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JlaHHBIE METOAMYECKHE YKa3aHUs SBISIOTCS PYKOBOJICTBOM K PEILICHUIO
Pa3JIMYHBIX 3a7a4 JUHEUHOrO MPOTPAMMHUPOBAHUS U MPEIHA3HAUCHBI JJISI IPAKTH-
YECKUX 3aHiATUU no Kypcy «MccmenoBanue omepaumii». Llenpro MeToauyueckux
yKa3aHUH SBIACTCS BBIPAOOTKA BBHIYUCIIMTEIBHBIX HABBIKOB y CTYJICHTOB, 0OoJiee
riIyOOKO€ YCBOEHHE OCHOBHBIX TMOHSTHUH W METOJOB PEHICHUS 3ajay JIMHEHMHOIO
IPOTPaMMHUPOBAHUS.

Mertoguyeckue yka3zaHHsl MpPEJHA3HAYEHbl Uil CTYIACHTOB HAaIlpaBIICHHS
09.03.04 IIporpammHuas uHeHepus npoduiab «HxeHepuss HHPOPMAITMOHHBIX U
WHTEJJIEKTYaJIbHBIX CUCTEM).



1.0OCHOBHBIE ITIOHATHUA

HccnenoBanue onepanuii — 370 Hay4YHasl IMCLHUILIMHA, 3aHUMAIOILAsACs pas-
pabOTKOW M MPAKTHYECKUM NMPUMEHEHHEM MaTEMaTUYECKUX KOJIMYECTBEHHBIX Me-
TOJOB JUIsl 0OOOCHOBAHMSI PEUIEHUI BO BCEX OOJACTAX LI€JEHANIPaBICHHOW YesloBe-
YECKOU JeaTeNnbHOCTH. Kak Hay4yHas QUCHMILUIMHA UCCIEAOBAaHUE OINEpaluii 3apo-
Juiach B Hayajue BTOPOM MUPOBOM BOWHBI U Oblja OOYCJIOBJIEHA MPaKTUYECKOU
HEO0OXOIMMOCThIO HAWJIYUIlIell OpraHu3aluy IMUPOKOMACIITAOHBIX BOECHHBIX JIEH-
CTBHUI, a TAK)KE€ IPOTHOZUPOBAHUS UX UCXOJA MPU NMPUHITUU KOMaHIOBAaHUEM pa3-
JIMYHBIX PELICHUMN.

JlanbHeilliee pa3BUTUE UCCIEAOBaHUS ONEPALMM TECHO CBS3aHO C HAYYHO-
TEXHUYECKON PEBOJIOLMEH, KOrja MPOUCXOJUIIO IIUPOKOE PA3BUTHE BBIYUCIIU-
TEJIbHOW TEXHUKH U MATEMATHYECKUX METOAOB B cpepe yIpaBiICHHUS.

B Hacrosimee Bpemsi METO/BlI UCCIENOBAHUS ONEpanuil HaXOAsAT IIMPOKOE
INPUMEHEHUE B PELIEHUU CaMbIX PA3HBIX MPAKTUYECKUX 3a7ad, HauMHas OT Mep-
CHEKTUBHOTO IUIAHMPOBAHUS HAYYHBIX pa3pabOTOK M KOHYAs MPOrHO3UPOBAHUEM
pa3BUTHS cepbl 00CTYKUBAHUS. ITO CBSI3aHO C TEM, YTO JIOOYIO MPAKTUYECKYIO
3a7a4y MO>KHO IIPEACTABUTh B BUJE TOM miu nHou 3anadu MO.

Onepanust — 310 11000€ MEPONPUATUE WIH UX CUCTEMA, KOTOPOE HalpaBs-
JIEHO Ha IOCTH)KEHUE KaKON-JINOO0 LeaH Uil 00beIMHEHO 001IeH uieei.

[IpuMepoM MOKET CIYKUTh CHCTEMA MEPOIPUATHI, HAlpaBICHHAs Ha IO-
BbIIIeHHE A(P(HEKTUBHOCTH MPOILIECCOB TEXHUYECKOTO OOCIY)KMBAaHUS U PEMOHTA
aBTOMOOUJIEH.

31ech clleyeT OTMETUTh, YTO OIepanusi — 3TO BCEIr/a YIPaBIsIEMOE MEPO-
NPUSATHE, T.€. Mbl MOKEM BJIUSATh HA UCXOJ ONEpalu, U3MEHSs MapaMmeTpbl. ITH
napameTpbl, KOTOpPbIE XapaKTEPU3yIOT MEPONPUATHE U KOTOPHIE Mbl MOXEM Me-
HATh, IPUHITO HA3bIBATh PellIEHHEM.

JlonmycTumMoe penieHue — 3To J000H JIEMEHT MHOXKECTBA PEIISHUM, KOTO-
pbI€ YAOBIETBOPSIOT YCIOBUSM, TaK HA3bIBAEMbBIM OIPAHUYEHUSIM.

OnTuManbHOe pelieHue — 3TO pelIeHre, KOTOpPOoe MO TEM WJIM UHBIM MPHU-
YUHAM NPEeANnoYTUTENIbHEE IPYTHUX.

JlomycTuMoe perieHrne MOKET ObITh ONTUMAJIbHBIM, a ONTUMAaIbHOE BCET/Ia
JIOJDKHO OBITH TOMYCTUMBIM. ONITUMANIEHOE PEIICHUE BRIOUPACTCS U3 JOMYCTUMBIX
Ha OCHOBAHHH KPUTEPHUS ONTHUMAJIbHOCTH.

Kpurepuii onTumMaabHOCTH (LeeBasi (PYHKUUSA) — 3TO IIPU3HAK, HA OCHO-
BAaHUU KOTOPOTO MPOU3BOJUTCS CPABHUTENIbHASL OLIEHKA JIOMYCTUMBIX PEIICHUN U
BBIOOD Cper HUX ONTHUMAJIbHOTO.

Hcxona u3 BbIOpaHHOU LieneBON (PYHKIMM, MPUHUMAETCA OJHO (WM He-
CKOJIbKO) JOMYCTUMBIX PEIIeHUH, KOTopoe U OyJIeT onTUMaibHbIM. B KauecTBe
1EeJIeBOM (PYHKIIMM MOKET BBIOMPAThCS KaK XapaKTepHUCTHKA HMCXOAa Olepanuu
(HanpuMep, MUHUMAJIbHBIE 3aTPAThl), TAK U BEPOSITHOCTh COOBITUA. 3a/1aya, B KO-
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TOpPOM 1IeNeByI0 (DYHKIIMIO MaKCUMHU3U- PYIOT, Ha3bIBaeTCs 3aJaueii MaKCHUMHU3a-
1IN, B KOTOPO! MUHMMU3HUPYIOT — 33a4€ MUHUMHU3ALUH.

1.1. MaremaTtuuyeckue MOACJU UCCICAOBAHUS ONlePALMH

MaremaTuueckass MojgeJib — 3TO OMKMCAHKHE (YacTO MPHUOIUKEHHOE) KaKO-
ro-aubo Kiacca SBJICHUHM peaJbHOTO MUPA, BRIPAXKEHHOE C TOMOIIBI0 MaTeMaTH4e-
CKHX CHUMBOJIOB.

Bcesikas Mozenp SIBASETCS YHPOILIEHHBIM MPEICTABICHUEM JEHCTBUTEIBHO-
CTH, U UICKYCCTBO MOJEIMPOBAHUS COCTOUT B 3HAHUU TOTO, YTO, TJI€, KOTJa U KaK
YOPOCTUTH. 3aKOHYEHHYIO TUIIMYHYK) MAaTEMAaTHYECKYH0 MOJENb HCCIIECIOBAaHUS
onepanuii CXeMaTHYECKU MOKHO IIPEICTaBUTh CIEAYIOIIMM 00pa3oMm.

MakcumMu3upoBaTh UM MUHUMHU3UPOBATH HeJAeBY0 QYHKIIMIO
IIPU YCJIOBUU BBINIOJHEHUS OrPAHNYEHHIA.

Hanmpumep, MUHMMHU3UpOBaTh 3aTpaThl BPEMEHHM Ha NPOBEJIECHUE TUATHO-
CTUYECKUX omepanuii Ha aBTOMOOWISX (1ieneBast PyHKIMsI) MPU U3BECTHOM MPO-
IIYCKHOM CIOCOOHOCTH KOHTPOJIBHOTO MYHKTa W TMPU COOJIIOACHUH HOPMATHBOB
MPOBEICHUS] TUArHOCTUKHU (OTPaHUYEHHUS ).

B Hacrosiiee BpemMsi MaTeMaTHUECKUE MOJEIU IOJYy4YWIM BceoOllee Mpu-
3HaHUE B paAje obnactel 3HaHUN. OAHAKO CYIIECTBYIOT U BO3Pa)KEHHUS IMPOTHUB
HUX. B 4acTHOCTH MOKHO yCIbIIIaTh, YTO HEKOTOPBIE U3YYaEMbI€ SIBIICHHS CIIHIII-
KOM CJIOKHBI JIJI1 aJ€KBATHOTO OTPAXEHUS WX MATEMATHYECKUMH CpPEJICTBAMHU.
31ech ClelyeT 3aMETUTh, YTO POAYKTUBHOM aJbTEPHATUBBI UCIIOJIb30BAHUIO S3bI-
Ka MaTEMaTUYECKUX MOJIENIEH U CBSI3aHHOMY C HUMH OIPEACIIEHHOMY YIIPOILEHHUIO
U CXeMaTU3aluu AeHCTBUTEIbHOCTH HET.

Cy1iecTByeT M enie 0JHO BO3paKEHHE IPOTUB MAaTEMAaTUYECKUX MOJEIIEH, B
KOTOPOM OTPUIIAIOTCS HE MOJIENIM caMH 1o cede, a 11e51ec000pa3HOCTh UX UCCIEN0-
BaHMSI MAaTeMAaTHMYECKUMU CpeAcTBaMu. Hampumep, CTOUT 1M TEOPETHYECKH U3Y-
YyaTh CIEUUAIIbHBIE MOJIENIM TEOPUH MACCOBOTO OOCIYy>)KMBaHUs, KOTJa MyTeM UMHU-
TAallMOHHOTO MOJEIUPOBAHUS Ha JIIOOOH BOMPOC OTBET MOXKET OBbITh MOJYy4YEH
ObICTpee U C MEHBIIMMU YCHIIHSMU. ECu 1embio sBAsSETCS MPOCTO MNOJTYyYEHUE OT-
BE€Ta B KOHKPETHOM CJIy4ae, TO MMUTALUOHHOE MOJEIUPOBAHUE JEHCTBUTEIBHO
Ay Meton. OAHAKO €CM LENBI0 SBISETCS MOJydyeHUEe OOIIEero penieHus U
U3Y4YEHUE PacCMAaTPUBAEMOIO SIBJIEHUS, TO MPOCTHIE U SICHBIE 3AKJIFOYEHHS] MOYKHO
HOJIyYUTH C IIOMOIIIbI0O MaTEMaTHIECKUX (HOPMYIL.

Takum oOpa3oMm, MaTeMaTHYeCKHE MOJEIH B HCCIICIOBAHUM OICPAIIHA
HEOOXOMMBI, IOCKOJIbKY OOJIET4aroT U YIPOLIAIOT aHAJIN3 PealbHbIX KU3HEHHBIX
cutyauuii. KoHedHo xu3Hb Oorade J1ir000M CXEMbI, IO3TOMY HE CleayeT MpeyBe-
JUYMBATh 3HAYEHMS] KOJMYECTBEHHBIX METOAOB HCCienoBaHMs omnepauuil. Ilpu
MPOTHO3UPOBAHUM COOBITUN C OOJIBIIMM YHUCJIOM NEPEMEHHBIX BEJIMYMH, Kaxaas
U3 KOTOPBIX MOXKET IMOBJIUATh HAa PE3yJbTAT, MHOT/IA MPAaBUIIbHEE MOJIOKUTHCS Ha
CBOIO MHTYHULIUIO. KpoMe Toro Ha ceroiHsIHuNA AeHb YacTh 3a7a4 M0JI00HOro pPo-



3)
Jla pelaercs C UCIOIb30BAHUEM MCKYC- CTBEHHOI'O HHTEJUIEKTa. bBOJIBIIMHCTBO
QITOPUTMOB MAIIMHHOTO OOYYEHHMs B TOM WUJIM MHOM BHJI€ BKJIFOUAET MaTeMaTU4e-
CKMM anmapar, IPUMEHSIEMbIN IIPU PEIICHUH 3a/1a4 UCCIIEI0BAHUA onepauui. Ta-
KHM 00pa3oM, MaTEMAaTHYECKAE MOJEIU UCCIEIOBAHNS ONEPALUN Jal0T BO3MOXK-
HOCTb HM3yYHWTh OCHOBBI MAaTEMATHYECKOTO MOJECIUPOBAHUSA W MOWTH AANbIIE IO
IIyTH IIOHMMAHHUs IPUHLNIIOB, JIEKAINUX B OCHOBE HCKYCCTBEHHOT'O MHTEIIJIEKTA.

1.2. Knaccudpukanus 3a1a4 ucciaeJ0BAHUA oNepanuil

3amaun ucciae0BaHMs MOIPA3ACISIOTCS M0 HECKOIBKUM KJIaCCHU(PUKAIMOH-
HBIM IIPU3HAKAM.

|. TIo Buny MHGOPMALIMOHHOTO COCTOSIHMS «JIMLA, MPUHUMAIOIIETO pellie-
HUs» (IO BUY UCXOJIHBIX JaHHBIX):

1) cratuueckue

2) TMHAMUYECKHE

Cmamuyeckou Ha3bIBa€TCA 3aJadya MCCIEIOBAaHUS Olepanui, B KOTOPOM
MPUHATHE PELICHUM MPOUCXOAUT B 3apaHee WM3BECTHOM M HE MEHSIOIIEMCS BO
BpeMEeHU HHGOPMAIMOHHOM COCTOSIHUU <(JIWIla, MPUHUMAIOLIETO pelieHus». B
ATOM Cily4yae BCS MpOIEAypa MPUHATHSA PEUICHUN MOXKET ObITh peajn3oBaHa 3a
OJIMH IIIar.

Junamuueckas 3amada — 310 3amada MO, B koTopoit nH(POPMAIIMOHHOE CO-
CTOSTHUE IHIA, IPUHUMAIOIIETO PEUIEHUE» MEHSETCSI BO BPEMEHH.

Hanpumep, cocTaBieHHe NMEPCIEKTUBHOIO IJIaHA Pa3BUTHSI CETU aBTOMO-
OmnbHBIX gopor. [lapameTpbl pa3BUTHS U3MEHSIOTCS BO BPEMEHH, a CaM IMPOIIeCC
pacnajaeTcsl Ha psiji 3TaroB — MIaroB (HalpuMmep, 1ar paBeH roay). B atom cinyuae
1eJeCO00pa3HO MPUMEHHUTh MO3TANMHYI0 (MHOIOIIArOBYI0) MPOLENYPY MPUHATHUSA
pELIEHUN.

I1. Ilo crpykType MH(DOPMAIMOHHOTO COCTOSIHHUS «JIMLA, MPUHUMAIOIIETO
penieHus» (1o CTPYKTYpe UCXOIHBIX TaHHBIX):

1) meTepMUHHPOBAHHBIC

2) CTOXaCTHYCCKHE

3) HeompemenecHHbIE

Jemepmunuposannou HasbiBaeTcs 3anadya MO, B KOTOpOH Bce MmapaMeTpl,
BIUSIIOIINME HA UCXO/T OTIEpAIK JTUOO 3apaHee U3BECTHBI, TUOO 3aBUCST OT HAC.

