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LleHTp AMCTAaHIIJMOHHOTO 06y4YeHus ¥ MOBBIILIEHUSA
KBaJIUbUKALUU

Teopusi NPUHSATUS PELLEHWI

MeToaMKa NOMCKa Hau/TyuLLEero pelueHus
C NOMOLLbIO JIMHEHOro NPorpaMMMpoOBaHuUA

3apayva NMHEMHOro NPOrpaMMUMPOBAHUS OTHOCUTCS K YMCITy
Hanbonee MpPOCTbIX M XOPOWO WM3YYeHHbIX 3aJa4 MaTeMaTU4ecKoro
nporpamMmupoBaHuns. OCHOBHas MX OCOBEHHOCTb COCTOMT B TOM, YTO
cKansipHbIli kpuTepuin ontumansHoctu Y = f(X) siBnsieTcs nuHeliHom

d)YHKLI,MeI‘/JI /1 NepeMeHHbIX X, ,...X COCTaBAOWNX B COBOKYMHOCTU

n’

BapuaHT X = (X,,...X,) PelleHns 3ahaus OnTMManbHoOro Bbibopa, a
Bce orpaHudenmsa g,(x)<b,, g=1..,p npeacrasnsioT co6oi

CUCTEMY NTMHEWHBIX YPABHEHWI 1 HEPABEHCTB.

Jiobasi 3agaya NMHEMHOro NporpaMMMpOBaHNS MOXET ObiTb
NnpuBeAEeHa K CNeaylolen CTaHAapTHOM WKW KaHOHMYecKol ¢opMe.
TpebyeTcst MaKCMMU3UPOBATb 3HAYEHVE IMHENHON YHKLMM

f (X, X,y X,) =C X +CyX, +...4+C X, —> MaX
Ha MHOXECTBE BCEX HEOTPULIATENbHbIX PELLEHUI CUCTEMBI NMHENHBIX
anrebpanueckux ypasHenuit X, >0 (i=1..,n,p<n):

a; X, +a,X, +..+a,X, =b,
Ay X, +8yX, +. 3y X, =Dy,

Ay X, +a,X, + A, X, =b,

KOTOPOE OnpeaensieT MHOXXECTBO AONYCTUMbIX 3HAYeHUn X2

[ns 3anucn 3agayn NMHENHOrO MPOrpaMMUPOBaHNS B CTaH-
AapTHoW (opMe MOryT NoHagobuTbCs AOMOSMHUTENbHbIE Npeobpa3o-
BaHus. Hepeako 3 coaepxxaTenbHbIX COOBpaXXeHM MOXET noTpebo-
BaTbCS MMHUMM3AUNS KpUTEpUS ONTUMANbHOCTU. Hanpumep, B 3agaye
onTMMasibHOro niaaHUpoBaHUA NMpPon3BOACTBaA HGOGXOLWIMO MUHUMU3N-
poBaTb pacxXoAbl Ha BbIMYCK OnpeAeneHHbIX BUAOB NMpoayKUUN. B Ta-
KOM C/lyyae AOCTaTO4HO 3aMeHuTb KpuTepuii ontuManbHocTn T (X)

Ha MPOTUMBOMONOXHbINA Mo 3Haky kputepun — f(X). OueBnaHo, uToO
npw 3TOM 6yneT BbIMNOJHATLCS paBEHCTBO
min f, (x) = max(-f, (x)) . Ormetum, uto noaobHoe ceeperve 3a-
xeX xeX?

hayn MMHUMU3aUuM K 3aa4v4e MakKCMMM3auWnWU CripaBeAIMBO ANA Npo-
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Teopusi NPUHATUS peLEHNI

M3BOJIbHOW (HE0BA3aTeNbHO NIMHENHOW) LeneBo YHKUMM U Npous-
BOJIbHOrO A0OMYCTMMOr0 MHOXECTBa X°.

Ecnu cpeav orpaHuyeHuid 3aa4m NpUCYTCTBYIOT OrpaHnUYeHnus

n

B BM/I€ HEPABEHCTB Z:aqixi < bq, TO B 3TOM C/ly4yae, BBOASA [10MOJ-
i=1

HUTENbHBIE HEOTpULATESIbHbIE nepeMeHHbie V, >0, orpaHudeHus

n
MOXHO 3aMMCaTh Kak PAaBEHCTBA Y 8,X; +V, =D, . AHanoruuHeiM
i=1

n
06pa3oM HepaBeHCTBa BuAa Z:aqixi > bq NPVBOASATCS K paBEHCTBaM
i=1

n
Z:aqixi —V, =D, . 3ameTnm, 4TO orpaHuueHus, 3apaHHble B CTaH-
i=1

AapTHOM hopMe 3adauv Kak paBeHCTBa, BCEra MOXHO NpeBpaTUTh B
OrpaHUYeHUs-HepaBEHCTBa.

