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EKOHOMIKO-MATEMATHUYHA MOJEJIb BIIVIUBY I[EP)K“ABHOi
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ECONOMIC-MATHEMATICAL MODEL OF THE INFLUENCE OF
GOVERNMENT POLICY ON THE ECONOMY OF AGRICULTURAL INDUSTRY

YV cyuacnux exoHoMiKO-nonimuuHUX yMo8ax 2any3b CLIbCbKo2o 2ocnooapcmea Ykpainu,
wo 3abesneyyc HACENEHHA BANCIUBUMU NPOOVKMAMU CHOMNCUBAHHSA, NOMPeOye 3HAYHOIL
RIOMPUMKU 3 OOKY 0epicasu 3a0is 30epedxceHHss Cmanozco GUPOOHUYMEA Mmda NONEepeONCeHHs
BUX00Y 3 PUHKY SIK GEeIUKUX KOPNOpayitl, max i maiux gepmepcvkux 2ocnooapcme. Basiciueum
NUMAHHAM € BUOIP HAUOLILUWL eheKMUBHUX OePHCABHUX THCMPYMEHmMI6 ma iX payioHaibHO2O
Chig8IOHOUIeH s 011 3a0e3NneueH s MAKCUMATbHO20 NPUOYymKy nionpuemcms ma oepaicasu. Y yiti
cmammi po32na0aEmvbCsl eKOHOMIKO-MAMEMAMuiHa MOoO0€elb GNIUEY O0EPHCABHUX [HCMPYMEHMI8
Ha PO36UMOK PUHKY O03UMOI nuleHuyi, nooana y eueisaodi cucmemu OugepeHyiaibHux pieHAHb 3
nouamrkogumu ymosamu (3adava Kowi), wo poze'sizana y uucenvrHomy euensaoi 3a 00noMo20i0
npoepamuoco naxkemy Matlab, wo euxkopucmosye memoo Pynee-Kymma 4-5 nopsoxy. Mooenw
8PAX0BYE HE2AMUBHULL BNIUE NO20OHUX YMO8, V 38 A3KY 3 AKUMU 6MPAYAEMbCI YACMUHA 8POAHCATO,
sumpamu Ha 00o6puea ma mexoOpoOKy Noie, NPOCMill NONi68 3a NPASULAMU CIBO3MIH, CNIAMY
RIONPUEMCMBAMU NOOAMKIB Y 0epHCABHUL O100MCem Y 38 53KY 3 eKOHOMIYHOW OiAlbHICMIO,
sumpamu Ha 00pPOOKY CUpPOSUHU 00 CMAHY 20MO0B020 NPOOYKMY, WO Gi0N08I0AE CMAHOAPmMy
Gafta, 3axynienio nionpuemysamu nOCiBHO20 mamepiany 3-3a KOpOOH) OJisl 3ACi8y NOMOUHOI NIOWI
nonig. 3MiHa YiHU HA O3uUMy NUEHUYIO HA PUHKY 3A0A€EMbCS 3 YPaxXy8awHAM Koegiyicnma
eracmuyHocmi. Y axocmi incmpymenmie 0epicasHoi noaimuxu 0opano ineecmuyii y upooHuduLl
npoyec (Oepaicaghi domayii) ma pe2yno8anHs NPoOno3uyii 20mogoi NPOOYKYii Ha PUHKY ULTAXOM
nepepoOKU CUPOBUHU HA 20MOBUL NPOOYKM 34 PAXYHOK O0epHCasHUx Kowimie. Busnaueno, ujo
Oinv egheKmusHUM HCMPYMeHmom € Opyeuul 3 Hux. s 6U3HAYEHHs ONMUMAIbHUX 00cs2i6
0epaIHcasHo20 6NIUBY mMA iIX ONMUMANLHO20 CNIBBIOHOWEHH Y OaHil MoOeli HeoOXIOHO
Maxkcumizygamu Cymapuuii o6cse npuOymkie NiONPUEMCME Ma 0epicasu, 8paxosyruu, Wo 6
KOXMCeH MOMEHM 4acy Nonum GiOXUNAEMbCs 8I0 NPONO3uyii He Oilvule, HIdC HaA Hanepeo 3adaHe
3HaueHHs, OJ11 3a0080JleHHs. pisHosacu Banvpaca.

KuarouoBi cioBa: nepxaBHa NOJITUKA, PUHOK O3MMOI MILIEHUII, TeOpis piBHOBAaru
Banbpaca, enactuuHicTh MONUTY Ta mpomno3uuii, 3amada Ko, cucrema augepeHialbHuX
PIBHSIHb.

