TEOPETUYECKUMN MATEPUAJI

OO0masi 3aga4a JTUHEHHOT0 MPOrPAMMHUPOBAHUS

B nmanHom pazmene OymayT coaepKaThbCs CBEICHHUS W WH(POpMAIUs IO
KypCcy JMHEHHOTO NPOrpaMMHUPOBAHUS C TEM, YTOOBI CHUCTEMATU3UPOBATH
3HAHMS O MAaTeMAaTHYECKUX METOJIaX PEHICHUS ONTUMHU3AIMOHHBIX MOJENEeH U
co3daTh IIEJIOCTHOE TMPEACTABICHHE O MaTEMaTHYECKOM O00eCTIeUeHUU
JMHENHBIX ONTUMHU3aUOHHBIX MOJICIICH.

JluneitHpie MoOIEnM  SABIAIOTCS OAHUM U3 Hambojee aKTUBHO
HCITOJIB3yEeMBIX KJIACCOB MaTEMAaTHUECKUX MOJICIICH.

WN3naBHa nuHedHas ¢yHKUUS OblIa BaXHBIM  MaTEMaTUYECKUM
WHCTPYMEHTOM B (PU3WKE, XMMHUHU, aCTPOHOMHH, YIKOHOMHKE W BOOOIIE BE3E,
/i€ YEJIOBEK XOTeJ OOBSICHUTh U YNOPSAI0UUTh HaOItoaeMble siBjaeHus. 1 ato
€CTECTBEHHO — JIsl BCAKOT'O HAOIO/ICHUS TUHEHHAas: (PYHKITUS SBISETCS CaMOn
yA00HOW MaTeMaTUYECKON MOJIEIIbIO, M €10 OXOTHO MOJIB3YIOTCHI.

Koneuno, ceifuac mosie mMaTeMaTHYECKUX NPUIOKEHUN 3HAYUTEIHHO
pacmmpuiioch. Ho mo-mpekHeMy JIMHEWHBIC MOJETH MPUBIICKAIOT OTPOMHOE
BHUMaHHe. OHU CPaBHUTEIHHO MPOCTHI, XOPOIIO pa3paboTaHbl, JOMYCKAOT
MOJIHOE MCCJIEOBAHKUE U JIOCTATOUYHO d(D(PEKTUBHBI B IIEJIOM PsiJIe CTaHIAPTHBIX
CUTYyalUu.

Jlunetinocms — 3TO CBOMCTBO MaTeMaTHYECKUX BBIPAKEHUN U (DYHKITUH.
Beipakenue Buaa ax+by+c, IJie X U y — MEepEeMEHHbIC BEJIUYHHBI, a a4, b 1 ¢ —
MOCTOSIHHBIE YK CJIA. HA3BIBACTCS IUHEUHBIM OMHOCUMETLHO NEPEMEHHBIX X U ).

B cnywae ecnu mepeMeHHBIX OOJNBINE MBYX — X1, X2, ..., Xn, JIAHEHHOE
BBIPOKEHUE OTHOCUTEILHO ITHX MIEPEMEHHBIX UMEET BUJT

g +a,;x, +a,x, +---+a,X,,
rne a,,d,,a,,...,a,— MOCTOSHHBIC YHCIIA.

3aMeTHM, YTO B JIMHEWHOE BBIPAKEHUE BCE MEPEMEHHBIC BXOISIT B TIEPBOM

CTCIICHN M1 HUKAKHUC IICPCMCHHBIC HC IICPCMHOZKAIOTCA.



JluneitHOe TIporpaMMUpPOBAHUE SIBISIETCS HAnOOJIee W3BECTHBIM U OJHHUM
13 HanboJee MUPOKO UCTIOIBb3YEeMbIX HHCTPYMEHTOB. DTO MAaTEeMAaTHUYECKHI METOT
pelIeHUs 3aJayd ONTHUMAJIBHOTO PACHpPENEICHUs HMMEIOIINXCS pecypcoB (Win
JICHET, WU MaTepHUajioB, WA BPEMEHHU) I JOCTIDKCHUS OMpPEICIICHHON e
(HamOOJIBIIIETO AOX0/Aa WJIM HAMMEHBIIINX H3/ICPIKEK).

Jlunetinoe npoecpammuposanue — STO YACTHBIA pa3fes ONTUMATHHOTO
mporpaMMHUpoOBaHus. B CBOIO ouepeny onmumanvHoe (Mamemamuieckoe)
npocpamMmuposanue — pasieNl TPUKIATHOW MaTeMaTHKW, W3YYarolIWid 3aaadu
YCIIOBHOW ONTUMM3AIMU. B dKOHOMHKE TakuWe 3ajaud BO3HHUKAIOT TIpHU
MPAKTUYECKON peaju3alud TPHUHIHMIA ONTHMAIBHOCTH B IUIAHUPOBAHUU U
YIPaBJICHUH.

Mamemamuyeckas modenb 3a1a4u — 3TO OTPAKCHUE OPUTHHAIA B BUJIE
byHKUMNA, ypaBHEHUH, HepaBeHCTB, Iwmdp u T.a0. Mogens 3aaauu
MaTEMaTUYECKOro MPOrpPaMMHUPOBAHUS BKIIIOUYAET: COBOKYITHOCTh HEM3BECTHBIX
BeITUYUH X1, X2, ..., Xp ; IEJNEeBYIO (yHKIUIO (mMoka3atenb 3()(PEKTHUBHOCTH,
KpUTEpPUI ONTUMAIBHOCTU, (PYHKIUIO LEIU U Jp.); YCIOBUS (WU CUCTEMY
OTpaHWYCHHI), HajaraéMbIX Ha HEW3BECTHBIC BEIHMYMHBI, COBOKYITHOCTH
KOTOpbIX 00pa3yeT 00yiacTh JAOMyCTUMBIX pereHuit (). Takum oO6pa3zom, MbI
MO>KEM 3aIMcaTh MaTeMaTUYECKYIO0 MOJIEb B CJICIYIOIIEM BUIE

F=f(x1, x2, ..., xp)—max (min)

0 (%1 X e X, ){S = 20 (I=1n) (1.1)

X, €, (j=1n)

HeoOxoaumbiM  yCcliOBUEM HCIOJIB30BAaHUSI ONTUMAIBHOTO TMOJX0Ja K
TUTAHUPOBAHUIO U YIIPABICHUIO (TIPUHIIMIIA ONTUMAIBLHOCTH) SIBISETCS THOKOCTD,
ATBTEPHATUBHOCTD TPOM3BOACTBEHHO-XO3SMCTBEHHBIX CHUTYyalllil, B YCIOBUSIX
KOTOPBIX TPHUXOAUTCS MPUHUMAThH IUIAHOBO-YIIpaBleHYeCKHe perieHus. IMeHHO
TaKWe CHUTyallud, KaK TPaBUJIO, M COCTaBIISAIOT TIOBCEIHECBHYIO TIPAKTUKY
XO3SUCTBYIOIIETO  CyObekTa  (BBIOOp ~ TPOW3BOJICTBEHHOW  MPOTpPaMMBI,
NPUKPEIUICHHE K TIOCTAaBIIMKAM, MapIIPyTU3alus, packpol MaTepHayosB,

MPUTOTOBJICHUE CMECEH U T.1I.).



PaCCMOTpI/IM OCHOBHBIC IIPUMCPbBI S3KOHOMHUYCCKHUX 3a/ia4, CTaBOIUC
KIIACCUYCCKHMMM.

3aodaua NJIAHUPOBAHUA np0u3eodcm6a (361061’-!61 O HAUJIyYUiem ucnojib306dHuu

umernuwuxci DBCVDCOG)

[TycTh HekoTOpas TPOWM3BOJACTBEHHAS €IMHUIA NPOHM3BOAMT N BHIOB
nponykuun P, (] =1,n), 3aTpadmBas mpy TOM M TUIOB pecypcoB R, (i =1m).
M3BeCTHBI CIIEAYIONINE TApaMETPHI:

¢,(j= 1,n)— LeHa eAMHHLBI IPOAYKLHH j-r0 BUAa (BEKTOP LCH);

b, (i = 1,m) — 3amac i-ro pecypca (BEKTOp pecypcoB);

ChY (i =1,_m; J :1,_n) — KOJHYECTBO I-r0 pecypca, HEOOXOAMMOE IS
IIPOM3BOJICTBA CIMHUIIBI TPOAYKIIMK |-TO BHUAA (TEXHOJIOTHYECKAs MaTPHIIA);

X, (J= 1,n) — IUIAHHpYyeMblil 06BEM IIPOU3BOACTBA j-IO BHIA POLYKIIHH
(TUTaH MPOM3BOJICTBA), MIPU KOTOPOM OOECTIEUMBACTCS MAaKCUMyM MNPHUOBUIA MpPU
UMEIOIINXCS Pecypcax.

CocTaBUM 3KOHOMHKO-MAaTeMaTHICCKYIO MOJICIIb JaHHOW 3aJIavH.

Tak kak Cj — [CHa CAMHUILI IMTPOAYKIINN j-l"O Buaa, Toraa CTOMMOCTD Xj

eZIMHUI Oy/IeT paBHa C;X;, a [eHa o0uero 00bemMa NpoIyKIHH:
n
F =CX +CoXp +..4+Co X, = D_CjX;
j=1

Tax kak @;;X; — pacxox i-ro pecypca Ha MPOU3BOJCTBO X; €IMHHMIL J-TO

BHUJIA MPOAYKIMHU, TO IMPOCYMMHPOBAB PAcXoJ I-rO pecypca Ha BBIIYCK BceX N
BUJIOB TPOJYKLUHHU, MOJIYYUM OOILIMH pacxoi 3TOr0 pecypca Ha MPOU3BOICTBO

IPOIYKIMH, KOTOPBIH HE TOJDKSH IpeBhIaTh b :

n -
j=1



YtoObl HMCKOMBIA TUIaH X =(X,%,,....X,) OBUI pealeH, Hapsagy c
OTPaHUYEHUSIMH Ha PECYpPChl HY>)KHO HAJIOKUTh YCJIOBHE HEOTPHUIATENHLHOCTH Ha
00BEMBI X; BBIIYCKA IPOIYKIHH:

x;20,(j=1n).

Takum oOpa3zom, Maremaruyeckas MOJENb 3aJaud O IUIAHUPOBAHUU

IMpOU3BOACTBA IPUMCET BHU:

F:Zn:cjxj—>max (1.2)
j=1

> ayx; <b,(i=1m), (1.3)

j=1

X; 20,(j=1n). (1.4)

Uraxk, (1.2) - (1.4) — MoaeIb TOCTaBIICHHOM 3aJ1a4H.

TDClHCI’lODI’l/lHaﬂ 3a0ayd.

[Iycth MMeeTcss M IpOM3BOAUTENCH, Y KaKAOTO U3 KOTOPBIX HAXOAUTCA
a;,(I=1,m) enuHWI] OMHOPOJHOTrO TOBapa. DTOT TOBApP HYKHO IOCTaBUTH N
MOTPEOUTENSIM, MOTPEOHOCTH B TOBape KOTOPHIX COOTBETCTBEHHO paBHA

b j,(j :1,_n) CIAUHUI], Y4TOOBI OOIas BeIWYMHA TPAHCIIOPTHBIX M3JCPIKEK ObLia

MHWUHHUMAJILHOU.

[puuem: iai :Zn:bj .
=1

i=1

N3BeCTHBI ClieIyOIKE MapaMeTphl:

i (I=1,m; ] =1n) — CTOMMOCTb IEPEBO3KH CAMHHILEI TOBApa OT i-TO

IPOM3BOIUTEIIS J-MY TIOTPEOUTEITIO.

1,m;j=1n) — KOIMYECTBO TOBapa, TIMEPEBO3MMOE OT I-TO

X;j, (i
NPOM3BOIUTEIIS J-MY TIOTPEOUTEITIO.

Jliis ynoOCcTBa CTOMMOCTh TEPEBO3KH Cij,(i —1m: J =1,_n) A KOJHAYECTBO

NEPEBO3MMOTO ToBapa X, (I =1,m; j =1,n) MOKHO 3anucaTh B BU/IE MATPHIL;



C= [Cij ], (i=1m; j =1 n) — marpuua Tapudos.
X = [Xij ], (i=1,m; j =1, n) — MaTpuua nepeBo3oK.

MaremaTtuueckas MOJICIIb TpaHCHOpTHOﬁ 3a1a491 IMIPUMCT BUJI:

F :Zm: Zn:cijxij —min (1.5)
Zn:Xij =a;,( =1—m) (1.6)
j=

> %, =by.(j =17 )
x; 20,( =1,m; j=1n) (1.8)

(1.5) — ueneBast pyHKIUS, OMMCHIBAIOIIAS TPAHCTIOPTHBIC 3aTPATHI;

(1.6) — Bech IPOAYKT M3 MYHKTOB MPOU3BOICTBA JIOJIKCH OBITh BHIBE3CH;

(1.7) — cripoc moTpeduTesei J0/KeH ObITh YOBICTBOPEH;

(1.8) — yciioBUs HEOTPUIATESIILHOCTH MTEPEMEHHBIX MCKIIIOUAIOT 0OpaTHBIC
HEPEBO3KHU.

Urak, »>th 3amaun  SBISIIOTCS  IpUMEpaMy  334ad  JIMHEWHOTO
MPOTPAMMHUPOBAHUS W PEMIAIOTCS TPH TOMOIMM MAaTEMaTHYECKHX METOIOB
ONTUMH3AIINH.

CyTh mpHWHIOWMNA ONTUMAJLHOCTH COCTOWT B CTPEMJICHHM BBIOpATh TaKOE

ILUIAHOBO-YIIPABICHIECKOE pELICHHe X =(x,,X,,...,x,), TAe Xx;,(j=Ln) — ero

KOMITOHEHTBI, KOTOpPOE HAWIY4IIHM OOpa3oM YYHUTBHIBAIIO OBl BHYTPEHHUE
BO3MOXKHOCTH M  BHEIIHHUE YCIIOBUSI  NPOM3BOJCTBEHHON  JIESITEIBHOCTH
XO3MCTBYIOIIETO CyOBEKTa.

CnoBa «HamJIy4dImuM o00pa3oM» 37eCh O3HAYalOT BHIOOP HEKOTOPOTO
KpUTEpPHUSI ONTUMAILHOCTH, T.€. HEKOTOPOTO HKOHOMHYECKOTO TOKa3aTels,
MO3BOJIAIONIECTO  CpaBHWBATh A((PEKTUBHOCT, TEX WIM MHBIX ILJJAHOBO-
VOPABJICHUYECKUX  pemieHud.  TpaguImoHHBIE  KPUTEPUM  ONTHMAIBHOCTH:

«MAKCUMYM TPUOBLINY, K(MUHUMYM 3aTpaT», KMAaKCUMYM PEHTA0EIbHOCTUY U JIP.



CnoBa «yuuThIBaJIO Obl BHYTPEHHHE BO3MOXKHOCTH M BHEIIHUE YCJIOBHS
MPOM3BOJCTBEHHONW JEATEIBHOCTH» O3HAYalOT, 4YTO Ha BBIOOp TUIAHOBO-
yIPaBICHYECKOTO pelieHus (TOBEICHNs) HAKIIabIBACTCS PSIIT YCIOBUH, T.€. BEIOOD
X OCYIIECTBIAETCS U3 HEKOTOPOH 061acmu BO3MOXKHBIX (O0RYCMUMBIX) peueHul.
OTy 0071aCTh Ha3bIBAIOT TAKXKE 001aCMbl0 ONnpedeneHUs 3a0ayu.

Takum obOpazom, cTanmapTHas GOpMYyIUPOBKa OOIIEH 3aauu JTUHEHHOTO
IPOrpaMMHUPOBAHUS BBIMJISIIUT Tak: TpeOyeTcs HAMTH SKCTpeMalbHOE 3HAUYEHHE
nokaszaresis dppekTUBHOCTHU (11e71IeBOM (PYHKIIUN)

f(X) = cpx, +¢,x, +---+¢, X, — max(min) (1.9
pU JIUHEHHBIX OTPAaHUYUTEIBHBIX YCIOBHUSAX, HAKJIAJBIBAEGMBIX Ha AJIEMCEHTHI
peLICHNUS:

—

a; x, +a;,x, +...+a;,x, {S, =, Z}bl,

Ay Xy + AppXy + ..ot Ay X, S, =, 205, (1.10)

<

(__9mi¥1 +a,,XxX, +...+a,,x, {S, =,2}bm,
x; 20,(j=1n), (1.11)
rae aij, bi, C; — 3aJaHHBIC YHCIIA.

VYenosue (1.11) HeoOs3aTenpbHO, HO €ro Bcerja MHpH HEOOXOIWMOCTH
MOXXHO H00HMThcss. O6G03HaYeHHe {<,=>} TOBOPUT O TOM, YTO B KOHKPETHOM
OTPaHUYEHUH BO3MOXKEH OJHMH U3 3HAKOB: <,= WIH >.

OO1ryt0 MOCTAaHOBKY 3aJaud JIMHEHHOrO MPOrpaMMHUPOBAHUS MOYHO

3anucath B 0ojiee KOMIakTHOU popme:

HalTU MaKCUMYM WJIM MUHUMYM (DYHKIIMH.

f(X)=f (xv x2, ..., xn)zilc,.xj (1.12)
=

IIPU OTPAaHUYICHHUAX

iaijxj{s,zzmi,(izL_m) (1.13)

=

X; 20,(j=1n) (1.14)



3amava (1.12) - (1.14) — oOmas 3amava JUHEHHOTO MPOrPaMMUPOBAHHMS,
WHAYe — MaTeMaTH4YecKas MOJCNIb 3a7aud JIMHCHHOTO MpOrpaMMHpOBAHUS, B
OCHOBE IMOCTPOCHHS (pa3pabOTKH) KOTOPOH JieXKaT MPHHIIMIIBI ONTHMAJIBHOCTH U

CHUCTCMHOCTHU.

BekTop X =(X1, X2, ...,Xn) (HA0Op YIPABISIOMMX IIEPEMEHHBIX ) HA3BIBAETCS
0ONYCMUMbIM peuleHuem, I NHIaHOM 3a0adu, WA 8eKMOpoOM YNpaeieHus:, I
nogedeHueMm ONTUMAIILHOTO MTPOTrPAMMUPOBAHMS, €CJIU OH YIOBIETBOPSIET CUCTEME
orpannuenuit (1.13) u (1.14). HeotpunatensHoe 6a3ucHOE JOMYyCTUMOE PEIICHUE
3a[a4d HA3bIBACTCS ONOPHLIM MIAHOM. A TOT TmaH X =(X1, X, ....Xn) (OmOpHOE
pelieHne), KOTOPBI JIOCTaBISET MAaKCUMyM WIM MHUHUMYM IeleBOM (yHKIHUU
f(x1, x2 ..., xn) (1.12), HaspIBacTCI onmumanvhuvim nianom (ONMUMATLHBIM
nogedeHuem, Wi MPOCTO peuleHuem) 3aa4i THHEHHOTO TPOrPaMMHUPOBAHHUS.

Takum o0Opazom, BBIOOP ONTUMAIBHOTO YIPABJICHYECKOTO IMOBEACHUS B
KOHKPETHOM MPOU3BOJICTBEHHON CHUTYyallMd CBSi3aH C IPOBEACHUEM C MO3UIUN
CUCTEMHOCTH M ONTUMAJIbHOCTU PEUIECHUA 3a/1a4i JUHEWHOrO0 IPOTrpaMMHUPOBAHMSL.
OnTumanbHOE PEIlIeHHE MOXKET ObITh HE €IMHCTBEHHOE. BO3MOXKHBI Cilyyau, Korja
OHO U HE CYILIECTBYET.

PaccMmoTpum uncinoBoy nmpumep 3a1a4u JIMHEWHOTO ITPOTPAMMUPOBAHMUS.

Ilpumep 1. Gupma BBITYCKAET JBA BHUJA JAPEBECHO-CTPYKEUHBIX TUIUT —
oObI4HbIC U yiyulieHHbIe. [Ipyu 3ToOM MPOU3BOASTCS JBE OCHOBHBIE OMEPAIMA —
npeccoBanue U oTAenKka. COCTaBUTh AKOHOMHUKO-MAaTEeMAaTUYECKYIO0 MOJICIb 3a/1aun
MIPU MOMOIIY KOTOPOM TpeOyeTcs yKazaTh, KAKOE KOJIUYECTBO IUIAT KaXK0ro THUIa
MO>XHO HM3TOTOBUTH B TEYEHHE MecAlla TakK, 4YTOObI 00ECIeunTh MaKCUMAaJIbHBIN
JIOXOJT TpU OTPAaHUYEHUSX Ha pecypchl (MmaTepuan, BpeMs, 3aTpaThl)
MpeacTaBlIeHHBIX B Tabmuie 1, ecnmu 3a kaxnapie 100 oObUHBIX TUIHAT (uUpMa
MoJy4yaeM 10x01, paBHb 80 aeH.ex., 3a kaxapie 100 mmT yaydiieHHOro BUjIa —
100 nen.ex.

