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I.0. ITUMOBA

XepCOHCHKHH JIepKaBHUH arpapHO-eKOHOMIYHHUH YHIBEpCUTET

BUKOPHCTAHHS METOJY TEOPIi 35YPEHD
AJIA JOCJIIDKEHHA TUHAMIYHUX PIBHAHD
MIKTAJTY3EBOI'O BAJIAHCY

Exonomiuna cucmema oxonawoe napamempu I Xapaxmepucmuku CYCRILIbHO20
BUPOOHUYMBA, PO3NOOJLNY, OOMIHY MA CHOJNCUBAHHA MamepianrbHux Onae. B exonomiuHil
cucmemi 8ubOip i hopMysanHs K CMPYKMypu, maxk i cnoco6y (yHKYiOHY8aHHs € 3a0auamu
VAPAGNIHHA, W0 3a0e3ne4yioms OUHAMIKY COYIanbHO-eKOHOMIYHO20 PO3GUMIK) .

Y cmpykmypi cucmemu ynpaeninmua mooicHa eudinumu: o00'ekm ynpaseninHsa — ye
besnocepeoHill npucmpiti, azpezam, niOCUCMeEMA 3A2ATbHOI cucmemu, 8 Kl peanizyemuvcs
Mema QYHKYIOHY8AHHA 6CIEI cucmemu, ynpasnanda cucmema — npeocmasiiae coboio opeam
ynpaeninHa (cyo'ekm ynpaeninns), wo ¢hikcye napamempu o6'ekma ynpasuinHsa i eupooisne
Kepyloui enausu Ha o0'ekm ynpaeninHs, obepHeHull 38’130k — ye 00'ekm, niocucmema, 3a
00NOMO2010 AKOI peanizyemvcs 6NAUE YNPAGIAIOUOI cucmemu Ha Kepoganuti o0'exm. LJi
eeMenmu pa3om Ymeopiooms 3aMKHEHY CUCeEMY YIPABIIHHAL.

3aoaui ynpaeninHs eKOHOMIYHOW CUCMEMOI0 NO2AHO CMPYKMYPOBAHI, I He 3a8iHcou
Mooenb  moodce Oymu nobyoosana O00HO3HAYHUM cnocooom. lle o3unauae, wo yini
@yHKYioHY8aHHA 0A2AMbOX EKOHOMIYHUX CUCTEeM He 3a8HCOU MONCYMb Oymu YimKo
chopmynvosami. 3aoaya ynpasiiHHA MAKOK CUCMEMON0 HONA2AE 8 MOMY, W00 NPULHAMU
Hatikpauje pivieHts 0Jis yiei cucmemu.

Oonum 3 eexmuHUx Memoodi8 OO0CNIOHNCeHHST eKOHOMIUHOI OUHAMIKU SIK 8
MmeopemuyHoMy, MaKk i 6 NPUKIAOHOMY acCnekmi € OUHAMIYHI MOOeli SUmpamu-UnycK
(moOeni  misceanyszesoeo  6anancy). Mamemamuuni  3GAeHCHOCMI  MINC — BEAUYUHOIO
KanimanipbHux 6K1a0eHb I NPUpocmom HpOOVKYil € OCHO8010 NOOYOO08U DI3HUX 6apiaHmMie
OUHAMIYHUX MoOenell Midceany3eso2o oOanaucy. Biominnow pucoro ounamiunux mooeneti
MIdC2ANY3€6020 OANAHCY € GUOLIEHHS BUPOOHUYUX Kanimanoskiadensb (ineecmuyiil) 3i cKIady
KIHYe80oi npooyKyii i 8UHUeHHs iX 6NIUBY HA 3POCMAHHA 00cscy eupobHuymea. B pobomi
CKAA0AEMbCST Ma  AHANI3YEMbC  HeNiHiuHull  gapianm OuHamiyHoi modeni Jleonmowesa,
PO32IAOAEMBCA MONCIUBICIL OOCHIONCEHHS OUHAMIYHUX DIBHAHb MIdiCeany3e8020 OANAHCY
npU BUHUKHEHHI 30YypeHb 6 eleMeHmax Mampuyb NpAMUX MamepialbHux 3ampam ma
BHYMPIWHIX [HEecmuyit. 3a pe3yibmamamu 00CAIOHCeHHs 3p0ONeH] BUCHOBKU NPO BNIUS
30ypeHb Ha Mampuyi 6HYMPIWHIX IHEeCMUYill | MamepialbHUX UMpam.

