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MaremaTuyeckue MOJeJ M M1 METOAbI AHAJIM3a, M IIPOTHO3a CTPYKTYP-
HbIX M3MEHEHU IKOHOMHYECKHX cucTeM (Ha npumepe Kbiproizckoi
Pecny0siukn)

05.13.16 — npuMeHeHNE BBIUMCTUTEIBHON TEXHUKHA, MATEMAaTUYECKOTO MOJICIUPOBA-

HUS 1 MaTEMaTUYECKUX METOJIOB B HAYYHBIX MCCIEIOBAHUAX (110 OTPACIISIM HAYKHU)

ABTOpedepart
AUCCECpTalMU Ha COMCKAHUC yquOfI CTCIICHU
JIOKTOpa (PU3NKO-MaTEMAaTUYECKUX HAYK

bumkek 2024



PaboTa BbImosiHeHa Ha kadeape npukiaaHas nHpopmatuka Keipreizckoro rocyaap-
CTBEHHOT'O yHHUBepcuTeTa uMeHu M. Apabaesa.

HayyHbld  KOH-
CYJbTAHT:

buiidocynoB bosiotoexk WibsicOBHY, JOKTOP TEXHUYECKUX
HayK, TOKTOp (PU3NKO-MaTeMaTHIECKUX HayK, mpodeccop, 3a-
Benytonmmii kadeapsl npukiagHas wHbopMaTtuka KeIpreiz-
CKOT'0 TOCyAapCTBEHHOro yHuBepcuTera uM. M. ApabaeBa

OdunuanbHbIe ONIMOHEHTDI:

IepBbIit
opuLHMATBHBINI
ONIOHEHT

Bropoi
opUIHATBHBII
ONIOHEHT

Tperbuit
opuuuaNbLHbIN
ONIOHEHT

Beaymas opranu-
3anms:

Cxuasip Cepreii HukosaeBu4, 10kT0op pr3nko-MmareMaTuyie-
CKHX HAYK, C.H.C., pyKOBOAMUTEIb NPOrpaMmsbl (Kadeapbl) Mpu-
KJIaJHasi MaTeMaTuka U HHPopMaTHKa AMEpUKAaHCKUN YHU-
BepcuTeT B LleHTpanbHON A3uu

HUckanpapoB Camanaap, 10KTOp (hU3MKO-MAaTEMATUYECKUX
HayK, Ipodeccop, 3aBeAyIoluii 1abopaTopuei Teopusi UHTE-
rpo-nuddepeHanbHbIX YpaBHEHUH HHCTUTYTa MaTEMAaTUKH
HanumonansHoit akagemun Hayk Keipreizckoit PecryOimku
CarbibaeB Adayrannl /skyHycoBu4, 10KTOp (hU3UKO-MaTe-
MaTHYECKUX HAyK, Mpodeccop, 3aBeayrouuil kagenpoid mH-
(popManMOHHBIE TEXHOJIOTUU U ynpaBiieHHe OIICKOro TeXHO-
JIOTUYECKOTO yHUBEpcUTeTa. I. O1l.

kadenpa npuUKIagHas MaTeMaThka U WH(popmaTthka (aKyb-
TeTa MaTeMaTuku U nHpopmatuku Keipreizckoro Hamnonans-
Horo yHuBepcutera nmeHu JK. banacareina

(720033, r. bumikek, yn. @pynse, 547)

3ammra quccepTaruu coctoutes 31 mas 2024 roxa B 15:00 gacoB Ha 3acenanum
nuccepranoHHOro coseta [ 05.23.689 npu KeIprei3ckom rocy 1apcTBEHHOM YHUBED-
cutete uM. M. ApabaeBa u KbIprbI3ckoM rocyapCTBEHHOM TEXHUYECKOM YHUBEPCHU-
tere uM. M. Pa3zakosa no anpecy: 720026, r. bumkek, yn. Pazzakosa 51-A. Ccpuika
JUI ToCTyna K BuaeokoH(epeHmuu 3amuThl auccepranuu: https://ve.vak.kg/b/d05-

Xy8-8iw-Xsw

C nucceprarueit MOXXKHO 03HAKOMUTHCS B Oubmnorexax KuIpreizckoro rocyaap-
CTBEHHOTO YHUBepcuTeTa uMeHu . Apabaesa, (720026, r. bumikek, yi1. Pa33akosa 51-
A) 1 KbIprbI3cKOro rocy/1apcTBEHHOTO TEXHUUECKOTO YHUBEpcuTeTa uM. M. Paz3zakoBa
(720044, r. bumkek, np. Y. AiitmaToBa 66) u Ha caiite HaninoHnansHOM aTTeCTaIllMOH-

HOU KOMHCCHUH

pH IIpesunente Ksipreizckoit PecnyOnuku:

https://stepen.vak.kg/d 05 23 689/choroev-kalybek-choroevich/

ABTtopedepat pazocinan 26 anpenst 2024 roaa.

YueHsIl cCeKpeTaphb

AUCCCPTAINOHHOIO COBCTA,

K. ©.-M. H., 1.0. JIOIIEHTa - Acanb6ekosa H. O.


https://vc.vak.kg/b/d05-xy8-8iw-xsw
https://vc.vak.kg/b/d05-xy8-8iw-xsw
https://stepen.vak.kg/d_05_23_689/choroev-kalybek-choroevich/

OBILIAA XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTh TeMbl auccepramuu. ColranibHO-3KOHOMUYECKOE pPa3BUTHE
Keiprei3ckoit PecmyOmiku mpemonaraeT fabHEeUIy o padboTy Mo 00ecIeueHuto mpo-
JTOJIKEHUS POTPECCUBHBIX U3MEHEHHUI B DKOHOMUKE, U €€ OTPaciIeBON U peruoHab-
HOU cTpykType. BakHelmM mokasareieM KadecTBa SKOHOMHUYECKOTO POCTa CTaHO-
BUTCSI €T0 CTPYKTypa, OTpaxkarolasi ypoBeHb pa3BUTHUSI HAIMOHATbHON YKOHOMHKHU B
[EJIOM, €€ MECTO B CUCTEME MEXKIyHAPOIHOTIO SKOHOMUYECKOTO pa3ziesieHus Tpyaa (B
ycnoBusix EADC). g npuMeHeHHs] SJKOHOMUKO-MAaTeMaTHYeCKUX UHCTPYMEHTApUEB
B UCCIICOBAHUSIX CTPYKTYpbl SKOHOMUKH KP M0KHO paccmarpuBarh Kak COIMaIbHO-
HKOHOMHYECKYIO cucTeMy. ColUalibHO-3KOHOMHYECKAsl CHUCTEMa B OOIICHPUHSTOM
CMBICJIE MOYXHO MIOHUMAaTh KaK COBOKYITHOCTh PECYPCOB M SKOHOMHUYECKHUX CYOBEKTOB,
00pa3yomuX eIUHOE 11E10€, B3aMMOCBSI3aHHBIX U B3AUMOJICUCTBYIOIINX MEXTY COOOM
B cdhepe MpOU3BOACTBA M TOTPEOICHNUS, OOMEHA U pacIpe/IeIICHHS.

CoumanbHo-3xk0HOMUYeckast cucteMa (COC) KP xapakrepusyercsi OrpoMHBIM
KOJIMYECTBOM 3JIEMEHTOB M B3aMMOCBSI3€H MEXAYy HUMH WU OKpYXKaroIleH cpeaor. A
TaKXe HAJTMYUEM Pa3HOTO pojia HEONPEIEIEHHOCTEN, HETOUHOCThIO KOJIMUE€CTBEHHBIX
Y KAUE€CTBEHHBIX OLIEHOK MTapaMETPOB TAKUX CUCTEM, Pa3HBIM YPOBHEM U HEPABHOMED-
HOCTBIO Pa3BUTHUS OTJEIbHBIX JIEMEHTOB, IMOJHOTHI M JTIOCTOBEPHOCTH MHGPOpMaIIUU
00 uX (PyHKIIMOHUPOBAHUH, HEIMHEMHOCTHIO IPOTEKAIOIINX MTPOLIECCOB U JIP.

B nanHoit paboTe npeanpruHUMaeTcs OMbITKAa BHIPAOOTKH 1IETOCTHOTO B3IV
Ha COBPEMEHHYIO OTEUYECTBEHHYIO SKOHOMHUKY MOCPEICTBOM aHalM3a CTPYKTYPHO —
(GYHKIIMOHATBHBIX CBSI3EH MEXK/Ty OTPACIEBBIMU KOMIUIEKCAMU U CEKTOPAMU, MEXaHU3-
MOB HAKOILJICHUSI Pa3JIMYHOTO pojia 1UCcOAIaHCOB U MX KOMITCHCAIUH.

JlanHbIE TPOOJIEMBbI M OTIPENICITUIIN aKTYyaIbHOCTh HACTOSIIETO UCCIICIOBAHUSI B
00JacTu ynpaBjieHUs CTPYKTYPHBIMHU PEOOPa30BAHUSMU SKOHOMUKH CTpaHbl. Takum
00pa3oM, aKTyaJIbHOCTh TEMbI HUCCJIEIOBAHUS OMpPeIesieHa HEOOXOAUMOCThIO OLICHKU
BIIMSHUS CTPYKTYPHBIX U3MEHEHUM Kak (DaKTOp Ha YKOHOMHUYECKUE TIPOIIECCHI, C yUe-
TOM CJIOXKUBIIUXCS CTPYKTYPHBIX TTPOMOPIIUNA B IKOHOMUKE.

CocTosinue M3y4eHHOCTH MpPoodaeMbl. Ha coBpeMeHHOM 3Tamne CTPyKTypHbIE
M3MEHEHHSI Ha MaKpOIKOHOMUYECKOM YPOBHE CTAHOBSATCS OOBEKTOM HCCIIEIOBAHUS
MHOTHX YYEHBIX IKOHOMHUCTOB U MareMaTuKoB. VccienoBana npoosieM CTPYKTYPHBIX
W3MEHEHHI M MX BIUSHUS HA SKOHOMUUYECKUHN POCT MOCBSIIEHBI pa0OThI 3apyOeKHBIX
Y OTEUECTBEHHBIX YUCHBIX. B 3apy0eKHBIX cTpaHax MpoOieMy CTPYKTYPHBIX U3MEHE-
HUN B 2KOHOMHKE HccienoBany takue ydenele kak C. Kysner (1979), B. JleonTseB
(1949) u npyrue. B Poccun HayuHO€ HCCIIEIOBaHbI CTPYKTYPHBIX U3MEHEHUI B SKOHO-
MUKe CBsi3aHbl ¢ UMeHamu A. . Anunmikuna (1980-1986), 10. B. Apemenko, (1981-
1996) A. N. I'manpimesckoro (1986-2004), B. A. becconona (2003-2005), JI. C. Ka-
s3uHna (1969), I'. E. Dnenvrayza (1977), B. A. Konemaena (2002-2005,

C. Cyxapena (2013-2017), H. B. CyBopoga (2005) u apyrux. OTeuecTBEHHbIC YUCHBIC
skoHOMHUCTHI T. K. Koituyes (20012-2022), A. C. Ucmanos (2007), b. C. JI>xamaHKy/OB



(2018) u apyrue B KcCleOBAaHUSIX UCIOIB30BaAIU IKOHOMETPUUECKHUE METOJIbI CTPYK-
TYPHBIX U3MEHEHUN.

CBs3b TeMbl QUCCEPTAUM C KPYNHbIMHA HAYYHBIMH NMPOEKTAMHU U OCHOB-
HBIMH HAYYHO-MCCJIEI0BATEJIbCKMMHU padoTaMu.

JuccepTtanrionHnas paboTa BBIIIOJIHEHA B COOTBETCTBUH C IJIAHOM HAy4HO- UCCIIe-
JOBATEIbCKUX padoT Kadenpsl mpukiaaHas uHpopmaruka KeIprei3ckoro rocynap-
CTBEHHOTO yHHMBepcureTa uM. M. Apabaesa.

Heab u 3agaun ucciaegoBanus. L{enpro uccnenoBaHus SIBISETCA:

— CO3JaHME METOJOJIOTUH OLICHKH, aHAJIN3a U MATEMAaTUYECKOTO MOJAEITUPOBAHUS
CTPYKTYpPHBIX H3MEHEHUN MaKpOAIKOHOMUYECKUX IPOILECCOB B PePOPMUPOBAHUU
HAallMOHAJIBHOW DKOHOMHK;

— pa3paboTKa MaTeMaTH4YE€CKOr0 HHCTPYMEHTApPHsI, ONUCHIBAIOIIETO CTPYKTYPHBIE
WU3MEHEHHUS U IIPOLIECCHI DKOHOMUYECKOTI'O POCTa;

— pa3paboTKa aNropuTMOB MPUBEICHUS K 3aJaHHOM OTPACIIEBON CTPYKTYpE HC-
CJIEAYEMBIX MAaKPOIKOHOMHYECKHUX MPOLECCOB HALIMOHAIIBHOW 3KOHOMUKH.

3axayu uccijie10BaHMS.

1) wu3ydeHue u 0000IICHNE 3apYOCKHOTO U OTEUECTBECHHOTO OMbITA MaTeMa-
TUYECKOTO MOJEIMPOBAHUs U MPOBEACHUE CUCTEMHOIO MCCIIENOBAHUE BO3JAEHUCTBUSA
CTPYKTYPHBIX U3MEHEHHUN HA MPOLECCHI SKOHOMUYECKOTO Pa3BUTHS,

2)  CcO37aHUE METOJOJIOTHYECKHX OCHOB Pa3pabOTKH MaTeMaTHYECKUX MOJIC-
JIEW B3aUMOCBSI3H CTPYKTYPHBIX U3MEHEHNH M DKOHOMUYECKOT0 pOCTa HAa OCHOBE IPO-
U3BOJICTBEHHBIX (DYHKLIMHA MOCTOSHHOM 31aCTUYHOCTBIO 3aMEHBI;

3) BBISBICHUEC M MATEMaTHYCCKOC MOJICIMPOBAHHE OCHOBHBIX MPHUYUHHO-
CJIEICTBEHHBIX B3aHMOCBS3€M CTPYKTYPHBIX U3MEHEHUN U MAKPOIKOHOMHYECKHUX I1a-
paMeTpoB PoOcCTa;

4) 000CHOBaHHE HOBBIX MOIXOJIOB U METOJOJIOTUYCCKUX MPUEMOB B YaCTH
MOJEIUPOBAHUS IPUUMHHO — CJIEACTBEHHOM CBS3M MEXKAY TEMIIAMH U CTPYKTYpOH
HKOHOMMYECKOTO POCTa U HA 3TOM OCHOBE ITIOCTPOCHUE AIITOPUTMA YITPABIICHHS TEXHO-
JIOTUYECKOMN CTPYKTYpPOH OTPACIH 3KOHOMHKH;

5) pa3paboTka mokasarenei OIEeHKH BO3CHCTBUS CTPYKTYPHBIX H3MCHEHUH
Ha MPOLIECCHI DKOHOMUYECKOT0 Pa3BUTHS U OIIPEIEIICHUE TECHOTY PEaIbHON B3aUMO-
CBSI3U MEX]Ty CTPYKTYPHBIMH U (PYHKIIMOHATBHBIMHU XapaKTEPUCTUKAMU SKOHOMUKH,
M3YUYCHHE HANPABJIECHHOCTH U XapakTepa CTPYKTYPHBIX U3MEHEHUN B OTEYECTBEHHOU
sKoHOMHUKE 3a 1993- 2021 rr.

6) TnpoBeneHHUE alanTalUy U BepUPHUKAIMUA pa3pabOTaHHBIX B AUCCEPTAIU-
OHHOM HCCJIEJOBAHUH MAaTEMATUYECKUX MOJIETIEN OLEHKN CTPYKTYPHBIX U3MEHEHUN
Ha OCHOBE CTaTHUCTHUYECKUX NaHHBIX KP,

7) 00OCHOBaHHME KAa4YECTBEHHBIX MapaMETPOB CTPYKTYpPbl IKOHOMHYECKUX
CUCTEM M ONPENEIICHUE YCIOBUM UX ONTUMAJIBHOIO PAa3BUTHS, & TAKKE MPENIOKUTH
MPaKTUYECKUE PEKOMEHJAIIMY 10 JOCTHKEHHUIO CTPYKTYPHOU cOaaHCUPOBAHHOCTHU



MAaKpOIKOHOMHYECKUX CHUCTEM.
Hay4ynasi HoBU3Ha pa0doThI:

1) wu3yueHue u 000O0IICHNE 3apyOSIKHOTO U OTCUSCTBEHHOTO OIBITa MaTeMa-
TUYECKOI0 MOJIETTUPOBAHMS U MPOBEJECHUE CUCTEMHOIO MCCIIEI0BaHNE BO3ACHCTBUS
CTPYKTYPHBIX U3BMEHEHHI Ha MPOIECChl SKOHOMUYECKOTO PA3BUTHS;

2) co3laHWe METOJOJOTHYECKUX OCHOB Pa3padOTKH MAaTEMaTHUYECKUX MOJIe-
Jed B3aMMOCBSI3H CTPYKTYPHBIX M3MEHEHUH M 3KOHOMHYECKOIO pOCTa Ha OCHOBE
IPOU3BOACTBEHHBIX (DYHKIINN NOCTOSTHHON 3JIaCTUYHOCTBIO 3aMEHBI;

3) BBISBICHUE M IOCTPOCHUS MATEMATHYECKUX MOJEIECH OCHOBHBIX IIPH-
YUHHO-CJICZCTBEHHBIX B3aUMOCBS3€1 CTPYKTYPHBIX H3MEHEHUI U MaKpPO3KOHOMHYE-
CKHX IapaMeTpPOB POCTa, B PAMKax KOTOPBIX 3KOHOMHUYECKOE Pa3BUTHE pacCMaTpH-
BaeTCA MPEXKAE BCEro Kak IOCIEN0BATEIBHOCTD ONPEAEICHHBIX CTPYKTYPHBIX U3Me-
HCHU;

4)  000CHOBaHHME METOAOJIOTHU MATEMATHYECKOTO MOJICITUPOBAHIS TPUIHMHHO
— CJIEJICTBEHHOM CBSI3U MEXAY TEMIIAMU U CTPYKTYPOI 3KOHOMUYECKOTO POCTa, B CH-
Tyaluu, KOIr/la CTPYKTYPHbIE H3MEHEHHUS paCCMATPUBAIOTCS KaK «()aKTOP-BIMSIHUE)
U KakK «(aKTop-pe3yJbTaT» pa3BUTHUS S3KOHOMHYECKOW CUCTEMBI M Ha 3TOW OCHOBE
MIOCTPOEHHUE ANTOPUTMA YIIPABJICHHS TEXHOJIOTMYECKON CTPYKTYpPOI OTPACIIH SKOHO-
MUKH;

5) B cwly HamMuuMs MaKpPOOPKOHOMHYECKHX CHCTEM KaK HEIMHCHHBIX,
HEPaBHOBECHBIX U HEIETEPMUHUPOBAHHBIX IJIEMEHTOB pa3paboTKa KOHIENTYaslb-
HOTO MOJX0/1a K UCCIIETOBAHNUIO 3TUX CUCTEM OCHOBAHHBIX HA TEOPUH HEJIMHEHHBIX
JUHAMUYECKHUX CHUCTEM. M3BECTHO, YTO MOJEIN HEJIUHEHHBIX TUHAMHYECKUX CH-
cTeM HauboJiee TOYHO OTPaXKaroT OCOOCHHOCTH CTPYKTYPHBIX U3MEHEHUH MaKpo-
SKOHOMHUYECKOTO YPOBHS;

6) TocTpoeHa cHCTeMa MaTeMaTUYEeCKUX MOJICNIEH, MO3BOJISIoIas obecre-
YUTh UCCIIEIOBAHUE CTPYKTYPHBIX U3MEHEHHM, OLIEHUTh HANPABICHHOCTh U Kaye-
CTBO CTPYKTYPHBIX CIBUT'OB, & TAKXKE MOJYYUTh KOHKPETHBIE YUCIIOBBIE TAPAMETPHI
CTPYKTYPHBIX U3MEHEHUI OTpaCIIeid, C UENbI0 TIOCTUKEHUS CTPYKTYpHOM cOanaHCu-
POBAaHHOCTH Ha MAaKpOAIKOHOMHYECKOM YPOBHE Ha OCHOBE CTATUCTUYECKHUX JAHHBIX
OTEYECTBEHHOW SKOHOMMKH 3a 1993-2021rT.

7)  TpoBeICHUS aJanTalui U Bepudukanum pa3padoTaHHBIX B AUCCEPTAIH-
OHHOM HCCJIEJOBAHUU MaTEMATUYECKUX MOJIEJIEH OLIEHKU CTPYKTYPHBIX H3MEHEHUN
3KOHOMHUYECKOTO0 pa3Butus KP, 4To mo3BosUT onpeaennuTs TECHOTY peaibHOM B3a-
MMOCBSI3U MEKIY CTPYKTYPHBIMU U ()yHKIIMOHATBHBIMU XapaKTEPUCTUKAMH IKOHO-
MUKH, a TaKXe MPEAJIOKEHUE MPAKTHYECKUX PEKOMEHIALMN MO JOCTHKEHHIO
CTPYKTYpPHOI cOaaHCHPOBAHHOCTH MaKPOIKOHOMUYECKUX CUCTEM.