Tabmua 1

3aTpaTsl [Taptus u3 100 mout Nwmerommecs




pecypchl Ha
OOBIYHBIX | YITYUIICHHBIX
MECSIIT
Marepuain (kr) 5 10 1000
Bpewms Ha nipeccoBanue (4) 4 6 900
Bpewms Ha oTaenky (4) 4 4 600
CpenctBa (J1eH.ex.) 30 50 6000

Pewenue: llepeiigeM K  IIOCTPOCHHIO MAaTeMaTHYECKOW  MOJIEIIH
MTOCTABJICHHOW 3aJ1a4H.

Begaewm crnenytouue o6o3nadenus. [lycts x; — konnyectBo naptuii B 100
IJTUT OOBIYHOTO BHUJA, U3rOTABIMBAEMbIX B TEUEHHE MECSIA, a X2 — TO K€ s
IUTUT YIYYIIEHHOTO Ka4eCTBa.

Torna okugaeMsliil T0X0 MOKHO 3aIMCcaTh TaK:

f =80x; + 100x, — max. (1.15)

Jlist uzroroBnenus x; naptuii B 100 Mt oOBIYHOTO BHJIA U X2 TIAPTHI B
100 T ymydmeHnHoro Buaa tpedyercs Sx; + 10x; kwmmorpammoB nepesa. SIcHo,
YTO TMOJYYEHHOE YHCIO HE MOXET IPEBOCXOINTh KOJIUYECTBO MAaTEpHAIIa,
uMerouierocst B Hanuuuu, 1.€. 1000 xr. Tem caMbiM, orpaHWY€HHE HA MaTepHall
nMmeet BuI: Sx; + 10x, < 1000.

[TogoOHBIM ke 00pa3oM pacCYMTHIBACTCS OTPAHUYCHHUS Ha BpeMs
W3TOTOBJICHUSI U 3aTPaThI:

npeccoBanue:  4x; +6x2 < 900,

ornenka:  4x; +4x, < 600,
sarpatel:  30x; +50x, < 6000.

Hapsiny ¢ orpanmdeHusIMH Ha pecypchl HYKHO HAJIOXHUTh  YCIIOBHUE
HEOTPHUIIATETLHOCTH Ha 00BEMBI BBITTyCKA TUTHT:

x1 >0, x, >0.

HUrak moaBeaem wurtor: TpeOyeTCs HAWTH TaKWe 3HAYCHUS X1 U X,
MOAYMHEHHBIE YCIIOBUSIM
[ 5x; + 10x, < 1000,

4x1 +6x2 < 900,




4x1 +4x, <600, (1.16)

30x; +50x, < 6000,

x1 >0,

xp > 0,
JUTSE KOTOPBIX

f =80x; + 100x, — max.

Urtak, cootHomenust (1.15) — (1.16) u ecTb MaremaTuyeckass MOJECIb
3aJa4d TOCTABICHHOW B JaHHOM MpuMepe. JTa 3agada OyAeT pelieHa IMO3Ke,
MocJIe TOrO Kak OyJeT paccMOTpeH TpaduyuecKwii METON peIIeHHs 3a1ad

JIMHEWHOTO IPOrPaMMHUPOBAHMUS. W

DopMbl 3aNIUCH 32124 JJUHEHHOT0 MPOrPAMMHUPOBAHUA
Bbimie ObuiM paccMOTpeHBl 3a/ayd € JMHEMHBIMU OTPaHUYEHUSIMU U
JUHEHHON QyHKumel. B olHUX U3 3a/1a4 OrpaHUYEHUs] UMENIM BUJl HEPABEHCTB, B
Apyrux paBeHCTB. Jlid pemeHus 3aa4  JUMHEHHOrO IPOrpaMMHMPOBAHUS
HEOOXOJMMO pa3iuyaTh BUJbI 3alKMCH 3a4ad JIMHEHMHOrO MpPOrpaMMHPOBAHUA.
PaccMoTpuM OCHOBHBIE U3 HUX.
Obwer  (opmoil 3amucu  3a7a4d  JUHEHHOTO MPOTPAMMUPOBAHUS

HAa3bIBAIOT 3a/la1y MaKCUMHU3alluu UM MUHUMHU3alluN JIMHCHHOM (bYHKI_[I/II/I

f= Yex, — max (min) 2.1)

j=1

IIPY JTMHENHBIX OTPaHUYEHUAX

iaijxj{g’zz}bi’(i =1,m) (2.2))
i1

¥ TIPH YCIIOBUAX

X 20,(j€J,),

x; €N, (jel,), (2.3)

rae Ji1 uJ2 =(j=1Ln)u aj, bi, ¢j — mocTOAHHBIE YKCIA.
Cummempuunot, GOPMOHN 3aMKCH 33a4d JTUHEHHOTO MPOTrPaMMHUPOBAHUS

HA3bIBAIOT 3a7a4y MaKCHUMH3aluu JUHEHHOW (yHkmuu (2.1.), mpu JIHMHEHHBIX
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orpaHuueHusix (2.2.), Korjga BCe OrpPaHUYECHUS] UMEIOT CMBICI HEPABEHCTBA BUJA

«<» 1 BCE IMEPEMCHHBIC HCOTPULATCIIbHBI, T.C.

f= Yex, — max (2.4.)
zn:aijxj <h,,(i=1m) (2.5.)
j=1

x;20,(j=1n) (26.)

Kanonuuecroti ¢popmoil 3anucu 3ajadd JIMHEHHOTO MPOTrPAMMUPOBAHMS
Ha3bIBAIOT 3a7a4y MaKCHUMH3aluW JUHEHHOW (yHkumu (2.1.), mpu JHHEHHBIX
orpaHuyeHusX (2.2.), Korja Bce OrpaHMYEHUS UMEIOT CMBICI PaBEHCTBA U BCE

NEPEMCHHBIC HCOTPUIATCIIbHEI, T.C.

f=Yex, — max 2.7)
_Zn:aijxj =b;,(i=1,m) (2.8.)
x;20,(j=1n) (2.9)

Ha mpakTuke 9acTo mpuxoauTcs oaHy (GopMmy 3ammcy 3a1adul JTUHESHHOTO
MPOTrPAaMMHUPOBAHKS TIPEOOPa30BBIBAaTh B Jpyryro. Ilpm 3TOM MOIB3yrOTCS
CJIEIYIOUTUMU COOOPaKEHUSIMHU:

1) Tlpu HEoOXOIAMMOCTH 3aJadyy MaKCHMH3AIlMM MOXHO 3aMEHHUTh 3ajadcii

MUHAMH3AIIA 1 HA000POT. DKCTPEeMyM OSTHUX (GYHKIHHA TOCTUTACTCS B

OJTHOW M TOM ke Touke, T.e. MiN f = - max ( -f ). [Tocne pemeHus 3anaun

max ( -f ) HeoOX0oAMMO U3MEHUTH Ha MPOTHBOIIOJIOXKHBINA 3HAK ONTHMYyMa

GyHKUIUU.

2) Ecnmm Ha Kakyo-a1M00  MEPEMEHHYI0 HE  HAJOXEHO  YCJIOBHE

HEOTPUIIATSIILHOCTH (HAIPUMED X,), TO € MOXHO 3aMEHHTHh Pa3HOCTHIO

JIBYX HOBBIX HEOTPHUIIATEIBHBIX IEPEMEHHBIX (X, U Xi ), T.€. X=X — Xy~

3) Jlwoboe orpaHnyYeHHE HEPABEHCTBO 3aJaud JIMHEHHON ONTHUMH3AIMKA BHIA

“<”, MOXHO TIpeoOpa3oBaTh B PaBEHCTBO JI00aBJICHUEM K €T0 JIEBON 4acTh

JOIIOJTHUTEIIBHON HEOTPULIATEIIbHOW NEPEMEHHOW, a HEPABEHCTBO, BHUIA
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“>” — BBIUMTAHHEM M3 €ro JIEBOM 4YacTH JOIIOJHHUTEILHOMN

HEOTPHULATEIIbHON ITEPEMEHHOM.

B sxoHOMMYECKMX 3a/1adyax JOMOIHUTENIbHBIE IEPEMEHHBIE BCET1a UMEIOT
ONPEIECIICHHBIN, MPAKTUYECKUN CMBICI. PaccmoTpum npumep.

Ilpumep 2. [lpuBecT MOJIEIIb 3a7]a4l K KAaHOHUYECKOU popMme.

f: 8x1 +6x, + 3x3 — min

3x1 +4x2-6x3 > 9

5x1 +4x; <11

2x; + 5x3=4

x1 >0, x3>0.

Pewenue: Monenb Halle 3amayd 3almcada B oOmeM Buiae. Tak Kak Ha
MEPEMEHHYIO X2 HE HAJOXKEHO YCIIOBHE HEOTPHUIIATEIIBHOCTH, TO €€ Mbl 3aMEHUM
Pa3HOCTBIO JIBYX HEOTPUIATEIBHBIX MEPEMEHHBIX X2 U X2~ (X2 = x2” - x27) W
MOJICTAaBMM TOJIYYCHHOE BBIPAKEHUE BMECTO MEPEMEHHOM X2 B MOJEb 3ajaun. B
pe3yabTaTe MbI OJYUYUM MOJIEIb:

f=38x1+6(x2"-x27) + 3x3 — min

3x1 + 4()(72’-)62”) -6x3 > 9

Sx1 +4x3 <11

2(x2"-x27")+ 5x3=4

x1>20,x3>0, x20°>0,x” > 0.

OrpanuueHue HEPaBEHCTBO 3x1 + 4( x2' - x2”) - 6x3 > 9 mpeobpazyem B
PABEHCTBO MyTEM BBIYUTAHUS JIOMIOTHUTEIHLHON IEPEMEHHOMN X4

3x1 + 4()(72’-)62”) -b6x3—x1= 9.

Orpannuenue HEpaBeHCTBO Jx1 + 4x3 < 11 mpeoOpasyem B PaBEHCTBO
myTeM J00aBJICHUS K JICBOM YaCTH JOMOJHUTEILHON TEPEMEHHOM X5

Sx1+ 4x3 +x5 = 11.

Crnenyer 3amMeTUTh, YTO B KaXJ0€ OTrpaHUYEHHWE HEOOXOAMMO BBOJHTH
CBOIO JIOMIOJIHUTEIBHYIO TiepeMeHHYyl. M, HakoHel, mpeoOpa3zyeM HCXOIHYIO
3a/layy MUHUMHU3AIMK K 3a7a4€ MaKCUMH3aIlMd, MPUMEHUB COOOpaKeHUs W3

nyHkTa 1 z=-f=-8x1-6(x2"-x2”) - 3x3 > max.
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Wrak, Mbl TOAYYHIH CIIEAYIOILYIO MOJENb 3aJauk, KOTOpas 3alucaHa B
KaHOHHNUYECKOM BU/C:
Z=-8x1-6x2" +6x2" - 3x3 > max
3x1t4x° - 4x2” - 6x3—x4=9
Sx1 +4x3 +x5 =11
2x2" - 2x2 7+ 5x3 =4

X12>20,x3>20, x20°>0,x2">0,x4>0,x5>0.m

I'eomeTpuyeckass MHTEpHIpPeTAMA U rPaPUYECKUl METOX PeLlICHUs

3a1a44 JJMHEHHOT0 IPOTrPAMMUPOBAHUSA

3ajaHue TOYKH MOCPEACTBOM YHOPSAJOYEHHOro Habopa duces MO3BOJISET
OMKCHIBATH MIPU MOMOIIU (GOPMYI Pa3IUYHbIE MHOKECTBA, 3TO TA€T BO3ZMOXKHOCTb
N00aBUTh K TIE€OMETPHUYECKHUM PACCYKIEHUSM JIEUCTBEHHbI aHATMTUYECKUN
anmapatr ¥, HaoOOpOT, NPUBJIEKATh K MCCIEIOBAHUIO Pa3zHOOOpa3HbIX (HopMys
HAaIJIS/IHbIE TEOMETPUUECKUE COOOPAKEHNUS.

W3BecTHO, uTO mOOOW YNOPSIIOYEHHBII Habop N YHUCEl MOXKHO
r€OMETPUYECKH HHTEPHPETUPOBATh KaK TOYKY MM BEKTOp N-MEPHOro
npoctpancTBa. IloaToMy ®W  MIaHel  3aJayd  JIMHEWHOW  ONTHUMU3ALUU
X =(X1,X2, ...,Xn) Oy/leM MHTEpPIPETUPOBATH KaK TOUKH HJIU BEKTOPHI.

B npocreiiniem ciiydae, KOorjia YUCIO MEPEMEHHBIX PAaBHO JBYM, yI00€H
NPOCTOM W  HAISAHBIA  epagpuueckuit. memoo. OH He TpeOyeT OONBIINX
NpEeIBapUTENbHBIX 3HAHUW M TMO3BOJSET IMOJy4yaTh OTBET 0€3 MPUBICUYCHUS
JOTIOJTHUTENbHBIX CPEACTB M, YTO OCOOEHHO Ba)XHO, PACKPBITh CYTh WJEH,
JeXKAIIUX B OCHOBE IPYTUX METOJIOB.

Paccmotpum monens Buaa (1.2) — (1.4) ¢ nBymsi nepeMeHHbIMU
f=Cix1 +Coxp — max (3.1)
apxy + ax, < by

anxi + anx, < b (32)

L amix1 + amax2 < by

12



x120,x220 (3.3)

Ha koopaunatHOW miockoctd Oxi1x; JUMHEHHOE YpaBHEHHE BHJIA
aijxjtaipxj=bi n3o0paxaercs MpsMoii, a JIMHEWHOE HEPABEHCTBO aiXjtaixj < bi mim
aiixjtaix; > bj  SBISETCS TMONYIUIOCKOCTBIO. YCIIOBUS HEOTPHUIATEIHHOCTH
OTIPEEIISIOT MOJYIJIOCKOCTH COOTBETCTBEHHO C TpaHUYHBbIMU MpsMbIMU X1=0 u
x2=0. Ecnu cucrema orpaHuyeHU COBMECTHA, TO TOJYIIOCKOCTH KaK BBITYKIIbIE
MHO’KECTBA, MepeceKasich, 00pa3yroT 0OIIYI0 YacTh, KOTOpAas ABJISETCS BBITYKIBIM
MHOKECTBOM U MPEJCTaBIsAET CO00M COBOKYMHOCTh TOYEK, KOOPAMHATHI KaXA0u
U3 KOTOPBIX COCTABIISIIOT pelieHue MaHHON crucTeMbl. COBOKYIMTHOCTh 3THX TOYEK
HA3bIBAIOT MHO20V20AbHUKOM peuleHull. ITO MOXET OBITh TOUYKa, OTPE30K, JIyH,
3aMKHYTBI MHOTOYTOJIbHUK, HEOTPAaHUYEHHAsi MHOTOYTOJIbHAsl 00J1aCTh.

Ilycte Hama cucrema HepaBeHCTB (3.2.) u (3.3.) oOpa3yeT oO0nacThb
JIOMYCTUMBIX ~ PEIICHU B BHUAEC MHOTOYTOJbHUKA pEIIeHUH (HEmycToro
MHO€ECTBa) (PUCYHOK 1).

[Tpunaaum meneBoi PyHKITMN TPOU3BOJIBHOE 3HAYCHHE, HAIPUMEP PaBHOE
k. [Momyunm Cix; +Coxz; = K. A 3TO ypaBHEHHE NMPSIMOM JIMHHH, B KKIOH TOYKE
KOTOpOi TieneBast (DYHKIMS COXpaHsSET OJHO M TO K€ IMOCTOSHHOE 3HAYCHUE
paBHoe K. Eciu teneppb K cuutath mapaMeTpom, a He KOHCTAHTOM, TO MBI TIOJTYYHM
CEMEHCTBO MapaUICNIbHBIX TMPSMBIX, HA3bIBAEMBIX JUHUAMU VDPOBGHA UYeleBol
@dyukyuu.

Ocranoch HaWTW HaNpaBJICHHE BO3pAacCTaHUS W YOBIBAHUS IIEJCBOM

¢bynkuuu. HalineM yacTHble IPOM3BOIHBIE 11€I€BOM (DYHKIIMH 1O NEPEMEHHBIM X1

13



v

X1

Puc 1.

OHu OKa3bIBAIOT CKOPOCTh BO3pACTaHUS 11€JI€BOIM (YHKIIMU BJIOJIb OCEH X1
M X2 COOTBETCTBEHHO. Bektop C = (C;, (C,) mNOKa3bIBaeT HalpaBlICHHE
HAUCKOPEUIIIETO BO3pacTaHUsl 1EJeBOM (PYHKIMM UM HA3BIBACTCS BEKMOPOM-
epaouenmom  uenesoil  gynxuum.  Bektop  (-C)=(-Ci;-C;)  HazbIBaIOT
anmuepaouenmom W OH YKa3blBAa€T HANpaBIICHUE HAUCKOPEHIIero yObIBaHUS
neneBoit Gpynxuun. Bekrop ¢ = (C1, C;) NepneHAUKyYISPEH K OPSIMBIM CEMEHCTBA
f=const.

Takum 00pazoM, reoMeTpUYECKH 3ajava JuHEeHOW onTumuzanuu (3.1.)-
(3.3.) npencraBisger coOOM MOMCK TakOM TOYKM MHOTOIPAaHHHMKA PpEIIEHUH,
KOOPJIMHATBl ~ KOTOPOWM  JOCTaBISAIOT  JUHEHHOM  (QyHKIMM  HauOosblee
(HauMeHbIllee) 3HAYEHHUE, MPUYEM JIOMYCTUMBIMU PEIICHUSIMU SIBJISIIOTCS BCE
TOYKA MHOTOTPAHHUKA PEIICHUM.

Ecmu B 3amade NMHEWHOM ONTHUMU3ALUWKM OTPAHUYEHUS 33JaHbl B BUJE
OTPaHUYCHHI C JABYMs TIEPEMEHHBIMH, TO OHAa MOXKET OBITh pelieHa rpadudecKu.

['padprueckuii MeTO pelIeHHust COCTOUT U3 CIIETYIOUIUX 3TAIOB.
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Oman 1. CHavyasia Ha KOOPJAMHATHOM IUIOCKOCTH OXx1X2 CTPOUTCA
JOMYCTAMAasi MHOTOYTOJIbHAsE 00J1acTh (00J1aCTh JOMYCTUMBIX PEIICHHM, 00J1acTh
OIIpE/ENICHNUs), COOTBETCTBYIOLIAs OTrpaHUWYEHUAM. Jlanee CTpOUTCS BEKTOp-
rpagueHT JuHedHoW ¢yHkinuu. Havano BekTopa HaxXomWUTCSA B TOYKE C
xoopaunatamu (0; 0), a BepmmHa — B Touke ¢ koopauHartamu (Ci, C,). Cienyer
3aMeTuTh, 4To 3HaueHuss Cp U C> U ecTh KOdPPUIMEHTHl NpPU NEPEMEHHBIX
neneBod  QyHkumu  3amaud. Jnsg  ymobcTBa  MOXKHO — CTPOUTH — BEKTOD,
IIPONOPIMOHAILHBIA BEKTOPY C. B KakoH-HHOYyab TOYKE, MPUHAIIEKALIEH TOITyC-
TUMOW 00JacTu cTpouTcs mpsimas cemeiictBa f=const, kotopas Bcerma Oyner

MMPpOXOAUTh NCPIICHAUKYIIIPDHO BCKTOPY-TPAAUCHTY.

Oman 2. Tlpsmas f=const, nepneHAUKyIsApHAas BEKTOPY-TPATUCHTY,
NepeMENIAeTCsl B HAPaBJICHUH 3TOT0 BEKTOpa B CIIy4ae MAKCUMU3ALUU (PYyHKIUN
(UM B IPOTHBOIOJIOKHOM HalpaBlI€HUH 3a7jaud MUHUMU3ALMK) 0 TE€X HOp, MOoKa
HE MOKHUHET MpEJEeTIOB MHOTOyroiabHo obnactu. KpaiiHsag (nmpenenbHas) TOYKa
(umu TOuykM) OONACTH HpPU STOM JBIKEHUU M SIBISIETCS TOYKOW MaKCHUMyMa
(MuHUMYMA) 1IEeBOM (DYHKITUH.

