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BIIJIMB MOHOIIOJII3MY TA OIIOJATKYBAHHS HA
EKOHOMIYHY CUCTEMY

M.C.TOHYAP, A.Il. MAXOPT

JlociikeHo BIUIMB MOHOIIONICTIB Ha (yHKI[IOHYBaHHsS €KOHOMiYHOI cuctemu. Pa-
HillIe 3aMPOMOHOBAHY TEOPil0 OMOJATKYBAHHS IOLIMPEHO HAa BHUIAJOK HasBHOCTI
MOHOIIOJIICTIB B €KOHOMIiuHill cucTeMi. BukoHaHO aHai3 MOXXJIMBOTO BILIMBY MO-
HOIIOJIbHUX CTPUOKIB LiH Ha €KOHOMIKY YKpaiHu. Bka3aHO YMHHHUKH, SIKi yTBOPIO-
IOTh MOHOIIOJIbHI CTPUOKH IIiH.

BCTYII

BaxnuBicTh BUBUEHHS BILTUBY MOHOIIOICTIB Ha BCIO €KOHOMIKY KpaiHu a0o Ha ii
OKpeMi CEKTOpH O€3MepeyHO € OTHIEI0 3 HAHAKTyalbHIITUX MPo0JIeM SK MaTeMa-
TUYHOT €KOHOMIKH, TaK 1 eKOHOMIYHOI IPaKTHKK. HassBHICTH MOHOIIOMNICTIB O3HA-
Yae, M0 B TaKiii eKOHOMIYHIA CHUCTeMi He MOXe OyTH JIOCKOHAJIOi KOHKYPEHIII.
Knacuyna teopist exkoHoMidHO1 piBHOBard [1-6] cTocyeThcst TOCKOHANIO KOHKY-
PEHTHUX EKOHOMIYHHMX CHUCTEeM. besmepedHo, 110 Taka igeaizallisi Ma€ mpaBo Ha
ICHyBaHHS. AHaJli3 JOCATHEHB Ta HEIONIKIB KJIACHYHOI TeOpii KOHKYPEHTHOI €KO-
HOMIYHOI piBHOBAard HaBeneHO y podotax [7, 8]. OmHak peayibHi €KOHOMIYHI CHC-
TEMH HE € JOCKOHAIO0 KOHKYPEHTHHUMHU. TaKUM YMHOM, pO3poOKa MaTeMaTHUYHHX
MoJenei, siKi 6 BpaxoByBaJll MOKJIMBUH BIUIMB HA LIHOYTBOPEHHS B €KOHOMIUHIH
CHCTEMi MOHOTIONICTIB, € aKTyalbHOIO.

[NocranoBKa TakMX TEOPETHYHHUX MPOOIEM Ta X PO3B’s3aHHs CTAIA MOKIIHU-
BAMHU ITiCIIsl PO3POOKH MaTeMaTUYHOI Teopii OMmoAaTKyBaHHS, MOOYIOBH MO
€KOHOMIKH COIlialIbHOT yTo/i, MaTeMaTHYHNX OCHOB I[IHOYTBOPEHHS 33 HasBHOC-
Ti MoHoMoNIcTiB [7—11]. BpaxyBaHHS cCHUCTEMHU ONMOAATKYBaHHS, IO CKIIAIACS,
KypcoBoi mosiTukyu HamioHanpHOTO GaHKY, KOH IOHKTYPH CBITOBHX IIiH Ha €HEp-
roHocii BUMarae po3poOKH BiANOBIIHOIO MaTEeMaTHYHOIO amapaTy Uil MOXKIIH-
BOCTI JIOCJI/DKEHHS BKa3aHUX BIUIMBIB HA €KOHOMIKY.

VY 1i#t poOOTI onMMCcaHO BiATOBIIHWA MaTeMaTUIHHM amapaT i moOyIoBaHO
MaTeMaTUYHY TEOPil0 OMOJAaTKyBaHHS 32 HAsIBHOCTI MOHOTOJICTIB Ta po3po0iIeHO
ITOPUTM PO3B’S3aHHS BIANOBIMHUX 3a7ad. BaxxiuBicTh mpoOJieMH MOJsArae B
TOMY, IO 3@ HAABHOCTI BiAIOBIAHUX CTATUCTHYHMX HaHuX [12] MoXHa BUSABHTH
nedopmariii B CHCTeMI OTIOJAaTKYBaHHS, CTPYKTYPi BUPOOHHIITBA, SIKi TaIbMYIOTh
B YKpaiHi pO3BUTOK (OHIOBOTO PUHKY, 1 JIUIIE 3aBASKH HOMY MPOBECTH CTPYK-
TypHY nepeOymoBy ekoHOMikH. B VkpaiHi mocepemHUKH (HaIpHKIAI, 3€PHOBI
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Tpelaepyn) OTPUMYIOTh HAATIPUOYTKH, PO LI0 B PUHKOBii €KOHOMILI 1 MpisITH HE
MOXYTh. B TO ke 4ac Ti, XTO BUPOCTHB BpOKaii, 3aMIIAOThCs 31 30uTkamu. Le
pe3yabTaT HETaTUBHOTO BIUIMBY MOHOIIONI3MY TPEHIEpiB Ha CLIBCHKOTOCIIONAp-
ChbKe BUPOOHUIITBO. J[eBanbBallisi HAIllOHAIBHOT BAFOTH 3218 TIATPUMKH KOHKY-
PEHTOCIIPOMOKHOCTI €KCHOPTEpiB (@ I1e eHEepProMicTKi rairy3i) MPOBOKYE IMiIBH-
IIEHHS IIiH Ha €HEeProHOCii, Mo BiIOMBAETHCSA HA PIBHAX IiH Y BCiH €KOHOMIIII.
B naniii po0OTi 1 BUBYAETHCS BIUIMB IiIBUILEHHS IiH B TPbOX Tally3sX Ha PEIITY
IiH YKPaiHCHKO1 €eKOHOMIKH.

IMOCTAHOBKA 3AJTIAUI

n+d ., . .
N HEB1J €MH1 MaTpuLl.

n+d

Hexait  A(X) :Haij i j=1'

xeX <RI i C =y
+ il 5=
Yepes X mo3HaYMMO MiaMHOKKMHY N+ d BUMIPHOTO J0AaTHOTO OpTaHTa Rf+d

TaKy, 10 BEeKTOpU X € X MawTh CTPOro AoaaTHi kommoHeHTH. Ha X 3amaHo
HeliHiiHe BigmoOpaxenns A(X), ske HabyBae 3HaU€Hb B MHOKHHI MaTpHIlb BHU-
tpaT, i A(X) € mpOoayKTHBHOIO Martpuielo mais X € X . Po3risHeMo Bimkputy
€KOHOMIUHY CHCTEMY, IO CKIamaeThes 3 N+ d umerux ramyseil, ski € ogHOYac-
HO i BupoOHMKaMu i cmoxkusavamu, Ta | cnoxwusawis | > n+d. Exonomiuna

cucTeMa (QYHKITIOHYE TPOTATOM TIEBHOTO MPOMIXKKY 4Yacy, HallpUKIad, poky. Xa-
pakTepu3yBaTUMEMO ii HaJalli JBOMAa MATPUIISIMH: MAaTPUIICIO TEXHOJOTIYHUX KO-

.. . n+d
edilieHTiB A(x):“aij (X)Hi i1 Xe Xc RE*d Ta MATPHUIICI0 HEBHUPOOHUYOIO

n+d, |
ij=1
JBKICTh OJIMHUL | -TO TOBApy, HEOOXITHUX It BAPOOHHIITBA OJHIET OMHMII | -

cnoxuBanas C =”Cij “ , JKi MaIOTh TaKMi €KOHOMIYHMH 3MicT: &;j (X) — Ki-

r0 TOBapy 3a YMOBH, IO B CKOHOMIiYHIA CHCTEMi BHPOOJIEHO BEKTOp TOBAapiB

n+d . . o . o .
X= {Xi }i:1 . ManHqu CJICMCHTHU MaTpUIIL C MAarTh TAKHUU €KOHOMIYHHUH 3MICT.

Cji — KUIBKICTh OIMHMIIb |-TO TOBapy KiHIIEBOTO CIIOKUBAHHS, AKY GaXkae CIo-

ij
JKUTH B JAHOMY Mepioai (QyHKIiOHyBaHHS €KOHOMiKM | -# crokumBad. Hexaii

e= {ei }i':id Ta i = {ii }:1:1‘1 — BEKTOPH EKCIIOPTY Ta IMITOPTY.

Kosxnoro i-ro cnoxusaua, i =11, xapakrepusyBatumMeMo BEKTOPOM CIIO-

xuBaHHA C; = {Cki }E:f . Hepwi n+d BekropiB C; BH3HAYAIOTH CTPYKTypy He-

BUPOOHMYOTO CIIOKUBAHHS BUPOOHHKIB, KINIBKICTh SKUX, SIK MH BBa)XXaEMO,
mopisaioe N+ d. Pemra | —n—d crmokuBadiB € COIiaabHO MiATPUMYBAHOK Ya-
CTHHOIO CYCIHiNIbCTBA: MEHCIOHEPHU, BICHKOBOCTYKOOBLI B MUPHUH Hac To-
mo. e 4ncTi cnoxkuBavi i CTPYKTypa IXHBOTO CHOXHMBAaHHS XapaKTEPH3YEThCS

Bektopamu C;, i=n+d+1,1.
! .
Hexait H”ij (X)” , — TONATKOBA MATPHIIS. Sxkmo D;(p) — moxipg i-i ra-
1L)=.