IIpakTH4Yeckasi 3HAYMMOCTD MOJIYYeHHBIX Pe3yJIbTaToOB. TeopeTuueckue,

METO/I0JIOTUYECKHE U METOTMYECKHUE PE3YIIBTATHI, TOJIYYEHHBIE B XO/I€ UCCIIEIOBAHNU,
MOTYT OBbITh UCIIOJIb30BAHBI NMPU pa3zpabOTKe U COBEPIICHCTBOBAHUU METOI0JI0TUU



MaKpO3KOHOMHYECKOT'O IIJIAHUPOBAHUS U TPOTHO3UPOBAHUS, IIPYU POPMUPOBAHUY PEC-
nyOJIMKAHCKUX M PETHUOHAIBHBIX TPOrpaMM 3KOHOMUYECKOTO Pa3BUTHSI.

Peanuzanus npemyioxKeHHbIX MOAX0J0B METOJIOJIOTMU MOJAEIMPOBAHUS CTPYK-
TYpPHBIX U3MEHEHUI TOJKHA COJECHCTBOBATh KAYECTBEHHOMY YIIYUIIEHHIO CTPYKTYp-
HOU cOalaHCUPOBAaHHOCTH HA OTPACIIEBOM U TEXHOJOTHMYECKOM YPOBHSX, oOecreue-
HUIO MPAKTHYECKOW B3aUMOCBS3M MEXIY CTPYKTYPHBIMH M3MEHEHHUSMH M IPOIIEC-
caMU YKOHOMHYECKOTO pOCTa.

Matepuansl 1UCCEpPTallMOHHOIO MCCIEA0BAaHUS MOTYT OBbITh MCIOJb30BaHbI B
y4e0HOM IpOIIecCe BHICIIMX YU€OHBIX 3aBEICHUI IPU MOATOTOBKE OCOOUA, IEKIIUOH-
HBIX U ITPAKTUYECKUX KYPCOB IO JUCLHUILIMHAM, PACCMATPUBAIOLINE BOIIPOCH MAaKpO-
DKOHOMHYECKOTO MOJICTIUPOBAHMSL.

OCHOBHBIE I10JIOKECHHUS AUCCEPTANMH, BBIHOCUMbIC HA 3AILUTY:

1)  Ha ocHOBe W3yuYeHHE M 000OIICHHE 3apyOCIKHBIC M OTCYCCTBCHHBIC
OMBITHI MATEMATUYECKOTO MOJICIMPOBAHUS B3AUMOJEHCTBHS CTPYKTYPHBIX U3MEHE-
HUN U DKOHOMHYECKOTO Pa3BUTHUS Ha MPOLIECCHl Pa3BUTHSI 3KOHOMHYECKHX CUCTEM
CO3JaHHE METO/I0JOTUYECKHNE OCHOBBI pa3pabOTKU MaTeMaTHUYECKUX MOJIETIEH U Me-
TOJIOB aHAJIM3a U OLIEHKU CTPYKTYPHBIX U3MEHEHUIN S3KOHOMUYECKUX CUCTEM;

2)  TPOBEICHHE aHAIM3a M OLICHKU U3MEHEHUIH SKOHOMHYECKUX CUCTEM, OT-
JIMYAIOIIEUCS CUCTEMHBIM XapaKTEpOM MO 00ECIIEYEHUIO €IMHON JIOTUYECKON B3au-
MOCBSI3HM MCCIIEJOBAHUN U3MEHEHHSI CTPYKTYPHBIX (PAKTOPOB U JUHAMUKHU PE3YIIbTH-
PYIOIIMX MOKa3aTenel (PyHKIIMOHUPOBAHUS YKOHOMUYECKUX CUCTEM Ha OCHOBE IPO-
M3BOJICTBEHHBIX (DYHKIIMH MOCTOSHHOM 31aCTUYHOCTBIO 3aMEHBI;

3) TMOCTpOeHHsS MaTeMaTHYeCKUE MOJEIH OCHOBHBIX MPHYMHHO-CIICICTBEH-
HBIX B3aMMOCBSI3€l CTPYKTYPHBIX M3MEHEHUH M MAaKpPOIKOHOMHMYECKHX NapamMeTpOB
pOCTa S3KOHOMHYECKHUX CHCTEM, B paMKaxX KOTOPBIX 3KOHOMHYECKOE Pa3BUTHE pac-
CMaTPHUBAETCS MPEXKAE BCErO KaK MOCIEI0BATEIBHOCTD ONPEAEICHHBIX CTPYKTYPHBIX
W3MEHCHMI;

4)  000CHOBaHHE METOAOJIOTMH MATEMATHYECKOTO MOJICITUPOBAHUS TPUIHMHHO
— CJICZICTBEHHOM CBSI3M MEXAYy TEMIIAMH U CTPYKTYPO 3KOHOMUYECKOIO pOCTa, B CHU-
Tyaluu, KOrJa CTPYKTYpHbIE U3BMEHEHUS pACCMATPUBAIOTCS KaK «()aKTOP-BIUSAHHUE» U
KaK «(pakTop-pe3ynbTar) pa3BUTHA SKOHOMUYECKON CUCTEMBbI U Ha 3TOM OCHOBE IO-
CTPOCHHME AITOPUTMA YNPABIEHUS TEXHOJOTMYECKOW CTPYKTYPOM OTpaciau 3KOHO-
MUKH;

5)  mpemnoxeHus KOHIENTYaJIbHOTO TOAX0Ja K HCCICJOBAHHIO ITHX CH-
CTEM OCHOBAaHHBIX HA TEOPHM HEJIMHEWHBIX TUHAMUYECKHX cUcTeM. M3BecTHO, 4TO
MOJIEIN HEJMHEWHBIX TMHAMUYECKUX CUCTEM HanboJjee TOUHO OTPaxaroT 0COOEHHO-
CTH CTPYKTYPHBIX U3MEHEHUI MaKPOIKOHOMUYECKOTO YPOBHS;

6)  TOCTPOEHUS CUCTEMBI MATEMATUYECKUX MOJICIICH, TTO3BOJISIONIAst 0Oec-
NIEYUTh UCCIIEI0BAHNUE CTPYKTYPHBIX W3MEHEHU, OLIEHUTh HAIIPaBJICHHOCTh U Kaye-
CTBO CTPYKTYPHBIX CIIBUTOB, a TAKXKE MOJYYUTh KOHKPETHbIC YUCIIOBBIE TapaMETPhI



CTPYKTYPHBIX U3MEHEHUHN OTpACIEl, C LEIb0 JOCTUKEHUS CTPYKTYpHOU cOanaHCH-
POBAaHHOCTH HAa MAaKpOSKOHOMHMYECKOM YPOBHE HAa OCHOBE CTaTUCTUYECKHUX JAHHBIX
OTEYECTBEHHON SKOHOMMKH 3a 1993-2021rT.

7)  TpoBeICHHS alaNTalliy U BepUPHUKAIMH pa3pabOTaHHBIX B TUCCEPTAIIU-
OHHOM MCCJIEAOBAaHNN MATEMATUYECKUX MOJIEIIEH OLIEHKU CTPYKTYPHBIX U3MEHECHUM
AKOHOMMYECKOTO pa3BuTusa KP, 4T0 M03BOINIIO ONIpeennuTh TECHOTY peallbHOM B3a-
UMOCBSI3U MEXKIY CTPYKTYPHBIMU U (PYHKIIMOHATBHBIMU XapaKTEPUCTHUKAMU SKOHO-
MUKH, a TAKXKE MPEUI0KEHUE PAKTUIECKUX PEKOMEHALMI 10 JOCTHKEHUIO CTPYK-
TYpHOU cOaaHCHPOBAHHOCTH MaKPO3KOHOMUYECKUX CUCTEM.

B kaudecTtBe 00BbEKTAa MCCJIEI0OBAHUA PACCMATPUBACTCS HALMOHAJIBbHAS 3KOHO-
MHKa, €€ OTPACII U OCHOBHBIE CEKTOPA.

IIpeamerom wuccieq0BaHMA SBILIIOTCS MAaTEMaTUYECKHE METOABI U MOJEIU
CTPYKTYPHBIX H3MEHEHUH MAKPO3KOHOMHUYECKUX CHUCTEM, MEXAHU3Mbl U METOIBI
OLICHKH CTPYKTYPHBIX U3MEHEHUM.

Teopernyeckrue U METO0JIOTMYECKUE OCHOBBI UccaeaoBanus. [Ipu pa3padoTke u
IIPUMEHEHUN MAaTEMaTUYECKUX METOJNOB M MHCTPYMEHTAPUEB I TUHAMUKHU CTPYK-
TYPHBIX W3MEHEHUN MAaKPOIKOHOMUYECKHUX CHCTEM OBUIM MCIOJb30BaHbl TPYAbI IO
TEOPUH YKOHOMHYECKOTO Pa3BUTHS W JWHAMHUKHU, HHCTUTYLUMOHAIBHBIM MpOOJIeMaM
DKOHOMHYECKUX CUCTEM, TEOPUH YIKOHOMUKO-MAaTEMAaTHIECKOTO MOJAEIUPOBAHUS DKO-
HOMHUYECKHUX MPOLIECCOB, TEOPUU BEPOATHOCTEN U MATEMATUYECKON CTATUCTUKH.

B ocHOBY paboThl MOJ0KEHBI MPUHIUIIBI CUCTEMHOTO MOJAX0Ja C UCIOJb30Ba-
HUEM OOIIEHAayYHbIX METOJIOB MCCIEAOBaHHUS, TaKUX KaK KIaCCU(PUKAIMOHHBIN U
CTPYKTYPHBIA aHAJIN3, CUHTE3 PE3yJIbTATOB aHAJIN3a, COYETAHUE JIOTUYECKOT0 U UCTO-
pPUYECKOTO METOOB, BBIABICHUE IIPUYMHHO-CIECACTBEHHBIX CBs3el. [Ipu onenke
CTPYKTYPHOW AMHAMHUKH NPUMEHSUIMCH Pa3jJU4HbIE MAaTEMATUYECKUE M CTATUCTHYE-
CKHME METOJBI U SJKOHOMUKO-MAaTEMaTHYECKUE MOJIEIIN.

NudopmanmonHoii 6a30i rcciieT0BaHUs MOCITYKWIA CIPAaBOYHbBIE U METOANYE-
CKHME MaTepHaJIbl OPraHOB TOCYAAapPCTBEHHOI'O YIIPABIICHHUS, HAYYHO-UCCIEN0BATEIb-
CKMX MHCTUTYTOB, CTATUCTUYECKHUE JaHHbIE HallMOHAIIBHOTO CTaTUCTUYECKOTO KOMMU-
tera KP, 3ak0HO1aTeNbHBIE 1 HOPMATUBHBIE aKThl, METOJAMYECKHUE MTOJIOKEHHUS 110 CTa-
tuctuke HCK KP, ba3sl mannbpix Opranuzanyu 3KOHOMHYECKOTO COTPYIHHUYECTBA U
passutus (O9CP), BcemupHoro 6anka, MexayHapoqHOro BaltOTHOTO (JOHAA, MaTe-
pHUaibl NEPUOINYECKON IevaTH, pecypcsl IHTEpHET-CETH.

JIMYHBINA BKJIA/J COUCKATEISA COCTOUT B IPOBEICHUH CAMOCTOSITEIBHBIX UCCIIe-
JIOBaHWM, B MOJTYYCHUH HAYUYHBIX PE3yJIbTaTOB, UX aHAJIN3€ U (HOPMYIUPOBAHUU BbI-
BOJIOB, HA OCHOBE KOTOPBIX BBINIOJIHEHBI uccienoBanus. DopmynupoBka ooOmeil nenu
palboThl, MOCTAaHOBKA 3a/1a4, 00I1asi METOAOJIOT S UCCIICIOBAaHUS MPUHAAIEKAT HAyY-
HOMY KOHCYJIBbTaHTy npodeccopy buiibocynory b.U.

Anpodauusi pe3yibTAaTOB HCCJIEI0BAHMIA.

OCHOBHBIE pe3yJIbTaThl AUCCEPTALIMOHHOTO UCCIIEJOBAHUS JOKIIAABIBAIUCH U 00-



CY’KJQTUCh Ha CIEAYIONIMX KOHPEPEeHIIUSIX U CEMUHApax:
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IHomHoTa MyOUKAUMU Pe3yJbTATOB. Pe3ynbTaThl HCCIETOBAHUN U TOJOXKE-
HUS, OTPaXKaoIlIe OCHOBHOE COJIEP KaHUE TUCCEPTALMOHHON paboThl, Oy OIMKOBAHbI
B 42 Hay4yHBIX paboTax W3 HUX 24 — B HAyYHBIX KypHAIax, HHIECKCUPYEMbIX CHUCTE-
mamu PUHII, 6 — B cOopHHKaX MEKIyHAPOAHBIX HAYUYHBIX KOH(PEpPEHIUAX, | — B Kyp-
Hajie SCOpus.

Crpykrypa muccepranum. J[uccepraunonHas paboTa COCTOMT U3 BBEACHUS, 5
TJIaB, BBIBOJIOB, OOIIHI 00BheM paboThl 177 cTpaHuIl, COAEPKUT 23 PUCYHKOB, 23 Tab-
i ¥ 112 HanMeHoBaHMUM CIMCKA MCIIOJIb30BaHHBIX UICTOYHHUKOB.

ABTOp BBIpa)KaeT TyOOKYI0 MPU3HATEIBHOCTh HAYYHOMY KOHCYJIBTAHTY MpO-
deccopy buitbocynoBy b.U. 3a nieHHbIE COBETHI B X07€ pabOTHI HA/l TUCCEpTAIUEH, a
Takke uineHaMm kadenps! [puknannont Uudpopmatuku KI'Y um. U. Apabaesa 3a 1en-
HBIE COBETHI MpU paboTe HaJ AMccepTalueil 1 00CyXIeHUN Pe3yJIbTaTOB HCCIIEI0Ba-
HUSL.


https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwie5L3r-Pz3AhULyosKHWC2CNUQFnoECAQQAQ&url=https%3A%2F%2Fwww.webofknowledge.com%2F&usg=AOvVaw2mB0xYK4lyhLU_Sxfxfztr

OCHOBHOE COJEP XAHUE PABOTbI

JluccepTallMOHHOE UCCIIE0BAaHUE MOCBSIIEHO PEIICHUIO BAXKHOW MaKpOIKOHO-
MUYECKOU MPOOIEMBI — CO3TAHUIO OCHOB KOMIUIEKCHOM TEOPHH U METOOJIOTHHA MOJIE-
JUPOBAHUSA CTPYKTYPHBIX U3MEHEHUM Ha OTPACIIEBOM U TEXHOJOTHUYECKOM YPOBHSIX.

[Tepexon K ppIHOYHOM YKOHOMHUKE B CTpaHaX ITOCTCOBETCKOTO MPOCTPAHCTBA, B
toMm yucie KP He Mor He cka3aThCs Ha UX DKOHOMHYECKOUM CTpykType. B TeueHue ot-
HOCHUTEJIBHO KOPOTKOTO BPEMEHHU OBUIM pa3pyIIeHBI CIOXKHUBIIUECS SKOHOMHUKO - XO-
3SIUCTBEHHBIC CBSI3U, MOSBUJIMCh M CTPEMHUTEIHFHO Pa3BUBAIMCH COBEPIIEHHO HOBBIC
JUISL 9TUX CTPaH OTPaciIM SKOHOMUKH. Bce 3T M3MeHeHUs MOCITyKUIU OCHOBOM ISl
MCCIIEIOBAHUSA CTPYKTYPHBIX U3MEHEHUM B SKOHOMUYECKOU cucteMe cTtpanbl. CTpyK-
Typa 3KOHOMUKHU KbIprei3cTana, KoTopas 3a Tojibl He3aBUCUMOCTU CHJIBHO M3MSLIACh.
Pa3zButue sxonomuku Keipreizcrana MOKHO pa3/iesIiTh Ha HECKOJIBKO ATanoB. Ha kax-
JIOM 3Tarie MEHSJIMCh 1M U OCHOBHBIE (DAKTOpPHI SIKOHOMUYECKOTO pocTa. Karanuza-
TOpaMu pOCTa SKOHOMUKH, CO3/IAIOITUN HOBBIE CTPYKTYPhl SKOHOMHUYECKON CUCTEMBI
BBICTYITUJIU TOPHOA0OBIBAIOIIASI OTPACIIb, CTPOUTEILCTBO, TOPTOBIIS U cdepa yClyr. 3a
ATU TOJBl 3HAYUTEIBHO yIaJia J0Jid KPYMHON MPOMBIIUIEHHOCTH B CTPYKType Mpo-
MBIIUIEHHOCTU. B HacToslee BpeMs CIOXKUIaCh HEPAIMOHAIbHAS CTPYKTypa HAIUO-
HaJIbHOW SKOHOMUKH. CTPYKTypa HAIlMOHAIbHON YKOHOMHKHU XapaKTEPU3YETCs CUIIb-
HOM 3aBUCHMOCTBIO OT KOHBIOHKTYPBI TOPHOO0OBIBAIOIIEH OTpACIU, SKOHOMUYECKON
cutyauuu B ctpaHax EADC, neHexHbIX MepeBOI0B MUTPAHTOB M KPEAUTOB 3apyOeiK-
HBIX cTpaH, ocobeHHo KHP. DxonoMuueckas cucrema peciyOIMKN CUITbHO HYKIaeTCs
B KPYIIHBIX CTPYKTYPHBIX U3BMEHEHUSX, JOCTUKEHUH KaU€CTBEHHOTO U ONTHUMAIbHO —
cOaaHCUPOBAHHOTO pocTa. [[1s 3Toro HeoOX0AMMO Co3aHue OJIArOMPUSATHOTO WHBE-
CTUIIMOHHOTO KJIUMara W JJis BBEACHUsI OM3HEeca. YUUThIBasE OrPaHUYEHHOCTh KPYT-
HBIX UHBECTUIIMOHHBIX BO3MOKHOCTEH pecyOInKU, HEOOXOIMMO C/IeJIaTh YIOp Ha CO-
3/laHH€ WHCTUTYIMOHAJIBLHOU CpEJbl, OJAaronpUusiTHOW sl pa3BUTHUS Majoro u cpei-
Hero Ou3Heca B CTpaHe.

CoBpemeHHbIe Hay4YHbIe PaOOTHI 1O MpoOIeMe MaTeMaTU4YeCcKOTO MOJEINPOBa-
HUA TpaHchopmaIy CTPYKTypbl SKOHOMUKH Ha TTOCTCOBETCKOM MPOCTPAHCTBE MPEi-
CTaBJICHBI HCCIICOBAHUSIMHU, OOBEKTOM KOTOPBIX BBICTYIAET HAIMOHAJIbHAS YKOHO-
Muka [2;8;10;16; 20;30;31], ee otnenbhbie oTpaciu [17; 55;56], a Takke SKOHOMHUKA
OTJIeBHBIX perroHoB [50;68]. Hanbonee moiHbIA 0030p UCIOIB3YEMBIX ISl H3MEpe-
HUS CTPYKTYPHBIX CJIBUTOB TIOKa3aTesel mpecTaBieH B padborax [2;23;95]. B pabore
[50] mpeanpuHsTa MOMBITKA JOMOJHUTh MOKA3aTeNId CTPYKTYPHBIX CIBUTOB, KOTOPHIE
OpPUEHTHPOBAHBI HA OIIEHKY TOJIHKO KOHEYHOTO pe3ysibTaTa mpeoOpa3oBaHus CTPYKTYP-
HOM CHCTEMBI, COMMYTCTBYIOIIMMHU €My OIICHKaM{ HaIlpaBJIE€HUNA W CUJIbI BO3JICUCTBUS
Pa3IMYHBIX CTPYKTYpHBIX (akrtopoB. KonudecTBeHHass THUIIONOTHS CTPYKTYPHBIX
CIABUTOB B AKOHOMHYECKOM CUCTEME MPEJI0AKEHa aBTOPOM paboThI [S35].

B kauectBe ofgHOM M3 3a/la4 MCCIEAOBAHMI MO MPOOIEMATHKE CTPYKTYpPHBIX
CIABUTOB CTABUTCS BOMIPOC 00 Y(PPEeKTUBHOCTH MPOUCXOAAIINX u3MeHeHu . [Ipexe



4YeM OTBETUTh Ha 3TOT BOIIPOC, HEOOXOIUMO MOSICHUTh, KaKyt0 CTPYKTYPY SKOHOMHUKHU
cienyeT cunutarh 3ppexTuBHON. [l OTHECEHHS CTPYKTYpPbI 9KOHOMUKH K 3PPEKTUB-
HOM JIOJ>KHBI BBITIOJIHATHCS CIIEAYIOIIUE YCIOBUS: POCT 00BEMOB IPOU3BOJCTBA, IIPO-
U3BOIUTEIBHOCTU TpyAa, (POHIAOOTAAYN, CHUKEHHE MAaTEPUATOEMKOCTH, a TaKXe CO-
OTBETCTBHE MPOU3BOIUMOM MPOTYKIIUH MOTPEOHOCTAM OOIIECTBA.

1. B paMkax pa3paOOTaHHBIX OCHOB KOMIUIEKCHOW TEOPUHU CTPYKTYPHBIX U3MeE-
HEHUI 5KOHOMUYECKUX CHCTEM, IPEIOKEHBI MaTeMaTUYeCKUe MOJIeNH, o0ecrieunBa-
IOLIUE €IMHYIO JOTMYECKYI0 B3aUMOCBS3b U3yUEHUS] AMHAMUKHN CTPYKTYPHBIX (aKTO-
POB U PE3YIBTUPYIOLINX [TOKa3aTeNlel (YHKIIMOHUPOBAHUS IKOHOMUYECKHUX CHCTEM.

