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J3100anoBcpka Haradgisi BosionumupiBua,
KaHOUOAM eKOHOMIMHUX HAYK, CIMAPUWULL UKIA0AY Kapeopu eKOHOMIKO-MAMeMamuyHux Memooie
TepHoninbcbko2o HAYIOHALHO2O eKOHOMIYHO20 YHIGepcumemy

BUKOPUCTAHHSI HENPOHHUX MEPEXK JIJISI IPOTHO3YBAHHSI IMITOPTY TOBAPIB
KPATH €BPOIIEMCBKOI'O COIO3Y

Y ecmammi no6yodosano netiponmny mepesicy ons npoeno3ysanis oocaey imnopmy moeapie kpain €sponeticokozo Corosy.
Jna modenosanus suxopucmano npocpamuuti npooykm STATISTICA 10 i cmamucmuuni 0auni obcseie imnopmy mosa-
pis y man espo kpain €C. [Ipogedeno ananiz ounamixu oocaeie imnopmy moseapis kpain €C npomseom 00CHiOHCYBaAHO20
nepiody. Bukopucmosgylouu ompumany HetupomMepedlcty Mooeib, po3paxo8ano NPOcHO3HI 3Ha4eHHs 05 00cA2ie iMnopmy
moeapis kpain €C na mabymui nepioou. Iliomeepoicenns adeksamnocnii n06y008aHoi Mooei 30iliICHEHO HA OCHOBI KPOC-
nepesipku il aHanizi 3a1UmKie Mooeji.

Kniouosi cnoga: imnopm, mamemamuuna Mooens, MidCHAPOOHA MOP2I6Is, HeUPOHHA Mepedicd, NPOSHO3YEAHHS.

J3w0anoBckas Haranabs BnagumupoBHa,
KaHouoam 3KOHOMUYECKUX HAYK, CMapuiuil npenooasamend Kageopbl 3KOHOMUKO-MAMEMAMUYecKux Memooos
TepHOnoONbCKO20 HAYUOHATILHOZ0 SKOHOMUYECKO20 YHUBEPCUMend

HCIOJIb30BAHUE HEMPOHHBIX CETEM JJIS1 IPOTHO3UMPOBAHUS UMIIOPTA TOBAPOB
CTPAH EBPOITIEMICKOT'O COIO3A

B cmamve nocmpoeno netiponnyio cemv 015 NPOSHOIUPOBAHUSL 00beMa umMnopma mosapog cmpar Eeponetickoeo Co-
103a. s modenuposanus ucnoivzosan npoepammusii npooykm STATISTICA 10 u cmamucmuueckue OanHvle 00beM0O8
umnopma moeapog 6 min. eepo cmpaw EC. I[Iposeden ananus ounamuxu 06vemos umnopma mosapos cmpan EC ¢ meuenue
uccnedyemozo nepuoda. Mcnonw3ys noayuennyio Hetipocemesylo Mooeib, paccuumanbl NPOSHO3HbLE 3HAYUEHUsL 0151 00beMOos
umnopma mosapog cmpan EC na 6yoywue nepuoowvi. [loomeepacoenus adekeamHnocmu noCmpoeHHO MOOeIU OCYUecms-
JIeHO HA OCHOBE KPOCC-NPOGEPKU U AHANU3E OCHAMKO8 MOOEU.

Kniouegwie cnoga: umnopm, mamemamuyeckasmMo0e, MeNcOYHApoOHas Mop206is, HelipOHHAS Cemb, NPOSHOZUPOBAHIUE.
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THE APPLICATION OF THE NEURAL NETWORKS FOR FORECASTING THE IMPORT
OF GOODS FROM THE COUNTRIES OF THE EUROPEAN UNION

The article overviews a neural network constructed for forecasting the amounts of goods import from the countries of the
European Union. The model was developed by means of the software package STATISTICA 10 and basing on the statistical
data of goods import amounts (in millions euro) from the EU countries. The analysis of EU countries goods import amounts
dynamics during the investigated period was realized. On the basis of received neural network model, predicted values for
EU countries’ goods import amounts for future periods were calculated. The adequacy of the constructed model was con-
firmed basing on the cross-check and model residues analysis.