In today's economic and political conditions, the agricultural sector of Ukraine, which
provides the population with important consumption products, needs significant support from the
state in order to preserve sustainable production and prevent the emergence from the market of
both large corporations and small farms. An important issue is the choice of the most effective
state tools and their rational balance to ensure the maximum profit of enterprises and the state.
This paper examines the economic-mathematical model of the influence of government
instruments on the winter wheat market development, presented as a system of differential



equations with initial conditions (Cauchy's problem), solved in numerical form using the software
package Matlab, using the Runge-Kutta method of 4-5th order. The model takes into account the
negative influence of weather conditions, because of which the part of the harvest is lost, fertilizer
and field processing costs, simple fields under the rules of the crop rotation, the payment by
enterprises of taxes to the state budget in connection with economic activity, costs for processing
raw materials to the state the finished product that complies with the Gafta standard, the
procurement of sowing materials by entrepreneurs from abroad to sow the current area of the
fields. The price change for winter wheat in the market is based on the coefficient of elasticity. As
a tool of state policy, investment in the production process (government subsidies) and the
regulation of the supply of finished products in the market through the processing of raw
materials for the finished product at the expense of public funds are selected. It is determined that
the second tool is the more effective tool. In order to determine the optimum amounts of state
influence and their optimal correlation in this model, it is necessary to maximize the total volume
of profits of enterprises and the state, taking into account that at each moment of time the demand
deviates from the offer no more than the predetermined value, in order to satisfy the equilibrium
of Walras.

Keywords: state policy, winter wheat market, Walras equilibrium theory, elasticity of
demand and supply, Cauchy problem, system of differential equations.

Beryn. Cinbcpkorocnoapebka raimy3b B YKpaiHi y Ipoueci NoCTpaasiHCbKUX
Tpanchopmartiii  chopMmyBasiaca SIK Taly3b, B  SKIM  BIJHOCMHH  MIXK
CUTCHKOTOCTIONAPCHKUMHU MIAMPUEMCTBAMU Ta (HEPMEPCHKUMH TOCIOJIAPCTBAMU 1
rOCIOJIapCTBAMM HACEJIEHHA € JyK€ HalpyKeHHMU BHACIIJIOK MOHOMOJI3amii
KOPIIOPAaTUBHUM CEKTOPOM PUHKY pecypciB, KaHalliB 30yTy. Lle moB’s3aHo Takox 1 3
NOJIITUKOK  JIep’KaBH, 10 Oyla HampaBlieHa [EPEeBaXXHO Ha MIATPUMKY
KOPITIOPATHBHOTO CEKTOpa, aHDK HeBelIWkux rocnojapctB [1]. Ha nmamwmii wac
OCTaHHI MOTPEOYIOTh 3HAYHOI JEpKaBHOI MIATPUMKH, OCKUIBKA Cy4YacHE
eKOHOMIYHE CTAaHOBHUIIE B YKpaiHi MOXKE MMPU3BECTHU JI0 3rOPTAHHS MaJIoTo Oi3HECY,
y TOMY  4YHCIl  CUIbCBKOIOCHOJAPCHhKOT  JisibHOCTI.  OCKUIbKM — Maji
CLIBCHKOTOCTIONAPCHKI TOCMONApPCTBA, HE3BAKAIOUM HA HE Iy)KE CIPHUATIUBY
JIep’KaBHY TMOJITUKY MPOTITOM OCTaHHIX POKIB, 3a0€3MeUyI0Th MEPEBAKHY BAJIOBY
KUIBKICTh TMPOJAYKIIi CUIBCHKOTO TOCHOJAPCTBA, iX YTPUMaHHS Ha PHUHKY MOXKE
CTaTH BAXJIMBUM 3aBJIaHHSIM JICPKaBU.

[IpoGnemMu arpapHoro cekTopa, 30KpeMa I1HCTPYMEHTH JEpKaBHOIO
PETYIIOBAHHS CUIBCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA 3 METOK MOJIMIICHHS
EKOHOMIYHOI CHUTyallii B rany3i, po3risganucia y poOoTax OaraTbox BYECHHX,
3okpema O.M. MorunsHoro [2], A. I'. babenka, K. B. Bonnapescwkoi [3], A. I1.
Makapenka, O. B. Caxaposa [4], C. Onucbka, M. Kina [5], O.M. Bapuenka, A. C.
Janunenka [6], M.A. Bynarta [7] Ta in.