2. UccnenoBaHo U MpeIOKEHO MOHATUE ABYEAUHCTBA CTPYKTYPHO-(PYHKINO-
HAJIBHOTO Pa3BUTHSL, YTO MTO3BOJIMIIO 3HAYUTEIBHO PACIIMPUTH 007IaCTU MaTeMaTH4EC-
KOT'O0 MOJEJIMPOBAHUE CTPYKTYPHOM COCTABJISIOLIEH M €€ MEXaHW3MOB B DKOHOMMYE-
ckux cucremax. KoHuenmusi cTpyKTypHO-()YHKIIMOHAJbHOW B3aUMOCBS3U CO37Aalia
BO3MOYKHOCTH MOCTPOECHUS TUHAMUYECKUX MOJEIEH CTPYKTYPHBIX N3MEHEHHUMN U KO-
HOMHYECKOTO POCTa, B paMKaX KOTOPOM YKOHOMHYECKOE Pa3BUTHE PACCMATPUBAECTCS
IIPEXKE BCETO KaK IMOCIE0BATEIBHOCTD OIPEACIIEHHBIX CTPYKTYPHBIX N3MEHEHH.

3. Pa3paborana MeTOIOJ0THS MATEMATUYECKOTO MOJAEIMPOBAHUS CTPYKTYPHBIX
MU3MEHEHHUI B SKOHOMHUYECKUX CHUCTEMAaX, MO3BOJISIONIAsl O0ECIEYUTh CUCTEMHBIN Xa-
paKTep HCCIECIOBAHUM, B CUTYyallMd, KOTAA CTPYKTYPHbIE M3MEHEHUs paccMarpuBa-
I0TCA KaK «(PakTOp-BIUSHUE» U KaK «()AKTOP-pe3ysbTar) pa3BUTHA 3KOHOMHYECKOU
CUCTEMBI. DKOHOMHMUYECKUE CUCTEMBI PACCMATPUBAIOTCS KAK HEJIMHENWHBIE, HEJETEPMH-
HUPOBaHHBIE U HEPABHOBECHBIE 00Pa30BaHus, /ISl KOTOPHIX IPUCYILH SIBICHUS HEPaB-
HOMEPHOCTHU U CTOXaCTUYHOCTH.

4. BpIABICHO W J10Ka3aHO, YTO MapaMeTpbl KayeCTBAa OTPACIEBON CTPYKTYpBHI,
OLICHEHHBIE HAa OCHOBE KO3(P(UIMEHTa MPOMOPLUOHAIBHOCTH, OTPaXKaloT HE TOJIBKO
XapakTep B3aMMHOIO COOTBETCTBUS HKOHOMHUYECKHX M TEXHOJOTHYECKUX (PAaKTOpOB
Pa3BUTHSA, HO U SIBJISIOTCS CAMOCTOSTENBHBIMU SKOHOMUYECKUMH UHIAMKATOPAMHU, Xa-
pPaKTEpU3YIOUIMMU AUHAMUKY PE3YJIbTUPYIOIIETO U CTPYKTYpHOro (paktopoB. 3amadya
OLICHKH B3aMMOCBSI3M MEXKYy Ka4eCTBOM CTPYKTYphI 1 TeMiiamu pocta BBII pemaercs
Ha OCHOBE MOJIEJIEH PErpECCUOHHO-KOPPEISIIIMOHHOTO aHAIN3a, T.€. IIyTEM OIpeaee-
HUS KO3(PPUIIMEHTOB KOoppensiuuu U aerepmuHanuu. [lepBblii U3 3TUX MOKa3arenen
ONpENEIAECT CTATUCTUYECKYIO 3aBUCUMOCTh MEXKIY CIyYalHbIMH BEIUYMHAMH, HE
UMEIOIIUMH CTPOT0 (YHKIMOHAIBHOTO XapaKTepa, KOTIa U3MEHEHUE OJHON U3 CIy-
YaWHBIX BEJIMYUH IPUBEIET K U3BMEHEHHIO CPEIHETO Ipyror. BTopoii nmokasarens onu-
CBIBAET JIOJIIO BapUalliH PE3yJbTaTUBHOTO MMPU3HAKA B 3aBUCUMOCTH OT ()aKTOPHOTO.

5. TlpoBenena Bepudukaiys U aganTaius pa3padOTaHHBIX B 9KOHOMHYECKOU
JUTEPATYpEe MAaTPUUYHBIX MOJAENIEH NIl OUEHKH CTPYKTYPHBIX HW3MEHEHUH B OTEde-
CTBEHHOI YKOHOMHUKE Ha OCHOBE MoJiesiel MexoTpacieBoro 6ananca (MOB) u Mmonenu
MHOKHUTEJIEH MaTpULIbl TPOAYKIUH.

YuuThIBass ITMHAMUYECKYIO IPUPOY CTPYKTYPHOIO CIABUTa SKOHOMUYECKUX
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CHUCTEM, MOXKHO OMNPEAECIUTh, UYTO CTPYKTYPHBIA CABUT — 3TO JUHAMUYECKHI MeXa-
HU3M, CPOPMHUPOBABIIIHIICS 32 CYET KAYECTBEHHOTO U3MEHECHHS (PaKTOPOB Pa3IMIHBIX
TUMOB W HANPABJICHHOCTH, U OKa3bIBAIOIIMN aKKyMYJIUPYIOIIEe BO3/ICMCTBUE HA BOC-
MIPOM3BOJICTBEHHBIC MPOIIECCHI, HA TEMIIbl U KAY€CTBO SKOHOMUYECKOTO POCTA HAIIUO-
HaJIbHOM SKOHOMMKH. [Ipu onpeaeneHrnn CyIHOCTH CTPYKTYPHOT'O CIBUTa aKIEHT JIe-
JlaeTCs UMEHHO Ha ero 3(p¢GeKTUBHOM M Ka4€CTBEHHOM M3MEHEHHUH, IOTOMY YTO JaH-
HBIN
MOMEHT HCKJIIOUUTENILHO BaXKEH B 1EJIAX pa3rpaHUYCHUsS ABYX OJU3KUX MOHATHH —
«CTPYKTYPHBIA CIABUI» U «CTPYKTYpHOE M3MeHeHue». [lo Hamemy mMHeHHIo, cylie-
CTBYET B3aMMOCBS3b MEXY CTPYKTYPHBIMH CABUTAMU U SKOHOMUYECKUMU IUKIIAMH.
DKOHOMUYECKHH ITUKII TIPEICTABIISAET COO0M HAOOp M3 HEKOETO MHOXKECTBA CTPYKTYP-
HBIX CIBUTOB, HO B TO K€ BpEMs HEJb3s HE MPU3HATh, YTO MUKINICCKUE KOIeOaHUsI
TaKKe OKa3bIBAIOT BO3JEHCTBUE HA CTPYKTYpHBbIC CABUTU. TakuM oOpa3om, mposiBIsi-
€TCs IBOMCTBEHHAS IPUPOAA CTPYKTYPHBIX CABUTOB — OHH SIBIIIFOTCSI U IPUUMHOU, U
CIIECTBHUEM IIUKJINYECKUX KOJIEOaHUIA.

PacmmpenHoe HallMOHAIBLHOE BOCITPOM3BO/ICTBO SIBJISICTCS HEOOXOMMBIM YCJIO0-
BHEM PKOHOMHUYECKOTO POCTa, MIOTOMY YTO 06€3 BO30OHOBIISIIOIIETOCS IIPOM3BOJICTBA B
yBeJIMUMBAIOIIEeMcsl MaciiTabe caMo 1Mo cebe yBeInueHne HaIllMOHAJILHOIO O0raTcTBa
HEBO3MOXHO. YUMTBIBasl CI0KHOCTh SKOHOMHYECKHMX B3aMMOOTHOIICHUM, KOIrJa O/I-
HOBPEMEHHO MOJKET CYIIECTBOBATh HECKOJBKO TUIIOB B3aUMOACHUCTBUH, MIPEJIOKECHA
MOJIeIh — «(aKTOPBl — CTPYKTYpa IKOHOMHYECKOH CUCTEMBI» (prcyHoK 1.1).

Bo3zpaeiicTBue Ha /CprlcTypa BOCIIPOM3BOACTBA [ PasBMTHE CHCTCMLL ]
cneremy IKOHOMHUYECKOI CHCTEMBI
- )
—
p
=
IMoTpedHoOCTH CYy’)KEHHOE =
\ BOCIIPOU3BOJICTBO — E
=
3
@
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— =
BOCITPOU3BOJICTBO 2
o
Daxrop X, 2
>
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Pucynok 1.1. Cxema B3anmocBs3elt B Mojienu «(haKkToOpbl — CTPYKTYypa dKOHO-
MHUYECKOU CUCTEMBD»

[IpuMeHUTENBHO K TEME TaHHOTO UCCJICIOBAHUS ObLT 0TOOpaXKeH O0ITui Xapak-
TEp B3aUMOCBSI3EH C BBIJICJICHUEM OCHOBHBIX KPYIHBIX OJIOKOB: OOIIECTBEHHBIC TO-
TpeOHOCTH (KaK OCHOBHAs JBMXKYINAs CHJIa SKOHOMUYECKOTO Pa3BHUTHs), (HaKTOPHI,
BO3J/ICHCTBYIOIINE HA CTPYKTYPHBIE€ CIBUTH, CAMH CTPYKTYPHBIE CIBUTHU, THIIbI BOC-
IIPOM3BOJICTBA U IKOHOMHUYECKHUH POCT, CTarHaIMs U SKOHOMUYecKui criaa. Takum 00-
pa3oM, CTPYKTYPHBIE CABUTH SIBJISIIOTCSI TMHAMUYECKUM MEXaHHU3MOM, MEpeAaroiium
BO3JICCTBHE PA3IUYHBIX (DAKTOPOB HA MPOIIECCHI PACITUPEHHOTO BOCITPOU3BOCTRA, U
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KaK CIJIEJICTBUE, (POPMUPYIOUIETO SKOHOMUYECKUM POCT. DKOHOMUYECKUN POCT, Kak
Oonee oO11Iee SIBICHUE, XapaKTEPU3YIOILEE XapaKTep pa3BUTHS SKOHOMUKH U OJTHOBpE-
MEHHO €€ LEJb, IPEACTABIISIET COOO COBOKYITHOCTh U3 HECKOJBKUX Pa3HOHAIIPABIICH-
HBIX CTPYKTYPHBIX CIBUTOB, OIIPENEISAIOIINX €r0 HaJu4Ke (HarpaBIeHHUE ), KaYeCTBO U
YPOBEHB.

B kadecTBe OAHOW W3 3a/a4 MCCIEIOBAHMM MO MPOOIEMATUKE CTPYKTYPHBIX
CIBUTOB CTABHUTCSI BONPOC 00 3PPEKTUBHOCTH MPOUCXOAAIUX u3MeHeHui. [Ipexne
4YeM OTBETUTh Ha ATOT BOMPOC, HEOOXOUMO MOSACHUTD, KAaKyl0 CTPYKTYPY IKOHOMHUKHU
cienyer cuutarh 3GGeKTUBHOM. /{151 OTHECEHUs! CTPYKTYPhl SKOHOMUKH K d(PPEeKTHB-
HOM JIOJ>KHBI BBITIOJHATHCS CIIEAYIONINE YCIOBUS: POCT 00BEMOB IIPOU3BOJICTBA, MTPO-
U3BOJUTENBHOCTH TPYAa, (POHAOOTIAYH, CHUKEHUE MATePUATIOEMKOCTH, a TaK¥kKe CO-
OTBETCTBHUE MPOU3BOJUMON NPOAYKIIMH MOTPEOHOCTAM OOIIECTBA.

1. B paMkax pa3paboTaHHBIX OCHOB KOMILJIEKCHOM TEOPUH CTPYKTYPHBIX U3MEHE-
HUM 3KOHOMHYECKUX CHUCTEM, MPEAJIOKEHBI MAaTEMaTUYECKUE MOJEIH, 00ECIIEYBaIO-
1€ EUHYIO JIOTHYECKYIO B3aUMOCBSI3b U3yUYE€HHSI TUHAMUKH CTPYKTYPHBIX (PaKTOPOB
U pe3yIbTUPYIONINX MTOKa3arenel GyHKIMOHUPOBAHUS SKOHOMUUYECKUX CHUCTEM.

2. WccnenoBaHo W MPEASIOKEHO MOHSTHE ABYECUHCTBA CTPYKTYPHO-(PYHKIIHO-
HAJbHOTO Pa3BUTHS, YTO MO3BOJIMJIO 3HAYUTEIBHO PACIIMPUTH 00JIaCTH MaTeMaTH4e-
CKOTO MOJEJIIMPOBAHHUE CTPYKTYPHOU COCTABISIIOLIEN U €€ MEXaHU3MOB B DKOHOMMYE-
CKUX cucrteMax. KoHuenmus CTpyKTypHO-(DyHKIMOHAJIBbHOW B3aMMOCBS3HM CO3/ajia
BO3MOYKHOCTH IIOCTPOECHUSA JUHAMUYECKUX MOJEIIEH CTPYKTYPHBIX U3MEHEHUU U JKO-
HOMHUYECKOIO POCTa, B paMKaX KOTOPON 3KOHOMHUYECKOE Pa3BUTHUE PaCCMATPUBACTCS
IIPEXKE BCErO Kak I0CIEN0BATEIbHOCTD OIIPEACIIEHHBIX CTPYKTYPHBIX U3MEHECHUM.

5. Pa3paboraHa MeTOIOJIOTUSI MaTEMaTUYeCKOro MOJAEIUPOBAHUS CTPYKTYPHBIX
U3MEHEHUIN B SKOHOMHUYECKHX CHUCTEMax, MO3BOJISAONIAs OOECIEUYUTh CUCTEMHBIN Xa-
paKkTep HCCIEIOBaHUI, B CUTyalluu, KOTAA CTPYKTYpPHbIE U3MEHEHUs paccMarpuBa-
I0TCS KaK «(PakTOp-BIUSHUE» U KaK «()AKTOP-pe3ysbTar) pa3BUTHS SKOHOMHUYECKOU
CUCTEMBI. JKOHOMUYECKUE CUCTEMBI PACCMATPUBAIOTCS KaK HEJTMHEWHBIE, HEIETEPMHU-
HUPOBAHHbBIE U HEPABHOBECHBIE 00PA30BaHUs, 1JI1 KOTOPBIX MPUCYILH SIBJICHUS HEPaB-
HOMEPHOCTHU U CTOXaCTUYHOCTH.

6. BBISIBJIEHO M JOKAa3aHO, UTO MapaMEeTPhbl KAYECTBA OTPACIEBOM CTPYKTYPBbI, OLle-
HEHHbIE Ha OCHOBE KO3 (PUIIMEHTa TPONOPLHOHAIBHOCTH, OTPAXKAIOT HE TOJIBKO Xa-
pakTep B3aMMHOIO COOTBETCTBHS SKOHOMUYECKUX M TEXHOJOTUYECKUX (PAKTOPOB pa3-
BUTHSI, HO U SIBJISIFOTCSI CAMOCTOSATEIbHBIMU SKOHOMUYECKUMU UHINKATOPAMH, XapaK-
TEPU3YIOIIMMU JTUHAMHUKY PE3YJIbTUPYIOIIET0 M CTPYKTypHOro (akTopoB. 3amada
OLICHKH B3aMMOCBSI3U MEXKYy KaY€CTBOM CTPYKTYphl U Temnamu pocta BBII pemaercs
Ha OCHOBE MOJIEJIEH PErpeCCUOHHO-KOPPEISLIMOHHOTO aHAIN3a, T.€. IIyTEeM OIpeere-
HUs KOd(DPUITMEHTOB Koppessiiuu U nerepmuHaiuu. [lepBeiii U3 3TUX MoKa3aTenen
ONpPEAENSET CTAaTUCTUYECKYIO 3aBUCHUMOCTh MEXY CIy4YalHbIMU BEJIMYMHAMH, HE
UMEIOIIUMH CTPOTo (YHKIIMOHAIBHOTO XapakKTepa, KOTIa U3MEHEHUE OJHON U3 CIy-
YalHBIX BEJIMYMH ITPUBEJIET K U3MEHEHUIO CPETHETO Apyroi. BTropoil moka3arens onu-
CBIBAET JIOJII0 BapUALIMK PE3YJIETATUBHOTO MPU3HAKA B 3aBUCUMOCTH OT (haKTOPHOTO.

7. IlpoBenena BepuduKalys U afantaius pa3pad0TaHHbIX B 3KOHOMUYECKOM JIK-
TepaType MaTpUYHBIX MOJENIEH I OLICHKH CTPYKTYPHbIX HW3MEHEHUN B
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OT€UECTBEHHON PKOHOMMKE Ha OCHOBE Mojesel MexorpaciieBoro 6ananca (MOB) u
MOJIEJIM MHOYKUATEJIEH MATPULIBI TPOTYKIIUH.

Kak n3BectHo npu npuMeHneHn MODB B cTOMMOCTHOM BBIPAKEHUU JIJIS1 AaHAIIA3A
B3aMMOCBS3€M MEXIY OTPACIIMHA SKOHOMUKHU BBOAUTCS MAaTpULIA MPSAMBIX 3aTpar A,
KOTOpasi UMEET pa3MEPHOCTh, COOTBETCTBYIOIIYIO YHCIIY pACCMAaTpUBAEMBbIX OTPACIICH:

A= [a11 aiz ... A1p A1 ... oo o o .. drn -~ Qp1 QApo .- ann]
nim
aiq ai, o An
[am ar, aZn]
A={ .. . . ) (2.30)
lanl Anz - annj

IJI€ N — YUCII0 PACCMATPUBACMBIX OTPACIIEH U KaXK bl SJIEMEHT MaTPHIILI 4;; — OTpa-
KaeT pacxof MPOAYKIMH - O OTPaACiIU, HEOOXOAUMBIHN JJIsl BBIITYCKa €IUHULIBI ITPO-
TyKIUU j — oit orpaciu. Kax el Takoi KoahGUIIMEHT MpsIMBIX 3aTpaT HAXOIUTCA KakK
Apn1 = ﬁ, (2.31)
Wi
rae  X;j — 00BEM MPOXYKIMK [ —OM OTpaciu, NOTPeOIEHHOM B j —0ii OTpaciu, w; —
BAJIOBBIM BBIITYCK j — OM OTPACIIN.

MoxHO nosiarath, 4To B HEKOTOPOM MPOMEKYTKE BPEMEHU KO3(DPUIIMEHTHI
NPSMBIX 3aTPaT d;; OyIAyT MOCTOSHHBIMU M 3aBUCSIIMMH OT CJIOKHMBIIEHCSA TEXHO-
JIOTUM NMPOU3BOACTBA U 3TO O3HAYAET JMHEUHYIO 3aBUCMMOCTh MATEPHUAIBHBIX 3a-
TpaT OT BaJOBOTI'O BBITYCKA, T.€.

xij = a;;Xj, rae (i,j =1,n).

Tenepb COOTHOIIIEHHE OajlaHCa MOKHO 3aIliCcaTh B BUAC:
n

j=1
rae Y; — BEKTOp KOHEYHOTO MPOAYKTa.
Cucremy (2.32) MOKHO 3amicaTh B MATPHYHOM BHJIC:
X=AX+Y (2.33)

UtoObl paccuuTaTh NEUCTBUTENBbHBIE 3aTPAThl MPOAYKIIMKA OJHOM OTpaciy Ha
BBITTYCK €UHUIIBI APYTOH, HEOOXOMMO CIIOKHUTH MPSMbIE U KOCBEHHBIC 3aTPaThI, TI0-
JTy4uB KOA(UIMEHTHI TIOTHBIX 3aTpar.

KoaddurmeHTs! mpsMbIX 3aTpaT MaTPUIIBl HE YUYUTHIBAIOT KOCBEHHBIE 3aTPaTHhI.
[TosToMy, MJis pacdeTa MOJHBIX 3aTpaT MIPOU3BOJCTBO MPOAYKIUHA OJHOW OTPACIU Ha
BBITTYCK €IUHUIIBI IPYTOH, HEOOXOIUMO CIIOKUTH MPSMbIE U KOCBEHHBIC 3aTPAThI, TO-
r71a noxy4yuM K03 OUIIMEHTHI TOJIHBIX 3aTpar.

[Tonydaem ypaBHEHHE, KOTOPOE BhIpAXKaeT 3aBUCUMOCTD BaJIOBOU IIPOTYKITUH
Ka)XJIOM OTpaciy OT KOHEUHOM MPOAYKIUU Bcex oTpaciet. N3 (2.33) naxogum X.

X=(E-A)"1Y (2.35)

Martpumna (E — A) HeBBIpOXKIEHHAs ¢ Ha3bIBaeTcs Marpuiiei JIeoHTheBa.
Ecnu marpuna (E — A) ueBblpoxneHHas, T.e. |E —A| # 0 , To no ¢opmyne
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MatpuyHoro meroga X = C -1.p
O6o3naunm (E — A)™1 = D71, a ee nnementsl uepes d;
Dl=(E-A)"
Marpuna D~! mHasbiBaeTcs martpuieil Kod((QUIUEHTOB MOIHBIX 3aTPaT. DIEMEHTHI
d;; (i,j = 1,n) nazpiBarorcs KO3 GUIMEHTAMH MOIHBIX MATEPUATLHBIX 3aTpaT. OHK

BKJIIOYAIOT B €051 KaK MpsIMbIE, TAaK U KOCBEHHBIE 3aTpaThl MPOAYKIIMHU OTPACTH [ Ha
€AUHUILY ITPONYKIIUU OTPACIIH j.

Ecnu nipsiMble 3aTpaThl OTPa)KarOT KOJIMYECTBO CPEICTB IPOU3BOJACTBA, U3-
pPacXO0I0BaHHBIX HEMOCPEACTBEHHO IPU U3TOTOBJIIEHUU JAHHOIO IIPOAYKTA, TO KOC-
BEHHBIC OTHOCATCS K MPEALIECTBYIOLIMM CTaAUsAM IPOU3BOJICTBA U BXOJAT B IIPO-
JIYKT HE IPSMO, a 4epe3 ApyTrue CpeacTBa IpOU3BOACTBA.

