B aHcambib, abo ConDiv;,
BU3HAYAETHCS SIK CyMa BIIMIHHOCTEH MDK KJIacH(piKaTOPOM C; 1 KOXKHUM 1HIITUM
kinacudikatopoM y aHcaMOmi (OKpiM C€aMoOro ¢;, OCKUIbKM HOTO BJacHa
PI3HOMAaHITHICTh JJOPIBHIOE HYJIIO BIAMOBIAHO /10 piBHAHHA 3.1). Lle oOpaxoByeTbhes
3a GopMYJIOI0

ConDiv; = YL, Div; ; (3.2)
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Jlns  3amadi ABOKJAcoBOi  Kiacuikamii  yacTka — OaraTOrpaHHOCTI

KiacudikaTopa ¢; MOXKHa MPEACTABUTH Y BUTJISA I (PopMysu

ConDiv; =% N_M=v ), (3.3)

ci(xk)
ne:
— N — 3arajpHa KUIBKICTh TOYOK Y BHOIpIII,
— M — 3aranpHa KiUIBKICTh KJ1acugikaTopiB y aHCaMOTi,

— UC(,%xk) KUIBKICTh THX KJ'IaCI/I(blKaTOPIB B chaM6J'Il, K1 MarOTh 11€HTHYHI1
i

pe3yJbTaTH MPOTHO3Y JIJIsi KOHKPETHOI TOUKH JaHUX 3 KJIACU(DIKaTOPOM Ci.
Takum 49wHOM, OIlIHIOBaHHS BHECKY OKpemoro kimacudikaropa B
PI3HOMAHITHICTh aHCAMOJIIO CTa€ BAXKJIMBUM €TallOM Y TMPOIECl ONTHUMI3AIil

OPOAYKTUBHOCTI MOJIEII.

Y npomy KOHTEkcTi M — vé-zxk) KUTBKICTh ~ KJIacudikaTopiB, sKi
L

JEMOHCTPYIOTh PO30DKHOCTI 3 KJIAacH(piKaTOpOM ¢; Yy TMPOIECl MPOTHO3yBaHHSI
pe3ynbTaTy, BUCTyNA€E KIOYOBUM MapaMeTpoM aHami3y. Y 3arajbHOMY BHIAJIKY
MIPOTHO3YBAHHS, BUKOHYBAaHE WICHOM aHCaMOJIIO Ha OJIHIM BHOIPIll JaHUX, MOKHA
KOHIICNITYaJIbHO MOJIIJTUTA Ha YOTUPH KAaTEeropii:

1) knacudikarop 3a6e3nedye KOpeKTHUN MPOTHO3 1 HAJIEKUTh JJO MEHIIIOCTI;

2) knacudikarop 3a0e3neuye KOPEeKTHHI MPOTHO3 1 HATIEKUTD IO OLIBIIOCTI,

3) knacudikatop GopMy€e HEKOPEKTHUM MPOTHO3 1 HAJICKUTH J10 MEHIIIOCTI;

4) xnacudikarop GopMye HEKOPEKTHHI MPOTHO3 1 HAJIEKHUTH IO OUIBLIOCTI.
VY Mmexax mociikeHHs 0yiio copMyIbOBaHO JIBa OCHOBOIIOIOXHI MPUHITAIIN JIJIS
PO3pOOKU €BPUCTUYHOT METPUKH, CIIPSIMOBAHOI HA OI[IHIOBAHHS 1HJWBIAYaJbHOTO
BHECKY WJICHIB aHCaMOJIIO:

1) mporHo3u, 1Mo € NpaBUILHUMH, PO3TISAAIOTHCS K MO3UTUBHUNA BHECOK,
TOJI1 SIK HEMPaBUJIbHI TPOTHO3W MalOTh HETATUBHHUI BILINB,

2) mpaBWiibHI TPOTHO3U, OTPUMAHI BiJ KiIacu(IKaTOPiB MEHIIIOCTI,
OTPUMYIOTH BHUIIY OLIHKY TOPIBHSHO 3 MPaBUJIbHUMU MPOTHO3aMHU  BiJl

kiacudikatopiB  OuIbIIOCTI. Y TOM K€ Yac HENpaBWIbHI TMPOTHO3H BiJl
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KJ1acu(iKaTOpiB MEHIIIOCTI BUKJIMKAIOTh MEHIIIMM HETaTUBHUM BILJIUB Y MOPIBHSIHHI
3 aHAJIOTIYHUMHU MTPOTHO3aMH BiJ KJIaCU(pIKaTOPiB OLIBIIOCTI.
Oco0bucta yacTka Kiacudikaropa ¢; BU3HAYA€ThCA 3a I0MIOMOT0I0 HACTYITHOL
MaTeMaTU4IHOi hopMyJn
— VN )]

y SIKIi BeJIMYMHA BHECKY [ Cl.(j ) sanexuts Bin KaTeropii, A0 SIKOi HaJNeKHUTh
IPOTHO3 y j-Tii To4wi d;.

