JIBOMICTBEHHOCTD B 3AJJAYAX JIMHENTHOI'O
[TPOTPAMMUPOBAHUS

3.1. IIOCTPOEHUE ABOUCTBEHHBIX MOJIEJIEN

JIBoiicTBeHHas 3a/1aya — 3TO BcromoratenbHas 3agava JII, popmynupyemas
C TMOMOIIBIO OMPEAENIEHHOTO MpaBHiia HEMOCPEJACTBEHHO W3 YCIOBUSA HCXOHOM
3alayd. 3aMeTUM, 4YTO /i1 pa3HbIX MOJEJNEeH UCXOJHOW 3ajayu MpaBuia
MOCTPOEHUS ABONCTBEHHBIX MOJENIEH OTIMYAIOTCS.

PaccmoTpum mpasuno mocTpoeHUs TBOWCTBEHHOW MOJEIH, €CIM HCXOJIHAs
3a/1ava 3ajJaHa B BUJIC CTaHAAPTHON MOJIEIIN:

Q% +aLX, +o @y x, <by,

A1 Xy + Ao Xo + e+ A Xy < by XJ-ZO, j=12,..n;

f(X)=C1X; +CyXy +... +C X,, = MaX. (3.2)

IIpasuno nocmpoenus 080ticmeeHHOU MOOENU
1. IlpoBeputh, OTBEYAET JIM UCXOHAS MOJIETH ABYM TPEOOBAHUSIM:

@) Bce HepaBeHCTBa B cucTeMe (3.1) UMEIOT OJIMHAKOBBIN 3HAK « < » (WU « 2
»).
0) ecnu ueneBas ¢yskius 3amauu JIII Makcumusumpyercsi, TO 3HAK B

HEPaBEHCTBAX JOJDKEH OBITh «<», a €cliu IejieBass QYHKIIUSI MUHUMU3UPYETCS, TO
3HaK JIOJKEH ObITh «>». B Haiiei Mojienu 3To TpeOoBaHUE BHITIOITHEHO.

2. Kaxnomy i-TOMy OTpaHMUYSHHIO WCXOJHOM 3a/laudl COOTBETCTBYET J-TOE
HEU3BECTHOE B JBOMICTBEHHOMN 3ajaye: TaK, HEPABEHCTBY
81X +859X9 +... + &, Xy < by cootBeTcTBYET V; >0 (i =1,... m).

3. KaxxJ1o0My HEM3BECTHOMY UCXOJHOW MOJIEIIM COOTBETCTBYET OTPaHUUYEHUE
JMBOMCTBEHHOM  Mojaenu. Marpurna Kodh UIMEHTOB TpPU  HEU3BECTHBIX
JIBOMCTBEHHOM 3aJlauyd SBJSIETCSA TPAHCIIOHUPOBAHHOM MATPULIEH MCXOIHOU
3agaun. HepaBeHCTBa  OrpaHMYEHHUS] HMEKOT  IPOTUBOIOJIOXKHBIA  CMBICI
HEpAaBEHCTBAM MUCXOAHOM 3amauu. [IpaBple dYacTM OIrpaHUYEHHUN PaBHBI
KodpduimeHTaM (QYHKIMH I[EeId OpsIMON 3amaud. TakuMm oOpaszom, s I-oi
[IEPEMEHHOU MOJIyYUM

x5 20> Y1+ QY+t aAniYm 26, 1=12,...m.
4. lleneBas ¢pyHKIMS JBONCTBEHHON MOJIETTH UMEET BUJI:

qlY)=by;, +byy, +...+ by



" peuiacTcs 3aga4a MUMHUMH3alUuH. 3anumem MOACIH 110 COOTBCTCTBHIO!

(1% + ... + 3, X, < Dby, [ Y1>0,

Ao X + ..o+ A X, <by Y>>0,
< A X F e+ B Xn <Dy < Ym =0,

X, >0, A1Y1+8xnYy +...+8mYm =G,
\ Xn > 0. \ AnY1+azx Y2 +...+@ppYm = Cy.
f(X)=c X +...+C, X, > Max. qY)=byy; +...+b, Yy, — min.