VY npoueci 3a1iicHEHHST peOopM Ha PUHKY CUTbCHKOTO rOCIOJapCTBa JIep KaBi
HAJIC)KUTh BUHATKOBA POJIb PETYJIOIOUOTO IHCTUTYTY, III0 BCTAHOBIIIOE PalliOHATBHE
CHIBBIIHOLIEHHSI TIPU PO3MOJAUII PECYPCIB B YMOBAaX PUHKOBOI €KOHOMIKH, B SIKIH
JTy’)K€ 4acTo BiOyBarOThCsl 3MiHM [8]. PHHOK CUIBCHKOTOCTIOAAPCHKOT MPOITYKIIiT
XapaKTEPHU3YEThCS ITUKIIYHICTIO PO3BUTKY. 3aBlaHHSA JIepKaBU — 3HAUTH Take
CIIBBIIHOIIEHHSI IHCTPYMEHTIB, SIK€ JTO3BOJUTH CTAOUIHHO 30UIBIIYBATH TOOPOOYT
rajgysi 3 KO)KHUM HOBUM IIMKJIOM Ta BCTAHOBUTH PIBHOBAry MOMUTY Ta MPOMO3MIIii
Ha puHKY [9].



IocTanoBka 3aBaanus. HeoOxigHO moOyayBaTH €KOHOMIKO-MaTEMaTUUHY
MOJIeNIb, 110 BpPAaxOBY€ BIUIMB JEPKABHUX BaXeJIB Ha [ISUIbHICTh Tally3l 3
BUPOIIyBaHHS O3MMOi IIIIIEHUIII Ta HA PUHOK 11 Tpoaaxy. Mojenb NOBUHHA
BpPaxOBYBAaTH IHTEPECH K MPUBATHUX MIANPUEMCTB, TaK 1 JEpP)KaBU, IO IparHe
BUTpAyaTH SKHAWMEHILE PECYpCiB, OCKUIBKM Ma€ TpaBO PO3MNOPSIKATUCS
OOMEXKEHOI0 1X KUIBKICTIO. MeTOo MIANPUEMCTB € OTpPUMaHHS HaWBUIINX
npuOYTKiB, JEpKaBU — 3a0€3MEUCHHS HAIIOHATBLHOTO J0OpOOyTY HAa HAWBHIIIOMY
MOXXJINBOMY  piBHI. Bwu3HaumTH, $K BIUIMBAa€ 3aCTOCYBaHHS JIEPKABHUX
IHCTPYMEHTIB Ha TPUOYTOK MIANPUEMCTB Ta OOCAT TPOLIOBHX KOIITIB, SKUMHU
PO3MOPSIKAETHCS IepHKaBa.

Metonosoriss. BuxopuctoByroun amapaT = €KOHOMIKO-MaTEMaTHYHOTO
MOJICJIIOBaHHS, OyJ0 CTBOPEHO MOjENIb BIUIMBY JIEPKABHUX I1HCTPYMEHTIB Ha
PO3BUTOK Tajy3l BHPOIIYBaHHS O3MMOI TMIIEHUIl Y BUIJISAL CUCTEMU
nudepeHIiaIbHUX PIBHIHB.

Mopenb cnupaeTbcs Ha TeEOpilo piBHOBarM Banbpaca mnpu BHU3HAYEHHI
CHIBBIJIHOIIEHHSI TOMUTY Ta TWPOIMO3UIlI HA PUHKY O03uUMOi miieHumi. I[lpu
BU3HAYCHHS I[IHA MPOAYKTY B MEBHUN MOMEHT 4acy BHKOPHCTOBYETHCS MOKA3HUK
€JIACTUYHOCTI TOMUTY Ta npono3ulii. Jljigs oTpuMaHHs oiHi€T 00’ €qHAHOT HLTHOBOT
(GyHKLI{ BAKOPUCTOBYETHCS METOJ, 3TOPTKHU.

Po3B’si3anHsa cucteMu audepeHIliadbHUX PIBHSHL y BUMISAAl 3aaadi Kol
peali3oBaHO y UYMCEIbHOMY BHUTJIAl 32 JOMOMOIOI0 MPOTPAMHOTO CEpPEIOBHUIIA
Matlab, mo BukopucroBye meron Pynre-Kyrra 4-5 mopsiaky.

