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NPEIUCIIOBME

Haparensckoe obbvenunenne XOHHUTH nponomxaeT BbIIycK ydyeb-
HBIX 1OCOOMit MO MareMaTHYeCKMM JUCUMILIMHAM JUIS CTYACHTOB H
abUTYpHEHTOB 3KOHOMMYEcKHMX By3oB. Buliu B cer “Maremaruka
TS FOCTYNAIOMX B 9KOHOMHYeCKHUE By3b”! M “Bricuias Maremarvka
IUTs1 9KoHOMHUCTOB” [5].

JanHoe nocobHe HanmUCaHO B COOTBETCTBHM C TPEGOBAaHUSIMHU IOCy~
HAapcTBEHHBIX 00leoOpazoBaTeNbHbIX CTaHA3PTOB B 00JacTH Marema-
THKW U CHEUMAIUCTOB C BbICIUMM 0Opa3oBaHWEM [0 IKOHOMHYE-
CKHM CHEUHATBHOCTSAM.

Hccnepopanue onepauuii — KOMIUIEKCHAs Hay4Has IUCIMIUIKHA,
MMEIOLIAs BAXHOE METONONIOTUYECKOE JHAYEHHE B CHUCTEME AONTOTOBKU
COBPEMEHHOTO 3KOHOMHCTA. B Heil Hanbosee yeTko peanuayercs ofHa U3
OCHOBHbIX MAEH U3y4eHMs Kypca Bbicllielf MaTEMaTHKH B 3KOHOMHYECKOM
By3e — L0est MaOmeMamu4ecKo20 MoOeIUPOBaHIS SKOHOMUYECKUX NPOKECCOs.

Kpyr npobneM, U3y4aeMbIX UCCTeNOBaHHEM ONepalyii, ele Heaoc-
TATOYHO omnpeneieH. B cOOTBETCTBUM ¢ TocynapCTBEHHBLIMM 00LIE06-
pa3oBaTeNbHBIMK CT2HA2PTAMU IS SKOHOMMYECKUX CrellMalbHOCTEM
KOMIUJIEKC BOTIPOCOB, OTHOCSINUXCS K HMCCIEIOBaHHIO onepauuii B
9KOHOMHKE, U3y4aeTcd B paMKax MareMaTHYeCKHX AMCUMIUIMH B OT-
gejie “DKOHOMHKO-MareMaTHYecKue MeToAbl M Moxeln”. A npumep-
Has p\porpaMMa IMCUMIUIMHBL “MareMaTuka” sl 9KOHOMHMYECKUX
cneuyaNpHocTed, yrBepxaeHHas B 1996 r. [aBHLIM ynpaBieHueM
06pasoBaresbHO-NpodeCCHOHATBHBIX NPOTPaMM M TexHonoruit Mu-
HUcTepcTBa obluero U npodeccHoHaibHOro obpasopaHusi P@, tor xe
KOMIIEKC BOfIPOCOB OTHOCHT K paszaenaM “Mccnenoanue onepaumii”,
“Metonpl onTHMM3aUMK” M YacTHYHO — K pazdeny “OCHOBBI AuC-
KPETHOI{ MaTreMaTukd U MaTeMaTH4YeCcKoi JJOTUKK ™.

! MatemaTHKa IS MOCTYHAlOWIMX B 3KOHOMHYecKue By3bl/Tlox. pen.
H.I1.Kpemepa. — M.: Bauku u 6upxu, KOHUTH, 1996.



4 Npepucnosue

Tlocobue colepXuT TpH pasnea.

B pasngene I (rn. 1—7) paccMOTpeHbl Mofenu JHHeHHOTrO
MpOorpaMMHUDPOBaHUA — I[IOCTAHOBKA M TMpPHMephl THIIOBLIX 3alay,
TEeOPeTHUYECKHE OCHOBHI, TeOpUsl ABOWCTBEHHOCTH, CHMIUIEKCHEIN M pac-
NpefeauTeNbHbIH MeTonbl pellieHUs 3a1a4. B r1. 8 npedcraBIeHbl MeTOIbI
UENOYUCACHHOZO AUHEIIHO20 NPOZPAMMUPOGAHUA, B YACTHOCTH, MeTtoabl [o-
MOPH M BeTBEd M rpaHML. YYUTbIBafA TO, YTO K 3a7auaM JIHHeIHOro Ipo-
rpaMMHpoBaHHA MoryT ObIThb cBefeHbl HeKOTopble MoAeIU “KOoHPIHUKT-
HBIX” CUTYalHil, aBTOPbl COWIN BO3MOXHBIM 22eMeHmbi meopuu uzp (ra. 9)
JaTh B 3TOM Xe pasjelie.

Pazpen I mocesiieH MogenssM HeJIMHeHHOro AporpaMMHUpo-
BaHusa. B rn 10 onuchiBalorcs Kiaccuyeckhe MeTofbl ONTUMH3ALIMK:
MeTObl HAXOXAEHUSI YCIOBHOrO 3KCTpeMyMa (PyHKUHH HECKONbKHUX Te-
PEMEHHEBIX M, B YaCTHOCTU, MeTol MHoxureneil Jlarpanxa. B r1. 11 ripu-
BOISITCSE MOAEIIN GbINYKAO20 NPOPaMMUPOBAHUA C WCTIONb30BAHNEM METO-
OB KyCOUYHO-JIMHEHHON allMpoKCUMallMKM M TPadUeHTHBIX METOAOB, a B
T 12 — Monenu OunHaMu4eckozo npopammuposanus, UcnoliblyeMble NpH
pellleHUH TaKUX aKTyaJibHbIX 3a/lay, KaK 3aja4a o6 onTHMalbHOM pachpe-
JeJIeHUH CPECTB MeXAY TpeANpUATUSMHU, PECYPCOB MEXIY OTpac/saMH 3a
pAA JleT, 3aia4a o 3aMeHe obopynoBaHusl.

YyuTbIBas1, yTo NpHBEACHHbIE B MOCOOMHM 3ala4M M HarJIsHblEe CIIOCO-~
Obl MX pellieHUs] SBISAIOTCH JMIUb YCJOBHBIMM TpMMepaM# OMTHMHM3aLy-
OHHBIX 3KOHOMHUKO-MaTeMaTHYeCKUX Mofeliel, CAYyXaluMH LI WTIOCT-
pallMd MX CYIIHOCTH, B 3aKJIIOYMTeJbHoi rnase (rn. 13) pasgena obeyx-
Jal0TCs 80Npock npumenenus IBM nnsi pellieHWsl pealibHBIX, MHOropas-
MepHBIX 3aJ1a4 MaTeMaTHYeCKOro NporpaMMHUpOBaHH.

B pasgene IIl paccMaTpuBalorcsi criellMafibHbLle MOOENAM HC-
c/ieIoBaHUA onepauuid: B 1. 14 — modeau cemesozo naanuposanus u
ynpaeaenus, B . 15 — 3adauu maccoeozo obcayncusanus, B ri. 16 — mode-
AU ynpaeneHus 3anacamiu. JTH MOIeNH, BeCbMa OTIWYHbIE NPYT OT Mpyra
flo CBOeif cofgepXaTeAbHOW MOCTAHOBKE, TpEACTaBIsSIOT OCHOBHLIE, TH-
MHYHble KJIacChl 3a/lay MCC/le10BaHUS olepallHit.

B rocobuu comepxxurcst Gosbliioe KOAMYECTBO 33ay. 3aja4ym ¢ pewleHUs-
MM TIpe/CTaBieHbl Ha MPOTSDKEHHN BCEro MITOXEHUs ydeGHOro mMaTepuaa, a
3a/la4y4 sl caMoCTOsITe/IbHON paGoThl MPHUBEAEHbI B KOHLIE KAaXAOH I/1aBbl B
pyOpuke “YripaxHeHus” (HyMepallMs 3alay €luHAass — HAayMHaAeTCH B OCHOB-
HOM TEKCTE IJ1aBbl M NpOIO/DKAETCsl B ITOH pyOpHKe).

B kHure 3HakoM [J o6o3HauaeTcsl Havyaslo JoKasarenbctBa TeopeMbl, M —
ee OKOHYaHME, 3HaKoM B> — Hauano ycioBus 3ajaui, > — OKOHYaHMe ee

pellieHus.



BBEJIEHHNE

Hcecnedosanue onepayuil — HaydyHash AMCUMIUTHHA, 3aHHMalOIIas -
cq paspaboTKod M TMpPaKTHUYECKUM MPUMEHEHHUEM METOZOB Haubo-
nee 3¢¢eKTUBHOrO YNpapIeHUst PasTMYHBIMM OpPraHU3aLMOHHBIMHA
CHCTEMAMU.

VYnpasnenue N060H CUCTEMON pealusyercsl Kak NMpoLecc, Noayu-
HSIOIIMICS onpeesicHHbIM 3aKoHOMepHOcTAM. WX 3HaHHE noMoraer
ONPENCNHUTb YCIOBHSI, HEODOXONMMbBIE U NOCTATOYHBIE IS OCYIECTRIE-
HUsl faHHoro npouecca. s 3Toro Bce mapamMeTphl, XapakKTepu3ylo-
liye ApOLECC M BHEIIHHUE YCNOBHUS, JOMXHBI ObiThb KONHYECTBEHHO
onpeaeneHbl, uaMepeHsl. CrefoBarensHo, Lenb HCCAEAOBaHUSA
OoMeEpaAUUN — KoauyecmaeHHoe 00OCHOBGHUE HPUHUMACMBIX DelleHull
nO Op2aHU3AKUY YNPABACHUA.

Tlpu pemreHUd KOHKPETHOW 3aJayd ynpaslieHHUs TpUMEHEHHE Me-
TOJIOB UCCJICAOBAHUS OMEPALUHA NPEANOaraer;

® [IOCTPOEHHE 3KOHOMHUYECKMX M MareMaTHueCKHMX Mofdenel s
33/a4 MPUHSITUR pElICHUS] B CJAOXHBIX CUTYAUMUSIX WIH B YCIOBHSX
HEeomnpeneNeHHOCTH;

® U3yyeHUE B3aUMOCBS3€CH, ONpEeNcNaIOIUX BIIOCAEACTBHH MPU-
HATHE pEUIeHU, M YCTAaHOBIEHHE KpHUTepHeB 3((EKTHBHOCTH,
MO3BOJSIOLUIMX OLUEHUBATDH IPEUMYILECTBO TOTO MJIM MHOTO BapHaH-
Ta aedcTBUS.

[puMepaMn 3agay HccleIOBAHHUS OMNEpaUMid, OTPAXKAIOWIKX €ro
crneuuhuKy, MOTYT CIYXHTh Cliefylolle 3a1a4u.

3amayva I [na obecrnieyeHuss BbICOKOTO KayecCTBa BhINyCKae-
MBIX M3JEJAHIi HA 3aBOJE OPraHHU3yeTCH CHCTEMA BHIOOPOYHOTO KOH-
Tponsi. TpeGyercst BbIGpaTh Takue OPMBI €ro OpraHM3alUK — Ha-
ApUMEDP, HA3HAYMTL pa3sMepsl KOHTPONBHBIX MApTHil, yKa3aTh Mo-
CNeNoBaTE/bHOCTh KOHTPOJIBHBIX OfEpauuil, OonpenenuTb npaBuid
OTOpakoBKH, — 4T10Obl 0OecnedyuTb HeobXoaAuMOe KA4yecTBO MNpPH
MHUHHUMAIbHBIX pacxo/ax.



6 BsepeHue

3angavwa 2 [Ind peauusauud ornpeaeneHHoH NapTHH CE30HHHIX
TOBAPOB CO3[AETCSl CETh BPEMEHHBIX TOPTrOBBHIX TOYeK. Tpebyercs Bbl-
O6paTh rapaMeTphl CeTH — YMCIAO TOYEK, MX pa3MellleHHe, KOMUYECTBO
nepcoHajia — TaK, 4ToObl ODECNEeYUTh MAKCHMMaIBLHYI0 SKOHOMHUUYe-
cKy10 3¢ ¢eKTHBHOCTD PACNPOAAKHU.

3agaya 3. K 3aganHHOMYy cpoky HeoOGXOAMMO MpOBECTH Mac-
COBOE MEAMUHMHCKOE o0ciefoBaHWe TIPYMNb HacejJleHUS C LEIbIo
BLISBJIEHUS oOmnpenejeHHbIX 3abosepaHuii. Ha obcienoBaHue Bbl-
OeNIeHbl MaTepUAIbHbIE cpeAcTBa, obopynoBanue, nepcoHan. Tpe-
6yercs paspaboTaTb Takoil IUIaH oOcjiefoBaHUS — YCTAHOBUTb
YUCNO MEANYHKTOB, UX pA3MELUEHHE, BUA U KOJHMYECTBO AHAIH-
30B, YTOObI BBISIBUTH KaK MOXHO OOJBUIMIA NpoOUEeHT K3 YHUcTIA
3a00JiEBIIUX.

HeobxonMMo oTMETHTL TakXKe 3ajayu 00 MCIIOIL30BaHHHM PECYPCOB
(nnaHUpoBaHMsSI APOU3BOJACTBA), O cMecsX, 06 MCMONL3O0BAHMH MOIL-
HocTeil (3arpyske oGopynoBaHMst), O pacKpoe marepuanos (pasa. 1.2),
TPaHCAOPTHYIO 3aiauy (pasa. 7.1) 1 aAp., B KOTOpPHIX TpeOyeTcst HAlTH
peleHHe, Korjfa HeKOTOpHH xpumepui sggexmusrocmu (Hanpumep,
npubblIb, BBIPYYKA, 3aTpaThl PECYpCOB M T.M.) MPHUHUMAET MaKCH-
MaIbHOE UM MUHHUMAIbHOE 3HaYEHME.

[TpuBeneHHble 3a1a4YM OTHOCHATCS K Pa3HbIM 061acTAM MpPaKkTH-
KW, HO B HHUX ecTb oOlIMe YepThl: B KaXAOM cClyyae peyb HUIET O
KaKOM-TO ynpagagemom meponpuamuu (onepayuu), mpeciegyioleM
OnpeAcNeHHYI0 yeas. B 3anaue | — 3TO opraHu3alus BIGOPOYHOrO
KOHTPOJs C lLieNbi0 ODecIeYUTh KayecTBO BbINYCKAEMOH mnpoayk-
LUK, B 3agdaye 2 — OPraHW3alMUsi BPEMEHHBIX TOPTOBBIX TOYEK C
LeJbI0 MIPOBeIEHNst CE30HHOM pacnpofaxH; B 3agaye 3 — Macco-
BOE MeIMLUHCKOE 0Oclie0BAaHHUE C LENbIO ONpeAeNcHUs NPOLEHTa
3aboneBlIKX. B xaxnoit 3axave 3agaHbnl HEKOTOpbLIE yca08us 11pOBeE-
OEHUS 3TOr0 MEPOMpHATHS, B paMKax KOTOPbIX ClenyeT NPHHSTh
pewenue — Takoe, YToOb MEpONpHUsATHE MPHHECIO ONpPEneNeHHYIO
BBITOfly. YCNOBUSIMU NMPOBENEHHUS ONEpALMU B KAXIOH 3agaye oka-
3bIBAIOTCS CPEACTBA, KOTOPbIMH MBI pacrojaraeM, BpeMsi, obopyao-
BaHHeE, TEXHOJIOTHH, A pellieHUe B 3anaye 1 3aioyaercs B BbiGope
¢GOpMEBl KOHTpOAS — pasMepa KOHTPOJbHBIX MapTWii, MpaBuil OT-
O6pakoBKH; B 3a1aye 2 — B BbIOOpe yKcsa TOYEK pa3MeElleHHUst, KO-
AuyecTBa nepcoHana; B 3agave 3 — B BboIOOpe uyMcla MenryHKTOB,
BUJIA U KOJIMYECTBA AaHATU30B.

Crnenyer yCBOMTh OCHOBHbBIE NOHATHS M ONpejesieHHsl MCClefoBa-
Husl onepanuii.



BeeaeHue 7

Onepayua — Mmoboe ynpapisieMoe MepONpUsiTHE, HANpaBleHHOe
Ha AOCTHXeHHe ueau. Pesynbprar onepauuu 3aBUCHT OT criocoba ee
nNpOBeNeHHUsi, OPraHU3alMK, HHAaYe — OT BbIGOpa HEKOTOPLIX mapa-
METPOB.

Besikuit onpeneneHublit BoIOOp napameTpoB HA3LIBACTCS peuleHueM.
OnmuMansHoiMu CUMTAIOT Te pPellieHHsi, KOTOphIE 10 TeM WIH WHBIM
coobpaxeHusaM npeanoyrurensHee npyrux. [losToMy ocrosHol sadaueit
UCCACO0BAHUA  Onepayuil A6asemcs npedeapumenvloe KoaudecmeeHHoe
060CHOBaHUE ONMUMANLHBIX PelleHUll.

3Jamevanne 1. Crenyer o6paTuTh BHUMAHHE HA AOCTA-

HOBKY MpoOJieMbl. caMO npuHamue peuleHuid BbIXOOUT 3a PAMKH

HCC/e0BAHUS ONepallil U OTHOCHTCH K KOMNETEHLHH OTBETCT-

BEHHOTO JIMLA WJIH [PYANbl JUL, KOTOPbIE MOTYT YYMTHIBATb U

Apyrue cooOpaXeHHUd, OTIHUYHbIE OT MaTeMaTHyeckKd OOOCHO-

BaHHBIX.

Jamevanue 2, Eciu B ofHKX 3a0ayax MCCAeNOBAHHUS orepa-

UM (HanpuMep, B pasd. 1.2) ONTHMAIBHLIM SABISETCH pelIeHMe,

NpH KOTOPOM HeKOTOpbIii KputepHil 3¢hGheKTUBHOCTY NMpPUHHUMAET

MakCUMaJIbHOE MM MHUHHUMIbHOE 3HAYEHHE, TO B APYrMX 3ajayax

3TO BOBce He o0s3arenbHo. Tak, B 3ajade 2 ONTHUMAILHBIM MOXHO

CUMTaTb TAKOE KOJMYECTBO TOPTOBBLIX TOYEK M MEpPCOHATA B HHMX,

1Ip1 KOTOPOM CpefHee BpeMsi 0OCTYXHBaHHs MoKynareseil He mpe-

BbICUT, HANPUMEP, 5 MHUH, a JJIMHA odepeau B cpelHeM B Joboi

MOMEHT OKaXeTcsi He bojnee 3 yeloBeK.

Moaems u 3¢ dexTusnocTs onepaunu. s npuMeHeHUst KOTHYECT-
BEHHBIX METOJIOB HCC/efOBaHUs TpeOyercss MOCTPOUTb Mamemamuye-
cKkyro mooeas onepayuu. TIpu nmocTpoeHWH MOJeNH onepalusi, KaK npa-
BUJIO, YAPOLUAETCS, CXEMATU3UPYETCA U CXeMa ONEepalMu ONKMCHIBAETCSA
C TIOMOIIbIO TOrO MIM HMHOTO MareMarddeckoro anmapara. Moedeao
onepayuyu — 3TO JOCTATOYHO TOYHOE ONMCAHUE ONEepalMH C TTOMOIIBIO
MareMaTH4yecKoro amnrapara (passiu4yHoro poaa (YHKUMiA, YpaBHEHHIL,
CUCTEM YpaBHEHHH M HepaBeHCTB  T.n.). CocTaBieHHE MOAeNH one-
pauuu TpebyeT MOHUMaHHsI CYLIHOCTH OTIUCHIBAEMOTO SIBICHHUS U 3HA-
HHs MareMarM4eckoro anmnapara.

