EKOHOMIYHA KIBEPHETHKA

KIBEPHETMKA
ta KOMIT'IOTEPHI
TEXHONOTi

Posensoaromocs moougirayii kiacuunoi mooeni
«eumpamu-eunyck» B.B. Jleonmvesa, po3po6-
neni M.B. Muxanesuuem. Hageoeno AMPL-pea-
Ai3ayii 0N po36 sI3anHA ONMUMI3AYILIHUX 30004
CMPYKMYPHO-MEXHON0TUHUX 3MIH Y Midiceay3e-
60MY OANAHCE 30 OONOMO2010 CUCmeMu aneedpai-
uno2o mooemosanisi AMPL. Jlocriosceno eghex-
MUBHICMb PO38 SI3AHHA eCmosux 3a0ay 3a 00-
NOMO20I0 CYHaCHUX 8epcCiil congepis Ha cepgepi
NEQOS.

Knwuosi cnosa: moougixosani moodeni «6u-
mpam-eunycky», MOOEMOBAHHA MIdHCSATY3€8UX
36 A3K16, CYKYNHULL 00XI0 CROMCUBAYLE, ONMUMI-
sayis, mecmosi AMPL-peanizayii, NEOS.

© O.I. Bonosuk, O.I1. JIuxoBun, 2025

YIK 519.8
0.1. BONOBWK, O.I1. JIMXOBUA,

AMPL-PEANI3ALIS MOAENEN
CTPYKTYPHO-TEXHOJIOM4YHUX 3MIH

DOI:10.34229/2707-451X.25.4.7

Beryn. V 20-30-x pp. MUHYJIOTO CTONITTS A€pKaBH, IO
MAalOTh PO3BUHYTY €KOHOMIKY, HOTJIMHYJIUCH y TI00ANBHY
€KOHOMIYHY HEeCTaOlIbHICTb, SIKa XapaKTepr3yBanacs 3HH-
YKEHHSIM IPOMHCIIOBOT'O BUPOOHHUIITBA, MACOBUM 0e3p00iT-
TSIM, TIEPEBUPOOHUIITBOM, MAJTIHHSIM I[iH TOIIO, Ta 3iTKHY-
JIUCS 3 HEOOX1THICTIO IEP>)KaBHOTO PETYJIIOBAHHS CKOHOMI-
YHUX MPOIIECIB, 110 Bi0OYBAaIOThCA Ha iXHIX TEPUTOPIX.
[Tig wac po3BUTKY Jep>kaBU PO3POOIISIIH 1 BIIPOBAIKYBAIN
y CBOE €KOHOMIYHE XHTTS Pi3HI Ba)Keli BIUIMBY Ha MPOTi-
KaHHS] eKOHOMIYHUX TIPOLIECIB, SIKi MU SIK aIMiHICTPaTH-
BHUIA, TaK i EKOHOMIUHUIA Xapaktep. OmHa 3 MoJienel Ta-
KOT'O PEryJOBaHHS C€KOHOMIKH PO3pOOJICHHX TOMdI Oyna
MOJIETIb «BUTPATH-BUITyCK» («input-output») B.B. JIeoHTh-
€Ba, SIKa OMUCYBaJla MOJEIb EKOHOMIKH KpaiHH y LiIOMY
ab0 OKpPEeMOTo PEeTioHy, 3a AKY BiH oTpuMaB HobOeneBcrky
peMmiro 3 ekoHoMiku y 1973 pori.

3HaYHUH BKJIAJ] y PO3BUHEHHS Ta 3aCTOCYBAaHHS Teopil
MDKramy3eBoro OamaHcy Oyio 3po0JeHO BiTYM3HSHUMU
BUCHHMMH Ta HAYKOBILSIMU 1, 30KpeMa, HayKOBLSIMH [HCTH-
TyTy Kibepuetuku AH YPCP, ne B 70 X pokax MUHYJIOIO
CTOMITTSI OyB cpOpPMOBaHU MIAPO3ILI, SKUH 3aiiMaBCs PO-
3p0OKOI0 Ta BTIICHHSM MOJIEIEeH MIKrary3eBOro 0ajaHCy
IUIs epKaBHUX YCTaHOB KpaiHu. Temaruii Mikranmyse-
BOro Oamancy npucesiueni po6oru B. Tmymikosa [1, 2],
M. Muxanesuya ta I. Ceprienko [3-5], I1. Crerroka [3-7],
B. Kynuka [8-11], 1. KoBanenko ta FO. ApxaHrenbcpkoro
[12], I. JIsmenko i O. Jlsmenko [13, 14] ta inmmx. Cuig
3a3HauuTH AociimkeHHss M.B. MuxaneBuua, sskuii mpui-
JIUB OCOOJIMBY yBary BHBYEHHIO Ta PO3BUTKY OOCpHEHHX
Mozesedl JIeoHTbeBa, OCKUTBKM BOHH J03BOJISIOTH IJIaHYy-
BaTH BUPOOHHILITBO, BU3HAYAIOYHM HEOOXiTHUI BaJOBUI BH-
MyCK MPOAYKILIi 32 3aJaHUM KiHLEBHUM MOIHUTOM, AAIOTh
3MOTY aHaJIi3yBaTH BIUIUB 3MiH Y TEXHOJIOTil BUpOOHHUIITBA
Ha OOCSTM MPOAYKLIi Ta MPEACTABIAIOTh KIIOYOBHUH iH-
CTPYMEHT y MIXrajay3eBoMy OamaHCi, IO JO3BOJISIE
3B’s13aTH KiHIIEBUI TIOHT i3 BaJJOBUM BUPOOHHUIITBOM 4Ye-
pe3 obepHEeHy MaTpUIlo Koe(DillieHTIB MOBHUX BUTPAT 3a
yMOBH, 10 (I — A) HEBUPOIKEHA.
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M.B. MuxaneBud IOCITIINB Pi3HI CIIOCOOH 3MIHEHHS €JIEMEHTIB TEXHOJIOTIYHOI MaTpuIli. B fioro om-
TAMI3aMiiHIA MOJIEN MITHOBUMH (YHKIIISIMH, SIKi TOTPIOHO MaKCUMI3yBaTH, BUCTYMAIOTh CYKYITHHH JOXi
CMOKMBAYiB 1 MyJbTHILTIKATOP «IIPUPICT TOXOIIB—IIPHPICT CIIOKUBaUiBy. bibi neTanbHuii onuc Mojaenei
M.B. Muxanesuua Ta i iMIIeMeHTaIlii MOKHa 3HAWTH B [3-5].

Merta po6oTH — gocmiTuTH MOaU(IKaIlif0 KITACHIHOT MOJIEN1 «BUTpaTH-BUITyck» B.B. JIeoHThEBA IIITS-
XOM 11 ONTUMI3aIiHHOTO po3MHpeHHs, po3pobieHoro M.B. MuxaneBuuem, 3 ypaxyBaHHSIM CTPYKTYpPHO-
TEXHOJIOTIYHUX 3pYyIIeHb, IHCTUTYLIHHUX 3MiH, PIBHS OIUIATH Hpalli Ta YaCTKH NPUOYTKY B Pi3HUX TraIy3sx;
OOTpyHTYBaTH MOXKIIMBOCTI 3aCTOCYBaHHS 1i€i MOIU(IKOBAHOI MOJIEINI JUIA CTPATETIYHOTO TUTAHYBAHHS Mi-
KTaTy3€BHX MPOTIOPIIii y MeXaX €eKOHOMIYHO] MOITHKH, OPIEHTOBAHOI Ha 3pocTaHHs 0e3 iHGIIsIii BUTpat
Ta po3podutu AMPL-peanizaiii 115 po3B’3aHHS ONTHMI3AIlIHHUX 33]a4 CTPYKTYPHO-TEXHOJIOTIYHUX 3MiH
y MiXKraimy3eBoMy OallaHCi BUKOPHCTOBYIOUH Cy9dacHE MporpaMHe 3abe3rnedeHHs sl O0UHCIeHHS JIOKAb-
HUX Ta II00ANFHUX ONTHMYMIB Y 3a7jadax HelliHIHHOTO MporpaMyBaHHs 3a gorroMororo conepiB SNOPT
ta BARON Ha mmatgopmi NEOS.

OcCHOBHI M0JIOKEHHSI TAa MaTeMATHYHUI anapat Mojelii «BUTpaTu-sunyck» B.B. JleonTheBa