Key words: import, international trade, mathematical model, neural network, forecasting.

IocTranoBka npod.aemu. CbOro1HI, KOJX CTPIMKO PO3BUBAIOTHCS IHTETPALIiifHI IIPOLIECH, Cepe] PI3HOMAHITHUX
METO/IIB OLIIHKM Ta BUMipIOBAHHS TOKA3HUKIB MI>KHAPOHOI TOPTIBIII BaXKIMBE MICIIE BiIBOSITH HOOYOBI ITPOTHO3-
HHX Mojeneil. Bubip HanpsiMy CTpaTeriyHoro IuiaHyBaHHS Ta po3poOKa CIIeHapiiB PO3BUTKY TOPTIBEIBHUX BiTHO-
CHH 3yMOBJIIO€ HEOOXiIHICTh €(DEKTHBHOIO MPOTHO3YBAHHS OCHOBHHX TOKA3HUKIB MI>XHAPOAHOI TOPTiBII.

AHauni3 ocTaHHixX Aocaimxens i mydaikauii. [IntanHaM po3poOKH Ta 3aCTOCYBAaHHS MPOTHO3HUX MOJC-
Je B €KOHOMIlll MPHUCBIYCHO YUMasI0 POOIT BUAATHUX BITYM3HSHMX 1 3apyODKHHX HAyKOBIIB, Cepell sIKMX
I. B. AnTtoxonosa [1] A. M. €pina [2], b. €. I'padoseuskwuii [3], K. 1. JIetoic [4], T. I'. Mopo3zosa, O. B. I1u-
kyinbkuH, B. @. TuxonoB [5] Ta inmi. OkpiM 1boro, 6araTo BYCHUX MPUIUIMIA CBOKO YBary JOCHIIKCHHIO

126 Hayxoei 3anucku Hayionanvnoeo ynisepcumemy «Ocmpo3svka akademiny, cepia «Exonomixa», Ne 7(35), epyoens, 2017 p.



© H. B. /[zrobanoscoka ISSN 2311-5149

MATEMATUYHE MOJIEJIIOBAHHS TA IHOOPMALIIIHI TEXHOJIOI'TE B EKOHOMILII

E€KOHOMIYHHX TIPOIIECIB 13 BUKOPUCTAHHAM HEHPOHHHX Mepex, cepen Hux A. 1. I'opGaror [6], O. A. €xoB,
C. O. lymcekwii [7], B. 1. Llupsie [8] Ta iHmmi.

MeToro aociKeHHsI € T00Y0Ba TIPOrHO3HOI MOJIEN OOCSTIB IMIIOPTY TOBapiB YISl IMiIBUITICHHS CTYTICHS TOiIH-
(hopMoOBaHOCTI 0COOH, sTKa TIPUIAMAE PIICHHS MI0JI0 BXKITMBUX TEHIICHITIH y chepi 30BHIIIHBOT TOPTIBII KpPaTHU.

Bukiaa ocHOBHOro martepiajy. I3 cTpiMKHM PO3BUTKOM KOMIT' FOTEPHHX 1H()OpPMAIITHUX TEXHOJIOTIH, Ha
3MIHY TPaJHIIHHAM MaTEeMaTHYHUM METOAaM MPHUXOJATh CYYacHIII METOJAMKH MOJCTIOBAHHS CKOHOMIYHUX
nporieciB. OJIHIEIO 13 IKUX € HEHPOMEPEKHI TEXHOJIOTIi. BeTKoro 1iepeBaroro 3acTocyBaHH HEHPOHHUX MEPEXK
HaJ| TPAJUIIITHIMH METO/IaMH TIPH MPOTHO3YBaHHI €KOHOMIUHHX SIBHUIII € MOXKIIUBICTD SKICHO Ta IIBHKO OTpa-
[IOBYBATH BEJINKI MACHBH JIAHUX, & TAKOXK BUSBJIATH Ta BIITBOPIOBATH JIOCUTh CKJIAJIHI 3aJICKHOCTI BCEPEIHHI
exeMeHTIB Mepexi. 1o 1 3ymMoBHIIO BUOIp HEHPOMEPEKHUX TEXHOJOTIH JUIsl TPOTHO3YBAaHHS 00CSTY IMIIOPTY
ToBapiB kpain €C.