Ty3i, TO
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n+d
Di(p)=Xi| Pi = D a(¥)py |, i=Ln+d, 1)
k=1
n+d . . o
ae X = {Xi }i:l — BEKTOp IHTEHCHBHOCTI pOOOTH Taiy3eil; X— CTpOTo J0Jat-
HUU BEKTOP.

[MokragemMo, 1o Mmicist ONOAATKYBAHHS OXiJ | -TO CIIOKUBaYa
~ I _
Di(p)zzﬂ'iij(p): i=1l, 2
j=1

e ISi(p)=7riDi(p), O<7m <1, i=Ln+d, a Si(p) wig | >i>n+d+1 cnix

BU3HAYaTH 3 YMOBH
n+d |

> D;(p)=>.D;(p)
j=1 i=1

Ta YMOBH piBHOBaru. Y mbOMy BUIAJKy PiBHOBa)XHUH I[IHOBUI1 BEKTOP Mae€ 3aJ10-
BOJIBHSITH CUCTEMY PiBHSIHb

| ~
D_ [
chimd'ﬁwk, k=1n+d, (3)
= chi Ps
s=1
Jac
n+d ned . —
W={widi s k=X = D 2 (0% — e +iy, k=Ln+d. (4)
i=1

OTxe, CTPYKTypa CIIOKHMBaHHS ONMUCY€eThca MaTpunero C = (C,6 ), Je KBaj-

n+d
. BHU3HAYAE CTPYKTYPY HeBHpOGHI/Iqoro CITOKHUBAHHS
ij=

patHa matpuns C :HCU

n+d,l

ranmyseii, a Marpuus C =Hcij H XapaKTePU3Yy€e CTPYKTYPY CHOXKHBAHHS

i=1,j=n+d+1
COIiaTbHO MATPUMYBaHOI YaCTHHU CYCITiIIBCTBA.

Hexait ramysi peanisyBanu ctparerii noseminku (X,y), me X; =
Z{Xiaki (X)}E:f, ¥i ={0....,0,%;,0,...,0}, TOOTO BEKTOp IHTEHCHBHOCTI POOOTH

ramysei Ma€ BUITIAL X = {xi }Ir‘:ld :

O3nauyennsi 1. Crparerii moBeniHKM ranmy3eldl i 30BHIIIHBOSKOHOMIiYHI
3B’SI3KM Y BIAKPUTIH €KOHOMIUHIN CHCTEMI Y3TODKEHI 31 CTPYKTYPOIO CITOKHBaH-
HSI, SIKIIO JIUTS BEKTOpa KiHIEBOT Mporo3uii (4) cripaBeuinBe MOAaHHs

I ——
Yc¥i =i, k=Ln+d, y;>0, i=1l (5)
i=1

JUISL IEKO1 HETIOPOXKHBOI MIMHOKHUHU Xy BEKTOpiB X € X .

Exonomiunmii 3mict koedimienra Yy;, i=11 — cryninp 3ag0BONCHHS MOT-

pe6 i-ro cnoxuBava. Skmo Y; =1, TO moTpeOM 3a10BOJEHI MOBHICTIO, SIKIIO
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Y; <1, To 4actkoBO. Bekrop Yy = {Yi }::1 Ha3BEMO BEKTOPOM CTYIICHIB 3aJ0BO-
neHHs noTpeb crnokusadiB. Lleil BexTop 3anexuth Big X € X, TOOTO A KOXK-
HOT'O BEKTOpa X € Xy BEKTOp CTYIEHIB 3aJ0BOJICHHS MOTPEO CIOKMBAUiB
y= {yi }::l cBiif. g minTpuMmaHHS (GYHKIIOHYBAHHS COIiadbHOI cepr Ciix

OTIOJIATKOBYBATHU J0XiJ BUPOOHNYOI chepu.

Hexait D;(p) >0 — noxix i-i ramysi, i =1,n+d. Bekrop 7 = {ﬂ'i }?erld Ha-
3BeMO mojatkoBum, sikmo 0<7; <1, i=1n+d, a yucruii moxix ramyseil BU-
3Ha4aeThest 3a hopmynow 7;D;(p), i=Ln+d.

O3nauenns 2. Hexaii crparerii NOBeAiHKH Tanxy3eil Ta 30BHIIIHbOCKOHOMI-

YHI 3B’A3KH Y BIIKPUTil eKOHOMIYHIN CUCTEMi y3TOJKeHi 31 CTPYKTYPOIO CIOXKHU-
- n+d oo

BaHHA. [lomaTkoBuil BexTOp 7 = {ﬂ'i }i=1 Y3TOIKCHUH 31 CTPYKTYPOIO CIIOKHBAH-

. . n+d .
HA B CKOHOMIYHIM CHUCTEMI1, AKIIO AJIA OCIKOI'O Xl = {Xll }i=1 (S XO ICHy€ CTpOFO

n+d
i=1

yi([E - A(xl)]_ngj

Xi

JIOJTATHHI BEKTOp § = {gi } SIKUH € PO3B’I3KOM CHUCTEMU JIIHIHHUX PiBHSHB

Izﬂ'igi, i=1,n+d, (6)

| . . o -
me y= {yi }i=1 — BEKTOp CTYIIEHIB 3aJJ0BOJICHHSI TIOTpeO CHOXUBadiB, SKUHA Bifl-

TIOBi/1a€ BEKTOPOBI xt e Xo-

B exoHOMiYHIH MPaKTHUI Ba)KJIUBO 3HATH, SIK BIUTHHYT!

1) MOHOIIONbHE MiABUIEHHS I[iH B TIEBHUX Taly3sX Ha CTPYKTYPY I[iH PEIITH
raiy3ei, piBeHb JOOpOOyTYy TpOMaJisiH, CTPYKTYpYy BHITYCKiB, PiBEHb TOPTOBEIb-
HOTO CalbJI0 3a (PiIKCOBaHOT CHCTEMH OTIOJATKyBaHHS;

2) O7IHOYACHI MOHOIOJbHA 3MiHA I[iH B MEBHUX raly3sX Ta 3MiHAa PiBHIB
OTIOJIATKYBaHHs B €KOHOMIUHIHM crcTeMi Ha piBHI NMpHOYTKiB ramysei, 1oopodyTy
TPOMAJISTH, CAJTBII0 3aBHINTHEOCKOHOMIYHHUX 3B’ S3KIB.

Jnst po3B’si3aHHS IUX NPaKTHYHUX 33124 HEOOX1IHUH MOAAIBIINHA PO3BUTOK
Teopii OMoJIaTKyBaHHA, sika O BpaxoByBajia HENIHIHHUN XapaKTep TEeXHOJOTIH Bix
BUITYyCKiB, MOHOTIONIFHE (DOPMYBaHHS I[iH B €KOHOMIYHIN CHCTEMi IEBHUMH Tajy-
35IMU.

Marematnuse GOpMyIIIOBaHHS 3aadi Take:

. . n-+d oy
JUTS 33/1aHOT TeXHOJIOTiuHOT MaTpuili A(X) = Haij (X)H oy sIKa HEJIHIAHO 3aJIE)KUTh
L=

BiJl BUNYCKIB X € X, CTPYKTYpH HEBHPOOHHYOTO CIOXKHBAHHS, MIO 3aa€ThCS

n+d, | .
Mmatpuiero  C =“ij “k Liq' BCTAHOBMTH yMOBM JUIi MOHOTOJNLHUX  LiH
=, vJ:
0o_J) olm . 6 . _{ }|
P”=1Pj i1 CTYIIEHIB 3a/I0BOJIEHHS TIOTPED CIOKHUBAYIB Y =1Yj ji_;, 338 AKUX
JUIST BEKTOpa OMOJATKYBAaHHS Taly3ed 7 = {7[5 }gild , O<zi <1, i=1n+d icnye

CTPOTO MONATHUHN PO3B’ 30K 3a/1adi
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m n+d .

0 yj 0 . T
Pj :z A (X) +———Cy | Pk + Z g (X) + Cyj | Pk j=1m,
k=1 TiXj k=m+l TiXj
S Yj 0 o Yi
p] Zz akj (X)+—ij pk + Z akj (X)+—ij pk' (7)
k=1 7iXj k=m+1 TTiXj

j=m+1in+d,

n+d I -
X = 28 (X)X =& +i =D ¢ Y, k=Ln+d 8
j=1 i=1

CTOCOBHO BEKTOPIB P = {pm+1,..., Phad }e Rerd*m Ta X = {Xl,..., Xnsd } e X.