Oman 3. JInd HaXOXACHUS KOOPAMHAT TOYKM MaKCMMyMa (MUHHUMyMa)
JOCTATOYHO PEUIUTh CUCTEMY H3 JBYX YPABHEHUM NPSIMBIX, NOJYYAEMBIX M3
COOTBETCTBYIOIIUX OrPAaHUYEHUN U NAIOIIMX B MEPECEYCHHH TOYKY MaKCHMyMa
(MuHuMmyMma). Hanmpumep 3To 3HaueHUsl a1 U az. 3HaueHue (QyHKIMU, HAalJIEHHOE B
[OJly4aeMOM TOYKe, SBISETCS MaKCUMaJbHbIM (MUHUMAalbHBIM). U 3arem
OCTaHeTCs BBIIUCATh OTBET, KOTOPBI OyIeT UMeTh BUI: X =(a1,az) ,fmax = f(ay,a2).

B cnayyae muHMMu3aiuu 1eneBoi (GyHKiMHM npsMmyro f=const wHamo
nepemMeniaTh B HalpaBJICHUH, MPOTHUBOIOJIOXKHOM BEKTOPY-TpaJAUEHTY (1O
HaIIPaBJICHUIO BEKTOPA-aHTUIPAAMWEHTA). SICHO, 4YTO ecinM mpsMas MpPU CBOEM
JBUKEHUH HE TOKUAAET AOMyCTUMOM 00J1acTH, TO COOTBETCTBYIOIINUNA MaKCUMyM
WIM MHUHUMYM 1eleBOM (QyHKUMHM He cyliecTByeT (ueneBas (QyHKUUsA
HEOTpaHWYEHHA HA MHOYKECTBE IIJIAHOB).

Ilpumep 3. Pemuth rpadpuueckm METOJIOM 3aJady npumepa 1:

f = 80x; + 100x, — max.
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[ 5x; + 10x, < 1000,
4x1 +6x, < 900,
4x, +4x, < 600,
30x; +50x, < 6000,

x1 > 0,

x2 > 0.

Pewenue: Orpanndenus x; >0, x2 >0 o3HayaroT, 4TO 007aCTh PEIICHUIN
OyJeT JIeKaTh B MEPBOM YETBEPTH JI€KAPTOBOM CUCTEMBI KOOpUHAT. OTMETUM 3TY
o0nacTpb Ha puc. 2 (mepBas YeTBEPTh, YKa3bIBAEM HAIIPABJICHUE CTPETIOYKAMU).

Oman 1. OnpenenuM MHOXECTBO PEIICHUM INEpBOro HepaseHcTBa. OHO
cocTouT u3 pemieHus ypaBHeHust Sx; + 10x; = 1000 u ctpororo HepaBeHCTBa
5x1+10x2<1000. Pemenuem ypaBHeHHsI ciaykat Touku mpsimoi Sxi1 + 10x, = 1000.
[Toctpoum mpsimyto 1o nBym Ttoukam (0; 100) u (200; 0), koTopble Jerko
HOJyYUTh B PE3yJbTaTe MOCIEAOBATEIBHOIO OOHYJIEHHUS OJHON U3 NMEPEMEHHBIX:
nycth X3=0, Torma xp= (1000 - 5*0) / 10 = 100, mycth X2=0, Torma x;= (1000-
10*0) / 5 = 200.

Ha pucyHke o0Oo3HauuM 3Ty npsimyro 1udppoit I. MHOXecTBO perieHuit
CTPOrOro HEpPAaBEHCTBA — OJHA W3 MOJYIUIOCKOCTEH, HA KOTOPYI JEIUT
IJIOCKOCTh MOCTpOEHHast mpsiMass. Kakas W3 HUX ABISETCI HCKOMOW, MOHO
BBISICHUTH MPU MOMOIIM OJTHOW KOHTPOJILHOM TOYKH. ECIM B MPOU3BOJIBHO B3SITOM
TOYKE, HE MPUHAICKAEH MPsAMON, HEPABEHCTBO BBIINOIHAETCA, TO OHO
BBINIOJIHAETCSI U BO BCEX TOYKAX TOM MOJYIJIOCKOCTH, KOTOPOH MNPUHAIJICKUT
KOHTPOJIbHAsA TOYKA, U HE BBINOJHAETCA BO BCEX TOYKAX JAPYrod MOJYIIOCKOCTH.
B kauectBe Takoi ToOukM ymoOHO Oparh Hadayno koopauHart. [loacraBum ko-
opaunatel (0; 0) B HepaBeHCTBO, moaydum 5*0+10*0 = 0 < 1000, T.e. OHO BBI-
nosiasercst. CiieroBaTenbHO, 00JIACThIO PEIICHUS] HEPABEHCTBA CITYKUT «HUKHSS
MOJIYIIIOCKOCTb.

AHanoruyHepiM 00pa3oM TMOCTPOMM O00JIaCTU pELIEHUsT TpeX JpYrux

HEPABEHCTB

» 4x1 +6x, < 900,
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(0; 150) m (225; 0) ma pucynke mpsmas Il u Oepercs «HUKHSID)
MOJTYTIOCKOCTB;

» 4x; +4x,; < 600,
(0; 150) u (150; 0) Ha pucynke mnpsimas I[lI u OepeTcss «HUKHSIN»
MOJIYIIOCKOCTb;

» 30x; +50x, < 6000,
(0; 120) u (200; 0) na pucynke npsmas IV u onsatb OepeTcss «HUKHSISA»
MOJIYIIOCKOCTb.

3amTpuxyeM o0IIyr0 00JacTh ISl BCEX HEPABEHCTB, 00O3HAUYMM BEPIIIMHBI
MHOTroyroyibHuKa jgaTuHckumu 0ykBamu OABD (pucynox 2). 1o u 0ynet o0iaacTb
JOMYCTUMBIX ~ pElICHUH paccMaTpUBaeMOl 3agayl B BHUJE 3aMKHYTOIO
YETBIPEXYTOJIbHUKA.

Oman 2. ]Ins onpenencHus: HaNpaBICHUS JBIKEHUS K ONTUMYMY IOCTPOUM
BeKkTOp-rpamueHt C (Ha pucynke 510 grad), xoopmumatsl kotoporo (80; 100).
Bekrop-rpammest C (80, 100) mokassiBaeT HampaBieHHE HAHUCKOPEHIIETo
BO3pacTaHus IeJeBOM (QyHKIUU. YTOOBI MOCTPOUTH OTOT BEKTOpP, HYKHO
COeMHUTH Hadao koopauHat C Toukoit (80; 100). [lnst ynoOCTBa MOXKHO CTPOUTH
BEKTOP, NPOIOPLUOHANBHEIA BekTopy C. IlpupaBHseM 1LeneByl0 (DyHKIHIO
noctossHHOM BenumuuHe a. 80x;+ 100x; = a. Ilycte a=3200, BwluncIuM
KOOPJIMHATHI JIBYX TOYEK, YIOBJICTBOPSIONIMX COOTBETCTBYIOIIEMY YpPaBHEHUIO
80x1 + 100x, = 3200. B xauecTBe OJHON U3 ITUX TOYEK yAOOHO B3STh TOUKY (40;
0), B kauecTBe BTOpOH TOukM Bo3bMeM TOYKy (0; 32). Uepe3 aTu aABE TOUKH
NpOBE/IeM JIMHUIO YPOBHs (MyHKTHpHas npsimast f(X) Ha puc. 2), cienyer eiie pas

3aMETUTh, YTO AHHAS JIMHUS NEPIICHINKYIISIPHA BEKTOPY-TPAIUCHTY.
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Puc 2.

Tak KaK Mbl HAXOIMM PEIICHUE 3a1a9d MAaKCUMHU3AIUH, TO IEPEMENIATH HALLY
OpsSIMYIO0 JIMHUM YPOBHS HEOOXOIMMO MO BEKTOPY IpaJueHTy. B Hamem ciyyae
JIBW)KCHUE JIMHUW YPOBHs (IMyHKTHpHAs nipsimast f(X)) Oymem ocymiecTBisTh 1o ee
MepeceveHus C TOUKOU B, manee oHa BBIXOAUT U3 00JIaCTH JOMYCTUMBIX PEIICHUN.
CrnenoBaTenbHO, MMEHHO B 3TOM TOYKE JIOCTUTAeTCsl MAaKCUMYM LIETIEBOM (PYHKIIUU.
Haiinem KoOpauHAThl O3TOM TOYKHM, pEIIMB CHCTEMY YPAaBHEHHMM MPAMBIX
nepeceyeHus B JaHHOM TOUKe (3TO IepBasi U TPEThS MPSIMBIE).

5x1 + 10x, = 1000, x1 =100

4x1 +4x, = 600, x2 =50

Boruucnum 3HaueHue 1eneBold (YHKIMM B JaHHOW TOYKE, IIOACTaBUB
HalileHHbIe 3HauYeHus B Beipaxkenue f = 80x; + 100x, = 80*100+100*50 = 13000.
Orcroma  J€rko  3amucarh  pPEIIeHHWE  MCXOAHOW  3aJaud  JIMHEHHOTO
IPOrpaMMHUPOBAHMSL:

x1” =100, x;” =50, fmax = 13000.

Omeem: X"~ = (100;50) , fnax = 13000. Hrak, uToOBl J0OXOHA OBII

MakcuManbHbiM M paBeH 13000 pgeH.en. mpuM  OrpaHUYEHHUSIX HAa PECYpChl
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(Matepuai, Bpemsi, 3aTpaThl) B T€UEHHE Mecsla Heobxonumo BeimyckaTs 10000
T (100 maptuii B 100 tumt) o6branoro Buga u 5000 rumt (50 maprtuit 8 100
IUIUT) YAYYIIEHHOTO KayeCcTBa. W

[Ipu pemenun ©Hekotopbix 3JIII rpaduyeckumM METOIOM  MOXKET
BCTPETUTBCS CIIy4aid, KOTJa JIMHUS YpPOBHS MapajielbHa OJHON M3 CTOPOH
BBIIIYKJIOTO MHOTIOYTOJIbHMKA JIOMYCTUMBIX pELIEHUI, NpUYEeM 3Ta CTOPOHA
pacrojoXeHa B HAlPaBICHUHU CMEUICHUS JTUHUU YPOBHS (PYHKIHMU U CTPEMIICHUH
1eneBol (PyHKLIMU K CBOEMY ONTHUMyMy. B 3TOM ciyyae onTtuManabHOE 3HauY€HUE
1eNeBOM (PYHKIIMM JOCTHUTaeTcs HE B OJHOM, a B JBYX VYIJIOBBIX TOYKax
(BepuIMHaxX) MHOTOYTOJBHHMKA PEIICHWH W, CJEeI0BaTeIbHO, BO BCEX TOYKax
OTpE3Ka, COENMHSIONIEr0 3TH BEPIIMHBI, T. €. 3a/1a4a Oy/leT UMETh OECUMCIIEHHOE
MHOECTBO pelieHuid (pucyHok 3 (a)).

Ecnu o01acTh AOMyCTUMBIX PELIEHUH SBIISETCS BBITYKIBIM HE3aMKHYTHIM
MHOTOYT'OJIbHUKOM B HAlpaBJIEHUU ONTUMU3ALMU LEAeBOW (PyHKUIUHU, TO LieieBas
byHKUIHsS OyJIeT HEOrpaHWYEHHOM W 3ajada He OyJeT UMETh PEIICHUN; B 3TOM

cllyyae YCIIOBHO MOXKHO 3ammcaTh, 4To, Hampumep, max f(X) = +oo (pucyHok 3

(6)).

v
v

v

0)
Puc. 3.
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Od4eBuHO TaKXKe, U4TO 3a7ada He OyJeT MMETh PEIICHU B CiIydae, KOoTaa
00JacTh JOMYCTUMBIX pEMICHUH eCTh ITyCTO€ MHOXKECTBO, T.€. - CHCTEMa
OTpAaHMYEHUM 3aJauyd  COJCPKUT MPOTUBOPEUYMBBHIC HEPABEHCTBA, M HA
KOOPJIMHATHOM IUIOCKOCTA HET HHU OJIHOW TOYKH, YAOBJIETBOPSIOMIEH 3TUM

orpaHuyYeHUsIM (PUCYHOK 3 (B)).

CuMIUIEKCHBIN MeTO/ pelIeHUus 3a1a494 JUHEHHOT 0

NporpaMMHpoOBaHUusA

TpynHOCTh pemieHust 3aJa4u JMHEHHOTO MPOrPAMMUPOBAHUS 3aKIIFOYAETCS
B TOM, YTO HE BCE MOJICJIM 3aJlad MO>KHO CBECTHM K PaBHOCUJIbHBIM MOJIEIISIM C
JIByMSI TIEPEMEHHBIMU, a C OOJBIIUM KOJUYECTBOM — MPAKTUUECKH HEBO3MOKHO
PEUIUTB.

Hanbonee pacnpocTpaHEHHBIM METOJOM PEIICHUs 3ajad JIMHEHHOTO
MpPOrpaMMUPOBAHUS  SIBJISIETCS TaK Ha3bIBaGMbId  cummniexc-wemoo. W3
F€OMETPUYECKON MHTEPHPETALNM 3a7a4ya JUHECHHON ONTUMHU3ALNU BUIHO, YTO
KCTpeMyM (YHKIIMM JOCTUTAeTCsl B KpaifHel (YIrJIOBOW) TOYKE BBIMTYKJIOTO
MHOTOTPaHHHKA, T.€. B O0JACTH JOMYCTUMBIX peiieHuil. [loaTomy B OCHOBY
CUMILJIEKC-METOa TOJIOKEHA HUJes PACCMOTPEHUS TOJbKO KpalHUX TOYEK
(BepIIMH) MHOTOTPAaHHUKA, a HE BCe 0€CKOHEYHOE MHOXKECTBO €TI0 TOYEK.

CUMIIIEKCHBIM METO ATO METOJI MOCIEA0BATEILHOIO YIYUIIICHUS IJIAHOB,
KOTOPBIM SIBJIAETCSI YHUBEPCAJIBHBIM METOJOM PEIICHUS 3aJad JIMHEHHOTO
nporpamMmmupoBaHus. CyTh 3TOrO MeTOAa 3aKJIYaeTcs B TOM, 4YTO BHauale
MOJY4YaloT JOMYyCTUMBIM TUIaH, YJOBJIETBOPSIONIMI BCEM OTPaHUYCHUSIM, HO
HE00s3aTeIbHO ONTHUMANIBHBIA (TaK HA3bIBAEMOE HAUAIbHOE ONOPHOE peuleHue),
ONTUMAJILHOCTh JIOCTUTAETCS IOCJIEAOBATEIBHBIM  yIYYIICHUEM HCXOJHOTO
BapUaHTa 3a ONPEACIICHHOE YHUCIIO ITANOB (MTepaIuii).

Haxoxaenue HauanbHOrO OMOPHOTO PELICHUS U MEPEXO]] K CIEAYIOIIEMY
OTIOPHOMY DEIICHUIO TPOBOJATCS Ha OCHOBE MNpuMeHeHus metona JKopaaHa-
["aycca nmist cucteMbl TUHEHHBIX YpaBHEHUN B KaHOHMYECKOW (opMe, B KOTOPOH
JIOJDKHA OBITh MPEIBapUTENILHO 3alMcaHa MCXOJHas 3anada. PesynbpTaT Kaxmaoi
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uTeparnu (BKJIIOYas JaHHBIE 3a7a4d) yIOOHO 3alHChIBATh B BUJIE CUMILICKCHOMN
Tabnmunpl (BUI KOTOPOW TIPEACTABJICH TMPU pPENICHWH 3afadyd mpumepa 4).
HampaBneHnue mepexona OT OJIHOTO OMOPHOTO PEIIEHUs K JAPYroMy BbIOMpaeTcs
Py 3TOM HA OCHOBE KPHUTEPUS ONTUMAIBLHOCTH (I1€J€BOM (DYHKIIMHM) MCXOTHOU
3amaun. CUMILIEKC-METO/ OCHOBAH Ha cieayromux cBoiicteax 3JII1:

1. MHOXecCTBO BCeX MJIAHOB 3a/1a4yl JIMHEMHOT'O MPOTrPaMMHUPOBAHUS BBITTYKIIO.

2. He cymecTByeT JOKJIBHOTO JKCTPEMyMa, OTIWYHOTO OT TJIOOATBHOTO.
Jpyrumu cioBamMu, e€ciu 1ieieBast QyHKIUS IPUHUMAET SKCTPEMAJIbHOE 3HAUYCHUE,
TO JAHHOE 3HAaY€HHE OYAET €UHCTBEHHBIM.

3. lleneBass QyHKIMSA 3aMaud JUHEWHOTO MPOTPAMMHUPOBAHUS JTOCTUTACT
CBOETO MAaKCHUMaJbHOTO (MHUHHUMAJILHOTO) 3HAYE€HHUs B KpallHeW Touke
MHOTOTpaHHHKa pelieHuit (B ero Bepmuue). Ecnu neneBas GyHKIUsS OpyUHUMAET
CBOC ONTUMAJbHOE 3HAUYCHHE OoJiee YeM B OJIHOM KpailHeW Touke, TO OHa
JIOCTUTaeT TOTO K€ 3HAYEHUs B JIOOOM TOUKE, SIBJSIOMICHCS BBIMYKJIONW JTUHEHHOM
KOMOMHAIINEHN dTUX TOYEK.

4. KaxJio#l yraoBoi TOUke MHOTOTPAHHHUKA PEIICHUN OTBEYAET OMOPHBIN IJIaH
3aJava JJMHEHHON ONTUMM3AIINU.

[Ipeanonoxxum, 4TO0 B CHUMIUIEKCHOW TaONUIE COJEPKUTCS HEKOTOPHIN
OTIOpHBIH TI1aH (cM. TipuMep 4). Uepes KoHEUHOE YHCIIO IIaroB MO0 OyneT HailaeH
ONTUMAJbHBIN IJIaH 3a/1aud, 00 OyAET YCTAaHOBJIECHO HEPA3PEIIMMOCTh 3aJauyHu.
[lepebop OMOPHBIX IUTAHOB OCYIIECTBIISIETCS B TPOLIECCE IMEpPexoja OT OJHOTO
O0a3zuca CHUCTEMBbI MEpPEeMEHHBIX K Apyromy Oazucy. Ilpu »TomM mnpuxomutcs
OTpeNeNATh IEPEMEHHbIC, YUaCTBYIOIINE B MpeoOpa3oBaHuu Oasuca. [lepeMennas,

BKJIFOUaeMasi B 0a3uc B 3a/[a4C¢ MAKCUMMH3AIWUU OIIPCACIIACTCA IO OTPUIATCIIbBHOMY

K023 dULIMEHTY B CTpOKe IeJeBOM (DYHKIIMU CUMIUIEKCHOM TaOmuibl. Ecnu Takux
KO?((UIIMEHTOB HECKOJIBKO, TO BBIOMPAIOT MAaKCHUMAaJIbHBIM MO Monyito. Takyro
MEPEMEHHYI0 HA3bIBAIOT pa3pemiaroIieii, a ctomder; kodPPuImeHToB npu Heul
paszpemaronuM. i BeIOOpa MepeMEHHOM MCKI0YaeMon U3 0aszuca COCTaBIISIIOT
CUMIUICKCHBIE OTHOIICHHSI: 3TO OTHOIICHWE CBOOOMHOTO Kod(hdummenTa k

DJIEMEHTY TaKOTO K€ 3HaKa paspeliaroiiero cronodna. Haumenbpliee W3 HUX U
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yKa3bpIBaeT ypaBHEHHE (pasperaroiiee), B KOTOPOM COAEPIKUTCS HCKIIoYacMast
nepemerHas. [locime BpIOOpa pasperrarniero CToidiia U pa3pelaroniei CTPOKH
OIpENENISIETCS Ha MX IEPECEYCHHMH pa3pEIlalONIMii 3JIEMEHT M OCYIIECTBIISETCS
npeoOpa3oBaHue MOETH 3a1a4 K HOBOMY 0Oa3ucy.

