Jlekums S
JIBOMCTBEHHBIE 3ATAYY U TEOPEMBI IBOMCTBEHHOCTH
3.2. TI'paduueckoe peuieHue 3a1a4M JUHEHHOT0 MPOrpaMMHUPOBAHMS
[TpowmmtocTpupyeM penienne 3aaauu rpaduaecku. s 3Toro BepHeMcs K
UCXOJIHOM MaTemMaTuieckoil mojenu (3.1) B craHIapTHOM BHJIE:
12X3 + 3xp <264,
4%, + 5xp < 136; (3.8)
3x1 + 14X, < 266;
X1 >0; x2 > 0.
Z = 6x; + 4X; > MAX.
['paduueckum metoniom pemarotes 3JII, rae Bce orpaHnyeHust 3amucaHbl B
BHJIC HEPABCHCTB M MaTEMaTH4YeCKas MOJEIb MPH ATOM COJCPKHUT JIMIIb JIBE
MEepEeMEHHBIE X1 U Xo.
Kaxxiomy HepaBeHCTBY MOJEIH COOTBETCTBYET MOJYIUIOCKOCTh. Jliis
rpaUIECKOTO N300paKEHHUS MOTYIIIOCKOCTEH CTPOMM MX TPAHUYHBIC TIPSIMbBIC

II0 ABYM IIPOHU3BOJIBHO BI)I6paHHBIM TOYKaM. J_—[HSI 9TOIro0 3aJgacM OJHY H3
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IIEPEMEHHBIX ITPOU3BOJIBHO, A APYTYIO BEIYUCIISAEM U3 COOTBETCTBYIOIIETO

ypaBHEHHUS.
Pucynok 3.1.
Ypasnenus epanuunvix npsamvix.
1) 12%; + 3x, = 264; (L1) 2) 4x; + 5%, = 136; ((2)
eciu X1 = 0, To X, = 88; ecau X1 =0, To X = 27,2;
ecan X = 0, To X1 = 22; eci Xo = 0, To X1 = 34; (3.9)

3) 3x1 + 14x, =266; (L3),
ecinu X1 = 0, To X, = 19;
ecinu X = 0, To X; = 88,7.

Ctpoum npsMble 10 HAICHHBIM TOYKaM B BHIOPAHHOW CUCTEME KOOpJUHAT
(puc.3.1). MacmTaObl Ha OCsiX BBIOMpaeM, UCXOJd U3 YAOOCTB MOCTPOCHHS.
(UepTex MODKEH OBITH TOCTATOYHO KPYIHBIM, PEKOMEHIYEM BBIMOJIHATH €T0 Ha
OTJICJILHOM CTpaHUIIE.)

KaxxmoMmy HEpaBEeHCTBY COOTBETCTBYET MOJMYIUIOCKOCTh, COIEpPKAIas TOUKY
(0;0). Ha uepTexe 3TH NOJYIIIOCKOCTA OTMEUYEHBI CTPEIKAMH.

OOmasi 4yacTh BCEX TMOJYIUIOCKOCTEH, C YYETOM YCIOBHM HEOTpHIIa-
tenpHOCTH  X1=>0; X2 >0, 00pa3yeT 3aMKHYTBINA BBITYKJIbI MHOTOYTOJIBHUK. B
JTAaHHOM 3a/1a4y€ 3TO MSTUYTOJIbHUK, OTMEUCHHBIM HA YEPTEHKE IITPUXOBKOH IO
KpasiM.

MHOXXECTBO BHYTPEHHUX W TPAHUYHBIX TOYEK MHOTOYTOJbHUKA COOT-
BETCTBYET MHOXECTBY BCEX JIONMYCTHMBIX TUTAHOB. OMOpHBIC MJIaHBI HAXOATCS B
BEpIIMHAX MHOTOYTOJbHUKA, CPEAM HHUX COJCPXKUTCS ONTHUMAIbHBINA. s
HAXOXKJIEHUSI ONTUMAIBHOTO IJIaHa 00paTUMCS K 1eJIeBON (DYHKITHH

Z = 6X1 + 4X,. (3.10)

Ha rpaduxke neneBas GpyHkims n300paxaeTcsi C TOMOIIBIO0 TUHUN YPOBHS:

