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rjae x = x(t) — Koop/AuHaTa, ONUCHIBAIOIIAs TTOJIOKEeHHE 00BEKTa B 3aBUCUMOCTH OT BPEMeHH t, T1a-
paMeTp w yJOBJIETBOPSIET HEPaBeHCTBY w > (), HA ylpaBJIeHUEe HAJOXKEHO OrpaHnveHne u € [—eq; €a),
€1 > 0,69 > 0 U B KaXKIbIil MOMEHT BpEMEHH IIPOM3BOIHAsI & (PYHKIMU X yIOBJIETBOPsET (Pa3soBOMY
OT'PaHUIEHUIO

& <d,d>0. (2)

ITocTponm MHOXKECTBO ympasjeMocTd Y (7) 9T0ro o0beKTa B HAYAJIO KOODJUHAT, TO €CTh MHO-
JKECTBO BCEX TOYEK (Da30BOrO HPOCTPAHCTBA, YIOBJIETBOPAIOMNX (Pa3s0BOMYy OrpaHHYeHHIo (2), u3
KOTOPBIX MOXKHO Iepeiitn Ha oTpe3ke Bpemenn [0; 7] B HA4YaIO KOODAMHAT IIPH BCEBO3MOXKHBIX J0-
IYCTUMBIX yTIPaBJICHUSAX. B%/’,ZLGM paccMaTpHUBaTh TaKHe MOMEHTBI BDEMEHH T, I KOTOPBLIX BBIIOJI-

HACTCA HEPABEHCTBO TW S 5

C nomonipio 3aMeHbl & = Y1,4& = wys ypaBHeHue (1) cBegeM K HOpMasbHON cucreme jubde-
PEHIMAJIbHBIX YPABHEHUN ] = wyz, Y2 = —wyi + U, B KOTOPOH BEKTOp ympasienus (o;v) Oymer
IIPUHUMATL 3HAYCHHA U3 OTPE3Ka

V = {(vi;v2) € R?|v; =0, —% <wvy < %} = {(v1;v2) € R?|v; =0, —1; < vy <o}

[Tpumem, o cripaBeyinBoO HepaBeHCTBO dw < 1. B nmpoTuBHOM ciiyuae ha3oBoe orpaHuveHue He
OKa3bIBAET BJIMSHUS HA PEIleHne 33Ja9d U MCKOMOE MHOYKECTBO YIIPABJISIEMOCTH OYIET COBIAIATH
C MHOXKECTBOM YIIPABJISIEMOCTH JIJIst 3a7adn Ge3 orpanumdenus (2). O6o3HaYnM dYepe3 T MOMEHT
BPEMEHU, IIPU KOTOPOM MHOKECTBO YIIPABJISIEMOCTH, IOCTPOeHHOe 6e3 yueTa (pa30BOro OrpaHuIeHNUs,
BIIEPBBIE JIOCTUTAET IPAMYIO Yo = d.

Teopema. B 1m10cKoCTH TI€PEMEHHBIX ¥1,%Y2 MHOXKECTBO Y (7) I Te€X MOMEHTOB BPEMEHH,
JUIS KOTOPBIX BBIOHAIOTCS HEPaBeHCTBa Tiw < Tw < HW OrPAHUAYEHO CHIeYIOMUME JTHHUAMMI:

I+ 1o <l2 Iy I . >
C IEHTPOM B TOUKe | — -+ —C0STw; — SINTW |; OKPY>KHOCTLIO Pagy-
woow w

OKPY2KHOCTBIO PaJInyca

+1 ! —1 l -1l .
calT2¢ IIEHTPOM B TOUKE <2 + 2 1003(7' — 7w + 2L eostw; d 1sm(7' — 7w+ Lsinrw ),
w w w w
dw . 11 + lg
rge p = ———; UpsaAMOil Y2 = d; OKPYXKHOCTBIO paJuyca ——— C IEHTPOM B TOYKE
sinTw w

b L2 . L .
(—w — 2cosTw; —;sm(T — 7w ).

Buarogapraoctu. Pabora Beiosinera B pamkax nporpammbl 'TTHU “Konseprenmus—20257, 3a-
nanwue 1.2.04.4.

DIFFERENTIAL HYBRID MODELS OF ECONOMIC GROWTH
C. Gospodarik (Minsk, Belarus)

In [1, 2], discrete (finite-difference) hybrid models of economic growth are constructed and applied
for long-term forecasting. The idea of hybrid forecasting models goes back to the cyberneticists
Shannon and Neumann, synthesis of ‘“reliable circuits from unreliable elements” and consists in the
aggregation of classical models of economic growth based on production and econometric models.