KoadduimeHTs! moJIHBIX 3aTpaT MOKHO UCIIOJIb30BaTh U MPH INIAHUPOBAHUU
Y IIPOTHO3UPOBAHUU HA CIEAYIOIINUNA OTYETHBIN IEPUOL.

[Ipm aHanM3e BIMSHUSA TEXHOJIOTHYECKOTO CIBUI'A HA BAJIOBOU BBIITYCK OTPAaCiIEn
HCIIOJIB3YETCS CIECAYIOIIEE BIpAKEHUE, ITOJydeHHOe Ha ocHoBaHMU MOD:

AX = ((E— A7t Y, — (E— A Y, (2:37)
rae (E — A);' — matpuna monHeIX 3aTpat [ — ro mepuoja, Y; — BeKTOp KOHEYHOIO
IIPOAYKTA I I — I'0 IEpUOoAA.

W3MeHeHns oTpaciaeBor CTPYKTYpPbl KOHEYHOTO IPOIYKTA MO BIMSHUEM JUHA-

MHUKH BaJIOBOT'O BBIIYCKa OTPACIIEW MPUMEHAETCS CIIEAYIOIIEE BIPAKECHUE:
AX = ((E— A7t Y, — (E— A)pY) - Yo (2.38)

[TockonbKy METO/I MEKOTpAcIeBOro 0anaHca yHUBEPCAJIEH M0 CBOEU MPUPOJIE,
€ro MPUMEHEHUE Ha MECTaX UMEET Psii HENOCTATKOB.

Bbonee Toro, Ha nmpakTHKe 4acTo TpeOyeTcs MpoaHaIM3UPOBATh MPOLIECCHI IIEpe-
X0Ja OT OJHOW IPOrpaMMbl Pa3BUTHS SKOHOMMKHU K Apyrou. MIMeHHO mostomy wuc-
MOJIB3YIOTCSl AMHAMUYECKUE OaIaHCHhI.

JluHaMuyeckue MeKOTpaciieBble OalaHChl OTIMYAIOTCS OT CTaTUYECKUX TEM,
YTO MPHU UX MOCTPOCHUH ABTOP CChUIAETCS Ha CIEUU(PHUKY OOIIECTBEHHOTO TPOU3BO/I-
CTBa B TEUEHUE OIPEAEIECHHOr0 NepHUoa Kak mepexoaHoro. TakuM oOpa3oM, Mbl Ha
CaMOM JIeJIE€ PACCMAaTPUBAEM HE COCTOSIHHUS DKOHOMHUKH, KOTOPBIE IPOUCXOIAT OJHO-
BPEMEHHO, a CKOPEE MEPEXOAbI WIH MPOLECCHI, NEPEXOIAIINE U3 OJHOTO COCTOSHUSA B
npyroe. Bce 3To crmocoOCTByeT MOMCKY HAMITYUIINX ITyTEH pa3BUTHsI SKOHOMHYECKON
CUCTEMBI.

JuHamuueckre MoIeH OOBIYHO OMHUCHIBAIOTCS C MTOMOIIBIO CUCTEM JIMHEHHBIX
nupepeHnanbHbIX, PA3HOCTHBIX WM OOBIYHBIX aareOpandyeckux ypaBHEHUN.

B nuHaMu4ecknxX HapOAHOXO3SMCTBEHHBIX MOJEISAX HCIIOJb3YEMbIA HALMO-
HaJIbHBIN JOXOJ pa3fenseTcs, 1o KpaHel Mepe, Ha JBe 4yacThu: Ha (POH MPOU3BOI-
CTBEHHOT'O HAKOIUJICHUS U (OH/I OTPEOICHUS:

Nq(t) = F;(t) + F;(0) (2.40)

j» TOrzaa

rae F;(t) — doua mpousBoacTBeHHOr0 HakorieHus, F,(t) — ¢hoHx notpedieHus.
[TockonbKy 1EM YKOHOMHUKH B OOJIBIIICH CTEMEHW OTHOCATCS K YIOBJIETBOpE-
HUIO MOTPEOUTENIHCKOTO CIIPOCa, TO UMEHHO JUHAMHUKA (PDYHKITUU TTOTPEOTICHUS SBIIS-
eTcst 0oJiee 3HaYMMOoM JiyIs aHanw3a. OHaKo (GOH]T HAKOTIJICHHS SBJISIETCS TJIABHBIM HC-
TOYHHKOM BOCITPOM3BOJICTBA, 4, CIEAOBATEILHO, U OCHOBHBIM YCJIOBHEM JUIsI POCTa
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OTpeOJICHHUS.

DKOHOMHYECKas MOCTAHOBKA 3a/1a4Ml HCCIIeT0BaHUN

I. {5t pa3zpaboTku SKOHOMHUKO-MAaTEeMaTHIECKOW MOJICIIN YIIPABICHUE OOBEKT-
OM SIBJISIETCSI OTKPBITAasl TPEXCEKTOPHASI MOJIETh HAIIMOHATLHOW SKOHOMUKH. B Mare-
MaTHYECKON MOJENIM SKOHOMHKA MOApa3aeisieTcs Ha Tpu 0a30BbIX CEKTOpa: MaTepH-
TBHBINA CEKTOP, (POHIOCO3TAIONINN U TOTPEeOUTENhCKUN. KaKIbpIil 13 HUX BRIpAOaTHI-
BaeT OMPE/EICHHOTO BUAA MPOAYKIMIO B COOTBETCTBHU CO CBOMMH IIPOU3BOJICTBECH-
HBIMH BO3MO>KHOCTSIMH.

TpexcekTopHass MOJeNb ACIUT SKOHOMHYECKHE OTpacid Ha TPU CEKTOpa
NeATEIIbHOCTH: I00bIUa ChIphs (MepBUYHAs), 0OpadaThIBaroIIas (BTOpUYHAS) U YCIYTH
(tpetnynasi). CorilacHO MOJENIH, OCHOBHOM (DOKYyC JIeATEIbHOCTH HSKOHOMUKHU
CMENIAeTCs C MePBUYHOIO HA BTOPUYHBIN U, HAKOHEI], HA TPETUYHBINA CEKTOP.

Mopnens siBIsieTcs AMHAMUYECKOM — HMEET B CBOEM COCTaBe JIMHEHHbBIC

JUMHAMHYCCKHUC DJICMCHTHI:

ok, Lo
2 T ar -

VYnpaBieHue OCyLIecTBISIETCS IMyTeM pactpeneneHus: TpyaoBbix (Lo + Ly +
L, = L) w nuaBectuumonusix (X; =1y +I; + ;) pecypcos.

B pBIHOYHON APKOHOMHKE pacHpeiesieHHe MPOUCXOAUT KOCBEHHO C IMOMOIIBIO
1ieH, TapudoB, HAIOTOB U T.A. [y aHanu3a (pUHAHCOBBIX MOTOKOB K MOJENU HAI0
n00aBUTH OaTaHCHI I0XO/I0B U PACXOJIOB CEKTOPOB (p;, t;, W; — IICHBI, CTABKU HAJIOTOB,
TOJIOBBIE CTaBKU 3apabOTHOM IIAThI B CEKTOPax).

banaHc 10X0/10B U pacXxo0B MaTePHAILHOTO CEKTOpa:

po(1 —ag)Xo = p1ly + toXo + Lowo.
banaHc 10X0/10B U pacxo 0B (POHIOCO3JAIOIIETO CEKTOPA:
p1X1 = poa1 Xy + t1X1 + Lyw.
banaHc 10X0/10B U pacXxo0B MOTPEOUTETHCKOTO CEKTOpa:
P2X2 = Poar Xy + p1ly + ;X5 + Lows,.

CJOXHB 3TH TPH ypaBHEHHsI, TOTYYHM OallaHC MPEJI0KESHUS IPEAMETOB MOT-

peOIeHus U MIaTeKeCcnoCOOHOro crpoca:

2 2
p2Xy = z Liw; + Z t;w;
=0 =0

CneBa CTOMMOCTH MPOU3BEACHHBIX MPEIMETOB, CIpaBa - CyMMAapHBIA JOXOJ
pabOTHUKOB TMPOU3BOACTBEHHOW chepphl W CyMMapHBIM J0X0a PabOTHUKOB
HENPOU3BOJACTBEHHOM Cepbl U IEHCUOHEPOB.

Hamu Obut1 ipoBeieHs! pacuetsl Ha ocHoBe MatepuanoB HCK KP 3a 1993-2021
IT.

Xy — «IIpon3BoaCTBEHHBIE MaTEPUAIIBHBIE 3aTPATHD)

X, — Ilokazarens «Hakormienue» 3a BbiueToM «IIponM3BOICTBO MpeaMETOB
OTPEOICHUS

X, — «HenpounsBoacTBEHHOE MOTPEOICHUE

K; — onpegensiuch no nokazarensiM « O0beM HHBECTUIIMHM B OCHOBHOM KanuTall
IO OTPACIISIM.

L; — onpenensnuce no nokasaressiM «Pacrpenenenne HaceneHus1, 3aHATOrO B
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XO35IUCTBE MO OTPACIISIMY.
[Tomyuens! cnenyrommue [1D cexTopos
X, = 3,32K°° L%
X, = 1,46K°°L9*
X, = 2,73K)Y 1Y%
OCHOBHBIE XapaKTEPUCTUKU IapaMETPOB TMPOU3BOJICTBEHHONW  (DYyHKIIMH
MOKa3bIBAIOT 3HAYMMOCTH MOJTYUYCHHBIX TApaMETPOB MPOU3BOACTBEHHON (QYHKITUH.
U3 onpenenenus ko3hPHUIIMEHTOB 3MACTUYHOCTH cieayeT: yBennuenue OIID
CBIPBEBBIX OTpaciield Ha 1% MPUBOAUT K POCTY BBITyCKa NPOIYKIUU Ha Xy%. Takoe
xe yBenuueHue OIID B hoHmoco3aI0MINMX U TOTPEOUTENBCKUX OTpaciiel IPUBOIUT K
POCTY BBIITyCKa MPOIYyKIUU Ha 01% U 0%0.
st moctpoenue npou3BoAcTBeHHON QyHKIMKU CES HeoOXxoauMo ycTaHOBHUTH
9K30reHHble MmapameTpbl Mozenu. Camas Oonbllas TPYAHOCTb - YCTaHOBJICHHE
napaMeTpoB IIPOU3BOJICTBEHHBIX GyHKIMi CEKTOPOB. Hcnonszyemas
npousBojacTBeHHas ¢pyHkuus CES umeet Bua:

1
Ys(a,b) = Ae**(c;K™° + c,L7°) 9,
[Tosryuensr caenyronme I1dD cexropos:
1
l) YO = 0,993(0,4047K—0,675 + 0,596L—0,675)—m

rie s? =0,1;dw = 1,01; v = 3,14; R? = 0,994. XapakTEepUCTUKN BHIPABHUBAHUS
Tabmuma 3.2. OcHOBHBIE XapaKTEPUCTUKH ITAPaMETPOB MPOU3BOICTBEHHON

dbyHKIIUN
TTokaszarenn
Kputpeun X | X | T
HpOMBIH_IJ'IeHHOCTB 1 CTPpOUTECIIBCTBO
R? 0,96 0,82 0,76
F 4321 | 62,32 9,87
t -0,11 3,2 -3,25
t 1,24 0,28 .
CGJ'IBCKOG XO3IUCTBO U I[O6BIBaIOHIa$I
IIPOMBIINIJICHHOCTH
R? 0,87 0,93 0,45
F 41,32 | 59,25 4,23
ty -0,13 3,2 0,97
t2 1,24 0,23 -
Toprosns u yciyru
R? 0,78 0,92 0,98
F 37,42 | 40,32 7,51
t -1,17 7,28 -1,43
t2 1,64 0,93 2,01

IIOKAa3bIBAIOT, YTO IOJIyYEHHEIE OLIEHKHU ITaPAMETPOB CTATUCTUYECKH 3HAUUMEI.

KoadduipeHTs! 31acTHIHOCTH 110 (hakTopaM paBHbl 64 (x) = 0,151 1 6,(x) =
0,843. DmacTHYHOCTD MPOU3BOICTBA IO CyMMe 3atapar (T.e. 61 (x) + 6,(x)) MeHbIe
€IMHUIIBI. DTO 03HOYAET, YTO B 3TOM CEKTOPE IIPOU3BOICTBO BO3PACTAIO MEIICHHEE,
yeM 3aTapaThl, T.€. YBEJIMYCHHE IPOM3BOACTBA HOCHIIO 0OO0je€e 3KCTEHCHBHBIN
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XapakTep.
[IpenenbHbIE TPOU3BOAUTEIHLHOCTH IO (PaKTOpaM Ha KOHIIAX MEPHUOJa UMEIOT

. Y _ Y _ Y _ . Y _
sHauenms: O /OKO =0,228 u 9 /BKt = 0,063, 0 /aLO =3,328;u /aLt -
7,632.

0

2) Y, = 1,05(0,7347K %75 + 0,275L7%7%) 275
rae s* = 0,07;dw = 0,838; v = 4,38; R* = 0,961; F = 148,8.

XapakTepuCTUKH BHIPABHUBAHUS 3HAYUTEIBHO XYXKE, YEM XapaKTEPUCTHKU
MIPOU3BOICTBEHHBIX (DYHKIIMH IPYTUX CEKTOPOB HAIIMOHATHLHOW SKOHOMHUKH.

Ananu3 kod(dduImenTa 3IaCTHYHOCTA TPOU3BOJICTBA 1T0 OCHOBHBIM (POHIaM
MOKAa3bIBACT TEHICHITUIO ATOTO MOKAa3aTeNs K CHUKCHUIO, M aHAJIATUYHO TTOBEICHHIO
donmootmaun. Kosddumuent smactmdHOCTH 1O TPYAY — YBEIWUYUBAJICH
He3HaunTeabHo. CyMMapHasi 3JaCTUYHOCTH 1O (aKTopamM MEHBINE €IWHHIBI, T.C.
MIPOU3BOJICTBO BO3pACTAET MEJUICHHEE, YEM 3aTpaThl (PaKTOPOB.

0

3)Y =0,614(0,182K 112 + 0,82L7112) 112

XapakTepucTuku BblpaBHuBaHus: s2 = 0,09; dw = 1,058; v = 4,05; R? =
0,97; F = 464,64.

Koaddunuent snacruynoctr mpouspojicTBa mo ¢dougam (64(x) = 0,025) B
UCCIIETyEeMBbIH MEpHOJ] CHUKAJICA, POH00T/Aaua Majana 6oiee 3aMeTHO, YeM B JPYTHX
ceKkTopax OHKOHOMUKHM. KoapduuueHT »sracTUYHOCTH 1O TPYyAY YBEIUUMIICS
He3HaunTenbHo. CyMMapHas 3J1acTHYHOCTh MPOM3BOACTBA MO (akTopam OJIM3Ka K
€AUHMIIE, T.€. MOXKHO NpeAanojaratb, 4YTO YBEJIMYEHHE IMPOU3BOJICTBA HMEIO
AKCTEHCUBHBIN XapaKTEP.

[Ipu paccMOTpeHHH SKOHOMETPUYECKHX MOJENEH, KOTOphIE COAEpPkKaT CTPYK-
TYypHbIE U3MEHEHHUS MapaMeTPOB, BPEMs CTPYKTYPHOTO CIABUTA MOXET ObITh, KaK W3-
BECTHBIM (3K30T€HHBIN CIIBUTI') TaK M HE M3BECTHBIM (PHIOTEHHBIA CABHUT). Monenu
BPEMEHHBIX PAJOB CO CTPYKTYPHBIMU CIBHIaMH, JAIOT BO3MOXXHOCTH BBISIBUTH BO —
NIEPBBIX: CTATUCTUYECKH 3HAYNMbIE U3MEHEHMS TMHAMUKN SKOHOMUYECKHUX [TOKa3are-
JIell BO BPEMEHH, CMEHBI IIEPUOJOB MaJACHHS IEPUOAAMU POCTA WM CTarHalluH, U3Me-
HEHUI TEMIIOB POCTa WJIM MaJeHus U T.A. To €CTh, JaHHBIE MOJEIH ONPEAEISIOT MO-
MEHTbI BPEMEHH U HAlIPABJICHUSI CTPYKTYPHBIX CABUIOB, B TOM YHCJIE U B CIIy4asiX, KO-
I7la TOYHBII MOMEHT CTPYKTYPHOTO CIBUTA HEM3BECTEH U BBISIBIISIFOT YCTOWYMBBIE 10J1-
rOCpOYHBbIE TEHACHIMHU. BO-BTOPBIX, )KECTKYIO CBA3b MPOOJIEMbl HAIMYUS CTPYKTYp-
HBIX CABUTOB BO BPEMEHHBIX psAJIax ¢ MPoOIeMON HE CTAlIMOHAPHOCTH BPEMEHHBIX Ps-
10B. B 3T0l CBsI3M ecTeCTBEHHBIM 00pa3oM BCTAET BOMPOC O TOM, KaK JTydIlle MOJEIH-
pOBaTh HECTAIMOHAPHYIO KOMIIOHEHTY CIIy4ailHOTO Ipoliecca.

[IpoBeneHHbIN 0030p COBPEMEHHBIX UCCIIEIOBAHUI B 00JACTH CTATUCTUYECKOTO
aHaJIM3a HECTAIIMOHAPHBIX MOJIeNIel BPEMEHHBIX PSAJOB C €AMHUYHBIM KOPHEM U (IIH)
CTPYKTYPHBIM CIIBUTOM IMO3BOJSIET CHOPMYIUPOBATH CIEAYIOUIYIO OOIIYI0 IMOCTa-
HOBKY 3ajlauyll OOHapyXeHUS CTPYKTYPHBIX CABHUTOB B 9KOHOMETPHUUECKHX 3aBUCUMO-
CTSIX PErPECCHOHHOTIO THIIA.

[. [Tycts MOnens HAOMIOACHUIM UMEET CIICAYIOIIUIN BU:
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Vi = C1Xq; + CoXpy + oo+ CpXpn + 5,1 = 1L,N (3.1)
rae & — CiaydailHas MOCIeA0BaTeIbHOCTh «IIIyMOB)» B 3aBUCUMOM NIEPEMEHHOU Y;;
c = ¢4,Cy, ..., Cx — BEKTOP HEU3BECTHHIX K03 dUneHToB B Moaen# (3.1), onrchIBaro-

IIUHCS KyCOYHO-TIOCTOSSHHOM (DYHKITUCH:
m+1

¢ = z 4, X([6;_N] < n < [6;N]) (3.2)
i=1

rae 6; — HEeu3BECTHBIE MapaMeTphl CTPYKTYpHbIX caBuroB B mozaenu (10), X, =
(X17> Xomy oy Xgn) —CIIYHIAHHBIA BEKTOP MPEIUKTOPOB.

[IpakTryecku BakKHbIE MPUIOKEHUS pPACCMATPUBAEMOM MOJEIU BKIHOYAIOT
KJIacC MOJENen

- @QBTOPETPECCUU  Y; = C1Xq; + CpXp; + =+ + Cp Xy, + Ei5

- aBTOPETPECCUN CKOJIB3SIIETO CPEAHETO

Yi=CYn-1t o+ CVn-r +diUnp+ -+ dpUppir + &

II. dpyroit kinacc Mojiesiel OMUCHIBACTCS CUCTEMaMH OJHOBPEMEHHBIX YKOHO-
METPUUYECKUX YpaBHEHUN BUA:

By, + I'x; = & (3.3)
rae Ye = V1t» Y2tr -+»Xme) — BEKTOp DHJIOTCHHBIX MEPEMEHHBIX;, X; =
(X18) Xty s Xit)' — BEKTOp  JETEPMHUHHPOBAHHBIX  IEPEMEHHBIX; & =
(€1t) E2¢» ++» Eme) — - BEKTOP CIyYAHHBIX CTATUCTHYCCKH 3aBUCHMBIX OIMUOOK; B —

Marpuia m * m; I' — marpuma m * k.

Crpykrypnas ¢popma (12) MoxkeT ObITh 3amucaHa B CIEAYIOUIEH MPUBEICHHOM
dbopwme:

y; = =B I'x, + B~ Y, = lx, + &,.

[Tox cTpyKTYpHBIMH CABUTaMHU MOHUMAIOTCS PE3KUE M3MEHEHUs B KO QHIIN-
eHTax Marpuilsl [1. [TapamMeTphl x; MpearnonararoTcs JeTSPMHHUPOBAHHBIMU WJIA CTO-
XaCTUYECKHMHU.

JIJ1st OIICHKM MOMEHTa CTPYKTYPHOTO CIIBUTA MCIIOJIB3YETCs CIIEAYIOMasi CTaTu-
CTHKA:

Yy(m) = N~'(z(1,n) — PI'(P)~'z(1,N)
e z(ny,ny) = Z:an F(i/N)y; — (k * m) — marpuna; 1 <n; <n; <N.
PN — npoussonbHas TouKa 7 MHOXKECTBa arg max | Yy (n) || npuaEMaetcst B ka-

1=nsN
YECTBE OLICHKH MapaMeTpa CTPYKTYPHOTO CIBUTA.

Jlst Hambosee TOHOTO MCCIENOBAaHUS MPOOJIEM ONTHUMAIBHOTO SKOHOMUYE-
CKOT'O POCTa C YYETOM CTPYKTYPHBIX U3MEHECHUM, IOCTAHOBKY 3aJa4l UCCIIENOBAHUN
pa3iesuM Ha JIB€ COCTaBHBIE YACTU: MATEMAaTUUECKYH0 U SKOHOMUYECKYIO.