OCHOBHI NOJI0XEHHSI MOJEN «BUTPATU-BUITYCK», a TAKOXK PE3yJbTaTH ii 3aCTOCYBaHHS, OyJin BUKJIA-
JeHi B cTaTTsax Hamucanux B.B. JleonTheBuM moumHaoun 3 20-X pokiB MuHys0ro cromitrs [15-19]. ¥V
Betyni A0 «The Structure of American Economy, 1919-1929», nepmioro cucteMaTHYHOTO BUKIIAy TOTO,
10 3rOAOM CTaJIO aHATi30M «BUTPATH-BUILYCK», JICOHTBEB OIUCAaB CBOIO POOOTY SIK «CHpOOy 3aCTOCYBAaTH
€KOHOMIYHY TEOpII0 3arajbHOi piBHOBaru — abo, Kpare, 3arajJbHOi B3a€MO3aJIeKHOCTI — 10 EMIIPUIHOTO
JOCTIIDKEHHS B3a€MO3B'SI3KIB MIXK Pi3HUMH YaCTHHAMU HAI[IOHAJIHHOI €KOHOMIKH, 1[0 BUSBIISIFOTHCS Yepe3
KoBapiaii 11iH, 00cATiB BUPOOHUIITBA, iHBeCcTHIIIN Ta moxomiB» [18]. Takum yuHOM, B OCHOBI Mojedi Je-
JKUTh METOJI aHaJi3y MIXTaJTy3eBHX 3B’S3KIB 3 3aJlydeHHSIM arapary JiHIHHOI anreOpH Ui AOCHTIHKSHHS
eKOHOMIKH. MiXkrairy3eBuii OallaHC pO3TIISIIAETHCS SIK EKOHOMIKO-MaTeMaTHYHa OanaHcoBa MOJIEINb, IO Xa-
pakTepu3ye MiKranay3eBi BUpOOHUYI B3aEMO3B'SI3KM B €KOHOMIIIl KPaiHU Ta 3B'S3KM MiX BHUITYCKOM IIPOJIY-
KIii y OJHI¥ Tany3i Ta BUTpaTamu a00 BUTpadaHHSM MPOYKINT BCIX Taiy3ei, mo O0epyTh y4acTh, IS 3a-
Oe3nedeHHs I[bOT0 BUITyCKYy. Mikranmy3eBuil OajlaHC Mae BUTIISL TaOnwili ramy3eil. Meron fioro moOynoBu
MOJISITAE Y JIBOICTOMY PO3TJISIIi PI3HUX CEKTOPIB €KOHOMIKH, y SIKil 110 BEPTUKATI TIOKa3yIOThCSI BUTPATH Ha
BUPOOHUIITBO MPOJIYKIIil IEBHOT rairy3i TOCIIOAAPCTBA, a 110 TOPU3OHTANI — KUTbKICTh POAYKITii, TepenaHoi
3 1i€i ramy3i B iHII 200 SIK IPOMIKHAN MPOAYKT Ha BUPOOHUYI MTOTPeOH, a00 Y BUTIISAI KiHIIEBOTO POAYKTY
JUTSL CITO’KHMBAHHS TIPOAYKIIT ray33t0. BUKOPHCTOBYIOUH I1i 1aHi, MOYKHA BU3HAYUTH ITUTOMI BUTPATH T1EB-
HOTO pecypcy Ha BHUITYCK MPOAyKIlii. s 1iboro oOpaHuii moka3zHuK psijika abo CTOBMIIS JUINTHCS HA BEJIH-
YHHY BaJIOBOIO IPOIYKTY.

Po3pi3HAIOTE BIAKPUTY Ta 3aKPUTY MOJIEITI «BUTPATU-BHITYCK». Y BIIKPHUTIH MOJIETIi YaCTHHA MPOTYKIIil
CTIOKMBAETHCSI BCEPEIMHI Taly3i, peliTa CIIOKWBAETHCS 30BHINIHIMU 00’ €KTaMH, a TpodiieMa MoJsrae y
3HAXOJ[)KCHHI PiBHS BUPOOHHUIITBA, KO BiJIOMUII IOMUT Ha MPOAYKIIif0. B 3aKkpuTiii Mozeni BCst MpOAYKITis
CIOKHMBAETHCS TATY35IMH, a TPoOJIeMa NOJIsIrae y 3HaX0KSHH] BiTHOCHOT IIIHM KO>KHOT'O TIPOJYKTY.

PosrnsitHemMo MaTpu4Hy iHTEprpeTaliito Mojeii JIeoHTheBa.

Hexaii exoHOMiKa KpaiHM CKJIaJa€ThCsl N arperoBaHUMHU Taily3saMH, Y — BEKTOP «KiHIIEBOTO CIIOXKH-
BaHHs» NPOAYKLii, X — BEKTOP «BaJOBOTO MPOIYKTY», a00 00CIry BUpOOHUITBA MEBHOI Tay3i, A — KBaj-
paTuyHa MaTPUIst KOeIIIEHTIB IPSIMHUX BUTPAT, O MOKA3YIOTh KUTBKICTh POJIYKIIii raiy3i, ska HeoOXiqHa
JUTSE BAPOOHMIITBA OJAMHUIII MPOIYKIIT 1i€l ramysi. Tomi, npsiMa 3akpuTa MoJie)ib JICOHTbEBA B MaTPUYHIH
(hopMi ONMHCYETHCS CIIBBITHOIICHHSIM

X=AX+Y abo Y =(-A)X, 1)

ne | — ofMHWYHA KBaJApaTHYHA MATPHUIlI PO3MIpY 1 X N, a eNeMEeHTH MaTpulli A = {ai j} PO3paxoBYIOThCS
3a GOpMYIIOLO:
al-j = xl-j/X-, l,] = 1,Tl, (2)
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TOOTO TIO3HAYAIOTh KUTBKICTH TOBapy i, HEOOXiTHOTO JUIA BHPOOHHWIITBA OJMHHMII TOBApy j. Y MOIEISX
JICOHTHEBCHKOTO TUITYy TEXHOJIOTIYHA MAaTPHIIA (MATPHUILSI IIPSMHUX BUTPAT) BBAKAETHCS BIIOMOIO 1 pO3paxo-
BY€ETBCSI HA OCHOBI CTaTUCTUYHOI iH(popMallii 3 TAOIUIL «BUTpaTU-BHITycK». [1i3Hime, a came y 1941 poui,
B.B. JleoHTBEB pO3pOOHB CUCTEMY aHAIi3y «BUTPATU-BHUITycK» [19], ska nmepeabauae BUKOpUCTaHHS 00ep-
nenoi matpui (I — A)™! 114 aHanizy B3a€M03aNeKHOCTI MiXK eKOHOMIYHUMH CEKTOPAMH Ta KiHIIEBUM I10-
MUTOM, a caMa MOJIENb OTpUMalla Ha3By 0O0epHeHoi Mojeni JIeoHTheBa.

JBoicToro (1iHOBOIO) MoAeTo JIeOHThEBA , 200 MOJIEIIITIO PIBHOBAXKHUX I[iH, HA3UBAIOTh MOJIEIb, SIKa
OTIHCYETHCS CIiBBITHOIIECHHSIM:

w=(I-ANp @)

B AKOMY P = (Py, ..., Pn)T — BEKTOp LiiH, Jie p; — LiHA OJMHUIII TIPOAYKIIi i-01 ramysi, a w = (W, ..., wy)T
— BEKTOp HOPM J1oj1aHo0i BapTocTi. [Ipssmy Ta nBoicTy Moseni JICOHThEBA OB’ I3y€ CIIBBITHOLICHHS

p’y=w'x, 4
SKe O3Havae, 110 HalllOHATFHUH MTPOIYKT KpaiHU 30ira€Tbes 3 HAI[IOHATHHUM JJOXOJOM.

OnTumizaniiina mogudikanisi Moxesli «<BUTPATH-BHITYCK»

Jist BU3HAUCHHS CTPYKTYPHO-TEXHOJIOTIYHUX 3MiH, SIKi 3MEHIYyBaiHu O BUPOOHHUYI 3aTpaTu Ta JaBaju
0 3Mory 3a el paxXyHOK 30UTBITUTH JOXOM KIHIIEBUX CITOKWBAYIB 1 TiIBUIIUTH JHHAMIYHICTh EKOHOMIKH,
0yJ10 3aITPONIOHOBAHO ONTUMI3allIHY MOJIE]b, 33 OCHOBY SKO1 OyJia BUKOpUCTaHa KJIaCU4YHA MoJIe)Ib JIeoH-
THEBA, JI¢ KIHIIEBUI IPOIYKT PO3TIINAETHCS K CYKYITHUHN CYCITBHUIN MPOMYKT, SIKUH 3aJIeKHUTh BiJl peallb-
HUX JTOXOJIiB CIIOYKUBAYiB, OCKIJIPKH y BEPTUKAIBHO IHTETPOBaHi €eKOHOMIIII BUTPATH Ha 3apO0iTHY TUIaTy
JIOPIBHIOIOTH c0o0iBapTOCTi. B paMKax KIIacCMKO-KEWHCIaHCHKOT MOJITHYHOI €KOHOMIKH, CYCHIIBHUHN TpO-
IYKT PO3TISIAETHCS SIK PE3yIIbTaT CIUIBHUX 3YCHIIb BCIX rally3ed MPOMHUCIOBOCTI Ta CEKTOPIB.

SIk 1 B kiacuuHiii Mozeni Jleontbera (1), (2) mpumycTumo, 1o eKOHOMiKa KpaiHH CKJIaIa€eThes 3 N ar-
pETOBaHUX Traily3eil, a TAKOX MPUITYCTUMO JIIHIHHY 3aJIeKHICTh OIUIATH Tpaili BiJ 00csTiB BUPOOHUIITBA B
N rany3sx. Takok OyJaeMo BBa)KaTH, 10 KUIbKICTh TEXHOJIOTIH BiIIOBIIA€ KIIBKOCTI MPOAYKIIIi, 1110 BUITY-
CKa€ThCsl, TOOTO MaTpuIs A — KBapaTHa, a TAKOXK OyZeMO BBaYKAEMO, 10 KOXKHA Traly3b BUKOPHCTOBYE Y
CBOEMY BHPOOHUIITBI MPOMYKIIiIO BCIX iHMMX ramy3ei, To0To Matpuist 4 — Hepo3kiaaHa. Hexail BekTop
Q — 9acTKa 3apo0iTHOI IUIATH Ta IHIIMX BHIUIAT 3a MPAI0 Y [iHi MpoayKiii i-toi ramysi, ¢ = (qq, ... qn)-
Tomi, BpaxoBYIOYH, 110 JHKEPEIOM J0XOy CIOXKUBAYIB € X 3apo0iTHA IJIATHS, PEaIbHUI CYKYITHUN JTOXi]T
criokuBaviB D, BU3Ha4YaeThes K (DYHKIS Bi BEKTOPY ( Ta 00CSITy BUPOOHUIITBA:

D =¥it1qixi = (q,%). (5)

BpaxoByroun, 1110 CyKyITHUI POAYKT BCiX TaTy3el CKIIQIa€ThCs 3 IBOX YACTHH, OJHA 3 SIKHX 3aJISKUTh

BiJl CYKYITHOT'O JJOXOJy CITO’KMBAUiB 1 1151 3aJIKHICTh HOCUTh JIIHIHHUI XapakTep, a iHIlla YaCTHHA HE 3ajie-
JKUTB BiJl CyKYITHOTO JIOXOJY, TO CYKYIHHI CYCIUTEHHN TPOJYKT Y; ONMUCYETHCS CITiBBITHONICHHSIM:

Vi = al-D + hi! i = 1,Tl, (6)
JIe Q; BimoOpaXKaroTh CTPYKTYpPY 1HIMBIAyaJbHOTO CHOXKMBaHHS Ta BHYTPILIHIX 1HBECTHLiH, a BEKTOP
h = (hqy,hy ..., h,,) BU3HAYAETHCS EKCMOPTHO-IMIIOPTHHUM CajibJ0 Taiy3eil Ta morpedamu CyCHiTbHOTO

CIIO)KMBAHHSI, 1[0 HE 3aJIeXKaTh B1JI IHAMBIIyaJIbHOTO CIIOKUBAHHS.