Ipgexmuenocmo onepayuu — cTeneHb ee NPUCNOCOOIEHHOCTH K
BbINIOJIHEHHIO 331aYH — KOJHMYECTBEHHO BbIpaXaeTcss B BUOE KDH-
Tepus 3¢pdekTuBHOCTH — ueneBod dpyHkuuu. HanpumMep, B 3amaye
00 MCnoNb30BaHUM pecypcoB KpuTepuil 3¢deKTHBHOCTH — npH-
{Gbl.ﬂb OT peanu3aluuM NTPOU3BEACHHON! NPOLYKLUUH, KOTOPYIO HYXHO
MaKCMMH3UPOBATb, B TPAHCNOPTHOMN 3agaye — CYMMAapHbLIE 3aTpaThl




8 Beepenue

Ha NEPEBO3KY TPY30B OT MOCTABILMKOB K MOTPEOHUTENSIM, KOTODbIE
HYXHO MUHUMH3HMPOBaTh. Bribop kpurepust abdekTuBHOCTH Onpe-
JensieT NpakTUYECKyl0 LEHHOCTh HccnenoBaHus. (HenpaBuibHo
BbIOpAHHBIA KPUTEPUI MOXET NPUHECTH Bpel, uGo olepaluu, op-
raHW30BaHHbIE NOJA YIJIOM 3pEHHUst Takoro Kputepus shdekTuBHO-
CTH, TIPUBOAST FOPOH K HeoNMpaBAaHHBLIM 3arparam. JlocTarouyHo
BCTIOMHHUTDb MPECJOBYTHIH “Baji” B KauyecTBE OCHOBHOTO KpHUTEpHUS
X035 CTBEHHOI AESITENILHOCTH npeﬂnpummﬂ)

OO0mas nmocTaHOBKa 3aJa4YH HCCIENOBAHMA onepamuM. B jganbHeii-
LIEM BAXHO YCBOUTL METOAOJIOTHIO MOCTPOEHHMS Moneieil 3ajad Huc-
cnenoBanus onepauuii. Bee dakropsl, Bxoasiuue B onucaHue onepa-
LIMH, MOXHO pa3fgejuTh Ha fIBE TPYINbL:

& nocmosAHHbe paxmopsl (YCJIOBUS MPOBENCHHUS ONEpaLuu), HA KO-
TOpbIE MBI BIMATH HE MOXeEM. OG03HAYUM HX YEpe3 a, O, ...

® 3q8ucumble pakmopst (3IEMEHTHl PELLIEHHUS) X, X3, ..., KOTOPbIE
B M3BECTHBIX TIpEAESax Mbl MOXEM BHIOMpATh MO CBOEMY YCMOTpeE-
HHIO.

Hanpumep, B 3anaye 06 ucnoNb30BaHUHU pecypcoB (cm. pasa. 1.2) K
NOCTOSIHHHIM (haKTOpaM CAEAYET OTHECTH 3aN4aChl pecypcoB KaXIOro
BUAA, MPOU3BOACTBEHHYIO MATpHLY, 3JIEMEHTHl KOTOPOU OHpPENENsoT
pacxol chipbsi KAXIOTO BUOA Ha €IMHMIY BbINYCKaeMoil APOAYKLMHU
KaXIoro BHAA. DJEMEHTHl PelleHUS — TIUIaH BLINMYCKa MPOAYKIUM
KaXZOro BUAA.

Kpurepuit 3¢pdekTuBHOCTH, BblpaxaeMblii HEKOTOpO#l (YHKLMEH,
Ha3bIBaeMOU Yesegoll, 3aBUCHT OT (PAKTOPOB OGEUX IPYMI, HOITOMY
ueneByio GpyHKUMIO Z MOXHO 3aNUCaTh B BU/E

Z=f(x1, X2, -eey O], 02, )

Bce Momenu wccnemopaHus onepauuii MOTYT ObIThb KiaaccHHLMpOBa-
HHl B 3aBUCHMOCTH OT MIpHPOALI M CBOKCTB ONEpaLu, XapaKrepa peuiae-
MbIX 3a]1a4, OCOOEHHOCTEH MPUMEHSEMBIX MATEMATUYECKUX METO/IOB.

Cnenyer oTMETUTb NpeXae Bcero OONBLIOH Kaacc onmumusayuoH-
Hoix Modenel, Takue 3aJa4v BO3HHMKAIOT AIDH TOMBITKE ONTUMHU3UPOBATD
IIAHUPOBAHUE U YIIPABIEHHE CJOXHBIMHA CUCTEMAMHU, B TEPBYIO ouepenn
9KOHOMHYECKMMH cHcTeMami. ORNTHMM32IMOHHYI0 33034y MOXHO
chOpMyIHpOBAaTh B OOLLEM BUIAE. HAUmu NEPEMEHHble X|, X3, ..., X,
yOoeaemeoparowue cucmeme Hepasercma (ypasHeHutl)

Qi (%1, X2, X350, X)Sb;, i=1,2,...,. m 0.1)



BseneHue 9

n obGpawarouiue 8 MaxcumMym (Uau MUHUMYM) yereayio QyHKyuro, m.e.

Z=f(x, x3, ..., Xy)—>max (min). 0.2)

(YcnoBusi HeOTpHUATENBLHOCTH MEPEMEHHBIX, €CIH OHU €CTb, BXO-
1aT B orpaHuyeHus (0.1))

Kak u3BecTHo, ynopsiioyeHHas COBOKYNHOCTH 3HauYe€HMH n repe-
MEHHBIX X|, X2, ..., X, PEACTARIAETCH TOYKOH N-MEPHOTO MPOCTPAHCT-
pa. B ganbHeitieM 3Ty Touky OyaeM oGosHayath X = (xy, X3, ..., X,), 2

* »* * *
caMo OfITUMAIbHOE peleHne X = (xl s Xy enny x,,).

PaccmoTpuM ele ofHy, XapakTepHYIO Uil MCCISNOBaHMUS orepa-
UM 3a7a4y — Kaaccudeckyro 3adavy nompebaeHus, UMEIOHIYI0 BaXHOE
3HaYEHHE B SKOHOMHYECKOM aHAIN3E,

Ilycts uMeercs n BUIOB TOBapOB M YCAYTr, KOJHYECTBA KOTOPLIX (B
HATYPAILHBIX EAUHULAX) X|, X3, ..., X, 1O lLEHaM COOTBETCTBEHHO
Pl P25 - Py 32 eauHULy. CyMMapHasi CTOUMOCTb 3THX TOBAapoOB M YC-

n
JIYT COCTABJISIET Z DiX;i .

i=1

YpoBeHsb norpebieHusi Z MOXET GBITh BhIpaXXeH HEKOTOPOi (yHK-

uueit Z= f(xy, x3, ..., X,), Ha3piBaeMOH @ynkuyueli noseanocmu. Heo6-
xo0umo Halimu makoi Habop Moeapos u ycaye Xy, X, ..., X, BpU OaHHOU
geauyune doxodos I, uToOBI obecneuums MaKcuUManvHblli yposeHs hompel-
AeHuA, T.e.

Z=f(x, x3, ..., X,)—>max 0.3)
NPH YCIIOBHH
n
2pixish ' 0.9
i=1
x20(=12,.,n). (0.5)

Peluenus a7oii 3anayn, 3aBucsiiMe OT UEH Py, P, ..., Py H BEHYH-
Hbl goxoaa I, Ha3bIBAIOTCH QYHKWUAMU CHpOca.

OueBHUIHO, YTO paccMoTpeHHas 3afadya norpebaenus (0.3)—
(0.5), rak xe xak u MHorue apyrue (cm., Hanpumep, pasa. 1.2),
SABJISIETCS YAacTHHIM cliiyyaeM c(OpPMYTHPOBAHHOH BuilIe oO6uIeH
sagayu (0.1)—(0.2) Ha onpexeneHue IKCTpemMyMa QYHKIHM 1 niepe-
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MEHHBIX [PA HEKOTOPBLIX OrpaHHUYEHHSX, T.e. 3ajayeil Ha yci06ubli
IKCMPEMYM.

B Tex cayvasix, korna ¢pyHkuuu fu ¢; B 3agade (0.1)—(0.2) xots
65l aBaxabl AuddepeHUUpPYeMbl, MOXHO MPUMEHATh KAaccuvecKue
MemoOder onmumuzayuu. OAHAKO TIPUMEHEHHE 3TUX METOAOB B HC-
ClIeNOBaHUHM OMEpalMii BecbMa OrpaHM4YeHHO, TaK KaK 3ajaya ofi-
peleIeHUs] YCIOBHOTO 3KCTpeMyMa (PYHKUHH A TIepeMeHHBIX Tex-
HUYECKH BECbMA TPYIHA: METOJ JAaeT BO3MOXHOCTb OTIPEeTHThb
JIOKAIbHBI 3KCTPEMYM, 4 M3-32 MHOTOMEPHOCTH GYHKIIMH omnpe-
IeleHHe e€ MaKCMMajbHOro (MAM MMHHMAJIBHOTO) 3HAYeHMs
(rno6anbHOrO 3KCTPEMYMA) MOXET OKa3aThbcsi BeCbMa TPYAOEMKHUM
-~ TeM DOjiee, YTO STOT IKCTpEMYM BO3MOXEH HA rpaHule obnactu
pewreHuit. Knaccuueckune Meronbl BoBce He paboTaloT, ecin MHO-
XeCTBO NOMYCTHMBIX 3HAYEHWH apryMeHTa JHUCKPETHO HIH (YHK-
uust Z 3apaHa ta6auyHo. B 3THX cayyasx s pelleHUs 3axavu
(0.1)—(0.2) npuMeHSIOTCS METOOBl MAMEMAMUHECKO20 NPOPaAMMU-
POGAHUR,

Ecnu kpurepuit 3dcextuBHOCTH Z = f(X], X3, ..., X,) (0.2) npen-
cTaBlsieT NUHEHHYI0 QyHKUHIO, 3 HYHKUHM ¢; (X|, X3, X3,-.., X,) B CHC-
TeMe orpanuyernit (0.1) Takke NMHENHHH, TO TaKas 3aaya SBIAETCH
sanadeit Auneinoeo npoepammuposanus. ECIn, UCXOAA U3 coiepXareib-
HOTO CMBIC/IA, ee peLueHMs] JO/LKHBl OblTh LEJbIMU YHUCIAMM, TO 374
3alaya KenoYucAeHHo20 auHelnozo npozpammuposanus. Ecnu kputepuit
apeKTHBHOCTH ¥ (MNTHM) CUCTEMA OrpaHMYEHMIl 3a1aI0TCH HEAMHEH-
HbIMH QYHKUUSIMH, TO UMEEM 3aa4y HeAUHelH0z0 NPopamMMiuposaHua.
B yacTHocTH, ecnu ykaszaHHbIe (pYHKLKH 00nafaloT cBOWCTBAMHM Bbi-
NYKJIOCTH, TO MOJy4YeHHas 3agaya sBIsercs 3aNadyei 6bnyxka020 npo-
2PAMMUPOBAHUA.

Ecnu B 3amaye MareMaTH4eCcKoro NporpaMMUpOBaHHUsI MMeeTcs Ne-
peMeHHast BpeMeHH 1 Kputepuil s¢dekrusHoctu (0.2) Bbpaxaercs He
B IBHOM BHIE KaK (GYHKIUHUS NMepeMEHHbIX, 3 KOCBEHHO — Yepes ypaB-
HEHUS, OMHUCHIBAIOLIME MPOTEKAHUE OMEPALIHA BO BpEeMEHH, TO TaKas
3agava gBisieTcs 3afadeidl JuHaMuueckozo nPozpaMMupoOsaniia.

Ecnu xputepuit spdexruBnoctu (0.2) M cHcTema orpaHuue-

o p

Huit (0.1) sagalorcss GYHKUMAMM Buaa cx;'x3%...X,", TO HMeEeM

3ajlayy eeomempuyeckoeo npozpammupoganus. Ecnu dynkunu f u
(unu) ¢; B BoipaxeHusix (0.2) u (0.1) 3aBucaT OT mapaMeTpoB, TO
noJiyyaeM 3anady napamempuveckKozo npozpammupo8anusn, eciliu 3TH
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GYHKUHMH HOCAT CAY4alHBIA Xapaktep, — 3amady cmoxacmu4ecko-
20 npozpammuposanusn. Ecin TOUHbIA ONTUMYM HAWTH ajJrOPUTMH-
YeCKHM MYTEM HEBO3MOXHO H3-3a ype3MepHo Ooublioro uucna
BAPHAHTOB pelIeHHS, TO NpPHUOEralT K METONAM 38pUCIMUMECK020
npozpammuposanus, NO3BOASIOUIUM CYyLIECTBEHHO COKPAaTHTb Tpo-
cMaTpUBaeMoe YUCAO BapHAHTOB W HAHTH €CNH HE ONTHMAaJbHOE,
TO OOCTAaTOMHO XOpolliee, YAOBICTBOPHUTENbHOE C TOYKH 3PECHUSA
NpPaKTHKH, PellIeHHUE.

W3 nepeuncieHHbIX METONOB MAaT€MATHYECKOTO TNpOrpaMMHpPOBA-
HHSL HauOoNee pacnpoCTpaHEeHHLIM W pa3paboTaHHLIM SBIIAETCS -
HellHoe mnporpaMMupoBaHue. B ero pamku ykiaabiBaeTcd LIMPOKUI
Kpyr 3aj1a4 UCCleNoBaHUs onepaunil.

Mo cBoelt conmepXarenbHON MNOCTAHOBKE MHOXECTBO APYTUX, TH-
NUYHBIX 33[a4 UCCIENOBAaHUSA ONEpaLiHii MOXeT ObITh pasbUTO HA Pl
KJTacCOoB.

3adauu cemegozo naanupoeanus u ynpagaeHus pacCMaTpHBAIOT COOT-
HOUIEHHUST MEXAy CPOKaMH OKOHYAHMS KPYMHOro KOMILIeKca onepa-
uuit (paboT) ¥ MOMEHTAaMHM Hayajla BCeX Onepauuit KoMiulekca. DTH
33a4YH COCTOST B HAXOXACHUH MUHHUMAIbHBIX TIPONOJDKUTENbHOCTEH
KOMIUIEKca onepauuil, ONTUMAILHOTO COOTHOWIEHHUS! BEJUMHH CTOHU-
MOCTH M CPOKOB HX BbINONHEHHS.

3adavu maccoeozo 06cAYHCUBAHUS TIOCBSILEHBI U3YYEHHIO U AHATH3Y
cUcTeM OOCAYXWUBAHHSA C OYepeAsiMH 3a4BOK MM TpeOOBaHMH M co-
CTOSAT B OMNpenefeHuH nokasateneid appeKTMBHOCTH paboTbl CHCTEM,
X ONTUMAIbHBIX XaPAKTEPUCTUK, HANpPUMEDP, B OTNpENeNeHUH YHCAA
KaHaIoB 0OCNTYXNBaHHSA, BpeMEHH OGCNYXHBAHUSA H T.11.

3adawu ynpaeaenus 3anacamu COCTOST B OTHICKAHUW ONTHMAIbHBIX
3HAYeHHU I YPOBHS 3anacos (TOYKM 3aka3a) U pa3Mepa 3aka3a. OcobeH-
HOCTb TaKUX 3aJ1a4 3aKJlovaeTcss B TOM, UTO C yBENMYEHHEM YPOBHS
3arnacoB, ¢ ONIHOM CTOPOHbI, YBETHYMBAIOTCA 3aTPaThl HA UX XPAHEHHUE,
HO C IpYroil CTOpPOHbI, YMEHBIIAIOTCA TOTEPU BCNENCTBHE BO3MOXHOTO
neduumTta 3anacaeMoro Nponykra.

3adawu pacnpedenenus pecypcoé BO3HUKAIOT MPH OTIPEACIEHHOM Ha-
Bope onepauuit (pabot), KOTopble HEOOXOXUMO BBITTOTHATH NPHU Orpa-
HUYEHHbIX HAJHYHBIX pecypcax, U Tpebyercsi HAATH ONTHMANbHBIE
pacnpeneneHHs pecypcoB Mexay ofepallsaMu WM COCTaB ONepaLHii.

3adauu pemonma u 3amensi 060py006aHus AKTYANTbHbI B CBSI3U C U3-
HOCOM M CTapeHHEM ODOpYNOBAHHA M HEOOXOAMMOCTbIO €r0 3aMEHbI
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¢ TEYEHHEM BpeMEHH. 3aaqyH CBOIATCH K ONpeNeaeHUI0 ONTHMAIbHBIX
CPOKOB, 4YHCIa MPOodHIAKTHYECKHX PEMOHTOB M MPOBEPOK, @ TaKXe
MOMEHTOB 3aMEHbl 00OPYLOBAHNS MOIECPHHUIUPOBAHHBIM.

3adauu cocmaenenus pacnucanus (KaieHOApHO20 NAGHUPOEAHUA) CO-
CTOSAIT B OMpPENENEHUN ONTUMANIBHON OYEPEeHOCTH BLIMTONIHEHHUS Ofe-
pauuit (HarpuMep, o6paboTKH neTaieil) Ha pasnUYHBIX BUaax obo-
PYLOBaHHS.

3adauu naanuposku u pazmewjeHus COCTOSIT B ONPENENCHHUU OIl-
TUMAJIbHOTO 4HMCNa H MECTa pa3sMellleHHs] HOBbIX OOBEKTOB C yue-
TOM UX B3aHMOICHCTBUS C CYUIECTBYIOIUHMHU OOBEKTAMU M MEXIY
coboii.

3adauu evibopa mapupyma, WIN cemegvle 3ada4yd, 4Yalle BCEroO
BCTPe4aloTCA NMPH HCCACAOBAHHH pa3HooOpasHbIX 3a1ay Ha TpaHcIop-
T€ H B CHCTEME CBS3M WU COCTOSAT B ONpeneleHuu Haubonee >KOHO-
MHYHBIX MapUIpyTOB.

Cpenu Mozeneit uccneqoBaHusi onepanuiit ocoGo BBIAENAIOTCS MO-
JENH NMPUHATHS ONTHUMAIbHLIX PEUICHUH B KOHDIUKTHBIX CUTYALIUSAX,
u3yyaeMble meopueli uzp. K KOHGQIUKTHBIM CHTYaLlUsIM, B KOTOPbIX
CTAJIKMBAIOTCS MHTEpechl ABYX (Mau Oosiee) CTOPOH, NMpEeCienyloLHX
pasHble LeMu, MOXHO OTHECTH Psl CUTyauuil B oblacTH S5KOHOMUKH,
npapa, BOGHHOTO Oena M T. N. B 3amavax Teopuu Hrp HeoOXomuMo
BbIpaboTarh peKOMEHHAUHMU [0 Pa3yMHOMY MOBEAEHHIO YYACTHHKOB
KOHGIUKTA, ONPEAETUTh HX ONTHMATbHbIE CTPaTerHH.

B nocobuu Hauuid oTpaxeHHe OCHOBHbIE U3 MPHUBEICHHBLIX BUAOB
3a/1ay UCCNIeNoBaHuWs onepaumii.

Ha npakTike B GONBLUIMHCTBE Cly4yaer yclex onepauud OUueHH-
BaeTcs He MO OXHOMY, a Cpa3y Mo HECKOJIbKHM KpHTEPHAM, OOHH
M3 KOTOpPBIX CcledyeT MaKCMMH3HPOBaTb, Apyrdie — MUHHMH3HPO-
BaTh. MaTeMaTH4ecKHIt annapaT MOXeT NMPUHECTH MHONb3y H B Cly-
qasiX MHOZOKpUMEpPUAAbHbIX 3a0ay UCCaedosanus onepayllu, No Kpaii-
Hell Mepe, MoMoYb OTOPOCHTb 3aBEAOMO HeyAauyHbi€ BapHAHTHI pe-
LEHHUHA.

Ilng Toro yToObl U3 MHOXECTBA KPHTEPUEB, B TOM YHCJE U MPOTH-
BOpeYalllyX ApYr ApYry (Hampumep, npuOblib M pacxon), BHIOpaTh
LeNIeBYI0 QYHKUHUIO, HEOOXOMHMO YCTAHOBHTb Npuopumem KpUTEPUEB.
O6o3unauuM fi(x), H(x), ..., fo(x) (30ech x — YCIOBHBIH ApryMeEHT).
IMycTb oHM pacnonoxeHbl B MopsaaKe yObIBaHHSI NpHOpHTETOB. B 3a-
BUCHMOCTH OT OIPEACACHHbIX YCAOBHI BO3MOXHBI B OCHOBHOM [Ba
BapHaHTa:
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¢ B KauecTse LeneBoit PyHKuuu BuIGHpaeTcs KpuTepui fi(x), obna-
palomuit Haubonee BLICOKUM MPUOPHUTETOM;
e paccMarpuBaercsl KOMOHHAUHS

f @) = o () F o L)+t op fu(%), (0.6)

TEE Oy, ©y, ..., ®, — HEKOTOpPBbie KoahdHLMEHTH (Beca).