B kauyecTBe npuMepa paccMOTpM NMOCTaHOBKY Tak Ha3blBaeMOM
TPaHCMOpPTHON 3aaaun. Llenb 3agaunm — MUHMMM3AUMS 3aTpaT TpaHc-
NOPTMPOBKN TOBAPOB CO CKN1aAoB NoTpebuTensM. MNpu 3ToM BenYMHa
TPAHCMOPTHBIX PAacXxofoB NPsSIMO MPOMOpLMOHanbHa 06beMy MepeBo-
3UMOV NPOAYKUMWU M 3afaeTcs C MOMOLLbO TapudoB Ha MnepeBO3Ky
€AVHMULbI NPOAYKLMN.

BxoaHble napaMeTpbl MOAENU: N — KOMMYECTBO MyHKTOB OT-

MPpaBneH1st; M — KO/IMYECTBO NYHKTOB Ha3HayeHus; dj — 3amnac npo-
OYKUMM B MNYHKTE OTMNpaB/ieHNs Ai (iZH) [ea. ToB.]; bj -
CNpPOC Ha MPOAYKUMIO B MYyHKTE Ha3HayeHus Bj (j zm)
[ea. ToB.]. Cij — CTOMMOCTb MNEpeBO3KW eAuHWLbl NpoAayKUMUM U3
NyHKTa OTNpaB/ieHns Ai B MYHKT Ha3Ha4eHus Bj [py6./en. ToB.].
BbIxogHblEe NapaMeTpbl Mogenu: Xij — KOSIMYECTBO NpOoAyKUuH,

HepeBOBMMOﬁ M3 MyHKTa OTnpaBneHns Al B MYHKT HasHa4eHUs BJ

[ea. ToB.]; C; — TpaHCNOPTHbIE pacxoibl Ha MEPEBO3KY BCeW Npoayk-
unm [py6.].
STanbl NOCTPOEHUSI MOAENM TPAHCMOPTHOMN 3a1auu:
- ornpeaeneHue rnepeMeHHbIX;
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KBaJIUbUKALUU

Teopusi NPUHSATUS PELLEHWI
- npoBepka c6anaHCMpOBaHHOCTY 3aaum;

- NMoCTpoeHne cHanaHCMpPOBaHHOM TpaHCMopT-
HOM MaTpuLbl;
- 3ajaHve ueneBon hyHKUWK;
- 3aAaHue orpaHuyeHui.
Mopaenb TPaHCMOPTHOM 3a/1a4u 33[1aeTCs B ClieaytolleM Buae:

n m

CE = ZZCU—X” —> min

i=1j=1
m -
inj :ai,i =1,n,
j=1
a - (1)
ZXij = bJ, j :1,m,
i=1
VXij ZO(i =1,n; jzm)

LleneBas dyHKUMS NpeacTaBnsieT coboii TpaHCMOPTHbIE pacxo-

Obl Ha OCYLLECTB/IEHME BCEX MEpPeBO30K B UenoM. [lepas rpynna
OrpaHUYEHUIA YKa3bIiBAET, YTO 3amac Npoaykuuu B /it06OM MyHKTe OT-
NpaBfeHns AO/MKEH ObiTb paBEH CYMMapHOMY 06beMy nepeBO30K
NpoayKUMM M3 3TOrO MyHKTa. BTopasi rpynna orpaHWM4YeHui yKasbiBa-
€T, YTO CYMMapHble MEepPeBO3KM NPOAYKUMU B HEKOTOPbIA MYHKT Mo-
TpebneHns AoMKHbI NOSTHOCTbIO YAOBNETBOPUTL CMPOC Ha MPOAYKLMIO
B 3TOM nyHkTe. HarnsgHon gopmoii npeactaBnenns mogenu T3 aBnsi-
€TCs TpaHcnopTHas MaTpuua (Tabn. 1).

Tabnuua 1 — O6WMi BUA TPAHCNIOPTHOW MATpPULIbI
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lyHKTb MyHkTbl noTpebnenns, B i 3anace,
otnpasneHus, A; By B, B, efl. npo.