Jli1g MoieoBaHHS BUKOPUCTAHO cTaTHCTHYHI 1aHi Eurostat [10] 0OcsriB iMITOpTy TOBapiB y MITH €BPO KpaiH
€Bporericekoro Corosy 3a KoxkeH Micslb 13 ciuasg 2002 poky mo Bepecenb 2017 poky.

PosrisiHeMo crioyatky TeHJICHITIT THHAMIKH 00CSTiB IMIOPTY TOBapiB kpaiH €C MpoTATOM JTOCIiKYBaHOTO
niepioay (puc. 1). Ha rpadiky BHIHO, 1110 3 TWIMHHOM Yacy 0OCSTH IMIIOpTY TOBapiB kpain €C 3pocTaroTh, TOOTO
MPOCTEKYEMO 3POCTAOUHUH JITHIHHMIA TPEH/I, & TAKOXK BUJIHO IEBHY MEPIOAMUHICTh. SIK yke OyiI0 Bi3HAYCHO B
OJIHIH 13 ToTIepeIHIX poOiIT [9], 3BaKaroum Ha XapakTep Mepediry MiKHapOoIHOI TOPTIBI, JOCIIPKEHHS [[LOTO
MPOIIECY MOXHA MTPOBECTH 13 BUKOPUCTAHHSAM TeOPii YacOBUX PsIiB. J{yisi BU3SHAYCHHS NIEPiOIMIHOCT] YaCOBOTO
psAay BHKOpHCTaeMO Moxyiib Time series analysis/Forecasting makety STATISTICA 10 i 3actocyemo criek-
TpalbHUi aHai3 Dyp’e (puc. 2).
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Puc. 1. Jliniiinunii rpagik imnopty ToBapiB kpain €C npotsarom 01.2002-09.2017 pp.

Spectral analysis: IMPORTS
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Puc. 2. Ilepiogorpama cnexkrpajbHoro anajizy ®@yp’e odcsris imnopry ToBapis kpain €C
ynpoaos:x 01.2002—-09.2017 pp.

I3 puc. 2 BUHO, 1110 AOCIIPKYBaHHI YaCOBUU ps Ma€ epioguyHicTh 4. Lle 3HaueHHs MU BUKOPHCTAEMO 1]
yac HaJATyBaHHS HEHPOHHOI Mepexi.
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Jts moOymoBM HelpoMepeKHOT IPOTHO3HOT MOJIENi BUKOpHUCTaEMO Moy b Statistics/Neural networks make-
Ty STATISTICA 10. AnekBaTHicTh MOJIeNI OyIeMO JTOCTIKYBATH 3a TOTIOMOTOIO Kpoc-TiepeBipku. Tomy uis
TpEeHyBaHHs HEHPOHHOT Mepexi BuOepeMo aaHi 3 ciuns 2002 poky 1o rpyaeHb 2016 poky, a nmepeBipKy BUKOHA-
€MO JIUTSl 3HAYCHb 00CATIB IMITOPTY mepinuX JeB’ situ MicsaiiB 2017 poky. OTxe, Ha OCHOBI pe3yJIbTaTiB aHATIZY
(puc. 3) HaMHu OTPUMAHO 5 HEHPOHHUX MEPEK.