BenuynHa f(x), yUMTHIBAIOWAS B ONpeAeIeHHON CTENeHH Bce KpH-
TepHUH, BHIOMpPaETCs B KauecTse LUeNeBOH QYHKIHM.

B ycnoBusix onpeneneHHocTH o; — ykcha, f; (x) — ¢yHKuHu. B ye-
JIOBUSIX HEOTpENeNIEHHOCTH f;(X) MOryr okasarbcsl CAy4ailHbIMH H
BMEcTO f(x) B KauecTBe ilejeBoll (DYHKUHH CleAyeT PaccMarpuBaTth
MareMaTHyeckoe oxuaanue cyMmsl (0.6).

[TonbiTKka cBefeHHS MHOTOKPHTEPUAIbHOM 3aKa4d K 3amade c Of-
HHM KpuTepueM 3dpdeKTUBHOCTH (LeneBoil GhyHKUMEN) B OONBIIMHCT-
BE CIy4yaeB HE JaeT YAOBJIETBOPHUTENbLHLIX peayabraTos. pyroit noaxon
COCTOHT B 0TOpachiBaHUH (“BBIOPaKOBKe™) U3 MHOXECTBA JOMYCTHMbIX
pelUeHUI 3aBEIOMO HEYNAUHBIX pellleHui, y\CTynaioumx JIPYTHM MO
6ceM kpumepusm. B peaynbrare Takoil npolenypbl OCTalOTCHA TaK Ha3bl-
BaeMble 3ghexmusnvie (MNU “napemosckue”) pellleHUs, MHOXECTBO
KOTOpbIX OObIYHO CYLIECTBEHHO MEHbLIE HCXOQHOTO. A OKOHYaTeNlb-
HbI# BBIOGOP “KOMAPOMHCCHOTO” peuleHus (He ONTUMAILHOTO Mo BCEM
KPHUTEPHUSIM, KOTOPOTo, Kak MpaBHJIO, HE CYLIECTBYET, a NPUEMAEMOZ0
MO 3THUM KPHUTEPHAM) OCTAETCA 3a YENOBEKOM — JIMLIOM, NMPHHUMAIO-
UMM peLleHHeE. .

TMonpo6Hoe obcyXkaeHUe 3THX BONPOCOB BHIXOAMT 3@ paMKH Halle-
ro Kypca.

B co3naHue coBpeMeHHOro MaTeMaTH4YecKoro amnapara M pas-
BHUTHE MHOTHMX HamnpasJlc¢HUi HccleAoBaHHUS onepauuit 6oapwoii
BKJIAN BHECH poccuiickue yY€HbIE JI.B. KanTtoposuy,
H.I. Bycnenko, E.C. Benruens, H.H. Bopo6seB, H.H. Moucees,
H.B. IOnun u MHorue apyrue. Ocobo crenyeT oTMETUTb pPolb aKa-
demuka J1.B. KaHntoposuua, Kotopbiit 8 1939 r., 3aHsBIIMCH MJia-
HHUpoBaHHeM paGoTbl arperatoB daHepHoi (aGpUKH, pelIT He-
CKONbLKO 3amay: O Haujyulieit 3arpyske oOGOpynoBaHHUS, O packpoe
MaTepUaTOB ¢ HAUMEHBIIMMH MOTEPSMH, O PacHpelclieHHH TPYy30B
o HecKoNbKHM BuJAaM TpaHcnopTta W ap. J1.B. Kautoposnu coop-
MYTHUpOBaN HOBBI KJIacC YCIOBHO-3KCTPEMANbHbIX 33ajad U Ipea-
JOXUA YHABEPCAJIbHBIA METON MX pELIECHHUS, NOMOXHB HAYyaao Ho-
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BOMY HAIMPaBJIECHNIO [PUKIALHON MATEMaTUKH — JHHEHHOMY Mpo-
rpaMMHPOBaAHUIO.

3HauuTeAbHBINH BKNAL B GOPMHUPOBaHHE U Pa3BUTHUE UCCIENOBa-
HHUsl omnepaluii BHecu 3apyGexHsie yueHbie P. Akod, P. bennman,
I'. Danuur, I'. Kyn, Ox. Heitman, T. Caatu, P. Yepumen, A. Kod-
MaH U 1p.

Meroabi uccleqoBaHUA ONEpPALUil, KaK W N0Oble MaTeMaTHYECKUE
METOABI, BCETNa B Toil HAM MHON Mepe ynpolaT, orpyonsdioT 3aaaydy,
oTpaxas nopoil HeaHHelHbIEe NpoUecChl IMHEHHBIMU MOAEISAMH, CTO-
XaCTUYECKHE CHCTEMbI -—— JAETEPMUHHUPOBAHHBIMH, JAHHAMHYECKHE
MIPOLECChl — CTATHYECKUMHM MOIENsIMM M T.A. JKu3Hb Goraue nio6oi
cxeMbl. [ToaTOMY He clienyeT HM NPEYBETMYHBATh 3HAYEHHE KOJHYECT-
BEHHBIX METONOB MCCIENOBAHUS OMNEpalyil, HH MpeyMeHbIIaTh €ro,
CChUIASAACh HA IMPUMEPb HEYAAYHBIX pelleHHH. YMECTHO NMpUBECTH B
CBSI3U ¢ STHM LIYTIHBO-NApafoKcaTbHOE OfpeaeneHne HCCIeAoBaHHS
onepauuii, creraHHoe oXHMM H3 ero cosgareneit T. Caatu, Kak
“MCKycCcTBa OaBaTh MJOXUE OTBETbl HA T€ MPAKTUYECKHE BOMPOCHl, Ha
KOTOpbIe JAI0TCH €ellle XydllMe OTBETHl IpYTHMH Metomamu” [3].
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I'nrasa 1

OBIIIAA TOCTAHOBKA 3AJIAYH
JJUHEMHOI'O ITPOTPAMMMPOBAHUS

1.1. DKOHOMHKO-MATEMATHIECKAA MOAEIb

B HacTosillee BpeMs B JIMTEPATYpPe HACUMTHIBAETCH HECKOJIBKO AecAT-
KOB ONpENcIeHU NOHATHA “MOAENb”, OTNHYANIUXCA APYT OT JApyra.
TeM He MeHee 3TO MOHATHE 3HAKOMO KaXIAOMY: HanpuMep, UTPyHIeUHbIH
camoner, OyMaxHblii roqy6b — Momend camonera. MeHee MPHUBLIMHO
npeAcTaBlieHne O ToM, YTo GOTOCHUMOK MNek3axa, reorpaduyueckasl Kapra
~— 3T0 Moneib MecTHocTH. Y, HaBepHoe, HOBLIM [UISi MHOIUX ARIsAETCA
TO, YTO 3HAKOMAs CO IIKOJNBHBIX JieT opMyna nyTH § = v — MaTeMarH-
yeckasd Monenb. Ilon modesvro GyneM [MOHNAMATD ycaoeHsbild 06pa3 Kaxoeo-
Aubo obsexma, npUbAUNCEHHO 8OCCO30aIowuil 3Mom 0BseKm ¢ NOMOWbI0 He-
Komopozo Aa3bika. B 3KOHOMHKO-MaTeMaTH4YeCKUX MOIENSAX TaKUM 06 b -
€KTOM SBIAETCA SKOHOMMYECKUH npoliecc (HAMPUMED, HCTIONb30BaHUE
pecypcoB, pacnpeneiieHde H3Oeauit MexIy pajTMYHbBIMM TUIaMH 00opy-
JOBAHHMA M T.01.), a A3BIKOM — KIacCHYecKHe M crneluaibHO pa3pabo-
' TAHHbIE MaTEMaTHYECKUE METOBI.

IKOHOMUKO-MAmMeMaImuiecKan Mooeab — MamemMamu4eckoe Onucanue
uccaedyemMoz0 IKOHOMUECK020 Npolecca uau 0bsekma. Bra MoIenb BBIpa-
XaeT 3aKOHOMEPHOCTH SKOHOMHUECKOIrO Npoliecca B abCTPaKTHOM BUlle
C [OMOMIBI0 MAaTeMAaTUUYECKUX COOTHOLIeHHH. Mcnonb3opaHue MareMa-
THYECKOTO MOIEJHPOBAHHSA B SKOHOMHKE MO3BOJISIET YIIyOUTh KOMMYe-
CTBEHHBII SKOHOMMYECKHMIl aHAIM3, paclIMPUTh oONacTh SKOHOMMYeE-
ckolt HHopMalHMH, HHTCHCUGHLMPOBATh IKOHOMUYECKNE PAciEThI.

MoxHo BbIIENTUTh TPHM OCHOBHBIX 3Tala MpPOBENEHUS 3KOHOMHKO-
MaTeMaTH4eckoro Moneauposanus. Ha nme p B o M 3tane craBsarcs ueld u
3aauM HCCJIENOBaHusl, MMPOBOMNUTCSA KAYeCTBEHHOE OMHcaHne OOBEKTa B
BUIE SKOHOMHYecKoii Mogen. Ha BT o p oM atane dopmupyercs mare-
Maruyeckass MONEAb H3ydaeMoro o0beKTa, OCYLUecTRIseTcS BbIGOp (Wan
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pa3paboTKa) METOLOB HCCIEAOBAHMS, MPOBOAUTCS MPOrpaMMUPOBAHME
monen Ha OBM, nonrorasmpaercs ucxoaHas uHgopMauus. Jlanee npo-
BepAIOTCA MPHIOAHOCTh MAUMHHON MONENM Ha OCHOBAHHH TPABUJIbHO-
CTHU TOTY4aeMBIX € €€ MOMOLIbIO PE3YJIBTATOB M OLEHKA MX YCTOIYMBOCTH.
Ha TpeTbeM, OCHOBHOM, 3Tane SKOHOMHKO-MAaTeMaTHYECKOro Moae-
JIUPOBAHHS OCYLUECTRISIIOTCS aHAIM3 MaTeMaTM4eckoit Moelu, pealn3o-
paHHOM B BHIE NporpamMm wis OBM, npopeneHHe MalIMHHBIX PACYETOB,
obpaboTKa W aHAIN3 NONYYEHHbBIX PE3YLTATOB.

IMpoutenypa KOHOMHKO-MaTeMaTHYECKOTO MONETHPOBAHUS 3aMe-
HSE€T JOPOTOCTOSIIIME WU TPYIOEMKHE HATypaJibHBIE 3KCMEPHMEHTBI
pacyetamu. [leficTBUTENbHO, NpPH MCMONB30OBAHUM IKOHOMHKO-Ma-
TEMaTUYECKHX METOJOB JOCTATOYHO OLICTPO WU OCLIEBO NMPOM3BOAMUTCS
Ha OBM cpaBHEeHHE MHOTOYHCNEHHBIX BAPHAHTOB IUIAHOB M YNpAaB-
JeHYeCKUX peweHui. B pesyabTare otbupalotcss Haubosiee ONTUMATb-
Hble BAPUAHTHI.

Huxe paccMarpuBaloTcs APUMEPHI SKOHOMHKO-MAaTeMaTHYeCKHX
MOJENei.

1.2. IIpumepn! 3a5a4
JIMHEHHOr0 NpOrpaMMHPOBAHUSA

1. 3apaya 00 McnoIb30BAHMH pecypcOB (323242 ILIAHMPOBAHHS
NMPOM3BOICTBA).
1.1. 119 u3roToBM€HHA ABYX BHAOB MMPOAYKUUH Py U P HCIIONb3yIOT
yeTbipe BHIA pecypcoB Sy, S, S5 U 5. 3anachl pecypcoB, YHCAO €nHu-
HHULl PecypcoB, 3aTpauMBaeMbIX HAa M3FOTOBICHMUE €IMHMIIbI MPOLYK-
UMM, npuBeacHs! B 1adn. 1.1 (1ndpsl ycnoBHbIE).

Ta6auua 1.1

Yucno CAVHHL pECYpPCOB, 3aTpaduBacMbIX
B"ﬂ pecypca 331130 pecypca Ha U3TOTOBJICHNUEC CAHHUILIL! MPOAYKUHWH
P, P,
S, 18 . 1 3
S, 16 2 1
S 5 - 1
s 21 3 —

MpuGsuts, nonyyaeMas or exdHULbI NpoayKuuu Py u Py, — cooT-
BETCTBEHHO 2 M 3 pyo.
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Heobxodumo cocmasume maxoii naak npoussodemea npodyxyuu, npu
Komopom npubsine om ee peanuzayuu 6yoem mMaxcuManbHoil.

Pemenue CocraBuM 3KOHOMHKO-MaTreMaTHYecKylo MOLENb 3a-
Javu.

O603HaYUM X|, Xy — YHUCAO €OUHHL MPOAYKUHU COOTBETCTBEHHO
Py n P, 3an01aHKpoOBaHHbIX K MPou3BoAcTBY. [N MX M3TOTOBJEHHS
(eMm. Tabn. 1.1) morpebyerca (1-x;+3xy) emuHMu pecypca S,

(2x; +1- x;) enunuu pecypea S, (1-x;) eAMHUU pecypca S; U 3x; equ-

HuL pecypca S;. Tak Kak moTpebnenue pecypcos Si, S, S3 U Sy He
JOJDKHO MMpEBbIIATh WX 3aMacoB, cooTBETCTBEHHO 18, 16, 5 u 21 ean-
HULBI, TO CBA3b MEXAY NOTpeblieHHEM pECYPCOB M MX 3alacaMi BbIpa-
3UTCA CUCTEMOM HEPABEHCTB:

x +3xy<18,
2x; + x, <16,

xy €5,
3x <21

(1.1)

Mo cMbIcny 3amaun nepeMeHHble
x120,x=0. (1.2)

CymMapHasg npubbinb F coctaput 2x; pyb. oT peanus3aluM Mpo-
aykuuu Py u 3x; pyb6. — oT peanusauuu NpoldykKuuu Py, T.e.

F=2 + 3x2. (1.3)

Hrak, 3KOHOMHKO-MaTeMaTHYeCKass MOIEb 3a0ayu: Haumy marxoi
naan evinycka npodykuuu X = (x|, x;), yooesemeopsrowuii cucmeme (1.1)
u yeaosuro (1.2), npu komopom gyuxyua (1.3) npurumaem maxcumanvioe
3HaueHue W

3agauy Jierko o6oOUIMTD Ha CIy4ail BBHTYCKA 71 BHIOB NPOAYKLUU
C UCMOJNb30BAHUEM M BHIOB PECYPCOB.

O6o3HayuM x; G = 1, 2, ..., n) — YUCIIO €AMHHL NPOAYKUHM P,
3anjaHHpOBaHHON K NMpPOU3BOACTBY; &; (i =1, 2, ..., m) — 3anac pecyp-
ca §j, ay — 4YKUCTO ENMHULL pecypca S;, 3aTpauyMuBaeMOro Ha U3roTOBJIE-
HUE eIHHULUb NPOLYKUKM F; (YMCNa a; 4acTo HasblBAIOT mexHoao2ue-
cKumu KOIp@uuyuenmamu), ¢; — NPUObUIL OT PEANM3ALMU €AUHHLIbI
nponykuux P
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Torna 3KkOHOMHKO-MaTeMaTHyecKast Moaeib 3aga4yu o6 MCronp3o-
BaHHM pecypcoB B oOLICH [MOCTAHOBKE [pUMET BUI. Haidmu makxoi
naak X = (x1, x3,..., X,;) 6binycka npooyKuuu, yooeaemeopalouull cucmeme

ay Xy + appXa+. . Aa1,x, < by,
ay| Xy + ayyXo+.. +03uX, < bz,

(1.4)
AiXy + A X3+, . +AppX, S by
U ycaoguio
x120,x>0,.,x,20, (1.5)
npu Komopom (yHKuua
F=cix; + o +..4 cpx, (1.6)

npuHuMaem MAaKcumaibHoe 3Ha4erue.

2. 3apava cocTamnends paunoua (3anava o Juere, 3a5a4a 0 CMECAX).

D 1.2. Wmeercs aBa Buna kopma [ u II, comepxauine mnUTarenbHble

BelecTsa (BUTAMUHLE) Si, 5> u 53. ColepxaHue Yyucia eaHHWIL NUTa-

TEJIbHBIX BEWECTB B | KI KAXIOro BHIA KOpMa U HEOOXONUMBIA MHK-

HUMYM MUTATEIbHBIX BELIECTB MpUBeacHBl B Tada. 1.2 (uudpbl ycnos-
HblE).

Tabnuua 1.2
INMurarenbHoe HeoGxoanmblit Yuco eANHULL NUTATEIbHbIX BELIECTB
BELLLECTBO MUHKMYM NKHTa- B | kr kopma
(BUTAMUH) TeJIbHbIX BELLIECTB [ i
S 9 3 |
5 8 | 2
A 12 1 6

Croumocts | kr kopma | u [l cooTBeTcTBEeHHO paBHa 4 u 6 pyo6.

Heobxodumo cocmasume OneeHOU pauUOH, UMENWUT MUHUMAABHYIO
CMOUMOCMb, 8 KOMOPOM COOEPIHCaHUe Kaxc0020 6uda nuMamenbHoix 6e-
wecme 6110 Obl He MeHee YCIMAaHOGAEHHO20 npedena.

Pemenue. CocraBuM 3KOHOMHKO-MATEMaTH4eCKYI0 MOIEIb
3amavu.



20 Cnaea 1

OGo3nauuM x;, x; — Konuyectso KopMos I u II, Bxomswmux B
AHeBHOI paluoH. Toraa 3ToT pauroH (cM. Tabn. 1.2 ) 6yneT BKIOYATh
(3x; + 1'x3) eMuHHUL nUTaTeNbHOrO BelecTsa Sy, (1-x; +2x;) eauHUL
Bewectsa Sy U (1'x; + 6xy) eaHHUIL MUTaTeNbHOTO BeltecTsa ;. Tak
KaK cONEpXaHUE MUTaTeNbHbIX BelleCTB S|, S H S5 B palMoHe HOMX-
HO ObITb He MEHee cooTBeTCTBEHHO 9, 8 W 12 enuHuu, To noayyuM
CHCTEMY HEPABEHCTB:

Ixp+x29,
x| +2xy 28, 1.7)
xXp +6xp 212
Kpowme roro, nep'emeHbee
x120,x20. (1.8)
O611as cToMMOCTb palliOHa COCTaBUT (B py6.)
F=4x; + 6x,. (1.9)

Wtak, 3KOHOMHKO-MaTeMaTHyecKasd MONENb 3a0a4yu: COCmagumo
Oneeroll payuon X = (x;, X3), ydoesemeopaiowuic cucmeme (1.7) u ycao-
euro (1.8), npu xomopom dynxyus (1.9) npunumaem munumanshoe 3nave-
Hue.p

Hnst GopmynupoBKM 3anadd B oOlIeH NOCTaHOBKE O0O03HAUMM:
x; (=12, ..., n) — 4ucjo equHUU KopMma n-ro Buma; b; (i = 1, 2, ...,
m), — HeoDXOAMMBlit MUHUMYM COJEepXaHHs B PAllMOHE MUTATENBHOTO
BellecTBa Sj; a; — YUCI0 EXHHML MATATENbHOTO BellecTBa §; B eau-
HHLE KOpMa j-IO BMAa, ¢; — CTOMMOCTb €IMHHMLUbBI KOpMa j-ro BUAA.
Torga >KOHOMHKO-MareMaTHYeCKas MoeNb 3aauy MPUMET BUL:

Haimu makoi payuon X = (xy, X3, ..., X,), Y0o61remeopaowuil cuc-
meme

a1 Xy + X+ Hay X, 2 b],
Ay X| + ApXy+.. +ayX, = by,

(1.10)
X} + A2 Xy +. . Ay Xy 2 by
U yeaosuro
x120,%20,.,x,20, (1.11)
npu komopom @yuxyus
F=cix| + coxy +...+ ¢pxy (1.12)

- RpUHUMaem MGKCUMANbHOE 3HAUYEHe.
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3. 3aga1a 06 MCNONL30BAHMH MOIHOCTEH (324242 O 3arpy3ke o06o-
pYJOBRHHA).