Al i1 | 2 | .. | Cm a

Ay €21 €22 .. | ©2m ay

An Cnl Cn2 Chm an
MoTpebHocTb, roon .
eA. npoa. by by bm Elal le :

N3 mogenu (1) cneayet, yTo CyMMa 3anacoB MPOAYKUMM BO
BCEX MyHKTax OTMNpaBeHWUs OO/MKHA PaBHSATbCS CyMMapHOM MOTpe6-
HOCTV BO BCEX MyHKTax noTpebrieHns, To ecTb

n m

2.3 =2.b; 2

=1 J=1

Ecnun ycnosue (2) BbINONHSETCA, TO 3ajadva HasbiBaeTca cba-

NaHCMPOBAHHOM, B MPOTUBHOM Cilyyae — HecbanaHcMpoBaHHOW. [o-
CKOMbKY orpaHunyeHuns mogenu (1) moryT 6biTb BbIMOMHEHbI TOIbKO
npu cbanaHcMpoOBaHHOM 3afaye, TO NPU MNOCTPOEHMU TPAHCTOPTHOM
Mogenu HeobxoamMo NpoBepsiTb ycnoBue 6anaHca (2). B cayyae, Ko-
raa CyMMapHble 3anachl NMpeBbIWaloT CyMMapHble noTpebHocTn, Heob-
XOAMM [AOMOSIHUTENbHBIA (DUKTUBHBIN MYHKT MOTPEBNEHNS, KOTOPbIN
6ynet dopManbHO NOTPeGNATb CyLIECTBYIOLWMIA M3MINLLIEK 3aMacoB, TO
eCcTb

n m
b(b = Zai — ij
i=l =1

Ecnu cymmapHble MOTpebHOCTU MPEBLILIAIT CyMMapHble 3a-
nacbl, TO HEO6XOAMM AOMONHUTENbHBIN (PUKTUBHBIN NYHKT OTNpaBe-
HWS, HOPManbHO BOCMOMHAIOLUIA CYLLECTBYIOLWMIA HEAOCTaToOK Mpo-
AYKUMW B MYHKTAX OTMNPaB/EHUS:

m n
a(b = ij — Zai
=1 =l

BBeageHve ¢UKTMBHOrO noTpebutens unu OoTnpaBUTENs MNo-
B/leYEeT HeobxoanMocCTb (popManbHOro 3aAaHust MUKTUBHLIX TapudoB
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C%) (peanbHO He CyLIECTBYIOLMNX) AN (UKTUMBHBLIX NEepeBo30oK. [1o-

CKOMbKY HaC WHTEpecyeT ornpeaeneHve Havbonee BbiroAHbIX peasb-
HbIX MEPEBO30K, TO HEo6X0AMMO MpedyCMOTPETb, YTO6bl NpU peLue-
HWUM 3adaun (MPYU HAXOXAEHUM OMOPHbIX MNaHOB) (PUKTUBHbIE Mepe-
BO3KM HE pacCMaTpuBaIUCh O TeX Nop, noka He 6yayT onpeneneHsb
BCE peasibHble NepeBo3KM.

[Ansa 3Toro Hago (UKTUBHbIE NEPEBO3KM CAeNaTb HEBbLIFOAHbI-
MW, TO €CTb AOPOrUMM, YTOBbI MPU NOUCKE peLleHns 3ajayuv UX pac-
cMaTpvBanu B caMyto MOC/IEAHIO oYepeab. TakuM 06pasoM, BenYm-
Ha (DUKTUBHBLIX TapucoB AO/MKHA MPEBLILATL MaKCMManbHbIA U3 pe-
anbHbIX TapudoB, NCMONb3YEMbIX B MOAENM, TO €CTb

C%) > Max Cjj (i = ﬁ;j = I,Tn)

Ha npakTvke BO3MOXHbl CMTyauuW, KOrga B OnpeaeneHHbIX
HanpaB/iEHUSX MEPEBO3KM MPOAYKLUUM HEBO3MOXHbI, Hanpumep, Mo
NpUYMHE PEMOHTa TPaAHCMOPTHbLIX MarucTpanei. Takve cuTyaumm Mo-
AENVPYIOTCS C MOMOLLbI0O BBEAEHUSI TaK HasblBaeMbIX 3arnpeLuatoLmx

3
TapucdoB Cjj- 3anpeuatoume Tapudbl JO/MKHbI cAenaTb HEBO3MOX-

HbIMW, TO €CTb COBEpLUEHHO HEBbIrOAHbIMW, MEPEBO3KU B COOTBET-
CTBYIOWMX HanpasneHusix. [ns 3TOro BenMuuHa 3anpeLalowmx Ta-
pucoB AOMKHA NpeBbIlAaTh MaKCUManbHbLIN U3 peasibHbIX Tapudgos,
UCMOSb3yEMbIX B MOAENU:

ij > maxc;j (i = 1,_n;j = I,_m)

