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JAAHAMIYHA MOJEJIb JIEOHTBEBA K 3ACIb
INPOI'HO3YBAHHSA PO3BUTKY EKOHOMIKHA YKPAIHHA

YV cmammi posensanymo moxcnugicms npoeHO3y6aHHs PO3GUMKY eKOHOMIKU YKPAiHu 3a 00noMOo20t0 OUHAMIYHOL Modeni Jleonmbesa 3
mpvoma eudamu GUPOOHUYOL OISILHOCMI. SUPOOHUYMEO 3HAPAOb npayi (canyse 1), eupobHuymeo npeomemis npayi (canryss 2),
BUPOOHUYMBO npedmemis cnodcueanis (2anyszo 3). Pospaxoeano 3nauenns Koegiyienmie mooeii, siKa CKIAOAEMbCs 3 NIHIHO2O,
HENIHIIH020 Ma OupepeHyianrbuo2o pisHsHb nepuio2o nopaoky 3a oanumu 2008-2020 pp. Po3eé’szano 3adayvy Kowi éionocho 2anyseii
1, 2, 3. Buxonano npoero3 na 2021-2022 pp. Ilopisuanna npoeno3zy 3 oanumu [epacCmamy 3a 2021 p. nokazano npuiHamuy

Mo4HiCMb NPOCHO3)Y6AHHAL.

Kntouosi cnosa: Mooens Jleonmoesa, 3a0aua Kowi, neninitina modens, npocno3s, exonomixa Yxpainu

BCTYII

Po3BuTOK exoHOMiKM YKpaiHHM #ae B yMoBax cCyIie-
PEWIMBUX TEHIESHIIIN M030aBIeHHsT HACHIIKIB TOTAITAp-
HOT'O MUHYJIOTO 3 )KOPCTKOIO TIAHOBOIO €KOHOMIKOIO, SKa
HE BpaxoByBaJla MIBUKHUX 3MiH Y MOIHTI Ta BUPOOHHILITBI,
Ta HaMaraHHSM CTaTH KpaiHOIO 3 peaJbHOI0 PHHKOBOIO
eKOHOMIiKO010. ToMy JTy»e Ba)XJIMBUM € MOKJIMBICTD IIPOT-
HO3YBaHHSI NIEPCIEKTHB EKOHOMIYHOTO NIporpecy YKpaiHu.

IIporHo3yBaHHs SK HAyKOBa TUCIHILTIHA Ma€ 3HAYHY
KIJIBKICTh IOCIHIJIOBHHUKIB 1 JociaigHuKiB. OCHOBHUM Me-
TOJIOM JUTSl TIPOTHO3YBAHHSI YaCOBUX PSIIiB, SIKUMH 1 € CTa-
THUCTUYHI MMOKa3HUKU €KOHOMIKH, € BUKOPHCTAHHS TOTIe-

x, (1) =c(t)

META po6oTn — 3HaiTH YMCIIOBI 3HAYCHHS Koediri-
eHTiB (1), BU3HaUnTH TUN (QYHKLIT X3, OLIIHUTH CTaH €KO-

HOMiKM YKpainu 3a koedimienraMmu A Ta 7,, IPOTHO3Y-

BaTH MapaMeTpu X;, X, Ta X; Ha MalOyTHI{ nepiox, ori-
HUTH SIKICTh IPOTHO3YBaHHSI.

METOAU AOCJIYKEHHS

HocmimkerHss 0a3yeTbcs HA TpaIX BITYM3HSIHAX 1
3apyODKHHMX BYCHMX, HA Marepiaiax IepioJIHIX BHIAHb,
nanux epxxcrary Ykpainu. Bukopucrano Meroay marema-
THUYHOTO aHaTi3y, CIIEKTPAIbHOI MIUTBHOCTI, CHHTE3Y TPaHC-
LEHACHTHUX MOJEJICH, TPOTHO3YBaHHSA YaCOBHX PSIB.

PE3YJIbTATH

Jy1s1 BUpIIIICHHS TOCTABJICHUX 3a/lay BUKOPHUCTAHO JaHi
JUIsl BCIX raiy3edl eKOHOMIKH 3 caiity Jlep>kaBHOro yr-
paBiiHHA cTaTUCTUKU Ykpainu [3] 3a 2010-2020 pp. mo-
KBapTaIBHO.

3ilfiCHEHO YTPyITyBaHHS TAHUX 3T1THO 3 METOUKOIO [4]

© LM.IIICTYHOB, €.E. JIITAY, 2022

X, (1) = ay,x, (1) + a,x, () + a3 x, (1) + b, i

penHiX 3HaueHb CaMHX ITOKa3HHKIB (aBTOperpeciiiHi Mo-
JIeITi) Ta MOTOYHOTO Yacy, SIKHM Y TaKUX MOZEISAX BHUCTY-
MaTh KBapTalu Ta poku [1].