The aggregated differential models for the discrete hybrid modelling are described in [1] and have
the following form:

(AGDP(t))/dt  (dK(t))/dt
GDP(t) 7 K@)

(@L@)/dt | _(@H()/dt | (dTFP(0)/dt

7w Y ae Y TR 0 W

where at time ¢ magnitude GDP(t) is the gross domestic product, K (t) is the fixed capital, L(t) is
the labor, H(t) is the quality of human capital, and TF P(t) is the total factor productivity.
To calculate the capital is used also a hybrid model:

(dK(t))/dt
Kt

GDP(t—1)
2K (t—1)

GDP(t
+Im)(t)7()—5HYBRID, (2)

Inv(t—1) SK(1)
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where dgyprrp 18 an average investment rate, Inv(t) is an aggregation of well-known models
(Harioka & Feldstein, Modigliani, Foure & Benassy—Querre & Fontagne, Duesenberry) of the
transformation of savings into investments. The model for calculating labor resources is simple.
It is the average of the national and two forecasts of UN and Census Bureau US. The model for
assessing the quality of human capital is borrowed from Barro & Lee:

dH (t)

m = (edu), (3)

where 1 is some piecewise linear function of the average duration of education of labors. The TFP

calculation model is based on the idea of Nelson & Felps and Benhabib & Spiegel in the following

form: '
(TFP),;(t)

TEP(t) — 1,33+ 8" (InGDPp.c.)V C(t — 1) — InGDPp.c.)'(t — 1)), (4)

where ¢ is the rate of convergence (borrowing of innovations and technologies), GDP(p.c.)UC is
GDP per capita in the US and GDP p.c.)" is in country i.

Based on the differential hybrid models, a long-term forecast of potential economic growth in
the EAEU member states is proposed.
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OBb OIIEHKE YUCJIA TIIPEAEJIbHBIX ITNMKJIOB HA IINJIMHAPE
A. A. T'punsb, A. B. Ky3ssmuu (I'poaso, Besapycs)

Paccmorpum aBroHOMHYIO muddepeHnnaibHyI0 CUCTEMY

dt

rae dynxmmn P,Q : R? — R — 27-1nepuoaudeckne 1o 1epsoii mepementoii. ®a30BBIM TPOCTPAH-
creoM cucrembl (1) ssnsgerca mammap Z : S' x R, rae S! — equnmunas okpysxnocts. Hama e
— omenuth Kommuectso f1M1(Z) npenenbupx mukmos Broporo poja (okpyskatommx mummmap) I
cucrembl (1) B Z npu cienyromux npesmnosoxenusx: (Ap). Oyukuun P u @) npuHajjex)ar mpo-
CTPaHCTBY Cglﬂ(Z ,R) nenpepsisao nuddepennupyembix dyHKIwmii, orobpaxaromux Z B R. (Ag). 2
HE COJIEPXKUT OCOOBIX TOUEK cucTeMbl (1).

Hamn nojixos ocuoBan Ha npuMenennu dbyukiun Jomaka—Hepkaca [1]. [Tpuanunuanbaoe 3Haue-
uue dynknun lomaka—epkaca ¥(x,y) cocrout B ToM, 4TO ecam MHOXKecTBO W = {(2,9) € Z :
U(z,y) = 0} oupemessier | KpUBBIX, TPAHCBEPCAJIbHBIX TPAEKTOPUAM CUCTEMbI, TO IUJINHPUIECKOE
dazoBoe mpocTpaHcTBO sesinTcsd Ha | 4+ 1 aBycBa3HbIE 00JIACTH, CPEU KOTOPBIX HY2KHO Pa3JIndaThb
BHYTpPeHHIE 00JIACTH, IPAHUITHI KOTOPBIX COCTOSIT U3 TPAHCBEPCAJIBHBIX KPUBBIX U KOTOPBIE COIEPIKAT
€JIMHCTBEHHbII IPeIe/IbHBII IUKJI, U JIBe BHEIIHUE 00acTu Zy U Zj, TJe TOJbKO OJHA I'PAHUIA ITUX
obJracTell sIBJIIETCA TPaHCBEPCAJLHON KPUBOI, cojepzKaliue He DoJjiee OHOTO IPEIeIbHOIO IUKIIA.
YT0o06bI OIPeesIUTh TOYHOE KOJTUIECTBO IIPE/IEJIHLHBIX ITUKJIOB HY2KHO IIPOBEPUTH CYIIIECTBOBAHUE IIpe-
JIeJILHOTO THKJIA B JIBYX BHEITHUX 00JacTsx. B mokjaje OyIyT mpecTaBiaeHbl TTOAXO/bI JIJIsT TAKOi
MIPOBEPKH 3a CYET IOCTPOEHHs JONMOJTHUTENbHBIX (Gyukmuii lomaka—Uepkaca B pa3Hbx 06/1aCTIX
(MHOTOIIArOBBI 110/X0), 1100 B Z (JIBYXIIAroBblil moaxox) [1].

Teopema. Ilycrs npu npesmnonoxenusx (A;) — (Ag) cymecrByer Bropast dynkuus lomaka—
Yepkaca ¥y cucremsr (1) B Z ¢ k; < 0 Takas, 4To coorBercrByfoniee Muoxkecrso Wy = {(z,y) €
Z Uy (z,y) = 0} cocrour uz | +m > 0 osasnos, m = £1,4+2. Torga
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