Knrouosi cnosa: xapakmepucmuune piHAHHA, 61ACHE 3HAYEHHS, GAACHUU GEKMOP,
mampuys, 30ypentsl, 30idcHicmb cmenenesux psois, eerk1i008a HOpMA.

A.O. ILIMOBA

XepCOHCKI/Iﬁ FOCYI{apCTBeHHLIﬁ arpapHO-i’KOHOMI/I‘IeCKI/Iﬁ YHUBEPCUTCT

NCITOJIB3OBAHUE METOJIA TEOPUU BO3MYI_HEHI/H7£
JJIA NCCIIEJOBAHUA JUHAMUYECKUX YPABHEHNN
MEXOTPACJIEBOI'O BAJTAHCA

OKoHOMUYecKas — cucmema — oxeamvleéaem — napamempvl U XAPAKMEPUCMUKU
00WeCmBeHH020 NPOU3BOOCMEa, pacnpeoenenuss, ooOMeHa U NnompeoOieHUs MAmepuaIbHbLX
Onae. B skoHomuueckol cucmeme 8bl00p U opmuposanue Kax CmpyKmypuvl, max u cnocooa
QYHKYUOHUPOBAHUSL  AGIAIOMCSA  3A0A4aAMU  YAPAGIEHUS, 00eCneuu8arowuMy  OUHAMUKY
COYUATLHO-IKOHOMUYECKO20 PA3BUMUSL.
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B cmpyxkmype cucmemvl ynpagnenus MO*CHO GblOeUMb: 00bEeKm YNPAGIeHUs -
HenocpeocmeeHHoe YCMpOUCmBo, azpezam, noocucmema oobwel cucmemvl, 8 KOMOPOU
peanuzyemcs yenvb (QYHKYUOHUPOBAHUS BCell CUCMeMbl;, YAPAGIAWAL CUCeEMd - Op2aH
ynpasnenus (cyovekm ynpaeieHus), uxcupyiowui napamempuvl 00vbeKma YAPAeieHus u
sblpabamvleawuil Ynpasisowue 6030€lcmsus Ha 00beKm ynpasienus, 00pamHuas cési3b -
9mo 0bvexm, noocucmemd, ¢ NOMOWbIO KOMOPOL pedaru3yemcs 8o30elicmaue ynpasisioueli
cucmemvl HA YNpAeisemvlll 00veKkm. ODmu 3d1eMeHmbl emecme 00pasyiom 3AMKHYMYIO
cucmemy ynpaeieHusl.

3a0auu ynpaenenus 3KOHOMUYECKOU CUCMEMOU NI0XO CHMPYKMYPUPOBAHbl, U He
gcec0a Mooenb Modcem Oblmb NOCMPOEHA O0O0HO3HaAuHO. Dmo o3nauaem, uYmo yeiu
DYHKYUOHUPOBAHUS MHO2UX DIKOHOMUYECKUX CUCmeM He 6ce20d Mo2ym Oblmb UYemKo
cpopmynuposansl. 3adaua ynpagieHus maxoi CUCMeMol COCIOoUm 6 mom, 4moosl NPUHAMb
Hauydulee peuieHue 0isi IMOU CUCEMDbL.