DTOT NpOCTEHIINI CIy4dail HE 4acTO BCTPEUAETCS HA MIPAKTHKE.

Cmoxacmuueckas 3aaada — 310 3a1a4a MO, B KOTOpO! M3BECTHBI JULIb Be-
POSITHOCTH TIPEOBIBAHUS O0OBEKTA B KAKIOM M3 COCTOSTHHM.

Heonpeodenennas 3anaua — »to 3agaya O, B KOTOpO HE BCE YCIIOBUSI, B KO-
TOPOM MPOBOJUTCS ONEPALIMS], U3BECTHBI 3apaHee, a HEKOTOPHIE COJIEpPKaT JIEMEHT
HEONPEeIETICHHOCTH.
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Hanpumep, ycnex omepanuyd MO- KET 3aBUCETh OT METEOPOJOTHYECKUX
ycinoBuil. Takue 3amaun HOCAT HA3BaHWE 3a7a4 NPUHSITUS PELUICHUN B YCIIOBUSX
HEOIPEICIICHHOCTH.

[11. TTo Buay 11€71€BOM (ByHKITUN

1) 3amaun JTMHEWHOrO MPOrPAMMUPOBAHUS, B KOTOPBIX IeleBast (PyHKIUS
SIBIIICTCS JIMHEUHON BEIUUNHOM,

2) 3a71a4M HEJTMHEHHOT'O MPOrPaMMHUPOBAHUSI;

3) 3a7a4M BBIYKJIOTO IPOTPaMMHUPOBAHUS;

4) 3a1a4i KBaJPaTUIHOTO IIPOrpaMMHUPOBAHUS U .

2. METOJOJIOT' S UCCJIEJJOBAHUSA OINEPAIIMI

Ha npakTtuke peanusanuss METOAOB UCCIEAOBAHUS ONEPALUN TOJDKHA BKIIFO-

4aTh B ceOsI CJIETYIOIIUE ATAIbI:

MIOCTAHOBKA 33J1auu

IIOCTPOCHHUE MAaTEMAaTUUECKON MOJIEIIN
aHaJIN3 MOJIEIIN

MOATOTOBKA UCXOIHOW UH(pOpMAIUU
HCCIIEIOBAHUE MOJEIN

MPOBEPKA aJICKBATHOCTH MOJICIIH

. peanm3anus peuieHusl.

HOCTaHOBKa (hbopmanm3anus) 3agaum — 3TO HAYAIBHBIN ATan paboThI UC-
cieaoBaTesi, KOTOpbIi TpeOyeT u3ydeHus: TOM mpeaMEeTHON 00J1acTu, rJie BOZHUK-
ja mpobiema. B xozie uzydeHusi, Kak MpaBuiio, BBISIBIISIOTCS TaK HA3bIBAEMBIE «Y3-
KM€ MECTa», YCTpaHEHUE KOTOPBIX MO3BOJHT MOBBICUTH IP(HEKTUBHOCTH pabOThHI
cuctembl. Ha stane dopmanuzanuu J0MKHBI ObITh MOJYYEHbI TPU MPUHIIUATIAATb-
HBIX 3JIEMEHTA 3aJ1auu:

- OMKICAHUE BO3MOKHBIX aJIbTEPHATUBHBIX PEIICHUH,

- OIpeieNieHre 1eJIeBON (PYHKITUH,

- IOCTPOEHUE CUCTEMbI OTPAHUYCHUU.

IHocTpoeHne MaTeMaTU4ecKO Mo/IeJId O3HAYaeT onucaHue panee hopma-
JIM30BAHHOM 33/1a4M HA SA3bIKE MATEMaTHKHU.

HccnenoBanue Moaeu TMPEANOJAracT BhIMOJHEHUE MAaTEMATUYECKUX BBI-
qucJIeHUU. DTO HanboJiee MPOCTOM U3 BCEX ATAIMOB peai3allui METOA0B UCCIIE0-
BaHHUS OlNEpalni, T.K. JIEUCTBUA HA 3TOM 3Tall€ OCHOBBIBAIOTCS HA TOYHOM MaTema-
TUYECKOW TEOpHH. BOJBIIOE YKMCIIO BBIYMCIUTEIBHBIX AITOPUTMOB B HACTOSIIEE
BpEMsI MOXKET ObITh PEaTM30BaHO C TTIOMOIIBI0 KOMITBIOTEPA.

IIpoBepka aeKBaTHOCTH MO/IEJIM MIPEANOJIATacT IMIPOBEPKY €€ NPaBUIIbHO-
ctu. CyThb Takod MPOBEPKU COCTOUT B COIMOCTABJICHUM IMOJYYEHHOTO TEOpETHUYe-
CKOI'0 PELICHHS C MOBEAECHUEM PEAJbHOU cucTeMbl. [IpoBepka ageKkBaTHOCTH, Kak
IIPaBUJIO, MTPOU3BOAUTCS C IOMOIIBIO KIACCHYECKHX METOJIOB HAYYHBIX HCCIENO0-
BAHUU.

NoOabkowbdPE
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Peasmzanusi pemieHust mojapasy- MEBAeT NEPEBOJ PE3YJIbTATOB PEIICHUS
MOJICNIA B PEKOMEHAINH, TPEACTaBICHHBIC B (hOpME, MMOHATHOMN IS «JTUIIA, TIPH-
HHUMAIOIIETO PEIICHUSD.

3. JIMHEHHOE IPOIT'PAMMUWPOBAHUE

[[Iupoxuii kIacc 3a1a4 UCCIEIOBAHUS ONIEPAIii MOKET OBITH chopmMyIHpo-
BaH B BUJIC JJMHEHUHBIX 33/1a4 ONTUMM3ALNH, XaPAKTEPHOU YEPTOU KOTOPBIX SABJIS-
eTCsl TMHEHHOCTB 11eNIeBbIX (PYHKIUN U orpaHndeHunii. OCHOBHBIM METOJIOM pellie-
HUS JINHEWHBIX 33144 CIIY>KUT CUMILIEKC-METO/.

B manHOM pasznene npuBOASATCS OCHOBHBIE TOHATHS U ONIPEIEIICHUS], KOTO-
PBIE UCIIOJIB3YIOTCS B TOCHEAYIOIIMNX Pa3AEax.

3.1. llocranoBka u opmbl 3anucu 3agaqu JIII

O6m1as 3ampava nuHeHoro nporpammupoBanus (JIIT) popmynupyetcst cie-
JTYIOIIUM 00pa3oM:

fxy, %9, e, xp) = €11 + -+ + CpX,, = max(min) (1)
( apx, +-+amx, <b;, i=1m,
apx, + -+ apx, =b;, i=m; +1,m, 0
i1 X, + -+ ayx, = b;, i=m,+1m

xj =0, jejc{12,..,n}

Bektop x = (x4, ..., X;,), YAOBIETBOPSIONMINK yCIOBUSAM 3a1a4H (2), Ha3bIBa-
€TCsl IOIMYCTUMBIM pelIeHHeM (IUIaHOM) 3a/layl; MHOKECTBO BCEX JIOMYCTHUMBIX
penieHuit 3agaun Oynem o6o3Hadath yepe3 X. Jlomyctumoe pemenue x* € X, no-
CTaBJIAIOIIEE MAaKCUMyMY (MUHUMYMY)ieneBoid ¢pyHkuuu (1) , Ha3pIBaeTCS ONTH-
MaJbHBIM pPEUICHUEM 3aJa4M; MHOXECTBO BCEX ONTHUMAIbHBIX pelIeHUi 0003Ha-
guM uepe3 X .

3anaua (1)-(2) paspeumma, ecmt X # &, X #J , B IpoTHBHOM Ciyuae
pa3nuyaroT ABa Thuna HepazpemumocTu: HP1- MHOKECTBO JOMYCTUMBIX PEIICHUH
nycro , T.e. X = ; HP2 - uenepas QyHKIUs He OrpaHUYEHA HA MHOYKECTBE J10-

nycrumsix pemennii, .e. X #0, X =0 .

Boigenstor aBe hopMbl 3a/1a4u JIMHEWMHOTO IPOrpaMMHUPOBAHUS: CTaHAAPT-
HYIO U KaHOHWYecKy1o. Eciu BBecTn 0003HaueHUs:

ajp K ayy,
A=K K K - MaTpHIla OrPAaHUICHUH 3a1auu pazmepa Mxn,

am K apy,
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b :( bl K, bm ) - BEKTOP CBOOOJTHBIX YJICHOB,

C:( 1 K, ¢y ) - BEKTOP KO3(PPHUIIMEHTOB 11eJIeBO (PYHKIIHH,
TOTAa 3TH (POPMBI 3a]]a491 UMEIOT BU/I:

cmandapmuas gopma f(x)=(c, x) >max |,
Ax £ b,
x20 .
kanonuveckas popma  f(x)= (c, x )—>max
Ax = b,
x20 .

3.2. [IpaBusia npeodpa3zoBaHus 3a1a4

JIroOyro 3a1a49y JTMHEHHOTO TPOrpaMMHPOBAHHUS MOXKHO CBECTH K CTaHap-
THOM WJIM KAHOHUYECKOH (hopMe, UCTIOIB3Ys CIeaYIONINEe MPeoOpa3OBaHMs:
1) 4TOOBI MEPEHTH OT MUHUMHM3ALIMH LIEJICBOM (QYHKIIMN K MAKCUMHU3AIIMH, JOCTa-
TOYHO YMHOKUTH HEJIEBYIO (DYHKIIMIO HA «-1» U UCMOIB30BaTh OUEBUHOE PABEH-
ctBo min £ (x)=— max (- £(x)) ;
2) 4TOOBI U3MECHHUTH TUIT OTPAHUYCHHSA-HEPABEHCTBA, HYKHO YMHOXKHTh €r0 Ha «-
I»:

. . > D. —a. — —a: < —-D:
aj1 X1 +K +a;, xp 20, = —a;1x-K —a;, x5 <=b; ;
3) 4TOOBI MEpEUTH OT OTPAaHUYEHUN-HEPABEHCTB K PABEHCTBAM HYXHO BBECTHU
JIOTIOJIHUTEINIBHYIO ( Ca0yI0 ) IEPEMEHHYIO Xp; 4

all X1+K +ail’l Xn -I-xn_H- = bl )

: : <b.
a;1 x+K +a;, x, <b; =

xn+i20’

a4 ¥+ K iy X = Xy = by
a1 x1+K +a.. x,2>2b =
171 in n I X >0

n+ti = Vo

4) uToOBbl TIEPEHTH OT OTrPaHUYCHUI-PABEHCTB K HEPABEHCTBAM HY>KHO 3aMCHUTh

9TO OIrpaHUMYCHUC Ha JABA IIPOTHUBOIIOJIOKHBIX HCPABCHCTBA
: : < b.
. , ajp Xy +K +a;, x, <0,
a1 x+K +a, x,=b =
i171 in “n " , > b
a;p xy+K +a;, x, 2b; ,
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5) ecnu iepeMeHHast X ; CBOOOHAs (HeT orpaHWYEHUE HA 3HAK),TO BBOJSIT

J

HOBBIE IIEPEMEHHBIE x}- >0,x" >0 wunenaror 3ameny X ; =x"; — x}

J J J J

IIpumep 1. [IpuBectu kK KaHOHUYECKOH (hopMeE CIEAYIONIYIO 3a/1a4y:

Ucxonnas 3agava Kanonnueckas ¢popma
2x,+3x,—x; — min —2x, =3x,+x}—x; > max
X, — X, +2x, <3 X, — X, +2x3-2xi+x, =3
1 2 3 ) saend 1 2 3 3Ty )
3 =X
2x,+ x,+3x; 22, 2x,+ x, +3x;-3x] —x; =2,
x; 20, x,20, x,20,x,20,x;20,x;20,
x, 20, x50,

OH CIT0CcO00 1T HUBCACHUA COCTOUT B TOM, UTO U3 BTOPOI'O ABHCHMU HAaXO0AUM
b
X3 = —4‘|‘ .xl + x2 , 4 3aTCM HCKIIIOYacM IICPCMCHHYIO X3 U3 OCTAJIBHBIX

OTrpaHUYECHUN U L1eIeBON (DYHKIIMH:

(mocste MCKIoUeH s X3 ) Kanonunueckas popma
X, +2x, — min —Xx, —2x, — max
Sx;+4x, 214, 5x,+ 4x, —xg =14,
X, 20, x,20, x, 20, x,>0,x, >0, x>0,
|
3.3. 3apanus

1.ITocTpouTh pa3zHbIMH CITIOCOOAMH KAaHOHMUYECKYIO U CTaHAAPTHYIO (hOPMBI Clie-
JTYIOIIUX 3aj1ay:

a) 2x, 4+ X, —X:+x, >max 0 Tx,—2x,+x,+4x,+x. — min
T Xy — X3t Xy | ) T X3 4 T Xs ’

x,20,x;20, x,20, x20,x,20,x;20, x,20, x;20.
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3.4. 'eomeTpu4ecKuii MeTO/ pelieHHs 32124 JUHEHHOr0 MPOrpaMMHu-
poBaHus

[TycTh naHa 3a1a4a JTMHEHHOIO POrPaMMUPOBAHHUS B BUJIE:
f(xX)=cyx1 +cpxp — max ,
ayjp x1+ app xp < by,
AANAAA

Ay X1+ Ay Xy < bm ,

x120,x 20

Kasxgoe orpanndenue Buga ;] X1+ a;o xop <b; (i=1,m) wnm
Xj2 0 (j=1,2) reomerpruecku oNpeaeNseT MOIYILIOCKOCTh, CIIE0BATENLHO,

MHOYK€ECTBO JIOITyCTUMBIX pelienuii X MpeacTaBiseT coOO0M nmepeceueHne KoOHey-
HOT'O YMCJIa ToNyIuockocTeil, T.e. ecmu X # & , 10 X ecTh 1160 MHOIOYTOJIb-
HUK, TUOO MHOTOYTOJIbHOE MHOKECTBO.