OpHiero 3 HalleEKTHBHIMIMX MOJENEH, sKa, Ha HaIl
TIOTJISIZT, HAMOLTBIIIE BIATIOBITa€ CydaCHUM PEalTisiM €KOHO-
Mikn YKpainu, € auHamiuHa moxpens JleoHTheBa [2] 3
TphOMa BHJAMH BHUPOOHWYOI MiSUTBHOCTi: BHUPOOHHUIITBO
3Hapsapb npami (earyze I — x1), BAPOOHHUIITBO IPEAMETIB
npaiti (eary3ss 2 — Xx,), BAPOOHUIITBO MPEIMETIB CIIOKMBAHHS
(eanysv 3 — x3) Buny (1), ne a ta b — koedilieHTH MOJEII,
t—yac:

dx; dx, dx,

+b12?+ 13?

X, (1) = ay, X, (1) + ay,x, () + ayx,(t) Q)

JUIsl BUKOHAHHS BUMOI' MOJENI IUIAXOM CKJIaJaHHsS MO-
Ka3HMKIB TaJy3ell BHPOOHHIITBA, SIKi BXOAATH Y BidNO-
BiTHMIA BUA BUPOOHUYOI AIsITFHOCTI:

lany3p X; — BUpOOHMUTBO 3HApsAIb Hpalli: CLILCHKE
Ta JIICHE rOCIOApCTRO; T00YBHA MPOMHUCIIOBICTD; MTOCTA-
YaHHS EJIEKTPOeHeprii, rasy, mapu Tta KOHIULIHOBAHOTO
HOBITPSI.

lamy3s X, — BUpOOHUUTBO INpeaMETIB Tpami: Iepe-
poOHa TPOMUCIIOBICTH; OYHiBHUIITBO; BOIOIIOCTAYaHHS;
KaHaJIi3allis, TOBOHKEHHS 3 BIAXOJaMH.

lany3p X; — BUPOOHHIITBO MPEIMETIB CIIOKABAHHS:
TOPTiBIIS Ta PEMOHT; TPAHCIOPT Ta 3B’S30K; OCBiTa; (bi-
HAHCOBA [ISUTBHICTB; OMeparlii 3 HEPyXOMICTIO, TOCITYTH
MATPHEMIIM; JepKaBHE YIPABIIHHS, iHIII BUIU €KOHO-
MIYHOT AisUTBHOCTI; TOJAaTKH Ta MPOJYKTH MIHYC OIUIaTta
MOCIyT (PIHIIOCEPETHUKIB; OXOPOHA 3I0POB’S Ta HAJAAHHS
COLAJIbHOT JONIOMOT 1.

Bci nmani 3i0paHo 3a KBapTaJbHUMH JaHUMHU y TaOJHIIEO
Excel, uac ¢ mo3nauascs sik PPPPKK, ne P — Homep poky,
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a KK — "omep xBaprany. Hanpuknazn, mnst 3 kBaprany
2011 p. +=201103.

Mozens BUpOOHHIITBA TIPEAMETIB CHOKUBAHHS, 3T1THO 3
[1] pexoMeHTy€eThCSl ONMCYBAaTH €KCIIOHEHITIITHOIO 3aJIeXK-
HicTio. Po3paxyHok koeQillieHTIB 3p00JICHO METO/IOM per-
peciitHoro anamizy mporpamoro Excel, momatkom Reg-
ression. OTpUMaHO 3aJICKHICTh:

—125 -0,001480489918691
X,=9,791-10 "e " 2)
Ha puc. 1 nmokazaHo rpadik Ta JiHIIO arnmpoKCHMAIlii

Jutst ramysi X;. Ha npoMy rpagiky Takox BUIHO IIOKBap-
TaJIbHI CE30HHI KOJMBAHHSL.

Mpagik X3
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Puc. 1. Onuc X5 excnonenmoio

Tonmi 3 ypaxyBaHHAM (2) 3aJ€XKHICTh BUPOOHHIITBA
NpEIMETIB CIIOXKMBAHHSI BiJI Yacy MpUiiHsUIa BUTIISA (prc. 3):

)(3 — 9’ 79107125 A 60.0014804899]869171t +
+10° '(l—e’O'OS‘)-sin0.5t+ NE)

+3.10° (1 e )sin0.25t +5000

Jnst 3HalineHHs koeQillieHTIB MEpIIoro Ta JPyroro
piBasiHb 3 (1) BuKopHCTaHO J0JaTOK Regression
enekTpoHHKX Tabmuup Excel. [ToxigHi nepiioro nopsaky
B PO3pPaxXyHKOBIH TaONHIII 3aMiHCHO PI3HHIIIMH BHIY
dX/dt = X, — X;.;. Takuii miaxiz BUMara€e BAUKOPUCTAHHS B
SKOCTI apryMeHTIB LIYKaHUX 3aJeKHOCTEl momnepeaHi
3HAUYCHHs [MX K€ NaHUX. B pe3ynpTaTi OTpUMaHO Taki
3ajexHocTi: (4) — 1A ramy3i BHpOOHHITBA 3HAPSIb
mpami X; Ta (5) — Ui ramy3i BUPOOHWITBA TIPEIMETIB
mpari X;.