SAxmo BUpa3zuMo CyKymHH oxin D yepes MaTpuilto koedilieHTiB TPSMUX BUTPAT @} Ta BEKTOPa q-
YaCcTKM 3apoO0iTHOI IIATH Ta IHIIMX BHIUIAT 3a TIPAIio y IiHiI IpoayKii i-To1 ramysi, To BpaxoByroun (1)
orpumaemo D = (q,x) = (q, (I — A)~1y) , 3 ypaxysanusm (2) maemMo

q"(I —A)"'h

D(4,q) = . 7

A = 1= e ()
SIKIIO TO3HAYUTH APYTUil TOAAHOK Y 3HAMCHHUKY K

k=q"(I-A)"a, (8)
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10 (8) mpuiimMae BUIJISAA
D(4,q) = M
1-k
M.B. MuxaneBu4 Ha3BaB BEJIMYMHY K MYJIbTHIUTIKATOPOM «IIPHPICT JOXOAIB — MPHUPICT BUPOOHMII-
TBay, IKUM MOSICHIOE SIK 3MIHUTBCS CYKYITHUI TOX1J] TPY 3MiH1 IHAMBITyaJIbHOI OILIATH 3a MPALII0, 10 TAKOXK
BIUTMHE Ha PiBEHb CYKYITHOTO CHOKHUBaHHA. OOMEXeHH:, SIKe BUKITIOYA€ BIUIMB BHYTPINIHIX (aKTOpiB Ha
PO3BHTOK IHQIIAII] BUTPAT 3aa€THCS CITIBBITHOIIICHHIM:

= a
Z ————==<§, j=1n 9

l-a;—q

i=1,i#j

Jie BEKTOD (; 3a]1a€ YaCTKy JI0aHOi BAPTOCTI B LiHi MPOAYKLIi j-0i ramysi, AKy MOKHA IPEACTABUTH Ha-
CTYIHUM CHIBBIIHOWIEHHAM: §; = l;q; + d;, ne [; — My/bTHIIIIKATOP BUTpPAT HA OIUIATY Mpalli B j-ii ranysi,
a d;j —4acTKa CKJIaJIOBHX JIOJIAHOT BAPTOCTI B LiH1 IPOYKILii j-Oi Taity3i, AKi HE OB’ A3aHi 3 OIUIATOKO Mpalli.
Bennunna [ — 3a1ane rpaHAYHE 3HAUCHHS, sIKe MeHIe ouHULi ( < 1), 0 KOPUTy€e HETOUYHICTh BXiTHUX
JAHMX Ta 33]1a€ pe3epB sl 0e3iHIAMIHOTO 301bIIIEHHS KOMIOHEHTIB JTOIaHO1 BAPTOCTI, SIKi HE 3aJIe)KaTh
BiJl YaCTKH OTUIATH IIPAIli B IiHI IPOIYKIIii.

BpaxoBytoun 1MHaMivHICTh HAI[IOHAIBHOI Ta PErioHaIbHOT €EKOHOMIKH, SIKa BILUTMBAE HA 3HAUCHHS Ma-
TPHIII TEXHOJOTIYHUX BUTPAT Ta AOJIO OIUIATH Tpalli y HiHi npoaykuii, M.B. Muxaiesud mocraBus 3aauy:
BU3HAYUTH TaKi 3MIiHHU €JIEMEHTIB MaTpuili A Ta BEKTOpPY ¢, sIKi 0 MaKCHMi3yBajl BEIMYHHY CYKYITHOTO
noxony D (A4, q) (ab0 MyNbTUILTIKATOPY «IPHPICT JOXOMAIB — MPUPICT BUPOOHHUIITBAY k) 6€3 M0JaTKOBUX
THQIIAIAHAX BIUIHUBIB.

Hexaii 3agani maTpuis A, BEKTOp ¢ i BIAMOBIAHI BeKTOpH @, G , h, Ta 1. SIkmo BpaxyBaTu MOMIIHBI
3MIHHM 3aJ[aHUX EJIEMEHTIB MaTpHili A Ta BeKTOpa q, Ta mo3HauuTu ix AA ta Aq, To uiaboBi Gykiii (7) Ta
(8) mepenuiIeMO HACTYITHUM YHHOM:

—  JUISl CYKYITHOTO JIOXOJTY

(@+Aq"(1— (A+2A)"th
1-(q+A9TA - (A+ AA) 1’
—  JUIS MYJIBTHILTIKATOPA « TIPUPICT TOXOJIiB — IIPUPICT BUPOOHUIITBA

k(AA,Aq) = (q + AqQ)T(I — (A + AA) La. (11)

3 METOI0 YCYHEHHSI MO>KJIMBOCTI iCHYBaHHS TOYOK PO3PUBY, HEOOX1/IHO, 00 BUKOHYBAJIMCh HACTYIIHI
YMOBH:

a) matpuiist (I — (A + AA)) mae OyTH HEBHPOJKEHOIO;

0) (g +Aq)TU - (A+AA)) la< 1.

Toni oomesxenns (9), 3 ypaxyBaHHSIM YaCTKH J0AaHOI BAPTOCTI B LiHI MpoAyKWii j-of ramysi, npuiimae
BUTJISA

D(AA,AQ) = (10)

L aij+Aaij -
<p j=Tn (12)

i1=1,i#j
Honamo oOMexeHHs, sIKi 3a0e311euyroTh HeBi/l'€MHICTh Ta HEHYJIbOBE 3HaUCHHS 3HaMeHHUKa B (12), a
TakoX (pi3nuHMi 3MicT MOTU(IKOBAHOT MATPHIII TPSIMUAX BUTPAT A Ta BeKTopa ( — JIOJI1 OTUIATH Tpalli y IiHi
MPOYKIIIT:

OSCIj+Aq]'S1; OSaij+AaijS1, l,]:ﬁ (14)
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JomatkoBo HakIazeMo 0OMEXKEHHs Ha BapiaTUBHICTh Ag;; Ta Aq; BBOASYN HUKHI Ta BEPXHI TPAHHUII
1X 3HAYECHBb:
Aai]- < Aai]- < Aa”, i,j = 1,7’1, (15)

q; <Agq; <Aq, i=1n. (16)

Oobmexenns (15) ta (16) KOHTPOIIOIOTE KUIBKICTh €1EMEHTIB MaTPHIIi Ta BEKTOPY, SIKi MOJKHA 3MiHIO-
BaTH, (PIKCYIOUM iHIII eIeMEHTH Ha IeBHUX 3HAYEHHSX 32 PaXyHOK BCTAHOBIIEHUX BEPXHIX Ta HIDKHIX T'pa-
HULb. OOMEXEHICTh PecypciB, sIKi MOTPIOHI ISl CTPYKTYPHO-TEXHOJIOTTYHUX 3MiH, BUPAKAETHCS CIIBBiA-
HOIICHHSM:

n n
Z Z bkij maX(O, - Aaij) < Bk' k= L—K; (17)
j=1 i=1

ne K — KUTbKICTh pecypciB, By, — 00csr K-ro pecypcy, He0OXiTHOTO /U1 yCYBaHHS 3HHKEHHST BUTPAT BUPO-
OHMILITBA, bki], — BuTpara k-ro pecypcy npu peaiizaiii 3aX0iB, sSKi rapaHTYIOTh OJMUHAYHE 3MEHIIICHHSI He-

00XiTHUX BUTpAT MPOMYKIIi i-01 raiy3i Ha BUPOOHHULITBO MPOAYKIUIi j-0i ramy3i. Sk 6aunMo, oOMeKeHHs
(17) BupaskeHe HErTAAKO QYHKIIIEO, [0 00YMOBIIFOE BAKOPUCTAHHS METO/IiB HETJTAKOT ONITUMI3AIiT 15
3HAXO/KCHHS PO3B’ 3Ky JAaHOI 3aaui.

TakuM 4rHOM, OCTaTOYHA 3a/lada ONTHMI3amii (OPMYITIOETHCS HACTYITHAM YHHOM: 3HAWTH Taki 3Ha-
yenust AA ta Aq, siki 6 makcumisyBanu 3HadeHus D (AA, Aq) Bupakene criBBigHomenusM (10) 3a ymoBu
oomexens (12) — (17); abo 3HaiiTi Taki 3HaueHHs AA Ta Aq, ski 6 MakcuMmizyBaiau 3Hadenus k(AA, Aq)
BUpakeHe criBBigHomenusaM (11) 3a ymoBu oomesxens (12) — (17). Sk 6aunmo, BUOIp HITOBUX (BYHKINIH
Ta MoOy0Ba CUCTEMH OOMEKCHD MPUBEIH JI0 ONTHUMI3ALIMHUX 3a71a4 3 HEOMYKIMMHU IUTLOBUMH (DYHKIIi-
SIMH Ta HETJIAJIKUMHU OOMEXCHHSIMHU 1 00MEKCHHSIMU, SIKI MatOTh APOOOBO-TIHIHHMI BT, PO3B’SI3aHHS SKUX,
noTpedye BUKOPUCTAHHS METO/1iB HeTu(epeHIliHOBaHOT ONITUMI3allii 1 METO/IiB JIOKAITBHOTO MOIITYKY, BKITIO-
Yarouu CIieiaibHi CXeMHU METOJY T1JI0K Ta TPaHHIIb.