Oonum u3 2¢hghekmusHbIX Memoo08 UCCIe008AHUSL IKOHOMUHECKOU OUHAMUKU KAK 8
meopemuyeckom, mak U 6 NPUKIAOHOM dCneKkme AGIAI0MC OUHAMUYEeCKUe MOOenu
3ampamoi-guinyck (mMoodenu mexcompaciesoeo bananca). Mamemamuueckue 3a8UCUMOCIU
MedHCOY BETUYUHOU KANUMATbHBIX BILONCEHUU U NPUPOCHOM NPOOYKYUU SBTISAEMCs OCHOBOU
HOCMPOEHUs PA3TUYHBIX BAPUAHMOE OUHAMUYECKUX MOOeNel MeNCoOmpacieso2o 6anauca.
OmauyumenvHoOU 0COOEHHOCMbBIO  OUHAMUYECKUX MOOelell  MeNCoOmpacieeoeo baiaunca
AGNAEMCsL BblOeNIeHUE NPOUIBOOCMEEHHBIX KANUMAanosnoxcenuti (Uuneecmuyuil) uz cocmaed
KOHEYHOU NpOOYKYUU U U3YYeHUs] UX GIUAHUSL HA pOCm 0Ovema npouszsoocmed. B pabome
COCMABIAEeMCs U AHATUZUPYEMC S HETUHELHbII 8apUanm OUHamuyeckou mooenu Jleonmoesa,
paccmampusaemcsi B03MOJCHOCTb uccnied08aHus OUHAMUYECKUX YpasHeHuil
Medcompacne8o2o bananca npu 603HUKHOBEHUU BO3MYWEHU 8 IeMEeHmax Mampuy npsamblx
MamepuanvHulx 3ampam u uneecmuyuil. I1o pezynbmamam uccie0osanus cOenansl 8b1800bl O
BIUAHUU BO3ZMYUEHUT HA MAMPUYb] BHYMPEHHUX UHBECMUYUL U MAMEPUATbHBIX 3AMPaAm.

Kniouesvie cnosa: xapaxkmepucmuueckoe ypagHeHue, coOCmMEeHHOe 3HAYeHUe,
CcOOCMBEHHbIT BEKMOP, MAMpUYd, 803MYWEHUs, CXOOUMOCMb CMENEHHbIX PA008, eBKIU008A
HopMA.

H. DYMOVA
Kherson State Agrarian and Economic University

USE OF THE PERTURBATION THEORY METHOD FOR THE STUDY
OF DYNAMIC EQUATIONS OF THE INTERBRANCH BALANCE

The economic system covers the parameters and characteristics of social production,
distribution, exchange and consumption of material goods. In the economic system, the choice
and formation of both the structure and the way of functioning are management tasks that
ensure the dynamics of socio-economic development.

In the structure of the control system, one can distinguish: the control object — the
direct device, unit, subsystem of the general system, in which the goal of the functioning of the
entire system is realized; management system — management body (management entity),
fixing the parameters of the control object and generating control actions on the control
object; feedback is an object, a subsystem, with the help of which the control system acts on a
managed object. These elements together form a closed control system.

Economic management tasks are poorly structured and not always a model can be
constructed unambiguously. This means that the goals of the functioning of many economic
systems cannot always be clearly formulated. The task of managing such a system is to make
the best decision for this system.



IIPUKJIAJTHI TIHTAHHA MATEMATHYHOI' O MOAEJTIOBAHHA T. 3, e 1, 2020

One of the effective methods for studying economic dynamics in both theoretical and
applied aspects are dynamic input-output models (models of interindustry balance).
Mathematical dependencies between the value of capital investments and production growth
is the basis for constructing various options for dynamic models of interbranch balance. A
distinctive feature of the dynamic models of the interindustry balance is the allocation of
industrial investments (investments) from the composition of the final product and the study of
their impact on the growth of production volume. A nonlinear version of the Leontiev dynamic
model is compiled and analyzed, the possibility of studying the dynamic equations of the
interindustry balance in the event of disturbances in the elements of the direct material cost
and investment matrices is considered. Based on the results of the study, conclusions are
drawn about the influence of disturbances on the matrix of domestic investment and material
costs.

Keywords: characteristic equation, eigenvalue, eigenvector, matrix, perturbation,
convergence of power series, euclidean norm.

ITocTanoBka npodiaemMun

ExoHOMIYHA cHCTEeMa OXOIUIIOE TapaMeTpH 1 XapaKTEPUCTHUKU CYCIUIBHOTO
BUPOOHHUIITBA, PO3MOALTY, OOMIHY Ta CIIO)KMBaHHS MarepiajJbHMX Oinar. B exoHOMiuHiN
cucteMi BUOIp 1 GOpMyBaHHS SIK CTPYKTYpH, Tak 1 crocoOy (YHKIIIOHYBaHHS € 3aJadamMu
yIIpaBIIiHHSA, 110 3a0€3MeUyI0Th JUHAMIKY COI[IaJIbHO-€KOHOMIYHOTO PO3BUTKY.