Summary of active networks (Spreadsheet40)

Include cases: 1:180

Index | Net. name | Training perf. ‘ Test perf. ‘ Validation | Training error | Test error | Validation | Training ‘ Error function | Hidden Output

perf. error algorithm activation | activation

1 MLP 12-8-1 0,964125 0,945953 31917962 44748192 BFGS 31 SOS Logistic Identity
2 MLP 12-6-1 0,972368 0,945527 2387025€ 4487423¢ BFGS 42 SOS Tanh Identity
3 MLP 12-2-1 0,970261 0,944447 25888451 46752454 BFGS 66 SOS Logistic Identity
4 MLP 12-5-1 0,961825 0,945181 34179167 4565633C BFGS 28 SOS Logistic Identity
5 MLP 12-7-1 0,967026  0,945393 29105828 44912717 BFGS 38 SOS Logistic Identity

Puc. 3. Pe3ysabTaTu Moge/1r0oBaHHs 00csATiB iMmopTy ToBapiB kpain €C

Hactynaum Hammm 3aBaanHsaM Oyzae oOpatu cepes] I'TH OJHY Hallkpally HEHpOHHY Mepexy, TOOTO Taky,
110 HAWONTUMAJIbHILIE ONMUCY€E NPOrHO3HUM pa. Lleit Bubip Mu 3ailicHUMO Ha OCHOBI rpadika NIPOrHO3HUX 3HA-

4yeHb MoJiene (puc. 4).

Imports (Output)

Puc. 4. I'padix nporuHo3Hux 3Ha4eHb HelipoMepe;KHUX Mojieeil

Time series projection for Imports
12 steps used asinputs, 1 steps predicted ahead
All samples

Include cases: 1:180
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I3 rpadika (puc. 4) poOMMO BUCHOBOK, 1110 HAWOLIBIII ONTUMATBHUM PsIJi MPOTHO30BaHUH Mozeo 2.MLP
12-6-1, ToMy 11 Bi3yajabHOTO MiATBEPIXKEHHS HAIOr0 BUOOPY BUOpaHOi Mol modyayemMo rpadik mpoekuii

yacoBoro psay (puc. 5).
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Time series projection for Import

12 stepsused asinputs, 1 steps predicted ahead

All samples

Include cases: 1:180
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Ha puc. 5 cripaBni BuTHO, 1110 TIOOY10BaHA MEpeskKa JOCUTh ONITUMAJIBHO BiIOOpaXkae peasibHi CTAaTUCTUYHI JIaHi.

Jlts miATBep KEHHS TTPABHIILHOCTI OTPUMAHHUX 1T Yac MOJICITFOBAHHS PE3yJIbTaTiB HEOOXITHO 3/1HCHUTH
MePEeBIPKY aJIeKBATHOCTI Moieni. Taky mepeBipKy MOXKHa BUKOHATH Ha OCHOBI aHAJII3y 3aJUINKIB MOJIeNi. Y Ha-
OMY BUTIAJIKY 3aJTUIIKHA MOJIEII € PI3HHUIICIO MK (PaKTHUHUMHE 3HAYEHHSIMH 00CSTIB IMIIOPTY ToBapiB kpain €C
1 3HAYEHHSIMH 00CATIB IMIIOPTY TOBapiB KpaiH €C, 00YMCICHUMH 32 JIOTIOMOTO0 OO0y I0BaHOT HEUPOMEPEKHOT
MoJiei. SIKIIo MoJIesb aeKBaTHa, TO PSJI 3ATHIIKIB MOl Oyie MATH HOPMAaJIBHUH PO3TIOILIL.

[HKOIM OyBa€E JTOCTATHRO JIUIIIE rPadigHOTO aHATI3Y 3AITUIIKIB. J{J1s1 1IbOTO MOTPIOKO MOOYIyBATH TiCTOTpaMy
3aJTUINKIB MOJIeNi (prc. 6) Ta HOpMaITLHUH IMOBIPHICHUH rpadik 3aJUIIKIB TSl HAIIOT Mozeli (puc. 7).