B po6ori [7] HaBOIUTHCS peTeNIbHII aHalli3 Ii€l ONTUMIi3aliiHOT MO/IelTi Ta OOTPYHTYBAHHS YMOB Ha-
SIBHOCTI JIOKQJIbLHUX €KCTPEMYMIB.

Po3mupeni ontumizauiitni 3agaqi M.B. MuxaneBuya

HactynHuMm KpokoMm OyJio CIIPOCTHTH 3aady HIIIXOM 3BEISHHS 11 10 MOJelNeH 3 mpocTimmMu QyHK-
iSIMH 32 paxyHOK BBEJICHHS HOBOT 3MiHHOT:

z=(—-(A+A)")(q+Aq), (18)
3pigku BurmBae, mo z! = (q + Aq)T(I — (A + AA))™L, a ninbosi dynxuii (10) Ta (11) micis miacTaHOBKH
3MIHHOT Z BiJITIOBITHO MPUUMAIOTh BUJI ISl CYKYITHOTO JIOXOJ1Y:

T

z'h
Fl(Z) =m—>max, (19)

a 1inpoBa (QYHKUIA U1 MYJIBTUIUIIKATOPA «IIPHUPICT JOXOAIB — NPUPICT BUPOOHULTBA» CTAE JiHIHHOIO 1
IpuiiMae BUJL

F,(z) = zTa - max. (20)
Ho icayrouoi cucremu 0OMeXeHb BBOAMMO JOAATKOBE 0OMEKEHHS HAa HOBY 3MiHHY
z—(A+AA)"z=q+ Aq, (21)
a oomexxenns (12) — (17) 3 ypaxyBaHusm MaTpruHOi hopmu (21) nepeTBOPrOOTHCS:
Zj - Z?zl(aij + Aaij)z = q] + Aq], ] = H, (22)
Bl +baj;) + B(L (4 + Aq;) + &) + Ly iz (@i + bay) < B,j = 1m, (23)
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Aa;j < Aajj <Aa,,, i,j=1n, (25)
Mgy < bq <Bq, =T, (26)
n n
Z, 12- (b, max(0, ~ Aay) + (b, max(0, Aa,) < By, k=TF, 27)
je1éi=

ne, sk i Bumie, K — KibKicTh pecypciB, By, — o0csr K-ro pecypcy, HEOOXiHOTO ISl YCYBaHHS 3HUYKECHHS

BUTpAT BUPOOHUIITBA, bkij — BuTpara K-ro pecypcy npu peanizaiii 3aX0/iB, sKi TapaHTYIOTh OJJHUHUYHE 3Me-

HIICHHS HEOOXIAHUX BUTPAT MPOAYKLIi i-TOi ramy3i Ha BUPOOHHMLTBO MPOIYKIIi j-01 raimy3i; 0OOMeKeHHs

(25) Ta (26) moB’s13aHi 3 HIKHIMK Ta BEPXHIMU MEKaMH Ha KOMIIOHEHTH BekTopa Aq Ta Matpuiti AA.
IIporpamui peanizanii ontumizaniiinoi 3axaui M.B. Muxanesuua

[epma mporpamMHa peaizartis st 3HaX0KEHHS JOKATFHIX eKCTPEeMYMiB IiboBUX ¢yHKIH (10) abo
(11) 3a ymoB (12) — (17) Gyna BukonaHa 3a qonomororo nporpamu MULSTR Ha moBi RATFOR. Ockinbku
obmexenHs (17) mpeacTapisio co00 Hernaaky (QyHKIN0, 3a1a4i 3BOMIUCS JI0 3a7a4 0€3yMOBHOT Mak-
cuMi3allii 3 3acTOCyBaHHSAM MeTony mTpapHuX QyHKUiA. g iX po3B’s3aHHS BUKOPHUCTOBYBABCS [-aJro-
put™ [20] , a Takok Oyia po3pobiieHa cxeMa METOAY 3HaXOKEHHs JTOKAIbHUX €KCTPEMYMIB Ha OCHOBI
CyOrpaflieHTHUX alIropuTMiB HeaudepeHuiiopanoi ontumiszaiii 3 enemenTamu MYJIbTUCTAPT-TexHo-
JIOTiH, 110 Tepeadavae MOITyK JIOKATBHAX eKCTPEMYMIB 13 PI3HUMHE IMOYaTKOBUMHU HaOmmkeHHsSIMU. Po3pa-
XYHKH BUKOHYBAJIMCSI CIOYATKY A7l 18-ramyszeBoro OanaHcy, moTiM [yist 39-rairy3eBoro, Takox po3riisiaa-
JIMCS MO>KIIMBOCTI pO3TapajiesIIoBaHHs METOTy Ta BUKOPHCTaHHS 0araTorpoeCOpHUX CUCTEM; IeTalbHIN
omuc, O0IPyHTYBaHHS Ta aHaJi3 MeToy HaBeneHi B [7]. HacTymHa nmporpamHa peaisaitisi, B SKiid OCTaHO-
BKa 3a/1a4 OyJia 3Be/ieHa 10 MOiesIel 3 MpOCTIUMU QPYHKIIISIMU 32 paXyHOK BBEICHHS HOBUX 3MiHHUX, OyIa
3po0JieHa 3 BUKOPUCTAHHIM IIPOrpaMM 3HaXOMKeHH JokaidbHuX ekcTpemyMiB MULSTRI1 anst posmmpe-
HOi Mozieni 3 niboBuMu GyHKIisiMu (19), (20) Ta oOMexxennsmu (21) — (27).

IMomanbmm KpoKOM ctasio ctBopents cucremu MiSTC, npusHadeHoT U1 pO3B’I3aHHS OTITHMI3aIliii-
HUX 33]]a4 MDKTalTy3eBOT0 IUTAHYBaHHS CTPYKTYPHO-TEXHOJIOTIYHUX 3MiH IPH aHaTi31 MAaKPOEKOHOMIYHUX
nporieciB. Ha3Ba cuctemu moxoauts Bija iMmeni M.B. MuxaneBuua, skuii iHiIiFOBaB 1i po3po0OKy Ta 3aKiiaB
teopetnuHi ocHoBHu: MiSTC — Michalevich Structural and Technological Changes. PozpoOnukamu cuctemu
takox cranu [LI. Cremrok, JI.b. Konmaii, A.B. [Tummnoscekuii i A.FO. Buann. KopoTky XxapakTepucTHKY
pesyabrariB BrinenHs nporpamu MULSTR ta cuctemu MiSTC moxHa 3Haiitu y [21].

TecToBi po3paxyHKH AJs pO3IIMPEHNX ONTHMI3aliHHUX 32724

B Mexax JaHOro JOCTiHKEHHS T 3HaXOKEHHS ONTUMabHUX po3B’sa3kiB 3amau (19), (20) 3 oome-
xeHHsiMu (21) — (27) npu 3aaHnX BXiJHUX JaHUX, OMUCAHUX Jaji, OyJI0 BAKOPUCTAHO MpOrpamMHe 3a0e3-
MeYeHHsI U1 O0UMCIIEHHSI JJOKAIBHUX Ta INI00ALHUX ONTHMYMIB Y 3aJladyax HEeNiHIHHOTO MporpamMyBaHHS.
[Mpuknaau Takux nporpam 1e consepu SNOPT ta BARON [22]. Cyuachi Bepcii SNOPT 7.5-1.2 Ta
BARON 24.5.8 noctynni Ha miarpopmi NEOS [23]. BukopucroByroun moBy moxemoBannsi AMPL (A
Modeling Language for Mathematical Programming) [24], 6yio po3po6iieHo omvc MaTeEMaTHYHIX MOZEIIEH
JUIs BUILEHAaBEJCHUX 3a7a4y. HaBenemo TecToBy peanizaliro 3a1adi, O PO3TISAAETHCS.

Bxigui nauHi:

KinmpkicTsb ranmyse JOpiBHIOE CEMHU, TAKUM YHHOM PO3TILIIAEMO BXiJJHY MATPHIIO IPSIMUX BUTpAT PO-
3MipoM 7X7 Ta BEKTOP YaCTKH OIUIATH Ipali y WiHi NPOAYKLii 3 HACTYITHUMHU BXiTHUMHU 3HAUYCHHAMU:

0.337 0.139 0.215 0.127 0.146 0.112 0.196 T 10.057
0.023 0.251 0.179 0.089 0.019 0.131 0.005 0.02
0.163 0.176 0.191 0.097 0.103 0.095 0.087 0.01
A=10.012 0.009 0.157 0.031 0.029 0.026 0.094 |, q =10.08{
0.009 0.01 0.008 0.226 0.107 0.006 0.0071 0.09
0.153 0.121 0.099 0.031 0.025 0.019 0.033 0.12
L0.161 0.193 0.103 0.101 0.095 0.087 0.091- L0.14-
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Takox 3riguo 3 ooMekeHHsaMu (15) Ha HIDKHI Ta BEPXHI 3HAYCHHS MEX 3MiHH KOE(IIli€HTIB MPSIMUX
BUTpAT BUKOPUCTOBYIOTHCSI MATPHIIL:

—0.1685 —0.0695 -0.1075 -0.0635 —0.073 —0.056 —0.098 1
—-0.0115 -0.1255 -0.0895 -0.0445 -—0.0095 —0.0655 -0.0025
—0.0815 -0.088 —0.0955 -0.0485 —0.0515 -—0.0475 -0.0435
Aa;; =| —0.006 —0.0045 -0.0785 —0.0155 —0.0145 —0.013 —0.047

