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MATEMATUYECKOE MOAE/IMPOBAHUE NOKA3ATE/IEN
COLUANBbHO-9KOHOMMYECKOIO COCTOAHUA FPOAHEHCKOW OBNACTHU

cmydeHm A.C. JOPHAK
(FTpodHeHcKuli 20cydapcmeeHHbiii yHueepcumem um. SIHKu Kynanel, beaapyces)

BBeaeHume. MpoLuecc cTpaTernyeckoro naaHMpoBaHMA Pa3BUTUA PErMOHa A0JIKEeH OcC-
HOBbIBAETCA Ha 06BEKTMBHOM OLLEHKE ero CyLLeCcTBYOLWEero nonoXeHusa. MMeHHoO OT Hannuua
nogobHON afleKBAaTHOM OLEHKM HACTOALWEro 3aBUCAT Pe3ynbTaTbl, KOTOpPble MOryT 6bITb No-
Nly4yeHbl B byayuiem. B cBA3M ¢ 3TMM, ogHOM 13 Hanbonee aKkTyaslbHbIX 33434 B Xo4e aHanu3a
HaCTOALWEro MNONOXEHUA pPerMoHa ABNAETCA 33a4a4a N0 M3YyYEeHMI0  COouManbHo-
3KOHOMMUYECKOM chepbl pernoHa.

B NpogHeHcKoM obnactv npoBoguTCcs LeneHanpasaeHHaa paboTa No BbINOAHEHUIO
KNtoYeBbIX MoKasatenen apdeKTUBHOCTM paboTbl, NoOpyyYeHuit Mnasbl rocygapctea U MNpasu-
TeNbCTBa MO BOMPOCaM COLMAIbHO-3KOHOMUYECKOoro pas3sutmsa. B 2011-2016 roabl B ob6nactu
obecneyeHo NocTynatenbHOe pasBUTUE OTpacAen SKOHOMMKMK, obecrneyeHa NONOKMUTENbHAA
OVMHAMMKA No OGONbLIMHCTBY MapamMeTpoB, XapaKTepusylowmx ux passutne (BPI, akcnopT
YCNyr, UHAEKC ¢U3nMyeckoro obbEMA NPOAYKLMM NPOMbIWNEHHOCTM, Ba/NOBasA MPOAYyKUMA
CeNbCKOro X03sMcTBa, TOBapoobopoT, BBOA KUNbA).

MopaennmpoBaHMe 3KOHOMUYECKMX MOKasaTenel permoHa MUrpaeT BaXKHYK poab ANA
aHanuM3a pas3BUTMA PernMoHa, 4To 0bycnaBAMBaET aKTyaIbHOCTb AAHHOM TeMbI.

LUenb pabotbl. [lpoBecTM maTemaTMyeckoe MOAENMPOBAHNE OCHOBHbIX MOKa3aTenemn
COLMANbHO-3KOHOMMUYECKOrO NON0XKeHUA MPOAHEHCKOM 061acTU ¢ MOMOLbIO CUCTEMbI OA-
HOBPEMEHHbIX 3KOHOMETPUYECKUX YPABHEHUN.

UcxoaHble gaHHble. B paboTe 6blM MCNOb30BaHbl NOKBApPTaAbHbIE AaHHbIE NO CO-
LMaNbHO-3KOHOMMYECKOMY pa3BuTUto MpogHeHckon obnactm 3a 2011-2016 rr. rnasHoro cra-
TUCTMYECKOro ynpasneHua poaHeHcKon obnactm [1]. [na NocTpoeHua maTemaTUyecKom
MoJenn ucnonb3osasnocb 17 nokasarteneun:

X1— BPM, mnH. py6.;

X2— 06bem NpombILLIIEHHOTO NPOM3BOACTBA, MJH. py6.;

X3— WIHBECTUUMM B OCHOBHOM KanuTan, MaH. pyb6.;

Xa— BBOA B 3KCNAyaTaLMIO XKUbA, TbIC. KB. M;

X5— 06bem nogpagHbix pabot, maH. py6.;

X6 — Fpy30060pOT TPAaHCNOPTA, MAIH. T KM;

