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Po3pobnieHo apxiTekTypy IITYyYHOI HEWPOHHOI Mepexi paaiaibHO-0a3MCHUMHU (QYHKIISMHU JUIs
MOJICIIIOBAHHS Ta IPOTHO3YBAaHHs 1HACKCIB (piHAHCOBOI Oe€3MeKku. 3a3HadyeHo, IO OJHHUM i3
OCHOBHHMX YMHHHUKIB BIUIMBY Ha TIOKa3HUKH (iHaHCOBOI Oe3lmeku € TOJaTKOBHH OOpr.
Pe3ynpTaTaMu €KCIIEpUMEHTIB MIATBEPKEHO €(EKTHBHICTh PO3pPO0JIECHOT apXITeKTypH HEHPOHHOI
Mepexi paiabHOTO TUILY.

Kniouosi cnosa: wmyuna Hetiponna mepedica 3 padiaibHO-0A3UCHUMU QYHKYIAMU, MOOEN0BAHHS,
@inancosa be3neka, nooamkosuil 6ope.

The architecture of artificial neural network with radial basis functions for modeling and forecasting
of financial security indices has been developed. It is noted that one of the main factors of financial
security affecting is tax debt. The experiment results confirme the effectiveness of the developed
radial-type neural network architecture.

Keywords: artificial neural network with radial basis functions, modeling, financial security, tax
debt.

Pa3paborana apxuTekTypa HWCKYCCTBEHHOW HEUPOHHOH CETH U3 paauaibHO-0a3HCHBIMH
GYHKIMSAMHE A7 MOJICIMPOBAHHUS M TMPOTHO3UPOBAHUS HMHAEKCOB (hprHAHCOBOW O€30MacHOCTH.
OTMe4yeHo, YTO OJHHUM W3 OCHOBHBIX (DaKTOPOB BIMSHHS Ha TIOKa3zaTenu (UHAHCOBOM
0€30MacHOCTH  €CTh  HAJOTrOBbI  jonr. Pe3ympTaTamMu  SKCIEPUMEHTOB  IMOATBEPXkICHA
3¢ (HEeKTUBHOCTH pa3pabOTaHHONW apXUTEKTYpbl HEHPOHHOM CETU pauaNbHOIO THIA.

Knrouesvie cnosa: uckyccmeennas HeUpoHHAs cemb ¢ paouaibHO-0A3UCHLIMU  QYHKYUAMU,
Mooenuposarue, puHancosas 6e30nacHoCmyb, HAJ0208bll 00J12.

Beryn. Inentudikaumist piBHA (iHAHCOBOI O€3MEKH, HOro MOHITOPUHI €
KJIFOUOBUMH 337lauaMH Cy4acHOi eKOHOMIKU. (DIHAHCOBY O€3MeKy XapaKTepU3yIOThb
iHauKaropu (inancoBoi O6e3neku (IDB), sxi onucyoTh Bei chepu cucteMu PpiHaHCIB
JepKaBu. 3a3HA4YeHI TOKAa3HUKM XapaKTepU3YIOTh EKOHOMIKY JepXaBH, SKa €
HECTaOUIbHOIO, a CaMi MOKA3HUKH YaCTO € HEOAHOPIIHUMHU.

Momnitopunrom piBHsi piHaHcoBoi O6e3neku 3aiimanucs BueHi T. C. Knebanosa,
B.I1. Maprtuniok [1, 2], mocmipKeHHs SKUX TPYHTYIOThCSI HA CTaTUCTUYHOMY aHai31
YaCOBHX PSIB MOKAa3HUKIB Ta MOOY/I0BI KOPOTKOCTPOKOBUX MPOTHO3HUX MOJIENECH.

[Ipote exoHOMiKa aepxaBu, Ky XapakTepu3yioTh Db, € HecTabinibHOIO Ta
MICTUTh HECTAI[lOHapHI mporecu. B Toil e yac, quHaMiKa MOKa3HUKIB (DiIHAHCOBOI
Oe3MeKkn CYTTEBO 3aJICKUTh BiJl YMHHHUKIB, 110 HAa HUX BIUIMBAIOThH, 3B’SI30K MIX
SKUMH € HEJIIHIMHUM.