Takue monenu 3agauu JII1 Ha3wIBatoTCs cummempuunvimu. 3aMeTUM, 4TO B
CUMMETPUUYHBIX 3a/layax CHUCTeMa OrpPaHUYCHUM KakKk MCXOJHOW, TaKk U
JIBOMCTBEHHOM 3aJjaud 3aJacTCsi HEPaBEHCTBAMHU, MPUYEM Ha JIBOMCTBEHHBIC
MEPEMEHHBIC HAKJIAJABIBAETCS YCIOBUE HEOTPUIIATEIHHOCTH.

B cinyuae ecnu ncxonnas 3amada JIII — ocHOBHAs 3aa4a MUHUMU3AIUA, TO
JIBOMCTBEHHAsI € — CTaHJapTHAas 3ajjaya MaKCHUMHU3AILUM, MPU ITOM MEPEMEHHBIE

BTOpO# 3amaun Y; (=1, m) moryr umers moboii 3Hak. [lapa Takux 3amaq uMeeT

BUJI:
(811X + ..+ 835X, =Dy, [ V150,
81Xy + .+ 8o Xy =Dy, Y250,
< Q1 Xy + 8 Xy =Dy, < YmsO,
X1 20, ap Yr +anys +.tmYm <Cps
\Xn > 0. \ ApYr tax Yo .ot 8y Y <Gy,
f(X)=cX +...+Cy%X, — Min. qY)=byy; +...+b, Y, = max.

3aMeThM, 4YTO JUIsl TOJYYEHHOW JBOMCTBEHHOM MOJEIN MOXHO TaKXKe
NOCTPOUTh MO TEM JKE€ MpaBWJIaM JBONCTBEHHYIO MOJENb, KOTopas Oyner
MPEJCTABIATh UCXOAHYIO Moenb 3JII1.

3.2. TEOPEMBI JBOMCTBEHHOCTU

Jims  OBOWCTBEHHBIX  3aJay  CHOPABEIJIMBBI  CIEAYIOIIUE  TEOPEMBI
JIBOMCTBEHHOCTH.

Teopema 1. Eciiu X — mo60e omopHOE pelnieHne UCXOMHOW 3axaud, a Y —
J1r000€ OMOPHOE PEIIeHUE COOTBETCTBYIONICH it ABOMCTBeHHOM 3a1aun, To f(X) <

q(y).
Teopema 2. Ecnu oaHa u3 B3aMMHO JBOMCTBEHHBIX 3aJlad HUMEET
ONTUMAJIBHOE PEUICHUE, TO U APYrasi TOKE UMEET ONTUMAIIBHOE PELICHUE, ITPUUEM



ONTUMAJIbHBIE 3HAYCHUS MENeBbIX (QYHKIUH paBHBI MexXay co0oil f(Xmax) =
q(Ymin)-

Teopema 3. Ecnu ogHa u3 B3aMMHO JBOMCTBEHHBIX MOJICJIEN HE HMEET
ONTUMAJILHOTO pelleHus (Hampumep, IeyeBas (QYHKIHUS HE OrpaHuyeHa), TO H

Apyrad HEC UMCCT JOIIYCTHMBIX pGIHeHI/Iﬁ, TO CCTh CUCTCMA OFpaHI/I‘{eHI/Iﬁ B HEU —
HECOBMECTHA B 00JIaCTH IIJIAHOB.

Teopema 4. Ilycth oaHa u3 B3aWMHO JIBOMCTBEHHBIX 3a7a4 HMeEET
onTUMalbHOE pelieHue. Toraa N HEU3BECTHBIX M OTPAHUYECHUN BBITIOIHSIOTCS
CJIEAYIOIINE YCIOBHUS:

1) €ClIn KOOpAHWHAaTa Xj OITHMaJIbHOI'O ILJIaHa HCXOI[HOﬁ MOJICJIIN CTPOTO
ITOJOXUTCIIbHA, TO COOTBCTCTBYIOIICC OI'paHUYCHHC BBIITOJIHACTCA Ipr
MMOACTAHOBKC B HEI'O KOOPAWHAT OIITUMAJIBHOI'O PCIICHUS, KAK YPABHCHHUC,

2) ecnu TpU TMOJACTaHOBKE X,,, B Kakoe-TMOO OTpaHUYECHHUE MCXOIHOMI
3a7a4M OHO BBIMOJIHAETCA KaK CTPOro€ HEPABEHCTBO, TO COOTBETCTBYIOIIAS €MY
MepeMEHHas yj paBHa HYJIIO.

