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1 KycouHo-auHeitHaga mnejieBass QyHKITAS

Pacemorpum JIII-3agauay B crammapTHoM dopmare:

z = ¢’z — min,

Az =, (1)
x > 0.

CootrBercrBytoriast asoficrBennas JI11-3amaua nmeer By

¢ =b'1m — max,
ATr+ X =c¢, (2)
A >0,

rje ™ = (m;) — BeKTOp MHOXKUTesei Jlarpan:ka /st orpaHnIeHi-pPABEHCTB
Az = b, A = ()\j) — BexkTOp MHOXKHTeN€( Jlarparrka JIst ycaoBHii HEOTPH-
nareapHocT T > 0.

Paccmorpum Terepsb cireyrontyio 3aady ¢ cernapabesibHON KyCOYHO-JIU-
HEWHOM 11e1eBoit pyHKINE:

z= Z @;j(x;) — min,
J (3)
Az = b,

rae
+ajx;, ecm x; > 0,

pj(z;) = { (4)

—Bjx;, ecmm xz; < 0.

I'pacduk bynkmun ¢;(z;) aas o, f; > 0 nokasan Ha puc. 1.

*Kadeapa npukiiaguoit madopmaruk, MocKoBCKui aBuannoHHbIi nHCTUTYT, MOCKBA,
Poccust. E-mail: <mao@mai2.rcnet.ru>, <mao@gnu.org>.
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Puc. 1. I'pacduk bynxmun ¢;(z;) aus aj, 55 > 0.

Yro6bl peobpazosaTh 3a1a4y (3) K cranjapraoMy dopmary (1), 3ame-
HUM CBO60,ZLH]:)I€ IIepeMeHHbIC B 3TON 3a/la9e Pa3HOCTBIO HEOTPUIATCJIbHBIX
HepeMeHHbIX:

r=(zj)=at -2 = (av;F —x;), x> 0.
B mo6om GasmcHoM perennn 3aja9u (3) HepeMeHHbIE x;r U T; He MOLyT

OBITH HA3UCHBIMU OJHOBPEMEHHO, IOCKOJIBKY B IIPOTHBHOM CJIydae B Oasmc-
HOIl Marpwuile ObLIM OBl ABa JMHEHHO 3aBUCHUMBIX cTos01a. CremnoBaTesbHo,
XOTsI OBbI OHA TIepeMeHHAasT xj' W 25 OyeT HeOA3UCHON, a 3HAYMUT, PABHOM
Hyso. Ilosromy:
—i—xj, ecim vj > 0,
€Tj = -

5, ecm z; <0,

OTKY/la CJIEAYET, qTo:
o(xj) = ajxj + @wj_.

Takum ob6pasoM, 3aja4a (3) IpUHUMAET CTAHJIAPTHBINA BHI:

) ()

rt
(Al -4 () =5 )

o
> 0,

rie o = (ay), B = (B;). Hpoiicrennyio 3a1ady K (5) MOXKHO IIOJIyYUTh U3
(2), moxcraBus kommonenTsl 3aga4u (5) B (1):

¢ = 477 — max,

(Al - 4) *(» %) 6
-



e A = (A1) w A7 = (A]) — muomurenu Jlarpamka s yeosuit 2 > 0
u z~ > 0, coorBeTcTBeHHO. JIBOIICTBEHHYIO CUCTEMY OrpaHUYeHHii-DABEHCTE
sasiaun (6) MOXKHO 3almcarh B BUJIE:

ATr 4\t = q,
—ATn + X~ =3,
OTKYIA CJIEJIYET, UTO:
AT+ A" =a+ 8,
a MOCKOJIbKY A~ > 0, To:
M=a+p-)" <a+p

B pesyibrare npoiicTBenHast 3aja4a (6) IpUHUMAET CJIe/LYIOIINiT BII:

¢ = b'm — max,
ATr 4+ )\ =aq,
0< A< a+p,
e A = AT. Bamernm nasee, uTo:
A=-AT7 +q,
TO3TOMY':
0<-ATr+a<a+p & —p<ATr <o

D10 103BOJISIET 3AMCATH JBOHCTBEHHYIO 3321y (6) B OKOHYATEJIHLHOM BUJIE:

¢ =b'1m — max,
—B< ATr < .