SAxmo ci(xj) = yj (TobTO KnMacupikaTop ¢; opMye NPABUILHUM IIPOTHO3 Yy
TOYll d; 1 TIPU LLOMY TPOTHO3 TOTPAILIAE JIO TPYIM MEHILOCTI (TIEpIa KaTeropis),

TO BHECOK KJIacH(iKaTopa BU3HAYAETHCS 3a JOIIOMOTO0 (popmMyn

Ic(]) — ZU(]) _ U(]) (34)

max ci(xj)

VY miit popmymi v,(,{()lx MO3HAYa€ KUJIbKICTh TOJIOCIB, OTPUMAHUX Bl TPyIu

OinbmocTi B To4wi dj, TOAI AK BIANOBIZAa€ YMCIy MPOTHO3IB C;(X;), WO Oyno
NONEePETHbO OOYUCIIEHO.

Y Bunazkax, Koyuu ¢;(X;) BIAMOBIAE Y; Ta HAICKUTH OLIBIIOCTI (30Kpema, J10

() (J)
IpYroi MiAMHOXKXWHU U (x) max)» MOTO 3HAUEHHS pPO3PAaXOBYETHCS 3TIHO 3

bopmyIior0, HaBEJICHOIO Y piBH;IHHi

sec
TyT posrasigaeTbesi KiITbKICTh TOJIOCIB vs(i,)c, sgKa TOCiJlae JApyre Micie 3a

4acToTOK0 cepen MITOK s d;. ITokasHuk (vs(é')c — v,(,{()lx TPaKTY€ThCS SIK "CTYIIHb
MO3UTUBHOIO BHECKY'" B KOHKpeTHiM curyarii. [le o3Haudae, mo K0 OiIBIIICTD
KIIacH()IKaToOPiB NAOTh NPABUILHUM IPOTHO3 Pa3oM i3 Kinacudikaropom s d;, TO
BIUIUB BIJMOBIIHOTO Kiacudikaropa Oyjae MOpIBHSAHO He3Ha4HUM. HaBith y pasi
BIJICYTHOCTI HOTO MPOTrHO3Yy aHcaMOyib KiIacu(]iKaTOpiB BCE OJHO 3aJUIIUTHCS
TOYHUM Ji d;, 32 YMOBH BIZICYTHOCTI CYTTEBHUX CyNepeYHOCTeH. Takox 3BepHEMO

yBary, 00 3HA4YECHHS (vs(é)c ,(,{()lx) MOXK€ MpuiMaTh Bia €MHUN 3Hak. Jlis

Y3TO/DKEHHST aJITOPUTMY OILIHIOBAHHS 1HIWBITyaJlbHUX BHECKIB, yCl1 MpaBHJIbHI
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IPOrHO3U MAalOTh OTPUMYBATH MMO3UTUBHI 3HaU€HHs. JJi1 IbOTO O BHECKY (vs(é)c —

(1) )]

Umax max> SIKAA  HOpMaii3ye 3HaueHHS,

) JHomaeTbcs KOPUTYIOUMM dJieH U

3a0e3Mevyyroun HOro J0aTHICTh, 10 BU3HAYaeThes piBHAHHAM (3.5). Kpim Toro, y

)] G _ 0 )

Umax BPAxOBYETBCS NOJATKOBA KOPEKUISA (Ugge — U, () i 30epexeHHs

BIJIHOCHOTO TIOPSJIKY BHECKIB, fIK 1€ TTIOKa3aHOo y piBHAHHI (3.4).

Skmo x ¢;(x;) He 30iraeTbCsa 3 yj, TO 3HAYCHHA [ Ci(]) BU3HAYAETHCS 3a

PIBHSIHHSIM

O)RENNC) ne ()
IC = VUcorrect — Cl(x]) ~ Unmax (3 '6)
)

correct> BIAJAAHUX 3a

VY 1upoMy BHUINAIKy BPaxOBYETHCS KUIBKICTh TOJIOCIB U

nmn

NpaBuIbHY MITKY d;. CX0KUM YUHOM JI0 "CTyEHs TO3UTUBHOTO BHECKY", ""CTYIIIHb

HETraTUBHOTO BHECKY' OOYHCIIOETHCS Yepe3 PI3HUII0 MDK KUIBKICTIO TOJIOCIB

)] ne

Ucorrect — Cl(

) 32 IPaBUIIbHY MITKY Ta KUIBKICTIO TOJIOCIB 3a pimenHi ¢;(x;). Lia
Xj

PI3HUILI HaJla€ KUTbKICHY OIIIHKY HETaTHMBHOI'O BIUIMBY. 3PEIITOI0, 1HTErPYIOUH
piBHsHHSA (3.4), (3.5) 1 (3.6) uepe3 piBHAHHA (3.3), OTpUMYy€EMO 3arajbHy POopMyTy

