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MarTemMaTHYHEe MOAETIOBAHHS COIIiaJII)HO-eKOHOMi‘IHHX CHCTEM 3

BHKOPHCTAHHSAM AH(epeHNiliHNX PIBHAHD

Y cmammi pozenanymi  RUMAHHA  3ACHIOCY8AHHA  CUCHIEM
ouepeHuiiiHUX pPIGHAHb 011 MOOCIO6AHHA MA RNPOCHO3YBAHHA
OUHAMIKU PO36UMKY ROKA3ZHUKIE COUIATbHO-EKOHOMIYHUX CUCHIEM.
Bpaxoeyemobca, uio O0eaAKki RNOKA3HUKU MAKUX  CUCHIEM
3pocmaioms i3 WGUOKICHIIO NPONOPUINHOI0 IX HAAGHIN Kil1bKoCHI,
aie 600HOYAC GNAUGAIOMb HA [HIMI ROKA3HUKU AKI 3MEHWYIONtb
KLIbKiCMb nepwiux 3 WGUOKICHIIO NPONOPUINHOIO KL1bKOCH
nepuio2o i 0py2020 nokasnukie. Illeuoxicmo ymeopeHHA Opy2020
nponopuiilHa  HAAGHIN  Kilbkocmi  nepuio2o. Koedhiuiecnmu
nponopuiitHocmi 3a1excams 6i0 60y NOKA3HUKIE M YMO8, 8 AKUX
80HU nepedysaroms i 6UHAYAIOMBCA CHIAMUCHUYHUMU MemMOOamMu
abo excnepmHuUM WIAXOM.
Knwuosi cnosa: coyianvro-exonomiuni cucmemu, OugepeHyitini
DIGHAHHS, MaAmeMamuyHi Mmooeii. OUHAMIKA ~ PO3BUMIKY,

NPOCHO3YBAHHS, OOYUCTIOBATIbHI MemOOU.



MareMaTHYeCKOEe MOAEJHUPOBAHNE CONMAIBHO-3)KOHOMHUYECKHX
CHCTEM € HCIOJAb30BAHUEM AU epeHIHANBHBIX YPABHEHUIA
Mensenes H.I', Myasasa O.M.
B cmamwve paccmompenst  ¢onpocel NPUMEHEHUA  CUCHIEM
oupepenuuanvHvIX - ypagHeHuil 014  MOOCAUPOCAHUA U
HPOZHO3UPOCAHUA OUHAMUKU DA3CUMUA ROKA3aAmMe/ell COUUAIbHO-
IKOHOMUYECKUX CUCHIEM.
Yuumeoieaemea, umo Hnekomopole noKazameau maKkux cucmem
pacmym co CKOpOCHbI0 RPOROPUUOHWIbHOI UX KOJIUHYecmey, HO 6
mo Jice epema GaUAIOM HaA Opy2ue ROKazameau, Komopovle
YMeHbuanm Koau4ecmeo nepesvix co CKOpPOCHIbIO
HPOROPUUOHAILHOU KOJIUYEeCmEY REPEO20 U 6MOPO20 NOKA3AMEIeH.
Ckopocmo 00pazoeanus 6Mopo20 HPOROPUHOHATNbHA
¢axmuueckomy Kouyecmey nepeozo. Koygppuuuenmol
HPONOPUHOHATOHOCHIU 3A6UCAM OM 6UOA NOKA3amenel u yciosuil,
6 KOMOPbIX OHU HAXO00AMCA U ORPEOENAIOMCA CIMAMUCHIUYECKUMU
MemMoOamu U IKCREPHIHLIM RYyHIeM.
Knrwueegoie cioea: COYUANLHO-IKOHOMUYECKUE cucmembl,
ougpgepenyuanvrvle  ypasHeHus, — MameMamudecKue — MoOelu.

()uHamuKapa%umwz, NPOCHO3UPOBAHUE, BLIYUCTIUMEIbHbIE Memoowl.

Mathematical modeling of socioeconomic systems using differential equations
Mathematical models in the form of equations, which, in addition to
the independent variables and dependent on their desired functions
include derivative (differential) of a certain procedure desired

Junctions, are being used during the mathematical description of



different processes, phenomena and dependencies that contain
elements of "movement", "growth". This equation is called the
differential. Using them - an effective tool for solving applied
problems.

The questions about the use of differential equations to model the
dynamics of the socio-economic systems are being considered in this
article. Taken into account that some figures such systems are
growing at a speed proportional to their existing amount, but also
affect other indicators that reduce the number of first rate
proportional to the amount of the first and second parameters, and
the rate of the second proportional to the current number of the first.
The proportionality factor depends on the type of performance and
the conditions in which they are defined and statistical methods or
by expert.

