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Beryn. B cywacHux ymoBax riio0aizalfii CBITOBOI €KOHOMIKH 1 CBITOBHX €KOHOMIYHHX
3B’SI3KIB Ha TEPIIUH TUIAaH BUCTYIIA€ MPIOPUTET 3a0e3MeYeHHs TOBHOIIHHOTO MaﬁGyTHLoro CBITOBOTO
cycniibcTBa. B KOHTEKCTI IIbOrO 3HAYHO 3pPOCTA€ BPaxyBaHHS EKOJOTIYHOTO Q)aKTopy B
MaKpoeKOHOMlm 1 OCOONMBUM YMHOM IIOCTa€ crenugiyHa npoGHeMa podi, Micusg Ta opraizarmii
CKOJIOTIYHOI ~ CKJIaoBOi. BiAmoBigHO 0COONMBOI aKTyaJbHOCTI HaOyBae pPO3poOKa HOBOIO
KOHIICNITYQJIbHOTO MiJIXOAY JO EKOJIOTIYHOTO0 pecypcy SIK Cy4acHOI eKOHOMIYHOI KaTeropii,
BpaxyBaHHs SKOI HEOOXITHO OyJie 3BOJUTH 0 PO3POOKU HOBOI KOHIICIIII SKOJOrIYHOI CKOHOMIKH,
CBITOBUX €KOHOMIYHHX 3B’S3KIB, MOIIYKY ONTUMAIBHUX IIISIXIB MIXK/IEP)KaBHOI CITIBITPAIli B IIUTAHHAX
OXOPOHH JIOBKILIS, pecypco30epeskeHHs Ta MaJIOBIAXOJHIX TEXHOJOT1H.

Peaxiiieto MDKHApOJHOT CHUTFHOTH Ha MPOOJIEMH HETaTUBHOTO BIUIMBY 3MIiHHM KITIMaTy Ha
COIl1aJIbHO-EKOHOMIUHUH PO3BUTOK cTajo npuiHATTsa Opranizamiero O0’eananux Hamiii [Tapusbkoi
YroM 3 3aXHCTy KIIMaTy, sika 30KpeMa CIpsSMOBaHA Ha 3MEHIICHHS eMICiii TapHUKOBUX Ta3iB y
rinodansHOMY BUMIpi [1].

Peamizaniss monmoxenb Ilapuspkoi yroam mnoTpeOye 3ainydeHHs BUYCHUX PI3HUX HAYKOBHX
HaIpsIMIiB 3 METOIO TOEIHAHHS iX ﬂOCBizIy B paMKaxX MDKIUCIMILIIHAPHOTO ):[ocniszeHHsI OcobauBoi
YBaru Cepeji HUX 3acIyroye eKOHOMIYHa CKJIaJI0Ba, SK OCHOBHUH NPUHIIAI PO3B’s3aHHS CKOJIOTTYHUX
npobieM — EeKOHOMIYHE 3a0XO4eHHs. EKOHOMika MDKHapoAHOI YroJd BHMAara€ KOMIUIEKCHOTO,
CHCTEMHOT0 MiAXoAy n0 ii BUBYEHHs. JlOTPUMYIOUMChH 3arajibHOi METOJOJOTil JOCHiIKEHHS
CKOHOMIYHHX TIPOIIECiB, HEOOXITHO PO3TISHYTH KOHIENTYyalbHUW PIBEHb OCHOBHUX 3acajl JaHoi
YTOM, OKPECIIUTH OCHOBHHX (DIrypaHTIB — €KOHOMIYHUX arc¢HTIB, €KOJIOr0-€KOHOMIUHI MOKa3HUKH,
3’sICyBaTH ICHYIOYI MK HUMH 3B’sI3KH, X Tpupomry Ta crnenudiky. [logansimmm KpokoM MpoBeaeHHs
JOCITIJKEHHSI TIOBUHEH CTaTH IMEePeXil 10 PiBHSI MATEMAaTHYHOI'O MOJIEITIOBAHHS €KOJIOI0-CKOHOMIUHOT
B3a€MOJIT SIK epEeKTHBHOTO IHCTPYMEHTY HAyKOBOT'O TTI3HAHHS.

Pesynbratn gocnimkenns. B po6oTi [2] 3anponoHoBaHO BpaXxOBYBaTH BUTPATH Ha BUKOHAHHS
eMiCIHHMX 00MeXeHb TAPHUKOBUX Ta3iB y CTPYKTYpI Tady3eil OCHOBHOTO BUPOOHHUIITBA Y BUTIISIII:
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x =4,x+A4,x,+Cy, +y,,