JUTs OOYMCIIEHHS 1HIUBIyaJbHOTO BHECKY Kiacu(ikaTopa C;, AKa MpeacTaBieHa y

PIBHSIHHI1
IC; = 9;1(“1']'(2 Ur(r{c)lx - (]) )) + Bijv s(é)c + 0 (Uc(é)rrect - Ug()x f(rit)lx))ﬁ 7
>, HE

Q. = {1 AKILO C; (x]) = ¥j Tac; (x]) 3HAXOUTbCA Y IPYIll MEHBIIOCTI;
yj .
J 0, iHaK1Ie

1, AK110 ¢; (x]) =yjTac; (x]) 3HAXOJUThCA Y TPy Oi/IbLIOCTI
0, iHakuIe

,Bijz{

9. = {1,;1}(1110 ci(x;) # y; Taci(x;)
Y 0, iHak1Ie

3ri1HO 3 piBHIAHHAM (3.7), CTBOPIOETHCSA CYKYITHICTh HEUPOHHHUX MEpexX, SKI
00’€THYIOThCSI B aHCAMOJIb /JI1 BUKOHAHHS 3aBJaHb aHalli3y a00 MPOrHO3YBaHHS.

Takuii maxia morpedye po3po0IeHHsT ePEKTHBHOTO AJTOPUTMY UIA 00’ €IHAHHSA
peoye po3p PUTMY
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pe3yJIbTaTiB KOKHOT OKpeMOi HEHPOHHOT MEPEKi B paMKax aHCaAMOJIIO, 1110 103BOJISIE
1 IBUIIMTY 3arajbHy TOUHICTh Mojiesi. KoHIiemnist A7uHaMigHO yCcepeTHEHOT MepeKi
(AYM) BBOOUTHCS Yepe3 HACTYITHE MaTEMATUYHE NIPEICTABIICHHS

faor = Zizn Wifi (%) (3.8)

, 1€ W; BIJIMOB1/THI KOMIIOHEHTH Ta BU3HAYAIOTHCS BI/IMOBITHO 10 PIBHSHHS:

(i)
Wi i c(fi(x)) (3.9)

_ (fi(x), axmo f;(x) = 0.5
o C(fi(x)) B { 1 — f;(x),iHaKIue

CCPCAHbO3BAKCHUM 3HAYCHHSAM BI/IXO,Z[iB chaM6J'II-O, SIKC BHCTYyIIA€ iHTGFpOBaHI/IM

VY 1aHOMY KOHTEKCTI fyy €

pe3yapTaToM poOoTH Beiei cuctemu. @OpMyBaHHS BaroBOro BEKTOPa 3A1MCHIOETHCS
JUHAMIYHO TTiJT 9aCc KOKHOTO OI[IHIOBaHHS BUXOy aHCaMOr0. Taka TUHaAMIYHICTD
JO3BOJISIE  aNIallTyBaTH POOOTY CHUCTEMH JO0 CHEeNU(PIYHNX YMOB ITOTOYHOTO
3aBIaHHA. 3aMICTh 3a3Jajerigh BCTAHOBJIEHHX CTATUYHUX Bar Ied MiaxXiz
3a0e3mnedye ONTUMAILHAN TEPEePO3OALT BIUIUBY OKPEMUX MOIYJIIB 3aJIC)KHO BiJI
piBHS iXHBOI HaAIWHOCTI 4K JOCTOBIpHOCTI. lle O3Hayae, M0 KOXKEH E€JIEMEHT
BHOCUTH BKJIAJl TPOIMOPIIIAHO IO CBOEI BAXKIMWBOCTI, IO TApaHTYE TMOIIYK

OIITUMAJIBHOI'O piHIeHHH HJI KOJKHOTO KOHKPCTHOT'O BUITIAKY.

3.7 Pe3yabTaTn

Jns nemoHcTpalii pe3yabTariB  Kiacudikaiii Oyyno 00paHO METPHUKHU:
accuracy, precision, recall, F1 Ta F2. byno obpano okpemi mepexi Taki SK:
nepcentpoH, RBFN, PNN Tta mnopiBHsSHO 3 pe3yibTaTaMu poOOTH aHCaAMOJIIO

HEHpOHHUX Mepex. Pesynbratu npeacraBeHi B Tadnui 3.4.