3a TakuMx YMOB 3ajadya MOJICJIFOBaHHS TOKa3HUKIB (hIHAHCOBOI O€3MeKu
BHMarae 3acTOCYBaHHsS TaKOTO MAaTEMaTHYHOTO amapary, sSIKHid OM yMOKIIUBJIIOBAB
no0yI0BY MPOTHO3HUX MOJIETICH, 3Ba)Kat0UX HA YNHHUKH BILTUBY .
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CporogHi JOCHTH 4YacTO IJIsi PO3B’SI3yBaHHS MOAIOHMX 3a/a4 3aCTOCOBYIOTh
mTyyHi HedpoHHi Mepexi (IIIHM), ockiabku BOHHM €  yHIBEpCaJIbHUMH
ampoOKCMMaTOpaMH, 3/aTHI /IO HaBYaHHS Ta MOXYTh aJanTOBYBaTHUCS JO 3MiH
30BHIINIHBOTO cepefoBuina. IcHye yumano apxitektyp IIIHM, mio BapitoioTh Bij
OaraTomapoBOTr0 TEpPCENTpPOHA [0 CKJIAJHUX HEHpOMEpexeBUuX CTpyKTyp. s
MOJICITIOBAHHST Ta TMPOTHO3YBAHHS TMPOIECIB 13 TJIMOOKOI HECTaOlIbHICTIO
BUKOPHUCTOBYIOTh IITyuHI HeHponHi wmepexi (IIIHM) 3 papianbHo-0a3ucHuMU
byakmisimu  (Pb®) [3]. Cepem mepeBar 3a3HadyeHUX HEHPOMEpPEX € TIPOCTa
apxiTeKTypa (HasBHICTb JIUIIEC OJHOTO MPUXOBAHOTO IIAPY), MOXKJIUBICTH HABUATHUCS
Ha OOMEXXEHil HeOTHOPIAH1M BUOIpIIl JaHUX, BUCOKA IIBUIKICTh HABYAHHS.

3Ba)kalouu Ha 1€, METOI0 CTAaTTlI € CHHTE3 apXITEKTypy IITYYHUX HEUPOHHUX
MEpeX paaiabHOTO TUITY ISl MOJCIIIOBAHHS 1HAUKATOPIB (DIHAHCOBOI OE3MEKHU.

ITocTanoBka 3agaui

@diHaHCOBUN CTaH JIEp’KaBU 3arajioM MOKHAa KOMIUIEKCHO OXapaKTepu3yBaTH
Ha OCHOBI 1HAMKATOpiB (PiHAHCOBOI OE3MEeKu JiepKaBHu, SKI OMHCYIOTh IMOAATKOBY,
IHBECTHIIIMHY, OIO/UKETHY, TI'POIIOBO-KPEIUTHY, OOpProBy Oe€3leKy Ta Oe3meKy
dbonmoBoro puHky. OcCHOBY (hiHAHCOBOI O€3MeKH B IIJIOMY CKJIajaae OroJKeTHA
oe3neka. CyTTeBHH BIUIMB Ha NOKa3HUKU (PIHAHCOBOI Oe€3neKu Jep:KaBU Mae
nojaTkoBuii 6opr [4].

3BakalouM Ha BHILE3a3HaueHe, MozemoBaHHA [Db mnondrae y BuUsBIECHHI
B3a€MO3B 3Ky MK TMOJAaTKOBUM OOproM Ta pe3yJbTAaTUBHHUMH MOKa3HUKAMU
(1HaHCOBOI O€3MeKH, IO YMOKJIUBHUTH BIJOOpPAa3UTH MOTOYHUN CTaH (PiHAHCOBOI
CUCTEMH Ta MepedauynuTi OKpEMI MOKA3HHUKHU I peali3alii IEBHUX YNPaBIIHCHKUX
pILIEHB.

V3araneHeny apxitektypy UHIHM pagiansHOro Tuily mpeACTaBICHO Ha
pUCYHKY 1.

[Ipu 11boMy, Ha PUCYHKY BUKOPUCTAHO TaKl MO3HAYCHHS:

Xiy++ X, — BXOJIM HEHPOHHOI MEPEKI PaiaJIbHOTO THILY;

Ciy---,C,, — HeHTpH, SKi BU3HAYAIOTH MO3MIIO PalialIbHO-0a3UCHOT (PYHKILIT;

dist — 010K, y IKOMY Ha OCHOBI MeTpHKH EBKIIi/Ia OOYHCITIOIOTH BiICTaHb MiXK
BEKTOPOM BXO/IIB X i BigmoBigHUM neHTpom C; ;

Oy,...,0, — CTaHJApTHI BIAXWIEHHA (paalycu Oa3ucHUX (QYHKIIN), sKi
BU3HAYAIOTh MIMPUHY PELIENITOPHOTO MOJS pallalibHO-0a3UCHUX (PYHKIIIN;

f,(x),...,f, (X) — panianbHO-0a3UCHI PyHKIIT;

W,,...,W, — CHHanTW4HI Bard BUXIJHOTO WIapy, 110 BU3HAYAIOTh ‘‘BUCOTY”

pamianbHO-0a31CHOT (YHKIIIT Ta 3HAYCHHSI 3MIIIEHHS;
Y — BUXiJIHUI HEUPOMEPEIKEBHI CUTHAT;
h — KiTBKICTh HEHPOHIB Y IPUXOBAHOMY IIapi.
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Puc. 1. Y3araneuena apxirektypa IIHM pagiansHoro tuy.