MpennpusTHio 3a8aH IJIaH IIPOU3BOJACTBA IPOAYKUHMH O BPEMEHH
¥ HOMeHKNatype: Tpebyercsi 3a Bpemsi T BBIUTYCTHTD My, M),..., Hg €IH-
HUL npoaykuuu Py, Py ..., Py Tlponyxuus npou3BomuTCcst Ha CTaHKax
Sts 52, ++es S V11 KAKNOTO CTAHKA U3BECTHBI [IPOU3BOUTENLHOCTD ayy
(T.€. YHUCIO €AMHHUL NPOAYKUHH P;, KOTOpoe MOXHO IMPOM3BECTH Ha
CTaHKE .5;) U 3atparbl b; Ha H3roToB/ieHHE NMpoayKUUH P; Ha cTaHKe S;
B €IMHULY BPEMEHHU.

Heobxooumo cocmasumv makoi naan paboms cmankos (m.e. max
pacnpedeaums 8uinycK NpOOYKuuu mexcoy cmankamu), 4mobst 3ampamst
HQ NPOU3600cME0 8celi nPOdyKyUU Gbial MUHUMAABHBMU.

CocTaBUM 5KOHOMHKO-MATEMATUYECKYIO MOEIb 3a/1a4u.

O603HauuM X;; — BpeMsl, B TeYEHHE KOTOPOTO CTaHOK S; Gyner 3a-
HAT M3roTOBNeHHEM nponykuuu P (i=1,2,..,myj=1,2, .., k).

Tak Kak BpeMsi paboThl KaXZOro CTaHKa OrpaHH4YeHO H He Ipe-
Bblluaer 7, TO CripaBeUIMBbl HEPABEHCTBA:

X1 + X+ X S T,

X1 + X+, +X9g < T, (1.13)

Xl + Xp2 . AXyge S T.

s BbIOHEHHS MJIaHa BBIITYCKA 110 HOMEHKJAType Heobxomumo,
YTOOBI BHITOJIHSUIMCD C/IEAYIOLIHE paBeHCTBRA:

a1 X1y + @ X1t Ay X = Ny,
a19X1y + A X)+.. A Ap Xy = N, (1 14)

.....................................

A X1 + B Xog+. . AQmpXme = M.

Kpome Toro,
xi20(=12,.,mj=1,2,.k). (1.15)
3arparsl Ha MPOM3BOLCTBO BCEil NPOAYKUUYU BbIPA3ATCS PYHKUHEH
F=byx( + bioxia +... % bppXomk (1.16)

OKOHOMUKO-MaTeMaTH4yecKast MOAeNb 3anayd o6 HCMonb30BaHUH
MolIHOoCTel npUMeT BUL: Kaimu makoe pewenue X = (X(1,X12, «s Ximi)s
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yooenemeopsiowee cucmemanm (1.13) u (1.14) u ycaosuro (1.15), npu ko-
mopom pynxyus (1.16) npunumaem munumanbroe 3nauenue.

4. 3anava o packpoe MaTEPHAJIOB.

Ha packpoit (pacniwi, ob6paboTKy) nocrymaer MarepHal OIHOTO
oOpa3ua B KoauyecTse a eauHUil. Tpebyercs u3rotoBUTh M3 Hero /
Pa3HbIX KOMIUIEKTYIOIUUX H3AEINUA B KONMYECTBAX, IPONOPLHOHAIb-
HBIX YHCaaM by, by, ...b; (ycnoBue KommuektHoctH). Kaxknasa enuHuua
MaTepuajia MOXeET OBITh pacKpoeHa M pasIMYHBIMU crniocobaMu, Mpu-
YyeM MCIONB30BaHHUE i-ro crocoba (i = 1,2, ..., n) aaer ay eNUHUL K-TO
usgemusa (k= 1,2, ..., /).

Heobxooumo naiimu naan packpos, obecnewusarowuil MaKCUMAaNbHOE
HUCA0 KOMRAEKMOG.

CocraBuM 3KOHOMHKO-MaTeMaTH4YECKYI0 MOJIENb 3aKayH.

O603Ha4YuM X; — YUCIO ENUHHL MaTepHala, pacKpauBaeMBIX [-M
cnocofboM, U X — YUC/IO U3TOTABNMBAEMBIX KOMIIAEKTOB H3ENHIA.

Tak kak obluee KoxuyecTBO MarepHaia paBHO CyMMe €ro eIuHMIL,
PAacKpanHBaeMbIX pasTHYHBIMH CI10cobamu, To

Yx =a. (1.17)

TpeGoBaHHe KOMIUIEKTHOCTH BBIPA3UTCS YPaBHEHUSIMU

M=

Xiay =bex k=12, ..., ). (1.18)

i=l
OueBHIHO, YTO
x203G=1.2,.,n). (1.19)

SKOHOMHMKO-MaTeMaTHYeCKas Monesb 3aNadyu: Hailmu makxoe peuie-

Hue X=(x;, X,..., X,), yOoenemeopsrowee cucmeme ypaemenui (1.17) —
(1.18) u ycaoeuro (1.19), npu xomopom gynkyus F = x npunumaem max-
cumManbHoe 3Ha4enue.
1.3. Jins usrotoBneHus OpycoeB winHoi 1,2 M, 3 M # 5 M B cooTHO-
weHuu 2:1:3 Ha pacnui nocrynawt 195 6peseH aauHoit 6 M. Onpene-
JIUTh IUIaH pachiuia, obecleyuBalOIMili MaKCHMaJIbHOE YHCIO KOM-
mnektoB. CoCTaBUTh 9KOHOMHUKO-MaTeMaTHYECKYI0 MOLIEAb 3a1aqH.

Pewenue. Tlpexnae Bcero ofipenejidM BCEBO3MOXHbIE Cr1oCcOObI
pacrnuna OpeBeH, yKa3aB COOTBETCTBYIOILEE YHCJIO IOJyYaeMbIX IpH
3ToM 6pyceeB (Tabn. 1.3).
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Tabaunpga 1.3

Cnioco6 Yucno nonyyaeMbix 6pycbeB JNUHONA, M
pacnuna / 12 3.0 50
1 5 — _
2 2 1 _
3 - 2 —
4 - — t
O6o3HauuM: X; — 4YHCIO OpeBeH, pAacMHIEHHBIX i-M CIocoboM

(i=1, 2,3, 4); x — YHCIO KOMILIEKTOB OpYChEB.

YuyutbiBasi, yTo Bce OpeBHA HOMDKHBI OBITb pacliieHbl, a YHUCIO
6pYCbEB KXKAOro pasMepa HOJDKHO YIOBIETBOPSATE YC/IOBUIO KOMILIEKTHO-
CTH, S5KOHOMHUKO-MATeMaTHYeCKash MOAENb 3a1aui NPUMET BUL

F=x - max

NIpH OrpaHHYEHUSAX:

Xp+ Xy + X3+ X4 =195,

Sxp +2x, = 2x,
X;+2x3 =X,
x4 = 3x,

x20 (=123, 40

3agauy o packpoe jerko oboOLUTE HA Cydail m pacKpauBaeMbIX
MaTepHaIOB.

Ilyctp Kaxpas ennHuba j-20 Matepuana (j = 1, 2, ..., m) Moxer
OBITE packpoeHa n pasAMyYHBIMU ClIOCoOaMH, TpUYeM HKCIIONL30BaHHe
i-20 cnocoba (i =1, 2, ... , n) naet gy enMHUL k-20 usnenus (k =1, 2,
.-, [), @ 3amac j-20 MaTepuana paseH g; eAMHHULL

O6o3HaunM x; — YHCIO €AMHHMIL j-20 MAaTepUaIa, PACKPHIBAEMOTO
i-M criocoboM.

DKOHOMHMKO-MaTeMaTHYeCcKasi MOIENb 3aJa4H O packpoe B obluei
NIOCTAHOBKE NMPUMET BUI: Halmu maxoe pewerie X = (X11, X12, ---s Xnm)s
Yooanemeopsrowee cucmeme

n
le,-j <a;(j=12,...,m),
I=

nm
Zl Zx,-ja,-jk = bkx(k = 1,2,...,1)
i=1j=1
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U ycnosuio xi 2 0, npu komopom gynkuus F = x npunumaem maxcumans-
Hoe 3HaueHue.
5. TpancnoprHas 3a5aya pPacCMOTpEHa B 1. 7.

1.3. O0mas 3ana4ya JHHEHHOr0 MPOrpaMMHPOBAHMSA

PaccMoTpeHHBie BbIllle NPUMEPBL 33834 JIHHEHHOTO NporpaMMHpO-
BaHUA NO3BOMAIOT CHOPMYAUPOBATL OOWUYI0 3A0a4y auHelino20 Npo-
2PAMMUpPOGARUA.

Hana cucmema m auHelinbix ypasHeHul u HepageHcme ¢ N nepeme-
HbMU

a1X| + Q)X+ +AX, S by,
ayXq + Xy +.. 4+, S by,

|Bk1X + GaXp+ . A By Xy < by, (1.20)
Ay 41 1X1 + Qg1 2X2+ - F sl nXn = brats
A 42 1 X1 + G 422X2+ - +@g a2 nXn = by 42,

................................................

(GmiX| + QX+ . A ApnXy = bm

u auneinas gynxyus
F=cx + oxy +..+ o, (1.21)

Heobxodumo naiimu maxoe pewenue cucmemsl X = (X1, X3, .y Xjy +-s Xp),
2de

%20 (=1,2, ... I i<n), (1.22)

npu kKomopom auneiinas ¢ynxuyua F (1.21) npunumaem onmumansvhoe
(m.e. MaKcuManbHoe uAU MUHUMAAbHOE) 3HAYEHUe.

Cucrema (1.20) HasweiBaeTcsi cucmemoli oepauyenuii, a dyukuus F
— auHelnold ¢hynxuuel, auneldnold @opmoiu, ueneeoll GyHKyueld WnH
dyuxyuell yeau.

Bonee kparko ofwylo 3anayy JHHEHHOro NpPorpaMMHpPOBaHUSA
MOXHO NpeacTaBUTh B BUIE:

n
F = ¥ c;x; —»max (i — min)

Jj=1
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npu OorpaHHu4yeHHUAX:

M::

X, Sb(i=12... k),

'J

.
i)
—

M:

apx; = bi =k +1L,k+2,...,m),

..
IL

20(=12 .., 01<n).

Onmumanvioim peuenuem (WA OMMUMAAGHBM NAGHOM) 330aYH JIU-
HelHOTo [IporpaMMHPOBaHUs HAa3bIBAETCH peleHne X = (xq, Xy, ..., X;
..., Xp) cHucTeMbl orpaHuuyeHuit (1.20), ymoeneTsopsiollee YCIOBHIO
(1.22), npu KoTopoM jauHeiHas c¢yHkuus (1.21) npuHuMaeT onTu-
MaTbHOE (MaKCUMaJbHOE WM MHHUMAIbHOE) 3HAaYEHHE.

TepMuHel “pelieHue” W “miaH” — CHHOHHMBI, OJHAKO I1epBbli
HCIIOJIB3YETCA Yallle, Korna pedb UAeT o GopMalbHOM CTOpOHE 3amayud
(ee MaTeMaTH4yeCKOM pellleHUH), 2 BTOpOil — O comepXarenbHOl CTo-
poHe (9KOHOMHYECKOU MHTEpIIPETALHH).

[pu ycnosuu, uto Bee nepeMeHHble HeoTpULATENbHBI (X, 2 0, j =1, 2,

.., H), cucrema orpaHuyeHuit (1.20) cocTouT AUILIL U3 OMHUX HEPABEHCTB,
— TaKas 3ajaya JMHEHHOro MporpaMMHPOBAHUS HA3bIBAETCS CMAaHoapm-
Holf; ecld CHCTeMa OrpaHHYEHHH COCTOMT M3 OHUX ypaBHEHMH, TO 3a1a-
ya HaspiBaeTcsi KawoHuveckou!. Tak, B NpUBENEHHBIX Bblille pUMepax
3ajay JHHEHHOrO NMpOrpaMMMpOBaHUA 3amayd | W 2 — CTaHOApTHBIE,
3a7a4a 4 — KaHOHHYeCKas, a 3a1aya 3 — obias.

JTobaq 3anavya JHHEHHOro NMPOrpaMMHpOBAaHHA MOXET ObITh cBefe-
Ha K KaHOHHMYECKO#, cTaHmapTHoi unu obiueil 3amaye. PaccMmoTpum
BHayajle BCIIOMOTATEIbHYIO TEOPEMY.

Teopema 1.1. Becaxomy pewenuio (o, ay,..., 0., ) HepaseHcmea

a,-1x1+a,2x2+...+a,~,,x,, < b,‘ (1.23)
coomeemcmeyem onpedenennoe pewenue (ay, 0g,..., Cy; Opti) YPAGHEHUS
apXitoapxyt.. . taux, x4 = by, (1.29)

6 Komopom
Xp+i2 0 (1.25)

U, Haobopom, xaxcoomy peuwtenuio (Qq, 03,..., Op Op+i) YPAGHEHUR
(1.24) u nepasencmsa (1.25) coomeemcmeyem onpedenenroe pewerue
(a1, ay,..., a,) Hepasencmea (1.23).

| B page pabor no MaTeMaTM4ECKOMY MPOrpaMMHMPOBAHUIO CTAHAAPTHYIO
3anayy Ha3BIBAIOT CUMMEMPURHOI, 3 KAHOHUYECKYIO — OCHOBHOIL.
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HUcnonb3ys 3ty TeopeMy (KoTopylo npuHMmaeMm 6e3 goKas3aTenbeT-
Ba), NpeacTaBHUM B KavecTBE IpUMepa CTaHAapTHyl 3azayy (1.4)—
(1.6) B xaHoHuyeckoM Bune. C 3Tol Uenbio B KaxJoe W3 m Hepa-
BEHCTB cUCTeMbl orpaHuyeHuit (1.4) BBedeM HOMOJHHUTEIbHBIE HEOT-
pHUATe/bHbIE MEPEMEHHBIE Xp41, Xp+2, -y Xn+m H CHCTEMA OrpaHUYE-
Huit (1.4) npuMer BUA;

anXp + GaXy+o .+, X, X0 = b,
azlxl + 022X2+. . '+02nxn +xn+2 = b2’ (1 26)
A X) + Gy Xy +. . Ay, X, +X o = O

TakuMm obpasoM, cTangapTHas 3agaya (1.4)—(1.6) B KaHoHUYECKO
dbopMe: Haiimu makoe pewerue X = (X1, X3, ..., Xpy Xn+1s --r Xn+m)s Y008~
nemeoparowee cucmeme (1.26) u ycaosuro (1.5), npu xomopom ¢ynxyus
(1.6) npunumaem maxcumanbroe 3naueHue.

Jameuanne. B paccMarpuBaeMmoil 3amaye Bce HepaBEHCTBA

BHOA “<“, 1103TOMY [AOMOJAHHUTENbHBIE HEOTPHUATE/NbHbIE Mepe-

MEHHbIe BBOAWIHCH co 3HakoM “+”. B cinyyae HepaBeHCTBa BM-

na “>“, kak, Hanmpumep, B 3anaue (1.10) — (1.12), cooTBercT-

ByIOIHE HOMOJHHTENbHBIE MEpeMEeHHble clefoBano Obl BBECTH

CO 3HaKOM “—”.

YIIPA’XKHEHHNA

B 3agayax 1.4—1.7 cocTaBUTb 3KOHOMHKO-MaTeMaTHYECKUE MOJE-
J.

1.4. Jns npoun3BoacTBa IBYX BUNOB u3netuit A u 8 npeanpusarue
MCIOABb3YET TPU BMAA Chipbfl. JIpyrue ycJoBHS 3anayy NPHBEAEHBI B
Tabaunue.

Hopwmbl pacxona chipbs Ob1uee KOTHYECTBO

Bun coipos Ha OfHO W3Aeaue, Kr Chipbsi, KF
A B
I 12 4 300
Il 4 4 120
1§} 3 12 252
[lpubsinb oT peanusauuu
OHOTO HU3AENHS, ACH.CA. 30 40
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CocCTaBUTh TaKOW MaaH BbUTYCKA NpPONYKLHH, [IPH KOTOPOM IMIpH-
6bU1b NPEANPUATHA OT pealU3aUUHd NPOAYKUUU OYAET MaKCUMAIbHOMI
npY YCIOBHM, YTO M3HENMA B Hano BBIYCTHTb HE MEHee, YeM H3fe-
it A

1.5. PauvoH mis NUTaHUS XMBOTHBIX HA (pepMe COCTOMT U3 IBYX
punos KopmoB | u II. Oaun kunorpamm kopMa I crour 80 meH. ex. u
conepxHrT: 1 en. xupos, 3 en. 6eakos, 1 en. yriesonoB, 2 el. HUTpa-
toB. OauH KunorpamM KopMa Il crour 10 neH. en. u conepxur 3 en.
XHUpOB, | en. Oenkos, 8 en. yriesonos, 4 e1. HUTPATOB.

CoctasuTe Haubonee [elIEBBIA paldOH MUTaHHUSA, obeclieyuBalo-
WM XKUPOB He MeHee 6 en., OelkoB He MeHee 9 el., YIIEBOLOB He
meHee 8 en., HuTparos He Gosee 16 en.

1.6. Ha nByx aBTOMaTHYeCKHX JIUHHSIX BBINYCKAIOT alnaparhl Tpex
tunos. [pyrue ycioBus 3amaun npuBeneHb B Tabuile.

Tun Ipon3soauTeNbHOCTL 3arparhi Tnan,
annapara paboTh! INHUIA, Ha paboTy nuHMUi, T
IIT. B CYTKH ZEH. €. B CYTKH
1 2 1 2
A 4 3 400 300 50
B 6 5 100 200 40
C 8 2 300 400 50

CocTaBuTh Takoil IUIaH 3arpy3KH CTaHKOB, 4YTOOBl 3aTparbl GbUTH
MHHHMAIbHBIMHU, a 3alaHKE BLITIOJHEHO He Oosee yeM 3a 10 cyTok.

1.7. HeobxonuMo pactiunuth 20 GpeBeH IMHOM MO 5 M KaXxAoe Ha
6pycku o 2 M ¥ 3 M; IPH 3TOM HOKHO NOAYYHTHCH PABHOE KOJIHYE-
CTBO OpYCKOB KaxXJ0ro pasMmepa.

CocraBuTb Takoil IUIaH pacnuia, IpH KoTopoM OyzeT mojyyeHo
MakCHUMajIbHOE YUCJIO KOMILUIEKTOB U Bce OpeBHa OyIoyT pacluICHBI (B
OHHH KOMIUIEKT BXOQHUT [0 01HOMY OpycKy KaXioro pasMmepa).
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DJIEMEHTbBI JUHENHOM AJITEBPHI
N TEOMETPHUMU BBIIIYKJIBIX MHOXECTB

2.1. CucreMa m JuHedHBIX yPABHEHHIA
¢ n nepeMeHHbIMH

CucreMa m TMHERHBIX ypaBHEHHUIL ¢ /1 EpeMEHHBIMH UMEET BHI

apXy + QppXy+. . 4G X+ 4G X, = by,
ayXp + ApXgt.. 4Gy i X+ . A0y, X, = by,

) B (2.1)

..................................................

| Xyt QX A Gy Xt Ay Xy = by,

WY B XpaTKOH 3arucu

n
Zal_'ixj = b’. (i=12,....,m).
ja

B 3anayax nuHeiiHoro nporpaMMHUpPOBaHUS [IPEACTABASIOT HHTEpEC
CHCTEMDI, B KOTOPBIX PaHT » MaTpHLbl cucteMsl 4 = (a;), =1, 2, ..., m:
=1, 2, ..., n, Wik, 4TO TO Xe camoe, MaKCUMaJIbHOE YHCJIO HE3aBUCH -
MbIX YpaBHEHHH CHCTEMBl » MEHbllle YUCIA MEepeMEHHBIX, T.e. 7 < 7.
ByneM nojarath, 4to B cucteMe (2.1) Bce m ypaBHEHMI CHCTEMBI He -
3aBHUCHUMBI, T.€. » = M U COOTBeTCTBEHHO m < n.

