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Metoa 1iceB100a3MCHUX MATPUITH
(ITpedcmasaeno axademirom HAH Yrpainu . M. I'puzopenrom)

3anponorosaro memod arasizy ma ONMUMI3GUTE AIHITHOT cucmemy — Mmemod ncesdobaduc-
nux mampuyeo (MIIBM). Memod (3okpema, po3s’asarns 3a0a4i AiHilino20 Npoepamysants,),
2PYHMYEMBCA Ha KOHUENUT ncesdobasduchur mampuys. Hasedeno eci neobrioni meopemuyuni
002pYHMYBarHA 0as NOOYI0BU AN2OPUMMINHUL CTEM. B0KPEMA, BCMAHOBAEHO YMOBU EAUHOCTNI
ma HeCOUHOCTE ONMUMANGHUL D036 A3KI6. Memod mooice 3acmocosyeamuca npu aHari3i ma
P036°A3aHHT 3400 BEAUKOT POZMIDHOCT, 10eHMUPIKAUIT NACUBHUT 0OMENCEHL MOOENT 6 T0di
1mepayitino2o npouecy.

[Monoxkenus: Teopil asoicrocti JIxx. Heitmana [1] mys minifinux cucrem (3agad JiiniifHoro mpo-
rpaMyBaHHsl) 3HAMIILIA [ITBEP/KEHHS Y CUMILIEKC-MEeTo/aX (MeTO/] HOKPAIIEHHs! [JIAHY, METO/|
YTOYHEHHsI OIIHOK TOINO), 1o Oysin po3pobuieni [1-5| sk syist npsimol (KaHOHIYHOL), Tak 1 Jist
naBoicTol 3aja4di. g mogasbnmx 3acTocyBaHb, KpiM “31aTHOCTI” METO/y 3HAXOIUTU ONTUMAJIb-
Hi PO3B’sI3KM, CTAJIO0 BaKJ/IMBUM IIPOBOJIUTH AHAJI3 BJIACTUBOCTEH JIHINHOI CHCTEeMHU Ha PI3HUX
CTaIisIX O0YUCTICHb.

Y paniit pobori posrisiiaeTbes Mero ncesgobasucanx marpuib (MIIBM) st nposenenns
aHaJsi3y JIHIHUX cHCTeM, 30KpeMa, JIBOICTOI 3a/ladl JIHITHOrO IIporpaMyBaHHs BEJIUKOI PO3MIp-
HOCTI Ha CTa IisAX JoonTuMizarii Ta onrumizarii. BcTaHOBIEHO yMOBU OIITHMAIBLHOCTI, HEPO3B’sI3-
HOCTI 3a HeCyMIiCHICTIO MoJiesi, hopMyJin 3B’I3Ky €JIeMEHTIB aJIfOPUTMIUHUX CXEM Y CYMI2KHUX
[ICEBI00A3NCHUX MaTPUITX, TACUBHOCTI OOMEKEHb.

ITonokenus MeTo/1y IICeBA00a3NCHUX MAaTPUIlb. B OCHOBY 1IOOY/I0BU METO/Ty 3aKJIaJI€HO
imero 1ceB00a3UCHOI MATPUIN Ta ICEBAOPO3B’si3Ky. Ipy mepexomi 10 HACTYIHOTO IICEBIOPO3-
B’s13Ky (3arajioM HeJIOIYyCTHMOIO) BBOJATHCS B HCEBIA00A3UCHY MATPUIO 1 BUBOJASTHCS 3 Hel Ha
iTepallistx BEKTOpU HOpMAaJi OOMEXKEHb.

Ax 6a30Ba MOEb JIHIHHOIO MPOrpaMyBaHHs PO3IJIAIAETHCA MOJE/Tb BULJISILY

max Bu, (1)
Au < C, (2)
dH < u < dB, (3)
;165: (b1,ba,...,by); C = (01,02,...,cn)T; u=(uy,ug,... ,um)T; a; = (aj1,a52,...,05m), j =
=T, n — paaxn marpuni A™; dyg = (dyy, doarys - - - den) s ds = (diggys do(pys - - > dinpy)) " —

m-BuMipHi BekTOpH; T — 3HAK TPAHCIOHYBaHHHA. DBy/IeMO BBakKaTw, IO 71 > 1M, & MHOXKHUHA
JIOIyCTUMUX PO3B’si3KiB (2) obMmerkena, 3amkreHa. Moseis (1)—(3) mocipKyeTbest B €BKIII0BOMY
upocropi E™. Binkunemo vactuny oOMexkeHb (2), 3aJUIIMMO Jiuiie m i3 HUX, siKi yTBOPSTH
KBa/[paTHY MaTpHIO Ag, TOOTO PO3IJIAHEMO MOJIEJb BHUIVISLY

