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Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.
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Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



JNuneitnas penakcauyus

MIP B cTtangapTHoli hopme

min(cx + fy) (1)
Az + By > b, (2)
x>0, (3)
220, yensi, (4)
c=(c1y...,¢cn), f=(f1,..., fp) — CTPOKM C BELLECTBEHHLIMI KOMMOHEHTAMU;
x = (x1,...,%n)" — cTonbel C HEOTPULATENLHLIMY BELLECTBEHHbIMU
3HaYeHUsIMN;
y=(y1,...,yp)" — cTonbew, c HEOTPULATENLHBLIMU LEeNOHNCIEHHBIMM
3HaYeHUsMN;

A, B — maTpuubl (m X n) n (m X p) COOTBETCTBEHHO, C PaLMOHANbHBIMM
3HAYEHUAMMN KOMMOHEHT;
b= (b1,..., bm)T — cTonbeLl, C BELLECTBEHHBIMU KOMMNOHEHTaMN.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



JNuneitnas penakcauyus

Ob6o3HaveHns

> X)\rp — MHOXECTBO 3HaYEHNIi NEPEMEHHBIX, YAOBIETBOPSIOLLNX
orpaHunyerusim (2)—(4), MHOXXeCTBO 4OMYCTUMbIX PELLEHNii 338341

> z"(Xmip) — onTumanbHoe 3HadeHmne Lenesoii cdyrkumn (1) Ha
MHoxecTBe X /rp.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



JNuneitnas penakcauyus

JlnHeiinas penakcauusi

LR (ot aHrn. relaxation — ocnabnenue) ans 3agaun (1)—(4)

min(cz + fy)
Ax + By > b,
x>0,
y > 0.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



JNuneitnas penakcauyus

CeolicTBO NUHERHON peakcauuu

MuoxectBo X1 g Wnpe [onycTuMoro MHoxxectsa X rp:
Xmip C Xpg.

OnTumManbHoe 3HaYeHUe LeneBoli PyHKLUMM 3a4aqm MHERHOW penakcauum
[AET HUXKHIOK OLEHKY Ha ONTUMYM COOTBeTCTBYtowel 3agaun MIP:

2" (XLr) < 2" (Xmip),

€C/IN NCXOAHast 3afja4a Ha MUHUMYM, U JAeT BEPXHIOK OLIEHKY, €C/IN NCXOAHAsI
3apgada M IP Ha makcumym.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

PaspbiB wenoyncieHHocTu

PaprIB LENOHYNCNEHHOCTN

Benn4nHa oTKAOHEHNST ONTUMAILHOIO 3HAYEHUS JINHENHOM pesnakcaynn ot
ONTUMAJIbHOIO 3Ha4YeHns L{eﬂeBOﬁ beHKL{MI/I A1 3agadn cmewaHHoOro
Le/1I04NCTIEHHOro NPorpaMmMmnpoBaHns.

ABCONOTHBIV pa3pbIB LEI0YNCIEHHOCTY

|2"(Xcr) — 2" (Xmr1p)|

OTHOCUTENBHBIVE Pa3pbIB LENOHUCTIEHHOCTH

|2"(Xrr) — 2" (Xmip)|

-1 .
max {2 (Xea)l. [ Karp)] 007

Exatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

PaspbiB wenoyncieHHocTu

Ecnu onTuManbHble 3Ha4eHUA He HalifieHbl, HO NOMyYeHbl XOpoLumne
npubnvxentble 3Havenuns ans z° (Xpgr) n 2" (Xmrp), To BMecTo paspbisa
LLeIOYNCAEHHOCTN BblYNCASIOT:

UB - LB
——— - 100
UB %,
roe UB, LB — BepxHsisi N HUXHSIS OL€HKA ONTUMAJIbHOMO peLleHnst

COOTBETCTBEHHO.
Z*(XMIP) S [LB, UB]

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Pli
max(x1 + x2)

3z1 + bxy < 15,

5x1 + 2z2 < 10,
z1 2> 0, (5)
x2 > 0. (6)

> P5: x> 0, yessie smecto (5)
> P3: x> 0, yesnsie smecto (6)

> Py:x1 >0, yensie n z2 > 0, yensie emecto (5), (6)

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

["padhnueckoe npencraeneHue gonyctumblx obnacreii gns Py, Py, P3 n

2
Pt
5
X
B
X, X,
X, x,
.
A X
5 5
.

X

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Pa3pbiB uenouuncneHHocTn

OntumanbHble pewenunst 3agad Py, Py, P3 n Py

P 2" (Xp,) = 3.4211 2Pt = (1.0526,2.3684);
Py:2"(Xp,) =34 z"F2 = (1,24);
Ps:2"(Xp,) =32 z"Ps = (1.2,2);

Py : Z*(Xp4) =3 P = (1,2).

Mepexoast oT peweHus 3agadn Pi C HanMeHee XXeCTKUMU TpeboBaHUSIMU K
3agade Py c bonee xecTknmMun TpeboBaHMSAMU, ONTUMAsIbLHOE 3HAYEHUE LiesIeBOA

byHKLMN yMeHbLLIaeTCs:
2" (Xp,) < 2" (Xp,)

PeweHne P14 MOXeT BbITb NMONYYEHO OKpYrieHnem x F1 BHUS.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

max(2x1 + x2)
Tx1 + 48xs < 84,
—x1 + 1222 > 3,
x1 > 0, uenvle,

x2 > 0, uenvle.

