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BBEJAEHUE

CoBpeMeHHBIN 3Tan pPa3BUTUS SKOHOMHKH XapaKTEPU3YeTCs, C OJIHOM
CTOPOHBI, AaKTHBHBIMH TpaHC()HOPMALIMOHHBIMU MPOLIECCAMH, TOSBICHHUEM
HOBBIX CEKTOPOB PKOHOMHKH, KOTOPbIE IMHAMUYHO Pa3BUBAIOTCS, a C JIPYTroi,
NepMaHECHTHBIMH YKOHOMUYECKUMHU, (bHMHAHCOBBIMH, COIMATHbHBIMU,
TEXHOTE€HHBIMU U T.JI. KPU3MCaMU B pe3yjbTaTe HEIPPEKTUBHOTO YIPABJICHUS
COI[MATTbHO-?)KOHOMUYECKUMU CUCTEMaMU (C30). JleMoHcTpanueit
HEJOCTAaTOYHOTO ypPOBHS THOKOCTH U S()PEKTUBHOCTH  CYIIECTBYIOIIUX
MEXaHU3MOB YIIPABJICHUS SBJISICTCS CUCTEMHBIN «I110K», BEI3BAaHHBIN MaHIEMHEH
COVID-19. B »Tux YyCIOBUSX aKTyaJU3UPYIOTCS BOIPOCH Pa3pabOTKH
aJICKBaTHBIX MOJIEJICH CUCTEMHOTO aHaju3a U YIPaBJICHUs, KOTOPbHIE MO3BOJISIOT
BBISIBUTH MTPUYMHHO-CJICJICTBEHHBIE CBS3U M JOMHHAHTHBIC (DaKTOPBHI Pa3BUTHS
COLIMAJIbHO-DKOHOMUYECKUX  CHUCTEM, 3aKOHOMEPHOCTH  HMX  pPa3BUTHI,
OCYILIECTBUTh CUCTEMHYIO OILICHKY IOCJEACTBHM YIpPaBIE€HUYECKUX pELIEHUH,
chopmupoBath HaubOosiee IPDEKTUBHYIO CTpaTerui0 JyUIsi  OOecreyeHus
WHKJTIO3UBHOTO, YCTOMYHUBOTO COLMATIBLHO-9KOHOMHYECKOTO POCTA.

B wmonorpaduu mnpemsioxkeHbl TakMe MOJECIM CUCTEMHOTO aHaiu3a B
yIpaBICHUN SKOHOMHUYECKHMHU MPOIECCaMi Ha MakKpo- M ME30ypOBHE, Kak
MOJIEJIA HEUPOHHBIX CETe B 3aJayax JUHAMUYECKOM KIIACTEpU3ALUU
PKOHOMHYECKUX CHCTEM, MOJEIM MAIIUHHOTO OOY4YeHUs B YIPABJICHUH
oe3onacHocThio COC, MOAENM OILEHKH KOHKYPEHTOCIOCOOHOCTH CTpaH Ha
rJI00QJIBHBIX ~ DHEPrOPBIHKAX B KOHTEKCTE  «3€JeHOW»  TpaHchopMaluu
OHEPreTHKHU, MOJICIH OLEHKHA YPOBHS COIMATBHON HAMPSDKEHHOCTH W BIIMSIHUS
«UIOKOB» Ha JMHAMUKY COIMAIbHO- JKOHOMHYECKHX IPOILIECCOB, MOJIEIH
Pa3BUTHS CIOKHBIX COLIMATIBHO-3KOHOMHUYECKUX CHUCTEM, MOJENIN CTPYKTYPHOTO
aHallM3a pa3BUTHUS TEPPUTOPHI U OIICHKU Ka4eCTBA KU3HU HACEIICHUSI.

Oco0oe BHMMaHKE B MOHOTpa(du yJ€JI€HO CUCTEMHOMY MOJEITUPOBAHUIO
(UHAHCOBBIX MPOLIECCOB. ABTOpaMH pPa3paOOTaHbl MOJETU YIPABJICHUS

¢buHaHCOBON 0€30MacHOCThIO, MOJIETM PAHHETO pPaclo3HABaHUS KPHU3HCOB,
9



MOJENTN  OLEHKM  HMHBECTHUIIMOHHOW  MPHUBJIEKATENIbHOCTH  OOBEKTOB
TEIUIOPHEPTeTUKH, MOJAENTU TMPHUHATHS  ONTHUMAIbHBIX  MHBECTHIIMOHHBIX
pELIEHUH, PAcCMOTPEHbI BO3MOXKHOCTH THPUMEHEHHUS METOIOB U MoAeiel
MHTEIJICKTYyallbHOTO aHalii3a JaHHBIX B OaHKOBCKOM cdepe, pa3paboTaHbI
MOJIEN MPOTHO3UPOBAHUSA HHJMKATOPOB C YYETOM BO3JEHCTBUS INI0OATBHBIX
(PMHAHCOBBIX «IIOKOBY.

3aBepiiaronuii pasaen MoHOrpaduu MOCBSIICH MpodiieMaM pa3padOTKH
MOJIeJIE CHCTEMHOTO aHaju3a B YIpPaBICHMHM OpraHu3auusMu. ABTOpamu
MPEIOAKEHBI MOJIEIH MOHHUTOPUHTA COIIPOTUBIICHHUS nepcoHaa
OpPraHMU3aIMOHHBIM W3MEHEHHUSAM Ha TPEINPHUITHH, MOJEITH OICHKU BIMSHHS
peIIEKCUBHBIX  HWHCTPYMEHTOB  YyINpaBI€HHs HA  MPOLECC  MPUHATHS
NOTPEOUTETCKUX PEUICHUH, MOJAETNW CHUCTEMHOTO aHajin3a B YIPaBICHUU
IPOEKTHON JEeATENbHOCThIO, MOJEIU (POPMUPOBAHUS MAPKETUHTOBOTO MHKCa
KOMITaHMii Ha Oa3e TexHojiorui Data Science.

KomnektuB aBTopoB MoHOorpaduu siBisgercd ydactHukom XII MexayHa-
POJIHON HAy4YHO-TIPAaKTHUECKON KoHpepeHuuu “CoBpeMeHHbIe Po0IeMbl MOJIE-
JUPOBAHMS COLMAIBLHO-3KOHOMHUYECKHX cucteM” (8-9 ampens 2021 r.), uenp
KOTOPOM COCTOUT B OOCYXKICHHM HAYYHBIX M MPAKTHUECKUX MPOOJIEM CHCTEM-
HOTO aHaJlM3a U 3KOHOMHKO-MAaTEMaTU4YeCKOr0 MOJEIUPOBAHUS. 3a MUHYBILINE
rojibl B paMkKax KoH(epeHIMHu ObUIO M3JaHO TpUHAAIATh COOPHUKOB TE3HMCOB
JIOKJIaJIOB, JECATh KOJUIGKTHUBHBIX MoOHOrpaduil oOmuM 0OBEMOM CBBIIIIE
160 ycn.-meu. nuctoB. C MaTepuanamMy MPOMIEANINX HAYYHBIX KOH(MEpEHIIHA

MOKHO O3HAKOMHTBCS Ha caiiTe KoH(pepeHuuu https://mpsesm.org. OO6mias pe-

JaKIus CojepKaHusg MOHoOrpaduu OCYIIECTBICHA JOKT. AKOH. HAyK, Mpod.
B.C. Ilonomapenko, A0KT. 3koH. Hayk, npod. T.C. KnebaHoBo#, TOKT. 2KOH.
Hayk, npod. JI.C. I'yppsaHOBOM; TeXHHWYECKAs] U CTUIUCTUYECKAs pPEIaKIUs —

KaHJ. OKOH. HayK, aou. Auenko P.H.
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I''TABA 1
CUCTEMHOE MOJAEJIMPOBAHUE MAKPO- U ME3OITPOLHECCOB

1.1. BuxopucTaHHsl HeHPOHHHUX Mepe:K B 3ajgadyax JUHAMIYHON

KJIacTepu3anii eKOHOMIYHMX CHUCTEM

B 3amauax xnacudikanii 6araToBUMipHUX JaHUX €(DEKTUBHUM € BHKOPHC-
TaHHA HEHUPOHHUX Mepex. TeXHOJoriss HEMPOHHUX MepeX J03BOJISIE, 30KpEMA,
BU3HAYUTH NPUHAIEKHICTh TOYOK y MPOCTOP1 PO3MIPHICTIO h >3, IO € HAJ3BU-
YaliHO BaXKJIMBUM B 3a7a4ax JOCIIIKEHHS COLIaJbHO-€KOHOMIYHHUX, O10JI0T14-
HUX, IHPOPMALIITHUX CUCTEM.

Jlns BupimeHHs 3a1a4d Kiacudikarlii HalO1IbIIIOT0 PO3MOBCIOKCHHS Ha
CHOTOJIH1 JIICTaJIM HEHPOHHI MEPEXk1 3 HACTYITHOIO apXITEKTYPOIO:

1. PapianpHo-0a3ucHi Mepexi (anri. TepmiH Radial Basis Function
Network, RBF-mepexka) — y 3arajibHOMy BHIAQJIKY MiJ paiaibHO Oa3MCHOIO
HEUPOHHOIO MEPEIKEI0 PO3YMIETHCS JIBOIIAPOBA MEpeka 0e3 3BOPOTHUX 3B'SI3KIB,
sKa MICTUTh MPUXOBAHUHN IIap pagiaibHO CUMETPUYHUX HepoHiB. PamianbHi
0a3uCHI HEHMPOHHI MEPEXi CKIAAAl0ThCs 3 OUIBIIOI KIIBKOCTI HEUPOHIB, HIXK
CTaHJApTHI MEPEXKI 3 MPAMOIO TIepPeIaueto CUTHAIIB 1 HABYaHHSIM METOJIOM 3BO-
POTHOTO TONIMPEHHS TIOMHJIKH, aJie Ha iX CTBOPEHHS MOTPIOHO 3HAYHO MEHIIIE
yacy. Lli mepexi HaltOUIbIl e€(EeKTHBHI, KO € BEJHMKA KIJIbKICTh HaBUYATBLHUX
BeKTOpIB. [1].

2. Mepexi Koxonena (anrn. Tepmin Kohonen Network) — e oqun 3 pi3-
HOBUJIIB HEUPOHHUX MEPEXK, K BUKOPUCTOBYIOTh HEKOHTPOJIHOBAHE HABYAHHSI.
[Tpu Takomy cioco61 MOJENIOBaHHS HaBYajibHA MHOXKMHA CKJIAJA€ThCS JUIIE 31
3HAYCHb BXIJHUX 3MIHHHX, B TIPOIIECI HABUYAHHS HEMAa€ MOPIBHIOBAHHS BUXO/IIB
HEHPOHIB 3 €TaJJOHHNUMH 3HaYeHHSIMHA. MO)KHa CKa3aTH, 10 Taka Mepeka BUUTh-
Csl PO3YMITH CTPYKTYpY MaHuX. Bci mogaHi Ha BX1 CUTHAIHU 33]aHOT HABYAJIBHOT
MHOKMHHU CaMOOpTaHi30BaHa Mepeka B MPOIleci HaBYaHHS PO3IUISIE Ha KIIAcH,

OyayrouM Tak 3BaHi TONOJOTUHI KapTu [2].
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3. Mepexi BeKTOpHOro KBaHTyBaHHs (aHri tepmin LVQ — learning
vector quantization) — 3acHOBaHiI Ha HaBYaJIbHOMY BEKTOPHOMY KBaHTYBaHHI Ta
ABIATH coOoro map Koxonena, mo HaBuyaeThes 13 BumteneMm. [loOynosa LVQ-
Mepexi mependadae Mmornepe/lHe BU3HAYCHHS KUIBKOCTI KJIacTepiB n, KIJIbLKOCTI
KJaciB m (n>m) Ta MPUHAJICKHICTh KOXKHOTO KJIACTepa JI0 MEBHOTO Kiacy [2].

4. Mepexxi  3yctpiuHoro  po3noBcrokeHHs  (Counterpropagation
Network) — mpenctaBisitoTh CO000 MEpexi, KOTpi CKIaJaloThCs 3 JABOX IMIAPiB:
mapy Koxonena ta mapy I'poccOepra [3-4]. Mepexi 3yCTpI4HOTO PO3MOBCIO-
JOKEHHST TOCTYTAIOThCS 3a TOYHICTIO OaraTolapoBUM IMEPCENTpOHAM, IMPOTE
IIBUIKO HABYAIOTHCS Ta BOJIOIIOTH PSIZIOM KOPUCHUX BIIaCTHBOCTEH [5].

[IpoTe, KOIU ICHYIOTh 00’ €KTUBHI OOMEKEHHS Ha 00CAT HaBYaIbHOI BUOI-
PKH, a B CTPYKTYp1 BUXITHUX JAHUX MICTATHCS JaH1 JUILIE OMKUCOBI XapaKTepuc-
TUKWA 00 €KTIB, IO MJIATar0Th Kiacu@ikaili, Ta HE Ma€e eTaJOHHOI CHCTEMH
KJIaciB, 0 KOTPUX Ma€ OyTH BIIHECEHHI KOXKEH 3 HUX — BiJ] TPhOX 3 YOTHPHOX
HABEJICHUX THIIB HEHPOHHUX MEPEK JOCIITHUKY HOBEIETHCS BIAMOBHUTHCH. Ta
y35TH 10 poOOTH HEWpoHHY Mepexy KoxoHeHa.

Ha ocHOBI cTaTUCTHYHUX JaHUX MiXKHApOAHOTO BaIOTHOTO (POHAY MpPO-
BECTH KJIACTEPH3aIlil0 €KOHOMIYHMX CHCTEM 3a piBHEM NOMIOHOCTI JUHAMIKH
o0OpaHuX MaKpOEKOHOMIYHUX IHJIMKATOpIB B 4Yaci. B sKOCTI iHCTpyMeHTapiio
BUKOPUCTATH HEUPOHHY Mepexy Tuny Koxonena. BpaxyBatu MOXJIHMBICTH BU-
00py HEHPOHHOT MEPEXi 3 ONTUMAIBHOIO TOTIOJIOTIETO.

MeToro 1aHOTO JOCIIIKEHHS € Mo0y/10Ba HeMpoHHOi Mepexi KoxoHneHa 3
ONTUMAJILHOIO TOIOJIOTIEI0, 1110 PO30MBATUME JOBUIBHY BHUOIPKY 3 XapaKTepuC-
TUK €KOHOMIYHUX CHCTEM 3a pIBHEM MOJIOHOCTI 3MiHU OOpaHUX MaKPOEKOHO-
MIYHHX 1HJIMKATOPIB B Yaci.

AHani3 Ta gocnimpkeHss nyomnikaiiii. LI TydH1 HelpoHHI MEpexi € YHIBEp-
CATbHUM 1HCTpYMEHTapieM il €(PeKTUBHOI MOOYIOBU MOJENEH MPaKTUYHO
OyIb-SIKMX HENIHIMHUX CTPYKTYp [6]. BOHU 103BOJISIOTH BUPILITYBATH 3aBJIaHHS
po3Mi3HaBaHHs 00pa3iB, ONTUMI3AI1, 1IeHTU(IKAIT, YIPaBIIHHS JUHAMIYHUMH

o0'extamu [7-8].
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Mepexi KoxoHneHa — 11e 0JiuH 3 pi3HOBUIIB HEHPOHHUX MEPEXK, 1110 IPUH-
IIUIIOBO BIJIPI3HSAIOTHCS BiJl 1HIIUX, OCKIJILKM BUKOPUCTOBYIOTh HEKOHTPOJIbOBA-
He HaB4aHHA. [1in 9ac Takoro HaBYaHHS HaBYAJIbHA BUOIpPKA CKIAAAETHCS JIUIIIC
31 3Ha4Y€Hb BXIJTHUX 3MIHHHMX, B IIPOIICCI HABYAHHS HEMAae MOPIBHSIHHS BHXO/IIB
HEHPOHIB 3 €TaJJOHHUMU 3HaYeHHSIMHU. MO)KHA CKa3aTH, 1[0 TaKa Mepeka HaBya-
€THCSI PO3YMITU CTPYKTYPY JIaHUX.

Ines neliponnoi mepexi Koxonena Hanexutsb GpiHCbKOMY BueHOMY TOMBO
Koxoneny [2]. OcCHOBHUI NPUHLIUI pOOOTH MEPEXK — BBEJCHHS B IIPABUIJIO HAB-
YyaHHS HelpoHa iH(opMaIrii 1o/10 Horo po3TanryBaHHs.

HayxkoBi, sKi1 3aiiMatoTbcs TOCHIKEHHSIM Mepexk KoxoHeHa mpuxoasTh
JI0 HEOTHO3HAYHUX BUCHOBKIB II0JI0 1X €()EKTUBHOCTI MOPIBHIHO 3 1HIIUMU ajl-
roputmamu. Ab60ac [9] ekcrnepuMeHTaIbHO JOBIB, 0 Mepexka KoxoHeHa €
O11b11I €(PEeKTUBHOIO MOPIBHAHO 3 IHIIMMH AJITOPUTMAMHU KJlacTepusallii Maiike B
ycix BUNajkax. B iHIMX poO0OTax BCTAaHOBJIECHO, IO JaHWUW TUI HEUPOHHUX Me-
peX MEHII CXWIbHHM 10 TIOKaJIbHUX MIHIMYMIB, HiXK anroput™m k-cepeanix [10].
HaTomicTh 1CHYIOTh JOCIIIKEHHS, KOTP1 IEMOHCTPYIOTh, III0 3aCTOCYBaHHS Me-
pexx KoxoHeHa B 3amauax KiacTepusallii He TepeBepllye MOKa3HUKU 1epapXid-
HOTO METOJy KJIacTepHu3allii Ta METoy K-CepelHiX Ta 1HOA1 BUSBISETHCS MEHII
epextuBHUM. [11].

[IpoTe B pamkax gaHoro aociimkeHHs Mepexi KoxoHeHa BojgomitoTh Ha-
O0poM nepeBar, HOPIBHIHO 3 IHIIMMH METOJaMU KJIacTepHU3allii, 30KpeMa:

1) noBefeHO e(EKTHUBHO MPAIIOIOTh B YMOBaX HEBEIUKOTO 0OCATY HaB-
YyanbHOI BUOIPKH;

2) peali3yroTh KOHIICTIIIIIO «HaBUYaHHS 0€3 yUUTEs»;

3) MarwTh IHTYITUBHO 3pO3yMUIy Ta BHCOKOSKICHY TpadivHy Bi3yai3a-
II1O.

Buknaoenns ocnognozo mamepiany

Knactepuzanis — 1e moaun JOCTiKyBaHOT Oe3midi 00'€KTIB Ha Tpymnu
«CXOXHX» 00'€KTIB, sIKI HA3UBAIOThCS Kiactepamu [12]. 3aBmanHs kiacTepusa-

11i MPUHIIMIIOBO BIJIPI3HSAETHCS BiJ 3aBAaHHs Kiacuikarii. PimeHHsM 3amadi
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kinacudikarii € BITHECEHHS] KOXKHOTO 3 00'€KTIB 10 OJHOTO 13 3a37aJIeTib BU-
3Ha4YCHUX KjaciB. Y 3ajiadi KjacTepu3allii BiI0yBa€eThCs BIIHECEHHS 00'€KTa 10
OJTHOTO 3 HEBH3HAUCHUX KjaciB. Po30UTTS 00'eKTiB Ha KiacTep 3A1HMCHIOETHCS
IIpU OJTHOYACHOMY iX (hOpMYyBaHHI.

3MICTOBHUH aHali3 OTPUMaHUX KJIAcTEpiB JO3BOJIAE€ BUSBUTH HOBI 3aKO-
HOMIPHOCTI B CYKYITHOCTI JOCIII/DKYBaHUX O0’€KTIB, JIOTIOMara€e BUSBUTH aHO-
Manii. BigHoCcsun HOBUI 00'€EKT O OJHOTO 3 KJIAcTEpPiB, MOKHA MPOTHO3YBATH
MOBEJIIHKY 00'€KTa, OCKUIBKH MOT0 MOBEIHKA OyJIe CXO0XKOI0 3 TOBEIIHKOIO 1H-
X 00'€KTIB, IO YBIAIIUIM JI0 KJacTepa.

dopmalibHO 3aj1ada KiacTepu3allii OMMCYEThCS HACTYmHUM unHOM [13].

Icaye MHOXUHA 00’ €KTiB | = {i, i, ..., 0, }, KOXKEH 3 SIKHX XapaKTEePH3yEThCs BEK-
TOPOM X;, j=12,...,n mapameTpiB: X, = {le, Xips oo xjm}. Knacrepuzauis ne-
penbayae moOyIOBY BiOOPaKEHHS MOYATKOBOT MHOKHHU | HA MHOXHHY KJIac-
TepiB C:

I—>C,C:{cl,cz,...,ck,...,cg}, (1)

o€ ¢, — KIacTep, O MICTUTh «IOAI0H» 00’ €KTH 3 MHOXKHUHH | |

¢ =i, i, li; el i, el mad(i;,i,)<of, 2)

I i*’p
J€ o — BeJIMYMHA, KOTpAa BU3HAYA€ CTYMiHb MOAIOHOCTI ISl BKIJIFOUEHHS
00’€KTIB J10 OJTHOTO KJlacTepa,

d(i;,i,) — Mipa OIM3bKOCTI MIXK 00’€KTaMu, ad0 BIICTaHb MIXK KJIacTepa-

MU.
VY Bumanaky, KoJid BiICTaHb MIXK ABOMa 00’ €KTaMu i, Ta i, — d(i;,i,) mMe-

HIIIA 32 BU3HAYEHE 3HAYEHHS o, 00 €KTH BBAXKAIOTHCS OJM3BKUMHU (CXOKUMHU) 1

: . , :
PO3MILIYIOThCS B OJHOMY KJIAacTepl. Y NMPOTUIICKHOMY BUIIAJKY — 00’ €KTH i; Ta

i, € BIIMIHHMMH Ta PO3TallOBaHi y PI3HUX KJacTepax. YMOBY (2) Ha3UBaIOTh

TIIOTE3010 KOMITAKTHOCTI KJIaCTEPiB.
JInst BU3HAYEHHS BIJICTaHI MK KJacTepaMM ICHY€ JIeKiIbKa BapiaHTiB. B

Mepexi KoxoneHa 3a3Buuail BUKOPUCTOBYIOTH €BKJIIJIOBY BificTaHb. EBKIIiOBa
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BIJICTAaHb MK BEKTOpPaMH — II€ €BKJI1I0Ba HOpMa P13HHMIII BEKTOPiB, a00 TOBXKUHA

BiJIpi3Ka, KOTPa MOCIHYE TOUKH i; Ta i, .

IUNBEN) YURRE AT ®3)

OnuH nmkI HaB4aHHS Mepexi KoxoneHna HaBeneHwuii Ha puc. 1 [14].

0)

B) r)

Puc. 1. llpuknan HaBuands kapT KoxoHeHa /1si OJHOTO BX1THOTO MIPUKIIAAY:
a) BUX1JHAa HEWPOHHA MEperKa 13 BaraMu PO3MOIIJICHUMH BUIIaIKOBUM YHHOM;
0) po3TanryBaHHs HABYAJIBHOTO MPUKIIATY B KoopAnHaTax kaptu KoxoHeHa,
B) HABYaHHS HEHPOHHOI MEPEX1 Y BIJIMOBITHOCTI 13 HABUAJILHUM TPUKIIATO0M;

') HABUE€HA HEWPOHHA MeperKa MICIs NEPIIOr0 HABYAIBHOTO MPUKIIATY.
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[Tpouec pimeHHst 3amadi Kiaactepusalii Ha ocHOBI Mmepexi KoxoneHa e
HeoiHO3HauHuM. [lo-miepiie, He iICHye OJHO3HAYHO HAMKPAIIOro KPUTEPIIO SIKO-
CT1 KiacTepuzaiii. Bimomuiil minuii psax TOCUTh PO3YMHHUX KPHUTEPIiB, a TaKOX
PSAIl aJTOPUTMIB, K1 HE MAIOTh YITKO BUPAKEHOTO KPUTEPit0, ajie 3A1HCHIOIOTh
JOCUTH PO3YMHY KilacTepusallito. Bci BOHM MOXyYTh JaBaTH Pi3HI pe3yibTaTH.
[To-npyre, ynciao KiaacTepiB, K MPABUIIO, HEBIIOMO 3a3/1aJieTib 1 BCTAHOBIIIO-
€THbCSI BIAMOBITHO A0 AESIKOro cy0'ekTuBHOro Kputepito. [lo-Tpere, pe3ynpraTt
KJ1acTepu3allii 1ICTOTHO 3aJI€KHUTh BiJl TOYaTKOBOI MATPHIll Bar Ta MOXe 1CTOTHO
BIJIPI3HATHUCH JIJIsl OJIHI€T HABUAJIbHOI BUOIPKHU MPU PI3HUX MPOrOHAX MAIIMHHOI
peanizallii anropuTMy.

B Mexax JaHOro JOCIHIJKEHHS 3alpONOHOBAHE Ta EKCHEPUMEHTAIBHO
MPOTECTOBAHE MOKJIMBE PILICHHS MEPEPAXOBAHUX BUIIIE MTPOOIIEM.

Posrisinemo HacTynHy 3anady. IcHye BuOipka 3 66 kpaiH, 110 XapaKTepu-
3YIOThCS PI3HUM PIBHEM PO3BUTKY €KOHOMIKH. [li yac MpoXoKEeHHS CBITOBOI
¢inancoBoi kpuzu (2007-2009 pp.) 3adikcoBaHi MOKBapTaIbHI JaHl HACTYITHUX
MaKpOEKOHOMIYHUX 1HJMKATOPIB: BAaJOBUI BHYTPIIIHIA MPOAYKT, 30BHIIIHI 30-
OOB’sI3aHHSI PE3UICHTIB KpaiHU TEepell HEPE3UIACHTaMH, BATIOTHUN Kypc, 00CsT
30JI0TOBAJIFOTHUX PE3EPBIB, BAPTICTh JEP>KaBHUX OOJIIraIlii.

SKI10 pO3TIITHYTH PO3MIPHICTh JTaHHUX, TO KOJKHA TOYKA XapaKTEPHU3y€Th-
Csl I’ATbMa KOOpPJIMHATAMU — 3HAYEHHSMH MaKPOCKOHOMIYHHMX I1HJMKATOPIB,
KOXEH 3 SKHX Yy CBOIO 4epry Ma€ INIMOWHY B JIBAHAISTh YaCOBUX 3HAUYCHb. 3a-
rajioM Taka CUCTeMa XapaKTePUCTUK BKIAJAAETHCS Y IICTh BUMIPIB: Yac Ta 1’ STh
MaKpPOEKOHOMIYHUX MOKA3HHUKIB.

[ToTpiOHO PO3AUINTH MOYATKOBY CYKYITHICTh Ha TPYIH, B MEKaX SKUX JU-
HaMiKa 00OpaHuX 1HAMKATOPIB MPOTATOM 3a3HAUCHOIO Mepioy Oy/e moaioHOIO.

3Bakalouu Ha II€, aBTOP MPOIMOHYE BUKOPUCTATH B AKOCTI KPUTEPIIO «I10-
Ii0HOCT paHroBHi KoediieHT koHkopaauii Kengana [5-7]. Bin xapakrepusye
CTYMIHb y3rOJ)KEHOCT1 MK HA0OpOM 3MIHHHMX, IIO € OI[IHKAMHU MHOXHUHU BHXi-

THUX JaHUX:

w=_ 125 3)

m?(n® —n)
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(S N — KUJIBKICTh 00’ €KTIB, IO MIJIATal0Th PaHKYBaHHIO; M — KIJIBKICTh BH-
2

O1poK; a 3MiHHA S — 3HaXOJIUTHCS 3a (POPMYIIOIO:

5= (R -R)’, @)

e R, — CyMa paHriB i-To 00’ekTy (R; =Y R;); R — cepesHe CyMH PaHTiB 3a
j=1

BCiMa 00’ €KTaMu.

B Ttepminax BupinryBaHoi 3ajadi 3MiHHI, [0 YBIAIUIM 10 BHpAa3iB
(3) — (4), maroTh Taky IHTEpIIpETaIlil0: N — JOBXKHWHA 4acOBOro psay (n=12);
M — KUIBKICTh KpaiH, [0 YBIMIILIM J0 KOHKPETHOTO Kiacrepy (mpuiimae 3Ha-
yeHHs Bix 1 10 66).

R — BEKTOp paHriB Bia 1 10 12, 10 mpoCTaBISIOTHCS MO pAJIKaX KOXKHOI 3
I'SITH MaTpUIb 1HIUKATOPIB OKPEMO JJisi KOXKHOI KpaiHW TaKUM YHHOM, 100
MaKCUMaJIbHOMY 3HAYEHHIO 1HAMKATOpa MpU3HAYaBcs paHr 1, a HaliMeHIe 3Ha-
YEHHS MOKa3HUWKa OTpUMYBajo paHr 12. Taka mpouenypa HOBTOPIOETHCS IS
BCIX pANKIB MaTpuilb (M pa3iB 3a KUIBKICTIO KpaiH Kiactepa). 3a TaKMX YMOB
I-uit 00’exT y popmynax (3) — (4) onmcyeTbcs BEKTOPOM €IEMEHTIB Rjj, sKi €
paHramM BCiX KpaiH JIaHOTO KJacTepy y I-My Hepioi.

PospaxoBane 3HaueHHs KOedillEHTY KOHKOpAAIlli BKa3ye, YU ICHYE CXO-
KICTh Y TOMY, K 3MIHIOBaBCSI IIJILOBHI MOKa3HUK B MeXax JaHOI TPYNH KpaiH.
3HadyeHHs KoedilieHTa KOHKOpAAIlli 3HaXOAuThesa B iHTepBaimi 0<W <1. SIkmio
W =0, TO MOCIJJOBHOCTI PaHTiB PI3HUX KpaiH KJIACTepy y BIAMOBIIHI NEPIOAH €
aOCOJIIOTHO HEY3TO/HKECHUMU (HECXO0XUMH). Y Bumajnky W =1 pe3ynbTar 1HTep-
NPETYEThCA K MOBHUMU 301T y TMHAMILI JOCHIKYBAaHUX MOKa3HUKIB. Yum Onu-
xde W 1o 1, Tum Oinibilia y3rosKeHICTh CIIOCTEPITaeThes Y BUXIAHUX psijiax Ja-
HUX 3a PI3HUMHU KpaiHaMH B ME&XaX OJHOTO KJIacTepy.

Buxopucrannas koedilieHTa KOHKOpJAIii Ha MOYATKOBIA (a3l mociii-
JOKEHHST Ma€ sl TiepeBar:

1. Bin Hemae 0OMEXEHb 11010 TUIY PO3NOLTY BXITHUX JaHUX.

2. He motpiGHO monepenHbo oOpoOIsSTH BUXIIHI JaHi, 00 CIiBBITHECTH

1X 1O CIUIBLHOI IIKAJIN.
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3. BigcyTtHi 0OMeXEeHHA Ha PO3MOAUT OIIHOK Y psIKaX MaTpHIll paHTy,
HaIPUKJIaJl, HOPMaJIbHUN PO3IO/ILI a00 JIIHIMHI CITIBBIIHOIIECHHS.

4. Mae npocCTy Ta IHTYITUBHO 3pO3yMLILy 1HTEpIIPETALiIO.

3HadyeHHs KoedilieHTa KOHKOp/allii JO3BOJIUTH OI[IHUTH PiBEHb MOAI0HO-
CT1 y AMHaMIlll B1IIOpaHUX 1HIAUKATOPIB Y KPU3OBUH MEPIOI.

s Toro abu mporecTyBatH €()EKTUBHICTh BUKOPHUCTAHHS KoedillieHTa
KOHKOpZAIii JyIsl BU3HAYCHHSI ONITUMAJIBHOI TomoJoTii kapTu KoxoHena pospa-
XY€MO TI€BHI MOro CTapTOBI 3HAUYEHHS JJIs MOJANBIIOTO MOPIBHSAHHA. 30Kpema,
PO3AUIMMO BUXIJIHY BHOIPKY BPYYHY Ha JIBl TPYMHH BIiJIIIOBITHO JO 3arajibHO-
npuitHATO1 Kiacudikanii Mi>XKHapOAHOTO BaTOTHOTO (POHIY HA KpAaiHU 3 pO3BU-
HEHOI0 €KOHOMIKOIO Ta IpyIly KpaiH 3 €KOHOMIKOIO, 1110 po3BUBaeThcs. OOumc-
JUMO 3HAYEHHS KOe(illeHTa KOHKOpAALi sl KOKHOIO 3 ISITU 1HAUKATOPIB.
PesynbTaTi po3paxyHKIiB MpeJCTaBiICHI y BUIJISI METIOCTKOBOI JlarpaMu Ha

puc. 2.

BanotHuin kypc
0,6

BapTicTb aepxaBHuX obniradin BBI1

MixxHapogHa iHBecTULiNHA

BantoTHi pesepsu .
noawuuis

Puc. 2. TlemrocTkoBa giarpama paHToBOro KoedilieHTa KOHKOpAAIi I ABOX
rpyI kpaiH 3a kinacudikamiero MB®: kpaiHu 3 po3BUHYTO €KOHOMIKOIO —

CYIIUIbHA JIHISI; KpaTHU 3 EKOHOMIKOIO, 10 PO3BUBAETHCS — MIEPEPUBUACTA JIIHISA

3HadeHHs KoedillieHTa KOHKOpJAIli CB1I4aTh MPO HU3BKHUMA PIBEHB TO/II-

OHOCTI AMHAMIKHU JOCIIPKYBaHUX 1HAUKATOPIB B MEXaxX KOXHOI Tpymnu. 30Kpe-
18
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Ma, JJIS TPYIU KpaiH 3 pO3BUHYTOI €KOHOMIKOIO JIMIIE JIBA 3 11°SITH TTOKA3HUKIB
MarTh 3HaUYCHHs KoedilieHTa KOHKOpAAIii Tpoxu Otk 3a 0,5: 11 BatOTHO-
ro Kypcy W, =0,5183 Ta MIKHapOJHOI 1HBECTULINHOI mo3ulii W, =0,5426. Illo
CTOCYETBCSI TPYIHU KpaiH 3 €KOHOMIKOI, KOTpa pO3BUBAETHCS, 3HaUEHHS Koedi-
Ii€HTa JUIs BCiX Moka3HUKIB He nepesulrye 0,4. Ile Bka3zye Ha Te, 110 Mpoiiec
MIPOXOKEHHS CBITOBO1 (piHaHcoBoi kpu3u 2007-2009 pp. pizHuMu KpaiHaMu HE
3ajie’xaB BiJl TOTO, YU BOHU HAJIEkKATh J0 TPYNU KpaiH 3 PO3BUHYTOIO €KOHOMI-
KO0 200 TaKuX, IO PO3BUBAIOTHCS.

Otxe, BIAMOBIAHO JO0 METHU JOCIHIKEHHS TIOCTA€ TMUTAHHS PO3OUTTS
MHOXMHH JIOCHIIIKYBaHUX KpaiH Ha TpynH, OAHOPIAHI 3a MPOLIECOM IPOXO-
JUKEHHSI 4epe3 (iHaHCcOBY Kpuzy. lle Bumarae BupimeHHs 3anadi moOyAoBH
HEHPOHHOI Mepexi Tuity KapTu KoxoHeHa 3 TOMOJIOTI€r0, ONTUMAIIBHOIO 3a 00-
paHuM KputepieM. s BUOOPY ONTUMANIbHOI CTPYKTYpH MaHOYTHBHOIO KJIAcH-
dikaTopa Ha OCHOBI PaHTOBOrO Koe(illieHTa KOHKOpAallii po3po0iieHO Ta Mpo-
rpamHo peanizoBaHo B cucteMi MATLAB anroputm, 1o ckiiagaeTrbesi 3 TaKux
KPOKIB:

1. 3amaeTbes MOYaTKOBA KUTBKICTh KiacTepiB N=2 HEHpOHHOT MEpexKi.

2. BinOyBaeTbcs nonepeaHst HopMaiizallis TaHuX.

3. Bynyetncs HelipoHHa Mepeka 13 3a/1aHOI0 Ha MEPIIOMY KPOIIi KiTbKic-
TIO KJ1acTepiB N .

4. O6UHUCTIOITEC KOe(DIIIEHTH PAHrOBOI KOHKOpAAIi IS OTpUMaHOI

K K k

KJIACTEPHOI CTPYKTYpPH Will(, Wijl-(, Wil( , € | — KUIBKICTb MaKpOEKO-

k k k
Wigs e Wygo oo Wy
HoMiuHMX iHIuKaTopiB (I = 5), k — HOMep iTeparii anropuTmy.

N |
5. Po3paxoByeTbCsl KpUTEPil ONTHMAIBHOCTI POy = > > W,
il j-1

6. BinOyBaeTbcs NMOPIBHSHHS MapaMeTpiB ONTHUMAIBHOCTI — MOTOYHOI Ta

OTpUMaHOI Ha TOMEPEHIN iTepalii: skmo POy > POY™, TO CTPyKTypa HEHpPOH-

19
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HOT Mepexi, 1110 Mae OLTbIIe 3HAUCHHS MapaMeTpa ONTUMAJIbLHOCTI, 30€piraeThCs
OKpeMoO B pobouiii 001acTi.

7. ITepariii anropuTMy MpoOBXKYIOTHCA O TUX Mip, TOKU HE OyAyTh TIe-
pPEeBIpEH1 BC1 MOXKJIUBI KIACTEPHI CTPYKTYPH.

Kinpka cTpykTyp HEHMpOHHOI Mepexi, 1o Oyiau OTpUMaHI Migdac MoJe-

JIIOBaHHsI, HaBeJIeH1 Ha puc. 3.

15} 1 15F 8

0.5} 0.5

nEt 0.5F

25

0.5

o

-1 05 0 05 1 15 2 25

0t 21

N5

Puc. 3. Ctpykrypa kaptu KoxoHeHa, oTpuMaHa Ha pi3HUX iTepalisix poooTu

ANTOPUTMY

PesynbTaTomM po0GoTH onTUMI3aIlIfHOTO aNropuTMy craja kapta Koxone-

Ha, 10 PO30MBAaE MOYATKOBY BHOIPKY HA IIICTh TPYI Ta MA€ TOIMOJOTI0, ONTH-
20
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MajJbHy 32 oOpaHuM KpuTepieMm. Bizyamizarliss miacyMKOBOi KJIACTEPHOI CTPYK-
TypH HaBeJCHA Ha puc. 4.

Hits

05 F

1 | L " P L 1 1 1
-1 0.5 0 0.5 1 15 2 25 3 35

Puc. 4. KnacrepHa cTpyKTypa HEMpOHHOI Mepexi Tumy kapTu KoxoHeHa,

ONTUMAaJIbHA 32 OOpaHUM KPUTEPIEM

Ha puc. 5 300pakeHa memrocTKoBa JiarpaMma paHroBoro KoediiieHTa KOH-
KOpJallii, o BiJMOB11a€ HEUPOHHIN MEpeXi 3 ONTUMAIBHOIO TOTOJIOTIETO.

[TopiBHIOIOYHM OTpHUMaHI 3Ha4YE€HHsS KoedillieHTa poOMMO BHUCHOBOK TIPO
CYTT€BE 3POCTAaHHs MOJIOHOCTI B JIMHAaMILl MaKpOEKOHOMIYHHUX IHJIUKATOPIB
(BaJIOBHIA BHYTPIIIHIM MPOTYKT, 30BHIIIHI 3000B’I3aHHS PE3UJICHTIB KpPaiHU TIe-
pen Hepe3uAeHTaMH, BATIOTHUN Kypc, O0OCST 30JI0TOBAIIOTHUX PE3EpPBIB, Bap-
TICTh Jep>KaBHUX OOJiraIfiit) BcepeanHi KOXKHOI 3 A€B’ATU TPyl Y MOPIBHSAHHI 31
CTapTOBOIO KiIacu(ikalli€ero.

Tak, 3HaueHHs KoedilieHTa KOHKOpAAIlli He onmycKaeThes Hux4Ye 0,5 Ta y
50 % BumankiB 3HaxoauThesa B Mexkax Big 0,7 mo 0,9. Illo cBimuuTh Mpo BHCO-
KU piBeHb MOJIOHOCTI y peakiii MOCTiIKYBaHUX TUHAMIYHUX E€KOHOMIYHHUX

cucTeM 31 chopMOBaHUX TPy Ha MPOTIKAHHS CBITOBOI (piHaHCOBOI Kpu3u 2007 -
2009.
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BantotHui kypc

BaprTicTe AepxaBHMX obniravi BBIl

BantoTHi pesepsu MixHapogHa iHBecTUUiHa no3uvuis
Puc. 5. IlentocTkoBa aiarpama paHroBoro koedimieHTa KOHKOp/allii, 1o
BIJINIOBIJIa€ ONTHUMAJIbHIN KIaCTEpHIA CTPYKTYpl HEUPOHHOI
Mepexi-kinacudikaTopa

SOM Weight Positions

1 T T T T T T T T L "

0.8

*

0.4

Weight 2
[==]
T

02+

04k

=)
[==]
T

Weight 1

Puc. 6. Jliarpama po3sraiiryBaHHsi HepoHiB kapTu KoxoHeHa 3 oNTUMaibHOIO
TOTIOJIOTI€10, IO BIAMOBIAAE KIACTEPHINA CTPYKTYPl BUX1THOT BUOIPKH.
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Bucnosxu. Pe3ynbTaTroM IpoOBEAEHOrO JOCTIIKEHHS € PO3pOOJIeHI KOH-
HENTyallbHI MOJIOKEHHS MO0Yy10BU HelpoHHOT Mepexi KoxoHeHa 3 onTUMaib-
HOIO TOIIOJIOTI€I0 JIJIsl pO3B'sI3aHHS 3aj7adi KiiacTepu3allii eKOHOMIYHUX CHCTEM.
B sikocTi KpUTEpit0 ONTUMAIBHOCTI 3aIIPOIIOHOBAHO BUKOPUCTATH CUCTEMY paH-
ropux Koe(imieHTiB KoHKOpmarii. Po3pobneHa Ta mpoTecToBaHa MpoIeaypa
3HAXO/)KEHHSI HEMPOHHOI Mepexi, 1110 BUKOHYE HAMKpally KjIacTepH3allilo HaB-
yasbHO1 BUOIpKHU 3a oOpaHuM KpuTepieM. Hanmucanuii mporpaMHuii MOAyIb, 1110
peanizye mpolec nmodya0B1M HeWpoHHOI Mepexki KoxoHeHa 3 onTUMalIbHOIO TO-
MOJIOTI€10, Ta po30MBa€ JOBUIbHY BUOIPKY 3 XapaKTEPUCTUK €KOHOMIYHUX CHC-
TE€M 3a piBHEM MOAIOHOCTI 3MIHM OOpaHMX MaKpPOEKOHOMIYHUX 1HJMKATOPIB B
qaci.

3anporoHOBaH1 KOHUENTYaJIbHI IMOJOKEHHS € YHIBEPCAIbHUMH Ta MO-
KyTh OYyTH BUKOPHUCTaHI B 3aJladyax JUHAMIYHOI KJjacTepu3allli eKOHOMIYHHUX,

COIIIAJIbHUX, MEAUYHUX 00’ €KTIB, JJII MAITMHHOTO HAaBYaHHS.

JITEPATYPA

1. Crpenbuenko L.I. KonnenrtyanbHi 3acaay MakpONpOTHO3YBaHHS Ha OCHOBI CHCTEMH
HelipoHHux Mepex. Exonomiunuit anamis. T. 27, Ne 2. C. 68-73.

2. Marsiituyk A.B., Ctpenpuenko [.I. BukopucrtanHs cucteMu BUNEpeIKAIbHUX 1HAMKA-
TOpIB /JIs1 IPOTHO3YBAHHS HETaTUBHUX 3pYyILEHb Ha (iHAHCOBOMY PUHKY YKpaiHu. DiHaHCH
Vkpainu. 2015. Ne 8. C. 74-87. URL.: http://nbuv.gov.ua/UJRN/Fu_2015 8 7.

3. Babecky J., Havranek T., Matéjt J., Rusndk M., Smidkova K., Vagicek B. Banking, Debt,
and Currency Crises: Early Warning Indicators for Developed Countries. ECB Working Pa-
per. 2012. No. 1485. 43 p. URL.: https://www.ech.europa.eu/pub/pdf/scpwps/ecbwp1485.pdf.
4. Kaminsky G., Lizondo S., Reinhart C. Leading indicators of currency crises. IMF Stuff
Papers. 1998. Vol. 45, No. 1. P. 1-48.

5. Ferrari S., Pirovano M. Early warning indicators for banking crises: a conditional mo-
ments approach. MPRA Paper. 2015. No. 62406. 24 p. URL: https://mpra.ub.uni-
muenchen.de/62406/1/MPRA _paper_62406.pdf.

6. Behn, M., Detken, C., Peltonen, T. and Schudel, W. Setting countercyclical capital buff-
ers based on early warning models: Would it work? ECB Working Paper. 2013. No. 1604. 44
p. URL.: https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1604.pdf.

7. Engle R. F. Autoregressive Conditional Heteroscedasticity with Estimates of Variance of
United Kingdom Inflation. Econometrica. 1982. Ne 50 (4). P. 987-1008.

8. Soloviev V., Belinskij A. Methods of nonlinear dynamics and the construction of crypto-

currency crisis phenomena precursors. Proceedings of the 14th International Conference on
23



CUCTEMHOE MOJIEJIMPOBAHUNE
MAKPO- 1 ME3OITPOLIECCOB

ICT in Education, Research and Industrial Applications. Integration, Harmonization and
Knowledge Transfer. Kyiv, 2018. Vol. 1I. P. 116-127. URL: http://ceur-
ws.org/\Vol2104/paper_175.pdf

9. The Special Data Dissemination Standard. IMF. 2013. 113 p. URL:
https://www.imf.org/external/pubs/ft/sdds/guide/2013/sddsguidel3.pdf

10. Crpenpuenko L.I. MoaentoBaHHS TPaHCTPAHUYHOTO PO3IMOBCIOKCHHSI KPU30BHX SIBHIII
Ha OCHOB1 KOMIUIEKCY HEHPOHHHUX Mepex. Heipo-HeuiTki TeXHOJIOTil MOJEIIOBaHHS B €KO-
momimi. 2016. Ne 5. C. 180-198. URL.: http://nfmte.com/assets/journal/5/Strelchenko.pdf.

11. Crpenpuenko L.I. Bubip onTumanbHOI TOIMOJOTIi HEHMPOHHOI MEpEXi B 3amadax Kia-
cudikaiii TUHAMIYHUX E€KOHOMIYHHMX cucTeM. Helpo-HeuiTKi TEeXHOJOorii MOJICIIIOBaHHS B
exonomiri. 2017. Ne 6. C. 142-157. URL: http://nfmte.com/assets/journal/6/Strelchenko.pdf.
12. Kendall M. G. Rank correlation methods. New York: Hafner Publishing Co, 1955. 160 p.
13. Kendall M. G., Babington B. S. The problem of m rankings. Annals of Mathematical
Statistics. 1939. No. 10, Vol. 3. P. 275-287.

14. Legendre P. Species associations: The Kendall coefficient of concordance revisited.
Journal of Agricultural, Biological, & Environmental Statistics. 2005. Vol. 10. P. 226-245.

24



CUCTEMHOE MOJIEJIMPOBAHUME
MAKPO- 1 ME3OITPOIIECCOB

1.2. Security strategies based on assessing the economic, innovative
and environmental potential of states using machine learning

Introduction

Recently, the global security situation of states has changed on the planet.
In the world, there is a tendency for a new arms race, as evidenced by the gener-
alized of authors, table 1 [1].

The trouble is new concepts and technologies for modern strategic long-
term defense planning of states are gaining importance. In the face of diverse
confrontation, major players in global and regional security are addressing the
issues of the hybrid wars and the defense capabilities of countries.

Table 1
Link to the next wave of weapons race (armament costs)
2018 |Ukraine| Poland [Russia[Turkey|France|India AS\?;bO:; China| USA [NATO|Total

$hillion /

. 4.8/21 |11.6/8.9| 61.4 | 19/24 | 63.8 |66.5| 67.6 |250/5|649/4.6/ 100 |1822
%increase

Fig. 1 schematically presents the concept of planning for the defense ca-
pabilities of the armed forces, supported by the economic capabilities of the
states, which at one time highlighted by Charles J. Hitch as a list of the most
typical decisions. Ever since the previous Cold War, it has received a modern
understanding of such processes [2].

It should be noted that Works of Gorbulin V. and Kachinsky A. [1,3],
Bogdanovich V., Semenchenko A. [2] deserve attention for the strategic plan-
ning of Ukraine's national security.

Presentation of the main research material

The new wave of arms race is directly related to the development of the
economies of competing states, both economically and militarily. Therefore,
possible scenarios for the development of states' economies should influence the
course of military defense confrontation.

25




CUCTEMHOE MOJIEJIMPOBAHUNE
MAKPO- 1 ME3OITPOLIECCOB

Government Guidance -
Kepisnnurso ypaay

N
Capability Partitions =z T : =
¥ M = ) Defense Priorities - Operational Concepts -
Moxansi : Z i iy
[piopurern ofopoun Onepaniitii konnenuil
nepenonn
—) v
Scenarios for state development and potential threats Current and Planned
Cuenapii po3snTXYy AepKas i NOTCHUIHNX 3arpo3 Capability - TTorouna ra
N1QHOBA CADOMOKHICTSE
Vi
Capability Goals
Moxausi nixi <

Future Environment
(Threat, Technology.
ete.) — MalGyrue = as
eie) 2 Capability Assessment -

HABKOJHUIHLOIO . ”
Ouminka mokaupocrei
cepeaosuina (3arposa,

TEXHOJOrR TOWO) \L

Identify Capability Mismatches

Situational analysis of threats - BH3HaueHHs HeBLNOBIAHOCTI

Curyauilinuit anania sarpos

|

Force Development Options -
Defense Priorities - Bapianru po3snrKy cii
Ipiopnreru oGopoun \l,
Resource Constrains - Balance of Investment -
OOMexeHHR pecypeis Ingecruuifinnit Gananc
Budget optimization for reducing threats Affordable Capability Development Plan -
Broaerna onTuMizanis IMCHIICHHA 3arpos JlocTynHuil nIan po3BHTKY MOKIHBOCTEH

¥ v

Defense strategies based on situational analysis of threats - Crparerii oboponn xa

OCHOBI CHTVAUIHOIO aHAMI3V 3arn03

Fig. 1. The general process of planning on the basis of opportunities and

situational analysis of threats.
Source: synthesized by authors on the basis of source processing [2]

It is important to keep in mind that concerning the defense and security of
the Ukrainian state should be noted that it is in a state of hybrid war and this
situation needs to take into account the prospects of development of relations
between the neighboring countries (Poland, Belarus, Russia, Turkey) and
influential states (USA, China).

In general, the implementation of these stages has based on the creation of
the concept of an optimal strategy for the development of the Armed Forces op
Ukraine. In turn, the structure of the concept of defense depends on the econom-
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ic capabilities of Ukraine's neighbors and their possible military intentions,
which is presented in Fig. 2.

Analysis of the importance of the level of defense

Analysis of the defense capabilities of the capability of states by classification groups

economies of states and neighbors of

= | Ukraine and USA, China Group of factors that influence the
= aya s § 2CLOC ic deve o sfense
S | Assessment by military capability index (MCI) TAPOCCHUNOMIC "‘f‘""’"’"“"“_ of defense
o capabilities of countries: USA, China, Ukraine,
E l Poland, Russia and Turkey
¥ I Assessment by Global Firepower Index {GF1) A group of factors that determine the level of
s ' » support of the Armed Forces by the state
<
s o . ; - 5
s l Assessment by Credit Suisse Institute Index A group of factors that affect the economic
< | potential of states
l Rating countries by indexes, analysis and A group of factors that determine the level of
| definition of the problems of development of social health of a country’s population
l the Armed Forces

Estimation and modeling of the economic status and defense capability of states by the
criteria of the weight of the state

Scenario madeling of the
\. choice of the optimal /
scenario of the AF
development

| Index of Economic Health of N The general indicator of the
States 5 economic state of states

¥ |

s | - -

E ' Comparative characteristics of the

= economies of states according 1o the

'g | criteria of the weight of the state

o |
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.g | Scripts of development strategies of the AF

g |

a I Bid on missile troops, air < > Bet on submarines, aircraft
l defense carriers and missile roops
| NATO rate o Bet on nuclear weapons

Decision support system for the AF development strategy

y |
= |
= Analysis of the impact of group Evaluation of the optimal scenario by the
§ I metrics on performance metrics critena
g |
S l
£ | ¥
3 l Formation of a scripting system for Deciding on the scenario of the AF
I decision making development
1

Fig. 2.The concept of the strategy of development of the Armed Forces based
on economic opportunities

The main factors behind the conceptual approach to the development of a
strategy for enhancing the defense and security of the state are the methods of
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analysis and decision-making on the basis of the statistics obtained the position
of firepower and the availability of human and economic potential of the state.
The concept of the strategy of development of the Armed Forces based on eco-
nomic opportunities and aggression of the aggressor states consists of the analy-
sis of the defense capabilities of the economies of states and neighbors of
Ukraine and USA, China and analysis of the importance of the level of defense
capability of states by classification groups. Data for analysis are indicators by
the Military Capability Index (MCI), by the Global Firepower Index (GFl), by
the Credit Suisse Institute Index(GSI), and by a group of factors that influence
the macroeconomic development of defense capabilities of countries: USA,
China, Ukraine, Poland, Russia, and Turkey. And as a result, estimation, and
modeling of the economic status and defense capability of states based on the
indicated indicators.

Among the indicators of the level of defense capability of the states, the
ones that are first and foremost important are those related to the level of the
state's economy and, accordingly, the level of the military power of the armed
forces. Therefore, we will analyze the importance of the level of defense
capability of states by classification groups, which cover the specified areas of
increasing the capability of states.

Analysis of the importance of the level of defense capability of states by
classification groups: group of factors that influence the macroeconomic
development of defense capabilities of countries: USA, China, Ukraine, Poland,
Russia and Turkey; a group of factors of innovation-economic Potential of the
State; a group of factors that determine the level of support of the Armed Forces
by the state; a group of factors that determine the level of social health of a
country's population.

Particularly important are indicators that belong to the first group,
covering the macroeconomic nature of the state's economy and having a
significant impact on its defense capability. These include indicators of
macroeconomic development of states: GDP, billion US; Import / Export;
Imports of goods and services in% of GDP; Exports of goods and services in%
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of GDP; Added value in the manufacturing industry in% of GDP; Household
consumption expenditure in% of GDP; Gross capital accumulation in% of GDP;
Market capitalization of companies in% of GDP; GDP per capita, USD,;
Government's net debt in% of GDP; Net outflow of foreign direct investment
in% of GDP; Net inflow of foreign direct investment in% of GDP; Primary
energy production; Consumption of primary energy; Net energy imports as a
share of energy use.

Data on indicators and indicators of macroeconomic development of
states are shown in table 2. According to the above data, a petal chart is
developed, which determines the place of the states in the defense rating, Fig 3.
These indicators correspond to the calculated planes occupied by states in the
petal diagram.

The first impression of the petal chart is that the three countries have a
significant level of economic potential, but the US status is special in the main
indicators that further develop the country's defense capability.

The structure of a group of factors of innovation-economic Potential of
the State includes indices of innovation-economic Potential of the State, which
comprehensively cover the possibilities of increasing the economic potential at
the world level. These include World Competitiveness Index; Corruption
Perceptions Index; Stock Market Index; Food Production Index; Ecological
Efficiency Index; Human Development Index; Consumer price Index; Prosperity
index, score; Official exchange rate; Global Innovation Index; Knowledge
Economy Index.

Data on indicators and indicators of innovation-economic Potential of the
State are shown in table 3. According to the above data, a petal chart is
developed, which determines the place of the states in the defense rating, Fig 4.

If we define the characteristic features of the development of the
innovation and economic potential of the states, then the leadership of states,
such as the USA and China, according to the indicators World Competitiveness
Index, Corruption Perceptions Index, Stock market Index, Human Development
Index, Global Innovation Index is very convincing.
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It should also be taken into account that the weight of these indices
exceeds the others. This is due to the fact that some of these indicators are
derived from the previous ones. Depressing the situation of a country such as
Russia, the deliberate isolation of economic relations with Western countries is
clearly reflected in the main indicators of international economic development.
As for Ukraine, its potential wants a better solution to economic problems and
problems. However, the states have real opportunities to significantly improve
the innovation and economic climate at the expense of comprehensive reform of
the economic sectors, which is directly related to corruption in the power
structures.

The two countries, Poland and Turkey, are gradually increasing their own
innovative and economic potential, but not so confident that they can reach the
countries with the best development indicators. In terms of indicators, special
attention is paid to Poland, which has a positive movement of those indicators
that can guarantee the acceleration of innovation and economic potential in the
future. Turkey has a multicolored character in promoting the economic growth
of the country; considerable corruption and a low index of human development
are holding back the movement for improvement.

Indicators of a group of factors that determine the level of social health of
a country's population mean how much the needs of society are met by the state
and whether its further harmonious development is possible to restore the
individual's potential to achieve a stable level of defense capability and
independence of the country.

Of course, the most sensitive Indices of social health of population were
selected for research, which has the corresponding significance of the existing
properties of the society of the state. These include the following indicators:
Total / population growth rate; Labor resources in the total population; Health
care costs per capita; Expenditure on education in% of GDP; Domestic
renewable water resources per capita; CO2 emissions per capita; Poverty rate
less than $ 1.9 per day; Consumer Price Inflation Rate; Unemployment rate;
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Average life expectancy of the population; Percentage of people over 65 in the
total population; Number of crimes (cases) per 100 persons.

Data indicators of factors that determine the level of social health of a
country's population are shown in table 4. According to the above data, a petal
chart is developed, which determines the place of the states in the defense rating,
Fig 5.

A group of factors that determine the level of support for the Armed
Forces by the state is one of the most important resource points for the state-of-
the-art weapons of the armed forces. These indicators of the support of the
Armed Forces by the state are selected by those related to the definition of
innovative methods of increasing the firepower of the armed forces of the state:
Resources (dollars) for defense and security; Import / Export Arms; The share of
exports of high-tech products; Research and development costs as a share of
GDP; Imports of food as a share of imports of goods; Export of food as a share
of export of goods. Data on indicators and indicators of support of the Armed
Forces by the state are shown in table 5. According to the above data, a petal
chart is developed, which determines the place of the states in the defense rating,
Fig 6.

The comparative analysis of the economic growth of the state determines
approaches to the implementation of the concept of the Armed Forces
development strategy based on economic opportunities and evaluation of the
system of decision-making scenarios for choosing the optimal scenario based on
the AF development criteria.

The next stage in the analysis of macroeconomic development, innovation
and economic growth, social health and military budget categories is
summarized in the form of the resulting indicators, tab. 6.

The analysis shows that a general indicator of economic growth of the
state indicates that the US and China are out of reach for other countries that
have moderate performance. For Ukraine, this is an important sign because there
Is a significant chance of improving the defense capability for the future.
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Table 5

Indicators of influence of the environment of the territory on the support

of the armed forces from the state by China, USA, Ukraine, Poland,

Russia, and Turkey

'Support Resources The share Research and . Climate
indexes | (dollars) Import | of exports Environmental Change
. development
of the | for defense | / Export | of high- costs 35 Performance | pPerformance
armed and_ Arms tech share of GDP Index (EPI) | Index(CCPI)
forces security products
China 250.00 39.15 23.80 2.10 50.74 48.18
USA 650.00 0.06 13.80 2.70 71.19 18.60
Ukraine 3.65 0.08 7.00 0.60 52.87 60.60
Poland 10.00 54722.22 8.50 1.00 64.11 39.98
Russia 631.00 6.30 10.70 1.10 63.79 37.85
Turkey 18.19 1680.33 2.00 1.00 52.96 40.76
Resources (dollars)
for defense and...
=== China
Climate Change Import / Export B USA
Performance... Arms (USD)
Ukraine
=== Poland
Environmenta The share of )
Performance... exports of high- Russia
Turkey
Research and
development...

Fig. 6. The petal diagram demonstrating the levels of influence of the

environment of the territory on the support of the armed forces from the state by
China, USA, Ukraine, Poland, Russia, and Turkey
The implementation of the concept of the Armed Forces development

strategy requires the use of firepower indicators. A significant indicator, in this
case, is the Military Capacity Index, which is proposed by the authors and the
data for its calculation are shown in table 7.
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Table 6
A comparative analysis of the economic growth of state
Index of | The index of Index of.mfluence of
Index of economic | social health the environment of ]
States macroeconomic otential of of the the territory on the nge_rahzed
development, P ) support of the armed indicator
. the state, population,
rating : : forces from the state,
rating rating .
rating
China 1.06/2 1.09/2 1.65/1 0,96/2 1.19/2
USA 1.35/1 2.76/1 1.56/2 1,63/1 1.83/1
Ukraine 0.24/5 0.74/5 0.79/4 0,52/4 0.57/4
Poland 0.16/6 1.15/3 1.01/3 0,46/5 0.33/6
Russia 0.54/3 0.78/4 0.54/6 0,75/3 0.65/3
Turkey 0.38/4 0.73/6 0.60/5 0,36/6 0.52/5
Table 7
The economic condition of the State’s defense capacity by MCI
Indicator Title China | USA |Ukraine| Poland | Russia | Turkey
1 2 3 4 5 6 7
GDP, USD billion 13407.4|20494.05| 109.32 | 524.89 |4007.83| 849.48
Food production Index 139.00 | 122.30 | 169.10 | 117.60 | 147.50 | 134.50
Arms Import / Export 39.15 0.06 0.08 |54722.00 | 6.30 | 1680.33
Export of goods and services, in | 19.5 12.1 49.3 52.3 26.5 22
% of GDP
The share of high-technology 23.80 | 13.80 7.00 8.50 10.70 2.00
products export,%
R&D expenditure as a share of 2.10 2.70 0.60 1.00 1.10 1.00
GDP,%
Education expenditures, in % of 1.9 5 5.87 491 3.8 4.4
GDP
Gross fixed capital formation , 44 21 20.4 -7.9 -1.8 29.3
in % of GDP
Market capitalization of 46.5 148.5 15.7 38.4 39.5 26.7
companies, in % of GDP
GDP per capita, USD 9608 | 62606 | 2583 13823 | 10608 | 10512
Global Firepower Index 0.0852 | 0.0818 | 0.5363 | 0.4276 | 0.0841 | 0.2216
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Continue of the Table 7

1 2 3 4 5 6 7
Total strength of military | 2693000 | 2141900 | 1205000 | 184650 | 3586128 | 735000
personnel, people
World Competitiveness 72.61 86 411 4.59 4.64 4.42
Index
Human Development 0.75 0.92 0.74 0.86 0.8 0.77
Index, score
Missile launcher, pieces 2050 1197 625 240 3860 418
Battle tank, pieces 13050 6287 2031 1100 21932 3200
Armored vehicle, pieces 40000 39223 11868 2608 50049 9500
Acrtillery arm, pieces 6246 1716 2971 515 6436 2392
Aircraft carrier, pieces 1 24 0 0 1 0
Frigate, pieces 52 22 1 2 13 16
Corvette, pieces 42 65 1 2 82 10
Submarine, pieces 76 68 0 3 56 12
Aircraft total number 3187 13398 260 469 4078 1067
Helicopter total number 1004 5760 99 212 1485 492
Total nuclear weapons 270 6550 0 0 6800 0
Space troops,% 30 70 1 0 40 0

The calculation of MCI shown in Table 8 indicates a significant gap
between China and Russia in this indicator from the USA. Instead, Ukraine has
some advantages over Turkey and Poland.

Table 8
The rating of the states according to the Military Capacity Index

States Military Capacity Index Rating

China 4.25 2

USA 7.52 1
Ukraine 1.43 4

Poland 0.42 6

Russia 3.99 3
Turkey 0.74 5

After receiving the results by the MCI index, we will conduct a
comparative analysis with the GFI global fire strength indexes and the CSI
index, the data of which is given in tab. 9.
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Table 9
The rating of the states according to the Global Firepower Index, according to
the Military Capacity Index and the Credit Suisse Institute Index

Military | Priority | Global |Priority| Index Priority Generfillzed (_Sen_erallzed _Ger_lerallzed
. . .. | bythe | Rating |indicator of|indicator by
States |Capacity| by the |Firepower| by the | Credit . . .
. Credit | (MCI-GFI-| economic index
Index | MCI Index GFI | Suisse . . .
Suisse CIS) impact ratings
China | 4.25 2 0.085 3 13/0333] 3 1.56/3 | 1.12975/2 | 1.345/3
USA 7.52 1 0.082 1 |1/1.000f 1 2.87/1 1.7435/1 | 2.306/1
Ukraine| 1.43 4 0,5363 6 [6/0.034| 6 0.73/4 | 0.52275/4 | 0.626/4
Poland | 0.42 6 0,4276 5 15/0.059| 5 0.24/6 | 0.62025/3 | 0.430/6
Russia | 3.99 3 0,0841 2 |2/0500] 2 2.25/2 0.5155/5 | 1.382/2
Turkey | 0.74 5 0,2216 4 14/0.100| 4 0.42/5 | 0.46825/6 | 0.444/5

The overall performance of three indicators (MCI, GFI, and CSI) together
with an indicator of the economic potential show that China, the USA, Ukraine,
Poland, Russia, and Turkey have the different ratings of the countries. It is, first
and foremost, a disproportionate position in Russia, whose economic priorities
do not respond to the prospect of growing military strength in the long run.
Turkey and Ukraine do not have a steady and accelerated improvement in their
economic and defense capabilities. Indicators of the rating of the countries
according to the Global Firepower Index, according to the Military Capacity
Index and the Credit Suisse Institute Index and the analysis of macroeconomic
development, innovation and economic growth, social health and of the level
military budget have a level of mutual influence of one state to another.

Estimation of state interdependence was performed using a neural
network. In table 10 shows the input data for a neural network.

It is important to note that modern defense strategies of states cover the
use of various types of weapons. Their grouping into the structural reflection of
the armed forces largely depends on the economic and intellectual capital of the
state.

The most successful defense strategies of the state include, first of all, the
following strategic arms concentrations:

1. A strategy focused on space rockets, (MST).
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Table 10

Indicators that characterize the defense capability of a country

Limit-critical value of Soci litical
Indicator strategies China|USA|Ukraine[Poland|Russia| Turkey oclo-pofrfica
consequences
MST|SARF|NATO|NSMF
Indicators of The basis of the
macroeconomic 17|18 | 15 2 |1.06(1.35| 0.24 | 0.16 | 0.54 | 0.38 | strength of the
development borders
Indices of innovation C;g:gr)ilcs
and economic potential | 3 3 2.5 3 |1.09|2.76| 0.74 | 1.15 | 0.78 | 0.73 g
dependence on
of the state .
imports
. . Protection of the
Indices of social health | -\, |\ 5 | 5 1165|156 0.79 | 1.00 | 0.54 | 06 | interests of
of the population i
society
Thg share of exports of 1 1 0.7 1 1 los7| 029 | 036 | 045 | 01 Technolgglcal
high-tech products economic lag
development costsasa | 2.3 | 2.5 2 3 21 127| 06 | 100 | 1.1 | 1.00 .
technical
share of GDP ;
potential
Indicators of influence
of the environment of Level of state
the territory on the 1 1 1 1 |0.721.30| 0.32 | 0.16 | 0.20 | 0.16 .
security
support of the armed
forces from the state
Human Development | o | 9 | 09 | 0.9 |0.75]0.92| 0.74 | 086 | 0.8 | 0.77 | 'Mellectual
Index potential
Resources (dollars) for The threat of an
defense and security and| 4 4 3 5 19 (32| 141 | 196|119 2.2 aggressor's
their% of GDP invasion
The ability of the
Import/ Exportof 1 o | 09 | 08 | 1 |o02| 1| 05 |008| 03 | 09 | Miitay-
weapons, dollars industrial
complex
Total military people, M| 3 5 5 4 35| 15 05 | 35 1 |Human resources
Nuclear weapons 0 0 0 0.7 10.9 0 0 0.8 0 Critical drive
L Ability to protect
Strategic Missile Forces| )| o | 3 | 5 | 5 | 4| 06 | 05| 3 | 05 | inalarge-scale
(RTA) .
conflict
Rocket and space troops .
and tactical air defense | 4 5 4 5 25| 4 2 15 3 1.3 a S::Seslgrf;g;ks
(RVPP) 9
Averaged 38| 40 | 3.13 | 445 |151(2.14| 1.23 | 0.84 | 2.02 | 1.08
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2. Strategy that focuses on submarines, aircraft carriers and missile forces
(SARF).

3. A state defense strategy that focuses on NATO.

4. Strategy focusing on nuclear weapons, space and missile forces
(NSMF).

Each state has a set of indicators that characterize its defense capability,
Table 10.

Consider the process of simulating the impact of individual indicators of
the country understudy on the defense capacity of another country.

This process provides an opportunity to identify the disadvantages of the
defense capabilities of the countries.

Based on the country's defense capability, one can approach the

construction of the neural network structure, fig. 7.
4\ Neural Network Training (nntraintool) Fe e =]

eSiEE i =

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Perfarmance: : Mean Squared Error  (mse)
Calculations:  MEX

Epoch: o | 7 iterations 1000
Tirme: 0:00:01
Performance: : 279 0.265 | 0.00100
Gradient: 730 0.101 | 1.00e-07

Mu: 0.00100 0.00100 1.00e+10
Validation Checks: 4 ] [

Plots

Performance (plotperform)
Training State (plottrainstate
Error Histagram (ploterrhist

Regression (plotregression

Fit (plotfit

Plot Interval: | b

@’ Opening Regression Plot

Fig. 7. Construction of the neural network structure

In strategic terms, every country has its own ratios of using any given
strategies in completing the overall strategy. Therefore, the table allows
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comparing their value for every geopolitical structure, in this case — for
countries, noted in the work.

After conducting the neural network research, there was a fixed concern
of the social-economic development and national defense capability rate of one
country compared to another country, table 11. Table 11 contains summary

results.
Table 11
Concern of the social-economic development
and national defense capability rate.
S1 S2 S3 S4
Variation of Variation of Focusing Focusing on
coefficients coefficients mixed, |on NATO| nuclear weapons
States approaching the | above the middle of and missile forces
maximum range — | the range — focusing
focusing on rocket on submarines,
troops, air defense | aircraft carriers and
(missile troops) rocket troops
China 16.4 7.3 3.1 5.1
USA 18.3 8.2 7.2 6.2
Ukraine 6.8 3.5 2.7 2.7
Poland 7.2 3.8 2.5 4.6
Russia 15.5 7.8 2.0 5.8
Turkey 6.1 4.3 2.9 3.2

On fig. 8 presented results of relative influence of defensive strategies
advantages on the state security simulation.