Keywords:  socio-economic  systems, differential  equations,
mathematical models. dynamics of development, forecasting,
numerical methods.

HHocrtanoBka mnpoOJjemMu. Mpu mMaTteMaTU4HOMY OMUCI PiSHOMAHITHUX
NpoLUeCiB, ABULL | 3aNEXHOCTEN, WO MICTATb EIEMEHTU «PYXY», KPOCTY»,
KOPUCTYIOTbCA MaTEMaTUYHUMM MOZENAMU Y BUMNALI PiBHSAHb, 4O SAKKX,
KPIM He3aneXxHmx BeNUUUH | 3anexHWxX Big HUX LWYyKaHUX QYHKUINA,
BXO4ATb TaKOX NOXigHI (AndoepeHuiann) neBHOro NOpPsAKy Big, LyKaHUX
doyHKUin. Taki piBHAHHA Ha3MBalOTb AndepeHUinHMMU. BukopnctaHHsa ix -
edoekTnBHUIM 3acid po3B’a3yBaHHA NpUKnagHux 3agad. barato peanbHNx
npoueciB 3a [AOMOMOrol AudepeHUiiHUX pPiBHAHb  OMNUCYHOTHLCSH

AOCTaTHbO MPOCTO i NOBHO.



Ycaka martemaTtuyHa MoAenb MNOBMHHA 3a40BOSbHATA  ABOM
OCHOBHMM BUMOraMm;

1. AgekBaTHiCTb npouecy. Mogenb nosuHHa BigbusaTtn HanbinbLu
XapakTepHi 3B'A3KM MK BenuvumHamu, wo OepyTb ydvacTb y npoLueci,
BpaxoByBaTW BMaCTUBOCTI cepefoBuLla, y akomy BigbyBaeTbCsa NpoUec |
iIHbOopMaUi0 NPO NOYaTKOBUM CTaH npouecy. TifbKu TOAI NO NOBOAXKEHHIO
MOZeni MOXeMO CyAUTW NPOo NOBOAXEHHSA CamMoro npoLecy.

2. MoxnusicTe poss'asaHHA mopeni. Mogenb nosuHHa OyTWM He
3aHaATO CKMagHow, Wob 3 Hei moxHa Oyno opepxatu NOTPIOHY Ham
iHpopmavuito. 3okpema, ANA MOAENIOBaHHA peanbHNX NPoUeciB MOXYTb
OyTn BUKOPUCTaHI AUNMEPEHUINHI PIBHAHHA, WO OMUCYOTb CUCTEMY.
Pos3s’dasgytoun ix, 3 ypaxyBaHHAM [04aTKOBUX YMOB, OAEPXYHOTb
aHaniTMYHU Bmpas ana PyHkKUii, Aka onMcye cTaH CUCTEMM.

AHani3 ocTaHHiX pocnigxeHb Ta nyb6nikauin. [Mpobnemu
MOZENOBAaHHA CKNagHMX couianbHO-€KOHOMIYHUX CUCTEM PO3rNAHYTI B
poboTax 3apyOikHMx Ta BiTYM3HAHMX aBTopis. x.X. Mypa, Nappi 4.,
Yepepgopaa B.A., Konemaesa, B.l. ManuxiHa, C.O lN'ytkesuu, Jlebepesa
B.B., Wuwkina €.B., YxapTiwsini A.l'., O.H. CanmaHoBa, K. Kapnbepra
Ta iH..

HarpomagxeHun [OCBIA, 3acTocyBaHHA MaTeMaTU4YHOro
MOZENOBaHHA 40 pPiLEeHHA couianbHO-eKOHOMIMHMX 3ajad nokasye, Lo
nopsag 3 po3poOKo edeKkTUBHUX ODYUCNIOBanbHUX MeETOAIB i 3acobis
PilLEHHA uUMX 3agad Bce Oinblwy ponb BigirpatdTb HAKICHI MeToau
AOCNIAXEHHA X BRacTUBOCTEW, 0OCOONMMBO AOCNIAXEHHA pesynbTaTiB
PO3B’A3aHHS.

MeTolo cTatTi € npoiNOCTpyBaT 3aCTOCYBaHHA  CUCTEM
AngoepeHuianbHUX PIBHAHb ANA  MOAEentoBaHHA Ta NPOrHo3yBaHHA
AWNHaMIKN PO3BUTKY NOKa3HWKIB coLiaribHO-€KOHOMIYHNX CUCTEM.