Ipumep 2. IlocTpouTh HA INIOCKOCTH B CUCTEME KOOPAMHAT MHOMXKECTBO
X JONyCTHMBIX PEIIEHUH CIEAYIOIMX CUCTEM JIMHENHBIX HEPABEHCTB C ABYMSI
IIEPEMEHHBIMHU.

a) Puc.1. MuoxectBo X HOIyCTHMMBIX PELIEHHUM
x1+2x2 2 3 N AXZ
X1+ x» <1,
1 2 [
x1 20, xp20,
2.-
~N
1
L] L] } 4 >
1 2 3\:1\x1
(1
BriBoOI: @

MHOXecTBO X = I
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0) Puc.2. MuoxectBo X JIOIMYCTUMBIX pELICHHHA
X1+ xp <3, AXZ
xp+2x 22, 3RB

x1 20, x>0,

D 4
} >
B BIBO I 1 2% 3\\(1) X1

MuoxectBo X - MHOTO- r
yronsHuk ABDE,

B) Puc.3. MuoxectBo X JOMYyCTHMBIX PEILCHUI
X] + 2 X9 > 3,
2x1+ xp 22,

x1 20, x 20,

BriBoOI:
MuoxectBo X - MHOTO-
YTOJILHOE MHOKECTBO.
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PaccMOTpUM  Temepb  1IENEBYIO byukumio  f(x)=cyx] + ¢ X

Jluaun ypoBHs C;X] + ¢ Xy =a ( o € R) obpasyioTr cemeiictBo mapai-
nenbHbIX TpaMelx. [pu stom f'(X) = ¢, T.e. rpagueHT HeneBoil PyHKIMHE BCIO-
JIy OJIUHAKOB U SBISETCS BEKTOPOM HOpManu €= (C],C)) K 3TUM MPSMBIM, OIpe-
JIETAIONIUM HATIPABIEHUE BO3pacTaHus TuHelHoM pynkuun f (X)=c1x) + Xy .
[Torck ONTUMAaNBHOTO PEUICHHUS CBOAUTCS K HAXOXKICHHUIO HAMOOJBIIETO YHCIa
05* Cpenu TakuMxX 3HA4eHWH ¢ ,4To mpsAMas C| X| + C) Xp = & uMeeT oduue
TOYKH ¢ MHOXKeCTBOM X . C 3TOH LENbI0 BBIOEPEM OIYCTHMOE pELIEHHE
xO € X u npoxoJsinyro yepes Hee JIMHHUIO YPOBHA C] X] + C) X9 =& = , rIe
o’ = f(x7) , u 6ynem cmemath ee B HampaBieHuH BekTopa C=(C1,Cy) 1O
NPEIEILHOIO IOJOXEHHUS C) X+ Cy Xy = a, IPU KOTOPOM MHOKECTBO X
OK&XETCsI B OHOM M3 MONYIIOCKOCTEH, TIOPOKACHHBIX MpsMON (C,X) = a ,u
XOTst Obl OfiHa Touka u3 X OyaeT MpUHALIEKATh dTOH MpsAMol. ITonydeHHyo
NPENENbHYI0 IPAMYIO HA30BEM ONMOPHOM s MHOxectBa X . Touku u3 X, Je-
JKalllie Ha OMOPHOU MpAMOM, OyayT pernieHusMH 3anadu. [Ipu HeorpaHUUEHHOM
MHOKeCTBE X OINOPHO# MPSIMOI MOKET U HE OBITh.

3amMeuanue. Ecnu tpebyercss HAllTH MUHUMYM TEI€BON (QYHKIIUHU, TO CMe-
IIaTh HAYaJIbHYIO JIMHUIO YPOBHA C] X] + €C) X =& = HEeoOXOAMMO B HaIpaB-

JICHUU BEKTOpa —C .
IIpumep 3. Pemuth 3a1a4y TMHEHHOTO POTPAMMUPOBAHUS.

Puc.4. MuoxectBo X JOMYCTUMBIX
peILICHUH

f(x)=x1+xp) > max(min ) 4

x1— xp <1,

m .

3x1+ xp £9,
T— x1+4xp <8,
X1+ xp =21,
x1 20, xp20.

=/ Noo

MuoxecTBo X JOMYCTUMBIX PEIle-
HUH TIPEICTABISIET COOOM MHOTO-
yronpHuk ABDEF. Beibupaem Ha-

YaJIbHYIO TOUKY, x° =(1,1) eX,
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0 .
npu stoMm f (X ) = 2. Jlnd Haxoxkae-  HHUSA MAKCHMyMa [EJEBOM QYHKIUHU
CTPOMM HAYAJIBHYIO JIMHHUIO YPOBHSL X| + X7 =2 U nepeMelaeM ee B HarpasJie-
uuu Bektopa ¢=(1,1). Ipsimasi, mpoxosiiias yepe3 Touky D , Oymet onopHoit

nis MHokecTBa X . Touka D siBiIseTCS ONTUMAJIBHBIM PEIIEHUEM 331441 Ha MaK-
cuMmyM. OnpenenuM KoopAuHaThl Touku D :

%
= D=("., 7)== xmax=(1;,3) =S max=,

3x1+ xp =9, 28 33 . 28 33 61
— X1 +4x) =8, 13713 13713 13°

JIj1s HaXOXACHUS. MUHUMYyMa LI€JIeBOM (PYHKIIMK HEOOXOUMO NEPEMEILATh
HAYAIBHYIO JIMHUIO YPOBHS X| + X9 =2 B HAaNpaBJEHUU BEKTOpA
—c=(—1,—1). llpenenpHpiM (OMOPHBIM) MOJOKEHHEM OyICT TPSIMAsL, TIPOXOIs-

mas yepe3 Bepirabl A=(0,1) u F=(1,0). B 3TOM cilyuyaec MHOKECTBO ONITUMAJIb-
HBIX PEIICHUH MPeICTaBIsAeT co00it oTpe3ok [A,F] u nmeeT Bu:

*

X ={x=2 A+(1-2)F| 2€[0,1] }re
X (AD)=(0-4,2),2€[0]] = fimn=1.

IIpumep 4. Pemuth 3a1a4y TMHEHHOTO POIPAMMUPOBAHUS.

Puc. 5. MHOXkecTBO X AONMYCTHUMBIX PELIEHUN
S (x) =—x1 +x9 — max(min)

a
) )

—X1+ xy <2
x1+2x2 22,
x1—2x2£3,

xl ZO, XZ 20,

AN @

L

=/

MuoxectBo X I0MyCTHMBIX
pelIeHnit MpeICTaBIsIeT cOO0M
MHOI'OYTOJIbHOE MHOKECTBO C y

BepminHamu A,B,D,E. Beibupaem . 1 2 8 X
HAYaTbHYIO TOUKY @ @
=(2,2)ex,f(x")=0.

JI71s HaX 0K ICHUS] MAKCUMYyMa LIENIEBOM (DYHKIIMKM CTPOMM HAYaIbHYIO JTHHHUIO
ypoBHs — X + X =0 u nepementaem ee B Hanpasienuu sekropa ¢=(—1,1) .
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[TpenenpHBIM (OMTOPHBIM) TIOJIOKEHUEM  OYyJET mpsiMasi, MPOXOAsias yepes
BepmHy A=(0,2) u pebpo Aa. B 3ToM citydae MHOKECTBO ONTHMAJIBHBIX pelie-
HUH IpecTaBiAeT coO0 ayd Aad U UMEET BU:

*

X* = {x=A+/1 Y azo, 1t }
Te. XA)=(A,2+42),A20 = fmax =2

JIst HaX 0K ICHUST MUHEMYMa [IeJIEBOM (DYHKITHH HEOOXOIMMO MIEpEMEIATh
HAYaJIbHYHO JIMHHUIO YPOBH — X| + X9 =0 B Hanpasnenuu Bexktopa —c=(1,—1).

[IpenenbHOTO (OMIOPHOTO) MOIOKEHUS TUHUU YPOBHS HE CYIIECTBYET, T.€. 3a/1a4a

Ha MUHAMYM Hepa3pemmma, T.K. 1iejeBas (QyHKIusS He OrpaHrnYeHa CHU3Y Ha MHO-

xectBe X . u
['eoMeTpuyeckas UHTEpIpETaLUs 3a7a4 JUHEHHOTO TPOrPAMMHUPOBAHUS

MO3BOJISIET C/I€NIaTh CIEAYIONINE B bI B O [T bI:

- MHOXeCTBO X JIOIYCTUMBIX PELIEHUI 3a1a4l MOKET OBbITh: IIyCTHIM, BBITYKIIGIM

Y OTPaHWYCHHBIM (MHOTOTPAaHHUK), BBITYKJIBIM U HEOTPaHUICHHBIM (MHOTOTPaH-

HOE MHOXECTBO);

- 1ie71eBas (PyHKIUSA 3a0a4u JIM0O0 HE OrpaHMYeHa Ha MHOXKeCTBe X , 0O JOCTH-

raeT CBOEro DKCTPEMAILHOTO 3HAYE€HHs XOT ObI B OZHOM BEPIIMHE MHOXKECTBA X

AHaIUTHYECKHH CIIOCO0 HAXO0XKICHUS BEPLUIMH MHOXeECTBA X , pACCMOTPEH B Clie-
JIYIOLIEM pa3ieie.

3.5. Baganus

1.HaiiTu MUHMMaTBbHOE U MAaKCUMaJIbHOE 3HAYCHUS 11eJIeBOM (DYHKIIUU CIICTYIO-
KX 3a7a4 JIMHEWHOTO MPOrPaMMHUPOBAHUS:

a) 0)
f(x)=2x1+xy) — max (min) f(x)=2x]+xy +x3+ x4 —> max(min)

(—2x; 4+ x, < 2, —Xx; +2xy+x3-2xy =5
3x+2x, 26, 3x;+ xp-x33x4=2,

| xr2x) >4, X 20, 1,20, 1320 ,x,>0.
x; 20, x,20,

"

2. [TocTpouTh 3a1a9n TMHEHHOTO MPOTPAMMHUPOBAHUS, TSI KOTOPBIX UMEET MECTO
a) Hepa3pemuMocTh 1 poja; 6) Hepa3peuuMocThb 2 po/ia.
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3.6. Pemrenue cucreM JIMHEHBIX YPABHEHHMIA.

3.6.1. ba3ucHble U ONOPHBbIE pPellleHHs

[lycth nana cucrema JIMHEWHBIX YPABHEHUM:

Ax = b I/IJII/I%AJXJ':Z?, (3)
j=1
rie xeR" ,beR™ A= (ai,j) —(mxn)—wmarpuna, A J e R™ — cron-
Oerr MaTpuns! . bynem cuntath, He Hapymas oOIHOCTH, 9yTO0 rang A =m. 13-
BECTHO, uTo Touka HeR " apnsercst BepMHOA MHOTOrPaHHOrO MHOYKECTBA
X Z{x e R" | Ax = b, x>0 } , TOTJa ¥ TOJIBKO TOT/a, KOTJa BEKTOP

d=(xd;,K ,x, ) ects omopnoe pemenne cucrempr muueiinbix ypasuenuii (3).

Onpenenenue l.basuchviv pewienuem CACTEMBI INHEWHBIX YPABHEHUN
(3) Ha3pIBaeTCA JOMYCTUMOE PEIICHNUE, HEHYJIEBBIM KOMIIOHEHTaM KOTOPOIr0 COOT-
BETCTBYIOT JINHEHHO-HE3aBUCUMBIE CTOJIOLBI MATPHIBl A .

Onpenenenue 2. bazucHoe HEOTPUIIATEBHOE PEIIEHUE CUCTEMbI JIMHEW-
HBIX ypaBHEHUH (3) Ha3bIBACTCS ONOPHBIM.

W3 onpenenenus cienyer, YTo YUCI0 HEHYJEBbIX KOMIIOHEHT Oa3UCHOTO pellie-
HUS He OoJbLIe M1 .

Onpenenenue 3.basucHoe pelieHre HA3BIBACTCS 8bIPONHCOCHHBIM, €CIN
YKCJIO €r0 HEHYJIEBBIX KOMIIOHEHT MEHBIIIE /71, THAYE€ OHO HA3BIBAETCS HEGbIPOIiC-

OEHHbIM.
Oupenenenue 4. Basucon B onopHoro pemenus xl Ha3bIBaeTCs Mpo-

WU3BOJIbHAS CUCTEMAa U3 771 JIMHEHMHO HE3aBUCUMBIX CTOJ'I6]_IOB MaTpPHIbI A , BKIIIO-
qaroiias B ce0s Bce CTOJ'I6IH>I, KOTOPBIC COOTBCTCTBYIOT ITOJIOKUTCIIBHBIM KOMIIO-

jl ]m

nenram Bektopa d=(xd; , K ,d, ), re. B=3 4 ", K , 4

[Tepemennbie X j » COOTBETCTBYyIONIME cronbuam A J eB , Ha3bIBAIOTCA Oa3UC-
HbIMU, OCTAJIBHBIE - HEOA3ZUCHBIMU.

IIpumep 5. Haiitu xakoe-HUOYIb OTOPHOE PEIIEHNE CUCTEMBI IMHEWHBIX
YPAaBHEHMM:
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3x1 + X2—X3+ X4+2x5 =2,

3
X] — Xp+Xx3+ X4+5x5 =2,
Pemenmue. Hepe‘{I/ICHHM BCC 6a3I/ICI)I, 06p330BaHHI)Ie CTOH6H3.MI/I

A 1 , A 2 , A 3 , A 4 , A > MAaTPHIIBI OTPAHUYCHHIA:

Blz{Al,Az},Bz={A1,A3},B3={A1,A4},B4={ L 5},
Bs=|a?, 4%}, Bo={4? 4. By= (4> 4%,

Bgz{A3,A5},39={A4,A5}.

Jliig mocTpoeHust 6a3UCHOTO pelieHusT BbIOepeM OIMH U3 0a3HCOB,
Hanpumep By, U IpUpaBHsAEM HyIIIO HEOA3HCHBIE IEPEMEHHBIE X3, X4, X5.

Haiinem Ga3ucHbIC IEPEMEHHBIC X1, X9 , PCLIMB CHCTEMY YPaBHCHHIA:

3x1+x2=2, xlzl, 1
= Pemenne x =(1,—1,0, 0, 0) sBisercs
xl— X2 =2, X2 =—1.

6a3nCHBIM , HO He OmopHbIM. PacemoTpum Gasuc By !

3x1 +X4 =2,

B3:{A1,A4}:>x2=x3=x5=0:>{ — x> =(0,0,0,2,0)-

X1+Xx4 =2,

BBIPOXKIEHO OMOPHOE PEeIlIEHNEe, KOTOPOMY COOTBETCTBYET UEThIpe Oazuca:
B3 ,Bs,B7,Byg.
[

3.6.2. KopaaHoBbI TA0IMLBI

Ecnu B 6a3uc onopHoro penienus (IlyCTh Ui OIPENEIEHHOCTH
1 m .
B= { A, K , A7 }), 10 cucrema ypaBuenuii (3) MOXKeT OBITH IPECTABIEHA B

BUAC

BXB+DXD:b, (4)
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rne Xz =(x1,K ,x,, )-Bexrop GaszucHbix nepemennbIx, D = {Amﬂ K, An} :

x p=(x,.1,K ,x,) - Bexrop He6GasucHbix nepemeHHbIX. C MOMOIIBIO HIIEMEH-
TapHBIX MPe0Opa30oBaHU cUCTEMY (4) MOXKHO MPUBECTH K BUY:

XB+ZXD:ZO, (5)

me Z=B'D,7°=B7" b,
Takast popMma 3amucu CUCTEMbI HAa3bIBACTCA KOPJIAHOBOH . 3aIUIIIEM CUCTEMY
ypaBHeHU (5) B pa3BepHYTOM BHJIE:

-

X1 +Z ] Xme1 K 21, X0 = 210,
] 2 t20 il X1+ K+ 20, Xp = 20, ©
K K K K K K
XmtZmmel Xmel T K Y zZmnXn = 20

Jlerko 3ameruts, uto cronbust Z’ =B 14/ , j=m+1,n ,1e Z’ - Bexrop

ko3(durmenTos pasnoxerns A’ B 6asuce B.Cucrema (6) MOXKeT OBITh TP
cTaBjeHa B (hOpMe >KOP/IaHOBOM TaOIHUIIBI:

X+ X X,
X1 ZIm+1 Z1s Zln 210
X, Zmal Z,q Zom | = | Zr0 (7)
Xm Zm+1 Zs Zn Zn0

JIerko mocTpouTh 0a3uCHOE PelIeHre X , COOTBETCTBYIoNIeE basucy B u xopna-
HOBOM TabmuIe (7), mpupaBHSIB HYJII0 HeOA3UCHBIC TIEPEMEHHBIC; TOT/1a 0a3HCHBIC
TIepeMEeHHbIE TIPUPABHUBAIOTCS CBOOOIHBIM WICHAM , T.€. X g = Z 0 , X p=0.
Ecnu cBoOOaHBIC YICHBI / 0 Bee HEOTPHIIATENbHBI, TO MOCTPOCHHOE OAa3UCHOE

pemienue Oyaet onopHbIM. Ilepexoa kK HOBOMY 0a3UCHOMY PELIEHUIO OCYIIECTBIIS-
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€TCs C IOMOIIBIO OJHOTO I1ara KOp/ia-  HOBBIX MCKIIIOUEHUH ¢ pa3peniaronimm
3MeMeHTOM Zj.g # (0. Ha3oBeM r-yro CTpOKy TaOIHIIBI pa3peliaromiei, a s-blii
ctozber - paspemaromuM. [Ipu 3ToM MeHSI0TCS MecTamMu 0a3rcHas IepeMeHHast

X; 1 HeOasucHas Xg. B pesynbraTe noaydaeM HOBYIO )KOPAAHOBY TAOJIMILY:

Xm+1 X, Xy
! ! ! !
X Zlm+1 Z1y Zn Z10
! ! [ —_ !
Xs Zrm+1 Zsr Zyp = | Zr0 (8)
X z! z! z! z!
m mm+1 ms mn m0

OnemeHThl Ta0IMLIBI (§) MOIy4aroTCs 1O clieAyomuM popMyiaM (IpaBuiia xKop-
JTAHOBBIX MTpeoOpa30BaHUi):

1 v .
1) zgp=—/1 2) Z:q':_] > JFS 5

z -

rs rs

: Zio K2

z _ s “rj . :
3) z,‘,,z—ﬂ,z;tr . 4) Zl‘jzzl-j——J,l;tr,];tS

Zrs Zrs

IIpumep 6. [locTpouTts k0pAAHOBHI TAOJMLIBI I CUCTEMBI JINHEUHBIX
YpaBHEHHUH IpuMepa 5, ucnonb3ys 6asucel By n Bj.