Pemenue 0601 KOHKPETHOM 3a/Ja4M ONTHMAILHOTO IKOHOMHYECKOTO POCTa
BKJIFOYAET HECKOJIBKO 3TAIOB:

— pa3pabOTKy MaTeMaTH4eCKOW MOMIENN YIPABIsIEMOro 0O0bhEKTa;

— ONPEAETICHUE KPUTEPHS KaYeCTBA YIIPABIICHUS,

— PacCMOTPEHUE PA3TUIHOTO POJIa OTPAHUYCHUHN HA TPAEKTOPUIO CUCTEMBI;
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— OrpaHMYeHHE Ha YIpaBiieHHE (MCCIIEOBAHME YMPABIAIONINX BO3ACHCTBUIA
napaMeTpoB, JUIUTEILHOCTH TPOIecca yIpaBJICHUs, Kiacca JOMyCTUMBIX YIpaBie-
HUMN);

— HEOOXOJUMBIC YCIIOBHS ONITUMAIILHOCTH.

OcTaHOBUMCSI HA 3TUX dTAIax MmoapooHee.

1. Pa3paboTka MmareMaTHu€CKO MOZIETH YIIPaBIsIEMOro 00bEKTa

B 3aBucMMOCTH OT BHIa pacCMaTPHUBAEMOTO MPOIECCa U KEIAeMON CTETICHH JIe-
TaJIM3alHN €T0 W3yYeHUsS] MOTYT OBITh MCIOJIb30BaHbl PA3IMUYHbIC TUIIBI ypaBHEHUIL:
0OBIKHOBEHHBIE A depeHIraIbHbIe ypaBHEHHS, YPABHEHUS C TOCTeeiCTBIEM, CTO-
XaCTHUYECKHUE YpaBHEHHUS, YPABHEHHUS B YaCTHBIX MPOU3BOIHBIX U T.A., [Ipeanonoxum,
pany ompenesIeHHOCTH, YTO BOJIOIHS 00bEKTa OMHUCHIBAETCS CUCTEMON OOBIKHOBEH-

HBbIX TU(depeHINaTbHBIX YPaBHCHHM:

dx

== f(t,x(@®),u®)),to <t <T, (4.1)
rneu € U € R™, U — o6nacTh JOMyCTUMBIX yIIpaBienuii, X € R™ — EBkinaoBoe mpo-
cTpaHcTBO pasmepHocTH 7, f:R™™*1 - R — 3anamnas Qynkums s Kaskaoro
t,x(t),u(t) [29].

[TpunaBas ynpasiennto U (t) pa3auvHbIC BO3MOKHBIC 3HAYCHHS, TIOJyYacM pas3-
JUYHBIE COCTOSIHUSI OOBEKTa, CPEAM KOTOPHIX W BBIOMpAETCS ONTUMAalIbHOE, T.C.
HaWJTy4IlIee B TOM WJIM UHOM CMBICJIE COCTOSTHUE.

2. OnpeneneHUe KpUTepus KaueCTBa YIPABICHUS

VYnpasnenue cucteMoit (4.1) ocymiecTBisieTcs AJisl TOCTHXKEHUST HEKOTOPBIX 11e-
JIeii, KOTOpPbIE 3alUCHIBAIOTCS B TEPMUHAX MAaKCHUMHU3AIUK M0 U (pyHKIHOHAIOB J(U)

omnpeeNnseMbIx yrnpasiaeHueM u(t) u Tpaekropueit x(t), rae
T
J(u) = jfo(t,x(t),u(t))dt + F(t,x(T)) - max (4.2)
to

3nech fy u F — 3amanHblie CKasipHble (DYHKIIUU.

3aiaya ONTUMAbHOTO YNpPaBIEHUs, ONKChbIBaeMasi ypaBHeHUs MU (4.1), u (4.2)
umenyetcs 3agadeid O. bombma. Eciu f, = 0, To 3amaueit A. Maifepa 1, HakoHeTI, 3a-
nadert Jlarpanka npu F = 0 [24]. B HacTosel quccepTainy paccMarpuBaeTcs 3a-
nada Jlarpanxa, MOCKOJIbKY B 1I€JIEBOM KPUTEPUHU OTCYTCTBYET ciaraemoe F.

3. OrpanuueHus Ha TPACKTOPHIO.

B HEKOTOpBIX peabHBIX CUTYAIUsIX TPACKTOPUSI CUCTEMBI HE MOXKET IIPUHA/IJIE-
KaTh TEM WJIM WHBIM 4acTsM MpocTpancTBa R™. YkazaHHOE 00CTOSTENLCTBO HAXOIUT
oTpakeHHe B orpannucHun Buaa x(t) € G(t), rne G(t) — 3aganHas obmacts B R™. B
3aBHCHUMOCTH OT KOHKPETHOTO THIIa ATUX OTPaHUYCHHUI BBIIEISIOT Pa3INuHbIe KJIACChI
3a/1a4 yIpaBJICHHUS.

B 3agauax ¢ ¢pukcupoBaHHBIMH KOHIIAMHU Ha9aJIbHOE COCTOsTHUE X (t;) U KOHEU-
Hoe coctostuue x (T') 3ananbl. Ecnu xke x (t,) umu x(T) He 3aAaH0, TO MOJTydaeM 3a1a4y
CO CBOOOTHBIM JIEBBIM (TIPAaBBIM) KOHIIOM. 3a1a4a C MOJABMKHBIMHA KOHIIAMH — 3TO 3a-
Jaya, B KOTOpOi MOMEHTHI ty U T puKkcupoBaHbl, a BEKTOPHI X (ty) u x(T) mpunamie-
KaT COOTBETCTBEHHO obmactsam G (ty) u G(T).

19



B paac CiIydacB OTpaHUYCHHA HOCAT I/IHTerpaHI)HBIﬁ XapaKTep U UMCIOT BU!:
T

ffo(t,x(t),u(t))dt <0 (4.3)
to

Ecnu B 3amaue Jlarpanka, onuceiBaeMoi ypaBHeHUAMH (4.2) u (4.3), HayanpbHOE
nonoxenne x(t,) u koHeunoe x(T) 3agaHpl, MOMEHTHI Hauaja JIBWKCHUS t, U OKOH-
yanust T cBoboausl, pyHkius F = 0 u f; = 1, To momydaem 3ajady o repeBoje CH-
crembl (4.1) u3 nonoxenus x(t,) B nonoxkenue x(T) 3a MHHMMaJIbHO BO3MOXKHOC
Bpems. [logo6HOTO pona 3aaun UMEHYIOTCS 3ala4aMi ONTHMAJIbHBIMU IO OBICTPO-
JIEHUCTBHIO.

4. OrpanudeHus Ha yIpaBICHUE

NupopmaiimoHHple OTrpaHUYEHUS] Ha YIPaBICHUWE 3aBHCIT OT TOTO, Kakas
UMeHHO uHdopmarlius o cucteMe (4.1) 1ocTynHa npu BeIPa0OTKE YIPABIISIIONIETO BO3-
neiicteusi. Ecnu BekTop x(t) HEAOCTYNEH H3MEPEHHUIO, TO ONITUMAJIBFHOE YIIPABJICHHE
uiieTcs B kiacce GyHKuuid u(t) 3aBUCAIINX TOIBKO OT £

Kpome nHpOpManmoHHBIX OrpaHUYEHUN BO3MOXKEH M JPYrod THI OrpaHuye-
HUll, OOYCJIOBJICHHBII OrPAaHUYCHHOCTHIO PECYpCOB YIIPABICHUS, UMEIONINX BH]I
u(t) € U(t),tne U € R™, U — 061acTh TONMYCTUMBIX yIPaBICHHM.

5. HeoOxoaumble yCI0BHSI ONTUMAIBHOCTH

CdopmynupyeM HEOOXOJUMBIE YCIOBHS ONTUMAJIBLHOCTH B (popMe IpHUHIIMIA
makcumyma (17) mms 3amaum Bombra: x = f(t,x(t),u(t)), to <t <T,x(t,) =
Xo,u(t) € U.

3necy U € R™ — 3ajaHHOE MHOYKECTBO, X, — 3aJlaHHOE HaYaJIbHOE IMOJIOKECHUE
CUCTEMBI.

BBenem B paccMoTpenue ckamsipHyro GyHKIUIO H ¥ BEKTOP COMPSHKEHHBIX Tie-
pemeHHEIX Y (t) € R™*! ¢ momompio cooTHOmERNH Py = 1 — IPUHIKI MAKCUMyMa
B HopMaJbHOM (hopme [82,83]. Toraga cucreMa KAHOHMYECKUX YpaBHEHU OyIeT UMETh
BU/I;

H(62O,u®,$(0) <P, [ 2 ) wifiew) (45

. 0H
P = —a(t.x(t),u(t),w(t))

dF (x(t)
W(T) = — %

[Mpeanonoxum, uto u(t) — onTUManbHOE yrpaBieHue, a x(t) u P(t) - cooT-
BETCTBYIOIIHME TPACKTOPHUS M BEKTOP COMPSKEHHBIX MEPEMEHHBIX, YIOBICTBOPSIOIINEC
ypaBHeHUsM (4.4) u (4.5). Torma dyuxums H(t, x(t), u(t), Y(t)) mocTuraer cBOEro
makcumyma 1o u(t) € U B Touke u*(t).

H(t,x(®),u*(0), ¥(v) = max H (t, x(®), u(®), (1) (4.6)
Haitnem n3 cootHOmIEHHS (4.%§IijiaBI/ICI/IMOCTB
u= u(t,x(t),tp(t)) (4.7)
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Hanee noacrasuMm (4.7) B (4.4). B pesyabrare monyyuMm KpaeByro 3aaady Jis
CUCTEMBI OOBIKHOBEHHBIX AU((hepeHITNATbHBIX YPAaBHEHU OTHOCUTENHHO (DYyHKITUN
x(t) up(t), cpenu penieHuit KOTOPOI TOIBKO U MOXKET HAXOMUThCS ONITUMAITbHAS TPa-
exropusi. Eciin ontumainsHast Tpackropusi X(t) u BekTop P (t) HalIeHbI, TO ONITUMAb-
HOE yIpaBJieHue J1aeTcs BoipaxkeHueM (4.7). OTMETUM, YTO OCKOJIBKY COOTHOIIEHUS
(4.4-4.6) cyTh nUIlIb HEOOXOANMBIE YCIOBHS ONTUMAIBHOCTH, TO HEOOXOUMO JOIIO0JI-
HUTEIbHOE 00OCHOBAaHUE ONTUMATBHOCTH TPACKTOPUHU U YIIPABJICHHUS, HAICHHBIX U3
cooTHoIeHui (4.4-4.6). J1nst 5Toro HeOOXOAMMO OTIEIBHO (HOPMYIUPOBATH JOCTATOU-
HBIE YCJIOBUS ONITUMAJIBHOCTH.

BaxxHo ykazarb, 4To JJ1 JOCTATOYHOCTH yCIOBUM ONTUMAJIbHOCTH MOTpeOyeTcs
BEITYKJI0CTh [ (t, x(t), u(t)) mpaBoii yacTH ypaBHCHHUH IBMKCHUS, a TAKKE BBIMYK-
JIOCTh 1eneBoro (yHKiMoHana. B uccnenyeMolt 5JKOHOMUUECKOM MOCTAaHOBKE 3a/1a4u
3T yCJIOBUS OYIyT BHITTOJIHEHBI ABTOMAaTUYECKHU.

Wcnionb3ys cTangapTHbie 0003HAUYECHUSI, OCYIIECTBUM MEPEX0/ K TaK Ha3bIBae-
MBIM OTHOCHUTEJIbHBIM MOKa3aTessaM. J{JIs Kaxa0ro CeKTopa BBOAUTCS MOHATHE (POHTO0-
BOOPY’KEHHOCTHU:

k= — (4.12)

[Tonp3ysich OMHOPOJHOCTHIO MPOU3BOJACTBEHHON (DYHKLUMN, IEPEXOAUM K 3aBH-
CUMOCTSIM OT KOHKPETHON (POHIOBOOPYKEHHOCTH. B OTHOCHTENBHBIX MOKA3aTENsX,
YPaBHEHHUS MOJIEJIH BBIIVISLIAT CIEAYIOIUM 00pa3oM:

L; I .
91' —I, S —Z, l = 0,1,2
Torna ypaBHEHHS] UMEIOT CIIEAYOIIUN BU:
1. ¥YpaBHEHUE pacnpeneneHus TpyJOBbIX PECYPCOB IO CEKTOpaMm:
6,+6,+06, =1,

2. YpaBHEHUE pacnpelereH’s] THBECTULIMOHHBIX PECYpCOB (HOPMHUPOBKA C YUETOM
CJIaraeMoro Y;, Mojay4aeMoro M3 BHEIIHEW TOPTOBIIM MPOAYKUIMEH MaTepHaIbHOIO U
NOTPeOUTENHCKOTO CeKTOpOB (X1 + Yy = [y + 1; + 1)

Sots;gt+s, =1,
3. YpaBHeHHe MaTepuaibHOro OanaHca, 31ech a; — KO3(QQPUUUEHTHI NPSIMbIX MaTepHU-
aJIbHBIX 3aTpaT CEKTOPOB, Y; — YAENbHBIN (BBO3-BbIBO3) MPOAYKIUU COOTBETCTBYIO-
IIEr0 CEKTOpa Ha OJJHOTO 3aHSATOTO:

(1 —ag)xe = a1 % + ax; + Yo
4. YpaBHEHUS IBUKEHUS C YU€TOM (POHIAOBOOPYKEHHOCTHU k; = %, COBOKYITHOTO U3-

L

Hoca OHIOB A = | + V aMOpPTHU3aLMH [ U TEMIIA IPUPOCTA HACEICHUS V IPUHU-
Matot Buz (27).
5. ¥YpaBHEHHE BHEITHETOPTOBOTO OasiaHca:
GoYo = q1¥1 t q2Y2
9,:20, SiZO, yLZO
6. YpaBHeHuUs IBUKEHUS (AMHAMUKH) (DOHAOBOOPYKEHHOCTEM:
l

dt

s.
= —\k; + 0—l (x; + vi), auis Beex, i = 0,1.2 (4.15)
i
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X; " :
X; = Tl = 0, f;(k;) — HapOTHOXO3AHUCTBECHHASI TPOU3BOIUTEIBHOCTD i — I'0 CEKTOpA.

[Tox 5KOHOMHUYECKUM POCTOM MTOHUMAETCSI MOHOTOHHBIN POCT BO BpPeMEHHU (POH-
J0BOOpYKeHHOCTel cekropoB ki (t) > 0,tnei = 0,1,2.

[Ton c6anaHCcHpPOBaHHOCTBIO TPACKTOPUIl, IOHUMAETCS BBIIIOJTHEHHUE B KaXKIbIH
MOMEHT BPEMEHHU ¢ MaTepHalIbHOTO, TPYAOBOIO, MHBECTUIIMOHHOTO 0aJIaHCOB U YCJIO-
BUI cOAIaHCUPOBAHHOCTH BHEIITHEH TOPTOBIIH.

Hckomoe ynpaBienue, OyaeT NpuHaAieKaTh K KiIaccy HEMPEepbIBHBIX (PyHKIUH
0;(t), s;(t) m mapamerpa —y;, sl KOTOPBIX JOMYCKACTCS KOHEYHOE YUCIIO Pa3PhIBOB,
TaK Ha3bIBAEMBIX IIEPEKIIOYCHHM.

@aKTUYECKH OTPAHUYCHHEM HA YNPABICHUE CTPYKTyPHOW IOJIUTUKOW SIBJIS-
I0TCSl yCIIOBHS cOaTaHCUPOBAaHHOCTH CEKTOPOB M BHEIITHEH TOPTOBIIH:

6y +6,+6,=1
Sotsg+s,=1

q
(1 —ap)Bofo(ko) = a10,f1(ky) + az0,f5(k;) + q_13’1
0
01 = 01(ko, k1, k2,02,91),00 = O9(ko, ky,k2,05,¥1) =1 —5; — s5.

(4.20)

dH(W, k,u)
= 4.21
OHW, k,u
0P,
(4.20-4.22) - kaHOHWYECKUE YPAaBHCHHUS JBHKCHUS, (POHIOBOOPYKESHHOCTEH U JBOM-
CTBEHHBIX IEPEMEHHBIX Y — TEHEBBIX IIEH Ha HUX B CEKTOpax. 31ech: O; — nons i —

rO CEKTOpa B paclpe/ielICeHNH TPYIOBBIX PECYPCOB, S; — JOJIA [ — I'0 CEKTOpa B pac-
MpeesIeHN MHBECTUIINN. A — ImapaMeTp u3Hoca (POHIOB, C yIeTOM pOCTa HACEIICHUS,
U yCTapeBaHUs KamuTaa. f; MpOU3BOJCTBEHHAs] QYHKIHUS [ — TO CeKTopa. (B MOAEIU
Heoksiaccuueckue, Ko6ba-/lyrmaca), y; — KBOTa Ha BBO3 MHBECTHIIMOHHBIX TOBa-
poB: y; = y1x1 = ¥101f1(k,). Benyiue mapamerpbl, CHCTEMBI Sq, Sy, 65, V4.

B pesynbTare, BBIYUCICHHS] TPOU3BOAHBIX 1O K; 3aBUCUMBIM TIEPEMEHHBIM OKa-
3aJI0Ch, YTO B cucteMe (4.22) u3 Tpex ypaBHEHU, ABa 00Pa3y0T aBTOHOMHYIO MTOJ/ICH-
cTeMy. DTO ypaBHEHHUE JUIsl HyJEeBOro (MaTepHaJbHOT0) U BTOPOTO (MOTPEOUTEIND-
CKOT'0) CEKTOPOB.

Ecau Ob1, ObuT G0JIee TpOCTOM CiTydait IMHEWHOW 3aBUCUMOCTH 110 Kk;:

k; = A(t)k; + b(t) To conpspKeHHAs! CHCTEMA BBIMHCHIBATACH KPaiHE IPOCTO: 1; =
—;A(t) + dt.
JIns1 TakoM cUCTEMBI BEPHA CIIEAYIONIAsl TeOpeMa:

Teopema 1. [Tycts MmaTpuunast pyukius A(t): [ty, t;] = L(R™) u Bekrop (HyHK-
st b:[ty, t;] = R™, wuntepnperupyembie 1o Jlebery. Torma mns  Jo0bIX
T:[to, t1]J1 { € R, pemenne 3amaun Komm: k; = A(t)k; + b(t), k(t) = { cyme-
CTBYET Ha BCEM OTpe3Ke [ty, t;] ¥ eMIMHCTBEHHO.

Bonee Toro, pemenue 3agaetcst GOpMyIIOii:
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t
k(t) = P(t)(k(ty) +f P~1(s)b(s)ds)
to

rae P(t) — dynnamenTtanbHas Matpuiia (pernenuii). T.e. 9T0 pereHne 0JHOPOTHOTO
ypaBHEHHUSL:
P=A{t)*P;P(t) =E

CnenctBue. Iy CONMPSHKCHHBIX MEPEMEHHBIX BEpHA aHAJIOTHYHAS Teopema, U
pacueTtHas popmyna ans Y (t) . A UMEHHO:

Y(O) = P O@(Ly) + f P*1(s)b(s)ds)

to
3aech P* = —A(t) * P* = B(t) = P*,P*(t,) = E.
JIi1st TorO, 9TOOBI BOCIIOJIB30BATHCS 3TON TEOPEMO, HEOOXOIMMO CHavasa BbI-
MKCaTh HAIIM COMPSHKEHHBIE YpaBHEHUS
OH (Y ku)

P = -,
ok;
a 3aTeM IOCTapaThCsl MPUBECTU UX K HauboJiee MPOCTOMY BUAY, JJIs KOTOPOro pado-
TaeT CJIEICTBUE U3 TEOPEMBI:

.

Y; = —Y;A(t) +dt = —y;B(t) + dt.

3aia4a HaXOXKACHUS TPACKTOPUI ONTUMATIBHOIO 3KOHOMHUYECKOIO POCTa B 3KO-
HOMUYECKOM CMBICJIE MTPENICTABISET cOO0H 3a/1auy Moucka Harnbosee NoAXOAsIIeH o-
CJIEZIOBATEIBHOCTU CTPYKTYPHBIX CIBUTOB, COXPAHSIOUIMX HAauOOJee BaXKHbIE CTPYK-
TypHBIE (TOProBbIE, MAaTEPUAJIbHBIE, UHBECTULIMOHHBIE) OATaHChI B CUCTEME.

OKOHOMMYECKUI CMBICII ONTUMAJIbHBIX TPACKTOPUI POCTA CIEAYOIINN:

— MOCTaBJICHHAs 337jaya ONTHUMAJIbHOTO YMPABICHUS 3KOHOMHUKONM MMEET O4Y€Hb
BaYKHOE MpPAKTHYECKOe 3HauYeHne. OHa MO3BOJISIET MEPENUTH OT SI3bIKa YKOHOMUYECKOTO
onucaHusi 00bEKTa, K YeTKOM (hopMaM30BaHHOW MATEMaTHYECKOW 3a7aye, KOTOPYIO
MOKHO PEIIaTh Pa3IMYHbIMU METOAAMHU ONTUMAJIBHOTO YIPABIECHUS WM BapUalliOH-
HOTO MCUUCIICHUS;

— HAaWJIy4lllero ONTHMMAJBHOIO BapuUaHTa YNPAaBIEHUS JOCTUTHYThb KpaiiHe
CIIOKHO, HO MOXXHO CBOEBPEMEHHBIMM MAKPO3KOHOMHYECKUMHU BO3ACHCTBUSIMU
YMEHBILIUTh OTKJIOHEHHE PEabHOTO OT HACAIBHOTO (T.€. YCTPAHUTh CTPYKTYPHBIN
nucoOananc).