Y CTpyKTypl CHCTEMH YOpPaBIiHHA MOXXHA BHIUIMTH: OO €KT YOpPaBIIHHSI —
Oe3mnocepeHbO MPUCTPIiH, arperar, MmiJIcucTeMa 3arajJbHOi CHCTEMH, B AKii peaizyeTbcsi MeTa
(GYHKIIOHYBAaHHS BCi€l CHUCTEMH; YIOpaBIsIlOYAa CHUCTEMA — OpraH ympaBiiHHA (Cy0’€KT
yIIpaBIliHHA), IO (QiKCye mapaMeTpu 00’ €KTa YIpaBIiHHA 1 BUPOOIIsi€ yIpaBiIsiioUl BIUIMBH Ha
00’€KT ympaBliHHS; OOCPHEHWH 3B’S30K — O00’€KT, MIACHUCTEMA, 3a JOTIOMOTOK0 SIKO1
pearizyeTbesl BIUIMB YIPABIAIOY0T CUCTEMH Ha KepoBaHH 00’ ekT. Lli enementu GopMyroTs B
CYKYIHOCT1 3aMKHYTY CHUCTEeMY ympaBiiHHSI. HeoOXiqHO mOCHiauTH pIBHSIHHS €KOHOMIYHOT
TUHAMIKU Ha CTIMKICTh METOAOM Teopii 30ypeHb.

AHAaJI3 OCTAHHIX JOCTIIAKEHb | myOaikamii
Mixrany3eBuii O6anaHc CIy)KATh 0a3010 BHU3HAYEHHS B3a€MO30aTaHCOBAHOI CHCTEMH
OCHOBHHX TIOKa3HHUKIB 1 BioOpaxkae KpyrooOir CyCHiIbHOTO HMPOAYKTY Ha MIKIaTy3eBOMY
piBHI. AHaii3 CTPYKTYPHHX B3a€EMOJIN MDKIaly3eBOTO OaJlaHCy ONMUCAHWNA MaTeMAaTHYHOIO
MO/IEIUTIO
B. Jleontsena (CILA) [6].

Meta mocaixKeHHs
Mera poOoTHu mossirae B TOCTIIKEHH] JUHAMIYHUX PIBHSHb MIKTady3eBOTO OangaHCy
Opd BUHHUKHEHHI 30ypeHb B €JIIEMEHTAaX MaTpULb NPSIMUX MaTepialbHUX 3aTpar Ta
BHYTPIIIIHIX 1HBECTHIIIH.
BukJiajgeHHs 0CHOBHOTO MaTepiary
Y cratuctuyHOMYy OajaHCi KamTAJIOBKIACHHS BiJOOpakarOThCS  3arajibHOIO
BEJIMYMHOIO B CKJIa/li KiHLEBOi npoaykuii [6]. Y nuHamiuHii ke cxeMi BUPOOJICHUH KiHIIeBUIA
npoaykT Yi(t) B i-if ramysi 3a nepion t mimutbes Ha a8i yactuam: Ci(t) Ta Kj(t), To6TO
Yi(t) = Ki(t) + Ci(t). 1)

Benmnuuna Ci(t) mpusnadena s omucy 00’€MiB  OCOOHMCTOrO 1 CyCIHiIbHOTO
CIOXXMBAHHS, HAKOITMYEHHS B HEBUPOOHHUIH cdepi, Ha ekcropT i T.11. Bennunna Kj(t) omnucye
npupict GOHIIB B ranyssx, ToOTo
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K= Aoy 1), ?
-1

ne Ag;(t) — KimbKicTh NPOAYKILi i-0i Tany3i, 0 HANPABIIAETHCS B IIOTOYHOMY HEPIOLi B j-y

rajxy3b B SIKOCTI BUPOOHMYMX KaIiTAJIOBKJIAJCHb (A1 30UIBIICHHS KiJTBKOCTI BUPOOHHYOTO
oOnaiHaHHSA, CIOPY 1 T.I1.).

Takum urHOM, cHcTeMa PIBHSHb BUPOOHMIITBA 1 PO3MOLITY MPOAYKIi 3a mepion t B
TUHAMIYHOMY OaylaHci Ma€e BUTIIS!