max{Bu/Asu < C°},
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ae CY = (Ciyy Cigy - - ,cim)T C C — migsekTop C, yTBOpPeHMT KOMIIOHEHTAMI OOMEKeHb, IO BXO-
151h y Ag Binmosinuo; Js = {i1, 42, . .., 4y} — MHOXKIHA IHIEKCIB TAKHX 0OMeKeHb. [Ipuiycrumo,
o MaTpuilst Ag HEBUPOJXKEHA, & 3ajada Mae OOMeXKeHI po3B’sI30K ug. PO3B 30K 1y MOxKe Oy-
TU HEJIOIYCTUMUM Jijisi peJlakcoBaHux (BiikuHyTHX) obMexenb, npudomy U C Upg, ne Up —
pesiakcoBaHa (pO3IIMPeHa) MHOKUHA OOMeXKeHb (2), yTBOPEHa BIJIKHUIAHHSIM JIEIKUX OOMEXKEHb.

Osznauenns 1. Ilinmarpuiio Ag, ckiafeny i3 m JiHifiHO He3aJeXKHUX HOpMaJieil obme-
JKeHb (2), Ha3MBATHMEMO IICeBJI00A3UCHOIO, a PO3B’SI30K Uy — MCEBI0OA3UCHUM, SIKINO (p; = 0,
i = 1,m. Ilcepnobasucuuii poss’s30K 1 Oy/eMO BBayKATU HEBUPOJZKEHUM, SKINO —Jug # g,
Bug = Buy, ne Bu = Bugy — rinepiuionuaa piBHs 3HaUeHHs 1UIB0BOT DYHKILT B Ug.

Hexait e,; — enementn marpuni Ag L oBeprenoi no Ag; ug = (uo1, up2, - - - ,uom)T — TICEB-
J06a3UCHUN PO3B’'SA30K; (p = (1, Qp2y - -« y Q) — BEKTOD PO3KJIAJIEHHSI HOPMaJii OOMEyKeHHsI
a;u < ¢ 3a psiaKaMu cepiobasucHol Marpuii Ag, 10010 @, = o, Ag; o = (o1, 22, - -+, Aom) —
BEKTOD PO3KJIaJIEHHsI BEKTOpa-I'paJiieHTa 1iiboBol ¢yHkiil (1) 3a psakamu nceBrob6asucHol Ma-
Tpulli Ag, KWl BUBHAYAETHCS, sIK PO3B’SI30K cucTeMu PiBHsSIHb B = «agdg; Ay = a,yug — ¢ —
HeB’si3Ka 7-ro obmexxkenusi (1) y Bepruuni ug; Js, Jg (J =JsUJ H) — MHOXWHH IHIEKCIB Bim-
nosizHo GasucHux i HebasucHux obMmexxeHb (2). Beemeni Besmunnum (eremenTH Meroiy) B HOBIi
nceso6azucHii MaTpuii Ag, sKa yTBOPIOETHCH 3aMIHOIO PSIIKA af HA @, IO HE BXOJIUTD y HCEB-
J06asucHy MaTpuio Ag, OyaeMo Mmo3HaYaTh PUCKOI 3BEpXy, TOOTO Bj, @r, Ak, €ri, Q.

Osnavenns 2. JBi nceBno6a3ucHi MaTpuIl, B sIKUX BIAMIHHIN OIWH, HAIPUKJIAI, k-i1 PsJIOK,
Ha3UBATUMEMO CYMiKHUMH.

Teopema 1. Miosic eaemenmamu memody 6 080T CYMIHCHUT Ncesdoba3UCHUL MAMPUUALT
MAIOMb MICUE MAKT CNIGEIOHOULEHHA:

Ay Ay

Gyl = , Qi = Qpj — ——Qy;, r=0,n; = 1,m; i # k; (4)
(713 Al
_ Erk _ Erk . E .
erk = —, €ri = €ri — — QU r=1,m; i =1,m; i # k; (5)
(713 Al
Cik
j
Ugj = Uog; — _Ala J= 17m7 (6)
Qg
— A — foT —
Ap=——, A=A, — A, r=1,n; r #k; (7)
(713 &%)
_ ok
B = Bug — a—Az, (8)
Ik

NPUHOMY YMOBAMU NCeBI0OAZUCHOCTNT MAMPUUT NPU 86001 8EXMOPG HOPMAAL a; k-Mm padkom nces-
dobasucroi mampuuyi A e suxonanms og, 7 0; ncesdobasucrocmi pose’asxkie € ay, > 0, cnadarma
U060l Pynkyit 6 Ho6ITl Ncesdoba3UCHIt Mampuys npu 3adayi Ha maxcumym € ;> 0.