TEOPIA OITIOJATKYBAHHSA 3A HAABHOCTI MOHOIIOJIICTIB

Po3pobitoBana B 1IbOMY PO3JLIII TEOPisT OMOAATKYBaHHS y3araibHIOE TEOPilo, BU-
KJ1ageHy B pobotax [7, 8, 11].
Teopema 1. [TonaTkoBHi BEKTOp 7 32 HABHOCTI MOHOIIOJICTIB Ta BEKTOPIiB

MOHOTIOJIFHHX IIiH p0 = {plo yees pr?]} 1 CTyIeHIB 3aJJ0BOJICHHSI IOTPEO CIIOKUBAYIB

| o . . .
y= {yl }i:l Y3rosK€HUu 31 CTPYKTYpPOIO CIIO)KMBAaHHA B CKOHOMIYHIM CHUCTEMI,

. n+d . .
SAKIIO ICHYE€ BEKTOP Xl = {Xil' }i:1 e X 0 & X, SAKHU € pO3B’$13KOM CUCTCMU PIBHAHDb

(8) 3 mpaBoIO YacTUHOMW, Jie BIrypyrOTh KOMIIOHCHTH BEKTOPa CTYICHIB 3aJI0BO-
JICHHSI TOTPe0 CIOKUBAYIB Y, TaKWU, II0:

1) ciekTpaNbHUIA pagiyc MaTpUIl

n+d
~1 1 Yj
A(Xx™) =lay (x )+jckj
17 k, j=m+1
MEHIINH B1J OJUHMIL
2) cripaBeTNBI HEPIBHOCTI
0 1y 0 " 1 Pa—
i — D ag (xX)pk — Dag(x)Pk >0, j=1m, )
k=1 k=m+1
= — \n+d ’ .
ne p= {pi }i:m 4 — PO3B’A30K CHCTEMH PiBHAHD
R 1 Yj 0o W 1 Yj —
ijZ a (x7) + 7 Cki |Px z akj(x)+—10kj Pk »
k=1 7T X k=m+1 7T i Xj
j=m+Ln+d; (10)

3) BUKOHYIOTBCS PIBHOCTI
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m n+d

chj pk + chj Pk o

”j _ k=m+1 J ’ j=1, (11)

n+d

—Zak,- oM = Y ay )Py
k=1

k=m+1

<

_H|

3a ymoBH, o Matpuiist (A(X) + 6), X € X, Hepo3KJIajHa, a C He MicTHTB Hi
HYJIOBUX PSIIIKIB, Hi CTOBHUYHUKIB. YMOBHU 1)—3) € HEOOXiTHUMHU, SKIIO IS Je-
SIKOTO BEKTOPA x' e X o 11O € pO3B’SI3KOM CHCTEMH DPIBHSAHB (8), iCHY€ pO3B’ 30K
pP= {ﬁl }I":n:’ ., cucremu piBHAHB (7) 3a X = X, KpiM TOTO, 200 MaTpHIIs ,&(Xl)
HEpO3KJIaaHa i Xoua 6 it ogHoro j=m+1,n+d

m y
> & () +—cy |pg >0, (12)
k=L X

a60 HepiBHOCTI (12) BUKOHYIOTHCS A Beix j=m+1n+d, a marpums A(X})
HE MICTHUTh HYJIbOBUX CTOBITYHKIB.

JoBenenns. JloctaTHicTh. 3 YMOB TEOpeMH Il BEKTOpPa xt BHUILIMBAE, III0
ICHY€ CTPOTO JIOJIATHHI PO3B’SI30K 3a1a4i

m n+d

0 1 Yj 0 1 Yj o —
Pl =D ag (X +—cy P + D, | ag(xh)+—=¢q [Pk, J=1
1 1
k=1 X k=m-+1 7T Xj
- 1 Yj 0 s 1 Yij
pizz akj(x)+ 7 Ckj [Pk + Z akj(x)+—10kj Pk
k=1 7T i Xj k=m+1 T Xj

j=m+1ln+d

CTOCOBHO BEKTOpa P = {ﬁi }In:rg R

BUILTUBAE, 1110 iICHYE CTPOTO JOJAATHHUI PO3B’SI30K CIPsDKEHOT 3a1a4i

3 nporo ta HeposknaaHocti Marpuii A(X) +C

n+d y
Z ajk(xl)‘l‘—lejk ZkZZJ', j=1,n+d.
k=1 Ty Xk

n+d . .
Le#t po3B’s130K 20 = {Z(j) }ji1 3aJI0BOJILHATHME TaKOX PIBHOCTI

n+d n+d

Z(E A(X ))JSZC YiZk =z, z?:ykz'i, j=1n+d,
s=1 k=1 ﬁka 7T Xk

a OCTaHHE EKBIBaJICHTHE ICHYBaHHIO CTPOTO JOJATHOTO PO3B’s3KY 3aaadi (6).

HeoOxinnicTh. Hexaif a1 MOHOTIONIEHOTO BEKTOpa ITiH po = pf yeey pr?,} i
. . | . L]
BEKTOpA CTYICHIB 3aI0BOJICHHS TIOTPEO CIIOXKUBAYiB Yy = {yi }i=1 ICHY€ PO3B’SI30K

pP= {Ei }Injrg L1 CHCTeMH piBHSHB (7) 32 X = xt. Te, mo CHEeKTpaJIbHUN pajiyc mart-

82 ISSN 1681-6048 System Research & Information Technologies, 2005, Ne 1



Bnaue monononizmy ma onooamxysanns Ha eKOHOMIYHY cucmemy

pui A(Xl)MeHmHﬁ BiJl OIMHMIII, BUIUIMBAE 3 TOTO, IO 32 3pOOJIEHUX MPHILY-

IIICHb HOPMHU MaTPHIl A(Xl) a60 i mestkoro crerens AX (Xl) MEHIII BiJl OJUHUII

B HOpMI
by
ltl=  max |_—|
ke[m+1,n+d] Py
B mpocropi R™4™ e P, k=m+Ln+d — KOMIOHEHTH pO3B’s3KY

pP= {ﬁ i }Tf:wl 3amadi (7), siKi € ctporo pogatHUMH. JloBeneHHs mboro (akry Ta-
Ke came, sIK 1 B poOoti [7]. YMoBa 2) crpaBemiiBa TOMY, IIIO 33 YMOB TEOPEMH
PO3B’S30K P € BEKTOPOM 31 CTPOTO JOJATHUMH KOMIIOHEHTaMH, a MaTPHILI C e
MICTUTh HYJIbOBHX CTOBIUMKIB. YMOBa 3) HEraiiHO BHIUIMBAE 3 YMOBH 2) Ta TOTO,
mo P — poO3B’A30K CUCTEMH PiBHSHL (7) 32 X = xk. Teopemy noBezeHO.

Hapani posrisHeMo JuIe BUMAJOK JHIHHUX TexHoJorid, me A(X)=

n+d ., .
= Haij “ - € HEeBiJ €eMHOIO MaTPHIIEIO, 110 HE 3aJIeKUTh Bix X € X.
)=

MeTta HacTymHHX JBOX T€OPEM — BCTAaHOBIIEHHS Mapy BEKTOPiB x! Ta Y,

AT AIKUX BEKTOP ONOJAATKYBAHHS 77 3@ BEKTOpPA MOHOIIOJBHUX LIiH pO y3romxe-

HU 31 CTPYKTYpOIO CIIO)KHBaHHS.

Teopema 2. Hexaii matpuuss A+ C Hepo3kiiafHa, a BEKTOp & = {ai }in:+1d , Je

Yi )
a; =21 Ta BEKTOp MOHOMOIBHUX LIiH p0 = pf pr?] 3a/I0BOJTHHSIOTH YMOBH:

Xi
1) cniekTpanbHuUil pajiyc MaTpHILi
n+d
~ a]
A= akj + —.ij
J k, j=m+1
MEHIIUH B1J OJUHMII
2) cripaBeTNBI HEPIBHOCTI
0 m 0 n+d
P} =D &P — D aybk >0, j=1Lm, (13)
k=1 k=m+1
— — \n+d ’ .
e p= {pi }i:m .1 — PO3B’SI30K CHCTEMH PiBHSHb
D= ay+—C4 [Pk + D, | & +—Cy [Pk, J=m+Ln+d; (14)
k=1 7T k=m+1 7T

3) BUKOHYIOTBCS PiBHOCTI

m 0 n+d
chj Py + chj Pk
k=1

k=m+1 ;
= Ted @y 1=1m. (19)

m
P} =Y agpe - D a Py
k=1

k=m+1
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Sxmo marpunst C He MICTHTH Hi HyJIBOBUX PAJIKIB, Hi CTOBITYHKIB, KOMIIO-
HEHTH BeKTOpa U CTpPOro JA0AaTHi, TOOTO

u=(E-A)e-i]>0, (16)
. . n+d n+d
TO CUCTECMU PIBHAHb CTOCOBHO BEKTOP1B p = {p H } Ta X= {X H }
1 j=m+1 Pi=1
0_Y\ “j 0, & aj r—
Pi=D|ag+—Cyg [Pk + D |a&;+—C4 [Pk, i=Lm,
T ; T
k=1 J k=m+1 J
Pj=D lay+—Cq Pk + D, |ay+—C4 [Pk, j=m+Ln+d, (17)
k=1 7 k=m+1 7
n+d [
Xk—zaijj—ek+ik:ZCkiyi, k=l,n+d (18)
j=1 i=1

MaloTh CTPOTO JIOAATHI PO3B’SA3KH P = {ﬁm+1,..., Phad } Ta X = {il,..., Xn+d } Bek-
TOp CTYINEHIB 3a/I0BOJICHHsA MOTPEO CIOXKUBAYIB Y = {yi }::1, 3a SAKOrO BEKTOD
ONOJATKyBaHHA 77 Y3TOJKEHHMH 31 CTPYKTYPOIO CIIOKMBAHHs, BU3HAYAEThCA 32
BEKTOPOM X Ta BeKTOpoM « i i =1n+d dopmynow Y; =a;X;, pemra KoM-
noHeHT Y;, i=n+d +1,] Bu3HAYaeTbCA yMOBaMU €KOHOMIYHOTO CTaHy CHCTe-

MHU.