=3 %O+> 4o O +Ci(t), i=1n
=1 i1

©)
ne aij(t) — koedimieHT MPIMHUX MaTepiaIbHAX BUTPAT B Iepiox t;
Ci(t) — yacTiHa KiHIIEBOTO MPOIYKTY, IO ¥/I€ HAa CIIOYKHBAHHSL.
[Mpupict mpoaykitii j-1 ramysi 3a nepiox t 1opiBHIOE
[TpuiimMemo, 110 npupicT GOHAIB MPSIMO MPOMOPLIIHUNA TPUPOCTY MPOAYKILii, TOOTO
Ag; (t) = by (A (1)
Ag; (t) 4)

0= 3,

ne bij(t) — xoedimienT nmpomopmiiHOCTI, KUK MOKa3ye CKiMbKM MpOAyKIii I-1 ramysi Tpebda
BKJIACTH B |-y Taily3b, 1100 30ULIBIIMTH BUITYCK B Il Tady3i Ha OJUHHMINO (KaIliTATOMICTKICTh
OJIMHMIII BUMTYCKY MPOIYKIIT |-T Tamy3i — KOeiliEHT BKJIaICHB ).

3 criBBiIHONIEHB (3) BUILTUBAE, IO

X (t) = D& (t)x; () + D b; (A X; (1) +Ci(t). (5)
OCKUTbKY B HENIEPEPBHOMY BUIIAJIKY L(t) by (t) — — o, (t) , TOMY
X (t) = Za., O (t)+Zb., (®) ()+C (1), i=Ln. (6)

Bupa3 (6) € nunamiunoro moaeniio B. Jleontsesa [6].

Koedinientn ajj(t) yrBoprorors Marpumio mpsmux sutpar A(t) posmipom (nxn).
Koedimientn bjj(t) yrBoprorors matpuiro B(t) — MaTpuito BHYTpIlIHIX iHBECTHIIIH po3MipoM
(nxn).
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BgiBmu BekTop C (t) xiHIIEBOTO MPOAYKTY, IO He Ha CIIOKWBAaHHS 3 TOYHICTIO JO
CcTpyKTypH crioxunBanus B mepion t C(t) = x(t) d(t), d(t) — Bexrop, mo 3a1ae CTPYKTYpy
CIOXKHMBaHHS, 1 BeKrop TpymoMmicTkocti —mpomykuii | (t) = (I, @), 1, (@),..., 1),

n

ZIj(t)X j(t)=L(t) — sarambHy KUIBKICTb TPYJOBHMX DECYpCIB, 3aliSHHX B CKOHOMIYHIi
i=L
cucreMi, orpuMaeMo cuctemy (N+1) piBHSHB!

dx(t)

X(t) = AR)X() + B{t)—2 + X(t)d (t) @)

[(t)X(t) = L(t), (8)
JIe OCTAaHHE PIBHIHHS MOYKE BUCTYIIATH B SIKOCTI OOMEKEHHS 110 TPYJOBUM PeCypcaM.
Haenemo piBusaHS (7) B cTaHAapTHIN opMi:

0l -A® -dt)]-se)ZY dx(t)

e B(t)? —x@ -AQ-d)].

BBaXaroun CTPYKTYpy CIIOXHBAHHS IOCTIHHOK i mosHaumsmm A(t) —d (t) =A(t),
OTPUMAEMO:

dx“’ ~-Am]B ). ©)

Y wmozmem (9) nependayaerscs, MO0 MNPHUPICT MNPOAYKLII MOTOYHOrO TEpioay
00YMOBITIOETHCS BKIIQJIECHHSAMH, 3pO0JICHUMH B I[bOMY K MEPiojii. X0o4a B peaTbHUX CUCTEMAX
MaTepiaJbHOro OajaHCcy ICHYe 3ami3HIOBAHHS 1HBECTHULINH, aMOpTHU3allis OCHOBHUX
BUPOOHUYHX (OH/IIB.

Po3ss’s3koM piBusiHas (9) € Bektop X(t), KoopaMHATAMH SKOTO € 3HAYEHHS BAJIOBOIO
NPOIYKTY TPH BIIOMUX MATpHUISIX MarepianbHuX BuTpar A(t) i MaTpuIpsix BUPOOHHYMX
imBectuniid B(t), sxi 3a 3micTroM (QYHKIIOHYBaHHS CKOHOMIYHOI CHCTEMH ITOBHHHI OyTH
HeBi eMHO Bu3HaueHUMH. Kpim Ttoro, matpuist A(t) moBuHHa OyTH HEPO3KIAJCHOK 1
MIPOJIYKTUBHOIO [4, 6, 7], IT0 €KBIBAJICHTHO OJIHIM 3 HACTYITHUX BUMOT'