Z = C (const). IlpumaBas mnoctosHHOM C pas3IWyHbIC 3HAYCHHS, MOJYyYUM

MHOKECTBO JINHUN YPOBHS:



6x1 + 4x, = C. (3.11)
OTO CeMEHCTBO MapaUIeNbHBIX MPSAMBIX, MEPHEHAUKYISPHBIX K BEKTOPY
N(6,4) — rpamueHTy neaeBoil pyHkiy. OH HalpaBJeH B CTOPOHY HAMCKOpeiiero
pocta ¢yuknuun Z. KoopauHaTel BeKTOpa paBHBl KOIPUIMEHTaM MpH

HEU3BECTHBIX B 11€JIeBOM (yHKINH Z.

[TocTpoum BEKTOpP N , U TIEPICHAUKYISIPHO K HEMY YEPE3 TOUKY (0;0)
MPOBEEM MPSIMYI0. YPAaBHEHHE ATOM MPSIMOM — JIMHUA MHUHUMAJIBHOTO YPOBHS
NPUOBLIN:

6X1; + 4%, = 0.

Ecnu 3Ty npsmyro nepememiarb napajjieibHO camMoil cebe B HampaBiIEHUU

BEKTOpa I:I, TO TOJTYYUM MHOXKECTBO JIMHUW YPOBHS, Ha KOTOPBIX 3HAYCHUE
neneBoil pynkimu Z BozpacraeT. CBOEro MaKCHMAJIBHOTO 3HaUeHUs Z JTOCTUTACT
Ha TIPSMOM, TTpoXosiiel dyepe3 TouKy A. 3HaueHne QyHKIHMH Z, BBIYUCICHHOE B
Touke A, OyaeT HauOoJbIIEeM [Jig JAaHHOM 00JacTH, T.K. NpPHU JajJbHEUIIEeM
MEPEMCIIICHUN JIMHUU YPOBHS HE OyIyT HMETh OOIIMX TOYEK C 00JIACThIO

AOIIYCTHUMBIX IINIAHOB.

3ameuanue. Ins1 MOCTPOEHUs BEKTOpa N  OMHCAHHBIM BHIIIE CTIOCOGOM
HY)XHO, 4TOObl MO ocsM koopauHaT Ox; u Oxy ObUT BbIOpAH OJWMHAKOBBIM
macimtab. Ecnu 310 ycnmoBue He COONIOACHO, TO HYKHO B3ATh OJHY M3 JIUHUUN
ypoBHs 1ieneBor ¢pyHkuuu Z, Hanpumep 6x; + 4X; = 0, U TOCTPOUTH €€ IO JIBYM

BbIOpaHHbIM Toukam, Hanpumep (0;0) u (20;-30). danee cieayer npoBECTH JTUHUIO

YPOBHSI 4Y€pe3 3TU TOYKM M TMEPHECHAMKYJSIPHO K HEW NOCTPOUTH BEKTOP N .

Jluauio ypoBHS TepeMeIiaeM MapauiebHO caMoil cebe B HampaBlIEeHUH BEKTOpa

N 10 TeX mop, MOKa MO3BOJISET 00JIACTh AOMYCTUMBIX IIJIAHOB, T. €. JI0 TOYKHU A.
HaitnemM koopauHaThl TOYKU A, 3aMETHB, YTO OHA JICKUT Ha MEPECCUCHUU

npsameiX (1) u (2). Pemum cuctemy ypaBHenui 1 u 2:



12X, + 3, = 264 12X, + 3, = 264

=)s —12x, —15x, =—408
4X1+5X2=136('(_3) " 1o% 1__1442—>x =12
2 = At

dx; +512 = 136; => 4x; =76; == x; = 19.

Koopaunatel Touku A (19;12) COOTBETCTBYIOT ONTUMAIBHOMY ILJIaHY.
[ToncraBnsst HaiiieHHbIE 3HAUYEHUS X1 U X2 B LEJNEBYIO (DYHKIMIO, TMOJIYYHM
MaKCUMaJIbHOE 3HAUYE€HUE 11eTIeBON (YHKIINU:

Zmax=19-6 +12-4=162. (3.12)

Htak, Z max = 162 mpu X3 = 19; X = 12, 94TO COOTBETCTBYET PEIICHUIO
3aJ1a4¥ CUMIUIEKC-METO/IOM.