JoBenenns. SIKio BeKTOpH po = {plo peees p,% }, a= {ai }?;d 33JI0BOJBHSIOTH

YMOBH TeOopeMu 2, TO IiCHye po3B’s30k 3amadi (17) CTOCOBHO BeEKTOpa
p= {Em v Pnad } 3anumaeTscs JTOBECTH, IO ICHYE AL TAKOTO BEKTOpA «
po3B’s130k 3aaaui (18). 3agauy (18) MokHa HIepenucaTy y BULIISAII

n+d I -
Xk—Z[akj+ajij]Xj—ek+ik= chjyj’ k:].,n+d, (19)
j=1 j=n+d+1
SIKIIO TOKIACTH Y; =X, i=Ln+d.

n+d

JloBenemo, 0 CIEKTpaIbHUN paaiyc MaTpHIl A+a6=“aij +aCjj i it

meHmwui Big 1. CkopucTaemMocs 3 TOro, 1o 3agada

n+d o
Z akj +—Jij Zj :Zk' k:1,n+d
=1 7
Ma€ CTPOro JOJATHHUN PO3B’S30K Z ={ZJ~ }th, Z; >0, j=1,n+d. Beegemo B
R™Y nopmy
[xi|
x| = max—.
i Z;
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Toni
n+d n+d o
Z[akj +ajij]ZJ- z akj +ickj Zj
HA+ aC_Zuzmax 1= < max 2 ] <1,
k Zy k Zy

60 O0<m, <1, k=1,n+d. Teopemy noBeneHo.
Hacaigok. SIkiio BuOpaTu 3a BEKTOPOM ¢, IO 33J0BOJIBHSIE YMOBH TEOpe-
MU 2, BEKTOp X = {Yl,..., Xn+d }, SIKUHM € pO3B’sA3KOM CHCTeMU piBHsHB (19), 1 mis

i=1n+d moxmactu Y; =@;X;, a pemrry kKoMnonexr Y;, i=n+d +1,| Bubpatu
3 YMOB CTaHy pO3BUTKY €KOHOMIKH, TO BEKTOpU P = {ﬁm +1re Prad } Ta

X = {il,..., Xn+d } € PO3B’sI3KaMHU CHCTEMHU PiBHSAHb

n+d
0 yj 0 yj 1
pjzz akj+7z_x Cy [Py + Z Q + —Cy [P, J=1m,

k=1 i k=m-+1 77ij
(20)
m yj 0 n+d . -
pi:Z akj+—”_x_ckj Pk + Z A +——Cyj Pk j=m+1in+d,
k=1 7 k=m+1 i
n+d |
Xk—zaijj'—ek +ik:ZCkiyi,k:1,n+d. (21)
=1 i=1

n+d o .
L[e O3Havae, o BEKTOP OIIOAATKYBAHHSA 77 = {71' i }I:_;. Y3rosK€HUU 31 CTPYKTYPOrO

CIIOKMBAHHS, IKa BU3HAYA€THCSA BKa3aHUMH BEKTOPaMH MOHOIIOJIBHUX L[iH, 3a10-
BOJICHHS 1'[0Tpe6 CHO)I(I/IBa'IiB, BAJIOBOI'O BUITYCKY.

Teopema 3. Hexait matpunst AmpomyktuBHa, A+ C HeposkiamHa, a Mar-

punst C He MICTHTH Hi HYJNBOBHX PSJKIB, Hi CTOBINUMKIB. BHKOHY€ThCS yMoBa

(16). BekTop MOHOMOJNBHUX IiH p0 ={pf,..., pr?]}, pio >0, izl,_m TaKuH, 110
PO3B’s130K 3a1a4i
m n+d
Pj=> agPy+ > 2P, j=m+ln+d (22)
k=1 k=m-+1
3aJI0BOJIHSIE YMOBHU
m n+d _
p} - aype - D &P >0, j=1m. (23)
k=1 k=m+1

3a BUKOHAHHS ITMX YMOB BEKTOp OINOAATKyBaHHS 7T = {ﬂi }in:ld, O<rm; <1,

i=1,n+d ysromkeHuit 31 CTPYKTypOI CIIOKUBAHHS I BEKTOpa CTYIIEHIB 3a-

. I .
JIOBOJICHHS TMOTPeO CHOXHBaYiB Y = {yi }i=l Takoro, mo ama i=1n+d
Yi = a;X; pelTa KOMIIOHEHT BEKTOpa CTYIIEHIB 3al0BOJICHHS ITOTPEO CIIOKUBAUiB

Yi, i=n+d+1] BuOupaerscs 3 yMOB €KOHOMIYHOTO CTaHY CUCTEMH, 1€ BEKTOP
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. 2 — \n+d ’ .

BAJIOBUX BHUITYCKIB X = {Xi }i:1 € PO3B A3KOM CHUCTEMHU DPIBHAHDL (19), a BCKTOp
n+d .
o= {(Zi }i:l 3aJ0BOJIBHIAE YMOBU:

1) ciekTpanbHUA pagiyc MaTpuUIl

n+d
- aj
A = akj + —ij
T _
J Kk, j=m+1
MeHIIuH Bix 1;
2) po3B’sI30K 3a1a4i
m aj 0 n+d aj
pJ:Z akj +;ij pk"r‘ Z akj +;ij pk' J=m+l,n+d (24)
k=1 J k=m+1 J
3aJI0BOJIbHSIE CUCTEMY HEpIBHOCTEH
0 m 0 n+d
Py - aypr — X agPk >0, j=1m; (25)
k=1 k=m+1
1) xommoHeHTH @ AN | =1,M BuU3HA4aOTHCA GOpMyIaMu
0 m 0 n+d
Pj _Zakj Py — Zakj Pk
— . k=1 k=m+1 P
aj=7; — T , j=14m. (26)
chj Pk + zckj Pk
k=1 k=m+1

JoBenennsi. Hexait po3B’si3ok 3amaui (22) 3agoBonbHse yMoBY (23). Tomi

ICHy€E BEKTOp & = {ai }?:f TaKW, Mo cucrteMa piBHAHE (17) po3s’sa3Ha. Cripasi,

BHOEpEeMO KOMIIOHEHTH «j, 1=M+1, n+d Bekropa o TaK, o0 CIEKTpaTbHUN
paniyc MaTpuii
n+d
~ a]
A = a.kj + —ij
T .
] Kk, j=m+1

n+d

OyB MeHmmu# Bix 1, i, kpiM TOTO, BEKTOp P = {ﬁi }izm ,1» 1O € PO3B’SI3KOM CHCTE-
MU (24), 3a10BONBHAB cucTeMy HepiBHocTel (25). OcTaHHROTO MOXKHA JTOCSTTH

BHOOPOM JIOCTAaTHBO MalMX KOMIOHEHT «j >0, j=m+1n+d. Pemry xommo-

HeHT o >0, j=1m Bubepemo Tak, mOO BHUKOHYBAIUCh piBHOCTI (26). 3
OCTaHHBOTO BHUILIMBAE, 1110 ICHYE CTPOTO AOAATHUH PO3B’ 30K CUCTEMH PiBHSIHb

m n+d

0 Yj 0 Yj L
Pi=|ag+——Cq4 [Pk + X |ag+ Cx [Pk, J=1m,
k=1 TTiX; k=m+1 TTiXj
(27)
m Yi 0 n+d Yi
pJ:Z a.kj+ ij pk"r‘ Z akj+ ij pk' J=m+1,n+d.
k=1 7iXj k=m+1 iXi
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3 meposkmagHocTi A+ C BUIUIMBae, 1m0 iCHYE CTPOTO JOAATHUH PO3B’SI30K
CIIPSDKEHOI 3a1adi

n+d a
Mlag +—5cy |z =25, j=Ln+d.
k=1 Tk

3 nporo Ta BpaxoByrouH, mo 7, <1, kK =1n+d, BuIumBae: cuekrpanbHUA
pagiyc marpumi A+oC MeHmuii Big 1. BekTop BalOBHX BHIYCKiB
X = {Xl,..., Xn +d} BU3HAUMMO 3 CHCTeMH DPiBHAHB (19). A KOMIOHEHTH CTYIEHIB
3a7I0BOJICHHSI MMOTPe0  CHOXXHMBAaYiB-BUPOOHWKIB  BH3HAYMMO  (OpMyJIaMu
Y; = Xja;, 1=1n+d. Teopemy noeneHo.