(D
Xy = Ay X, + Ay xy — 3y,
1o 1\’ .
ne x; =(x,,X,,...,X,) — BEKTOP-CTOBITYMK 00’ €MIB BUPOOHHUIITBA ITPOIYKIIil;
T
2 2 2 .
X, = (x] ,Xyy..., X, | — BEKTOpP-CTOBIYUK 00’€MIB 3HHUIICHHUX 3a0pyJHIOIOUNX PEUOBHH;
T
1 1 1 . . .
Y= ( Vs Vasenos yn) — BEKTOP-CTOBMUYHKK 00’ €MIB KIHIIEBOT MPOIYKIIIT;
T
2 2 2 .
y, = ( Vis Vysuens ym) — BEKTOP-CTOBMUHKK 00’ €MIB HE3HUILCHUX 3a0pyIHECHb;
n . . . see .
A, = (ai]j] )] — KBajgpaTHa MaTpulsd Koe(illicHTiB IpAMHUX BHTpAaT NPOAYKIii i Ha
BHPOOHUIITBO OJUHUII MTPOIAYKIIIT J ;
n,m .
A, = (ajg2 )i o~ TPAMOKYTHa MATPHIS BHTPAT HPOAYKUIl i Ha OIMHMIIO 3HUIICHHA
3a0pyIHIOBAYIB g ;
m,n .
A, = (aé] )k o NpSIMOKYTHa MAaTpUIl BHITYCKYy 3a0pyAHIOBa4YiB &k Ha OIUHHIIIO

BUTOTOBJICHOT IPOIYKIIT J ;
A, =(a,fg2 )] — KBaJpaTHa MaTpHUI BHUIIYCKY 3a0pyaHIOBAa4yiB k Ha OJMHHIIO 3HHUIICHHS
3a0pyAHIOBaYiB g .

Cy, — BUTpaTH, OB’ A3aHi 3 BUKUIaMH ITAPHUKOBUX Ta3iB (TOOTO BUTPATH HA OOCITyrOBYBaHHS
BHKH/JIIB TAPHUKOBUX Ta3iB, 30KpeMa, 1I¢ IjIaTa 3a JO3BOJIHM Ha BUKUIH);

C= (cgg2 ):1;:] — TMpsMOKYTHa MAaTpHISl BUTpaT NPONYKLIi { HAa OJUHHIIO BHKHIIB
3a0pyaHIOBaYa g .

B cucremi (1) HESBHO MPHUITYCKAETHCS, IO KOeDillieHTH a;.] >0, ag >0, a,fj] >0, a,f; >0

PO3IOBCIO/DKYIOTh Ha BCI BHJM BHPOOHHMYOI MisUIBHOCTI (MarepiajbHe BUPOOHWUITBO Ta 3HHILECHHS
3a0pyAHIOBaYiB) TiNOTE3M OCHOBHOI MOJENI MDKraay3eBOro OajlaHCy: KUIBKICTh TEXHOJOITYHHUX
CHOCO0IB  JIOPIBHIOE KUIBKOCTI BHIIB MNPOAYKII Ta B KOXHOMY TEXHOJOIIYHOMY CIIOCO01

BUPOOJISETHCS JIMIIE OAUH BUJ NpoAyKii. B momansmomy Oynemo BBaxkatu matputi 4,,, 4,, 4,,,

A4,, HeBig’emuumu: 4,20, 4,>0, 4,, >0, 4,, >0. Exonomiunuii 3mict mozeni (1) Bumarae, 1100

BCi i1 3MiHHi Oynu HeBix’eMuumu, T06TO, X! >0, x; >0, ¥! >0, y; >0.
Y BEKTOpHO-MAaTPHYHOMY BUTJIsII Mozienb (1) MOXKHaA MPEACTABUTH TaK:

x] A] 1 A] 2 x] EI C yl

- : @
X, 4, Ay )\ x, 0 -E, )\,

ne E, Ta E, — BiINOBiIHI OMMHUYHI AlarOHAJIbHI MaTPHILL.

[eprie piBHAHHS 3alPOIOHOBAHOI MOJETi BifoOpa)kac EKOHOMIUHHM OanaHC — PO3MOALT
rajiy3eBOro BajOBOrO BHITYCKY IPOAYKIIi Ha BHUPOOHHYE CIIOKMBAHHS OCHOBHOI'O Ta JOMOMIXHOT'O
BHPOOHUIITB, KIHIIEBE CIIO)KMBAaHHS OCHOBHOI'O BHPOOHMIITBA Ta BUTPATH, IOB’s3aHi 3 BUKOHAHHIM
3000B’s13aHb 3a [lapu3pkoro yromoro. Jlpyre piBHSHHS BigoOpaxcae (i3udyHHMil OajaHC MAPHUKOBUX
rasie, sK CyMy €MICili, CIPUYMHEHUX JISUIBHICTIO OCHOBHOIO Ta JOIMOMDKHOTO BHPOOHHIITB, Ta iX
HE3HUILIEHUX 00CATIB.