X7—06bem nepeBO30K rpy308 TPAHCNOPTOM, TbiC. T;

Xg— O6bem BHelwHel Toprosan (060poT), MAH. AonA.;

X9— O6bem BHellHel TOprosau (3KCnopT), MH. AONN.;

X10— O6bem BHelHel ToOpProsan (MMNopT), MAH. A0NN.;

X11— O6bem BHellHel Toprosau (canbao), MAH. AONN.;

X12— Po3HMYHasA Toprosas, MaH. pyb.;

X13— ToBapoob6opoT 061,eCTBEHHOro NUTaHUA, MAH. pyb.;

X14— YNCNEHHOCTb 3aHATOrO HaceNeHus, BCero, TbiC. Yen.;

X15—YuncneHHocTb 6e3paboTHbIX, TbiC. Yen.;

X16— YpOBeHb 3apeructpupoBaHHon 6e3paboTnupl, %;

X17— HoMMHanbHaA HauncneHHas 3apaboTHan naaTa paboTHMKOB, pyb.
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CTOMMOCTHbIe NoKasaTenun B pybaax bbinv npuseaeHbl K CONOCTaBUMOMY BUAY C MO-
MOLLIbIO MHAEKCOB noTpebutenbckux ueH (UML) no pecnybauke, BbibpaHHbIX C caliTta ben-
cTaTa. 3a 6a3sucHbIn rog 6bin B3aT 4 KBapTan 2010 roaa. boian paccumTtaHbl 6asuncHole UML,
Nno KBapTasam, 3aTeM C UX MOMOLLbIO CTOMMOCTHbIE MOKa3aTeNn npuseaeHbl K 6asncHomy
nepuoay.

NoctpoeHne COY. CHauvana 6bin npoBegeH oT60p GAKTOPHbLIX NEepeMEHHbIX C MOMO-
Wb MaTpULbl KOadPULMeHTOB NapHON Koppenaumn. Ee npegBapuTenbHbIM aHAaIN3 NO3BO-
JINN UCKNOYUTDL U3 AasibHEMLLEro pacCMOTPEHUA NoKasaTenun Xa, X7, Xg, X16. B pe3ynbTate no-
nyannum cuctemy ms 13 nokasatenei: X1— BPI, maH. py6., Xo — O6bem npombIWNEHHOTo Npo-
M3BOACTBA, M/H. pyb., X3 — MHBECTUUMMN B OCHOBHOM KanuTtan, maH. pyb., Xs — Obbem noa-
pAAHbIX paboT, MAH. pyb., X — Py30060pOT TPAHCNOPTA, MJH. T KM, X9 — O6bem BHellHel
TOpros/n (3KcnopT), MAH. Aonn., X1o— O6bem BHelHel Toprosam (MMNopT), MAH. Aonn., X11—
O6bem BHelLHel Toprosau (canbho), MAH. AoAA., X12 — Po3HWYHas Toprosnsa, maH. py6., X13—
ToBapoobopoT 06L,ecTBEHHOrO NUTAHUA, MAH. Pyb., X14— YNCNEHHOCTb 3aHATOrO HaceneHus,
BCEero, TbiC. Yen., Xis — YncneHHocTb 6e3paboTHbIX, ThiC. Yen., X17 — HOMWHanbHaa HaymcneH-
Has 3apaboTHaA nnaTta paboTHMKOB, pyob.

Ha cneayrowem stane 6blna NocTpoeHa HOBaA MaTpuua KO3pOULMEHTOB MapPHbLIX
Koppenaunit no 13 nokasaTenam u OToOpaHbl SHAOTEHHbIE U 3K30reHHble NepemeHHble.
AHanuns maTpuubl KO3GOUUNEHTOB NAaPHbIX KOPPENAUMI NOKasa, YTo B KayecTBe 3HAO0reH-
HbIX NepemMeHHbIX MOXHO B3sTb X1 (BPM) n Xs (Fpy3oobopoT TpaHcnopTa) 1 X12 (Po3HMuHas
Toprosns), 0603HaYMM Mx cooTBeTcTBEHHO Yepe3 Y1, Y6 1 Y12. B KauecTBe 3K30reHHbIX nepe-
MeHHbIX bbln B3ATbI: X3 (MHBECTMUMM B OCHOBHOM KanuTan), Xs (O6bem noapsaaHbix pabor),
Xo (O6bem BHelHen Toprosau (akcnopT)) u Xi4 (YMcneHHoCTb 3aHATOro HaceneHua). Tak Kak
3HAOreHHble NepemeHHble KOPPEUPYIOT, UX MOXHO BK/IOYMUTbL B NPaBYHO YacCTb YPaBHEHWUMN.
Mony4yaem CTPYKTYPHYIO MOAENb OAHOBPEMEHHbIX SKOHOMETPUUECKUX ypaBHeHUI Buaa (1):