(7)

O6paTuM BHUMaHUE, YTO KyCOUHO-JTMHEHAA TeeBas (DyHKIMSA B UCXOI-
HOIT 3a/1a4e (3) IPUBOJIUT K JBYCTOPOHHUM OIDAHUYEHUSIM B COOTBETCTBYIO-
mieit apoiicTBenHoil 3ama4e (7).

2 IlIpocToii ciaydait moucka JOIIyCTUMOI'O pPelleHus

PaCCMOTpI/IM BHa4aJI€ B Ka4eCTBe IIpuMepa 3a/a1y OTbICKaHUA JOIIYCTUMOTI'O
penieHnd HpOCTOIL/'I CHUCTEMbBI OI‘paHI/I‘IeHI/If/’II

Ax = b,
xz > 0.

(8)

YkazaHHas 3a/a4a SKBUBAJIECHTHA 3a/a4de (3), B KOTOPOii 1ejieBas DyHKIUs
UMeeT CMBICJ CyMMBbI HeBsi30K (mTpadoB) Jjisl yCJIOBUil HEOTPUIIATEILHOCTI
xj > 0 (puc. 2):

0, ecmm x; >0,

pj(T;) = { 9)

—Bjx;, ecmm xz; <0,
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Puc. 2. Hesszka ¢j(x;) mast ycaosust xj > 0.

rae f = (Bj) > 0 MOXKHO paccMaTpUBaTh KakK BEKTOD BECOBBIX KOI(DbUILIeH-
TOB HEBS30K JIJIST OTJ/IEJIbHBIX TlepeMeHHbIX. [loncrasiss o = 0 B (7) mosryaum
COOTBETCTBYIOILYIO JIBOHCTBEHHYIO 38189y :

¢ =b"'r — max,

10
_ﬁ S ATT{_ S 0) ( )

onTUMaJIbHOE 0a3MCHOE pelleHre KOTOPOil O/IHO3HAYHO OIIPEJIeJIsieT HEKOTO-
poe 6a3UCHOE JOIYCTUMOE PEIIeHNEe UCXO/HOM CHCTeMbl orpanndeHuil (8) mpu
YCJIOBUU, UTO CyMMa, HEBA30K ( B ONTUMAJIHLHON TOYKE paBHA HYJIIO.

3 Ilouck gomycTuMoro pelieHusi B o0IleM ciiydae

PaCCMOTpI/IM TEIEephb 3a/[a9y OTBbICKaHUA JOIIyCTUMOT'O PCIIEHUA boJ1ee o6meﬁ
CHUCTEMbI OFp&HH‘{eHHﬁZ

(Ap Ap An Az) = b,

— 0 < rrp <
0 < zp < +o0,
-0 < Ty <

:CZ:Oa

rie Tp, Tp, TN, TZ — BEKTOPBI, COOTBETCTBEHHO, CBOOOJHBIX (HEOrDAHUYEH-
HBIX IIO 3HaKy>, HEOTpUIaTE/IbHbIX, HEIIOJIOZKUTE/IbHBIX, HYJIEBBIX II€PEMEH-
ubix. Kak u B mpocToM ciydae (M. npebLayuil pas/ien) ykazanuas 3a1aua
SKBUBAJIEHTHa 3aj1a4e (3), B KOTOPOii 1esieBast (pyHKIMsI IpeJicTaBIisieT coboi
cyMMy HeBs130K. OJHAKO Terepb BO3MOXKHBI Y€ThIPE THIIA HEBSI30K ¢j(T;) B
3aBHCHMOCTH OT THIIA IpaHuI epeMennoii x; (puc. 3). IIpu sTom coorser-



P Pj

ﬁj:() Oéj:() ﬁj aj:()
Ly Ty
—00 < x5 < +00 0<z; <400
P Pj
Bi=0 a; Bj a;
Ly Ly
—OO<$J'§0 ijO

Puc. 3. HeBsisku () 17151 Pa3IMTIHBIX THIIOB TPAHMUIL T;.

crByfoOIast JBoiicTBeHHast 3aja4a (7) Oyjer cieiyromeii:

¢ = 7 — max,

0 0
—Pr < (Ar Ap Ay Az)Tn < ;
0 anN

—Bz az

NI B OKOHYAaTEJILHOM BHJIC:

¢ = b'm — max,
ALr =0,

—Bp < ALr <0,
0< A%T(
—Bz < ALr

< ap,
< ag.