1) makcumanbhe BiacHe uncio matpuiti A(t) A(4) < 1;

2) MaTpuIs (I - A(t))_1 — JOJIaTHO BU3HAYCHA,
3) MaTpuUHU psi Z A'(t) € 36DKHIM;

i=0
4)

> A®=(1-AD)* (10)
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Sk mokazano B [5, 6, 7] rutaBHa 3MiHa eeMEHTIB MaTpullb A 1 B Moxe npuBecTtu 110
MOPYIICHHS X MPOJYKTUBHOCTI, HEPO3KJIAIEHOCTI 1 JOAATHOI BU3HAYCHOCTI, 1110 MPHU3BEAE 110
SKICHUX 3MiH PO3B’s3KIB PIBHSIHB MaTEPiaJIbHOTO OaNaHCy 1 10 HECTIHKOro (PyHKIIIOHYyBaHHS
€KOHOMIYHO1 cucTeMu. ToMy poJib BUPOJIKEHOT KPUTHYHOI TOUKH T'palOTh BUPOKEHI BIIacHI
snauyenns marpunb A(t) i B(t) [1, 5, 8].

Hexaii 3a3Ha4eHi MaTpHIli 3aJOBOJIbHSAIOTH YMOBI:

| <1, |by| <1 (11)
1 3MIHIJIACSl YMOBA BHYTPIIIHIX 1HBECTHIIIH.
' 'Hexaﬁ A1 — mpocre BIIACHE 3HAUCHHSI Matpuili A mpu geskomy t. 3Haiizemo
BIJITIOBiTHE BJIaCHE 3HAYEHHS MaTPHIIi
(A +¢B). (12)
XapakTepucTUYHE PIBHSIHHS MaTPUIll A Ma€ BUTJIIS;
det(Z1 -A)= A" +C, A" +C, ,A"? +...+C, =0. (13)
Toni oTpuMyeMo Take XapaKTepUCTUYHE piBHSIHHS MaTpuli (12):
det(Al —A—eB) = A" +C,,())A" +C,,(e)A"? +...+Cy(¢) =0, (14)
ne Cy(e) — mominomu crerens (N—r) Taki, 1o
C, (0)=C,. (15)

Lle cTae oueBUIHUM (BiIMOBIIHO 0 Teopii anreOpaiyHuX (QyHKIIIH), SKIIO 3aMHIIEMO
tounuii Bupas qus det(Al — A —eB) [1-2]. Moxna naknactu Bumoru [4]:

C,(e)=C, +Cpe+Cppe’ +...4+Cppre"". (16)

Posrnsinemo Bumanok, Koiau A1 — mpoctuit Kopine piBHIHHS (13), Toai s |e| < 1 icHye
MPOCTHI KOPiHb piBHSAHHSA (14), sIKWi 3a1a€ThCS 301’KHUM CTEIIEHEBUM PSJIOM:

M (e) =1y +Kie+koe? +... (17)

OueBuaHO, O A1(€) — A1 ipu & — 0.

30ypeHHsI €IIEMEHTIB MaTpWIll € BHU3HAYae€ 30ypeHHS BJIACHOTO 3HAYCHHS A
XapaKTEePUCTUYHOIO TOJIHOMA MaTpHLi A, L0 BHACIIJOK HENEPEepPBHOI 3aJEKHOCTI 3MiH
KOe(IIIEHTIB XapaKTEePUCTUIHOTO TOJIHOMA BiJl 3MiH €JIEMEHTIB MaTpHUIli A, B CBOIO Uepry,
MpHUBE/E 10 3MIHM BIACHOTO BEKTOpa X; MaTpulli A, a BOHA MPHUBEAE A0 3MIHU HANpsMYy i
BEJIMYMHH PYXY €KOHOMIUHOI crcteMu. OCKiJIbKH A1 — MPOCTE BIIACHE 3HAYCHHS MaTpuili (A —
Al), TOMy Ha OCHOBI Teopii JiHIWHUX PIBHSIHB [3, 7] 32 KOMIIOHCHTH BJIACHOTO BEKTOpa X
MOYKHA B3SITH

(As Ao A, (18)
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ne  Apy — anredpaiune gonoBHeHHs (N, 1)-ro enementa (A — A11), a, oTxe, 4y — 11e TOJTIHOMH
cTerneHs A1, He Bumoro 3a (N — 1).