Pemenue. B Gasuce By = {Al ,A3 } UMEEM:
(> ) 8] L 2578 )
N ) Tl )

Torpa xopaanoBa (popMa CUCTEMBI U )KOPJIaHOBA TaOJINLIA UMEIOT BU:

X2 X4 x5




19

( 1 7
X1 +—x4+—-x5=1, x1 |0 12 718 |=|1
2 8 1
< —
1 5
tH3T s =1 Bla w2 osmo|=|1

BasucHoe penienue, cOOTBeTCTByOLIEe Oasucy By, x2 =(1,0,1, 0, 0). Yrobs

nepeiitn K 6asucy B3 , cienaem miar )opAaHOBBIX IpeoOpa3oBaHuil ¢ paperia-
IOIUM DJIEMEHTOM Z35 = % . Toraa xopaaHoBa TabauIa U xKopJaHoBa popma

CUCTCMBI IIPUMYT BU/I:

x2 X4 X3

( 7 7 1
x{ | 75 U5 -5 -2/5 X hoxp-ox3—_x4=1,
_ 5 5°°5
= = o
xs |85 45 85 8/5 bas— v x gl

Dol TabIIMIE COOTBETCTBYET 0A3UCHOE PELICHUE x3 =(- 2/ ,0,0,0, %) .

3ameuanne. Cuctema ypaBHeHui (3) MOXKeT ObITh IpeoOpa3zoBaHa K BUILY:

sz—ZxD+ZO,quu xB:Z(—xD)+ZO 9)

Torna cuctemy (9) MOXHO MPEACTaBUTh MOAUPUIIMPOBAHHON KOPIAHOBOM Ta0-
JMLEN BUA:

Xppp] - X - Xy,
X = | Zimel ZIs 0 Z | T 210
Xp |= | Zpmay Zyg Zwn |t zp0 | (10)
;Clm = | Zmm+l - Zms Zmn_| ™ | Zm0
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[IpaBwita mpeoOpazoBaHUs TAOTHUIIBI (10) mpu mepexoje oT ofHOrO Oazmuca K
JIPYTOMY OCTAIOTCS TIPEKHUMH; TIOATOMY MBI He OyIeM JeNiaTh pa3Indus MEKIY
»TUMU (OpMaMH 3aIMCH, HO OyIeM OroBapuBaTh, TE MOpa3yMeBaeTCs 3HAK pa-

BCHCTBA.

3.7. 3apanus
1. TTocTpouTh OCTaJIbHBIE OIIOPHBIC PEIICHHS CHCTEMBI YPaBHEHHIA ipuMepa 4.
2. Tokasate, uro xi=(4, 0, 0, 0) ectb omoOpHOE pelIeHre CIIeIYIONMIEH CHCTEMBI
YPAaBHEHHM:
2x1— xp-3x3-2x4 =8,
X] —2xp+ x3— x4 =4,
Y TIOCTPOUTH BCE €ro 0a3uCHhI.

3. OnpenenuTh BEPUIMHBI MHOKECTBA X , 3aJJAHHOTO CUCTEMOM JIMHEHHBIX
YPAaBHEHHM:

X1 +3x2+ x3+2x4 =35,
-4 x1+2x2+3x3— x4 =1,
1 1306pasuTh ero Ha miockoctd X10 X7 .

4. ITocTpouTh BCE OMOPHBIEC PEUIEHUS CUCTEMBbI JINHEHBIX YPaBHECHHUIA:

X] +2xp+ x3+3x4 =95,
2 x1 + x3-2x4 = 3.

5. Ilo naHHOM »OpAaHOBOM TabJIMIIE MOCTPOUTH 0A3UCHOE PEILICHHE, €r0 0a3uC U
XKOPJAHOBY (POPMY CUCTEMBI TUHEHHBIX YPABHEHUM:

a) X) X X5 0) X| X3 Xg
x4 [0 2 74 =2 xx [(1 2 12 J=[e
X4 13 5 72 |= 5
x3 -1 -1 -U4 |=|0 X5
1/2 -32 2 = la
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3.8. CumiLiexkc-MeTo/1

Paccmotpum 3amauy JIIT (muHEHOTO TpOorpaMMHUpOBaHUS ):
f (x) = (c,X) > max
AX =D (11)
x>0
JIns ee pelieHus MOYKHO HCHOJIb30BAaTh CUMILIEKC-METOMA, UAES KOTOpPOIO
COCTOUT B MOCJIEIOBATEILHOM IPOJIBUKEHUU 110 OMOPHBIM perieHusaM 3aaauu (11)
BIUIOTH JI0 MOJIYYEHUSI ONTUMAIBHOTO PELIEHUS WA BBISICHEHUSI HEPA3PEIIMMOCTH
3a7a4u.

3.8.1.Cumiiekc-Tadanmna

IMycrs  X=(X,K,X,,00K,0) - onopupiii mmam szamaum (11) u
1 A2
B=(A,A"K,A") - Gasuc storo omopHoro pemeHums. YMHOKHM CHCTEMY

YpaBHEHU Ha B™u MOJIyYUM

n i . .
Xg + ZZJXj:ZO’ rae XB:(XliK’Xm)’ ZJ:B_lAJ,ZOZB_lb_

j=m+1

Ecnu B cucteMy IOACTaBUTh TOUKY X= ()_(1,K , )_(m 0K ,0) , TO OKaXKETCs XB =7°

[TocTpouM OTBEHAIOILIYI0 UM KOPJIAHOBY TaOJIMIly, MOMOJIHUB €€ CTPOKOM

OTHOCHTENBHBIX OLEHOK A i (J=m+1n) (Takyro Tabnuiy OyJemM Ha3bIlBaTh CUMII-

JeKcHOM). [{s1 3TOro nckimounM 0a3ucHbIE IEPEMEHHBIE U3 LENeBON PYHKIUU:

n : n
f(x)=(Cg,Xg ZCX CB,Z0 ijzl)+ ZCij:(CB,ZO)‘
j=m+l j=m+1 j=m+1

n , - n
- Yleg, Zh)—cy)xy =f(R) - YA
j=m+1 j=m+1

rac
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f(i):iciii =(C5.,X5), X; =Zp(i=1m),

N OTHOCHUTCJIBHBIC OLICHKHU HeOa3MCHBIX ICPEMCHHBIX

Aj:(CBle)_Cj’j:ﬁ- (12)

CuMmniekc-radania

Xm+1 e X eee  Xp
X1 Zl,m+1 Zl,s Zl,n = Z]_'o
Xy Zr,m+l Zr,s Zr,n = Zr,O
Xm Zm,m+1 Zm,s Zm,n = Zm,O
f Apsr o Ay o Ay | = | TX)

[Tpu TOM OI1IeHKM OA3UCHBIX MIEPEMEHHBIX BCET/Ia PABHBI HYJIIO.
Hanomuum cnenyromme yTBepKIeHUS.

Yreepxnenune 1. (Kpumepuii onmumanibHoCmu 0nOpHO2O0 NAAHA).

~

HeBbIpoxk/ieHHbI omopubii mian X = (X, Xy, X;) SBISETCS ONTHMATBHBIM

pemenuem 3anauu (11) Torma u ToaBKO TOTAQ, KOTIa AjZO s j=1,....n.
3aMeduaHue. [ia 6ulpoicOeHH020 ONOPHO20 NIAHA HEOTPUIIATEIHHOCTD OIle-
HOK SIBJIICTCS JIUIIIH JIOCTATOYHBIM YCIIOBUEM €TI0 ONTUMATHHOCTH.

Yr1Bep:knenue 2.(IIpusnax Heoepanuuennocmu yenesou @yHxyuu).Ecou cyre-
ctByer HOoMep S, mua kotoporo Ag <0 u Vi Zjs<0, To uenesas dpynkuus 3amauu
(11) He orpaHnueHa Ha MHOKECTBE R JOMYyCTUMBIX pelIEHUI 3TOH 3a1a4u.

YrBepxaenue 3. (Bozmoocnocmo ynyuuwienus onopnozo naana). Ecnu cyie-
cteyer S, s koroporo As<O u cpemu Zjs ecTh MONOKUTENBHBIE, TO BHIOPAB pas-
PELIAOIINN 3JIEMEHT Zg 110 MPABUITY:
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Z . |4
ﬂ:mm £,2i5>0 ’ (13)

A Z:

rs IS

MO>KHO 3a OJMH IlIar >KOPAAHOBBIX PE0Opa30BaHUI NEPEUTH K HOBOMY OIIOPHOMY

IIaHy X , Ipu4YeM

u ecin Z,p>0, To f (i) > f (i) .

Wtak, 1y 110000 OMOPHOTO IMJIaHa X sanaau JII1 (11) c 6a3ucom B Ha oc-

HOBaHUM yTBepkaeHUH (1)-(3) MOKHO TPOBECTH KUCCIICIOBAHUS U BHISIBUTH:
au00 ONTUMAJLHOCTH MUIaHa X ; JUOO0 HEepa3pelMMOCTb 3ajayu; JIMOO BO3MOXK-

HOCTb TIepexo0/ia K HOBOMY IIaHy X (a 3HaYuT U K HOBoMy Oasucy B’), cBsizaHHOMY
¢ 0OJBIINM (UJTU C HE MEHBIIINM ) 3HAUCHUEM 11eJIeBON (HYHKIIUU.

Peanmauml CHUMINICKC-MCTO/JJa YIIMPACTCA B IMOCTPOCHHC HAYaJIbHOU CHM-

IUIEKCHOU TAOJIALIBI.

[HEN

3.8.2.AropuT™M CHUMILIEKC-METO/Aa

ITpuBeneM momaroBoe ONUCaHUuE CUMILIEKC-METO/IA.
[TocTpouth HaYyaJIbHYIO CUMIUIEKCHYIO Ta0JINLLy:

Hzij H:«Zioi(i :L_m),Aj (j=1n), f(x°).

Eciu Bce A0, To mepeiiti Ha tmar 5. Ecim cymectsyer j=S takoe, uro Ag<0,
TO BBIOMpaeM S-i CTOJIOEI] pa3periaroniuM.

Z

ro ; i0
Bri6upaem pazpeniarniyto CTpoKy I Mo MpaBHily: Z_ =MINy—, Zjs > 0 . Ec-

rs Zis

m Zig <0 (V1), o nemaem BeiBox, uto f(X) He orpammuena cBepxy B 0o6nacTu
JONMyCTUMBIX peennii 3anauun (Hp2) n nepexoaum Ha mar 6.

[TpoBecTH KopaaHOBBI MPEOOPA30BAHUS CUMILIEKC-TAOIUIIBI C pa3periaroum
AJIEMEHTOM Zg Y EPENTH Ha 1miar 2.

Cumrmiekc-Tadauma onTuMaabHa, T.€. ONpPENeNsieT ONTUMAILHOE PEIICHUE 3a-
Ja4¥ ¥ MAaKCUMaJIbHOE 3HAYCHHE TIeJIeBON (DYHKITHH.

Pemenune 3a1aun 3aBepuieHo.

3.8.3.1locTpoeHue HAYAJILHON CUMILIEKCHOM TA0IHIIbI

OcraHOBHMCSI Ha TIOCTPOCHHMHM HAYaJIbHOW CHMIUICKCHON TaOJIWIBI 1Tl He-

KOTOPBIX (OpM 3a/1a4 JIMHEWHOTO MTPOTrpaMMUPOBAHMUS.

1.Ilycts 3anaua JIIT nana B cranmaptHoit hopme



24
f(x) =(c, x) > max
x> 0.

Ot ¢opwmsel (14) nerko mepedTH K KAaHOHWYECKOM, JOOABUB B KaXKI0€ U3 OTPAHMU-
YeHUH cadyro epeMeHHYIO.
[Tomyuum

f (x) =(c, x) > max
Ax + Eu =b, (15)
Xx>0,u=>0,

rae E-nuaronansHas maTpuia nopsiaka m.

Bexkrop (972'30’ bl’ b2 1 bm) OyJZeT OonmopHbBIM peleHueM 3anaun (15)c 6azucom
n

B=E.
WUrtak, monyyaeM HayaJlbHYI0 CHUMIUIEKCHYIO TaOJMWIly, B  KOTOpOil

Z=AZ°=bA;=-c;j=1n:

X
U A = |b
f -C = |0

2.3anayqa JII1 3amana B kaHOHUYECKOH popme
f(x)=(c, x) > max

Ax=h
x>0,
He Hapymras o6muocTH, MoxkHO cuntath 0> 0. ITycts MaTpuua A cogepxut m

1 1 A2 2 m m
SAUHUYHBIX OPTOB. MOKHO CUHMTATh, UTO A=e, A =¢.., A =¢". Cummiexc-
Has TaOJIMIIa IPU 3TOM UMEET CJICTYFOIIHIA BUT;

Cm+1 cee Cn
CB Xm+1 cese Xn
Ci iXg a1,m+1 am,n = bl

Cm Xm am'm+1 cee am,n = bm
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f Am+1 Am+1 = F
rae
m J .
A, =§Ciau ~¢;=(cg, Al) ¢ j=m+1n,
(16)
ZC,bI (g, )
3. 3agayga JII1 3ay1ana B KaHOHUUECKOM hopme
f(x) =(c, x) > max
Ax=b, u b>0. (17)

x>0,
HYCTI) MaTpula A HC COACPIKUT M €ANMHUYHBIX OpTOB. Tor,ua AJIA OIIPCACIICHUA

Ha4YaJIbHOT'O OIIOPHOI0 IlJIaHa UCIIOJBb3YCTCA Mmemoo UCK)YCCNMBEHHO20 basuca. I[J'DI
9TOTO paCCMOTpHM BCIIOMOTI'aTCJIbHYIO 3aa4y

F(x,w) = ZW — max

i=1
Ax+Ew=b, n b>0. (18)
Xx>0,w>0,

0 0y _
O4eBUIHO, YTO BEKTOP (X, w") = (912-30’ by,... byy) SIBJIICTCS] OTIOPHBIM PEIICHU-
em 3agaun (18).