Pe3yabTaTtu gociigkeHHs. Po3risgaeMo €KOHOMIKO-MaTEMAaTUUHY MOJCIb
B3a€MO/IIi NMPUBATHUX MIANPHEMCTB HA PUHKY O3MMOI NIIEHUI] 3 JIEP>KaBOIO, 1110
3aCTOCOBYE JI€SIKl IHCTPYMEHTH PETyJIOBaHHS PUHKY, a caMe€ IHBECTYBaHHS Yy
BUPOOHUIITBO, PETYJIOBAHHS MPOMO3UIIIi TOTOBOT O IPOJAXKY MIICHUII (OYUIIEHOT
Ta MPOCYIICHOI, TOOTO JOBEACHOI 10 MiKHapoaHoro cranmapty Gafta) mursxom
3aKyMiBIl y MPUBATHUX MIANPHUEMCTB CHUPOBHMHU 32 3aKOHOJIABUO 3aKPITIJICHOIO
I[IHOIO, 11 mojanbIIoi 0OpoOku Ta peanizaili. [loctaBieno 3agady nmpoBecTH aHami3
BIUTUBY JISJTBHOCTI JIEp>KaBU HA MPUOYTKU MPUBATHUX MIAMPUEMCTB Ta TPUOYTKU
JIepKaBH (32 paxyHOK MOJATKIB Ta BIACHOI €EKOHOMIYHOT JTisUTBHOCTI).

[ToOynyemo cripollieHy MOAENb JUHAMIKA PO3BUTKY rajiysi, sika 0a3yeTbcsl Ha

NPUMYLIEHHSX:
1) Jlep>xkaBa MOKE OJHOYACHO 3aCTOCOBYBATH TUIBKH 2 1HCTPYMEHTH
pPEryJIOBaHHS PUHKY O3MMOI MIIEHUIl — I1HBECTYBAaHHA y BHUPOOHHULTBO Ta

peryJtoBaHHS MPOIO3UIlli TOTOBOI 10 MPOAAXKY MIIECHHUIII;

2) llpuBaTHI MIANPUEMCTBA, WO PO3IJISAAOTHCS, 3aMMAIOTHCSA TITBKU
BUPOIIYBAaHHSIM Ta OOpOOKOIO 03UMOi TIIEHUIII 0e3 BpaxyBaHHS I1HIIUX
CLTBCHKOTOCTIONAPCHKUX KYJIBTYD.

[To3Hauumo Pv(t) — KiJBKICTh 3aCisTHOT 03UMOI MIIIEHHUIII Y MPOIIECi POCTY Ha
MOJISIX, 1110 BUMIPIOETHCS Y TOHHAX. 3MIHY I11€1 BETMYMHU OyIeMO pO3paxOBYBaTH 3a
dbopmyiioro:

Pv(t) = —Pv(t) - kw — Pvr(t) + 0,05 - Pvrmax(t) (1)



Jle kw — xoediIieHT BIUIMBY MOTOJHUX YMOB, IO JISKHUTh y Mexax Big 0 1o 1
1 ToKa3ye, Ky YacTKy BpOKal0 MOXYTh BTPAaTUTH MIANPHUEMII, SIKIIO MOTOAHI
YMOBH BIUIMBAIOTh HETATUBHO. [meanpHi moromni ymoBu: kw=0. B cepemnpomy
IPOTATOM POKY 3a PaxXyHOK HECTPHUSATIMBUX IOTOJHMX YMOB MOXKIIMBa BTpaTa
YBEPTI MOTEHIIHOTO BPOXKAlo;

Pvr(t) — 1e KiIbKIiCTh BPOKaIo, sika Oyiia pealbHO 3i0paHa y JaHOMY POII;

0,05 — koedirieHT, Mo MoKa3ye, sika 4acTKa O3MMO] MIIICHUIIl OyJia 3acisHa 3a
OJIMH JICHb, SIKIIO Ha IIeH mporec Oyio 3armmtanoBano 20 mi6 [10];

Pvrmax(t)— MakcumaibHa TOTEHIIIMHA KUIBKICTh MIICHUIl, SKy MOXKHA
OTpUMATH, SKIIO 3aCisATH 3a7aHy TUIOIIY MEBHOK KUIBKICTIO ITOCIBHOTO Marepiany.
Bona nopiBHIOE HYJIO Y JHI POKY, KOJHM IMOCIBHI POOOTH HE MPOBOMATHCA, Y JIHI
MOCIBHUX POOIT BU3HAYAETHCS HACTYITHUM YHMHOM:

0,akuio t & [244;263],
Pvrmax(t) =
©) {Pvmax,HKLuo t € [244;263]. (2)
Pvmax y paHii MoJeni BBaXaTUMEMO BEJIMYMHOK TMOCTIHHOIO 1
BU3HAYaTUMEMO 3a (POpMyII0I0:

Pvmax =S -Dsz-nz-kk-np

(3)

Jle S — mutomia moutiB, 110 3aIJIaHOBaHA ITi/1 03UMY MIICHUITI0, TeKTap;

Dsz — yMmoBa CciBO3MiHU;

nz — kKoedilieHT HECXO0KOCTI 3epHA, TOOTO cepeHIi KOShIIIEHT, 110 MOKa3ye
€(heKTUBHICTb MMOCIBHOTO MaTepiay;

kk — xoedimieHT KyIIeHHS 3epHA,;

np — HOpMa MOCiBy MaTepiaay, TOHH Ha TeKTap;

YMoBa ciBo3minu DSz Moxe JOpIBHIOBATH, HAITPUKIIA/T

Dsz € {0,5;0,33; 0,25} (4)

IToxmanemo Dsz=0.5. lle o3navae, mo mepmioro poky Oymae 3acisHo 50%
JOCTYITHUX TUIOII, a IPYroro poky — i 50%.