—-0.0045 -0.005 -0.004 -0.113 -—0.0535 —0.003 —0.0036
—0.0765 -0.0605 -—0.0495 -0.0155 -0.0125 -—0.0095 -0.0165
L—0.0805 -0.0965 -0.0515 -0.0505 -0.04755 -—0.0435 -—0.0455

0.1685 0.0695 0.1075 0.0635 0.073 0.056  0.098 7
0.0115 0.1255 0.0895 0.0445 0.0095 0.0655 0.0025
0.0815 0.088 0.0955 0.0485 0.0515 0.0475 0.0435
Aa,; =1 0.006 0.0045 0.0785 0.0155 0.0145 0.013  0.047

0.0045 0.005 0.004 0.113 0.0535 0.003 0.0036
0.0765 0.0605 0.0495 0.0155 0.0125 0.0095 0.0165
L0.0805 0.0965 0.0515 0.0505 0.04755 0.0435 0.0455-

Ta 3TiIHO 3 0OMexkeHH:M (16) Ha HIDKHI Ta BEpXHi 3HAYCHHS MEX 3MiHH KOC(iI[IEHTIB YaCTKHU OTLIATH Mparli
BUKOPHUCTOBYIOTHCS BEKTOPH:

- 0.9 r0.001
0.9 0.00
0.9 0.00
Ag;=]109]| ta Aq,=|0.00| nei,j=17.
— 109 0.00
0.88 0.00
L0.86- L0.00-

EnemeHTn BekTOpa MyJbTHUILTIKATOpA BUTPAT Ha OIUIATy mpaii npuiimarorh 3uadenus [ = (1.320,
1.000, 1.375, 1.375, 1.375, 1.375, 1.375), BeKTOp 4acTKH iHIINX CKJIAJOBHX JIOJaHOI BapTOCTi IOPiBHIOE
d =(0.01,0.05,0.01,0.05,0.10,0.10,0.15); BexTop, sIKUii OMHUCY€E CTPYKTYPY 1HAUBIAYATBHOTO CIIOKUBAHHS
a = (0.15,0.05,0.05,0.15,0.20,0.20,0.20), a cTpykTypa KOJIEKTHBHOTO CIIOKUBAHHS, SIKE HE 3aJ€KHUTh Bif
IHaUBIAyanbpHOro crioxkuBanus — h = (0.1,0.2,0.2,0.1,0.05,0.05,0.3). KinbKicTh pecypciB, 1110 BUKOPHUCTOBY-
IOTBCS JJISL CTPYKTYPHO-TEXHOJIOTIYHHUX 3MiH JIOPIBHIOE 1, 1 3araibHa KiTBKICTh IBOTO pecypcy B; = 3.5, a
MaTpHIsd KoeilieHTiB MUTOMHUX BUTPAT 33/1a€ThCS €IEeMEHTaMU

3.00 3.00 3.00 1.00 1.00 2.00 0.50
300 3.00 3.00 1.00 1.00 2.00 0.50
300 3.00 3.00 1.00 1.00 200 0.50
B={b,}" =[3.00 3.00 3.00 1.00 1.00 2.00 0.50]
3.00 3.00 3.00 1.00 1.00 2.00 0.50
300 3.00 3.00 1.00 1.00 200 0.50
300 3.00 3.00 1.00 1.00 2.00 0.50-

Sk BHIIECKa3aHO, Ul 3HAXO/HKEHHS ONTUMAJbLHUX PO3B’s3KiB Oyno Bukopucrano consepu SNOPT Ta
BARON. Conep SNOPT BHKOpHCTOBYBaBCS JUIS MOIIYKY JIOKATBHUX PO3B'A3KIB y 3a/1a4ax HEIIHIHHOTO
nporpamyBanHs, a coaBep BARON st rnmobanbaux po3s'si3kiB. Tak sk conmsep BARON He minrpumye
orepartito max, To 3azaadi (19), (20) 3 oomexxennsmu (21) — (27) Oynu moaudikoBaHi: 101aHO HOBY 3MiHHY
Vij, Lj= 1,n , a obmexenns (27) Gyso 3aMiHEHO Ha 0OMEKEHHS

¥ij=0 i,j=1n, (27)
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Yijy= —hay; L,j=1n, (27
n
n
Z i 1Zbki]'37ij < Bk; k= 1,K (27m)
=1

B momarkax b i B HaBeneHo mpotokonu po3B’sa3aHHs conBepoM SNOPT 00ox 3amad mrst 3HAXOKCHHS
ONITUMAJIbHUX 3HAYEHb CTPYKTYPHO-TEXHOIOTIYHHUX 3MiH [T MaKCUMi3alii CyKyITHOTO JJOXOAY Ta MyJbTH-
TDTIKATOPY «HPUPICT TOXOAIB—IIPUPICT BUPOOHHUIITBAa» 0€3 JOJATKOBOTO iH(ISAIIHHOTO TUCKY B PO3IINpE-
HUX ONTUMI3alifHUX 3a/a4 IUIAaHyBaHHs CTPYKTypHO-TexHOsoriunux 3miH (19), (20) 3 oOmexeHHSIMHU
(21) — (27).

Sk 6a4rMo 3 pe3ynbTaTiB 00YHCIICHb ONTUMAaIbHE 3HAUEHHSI CYKYITHOTO JI0XOJly CITOKHUBAUiB MpH 3a-
3HAYEHUX BXIAHHUX JaHUX AopiBHIOE 41.24422196, a 3HaUE€HHS MYIBTHILTIKATOPY «IIPHPICT JOXOIiB—IIpH-
pict BupoOHHLITBaY nopiBHIOE 0.9784066118 npu Takux JOMyCTUMHX KOJMBAHHAX Y MaTpULi Koe]ilieHTiB
MPSMHUX BUTPAT Ta KOJIMBAHHSAX BEKTOPA JI0JIi OIIATH Tpalli y IiHI IPOIYKIIT SK:

(—0.0272 0.04154 0.03265 —0.0031 -0.0730 —0.0560 —0.09807 0
—0.0115 -0.1255 -0.0895 0.0445 0.0095 —0.0655 —0.0025 0
—0.0815 -0.0880 —0.0955 -—0.0485 -0.0515 -0.0475 -0.0435 0
AA =[-0.0060 —0.0007 0.02756 0.0155 —0.0145 —0.0130 —0.0470|1aAq = 0 I
0.0045 0.0050 0.0040 0.1130 0.0535 0.003 0.0036 0.1963
0.0765 0.0605 0.0495 0.0155 0.0125 0.0095 0.0165 0.2677
- 0.0805 0.0965 0.0515 0.0505 0.0475 0.0435 0.0455 - -0.1866-

B nonmatkax I' i /] HaBegeHO npoTokoiu po3s’sizanus consepoM BARON 3amau (19), (20) 3 oOmexeH-
Hamu (21) — (27""). Sk Gaummo 3 pe3ynbTariB 004MCIIeHb st 000X 3amau coiBep BARON 3Haiimios
TII00aTBHUA PO3B’ 30K IS UTHOBUX (DYHKIIIHM CYKYITHOTO IOXOAY Ta MYJIbTHUILTIKATOPY «IPUPICT TOXO/iB-
MIPUPICT BUPOOHHUIITBAY, IO CITIBMIAB 3 JIOKATHHUM PO3B’S3KOM, sSIKHi Oyio 3HaiaeHo coinBepoM SNOPT
st 3amad (19) — (20) 3 oomexxenusamu (21) — (27) npu Takux JOMYCTUMHX KOJMBAHHSIX y MAaTpHUIl Koedi-
IIEHTIB MPSMHUX BUTPAT Ta KOJMBAHHAX BEKTOpA JIOJI OTUIATH Npall y MiHi TPOIYKILT K

(—0.0272105 0.0409084 0.0278658 —0.003175 —0.0730 —0.0560 —0.09807
—0.0115 —0.1255 —0.0895 —0.0445 —0.0095 -0.0655 —0.0025
—0.0815 —0.0880 —0.0955 —0.0485 —0.0515 —0.0475 —0.0435

AA=| —0.0060 0.0007 0.02756 0.0155 —0.0145 -0.0130 —0.0470( Ta
0.0045 0.0050 0.0040 0.1130 0.0535 0.003 0.0036
0.0765 0.0605 0.0495 0.0155 0.0125  0.0095  0.0165
0.0805 0.0965 0.0515 0.0505 0.0475  0.0435  0.0455

0

0

0
Aq = 0o |
0.1963
0.2677
L0.1866-

BucHoBku. Ontumizaiiiiina Moaudikaiis KIaCHYHOI MOJEN «BUTPATH-BUIIYCK», 3alpOIIOHOBAaHA

M.B. MuxaneBndyeM, BpaxOBYe CTPYKTYPHO-TEXHOJIOTiIYHI 3pYyLIEHHS Ta 3a0e3nedye MaKcHMi3aliio
CYKYITHOTO JIOXOJy CIIO)KHMBadiB a00 MYJBTUILUTIKATOPY «IIPHPICT JOXOAIB—IPUPICT BUPOOHUIITBAY 0O€3
JOJTATKOBOTO 1HQIISALIMHOTO THUCKY, L0 J03BOJISIE €(EKTUBHO IUIAHYBAaTH MIKIajay3eBl IMpOIoOpIi B
eKOHOMHMLI. POo3risiHyTi MiKranay3eBi MoJeni IaHyBaHHSI CTPYKTYPHO-TEXHOJIOTTYHUX 3MiH MPUBENU J0
JIOCUTh CKJIQJHUX OINTUMI3aIllifHUX 3ala4 3 HEONyKIMMU MLiTbOBUMH (DYHKIISIMUA 1 HETIHIHHUMH
ooMmexennsmu. Cucrema anredpaiunoro moaentoBanis AMPL (A Modeling Language for Mathematical
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Programming) 1ie eheKTHBHHIA IHCTPYMEHT PO3B’3aHHS TAKUX MOJIEIEH, 10 MiATBEPIKYETHCS TECTOBUMH
po3paxyHkamu i3 3actocyBanHsM conBepiB SNOPT ta BARON Ha ceprepi NEOS.