Sk pagianbHO-0a3UCHY YacTO 3aCTOCOBYIOTH (yHKIIO ["ayca. 3Baxkaroum Ha

ue, 3anucyemo crpykrypy HIHM 13 Pb® y Burmsai:

§= 3 (% -c|o?) (1)

i=0

Cunre3 apxirtekrypu IHIHM i3 PB® pas mMoae/q0BaHHS NOKAa3HUKIB
¢pinancosoi 0e3nmexn

BpaxoByroun excniepyMeHTallbHI JaHi, HABEICH1 y CTATUCTUYHUX JIOBITHUKAX

[5], mo3HaunMo X — umHHMK, 0 BIMBac Ha IDB, sk “Bxix” IITHM i3 PB®, a Y (K)

— HOKa3HUKU (DIHAHCOBOI OC3IEKH, K BUXIIHI HEHpoMepexkeBi curuanm, | = 1,...,11 —
KIJIBKICTh MOKa3HUKIB (piHaHCOBOT Oe3mneku, k=1...120 — yacoBa auckpeTa (KUTBKICTD
MICSIIIB). AHaATI3YIOUM BXIJIHI Ta BHXIJIHI €KCIICPUMEHTAIIbHI JaHI BHUIHO, IO ACSKI
MOKa3HUKWA BHUMIPIOIOTHCSI y TPUBHAX, a IHII y BIJCOTKax. 3BaKaroyW Ha Iie, A
e¢(eKTUBHOTO MOJICTIOBaHHS  JIOIIJIBHO TPOBECTH HOPMYBAHHS IOKA3HUKIB
¢biHaHCOBOT OE3MEeKH.

Sk cBiTuaTh eKCIepUMEHTaNbHI AaH1, qociipkyBada [ITHM 13 PB® Bkmrogae 1
HEHpOH BxigHOro piBHA Ta 11 HeHpoHIB BHUXIAHOTO piBHSA. OCKUIbKM 3a3HAu€HI
MepeXi MaroTh JIMIIE OJUH MPUXOBaHUM miap, To nmoOynosa apxitektypu HUTHM i3
PB® 3BOaUTHCS 10 3HAXOKEHHS KIJIBKOCT1 HEMPOHIB MPUXOBAHOTO PiBHS, TOOTO 10
OOYMCIIEHHS IIEHTPIB paiajJbHO-0a3UCHUX (PYHKITIH.

Sk 3a3HaueHo y mparil [6], s oOYMCIEHHS IEHTPIB pajiaibHO-0a3UCHUX
GyHKIIM  JOMUIBHO 3aCTOCYBaTH alTOPUTM CYOTPAaKTHUBHOI KjacTepu3alli, e
KUIBKICTh KJIACTEPIB PETYJIIOEThCS €IUHUM TapaMeTpoM — paJiycoM Kiacrepa.
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CranmapTHi BIIXWJICHHS 3aJaMO CKCIEpHUMEHTaabHUM umHOM [7, 8]. Barosi
KOe(]iIlIEHTH CUHANTUYHUX 3B’S3KIB HAJIAIITOBYEMO Ha OCHOBI METOJY 3BOPOTHOIO
NOIIUPEHHS TOMUJIKY .

Hacammepen 3amaemo  KjacTep Takoro po3mipy, 100  OTpuUMAaTH
SKHAUIPOCTIITY apXiTeKTypy HEHUpoHHOI Mepexi. [licias mepeBipku apXiTeKTypu Ha
aJICKBAaTHICTH JIJIS PO3B’S3KY 3aJadi MOJCIIIOBAHHS MOKA3HUKIB (DiHAHCOBOI Oe3meKu
NpUiMaEMO pIIICHHS YM 3HAWJICHAa apXiTeKTypa € ONTUMAaJIbHO, YU ILITXOM
3MEHIIEHHS pajiyca KjiacTepa 3A1HMCHIOEMO HANAIITyBaHHS HACTYMHOI apXiTEKTypu
[ITHM i3 PB®.