If we consider a state defense strategy that focuses on missile and space
forces and a state defense strategy that focuses on submarines, aircraft carriers,
and rocket forces, then the fire potential of Ukraine and its capabilities in appli-
cation to other countries is significantly inferior to Russia. Russia, for its part,
has some parity with China, but there are differences over US strategies.
Ukraine, Poland, Turkey do not have a significant impact on the fighting capaci-
ty of China and the US, but their firepower has increased rapidly lately.
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16.0 - ® China
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10.0 W Ukraine
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4.0 ® Russia
2.0 M Turkey
0.0

S1 S2 S3 54

Fig. 8. Relative influence of defensive strategies advantages
on the state security simulation results

To determine the strategy of the Armed Forces in the conditions identified
by the results of the previous study, we use machine "Reinforced learning",
namely Q-learning. Agent and environment play key roles in the reinforcement
learning algorithm. The environment is the world in which the Agent has to sur-
vive. In addition, the Agent receives reinforcing signals (rewards) from the En-
vironment: this is a number that characterizes how good or bad the current state
of the world can be considered. The purpose of the Agent is to maximize the
total reward, the so-called "win" [12-14]. After machine learning, strategy 4 is
the most promising for Ukraine.

Conclusions

So, to sum it up, we can say that the overall performance of three indica-
tors (MCI, GFI, and CSI) together with an indicator of the economic potential
show that China, the USA, Ukraine, Poland, Russia, and Turkey have the differ-
ent ratings of the countries. The point is countries that are far behind in firepow-
er have now joined the arms race and have a positive trend. And this indicates
that soon there will be new actors in the international arena in the fight for influ-
ence on the international position of states. The key to this is the latest military
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technology and the available intellectual capital in those countries that are capa-
ble of entering the competition the leaders of the arms race.
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1.3. AnHaugi3 aUHAMiKM IHTerpajbHMX NOKA3HMKIB HANpPYKEHOCTI

COiaJIbHO-€KOHOMIYHOI0 PO3BUTKY

OnHi€ro 3 akTyaJdbHUX MPOOJIeM CydyacHOI €KOHOMIKHM € OIlIHKa Ta aHaji3
KPHU30BUX CHUTYallll COIlaJIbHO-€KOHOMIYHOTO PO3BUTKY KpaiHU (PEerioHiB), siKi
BUHUKAIOTh MiJl BIUTUBOM BEJIMKOTO YHCIA SK INIOOATbHUX, TaK 1 BHYTPIIIHIX
daxTopiB. Jlo ocTaHHIX BIIHOCSATHCS pi3HI TpaHChOpMalliiHI 3MiHH, 30KpeMa, y
cdepl ynpaBiaiHHS €KOHOMIKOIO Ta MOB'sI3aH1 3 HEE(PEKTUBHUM YIPABIIHHAM (Pi-
HaHCaMH, CUCTEMaMu oNoAaTKyBaHHs Too. Oco0IMBe 3HaU€HHS B LIMX YMOBax
HaOyBa€e MOCUJICHHS! HAIPY>KEHOCTI, TIOB'sI3aHE 3 PI3HUMHU TEMIIaMU COLIIAJILHOTO
1 EKOHOMIYHOTO PO3BHUTKY, 110 NPU3BOAUTH 10 CEPHO3HUX HETaTUBHUX HACIII-
KiB, 3pOCTaHHs MacIITa0iB KPU30BUX CUTYAIlIH 1 O MaJiHHSA, B IILJIOMY, TEMIIiB
po3BUTKY KpaiHu. Tak, skmo B 2018 p. TeMnu 3pocTaHHs B CEPEIHBOMY B CBITI
Oynu Ha piBHI 3%, B 2019 poui Bonu 3Hu3MIMCA 10 2,5%, To B 2020 pori me-
pendavaeTbcs iX croBUIbHEHHS. Ha nymMKy aBTOpIB, HampyXeHICTb, B LOMY
BUITAJIKY, PO3TIISTAETHCS, SIK OIIHKA KPU30BOCTI COLIAIBHOTO 1 €KOHOMIYHOTO
PO3BUTKY, SIKa BH3HAYAETHCSA CUCTEMOIO [13] MOKa3HUKIB, IO OMUCYIOTh TaKy
CUTYAIIIO.

[TpoGnemoro, MOB'I3aHOIO 3 OIIHKOIO BIUIMBY HANPYKEHOCTI HA MOCUJICH-
HS MacITabiB KPU30BUX CUTYaIliid, B OCHOBHOMY, B COIllalibHIN cdepi, 3alimano-
Csl YMMAJIO HAYKOBIIIB, SIK BITYM3HIHUX, TaK 1 3apyO1kHUX a came: ['yp’siHoBa JI.,
Jlom6poscbka C., Kusum M., Knebanosa T., Cipuit €., Charnes A Minussi J. ta
Ohlson J. [2-5, 10]. Oanak, HaiivacTiie, B [MX poOOTax 31MCHIOBABCS aHAII3
MPOTECTHUX MPOSABIB COI[IlyMY Ha OCHOB1 BUKOPUCTAHHS €KCIIEPTHUX METO/IIB.

VY 3B'A3Ky 3 MM, 3HAYHHUI 1HTEpEC MpeICTaBise Po3poOKa MOIEIBHOTO
0a3ucy BIUIMBY HANpy>KEHOCTI Ha (OpMyBaHHS KpH3, SKI BUHHKAIOTh B €KO-
HOMIYHOMY 1 COLIIaIbHOMY PO3BHUTKY KpaiHU.

Mertoro nociipkeHHs € To0y/I0Ba Ha OCHOBI METOJIB 0araTOBUMIpHOTO
aHaJi3y KOMIUIEKCY IHTErpajibHMX TIOKa3HUKIB, $KI JO03BOJSIOTH IPOBECTH

OIIIHKY 1 aHaJI3 KPU30BHUX CUTYaIlill, a TAKO)X BU3HAYUTH NIPEBEHTUBHI 3aXO0/IH,
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CHpSMOBaH1 Ha 3HI)KEHHS HAMPY>KEHOCT1 B COI[IAIbHO-EKOHOMIYHOMY PO3BUTKY
KpaiHH.

3anponoHOBaHU KOMIUIEKC 1HTETpaIbHUX MOKAa3HUKIB BKIIIOYAE:

- IHTETpAJIbHUM MOKA3HUK COlllalibHO-eKOHOMI4HOTO po3BUTKY (ITICEP);

- IHTerpaJbHUA TOKA3HUK HAMPYKEHOCTI COIIaIbHOIO PO3BUTKY
(ITTHCP);

- IHTErpajJbHUI TOKAa3HUK HAMPYXKEHOCTI EKOHOMIYHOTO PO3BHUTKY
(ITTHEP).

JIist moOyioBU IHTETPAIIbHUX TMOKAa3HUKIB BUKOPUCTOBYIOTHCS Pi3HI Me-
TOAM 0araTOBUMIPHOTO aHaji3y, B TOMY YHWCIi, TAKCOHOMIi, 3MICT 1 METOJUKa
PO3paxyHKy SKHX, BUKJaJeHa B podoTax aBropis [1, 5, 9, 12].

B sxocti o3Hak [ noOyAOBH MOJENE 1HTErpajibHUX IMOKA3HUKIB
PO3MIISIIAIOThCS: PIBEHb O€3pOO0ITTS HACEJICHHS, CepeAHbOMICSYHA 3apo0iTHA
miaTa OJHOrO MpaliBHUKA, 00CAT peali3oBaHOi MPOMUCIOBOI MPOIYKIIIi, 0OCT
CUTBCHKOTOCTIOAAPCHKOI MPOAYKIIii, 00CIT BUPOOIeHOT OyMiBEIbHOI MPOTYKIIIT,
€KCIIOPT TOBAapiB, IMIOPT TOBAPIB, CalbA0, OOOPOT PO3APIOHOI TOPTIBII, KIJIb-
KICTh KMBOHAPOHKEHHX, MMOMEPJINX, EKOHOMIYHO aKTUBHE HACEJICHHS 3a PEerio-
HaMu y Biml 15-70 pokiB, MITpamiifHUI TPHUPICT HACEICHHS TOIIO 3a IMEpIoj
32001 mo 2019 pik. /lana cuctema noka3HUKIB BU3HAYEHA HA OCHOBI METOIUKH,
3aTBepkeHol [locranoBoro KabGinery MinictpiB Ykpainu [7] i npejcTaBicHa
Ha odimiiHKUX caiTax [6].

3HauCHHS THTErPaJIbHOTO MOKA3HUKA COIIAIbHO-EKOHOMIYHOTO PO3BUTKY,
OTpUMaHi Ha OCHOBI MeTOTiB TakcoHOMii [1, 8-9, 12], naBeneHi B Tad:. 1.

AHami3 1HTerpajbHOTO MoKa3HuKa (Tabi. 1) CBIIYUTH MPO MO3UTUBHY /M-
HaMIKy COLIQJIbHO-€KOHOMIYHOTO PO3BUTKY KpaiHM 3a aHaJ130BaHUN TEepion
(puc. 1). OnHak, 3HaYSHHS IHTETPAJbHOIO MOKAa3HHUKA pUC. | TOCHUTH JajeKi Bif
BEPXHBOTO TIOPOTOBOTO 3HAYCHHS PIBHOTO 1, sIke MPUHHATO B MPOIMOHOBAHUX
Mozaenax (4uM OJMXKYe PpO3paXyHKOBE 3HAYEHHS IHTETPaJIbHOIO IMOKa3HUKA
70 1, THM BUIIIE piBEHB COIIATFHO-EKOHOMIYHOTO PO3BUTKY). Ha xanb, cepenne

3HAYEHHS IHTETPAJIBHOTO MMOKAa3HUKA 3a 11ei rnepioj cTaHoBUTH 0,222,
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Tabauys 1
3HauYeHHs IHTETPaIbHOTO MOKa3HUKA
COHiaHBHO'CKOHOMi‘IHOFO PO3BUTKY KpalHI/I
Pix InTerpanpHuil NOKa3HUK Pix [uTerpanpHuil NOKa3HUK
CEP kpainu CEP kpainu

2001 0,01474 2011 0,25690

2002 0,02244 2012 0,24604

2003 0,06633 2013 0,36993

2004 0,12787 2014 0,25984

2005 0,15716 2015 0,28806

2006 0,17672 2016 0,32218

2007 0,22373 2017 0,35615

2008 0,16671 2018 0,35600

2009 0,21644 2019 0,35374

2010 0,24359

0,4

0,36993
0,35615 0,356 0,35374

0,35
0,32218
0 0,28806
0,25984
0,24359 0,24604
0,2 0,22373
’ 0,21644
0, 0,17672
0,16671
0,15716

01 0,12787

0,

0,06633
0,0 0,02244
0,01474
o m W

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

w

[S2]

N

(€]

[N

(93]

Puc. 1. lunamika ITICEP 3a nepion 3 2001 o 2019 pp.

Jlunamika 3Hau€Hb IHTETPAJBbHUX MOKA3HUKIB COLIATBHO-EKOHOMIYHOIO
PO3BUTKY (puc. 1) MICTUTH K MEPiOJId 3POCTaHHS, TakK 1 mepioau cranay. Tak,
3HAUCHHS I1HTErpajbHOTO MOKa3zHuka pociau 3 2001-2007, 2009-2011, 2013,

2015-2017 poku. IlamiHHS 3HAYEHb IHTETPAIBHOTO TOKAa3HUKA IPU3BEIO [0
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dopmyBaras B 2008 p, 2012, 2018-2019 pokax KpHU30BUX CHUTYyaIlii, SKi
3M1MCHIOBAJIMCS MiJI BIUIMBOM SIK 30BHIIIHIX (TJI00ANbHUX), TaK 1 BHYTPILIHIX
daktopiB. Jlunamika takux 3minu I[ICEP (puc.l) miaTBepmKyeThCs TII00aTh-
HOIO Kpu3010 2000-X pOKiB, BUKIMKAHOIO BIPOBAHKEHHSIM I[T-TeXHOJIOTIAMY;
2008-2009 pp. — BU3HAYAETHCS CBITOBOKO (hiHAHCOBOIO Kpn3ot0; 2019-2020 po-
KM — Kpu30i TioB's3aHor0 3 mnangemiero COVID-19 [11], a Takox 3
BHYTPIIIHIMU TpaHCHOpPMAIIHHUMHU 3MiHAMH B KpaiHi, IO 3HU3WIM TEMIH
COIIIaIbHO-€KOHOMIYHOTO PO3BUTKY. Jlisl MX (akTopiB 3HaMIILIA B1IOOpAKEHHS

il Ha TeMITax MPUPOCTY BAJOBOT0 BHYTpilIHbOro npoaykty (BBII) (puc. 2).

35,00
32,45 3154

29,09
30,00 27,92
26,34
25,17
25,00 23,26
21,62
20,40 1630
20,00 18,39 18,53 )
15,00
11,69

10,00

' 6,93 7,01 7,68

) | l [ l

0,00

o

2002 2003 2004 2005 2006 2007 2008 2(' 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

-5,00 -3,66
Puc. 2. Temmn npupocty BBII,%

Amnaniz TemniB npupocty BBII cBigunth npo Te, 1o copMoBaHi KPpU30Bi
cutyalii (puc. 2) Npu3BOAATH 0 3HAYHOTO 3HMXKEHHA. Tak, kpuza 2008 poky
BUKJIMKJIMKaHa 3HIKEHHs TeMmiB npupocty BBII B 2009 poui Ha -3,66%, a
kpuza 2018 poky npusBena 10 3HMWkKeHHs TemIiB mpupocty BBII B 2019 pomi
Ha 11,69%.

3HauHUH BIUIMB Ha 3HIDKEHHS TEMIIIB PO3BUTKY KpaiHU HAJAIOTh MOKa3-

HUKM HANpy>KEHOCT1, HaBeleHl B Ta0d. 2 1 Ha puc. 3. AHaJi3 3HAYeHb MOKa3-
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HUKIB CBITYUTH MPO 3HAYHE 3POCTAHHS HAMPY>KEHOCTI COLIaIbHOTO 1 EKOHOMIY-
HOTO PO3BHUTKY 3a Iled mepiona. IlosicHIoeTbes 1ie, Tepil 3a Bce, 3HMKCHHSIM
e(eKTUBHOCTI JEPKABHOTO YMPABIIHHSI. 3aX0/{, IO BIPOBAHKCHI JEPKABHUM
pEryisTopoM TpaHchopMaIiiHUX 3MIH HE 3aBXKAU y3TOJKYIOTHCS 3 UITKUM PO-
3yMIHHSIM MOTOYHOI cutyarii. Tak, CTpyKTypHI 3MIHH B CHUCTEMi yNpaBIiHHS
JIepKaBolo, TpaHchopmalliiiHi 3MiHH B COII1aJIbHO-€KOHOMIYHUX CHUCTEMAax IMpH-
BOJATH 10 OaHKPYTCTBAa MIANPUEMCTB, 3HIDKEHHS aKTUBHOCTI AISUIBHOCTI ce-
PEAHBOTO KJIACy, 3pOCTAaHHS HAMPY>KEHOCTI, SKa MIJCUIIOE MAaCIITaOHICTh KpH-
30BHX cutyalii. HeoOXiHO BiI3HAUYMUTH, 110 TEMITH 3pOCTAHHS HANPYKEHOCTI B
COIIAIBHOMY PO3BUTKY 3HAYHO TMEPEBHUIYIOTh aHAJIOTIYHUN TOKAa3HWK B €KO-
goMiml. Taka He30amaHCOBAHICTL MOJKE MAaTH HETaTHBHI HACIIIKU OCKUIBKHA
MIPU3BOIUTH 0 PEBOJIIOIINHUX MIEPETBOPEHB Y PO3BUTKY KpaiHH.

3HaueHHs 1HTErpajbHUX MOKA3HUKIB HAMPYKEHOCTI COIIAJILHOTO 1 €KO-

HOMIYHOTO PO3BUTKY KpaiHH MOJAaHO Ha puC. 3.

0,6
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0,5113% 0,50642
0,4238

49323
0,4802%
0,5 04572 0,47139
0,40904
0 0,37455
0,34281 30534823 362
123 171
0 0,28392 || 0,28402 S
0,21815 374 P
’ 928 007 058 873
0 0,16232 192 753
433
224 364
0 0,08145
0,03057
0,03399 06
[
0 0,0014

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

S

w

N

RN

B IHTerpanbHUiA MOKa3HMK HANPYXKEeHOCTi CoLiaIbHOro PO3BUTKY

B |HTerpanbHUM NOKA3HUK HANPYYKEHOCTi EKOHOMIYHOTO PO3BUTKY

Puc. 3. 3nayeHHs iHTETpallbHUX MMOKA3HUKIB HAIIPY>KEHOCTI

COLIIAJIFHOTO 1 EKOHOMIYHOTO PO3BUTKY KpaiHU
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SIk, BUAHO 3 pucC. 3 B aHANI30BAaHOMY IEpioJii MOKa3HUK HAIMPYKEHOCTI
COLIIAJILHOTO PO3BUTKY 3pOCTa€ OUIBII 3HAYHUMU TEMIIaMH, HI)K IIOKa3HUK €KO-
HOMIYHOTO PO3BUTKY. Y JACSIKUX Mepiojax, Ouibln HiX B 2 pa3u. Take morip-
IIEHHS KPU30BUX CUTYallli, IM1J] BIUIMBOM COLIAJILHOI Ta €KOHOMIYHOI HaIpy»Ke-
HOCTI, ¥ BIJICYTHOCTI HAJIEKHOTO JIEPKABHOT'O PEryTIOBAHHS, MOXKE MPU3BOIUTH
HE JI0 €BOJIIOLINHUX, a 0 PEBOIIOLINHUX IEPETBOPEHbD.

TakuMm ynHOM, OTpUMaHI 3HAYEHHS IHTETPAIbHUX MOKA3HUKIB: COLlaIb-
HO-CKOHOMIYHOT'O PO3BUTKY, HAIPY>KEHOCT1 COIIaJbHOIO 1 €KOHOMIYHOTO PO-
3BUTKY J03BOJISIFOTH OLIIHUTU JAWHAMIKY 1X 3MIHM, BUBHAYUTH MOXKIIUBICTH (op-
MyBaHHSI KPU30BHUX CUTYyallld 1 BA3HAYUTH MIPEBEHTUBHI 3aX0/H, CIPSIMOBaH1 Ha

3PpOCTaHHA CKOHOMIKH KpalHI/I
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1.4. KOHKYpPEeHTOCIOCOOHOCTh CTPAH HA IJI00AJbHBIX 3HEPrOpbIHKAX

B KOHTEKCTE «3eJICHO» TpaHchopMalK SHEPreTUKH

1. «3enenasny mpaﬂcd)opmauuﬂ IHEpPcEMUKU. NOHAMUE U 3AA6/IEHHbLE YETU

Pa3BuTHEe MHpPOBOIl SKOHOMHMKH XapaKTEPHU3YEeTCs] POCTOM OOBEMOB BbI-
OpOCOB MapHHUKOBBIX I'a30B, B CTPYKTYpe KOTOPBIX A0 26% 3aHUMAaET yrieKHcC-
b1 Ta3. HeyKIIOHHBIN POCT SMUCCHM YTJIEKUCIIOTO Ta3a MPOUJUTIOCTPUPOBAH HA
puc. 1. Ecnu B nepuon 1971-1990 1T cpenHuil €XerogHbiil MPUPOCT 3MUCCUU
MapHUKOBBIX T'a30B B MUpe cocTaBisia 295,28 muH ToHH, TO 1990 mo 2018 1T on

nocturai yxe 542,09 miH ToHH [3].

Mwuposasa akoHomuKa, CO,
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Puc. 1. I'mobanbHast sMucCHs MTAPHUKOBBIX Ta30B (MJIH. TOHH).

CocTaBicHO Ha OCHOBE JaHHBIX MI/IpOBOI‘O OHEPTCTUUCCKOI'0 arcHTCTBAa [3]

B nactosmee Bpemst 10 80% ot o61memMupoBoro oobema BbIOPOCOB MHap-
HUKOBBIX Ta30B, 3arPs3HSIONINX OKPYKAIOIIYI0 CPEAY U MPUBOJAIIUX K TOBHI-
IICHUIO €€ TEMIIePaTyphl, MPOU3BOIUTCA B chepe TPaaUIIMOHHON YTICPOIHOM
DHEPTeTUKH, KOTOpasi OCHOBAHA HAa CKUTAHUU YTJIA, ra3a, HedTH, HePTempoayK-

TOB U APYroro UCKOmaemMoro TOoIIrnBa. C JIaJ'IBHeI\/'IHII/IM AHTPOIIOI'CHHBLIM 3arp;as-
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HEHUEM OKpY’KaIoIleH Cpefbl CBA3aHbl PUCKH YCYTyOJEHHsI MapHUKOBOTO (-
¢dekTa 3eMiid, YTO YrpoXkaeT III00ATbHBIM MOTEIUICHHEM U KaTacTpopUUECKUM
M3MEHEHUEM KJIMMaTa Ha ryiaHere. HUBenMpoBaHUIO 3TUX PUCKOB U YIpo3 IpH-
3BaHa MOCITYXUTh MOJUTUKA MIEPEX0/1a K HU3KOYTIIEPOIHOH, pecypcodPpheKTUB-
HOH U COIIMAJIbHO MHKIIFO3UBHOM 3KOHOMHMKE, KOTOPYIO IPUHATO HA3bIBaTh «3€-
JIEHOI» AKOHOMMKOM [11].

KiroueBast posp B MEPEXO/E K «3€JIE€HOI» 3KOHOMUKE OTBOJIUTCA pa3BU-
THIO «3€JIEHON» PHEPreTHKHU, KOTopas 0a3upyeTcsi Ha UCIOIb30BaHUU HE MCKO-
MAaEMBIX JHEPTrOpPECyYpcoB, a Ha MPUMEHEHUH BO300HOBIISIEMBIX HCTOYHUKOB
sHepruu (BUD), Takux Kak ruapopecypchl, JHEPTUs COJHIA, BETpa U APyTHeE.
TepMUH «MHKIFO3UBHOCTHY» B MOHSTUU «3€JEHOI» SKOHOMHKHA O3HAYAET LIUPO-
KO€ BOBJIEYEHUE B MPOLECCHl MPOU3BOJCTBA HE BOCTPEOOBAHHBIX paHEe MpH-
POJHBIX U TPYJIOBBIX pecypcoB Ha ocHoBe pa3Butus BUD [10, cTp. 16; 14].

B koHTekcTe mpoOieM pa3BUTHS «3E€JIEHONW» IHEPreTUKH 0C000€ MECTO
3aHUMaeT sajepHas >Hepretuka. C OHOM CTOPOHBI, OOBEKTHI S/IEPHON reHepa-
LMY B IITATHOM PEXHUME PaOOThI MPAKTUUYECKU HE 3arps3HSIIOT BO3AYX U, COOT-
BETCTBEHHO, TIO3BOJISIIOT COKPATUTh BHIOPOCHI B aTMOC(Epy MAPHUKOBBIX a30B.
C npyroii croponsl, skcruryatanuss ADC cBs3aHa C pUCKaMU ISl 340POBbsI JTHO-
J€d M 3KOJIOTHH, ¢ MPOOJIEMON XpaHEHUs! palMOAKTUBHBIX OTX0/A0B. B nutepa-
Type IO 3KOHOMHUKE W YIPABICHUIO SHEPIe€TUKH aTOMHAsl T€Hepalus, KaK Ipa-
BUJIO, HE BKJIIOYAETCS B «3€JIEHYI0» SHEPIETHKY.

CoBpeMeHHBIE JOJITOCPOYHBIE LIEJIM U OPUEHTHUPHI HA MYTU MEPEX0/1a MU-
POBOM SKOHOMHMKH K «3€JEHOI» MOJeIN ObUIM ompenesieHbl S5 setT Hazand. lloa
srunoit OOH mupoBbiMu nuaepamu B ceHTsi0pe 2015 rona 6wimu 0g00peHst 17
1eJell yCTOMYMBOrO pa3BUTHUS, a B JeKaOpe Toro »xe rojaa owuio npussaTo Ila-
PUKCKOE COTJIAIIEHUE, KOTOPOE OINPEAEIINIO0 MPUOPUTETHOCTh HU3KOYTIEPO-
HOTO Pa3BUTHUS SHEPTeTUKU HAa OCHOBE MIMPOKOMACIITAOHOTO MCIOJIb30BAHMS
BUD, BHeapeHnus ymHBIX dHeprocerei (smart grids) ¥ MOBBILIEHUS] SHEPTOAP-
¢dextuBHocTH. Ero moanucanu 195 ctpan, BKItoYasi MOCTCOBETCKUE PeCITyOIIu-
ku [1], 10OpOBOIBLHO B3SIBIIMX Ha Ce0s COOTBETCTBYMOIIUE 00s3aTenbcTBa. Co-

rianeHue BCTynuwio B cuity 4 HosiOps 2016 ronma, mpu 3TOM €ro JeicCTBHUE
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HayHetes ¢ 2020 roxa. [lonuTuka nepexona K «3eJIEHOW» 3KOHOMHUKE 3aKJIK0Ya-
€TCsl BO BHEAPEHUU CHUCTEMbI OTYETHOCTH U MOHMTOPUHIA BBIOPOCOB MAPHUKO-
BBIX I'a30B, B MHBECTUPOBAHUM B «3EJICHBIC» TEXHOJIOTMH, a TAKKE B OTKA3€ OT

q)HHaHCPIpOBaHI/ISI IMPOCKTOB, OCHOBAHHBLIX HAa HCKOITACMOM TOILIIMBC [20]

2. Tpaucd)opmauuonuble npoyeccovl 8 9HepeemuKe U noeoblileHUe

9Hepeemuyeckoll 3QppekmueHocmu

DBOJIIOIMA MUPOBOW HHEPIETUKHU MPOUCXOJIUT B CIEAYIOIIUX OCHOBHBIX
HarnpasieHusx [15, ctp. 5-6]:

- 3aMEIIEHNE MCKOMAEMBbIX YTJIEBOJOPOIHBIX PECYpCOB BO30OHOBIISIEMBbI-
Mu uctouHukamu sHeprun (BUDJ). Ve B 2015 rogy oOiasi ycraHOBICHHAs
MOIITHOCTB AJIEKTPOCTAHIINH, UcTioab3yomux BUD, naxe 6e3 yuera I'9C Obuta
CONIOCTaBMMAa CO BCEW MOIIHOCTBIO 3JIeKTpocTaHiui Poccun, a ¢ yuerom ['OC
IpeBbIIaa €€ mouTu B Tpu pasa [8, ctp. 18]. [lo mporuozam 3apyOexHbIX U
poccuiickux 3xcreptoB Kk 2040 rogy BUD moryT obecnieunts 35-50% mMupoBoro
MIPOU3BOJICTBA ANEKTpOdHEeprun U 19-25% rinobanbHOr0 IHEPronoTpeOIeHUs
[12; 21; 17];

- ¢ poBU3AIUS dHEPIETHICCKOr0 KoMmIuiekca. beicTpas o6paboTka Ko-
JIOCCANIbHBIX 00BbEMOB MH(MOPMAIIUM U MCKYCCTBEHHBIH MHTEIJICKT, BHEJPECHHE
«YMHBIX» DHEProceTeil MO3BOJSAT CUCTEMHO aHAJIU3UPOBATH BHIPAOOTKY M TO-
TpeOJIeHnEe SHEPTUH U B TIEPCIIEKTUBE CYIIECTBEHHO YMEHBIIIUTH CE0€CTOMMOCTh
HYHEPropecypcoB, MOBLICUTH d(PPEKTUBHOCTh UX HCIOJIB30BAHUS U CHU3UTH TO-
TepHu;

- Pa3BUTHE TEXHOJOTUM HAKOIIJICHUS YJIEKTPUUECKON IHEPTUH;

- peopraHu3aiusi CbIpb€BbIX SHEPreTUYECKUX PHIHKOB, PA3BUTHE PHIHKOB
YHEPreTUYECKUX YCIYT U PHIHKOB SHEPIEeTUUYECKUX TEXHOJIOTUH;

- hopMHpOBaHNE KOHKYPEHTOCIIOCOOHBIX 3aMEHHUTENICH HEPTEIPOTYKTOB,
HCIIOJIB3YEeMbIX B KAYECTBE MOTOPHOTO TOTUIMBA;

- OypHOE pa3BUTHE HAHOTEXHOJIOTUN M BHEJIPEHUE UX B DHEPIETHUKY IS

MOBBIMICHUS SHEPTOd(H(PEKTUBHOCTH.
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VHHOBalMOHHBIC HAIpaBJICHUSI TpaHC(OpMAIMU SHEPTETHKU TPEeBpaIla-
IOTCS B CAMOCTOSITENIbHBIEC TIOJIOTPACIIN C TOJOBBIMH 00OPOTAMH JI0 COTE€H MUJI-
JTUAPIOB JOJIJIAPOB U JEMOHCTPHUPYIOT BBHICOKHE U YCTOWYMBEHIC TEMIIBI POCTA B
CTpaHax-JIJIepax II00aabHOTO pa3BuTus [26, cTp. 14; 28].

HoBble TeXHOIOTUM UTPAIOT OJIHY U3 KIIFOUEBBIX POJICH B Pa3BUTHHU dHEP-
reTukd. K TeXHOJOTHusM, KOTOpbIE CO BPEMEHEM MOTYT MPUBECTU K yTparte J0-
MUHHPYIOIIETO MOJ0KEHUS YTIAECBOAOPOIHOTO CBIPhs, OTHOCATCS: BUD n Hako-
MUTEIHN YHEPTUU; FJIEKTPOMOOMIM, aBTOMOOMIIM HA BOJOPOJAHOM TOILJIMBE; CeTe-
BbIE TEXHOJOTUHU (aKTUBHO-3JalTUBHBIC CETH, paclpelefieHHas TeHepaius |
JPYTHE); IOM C HYJIEBBIM MOTPEOJICHUEM SHEPTHH, «YMHBINA JOM», «YMHBIN TO-
poI».

«3eneHas» TpaHchopManus YHEPTETUKH MPUBOAUT K TOMY, UYTO JHEPTO-
€MKOCTh 9KOHOMHUKH (3aTpaThl TOIUIMBHO-DHEPTETHUYECKUX PECYPCOB B pacyeTe
Ha €IMHUIY BaJIOBOTO MPOAYKTAa) HEYKJIOHHO COKpPAIIAeTCs, M IOBBIIIACTCS
HEProdhHEKTUBHOCTh. IHEPTOEMKOCTh SKOHOMUKH SIBIISIETCS arperupoBaHHBIM
MoKazaTesieM ee dHeprod(pGEeKTHBHOCTH: Y€M MEHBIIE YHEPTOEMKOCTh, TEM BbI-
11e PHEProd(PhEeKTUBHOCTD.

TenaeHIusl COKpaIeHUs: SHEPTOEMKOCTH MHPOBOM SKOHOMHUKH 3a TO-
CIEIHUE TPHU NECATWIECTUSI OTpaxkeHa Ha puc. 2. B nmepuox ¢ 1990 no 2019 rr
00IIIEeMHUPOBOE TTOTPEOJICHHE PHEPTUU B pacyeTe Ha €IMHUILY BAJIOBOTO MPOIYK-
Ta ynano Ha 37%. Kak BUIHO MO JIMHEHHOMY TPEH]y II100aJIbHOM SHEPrOeMKO-
ctu (EI = -0,0022t + 0,1763), 3a yka3aHHbBI TEPHUOJ ITOT MOKa3aTellb COKpa-
mancs B cpeanem 3a rog Ha 1,26% ot yposas 1990 rona.

[ToBbIieHne sHEpreTudeckor 3(PppekTuBHOCTH 00ECIeUnBaeT COKpaIlle-
HUE PAcXOJ0B Ha JHEPTrOPECyYpChl B IMpoIeccax WX MPOU3BOJCTBEHHOTO U KO-
HEYHOTO MOTpebsieHns. DTO CIOCOOCTBYET COKpAIIEHUIO 3aTpaT Ha JHeprope-

CYpCHI BO BCEX MPOU3BOJICTBEHHBIX MPOIECCaX, a TAKXKE B OBITY U B COITUATBHOU
coepe.

3. ['eononumuueckuti acnekm «3ei1eHoily mparchopmayuu dHepeemuKu
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Jlo BTOpOM mONOBUHBI XX BEKa DHEPreTUKA HE HUrpajna CyleCTBEHHOMU
pOJIM B MEXKJIYHAPOAHBIX OTHOIICHUAX. OTHAKO B YCIOBHUAX II00ATBHOIO KO-
HOMHYECKOTO POCTa U YBEJIMUCHHUS CIIPOCa Ha YHEPropecypchl (C OJHON CTOPO-
Hbl) 1 HEPABHOMEPHOCTH TEPPUTOPUAIBHOTO PAa3MEIICHHUS T'€OJOTMYECKUX 3a-
MACOB YTJIEBOJOPOJHOTO CHIPhS KaK TPATUIIMOHHOTO WCTOYHHKA TMEPBUYHOM
SHEPruu (C IPyroi CTOPOHBI) — 3aBUCHMOCTh IKOHOMHUK OOJIBIIIMHCTBA CTPAH OT
BHEIITHUX TIOCTAaBOK SHEPropecypcoB crama mnpobimemarnynoit. C cepenu-
HbI 1970-X IT. 3HEpreTHKa BCE Yallle CTaHOBUJIACh OOBEKTOM T'€OMOJUTHUKHU pa3-
JUYHBIX TOCYJApCTB M WX OOBCAMHEHUM, a €€ PEeryJupoBaHHE — MPUUYNHON

00OCTpEHHsI TOJUTHICCKON HAMPSHKCHHOCTH W MEXTOCYTapCTBEHHBIX KOH-
dbmukros [16, p. 13].
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0,17 \
0.16 Ei=-0,0022t+0,1763
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Puc. 2. MupoBo# TpeH]T COKpaIIEHUs] SHEPrOEMKOCTH SKOHOMUKHU
3a 1990-2019 rr. (B kr HedTsiHOTO SKBUBaNieHTa / gojutap CIIA B nienax

2015 roja mpy MOCTOSTHHOM MapUTETE MOKYMNaTeIbHOW CITOCOOHOCTH).

Cocmasneno na ocnose dannwix Enerdata [2].

Hauano XXI Bexka 03HaMEHOBAJIOCH 3HAYUTEIIBHBIM YBEJIUYEHUEM CIIPOCa
Ha TPAJAUIMOHHBIE PHEPrOPECypPChl, BHICOKUMU TEMIIAMU pOCTa LIEH Ha He(]Tb,
ra3 v dJIEKTPOIHEPIHUI0, @ TAKKE — OKUAAHUAMU UCUYEPIIAHUS DKCILITyaTUPYEMBIX

3a1acoB YIJIEBOAOPOJHOIO ChIpbs B 0003puMoil nepcrnektuse. Ha atoMm ¢one
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MPOUCXOMIN BOJTHEHHUS, I[BETHBIC PEBOJIOLIUNY», BOWHBI B HE(TEAOOBIBAIOIINX
apabCKUX CTpaHax, 4TO MPHUHATO CBS3bIBATH C BIMSHUEM BHEIIHETIOIUTUYECKUX
CHII.

B nepuon npamMaTudeckoro pocra LEH Ha YIIEBOJOPOAHOE ChIPhE OCHOB-
HBIE OTpebuTenu sHepropecypcoB Ha mupoBoM peinke — CIIA, EC u KHP —
pa3palboTajii roCyIapCTBEHHbIE MPOrPaMMbl CHHKEHHUSI 3aBUCHUMOCTH MX JKO-
HOMHUK OT MMIIOPTa SHEPrOHOCHUTEINIEH, MOBBIIIEHUSI COOCTBEHHON 3HEpreThye-
CKOIl 0€30IacHOCTH U OCHabJeHUs] TEONONUTUYECKUX W PHIHOYHBIX IMO3ULUI
CTPaH-3KCIOPTEPOB  YIJIEBOJOPOJHBIX PECYPCOB Ha TJIOOAJIBHBIX PpPBIHKAX
[26, cTp. 4; 12-17].

CrpeMHUTENBHBIA POCT CHpoca M LEH Ha HEPTb, HUMEBIIMM MeECTO
B 2000-X TT, IPOCTUMYJIHUPOBAJ CIAHIEBYIO PEBOIIOIUIO U 3aBEPIIMIICS B CEpE-
auHe 2010-X IT. ¢ MOsBJIEHUEM HOBBIX CTpaH-3KCIOPTEpPOB HEPTH U raza. B pe-
3ynbTaTe K 2014 1. Ha MUPOBOM PBIHKE HEPTHU MPENJIOKEHHUE YKE MPEBBIIIATIO
CIPOC, U IIEHbl Ha HEPTh, a TaKXKe MPUPOJHBIA ra3 U Jpyrue 3HEPrOHOCUTEIH
pe3ko cokpaTuiuchk (puc. 4). Ycununack MEXKIyHapoJHas KOHKYpPEHIIHS 3a
PBIHKH COBITa YTIJIEBOJOPOJIOB, KOTOpasi 000CTpUiIach B CBETE CHATUS MEXKIyHa-
POMHBIX CaHKIUK ¢ MpaHa u KenaHuUs MOCIEIHEro JIF0OOM IEHOM COXpPaHUTh
CBOIO JI0JIF0 HA MUPOBOM PBIHKE HE(PTH.

B cepenuae 2010-x rr kpaiiHe OOOCTPHIIMCH COIIMAJIbHBIC W BOCHHBIC
KOH(IUKTHI B YKpanHe u Ha bimxnem Boctoke. B 2016 rony Hayanach macco-
Bas MUTrpaius 0exxeHueB B EBpory; akTUBU3UPOBAJICS MEXKIYHAPOIHBINA Teppo-
pPU3M U pacuIMpuiiach 30Ha €ro AeHcTBUA. {11 MUPOBBIX PBIHKOB SHEPIrOpeECyp-
COB HACTYNWJ IEPUOJ MCKIIOUYUTEIBHON BOJIATUIBHOCTH M HEYCTOMYMBOCTH,
yrpoXKarouiei ri1o0albHOM SHEPreTHYecKord Oe30MacHOCTH, YTO IIUPOKO 00-
cyxnanock B nureparype ([11; 18; 23] u ap).

Bce 310 KpaitHe 00OCTPUIIO TEOMOJUTHYECKHUE MPOTUBOPEUUS] MEXKY
CTpaHAMM, MOCTY>KUJIO MPUYUHOMN JJ11 U3MEHEHUS TIOTOKOB MOCTABOK 3HEPTOHO-
CUTeJeH, TOJIO0KUIIO HAavyalo JUIs Tepesienia r100albHOr0 phIHKA MEXy OCHOB-

HBIMHU €ro ydyacTHUKaMH. boibiioe pectadmin3upyroiiee BIUsSHUE Ha MUPOBYIO
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HYKOHOMHYECKYIO CHCTEMY M €€ SHEPTeTHYECKYIO MOACUCTEMY OKa3zaliu «uHpop-
MalliOHHbIE BOVHBD.

B cnoxuBmieicss cUTyauuu U3MEHSETCS MNPEJICTABICHUE O MIOOANIbHOU
HHEPreTUYecKor 0e30macHOCTH. TpaguIMOHHO MO YHEpreTU4ecKoil Oe3omac-
HOCTBIO TOAPa3yMEBAIOT TaKHE YCIOBHUS, MPU KOTOPHIX MOTPEOUTENh HWMEET
HAJISKHBIA TOCTYI K HEOOXOIUMOM €My PHEPTuH, a MOCTaBUIMK — K €€ moTpedu-
tensam [23].

Enie HeckonbKo JIeT Ha3aj aKIEHT B ONPEEICHUH TJI00abHON YHEPTeTH-
YeCcKOM 0e30IMacHOCTH Jieayics Ha 3allUTe HHTEPECOB CTPaH-UMIIOPTEPOB dHEP-
ropecypcoB. IIpaBurenbcTBaMu 3TUX CTpaH pa3paldaThIBAIOTCA U PEATU3YIOTCS
MEphbl, HaIlpaBjCHHbIE HAa TUBEPCU(MUKAIUIO MMOCTABIIUKOB YTIIEBOJOPOIHOTO
CBIPbsI, PACIIUPEHUE HCIIOIB30BaHUS BO30OHOBISIEMBIX UCTOYHUKOB SHEPIUU U
MECTHBIX BUJIOB TOIUIMBA, TpaHC(OpPMAIUIO PETyIUPOBAHUS MUPOBBIX dHEpre-
TUYECKUX PHIHKOB, BKJIIOYAs U3MEHEHUE YCIOBUII KOHTPAKTOB U IBOJIIOIHUIO pe-
TYJIUPOBAHUS OUPXK A yCWIEHUS TO3UIUN moTpeduTteneil. B coBpeMeHHBIX
YCJIOBUSIX B KOHTEKCTE TJI00aIbHON YHEPro0e30MacHOCTH aKTyaau3upyeTcs ac-
MEeKT 00ECTIeYeHHs] YCTOMYMBOCTH MUPOBBIX SHEPTOPBIHKOB, U Poccust, kak ouH
13 KpyIMHEHIHX 3KcropTepoB TOP sHepreTudecku, criocoOHa ChIrpaTh BaXKHYIO
pOJIb B pellieHUH Tou mpobiieMbl. HecMOTpst Ha CBOM OOIIMPHBIE YTIIEBOIOPO/I-
HbIE 3amackl, Poccusi sBIsETCS CTOPOHHUKOM BO300HOBIISIEMOIN IHEPTEeTUKH H
MOCJIEA0BATEIBHO peaanu3yeT TOCYJapCTBEHHYIO MOJUTUKY B 3TON cdepe [30].
BwmecTte ¢ Tem, ee odunnanbHas MO3UIKS 3aKII0YAETCS B TOM, YTO YCTOHYMBOE
pa3BUTHE TJI00ATBHON SKOHOMUKHU JOJIKHO BKJIIOUATh B CEOSl TAKXKE U TPaJAUIIU-
OHHYIO DHEPreTHKY, ObITh KOMIUIEKCHBIM, COATaHCHUPOBAaHHBIM U COOTBETCTBO-
BaTh MHTEpECaM pa3IudHbIX rpynn crpal. Llenecoobpa3zHo paccMaTpuBaTh HC-
MOJIb30BAaHUE HaM0O0JIee DKOJIOTHUHBIX MCKOMAEMbIX TOIUIUB, MPEXKAEC BCETO —
MIPUPOJIHOTO Ta3a, a TAKKE YACIATh BHUMAHHUE TTOBBIIIIEHUIO YKOJIOTUYHOCTH HUC-

KOMAaeMBbIX TOILJIMB B TE€X CIIy4asix, KOrjla OTKa3 OT HUX HEBO3MOKEH [13; 29].
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4. «3enenasny mpancgopmayus u nepepacnpeoeienue polHOYHOU 61acmu

Ha 2100a1bHbIX IHEP2OPbIHKAX

CoBpeMeHHBII 3Tan pa3BUTHUSL SHEPTOPBIHKOB XapaKTEPU3YETCsI BBICOKOM
CTEIIEHBIO HEOIIPENEIECHHOCTH U IMHAMUYHBIMU U3MEHEHUSIMU KOHBIOHKTYPBI.

Jlyisg cTpaH ¢ pa3BUTON PHIHOYHON SKOHOMUKOW OCHOBHBIMHU (paKTOpamMu
U3MEHEHMs crpoca Ha TOP ABISAIOTCS HOBBIE TEXHOJOTHH, B TO BpeMs Kak IS
Pa3BUBAIOIIMXCS CTPAH — 3TO POCT YMCIEHHOCTH HACEJIEHHS U TEMIIBl SKOHOMHU-
YEeCKOro pa3BUTHs. B 10ArocpodHoil mepcreKkTuBe pa3BUTHE SHEProd3PPeKTuB-
HBIX TE€XHOJIOTUWA M TEXHOJOTHUH PELUKIMHIA MOTYT IIPUBECTU K CYIIECTBEHHO-
MYy CHI)KEHHMIO 3HEpPronoTpeOSIeHUs U K 3aMKHYTOMY LMKy SHEPreTHYECKOIro
obmena [28, cTp. 8].

B nocnennee aecsatuiieTre HaOIIOAAETCS COKpAIEHUE TEMIIOB POCTa MU-
POBOIO CIIpOCa HA YIIEBOJOPOIHBIE CBIPBEBBIE PECYPCHI U YBEIMUYEHUE TEMIIOB
pocTa ux npeioxeHus. [IpuurHbBI 3TUX NPOLECCOB 3aKIIOYAIOTCS B CIIEIYIO-
mem [18; 5]:

— 100aIbHOE COKPALLEHUE SHEPrOEMKOCTH SIKOHOMHUKHU (pHUC. 2), KOTOPOE
03HAYaeT, 4TO B CHJIy TEXHOJIOTMYECKOT0 Iporpecca ¢ KaxKJIbIM I'OJOM MOXHO
BCE DKOHOMHEE pacxoJoBaTh TOIUIMBO HA €IMHMIY BaJOBOIO IPOAYKTa Ha
HallMOHAIBHBIX 1 MUPOBOM YPOBHSX;

— 3aMeMJICHHE TEMIIOB pOCTa MHUPOBOW 3KOHOMHKH (TIPEXIE BCETO, —
KpynHe#ieil B Mupe 3KOHOMHKM KwuTast), KOTOpoe OKa3blBAE€T MOHMKAIOIIEe
JaBJICHWE Ha IPUPOCThI 0OBEMOB CIIpOca Ha II00albHOM PBIHKE SHEPropecyp-
COB;

— yBenudenue foiu BUD B rinobanbHOM TOIUIMBHO-3HEPreTUUECKOM Oa-
nance (TOb), koTopoMy COCOOCTBYIOT: C OAHOM CTOPOHBI, — 00OOCTpEHHE 00-
e reonoIUTUYECKON HAIpPSHKEHHOCTH, MO0YXaaroliee Bce OoJblliee Koauye-
CTBO CTpaH, BKJIIOYasl pa3BUBAIOIIMECS, CTPEMHUTHCS K COKPAIICHUIO 3aBUCUMO-
CTH OT UMIOPTa YTIEBOJOPOAHOIO CHIPBS; C JAPYrod CTOPOHBI — IIAHOMEPHOE
CHIDKEeHUE u3nepxkek BUD-renepanuu (¢ KaxabpIM yJIBO€HHEM oObeMa BbIpa-
OO0TKM 3JEKTpOdHEprur Ha ocHoBe BUD cebecToMMocTh MpOAyKTa CHUXKAETCA

Ha 20% [6]). Ha puc. 3 npumenurensHo k crpanam BPUKC nokazano npupa-
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IICHHE JIOJIM BETPOBBIX M COMHEUHbIX BID-renepaTopoB B COBOKYITHOM 00BEME
MPOM3BOJCTBA AeKkTposHepruu 3a 1990-2019 rr, a puc. 4 — 11 TeX e CTpaH u
TOTO € NEPUOJA MPOUJUIIOCTPUPOBAHO YBEIMYECHHUE JIOIU «3EJIEHOW» IeHepa-
AN C YYETOM THUIPO3JIEKTpOoCcTaHIMi. He3HaunTenbHblli PUPOCT JOJIH BETPO-
BOIl U COMHEUHOU reHepanuu B Poccuu cBsizaH ¢ JOCTaTOYHO OOJBIIMMH JOJIS-
MU THUJIPO- U aTOMHOM SHepruu. B 1ie1om, TOMIMBHO-IHEPTETUYECKHUM OanaHC
Poccun yxe ceroanst BecbMa 3KOJIOTUYEH: 0oJiee MOJTOBUHBI MTOTPEOICHUs Tep-
BUYHBIX JHEPrOpeCcypcoB — 3TO ra3, a B MNPOU3BOACTBE JIJIEKTPOIHEPTMU HaA
0e3yrJiepoJIHble WJIM HU3KOYTJIEPOAHbIE MCTOYHUKU mpuxoautcs Oonee 80%
[13];

— MOSIBJIEHUE «YMHBIX» JOMOB, B KOTOPBIX 3JIEKTPOIHEPIUsl HE TOJIBKO
NOTPEOISIETCS, HO M POU3BOJUTCS; YBEIMUYEHUE YUCIA IEKTPOMOOUIIEH; pa3-
BUTHE MaJION pacrpeieIEeHHON reHepanuu Ha ocHoBe BUD;

— BHEJPEHUE HOBBIX TEXHOJIOTMI TOOBIYM CIIAHLIEBBIX HEPTH U Ta3a MO3-
Boyuiu CIHIA mepeiiTu U3 KaTeropum HETTO-UMIIOPTEPOB B KATETOPUIO HETTO-
DKCIOPTEPOB YIVIEBOAOPOAHOTO CHIPBS; HAa PHIHOK YIVIEBOJOPOAHBIX 3HEPrope-

CYypCOB BBIIIUIM Takue nocTtaBlnku Kak Mpan, Upak, bpazunus.

W 1990 w2019
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Puc. 3. llpupaiienre 1011 BETPOBOM U COJHEUHOU I'€HEPALMi B COBOKYITHOM
o0beMe Mpou3BOACTBA JeKTposHepruu 3a 1990-2019 rr Ha npumepe cTpaH
BPUKC. Cocmasneno na ocnose Enerdata [2].
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m 1990 m2019
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Mwuposan BPUKC Bpazunuma Poccuna MHama Kutan HO»Han
SKOHOMMKaA Adpuka

Puc. 4. llpupamienne nonu BUD-renepatopos, BKIOYask TUAPO-
AJNIEKTPOCTAHLIUH, B COBOKYITHOM 00BEME MPOU3BOICTBA SJIEKTPOIHEPTUU
3a 1990-2019 rr va npumepe crpan bPUKC.

Cocmasneno na ocnose dannwix Enerdata [2].

Bce mepeunciieHHble BbIIIE OOCTOATENHCTBA MOBJIECKIM 3a COOOM YCKO-
pPEHHOE HapacTaHHe MPEJIOKEHHS U 3aMeJIEHHOE NpUpallleHre Cpoca Ha MU-
POBOM DHEPTETHYECKOM pBIHKE. B pesynbrare 00beM IMpOU3BOACTBA YHEPTOPE-
CYypCOB TIPEBBICHII 00bEM HX TOTPEOJICHUS, U TJIOOAIBHBIA IHEPTOPHIHOK W3
PBIHKA MTPOJIaBLIOB TpaHC(OpMUpOBaICA B pbIHOK MOKymnareneit (puc. 5). «Ilepe-
BOPOT» B COOTHOUIEHUH CIIPOCA U MPEAJIOKEHHUS Ha TTI00aTbHOM PhIHKE SHEPTO-
pPECYpCOB TIpUBEN K TIEpepaclpesieieHUI0 PHIHOYHOW BIIACTH OT CTpaH-
HKCIIOPTEPOB TOITMBHO-3HEPTETUUECKUX PECYPCOB K CTPaHAM-UMIIOPTEPAM.

B memom, ocHOBHOE HampaBieHHE TpaHC(POPMAIUH MHUPOBBIX PBHIHKOB
HSHEPreTUYECKUX PECYPCOB OOYCIOBIEHO TEM, YTO HA CMEHY pecypcHOM rioda-
JU3alUU MPUXOJUT CTPEMIIEHHE K BBICOKOM 3HEpror((eKTHBHOCTH Ha BCEX
YPOBHSX TJI00AIBHON SKOHOMHKH, JOCTIKEHUIO PETMOHAIBLHOW 00€CIedeHHO-
CTH COOCTBEHHBIMHU SHEPreTHUECKUMU PECYPCAMHM, IIUPOKOMY HCIIOJIB30BAHUIO
WHHOBAIIMOHHBIX TEXHOJIOTHIA OCBOCHHS HETPAAUIIMOHHBIX pecypcoB. Kak cnen-

CTBHC, IMPOUCXOOUT «IICPCBOPOT» B COOTHOIICHHHN MHPOBBIX 00BEMOB IIpOun3-
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BOoJIcTBa M moTpeOseHuss TOP, u pblHOYHAA BIAcTh MepepacrpencisieTcs Ot

npousBoautenieit TOP k ux notpeduressim.
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Puc. 5. CoBokyIHbIE MUPOBBIE 00BEMBI IPOU3BOJICTBA U MOTPEOICHUS

MEPBUYHBIX TOIUTMBHO-IHEPreTHYeCKux pecypcoB B 1990-2019 rr (MiH T H 3).

Cocmasneno Ha ocrose dannvix Enerdata [2].

5. HCZLﬂtOHaJZbHaﬂ KOHKypeHmOCI’ZOCO6HOCWZb cmpaH 8 yCloeusix «3€/IeHOLLY

mpancgopmayuu SHepeemuKu

Henoctarounas »HeproadGHeKTUBHOCTE M HM30BITOYHAS SHEPTOEMKOCTH
OTJICJIbHBIX MPOU3BOJACTBEHHBIX ITPOLIECCOB U SKOHOMHUKHU B ILIEJIOM MPUBOIAT K
3aBBIIICHUIO YAEIbHBIX M3JICPKEK MPOU3BOJCTBA U, CJIEAOBATEIIBHO, — K 3aHU-
KEHUI0 KOHKYPEHTOCTIOCOOHOCTH KOHEUYHOM MPOAYKIIMH HAITMOHAIBHBIX MTPOU3-
BOJIMTENIEH HA BHEIIHUX phIHKAxX. [loaTOMy B riio0aibHON TEHIACHIIUU MOBBIIIE-
HUSI DHEPreTUYeCcKor A(PGEKTUBHOCTH TMPOSBISICTCS CTPEMJICHHE Pa3IUYHBIX
CcTpaH 00eCIeYUTh KOHKYPEHTOCTIOCOOHOCTh U YCTOMYMBOCTh Pa3BUTHS HAIHO-
HaJILHOM YKOHOMMKH.

HanmonanbHasi KOHKYpPEHTOCIIOCOOHOCTh — 3TO CJIOXKHAsl XapaKTEPHUCTH-
Ka, OTpaKAroIas: ¢ OJHON CTOPOHBI, CHOCOOHOCTh BEIYIIUX KOMIAHUN JTaHHOM
CTpaHbl YCIIEIIHO KOHKYPUPOBAaTh Ha MEXAYHApPOIHBIX PBIHKAxX, a C JIPyrou

CTOpPOHBI, — CIIOCOOHOCTh rOCyJapcTBa 0OecneunBaTh yCTOMYUBOCTh SKOHOMHU-
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YECKOI'0 PAa3BUTUSA U POCTa OJIArOCOCTOSHUS HACEJIEHHS 3a CUET IMPHUBJICUCHHS
NOTEHIIMAIBHO 3(PPEKTUBHBIX PECYPCOB U BHICOKOTO YPOBHSI IIPOU3BOIUTEIHHO-
CTH 3KOHOMUKH [27]. B acnekre 3Hepro3ap@HeKTUBHOCTH B ONPEAEICHUN MOHS-
THS HAIIMOHAJILHON KOHKYPEHTOCIIOCOOHOCTHU CNEAYeT MOJYEPKHYTh UMIIEPATUB
BBICOKOT'O YPOBHS TPOU3BOAUTEIIBHOCTH SKOHOMUKHU.

B exeronnbpix Jloknagax BecemupHoro sxkoHomuueckoro ¢hopyma, mocBs-
IIEHHBIX aHAIU3y INI00ANbHOW KOHKYPEHTOCIOCOOHOCTH CTpaH, MOHSATHUE KOH-
KYpPEHTOCIIOCOOHOCTh TPAKTYETCSl KaKk HAOOp MHCTUTYTOB, MOJUTUYECKUX MEP U
UHBIX (PaKTOPOB, OOYCIOBIMBAIOIIUX YPOBEHb 3()D(PEKTUBHOCTH HALMOHAIBHOM
skoHOMUKH [9]. TIpu >TOM NPOU3BOAUTEIHLHOCTh (PAKTOPOB MPOU3BOJICTBA pac-
CMaTPUBAETCS KaK OCHOBHOM JIpaiiBep MOBBIIICHNS HAIMOHAIIBHON KOHKYPEHTO-
cnocoOHocTH [24]. C 3TOM TOYKH 3pEHUsI pacCMATPUBAIOTCS BCE MAKPOIKOHO-
MHYECKHE TOKA3aTeNIM Pa3BUTHs HAIMOHAIBHBIX 3KOHOMHUK, OTPaXXarOUIUE POCT
WJIM TIOHWKEHUE MTPOU3BOAUTENIBHOCTH (PaKTOPOB MPOU3BOICTBA.

[Tpou3BOAUTENBHOCTh — 3TO MOKa3arenab 3(P(HEKTUBHOCTH MPOU3BOJICTBA,
KOTOPBIM MPUMEHHUTEIBHO K SKOHOMHUKE B LIEJIOM PACCMaTPUBAETCS TaK ke, Kak
U TI0 OTHOIIEHUIO K oTpaciu win ¢upme [22]. [Ipon3BoaUTENBHOCTh XapaKTe-
pU3YET BBINYCK NPOAYKLIMHU B pacyeTe Ha €IWHHUILY MUCIOJIb3YEMBIX PECYPCOB U
OnpeaeNsieTcsl Kak 4YaCTHOE OT JeJeHUs] 00beMa MPOU3BOACTBA HA BEJIMUMHY 3a-
TpaT pecypcoB, HEOOXOAMMBIX JUJIsl BBIyCKa JAHHOTO O0bEeMa MPOU3BOJICTBA.
[Ipu 3TOM 3aTpaThl pecypcoB MOTYT YUMUTHIBAThCS KakK B arperupoBaHHOUN (op-
Me, Tak 1 auddepeHnupoBaHHO, B GU3MUECKUX SIUHUIIAX U3MEPEHHSI 00HEMOB
MCIIOJIb30BaHUS OTAEIBHBIX (PAKTOPOB.

B 3TOM KOHTEKCTE 3HEProOeMKOCTh 3KOHOMHUKH, OIpEAesieMast Kak OTHO-
[IEHUE COBOKYITHBIX 3aTpaT SHEPropecypcoB (BBIPAXKEHHBIX B (DU3UUECKUX €U~
Hunax u3mepenus) k BBII — 310 BenuuunHa, xapakrepusyrorias sHeprodhdex-
TUBHOCTh (OHA $IBJIAETCS OOpPaTHOW MO OTHOIICHHWIO K MPOU3BOJIUTEIHLHOCTH
HHEPropecypcoB): YEM BBIIIE€ TPOU3BOAUTEILHOCTh YIHEPrOPECYPCOB, TEM HUXKE
3HEProeMKocThb. [103TOMY COKpallleHne 3HEProeMKOCTH U IOBBIIIEHHE DHEpre-
TUYECKON 3((PEKTUBHOCTU — MPUOPUTET IKOHOMUUECKOU MOTUTHKHU ISl TIOBBI-

HIEHHS] HAMOHAJIbHOW KOHKYPEHTOCIIOCOOHOCTH.
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B coBpeMeHHBIX YCIOBUSIX KOHKYPEHIIUSI Ha PHIHKAX SHEPTETUYECKUX pe-
CYpCOB cMelIaeTcsl B 00J1acTh NEPeIOBbIX TEXHOJOTUN JOOBIYM U MepepaboTKu
ceIpbst [16, cTp. 8]. DtoT Tpena no M. Iloptepy [7] COOTBETCTBYET MEPEXOAY
OOJBIIMHCTBA CTPAH OT HU3LIEH CTaJuM KOHKYPEHTOCIOCOOHOCTH, Ha KOTOPOH
KOHKYPEHTHBIC MPEUMYIIECTBA 00€CTICUNBAIOTCS 0a3UCHBIMU (DaKkTOpaMu — W3-
OBITOYHBIMU TIOJIE3HBIMU HCKOIMAEMbIMU — K 00Jie€ BBICOKMM CTaJIUSIM KOHKY-
PEHTOCIIOCOOHOCTH: JIBUKUMOM HWHBECTUIUSMH U JBUKMUMOW HWHHOBAIUSAMH.
OCHOBHBIMH JIpaliBepaMu KOHKYPEHTOCIIOCOOHOCTU CTAHOBSATCS AKTHUBHOE WH-
BECTUPOBAHUE U MPUBJICUCHUE UHBECTUIINI; NHHOBaMU. Ha ctainn nHHOBaLUiA
HEXBAaTKa MEHEE TEXHOJIOTUYHBIX PECYpPCOB BOCIOJHSAETCS UMIIOPTOM, a JKC-
NopT sABJIIETCs O0siee TeXHONIOTMYHbIM. CTpaHa caMa MPOU3BOAUT TEXHOJIOTHH U
MEHBIIIE 3aBUCUT OT UX UMIOpTa. VIMEHHO 3Ta cTajiusl XapakTepU3yeTcsl BhICO-
KUMH TEeMIIaMU MOBBIIIEHUS SHEPT0IH(HEKTUBHOCTH.

Takum oOpaszom, mpoliecc MOBBIICHUST YHEPTrod(hPEKTUBHOCTU, OTpaka-
IOIUNA BO3pacTaHUE TMPOU3BOJUTEIBLHOCTH BaKHEHIIEro ¢akropa MPOU3BOJ-
CTBa, (DOPMUPYIOILIETOCS U3 TOIIMBHO-IHEPIreTUYECKUX PECYPCOB, CTAHOBUTCS
JpaiiBEpOM pOCTa KOHKYPEHTOCIIOCOOHOCTH HAIMOHAIBHBIX IKOHOMHK B CO-
BPEMEHHOM TJI00aIbHON SKOHOMHKE. B CBSI3M ¢ 3TUM mojuTHKa SHEprodddex-
TUBHOCTU CTAHOBHUTCS HEOTHEMJIEMBbIM M MPUOPUTETHBIM KOMIIOHEHTOM TOCY-
JTAPCTBEHHOW IKOHOMHYECKOW TMOJUTUKH, KOTOPBIM pa3padaThIBAe€TCsS U peaju-
3yeTcsi B 00IlEeM pyclie NESITEIbHOCTH MPABUTENBCTB PAa3HBIX CTPaH U PYKOBO-
JAIIUX OPraHOB X COI030B [4].

Ha npoTtsikenuu 6oJiee copoka MOCIEIHUX JET Ha MEera ypoBHE Ii00aib-
HOU 3KOHOMMYECKOU CHUCTEMBI KOOPAMHALIMIO MEPOIPUITUN O TOCYNAapCTBEH-
HOM TMOJJEPKKE M CTUMYJIUPOBAHUIO SHEProdp(EeTUBHOCTH OCYIIECTBISCT
MexnyHnaponnoe sHepretudeckoe areHTcTBo (International Energy Agency,
IEA) — He3aBHCHMBII opraH, co3gaHHbIi B cepearne 1970-x rooB u ACHCTBY-
omui HeiHEe Mpu OpraHu3aiiys 3JKOHOMUYECKOT0 COTPYAHUYECTBA U PA3BUTHS.
Crtpansl ¢ HauboJee MepeOBbIMUA Pa3pabOTKaMU U TEXHOJIOTHUSIMU, MHOTHE U3
KOTOPBIX SBJISIOTCS UMIIOPTEPAMU TPATUIIMOHHBIX YHEPIOPECYPCOB, BHICTYIIAIOT

muaepaMu B cdepe moBbiieHus: SHEProdhHeKTuBHOCTU. BHeapeHne MexmyHa-
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POJIHBIX CTaHAAPTOB B ATOM 00JACTH MOKET CIIOCOOCTBOBATH YCUJICHUIO MX PHI-
HOYHOM BJIACTU W OTKPBITH JIJIsi KOPIOPALIUMA 3TUX CTPAH €MKHUE PHIHKU COBITA.
CKOOpAMHUPOBAHHBIE YCWIHS IO IHEPTrOCOCPEIKEHUI0 B ITUX CTpPaHaX MOTYT
NOCTaBUTh MOJI YTPO3Y SKCHOPTHBIA MOTEHIMAN IMOCTABIIMKOB SHEPTOPECYPCOB
U COKpPaTUTh OOBEMBI PHIHKOB COBITA.

Crpanbl, 00J1ajat01IMe 3HAUUTEILHBIMU 3allaCaMU YTJIEBOJOPOAHOTO Chl-
pbs U sABIAIOIIMECS 3kcnoprepamu TOP, Bkimrowas Poccuto, pymmrenbHoe Bpems
HAXOJWJINCh Ha MEPBOM CTaJANKM KOHKYPEHTOCIOCOOHOCTH. B HacTosiee Bpems
JUISI COXPAHEHUS HUMEIOIIUXCS KOHKYPEHTHBIX IMPEUMYIIECTB UM TPeOYrOTCS
[19; 25]: muBepcuduKaus HaNpaBICHU W TOBAPHOW CTPYKTYpPbhI SHEpreTHYC-
CKOT'O 3KCIIOpPTA; HEIOIYILICHUE NUCKPUMHUHALIMM HAIMOHAIBHBIX SHEpreTude-
CKHMX TOBapOB, YCIYT U UHBECTUILIMI HAa MUPOBBIX YHEPTOPBIHKAX; 0OECIIeUeHUE
COIIACOBAHMS T'EOIOJIMTUYECKUX U SKOHOMUUYECKUX UHTEPECOB BCEX OCHOBHBIX
YYaCTHUKaAMHA MHPOBBIX SHEPIreTHUYECKUX PBIHKOB, MEXKIYHAPOIHAS KOOPAUHA-
[Us TpeIIPUHUMAEMbIX Mep dHepreTudeckor nomutuku [19]. s o6pereHus
HOBBIX KOHKYPEHTHBIX MPEUMYIIECTB BBICHIETO MOPsiKa HEOOXOAUMBI BCECTO-
POHHSISL OJJIEPKKA HAYYHBIX UCCIIEA0BAHUM, MHXKEHEPHBIX U KOHCTPYKTOPCKUX
pa3paboOTOK B 00JIACTH SHEPTETUKH, CO3/IJaHUE YCIOBHUM JIJIs PUBIICYEHUS KPYTI-
HOMACIIITa0OHBIX MHBECTUIIMN B Pa3BUTHE HOBBIX TEXHOJOTHN M MOIIHOCTEH IO
no0bI4e, nepepaboTke W TPAHCIIOPTUPOBKE YIIIEBOJIOPOIHOTO CHIPHS, YBEIUYE-

HUE 100aBJIEHHON CTOMMOCTH MPOU3BOIUMBIX SHEPropecypcoB [25].
3axnouenue

Takum oOpaszom, «3elieHas» TpaHcpopmaliusi YHEPTeTUKU, WU YHEPTETH-
YECKUN «TIePeX0/» 3aKJII0YAETCs B 3aMEIICHUH YTIEBOJAOPOIHOTO ChIPhsl BO300-
HOBJIIEMBIMH DHEPTrOpECypcamMu B MPOIECCE MPOU3BOACTBA YICKTPOIHEPTHH U B
MMOCTPOEHUU HU3KOYTJIEPOIAHOU, pecypcoddHEKTUBHON U COIHMAIBHO WHKIIIO-
3UBHOM YKOHOMUKH.

K npaiiBepam sHeprorepexoja B dHEPIETHKE OTHOCATCS TEXHOJIOTHYC-
CKHUI TIporpecc, MHHOBAaIMKM M WHBecTHIMH. OJMH U3 BaXHEHIMX 3(PQexToB

«3eJIeHOW» TpaHChOpMAalMK 3aKJII0YAeTCs] B MOBBIIIEHUH AHEProdp(heKTUBHO-
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CTH HKOHOMHUKH. B 10001 0T/eNbHO B3ATOM CTpaHE 3TO CIOCOOCTBYET IMOBBI-
[IEHUIO KOHKYPEHTOCIIOCOOHOCTH HALIMOHAJIBHBIX NPEANPHUATHI Ha BHEUIHUX U
BHYTPEHHHUX PBhIHKaX, & TAK’KE BO3PACTAHUIO YPOBHS KU3HU HACEJICHHUS.

['eononuTHYECKUl acCNeKT aHalInu3a Pa3BUTHS MHUPOBBIX 3HEPrOPBIHKOB
IPEANoaraeT pacCMOTPEHUE MPOUCXOASAIINX C HUMU U3MEHEHUN KaK yIpaBIIs-
€MBIX IIPOLIECCOB, Pa3BUBAIOIIUXCS IOJ JIECWCTBUEM LEJICHAIPABICHHBIX MEP
rOCyJapCTBEHHOM MOJUTUKHA CTPAH-OCHOBHBIX NOTPEOUTENEH U MPOU3BOIUTE-
JIeH EPBUYHON SHEPTrUU. B CIIOKUBLIEHCS CUTyalluM U3MEHSETCs MpeaCTaBie-
HUE O I100aJIbHOM HEPreTHYecKoi 0€30MacHOCTH, @ UMEHHO: aKTyalIU3UpyeTCs
acnekT oOecrneveHus YCTOMYMBOCTA MHUPOBBIX 3HEPropbIHKOB. OdunmanbHas
no3unus Poccuu 3akirodaercs B TOM, YTO YCTOMYMBOE PAa3BUTHE IIIOOATBHOM
HSKOHOMMKHU JOJDKHO BKJIIOYATh B CE€0s KAK «3€JIEHYIO», TaK U TPaJAULIMOHHYIO
HEPreTHKY, OBITh KOMIUIEKCHBIM, COaJaHCUPOBAaHHBIM U COOTBETCTBOBAThH MH-
TepecaM Pa3IMYHbIX TPYIII CTPaH.

Ha coBpemMeHHOM 3Tane pa3BUTUS SHEPTOPBIHKOB Ha CMEHY PECYpCHOM
100aNu3aluy MPUXOJIUT CTPEMIIEHUE CTPaH K BBICOKOUW AHEProd((heKTUBHOCTH
U JIOCTIKEHUIO He3aBUCUMOCTH OT ummopra TOP, k camooOecrnedeHHOCTH
HEPreTUYECKUMH pecypcamu. [IponcxoauT «nepeBopoT» B COOTHOLIEHUH MU-
POBBIX 00BEMOB MPOU3BOACTBA U NOTpeOneHuss TOP, u pelHOUHAs BIacTh nepe-
pacnpenensiercs oT npousoguteneit TOP k ux morpeduTensam.

['oGanbHbIM Mpoliecc NOBBIIIEHUS SHEPTOA(HEKTUBHOCTH, OTPAKAIOLIUN
BO3pacTaHUE IPOU3BOAUTEIBHOCTH TOIUIMBHO-Y)HEPIETUYECKUX PECYPCOBOB,
CTAaHOBUTCSl JpaliBEpOM POCTAa KOHKYPEHTOCIOCOOHOCTH HAlMOHAIbHBIX 3KO-
HOMHUK B COBPEMEHHOW Trio0anbHOM SKOoHOMHKe. KOHKypeHIMsT Ha pBIHKaX
HPHEPreTUYECKUX PECYpPCOB CMELIAETCs B 00JacTh MEPEJOBBIX TEXHOJOTHH J10-
ObIYM U TIEPEepabOTKU CHIPHSI , YTO COOTBETCTBYET IMEpPEXoy OOJIBIIMHCTBA
CTpaH OT HU3IIEH CTaJIuM KOHKYPEHTOCIIOCOOHOCTH, HA KOTOPON KOHKYPEHTHbIE
pEerMyIIEeCcTBa 00ecneunBalOTCsl 0a3UCHBIMU (haKTOpaMu — U30BITOYHBIMU T10-
J€3HBIMU HCKOMAeMbIMU — K 00Jiee BBICOKMM CTaUsIM KOHKYPEHTOCIIOCOOHO-

CTH: HBH)I(HMOﬁ HMHBCCTHIUAMMU U JIBPI)KHMOﬁ HWHHOBAaIlUsIMU.
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Crpanbl ¢ Haubosiee nepeaoBbIMH Pa3padOTKaMU U TEXHOJIOTUSIMH, MHO-
re U3 KOTOPBIX SIBJISIOTCS UMIIOPTEPAMU TPATUIIMOHHBIX YHEPrOpeCypcoB, BbI-
CTYMNAIOT JHJepamMu B cepe MOBBIIICHUS 3HeprodddexkTuBHOCTH. BHenpenue
MEXIYHApPOJIHbIX CTAHJAPTOB B ATOM 00JIaCTU MOXKET CIIOCOOCTBOBAThH yCHUIIe-
HUIO UX PBIHOYHOM BJIACTH M OTKPBITH JIJIsl KOPIOPALUNA 3TUX CTPAH €MKHUE PhIH-
K1 cObiTa. CKOOPIUHUPOBAHHBIC YCUJIUS 110 DHEProcOEPEKEHUIO B ATUX CTpa-
Hax MOT'YT MOCTaBHUTbh MO/ yIPo3y SKCIOPTHBIM NOTEHIMAJ TOCTABILIUKOB SHEP-
rOpECypCcoB U COKPaTUTh OOBEMBI PHIHKOB COBITA.