Takum ynHOM, MOoIM(ikOBaHa MOieah M. B. MuxaneBuya — HOTY>KHUH IHCTPYMEHT IS CTPATETiYHOTO
MIXTaTy3eBOr0 ITUIAHYBaHHS Ta 11 BIPOBA/DKEHHS Pa3oM 3 BIAMOBIIHUMH MPOTPAMHUMH 3aC00aMU MOXKE
MaTH{ TIPAKTUIHE 3HAYCHHSI IS pO3pOO0KH ePeKTHBHOI €KOHOMIYHOI IOJIITHKH 3 OPIEHTAIIIEI0 Ha CTa0iIbHE
3pOCTaHH.

JOIOATOK A. AMPL-peamnizauist mogei (19) 3 oomeskenusavu (21) — (27) st BXiZHEX TaHHX
TECTOBOI0 MPUKJIATY

reset;
# parameters and variables

#KinbkicTb ranysen

param n := 7;
#KinbkicTe pecypcis
param K := 1;

#InpnAuiiHMin napameTp

param beta := 0.95;

param A{i in 1..n,j in 1..n} ;

param deltaA_low{i in 1..n,j in 1..n} ;

param deltaA up{i in 1..n,j in 1..n} ;

param g{i in 1..n} ;

param deltaq low{i in 1..n} ;

param deltaq up{i in 1..n} ;

param h{i in 1..n} ;

param alpha{i in 1..n} ;

param 1{i in 1..n} ;

param d{i in 1..n} ;

#BekTop HasABHUX pecypciB (B)

param B default 3.5;

param B1{i in 1..n,j in 1..n} ;

# variables

var deltaA {i in 1..n, j in 1..n};

var deltaq {i in 1..n};

var z{i in 1..n};

var y{i in 1..n,j in 1..n};

# objectives

maximize obj2430: (sum {j in 1..n} z[j]*h[j])/(1-sum {j in 1..n} z[j]*alpha[j]);
# constraints

subject to con2431 {j in 1..n}: z[j] - sum{i in 1..n}(A[],i]+deltaA[j,i]) =
q[Jj]+deltaq[]];

subject to con2432 {j in 1..n}:
beta*(A[j,j]+deltaA[],j])+beta*(1[j]*(q[j]+deltaq[j])+d[]j])+sum {i in
1..n:i<>j}(A[i,j]+deltaA[i,]j]) <= beta;

subject to con2433 {j in 1..n}: (A[j,jl+deltaA[],7])+(1[j]1*(q[]jl+deltaq[j])+d[j]) <=
1;

subject to con2416 : sum{j in 1..n}sum{i in 1..n}(B1[i,j]*max(0@,-deltaA[i,j])) <= B;
subject to con2435g_low {i in 1..n}: deltaq[i] >= deltaq_low[i];

subject to con2435q_up {i in 1..n}: deltaq[i] <= deltaq_up[i];

subject to con2435A low {i in 1..n,j in 1..n}: deltaA[i,]j] >= deltaA low[i,j];
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subject to con2435A up {i in 1..n,j in 1..n}: deltaA[i,]j] <= deltaA up[i,j];

option solver snopt;

#option solver baron;

option baron_options 'barstats outlev=1 maxtime=3600"';
# prepare the Data

data;

#MaTpuus koedpiuieHTiB npamux ButpaTt (A)

param A: 1 2 3 4 5 6 7 1=
1 0.337 0.139 0.215 0.127 0.146 0.112 0.196

2 0.023 0.251 0.179 ©0.089 0.019 0.131 0.005

3 0.163 0.176 ©.191 ©.097 ©.103 0.095 0.087

4 0.012 0.009 0.157 0.031 0.029 0.026 0.094

5 0.009 0.01 ©0.008 0.226 0.107 0.006 0.0071

6 0.153 0.121 0.099 0.031 0.025 0.019 0.033

7 0.161 ©.193 ©.103 0.101 0.095 0.087 0.091

)

#HuxHA Mexa 3MiHM KoediuieHTiB npamumx BuTpaT deltaA

param deltaA low:

1 2 3 4 5 6 7 :=

1 -0.1685 -0.0695 -0.1075 -0.0635 -0.073 -0.056 -0.098

2 -0.0115 -0.1255 -0.0895 -0.0445 -0.0095 -0.0655 -0.0025

3 -0.0815 -0.088 -0.0955 -0.0485 -0.0515 -0.0475 -0.0435

4 -0.006 -0.0045 -0.0785 -0.0155 -0.0145 -0.013 -0.047

5 -0.0045 -0.005 -0.004 -0.113 -0.0535 -0.003 -0.0036

6 -0.0765 -0.0605 -0.0495 -0.0155 -0.0125 -0.0095 -0.0165

7 -0.0805 -0.0965 -0.0515 -0.0505 -0.0475 -0.0435 -0.0455

)

#BepxHa Mexa 3MiHuM koediuieHTiB npamux BuTpaT deltaA
param deltaA_up:

1 2 3 4 5 6 7 1=

1 0.1685 0.0695 0.1075 ©0.0635 0.073 0.056 0.098

2 0.0115 0.1255 0.0895 0.0445 0.0095 0.0655 0.0025
3 0.0815 0.088 0.0955 0.0485 0.0515 0.0475 0.0435
4 0.006 0.0045 0.0785 0.0155 0.0145 0.913 0.047

5 0.0045 0.005 0.004 0.113 ©.0535 0.003 0.0036
6 0.0765 0.0605 0.0495 0.0155 0.0125 0.0095 0.0165
7 0.0805 0.0965 0.0515 0.0505 0.0475 0.0435 0.0455

5
#BekTop YacTku onnatu npaui (q)

param q :=
1 0.05
2 0.02
3 0.01
4 0.08
5 0.09
6 0.12
7 0.14

74 ISSN 2707-4501. Kibepnemuxa ma komn'tomepui mexronozii. 2025, Ne 4



AMPL-PEAJII3ALIIST MOJEJIEN CTPYKTYPHO-TEXHOJIOTTYHMX 3MIH

#HWXHA Mexa 4YacTku onnatu npauyi (deltaq)
param deltaqg_low :=

NouiphwNnBR
[OROGROR OO RN]

J

#BepxHa Mexa 4YacTku onnatu npaui (deltaq)
param deltaq_up :=

.9

.9

NouphwNnR
OO O0OOO0OOO®
00 00 WOV WOV W

.88
.86
J

#BekTOop HasBHUX pecypciB (B)
#param B := 3.5

#;

#MaTpuus BuTpaT pecypcis (Bk)
param B1:

NoOuhwNR

WWWwwWwwweR
WWWwwWwwwwN
WwWwwWwwwwww
RRRRRRRN
RRRRRRRUV
NNNNNNNO
COOOO®O®O®N
L RCRURURURCRE

J
#BeKTop CTpYKTypu cycninbHoro cnoxusaHHa (h)

param h :=

Noulph wNR
OO O0OO0OOOO®
vl un

WO ORNNEE

)

#BekTOp CTpPYyKTypu iHauBipyanbHoro cnoxuBaHHA (alpha)
param alpha :=

.15

.05

.05

.15

.2

.2

.2

NouihwNnR
[ORORGEOEOERN]
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#BekTop MynbTUNNikaTopa BUTpaT Ha onnaty npaui (1)
param 1 :=

1

NOuUuhwWN
PR RRRRPR

)

.32

.375
.375
.375
.375
.375

#BekTop YacTkM iHwux cknagoBux y BapTocTi npopykuii (d)
param d :=

1

NoupbhwnN
OO OO0

J

.01
.05
.01
.05
.1

.1

.15

for {i in 1..n}{
for {j in 1..n}{
let deltaA[i,j] := ©;

}
}

for {i in 1..n}{
let deltaq[i] := ©;

}

for {i in 1..n}{
let z[i] := ©;

}
display
display
display
display
display
display

solve;

display
display
display
display
display
display
display
display

0bj2430;
deltaA ;
deltaq ;
z;
B;
sum{j in
obj2430;
deltaA ;
deltaq ;
z;
Y5
sum{j in
B
sum{j in

1..n}sum{i in 1..n}(B1[i,j]*max(@,-deltaA[i,]])) ;

1..n}sum{i in 1..n}(B1[i,j]l*y[i,7]);

1..n}sum{i in 1..n}(B1[i,j]*max(@,-deltaA[i,]j])) ;

display {i in 1..n, j in 1..n} max(@,-deltaA[i,j]);
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JOJATOK b. IIporoxos poooru nporpamu SNOPT 7.6-1. pis po3dmupenoi ontumizauiiinoi 3aaxayi (19)

3 o6mexeHHsIMH (21) — (27)

NEOS Server Version 6.0

Job# : 17638597

Password : DmqCbvtB

User

Solver : nco:SNOPT:AMPL

Start : 2025-09-22 04:55:30

End : 2025-09-22 04:55:43

Host : prod-sub-1.neos-server.org
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty

of any kind concerning the fitness of this
information for any particular purpose.

Announcements:

3k 3k sk 3k >k 3k 3k 3k sk sk sk sk >k 3k sk sk Sk sk sk 3k 3k ok sk Sk sk sk sk sk 3k sk sk Sk sk sk sk 3k 5k 3k 3k 3k sk sk 3k 3k sk 3k sk sk sk sk >k >k ok sk sk sk sk k kok ok

The license for this AMPL processor will expire in 8.6 days.

ptions...

Executing AMPL.

processing data.

processing commands.

Executing on prod-exec-6.neos-server.org

Presolve eliminates 118 constraints.
Adjusted problem:
63 variables:
56 nonlinear variables
7 linear variables
16 constraints; 170 nonzeros
1 nonlinear constraint
15 linear constraints
7 equality constraints
9 inequality constraints
1 nonlinear objective; 7 nonzeros.