I3 prc. 6 BHIHO, 1110 3aJTHIITIKK MOJIEITI PO3IOJIIJICHI 32 HOPMAaJIbHUM 3aKOHOM po3moairy. OKpiM TOro, Bifo-
MO, IO YMM OiIbIIEe PO3MOMINA HAOIMKEHUH 10 HOPMAJIBHOTO, THM Kpallle 3HAUCHHS 3aJIMIIKIB JIATAIOTh Ha
npsiMy JiHit0. I3 puc. 7 Bi3yalbHO BHJHO, IO PSJI 3AJIMIIKIB MOJEII HOPMalbHO po3noiiieHuit. Ha ocHoOBI
MPOBEJICHOTO TPa(iqHOro aHaNI3y 3aJUINKIB MOJIEII MOYXHA CTBEPJKYBATH TPO JIOCTATHIO aJICKBATHICTH TI0-
OyJ0BaHOT MOJIEII.

Imports (Residuals) [2.MLP 12-6-1]
Samples: Train

Include cases: 1:180
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Puc. 6. I'icrorpama 3aaumkiB nporHo3noi Mmogesi

Imports (Residuals) vs. Imports (Residuals)
Samples: Train

Include cases: 1:180
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Puc. 7. Hopmanbunii iMmoBipHicHMit rpadik 3aiaumkiB mporuo3noi Mmoaesti

KpiMm rpadiuHOTO MiITBEpHKEHHS aJIeKBATHOCTI MOJIEII MMPOBEEMO Kpoc-TiepeBipKy. JlJist 1IbOro po3riisHe-
MO TaOJIHITO 13 peaTbHUMH CTATUCTUYHUMH JJAHUMH Ta MIPOTHO3HUMH (pHC. §), a TAKOXK 3aHECEMO JI0 TaOJIHII
JIaH1 PO NOXUOKY MPOTHO3HUX 3HAUYCHbD.

OCKIJIBKH KpOC-TIEPEBIPKY MM BUKOHYEMO JUISI OCTaHHIX JICB’SITH 3HAUEHB 13 TaOJHIll, TOOTO JIJIS CIYHS-Be-
pecust 2017 poky, po3paxyeMo cepellHE 3HAUCHHS MOXUOKH I UX 3HadeHb (puc. 9). OTxe, MU Oa4uMo, 1110
HaIlIa IPOTHO3HA MOJIEJIh Ma€ MOXUOKyY 5,7% (11e IIIKOM Bi/IITOBiIa€ HOPMI).
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Time series projection for Imports (Spreadsheet40)
12 steps used as inputs, 1 steps predicted ahead
All samples
Include cases: 1:150
Imports | Imports(Qutput) Error
Case Target MLP 12-6-1 =Abs(v1v2)v1
name
2016M0O1 | 2402729 2487157 0,0351384401
2016M02 | 267944.6 251660.9  0,0243607304
2016M03 | 2738656 282639,7  0,0320380569
2016M04 | 262760.0 248962,0  0,0525118922
2016M05 | 2661433 257529,1  0,00541036126
2016MO6 | 2753973 269940,5  0,0198143707
2016MO7 | 2477534 249568,0 0,00732406007
2016MO08 | 2314077 221887,0  0,0411426076
2016MO09 | 2744229 269703,615 0,017197125
2016M10 | 2646722 2760754 0,0430841565
2016M11 281577.0 2721475 0,0334882148
2016M12 | 2491685 242016,5  0,0287033457
2017MO1 | 2640647 2509486 0,0496699521
2017TM02 | 2674682 2620452 0,0202752533
2017M03 | 309808.8 2729331 0.119027429
2017M0O4 | 259891.4 266960.0  0,0271981636
2017MO05 | 289697,7 271785,7  0,0618300287
2017M0O6 | 2692955 2653252 0,0828573234
2017TMOT | 264632.7 2554839  0,0345715813
2017MO08 | 2507998 2406951 0,0402899692
2017M09 | 287812.,6 265721,5  0,0767552398
J 4
Puc. 8. Tabanus 3na4eHb peajbHUX JaHUX, IPOTHO3HUX i 3HAYEHHS MOXHOKH
| Common || Mare.,
Case Time series projection for Imponts (Spreadsheet40)
name 12 steps used as inputs, 1 steps predicted ahead
All samples

Include cases: 1:180
1

Error

MEAN case 181-189 | 0,057

Puc. 9. Cepeane 3HaueHHs] NOXHOKY MPOTHO3HOT MojIeJti

[Ticst mepeBipku 100y IOBaHOT HEHPOMEPEKHOT MOJIeNI Ha a/IeKBaTHICTh MOKHA BUKOPHCTOBYBATH ii SIK
THCTPYMEHT IPOTHO3YBaHHS 00CATIB IMIOPTY KpaiH Ha MalOyTHI ITepiojIy.