CuMIutekcHOe Tpeobpa3oBaHUe IOCIE BHIOOpA pa3pellaroliero 3JIeMeHTa
pY TaOJIMYHBIX 3aMKCSAX BBIMOIHIETCS 110 CISAYIOIIUM IPaBUIaM:
1) Paspemraromuii 35ieMeHT (8rk) 3aMEHSIFOT 00paTHOM BETUIHHOM (T.€. 1/aw);
2) OcranbpHBIC DJIEMEHTHI pa3pelarolleil CTPOKH OEIATCS Ha pa3pellaroluii

MEMEHT (d'j = -1 | j=1n);
rk

3) OcranbHble 3JEMEHTBHI pa3peliarolero CToyida IeIATCs Ha pa3peliaroiimi

o ' a; - —
AJIEMEHT U 3HAK MEHSCTCS Ha MPOTHUBOIOJIOKHEIHN (2jk = - —%, 1= 1,m);
rk

4) OcraipHble DJIEMEHTHl TaOJHIBI  MPEeOOPa30BBIBAIOTCS 10  MPABUITY
MPSAMOYTOJIbBHUKA: HCKOMBIM 3JIEMEHT paBeH pa3HOCTH MPOU3BEICHUN
AJIEMEHTOB IIABHOW M MOOOYHOW AWAaroHaneil, JeJIeHHOW Ha pa3pellaroiiui

saeMeHT (10 BOOOpakaeMOMy NPAMOYIOJBHHKY —TIlepecuera) (dj =

a. xa, —ad. Xd, . — . — . .
i 0-  j=1m,j=1n,i=-r,j =k).

a'rk

Takum oOpa3om, moly4aeM HOBBIM OMOPHBIN TUTAH 3a7a4H B CIEAYIOIICH
CUMIUIEKCHOM Tabmuie. A Jjigd TOro, 4ToObl ONPEAENUTH SIBISETCS JIM HOBBIN
OMOPHBIN JIaH ONTUMAJIBHBIM, HEOOXOIMMO 3HAThH CIAEAYIOIINE MPU3HAKU:

Ilpusnak onmumanvrocmu 3adayu maxkcumusayuu: Eciaum Bce OLEHKHU
WHIEKCHOM CTPOKM (CTPOKM LIE€NeBOM (PYHKIMU) HE OTpHULATENbHbI, TO
COOTBETCTBYIOINM IJIaH SIBJISETCS ONTUMAIBHBIM B 337a4€ MAKCUMU3ALIMH.

Ilpusnax onmumanvHocmu 3adayu muHumusayuu: Eciu Bce OIEHKH
WHJEKCHOM CTPOKH (CTPOKM 1EeNeBOM (PYHKIIMU) HE TMOJOXKUTEIbHBI, TO
COOTBETCTBYIOINH IJIaH SIBJSETCS ONTUMAIBHBIM B 33/1a4€ MUHUMH3ALUU.

B Tex cnyuasx korga 3aTpyJHUTEIIBHO HAWNTH MEPBOHAYAIBHBIA OTIOPHBIN
IUTaH KaHOHUYECKOoW (pOpMBI 3a1auu TUHEHHOTO MPOTrPaMMUPOBAHUS IPUMEHSETCS
Memoo uckyccmeenro2o oaszuca (M — memoo).
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Pemm CUMITIIEKCHBIM METOAOM CIIEIYIOIIYIO 3a7a4y.

Ilpumep 4. llpennpusarue BbIycKaeT yeTblpe Buaa npoaykuuu I1i, o, I3
u 14, It mpon3BoacTBa IPOAYKIMU OHO PACIioaraeT TPEMs pecypcamu, 3aIachl
KOTOpbIX orpaHudeHsl BenuuuHamu 35, 30 u 40 enquHun. YenbHble 3aTpaThl Ha

CAUHUILY TPOAYKIIMH W II€Ha CAWHUIIBI TOTOBOW MPOAYKIIMU 3aJaHbl B BHJIC

TaOJIALIBI:
Tabmua 2
Pecypes Pacxon pecypcoB Ha eTUHUITY TTPOTYKITHH
Iy IT; I3 I,
P; 4 2 2 3
P, 1 1 2 3
P3 3 1 2 1
Ilena (neH.exm.) 14 10 14 11

Tpebyercst ompeAcnuTh MPOU3BOJACTBEHHYIO IPOTPAMMYy IPEATPHUATHSA,
00ecreunBaOIIyI0 MAKCUMAIIbHBINA TOXO/I.

Pewenue:

CocTaBUM MaTeMaTHYECKYH MOJenb 3amadu. [IycTh X1, X2, X3 U X4 —
UCKOMBIC 00BEMBI TIPOU3BOJICTBA IPOAYKIIMH, a yepe3 f — moxon nmpeanpusitus ot
MIPOM3BOJICTBA M PEANM3AIMM BCEH MPOIYKIIMH, KOTOPBIM C YY4E€TOM BBEJICHHBIX
o003HaUYeHUM onpeaenseTcs caeayronien GyHKIuen:

f=14x1+ 10xp+ 14x3+ 11x4 — mMax. (4.1)

OrpaHnyYeHHs 10 UCTIOJIb3YEMBIM pecypcaM MPUMYT BHI:

4x1+ 2xp+ 2x3+ 3x4 < 35,

x1t+ x2+ 2x3+ 3x4 < 30, 4.2)

3x1+ xo+ 2x3+ x4 < 40.

[To cmpicty 3amaun 0OBEMBI TTPOU3BOJACTBA MPOIYKIIUA HE MOTYT OBITH
OTPHUIIATEIHHBIMH, TIOATOMY

xj = 0, (j=14). (4.3)
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BBenem B paccMoTpeHHe BO3MOXHBIE OCTAaTKH PECYPCOB: Xs, Xg, X7, WJIH
NpUBEJEM MOJICh 3a7aud K KAHOHUYECKOMY BUIY U MTOJIyUUM:

f= 14x1+ 10x2+ I4x3+ 11x4 — max

4x1+ 2xp+ 2x3+ 3x4 + X5 = 35,

X1+ xo+ 2x3+ 3x4  + Xxs =30, (44)
3x1t X2t 2x3t+ x4 + x7 = 40.
x>0, (j=17)

Ham HeoO6Xxoaumo BBIIEIUTH HAYaJdbHBIM 0a3UC CHUCTEMBI, T.C. BBIICIUTH
0a3ucHbIE TIepeMeHHbIe. ba3HCHBIX MEePEeMEHHBIX TOIKHO OBITh CTOJBKO, CKOJIBKO
OTPaHUYCHHUN CHUCTEMbI JTUHEHHBIX YPaBHECHUM, T.€. B HAIlIEM CIIy4ae UX JOJDKHO
ObITh TpH. Haim qomnoaHuTeIbHbIE IEPEMEHHBIE X5, X5, X7 U OyAYT Oa3UCHBIMU, TaK
KaK MM COOTBETCTBYIOT €IWHHUYHBIC BEKTOPHI, KOTOphIE OOpazyrT Oa3uc B
TPEXMEPHOM IPOCTpPaHCTBE. BbIpazuM 3T nepeMEeHHbIE U TOTYUUM:

x5 =35- (4x1+ 2xp+ 2x3+ 3X4),

x¢ =30 - (x1+ Xo + 2x3+ 3x4 ), (45)

x7 =40 — (3X1+ Xo+ 2x3+ Xa )

Utak y Hac xs, Xs, X7 Oa3uCHbIC TIEPEMEHHbBIC, a X1, X2, X3 U X4 OyayT
CBOOOJTHBIMH TepeMeHHbIMU. [IpupaBHUBas CBOOOJHBIC TEPEMEHHBIE HYJIIO MBI
nosyunM xs =33, x¢ =30, x7 =40. iMmeeM HEKOTOPBIN TONMYCTUMBIN IUJIAH 3a/1a4d
x°= (0; 0; 0; 0; 35; 30; 40). DTOT ILUIAH yLOBIETBOPSET OJHOBPEMEHHO BCEM
OTPaHUYCHHSIM 3a7a4d U CIICJIOBATEIIBHO SIBISIETCS OMOPHBIM IIJIAHOM. 3aHEceM
yCIOBUSl 33/laydl B CHUMIUIEKCHYIO TaOnuiy (tabmuua 3). Ilepssiit cronbern —
ctosidenr 0asucHbix nepemeHHbIX (BII — xs, X6, Xx7); BTOpOi cTOnOEI] — cToJidern
cB0OOHBIX KOdddunmentoB (1); mamee UayT CTONOIBI CBOOOJHBIX MEPEMEHHBIX
(CII) — Takux mepeMeHHbIX B Halllel 3ajaue 4YeThIpe (X1, X2, X3 U X1), OHU BCeraa
3anucbiBatoTcs B (CII) co 3nakom "-". UToOBI mpaBUIIbHO BOKCATh KOA(DDUIIMEHTHI

B TaOJMIly MAaHHOTO BHWJA, HAAO NPUICPKHUBATHCSA CIEMYIONIEro IpaBuia: B
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COOTB@TCTBYIOIHCﬁ CTPOKC 3aIllMCbIBACM 4YHUCJIA TaAK, YTOOBI IIpU YMHO>KCHUHN UX HA

COOTBETCTBYIOIIEE 3HaUCHHE B "MIanoyke" TaOIHIIbI MBI TOJIYYUITH Obl BEIPAKCHHUS

Bujaa (4.5.)u (4.1.)

Tabmumna 3
CII
bI1 1
- X1 - X2 - X3 - X4
X5 = 35 4 2 2 3 |e—
Xe = 30 1 1 2 3
x7= | 40 3 1 2 1
f= 0 -14 -10 -14 -11

f

[Ipu pemenun 3amaun MaKCHUMH3AllMM B CTPOKE I€JIeBOM (YHKIIUU B
CTOJIOLIAX CBOOOJHBIX TEPEMEHHBIX HE JIOJDKHO OBITh  OTPHUIIATEIIbHBIX
kodpdunrenToB. Mbl BUIUM, YTO B HallleM Clydae, B CTOJOIaX CBOOOJHBIX
MEePpEMEHHBIX B HHJGKCHOM  CTPOKE  MPHUCYTCTBYIOT  OTPHIIATEIIbHBIC
K02 (PHUIMEHTHI, TTOPTOMY MaHHBIM OTOPHBIN IIJIAH HE SBISACTCS ONMTHUMATBHBIM.
bynem ynydmars ero, mepexozis OT OJHOro 0as3uca CUCTEMBI K Apyromy. Beioepem
paspemarmnuii  cronbden, Kak CToJOel, COOTBETCTBYIOIIWNM HAWMOOJBIICH TI0
MOJYJIIO OTPUIIATEIILHOM OIICHKE, T.C.

max {|-14|; |-10]; |[-14]; |-11]} = 14.

N3 nByx OJMHAKOBBIX OIIGHOK BBIOEpEM OAHY, HAIpUMeEp, CTOJIOel
COOTBETCTBYIOIIUIA CBOOOJHOM MEPEMEHHON X1, OH W OyleT paspenaroumm
CTOJIOIIOM. 3aTeM HaxOJWM pa3pelialomyld CTPOKYy II0 HaWMEHBIIEMY

CUMIIIICKCHOMY OTHOIICHHIO:
min {=;=;—}= =,

Ha mnepeceuenun paszpemaromero croidia M paspelaroneil CTpoKu
HaxXOJMM pa3pelalouuil 3JeMEHT, BbIIEIseM €ero (Mbl BBIACIWINA SYEUKY, B

KOTOPOM HAXOJUTCS pa3peliaroluil 37eMeHT, paBHbIA 4). CTpoUM CIIEIYIONIYIO
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CUMIUICKCHYIO TalOJHIy,

MCHA ABC TICPCMCHHBIC X1

n X5 MCECTaMHU H

NEPECUHUTHLIBACM 3JICMCHTHI 110 IIPpaBHJIaM CHUMIIIICKCHBIX npeo6pa3013aHI/H7L

Taomuna 4
CII )
BIT 1 min
- X5 - X2 - X3 - X4

X1 35/4 1/4 214 2/4 ¥4 35*4/4*2=35/2
X6 85/4 -1/4 214 6/4 9/4 85*4/4*6=85/6 | «—
X7 55/4 -3/4 -2/4 2/4 -5/4 55*4/4*2=55/2

f 490/4 | 14/4 | -12/4 | -28/4 -214

f

AHanM3upysl TOJyYEHHBIE PE3yJbTaThbl, Mbl BUJAHMM, YTO IOKa €IIE HE

IIOJIYUCH ONTUMAJIbHBIN IIJIaH, TaK KaK HC BCC OLICHKH CTPOKHU HGHCBOﬁ (1)YHKI_[I/II/I

IPUHUMAIOT HEOoTpuUaTelabHble 3HaueHus. [loBropuMm Hamm npeoOpa3oBaHus,

BHIOpaB pa3pemiaronuii  3JIEMEHT,

paBHbIi 6/4. B pe3ynabTate MOIyYUM

CIICAYIOIIYIO TaOIHITy.
Tabnuna 5
CII
bIT 1 min
- X5 - X2 - X6 - X4

X1 10/6 2/6 2/6 -2/6 0 (10/6)/(2/6)=10/2 |
X3 85/6 | -1/6 2/6 4/6 9/6 (85/6)/(2/6)=85/2
X7 40/6 | -4/6 -4/6 -216 | -12/6 —

f 11330/6| 14/6 | -4/6 28/6 | 60/6

f

Eme pa3 npoBoas nmpeoOpa3oBaHUs ¢ dJIEMEHTAMH JAaHHOW TaOJHWIIBI, MBI

MOJIYYMM ONTUMAJIbHBIN MJIaH, KOTOPbIA HAXOAUTCS B Tabauue 6.

Ntak, B HWHIEKCHOW CTpOKE TOCJIEAHEH TaOMUIlbl HET HU OJHOTO

OTPpHULATCIIBHOI'O 3JICMCHTA, CJICA0BATCIIBHO, COI[Cp)KElHIHfICH B HEH ILIaH SIBJISCTCSA

ONTUMAJIbHBIM. Bpinuinem €ro, 3HasA, 4YTO 3Ha4YCHHA 0a3MCHBIX NCPEMCHHBIX

HAXOJIUTCS B CTOJIOIIE CBOOOTHBIX KOI(PPHUIIMEHTOB, a BCE CBOOOIHBIC IEPEMEHHBIE
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paBHBI HymIO: Xx=5; x3=12,5; x7=10; x5=0; x1=0; x6=0; x,=0 wmm mman

X =(0;5;12,5;0;0;0;10). 3nayeHue 1eneBoii QYHKIMU paBHO 225.

Ta0muma 6
CII
BII 1
- X5 - X1 - X6 - X4
X2 5 1 3 -1 0
X3 125 | -0,5 -1 1 1,5
X7 10 0 2 -1 -2
f 225 3 2 4 10
Ho wama 3amaya ¢ 9SKOHOMHUYECKHM  COJIEpKAHUEM, IOITOMY

MIPOAHAIN3UPYEM JAHHBIE PE3YIbTaThl. lIpeAnpusaTHioO Mo ONTHUMAIBHOMY IUIAHY
CIIeyeT NIPOU3BOAMTH S5 enuHUL npoaykuuu Buna Il 12,5 exunaun npogykuuu
Buna Ils, nponykuuu 11; u 114 BeimyckaTe He cnexyer, npu 3ToM pecypehl P u P
OyAyT H3pacxoJOBaHbl MOJHOCTHIO, a pecypc Pz ocranercs B konmuectse 10

eauHul. Beipyuka npeanpustvs Opu 3TOM COCTAaBUT 225 eH.el. m

Teopus ABOMICTBEHHOCTH B AHAJIU3€ ONTUMAJBHBIX PellleHUu

IKOHOMMYECKHUX 32124 JUHEHHOI0 MIPOrpaMMHUPOBAHUA

He MeHee BaXHBIM HTanoM, 4eM IOJIYYEHHUE ONTHUMAJIBHOIO PEIICHUS I10
MOJENN 3aJauM, SBISECTCS AHAIW3 MOJEIM W TOJYYEHHBIX pE3ynbTaToB. B
HEKOTOPBIX CIIy4asX aHaJu3 JaeT OoJibllle MH(pOpMAUU I PUHATHS PEUICHUS,
4eM caMO peuieHue. AHaiau3 NO3BOJISIET OTBETUTh HAa BOMIPOCHI, CBA3AHHBIE C
MOBBIIIEHUEM PEHTA0ETbHOCTH MPEANPUATHS, C PACIPEACIICHUEM OTPaHUYECHHBIX
(1eUUIUTHBIX) pEecypcoB MEXIy 3BEHbSIMH IPOU3BOJACTBA, C YBEIUYCHUEM
BBIITyCKa MPOAYKIUWU IyTEM PAlMOHAIIBHOW PACIIMBKHU Y3KHUX MECT IPOU3BOACTBA,
ONpENENICHUs] 1IEH Ha B3aMMO3aMEHSIEMYI0O HOBYIO TEXHHKY M Jp. AHalnu3 Ha
YyBCTBUTENBHOCTh JACT BO3MOXKHOCTH OINPENCIUTH IIOBEACHUE MOJEIA B
OKPECTHOCTHU JKCTPEMYMA, a TAKKE MPEEIbl U3BMEHEHUS UCXOIHBIX MMApaMETPOB,
HE M3MEHSIOUIMX TMOJOXKEHHE 3KCTpeMyMa. OTO TO3BOJSIET cHOpMyIHpPOBATH

Tpe6OBaHI/I$I K TOYHOCTH HCXOJHBIX J/IAaHHBIX, a@ TAKXC YIPOCTUTbL U YTOUYHUTD
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MOJIeJIb, OTPYOHB TTapaMeTPhl, HE3HAYUTEIHHO BIUSIONINE HA KOHEUHBIN pe3ybTaT
¥ YTOYHUB MMapaMeTPhl, HAXOIAIINECS B 00IaCTH BEICOKOW YyBCTBUTEILHOCTH. 1 B
3TOM HaM IIOMOYKET [OHATHUE IBOMCTBEHHOCTH.

PaccMoTprM OCHOBHBIE TOHSATHST W BBIBOABI CHEHHAIBLHOIO paszjeia
JIMHEMHOIO MPOrpaMMUPOBAHUs — TEOPHUIO JIBOMCTBEHHOCTH HA IpUMEpPE 3a1auu
IJIAHUPOBAHUS IIPOU3BOJACTBOM. C KaX101 3aza4yen JIMHEVUHOT O
MPOrpaMMHPOBAHUSI TECHO CBsI3aHA Jpyras JIMHEHMHAas 3ajada, Ha3blBacMas

0BOUCMBEHHOII.

Bcnomaum 3a1aqy 00 OoNnTUMaJILHOM INIAHUPOBAHHUH IIPOU3BOJACTBA U3

npumepa 4 Temul 4. Mojens 3a7aun ObliIa MOCTPOEHA paHee.

f=14x1+ 10x2+ 14x3+ 11x4 — max. (5.1)
4x1+ 2xo+ 2x3+ 3x4 < 35,
x1+ x2+ 2x3+ 3xs < 30, (52)

3x1t x2t 2x3t x4 < 40.

x> 0, (j=14). (53)

[IpennonokuM, YTO HEKOTOpas OpTraHu3alMs MOXKET 3aKyIlUTh BCE
pecypchl, KOTOPBIMH pacronaraeT mpeanpustue. HeoOXoaumMo oOmnpeaciuTh
ONTUMAaJIbHBIEC OIEHKH Ha 3TH PECYPChl, HCXOJs U3 €CTECTBEHHOI'O YCIOBHUS, YTO
MOKYyIIAloIIass OpraHu3alus CTPEeMUTCS MHHUMH3UPOBATh OOIIYIO  OIICHKY
pecypcoB. HyxHo, 0THaKO, yUUTHIBATh U TOT (PaKT, 4TO 32 PECYPCHI MOKYMAIOMIAs
opraHu3alys JO0JDKHA YIUIATUTh CYMMY, HE€ MEHBIIYIO TOM, KOTOPYIO MOXKET,
BBEIPYYUTh TPEANPHITHE TIPH OpraHU3aluu  COOCTBEHHOTO IPOW3BOACTBA
npoaykiuu. MTak, TpeamosioKuM, YTO OCTaBasCh B paMKax IIPOM3BOJICTBA B
3alaye HEOOXOJMMO YCTAHOBUTH OIIEHKH WCIOJIB3YEMbIX B IPOU3BOJICTBE
PECYpPCOB C yUETOM MX BIIMSHHS HA KOHCUHBIN pe3yIbTaT IPOU3BOJICTBA.