SNOPT 7.6.1 : Optimal solution found.
131 iterations, objective 41.24422196

Nonlin evals: obj = 7, grad = 6, constrs = 7, Jac = 6.

0bj2430 = 41.2442

deltaA [*,*]

: 1 2 3 4

1 -0.0272105 0.0409084 0.0278658 -0.003175
2 -0.0115 -0.1255 -0.0895 -0.0445

3 -0.0815 -0.088 -0.0955 -0.0485
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-0.0095
-0.0515
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-0.0655
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.006 0.00136659 0.0323467 0.0155 -0.0145 -0.013
.0045 0.005 0.004 0.113 0.0535 0.003
.0765 0.0605 0.0495 0.0155 0.0125 0.0095
.0805 0.0965 0.0515 0.0505 0.0475 0.0435

N O v b
[ R RN ]

7 1=
-0.098
-0.0025
-0.0435
-0.047
0.0036
0.0165
0.0455

NoOuph WNRE -

e

eltaq [*] :=

0.196335
0.267694
0.186603

NoOouphwNneEQ

e

.13339
.3685
.466
.406713
.846035
.10919
.5731

—

P RPOOOORKR ¥
—_

NOoOuphwNEREN

e

JOJATOK B. ITIporoxoa poooru nmporpamu SNOPT 7.6-1. nuist po3mupenoi onruMizaniiinoi 3agayi (20) 3
odomexenHsmu (21) — (27)

NEOS Server Version 6.0

Jobit : 17638601

Password : WQGgfdiz

User

Solver ¢ nco:SNOPT:AMPL

Start 1 2025-09-22 05:04:34

End 1 2025-09-22 05:04:35

Host : prod-sub-1.neos-server.org
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.
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Announcements:
Sk 3k 3k 3k 3k ok sk 3k 3k 3k sk Sk ok sk 3k >k Sk sk sk ok 3k 3k >k Sk sk sk sk 3k Sk sk sk ok 3k 3k sk Sk sk sk 3k 3k Sk sk sk sk sk 3k 3k Sk sk sk 3k >k 3k skosk sk sk sk sk ksk
The license for this AMPL processor will expire in 8.6 days.
ptions...
Executing AMPL.
processing data.
processing commands.
Executing on prod-exec-6.neos-server.org

Presolve eliminates 118 constraints.
Adjusted problem:
63 variables:
49 nonlinear variables
14 linear variables
16 constraints; 170 nonzeros
1 nonlinear constraint
15 linear constraints
7 equality constraints
9 inequality constraints
1 linear objective; 7 nonzeros.

SNOPT 7.6.1 : Optimal solution found.
95 iterations, objective 0.9784066118
Nonlin evals: constrs = 11, Jac = 10.
obj2436 = 0.978407

deltaA [*,*]

: 1 2 3 4 5 6 i=

-0.0272105 .0402754 .0301062  -0.003175 -0.073 -0.056

-0.0115 -0.1255 -0.0895 -0.0445 -0.0095  -0.0655

-0.0815 -0.088 -0.0955 -0.0485 -0.0515  -0.0475

-0.006 .0019996 .0301062 0.0155 -0.0145 -0.013

0.0045 .005 .004 0.113 0.0535 0.003

0.0765 .0605 .0495 0.0155 0.0125 0.0095

0.0805 .0965 .0515 0.0505 0.0475 0.0435
7 .=

-0.098

-0.0025

-0.0435

.047

0.0036

0.0165

0.0455

e NOUVThhWNPRE -
OCO0OO0OO0OO0OOQ
OO0

NoupbhwNnR
1
(]

eltaq [*] :=

0.196335
0.267694
0.186603

NouhbhwNnRE Q...

[
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.135
.3685
.466
.405106
.846035
.10919
.5731

—

PP OOOO®F %
—_

NouphwWNEN

JOJATOK JI. IIporokoJ poGoru nporpamu BARON 24.5.8 iuist po3umiupenoi onrumizauniiinoi 3aaayi (19)
3 oomexxennamu (21) — (27"")

*k*% * *** *kkikkkkkkhkhkkhkk * k% *k*% * * k% *k*% *k*%

NEOS Server Version 6.0

Jobit : 17649001

Password : HmcAdKxV

User

Solver : g0:BARON:AMPL

Start 1 2025-09-23 06:41:43

End : 2025-09-23 06:41:52

Host : prod-sub-1.neos-server.org
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

Announcements:
3k 5k 3k 3k sk sk sk sk 5k sk 3k 3k sk sk 3k 5k 5k 3k sk sk sk ok 5k 3k sk sk sk sk 5k sk sk 3k sk sk sk ok sk sk sk sk sk ok ok sk sk sk sk sk sk >k ok 5k ok sk ok sk ok sk k k
The license for this AMPL processor will expire in 7.5 days.
The license for this solver will expire in 7.5 days.
commands.
Executing on prod-exec-6.neos-server.org

Presolve eliminates 167 constraints.
Adjusted problem:
112 variables:
7 nonlinear variables
105 linear variables
65 constraints, all linear; 268 nonzeros
7 equality constraints
58 inequality constraints
1 nonlinear objective; 7 nonzeros.

BARON 24.5.8 (2024.05.08): threads=4
barstats

outlev=1

maxtime=3600

BARON version 24.12.21. Built: LNX-64 Sat Dec 21 23:17:18 EST 2024
Running on machine prod-exec-6.neos-server.org
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BARON is a product of The Optimization Firm.
For information on BARON, see https://minlp.com/about-baron

If you publish work using this software, please cite publications from
https://minlp.com/baron-publications, such as:

Zhang, Y. and N. V. Sahinidis, Solving continuous and discrete
nonlinear programs with BARON, Comput Optim Appl (2024).
https://doi.org/10.1007/s10589-024-00633-0

This BARON run may utilize the following subsolver(s)
For LP/MIP/QP: CLP/CBC
For NLP: IPOPT, FILTERSQP

Doing local search

Preprocessing found feasible solution with value 41.2442
Solving bounding LP

Starting multi-start local search

Done with local search

Iteration Time (s) Mem Lower bound Upper bound Progress
1 0.10 12MB 41.2442 41.2442 100.00%

*** Normal completion ***

Wall clock time: 0.10
Total CPU time used: 0.10
Total no. of BaR iterations: 1

Best solution found at node: -1

Max. no. of nodes in memory: 1

All done

BARON 24.5.8 (2024.05.08): 1 iterations, optimal within tolerances.
Objective 41.2442227

Objective lower bound = 41.244222697546924, upper bound = 41.244222697546924
barstatus = 1, modelstatus = 1

max nodes in memory = 1

optimum found at node -1

Baron run time (excluding setup) = 0.1 seconds

0bj2430 = 41.2442

deltaA [*,*]

: 1 2 3 4 5 6 1=
1 -0.0272105 0.0415436 0.0326518 -0.003175 -0.073 -0.056

2 -0.0115 -0.1255 -0.0895 -0.0445 -0.0095 -0.0655

3 -0.0815 -0.088 -0.0955 -0.0485 -0.0515 -0.0475

4 -0.006 0.000731432 0.0275607 0.0155 -0.0145 -0.013

5 0.0045 0.005 0.004 0.113 0.0535 0.003

6 0.0765 0.0605 0.0495 0.0155 0.0125 0.0095

7 0.0805 0.0965 0.0515 0.0505 0.0475 0.0435
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-0.098
-0.0025
-0.0435
-0.047
0.0036
0.0165
0.0455

NOuUuph, WN PR -

e

eltaq [*] :=

NoOOuphwNnREQ

e

[ :
.13881

.3685
.466
.401292
.846035
.10919
.5731

Nouh WwWNEN
PRPOOOO®OKR *

e

e &

[*,*]
1

.0332694
.0198669
.0877502
.0156276
.010011
.00627014
.00625689

2 3 4 5 6 1=
.00668648 .00692223 .0372229 .0944959 .0640954
.131622 .095719 .0682709 .040939 .0753516
.0942103 .101694 .0717777 .0745084 .0577791
.0115036 .00704367 .0294405 .044215 .0261801
.00985045 .0101814 .0200648 .0228135 .0164084
.00638493 .00649509 .0293799 .030418 .0141952
.00619593 .00647595 .0231204 .023418 .0104266

NouphwNnR
OO0
OCOOOOO®
(OO IO
(OO IO W]
OO0
OO0

7 1=
.144743
.0726225
.0988079
.101544
.0694588
.0640367
.0550731

NouphwNnR
OCOOOO0OO®

sum{j in 1 .. n} sum{i in 1 .. n} B1[i,j]*y[i,j] = 3.48221

NEOS Server Home
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JOJATOK I'. IIporokos poGoru mporpamu BARON 24.5.8 nist po3mmupenoi ontumizaniiinoi 3agaui (20)

mr
3 obmesxennamu (21) — (27™)
sk 3k 3k 3k 3k sk sk sk sk sk sk 3k sk sk sk sk sk sk sk sk sk ok sk sk sk sk 3k sk sk sk sk sk sk sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk kokokok

NEOS Server Version 6.0

Job# : 17648927

Password : mtSnlCcy

User

Solver : go:BARON:AMPL

Start : 2025-09-23 06:28:19

End : 2025-09-23 06:28:34

Host : prod-sub-1.neos-server.org
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

Announcements:
Sk sk 3k 3k 3k ok sk 3k 3k 3k sk sk ok sk sk >k sk sk sk sk 3k 3k 3k sk ok sk sk 3k sk sk sk ok 3k 3k sk sk sk sk sk >k sk sk sk sk sk sk 3k Sk ok ok 3k 3k 3k sk ok ok sk sk sk skok
The license for this AMPL processor will expire in 7.5 days.
The license for this solver will expire in 7.5 days.
commands.
Executing on prod-exec-7.neos-server.org

Presolve eliminates 167 constraints.
Adjusted problem:
112 variables, all linear
65 constraints, all linear; 268 nonzeros
7 equality constraints
58 inequality constraints
1 linear objective; 7 nonzeros.