3a ymoBH, 10 30ip BpOXKaKO MOYMHAETHCA Ha 225- J€Hb POKY, KUIBKICTh
BpOXKaro, sKa OyJia peaabHO 310paHa y JaHOMY pOlll, BA3HAYAETHCS TAKUM YHHOM:

. 0, akmo t # 225,
Por(t) = {Pv(t), aKmo t = 225. (5)

[To3nauumo Ps(t) — KiNbKICTh 3epHa, 10 HE BiAmoBigae cranmapry Gafta
(cupoBuna). Gafta - MixnaapomHa acomiamisi TOPTiBJII 3€PHOM Ta KOPMAaMH.
Crannmaptu Gafta mono 03uMoi NIeHUIl BH3HAYAIOTh TOMYCTHMHN PiBEHb CMITTSI
Ta BOJIOroCTi B Hiil. Tomi piBHsSHHS 3MiHK PS(t) BUIIISa€ TAKUM YHHOM:



Ps(t) = —=Ps(t) - a; + Pvr(t) — Ps(t) - uy (6)

Jle a; — 1e YacTka CHpPOBUHHU, Ky IMiANPUEMIN OaKalOTh JOBECTH JIO
crannapry Gafta (a; € [0; 1]);

U, — II¢ YaCTKa CHPOBHHH, SIKy JeprkaBa Oaxkae AoBecTH 10 cranaapty Gafta
NOTIePeTHHO BUKYIHBIIY CUPOBHUHY B mianpuemis (U, € [0;1 — a4])

Tonai 3MiHY KiJBKOCTI 3¢pHa, 10 BiAmoBizae crangapty Gafta i craHoBUTH
IIPOIIO3HIIIF0 HA PHHKY O3MMOI IMIIIEHHUIII, MOYKHA 3aITUCaTH TaKo (HOPMYJIOHO:

Pp(t) = Ps(t) - a; — min{Qd(t); Pp(t)} + Ps(t) - u, (7)

Tyt min{Qd(t); Pp(t)} — 1ie KimbKiCTh 3¢pHAa, KA 3a0BOJILHSIE MMOTOYHUI
MOMUT Y JaHUH MOMEHT 4Yacy i TAKUM YHHOM 3MCHIITY€ TIPOITO3HIIIFO.
BianoBigHo 3MiHYy MOMHUTY 3alUIIIEMO SIK

Qd(t) = a— b - P(t) — min{Qd(t); Pp(t)} (8)

Jle a — b - P(t) — 11e 30iIbIIEHHS MOMUTY B IMEBHUH MOMEHT Yacy 3aJIC)KHO
B1JI I[IHY 3a JIIHIMHUM 3aKOHOM.

3MiHy IiHU 3epHa, o BiamoBigae crangapty Gafta, 3agamo 3 ypaxyBaHHIM
koedirmierTa ii enactuyHocTi Ep (koedilieHT eJacTUYHOCTI MOKa3ye, Ha CKUIBKH
BIJICOTKIB 3MIHHMTKCS 1lIHA MPH 3MiHI HOMHUTY Ha 1%):

P(t) = —Ep - (Pp(t) — Qd(1)) (9)

[Mosnaunmo rporr mianpuemiiB Cp(t) (rpu). Tomi ix 3miHa Oyne
PO3paxoByBaTUCS 332 HOPMYJIOKO:

Cp(t) = —cpar(t) — Pupr(t) - (1 + toll) — Ps(t) - a, - pb
+ r; -min{Qd(t); Pp(t)}- P(t) - (1 — tax) + Cd(t) - u, (10)
+ Ps(t)"u, -z

Tyt cpar(t) — ue BuTpatu Ha A00pHBa, TEXOOPOOKY MOIIIB, TepOIUIH,
TOIIO;