3ameuanue. MHOTOYTOJIBHUK JIOMYCTUMBIX IUIAHOB MOXET OBITH B 4YacT-
HOCTH TPEYrOJIbHUKOM, YETBHIPEXYTOJBHUKOM U T. A. MOXET OKa3aThCs, 4TO
HOJIYIJIOCKOCTH HE HUMEIOT OO0IIMX TO4YeK. DTO O3HAauyaeT, 4To CHUCTeMa Or-
panndeHuid npotuBopeunBa M 3JIII pemieHuid HE MMEET, T.K. HET JAOMYCTUMBIX

IIJTaHOB.

3.3. JIBoiicTBeHHasi 3aja4a

CoctauM mno wmoxaenu (3.1) maTeMaTUYeCKyr0 MOJIENIb JABONCTBEHHOM

3amaud. {51 TOro BHIMUIIIEM pacIIMpEeHHYI0 MaTpuIly 3agauu (3.1):

X1 X2 CB.4.
12 3 264) u,
4 5 136 u
A= 2 (3.13)
3 14 266 | u,
6 4 0 Jceu.”

Marematuyeckue MOJENN B3aMMHO-IBOMCTBEHHBIX 33/1a4 CBS3aHBI MEXKIY
co0o}¥i 1Mo TpaBUJIaM:
1) omHa W3 3aJa4 COJACPKUT CTOJBKO HEPAaBEHCTB-OIpaHUYCHUN (WM

PABEHCTB), CKOJIBKO HEM3BECTHBIX Y APYIOil;



2) pacUIMpeHHbIE MAaTpHIBl O00eWx 3ajJad  TPAHCHOHUPOBAHBI IO
OTHOILIEHUIO APYT K IPYTY;

3) ogHa 3amada MMEET OrpaHMuYCHHs < W IEJIeBYI0 (DYHKIUIO Ha
MaKCHUMYyM, a JApyras — OTpaHUYCHHUs] > U IENEeBYIO (YHKINIO HA MUHUMYM;

4) cBOOOJHBIC YWICHBI CHCTEMBI OFPAHUYCHHH M KOI(DPHIIMEHTHI IIEICBOM
(GYHKIIUM MEHSFOTCSI MECTaMHU;

5) KaxIOMy OrpaHHYCHHIO-HEPABEHCTBY COOTBETCTBYET HEOTpHUIATEIbHAS
JIBOMCTBCHHAS TEPEMEHHAsI, a PABEHCTBY — ITEPEMEHHAsI 0€3 OrpaHUYCHUS 3HaKa (
1 Ha000poT).

N3 (3.13) monydaem ABONCTBEHHYIO 3a/1a4y B BUJIE:

12u, +4u, +3u; = 6
3u, +5u, +14u, = 4
L = 264u, +136u, + 266U, — min (3.14)

u =0, u,=0, u;=0.

JIBOMCTBEHHAs 3ajada JIMHEMHOTO IIPOTPAMMUPOBAHUS MMEET IPOCTOU
DKOHOMHUYECKHA CMBICI. B HCXOIHOW 3agaye HEpPaBEHCTBA OMMUCHIBAIN
OTpaHUYEHHsI TI0O pecypcaM M TpeOoBajloCh HAWTH TUIaH, OOECTeUYUBAIOITUI
MaKCMMyM MpUOBUIM TPU 3aJaHHBIX HOPMax pacxoja KaXkJIOoro pecypca Ha

U3EIHE.

B nBoiicTBEHHOM 3a71a4€ NEPEMEHHBIE U; umeroT cMbICT ONTUMATBHBIX 1IEH

CAMHUIIBI KaXa0ro pecypca. OrpaHMueHHs O3HAYAIOT, YTO CTOMMOCTH CBIPBA,
U3pacxoJ0BaHHOrO Ha eaumHuiy msnenus | (j=1,2), mommkHa oOecrevnBaTh €ro
MpOJaBIly MPUOBLTL HE MEHee, YeM MPUOBUIb OT MPOJAKUA CIAUHHIIBI ITOTO
u3aenus. Llenp 3akimrouaercss B TOM, 4TOOBI 0OIasi CTOMMOCTh PECypCOB ObLia
MUHUMAJILHON C TOYKU 3PECHUS TTOKYIIaTeIsl.