HoBeniennsi TeopemMu po3riisiHyTo B [3].

Ozuavyenns 3. lonycrumuil rnceBnobasucHuil PO3B’sI30K Uy € ONTUMAJILHUM, SKIIO Blg —
— Bu > 0 s BCiX u, MO 3a0BOJILHSAIOTH (2).

Teopema 2. Jlonycmumicmsd ncesdobaduchozo po3e’asky ug, mobmo euxornanms A, < 0,
r € J, € neobwionoto i docmammvoto Ymosoto 1020 ONMUMAALHOCTVE, NpU Ybomy co; = 0,1 = 1,m.

Hacainok 1. dxwo agr = 0, k = 1,m, mo ncesdobazucruti poss’a30x ug € ONMUMAALHUM
npu A, <0, r € J. [Ipomiotcti HeONMUMGALHE PO3E AZKU € GEPTHIMU OUIHKAMU 30 3HAYEHHAMU
ULABOBOT PyHKYILL.
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Hacninok 2. Jlaa edunocmi poss’asky sadawi (1), (2) weobxriono i docrmammvo, wob das
sexmopa poskaadenms nopmani B 3a padkamu Ag suxonyeanocy agr = 0, k = 1,m.

Hacainok 3. Vmosor necdunocmi pose’ssxie 3adawi (1), (2) e 3 indexcie i © € I (ceped
Koeiyienmis poskaady eexmopa nopmani B) maxux, wo ag; = 0.

Hacninok 4. Heeduni poss’asku sadawi (1), (2) ymeoprooms neobmestceny 3amkneny mMHo-
orcuny npu 3 1, wo ag; = 0 i npu yvomy ay; > 0, das k & Jg.

Hacaimok 5. fxwo icnye indexc k maxutd, wo aor < 0 4 app 2 0, r € Jyg, mo yiavosa
Pyrruia 3a0aui HEOOMENHCEHA HA MHONHCUHT JONYCTNUMUL PO36 A3KIE.

Hexait U = {u/aju < ¢j,j € J}, U, = {ufaju < ¢j,j € J,J # r}, U’ = {ug/Bug =
= maxBu,u € U}, U’ = {ug/Bug = maxBu,u € U,}.

uelU u€lUs

Osznauenns 4. ObMmexeHnus a,u < ¢, nacushe, ko U = U,.

Oszsuadennst 5. OOMeKeHHS a,U < Cr € MOPORKYIUINM HEPO3B’sI3HICTD 3a HecyMicHicTio U,
gkimo U = @, U, # .

Teopema 3. /lasa mozo w06 obmescerma a,u < ¢ 6YA0 NACUBHUM, HEOOXIOHO i JOCTNAMHBO
icnysanma ncesdobazucroi mampuui Ag, eionocro axoi oy, = 0, k =1, m, ma A, = a,ug—c, <0,
de ug — ncesdobazuchuill pPo3e’a30k.

Teopema 4. /Jlas moeo wob Buy > Bug, a posds’asox uy 6ys ncesdobasucrum dis 3ada-
wi (1), (2), neobxiono i docmamnvo ichysanns makxozo nomepa | ma 6idnosidnozo nomepa k, oasn
AKULT BUKOHYEMBCA HEPIBHICYL (o /oy = ok /o, © # k, agy > 0, ;> 0.

Teopema 5. Jlasa mozo uo0b 0bMmedHCEHHA Grth < Cp OYAO NOPOOHCYIOUUM HEPO3E AZHICTID 34
HECYMICTNHICTNGO, HEOOTIOHO T JOCTAMHBO ICHYBAHHA NcesdobasucHol mampuui Ag, 6i0HOCHO AKOT
ar; <0,i=1,n, ma A, = a,ug — ¢, >0, de uy — ncesdobasucruii po3e’A30x.

Hosenennsi Teopem 2-5 mano B [4].

Hageneni TeopemMu 0OXOILIIOIOTH BCl MOXKJIMBI BUIAJAKN i “opramizaril poboru” MITBM.