CoxpaHeHHE W TPUYMHOKEHHE KOHKYPEHTHBIX IPEUMYIIECTB CTpaH-
AKCIOPTEPOB TpaaulMOHHbIX TOP, Bkitouas Poccuto, Ha 1100adbHBIX YHEHIO-
PBIHKaX CBSI3aHbI C HEOOXOJUMOCTBIO pealin3allui TaKuxX Mep, Kak AuBepcudu-
KallM1 HaIpaBJICHU U TOBAPHOUN CTPYKTYpPBI SHEPIe€THUECKOTO SKCIIOPTA; 3allu-
Ta HAIMOHAJBHBIX dHEPIeTHUYECKUX TOBAPOB, YCIYyT U MHBECTULHNA OT JUCKPH-
MUHALIMA HA MUPOBBIX YHEPrOPbIHKAX; 00ECIIEYEHUE COTIACOBAHMSI T€OMOIUTH-
YECKUX M DKOHOMMYECKUX MHTEPECOB BCEX OCHOBHBIX YYaCTHHKaMU MHPOBBIX
SHEPrOPHIHKOB, MPUBJICUYCHHE MIUPOKOMACIITAOHBIX WHBECTULIMA M BHEIPEHUE
HOBBIX dHEprocOeperaronmx 1 nu(poBbIX TEXHOJOTUN B TOOBIUY, MEpepadOTKy
U TPAHCHOPTUPOBKY TpaauimoHHbIX TOP, a Ttakxke B pazsutue BUD u cTpyk-

TYPHYIO NIEPECTPOUKY SHEPTETUKU U IKOHOMUKHU.
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1.5. MogeaoBaHHA COLIAJIbHO-€eKOHOMIYHUX HACTIAKIB «IIOKY»,

innmykoBanoro COVID-19

«Ilox» COVID-19 cipuunHuB 3HAaYHUN HETATUBHUI BIUIMB HA JUHAMIKY
€KOHOMIYHHUX IpoueciB. KapaHTHHHI 3aX0AM MPU3BEIM 10 PI3KOTO 3HMXKEHHS
piBHS I1JI0BOT aKTUBHOCTI, KpU3H Ha (POHIOBUX PUHKAX BHACIIAOK NECHUMICTHY-
HUX OYIKyBaHb 1HBECTOPIB BIJHOCHO MPHOYTKOBOCTI MISUTBHOCTI KOPHOpAIIii,
110 JIEMOHCTPY€E JMHAMIKa 1HAEKCIB (poHaoBUX puHKIB. Ha puc. 1-6 HaBemeHo
JMHAMIKY 1HIEKCIB aMepHKaHChKHX (oHaoBHUX Oipsk Dow Jones Industrial Av-
erage ta S&P 500, inaekc Illanxaiicpkoi ponmonoi 6ip:xi SSE Composite, iH-
nexkc FTSE bpurtancekoi (poHI0BOT O1paKi, Ta 1Ba HAWMOMYJIAPHIIIUX 1HIEKCH B

Vkpaini: inaexce [IOTC Tta ingexkc UX [1].

Puc. 1. I[IQIHaMi'Ka'iH'zLeKcy I[by{[)KOHca Puc. 2. lunamika iagexcy FTSE 100

2200

site

Puc. 5. lunamika ingexcy [IOTC Puc. 6. Tunamika ingexcy UX
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3a nanumu rpadikiB BUIHO, IO OCHOBHUM criaa Ha (JOHAOBHX pHUHKAX, 3a
BUHATKOM Kwurtaro, mouasca B moromy 2020 poky. Came mouMHAKO4YM 3 LBOTO
nepiogy B OUTBIIOCTI KpaiH CBITY moYayacs HOBa CTaJisi €KOHOMIYHOTO IIMKITY,
petiecis. [IpoTe BaXIMBUM € Te, IO MOYATOK CTaAll OKMUBJICHHS Ta ii mepeOir
HOCHUTD TMOBHICTIO 1HAMBIIyaJIbHUN XapaKTep B KOXKHIM KpaiHi, Ha BIAMIHY Bif
cTajii cnaiy, sgKa rmodvajgacs Maibke y BCiX KpaiHaxX OJHOYACHO. AJDKe 1HIEKCU
[IOTC Ta UX, Ha Bigminy Bix iHaekciB S&P 500 ta Jloy-/>xoHca, Maiike mpo-
TATOM BCHOTO POKY HE MOKa3yBalM MO3UTUBHY JUHAMIKY, B TOM 4ac KOJIM 1HIII
0JIpa3y B3sUIM HAIPsIM Ha 3pOCTaHHS.

Pi3Huil piBeHb YYTIMBOCTI HALIIOHAJBHUX €KOHOMIK J0 TJIO0ABHUX «IIIO-
KiB» JI0Ope JEMOHCTPYIOTh OLIHKU TIMOMHU cnany peanbHoro BBII, ckmaneni

3a nanumu IMF, 1 HaBeneni Ha puc. 7 [2].

No data

B -70% - -15%
W -15%--5%
B -5%-0%

0% - 2.5%
2.5% - 5%
5% - 10%

Puc. 7. Temnn 3pocranns peanbHoro BBII

3a omiakamu MB® cran cBitoBoi ekoHoMiku B 2020 p. cknaB -4,4%.
€IMHOIO BEJIMKOI0 €KOHOMIKOIO CBITY, IKa IEMOHCTpYBajia 3pocTanHs, 0yB Ku-
Tail 3 TemnoM 3poctanHs B 2,3%. ['ubunHa cragy 3a rpynoro KpaiH 3 BUCOKUM
pPIBHEM PO3BUTKY OILIHIOETHCA Ha piBHI -8% B 2020 poiii 3 MoAaIbIINM BITHOB-
JICHHSIM PIBHS J1J10BOi aKTUBHOCTI 110 4,8%. 3a rpymnoro kpaiH 3 puHKaMH, SKi
PO3BUBAIOTHCS, MTPOTHO30BAHA TJIMOWHA CIlaay cKiaaae -3% 3 MojaablIuM Bijl-
HOBJIIEHHSIM 110 5,9% [2-3].

JudepenuiiioBaHa 4yTIUBICTh HAIIIOHATILHUX €KOHOMIK JI0 BIUIUBY IJIO-
OaNbHUX «IIOKIB», SIKA MPOSIBIISETHCS B IMIBUIKOCTI 3apa’KeHHSI, TPUBAJIOCTI pe-
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ecii, TMOuHI craay, TeMIax BiIHOBJICHHS €KOHOMIKH, OTPEOY€ TOCIIKEHHS
0COOJIMBOCTEH TIepediry KpU30BUX MPOIeciB g GOpMyBaHHS aJICKBaTHOTO Ia-
KEeTy aHTHUKPU30BHX 3aX0JiB. TOMYy aKTyaJbHUM HAIMPSMKOM IOCIIKCHHS €
aHaji3 acuMeTpu4HOro BIUTMBY «11oKy» COVID-19 Ha ekoHOMIKY KpaiH 1, 30K-
pema, Ykpainu ansi popMyBaHHS €(PEKTUBHOI MPOAKTUBHOI CTpATETii.

Cni 3a3HauuTH, 0 TpoOJieMa OIIHKK CTIMKOCTI HalllOHAIBHUX E€KOHO-
MIK JIO BIUIUBY TJI00aJIBHOTO IIOKY» PO3IISAAEThCs B poOOTax OararboX BITUH-
3HSHUX 1 3apyODKHMX BUYCHHUX, €KCIEPTIB CUCTEMHUX (DOHIIB, MPOCKTHUX TPYII
JenapTaMeHTIB CTPATEriyHOro IJIaHyBaHHS Ta MaKpOEKOHOMIYHOTO MPOTHO3Y-
BaHHs [4-14]. Tak, B pobotax [4-7] mJisi OIIHKU CTIMKOCTI HAI[IOHAJBHUX €KO-
HOMIK JIO «IIIOKIB» 3aCTOCOBYIOTHCSI METO/IU (PPAKTAIBHOTO aHAII3Y, KJIaCTEPHO-
ro aHanmi3y, HelipoHHi Mepexi KoxoHeHa. 3anponoHoBaH1 aBTOpamMu po3poOKH
JT03BOJISIIOTH CIPOTHO3YBATH TJIMOWHY KPU3H, BUSBUTH OJTHOCIIPSIMOBAHI peakiiii
HalllOHAJIBHUX €KOHOMIK KpaiH pI3HHMX IPYI Ha J1I0 «IIOKIB». Bennka KijabKiCTh
aHATITUYHUX OTJIAMIB 1 poOiT, 30kpema podoTu [8-14], mpucBsueHi po3pooiri
KOHCEHCYC-MIPOTHO3Y TEMIIiB CIaly €eKOHOMIKH 1 IIBUJKOCTI BIJHOBJIEHHS B TO-
CTKPU30BUI MEP10J1, aHaJI3y 3MIHU CUTYaIlll HAa pUHKY Tpalli, 3aiHATOCT1 Pi3HUX
Ipyn HaCeJeHHs, PO3BUTKY Taiy3eil €KOHOMIKUA B MOCTKPU30BHM MEPioj, MpoC-
TOPOBOI KJIacTepU3allil peakiii Ha «IIOKW» 1 i BIJIMBY Ha MOJITUYHY CTa0ljIb-
HICTb, OIIIHIII AYMOK €KCIIEpTIB pi3HUX (POKyC-Tpy 1moA0 eheKTUBHOCTI KapaH-
TUHHUX 3aXOJIB 1 HAlO1IbII €(h)eKTUBHOTO MAKETy aHTUKPU30BHUX 3aXO/lIB, OCO-
OMMBOCTEN pEriOHAIBHUX TOJITUK 3 ypaxyBaHHSM YPas3JIMBOCTI HAI[IOHAIBHUX
€KOHOMIK JI0 11 MI00aIbHUX «IIOKIBY» 1 T.1. Bin3Hadaroun 0e3yMOBHY €(eKTHB-
HICTh 3aIPOTIOHOBAHUX aBTOPAMH MIAXOMIIB, CJI1J] CKa3aTH, 110 ICHYIOUYl PO3po0-
KM CKOHIICHTPOBAHI MEPEBaXKHO Ha OI[IHII TVIMOWHM periecii 1 HeJJOCTaTHLO MOB-
HO PO3TJISIIAI0Th TUTAHHS TTOTEHITIATY BITHOBJICHHS PiBHS JA1IOBOi aKTHBHOCTI.

B poboti 3ampornoHoBaHa KOHIENTyaldbHa CXeMa JOCIIIKEHHS BIUIMBY
«moky» COVID-19 Ha nuHaMmiKy cOIIaJbHO-€KOHOMIYHMX MPOLECIB KpaiHW,
sKa JO03BOJISIE OIIHUTH TIMOWHY perecii BHACTIIOK KapaHTUHHUX OOMEXCHb,
MOTEHII1aJT BIIHOBJICHHS PIBHS J1J10BO1 aKTUBHOCTI. OCHOBHI €Tanu KOHIIENTya-

JHHOT cXeMH HaBesieHi B Ta0m. 1. Huxde po3riisnaeTses ix 3MicT.
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Mertoto nepuioco emany € OniHKa MOTEHINIATY BIAHOBICHHS PIBHS J1IOBOI
aKTUBHOCTI B MOCTKPU30BHi 1epioj. B sxocTi iHdopMaliiitHoi 6a3u JOCTiKEeH-
HSl BUCTYNAIOTh kBapTaibHi faHi BBII, sk omgHOTO 3 HAlOUIBII y3araabHIOIOUUX
MOKa3HWKIB MaKpOEKOHOMIYHOI JTMHAMIKH 1 p1BHA XKUTTS HacejaeHHs. [Hpopma-
iiHa 6asa mija yac moOya0BH MOJEl MPOTHO3YBaHHS OXOIUTIOE TEPioj 0 TO-
yatky manaemii COVID-19. Jlna noOyaoBu Mojieli MpOrHO3yBaHHS BHUKOPHC-
TOBYIOTHCS HACTYITHI METOIM: MOJIeIb nekommo3uilii (Census 1), cieKTpabHHIMA

aHaJji3, alanTuBHI MeTo I nporHo3yBaHHsa, ARIMA-mozaemi [15].

Tabnuys 1
OCHOBHI eTany KOHIIENTYaJIbHOTO T1IX01y
Emanu Memoou Ingpopmayitina
00Cni0dHCeH s baza

Eran 1. Oyinka nomenyiany 6ionoenenns pieus oino-
601 AKMUBHOCMI

1.1. [ToGynoBa Mojieli AEKOMITO3HIII{ YaCOBOTO PSIILy
BBII (mozens 1);

1.2. TTo6ynoBa Mozemni mepioANYHOI CKIa10BO1 (MO-
Tenb 2);

1.3. ITobynoBa agantuBHOI Mozl (MOAETH 3)

1.4. TTo6ynoBa koMOiHOBaHOT Mozemi (Mozens 4)
1.5. TopiBHSIBHMI aHATI3 SKOCTI MOJIENEH, po3po0-
Ka MPOTHO3Y

1.6. OuiHka noTeHIialy BIAHOBIEHHS PIBHS I1710BOT
aKTHUBHOCTI

Mopenb neKoM-
no3uttii (Census
1), cnexTpanbHUil
aHaJji3, aJanTHB-
Hi METOIH MPO-
THO3YBaHHS,
ARMA-mozem

[TokazHuku Makpo-
€KOHOMIYHOTO PO3-
BUTKY B JIOKPH30-
Bui nepion (2011-
2019 pp., mokBap-
TaJbHUN PO3Pi3)

Eran 2. Ilpoenosysanus enubunu peyecii 6Haciiook
Oii’ «<UoKy»

2.1. Bubip meTony moOy10BU MO/I€I1 TPOTHO3YBAaHHS
Ha M1JICTaB1 ONEPEeHBOr0 aHaJli3y YaCOBOT'O Psiy
2.2. [ToOynoBa Mojieni MPOrHO3yBaHHS, OLIIHKA SIKOC-
Ti

2.3. Po3pobka nporuosy, oliHka rMuOMHN KPU30BUX
SIBHII]

Mopenb 1eKoM-
no3uirii (Census
1), cnexTpanbHUil
aHaJIi3, aganTHB-
H1 METOJU TPO-
THO3YBaHHS,
ARIMA-Mmozaem

[TokazHuku Makpo-
€KOHOMIYHOTO PO3-
BUTKY B JIOKpHU30-
BUH mepiof 1 mepi-
oJ1 maHaemii
(2011-2020 pp.,
MTOKBAapTAJIbHUN

po3pi3)

Eran 3. Oyinka epexmusrnocmi kapanmuHuux 3axo-
dis

3.1. ®opmyBaHHS GHOKyC-TpyH

3.2. ®opMyBaHHS aHKETH €KCIIEPTHOTO OMUTYBAHHS
3.3. CratuctnyHa 0OpoOKa pe3ynbTaTiB eKCIEPTHOTO
ONUTYBaHHS

Meroau ekcriep-
THOTO aHaJi3y

Pesynbratu onury-
BaHHs (OKyC-Tpyn
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[TobymoBa mMomeni aekoMmosuiii (modens 1) mependadae 3riaKyBaHHS
4acoBOTO sy 3a JIOMOMOTOI0 KOB3HOI CepeIHBO1, OMEepeIHINA aHalll3 YaCOBOIO
psiy Ha HasBHICTHh TPEHIOBOT KOMIIOHEHTH, OIIHIOBAHHS TPEHIOBO1, IUKIIIYHOT,
CE30HHO1, BHUIAJKOBOI KOMIIOHEHT, CMHTE3 pPIBHIB PsAy, OI[IHIOBaHHS SIKOCTI
MIPOTHO3Y.

Jlns moOyaoBU Mojiell IepioAMYHOI KOMIIOHEHTH (Mooeb 2) BUKOPUCTO-
BYETbCS CIEKTPAIbHUN aHall3, alTOPUTM SKOTO Tependadae po3paxyHoK JICH/I-
POBAHOTO PsAy, BU3HAYEHHS MEPIOJAMYHOCTI 3HAUYIIMX TaPMOHIK, OI[IHIOBaHHS
napameTpiB MoJieN nepioAuyHo1 cKIaaoBoi. [loganpiinii cHHTE3 PiBHIB pSAIY HA
NIJCTaBl pe3yJbTaTIB MPOTHO3YBAHHSA E€BOJIIOTOPHOI 1 MEPIOJUYHOI CKIIAJ0BOL
JT03BOJISIE BUSHAYMUTH SIKICTh PETPOCHEKTUBHOTO MPOTHO3Y, MPUUHSTH PIIICHHS
BITHOCHO MO>KJTUBOCTI 3aCTOCYBaHHSI MOJIETI U1 pO3pOOKH MPOTHO3Y M 3a]1a-
HOTO NEPIOy YIEepEHKEHHS.

AJnlannTuBHa MOJENb (Modens 3) AO3BOJSIE 3A1MCHIOBATH HAJAIITyBaHHS
napameTpiB MOJIEJIl €BOJIOTOPHOI 1 MEPIOIUYHOT CKIIaIOBUX 32 PaXyHOK Bpaxy-
BaHHS 3MIH XapaKTEPUCTUK 4acOBOro psiay. OCKUIbKM B MOXMOKaxX MOJEIl MO-
KYTh 3IAIIATUCS 3aJIEKHOCTI, K1 MOYKHA MOJICIIIOBATH, TO aIallTUBHA MOJIEIh
BUKOPHUCTOBYEThCS B KoMOiHatii 3 ARMA-Mozensio.

ITix yac moOya0BM KOMOIHOBAHOI MOJieNi (Modens 4) ependavyaeThbes, U0
JCHJIPOBAHUM P, OTPUMAHWM Ha MIACTaBl 3aCTOCYBaHHS aJalNTHBHOI MOJEI,
sKa BpPaxoOBYE TPEHIOBY 1 MEPIOAUYHY CKJIAJOBY, a 3aJMIIKA MOJENI MOXYTh
OyTtu npencrasieni y Burisiai ARMA-tiporiecy.

Ha uverBepTOoMy Kpolli EpIIOro eramy JOCHiKeHHs (Tabn. 1) 3aiiicHto-
€THCS TIOPIBHSJIBHUN aHAII3 SAKOCTI MOJENEH, 3a JOTIOMOTOI0 TaKUX KPUTEPIiB,
sk MAE, RMSE, MSE, SSE, MAPE, MPE, koediienTy HeBianoBiaHocTi Teil-
71a, KoeiIleHTY KOPETsIlii BUX1THUX 1 pO3PaXyHKOBUX 3HAYCHb PIBHIB YACOBOTO
pany.

Ha 3aBepmansHOMY Kpoiil niepiioro eramy (Tads.1) 3miiMCHIOEThCS PO3PO-
Oka TPOrHO3y PpIBHSA [JIUJIOBOI AaKTUBHOCTI 0e€3 BpaxyBaHHS [ii «IIOKY»
COVID-19. Po3po0seHi MporHo3u € OCHOBOIO JIJIsi OI[IHKU MOTEHIIIATy BiJIHOB-
JICHHSI €EKOHOMIKH B TIOCTKPU30BUI TIEPIOI.
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3MICTOM Opyeoeo emany € OILIHKA TIMOWHU KPU30BUX SIBUII] BHACIIOK il
«moky» COVID-19. IndopmarriiiHoro 6a3010 JOCIIKEHHS Ha APYroMy €Tarll €
JaHI MaKpOEKOHOMIYHOI CTaTUCTHUKH, IO OXOIUTIOIOTH SIK JOKPH30BUU MEpiof,
tak 1 nepiog nmaugaemii COVID-19. lnsg noOynoBu MOjeIi BUKOPUCTOBYIOTHCS
aJanTUBHI METOIW MPOTHO3YBAHHS, SKI TIO3BOJISIOTH K CIIIJl OMUCYBATH HEO/I-
HOP1H1 YacoBl psau. [1oOymoBa aganTUBHOI MOJEl Tepeadavyae BU3HAYCHHS
XapakTepy MepioAnYHOI CKJIal0BOi (aIUTUBHOI a00 MYJIBTHILIIKATUBHOI), BU-
3HAUEHHS TUIY TPEeHAY, MiI00p ONTHUMAJIbHUX 3HAYEHb MapaMeTpiB ajamTailii,
AK1 TO3BOJISIOTH MIHIMI3YBaTH MOXUOKY MPOTHO3Y. [1icis MOpiBHAJIBHOTO aHal-
3y SIKOCT1 ajJbT€PHATUBHUX BapIaHTIB MOJIEJ1, BU3HAYEHHS HaWKpalioi MOje,
3IIMCHIOETHCS PO3pO0Ka MPOTHO3Y JJIs 33aHOTO TIEPIoy yIepeKEHHs, BU3HAa-
YaeThCs IPOrHO30BaHa rIMOMHA peLecii.

Ha tperbomMy erari AOCTIIKEHHS 3I1MCHIOETHCSA €KCIIEPTHA OIlIHKA Hac-
JJKIB KapaHTUHHUX 3ax0AiB. [IpoBeeHHS €KCIIEPTHOrO ONMUTYBAaHHS Tepeada-
yae (opmyBaHHS (POKYC-TPYIl, AHKETH €KCIIEPTHOTO OMMUTYBAHHS, aHKETYBAaHHS,
CTaTHCTUYHY OOpPOOKY EKCIEPTHHUX OIiHOK [16].

Takum 4UHOM, 3aMPOTIOHOBAHA BUIIE CXE€Ma JIO3BOJISIE€ OI[IHUTH TIIMOUHY
pernecii BHacmiIok BIUIMBY «moky» COVID-19, notenmian BiIHOBICHHS PiBHS
J17I0BOi aKTUBHOCTI, IKI MOXKYTh OyTH MapKepaMmu MiJ 4ac MPUUHSATTS PilIeHb
BIIHOCHO (popMyBaHHSI MPOAKTUBHOI CTPATET1i, CHPSIMOBAHOT HA TOMEPEHKEHHS
KpU30BHUX CUTYyalli 1 3a0€3Me4eHHs CTIMKOro ()yHKLIOHYBaHHS Ta PO3BUTKY CO-
mianbHO-ekoHoMIuHUX cucteM (CEC). [lami 6uibi eTaabHO po3MIIsTHYTa OIlIHKA
MOTEHII1AJTy BITHOBJICHHS PIBHS J1JI0BOT aKTUBHOCTI Ta OILIHKA TJIMOMHU KPHU30-
BHX SIBHIIl BHACIIIOK Aii «moky» COVID-19, mo € 3apgaHHsM nepioro i apy-
rOro e€Tamy KOHIETTyaIbHOI CXEMHU.

Jlst po3poOKu Mojeni orinku BIUHBY «moky» COVID-19 na coriansHo-
€KOHOMIYHY CHUTYaIlil0 B KpaiHi, sk OyJI0 3a3Ha4eHO BHIIE, OOpaHO HANOUIBII
3arajJbHUN MaKpOEKOHOMIUYHMN TOKa3HUK, IO BIJOOpa)kae PUHKOBY BapTiCTh
yCiX KiHIIEBUX TOBapiB Ta nmocayr - BBII y minax nonepeanrsoro poky. [ani, sxi
Oynu oOpaHi JJIs aHaJ3y Ha TMEpUIoMY eTarl JociimkeHHs, B34t 3 2011 poky
no TpeTiit kBapTan 2019 poky B kBapTanbHOMY po3pisi [4]. ToO6To maHi, siKi BU-
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KOPHCTOBYBAJIMCA i1 Yac MoOyI0BU MOJIENi, HE BPaXOBYBaJIU NEpioj MaHAEeMil
COVID-19. [ns 06po0ku manux 3actocysascs I1IIT Statistica.

[TonepenHiit aHATI3 YaCOBOTO PsAy MOKA3aB HASBHICTH TPEHIOBOI KOMIIO-
HEHTHU: € CTiiika TeHeHIis 3poctanHs BBII Ykpainu npoTsarom qociipKyBaHo-
ro mepioAy, MPUUOMY XapakTep TeHIeHIIl Onm3bkui no miHiiHOI. Kpim Toro,
aHaJ13 aBTOKOPEIALINHOT (PYHKIIIT 4YacOBOTO PsIY JTI03BOJIMB 3pOOUTH BUCHOBOK
PO HasBHICTh MEPIOAUYHUX KONHMBaHb. [IpoBeneHO aguTHBHY AEKOMIIO3MIIIIO
4acOBOTO Py, OCKIIBKU TpadluyHUN aHaNi3 psAay IMOKa3aB BIJICYTHICTH YITKO
BUPAKCHOI 3MIHU aMIUTITYIM BIIHOCHO JIiHIT TpeHy. Pe3ynbTaT 1EKOMITO3HITI

HaBeJeHl Ha puc. 8-9.

Seasonal Decomposition: Additive season (4); Centered means (Spreadsheet
Y
Y Moving | Diffncs | Seasonal |Adjusted |Smoothed Irreg.

Case Averages Factors | Series | Trend-c. |Compon.
1 [ 283330 -48357.2 331687.2 3232149 84722
2 319251 141124 3333634 3242088 9154.¢
3 361837 3285243 333128 542611 3075759 326196.7 -18620.€
4 339646 3337046 59414 8208.5 3314375 3334527 -2015:%
5 303396 339464 3 -36068.3 -48357.2 3517532 340829.7 10923t
6 340628 347602.0 -6974.0 141124 3547404 3483952 6345
7 386537 35373956 327975 542611 3322759 3513547 -19078.E
8 380048 3545186 255294 8208.5 371839.5 3564432 153964 Scatterplot of Adjusted against t
9 312094 3532225 411285 -48357.2 3604512 3540257 6425.£ Spreadsheet! 30v*51c
10 338163 3467576 -8594.6 141124 3522754 347370.7 49047 Adjusted = 1.7831E5+20657.3844°X
11 378633 339899.8 38733.3 542611 3243719 338174.4| 138026  '1EO
12 336233 3381486 -19156 8208.5 328024.5 3370237 89992 T3
13 301046 3414633 404173 -48357.2 3494032 3423455  TO57.7F
14 335202 351360.3 -16158.3 -14112.4 3493144 3511329  -1818% oES5
15 408111 3728746 352364 542611 3538499 370760.8 -16910.¢
16 385931 405480.3 -19549.3 8208.5 3777225 4023961 -24673.f 8E5
17 423463 4444394 -20976.4 483572 4718202 4474817 24338.¢
18 473630 487351.3) 137213 141124 4877424 4873947 477 g TES
19 581356 5194805 618755 542611 527094.9 520326.5  6768. ;:"_,
20 555981 542486.00 13495.0 8208.5 5477725 5430734 46991 < GBS
2 510447 5694654 -59018.4 -48357.2 558804.2 5682808 -9476.€
22 570690 597854.5 -27164.5 -14112.4 5848024 596404.3 -11601.€ o€
23 700131 628083.8) 720473 542611 645869.9 630060.0 15809.¢ 4E5
24 664319 663929.6 3894 8208.5 656110.5 6630608 -6950.
25 643943 T705166.8 -61223.8 -48357.2 6923002 7037371 -11437.( 3E5
26 723961 7490486 -250876 141124 7380734 7478292  -97557
27 876757 7861281 906289 54261.1 8224959 790169.0 32326.¢ 2E5
28 838748 8203755 183725  5208.5 830539.5 §21504.5 90347 - 2 = ik 2 = 2
29 766150 861014.3 -94864.3 -48357.2 8145072 B55846.8 -41339.€ U
30 875733 -14112.4) 8898454 9000622 -10216.7
3 1050095 54261.1 9958339 922169.8 73664.C

Puc. 8. Pe3ynbprar aluTUBHOT Puc. 9. I'padix psimy, CKOpEeroBaHOTO

JIEKOMIIO3UIIT Ha CE30HHICTb

I3 ananizy rpadika 3po06eHO0 BUCHOBOK PO ICHYBAHHS JIIHIMHOTO TPEHY.
Pe3ynbraTu moOyaoBu Mojeii TpeHAy npeacTtaBieHi Ha puc. 10. HaBeneni Ha
puc. 10 xputepii 703BOJISIOTH 3pOOUTH BHCHOBOK, 110 MO0y 1I0BaHa MOJIETh ajie-
KBaTHA, BC1 TTapaMeTpHu MOJIEJI CTATUCTHYHO 3Ha4YMMi 3a kputepieM CThIO/IEHTA
3 KiMoBipHICcTIO 99%. KoedimienT kopensiii, nerepminaiii, kpurepid Pimepa

TaKOX CBITYaTh MPO aJICKBATHICTh MOJIENI B ILJIOMY.
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Regression Summary for Dependent Variable: Adjusted (Spreadsheet1)
R= 91862140 R?= 84386528 Adjusted R?= 83848132
Fi1,29)=156.74 p<.00000 Std_Error of estimate: 82170.

Beta | Std.Em. B Std.Err. t(29) p-level
M=31 of Beta of B
Intercept | 178310.8) 3024539 589547 0.000002

t |EI.FJ1BI321 0.073375| 206574 1650.02| 12.51947| 0.000000

Puc. 10. TlapameTpu JTiHIAHOT MOJIET TPEHIOBOT KOMIIOHCHTH

Jlami 37iliCHEHO MOPIBHSAHHS (PAaKTMUHMX 3HAUYCHb YAaCOBOTO PSAY 1 MPO-
THO3HHMX 3HAa4YCHb, OTPUMAHUX Ha IMIJCTaBl MOJCNTI JEKOMIO3HIII (Mmodens 1):
Predictionyy; = 178310,8 + 20657,4 - t + Seasonal factor; + ;. Pe3ynbra-

THU TIpEeACTaBIICHI Ha puc. 11.

Scatterplot of multiple variables against t
Spreadsheet1 35v*51c
Y = 1.7275E5+20988.4113"x
Prediction_Ad = 1.7275E5+20988.4268"x
1.2E6

8ES

6E5

4E5

2ES

oz Y
5 0 5 10 15 20 25 30 35 > Prediction_Ad

Puc. 11. T'padik emnipuanux ta TeopeTuyHux 3HaueHb BBII Ykpainu

3a rpa¢ikoM BUAHO, IO MOJENb oraHo onucye nuHamiky BBII Ykpainu,
OCKIJIbKM HE BpaxoBaHa IMKJIIYHA CKJIa/I0Ba.

Ha nactynnomy kpori (Tabu. 1) 3aiiicHioBasiack moOya0Ba MoJIed mepio-
JTUYIHOT CKJIaJIOBOI (MoOeni 2) 3a JOTIOMOTOI0 CIIEKTpalibHOTO aHaizy. CrioyaTky
3HANIEHO MapaMeTpH JiHiiHOro TpeHay 3a aonomororo MHK. Pesynbrar no0Oy-

JIOBM MOJIEJI TPEHTy HaBeACHO Ha puc. 12.

Regression Summary for Dependent Variable: Y (Spreadsheet)
R=.90449489 R?= 81811100 Adjusted R?= 81183897
F(1,29)=130.44 p=_.00000 Std_Error of estimate: 91517.

Beta | Std.Em. B Std.Err. t(29) p-level
M=31 of Beta of B
Intercept | 172749.6| 33685.83 5.12826 0.000018
i |D.904495 0.079196 209884 1837.71| 11.42094| 0.000000

Puc. 12. Oninka napameTpiB JiHIHHOTO TPEHLY
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OTxe, 3a pe3yibTaTaMu PO3pPaxyHKy MOXHA 3pOOUTH BUCHOBOK TPO Haii-
O11bIII UMOBIpHUHN JTIHIMHUN XapaKTep MOJENI TpeHy, OcKuibku 81,8% Bapiarii
BBII nosicHIo€ThCS TOOYIOBAHOIO PETPECIHHOIO 3aleKHICTIO. ['padik 3HAUYCHD

MEPIIOro 3aIUIIKOBOIO Sy HaBeJAeHUM Ha puc. 13.

Scatterplot of P_R against t
Spreadsheet 32v'51¢
P_R =0.0129+0.0113"x
2.5E5

2E5
1.5E5
1E5

50000
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Puc. 13. T'padik neporo 3aJunIkoBOTO 4aCOBOTO Py

Pe3ynbTaTu CieKTpaJIbHOTO aHai3y MpeJCTaBlieH] Ha puc. 14.

Spectral analysis: P_R - =Y-172749.6-20988 4"t (Spreadsheet1)

No. of cases: 30

Frequency | Period | Cosine Sine Periodogram Density Hamming
L Coeffs Coeffs Weights
0 0.000000 151136 -0.0| 3.426333E+09 6.678316E+10| 0.035714
|1 | 0033333 3000000 946725 18331 1.344935E+11| 6 711327E+10| 0241071
|2 | 0066667 1500000 -3676 195214 571B553E+09 3 561580E+10) 0446429
|3 | 0100000 10.00000| -2266 -108948 1.781220E+09| 7 616583E+09| 0241071
|4 | 0133333 750000 -36927 123160 2479801E+09 2 209644E+09) 0035714
|5 | 0166667 600000 13229 87195 1166684E+09| 3 054115E+09
|6 | 0200000 500000 -62851 176421 5261202E+09| 7 338354E+09
|7 | 0233333 428671| 51639 331649 1.689869E+10) 1.266438E+10
|8 | 0286667 375000 158748 -27698.0 1.628762E+10) 1.194031E+10
|9 | 0300000 333333 38829 -147653 3496380E+09) 5 954366E+09
|10 | 0333333 300000 -25858 -3677.1 3.031057E+08| 1764171E+09
|11| 03686667 272727 -7008 -76275 8800538E+08| 7 7917256E+08
|12| 0400000 250000/ -50963 50966 7.792147E+08| 6 112600E+08
|13 | 0433333 230769 4652 -8512 1411583E+07| 4 885476E+08
|14 | 0466667 214286 -67912 47965 1.036906E+09| 6 189223E+08
15| 0.500000 2.00000) 49262 -0.0| 3.640134E+08] 6.634513E+08

Puc. 14. Pe3ynbTaTu CIEKTPAIBLHOTO aHAJI3Y

3 naHux puc. 14 BUIHO, 11O caMa MOBLJIbHA XBUJIS Ma€ MePioJl, SIKUK J10-
piBHioe 30 kBaptainiB (7,5 poKiB), a HAWIIBUIIMN NEPIOJ JOPIBHIOE 2 KBapTa-
nam. HasBHICTh BENMWKOI KIJTBKOCTI 3HAYYIINX MEPIOAUYHUX CKIIAIOBUX BKa3ye
Ha T€, [0 TPUBAIICTH IIUKJIIB 11X aMIUTITya HE € CTINKUMU, TOOTO psiJl Ma€E CKO-
pillie XBIWJIbOBY, HK IUKJIIYHY AUHaMIKy. HaltOuibmn 3HaA9y MU TIEp10IUIHH-
MU CKJIAJOBUMHU € TapMOHIKM 3 MEPIOJAUYHICTIO, sika J1opiBHIOE 30 KBapTasiB
(7,5 pokiB), 10 kBapramniB (2,5 pokn), 5 kBaprainis (01151 poky), 3 kBapranu (0,75
poky). Tobto B munamini BBII mepeBakaioTh KOPOTKOCTPOKOBI TapMOHIKH.
Mogenb nepioAMYHOI CKIaA0BO1 Ma€ BUTJIS/L;
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p; = —700.8c0s [2% (t — 1)] — 7627.5sin [2% (t — 1)] — 226.6¢0s [i—’; (t — 1)] -
10894.8sin E_Z (t — 1)] — 6285.1cos [2?" (t - 1)] +17642.1sin [2?" (t — 1)] +
94672.5¢c0s [i—g(t - 1)] +1833.1sin [2—’0’ (t — 1)] + &

Jlami po3paxoBaHO MPOTHO3HI 3HAYEHHS MOKA3HUKA 3 ypaxyBaHHSIM TPCH-
JIOBO1 1 MEePI0JIMYHOT CKIIAJJ0OBOT YacCOBOTO psy Ta modyaoBaHo rpadik ¢hakTu-
HUX 1 pO3paxyHKOBHUX 3HAYCHH MOKA3HUKA, OTPUMAHUX 32 MOJICIUTIO. PesynpTaTn

npecTaBiieHl Ha puc. 15.

Scatterplot of multiple variables against t
Spreadsheet1 35v*51¢
Y = 1.7275E5+20988.4113'x
Prediction K = 1.761E5+20953.0711*x
1.1E6

Sag Y
-5 0 5 10 15 20 25 30 35 0 Prediction. K

Puc. 15. T'padik ¢pakTUUHUX 1 MPOTHO3HUX 3HAYEHb, OTPUMAHHX 32 MOJIEILTIO 2

3a OTpUMaHUMHU JAaHUMH MOYKHA 3pOOUTH BHCHOBOK, IO SIKICTh MPOTHO-
31B, OTPMMAaHMX Ha IiACTaBl MOJECII, HEJIOCTATHHO BUCOKA BHACIIIIOK XBHJIbOBOI
IUHaMiKy psagy. Tomy nani po3riisHYTO alalTUBHI METOJM MPOTHO3YBAaHHS, SIKi
JI03BOJISIFOTH JIOCIIKYBATH HEOTHOPITHI YaCOB1 PSIJIH.

HactynHum kpokom nocmimkeHHs (Tadi. 1) € modymoBa MOAENi €KCIIOHE-
HIIIHHOTO 3MIaUKyBaHHSA (Mooders 3). CroyaTKy BH3HAYCHO THIT TMEPIOJUYHOT i
TPEHAOBOI CKJIaJ0BOI. 3/A1MCHIOBABCS Mepedip 3 MoAATbIIMM BUOOPOM Hailkpa-
o1 cepea 6-tu crienudikaiii Moesnl: MOJeIb €KCIIOHEHI[IMHOTO 3rialKyBaH-
HS 3 ypaxyBaHHSM aJUTHUBHOI MEPIOAUYHOI CKIIAJOBOI 1 JIHIHHOTO TpeHay (Mo-
nenb 3.1), eKCHOoHEHIIHOro TpeHAy (Moaens 3.2), 3aTyXardoro TpeHay (Mo-
aenb 3.3); MoJeNb 3 ypaxyBaHHSIM MYJIbTHILTIKATUBHOI NEPIOAUYHOT CKIaI0BOT 1
JHIHHOTO TpeHay (Mozensb 3.4); eKCIOHEHIIIHHOTO TPeHay (Moes 3.5), 3ary-
xaro4yoro TpeHay (Mozenb 3.6). Halikpaioro 3a KpuTepieM cepeaHboi adCooT-

HOT BiZICOTKOBOI moxuoOku anpokcumariii (Mean Abs % Error) € monens 3.5 (na-
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i mozens 3). OnTuMalbHI 3HAYEHHS MapaMeTpiB aganTaiii s i€l Mojeni,
BU3HAUYCHI Ha MiACTaBl epedopy MmapaMeTpiB MO CITII IapaMeTpiB, HABEJICHI Ha

puc. 16.

Parameter grid search (Smallest abs_ errors are highlightad) (Spreadsheet1)

Model: Expon. trend, mult season(4): S0=313E3 T0=1.020

v
Model Alpha Delta |Gamma | Mean |Mean Abs Sums of ‘ Mean Mean % |Mean Abs
Number Error Error Squares Squares Error % Error
650 0.3000000 0.100000 0.200000 1468693 12339.65 1035415E+10 334972504 0345629 2845632
659 0.900000/ 0.200000 0.200000 1471.955 12445.87 1.049639E+10 338593379 0.344568 2863356
668 0.900000| 0.300000 0.200000 1472604 1253721 1.060363E+10 342052575 0343332 2878487
651 0.900000/ 0.100000 0.300000 351.666 13084.85 1.067317E+10 344295925 0.163762 2967920
677 0.300000| 0.400000 0200000 1470848 12614.01 1.070622E+10 345361922 0341964 2891117
569 0.800000/ 0.100000 0.200000 1730.891 12541.50 1.080281E+10 348477744 0402459 2 906677
686 0.900000) 0.500000 0.200000) 1467.425 12676.66 1.080492E+10 348545764 0.340501 2901348
660 0.900000| 0.200000 0.300000 354762 13160.88 1.080936E+10 348689110 0162726 3.000196
570 0.500000) 0.100000 0.300000 447.895 12871.85 1.087071E+10 350667998 0.197597 2962668
649 0.900000| 0.100000 0.100000 4551183 12110.65 1.089395E+10 351417758 0768495 2791252

Puc. 16. OnTuManbHi 3HaYEHHS apaMeTPiB ajanTamii

PesynbpraTu peanizanii Mojieai €KCHOHEHILIMHOTO 3IIaJKyBaHHS 3 ypaxy-
BaHHSIM €KCIIOHEHLIMHOTO TPEHAY 1 MYJbTUIUTIKATUBHOI CE30HHOCTI 3 Iapame-

tpamu aaanramii Alpha = 0.9, Delta = 0.1, Gamma = 0.1 naBezneni Ha puc. 17.

Exp. smoothing: Multipl. seasen (4) S0=313E3 T0=1.020
Expon trend,mult season: Alpha= 900 Delta=.100 Gamma=.100
¥

1.8E6 1ES
1.6E6 80000
1.4E6 50000
12E6
40000
1E6 P
E
o8 20000 2
8E5 2
/ 0
6E5
= -20000
2ES -40000
0 60000
0 5 10 15 20 25 3 3B 40 45

— ¥ (L) — Smoothed Series (L) — Resids (R)

Puc. 17. I'padix dpakTuyHuX 1 TporHo3HuX 3HaueHb BBII

AHaJli3 1aHuX JA03BOJISE 3pOOUTH BUCHOBOK MPO JIOCUTHh BHCOKY TOYHICTH

nodyznosaHoi moaeni. Kpurepii sikocti Moaeni HaBeAeH1 Ha puc. 18.

Exp. smoothing: Multipl. season (4) S0=313E3 T0=1.020 (Spreadsheet1)
Expon.trend, mult.season; Alpha= 900 Delta=.100 Gamma=_100
Y

Summary of errar Error

Mean error [4.551183E+031
Mean absolute error 1.211065E+04
Sums of squares 1.089395E+10
Mean square 3.514178E+08

Mean percentage error 7.684950E-01
Mean abs. perc. error 2.791252E+00

Puc. 18. Kputepii sxocTi Mmojaemi

Sx BumHO 3 puc. 18, cepennst abcoOTHA BIJICOTKOBA MOXMOKa MOJAEII

(Mean abs perc. error) mopiBaroe 2.8%, cepemHs BiICOTKOBa moxuOka (Mmean
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percentage error) e mepesuirye 5%. OmHak, OCKUIBKH 3HAYCHHS KOE(III€HTIB
aBTOKOpEJAIIT 3aMuIKIiB Mojeni (puc. 19-20) miis neBHUX JariB € OJMU3bKUMHU
70 KPUTUYHHX, TO 3A1MCHEHO CIpOo0y MOKPAIIUTH SKICTh MOJEIN1 IUIIXOM MO0Y-
noBu ARMA-Mozeni ajsi 3ajIMIIKiB Ta JOJaBaHHSAM JIO MPOTHO3Y 3a TPEHOM i
NEPIOJUYHOI0 CKJIAJI0BOI0 TMPOTHO3Y BHIMAJKOBOI KOMIIOHEHTH Ha OCHOBI
ARMA-Mozeni (modens 4).

Autocorrelation Function Partial Autocorrelation Function
R_ADAPT R_ADAPT

(Standard errors assume AR order of k-1)

(Standard errors are white-noise estimates)
S.E.

H E H : BEE) cltEL D H
2 | 2 +.a1s L1736 [:ﬂ
§ . 4 -.308 1780 E i
5 0 ' 5 -.245 .1796 [
[ 32 : [ 6 198 .1796 B
d 22 B 7 151 .1796 B
s - =
s H B : 3 011 .1736
10 i [ 10 .07 [l
11 t 11 060 f
12 2 o 12 275 [:
.042 vl 13 051 i]
4 -.27 ] 17.20 .24 14 1 |
03 1 LI | 17.2 2 ) 1 1 96 ]
T 05 00 05 0 ottt T 05 00 05 0 Conf Limt
Puc. 19. I'padix aBTOKOpENALIHHOT Puc. 20. T'padik npuBaTHOi
byHKIIIT ABTOKOPEIAIIHHOT PyHKITIT

Ax BuaHO 3 puc. 19-20, moBoAKEHHs aBTOKOPENALIAHOT (DyHKIIT i TpH-
BATHOI aBTOKOPEJSALINHOI (YHKUII XapaKTepHE MJId MOJENl aBTOperpecii-
KOB3HOTO CEpEHHOTO Mepiioro adbo apyroro nopsaky. [lepedip pizHux BapiaH-
TIB MOJIeJIl TTOKa3aB, 0 Halkpaimiow € moaens ARIMA(1,0,1). PesynsTatu mo-

OyZ10BM MOJIeTIl TIpeicTaBlieHl Ha puc. 21.

Input: R_ADAPT (Spreadsheet1)
Transformations: none
Maodel:(1,0,1) MS Residual= 3490E5

Param. | Asympt. | Asympt. p Lower Upper
Paramet. Std.Err. | t[ 29) 95% Conf |95% Conf
pi1) [0.7386211 0. 274152| 2 694199 0.011610 0.177916] 1299326
q(1) |U_552[133 0.316130 1.746219 0.091359 -0.094526 1.198592

Puc. 21. Pezynbratt nodynosu mogemn ARIMA(1,0,1)

3a OTpMMaHUMHU XapaKTEPUCTUKAMU MOJIEIl MOXHA 3pOOUTH BHUCHOBOK,
0 MapamMeTp MOJEeJi MPU aBTOPETPECIiHIN CKIIaI0BIM € CTaTUCTUYHO 3HAUY-
M 3a kputepiem CThroieHTa 3 WMOBIpHICTIO 99%, 3HAYYIIICTh MapaMeTpy
MIpU KOB3HOMY CE€pPEAHBOMY MIATBEPIKY€EThbCS 3 UMOBIpHICTIO 91%. [Ipornosui
3HAYEHHS 3MIHHOI 3 YpaxyBaHHSIM TPEHJOBOI, MEPIOANYHOI Ta BUMIAJKOBOI KOM-
ITIOHEHT HaBeACHI Ha pucC. 22.
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Scatterplot of multiple variables against t
Spreadsheet1 34v*46¢
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Puc. 22. T'padix nporuoznux 3uaueHb BBII Ykpainu

[TopiBHsIBHUN aHaJI3 SIKOCTI IMOOYJOBaHUX MoOJieNied HaBeJACHUN B
Tabn. 2. Cnig 3a3Ha4MTH, IO B Ta0J. 2 HE BpaxoBaHa MOJEIb 2, OCKIJIBKH MOXU-

OKa IporHo3y 3a 1€ MoaeIto nepeBuirye 20%.

Tabnuys 2
. . Monens AlariTuBHa MOJIEITh )
Kpurepiii sikocTi Komb6inoBana monens
POrHO3y / Mozes JEKOMIIO3HII11 MPOTHO3YBaHHS (Mozzens 4)
P y (mogens 1) (mozens 3)
Mean abs perc. error 15.66 2.79 7.09

Otxe 3a pe3yiabTaTaMH OI[IHIOBAHHS SKOCTI MOOY/IOBaHUX MOJEJNEH, MO-
YKHA 3pOOUTH BUCHOBOK, 1110 HAMKPAIIIOI MOJEIIIIO € MOJIeTh €KCIIOHEHIIIITHOTO
3rJa/DKYBAHHS 3 YpaxXyBaHHSIM MYJIbTHILUTIKATUBHOI MEPIOJUYHOI CKIIAIOBOT i
EKCIIOHEHITIHHOTO TpeHAy. Came MpOorHo3 3a i€ MOJEIUII0 PO3TIIIHYTO B TO-
JANbIIOMY.

JIist po3ymiHHS TIMOWHU €KOHOMIYHOTO Crajay B YKpaiHi, 110 BUHUK B
pesynbrari nanaemii, Bukiaukanoi COVID-19, oniaku moTeHIiany BiTHOBICHHS
PIBHSI IUJIOBOT aKTUBHOCTI B MMOCTKPU30BUI MePio] 31HCHIOETHCS TOPIBHSIHHS Ta
aHam3 ¢akTuaanx 3HadyeHb BBIT Ykpainu Ta mporaHo3Hux 3Ha4YeHb.

Jlns mopiBHsSHHA oOpaHi AaH1 3a yerBeptuil kBapTana 2019 poky Ta mep-

il Ta apyruit kBaprtain 2020 poky (Tabm. 3).
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Tabnuys 3

Or1iHKa BIICOTKY 3HWKEHHS TEMITIB 3pOCTAaHHS BHACTIIOK 1T «IIIOKY»

Peanpunii ([ToreHniiinmnii

TEMII TEMII

3pOCTa.HH$I 3pOCTaHHA BiﬂCOTOK
KsapTain / . . ) BHACJII 0K oe3

. ®aktuyH1 | [Ipornosni | Bigxunenus 3HIKEHHS,

[Han1 Jui ypaxyBaHHs %

«IIOKY» «IIOKY»

COVID- | COVID-19

19
v ggigm 983750 |1004506,01| -20756,01 | 17% 19,8% 2,07%
'Kgggga” 818004 |934868,084|-116864,084| 7% 22,0% 12,5%
I
Sopo | 839436 |1056868,96| -217432,96 | -4% 207% | 2057%

OTtxe, 3a TaHUMH TaOIHI MOKEMO c(hOpMyBaTH BUCHOBOK, IO (hakTHy-
Huii BBII Ykpainu 3a po3rasiHyTHil nepioJl MaHaeMli € 3HaYHO HWKYHUM, aHDK
MIPOTHO3HI J1aHl, 1110 OyJM OTpUMaH1 Ha OCHOBI MOOY/I0BaHO1 MOJIENI, sIKa BiJOU-
Ba€ 1HEpIIHY AUHaMIKy. Bci moxubku Mojeni € Biji’eMHUMHU, 10 TOBOPUTH PO
3HAYHUU CMajJ B €eKOHOMIIlI KpaiHU. 32 OTPUMAHUMU TAHUMU CEPEIHIN B1JICOTOK
samxkeHHs BBII y piunomy BupakenHi ckimamae 11,69%. Otxe moTeHIian Bija-
HOBJICHHSI PIBHA JUIOBOI aKTUBHOCTI B MOCTKPU30BUW MEPIOJ OLIHIOETHCSA HA
piBHi 11,7% B piuHOMY BUpaXXEHHI 3 YpaxXyBaHHIM (GakTopy 1HOIAIII].

OtpuMaHni pe3yiabTaTu KOPEIIOTh 3 JTUHAMIKOI 1HIAUKATOPY €KOHOMIU-
HUX HacTpoiB [17] (puc. 23), mik cnamy sikoro npuxoauthes Ha |l kBapran 2020
POKY.

Ha npyromy erami mocmimkeHHst (Tabnu. 1) 37a1iCHIOBANIOCH OLIHIOBAHHS
TEHJICHIIIA PO3BUTKY €KOHOMIKM BHACHIIOK Aii «moky» COVID-19, mporaosy-
Basiach rubuHa perecii. [loOyaoBaHo MojeNbh €KCIOHEHIIIMHOTO 3TJ1a/[KyBaHHS
3 ypaxyBaHHSIM MYJIbTHILUTIKATUBHOI MEPIOMYHOT CKIIAJIOBOT 1 €KCIIOHEHIIIITHOTO

Tpenay. [laHi, mo BUKOpHUCTaHi Juisi MOOYAOBH MOJEJI Ta MPOTHO3YBAHHS 3a
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HEI0, BPAaxXOBYBAIM JaHI B TEpioa MaHaeMii. 3HAWIEHI ONTHMaibHI 3HAYCH-

Hs TapaMeTpiB ajanTallii HaBeJeH1 Ha puc. 24.

Line Plot of Var1

Spreadsheet2 10v*16c
115

110

105

100

95

vari

90
85
80 Wt

75 \/

70

0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17

Puc. 23. luramika iHAUKATOPY €KOHOMIYHUX HAcTpoiB (2017-2020 pp.,

KBapTaJIbHUN PO3Pi3)

Parameter grid search (Smallest abs. errors are highlighted) (Spreadsheet1)
Model: Expon. trend, mult season(4), S0=313E3 T0=1.020
Y
Model | Alpha | Delta | Gamma | Mean |MeanAbs | Sums of Mean Mean % |Mean Abs
Number rror Error Squares Squares Error % Error
654 0.900000] 0.100000 0.600000| -4808.39 17507.88| 2.195555E+10 645751383| -0.511616  3.413562
655 0.900000 0.100000 0.700000 454366 17516.75 2 201553E+10 647515450 -0.494291 3449930
6. 0.900000 0.200000 0.600000 4794.37 17636.84 2.216696E+10 651969520 -0.510757 3.432134
I 0.800000 0.100000 0.900000 -4540.05 1747666 2.218820E+10 652594224 -0.491264 3410353
5. 0.900000 0.100000) 0.500000 -5048.89 17567.83 2.226289E+10 654496771  -0.523224 3406758
6: 0.900000 0.200000 0.700000 -4528.21 17658.64) 2.226709E+10 654914540) -0.492843  3.469956
1L 0.800000 0.100000 0.800000 480145 17611.15 2.227102E+10 655029929 -0.513594 3409367
IF 0.900000 0.300000 0.600000 478213 17751.46 2.240999E+10 659117320) -0.510131  3.448052
62 0.900000 0.200000 0.500000 -5036.00 17661.64) 2.243012E+10 659709346 -0.522819 3.418322
656 0.900000 0.100000 0.800000 4268 10 17496.84 2 244743E+10 BE0218429| 0474262 3484471

Puc. 24. OntumanbH1 3HaYEHHS TapaMeTPIB aIanTanii

[Iporuo3ni 3nauenns BBII, po3paxoBaHi 3a MOAEIUIIO €KCIIOHEHIIIITHOTO
3ria/KyBaHHs 3 mapamerpamu anantaiii Alpha = 0.9, Delta = 0.1, Gamma =

0.5, naBeneHi Ha puc. 25.

Exp. smoothing: Multipl. season (4) S0=313E3 T0=1.020
Expon.trend mult. season; Alpha= 900 Delta=.100 Gamma=.500

Y
1.2E6 1E5
1.1E6 180000
1E6 | 160000
9E5 { 40000
f’ \ FE
8E5 {-Nf 1 20000
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Puc. 25. I'padik nporno3nux 3HaueHs BBII

3 ypaxyBaHHSM BILTUBY «110ky» COVID-19
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KpuTepii sixocti moOy1oBaHOi MO/EIi HaBeACHI Ha puc. 26.

Exp. smoothing: Multipl. season (4) S0=313E3 T0=1.020 (Spreadsheet1)
Expon.trend. mult.season; Alpha= .900 Delta=.100 Gamma=.500

Y

Summary of error Error

Mean error [ -5.048887E+031

Mean absolute error 1.756783E+04

Sums of squares 2.225289E+10

Mean square 6.544968E+08

Mean percentage error -5.232236E-01

Mean abs. perc. error 3.406758E+00

Puc. 26. Kputepii sikocTi Mmoaeni

I'padix mporHo3nux 3Hauenb BBII Ykpainu, 3HaliieHux Ha mijcTaBl Mo-
nenent 6e3 ypaxyBanus 1ii «moky» COVID-19 1 3 ypaxyBaHHsIM Jii «IIIOKY» Ja-

HO Ha puc. 27.

Scatterplot of multiple variables against t
Spreadsheet1 55v*46¢
1.6E6

1.4E6
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1E6

6ES

4ES

-o— Prediction_Adapt
o YP
5 0 5 10 15 20 25 30 35 40 45 50 . pregiction P

Puc. 27. T'padik nporuno3uux 3HaueHb BBII Ykpainu 0e3 ypaxyBanss i 3

ypaxyBaHHSM BIUHBY «11oky» COVID-19

TaxuMm yrMHOM, 32 IPOTHO30M, PO3PaXOBaHUM Ha OCHOBI MO/JIENI €KCIOHE-
HUIAHOTO 3IJ1aJKyBaHHs, sika Oyina noOyaoBaHa 3 ypaxyBaHHAM auHamiku BBII
B TIepioj1 aHAeMii, MOXHa 3poOUTH BUCHOBOK, 110 najiHHsA BBII € nocuts 3Ha-
YHUM 1 OLIHIOETHCS Ha piBHI 12% mnpu 30epekeHHI NOTOYHUX TEeHJIEHLIH pO3BU-
TKy. Pe3ynpraTtu qociimkeHHs: MOXXYTh OyTH BUKOPHCTaHI1 TIpu po3poOlii cTpa-
Terii MPOAKTUBHOTO YNPABJIIHHS, fKa CIPSIMOBAaHA Ha MOMEPEKEHHS] KPU30BUX

CUTYyaIlli B COLIIAIbHO-€KOHOMIYHUX CUCTEMaX PI3HOTO PiBHS i€papxii.
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1.6. Methodological foundations for the development and forecast
of the socio-economic processes mathematical models effectiveness

1. The problem formulation

To solve practical problems in each subject area we need knowledge of
the properties of objects, processes or phenomena (hereinafter — objects) and the
laws of their change. The source of such knowledge can be practical experience,
in case of preservation of objects' existence conditions, or the scientific re-
searches allowing us to receive the knowledge sufficient for forecasting of ob-
jects' states possible changes. The main feature of knowledge belonging to the
category of "science" is [1, 2] the possibility of their application to predict
changes in the objects of this knowledge with an accuracy sufficient for the
practice of working with such objects.

The most developed form of scientific knowledge organization is the the-
ory (from the Greek. Theoria, theoréo — consider, explore), which gives us a ho-
listic view of the patterns and essential connections in a particular area of reali-
ty — the object of this theory.

Many variants of theories can be divided into two groups - scientific theo-
ries, usually objective, confirmed by the practice of applying the knowledge of
this theory and those that provide the ability to predict changes in the studied
objects, and subjective theories that have not yet been confirmed by practice di-
rectly or indirectly (Fig. 1).

Scientific (objective), ensures the implementation of
_~" | forecasts, is confirmed by practice

Theory (maybe)

\| Subjective, isn’t confirmed by practice

Figure 1. Possible types of theory

The ultimate goal of scientific theory is the ability to predict changes in
the object of theory to ensure the practice of object management or the practice
of working with an uncontrolled object, such as earthquakes.
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To achieve this goal, scientific theory must ensure the implementation of
a set of interrelated functions (Fig. 2): description of the object, explanation of
the causes and consequences of possible changes in its states, forecasting possi-
ble changes in the object in the interests of practical solutions in the case of
management the object of theory.

Why? Why? Why?
— Explanation - Providing of
Description Forecasting :
of the object |:> of causes and |:> of changes |:> practical
consequences solutions

Figure 2. Functions of scientific theory

The initial basic element of scientific theory is a description of the rela-
tionships and patterns of the object, that are essential for the purposes of the the-
ory and one that is an idealized model of the object under study, suitable for its
replacement in explaining causes and effects and for making predictions. The
process of a model developing is often called modeling.

The concept of "model” (formed from the Latin modulus - measure, ana-
logue, sample) in the broadest sense of the word includes any image of any ob-
ject, process or phenomenon that serves as the original of a model [3, p. 828,
Item 5]. Such an image can be physical or conditional, for example, symbolic.
The model can exist in the form of a mathematical formula, map, graph, action
plan, project, state budget, method or technique, theory, decision on the opera-
tion, in the form of thoughts about specific objects or actions or in other forms.

To date, the most widespread are mathematical models, which are further
the subject of analysis.

It’s known that any real object has an infinite number of properties and re-
lationships. This truth was figuratively stated by the German philosopher Joseph
Dietzgen — "The electron is as inexhaustible as the atom." Therefore, the model
of the object can reflect only a part of its features and relationships. Therefore,
depending on the ratio of modeling goals and the composition of the properties
of the object that are taken into account in the modeling, all models can be di-
vided into three classes: useful, useless and harmful, which can be identified as

follows.
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Useful models — include parameters and properties of the object that are
the most important for modeling purposes.

Useless models — include only some parameters and properties of a real
object that are essential for modeling purposes.

Harmful models — include parameters and properties of a real object that
are not essential for modeling purposes and distort the predicted result up to the
appearance of undesirable consequences of the decisions made. So, if the pedes-
trian at a time of crossing of the highway with intensive movement in the model
of a situation will consider only quantity of birds in the sky then execution of his
decisions can lead to "undesirable — harmful consequences”..

From the point of view of the practical purposes of forecasts performance
and decision-making, as a part of the scientific theory it is possible to allocate
three groups of interconnected tools (Fig. 3): models, methods of estimations
execution and techniques of solving the problems in concrete conditions.

Models - form a |:> Methods for estimating |:> Technique of
description of the indicators and parameters of making practi-

causes and effects states and changes in the cal decisions.
relationships in the object. Methods establish They use theoreti-

object. Models - interrelation of models for cally sound meth-
are "Copies" of the theoretical correctness ods and models to

object, they can of explanations and the perform clear ac-

"replace” the ob- forecast operations in the tions in order to

ject, provide an interests of decision-making. achieve the desired
opportunity to ex- There is a conditional ex- practical results.
plain the causes and ample. If one is_a model of a Examples of tech-
consequences and horse, the other is a model of niques:
opportunity of pre- a cart, and then the scientific (g
. . - population sur-
diction. method determines how to vey:

Models are the connect these models in order ) ca:[aract removal:
basis of scientific to theoretically correctly go '
theory's ability to forward, backward, left or
make predictions. right.

Figure 3. Tools of scientific (objective) theory

The method (from the Greek puébodoc — the path of research or cognition,

from petd- + 600¢ "path") is often seen as a systematized set of steps and actions
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aimed at solving a problem or achieving a goal. The tasks of the method include
the theoretical substantiation of the obtained result due to the use of the regulari-
ties of the real object reflected in the models and due to the prognostic properties
of the models. The same model or set of models can be used to form different
methods to solve different problems.

The technique is a specification of the method, bringing it to the instruc-
tions, to the algorithm, to a clear description of the method of action in order to
obtain the desired result in specific conditions. In some cases, to achieve the
goals of action, one technique can be based on the scientific principles of several
methods. So in sociology within one technique can be used methods of collect-
ing primary information, methods of psychology, mathematics, mathematical
statistics and others.

Thus, the basis of scientific forecasting and evaluation of the expected re-
sults of the decisions implementation is a useful model. The model becomes
useful when in accordance with the goals of modeling in the model are reflected
the properties of the represented object sufficiently and accurately, and consum-
ers of information can timely obtain the desired results with the required accura-
cy (in details), and can be sure of sufficient adequacy models of the simulation
object. These conditions are the cause of hidden contradictions in the develop-
ment of useful models (Table 1).

Table 1
Contradictions of modeling

Ne The essence of contradictions

1 |Certainty <> Agility

2 | Development of the real process and needs of governing bodies <« fixed structure of
models

3 |High accuracy (detailing) of modeling <> uncertainty of initial data

4 |Randomness, uniqueness of each implementation of the real process <> the need of stable
recommendations for decision-making

5 |Model adequacy requirement (for large operations) <> and there is no such operations

The first is the contradiction between the requirement of high certainty of

modeling results and the requirement of agility (timeliness of obtaining results).
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The increase in certainty is achieved by increasing the number of factors and
parameters taken into account in the models. This complicates the model, in-
creases the time of preparation and input of data, increases the time of calcula-
tions and as a result loses agility. The results of the modeling are issued to deci-
sion-makers and management bodies much later than the deadlines and become
useless.

The second is the contradiction between the object of modeling which is
constantly evolving and the structure of the model, which reflects the object of
modeling only at the time of the model creation.

The third is the contradiction between the required degree of detail (accu-
racy) of the processes reflection in the models and the uncertainty of the initial
data.

It is known that the more detailed is reflected the development of the
modeled process, then the more credible such a model is, and the more accurate
the initial information should be for it. However, in reality, some of the initial
data, such as weather parameters, are random and may correspond to the well-
known notion of a continuous random variable, for which the probability of
guessing its exact value is strictly zero [4]. Such parameters are set in the model
subjectively, which leads to results that are equally subjectively obtained. This
leads to a paradoxical situation - the more detailed the model reproduces the real
process being modeled, the less reason to trust the modeling results due to the
lack of detailed initial data..

The fourth is the contradiction between the individual, unique develop-
ment of each implementation of the real process (see the philosophical statement
"you cannot enter the same river twice") and the requirement to form in models
of stable generalized recommendations to managers and governing bodies for
practical decisions.

The fifth for models of large operations is the contradiction between the
requirement of a high degree of conformity of the model to the real operation
and the absence of such an operation (lack of practice) as the only criterion of
truth,
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The most sharply considered contradictions are manifested in the devel-
opment of models of socio-economic processes with conscious and often con-
flicting participation of people whose actions are difficult to predict. Therefore,
the noted contradictions are one of the reasons for the small number of useful
models.

The whole set of methodology for the development of useful models,
which allows to compensate for the contradictions, goes beyond the capabilities
of one article and leads to the need to consider only some the most important
fragments of such a methodology. Recall that in the field of science, methodolo-
gy, as the logic of the scientific research method, includes five logically neces-
sary elements: the object of research; the aim of the research; the subject of re-
search, agreed for the purpose of research; research tools (known and those be-
ing developed); instructions and rules for the use of tools. These elements do not
have prognostic properties for the possible timing and results of research at this
stage of their development, which does not allow us to classify the elements of
methodology in the category of science.

2. Analysis of recent research and publications

The formation of the mathematical modeling methodology in general oc-
curred in the late 40's-early 50's of XX century in connection with the advent of
computers, which saved researchers from a huge amount of routine computing,
and in connection with the emergence of unprecedented social orders for the im-
plementation of national projects of the USSR and the United States to create a
nuclear missile shield. Since then, the development of mathematical modeling in
various fields of human activity has become avalanche-like, because the use of
models instead of the original object has dramatically reduced the cost and dura-
tion of experiments. There was appeared a category of "computational experi-
ment" using a computer model. Nuclear explosions and flights of missiles and
satellites were first simulated on computers and only then implemented in prac-
tice.
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It is not possible to list all the works on mathematical modeling even for
the last 10 years. It should only be noted the emergence of works in an attempt
to cover the maximum possible, according to the authors, the scope of modeling
tasks, such as [5], where the author provides options for modeling objects by
functions, composition, structure, form, organization, on management, etc. that
actually confirms the mentioned thesis about unlimited number of possible mod-
els of one object. Another group of works concerns the simulation of physical
processes [6-9], where the object of modeling are physical objects and processes
that have a specific set of relevant, measurable parameters, which allows you to
expect to obtain initial data sufficient for modeling.

A higher level of uncertainty of the initial data occurs when we are model-
ing objects and processes with human participation [10, 11]. However, in the
conditions of conflict-free processes, the options of human actions can be de-
fined and described algorithmically using known mathematical models, or con-
ceptually [11].

Without touching on many issues of analytical and simulation modeling
methods, it can be noted that the methodology of modeling process with indi-
viduals and groups of people with conflicting interests in the known works did
not find sufficient reflection for the development of useful models, which de-
termined the relevance of this article and formulation of its purpose.

The aim of the article is to form the methodological basis for the devel-
opment and forecast of the effectiveness of socio-economic processes' useful
mathematical models.

3. The presenting of the main material

The diversity of socio-economic processes and conditions of their devel-
opment, taking into account the uncertainty of individuals' and groups' of people
conflicting interests is one of the reasons for the lack of necessary models and,
at the same time, determines the need to form a fairly general basic notations,
such as efficiency, efficiency indicator and others. It should be noted in advance
that the definition of efficiency proposed in [12, item 3.7.10] as the ratio be-
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tween the achieved results and the resources used, on the one hand, is only an a
posteriori estimate of the specific resource consumption per unit of result, which
does not meet the prognostic modeling goals. On the other hand, a management
strategy with low results but close to zero resource consumption is infinitely ef-
fective, and its choice can lead to non-performance of the overall result. So, for
motor transport the most effective appears the engine on solar batteries which,
owing to small power, at all is not suitable for quarry dump trucks with a load-
ing capacity of 100 tons.

As a result, this option [12] to determine the effectiveness is not an ade-
quate for tasks of modeling and socio-economic processes managing. Then the
marked basic categories for the socio-economic specifics can be defined as fol-
lows.

Efficiency is a property of the process and results of actions to achieve the
goals of actions (of operations). Efficiency, as a property, can be multidimen-
sional; can be measured by various indicators of efficiency.

The efficiency indicator is a quantitative measure of the goals of actions
(of operations) achievement degree.

As performance indicators are a tool for evaluation and decision-making,
then each indicator must meet special requirements:

1) compliance with the goals and tasks of actions (of operations);

2) clear physical meaning;

3) sensitivity to significant factors for the participants of actions (of opera-
tions) and to the decisions made;

4) ease of calculation and use.

The right choice of efficiency indicator is one of the conditions for suc-
cess in model development and in the operation as a whole, because in difficult
cases, the direction of the indicator change allows us to choose the right direc-
tion of search for the best solution determined by the efficiency criterion..

The criterion of effectiveness is a set of features that should satisfy the
best solution.
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The process of assessing the expected effectiveness of actions should end
with obtaining the desired assessment, as the purpose of the analysis using mod-
els, as well as the formation of conditions for achieving the obtained assessment,
which is a variant of recommendations for informed decisions. In a number of
sources [13, 14] such a process is called performance evaluation, including the
use of methods and models of performance evaluation.

In the case of developing and using a model to assess the expected effec-
tiveness of actions, the object of modeling are procedures for assessing the pos-
sible results of the actual action process, which determines the need for the
model of two functional elements: a process model that reflects the real state of
action view of human interests in their assessment, and a decision-making model
that provides the choice of the best solution when building an action plan and
contains the necessary set of indicators and criteria for effective action.

As a result of such development the necessary model of an estimation of
efficiency is formed. The purpose of such a model is not to try to copy the real
object in full, but to formalize the relationship between the parameters of the
object and the possible results of its activities with the interests of people who
decide on the object organization, and the ability to predict the degree of
achievement people's goals depending on their management decisions.

The final form of such a model for evaluating efficiency is one that coin-
cides with the known definition of the operation mathematical model [15].