Po3pobka mporpamMHOr0 MOIyJNsI, SIKHA YMOJMKIIMBIIIOE —aBTOMATH3AIIIO
HanamTyBanHs apxitektypu [ITHM 13 PB® 3aiiicHeHO Ha OCHOBI MaKeTy MPUKIIATHIX
nporpamM Matlab, 30kpema 13 BUkoprucTtaHHsaM GyHKIT NeWrD.

[InsxoM MpOBEAEHHS EKCIEPUMEHTAIBLHUX JIOCTIKEHb, OJEPKYEMO TakKi
apXITEKTYpH IITYYHUX HEUPOHHUX MEpexX pajianpHoro tumy - 1:2:11, 1:3:11, 1:6:11
o monentoBaHHs Ta mnporHosyBaHHs [®Bb. Crpykrypu 1:2:11 ta 1:3:11 xou
MPOCTIIIl 332 CBOEIO OYJOBOIO, OCKUIBKM BKIIOYAIOTh Jumie 2 1 3 HEHpoHU
MIPUXOBAHOTO PIBHS, BIAMOBIIHO, MPOTE, SIK CBIIYaTh PE3yIbTaTH €KCIICPUMEHTIB, HE
BOJIOJI110 IPOTHOCTUYHUMU BIACTHUBOCTSIMHU.

3Bakaloun Ha II€, ONTHUMAJbHY IJIsl MPOBEICHHS MOJCIIOBAHHS IMOKAa3HUKIB
(1HaHCOBOI O€3MeKu Ta OAEp’KaHHA MPOTHO3ZHUX PE3yJbTaTIB OOpaHO CTPYKTYpPY
IITYYHOI HEWpPOHHOI Mepexi 3 paaiaibHO-0a3ucHUMHM  (yHKisMu  1:6:11.
Apxitexktypy IHHM 13 Pb®, ontumanbHy sl MOJEIIOBAHHS Ta MPOTHO3YBaHHS
MOKa3HUKIB (PIHAHCOBOI O€3MEKU MPEACTABICHO HA PUCYHKY 2.
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Puc. 2. OntumainbHa apXiTeKTypa MTYyYHOT HEHPOHHOT MEpEXi paiaJbHOTO THITY
g moaentoBaHusa [Db.
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[Ipu iboMy CTpyKTypa moOy0BaHOI MTYYHOI HEHPOHHOI MEPEX1 pajliaIbHOTO
TUITY JUIS 3a/1a41 MOJICTIOBaHHS MOKAa3HUKIB (DiIHAHCOBOI O€3MeKH Ma€e BUTIIA:

y (k) = W1 fl (HX(k) - ClHO'_Z) + W2 fz (HX(k) - Cz HO-_Z) +o.t W6 fe (HX(k) - Ce HO-_Z) (2)

3aCTOCOBYIOYM OTPUMAHY CTPYKTYpy ontuMmanbHoi apxitektypu IIIHM 13
PB®, otpumyemo pe3ynbTaTH MOJEIIOBaHHA Ta TnporHo3yBaHHsa IDb, sxki
MIPOJIEMOHCTPOBAHO HA PUCYHKAX HUXKYE.

VYcio BUOIpKY eKClIepUMEHTAIbHUX JaHUX MOAUISEMO Ha HaBYaJIbHY 1 TECTOBY
(KOHTPOMBHY), IO HA PUCYHKAX PO3ICHO BEPTHKAILHOIO JiHI€0. [TyHKTHpHA TiHIsA
MOo3HAYa€ eKCIIEPUMEHTANIbHI JlaHi, a CyIlJIbHa — MOJIEIhOBaH1, TOOTO B3a€EMO3B’SI30K
MOKa3HUKIB (piHAHCOBOI OE3MEKU Ta MOaTKOBOTO OOPTYy.

x 10"
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"""" eKcnepmmeHTaani 3Ha4YeHHA

BukoHaHHs gepxaBHoro 61omkeTy 3a NogaTKoBUMM
HaaXOMKEHHSIMU
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Puc. 3. MoaenroBaHHs IMOKa3HUKA BUKOHAHHS JIEPKABHOTO OFOHKETY
3a IOJAaTKOBUMHM HaIXOKeHHAMH Ha ocHOBI [IIHM 13 PB®.

Sk Gaunmo Ha pucyHkax 3, 4, po3poOJieHa apXiTeKypa IITY4YHOI HEUPOHHOI
MepeXi Ha OCHOBI pajiajgbHO-0a3UCHUX (YHKLIA BIATBOPIOE B3S€MO3B’SI30K MIX
pesynbratuBHuMU  [DBb Ta mnopgaTkoBUM OOpProM Ta YMOXIIMBIIOE OTPHUMAaTH
MPOTHO3H1 3HaUeHHS. B To# ke vac ontumanbHa apxitekrypa IIIHM panianbHOro
TUIy 37aTHa BAOOpa3uTH BUIAJOK, KOJIU Ha pe3ynbTytounil IOb He BrumMBae Takuii
YUHHUK, SIK OJATKOBUW OOpT, 1110 MPOAEMOHCTPOBAHO HA PUCYHKY 5.