CripaBelJTMBBI YTBEPIKICHUS:

YrBep:xaenue 4. 3amaya (18) Bcerma paspemmma u max F(x, w) <0.
YrBepxaenune 5. Ecmn max F(x,w) <0, To cucrema orpannuenuii 3agaun (17)

IPOTHBOPEYHBA.
YrBep:kaenune 6. Ecaun MaX F(X,W) = 0, U BEKTOP (Xl,..., Xy Wi yeens Wm) -
ONTHUMAJIbHBIN OMOPHBIN MaH 3amaun (18), To BeKTOp ()~(1,..., Yn) SBIISICTCSI OTIOP-

HBIM T1aHOM 3311auu (17).

[Tpu 3TOM 13 ontuManbHOM cumruiekc-Tabmauikl (C-T) 3anayun (18) MoxkHO mo-
CTPOUTH HAYAIBHYIO CUMILICKC-TabmuIty 3agaun (17). PaccMoTpuM BO3MOKHBIE
CUTYaIIHH.

Pane mampuyer A pasen m, 3aoaua (17) HegbipodicOenHas. Torma B ONTH-
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manbHoi C-T 3anaum (18) Bce uckyc- CTBEHHBIE MIEpEMEHHBIE OYIyT HEeOa-
3MCHBIMU U1 TS ToTy4YeHus HadanbHOU C-T Hy)>XHO BBIYEPKHYTH BCE CTOJOIIBI, OT-
BEUAIOIINE UCKYCCTBEHHBIM MTEPEMEHHBIM, U TIEPECUUTATH OIEHKH, UCIIOIB3YS
dynkuuto f(X) u popmymy (12).

Pane mampuyer A menvwe m, 3a0aua (17)  nesviposicoennas. Torna B ONTH-
maibHOM C-T 3agaun (18) cpenu 6a3uCHBIX MEPEMEHHBIX MOTYT OKa3aThCsl UCKYC-
CTBEHHBIC TIEpEMEHHBIC. B COOTBETCTBYIOIIMX CTPOKAX BCE AJIEMEHTHI OyIyT paB-
HbI (. BeraepkayB Bce 0-CTpOKH, TIOTyYUM TIEPBBIN CITydai.

Pane mampuywr A pasen m, 3aoaua (17) eviposicoennas. Toraa B onTUMaIbHON
C-T 3agaun (18) cpeau 0a3UCHBIX IEPEMEHHBIX MOTYT OKa3aThCs UCKYCCTBEHHbBIE

nepeMeHHble. B COOTBETCTBYIONIMX CTPOKAX 3JIEMEHTHI CTOJI0MA A paBHsI 0, HO
CPeau OCTAJIBHBIX AJIEMEHTOB 3TUX CTPOK OYIYyT JIE€MEHTHI, OTJIMYHbIE OT 0. BhiI-
OpaB 710001 U3 HUX B KAYECTBE pazpeuiarouye2o M BHITIOTHUB KOPJAHOBO MPeoo-
paszoBanue C-T, BbIBeliIeM UCKYCCTBEHHYIO MIEPEMEHHYIO U3 0a3uca. ITu JeiCTBUSA
MOBTOPSIEM IO TE€X TOp, TOKA BCE MCKYCCTBEHHBIC MTEPEMEHHBIC HU OyIyT BhIBEIC-
HBI U3 6a3uca. [Ipu 3TOoM NoTydnM MepBbId Cirydai.

3.8.4.Ilpumepbl UCNIOJIB30BAHUS CUMILJIEKC-METO1a

IIpumep 7. PemuTh CUMILIEKC-METOIOM CIICAYIOIIYIO 3a/1a4y.

f(X) =2x%, + X, - max
— X, +3X, <6

2% + X, <9 (19)
X — X, <3
X, 20;x, >0

Jlo6aBuM B orpannueHust ciadbie mepeMenHbie Uq,Uy,Us U iepeiiaeM K KaHOHUYe-
ckoi popme
f(x)=2x, +x, > max

2X, + X +U =9
1 2 2 (20)
X, — X, +U; =3

X, 20;x, 20;u; 20;u, 20;uy 20;

0
B kadectBe HauanpHOTO OMOPHOTO T1ana BeioepeM BekTop X =(0,0,6,9,3). Emy
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100
OoTBeuaeT 0a3mc B = {el’ e’ ’ es} =010 U CHUMILJIEKC-
001
tabnuma 1.
Taomuma 1 Tabmura 2
Xy X Uz X
up |-1 3 |6 up |1 219
U, | 2 119 |= u, -2 3 |3
u; [ 1 -1 |3 X |1 -113
f |-2 1|0 f |2 -3]|6

0
Tak kak onenku B C-T (Ta6:1.1) orpuniatensbHbl , TO MiIaH X HE SBISETCS ONTH-
MaJibHbIM. BbIOpaB pazpemaromum Jiro00il cTosIOel ¢ OTPULIATEIbHOM OILICHKOMH,
BBeneM ero B 0asuc. Ilycte BeIOpaH mepBbIi cTOJIOEI, TO ecTh S=1. Bribop pas-

pemaroniell CTpOKH OCyIiecTBUM 1o mipaBuity(13) min{ali} T Otkyna nosyunm
, YTO pa3pellarolleii cTpokoil 1oykHa ObITh BeIOpaHa 3-s crpoka. Ha nepeceuenun
pa3pelaroiero cToada u pa3peraroneil CTpoKU HaX0IUTCS pa3pellaoiui se-

MEHT 31 :1(BI>II[GJ'II/IM 9TOT 3eMeHT). CrenaB 1mar »OopJaHOBBIX MpeoOpa3oBa-

HUH, TIoJTydaeM Ta0iuiry 2.
CumMmmniiekcHasa ta0mumna 2 He SBiIgeTca onTUMaibHOoi. OHa OTBEYaeT HEONTUMAJIb-

HoMy oropHoMy perermio X =(3,0,9,3,0) ¢ 6asucom B=(€",e°, A). TIpu srom f(

Xl):6>f(XO):O. Ha ocHOBaHMYW yTBEpKIACHHS 3 MBI MOKEM BHOBbH yJyUIITUTh 3HA-
yeHue 1eneBoil pyukmuu. Teneps ri1aBHBIM CTOJIOIIOM MOKET ObITh BBIOpAH TOJIb-
KO 2-# cToa0eIl, a TIaBHOM CTPOKOM - 2-s1 cTpoka. [IpoBoauM op1aHOBBI TTPE00-
pa3oBaHUA U MOJTydaeM TabmuIry 3.

Tabmma 3
Uz U, W3 yrBepkaeHus 1 cieayer, 4To
u, | 7/3 -2/3 7 Tabauia 3 JaeT ONTHMAJIbHBIA
Xz |-2/3 1/3 1 OIIOPHBIN TIIaH X2 =(4,1,7,0,0) u
X1 | 1/3 1/3 4 MAaKCHUMAJIbHOE 3HAUYECHUE LIEJIEBOM
f 0 1 9 byHKIIIU fm*ax =9.

B noxyyeHHo#l onTUManbHON TabauLE eCTh HyJIEBasi OLEHKA. DTO 03HAYaAET, UTO
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paccMaTpuBaeMas 3a/1a4a umeer oec- YUCJIIEHHOE MHO>KECTBO ONTUMAJIbHBIX
pemenuit. [lepeiiaem K Ipyromy onTUMaibHOMY OMOPHOMY PEIICHUIO, BEIOpaB B
KaueCTBE pa3pellaroliero croibiia cToadel ¢ HyJIeBoil olleHKol. B pe3ynbraTe

o o o 3
nosryauM Tabmuiy 4. Eif oTBedaeT HOBBIM ONTHUMANIBHBIN IIaH X = (3,3,0,0,3).
Toraa MHOKECTBO BCEX ONTHMAJILHBIX perieHui 3amayun (20) wmmeet BU1

* 2 3
X =ax*+{1-a)x’, ae[0l]., u, coorercraento, ontumanbHbM pelnreHuemM
3amauu (19) Oynmer

x*=(3+a,3-20a,70a), rae a.€[0,1], (21)

*
a ONTUMAJIbHBIM 3HaYEHUEM I1EJI€BOM PYHKIIMHU ITOU 3a1auu OyJeT fmax =9.

Tabanma 4
u; U,
us | 3/7 -217 | 3
Xo | 217 U7 | 3
Xy |-17 37 | 3
f |0 1 9

[TpounmtocTpupyeM pernienne npumepa / rpapudecku (puc.6).

Puc.6. I'paduyeckoe pemrenue mpumepa 7

Muoroyronsauk ~ ABFDE
N3o0paxkaeT MHOXECTBO
NOMYCTUMBIX  PELICHUI
npumepa 7. Pemas 3amaqy

3
CHMILJIEKC-METO/IOM, MBI
) 2B MOCJIEIOBATEIHbHO HAaX0IUM
tw OTIOpPHBIE peleHus
o ,1 ,2 3
X7, X5, X7, X7, YTO T€O-

D,
(4’1] ) MCTPHUUYCCKU COOTBCT-

\\\\ CTBYET NEPEMEIICHUIO TI0
— E Ay BepminHam A E,D,F.

Ha pucyske BunHo, uto dymkmms | (X) =2X; + X, mocruraer MakciuMyma Ha peo-
pe [F,D], To ectb Ha MHOXecTBe To4ek (21).
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IIpumep 8. PemuTh CHUMILIEKC-METOIOM CJICIYIONTYIO 3a7a9y.
f(X)=2X1-X,+3X3+X4 — Max

2X1t+ X9-3X3 =10

X; +Xz+Xqy =7
3X; +2X3 -X5=-4

XJZO, j = 115 .
Ilepeiinem k cucTeMe ypaBHEHUN C HEOTPULIATEIbHBIMY IPABBIMU YaCTSAMH.
J171st 5TOro yMHOKHUM 00€ 4acTu TpeThero ypaBHeHus Ha —1. [lomyuum:

2X1+ X9-3X3 =10,
Xy +X3+Xg =7,
-3X1; -2X3 +X5=4.

XjZO, J = ]TS
0
Pemienue 3aJa4 MOXHO Ha4aTh C OIIOPHOI'O IJIaHa X" = (0110101714) y

0 2 a4 A5
OTBEYAIOIIIETO 0a3uCy B ={A AT A } CoOTBeTCTBYIOIIAs] CUMITJIEKCHAS

TabJInIla UMEET BU:
Tabmamma 5

2 3
Cg X1 X3
-1 X 2 -3 10
1 X4 1 1 7
0 iXs -3 -2 4
F -3 1 -3
Ouenku B Tabnuue 5 noacuutansl no popmynam(12):

A =(cg, A)—c,=-3 A, =(cz, A’)-c, =1 f=(cg,b)=-3.

B kadecTBe paspemaromero cronona 6epem nepssiii (A1<0), B kauecTBe paspe-

. 110 7| 10
IIafOIIel CTPOKU — MEepBYI0, Tak kak MIN {—,—} = — . IIpoBoguM KOpAaHOBHI Ipe-

2 1) 2
oOpa3oBaHUs U MEPEXouM K Tabnuile 6, a 3aTeM aHaJOTUYHO U K TaduIe 7.
Tabnuia 6 Tabnuma 7

Xo X3 X5 X4
Xy | 12 -3/2 5 X | 5 35 | 31/5
X4 |-1/2 5/2 2 | = X3 [-1/5  2/5 4/5
Xs | 3/2  -13/2 19 Xs | 1/5 13/5 |121/5
f |32 -7/2 12 f 415  7/5 | 7415

Tabmnuua 7 1aeT eAUHCTBEHHOE ONTUMANIBLHOE pElleHue 3aaaqn X ™



30
=(31/5,0,4/5,0,121/5), f*=74/5.
IIpumep 9. Permnth cUMIUIEKC-METOJIOM CIIEAYIOUTYyIO 3a1a4y. s moctpoe-
Hus HayanbHOU C-T ucnonb3oBaTh METO/ UCKYCCTBEHHOTO Oasuca.

f(X)=X1 +X, +X3+X4—> max
X1~ Xo -2X3+ X4 -Xsg =6,

-X1 + X3 +Xg =2,
2X2 -3X3+2X4 +X7 =8,

XjZO, J :1,7

B marpune A otcyTcTByeT noHblil Habop opToB. [losToMy MaTpuiy A nomno-
1
HsieM cToJI0LoM | 0 |, 100aBUB B IEPBOE OTPAHUYEHUE UCKYCCTBEHHYIO IEpEMEH-
0
Hyto Wi. [Ipu 3TOM paccMOTpHUM CIIEAYIOLIYI0 BCIOMOTaTEIbHYIO 3a/1a4y
F(x,w)=-W; — max
Xi- X2 -2X3+ Xa-Xs +W; =6,

-X1  + X3 +Xg =2, (22)
2X2 '3X3 +2X4 +X7 =8,
XjZO, J =17.

o 0,0
Jist atoui 3amaum (X, W )=(0,0,0,0,0,2,8,6) ecTb onopHoe pelieHue, OTBEUAO-
niee equHUuYHOMY 0a3ucy. HauanbHas cumIiekc-tadauia s 3aaaun (22) umeer

BU TaOIUIIBI &.
Tabanma 8

0
Xq
-1 w; | 1 -1 -2 1 -1
0
2

o
conNN O

Fo|-1 1 2 -1 1 -6

Bri6pas B Tabnuiie 8 paspemaromuii cToyioer (epBblid) U pa3pemiaronIyo
CTPOKY (TIEPBYIO), MTOCIIE BHIMOIHEHUS KOPAAHOBBIX MPEOOPA30BaAHUH TIOTydaeM

tabauiy 9, onTuManbHyr0 1 3aaa4u (22). [Tpu atom max F(x,w)=0.
BbruepkHyB F-CTpOKY OTHOCHUTEIBHBIX OIEHOK M CTOJOECII, OTBEYAIOIINN HC-
KYCCTBEHHOW TEepeMEeHHON W; (OH BbIAeeH B Tabmuie 9), nodaBum f-ctpoky oT1-

HOCHTEIBHBIX OIeHOK: A, = CB,ZZ)—CZ =-2A, = 0,A3 == —3, A5 = —1, 1 To-

ayuum tabnuiy 10. Tabnuua 10 sBasiercst HayanbHO#M C-T 17151 ©CX0IHOM 3a1a4H.
B tabmume 10 onenka A3z=-3<0, a ocTaimbHbIE 3JIEMEHTHI 3TOr0 cToona Z;j 3<0.
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Torzma Ha OCHOBaHUM YTBEPKACHUS 2 HCXOJIHAs 3a/1a4a Hepa3peluMa B CUILy
HEOTPAaHWYEHHOCTH LIEJIEBOM (DYHKIIUU CBEPXY B O0JIACTH JOMYCTUMBIX PEIICHUI

(Hp2).