The mathematical model of the operation is a system of mathematical de-
pendencies and logical rules, which allows with sufficient completeness and ac-
curacy:

1) to describe the most significant processes inherent in the operation;

2) to predict the possible course and outcome of the operation according
to certain initial data;

3) to evaluate the effectiveness of solutions and plans of the operation;

4) to receive data on optimization of elements of the conception and plan
of operation.
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Methodologically sound composition of procedures for developing a
model for assessing the actions' expected effectiveness should provide maxi-
mum logical and informational preparation of each subsequent procedure, com-
pensation for these contradictions (Table 1) of the modeling process and forecast
the quality and timing of model development and may include the following
procedures.

1. Preliminary formation of modeling goals and from their positions -
study of action processes. As a result of this procedure the list of researched
process' possible states essential for the purposes of actions is established. For
each state, the characteristics and parameters that determine the development of
the action process and have a quantitative dimension are selected. This proce-
dure allows us to go from an infinite number of states to a limited number of
them, already suitable for building a model in a limited time.

2. According to the information collected, the object, goals and subject of
modeling are clearly formulated. A list of specific questions to be answered as a
result of modeling is formed.

3. Indicators and criteria of efficiency, requirements to detailing, certainty
of results and agility of their reception are chosen. In the case of fundamentally
new studied conditions or objects, the concept of "ideal object™ is introduced for
which the indicators have the best values and which is then used as a "fulcrum"
in assessing the effectiveness of real modeling objects.

The process of modeling performing satisfies the conditions of the central
limit theorem of A. Ya. Khinchin [16], which allows us to use the exponential
distribution law to derive the expression for the agility index P - the probability
of timely receipt the simulation results:

_ Tach
P=1-e T | (1)

where T, — IS the available time for modeling in the control body;

T —is a mean value of time required to perform calculations using the
model.
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4. Meaningful description of the process, division into component sub
processes, which are repeated, which allows to record all the identified causal
relationships and their parameters.

5. Acceptance of hypotheses and assumptions, verification of the hypothe-
ses' formal consequences, which allows us to fill the gaps in the information
about the modeled processes and prepare the conditions for future verification of
the model adequacy.

6. Determination of model parameters, formation of a scale of significant
factors and parameters (Table 2), which allows us to establish a list of external,
internal and controlled parameters, their dimension, type (random, deterministic,
logical, etc.), range of change, interrelation, source of getting and accuracy of
determination, and present them in the form of a list (scale) of significant factors
and parameters with expert assessment of their absolute (on a 100-point scale)
and relative (o) weights of importance.

In the case of data from at least three experiments (the results of the rele-
vant actions), the weights of importance can be determined more objectively -
using the dual problem of taxonomy [17].

Table 2
A scale of significant factors and parameters that are taken into account
in the modeling of actions, an example

Names of factors and Weight of factor or | Method* of taking into account
Ne parameters taken into parameter factors and parameters in models
¥ account in the models in points | relative (o) developed existent
The purpose of action 100 0,0697 D S
Number of participants 95 0,0679 S F
31 |Other factors and parameters 1 0,0012 I I

* Methods of taking into account factors and parameters in the model are marked: D — direct
consideration, S — simple generalization, F — functional generalization, | — indirect consideration.

7. The determining the requirements for source information and infor-

mation protect from leakage is performed to form the composition and the form

of initial data and modeling results' presentation, convenient for consumers of
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information, as well as measures to close information from leakage at all stages -
from data collection to issuance and analysis of results.

8. Decomposition of the simulated process into sub-processes, formation
of a complete A-scheme (aggregate scheme) of the model by graphically estab-
lishing the connection of sub processes with the parameters that are formed and
transmitted between sub processes, which allows to obtain the most complete
idea of the model, but not suitable for formalization due to the limited time to
develop the model.

9. Truncation of the A-scheme — to reduce development time is performed
by excluding individual modules or replacing them in the model with general-
ized parameters, which leads to methodological errors and reduces the certainty
of the results, which can be assessed by the certainty indicator R:

4
Rzl—z B ._Zai , (2)
J= 1€
where a; — is the weight of the i-th parameter (factor) importance, it is taken
from the scale of factors (Table 2);

q; — Is a set of parameters that are taken into account in the model by j-th
method of generalization;

Bi = (0,0; 0,445; 0,6; 1,3) — is a relative mean value of methodical error of
calculations at the j-th method of the generalized (rough) account of parameters
in model, for variants: direct account; simple generalization; functional generali-
zation; indirect accounting — respectively.

To control the usefulness of the coarsened model development, they take
into account the weight of importance & (k=1, ..., Q) of each from the Q indi-
cators and control parameters that are calculated in the model, and evaluate the
indicator of modeling completeness Y:

Q
Y=>& R -PrR-P- Y&, 3)
k=1

ke
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where Q — there is a set of indicators and control parameters that are calculated
in the model.

The degree of usefulness of developing a new model can be assessed by a
generalized efficiency indicator W using the modeling completeness indicator
for an ideal model (Yin = 1), for an existing model or technique (Y;), and with an
indication of the model being developed to one of three classes:

Y Y,

W= W<l (4)
1-Y,

0 <W = useful; W =~ 0-> useless; W < 0-> harmful!

10. Minimization of the model parameters number, estimation of time
(TM) for model development. This procedure is performed by excluding insig-
nificant parameters and by transition to dimensionless combinations of parame-
ters and indicators. To estimate the expected time for model development, we
can use the approximation of the calculated expressions obtained by
M. H. Halsted [18]:

2 3
Tm ~ 0o + 01 Kindp +92 - Kindp + 3 - Kingp » 11 Kingp >10, (5)

where q; — are the values of the approximation coefficients are given in table. 3;
v — is the number of independent output and control parameters (y<Q);
Kinp — 1S the number of independent input parameters of the model pro-
gram;
Kindp = Kinp + 7 — is the total number of independent input and output pa-

rameters;

S —is a Stroud parameter [18], which reflects the developer level of quali-
fication.

11. The choice of mathematical modeling apparatus is performed by iden-
tifying the main parameters that determine the development of the simulated
process, estimating the laws of distribution of the main parameters and using
these laws to build the model, which is necessary to ensure the adequacy of the
model to the real object.
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Table 3
Coefficients of approximation for calculation the models development time (Tw)
Kindp Qualification / S Jo o[ 02 03
10 < Kingp <55 | Beginner / S<5 -1,1617 |0,5535 |-0,0558  |0,0022
(Tw, man-days) | Average /5<S<10  |-0,3799 [0,2019 |-0,0209  |0,0008
High / 10<S<18 -0,1904 10,1105 |(-0,0119  |0,0005
55 < Kindp < 110 (Tas, | Beginner / S<5 -0,2981 0,079 |-0,0063 |0,0002
man-months) | Average / 5<S<10 |- 0,0846 |0,067 |-0,0032 |0,00006
High / 10<S<18 -0,0353 |0,0286 |-0,0017 |0,00003

12. Recording and transformation of model equations.

13. The choice of optimization method for efficiency indicators and pa-
rameters of management of social and economic process, construction of the
model's algorithm block diagram.

14. Checking the adequacy of the model to the real socio-economic pro-
cess, using methods of testing and verification.

15. A set of procedures for developing and verifying a computer program
of a mathematical model.

The considered methodological bases of social and economic processes
useful mathematical models development and the forecast of their expected effi-
ciency are not the frozen "truth in the last instance", but are the current variant
of useful models development method logic checked in practice of author work
that allows compensating known contradictions in the field of socio-economic
processes modeling.

4. Conclusions

The article systematically presents the methodological basis for develop-
ing, evaluating and predicting the effectiveness of consciously useful mathemat-
ical models of socio-economic processes. This basis can be useful for novice
scientists, because they can avoid common mistakes in model development.
Such results allows us to consider the goal - is achieved. Thus in the course of
development sometimes it is enough to use only some of the following key ideas

of the considered methodological base:
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- definition of the purposes of real modeled social and economic process
(object of modeling) and the purposes of modeling;

- introduction of the concept of "ideal™ object, for which the selected indi-
cators have the best meanings;

- identification of the main parameters of the modeled object (process)
and the choice of mathematical apparatus that meets these parameters for build-
ing a model;

- transition in the description of the model from parameters and indicators
that have dimensionality to dimensionless parameters and indicators;

- formation of hypotheses about the most significant properties of the
modeled socio-economic process, assumptions and scales of significant factors
and parameters, which allows to predict the values of the model performance
indicators;

- forecast of values of the model efficiency indicators [17] - indicators of:
certainty (R), agility (P), completeness (Y), generalized efficiency (W) and time
(TM) for model development;

- model adequacy testing using direct and indirect verification methods.

The tools presented in the methodological bases for the first time allow to
predict the value of quality indicators of the developing models and the duration
of development depending on the conditions of work organization, which is a
key sign of belonging the considered methodological bases to category of sci-
ence.

The direction of further research may be the development of computer
tools to support modeling processes, as well as clarification of the considered
methodological bases.
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1.7. MopgegoBaHHA PO3BHUTKY CKJIAJHUX I€papXiyHHX CHCTEM

Ha 3acajJax BipaJbHOCTI IHHOBALIH

Ha croroanimHiii 1eHb, Oepydu A0 yBaru pe3ysibTaTd PO3BUTKY €KOHOMI-
K1 YKpaiHM, MOXHA 3pOOMTH BUCHOBOK IPO HEIOCTATHHO BHCOKHH CTYIIHb
CTIHKOCTI HaIllOHAJIBHOI €KOHOMIKHM Ta ii CXWJIBHOCTI 10 po30amaHCyBaHHS, IO
0OYMOBJICHO SIK BHYTPIIIHIMH TpoOJieMaMH, TaK 1 HAsSBHICTIO 30BHINIHBOIO
BITMBY. CUTyaIlisl YCKJIaIHIOEThCSI THM, 10 TMTPAKTUYHO BCl peCypcH €KCTCHCH-
BHOTO 3pocTaHHs Buuepnani [8]. ToMy choroHi icHye 00'eKTHBHA HEOOXIIHICTh
B MIPUCKOPEHHI MPOIIECY MEePexXoay J0 HOBOI MOJIeNl PO3BUTKY — IHHOBAIIHHOI,
10 JA03BOJIUTh HE TUIbKU €(PEKTUBHO JIIKBIIyBaTU KPU30B1 (DAKTOPU B €KOHOMI-
111, ajie 1 3a0e3neYnTh BiAUyTHE 1i 3pOCTaHHS B HAWOMMKY1N EPCHIEKTUBI, SIK JUIS
JIEp’KaBH, TaK 1 JOKAIbHUX 3HAYYLIUX CTPYKTYp Ta CUCTEM HIAIPHUEMCTB, PET1O0-
HIB, Tally3ei. SIK CBIAYMTH MpaKTHKa, B JaHUW MOMEHT B YKpaiHi 1HHOBaIlIHHI
MIPOIIECH PO3BUTKY XapaKTEPU3YIOTHCS HHU3BKHUM CTYIICHEM aKTHBHOCTI 1 pe-
3yJIbTATUBHOCTI, 110 B 3HA4YHIA Mipl 0OyMOBJIEHO, SIK OOMEKEHUMH OOCSITaMu
BJIACHHX PECypCiB, MPOOJIEMATUYHICTIO 3aIyYCHHS MO3WKOBUX, HEIOCTATHHOIO
MIITPUMKOIO OTOUCHHS Ta BJIQJIM, a TAKOXK BOJIOJIHHS HEIOCTATHIMH 1HCTpYMeE-
HTAaMHU Ta TEXHOJOTISIMU 3 €(PEKTUBHOIO MOIIMPEHHS 1 MPOAYKYBaHHS 1HHOBa-
iHUX TexHoJjori# [4, 8, 10]. V Takiii cutyanii B paMkax (opMyBaHHS JIeprKaB-
HOT 1HHOBAIIIMHOI MOJIITUKKM Ha BCIX PIBHAX 1€papXii ympaBiliHHsI, 0COOIMBOI aK-
TyaJIbHOCTI Ha0yBarOTh MUTAHHS CTBOPEHHS CHPHITIMBUX YMOB TS 30€peKeH-
Hs, PO3BUTKY, 30UIbIIEHHS 1 €(pEKTUBHOTO BUKOPUCTAHHS 3HAYHOTO BITUMU3HS-
HOTO HAayKOBO-T€XHIYHOTO Ta I1HHOBALIMHOTO MOTEHIialy, 110 JO03BOJUTH 3
MEHIITUMHU BUTpATaMH 1 B MIPUHHATHI TEPMIHU JOCATTH BITIYTHUX PE3yJIbTATIB,
10 MOXJIMBO IIJIIXOM aKTUBaLli 11Qy3ii IHHOBaILIM Ta BIPAJIBHOIO iX PO3BUTKY
IHHOBAIIMHUX TTPOIIECIB.

VY 1ockoHalleHHsI TPOLIECIB PO3BUTKY CKJIQJAHHMX 1€PAPXIYHUX CUCTEM 1
CTBOPCHHSI ONTUMAJIBHOTO CEpPEOBHUINA EKOHOMIYHOTO PO3BHUTKY JCP)KaBH BH-

Mara€ BHUPIIIEHHS Psy MPOTHUPIY, M0 MPU3BOASTH JO €KOHOMIYHOI, COIIaTbHOT
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i kynbrypHOi kpm3u [18 - 20]. Tomy mocmi/KeHHSI NOIMIMPEHHS 1HHOBAIIH, SK
MOTEHIIIMHO 3HAYYIIOTO 1HCTUTYIIMHOTO BIPAJIbHOTO MPOIIECY € OCOOJIUBO BaXK-
JUBUM Ta aKTyaJIbHUM B IMEpioJ MOJEpHI3alli coliymy, KoJiu TiaoOanizaris, 3
0JIHOTO OOKY, 1 3MiHa BEKTOPY COIIAJIbHO-€KOHOMIYHOTO PO3BUTKY — 3 1HIIIOTO,
MOPOMIIA HEAOBIPY Ta HEPO3YMIHHS HOBOBBEICHH OJIHIE] YACTHHH COIIyMY, i
HECTPUMHE IMPArHEeHHS J0 3MIH — B 1HIIIH.

3pocTarounii iHTEpEC M0 aKTyaJbHOI MPOOJEMU BUBUCHHS BipajbHOCTI
1HHOBAIlIHHUX TPOIIECIB MOB'I3aHO 3 MOTpedaMK BJIOCKOHAJICHHS YIIPaBIIIHHS 1
HEOOX1/IHICTIO MEPEeXoy 0 Cy4acHOi KOHLEMNLii BIPYCHOTO MAapKETHHIOBOI'O
MEHEIKMEHTY, 110 BIJTOBIAE 1 CIIPUSIE MBUAKOMY PO3BUTKY Ta BJIOCKOHAJICH-
HIO 1HHOBALIMHOCTI €KOHOMIKHM IIJISIXOM BIPYCHOTO BIPOBAHKCHHS 1HHOBAIIIH-
HUX MEXaHI3MIB, 110 Tepeadadae pi3Kuid MOBOPOT JI0 iHTEHCUiKalli Ta mepeo-
pleHTAIlll Ha MEPIIOYEProBe Ta MOBHE BUKOPUCTAHHS SIKICHUX YMHHHUKIB €KOHO-
MIYHOTO 3pOCTAHHS Ta iX YCBIJOMJIEHOTO 3aCTOCYBaHHSI.

OTxe, BIpaJbHICTh — 1€ 3JaTHICTh O MOIIUPEHHS B 1H(OpMaIiiHOMY
MPOCTOPI BIIOMOCTEM MAapKETUHTOBOTO, MOJITUYHOTO, TEXHIYHOT'O, TEXHOJIOT1Y-
HOTO 200 OyAb-SKOTO 1HIIOTO COIIaJFHOTO XapaKTepy Mpo SKUi-HeOyIb TOBap,
MOCJIYTY, TEXHOJOTII0, HABITh MEPCOHY 1 T.1. Y HIMPOKOMY CEHCl1 BIpaJIbHICTh
MOJKE€ PO3TIISIATUCS K MOTO MOMYJISPHICTh KOHTEHTY 3 METOI0 MOT0 MOIITHUpPEH-
Hs. Y BY3bKOMY CEHCI BIpaJbHICTh € BUMIPIOBAHUHN MMOKA3HUK MOITUPEHHS 1HDO-
pMarlli OyJb-KOT0 XapakTepy B PI3HUX TUIIAX MEPEkK Ta KOMYHIKAIH 3 METOIO
IIBUIKOTO BIIPOBAHKCHHS.

[Tin BipadbHICTIO 1HHOBALIM MA€TbCS Ha yBa3i MPOLEC MOLIMPEHHS Ta
MPOJIyKYBaHHS 1HHOBAIIIM 3 METOIO 1X BIPOBAKEHHSI, SIK BCEPE/IUHI MIEBHOI CHC-
TEeMH, JIe caM€ CTBOPEHI 1HHOBAIlli, TaK 1 BiJ OJHIET CUCTEMH JI0 1HIIOI HIJISIXOM
IIBUKUX KOMYHIKAIIMHUX MPOIIECIB, 3HATTSA 1HGOpMaIiitHuX O6ap'epiB Ta cripu-
STIIMBUX YMOB IIIOJI0 P13KOTO MPUCKOPEHHS BIPYCHUX MPOIIECIB.

Awmepukancekuid comionor I1. JIpykep [23] BUIIIUB CIM OCHOBHUX JKE-
peJl HOBOBBE/ICHD:

1) HecmoAiBaHa 3MiHA CUTYyallil, YMICh yCIiX a00 HeBaya, peakilis Ha pa-
NITOBUM 30BHIIIHIN BIUIUB;
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2) HEBIATIOBIIHICTh MK TIMCHIUMH 3MIHAMH Y PEATBHOCTI Ta YSIBICHHIMH,
OUIKYBaHHSIMU JIIOJICH;

3) BUSIBJICHHS HEAOIKIB Y XO/Ii, PUTMI, JIOTII IKOTO-HEOY b MPOIIECY;

4) 3MiHM B CTPYKTYp1 BUPOOHHIITBA a00 CIIO>KMBAHHS;

5) nemorpadiyHi 3MiHU;

6) 3MIHU B CYCITUTBHIN CB1IOMOCTI (HaCTpOi, YyCTAaHOBKH, IIIHHOCTI);

7) osiBa HOBOTO 3HAHHS Ta PO3YMIHHSI.

BipanbHicTh 1HHOBAIIHOTO PO3BUTKY, SK JIEBUM TPOIEC HIHPOKOTO
BIIPOBAKEHHSI, TIMOOKOIO MPOHUKHEHHS HOBOBBEAECHb OpraHi3alliiHOro, TeX-
HIKO-TE€XHOJIOTTYHOTO a00 COL1aJbHO-IHCTUTYLIMHOTO XapakTepy 3a0e3MeUHTh
COILIIAJIbBHUM Ta €KOHOMIYHMM MPOTpec Ha PiBHI CHCTEM, CTPYKTYpP, TEPUTOPIM,
PErioHIB, rajgy3el, IO MIJBUIIUTh PIBEHb KOHKYPEHTOCIIPOMOXKHOCTI €KOHOMI-
KU B IIJIOMY, Ta 3a0€3MEUYUTh CTPATET1YHY CTIHKICTh IHHOBAI[IHHOTO PO3BUTKY.

Crig 3ayBaxuTH, 10 JAJIEKO HE KOXKHA TOSBa HOBOTO 3HAHHS, PO3POOKH,
a00 KOHTEHTY BHUKJIMKA€ OPTaHIYHUNA MPOIEC BipaJbHOCTI. 3M1MCHEHHS OJHOTO
ab0 JEKUIbKOX YCHIIIHUX BIPOBA/KEHb (IHHOBAILM) HE TapaHTye MOAAIBUIOTO
BIpaJbHOTO 1HHOBAIIITHOTO PO3BUTKY. OJHUM 3 BaXKJIMBUX YMHHHKIB BIpyCHOTO
MIOIITMPEHHS Ta 3aCTOCYBaHHS Oy/1b-sKOi 1HHOBAIII € 1i B3a€EMO/IIS 3 BIATIOBITHUM
COLIIAJIbBHO-€KOHOMIYHUM OTOYEHHSM, ICTOTHUM E€JIEMEHTOM SIKOTO € KOHKYPYIO-
Y1l TEXHOJIOTI] Ta IOCTYMHICTh 10 HUX.

[IBuAKICTh Ta MI€BICTh BNPOBAIKCHHS HOBOBBEICHH B Cy4YaCHOMY €KO-
HOMIYHOMY YKPaiHCBKOMY MPOCTOPI 3aJIKUTh BiJ MOJITHYHOI, €KOHOMIYHOI
CHUTYallii, @ TAKOX BiJ ocoOucTuXx (akTtopiB. BipaibHicTh 3a0€3M€4y€eThCS Uepes
CTBOPEHHSI KaHAIB MOITUPEHHS IHHOBAIlIN MK €JIEMEHTaMH COLIaJIbHO1 CUCTe-
MU 1 CTUMYJIIOBAHHS MPAKTHUYHOTO X OCBOEHHS. E(DEeKTUBHICTh BUPIIIEHHS IIUX
3aBJIaHb 3aJICKUTH BiJ] IKOCT1 YIIPaBJIIHHS MIPOIIECOM BipaJIbHOTO 1HHOBAI[IITHOTO
po3BuTKy. Haiibinbi eexTrBHI (3 TOUKU 30py BIPOBAIKEHHS B IIEBHE CEPEO-
BUILIE) Tl KAaHAJIM MOIIHUPEHHS, B SIKUX O€pyTh y4acTh Cy0'eKTH Biaau (abo BIUIM-
BOBI Cy0'eKTH B CBOiX 00jacTsix) Ta mpodeciitHo-opieHTOBaH1 ocobu. Kanamm
NOIIMPEHHS 1HHOBALI MOXHA AU(PEPEHIIIIOBATH 32 HACTYITHUMH O3HAKAMMU:

- 32 YUCJIOM areHTiB IHHOBAIIMHOTO Mporiecy (1HAUBITyaIbHI — MacOBi);
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- 32 4acoM 3JIICHEHHS KOHTAKTIB (TpUBaJi, MOCTIHHI - KOPOTKOCTPOKOBI,
€I130/IMYH1);

- 3a XapakTepoM areHTiB (0diIiiHI 0coOH - TPUBATHI OCOOM);

- 3a peaJli30BaHUMH HULIMU (HAIIJIEHICTh Ha CIIPUMHSTTS HOBOBBEJICHDb —
CIIOHTaHHICTh TIEpEHECCHHSI 1HHOBAIlii) [4, 6].

[IpoBenenuii anami3 JaiTepaTypHUX JHKeped CBIIYUTH MPO Te, IO TPaau-
HIHHUN pakypc aHamizy npobsieM nudysii 1HHOBAIM 3A1MCHIOBABCS Ha MakKpo
PiBHI (CTOCOBHO BCHOT'O COIIIyMY / €KOHOMIKH) 1 MaB a00 CYyTO pPUHKOBE, 1HCTH-
TyliliHO-eKOHOMIUHe, sIK B ekoHomiuniii Teopii (M. Ilymmerep) [21], a6o
YIOPaBIiHCHKO-TIPUKIAAHE, K B MEHEKMEHTI Ta MApKETHHTY, MOTIUOICHHS
[1, 14, 20, 26, 27]. Cepen poOiT BITYM3HSIHUX BUCHHX CJIiJ BII3HAYUTH POOOTH
Mockogkina B.M. [12, 13], laniua B.M. [5], bBy6enxko II. T. [3], 3opuna B. [7],
B SIKUX JIOCJIJIKYIOTHCS MPOIIECH OIIHKH, aHalli3y, IPOrHO3yBaHHS 1HHOBAIIIN 3
BUKOPUCTAHHAM METO/IB €EKOHOMIKO-MAaTEMaTHYHOTO MOJICTIOBAHHSI.

Y naniii poOOTI MPONMOHYETHCSA MOCHIIKEHHS IPOOJIEeMH BipadbHOCTI
IHHOBALIMHOTO PO3BUTKY IMiJ] 1HIIMM KYTOM 1 paKypcoM - Ha piBHI II€BHOI CHUC-
TEMH, 1110 3IUIIAETHCS TMOB'SI3aHOI0 B IIUPOKOMY CEHCI 13 30BHIIIHIM CEpeio-
BHIIIEM, B 3HAYHIN Mipi HUM BU3HAYA€THCS 1 BiJl HBOTO 3aJICKHUTh.

Cneundika iHHOBaILil B PI3HUX cdepax KUTTS CYCHUIbCTBA 1CTOTHO
yCKIaAHIOE€ (POPMYBaHHS €IMHOTO, KOPEKTHOTO i BCiX chep Bu3HaueHHs. Be-
JIMKOIO PI3HOMAHITHICTIO BIAPI3HAIOTHCS 1 MPOLECH BIPAJIbHOTO 1HHOBALIITHOTO
PO3BUTKY, 5IKI MOKHA TUIIOJIOTI3yBaTH HACTYITHUM YHHOM [25, 28]:

1. Monens "uentp — nepudepis”. IommpenHs iHHOBAIIN 311MCHIOETHCA 1
KOHTPOJIIOETBCS 3 OJHOTO LIEHTPY. B 1boMy BHUNaaKy €(pEeKTUBHICTH MPOIECY
3aJIEKUTH BIJl EHEPTii Ta pecypciB LEHTPY, BiJ HOro BMIHHS CTBOPIOBATH, MPO-
IYKyBaTH 1 KOHTPOJIIOBATH 3BOPOTHI 3B's3KU. J[aHa MoJienb Mae Ba BaplaHTH:
MOJIeJIb MArHITy (HAaNpuKIa, B MEPEAOBI KpaiHU MPUDKIKAIOTh MPEICTABHUKU
KpaiH, 1[0 PO3BUBAIOTHCS, OCBOIOIOTh HOBOBBEACHHS 1, TIOBEPTAIOYHCH HA OaTh-
KIBIIMHY, BIPOBAKYIOThH 1X); MOJIEThb "cepeHhOBIYHOTO Oapja', sSiKuid, TOJI0-

POXKYIOUH, IGMOHCTPYE 1 BIPOBAJI)KY€E HOBOBBEICHHSI.
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2. Monenb po3MHOXKEHHS IIEHTPIB. Y 111 MOJIETIi TOJIOBHY POJIb TEXK TPaE
LEHTp, ajie MPOIEC YIpPaBIiHHA JCUEHTpali3yeTbca. Ha Micusx CTBOPIOIOTHCS
JOKaJIbHI LIEHTPH, AKI CAMOCTIHHO PO3MOBCIOKYIOTh HOBOBBEICHHS, BPaXOBY-
104U MicieBy crieniudiky [22].

[IpoananizyBaBIIM CYTHICTH MPOIIECIB IHHOBAIIITHOTO PO3BUTKY MOXHA
BUJIUIUTH HACTYIHI I'ATh CTa/1i Mpoliecy BipaJIbHOCTI iHHOBari# [2, 17, 25, 26]:

1) mpoindopMOBaHOCTI — 1HAMBIJ 3HA€E MPO HOBY i7€I0, aJie He Ma€ J0CTa-
THBOI KIJILKOCTI 1H(pOpMaITii;

2) iHTepecy — IHIWBIJ 3aIllKaBUBCA 1/I€€I0 1 HIyKa€e J0JIaTKOBY 1HPOpMa-
1i10;

3) OLIIHIOBAaHHA — 1HAMBIJ MPUHAMAE PIIICHHS, OI[IHIOIOYH KOPHUCTH B1Jl HO-
BOBBEJICHHSI B CbOT'0JICHHI Ta MailOyTHROMY;

4) BUnpoOyBaHHS;

5) 3aCBO€EHHA.

[IBUAKICTH BipaJbHOCTI 1IHHOBAIIIM TaKOXX MOKHA BU3HAYMTH IT'SIThMa OC-
HOBHUMHU (pakTopamu [1, 24]:

1) BiTHOCHUMU TIepeBaraMu HOBUHKH;

2) CYyMICHICTIO 3 HABKOJIMIITHIM CEPEIOBUIIEM, ICHYIOUMMHU I[IHHOCTSIMH 1
MUHYJIUM JIOCBIJIOM;

3) CKJIaHICTIO OCBOEHHS;

4) MOXJIMBICTIO BUIIPOOOBYBAHHS 10 TPUIHATTS OCTATOYHOTO PILIEHHS;

5) KOMYHIKaIlIifHOI0 HAOYHICTIO — TOOTO TIEID MIPOIO, SIKOKO PE3YJIbTaTH
1HHOBAILlli MOXKYTh OyTH MOOayeH1 1 OI[IHEH] 1HIIUMU JIOAbMHU Ta NOMIKUPEHUMU
10 1HIIINX.

B pesynbTaTi BipaJbHOCTI MPOLIECIB 1HHOBALIMHOTO PO3BUTKY 3pPOCTAE
YHUCJIO 1 3MIHIOIOTHCS SIKICHI XapaKTEPUCTUKH SIK BUPOOHUKIB, TaK 1 CIIO’KUBAYIB.
be3nepepBHICTH MpoLIeCciB HOBOBBEIEHD CUJIBHO BILUIMBAE HA IIBUAKICTH 1 IIAPO-
Ty BIpaJIbHOCTI 1HHOBAIlIl B PUHKOBIN €KOHOMIIlI MK BCiMa CTPYKTypaMu Ta
CHUCTEMaMHU.

VY peanbHUX IHHOBALITHUX Mpollecax IIBUAKICTh MPOLECIB BipalbHOTO
IHHOBAIIIMHOTO PO3BUTKY 3aJICKUTH BiJl Oaratbox ¢akropis [1, 5, 11, 24]:
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a) hopmu MPUIHATTS PillICHHS,

0) cnocoOy nepeaadi iHGopMariii;

B) BJIACTHBOCTEH COIlIaJIbHOI CHCTEMU;

I') BJIACTUBOCTEH camoi iIHHOBAIII].

[HHOBAITIHI TIPOIIECH MAIOTh ITUKIITYHUN XapakTep, [0 JEMOHCTPYE XPo-
HOJIOTTYHUM MOPSJOK IMOSIBU HOBOBBEJEHb B PI3HUX 00JIACTAX TEXHIKH Ta TEX-
Hosioriii. ToOTo Oyap-SKy IHHOBAIIlIO MOXHA PO3TIAJATH SK TEXHIKO-
€KOHOMIYHHMI LUKJI, B KOMY BHUKOPHCTaHHS PE3yJbTaTiB cPepu MOCTIIKEHB 1
PO3p00OK BHKJIMKAE TEXHIYHI M €KOHOMIYHI 3MiHH, SIKI BIUIMBAIOTh 3BOPOTHUM
YMHOM Ha JISUTBHICTH 1I€1 c(epu, a BIPaNbHICTh 1HHOBALIA — K JaBUHOMNO10-
HUH, TI0 TUITY JIAHIIFOTOBOI peakliii, XapakTep pO3BUTKY MPOIIECIB.

BipanbHOMYy 1HHOBalIMHOMY pPO3BUTKY, SIK COLIAJIbBHO-EKOHOMIYHOMY
nporiecy npuTaManHi Taki pucu [1, 2, 11, 14, 24, 25, 29]:

- MaCOBICTb;

- COIlaJIbHO-€KOHOMIYHA CYTHICTh, OCHOBOIO SIKO1 BHCTYIA€ B3a€MOIis
MOMUTY 1 MPOIIO3UIIIT;

- HasIBHICTh COIIIAJIbHO-TICUXOJIOTIYHUX e(EeKTIB: MOIIUPEHHS, HAaBIFOBaH-
HsI, HaCJIiTyBaHHS;

- JIAHIFOTOBUM BIUIMB 1 IIBUJIKICTh MPOIIECIB;

- iH(pOpMaLIIIHUI XapaKTep B3aEMO/IIi.

Po3srisitHeMo mponec NomupeHHs 1 BIPOBAIXKEHHSI 1HHOBAIII SIK Bipajib-
HUM 1HQOpMaIliiHuiA mporiec, popMa 1 MBUIKICTH SKOTO 3aJE€KUTh B MOTYX-
HOCTI KOMYHIKaI[IMHUX KaHaJiB, 0COOJMBOCTEN CHPUNHATTA 1H(PopMalii cy0'ek-
TaMH MATPHEMHHUIIBKOT JISIBHOCTI, 1X 3M10HOCTEH 10 MPAKTUYHOTO BHKOPHC-
TaHH4 1i€l 1Hdopmalii Tomo. Takuil morisa oOyMOBJIEHO TUM, IO CYO'€KTH
MIITPUEMHUITBKOT TISITBHOCTI, SIK1 JIIOTh B PEAIbHOMY €KOHOMIYHOMY CEpeJo-
BHUILlI, MAIOTh Pi3HE CTABJICHHS JO MOIIYKY 1HHOBAIH 1 pi3HY 3JaTHICTb JO iX
3aCBOEHHS, 1[0 HacaMIIepe]l 3aJIeKUTh BlJ] HAKOMMMYEHOTO 1HHOBAIIMHOTO TOTe-
HITIa]Ty CUCTEMH, a TAKOX BiJl €(PEKTUBHOCTI MOTO BUKOPUCTAHHS, TOOTO Bif pe-
3yJbTaTIB MOr0 1HHOBAILIHOI AlsUIbHOCTI. ToMy B AaHiii poOOTI MPOMOHYETHCS
JOCIIKEHHS 1 MOJISTFOBAHHSI MPOIIECIB BIPATBHOCTI PO3BUTKY 1HHOBAIIN MiAM-
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puemctB nieHoro tumy (CIC) B 3ay1e’)KHOCTI Bil HASBHOTO PiBHS IHHOBAIIITHOTO
MOTEHIIIATy Ta HOTO BUKOPUCTAHHSI.

[HHOBAIITHUY TOTEHITIA MIAMTPUEMCTBA CITiJT PO3TIISIIATHA 3 YpaXyBaHHIM
HOT0 CHCTEeMHUX OCOOJMBOCTEH, TOOTO SIK 1HTErpAJIbHUI MOKAa3HUK, IO BKIIIO-
ya€ MHOXXHMHY (PaKTOPIB, K1 BCEOITUHO XapaKTEpU3yIOTh IHHOBAIIWHY ISIbHICTD
JociKyBaHoi cuctemu (mianpuemctsa) [10]. Orxe, cuctema Takux MOKa3HU-
KiB IOBHHHA B1A00pa)kaTH 3[aTHICTh MIANPUEMCTBA CAMOCTIHHO peai3yBaTH Ta
BIPOBAJIUTH BC1 CTall IHHOBAIIMHOTO MIPOIIECY — BiJl 3aPOJIPKCHHS 1]1e1 10 Mpak-
TAUYHOTO BUKOPHUCTAHHS 1HHOBAIli. Y 3B'SI3KY 3 1IUM, MPOTIOHYETHCS OIIHIOBATH
IHHOBAIIMHUNA TOTEHIla] MiANMPUEMCTBA B 3aJICKHOCTI Bl HACTYITHUX CKJIAJ0-
BHX:

IP = f,(K,VT,NT,F,S)

K - kaapoBHii MOTEHITIA;

VT - BUpPOOHMYO-TEXHOJIOTTYHMUIA TOTEHIIIA;
NT - HaykoBO-TeXHIUHMI MOTEHIAI;

F - ¢inancoBuii moTeHIiam;

S - CTPYKTYPHO-yIPaBIiHCHKHUIA IIOTEHIiAIL.

Bci cknanoBi 1HHOBAIIMHOTO MOTEHIATY MIAMPUEMCTBA JIOIIIBLHO OIli-
HIOBaTH 32 JOMOMOIOI0 IHTETPaJbHOIO MOKA3HUKA PIBHS PO3BUTKY HA OCHOBI
METOy TakcoHowmii [15, 16].

OrniHKa pe3yiabTaTiB 1IHHOBALIMHOI MISUIBHOCTI 31HCHIOETHCS aHAJIOTTYHO,
BUKOPUCTOBYIOUM METOJ TaKCOHOMIi: OyAyeTbCA 1HTErpajbHUM MOKA3HUK pe-
3yJbTaTIB IHHOBAI[IMHOI MISUTBHOCTI B 3aJIGKHOCTI BiJl THMX MOKAa3HHUKIB, M0 Xa-
paKTepu3yIoTh AaHi pe3ynbTatu [9, 10].

OTpumaHi 3Ha4YECHHS 1HTETPATLHUX MOKAa3HUKIB IHTEPIPETYIOTHCS BIATMO-
BIJTHO JI0 IITKAJIM OI[IHOK OTPMMAaHMX TOKa3HUKIB [3, 6]:

0<IP<0.3 _ pipens iHHOBANIHOTO MOTEHIIATY HU3BKHIA;

0.3< 1P <0.6_ pigens iHHOBALIHOTO OTEHIiATY CEPEIHIN;

0.6 <IP <1 _ pucokmii piBeHb IHHOBALIMHOIO MOTEHIIANY;

0<IR<0.3 _ pipens peanizanii IHHOBALIHHOTO MIOTEHIIATY HU3bKHIA;
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0.3<IR<0.6 — pipens peanizamii iIHHOBAIIIHOIO MOTEHIATY CEPEIHIN;

0.6 <IR <1 _ pucoxwuii piBens peasizanii IHHOBALIHOrO MMOTEHINANY.

3aJIe’)KHO BiJI OTPUMAHUX PE3YIbTaTIiB MOXKIMBO 3pOOUTH BUCHOBKU TIPO

TOTOBHICTh MIANPUEMCTBA 10 31MCHEHHS 1HHOBALIWHOI MIsIIBHOCTI Ta MOIIU-

PEHHsI CBOIX 1HHOBaIM. Y Tabiy. 1 HaBeJICHO OIIHKY 1HHOBAIIHHUX MOKJIMBOC-

Tell BUPOOHUYOTO MiMPUEMCTBA, SIK CKJIAJHOI CUCTEMH, B 3aJICKHOCTI BiJl OTO

IHHOBAIIIIHOIO TOTEHIIIay 1 piBHeM peamizariii [3, 8, 10, 19].

Tabnuys 1

Martpuiis OLiHKYA IHHOBAIIIMHUX MOYKJIUBOCTEH MiATPHUEMCTB

PiBenb
PO3BHUTKY
IHHOBALITHOTO
MTOTEHITIATTY

PiBenb iHHOBaIIHHUX PE3YNIbTATIB

Huzbkuii

Cepenniii

Bucoknii

Bucoxmuit

HecytreBuii nedinur
pecypciB, Hee(heKTHBHE
BUKOPHUCTAHHS PECYp-
CiB, IIAMPUEMCTBO TO-
TOBE JI0 3I1MCHEHHS
MOMIPHUX 1HHOBAIIIN-
HUX MIEPETBOPEHD

HecyrreBuii nedinut
pecypciB, HeeheKTH-
BHI METO/IM yIIpaB-
JTHHSA, TATPUEMCTBO
rOTOBE JI0 31HCHEHHS
MOMIPHUX 1HHOBAIlIK-
HUX MEPETBOPEHb

HecyrreBuii nedinut pe-
CypciB, BUCOKA €(DEKTHUB-
HICTh BUKOPHUCTaHHS Pecy-
PCiB, MiAMPUEMCTBO TOTOBE
10 3Q1MCHEHHS 1CTOTHUX
IHHOBAIIITHUX NEPETBOPEHD

CepenHiii

[TomipHuii gedinut
pecypciB, Hee(heKTUBHE
BUKOPHUCTAHHSA PeCyp-
CiB, MIAMPUEMCTBO TO-
TOBE JI0 3MIHCHEHHS
MiHIMaJIBLHUX 1HHOBA-
LIHHUX [TEPETBOPEHD

[Tomipuaumii nediuut
pecypciB, Hee(heKTH-
BHE BUKOPHUCTAHHS
pecypciB, miApreMc-
TBO TOTOBE J10 3/11HC-
HEHHS 00MEXEHUX
IHHOBAIIIHUX TIepe-
TBOPEHB

[Tomipaumii nediuut pecyp-
CciB, Hee()eKTUBHE BUKOPH-
CTaHHS pPecypciB, MiIpHU-
€MCTBO TOTOBE 10 3A1Hc-
HEHHS IOMIPHUX 1HHOBA-
LIHHUX [TEPETBOPEHD

Huspxkuit

I'muGoxuit nedimut
pecypciB, MANMPUEMCT-
BO HE 3/1aTHE J0 3/IiHcC-

HeHHs [/]

I'muboxuii nedimur
pecypciB, Mpu 3aiy-
YeHHI 3HaYHHUX 1HBEC-
TUIIH TATPUEMCTBO
Oyze 31aTHe Ha 37iH-
CHEHHS MIHIMAJILHHUX
IHHOBAIIITHUX TIepe-
TBOPEHB

I'muboxkuit nedinut pecyp-
CiB, IIpU 3aJTy4€HH1 1HBEC-
TULIN TATPUEMCTBO CTaHE
3JIaTHE Ha 31IMCHEHHS 00-
MEXEHNUX 1HHOBAIIMHIX
MIEePETBOPEHD
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3 Tabm. 1, a TakoX 3 IPOBEJACHOIO aHaJi3y 1HHOBAI[IHHOTO MOTEHIIaTy Ta
pe3yJbTaTiB 1IHHOBAILIMHOT JISJIBHOCTI MIAMPHUEMCTBA MOYKHA 3pOOUTH BUCHOBKH
PO piBEHb CIPUIHATIMBOCTI MANPUEMCTBA IO IHHOBAIlIHM 3 OJTHOTO OOKY, 1 CHIIi
BIUIMBY 1HHOBAIIMHMX IPOIECIB JOCTIIHKYBAaHOTO MIANMPUEMCTBA Ha 1HII —
3 1HIIOTO.

B pamkax naHOro IOCHIIKEHHS MPOIMOHYETHCS PO3IIIAIaTH MHOKUHY
HiAMPUEMCTB OJHIET Tamy3i 1 OHOTO PETiOHy. 3aleKHO BiJ IHHOBAIIHOTO IO-
TEHIlay 1 pPe3yibTaTiB 1HHOBAIINHOT TISJIBHOCTI MPOIMOHYETHCS PO3MOAUIUTH
MHOXHUHY JOCIIHKYBaHUX MIANPUEMCTB Ha TPU TPYIH 32 PIBHEM BipajbHOCTI
1HHOBAITI}:

iHHOBaIlIHO akTUBHI mianpuemctsa (IAIl) 3 Bucokum piBHEM BipajibHOC-
T1 IHHOBAIIIH;

ninpueMcTBa, cripuitHaTIuB1 10 iHHOBaii ([1CI) 3 cepenHiM piBHEM Bi-
pPaIbHOCTI IHHOBAIIIH;

HIIPUEMCTBA, K1 HecpuiHATIMBI 10 iHHOBatii ([THI) 3 Hu3pkum pis-
HEM BIpaJIbHOCTI IHHOBAII1;.

BukopucroByroun MaTpUIllO OIIHKM 1HHOBAIIMHUX MOMKJIMBOCTEH ITiI-
puemMcTB (Tabma. 1), MOCTaBUMO Yy BiJIMOBIMHICTh KOXHIN TPyl MiANPUEMCTB Tie-
BHUI kBajipaT MaTpull «[lorenmian-PesynsraTi» (puc .1).

OTxe, BCIO MHOXHUHY JOCIIHDKYBAHUX MIAMPUEMCTB PO3OUTO HA TpH KJia-
CH, BIAMOBIAHO A0 AEB’SITU CEKTOPIB MaTpulsl Kiacudikaiii B KOOpAMHATAX
«IHHOBaMIHMI TOTEHITIaM - [HHOBAIIIHI PE3yIbTaTH:

| — k1ac miANpUEMCTB, HE COPUUHATIMBUX 10 1HHOBauUil. [Jo 11poro kiacy
MOXHa BIIHECTH MIAMPUEMCTBA, 110 MAOTh MIMOOKUN ediluT pecypcis, 110
BUMArarTh ICTOTHUX ()IHAHCOBUX 1HBECTHIIIHN a00 KapUHAIBHUX 3MiH CTpATerii
BUKOPUCTAaHHS HasiBHUX pecypciB. JlaHl MipUEMCTBA HE CHPOMOXKHI HE Te,
o0 MpoJyKyBaTH 1HHOBALlli, a, HaBITh, IMIUIEMEHTYBATH ICHYIOY1 (30BHIIIHI).
BipanbHuii 1HHOBaUIWHUNA PO3BUTOK HEMOXKIIMBUI B paMKax JTaHUX OOMEKEHb.

Il — Kac MiAIPUEMCTB, COPUHHATINBUX JI0 IHHOBAIINA — II€ T AIPHEMCTBA
3 CepelIHIM PIBHEM IHHOBALIMHOTO MOTEHLIAY Ta CEPEAHIMU PE3YIbTaTaAMU HO-

ro BUKOPUCTAHHS, 37aTHI 10 3A1MCHEHHS MOMIPHUX IHHOBAIIMHUX MPOIIECIB.
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JlaH1 mianmpueMcTBa MarOTh MOKJIMBOCTI IMIUIEMEHTYBATH ICHYIOY1 (30BHIIIHI)

1HHOBAIlli Ta HA X OCHOBI PO3POOJSATH CBOI IUISAXOM YIOCKOHAJICHHS MEBHUX

eleMeHTIB. BipanpHUI 1HHOBAIIHUN PO3BUTOK MOXIJIMBHUM, ajie HE MIBHIKHM,

CEerMEHTHHM, MpolleC MOMMPEHHs Oyje 3ajie’KaTh BiJg oOMexyrounx (pakTopiB

HEJIOCTAaTHOCTI PECYPCiB B paMKaxX MOTOYHUX PE3YIbTATIB AiSIILHOCTI.

Il — x7mac 1HHOBAIIMHO AKTUBHUX IMIANPUEMCTB, SIKI aKTHUBHO BIIPOBa-

JDKYIOTh 1HHOBAIIli Ta XapaKTepHU3yIOThCS BUCOKMM 1HHOBAIIHHUM MOTEHII1AIOM

1 e(peKTUBHICTIO HOTO BUKOpUCTAaHHS. J[aHMii KJac MiIPUEMCTB — 1€ HOBATOPH,

AK1 € TIOIIMPIOBAYaMK 1HHOBAIlIH 1 IMITaTOpaMu BipaJdbHUX 1HHOBAIIMHUX TPO-

LIECIB.
A
1,0 TICI IAIT | IAII
=
=
‘g TICI 1l
% 0
2 IICI | TICI IATT
‘=
=
= M1
= [THCI TICI
jan}
= 0,
[THCI TICI | TICI
|
[THCI
0,3 0,6 1,0

[HHOBAIITHUI TOTEHITIAT

Puc. 1. Matpuns knacudikariii CIC B koopauHaTax

«IHHOBAIIMHUI TTOTEHITIa — [HHOBAIlIHHI pe3yJIbTaTH»

Jlana xmacudikarlisi mMANPUEMCTB € OCHOBOKO ISl JIOCHTIPKEHHS 1 MOJIe-

JIIOBaHHS MPOIIECIB BIPAJIbHOCTI IHHOBAIIN MK MIANPUEMCTBAMH OJHOTO PETiO0-

HY.
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Jl7is MoJieroBaHHsI MPOIECIB BipaJbHOTO 1HHOBAIIHHOTO PO3BUTKY CKO-

PHUCTAEMOCS] OCHOBHUMH TOJIOKEHHSIMHU, 3aIIPOIIOHOBAaHUMU B po0oTi [5]. Hexai

S(t o : - : . :
(1) _ KUTBKICTh MIAMPUEMCTB OJIHIET TaTy3i, CIPUHHSATIMBUX O 1HHOBA-
i (I1CI);

I(t . .o .. . .
(1) _ IHHOBalIMHO-aKTUBHI mignpueMmcTsa periony (IAIl), sxi € posmno-

BCIO/KyBayaMU 1HHOBAITIH;

R(t) . . . o . .
— KUIBKICTh TIJIPUEMCTB, HE COPUUHATANBUX 10 iHHOBaii (ITHI).
Toni 3aranpHa KUIBKICTh MIAMPUEMCTB JIaHOI Taly31l B perioHi y t-m mepi-

O/l CKJIafe:
N(t)=S(t)+1(t)+ R(t)_

Hexaii Bci mianmpueMcTBa po3MOAUICH] B 3arajbHii KIJIBKOCTI 1HIIUX Mif-
MPUEMCTB JAAHOI rajxy3i Ta JaHOTO PETi0HY PIBHOMIPHO.

PosrasitHeMo Mozelnb BipaJbHOIO 1HHOBALIMHOTO PO3BUTKY 3 TOYKU 30pYy
BBy [AIl Ha 1HII MiANPUEMCTBA PETIOHY.

Koxne [AIl BruinBae Ha ' MIANPUEMCTB, SIKI 3 HUM KOHTaKTYIOTh IEBHUM
yruHOM. [lil KOHTaKTaMH B JAaHOMY KOHTEKCTI PO3YMIEMO B3a€MOJIIIO MiIPH-
€EMCTB B TPOIECI 3IHCHEHHS CBOEI BUPOOHUYO-TOCIOAAPCHKOI ISIIBHOCTI, a
came:

— B3aEMOJIisl MANPUEMCTB KOHKYPEHTIB, K1 BIACTEXKYIOTh 3MIHU B Hisi-
JIBHOCTI OJIMH OJTHOTO,

— B3a€EMOJIiS MAMPUEMCTB-TIOCTaYaIbHUKIB 200 MOKYIIIIB MPOIYKITIi,

— B3Aa€MO/I1S MIANPUEMCTB-TIAPTHEPIB B peaiizallii 3HauylIuX MPOEKTIB Ta
1HIIT KOHTaKTH.

Yacrtka [ICI B 3arayibHiil KUIBKOCTI MIANPUEMCTB JAHOI rajgy3i B perioHi

S(t)

JIOP1BHIOE: N(t) , a kubkicThb TICI, Ha sxi Moke BriuBaTH nane [AIl, nopiBHIo€
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S()
N (t) -1 . I[JIH CIIPOIICHHA MOJKHA B3ATH

s(1)
N

r N(t)-1~N
(t)-1= (t) Binrak, xoxne [AII

—

BIIMBAcE Ha T1CI.

Hexaii #MOBipHiCTh MOIMpPEHHS iHHOBaLii AopiBHIOE P, Tomi omme IAII

S(t)
P.r N (t
MOIIMPIOE 1HHOBAIIT Ha (t) [ICI.

3aranpHa KUIBKICTh 3B'SI3KIB MK MiANPUEMCTBAMH, IO HECYTh MOKIIU-

. . o . rl(t
BICTh ITOLIUPEHHS 1HHOBALI B {-1 MOMEHT 4acy JOPIBHIOE ( ), aJjie CrpamnboBy€e

TUILKY YaCTHHA 3 HUX.

S(t)

C=pr N (t
[lepure TAIT nmommproe iHHOBAIIIT HA (t) IICI,
S(t)-¢ S(t)( p.r j ( p.r j
C,=pr =pr 1- =G 1-——
1pyre — Ha N(t) N N() N romo.

Hapemri, octanHe:

1(t)
Ck
Bemuuuna = - me TICI, 1o He cnipuitHsim Ha '~ MOMEHT Jacy iHHO-

Barlii. Ix cyma e cymoro reoMeTpruHOi Iporpecii:

Pl i
1-Q1- )
S() N(©) =S(t)x[l—(1— P )'“)]
(t 1_(1_ﬁ) N(t)_l

N(t)

Huckperna moxaens 3minu uncenbHocTi [ICI (BinTik B IAIT) HaOyBae BU-

o=pr

TISIAY:

AS(t)=-$ (t)x(l—(l— o )'(t)jAt

N(t)-1
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N (t . . .
Tak six (1) _ BesmKi, P i I — Mmani BelM4uHM, TO
1(t)

PN

1——PL 0 Lo TN

N(t)-1

I 3mina xinskocrti I1CI 3a nepiox At nopisHioe:
1(t)

AS(t)=-S(t)x|1-e MU |at

Taxkum unHoM, mBUAKICTh 3MiHHM [ICI Oyne 3anexaTu BiJ X 4acTKH B 3a-
raybHIN KIJIBKOCTI NIANPUEMCTB JIaHOI Taly3l, BiJ KUJIBKOCTI 3B'I3KIB MK I/~

PUEMCTBAMH, & TAKOX B1J] TEMIIIB Ta BIpaIbHOCTI MONTUPEHHS 1IHHOBAITIH.

BipansricTs inHOBamiit Pt xapaxTtepusye cymapry B3aemomiro IAIT i TICI
6e3 BuaeHHs cuu BrumBy [AIL 1 ciputinstiauBocTi [ICI. Kinekicts [THI mosxe
OyTu momnoBHeHa 3a paxyHoK [AIl, mo BrpoBaauiu Bxke y t-ii MOMEHT yacy ic-
TOTHI 1HHOBAIII1 Ta IPUIMUHIWINA Ha JIEIKUN Yac CIpUiiMaTH Ta IPOIyKyBaTH HO-
Bi. Ile, mepir 3a Bce, MOB'I3aHO 13 KUTTEBUM IIUKJIOM 1HHOBAIIMHOTO MPOIIECY.
IATI, mo BOpoBajviIM 1HHOBAITIIO, MM Yac ¢a3 MBUIAKOIO 3pOCTaHHS 1 cTabIb-
HOTO PO3BUTKY CTalOTh THMYAaCOBO HECHPUUHSATIMBUMHU JI0 1HIIKUX 1HHOBAIIH, a
B Mipy HacTaHHs a3y Cray CIPUNHSTINBICTh MOYKE 3HOBY TTOCHIIUTHUCS.

Kinbkicte ITHI Tako 3MeHIIyeThCS 3@ paXyHOK THUX MIJINPUEMCTB, 1HHO-
BalliifHa AISUTHHICTH AKUX Oysa mpodiHaHCOBaHA JEP:KaBoro, ab0 3a pPaxyHOK
CTUMYJIIOBaHHS 1HHOBALIMHOT ISUIBHOCTI OPraHaMH PETiOHATBHOTO YIIPaBIIiHHS
3 KOILTIB PEriOHAJIBLHOTO 1HHOBAIIMHOTO (OHAY, TOIIO. TaKkoX, MIANMPUEMCTBO 3
HECMIPUIHATIMBUX MOKE MEPEUTH JI0 KJIacy CIIPUNHSATIMBUX B PE3YJIbTATI PEOp-
ratizaiii, 3MiHM CTpaTerii BUpOOHUYO-TOCIOAAPCHKOI JiSTIBHOCTI, 3MIHU CTpa-
TEr1YHUX MPIOPUTETIB Ta 1H.

TakuM 4rMHOM,
AR(t)=[gx1(t)+U (t)xI(T)]At

ne q — gons ITHCI, saxi nepexonsats B IAIl B oguHUIIO Yacy 3a paXyHOK BHYT-
pitHix 3MiH; U(t) — GyHKIS €EeKTHBHOCTI BIUIMBY IIIBOBOTO (hiHAHCYBaHHS
abo crumymoBaHHs /1.
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Cymapuuit npupict IAIl cknaze:
Al (t)=AS(t)+AR(t)

3aranbpHa CHCTEMa PIBHSHb MOJIEN, 110 OMHUCYIOTh PO3IJIAHYTI MPOIECH,

Ma€ BUITIAO:

L)
AS(t)=-S (t)x[l—e p N(”]At,

Al(t)=1(t)x@+q+U (1)) +5 (t)x[lew“l‘((t‘))}m.
1)

e 1(0),5(0) _ 3a7aHl.

Sk okpeMuil BUMNAOK, PO3IJISTHEMO MOJIENb PO3BUTKY BIPaJbHOIO 1HHO-
BAaLIIITHOTO MPOIIECY 3 TOYKH 30py BIUIMBY 1HHOBALIMHO aKTUBHUX IMIJIMPUEMCTB
Ta MIANPUEMCTB, CIPUUHSATIMBUX JI0 IHHOBAILIlM, HA HECIPUIUHATIMBI M1 ANPUEM-
CTBaA.

Koxwne ITHI koHTakTye 3 mignpuemcTBaMu, cepen sikux vactka [AIl cra-

(1) It)
Y r— )
N(t)-1 orxe, na THCI gie  N©)-1 AT,

HIMOBIpHICTh BIpaJIbHOTO PO3MOBCIO/I)KEHHS 1HHOBALI IPU OJMHOYHOMY

HOBHUTDH

xoHTakTi nopiBHIoe Pi. Tlepenbavaroun BrmB Ha ofue ITHCI pexinbkox AT,

3arajbHa MMOBIPHICTHh  BIPAJbHOTO  TNOIIMPEHHS  1HHOBALIM  JTOPIBHIOE
ri(t)

P =1— (1= p, N1 . 3Bi1cH, 301bIeHHs KinbkocTi [ICI Mae nopiBHIOBATHU:

TaKUM YHMHOM,

ri(t)
AS(t) = [ (@- p,)n 'tl}xm

Ocximsrn N — BEJIMKE, TO ( )-1 ( ),

AnasiorigHo (1) orpumMaemMo CUCTEMY PiBHSHB:
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AS(t) = S(t)x[l—(l— pl)NrEt(;—)l}x At,

Al(t) = I(t)x(1+q+U(t))+S(t)><[1—(1— pl)NFESL}

(2)

Ie 1(0).5(0) . 3a1aHi.

Jlpyra mMozenb OUIBIIOI MIPOIO BIJNOBIIAE pPealbHOMY MEXaHI3MY Bi-
paJIbHOTO 1HHOBAIITHOTO PO3BUTKY. BOHa 03BOIIsE€ BpaxyBaTu e(peKT CUHEPTI],
XapaKTepHUI 1JIs1 B3aeMOJIT MiANPUEMCTB. CUHEPTi3M BUSIBISIETHCS B 3DOCTAHHI
PiBHS BIpAJIbHOCTI MOIIUPEHHS IHHOBALII].

Hexait na [THI gie mxepeno nmommupenns inHoBamit (IAIT). [Toznaunmo

BipaJIbHICTh MOIIMPEHHS iIHHOBALIK BiJ | ~T0 IKepena B yMOBax BigocoOiIeHoc-

A A

i, 1=1..n 3 geposnoBcromkenns — V.

Ti HOT'O BIUIMBY Yepe3

VIMoBipHicT BipaneHOCTI iHHOBawiH Bix |—ro IAII p(A) nopisaroe Pi,

WMOBIPHICTh HEPO3MOBCIOIKEHHS — p(A,. )= 1= P ginnosizmo.
[To3naunmo vepe3 A MOAi0 BipaJIbHOTO MOIIMPEHHS 1HHOBAIlli HA ITi/-
pHEMCTBO OIHOYACHO (3a mepiox Al) Bin mexinbrox IATIL
A=A1+A2+A3+...+An_

Tomi PA=1-p(A)=1-p(A A, - A B) o bl A AR ) o
pHICTh HEepo3MmoBCIoKeHHs iHHOBaIlii Big N TAIl B ymoBax ix B3aeMoii (cuHe-

prii).

p(A A A A )=p(A) p(A /A ). p(A A A, A A)

Axmo BB cy0’ekTiB IAIl B3aemMHO He3anexHUM, TO WMOBIPHICTh He-

n

H(l_ pi)

po3mnoBctomkeHHs iHHoBaii Big N TAIl gopiBHioe = , @ BIpAJILHOTO PO3-

pcoe =1_H(1_ pl)
i=1 .

IOBCIOAKCHHA

CunepreTnunuii eekT matume Micile, SKIIO HMOBIPHICTh BipaIbHOCTI

inpoBariit Pan * Pws,. TobTO:
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1- p(E-E-E----E)il—li[(l— pi)
oA A A A )< TT0-p)

EdexT cuHeprii mos's3anmuii 3 BukoHaHHAM yMoBH Pan ~ Peos 3pincn:

(A /A A, AL )= 4, - p(E)’ 0<A <l i=2.n.

Tomi

3 ornsy Ha NpUIyIIeHHs (YMOBa BipaJIbHOTO PO3BUTKY), L0 3POCTAHHS
JOBipH A0 1HGOpMAIIii TTPO TEBHY MOJ10, OTPUMAHOI BiJl HOBOTO JDKEPEIa, Mpo-
MOPLIMHUI BXKE OCATHYTOMY DPIBHIO JOBIpH A0 1HGOpMAaIil Mpo If0 MOJIII0,
OTPUMAEMO:

Ao—A=nk, -l<n<0i=2.n

1
Bizememo /7‘1 :1, TOM1
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A =1+n=u O<u<l

(e — JR— n —
— 2
p(A-A-A-.-A)=u * TTp(A)
Toni i=1 :
n(n-1)
2 . . o . . . .
Muoxuuk BijoOpa)kae 30UIbLICHHS HMOBIPHOCTI BIpajbHOCTI
1HHOBAL1{ TPY CUHEPTreTUYHOMY BIUIMBI AeKUTbKoxX [ATL
Takum yuHOM, B AaHiil poOOTI JOCHIIKEHO Ta MOOYJAO0OBaHO MOJEINI Bi-
paNbHOTO 1HHOBALIMHOIO MPOLECIB, 110 XapaKTePU3yIOTh TUHAMIKY 3MIHU K1JIb-
KOCTI 1HHOBAI[ITHO aKTUBHHMX MIANPUEMCTB 1 MIAIPUEMCTB, COPUUHATIMBUX Ta
HECTIPUUHATIMBUX J0 1HHOBAIIIM B yMOBax iX B3a€MOJii B Mpolieci 3MIMCHEHHS
BUPOOHMUYO-TOCIIOIAPCHKOIL AiSUIBHOCTI. B pe3yibpTaTi MpoBEAEHHS eKCIIEpUMEH-
TIB 3 MOJEJISIMU MOKHA BU3HAYUTH WMOBIPHOCTI BIPaJIbHOTO MOIIMPEHHS 1HHO-
Balllif, yac Ta 0OCSATH MPOAYKYBaHHS Ta IMIUIEMEHTYBAaHHSI HasBHMX 1HHOBALIIM
cepen mianpueEMCTB ofHI€eT Tamy3i. [ToOymoBaHi Moaen T03BOJISIIOTh JTOCTIIKY-
BaTH MPOLIECH BIPAJIbHOIO 1HHOBALIIITHOTO PO3BUTKY Ta pO3pOOJISATH BiAMOBIIHI

3aXOJU JUISl CTUMYJTFOBAHHS 1 BCEOTYHOT MIATPUMKH X MPOIIECIB.
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1.8. CouniajibHO-eKOHOMIYHUIT BUMip YKpaiHi B KOHTEKCTi KpUTEPiiB

SIKOCTI )KMTTS HACEJICHHSI: eKOHOMETPUYHHUN MiXi

Bemyn

OnHuM 13 OCHOBHHUX IMOKAa3HUKIB €()EKTHBHOCTI JIEP)KaBHOI COIaIbHO-
€KOHOMIYHOI MOMITUKH, 1[0 BPAXOBYETHCS MPOBIAHUMH MIKHAPOJHUMH KpeIu-
TOpaMU 1 KOMIaHISIMU 1T 9ac 3/IIMCHEHHS KPEAUTYBaHHS Ta BKJIAJEHHS 1HBEC-
THULIH, € MICIIe KpaiHU Y MIXKHAPOJHHUX PEUTUHTaX, YKpaiHa TaKOX € X y4aCHU-
koM [1]. BumiproBaHHs 1UX PEUTHHTIB MPOBOAUTHCS HA 3acajax IHTErpaIbHUX
1HIUKATOPIB (1HIEKCIB), K1 BKIIOYAIOTh 1 CAHTETHYHI 1HAUKATOPU SAKOCT1 KUTTS
Hacenenns [2-10].

[Ipo nO1iIBHICT, BUKOPUCTAHHS CaMe TTOKA3HHUKA “AKICTb KUTTS SK KpHU-
Tepit0 €PEKTUBHOCTI COLIAaTbHO-EKOHOMIYHOTO PO3BUTKY CYCHIJIBCTBA BiJ3HA-
qayiocs 1€ B JOKJIAJi, miAroToBieHoro KoMiciero 3 OCHOBHUX MOKa3HUKIB €KO-
HOMIYHOI AISUTRHOCTI ¥ COLIAJIBHOTO MPOrpecy, OUoItoBaHo1 Jaypeatamu Hobe-
neBcbkux npemiit Jxozedom Crirmnem ta Amapris Cerom [11]. Komicist Big-
3Hayasa, O BUKOPHUCTAHHS BAJIOBOTO BHYTPIIHBOTrO npoaykty (BBII) sk kpu-
TEpit0 EKOHOMIYHOTO PO3BUTKY MOXKe OyTu omaHiIuBuUM — cratuctuka BBII ro-
BOPHUTH PO TOJIIMIIEHHS B €KOHOMIIII, @ OUTBIIICTh TPOMAJISH Y TIOBCSIKICHHOMY
XKUTTI UpOTro He BiguyBaroTh. Mix BBII Ta iHTepecamu cycnuibcTBa MOXKYTb
Oytu mpotupivyus. Hanpuknan, ronutsa 3a BBII Moxke cyTTeBo moripiryBatu
€KOJIOT110, @ O0pOTHOA 32 €KOJIOTII0, B CBOIO Yepry, NPU3BOAUTH O CKOPOUYEHHS
BBIL.

3a0e3meueHHsT MMOCIIJOBHOIO MHIJIBHUIICHHS SKOCTI KHTTS HAaceJICHHS, Ha
Halll TOIJISII, € CTPATEriYHOK METOK COIlaJhbHO-€KOHOMIYHOI TOJITHUKH, IO
MPOBOAUTRLCA JIEPKABOIO, HE3AJIEHKHO B1J] EKOHOMIYHOI Mojieni 11i€i kpainu. Co-
11aJTbHO-€KOHOMIYHA MOJIITHKA MPECTaBIsie COO0I0 IBa B3aEMOIIFOUUX ACTICKTH
€IMHOI TIOJIITUKHU JIep>KaBU. Tak, EKOHOMIYHUN PO3BUTOK CTBOPIOE YMOBH LIS

MIJIBUIIICHHS SIKOCTI COLIaJIbHOI cdepu, a peanizailisi COIiaJbHOI MOJITUKH, BH-
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KOPHCTOBY€ HaJEKHUM YMHOM IIi MOXJIMBOCTI Ta CHpUs€E MIABUIICHHIO Xapak-
TEPUCTHUK SKOCTI1 KUTTS HACETICHHSI.

VY mpargx [12-14] po3riasaaroThCs METOIOJIOTIUHI Ta METOIWYHI T IXOTH
70 TIOOYJIOBM CHHTETHUYHMX 1HAMKATOPIB siKkocTi kuTTA HaceneHHsa (CISIKH),
iXHPOTO MOHITOPHHTY, 1110 CTIPSIMOBAHI Ha OMHCOBI I[Nl (PEUTUHTYBaHHS pPErio-
HiB o iuM CISIDKH, BusiBneHHs ninepiB, ayTcaiiepis, TOIIO).

HeoOxiano 3a3naunty, mo nodyaosa Ta monitopunr CISIDKH okpim omnu-
COBHUX IIUJICH, MOXKE TIepecyiyBaTH 1 111, MOB’sI3aH1 3 OIIHKOK €(PEeKTHUBHOCTI
JIEp>KaBHOI COIIAIbHO-EKOHOMIYHOI MOJIITUKY Ta BUSIBJICHHS MPOOJeMHUX 00a-
CTEl B COILIAJIbHO-EKOHOMIYHOMY PO3BUTKY KpaiHM Ta OKPEMHUX PETIOHIB 1 BlA-
MOBIJTHO 3 3aBJIAaHHAMHM BJIOCKOHAJICHHS yIpaBIiHHS [3].

Mu MaemMo Ha METi 3a JIOITOMOTOI0 €KOHOMETPUYHOTO ITiIX0Ty PO3TIISIHY-
TH Ta MpOaHaII3yBaTH B 11 poOOTI 3B’S3KH, ICHYIOYl MK KpUTepladbHUMU (Y
TOMY YHCJ JJATEHTHUMH, CUHTETUYHUMH) MOKA3HUKAMU-THAUKATOPAMU SKOCTI
YKUTTSI HACEJIEHHS, 3 OJIHOT CTOPOHH, 1 0230BUMH XapaKTEPUCTUKAMH COIIAIbHO-
€KOHOMIYHOI MOJITUKH, IO MPOBOAUTHCS AEPKABOIO, T SIKOCTI 1HCTUTYTIB — 3
1HIIIO1. 3amPOIIOHYBATH MiAX01 10 BUMIPIOBAHHS Ta OI[IHIOBaHHS ¢()eKTUBHOCTI
JIEP’KaBHOI COIIAIbHO-EKOHOMIYHOI TIOJITUKKA B KOHTEKCTI KPHUTEPIiB SIKOCTI
YKUTTS HAceJIeHHs. BUCBITIUTH pe3yJbTaTH anpoOarlii ux migxo/(iB Ha MpUKJIa-
JIl TAKUX TPHOX CHHTETUYHHUX 1HIUKATOPIB: SIKICTh HACENIEHHS, T0OpoOyT Hace-
JIEHHS, SIKICTh COL1aJIbHOI CEepH.

Harmra mo3wutiist y BUMiproBaHH1 Ta OIIHII e(EeKTUBHOCTI Jep>KaBHOI collia-
JbHO-€KOHOMIYHO1 MOJIITUKKM B KOHTEKCTI KPUTEPIIB SAKOCT1 >KUTTSI HACEJICHHS
IPYHTYEThCS Ha 0a30BUX MOJOKEHHIX, OJIM3BKHUX JI0 THUX, 1110 BUKJIAJIEH] Y po0o-
T1 ipoecopa C.A. AiiBazsna [3]. Cepea HUX BapTO BIA3HAYMTH TaKi TpU 3a-
BJIaHHS, 1[0 PO3B’SA3YIOTHCS B HAIIIOMY JOCTIHKCHHI:

1) BH3HAYAETHCS TMEPEITIK OCHOBHUX PE3YJBTYIOUNX CHUHTCTUYHUX 1HIH-
KaTOPIB SIKOCTI KUTTSl HACEJICHHS, SIKI MO>KHA BUKOPUCTOBYBATH SIK KPUTEPIi pi-

BHS COIT1aJIbHO-€KOHOMIYHOTO PO3BUTKY KpaiHU;
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2) mia koxHoro CISIDKH BusHauaeThcs CBili HaOip MOSICHIOIOUWX 3MiH-
HUX, K1 XapaKTepHU3yIOTh PIBEHb IHCTUTYIIHHOTO PO3BUTKY KpaiHM 1 COlialb-
HO-€KOHOMIYHY MOJITHKY, III0 TPOBOAUTHCS JEP3KABOIO;

3) BHU3HAYAETHCS (OIIHIOETHCSA) perpeciiiHa 3ajeXHICTh, SIKa ICHYE MIXK
koxHIM CISXKH 1 BiamoBiqHUM HAOOPOM MOSCHIOIOUUX 3MIHHUX.