EkaTtepuna Anekceesa AvckpeTHble 3a8a4n NPUHATUS peLueH

JNekuusa 2.



Pa3pbiB uenouuncneHHocTn

Ontumanstoe pewenune LP n MIP

zip =11 zjp = (57 1)§

zrp = 13.8864 zLp = (6.5455,0.7955);

T7p HEsb3si NONYHYUTb NPOCTLIM OKPYr/eHnemM peleHns x7,p ABCONOTHbINA
pa3pbiB cocTaBnseT 13.8864 — 11 = 2.8864,

. 2.8864 _
OTHOCUTENbHBIN PaBeH 15 genr - 100 % = 20.79 %

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.




Pa3pbiB uenouuncneHHocTn

max(2x1 + x2)
Tx1 + 48xs < 84,
—x1 + 12z9 > 13,
x1 > 0, uenvle,

x2 > 0, uenvle.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Pa3pbiB uenouuncneHHocTn

MHO>eCTBO AOMYCTUMbIX peLLeHNi

Xrr — Tpeyronsiuk ABC
Xip=10

~ Ly
Xﬁ

5 10 X;

OnTtumanbHoe peleHune 3agadn LR HaxoauTcs B Touke C.
Hwn ogHa uenouncneHHas To4ka He BxoaunT B obnacte ABC.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

1+ z2 < 10,
5x1 + 3zo > 15,
z1 <6,

2 <7,
z1 > 0,29 > 0.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Pa3pbiB uenouuncneHHocTn

TMasa obnacTtb

X1p — mHoroyronsiuk ABCDEF

x}
B o]
5 A
D
i z
3 s 10 *;

OnTtumanbHoe pelenmne 3agadn LP nexxnT B OAHON U3 YrioBbIX TOHEK
ABCDEF.

Bce yrnoBble TOYKU — LleNOYUCNEHHbIE.
PaspbiB LLeN0HNCNEHHOCTN PaBEH HyJO.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. 3agada naaHUPOBaHUS NPOU3BOACTBA

» [aHo
T — npomMe)xyTOK BpeMeHH,
d¢ — 3aKas Ha npogykuuio B mecsl, ¢,
C¢ — 3aTpaTbl Ha 3anNyck NPoW3BOACTBa B Mecsl, ¢,
Pt — YAesnbHble 3aTPaTbl Ha NPOU3BOACTBO B MecsL, ¢,
h: — yAenbHble 3aTPaThbl HA XpaHeHMe NPOAYKLMU B TeveHne mecsua t.

Havitu nnan Npon3BOACTBA N XPAHEHUA NPOAYKUWN Tak, 4TObbI
BbINOJIHATb 3aKa3 C MUHNMAJIbHbIMW 3aTpaTaMu.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. 3agaya NaaHUPOBaHUS MPOU3BOACTEA.
MNepBas mogenb

MNepemeHHble 3apa4u:

Y¢ — KOJINYECTBO NPOAYKLMMN, NPON3BeAeHHON B Mecal, ¢;

St — KOMNYeCTBO MPOAYKLMW, OCTAaBNEHHOW Ha CKnaje K KOHLYy Mecsaua t;
[ 1, ecnn B mecay, t 6bIn0 3anyLEHO NPOU3BOACTBO,

o= { 0— B NPOTMBHOM Ciy4ae.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. 3agaya NaaHUPOBaHUS MPOU3BOACTEA.
MNepBas mogenb

T
min Z(Ctl’z + peye + htSt) (7)
t=1
y1 = di1 + s1, (8)
St—1+ys=di+s¢, t=2,...,T, (9)
T
ye <> dyae, t=1,...,T, (10)
k=1
ST = 0, (11)
yt >0, st >0, yenvie, z; € {0,1}, t=1,...,T. (12)

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. 3agaya NaaHUPOBaHUS MPOU3BOACTEA.
BTopas mogenb

MNepemeHHble 3agaqn:
(it — CTONIbKO NPOAYKLUMN NPON3BOAMTCS B MECSIL, 4, YTODBbI BLINOMHUTL 3aKa3 B

mecsauy t, t > 1
1, ecnu B Mecsiy ¢t BbINoO 3anyLLeHo NPOn3BOACTEO,

Ty =
0— B NpOTMBHOM cly4ae.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. 3agaya NaaHUPOBaHUS MPOU3BOACTEA.
BTopas mogenb

T t T
minZZ(pi—i-hi+hi+1+...+ht—l)Qit+th$t7 (13)
t=1 i=1 t=1
t
g =di, t=1,....T, (14)
i=1
gt < dwi, i=1,....T, t=i,....T, (15)
qit207 $t6{071}7t:17'“7T' (16)

Paspsis uenouncnenroctn ans LR (13)-(16) paseH Hynto.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Teopema 06 ougeHku 6anzoctun pewenuii IP n cooteercreytoweii LR