Teopema 5. [[ns Toro 4toOBI JIBa JOMYCTHUMBIX pemieHus X* u Y* mapbl
JIBOMCTBEHHBIX 3a/lad ObUIM ONTUMAJIbHBIMH PEIICHUSIMHU, HEOOXOIUMO U
JIOCTaTOYHO, YTOOBI OHU yJIOBJIETBOPSUIA CUCTEME YPaBHEHUM:

* m * .
X (Zaijyi —¢) =0, j=12,..n.
i=1

n
yi (O, ajj X; —b)=0, 1=12,..m.
=1

3Has ONTUMAJbHOE PEIICHWE OJHOW U3 JBOMCTBEHHBIX 3aJayd, MOXKHO,
HCTIOJIB3YSl TEOPEMBI IBOMCTBEHHOCTH, HANTH ONITUMAJILHOE PEIICHUE IPYTOM.

IIpumep. Bepuemcs k 3amaue (2.3), perieHre KOTOpO# MOIydYeHO B pasjielie
2. IloctpouM mJist 3aAaHHOM MOJIENIM ABOMCTBEHHYIO M PEIIMM €€ C MOMOIBIO
TEOPEM JIBOMCTBEHHOCTH:

(12X, + 4%, <300, (Y120,
4%, + 4%, <120, Yy, 20,
{ 3% +12x, <252, { Y320,
X, >0, 12y, + 4y, +3y; = 30,
\xzzo, \ 4y, +4y, +12y, > 40,
f (X) =30x; +40x, — max. q(Y) =300y, +120y, + 252y — min.

JIBoiicTBeHHast mozaens 3aaauu JIII moctpoena no npaBuily, U3J10KEHHOMY paHEE.

Ham HN3BCCTHO, YTO MCXOAHAsA 3aja4ad UMCCT OIITHMAJIbHOC PCIICHNC



X = 1218, f X, =1080.

Bocnosibzyemcs riepBor TEOPEMOU JBOMCTBEHHOCTH. JIBOWICTBEHHAS MOJEIIb
TOX€ HMMEET ONTHUMAJIbHOE PEIICHHUE, MPUYEM ONTHUMAJIbHOE 3HAYCHUE LEICBOU

¢ynxuu (Y) Toxe pasao 1080, To ects q Y,,;; =1080.
Janee, OyaeM UCIONB30BaTh TeopeMy 4. HauHeM ¢ mepBoii 4acTH:
X =12>0 = 12y, +4y, +3y; =30,
X, =18>0 = 4y, +4y, +12y; =40.
[TofcTaBUM ONTUMATIBHOE PEIICHUE Xmax B OTPAHUYCHUS 3a/1a4H:
144+72=216<300 = vy;=0,
48+72=120=120 = vy,>0,
36+216=252=252 = y;>0,

[Tonyuyum cucTeMy ypaBHEHUH JJisl ONpEACICHUs ONTUMAILHOTO PEHICHUS
JIBOMCTBEHHON MOJICIIH:

12y1 +4y2 +3y3 B 30 4y2 + 3y3 == 30
4y, +4y, +12y; =40 = 4y, +12y, =40
yl =0 yl = 0

Honyume: ;=5 y,=1.30-10)-20, v, (0,2, 1)),

[Tposepum pacuet: (Y, ) =120- % +252- % =1080.

f(Xmax) =9 (Y min ) 3amava pernena.

3.3. DKOHOMUYECKASI UHTEPIIPETALIMS ITIEPEMEHHBIX JIBOMCTBEHHOI 3AJJAUN

3anuueM OCHOBHYIO M IBOMCTBEHHYIO 3a/1a4U.