Jlorika HaImoro JOCIIKEHHS rependayae, 110 Ha BiIMIHY BiJl KOHCTPYIO-
BaHHSI JIATCHTHUX CHHTCTUYHUX 1HJAWKATOPIB SKOCTI KUTTSA HaceneHHs [3], 00-
YUCIIIOBAHUX Y BUTIISAL JAEsKOi (YHKIII 3rOPTaHHS YAaCTKOBUX KPHUTEPIiB, HAM
yxke Bigomi CISDKH. I mu xouemo 3’sicyBatu, SIK 3HAQYEHHS ITUX CHUHTCTHYHHX
iHIMKaTOPIB Y 3aexaTh Bix moscHioounx 3minaux xD, ..., xP), y poni sxux
MU PO3IVISIIAEMO XapAKTEPUCTUKU PIBHS THCTUTYLIMHOTO PO3BUTKY KpaiHH, a
TaKOX COIIaIbHO-€KOHOMIYHOI MOJITUKH, IO POBOJAUTHCS IepkaBoto. OTOXK, y
TaKiii mocTaHoBIi 3anaui nosicuioroui 3minHi ¥, ..., x® iHTepnperyroThCs K
MPUYMHA aHAJI30BaHUX PE3YyJIbTATIB Y, MPUYOMY MPUYHMHM, IO MIJJAIOTHCS B
Til YU IHIIIHA Mipi peryiaoBaHHIo. Ha mijcraBi 1€l J0riku, BpaxoBYyOYl JOCTYII-
HICTh 1H(pOpPMAIIHHOTO 3a0€3MEeUCHHS, MOYKHA BU3HAYUTH CKJIAJ aHAT130BaHUX
CIAKH 1 HaGopu MOSCHIOIYHMX 3MIHHHUX JJISI COIIaTbHO-€KOHOMIYHOTO BHUMi-

pIOBaHHS YKpaiHU B KOHTEKCTI KPUTEPIIiB SIKOCTI KUTTSI HACEJICHHS.

1. Inpopmayitina 6aza 0ocniodicenHss ma cKiao aHali308aHUX PE3)IbMYIOUUX

(KpumepianbHux) CUHMEMUYHUX THOUKAMOPIB8 AKOCMI JHCUMMSL HACENeHHS

B namomy mociikeHHI OCHOBHMMH JiKepenaMu iH(opmariii Oynu pe-
3yJbTaTH aHaNI3y PEUTHHTIB MO TMIO0ATBHUM 1HAEKCaM (IHIWKaTopaM) KpaiH
city. i naHi nmpencraBieHi B 1HTEpPHETI Y O€3KOIITOBHUX BEPCISIX 3 0OMeExe-
HUM OHJIANH-IOCTYTIOM:

e VyHIKaJbHA 1 BCEOXOIUTIOIYA 0a3a JaHUX MPO KOHKYPEHTOCIPOMOXK-
HicTh kpaiH cBity “The IMD World Competitiveness Online” mixkHapogHOTO
IHCTUTYTY YIpaBiiHHSA po3BUTKOM (Jlo3anHna, [1IBelinapis); BkiItoUae 4acoBi psi-
JIY 3 TIPOBIIHUX HIOPIYHMUX 3BITIB, METOAOJIOTIS SIKMX TOJISITa€ B TIOETHAHHI CTa-
TUCTUYHUX AaHuX (2/3) 1 nanux onutyBanb (1/3), oTpuMaHUX Ha 3acajiax €KCK-

JIIO3UBHOTO OMMUTYBAHHS TYMOK €KCHEPTIB 1 KEPIBHUKIB MiAIpUeMCTB [15];
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® OHOBJICHUU IHCTPYMEHT IHTEPaKTHBHOIO JOCTYIY 10 JAHUX PIYHUX
3BITiB cBiTOBOrO Oanky “Worldwide Governance Indicators (WGI)” [16];

e cBiToBui atiac ganux “World Data Atlas™ [17].

BukopucroByBamucss Ttakoxk 3Bitu  OOH  “Human  development
reports” [18], a Takoxx JaHi mpo CTaH YKpaiHU B MDKHAPOJHUX 1HJEKCaX, SKI
po3MmileHi Ha caiiti JlepxaBHoi ciy>k0u cTaTUCTUKU YKpainu [19].

3a3Ha4yMMoO, 110 BUKOPUCTaHI B EKOHOMETPUYHOMY aHali31 JlaHl OXOIUTIO-
101 mepiog 2010-2019 pp., a Takox miABUOIPKY, IO BKJIIOYAE YKpaiHy Ta
8 kpaiH, sKi rpaHnyaTh 13 YKpainoto abo Oymnu panime y ckiaai CPCP, a 3apas €
yineHamu €C. TakuM 4MHOM, aHaI130BaHa IMiABUOIpKa BKIIIOYAE TaKl KpaiHU, K
Ecronis, JlatBia, Jlutrea, Ilonbma, Pociiickka ®enepartis (Pocis), PymyHis,
CrnoBayuuHa, YropiivHa, YKpaiHa. 3 ypaxyBaHHSIM aHaJIi30BaHOTO MEPioay Ma-
CUB BX1IHUX JIaHUX CKJIaAaeThcs 3 90 criocTepeKeHb.

Mu Hamaraemocsi mpoaHaiai3yBaTd OCHOBHI TEHJICHIIIT “yKpaiHChKOI Tpae-
KTOPii” COIialbHO-eKOHOMIYHOTO PO3BUTKY B mepiog 2010-2019 pp. y “dazo-
BOMY MPOCTOp1” 3MIHHUX (KpUTEpiaIbHUX Ta MOSICHIOIYHX), SIKI PO3IJIAIAI0Th-
csl.

[Ipu BU3HAYEHHI MEpeiKy OCHOBHUX PE3YIbTYIOUUX CHHTETUYHUX 1H]IU-
KaTOPIB SIKOCTI KUTTSl HACEJICHHS, IKI MO>KHA BUKOPUCTOBYBATH SIK KPUTEPIi pi-
BHSI COLIIAJIbHO-€KOHOMIYHOTO PO3BHUTKY KpaiHU, MU Oy/IeMO OpPIEHTYBaTUCS Ha
3anmponoHoBaHy B [13] iepapxiuHa cucreMa 0a30BUX KPUTEPIiB — 1HIAUKATOPIB 1
CTaTUCTUYHHMX TOKA3HUKIB SKOCTI UTTS HaceleHHs perioHiB YkpaiHu. llpu
[IOMY 3 I1’ITU HaBEJCHUX Y 11l CUCTEM1 XapaKTEPUCTHK JIPYroro piBHA arpera-
uii (“sxicTh HaceneHHs’, “AoOpoOyT HaceneHHs , “4AKICTh COLIAJIbHOI cdepu’,
“SKICTh JOBKULISA’, “AKICTh (DIHAHCOBOTO 3a0E€3MEUCHHS’) MU IMPOAHATIZYEMO
JIMIIIE TIepIIi TPH.

BiamoBinHo 10 metomosorii, po3risHyTid B [3, 13], ayis BuMiproBaHHS
nux CISXKH tpeba Oynu O y3sTH 3HAYEHHS MEpHIOi TOJIOBHOI KOMIIOHEHTH, TO-
Oyz0BaHOI MO TTEBHOMY HAOOpYy 4acTKOBHUX KpuTepiiB. OpHak, sSK MOKa3aB J0C-
BiJl MPOBEJICHOTO B po0OTI [3] aHami3y, pe3ybTaTd MPAKTUIHO HE 3MIHIOIOTHCS,
SIKIIIO 3aMiCTh 3HAYEHb MEPIIOi TOJIOBHOI KOMIIOHEHTH 3aCTOCOBYBAaTH 3HAYCHHS
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JaCTKOBOTO KPHUTEPI0, SKUH HAUOUTBII MIIJTFHO KOPEIOE 3 HEet0. TakuM 4uHOM,
MU MPUXOANMO JI0 HACTYITHUX PE3YIbTYIOUUX CHHTECTHUYHUX KPUTEPiiB 0a30BUX
O3HAaK SIKOCTI >KUTTSI HACEJICHHS 110 MEPIINM TPbOM IHTETPATIbHUM XapaKTepHC-
THUKaM JIPyroro piBHS arperarii:

v’ AKicmb HacelleHHs — OIIHIOETHCS 1HAEKCOM JIIOACHKOTO PO3BUTKY
(“Human development index’), y yacTkax BiJi OAMHUII (B MOAAIBIIOMY ITO3HA-
gaetbes Ak y(D);

v 000pobym nacenenns — BuMiproetbesi B 1oi. CIILIA BanoBum BHyTpi-
IIHIM MPOJYKTOM Ha nymry HaceneHHsi («GDP (PPP) per capita») 3 ypaxyBas-
HSIM MAPUTETY KYMHiBEIbHOI CIPOMOKHOCTI BAIOT (B MOJAJBIIOMY O3HAYAETh-
cs1 sax y D)

v sKicmb coyianbHoi chepu — OIIHIOETHCS 1HAEKCOM COIIAJIBHOTO TPO-
rpecy (“Social Progress Index”), sikuil BUMIpIO€ JOCSATHEHHS KpaiH CBITY 3 TOY-
KU 30py CyCHUTIBHOTO JOOPOOYTY 1 COIIaIbHOTO MPOTPeECy; MPEACTaBIsiE COO0I0
KOMOIHOBAaHHH IMOKAa3HUK MIKHAPOIHOTO JIOCHITHUIILKOTO MpoekTy The Social

Progress Imperative 3a 100-0a1pHOO IIKaIOO (B MOJATBIIOMY ITO3HAYAETHCS SIK
y®).
2. Habopu nosicurorouux 3MiHHUX 0151 COYIAIbHO-EKOHOMIYHO20 BUMIDIOBAHHS

Ykpainu 6 konmexcmi Kpumepiie AKOCmi Hcumms HAceneHHs

["'omoBHE MUTaHHS, Ha sIKE MU HaMarajiucs 3HalTH BIAIOBIAb HiJ Yac CBO-
ro JAOCHIHKEHHS, Le: SIK XapaKTEpPUCTUKHU PIBHS IHCTUTYLIHHOTO PO3BUTKY 1 CO-
1AJIBHO-€KOHOMIYHOI TTOJITHKH, IO MPOBOJAUTHLCS JCP’KaBOIO, BIUIMBAIOTH Ha
3HAYCHHS TPHhOX BU3HAYCHUX CHHTCTHYHUX 1HIUKATOPIB SKOCTI )KUTTS HACEJICH-
HS?

Tomy npu popMyBaHHI anpiopHOro HAOOPY MOSICHIOOYUX 3MIHHUX IS
IIUX CHHTCTHYHHMX 1HJMKATOPIB SKOCTI XUTTS HACCICHHS MM Hamaraiaucs (3
YpaxyBaHHAM MOXJIMBOCTEH, OOYMOBJICHUX ICHYIOUMM i1H(pOpMaIiiHuUM 3a0e3-
MeYeHHsIM), o0 y 1IboMy HaOOpi OyJIM MPENCTaBIICHI XapaKTEPUCTUKHU SIKOCTI

THCTUTYTIB 1 IEPIKABHOI COI1aTbHO-€KOHOMIYHOT TOJII TUKH.
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B

pe3ynbTaTti OyB OTpUMaHUU ampiopHUN HAOIp MOSICHIOIYUX 3MIHHUX

JUISL COLIaJIbHO-€KOHOMIYHOTO BHUMIPIOBAaHHSI YKpaiHW B KOHTEKCTI KPHUTEPIiB

SIKOCT1 )KUTTS HACEJICHHS, IPECTaBICHU B Tabm. 1.

Tabnuys 1

Habopu nosicHI0I0uMX 3MIHHHUX AJIs COLIabHO-€KOHOMIYHOTO BUMIPIOBAHHS

VYKpaiHu B KOHTEKCTI KPUTEPIiB AKOCT1 KUTTS HACETICHHS

ITo3na-
YeHHS

CyTHicTh (Ha3Ba) 3MIHHO1

TosicHIOr0Yi 3MiHHI 11 cuHTeTHYHOTO iHauKaTopa y (1) — sxicmo nacenenns:

x  |3aranbHi BUAATKU HA 0XOpOHY 3710poB’st B % Bix BBII

x(3)  |piBeHb BiANOBIAHOCTI iHPPACTPYKTYPH OXOPOHH 310POB’s HOTPEOaM CyCIiIbCTBA
(6amn)

x®)  |piBens kBamidikariii po6ouoi cuiu (6anm)

x@®  |piBeHb HUPPOBHUX/TEXHOJIOTIUHUX HABHYOK (Oasiu)

x®)  |nepxaBHi BUAAaTKK Ha OCBiTY B % Bix BBII

x(6)  3aranbHi BUTpaTH Ha HayKOBi JociiuKeHHs i po3pooku (H/IiP) B % Bix BBIT

ToscHIO0Yi 3MiHHI 11 cMETeTHYHOTO iHmuKaTopa y 3 — 0o6pobym nacenenns:

x(7)  |iMioK 32 KOPIOHOM 200 OPEHIMHT KpaiHu, O CIPHIE PO3BUTKY OizHecy (Oann)

x®)  |piBeHb 3aCTOCYBAHHS OHJIAMH-CEPBICIB ISt TOJIETTIEHHS B3a€MO/Ii1 TPOMaJICHKOCTI
3 ypsom (6ann)

x®)  |piBeHb CIPUATIMBUX YMOB JUIs BeIECHHs Oi3Hecy (6am)

x(10)  |9KiCTh 3aKOHIB, IKi CTOCYOTHCS HAYKOBHX JOCIIUKEHD | CTUMYJIIOIOTH iIHHOBAIIT
(6amm)

x(1D)  |9KiCTh MOJNITUKY MPOTEKIIOHI3MY YPSILY 00 il BILIMBY Ha €(DEKTUBHICTH BEICHHS
Oinecy (Oamm)

x(12)  |cTyniHp BUpiNIEHHS POOJIEMH MO0 3arPO3HU ISl EKOHOMIKH 3 TOUKH 30py yXH-
JIEHHS BiJI CIUIATH TOJIATKIB - SIKICTh MMOJJaATKOBOT'O KOJIEKCY (Oann)

x(13)  |9KiCTh 3aKOHOJABCTBA MPO PiBHI MOKIMBOCTI B EKOHOMILIi, III0 CTUMYIIFOE EKOHO-
MIYHUNA PO3BUTOK (Oayin)

TosicHIoOYi 3MiHHI /U1 cHHTeTHYHOTO iHmmuKaTopa y ) — saxicmeb coyianvnoi cepu:

x(1%)  |piBenp 3a0e3MeYEHHs TIpaBa rojocy Ta BiAmoBigaabHOCTI (Gaim)

x(15)  |piBeHb MOMITHYHOT CTAOLILHOCTI Ta BiICYTHOCTI HaCUIILCTBA/TEpOopHU3MY (Oain)

x(18)  IpiBens epexTrBHOCTI ypsiay (Gann)

x(7)  |piBeHb HOPMATHBHOI AKOCTI (OasTH)

x(18)  |piBeHb BepxoBeHCTBA MpaBa (Gam)

x(19)  |piBeHb KOHTPOJIIO KOPYIIIIii (Oaiu)
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JIOUIMBHICTh BKJIIOYEHHS A0 CKJIaay ampiopHOro HaOOpY MOSCHIOIOUUX
3MIHHUX YaCTKOBUX PE3YJIbTYIOUHUX MOKA3HUKIB OOIPYHTOBAHA TUM, IO MPUYH-
HU TIOBEJIIHKH KOXKHOI 3 TaKUX XapaKTEPUCTHK JOCTATHBO JIETKO PO3MHU(POBY-
€THCA B TEpMiHAX MEBHUX IapaMeTpIB IHCTUTYLIMHOTO PO3BUTKY ab0 colliaib-
HO-CKOHOMIYHO1 TIOJIITUKH, IO TIPOBOAUTHCS JEPIKABOIO.

Hanpukiaz, HU3bKI 3HAYCHHS HOACHIOK0YOi 3MiHHOI x (P (piBeHs Bimmo-
BITHOCTI 1H(PACTPYKTYpU OXOPOHHU 3/I0pOB’sl MOTpedaM CYCIIIbCTBA) CBIIYUTH
po MeBHI Je(EeKTH COlIAIbHOI MOJITUKH B cepi OXOPOHH 370pOB’S; HU3BKI
sHadeHHs 3MiEHUX x(®) (piBeHB CIPHATIMBHX yMOB /s BEJEHHS Oi3Hecy) i
x(2) (cTymine BUpiIIeHHS TPOOIEMHU 3arpo3H JUIS €KOHOMIKH 3 TOUKH 30Dy
YXWJICHHSI BlJl CIUIATH IMOAATKIB) TOBOPSATH NMPO HEAOCKOHANICTh 3aKOHOJABUO1

0a3n 1 T. 1.
3. Vuigirayia eumiprosanvHux wkanl aHanizo8anux 3MiHHUX

B 1a0n. 1 ocHOBHA YacTHHA €KCIIEPTHO OLIIHIOBAHUX 3MIHHUX BUMIPIOETh-
csa B 10-0anpHil 1mIKai, B SKiM HyJb BIANOBIIA€ HaWripiiii curyarii, a 10 —
Haiikpaniii. [Ipote cepen aHani30BaHUX HaMU 3MIHHUX € TTOKA3HUKH, 1110 BUMi-
profotbes B iHmmx mkamax. Lle sminai y, y@ @) x MW xG) 56 @)
x®, x19 _ 5,19

BignoBigHo 10 pexomenaaiiii [3] aast Toro, mo0 BUMIPSIHY B JTOBUIbHIN
IKaji 3MiHHY Z npuBecT 10 10-0anbHOi, 10 1i€i 3MiHHOT HEOOX1HO 3aCTOCY-
BaTH MEBHE MEPETBOPEHHS, TOOTO MEPEHUTH 0 3MIHHOI Z IO (POpMYJIi:

|z = Zopt|
max{(zopt - Zmin)i (Zmax

€ Zmin, Zmax 1 Zopt — BIINOBIIHO MIHIMAIILHO MOKJIUBE, MAKCUMAJILHO MOYKJIH-

zZ=11-

- 10, 1
- Zopt)} ( )

BE Ta ONTHUMaJbHE (B CEHCI BUMIPIOBAHOI I1i€i 3MiHHOT) 3Ha4YeHHs. HeoOximHi
JUIs pearizailii neperBopeHHs (1) MiHIMaJIbHI, MAKCUMAJIbHI Ta ONTUMAJIbHI 3HA-
YEHHS aHATI30BaHUX 3MIHHUX HaBEJIeHI B Ta0. 2.

MiHimMajbHe, MaKCHMaJIbHE Ta ONTHMAaJIbHE 3HAYEHHS 1HJIEKCa JIF0JCHKOr0
poseutky y) BummmBae 3 foro Bu3HaueHHs. MiHiMalbHe (MaKCHMAlbHE) 3Ha-

YEHHS U1 OYIb-AKO1 3 THIITUX 3MIHHUX BU3HAYAEThCS K MiHIMaJbHE (MaKCcHMa-
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JbHE) 3HAYCHHS I1i€1 3MIHHOT cepell ycix 9 aHani30BaHUX KpaiH 3a nepiog 2010-

2019 pp. OnTumanbHe 3HAYEHHS MEBHOI 3MIHHO1, 3B’513aHOI 3 SKICTIO MOHOTOH-

HO 3pOCTar040r0 (MOHOTOHHO CHAJar0vo0r0) 3ajJCKHICTHIO, BU3HAYAETHCSA SIK i

MakcHuMalibHe (200 K BIAMOBIAHO MiHIMaJIbHE) 3HaueHHs. Hapemiri, onTumaib-

HE 3HAYCHHS 3MIHHOi, IO 3B’s3aHa 3 SKICTIO HEMOHOTOHHOIO 3aJICKHICTHIO (B

HaIllOMy BUMAJAKY 11€ 3MiHH1 y(z), x@®, xG) g x(6)) OOYHCITIOIOTHCS SIK CepeTHE

3HAUEHHA II€i 3MIHHOI, B34TO1 MO TPbOM KpaiHam, kpamuMm no tomy CISIKH,

IJIS1 KOTPOro 1A 3MIHHA BUKOPHUCTOBYETHCA SK IMOSACHIOIOYA.

Tabnuys 2
[TapameTpu, HEOOXiIHI SISl IEPETBOPEHHS 3MIHHUX,
AK1 YHI(QIKYIOTb X BUMIPIOBaJIbHI IIKaJIU
3MiH- CytHicTb (Ha3Ba) 3MIHHOT MiniMm. 3Ha- | Makcum. 3Ha- | OnTUMalnbHe
Ha YEeHHS YEeHHS 3HAYEHHS
1 ; 1 1 1
y® [Tamekc IEOZICEKOTO PO3BHTKY, YACTKA Bil yr(ni)n -0 yrgla)x =1 yép)t -1
OJIVHUII
y(?) |BayoBuii BHYTPillIHi} OIPOXYKT Ha JyIIy yrglzi)n: yr(n?x — yé;)t —
HACCIICHHST 32 TAPHTETOM KYIiBEIbHOT 766451 36897.41 36897 41
CIIPOMOXHOCTI1 BaitoT, A0. CLIA
3 i 3 3 1
y® |lugekc couianbHOro mporpecy, Gamm yrgli)n =0 | y& =100 y(gpi =100
(1) |3aranbHi BUIATKH HA OXOPOHY 3[0POB's @ _ (1 _ n _
X bl pOHY 310D x o =47 | x =78 x 2 =78
B % Big BBII i max opt
Q) i i % Bi G _ G _ G) _
X é[griz[KaBHl BHUJIATKHU Ha OCBITY B % Bix X =30 | Xmax =70 | xg =70
x(6) 3al“aJ'IBHi. BUTpATH Ha HaYKOBi noc?ﬁ— xt(n6i)n =0,10 xr(r?;x =228 x(()i’))t =228
mokeHHs 1 po3pooku (H1P) B % Bix BBII
x(®  (PiBeHb 3aCTOCYBaHHS OHIIANH-CEPBiCiB xr(:i)n =0 xl(][i)lx -1 x(()*;)t -1
ISt TIOJIETTIIEHHS B3a€MOJIIT TPOMaJICHKO-
CTi 3 yps/10M, YacTKa BiJl OJIMHUIIL
x(® |PiBeHb CIPUATIMBHX YMOB /IS BECHHS xr(r?i)n =0 | ¥ =100 x(()‘;)t =100
013Hecy, Oanu
(14) |p; 1s) _ (15) _ 1s) _
X P.IBCHB.33.6G3I'IC‘IC'HH}I npasa rojocy Ta X =0 | Xar =100 | x{ P =100
BIAMOB1AAIbHOCTI, Oamn
x(15) |PiBeHb NOMITHYHOT CTAOIILHOCTI Ta Bif- x1(11116n) =0 I(nl:)z =100 x(()li) - 100
CYTHOCTI HaCHJIbCTBA/TEPOPU3MY, Oanu P
x(16) |Pienb epeKTHBHOCTI ypsdy, Oanu xr(nli? =0 xr(nlaq =100 xé;? — 100
x@17) |PiBeHh HOPMATUBHOI AKOCTI, OaIN xl(nlii) =0 I(nla8)z =100 x(();?) — 100
(18) |Pi 19 _ 19 _ 19 _
X PiBeHb BepXOBEHCTBA MpaBa, Oasiu xU9 =0 e =100 | x50 =100
x(19) |PiBeHb KOHTPOIIFO KOPYIIILii, Gaam xr(ji? =0 xl(j;))z =100 x(()ig) — 100
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4. loenmudbixayin mooeneii 3anexcnocment CIAKH 6i0 xapakmepucmux

IHCMUMYYIIHO20 PO3BUMK) MA 0ePHCABHOI COYIATbHO-EKOHOMIYHOI NOITMUKU

InenTudikamiss Moxeneil 3aleXHOCTEH CHpsSMOBaHA Ha MIATPUMKY

PO3B’sI3aHHS HACTYIHOI 3aja4l. Hexaii y.(] )

.+~ — 1ie 3HaueHHs j-ro CISDKH nnsa i-oi

kpainu B t-my pori (j =1, 2, 3;i1=1,2,...,9;t=1, 2,..., 10 — BKIItoyae mepios

2010-2019 pp.). I Hexait Bimomi xl-(tl)(]'),xi(f)(]’), ...,xl.(fj)(]') — 3HAYEHHA p; Xa-
PaKTEPUCTHK anpiopHOro Habopy mosicHounx 3MiHHUX 11 j-ro CISIKH i-o1
Kpainu B t-My poui (ampiopHi HA0OpH MOSICHIOIYMX 3MIHHUX IMPEACTABJICHI B
tabn. 1). HeoOxiqHo Ha 3acaiax iCHYIHOUOTro MacuBy JaHuX (1HAEKC t Hagail He
BpaxoOBYEMO) 1I€HTU(IKYBATU MOJEIh 3aJ€KHOCTI y(j) Big xW,x@, .. x®)
TOOTO:

1) BU3HAUUTU NApaMeTpUyHE CIMEHCTBO (PYHKIN IJis TOIIYKY MOTPio-

HO.I. 3aHC)KHOCTi:
. 1 (P ) ) .

A€ 3aJIMIIKOBa BHIIAJAKOBa KOMIIOHCHTA El-(J) Bi,u06pa>1<ae BIIJIMB HA 3HA4YCHHA

yi(j ) ¢dakTopiB, SKI HE BpaxOBaHI B aHAII30BAHOMY anpiOpHOMY HaAOOp1 Mosic-
HIOIOUWX 3MIHHUX, SIK MIPABUJIO, MOJETh OyIy€ThCA TAKUM YHMHOM, 100 cepeiHe
3HaYEHHS 3aJIMILIKOBOT KOMIIOHEHTH JIOPIBHIOBAJIO HYJIIO;

2) B paMKax BUOpaHOTO MmapaMeTpUYHOTO CiMeicTBa (DyHKILIH 3’ sICyBaTH,
K1 3 MOSICHIOIOYMX 3MIHHUX alpiopHOro HA0Opy € B JACSKOMY CEHCl BU3HAYAIb-

HUMH TiJ gac popMyBaHHs 3HaueHs YY), T06TO BHAINMTH 3 anpiopHOro HAGOPY
(x®, ..., x®)} tax 3pani sminni-nerepminann {x@, ..., x @', ne p'i <vpj;

3) pPO3rIAgar0Yd MOJIEIb
. 1 p’ . . . ,
v = £, P 00y) + £ @)

noOynyBaTH OIiHKK O(j) 71 HEBIIOMMX 3HauUeHb napameTpiB O(j) Ha 6a31 mMa-
CUBY BXIJHHUX JaHHX.

3a3HayuMo, 1110 i1 Yac PO3B’sA3KY 3a7adi 1) MU BUKOPHUCTOBYBAJIHN CIMEH-
CTBO JIUIIE JIHIHHUX QYHKIIH:
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(i el _(p; '
yi(]) =0, + 92xi( Dbt ij+1xi( )4 el.(]) (3)

3 aJINTHBHO HAKJIaJeHNMH BUNaIKOBUMH 3aiunikamu &),

Po3B’s3anHs 3amaui 2) Oyj10 3aCHOBAHO HA CTaHAAPTHIN IpoIeaypl MOK-
POKOBOI perpecii 31 BKIIOYEHHSIM, a PO3B’si3aHHs 334adl 3) 3/AiiiCHIOBANOCS 3a
JIOTIOMOT'OI0 3BMYAaHOTO METOAY HalMEHIIUX KBajapariB. Jleska momudikariis
i€l MpoIeaypH noJAraia y HacTynHoMy. OJepkaBIlid B pe3ysbTaTi 1€l Mpo-
HEypH I KOKHOTO (PiKCOBAHOTO YHMCIIA TTOSICHIOIYHMX 3MIHHUX iX ONTHMAashb-
HUW CKJIaJ, MU B JICSIKUX BUMAJKaX HaMarajJucs TPOXHU BapilOBaTH L€ CKIaj,
npaBja, JIMIIE Y HEBEJIUKOMY IHTEpBaJll BCTAHOBJIEHOTO 3HAYEHHS KPUTEPIs
R2, ;j (ckopekroBaHOro KoedimieHra perepmiHaiii). Skino Taka 3miHa npu3Bo-
JIAJIO JI0 OLIBII MPUPOAHOIO (31 3MICTOBHOT TOUKH 30pYy) IHTEpIIpETallil aHaIi30-
BaHOI 3aJIC)KHOCTI, TO OTPUMAHUM CKJIaJ] BUOMPABCS SIK OCTATOYHE PIIICHHS.
CaMe wi€r0 JIOTIKOIO MOSICHIOETHCS Cpo0da 100 BHIIYYEHHS BUJIBHOTO YJIEHA B
perpeciitaomy piBHsHHI 11 (P i oIiHKM 3HAUMMOCTI aHANi30BaHUX (HaKTOPiB-
JICTepMIHAHTIB Ha TijacTaBi beta-koedimieHTiB, MpoTe el acmekT TyT HE PO3r-
JSITA€THCA.

OcHOBHI pe3yJIbTaTU PO3PAXYHKIB, MMOB’A3aHUX 13 1IEHTU]IKALIIEI0 MO/Ie-
neit 3anexHocteir CISDKH Bim xapakTepHCTHK 1HCTUTYIIHHOTO PO3BUTKY Ta
JIep>KaBHOI COL1aJIbHO-€KOHOMIYHOI TMOJITHKH, OYyJIM OJepKaHl 3a JOMOMOIOO
3aco0iB cuctemu STATISTICA 1 npeacrasneni B 1a0a. 3 — tadmn. 5. Tyt anamnizo-
BaHl 3MIHHI KOJYIOTbCS TaKMM YMHOM, IO BEPXHIN 1HAEKC 3MIHHOI, y T.Y. yHi-
dixoBaHoi, BifmoBinae TakoMy x umciy, Hanpukian: ¥ mosnauaerscs sk Y1,
x@) — gk X211

Tabnuysa 3
Koportki pe3ynbratu perpecii juist Y1 Big X1-X6

Regression Summary for Dependent Variable: y1 (SEV-UA-unif

R=,68769316 R?=,47292188 Adjusted R?= ,45453543

F(3,86)=25,721 p<,00000 Std.Error of estimate: ,24884

Beta Std.Err. B Std.Err. t(86) p-level

N=90 of Beta of B
Intercept 7,828561 |0,090562 | 86,44414 0,000000
X2 0,529640 | 0,086092 | 0,137347 0,022326 | 6,15200  0,000000
x5 -0,327323 /0,080725 -0,050090 |0,012353 | -4,05480 0,000110
x6 0,284992 | 0,084733 | 0,056193 |0,016707 | 3,363430,001151
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Tabnuys 4
KopoTki pe3ynbratu perpecii mis y2 Big X7-X13
Regression Summary for Dependent Variable: y2 (SEV-UA-unif
R=,78579934 R?=,61748060 Adjusted R?=,60413690
F(3,86)=46,275 p<,00000 Std.Error of estimate: 1,5508
Beta Std.Err. B Std.Err. t(86) p-level
N=90 of Beta of B
Intercept -9,11243|1,676230 | -5,43627 |0,000001
x9 0,659876 0,087393| 2,111000,279578| 7,55069 |0,000000
x10 0,305694 0,092711| 0,794770,241040 | 3,297270,001421
x13 -0,211446 0,082680 | -0,68552 |0,268055 | -2,55739 |0,012299
Tabnuys 5
Koportki pe3ynsratu perpecii mist Y3 Big X14-x19
Regression Summary for Dependent Variable: y3 (SEV-UA-unif)
R=,98739717 R?= ,97495317 Adjusted R?= ,97407944
F(3,86)=1115,9 p<0,0000 Std.Error of estimate: ,08328
Beta Std.Err. B Std.Err. (86) p-level
N=90 of Beta of B
Intercept 6,420326 |0,050421 127,3354 |J,000000
x14 0,199152 | 0,051198 0,051603|0,013266  3,8899 ),000197
x16 0,250263 | 0,038804  0,075017|0,011632  6,4495 J,000000
x19 0,570891 | 0,068342 0,128617|0,015397  8,3534J,000000

AHaJi3 CTyneHs aJIeKBaTHOCTI MOOYJOBAaHUX 3aJIEKHOCTEM HAa OCHOBI
3HaueHb KoedillieHTiB aeTepMinalii R? i Horo ckopekToBaHOro 3HaueHHs R2, It

F-xputepito Ta piBHA 3HAUymoOCTi p-level mo3BoysgOTE CTBEpIKYBATH, IO Ji-
HIMHI perpeciiiHi MOJeNl JTOCTaTHBO aJCKBAaTHO OIMHCYIOTh B3a€EMO3B’S3KH MIXK
aHaJI130BaHUMH 3MIHHUMHU.

Bapro Takox 3a3HauuTH, 10 B MPEJCTaBIEHUX y Tabm. 3 — Tabm. 5 pe-
3yJbTaTax perpecii KoeQilleHTH MOKa3y0Th IHTEHCUBHICTh BIUIMBY (DAKTOPIB Ha
CUHTETHYHI nmokazHuku-iHaukatopu Y1 — y3. Cenc koedimienta perpecii moss-
ra€ B TOMY, IIIO BiH MOKAa3ye K B CEPEAHLOMY 3MIHUTHCS 3HAYEHHS PE3yIbTaTH-
BHoro CISIOKH, sxmio BiamoBimHa QakTopHa o3HaKa 30UTBIIUTHCSA (200 3MeEH-
ITUTHCS) HA OJJUHUITO TTPU (HIKCOBAHUX 3HAYCHHSX BCIX 1HIIUX (AKTOPIB.

Okpim 1poro, Ha miacraBi beta-koedimieHTiB, mnpencTaBieHUX Y
Tabmn. 3 - 5 MOKHA OIIHUTH 3HAYMMICTh aHAII30BaHUX (hAKTOPiB-€TEPMIHAHTIB.
[eit xoediieHT MOKa3ye, Ha CKIJIBKU OJIMHUIIL CTAHJAPTHOTO BiAXHWJICHHS 3Mi-

HUTBHCS 3aJIeKHA 3MIHHA MPU 3MiHI HA OJIHE CTAHJAPTHE BIIXWICHHS BIIMOBII-
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HOI HEe3aJIe)KHOI 3MIHHOI, MPU YMOBI MOCTIHHUX 1HIIMX HE3AJEKHUX 3MIHHHX.
Tak, 301abp11eHHs oliHKKA X19 (Tabi1. 5) Ha BeNMUUYUHY ii CepeTHhOKBAIPATUYHOTO
BIIXWJICHHS TIpHU3Bee 10 30umbineHHs cepenaboro Y3 Ha 0,571 cepeaHbokBaI-

PATUYHOTO BIAXHWIJICHHS ITI€T OIIIHKH.
5. Pe3ynomamu emnipuunozo ananizy

OpneprkaHi pe3yibTaTH J03BOJIAIOTH CTBEPXKYBATH, 10 3 19-TU MOsICHIO-
I0OYMX 3MIHHUX amnpiopHoro Habopy (mmB. Tabm. 1) 1o uucna 3MIHHUX-
JETEPMIHAHT MOXYTh OYTH BiJIHECEHI TIJIbKU JAEB’SITh. 3 ypaXyBaHHSM yHi(ika-
1ii 11e — piBeHb BIAMOBIAHOCTI IHPPACTPYKTYpU OXOPOHU 3I0POB’Sl MOTpedam
cycminbeTa (3minna x(?)), nepsxaBHi BugaTKM Ha OCBiTy B % Big BBII (%),
3arajbHl BUTPATU HAa HAyKOBI aociikeHHs 1 po3pooku (HIiP) B % Big BBII
(%(®)), piBeHb CIPHUATINBHX YMOB JUIs BeneHHs GisHecy (X¥(9), sikicTh 3aKoHiB,
SIKi CTOCYIOTBCS HAYKOBHX JOCIiUKEHB i CTHMYITEOroTh iHHOBamii (x(19)), saxicts
3aKOHOJABCTBA MPO PIBHI MOKJIIMBOCTI B €KOHOMIIIl, 110 CTUMYJIIOE €KOHOMIY-
Huit possuTok (x(13)), piBers 3a6e3meueHHs paBa roiocy Ta BigmoBifaTbHOCTI
(%(14)), pisens edextuBHOCTI ypsny (¥(10)) Ta piBeHH KOHTPOIIO 33 KOPYIIIIi€kO
(x9).

Tomy 1 comlaabHO-€KOHOMIUYHUN BUMIP YKpaiHu MU OyJIeMO pO3TrisiiaTu
y “dazoBoMy mpocTopi” caMe IMX JIeB’SITH 3MIHHUX-JIETEPMIHAHT 1, 3BUYAKHO,
TPHOX aHATI30BAHUX CUHTETUYHHMX 1HIUKATOPIB SAKOCTI KUTTS HACEICHHS.

Ckopucraemocs sl [bOTO MpeACTaBIeHUMH B Tabs. 3 — Talbu. 5 pe3yib-
TaTaMu 11eHTU(DIKaLli perpeciiHux MoJieei.

Bapiauist perpeciiiHux 3Ha4eHb iHOuKamopa skocmi Hacenenns yV) Ha
47,29% BHU3HAYAETHCA 3MiHAMH 3Ha4yeHb (haKTOpiB-meTepMiHaHT: x(?) (piBHEM
BIJIMOBITHOCTI 1H(MPACTPYKTYPH OXOPOHH 3J0pOB’Sl MOTpedam CyCHilbCTBA),
%) (nepaBHHMH BHIATKaMH Ha ocBitTy B % Bix BBII) Ta %(®) (3arambuumu

BUTpATH Ha HAYKOBI HOCTIKEeHHS 1 po3poOku B % Bix BBII) 3a hopmymoro:

$U = 7,829 + 0,137x® — 0,058 + 0,056x©, (4)
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Ile o3nauae, 30KkpeMa, 10 mpu miaBumieHHi ouinku x @) (abo ¥®) a6o
sHkenHi ominkr X5 Ha A 3HaueHHS IHIMKATOpa SKOCTI HACEICHHS BIAMOBII-
HO TIJABUIIUThLCA B cepeauboMy Ha 0,137-A (abo Ha 0,056-A) abo 3HUBUTHCS HA
0,05-A.

Bapianuist perpeciiiHux 3HaueHb iHOukamopa 0o6pobymy nacenenns y&
Ha 60,41% BU3HAYaeThCA 3MiHaMU (akTOpiB-TeTepMinanT: ¥ (piBHeM crpus-
TIMBHX YMOB JUIS BeJieHHs OizHecy), x (1) (sKicTio 3aKOHIB, SIKi CTOCYIOTHCS Ha-
YKOBHX JIOCIi/UKEHb Ta CTHMYITIOIOTH iHHOBaii), x(13) (skicTio 3akoHOTaBCTBA
PO PiBHI MOXKJIMBOCTI B €KOHOMIIII, 1110 CTUMYJIIO€ €KOHOMIYHUI PO3BHUTOK) 3a
dhopmyiioro:

~
=

5@ = -9,112 + 2,111%® + 0,795x19 — 0,686x(13), (5)

Ie o3nauae, mo npu migsuinenHi ominku X (a6o x (1), a6o 3HmwKeHHi
ominku x(1®) Ha A 3HauenHs iHamKaTopa TOOGPOOGYTY HAceTEHHS BiAMOBiZHO
MIBUIIUTECA B cepennboMmy Ha 2,111-A (abo Ha 0,795-A) abo 3HU3UTHCSA Ha
0,686-A.

Bapiaiiisi perpeciiiHuX 3Ha4Y€Hb IHOUKAMOpA SIKOCMI COYianbHOI cghepu
73 na 97,41% Bu3HAYA€THCS 3MiHAMYU 3HAYEHb (QAKTOPiB-ICTEPMiHAHT, a caMe:
(1% (piBHeMm 3abe3neueHHs mpaBa ronocy i BiamosinameHocTi), ¥(1®) (piBHEM

edexTHBHOCTI ypsay) Ta ¥(1%) (piBHEM KOHTpOIIIO KOpyMIIii) 33 (hopMyIIoro:
73 = 6,42 + 0,052% + 0,075%81® + 0,129%1?, (6)

Ile o3Hauae, 30kpeMa, 1o mpH miaBueHHi oninku ¥4 (abo ¥(19), ago
%(19)) Ha A 3HaueHHs iHAMKaTOpa AKOCTi comiambHOi cdepH (iHmeKca CoIliaib-
HOT'O TIPOrpecy) MiIBUIIUTECA B cepeanbomy Ha 0,052-A (BignosigHo Ha 0,075:
A a60 0,129-4).

Bucnosxu

Pe3ynbpTaT €KOHOMETPUYHOTO aHaJI3y 3aJIEKHOCTEM MK TpbOMa BU3HA-
yenumu CISIOKH Ta BianmoBigHUMHM HaOOpamu JJISi HUX TOSICHIOIOYUX 3MIHHHX

JO3BOJIAKOTH BHABUTHU KJTIOYOBI HaIIpAMKHU BAOCKOHAJICHHA YKpa'l'HCBKI/IX 1HCTH-
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TYTIB 1 COIIAIbHO-EKOHOMIYHOI TIOJIITHKH, 1[0 IPOBOJAUTHLCS B YKpaiHi, HA SKUX
Hacamrepes] HeoO0XiTHO CKOHIIEHTPYBATH 3YCHILIS AJIS MiABUIIICHHS SIKOCT1 JKUT-
TSl HACEJICHHSI.

30KkpeMa, BUKOPUCTOBYIOUM OJIEpXkaHl pe3ysbTaTH MOXHA 3pOOUTH Ha-
CTYITHI BUCHOBKH.

1. Bugineni  [as  CHUHTeTHYHOro  iHgukatopa Yy  daxropu-
JeTepMiHaHTH (4) BKa3ylOTh Ha Te€, IO AKICTh YKPATHCHKOIO HACEJIEHHS MOXKHA
MOKPAILIUTH HacaMIepe] 3a JOMOMOTOl0 BIOCKOHAJICHHS A1I0Y0i 1HPPaCTPYKTY-
pU OXOPOHU 3/I0POB’s, NUISXOM IMiJABUILIEHHS PIBHSA 11 BIANOBIIHOCTI MOTpedam
CyCIUJIbCTBA. BakMBYy poJib y TaKOMY MOKpAILIEHH] BIAINPAaOTh TAKOX BUTPATH
Ha HayKOBI JIOCJTIPKEHHSI Ta PO3POOKU — HAMBa)JIMBIIIA XapaKTePUCTHUKA €KO-
HOMIKH 3HaHb. TOMy CyTT€Be 301IBIIIEHHS IUX BUTPAT HEOOX1IHO BU3HATHU ede-
KTUBHUM 3aCO00M PO3BUTKY €KOHOMIKHM 3HAHb Ta MIJBUILIEHHS SIKOCTI YKpaiHCh-
KOTO HaceJeHHS.

2. AHami3 perpeciitHux 3HaueHs iHauKaTopa ¥ 2 (5) mo3Bomnse cTBEpIKY-
BaTH, 110 J0OpOOYT yKpaiHCHKOTO HACENEHHS MOXHa MOKPAIIUTH Ha OCHOBI
npoBeZieHHs peopM y 3akoHoAaBuiid cdepi. Lle nependayae po3poOKy 1 Bpo-
BaJKEHHS 3aKOHIB, K1 0 3a0e3nedyBaliy MMiIBUIICHHS PIBHS CIIPUSTIMBUX YMOB
JUIs BEeJIeHHs O13HECy Ta INMPOBEJICHHS HAYKOBUX JOCIIIKEHb 1 CTUMYJIIOBAHHS
1HHOBAI[I/, CTBOPIOBAJIM PIBHI MOKJIMBOCTI B €KOHOMII JJIi CTUMYJIIOBAHHS
€KOHOMIYHOI'O PO3BUTKY.

3. AHami3 perpeciifHuX 3Ha4YeHb CHHTETHYHOTO iHmukatopa y ) (6) mo-
3BOJIsI€ 3pOOUTH BUCHOBKH IPO T€, 110 SIKICTh COLliaibHOI chepu B YKpaiHi Mo-
YKHA TOKPALIUTH Ha OCHOBI PO3BUTKY JAE€MOKpATIi, MiIBUILMBIINA PIBEHb 3a0€3-
MEYEHHS TpaBa roJiocy 1 BIAMOBIIANBHOCTI, MiABUIIEHHS €EKTUBHOCTI POOOTH
ypAILY, @ TAKOXK MOCUJICHHS! KOHTPOJTIO 32 KOPYIILIEIO.

Ha 3aBepiieHHs, PO MOKIIMBI HAIIPSIMKH PO3BUTKY IHOTO JAOCIIIKEHHSI.
[le Hacammepen: aHami3 ‘“yKpaiHCBKOI TpPa€eKTOpii” COIiadbHO-EKOHOMIYHOTO
po3Butky Ha npoTs3i 2010-2020 pokiB; po3MMPEHHS CKIIaTy alpiopHOro Habo-
Py TOSICHIOIOUMX 3MIHHUX; 30UTBIICHHS BUOIPKHA BXIAHUX JaHUX 32 PaxyHOK
OXOTUICHHSI €BPOMEUCHKUX KPaiH, K1 € JJepaMy COIIaIbHO-€KOHOMIYHOTO PO3-

BUTKY.
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1.9. Analysis of structural features of the development of communities

1. Introduction

The unitary system of managerial decision-making that has developed
over the years in Ukraine was not justified. The decentralization reform enables
local territorial communities to choose their development trajectories. However,
this process is not easy. Management requires scientific substantiation and
awareness of the community consequences of decisions made. Changing the
model of financial flows, which provides decentralization, leads to community
involvement in planning and its interest in their development.

The long-term development of the region, in addition to the existing eco-
logical and socio-economic potential, includes the level of its financial security.
There are important directions of the region's development implementing inno-
vative environmental technologies, enhancing environmental safety and counter-
ing climate change. The functioning of these areas is impossible without proper
funding. Decentralization processes have complicated the structure of the fund-
ing sources at the level of the united territorial community (UTC). The govern-
ment stimulates community development: additionally allocates funds (transfers,
subventions, grants) and promotes the attraction of international finances for
projects on the reconstruction of public institutions. Also, there are intergovern-
mental transfers. The relevance of the study is due to the need to analyze the
processes of decentralization in Ukraine.

The object of the research is the features of the development of communi-
ties, which are represented by UTC. The subject of the research is the methods
of analysis of the structural features of financing and the dynamics of develop-
ment of UTC in the southern regions of Ukraine.

Data Mining methods are used for research. These approaches reveal hid-
den Data Mining methods are used for research. These approaches reveal hidden
connections, standard patterns and visualize them. The first method is the pat-
tern method, where the concept of a pattern as a stable combination of top varia-
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bles. These variables are associated with a characteristic model of the behaviour
of multidimensional socio-economic systems. The concept of pattern is an em-
pirical analogue of the terms "type", "cluster". It is complemented by the method
of associative rules, which provides an opportunity to formulate certain recom-
mendations for decision-making.

The research aim is to build patterns of the structure of financing and the
dynamics of UTC in the southern regions of Ukraine. Open data to analyze the
UTC in terms of the internal structure of the funding sources of their develop-
ment were taken. The objective of the research is of the following. First, ex-
plore the capabilities of the patterning method to identify patterns and test the
hypothesis: the funding structure determines the dynamics of development. Sec-
ond, to develop a methodology for predicting the dynamics of newly formed
communities based on the data of existing ones.

The practical value of this study is to help communities to analyze their
funding structure and development dynamics. As well as in developing individ-
ual and joint development plans. The scientific novelty includes testing the ef-
fectiveness of the combination of the method of patterns and associative rules as
a method for analyzing the structural features of UTC.

2. Related Works

The territory is a multidimensional space. Where each dimension reflects
the availability of stocks of certain types of territorial capital: location, size, and
quality, internal and external interaction. Their interaction creates a variety of
external effects and synergy effects [1]. According to the research [2] strategies
of reasonable specialization of territories are becoming more and more popular.
They are based on the recognition that the interaction between agents with dif-
ferent types of knowledge can lead to better innovative results. The studies of
territorial development and the formation of the territorial strategy for competi-
tiveness are becoming increasingly important, which is considered in the article

[3].
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The construction of competitiveness takes place in the territorial level
noted in [3]. Citizens, companies and other institutions operating in the territory
create the necessary conditions for the functioning of the environment. There-
fore, the territories of different levels — the state, region, city, community — are
the most important building blocks for the world economy and social develop-
ment. It is obvious to any territory during the development of strategies to for-
mulate answers to such questions. Citizens, companies and other institutions op-
erating in the territory create the necessary conditions for the functioning of the
environment. Therefore, the territories of different levels - the state, region, city,
community - are the most important building blocks for the world economy and
social development. It is obvious to any territory during the development of
strategies to formulate answers to such questions. First, "what for?": the for-
mation of goals territory. The second "what?": the content of the strategy. The
third "how and who?": the process of strategy formation [3].

According to the research [4], territorial competitiveness is an important
element of human-centric and sustainable economic progress. In the research [5]
regional competitiveness is defined as the ability of a region to create an attrac-
tive and sustainable environment for living and working companies and resi-
dents. Based on the results of research, it was concluded that such indicators as
the quality of institutions, human capital, technological readiness and business
sophistication are important for territorial development [4]. It is noted that re-
gional economic indicators depend on the business environment and competi-
tiveness. This study uses the RCI index. Based on the calculation of this index,
the levels of competitiveness of the territories are determined. They also identify
their problem areas that should be considered when formulating strategies and
strengths that should be relied upon when developing regional economic growth
strategies [4].

Decentralization processes are important not only at the level of decision-
making on the allocation of funds but also for decision-making in other im-
portant areas. Thus, [6] notes the importance of environmental decentralization,
as it strengthens the control of environmental pollution.
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An important consequence of decentralization is the tax competition of
territories. Tax competition in the work [7] means the reaction of local authori-
ties with the appropriate powers, in the form of changes in tax rates to changes
In tax rates in neighbouring territories. The paper [7] considers two different
motives for tax competition. The first is the expansion of the tax base due to the
movement of capital, companies and residents to a certain area with more fa-
vourable tax conditions. The effect, in this case, is in the form of an increase in
tax revenues. The second motive is political, which manifests itself in the form
of the formation of political capital through the satisfaction of local voters [7].

The method of pattern analysis was formed due to the need to process
large databases. The pattern analysis is widely used in many areas, such as mac-
roeconomics, finance, social media, politics, biology, manufacturing, etc.

This method is widely used in information retrieval. Thus, the authors of
research [8] address the problem of responding to user requests by obtaining the
most relevant object from a cluster set of objects and uses a new approach called
Cluster-based Retrieval using Pattern Mining (CRPM). This approach integrates
different clustering and pattern analysis algorithms.

The wide scope of application of this method raises the problem of unifi-
cation of analysis patterns [9]. A particular designed for a specific sphere pattern
cannot be used for a problem in a different context [9]. This question requires
software developers to reanalyze the problem. Therefore, the article [9] pro-
posed a template language for constructing stable analysis templates.

The article [10] proposes a method based on the methods of cluster analy-
sis and qualitative comparative analysis of Cluster Analysis and Qualitative
Comparative Analysis (QCA), Dynamic Pattern Synthesis (DPS). This new ap-
proach has been used to study macroeconomics and public policy.

The research [11] presents approaches to the analysis of data on suspi-
cious money laundering transactions and notes that this methodology is a very
effective and useful method of detecting suspicious transactions.

In articles [12; 13] provides many examples of using the patterning meth-
od, in particular in business: predictive models use patterns found in historical
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data to identify risks and opportunities. Models capture relationships among
many factors to make it possible to assess the risks or potential associated with a
particular set of conditions when guiding decisions about possible deals. There
are several drawbacks to the patterning method: a lot of time and labour.

The article [14] presents possible ways of assessing the subjective curiosi-
ty of patterns from the point of view of a user who examines the data in which
these patterns are contained. Curiosity defines a wide concept that combines
nine criteria: laconic, coverage, reliability, peculiarity, variety, novelty, surprise,
usefulness and readiness to use. A pattern is laconic if it contains a relatively
small number of descriptors. The set of patterns is laconic if it contains a rela-
tively small number of patterns. A pattern is common if it has relatively large
extensions. Itemsets is a set of elements. Itemsets is widespread if it covers the
proportion of entries in the dataset containing this itemset above the specified
threshold. The Apriori algorithm is used to find common items. A pattern is reli-
able if the patterns described by the pattern appear in a high proportion of cases
for which it is valid. For example, a classification rule is reliable if its predic-
tions are highly accurate, and an associative rule is reliable if it is highly relia-
ble. A pattern is special if it is far from other patterns at a certain distance. Spe-
cial patterns are generated from special data, which are relatively uncommon
and markedly different from other data. Special patterns may be unknown to the
researcher, but at the same time interesting. A pattern is diverse if the elements
of its extension are markedly different from each other. The pattern is new if it
cannot be obtained from the previous ones. A pattern is unexpected if it contra-
dicts the knowledge or expectations of the researcher. The pattern can be con-
sidered useful if its use by the researcher contributes to the achievement of the
goal. This type of interest is based on user-defined utility functions in addition to
regular data. The pattern is ready for use in a particular field if it allows deci-
sions to be made about further action in this field. This criterion is sometimes
associated with a pattern selection strategy. A general method for assessing
readiness for use has not yet been proposed. In [15] Wang K. considered it as a
profit that the association can bring.
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3. Materials and methods

The basis of the pattern analysis is to identify the similarity of indicators
that characterize the internal structure of the studied objects. Clusters are formed
on their basis. They are similar in some preselected metrics. The objects of dif-
ferent clusters are significantly different. Information about it is measured in se-
quential moments. If there is information about the quantitative values of the
indicators of the studied objects it is possible to build development trajectories
of both dynamic groups and individual objects as well as to identify implicit re-
lationships of it.

Associative curiosity is usually defined as the difference between the fre-
quency of occurrence of a pattern and its expected frequency of occurrence, as-
suming that some descriptors are satisfied independently.

To search the associative rules the objects of which itemsets consist are
represented by the set:

I'={iy,ip i, in} (1)
where i; is the objects included in the analyzed sets; n - total number of
objects.

In our case, such objects are combinations of directions of interrelations
between indicators of the structure of financing and dynamics of development
{-,1,1}

Sets of objects from the set I, to be analyzed are usually called transac-
tions. A transaction is a subset of aset I: T = { i;| i; € I }. Further, such transac-
tions are a set of patterns for certain UTC. The set of transactions, information
about which is available for analysis, is denoted by a set: D =
{T,T,, .., T, .., T, }, where m - the number of transactions available for anal-
ysis.

A set of transactions that include a specific object i;, denote as follows:
Dy={T,|i; €Ty j=1nr=1m}cD.

Let's denote an arbitrary itemset as follows

F={ij|ijel; j=1n} (2)
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Itemset consisting of k elements, is called k-element set. The set of trans-
actions, which includes the set F, is denoted as follows:
Dpi={T.|FST;r=1.m}<D (3)
The ratio of the number of transactions that includes set F to the total
number of transactions is called the support of set F and is denoted by Supp (F):

Supp(F) = % (4)

When searching for rules, choose the minimum value of support for sets
Suppmin=0,5.
A large itemset is if its support value is greater than the user-specified
minimum value:
Supp(F) > Suppmin (5)
The solution to the problem of finding associative rules is the set of all
large itemset:
L = { F| Supp(F) > Supppn} (6)
In associative rules, condition and result are objects of the set I: if (X) then
(Y), where X € I, Y € I. A well-known Apriori algorithm is used to solve prob-
lems [19].

4. Our results and experiments

In this article, two types of patterns are used for analysis: funding structures
and development dynamics.

Patterns of financing structure were built on the basis of such indica-
tors [20]:

al.— Own income per person, UAH,;

a2. — Development expenditures (capital expenditures) per 1 person, UAH;

a3. — Infrastructure subvention for 1 person, UAH;

a4. — Basic / reverse subsidy for 1 person, UAH;

The patterns of development dynamics included the rates of the respective
three structural indicators and income:

cl. — The growth rate of own income per person, %;
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c2. — Growth rate of development expenditures (capital expenditures) per
1 person, %;

c3. — Growth rate of infrastructure subvention per 1 person, %;

c4. — Income per capita UTC, UAH.

The study of data using patterns is based on a specific language of patterns.

All baseline indicators were normalized from 0 to1l.

In our case, the total number of patterns of each type is determined by a
combination of three directions in the structure of relationships between the four
basic indicators {—, 1,1}, in a given sequence from a; to as (or from ¢; to cy),
which means the following:

rightarrow — indicator a; has the same level in the normalized interval
[0; 1], as an indicator aj;

uparrow — indicator a; has a lower level than the indicator aji;

downarrow — indicator a; has a higher level than the indicator aj; .

In general, we have 4!=24 different arrangements of baseline indicators,
which can form the maximum (but not necessarily) 33=27 types of patterns
(clusters). Next, we focus on the above ordering of basic indicators from a; to as
(or from c; to c4).

For the graphic representation of patterns the method of parallel coordi-
nates in multidimensional space was used, where coordinates corresponded to
basic indicators separately for patterns of structure of financing and patterns of
dynamics of development.

The proposed method for predicting the type of dynamics of the newly
formed UTC consists of the following steps.

Construction of diagrams of patterns of structure of financing and dynam-
ics of development in parallel coordinates.

Coding of diagrams by a sequence of three directions in the structure of re-
lations between four basic indicators {—, T, !}

Construction of the table of comparison of patterns of structure of financing
and dynamics of development.
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Definition of clusters consisting of identical pairs of sequences of connec-
tions between four basic indicators of the structure of financing and correspond-
ing indicators of dynamics of development.

Based on the basic principle of system dynamics, which states: the struc-
ture determines the dynamics. As well as the principle of historicism, this means
that the second configuration of data in the dynamics leads to a similar result.
The conclusion about the type of dynamics of newly formed UTC on their struc-
ture of financing and similar structure of earlier formed UTC is made.

The results of the analysis of clusters according to the method on the ex-
ample of UTC regions of the South of Ukraine for 2018 according to the data
[21; 22] are presented below.

4.1. UTC of Zaporizhzhia region

Based on the reporting data of the UTC of the Zaporizhia region for 2016-
2018, 8 different patterns of the financing structure and five patterns of devel-
opment dynamics were obtained. The following table shows only those patterns
frequency of which is more than one (Tablel).

Table 1
Structure and composition of UTC patterns of Zaporizhzhia region
for 2016-2018

Patterns Name of UTC (year of formation 2015-2016) [Name of newly UTC
(2017)
Funding structures
(0,10 Botiivska, Osypenkivska, Ostrykivska, The total number of
e Malotokmachanska relevant UTC 13
Veselivska, Preobrazhenska, Bilenkivska Orikhivska,
L1713 : :
Kamiansko-Dniprovska
Dynamics of
development
(1,11 Smyrnovska, Dolynska, Botiivska, Prymorska,
Y Ostrykivska
Berestivska, Kamysh-Zorianska, Veselivska,
1,0 Preobrazhenska, Osypenkivska,
e Malotokmachanska, Bilenkivska,
Komyshuvaska
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According to the main idea of the methodology: regions with the same
pattern structure in the basic system of indicators are considered similar in the
development model. It allows certain strategic decisions to be made regarding
further actions to finance community development. According to Table 1, there
are two clusters of the funding structure and two clusters of development dy-
namics. Among the newly formed UTC in 2017, we have 13 that have the struc-
ture of financing the first cluster, and two UTC (Orikhivska and Kamyansko-
Dniprovska) have the structure of the second cluster. Therefore, when forecast-
ing their development dynamics, it is possible to rely on the dynamics of those
UTC that are part of the relevant clusters but were formed in 2015-2016.

The following figure shows an example of the visualization of patterns of
the financing structure by the method of parallel coordinates for the UTC Za-
porizhzhia region, which were formed in 2016 (Figure 1).

1,20
1,00 ¢ -
0,80 L \ /
e
060 w B X
K V '.‘ \.
———— —%. S N
o >
0,00 w w w w w w w g w
0 0,5 1 15 2 2,5 3 35 4 45
=—Dolynska =~ Botiivska Osypenkivska
=>&Prymorska == Ostrykivska Hirsivska
Malotokmachanska Bilenkivska Tavriiska

Komyshuvaska

Fig. 1. Funding structure patterns in 2018 for UTC of the Zaporizhzhia region,
formed in 2016

Fig. 2 shows an example of the visualization of patterns of development
dynamics by the method of parallel coordinates for UTC of the Zaporizhzhia
region, which was formed in 2015-2016.

In Fig. 1 and Fig. 2 we see the grouping of graphs of the same type, which
form the clusters described in table 1. Similar results were obtained for the

communities of Odessa and Dnipropetrovsk regions.
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Fig. 2. Patterns of development dynamics in 2018 for UTC of the Zaporizhzhia
region, formed in 2015-2016

4.2. UTC of Odessa region

The following is a summary table for the formation of associative rules
for comparing UTC for predicting patterns of dynamics based on patterns of the
structure according to the data of the Odessa region (Table 2).

According to table 2, we see clusters of the funding structure and clusters
of development dynamics. The largest in number of representatives is the second
cluster with the pattern ¢1,1,13, which includes most of the newly formed in 2017
UTC. When forecasting their development dynamics, it is possible to rely on the
dynamics of those UTCs that belong to the relevant cluster, but were formed in
2015-2016.

Patterns can also be represented by bar charts, but it is better to observe
the visualization of cluster formation using the method of parallel coordinates.
For example, we present the diagrams in Fig. 3 and Fig. 4, which show the pat-
terns of funding structure and development dynamics in 2018 of Odessa UTC,
formed in 2016.
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Table 2

Structure and composition of UTC patterns of Odessa region for 2016-2018

Patterns (formed in
2018)

Name of UTC (year of formation
2015-2016)

Name of newly UTC (2017)

Funding structures

{L1,1}

Novokalchevska, Konoplianska

Tuzlivska, Velykomykhailivska,

Kuialnytska, Starokozatska,

{1,1,1} Baltska, Marazliivska, Rozkvitivska |[Znamianska, Vylkivska,
Yaskivska, Molohivska

{1,1,13} Shyriaivska Berezivska

{1,1,1} Zatyshanska Dalnytska, Maiakivska

Dynamics of

development

Tuzlivska, Novokalchevska,

{r, 1,1} Baltska, Konoplianska,
Marazliivska, Rozkvitivska
{1,1,1} Velykomykhailivska
{r,4,1} Shyriaivska
{r, 1,13 Zatyshanska
Reverse subsidy (-)
{1,411} Biliaivska {-, !, {}Avanhardivska
{r,1,1} Krasnosilska {1,1,1} Shabivska
1,20
1,00
0,80
0,60
0,40
0,20
0,00
1 2 3 4
-0,20
-0,40 . o :
Krasnosilska Biliaivska Tuzlivska

Novokalchevska
——Marazliivska

—*—Velykomykhailivska
——Rozkvitivska

Baltska

Fig. 3. Funding structure patterns in 2018 Odessa UTC, formed in 2016
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Fig. 4. Patterns of development dynamics in 2018 of Odessa UTC,
formed in 2016

4.3. Dnipropetrovsk region UTC

The following are summary tables for the formation of associative rules
for comparing UTC for predicting patterns of dynamics based on patterns of the
structure according to the data of the Dnipropetrovsk region (Table 3).

According to Table 3, there are four powerful clusters of financing struc-
ture of Dnipropetrovsk UTC, which were formed in 2015-2016. We have clus-
ters of financing structure and clusters of development dynamics. The largest in
number of representatives is a cluster with a corresponding pattern (,1,13, it also
includes six newly formed communities. There is also again a cluster with a pat-
tern (,1,13, which includes eight representatives of UTC, which were formed in
2015-2016. The same cluster includes three newly formed in 2017 UTC. The
dynamics of development suggests that most of the previously formed UTC
form a large cluster with a pattern (1,1,43. Therefore, when predicting the dynam-
ics of newly formed UTC, we can take into account the attraction to this cluster.

The following figures show patterns of funding structures and develop-
ment dynamics in 2018 of Dnipropetrovsk UTCs, formed in 2016 (Figure 5,
Figure 6).
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Table 3

Structure and composition of UTC patterns of Dnipropetrovsk region

for 2016-2018

Patterns (formed in
2018)

Name of UTC (year of formation 2015-
2016)

Name of

(2017)

newly UTC

Funding structures

Apostolivska, Novooleksandrivska,
Solonianska, Varvarivska, Bozhedarivska,

Zaitsivska, Mezhivska,
Mykolaivska (Vasylkiv),

{1,711} Tomakivka, Sofiivka, Krynychanska, Devladivska, Raivska,
Pokrovska, Rozdorska Novopavlivska, Slavhorodska
Velykomykhailivska

1 Hrushivska, Liashkivska, Nyvotrudivska, |Chervonohryhorivska,

n Novopokrovska, Sursko-Lytovska Kytaihorodska
14 Sviatovasylivska, Vakulivska Yurivska, Liubymivska,
v Loshkarivska, Saksahanska
Tsyrychanska, Chkalovska, Myrivska, Mezhyritska, Shyrokivska,

{1,1,1} Vasylkivska, Lykhivska, Vyshnivska, larionivska
Malomykhailivska, Aulivska,

{r,4,1} Novolativska

Dynamics of

development

Apostolivska, Sviatovasylivska,
Vakulivska, Liashkivska, Nyvotrudivska,
Novopokrovska, Solonianska, Varvarivska,
Bozhedarivska, Tsarychanska, Tomakivska,

{1,171} Sofiivska, Vyshnivska Krynychanska,
Chkalovska, Novopavlivska,
Velykomykhailivska, Vasylkivska,
Rozdorska, Lykhivska, Malomykhailivska,
Aulivska,
{1,411} Zelenodolska, Hrushivska
{1,1,13 Sursko-Lytovska, Novolativska, Myrivska
{r,1,13 Novooleksandrivska
Reverse subsidy (-)
{1,711} Bohdanivska, Verbykivska
{-,1,1} Slobozhanska
Mohylivska Pershotravnevska,
LS Mykolaivska
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Fig. 5. Financing structure patterns in 2018 of Dnipropetrovsk UTCs,
formed in 2016
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Solonianska Sursko-Lytovska Slobozhanska

Fig. 6. Patterns of development dynamics in 2018 of Dnipropetrovsk UTCs,

formed in 2016

Comparing the clusters of communities of the three regions, it can be ar-

gued that the greatest diversity and number of clusters are observed in the

Dnipropetrovsk region, due to which it is the most successful object for observ-

ing the effectiveness of the patterning method in further research.
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Conclusions

The methodology developed in this article makes it possible to analyze
and compare the financial performance of the newly formed UTC with the re-
sults of other communities, both in their region and in the neighbouring one. An
assessment of the current financial and budgetary state of UTC makes it possible
to form sufficient resources to finance the priority areas of the socio-economic
development of the community and to increase the efficiency of the use of
budgetary funds. The tasks of the next stage of the study include several direc-
tions. First, an analysis of the new data for 2020 according to UTC, which were
created in 2019-2020, to reveal how their budget has changed, as well as the dy-
namics of development and the funding structure of these UTCs. Second,, the
automation of the pattern building process using the appropriate software. Fur-
ther research will also focus on testing the effectiveness and stability of the tem-
plating method as a method for analyzing the structural features of UTC. The
results of such an analysis will help predict revenues to the UTC budget and
identify effective ways of development.

The work was carried out as the part of the research work «Multicriteria
management of sustainable development of natural-economic systemy» at the
National university of Kyiv Mohyla Academy.
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2.1. Feature engineering Ha 0a3e AMHAMHYECKUX (PAKTOPOB sl
NPOrHO3HOT0 MO/ICJIMPOBAHUS PAa3BUTHS H IBOJIOIUM JKOHOMHYECKHX

CHUCTEM

Beeoenue

B sxoHOMETpHUYECKOM MOJETUPOBAHUM aKTYaJbHOU SBIISETCS MpobemMa
000CHOBaHUS CreU(pUKAIMK MOJIENHU, BHIOOpa MHPOPMATUBHBIX MPEAUKTOPOB
1 (OpPMHUPOBAHUS PAMOHATHLHOW COBOKYMHOCTH JK30TE€HHBIX IIEPEMCHHBIX.
Hacrpoiika pasMepHOCTH U CTPYKTYPbl IPEIUKTOPHBIX MPOCTPAHCTB — HAMOO-
Jiee MHHOBAIIMOHHAS COCTAaBIIAIONIAST MOJENBHBIX TexHojoruit Data Mining,
Data Science, Machine Learning. IlIupokoe pa3zHooOpa3ue ¥ MOIIHOCTh COBpE-
MCHHBIX ~aJrOPUTMOB IPOEKTHpPOBaHMS W 0TOOpa mpusnakoB (Feature
Engineering), pealii30BaHHBIX B MHOTOUYUCIIEHHBIX (PpeiMBOpKax u OuOIMOTE-
KaX MalIMHHOTO OOYYEHHUsI, ONPENEIISIOT CTPEMUTEIBHBIE YCIIEXH MMPOTHO3HOTO
MOJICTTUPOBAHUS JIJI1 MHOYKECTBA KjlaccoB 3ajad [1, ¢. 9 - 41].

[{enbro MpoeKTUPOBaHKS U 0OTOOpA MPU3HAKOB SIBIISIETCS MPEAOTBpAIICHUE
addekTa nepeodydeHus, TOCTUKEHUE OOJIbIIEH KOMIAKTHOCTH MOJICNIH 3a CUET
yaalieHusT U30BITOYHBIX PErpeccopoB, CHIKEHHE Pa3MEPHOCTH MPOCTPAHCTBA
MIPU3HAKOB, TOCTPOCHHE KiIacCu(PUKaTOpOoB, 000CHOBAHHAS MHTEPIIPETAIUs, BH-
3yasi3aIms.

KoHcTpynpoBanue mpocTpaHCTBa MPU3HAKOB 11€JI€CO00pPA3HO paccMaTpu-
BaTh B aKTyaJbHOW TMapajaurMe oOydeHHS MOJElCH Ha JaHHBIX. B pesynprare
oOy4eHHS U MPOEKTUPOBAHUS MPU3HAKOB UCXOHBIC JAaHHBIC COOTHOCSTCS C IIe-
JICBOH TIEPEMEHHOM, T00aBJIAIOTCS BHENTHUE UCTOYHHUKHU JAaHHBIX, B TOM YHUCIIC
HECTPYKTYPUPOBAHHBIX. | eHEpHpOBaHNE BEKTOPOB MPU3HAKOB MO3BOJISIET arpe-

IHpOBaTb AAHHBIC, HAIIPHUMCP, IIOTOKOBBLIC, COACPIKAIIMUC TCKCTbI, BPCMCHHELIC
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psiibl, N300pakeHus, BUJIE0, CBEICHUS U3 JKYPHAJIOB COOBITUN, UCTOPHH TOCE-
IICHUS CalTOB U T.1. [2].

Oxocucrema DS/ML — MoaenupoBaHust B HACTOSIIEE BpeMsl aKTUBHO pa3-
BuBaeTcs B HampapieHun Learning Feature Engineering (LFE). Ilocie oOyue-
HUSI MOJEIM Ha OOJIBIIOM KOJMYECTBE MPU3HAKOB MOKHO "BPY4YHYIO" WM aB-
tomatuuecku (AUtOML) otoOpaTh HX TOAMHOXECTBO, KOTOPOE HMEET
HauOOJIBIIYI0 TPOTHOCTUYECKYIO IIEHHOCTh M XOPOIIO OOYCIOBIMBAET TCHJICH-
MU U 11a0J0HBI B JaHHBIX. ba30BbIM MHCTpYMEHTapUEM SIBJISIETCS MIpemnpolec-
CUHTOBasi TpaHCHOpMaIIMs YUCIOBBIX U KaTErOPUAIbHBIX MPU3HAKOB, MOIIAro-
BbIC MPOIIETYpPHI epedopa U WCKITIOUSHUS, B3BEIIMBAHUE TIPU3HAKOB B perpec-
CUSIX U JIEPEBBSX PEIICHHM, METOJIbI aHAIM3a IJIaBHBIX KOMIIOHEHT U (haKTOPHO-
ro aHaiu3a, aHcaMOJEBbIE TEXHOJOTWHU, MPOLEAYPhl H3BICYEHUS SJIEMEHTOB
M300paXKeHU U TEKCTOBBIX MOCIEA0BAaTENbHOCTEN Ha 0a3e ryOokoro odyue-
Hus [3].