OyHKIIIOHYBaHHS OYy/b-IKOi BUPOOHHYOT OAMHHMII — 1€ 3a3BUYAN IIIECIPSIMOBAHUH MPOIIEC,
KU MO)KHA TPEICTABUTH SK CHUCTEMY 3 IICBHHM BXOJOM 1 BHXOJOM, IO IEPETBOPIOE BXIiAHI
MaTepiaqy Ha KIHIEBUH NPOMYKT JisuibHOCTI. B Takili curyamii cTaH BUPOOHHYOI CHUCTEMH
BH3HAUYAEThCS CYKYIHICTIO YMOB 1 3aco0iB, 10 3a0e3meuyroTh ii icHyBaHHs. [l mporecy
BHPOOHUIITBA MTPOAYKIIii — TOJIOBHOTO MPOILIECY €KOHOMIUHOT CHCTEMHU — BXOJIOM CIIYTYIOTh ITOCTABKH
CHpOBHHH, MaTepialliB, KOMIUIEKTYFOUMX BHUPOOIB, oOJajHaHHS, TPYJAOBUX 1 (DIHAHCOBUX PECypciB,
BHXIJl BHU3HAYAE€ThCS BHPOOJICHOK TMPOJYKIIEI0, a CTaH — HAKONUYCHUMH 3armacaMy 3aco0iB
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BI/Ip06HI/IHTBa i TPYIOBHX pecypcm OnvH 13 OCHOBHHMX METOONIOTIYHUX TPUHIIUIIB CHCTEMHOIO
aHaJli3y eKOHOMIUHOI JisUTHHOCTI TOJISITa€ B MOMJIMBOCTI aJICKBaTHOTO BU3HAYCHHS BXOJY, BUXOJY 1
CTaHy KOXKHOTO 3 JIOCII/DKYBAaHUX IPOIIECiB 1 BU3HAYCHHI CXeMH iX B3aemonii. PeanpHuii icHyroUni
croci® BHPOOHHUIITBA BU3HAYAETHCS, 3 OJHOTO OOKY, MPAarHEHHSIM JO ONTUMAlbHOIO BUKOPHCTAHHS
3aJITHUX TEXHOJIOTIM, 3 IHIIOrO — OOMEKEHHMH MOXJIMBOCTSIMH 3a0€3ICUeHHST BUPOOHUYMMHU
¢dakropamMu. OOMEXKEHHSI OCTaHHBOTO POJY TOB’si3aHi 31 cHOPMOBAHUMH TEHJCHIIISIMH B PO3BUTKY
BUPOOHUITBA, PO3MipaMH BUPOOHHYMX IOTYKHOCTEH, KBaIi(iKaI[IfHAM CKJIaJOoM BUPOOHHKIB, a
TAKOXX 13 CYTO EKOHOMIYHMMH OOMEKCHHSMH TaKHX [IOKa3HHKIB, SK TEPMiH OKYITHOCTI
KaIliTaJIOBKIIaIcHb, MaTepialoeMHICTh TpoAaykmii Tomo. Ilo cyTi, oOMeKeHHS MEeBHOro crnocody
BUPOOHUIITBA BUKIIMKAHI JBOMa OCHOBHUMH ITPHYMHAME: HEMOXKITUBICTIO 32 KOPOTKUI CTPOK 3MIHUTH
CKJIaJ] 1 CTPYKTYpY BUPOOHUYMX PECYPCIB; YMOBaMH, IO HAKJIAJICHI 30BHIIIHIM CEpEIOBHIIEM.

Ha cyuacHoMy erami po3BHTKY €KOJOTO-€KOHOMIUHHX BiJIHOCHH BCE OUIBII BaXKIMBY POJIb
BIITPalOTh OpraHi3alliifHO-eKOHOMIUHI aCIeKTH, 5KI HAKJIaJaloTh OOMEKEHHS Ha MOXKJIUBOCTI
peaitizaiiii ONTUMaJIBLHOTO CII0co0y BUpOOHHUIITBA B yMoBax Ail [lapu3bkoi yroau. OTxe, SIKIIO BioMi
KUTBKICTh 1 CKJIaJl BHPOOHHYMX (HaKTOPiB, TEXHOJOTIUYHMX CHOCOOIB 1 OpraHi3aliifHO-eKOHOMIuHi
OOMEKEHHS, TO Ha MiJACTaBl LKX JaHUX aKTyaJlbHMM 3aBIaHHSIM € BHU3HAYCHHS 3MIHM 00’€My 1
CTPYKTYPH BHITYCKY B TpaHC(HOPMAIITHIX 3MiHAX 30BHIIIHBOTO CEPETOBUIIA.

PosrisiHemo 3ajauy BU3HAYEHHSI SK 3MIiHSATHCS BEKTOPH BallOBOTO BHUITYCKY Ta 00’€MiB
yTUi3amii MapHUKOBHX Ta3iB, SKIIO 3MIHUTH KOC(DIIEHTH TEXHOJIOTIYHUX MATPHIlh, 30KpeMa MpH
MOCWJICHH] €KOJIOTTYHUX CTaHJAPTIB Ta HEOOXITHOCTI 30UIBIICHHSI BUTPAT HA BUKOHAHHS 3000B’sI13aHb
3a [lapu3bkoro yromoro. Hampuknan, mpunycTUMO, 110 3MIHU 3a3HAIOTh €IEMEHTH OJHIET a00 KiIbKOX

TEXHOJIOrUYHUX MaTpulb 4, A,, 4, , 4y, C.