HUcxonnas 3amaga JIBOMICTBEHHAs 3aj1a4a
n m
f(X)= ¢x;— max. ql)=> b;y; >min.
j:l |:1
MIpU OrPaHUYCHUSAX Py OrPaHUYCHUSAX
n . m
Zainiji, 1=1,..m; ZaijinCj; j=1,...n;
J:l |:1
szo, ]=1,..n. y; 20, 1=1,...m.




VYcnoBust HICXOMHOW 3a7ja4l MHTEPIPETUPYEM cieayromuM obpazoM. Hamo
IUIAaHUPOBATh O00BEM MPOU3BOACTBA HEKOTOPOTO MPEINPUATHS, HNMEIOIIEro
pecypcsl Si B 00beMax b;.

B 3amaue ajj COOTBETCTBYeT pacxoXy ChIpbsl I-rO BHJa HAa HM3TOTOBJICHUE
IPOIYKIMU BUJA |; ¢j — BEUYMHA IPUOBLIH, MPUXO/IIASICS HA SMHUILY TIPOTYKIIIN
J-ro BH1A.

Hcnonb3yeM paBeHCTBO 3HAYECHMM LeJeBbIX (YHKIMN JBYX 3ajad u

m
npoananusupyeM popmyry f(X)=q(Y)=> b;y; c Touku 3penus pasmepHocTeit
i=1

BXOAAIIINX B HEC BCIIMYHH.

m
[TpuOBLTE OT IPOTYKITHH 3amac pecypca i CTOUMOCTB
. - X
BUJA | B ICHEKHBIX €]1. z B €]1. pecypca €. pecypca
i=1
O‘-IGBI/II[HO, 49TO IICPCMCHHEIC I[BOﬁCTBCHHOﬁ 3a1a4u yi MNpcaACTaBLAIOT LCHHOCTD
eIUHUIIBI pecypca I. VX Ha3bIBAIOT yuemHbiMu, HeSIGHbIMU UTU MEHEeBbIMU YEHAMU.

Ucxons w3 3TUX TIPEIACTaBICHWM, 33Jayd JBOWCTBEHHOM IIapbl MOXHO
chopMyJTUPOBATh CIACAYIOIIAM 00pPa30M.

Mcxonnas 3aga4ya. HaliTh KOIMYECTBO €IMHUIL Xj KaXKIOTO BUA ITPOMYKIIHH,
KOTOPOE HY>KHO BBIITYCTUTH IPH JAHHOM JOXOAE Cj OT €IMHULI IPOAYKIUH |-TO
BUJIa ¥ JAHHOM TIPEJICIIbHOM MTOTPEOJICHUH KaXKIOTO U3 UMEIOIIUXCS pecypcoB bj
YTOOBI ITOJYYUTh OT BCETO MPOU3BOJICTBA MAKCUMAIBHYIO ITPHUOBLIb.

JABoiicTBeHHass 3ajgavya. Kakyro LeHy Y CHEQyeT Ha3HAYUTh ECIUHUIE
KaXJI0ro W3 pecypcoB b ans MuHUMH3aMKA OOIIEH CTOMMOCTH 3aTpar Ha
MPOU3BOJACTBO BCEH MPOTYKIIHH.

JIBOMCTBEHHBIE OIIEHKM MOTYT OBITh KCIOJIb30BaHbI [IJISl  OMNpeAeIcHUs
MPUOPUTETA UCTIOJIb3YEMbIX PECYPCOB B BEIMUUHE 11EJIEBON (QYHKIIUU.

B npuMepe ucxomHas 3ajada HWHTEPIPETHPOBANIACH KaK 3ajaya O ChIPhE
(JacTHBIN clTydait 3aJ1aun 0 pecypcax).

20 10
Msb1 nomyuwin  Yq =0, Yo =?, Y3 =§. OTO 3HAYUT, YTO 3HAYMMOCTh
IIepBOro pecypca HE BbICOKA, YBCIMYCHHC 3araca TOJIBKO 3TOro ChIpbs HE
yBEIUYUT NMpUObUIH. bosiblliee 3HaUYeHUEe UMEIOT BTOPOM U TPETUHN BUJIBI CHIPHSI.