Tabnuys 3.3
MaTpuust nIOMIWIOK
y=1 y=0
y=1 True Positive (TP) False Positive (FP)
§=0 False Negative (FN) True Negative (TN)
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accuracy = TP+77:11\)/:1T:1:—FN (3.10)

precision = TPTfFP (3.11)

recall = TPZPFN (3.12)

Pl = 2 el (3.13)

F2 = (1+ ) e G.14)

Tabnuys 3.4

Pe3y1bTaTH HABYAHHS MeEpeK

Mepexa Accuracy F2 F1 Presision | Recall
Train 0,2735 0,2819 0,281 0,2709 | 0,2767
ITepcentpon | Validation | 0,3306 0,3458 | 0,3412 0,3392 0,3372
Test 0,3876 | 0,3846 0,39 0,3854 | 0,3876
Train 0,38 0,3823 0,384 0,3867 | 0,3841
RBFN Validation | 0,3872 0,3841 | 0,3824 | 0,3884 | 0,3862
Test 0,3898 0,3878 | 0,3859 0,381 0,3802
Train 0,9145 0,9267 | 0,9263 0,9143 0,9142
PNN Validation | 0,9034 | 0,9058 0,90 0,8943 0,8857
Test 0,8552 0,8664 | 0,8634 | 0,8512 | 0,8532
AHcamOmb Train 0,9902 0,9862 | 09742 | 0,9548 0,9944
Heiiponnux | Validation | 0,9754 | 0,9855 | 0,9740 | 0,9555 0,9933
MEpEexK Test 0,9492 0,9747 | 0,9488 | 0,9086 | 0,9928

3.8 BucHoBkwu 10 po3uiny 3

Bu3zHaueHo OCHOBHI 03HAKH MEPIIOro, IPYroro Ta TPEThoro cTynexiB Al 1o

Jae€ MOJKJIMBICTh 3MEHIIUTH OOYMCIIIOBANILHI BHUTpPATH Ha pOSB,HSaHHH 3a11a11i

miargoctuku Al
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[TokxazaHo, 1110 iICHYIOUM METOJIM IHTEIEKTYaJbHOI 11arHOCTUKH CTyrneHio Al
MaroTh HEJOJIKH, 110 OB’ I3aHO 3 HEBU3HAYCHICTIO OCHOBHUX O3HAK MEPIIOT, APYTOi
Ta TpeThoi cTyneHiB Al

AHaJi3 pe3ynbTaTiB MPOBEACHUX POOIT J03BOJSE 3pOOUTH BHCHOBOK IO
3aCTOCOBaH1 TOTIOJIOTII HEUPOMEPEK € 3aCTAPIIMMH Ta HECPEKTUBHUMU.

[TokazaHo 110 TO€AHAHHS KUIBKOX MPOTHO3IB (aHCAMOJIBOBUM MIIX1M)
MOKpaIIy€e sIKICTh HAaBUaHHS Ta 3a0e3Meuye sKicHy Kinacudikaiiiro ctyneHto Al

3anponoHoBaHO HOBUM miaxia kinacudikamii crymenro AT Ha OCHOBI
BUKOPHUCTAHHS aHCAaMOJbOBOIO MiAXOy 3 BUKOPHUCTAHHSIM KPHUTEPIiB TOYHOCTI Ta

PI3HOMAHITTSL.
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PO3/ILI 4. IHOOPMAIIMHA TEXHOJIOI'IA IHTEJEKTYAJBHOT'O
IMPOTHO3YBAHHSA AT HA OCHOBI BESMAHXETHOI'O BUMIPIOBAHHSA

4.1. OcHOBHI cueHapii BUKOPUCTAHHS iHGOpMAaLiiiHOI TEXHOJIOTil

l'onoBHa wink i1HGOpPMAIIHHOI TEXHOJOrI], M0 PO3POOIIIOETHCA — CIPOCTUTH
noOyZ0BY IHTEJEKTYaJbHUX MPOTHO3YIOUMX Mojenei 3HaueHb AT 3 BUKOPHUCTAHHSIM
PO3pO0JICHUX METO/IB, aJITOPUTMIB Ta Mojaesie. Buxoasuu 3 1i€i 1iai MOXKHA BUIIIUTH
HACTYITHI OCHOBHI ClIEHapii BUKOPUCTAHHS 3aCTOCYHKY:

Cuenapiii 1 — moOy/10Ba HOBOi IIPOTHO3YIOUOI MOJIENI, 3 BAKOPUCTAHHIM TEBHOI

BUOIPKHU TaHUX:

CTBOpEHHSA HOBOI

J MIPOTHO3YI0I0] MOJIEII 560
000
oo\

| BHOIp Ta M1ATOTOBKA 00
JaHHX
KOPHCTyBad l 3aCTOCYHOK
| 3aBaHTa)KCHHA JaHHX B
3aCTOCYHOK

!

momepeTHsa 00pooka
JaHHX

!