BARON 24.5.8 (2024.05.08): threads=4
barstats

outlev=1

maxtime=3600

BARON version 24.12.21. Built: LNX-64 Sat Dec 21 23:17:18 EST 2024
Running on machine prod-exec-7.neos-server.org

BARON is a product of The Optimization Firm.
For information on BARON, see https://minlp.com/about-baron

If you publish work using this software, please cite publications from
https://minlp.com/baron-publications, such as:

Zhang, Y., N. Ploskas, and N. V. Sahinidis,

A novel linear programming presolve technique based on Fourier-Motzkin
elimination, Mathematical Programming Computation, submitted, 2024.
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This BARON run may utilize the following subsolver(s)
For LP/MIP/QP: CLP/CBC
For NLP: IPOPT, FILTERSQP

Solving bounding LP

Preprocessing found feasible solution with value ©.978407
Problem solved during preprocessing

Upper bound is  ©.978407

*** Normal completion ***

Wall clock time: 0.01
Total CPU time used: 0.01
Total no. of BaR iterations: -1

Best solution found at node: -1

Max. no. of nodes in memory: 0

All done

BARON 24.5.8 (2024.05.08): 0 iterations, optimal within tolerances.
Objective 0.9784066118

Objective lower bound = 0.978406611842105, upper bound = 0.9784066118421052
barstatus = 1, modelstatus =1

max nodes in memory = ©

optimum found at node -1

Baron run time (excluding setup) = @ seconds

obj2436 = 0.978407

deltaA [*,*]

: 1 2 3 4 5 6 i=
1 -0.0272105 0.037775 0 -0.003175 -0.073 -0.056
2 -0.0115 -0.1255 -0.0895 -0.0445 -0.0095 -0.0655
3  -0.0815 -0.088 -0.0955 -0.0485 -0.0515 -0.0475
4 -0.006 0.0045 0.0602125 0.0155 -0.0145 -0.013
5 0.0045 0.005 0.004 0.113 0.0535 0.003
6 0.0765 0.0605 0.0495 0.0155 0.0125 0.0095
7 0.0805 0.0965 0.0515 0.0505 0.0475 0.0435
: 7 t=

1 -0.098

2 -0.0025

3 -0.0435

4 -0.047

5 0.0036

6 0.0165

7 0.0455

5

deltaq [*] :=

1 0

2 0
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No uibhw
OO0
[

O
)]

w
w
Ui

[*] :=
.10239
.3685
.466
.437712
.846035
.10919

.5731

Nouh wWNEREN
P RPOOOO®RKR %

e

y [*,*]
: 1
0.0272105
0.0115
0.0815
0.006

N
w

4 5 6 7
0.003175 .073 .056 .098
0.0445 .0095 .0655 .0025
0.0485 .0515 .0475 .0435
.0145 .013 .047

.1255

NouhwNnPRE-
OO OO0
OO OO0
[OR]
O 00
U1 O
Ul U
[ RIS
(ORI R R RO
OO0
OO0

(]
(]
(]

e

sum{j in 1 .. n} sum{i in 1 .. n} B1[i,j]*y[i,j] = 2.27831

NEOS Server Home

ABTopchki BHecku: BosoBuk O.1. — mociipkeHHs, Ouc MOJIEi, aHajIi3 MOJIei, y3arajibHeHHs, Ha-
nucaHHs, peaaryBanHs, opopmitenns. Jluxosun O.I1. — mporpamue 3a0e3neueHHs, PO3paxyHKH, HATUCAHHS
YEPHETKH.

Moasikn. Pobota BukoHaHa 3a migTpuMku mpoekty JJorosip Ne 2.3.25-I1 "Po3poOuTti MaTeMaTHuHi
MOJIelTi, METOJIM Ta IMPOTPaMHi 3acO0M MiHIMI3allii pU3KKIB JJist 00’ €KTIB KpUTHYHOI iH(pacTpykTypH"

Cnucok Jitepatypu

1. I'mymxoB B. Makposkonomuueckue Monenu U Metons! moctpoenus OIAC. M.: Cratucrtuka, 1975. 160 c.

I'nymikos B. IUCITJIAH — HOBast TeXHOJIOTHUS IIIAHUPOBaus. Ynpasisiowue cucmemol u mawunst. 1980. Ne 6. C. 5-10.

3. Sergienko I., Mikhalevich M., Stetsyuk P. et al. Interindustry model of planned technological-structural changes. Cybern
Syst Anal. 1998. Vol. 34. P. 319-330. https://doi.org/10.1007/BF02666973

4. Sergienko 1.V., Mikhalevich M.V., Koshlai L.B. Otimization Models in a Transition Economy. Springer Optimization
and its Application. 2014. https://doi.org/10.1007/978-1-4899-7544-7

5. Cepruenko N.B., Muxanesua M.B., Cremox I1.11., Komwaii JI.b. Mogenu n mHGOpPMAaIlMOHHBIE TEXHOJIOTHU JUIS
HOAJEPIKKU MIPUHATUS PELICHUH IPH MPOBEACHUH CTPYKTYPHO-TEXHOJIOTHUECKUX IpeobpazoBanuil. Kubepnemuxa u
cumemnntil ananuz. 2009. Ne 2. C. 26-49.

N
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10.

11.
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18.

19.

20.

21.

22.

23.

24.

. Kynuk B.B., Cremtox I1.I. CnekTpasibHi BIaCTHBOCTI arperoBaHoi MOJElNi «BUTPATH-BUITYCK» EKOHOMIKH YKpaiHH.

Proc. 7th Intern. Sci. Conf. “Mathematical Modeling, Optimization and Information Technology” (15-19 November,
2021). Kyiv; Batumi: Evrika, 2021. P. 238-242.

. Cremrok ILI., bepe3ocrkuit O.A., Jluxosun O.I1. MaremaTuyHi MOZesi, METOJM Ta MPOTpaMHE 3a0€3MeYCHHS IS

IUTAHYBaHHS MIKTaTy3€BUX CTPYKTYPHO-TEXHOJOTIYHUX 3MiH. B kHU31 Memoou neznadkoi onmumizayii 6 npukiaoHux
sadauax. Kuis: Jlasypur IMonirpag, 2023. C. 168-205.

. Kymux B. Anani3 ramy3eBoi CTpyKTypu ekoHOMik fImoHii Ta YkpaiHU B paMKax arperoBaHMX MOJENEH «BUTpaTH-

Bunyck». Haykosi npayi H/J®I. 2020. Ne 3. C. 109-127. https://doi.org/10.33763/npndfi2020.03.109

. Kymux B. Cxema «BUTpaTH-BUIlycK» SIMOHII: 3aCTOCYBaHHS JJI CUCTEMHOI'O aHai3y Ta MOJIEIIOBAaHHS MIKIaly3eBUX

3B’s13KiB eKOHOMIKH YKpainu. Pinancu Yipainu. 2022. C. 53-75. https://doi.org/10.33763/finukr2022.03.053

Kynuk B. MopesnroBaHHsT MixKrainy3eBoi eKOHOMIKH SIK KPUTHYHOT iHQPAaCTpyKTypHU: po3poOJICHHS CIIeHAPiiB PO3BUTKY
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Introduction. In the 1920s and 1930s, economically developed countries were engulfed in a period of
global economic instability characterized by declining industrial production, widespread unemployment, over-
production, falling prices, and other challenges. This turmoil underscored the urgent need for state regulation of
economic processes occurring within their territories. During this period, various mechanisms of influence — both
administrative and economic — were devised and implemented to steer economic activity. Among these regula-
tory models was W. Leontief's pioneering “input-output” model, which provided a comprehensive description
of the economy of an entire country or individual regions. For this groundbreaking work, Leontief was awarded
the Nobel Prize in Economics in 1973. Our scientists, including those affiliated with the Institute of Cybernetics,
made significant contributions to advancing and applying the theory of inter-industry balance. Notably, M.V. Mi-
khalevich focused extensively on studying and developing Leontief’s inverse models. These inverse models play
a crucial role in production planning by determining the necessary gross output to meet a specified aggregated
demand. They also facilitate the analysis of how changes in production technology affect output volumes. Over-
all, the inverse models serve as a key instrument in inter-sectoral balance by linking final demand to gross pro-
duction through the inverse matrix of the total cost coefficients.

The purpose of the research is to study the modification of Leontief’s classical “input-output” model
through its optimization-based extension developed by M.V. Mikhalevich, incorporating structural and techno-
logical shifts, institutional changes, wage levels, and profit shares across various industries. This study seeks to
justify the applicability of the modified model for strategic planning of inter-sectoral proportions within an eco-
nomic policy framework focused on growth without cost inflation. Additionally, it involves the development of
AMPL implementations to solve optimization problems related to structural and technological changes in the
inter-sectoral balance, utilizing the AMPL (A Modeling Language for Mathematical Programming) through
solver SNOPT and BARON on server NEOS.

Results. The AMPL implementation has been developed to solve optimization problems of structural and
technological changes in the inter-industry balance. The effectiveness of solving test problems using modern
versions of solvers on the NEOS server has been investigated.

Conclusions. The inter-industry models for planning structural and technological changes discussed in the
article give rise to complex optimization problems characterized by non-convex objective functions and nonlin-
ear constraints. In order to address these challenges an AMPL implementation of the optimization models for
structural and technological changes in the inter-industry balance was developed. Computational results obtained
with the SNOPT and BARON solvers on the NEOS server demonstrated the effectiveness of this approach in
solving specialized problems.

Keywords: modified ‘input-output’ models, modelling of inter-industry balance, aggregated demand, op-
timization, AMPL-implementation, NEOS.
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