Tabnmma 9 Ta6mmma 10
1 1 1 0 |
W; Xo X3 X4 Xg Cg Xo X3 Xsg4 Xg
xx (1 -1 -2 1 -1 1|6 1 Xy -1 -2 1 |-1 |6
X (1 -1 -1 1 -1|8 |=i0 iX¢ -1 |-1 |1 |-1 |38
X7 | O 2 -3 2 0 8 0 ix; |2 |-3 |2 0 8
F 1 0 0 0 0 0 f 2 |-3 101|116

IIpumep 10. Pemnts cumiiekc-MeTooM 3agauy (23). s nocrpoeHus
HauyanpHOM C-T ncnosb30BaTh METOJT HCKYCCTBEHHOTO Oa3uca.
f(X)=3x; +X, +X3—> max
2X1- Xo +X3 =6 (23)
X1-2X2 —X3 =2
XJ'ZO, J =13.
[TocTpoum BcnoMoraTebHYIO 3aa4y:
F(X,wW)=-wy -W, — max
2X1- Xo +X3+W; =6 (24)
X1-2X2 —X3 +W» =2
XjZO, J :]:’:,Wiz 0, i :]TZ.
Pemum 3anauy (24) cumiekc-meroaom (tadi.12,13).

Tabmuna 12 Tabmuma 13
0 0 0 |
Cs X1 X2 Xz W, Xo X3
-1 iwg |2 -1 116 = X -1/2 1/2 3
-1 oiw, |1 -2 -1 | 4 Wy -3/2 -3/2 1
F |1-3 3 0 |-10 F 3/2 3/2 -1

Tak kak Bce orieHkH B Ta0auIe 13 HeOTpUIIATEIbHBI, TO 3Ta TAOJIHIIA OMIPe/Ie-
JIIET ONTUMAJILHOE OTIOPHOE PEIIeHHE BCIIoMorarenbHoi 3aaaun(24). Ilpu stom
maxF(x,w)=-1<0. Onupasich Ha yTBEpPKICHHE S5, JIeTacM BbIBOJ: Y UCXOIHOM 3aj1a-
yn (23) cucreMa orpannyeHuit nporuBopeursa (Hpl).

IMpumep 11. Pemuth cuMILIEKC-METOAOM JIMHEHHYIO 3a1a4y. st mocTpoe-
Hus HadasibHOU C-T MCnoib30BaTh METO UCKYCCTBEHHOTO Oasuca.

Hcxonnas 3apaua. BcnomorarenpHas 3aj1a4a:
f(X)=x1 Xz +2X3+X4 — Max F(X,W)= -W; -W, - Wz—>max
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X1+3Xo+2X3+ X4=8 X1+3Xo+2X5+ XatW; =8,

2X1 + X3 - %=1 , 2X1 + X3 -Xa tWy =1,
-3X1+ Xo - X3+2X4=1 , -3X1+ Xo - X3+2X4 +W3=1 ,
XjZO,jZl,4. XjZO,jzlA.WiZO, i=1,3.

Pemienue BcrioMoraTeIbHOM 3a/1au MPEJACTABISIOT Ta0auIbl 14-16.

Tabnura 14 Tabmuna 15
X1 Xo X3 Xy X1 X3 X4
w; |1 3 2 1|8 wy |10 5 |5 1|5
w, |2 0 1 -1/1|1 = Wy | 2 1 -1 |1 |=>
wy; -3 1 -1 2|1 X> | -3 112 |1
F o 4 -2 -2 (-10 F |-12 |6 | 6 |-6

B tabnuie 16 Bce 3eMeHThl CTPOKH C HCKYCCTBEHHOM nepeMeHHOM Wy paBHBI 0.
DTO 03HAYaET, YTO MEPBOE OTPAHUUYCHUE SIBISICTCSA TMHEMHOM KOMOMHAIIUEH TBYX
npyrux. B Tabnwuie 16 BeraepknBaeM Wi-cTpoKy U F-ctpoky u cuntaem f-ctpoky.
B pe3ynbrate nonyuaem HavanbHyro C-T miig ucxonHou 3anauu (1admn.17).

Tabmumna 16 Tabmauma 17
X3 X4 2 1
w; | O 0 0 Cs X3 X4
X, | 1/2 -1/2 |1/2 = 1 x; |12 -1/2 12 | =
X, |1/2 1/2 |5/2 1 X |1/2 1/2 5/2
F |0 0 0 f |-1 -1 3
B tabnumnax 17-19 npencraBneHo perieHne MCXOIHOM 3a/1a4u.
Tabnuma 18 TabOmuma 19
X1 X4 X1 X5
X3 2 -1 1 — X3 |1 1 3 —
Xo |-1 1 2 Xs | -1 1 2
f 2 -2 4 f 0 2 8

Ucnonwsiys ontumanbuyto C-T ucxonnoi 3agaun (1a671.19), MOKHO BRITTUCATH
onTUMajbHOE pemeHue uexoauon 3amaun X*=(0,0,3,2) u onTUMabHOE 3HAUYCHUE
niesieBoit yHKIwY 3ToM 3amaun F* ., =f(x*)=8.

IIpumep 12. PemmTh cuMILieKC-MeTOAOM 3ajauy. s mocTpoeHus: Hadalb-
HOM C-T ucnonp30BaTh METOJ HICKYCCTBEHHOTO 0a3nca. DTOT MPUMED UILTFOCTPH-
PYET CUTYAIIUIO BBIPOKIECHHOCTH.
HUcxonnas 3apaua:
f(X)=2x; +3X, — max
X1+X2+X3+X4=1

BcnomoraresnpHast 3ama4da:
F(X,W)=-W;-W,—>max
X1+Xo+X3+X4+W, =1
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X1~ Xo+X3z- X,=1 X1~ Xo+X3z- X4 +W,=1
x20, J =14. x20, ] =14, w;>0, i=12.
CtpouM TaOIUIBL:
Tabmuma 20 Tabmuma 21

X1 X X3 Xy W;  Xo X3 X4
wy [ 1 1 1 11 | = x |1 1 1 1|1
w, |1 -1 1 -1 (1 w, | -1 -2 0 -2 |0
F |-2 O -2 0 |-2 F 2 2 0 2 10

Tao6muua 21 sBagercsa ontumainsHoi C-T BcrmomorarensHoi 3agaun u F*=0. Ox-
Hako, B 0a3uce ecTh HICKYCCTBEHHAs IepMeHHas W,. BeiBeneM nepeMeHHyo W, U3
0a3uca, B3IB pa3peniaroiiei CTpoky 2. B kauecTBe pa3pemiaromiero djaeMeHTa
MOXHO B3SITh JJI000H OTIIMUHBINA OT HYJIS SJIEMEHT U3 3TOM CTPOKH (3TOT DJIEMEHT
BbIJICJICH B Ta0nuile 21 u paBeH -2).

Ta6bmmaz22 Tabauna 23
W, X3 X4 X3 Xu
X1 1/2 1 0 1 = 2 ixg |1 0 1 =
X, |-1/2 0 1 0 3 iX, | O 1 0
F 1 0 O 0 f 2 3 2

BeruepkHyB B Tabsuiie 22 W, — ctojoder, F-ctpoky u Beraucius f-cTtpoky, mo-
ayuuM Tabmmiry 23. Tabnuia 23 onpenenseT ONTUMaIbHOE PEIICHUE WCXOTHOU
3agaun x*=(1,0,0,0) u onTrManbHOE 3HAUCHHUE LIETeBON QyHKIUHU f*=2,

IIpumep 13. Pemnth CUMILIEKC-METOAOM 3a]1auy
F(X)=Xy +4X, +X3 +X4—2X5+Xg—> Max
X1+ Xo +Xy =0 )
X1+ Xy +X3  +Xj =1 ,
Xy +X3 +Xs=1,

XjZO, J = 1,6 .
Tabmuua 24 Tabmuna 25
1 4 1 |
X1 Xy X3 X1 X»  Xs
1 Xa 1 1 0 0 X4 1 1 0 0
-2 i Xs 1 1 1 1 = X3 1 1 1 1 —
1 Xs 0 1 1 1 X |-1 0 -1 0
f 2 -4 -2 |-1 f 0o -2 2 1
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Tabmuia 26

X1 X4 Xg Tabmunel 25 u 26 ONHUCHIBAIOT
Xo 1 1 0 OIHO U TO k€ OIOPHOE
X3 0o -1 1 BBIPOKJICHHOE pelieHue

X¢ (-1 0 -1
f 2 2 2

(0,0,1,0,0,0), sBasrOIICECH
ontuMainbHbIM. Ho 3TM Tabiumam

R OFr O

3 pd 6
OTBEYAIOT pa3IMYHbIC 0a3UChI: TaOIHIIE 25 COOTBETCTBYET Oazuc B= {A AT A },

2 A3 AB
a Tabinue26 — 6azuc B*= {A VAT A } B 6a3uce B onenka A,<0, a B 6azuce B*
Bce A>0.
DTOT pUMEp MOATBEPKIACT, UTO LIS 8bIPONCOCHHO2O ONOPHO20 NAAHA HEOTPHU-
IATEIbHOCTh OICHOK SIBIISICTCS JIMIIb JOCTATOUHBIM YCIOBHEM €0 ONTHMAIBHO-
CTH.

4. TEOPUS IBOMCTBEHHOCTHU

4.1. CocTtaBjieHHEe MATEMATHYECKUX Mo/ieiell IBOMCTBEHHBIX 3a/1a4

JIroOoi 3a1aue TMHEUHOTO MPOTPAaMMHUPOBAHUS, HA3bIBAEMON UCXOOHOU WU
npAMOU, MOKHO TIOCTABUTh B COOTBETCTBHE APYTYIO 3aJauy, KOTOpasi Ha3bIBa€TCs
0goticmeeHHOU WU conpsicerrnou. O0e 3TH 3a1a4u 00pa3yroT Mapy JBONCTBEH-
HBIX (MM compsiKEHHBIX ) 3ana4. Kaxkaast u3 3aaad sBiseTCs] JBOMCTBEHHOM K JpY-
roM 3a1aue pacCMaTpPUBAEMOM TTaApPHI.

B Tteopun nBOWCTBEHHOCTH UCIIOJB3YIOTCS YETHIPE APl IBOMCTBEHHBIX 3a-
nad (MIpUBeIEM UX B MATPUUHOM (hopMe 3arucCH):

Hcxoonan 3a0aua /leoiicmeennasn 3ad0aua

Cummempuunsvie napol

3necy C=(cy, ¢y,

. Z(X)=CX —max, F(Y)=BY —min,
AX <B; AY >C; (26)
X>0; Y >0.

. Z(X)=CX —min, F(Y)=BY —max,
AX >B; AY <C; (27)
X>0; Y >0.

HecuMJuempuqule napbol

. Z(X)=CX —max, F(Y)=BY —min,
AX =B; AY >C; (28)
X 20, Y — moboe.

. Z(X)=CX —min, F(Y)=BY —max,
AX =B; AY <C; (29)
X2>0; Y - moboe.

e )y Y=(Y1, Y2, ooy Vi),
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A 2 b, X

a a a b. X
A — 21 22 2n , B — 2 , X — 2

aml amZ am n bm Xn

Ilpasuna cocmaenenus 060NUCMEEHHBIX 3A0aY:

1. Bo Bcex oOrpaHMyeHUSX HUCXOJTHOM 3aaur CBOOOIHBIC YJICHBI JIOJKHBI
HaxXOJUTCS B MPABOW YaCTH, a YIEHBbI C HEU3BECTHBIMU — B JIEBOM.

2. OrpaHuveHHs — HEPAaBEHCTBA UCXOHOW YaCTH JIOJDKHBI OBITH 3aITMCaHbI TaK,
4yTOOBI 3HAKU HEPABEHCTB Y HUX OBbLIN HAMPABJICHBI B CTOPOHY.

3. Ecnm HepaBeHCTB OrpaHUYCHHSIX MCXOIHOM 3aaud «<», TO IeieBas QyHK-
st Z(X)=Cq+C1X1+CoXo+...+ChX, JTOJDKHA MaKCUMHU3HPOBATBCS, a €CIIH «>», TO
MUHUMU3UPOBATH.

4. KaxaoMy OrpaHHYEHHUIO MCXOJHOW 3a/lauyd COOTBETCTBYET HEM3BECTHOE B
JBOMCTBEHHOM 3aJade; IpPU HSTOM HEU3BECTHOE, OTBEYAIOLIEEC OrPAaHUYECHUIO-
HEPABEHCTBY, JIOJKHO YIOBIETBOPSTH YCIOBUIO HEOTPULIATEIIBHOCTH, & HEU3BECT-
HOE, OTBEYAIOIIIee OrPAHUYCHUIO-PABEHCTBY, MOXKET OBITH JIIOOOTO 3HAKA.

5. Leneast pyHKIMS JBOMCTBEHHOM 3a]a4l UMEET BUJ:

F(Y)=Cotbiy:+hoyot...+bnym,

IrJIe Co — CBOOOHBIN uieH meieBoi Gpynkuuu Z(X) ucxomauoi 3amxaqu, by, by, ...,
bm - cBOOOIHBIC YICHBI B OIPaHUYCHHUIX MCXOIHOW 3ajJa4u, mpu 3ToM Db — cBo-
OOJIHBIN YJIEH UMEHHO TOTO OTPaHWYEHUS] UCXOJHOU 3aJaud, KOTOPOMY COOTBET-
CTBYET Heus3BecTHas Vi, a Y1, Y2, ..., Ym — HEU3BECTHBIC B IBOMCTBEHHOM 3a/a4e.

6. Ilenesas pynkuus F(Y) nBoiicTBeHHON 3a1a4yu JODKHA ONTHMU3HPOBATHCS
NPOTHBOMOJOXHBIM TI0 cpaBHeHuio ¢ Z(X) obpazom, ecau Z(X)—min, To
F(Y)—max, eciu Z(X) )—>max, To F(Y)— min.

7. Kak10My HEM3BECTHOMY X, j =1, N MCXOJHOI 3aJ1a4¥ COOTBETCTBYET Orpa-
HUYEHUE B JIBOMCTBEHHOM 3amaue. COBOKYMHOCTh 3TUX N OrpaHUYECHUN (BMECTE C
YCJIOBUSIMM HEOTPHULIATEIBHOCTH HEU3BECTHBIX Y, COOTBETCTBYIOUIUX OrpaHUYe-
HUSM-HEPAaBEHCTBAM HWCXOJIHOW 3ajadn) oOpa3yeT CHUCTEeMY OTpaHMYCHUN IBOM-
CTBEHHOM 3amaud. Bce orpanvyueHus ABOWCTBEHHOM 3aJadd MMEKOT BHUJ HEpa-
BEHCTB, CBOOO/IHBIC UJIEHBI KOTOPHIX HAXOJMSITCS B MPABBIX YaCTAX, a WICHBI C He-
W3BECTHBIMHU Y1, Y2,...,Ym — B JIEBBIX. Bce 3HAKM HEPABEHCTB UMEIOT BUJT «>», €CIIH
F(Y)—min, u «<», eciu F(Y)—max.