Mycte A — uenouucnerHas (m X n)-mMaTpuua, Kaxablii MUHOP KOTOPOIi Mo
abCcoNtOTHONM BeMYMHE HE NPEBOCXOANT A, 1 NycTb AaHbl BeKTOPbI b 1 c.
Mpeanonoxunm, 4To oba Makcumyma

max{cz|Ax < b} (17)

max{cx|Azx < b,z € Z} (18)

KoHe4Hbl. Torga:

1. Ans nmoboro onTumanbHoro pewwenus y 3agadu (17) cywecrsyer
onTumMasbHoe petenue z 3aga4qm (18), ans kotoporo ||y — zljee < NA.
2. Ons noboro ontumansHoro pewenus z 3agayqm (18) cywecrsyer
onTumMasbHoe petenue y 3agaqn (17), ans kotoporo ||y — z||e < RA.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. paHnua nA He ynydwaema

+1 0 0 0
-1 +1 0 0
A0 -1 +1 0
0 0 -1 +1

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Pa3pbiB uenouuncneHHocTn

Mpumep. paHnua nA He ynydwaema

Crepytolwme BeKTOpbI SBAAIOTCS €AMHCTBEHHLIMU PELLEHUSIMI 33434
max{cz|Az < b} n max{cz|Az < b,z € Z}:

153 0
2B

yi=1 . L 2= | . n |y — 2|lec < nAB, gna noboro 5,0 < <1
nB 0

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yucno orpaHnueHnii U nepemMeHHLIX B MOAENM

Yucno orpaHu4eHmnii n nepemeHHbix B Mogenu. Mprumep

NmeeTca napk n3 Tpex rpy3oBMKOB 1 Ba MapLUPYyTa, N0 KOTOPbIM HYXKHO

OTNPaBUTb MPYy30BUKU.
Mpeanonaraercs, 4TO BCe FPYy30BUKU OfMNHAKOBBLIE.
TpebyeTca Ha3HAYUTL PY30BUKM HA MapPLUPYThI.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yucno orpaHnueHnii U nepemMeHHLIX B MOAENM

MNpumep. Beeperune nepementbix. [Ba cnocoba

1, €C/IN FPY30BMK % OTMPABASETCA MO MapLpyTy j,
0— B NPOTMBHOM Chy4ae,
i€{1,2,3}, j€{1,2}.

> ffij = rpue

B nepese seTBneHus B xyauem cnyuae byaet 2° sepuinv.

Exkatepuna Anekceesa DuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Yucno orpaHnueHnii U nepemMeHHLIX B MOAENM

MNpumep. Beeperune nepementbix. [Ba cnocoba

. 1, €C/IN FPY30BMK % OTMPABASETCA MO MapLpyTy j, R
Tii = r
I 0— B npoTuBHOM Ciy4ae, A

i€{1,2,3}, j€{1,2}.

B nepese seTBneHus B xyauem cnyuae byaet 2° sepuinv.

1 ) 1-
.y { , €C/IN rPy30BUK ¢ OTMpaBfsieTcs no 1-my mapLipyTy, rne

0, ecnn rpysoBuK ¢ OTMPABASETCS MO 2-My MapLUPYTY,
i €{1,2,3}.

B nepese BeTBNeHMs B xygwem cnyyae byaet 2° sepwinv.

Exkatepuna Anekceesa OuckpeTtHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Yucno orpaHnueHnii U nepemMeHHLIX B MOAENM

HepocTtaTok: cuMMeTpus B pelueHmsx

Bce rpysoBuku ognHakoBble, TO nMapa AOMYCTUMBIX pelleHunii (nepsbiii cnocob)

X11 = 1,3722 = 17.132 =1 (19)
"
T12 = 171‘21 = 1,$32 = 1, (20)
¥ napa JOMyCTUMBbIX pelueHuii (BTopoii cnocob)
y1=1,92=0,y3=0 (21)
"
y1=0,92=1,y3=0 (22)

no CyTu, NPeACTaBASIOT OLHO M TO >Ke Ha3Ha4yeHMe rPy30BMKOB Ha MapLUpPyThI.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yucno orpaHnueHnii U nepemMeHHLIX B MOAENM

Mpumep. BeepeHune nepemenHbix. TpeTuii cnocob

> 7; — KOJINYECTBO FPY30BMKOB, OTMPaBJIEHHbIX MO MapLIPYTY j.
Pewenne ny = 1,n2 = 2 n pewenus (19), (20), (21) un (22), no cytn —
OfJHO U TO XK€ Ha3Ha4YeHNe rpy30BMKOB Ha MaplpyTsl. B Mogenn B Tpu

Pa3a MeHbLIEe NeEPEMEHHbIX.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

MHororpatnHuku. [paBuabHble HepaBeHCTBa

min fx
Ax < b,
x > 0, uenbie.
X — MHOXeCTBO AOMYCTUMbIX PELLEHWNiA 3TOl 3ajayu.
Onpegenetne

Muoxectso Todek P = {x € R"|Axz < b}, ygoB/eTBOPsIIOLNX KOHEYHOMY
YUCTY NUHENHBIX HEPABEHCTB HA3bIBAIOT MHOrOrPaHHUKOM.

Exkatepuna Anekceesa DuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

MHororpanHukn. [1Ba npeacraBiaeHus

Onpegenexue

MHororpanHuk P Ha3biBaloT npefcTaBieHneM MHOXECTBA JOMYCTUMbIX
pewwennii X, ecnm X cosnajaet C Le0YNCNEHHBIMY TOYKaMu 13
MHororpaHHuka, 1. e. X = P\ Z".

Exatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

MHororpaHHuKu

Onpegenexne

Mpencrasnenne P' ayuywe P2, eciu P C P2

JonycTuMble uenouncneHHble pelienns 3agaun nexat u 8 P!, n s P2

C TOYKM 3peHnst NnHelHONM penakcauum gonyctumast obaacTb npefcTaBaeHus
P? 6onble, nosToMy paspbis LenouncieHHocTn ¢ P! GyaeT meblue, dem c
P2

Ons 3apgaun Ha munumym 2*(X) > z*(P') > 2*(P?).

Exkatepuna Anekceesa DuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

MHororpaHHuKu

Onpegenexue

Bbinyknoii obonoykoii MHoxecTsa X HasbiBaeTcs mHoxecTso conv(X),
T ; T
cocTosiee u3 ToYek Buga T =y ., iz’ rae y . A =1, X >0,

1=

i=1,...,T, rge {xl, . ,mT} Bce Touyku u3 X, a'T — oblyee 4yncno Toyek B
mHoxecTse X . B aToMm ciyqae Touka x SIBASIETCS BblMyK/0H KOMbuHaymer
rovex {z',... 2T}

Onpegenexne

HepaBeHCTBa, AO6EJBJ76HM€ KOTOPbIX HE MEHAET LUEJI0OHNUCTIEHHYO [OMYyCTUMYIO
O6/13CTb, Ha3bIBarOT pPaBuibHbIMU HEPABEHCTBAMU

Exkatepuna Anekceesa [AunckpeTHbie 3apa4n NPUHATUA PeLUEeH Nekuns 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

MHororpaHHuKu

Bbinyknas obonouka conv(X) obpasyeT MHOrOrpaHHUK U SIBASIETCS JIyHLWINM
13 BO3MOXKHbIX NpefcTasaerunii ana X, paspbiB LEeSIOYNCIEHHOCTU PAaBEH HYJIO.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

TpygHoctn npu noncke nepecdpopmynnposku ¢ conv(X)

> 3apaHee HEM3BECTHO, KakK 3aaaTb conv(X), a ee HaXOXKAEHNE SIBASETCS He
MeHee C/IOXKHOW 3apayeli, YeM pewnTb ncxogHyto 3agadvy MIP;

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewwennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

TpyaHocTn npu noucke nepecopmynuposkmn ¢ conv(X)

> 3apaHee HEM3BECTHO, KakK 3aaaTb conv(X), a ee HaXOXKAEHNE SIBASETCS He
MeHee C/IOXKHOW 3apayeli, YeM pewnTb ncxogHyto 3agadvy MIP;

> ans MHorux 3agad M 1P onucanne conv(X) TpebyeT 3KCNOHeHUMaNLHOro
YNCNa NEPEMEHHbIX U JINHENHBIX HEPABEHCTB, a 3HAYUT ANS PEeLUeHUs
nony4yeHHol Takum obpasom 3agaun LP notpebyetcsa mHoro spemenu. C
apyroli ctopoHbl, gobasnerune "npaBunbHbix" orpaHndeHnii yny4ywaet
BEPXHIOK OLEHKY LP 1 MOXeT 3aMeTHO yCKOpUTb BpeMsi paboTsi
anropuTma.

Exatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

[Npymep npaBubHbLIX HEPABEHCTB

y1 <5,
y1 + 0.8y2 < 5.8,
y1 — 0.8y2 > 0.2,
y1 + 8y2 < 26,

4 y1 > 0, uenble,
y2 > 0, uenbie.

Ys :

y1 +y2 <6,
y1—y2 >0,
y2 < 2,

y1 >0,

11 Y2 2 0.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

[Npymep npaBubHbLIX HEPABEHCTB

Jonyctumasi obnactb coenagaet ¢ conv(Y: |JY2):

Y1 Z 17
y1 <5,
y1 + 0.8y2 < 5.8,
y1 — 0.8y2 > 0.2,
Y1 + 8y2 S 267
y1 +y2 <6,
y1—y2 20,

Y y2 < 2,
y1 > 0, uensble,
y2 > 0, uenble.

Exatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

[NocTpoeHne npaBubHbIX HEPABEHCTB

Mopn penakcauuein MHoxecTsa X noHumaeTcs ntoboe HagMHOXKeCTBO Y, Takoe,
yto X C Y.

Torapa noboe nNpaBubHOE HEPABEHCTBO A/ MHOXKECTBA Y siBisieTcst
MpaBu/ibHbIM HEPABEHCTBOM AJisi MHOXecTBa X .