Pvpr(t) - me BapTiCTh MOCIBHOTO MaTepialy, M0 Mae OyTH 3aKyIlJIeHa
MIIPUEMIIMU 3-32 KOPJIOHY JUTSI 3aC1BY TOTOYHOT TUIOIIII TIOJIIB;

toll — me nep>xaBHe MHTO, K€ HEOOXIJHO CIUIATUTH 3a BBI3 MOCIBHOIO
Marepialy B KpaiHy (MOJAaTOK Tpu 3AIMCHEHHI MIXHAPOJIHOI TOProBEILHOI
omepariii);



pb — BapTiCTh NepepoOKU CHUPOBUHU Ha MPOAYKT - JOBEJAEHHS 3€pHa 10
crannapry Gafta;

tax — moAaTok Ha MPUOYTOK MiAIPUEMIIS;

71 — YacTKa yCIX MPOJIaXKiB, 0 HAJICKUTD MIATPUEMIIM;

U, — 4YacTKa rpoiued JepKaBu, [0 BUKOPUCTOBYETHCS HA MPSAMI 1HBECTHIIIT
1 ITPHEMCTBAM;

Cd(t) — rpoii gepiKaBu;

Z — 111Ha 3aKyMiBJI1 CHPOBUHH JIEP>KaBOIO B IMIPUBATHUX IiATIPHUEMCTB.

BBaxxatumeMo, 1m0 BUTpaTd Ha A00pUBa, TeXOOpPOOKY TMOMIB, repOiuan
cpar(t) NOpiBHIOIOTH HYJIIO, KOJU Ha TOJSX BIACYTHS MIICHUL Y TIPOIEC] POCTY, a
TaKOXX Yy 3UMOBHMM TiepioA. 3acTOCyBaHHS LMX 3aXOJIB 3HAYHO MiJABUIILYE
MOTEHIIMHUN BpOJKail, a TMOPYIICHHS ONTUMAJIBHOTO CITIBBIIHOIICHHS MIX
KUIBKICTIO THOIO Ta MiHEpalbHUX JOOPUB MPU3BOAUTH JO MPUTHIYEHHS POCIHH,
MOXKOBTIHHS, 3acuxaHHs, xJiopo3y [11]. Busnauumo Butpatm Ha n00puBa Ta
TE€X00pPOOKY TaKHUM YHHOM:

Pu(t) - kpgn
,Akio t € [60; 151] a6o [245;334],
cpar(t) = kpq (11)
0,qkmo t & [60; 151] a6o [245; 334].

He kpq — xoediiieHT eeKTUBHOCTI BUTpAT HAa OOPOOKY TOJIIB,

kpgn — xoedimienT amopTH3aIiii.

Hexaii 3akymnka MOCiBHOTO Marepially BiOYBa€eThCs O€3MOCEPEHbO TEpen
IpolecoM  3aciBaHHs  muieHuri. Toal  BapTICTh  MOCIBHOTO  Marepiany
BU3HAYATHUMETHCS SIK

_(S+pz- Dsz-np,akumo t = 244,
Pupr(t) = { 0, AKII10 AKILO t # 244. (12)

Jle pz — 11iHa IOCIBHOTO MaTepially 3a TOHHY.
YacTky BCiX NpOJAXiB, 110 HAJIEKUTh MIANPUEMUSM 77 BHU3HAYMMO 32
dhopmyIioro:

= a; + u, (13)

Busnaunmo rporii aepxkasu Cd(t) (rpH):

Cd(t) = —Cd(t) - uy — Ps(t) -u, - pb + Pvpr(t) - toll

+ ;- min{Qd(t); Pp(t)} - P(t) - tax + r, - min{Qd(t); Pp(t)} (14)
“P(t) —Ps(t)"u, -z

Tyt 1, — 11e yacTKa BCiX IMPOJIaXKiB, 1[0 HAJEKaTh JIEPXKaBi, 1[0 BU3HAYAETHCS
3a (hopmyoro:



Cay tuy (15)

b

BanOBYIOLII/I BHUIICCKAa3aHC, BUSHAYMMO 0OME)KEHHS CUCTEMU:

a, +u, <1;

a,u, = 0;
Uy, u, € [0,1]; (16)
(Qd(t) — Pp(t))* <e.

OcTtanHHsI yMOBa O3Ha4ae, 10 B KOKEH MOMEHT 4Yacy TOIMUT BiIXWISETHCS Bil
MPOTIO3HUIIIT He OLIbIIe, HIJK Ha 3aJlaHe 3HauUeHHs (Teopis piBHOBaru Banbpaca).