KoaddunmeHTsl, ¢ KOTOPbIMU HEU3BECTHBIE Vi, Ya,...,Ym BXOISIT B OTPaHU-
YEHHUE, COOTBETCTBYIONIEE HEM3BECTHOMY Xj B OTPaHMYCHUAX MCXOIAHOM 3a1adu, a
MMEHHO KO3(QUIMEHT NPHU Y; COBIALAET C TEM KO3(P(OUIHMEHTOM NPH  X;j, C KOTO-
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pPBIM Xj BXOJUT B OIpaHUYEHUE MCXOJA- HOHM 3a1a4d, COOTBETCTBYIOIIEEC HEU3-
BECTHOMY Y.

4.2. IlepBasi TeopemMa 1BOHCTBEHHOCTH

TeopeMbl JBOMCTBEHHOCTH IO3BOJIOT YCTAHOBUTH B3aUMOCBSI3b MEXKIY
ONTUMAJIbHBIMUA PEIICHUSAMU Mapbl JBOMCTBEHHBIX 3alad. PemuB onHYy U3 mapsl
JIBOMCTBEHHBIX 3a/1a4, MOKHO WJIM HAaWTU ONTUMAIBHOE PELICHUE NPYroM 3a1aud.
He pewas ee, niin yCTaHOBUTH €r0 OTCYTCTBUE. BO3MOXKHBI CIEAYIOLIUE CIyYau:

1) OGe 3ama4n U3 apbl JBOMCTBEHHBIX UMEIOT ONTHMAJIbHBIC PEIICHUS;

2) OnHa U3 3a7a4 HE MMEET PEIICHUS B BUAY HCOIPAaHMUCHHOCTH IIEJICBOM
GbyHKIMU, a IpyTras He UMEET PeIIeHUs BBUY HECOBMECTHOCTU CUCTEMBI
OTPAaHUYECHHUM.

Teopema. Eciu onHa u3 mapbl JBOWCTBEHHBIX 3a7a4 UMEET ONTUMAIBHOE
pEIICHUE, TO U JBOWCTBEHHAA K HEM MMEET ONTUMAIBHOE PEUICHUE; NPUYEM 3Ha-
YEHUSI 1IeJIEBBIX (PYHKIIUN 3a7]a4 HA CBOMX ONTUMAIbHBIX PEIICHUN COBNAIAIOT.

Ecnu omHa u3 mapel ABOMCTBEHHBIX 3a]la4 HE MMEET PEUICHHS BBUY HeE-
OTPAaHUYCHHOCTHU 11€JIEBOM (PYHKIIMH, TO Apyrasi HE UMEET PElICHUs] BBUY HECOB-
MECTHOCTH CUCTEMbI OTPAaHUYCHUH.

IIpumep 14. CoctaButh Mo 00IIEMy MPaBUITY TBOWCTBEHHYIO 3a7a4y K HC-
XOJHOM 3a7aye JIMHEMHOI0 IPOrpaMMHUpPOBaHUA. PelnTh UCXOAHYIO 3a7a4y CUM-
IUIEKCHBIM METOIOM. HalTh onTuManbHOE pelleHuE IBOMCTBEHHOW 3aJaud W3
MEePBOM M TOCIICTHEH CUMILIEKCHBIX TaOJUIl HCXOTHOM 3a1adn (C TTOMOIIBIO BEK-
TOPHOW U MaTpUUHOUN HOpMyI).

Z(X) = 6x, +5x, + 2x, — max,

2%, + X, <2,y
X +X, +X <41y,
2X =X, + 2%, <6 |V,

X;20, j= 1,3,

Pewenue: JlanHas 3agaya uMeeT BHJ MCXOJHOM 3aJa4yu IEPBOM CUMMET-
PUYHOM TIaphl JBOMCTBEHHBIX 3a/1a4 (6.1). 3anuceiBacM IBOMCTBEHHYIO 3a1a4Yy:

F(\?) =2y, +4y,+6y, — min,
2y, +Y,+2y, 26,

YitYo— Y325
Vo +2y;22
v, 20, i:1,_3.

Pemum HCXOAHYIO 3a/la4y CHMINNIICKCHBIM MCTOAOM. BBO)ISI HEOTpHULATCIIb-
HBIC OOIMOJIHUTCIBHLIC IICPEMCHHBIC X4, X5, Xg, IIPUBOJHUM 3a/lady K KaHOHHYCCKO-

My BUAY:
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Z(X) = 6x, +5x, + 2x; + Ox, + Ox; + Ox, —> max,

2%, + X, + X, =2,

X+ X, + X +x; =4,
2X, — X, + 2%, +x,=6
x;20, j=16.

HaxoauM HavanbHOE OMOpHOE pemenue X, ={0,0,0,24, 6} ¢ Ga3ucoM u3
CIUHHUYHBIX BCKTOPOB b, = {A4,A5,A6}. Pemenne 3amaun CHUMIIJIEKCHBIM METOJOM
IPOBOJIUM B CUMIUIEKCHBIX Ta0yuIiax (Tadm. 27):

Tabmuma 27
Cr 6 5 2 0 0 0
B |cs A, A Ay | 4l | 4, A A, 0, 0, O,
Z; 0 2 2 0 1 0 0 1 2 _
A_5 0 4 1 1 1 0 1 0 4 4 4
A: 0 6 2 -1 2 0 0 1 3 B 3
Ak 0 -6 5 -2 0 0 0 05
4 5 2 2 1 0 1 0 0 _
A_5 0 2 -1 0 -1 1 0 2
Zs 0 8 4 0 2 1 0 1 4
Ak 10 4 0 -2 5 0 0
4, | ° 2 2 ! 0 L 0 O | maxz(X)=14
i 2 2 -1 0 1 -1 1 0 —
3 X =(0,2,2)
- 0 4 6 0 0 3 -2 1 L= ==
4o b = {A21A3'A6}
Ak 14 2 0 0 3 2 0

OnrumanbHOE pElIeHHEe HCXOMHOM  3a1auu )_(*z{o, 2,2,00,4}, ero 6asuc

B = {ZZZ}, 3HAYCHUE 11eTIEBON QYHKIIMKA MaX Z(X) = Z(Y*) =14,
OntuManbHOE pEelICHUE ABOMCTBEHHOM 3aJadyd K MCXOJHOW MOKHO HAWTH
o ¢opmyiie:
Y =c'D* (30)
Martpuna D cocTOUT u3 KOOPAUHAT BEKTOPOB A, 4;, A, , BXOJAIIMX B Oa3uC

OTIOPHOTO PEIIEHUsI UICXOTHOM 3a/1auu:
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1 00
D=4, 4)=| 1 1 0]
12 1

-1 o o
Martpuna D™ HaxoguTcsa B mocieqHeld CUMILIEKCHOM Tabnuie. Ee cTonOis
pacrnosiararotcs 1moj CToJa0IamMi eIMHUYHON MaTpHUIIbl, TO €CTh MO SAUHUYHBIMU
BEKTOPAMU A, , 45, A, , 00pa3yromux 6a3uc Ha4aabHOTO OMIOPHOTO PELICHHS:

1 0 O
D*'=/-1 1 0}
3 -2 1

Koopmuratamu Bektopa C SBISOTCS K0d(hMUIMEHTH! 1e1eBoil (yHKIMH
py 0a3MCHBIX HEM3BECTHBIX ONTUMAIBHOTO PEIICHUS X, X3, Xg. JlaHHBIE KO3 DH-
LMEHTHI 3aMMCHIBAIOTCS B TOM K€ MOPAJIKE, B KAKOM BEKTOPBI YCIOBUN BXOJST B
6asuc onTHManbHOro penrenus, To ectb C =(5, 2, 0).

1 0 O
Beruncisiem Y =C D' =(52,0)-|-1 1 0]=(320).
3 -2 1

OnTuMabHOE pElleHHE JBONCTBEHHOM 3aJa4d MOYKHO HAWTH MpOIIE, MO
dbopmyie:

Vi =A+e], j=13 (31)

JI11s 5TOro HEOOXOAMMO K OLIEHKAaM Pa3loKEHUi M0 6a3uCy ONTHMATLHOIO
pelleHNs] BEKTOPOB A, , A;, A, , BXOAAMUX B 6a3KC HAYAILHOTO OMOPHOTO pelle-
HUS, TO €CTh K OLIEHKAM 3THX BEKTOPOB B MOCIENHEH CUMILIEKCHON TabuIe, mpy-

0aBUTH COOTBETCTBYIOIINE KOA(PPUIMEHTHI LIENE€BON (QYHKLINUHU:
Y1 = 3+O:3, Y2 = 2+O:2, Y3 = 0+0=0.

Oteer: F,. (Y)=F( )=14npu¥Y (3;2;0).

4.3. Bropasi TeopeMa IBOiiCTBEHHOCTH
[TycTh MMEETCS CHMMETpUYHAS Tapa JBONCTBEHHBIX 3a/1a4

Z(X) =Y c;x; —> max, F(Y) =Y by, — min,
= i-1
>agx, <b, i=1m, May <c;, j=1n, (32)
j=1 i=1
X; 20, j=1n; y, >0, j=1m.
Teopema. ]JIns Toro, yToOBI MOMyCTHMBIE perneHuss X=(X1, Xz, ..., Xp),
Y=( Y1, Y2, ..., Ym) ABISUINCH ONTHMAIBHBIMH PELICHUSIMU Iaphl ABOHCTBEHHBIX

3a/1a4, HEOOXOIMMO U JOCTATOUYHO, YTOOBI BBHITIOIHSIIUCH CIIEYIONINE PABEHCTBA:

xj[;aijyj—cjjzo, j=1n; (33)
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y{iaijxj—ch:O, i=1m. (34)
j=1

NHuaue, ecnu Ipu MOACTAHOBKE ONTUMAIbHOTO PELICHUS] B CUCTEMY OI'PaHU-
YEeHUH I-0¢ OrpaHMYCHUE MCXOTHOM 3aJaydl BBIMOJHSETCS KaK CTPOTOC HEepPaBEH-
CTBO, TO I-5 KOOpAWHATA ONTHMAJIBHOTO PEUICHHUS JBOWCTBEHHOW 3aJaudl paBHA
HYJIIO, U, HA00OPOT, €CIH i-s1 KOOpPAWHATA ONITUMAIIFHOTO PELICHUs ABOHCTBEHHOM
3a/1a4¥ OTJIMYHA OT HYJIS, TO I-0€ OrpaHMYCHUE UCXOTHOM 3a7a4d YAOBJICTBOPSICT-
Cs1 OITUMAJIBHBIM PEIICHUEM KaK PaBEHCTBO.

IIpumep 15. CocraBuTh N0 00LIEMY IPAaBUITY JBOMCTBEHHYIO 3aady K HC-
XOIHOW 3a/1a4e JUHEHWHOI0 IPOrpaMMHUpPOBaHusA. PemmnTs ncXoaHyro 3amady rpa-
¢uyeckum metogoMm. HaillTu ontumalibHOE pelleHHre IBOWCTBEHHOW 3aJauu C I10-
MOIIBI0O KAHOHUYECKOU TEOPEMBI PABHOBECHSL.

Z(X) = 6x, +30x, — max,

—2% = X, <-2|y
—-X +2X, <4, |y,
X, +4x, <14,| y,
2x,—5x,<2 |y,

X =0, x,20.

Pewenue: CoctaBuM JBOMCTBEHHYIO 3374y :

Z(\?) =-2y, - Y, +14y, + 2y, — min,

_ZY1_ Y> +)’34‘2)/4 > 6,

{— y, +2y, +4y, -5y, > 30,

y; 20, j=14

PemuMm ucxoanyro 3amauy rpaduueckum metogoMm. Kaxkmoe HepaBEHCTBO
CUCTEMBI OTPAHWYCHUN TMPEACTABISET COO0N HEKOTOPYIO MOJYIJIOCKOCTh C Tpa-
HUYHOU MPSIMOU:

L1: -2X1-Xo= -2, cIeq0BaTEIbHO Xo=2-2X1 X1 ‘ 0 ‘ 1
X, | 2 |0
L,: -X1+2X,= 4, ciieqoBaTebHO X, = 4+x
2- K1 2— 7, 2 X1 ‘ 0 ‘ 2
X2 ‘ 2 ‘ 3
. — 14— x;
Ls: X3+4X,= 14, cnenoBarenbHo x, = 2
X1 ‘ 2 ‘ 6
L4: 2X1-5X,= 2, CJIE€XOBATENBHO X, = 2x15_ 2 x2 | 3 | 2
Ls: x,=0
Ls: x,=0 X1 ‘ 1 ‘ 6
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X = (2;3).
X =L,nL,.
+{—x1+2x2 =4, (L)
X, +4x, =14, (L)
6x, =18

x2*=3, xl*:14 - 4x2*=2, CJIEIOBATEIILHO }* =(2;3).
z[¥")=6-2+30-3=102.

[ToxcraBuM onTumanbHOe pemicHue X =(2;3) B cucTeMy OrpaHHYCHHIA.
[Tomyuum, uto orpanruenus (1) u (4) BBITIOIHSIOTCS KaK CTPOTHEe HEPABEHCTBA!
—2.2-3<-2,=y, =0
—2+2.3=4,
2+4.3=14,
2.2-5.3<2,=y, =0.
CornacHo BTOpOﬁ TCOPCMBI IIBOfICTBGHHOCTI/I COOTBCTCTBYIOIIHMC KOOpAMUHA-
Thl OIITUMAJIBHOI'O PCHICHUA IIBOﬁCTBGHHOﬁ 3aJauu K I/ICXO,Z[HOﬁ PaBHbI HYJIO:

Y1 =VYa =0. YuurniBas 9TO, U3 CUCTCMbI OFpaHI/ILIeHI/Iﬁ ﬂBOﬁCTBGHHOﬁ 3aJa4Mu I10JIy-
YHUM:

*

~2y, = v, + v, +2y, -6 =0 \
{ N V2 V3 Y4 = npu y, =0, y, =0

—y, +2y, +4y, -5y, -30=0
—y, vy, =6 |x2

4 yz* J’3* X

2y, +4y, =30

6y, =42

v =7=y, =1=Y =(0,17,0).
Otser: F. (Y )=102 npu Y (0,1, 7, 0).
4.4, Metoa I'omopu pelieHus 3a1a4 1eJ0YUCIEHHOT0 MPOrpaMMHUPOBa-
HUS
B obmiem ciydae 3adaua yenouucierHo2o npoepammuposarus GOpMyIupy-
€TCs CIETYIOIUM 00pa3oM:
HAWTH MaKCUMYM WJIH MUHUMYM (DYHKITAN

Z(X)=Yex, (35)
j=1
IPH YCIOBUSX
Zn:aijxj =b, i=1m, (36)

X. >0, j=1n, (37)
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X, = L,n - unensle uncna (38)

Cormacuo metony I'oMopu 3amada JIMHEHHOTO MPOrpaMMHUpPOBAHMsI CHadYala
pelaeTcst CHMIUIEKCHBIM METOIOM 0€3 ydeTa HEeIOUYHNCIEHHOCTH epeMeHHbIX. Ec-
JI¥ ONITHMAJIbHOE PELICHHE OKA3hIBACTCS LEI0UYMCICHHBIM, TO PELICHHE 3a1a4H 3a-
KaH4yuBaeTcs. ECIM ONTHMaabHOE pEIIeHHE HEIETOYUCIEHHOE, TO U3 CHCTEMBI
OrpaHUYEHUI BHIOMPAETCS ypaBHEHHE, /IS KOTOPOro APoOHAst 4acTh KOOPAHHATHI
ONTHMAJIGHOTO PENIEHUS NMEET HauOOoJIbIee 3HAYEHHE, U Ha €r0 OCHOBE COCTaB-
JISIETCS JIOIOJIHUTEIBHOE OrpaHryYeHue. J[OMoIHUTEIbEHOE OrPaHuYEHHE OTCEKAET
OT 00JIaCTH JOIMYCTUMBIX PEIIEHUH HELEIOUYNCIIEHHOE ONTHMAIBHOE PEIIEHHE, HO
Y 5TOM COXPAHSET IETOYMCICHHBIE BEPIIUHBI 3TOH 00JIACTH.