3a3HadyeHl pe3yibTaTH MOJCITIOBAHHS aJCKBATHO BiJOOpaXarOTh peabHy
CUTYyaIlilo, 10 TpPUTaMaHHA E€KOHOMIIll JepKaBu. 3BIJICK BUIUIMBAE BHCHOBOK, IIIO
amapar MTYYHUX HEUPOHHUX MEPEXK 13 pallaibHO-0a3uCHUMU (DYHKITISIMU TOCTAaTHBO

IHOykmueHe modernrogaHHsI cknadHux cucmem, sunyck 11, 2019

99



Caska H.A.

BJIaJIO TIAIOpaHUN JJIs1 PO3B’SI3yBaHHS 3ajadl MOJCNIIOBAaHHS Ta MPOTHO3yBaHHS
MOKa3HUKIB (piHAHCOBOI 0€3MEeKH, 3BaKaI0YM HAa YMHHUKH, 110 HA HUX BIUIMBAIOTh.
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Puc. 5. MogentoBanus nuHamiku iHaekcy iH@uanii Ha ocaoBi HIHM 13 PBO.
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BucHoBku

[IpoanaimizoBaHo iCHyIOUl 3aco0M MOJEIIOBAaHHS TOKAa3HHWKIB (PIHAHCOBOI
Oe3mekn ¥ BII3HAYEHO, 0 BOHHU TIPYHTYIOTHCS, 37€01IbINO, HA aHaji31 YacOBHX
CTaTUCTUYHHUX psiiB. OXxapakTepu30BaHO JIOIUIBHICTh 3aCTOCYBAHHS —amapary
MITYYHUX HEUPOHHHUX MEPEX pajiaabHoro Tumy s moaemoBaHHs [Db. Po3pobieno
apxitektypy IIIHM 3 PB® pams MozaemoBaHHS B3a€EMO3B 3Ky TIOKA3HHKIB
¢dbiHaHCOBOI OE3MEeKN Ta YWHHWKA, M0 HAa HHUX BINIUBAE — IIOJIATKOBOTO OOpTYy.
PesynpraTaMu ~ €KCHEPUMEHTIB  MIATBEPHKEHO  €(PEeKTHUBHICTb  PO3pOOJICHOT
apxitexktypu HIHM s MoientoBaHHS MPOIIECIB 13 TITHOOKOI0 HECTAOIBHICTIO.
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Introduction. The level of financial security of the state significantly affects the state of the
economy as a whole. Financial security indicators depend on the factors that influence them. The
main factor influencing is tax debt. Economic processes are often volatile and financial security
indicators are heterogeneous. Monitoring of the financial security level of the state requires the
modeling of financial security indicators, taking into account the factors that influence them. The
relationship between factors and indicators is non-linear. Modeling and forecasting financial
security based on statistical methods in such circumstances is inappropriate.

Today, artificial neural networks with radial basis functions are often used for modeling and
predict processes with deep instability. Setting up the architecture of such neural networks is to
calculate the number of neurons at a single hidden level. The hidden level is characterized by the
parameters of the receptor field of radial basis functions. Output layer parameters - the weights are
adjusted based on the error back propagation algorithm,

The actual task is to develop the artificial neural network architecture with radial-basis
functions in order to use it for modeling and forecasting financial security indicators.

The purpose of the article. The analysis of the generalized structure and methods of tuning
artificial radial-type neural networks to synthesize the optimal prediction architecture for financial
security indicators has to be done.

Methods. The tuning of the centers of radial-basis functions is carried out on the basis of the
"mountain” clustering method, the weighting coefficients - using the method of back error
propagation. Basic approaches are based on the review and analysis of thematic publications, and
the results of their own research.

Result. The architecture of artificial neural networks with radial basis functions is analyzed.
The parameters that define a neural network of this type are described. Based on the algorithm of
clustering and back propagation, the optimal artificial neural network architecture was developed
for modeling financial security indicators.

The simulation is based on experimental data. The simulation results reflect the relationship
between financial security indicators and tax debt.

Conclusion. The developed architecture of artificial neural network with radial basis
functions allows prediction of the financial security state level. The simulation results confirm the
feasibility of using artificial neural networks of this type to predict non-stationary processes.

Key words: artificial neural network with radial basis functions, modeling, financial security,
tax debt.
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