O0603HaYMM 3TH OIEHKH 32 €AUHUITY KaXKI0TO BUIa pECypca COOTBETCTBEH-
HO uepe3 Y1; Y2 U Y3 (P1, P2, P3). DTH olieHKH [T YIIPOIICHUS HHOTA HAa3bIBAIOT
BHYMPEHHUMU YeHamMu Ha PECypChl B YCIOBHUAX JAHHOTO IPOHW3BOICTBA
(menesvimu yenamu). T.e. OHM IPEACTABIAIOT OOBEKTHBHO HEOOXOIUMBIE 3aTPATHI

Ha MMPOMU3BOACTBO MPOAYKIHNH B JaAHHBIX YCIIOBUSAX.
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[loHATHO, 4YTO TpH WX ONPEACICHHU CJEIyeT PYKOBOJCTBOBATHCS
CJICYIOIIUMU COOOPaXKEHUSIMHU:
1. OueHka pecypcoB, 3aTpayMBaeMbIX Ha BBITYCK EIUHUIBI TOTOBOW
IPOAYKIIUH JTOJKHA OBITh HE MEHBIIIE OIICHKH CMHUIIBI TOTOBOH MPOYKIIHH, T.C.
Mo [ 4yt y2+3ys2 14
I: 2y1+ y2+ y32> 10 (5.4)
I1s: < 2y1+ 2y + 23 2> 14

I1;: 3yi+3y2+ y3> 11
\
2. OHeHKI/I 110 UX CMBICHy JOJIKHBI BBIpa)KaTBCﬂ HC OTpI/IHaTeHBHBIMI/I quc-

JaMmu, T.€.

yi20,i=14 (5.5.)
3. Jlns OOBEKTUBHON OIEHKH PECYpPCOB HEOOXOAMMO TpeOOBaTh, UTOOBI

061]12151 CTOUMOCTB BCCX PCCYPCOB, HAXOIAIMMNXCA B PACIIOPSAKCHUN IIPCAIIPUATUA,

ObLJIa BO3MOYKHO MEHBIIIE, T.€.
@ =35y; + 30y, +40 y; — min (5.6.)
Nrak, nosyyunau MOJIeIb 3a/1a4u:

@ =35y1+ 30y, +40y; > min

( 4y1+ yo+ 3y3 > 14
21+ yo+ y3 > 10 (5.7.)
2y1+ 2y, + 2y3 > 14

L 3t 3yt 3> 11

yi>0,i= 14
Takum oOpazom, mpoOsemMa MpaBUILHOW OIIEHKH PECYpCOB HAXOMUTCS B
PACTIOPSHKEHUM TPEANPHUATHS U CBOAUTCA K pelieHuto ctanaaptou 3JII1. 3amava
(5.7.) nHaspiBaeTcsi nBoMcTBeHHOM K 3amaude (5.1.) — (5.3). Otu nBe 3amauu
MIPEICTABIISIOT COO0M YMCIIOBOM MPUMEp Maphbl CHMMETPUYHBIX JTBONCTBEHHBIX 3a-

Jad.
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C SKOHOMHMYECKON TOYKHM 3pEHHS B MPSAMOM 3ajaye MIIa pedyb O HAXOXK-
JICHUH ONITHUMAJIbHOTO IIJJaHA BBIITYCKA MPOIYKIIMU IIPU OTPAHUYEHUAX PECYPCOB U3
YCIIOBHSI MAaKCHMH3alUW BBIPDYYKH. B JBONMCTBEHHOW 3amade pedb HIET O
HaxO0XXJIECHUU CUCTEMbl BHYTPEHHMX II€H Ha MCIIOJb3YEMBIE B IPOU3BOICTBE
pecypcebl, U3 yCIOBHS MHUHHMH3ALUMM CTOMMOCTH BCEX 3allacOB MMEIOLIMXCS Ha
npeanpustin. Cucrema JBOWCTBEHHBIX OIICHOK ()j) TECHO CBsi3aHa C
KOHKPETHBIMHU YCJIOBUSMH JAaHHOTO MPOU3BOACTBA. C M3MEHEHUEM 3TUX YCIOBUUI
MEHSETCS U CHCTEMA 3TUX OLICHOK.

B O6H_ICM BHUJIC MOJCIIN CUMMCTPHUYIHBIX I[BOfICTBGHHBIX 3agad UMCIOT CJIC-

YOI BU:
Ipsamas unu ucxoownas Jlsoticmeennas
f=>e¢x — max) @ =by, — min
=1 i=1

Zaijxjgbi’(i:l!_m) > (I) Zaini ZCj,(j:H) > (”)
=1 i=1
x,20,(j=1n . 20,(i=1m

i 20,(J=1n) D Y 2 0,( )

[lycTh Ham naHa 3ajava JIMHEHHOW ONTHUMMU3AIMU B OOIEM BUJE, TOT/AA

JIBOMCTBEHHAs] K HEW IPUMET BUJL;

Ipsamas unu ucxoownas Jleoticmeennas
f=5 ™ =3 i )
= 2.¢%; = max ¢ = > by, - min
=t i=1
> ayx; <b,(i=Lm),m <m Y20, =1m,)m <m
j=1
J y. € R, (i =m, +1,m) >(II‘)
D ayx; =b,(i=m +1m) > (1 n o
1= 2.y >c,(j=Ln)n <n
- i=1
x;20,(j=Ln),n <n
zaini =c;,(J=n+1n)
i=1

x;eR,(J=n+1n) Y,

J

CBOWCTBO JABONCTBEHHOCTH SIBJISIETCSI B3aMMHBIM, T.€. eclii K 3amadam (1)

u (II') 3anucars nBOMCTBEHHBIE, TO OHU coBmaayT c¢ 3agadamu (I) u (II)
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COOTBETCTBeHHO. JI100y10 3amady BHYTpPU [IBOMCTBEHHOW Mapbl MOXKHO Ha3BaTh
IpSIMON WJIM UCXOJHOMU, TOT/Ia Apyrast Oy/1eT ABOWCTBEHHOM K HEH.

AHanu3upys MOJIENH 3a7a4 ABOMCTBEHHOM Maphl, MOKHO CHENATh CIETYIO-
1Y€ BBIBOJBI O CBSA3SX, CYIIECTBYIOIINUX MEXKIY JIEMEHTAMH MOJICIA 3a4a4 JIBOU-
CTBEHHOM Maphl:

1. Koaddunuenramu 1eneBor GyHKIIMHA JBOMCTBEHHOMN 3a/auu, SIBJISIOTCS
CBOOO/IHBIC YJICHBI OIPAHUYCHUMN MPAMON 3a]a4d, a CBOOOJHBIMU YJICHAMH OTpa-
HUYEHUM TBOMCTBEHHOM 3a7a4M - KOA(DPHUIIMEHTHI 11eJIeBOM (PYHKIIMKM TpsIMOH 3a-
nauyr. B nBOWCTBEHHOMN 3amade OyJIEeT CTOJIBKO MEPEMEHHBIX, CKOJBKO OTpaHHYe-
HUW B NPSIMOM U CTOJIBKO OTPaHUYEHUN, CKOJIBKO NMEPEMEHHBIX B IPSIMOM 3aJaye.
Takum 00pa3oM, KaXKJ0My OTPaHHUYCHUIO 33Ja4d OTBEYAET COOTBETCTBYIOIIAS T1€-
peMeHHas JBOMCTBEHHOM 3a/1auu U Ha00OPOT.

2. Matpuiisl Ko3()PUITMEHTOB MPU MEPEMEHHBIX B JTBOMCTBEHHBIX 3a/1auax
B3aMMHO TPAHCIOPTUPOBAHBI.

3. KaxagoMy orpaHn4eHHI0 — HEpPaBEHCTBY B JBONCTBEHHOW 3agade
OTBEUYAECT HEOTPULIATENbHAS IIEPEMEHHAS, @ KaXIOMYy OTPAHUYEHUIO PABEHCTBY —
MepeMeHHasi TPOU3BOJBLHOIO 3HAKa MU HA00OPOT: KakJAOW HEOTpUIATEIbHOU
IIEPEMEHHOW —  OIPAHMYEHHE HEPABEHCTBO, a KAXKIOW IEPEMEHHOU
IPOM3BOJIBHOTO 3HAaKa — OrpaHWYeHue paBeHCTBO. Ilpm 3TOoM B 3amaue
MAaKCHUMU3AlUN OTPAaHUYCHUS-HEPABEHCTBA MMEIOT CMBICT «<», a B 3aJaye
MHUHUMM3ALUU — «>).

4. Eciu B mpsimoit 3ajmaue (DyHKIUA LiejieBasi MaKCUMU3UPYETCs , TO B
JBOMCTBEHHOM MUHUMU3HUPYETCS U HA00OPOT.

HUrtak, cormacHO TeOpUHM JIMHEMHOTO NPOTPAMMHUPOBAHUS — KAXKIOU
ONTUMM3AIMOHHONW 3aJay€ JIMHEWMHOTO MNpPOrpaMMHUPOBAHHUSI COOTBETCTBYET
JNBOMCTBEHHAass €l 3agadya. OCHOBHbBIE YTBEPKICHHUS O B3aUMOIBONCTBEHHBIX
3a7a4ax COJAEpXKaTci B CIHEAYIOIIMX TEOpPEMax, Ha3bIBAEMBIX meopemamu
080UICMBEHHOCMU.

Teopema 1 (ocnosnas).

Ecmu OJlHa U3 ﬂBOﬁCTBeHHBIX 3aJad UMECT ONTUMAJILHBIN IIJ1aH, TO 1
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apyras paspemmma, T.€. HMEET ONTUMANbHbIM IuladH. lIpu sTom
AKCTPEMaJIbHBIC 3HAYCHHMSI 1IEICBBIX (DYHKIIUH COBIAIAIOT, T.€. fmax=¢min.
Eciu xe B omHoil w3 3amay 1eneBas (yHKIMS HE OrpaHMYEHA Ha
MHOXKECTBE IUIAHOB, TO B JPYroM 3ajJade CUCTEMa OrPaHUYCHUU

IMPOTUBOPCYNBA, T.C. 3a/la4d HC pa3pClInmMa.

PaccMOTpUM 3KOHOMUYECKOE PUII0KEHUE 3TOU TEOPEMBI.

B neicTBUTENBHOCTH CBSI3b MEXKY JBOMCTBEHHBIMM 3aJadaMH TOpas3io
rIIy0Ke, HeXeau 00 3TOM TOBOPUTCS B TEOPEME.

Oxka3bIBaeTcsi, MOJIBEPrasi CUMIUIEKCHOMY ITPeoOpa30BaHUIO MOJIENb OJHOM
U3 3a/la4, Mbl TEM CaMbIM ITpeoOpa3yeM 1 Mojieib ABOMCTBEHHOM 3a/1auu, a od3TO-
My peniasi OJIHy M3 3a]1a4 JBOMCTBEHHOM Mapbl CUMIUIEKCHBIM METOJIOM, MbI OJHO-
BPEMEHHO PEIIAEM U JBOMCTBEHHYIO 33/1a4y, TaK YTO MOJYYMB ONTUMAIBHBIN TIJIaH
pemaeMon 3aja4v, Mbl BMECTE C 3TUM HaXOJIWM U KOMIIOHEHTHI ONTHUMAaJbHOTO
IJIaHa JBOMCTBEHHOM 3aJauH.

KoMmoHeHTBl ONTHMAaIbHOTO IJIaHA JBOMCTBEHHOM 3aJayd HaXOOATCSI B
CTpOKe I1eJIeBOM (DYHKIIUU TMOCTeTHE CUMIUICKCHOM TaOIUIbl PEIICHHOW 3aauyu.
YToOBbI TIpaBUIIbHO BBHINIUCATh KOMIIOHEHTHl ONTHUMAJIBHOIO IJIaHA JIBOMCTBEHHOM
3a/1a4l HEOOXOJMMO YYECTh COOTBETCTBHE MEXKJY IMEPEMEHHBIMH JIBOHMCTBEHHBIX
3a/1a4, yCTaHaBIMBaeMOE JJII KaHOHHMYECKUX (OpM, B KOTOPOM Oa3MCHBIM Iepe-
MEHHBIM OJTHOM 3aJ1aul OTBEUAIOT CBOOOIHBIC TEPEMEHHBIC IPYTON U HA00OPOT.

PaccMmoTtpum Hamn npumep.

@ =35y1+ 30y +40y3 = min
f= 14x1+ 10x2+ 14x3+ 11x4 — max

4y1+ y2+ 3yz—ya =14
4x1+ 2x2+ 2x3+ 3xa + x5 = 35, Y Y
2y1 + y2t y3 V5 =10
x1t+ x2+ 2x3+ 3x4 + x5 =30,
2y1+ 2y2+ 2y3 V6 =14
3x1+ x2+ 2x3t+ xa + x7 = 40.
- 3y1 + 3y2 + y3 V7 = 11
x>0, (=17) I
yi20,i=17

Tak kak MCXofHas 3ajadya paspenimma, TO ¥ JBONCTBEHHAs Oy/IeT UMETh
ONTUMAJILHBIN TUIaH, KOTOPBIA HAXOJUTCS B TMOCHEIHENW CHUMIUIEKCHOW TaOiuIle
pEILICHHOM 3a7a4uu. 3alUIlIeM COOTBETCTBUE MEXKy IEPEMEHHBIMU 3a4a4:
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CII BII
X1 X2 X3 Xa X5 Xg X7
ya Vs Ve V1 Yy y2 3

BII CII

Hcnonb3ys NaHHOE COOTBETCTBHE M3 TaOMUIBI 6 HaXOAUM 3HAYCHUS
JIBOMCTBEHHBIX NMEPEMEHHBIX, KOTOPbIE HAXOATCS B CTPOKE IEIEBOM (PYHKIIUU 10T
CBOOOHBIMU NIEPEMEHHBIMHU (3TO Y1 ~ X5, Y4~ X1, Y7~ X4, Y2~ Xg), @ BCE OCTAJIbHbBIC
nepeMeHHbIC IBOMCTBEHHOM 3a/1aul OyAyT paBHbI HYJIO:

yi~Xs > y; =3; yo~Xe >y, =4 y3~X7 > y; =0;

ya~X1 > Yy, = 2; ys~X2 > y: = 0; Ve~X3 = y; = 0;

y7~X4 — y; = 10.

TakuMm oO0pa3oM MOXHO 3alycaTh ONTUMAJIBHBIA IIJIaH JABONCTBEHHOM
samaun: V = (3;4; 0;2; 0; 0; 10), @min = 225.

C DOKOHOMMYECKOM TOYKM 3pE€HMs Teopema | oO3Hadaer, 4YTo MO
ONTUMAJLHOMY IIJIaHY BBIMTYCKAa MPOJYKIIMU BCE 3aTpaTbl BHYTPU MPOU3BOJCTBA
COBIIAJIAOT C OLIEHKOW TOTOBOW MPOJAYKIIUH, POU3BEICHHON 10 3TOMY IJIaHYy, T.€.
IpyU ONTHUMAJILHOM TIIJIJaHE BCSI CTOUMOCThH 3aTpaT BHYTPU MPOU3BOICTBA
MOTJIONIAETCA B CTOMMOCTHM TOTOBOM MNpOAYKUMH. T.e. 3arparsl paBHbI
35*%3+30%4+40*0=225. CtouMocTh rOTOBOM MPOTYKIIUN
14*0+10*5+14*12,5+11*0=225.

Otcroa  BBITEKACT  nepBoe  CBOUCMBO  OBOUCMBEHHLIX  OYEHOK.
NBOMCTBEHHBIE OLeHKH Vi (I = 1;m), — SBJIAIOTCS MHCTPYMEHTOM OalaHCUPOBAHHS
3aTpar U pe3yJbTaToB.

PaccmoTpum ciieacTBUe, BBITEKAIONIEE W3 TMEPBOM TEOPEMBI, KOTOPOE
MIPEJICTABJIECHO B BUJIE BTOPOU TEOPEMBI JBOMCTBEHHOCTH.

Teopema 2 (0 dononnsirowett nedxcecmkocmit).

Jlns Toro, yToObl TIaHBI x* Wy * mapbl JBOWCTBEHHBIX 3a7a4 ObLIU

OIITUMAaJIBHBIMU, HCO6XOJII/IMO M JO0CTAaTOYHO BLIINMOJIHCHUC YCIIOBUSA:

33



x5 (Yay -¢)=0,(=1n) (5.8)

¥i(Xap; -b) =0, (i=1m) (59)

VYenoBus (5.8.) u (5.9.) Ha3pIBalOTCS YCIOBUSIMH  JIOTIOJHSIOIICH
HEXECTKOCTU. M3 HUX cleayer, 4To eclid Kakoe-IuOO OrpaHUuYeHUE OJHOW U3
3a/lad €€ ONTUMAJIbHBIM IUIAaHOM OOpalllaeTcsi B CTPOroe HEPaBEHCTBO, TO
COOTBETCTBYIOIIAsl KOMIIOHEHTa ONTHUMAJIbHOTO IUIaHA JBOWCTBEHHOM 3aJa4yu
JIOJKHA PaBHATHCS HYJIIO; €CJIH K€ KaKas-IM00 KOMIIOHEHTa ONTUMAIbHOTO TJIaHa
ONHOW W3 3a/Jady TMOJIOKUTEIbHA, TO COOTBETCTBYIOIIEE OrpaHUYCHUE B
JIBOMCTBEHHOM 3a/laue €€ ONTUMAaJbHBIM TUIAHOM JIOJDKHO 0OpaiaThCsi B CTPOToe
PaBEHCTBO.

B ycnoBusix Hamero sKOHOMHYECKOTO MpUMEpa ATO O3HAYAET, YTO €CIIH
pecypc MOJIy4Yus TOJIOKHUTENIbHYI0 OLIEHKY (1 = 3; y2 = 4), TO 3TOT pecypc
CUMTaeTCad OeduyumHvlM W BeChb OyAeT U3pacxojJoBaH MpHU pear3aluu
ONTUMaJbHOIO IUIaHa. Eciu ke pecypc u3pacxojoBaH HE IMOJHOCTHIO, TO €ro
Ha3bIBAIOT U30LIMOYHLIM W OH TOJYYHT HyJleByI0 oleHky (y3 = 0). Orcronma
CIIEIYET 8bI600 WIIN BMOpPOE CBOUCMBO OBOUCHBEHHbIX OYEHOK: JBOWCTBEHHbIE
OIICHKH MOTYT CIY>KUTh Mepo nedunutHocTH pecypcoB. [edbunutHbiii pecypc
(MOJIHOCTBIO MCMOJIB3YEMBIN MO ONTUMAJILHOMY IUIaHY IPOU3BOJICTBA) HMEET
MOJIOKUTENIbHYIO OLIEHKY, a PECYpC U30BITOUHBIN (MCIOJIb3yEeMbIi HE MOJHOCTHIO)
UMEeT HYJEBYIO OLCHKY. [lpuueM, ueM OOJbIIE TMOJOKUTEIBHOE 3HAYCHUE
JIBOMCTBEHHOM TIEpEMEHHOM, TeM JneduiuTHee pecypc. B Hamem mnpumepe
HauOoJee AeUIUTHBIM pecypcoM sBiseTcs pecypce Po.

Emre MOHO paccMOTpETh U IPYroM Ciaydai:

X, =5>0 — 2y;+y;,+ty;=2*3+4+1*0=10 =10

T.€. BBIITYCK 110 3TOMY BUY NPOIYKIIMH ONPABAAH.

x; =0 — 4y;+y,+3y;= 4*3+4+3*0 =16 > 14
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CJICAOBATCIIbHO, 3aTpaThbl BBIIIC, YEM CTOMMOCTD rOTOBOM MNpOAYKIIMU H

HaHHBIﬁ BUJ ITPOAYKIMKU HC BBII'OAHO ITPON3BOAUTD.

B ycnoBusix Haiiero 3KOHOMHUYECKOTO MpUMEpa JaHHBIE PaCCYXKICHUS
UHTEPIPETUPYETCS TaK: B ONTUMAJIbHBIM TIUJIAH BOWAYT TOJBKO TE€ BUJbI
MPOYKITUH, 3aTPaThl HA KOTOPBIE BHYTPH IIPOU3BOJICTBA COBIAIYT CO CTOUMOCTBIO
FOTOBOW MPOMYKIIMU, U HE BOUIYT T€ BUJBI, 3aTpaThl HA KOTOPhIC MPEBBIMIAIOT
CTOMMOCTh TOTOBOM MPOAYKIMH. TakuMm oOpa3oM, OLICHKH IO3BOJISIOT OLICHUTh
11€7I€CO00Pa3HOCTh BBIMYCKA TEX WJIM WHBIX BHUIOB MPOMYKIIHH, T.C. SBIISIOTCS
Mepol YOBITOUHOCTH TIPU MPOU3BOJICTBE HE BBITOJHBIX BHUAOB MPOAYKIUU (ITO
mpemwe C80UCMBO 080UCMBEEHHBIX OYCHOK).