Jliobbie m nepemennbIX cucmemvl m AUHEUHbIX ypagHeHull ¢ n nepe-
MeHHbIMu (m < N) HA3bI8AIOMCA OCHOGHBIMU (Ul Oazucnvimu), ecau
onpedenument Mampuysl Kogpuyuenmoe npu Hux omauuer om Hyas!l.

1 B nuteparype Takoil ONpeIeNHTENb YaCTO HA3LIBIIOT GA3UCHBIM MUHOPOM MATDULIB] A.
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i -
Toe0a OCMANbHbIE N—Mm NEPEeMEHHbIX HA3bIGAIONICA HEOCHOGRBIMU (uau
c600600HbIML).

OCHOBHBLIMH MOTYT OBITh pasHble IPYIIIbl U3 n epeMeHHbIX. Mak-
CUMAIBHO BO3MOXHOE YUCJIO [PYIl OCHOBHBIX [EpEMEHHBIX PAaBHO
ypcily crnocoboB Beibopa m NEpeMEHHBIX M3 MX OOlIero yucna n, T.c.

yucay coueranuit C;'. Ho Tak Kak MOryt BCTpETHThCS ClydYad, Koraa

OnpeaeIUTENb MaTpuULlbl KOIPOHUUNEHTOB NIPH M NEpEeMEHHbIX paBeH
HyJI0, TO ObIEee YHUCIO TPYIII OCHOBHBIX MEPEMEHHBIX HE NMPEBOCXO-

m
aut Cy .
2.1. Haiitu Bce BO3MOXHBIE TIpYNIbl OCHOBHBIX II€pEMEHHBIX B
CUCTEME

X=Xy —2x3+x4 =0,
2x,+ X, +2x3 - x4 = 0.

PeweHue OOWeEe YUCAO IPYIN OCHOBHBIX MEPEMEHHBIX He
onee yeM C? =4-3/2 =6, T.e. BO3MOXHBIE [DPYIIB OCHOBHBIX I€-

PEMEHHBIX: X|, X; X[, X3; X|, X4; X2, X3, X2, X4; X3, X4.
BbeusicHuM, Moryr au ObITb OCHOBHBIMH IIEPEMEHHBbIE X, X;. Tak
KaK olpenenuTe/lb MaTpULbl H3 KodGODULIHUEHTOB NpH 3THX IIepeMeH-

HbIX 1= 1-1-2(-1)=3#0, To X, X MOTYT OBITb OCHOBHBIMH

2

nepeMeHHbIMH. Paccyxnas aHaloruyHo, HaiiaeM, 4YTo MoryT ObITh
OCHOBHBIMH TI€PEMEHHBIE X{, X3; X|, X4, HO HE MOTYT OBITh OCHOBHBIMH
Xy, X3, X3, X4, X3, X4, TAK KaK B TpeX MOCJEAHHUX PYINaxX nepeMeHHbIX
COOTBETCTBYIOLIME ONPEAETUTENN PaBHbI HYTIO (HanpuMep, utd nepe-

MEHHBIX X3, X4 i =0).»

HOns peutenns cucrems! (2.1) npu ycraoBuu m < n HOKaXeM cie-
AYIOLYIO TEOPEMY.

Teopema 2.1. Ecau dns cucmemvl m aunelnsix ypasneHuii ¢ n nepe-
Merubimu (m < n) pane mampuybt Ko3IGUUUermMmoa npu nepemernbix pa-
8eH m, m.e. cywecmayem xomsa 6ol OOHG 2pYNNa OCHOGHbIX NepeMeHHbIX,
Mo 3ma cucmema A6ASeMCA HEONpeOeaeHHOU, Npudem Kaxcdomy npous-
801bHOMY HaOOpY 3HA4eHUI HEOCHOBHbIX NEPeMEHHBIX COOMmEemcmeyem
O0HO pewenue cucmembi.
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O TIlycrs, HanpuMep, X;, X3, ..., X, — OCHOBHBIE IEpPeMEHHBIe
(eciM 3TO He TaK, TO HYMEpPAlUHIO COOTBETCTBYIOILUX MEPEMEHHBIX
MOXHO M3MEHHTB), T.€. OIIPEAETHTEb MATPHIIEI

ar a2 ... A,
a a .. @

lA|= 21 22 2m 20
Ay Qg .- Gy

OcraBuM B JIeBbIX YacTAX ypaBHeHHH cucTeMbl (2.1) wieHsl ¢ nepe-
MEHHBIMH X|, X2, ..., Xy, @ WIEHBI C MEPEMEHHBIMU Xppty, Xppt2s ooy Xy
nepeHeceM B npastie yactu. [loaydum

a 1% + 012x2 +.. .+, X, = bl - al.m+lxm+]—' . '_alnxn ’
Ay Xy +ApXyt+.. 4Gy X, = by =Gy 1 Xy~ .~y X,
AuiX) + Xy oo Ay Xy = by — By Xy~ ~Cpp Xy

3amaBasl HEOCHOBHBIM NMEPEMEHHBIM Xy41, Xp42,.--s X, IPOU3BOJIb-
Hble 3HaYeHUs, KaXIbli pas OyaeM nojiydyarb HOBYIO CUCTEMY C HOBBI-
MH CcBOOOAHBIMH wienamu b, b3,..., by, . Kaxpas u3 noayyeHHbIX
cucreM GydeT MMeTb OAMH M TOT Xe onpeaenutens |4 = 0, crenosa-
TeJbHO, B CHIy TeopeMbl Kpamepa Kakaasm H3 3THX cHCTeM Oyne.
HMeTb eAMHCTBEHHOe peileHHe. Tak Kak Nnoay4yaeMbIX TaKUM o6pason
cucteM GeckoHeYHO MHoro, To U cHcreMa (2.1) GymeT uMers Hecko-
HeyHoe MHOXecTBo pelieHuit .

2.2, Pewuth cucTeMy ypaBHEHHH

Xp =Xy = 2%3 + x4 =0,
22X+ Xy + 2X3 — X4 = 2.

Pew eH ue B3amaue 2.1 ycTaHOBNEHO, YTO OCHOBHBIMH MOTYT
ObITh NEpeMeHHbIE X, Xp; Xj, X3; X{, X4. Bo3bMeM B KayecTBe OCHOB-
HBIX TIepeMEHHLIE X, X;, 2 NEepeMeHHbIe X3, X4 OydeM CYUTaTh Heoc-
HOBHBIMHU M TIEPEHECEM HX C COOTBETCTBYIOIUMMU Ko3dHUHEHTaMH B
npaBble YacTH ypaBHeHH it cucteMbl. [Tonyunm

x] —x2 = ZX3 —x4,
2% + Xy = 2X3 + X4,
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Pemasi aHHyl0 cHcTeMy JIOOBIM crocoGoM, Haitnem x; = 2/3;
x; = 2/3 — 2x3 + x4. 3a0aBass HEOCHOBHBIM TIEPEMEHHBIM X3 H X4 TPO-
13BOJIbHBIE 3HAYEHHUS, HAMIPUMED, X3 = C|, X4 = C3, TONYYHM BECKOHeY-
HoOE MHOXECTBO pelileHHil 3To# cucreMsl (x; = 2/3; xp = 2/3 — 2¢1 + o3,
x3 = €15 X4 = ¢). B

Peitenune X = (x;, X3, ..., X,) cucTeMbi (2.1) HasbIBaeTCs donycmu-
mom!, €CIIH OHO COREPXHT JNHLIL HEOTPHIIATENbHbIE KOMIIOHEHTEHI, T.€.
x; 2 0 w1s mobeix j = 1, 2, ..., n. B npoTUBHOM cityyae pellleHHe Ha3bl-
paetcs Hedonycmumeim. Tak, B 3amaue 2,2 pelieHHE CUCTEMBI MIPH €| = 2,
c; =5, 1.e. Xj = (2/3; 5/3; 2; 5) ABNsdeTCa NONYyCTHMBIM, & NIPH €| =2,
c; =1, 1.. X3 = (2/3; — 7/3; 2; 1) — HenomyCTHMBIM.

Cpeny DecKOHEYHOTO MHOXECTBA pELICHHU CHCTEMBI BBLAESIOT
TaK Ha3biBaeMble Ga3nCHbIe PELIEHMA.

Basucnoim pewenuem cucmems m AUHElIRbIX YPAGHEHUL C N nepemeH-
HbIMU HA3bIBAEMCs peuieHue, 8 KOMOPoM 6ce H—m HEOCHOGHBIX NepemeH-
HbIX DABHBI HYAI0.

B 3amayax nuHeilHOTro MporpaMMUpoBaHMst OcoGblil MHTEpeC Mpex-
CTABJIAIOT donycmumbie OA3UCHble pewieHUA, WIH, KaK HX eLle Ha3biBaloT,
onopHbie naans. Yncno 6asucHbIX pellieHHil SABNAETCS KOHEYHBIM, TaK
KaK OHO PaBHO YMCNY TPYIII OCHOBHBIX TT€PEMEHHBIX, HE MPEBOCXO-

aawemy Cp'. BasucHoe pellieHHe, B KOTOPOM XOTs 6bl OIHA U3 OCHOB-

HBIX TIepeMEHHBIX PABHA HYJIIO, HA3bIBAETCH Gb/PONCOCHHBIM.
D 2.3. HaiiTu Bce GasucHble peleHHS CHCTEMbl, MPHBEAEHHOI B 3a-
nave 2.1.

Pewenune B szagaye 2.1 6b10 YCTAHOB/IEHO, YTO CYLIECTBYET
TPH TPYIIBl OCHOBHBIX TEPEMEHHBIX X|, X3; X|, X3; X|, X4, T.6. UACJIO
GasucHbIX pelueHuii paBHO 3.

Haitnem meppoe 6asucHoe pellieHHe, B3B B KaYeCTBE OCHOBHBIX
nepeMeHHbIE X|, X7 1 HEOCHOBHBIX — I€peMeHHbIe X3, X4. [IpHupaBHSB
HEOCHOBHbIE TIepeMeHHBbIE HYMIO, T.e. NPU X3 = X4 = 0, MonyyuM cuc-
TeMy ypaBHeHHUH B BUIE

x-x=0,
2 +xy =2,

OTKyna x; = 2/3; x; = 2/3. CnenoBarensHo, nepBoe 6a3sucHoe pelle-
Hue cucremsl X| = (2/3; 2/3; 0; 0) — nonycrumoe.

! HUmenHo Takue pelICHUA NpeaCTaBaAIOT HHTEPEC B GonbluKHCTBE 3anay
JIMHElHOTO nporpaMMHUpOBaH Us.
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Ecnu B39TH 32 OCHOBHbIE MEPEMEHHBIE X[, X3 H IPHPABHATH HY/IO
COOTBETCTBYIOLLME HEOCHOBHLIE TIEpEMEHHBIE X; = X4 = 0, MOIyYnMm
BTOpOe GasucHoe peumieHne X; = (2/3; 0; 2/3; 0) — Takke momycTH-
MO€. AHANIOTHYHO MOXHO HaWTH M TpeTbe 0a3MCHOE PpelIeHHe
X5 = (2/3; 0; 0; — 2/3) — HenomycTuMoe.P>

Coemecmuan cucmema (2.1) umeem beckoneuHo mHo20 peuseHull, -

Hux 6asucHeix pewenuli — KoHeuHoe wucno, He npegocxodauee Cy .

2.2. Boinykible MHOXECTBA TOYEK
B mkosbHOM Kypce MATEMATHKU @bnyKAsiMi Ha3bIBAIUCh MHOTG

YrolbHUKH, LEJIHKOM PACIIOJOXCHHBIE MO OOHY CTOPOHY OT IPAMBL
Ha KOTOPBIX JIEXAT UX CTOPOHHBI.

B C

A
Puc. 2.1

i

HanpuMep, MHOTOYTOJIBHHK HA puc. 2.1, @ — BHINYKALIA, a MHO-
rOyroNbHUK Ha puc. 2.1, 6 He SABIACTCA BLIIYKJIbIM (OH pAacroNoXer
1o o6e ctopoHhl oT npamoit BC).

OO6LHUM OIpEACNAIOIUM CBOMCTBOM, KOTOpPOE OTJIHYAaeT BHIMYK-
JILIi MHOTOYTOJIbBHMK OT HEBBINIYKJIOTO, SIBJISIETCS TO, YTO €CJIH B3fTh
nobble OBE €ro TOYKH M COEOMHHTb MX OTPE3KOM, TO Bech OTPe30K
6yleT NMpUHAAIeXaTh 3TOMY MHOTOYrONBHHKY. DTO CBOHCTBO MOXET
OBITH ITPUHATO 3a ONlpeAesieHUE BBIMTYKIOro MHOXECTBA TOYEK.

Mnuoxcecmeo movex Haszvieaemcs GHINYKALIM, eCau OHO 6MeECME C Ai0-
Bvimu O8yMA CEOUMU MOUKAMU COOEPICUM 6€Ch OMPe30K, COCOUHAIOUGUI
amu mouku.

CornacHo 3TOMy ollpelee 0 MHOTOYroNbHHMK Ha puc. 2.1, a sB-
JIIETCS BBIMYKIBIM MHOXECTBOM, @ MHOTOYrOJbHMK Ha pHc. 2.1, 6
TaKOBBIM He siBisieTcs, nbo orpesok MN Mexmy nyMs ero Toukamu M
1 N He MOJHOCTHIO MPHUHAIEXKNT ITOMY MHOTOYTOJIBHHUKY.
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Puc. 2.2

BoIMyKIBIMY MHOXECTBAMH MOTYT OBITh HE TOJBKO MHOTOYTOJIbHH-
ku1. [IpuMepaMy BBITYKJIBIX MHOXECTB SIBISIIOTCS KDYT, CEKTOP, OTPE30K,
MHOIOYTO/IbHasE 0671acTb, Ky0, Nupamuaa (pdc. 2.2, g—e), MHOrOrpaH-
Has obnacTh, MpAMasi, MoJyIVIOCKOCTb, MOYIIPOCTPAHCTBO M T.11.

Boinykible MHoXecTBa 00/1analOT BaXHBIM CBOWCTBOM, KOTOpOe
YCTAHABAMBAETCA cRenyloueid TeopeMoi.

Teopema 2.2. [lepecevenue (obwas uacms) A106020 HuUCAa BHINYKABIX
MHONCECE €CIMb BLINYKAOE MHONCECMEO.

O Iycte M u N — mo6ele aBe Touku nepeceyeHust aByx! mHo-
xectB A u B (puc. 2.3). Tak kak Touku M v N npuHamiexar nepece-
YEHHIO MHOXECTB, T.€. OHHOBPEMEHHO M BBIMYKIIOMY MHOXECTBY A, U
BHITYKJIOMY MHOXECTBY B, TO cOINIacHO ONPpeHeNeHHI0  BBITYKIOro
MHOXeCTBA Bce TOUKH orpe3ka MN Gynyr nmpvHamiexaTb KAK MHOXE-

cTBY A, TaK U MHOXecCTBY B, T.e. nmepeceye-
HUIO 3THX MHOXECTB. A 3TO M O3HA4YaeT,
YTO TIepeceyeHHe NAHHBIX MHOXECTB €CTb
Bbinykjloe MHOXecTBO. Il

Cpeoy ToyeK BBIMYKJIOrO MHOXECTBA
MOXHO BLUICIHTb BHYTpEHHUE, TPaHHYHEIE
1 YTJIOBBIE TOYKH.

Touka MHoOXeEcTBA HA3LIBACTCH GHYM-
peHHeil, €ClIU B HEKOTOPO#l €e OKPECTHOCTH?
colepXarcsi TOYKH TOJIbKO JaHHOIO MHO-
KeCTBa.

Puc. 2.3 Touxa MHOXECTBA HA3BIBAETCH SPAHUYHOU,
ecnu B moboii ee OKPECTHOCTH coiepXarcsl KaK TOYKM, MIpUHALIEXAIIMe
NAHHOMY MHOXECTBY, TAK H TOYKH, He NPHHALIEXAIHE eMY.

! lnst nokasatenbcTBa TeOpeMbl OFPaHMYMMCS CNyYaeM ABYX MHOXECTB.
2 Tlon oxpecmiocmsss TOUKH TUIOCKOCTH (TIPOCTPAaHCTBA) MOApasyMeBaercs Kpyr
(u1ap) ¢ LeHTpOM B 3TOM TOUKe.

2 Uccneaosauue oiepanui



34 Mnaea 2

———

Oco0blit HHTepec B 3a7a4ax JUHEHHOro MpOrpaMMUpPOBAHHA TIpes-
CTaBJISIOT YIJIOBBIE TOUKH. ,

Touxa mHoMcecmea Ha3bigaemcs y2a080ii (uru Kpainei), ecau oxa we
Aeasemcs 6HympeHHel Hu 018 KaKo20 OMpesKd, YeauKkom npuxadiexcawe-
20 OGHHOMY MHOXCECTEY.

Puc. 2.4

Ha puc. 2.4 npuBeneHsl IpUMEPH PA3TMYHBIX TOYEK MHOTOYTOJNb-+
HMKAa: BHYTpeHHe# (Toukn M), rpaHMyHoit (Touka N) U YIIOBBIX
(touku A, B, C, D, E). Touka A — yrnosas, TaK KaK Ui J1o6oro or-
pe3Ka, LENMKOM MPHHALIEXKAUero MHOTOYIONBHUKY, HAIpUMep, OT-
pe3ka AP, oHa He ABAAETCA BHYTpEHHEM; Touka A — BHYTpEHHSS IUis
otpe3ka KL, HO 3TOT OTpe30oK He MpPUHALIEXKHUT LEAUKOM MHOro-
YTOJIbHHUKY. _

s BBHINYKIOrOo MHOXECTBA YIVIOBBIE TOYKHM BCErda COBIALAIOT C
BEpUIMHAMH MHOIOYrolbHHKA (MHOTOIPAHHHMKA), B TO Xe€ BpeMs s
HEBBITYKJIOFO MHOXECTBA 3TO He obg3aTenbHo. Tak, HAa puc. 2.5 Toyka
A fABNseTCA BEPLUINHOM HEBBITTYKIOTO MHOTOYTOJIbHHKA, HO He YIIOBOM
(oHa siBnseTcs BHyTpeHHei Ui orpeska KL, LeMKoM NpUHamiexa-
iero 3TOMy MHOTOYTOJILHUKY).

E

Puc. 2.5
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MHOXECTBO TOYEK HAa3bIBACTCSt 3AMKHYMbIM, €C/i BKIIOYaeT Bce
cBOM TPaHMYHble TOYKU. MHOXKECTBO TOYEK HA3BIBACTCH O2paHuUeH-
HbiM, €CIH CYLUECTBYET WIAp (KpPyr) paaMyca KOHEYHOM IUIMHBI C LI€H-
TpoM B JI0GO# TOUKe MHOXECTBA, KOTOPBIil MOJHOCTHIO CONEPXHT B
cebe NaHHOE MHOXECTBO; B IIPOTHBHOM CJlyyde MHOXECTBO HAa3bIBAeT-
csl HeOZPaHUYEHHBIM.

Ecnu durypa orpaHnyeHa TONbKO TMPSMBIMU MM HX OTpPE3KaMH,
TO UMCJIO €€ YIVIOBBIX TOYeK KOHEYHO; B Cjlyyde KPHBOAMHENHHOCTH
rpaHdLl GUrypa CONEpXHT GECKOHEYHO MHOIO YIJIOBBIX TOYEK, YTO
I03BOJISIET CAENATH CJEAyIOlLIee onpencacHue.

Boinyknoe 3amxnymoe mHoxcecmeo modex npocmparcmea (naockocmu),
umerljee KOHedHoe 4UCA0 Yen06blX MOoHeK, HA3bieaenmcsl GbINYKAbIM MHO020-
2PaHHUKOM (MROZ0Y20AbHUKOM), ecu OO 0ZPaHUMEHHOE, U BbINYKAOH MHO20-
2panHoii (MHO20y2046HOI) 06aacmbio, ecau OHO HEOZPAHUYEHHOE.