MeTo1o MOJIeTIOBaHHS BBKaTUMEMO MAaKCHUMI3aIlilo MPUOYTKiB JIepKaBU Ta
M1ITPUEMITIB, TOMY I1JIbOB1 YHKIIIT MOYKHA 33]1aTH TaK:

I = [ (Cd(t)) dt->max,
I, = [, (Cp(t)) dt->max. (17)

BukoHaBmm 3roptky, Maemo:

I = [](Cd(t) + Cp(t)) dt->max. (18)

Po3rasiHeMo ramy3p BHpOIIYBAHHS O3UMOI MIIEHUIN, TPUUHSBIIM 32 TOYKY
Bijptiky 2015 pik. Ha ocHoBi cratuctuku [12] Bu3HAYMMO MOYATKOBI JaHi (QyHKIIIT
Komri Ta pesiki mowartkoBi mapamerpu: Pv(0)=27,5 miH. T, Ps(0)=0,1 MJH. T,
Pp(0)=0,1 man. 1., P(0)=6000 rpa, Cp(0)=15 miapg. rpa, Cd(0)=1,3 map.
rpH, S=5000000 ra, tax=0.18, pb=1000, toll=0.2, pz=12000, z=2000.

[Toxmagemo Qd(0)=1, kw=0,25/365, Dsz=1, nz=1, kk=27,5, np=0,2,
al1=0,01, kpq=0,01, a2=0,01, kpgqn=0,005, a=10000000, b=1000, Ep=0,01.

BukoHaeMo po3paxyHKHM MOJENl Ha Mepiof, IO CTaHOBUTh 3 POKH,
npuiiMaroun U, U, = 0 Ta 06e3 makcumizamii 1UIboBOI (yHKIi, MO0 MaTh
YSIBJICHHS TIPO MOBEIHKY MOJIeIi 0€3 BTpYYaHHS JIePKaBU:

BukoHaBIIM po3paxyHKH Yy 4MCENBHOMY BUIJIsAI y cepemoBumi Matlab,
OTPUMAEMO, IO MOMUT, K 1 mpomno3uils (puc.l), HUKIIYHO 3MIHIOIOTHCS (L€
3aJIEKUTh Y TOMY YHUCIHI BiJl IOPU POKY), IPOTE B LIJIIOMY MOCTYIOBO 3POCTAIOTh,
IPU [IbOMY 3HaYHO HE BIAXUJISIIOUUCH OAUH BiJ OJJHOTO.
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Pucynoxk 1 - [Torut Ta npomno3uiiist 3epHa, 10BeeHoro 10 ctanaapty Gafta

Takox MaeMo, IO MOYATKOBA IiHA TOTOBOTO JUIsI MPOJaxy 3epHa (puc.2)

BPIBHOBAXKYETHCSI HA 3HAYHO BHILOMY pIBHI, aHDK BOHa Oylla IOYaTKOBO

BCTAHOBJICHA, Ta MICJS [HOTO OUIbIIIE 3HAYHO HE 3POCTAE.
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Pucynox 2 - 3miHa 11iHU Ha 3€pHO

[linmpuemMcTBa CIIOYATKy 3a3HAIOTh BTPAT, OCKUIBKHM iM HEOOX1/IHI KOILITH JIJIs
3aKyMiBJIl MOCIBHOIO MaTepiany, JOOpWMB Ta Il Oprasizauli TeXoOpoOKH MOJIIB,
IPOTE MOCTYMNOBO iX TPOIIl 3pOCTaI0Th, OCKUIBKA BOHHM MOYMHAIOTH OJIEPKYBATH
npuOyYTOK BiJ peaiizallii TOToBOI IpoayKili. Jlep:kaBH1 KOIITH TaKOX 3pOCTAIOTh 3a
PaxyHOK CILJIaTH BULIUX MMOAATKIB HA MPUOYTOK MiANPUEMCTBaMH (puc.3).

x 101

Cp, ¥(7), business money
Cd, y(8), goverment money | |

0 200 400 600 800 1000 1200

Pucynox 3- ['porni nepxaBu Ta Tpolir MPUBATHUX TITPUEMIIIB



Jlami  po3riissHEMO JBa CIEHapii — Jep)kaBa BTPYYA€ThCS IUISIXOM
IHBECTYBaHHS Yy TMPUBATHUX TIANPUEMINB Ta Jep)KaBa BTPYUYAETHCS ILITXOM
nepepoOKH KyIUICHOI B TATPUEMITIB CAPOBUHU HA MPOTYKT.