B kauyecTBe penakcauum MOXHO B3siTb 4aCTb HEPABEHCTB, ONpPeAENAOLLNX
obnacte X 1 OrpaHUYEHNst Ha 3HAYEHUSI NEPEMEHHbIX.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

[Nprmep NocTpoeHUst MpaBUIbHbLIX HEPABEHCTB

MocTpouTb NpaBusibHOE HEPABEHCTBO AJSi:
Yi:

y1 > 1,
y1 <5,
Y1+ 0.8y2 < 5.8,
y1 — 0.8y2 > 0.2,
y1 + 8y2 < 26,

"1 y1 > 0, uenble,
y2 > 0, uenble.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

[Nprmep NocTpoeHUst MpaBUIbHbLIX HEPABEHCTB

Y

n=>1

y1<5 @

y1 +08y, <58 @ y1+24<538
y1 —0.8y2 > 0.2, I
Yi+8y2<26. =< |B]=3 x<[34
y1 > 0, uensvle, @ 2

v > 0, yensle. @ y1 <3

|2
Yi+y2<6

NpaBWUJIbHOE HEPABEHCTBO OJ14A Y

m ana Y

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

ﬂpaanbele HEPABEHCTBA AJ1A 3a4ad4N NJIAHUPOBAaHNA NPON3BOACTBA

V1BepxaeHune

Ans nobbix | n C' HepaseHcTBa

l
Sy <> O dwi+s, 1<IST, CC{1,...,1} (23)

ieC i€C t=i

SBASIOTCA NpaBuabHbIMY 45 3agaun (7)—(12).

[okazaTtenbcTBO.

Mpoeepum, 4To fobasneHne HepaseHcTs (23) B Mofenb He MPUBOAUT K NoTepe
AONYCTUMbIX PELLEHNT 33434,

Bosbmem gonyctumoe peluetne (y, s,x) 3agaqu (8) — (12) u nokaxkem, 4to
HepaseHCTBa (23) BbINOMHAKOTCS.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekumus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

ﬂpaanbele HEPABEHCTBA AJ1A 3a4ad4N NJIAHUPOBAaHNA NPON3BOACTBA

PaccmoTtpum gea ciydas.

» 1. x; = 0 gas nwoboro i € C.
Torpa y; = 0 ans noboro i € C' un n3 (23) nonyvaem, 4to s; > 0.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

ﬂpaanbele HEPABEHCTBA AJ1A 3a4ad4N NJIAHUPOBAaHNA NPON3BOACTBA

PaccmoTtpum gea ciydas.

» 1. x; = 0 gas nwoboro i € C.
Torpa y; = 0 ans noboro i € C' un n3 (23) nonyvaem, 4to s; > 0.

» 2. x; = 1 pns HekoToporo ¢ € C.
Mycts k = min{i € C|z; = 1}. Torpa y; = 0 gas noboro i < k
MY e Vi <yt = S de 81— sp—1 <34 di+ s
< ZieC(Zi:i di)xi + s1.

YT1o n TpeboBanock fokasaThb.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewwennii. Jlekums 2.



Mmororpannuku. MpasunbHble HepaseHcTBa

ﬂpaanbele HEPABEHCTBA AJ1A 3a4ad4N NJIAHUPOBAaHNA NPON3BOACTBA

Teopema [3]
Bebinyknasi obonodka mHoxectsa (8)—(12) 3agaetcs cnegyroiyeii cuctemoii
OrpaHUYeHWNIA:
y1 = d1 + s, (24)
3t71+yt:dt+st7 t:27"'aT7 (25)
ST = 0, (26)
<1, t=1,...,T, (27)
l
Zyi < Z(Z di)z; + 81 gns moboro 1, u C # ), (28)
ieC i€C t=i
ytZO,StZO,LBtZO, t:].,...,T. (29)

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

LlenouyncneHHble pelleHusi 3aga4qn JUHERHOrO NMPOrpaMMUPOBaHUS.
[NonHocTblo yHUMOAYNApHas MaTpuua

Onpegenenne

Uenouncnennas matpuya A = (ai5), i =1,...,m, j =1,...,n Ha3biBaeTcs
MOAHOCTBIO YHUMOAYISIPHOU, €CAN OnpeaeanTens aoboli ee KBagpaTHoO
nogmatpuubl paseH 0 nan +1.

SAensetcs nn maTtpuua

A=

= O =
o= O
O == O
= o = O

NOJIHOCTBLIO YHUMOAYNSIPHOR?

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:

> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).

Exkatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:

> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).

» Matpuya AT, seasercs Y.

Exkatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:
> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).

» Matpuya AT, seasercs Y.

> Matpuya (AE), rge E — egunnynas matpuya sisasiercs [1Y.

Exkatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:

> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).

» Matpuya AT, seasercs Y.

v

Matpuya (AE), rae E — egunudnas matpuya sisnsiercs [1Y.

> Martpuya, nosnyyeHHas ypaneHnem cTpoku (ctonbuya) uz matpuusi A,
asasercs [1Y.

Exkatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:
> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).
» Matpuya AT, seasercs Y.
> Matpuya (AE), rge E — egunnynas matpuya sisasiercs [1Y.

> Martpuya, nosnyyeHHas ypaneHnem cTpoku (ctonbuya) uz matpuusi A,
asasercs [1Y.

> Martpuya, nonyyeHHas ymHoxXeHuem cTpoku (cTonbya) matpuuysl A Ha
(=1), sBasercs I1Y.

Exkatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
Cnegyroine yTBEp)KAEHUS SKBUBAJIEHTbI:
> Matpuya A siBasietcs nosHocTsio yHumogynsipHoii (I1Y).
» Matpuya AT, seasercs Y.
> Matpuya (AE), rge E — egunnynas matpuya sisasiercs [1Y.