Texnonoruun LFE, u3nauanpHO paspabaThiBaeMbie [JIsi TEPEKPECTHBIX
JTAaHHBIX, CTAHOBSITCSI OCOOCHHO BOCTPEOOBAHHBIMH JIsI TPOTHO3HOTO MO/IEIH-
pOBaHUSI BPEMEHHBIX psAnoB. [Ipu aHanm3e oAHOMEPHBIX PSIOB AJIS BCETO Bpe-
MEHHOTO pslia, JUOO TOJBKO MJIs CKOJIB3SIIIUX WM PACIHIUPSIONIUXCS OKOH
OOBIYHO TEHEPUPYIOTCS MPU3HAKK Ha 0a3e OMUCATENbHBIX CTAaTUCTHK, (pu3nYe-
CKUX TIOKa3aTejie HEJIMHEMHOCTH M CIIO)KHOCTU CHUCTEMBI, a TakKe U3MEpSIo-
IIME TIEPUOTUIHOCTD TIOBEICHMSI JAHHBIX B Mpe/eax BpeMEHHOTO psijia, Iepro-
norpammsl [4, p. 259-289].

B nacrosmee Bpems LFE-uccnenoBanust B o6mactu MoaenupoBaHus JIu-
HAMUKHU PA3BUTHUS U HBOJIIOIMU YKOHOMUKHU B 4uciie 0a30BBIX METOJIOB HCIOJb-
3YIOT KJIACTEPHBIN aHAIN3 BPEMEHHBIX PSIIOB, B TOM YHCIJIE aHAJU3 CXOJICTBA 110
METpPUKaM PaCcCTOSHUM, HAIPUMEDP, METPUKE JUHAMUYECKON AedopMaiviu Bpe-
menu (Dynamic Time Warping — DTW). [l MoxenupoBaHusl JUHAMHYECKUAX
MPOLIECCOB, 3a(DUKCUPOBAHHBIX B BUJIE MOCIEAOBATEILHOCTEH HAOIIOJEHUN BO
BpeMeHH HaunboJiee MepcrneKTUBHBI MoJienu Tiybokoro oOyuenuss Deep Learn-

Ing Ha 0a3e peKyppEHTHBIX HEMPOHHBIX ceTeit [4, p. 289-342].
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B nannoil pabore paccmarpuBaercss LFE — moaxon Ha 0aze nuHamuue-
CKUX ()aKTOPOB, KOTOPBIE U3BJIEKAIOTCS B MPOLIECCE TUHAMUYECKOTO (PaKTOPHO-
IO MOJIEJIMPOBAHHUs HA TAHHBIX BPEMEHHBIX PSAJIOB.

CocTostHUS OUHAMUYECKOM CUCTEMBI, cocrosumiel u3 N 31emMeHTOB, B
MIPOU3BOJILHBI MOMEHT BpeMeHH t ompezaenstoTcs Habopom K BemwuwnH (B 00-
meM ciaydae K= N), Kaxgas U3 KOTOPBIX MOXET OBITh CKaJIspOM, BEKTOPOM,
MaTpunied win (QyHkuued. B peanbHBIX CHUCTEeMaxX KOHKPETHBIE COCTOSIHHS
OOBIUHO CBsI3aHBbl C HAOIIOAAEMBIMU KOJUYECTBEHHBIMH XapaKTEPUCTHKAMHU,
KOTOpPBIE€ NPUHATO Ha3bIBaTh NOKA3aTEIAMU JUHAMUYECKOM cucTeMsbl. [lokasa-
e y; =VY;(t), j=12,..,K, 3aa011e TeKylH1e 3Ha4CHUsI COOTBETCTBYFOIMX
VMHJAKAaTOPOB WJIM WHIEKCOB IPEJICTABISIIOTCS B BUAE BPEMEHHBIX pANOB [4,

p. 259-289], mox KOTOPHIMU MOHUMAIOT HEKOTOPHIE YHCIIOBBIE MOCIEA0BATEIb-

HOCTHU BHJA

Vi ={y; (1), ¥ ¥y @) v @)} (1=12,0), (1)
rae BepxHUil MHAEKC «T» ykas3blBaeT Ha TPAaHCIIOHUPOBAaHHME, N — KOJIUYECTBO
Touek HaOmoneHuit t u3 Bpemennoro npomexytka [0,T], T =t , Ha KoTopoMm
paccMaTpUBAETCs 3BOJIIOIMSA CUCTEMBI, U 3HaYeHUs {, BbIOMpaeTcs, Kak IpaBU-
70, ¢ PaBHOMEpHBIM Iarom At =t; , —t.. Takum o0Opa3zom, TeKyllee COCTOSTHHE

CUCTEMBbl MOXKHO 3aJlaTh MaHEIbHBIMU JaHHBIMU [5, c. 15—16], koTopbie 00pa-

3YIOT NMPSMOYTOJIbHYIO MaTpUILy HAOIIOACHUIM

v, ) vy, (t) ... y. ()
A R | @

yl(tn) yz(tn) yk(tn)

B dopmanbHbie ompeneneHuss TUHAMHYECKOW CHCTEMbI, KaK TMPaBHIIO,
BKJIFOYAIOT:
1) MHOXECTBO BO3MOXKHBIX COCTOSIHMM D , HazpiBaeMoe MPOCTPaHCTBOM

COCTOSIHUI WU (ha30BBIM MTPOCTPAHCTBOM JTMHAMUYECKON CHCTEMBI;
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2) oneparop 3Boound U , cTaBsIInid B COOTBETCTBUE KAXIAOMY COCTOSI-
HUI0 X € D cuctemsl B HadaJIbHbII MOMEHT BpeMeHH t =0 u kaxaomy mocie-

nyronieMy MoMeHTy Bpemenu t >0 HoBoe 3HaueHue cocrosinug U (X,t) e D.

Knaccudukanus nuHaMUYeCKHX CHCTEM OCHOBaHA Ha CIOCO0€ 3aMaHus
COCTOSIHUI CHCTEM, CBOMCTBAX OIepaTopa dBOJIOLUUA U METOAaX €ro OMUCaHUs,
ONPEICIICHNH 3aBUCUMOCTEN TIOKA3aTeNeN OT BpEMEHH U T.1. B 3aBucuMoctr ot
ATOTO Pa3NyaloT HEMPEPhIBHBIE U JIUCKPETHBIE, TMHEWHbBIE U HETMHEHHBIE, OT-
KPBITHIC U 3aMKHYTHIC, KOHCEPBATUBHBIE U IUCCUITATUBHBIC CHCTEMEI.

Ecnu u3BecTen ornepaTop 3BOJIIOIHMH, TO COCTOSIHUS CUCTEMbI CTAHOBSITCS
MOJTHOCTBIO OmpeieiieHHbIMU. Hanpumep, Tak Kak JBUKEHUE TUIaHET COJTHEUHOM
CUCTEMbl B JIIOOOW MOMEHT BpPEMEHHM OIlpejessercs 3akoHamMu HproToHa, TO
OIIepaToOp HBOJIIOIUMU MOXKHO TOCTPOUTH MPHU PEIICHUH COOTBETCTBYIOIIMX
HaYaJIbHO-KPAeBBIX 3a1a4 sl cucTeM TudPepeHInanbHbIX YpaBHEHUH JTBUKE-
HUAL.

Bwmecrte ¢ Tem, cymiecTByeT MHOXECTBO JAMHAMUYECKUX CHUCTEM, TaKUX
KaK, Hampumep, OUOJIOTrHYecKre, COIUaIbHO-O0IIECTBEHHBIE WM YKOHOMUYE-
CKHE, COCTOSIHUSI KOTOPBIX MOKHO OIPEJEIUTh TOJIBKO SMIIMPUUECKH, B TIPOLIEC-
ce HaOmoaeHui. B aTom cinyuyae oneparop 3BOJIIOLIMKA HEU3BECTEH, a €ro orpe-
JieJieHre BeCbMa 3aTPYJHUTEIBHO, €Clid BOOOIIEe BO3MOXHO. B 000ux ciyyasx
AJIIEMEHTHI MaTPHIlbl (2) MOXKHO CUHMTATh, B OOIIEM Ciy4yae, U3BECTHBIMU: IS
MIPOU3BOJIBHOTO MOMEHTa BPEMEHHU B CIIy4ae M3BECTHOTO OTEpaTopa dBOJIOLUU
¥ B 3aJaHHOM BPEMEHHOM HHTEpPBAJIC B CIIydae dMIUPUICCKUX AUHAMUYICCKUX
cucteM. [Ipu 5TOM, Ha HaIll B3IJIS, 3aCTYKUBAIOIIMM BHUMAHUS SBJISICTCS OTH-
CaHWE W TIPOTHO3MPOBAHHWE IWHAMHUKHA COOTBETCTBYIOIIUX BPEMEHHBIX PSIOB,
MOPOKTAEMBIX ITHMH CUCTEMaMHU.

B namewm cinydae paccMaTpuBarOTCs TUHAMUYECKHE YKOHOMHYECKHE CHU-
cTembl. bynem paccMaTpuBaTh MX Kak COBOKYITHOCTh KOHEYHOTO YHCJIa BPEMEH-
HBIX PSJIOB M CUMTATh ATy CHUCTEMY 3aMKHYTOW, MCKJITFOYMB B3aUMOJCHCTBUE C
OKpY’Karouien cpeoil. 3aaya COCTOUT B MTOCTPOCHUU MOAXOAIIECH MOIEIIH ISt

OIMnCaHuA AMHAMHWKH TaKUX CUCTEM H, B HaCTHOCTH, UX IIOBCACHUS B 6YI[YI_HGM.
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BaxxneiyuM CBONMCTBOM JMHAMHYECKHX CHCTEM SBJISICTCS CBOMCTBO
UHEPIMOHHOCTH [6, c. 357—358; 7, c. 3], HanboJee APKO HAIIESAIIEE CBOE OTpa-
KEHUE, B 3aKOHE MHEPIINH I MEXaHUYECKUX cUcTeM. B oOieM ciyuae, uHep-
IIMOHHOCTh — 3TO CBOMCTBO OOBEKTA, XapaKTEPHU3YIOIee 3HaUCHHE BEKTOpa CO-

CTOSIHUM BBIXO/Ja 7 B MOMCHT BpPCMCHH t, KOTOPOC 3aBUCHUT HC TOJIBKO OT 3HA-

YEHUS BEKTOpa COCTOSHMU BXOJla X B 3TOT K€ MOMEHT BPEMEHH, HO U OT BCE
00 YacTu ero mpeabicTopud. JJis AMHAMUYECKUX CHUCTEM BEKTOPHI BXOJa U
BBIXO/Ia SBJISIIOTCSA (DYHKITUSAMH BpEMEHHU. Y Ka3aHHOE CBOWCTBO MHEPIIMOHHOCTH
ABIsSIeTCSl (PYHJIAaMEHTAJIbHBIM TPU PACCMOTPEHUH SBOJIONUUA JUHAMUYECKUX
AKOHOMMYECKUX CUCTEM, U TIOITOMY SIBJIIETCS OCHOBOM pa3pabOoTaHHON MOAEIH.
DTO 0O3HAYaeT, YTo BCs HeoOXoaumasi UHpoOpMaIus CONECPKUTCS B CaMUX Bpe-
MEHHBIX PSJaX, U HY’KHO TOJIbKO IPaBUIIBHO €10 BOCIIOJIb30BATHCS.
NHepuroHHbIE TUHAMUYECKHE CUCTEMbI B JIMHEHHOM CITy4ae OMUCHIBAIOT-

Cs BCKTOPHBIMU MHTCTPpaIaMH TUIIA CBCPTKH (HHTeraJIaMPI I[IoaMeJIH):
t
y(t) = [H({t-tx(z)dr. (3)
0

[lepemeHHass UHTErpUpPOBaHUS T, U3MEHsETCs coriacHo (3) B mpenenax
or 0 10 t, u pu 3TOM BEeKTOp X(T) MPHHMMAET BCE 3HAYCHMS OT HAYAITHHOTO
X(0) mo xonewnoro X(t). DTH 3HAUCHUS «CYMMHPYIOTCS» C BECOBOM MaTpHIleit
H(t — 1), KoTOpas npu HE CTAIIMOHAPHOCTH O0BEKTA, OYy/IeT 3aBUCETh HE TOJIHKO
OT Pa3HOCTH t — T, HO U SIBHO OT BpeMeHu t, To ecth, H =H(t,t—1).

[lpu 3ameHe wHTerpupoBaHus B (3) ONpEACICHHBIMH KBaJApaTYPHBIMH
dbopMysiaMu, I ydeTa MHEPIIMOHHOCTH B CIIy4ae TUHAMHYECKOH CHCTEMBI C
JUCKPETHBIM BpEMEHEM, IOJIy4aeM MOJENH BEKTOpHOM aBroperpeccuu VAR
(Vector AutoRegression) wim Gojiee COBEPIICHHBIC MOJCIH CO CKOJIB3SIIAM
cpenanm ARMA  (AutoRegression with moving average) [8, c. 63-98; 9,
c. 14-29]. B »Tux MOJENAX OMKHCAHUS COBMECTHOW JWHAMHKU CHCTEMBI BpE-
MEHHBIX PSJIOB BEKTOpP COCTOSHUS (TEKyIIWE 3HAYCHHS IOKa3aTesei) ompene-

JIAIOTCA MPOUUJIBIMHA 3HAYCHUAMU 3THUX K€ BPEMCHHBIX PAIOB. C ucnoyin30BaHu-
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€M BEKTOPOB Y, = [ytl, yt2 yt”]T JUTSL KaXKJI0TO BPEMEHHOTO Psijia MOJEIIb MOYKHO

3amucaTh B BEKTOpHOH (hopMme:
p
Ye=a5+ D A Yim +E (4)
m=1

rae A, — mMatpuipsl K03(p(QUIUEHTOB, €, — BEKTOpP OLIMOOK.

OcHoOBHBIE TPOOJIEMBI, IPUCYIIAE ITUM MOJENSAM, CBSI3aHBI C PE3KUM pO-
CTOM KOJIMYECTBA HEU3BECTHBIX [1aPAMETPOB IIPU YBEIMYECHUU aHAIU3UPYEMBIX
BpEMEHHBIX psaoB. OOBIYHO MAHENIbHBIE JaHHbIE, COCTABJICHHBIE U3 YKOHOMMU-

YECKUX HOKaSaTeJIeﬁ, MOI'yT UMCTb JO HCCKOJIbKHX TbICAY 3JICMCHTOB, a4 MaT-

puna Hyij H — COOTBETCTBYIOLIYIO pa3MepHOCTh. [loaToMy, pu TakoM KoJinye-

CTBE HEU3BECTHBIX, MOJICIIM aBTOPErPECCUil CTaHOBATCS HEAD(DEKTUBHBIMU, a
IIPU TPEBBINICHUN YHCIIa TTEPEMEHHBIX HaJ KOJIMYECTBOM HAOIOACHUNA HX
IIPUMEHEHHE OKa3bIBAE€TCS BOOOINE HEBO3MOXKHBIM. YKa3aHHBIE OOCTOSTEIb-
CTBa CTHUMYJIMPOBAJI pa3pabOTKy HOBBIX MOJEJEH JIJIs aHaIn3a HH(pOpMaIuu ¢
OOJIBIIMM KOJIMYECTBOM JAHHBIX C MCIOJh30BAaHUEM TaK Ha3bIBaeMbIX, MU DY3-
Heix wmHAekcoB (diffusion indexes) [10, p. 7]. DTo HampaBieHHE MOJIYYHIIO
Ha3BaHue AuHamuueckoro Qgakropnoro ananuza (JDA) [11, c. 3], a onpenens-
IOIasi €ro HAes OCHOBBIBACTCS Ha CIEAYIOIIEM MPEATONOKECHUH (THIIOTE3e):
OUHAMUKA OOJIbULO20 YUCAA BbIOPAHHBIX IKOHOMUUECKUX nokazamenell (Habio-
0aemblX U HeHaOa0aeMblX NepemMeHHbIX) Modcem Oblmb A0eK8AMHO ONUCAHA
CYWECMBEHHO MEHbUUM YUCTIOM HOBbIX HeHabaooaemuvlx nepemennvix. Cleno-
BaTeJIbHO, MH(POpMAIIKS, MPHUCYIas OObEMHBIM IaHEIbHBIM JIaHHBIM, MOXET
OBITh CKOHIICHTPHPOBAHA B TWHAMHYECKHX (DAaKTOPHBIX MOJEISIX 3HAYUTEIHHO
MeHbIIero pasmepa. Hanpumep, eciiu cymecTByeT HeKOTopasi (PyHKITUS MHOTHX

NCPEMCHHBIX
P =P, O =0 =12k )

ONUCHIBAIOIIASl COCTOSHUE TUHAMUYECKONW SKOHOMHUYECKOW CHCTEMBI B IPOM3-
BOJIbHBI MOMEHT BPEMEHHU, TO MIOCTPOCHHUE JUHAMUYECKOMN (DaKTOpHON MOJeH

COCTOMT B COKpAIICHUH KOJUYECTBA MEPEMEHHBIX B ypaBHEHUHU (5), TO €CThb
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HEOO0XO0JIUMO, UCXOAS U3 YpaBHEHUS (5), YMEHBIIUTh KOJIMYECTBO MEPEMEHHBIX

1 HalTH HpI/I6J'II/I}KeHHy1-O 3aBUCUMOCTDB THUIIA

YO =¥ (y;0) = (Fy(y,)) =) (6)

m=12,..M - M

rje <K - Makcumanbio Bo3MOKHOE UHCIO (bakTopoB.

Oyukuun F,(Y;) 3a71aHHBIX BPEMEHHBIX PS/IOB TOIYYHIN HAa3BaHUE /U~

HaMU4YecKuX (pakTopoB. OHU ONMHUCHIBAIOT COBMECTHBIE U3MEHEHUS MTOKA3aTENeH
BO BPEMEHH M B COBOKYITHOCTH II03BOJIIIOT IIOJIHOCTBIO MOJEIUPOBATh U IIPO-
THO3UPOBATh IMHAMUKY cucTeMbl. ClieyeT MOAYEepKHYTh, UTO €CH Tu(Py3HbIe
MHJCKCHl MPEACTaBISAIOT CO00M HEKOTOpbIE CpeAHHME 3HAUYEHUs BBIOPAHHBIX
BPEMEHHBIX PS/IOB, TO JUHAMUYECKUE (PAKTOPBI ABISIIOTCA UX QyHKUUAMH. [Ipu
3TOM, NPUHLIHIHAIBHOE OTJIMYUE MOJEIN 3BOJIOLUUN JUHAMUYECKUX SKOHOMMU-
yeckux cucteM B Metone DA or knaccuueckux AR(L) cxem cocTouT B TOM,
YTO JJI y4yeTa JUHAMUYECKUX WU3MEHEHUN B HUX MCHOJIB3YIOTCS HE CaMU IOKa-
3aTesu, a AMHaMUYecKue (hakTopbl, aKKyMYJIUpYIOIie HH(POpMALIHIO O TIOBEIe-
HUH BCEU CUCTEMBI B LIEJIOM.

I]eny cTaTbyu COCTOUT B BO3MOXKHOCTH MPOJEMOHCTPUPOBATh 3PPEKTHB-
HOCTh MCIOJIb30BaHUS JUHAMUYECKOTO (DaKTOPHOTO aHAJIM3a MPU MOCTPOCHUU
MOJEJIE SKOHOMUYECKUX CHCTEM JUIsl ONMCAHUS UX JTUHAMHUKHU B MCCIIETyEMOM

BPEMEHHOM HUHTEPBAJIC M HAXOXKJICHHUH ITPOTHO3HBIX 3HAYCHUH TTOKA3aTENICH.
Mooenv ounamuueckoeo ghakmoprozco ananusza (/[PA)

KonuenTyanbHbie nonoxkenus nocrpoenust moaenu DA, coueraromine B
cebe METOJbl KJIACCHUECKOTO (PaKTOPHOTO aHaliu3a U BEKTOPHOM aBTOperpec-
cum, omucansl B [10, ¢. 20-21; 12, ¢. 198], a B [13, c. 90-92; 14, c. 120—125]
MpUBeEIeHa 00IIas cCXxeMa MX MOCTPOCHUS.

B moxaensx ¢akTopbl IpeACTaBISIOTCS JTUHCHHOM KOMOWHAIMEH 3a/1aH-

HBIX WM pe3uayanbaeix y" Y [14, ¢. 122] panos,

F(0)=3a,y™ (1), m=12,..M, (7)
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Bpemennbie uaMeHeHus B MOJIenn yuuTbiBatoTcss AR(L) olleHKaMu m-ro

baxTopa

E@®=c +3c.F(t-1), m=12...M, 8)
1=1

IZ€ C,4, C, — KOAP(UIMEHTHI aBTOPETPECCHUM.

B cBow ouepenb BpeMEHHBIE PSAIbI MOCPEACTBOM YPABHEHHMM JIMHEWHOU

perpeccuu

M
() = Gy + 8+t Qg + D Ay O (1), =120,k 9)
m=1

BBIPAKAIOTCS Yepe3 (haKTOPHI, MPEJCTABIAS COO0M HEKOTOPYIO alMPOKCUMAIIUIO
WJIM OIIEHKY 3aJIaHHBIX PSIOB.

B peannzoBanHOM anroputme GakTOpbI ONMPEAEISIOTCS MOCIEI0BATEIHHO
OJIMH 3a JIPYTUM, U JUIsl HAXOXJACHUS HEU3BECTHBIX KOA(D(UIIMEHTOB B ypaBHe-
HUsX (7)—(9) Ha KaxJOM Iare OTHICKUBAECTCS MUHMMYM I1EJIEBOM (PYHKIIHMU
D, =D, (7, Boppyr s Qs Cums Comr+r Cums Ogms Oy e Ay ) » IPUHAMAEMOW B BUAE, TPH-
BeJleHHOM B [14, c. 123]. Munumu3zanus 3Toi (QyHKIIMH, KOTOpas BKIIOYAET B
ce0s1 Bce HaOJr01aeMble OTKJIOHEHHS] BPEMEHHBIX PsIIOB M (DaKTOPOB OT UX Olle-
HOK, TIO3BOJISIET OJHOBPEMEHHO OMPEIEIUTh HEOOXOauMbIe KOIPUIIUEHTHI, a
BBEJICHHE JIONOJIHUTEIBHBIX MapaMeTpoB (BECOB) aeT BO3MOXHOCThH Oosee
rUOKOTO OMHUCAHUS SMITUPUUYECKUX JaHHBIX.

B coBpeMeHHOl TIpakTHKe aHaM3a BPEMEHHBIX PSIIOB HCIIONB3YETCS pe-
TPOCTIEKTUBHAS OIIEHKAa IPOTHO3a, TaK Ha3bIBaEMbIA «EX-POSt mporHo3» [4,
p. 449-469; 15, c. 103—113], dpakTHUeCKHU SBISIONINIICS HEKOTOPOU UMHUTAITUEH
mporiecca MPOTrHO3UPOBaHUs. B 3TOM ciydae A OIICHMBaHs KaduecTBa MOJICIH
MPUMEHSIOT YCEUCHHBIE BPEMEHHBIC PSIbl, U PE3YJIBTAThl MOJYYEHHOTO «IPO-
THO3a» TI0 JJAHHBIM COKPAIEHHOW CHCTEeMBbl HAOJIOMCHUN CPaBHUBAIOTCS C WX
(baKkTHYeCKUMU 3HAYCHUSMU. 3aMETHUM, YTO BO3MOXKHOCThH HCIIOJIH30BAHUS MO-
JIeJH, ONpeeNIeHHOM B mpolecce €X-PoSt mporuosa, B MPOrHO3HOM BPEMEHHOM
UHTEpBaje PaKTUYECKH OCTAETCS HUYEM HEOOOCHOBAaHHOM.

KauecTBO mocTpoeHHON Moaenu OyJaeT OompenessiThCs MmapameTpaMu 3a-

Jlayd HEJIMHEWHOTO NPOrpaMMHUPOBAHUsA, PEIIEHUE KOTOPOM 3aBUCUT OT BbI-
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OpaHHBIX 3HaYEHUI BECOB W, , W, , KOHCTAHT HOPMHUPOBaHUA V_, JUIMHBI Jara L,
a Takke OT OTHOIIEHUs n=T,/T Mexay 0a30BbIM T ¥ KOHTPOJIBHBIM T, IEpUO-

namMu B €X- post mporunoze. OmuOku mporHo3a OyAyT GyHKUMSIMHU 3TUX Mapa-
METPOB.

B wucnonb3yeMblx MOJENSX NPU HAXOXKICHUM MPOTHO3HBIX 3HAYEHUU
NPUHUMAETCSl TPENNOJI0KEHNE O JTUHAMUYECKOM HMHBAapUAHTHOCTH UCCIeaye-
MO CHUCTEMBI, TO €CTh CUYUTACTCA, UTO (PYHKIIMOHATBHBIE CBSI3U MEXy MOKa3a-
TEJISIMU, KOTOPBIE CYIIIECTBOBAIIM B MEPUO]I HAOIIOIeHU, OYAYyT COXPaHAThCS U
BO BPEMEHHOM ITPOMEKYTKE, BBIOPAHHOM JIJIs1 TPOTHO3UPOBAHUS. ITO O3HAYAET,

yTO ypaBHeHUS (8), (5) MOXHO MPUMEHATHh TAKXKE IMPU 3HAYCHUSX BPEMEHHU

t>T. [Iporno3 mns kaxmoro psga Y(t) CTpoUTCS MOCIE HAXOXKACHUS MTPOTHO3-

HBIX 3HauYeHU QakTopoB F_ (t) ¢ moMoIibio ypaBHEHUH (9), B KOTOpbIE BMECTO

(akTOpOB MOJCTABIISIFOTCS UX MPOTHO3HBIE OLIEHKHU.
[Ipu peanuzauuu cxembl €X-POSt mporHo3a GpakTUyecKue 3HAYEHHsI BCETO

Imepnoga H&6J’II-0I[GHHﬁ HU3BCCTHBI, U 3TO IIO3BOJIACT OIIPCACIINTD OIIII/I6Ky IIpo-

rHO3a A, KaK pa3HOCTb ()aKTUYECKOro Y, = Y(t) u f/t = f/(t) IIPOIHO3HOI'0 ypPOB-

Heil A =y, —Y,. dua xaxnoro psga OymeM umMeTb n—p (n— 4YHCIO TOYEK
HaOMIOACHUS, P— YHUCIO TOYEK B MHTEpBaJIe MPOTHO3UPOBAHUS) OMUOOK. J1jis
OLIEHMBAHHUS TOYHOCTH MPOTHO3a MOXHO HCIOJIb30BaTh 0000OIIAONINE OLEHKH:

CpPEeIHIO aOCOJIIOTHYIO M KBaJpaTUUYHYIO OIIMOKU. Takke, Ha MpPaKTUKE, JJIS

CpPaBHEHUS PA3TUYHBIX MPOTHO3HBIX MOJENIEH HUCIONB3YIOT OMMOKH anmpOKCH-

marun A=A |/ (n—p) S=4TAZ/(n-Dp).

JIns mOCTHKEHUS TOCTABICHHOM 1IN, T.€. JUIS JAeMOHCTpanuu 3¢dek-
TUBHOCTHU pa3pabOTaHHBIX KOHIIENTYaJIbHBIX MOJXOJO0B MPEICTaBUM OCHOBHBIC

pe3yJIbTaThl, OJyYeHHBbIC Ha 0a3e MOCTPOCHHBIX MojecH pazauanbix D/IC.
Mooenuposarnue OUHAMUKU MUPOBBIX (POHOOBBIX UHOEKCO8

DKOHOMHYECKAsI CHCTEMa, COCTOSINAs W3 COBOKYITHOCTH HEKOTOPBIX OC-
HOBHBIX MHUPOBBIX (DOHIOBBIX MHAEKCOB paccMoTpena B [12, ¢. 198-201]. Un-

JEKC — 3TO KOA(P(UIMEHT, TMHAMHKA KOTOPOTO MOKA3bIBAET M3MEHEHUE CTOU-
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MOCTH OIIPEAEICHHON IPYIIIbI IEHHBIX OyMar, HalpuMep, BCEMUPHO W3BECTHBIM
unaekc Jloy Jxonca (Dow Jones Industrial Average) oxBaTeiBaeT 30 KpymnHei-
mux kommanuii CIIIA. MMeHHO HWHAEKCHl MO3BOJISIIOT CYAuTh 00 oOI1eM
HaIpaBJICHUM JIBUKEHUSI BBHIOPAHHOTO TOPT(dENss aKTUBOB, XOTS IEHBI AKIIMMA
BHYTPH HEro MOTYT HM3MEHATHCS B pa3HbIX HampasieHHsX. CyllecTBYOIINE
MHOTOYHUCJICHHbIE (HECKOJIKO ThICAY) (DOHIOBBIE MHACKCHI MPHU HCCIEAOBAHUU
OOBIYHO Pa3ACISAIOT Ha TPYIIBI MO PA3IUIHBIM KPUTEPUSIM, HAIPUMEpP, 3TO MO-
r'yT ObITh MHAECKCH KoMmaHuil paznuunbix ctpan: CIIA, Anonun, Kurtas u 1.1.
[TocTpoeHHass MoOAENIb IWHAMHYECKOW SKOHOMHYECKOM CHCTEMBI BKJIIOYAIa
HIECTh M3 JIECATH OCHOBHBIX MHPOBBIX (POHIOBBIX HHAEKCOB: Dow Jones
Industrial Average, Nasdag Composite, Standard&Poor’s 500, FTSE 100, DAX
u CAC 40.

Jlnia aHanm3a ObLI BEIOpaH NEepro/l MPOIOJDKUTENBHOCTHIO B 10 MecsIeB ¢
MapTa 1o nekadpp 2016 r. (JlaHHble, TOCTYIIHBIE BO BpEMsI HAIIMCAHUS CTaThH).
[Tpu noctpoenun moaenu JIDA yuuthsiBanucek Tpu (HakTopa v TPU €IUHULBI 3a-
na3zapiBaHus. [[porao3upoBanye BhIMOIHAIOCH HA TPU €AUHUIBI BIIEPE, T.€. Ha
sHBapb, GpeBpanb U MapT 2017 r. 3BecTHbIC 3HAYEHUSI WHJIEKCOB 32 SHBAph U
deBpans 2017 1. HCHOIB30BAIUCH B KAUECTBE KOHTPOJBHBIX 3HAYEHUH IS OI1e-
HUBAHSI POTHO3A.

B mocTtpoenHoi#t Mojieny 3Ha4eHHsI BECOB B 11€JI€BOM (PYHKITUU OTIpEIeis-
I0TCSl IPY MUHUMM3AIMKU OITMOKHA OJTHOTO U3 TOoKa3artesiel. B pesynbraTe mosy-
YeHa HEKOTOpas annpoKCUMalus 3aJaHHBIX BPEMEHHBIX PSAIOB, U HalJICHHBIC
BECa OIPEIEISAIOT NMOBEAECHNE BCEH CUCTEMBI B 1enoM. Hactpoiika Ha npyrue
NIOKAa3aTeNId MPUBOIUT K IPYTUM 3HAYEHUSIM BECOB U COOTBETCTBEHHO U3MEHSET
annpoKcUMaIuio. b0 MokazaHo, 4TO MHUHMMAaJbHAas OLIMOKA NaeT HauIyd-
HIYIO0 allpPOKCUMALIMIO TOJBKO JJIsi BBIOPAHHOTO psijia, a UIsl Ipyrux mokasare-
JIell MOKeT HaOIoAaThCsl BECbMa 3HAUUTENbHAs OIIMOKa.

Hamu nomydeHsl pe3ynbTaThl alllPOKCUMALMKA M MPOTHO3 I KaKJI0TO
BPEMEHHOTO psfa OTAEJIBHO IPU HACTPOMKE MOJIETN Ha pa3Hble oka3arenu. Ha
puc. 1, 2 B KauecTBe WUTIOCTpAIMK MpUBeAeHbI Tpaduku 11 unjaekco DIJTA u

CAC 40, 3aumcTBOBaHHbIe U3 cTaThu [12, ¢. 200, 202, 203]. KpuBble 0TMEUYEHBI
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OIHO3HAYHBIMHU MW TPCX3HAYHBIMHU YHCJIAMH: OJAWMHOYHBIC 4YHCJIAd — JJaHHBIC

Ha6JI}O,Z[€HI/II>’I; B TPCX3HAYHBIX YHUCJIaX IICPBBIC IBC HI/I(pr)I YKa3bIBAlOT, 4TO 3TO

AIIIPpOKCHUMalUA ITOKAa3aTCJIsI ¢ COOTBCTCTBYIOIIMM HOMCPOM, IOCICOAHAA uncbpa

YKa3bIBACT, IO KAKOMY pAAY IIPOBOANIACH MHUHUMMH3AIIUA, 6YKBa «D» BO3JIC

udpsl YKa3blBaro, 4YTO 3TO HaOJI01aeMble KOHTPOJIbHBIE 3HaueHus. Hampumep,

1 — 3ayanHbIe 3HaueHus (0TMe4YeHbl Mapkepamu); 111 — anmpokcumarius nepBo-

ro psa Ipy HaCTPOMKE MOJENM Ha MEpBbIA BpeMeHHOU psafn; 112 - anmpokcu-

Mallusi TOTO e psAJia IpU HACTPOUKE MOJIEIHU Ha BTOPON BpeMeHHOU psia; 113 -

anmpoKCcCUMalus Npyu HACTPOMKE MOJIETIM HAa TPETH BPEMEHHOU psii U T.4., 13 —

KOHTPOJIBHBIC 3HAYCHHUA TICPBOI0 IIOKA3aTCIIA. Bce PE3yJIbTAaThl IMOJYYCHBI IJIA

BpPECMCHHBIX PAJOB, HOPMHUPOBAHHBIX CBOMMH CPCAHHMH 3HAUCHUSAMU, HaﬁHGH-

HBIMU 10 JTAaHHBIM 0a30BOT0 IPOMEKYTKA, TO3TOMY Ha rpadukax MpeCTaBICHBI

Oe3pa3MepHbIC BEITUYHHBI.
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Puc. 2. lunamuka ungexca CAC 40

Hcmounux: aemopckas pazpabomka na oannwix uz cmamou [12, ¢. 200; 15 (311. Pecypc]

Takum 00pa3om, TpPU MOJCIUPOBAHUM IMOIYYaeM MYJIbTHBAPUAHTHBIN

IMPOTHO3: M0 MECTh IMMPOTHO3HBIX 3HAUYCHUM JJIS IIECTHU PAOOB. Tak kak HUOCHTHU-

(GbUIMpoBaTh P, KOTOPHIA ONMpEACIsIeT JUHAMHYCCKOES TTOBEICHHE CUCTEMEBI, B

HEJIOM HC MPCACTABIIACTCA BO3MOKHBIM, uenecoo6pa3Ho B KQUCCTBC ITPOrHO3HO-

o 3Ha4CHHA HCIIOJb30BAaTh CPCAHCC apI/I(l)MeTI/I‘-IeCKOG IMOJIYYCHHBIX 3HAUYCHUU.

B Ta6n. 1 nmpuBeneHwsl cpenHue apudMETHUYECKUE 3HAUCHHS, TMOJYYEHHBIC B

Mpoliecce pacyeToB (MPOTrHO3) U KOHTPOJIbHBIEC 3HAUYCHUS MTOKa3aTeIeH.
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[Tomy4yeHHble 10 AaHHBIM Ta0J. 1 OMIMOKK MPOTHO3HBIX 3HAYEHUN aHAIIN-
3UpyeMoi cucTeMbl (POHAOBBIX UHACKCOB, XOTSI U OTJIMYAIOTCS APYT OT JAPYyTa, B
LEJIOM JOCTaTOYHO Mayibl U He mpeBblmatoT 3,1%. [Ipum 3TOM MakcuManbHbIE
omuOKu nojrydeHsl st uuaekca DAX B suBape 2017 r. u cocraBisitor 1,9%, a
st qaHHBIX 3a (eBpanb 2017 r. MakcumanbpHas ommoOKa sl WHAekca Dow
Jones DJIA u cocraBnser 3,1%. OmuOKku MPOTrHO30B JAPYTrUX IOKa3aTeleu
MEHBIIIE ITUX 3HAYCHUH U, HAPUMED, JI MEPBBIX YETHIPEX UHJECKCOB B STHBape
onu He npesbimaiot 0,5%. Bmecte ¢ Tem, ommubka MpOrHo30B Jis BCEX MHJIEK-
COB BO3pacTaeT Ha CIEAYIOUIEM IIare, U MO3TOMY ISl YJIYYIICHHS KayecTBa

IIPOTHO3A [eJIeCO00Pa3HO HCITOJIL30BAHUE PEKYPCHBHOM CXEMBI IPOTHO3A.

Tabnuya 1
[Iporro3usie 1 aKTUUECKHUE 3HAYCHUSI HHACKCOB B KOHTPOJIBHOM MEPUO/IE

Mecsan | Manexc Dow Jones In- Nunexc Nasdaq Wunexc Standard&Poor’s
2016 . dustrial Average Composite. 500

IIPOTHO3 ¢akr IIPOTHO3 ¢akr IIPOTHO3 daxt
saBapp | 19,81716 | 19,90052 | 55,39749 55,539 22,67665| 22,7345
despanp | 19,80292 | 20,43414 | 56,54156 57,684 22,84623| 23,3097
Mecsi Nunexc FTSE 100 Nunexc DAX Nunexc CAC 40

IPOTHO3 daxt IIPOTHO3 dakr IPOTHO3 dakt
STHBaph 71,83172| 72,0824 11,4057| 11,62011 47,92856| 48,6366
deBpab 74,11488| 72,4042 11,47975| 11,74543 47,66496| 48,4669

Hcemounux: asmopcekas paspabomra na oanHvix uz cmamou [8].

Baxxno otmetuts, 4To 3pdexkTuBHOCTh Hcnoib3oBanus DA mis mone-
JMPOBAHUSA PACCMOTPEHHOW CHCTEMBI MHPOBBIX HWHJIEKCOB MOATBEPKIACTCS
IPOrHOCTUYECKON JOCTOBEPHOCTHIO MOCTPOEHHOU Monenu. [Ipu uccienoBanuu
UCIIOJIb30BaHbl JaHHble caiita http://www.ereport.ru/ [16], npexacraBistomme
YCPEIIHEHHBIE 32 MECAIl PE3yJIbTaThl €KETHEBHBIX OMPkKEBBIX TOproB. [TloaTomy,
MPaKTUYECKOE MTPUMEHEHHE Pa3pad0TaHHOTO METO/Ia MPOTHO3UPOBAHUS CBSA3AHO
C MEPEXOJOM HAa COOTBETCTBYIOLINM BPEMEHHOM 1Al B PEKUME PEAIBHOIO Bpe-

MCHH.
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ﬂMHaMull€CKa}1 gbCZKWZOpHG}Z Mooeib MAKPOIKOHOMUHECKUX nokaszameineu

Hexomopbix egponetickux cmpan u ovieuiux pecnyoiuxk CCCP

B xadectBe BTOpOro mpumepa npuBeaAeM pe3yIbTaThl, OTyYeHHbIE B [13,
c. 19-24] npu MoaenupoBaHUU TUHAMUKHA CUCTEMbl MAKPOIKOMHYECKUX MOKa-
3aTeneil, OTpaXkaloluX U3MEHEHUsI B SIKOHOMHUKE HEKOTOpPBIX cTpaH EBpombl B
TedueHue nocieanux 20 jer.

Jlnst vccnenoBanusi Obl1a BhIOpaHA TPYIAa TMOCTCOBETCKUX PECITyOJTHK:
JlatBus, JIutBa, DctoHus, benopyccus, YkpanHa, nocrconuaiucTuieckas Ben-
rpus U Kanutanuctudeckas Ounansgaaus. [ ananmsa Obljla cOCTaBeHA CUCTe-
Ma u3 a0COJIIOTHBIX MakpoIlokazareyie, Takux kak HomuHaidbHbI BBII, BBII
o IITIC (maputeTy mokymaTeiabHON CIIOCOOHOCTH), 0OBEMBI DKCIIOPTA U HM-
1opTa, a Takke oO1muii BHEIHUM 10arT. Ha MOMEHT npoBeicHUs aHaIu3a CTaTH-
CTHYEeCKHe AaHHbIe OblIM orpannyeHsl 2018 rogom [16].

B npouecce mopenupoBanus O0bU10 paccmMoTpeHo uaMeHeHue BBII mo
ITIC ¢ 1997 o 2016 roasl 151 BCEX, BKIFOYEHHBIX B CUCTEMY CTpaH. Y CTAHOB-
JIEHO, 4YTO, HecMOTps Ha pas3Hbli o0bem BBII u pasHoe o001ecTBEHHO-
SKOHOMHYECKOE YCTPOWCTBO CTpaH, JAWHAMHKA €ro HM3MEHEHUW JOCTaTOYHO
om3ka. [lpu cymecTBeHHOM, TOYTH MOHOTOHHOM, POCTE 3TOI'0 MaKpOIKOHOMH-
yeckoro nokazatens k 2007 rogy, B 6osiee mo3gHEM MEPUOJIE TEMITBI pOCTa CY-
IIECTBEHHO 3amesaroTcs. HabmroqaroTes 3HaunMTENbHBIE KoJieOaHus, Hanooee
3ameTHble Wi benmapycu, Ykpannasl 1 @unistnauu. [Ipu stom nocite 2013 roxa
HaOmogaetcs nmanenue oobema BBII mist Ykpaunsl, benapycu u yactuaHo Jyist
Benrpun.

Ha 2008 u 2013 r. npuxoasatcs J0KaIbHbIE MAKCUMYMBbI, KOTOPBIE XapakK-
TepHbl 1ia Beex crpaH. [lanenne BBII xapakrepno B 2014, 2015 rr. ans bena-
pycu, YKkpauHbl U 4yacTU4HO JIuTBBI, B TO Bpems Kak it OunnsHauu u Ben-
rpuM, HA00OPOT, JaKe HAOJIOMANICS HE TOJIBKO BO3pacTaHHWe, HO U YCKOPEHHUE
€ro TeMIoB. 3aMETUM, UYTO PE3KOE U3MEHEHUE MoKazaTess il Y KpauHbl, ove-
BHJIHO, CBs13aHO ¢ cOOBITHSIMHU 2014-2015 rT., KOTOpHIE TaKKE MOBIUSINA Ha KO-
HOMHUKY cocefHux ctpaH. CoBIaJieHHe MaKCUMyYMOB U MUHHUMYMOB Ha IpUBE-

neHHbIX B [13, ¢. 95] rpaduKoB MO3BOJISIET MPETIONIOKUTH, YTO CXOJCTBO JUHA-
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Muku BBII paccMOTpeHHBIX CTpaH OOYCJIOBJIEHO KAKUMHU-TO OOLIMMH MHpPUYH-
HaMHM, a BO3MOKHO U BHEIITHUM BO3JACHCTBUEM.

B npouecce moaenmpoBaHusl U3y4ajaoCh BIIASIHUE COCTaBa CUCTEMBI, KO-
audecTBa (aKTOPOB W JUIMHBI Jiara, a Py HaXOXKJICHUH MPOTHO3HBIX 3HAYCHUM
VCMOJIB30BAIMCH PA3JIMYHBbIE KOHILIENTYaIbHbIE MOJIXOAbI K MPOTHO3UPOBAHUIO,
MHTEPBAJIBHBIM W PEKYPCUBHBIN C YCPEIHEHHUEM IPOTHO3HBIX 3HaueHuiu. Tak,
HarpuMep, i1 MaKpOIKOHOMHYECKHUX MOKazaTesieil DCTOHUU MOCTPOEHA MO-
nens JIDA u3 natu nokasateneit: HomuHanbHOoro BBII, BBIT / ITIC, skcrnopTa,
uMIiopta u BHemHero aoira (B % BBII). Biusaue cocraBa cucTeMbl mokasare-
Jed U KoJaudecTBa (PaKTOPOB OLIEHUBAIOCH MpHU 3a(UKCUPOBAHHOM 3HAYCHUU
nmara L=4. Pacuersl ObUIM BEINOIHEHEI I MOJENEH C OXHUM, ABYMS U TPEMS
(dakTopamMu COOTBETCTBEHHO. [Ipu pazHOM KoJimuecTBe (PAKTOPOB HAXOMIICS
yCpeAHEHHBIH MPOTHO3 Ha oJuH mar Brepen (puc. 3—6). CruioniHele JIMHUU Ha
rpadukax COOTBETCTBYIOT PACUETHBIM 3HAYEHHUSIM BPEMEHHBIX PAJIOB, a OTMe-

YCHHBIC MAapPKCPaAMHU — (1)aKTI/I‘-I€CKI/IM.

MJIpA. MJIpA.
$ USA HMPOTHO3| ¢ ysa Nporios
2 2
40 S 40 g
30 ° 1 30 ri
, AN LA
» A
10 3 10 4 g
54 5 4
0 0 A T T
1998 2003 2008 2013 roma 1998 2003 2008 2013 roma

Puc. 3. lunamuka mMakpomnokaszaTesnei
SKOHOMHUKU OCTOHUU U €€ OINHCaHUue
0JIHO(aKTOPHOU MOJIENBIO:

Puc. 4. lunamuka Makponokasareyneu
SKOHOMHKH OCTOHUU U €€ OMNHCAHUE
IBYX(haKkTOPHON MOJIEIBIO:

1, ¢ — BBIIL, 2, o — BBIVIIIIC, 3, m — 3kcniopt, 4, ® — UMIIOPT, 5, @ — BHEIIHUN JOJT.

Hcmounuk: asmopckast pa3pa60m1<a.

N3 MNPUBCACHHBIX JAaHHBIX CJICAYCT, YTO YBCIMYCHHUC KOJINYCCTBA (1)aKTOpOB

SHAYUTCIBHO YJIYy4YHIACT allIPpOKCUMAIMIO JUHAMHUKHW BPEMCHHLIX PAJI0B, U AJIA

JTAHHOM CHUCTEMBI 3TO OCOOEHHO 3aMETHO TpPH CPABHEHUU OTHO(PAKTOPHOW H

nByx(hakTopHOU Mojenel (puc. 3 u puc. 4).
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MJIpPI. MJIPI.
$ USA USA

40 30
D Nn_~1%
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y
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Puc. 5. Jlunamnka makponokasareneu | Puc. 6. JlnHamuka makpornokasarenen
SKOHOMHUKHA DCTOHMHM M €€ ONMCAHUE | SKOHOMHKHM OCTOHUU U €€ OIHMCAHHE
Tpex(paKkTOpHON MOJAEIIBIO: TpeX(aKkTOPHONH MOAENBIO C YETHIPbMS

BPCMCHHBIMU pAdaMM:
1, ¢« — BBII, 2, o — BBIVIIIIC, 3, m — 3kcmiopt, 4, ® — UIMIIOPT, 5, @ — BHEIIHHNA JOJT.

Hcmounux: asmopckas paspabomka.

BmecTe ¢ Tem B mponecce MOAEIUPOBaHUS, MPU JOCTATOYHO OOJIBIIOM
JMaIia30He BECOB, HE yAAJIOCh JOCTUYb YAOBJIETBOPUTEIBHON ammpOKCUMAalNH
JUTSL KQXKI0TO BPEMEHHOI0 psijia B 0a30BOM nepuo/ie (puc. 5), ¥ MOITOMY U3 UC-
XOJTHOM CHUCTEMBI ObUI UCKJIFOYEH MaKpOIOKa3aTelb «BHEIIHUM H0ar». Pe3ynb-
TaThl PacyeTOB JJIS MOJYYEHHOM TakUM OOpa3oM CUCTEMBI U3 4-X pANIOB MpHU
UCIIOJIb30BAaHUU TpeX (PAKTOpOB TMpPEACTABICHBI Ha pPHUC. 6, a CpaBHEHHE C
MPEAbIAYIIUMUA PE3yJIbTaTaMH MOKa3aJio, YTO OMUCAHUE JUHAMHYECKOTO COCTO-
SITHUSI CUCTEMBI CYIIIECTBEHHO YJIYUIUIIOCH.

Taxxe Ha mpuMepe IoKas3aTesied MaKpOAKOHOMUKHU APYrOM OTAEIbHOM
cTpaHbl — JIaTBUM — paccCMOTPUM BJIMSIHUE JJIMHBI Jlara. [lepBoHayanbHO B CH-
CTEME U3 IATU NOKa3aTesIeH, B OTJIMYME OT DCTOHUHU, MAaKPOIIOKa3aTeb «BHEII-
HUM J0r» OBUT 3aMEHEH MAaKporoKa3aTelieM «HacejeHue», Oblla BbIOpaHa
TpexdakropHas moaens JJDA, a ee HacTpolika Ha BTOPOM MOKa3aTeslb MUHUMHU-
3UpoBaja OMOKY JJIs BCeX MOKa3aTeleu.

Bwmecre ¢ Tem, aHanu3 B IIMPOKOM JHana30HE BECOB MOKAa3ajl, YTO CHUCTE-
My M3 YKa3aHHBIX IMATH BPEMEHHBIX PSJIOB HE yAA€TCsl aJIEKBATHO CMOJICIIUPO-
BaTh, U MO3TOMY W3 Hee ObUI yJlaJeH MoKa3aTesb «HaceleHue». B atom ciydae

YAaJ10Chb JOCTUYb YIOBJICTBOPHUTCIBHOI'O OIMMMCAHUA JUHAMHWKU BPCMCHHBIX Ps-
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J0B, U 3TO ITO3BOJMWJIO OOCHUTH BJIUAHHNC JJIWHBI Jara. HeKOTOpBIe PE3YyJIbTAThI

MOACIUPOBAHUA TSI CUCTCMbBI U3 4-x HOKaSaTeﬂeﬁ, IMOJIYUCHHBIC IJIA 0a3oBoro

nepuona 1998-2016 r, mpeacrasnens! Ha puc. 7, 8: rpaduku Ha puc. 7 COOTBET-

CTBYIOT 3HaueHuro L=3, a Ha puc. 8§ — L=4.

MUIPA.

MPOrHo3
$ USA =3

60

50 e 2

40

30 r(,_»‘;' A -1
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1998 2003 2008 2013 2018 roabl

Puc. 7. luHamuka MakpoIlOKa3aTeen
DKOHOMHUKM JlaTBum M €€ omnucaHue
TpexX(PakTOpHOH MOJENBI0 C HHTEP-
BaJIbHBIM MIPOTHO30M Tipu L=3:

1, ¢ — BBIIL, 2, o — BBIVIIIIC,

Hcmounuk: aemopckas pazpabomka

MJIpJI.

$ USA L — 4 IIPOTrHO3
60 — I

50 4

40

a0 LA ‘1_ -

10 e st ——
0 | e dE 3

1998 2003 2008 2013 2018 roambl

Puc. 8. luHamuka MakporokazaTenei
DKOHOMHUKH JlaTBUM M €€ omnucaHue
Tpex(akTOpHOH MOJEIBI0 C HWHTEp-
BaJIbHBIM IPOTHO30M Ipu L=4:

3, m — 3KCTIOPT, 4, ® — UMIIOPT.

Haiinennsie 3HaueHusi mokasaTesnel B mporHo3HoMm mniepuojae (2018 —

2020 rr.). u KoHTpOJBHBIC 3HaueHus 3a 2017 T. mpencTaBieHsbl B Ta0m. 2.

Tabnuya 2

[IporHo3Hbie 3HAUEHUSI HEKOTOPBIX MAKPOIKOHOMUYECKUX NOKa3areneit Jlarumn

ITPpHU UCIIOJIB30BAHNH MHTCPBAJIBLHOI'O ITIPOTrHO3UPOBAHUA

[IporHo3Hble 3HaUEHUA MTOKA3aTeNen daKkTHYECKHUE
ITokazarenn Ha 2017-2020 rr., mapa. $ CHIA 3HA4YCHUS
mpu L =3 mpu L=4 noKa3aresen
l'on 2017 | 2018 | 2019 | 2020 | 2017 | 2018 | 2019 | 2020 2017 r.
BBII 29,21 | 29,25 | 29,92 | 30,71 | 28,60 | 30,40 | 31,86 | 34,40 30.3
BBII/IIIIC | 51,72 | 50,07 | 49,16 | 48,66 | 58,02 | 59,61 | 59,50 | 59,88 55,02*)
Okcmopt | 11,87 | 12,25 | 12,98 | 13,70 | 11,60 | 13,11 | 14,60 | 16,91 12.84%)
UMITOPT 13,84 | 14,19 | 15,57 | 17,22 | 13,88 | 15,45 | 16,98 | 19,40 15.79%)

*) T1o naunbiM caiita «CIA The World Factbook» [12].
Hcmounux: asmopckas pazpabomka na ochose dannuix catimos [12, 13].
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3ameTnM, 4TO 3HAYCHMs TMOKazaTtener 3a 2016, mpuBeneHHbIe B (aiinax
[16, 17] HECKOJIBKO OTJIMYAIOTCS HA MOMEHT MOJYYEHHS 3TUX JaHHbIX 3a 2017
CTaTHCTHKA Ha caiiTe [16] BooOIIe OTCYTCTBOBAIA, M IOATOMY AJIs (DAKTHUECKUX
3HaueHM nokazareneit mo 2017 npuBeaeHsl 3HaueHus U3 [17].

B Hamem uccnenoBanny MoJieib, TOCTPOCHHAS ¢ YIETOM TpexX (haKTOpOB,
XOpOIIIO OMUCKHIBAET (haKTUUECKUE BpeMEHHbIE psabl. [[ponomKUTebHOCT Jara
MOYTH HE BJIUSECT Ha TOYHOCTh alPOKCHUMAIIMU TOKa3aTejaed B 0a30BOM Bpe-
MEHHOM HMHTEpBaje. BMecTe ¢ TeM, MPOTHO3HbIE 3HAYCHHUS TOKa3aTeen cyuie-
CTBEHHO OTJIMYAIOTCS, U eciu Jyisi L=4 mporHo3 moka3bIBaeT CyIIECTBEHHBIM
pocT Bcex mokaszareneit, To jist L=3 poct nporHosupyercs Toapko misa BBII,
skcniopTa u umnopta, a 1y BBII / IIIIC nporuosupyetcs nanenue. [lpu stom,
HaIpuMep, OTHOCHUTENbHBIE omnOKH nporno3a 1t BBIT / IIIC cocraBumnu:

&, =-9,9% , & =54% nupu L=3 u L=4

COOTBETCTBEHHO. J|0CTaTOYHO 3HAUUTEIHLHOE PACXOXKACHNUE MPOTHO3HBIX U (hak-
TUYECKUX 3HAYCHUN MOXKHO OOBSICHUTH TEM, UTO B 0A30BBIX BPEMEHHBIX Psax
UCTIOJIb30BATIMCH JaHHbIC U3 [16], a Ist KOHTPOJIbHBIX 3HaUeHHH — [17].

Jlns mokaszateneil Benrpuu Takke ObLI ONpeAesieH MHTEPBAIbHBIA MPO-
rHO3 Ha TpM rojia Brepes. PaccMarpuBanack cuctema U3 TeX e MsATH MoKa3aTe-
ne#t, yto u s JlatBuu. Ilocnme mpenBapuTeNnbHBIX pacdyeToB ObLIa BhIOpaHa
TpexdakTopHas Mojenb. Pe3ynbTaThl pacueToB NpUBEIEHbI B Tabdd. 3 U Ha
puc. 9.

OtHocuTenbHble oOmMOKKM mporHoza Ha 2017 rox cocTtaBuiIM s
BBIV/IIIIC €=-4,1%, nns skcnopra €=-5,0%, s umnopra € =—-2,9%.

CpaBHEHHE UHTEPBAIILHOTO M PEKYPCUBHOIO MPOTHO3a HA HECKOJIBKO IIa-
rOB BIIEPE] BBHITIOJIHEHO HAa MpuUMepe Makpomnokasareneid Ounnsaanu (puc. 10—
12). Inst cucteMbl mokaszaTesieid ObUTH MOCTPOEHBI TPEeX(HAKTOPHBIE MOJACIN MPHU
L=4 na 6azoBoM mepmone 1998 — 2015 rr. I'paduku ans 4-x moxasarenei
(BBII, BBII/TITIC, skciopT, uMIopT) npuBeneHbl Ha puc. 10 1 Ha yIJIMHEHHOM
6a3zoBoMm miepuoae 1998 — 2016 rr. g naru nokazarenein (BBII, BBII/TIIIC,
AKCTIOPT, UMIOPT, BHENMHUHN 1oyr) — Ha puc. 11. Ha rpadukax Takxke npeacras-

JICHBI MHTCPBAJIbHBIC IPOTHO3HI.
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Tabnuya 3

HpOI‘HO?)HI)IG SHAYCHUA HCKOTOPBIX MAKPOIKOHOMHNYCCKHUX rokKasarejen

BeHI'pI/II/I IIPH UCITOJIb30BAHWHU MHTCPBAJILHOTO ITIPOTrHO3UPOBAHUA

[IporHo3usie 3HaYeHus nokaszareneit (miipa. $ CILA) DAKTICCKIC
[oxasarens Ha 2017-2019 rr., onpeneneHHbIe HA TIEPUOIC N
1998-2016 rr.
2017 r. 2018 2019 . 2017 r.
BBII 122,2 131,3 139,6 152.3
BBIV/IIIIC 277,8 286,5 287,3 289,6*)
DKCIopT 93,82 102,4 110,1 98.74%)
Nmmopt 88,82 96,38 103,4 91,4 %
BHaewmmnwuii nonr 75,33 78,33 80,40 73.6

*) [1o naunbM caiita «CIA The World Factbook» [16].
Hcmounux: asmopckas paspabomka na ochose oannwlx us caimos [16, 17].

MUIPA.

MJIPA.
$ USA /ﬁi’m $ USA "porlﬂm
225 < 225 /\/V:{L
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Puc. 10. [lunamuka makporiokaszareien 3Ko-
HOMUKH DUHISHIUM U €€ OINUCaHHEe TpeX-
(dakTOpHON MOJENbl0 Ha 0a30BOM NEPUOE

1998 — 2015 rr.
1, ¢ — BBII, 2, o — BBIVIIIIC, 3, m — 5xcniopTt, 4, ® — UMIIOPT.
Hcmounuk: aemopckas pazpabomka

Puc. 9. Jlunamuka makporokasarene 3Ko-
HOMUKU BeHrpum u ee omucanue Tpexdak-
TOPHOW MOJIENIBIO C MHTEPBAJIBHBIM IIPOTHO-
30M npu L=4:

B Tabn. 4 npuBeneHbl 3HaUYCHUSI MPOTHO3HBIX MMOKA3aTele Ha TpU roja,
MOJTyYEHHBIE C MOMOIBI0 TPUMEHEHUH JIBYX CIIOCOOOB MPOTHO3UpOBaHUs. s
CpaBHEHUS B3AThI (DaKTHUYECKUE 3HAUCHHUS 32 JIBa rojia MPOTHO3HOIO UHTEPBaa.

N3 nmonydeHHBIX NAHHBIX CIENYET, YTO MHTEPBAJIBHBIE U PEKYPCUBHBIC
IIPOTHO3BI OTJINYAIOTCS HECYLIECTBEHHO, 4 MAKCUMAJIbHOE Pa3JIMuMe I IOKa-

3areneit 2018 r. He npesbiaer 1%. [Ipu 3ToM ommbKka MHTEPBATLHOTO MTPOTHO-
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3a 10 CpaBHEHUIO ¢ MaHHbIMU caiTa [16] 3a 2016 nms BBII/IITIC He mpeBbimmaet

0,5%, u coctaBnsier 1,8% nms skcnopra u 4,1% g ummnopra. Omubdku pekyp-

CHUBHOTI'O IIPOIrHO3a HNPAKTUYCCKU COBIIAar0T C 9THUMH OLCHKAMMU. 3HaueHUs pas-

JIMYHBIX IMPOTrHO30B Ha 2017 r. Takxke COBITIaJaroT, a OIIMOKH 110 CPaBHCHUIO C

naHHBIME caiiTa [17] cocraBmsroT 3,4%, 4,6% u 4,5% nns BBIVIITIC, skciopTa

U UMITIOpPpTa COOTBCTCTBCHHO.

MJIpA. MpPOrHo3 MJIpA.
$ USA l $ USA 1 NMPOrHo3
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Puc. 11. Jlunamuka Makpomokasate- | Puc. 2. JluHaMmuKa MakpoIioKasare-
et OUHISHANY U €€ ONKMCaHue TpeX- | e OUHISIHIANY U €€ ONUCAHUE TPEX-
(hakTOpHOM MOEIBI0 HA 6a30BOM Iie- | (DAaKTOPHOM MOCNIBIO C PEKYPCUBHBIM
puoje 1998 — 2016 rr. IIPOTHO30M

1, ¢ — BBIIL, 2, o — BBIVIIIIC, 3, m — 3kcmiopt, 4, ® — HMITOPT..
Hcemounuk: asmopcekas pazpabomka na ocHoge dannwix uz cauma [16]..

Tabnuya 4
[Iporuno3nbie 3HaYCHUA HEKOTOPBIX MAKPOIKOHOMUYECKHUX MOKA3aTEIEH
Ounnguann
[Iporuo3usie 3HaYeHUs MMoKazareneit (mupa. $
CIIA) nva 20162018 rr., onpeneneHHbIe Ha PaKTHHECKNE SHAICHHS
ITokazarenn ImoKa3aTelei,
6azoBom niepuoze 1998-2015 rr.
» - mipa. $ CIITA
HHTEPBAJILHBIA [IPOTHO3 | PEKYPCUBHBIN IIPOTHO3
I'on 2016 2017 | 2018 | 2016 | 2017 | 2018, 2016 2017
BBII 2249 | 222,9 | 229,3 | 225,0 | 222,9 | 230,2 239,2 253.2
BBII/IITIC | 230,0 | 231,5 | 232,4 | 230,0 | 231,5 | 232,2 223360’20":) 239,6%
skemopr | 58,12 | 57,11 | 58,69 | 57,99 | 57,11 | 58,21 | 57,1, 58,9% 59,7%)
UMIIOPT 56,72 | 55,85 | 57,71 | 56,52 | 55,85 | 56,82 | 54,5,57,2*) 58,5%)

*) ITo narHsM caiita CIA the World Factbook [17].
Hcmounux: aemopckas pazpabomka na ochose oanHulx us caumos [16, 17].
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Biusinue npojoIKUTENBHOCTH Jiara MNP pa3HbIX 0a30BbIX IMEPUOIAX
HaOJII0JICHUI OIIEHWM Ha MOoKa3aTeNsiX 9KOHOMUKH YKpauHbl. PaccmaTpuBanich
CUCTEMbl U3 IISITU M YETHIPEX MOKa3aTele M MOCTPOEHBI COOTBETCTBYIOIIHE
TpexhaKTOpHbIC MOJIeNH. bbIJIO yCTaHOBIIEHO, YTO IPH yUeTe MATH MOKa3aTeleH
HE yaaeTca (B pacCCMOTPEHHOM JUalia30HE BECOB) CMOJCIMPOBATH CUCTEMY C
YAOBJIETBOPUTEIHLHON TOYHOCTHIO, M TIOATOMY B JaJIbHEHIIIEM paccMaTPUBAIIMCh
MOJENN U3 YEThIPEX MOKa3zareneu. Pe3ynprarsl pacyeToB Uil ABYX 3HAYCHHU
jara npuBeneHbl Ha puc. 13, 14 nna 6a3oBoro mepuoaa 1998—2015 rr. u Ha

puc. 15, 16 nnsa pacmpennoro 6a3osoro nepuoga 1998—2016 rr.

MJIP/L. — MJIP/L. L=4 MPOrHO3
$ USA L=5 mpornos | ST (rn(\k
2 P y.
200 200
1 4 \'/(\
100
100 { 7z
O - T — T 0
1998 2003 2008 2013 rojabl 1998 2003 2008 2013 roaml

Puc. 13. luHamuka Makporokasareneu
DKOHOMHMKHA YKpaumHbl U €€ ONHMCaHHUE
TpexX(@akTOpHOM MOJENbI0 C HMHTEp-
BaJIbHBIM MPOTHO30M Ipu L=5 npu Oa-
30BOM niepuojie 1998 — 2015 rr.

Puc. 14. luHamuka Makporokasare-
JIed dKOHOMUKH YKpauHbl U €€ OIu-
caHue TpexX(aKTOPHON MOJEIBI0 C
UHTEPBaJIbHBIM MPOTHO30M Ipu L=4
npu ©Oa3zoBoM mepuoae 1998 —

2015 rr.
1, ¢ — BBIIL, 2, o — BBIVIIIIC, 3, m — skcniopTt, 4, ® — UMIIOPT.

Hcmounux: aemopckas pazpabomka.

N3 nonyyenHbix rpadukoB cienyet, 4to, kpome nokazatesns BBII/IITIC,
IIPOTHO3bI MOKAa3bIBAIOT POCT COOTBETCTBYIOIIMX Makpomnokasarenei. [[ns pac-
CMOTPEHHBIX 3HAYEHHH pe3yibTaThl MHTEPBAJIBLHOTO M PEKYPCUBHOI'O MPOTHO-
3upoBaHua Ha 0a3zoBoM mnepuoge 1998 — 2016 rr. mpakTUYECKH COBIAIAIOT
(pazHuLa HaOIIOAAETCA B TPETHEM JECATUUHOM 3HaKe), HO IMPU HCIOIb30BaHUU
nepuosia 1998 — 2015 rr. nporuossl noseaenus BBII cymectBeHHO oTinyaroTest

(puc. 13 u puc. 14), u poCT CMEHSETCS yMEPEHHBIM CIaJIOM.
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MJIPJI. — MUJIPJI. IMPOrHo3
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Puc. 15. Jlunamuka Makpomnokaszare-
JIEW DKOHOMUKHU Y KpPauHbl U €€ onuca-
HUE TpeX(PaKTOPHOH MOJENBIO C HH-

Puc. 16. Jlunamuka makporokaszare-
JIe 9KOHOMHUKU Y KpauHbl U €€ Oomuca-
HUE TpeX(PaKTOPHONH MOJENBIO C HH-

TEpBAJIBHBIM TMPOTHO30M mpu L=4 Ha | TepBanbHBIM MporHo3oM mpu L=4 Ha
6azoBom nepuoze 1998 — 2016 rr. 6azoBom nepuoae 1998 — 2016 rr.
1, ¢ — BBII, 2, o — BBIVIIIIC, 3, m — 3kcriopt, 4, ® — HMITOPT.

Hcmounux: aemopckas pazpabomka.

Pe3ynpTarel MOJEMIUpOBaHUs CBUACTEIBCTBYIOT O HAJWYWHU ONPEICIICH-
HBIX OOIIMX TEHJCHIIMM B TMHAMHUKE YKOHOMUKH PACCMaTPUBAEMBIX CTpaH. JTO
MoOyIUII0 paccMOTpeTh cuctemy, coctaBieHHyo u3 BBII/IITIC cemu paznuu-
HBIX CTpaH, MCCIIENOBATh €€ C WMCIOJb30BAHUEM CTATUCTUYECKHUX JAaHHBIX 3a
1998-2017 rr. m mOAYy4YUTH MPOTHO3 HA TPHU ToCHeayronux roaa (puc. 17, [13,
c. 93)).

Bbbutn mocTpoeHsl MoAeNu i pa3HOrO KOJudecTBa (PaAaKTOpOB MpH 3HA-
yenuy Jara L =2 ¢ ucnonp30BaHuEM PeKypCHBHOIO IPOrHO3a. PacueTsl moka-
3QJIM, YTO YJOBJETBOPUTEIbHASI TOYHOCTh OMUCAHMUSI JUHAMHKUA CUCTEMBI J10-
CTUTAETCA YK€ a1 OJHO(AKTOPHOW Mojenu. Bpllie Takke OTMEUaioch, YTO
onpenencHHas aHanorus B quHamuke BBIT / TITIC moxkeT ObITh BhI3BaHA BHEIII-
HUM BiMsiHHEM. [[03TOMY JOMONMHUTENBHO ISl OLICHWBAHS TAaKOTO BJIMSIHHUS HA
PUCYHKE TTOKa3aHO U3MEHEHNE MUPOBBIX I1eH Ha HedTh Mapku Brent mo manHbm
ctaTucTUKU 10 2018 I. BKIIOYUTENIHLHO U DTOT NOKA3aTEh HE BXOAWI B MOJEb-
HYIO CUCTEMY IIOKA3aTeIeH.

W3 nmpuBeaeHHBIX rpadMKOB CIEAyET, YTO I pacCMaTPUBAEMbBIX CTpaH
HaOJII0/1aeTCsl POCT BRIOPAHHOTO MOKa3aresis. PeKypCUBHBIN MPOrHO3 TAKXKE IO0-

ka3piBaeT yBenuuenue BBII/IIIIC nns Bcex crpan. ObOpamatot Ha cebsi BHUMA-
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aHue 2008 — 2009 rr., Korga pe3koe maJeHre MUPOBBIX 1IEH Ha HE(DTHh COBMAJIO C
cymectBeHHbIM nageHueM BBII/IITIC, Ho BMecTe ¢ Tem, najeHue 1eH B 2014 1.
HE OCTAHOBMJIO €r0 POCTa. DTO CBUACTEIBCTBYET HE TOJBKO O CBS3U SKOHOMH-
YECKHMX ITOKa3aTeaeld CUCTEMbl ¢ MUPOBBIMHU IIeHaMHU Ha He(PTh, HO U O BO3MOX-

HOM BJIMSIHUW U APYTI'MX BHCITHUX IIPUYIKWH.

MJIPI. IPOrHO3
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Puc. 17. Junamuka BBII/IIIIC HEKOTOPBIX CTpaH U €€ ONMHUCaHue OJHOMAKTOP-
HOH MOJCNBIO ¢ PEKYPCHUBHBIM IIPOTHO30M U MUPOBBIX I1eH Ha HeTh bpeH.

Hcmounuk: asmopckas paspabomka, ucnonvsoeana 6 [10, c. 23].

Mooenv ounamuxu Kypca 0CHOBHBIX KPUNMOBATION.

Ha 0a3ze nunamuueckoro (hakTOpHOTO MOJEIMPOBAaHUS HaMU ObLIa MPO-
aHaJIM3UpOBaHa TMHAMUKA PhIHKA KPUIITOBAMIOT B YKpauHe. HTepec K 3TOMy
BOTIPOCY BBI3BAaH TEM, YTO Ha CETOAHSIIHUN JeHb IU(POBas YKOHOMHUKa, Oa3u-
pyrolasicss Ha HCIHOJIb30BAaHUU KOMIIBIOTEPHBIX TEXHOJOTHMM B (UHAHCOBOM
cdepe, pa3BUBaeTCsS YCKOpPEHHbIMH TemrmaMu. [IpoBenenue pa3nnyHbIx (UHAH-
COBBIX OINepaluil Hy)K/1aeTcsi B ONEepaTuBHON HMH(popMalu 00 U3MEHEHUH Kyp-

COB KPUIITOBAJIIOT KAaK B OmKanIeM 6y,Z[YHICM, TaK U B IICPCIICKTHUBC. OZ[HaKO,
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B Hacrosuiee BpeMmsi paboOT, IPEeIMETOM HAay4YHOIO IOMCKA KOTOPBIX SIBIISAETCS
MOJICJIMPOBAHUE TEHACHIIMM PBIHKA KPUIITOBAIIOT IBHO HEJOCTATOYHO.