Hdo cux mop paccMarpuBIUCh BBIIYKJIblE MHOXECTBA TOYEK Ha
TUIOCKOCTH U B NPOCTPAHCTBE. AHAINTHYECKH Takue TOYKU H300pa-
KaloTC YIopsinoueHHo mapoi yucen (x|, X3) UMM YIOPSIOYEHHOU
TpoiiKodl uHcen (x|, X3, x3). [loHATHE TOYKM MOXHO O0OGIINTH, MOA-
pasymeBasi mopx TOYKOH (MM BEKTOpOM) YMOPALOYEHHBI# Habop n
yucen X = (x|, xp, ..., X,), B KOTOPOM 4Mcia Xi, X3, ..., X, Ha3bIBAIOTCA
KOOpAMHATaMH TOYKH (BekTopa). Takoe 0GobieHe UMEET CMBICT, TaK
KaK ecJii B3ATh KaKoii-1Mbo IKOHOMHYECKHH 00beKT, TO JUisd -ero xa-
PAKTEPUCTUKH ABYX-TPeX Yucesl oOBIMHO OblBAE€T HEXOCTATOYHO U He-
06XonMMO B3SiTb 1 YMcCesl, e n > 3.

Mnuoxcecmeo ecex mouex X = (x, x3,..., X,) obpaszyem n-meproe moue4-
Hoe (sexmoptoe) npocmparcmeo. Tlpu n > 3 TouXd U PUTYPBI #-MEPHOTO
NPOCTpaHCTBA HE MMEIOT pealbHOrO MeOMETPHYECKOTO CMBICTA M BCE UC-
CleaoBaHUs OOBEKTOB 3TOTO MPOCTPAHCTBA HEOOXOMMMO IPOBOAUTH B
aHatuTuyeckoit popme. TeM He MeHee OKa3bIBaeTco LENECOOOpa3HbIM U B
9TOM CJIy4ac MCIT0/b30BaTh IEOMETPHYECKHE MOHATHUSA I OGMeryeHust
npeacTtapneHuii 06 00bEKTAX n-MEPHOIO MPOCTPAHCTEA.

2.3. TeomMeTpHYECKHIA CMBICJ pPenIeHUId
HEPABEHCTB, YPABHCHMH H UX CHCTEM

Paccmorpum pemenns nepapencts.

Teopema 2.3. Muoxcecmeo pewenuti HepageHcmea ¢ 08yMA nepemeH-
Hbimu

» ayx) + apxy < by (2.2)
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A6asemca 00HOU u3 08yX noAynaocKocmel, Ha Komopbie 6C3 RAOCKOCMb
deaumcs npamoii ay\ x| + ayyx; = by, exarovas u smy npamyro, a dpyeas
nOAYNAOCKOCMb ¢ MOIl Jce NPAMOU ecnb MHOXCECME0 peuieH ] HepageH-
cmea

apx; + apx 2 b]. (2.3)

0O [ns npousBonbHoit abeuucesl x| opauHata Touku M (puc. 2.6),
nexaured Ha npsaMont ay x| + ajx; = by, MU ycioBun ap, # 0, ecTb

b
x; = -4y + 2L 1. KoopauHaTs ToUKH M (xl; ALy +—b‘—)
" ap ay’ a2 a2
x, 4 Q
M
/ a“x| +al2x2 = b|
P
|
l
l L
0 X, X,

Puc. 2.6

Yepes Touky M nipopenem mnpsimyio, napaineisHyio ocy 0x; . Toraa
s mobbix Touek P U Q 3Toit NpsAMO, pacroNoXeHHbIX BBIILE H HU-
e TOYKH M, T.e. B BepXHeil U HHXHEH MONYNN0cKOCTAX, OyayT BEpHEI

HEPABEHCTBA Xy( = X < >, 9
0= XaM U XpSX)p WIM X)) 2 X + H
a2 a2
Xy < —;U-xl + ab' [Tpu fenosuu a3 >0 HepaBeHCTBa npeo6pa3yxor-
12 12

csl COOTBETCTBEHHO K BUAY a4 x) + apxy 2 by v ayx; + apjx; < by, Te
KOODIMHATBl BCEX TOYEK BepXHEH MOMYIUIOCKOCTH YAOBJIETBOPSIOT
HEpaBeHCTBY (2.2), a HUXHeIl MONyMIOCKOCTH — HepaBeHcTBY (2.3). B
caydae aj; < 0, Hao6OpoT, KOOpAWHATH BCEX TOUEK BEPXHEH TMONy-
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[UTOCKOCTH YIOBJIETBOPSAIOT HEPABEHCTBY (2.3), a KOOpAMHATHI HUXHER
[oJylockocTn — HepaseHcTsy (2.2). 1

P 2.4. TlocTpouTh MHOXECTBO pellleHHi HepaBeHCTBa:
a) 3x; —4x; + 12<0; 6) 3x; — 2x 2 0.
Pewenune B coorBeTcTBUU ¢ TeopeMoil 2.3, MHOXECTBO pe-
[IEHUIA HEPaBEHCTBA €CTb IONYIIOCKOCTb.
a) TloctpouM rpaHuuy MOMYIUIOCKOCTH — MpsMYyio 3x; — 4x; +
+ 12 = 0, Haliig TOUKHM ee mepecedeHHs ¢ ocsimu KoopauHar A (—4,0)
n B (0;3) na puc. 2.7, a.

x, 4
3T A23)
5L
0” B(1:0)
x, -3 -2 - 1 2 3 «x
a 6

Puc. 2.7

JList onpeneneHnss UCKOMOM IMOMYMJIOCKOCTH (BEpXHEH WM HHX-
Hell) peKoMeHayeTcsl 3a0aTh MPOHM3BOJIBHYIO KOHTPOJIBHYIO TOYKY, He
JIeXallyio Ha ee rpaHule — MOCTPoeHHOM Npsamoii. Ecniu HepaBeHCTBO
BBIITOJIHSETCS B KOHTPOJBHON TOYKE, TO OHO BBIIONHAETCH U BO BCeEX
TOYKaX IMOJYTUIOCKOCTH, coepXalieil KOHTPOJbHYIO TOUYKY, U HE Bbl-
TIOJIHsAETCSl BO BCEX TOUKAX Apyroil monymiockoctd. U Haoboport, B
Cllyyae HEBBITIOJNHEHNUA HEPABEHCTBA B KOHTPOJBHOH TOYKE, OHO He
BblIIOJIHAETCSE BO BCEX TOYKAX IONYIUIOCKOCTH, comepxailed KOoH-
TPOJILHYIO TOYKY, M BBIIOMHAETCS BO BCEX TOYKAX APYrod monayioc-
KOCTH.

B xayecTse KOHTPOJIBHOM TOYKM YROGHO B3ATH Hayajlo KOOpOUHAT
0 (0;0), He nexaulee Ha nocrpoeHHo# npsMoit. KoopauHatel Touku O
He ynopnerBopsioT HepapeHetBy: 3°0 — 40 + 12 < 0, cnegoparensHo,
pelleHneM DaHHOrO HEPABEHCTBA SABJSETCS HMXHAS IOMYIIJIOCKOCTD,
He cogepxaiuasi KoHTpojibHYI0 Touky O. Mckomas monymiockocTb
BbljesieHa WITPUXOBKOH.
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6) IlocTpouM rpaHuLy MOJYTUIOCKOCTH — mpsaMyo 3x; — 4x; = 0 no
IBYM TouKaM. OnHo# M3 3THX TOYEK SIBIAETCS Hayalo KOOpAMHAT Ha PHC.
2.7, 6 (B ypaBHEeHMH NPSMON OTCYTCTBYET CBOBONHBIA WIEH), a APYIYI0
TO4Ky OGepeM Ha npsiMoiM NPOU3BOABHO, HamnpuMep, A (2; 3) Ha puc. 2.7, 6.
B kauecTBe KOHTpO/NBHOH Bo3bMeM, Hampumep, Touky B (1; 0). Camyio
“npoctyio” Touky O (0; 0) 3mecb B KayecrBe KOHTPOJbHON OpaTh He
cnenyeT, MO0 OHa NEXUT Ha TMOCTPOEHHOIT MpsaMoii. Tak Kak Koopam-
HaThl KOHTPOJbHOH ToukH B (1; 0) ynoBneTBOpAIOT HEPABEHCTRY, T.€.
3:1 =2:020, To pelieHHeM TAHHOTO HEPABEHCTBA SIBJISETCH HHX-
HAs (paBas) MonymniaocKocTb, coaepxXalias 3Ty TouKy.p

Y4YuTbIBasA, YTO MHOXECTBO TOYEK, YAOBIETBOPAIOILUX YPAaBHEHHIO

apxy tapxy+ .+ ax, =b (2.4)

npu n=3, ABAsercs naockocmvlo, a NMpu n>3 — ee o6oblueHHEM B
H-MEPHOM IIPOCTPAHCTBE — 2UNEPHAOCKOCMbIO, TEOPEMY 2.3 MOXHO
PacIpoCTpaHUTh Ha Cly4ail Tpex U Goee rmepeMeHHbIX.

Teopema 2.4. Muoacecmeo 6cex pewienuii AuneiiHo20 HepageHcmea ¢ n
nepemeHHbIMU

ayx) +apxyt+ .. Fagpx, < b

AGAAEMCA OCHUM U3 NOAYNPOCMPAHCME, HA KOMOpble 8Ce NpOCMPAHCMEO
Oeaumcs nAGCKOCMbI0 Uau eunepnaockocmbvio (2.4), éxawHas u amy naoc-
Kocmb (2unepnaockocms).

PaccMoTpHM MHOXKECTBO pellleHHii CHCTEM HEpaBEHCTB.

Teopema 2.5 Muooxecmeo pewenuii coemecmuoi cucmemsl m AuHel-
HbIX HEpAGeHCME ¢ 06YMA NepeMeHHbIMU

a;X, +apx; < by,
02,xl + 022x2 < bz,
AmiX| + Xy < by,
A6AemCs GbINYKALIM MHOCOY2ONbHUKOM (UAU GbINYKAOU MH020Y20NbHOU

obnacmuio).

0O Kaxnoe 13 HepaBeHCTB B COOTBETCTBMM ¢ Teopemoif 2.3 ompe-
neJisieT OOHY M3 TMOJYIUIOCKOCTEN, ABISIOLLYIOCS BBITYKIBIM MHOXECT-
BOM TOYeK. MHOXeCTBOM pelieHHil COBMECTHOH CHCTEMBI JTMHEHHBIX
HEPABEHCTB CNYXaT TOYKH, KOTOpBbIE NpPUHALIEXKAT MMOJYIUIOCKOCTAM
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peileHHI BCEX HEPABEHCTB, T.e. MIPUHAIUIEXKAT HX MEPECEUCHHUIO. Co-
DIacHO TeopeMe 2.2 0 MepeceyeHM  BHIMYKIbIX MHOXECTB 3TO MHOXe-
CTBO SBJAETCA BBIMYKIBIM M CONEPXHMT KOHEYHOE YUCIO YIJIOBBIX TO-
yeK, T.. SBIFETCSA BbIMYKJIbIM MHOTOYTONBHHKOM (BBITYKIOH MHOIO-

yronbHo# o6nactsio). [l
D 2.5. TlocTpONTL MHOXECTBO pelieHHH CHCTeMbl HEPABEHCTB

(=5x; + 4x; < 20,(I)
2%, + 3%, < 24, (1)
ix -3x, <3, (I

x 20, av)
0<x, 56 (V,VI)

Pewexnue Jnd nocrpoeHus HCKOMOTO MHOXECTBA pELICHUIA
CHUCTEMBl HEPABEHCTB CTPOMM I10CIEAOBATENbHO MHOXECTBO peUIeHHI
KAXKAOT0 HEepaBeHCTBAa AHAJOTMYHO TOMY, KaK 3TO AeNajoch B 3ajavye
2.4. PexoMeHnyeM mocie HaXOXIEHHS Kax[Iod MOJYIIOCKOCTH U BbI-
IEIeHHUA ee COOTBETCTBYIOLUEH WITPUXOBKOW HAXOOUTh [OCHEeNOBa-
TEJILHO MX IEpeceyeHHe: CHayaaa MONYIUIOCKOCTEN pelleHHil TMepBbIX
IBYX HepaBeHCTB (MHoroyronbHoil obnactn GFD na puc. 2.8), 3arem
NEPBbIX TPeX HepaBeHcTB (TpeyronbHuka GFD), motoM — yeTblpex
HepaBeHcTB (yeTblpexyronbHuka HAFD), nanee — maTH HEPAaBEHCTB
(natuyronbHuka OAFDE) u, HakoHell, BceX IHECTH HEPABEHCTB —
BBITyKJIoro MHoroyrojabHuka OABCDE.

Puc. 2.8



40 Mnaea 2

KoopauHarel yrioBbIX TOYEK — BEpPIIMH 3TOTO MHOTOYTOJbHHMKA
HaAZeM KaK KOOPAMHATHI TOYEK MEPECEYeHUs] COOTBETCTBYIOIMX P~
MbIX. Hanpumep, Touka D sBnsieTcsl TO4Ko# mepeceyeHust mpsambix 11
u 111, T.e. ee KoopAMHATHI ABAAIOTCSA PEILIEHHUEM CUCTEMBI

2x +3xy =24, (1)
Xy -3xp =3, (II)

orkyna x; = 9, x; = 2, 1.e. D (9;2). AHAIOTMYHO HAXOMUM KOOPAMHATHI
apyrux yrnosbix Touek: O (0;0), A (0;5), B (4/5;6), C (3;6) E (3;0).»

[lpn nocTpoeHun obnacTeit pelieHWIt CHUCTEM HEPABEHCTB MOTYT
BCTPETUTBLCA W APYTHE CTy4au: MHOXECTBO PelUeHHit — BbIIyKJas MHO-
royronbHas obnactb (puc. 2.9, a); onHa touka (puc. 2.9, 6); nycroe MHO-
XecTBO, KOIIa CHCTeMa HEpaBEHCTB HECOBMECTHA (puc. 2.9, 6).

A

X?“ X?“ .

x)“

a 6 [}
Pue. 2.9

Teopema 2.6. Muoxcecmeo pewenuii coemecmnoli cucmems: m AuHe-
HbIX HEPABEeHCME C N nepeMeHHbIMU ABAAEMCA BLINYKAbIM MHO202DAHHUKOM
(66inyKA0Y MHO202DAHHOU 06AACMbIO) 8 N-MEPHOM NPOCMPAHCMEe.

PaccMoOTpHM MHOXKECTBO JOIMYCTHMBIX pellleHRH CHCTeMbl /71 JIHHEH-
HBIX YPaBHEHHH C n nepeMeHHbIMH.

Teopema 2.7. Muoxcecmeo écex donycmumeix peweruil coemecmHol
cucmembl m AUHEUHbIX ypagHeHul ¢ n nepemenHbiMu (m < n) sersemcs
GHINYKABIM  MHO20SDAHHUKOM (8bINYKAOU MHO202DAHHOU o6aacmblo) 6
n-MeprHom npocmparcmee.

JTlokazarenbcTBO 3Toi TeopeMbl NMpUBeNeHO B . 3. 3xech Xe mpo-
WUTIOCTPUPYEM TeopeMy Ha MpUMepax.

D 2.6. MocTpouTs MHOXECTBO NOMYCTUMBIX peLIEHHIA:

a) ypaBHeHus 2x; + 3x; = 6;
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cmm————

2x| + 3X2 + X3 = 12,

6) cUCTEMbl YpaBHEHUM
X|+Xy—X4 = L.

Y6ennThcsl B CIPaBEAIMBOCTH TEOpeMBI 2.7,

Peuwenue. a) PaccMoTpuMm YacTHBIH cilyyail cUCTEMBI JIMHEHAHBIX
ypaBHEHUIi (m < n), conepxaiueit n = 2 nepeMeHHBIX, T.. CocTosLien
W3 ONHOro ypaBHeHHUs (m = 1). MHOXeCTBO Bcex pelleHUil naHHOro
ypaBHEHMsI ecTb npsiMas 2x; + 3x) =6, a MHOXECTBO NOMyCTHMBIX
pelileHuil (P NOMOAHUTEIBHOM YCIOBUU X1 2 0, X3 2 0) — TOuKHM
orpe3ka AB (puc. 2.10, a), KoTopblii MOXHO paccMaTpuBaTh KakK 4acT-
HBlil CAy4Yaii BHIMYKJIOTO MHOTOIPAaHHUKA ¢ IBYMS YIJIOBBIMU TOYKAMU
A(3; 0) n B(O; 2).

6) TMocTpouTth HEMOCPENCTBEHHO MHOXECTBO DELICHUH CHCTEMBI
ypaBHeHMit ¢ # = 4 (n > 3) mepeMeHHBIMU He TpPEACTABIAETCS BO3-
MOXHBIM. B nmaHHoM ciy4ae (Korma pasHOCTb MEXAY YMUCIOM Iepe-
MEHHBIX W YpaBHEHMUH # — m =, 2) MOXHO MOCTYIIHTb TaK: paso6beM
BCE MepeMeHHbIE HA OCHOBHBIC, HAMPUMED X3 U X4 (OMNPENEIUTEND U3
Ko3$pPULMEHTOB TpU HUX OTIMYEH OT HyIS), M HEOCHOBHbIE
(cBOGOAHBIE) TEPEMEHHBIE X| H X3, U BMECTO MHOXECTBA pelLeHUN
CUCTEMBI MOCTPOUM MHOXECTBO 3HAUYEHUN MX HEOCHOBHBIX IMEPEMEH-
HBIX (BBIMOJHUTH 3TO BO3MOXHO, TAK KaK UX BCETO NBE).

C 370it 1€bI0 BBIPa3UM OCHOBHBIE TIEPEMEHHBIE YepEe3 HEOCHOBHBIC:

x3 =12-2x - 3x,,
X3 = =1+x+ x5
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Tak Kak paccMaTpuBalOTCSl NOMYCTMMbIE 3HAYEHMSI TIEPEMEHHBIX,
Te. X120, 20, x320, 420, 10

12-—2x| —3XZ ZO, (I)
"'l+xl + X, 20, (ll)
x 20, x, 20. (1L IV)

PewreHussMH TIONYYEHHOM TAaKUM OOGpPA3OM CHCTEMBl HEPABEHCTB
ABJISIOTCS TOYKM 4eTbipexyroibHuka ABCD Ha puc. 2.10, 6 ¢ yeThipb-
Ms yrioBeiMu ToyKamu A(0; 1), B(0; 4), C(6; 0), D(1; 0) (pexoMeH-
nyeM ybenuThes B 9TOM CAMOMY YMTATENIO).

B nanHoM mpuMepe rpadbuueckue MOCTPOSHUS MpPOBENEHBI HE B IPO-
CTPaHCTBE BCEX TMEpeMEHHBIX, A B [UIOCKOCTH IBYX HEOCHOBHBIX MEPEMEH-
HBIX X], X3. Ho TaKk Kak moGoit mape HEOCHOBHBIX MEPEMEHHBIX Xi, X3
COOTBETCTBYIOT OMpe/Ie/ieHHbIe 3HAYEHNS! OCHOBHBIX MepeMEHHBIX X3, X4, 4
C/1eNOBATE/IBHO, OIHO M TOJIBKO OJHO pellleHHE NAHHOMH CHCTeMBbI YpaBHeE-
HHUH, TO K&XO0# TOYKe MOCTPOEHHOIO YeTsipexyronbHuka ABCD coorser-
CTBYET O[HA U TOJBKO OJHA TOYKA MHOXECTBA NOINYCTHMBLIX peLIeHHI
CHCTEMBI YpABHEHMIA, MPEACTARIAIONIEIO B OAHHOM C/Iydae BbHIyKJIBINA
MHOTOIPaHHUK B YETBIPEXMEPHOM TPOCTpaHCTBe. P

Meocdy donycmumbimu 6Q3UCHBIMU pelieHUAMU U Y21068bIMU MOYKAMU

MHOXCECMBa JONYCIMUMBIX PeuieHull CUCmeMbl AUHeUHbIX YPasHeHull cyuie-
cmaeyem 63QUMHOOOHO3HAYHOe coomeemcmeue. DTO YTBEpXAeHHE 6yner
IOKa3aHO B IJI. 3, 37ech Xe OrpaHuYUMCcs IPUMEPOM.
2.7. Y6enutscsi B TOM, YTO MEXAY 6a3MCHBIMH DELICHHAMU CUCTEM,
NpUBEJEHHbIX B 3ajade 2.6, 4 yIJIOBHIMM TOYKAMH MHOXECTBA HX
JNOTYCTUMBIX DELIEHMI CYHIECTBYyeT B3aHMHOONHO3HAYHOE COOTBETCT-
BHE.