Ilpumep 5. 1IpoBepuTh 11€71€CO00PA3HOCTh BhINMycKa npoaykuuu Ils, eciu
yAEIbHBIE 3aTpaThl PECYPCOB COCTABJISIIOT COOTBETCTBEHHO J5; 4; 6 YCIOBHBIX
eauHul]. CTOMMOCTb €IMHULIBI IPOAYKIIMU COCTABIACT 25 JICH. €.

Pewenue. Haiinem 3aTpaTbl Ha NPOU3BOJACTBO €IUHUIBI Npoxykuuu Ils

Sy;+4y;,+6y; = 5*3+4*4+6*0 = 31 nmen.eq. CpaBHUM CO CTOMMOCTHIO TOTOBOM

npoaykuuu: 31 > 25. CnenoBaTeabHO MPOU3BOACTBO MpoaykTa I1s mo Takoi 1eHe
HE 11e71ecCO000pa3Ho. m

Teopema 3 (06 oyenxax).

KoMrioneHThl ONTHUMAaJIbHOIO IIaHA JBOMCTBEHHOM 3aJayd YMCIICHHO
PaBHBI YACTHBIM MPOU3BOAHBIM OT SKCTPEMAIBLHOIO 3HAUCHHUS 11€JICBOU

GbyHKIIMY 110 CBOOOIHBIM YJI€HAM OTPAHMYCHUN 3a/1a4u:

of N
= Ymax (1= .10.
yi= T (i=im) (510)

OHGHKI/I IMTOKAa3bIBAIOT KAaK U3MCHACTCA SKCTPEMAJIbHOC 3HAYCHHUC (bYHKHHH
B 3aBUCHMMOCTH OT UBMCHCHMUA IIPpaBbIX yacTteu OFpaHI/IquI/Iﬁ 3aJa4u.

Ha IMPAaKTHKC TCOpEMa 4YaliC BCCTO HUCIIOJB3YCTCS Ha SA3BIKC KOHCYHbBIX

npupalieHuii:  y; ~ % (i=1,m) (5.11)

B Takoi1 3anucu NpUMEHUTEIBHO K HAIIEH SKOHOMHYECKOHW 3a7au€ OLCHKH

IMOKa3bIBAIOT, Ha CKOJIBKO M3MCHUTCSA MaKCUMAJIbHAA BbIpYYKa MPCANIPHUATHA, CCIINU
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3anac Ae(PUIMTHOTO pecypca U3MEHHUTCS Ha €AUHHILy. Takum oOpa3oM, OICHKHU
SBJITFOTCSI MEPOUW BIIMSHHS OTPAaHWYEHUW 3a7a4d Ha SKCTPEMajJbHOE 3HAUCHUE
1esIeBoi QYHKIUH (vemeepmoe c80UCMBE0 080UCMEEHHBIX OYECHOK).

OnHako, Kak 3TO CBOMCTBO, TaK M BCE MPEABIAYIINE OCTAIOTCS CIIPaBeIIIH-
BBIMH JIO Te€X IOp, TMOKAa, TpaBble YacTH OTPAHMUYCHUHN 3a7aud MEHSIOTCS B
OTIpe/IeTICHHBIX Mpeenax (Mpeneyaax TYyBCTBUTEIHHOCTH).

B mamem mpumepe BUAHO, YTO MEPCIEKTUBHBIMU PECYpCaMH SIBIISTFOTCS
pecypcsl P1 u Py, T.K. BBOIIS eqrHMITY pecypca P1 B MpOW3BOACTBO JOMOTHUTENIBHO,

MbI YBCIIMIMBACM BBIPYUYKY Ha 4 JACHC)KHBIC CAMHUIIBI.

Ilpumep 6. IIpeanonoxum, 4TO U3 MPOU3BOACTBA UCKITIOYACTCS 2 €TUHUILIBI
nedunutHoro pecypca Po. IloHATHO, 4TO BRIpyYKka CHU3UTCS. Kakoe kKoamdyecTBO
B3aMMO3aMEHIEeMOT0 pecypca P ciegyer BBeCTH B MPOU3BOJACTBO C TEM, UTOOBI

BO3MCCTUTb YMCHBIICHUC BBIPYYKHU.

Pewenue: Bripyuka (10 TpeTbeil TeopeMe JBONCTBEHHOCTH) YMEHBIIUTCS
Ha 2%y,;=2%*4=8 neH.ei. DTy XK€ BEIMYHMHY HEOOXOAUMO BO3MECTUTH 3a CUET
BBEJICHUS MEpBOro pecypca, T.e. 8=Ab;*y;. OTcroma jerko HaxoJAuM 3HAUYCHHE

Ab;. Tlomyuaem Ab;=8/3. 8/3 emuuui; mepBoro pecypca 3aMEHSIT HEIOCTATOK

BTOPOTO. W

TpancnopTHas 3a1a4ya 1Mo KPUTEPUIO CTOUMOCTH

Panee Obln1 TNpHUBEAEH NPUMEP MPAHCHNOPMHOU 3a0a4U NO KPUMEPUro
cmoumocmu, Kotopas GopMyJIMPOBAIACH CICAYIOIMINM 00pa3oM.

B m nynkrax otnpasnenuss Ai, Az, ..., Am, KOTOpBIE Ha3bIBAIOTCS
MOCTaBIUKAMHU, COCPEIOTOYCHO OIpPEAeICHHOE KOJIUYECTBO €AMHMI] HEKOTOPOTO
OHOPOJHOrO MPOAYKTa, KoTopoe 0603HauuM ai, (i = 1L,m). JlaHHBIA NOPOIYKT
noTpebnsiercss B 1 TyHKTaX Bi, B ..., Bn, KoTopble OyaemM Ha3bIBaTh
noTpeduTensMu; oobeM noTpedienus o6o3Haunm by, (j = 1,n). V3BecTHBI pacxonl

Ha MEePEBO3KY €IMHULIBI IPOAYKTA U3 IIYHKTA Ai B MyHKT Bj, KoTopble paBHbl Cjj 1
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npuBeICHBl B Marpuie TpaHcmopTHeIX pacxogoB C = (Cj)mn. TpeOyercs
COCTaBUTh TAKOM IUJIaH NPHUKPEIUVIEHHS NOTpeOUTENel K IMOCTaBIIMKAM, MpU
KOTOPOM BECh IMPOAYKT BBIBO3UTCS U3 MYHKTOB Aj B IIYHKTbI Bj B COOTBETCTBUH C
MOTPEOHOCTHI0O W 00mIasi BEJIWYMHA  TPAHCIOPTHBIX  M3JEPKEK  OyAeT
MHUHUMAaJIbHOM.

TpancnopTHas 3a7ay4a, JJii KOTOPOH KOJMYECTBO I'py3a, HAXOALIEToCs Yy

MOCTABIIMKOB PAaBHO KOJWYECTBY Tpy3a, TPeOYyeMOro MOTPEOUTENSIM, Ha3bIBACTCS

m n
3aKpeimoi mpancnopmuoti 3adadyeri. T.e. KOTa BBIIOTHACTCS YCIOBUE » & = » b,
i=1 j=1

CocTraBuM 9KOHOMHKO-MAaTCMAaTUICCKYIO MOJCJIb 3a1a4u, ITPU YCIIOBUH, YTO
OHa ABJIACTCA SaKpBITOﬁ. OO0o03HaYUM KOJHUYECTBO IIpoaAYyKTa, IICPCBO3UMOIO H3

IIyHKTa 4; B IyHKT Bj yepe3 xj;. Torna nenesast pyHkuus 3anayu OyeT UMETh BUJ:

f= 33 c,x, — min 6.1.)
i=1 j=1

OrpanudeHus 3aa4u pa3o0bIOTCS Ha JABE MOJACUCTEMBI:

OT KaXXI0I'0 INTOCTaBIIMKa BECh I'PY3 JOJIZKCH OBITH BBIBE3CH ITOJIHOCTBIO, T.€C.

S =ai (i=1m) (62)

j=1

U KX TOTPEOUTENH TOJIKEH MOTYYUTh TpeOyeMoe KOJIUYECTBO Tpy3a

> =by, (j=1n) (63)

i=1
10 CMBICITY HaIUX TEPEMEHHBIX OHHM JIOJKHBI NMPHUHUMATH HEOTPHUIIATCIIbHBIC
3HAYCHMUS, T.C.

xij 2 0,(i=1m), (j=1n) (6.4.)

Heo6xoauMbIM 1 JIOCTaTOYHBIM YCIOBHEM Pa3pelIMMOCTA TPAHCTIOPTHOM

3aJlayul SIBJISIETCS yclogue banranca:
m n
da = Db, (6.5.)
i=1 j=1
Ecnu HeoOXoaumoe U JIOCTaTOYHOE YCJIOBHE HE BBINOJHAETCS, TO
orpanunuenus (6.2.) wiu (6.3.) UMEIOT BU HEPABEHCTB TUIA «MEHBIIIE U PABHOY;

TPAHCIIOPTHAs 3ajjaya B TAaKOM CJIy4yae Ha3bIBaeTCsl omkpwuimou. Jns peueHus
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OTKPBITOW TPAHCIIOPTHOM 3aa4yd METOJOM NOTEHLUHAJIOB €€ CBOIAT K 3aKPBITOU
3aJaye IMyTeM BBOJAAa (PUKTHUBHOTO TMOTPEOUTENsA, €ClIM B HEPaBEHCTBA
npeBpauatoTcs ycioBus (6.2.), WM (GUKTUBHOTO MOCTABIIMKA — B ClIy4ae Ipe-
BpallleHus1 B HepaBeHCTBa orpanndenuii (6.3.). [Ipuyem (GUKTUBHOTO MOCTaBIIMKA
WM (PUKTUBHOIO MOTPEOUTENS] BBOJAAT Ha HENOCTAIOLIEE KOJMYECTBO Tpy3a IS
BBITIOJTHEHUS yciaoBus (6.5.).

TpancnopTHas 3amaya, B KOTOPOM MMEET MECTO paBEHCTBO (6.5.) MoOXKeT
ObITh pEIlleHa, KaKk 3ajada JIMHEHHOro MpOrpaMMHUpPOBAaHUS C IIOMOIIBIO
CHUMILIEKCHOTO MeTofa. OpHako Omaromapsi 0COOCHHOCTSIM NEPEMEHHBIX 3a/ladyd
Y CUCTEMbI OIPaHUYEHUN pa3padOTaHbl CIIEHHAIBHBIE, MEHEE TPOMO3JIKHE METO/IbI
€€ peILlEHNUs], OCHOBAHHBIEC HA ONEPALNSIX CIOKEHUS U BBIYUTAHUS.

HauGoiiee mpumMeHsieMbIM METOIOM PEIICHHS TAKUX 3a7a4 SABJISIETCS Menoo
nomenyuanog. Ilpu  KOTOpOoM Kaxmoi I-oi cTpoke (I-My TIOCTaBIIHKY)
COOTBETCTBYET MOTEHLIHAN Ui, KOTOPBI MOXHO WHTEPIPETHPOBATH KAaK OLEHKY
IPOAYKTa B IYHKTE ITOCTABINHMKA. A KaXJIoMy CTOJONy (j-My MOTPEOHTEINIO)
COOTBETCTBYET NOTEHIMAJI Vj, KOTOPBIA MOXHO IPHUHATH YCIOBHO 3a OLIEHKY
MPOJYKTa B IMyHKTE MOTpeOuTens. B mpocTeiimiem ciayyae TpaHCIOPTHBIE PacXOdbl
Ha JOCTAaBKy €JMHHUILIbI I'py3a paBHbI OIIEHKE MPOJYKTa B IYHKTE MOTpEOUTENS

IUIIOC €T'0 OLICHKY B ITYHKTC ITIOCTAaBIIHUKA, T.C.
Cij = Ui +V; (6.6.)

AJITOpUTM METOJa MOTCHUHUAJIOB ISl 3aKPBITOM TPAHCHOPTHOW 3aJauu
JeTalbHO OMUCaH B psAAe y4eOHBIX TOCOOMM MO MaTeMaTUYECKOMY
IIpOrpaMMHUPOBaHuI0. [IepBbIM 3TanomM 3TOro amropuTMa SIBJISIETCS COCTABJIICHUE
HAaYyaJIbHOTO paclpesiesieHrs (HayalabHOro IUIaHa MepeBO30K). Peanmsanusi 3Toro
HAYaJIbHOTO 3Tala MMEETCS B CBOKO OYEpPElb Psii METOJIOB: CEBEPO-3alaHOrO
yria, HauMeHblero Ttapuda, meroga Porens u aAp. BTopbim sTamom ciyxkar
MOCTPOEHUE CHUCTEMBI IMOTEHIMAJIOB HAa OCHOBE paBeHCTBa (6.6.) W mpoBepka
HA4YaJIbHOTO IUIAHA HA ONITUMAJIbHOCTB; B CIIy4ae €ro HEONTUMAIIBHOCTH MTEPEXOIAT

K TpETbeMy OJTally, COJAEpKaHHE KOTOpPOro 3aKI4YaceTcs B pealM3allud Tak
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Ha3bIBAEMBIX LMKIIOB IepepacnpeneneHuss (KOPpeKTUPOBKA IJIaHA MPUKPEIIICHUS
NOTPEOUTENEN K MOCTABUIMKAM ), [IOCJIE YETO MEPEXOMAIT, OISATh KO BTOPOMY 3TaIly.
COBOKYITHOCTB TIPOLIEYP TPETHETO U BTOPOTO TAMOB 00pa3yeT OJHY UTEPalUIO;
3TH UTEpAlMU MOBTOPSIOTCS, MOKA IJIaH MEPEBO30K HE OKAXKETCS ONTHUMAIBbHBIM

10 KPUTEPHIO.

UToOBl OIICHHTHh ONTHUMAIBHOCTh PACIpPEICICHHS, IS BCEX CBOOOIHBIX
KJ1eToK (i;]) MaTpHUIIBI IEPEBO30K OMPEICIIIIOTCS UX OyeHKU, KOTOphle 0003HaYaeM

gepe3 Ays 1o popMyiie:
Aws = cij— (Ui + ;) (6.7.)

Ecnu Bce OLEHKM CBOOOIHBIX KIETOK HE OTPUUATENbHBI, TO IUIAH
TPAHCIIOPTHOM 3a/1a4l MUHUMU3AIUU SBJISIETCS ONTUMAJIBHBIM.

OtcyTcTBHE HYJIEBOM OLICHKM HE3aHATOM KJIETKHM TOBOPUT O TOM, YTO
ONTUMAJIbHBIA IUIaH SIBISIETCS  eOduHcmeeHHuviM. Eciu ke Ccpead OLEHOK
IIPUCYTCTBYIOT HYJIEBBIC OLICHKH, TO HAlWJICHHBII ONTUMAJIbHBIA TUIAH HE SIBISETCA
€IMHCTBEHHBIM.

TpancnopTHble 3a7auu, B 0a3MCHOM IJIaHE NEPEBO30K KOTOPBIX HMEIOT
MECTO 3aHATHIE KJIETKM C HYJEBOM IIOCTaBKOW (MIM B IEPBOHAYAIBHOM
pacnpeneneHud, WIA B MPOLECCe HUTEpalnii), Ha3bIBAIOTCS GblpodicOeHHbiMU. B
cllyda€  BBIPOKIEHHOW  TPAaHCIOPTHOW  3aJa4M  CYLIECTBYET  OIIACHOCTh
3ayuxkaueanus, T.e. OECKOHEYHOrO IMOBTOpEHMs] HTepauuid (OECKOHEYHOIro
nepebopa OJHUX M TeX ke Oa3UCHBIX KOMOWHAIMK 3aHATHIX KJeTok). Kak mpa-
BWJIO, B TNPAKTUYECKUX 3aJayax TPAHCIOPTHOIO THUIIA 3alMKIMBAHHE HE
BCTpEYAETCsl; TEM HE MEHee CIeAyeT 3HaTh, YTO CYIIECTBYIOT CIEIHUalIbHbIC
npaBuia, NO3BOJSIIOIIME BBIMTH W3 LWKIA, €CIA 3alUKIMBAHHE BCE K€
npousoiiier. [Ipu OTCYTCTBUM BBIPOKIAEHUS METOJ IMOTEHIMAIOB KOHEYEH U
MPUBOJUT K ONTUMAJILHOMY IJIaHY MEPEBO30K 32 KOHEYHOE YMCIIO MIAroB.

PaccMoTpuM pereHne TpaHCIOPTHOM 3aa4y Ha CIEAYIOLEM ITPUMEDPE.

Ilpumep 7. 3aBoant Ne 1,2,3 mpou3BOIAT OJHOPOJAHYIO MNPOIYKIHIO B

konnyecTBax cooTBeTrcTBeHHO 510, 470 m 490 emunun. ['otoBas mpomykius
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oTnpasisiercs B MyHKThI A, B, C, NOTpeOHOCTH KOTOPBIX COOTBETCTBEHHO PaBHBI
330, 370, u 410 enuaun. CTOMMOCTH MEPEBO30K €IMHULIBI TPOIYKIMHU C 3aBOJIOB B

ITYHKTBI HOTpe6H€HI/ISI 3aJar0TCs ManI/IHGﬁ

H w
N B Ol

1
5
3

COCTaBUTh M PEIINTh YKOHOMHUKO-MATEMATHUECKYIO MOJENb 3a1a4d U3
YCIOBUA ~ ONpeeNeHMss  ONTMMAIbHOTO  IJIaHAa  MEPEBO3KH  MPOAYKIUM
MHHHMU3HPYIOLIETO TPAHCIOPTHBIE H3IEPKKH.

Pewenue:

CocTaBUM YKOHOMUKO-MAaTEMATHUECKYIO MOJIENb 3a1auH.

Iycts xij (i=13, j=13) - KOIMYECTBO MPOIYKTa, HEPEBO3UMOIO C 3aBOJIA

Ne i B myHkTHI 4, B, C. Toraa ueneBas GyHKIHS 3a1a4i OyA€T IPUMET BH/T

f = 7x11+5x10Fx13+3x21 +4x00+ 5x03+4x31+ 2x30+3Xx33 — Min (68)
Ol“paHI/I‘leHHH 3aJauu.

rx11txptxiz < 510

{ Xartxatxas < 470 (6.9.)

| Xa1txsatxss < 490

r x11+tx21+x3 = 330

x12+x22+x32 = 370 (6.10.)

A

| X13txzztass = 410

xij = 0 (i=13, j=13). (6.11.)

MoOXHO BHIETH, UTO 3TO 3a7ada OTKpbITOro Tuma. [loaTomy mpexae yem
NPUCTYIIUTh K PEIICHUIO, HEOOXOAMMO TPUBECTH €€ K 3aKPHITOMY THITY, BBEIS
¢uxtuBHoro  motrpedbutens  (510+470+490)>(330+370+410).  TpebOyemoe
KOJIMYECTBO Trpy3a d3TOMy mnorpeburento Haxomum kak (510+470+490)-
(330+370+410)=360. Tapudsl Ha nepeBO3KY K GUKTUBHOMY MOTPEOUTETIO OYIyT

PaBHBI HYJIIO.
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WTak, paccCMOTpUM STaIlbl pean3aiii METOa TOTCHIINAJIOB IS 3aKPHITON
TpaHCTIOPTHOM 3amaum Oosee momapoOHO. [Ipexkae Bcero cieayer OTMETUTh, YTO
npu ycioBuu OajnaHca (6.5.) paHr CHCTeMBbI JIMHEHHBIX ypaBHeHUiU (6.2.), (6.3.)
paBeH (m+ n—1). Takum 0Opa3om u3 00IIeTO YucHa m™* N MepeMEHHBIX 0a3MCHBIX
oyner (m-+n—1). BcunenctBue »3Toro mnpu JIIOOOM JOMYCTUMOM 0a3MCHOM
pacmpeneieHnd B MaTpulle TIepeBO30K (TpaHCHIOPTHOW TabnuIie) OyaeT 3aHsITO
poBHO (m+n—1) KIETOK, KOTOpble OyaeM Ha3bIBaTh OA3UCHbIMU B OTIUYUE OT

OCTAJIBHBIX C80000HBIX KIIETOK.