3acTocyeMo 1ieit pe3ysbTaT 0 MPOCTOr0 BIACHOTO 3HauYeHHS A1(e) matpuii (A + eB).
BBeaemo mo3HaueHHS: X1 — BIaCHUN BEKTOp MaTpuili A; X1(e) — BiacHuii BekTop Marpuili (A
+ eB). Toxai eneMeHTH BeKTOpa X1 (€) — 1€ MOJIIHOMH 32 &, 1 3aBJISKH TOMY, 110 CTCIICHEBHIA PsIJT
it A1(e) 30iraeThCcst pH 3aJaHUX €, KOXKHHUN €JIEMEHT BEKTOpa X1(&) MOXHA MPEACTaBUTH
30DKHUM CTEMEHEBUM PSIOM 3a €, MOCTIMHHUN YICH B SKOMY — 1€ BIAMOBITHUN €JIEMEHT
BEKTOpa X1. 3BIJICH OTPUMYEMO:

X, () =X, +e2, +&°2, +... (19)

Jle KO)KHAa KOMIIOHEHTa BeKTOpHOro psay (19) B mpasiii dacTuHi € aOCOTIOTHO 301KHUM
CTENICHEBUM PSIJIOM 32 €.

AmnanoriyHo pesynstary (17) ans BIacHOrO 3HAYEHHS, OTPUMYEMO DPE3YNIbTaT IS
BJIACHOTO BEKTOpa.

PosrisiHemo Ok CKIagHUN BUNAAOK: MATPHUIST A Mae eIeMEHTapHi NUTbHUKA. B
IIbOMY BHUITIJIKy ICHY€ CHCTeMa MPaBUX 1 JIBUX BIACHUX BEKTOPIB X1, X2, ..., Xp Ta Y1, Y2, ...,
Yn TaKuXx, IO

yix;=0 (i=]j), (20)

X04a I1i BEKTOPH €MHI, SKIIO BCi BIACHI 3HaYeHHs npocTi [1, 2, 3].
Bupasumo xoxHuii BekTop z;i y psaai (19) uepes BekropH X;:

Z :ansijxj : (21)

j=1

Toni maemo

n n
Xy(€) =X, +6) SyX;+e2 D S X+, (22)

=1 i=
1, 30Mparo4n pa3oM YJIEHH 3 Xj, OTPUMYEMO

xl(e):(l+sSn+e2 812+...)X1+(8821+82 822+...)x2+...+

23
+(eSn1+eZSn2+... (23)

n-

30DKHICTD N CTENEHEBUX psAiB, L0 CTOSATh B JYKKaX, € IPOCTUH HaCIHiJIO0K
abcomoTHOT 361kHOCTI psiaiB (19).

OTpuMaeMo TOYHE 3HAYCHHS BHpa3y s 30ypeHHs IEpUIOrO MOPSAKY B TepMiHaX
npaBuXx 1J1iBUX BiacHuX BekTopiB (20). [TozHaunmo

S, =yix;, i=1n, (24)

Je Yj Ta Xj — HOpMOBaHi JiB1 Ta IIPaBi BIaCHI BEKTOPH.
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Skmo Yj 1 Xj AiiicHi, Todi Si € KOCUHYCOM KyTa MK LUMH BekTopamu [2, 3]. B Oyxs-
|\, T ) . _ . . .
SIKOMY BHTIQJIKY |Si| = ‘Yi Xj‘ < ||Yi||2 ijuz =1, ne ”yi”2'HXin €BKJIIJIOBI HOPMH BEKTOPIB.

Jly1st HopMOBaHUX BEeKTOPiB (popmyna (23) mae BUTIISI:
X, (6)=% +(ety +67 tyy +..)- %, +. .+ (et +67t, +..)-X, . (25)

BuzHaunMo Benu4uHy

Bi =YiBX;, (26)
5] Z‘yiT BXJ‘ <8I, Iyill, Jxs], (27)

3a BU3HAUEHHAM
(A+eB)x,(e) = 4(e)x,(e) (28)

i 3aBmgku TOMy, O mpocTe BiaacHe 3HaueHHsa Ai(¢) marpumi (A+eB)i Bci xommonenTn

BEKTOpA X1 (&) MPEACTaBIAIOTHCS 301KHUMH CTEIICHEBUMHU PSIIaMU, MOYKHA TIPUPIBHATH YWICHU
IpY OJHAKOBUX CTEIMEHSX & B bOMY PiBHSHHI. BukopucroBytouu criBsigHomienus (17) ta
(27), orpumaemo