Pewenune. a) Cucrema, cocTosiliasg U3 OQHOTO YPABHEHMUS, UME-
eT 1Ba JOMycTUMbIX 6asucHbIx pewieHus. [lepBoe GasucHoe peleHue
Xy = (3; 0) monyyaercss U3 ypaBHEHMs, €c/IM B KayecTBe OCHOBHOMH
B3Tb NIEPEMEHHYIO X}, 3 HEOCHOBHOIH — mnepeMeHHyo x; = 0. Bropoe
6asucHoe pewleHue X = (0; 2) nonyvaercsi, ec/id OCHOBHAs MEPEMEH-
Has x;, a HEOCHOBHas — MNepeMmeHHas x; = 0. U3 puc. 2.10, a cnenyer,
YTO AOMYCTUMBIM 6a3UCHBIM pelieHUsAM X # X; OIHO3HAYHO COOTBET-
CTBYIOT YIJIOBbIE TOYKH OTpe3Ka AB — MHOXecTBa HOMYCTUMBIX pelle-
HU# ypaBHEHHS.

6) lna cucreMbl, NpuBeNeHHO B 3amaue 2.6, 6, MOXHO MOJYYMTH
YeTbIpe NOMYCTUMBIX 6A3UCHBIX pellieHUs (pEKOMEHAyeM YUTATeNIo Hail -
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TH MX camocTosTesibHO): Xj = (1; 0; 10; 0), X5-= (6; 0; 0; 5), X5 = (0; 1;
9; 0), A4 = (0; 4; 0; 3). M3 puc. 2.10, 6 cnenyer, 4T0 3TUM JOMYCTH-
MBIM 0a3MCHBIM pelIEHMSM OIHO3HAYHO COOTBETCTBYIOT TOYKM D(1;
0), C(6; 0), A(0; 1) n B(0; 4) mHoroyronbuuka ABCD — MHOXecTBa
JOTYCTUMBIX PELIEHUI CUCTeMbl ypaBHEHUH. P>

YITPAXKHEHUA
B 3anayax 2.8 u 2.9 peiwiuTtb CHCTEMbI ypaBHEHMIA.
2 2XI—3X2+4X3=3, 2.9 3xl+X2—X3—2X4=—4,
3% - 4xy + 6x3 = 5. Tl xy-xy+2x, =1
B 3amayax 2.10 u 2.11 uaiity 6a3ucHble pelIeHNsI.
2.10 xl+2X2—X3 =5, Xy + Xy + X3+ X4 '—'2,
T 2% - %y - 3%y = 4. 211 {2x; + 2%, — X3 + 2x,4 = -2,

X{ =X =X =2

B 3anayax 2.12 u 2.13 nocTpoUTh MHOXECTBO peLlIEHHI HEpaBeHCTsa.
2.12. 4x-5x,+20<0. 2.13. 4%, -3x, 2 0.

B 3agayax 2.14 u 2.15 mocTpouTh MHOXECTBA pellleHMil CHCTEMBI
HEPaBeHCTB M HAMTH MX YIJIOBBIE TOYKH.

5% -3x, +1520, -Xp+X; <1,
2.14. 0<x, <10, x+x 21
X +x,-17<0, 2.15. {x-x; <2,
0<x <1l 2x,-x, <0,
(X, 20.

B 3agayax 2.16 u 2.17 nocTpouTb MHOXECTBA JOMYCTUMBIX pellie-

HUH ypaBHEHUM.
2.16. 3X1 + SX2 = 5. 2.17. 2X1 - 3X2 =0.
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TEOPETUYECKHWUE OCHOBBI METO/IOB
JUHEMHOTO ITPOTPAMMUPOBAHUA

s paccMOTpeHHSt TEOPETHYECKHMX OCHOB METONOB JHHEHHOro
MIpOrPAMMHUPOBAHHSL LENECO00pa3HO BHOBb BEPHYTHCA K MOHATHIO
BBINYKJIOr0O MHOXECTBA TOYEK, IaB €My Oojiee cTporoe orpegeyieHHe B
aHanuTHYecKoi dopme.

3.1. Buinykibie MHOXECTBA
B n-MEpPHOM HPOCTPAHCTBE

B pasn. 2.2 BhINyK/10€ MHOXECTBO TOYEK OMpPENE/SIOCh KAK MHC
XKECTBO, KOTOpOE BMecTe ¢ JII0OBIMU CBOMMHM IBYMSI TOYKAMH COMIEL
XHUT BECb OTPe30K, UX coepuHsoumit. ONHAKO B ciyyae n nepemer -
HBIX HE SICHO, YTO C/lENyeT MOHUMATb MOA “OTPe3KOM” B N-MEPHOM
npocrpadcrse. OueBMAHO, HAJO AaThb AHAIUTUYECKOE OINpEACIeHKE
3TOrO NOHATHS.

Haunem ¢ n = 2 (mByMepHoro mpoctpaHctsa, miockoctu). Ilycrs

X =(xl“),x§”) n X2=(xl(2),x§2)) — ToykM maockocTH Oxpx; a

X =(x,x,) — mobas Touka orpeska XX, (puc. 3.1). OueBumHo, yro

OTHOiIEHHE o [UIMH oTpe3KoB XX; n X X3 ymoBraerBopsieT yc/lOBHIO
0<a <[. 3anuuieM 3TO OTHOIIEHHE o. Yepe3 KOOPAMHATHI TOYEK.
IMonyyum

o = xfz) = Xy _ xgz) - Xy
- xl(z) _ xf') - xgz) _ xgl) ’
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oTKyHa
I
x = ax! + (1-a)x?, G.1)
x, = axd) + (1- a)xgz),
rae
O<acxl. 3.2)
X(ZZ)“ Xz:(xlmsxzm)
X
X
X=(x,,%,)
x" ,
Xlz(xl(l xz(l))
0 Xl“) X xlm il
Puc. 3.1

Monaras oy =a u a, =1-a, ycnosus (3.1), (3.2) npuMyT BUA

X = al'xl(l) + azxfzj,

3.3)
Xy = Q.lxgl) + azxgz),
a; 20, a, 20, a+ay =1 - (3.4
PapeHcTBO (3.3) MOXHO 3anucarb B BHIE
X = X[+ ayX,, 3.5)

NOHMMasi, YTO B HEM BCE OMEPALMM BBHIMOJHAIOTCA TOKOOPAUHATHO
(T.e. oTHeNbHO M0 MepeMeHHO# X| U OTAENBHO M0 MEPEMEHHO X3).
Taxum o6pasom, ompesox X\ Xy moxcHo onpedeaums Kax mHoxmcecmso
Mmouex (gexmopos), yoosaemeoparowux ycaosuam (3.5) u (3.4).
B cnyyae n-MepHoro mnpoctpaHcTBa onpelelieHHe OTpesKa Oyaer
TAKHM XKe — MHOXECTBO TOYEX, YIOBJIETBOPAIOMINX YcaoBHAM (3.5) u
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(3.4), ecnu nox X; ¥ X3 noapasyMeBaTh TOYKH (BEKTOpBI) A-MEPHOrO
1) (1 ! 2) (2 2

npocTpaHcrBa: X| = (xf),xg),...,xi,)) nAX,= (xf ),xg),...,xﬁ,)).

O060061eHHEM MOHATUA OTPE3KA ISl HECKONBKMX TOYEK SIBISETCH
UX BBINIKJ1As IHHEAHAss KOMOMHALIMS.

Touxa X Ha3veaemcs ewuinykaoli aAunelinoli xombunayueli mouex
Xy, Xy, ..., Xy, ecau svinoanaomesn yeaosus

X = o X| + arXy+.. .40, X,

n
Jj=1

Tak, HanpuMep, BbipaxeHue (1/6)X; + (1/2)Xz + (1/3)X; ecTb BbI-
nykias JjuHeiHas KoMOWHauust TouyeK AXj, Xp, A3, a BbIpaxeHHs
(1/3)X, + (1/2)X; + (1/3)X; vnn (1/3)X; — (1/2)X; + (7/6)X; aBas-
10TCS JIMHEHHBIMH, HO He BBIYKAbIMH KOMOHHALIMAMM TEX X€ TOYEK
(B mepBOM l+l+l¢ 1, a BO BTOpoM o =1 <0).

372377 )

OueBUIHO, YTO B YACTHOM CJIyyde mpH 2 = 2 BBINYKIION JIMHEHHOV
KoMGHHauMel ABYX TO4eK SIBIAeTCs coeluHMoImMit ux orpesok. Ilo-
ITOMY MHONCECHBO MOYEK ABAAEMCA GbINYKALIM, eCAl OHO éMmecme ¢ Ai0-
Obimu ceoumu 08YMA MOUKAMU COOEDHCUM UX NPOUIBOALHYIO BbINYKAYIO
AUHETHYI0 KOMOUHAUUIO.

PaccMoTpuM TeopeMy O MpPEACTABAEHWH BbINYKIOrO MHOIOIpaH-
HHKa.

Teopema 3.1. Bunykavili n-mepHbili MHO202DAHHUK ABASEMCA GbINYK -
0L AUHelHOU KoMOUHAyUell CBoUX Yen08bix moyeK.

O BosbMeM mist npocTOTH 7 = 2, a B XayecTBE MHOTOrpaHHUKA —
TpeyronbHUK X{XoX; (puc.3.2). Uepes npousBoNbHYI0 TOuky X Tpe-
yrojibHuKa nposeneM oTpe3oK X X;. ITockonabky Touka X JieXMT Ha
3TOM OTpE3Ke, TO

X = O‘)Xl + (14X4,
roe
alzo,az 20, al+a4=l.
Touxka X; nexut Ha oTpeske XpX5, cenoparensio, Xy = ay X, + a3X;,
rae a, 2 0,(13 2 0, Ay + 03 = L
MoxcTtaBus 3HayeHUE Xy B BbIpaXeHHe LI X, NONTYYUM
X = ale + (14((12X2 + 0.3X3) = ale + (12(14X2 + (13(14X3 .
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O603HAYMB # = o, f) = O 04, B = Q304 , TOJYMUM OKOHYATEABHO
X = thl + thz + I3X3,

rac
4120462020+ +4=1

X,

X X,
Puc. 3.2

TakuM obpasoM Touka X ecTb BbINyK1ass JHHEHHAs KOMOMHAUMsA yr-
JIOBBIX TOYEK (BepillMH) TpeyroibHuKa XjXoX;. M

W3 teopemsl 3.1 cnenyer, 4To BHIMYKABIA MHOTOIPaHHUK MOpoOXaa-
eTcsl CBOMMH YIJIOBBIMM TOYKAMHU MM BEPLIMHAMM: OTPE30K — IBYMsI
TOYKAMH, TPEYrOAbHUK — TPEMsl, TETPA3AP — YETHIPbMS TOYKAMU M
T.1. B To Xe BpeMs BblllyKj1asgs MHOrOrpaHHas o6jacTh, ABISISICH HEOT-
PAaHMYEHHBIM MHOXECTBOM, HE OIpenensieTcss OJHO3HAYHO CBOUMM
YOIOBBIMM TOYKAMHM: JI00Y10 €€ TOYKy HEjb3sl TpENCTaBUTb B BUAE
BBINYKIION JIMHEHHOW KOMOMHALIMM YITIOBBIX TOUYEK.

3.2. CgoiicTBa 32134
JMHEiHOr0 MPOrpaMMHpPOBAHHSA

B pasn. 1.3 6pI1M paccMOTPEHBI pa3jiuuHble GOPMBI 3a1a4M U HEll-
HOTO MporpaMMHMpPOBAHMS M MMOKA3aHo, YTO Jobasd 3aga4ya JHHEHHOro
NporpaMMHpOBAHNA MOXET ObIThb MpeAcTaBlIeHa B Buae obuieil, kaHo-
HHYECKOH MU cTABIAPTHOM 3alayM.

B nanHom pasgene 6ymeM paccMaTpHBaTh KaHOHUYECKYIO 3ajady
(1.20) — (1.22), B KOoTOpOIi cHcTeMa OrpaHUYEHHI €CTh CHCTEMA ypaB-
HeHuit (2.1).

Hna o6ocHoBaHUS CBOMCTB 3aJaYM JIMHEHHOrO MPOrpaMMHPOBAHUSA
U MeTomoB ee peuieHusi HeaecoobpasHO paccMOTpeThb eile ABa BHAA
3AMMCH KAHOHUYECKOH 3a0auH.
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Marpuunas ¢opma 3anucH:

F = CX - max (min) (3.6)
PH OrpPaHUYEHUSAX
AX = B, 3.7
X>0, 3.8)
rae
ay ap ... a X b

a a eee O X
C =(c1,62,...x0p); A= 21 22 iox =72 ; B= b i

8nl Gm2 -+ Gmp Xn by
3necy C — Marpuua-cTpoxka, A — MaTpulia cucTeMsbl, X — Marpu-
L[a-CcToJIGEL nepeMEHHbIX, B — MarpuLa-ctojbel] cBOGOIHBIX YWIECHOB.

BekTopHas QopMa 3anHCH:

F =CX - max (min) 3.9

[IpY OrpaHHYEHUAX
Px; + Pxy+..+Px, = P, : (3.10)
X0, (3.11)

rne CX — ckanspHoe npousseneHue Bektopos! C = (¢, ¢a, ..., ¢,) U
X = (x, x3, ..., X,), BEKTODBI

ay app ay, b

a] ax
R=|""| P= sy P =

Am) am2 Amn bm
COCTOAT COOTBETCTBEHHO M3 KO9(PGMHULMEHTOB NpH MEpPeMEHHBIX il
CBOOOIHBIX YJICHOB.
BekTopHoe HepaBeHcTBO X = (0 o03HayaeTr, 4TO Bce KOMMOHEHTHI

BEKTOpa X HeoTpUUATeNbHBL, T.e. Xx; 20, j =12,...,n

U Cxanspusim npouzsedenuem CX deyx eexmopoe C = (cy, ¢, ..., C) U X
= (X1, X3, ..., X,) Ha3bIBAETCA YHCIIO, PABHOE CYMMe IIPOU3BEdEHHI COOTBETC -
BYIOLIMX KOOPAMHAT 3THX BEKTOpoB: CX =1 + ¢x; + ... + €%,



OCHOBbI METOL0B AMHENHOIO NPOrPaMMNPOBaHNS 49

m——

B . 2 6buta chopMynupoBaHa, HO HE JOKasaHa B oOuieM BuUIC
caeayiollas TeopeMa.

Teopema 3.2. Muoocecmeo 6cex donycmumbix peuieHuli cucmemsl oz-
POHUYEHU 300a4U AUHEHO20 NPOPAMMUPOBAHUA ABAAEMCA BbINYKAbIM.

3 Mycms X, = (x,(l),xgl),...,xﬁ,')) n X, = (xl(z),xgz),...,xﬁ,z)) — nBa
JOMYCTUMBIX pelleHus 3amauu (3.6) — (3.8), zanaHHo# B MaTpuuHoO#i

¢opme. Torna AX; = Bu AX; = B. PaccMOTpUM BBINYKITYIO IMHEHHYIO
KoMOUHALWIO pelteHuit Xy U Xy, T.e.

X=oc|Xl+oc2X2 ITpU 0.120,(1220"0.14'(12:1,

U MOKaXeM, 4YTO OHA TaKkxe SABJIsgeTcA HONYCTUMBIM pElIEHHEM CHCTe-
Mmbl (3.7). B camom gene

AX = A(ale +(12X2)=0.1AX1 +(1—QI)AX2 = (IIB"'(I—(XI)B: B,

1.6. pemwienre X ynomnersopser cucreme (3.7). Ho rak kak X, >0,
X,20, 0,20, a, 20, Tou X >0, T.€. peiieHde X ynoBIETBOPsET U

ycnosuio (3.8).1

HraK, noKkazaHo, 4TO MHOXECTBO BCeX JOMYCTUMBIX pellieHHit 3a1a4u
JIMHEHHOIO NpOrpaMMHPOBAHUS SIBJSIETCSl BBINYK/BIM, a TOYHEE (eciu
YYECTh MIIOXKEHHOE B [. 2), NPEACTABNsET BHINYKIBIA MHOTOTpaHHHMK
WM BBIMYKJIYIO MHOTOIPaHHYIO 0DJ1acTb, KOTOpbie B JaibHeitleM OyaeM
Ha3bpIBaTb OHUM TEPMUHOM ~— MHO20ZPAHHUKOM DelueHul].

OTBeT HAa BOMpPOC, B KAKOHM TOYKEe MHOTOTpaHHMKA PELUEHHN BO3-
MOXHO ONTHMAJIBHOE peilieHUe 3amavyd JUHEWHOro MporpaMMupoBa-
HUs, naetcd B clenywomeil GyHAaMEHTAIBHOI TeopeMe.

Teopema 3.3. Fcau 3adaua aunelinozo npoepammuposanus umeem on-
mumMansHoe peuierue, Mo AUHEiHAs (YRKUUA npuHuMaem MakcumassbHoe'
3HaueHUue 8 OOHOU U3 Y2108biX MOYeK MHO202PAHHUKA pewlenul. Ecau au-
Helinas QyHKYua npuHumaem MAaKcuManvHoe 3Haxenue 6oaee uem 6 0OHOIl
yenoeoii mouke, mo oHa npunumaem ez0 @ A0b0i mouKe, AGAAIOUECA
8unyxaoll auHeliHolU KomOunayuel amux movex.

O Byaem nonaratb, 4TO MHOrOIPAHHMK peLIEHMii SIBJIsETCS Orpa-
HuyeHHbIM. O603HAYHUM ero yrjioBbie TOYKH 4epe3 Xi, X3, ..., X, a

! ®opmynuposka TeOpeMbl OCTAeTCH TaKo# X€ M MPH OTHICKAHHH MMHH-
MajibHOro 3HayeHUd NUHEHHON PYHKUNH.
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x A ONTUMAJpHOE pElIEHUE —
yepes X' (puc.3.3). Torza

F(X')z F(X) mns Beex ToO-

4yeK X MHOrorpaHHudKa pelue-
Huit. Ecim X* — yrnosas
TOYKA, TO TiepBasl 4acThb TEO-
peMBI OKa3aHa.

Mpennonoxum, yro X * He
ABASIETCA YMIOBOH TOYKOM,
TOrAa Ha OCHOBAHMHM Teope-
Mbl 3.1 X* moxHo npexcra-
BHUTb KaK BBINYKJIYIO JHHEH-
HYI0 KOMOMHALIMIO YIJIOBbIX
Puc. 3.3 TOYEK MHOrOorpaHHuKa pe-
LIEHHU, T.C.

-
X =a]Xl +(12X2+...+apo,

n
0;20,j=12...,p Da;=1
J=!

Tak xax F(X) — nuneiiHasa ¢yHKUms, oNyyaeM
F(X')=F(a|X|+a2X2+...+apo)= :
= ay F(X;) + agF(Xp)+.. +a . F(X )

B 3TOM pa3jioxeHHM cpeau 3HAYEHMH F(Xj) G=1,2, .. p) soibe-
peM MakcumanbHoe. IlycTb OHO COOTBETCTBYET YINIOBOM TOUKe

Xy (1 <k< p) ; o6o3HauuM ero Yepes M, r.e. F(Xy) = M. 3ameHum B
BblpaXeHHHU (3.12) Kaxaoe 3HaueHHE STHM MAKCUMAJIbHBIM 3HAYEHMU-

(3.12)

14
em M. Torna, yuutsiBas, uto o 2 0, Za ; =1, Haiinem F(X ')s

J=1

s M +a,M+..+0,M =M ) a; =M. Tlo npernonoxenuio X' —
=

ONTHMAIbHOE  pelUeHHE,  [O3ITOMY, ¢  ONHOM  CTOPOHBI.

F(X ')z F(Xk) =M, HO, c HOpyroil CTOPOHBI,  JOKA3aHO, YTC

F| (X ') < M, cinepoparensHo, F (X ‘) =M = F(X k), rae Xy — yriaosas
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rouka. Mtak, cyiuecrByer yriaopass Touka X, B KOTOpoOH JIUHEHHas
(GYHKLMS MPUHUMAET MAKCHMAIbHOE 3HAUCHHE.