Oman 1. I[locmpoenue nauanbno2o onopno2o niara zadayu. PaccMoTpum
JIBA METOJAa TNOJIyYEHHsS HAYaJIbHOTO paclpeieiaceHus (Ha4albHOrO OMOPHOIO
IJIaHa): METOJ CEBEpO-3alaJHOro yria M MeToJl HauMeHbmx Tapudos. [lpu
KaXXJIOM M3 3TUX METOJIOB MPHU 3aMO0JIHEHUN HEKOTOPOU KJIIETKH, KPOME MOCIEAHEH,
«3aKPBIBAETCS» WJIU TOJIBKO CTPOKA WJIM TOJIBKO CTOJIOEI] TPAHCIIOPTHOMN TaOIHIIbI.
Jlus npy 3anoHEHUU MOCIEAHEN KIETKU «3aKphIBACTCS» M CTPOKA, U CTOJOEII.

Takoit moaxoa OyaeT rapaHTUPOBATh, UTO 0A3MCHBIX KJIETOK OyAeT poBHO (m+n-

1).

Ecnu npu 3amojiHeHUH HEKOTOPOH (He MOCIeIHEH) KISTKH OJHOBPEMECHHO
YAOBJIETBOPSAIOTCS MOITHOCTH M IOCTaBIIMKA U TOTPEOUTEIISA, TO «3aKPBIBACTCI»,
HafpuMep, TOJIBKO CTPOKa, a B COOTBETCTBYIOIIEM CTOJIOLE 3amloJIHSIETCS
HE3aHATasl KIETKAa TaK Ha3bIBAEMOW «HYJIECBOM TMOCTABKOW», IIOCJIE YEro

«3aKpPbIBACTCA» U CTOJ'I6€I_[.

[Ipy mocTpoeHUM METOAOM CEBEPO-3aMaJHOr0 yrja BCErja B MEPBYIO
ouepe/ib 3aMoIHICTCS MaKCUMaJIbHO BO3MOXXHOW IMOCTABKOW KJIETKA, CTOSIIAS B
BEpXHEM JIEBOM (CEBEpO-3alagHOM) YUy TPAHCHOPTHOW TaOJuIlbl. 3aTeMm
MEepPeXoAsIT B PajoM CTOSIIYIO KIETKY crpaBa wid BHU3. [Ipumep cocraBiieHus
HAYaJIBHOTO pachpeiesieHrs JaHHbBIM METOJOM ToKa3aH B Tabmuue 7. llpu
peleHnu 3aauu npumepa 7. 3anonHsercs kietka (1;1) u «3akpbeIiBaeTcsy nepBbIid
cTooerr: 3amonHseTcs kietka (1;2) u «3akpbIBaeTcs mepBas CTPOKa; 3armoTHIETCS

KieTka (2;2) W «3akpbIBaeTcs» BTOpPOM crosber; 3amoJyiHseTcs kieTka (2;3) u
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«3aKpBIBACTCS» BTOpAs CTPOKa; 3amoyiHseTcss kietka (3;3) W «3aKphIBAETCS»
TPETHUI CTOJIOEI]; HAKOHEII, 3aIMOTHAETCS KieTKa (3:4) B «3aKpBIBACTCS MOCIIETHIEC
CTpoKa U ctojben. Yncio 3aHiIThIX KIETOK, paBHO m+n-1=3+4-1=6. CymmapHbie

3aTpaTrbl Ha pPCAJIM3AINI0 JAHHOIO INNIaHa IICPCBO30K COCTABAT f1 =

7*330+5*180+4*190+5*280+3*130+0*360 = 5206 nen.ex.

Ta0muma 7
3amacel Crpoc norpebureneit
TTOCTaBITNKOB 330 370 410 360
510 330 7] 180 5 1 0
470 3| 190 4| 280 5 0
490 4 2| 130 3] 360 0

Henocrarkom maHHOro MeToJa SBIISETCS TO, YTO OH HE YYHMTHIBACT
3HaueHUd TapudoB MaTPUIBI TPAHCHOPTHBIX PACXOJOB B PE3yJIbTaTe YEro
MOJIYy4EHHOE ATUM METOJIOM HAuyaJbHBI ONMOPHBIN IJIaH NEPEBO30K MOXKET OBITH
JIOCTATOYHO JAJEK OT ONTUMAJIBHOTO.

B pasnuuHbix MomudUKAIUAX ~METOJa HAMMEHBIINX CTOMMOCTEH
(HauMeHbIIero Tapuda) 3amoJIHEHUE KIJIETOK MaTPUIbl MEPEBO30K MPOBOJIUTCS C
y4eTOM 3Ha4eHUM BeIMuuH TapudoB cj. Tak, Mo AaHHOMY METOAY IEpBOi
3arpy’kKar0T MaKCUMaJIbHO BO3MOXXHOW MOCTAaBKOM KIJIETKY C CaMbIM MaJICHbKUM
tapudom. 3aTeM, CIeAyOllyl0 Mo BeluuuHe Tapuda m Ttak panee. Ilpu stom u3
JBYX KIIETOK C OJIMHAKOBOW CTOMMOCTBIO IMEPEBO30K IPEANOYTEHHE OTAACTCS
KJIETKE, 4Yepe3 KOTOPYI OCYIIECTBIsIETCS OOdbIIMM 00bEM  MEPEBO3OK.
BrruepkuBaHue CTpOK M CTOJOLIOB MpPH 3alOJHEHUM KJIETOK IMPOBOJIUTCS IO
ONMHMCAHHBIM BbIlIE TNpaBuwiaM. [IpuMep HayanbHOrO pacnpeieseHus METOA0M
HAaMMEHBIIIMX CTOMMOCTEH HJisi TeX >K€ MCXOIAHBIX JAaHHBIX, YTO U paHee,

IpeACTaBIICH B Ta0I. 8.

[Topsimok 3anonuenus kietok: (1;3), (1;2), (3;3), (3;1), (2;1), (2;4).

Tabmura 8
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3amnacsl Cnpoc nnotpebuteneit
HOCTABIINKOB 330 370 410 360
510 7 100 5| 410 1 0
470 110 3 4 5| 360 0
490 220 4| 270 2 3 0

CymMapHble 3aTpaTbl Ha IE€PEBO3KHM, NPEICTABICHHbIE B Ta0nuIie §,

COCTaBJIAIOT

f, = 100*5 +410%1 + 110*3 + 220*4 + 270*2 = 2660 (neH.ex.).
Tak kak 3nadenue f; > f, , To MaHHBIN TIaH TEPEBO30K 3HAYUTEILHO OJIHIKE

K OIITUMAJIbHOMY, YEM ILJIAaH, COCTAaBJICHHBIM I10 MCTOAY CCBCPO-3allaAHOTO yIJIa.

Oman 2. llpoBepka ONTUMAIBHOCTH TIOJYYCHHOTO IIJJaHA IEPEBO30K.
BBeneM crienuaibHble TTOKa3aTend Ui JJIS KaKIOW CTPOKH MaTPHIILI MIEPEBO30K
(KaKI0ro MOCTABINKMKA), TA€ | = 1,m U IoKasaTeau Vj  JUIl  KaXAO0ro CTojola
(kaXa0ro moTpebuTens), rae j = 1Ln. DTH MOKA3aTeld Ha3bIBAIOTCA HOMEH-
yuaramu TOCTABIIUKOB U IOTPEOUTENICH, UX yIOOHO HHTEPIIPETUPOBATDH KAaK I[CHBI
NPOAYKTa B COOTBETCTBYIOIIMX ITYHKTaX ITOCTABIIMKOB W TIOTPEOUTENCH.
[ToTeHIMaIBI TOAOUPAFOTCS TAKUM 00pa30oM, YTOOBI JIJIs 3aITOJTHEHHOM KJIeTKH (i;])
BBINOJIHSUIOCH paBeHCTBO (6.6.). CoBokymHOCTh ypaBHeHuid Buga (6.6.), co-

CTaBJICHHBIX [JIA BCCX 3allOJIHCHHBIX KJICTOK (BCCX 0a3MCHBIX HGI/IBBGCTHBIX),

oOpa3zyert cuctemy (m+n-1) TMHEWHBIX ypaBHEHHUN C m+7n HEU3BECTHBIMU Ui U V.
Orta cucrteMa Bcerja COBMECTHA, MPUYEM 3HAUYCHHUE OJHOTO W3 HEU3BECTHBIX
MOJKHO 3a/1aBaTh MPOU3BOJIBHO (Hampumep, Uy = 0), Toraa 3HAYEHHS OCTAIbHBIX
HEW3BECTHBIX HAXOATCS U3 CHCTEMBI OJTHO3HAYHO.

PaccMoTpuM  mporiecC  HaxOXKJIEHWS TOTCHIIMAIOB Ui 0a3MCHOTO
HAYaJIbHOTO pacIpeieSieHrs 10 METOy HauMEHbIero tapuda, mpeacTaBICHHOTO
B Tabmuie 8. Wcnonw3zys dbopmyny (6.6.) s 3alOJHEHHBIX KJIETOK MOJIydaeM

CUCTEMY JIMHEUHBIX YPaBHEHUN

43



(U +V,=5;

Up +v3=1;
Uz + V1 =3;

< Uz + Vg =0; (6.12))
Us + vy = 4;

\ Uz +V2=2;

3amaB w13 = 0 Haxommm (mo 3amosiHeHHOW KieTke (1;2)) w3 mepBoro
ypaBHEHUSI Vo = 5, U3 BTOpOro ypaBHeHus V3 = 1 (1o 3anonHeHHo# kietke (1;3)).
3Has Vo HaXOJUM u3 = -3, a 3Has u3 Mo 3arnojJHeHHoU kieTke (3;1) Haxoaum Vi = 7.
3Has Vi, 10 3amoJHeHHOU KiaeTke (2;1) Haxomaum u, = -4, a 3aTeM 10 3allOJTHEHHOU
kietke (2;4) Haxoaum V4 = 4. PesynbTaThl TpelcTaBlieHbl B Tabn. 9, rne
MOTEHIMAJIBI MTOCTABIIMKOB TMPUBEICHBI B TMOCIEAHEM CTOJIOIE, a IMOTEHIUAIbI

noTpeduTeneil — B NOCIIEHEN CTPOKE.

Tab6maua 9.
3amnachl Cnpoc notpedureneit U
MOCTABIIMKOB 330 370 410 360
510 7] 100(-)i 5] 410 177 (1) 0| 0
470 110 ()} 3| 45360() 0| -4
490 220 (-)!""51_"2:%6"{;)' 2 3 0| -3
Vj. 7 5 1 4

Yr1oO0mI OLCHUTHL OINTUMAJIIBHOCTL PACHPCACICHUA, OJIA BCEX CBO6OIIHBIX

kieToK (i;]) MaTpHIlBl IEPEBO30K OMPEICIIIOTCS UX OYEHKU, KOTOPbIe 0003HAYNM

yepe3 Ays o hopmyie: A = cij— (Ui + Vj)
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O4eBUHO, OICHKU 3allOTHEHHBIX KJIETOK paBHBI HYIO. Takum oOpazom,
00 ONTUMAIBLHOCTH paCHpeNeNieHus MOXXHO CYIUTh IO BEIHMYMHAM OIICHOK
CBOOO/HBIX KJIETOK. ECnM OIleHKa HEKOTOpOl CBOOOAHON KIIETKH OTpHUIATEINIbHA,
TO 3TO MOYXKHO HWHTEPIPETUPOBATh TaK: €CIM Obl 3Ta KJIETKa OblIa 3aHATa, TO
MOXHO OBUIO OBl TMOJYYHTh JIOMOJHUTEIbHBIA HAKOHOMHUYECKUH 3 PEKT.
CrnenoBaTelbHO, YCr108UeM ONMUMATLHOCMU DPACHPeOeleHUs CIYX*CUm YClA08Ue

HeompuyamejalbHocmu OYeHOK C80O0OHBIX KIeMOK mMampuyvl nepeso3ox.

As=cij— (Ui +Vv;) >0 (6.13.)

Ouenku kietok mo Qopmyne (6.7.) yaoOHO MOpencTaBUTh, IJs paHee
paccMaTpuBaEeMoOro pactpeeIeHns, TOTyYeHHOTO METOIOM HaMEHbIero Tapuda
(Tabnuia 9.), OlIeHKH KJIETOK UMEIOT BU/I

A1 =7-(047)=0; A14 = 0- (0+4) = -4;

Ay = 4- (-4+5) = 3; Ap3 = 5- (-4+1) = 8; (6.14.)

Az3 = 3- (-3+1) = 5; Aszq = 0- (-3+4) = -1.

Tak kak He BCE OIICHKM HEOTPUIIATENIbHBI, TO M 3TOT IUJIaH HE SIBISETCS

OIITUMAJIBHBIM, T.C. UMCCTCs BOSMOKHOCTD YJIYUIINUTDH I[aHHBIﬁ IIJIaH IICPEBO30K.

Oman 3. VYydllleHWEe HEONTHUMAJIBHOIO IUIaHa MEpPeBO30K. YTOObI
yJIy4IIUTh HEONTUMAJIbHBIH MJIaH NEPEBO30K, BEIOUPACTCS nepcneKmuHas Kiemka
MaTpHLbl EPEBO30K C OTPULATEIIBHON OLEHKOW; €CIIM TAKUX KIJIETOK HECKOJIBKO,
TO OOBIYHO BBIOMpAETCs KJIETKa C HauOoJblIe MO aOCONIOTHOW BEIMYMHE
OTPULATEIIbHON OLEeHKOM. Hampumep, s pacrpeneiieHus, NpeICcTaBICHHOTO B
Tabn. 9, TakoW KJIETKOM MOXeT CiyXuTh kietka (1;4) (cmoTpute OILCHKH
CBOOOJIHBIX KIIETOK (6.14.)).

Jlnst BBIOpaHHOW TMEPCHEKTUBHOM KIIETKHM CTPOUTCS 3aMKHYTasl JUHUSA
(yuxn), HadajgbHas BEpIIMHA KOTOPOW JIEKUT B BBHIOpAHHOM KJIETKE, a BCE
OCTAJIbHBIE BEPLIMHBI HAXOMATCS B 3aHATBHIX KIETKAaxX; MPU 3TOM HaIpaBJICHUS
OTJENIbHBIX OTPE3KOB KOHTypa MOTYT OBITb TOJIbKO TOPHU3OHTAJIbHBIMU U
BEPTUKAIBHBIMUA. BepIInHON KOHTypa, KpOME IEPBOM, SIBISETCS 3aHATAs KIIETKAa,
I7le OTPE3KU KOHTypa 0Opa3yloT OJMH MpsSMOM yroiy (Henb3s paccMaTpuBaTh Kak

BCPpHIMHBI KIJICTKHM, TI'J€ TOPU30OHTAJIBHBIC KW BCPTHUKAJIBHBIC OTPC3KHW KOHTYpPaA
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nepecekaroTcs). OueBUIHO, YUCIO OTPE3KOB KOHTYpa, Kak M €ro BepIIMH, OyneT
YeTHbIM. B BepmIMHAX KOHTypa pacCTaBiAIOTCS NooyepenHo 3Haku "+" um "-",
HauuHas co 3Haka "+" B BEIOpaHHOM cBOOOHOH KieTke. [Ipumep KoHTypa mokaszaH
MYHKTHPOM B Ta0J. 9, XOTs BUJ KOHTYPa MOXKET OBITH CAaMbIM Pa3HOOOPa3HBIM.
BennunHa ~— mepepacmpenensieMoil  MOCTaBKM  ONpeAensieTcs — Kak

HaMMCHbIIAA M3 BCIIMYWH IIOCTABOK B BCPIIMHAX KOHTYpa CO 3HAKOM , 1 HA 3TY

BEJIMYMHY YBEIMYMUBAIOTCSA MMOCTABKU B BEPIIMHAX CO 3HAKOM "+'"W yMEHBIIAIOTCS

" n

MIOCTAaBKM B BEPUIMHAX CO 3HAKOM "-". DTO paBUJIO TApAHTUPYET, YTO B BEPIIMHAX
KOHTypa HE TOSBUTCS OTPUIIATEIBHBIX MMOCTAaBOK, HAaYaJbHAs BBIOpaHHAs KJIETKA
OKaXXETCSI 3aHSATOM, B TO BpeMs Kak OJIHa M3 3aHITBIX KIETOK IMPU OSTOM
o0s13aTeNIbHO 0CcBOOOUTCS. Eciu BennunHa nepepacnpeensieMoil MoCTaBKy paBHA
MOCTaBKaM HE B OJTHOM, a B HECKOJIbKUX BEpIIMHAX KOHTypa CO 3HakoMm "-", To
OCBOOOXK/IaeTCd TOJNBKO OJJHA KJIETKa, OOBIYHO C HAMOOJBIIEH CTOMMOCTHIO
MEPEBO3KHU, a BCE IPYTHE TAKUE KJIETKH OCTAIOTCS 3aHATBIMUA HYJIEBOM MOCTaBKOI.

Pe3ynpTaT yKa3zaHHBIX oOmepanuid I TPEACTaBICHHOro B Tabm. 9
pacmpeseneHus mnocTaBok mokasaH B Tabmune 10. CymmapHbie 3aTpatbl Ha
MEPEBO3KHU 110 ITOMY TUIAHY COCTABJISIIOT

fs = 410*1+210*3+120*4+370*2 = 2260, 4TO 3HAYUTEILHO MEHBIIIE
npenbiayeidn cyMMbl 3atpar 2660. Xots miaH nepeBo3ok B Tadiuie 10 eme He
ABJISIETCA ONTUMaIbHBIM. OO0 3TOM CBHJIIETEJILCTBYET HAIMYUE OTPUIATEIbHBIX

3HAQYCHUH OIIGHOK CBOOOJHBIX KIJIETOK JTOTrO IIaHa (COOTBETCTBYIOIIWE

NOTEHLHUANbI Ui U Vj, HAEHBI CIOCOOOM, M3JI0KEHHBIM IIPH ONMCAHUH dTamna 2):

Tabmuma 10
Samacel Crpoc norpebdureneit .
MOCTaBIINKOB 330 370 410 260
510 7 5| 410 1| 100 ol 0o
470|210 ()[BT S S1280T) 0| 0
490|120 () EEIG R IE——_—
Vi- 3 1 1 0
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A =17- (O+3) =4;
Ay = 4- (O+1) =3;
Asz = 3- (1+1) = 1;

Az = 5- (0+1) = 4:
A3 =5- (0+1) = 4;
Aszq = 0- (1+0) = -1.

(6.15.)

[TocTpouM KOHTYp nepepacnpenenenus A kinetku (3; 4); B Tadbiuue 10

OH IIOKa3aH IIYHKTHPOM MU €TI0 BCPIIMHAM IIPHCBOCHBI COOTBCTCTBYIOIINC 3HAKHU.

Haunmenrsmas moctaBka B BCPIIMHEC KOHTYpa CO 3HAKOM

paBHa 120, mosToMy

MPOBENST TMEPEPACHPENCICHUE ITOCTABOK MBI IMOJYYUM HOBBIA IUIaH, KOTOPBIN

MNpCcaAcCTaBJICH B Ta6J'II/IHe 11, COOTBCTCTBYIOIIMC 3HAYCHUA ITIOTCHIUAJIOB IIOKA3aHbI

B MOCJICJTHUX CTOJIOLIE U CTPOKE.

Tabnuua 11
3anacel Crpoc norpeduTenen u
IIOCTABIIMKOB 330 370 410 360
510 7 5| 410 100 0] 0
470 330 3 4 140 0] 0
490 4| 370 2 120 0, 0
Vi 3 2 1 0

Ay =7- (O+3) =4
Ay = 4- (O+2) =2;
Az = 4- (O+3) =1;

A1,=5-(0+2) = 3;
A3 =5- (0+1) = 4;
Asz = 3- (0+1) = 2.

(6.16.)

JlaHHBIN TUTaH SBJISICTCS ONITUMANIBHBIM, TaK KaK CPEeIH OIIEHOK CBOOOIHBIX

KJIETOK HET OTpHULAaTeNbHBIX. CTOUMOCTH EPEBO30OK M0 3TOMY IIJIaHy paBHA

fa =410*%1+330*3+370*2 = 2140 (den.eo.)