OCHOBHI pe3ynbTtatu AOCNiMKeHHA. PO3rnaHyTO 3aCTOCYyBaHHA

CUCTEM ANdepeHUINHUX PIBHAHDb ANA MOAEMNOBAHHA ANHAMIKWU PO3BUTKY



couianbHO-eKOHOMIYHUX cUCTeM. BpaxoByeTbCs, WO AedAKi NOKa3HUKK
Taknx CUCTEM 3pOCTarTb i3 LWBUAKICTIO NPONOPUIAHOK X HaABHIN
KINbKOCTI ( 3 KoeduilieHTOM d), ane BOAHOYAC BMMMBAKTb Ha iHLU

NOKa3HWKM AKI 3MEHLLYHOTb KiNbKICTb Neplunx 3 WBKUAKICTH NPOonopLiiHOK

KibKOCTI MepLIoro i Apyroro nokasHukis (3 koediuieHtom ), a

LWBUAKICTb YTBOPEHHA 4,pYyroro nponopuinHa HasBHIN KiNbKOCTI nepLuoro (
3 KoediuieHTOM C). KoediuieHTH nponopuinHocTi 4, b, ¢ zanexartsb Bif,

BUAY NOKa3HWKIB Ta YMOB, B SIKUX BOHM nepebyBatoTb i BU3HAYAKTLCS

CTaTUCTUYHMMKU MeTogzamMKn abo eKCNepTHNUM LLNAXOM.

Mo3Hauumo yepe3 N 3HaUEHHs NepLIoro nokasHMka y MOMEHT vacy £, a

dN dTl
yepesd 1 - KINbKICTb ApYroro.. Z [ E - BiANOBIAHI LUBWAKOCTI
3pOCTaHHA nepworo Ta Apyroro nokasHukie. Maemo cucremy
AndepeHUInHNX PIBHSHD:
dN drl
—=aN —-bNT,—=cN (1)
dt dt
MopinMMo NOYNEeHHOo piBHAHHA cuctemun (1) ogHe Ha ogHe. OTpMMaemo
AndpepeHuinHe piBHAHHS:
dN a b
_Z_ZT
dl' ¢ c
abo

3BigcK nicns iHTerpyBaHHSA
a b
N=="T-—T*+C,
c 2c
Ae (' —[AOBifbHa KOHCTaHTa , Ky BU3Ha4yMMO 3 noyatkoBux ymos: 7 =0,
konm N=0. Maemo C=0. OTxe, 3anNexXHiCTb MK nepwum Ta APyrum

NOKa3HMKaMn TaKa.
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Hanbinblie 3Ha4yeHHa N :
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a
N =M=—-
max 2be (3)

Bu3HauMmo 3aKOH, 3a HKMM 3MIHIOETbCH 3HAYEeHHA MNepLloro
NoKasHWKa, BCTAHOBMBLUM 3aNneXxHIiCTb BenuuuHn N Big 4acy ¢,
npunyckar4n, LWo 4Yac BUMIPHOETbCS 3 TOrO NOYaTKOBOro MOMEHTY =0,

Konu N =M . I3 cniBBigHOLWEHHS (2) MaeMO
1
T:%iZ\/az —2bcN

[MigcTaBmBLUM Liel BUpas3 y neplle 3 piBHAHb (1), AicTaHeMO 3

ypaxyBaHHAM (3) Take anepeHuUinHe piBHAHHS:

dN N
—=—aN,/1—— 4
da M )

Bigokpemnorumn 3MiHHI Ta IHTErpytovn Lue piBHAHHSA, MaeMo:
J' dN

— =Tat
N,/l—N
M
. 2 N .
BUKOPUCTAEMO MiACTAHOBKY X :I—M(|x|<1), 3BiAKN dN =—-2Mxdx,

N:M(l—xz). OTxe,

[—& —2j1dx2=1ni_x+c
N l—l —X +x

M

1-

3aranbHun iHTerpan piBHAHHS (4) Takui:

lnl_—erlnC2 =Fat,
I+x

ae C, =InC,. Nicna noTeHuitoBaHHA MaEMO:
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3 TOro, Wo x==% I_M’ NigHICLIM 00 KBagpaTy npasi YaCTUHM OCTaHHIX

ABOX CMiBBIAHOWEHb | PO3B’A3Y04N iX BIAHOCHO N, OTPUMAEMO:
A4M

3 OCTaHHbOI hopMYynn BUAHO, WO Npu  — +oo | HasiBHa KiNbKICTb N
MepLUOro nokasHuka crnagae 4o Hyns.

BucHoBku: Matematnyni mogeni nobyagoBaHi Ha OCHOBI CUCTEM
ANGEepeHUInHMX pPiBHAHb AonomararoTb 3pO3yMiTM  npouec, JAakwTb
MOXIBICTb BCTAHOBUTU AKICHI Ta KiNbKICHI XapakTepUCTUKN CUCTEMU | Ha
iX OCHOBI nepeabaunTn noganbLlUmnm ii PO3BUTOK.
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