Bceranosiieno icuyBanas peryssipusyiodoro 30ypenus 3a cxemoo MIIBM 3 BinacTusicTio mHe-
BUPOJPKEHOCTI T1ceB1006a3nucHIX po3B’s3KiB 3aja4i (1), (2), Tobro mobymoBano e-3aj1ady

maxB(e)u, (9)
u

aju < ¢j, (10)

u =0, € >0, j € J, (11)

IS SIKOl CIIpaBe/JINBlI TaKi TeOopeMu.

Teopema 6. Icnye maxe €1 > 0, wo £-3adava npu o < € < €1 6yde HeBUPOIIHCENHOIO.

Teopema 7. Ichye make €5 > 0, wo npu 0 < &€ < g9 onmumasvruti ncesdobasucrutl pose’s-
30% €-3adavi 6yde onmumasvhum oaa 3adawi (1), (2).

Hosenennsi Teopem 6-7 HaBemneHo B [4].

CxeMma pejtakcalIiifHoro MeTo/ry ONTUMIBAIIIHOTO aHAJI3Y JIHIHHOT cucTeMu MOXKe OyTH TIpeI-
CTaBJIeHa, AJITOPUTMOM.

Aaropurm.

Kpoxk 1. Ha ocHoBi niceBno6a3ucHoro po3s’si3ky ug Ta rncesobasucuol Marpuiii Ag popmyemo
Js, Jg C J — MHOKuHU GasucHuUX Ta HebaszucHux obdMexenb, J = Jg|J Jp.

Kpok 2. Ha ocuosi ug yrsopumo muoxuny Jg, a came Jg = Jo|JJj, ne J; = {j/j €
€ Ju,Aj > 0} (cxema JIOIyCKAE BBEJIEHHS JOIIOMIZKHOTO OOMEXKEeHHsI Ha II0TYKHICTh eJIeMeHTIB
MHOKuHE S ).
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Kpok 3. Qopmyemo minzamady

max Bu, (12)

a;u < Cj, 7 € Jgr. (13)

Kpok 4. 3raxonuMo poss’ssok ug samadi (12), (13) MITBM.

Kpok 5. dAxmo MHOKIHA JE £ @ BijgHOCHO UG, TO Uy = Ug 1 nepexonumo Ha Kpok 2,
B nporuiexxnomy — Ha Kpok 6.

Kpok 6. dkmo J;; = @, TO Il O3HAYAE OUTUMAJLHICTD Uy IS (2).

3aBepitieHHS POOOTH AJITOPUTMY.

Taxum auHOM, 32 TOOYIOBOIO pesIaKkcaliiiHa cxema KOpekTHO BrucyeTbess B MIIBM, mo nae
3MOI'Y 3aMIHUTHU MOCJZKEHHS ITOYATKOBOI, MOXKJIMBO, BEJIUKOPO3MIPHOI 3a/ladl IOCJIiJIOBHICTIO

B3a€MO3B’ sI3aHUX 3aJa9 MEHIIOI PO3MIPHOCTI, a B XOl ITepamiifHoro mporecy iaeHTHMIKyBaTh

IIACUBHI OOMEXKEHHSI CHUCTEMMU.
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B. . Kyanna

Metoa nceBao6a3uCHBIX MATPHIL

IIpednooicer memod anaiuda u ONMUMUSAUUL AUHETHOT CUCEMb, — MEMOJ NCe8AOOAZUCHDIT M-
mpuy, (MIIBM). Memod (6 wacmmuocmu, pewenus 3a0a4u AUHETHO20 NPOZDAMMUPOBAHUS) OCHO-
BHIBAEMCA HG KOHUENUUY Nce68000a3ucHbr mampuy. IIpusedens, 6ce neobrodumuie meopemuseckue
000CHOBANHUA OASL NOCTNPOEHUA ANLOPUMMUNECKUT CLTEM. YCMAHOBAEHbL YCAOBUS OUHCTNEEHHOCTIU
U HECOUHCTNBEHHOCTNU ONMUMANDHBIT peulerutl. Memod moocem npumenamoscs npu anaisude u pe-
WeHUU 3a400% 60ADWOT PA3MEPHOCTU, UIEHMUPUKAUUU NACCUBHBLT 02PAHUNEHUT MOJeAl, 8 Tode
UMEPAUUOHH020 TPOUECCA.

V.I. Kudin

A method of pseudobasis matrices

A method of analysis and optimization of linear systems (in particular, of solution of linear
programming problems) is proposed. It is based on the conception of pseudobasis matrices. The
necessary theoretical substantiation of the construction of algorithmic schemes is given. The condi-
tions of uniqueness (nonuniqueness) of optimum solutions are found. The method can be applied
to problems of large dimensions and to the identification of passive constraints of a model in the
course of the iteration process.
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