yl = alO + allx3 + alZXS + b12y12 + al3xl4 + 81’

ylZ = aZO + aZlXS + aZZXS + b21y6 + 023X9 + 82’ (1)

yG = 030 + a31X3 + 032X14 + b3lyl + b32y12 + 83'

3aech €1, €2, €3 — Cy4YaliHble cocTaBnalWwMe (OWMOKKN) B COOTBETCTBYIOLLEM YpPaBHe-
HUU CTPYKTYPHOMN MOAENMN.

[anee 6bina oueHeHa NAEHTUOULMPYEMOCTb CTPYKTYpHOM moaenm (1). Ans Kaxaoro
YPaBHEHWNA NPOBEPEHO BbINO/IHEHNE HEOOXOAMMOTrO N A0CTAaTOMHOrMO YC/0BMA MAeHTUOULM-
pyemocTu.

lMposepka Heobxodumoeo ycnosus udeHmuguyupyemocmu cmpykmypHol mooenu.

MNepBoe ypaBHeEHME. DHAOrEHHbIX NepemeHHbIX B cucteme — 2, Y1 1 Y1z, H=2. OTcyT-
CTBYHOWMX 3K30reHHbIX NepemMmeHHbIX — 1, 3To Xo, 3Ha4uT, D =1. Umeem: H=D+1.

BTopoe ypaBHeHME. IHAOTEHHbIX NEPEMEHHbIX — 2, 3TO Ye M Y12, 3HAuUunT, H=2. OTCYT-
CTBYHOWMX 3K30reHHbIX NepemMeHHbIX — 1, 3To X14, 3HAUUT, D=1. Umeem: H=D+1.

TpeTtbe ypaBHEHME. IHAOrEHHbIX NepemeHHbIX — 3, 370 Y1, Y U Y12, 3HAuut, H=3. OT-
CYTCTBYHOLLMX IK30T€HHbIX NepeMeHHbIX — 2, 3TO Xs, Xg, 3HauuT, D=2. Umeem: H=D+1.

CornacHo [2, ¢.189], npuxoAnM K BblBOAY, YTO KaXKA0€ YpaBHEHWE CUCTEMbl MOXKET
6bITb NAEHTUDULMPYEMO.

MpoBepMm ANA KaxKAO0ro ypaBHEHMA AOCTAaTOYHOE YCA0BUE UAEHTUPULMPYEMOCTU.
YpaBHeHUe NaeHTUGULMPYEMO, €CIN NO OTCYTCTBYIOLWMM B HEM NepeMeHHbIM (3HAOTeHHbIM
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N 3K30T€HHbIM) MOMHO U3 KO3PPULMEHTOB NPU HUX B APYIrMX YPaBHEHUAX CUCTEMbI MOJY-
YUTb MaTpULy, onpeaenmTenb KOTOPOM He PaBeH HYAl0, @ PaHr MaTpuULUbl HE MeHbLIE, Yem
YMCNO IHAOTEHHbIX MEepPeMeHHbIX B cucTteme 6e3 oagHoro [2, ¢.189].

Heobxoammaa mHbopmaums Ana NPOBEPKM AOCTAaTOYHOIO YC/0BMA COAEPKMUTCA B
Tabnuue 1.

MepBoe ypaBHeHue. OTCyTCTBYIOT nepemeHHble Yz U Xo. Haxoaum koadpduumeHTbl
npu HUX B APYrnx ypaBHeHMax. Umeem: onpeaenntenb matpuubl He paseH O, paHr maTpuLbl
paBeH 2.