X, =1,18342285744979 - x, —2,3270297036464 - x, +

dy
+0,377867916078636 - x, +1,26335422821506 - — — 4
dt

dx,

dx
+2056,11583063847 - —2
dt dt

—5343,45276621494 -

X, =4,161"" """ +22.2-10° (

~0.01t+1

+66.6-10°| ———
0,017 +1

—0.01t+1
l-e

+3/4-10"| ———
-0,017 +1

[Iporuo3yBaHHs BUKOHYBaJIOCS Ha ABa poxu — 2021
ta 2022 pp. Hdani 2021 p. BUKOPUCTAHO I BU3HAYCHHS
cepenHbol MOXHMOKHM NPOTrHO3YyBaHHsS. Pe3ynpTaTté mpor-
HO3YBaHHS JUISl BCIX TPhOX Taly3el IMoKa3aHo Ha puC. 4-6,
Jie epia Todka Bigmosinae 1 kB. 2021 p., a BocbMa — 4 KB.
2022. CepenHst TOXNOKa MPOTHO3YBaHHS CKiIana st X| —

6

j(—coso.zst)ﬂ.s.lo”( —

Jnist BpaxyBaHHS IMX KOJMBAHb 3HAMICHO PI3HUIIIO MK
KpUBOIO anpokcuMariii (2) ta 3HaueHHIMH X3. OCKiTbKH
Ma€eMO TIEPIOIMYHI KOJIMBAHHS, TO iX alpOKCHMAIIiI0 BapTO
3MIACHIOBATH 32 METOIMKOIO [5], siKa IO3BOJISIE 3HAWTH
Koe(illieHTH TPaHCIIEHASHTHUX MoJieNel Yyepe3 (yHKIIo
Solver enektponnux tabmumb Excel. s 3HaiineHHS
YaCTOTH Ta AIUIUTYH CUHYCOIJ BUKOPUCTAHO MPOTPaMHHIA
KoMIuieke Statistika. AMIUTITYTHO YaCTOTHA XapaKTepHC-
THKa Pi3HUIB (pHc. 2) MoKa3aja JBa HaHOUIbIINX CKIIal-
Huky 3 gacrotamu 0,25 ta 0,5. Omxke, MOJCTH PI3HUIL
Ma€ MICTHTH CyMy JJBOX CHHYCOI[I.

Spectral analysis: Pissus x3-3p
No. of cases: 48
Hamming weights:,0357 ,2411 4464 2411 0357
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Puc. 2. Amnnimyono-vacmomna
xXapakmepucmuxa pisHuyb

X, =0,0466278483524375 - x, —
—0,375989446763958 - x, + 5)

+0,283484801766206 - x,

Skuro nincraButu tenep dopmynu 3 (4) ta (5) y (3),
TO 3riJHO 3 [1] MaeMO OTpUMaTH BUpPaKSHHS BHIY:

~ ~dx, =~ ~ dc
x, (t) =ax, (t)+b—'+glc(t)+gz —
dt dt

JUISL SIKOTO KOe(iLiEHTH 3HaXOJThCS SIK MEPETBOPEHHS
KoedirmieHTiB 3 (1):

~ a.a b b

_ ~_ 12721
a=a,+———, b=b +———,

1-a 1-b,

22

gl =aq + a12a23 , g2 :b13 + ]2a23 .
l-a 1-a,

VY pesynbrati orpumaemo 3anady Ko, siky po3B’s-
3aHO METOJIOM PO3KJIJICHHS MOXIJHOI HAa YaCTUHH dX Ta
dt. Jlna 3HalimeHHS KOHCTaHTH iHTepryBaHHs C) BUKO-
puctano 3HadeHHs X; qig I kB. 2010 p. Pesynberar ne-

peTBOpeHs MoHaHo y Gopmyii (6):

—0.05t+1

J(—cosO.St)+

—0,05¢ +1

1 —0.05t+1 . (6)
j (—sinO.St) +

-0,05¢+1

j(—sin0.25t) —19453,43988x,  +9.4-10"

9,56 %, ms X, — 17,54 %, nns X; — 14,70 %.