BHOIp MOfTeni Ta
HIapaMeTpiB
HAJTANITYBAHHS

|

HaTaNITyBaHHI MOIEI

!

BIJIOOpasKeHHs
PE3YNETATIR
HATATITYBAHHS

I

30epekeHHs MOJIei

Pucynok 4.1 —
Cuenapiii 2 — 3acTOCyBaHHS TOMEPEIHBO HABUCHOI MOJENI I 31HCHEHHS

MIPOTHO3Y Ha OCHOBI CBIKUX MOKA3HUKIB:



KOpPHUCTYBad

|

BuxopucTtanus 36epexeHol
MOJIEN JUIS POTHO3YBaHHSA

BUOIp Ta MITOTOBKA
MaHHX

!

3aBaHTa>XCHHA JaHUX B
3dCTOCYHOK

'

nomnepeaHs 00podka

HSOMD

3aCTOCYHOK

-

HaHHUX

!

3daBAHTAKCHHA MOHeﬂi

'

BHKOPUCTAHHS MOJIENI
IUISL IPOTHO3Y

!

B1I0OpakeHHA

PE3YILTATIB
HaJTalITyBaHHS

!

30epesKeHHsI pe3yIbTaTiB

IIPOTHO3Y

Pucynok 4.2 — Jliarpama crieHapii0 «BUKOPUCTaHHS 30€peKeH01 MOJIENI s

IMPOTrHO3YBAHHA HOBUX JaHUX»
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Cuenapiii 3 — noHanamTyBaHHs 30epeKeHOT MOEII:

KOPHCTYBa4d

I

JloHanamTyBaHHA
30epekeHol MoIel

BHOIp Ta MITOTOBKA
IAHUX

!

3dBAHTAXKCHHA JdHHUX B
3dCTOCYHOK

!

monepenHs 00pooka
TaHHX

!

3aBaAHTAaXCHHA MO,HE!J'Ii

I

BHOIp MapamMeTpiB
JIOHAJIAIITYBaHHS

!

HallallITYBaHHA MO,JIGJIi

!

B1100pa’KeHHA
PE3YILTATIB
HaJTaITyBaHHS

!

30epesKeHHs MOJIel

B —

000

Hgn/unu

34aCTOCYHOK

Pucynox 4.3 — Jliarpama crieHapiro «JIOHATAMTYBaHHS 30€pEKEHOT MOIETI»
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Cuenapiii 4 — Bizyaumi3ailis Ta 00poOKa JaHUX:

118

KOPHCTYBa4

[

Bizyamizanis Ta 00poOka
TaHUX

BHOIp Ta MIATOTOBKA
TaHUX

!

3dBAHTAKCHHA JdHHX B
34CTOCYHOK

!

00poOKa JaHnX

!

Bi3yalizallisi JaHHX

!

30epeKeHH
00poOIeHNX JTaHHX

—

000
000

B

3aCTOCYHOK

Pucynoxk 4.4 — Jliarpama crieHapito «Bizyaiizallis Ta 00poOka JaHuX»

PosrnsiHemo cnmcok 3a1a4, BUPIITyBaHUX 1HPOPMAIIITHOIO TEXHOJIOTIETO, 110

PO3POOIAETHCS, pa30M 3 IX BXOJaMH Ta BUXOJaMHU.

3amaya 1. Immopt iHdopMaliii 3 30BHIIITHBOTO OCEPEIKY:



Jlani, 30epexeHi B
— 3AJJAYA 1 ——  indopmariiiniii
TEXHOJOTI1

30BHIIIIHE
TUKEPETTo TaHUX

Pucynok 4.5 — CxeMa BXO/I1B Ta BUXO/IIB 33J1aul «3aBaHTAKCHHS JaHUX 13
nputaay 6€3MaH)ETHOTO BUMIPIOBAaHHS TUCKY

3amauya 2. Bisyamizalis qaHux:

Jani, 30epexeHi B
inpopmarnifimiiit ——> 3AJJAYA2 @ —
TeXHOJIOT'11

Bisyamizaria
TAaHHX

Pucynox 4.6 — Cxema BXO/IiB Ta BUXO/IB 3a7a4i «Bizyamizaiiist 1aHux»»
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3anaua 3. I[lonepenHs oO6poOka gaHuX (HOpMalli3allisi, YCYHEHHS aHOMaJbHUX

300iB (BUKH/IIB), OUUILICHHS JaHUX, MOIIYK BIACYTHIX JaHUX. 1 T.J.):

Hami, 30epexeHi B Hosi
inpopmamitigiit — > 3AJJAYA3 ——> (oOpobneni)
TEXHOJIOT11 naHi

Pucynok 4.7 — CxeMa BXO/IIB Ta BUXO/I1B 33J1aul «IONepeaHs 00poOKa JTaHUX»

3apaua 4. IlporHo3yBanHs 3HaueHb AT:
4.1. IloGynoBa MporHO3yr0Uu0i MOIEI.