BusHaunMmo sk Taka 3MiHAa BIUIMBA€ Ha 3HAUCHHS BEKTOPIB X, Ta x,. I nporo
BHUKOPHUCTAEMO TIPOLIEYPY, 3aIPOIMIOHOBAHY B MaTeMaTHUHIH JiTEpaTypi 3 MAaTpUIHOTO aHamizy [3].
Mogaenb (2) MOKeMO TIPEACTABUTH Y BUTIISIL

Au=G (3)
E -4 —A X, . E C
ne A=| ! ol u=| "] - (n+m) - BUMIpHHI BekTop, G = : N ,
-4, E, -4, X, 0 -E,)\»
E,, E, — 6104Hi OMMHNYHI MAaTPHIL BiIIOBIIHOI po3MipHOCTi, 0 — GJI0YHA HYJIbOBA MaTPUIIS.

A,, A

112 12> 21° A Ta

Bynemo Takox posrisgaté cuctemy, 30ypeHy (B eneMeHTax MaTpuib A
BEKTOpa- CTOBMI G ) 1O BIIHOLICHHIO IO CUCTEMH JIHIMHMX aireOpaidHuX piBHAHB (3) BUTIIALY:

Au=G 4)

ne A, G — BimnoBigHi 30ypeHa MaTpuIlsl Ta BeKTOp-cToBmels. Hexait s cucremu (3)
3HalIcHO OMOpPHUH pO3B'SA30K Ta OOepHEHY MaTpuiro. Toai Mae Miclle HAcTylHA Teopema
(meranbHimie B [4]).

Teopema 1. Mix koedillieHTaMH pPO3BHHEHHSI BEKTOpIB-HOpMasieli OOMEXEHb 3a pPsIKaMH
0a3WcHOi MaTpuIli, eJIeMEHTaMH OOEpHEHUX MAaTpPHIlb, Oa3MCHHUMH PO3B’SI3KaMH, HEB’sI3KaMH
00OMEKEHb B JIBOX CYMDKHHMX 0a3MCHUX PO3B’SI3KaxX BIIMOBIIHO MAaOTh MICIIE TaKi CIIIBBIIHOIICHHS:

[04
— Q- _ . .
ark_ . :ari_an ,r—l,n+m,l—1,n+m,l¢k. (5)
Ay ay,
_ e, _ e . .
erkz;k: erizeri_ + .,r=1,n+m,l:1,n+m,l¢k. (6)
Ay Ay
— €k A —
Uy, =Uy, ———A,, j=Ln+m. (7

Ik
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_ a —_—
A=—"L A=A ——2A, r=Ln+tm, r#k. ®)
A A

ITpy 11bOMY YMOBOO OHMOPHOCTI 0a3MCHOI MaTpHILli IPU BBOJII BEKTOPY HOpMaJli @, OOMEKEHHs
au < g, Ha k -y nosunito 6a3ucHoi MaTpulli A € BUKOHaHHA HepiBHOCTI ¢, # 0.

Ha ocHOBI mpuBeneHHX CIIBBIJHONIEHh MOXHA MOOYIyBaTH anropHTMquy cxemy
JOCIiDKeHHs cucteM (4) (mpu 3MiHAX B MOJIEMI). AJ'IFOpI/ITM Oyne TpyHTyBaTHCh Ha imeoinorii
CHMILJICKC-METO/TY, 3 ACIKHUMH OCOOJIMBOCTSAMH OpTaHi3ailii 1Tepau1HHoro mporiecy. 30erMa Hepexu[
Bix cucremu (3) nmo cucremu (4) Oyne NPOBOAMTHCH IOCIITOBHMM 3aMIIICHHSIM BiJIIMOBIIHUX
30ypeHux psaakiB i,i+1,i+2,...,i+i,. Lle o3Hauae, MmO BeKTOpM HOpMaJell TiNepIUIOMIUH, SKi
YTBOPIOIOTh PSIKM 0a3MCHOI MAaTpPHWIIl Ta BIAMOBIAHOI ii 0OepHEHOI MaTpwili, OyIyTh 3aMIIIATHChH
BIJIITOBITHUMU “30ypeHUME’’ BEKTOpaMU-HOpMaIsiMU. Ha oCHOBI cuMITIIeKCHUX criBBiHOMIEHD (5)-(8)
Oy/lyTh TepepaxoByBaTHCh HACTYIHI OJOpHI po3B'si3ku Ta obOepHeHi matpuii. Ilpm 30epexeHHi

BJIACTHMBOCTI OIOPHOCTI, HA iTepalisfx 3aMilleHHs, po3B’s30K cucremu (4) Oynme 3HalimeHo 3a |
) D) y 0

iTepamiidi. B pe3ynmbrari OTpUMyeMO HOBHUI 0a3ucHUE pPO3B's30K Ta oOepHeHy Matpuiio (0e3
nepepo3B’s;3aHHs 3MiHEHOT 3a/1adi (4) crovarky).