C momenrta nosiienus B 2009 roay nepBoii KpUNTOBATIOTH — OUTKOWHA —
Ha (JMHAHCOBOM pBIHKE OOpalaeTcs HECKOJIBKO ThICAY KPUNTOBAIIOT, U UX KO-
JMYECTBO MPOAOJDKAET yBenuuuBaTbesa. [103TOMy Ha mpakTHUKe JJi1 BO3MOKHO-
CTH INPOBEJECHUS 3KOHOMHYECKOIO aHaJIW3a TAaKOro OOJIBIIOro KOJMYECTBa Ba-
JIOT Ha OCHOBE TJIaBHBIX MHJIUKATOPOB PbIHKAa (POPMHUPYIOT MHBECTULIMOHHBIC
noptdenu.

B npornecce MonenupoBaHus U3MEHEHHE Kypca KPUITOBAIIOT K J0JUIapy
CIIA paccMmaTpuBaioCh C TOUYKU 3pEHHS JUHAMUKU CHUCTEMBI BDEMEHHBIX PSJIOB
c npumenenueM JIDA. Jlns ynoOctBa aHanu3a, IpU pacCMOTPEHUM JAUHAMUKH
Kypca U3 JAECSITH KPUIITOBAJIOT C pa3HOW J0Jeil B mopTdesie HHBECTUIUH, ObLIO
OCTaBJICHO MATh albTKOMHOB, a uMeHHo: Bitcoin (BTC), Ethereum (ETH),
Bitcoin Cash (BCH), Litecoin (LTC) u Monero. OTu BaJitOTbl UMEIOT HauOOJIb-
IIYI0 CTOUMOCTh U 00b€M 000pOTa M0 CPaBHEHUIO C APYrUMHU. Takum oOpa3om,
JUTsl aHau3a Obuta cOpMHUpPOBAaHA TMHAMHYECKAsh SJKOHOMUYECKAsI CUCTEMA, CO-
crosiast u3 10 mokazareneit (Cpoc U MpeasioKeHUe AJis MATH BatoT). M3mene-
HUS KypCOB pacCMaTpHBAJIOCh B TEUEHHUE JIECSITH MECSLEB 3a Iepuoj ¢ 1 mapra
2020 r. mo 31 okts6ps 2020 r. 3aMeTuM, 4TO BBIOOP BPEMEHHOTO TPOMEKYTKA B
TEOPETUUECKUX HCCIIEOBAaHUSAX OOIIeH NWHAMUKHU CHCTEMbI HE HMMEET Cyllle-
CTBEHHOI'O 3HAY€HHMsI, TOCKOJIbKY BBISBICHHbIC TEHJECHUMU HA PHIHKE COXPaHs-
IOTCSl B TEUEHHE JUIMTENIBHOIO nepuona. st npakTH4ecKoro NpuMEHEHUs CTa-
TUCTUYECKHUX JaHHBIX, KOHEYHO, CJIEAYET MCIOJb30BaTh €KEIHEBHYIO HMH(OP-
MaluIo.

Pe3ynbTaThl OUpIKEBBIX TOPTrOB OOHOBJISIOTCS €XKETHEBHO, U B BHIOpaH-
HOM BPEMEHHOM HMHTEpPBAJIE HAKAIUIMBAETCS 3HAYMUTEIBHOE KOJIMYECTBO TOUYEK
HaOmoaeHuil. Beneacteue addexra norepu naMsTH y BPEMEHHBIX PSJIOB 3HA-
YUTEJIBHOU JUTMHBI MOTYYUTh AOJTOCPOUYHBINA MPOTHO3 C HUCMOIb30BAHUEM 3THUX
JaHHBIX CTAHOBUTCS MpoOiaeMaTHuHbIM. C MpakTUYECKOM TOYKU 3peHHst Haubo-
Jiee UHTEPECHBIM ISl HHBECTOPA SABJISIETCS MOJTYyUYEHHUE KPATKOCPOYHOTO MPOTHO-

3a Ha OnmKauIme JHHW, HO CTaTUCTHYCCKHUC JAaHHBIC ITOKA3bIBAIOT CXKCIHCBHBIC
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pe3kue KojebaHus IeH chpoca W mpemiokenuid. M3 storo criemyer, uTo ams
JAJbHEUIIINX HUCCIIEIOBAHUN BPEMEHHBIE PSAbl HYKIAIOTCA B JOMOJHHUTEIBHOM
00paboTKe W3BECTHBIMH TNPHEMaMU CTJIAKUBAHUS, HO 3TO, K COXKAJCHHUIO, HE
pelaer BOIpoca O JOJTOCPOYHOM MporHose. [loaTomy s mosydeHus npen-
CTaBJIeHHsI 00 3BOJIIOIUU TUHAMUYECKUX SKOHOMUYECKUX CHUCTEM B HECKOJIBKO
OTJIaJICHHOM OyIyIlIeM MpeiaraeTcs paccMaTpuBaTh CUCTEMbI C YBEIMYEHHBIM
BPEMEHHBIM I11arOM, U JJI COOTBETCTBYIOIIUX YPOBHEW BPEMEHHOTO psifa MpHU-
HATh UX CpeAHME apuPMETHUECKUE 3HAaUCHHsI HAa BHIOpAaHHOM HOBOM MHTEpBAJIE.
Takass mporenypa OyneT HECKOJbKO HCKaKaThb WMCTUHY, HO 3aTO MOSBIISAETCS
BO3MOXXHOCTh B TIEPCIEKTUBE. MOJTYYUTh XOTSI Obl OPUEHTUPOBOUYHBIC 3HAYCHUS
roKasaresen

JluHamuKa cucTeMbl B 0a30BOM MEPUOJIE PACCMOTPEHA JIJIsl CUCTEM C €3Ke-
JTHEBHBIM M €XKEMECSYHBIM II1aroM IO BPEMEHHU. Y CTAHOBIIEHO, YTO Ha (hOHE
00111eT0 POCTa LIEH Ha BCE KPUIITOBAIIOTHI MTPOUCXOJAT KojebaHus KypcoB. s
KPHUBBIX, TOCTPOCHHBIX C MEJIKHUM IIIaroM MO BPEMEHH, HAOJI0JaeTCsl 1Ba TUIIA
KOJICOAHUM: ¢ KOPOTKUMHU (HECKOJIbKO JTHEW) M JITUTEIbHBIMU (OKOJIO Mecsliia)
nepuoAamMu, a JJisl KPUBBIX C IIIarOM B OJIMH MECSI] COXPAaHSAETCS TOJBKO IO-
cienHuid TN Kojebanwil. [lpm STOM Ha pa3nMUHBIX ydyacTKax HWHTEpBaa
HaOJIIOJICHU MPOJAOTKUTEILHOCTH TEPUOJIOB 3HAUYUTENIBHO OTJIWYAIOTCS JAPYT
OT Jpyra, a aMIUTUTYAbl KoJieOaHUW cocTaBisAOT npumMepHo 10% oT 6azoBoro
3HAYCHUS! BPEMEHHOT'O PsA/la M OKAa3bIBAIOTCA TAKXKE PA3JIMUHBIMU Ha Pa3HBIX
ydacTKax MHTEpBajia HaOIIOICHHM.

Takum 00pazoM, MOKHO YTBEPkKIaTh, UTO MOCJIE PE3KOTO MaJeHUs Kypca
B CpPEIMHE MapTa JABUKEHUE IIEH BO BPEMEHHU ONPEAENSIETCS ABYMS TJIaBHBIMU
COCTaBJISIFOIIIUMHU: MOHOTOHHBIM MOJTBEMOM M KOJIEOAHUSIMU BOKPYT ATOM Tpaek-
TOPUU. DTO MO3BOJISIET MPEANOI0XKUTh, YTO aHAIN3 JUHAMHUKU CUCTEMBI C YBe-
JUYEHHBIM IIarOM MOXET CTaTh BEChMa IOJIE3HBIM MPHU aHAIU3€ JTUHAMUKH
O/1C u nony4eHuu AOATOCPOYHOTO IPOrHO3A.

PaccMoTpyM BIMSIHUE HEKOTOPBIX IMApaMEeTPOB MOJEIEH Ha KayeCTBO
OMMUCaHUS AUHAMUYECKHUX CHUCTEM U TOJYYEHHBIX MPHU ITOM MPOTHO30B. Pac-

CMOTpUM DPEC3YJIbTAThI, IOJIYYCHHBIC C HCIIOJIB30BAHNCM HHTCPBAJIBHOI'O IIPO-
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THO3UPOBAHMS MIPU AHAIN3€ BPEMEHHBIX PSAJOB C MIArOM JUIMHOW OJMH MECSIII.
[Ipu >TOM AMHAMUYECKHE CHCTEMBI JUIsl IIEH CIpoca W IEH MPEeJIOAKEHUs pac-
CMaTPUBAJINCH HE3aBUCUMO M COCTOSUIM U3 MATH KPUNTOBATIOT. Tak Kak JUHA-
MUYECKHUE U3MEHEHHUS BCEX BAIIOT KAYECTBEHHO MOBTOPSIOT APYT Apyra, TO JJis
MOCTPOEHUS JUHAMUYECKUX (DaKTOPHBIX MOJENICH IeIeco00pa3HO MPUMECHECHHE
IPOCTOM CXEMBbI MOCTPOEHUsI ¢ MUHUMH3alUeH OIMOKU JIJIsi OJTHOTO IMOKa3aTe-
TS

IIporHo3 nmosiydeH Ha TpH IIara BIEpe, TO €CTh 110 stHBaps 1921 Bxiroun-
TEJBHO MPHU y4eTe NBYX (PaKTOPOB M JIBYX €IMHMII 3ama3/ibIBaHus. Pe3ynbTaTel
pacyeToB NP MUHUMU3ALUUA OIIUOKU 1O OUTKOMHY JUIsl IIEH COpOca U Mpeasio-
KEHUsl moka3aHbl Ha puc. 18, 19 coorBercTBeHHO. I y10OCTBA MOCTPOCHUS
BCceX IpaMKOB Ha OOIIEH KOOPJUHATHOU CETKE IIEHbl HA OUTKOUH YMEHBIIICHBI
B 10 pa3. pe3ynbTaThl alPOKCUMAIMU MMOKa3aHbl CIUIOIIHBIMU JIMHUSIMHU, A JIaH-

Hble HAOJIOJIEHUI — MapKepamu.
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Puc. 18. Jlunamuka u nporHo3 ueH | Puc. 19. /luHaMuka U mporHO3 Npen-

crpoca Ha KPHUOTOBAIIOTHI MPH IIAre | JOKCHUN Ha KPUNTOBAIIOTHI MPH 11are

JUTMHOW OJTMH MECHIL: JUIMHOW OJTUH MECHIL:
1-BTC/10,2-ETH,3-BTH, 4—-LTC, 5— Monero.

Hcmounuk: aemopckas pazpabomka.

N3 paccMOTpeHHBIX TpadUKOB CIIEYET, YTO NMPOCThIE MOJIEIH, ITOCTPOEH-
HbIE C KCIOJb30BaHUEM JBYX (DAKTOPOB, XOPOIIO OMUCHIBAIOT 3a/IaHHbBIE Bpe-
MEHHBIE psiibl U KoseOaHus 1eH. PacueTsl mokasanu, 4To MPOJ0JKUTEILHOCTD
Jara He3HAYUTENbHO BIMSIET Ha TOYHOCTH allpOKCUMALIMU MTOKa3zaTesei B 6a3o-
BOM BpeMEeHHOM MHTepBaiie. [[0cKoIbKy MOJIeih HaCTpOECHA Ha MEPBbI MoKa3a-

TeJb, TO ABYX(aKTOpHAS MOJIETb, IO CPABHEHHUIO C OHO(DAKTOPHOM, JTydUIle am-
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MPOKCUMUPYET OUTKOWH, OCOOEHHO B TOYKAaX AKCTPEMYMOB, HO MPHU 3TOM HE-
3HAUYUTENBHO YXYAIIAETCS allpPOKCUMAIMIO APYTUX BATIOT. 3aMETHM, YTO JJIS
OIICHOK JIOCTATOYHO OTPAHUUYUTHCS JIake 0HO(PAKTOPHOU MOICIIBIO.

B npornosznom mHTepBanie (HOsOph, aAekadps 2020 r u sHBapp 2021 T.)
MOJIEJIH MIPEyCMAaTPUBAIOT MOHOTOHHOE BO3pacTaHUE MIOYTH BCEX BAIIOT 3a UC-
kimoueHueM BTH, u He mpornosupyrotr Hukakux kosebanuit. [Ipu atom mpen-
MI0JIATAeTCsI HECKOJIBKO OOJBIINI POCT IIEH MPEIOKEHUN TT0 CPABHEHHIO C TIe-
Hamu crpoca. [loaydeHHble npu UCHOIB30BAHUHN OAHO(DAKTOPHON MOJIETH MPO-
THO3HBIC 3HAYEHUSI CPEIHUX IIEH CIIPOca M MPEMJIOKEHUM KPUIITOBAIIOT MPE-
CTaBJICHBI B Ta0JI. 5.

Tabnuya 5
[TporHo3HbIe 3HAYEHUS IIEH CIIPOCca U MPEITIOKCHU Ha Pa3HbIE KPUTITOBATIOTHI

IIpU UHTCPBAJIbHOM IIPOTHO3UPOBAHUN

Basmora cpeanue 1eHsl npemioxennii, $ CIIA, B cpeanue 1ensl cnpoca, $ CIIA, B
HOsI0pe nekaope STHBape HOSIOpe nekaope STHBape

BTC 12171,77 12706,45 12921,44 | 11520,66 | 11843,55 | 11937,27
ETH 378,75 406,66 423,610 366,20 387,30 390,33
BTH 252,57 254,81 256,32 237,66 252,50 254,81
LTC 51,58 52,90 53,86 48,90 49,84 49,97
Monero 120,30 126,87 131,190 113,11 117,75 118,47

Hcmounux: aemopckas paspabomxa.

Jlasiee paccMOTpPUM pPE3yJIbTaThl MOJECIUPOBAHUS, ITOJTYYEHHBIE TIPH pac-
yeTax ¢ MEJKUM maroM 0a3zoBoro uHrepsaia B 41 aens ¢ 19 urons no 28 aBry-
cta 2020 roga, Ha KOTOPOM HAOIOJAETCS UHTEHCUBHOE M3MeHeHue 1eH. [lo-
CKOJIbKY TpauKu crpoca W MPeUIoKEHHUs KauyeCTBEHHO CXOXH, TO B JIaHHOM
cily4yae pe3yJibTaThl MPUBOAATCS TOJNBKO Uil LIeH crpoca. [lapamerpsl moaenu
HACTpauMBaJUCh HA MUHUMU3ALIMIO OMIMOKU Ui MEPBOTO psifa — LEHbl OUTKOU-
HOB, U MpU MOCTPOCHHHM MPOrHO3a ObUIM HMCHOJB30BaHbl OJHO(MAKTOpPHAS U
NBYX(aKTOpHAst MOJEH C IByMsl €IMHUILIAMU 3aI1a3/IbIBaHUSI.

Pesynbrar pacueroB mokazanbl (puc. 20, 21) mns onHodakTopHOU U
NBYX(aKTOPHON MOJeNiell COOTBETCTBEHHO; CIUIOIIHBIMU JTMHUSMH 0003HAYEHbI

pe3yJIbTaThl PACUETOB, a IYHKTUPOM CTaTUCTUYECKUE JaHHbIE. [Ipu moctpoeHuun
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rpadukoB Ha puc. 21 3HaUeHHE 1IeH Ha OUTKOMH Ha rpaduke yMeHbIIeHo B 20

pa3. [IporHo3Hbiit uHTEpBAN B 5 AHEH ¢ 29 aBrycra mo 2 ceHtsaops 2020 r. BbI-

JACJICH IBETOM.

CpaBHCHHe IMOJTYYCHHBIX ITPOTHO3HBIX 3HAYCHUH C (1)3.KTI/I‘ICCKI/IMI/I MOJKHO

BBIIIOJIHATD, UCIIOJIb3YsI PE3YJIbTaThl, IPEACTABICHHbIE B TAa0I. 6. 3HAUEHHS OT-

HOCHTEJIBHBIX OIITHOOK B IMPOHCHTAaX IMPUBCIACHLI B CKOOKax.
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1-BTC/20,2-ETH,3-BTH, 4—-LTC, 5 - Monero.

Hcmounux: aemopckas pazpabomka.

31

36

41 JTHH

Puc. 21. ]lunamMuka U TMPOTHO3 LIEH
MPEJI0KEHUM TIPH 11are JJIMHOM OduH
MecsI] U JBYX(H)AaKTOPHOM MOJICITUPO-
BaHHUU

Tabnuya 6

dakTHueckue SHAYCHUS, MHTCPBAJIBbHBIC IIPOTHO3bI U OTHOCUTCIIbHAA onnoka

el crpoca B $ CIIA npu nCmosib30BaHUN OTHO(PAKTOPHOU MOICITTH

I BTC ETH BTH LTC Monero
ara
Daxr [Iporno3, Daxt [Iporno3, Paxt [Iporuos, Daxt [Ipornos, Paxt [Iporno3,
omunoka omunoka omunoka omunoka omInoKa
9027,2 377,47 259,61 55,08, 88,03
29.08|11476 (20,9%) 395,10 (4.5%) 266,23 (2,5%) 56,95 (3.3)% 92,21 (4,5%)
8977,8 373,25 |267,79| 257,98 54,81 87,49
30.08|11492 (21,9%) 399,00 (5,9%) (3.4)% 56,93 (3,7)% 92,51 (5.4)%
8920,0 368,5 [272,96| 256,15 54,5 86,88
31.08|11639 (23.3) 423,67 (13.0)% (6,1)% 60,59 (9,0)% 93,03 (7.1)%
8857,2 363,7,127(269,74| 254,13 54,17 86,20
1.09 (11616 (23.8) 434,06 (16,3)% (5.8)% 59,86 (9,0)% 91,56 (6,2)%
8878,4 357,47 |249,70| 251,90 53,80 85,46
2.09 |11334 (26,0%) 436,34 (18.1)% (0,9)% 56,66 (5.0)% 88,02 (3.0)%
Hcmounux: aemopckas pazpabomxa.
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N3 ananu3a naHHBIX CIIEIYET, YTO UCHOJb30BAHHASI MOJIEIh C BEIOpAHHBI-
MU TMapamMeTpamH JaeT JOCTaTOYHO OOJIbIIME 3HAYEHMsI OMIMOKU MPOTHO3HBIX
3HaueHud ansa AByx kpuntoBaintoT BTC u ETH (6onee 20% nnst OuTkonHa), HO
U JOCTAaTOYHO XOPOIIO COIJIACYETCS C JAHHBIMU JJISI APYTUX MOKa3aTeyien. ITo
HE COOTBETCTBYET pe3yJibTataMm, ImpeacTaBieHHbIM B [18, c. 88—89; 19, c. 202—
203] w1t IEpBBIX ABYX BAIIOT, U TpeOyeT 0ObSICHEHNS.

Pacdetsl mokasanu, 4T0 TOYHOCTh MPOTHO3a HE CBsi3aHa C BEJIMYMHOM Jia-
ra, Tak Kak YBEJIMYCHUE KOJWYECTBA €IMHUI] 3aMa3/IbIBAHUS MIPUBOJIUT JUIIb K
HE3HAUUTEILHOMY YMEHBIICHUIO OMMOKH, HO TPOTHO3 MaJIeHus KypcoB coXpa-
HAETCS, YTO MPOTUBOPEUYUT JAHHBIM CTAaTUCTUKHU. Takoe HECOOTBETCTBUE BO3-
MOKHO CBSI3aHO C HEYJIaYHBIM BBIOOPOM COCTaBa IMPU3HAKOB, OMHCHIBAIOIINX
MOBEACHUE TUHAMHYCCKON AKOHOMUYECKOM CUCTEMBI. JICHCTBUTEIBLHO, B IIUTH-
pyeMbIX paboTax BpEMEHHbIE Psbl paCCMAaTPUBAIMCh HE3aBUCUMO, a B paspa-
o6oranHoi Mmojenn JJPA cuctema nokasarened aHaAIM3UPYETCsA B LEJIOM, BbIJe-
s O0IIME 3aKOHOMEPHOCTH JBOJIIOIMH. Pe3ynbTaThl, moidydeHHble panee [12,
c. 201] nnst mogoOHON PKOHOMUYECKON CHCTEMBI MUPOBBIX OMPKEBBIX HHJIEK-
COB, HA00OPOT, CBUACTEIBCTBYIOT O BbICOKOH 3dexruBHOocTU JJDA 1pH pac-
CMOTpeHUU TO00HBIX cucTeM. C JApyroil CTOPOHBI, BO3ZMOXHO, TOJIYYCHHOE
HECOOTBETCTBUE OOBSACHSIETCS TEM, UTO CUCTEMa OUPIKEBBIX UHACKCOB YCIEITHO
GYHKIMOHUPYET YK€ MHOTO JIECATUIIETHH, @ KPUTITOBATIOTHI TIOSIBUIIUCH TOJIBKO
B MoclieiHee BpeMs. PBIHOK KPUNITOBAIIOT TOJBKO Pa3BUBAETCSA, U HA HEM BO3-
MOYHBI Pa3JINYHBIE CIIEKYJISITUBHBIE TPOSIBJICHUS, YTO MOKET HEIOCPEICTBEHHO
WJIM KOCBEHHO BJIMSITh Ha KypChl KpUNITOBaIOT. [[09TOMY B 3TOM HarpaBlIeHHUH
HEO0OXOAMMBI IOMOJHUTEIBHBIE UCCIIEIOBAHUS C 1EJIbI0 BHISCHEHHS IPUYHUH He-
COTJIACOBAHHOCTH JJIsl BO3MOXXHOCTH UX y4eTa U MOJy4YeHUs] 3HAYECHUM OIUOOK,
JOMYCTUMBIX JIJI MOTEHIIMAIILHOTO UHBECTOPA.

CpaBHeHUE pPe3yJbTaTOB HMHTEPBAJIBLHOTO U PEKYPCHUBHOIO MPOTHO30B,
MOJTYYEHHBIX Pa3IMYHBIMH METOJIaMH, ITOKA3bIBACT, YTO 3HAYCHUSI CPEAHUX 1ICH
crpoca 3a MecAl] He3HAYUTENIbHO OTJIMYAIOTCA APYT OT Jpyra. OTauyue oKasbl-
BAETCSl 3HAYUTEJbHBIM B MPOTHO3HBIX MECSIAX M Pa3HBIM ISl Pa3HbIX BAJIIOT,

OJHAKO, B CPpCAHCM HC IIPCBBIINACT HCCKOJIBKHMX ITPOLICHTOB. Camas OoubIias
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pazHuIla HaOIroAaeTcs sl KpUNTOBAIIOTE Monero, nocturas 16% B siHBape
1921 r.

Takum 00pa3oM, U3JI0KEHHBIEC PE3YJIbTAaThl MPAKTUYECKOTO UCCIEAOBAHNUS
10 MOJISTUPOBAHUIO IMHAMHUKHU BHIOPAHHBIX KPUITOBAIIOT U ONPENENICHUs MPO-
THO3HBIX 3HAYCHUH 3THUX MOKa3aTesieH, CBUICTEIBLCTBYIOT O OOJBITUX MTOTEHITHU-
aJbHBIX BO3MOXKHOCTSX Mozenen JIPA. B oTinuune oT CyneCTBYIOIMNX UHCTPY-
MEHTOB MPOTHO3UPOBAHUS OTMICJIbHBIX BPEMEHHBIX PSAOB, MPU TUHAMUYECKOM
(aKTOpHOM MOJEIUPOBAHUU pacCMAaTPUBACTCS JUHAMUKA CHUCTEMBbl B IIEJIOM.
[TocnenHee MO3BOJSET BBISIBUTH HESIBHBIE (JIATCHTHBIE) BHYTPEHHUE CBSI3U MEXK-
1y TIOKa3aTeJsIMU, KOTOPBIE MPOSIBIISIIOTCS MPU CPAaBHEHUU PA3JIMUHBIX MOJICIICH.

[IpennoxeHHbli Mepexo] K yBEIUYEHHOMY BPEMEHHOMY IIAry C yCpea-
HEHHMEM JIJaHHBIX HAOII0JICHUI Ha HOBBIX MHTEPBajIaX MO3BOJIAET YIAIUTh HEXKe-
naTeNbHble (PIYKTyalluu U ONpeeuTh 0ojiee o0Iue TMHAMUYECKUE CBOMCTBA
nokaszaresieid. Ha Hamn B3riis1 pacCMOTPEHUE OJTHUX U TE€X YK€ BPEMEHHBIX PSIIOB
C Pa3HBIMM IIAaramMu IO BPEMEHHU, MOXKET OKa3aThCsl BECbMA MOJIE3HBIM IMPU HX
aHanuze. Peanu3oBaHHbIe B pabOTE METOJbI MHTEPBAIBHOTO U PEKYPCUBHOIO
MIPOTHO3UPOBAHUS ONPEAECISAIOT Pa3IUYHbIE TPOTHO3HBIE 3HAYEHHUS], YTO MOKET
CBUJETEIBCTBOBATh O HEYCTOMUYMBOCTA PACCMATPUBAEMON AUHAMHUYECKOMN JKO-
HOMHMYECKON CUCTEMBI.

XoTst B paboTe HE yAAJIOCh MOJIYYUTh JOCTATOYHO MalIylO0 OIIHUOKY Ipo-
rHO3a, npeumyniecTBa moaenen JIPA cTUMyIUPYIOT TPOAOJKEHUE UCCIIEI0Ba-
HUW pBIHKA KPUNTOBAIIOT MYTEM COBEPIICHCTBOBAHUS U Pa3pabOTKU HOBBIX
MOJIeeH C LETbI0 JOCTUKEHUS TPOTHO3HBIX 3HAYEHUH, KOTOPBIE YAOBIETBOPH-
U Obl MOTEHIIMAIBLHOTO MHBECTOPA. YBEPEHHOCTh B JIOCTHKEHUHU TAKOM IIETU
JAIOT Pe3yJIbTaThl, MOJy4aeMble MPU UCCICIOBAHUM PA3TMYHBIX JTUHAMUYECKUX

HKOHOMHYECKUX CUCTEM.
Buvisoowi

Takum oOpa3om, IPUBEICHHBIC PE3YIbTATHI MO3BOJISIOT YTBEPKIATh, YTO
B pamkax paccmorpeHHoro LFE—monxoma pa3pabotanbl HHCTPYMEHTHI JUHAMU-

YECKOT'0 @aKTOpHOFO MOJCIUPOBAHMA HAa JaHHBIX BPECMCHHLBIX PAA0B, B 4aCTHO-
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CTH, MOCTpOeH KoMmiuiekc Mozened [IPA. B ornuume OT CylIEeCTBYIOIIUX HH-
CTPYMEHTAJIbHBIX ITOAXOJ0B K AHAJIN3Y TMHAMUUYECKUX SKOHOMUUYECKHX CHCTEM,
y HCCIIE0BATENs] BO3HUKAET BO3MOXKHOCTh aKTMBHOT'O BMEIIATENLCTBA B MPO-
LECC TOCTPOEHUS COOTBETCTBYIOIMX MOJENEH Il MUHMMM3ALMUKU OLIMOKU
IIPOM3BOJILHO BBEIOPAHHOIO IOKA3aTeJs B MPOLIECCE IPOBEACHMS €X-post aHaJIU-
3a. 3aJI0)KEHHAsl B MOJENIN BO3MOXKHOCTh MUHUMH3UPOBATH OIMIKUOKY JIsl Ompe-
JIEJIEHHOTO TOKa3aTelid JAeT BO3MOYKHOCTh IMOCTPOUTh MYJIBTH BapHAHTHBIN
IIPOTHO3 JUIsI aHAJIN3a HECKOJIBKUX BO3MOXKHBIX IYTEH Pa3BUTHS U 3BOJIOLUH
cucteMbl. Bo Bcex paccMOTpeHHBIX IpUMepax OMIMOKa MPOTHO3a OTIEIbHBIX
nokasaresiel He npeBsbimana 5%, a 1y HeKoTopbiX Obu1a MeHee 1%. [lomyuenue
TAaKOr'0 YPOBHS JOCTOBEPHOCTH ITPOTHO30B OTKPBHIBAET HOBBIE BO3MOXXHOCTH IS

aHalin3a JUHAMHKH IIPOU3BOJIbHBIX TUHAMUYCCKNX SKOHOMHUYCCKUX CUCTCM.
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2.2. Mopaesi BHKOPHCTAHHSI peajibHUX OMNIIOHIB JJs1 NPUIHATTA

iHBeCTHLIHHNX pillIeHb

Ilocmanoexa npobnemu

BonatunbHICTh yMOB, 5IKi TTOB'sI3aH1 3 EKOHOMIYHOKO JisJIbHICTIO, CTBOPIOE
HEOOX1/IHICTh pearyBaHHs Ha 3MiHU B cepenoBulli. [1ig yac mporHo3yBaHHs Oc-
HOBHUX (DIHAHCOBUX TOKA3HMKIB BOJIATWJIHHICTH BUKOPUCTOBYIOTH SIK OJUH 13
OCHOBHHX IapaMeTpiB [JIsl OLIHIOBAHHS MOXJIMBUX pu3uKiB. Kpim Toro, mian-
PHUEMCTBO MOKE aKTUBHO BIUIMBATH HA CBOE CTAHOBHWIIE, & CaMe aJanTyBaTHCS
JI0 3MIH B CEPEIOBHUII MIJISXOM 3MIHM MaciTaly ornepariii, BiICTpOYKu abo Bi-
JIMOBHM BiJl IEBHUX 1HBECTHUI1IM. baraTto 1HBECTULIIMHUX PIIIIEHb CTBOPIOIOTH MEB-
H1 BapiaHTU, HANPUKJIIA]], BUXO/ly HA HOBI PUHKH, PO3LMIUPEHHS A1SUIBHOCTI a0 ii
O0OMEKEHHA TO1, KOJIM BOHA BUSIBUTHCSI HEPEHTA0EIbHOI. Baxkko poOUTH TOUHI
MIPOTHO3M JIOXO/IIB BiJl TAKUX MPOEKTIB, 00 BOHU YaCTO MAIOTh YMOBHHI Xapak-
Tep, AKUU 3aJeXKUTh Bl HernependauyBaHux o0ctaBuH. Hanpuknaz € iHBeCTuUIIil
B JIOCJTI/DKEHHS 1 PO3BUTOK, MMPOCYBaHHS OpEeHTy, PO3BUTOK TUCTPUO FOTOPCHKOI
Mepexi, Kl MOXKYTh OyTH MEPLIOKO JIAHKOIO B JIAHLIO31 HACTYITHUX 1HBECTHIIIM.
[Tpy NpuifHATTI TaKUX 1HBECTHUIIIM, KOMITaHIsl OJTHOYACHO OTPUMYE MOKIIUBICTh
MOIAJIBIIIOTO PO3BUTKY.

OuiHka miaIpUEMCTB B YMOBaX HEBU3HAUYEHOCTI, IKa Oepe /10 yBaru 37aT-
HICTh MIANPUEMCTBA pearyBaTH Ha HECTAOLTbHI YMOBU Oi13HECY, OKPECIIOEThCS
tepmidoM Real Option Valuation, To06To peanbHi OMIIOHH, SKi € 0COOJUBUM BH-
najgKoM (OpMabHOTO THCTPYMEHTY, SIKM BU3HAYa€ CITIBBITHOIICHHS MIX Ipa-
BOM Ha 31MCHEHHS 1THBECTHIIIN 1 CAMUM 1HBECTYBaHHSIM.

PeanbHrMu omirioHaMu HA3WBAIOTHCS CTPATET14YHI, HEMaTepialbHI aKTUBH,
ab0 1HBECTHIIIITHI MOKJIMBOCTI, SIK1 JAalOTh MpPaBO BJIACHUKOBI OMI[IOHY Ha BCi
IPOIIOBI MOTOKHU, OTPUMaHI BiJ aKTHBIB MPOTATOM BCHOTO KHUTTS, B OOMIH Ha
BKJIaJICHHA KOHKPETHUX 1HBECTHUIIH. Sk mpaBuiio, peaiabHl OMLIOHU OTOTOXKHIO-
I0Th 3 MEBHUM aKTMBOM KOMIaHii, HampuKiIaJ maTeHToM abo mireHsieto. Ha-

MIPUKIIAJI, TIATCHT, KUK € peallbHUM OIII0HOM, Ja€ BJIACHUKOBI IIpaBoO, ajie He
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3000B's13aHHS, BUKOPUCTOBYBATH 3allaTEHTOBAHY TEXHOJIOT1I0 HA BHUPOOHUIITBI.
3 BOJIOJIIHHSM TATEHTY HE MOB’s3aH1 >KOAHI TPOILIOBI MOTOKH, ajieé BaXKKO 3arie-
pEUnTH, 110 MAaTEHT MAa€ BU3HAYEHY BapTICTh. OHIEIO 3 TPUUUH MOMYISIPHOCTI
peaJbHUX OIIIOHIB € MOXJIMBICTh 3aCTOCYBAHHS JJIA 3 aHATI3Y JI00pe ompalso-
BaHUX TEOpiN OLIHKH ()IHAHCOBUX OIMIIOHIB. AJie BCE X OLIbII BaXIJIUBHUM € TE,
10 MOJIEJI1 peaIbHUX OINIIIOHIB JO3BOJISIOTh KUIBKICHO OITIHIOBATH MOYJIMBOCTI
KOMITaHii MO0 ajanTamii 10 3MiH. Amanraimis - HaWBaKJIWBINIA BIIACTHUBICTH
CUCTEM, III0 JTO3BOJISIE 3HWKYBAaTHU BTPATH, BUKJIMKAHI HeBH3HadeHicTi0. Hass-
HICTb JIOCTATHIX MOXJIMBOCTEH MO0 aJanTallii MO)e MOBHICTIO KOMIIEHCYBATH

HETaTHBHHN BILIMB HEBU3HAYCHOCTI. [1].
Ananiz ocmannuix 0ocniodxcens i nyoaikayitl

JIOoCIITHUKY peabHUX OIIIOHIB 3a3HAYaI0Th, 1[0 IEPEJIOMHUM Y IXHBOMY
po3BUTKY OyB 1973 pik, konu odiliifHo Oyia omy0iKoBaHa MOJIEIb IIHOYTBO-
PEHHsI ONUIOHIB, AKl JalOTh MOXJIMBICTh CTpaxyBaTH ()IHAHCOBI 1HBECTHULII BiJ
3MiH IIIH TUX aKTHBIB, Ha K1 Il IHCTPYMEHTH BUCTABISIOTHCS TOOTO podoTa O.
bneka 1 M. lloyn3a, y siKiii BOHU OOIpyHTYBaJIK (POPMYITy PO3pAaXyHKY BapTOCTI
€BPOIEUCHKOTO KOJUI-OMIIIOHY, PO3BUTOK (PIHAHCOBUX MOJIEIEH OMI[IOHHOTO IIi-
HOYTBOPEHHS po3noyaBcs y pisHux cdepax. [lepm poOoTH B 11bOMY HANPSMKY
3poown P. Maknonansa 1 JI. Cirein, KOTpi CKOHLIEHTPYBaJIM yBary B CBOiil po-
00Ti Ha OLIHII “OmMIiOHY Ha BiacTpouky’ (option to wait) [2]. JI. Tpireopric, C.
Meiicon 1 P. Ilinpmakik posmisgand “OmnmioH Ha po3mmpeHHs” (option to ex-
pand/contract) y KOHTEKCTi yIpaBIiHHS MOTYKHOCTSAMH ITPOMHUCIIOBOTO TiAIPH-
emctBa. P. Maknonanen, J[. Ciren, M. bpennan, E. [IIBapu npucBATHIM CBOL
mparli aHaii3zy “omnilioHiB Ha MPUMUHEHHS BUIOOYTKY Ta HACTYITHE TTOHOBJICHHS
(option to shut down and restart) y cupoBunaux ramyssx [3]. C. Maiiepc i C.
Maiin posrisganu “omiion ctpaxyBanss (option to abandon) . H. Kynarinaka
ta JI. Tpireopric AOCHIKyBajd METOIUKHU OIIHKHK “OIIIIOHY HA 3MiHY TE€XHOJIO-
rii BupoOHuITBa” (Switching option/option to switch use) [4]. C. Maiin, P. ITin-
naiik 1 JI. Tpireopric npucBSTHIA CBOT Mpalll OMIliOHaM BIJICTPOYKH YU “‘OTIIIO-

HaM Ha IOCJIJOBHE BKJIaJICHHS 3aCO0IB B IHBECTHIIHHUI mpoekT’ (option to
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stage investment) [5]. “Ommionn pocty” cranmm mpeaMeToM mociimkeHb C.
Maiiepca, P. bpeitni, JI. Tpireoprica, P. [lingaiika, Uynra-HYapoeBonra. 3arasb-
HOMY KPUTHYHOMY aHAII3y MOJEII “peabHUX OMIIOHIB” MPHUCBsYeHI podoTH P.

Kinka ta JI. Tpireoprica.
Ilocmanoska yinei

VY peanpHUX OIIIIOHIB, HA BiAMIHY BiJ ()IHAHCOBUX, /¢ 0A30BUM aKTUBOM
€ (iHAaHCOBHM 1HCTPYMEHT (aKilisi, oOJiraiis), € peanbHl akKTWBU (IHBECTHIII],
pecypcu, BUpOOHUYI MOTYKHOCT1). Yac 10 3aKiHYEHHSI TEPMIHY — 1€, 3aJIeKHO
BiJl BUJIy OIIIOHY, Yac Jii MaTEHTY, MOXJIUBICTh BIICTPOUYKH PILICHHS TPO TO-
YaTOK 1HBECTHULIN, Mepioj] KOHKYPEHTHOI nepearu Tomo. Ha BinMiHy Bia ¢i-
HAHCOBUX MApaMETPIB, Yac JI0 3aKIHYCHHS TEPMIHY JIJIsl pEaIbHUX OIIIIOHIB € HE
3aBXau cTaauM. OCHOBHOIO MEPEBArOl0 METOAY PEATbHUX OIIIOHIB € OI[IHKA
BapTOCTI peajbHUX aKTHBIB B yMOBax pi3HUX (akTopiB HeBHU3HauyeHOCTI. [lo-
HATTSA THYYKOCTI MPUUHSTTS NPOEKTHUX PIIIEHb BIAIrpae LEHTPAIbHY POJb 1
yepe3 Te METOJ 03BOJIsIE€ MIABUIIUTH €()EeKTUBHICTD JIIi B yMOBaX HEBU3Haue-
HOCTI 1 pU3HMKY. 3aCTOCYBAaHHS METOJly PEAJbHUX OIIIOHIB NEPCHIEKTUBHE MPH
CTpaTEeTIYHOMY 1HBECTHUIIMHOMY TTPOEKTYBAHHI TaKOX 4Yepe3 Te, 0 MEHEHKepr
MIPOEKTIB MOXYTh OB ONMEPATHBHO BPaxOBYBaTU IMOSABY HOBOI 1H(OpMAIIii.
Hanpuknana, po3risayBaHui TPOEKT B IaHUM Yac € EKOHOMIYHO Hee(PEKTUBHUM,
aJie y BHUMAJKY CIPHUSATINBOI 3MIHU KOH IOHKTYpU PUHKY BIH MO CTaTH J0-
uiIpHUM. Togil, MpuiiMaro4Yu PillIeHHs] HE IHBECTYBATH B MPOEKT, SIKE IPYHTYETh-
csi Ha ODLKyduid iHdopMallii, BTpa4aeTbCsl MOXKIMUBICTE OTPUMATH MPUOYTOK Yy
MaiiOyTHbOMY. TOOTO, pHU3UK PO3IIISIAAETHCS HE SIK OOCTaBUHA, SIKY CJIiJ] YHUKa-
TH, a HaBMaK{, B METOJIl PEAIbHUX OIIIIOHIB BIH PO3TJISIIAETHCS K MOTEHIIIHE
JIKEpEso BapTocTi [6].

PeanipHi1 omiioHw, SIK 1 OMITIOHW HA IIHHI MAIepH, BIIHOCATH J0 TpaB, 0e3
OyIb-IKHX 3000B's13aHb KYMiBJII a00 3aMIHM aKTHBIB 3a BU3HAYEHOIO aJIbTEpHA-
TUBHOIO I[iHOI0. BapTicTh 0a30BMX aKTUBIB B MOJENI peaJbHUX OIIIIOHIB — I1Ie

OUiKyBaHa TMOTOYHA BApTICTh MAaWOYTHIX TPOIIOBUX MOTOKIB. 3MIHM BapTOCTI
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OCHOBHUX aKTHBIB Y 4Yacl OMHCYIOTHCS BIAMOBITHUM YHHOM OOpaHHMMU BHIIA/I-
KOBHM IIPOIIECOM.

[{ina BUKOHaHHS O3HA4Ya€ MOTOYHY BaPTICTh BCIX MOHECEHUX y MaHOyT-
HBOMY BUTpAT. SIKIIO MOTOYHA BapTICTh MAMOYTHIX BUTPAT 3pOCTAE, TO BapTICTh
OTIIIOHY 3HMXKYEThCS. BapTicTh € ofHiero 3 obnacTei, e icHye pyHaaMeHTa b-
Ha PI3HUIIA MK peaJbHUMH Ta (pIHAHCOBUMHU OIIIIOHaMH. Y (piHAHCOBHX OIIIIIO-
HaxX I[iHA BUKOHAHHS 3a3HadyeHa B JIOTOBOpl. Y BHUMAJAKY pEalbHHUX OII[IOHIB
MaiOyTHI1 KOIITH Iepe]l IHBECTYBaHHSAM YacTO € HEBIIOMUMH. Teopis pealbHUX
OTIIIOHIB HE LYPAEThCA 171e1 TpaauIlIMHUX METO/IIB OLIHKA. BOHa MOMOBHIOE iX,
KOPUTYE HEOJIKH, BPaxOBYE€ MOXJIMBICTh MEHEKEPIB MpHUIMaTH HaiKpari
pIIIEHHA BUXOJSYM 3 NOTOYHHUX E€KOHOMIYHHX yMOB. PeanbpH1 ONIIOHM J03BO-
JISIOTH MEHEKepaM OYTH JaJICKOIJISIAHUMU 1 HE BIIMOBIISITUCS Bij MOTEHIIIITHO
MpUOYTKOBHX MTPOEKTIB.

[Ipn BUKOpHCTaHHI CTpaTerii Ha OCHOBI pEaJbHUX OMNIIOHIB OCOOIMBE
3HAYEHHS] HA/Aa€ThCS METOJUIIl OLIHKHM MEPCHEKTUB, 110 3MYIIyE MEHEIKEPIB
MOPIBHIOBATH KOXHY JOJATKOBY 1HBECTULIWHY MOXJIHMBICTb, IO 3'SBISETHCS B
pe3ynbTaTi 31MCHEHHS KalliTaJlOBKIAaIeHb, 3 TIOBHUM CIIEKTPOM BXKE 1CHYIOUUX
MOJIUBOCTEH. B pe3ynbTari Kpyrosip MeHeKepiB PO3IIUPIOETHCS, BOHU BUXO-
JSTh 3a MEXI1 JIOBTOCTPOKOBUX IIJIaHIB, IO JI03BOJISIE TIOBHIIIE OXOMUTH CIEKTP

MOKJIMBOCTEHN AK1 MOCTIHHO 3MIHIOKOTHCH.
Buknao ocnoenoco mamepiany

3a BiJICOTKOBY CTaBKY BIJILHOT BiJI pU3UKY NMPUOYTKOBOCT1 OEPETHCS CTaB-
Ka MOBEPHEHHS 3 M030aBJIEHUX PU3UKY LIHHUX ManepiB, IKy MO>KHA OTPUMATH B
CTPOK 3aKiHYEHHSI TepMiHY OMIIIOHIB. Y IIHOYTBOPEHHI ()IHAHCOBHX OIIIIIOHIB,
SK TIPaBWIO, NIepeadavacThCs, 0 BiJbHA BiJ pU3UKY MPOIEHTHA CTaBKa € CTa-
JIOF0 B 4acl. 3 OISy Ha BOJATWIBHICTh Y Yacl BIICOTKOBUX CTABOK OUIBII Bif-
MOBIIHUM € TPaKTyBaHHs 0€3pM3MKOBOI CTAaBKH SK BUMAAKOBOro mpoiiecy. o
BIIHOIIEHH] JI0 peajlbHUX OMIIOHIB BOJATHJIBHICTH € MIPOI0 HEBU3HAYEHOCTI

I0JI0 BApTOCTI MaltOyTHIX IPOIIOBUX MOTOKIB.
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PesynpraTom BUILIATH AWBIACHAIB HA PUHKY KaIliTajiB € MaAiHHSA I[IH Ha
aKiii B JIeHb BCTAHOBJICHHS IpaBa Ha AuBiAeHAM. e BIMBae Ha 3pocTaHHs Ba-
PTOCTI ONITIOHY MPOJABIIA 1 3HWKEHHS BapTOCTI OMIioHy mokynis. [Ipu ananisi
pealbHUX OMIIIOHIB CTaBKa JMBIJICH/IIB MPEACTABIISE TPOIIOB] MTOTOKU MPOEKTY,
BTpaueH1 i yac Jii OMIIIOHIB.

Mopens brneka-Illoyn3a Bu3Hauae BapTiCTh €BPONEHCHKUX ONYIOHI8 KO,
BUJIAHUX HA aKIlii, sKi He npunocsims ousioenodis [2]. @. bnek ta M. Illoyn3 mo-
BEJIY, 1110 3 aKIlii Ta ONIIOHIB MOYKHA MOOYyBaTH BIILHUM BiJl PU3UKY IOPT-
denb. OckinbKU apOITpak TapaHTye, M0 MPUOYTKOBICTh MOPTQes, mo3oanie-
HOT'O pU3MKY, IOBUHHA JOPIBHIOBATH O€3ME€YHIN CTaBLl MOBEPHEHHS MPUOYTKY,
TOMY B TIO€JIHAHHI 3 BIJIMOBIIHUMU TPAaHUYHHUMH YMOBAaMH 1€ J03BOJIMIO D.
bneky 1 M. llloyn3y BUBECTH aHaJITUYHY MOJIEIb LIIHOYTBOPEHHS €BPOIEHUCH-
KHX OMIIIOHIB MPU TaKMUX YMOBAX:

* BUIbHA BiJ] pU3UKY CTaBKa € CTaJOK0 B MEPIOJ A0 3aKIHYEHHS CTPOKY,

* MPUOYTKOBICTH MO aKIisIX B HECKIHUEHHO MaJli MMPOMDKKHU 4acy Ma€ HO-
pManbHUI PO3MOLT, PO3NOAUT IIH aKIIH € JorapupMIYHO-HOPMAIbHUM,

* aKIIii He IPUHOCATH JUBIICHIB,

* ICHY€ MOXJIUBICTh KOPOTKHX MTPOJIAXKIB,

* 3MIHM I[IH Ha aKWii MOXHa 3MOJIEIIOBATH HEMEPEPBHUM BHUIIAJKOBUM
mpoiiecoM ITo, BapTiCTh €BPOMEHCHKUX OIIIOHIB KYMiBIl B Mojeni bieka-

[IToyn3a ctaHOBUTSH [2]:
2 2

In)S(+ rf+2 T In)S(+ rf—a2 T

C=SN ~Xe"'N

oNT o T

me: S —IHa akimii,
X — I[1HAa BUKOHAHHS,
I'f — CTaBKa BUIbHA BiJl PU3UKY,
C — CTaHJapTHE BIAXUJICHHS CTaBKU JIOX1JHOCTI aKiliil Ha PiK,
T — TpuBaicTh NEPIOTY 3aKIHUEHHS TEPMIHY Aii, BUpa)KeHa Ha MOPIYHIN

OCHOBI,
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N {.} — posmoxin BUIaAKOBOI BEIMYMHM 31 CTAHIAPTHHM HOPMAaJILHUM

pO3HOIIiJ'IOM BHU3Ha4Yae€, KO0 € ﬁMOBipHiCTL OTPHUMAHHA BiI[XI/IJIeHHH HMXKYO0I'O

Bix d.
BapticTs onitiony call mokaszano Ha puc. 1
F Y
LliHa
onuiony | C=85

LiHa & togen
\ Eneka-Loynza \

_C’ = max[0,5 - X¥]

|

X

Puc. 1. Bapricts ommionis call B moaeni baeka-I1loymn3a

BukopucToBy0UM mapuTeT KyMiBII-IPOJAXY, OTPUMAEMO IIHY €8poneli-

CbK0O20 ONYIOHY Npooadcy Ha aKIlii, IKa He NPUHOCUMb OUBLOEeHOIs.

B 2 ] B 2
In§+ rf—a— T Ini+ rf+6— T
P=Xe""|1-N X 2 ~S|1-N X 2

oT T

Mopnens bneka-Illoynza npurnyckae, 1Mo MiHA HA aKIlii MiJIsSTaoTh BUIa-
nkoBoMmy OnykanHto. Ile o3Hauae, 1m0 B KOPOTKOCTPOKOBHUH MEPIOJ PO3MOALT
3MiH LIH Ha aKIli Ma€e XapakTep HOPMAaJIbHOrO PO3MOJALTY. 3 IbOTO BUILJIUBAE,
110 7151 OyIb-SIKO1 TOUKM B MailOyTHbOMY I[IHM Ha aKIli MarOTh JOrapupMidyHO-
HOPMAJIbHUM PO3MOJIIST MOXKHA iX MOJCIIOBATH BHUIMAIKOBUM (CTOXACTUYHUM)
rporiecom Ito. Jlucnepcis 6a30BUX aKTHBIB 3pOCTa€ JIHINHO pa3oM 3 9acoMm [7].
Bapricth 6a30BUX akTHBIB (aKIiiid, TPOEKTIB) S MAJSATAE BUMAIKOBOMY OJyKaH-

HIO — 3MIHIOETBCS 3T1THO 3 TEOMETPUYHUM OPOYHIBCHKUM PyXOM:
dS= aSdt + 6Sdz,
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Jie: 0. — IMMOKAa3HUK OYiKyBaHOI CTaBKH MPUOYTKY 3a akimisMu (apeidy), o — mipa
3MiHHM TIporiecy, dz=eVdt— npupict BiHepa, € — mpoliec CTaHJapTHOI'O HOpMa-
JBHOTO PO3MOALTY. 3MiHM BapTOCTI 0a30BHX aKTHBIB, TAKMX SK: 3MiHA I[iH Ha
aKIii, JMHaMIKa IIH Ha CHPOBUHY, 3MIHU 1HBECTHUIIIHHUX BUTPAT BIAMOBIIHO 10
TEOMETPUYHOTO OPOYHIBCHKOTO PyXy IMOKa3aHO Ha puc. 2.

_ A TiHiAHa 3MmiHa
LliHa -
AKTHUEIB NorapudiHiqHD

HOPMANEHIA
/ poznoain

~ N

-
-

Hac

Puc. 2. BapTicTh aKTHBIB, 1110 MOJICITIOETHCS TE€OMETPUIHUM

OpOYHIBCBKHM PYXOM.

CraBKka QUBIJICHIB Y BUMAJKY PEAIbHUX OMIIIOHIB MOXE OyTH BUTIyMa-
YeHa, HalpUKJIaJ, K BTpaTa NpuOyTKy, MOB'A3aHa 3 BIACTPOUYKOIO MOYATKY MPO-
€KTy, HallpUKIIaJ, LUISIXOM BBEICHHS Ha PUHOK KOHKYpPEHLII B OYIKyBaHHI
COPHATIIMBUX YMOB 3aIyCKy TIPOCKTY, sika 3a0upae MiamPHEMCTBY YACTHHY
npuOyTKY BIJ TPOEKTY (BTpara MpUOYTKY, BiJl SKOTO BIAMOBIAETbCS (pipma B
OOMIH Ha MOXJIMBICTh HEBHKOHAHHS OMIIOHY). BaxxiuBoro mpobiemoro mpu
OIIHIII BOJIATWJILHOCTI € TaKOX BUOIp BUMIPIOBAHHS Yacy: Y BUMIPIOBATH 4Yac B
JTHSIX TOPTIBJI, UM KaJeHAApHUX, 00 OAHUM 3 (DaKTOPIB, 1110 CIIPUUHUHSIOTH BOJIa-
TUJIBHICTB, € 000POT Ha O1pKi, @ HE TUILKKU HAIUIMB 1HQOpMAIIii.

Mopenb ouinku omiioHiB bneka-Illoyn3a npumnyckae, mo onuioHd O0yiau
BHUCTaBJICHI Ha aKIiii, iK1 HE MPUHOCATH JUB1ICH1B. Burjiara quBIIEH/IIB BILIU-
Ba€ Ha PUHKOBY BapTICTh aKIlii. Y JeHb MpU3HAYCHHS MpaBa Ha JUBIICHM 11HA
aKIi 3HIKYETHCS 10 PO3MIPIB AUBIACHIIB, SAKI MPUIAIAI0Th HA OJHY aKIliio. Y
pe3ynbTaTl, 3HUKYETHCS BAPTICTh OMIIIOHY MOKYIISA, @ 30UIBIIYETHCS OIILIOH

MPOJABIISA. Y KOHTEKCTI OI[IHKM OIIIIOHY JWBIACHAIB 03HaUYa€ CKOPOUYCHHS I[IHU
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Ha aKIlii B IcHb BU3HAYCHHS TIpaBa Ha AuBiAeHIN. Hanmpukiman, sKmo odikyBaHa
BapTICTh JAMBIACHIB ckiagae 1 momap 3a akiiiio, a B ICHb BU3HAYCHHs IIpaBa Ha
TUBIZIEHN 1MiHA aKiiid nagae Ha 80%, TO IS OIIHKH OIMIIIOHIB CJiJ] MPUITYCTHU-
TH, 10 JuBiAeH ] ctaHoBUTh 0,8 monapie [8]. IIpu Bukopucranni mojeni bieka-
[IToymn3a moTpiOHO Bij I[IHM HA aKTUBHU BIAHSATH MOTOYHY BapTICTh OUIKYBAaHHUX
JUBIJICH/TIB, TUCKOHTOBAaHUX 3a 0E3pH3MKOBOIO CTABKOIO I, Kl OyayTh BHUILIA-
YeHi /10 3aKIHYCHHs TEPMiHY Jii OIIIIOHY.

B omiHmi peasbHUX OMITIOHIB €KBIBAJICHTOM JIMBINCH/IIB € YHHHUK, SKUN
3HM)KYE BapTICTh MPOEKTY — 3aJIEKHO BiJl TUITY ONIIOHY 1€ MOXe OyTH, Halpu-
KJIaJl, BApTICTh BTPAUYCHUX IMOTEHUIWHUX IE€pEeBar, sKa BUHUKA€E B PE3YJbTATI
BIJICTPOUYKH TMOYATKY BUPOOHMIITBA, JOXOJIM, BTpAayeHl B pe3yjbTaTi KOHKYpEH-
mii. Y OUIBIIOCTI MOACNEH OIIHKK peaIbHUX OMIIOHIB €KBIBAJICHT JIHBIIACH/IIB
PO3TIISAIAETHCSA AHAIOTTYHO SIK JTUBIACHAM, SIKI BUILIAYYIOTHCS Ha MOCTINMHINA OC-

HOBI TP OLIIHIOBaHHI (DIHAHCOBUX OMIIIOHIB.
Bucnoexu

BukopucTaHHs peabHUX OMIIIOHIB B MPOLECI OLIHKU MIJIPUEMCTBA J0-
3BOJISIE OI[IHUTH 3JaTHICThH MIANPUEMCTBA a/IallTyBAaTUCA YMOBaX HECTaOlTLHOC-
Ti. J{03BOJIsIE OIIHIOBATH MPOEKTH, K1 HA MOMEHT OIIIHKM HE € pealli3oBaHi, aje
MOXYTh TepeOyBaTH y CHPUSATIMBUX yMoBax. Jlo OIIIHKM peadbHUX OIIIIOHIB
3aCTOCOBYIOTHCA METOAM (PIHAHCOBOI OLIIHKU OMIIOHY MOKYIMIs. BukopucTanus
OLIIHKM peaJbHUX OMIIOHIB MpHU po3poO0Ll OOMKETYy KamiTaloBKIaJAeHb a0o
OLIHI[ BapTOCTI Oi3HECY MOXe OyTH KOPUCHUM 1 e(heKTUBHUM. Take TBEepHKEeH-
HSl BUKOHYETBCS, SIKIIO MOBa M€ MO MPOEKTH, B IKUX 3aKJIaJIeHl 3Ha4HI MOX-
JUBOCTI M0 ajanTalii 10 yMOB, 1110 3MIHIOIOThCS, TOOTO 10 GaraToeTanmHuX Mpo-
ekTiB. /{151 MOCSATHEHHS IbOTO KOMITaHii HEOOX1THO BMITH 1IeHTH(]IKYyBaTH pea-
JIbHI OMIIIOHM, 110 MICTSATHCS B CTPATEr1YHUX PIIICHHSX, II0/I0 TOYHO BU3HAYATH
4acOBHH 1HTEPBaJ, MPOTATOM SIKOTO MOXJIUBICTh CKOPUCTATUCS PEaTbHUM OIIIIi-
OHOM Oyie 1ICHyBaTH, OLIIHIOBAaTH 3MiHY BapTOCTI peajibHUX aKTHBIB Ha M1JCTaBI
HasBHOI 1H(OpMaIlii, IHNTErpyBaTH OL[IHKY pealbHUX OIIIIOHIB B 3BUYAiHI METO-
I aHai3y TPOILIOBUX MOTOKIB, @ TAKOX BUKOPUCTOBYBATH MPOLIETYPH KOHTPO-
JI0 332 BUKOHAHHSIM 1HBECTHILIMHOIO MPOEKTY, BIACTEXKYIOUHM 1 aHANI3yIOud He
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TIIBKY BIIXWJICHHS (DAKTHYHUX TPOIIOBHUX MOTOKIB BiJl TUIAHOBUX, a M MPUNHSAT-
TS pillIEeHb PO BUKOPUCTAHHS peajbHUX OMIIIOHIB.

Orinka OMINOHIB Ja€ BAXJIMBY JOJATKOBY 1H(POPMAIUIO 1 TUM CaMHM
Crpusie OOrPYHTOBAHOCTI MPUMHATHUX pillleHb. Y YMOBaxX HECTaOUIBHOI €KOHO-
MIKH, KOJIM IPUOYTKOBICTh 1 BOJIATWJIBHICTH IIiH Ha aKTUBHU HE JyXe CTaOlIb-
HHUMH B 4Yacl, MOTpiOHO OyTH Haa3BHYAHHO 0OEPEKHUMU IIPHU OIIHII pealbHUX
OMIIOHIB. PeanpH1 OMIIOHN — 1€ TIEPETOBCIM TOBIOCTPOKOBI aMEPUKAHCHKI OII-
I[IOHM, SIKI MOXKYTh OYyTH TMoraiieHi B Oyab-aKUil 4yac 10 3aKiHUEHHS TEPMIHY iX
.

[lepcnexkTnBamMu NOMATBIIMX JOCHIPKEHb y JAHOMY HANpsAMi € JOCIi-
JOKEHHS IMHAMIKM PUHKY JJI1 CTBOPEHHSI CIIPUSATIMBOIO 1HBECTULIIMHOTO KiliMa-
Ty Ta 3J1ACHEHHS MPOrHO3YBaHHS IIHOYTBOPEHHS pEaibHUX OMIIIOHIB 3 OLIbII

CIa0IMMu TpUIyIEeHHAMH, HK y Mojieni bieka-Iloyn3a.
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2.3. Detecting payment card fraud with auto machine learning

Payment card fraud affects everyone. Almost 50 billion dollars were lost
to card fraud [1] and identity theft [2] worldwide in 2019 alone. Although finan-
cial institutions are locked in an escalating arms race against cybercriminals and
scammers, losses still have to be accounted for. Consumers end up paying for
money lost to fraud out of pocket, in the form of vendor and transaction fees.
While corporations and governments spend billions more investigating and han-
dling fraud cases.

Modern fraud prevention is expensive. Digital ID checks cost around
$2 per document, companies spend millions on KYC (know your customer),
Auto Machine Learning (AML), and still, the number of fraudulent transactions
IS growing. Banks have been relying on passive measures to counteract fraud
based on past breaches or fraud behaviour history, and only some have invested
in pro-active or predictive fraud prevention.

Card-based payment systems worldwide generated gross fraud losses of
$28.65 billion in 2019, amounting to 6.8¢ for every $100 of total volume [1]. To
understand what financial institutions can do to improve their fraud prevention
efforts, the current protection mechanisms need to be examined. Payment cards
that hold a set of credentials or cardholder data act as keys to a customer's bank
account and enable two types of transactions: card-present and card-not-present.

Payment card fraud basics

Card-present is when a payment card is physically used to make purchases
or withdraw money from ATMs by entering a PIN. For decades, scammers have
been using cameras, sensors, ATM skimmers, and other devices to make copies
of cards and extract PINs.

In one case, a waiter was discovered using a portable magnetic stripe
reader in his shoe to copy customers’ cards while walking to the register. In an-

other scam, criminals used NFC readers to steal small amounts from people’s
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cards on the subway. By coming close to pockets and bags, they were able to
charge cards without people noticing.

Phone confirmations for larger amounts and RFID blocking wallets can
partially counter card-present fraud. Card-not-present transactions are more
complex as they happen remotely, where a cardholder does not present a card to
a merchant in person. CVV code on the back of the card is most often used to
confirm that the person paying has physical access to the payment card, but 2FA
methods via SMS OTP (One time password) and in-app authentications are be-
coming more widespread.

Scammers can intercept OTPs, consumer sessions, cardholder data (PAN,
EXP, NAME, CVV), and even steal app credentials. The Lazarus Group from
North Korea is notorious for using military-grade cyber expertise to steal money
using man-in-the-middle software and cloned credit cards to withdraw cash from
ATMs. So much so that an estimated 75% to 80% of all ATM cash-out losses
get repatriated to North Korea [1].

Banking: old vs. new

PSD2, the revised European Payment Service Directive that covers the
whole of the EU, brought into law in 2018, aimed to fix the lack of an Open
banking regulatory environment, improve security, and protect customers,
among other goals. Before banks started to adopt OpenAPI, companies had to go
through hell to integrate with banks using ancient file exchange systems.

PSD2 standardized how payment and financial institutions interact with
each other and with third-party providers. The directive enabled AISPs (Account
Information Service Providers) to access information from multiple financial
institutions with a customer’s permission. AISP services, for example, can ag-
gregate data from different accounts in different banks and show it to a consum-
er in one place or application.

PISPs (Payment Initiation Service Providers) can go a step further and
make payments on behalf of consumers. PISPs can pay incoming utilities, inter-
net, and service bills that a consumer receives automatically. Although AISPs
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and PISPs are still in the early stages of development and adoption, similar initi-
atives are already being implemented worldwide.

In 5-10 years, OpenAPI initiatives will reach their potential and unlock
digital banking's benefits. Truly interactive banking experiences are great, but
these changes open the industry to completely new attack vectors that need to be
accounted and prepared for.

Spotting fraudulent transactions using Al & ML

In one of the weekly newsletters from deeplearning.ai, Andrew Ng, a
leading Al expert, mentioned that financial anti-fraud systems broke because
consumers changed their behavior with the global pandemic's arrival. Models
used to predict consumer behavior, supply, and demand had to be retaught to
account for new patterns and spikes.

Let’s assume that as a financial institution, a customer’s payment card
was compromised during the pandemic. What can be done to spot fraudulent
transactions early on? One course of action is to take a data set, mark confirmed
fraudulent transactions with a chargeback or other documented problem, and
analyze it to determine correlations.

For most areas, obtaining a comprehensive dataset is not a problem. How-
ever, privacy laws protect banking and transaction data from being disclosed.
GDPR in the EU provides customers with the right to be forgotten, and Big
Tech companies are already being sued for billions [3] for breaching the privacy
laws. In terms of machine learning, if a consumer asks for his data to be deleted,
does the request apply to the results of calculations based on their data? How far
the law reaches will be discussed for years to come.

Raw data

As a result, there are very few datasets with real customer data in the pub-
lic domain. A relatively large 150 MB dataset from Kaggle [4] with hundreds of
thousands of anonymized transactions from European credit card users recorded
in 2013 is used to research how to prevent payment card fraud in this research.
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Locating useful information in a raw dataset is a very resource-intensive task
that usually requires multiple data scientists and analysts.

A technology executive with a heavy managerial workload can't spare a
couple of weeks to clean, spot anomalies, and balance the dataset. Under this
scenario, a relatively new AutoML [5] approach could take on all of the routine
and repetitive tasks that come with in-depth data analysis and extract insights
from raw data.

There are many AutoML solutions to choose from today. Giant AWS
SageMaker [6], Google AutoML [6], AutoAl with IBM Watson Studio [7], Mi-
crosoft Azure ML [8], and Oracle AutoML [9] are complemented by smaller,
but not less interesting DataRobot [10], Auto Weka [11], AutoML-Freiburg-
Hannover [12], and H20 Driverless Al [13]. The last one is preferable because
it can run on a local server or even a laptop instead of relying on the cloud.

Whenever financial data is involved, most regulators restrict its movement
to prevent data transfers outside the country or into the cloud. Another important
point is that cloud-based solutions are often limited by the amount of processa-
ble data. Some products restrict tables to one million rows and add other re-
strictions to encourage users to purchase expensive enterprise-level licenses.

Even though H20 is a commercial project, there’s also a free version that
does not have a handy GUI, but that should not be a problem for skilled hands.
As a result, H20 Driverless Al with an educational license was used for this re-
search.

The dataset itself was a CSV file with only a few readable variables: time,
amount, and class - whether a transaction was fraudulent or not. The rest were
anonymized to protect the privacy of consumers (Fig. 1). This makes it more
interesting as it can be observed how the system behaves with many unknown

variables.

Fig. 1. Raw credit card fraud detection dataset [4]
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Setting up AutoML in H2O Driverless Al

For the experiments, the following configuration was used: IBM System
X 3300 M Server with 12 Cores, 32 GB RAM, and Ubuntu Linux 18.04 LTS. It
Is an old workhorse without a GPU but it provides a clearer picture of the per-
formance. After importing the dataset into H20, the system automatically ana-
lyzed the type and structure of data and suggested the best preliminary models,
classificators, and analysis tools based on what’s inside the dataset. In this case,
the dataset was highly unbalanced, so H20 recommended the Log Loss scor-
er [14].

Immediately after importing the dataset, H20O quickly showed the prob-
lem and unbalanced areas. After confirming a wide variety of settings, the sys-
tem began to analyze the data. The GUI showed preliminary results during the
process, which could be explored and changed before full analysis is completed
(Fig. 2). Overall, it took about five days to process the data on this setup.

{ H20.qi Experiment Card Fraud  ProJects DATASETS AUTOVIZ EXPERIMENTS DIAGNOSTICS MLI DEPLOYMENTS RESOURCES ~ MESSAGES[3] LOGOUT
DRIVERLESS AI1.8.0 - Al TO DO Al
nsed to Prioz y State Technical University (SN39643 —~ Academic License). Current User,

e
EXPERIVENT SETUP ASSISTANT ~ STATUS: COMPLETE TRAINING SETTINGS EXPERT SETTINGS

DISPLAY NAME DATASET
Card Fraud creditcard.csv INTERPRET THIS MODEL
ot 5 5 LOGLOSS
S APR— DIAGNOSE MODEL ON NEW DATASET...

ROWS COLUMNS
- - SCORE ON ANDTHER DATASET
ACCURACY TIME INTERPRETABILITY SCORER

TRANSFORM ANOTHER DATASET...

BE D G CLASSIFICATION REPRODUCIBLE GPUS DISABLED
ETL:H COLUMN FOLD COLUMN 'DOWNLDAD PREDICTIONS ~ _
ass ==

DOWNLOAD PYTHON SCORING PIPELINE

WEIGHT COLUMN TIME COLUMN BUILD MOJO SCORING PIPELINE CPU / MEMORY Notifications ~ Log  Trace

[OFF] DOWNLOAD EXPERIMENT SUMMARY

DOWNLOAD LOGS
TYPE COUNT UNIQUE TARGET FREQ

bool 284807 2 492 DOWNLOAD AUTOREPORT

ITERATION DATA - VALIDATION VARIABLE IMPORTANCE P-R LIFT GAINS K-S SUMMARY

. . " , - 3267138-53e4-Tiea-Bfbc-5cfafcatfaen)
oot r . & ‘ & = LR 0, 2020-02-20 18:04

(21 of 32 models trained)
odels trained)
d)

secs /
0.0017 035883 +/- 0.00052538 (baseline)
.0017 031047 +/- 0.00055581 (final pipeline)

va,
{ LOS:
'A LOGLOSS 00031 +/- 0.0006 Glickiand dag ta'zoom a 2 i LOGLOSS = N/A

@ 2017-2013 H20.0l. All rights reserved.

Fig. 2. The results of the experiment in H2O Driverless Al

After completing the experiment, H20 offered a choice of models ready
to be deployed on the cloud, servers, or datacenters. This enables almost seam-
less continuous delivery or delivery after pressing a single button. Both options
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are very beneficial because updating such systems is a complex process that re-
quires specialist skills.

Model interpretation

In this step, the selected system automatically processes the models that
were built by themselves. In this experiment, it needed another day and a half,
and the system returned results that showed influence, dependence, importance,
or weight of different variables in the dataset (Fig. 3, Fig. 4).

Fig. 3. The results of model interpretation

Fig. 3 demonstrates the importance of variable V14 that should and needs
to be examined further. The rest of the results (Fig 4) consisted of other synthe-
sized cluster functions. Using these results, it is possible to go through each
function separately and analyze whether it is essential or not.

Through these results, it can be observed how the system taught itself,
made decisions, approached maximum results, and where it was incorrect. H20
shows different patterns and possible interpretations of different values and how
the system sees relationships between other variables and results in the dataset.

There were two additional experiments where fields that came up in the
first experiment were excluded to observe and ensure whether the result would
remain the same without them. Overall, the new experiments were successful.
Sometimes, there were differences in the variables' influence, and in other cases,
H20 synthesized new functions.
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Fig. 4. The results of model interpretation
AutoML results

In the end, the true positivity rate of the prediction was 0.9733, which is
an excellent result. Variables 12, 14, and 17 peaked, showing a possible rela-
tionship between time, amount, and some merchant attributes.

Another progressive feature of modern software is the ability to generate a
“Word” .doc file as a report with all of its findings and the lifecycle of the anal-
ysis that can be printed out and read at any time. It shows everything the system
did, methods, how long it took, how effective, shifts, and importance. This saves
at least a week of human analyst work.