A(itilxij +Bx, = @(itilxij + kX4 (29)

i=2 i=2
abo
n

D (i = 2)tgX; +Bxy =KX, . (30)

i=2

[TOMHOXMBIIM 371iBa OTpHMaHe DIBHSHHA Ha Y, , i 3 ypaxyBaHHAM TOTO, IO

Y x; =0 (i #1), Maemo

y _YiBx, By
=L -

YTx, S (31)
OTxe,
N ﬁ (32)
IomuoxuBImH piBHicTs (30) 3miBa Ha Y] , OTpEMaeMoO
(4 =4S+ =0 (i1=2,3,...,n). (33)

Otxe, 3 monaHHs (25) BUIUIMBAE, IO WIEH MEPIIOro MOPSAKY B 30ypeHHI X1 Mae
BUTJISL
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ﬂ21X2 ﬂslxz ﬂnlxn _ n [’)il
{(21 _12)82 ’ (’11 _/13)83 et (/11 _j“n)sn } B Si:z Si(j’l _’li)xi . (34)

Posrmsimatoun BiacHi BEKTOpPH, pO3KIAAaeMO iX 30ypeHHS Ha KOMIIOHEHTH B
HampsIMKax Xi, X2, ..., Xp. SIKIIO Xj OpTOroHasbHI (II¢ Mae Miciie, KOJIM MaTpuiss A Mae N
€IeMEHTAPHUX IUIBHHUKIB), TOAI MOJXXHA OIIHUTU BIIXWJICHHS E€KOHOMIYHOI CHUCTEMH IIpHU
3alaHux 30ypeHHsX ¢. 3a mapameTp & MoXKHa B3sATH KoedimieHT iHmsmii. [Ipu Benmkux

3HAYEHHSAX KOCHHYcCa KyTa MK BEKTOpPaMH X| (3), X;

CKJIaJI0BI BEKTOPIB MPAKTUYHO
30iraloTbcs 1 CHUCTeMa € CTiHKOI 10 30ypeHb. BHUmagok KpaTHUX BJIacHUX 3HAYCHb 1
HEJTIHIMHUX JUIBHUKIB MaTtpullb A Ta B Moxe OyTu AOCTiDKEHUN 3 TIEPEXOI0oM 10

kaHOHIYHUX Gopm JKopaaHa i 3 BUKoprcTaHHsM TeopeM [ eprropina [1, 2, 4, 7, 9].

BucHoBkHu

1. Tlpm mpocToMy BIacHOMY 3HAQUYE€HHI MAaTPHUIll MaTepiaiIbHUX BUTPAT A OCIHIKEHHS
BIUTMBY 30ypeHb Ha MaTpHILll BHYTPIIIHIX iHBecTUlill B 1 MarepiaJbHUX BUTpAT A MOXKe
OyTH 3BEJICHO /10 3HAXO/DKEHHS KOCHHYCa KyTa MI>K BEKTOpaMH X1 Ta X1(€).

2. Ilpu HasgBHOCTI N eleMEHTApHUX TUIBHUKIB MAaTPULI A TOCTIXKEHHS BIUTUBY 30ypeHHS €
MO)Ke OyTH 3BEICHO /IO 3HAXO/KECHHsSI KOCHHYCIB KYTiB MiX BJIACHUMH BEKTOPAMH, SIK1
BIJIMOBIJAIOTh PI3HUM BJIACHUM 3HA4YeHHAM. Maili 3HaueHHs KOCHHYCIB KYTIB MIX
BekTOpamMH Xi(¢) Ta X; O3HAYaIOTh 3HAYHUIN Apei] EeKOHOMIYHOI CHUCTEMH I JIi€r0
1S

3. Bunamok kpaTHUX BJIaCHHUX 3HA4YE€HB 1 HEMHIWHUX NUILHUKIB BUMAarae OUIBII CKJIATHOTO
JOCITIJUKEHHST 3 3aJlydeHHsM, KpiM Teopii 30ypeHp 1 anredpaiuHux (yHKIIiH,
MaTeMaTHYHOTO anapaTy KaHoHiuHux Gopm XKopmana [1].
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