AHami3 cTaHy €KOHOMIKH YKpaiHH 32 TOKa3HHKOM
A =0,0005700215 [1] Bu3HAUAE, 10 TEXHOJIOTIUHUIT MPH-
picT eKOHOMIKM YKpalHU MpakTH4YHO BiNCyTHI. Bce 3poc-
TaHHS BiOyBa€TbCsl 32 PaXyHOK EKCTEHCHBHOTO 3011b-
IICHHS BUITYCKY TPOAYKIIii.
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KoediuieHT mpomnopuiifHOCTI 3pOCTaHHS MPOAYKIIT
[1] o = 0.23. Ile miaTBEpIKYE, IO PO3BUTOK EKOHOMIKU
1€ eKCTEeHCHBHUM LIISIXOM, OCKIIBKY JIs1 IHTEHCHBHOTO

PO3BUTKY XapakTepHuM € 0 <7, <X,
3araioM ImporHO3 MoKas3as, mo 2022 p. MaB Ou craTH
POKOM 4eproBOTrO 3pOCTaHHS €KOHOMIKH YKpaiHH.
BUCHOBKU

[TincymoByrouH, BiI3HAYNMO:

1) 2022 p. MaB OM cTaTW YeproBUM POKOM ITiAHOMY
€KOHOMIKH YKpaiHu;

2) nuHamidHA Monenb JIGOHThEBA JO3BOJISIE MPOTHO-
3yBaTH PO3BUTOK EKOHOMIKH JIEPIKaBH;

Cnucok BUKOPUCHMAHUX 0Xicepet
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Puc. 6. IIpocnos ona X;

3) cucreMy 3 TPhOX PIBHSHb BUKOPHCTAaHO JJIsI PO3-
paxyHKy mporHo3y Ha 2021- 2022 pp., NOpiBHSHHS ITpOT-
Ho3y i3 manumu epxCrarty 3a 2021 p. mokaszano npuid-
HATHY TOYHICTb IPOTHO3YBAHHS;

4) 3a koedimieHTaMH MozeNi BUPOOHHITBA 3HAPSIb

npaui a, g, by, b, BusHaueHo koediuientn 7y Ta A, Aki

JIO3BOJISIOTH OIIHUTH CTaH €KOHOMIKY KPaiHH, SIKHH MOXKHA
0XapaKTEePU3yBAaTH SIK CKCTCHCUBHHUIL;

5) MmoAaNbIINM HANPSIMOM JTOCHIIPKEHHST Ma€ OyTH T10-
PIBHSIHHSI TOYHOCTI MPOTHO3Y 33 TUHAMIYHOI0 MojesLo Jle-
OHThEBA 3 MPOTHO3YBAHHIM MeT0/I0M bokca-/eHkiHca.
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LEONTIEV'S DYNAMIC MODEL AS A TOOL FOR FORECASTING
THE DEVELOPMENT OF THE ECONOMY OF UKRAINE

The development of Ukraine's economy is taking place in the conditions of contradictory trends of getting rid of the consequences
of the totalitarian past with a rigid planned economy that did not take into account rapid changes in demand and production, and
efforts to become a country with a real market economy. Therefore, the ability to forecast prospects for Ukraine's economic progress
is very important.

To solve the problems, Leontiev's dynamic model with three types of production activity was used: the production of work tools
(industry 1), the production of labor items (industry 2), the production of consumer goods (industry 3), which, according to the
authors, best corresponds to the modern realities of the Ukrainian economy.

Data for calculating the coefficients of the model were taken from the website of the State Statistics Office for the years 2010-
2020 on a quarterly basis. The grouping of data was carried out according to the requirements of the model, by compiling the
indicators of the branches of production that are included in the corresponding type of production activity. The model of production
of consumer goods is described by an exponential dependence with the addition of sinusoidal effects. The derivatives of the first
order were replaced by the differences of the next and previous values of the indicators. The data of each indicator for the previous
period were taken as the basis of the arguments. The frequency and amplitude of the two sinusoids were determined through spectral
analysis. The calculation of coefficients of models for the production of work tools and the production of work items was carried out
by the method of regression analysis. The coefficient of determination of the models exceeded 0.9. Cauchy's problem regarding the
production of labor tools has been solved.

Based on the coefficients of the tool production model a, g;, b;, b, coefficients r0 (r zero) and lambda are determined, which
allow to assess the state of the country's economy.

A system of three equations was used to calculate the forecast for 2021-2022. A comparison of the forecast with DerzhStat data
for 2021 showed acceptable forecasting accuracy.

Keywords: Leontiev model, Cauchy problem, nonlinear model, forecast, economy of Ukraine