BTopoe ypasHeHune. OTcyTcTBYIOT nepemeHHble Y1 1 X14. Onpegenntenb matpuubl KO-
3pPMUMEHTOB NPU HMX B OCTa/IbHbIX YPaBHEHUSX He paBeH 0, paHr MaTpuLbl paBeH 2.

TpeTbe ypaBHeHMe. OTCYTCTBYIOT NepemeHHble Xs U Xo. COOTBETCTBYHOLWMIN onpeaenu-
TeNb MaTMubl He paBeH 0, paHTr MaTpULLbl paBeH 2.

TakmMm 06pasom, 4NA KaXKA0ro ypaBHEHMA CTPYKTYPHOM MOAENN BbINOAHAETCA A0CTa-
TOYHOE yCN0BME UAEHTUPULNPYEMOCTU, U KarKgoe ypaBHEHWE ABNAETCA TOYHO UAEHTUDU-
LMpyembIMm.

Tabnuua 1. — MaTpuubl KO3pdUUMEHTOB

OTCyTCTBYHOLME NEPEMEHHbIE

1 ypaBHeHue 2 ypaBHeHUe 3 ypaBHeHue
vs ‘s v, Xya Xg Xq
Ypas- Ypas- Ypas-
K K K
HeHme 03¢ dnNUMEHTDI HeHme 03¢ dnNUMEHTDI HeHue 03¢ dnUMEHTDI
0
2 b21 as 1 -1 a3 1 an
3 -1 0 3 ba1 as1 2 an azs

3HaunT, MoAeNb ABNAETCA TOYHO NAEHTUDULMPYEMON U ANA OLLEHKN KO3dDUUMEHTOB
CTPYKTYpHOM Mogenn (1) MOXKHO BOCNONb30BATbCA KOCBEHHbIM METOAOM HaMMEeHbLUMX
kBagpatoB (KMHK) [2, c. 195].

OTMeTMM, YTO NpOoBEpPKa CTPYKTYPHOM MOAENU HA NAEHTUPULMPYEMOCTb NO3BOAAET
YCTAHOBUTb BO3MOMXHOCTb OLEHKU KO3ODULMEHTOB CTPYKTYPHOM MoAenn no Koadpoduumer-
Tam npueBeaeHHOM mogenn. nsa cTpyKTypHoM mogenu (1) npuseaeHHana moaenb MMeeT BUA
(2). Ee xapaKTepHas 0COH6eHHOCTb — CUCTEMA HE COAEPKUT SHAOFEHHbIX MEPEMEHHbIX B Npa-
BOM 4aCTW ypaBHEHWN.

Y1 =05 +011X5 + 81, X5 + 015X + 04Xy, + Uy
V1o =840 + 0 X5 + 0y X5 + 85X + 8y X4 + U, - (2)
Yo = Oy 031X3 + 03y X5 + 033X + Oy Xy, + Uy

Ha ocHOBaHMM MMeLWMXCa UCXOAHbIX AAHHbIX C MOMOLWbI cpeacTBa AHaAAU3 OaH-
Hobix/Peepeccusa B MS Excel noctpoum ypaBHeHua perpeccuu. Moayymm npuseneHHyo dop-
My mozenu (3). Moa KoadpdpnuneHTamm yKasaHbl UX p-3HAYEHUA.
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y, = 2654,118+0,716x,+1,082x, + 0,18x,— 5,096, ,
0,003 0,207 0,317 7,5*10’5
y,, =818,385+0,178x,+0,802x, + 0,032x,—1,402x,,, (3)
0,2 0,309 0,76 0,00015
ye =6691,74+0,757x,+ 2,312x,— 0,145x,~12,719x,,.
0,029 0,013 0,616 0,0009

[na nepsoro ypaBHeHMs cucteMbl umeem: R?=0,793, no p-3HaYeHUAM nepemeHHble
X3 1 X12 — 3HauMmble, a Xs U X9 — He3HauMmbl. [nsa BTOpOro ypasHeHua R?=0,64, no p-
3HaYeHnAM nepemeHHble X3, Xs U Xg — He3Ha4YuMbl, a X14 — 3Hauuma. [lna TpeTbero ypasHe-
HuA R?=0,773, nepemeHHble X3, Xs 1 X14 — 3Ha4YMMbI, @ X9 — HE3HaYMMa.