B o61iem Buie MOXKHO BBIIEIUTH CIEAYIOIIME 3TAIlbl SKOHOMHUYECKOTO POCTa:

1) Dran yckopeHHOTo pocTa, KOTOpblid o0ecreynBaeT cOamaHCUPOBAHHOE pas3-
BUTHE (POHIOCO3JAIONIEro cekTopa. Ha HeM 3a cyeT KpymHOro BJIMBAHMS B MEPBbIN
CEKTOp MHBECTULIUM (YBEJIMUEHHUE JIOJU S1 10 MAKCUMAJIBHOM ) - MPOUCXOIUT Hanboee
OBICTPBIA POCT (POHIOBOOPYKEHHOCTH TIEPBOTO CEKTOpa K.

2) 3areM HauMHAETCS BTOPOM ATl - ATAI 3aMe/IJIEHHOTo pocta. OH XapakTepu-
3yeTCsl TEM, UTO MEPBBIA CEKTOP MOJACP>KMBAETCS HA XOPOIIEM YPOBHE 3a CUET U30bI-
TOYHOTO MPEMJIOKEHUS TPYAOBBIX PECYPCOB, TOIIa KAK OCBOOOAMBIINECS HHBECTUIINH
y>K€ OTHPABIIAIOTCS Ha YBEJIMYEHUE 0 S, MOTPEOUTETHCKOTO CEKTOpa.

3) Ha tpetsem sTame pocra - 3Tane noTpediaeHus, K THBECTUIIMOHHBIM pecyp-
caM IPHUCOETUHSIOTCS U TPYIOBblE. MOMEHTBI NEPEKITIOUEHHM (CKAaYKU YTIPABIISIOIINAX
BO3/ICHMCTBHIA B CICTEME, (DAKTHUYECKH 3HAMEHYIOT COOOH MPOUCXOSIINE CTPYKTYPHBIE
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CIBUTM B MAKpPOIKOHOMMUYECKOU MOJUTHUKE) OMPEAEIIAIOTCS C MOMOIIBIO aHAIU3a COo-
IIPSYKEHHON CHUCTEMBL.

Tak, MOMEHT t — MepBOro MEPEKIFOYEHHS TIEPBOTO 3Tala OBICTPOro pocTa Ha
3aMEIJICHUE ONPEIEIAETCS B MOMEHT IIEPEMEHBI 3HAKA BBIPAYKECHHUS:

J— !
A =A—(1—vyq)sifi(ky).
BTopoit MOMeHT mepekitoueHrs, HeOOXOIUMBIN ISl BBIXOJa Ha 3aKITHOYUTEIb-

Hy10 (azy pocra t ycTaHaBIMBAETCsS HA OCHOBE IEPEMEHBI 3HaKa BTOPOTO COOCTBEH-
HOT'O 3HAYEHUSI CONPSIKEHHOU CUCTEMBI:

L= 1= fil)@+n g (145 3e g

[IpoBeneHHBIN aHaIM3 MO3BOJISET HA OCHOBE OLIEHKH 3THX IOKa3arejed BbI-
SBUTh MOMEHTBI MEPEKIIOYEHUI U JAET BO3MOKHOCTD MIOCTPOUTH ONTHUMAIIBHYIO Tpa-
€KTOPUIO I TPEXCEKTOPHOM JKOHOMHMKHM Ha PacCMATPUBAEMOM BPEMEHHOM OCH.
Kpome T0oro, MO>KHO OINpeAenTh MOMEHTBI BpEMEHH, KOTIa HY>KHO J€JIaTh KaueCTBEH-
HYI0 CMEHY CTPYKTYpHOM MOJIUTHKH, T.€. IPOBOJUTH AUBEPCUPHUKALIMIO Tpya 64 1 UH-
BECTULIUH S; IO CEKTOPaM JJIsi COXPAaHEHUs CUCTEMbI Ha TPaeKTOpUM Haubosee Ou3-
KOM K ONTUMAJIBHOM.

Jj1st oTBETa Ha OCHOBHBIE BOIIPOCHI IPAKTUYECKOTO MOJAEIMPOBAHUS, ONITUMAJIb-
HBIX TPAeKTOpUN COATAaHCUPOBAHHOIO 3KOHOMHYECKOTO POCTA, ISl TPEXCEKTOPHOMN
MOJIENIM SIKOHOMHMKH CTPaHbl, CHa4YaJIa OCYIIECTBIIAETCS pacyeT 3K30T€HHBIX U HaYaJIb-
HBIX SHJOTEHHBIX NTapaMeTpoB Mojeau. K HUM oTHOCSTCS:

1) KoaddunueHTs amacTuuHOCTH (PYHKIIHIMA, a TaKke caMu (PyHKIIUH, C y4€TOM
K03(HUIIMEHTOB HEUTPAITBHOTO TEXHOJIOTHYECKOTO Mporpecca.

2) KondduimeHnTs! npsiMbIX MaTepUalbHBIX 3aTparT.

3) HavanbHble NOIM MHBECTULMOHHBIX U TPYAOBBIX PECYPCOB, OMPEACIISIFOTCS
Y3 UMEIOLIEHCS Ha JaHHBIA MOMEHT BPEMEHHU, KaK IIapaMeTpPbl OTPACIEBOU CTPYKTYPbI
B MHBECTHUI[MOHHBIX peCypcax U JaHHBIX O MPEIIOKEHUH TPYAa IO CEKTOPAM.

4) OnrtumalbHbIE JOJIU MHBECTUIIMOHHBIX U TPYIOBBIX PECYPCOB, HAXOATCSA HA
OCHOBE 30JI0TOTO TMpaBUJIa PACTIPEACIICHUS PECYPCOB B TPEXCEKTOPHOM 3KOHOMUKE,
a1M00 Ha OCHOBE JAPYIHX albT€PHATHUBHBIX METOJOB OMpPENETIEHUSI TEXHOIOTUYECKOTO
ONTHUMYMa.

5) HauanpHble W cTanMoHapHble 3HaueHHs (HOHIAOBOOpPYKEHHOCTEH. Ecmu
HavyaJIbHbIE 3HAYEHUSI HAM U3BECTHBI U3 CTATUCTUYECKUX JAHHBIX O TPYJIE€ U UHBECTH-
LMOHHBIX pecypcax B CEKTOpax, TO ONTHUMAaJIbHbIE 3HAYEHUS HAXOIATCS HAa OCHOBE
HalJICHHOTO paHee ONTUMAaIbHOTO PACIpPE/IeNICHHs TPYAOBBIX U MHBECTUIIMOHHBIX pe-
CYpCOB, C MTOMOIIbIO TAK HA3bIBAEMBIX CTAIlMOHAPHBIX YPABHEHHI IBUKEHUS:

dkl Si ,
E _Aiki + 9_1 (1 + Y1)61f1 (kl)' =012

3areM Ha OCHOBE HMCCIIEAOBAHMS MOBEIEHUS CONPSIKEHHBIX MMEPEMEHHBIX, CHE-
JIAHHOTO BO BTOPOM IVIaBE, a TAKXKE 32 CYET HEKOTOPBIX ONOJHUTEIbHBIX OIpPeaes-
eTcsi 0011iee BpeMEHU MPOTEKaHMsI IEPEXOAHOTO Mpoliecca, a TaKKe HaXOAUThCS MO-
MEHT NIEPBOTO MEPEKIIOYEHUS [T0 HHBECTULIMOHHBIM pecypcaMm.

[Ipu mocTpoeHNM TMPOU3BOACTBEHHBIX (YHKIIUN TPATUITMOHHBIMHA (haKTOPAMHU
IIPOM3BOJICTBA CIIYXaT OCHOBHBIE (OHIBI W 3aTparhl Tpynaa. [loctpoenue (yHKIMI
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KoG6a-/lyraca u npou3BOACTBEHHON (PYHKLIMM MOCTOSHHOM 31aCTUYHOCTH 3aMEHbI
(CES) npou3BOIUTHCSI HA OCHOBE pa3pa0OTaHHBIX PaHEE METOMUK MPEIOKCHHBIX B
pabotax [34,35]. KoaddunueHTs npsiMbIX MaTEPUAIBHBIX 3aTPaT OMPEISIAIOTCS Ha
OCHOBE aHajiM3a Ta0JIMIL 3aTpar BBIIYCK, C UCIOJb30BAHUEM MEKOTPACIIEBBIX OaslaH-
cos [30].

Ha ocHoBe 3TOr0, OyZI€T MOCTPOEH MEPCIIEKTUBHBIN CLIECHAPUN PAa3BUTHS OTEYE-
CTBEHHOM 3KOHOMHKH C YUETOM CIIOKUBIIEHCA MaKpOCTPYKTYpbl. B 3TOM KOHTEKCTE
OyzeM OLIEHMBATh MOPSAO0K MEPEKITIOUEHHI 110 BETYIIUM YIIPaBIIIOIINM TapaMeTpam:
S, 0 i

Jlnis onieHkH apaMeTpoB (K03 (PUIIMEHTOB ATACTUYHOCTH U Koddduirenta co-
BOKYMHOM (paKTOPHOU MPOU3BOAUTEIHLHOCTH) IPOU3BOACTBEHHON PyHKIIMN K06ba-
Jlyrnaca u mpoOW3BOACTBEHHOM (DYHKIIMHM MOCTOSIHHOM 3J1acTUYHOCTH 3aMeHbl (CES)
HE00X0IUMO OpaTh TPU CTAaTUCTUYECKHUX PAJA TaHHBIX: U3MEHEHUsS (POHIOB, TpyAa U
BBbIITyCKa ceKTopa. CTOUT OTMETUTh, YTO JUIsl YA0OCTBA BBIYMCICHHI JTaHHBIE MOTYT
OBITH IPEICTABJICHBI B BUJIE UHIEKCOB OTHOCUTEIHLHO HEKOTOpOro 0azosoro rojaa. [1po-
M3BOJCTBEHHAs (PYHKIIMS MOXKET UCIIOJIb30BAaThCs KaK JJII pETPOCIEKTUBHOIO aHAIN3A,
TaK U JIJIs1 IPOTHO30B BBIITYCKOB CEKTOPOB B OyAyIleM (mepcrneKTUBHBIN aHanu3). [lo-
3TOMY JUIs ITOJIyYEHHS] KOHKPETHOTO 3HAYEHMS IIPOU3BOICTBA KaXKIOTO CEKTOPA BO3MO-
KEH MepeXo] OT UHJEKCOB K a0COJIFOTHBIM 3HAYEHMSIM B 1I€HaxX 0a30BOTO roa.

JUig TOCTpOeHUe MPOU3BOJACTBEHHBIX (PYHKIMH CEKTOPOB, B Hayajie Heo0Xo-
MO YHUCJIEHHO ONPEAEIIUTh SK30T€HHbIE COCTABISAIOIIME Halled Mojenu. Berancie-
HUS IPOXOJAT Ha OCHOBE MMEIOLIUXCS B HAJTUYUM CTaTUCTUYECKHUX NaHHbIX. Havans-
HBbIM, WJIM 0a30BBIM JIJIs TOCTPOEHUS MPOU3BOACTBEHHBIX (yHKUUU (I1D) Mbl Oynem
cunutarb 2000 rox. IIpu pacuere MCHONB30BATUCHh CTATUCTUYECKUE JAHHBIC HAIUO-
HaJILHOTO cTaTHucTHYecKoro komurera Keipreizcrana. [lepcnekruBHbll aHanu3 OyneM
NPOBOAUTH Ha mpoMexyTke (2024-2026 rr.). [Ipuyem, Bpems 3aBepllieHUs MepexXoi-
HOTO npoluecca OyIeT ONpeaesThCs aHATUTUYECKA Ha OCHOBE UMEIOILIMXCS TapaMeT-
POB MOJIENIH U HAWJEHHBIX ONTUMAJIbHBIX 3HAU€HUN (DOHJOBOOPYKEHHOCTH CEKTOPOB.

[IpousBoncTBeHHbIE (DYHKLIUU TPEXCEKTOPHOU MOJIETTU SIKOHOMUKH UMEIOT BUJL

Fi = AKSLT % i =0,1,2. (5.1)

Jljis pacyeToB UCHOJB3YETCs MPEANOI0KEHHE O TOM, UTO COBOKYMHasl (hakTop-
Hasi IPOU3BOIUTEIBHOCTh HE MeHsieTCsl co BpeMeHeM. [loatomy koadpdunment A; —
SBHO HE 3aBUCHUT OT BpemeHu. Jlanee, 4ToObl mepeiTH OT aOCOMIOTHBIX 3HAYEHUH T0-
KazaTesel, ucrnoib3yeMbix B popmyiie (30) k unaekcam, pazaenum Beipakenue (30) Ha
3TO K€ BBIPAKEHUE B OMpeeeHHbIA 0a30BbIi roJ. Mbl IMeeM MpaBo MpojeaTh Ta-
KYIO OTIEpPaIINIO, MOCKOJIbKY KaK (paKTOpbI MPOU3BOCTBA, TAK U BBIITYCK CEKTOPOB BCE-
raa noioxuTesnbHbl. O003HaunM yepes Fy;, Ky;Ly; — COOTBETCTBYIOUINE 3HAYEHUS BbI-
nmycka, GOHMIOB U TpyZa i — ro cekropa B 6asucHsiii rof. Torma dopmyna (5.1) moxer
OBITH MPEJICTABJICHA B BUJIC:

Fi—A"(K")ai(L")l_ai | =0,1,2 5.2
Foi  Aoi \Ky; s (>2)

Ly;
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OTCIOI[a, B YaCTHOCTH IIOJIYyYaCTCsA, YTO KOE)(I)(bI/IIII/ICHT HGP’ITpaJII)HOI‘O OKOHOMMYECCKOI'O

A; .
rnporpecca A—l = 1. JIeiCTBUTENBHO, BEIb B HAIIUX MPEANOIOKEHUSIX A; HE 3aBUCHUT
oi

OT BpCMCHU.

. K;
Psipl poHIOBOOpY)KEHHOCTEN CEKTOPOB k; = L—l — B UHJICKCHOM BBIPaXECHUH,
l

3TO OTHOILIEHHWE MHJIEKCOB MHBECTULIMM, K MHAEKCAaM TpyAa. B kauecTBe Takoro moka-
3aresist ObUTH B3SITHI JaHHBIE 00 MHACKCAX MPOW3BOICTBA B OTPACIICBOM pa3pese. 3areM
Ha OCHOBE Ta0JIULIBI O CTPYKTYpPE MHBECTHUIMI B OTPACIISIX, KaXA0W OTPACIU ObLI IPH-
MUCaH BECOBOM KOA(PDUIIUEHT, C KOTOPBIM B IMOCIEICTBUN OHA BKIIIOYAETCS B COOTBET-
CTBYIOLIUI CEKTOP TPEXCEKTOPHOU SKOHOMUKHU. [ paduk auHaMuku GOHIOBOOPYKEH-
HOCTEHN CEKTOpOB B HHAEKcax K 2015 r. mpuBeneH Ha pucyHke S.1.

C ucnonb30BaHUEM ATUX PAIOB ObUTH BBIYUCICHBI KO (UIIUEHTHI JIAaCTUYHO-
cTeil nmpou3BoACTBEHHbIX QyHKIM KobOa-/lyraca, mo perpecCHOHHBIM MOJETSM B

a; Ki
OTHOCHTCIIBHBIX ITIOKa3aTClIIX, fl = Ai ' ki , Tae ki = L_ — OTHOIICHHC KaITUTAaJIOBJIO-

L

KEHUH, K IMEIOLIIMMCS B CEKTOPE TPYIOBBIM pecypcam (eciim 00a psiia B UHAEKCaX, TO
HX OTHOIIICHHUE TOXE B MHAEKCAX).

3areM pyKOBOJICTBYSICh JaHHBIMU O (POHIOBOOPYKEHHOCTSIX CEKTOPOB B abCo-
JIFOTHOM BBIPAKEHUU U MPOU3BOACTBEHHBIX BO3MOXKHOCTSIX CEKTOPOB (BBIITYCKE) B a0-
COJIFOTHOM BBIPaKE€HUH, ObUIM HaiieHbl KO3PPUUUEHTh A; — HEUTPAJIBLHOIO TEXHO-
JIOTUYECKOTO Mporpecca.

Jiia 6oree moapoOHOro aHallM3a U3MEHEHUN (POHIOBOOPYKEHHOCTH CEKTOPOB
YBEJIMYHUM paccMaTpuBaeMbiil nepuos. [IpuBeaem KoHeUHbIN pe3yabTaT 000UX 3TAroB
uneHTUGUKAIMKU KOA(P(GUIIMEHTOB TTPOU3BOJCTBEHHON (YHKIIUH, MOJTYYUBIIUXCA Ha
OCHOBE aHaJIN3a JaHHBIX 3a paccMmarpuBaemblil mpomexkyTok 2000-2021 rox:

Xo = 1,727 - K7 LY®,
X, = 0,48 K07 3°%° (5.6)
X, = 0,628 K, Ly,

[TocTpoeHHble MPOU3BOJICTBEHHBIE (DYHKIIMU XapaKTEPU3YIOT CIOKHUBIIYIOCS
OTPACIICBYI0 TPOU3BOAUTEILHOCTh TPEX AarperupoBaHHBIX CEKTOPOB HKOHOMHMKHU
CTpaHbl M1 KOHKPETHBIN BKJIAJA IByX (PaKTOPOB B PA3BUTHE SKOHOMUKH.

Jlanee B pacueTax AJisi MOJAEIUPOBAHUS ONTUMAIBHBIX TPACKTOPUN SKOHOMUYE-
CKOTO pOCTa MBI OyZIeM HCTOJIb30BaTh HalieHHbIE kKoddduimenTs! QyHkmuii. [ToBTo-
pUM TIOCTAaHOBKY 3aJa4¥ ONTUMAJIEHOTO COAIaHCUPOBAHHOTO SKOHOMHUYECKOTO POCTA.
[Iycts nMeeTCss MOAENb OTKPBITON TPEXCEKTOPHON 3KOHOMUKH, 3aIIUCAHHAS! B OTHOCH-
TEJIbHBIX TIOKa3arelisix (r1asa 2). 3ajanbl ypaBHeHUs ABuxeHuUs (4.15), a Takxe omnpe-
JETSIIOIINE CTPYKTYPY IKOHOMUKHU cOOTHOMIECHUS (4.20). DTH COOTHOUIEHUS B Jajlb-
HEHIIEM UTParOT PEIIAIONIYI0 POJIb MPU aHAIIM3€ TPACKTOPUN POCTA, MOCKOJIbKY OHH,
COOCTBEHHO, OTIPEACIISIOT €€ MAKPOCTPYKTYPY.

i _ak + 2+ ) i =0,1,2 (5.8)
—A. . X i), = ,4, .
dt ' 91 l yl
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B+ 0, +6, =1
So+51+52=1

qt (5.9)
1
(1 —ag)bofo(ky) = a10,f1(ky) + ay0,f,(ky) +—y4
qo
®OH/IOBOOPYKEHHOCTb CEKTOPOB k=K/L
B UHJIEKCAX K 2015 TOAY
1,6
1,4 s
1,2 /-_’_‘/
1 ——,— /V/
0,8
0,6
0,4
0,2
2015 2016 2017 2018 2019 2020 2021
—— CekTop 0 1 0,98011268 0,94645589 0,99328021 1,14999104 1,19239041 1,35856496
Cextop 1 1 0,95454545 1,08894702 1,15530303 1,07784431 1,10112202  1,2003121
Cexrop 2 1 0,94829094 0,95880155 1,03665277 1,21323737 1,28677437 1,31561726

Pucynok 5.1. I'paduk nuHamuku pOHIOBOOPYKEHHOCTEN CEKTOPOB (B MHIEK-
cax k 2015r.)
JUIst 3TUX COOTHOIIEHHH TpeOyeTcss MaKCUMHU3UPOBAaTh BBIPAXKEHUE THCKOHTHU-
POBAHHOTO MOTPEOIEHUS Ha OAHOTO 3aHATOr0 paboyero:

+00
maxj e 90, (t)f5(k,)dt (5.10)
65y 10

Jlnst petieHus 3TOM 3a/1a4uu, COCTABISIETCS pacIIupeHHas 1eneBass QyHKIUs -
['aMuIBTOHMAH CUCTEMBI:

H = e=3:(0,f, (k ))+i¢-(—z-k-+ie £k (1+ 5.11
2J2(K3 i 110i111 Y1) (5.11)
i=0

B HeMm kaxkJi0e ciiaraeMoe OTBEYaeT 3a BKJIAJ B ONTUMU3AIMOHHBIA (DYHKIIHO-
HaJ, TOM WiIu uHOM (azoBoi nepemenHoi. ConpsikeHHbIe iepeMeHHble P; = 0 TeHe-

., dk;
BBIC IICHBI CEKTOPOB, YMHOXKAIOTCS Ha TPUPOCT HOHIOBOOPYKEHHOCTEH d—t‘ (o dazo-

BBIM KOOpAMHAaTam K;), ¥ 3aTeM CyMMUpPYTcs. Ha KakaoMm 3Tame 3KOHOMUYECKOTO
pOCTa 4acTh COMPSHKEHHBIX MEPEMEHHBIX Oy/leT 0OpaiiaThCs B HOJIb U COOTBETCTBYIO-
[Ue cjaaraeMble He OyJIyT YUUTHIBATHCS B CyMME JJIsl BRIYMCIICHUSI PACITUPEHHOTO I1e-
JIEBOTO KpUTEPHUS.

Kpome Toro, B 3amade 111 MOHOTOHHOTO pocta (5.11) H — pacumupeHHoro 1ie-
JIEBOTO  KPWUTEpHsS, JIOMOJHUTEIHLHO TMOTpeOyeTcssi MOHOTOHHBIM POCT  BCeX
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. dk; . . .
($hOHTOBOOPYKEHHOCTEN CEKTOPOB d—tl > 0, Torga ¢ KaXKJa0il HOBOM UTepaIueit 3Haue-

HUE IIEJICBOT0 KPUTEPHs OyeT OOJIbIIe, YeM Ha MPEAbIAYIICH HTCPALIHH.