> Martpuya, nosnyyeHHas ypaneHnem cTpoku (ctonbuya) uz matpuusi A,
asasercs [1Y.

> Martpuya, nosnydyeHHasi ymHoxeHnem cTpoku (ctonbya) matpuysl A Ha
(=1), sBasercs I1Y.

> Martpuya, nosy4eHHasi nepecTaHoBKOIi AByx CTPOK (CTon6LoB) MaTpuLbl
A, asnaerca Y.

Exatepuna Anekceesa DuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
(npogomxerue)

> Matpuya, nonydeHHas gybanposaHnem cTpok (cTonbuos) matpuysl A,
sasasietcs [1Y.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[NocTpoeHue NONHOCTLIO YHUMOAYASIPHLIX MaTpuLy,

Teopema [3]
(npogomxerue)

> Matpuya, nonydeHHas gybanposaHnem cTpok (cTonbuos) matpuysl A,
sasasietcs [1Y.

> Matpuya, nonydeHHasi nocse BbINoJHeHUs onepayny 3ameHbl 6a3ucHoil
nepemetrHoii, sisnsiercs Y.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

HocTtato4uHoe ycnoeue Toro, 4to matpuua A byager MV

VTeepxgeHue [2]

Matpuuya A, coctasnennas nz 0, 1 nan —1, ABAS€TCA NOJHOCTbIO
YHUMOZYSAPHON, €C/n B KaxgoM cTosbue He bosee fBYX HEHYNEBbLIX
3/1EMEHTOB, U CTPOKU MaTpulibl A MOXHO Tak pa3buTb Ha ABa NOAMHOXECTBA
I un I, 410 gn1a Kaxkgoro cTonbuya BEPHO CAEAyIOLee:

» Ecan ABa HEHYJ/1eBbIX 3/IEMEHTA UMET O4NHAKOBbI€ 3HAKN, TO
COOTBETCTBYHOLUNE UM CTPOKU J1IEXAT B PAa3HbIX MHOXXECTBAX.

ExkaTtepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

HocTtato4uHoe ycnoeue Toro, 4to matpuua A byager MV

VTeepxgeHue [2]

Matpuuya A, coctasnennas nz 0, 1 nan —1, ABAS€TCA NOJHOCTbIO
YHUMOZYSAPHON, €C/n B KaxgoM cTosbue He bosee fBYX HEHYNEBbLIX
3/1EMEHTOB, U CTPOKU MaTpulibl A MOXHO Tak pa3buTb Ha ABa NOAMHOXECTBA
I un I, 410 gn1a Kaxkgoro cTonbuya BEPHO CAEAyIOLee:

» Ecan ABa HEHYJ/1eBbIX 3/IEMEHTA UMET O4NHAKOBbI€ 3HAKN, TO
COOTBETCTBYHOLUNE UM CTPOKU J1IEXAT B PAa3HbIX MHOXXECTBAX.

> Ecan ABa HEHYJ1EBbIX 3JIEMEHTA VMEKOT PA3HbIE 3HAKU, TO
COOTBETCTBYHOLUNE UM CTPOKU J1EXAT B OQHOM N TOM >K€ MHOXECTBE.

Exkatepuna Anekceesa DuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[Mpumep

PaccmoTtpum 3agady LP B cnepytowem Buge:

n
machjxj (30)
Jj=1
Npu OrpaHNYeHUsIX:
Zai]’x]’:bi,i:L...,m (31)
j=1
z; >0,7=1,...,n,m < n. (32)

Kakum ycnosusm ponxHa yposnetsopsaTb matpuua A = (a;j) n BekTop
npaebix Hacreii b = (by, .. .,bm)T, 4TObbI BCE BEPLUMHBI MHOTOrpaHHMKa
(31)—(32) bbIM LBenodncneHHbiMu?

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[Mpumep

Teopema [3]

Myctb yenoqncnennas matpuya A = (as5), i=1,...,m,j=1,...,nm<n
UMeeT paHr m u BekTop npasbix Yactedi b= (by,... b)Y — yenouucnenHbii.
Ans Toro, 4T0bbI Bepwmtbl MHororpanHuka (31)—-(32) nexanu B

LieSIOYNCIIEHHBIX TOYKAX, HEOOXOAMMO M JOCTAaTOYHO, 4YTobbl mMaTpuya A bbiia
mny.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[Mpumep. TpaHcnopTHasi 3agaya.

> [aHo:
M — MYHKTOB MPON3BOACTBA;
N — MYHKTOB NOTpebaeHnss O4HOPOAHOrO NPOAYKTa;
a; — obbem Npon3BOACTBA B NyHKTE 4, ¢ = 1,...,m;
b; — obbem noTpebneHns B nyHkTe j, j =1,...,m;
¢ = (c;j) — MaTpULA YAENbHbLIX TPAHCMOPTHBIX PACXOAOB Ha MEPEBO3KY U3
NYHKTA ¢ B NYHKT j.
MpounseoacTeo 1 notpebneHne cbanaHcuposaHbl, T. €.

m n
E a; = E b]'.
i=1 j=1

» TpebyeTcs cocTaBuTL MJlaH NEPEBO30K, KOTOPbINA, HE HapyLluas
NPON3BOACTBEHHbIE MOLLHOCTY, YAOBJIETBOPSIET BCE NOTPEbHOCTM C
MUHUMaNbHbIMY CYMMapHbIMK 3aTpaTamu.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[Mpumep. TpaHcnopTHasi 3agaya.