4.2. BukopucTaHHs MPOTHO3YIOYOi MOJIEN1 AJIsi OTPUMAHHS MPOTHO3Y.

3amaqga 4

[Iporuozyroua

|
|
|
|
|
Hami Nel —1—» 3AJAYA 4.1. —— wmomemn, — > 3AJTAUA 4.2 4:' IIporxos

___________________________________ ]
Haui Ne M J Hogi 1aHi J

Pucynox 4.8 — Cxema BXO/IiB Ta BUXO/IIB 337ja4l «IIPOTHO3YBAaHHSI apTePiaIbHOTO

THUCKY»

3agaua 5. 3aBanTaxkuTy 1HGOPMAIliIO0 HA 30BHIIIHIN NPUCTPIN (SIK JOKYMEHT):



JlaHi, 30epekeHi B
iHdopMamiiiHii
TEXHOJIOTIL

— 3AJIAHA S

JlaHi 30epexeHi Ha
—— 30BHINHLOMY HOCIT
(y Bummimi aiiry)
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Pucynok 4.9 — Cxema BXO/I1B Ta BUXOIB 3aja4il «3aBaHTaXeHHs 1HQopMarii y
30BHIIIHIN 0CEPEIOK»

3arajgpHa cxema BSaEMO,Z[ﬁ YCiX 3aa4 BUTJIAa€ HACTYIIHUM YHMHOM:

JlaHi 11

Bisyauizamii Bi
IKHO 3

SAJIATA 2 > rpadixom

t

—> 3AJIAYA 3

JaHi 30epe:xeHi
Ha 30BHINTHEOMY
HOCIl
(y Burmazi daitry) E

30BHiIIHE
oKepeno —»  3AJIAUA 1
JaHHX

O6popreri
naHi

3AJTAUA 4

MOJIENB) IS
30eperKeHHs

HOCI{

|
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
Haxi : ®Daiin Ha
(mporriosyrowa 3AJTAYA 5 4|-> 30BHIITHEOMY
|
|
Pucynok 4.10 — 3aranpHa cxeMa B3aeMO/IIi YCIX 3a/1a4 3a CTOCYHKY

4.3. Po3poOka apxirtektypu iHGopMaliiiHOI TEXHOJIOTii: NMPOrHO3yBAHHA
apTepiajJJlbHOr0 TUCKY

dyHKIIOHAJIBHA CTPYKTYpa 1HGOPMAIIHHOT TEXHOJIOTi MPOTHO3YBaHHS
apTepiaibHOTO TUCKY, IO BIJIMIOBIIA€ OMMCAHUM BUMOTaM Ta CIICHapisiM

BUKOPUCTAHHAM Mae€ HaCTyrIHI/Iﬁ BUTIJIAA:

Monyms
TpaHchopMalii JaHHX

Mozyns no0yzoBH
IPOTHO3YF0YO0I MOZEIL

'

Moyt 3aBaHTaKEHHS
JIAHUX 3 30BHIIIHIX
JoKepen

Moxyis 3acTOCyBaHHS
MIPOTHO3Y0YOT MOzIei

/\.

Monyns Bizyamizanii Monyns 36epeskeHHs
JAaHHX JaHUX

Pucynok 4.11 — ®@yHkI1ioHaJIbHA CTPYKTYpa 1HPOPMAIIIITHOT TEXHOIOT11

nporuo3yBaHHs AT
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[ndopmariiitHa Mojaenb CTPYKTYpPHO BHU3HAYAEThCS 3 HHU3KH  KIIIOYOBHUX
(GYHKIIOHATFHUX MOJYJIB, KOXKEH 13 SKUX BHKOHYE TEBHY pOJIb y Tpoleci 300py,
00poOKH Ta aHami3y JaHuX. 30KpeMa, il apXITeKTypa BKIIOYAE TaKi KOMIIOHEHTH:

— Monayns immopty iHdopmalii 13 30BHINIHIX ocepenkiB. Bin 3a0e3mneuye
3aBaHTaXeHHS 1H(Qopmamii 3 pI3HOMAHITHUX OCEPeIKiB Yy pi3HHX (opmarax
(CTpYKTYpOBaHMX Ta HECTPYKTYpOBaHHX), 3 MOJAJIbLIUM MEPETBOPEHHSIM 10
BHYTPIIIHBOTO CTAHAAPTY IS TTOAQIBIIIOI 0OPOOKH.