AJIT'OPUTM PO3B’AA3AHHA 3AJJAYI 3 MOHOITIOJIICTAMHU

BaxnmuBoro € 3amada 3’sCyBaHHS YMOB, 32 SKHX IIIBUIICHHS I[iH B CKOHOMIYHIH
CUCTEMI MOHOIIOJIICTAMH HE TPU3BOAMTH [0 TMOTIPIICHHS PIBHA J00pOOyTY.
3 MaTeMaTH4YHOI TOUKHU 30pYy L€ O3HAYa€: IKUMH MaroTh OyTH PiBHi BaJIOBUX BHU-
MyCKiB, 3MiHA TEXHOJIOTIYHUX KOE(IIiEHTIB, BEKTOPIB EKCIIOPTY Ta IMITOPTY, 00
CTYTICHI 3aIOBOJICHHHS TIOTPEO CIIOKMBAYIB IMICISA MHUX 3MIH HE IMOTIPIIHIIACA.
Mo>xHa, HApUKIIaJ, IiIKOPEKTYBaTH CHCTEMY OIOJATKYBaHHS Taly3ell MOHOIIO-
JICTIB Tak, abM piBHI CIIOKWBaHHS He moripmmiucs. [lepefizemMo 10 po3s’si3aHHS
i€l 3agaui.

n+d

Hexaii BexTOp al = {a? }

i Takuii, 10 CHEKTpaJbHUH paniyc MaTpuui

n+d
Hakj + a?ckj Ci MeHmui Big 1. Po3risiHeMo cucteMy piBHSHb
=
n+d ! _
Xe = O [a +ajCilx; —e +ix = > cqyi, k=Ln+d,  (28)
j=1 i=n+d+1
1 Hexail X = {Xi (o, g )}Ir:rld — PO3B’A30K CHCTEMH PiBHAHB (28) /1 BEKTO-

. n+ . .
PIB & = {al }75 3 KOMIIOHCHTaMH, K1 HaJIC)KaTh MHOXXHHI1

Tz{a:{ai}?:ld, 0<a; <al, i=1,n+d},

n+d .
a BEKTOp x° :{X(J-) }H — PpO3B’SA30K CHCTEMH pIiBHSAHL (28) mIa BekTopa

a= {a i }Tff 3 HYJIbOBUMH KOMIIOHEHTaMH.
Teopema 4. [Ipunyctumo, mo BUKOHYeThCS yMoBa (16), a marpunsa C 3a-

n+d . .
JOBOJIBHAE€ YMOBU TCOPEMU 3. Hexaii BEKTOP 0[0 = {a? }jzl , KpIM TOro, Takuu,

IO 3370BOJIbHSE yMOBU 1), 2) Teopemu 3. SIKIIO BEKTOP MOHOMOJBHHX IIiH

0 0 m 0 0 n+d
P~ =\Pi iy 3an0BoibHse yMOBH (22), (23) Teopemu 3, a BekTop S° =\f; iz

TaKuM, 110 33JJOBOJIbHSIOTHCS YMOBH
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max max |dy (B0)|(n+d)<1, B <al, i=ln+d,
jzﬂ[x?]z t,ke[l,n+d]‘ w (B )‘( ) Bi i

~\ 1z : .
ne dy =[(E - A—,BOC) C} , Yj, i=1n+d — crymneHi 3a0BOJICHHS IOT-
tk

. . . . o — — |n+d o
p66 CHO)KPIBa‘{lB-BI/IpO6HI/IK1B, TO ICHY€E€ 1 €AUHUU BCKTOp «& = {0!-}]__1 , SAKHHU €

J

PO3B’SI3KOM CHCTEMH PiBHSHB

Yj

a; =——, j=1n+d (29)
VX pg)
jl1sea gy
_{ }n+d y X = (% (@0 @, }n+d
CTOCOBHO BEKTOpa & =1\, , TaKuii, WO BEKTOP X =Xj(@,0nig)iig €
PO3B’SI3KOM cUCTeMH PiBHAHB (18). 3a TakuX BEKTOPIB & Ta X iCHY€ CTPOro I0-

n+d

matHUit PO3B’30K 3amadi (17) 3 BEKTOPOM OMOAATKYBAHHS 7 = {7 }i: , AKAH

Y3TO/UKEHUH 31 CTPYKTYPOKW  CIOXHMBAaHHS, J€ KOMIIOHEHTH 7Ty = 7,

k=m+1n+d, a KOMIOHEHTH BEKTOpa OMOJATKYBaHHS rajiy3eii MOHOIOJICTIB
BU3HAYAIOTHCS (hOpMyTaMu

n+d

m
D¢y Py + D ¢ Py
k=1

k=m+1

, J=1m, (30)

ﬁj:a'

J 0 m 0 n+d
Pj _zakj Pk — Z ayj P
k=1 k=m+1

Ile BEKTOp P = {ﬁk }E:g] .1 € PO3B’sA3KOM 3a/1a4i (24) 3 BEKTOPOM & = .

n+d

o PO3B’SI30K 3a-

Hosenenns. Hexait X(oq,...,0p.q) = {Xj (e g )}

naui (28). Heniniitne Binobpaxenna f(oy,...,ap.q)= {fj (org,e g )}Tj , e

Yj

——— j=1Ln+d,
Xj(alv'"'amd)

filaganig) =

€ MOHOTOHHO CITaJTHUM BioOpakeHHsM Ky0a T B cebe. BimoOpakeHHs
2
Flaj,....ang) =T (a1, apig) =

= {15 (@ @0 T @11,

€ MOHOTOHHO HECITaJHUM BimoOpakeHHsM Kyba T B cebe, a TOMy CIpaBeIINBi
TaKi BEKTOPHI HEPIBHOCTI

FX(0,...,0) < F*¥(0,...,0),
F OB Bed) 2 F (B oo B
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. . . m
AKi cij po3ymiru nokommnonentHo. Yepes F 7 (..., @,,.q) MO3HaueHO M -Ty

creninb Binoopaxenus F(ay,...,ap,q). Kpim Toro,

FX0,...0) < FX(BY.... B2 4).

Orxe, nocaigoBHicts F k (0,...,0) € MOHOTOHHO HECIIaTHOIO, a = (ﬂlo e

,Br? +d) — MOHOTOHHO He3pocTaruoro. [TozHaunMo
lergOF"(o,...,O) =F>(0,...,0), kli_)ngoFk(ﬂf,...,ﬂr?m)z F(BL,n Blg).
Skio

a=F”(0,.00=F*(B.... 824, (31)

TO & € Po3B’si3koM 3amadi (29). 3HalineMo gocTaTHI YMOBH, KOJIU I1€ BHKOHYETh-
csl.
CripaBejIMBI HEPIBHOCTI

max |f.(aq,..., — (], f ‘——
je[ln+d] j ( 1 n+d ) j ( 1 n+d )
— | Yi Yi |
max ! ! <

B jG[l,fH—d]‘Xj (al,...,an+d) XJ ((Z]'_,...,ar'H_d )‘ B

Vi [Xj (@1 @) = X (0 o @isg) )

< max
je[Ln+d] [x?]2
Yj OXt ;0 0
< max max |—— n+d) max |a. —a.l.
jelt,n+d] [X(J_)]Z tke[Ln+d] aak (ﬂl ﬂn+d) ( )se[l,n+d]| S 5|

OTxe, AKIIO

OX¢
6ak

(BL 1o B

Yj
max

ax n+d)<1,
jelLn+d] [X?]2 t,ke[l,n+d] ( )

TO PO3B’S30K CHCTEMH PiBHAHB (29) ennHUH, 1 B IbOMY BHUMAIKy Mae micie (31).
Jlerxo 6auuTH, 110

Py :[(E - A—ﬂoé)_lé}tk.

Gak

TCOpCMy JOBCACHO.

3ACTOCYBAHHS

Hexaii y nesikuit 6a3oBuii epio]; (yHKI[IOHyBaHHS €KOHOMIKH BEKTOpP PiBHOBaXK-

. —_{— }n+d . 0o J,oln+d
HUX II1H p = pk k=1 Ta BCKTOP BaJIOBHUX BUITYCKIB X" = Xk k=1 AJIe BEKTOpa
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. . I
CTYTICHIB 33/I0BOJIEHHS OTPeO CIIOXUBadiB yO = {yE }k=1 3aJI0OBOJIBHSIOTH CHCTE-

My piBHSHB
n=d y(J)
Pj=2ay+——5C [Pk, J=Ln+d, (32)
k=t TiX]
n+d |
XQ — Y agx] —eg +ig =D ¢yl k=Ln+d, (33)
= i=1
n+d
ne A= Hai .., — TMPOAYKTHBHA MATpHIlS MPAMHX BUTPAT y HATYPAILHHX TMOKa-
L=
n+d,| 0 0 n+d
suukax; C = “ Cij i MaTpHIsE HEBUPOOHUYOTO CHOKUBAHHS, € =€y (| ;1 »

. .o \n+d . .
i%= {IE }k:l — BEKTOpH EKCIOPTY Ta iMnopty. Beaxkatumemo, mo matpumi A Ta
~ n+d
C= Hcij H - 3aJI0BOJIBHSIIOTh YMOBH T€OPEMH 3.
L=

[Tpunyctumo, 1o B HACTYMHUH nepio PyHKLUIOHYBaHHS €KOHOMIKH BinOy-
Jacs MOHOIOJbHA 3MiHA LiH B JESIKHX ramy3siX, TOOTO B IEBHUX M Taly3sx, SKi
BBA)KAEMO MOHOIIONICTAMHM, PIBHOB@)KHI LIHM 3MIHWIHCA 3 {Ek }Ezl Ha {pE }:11
s MoHOMIONEHA 3MiHA IiH MOXe OYTH SIK TiABHINEHHSM, TaK 1 3HIKSHHSIM, B 3a-
JISKHOCTI Bif TOTO, IKYy METy TMEPECIiay€e Tamy3b. SIKIO B Taly3i BIPOBAIKEHO
HOBI NPOTPECHBHI TEXHOJOTIi, TO OCATHYTH JNOJATKOBOI'O MPUOYTKY MOXHa 1
3MEHIIICHHSIM IIiH Ta 30UTBIICHHSIM BUITYCKiB. Mo)ke OyTH 1 3BOPOTHHH ClieHapiit
PO3BUTKY TOii: TaTy3b MiIBHINKJIA IiHY Ta 3MiHMJIa (3MEHIIIIIA a00 301TBIINIIA)
00CSTH BUITYCKiB, TOCATHYBIIM TAKUM YHHOM OakaHOTO 30ULIBIIEHHS TPUOYTKY.
BuHukae 3anuTaHHA: K Bigpearye eKOHOMiYHa CUCTeMa Ha Taky 3MiHy wiH? He-
Xail eKOHOMIYHA PiBHOBAra OMHUCY€ETHCSI CUCTEMOIO PiBHSHB

m . n+d .