VY pa3si, Ko AepKaBa 3aiMaTUMEThCSI BUKYIIOM CUPOBHHHM Y TIIMPUEMIIIB Ta
il momanpIIoi mepepoOKoIO 1 peaizalli€ro, TO CIIOYaTKy BOHA MaTUMe 30MTKU, MPOTE
y JOBrOTEPMIHOBIM MEpCNEeKTHBl MaThMe OiIbIll NPUOYTKH, aHDK SKIIO HE
BTpy4YaTuMeTbcsa. [IpuOyTKM MIANPUEMCTB TaKOX 3pOCTYThb, KpiM TOro, IS
TISUTBHICTD JOMOMOXE y PETYJIIOBaHHI MOMUTY-TPOMO3ULIIl HA PUHKY, 1[0 MaTHME
MO3WTHUBHHN BIUIMB Ha HHOTO B MJIOMY (puc.4).
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u2=0.1, Cd, y(8), goverment money
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u2=0, Cp, y(7), business money
u2=0, Cd, y(8), goverment money

5 ///Q/‘ -

5 " " "
0 200 400 600 800

1000 1200 0 200 400 600 800 1000 1200

Pucynok 4 - [1opiBHSIHHS BUMAJIKiB, KOJIH JIep>KaBa HE BTPYUYAETHCS, Ta KOJIU
BTPYYAETHCS NUISIXOM NIEPEPOOKU KYIIJICHOT B MIAMPUEMIIIB CUPOBUHU HA MTPOTYKT

[HBecTyBaHHS B MpPUBATHI MIANPUEMCTBA K MIABUIIUTH I1XHI NPUOYTKHU
HE3HAYHO, HATOMICTb JISUTBHICTD JIEPYKaBU MOXKE CTaTH 30MTKOBOIO (pHC. 5).
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Pucynox 5 - [lopiBHSIHHS BUMAIKiB, KOJH JIepKaBa HE BTPYUYAETHCS, Ta KOJIU
BTPYYAETHCS MUISIXOM 1HBECTYBAHHSI Y IPUBATHUX MIAMPUEMIIIB

BucnoBku. Y crarri Oyno cpopMynbOBaHO €KOHOMIKO-MaTEMaTHUYHY
MOJieb, 110 BPAaXOBY€ BIUIMB JEpPXKaBHOI MOJITHUKM Ha MIANPUEMCTBA, LIO
3aliMalOThCsl BUPOIILYBAaHHSAM 03MMOI MIIeHULI. MOo/IeTh OJIaHO Y BUIJISIII CUCTEMHU
nugepeHiaIbHUX PIBHAHD 3 MOYAaTKOBUMH yMoBamu (3aaauya Koii), Ta po3B'sizaHo
y YHCEIBLHOMY BHUIJISI 3a JIOMOMOror mnakety Matlab, mo BukopucTtoBye MeTon
Pynre-Kyrra 4-5 nopsnky.

Bbyno Bu3HaueHO, 110 3aCTOCYBaHHS MOJITUKU PErYyJIOBaHHS MPOMO3UIIIT
PUHKY O3MMOI MIIEHUIl Ma€ COPUSITIMBI HACIIJKY SIK ISl MIANPUEMCTB, TaK 1 AJis
JIep’KaBU Ta CMOKMBadiB. BapTo mam’staTu, mo AepkaBa HE TOBHHHA MepeiMaTH
1HILIATUBY y MIANPUEMCTB Yy BEITUKOMY OOCS31, OCKIJIBKH 1LI€ MOXE CTBOPUTHU
HECTPUATINBI YMOBU Ha PUHKY 1 MiAMPUEMCTBA MOXKYTh MIOYATH 3aJIUIIATH HOTO.

Buxopuctanus 3k 3Ha4HOI KUIBKOCTI KOIITIB JJii 1HBECTYBaHHS Yy
BUPOOHMUHNI TIPOIIEC HE JIa€ BEJIMKOTO €KOHOMIYHOTO edekTy. HaBnmaku — nmepkaBa
MO>K€ OTPUMATH 3HAYHI 30UTKH.



3a1s1 BU3HAYSHHS ONTUMAJIbHUX OOCSTIB IePKaBHOTO BIUIMBY Ha JiSUTbHICTD
HiAMPUEMCTB HEOOXITHO TPOBECTH TMOJAJIBINEC MOJCIIOBAHHS, IO JO3BOJHUTH
BU3HAYUTH, 32 IKUX Came MapameTpiB MpHOYTKU IepiKaBH Ta IiANPHUEMCTB OyTyTh
MaKCUMaJIbHIMH.

JlJiss MakCcUMaIbHOI BiAMOBITHOCTI TTOOYIOBAHOI CUCTEMH peabHOMY CTaHY
rajy3i BUPOIIYBaHHs O3WMOI IMIIIEHUINl HEOOXigHe OiblIe AeTalbHE JOCITIIKCHHS
npeaMeTHOi 00J1acTi Ta BAOCKOHAJIEHHS MOJENI BIAMOBIIHO IO MPOAHANI30BaHUX
CTaTUCTUYHHX JAHUX.
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