Takum o0Opa3oM, JBOWCTBEHHAsl 3a/aya 3aKIIOYaeTCs B OMpEAesICHUU
ONTHMAJIBHBIX OIEHOK (YCJIOBHBIX IICH) €IUHUIIBI KKIOTO pecypca MpH YCIOBUU
MHHUMAQJIBHOM CYMMapHOM CTOMMOCTH PECYPCOB.

CrpaBeIMBEI IBE meopembl 080UCHEEHHOCTU.



[lepBas (ocHOBHas) TeopeMa. Eciu oHa W3 JIBOMCTBEHHBIX 3a/1a4 MUMEET
ONTUMAJIbHOE PEIICHHE, TO U JIPyTas €ro MMEET, MPUYEM 3HAYECHUS MX LEJIEBBIX
GbyHKUMNA Ul ONTUMANIBHBIX PelleHui coBnaaaroT. Eciau onHa u3 1BOWCTBEHHBIX
3aa4 HE MMEET ONTUMAJbHOIO pEIICHUs, TO JBOMCTBEHHAas €M 3ajada
MIPOTUBOPEYHBA.

N3 OCHOBHON TEOpPEMBI JBONCTBEHHOCTH BBITEKAET, UYTO CYIIECTBOBAHUE
ONTUMAJIbHBIX pemeHnil nBoiicTBeHHbIX 3JII1 rapantupyercs HaiuumeM XOTs Obl
OIHOTO JOMYCTHUMOTO IUIaHA U1 KaXXIOW W3 JBOMCTBEHHBIX 3aJad, MpUYEM
ONTUMAaJIbHBIC 3HAYCHHUSI LIETIEBBIX (YHKIMI COBMAIYT.

Otcroga cienyer, 4yTo peuieHue o0erx JBOMCTBEHHBIX 3a7ad CHUMILIEKC-
METOJIOM MOYKHO COBMECTUTh B OJHMX CUMIUIEKC-Ta0nuuax. Kpome toro, 3Has
peneHrne OJHOM 13 ABOMCTBEHHBIX 3a7a4, MOKHO HAUTH PELICHUE APYroM 3a/1a4u,
IIOJIb3YSICh BTOPOU TEOPEMOM IBOVCTBEHHOCTH.

Bropas TeopemMa ABOWCTBEHHOCTH. /sl ONTHUMAJIBHBIX PELICHUN I1apbl

CUMMCTPUYIHBIX I[BOI\/'ICTBeHHBIX 3aa4 BBIIIOJHAKOTCA ABC I'PYIIIbI COIPSAKCHHBIX

YCIIOBHUM:
Xiv; =0, (3.15)
u;jy; =0, (3.16)
rne Xj mu Uj — oCHOBHBIE M JBOMCTBEHHBIE IEpeMeHHBIE, a Vi u Y —

JIOTIOJIHUTENIbHBIE ~ BBIPABHUBAIONIME TIEPEMEHHbIE (HMCKYCCTBEHHBIA  0asuc
JIBOMCTBEHHOMN M UCXOJHOU 3a7a4 COOTBETCTBEHHO).
B namewm npumepe
v, =6—(12u, +4u, + 3u,),

v, =4—(3u; +5u, +14u,). (3.17)

[Tonyuyaem u3 (4.15) u (4.16) cucremy



X, -(6—12u, —4u, —3u,) =0,
X, - (4—3u; —5u, —14u,) =0,
u, - (264—-12x, —3x%x,) =0,

u, - (136—4x, —5x,) =0,

U, - (266 —3x, —14x,) =0.