0 yj 0 —
Pi =2 @G +— —Cq P+ 2 | A+ Cy Pk, J=1m,
k=1 7iXj k=m+l iXi
(34)
m yj 0 n+d yj -
Pi=D|ag+—Cq4 [Pk + D |&g+ C [Pk, J=m+Ln+d,
k=1 X k=m+1 iX
n+d |
X = D 8 Xj —& T =D CqYi, k=Ln+d, (35)
=1 i=1
e X= {Xk }E:f — BCKTOp BI/IHyCKiB; e= {ek }E:f, i= {IK}E:](_j — BEKTOpPHU E€KCIO-

pTy Ta iMIOPTY; Y = {yk }L=1 — BEKTOp CTYTCHIB 33I0BOJICHHS ITOTPEO CIIOKMBA-

. n+d . . . .
yiB;, P= {pk }k=m+1 — BCKTOD PIBHOBAXHUX I1H, K1 BCTAHOBJATHCA B CKOHOMIY-

Hill cucTeMi.
Buxopucraemo oTpuMaHi B MOMNEPEIHIX PO3MiIaX pe3yJbTaTH JJis aHaTi3y
€KOHOMIYHHX CHCTeM, iH(popMallis mpo sKi 3a4a€ThCS CTATUCTUYHUMH JaHUMHU
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Mikrany3eBoro Oamancy [12]. [lis mpakTHYHOTO 3aCTOCYBaHHS OTPUMAaHUX pe-
3YIBTATIB CIII IEPEHTH A0 OMUCY MOJIEi €KOHOMIYHOI CHCTEMH Y BapTiCHHUX IT0-
Ka3HuKkax abo gesarperosanoro omucy [11]. Hexait
0
~ Py . o= - Py
p? =1 j=Lm, p; =1 j=m+ln+d,
Pj Pj

e p= {ﬁk }E f — piBHOBa)XHUW BEKTOP ILiH B MONepeaHiil mepion QyHKIIi-
OHYBaHHS CKOHOMIKH, SKHH € pO3B’S3KOM CHCTeMH piBHAHBb (32), a
pt = {pf,..., p%, Pmstses Prad } — PIBHOBAXXHHUH BEKTOp I[iH, IO 3aJ0BOJIbHSE

cucremy piBHSHB (34). Cucrema piBHsAHB (34), (35) y BapTiCHUX IMOKa3HUKaX Ha-
Oyze BUTISILY

m Y. n+d Y. -
Pi=>|ay+——Cq [Pk + > | &G +——Cy Pk, i=L
k=1 ﬁij k=m-+1 ”jxj
(36)
m n+d Y.
-:Z &y +—Cy [P+ D, | &G +——1Cy Pk, J=m+Ln+d,
7Z'JXJ k=m+1 ”JXJ
n+d
xk—Zaij1 gk+|k_ch, i, k=1n+d, (37)
j=1 i=1

J€ BBCACHO ITO3HAYCHHA

li=ejPj, Ys=VYs, K, J_1n+d s=11.

PosrasiHeMo, SIK y3rofKyloThCsl 3aJjaHi MOJAEIbHI €KOHOMIYHI XapaKTepHc-
THKHY 31 CTATUCTUYHUMHU JAaHuMU [12], siki MICTSTH arperoBaHy iH(OpMaIlito mpo
CTaH pealbHOI €EKOHOMIYHOI CUCTEMHU.

Hexaii y 6a30BOMy poOIli €EKOHOMIYHA CHCTEMa OMHCYEThCA arperoBaHo, TO0-
TO BBaYKaTUMEMO, IO 1HPOPMAITIIO PO EKOHOMITHY CHCTEMY 3aIaHO:

1) BeKTOpOM BanoBHX BUIycKiB X = {X; }_n_+1d ;

2) MatpuLero (iHaHCOBUX MOTOKIB ||X,k || sKa OINHCY€E CTPYKTYpPYy BH-

ik=1’
TpaT N+ dYucTUX ramyseil, e N— KITbKICTh ranay3eil MaTtepialbHOrO0 BUPOOHH-
[TBa Ta MOCHYT, @ 0 — KiNBKICTh YMCTUX Tally3ei, 10 HAJAITh MOCIyTH Ta (i-
HAHCYIOTHCS 3 OIOIIKETY;

3) CTPYKTYPHOIO MaTpHUIIEI0 BHTPAT, Ka TI0B’s13aHa 3 (DiHAHCOBMMH ITOTOKa-
MU Ta BaJIOBUMH BHITYCKaMH 1 3371a€ThCs HOPMYIIOIO

A=ay

n+d 3 xij .

e i X,
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4) BEKTOpPaMH EKCIIOPTY Ta iMIopTy & = {8 i }:1:+1d = {| i }in:ld ;

. n+d
5) BeKTOpaMH KiHI[EBOTO criokuBaHHs C = {Ci }i=1 Ta BaJOBOTO Harpoma-

n+d .

mxeHas N = {Ni}i=1 ;

6) BaJIOBMM BHYTPIIIHIM MIPOAYKTOM | -1ramy3i A;, i=1n+d;

. n+d
7) iHTErpabHUM BEKTOPOM OIOJATKYBAHHS 7T = {ﬂi }i=1 .

Bci 1i naHi yTBOPIOIOTH MIXKTaTy3eBHi OalaHc

n+d
DX +Ci+Ni+& -1 =X, i=Ln+d,
k=1

n+d
ZXik+Ak=Xk, k=1,n+d.
i=1

HOB’SDKCMO 3 TaKMM arperoBaHuM OIMCOM ﬂeBaneFOBaHHﬁ. BBC,E[GMO Mar-
n+d,n+d+1

PUII0 HEBUPOOHHYOTO CIIOKUBAHHS y BapTICHUX MoKa3Hukax C = "Cki ||k_1 g

(I=n+d+1), ne marpuuni enementd C,; 3aJOBOJNBHAIOTH CHCTEMH HEpiBHOC-
Teit Ta piBHsgHb [11]

Cy 20, k=Ln+d, i=Ln+d+1,

n+d+1
D CY?=CQ +N¢, k=Ln+d,
i=1

(38)
n+d
Yio chi :ﬂ-iAi y | Zl,n +d y
k=1
n+d n+d n+d n+d

Yn0+d+1 ch,n+d+1 = Z(l_”i)Ai + ZgI? - Z II? .
k=1 i-1 k=1 k=1

PosristHeMo po3B’s130k cucTeMu piBHSHG (38), SIKHii IOAA€THCSA Y BUTIISI

_ﬂ.kAk(Cj +N])

ik YkOM , j,k:1,n+d,
Cj,n+d+1=wv J=ln+d,
Yn+d+1'vI
n+d n+d
M=> (Ay =&+ 1), M'=>[A-m )AL =& + 1, ].
k=1 k=1
BBenemo nozHaueHHs
(o] N —
C ik ZW’ j=Ln+d, k=14n+d+1 (39)
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Ta MPUIMEMO TINOoTe3y Mpo Te, [0 MOHOIOJFHA 3MiHA IIiH B arperoBaHiii eKOHO-
MIYHIH CHCTEMi OMICYETHCS CUCTEMOIO PiBHSAHD (36) 3 MATPHYHUMH €IIEMEHTAMH

C k. fKI 321a10TbCs BUPa3oM (39), a MAaTPUUHI €JICMEHTH 8, — BHPa3oM
_ Xy .
akj =—, k,le,n-‘rd ,
X

j
pe Xy, ta X BILHOCATBCS 10 06a30BOro poKy. 3a LIMX YMOB CHCTEMa PIBHSHb

(36)—(37) mepenurersCst y BUTIISL

~0 mi 7 0 n+d _ R
P} =D |8y +——1Ci [Pc+ D |84 +——1Cy [Pk, i=L
k=L X k=m+1 jXJ
(40)
~ m _ n+d Tj 0 |= S —
pj=z kit ij pk+ Z a + 1ij P, J=m+1ln+d,
k=1 ”jXJ k=m-+1 7Z'ij
n+d n+d+1
Xi— Y agXi-&c+lg= Y Car, k=Ln+d, (41)
j=1 i=1
e
Y N
re=—%, k=1n+d.
Yk

3ayBakeHHs. fkmo

Il

=&, 1j=1

F 7o=1, j=1n+d, s=1n+d+1,

i i

TO cuctema piBHIHB (40), (41) po3B’s3HA, TPHIOMY
Xi=Xj, Pe=1, Ps=1, j=Ln+d, k=Lm, s=mn+d.