Jlns1 onpeneneHrne TEXHOJIOTHYECKOTO ONITUMYyMa B MPEATOI0KEHUN PAaBEHCTBA
MIPOTIOPIINI TPYAOBBIX U MHBECTUIIMOHHBIX PECYPCOB BBEIEM IMapaMeTp h XapakTepu-
3YIOIIUM JTOJTIO TTOTPEOUTEIBCKOTO CEKTOPa B OCTaTOYHBIX OT Sp, pecypcax:

6o =1 -hA-sy), 0o = 51, 0o = h(1 —sy),
so =1 =h)(1 —sy), Sty s, = h(1 —sy),
T.€. paKTUUECKU BEAYIIUM ITapaMEeTPOM CUUTAEeM ITapaMeTp S;, a BAPbUPOBAHKUEM T10 1,
ompeaesieM ONTUMAJIbHBIE MPOMOPIIMH MEXKTy HYJIEBBIM U BTOPBIM cekTopamu. Toraa

BBIHYCKI/I KaXa01ro CGKTOpa MOFYT 6BITB 3aIlMCAaHbI B BUJC:
Xo %o

Aoqy
Xo = Bo(1 — R)(1 = s;)s, ", ta1e By = AgA; A~ %) T- (5.13)
1 : = o %0
x; = Bys, —h rje 31 = A, A1 (5.14)
— ‘11 1“‘211 a fth
x, = B,h(1 — Sl)S ,Tae By, = A,A; AT AT @ (5.15)

[ToxcTaBisas 3TH BeIpaXKEHUS B YpaBHCHUE MAaTePHUAIBHOTO OaaHca, IMoxydJaeM
ypaBHEHHUE Ha /:

1—(10
1—bys. M1 —s)2 a, B;
h(sy) = ! (a_a 1) taeb; = ————, i=12.
T2 (1—ag)By’
1+bys,
®Oyukius h(s;) yosiBaet, HaunHas co 3HadeHus h(0) = 1 u 3akaHuYUBas HyJie-
1-ag

BbIM 3HaueHueM h(5;) = 0, ompenessieMbIM U3 ypaBHEHUS blsl1 1 =(1-sy).

[ToacraBnsiemM perieHne 3TOr0 YpaBHEHUS B BBIPAKEHHS JIJIS YICIBHBIX BBIITYC-
KOB CEKTOPOB, X, X1, Xy , HOTydaeM GopMyItbl Ui Xo(S1), X1(S1), x2(51).

BbrunciuM Ha OcHOBe ATHX (DOPMYIN, NMPH Pa3HBIX 3HAUCHUSX S;, 3HAUCHHUSI
h(s1),x0(s1),x1(51), x5 (s1). st HaIIAX VCXOIHBIX JAHHBIX
ap, = 0,33; a; = 0,29; a, = 0,45 — xkoahHUIMEHTHI TPSIMBIX MaTepUATBHBIX 3aTPaT
CEKTOPOB.

B pesynbrare BbIOpaHO 3HaYeHHE Hambojee OIU3Koe K ONTUMAILHOMY, BbIJE-
aeHo 3eneHeM, s; = 0,234; 67 = 0,168;h = 0,6,1l = 0,76. T.e. B 3TOi KIETKE
HanboJIee BHITOIHOE M3 BCEX COOTHOIICHNE MEXIy 3aTpaTaMu CPEJCTB IPOU3BOICTBA
U BBITYCKOM IPEIMETOB MOTpeOIeHNs, MprUUeM 0 TIEpBOro cextopa, s; = 0,234,
OnM3Ka K paHee HalneHHoU aone s; = 67 = 0,3, koropas ObUTa TIOJydYeHa C y4ETOM
TOTO € CaMOTO OTPAaHUYCHUSI.

Torna, onTMansHOE pacmpeneneHue - TEXHOJIOTHUECKU ONITUMYM TTOTy4aeTcst
TaKHM:

so = 0,306; s; = 0,234; s; = 0,46
6, =0,452; 6; = 0,168; 6; = 0,38

3aMeTuM, 4TO JIOJIsl IOTPEOUTEIHCKOTO CEKTOpa B TPYAE W MHBECTUIHUAX S, =
0,46 6mu3ka k 1/2, yTo 00yCI0BIEHO NMEPBOHAYATILHON UTEpALIUEH.

TexXHOIOTUYECKOTO  ONTUMyMa MOXHO  OMPEICNUTh  albTePHATHBHBIM
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crioco6om. JlJis 3TOro Ha OCHOBE HAWJEHHOTO BBIIIE MPOMOPLIMOHAIBLHOTO pacipee-
JICHUS TPYJOBBIX M HHBECTUITMOHHBIX PECYPCOB MOXKEM HANUTH ONTHUMAJILHOE pacipe-
JIeJICHUE PECYpCOB MeX Iy cekropamu. [Ipudem, Oyner yuTeHa pa3HuUIlla B pacrpese-
JICHUU TPYJOBBIX M HHBECTUITMOHHBIX PECYPCOB.

Teneps TpyIOBbIE 1 HHBECTUITMOHHBIE PECYPCHI PACTIPEICICHBI TI0 CEKTOPaM He
B OJIMHAKOBBIX MPOIMOPIHAX. Toraa, BEIMYCKH CEKTOPOB 3aMMIITYTCS CISAYIONTUM 00-
pazom:

apaq
Xo = Bo(1 — IR)™%2 (1 — h)% (1 — ;)1 "%, (1 — 51)%s, ™
1 aqiay
X1 =B160;57" x, = Bl ?h(1 — )17 %07 (1 — 5,)%s ™
J{1s1 TOrO, 4TOOBI pa3pelInTh 33/1a4y OINpeAeICHUs AIbTEPHATUBHOIO TEXHOJIO-
TUYECKOT0 ONTHUMYMa BOCIOJIB3YEMCS SIBHBIM BHJIOM PEIICHUsS 3a7a4 Ha 0e3yCJIoB-
HBII SKCTpeMyM [16]:
( [ = ao(l—ay)
ay(1—ap) — (@, —ap)h
ay + aye — 04

0" = 5.16
< 1 + E— 61 ( )
* __ ao + azg - 51
[ 1T alao + a,e — a,6;’
h(a’o - lh) alxl

CET A A=)t T (1= ag)x,

Tenepr none3ysice Ghopmyiy (5.16), Oyaem BBIYUCIATH ONTUMAIBHOE pacipe-
JIeJICHNE TIPY PA3IMYHBIX MPOTIOPIHSIX TPYAa U HHBECTUIINNA MEXy ceKTopamH. B ka-
YeCcTBE HAYaJIBLHOTO MPUOMIKEHUS, BO3bMEM paHee HalJeHHbIE ONTHMAaJbHBIE MPO-
nopuuu: s = 09 = 0,55; h = 0,534; 1° = 1 — T1.e. paBHbIe 107U TPyJa U UHBECTH-
UH.

B, =90,16; B; = 51,59; B, = 65,16;

@pay
Xo = Bo(1 = IR)1 ™% (1 — 6;) 700, % (1 — 5;)%s,
1 uap
X1 = B160:5.% x, = Byl T2R(1 — 0;) 100 (1 — 5,) %25
a, = 0.33; a, = 0,29; a, = 0,45;
a, = 057,40 = 1,727; oy = 0,674,A, = 0,48; a, = 0,669, A, = 0,628.
JlaHHBIE O paCUETHBIX 3HAYEHUSX BBIIIYCKOB, U IOJIEN PECYPCOB, HAWIEHHBIX I10
3aIaHHOM UTEPAITMOHHON MpoLeIyp, 3aHeceM B Ta011.5.4.
Tabnuua 5.4. Pe3ynbTaT uTepanioHHoi npoueaypsl (5.16) npu pa3Hbix 3Haye-
HUSX Sq, [, h.
S1 0, [ h 1—th|1-h|1-6;|1-5s;| s™
0,56 | 0,56 1 0,5837 | 0,4624 | 04532 | 0,54 0,54 | 0,5132
0,3456 | 0,1834 | 0,7724 0,7 0,4521 0,5 0,9213 | 0,7754 | 0,1956

JIns ompeneneHuss ONTUMAIBHBIX MPOIMOPIUNA MEXAY CEKTOpAMHU JWHAMHUYE-
CKYI0 MOJIE/Ib TPEXCEKTOPHON SKOHOMHUKHM HEOOXOIUMO MPUBECTU K €€ CTaTUUYECKOMY
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aHajory. JTo JelaeTcs B MPEANoJIOKEHNUH, YTO BCE CEKTOPa HAXOIATCS BOJIUM3U CBOUX
CTAIMOHAPHBIX COCTOSIHUM. B 3amanHo# mocTaHOBKE 3a/1aun TPeOyeTCsl MaKCUMU3H-
pPOBaTh BBITYCK MPOMYKIIUHA MOTPEOUTEITHCKOTO CEKTOpa, B pacueTe Ha OJHOTO 3aHs-
TOTO YeJIOBeKa pab0TOCTIOCOOHOTO HACEJICHUSI.

S;0,(1+y, 2

J = max 0,f,(k3) = max6,A, (——Al(kf)“l) )
\9-;;—; 92 A

rae 0; — nons I — ro CeKTopa B pacnpeeeHud TPYIOBBIX PECYPCOB, S; — O [ —
ro CEKTOpa B pacIpenecHUH HHBECTUINH, A — mapaMeTp u3Hoca (POHIOB, C YIETOM
pOCTa HaCeJICHUS, M YCTapeBaHMs KaluTala, f; — MPOU3BOJACTBEHHAs QYHKIMS [ — IO
CEKTOpa, Y1 — KBOTa Ha BBO3 MHBECTUIIMOHHBIX TOBAPOB.

B kadecTBe Mpon3BOJACTBEHHBIX (DYHKIIHI CEKTOPOB ObLIN B3ATHI pyHKIIMU CES
paccunTaHHble aBTOpoM Ha AaHHbIX 2000-2021 romos.:

— U1 MaTepuaibHOrO cextopa fo = 1,727 - k8’57 ;
— it poHI0co3aatomero cekropa f; = 0,48 - kf'674 ;
- JUTs MOTpeduTenbekoro cexkropaf, = 0,628 - kg‘67.

Koad¢puureHTsl 31acTUYHOCTEN CEKTOPOB ¢, a Takke KOAI(P(ULIHUEHTHI HEW-
TPaJIbHOTO TEXHOJIOTMYECKOTo nporpecca A;, Ha ocHoBe naHHbix 2000-2021 roga:

a, =0,57, Ay=1727; a; =0,674, A;=048; a, =0,669, A, =
0,628.

A.
B kxauectse koaddumentos B; = —-

A%
M3HOCa (POHJIOB MO CEKTOPaM, C y4eTOM (PU3HUECKOTrO ycTapeBaHus (OHAOB U MPUPO-
cTa HacesneHus. Bo Bcex cekropax Jyisi MPOCTOTHl CYUTAEM €0 OTHUM U TEM XKeE:
1,727 0,48 0,628

0— W = 9,525, Bl = W = 3,615, BZ = W = 4-,659

[Tocne vero no gopmynam anga D; (15),(16),(17) HaxomuM MOCTOSHHBIE Tapa-
METpbl MaTepHaJIbHOTO OajaHca:

D, =3,188; D, =0,31; D, =0,209
Jlanee npsiMbIM cueToM momydaeM 8, (Sg):

1
6o (s0) = 1375 (5.22)

So
1+ [0,097 - (1 — 54)%89 + 0,066 - (1 — 5,)0874]2.325

MakcuMu3supyem BbIpaKEHHUE:

as
h(so) = [(1 = 8o(s0)](1 = $0) 1731 = [(1 — By (so)] - (1 — 50)*7°?
Bce nmpenpiayiiye BoIpaXKeHHs BBIYMCIIAETCS C IIOMOIIBIO DJICKTPOHHBIX TA0JIHII
tuna Microsoft Excel ¢ MasbiM 1m1arom AUCKpETHOCTH T10 Sy. 3aT€M HaXOIUTCSI MaKCH-
MyM BoIpakeHus h(s,). [lanHbie pacderoB 1ieneBoit pyHkuun h(S,) 3aHECEHBI B
Tab:n.5.6.

Tabmuia 5.6. 3HaueHus neaeBoil pyHkIwH h(s,)

So 0,05 0,06 0,07 0,08 0,09 0,1 0,11

rme A =u+v=005— roxpdumuent
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h(sy) 10,529 |0,572 | 0,603 |0,623 |0,636 | 0,6441 | 0,6475
So 0,12 0,13 |0,14 0.2 0,3 0,4
h(sy) | 0,6476 | 0,6449| 0,6402 | 0,5865 | 0,4648 | 0,3446

Maxkcumym nocturaeTcss npu 3HaueHun Sp; = 0,12. 3arem HaxomuTcs O =
0,158 u onpexnensitoTcs AOAU OCTATBHBIX CEKTOPOB:

01 = az(1 —6y); s1 = a,(1—sp)
0;=(1—az)(1—0p); s;=(1—a;)(1—sp)

Hcnone3yst 3Tu GOpMYIbI JIETKO HAXOTUM:

s; =a,(1—5s,) =0,669-0,88 = 0,588.
s;=(1—ay)(1—s,) =0,331-0,88 =0,291.
0y = a,(1—-6,) =0,699-0,842 = 0,5632.

0, =(1—-a,)(1 -6, =0,331-0,842 = 0,279.

Wrak, BRIYKCICHO ONTUMAIbHOE pa30UeHUE 110 CEKTOpaM Tpyda U UHBECTHUITUH:

so =0,12; sy =0,588;, s;=0,291.
6, =0,158; 6; =0,5632; 6; =0,279.

@DakTUYECKH, 3TO ONTUMAJbHBIE NPOMOPLHH MEXKAY CEKTOpaMHU, KOTOPbIE
JOJKHBI YCTAHOBUTBCSI K MOMEHTY E€PEX0Jia TPEXCEKTOPHOU SKOHOMHUKHU B CBOE CTa-
LIUOHAPHOE MOJIOKEHUE.

Monenupys B cucteme MS Excel, Haxogum, yTo oOmiee Bpems MepexoHOTO
nporecca cocrapusieT t* = 14. [IpudeM COOTHOIIEHHE MEXTY dTaramu, TPUMEPHO
paBHoO: 0,416 x 0,584. T.e. nepBsIil 3Tall 3aHUMAET § JIET, @ BTOPOIl CIEIYIOMINNA 32 HUM
6.

Takum 00pa3oMm, MOCPENCTBOM MPEIIOKEHHOIO MEXaHW3Ma CHadajia Oyaer
yCTpaHEeHa OoTpacieBasi IUCIPONOPLUs B MaTEPUAIBHOM CEKTOpPE U pa3BUT (POHJI0CO-
3MIAOLIAN CEKTOP. DTOT ITAIl JJIUTCA TPUMEPHO 6 JIEeT. A 3arem, erie yepes 4 1eT CBOux
ONTUMAJIBHBIX 3HAYEHU JOCTUTHYT (DOHIOBOOPYKEHHOCTH MOTPEOUTETHCKOTO CEK-
Topa (Ha BropoM dTare). [Tpudem pocT PoHAOBOOPYKEHHOCTH OYAET CYIIECTBEHHBIM,
B COOTBETCTBUU C BBIIIIE OTOBOPEHHBIMU MTPOTOPLIUSIMHU.

Bce aTo mpousoiiger Omarogapsi MCMOIb30BAHUIO ONTUMAJIBHON CTPYKTYpPHOH
nonutuku. CekTopa mpu 3ToM OyayT pacTu cOaJaHCUPOBAHO U B 3aKIIOYHTEIHHBIN
MOMEHT MEPEXOIHOTO Ipoliecca pecypchl OyayT pacnpeesieHbl B COOTBETCTBUH C OTI-
TUMaJIbHBIMU 30JI0TBIMH MIPOTIOPITUSMU. A CEKTOpA TOCTUTHYT MPU ITOM CTallUOHAP-
HBIX 3HAUCHUH (OHIO0BOOpYKeHHOCTeH: ky = 146,6, ki = 221,7, k; = 251,6.

K 3Tum 3HaueHusiM OynyT CTpeMHUThCS 3Ha4Y€HUs (HOHIOBOOPYKEHHOCTH B Te-
YEeHUU MPOUCXOASAIIMX TMEPEXOIHBIX MPOLECCOB. 3HAYUTEIBHO OTIWYAIOLIUXCA OT
CBOMX HayanbHBIX: kg = 43,22, kY = 14,7, k9 = 27,5.

1. YckopeHHBIi 3Tan 3KOHOMHYECKOTO POCTa

Hcxonst u3 TeopeTHuecKux cooOpakeHUit, U3J10KEHHBIX BO BTOPOH IJ1aBe, MpH-
OpUTETHOE 3HAYEHUE Ha MEPBOM ATANe ONTUMAJIBHOU TPACKTOPUU IKOHOMHYECKOTO
pocta oTBoaUTCs QoHIa0CcOo3AatoEeMy (mepBoMy) cekropy. C MaTeMaTHYECKON TOUKU
3peHus 3TO 00yCIIaBIMBAETCS TEM, YTO MOHOTOHHBIA POCT BCEX TPEX CEKTOPOB BO3MO-
KEH TPH CIIEAYIOLIEM PACKJIajie Ha CKOPOCTU pocTa (POHIOBOOPYKEHHOCTEH:

=0, 22>0, 22=0.
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T.e. pacTeT TOJIBKO MEPBBI CEKTOp, a MarepUalIbHbI U MOTPEOUTENBCKUIA CTaIHO-
HapHBI.

BapuaHT cTpyKTYpHOI IOJMTUKH Ha IEPBOM 3TAIE€ 3KOHOMUYECKOTO pOCTa MPH-
BeJIeH B Tabnule 5.9 u Ha pucyHke 5.9.

Tabnuma 5.9. CTpykTypHas NOJIMTHKA HA IEPBOM 3TaIe pocTa

2016 | 20017 | 20018 2019| 2020 | 2021 | 2022 | 2023 | 2024
So 0,65 | 0,56 0,49 0,41 |0,33 0,23 |0,23 0,23 0,23
S 0,12 1022 1031 |04 |0,49 0,6 |06 0,6 0,6
5, 023 022 |02 [019 018 [0.17 0,17 [017 0,17
OnmumaneHbIt pocm S ;
0,6 \\ = L —
05 ——— SO
® 04 S
= - D]
S
:E 03 '// \ N . . & SZ
0 T | | | I T | | |

2016 2017 2018 2019 2020

200

2021 2022 2023 2024

PucyHok 5.9. YcraHOBKa ONTUMalIbHBIX MAPAMETPOB paCTIPEIEICHUS UHBECTH-
M HAa IEPBOM JTaIle pocra

[Ipu HaYaIbHBIX 3HAYCHUSIX: kQ = 43,22, kf = 14,7, k9 =27,5. Te.Ha nep-
BOM JTare pa3BUBaeM MEPBbIN CEKTOP (POHI0CO3 A0 ), a MATEPUATBHBIN U TTOTPE-
OUTENbCKUI IEPEeBOAMM Ha HOBBIC 3HAYCHMUSI.

2. Dran 3aMeJIEHHOT0 pocTa

Wrak, Ha Bropom dTarne (3aMeIJIEHHOTO POCTa) HYKHO TOJAePKaTh JOJIO S, CEK-
TOpa HA HOBOM ONTUMAaJbHOM 3HadyeHud S; = 0,234, KOTOpoEe OTIMYaAETCs OT MPeXK-
Hero §; = 0,6 Ha mepBOM 3Tare. ITO AeNAETCS TOIBKO JJIsl TOTO, YTOOBI IO IEPKUBATh
CEKTOp Ha JIOCTHTHYTOM CTAaI[HOHAPHOM COCTOSHHH kj. A C TIOMOIIBIO OCBOOOIMB-
HIMXCS PECYPCOB HAPAUIUBATh JIOJI0O B MHBECTUIUAX Y MOTPEOUTENHCKOTO U MaTEpH-
aJILHOTO CEKTOpa.

Ha sTtom 3Tane noss Tpyl0BbIX peCypCOB IIEPBOrO CEKTOPA BCE ELIE NOAIEPKHU-
BaeTCs Ha MaKCHMaJbHOM ypoBHe. 8 = 0;. Ilocne BTOpPOro mepekioueHus K HHBe-
CTULIMOHHBIM peECypcaM MPUCOEIUHSIIOTCS U TPYAOBBIE.

3. 3aKJIFOUNTENBHBIN ATaIl POCTa

dk
Ha tpetbem aTane, OyaieT BHIMOIHITHCS COOTHOIIEHUE d—tz > 0, mpu paHee J10-

dk
CTUTHYTOM CTallMOHAPHOM COCTOSIHUH NIEPBOTO CEKTOPA d—tl = 0. Kpome Toro, Ha 3TOM

32



JTare, MPOU30KICT MEPEKITIOYCHNE 10 TPYAY, U YCTAaHOBUTCS OKOHUYATEIHHOE ONTH-
MaJIbHOE 3HAYCHHUE JJIS TIEPBOTO CeKTopa 61 = 6.