ITycTh i—0€e orpaHuYeHHe 3a1a4H, HAXOIAIIEECS B MOCIEAHEN CHMILUIEKCHOM
TaOIuIle, UMECT B/

X: + _Zx..x. = x.*, (39)

re X; — 0a3ucHas IepeMeHHas B yPaBHCHHH,
Xjj — K02()(OUIMEHTHI IPYU HEU3BECTHBIX (KO2()(UIMEHTHI Pa3I0KEHUH BEKTO-
POB yCIIOBUH 110 0a3KCy OMOPHOTO PEIICHNUS);
Xj — CBOOOJHBIE IEPEMEHHBIE B CUCTEME YPAaBHEHHUIA;
Xi - TpaBas 4acTh ypaBHEHMs (KOOPAMHATA ONTHUMAIBHOTO PEIICHHS), KOTO-
past IBJIS€TCS IPOOHBIM YHCIIOM.
Torna KOMONHUTENEHOE OTPAaHUYCHUE UMEET BHUI:
n
qi* - Zqijxj <0, (40)
j=m+1
rIe qi* - IpoOHas 4acTh Xi*;
0ij — ZpoOHas 9acTh Xjj.
Uwucno [Xi] Ha3bIBaETCS yenou 4acmvio Yucia Xi, €CaIu OHO Hanboiee OIu3-
KO€ K HeMY IIeJI0€ U HE TIPEBOCXOIUT X;.
JpoOHas yacTh (; yucia X; HAXOAMUTCS KaK pa3HOCTh ATOr0 YUCHa U €ro Ie-
JIOM 4acTH:

0= Xi - [xil. (41)

7 7 7 ,_3
Hanpumep, nis uncina " 1esnast 4acTh il 1, npoOHas 4acTh paBHA " —1—Z

. Jns aucna -% 1eJias 9acTh [— %} = -2, IpoOHas 9acTh paBHA -% - (-2)= é Hpo0-

Has 4acTh YKCJIa BCET/1a HEOTPULIATENIbHA U MEHBIIIE €TUHHULIBI.
B HepaBeHCTBO (6. 6) BBOJUTCS AOMOJHUTENIbHAS IEPEMEHHAS Xp4+1, [1OTyYa-
€TCsl ypaBHEHHUE:
n
g - ZQinj +x,,, =0. (42)
j=m+1

B CUCTCMY Ol“paHI/I‘-IeHI/Iﬁ 3aJa4d 9TO OIrpaHUYCHUC 3aIIMCBIBACTCA B BU/JIC!
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- ZQinj T X0 = qi*' (43)

j=m+1

[Tocne 3TOro pemeHue 3a1adu NpoAOJIKAIOT ABONCTBEHHBIM CUMILJIEKCHBIM
METOJIOM WJIM MPOCTO CHUMIUIEKCHBIM METOJOM. ECiM mosryyaercss neI04ucIeHHOEe
pelIeHre, To MPoIEeCcC PEIICHUS 3aKaHUYUBAETCS, B IPOTUBHOM CJIy4ae HEOOXO0IUMO
CHOBA COCTaBUTbH JIOMOJHUTEIBHOE OTPAHUYECHHE.

3agavya HE UMEET LEIOYUCICHHOTO PEIICHUS], €CIIU ONTUMAIIBHOE PEIICHUE
COZICPKUT KOOPAMHATY ¢ IPOOHON YacThiO U BCE KOA(DOUIIMEHTHI COOTBETCTBYIO-
HIEr0 YPABHECHUS ABJISIOTCA LIETBIMU.

IIpumep 16. Halitu MakcumywM 1ieneBoit GyHKIMK Z MpU 3aJJaHHON CUCTEME
OrpaHuYeHu. PemmTe 3a/1auy aHaTUTUYECKH U 1aTh FT€OMETPUUYECKYHO MILIKOCTpa-
LU0 [poLIecca PELICHUS.

Z:X1+2X2,

MIPU OTPAHUYCHHUSIX
3x, +x, <7,

{xl +3x, <7,

x20,x,20,

X1, X2 — LICJIBIC YUCIIA.

Pewenue: BBoasi NONOJHUTEIBHBIE HEOTPULIATEIIbHBIE IEPEMEHHBIE X3 U X4
CO 3HAKOM «1» COOTBETCTBEHHO B KaXXJ0€ HEPABEHCTBO CHUCTEMBI OTPAHUYECHU,
MOJIyYUM KaHOHUYECKYI0 (hopMy 3aauu:

Z=X1+2X5,+0X3+0Xs—>max,

{3)(1+x2 + X, =17,

X, + 3x, +x, =1,

x>0, ]=14, X; —yenvie.
. — (3)— (1) — (1) — (O
Cpenu BEKTOPOB YCIOBUM 4, = L A, = 3 , Ay = 0 A, = 1 UMeeTCsl JIBa
eMHUYHBIX BEKTOpPA A, u A,, TO €CTh CYIIECTBYET HAYAIBHOE OTMOPHOE pPEIICHHE

X, =(0,0,7,7) ¢ 6asucom b= {Z : A_4} CocTaBUM CHUMILIEKCHYIO TaOmiuily (Tad:.
28)

Tabmura 28

Ck 1 21 0 0
b Cs o — — — — o 0
AO Al Az As A4 ! 2
A_3 0 7 3 1 1 0 Z Z
3 1
A, 0 7 1 0 1 Z Z
1 3

A 0 -1 -2 0 0
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1

: npu |

®Og1= min{

}z

-
3

®p=min {—; —} _! npu |
13 3

~N w|N
~N RN

2

14

max AZ, = max{—%-(—l); —%-(—2)} = pu ke{l,2}. CrnemnoBarenbno, s

YIIydIIEHHS] OIOPHOTO PEIIEHUS BEKTOP A, BBOJAMM B 0asHC, TOTJAa BEKTOP A,

Ay

BBIMJIET u3 Oazuca. [Tomyuum HOBOE OIIOPHOE pelieHue
X, =0, 74,194, 05, 2(X)) =144 npn By= {4, , 4, (rabir. 29)
Tab 29
C B 1y 2 0 0 R
5o WA | A, | & | oA | @
A_a 0 1% % ° . - % —min
4 1 % % 1 0 % 7
3 /3 ° ° 3
B 7z
ﬁ 1 % 1 0 % ] %
4, 2 % 0 1 % %
% %

I[lonydeHHOE pelleHHe X, He SBJIAEeTCs ONTUMAlbHBIM. BBoauM B 6Gasuc
BeKTOp 4. [loydaeM oHOpHOE pelieHue X, = (%, 7/ 0,0); Z(X,) = 2% . OHO sB-
JIS€TCS ONTUMAIBHBIM, TaK KaK OLEHKH BCEX BEKTOPOB YCJIOBHUM MOIOKHTEIBHEIE,

HO OHO HE YJOBJIETBOPSIET YCIOBUSIM IeJouuciaeHHocTH. M3 mocnemgHeit cum-
MJIEKCHOM TaOMUIIBI Jj1s1 6a3UCHOTO BEKTOpa 4, UMEEM:

X +—x —Ex _I
gt 8t 4
_1.13 1 7 o
Tak xak [1]=1,; [5} =0; {— g} = -1 {ﬂ =1, TO MO MEPBOIl CTPOKE TabIUILIBI CO-

CTaBJIsICM IIPAaBUJIBHOC OTCCUYCHUC!
3 1 7
1-Dx,+| =0y +| —=+1|x,2—-1
( ) 1 (8 j 3 ( 8 j 4 4

1581051
3 7 3

—Xgt—X, =2—.

8 8 4
U3 Tabmuis! A1 6a3UCHOTO BEKTOpa A, MMEEM:
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X, ——Xg+—X, =

8

!
4
_1. 1] 3 7 o
Tak xak [1]=1, ik -1 = 0; 7= 1, TO 1O BTOPOH CTPOKE TAOIUIIBI CO-
CTaBJIsIeM TPABIIIBHOE OTCEUCHUE:

1 3 7
(1—1)X2 +[—§+ljx3 + g—Oj)Ql > Z—l

WM
7 3 3
ghtghzy
Tak kak 00a orpaHUYEHUSI UMEIOT OJIMHAKOBBIE CIIpaBa APOOHbBIE YHCIIA, TO B

CUCTEMY OT'PaHMYCHUI UCXOIHOMU 3a7a4 BO3bMEM JII000€ U3 HUX, HAIPUMEDP
§x3 - Zx4 > 3 , CTIEZIOBATEIIBHO, 3X31+7X4 > 6.
8 8 4
Bripa3zuM 3T0 HEpaBEHCTBO 4epe3 MEpPEeMEHHBIE X1 U X,. M3 cucTembl orpa-
HUYCHHUN UMEEM:
{xs =7-3x,— x,

X, =17— x —3x,
[Monyumm: 3- (7-3x1-X)+7- (7-x1-3%,) > 6
29-9x1-3x,+49-7x1-21%x5, > 6
WIH
2X1+3X2 > 8. (*)
[IpucoenuusemM TOMOJHUTEIBHOE OTpaHHueHHe (*) K OrpaHUYEHUSIM HEIle-
JIOYMCJICHHOTO ONTUMAJBLHOIO IJIaHA U MOJYYUM CIEAYIONIYIO 3a/1auy JIMHEHHOTO

IPOrpaMMHUPOBAHMS B KAHOHUYECKOI opMe (B (hopmMe OCHOBHOM 3aJ1auM):
Z=X1+2X, —>max

3x, +x, + X, =7,
X, + 3x, + X, =7,
2x, +3x, +x; =8,

x; 20, ] :1,_5, Xj —yenoe 4ucio.

Tak Kak Cpeiil BEKTOPOB A4, ..., A, NIMEETCS TPH SAUHMYHEIX BEKTOpa A4,, A, .
A, , TO I JAHHOH 3aJaYd MOKHO HEIOCPEICTBCHHO HAWTH HAyabHOE OTIOPHOE
pemenne X, =(0,0,7,7,8) mpu b1={4,, 4, 4 } u Z(X,)=0.

Pemraem cructemMy CUMILJIEKCHBIM METOJIOM M HaXOJUM ONTHUMAJIbHBIN TUIaH

(tabmn. 30):



Taomura 30
oty J2d o 0 0
B 05 AO Al A2 A3 A4 A5 @1 @2
A_3 0 7 3 1 1 0 0 7 Z
1
- 10 7 1 0 1 0
4, % % min
A 0 8 2 3 0 0 1 § 4 §
2 3
A 0 -1 -2 0 0 0 0,
4 |0 14 8 0 1 3 0 14
4 BB bE 6
7|2 7 1 0 0 7
4, %o % bE "
Z 0 1 0 0 -1 1 1 min
A 14 ) 0 0 2 0
AP Z
A_3 0 2 0 0 1 2 ] %
- |2 2 0 1 0 2
4, % |7
4, 1 1 1 0 0 -1 1
A 5 0 0 0
‘ 7| %

Ty Lyl
mkaxAZk=max{§~(—1), 3 ( 2)} 3

npu K = 2.
X, =0, 74,144,012, 2(X,) =147,

N3 nocneaHelt CUMITIIEKCHOM TaOUIIBI CIIETYET, YTO 73 X = & 2; 2) ABIsA-
€TCsl ONTUMAJIBHBIM PEINICHUEM MTOCTPOCHHOW 3a/1a4M, TaAK KaK BCE OLICHKW BEKTO-
POB YCIIOBUI HEOTPULATENbHBIE. Tak KaK NpU 3TOM PELIEHUH ITIEPEMEHHBIE X1 U X)
MMEIOT LEJbIE 3HAYCHUS, TO OHO TaKX€ SIBISIETCS ONTUMAIBHBIM PEINICHUEM HC-
XOJHOH 1ICJIOYMCIICHHOM 3aJ1a4H:

X =@ 2) mpu z,,(X)=5.
JanyuM reoMeTpu4ecKyr0 HHTEPIPETALMIO PEILICHHS 3a/1a4u.

3anuiieM UCXOIHYIO 33/1a4y B CTaHAApTHOM dopme:
Z=X1+2X, —max,
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3x, +x, <7,
x, +3x, <7,
X 2 0, ]=12;
X; —yenvie uucaa.

OO0J1acTh JOMYCTUMBIX PEHIEHUH HAZIEM HCIOJb3Ysl CUCTEMY OTPaHUYECHHIA:

L1: 3X1+Xo= 7, cllenoBaTeabHO Xo=7-3X1 X1 0 2
X2 7 1
. — 71—x
Lo: X;#3Xp= 7, clenoBaTeNbHO X 7 1 X, = 3
L3: X1:O X2 0 2
L4: X2:O
OABC — o0nacTts JomycTUMBIX pelieHuid (puc. 7). MakcumanabHOE 3Haue-

7.7 - 7.7
HUe 1eneBas GyHKIUs Z TPUMET B TOUKE B (Z; Zj’ TO €CThb X,y = (Z; 7 0; Oj HE
SABJISICTCS. ONTUMAJIBHBIM TIJIAHOM IIEJIOYMCIICHHOM 3aaa4yu. [loaToMy BBOAMTCS J10-
MOJTHUTEIBLHOE OTpaHuuYeHHe: 2X;+3X,; < 8, KOTOpoe MpecTaBlIsIeT coOOH IMOomy-
TUIOCKOCTh C TPAHUYHOU MPSIMOM:

8- 2x, xi | 1 | 4 |
3 x| 2 | 0|
OTO IOMOJIHUTEIBHOE OTPAHUYEHNE «OTCEKAET» YacTh JOITYCTUMON 00J1aCTH
C HEIIeJIOYMCIICHHON BepIIMHOW B, He 3aTparuBas LeI04YrnCIEHHBIX TOYEK 00IaCTH.

Ls: 2x,+3X, = 8, cleoBaTeNbHO x, =

—_

OTBeT: max Z(X j —Snpu X =(L 2).
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IMPOBEPOYHAS PABOTA 1
Bapuant 1
1. Pemurte rpadu4ecKuM METOAOM:
L(x) = —=5x1 —x, = min
2x, + x, <6
X, —x, =2
_3x1 + 2x2 S 3,
X, —x, < 5,
x,, 2 0.

2. Pemnre 3a1auy u3 n.1 cuMILIEKC-METOI0M

3. Pemute 3agavdy us3 mlc I[O621BJ'I€HI/ICM YCIIOBHA HEIOYHCICHHOCTU IICPEMCH-
HBIX X1, X2

Bapwuant 2
1.PemuTe rpaduuecKkuM METOIOM:
2.L(x) = 5x;1 —x, = min
—x, +x, <3,
4x, +5x, < 15
2x; — 5x, < 3,
x,+ x,25,

2
X, 2 0.

’

3.Pemute 3amauy u3 .1 cuMmIekc-MeTo10M

4.Pemute 3aauy u3 1.1 ¢ 100aBIeHHEM YCIOBUS LIETOUYUCICHHOCTH IEPEMEHHBIX
X1, X2
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