BerimuiieM onTUMalibHBIN TUTaH W3 TIOCTIEAHEN TPAHCTIOPTHON TAOJIHIIBL:

X =

0 0 410
330 O 0
0 370 O

(6.17)

Mgl yxe 3HaeMm, 4TO 3HaueHHe IeieBod (yHkiuu paBHo 2140 neH.en.

3HadeHust B CTOJOIE (PUKTUBHOTO TOTPEOUTENS TOBOPAT O TOM, YTO Ha IMEPBOM,

BTOPOM M TPETHEM 3aBOJAX OCTAHETCA HCPACHPCACICHHBIM COOTBCTCTBCHHO I10
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100, 140 u 120 emgunun rpysa. OTCYyTCTBHE HYJIEBOW OLICHKM HE3AHATON KIIETKU

TOBOPHT O TOM, 4TO ONTHUMAJIBLHBIN TIAH SBJISICTCS CAUHCTBCHHBIM. m

MeToa AMHAMHYECKOT0 MPOrPaMMHUPOBAHUSA

Merton  IMHAMUYECKOTO  MPOTPAMMHUPOBAHUSA — 3TO  HHCTPYMEHT,
MO3BOJISAIONIMNA  OBICTPO  HAxXOJIWUTh ONTHMAJIBLHOE pEIIeHHEe B  3ajJaudax
MaTeMaTUYECKOr0 MPOrPpaMMHUPOBAHUS C IUCKPETHBIM MHOXKECTBOM JIOIYCTUMBIX
pELIEHUI, T.€. B CUTyallHsiX, KOTJIa UMEETCS HEKOTOPOE KOJUYECTBO Pa3IMYHBIX
BAPUAHTOB TMOBEJCHUS, NMPUHOCSIINX PA3IUYHBIE PE3YJbTAThl, CPEAU KOTOPBIX
HEOOXOMMO BbIOpaTh Hawdydiui. JloOas 3amaya Takoro pojia MOXKET OBbITh
peleHa myTeM mepedopa BCEX BO3MOXKHBIX BapMAaHTOB M BbIOOpa Cpeau HUX
Hamyuymiero. OJHAaKO 4YacTO Takod mepedop OyeHb 3aTpydHUTENeH. B 3Ttux
CIIy4asix MPOIECC MPUHSTHS ONITUMAIILHOTO PEIICHUS MOXKET ObITh Pa30UT HA MIarH
M UCCIENOBAaH METOJAOM JUHAMUYECKOTO IIporpaMMupoBaHus. B ocHoOBe
BBIYUCIUTEIBHBIX ~JITOPUTMOB JIMHAMUYECKOTO IMPOrPAMMHUPOBAHUS  JICKUT
CJIEIYIONTUHN TIPUHITUI ONTUMAIILHOCTH, chopMyupoBaHHbIil P. bernvanowm.

IpuHIUI ONTUMAJILHOCTH.
OnTuManpHOE TOBEJCHUE 00JIaJaeT TeM CBONCTBOM, YTO KaKOBBI ObI
HU ObUIM HAYaJIbHOE COCTOSHHUE M HadaJbHOE PEIIeHHUE, MOCIEeAYIONIne
peuieHusi JOJDKHBI ObITh ONTUMAJbHBIMU OTHOCUTEIBHO COCTOSIHUS,

IIOJIY4YEHHOI'O B PE3YJIbTATE IIEPBOHAYATIBHOT'O PELIEHUS.

[lycTte mporecc ontumu3anuy pa3omt Ha N maroB. Ha kxaxkmom miare
HEOOXOJIMMO OMPEACNIUTh JIBa TUMA MEPEMEHHBIX — MEPEMEHHYIO COCTOSHUS S U
IIEPEMEHHYIO YNpaBJICHUsI WK pemeHus x. [lepeMenHas S onpenensier, B KaKux
COCTOSIHMSIX MOJKET OKa3aThbCs CHCTeMa Ha JaHHOM K-om miare. B 3aBucumocta ot
S Ha OJTOM IIare MOXHO NPUMEHUTh HEKOTOPBIE PEUICHUS, KOTOPHIC
XapaKTepU3yIOTCs TMepeMeHHor xy. [IpuMeHeHue pemieHuss x Ha K-oM 1mmare
NPUHOCUT HEKOTOPBIA pe3ynbTaT Uk(S, Xk) M TEPEeBOJUT CHCTEMY B HEKOTOPOE

cocTosiHue S (S, Xk). JIs KaKIoro BO3MOYKHOTO COCTOSHUS Ha K-oM miare cpemu
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BCEX BO3MOKHBIX PELICHHI BBIOUPAETC ONTHMAILHOE PELICHHE Xy , TAKOE, YTOOBI
pe3ysbTaT, KOTOPBIM JIOCTHTaeTcss 3a Imard ¢ K-oro 1o N-pIii  OKa3zajcs
ONTUMAaJbHBIM. YHCIOBas XapaKTepPUCTHKA JTOTO pe3ysibTaTa Ha3bIBACTCS
¢dbynkiuert bennmana fy(S) n 3aBucHT 0T HOMepa 11ara K u coCTOSTHUS CUCTEMBI S.
Hrak pemeHue 3ajadd pacrajgaeTcsl Ha 1Ba 3Ttama. Ha mepBom 3rtame, oH
HA3bIBACTCSl YCJIOBHOW ONTHMHU3AlMEH, OTHICKMBaeTcs (QyHKIUS bemiMana u
ONTUMAJIbHBIC PEHICHHS JUIS BCEX BO3MOXKHBIX COCTOSHHUN Ha KaKIOM Ilare,
HaYMHAs C TocieaHero. Ha mocieHem, N-oM mare HaiTH ONTHMaIbHOE PEIICHHE

Xn W 3HaueHme ¢yHknmu bemnmana  fy(S)  coBcem  HE  CIOXKHO

(fa(s)=optimum{u, (s, x,)} , e optimum (3T0 MaKCUMyM WM MUHUMYM) HIIETCS IO

BCEM BO3MOXHBIM 3HAYEHUSIM Xp). JlaJbHEHIINE K€ BBIYMCICHUS MPOU3BOISITCS
COIJIACHO YPAaBHEHHIO beriMaHa — peKyppeHTHOMY YPaBHEHMIO, CBS3bIBAIOIIEMY
dbyukiuio bennmMana Ha kaxaom mare ¢ ¢pyHkiued bemimana, BRIUKMCICHHONW Ha
npeapiayeM mare. B o01em Bujie 3T0 ypaBHEHHUE UMEET BU]T

Fi(s)=optimum {u, (s, %)+ 1 (s (s, %)}

OTOT MAKCUMYM WJIM MHUHUMYM OTBICKMBAETCA MO BCEM BO3MOKHBIM JJIS
JTaHHBIX K U S 3HAYCHHSM IIEPEMEHHON PELICHHUS Xk.

[Tocne Toro, kak ¢yHkuus bemiMaHa U COOTBETCTBYIOIIUE ONTUMAIIbHBIC
pEILIEHNUsT HAUJEHBI JJIsi BCEX IIAroB C N-Oro IO MEPBbIA, MTPOU3BOIUTCI BTOPOU
dTam peIIeHUs 3a7add, KOTOPHIA Ha3bIBaeTCsl O€3yCIOBHON ONTHMH3AIIUCH.
[Tonme3ysick Tem, 4To Ha mepBoM mare (K=1) cocTosHue CHCTeMbl HaM U3BECTHO —
3TO €€ HAaYaJIbHOE COCTOSHUE So — MOYKHO HAUTH ONTHUMAJIBHBIA PE3YJIbTAT 3a BCE N
mwaros (310 f1(Sp)) U, KpoMe TOro, ONTUMaIBLHOE PEIICHUE HA IEPBOM ILAre Xi
KOTOpOE 3TOT pe3yJIbTaT N0CTABIAET. [locie mpuMeHeHus: 3TOro penieHusi CucTeMa
mepeiieT B HEKOTOpOE HOBOE CcOCTOsHME S(S, X1 ), 3Hag KOTOPOE MOYKHO,
MOJB3YSCh pe3yibTaTaMy, TOJYYEHHBIMH Ha 3JTalle YCJIOBHOM ONTHUMU3AlUH,
HalTH ONTHMAJBHOE PEIIEHNI Ha BTOPOM MIare x; , ¥ TaK Jiajgee BIUIOTH 10 N-0ro

arara.
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OnucanHas BBIYHCIIUTENbHAS cXxeMa  MeToJa  JUHAMUYECKOTO
IpPOrpaMMHUPOBAHUS CTAaHET TMOHSATHOW, KOrjJa Mbl pa3depeM KOHKPETHBIN
YUCIIOBOM IPUMEP € SKOHOMUYECKUM COACPIKAHUEM.

IlIpumep 8. llycTb WMEIOTCS 4YETHIpE NPEANPUATUSA, MEXAY KOTOPBIMU
pacnpenenserca 100 Teic. eH. €. (MHBECTUPOBAaHUE MpEeANnpusiTUil). JleHexHbie

CpEICTBa PACHPEACIAIOTCA CyMMaMH KpaTHBIMH 20 ThIC. JCH. €. 3HaYCHHS
g; (X)(1=1,4) npuObLTH NPEANPHUATUS B 3aBUCHMOCTH OT BBIICICHHON CYMMBI X

npuBefeHbl B Tabmuie 12, CocraBUTh TUIaH  pacmpenesieHdus CpeicCTB,

MaKCUMU3HUPYIOIIUI OOUINIl IPUPOCT BBIITYCKA MPOAYKIIHH.

Tabmuma 12
[Ipeanpusitue
Cpencraa x, Nel No2 Ne3 No4
TBIC. ICH. €N. [IpupocT BelycKa MIPOAYKIMYU HA IPEANPUATUAX, J; (X) , TBIC. IIE€H. €1I.
91(x) 92(x) 93(x) 94(x)

20 10 12 11 16

40 31 26 36 37

60 42 36 45 46

80 62 54 60 63

100 76 78 77 80

Pewenue:

| oman. Ycrosnas onmumuzayus.

OdeBuHO, YTO JaHHAs 3a/lada MOXKET OBITh pelieHa MPOCTO mepedopom
BCEX BO3MOXHBIX BapuaHTOB pactpeaesnenus 100 Teic.eH.en. no 4 npeanpusaTUusim
(BCEBO3MOXHBIX BapHaHTOB B JAaHHOM NpHUMEpPE HE TaK yX W MHOro). OmpHako
nonsiTaeMcst pemuTh e€ Oosiee 3ddexTuBHBIM crniocoboM. Pa3zo0bém  mpouecc
onTUMHM3alMu Ha 4 mmiara, U OydeM Ha KaXaoM K-oM Imare ONTHMH3HUPOBATh
WHBECTHPOBAHUE HE BCEX MPEANPHUATHIA Cpasy, a TOJbKO MPEANpUATHH ¢ K-0ro mo
4-oe. IIpu 3TOM, €cTeCTBEHHO, Oy/J€M CUUTaTh, YTO B OCTaJbHbIC TIPEANPUITHS (C
1-oro mo (k-1)-oe) Toke BKIaABIBAIOTCS HEKOTOpBIE CPEACTBA, W IMOTOMY Ha

WHBECTUPOBAHUE TPEINPUATHIH ¢ K-oro mo 4-oe ocTalwTcs HE BCE CpPEICTBA, a
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HEeKoTOpast cymma c¢x</00 TeIC.MeH.e1. OTa BenWYMHA © OYyIeT SBIATHCA
NEPEMEHHON COCTOSHUS cUCTeMBbl. [lepeMeHHOW ympaBieHuss Ha K-oM 1mare
HA30BEM BEJIMYMHY Xk CPEIICTB, BKIAIbIBacMbIX B K-oe mpeanpustue. B kauectBe
¢yHknroHaneHOrO ypaBHeHusi bemmana fi(ck) Ha K-om mare B 3TOM 3amaue
MOJKHO BBIOpaTh MaKCHMaJIbHO BO3MOXHYIO IPUOBLIL, KOTOPYIO MOKHO TOTYYUTh
C mpeanpuATHiA ¢ K-oro mo 4-o¢ mpu YCIOBHM, YTO HAa WX HHBECTUPOBAHHE
OCTaJIOCh ¢k cpencTB. OYEBUAHO, YTO TPU BJIOKCHUU B K-0€ TPEANpUSATHE Xk
CPEICTB, MBI TOJIY4YUM IpUOBLIL Qk(Xk), a cuctema Kk (K+1)-omy miary mepeimer B
COCTOSIHHE Ck+1=Ck-X, T.€. Ha MHBeCTHpOBaHue npeanpusatui ¢ (K+1)-oro go 4-oro
OCTaHETCS Ck+1 CPEICTB.

HWrtak, Ha IepBOM IIare ycIoBHOM ontuMmu3anuu npu k=4 dyakuus bennmmana
IPEACTABIIAECT COOOK HE YTO MHOE, KaK NMPHUObUIb TOJIBKO C 4-0r0 MpPEANpUsTHUS.
[lpu >TOM Ha €ro MHBECTUPOBAHHE MOXKET OCTAThCS KOJMYECTBO CPEACTB C

0<cx<100 TBIC.NIEH.eA. (B nanpHeleM npocto 100) OueBUIHO, YTOOBI MOTYYUTh

MaKCUMyM HpI/I6BIJ'II/I C OCJICAHCTO MPCAIIPUATHA, HAAO BJIOKUTb B HEIO BCC 3THU

CpeAcTBa, T.e. fa(cs)= ga(ca), Xk *=c«.

Ta6numa 13
X4
0 20 40 60 80 |100 | f,(c,) X,
Ca

0| 0] - - - - | - 0 0

20 | - | 16 | - - - | - | 16 20

40 - - 37 - - - 37 40

60 - - - 46 - - 46 60

80 - - - - 63 - 63 80
100 | - - - - - 80 80 100
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Ha xakxmoM w3 mociemyronmx marom Jyuisi Beraucienus ¢yHkiun bemmvana
MPUXOIUTCS HWCIOJIB30BaTh PE3YNbTAThl, IMOJYYCHHBIE HA TPEIBIAYIIEM IIare.
[Tyctb Ha BTOpPOM Imare Jis WHBECTHPOBAHHS TPEINPHUATHS C TPETHEro II0
yeTBepToe ocTtanoch c3 cpeAcTB (0<c3<100). Torma OT BIOXKEHUS B TPETHE
NPEANPUATHE X3 CPEICTB OyAeT Mody4eHa npuObUIbh (3(X3), a HA MHBECTUPOBAHKE
YETBEPTOrO0 MPEANPUATHSI OCTAHETCA C3+1=C4=C3-X3 CpeAcTB. MakcumanbHO

BO3MOXKHAs IPUOBLIIb, KOTOPass MOKET OBITh MOJIy4€HA C 3TUX ABYX MPEANPUATHI

Oyner pasHa f;(c3) = Engx{gs’(xs) + f,(c5 - Xs)}

3=C3

Tabnuna 14

X3

0 20 40 60 80 100 | f,"(c,) X
C3
0 | 0+0 - - - - - 0 0
20 |0+16| 11+0 - - - - 16 0
40 | 0+37 | 11+16 | 36+0 - - - 37 0
60 | 0+46 | 11+37 | 36+16 | 45+0 - - 52 40
80 | 0+63 | 11+46 | 36+37 | 45+16 | 60+0 - 73 40
100 | 0+80 | 11+63 | 36+46 | 45+37 | 60+16 | 77+0 | 82 | 40,60

MaxkcumymM 3T10ro BhIpaxkenus f3"(C3) mocTHraeTcs mpyu HEKOTOPOM 3HAYECHUH
X3, KOTOPOE WU SBJIAETCS ONTUMAJIBHBIM DEIICHUEM HAa BTOPOM IMIAre JIs
COCTOSIHUS CHCTEMBI C3.

Ha Ttperhem mmiare misi WHBECTUPOBAHUS TMPEANPHUATHS CO BTOPOIO IO
yeTBepToe octajoch ¢z cpenactB (0<c,<100). Torga OoT BIOXEHUS BO BTOPOE
OPEANPUITHE X CPEACTB OyAeT moaydeHa npuobutb (2(X2), a Ha HHBECTUPOBAHHE
TPETHEr0 M YETBEPTOrO MPEANPHUITHH BMECTE OCTAHETCS C2+41=C3=C2-X2 CPEJCTB.
MakcuMaabHO BO3MOKHAS TPHOBLIL, KOTOPas MOKET OBITh MOJYYEHA C ITUX TPEX

npeanpuaTuii 6yner pasa f,(C,) = max{g, (x,) + f5(C, —X,)}
Xo <

25C2

Taomuna 15

X2
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0 20 40 60 80 | 100 | f,7(c,) X,
2
0 | 0+0 - - - - - 0 0
20 | 0+16 | 12+0 - - - - 16 0
40 | 0+37|12+16 | 26+0 - - - 37 0
60 | 0+52 | 12+37 | 26+16 | 36+0 - - 52 0
80 |0+73|12+52 | 26+37 | 36+16 | 54+0 - 73 0
100 |0+82 | 12+73 | 26+52 | 36+37 | 54+16 | 78+0| 85 20

Maxkcumym 31oro Belpaxenus f,"(C,) mocTuraercs Ha HEKOTOPOM 3HAYECHUH
x2", KOTOPOE€ M SBJISETCS ONTHMAIbHBIM pEUICHHEM HAa TPEThEM IIare Jis
COCTOSIHUSI CUCTEMBI C».

W, nakoner, 4eTBepThIil miar. J[Jis ”HBECTUPOBAHUS MIPEATNPUATUS C TIEPBOTO
no 4derBeproe ocrajoch ci cpeactB (0<¢c1<100). Torga ot BIOXEHUS B MEPBOE
IPEIPHUITHE X1 CPEACTB OyaeT moyrydeHa npuObUTb (1(X1), a HA HHBECTHPOBAHHE
CO BTOPOTO MO YETBEPTOE MPEANPUATHIN BMECTE OCTAHETCS C1+1=C2=C1-X1 CPEACTB.
MakcuManbHO BO3MOKHAsi MPUOBLIL, KOTOpas MOXET ObITh MOJYy4Y€Ha C 3THX

npennpusaTuii 6ynet papua f,(c;) = max{g, (%) + f,(c, — x,)}
X, <¢q

Tabauia 16
X1

0 20 40 60 80 100 | f,"(c,) X,

C1
0 | 0+0 - - - - - 0 0
20 | 0+16| 10+0 - - - - 16 0
40 | 0+37 | 10+16 | 31+0 - - - 37 0
60 | 0+52 | 10+37 | 31+16 | 42+0 - - 52 0
80 | 0+73|10+52 | 31+37 | 42+16 | 62+0 - 73 0
100 | 0+85 | 10+73 | 31+52 | 42+37 | 62+16 | 76+0 | 85 0
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Maxkcumym 3Toro Belpaxenus f; (C;) mocTuraercs Ha HEKOTOPOM 3HAYECHHU
X1, KOTOPOE M SABJISAECTCS ONTHMMAIbHBIM PEHICHHEM HAa TPEThEM IIare Jis
COCTOSIHHSI CHCTEMBI C1.
Il sman. bezycnoenas onmumuzayus. Mul pacnpenensem 100 Twic. eH.e.,
T.€. 1-b1if mar: ¢; = 100, F(100)= f,"(100) =85 ThIc. nen.ex. mpu x; =0.
2-o¥i miar: ¢; = c¢1 - x1. =100-0=100, u3 Tabnuus! 15 MoxkeM HaiiTH, 4To X, =20.
3-mif mar; ¢z = ¢ — xo. =100-20=80, u3 tabmuis! 14 Haxomum, 4To x3 =40.
4-p1if T1ar: ¢4 = c3 —x3 =80-40=40, u3 tabmuus! 13 Bugum, uto x4 =40.
TaK, ONTHMANbHbI [UIAH HHBECTHPOBAHMS UYETHIPEX HPECANPUATHN X =
(0; 20; 40; 40) mpunecer npuObLIL paBHyIO f, (100)=85 ThIic. mem.en. T.e. s
MOJYYEHUs] BO3MOXKHO OOJIbIIEH NpUOBLIM paBHOM 85 ThIC. JI€H.€l. BTOPOMY
OPEANPUATAIO HEOOXOJAMMO BBIICIUTh M3 00me cymmbl 20 ThIC. JEH.e.,

TpeTbeMy U yeTBepToMy 1o 40 ThIC. JEH.€/I., a MIEPBOE MPEANPUITUE WHBECTUIIUN

HC IIOJIY4aCT. m
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