(3.18)

[ToncraBum B (3.18) HaiimeHHble BbIlle X1=19, Xp,=12, 11 NBOHCTBEHHBIX
MEPEMEHHBIX TTOJTYYHUM CUCTEMY JIMHEHHBIX ajreOpandecKuX ypaBHEHHM
6—-12u, —4u, —3u,; =0,

(3.19)
225u,; =0,
pemadg KOTOPYyro, HAaXO0AUM PCIICHUC ,Z[BOP'ICTBGHHOI?'I 3aJa4u.
7 5
u=—, U =—, U;=0,
1 24 2 8 3
L., =162

W, nakoHer, paccCMOTpUM MOJECIB IIEHOO0Opa30BaHuUs, KOTOpas 0a3upyercs
Ha 0ajaHce crpoca U IPeJIOKEHUS.

[Iyctb wmMeeM M TeXHONOTMYECKUX IpoueccoB. Kaxnapli u3 HUX
OMHCHIBAETCS BEKTOPOM (aij,...,anj), TI€ a; — BBIMYCK I-T0 NPOAYKTa Ha KaXIYIO
CIMHUIYy MHTEHCHUBHOCTH |-TO TEXHOJOTHYECKOro mpoiiecca. Ilycts j-ii mpoiiecc
TpeOyeT Ha KaXAyl0 €IUHUIY WHTEHCUBHOCTU Tmpolecca C, €IUHUIl TpyJa.
3a;ada COCTOHUT B TOM, YTOOBI HAMTH MHTCHCUBHOCTH Z1, Z2,...,Zm.

Al + 0y + ot oy 2 2 1

Oy + 0ply + .+ 0y 2, 20,

...................................................... (3.20)
Ayl + Ly +.ot 0, 2, 20,
rae by — HeoOXoaUMBIH BBIMTYCK i-r0 ipoaykTa, | =1,...,n. I[Tpu 3TOM 001IHE
3aTpaThl TPYAa AOJDKHBI OBITh MUHUMAIbHBIMU:
c1Z1+C1Z2+ ... +CmZm—min. (3.21)

Onpe):[eneHHe OINITUMAJIbHBIX ICH ITPOAYKTOB OCHOBBIBACTCS Ha PCHICHHUU



3aJ1a4M, KOTopas SBJSICTCS TBOMCTBEHHOM K 3amaue (3.20) — (3.21).

[Tycth Ll; — eHa eIMHMLIBI i-T0 MPOyKTa, TOTa JIBOMCTBEHHAS 3a1a4a

NMECT BUA.
lllall+l[2a21+...+11nan1£c1;
l[la12+l[2a22+...+l[nan2 SCZ; (3.22)
b1H1+b2U2+...+ann—>maX. (323)

DOKOHOMHYECKAsl WMHTEPIIPETAIlsl JBOWCTBEHHOM 3alauu: CMOUMOCHb
8LINYCKA NPOOYKYUU 6 KANCOOM MEXHOIOSUYECKOM npoyecce He O0INCHA
npesviuiams 3ampamel mpyoa (ycnoBust (3.22)). Obwuti evinyck npooyKyuu
maxkcumuzupyemcs (ycinonue (3.23)).

PaccmoTtpum npumep 1ieHooOpa3oBaHus 10 ABOMCTBEHHOM 3a/1aue.

[Tycts N =2, m =3 u matpuna Hain MMEET BUJL!

[Tpumep neHooOpa3oBaHuUs Tabauya 3.5

TexHOIOrnYecKue MmpoLecChl Z; Z; Z3 HeoOxoammblii BITYCK
bi

[Tponykr 1 1 1 2 21

[Tponyxkr 2 2 1 1 12

3atpaTsl TpyAa Cj 31 | 11 | 12

IIpsamas 3agava: MUHUMU3ALKS 3aTpaT TPy
K =312,1+117Z,+127Z3—min
IIPU OTPAHUYECHUSIX:
21+72,+223>21; 221+2,+23>12.
Pewenue 3aoauu: z2; =0; 2, =3; 23 =9, K =141.
/IBoiicTBeHHAasl 3a/1a4a: MaKCUMU3alMs BbIITyCKa
W =211];+12I[],—max
MIpY OrPaAaHUYCHUSIX:

LL+21L<31; [T +1<II; 2I[,+1][,<I2.



Pewenue 3aoauu: 7, =0; 2, =3; 23=9; W =141.

Takum o6pazom, K =W, 94T0 COOTBETCTBYET TEOPUHU JBOMCTBEHHOCTH.