Tomy cucrema piBasiHb (40), (41) ommcye BinxuieHHs, sike BiOyIeThCs B
E€KOHOMIYHIM cHUCTeMi y 3B’S3Ky 3 MOHOIIOJBHOIO 3MiHOKO LiH y TOPIBHSHHI 3
E€KOHOMIYHMMH TOKa3HUKaMH, siKi Oynu B 6a30BOMy polli (YHKLIOHYBaHHSI €KO-
HOMIKH.

Cucrema piBusinb (40), (41) mae Toii e Bursia, mo i (20), (21), sxmaio
MPOBECTH BIAIMOBIIHI OTOTOKHEHHS. OTXe, IS 11 TOCTIHKEHHS MOYKHA 3aCTOCY-

Batu TeopemMy 3. Uepes criemianbHAN BATIISAA KOSPIIiEHTIB CEJ- TeopeMy 3 MOKHA

KOHKPETH3YBaTH.
n+d =<0 0 n+d
Teopema 5. Hexait Matpumi A = Ha i ta C HC SaI[OBOHI)HSIIOTI)
YMOBH TEOPEMH 3, IPHUOMY Cij = ,i=Ln+d, j=1Ln+d~+1. [Ipumycru-
MO, L0

(E-A)e -111>0.
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o n+d .
CTpOFO AO0JaTHUH BCKTOp & = {C{] }Jil 3aJ0BOJIbHAIE CUCTCMY P1BHAHDb

M (ay,ang)=p", j=Lm,

ldj(al,,amd):ﬁ], J:m+1;n+d1 (42)
n+d
Zukdk(al,...,an+d)=1,
k=1

ne A>0, dj(eq,.ang)=[(E-AT) 2]},

. n+d oV Tk
Z_{Zk}kzl’ Zy = P ak—x
k k

FE. . n+d o .
TOAl 1 JUIIE€ TOAl, KOJKM BCKTOP OIOAATKYBAaHHA 7Z'={7Z'k }k;rl Y3roxKE€HUu 31

. ~ ~0 |M
CTPYKTYPOIO CIIO)KMBAHHA 3@ BEKTOPAa MOHOIIOJIbHUX II1H pO = {plg }k:l Ta BCKTO-

. . n+d+1
pa CTyTICHIB 33JJOBOJICHHS MOTPEO CIOXKUBAYIB T = {Tk }k:1

JoBenennsi. HeooxignicTs. Hexail icHye po3B’s30k 3amaui (40), (41) 3a ne-

SIKOTO JIONIATHOTO BEKTOpa T = {7y }E:fﬂ CTOCOBHO BEKTOpiB P = {Py }E:?n 4 Ta

1 1 \n+d
X z{xk}kzl'
ITo3naunmo
Tk =g, k=Ln+d,
X

n+d

kems1- DBBEIEMO BEKTOp

a PO3B’A30K cHUcTeMM piBHAHB (40) — uepes P = {5k}
b =1{Px }Ej » 1€

Toxi BeKTOp P € po3B’A3KOM CHCTEMH PiBHSHB

n+d oV h+d
Pj =D &GPk +— D upy, j=Ln+d (43)
k=1 Tj k=1
a00 PO3B’SI3KOM CHCTEMH PiBHSIHD
n+d
Pj=dj(@r@ng) D Uk Pk, j=Ln+d, (44)
k=1

dj(eg ) =[(E-AT) " 2];, j=Ln+d.

Yepes Te mo cucrema piBHAHB (44) po3B’si3HA TOJI 1 JIUIE TOJI, KOJIH

n+d

D Uy (@1 @nig) =1,
k=1
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n+d .
OTPUMYEMO, 10 BEKTOPp & = {aJ }j—l € p03B’$[3KOM CHUCTCMU PIBHAHDb

B =Ad,(ay,@ng), i=Ln+d,

n+d

D Uy (@1 @) =1,
k=1

ne A — neske JoAaTHe YHCIIo.
3BiJCH 1 OTPEMY€EMO HEOOXIAHICTb.

HoctaThicTh. Hexall icHye cTporo AoJaTHHH BEKTOp o = {aj }Tff , o €
PO3B’SI3KOM CUCTEMH PiBHAHB (42) mis aeskoro A > 0.
ITokmagemo
A =0 Pa—
Pk =P, k=1Lm,

f)J :51', j=m+1,n+d.

Bektop P € po3s’s3koM cuctemu piBHAHB (43). Bpaxyemo, 1m0
Tk oy, k=Ln+d,
Xk

. . 1
1 PO3TIITHEMO CUCTEMY PIBHSHb CTOCOBHO BCKTOpA X,

n+d
X|:<L - Z(akj +Cl?jaj)x} _811- + II% = Cl?,n+d+1rn+d+l' k=lLn+d. (45)
j=1

Sk 1 B JOBEJCHHI TEOPEMH 2 BCTAHOBJIOETHCS, IO CHCKTPAIBHHUN Pajiyc
n+d

MaTpUII Hakj +C|?ja i MeHmmi Bim 1. Omxke, iCHye CTpOro momaTHUM

k,j=1
PO3B’s130K crcTeMu piBHAHB (45). [Toknagemo

o =Xy, k=1Ln+d. (46)
3BiZICH OTPUMYEMO, IO BEKTOP OMOMATKYBAaHHS 7r={7rk }E:f 3a BEKTOpa

R ~0 (M . .
MOHOIOJIBHUX I1H p0 = {pg }kzl Y3TOJIKEHUH 31 CTPYKTYPOIO CIIO)KMBAHHS 3 BEK-

. . n+d+1 o
TOPOM CTYIICHIB 3a10BOJICHHSA HOTpe6 CIIOXKHUBAYIB 7 = {Tk }kzl , SIKHUU 3a4a€Th-

cs1 popmyioro (46).
Teopemy TOBEIEHO.

Buxons4u 3 Toro, mo MOHOIIOJIFHA 3MiHA IiH HAHMEHIIIOK MIipOI0 3MIiHIOE
ICHyIOUYE€ BiIHOIICHHS CTYTICHIB 3aJI0BOJICHHS MOTPEO CITOXKMBAYIB 10 BaJOBHUX
n+d, n+d+1
k=1, i=1 !
KEMO OJMH 13 MOXIUBHX AITOPUTMIB MOOYIOBU PO3B’SI3KIB CUCTEMHU DPIBHSHB
(40), (41).

BUITYyCKIB, a TAKOX 13 CHEIiaIbHOTr0 BUTIsAAy marpuii C =||Cki || BKa-
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PosrasiHemo onTumizaniiHy 3aady: 3HAHTH MiHIMYM (YHKLIOHATY

n+d 1 2
Z[X__O‘J} (47)

=L
3a YMOB
2 (@ Aneg) = P, f=1m, (48)
n+d
Zukdk(al,...,an+d)=l.
k=1
Hexaii
n+d ]
dj(al,...,an+d)=2djkak, J=1,n+d.
k=1

3BizCH OCTaHHS 3 YMOB Ha0y/Ie BUTIISIILY
n+d n+d
> 2 ujd ey =1. (49)
k=1 j=1
[Mobynyemo ¢ynkmiro Jlarpamxka 3aaadi ontumizaitii (47), (48)
n+d 1 p Y n+d
Loy, @pig) = Z X__a +Z,UJ Zdjkak
=1 J

Heo0ximH010 yYMOBOIO MiHIMYMY € CHCTEMH PiBHSIHb

OHj k=1
3B1OKHA
m
—lzlujdjk +i, k=1,n+d,
21-:1 Xy
n+d Q n+d J—
Zdijﬂl |k__ zd]k J=1m. (50)
k=1
[To3naunmo
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mo. . .
[ToOymyemo MaTpHITio ”nij H ., 1 mpumycTHmo, o icHye obepHeHa 10 HeEl
i, j=

m
MaTpULL H 'Jlui o Togi 3 Bupazy (50) maTumemo

n+d

m
ankpk Zn zdks , 1=1
k=1

Otxe,

ay :rk +&, k=1,n+d,
A

1 m m 1.0 -
S=EZdjSZanpk, s=Ln+d,
i1 k4

1 1 m m n+d )
ZT—EZdjizn des s |=1,n+d.
i j=1 k=1
3a10BOIFHUMO YMOBY (49)
n+d n+d n+d n+d
> > d]kl“k+ Z D ujdQy =1,
k=1 j=1 k =1 j=1
3BIIKUA
n+d n+d
kZ 2.Uid5%Qc
k=l j=t
A= n+d n+d
1-> > ujd ka
k=1 j=1

TakuM YMHOM BH3HAYEHHUH BEKTOP @ 3aJ0BOJIbHATHME YMOBH TEOPEMH 5.
PiBHOBakHI 1iHM Ta 0OCSATH BUITYCKiB MOXKYTh OyTH BU3HAY€Hi 3a BEKTOPOM & 3
Bupasis (42), (45).