PelueHne TpaHCMOPTHON 3a4a4n rpachMyeckuM MeTOAOM

Myctb HeobxoAMMO OpraHu3oBaTb OMNTMMasbHble MO TpaHC-
NMOPTHBLIM pacxofaM MEPEBO3KUM MPOAYKUMM C ABYX CKMaJ0OB K Tpem
notpebutenam. ExxemecsuHble 3anacbl NPOAYKUMM Ha CKNagax paBHbl
120 v 180 T, a exxeMecs4Hble NOTPEBGHOCTUN NOKynaTesnen CocTaBnaloT
70, 140 1 90 T coOTBETCTBEHHO. TpaHCMOPTHbIE pacxoAbl N0 AOCTaBke
NPoAyKUMK NpeacTaBfeHbl B Tabnuue 2.

Tabnuua 2 — TpaHCNOpTHblE pacxodbl MO AoCTaBke 1 T npoayKuuu
(TbIC. PY6.)

MoTtpebutenu

Cknagapl

B, | B, | B;
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A, 8 5
A, 4 9 7

()}

0603HaunM yepes Xjj KOMMYECTBO TOHH, KOTOPOE 6yneT nepe-

BE3€eHO C i-ro ckiaga K j-My notpeburento.

MpoBepuM 3ada4y Ha cbanaHCMpPOBAHHOCTb:

CyMMapHOe Hanmn4ume Ha cknagax = 120 + 180 = 300 T;
CyMMapHasi noTpebHocTb B npoaykummn = 70 + 140 + 90 = 300 T.

M3 sToro cnepyert, 4yto AaHHas 3agada cbanaHcmpoBaHa. Cba-
NAHCMPOBAHHas TPAHCNOPTHas MaTpuua npeacrasieHa B Tabnuue 3.
Tabnuua.3 — TpaHcnopTHas MaTpuua 3agayvv

LleneBast pyHKUMA 3a4aeTCs BbipaXXeHneM:

Cys =8%qq +5X15 + 6X;3 +4X9q + X9y + 7X93 — MiN (1BIC. pyO./Mec).
OrpaHudeHuns 3agaun:

Xp1 + X9 + X3 =120

X91 4 X99 + X953 =180

Xi1 + X1 =70

1 X4 + Xpp =140

X13 + Xo3 =90

Xij > O(Vi =1,2;V] =17’>)

Monoxwum, 4to X1q = U, X{o = V. Toraa MOXHO BblpasuTb BCe

OCTaJIbHblE HEU3BECTHbIE YEPE3 NEPEMEHHbIE U N V.
X3 =120-u-v;

X9 =140 —V;
Xp3 =90 — X3 =90 - (120 —u —Vv)=u+v-30.

Bbipa3uM yepes v v v uenesyto hyHKUMIO:
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F =8u+5v+6(120—u—V)+4(70—u)+9(140 —v)+ 7(u +v —30).
F =5u—3v+2050 — min.
Yy NTbiBad, YTO BCE XlJ HeoTpuuaTenbHble, NOJIy4YMM CneayroLwyro cn-

CTEMY HEPABEHCTB:
120—u-v=0

70-u=>0
140-v =0
u+v-30>0
u=0

v>0

Ana Toro 4To6bl HaWTM B MEPBOW YETBEPTM MNOCKoCTU Ouv
MHOXECTBO TOYEK, KOOPAMHATbLI KOTOPbIX YAOB/ETBOPSIOT YKa3aHHbIM
BbllWE HEPABEHCTBaM, HEO6XOAMMO CHavana MoCTPOWUTb Creaytolme

npsmeole:
120—u-v=0,
70—u =0,
140 -v =0,
u+v-30=0.

HepageHcTBa (8) onpeaenstoT Ha nnockoctu (v, u) NATUYronb-
HuK ¢ BepwwuHamu: (0, 30), (0, 70), (50, 70), (120, 0), (30, 0) (cm.
puc. 2.1).

JInHelHasa dyHKkumsa F = f{u, v) poCTUraeT HauMeHbLIEro 3Ha-
YeHWsl B OAHOM M3 BEPLIMH 3TOr0 MATWUYrofibHWKa. HeTpyaHo ybe-
AWTbCS B TOM, 4TO F = F,;, = 1690 npu v = 0, v = 120. Cneposa-
TeNbHO, Mbl HALLM ONTUMAJIbHBINA NMAH NEPEBO3OK:

%, =0, x,=120, x;=0,
X, =70, X,,=20, X,,=90.
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