— Monyns Tpanchopmariii nanux. OcHOBHA (YHKITISI ITbOTO KOMITOHEHTA MOJISTAE B
peamizamiii IMIMPOKOTO CHEKTpa METOMIB OOpOOKH JaHUX, 110 Iepe0yBalTh Yy
BHYTpIIIHOMY (OopMaTi, a TaKoX Yy MPHUBEACHHI iX 10 Qopmary, 3py4yHOro jst
aHATITUYHOTO aHaJi3y.

— Moaynbs po3poOku porHo3yrodoi Mojeni. Lleit Moayb BUKOHY€ IMIVIEMEHTALIII0
JIITOPUTMIB Ta MATEMAaTUYHUX MOJEJIEH, CIPSIMOBAHUX HA CTBOPEHHS 1HTEJIEKTYyaJlIbHUX
MIPOTHO3HUX CUCTEM, aJIalITOBAHUX JIJIsl aHAJII3y 3aJaHUX HAOOPIB JaHUX.

— Mopaynes  3acTocyBaHHST ~NpOTHO3HOI  Mojeni. Ilepenbauvae  mpakTuyHE
BUKOPUCTAHHS PO3pOOJIEHOT MOJem Mg aHali3y KOHKPETHUX BHOIPOK iH(opMaIlii,
MOB’SI3aHUX 13 JOCHIPKEHHSIM CTaHIB apTeplajJbHOr0 TUCKY a0o0 I1HIIMX MapaMeTpiB
CUCTEMH.

— Monayns rpadiuHoro mnpenactaBieHHs 1HQopwmarlli. 3abesneuye TpadiuHe
MPEICTABJICHHS BX1THUX HA0OPIB JaHUX HAa OCHOBI BU3HAYEHHX MapaMeTpiB Bizyasi3allii,
10 J03BOJISIE M1IBULIUTH HA0OUHICTh aHANI3y Pe3yJIbTaTiB.

— Moayne ekcrnopty iHpopmariii. Bukonye ¢yHkuiro oOpoOKH oOmpanboBaHOl
iHdopmalii 3 BHYTPIIHBOTO B 3aJaHUN 30BHIIIHIA (QopMmaT s MOAAIBIIOTO
30epeKeHHS B 00paHUX 30BHIIMIHIX HOCISIX a00 0a3ax JaHUX.

TakuM YWMHOM, KOXKEH 3 TEpeIiueHHX MOJIYJIB BUKOHYE KPUTUYHO BAKIUBY
GyHKIIIO Yy 3arayibHii  iHQOpMaIiifHIi cucTeMi, 3a0e3medyloud 11 IUTICHICTB,
€()EeKTUBHICTh Ta THYYKICTb.

B3aemonist Ta 1HTerpauisi pospodsenoi IT 3 iHQopMaliiiHOIO CHCTEMOIO

KOPHUCTYBayva BiI0YBA€THCA 3T1IHO 3 HACTYITHOIO CTPYKTYPHOIO CXEMOIO B3aEMO/IIT:
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Pucynok 4.12 — CtpykTypHa cxema B3aeMoii Ta interpariiii MoaymiB I'T 3 30BHIITHBOIO

1H(OpMAIIIITHOIO CUCTEMOTO

4.4 BUCHOBKH 10 po3aiay 4

CdhopmynboBaHO MOKIIHMBI CIIEHApIi JJIsl MPOTHO3YBaHHS apTepiaibHOTO THUCKY Ha
OCHOBI 0€3MaH)XETHOTO BHMIPIOBAHHS Ta Ha iX OCHOB1 po3po0JieHO iHhOopMaliiHy
TEXHOJIOT1I0 1HTENIEKTYaIbHOTO MPOTHO3YBAHHS.

3anpornoHoBaHa TEXHOJOTISE MoOXKe OyTH BHUKOpHCTaHa s Oe3mepepBHOI
IIarHOCTUKK CTaHy CEepLEeBO-CYAMHHOI CHCTEMH TMaIlieHTa, IePCOHAII30BaHOTO
MPOTHO3YBAaHHS PU3HKIB apTepiaibHOI TinmepTeH3ii 3 1HAWBIIyaJbHUM MPOTHOCTUYHUM
TOPU30HTOM, OINEPATUBHOIO CIOBIIIEHHS KOPUCTYBadiB MPO MOXKIWBI PHU3UKUA Ta

[oanbI HEOOX14H1 ii.
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BUCHOBKU

Y nmuceprariiiHiii poOOTI BUPINIYEThCS aKTyallbHa TpoOiema Kiacudikarii
CTYIIEHIO apTepiajbHOI TiMEepPTeH3li Ta MPOTHO3YBAHHS apTepiaJbHOrO THUCKY, IO
JI03BOJII€ 3amoOIrTM TOCTpUM cTaHaM sK 1H(apkT abo 1HCynsT. IlocTaBieHi B
aucepTaiitHiil poOoTi 3a7a4l BUKOHAH1 B TIOBHOMY 00CSI31.