3AKJIIOYEHUE

[To uToram nuccepTalMOHHOTO MCCIIEIOBAHUS MOJMYUYEHBI CICAYIOIINE PE3YIIb-
TaThl, 00JaAAI0NIEe HAyYHON HOBU3HOM:

— JlokazaHo, 4TO, B3aUMO/JICHCTBUE CTPYKTYPHO-(PYHKIIMOHATBHBIX CBS3€H MO-
Ka3bIBAET, YTO, HA PA3JIMYHBIX ATallaX Pa3BUTHUS Ka)xaas U3 HUX IMOOYEPEIHO UIPAET
JOMHUHHUPYIOIYIO POJIb U HAOII0aeTCsl COOTBETCTBUE CTPYKTYPHI U (DYHKIIUU U HAJIH-
yyue B MAaKpOOKOHOMHYECKMX CHCTeMax. Pa3sBUTHE MAaKpOIKOHOMUYECKUX CHUCTEM
HEOOXOJMMO pacCMaTpUBATh KaK MOCIEI0BATEIIbHOCTh ONMPEACIECHHBIX CTPYKTYPHBIX
M3MEHEHUM.

— Pa3BuTHE SKOHOMHYECKON CHCTEMBI €CTh PE3YJIbTaT ONPEICICHHBIX CTPYK-
TYpPHBIX U3BMEHEHUH U CTPYKTYPHO - PYHKIIMOHAIBHBIX B3aUMOJICUCTBUH, TO €CTh MaK-
PODKOHOMHUYECKOE Pa3BUTHE SBIECTCS PE3YyJIBTATOM IIOCIEA0BATEIBHOCTH OIpese-
JICHHBIX CTPYKTYPHBIX U3MEHEHUHN.

—  HccnenoBaHo U NPEIIOAKEHO MOHATUE IBYEIMHCTBA CTPYKTYPHO-(QYHKIIHO-
HaJIBHOT'O Pa3BUTHUS, YTO MO3BOJIMIIO pa3paboTaTh aJeKBaTHYI0 MaTEMAaTUYECKYIO MO-
JIeJ1b YUYUTHIBAIOIINE CTPYKTYPHBIE U3MEHEHUS U CABUTH pacCMaTpUBaTh KaK aBTOHOM-
HBIE MPOLECCHl BHYTPU YKOHOMUYECKUX CHCTEM, CO3AaJIa BO3MOKHOCTH MOCTPOCHHUS
JUHAMUYECKHUX MOJIENIEN CTPYKTYPHBIX U3BMEHEHHU U S KOHOMUYECKOTO POCTA.

— OO060CcHOBaH HOBBIX MOJX0Jl U METOAOJIOTHYECKHE IPUEMBI B YACTH MaTeMa-
TUYECKOTO MOJICTTMPOBAHUS HA OCHOBE MHOTO(AKTOPHBIX MPOU3BOICTBEHHBIX (PYHK-
IIUH MOCTOSHHOM A1acTuYHOCTH 3aMeHbl (CES) B MecTo mpou3BOCTBEHHBIX (DYHK-
nuit Ko60a - [lyriaca, 1uist aHaimu3a BO3/IEHCTBUSI CTPYKTYPHBIX MEXaHU3MOB Ha Mpo-
1[ECCBhl DKOHOMHYECKOTO POCTA.

— PazpaboTan KoHUENTYyalIbHBIN NOIX0]I K PACCMOTPEHUIO SKOHOMUYECKUX CH-
CTEM KaK HEJIMHEWHBIX, HEJIETEPMUHUPOBAHHBIX U HEPABHOBECHBIX 00pa30BaHUi, s
KOTOPBIX MPUCYIIH SBICHHUS HEPABHOMEPHOCTH M CTOXaCTUYHOCTH.

— IloctpoeHo cucreMa MaTeMaTHUECKUX MOJIENIEH, O3BOJIAIONIAs 00ECTIEUUTh
dbyHIaMEHTAIBHOE HMCCIIEIOBAHUE CTPYKTYPHBIX W3MEHEHHM, OIICHUTh HAMpPaBIICH-
HOCTb M KQU€CTBO CTPYKTYPHBIX CABUIOB, a TAKXKE MOIYUYUTh KOHKPETHBIC YUCIOBBIC
napaMeTpbl CTPYKTYPHBIX U3MEHEHUN OTPacleBOr0 M TEXHOJIOTUYECKOr0 XapakTepa,
C LIEJIbIO JOCTHKEHUS CTPYKTYPHOI cOaJaHCMPOBAHHOCTH Ha MaKpO3KOHOMUYECKOM
YPOBHE.

— OO0ocHOBaHa MPUMEHEHUE TPEXCEKTOPHON MaTeMaTUUYEeCKON MOJIEIHN Ha OC-
HOBE MHOTO()AaKTOPHBIX MPOU3BOACTBEHHBIX (DYHKIMI MOCTOSTHHOM 3JaCTUYHOCTH
3amenbl (CES) g ananusa pa3Butus s3xkoHOoMuuecknx cucteM KP, cormacHo xkoTo-
POM Ka4eCTBO H3KOHOMUYECKOTO POCTA ONPEAEIACTCS MPEKIE BCErO YEPE3 €r0 CTPYK-
TYpY, a TEMIIBI SKOHOMHYECKOTO POCTa HAMPSIMYIO 3aBUCST OT XapakTepa CTPYKTyp-
HBIX U3MCHCHUI;

— IlIpoBenena amantauus u Bepudukanus pazpadOTaHHBIX B MATEMAaTHYECKHUX
MOJENEN OLEHKHA CTPYKTYPHBIX CABHUIOB, 4YTO TO3BOJIAJIO OIPEAEIUTh TECHOTY
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peaIbHOM B3aUMOCBSI3H MEKIY CTPYKTYPHBIMU U (YHKIIMOHAJIBHBIMU XapaKTEPUCTH-
KaMH 3KOHOMHKH, a TAKXKE MPEJIOKUTh NPAKTUIECKUE PEKOMEHAALNH 10 JTOCTHXKE-
HUIO CTPYKTYPHOU COAIaHCHPOBAHHOCTH MAKPOIKOHOMUYECKHX CUCTEM.

— Pa3paboTanbl MaTeMaTHYECKHE MOJIENH MOKA3bIBAIOILNE, UTO, TEMITBI SKOHO-
MHUYECKOI'0 POCTa HEMOCPEICTBEHHO CBA3AHBI CO CTPYKTYPHBIMH XapaKTEPUCTHKAMU
DKOHOMHYECKON CHCTEMBI B LIEJIOM.

— IlocTtpoeHHble MaTeMaTHYECKUE MOJENN U C(HOPMUPOBAHHBIE METOJUUECKHE
HOJIXO/bl U MO3BOJISIIOT pa3paboTaTh CUCTEMBI MOJAENEH CTPYKTYPHBIX CIIBUIOB JJIS
IPUHATHSA PEIICHUH MO COATAaHCUPOBAHHOMY POCTY SKOHOMHUKH CTPAHBI.

— IlpennmoxkeH HOBBIM KJIACC HEJIMHEWHBIX MAaTEMAaTUYECKUX MOJEIIEN Ha OC-
HOBE MIPOM3BOJICTBEHHBIX (DYHKIIMH MEpEMEHHON 3acCTHYHOCTHIO 3aMeHs! (VES) B3a-
UMOCBSI3U CTPYKTYPHBIX U3MEHEHUI K SKOHOMUYECKOT0 pOCTa.

— IlomyueHHble pe3yabTaThl B X0J1€ UCCIAEAOBAHNUN, MOTYT ObITh HCIIOJIb30BaHbI
IpU pa3pabOTKe U COBEPILIEHCTBOBAHUH METO0JIOTUN MAKPOIKOHOMUYECKOTO TIIaHU-
pOBaHMsI M YIIpaBJIeHUs, IPH GOPMUPOBAHUHU PECITYOIMKAHCKUX U PErMOHANIBHBIX IPO-
IpaMM 5KOHOMHYECKOTO M TEXHOJIOTMYECKOro Xapakrepa. Peanuzanus mpemyioxeH-
HBIX [OJIX0I0B MOJEIMPOBAHNS CTPYKTYPHBIX H3MEHEHUI JTOJKHA COJIEHCTBOBATH Ka-
YECTBEHHOMY YJIYUYIIEHUIO CTPYKTYPHOU cOaIaHCUPOBAHHOCTH HA OTPACIEBOM U TEX-
HOJIOTHYECKOM YPOBHSIX, OOECIEUEHUIO0 MPAKTUYECKON B3aMMOCBSI3U MEXIY CTPYK-
TYPHBIMU U3MEHEHUSIMU U IPOLIECCAMH SKOHOMUYECKOTO Pa3BUTHS.

INPAKTUYECKHUE PEKOMEHJALIMN

JuccepraniioHHas paboTa UMEIOT 3HAYUTEIBHYIO MPAKTUUYECKYIO0 I[IEHHOCTD.
Peanuzanus npemyioxeHHbIX MOIX0A0B METO0JIOTUN MOAECIUPOBAHUS CTPYKTYPHBIX
W3MEHEHUM JT0JKHA COJIEMCTBOBATH KAUYECTBEHHOMY YJIYUIIICHUIO CTPYKTYpHOU cOa-
JJAHCUPOBAHHOCTH HA OTPACJICBOM M TEXHOJOTHUYECKOM YPOBHSIX, 00ECIIEUEHUIO MpaK-
THUYECKOW B3aMMOCBSI3M MEXK]y CTPYKTYPHBIMU U3MEHEHUSIMHU U MPOIECCAMHU SKOHO-
MHYECKOTO POCTA.
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Yopoer Kauabidektnn 05.13.16 — 3cenTee TeXHUKACHIH, MATEMAaTHKAJBIK
MOJeJICIITHPYYHY KaHA MATEeMaTHKAJBIK MEeTONJAOPAY WIMMHUH W3WJI166J16P16
KOJ/IOHYY (MJIMMJAMH TapMakTapbl 00HHYAa) aaucTUru O0owH4Ya ¢Qusnka —
MATEeMATHKA WJIMM/JIEPUHUH [AOKTOPY OKYMYIUTYYJIYK JdapaskacblH W3AeHUI
ajqyyra yY4yH '"'DKOHOMHMKAJIBIK CHCTEeMAJAPABIH TY3YMAYK 63repyYy/JepyH
TAJIJT00HYH MAaTeMATHKAJBIK MOJEJJIepPH KAaHA METONI0PY 3 KaHa 00KOMOJIY
(Kpiprei3  PecnmyOnMkachblHBIH ~ MHCAJBIHAA)'"  TeMagachblHAQ  KA3bLITaH
JUCCEPTAUMACHIHbIH
PE3IOMECH

YpyHTTYyy co3aep: Maremarukaigblk METOLNOp >KaHa MOZAENIEP, TY3YMIAYK
©3repyyJiep, SKOHOMHUKAIBIK TYTyMIap, Y4 CEKTOPAYK MOJAENb, ONTUMAJAYyY
Oalkapyy, MaTpULIAJILIK MOJIETIACP.

N3unnee oObEKTUCH KaTapbl TYPYKTYY 3KOHOMHKAJBIK OCYII MOJICIMHE OTYY
’KaHa ara bUIaWbIK SKOHOMHUKAHBIH TY3YMYH TY3YY MEHEH OallaHbIUTYy KEJHII
YbIKKaH YIYTTYK SKOHOMHUKAaHBIH TY3YMJIYK ©HYIYY MPOLECCHMH KapaaJar.
W3ungeeHyH npeaMeTu 0071y MaKpOAIKOHOMHUKAJIBIK cUCTEMasiap O0IOHYA TyPYKTYY
HKOHOMUKAJIBIK ©CYIL MOJIETTMHE 6TYY MEHEH OAJIaHBIIITYY KEJIUI YbIKKAH TY3YMIYK
e3repyysiepre 0aa OepyyHYH MaTeMaTUKaJIbIK MOICIJACPUH HUIITEN YbITYy OO0yl
CaHaJIaT.

JuccepranMsiyiblKk  HIITHH Makcarbl. [luccepranusiiblk  M3WIAOOHYH
MaKCaThI-yJIyTTYK SKOHOMUKAHBIH TY3YMAYK ©3repyyJiepy MEHEH o3 apa OaiijlaHbIIITa
TYPYKTYy OCYLIYH TaJJJ00 *aHa OOJDKOJ00 YUYYH MaTeMaTHUKAJIbIK MOJEIIN JKaHa
BIKMAJIAP/IbI UIITEN YbITYY.

NM3uianee metomaopy kaHa anmaparypa: MaTeMaTUKAIbIK —MOJEINJIe0
BIKMAJIAPbl, MAaT€MaTHKaJblK aHAJW3IUH JJIEMEHTTEPH, KOPPEISUUSIIBIK JKaHa
PErpECCUSIIBIK aHAIM3AUH bIKMAJIAPbl, SKOHOMETPUKAIBIK METOIOP.

AJIBIHTaH HATBINKAJAP KAHA KAHBLIBIK: U3WII0OHYH KYPYIIYH/® alblHIaH
TEOPUSIIBIK, METOIOJOTUSIIBIK KaHa METOJUKAJIBIK HAThIKallap MaKpOIKOHOMHUKAJIBIK
IUTAHAAIITBIPYY JKaHa OOJDKOJII00 METOAOJOTHMSICBIH MINTEN YbITyyda KaHa
OPKYHIOTYYAO, HSKOHOMHUKAJIBIK OHYTYYHYH pECIyOJUKalblK »aHa PErHOHIYK
IPOrpaMMaIaPbIH TY3YY/AO KOJIOHYIYIly MYMKYH.

Ty3yMayk esrepyylieply MOAEIIe6 METOMOJIOTHUSACHIHBIH CYyHYII KbUIBIHTAH
BIKMajapblH WIIKE alllbIpyy TapMaKTbIK >KaHa TEXHOJOTHSJIBIK JEHIIAIIAEpe
CTPYKTYpajblK TEH CaJIMAKTYYJIYKTy CalarTyy KakMIbIPTyyra, CTPYKTYpaJbIK
©3rOPYYJIOPAYH OPTOCYHIATbl MPAKTHKAIBIK ©3 apa OaiJIaHBIIITHl KaMChI3 KbLTyyTa
KOMOK KOPCOTYILY KEpeK

Konmonyy 00wH4Ya KOPCOTMOJIOP: AQJIBIHTAH WIMMHUA O KbIUBIHTHIKTAP/IbI
HYKOHOMUKAJIBIK OHYTYYHY OOJDKOJII00/I0 JKaHa TUIaHAAMITRIPYYa, HHBECTULIASIIAPIbI
KaHa dSMIeK pecypcTapblH OOIYLITYPYYAO KOJIJIOHYYHY CyHYIITAaiOBI3.

Kosnonyy ueiipecy: ajblHIaH HaThlikKanap HSKOHOMMKAJBIK MPOLECCTEPANH
MaTeMaTUKalIblK MOJENA06 TEOPHUSIChIH, SKOHOMHUKAJIBIK TYTYMIApAbIH TY3YMIYK
©3repYYJIOPYH TOITYKTAMT.
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PE3IOME

nucceprannu Yopoesa Kanbioeka Ha Temy « MaTeMaTu4ecKne MOAEJIN U METOABI
aHAJIM3a, M IPOTrHO3a CTPYKTYPHbIX H3MEHEHNH IKOHOMHYECKHUX CHCTeM (Ha mpHu-
Mepe Kbiprbizckoii Pecny0jnKkn)» npeacTaBjieHHOM HA COMCKAHME YY€HOH cTe-
NMeHM A0KTOpa PU3NMKO — MaTeMAaTHYeCKUX HAYK Nmo cnenuagbHocTtu 05.13.16 —
NPUMEHEHNE BIYUCIUTENbHON TEXHUKH, MATEMATHYECKOr0 MOJACJIUPOBAHUA U
MaTeMATHYeCKHUX METO0B B HAYYHBIX HCCJIEI0BAHUAX (110 OTPACIAM HAYKH)

KuiroueBrble ci10Ba: MaTeMaTUUECKUE METOJBI U MOJEIIH, CTPYKTYPHbBIE H3MEHE-
HUS, SKOHOMUYECKHUE CUCTEMBI, TPEXCEKTOPHAsA MOJIENb, ONTUMAIBHOE YIPABICHUE,
MaTPUYHbIE MOJIEIH.

B kauecTBa 00bEKTOM HCCJIEIOBAHMS PACCMATPUBAETCS IMPOLIECC CTPYKTYp-
HOT'O Pa3BUTHS HALIMOHAJIBHON SKOHOMUKH, BO3HUKAIOUIUE B CBA3M C IIEPEXOIOM K MO-
JIEIN YCTOMYMBOr0 SKOHOMHYECKOT0 pocTa U (DOPMUPOBAHUEM COOTBETCTBYIOIIEH €1
CTPYKTYPbI 5KOHOMUKH.

IIpenmeroM ucciaenoBanus pa3zpaboTKa MaTeMaTHYECKUX MOJENIEH OLEHKU
CTPYKTYPHBIX U3MEHEHMI, BO3HUKAIOIIHNE B CBSI3U C NEPEXOJAOM K MOJEIH YCTONYH-
BOI'0 SKOHOMHUYECKOTO POCTa B MAKPOIKOHOMHUYECKUX CUCTEMAX.

Heab puccepranmonHoi padoThl. Lens quccepTallMOHHOIO UCCIIEIOBAHUS 3a-
KJIIOYaeTcsl B pa3pabOTKe MaTeMaTUYeCKOW MOJEIN U METOJOB JJIsl aHAJIM3a U MPo-
THO3a YCTOMYHMBOTO POCTa HAIMOHAJILHOM SKOHOMHUKH BO B3aUMOCBSI3U CO CTPYKTYp-
HBIMU U3MEHEHUSIMU B HEH.

Metoabl ucc/IeIOBAHUS M aNIAPATyPa: METOAbl MATEMATUYECKOTO MOJEIUPOBA-
HUSI, SJIEMEHTBI MATEMaTUYECKOT0 aHAJIH3a, METO/TbI KOPPENSLIMOHHO-PErPECCHOHHOTO aHa-
7133, SKOHOMETPHYECKUE METOIBL.

IHosry4eHHble pe3y/ibTaThbl U HOBU3HA: TEOPETUYECKUE, METO/I0JOTHYECKUE U
METOJMYECKHUE PE3YIIbTaThl, OJIYYEHHBIE B XOJI€ UCCIIEIOBAHUS, MOTYT ObITh UCIIOJIb-
30BaHbI P pa3pabOTKe U COBEPILIEHCTBOBAHUH METOOJIOTUU MAaKPOIKOHOMHUUECKOTO
IUTAHUPOBAHMS U IPOTHOZUPOBAHMSL, TPU (POPMHUPOBAHUM PECITYOIMKAHCKUX U PETHO-
HaJbHBIX IPOrPAMM 3KOHOMHUYECKOI'O Pa3BUTHS.

Peanu3anus npemyioxkeHHbIX MOAX0A0B METOJIOJIOIMU MOJAEIINPOBAHUS CTPYK-
TYpPHBIX U3MEHEHUI TOJKHA COJAEHCTBOBATh KAYECTBEHHOMY YIIYUIIEHHUIO CTPYKTYp-
HOW cOaJlaHCHPOBAHHOCTH Ha OTPACIEBOM M TEXHOJIOTMYECKOM YPOBHSIX, oOecreue-
HUIO MPAKTUYECKOW B3aUMOCBS3M MEXIY CTPYKTYPHBIMM U3MEHEHUSIMH W TPOIIEC-
caMU HKOHOMHYECKOTO pOCTa.

PexomMeHIanuu 1mo MCNoJIb30BaHUIO: PeKOMEHIyeM HUCIONb30BaTh MOMTyYEHHBIE
Hay4HbIC pe3yJbTaThl MPH MPOrHOBUPOBAHMIO W IUIAHUPOBAHUIO HKOHOMHYECKOI'O
pa3BUTHSL, IPU pACTIPEIETICHUS] MTHBECTULIMOHHBIX U TPYIOBBIX PECYPCOB.

O0snacTh MpUMeHEHMs: TOJyYEHHBIE PE3yJIbTaThl pabOThl JOMOJHSIOT TEOPHUIO
MaTeMaTUYeCKOro MOJICIMPOBAHUS SKOHMUYECKUX MPOLIECCOB, CTPYKTYPHBIX M3MEHEHUIM
HKOHOMHYECKHUX CUCTEM.

38



SUMMARY
of Choroev Kalybek's dissertation on '""Mathematical models and methods of
analysis and forecasting of structural changes in economic systems (on the
example of the Kyrgyz Republic)" submitted for the degree of Doctor of Physical
and Mathematical Sciences in the specialty 05.13.16 — application of computer
technology, mathematical modeling and mathematical methods in scientific
research (by branches of science)

Keywords: mathematical methods and models, structural changes, economic
systems, three-sector model, optimal management, matrix models.

In the article, the object of the study is the process of structural development of
the national economy, arising in connection with the transition to a model of sustainable
economic growth and the formation of an appropriate economic structure.

The subject of the study is the development of mathematical models for
assessing structural changes that arise in connection with the transition to a model of
sustainable economic growth in macroeconomic systems. The purpose of the
dissertation work.

The purpose of the dissertation work. The purpose of the dissertation research
is to develop a mathematical model and methods for analyzing and forecasting
sustainable growth of the national economy in conjunction with structural changes in
1t.

Research methods and equipment: methods of mathematical modeling,
elements of mathematical analysis, methods of correlation and regression analysis,
econometric methods.

The obtained results and novelty: the theoretical, methodological and
methodological results obtained during the research can be used in the development
and improvement of the methodology of macroeconomic planning and forecasting, in
the formation of republican and regional economic development programs. The
implementation of the proposed approaches to the methodology of modeling structural
changes should contribute to the qualitative improvement of structural balance at the
sectoral and technological levels, ensuring the practical relationship between structural
changes and economic growth processes.

Recommendations for use: We recommend using the obtained scientific results
in forecasting and planning economic development, in the allocation of investment and
labor resources.

Scope of application: the obtained results complement the theory of
mathematical modeling of economic processes and structural changes in economic

systems.
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