PozpaxyeMo mporHO3HI 3HaYCHHS I 00CATIB IMIIOPTY ToBapiB kpain €C Ha mepion yacy 3 xoBTHs 2017
poky i jo rpyans 2018 poky. Oxepxkani aaHi 300pazumo rpadivao (puc. 10) i momamo B Tabmumi (puc. 11).
TakuM YMHOM, Ha OCHOBI CTATUCTHYHUX JAaHUX OOCSATIB IMIIOPTY ToBapiB kpain €C 3a morepenHi nepioan M,
3aCTOCYBABIIH HEHPOMEPEKHI TEXHOJIOT11, OTPUMAII MTPOTHO3H] 3HAYCHHS [IHOTO TIOKa3HWKA TOPTIBII Ha Maid-
OyTHI mepioju.

Time series projection for Imports
12 steps used asinputs, 1 steps predicted ahead
All samples

Include cases: 1:180
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Puc. 10. I'padix nporno3nux 3HaveHb 00csATiB iMmopTty ToBapiB kpain €C na nepiox 10.2017-12.2018 pp.
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Time series projection for Imports (Spreadsheet40)

12 steps used as inputs, 1 steps predicted ahead

All samples

Include cases: 1:180

Imports | Imports{Output)
Case Target MLP 1261
name
2017106 289 295.5 2653252
2017MO7 |264 632,7 255483,9
2017108 |250 799.8 2406951
2017M09 287 812.6 265721,5
201710 279756,6
2017M11 272639,3
201712 2437594
201801 257532,3
2018M02 2571155
2018M03 271606,6
2018104 276350,6
2018M05 269210,0
2018M06 266434 1
2018M07 259207,7
2018M08 243849,9
2018M09 273544.9
2018M10 290302,5
2018M11 266227,9
2018M12 2523524

Puc. 11. IIporno3unx 3HaveHs odcsriB immoprty ToBapiB kpain €C Ha mepiox 10.2017-12.2018 pp.

BucHoBku. OTxe, Ha OCHOBI TIPOBEICHOTO JTOCIIKEHHS TIPUXOAMMO JI0 BUCHOBKY, IO JUIS OI[IHKH 1 IPO-
THO3YBaHHSI TOKa3HHUKIB MIXKHAPO,THOT TOPTIBIII YCITIIITHO MOYKHA 3aCTOCOBYBATH TEOPIIO YACOBUX PSIIB 1 HEUPO-
MEpEXKHI TEXHOJIOT1I. 3a IOMOMOror Mmo0yI0BaHOT TPOTHO3HOT MOJISNII MU OTPUMAIH Tepe0adeHi 3HAYCHHS
o0csTiB iMnopty ToBapiB kpain €C Ha maitOyTHi nepiogn. Otpumany 3acodamu makera STATISTICA 10 mo-
nynst Neural networks mporHo3Hy MoJielib TMHAMIKH 9acOBOTO Py MOKHA BUKOPHCTOBYBATH K IHCTPYMEHT
MIPOTHO3YBaHHS OCHOBHHX TEHJICHIIIA 3MIHU OOCATIB IMIIOPTHUX MOTOKIB KpaiH, a TAaKOXK aHAJOTIYHY MOJIENb
MOJKHA TIOOYyBaTH JUTSI TOCIIKCHHS JTUHAMIKH 1HIIMX TOKA3HUKIB MIXKHAPOIHOT TOPTiBIIL.
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