3anmpornoHOBaHO TMIJAX1J JO TONEepeaHboi OOpOoOKM JaHUX OE3MaHXETHOIO
BuMiptoBaHHs AT Ha OCHOBI BUKOPHUCTAHHS aJITOPUTMIB YCYHEHHSI aHOMaJIbHUX BUKHU/IIB
Ta OYHUIIECHHS JaHUX, [0 Ja€ MOKIIUBICTh MOKPAIIUTH Pe3yabTaTH MPorHo3yBaHHs AT y
XBOPHUX.

Byno orpumaHo HaCTyIH1 HAyKOB1 pe3yJIbTaTu:

— BIIEpIIEC 3aIPOMOHOBAHO METOJ A OOpOOKM HaHMX apTeplalbHOIO TUCKY Y
XBOPUX, SIKUM BIJPI3HIETHCSA TUM, 1110 Ha OCHOBI METO/IIB O€3MaHKETHOTO BUMIPIOBAHHSI
3MICHIOE TIOMIEPEIHIO OOpOOKY OTPUMAaHHMX JAaHWX Ta TMOMAJBINE MPOTHO3YBAHHS Ha
OCHOBI BUKOPUCTAHHS TOpUTHUX PEKYPEHTHUX HEHPOHHUX MEPEX, FTOPU30HT MPOTHO3Y
SKUX aJalToBaHO IIJ MHOTOYHMUM CTaH MAall€HTa, M0 [Ja€ MOXIMUBICTL 3HU3UTH
IMOBIPHICTh BUHUKHEHHS 1HCYJIBTY 200 1H(PAPKTy Y XBOpUX B cepenuboMy Ha 10%;

— YIOCKOHAJICHO METOJ  BHUpIIICHHS 3a7ayl  kiacudikaiii Ta  3HWKEHO
0O0YHCITIOBAJIbHI BUTPATH MPH MAIIMHHOMY HaBYaHHI riOpUIHUX HEHPOHHUX MEpEX 3a
pPaxyHOK BU3HAYEHHS HalOLIbII BIUTMBOBUX O3HAK apTepiaiibHOI rinepTeH3ii s pi3HUX
CTYIIEHIB 3aXBOPIOBaHHS, SKI KpIM 3arajbHUX O3HAaK (aHAMHE3, PE3yJIbTaTH OIJISIAY
JmiKaps, pe3yJdbTaTH aHalli3iB KpOBI, C€Yl, BHUMIPIOBAHHS apTEPIAIbHOTO THCKY)
BKJTIOYaIOTh pe3ysibTaTtu 00pooku EKI', ExoKT;

— PO3p0OJIECHO METOJI CTPYKTYPHO-ITAPAMETPUYHOTO CUHTE3y TiOpUIHOI HEHPOHHOI
Mepexi NI po3B’sI3aHHS 3a/1a4l Kiaacu@ikallli CTymneHs apTepialibHOl TiNepTeH3ii, sSIKui
BIJIPI3HSIETHCSI TUM, IO TiOpUIHA HEMpOHHA Mepexa OynyeThCS Ha OCHOBI CTBOPEHHS
Oerrinr-ancamOIIt0 IHTENEKTyalbHUX KiIacu(iKaTopiB, BKIIOYEHHX B aHCaMOIb 3a
KPUTEPISIMU TOYHOCTI Ta PI3HOMAHITTS, 1O A03BOJISE MiABUIIMTH TOYHICTb KiIacu(iKarlii.

Byno oTpruMaHo HacTymH1 IPAKTUYHI pe3yJIbTaTH:



124

— po3poOJieHl 1HTENEeKTyajdbHl METOJIM Ta AJITOPUTMHU MPOTHO3YBaHHS 3HAYEHBb
apTepiaJIbHOT0 TUCKY Ha OCHOBI BUKOPUCTaHHS O€3MaH)XETHOTO BHUMIPIOBAHHSA, IO
J03BOJIMJIO MIABUIIUTH PiBEHb 3alI00ITaHHS 1HCYNBTIB Ta 1H()APKTIB Y XBOPHUX;

— Ppo3po0JIeHO HOBUM MiAX1]T 10 J1arHOCTYBaHHS CTYIICHIO apTeplabHOI IIepTeH3li
Yy XBOPHX;

— BHUKOPHUCTAHHS 3alpONOHOBAHUX METOIB Ta ainroput™miB y JY «Harmionansuuii
HayKOBHH IIeHTp iMeHI akajemika M.J[. Ctpakeckay, 1110 103BOJIMIIO IT1IBUIIIUTH PIBEHb

3aro0iraHHs 1HCYJbTIB 1 1H(APKTIB Y XBOPHUX.
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