[MepemeHHbie:
Zi; > 0 — obbeM NepeBO30K M3 MyHKTa MPOW3BOACTBA 4 B MyHKT noTpebnenus j

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



LlenouncnenHole pewenHns 3a4aqm AMHEAHOro NporpaMmmMmuposaHns

[Mpumep. TpaHcnopTHas 3agad

m n
min E E CijTij

i=1 j=1

n
E a:ij:ai,izl,...,m,
j=1

m
E xij:bj,]:L...,n,
=1

zi; >0,i=1,... . mj=1,...,n.

Apn OrpaHNYeHNAX:

TepuHa Anekceesa AvckpeTHble 3agaun NpuHATUS pewennii. Jlekuus 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

YTo4yHeHne 3HaYeHUA rpaHny NepeMeEHHbIX

1,  ecnn npeanpnAThe OTKPbLITO,
0— B NpPOTMBHOM Chay4ae.
f, f > 0 — 3aTpaTbl Ha OTKpbITNE NPEANPUSATUS.

Mycte © =

LI,eneBa;l beHKLI,VIFI 3a4a4N — MUHNMUN3NPOBAaTb CYMMapHbI€ 3aTpaThbl.

PaCCMOTpI/IM OOHO 1”3 orpaqueHMﬁ:

y < Wz, rgex € {0,1}.
BaxxHo an 3HaqeHne W7

Exatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

YTo4yHeHne 3HaYeHUA rpaHnL, NEPEMEHHbLIX

1,  ecnn npeanpnAThe OTKPbLITO,
0— B NpPOTMBHOM Chay4ae.
f, f > 0 — 3aTpaTbl Ha OTKpbITNE NPEANPUSATUS.

Mycte © =

LI,eneBaﬂ beHKLI,VIFI 3a4a4N — MUHNMUN3NPOBAaTb CYMMapHbI€ 3aTpaThbl.

PaCCMOTpI/IM OOHO 1”3 orpaqueHMﬁ:

y < Wz, rgex € {0,1}.
BaxxHo an 3HaqeHne W7

» Ecnm z € {0,1}, To 3HaveHne W He BaxHo.

Exatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

YTo4yHeHne 3HaYeHUA rpaHnL, NEPEMEHHbLIX

1,  ecnn npeanpnAThe OTKPbLITO,
0— B NpPOTMBHOM Chay4ae.
f, f > 0 — 3aTpaTbl Ha OTKpbITNE NPEANPUSATUS.

Mycte © =

LI,eneBaﬂ beHKLI,VIFI 3a4a4N — MUHNMUN3NPOBAaTb CYMMapHbI€ 3aTpaThbl.

PaCCMOTpI/IM OOHO 1”3 orpaqueHMﬁ:

y < Wz, rgex € {0,1}.
BaxxHo an 3HaqeHne W7

» Ecnm z € {0,1}, To 3HaveHne W He BaxHo.

» Ecnm x € [0, 1], To 3Ha4eHne W BaxkHo.

Exatepuna Anekceesa AuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

[Nouemy BaxcHO 3HayeHme W:

MNycts Winae — MakcuManbHoe fonyctumoe 3Haderune ans y, Winee < W.
Ecnn B ontumansHom pewernn y = Wiyqz, TO, yUUTBIBAS OrpaHnNYeHmne
y < Wz, nony4daem, 4to

CnepoBaTenbHo, 3aTpaThl COCTaBAT f%
Ecnn 6bl orpanunyerne 6o 3anucano Kak § < Wiaox, 70 nput y = Wiiax
noay4unau bel x = 1 n 3aTpaThl cocTaBuan 6bl BennUNHy f.

CnepoBaTtenbHo, Hem rpybee 3naveHune W no cpasHennto ¢ Wi, ao, TEM BONbLUE
pa3spbIB LEeNOYNCIEHHOCTH.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

[Mpumep. YTo4HeHMEe rpaHuL, B 3aga4e NJaHUMPOBaHUS MPOU3BOACTBA

B orpaHnyenunsix (10) gns KaXaoro npomexyTka BpeMeHu ¢ BMeCTo rpyboit

OLEHKM
T
E di;
k=1

Ny4dule ncnosib30BaTb YTOYHEHHYHO OUEHKY

T

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

Mpumep. 3agaya o NoToke ¢ bMKCUPOBAHHLIMY 3aTpaTamm

» [aHo
Cij — YAE/IbHbl€ CTONMOCTHU
-3 NepeBO3KMN NPOAYKLUUN BAOAL AYri
(i, ),
hi; — nnaTa 3a ucnosib3oBaHne
ayrv (i, ),
@ 3 4 b; — CNpoOC WNN NPeaIoKeHNEe B
BEPLUWHE ©.