PEAKIIIA YKPATHCHKOI EKOHOMIKH HA MOKJINBI CTPUEKH IITH B
EHEPTETUYHUX IN'AJTY35X

’KomgHa 3 €eKOHOMIYHHX CHUCTEM HE € JOCKOHAIO0 KOHKYPEHTHOIO. 32 YMOB HEBH-
3HAYEHOCTI (ipMa, SKa BOJIOJIE ITEPETOBUMH TEXHOJIOTISIMH, CIIPOMOYKHA BILTHHY-
TH Ha QOpMyBaHHS IiH B OiK SIK X 3HHXKCHHS, TaK 1 MiIBUIIECHHS. 3aBJISTKA MOHO-
NOJBHOMY CTaHOBHILY (ipMa TUM CaMHM 3/aTHa 30UTBIINTH YacTKy NPUOYTKY y
CTBOpeHiil BapTocTi. Sk mokazano panimie [7,8], miATpuMaHHS TIEBHOTO PiBHS ca-
JBJI0 TOPrOBEJIBHOrO OaJlaHCy Taly3sIMHU-EKCIIOPTEpaMH TaKOXK IPU3BOAUTH 0
MOHOTIONI3MY B (hOpMyBaHHI IiH Taly3sMH-MOHomNomictamu. Hampuknam, ms
MiBUIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI Taly3el-eKCIOpTepiB B E€KOHOMIiuHil
CHUCTEMI MOJKE BiIOyBATHUCS 3HIKECHHS PIBHIB OMOJATKYBaHHS BAPTOCTI TIPOIYKITii
eKCIIOPTEPiB, NIEBANLBAIlISI HAIIIOHATHLHOT BAIIOTH, 110 € I[IHOBOIO JTUCKPHUMiHAII-
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€10 TUX Tally3el, siKi IpaloTh Ha eKkcroprepa. JleBanbBallis HAIliOHATBHOI Ba-
JIIOTH 33]UT CTUMYITFOBAHHS €KCIIOPTY IJISL OJHUX Tally3ei Ta IepeHeceHHs PiBHS
OTOJAaTKyBaHHS Ha Tajy3i, 10 BUPOOJISIFOTh TOBAPH LIUPOKOTO BXKHUTKY, HU3bKUH
piBeHb 3apoOiTHMX IUIAT 37aTHI 3a0JIOKYBaTH PO3BUTOK BHYTPIIIHHOTO PHHKY,
BHYTpIIIHI iHBecTHIii. TOMy IOCIiP)KeHHS BIUIMBY IIHOYTBOPEHHS B MOHOIIOJb-
HUX Taly3sX, PiBHIB ONOMATKYBAaHHS Ha PEINTY IIiH B €eKOHOMIYHIH CHUCTEMI, piB-
HIB JIOXOJIIB SK (hipM, TaK 1 TpOMaJIsiH, Ta 3aJISKHICTh BiJl [LOTO JUHAMIKUA €KOHO-
MIYHOTO PO3BUTKY € IEHTPAIBHOIO 33a4€i0 MAaTeMaTUYHOT EKOHOMIKH.

BinkpuTicTh YKpaiHChKOI EKOHOMIKHM BUMAara€ BUBYCHHS MOXKIIMBUX HETaTH-
BHUX BIUIMBIB HAa €KOHOMIKY YKpaiHu L[IHOBUX CTpUOKIB Ha eHeproHocii. Bixcyt-
HICTh (MPaKTHYHA) BIIACHUX €HEPTOHOCIIB, HeMUBEPCH(DIKOBAHICTE iX JKEpen Ha-
MXO/DKEHHS 37aTHI ICTOTHAM YWHOM BIUIMBAaTH HAa BCIO EKOHOMIKY,
OyBalOTh NMUTaHHS TIEpe0AYCHHS Ta YIEPEKCHHS HETaTHMBHUX BIUIMBIB €KOHO-
MIYHAMH 33aX0JIaMH MOKJIMBHX ITIHOBHUX CTPHOKIB Ha eHeproHocii. 3 iHmoro 6o-
Ky, BUBUCHHS I[IHOBOi peakilii y BCiii €KOHOMIUHIN CHUCTeMi Ha MiJBUINCHHS IIiH
Ha EHEProHOCi1 € TOKa3HUKOM €(PEeKTHBHOCTI CHCTEMH OIOJATKYBaHHS.

[ToGynoBana B po6oTi [11] Teopisi ekOHOMIYHUX TpaHC(hOPMAIIii J03BOJIHIA
BUSIBUTH JUHAMIKY YKPalHCbKOI EKOHOMIKM Ta BILJIMB Ha HEl CHCTEMH OMOJATKY-
BaHHS. 3a3HAYUMO, IO JIEBAIbBAIliS HAIIOHAIEHOI BAFOTH 3YMOBIIIOE ITi/IBUIIICH-
HS I[iH B €eKOHOMIYHIH CHCTEMi B IEepIlly Yepry Ha €HEeproHocii, o KyMyIThCS 3a
aMEepUKaHChKi J0JapH, A0 SIKUX MPUB’s3aHa yKpaiHChKa TpuUBHSA. ToMy BHBUEHHS
I[IHOBHMX 3MiH Ha €HEProHOCii € pa3oM 3 THM 1 BHBUEHHSM HACHTiJIKIB KypCOBOI
noyiTuku HarioHansHOTO O0aHKY Ha piBeHb JH00pOOYTY TpOMaJisiH, CTaH €KOHO-
MIiYHOI CTabUTBHOCTI, TEHIEHIIi €KOHOMIYHOTO PO3BHUTKY. ABTOPH IIi€l CTATTi
BB)KAIOTh, 110 MOHOTIOJbHE ITiIBUIIICHHS IIiH BiAOYBAa€ThCSA B TPHOX Tally3sX 3a
(ikCcOBaHOTO CaNBJ0 30BHIIIHLOEKOHOMIUHHMX 3B’SI3KIB: €IEKTPOCHEPTeTUYHIH,
KUTIIOBO-KOMYHAITbHIN Ta HATOTa30BIMH.

HatixapakTepHIilIMMu OCOOJMBOCTSIMM MOHOIIOJIBHOTO IiBUIICHHS IIiH B
WX Taly3sAX €, B IepIly 4epry, Te, M0 BOHO HETaTHBHO BIUIMBA€E Ha caMi IIi
rany3i. [ligBumenns uin #Ha 30% B enekrpoeHepreruili, Ha 20% B >KUTIIOBO-
KOMyHaJbHIH Ta Ha 20% B HadTOra30Biil ramdy3sx MPOBOKYE IiIBUIICHHS IiH Y
BCIX Tay3sX B cepeaaboMy Ha 35 — 38%, okpiM JIerkoi, Xap4oBoi MPOMHUCIOBOC-
TeH Ta CUTHCHKOTO TOCIIOAAPCTBA, B SAKUX IIIBUIICHHS IiH BiAOYAETHCS BiIITOBI-
Ho Ha 39, 52 ta 59%. Caig Big3HAUUTH, 1[0 TaKe MOHOIIOJLHE IMABUINCHHS IiH
HETaTUBHO BiJi0’€ThCs HA PIBHAX CIOXHBAHHS MPAIliBHUKIB ITUX Tany3ei. Tak, B
€JIEKTPOCHEPTeTHIlI BOHO 3MEHIIUTHCS Maixke Ha 6%, B )KUTIOBO-KOMYHAIBHIH
Ha 26%, a B HadTorazosiit Ha 22%. Bapiaris MOHOIIOJIEHOTO TIABUIIICHHS IIiH Y
BKa3aHUX Taly3sX B HIMPOKOMY Jialla3oHi MiATBEPIUKYE BUSIBICHY 3aKOHOMIp-
HICTh: peakxilii CKOHOMIYHOI CHCTEMH Ha TIJBHINCHHS I[iH Y BKa3aHHUX TaIy3sX
MPOBOKY€E TMIJBUIICHHA IiH y PEUITH Taixy3ed, MPUUOMy HaWBUIINM BOHO € Yy
TPHOX Taly3sX — JIETKii, Xap4yoBiil Ta CIIBCHKOMY TOCHONAPCTBI. Sk HacTimok
MaeMo, IO 1 MiIBUIICHHS I[iH Ha CBITOBOMY PUHKY Ha €HEPTOHOCII 1 JieBaIbBallis
HAI[IOHATBHHOI BaJIOTH CIPUSATUMYTh HETaTUBHUM BIUIMBAM Ha BCIO €KOHOMIKY
VYkpainu. lle nposBUTHCS B TOMY, IO PiBHI CIIOKMBaHHS T'POMAJSH 3MEHIIYBa-
TUMYTbCS, 1110 HE CIOPUATAME PO3BUTKOBI BHYTPIIIHBOTO PUHKY. [IpakTH4YHO BCs
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YacTHUHA 3apOOJICHOTO BUTPAYATHMETHCS HAa MPHUAOAHHS TOBapiB mepInoi Heoo-
X1JIHOCTI, a 1e He CIIPUSITUME 3a0IaPKeHHIO, OTXKE 1 pO3BUTKOBI ()OHIOBOTO PHH-
Ky. OcTaHHe O03Ha4ae, M0 PO3BUTOK PUHKY BHYTpILIHIX iHBecTHLiK Oyne 3a0io0-
KOBaHO.
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