Gopmynu (5)-(8) MoKyTh OyTH MOKJIAZ€HI B OCHOBY ajrOPUTMYy BH3HAYEHHS HOBOTO
PO3B’SI3KY Y BUIAAKY 30YPCHHS €IEMEHTIB 0a3UCHOI MaTpHIli, IO J03BOJIIE BU3HAYATH 3MIHU B
o0csirax BaJIOBOTO BHITYCKY IPH 3MiHI TEXHOJIOTIYHUX MaTPHIIb EKOJIOT0-eKOHOMIYHOT Mojeri (2).

Kpox 1. 3naxomuMo po3B’si30K u, BUXifHOI cucTemu (3) Ta ii 06epHeHy MaTpuo A~

. - ,
Kpox 2. SIxmo 30yproemMo Matpuiio 4 B €IEMERTI d,;, TO TOAL dy = ay; +4a,; .
Kpox 3. Busnauaemo koedillieHT ou =1 +a1'g. ey # 0, nme e, - BIAMOBIAHUNA €1EeMEHT

Matpuii A~

. _ e . .=
Kpox 4. 3HaxonuMo HOBHUI BEKTOP-CTOBIICITH €, =—— MaTpuIll OGepHeH01 mno A.
Ay
N . [ A
Kpoxk 5. BuzHa4aemo HEB 3Ky 30ypeHOro psjka B eleMeHTi a0 A, =A, =a; -u,,, ne u,; —

J -Ta KOMIIOHEHTA U .

Kpok 6. 3nHaxoquMo HOBUI PO3B’sI30K HA OCHOBI CITIBBITHOLIEHHS U, =, —¢€, - A, .
[IpoimtocTpyeMO 3alpONOHOBAHMII ANrOPUTM BHM3HAUCHHS OO0 €MIB BajJOBOTO TIally3e€BOTO
BUITYCKY Y BHMAJKYy TEXHOJOTIYHHX MDKrajdy3eBUX 3MIH Ha YMOBHHX JaHuX. Hexail koeirieHTn

TEXHOJIOTTYHUX MaTPHUILIb EKOJIOT0-€KOHOMIYHOI Mojieli (3) MalOTh TaKi 3HAUCHHS:

02 0.1 (0.1 02 (0.1 03 (02 03
"1l03 02)7 7 (02 02) 7 102 03) 72 103 0.1

9

MaTpUIsl BUTpaT Ha OOCIYrOBYBaHHS €MICii MapHUKOBUX Ta3iB Ta BEKTOPH Tally3eBOT0
KIiHIIEBOT'O BUITYCKY 1 OOMEXKEHHS 32 BUKHAMU TTAPHUKOBHUX Ta3iB BiJIIOBIIHO:

03 02 12 5

“lo1 0s) 7 T 23) 2T s

[lepeBipuMO BHKOHAHHS YMOBH TMPOJYKTUBHOCTI I €KOJIOTO-EKOHOMIYHOI CHUCTEMH Y
BHUIQ/IKy OOpaHUX YHCIIOBUX JaHUX.

[lepexoaumo 10 MOKPOKOBOI peatizallii anropurmy 1-6.

1. 3HaxomuMO PO3B’sA30K BUXIAHOT CHCTEMH Ta 00EpHEHY OJIOUHY TEXHOJIOTIUHY MAaTPHIIFO:

38.17 1.79 0.73 0.6 0.76
60.43 , | 108 2.0 0.74 0.93

u, = 5 =
* 132.67 1.04 132 199 1.19
30.62 1.1 127 1.04 1.99
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2. Ipunyckaemo, 1m0 36ypenns B Mojieni (3) 3a3Hae efieMenT ab; = 0.3, a came 361IbIIyeThCs
Ha 0.1. OcranHe o3Hayae 30UTBIICHHS BUTpAT MPOAYKINI 2-0i rayiy3i Ha OAMHHUINIO BUIYCKY l-o01
ramysi. Otxe, a,, =03+0.1=04.

3. 3naxomumo «, =, =1+0.1-a;, =1+0.1-0.74=1.074.

0.73 0.68
4. BU3HA4aeMO BEKTOP-CTOBIICID: €, = 20 /1.074 = 1.86
1.32 1.23
1.27 1.18
5. Po3paxoByemo HeB’s13Ky 30ypeHOro psjaka: A, = Zz =0.1-38.17=3.817.
38.17 0.68 35.57
6. HoBuii po3B’s130K OTPUMY€EMO Y BUIJISAL U, = 6043 -3.817- 186 = 53.33
32.67 1.23 27.97
30.62 1.18 26.12

AHai3 OTPUMAHOIr0 PO3B’SA3KY J03BOJISE 3POOMTH TakKi BHCHOBKH. 30UIBIICHHS BUTpPAT
MpoayKIii 2-0i raixy3i Ha OAMHUIIO BUITYCKY 1-0i ramy3i B paMkax 0ajJaHCOBOI €KOJIOr0-eKOHOMIYHOT
cucremH (2) MPU3BOJUTH J0 3MEHIICHHS 00CSTIB BAJIOBOTO BUITYCKY 1-1 Ta 2-i ramy3eil MaTepiaibHOTO
BUPOOHHUITBA Ha 2,6 Ta 7,1 YMOBHHMX OJJMHHUIIb,  TAKOXK OOCATIB yTHIIi3allii IAPHUKOBHX rasiB 1-ro Ta
2-ro Buay Ha 4,7 Ta 4,5 yMOBHUX OJMHUIIb BIAMOBIIHO.