[Janee nepengem oT npuseseHHON GOPMbl MOAENN K CTPYKTYPHON. [NA 3TOro Heob-
XOAMMO OnpenennTb CTPYKTYpHble KoadoduumeHTbl mogenun (1), noatomy nposoaum pag,
npeobpasoBaHuWii: Bbiparkaem Xo M3 BTOPOro ypaBHEHWUA M NOACTaBAAEM B NepBoe ypaBHe-
HUe, Bblpaxaem Xi4 U3 TpeTbero ypaBHeHMA W NoacTaBafAem BO BTOpoe, Bbipaxkaem Xs u3
nepBoro ypasHeHusA, Xg U3 BTOPOro YypaBHEHUA N NOACTaBAAEM B TpeTbe ypaBHeHWe, NpuBo-
AnMm nofobHble. B utore, CTpyKTypHaa moaens umeet sug, (4).

y, =2655,13+1,728x, +5,641x, +5,687y,, —13,072x,,,
y;, =6691,74+0,387x, +1,438x, + 0,275y, —0,008x,, (4)
¥ =—389,996 —2,229x, —5,712x, +60,186x,, —1,254y, —11,713y,,.

3ameTum, 4TO KO3IhPMLUMEHT NPU X9 BO BTOPOM YPaBHEHUM NPAKTUYECKN PABEH HYO,
3HAYUT, NoKasaTesb Xo (O6bem BHeLWHeW TOProBan (3KCNOPT)) MOXKHO OblNIO HE YYUTbIBATD.

BbiBOAbI MO NOCTPOEHHOM CUCTEME OAHOBPEMEHHbIX SKOHOMETPUYECKUX YPABHEHUNA.

1. Y1 (BanoBbiii perMoHanbHbIM NPOAYKT) 3aBUCUT OT X3 (MHBECTMUMM B OCHOBHOW
KanTan), Xs (O6bem noapaaHbix paboT), Y12 (Po3HUYHaA Toprosns). YBennyeHne Kaxaoro us
3TUX NoKasaTesnel Ha 1 eaMHULY (NPU HEM3MEHHbIX OCTa/IbHbIX NOKa3aTeNax) BeAET K YBe/n-
yeHuto BPI cooTtBeTcTBEHHO Ha 1,728; 5,641; 5,687 mnH. py6. TaK e Y1 3aBMCHT OT X1a (Ync-
NIEHHOCTb 3aHATOro0 HacesneHua), 04HAKO MOJYYUNIOCh, YTO YBEIMYEHME YNCIEHHOCTb 3aHATO-
ro HaceneHus Ha 1 TbiC. Yen. NPUBOAMUT K ymeHbLlueHuto BPI Ha 13,072 maH. py6.

2. Y12 (Po3HW4Has Toprosnsa) 3aBucUT OT X3 (MHBeCcTUUMM B OCHOBHOWM KanTtan), Xs
(O6bem noapaaHbix paboT), Ye (FTPy30060pOT TPAHCNOPTA) M NPAKTUYECKM HE 3aBUCUT OT Xo
(9kcnopT). YBenuyeHue nokasartenen Xz, Xs U Ye¢ Ha 1 eanHMUY (MPU HEU3MEHHbIX OCTaNbHbIX
nokasaTensx) BeAeT K YBE/JIMYEHUIO PO3HMYHOM TOProBAM COOTBETCTBEHHOM Ha 0,387; 1,438
1 0,275 mnH. py6b.

3. Y6 (Fpy30060pOT TpaHcrnopTa) 3aBUCUT OT X3 (MHBECTULMM B OCHOBHOWM KanTan), Xs
(O6bbem nogpaaHbix pabot), X1a (YMcneHHocTb 3aHATOro HaceneHus), Y1 (Banosbii pervo-
Ha/lbHbIN NPOAYKT), a TakKe oT Y12 (Po3HUYHas Toprosas).
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