+10
> Tpebyetcs goctasute 3 n 7

eanHny npogykuum B 3-t0 1 4-t0
BEPLUNHbI COOTBETCTBEHHO C
MWHUMabHBbIMY 3aTpaTamu.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekuus 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

Mpumep. 3agaya o NoToke ¢ bMKCUPOBAHHLIMY 3aTpaTamm

[MepemeHHble:
Z;; > 0 — BenM4YMHa NoToka, nponyckaemoro no gyre (i, j)

[ 1, ecnn no gyre (i,7) BbINOJIHAIOTCS NEPeBO3KY,
Y5 =1 0— & npoTustom cny4ae.

B — HekoTopoe nosoXuTesibHoe bosbLIoe Yncho.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

Mpumep. 3agaya o NoToke ¢ bMKCUPOBAHHLIMY 3aTpaTamm

MaTtemaTunyeckas MOAENDb:
min Y (ciy@i + hisyis),
(1,5)€A

I'IpVI OrpaHqueHVlﬂX:
zi; < Byij, (1,5) € A,

iji—inj :bi,ieV,

JjeV JEV
Tij 2 07 (27]) € A7
Yij € {07 1}7 (Z,]) €A

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



YTo4HEHNEe 3HAYEHUS TPaHUL, NEPEMEHHbIX

Mpumep. 3agaya o NoToke ¢ bMKCUPOBAHHLIMY 3aTpaTamm

BwmecTto
Tij S Byij7 (7‘7]) S A7

Nyuwe

23 < 10y23,

A

Z24 < 10y24,
z25 < 10y2s,
T34 < TY3a,
743 < 3ya3,
x54 < 10ys54,

53 < 10ys53.

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yaanenune n3bbITOHHbIX OrpaHUHeHnii

VananeHne nsbbITOYHbIX OFpPaHUYEHNIA

MycTb ponycTMMoe MHOXKECTBO 3afaeTCsi rPYNMoi JNHEAHbIX HEPABEHCTB BUAA

n
Z a;Tj S b
j=1

z; €{0,1},j=1,...,n.

Ecnn a; < 0 pns HekoToporo j, Torpa 3ameHoii nepemenHolt z; Ha (1 — )
MOXXHO MOJYYNTb SKBUBANEHTHOE OrpaHUYeHE:

Z a;xr; + Z | j|I;§b— Z aj.

j=1,...,nla; >0 j=1,...,nla; <0 j=1,...,nla; <0

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yaanenune n3bbITOHHbIX OrpaHUHeHnii

VananeHne nsbbITOYHbIX OFpPaHUYEHNIA

CeefieHne noseossieT 6e3 orpaHnyeHust obLHOCTU cynTaTh, 4TO BCe a; > 0,
j=1...,n.

Ecav 3°;cn aj > b, Ans nekoToporo N C {1,...,n}, To B Moaens MOXHO
BBECTU [ONOJHUTENBHOE HEPABEHCTBO

>z <|N|-1 (33)

JEN

WM HECKOIbKO HEPABEHCTB ANs KaXxkaoro k € N, npu KOTopoMm
2jen\iry @ <0

Exkatepuna Anekceesa OuckpeTHble 3apa4n NpuHATUS pewennii. Jlekums 2.



Yaanenune n3bbITOHHbIX OrpaHUHeHnii

— 3x2 — 223 < -2,
—4x; — 3x2 — 3z3 < —6,
2x1 — 2xo 4 63 < 5,
z; €{0,1},i=1,2,3.

Exkatepuna Anekceesa [AuckpeTHbie 3apa4n NPUHATUA PeLLEeH Nekuns 2.



Yaanenune n3bbITOHHbIX OrpaHUHeHnii

BeinonHum 3aMeHY NepeMEHHbIX, NoNyHUM:

3ah + 225 < 3, (34)

4z + 375 + 375 < 4, (35)
21 + 225 + 623 < 7, (36)
x1,x; € {0,1},i=1,2,3. (37)
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Yaanenune n3bbITOHHbIX OrpaHUHeHnii

Vs (33) gnsa (34):

zh+ x5 < 1w o + 23 > 1, (38)
ans (36) nonyvaem

zh 43 < 1w xz < zo. (39)

Ob6begunsis (38) n (39):
ro =1 nan x'2 =0, n Torga orpaHn4veHue (62) n3bbITOYHOE, a OrpaHnYeHns
(35) n (36) npespawatotcs B

4z + 325 < 4w 271 + 623 < 7.
Vynteisas (33):

x/1+x/3 <lwwmzi+xz3>1

n

1 +23 <1,
cnefloBaTeNbHO, X1 + X3 = 1, TOrAa MOXHO NCKIIOUYNTL OAHY N3 NEPEMEHHbIX
X1 nan xs.

Takum 06p330M, YOQAETCA COKPATUTb HUCNO NEPEMEHHbLIX U orpaqueHmﬁ.
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PekomenpoBaHHan nutepartypa

PekomeHpoBaHHas nutepaTypa

@ E. B. AnekceeBa [locTpoeHue maTemaTnyecknx Mogenein ueno4ncieHHoro
nuHeiiHoro nporpammuposaHust. Mpumepsr n 3agayn. Yueb.
nocobue. HI'Y: HOBOCVBUPCK, 2011

Nanagumutpuy X., Craiirnuy K. KombuHaTopHas onTumunsauus.
Anroputmbl u cnoxHocte. M.: Mup, 1985

Nemhauser G. L., Wolsey L. A. Integer and combinatorial
optimization. John Wiley & Sons, Inc., 1999
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