3anpornonyemo 3actocyBaHHs (5)-(8) mias moOymoBM METOMy OLIHKM TpaHchopMarlii
BUPOOHWYOT CTPYKTYpH B Mozieni (2) 3a yMOB 3MIHHU PSJIKa TEXHOJIOTTYHOT MaTPHIIL.

Pe3ynbTaToM KOHKpeETH3aIlii HaBeIEHOT TEXHOJIOTIT € aJIrOPUTM BU3HAYCHHS HOBOT'O PO3B’SI3KY
y BUNAJKY 30ypeHHs psIKiB 0a3MCHOI MaTpPHIli UII KOHKPETHOTO Psiika 0OMexXeHb (3), IO J03BOJIsIE
BHU3HAYAaTH 3MIiHH B 0OCSrax BallOBOTO BHITYCKY TIPH 3MiHI TEXHOJOTIYHHUX MAaTpPHIb EKOJIOro-
E€KOHOMIYHOT Moei (2).

AJITOpPUTM.

Kpox 1. 3axomuMo po3B’si30K u, BUXifHOI cucTemu (3) Ta ii 06epHeHy MaTpuiio A ' .

Kpox 2. 36yproemo MaTpuito 4 B eleMeHTax l-ropsikay BUDLIAl @, =a, +a;, g, =g, + g/, i=1.

Kpox 3. Busnauaemo koedillieHT om =a,e, + a;(ek =1+ a;(ek , JI€ e, — CTOBIIENb MaTpuii A~ .

Kpor 4. Busnavaemo A, =(a, +a; )-u, — (g, + g ) =(a, -uy— g, ) +(a; -uy— g, )=A, + A, =A,

Kpox 5. 3naxomumo A = Ny

Kpox 6. 3HaxonumMo HOBUI BEKTOP-CTOBIIELD €, = A X e, .

Kpok 7. ®opmyeMo HOBUIT PO3B’SI30K HAa OCHOBI CIIBBIAHOIIEHHS U, = U, + €, .

3ayBaxkenHsi. HeBaxxko repekoHaTHCh, IO HOBHU PO3B’ 30K (30ypeHoi 3a1adi) popMyeThest
Ha OCHOBI CTaporo po3B’si3Ky Ta Bpa3yBaHHI BIIJIMBY BEKTOPY-CTOBILsS OOEpHEHOI MaTpuli e, Ta
napamerpy A= A . “BubopoM” cTOBMI 00EpPHEHOI MATpUlll e, Ta mapamerpy A (HampsiM Ta
PO3TSAT BIAMOBIMHOIO BEKTOpa) MOXKHA ()OPMYBATH IEBHI PE3YNbTYIOUi JOMIHAHTH, TOOTO TIPOBOAUTH
3MIHH HAIIPaBJICHO Ta repeadayyBaHo.

[poimtocTpyeMo 3amporoOHOBAaHUI aJTOPUTM BH3HAYCHHS 00’€MIB BallOBOTO TaTy3€BOI'0

BUITYCKY Y BHMAJKY TEXHOJOTIYHMX MDKrajdy3eBUX 3MIH Ha YMOBHHX JaHuX. Hexail koedirieHTH
TEXHOJIOTTYHUX MaTPHUILIb EKOJIOT0-€KOHOMIYHOI Mojieli (3) MalOTh TaKi 3HAUCHHS:

0.2 0.1 0.1 0.2 0.1 0.3 02 0.3
4, = » Ay = s Ay = » Ay = 5
03 0.2 0.1 0.2 02 03 03 0.1

MaTpUIsI BUTpaT Ha OOCIYrOBYBaHHS €MICii MapHUKOBHX Ta3iB Ta BEKTOPH Tally3eBOT0
KIiHIIEBOT'O BUITYCKY 1 OOMEXKEHHS 32 BUKHAMU TTAPHUKOBHUX Ta3iB BiJIIOBIIHO:

o_(0302) (12} (5
“loa os) T 23S 2T s )
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[lepexoaumo 10 MOKPOKOBOI peatizallii airopurmy 1-6.
1. 3HaxomuMO PO3B’A30K BUXIAHOI CHCTEMH, Ta 00EpHEHY OJIOUHY TEXHOJIOTTUHY MaTPHIIO:

38.17 1.79 0.73 0.6 0.76

60.43 4 1.08 2.0 0.74 0.93

u, = , = .
* 13267 1.04 132 1.99 1.19

30.62 1.1 127 1.04 1.99

2. Ilpunyckaemo, 1o 30ypenHs B Mojeni (3) 3a3Hae nepinii psaok, To0To 30ypeHa MaTpUIIs
HaOyBa€ BUTIISILY:

0.1 005 03 0.3
03 02 0.1 02
0.1 03 02 03]
02 03 03 0.1

A=

[Npuknagauii 3MicT 3MIHH  €KOJOrO-€KOHOMIYHMX IOKAa3HWKIB TaKWi: 3a3HAIOTh 3MEHIIICHHS
koedilieHT BUTpAT 1-1 raiy3i Ha OJMHUILII0 BUTOTOBJICHHS poyKiil 1-1 ramy3i Ha 0.1 oxguHuUIb, KoeDIlieHT
BUTpaT 1-i rayy3i Ha OJMHUIIFO BUTOTOBJICHHS MPOIyKIIii 2-1 ramy3i Ha 0.05 oMHMIIL BiIIOBIIHO; 3a3HAIOTH
30UIBIICHHS KoeillieHT BUTpaT 1-1 ramy3i Ha 3HUIIEHHS 1-r0 BUy 3a0pyaHeHb Ha 0.2 oauHHMIlb, KOS(DIIEHT
BUTpAT 1-1 raiy3i Ha 3HMIIICHHS 2-T0 BUY 3a0pyaHeHb Ha 0.1 oMHUIb BiITIOBIIHO.

3. BuzHavaemo ckaspHH J0OYTOK 30ypeHOro psijika Ta po3B’s3Ky BUXIHOT CUCTEMHU:

38.17

_ 60.43

@ uy=[0.1 005 03 03]) " °|=2583
30.62

4. BuzHayaemMo J00yTOK BHXiZIHOI TEXHOJOTIYHOI MATpHUIll Ta BUXIAHOTO PO3B’S3KY 1
00paxoByeMO HEB’sI3Ky 30ypeHoro psiika A :

38.17
60.43
ak-u0=[0.2 0.1 0.1 0.2] 3267 =23.068

30.62
A, =a, u,—a, -u,=2583-23.068=2.7575

5. BusHagaeMmo koedillieHTH @, , A :

1.79
1.08 A :

&, =a,-¢,=[0.1 0.05 03 0.3] =0.875,/1:—_—":—27575:—3.15
1.04 @,  0.875

1.1

6. BusHadaeMo koeQillieHT e, :
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1.79 -5.64
_ 1.08 -3.4
e =A-e =-3.15- =

1.04 -3.28

1.1 -3.47

7. BusHadaeMo po3B’A30K 30ypeHOi CUCTEeMH i,
38.17| | -5.64 32.53
. _ _ _ 160.43 -3.4 57.03
3rigHO GOPMYIH U, =U, +e, U, =U,+e, = 3267 + 308 = 039"
30.62| [-3.47 27.15

[IpoBeaemMo AOCHIKCHHS BIUIMBY 3MiH k -T'O CTOBIIISA MaTpuili OOMeXeHb A y BHUIIISAII

. ' 5 _ T ) ' "NT f
Ar=A, + A, Ha po3B’s30K u,, ne A, =(a,,a,,,....a,) , A, —(aw,au,...,amk) , TOOTO B TakKii
¢dopmi 3amineHo A4 Ha A .
AJroputm
. . T -1
1. Maemo BiioMi BEKTOp U, = (U ,Uyy,s....s Uy, ) » A,, A - IpsiMy Ta obepHeHy Oa3uCHY

Matpuirio (3).
2. Hexaii mpoBoaMMO 3aMillleHHS Kk -rO CTOBIII MaTpulli OOMEKeHb A, cToBHIEM Ak
3HaxXOMMO BeKTop Li = (Lyy>Liyses Ly ) = Ay x Ar .

U U .
0k _ Ok’l:k‘

3. dopMyeMO HOBHI PO3B’ 30K ok = — ==
1+(4, ) x4 L

— uOk - ' uOk - .
o =u,, —————x|((4,). XA, |=u,, —=-XLu, i k.
0 0i 1+(A1:])k x 4] [( L), k:l T K

[TpoimtocTpyeMO 3alpONOHOBAHMII aNTOPUTM BHM3HAUCHHS 00 €MIB BaJOBOTO TIally3e€BOTO

BUITYCKY Y BHMAJKY TEXHOJOTIYHHX MDKrajdy3eBUX 3MIH Ha YMOBHHMX JaHuX. Hexail koedirieHTH
TEXHOJIOTTYHUX MaTPHUILIb EKOJIOT0-EKOHOMIYHOI Mojieli (2) MalOTh TaKi 3HAUCHHS:

0.2 0.1 0.1 02 0.1 03 02 03
4y, = s Ay = Ay = » Ay = >
03 0.2 0.1 02 02 03 03 0.1
MaTpUIsl BUTpaT Ha OOCIYrOBYBaHHS €MICii MapHUKOBHX Ta3iB Ta BEKTOPH Tally3eBOT0
KIiHIIEBOT'O BUITYCKY 1 OOMEXKEHHS 32 BUKHaMU TTAPHUKOBHUX T'a3iB BiIIOBIIHO:

o_(0302) (12} (5
“loa os) T 23S 2T s )

1. 3HaxomuMo pO3B’sI30K BHXiNHOI cuctemu (4) Ta oOepHeHy OJIOUYHY TEXHOJOTIYHY
MaTPHIIIO:

38.17 02 0.1 0.1 02 125 3.125 -3.125 0.625
L_|6043) 103 02 01 02| ., _|-1125 6875 3125 -0.625
132677 |01 03 02 03" " | 875 -8.125 -1.875 4.375

30.62 02 03 03 0.1 50 25 25 25
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2. Ilpunyckaemo, 1mo 30ypeHHs B mozaeni (3) 3a3Hae TpeTiit croBmeupb (k =3): MPOBOAMMO

0.1 0.2
) ) 0.1 - .
3aMileHHs k -I'O CTOBMI MAaTpHUIli OOMEKeHb A; = 0.2 croBnueM A; = o1l 3HaXOAMMO BEKTOP
0.3 0.1
Li = (L Lysornns Ly ) = A5 % Ay
1.25 3.125 -3.125 0.625 0.2
_ -11.25 6.875 3.125 -0.625]]0.2 T
L = . = (0.625 -0.625 0.375 0.5)
8.75 -8.125 -1.875 4.375 0.1
5.0 -2.5 2.5 -2.5 0.1

3. Busnauaemo po3B’sA3KH:

u,=38.17 _ 3267, 0.625=-16.28, u, =60.43 —ﬂ-(—0.625) =114.88
0.375 0.375
u, =w= 87.12, u, = 30.62—ﬂ-0.5 =-12.94
0.375 0.375

OtpumaHi po3B’s3KH 30IraroThCsi 3 PO3B’S3KAMU OTPUMAHHMH O€3MOCEPeHO MPIMUMH
obuucneHHsMd. BOHM BKa3ylOTh Ha CYTTEBY 3MiHY y (YHKIIOHYBaHHI JIOOMIKHOTO BHPOOHHIITBA,
30KpeMa, BijI’€MHI TOKa3HUKW BUMAraloTh 3MIHH y CTPYKTYPi TEXHOJIOTTYHMX MAaTPHIIb SIK OCHOBHOTO,
TaK 1 JOMOMDKHOTO CIIEKTPY Tay3eH.

BucnoBku. HeoOximHicTh BpaxyBaHHS eKoJoriuHoro (akTtopy B CydYacHId cHcTeMi
MOJANIBIIOTO0 PO3BUTKY IHBLTI3aIii OOYyMOBIIIOE aKTYaNBHICTh PO3IIISAY BUPOOHHYOI IisITBHOCTI
CYCIIIBCTBA B paMKaXx €JMHOI COII0-EKOJIOr0-eKOHOMIUHOI cUcTeMU. [1pH IbOMY BaXJIMBOKO BUMOI'OIO
ii icHyBaHHS € HEOOXiTHICTh 30alaHCyBaHHS IHTEPECiB KOXKHOI 3 BKa3aHUX mijcucreM. EQekTuBHUM
IHCTPYMEHTOM JJIsl IIbOI'O CAYTYIOTh OallaHCOBHMI METOJ Ta BIANOBiIHI po3po0JieHI Ha HOro OCHOBI
MOJIeTTi, 30KpeMa 3allporloHOBaHa B CTATTI MOJeNIb BpaxyBaHHS BHUTPAT Ha peaji3allifo MPOEeKTiB
CKOPOYEHHSI eMicCiii TapHUKOBHX Tra3iB.

JITEPATYPA

1. Sustainable Innovation Forum, 2016. — [Elektronny resurs]. — Pexum pocryna:
http://www.cop2 1paris.org

2. Onyshchenko, A. M., Lyashenko, I. M. (2010). Modeling material valuation sectoral
structure in terms of limits on greenhouse gas emissions. Kyiv: Investments: practice and experience.

3. Kudin, V. L., Klyushin, D. A. (2003). Schemes decomposition of large-scale special matrix
structure in modeling two-phase fluid filtration. Kyiv: Journal of Computational and Applied Mathematics.

4. Kudin, V. I., Lyashko, S. I., Kharytonenko, N. V., Yatsenko, J. P. (2007). Analysis of
linear system properties by pseudoinverse matrices. Kyiv: Cybernetic and system analysis.

2(14) March 2018 10



	СТРАТЕГІЧНИЙ АНАЛІЗ ТРАНСФОРМАЦІЙНИХЗМІН МІЖГАЛУЗЕВОЇ ВЗАЄМОДІЇВ УМОВАХ ВИКОНАННЯ ОБМЕЖЕНЬ ЗІСКОРОЧЕННЯ ЕМІСІЙ ПАРНИКОВИХ ГАЗІВ