BaMeTuM, 9TO KaxKIoii IIepeMeHHOI Zj UCXOJHO¥M CUCTEMbI OTPAHUICHUI

(11) cooTBercTBYET OrpaHUYEHNEe JBOCTBEHHOI 3aa4du (12), mpu sTOM

THII

I'DaHMIL IEPEMEeHHOM T OJIHO3HAYHO OLpPeJIesisieT IPAHMILI COOTBETCTBYIOMIC-

Iro ,ILBOfICTBeHHOI‘O OorpaHnYIeHMA.



4 Ilomck aBoiicTBEHHO-IOILyCTHUMOI'O PeIleHus IJIsI
JITI-3amaum obiero suaa

Pacemorpum JIII-3agaty obiero Buiga:

z=cle=chop+clap + oy + chzp — min,
TF
Az = (Ap Ap Ay Ap) | " | =,
Ty
Tp (13)
—o0 < T < 400,
I < zp < 400,
—0 < Ty S U

<
Ip <zp < up,

rje TF, X1, Ty, Tp — BEKTOPbI, COOTBETCTBEHHO, CBOOOIHBIX (HEOrDAHUIEH-
HBIX 110 3HAKY ), O'PAHUYEHHBIX CHU3Y, OIPAHMYEHHBIX CBEPXY, OTPAHUIEHHBIX
C JIByX CTOPOH II€PEMEHHBIX.!

W3 yenosuit ontumasibaoctun Kyna — Takkepa ciiegyer, 9T0 COOTBETCTBY-
I0Ilast JIBONCTBEHHAs CHCTeMa OrpaHudeHuii st 3agaqan (13) mmeer ciesy-
IO BUI:

AF cF
ATr 4 ) = (Ap AL Ay Ap)Tr || ez | 2],
AU cy
)\D CD
—o00 < m < 400, (14)
Ar =0,
AL >0,
Av <0,

—00 < Ap < +00,

rie T — BeKTOp MHoKHTe el Jlarpan»Ka 11l orpaHnYeHnii-paseHcTs Ax = b,
AF, AL, AU, AD — BEKTOpBbI MHOXKHUTeJIel Jlarpamka i IpaHnll, IepeMeH-
HBIX Zf, L[, Ly, TP, COOTBETCTBEHHO.

Econ pyist pemmennst uexoauoii JITI-3amaun (13) ucnosbsyercs: 1BoiicTBeH-
HBII CUMILIEKC-METO/, TO JJIsT HavaJja IONCKa HeoOXOIMMO UMeTh Das3smcHOe
JBOMCTBEHHO-IOIYCTUMOE peIlleHre, T. €. 6a3UCHOE pellleHne, YI0BIeTBOPSI-
Iolllee JABOVCTBEHHOI cHUCTeMe OrpaHuYeHuil (14). st OTBICKAHUST TAKOIO
HaYaJILHOrO 6A3UCHOTO PEIIeHMsT MOYKHO UCIOJIL30BATD CJIEAYIOMIHI CIIoco0.

! DukcupoBaHHbBIE EpEMEHHBIE MOXKHO PACCMATPUBATH KAK HEePEMEHHBIE, OrPAHMYCH-
HBbIE C JIBYX CTOPOH, Y KOTOPbIX HUYKHSASA M BEPXHsAS I'PAHUIILI COBIIAQIAIOT.



Bamernm, uTo cucrema orpanmdenuii (14) coBnajaer ¢ cucreMoii orpa-
audennii (11), nosromy gomycrumoe perenne cucreMbl (14) MOXKHO HaiiTu B
pesysbTaTe pernrenusi coOoTBeTcTByIomeit asoiicreennoit JIII-zamaun. Yrobb
cienaTh Marpuiyy cucreMbl (14) Gosiee HAIIsIIHON, OObEAMHUM BCE JIBOM-
CTBEHHbBIE [IePEMEHHbIE B OJINH BEKTOD:

AL T CF
T AR
T )\L = ’
AU I Cy
AT 1) |
D Ap CD
(15)
—00 s —+00
0 AP 0
<AL | £ | +o00
—0o0 )\U 0
—00 AD +00

Paccmarpusast cucremy (15) kak cucremy (11) um uCHOMIB3ys BEKTOD Iepe-
MeHHBIX (—Yy) = (—YF, —YL, —YU, —YD) B KauecTBe BEKTOPA JBOCTBEHHBIX
[EPEMEHHBIX JIJIsi OlPAHUYEHUIA-PABEHCTB cucTeMbl (15), MOXKHO MOCTPOUTD
coorBeTcTByOILYIO JBoficTBennyto JIII-3aa41y (12), KoTopast B 0603HaYEHN-
six cucreMbl (15) Gyer ciemyromieit:

—CIT:Z/F - C%?JL - CzT]yU - ngD — max,
—Aryr — Aryr — Avyuy — Apyp =0,

—Br < —yr < ap,
—fr < —yr <0,

0< —-yv < av,
—yp =0,

WJIN, eCJIM YMHOXKHUTH BCe KOMIIOHEHTHI Ha, (—1):

chyr + Lyr + chyu + chyp = ¢’y — min,
Apyr + Apyr + Avyu + Apyp = Ay = 0,
—ap < yr < Br,

0<yr <P,
—ay <y <0,

(16)

yp = 0,

riae a; u (3; — BecoBble KOI(DMUIMEHTHI HEBA30K JIJIS IIEPEMEHHBIX ;.



Taxkum ob6pazom, 6aszucuoe onruMabHoe perenue JITT-3amaqau (16) Gyaer
JIBOHCTBEHHO-JI0IY CTUMBIM Jist nexouoii JITT-3anaan (13) npu ycaosuu, 4ro
CyMMa, HEBSI30K ¢!y B ONTUMAJIBHOIN TOUKE PABHA HYIIO.

C ToYKM 3peHus] peaju3ali PaAcCMOTPEHHOINO METOJa MOUCKA JBONCT-
BEHHO-JIOIYCTUMOIO PEIIeHUs] CYIIECTBEHHBIME SIBJISIIOTCS CJIEJIYIOIINE JIBa
00CTOsTEJILCTBA.

1. Ucxomuas JIII-3ama4a (13) u Beomorarensnas JIII-3amada (16) mme-
IOT OJIMH U TOT K€ BEKTOP KO3(MPUITMEHTOB I1e/IeBOM (PYHKIIUU U MATPU-
1y KO3 PUIMEHTOB OrpaHUYEHUH W OTJIMYAIOTCS JIMIIL PABBIMU YaCTAMU
orpaHquHHﬁ—paBeHCT132
AHT JIBOMICTBEHHOI'O CUMILIEKC-METO/IA, MPEeJIHA3HAYEHHOTO JIJIs PEIIeHUsT UC-
xoztHO#t 3a1aun (13), MOXKHO HCIIOIB30BATh 63 KAKUX-T100 U3MEHEHU U JJIsi
pelennst BeroMoraresbHoil 3aadn (16).

2. Myst 3ayiaun (16) j1BORCTBEHHO-IOIYCTUMBIM SIBJISIETCS JIE000E HA3UCHOEe
pelenne, ITOCKOIbKY BCe TIepeMeHHbIE B 9TOM 3ajade UMEIOT KOHEUHbIe HUK-
HUe U BepxHue rpaHunbl. 110sToMy pemenne 3Toii 3a1a41 MOYKHO HAYMHATH
¢ JII0O0ro 3aJIaHHOI0 Oas3uca.

¥ UPaHUIAMU [TepeMeHHbIX. [loaTomy 10601 Bapu-

’B makere GLPK cucrema orpammvennii-pasencts umeer sui (I | — A)x = 0, rie
I — ejuHWYHAS MaTPUIA, COOTBETCTBYIOIAsI BCIOMOraTeJbHBIM IlepeMeHHbIM, A — nc-
XOJ[HAsI MATPHIIA, COOTBETCTBYIONIAs CTPYKTYPHBIM llepeMeHHbIM. [103ToMy HpaBble 4acTu
OrpaHMYEHUi-PABEHCTB PaBHBI HYJIIO /st 06enx 3aza4d (13) u (16).