The generated model can be turned into a java or python application that
will generate a set of APIs, import a raw dataset with transaction variables, and
the system will show whether the transaction is fraudulent or not, and how sure
it is in that decision. It may be used to decide whether to allow the processing of
a transaction or to stop it immediately.

These tools can be used by top-management, CTOs, and even marketing
departments to generate valuable insights into business operations:

e When is the best time to push notification about a new product?

e Is it when consumers make the most transactions or the opposite of that?
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AutoML can help find answers and improve business decision making
through data analysis.

The solution is not a magic bullet against all fraudulent transactions or the
only right method to roll out such a model. The experiment has provided enough
information about what’s inside AutoML, what can be worked on, and what else
can be explored. However, it is reassuring that a different research team that
spent six months working on the same dataset reached the same conclusions as
what this research determined in around a week.

New attack vectors

Payment card fraud is limited by card expiry dates, limits, and security
notifications. The method explained above can help find and stop fraudulent
transactions made by perpetrators, but what if customers unwittingly transfer
money to criminals by themselves?

In 2019, an executive of a UK-based energy firm thought he was speaking
on the phone with his boss, the CEO of the firm’s German parent company, who
asked him to send €220,000 to a Hungarian supplier [15]. The caller said the
request was urgent, directing the executive to pay within an hour, which he did.
Instead of his boss, the executive spoke to a voice recording generated by artifi-
cial intelligence-based software that successfully impersonated the CEO.

Live facial biometric data many digital-only banks rely on to authenticate
their customers is not fraud-proof either. Cybercriminals found a way to recreate
3D models of faces using recorded videos that can be used to log in by generat-
ing head tilts and turns on demand.

Social engineering plays a significant role in modern fraud cases. A man
behind an Instagram account with 2.5 million followers flaunting his opulent
lifestyle told people they could earn as much as him by sending him money [17].
He was arrested after stealing over 400 million from individuals and businesses
worldwide [18].

There are many examples of money flippers on social media that promise
to turn a $100 into $1000, $500 into $5000, and so on [19]. Suffice to say that
people don't get their investments back. If the recipient is not blacklisted, has a
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business, and receives money regularly, training a system to detect such type of
fraud is challenging, if not impossible, for now.

Payment card and identity fraud are closely tied to criminal activities that
aim to launder money and conceal identities. Modern compliance and anti-
money laundering (AML) investigations check social media accounts for suspi-
cious posts and activities. To get around these checks, criminals buy inexpensive
accounts created and maintained for a few years to develop a plausible online
identity.

People who want to take on a different identity can buy a passport and a
new identity with social media accounts, diplomas, and other documents for rel-
atively little money (Table 1). On one side, it's easier to obtain a new identity
than ever before. On the other, regulators and service providers are tightening
security and making it more difficult to evade their checks.

Table 1
The minimum cost of a brand new identity*
USA Canada Australia UK Europe
New identity: Passport,
ID Card and Birth $1152 $1175 $1355 $1255 $1125
Certificate
Education: High School
Diploma and 0.1699 BTC | 0.1699 BTC | 0.1699 BTC | 0.1699 BTC | 0.1699 BTC
Bachelor's Degree
E'rr;zrl‘f‘éa?jgﬁ accont | s115+ $115+ $115+ $115+ $115+
. 0.0984 BTC | 0.0984 BTC | 0.2593 BTC | 0.1162 BTC | 0.0894 BTC
of Counterfeit Currency
Total $1267+ $1290+ $1470+ $1370+ $1240+
0.2683 BTC | 0.2683 BTC | 0.4292 BTC | 0.2861 BTC | 0.2593 BTC

* Source: Safety Detectives [20]

In an attempt to balance convenience and security, security is losing. Cus-
tomers don’t like long passwords and additional verification methods. They
frankly don’t care if their information leaks because “they have nothing to hide
and don’t have that much money anyway.” AutoML has the potential to slow
down the advancement of financial fraud, and everyone is about to find out for
how long.
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2.4. Permutation based complexity measures and crashes

Introduction

The achievements of recent years in the field of quantitative description of
financial and economic systems are associated with the formation and develop-
ment of tools for the theory of complex systems [1] and its pragmatic branch —
econophysics [2]. The emergence of a large number of measures of complexity
made it possible to more effectively manage complex systems in conditions far
from equilibrium, predict and prevent critical and crisis phenomena [14].

Among the many complexity measures that have passed the test of time,
permutation based measures occupy an important place. Thus, introduced in
2002 by Bandt and Pompe permutation entropy [3] has become a theoretically
transparent and practically effective tool for quantifying the complexity of sys-
tems of various natures [4]. Introduced relatively recently, the permutation
measure of irreversibility of the time series [5] has expanded the range of per-
mutation measures of complexity.

The purpose of this work is to study the sensitivity of permutation
measures of complexity to crisis phenomena in markets that are different in
structure and dynamics; stock, cryptocurrency and oil.

The use of the Dow Jones index in calculating the permutation entropy
[6-9] was aimed at:

- to identify the difference in the behavior of the developed US market
with the emerging market of China [6];

- analysis of the frequency of allowed and prohibited patterns for the in-
dex since 1900 [7];

- study of the permutation entropy dynamics of during crises periods
[8, 9].

As for the crypto market, then authors [10-13] employed permutation en-
tropy with a rolling window approach to test for the market efficiency, cluster-
ing patterns Bitcoin prices, forecasting Bitcoin’s daily value at risk. In a series
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of our works [14, 15], permutation entropy is used to construct indicators-
precursors of crises in the crypto market.

There are relatively few studies on the permutation properties of the oil
market [4, 16, 17]. It should be noted one of the first works [16], in which the
authors compared the dynamics of permutation entropy with fluctuations of dai-
ly prices of crude oil WTI for the time period 1983-2015. They also showed
how several events occurred contemporary to changes in the informational
efficiency, providing evidence of some influence of main economic and political
milestones in the dynamics of the crude oil market. In our recent work [17], the
possibilities of permutation entropy in predicting crisis phenomena in the oil
market are compared with the possibilities of other measures of complexity.

Permutation entropy (PEN)

PEn is characterized by its simplicity, computational speed that does not
require some prior knowledge about the system, strongly describes nonlinear
chaotic regimes. Also, it is characterized by its robustness to noise and invari-
ance to nonlinear monotonous transformations. The combination of entropy and
symbolic dynamics turned out to be fruitful for analyzing the disorder for the
time series of any nature without losing their temporal information. According
to this method, we need to consider “ordinal patterns” that consider the order
among time series and relative amplitude of values instead of individual values.

For evaluating PEn, at first, we need to consider a time series{x; |1 =1,..., N}

which can be revealed in d - dimensional vector
XA) =% Xerp-or Xigqo ) FOr i=12,..., N=(d; -1,

where d. is the size of each embedded vector and 7z is an embedding delay be-

tween each vector.
After it, we consider d.! permutation patterns z=(k;, k;,..., K, ,) of

symbols (0,1,...,d. —1) if the following condition for each X(i) is satisfied:

X <X <

i+kgr — TNtk — 0 < Xi+kdEflr'
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We will use ordinal pattern probability distribution as a basis for entropy
estimation. Further, let us denote f(z,) as the frequency of occurrence of the

pattern z,. Then, the probability of occurrence of a specific pattern can be de-

fined as

f(m)
N—(d, -1z

p(m) =

Then, regarding the ordinal pattern probability distribution
= {p(;zl)|l :1,...,dE!}, the permutation entropy of the corresponding time

series can be defined following such equation:
S[P]= Z p(z)log p(m;).
If we need to compare time series with the described measure, we can
normalize S[P]:

e.rp]=SLP)

S

max

where S . =Ind.! is the highest value of PEn and 0<E_[P]|<1. There are

enormous number of studies which imply that PEn values close to 1 suggest the
presence of stochastic (random) processes; on the other hand, values close to 1
say about some deterministic patterns in the generating dynamics.

The first tusk that scientist solve applying PEn is the choice of appropri-
ate set of parameters d.! and 7. As d.! defines the number of possible states

that the embedded fragments can be in. Following Bandt and Pompe’s recom-
mendation [3], it is common to choose the values of d. that satisfy the condition

d:!<< N for the appropriate probability distribution. For small values, such as
dz =2, procedure may not be accurate enough, since there are only few particu-
lar states — 7, ={0,1} and =, ={1, 0}. We will define the best set of parameters

empirically.
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Permutation based time irreversibility measure

We can define a time series as a reversible when there is an abundance
of invariance of its statistical properties after operation of reversibility. Thus, for

a given time series X={x|i=1...,N}, its time reversed version
X" ={x |i=N,...,1} is said to be reversible if for a mapping function f (),

f(X) ~ f(?t'r'). Processes that are characterized as nonlinear, non-extensive,

non-Gaussian, and with the presence of memory can be classified as irreversible.
Assessing irreversibility of a system is equivalent to its predictability. Thus,
procedure for obtaining ordinal patterns from permutation entropy approach will
see to be reasonable in our case.

First of all, let is give an example of the procedure for calculating the
necessary indicator of irreversibility. According to mentioned steps, we will
construct embedded matrix of overlapping vectors with d. =3 and 7 =1 for the

fragment of West Texas Intermediate (WTI) crude oil price for period
14.07.2008-26.07.2008 (https://www.eia.gov/dnav/pet/pet_pri_spt_s1 d.htm):

X" ={145.16,138.68, 134.63,129.43, 128.94,131.43, 127.25}

and
X" ={127.25,131.43,128.94,129.43,134.63,138.68, 145.16}.
Then, our embedded data can be presented in the following form:
145.16 138.68 134.63 129.43 128.94
Yd(dE,r): 138.68 134.63 129.43 128.94 131.43
134.63 129.43 128.94 131.43 127.25
and

127.25 131.43 128.94 129.43 134.63
X "(d,,7)=|131.43 128.94 129.43 134.63 138.68
128.94 129.43 134.63 138.68 145.16

After it, our time-delayed vectors are mapped to permutations or ordinal

patterns of the same size. Our example consists 3! = 6 different ordinal patterns.
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These patterns can be composed in such a way that a time-reversible version of
the same pattern will be paired with it:

{0,121 <>{2,1, 0}
L0, 2}<>£2,0,13
{12,050, 2,13

t.r.
with <> representing a time reversal transformation.
Thus, we map our time delayed matrices to ordinal matrices:

2 2211 01000
X'(de)=]1 1 1 0 2| and X (d.,7)=|2 2 1 1 1|
00020 102 2 2

According to our directed ordinal matrix, frequently we can observe pat-
tern with two consecutive decreasing values, i.e., 7° ={2,1, 0}; as this pattern
does not appear in time reversed ordinal matrix, we can be certain about the time
directionality of out time series. An opposite pattern 7" ={0,1, 2} appears with

the same frequency, which is time-reversed equivalent of our directed version.
Thus, we can conclude out time reversibility of our time series, and opposite
conclusions would be drawn for an irreversible version. This idea is a basis for
the measure described below.

The irreversibility magnitude can be quantified by comparing the proba-
bility distributions of the patterns appearing in the original and time-reversed
series through the Kullback-Leibler divergence [5, 18]. Following the example
above, we construct the probability distribution for directed and reversed ver-
sions:

P! = [ Pro,1,2: = 0; P10y = 0.6; Ppo,23 = 0.2; Pr2.013 = 0; P 200 = 0.2, P23 = 0]
and
P’ :[p{2,1, 0y~ 0; Pro,1,2 = 0.6; Pe203 = 0; P02y = 0; Pro, 2.3 = 0.2; P2, 03 = 0.2] .

The difference between two distributions then can be estimated through

the following formula:
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Pd(l)+8

ZP (i)log—=2— )+ 2

where & <<minP? and ¢ <<minP", since the argument of the logarithm can be
p{1,0,2}/ P2, 0,13 =0.2/0.
Consequently, if D, ~0, the probability distributions of directed and

time-reversed series should be approximately the same, and time series in this
case is presented to be reversible. On the other hand, as D,, — o, dynamics of

the system becomes more irreversible.
Empirical results for financial time series

Nowadays WTI crude oil, Bitcoin, and DJIA are presented to be one of
the most influential assets, having a significant impact on the world economy. In
our previous articles we have advanced into action and set the tasks (1) to make
an appropriate classification of such events that are predictable and not predicta-
ble and (2) to construct such indicators that will identify in advance crashes and
critical events in order to allow investors and ordinary users to work in these
markets. Our studies present that their price behavior is regime-switching. Such
switching reveals in high risk (completely random) and low risk (deterministic)
environments. Some of those events are much more predictable, less efficient,
and exhibit corresponding complexity patterns that can serve as indicators of
further falling.

This work focuses only on the most influential crisis events of WTI and
DIJIA, while in the Bitcoin market, all the crises discussed in previous works
were selected and supplemented. The data we use here for our analysis are the
daily closing prices of

e the crude oil price over the period from 2 January 1986 to 23 March
2021;

e the DJIA price for the period from 4 January 1983 to 23 March 2021,

e BTC time series that was divided into two periods: from 1 January
2011 to 31 August 2016 and from 1 September 2016 to 23 March 2021.
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During these periods, markets have experienced varying degrees of vola-
tility.

Calculations were carried out within the framework of the algorithm of a
moving window. For this purpose, in each time window (frame) there was se-
lected a part of a time series for which we calculated the measures of complexity
(irreversibility). Then the window was displaced along with the time series in a
predefined value, and the procedure repeated until all the studied series had ex-
hausted. Further, comparing the dynamics of the actual time series and the cor-
responding measures, we can judge the characteristic changes in the dynamics of
the behavior of complexity with changes in the system. If these measures behave
in a definite way, example, increase or decrease during (pre-) crisis period, then
it can serve as a measure of complexity (irreversibility) for a studying system.

Each measure was calculated regarding normalized returns, were returns
can be calculated following the equation below:

G(t) =Inx(t + At) —Inx(t) = [x(t + At) — x(t)]/ x(t).
Normalized returns can be found with the following formula:
g(1) =[G(1) - (G)l/ o,
where o is the standard deviation of G, At is the time lag between prices (in
our case At=1), and () Is the average over the time period under study.

Figures below present a comparative dynamics of studied financial sys-
tems and corresponding measures.

Comparison of the results for different window sizes shows that an in-
crease in the window size leads to poor resolvability of crisis phenomena close
in time. Therefore, in the future, in particular, in the case of the oil market, we
chose a window of 250 days. For the more volatile cryptocurrency market, the
optimal window was 100 days.
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Fig. 1. Comparative dynamics of DJIA index along with its normalized returns
g and D,, calculated for rolling window of 250 days and step size of 1 day
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Fig. 2. Comparative dynamics of DJIA index along with its normalized returns
g and D,, calculated for rolling window of 500 days and step size of 1 day
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Fig. 3. Comparative dynamics of DJIA index along with its normalized returns
g and PEn calculated with rolling window of 250 days and step size of 1 day
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Fig. 5. Comparative dynamics of the first (a) and second (b) BTC periods along
with PEn calculated for rolling window of 100 days and step size of 1 day
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Fig. 7. Comparative dynamics of the oil price along with PEn calculated
for rolling window of 250 days and step size of 1 day

L1987 1990 1997 | 2003 [ g | 2014 2020
i ) || =, |
51 ' l 1 ' 2001 i Wil 1 g Vi
0.8 *:: ! 1 4 [ h F : i
n ; I !
O iy , 1 !
S i i i 1
= : T
w2 | :
Q|
g P gf b 4 AT
_'_"‘0.4'r ) .' ﬁ;-u Yoy \I:: | ; (Y |'|I ! :*:' E 7
= ' ﬁ: oo Y P T " i
= i 5 y i oy ) f
E A | ] NN
2005 2008 K.{?" 2018
O | 1 L 1 1 1 L L |
time, days

Fig. 8. Comparative dynamics of the oil price along with D,, calculated for

rolling window of 250 days and step size of 1 day

Empirical results present that discussed measures are able to distinguish
completely random dynamics from deterministic (predictable). In the case of
PEn, as this measure become higher, the complexity of the system increases and
vise versa. For irreversibility measure based on permutation patterns we have
more reversible dynamics for crashes or critical events and more irreversible for

usual states.
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Conclusions

The obtained quantitative methods were applied to emphasized crisis
states in oil, crypto, and stock markets, where it was seen that these indicators
can be used in order to identify critical changes in advance. To draw some con-
clusions about its evolutions and factors that influence it, we pointed out the
most influential critical changes in this market.

Regarding empirical results, we could see that some of the measures are
very sensitive to the length of the sliding window and its time step. For example,
iIf we consider two closest to each other events, a previous event that had much
more volatility can have a great influence on the corresponding measure of
complexity or irreversibility and spoil the identification of the next less influen-
tial, but important event. Thus, time localization is significant while calculating
the measure of complexity. The less time localization and time step, the more
corresponding changes are taken into account. For a much larger time window
and its step, we can have less accurate estimations.

Nevertheless, as we could see, both measures are presented to be robust
and informative. Moreover, the predictive power of permutation entropy is even
more characteristic in comparison with the indicator of irreversibility. In further,
it would be interesting to test another types of entropies and irreversibility
measures.
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2.5. @opmMyBaHHSI MOJEJBHOr0 0a3ucy CHCTEeMH YNPaBJiHHSA

(iHaHCOBO-eKOHOMIYHOI0 0€31EeK0I0

[lepmaHeHTHA KOHKYPEHIIIS Ha 30BHIIIHIX Ta BHYTPIIIHIX pUHKAX, BUCOKA
MIHJIMBICTh T4 HEBU3HAUEHICTh 30BHIIIHBOIO CEPEIOBUINA CIPUUUHSAIOTH MOSBY
HOBHX JIeCTaOUTI3yIOUYMX YMHHUKIB, 30KpeMa, MoB’s3aHuX 3 nangemiero Covid-
19. lle npu3BOAUTH 10 3POCTAHHS CTYNEHSI PU3UKOBOCTI AISUIBHOCTI, IO Hera-
TUBHO BIUIMBA€ Ha CTPATEriuHy CTAOUIbHICTh (DYHKIIIOHYBaHHs CyO’ €KTIB roc-
MO/IapIOBaHHs, X (PIHAHCOBY CIIPOMOXKHICTB 1 CTIMKICTh X PO3BUTKY, Ta 3pell-
TOI0, MOX€E CIIPUYMHUTH KPU30B1 SBULIA.

OpHuM 1 HAMOUTBII BaXXJIMBUX 3aBJaHb OpraHi3alii AIsUIbHOCTI Cy0’ €KTIB
rOCIIOJIapIOBaHHs € 3a0€3MeUEeHHs HAJIEKHUX YMOB JUIsl O€31e4Hoi iX poOoTH Ta
JUHAMIYHOTO CTIMKOTO PO3BUTKY. B CBOIO uepry, 1e npu3BOJIUTh 10 HEOOX1THO-
CTl ypaxyBaHHS MaKCHMaJIbHO MOJIMBOI CYKYIHOCTI (haKTOpiB, 10 3/1HACHIO-
I0Th BIUIMB Ha ()YHKIIIOHYBaHHS O13HEC-OJIMHUIL, 1 MOXKYTh OyTH JIPKEpPETIOM pe-
aTbHUX YW MOTCHIIMHUX 3arpo3 iX CTallIbHOI JMIsUTbHOCTI. 3pOCTaHHS WMOBIp-
HOCTI J1ecTa0l113yl0uuX BIUIMBIB HEOE3MeYHUX (HaKTOpIB K 30BHIIIHBOIO, TaK 1
BHYTPIIIHHOTO CEPEIOBUINA BUMArae BiJi Cy0'€KTIB TOCIOAAPIOBAHHS TOCTiHE
YIOCKOHAJIGHHS CUCTEMU YIpaBIiHHS (1HAHCOBO-EKOHOMIYHOIO Oe3nexoro. Ogi-
HUM 3 TIPIOPUTETHUX 3aBJaHb, BUPIIICHHS SKUX CIPSIMOBAHE Ha JOCATHEHHS ITi-
€1 METH, € 3aBJaHHS BCEOIYHOTO OI[IHIOBAHHS CTaHy Ta PiBHA 3a0e3nedeHHs (Pi-
HAaHCOBO-E€KOHOMIYHOI O€3MeKHM Ta BU3HAYEHHSI MEPCHEKTUBHUX HANPSIMKIB iX
3MIHM B yMOBaXx 30BHIIIHIX Ta BHYTpIIIHIX 30ypeHb. BupimeHus takoro 3a-
BJIaHHA Tepen0ayae BUKOPUCTAHHS CYyYaCHOTO aHAJIITUYHOTO 1HCTPYMEHTApIIO,
BAYXJIMBOIO CKJIAJIOBOIO SIKOTO BUCTYIMAIOTh E€KOHOMIKO-MaTeMaTH4YHl METO]IH,
Mojeni Ta iHdopMaiiitHi TexHosorii. [HdopmariiiiHolo 6a3010 TaKOro OIIHIO-
BaHHS BHUCTYIAIOTh SIK TIEPBUHHI MOKA3HUKHU (h1HAHCOBO-TOCIOMAPCHKOL JisITh-
HOCTI, TaK 1 MOXI1JHI BiJl HUX, 30KpeMa, PE3yJIbTAaTH J11arHOCTUKU (DIHAHCOBOIO
CTaHy cy0’€KTiB rocmogaproBaHfs. OTpuMaHi pe3yabTaTH MOXYTh BUCTYIUTH

HEOOX1THUM TIATPYHTSIMH IS TPUMHATTS HAYKOBO-OOIPYHTOBAHMX YIPaBIIiH-
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ChKUX pillieHb B cepi peanizaiii cTpaTerii po3BUTKY B yMOBaX KpHU30BOI €KO-
HOMIKH. BuKopucTanHs MoJelbHOro 0a3ucy OIlIHIOBaHHS PIiBHs Ta cTaHy ¢i-
HAHCOBO-CKOHOMIYHO1 O€3MEKH € BaKIMBOIO CKJIAJOBOIO BIMOBITHUX MEXaHi3-
MIB B CHUCTEMI ympaBiiHHA (h1IHAHCOBO-CKOHOMIYHOIO O€3IeK0I0 CY0’€KTIB roc-
MOJIapIOBaHHs Ta peaizallii eeKTUBHOI aHTUKPU30BO1 MO TUKH.

Bupimenns npo6siem 3abe3nedeHHss (piHaHCOBO-EKOHOMIYHOI Oe3IeKu Ha
MakKpo-, M€30- Ta MIPKO PIBHSIX XapaKTePU3YETHCS MOCTIHHUM 3pOCTAHHSM 1HTE-
pecy HayKOBIIIB 1 3HAUIIIO CBOE B1OOpa)KeHHs Y 30UIbIICHH] KIJTBKOCTI ITyOIi-
Kaimiil B miil ramysi. B crarrax [1-3] po3riissHyTO y3arajdbHEHHS TEOPETUYHUX
acrekTiB opMyBaHHS CUCTEMU 3a0e3eueHHs (HIHAHCOBO-€KOHOMIUHOI O€3MeKH
B YKpaiHl Cy4yaCHUX €KOHOMIUHHUX peajisix, BCTAHOBIEHO XapakTepHi 0coOJIu-
BOCTI Mpoliecy 3a0e3nedeHHs (PiHaHCOBO-€KOHOMIYHOI O0€3MEKH TOCIOJapChKUX
CTPYKTYpP, BUBHAYCHO CKJIAJ0BI CHCTEMU 3a0e3neueHHs (DiHaHCOBO-EKOHOMIYHOT
Oe3MeKH Ha MIKpO- Ta MaKpOPIBHAX, 3alPONIOHOBAHO CTPATETIYH1 OPIEHTUPH JJIA
YIOCKOHAJIEHHS CHUCTEMH (PIHAHCOBO-EKOHOMIYHO1 OE€3IMEKH Yy CY4aCHUX YMOBaX
rocnionaproBants. M. Bacunenko ta H. TutoBa [4] 10CIiKyIOTh BILUIUB MaKpoO-
€KOHOMIYHOI MOJITUKA Ha (PIHAHCOBO-EKOHOMIYHY Oe3mneky. B crarTi 3a3Hadve-
HO, 1110 32 YMOB MOCTIMHUX 3MIH B MaKpOEKOHOMIYH1M MOJITHIIL, K1 Oe3mocepe-
JHBO BIUIMBAIOTh Ha ()IHAHCOBO-€KOHOMIYHI MOKA3HUKHU JISIILHOCTI CyO’€KTIB
roCIofaproBaHHsA, O0COOMUBE MiCIle B CHCTEMI OOJIIKY Ta KOHTPOJIO CYO'€KTiB
rocroJiaproBaHHs 3aiiMae oOJiikoBa moiTuka. lle crpusie popmyBanHio 1HpOP-
MaIlitHOTO 3a0€3MeUeHHs] B CHCTEMI OIlIHIOBaHHS (DIHAHCOBO-EKOHOMIYHOI 0e3-
neku. [IpoOnmemaTtvika BUSIBJICHHS Ta HeWTpamnizamii 3arpo3 (¢iHAHCOBO-
EKOHOMIYHIM Oe3Mnelni Ta ynpaBiIiHHS pU3UKAMU SIK B IIJIOMY JJISI CUCTEMHU 11 3a-
Oe3rneyeHHs, Tak 1 B po3pi3i ii oKkpeMux (PyHKIIOHAIBHUX CKJIaJ0BHX, JTOCIHI-
mxeHa B podotax O. 3urpiit, €. Kapty3zosa, O. Mimyk, O. Opnuk, €. YaneHko,
J. Hanro, JI. Menrranra Ta iHmmx [5-13]. 30kpema, MpoBEeICHUH TPYHTOBHHIA
aHali3 CyTHOCTI KaTeropii «3arpo3a», BCTAHOBJIEHO JyKepesla BUHUKHEHHS 3a-
rpo3 (hiHAHCOBO-EKOHOMIYHOI O€3MeKH, MPOBEeJAeHa IX KaTeropusailis 3a MoXo-
JUKEHHSIMU, CTYTIEHEM BIUIMBY Ha PIBEHb O€3MEKHU Ta IHILIMMU CYTHICHUMHM Xapa-

KTepUCTUKaMH. BCTaHOBIIEHO OCHOBHI BUJIM PU3HKIB, Y TOMY YHCHI1 OB’ SI3aHUX
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3 HEBU3HAYEHICTIO cepefoBula (PyHKIIOHYBaHHS CyO’€KTIB TOCHOAapPIOBAaHHS.
3anponoHOBAaHO 3aX0/U 11010 3aM00IraHHs 3arpo3aM Ta 3HUKEHHS ypa3IuBOCTI
cuctemu 3a0e3neueHHs piHaHCOBOI OE3MEKHU BiJ] MPOSIBY PU3UKIB.

[ToOGynoBi MexaHi3MiB 3a0e3nedeHHsT (HIHAHCOBO-CKOHOMIYHOI Oe3MneKu
npucsueHi npai 3. )KuBko, KOJEKTUBY HayKOBILIB Mia kepiBHUITBOM T. Bacu-
neliBa, O. Lusmenko, 1. Moiiceenko, O. Opnuk, A. Pamcekoro, C. MenbHUK
[14-21]. ABTOpamu c)OopMOBaHO OCHOBHI BHMOTH JIO MOOYIOBH TaKUX MEXaHi-
3MiB, BU3HAYEHO TEOPETUKO-METOOJIOTIUHE MIAIPYHTS iX CTBOPEHHS, 30KpEMa,
0a30B1 MPUHIIUIIY, HA IKUX TTOBUHHI 0a3yBaTuch MoOya0Ba Ta e(EeKTUBHE PYyHK-
[[IOHYBaHHSI MEXaHI13MIB 3a0e3neyeHHs (PIHAHCOBOI OE3IMEKH MiANPUEMCTBA, Me-
TOAUYHI MIIXOAU JI0 1X KOHCTPYIOBaHHS. BHIUIEHO KITFOYOBI 3aBIaHHS, K1 I10-
BUHEH peai30ByBaTH TaKH MEXaHI3M.

BaxxnuBum miarpyHTsAM uis popMyBaHHS HAyKOBOI OCHOBU MPHUHHSTTS
e()EeKTUBHUX YNPABIIHCHKUX PIIIEHb B HANpPSAMKY 3a0€3MeueHHs (PIHAHCOBO-
€KOHOMIYHO1 0€3I1eKH BUCTYNAaIOTh EKOHOMIKO-MaTeMaTHIH1 MeToI1 1 Mojieni. B
poboTax [22—25] mochipKeHO KOHIENTyalbHI 3acaJd MOJCITIOBAHHS CHUCTEMHU
3abe3reueHHs (HDIHAHCOBO-CKOHOMIYHOI Oe3rmeku. 30KpeMa, BCTAHOBIICHO, IO
HaMaraHHsl ypaxyBaTH SIKOMOTa OUIBIIIOT KITBKOCTI TTOKA3HUKIB JIJISI OMUCY CHC-
TEMHU YNPaBIIHHS (PIHAHCOBO-EKOHOMIUHOIO O€3MEKOI0 3 BUPILIEHHAM Cylepey-
JMBOTO 3aBJIaHHS TMOEIHAHHS PI3HOTUIIOBOI 1H(GOpMAIIil 3yMOBIIIOE GaratoMip-
HICTh O3HAKOBOT'O MPOCTOPY JIJIsl OMUCY NpoLECiB ii 3abe3nedyeHHs. Lle Bu3Havae
KOHTEKCT JiJI1 BUOOpPY HAWOUIBII BiAMOBIIHOIO METOMY 3 MHOXXHHHU MOKJIMBHUX
OararoMipHuX a0o0 IHIIMX METO/IB aHaJI3y JaHUX a00 iX CTATUCTUYHOTO OMUCY.
[Tpu boMy OGaraToMipHe ONpPAIIOBAHHA JJaHUX MOXHA YMOBHO MOJATH Y BUIJIS-
7l TIOCJIIOBHOCTI IBOX eTamiB: iH(popmaliiitHoro Ta pyHkiionansHoro. [lepmmii
eTan CIpsSIMOBaHUM Ha MEPBUHHE OMpALIOBAaHHS JAHUX 3 METOI0 OLIHIOBAHHS
XapaKTEPUCTUK OTPUMAHOT BUOIPKOBOI CYKYITHOCTI, OUMIICHHS Ta KOPET'yBaHHS
naHux. B pesynbrari 311dCHIOETHCS (hopMyBaHHS 1HQOpMaliiHOi 0a3u A 3a-
CTOCYBaHHSI METOJIB OaratomipHoi craTucTuki. Ha npyromy erami 3acTocOBY-
IOThCSI METOJM ONpAIIOBAaHHS JaHUX, B 3aJI€KHOCTI BiJ 3aBJaHb 3a0€3MeUeHHS

(diHaHCOBO-eKOHOMIYHOI  Oe3neku. [luTaHHS BHKOPUCTAaHHS EKOHOMIKO-
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MaTEMaTUYHOTO MOJICITIOBAHHS JIJISl OMHCY PI3HUX aCMEKTIB CHUCTeMH 3abe3re-
YCHHS CKOHOMIUHOI Oe3rneku BHUCBITICHI B myOumikarisx [26—36]. 3okpema,
MpeICTaBIICHI Tiaxoau 10 (GopmyBaHHs 1HGOpMaIiitHOI 0a3u AJIT POBEICHHS
pO3paxyHKiB Ta (OpMyBaHHS CHCTEMHU OIIHOK Oe3reku. [lepeBaxkHo moci-
JOKEHHST CIIPSMOBAHI Ha BUKOPHCTaHHS KOMIUIEKCHOTO 1HTETPAIBHOTO OINHIO-
BaHHS PiBHsI (p)iHAHCOBOI O€3IEKH 3 BCTAHOBJICHHSM 11 PiBHIB.

HesBakatoun Ha 3Ha4YHUN AOPOOOK HAYKOBIIB y Traiy3i 3acTOCyBaHHS
€KOHOMIKO-MaTEMAaTUYHOTO MOJENIIOBAHHS J0 OIIHIOBAHHS CHUCTEMHU 3a0e3re-
YyeHHs (DIHAHCOBO-EKOHOMIYHOI O€3IeKH, K IJIOMY, TaK 1 Ha PiBHI OKPEMUX
CKJIaIOBUX, CJiJl 3a3HAYUTH, IO B MPEACTAaBICHUX poOOTaxX yBara mepeBaskKHO
MPUALIAETHCS OIIHIOBAHHIO PIBHSI Ta CTaHy (p1HAHCOBO-CKOHOMIYHOI O€3MeKH,
SAKUWA 4YacTO acoIliloeThbesl 3 (IHAHCOBUM cTaHOM. IIpu 1IbOMY KOMILIEKCHOMY
BUKOPUCTAHHIO 1HCTPYMEHTAPII0 MATEeMaTHYHOTO MOJICIIOBAHHS B HAyKOBOMY
JTOpOOKY IIUX aBTOPIB HNPHUALICHO HEOCTATHHO yBaru. TakoX MoTpeOyrTh po3-
pOOJICHHS TTMUTAHHS 1HTErpallli eKOHOMIKO-MaTEMaTUYHUX METOIIB 1 MOJICNICH B
MEXaHI13MH yIpaBiIiHHS (PIHAHCOBO-EKOHOMIYHOIO O€3MEKOI0.

Mertoro CTaTTi € y3arajabHEeHHs ICHYIOUMX TIIXO/IIB I0JI0 MOJICTIOBAHHS
(b1HaHCOBO-EKOHOMIYHOI Oe3mekn Ta (POpMyBaHHS Ha IILOMY MIATPYHTI MOje-
JHHOTO 0a3uCy B CKJIaJl CUCTEMH YTPaBIIHHS (DIHAHCOBO-EKOHOMIUHOIO Oe3Iie-
KO0 Cy0’€KTIB rOCIIOAapIOBAHHS, 10 CIPHUATUME ITIIBUIIICHHIO JTIEBOCTI MEXaHi-
3MiB yIPaBIIHHS O€3MEKOI0 Ta CTBOPEHHIO HAYKOBOI 0a3u JUisl NpUUHATTS edek-
TUBHHX YMPABIIHCHKUX PIIlICHb.

@opMyBaHHA CHUCTEMHU YIpPaBIiHHA (DIHAHCOBO-EKOHOMIYHOI Oe3neKu
MOB’513aHO 3 BUPIMICHHS BEJIMKOI KITBKOCTI B3a€MOTIOB SI3aHUX 3aB/IaHb, KOKHE 3
SAKUX BiJI0Opakae MEBHI XapaKTEPUCTUKU LILOTO MPOILIECY.

[TizcymMoByrOUM ITOCIIIXKESHHS, IPOBE/ICHI B il ramysi [3, 14, 15, 17,23],
HaMU BHU3HAY€HI OCHOBHI 3aBJIaHHS, K1 HEOOX1AHO BUPIIIUTH MpU (HOpMyBaHHI
cUCTeMU 3a0e3neueHHs (PiHaHCOBO-€KOHOMIYHOI O0€3MeKH, 30KpeMa:

® JIOCSTHEHHS METH (DYHKITIOHYBAaHHS MIAMPUEMCTBA Ta 3aXHIIEHOCTI HO-

ro (piHaHCOBHX Ta EKOHOMIYHHX 1HTEPECIB;
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® BU3HAYEHHS MPIOPUTETHUX (PIHAHCOBUX IHTEPECIB, SKI MOTPEOYIOTH 3a-
XHUCTY Y Tporieci piHaHCOBO-TOCIOAAPCHKOI AISTLHOCTI MAMPUEMCTBA;

e OILHIOBaHHS (D1HAHCOBOI CTIHKOCTI Ta MIATOCIPOMOXKHOCTI HIATPUEM-
CTBa Ta BU3HAYCHHS NUIAXIB 3a0€3MEUCHHS HOTO CTajoro €KOHOMIYHOTO 3pOC-
TaHHS,

e 3a0e3nedyeHHs MiANpUEMCTBA (PIHAHCOBUMHU Ta MaTepiaiIbHUMHU PECyp-
caMH, JOCTaTHIMHU [JIsi 3aJOBOJICHHS TMOTpeO 1 BUKOHAHHS ICHYIOYHX 30-
OOB’s13aHb;

e igeHTU(IKaLls, OLIHIOBAaHHS M MPOrHO3YBaHHS 30BHILIHIX Ta BHYTpPILI-
HIX 3arpo3 (iHaHCOBO-€KOHOMIYHHMM IHTEpEcaM MiANPUEMCTBA, pO3poOKa HEOO-
X1JTHUX 3aXO1B JUIsS 1X 3arno0iraHHs Ta HeUTpai3ariii;

® TapaHTyBaHHs 3aXHUCTy KOH(]iAeHITHOT iHpopMaIlii;

® BUSBJICHHS Ta MOINEPEIKEHHS] KPU30BUX SIBUIIL;

e OOrpyHTyBaHHS BHOOpPY CTpaTerii 1 TAKTUKH MOCTYIIOBOTO Ta CTa0lib-
HOTO PO3BUTKY SIK EKOHOMIYHOI CUCTEMH B I[IJIOMY, TaK 1 OKPEMUX i1 MIJICHCTEM.

B po6oti [23] mpencraBiacHa ¢hopMaizaliis [UX 3aBIaHb CTOCOBHO IX BH-
pIIEHHS! NUIIXOM BUKOPUCTaHHS IHCTPYMEHTapil0 €KOHOMIKO-MAaTeMAaTHYHOTO
MOJIETIIOBAaHHS, 30KpeMa,

® MO/ICTIIOBAHHS MOBEAIHKH CUCTEMHU (PIHAHCOBO-EKOHOMIYHOI O€3MeKu 3
YpaxyBaHHSAM BUKJIIMKIB 30BHIIIHBOTO T BHYTPIIIHBOI'O CEPEAOBHILA;

e ineHTH}IKAIA PU3UKIB (DIHAHCOBO-TOCIIOIAPCHKOT JISIBHOCTI Ta OIli-
HIOBaHHS iX BIUIMBY Ha CTaH (D1HAHCOBO-€KOHOMIYHOI O€3MEKH;

® OI[IHIOBaHHS 00CATY HEOOXITHUX (PIHAHCOBUX Ta MaTepialbHUX pecyp-
CiB Ta iX pO3MOALI /s 3a0e3rneueHHs (PiHaHCOBO-€KOHOMIUHO1 O€3MeKH;

® OI[IHIOBaHHS CTaHy CUCTeMH (PIHAHCOBO-EKOHOMIYHOI Oe3neKku Ta ii pi-
BHS IIJITXOM PO3PaxyHKy CYKYITHOCTI BU3HAYaJbHUX XapaKTEPUCTUK 1 PO3po0-
KM 3aXOJI1B JIsI 3a1100IraHHs X BUXO/y 32 BCTAHOBJICHI MEXKI;

e ineHTU(IKaIIs KJIacy 3arpo3 PIHaHCOBO-EKOHOMIUHOT O€3MeKH;

e OIliHIOBaHHS (DIHAHCOBOI CTIMKOCTI Ta IJIATOCTIPOMOKHOCTI MiIIPUEM-

CTBa;
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® MOJIETIOBAaHHS MPOIECIiB BUOOPY HAWOUIBII MPUWHATHOI albTEPHATUBU

B SIKOCTI CKJ'IaI[OBO.l. CTpaTel"ﬁ Ta TaKTHUKH yr[paBJ'IiHHSI CHCTEMOIO 3a0e3MeUCHHS

(1HAaHCOBO-EKOHOMIYHOI CHCTEMU;

® OIIHIOBaHHS (PIHAHCOBO-EKOHOMIYHOT'O MOTECHITIATY MiAMPUEMCTBA;

® OIIIHIOBaHHS PIBHS 3aXUCTY 1H(QOPMAIIHOTO cepeIOBHUIIA i PHUEMC-

TBa.

BI/IXO,Z[SI‘H/I 3 CYTHOCTi 1X 3aBJaHb, 4 TAKOX IPYHTYIOUHUCh HAa KOHIICIITY-

AJIbHUX TIOJIOKCHHAX MOACIIOBAHHA CKJIAAOBHX CHUCTCMH 3a0e3IIeYeHHS q)iHaH-

COBO-EKOHOMIYHOI 6e3mexu [22, 23], MPOmOHYy€eThCS Taka CTPYKTypa MOJEIBHO-

ro 6asucy cucremu 3abe3neyeHHs! (1HaHCOBO-EKOHOMIYHOI O€3IeKH, MpecTaB-

jieHa B Ta0u. 1.

Tabnuys 1

CtpykTypa MOAEIBHOIO 0a3ucy CUCTEMU 3a0e3MeUeHHs (PIHAHCOBO-

€KOHOMIYHOIT O0e31eKn

[ncTpymeHT
Hanpsim BUKopucTaHHs
MOJIECTIIOBAHHSA
1 2

M1-VHidikoBaHa
MOBa MOJIETIOBAH-

Ui gopmanizanii, Biyanizauii, crenudikaiii, KOHCTpYIOBaHHS M JOKY-
MEHTYBAHHSI CUCTEMU YIPaBIIiHHS (PIHAHCOBO-EKOHOMIYHOIO O€3IEKO0 3a

H1 UML JIOTIOMOT' 010 TpadiuHuX 00’ €KTIB.
M2- Tadormoriuni |yist  BimOOpakeHHS  MOJENIl  CHCTEMH  yIpaBiiHHS  (iHAHCOBO-
MoJieni €KOHOMIYHOI0 0€3MeKOo0 Ha iH(popMaliifHO-IOTIYHOMY piBHI a0OcTpary-
BaHHS, SIKUM MOB'A3aHUM 3 ONMKUCOM CYTHOCTEH, X aTpuOyTiB, B3a€EMO3B's-
3KiB MK HUMM Ta pOpMyBaHHAM iH(pOpMaliifHUX MOTOKIB B 6a3ax JaHUX.
M3- JUI BCTAQHOBJICHHS KaTEropiajJbHOrO ONMUCY B3a€EMOIOB'S3aHUX IOHSTH
KonnenryanbHi |BiANOBIIHOI MPEAMETHOI 00JIACTI, 1110 BUKOPUCTOBYIOTHCS AJIs 1i MOJaHHS
MoJieni Ha PIBHI BJIACTUBOCTEH, XapaKTepUCTHUK, KiIacu}ikalii HOHATh 32 TUIIAMU

CUTYyallll, O3HaKaMu B JaHIi 00JacTi 1 3aKOHaMM Iepediry MpoLeciB B
Hill.

M4-O#nrosoriyai
Mozenl

Jns popmanizanii onucy moHsTh, 00'€KTIB 1 CUTYaIlil pa3oM 3 iX BIacTu-
BOCTSIMH B IIpoliecax IMPOEKTyBaHHS 0a3u 3HaHb iH()OpMaliifHOT cCUCTEMH
YIIpaBJIiHHS €KOHOMIYHOI0 0€31eK0I0

M5-KoruitusHi
Moel

JUTSL TIOIAHHS CKIIAJIOBUX CHUCTEMH 3a0e3nedeHHs (HiHaHCOBO-€KOHOMIYHOT
0e3neku y BUIJIAL rpadiyHOro 300paskeHHsI CTPYKTYPH BiHOIIEHb MIX
KOHIIETITAMH, CYTHOCTSIMH, €JIE€MEHTaMH; BiTOOpaXeHHsI CyO’€KTHBHOTO
CHPUHHATTS MPOLECIB YIPABIiHHI CUCTEMOIO 3a0e3nedeHHs (piHaHCOBO-
€KOHOMIUHO1 Oe3neKku id AOCHIIKEHHS 1 CTPYKTYpH Ta OLIHIOBAHHS
CTaHy 1 MOBEIIHKH.
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OMHAHCOBBIX [TPOLHECCOB
IIpooosocenns maobn. 1
1 2
M6-MenTanpHi (a7 BiZOOpakeHHs MpoIlecy MUCIEHHS 3 METOI0 MOAaHHs iHdopMarii y
KapTu Bi3yalIbHI# (hOpMi; BUKOPUCTOBYIOThCS SIK 3aci0 JJIsi opraHizailii Ta cTpy-

KTypH3alii iHpopmamii npu yxBaJieHHI pillleHb 100 3aXO0JiB 3abe3me-
4yeHHs (DiHAHCOBO-EKOHOMIYHO1 OE3ITEeKH.

M7-Meroau mka-
JIFOBAHHS JaHUX

U1 BUOOpPY HAMOLIBII MPUAATHOTO THCTPYMEHTAPIO ISl BUMIPIOBaHHS
XapaKkTEePUCTUK (HDIHAHCOBO-EKOHOMIYHOT O€3IEKH 1 IMOJaHHs PEe3yJIbTaTiB
y 3py4Hill U TOANBIIOTO OMPALIOBAHHS (HOpMi.

M8-Meroau 1 Mmo-
nemi GpiHaHCOBOTO
aHaIizy

JUIS @HAJTI3Y Ta OL[IHIOBAHHS MOTOYHOTO Ta MEPCIEKTUBHOTO (DiHAHCOBOTO
CTaHy TOCIIOJIapIOIYOro Cy0'€KTa Ha OCHOBI BUBUCHHS 3aJICKHOCTI 1 -
HaMIKU TMOKa3HUKIB (piHaHCOBOI iH(OpMalii; ¢popmMyBaHHS iHPOpMALiii-
HOTr0 0a3ucy OIIHIOBaHHS PiBHA (D1IHAHCOBO-EKOHOMIYHOT O€3MEKH.

M9-ExcriepTHi
METOTN

Jns orpuManHs iHGOpMaIlii CTOCOBHO CUCTEMH 3a0e3reueHHs piHaHco-
CKJIAJTHOCT1 200 HEMOXKJIMBOCTI OTPUMAaHHS KUIbKICHUX 3HAYCHB BiJIITOBI-
JTHUX TTOKA3HUKIB, 30KpeMa, BHACIIIIOK CKJIATHOCTI 200 HEMOXKITUBOCTI
3aCTOCYBaHHS NPOIICYP BUMIPIOBAHHS, HEMETPHUYHOI TPUPOIH MTOKA3HU-
KiB, BHCOKOTO CTYIEHS HEBU3HAYCHOCTI BIUIMBY (PAKTOPiB 30BHIITHHOTO
cepeoBuIIa

M10-Meromu 1
Mozel (GpakTopHO-
ro aHaTi3y

JUIE CKOPOYEHHSI O3HAKOBOTO TPOCTOPY OMHCY (hiHAHCOBO-EKOHOMIYHOT
0e3MeKH LUIIXOM Iepexoy 10 HOBOi CUCTEMH O3HAK, BUKOPUCTOBYIOThCS
TaKOX I TOOYJIOBU CHCTEMH JIATEHTHUX O3HAK, 30KpeMa, SK MpH IOB-
Hill penykuii 3 MoOyAOBOIO y3araJlbHEHOro IIOKa3HUKa (PiHaHCOBO-
€KOHOMIYHO1 Oe3neKH, Tak JIsl MOoOy/I0BH YAaCTKOBHUX JIATEHTHHUX ITOKa3-
HUKIB 3 METOI0 Bi3yallizallii 00’ €KTIB CIOCTEPEKEHHS Y MPOCTOPi JaTEHT-
HUX O3HAK.

M11-Meronu 1
Mojieni Gararomip-
HOTO LIKATFOBAHHS

JUISL aHaTI3y 1 Bi3yasizaulii JaHMX 3a JOMOMOIOI0 PO3TallyBaHHS TOYOK-
00'eKTIB B TIPOCTOPI MEHIIIOI PO3MIPHOCTI HA OCHOBI JIaHHUX TPO TIOJI0-
HICTh IUX OO’€KTIB Y BUXIJHOMY OJHaKOBOMY mpocTtopi. CTOCOBHO 3a-
BJIaHb 3a0e3MevyeHHs (PIHAHCOBO-EKOHOMIYHOI O€3MeKH 115 TPyIMa METO/IiB
Mo’ke OyTH €(EKTUBHOIO IIPHU ONPALOBaHHI JaHUX HEMETPUYHOI MPUpO-
JT1 3 METOIO BUSIBJIICHHS JIATEHTHUX XapaKTEPUCTHK OE3MeKH Ta MO3UIIio-
HYBaHHSI JOCIIPKYBaHUX 00’ €KTIB B MIPOCTOPI IIUX XapaKTEPUCTHUK 3 Me-
TOIO 1X CTPYKTYpYBaHHS, TPYITyBaHHS 32 CTAHOM 3a0e3MeYeHHsI O€3MeKH.

M12-Meromu i
MOJIeTI iHTerpallb-
HOT'O OILIIHIOBAHHSI

JUISL CKOPOUYEHHSI 03HAKOBOI'O MPOCTOPY LUIAXOM MOBHOI peAyKIlii BUXI/-
HUX MOKA3HUKIB, IPH BUPILICHHI 3aB/IaHb OLIIHIOBAHHS PiBHS (DiHAaHCOBO-
€KOHOMIYHOT Oe3MeKu 00’€KTIB CIIOCTEPEKEHHs, IX paH)KyBaHHS Ta Ipy-
MyBaHHS 3a BUSBIICHOIO JATEHTHOIO XapaKTEPUCTUKOIO.

M13-Mogemi kia-
CTEpHOTO aHaJi3y

JUIs BUPILICHHS 3aBAaHb KiIacudikaiii 00’ €KTIB CIIOCTEPEXKEHHS 3a piB-
HeM (PIHAHCOBO-EKOHOMIYHOI O€3MEeKH 3a YMOB BiJICYTHOCTI HaBYaJIbHOI
BUOIpKH

M14-Meronu 1
MOJIeTIi TUCKPUMI-
HAHTHOTO aHaJIi3y

JUIsL BUPIIICHHS 3aBJlaHb Kiacu]ikalii 00’€KTIB CIIOCTEpEKEHHS 3a PiB-
HeM (piHaHCOBO-EKOHOMIYHOI O€3MeKH 3a YMOB HAasBHOCTI HaBYaJIbHOI
BUOIPKHU
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3akinuenns maon. 1

1

2

M15-Meroan i
MOJIelTi Teopii He-
YITKAX MHOXHH Ta

HEYITKOI JIOT1KH

JUIs  ypaxyBaHHS HEBHU3HAYEHOCTI INPH YXBaJCHHI YIPaBIIHCBKUX pi-
meHb, ¢GopMaiizaiii 1 MpeACTaBICHHS HEYITKUX IOHATh, KaTeropi i
3HaHb, Y TOMY YHCJI JIIHTBICTHYHUX BHCJIOBIB B YMOBaX HEBU3HAYCHOI 1
HEMOBHOI 1H(opMaIlii cTOCOBHO piBHS Ta CTaHy (hIHAHCOBO-EKOHOMIYHOT
Oe3neKu.

M16-Meronu i
MOJIEJI1 OI[IHIOBAH-
HS Ta ypaxyBaHHSI

PHU3HKY

JUIS BUSBIICHHSI Ta OI[IHIOBAHHS PHU3UKIB IMPH MIATOTOBII BiIMOBITHUX
YIPaBIIHCHKUX PIICHh CTOCOBHO 3a0e3neueHHs! (iHaHCOBO-€KOHOMIYHOT
Oe3rneKy, BCTAHOBIICHHS Ta ypaxXyBaHHS MOXIJIHMBHX 3arpo3 npu (opMmy-
BaHHI MEXaHI3MiB 3a0e3reueHHs (PiHaHCOBO-€KOHOMIYHOT OE3IEeKH.

M17-Cxopunrosi
Mozel

JUTSL €KCTIPEC-OILIIHIOBAHHS KPEIUTOCIIPOMOXKHOCTI MO3WYAILHUKIB 3 Me-
TOIO 3HIKCHHS PU3UKY HENOBEPHEHHS KPEIUTY; MalOTh OOMEKCHHs 3a-
CTOCYBaHHS TIEpEBa)KHO TPH MPOBEJCHHI KPEAUTHHUX orepamniid (inaHco-
BUMH yCTaHOBAMHU.

M18-Meronu i
MOJIeJI Teopii irop

JUIL  TIOIIYKY ONTHMAJIbHUX CTpaTerii 3a0e3rnedeHHs
€KOHOMIYHO1 0€3MEeKH B yMOBaX HEBU3HAYCHOCTI Ta PU3UKY

(diHaHCOBO-

M19-ImiTamiiigi

JUIS  JIOCTI/DKCHHS TIOBEMIHKA CHUCTeMH 3abe3nedeHHs (iHAaHCOBO-

Moiei €KOHOMIYHOIO 0€3MeKH NIUITXOM KOMIT IOTepHO] iMiTaIlil pi3HUX ClIeHapiiB
PO3BUTKY CHUTYaIlil, a TAaKOX OLIIHIOBAaHHS HACHIJIKIB PI3HUX CTpaTerii
TTOBETIHKH.
M20- JUIA  TIOIIYKY ONTHMAaJbHHUX CTparteriii 3abe3medyeHHs (piHaHCOBO-
OnTumizaiiiHi  |eKOHOMIYHOT Oe3MeKH MpH 3aJaHNX PECYPCHUX OOMEKEHHIX

METOIM 1 MOJEI

M21-Metoau 1
MO/IeJIi POTHO3Y-
BaHHS

JUTSI OLIIHIOBAHHS PiBHA (hiHAHCOBO-EKOHOMIUHOT Oe3neku abo cTaHy CHuc-
TEMHU yIpaBIiHHS (IHAHCOBO-EKOHOMIYHOIO O€3MEeKOI0 B MaHOyTHHOMY

M22-Metoau 1
MOJIeJTi Kopesi-
ilHO-
perpeciifHoro aHa-
i3y

JUISL  OIIIHIOBAaHHS IIUTBHOCTI 3B’S3Ky MDK CKJIaJOBUMH (PiHAHCOBO-
€KOHOMIYHO1 O€3MeKH Ta BCTAHOBJIEHHS aHAJITUYHOIO BUpa3y CTOXACTH-
YHOT 3aJIe)KHOCTI MK MOKa3HUKaMH, 110 Bi10OpaXkaroTh piBeHb (hiHAHCO-
BO-EKOHOMIYHOi O€3MEKH, Y TOMY YHCI ¥ JJATEHTHUMH, Ta YHHHUKAMH,
1110 BU3HAYAIOTh 11el PIBEHb

M23-Mopgeni mTy-
YHOTO 1HTEJIEKTY

JUIsL OIpalloBaHHS 1HGoOpMaIii 1 moeJHAHHS 11 13 3HaHHSAMHU, IPU BUPI-
IIEHH] 3aB/laHb BUSBJIEHHS NOTEHLIMHUX 3arpo3 (hiHaHCOBO-EKOHOMIYHIH
Oesrieli, MOMIYKY Ypa3JIuBUX MICIlb, 3a1I00IraHHs IIaxpaiChKuil onepari-
sM 3 (iHaHCaMU, 3aXUCTY BiJ KibepaTax.

M24-Monpemi Ha
OCHOBI T€HETHY-
HUX QJITOPUTMIB

Jlnis BupillleHHs 3ajjad ONTUMI3alii cucteMu 3abe3neueHHs (piHaHCOBO-
€KOHOMIYHOT O€3IMeKH 1 MOJACIIOBAHHS MIJISXOM TOCIIIOBHOTO MiI00pY,
KOMOIHYBaHHS 1 Bapiallii NIyKaHUX NapaMeTpiB 3 BUKOPUCTAaHHAM MeXaHi-
3MiB, 110 HAraAyl0Th 010JOTIYHY €BOJIIOIIIO.

Tabs. 1 MICTUTh y3arajabHEHE NMPEICTaBICHHS IHCTPYMEHTIB MOJEIIIOBaH-

Hs (piHAaHCOBO-eKOHOMIUHOT Oe3rneku. HaBenenuit 6a3uc € BIAKPUTHM 1 MOXeE

OyTH PO3BMHEHHUI NUISIXOM BKJIFOUEHHSI HOBOT'O IHCTPYMEHTAPIIO JJI BUPILIEHHS
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HaBEJCHMUX 3aBJaHb. [[KepenoM ITOMOBHEHHS I[LOTO 0a3ucy MOXKYTh BHCTYIATH
HOBI 3aBJIaHH, IO IIUISITAIOTH MOJEJIIOBAHHIO, 1 BIAMOBIAHO, BUKJIMKAIOTh HeE-
0OX1/IHICTh MOIIYKY HOBUX METOAIB iX po3B’si3anHHsA. Cri ypaxyBaT, 10 KOXKEH
1HCTPYMEHT MOJICJIFOBAaHHS MICTUTh MEBHY CYKYITHICTh METOJIIB 1 MOJEINICH, SKi
MOXXYTh OyTH BUKOPUCTaHI MPHU PO3B’A3aHHI OKPEMHUX 3aBJIaHb MOJICTIOBAHHS.

[acTpymentn M1-M6 opieHTOBaHI NepeBa)kKHO Ha OIMKC MPEIAMETHOI 00-
JacTi 1 MOXKyTh OyTH BUKOPUCTaH1 SIK TPU PO3POOJIECHH] CTPYKTYpPH CUCTEMH YII-
paBIiHHA (PIHAHCOBO-EKOHOMIYHOIO O€3IeK0I0 Cy0’€KTIB TOCIOJapiOBaHHS Ha
KOHIICTITYaJIbHOMY PiBHI, TaK 1 MPU MPOEKTYBaHHI 1HPOPMAIIIHOI CHUCTEMHU yTI-
paBiiHHSA (DIHAHCOBO-EKOHOMIUHOIO Oe3rnekoro. [Hctpymerntn M7-M9 crpsimo-
BaHI1 Ha MIJTOTOBKY 1H(GOpMAIiiTHOTO 0a3ucy, IKUl CTBOPIOE MIATPYHTS IS T10-
JANbIIOr0 ONPAIIOBaHHA JaHUX. 30KpeMa, BIH MOKe OyTH BUKOpPUCTaHUM, O€3-
MOCEPEIHBO TPHU MIATOTOBIIl YIPABIIHCHKUX PIIICHbB, JJI OLIHIOBAHHS CTaHY 1
piBHs (PIHAaHCOBOI O€3MeKH, ISl MPOTHO3YBaHHS TEHACHIIN B 3MiHI CUCTEMU 3a-
OesrneyeHHs1 (piHAHCOBO-eKOHOMIUHOI Oe3neku. Moaeni M10-M12 opientoBani
Ha OI[IHIOBaHHS piBHS ()IHAHCOBO-EKOHOMIYHOI O€3MEKH, 3a3BUYail 3a YMOBH
MOBHOT penyKiiii o3HaK. Takox If0 rpyIy Mojeliell MOKHa BUKOPUCTATH BUPI-
IIICHHSI HABEJIEHOTO 3aBJAaHHS y B3a€MO3B’SI3KY 3 OIIHIOBAHHSM BIUIMBY PI3HUX
CKJIQZIOBUX €KOHOMIYHOTO MOTEHI[ialy, MOKa3HUKIB KOHKYPEHTOCIIPOMOKHOCTI,
(hiHAHCOBO1 CTIMKOCTI TOCIIOIAPIOI0YOTO Cy0’ €KTa.

Mogeni M13 ta M14 opieHToBaH1 Ha BUPIIICHHS 3aBJaHb Kiacugikarii
00’€KTIB CIIOCTEPEKEHHSI CTOCOBHO pIBHS (PIHAHCOBO-EKOHOMIYHOI O€3IeKH,
X04a BOHM YaCTO MOXKYTh BUKOPHCTOBYBATHUCH 3 MoAelsiMu rpyn M10-M12. 3o-
KpeMa, 3aBJlaHHS TPYIYBaHHS MOXYTh BUPIIIYBAaTHCh Yy MPOCTOP1 JTATEHTHUX
XapaKTePUCTHK.

BaxxnmmuBoro CKIagoBOI0 CUCTEMH (PIHAHCOBO-CKOHOMIYHOI OC3IEKH € BH-
pILIEHHS 3aBIaHb KOMIUIEKCHOTO 3a0€3MeUeHHS 1 3aXUCTY €KOHOMIYHOI CUCTEMHU
B1Jl BHYTPIIIHIX 1 30BHILIHIX 3arpo3, MATPUMKA CTIMKOCTI ii (PyHKI[IOHYBaHHS 1
MOJIUBOCTI ii po3BUTKY. O0’€KTHBHA Hemepea0auyBaHICTh 30BHINIHHOTO Cepe-

JIOBUIIA 3YMOBJIIOE ypaxyBaHHS HEBU3HAYEHOCTI ¥ OIIHIOBAHHS PHU3UKIB, 30K-
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pema, 1 MpU yXBaJieHH! BIAMOBITHUX YIPABIIHCHKUX pilieHb. Taki 3aBAaHHS
MOXYTh OYTH YCITIIIIHO BUPIIICHHS 3a IOMIOMOTO0 Mojelel rpyn M15-M18.

OriHIOBaHHS TEHICHIIA PO3BUTKY CHUCTEMHU YIPABIIHHSI (HIHAHCOBO-
€KOHOMIYHOI O€3MeKH, BUSBICHHS HAWOUIbII BIUIMBOBUX YMHHUKIB Ta CTYIEHS
iX B3a€EMO3B’SI3KY 3 PE3yJbTYIOUMMHU TMOKa3HUKAMH TPH JTOCHIKEHHI 3aBIaHb
IJIaHYBaHHS JISUIBHOCTI SK B ONEpalliiiHOMY, TaK 1 CTpaTeriyHOMY Iepiojax,
3YMOBIIIOE 3aCTOCYBaHHS Mozeneit M19-M24.

Bin3naunMo, HaBelleHa BIAIOBIIHICTE MDK 3aBIaHHSMHU Ta CHOCOOaMH iX
pO3B’sA3aHHS HE € 0JIHO3HAaYyHOI0. OfH1 1 Tl K 3aBJaHHS MOJICIIOBAHHS MOXYTh
OyTH BUPIIIEH] 3a JOMOMOIOI0 PI3HUX 1HCTPYMEHTIB. BUOip KOHKpETHOTO 3aco-
Oy 3aneXuTh BiJ HASBHUX JaHUX, METU MOJCIIIOBAHHS, O4IKyBaHUX PE3yJIbTaTiB

Ta 0COOMCTHUX YIOA00aHb JOCIIITHHUKA.
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2.6. Al at banking services

Creating the more personalised services that today’s consumers expect
requires well trained and motivated employees to make them a success. But it
also requires scalable data-driven processes alongside those employees. Taking
repetitive and easily automated work away from skilled and experienced staff
means that more personal services, with a human face, can be provided for
customers. How many more calls and appointments could a relationship
manager fit into their day if they didn’t have to manually fill in a potential
customer’s details each time they took a new enquiry? Robotic process
automation is already being used to implement this kind of operational
efficiency across banking businesses. However, looking at broader op-
portunities, intelligent automation has the potential to create frictionless
experiences for the customer. By using the full spectrum of Al technologies,
through dynamic and constantly adapting analytics, banks can ensure more
processes are revolutionised by intelligent automation. For instance, using voice
recognition to assess the sentiment of a customer interacting with a robo-
advisor, and switching them to a human well before they become frustrated,
could ensure they see an application through from start to finish across many
products and services.

The three main channels where banks can use artificial intelligence to
save on costs are front office (conversational banking), middle office (fraud
detection and risk management) and back office (underwriting). Banks can use
Al to transform the customer experience by enabling frictionless, 24/7 customer
service interactions — but Al in banking applications isn't just limited to retail
banking services. The back and middle offices of investmentbanking and all
other financial services for that matter could also benefit from Al. [1]

Al is now starting to allow the bank to provide more personalized
insurance offerings depending on where customers live, know if they will be
coming back from a deployment soon and offering various services to help them
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transition home, and other personal offerings. Without Al, this just can’t be
achieved at scale. The bank still has a ways to go before true hy-
perpersonalization is achieved, but internal discussions continue about the best
path forward.

Storage and banking data management are two areas where Al will reduce
the costs of storing more data, increase the speed of accessing it and reduce the
managerial burdens around compliance, making data more useful on many
fronts.

Banking providers are the custodians of vast amounts of data. Many
GAFA organisations (Google, Apple, Facebook, Amazon), despite their huge
successes with public data, would dearly love to be in possession of so much
customer information. A bank is, of course, bound by a code of ethics in using
personal data, and maintaining customer trust is paramount. However, customer
sentiment is leaning towards a willingness to let banks use their financial data —
if it means a better service. Indeed, almost two-thirds said they would be
comfortable letting their bank do this. That said, there are limitations in what
customers will accept — two-thirds also say they wouldn’t be happy for a bank to
use social media to gather information about them, for example. This perhaps
shows that, while many consumers still trust their bank to do the right thing,
they have less trust in the security of social media. This sentiment may not last
for long — especially as customers become increasingly happy to use services
provided by GAFAs. The wealth of information at a bank’s disposal represents a
truly unique advantage. It can offer insights into the lives of customers, their
ambitions, their dreams, their needs and their challenges. Importantly, this data
can feed the analytics which guide the development of ever more personalised
services for customers. Breaking down the silos of data, and creating more
dynamic ways of accessing it, will make banks the standout financial services
providers inan increasingly fragmented industry.

The banking and financial services industry used to be one of the most
personal experiences a customer could have. Take banking, for example. You’d
turn to your bank manager in times of joy when looking at your first home, or in
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tougher times to get financial help and advice. But today, that level of
empathetic, valuable customer service has largely been sacrificed at the altar of
digital scalability, speed and reduced costs. [2]

Instead of a personal, face-to-face conversation — sharing momentous
moments with customers, or supporting them with empathy and warmth —
customers are now more likely to self serve, fill out an online form or message a
chatbot. The better way, by filling this digital experience divide with con-
vesational Al — with digital human banking, insurance and financial assistants
that replicate the best of human-to-human customer experiences.

One of the biggest challenges in using Al tools in storage and data
management lies in identifying and rectifying gaps between observation and
actions. For example, IT will face challenges in order to lower cost, while also
keeping the data online, transactional and performans for the business.
Infrastructure software, such as databases, have traditionally not been very
flexible.

First of all, Al provides better security. Today, when the digital world is
growing, the risk of cyber attacks and frauds is also increasing. Al offers a
variety of ways to protect data, such as multi-factor authentication and biometric
logins through fingertips and palm scanning.

Secondly, Al opens new doors for more personalized mobile app
experience since ML algorithms allow applications to analyze users’ behavior
and prove personalized recommendations to them, thus ensuring better customer
satisfaction. What is more, Al-powered applications provide better consumer
engagement without any quality losses. As an example, instead of typing it is
possible to use voice commands that allow users to save time on typing queries.

Another useful feature offered by Al is a new level of analytics. ML tools
make it possible to track user behavior and some of mobile app performance
metrics such as availability, errors, response time, average speed, and others. All
of these features and many others widen the horizons of mobile app de-
velopment, increase the connection with the users, and increase customer
satisfaction. In general, Al is a huge sphere that includes a great number of sub-
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branches like Machine Learning (ML), Computer Vision (CV), and Natural
Language Processing (NLP). ML aims to give computers the ability to study
without being programmed. The main goal of it is to find a way to develop
teaching programs that will let computers study on their own. Snapchat Filters
that allow people to use face filters may serve as a good example of Machine
Learning for mobile apps. People don’t have any problems distinguishing faces,
however, it is not that easy for computers. Snapchat uses ML algorithms to scan
millions of faces to learn to differentiate them.

Computer Vision is a branch that seeks to find a way for computers to
“see”, to understand the visual information presented in photos and videos.
Although human vision is known for its complexity and is superior to computer
vision, a few steps have already been taken to achieve better results. Some time
ago it was trendy to try on filters in social media that could make you look like
the opposite sex or look older. The technology that has made it real is Computer
Vision.

NLP is another important field that lets computers understand and
interpret human language both spoken and written. Nowadays we take for
granted such things as predictive text, search options that Google offers us and
even smart assistants like Siri from Apple and Alexa from Amazon. However,
for the previous generation of technologies, those were only bold ideas. [3]

The impact of Artificial Intelligence in banking, especially in the
customer support segment has helped the financial institutions shape customer’s
perception of them. Customer satisfaction directly impacts the performance and
revenue of any organization and the banking industry is not an exception. With
the help of Al chatbots and voice assistants, banks are now able to serve their
customers 24/7 irrespective of their time zone or location. Moreover, using Al
and ML for faster and granular analysis, banks can effectively address the
customer’s need by drawing compelling insights from the customer’s digital
footprint and payment behaviour. Al also helps customize the bank’s offerings
for an entirely different audience, ever-expanding their existing base. Thus, Al
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helps financial institutions in providing their clients with the right services when
they need them most. [4]

Al will not only empower banks by automating its knowledge workforce,
it will also make the whole process of automation intelligent enough to do away
with cyber risks and competition from FinTech players. Al, integral to the
bank’s processes and operations, and keeps evolving and innovating with time
without considerable manual intervention. Al will enable banks to leverage
human and machine capabilities optimally to drive operational and cost
efficiencies, and deliver personalized services. All of these benefits are no
longer a futuristic vision to accomplish for banks. By adapting Al, leaders in the
banking sector have already taken actions with due diligence to reap these
benefits. [5]

An effective way to keep customers better informed and gain a
competitive edge is by using insights gleaned through data aggregation to
inform communication protocols. Astute use of data aggregation, supported by
notification APIs, helps customers to get the best return on practical financial
advice. Push notifications are not onlybeing used to notify customers of
potentially fraudulent activity or to let them know when they’ve gone over their
overdraft limit, relaying a well-rounded picture of an individual’s financial
health.

If a bank or a financial service organisation is able to deliver timely,
insight-led advice to its customers via push notifications on their smartphones,
theycan build two-way intuitiverelationships. This is where the real competitive
advantage in push notification best practice lies, particularly as younger
audiences increasingly demand a personalised 24/7 relationship with service
providers.[6]

There are benefits and capabilities provided by the mobile banking
experience, which | believe will drive a shift in customer behavior away from
the in-person banking option and the limitations of physical branches. For one, a
digital platform can provide a high-touch experience that you cannot get in a
physical bank. With the physical bank, you aren’t able to assign a relationship
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manager to every customer, however, that is possible with digital. In one of the
banks that we worked with; they were able to assign 5,000 customers to just one
relationship manager. That would be impossible to do in-person.

The shift from a bank customer market to a bank service market. The
bank model has typically categorized customers and provided them with
different levels of service based on the bank’s judgment. With a digital platform,
banks are able to make their services available to all customers on-demand, and
it’s then up to the customer to take advantage of those services as it fits their
individual needs. This creates a persistent relationship between customer and
bank, as each client profile and history stay within the organization for seamless
ongoing relationships through any relationship management transition. With
digital, banks will be able to optimize their resources, and thus, maximize the
transaction potential of their customer base.

The key for banks is to integrate features focused on convenience and
accessibility such as messaging, video chat, document collaboration, and more,
to create an engaging solution for customers to use from anywhere, and at any
time. As customers become more comfortable with virtual banking, and a drastic
increase in the adoption of mobile and digital banking is seen, an opportunity is
created for banks to provide a digital experience that exceeds the high-touch
level of service customers would typically expect in-person. Leveraging a
platform as an extension of a website can give banks an easy way to mirror the
in-branch experience digitally, allowing clients to take their experience
remotely. [7]

The value of a cloud-based bank operating system became paramount.
Institutions that had the right systems in place were up and running from their
home offices and dining room tables in a matter of minutes, ready to continue
business without interruption and with minimal friction. This meant they were
able to help their clients th