Jns mokasatennCTBa BTOPOI 4acTH TEOpPEMbl HONMycTHM, yto F(X)
[IpMHMMAET MaKCHMalbHOE 3HAa4yeHHE Gosiee 4YeM B ONHON YrJIOBoOM
TOUKE, HATpUMEp, B Toukax Xj, X, .., X, roe 1<g¢ < p; Ttorma

F(X)=F(X;)=..= F(X,)=M.
[lycts X — Bhinykiasg AMHelHas KOMOWHALMSA 3THX YIJIOBBIX TO-
yek, T.€.

q
X =oX;+o X+ +a, X, 0,20 (i =12,...,9), Ya, =1
j=l

B atom cayuae, yuuTtbiBas, uto dyHkuus FHX) — nuHeliHas, noay-
YUM

F(X)= F(ale + a2X2+...+aqu) = oy F(X)) + o F(Xo)...

...+aqF(Xq)= uyM + oM+ +a M = Miaj =M,
j=1

T.e. JuHelHag OGyHKuMg F NpUHMMAaeT MAaKCUMaIbHOE 3HaueHHWE B
IIPOU3BONbHON TOyKe X, ABAsiOuleicst BbINYKIOH JHHEHHONH KOMOU-
Hauuen yrioBbiX Touek Xj, Xy, ..., X, B

3amevaumne. TpeboBaHHe OrpaHMYEHHOCTH MHOTOrPaHHHKA
pelieHnii B TeopeMe ABSIETCS CYIIECTBEHHBIM, TaK KaK B ciyvae
HeorpaHudeHHol MHOrorpaHHoil obnactv, Kak OTMe4Yaloch B TeO-
peme 3.1, HE KaXAyl0 TOYKY Takoil obnacTM MOXHO MpEICTABUTb
BbINYKJION JIMHENHOM KoMOVHAaLMel ee yIoBbIX TOYEK.

HokaszanHas TeopeMma sipasieTcss (yHAAMEHTANbHOH, TaK KakK OHA
YKa3bIBaeT NPUHLMIHAIbHBIA NyTh PEIeHUs 3ajad JMHEHHOro npo-
rpamMmupopaHus. JlelicTBUTENbHO, COMIACHO 3TOH TeopeMe BMECTO
vccienoBaHUS OECKOHEYHOro MHOXECTBA AOMYCTHMBIX pelUeHHi Wis
HaxoXJIeHUs! Cpeii HUX MCKOMOTO OMNTUMATLHOIO pelueHus Heodbxo-
JUMO KCC/efoBaTh JIMIUb KOHEYHOE YMCIO YITIOBbIX TOYEK MHOTO-
TpaHHUKA peLueHu .

Caenylouias TeopeMa MOCBSIIIEHA AHATHTUYECKOMY METOLY HaX0X-
OEHHS YINOBbIX TOYEK.

Teopema 3.4. Kaxcdomy donycmumomy 6aszucrHomy peuwsenuro 3adaqu
AUHEIHO20 NPOPAMMUDPOBAHUA COOMEEMCMEYem y2108as MOYKA MHO20-
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2PAHHUKQ pelueruli, u Haobopom, Kaxcdoli yenoeoli mouke MHO202PAHHUKA
pewenruli coomgemcmeyem donycmumoe 6a3UcHoe peluerue.

O Nycts X = (x, X2, oy Xy 0, 0, ..., 0) — momycTHMoe GasucHoe
peleHue cucreMbl orpanuyeHunit (3.10) 3azayn, 8 KOTOpOM [EPBHIE 71
KOMITOHEHT — OCHOBHbBIE MepeMeHHBlE, a OCTAjJbHbIE H — /M KOMIIO-
HEHT — HEOCHOBHBIE NEpeMEHHbBIE, paBHbIe HYII0 B 6a3HCHOM pelue-
HUM (€cin 3TO He TAK, TO COOTBETCTBYIOLIME [EpEMEHHbIE MOXHO
nepeHymepoBarb). [Tokaxem, yto X — yroBast ToYKa MHOrorpaHHMKa
pELUECHHIA.

[MpennonoxuM npoTuBHoOE, T.€. YTO X HE ABIAETCS Yr/IOBOH TO4Y-
Koii. Toraa Touky X MOXHO MpeacTaBUTh BHYTPEHHEN TOYKOil OTpe3-
Ka, COEAUHSIONIEro IBe pa3fIiyHble, He COBIajaioiue ¢ X, TOUKH

X = (xl(l),xgl),...,x,(,:); 0, 0,....00 mn
X, =249, x2: 0, 0,...,0),

JIPYTUMH CJIOBAMH, — BbINYKION NIMHEHHON KoMOMHALMENR Todek X) 1
X5 MHOTOrpaHHHKa pelueHui, T.€.

X = OL]XI + a2X2, (3.13)

roe oy >0, a, >0, o) + a, =1 (rmonaraem, uro o; = 0, o, # 0, u6o B
NMPOTHUBHOM cJiydae Touka X coBragaer ¢ Toukoit X win X5).
3anuniueM BekTopHOe paBeHcTBO (3.13) B koopanHaTHOH ¢opme:

IMockonbky xﬂl) =0, xs.z) 20 (j=12,...,n), a; >0, a; >0, To u3
_ 0 _o @ _o
MOCAEAHUX N—m DPABEHCTB CIEMYET, YTO X, s X =0, .

x,(,l) =0, x,(,z) =0, r.. B pelieHusX Xj, X5 ¥ X cuCTEMBl YpaBHEHMIl

(3.10) 3HayeHuss n—m KOMIOHEHT paBHLI B JaHHOM ciyyae HYI. 3TH
KOMIIOHEHTbl MOXHO CYHTATh 3HAYE€HHSAMM HEOCHOBHBIX [1EPEMEHHbIX.
Ho 3HayeHuss HEOCHOBHBIX MEPEMEHHBIX OJXHO3HAYHO ONPENE/ISIOT 3HA-
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yeHHs] OCHOBHBIX, CJIEIOBATEIbHO, xl(l) = xfz) = X[y ey xs,:) = x,(,,z) =X.
TakuM 00pa3oM, BCe 1 KOMIIOHEHT B peuleHusix X, X; u X5 cosnapa-
10T, W 3HAYUT, TOUKU X| U X; CIMBAIOTCS, YTO NPOTHUBOPEUYNT AOMYHIE-
uuo. CrenosartenbHo, X — yrjiopast To4ka MHOrOIPAHHHUKA PEUIEHHUI.

HoxaxeM obparHoe yreepxaenue. [lycts X = (%, X3, ..., X, 0, O,
..., 0) — ymoBas Toyka MHOTOrpaHHHKA pelIeHWH W [epshie ee m
KOOpPAMHAT nojioxurtenbHel. [MokaxeM, yro X — aomyctuMoe Gasuc-
HOE pelIeHue.

Ecnu sekropst Py, P, ..., P, JuHeHO He3asucuMbll, To paHr r
MaTpuubl A, COCTaBICHHONH N3 KOMIIOHEHT 3THX BEKTOPOB, paBeH m,
T.e. onpenenutels |4 # 0, clenoBatenbHO, MEPEMEHHBIE X|, Xy, ..., Xpm

SIBJISIIOTCS. OCHOBHBIMM, ¥ pewieHue X = (xq, X, ..., X, 0, 0, ..., 0) —
0a3ucHoE, NOMYCTUMOE, T.€. YTBEPXAECHUE N0KA3aHO.
[Ipeanonoxum nportusHoe, T.e. BekTopul Py, Ps, ..., P, nuHeitHo
3aBHCHMBI; TOTAA B PABEHCTBE
a,B+..+a,P,+.. +a,P, =0 3.14)
X0T4 Obl OIMH U3 KOIPDULIUEHTOB Oj,..., 0, .. ,0, OTINYEH OT HYJSL

YMHoxuM MowieHHo paseHcTBo (3.14) Ha MHoXuTe b p > 0
po B +.. +pany, Py +.. +po, P, = 0. 3.15)

IMoxcrasuB KoOopAWHATHE YIJIOBOW TOYKH X MHOTOTpaHHHKA pellie-
HUi B cucTeMy orpaHudednii (3.10), nonyynm

Pxj+.. +Pyxp+.. +Px, = P. (3.16)

PaBenctBo (3.15) mowteHHo clnoXuM ¢ paBeHCTBOM (3.16), a 3areM
BBIYTEM €ro u3 paseHcrsa (3.16). MMonyunm

P(x; + poy Moo 4Py (X + oty )+ 4 Py(x, + por,) = P (3.17)

P(x — pouy ..+ By (X = pory )+ +P(x — po,) = P. - (3.18)

! Bextopsl P, P, ..., P, (OHM Xe cTON6Ub MATpHUB! A) Ha3bIBAIOTCH AU-
HellHo 3agucumbiMil, €CIK MOXHO MONOOpaTh TakKMe YMCHa ©4,07,...,0,, HE
PaBHBEe HymoO OAHOBpeMeHHo, Yto o f + o, A+...+0,P, =0, tne 0 —

Hynesoii BekTop (CocToALIMI K3 Hyne#). B npoTHBHOM cliyuae BeKTopbl
P, P, .., P, Ha3LIBAIOTCS AUHELIHO HE3ABUCUMbIMU.
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Cpasuusas nolyyeHHbie paseHctBa (3.17), (3.18) c¢ paseHcTBOM
(3.16), 3axmouaeM, yto TpH J110GOM 1 cucTeMe orpaHuyeHui (3.10)

YOOBJNETBODPSIOT peuleHust Xy = (X + foty, ., Xp +poty; 0,0, ..., 0) 1
Xy =(x—poy, oony X —pat,y,; 0,0, .., 0).
HNockoneky x; 20 (j =1, 2, ..., n), TO MOXHO monoGparh p Ha-

CTOJIBKO MaibiM, YTO BCE KOMITOHEHTHI pelleHHi X; u X, OynyT Heor-
puuarenbHbiMu. B pesyneratre X; u X, GyAyT pasiuyHeIMM AOMYCTH-
MbiMu pewreHuaMu 3agaun (3.9) — (3.11). Ilpu stom, Kak nerko BU-
i
IeTh, pelleHne E(X' +X;) = (x1,%,..., %z 0,0, ..., 0) = X, T.e. TO4-
Ka X 1eXuT Ha oTpe3ke (B AaHHOM c/ly4yae B €ro cepeAmHe), paclosio-
KEHHOM B MHOTOrpaHHHMKeE pelieHHi. 3HaYUT X He gBasieTCH YITIOBOI
TOYKOH, 4TO NpoTuBOpeuut ycaosuio. CnenosarenbHo, Haille AoMyLLE-
HUe HEBEpHO, T.e. BeKTopbl Py, Py, ..., P, NUHEHHO HE3aBUCHUMEI U

X — nonyctumoe 6a3ucHoe pelreHne 3anauu (3.9) — (3.11).0

U3 teopeM 3.3 u 3.4 HemocpeACTBEHHO BBITEKAET BAXHOE CIEACT-
BHE. ecau 3a0aua AUHEUHO020 NPOZPAMMUPOBAHUA UMeem ONnMUMAAbHOe
peuierlie, mo OHO cognadaem, no Kpairetl mepe, ¢ OOHUM U3 ee donycmiu-
MbIX 6A3UCHBIX pelierull.

Hrak, onmumym aunelinoli @ynkyuu 3a0a4u auHelHo20 nPospaMMUpo-
BaHus credyem UcKamo cpedu KOHEHH020 HUCAQ ee 0onycmumbix Oa3UCHbIX
peluerui.
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TEOMETPHYECKMH METOJ
. PEIIIEHUA 3AJAY
JUHEUHOTO ITPOTPAMMMWPOBAHUA

B 1. 2 1 3 6bU10 KOKA3aHO, YTO MHOXECTBO HOMYCTUMBIX peLICHUI
(MHOTOrpaHHMK pelIeHMii) 3ajayd JMHEHHOro [porpaMMUpOBAHUS
npeacraeiser co0oil BBIMYKIBIA MHOTOrpaHHHMK (WM  BBINYKIYIO
MHOTOrpaHHyi0 o6JacTs), a ONTUMAJIbHOE pElIeHHE 3afaYH HAXOOUT-
cs, Mo KpallHeH Mepe, B ONHOW U3 YIJIOBBIX TOYEK MHOrOrpaHHuKa
pEUICHHMN.

PaccmoTpuMm 3amayy B craHpapTHoit dopme (1.4)—(1.6) ¢ nBymsa
nepeMeHHbIMU (1 = 2). K TaKoit Gopme MoXeT GBITh CBEAEHA M KAHO-
HHMYecKas 3ajaya (¢ orpaHHUYCHUSIMU B BHIE YpaBHEHHUMN), Koraa Yucno
niepeMeHHbIX # GoJIbllie YKC/TA YpaBHEHU mHa 2, T.€. n — m = 2.

xz A
F=F,

max

C

IRLLR
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[lycte reoMeTpuuyecKMM H300paAXKEHUEM CHCTEMbl OTpaHMYEHUIL
apngercs MHoroyroibHUK ABCDE (puc. 4.1). Heobxonumo cpeau To-
YeK 3TOro MHOTrOYroJlbHMKa HAailTH TaKyl0 TOUKY, B KOTOpOii IMHEHHAs
byHKkuMa  F = ¢x; + ¢;x, TPUHUMAET MaKCHMaJibHOE (MM MHHH-

MaJIbHOE) 3HAUCHME.

PaccMoTpuM Tak Ha3blBAaEMYIO AUHUIO YPOBHA NHHEHHoN (yHKIMH
F, T.e. nMHHIO, BAONb KOTOPOIi 3Ta (GDYHKLMS IPHHUMAET OHO H TO Xe
¢ukcuposaHHoe 3HaueHue a, T.e. F =a, Wwin

CXp +Cxy =4, “.1)

JIMHMKM YPOBHSA WIMPOKO HCMONB3YIOTCA, HampuMep, Ha KapTax
[porHo3a Morofsl, rA¢ W3BWIKCTBIE IMHHM — TaK Ha3biBaeMbIe H30-
TepMbl €CTh HE YTO MHOE, KaK JIMHMM YPOBHS Temmeparypul 1 = c.
Eule 6osee nmpocTbiM NpUMEPOM JTMHUIA YPOBHS SIBISAIOTCS Mapauleiu
Ha reorpaduyeckoi Kkapre. 3To JUHUHU YPOBHS LLIKPOTHL.

IMpennonoxum, Hago HaTH camylio CEBEPHYIO TOYKY KaKoii-Tubo
oblacT, HanpuMep CTPaHbl WM MaTepuka. OTo OyneT TouYKa, UMEIO-
1asg HauOONBIUYIO0 LUMPOTY, T.€. TOYKA, Yepe3 KOTOPYIO MPOXOIMT Ma-
pautenb (IMHUSA YPOBHS) ¢ caMoil 6o/bilIoi WHpoTOoil (YypoBHEM).

WMeHHO Tak M HAmO MoCTynarb NMpH TEOMETPHYECKOM pPELICHHUH
3agay JIMHelHoro nporpaMMuposanusi. Ha MHoroyronbHuke pelueHuii
cleayeT HalTH TOYKy, Yepe3 KOTOPYIO NMPOXOAUT IUHHS YPOBHS (YHK-
uun F ¢ HauGonbuiuM (ecnu JInHeiHas QyHKLMS MaKCUMU3UPYETCS)
WK HAUMEHBUINM (ECIH OHA MUHUMH3HUPYETCS) YPOBHEM.

YpasHeHHe NUHUM YpoBHS GYHKIMHU (4.1) ecTb ypaBHeHuE NpsiMoit
muHuM. [Ipy pa3nuuHbIX YPOBHSX @ IMHUK YPOBHS NMAPALIENBHbL, TAK KaK
UX YIJIOBbIE KO3(P@ULIMEHTB! ONPEAEISIIOTCS TONBKO COOTHOLUEHHEM MEX-
Iy koabdbUuMeHTaMu ¢; U ¢; M, CJIENOBaTeNIbHO, paBHbL. Takum oGpasoM,
JMHUK ypoBHA GyHKuMH F — 3T0 cBoeoOpasHbie “mapamienu”, pacrio-
JIOXEHHbBIE 00bIMHO MO YIJIOM K OCSIM KOODIMHAT.

BaxHoe cpoiicTBo JIMHHUU YpOBHS JHUHEHHOH (GYHKUMH COCTOMT B
TOM, YTO NPH NAPAUIEIbHOM CMEIIEHUH JIMHUHU B OHY CTOPOHY YpO-
Be€Hb TOJNLKO BO3pacTaeT, a MPU CMEUIEHWH B JPYIYI0 CTOPOHY —
TONBKO YObIBaeT.

ITycTs uMerOTCA TPU IMHUU YPOBHS

F = C]xl + chZ = al’ (I)
F= C\ Xy + CyXy = ay, (ll)
F = Ci Xy + CyXy = a3, (Il[)
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npvieM muHus 11 samoyena mexay anHusamu I n 111 Torna a; < a; <
<azvum ay > @y > as.

B camom nene, HAa LUTPUXOBOH NUHUU (NEPNEHAMKYISAPHOW K Nu-
HMSM YPOBHSI Ha puc. 4.2) ypoBEHb sBJisiercsl IMHERHON dyHKuuKEH, a
3HAYUT, MPU CMELIEHHH B ONHOM M3 HAMpaBJIEHUN BO3pacTaer, a B
ApYroM — yOblBaeT.

111

X A

Puc. 4.2

Jlns onpeneneHus HaMpaBlE€HUsi BO3pacTaHMs PEKOMEHAyeTcs
M300pasuTh NABE JIMHUM YpOBHS M OMNpeNeNuTb, HA KOTOPOH U3 HHX
ypoBeHb Gonbuie. Hampumep, ofHY U3 JINHUH MOXHO B3STh MPOXO-
Asillei yepe3 Hayalo KOOpAMHAT (eclu JNUHeiHas QyHKuusi umeer
BUI F = ¢;x; + €;X;, T.e. 6e3 cBoGOJHOTO 4IeHa, TO 3TO COOTBETCT-

ByeT HynesoMy ypoBHI0). JIpyryio JHHHIO MOXHO [IPOBECTH IPOM3-
BOJIBHO, TAaK, HAMPUMEp, YTOOBI OHA NMPOXOAMJIA YEpe3 MHOXECTBO
pPeueHnit cucreMsl orpaunyeHuid. [lanee, onpenenus HanpapieHHE
Bo3pactaHus NUHEHHOH (yHKUMH (0603HAYUM €ro BEKTOPOM § ),
HaiiieM ToOYKy, B KOTOopo¥ (yHKUMS MPUHHUMAET MaKCHMMalbHoe
WY MUHUMAaNbHOE 3HaYeHHe, NMOAOOHO TOMY KaK Ha KapTe Haxo-
AMTCH camas ceBepHash MW caMas l0XHas Toyka (Ha puc. 4.1 —
3To toyka C unu A).
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D> 4.1. Pewuts reomerpuuecku 1-1o 3amauy u3 pasn. 1.2:
F =2x; +3x, > max
IIPH OrpaHHYEHUSAX:
x +3x;, <I18,()
2 +x, <16,(11)
x, <5, (1)
3x, <21, (1V)
x 20, x,20. (V,VD

F=F,=24

max

Puc. 4.3

PeweHune. M300pasuM MHOrOYroibHUK pelieHMil (aHATOTHYHO
TOMY, KaK B 3aauye 2.5) Ha puc. 4.3. QueBuaHo, yro npu F= 0 nuHus
ypoBHA 2x; + 3x3 = 0 mpoxoauT yepe3 HaYaI0 KOOPAWHAT (CTPOMUTH ce
He obszaTenbHo). 3aganum, Hanpumep, F = 6 U NMOCTPOUM JHHHKIO
ypoBHS 2x; + 3x; = 6. Ee pacnosioxeHue yKasbiBaeT Ha HAMpaBIE€HUC
BO3pacTaHusi TMHEHHOH dyHKuuu (BekTop ¢ ). Tak Kak paccmarpusac-
Masl 3371242 — Ha OTBICKAHME MAaKCHMyMa, TO ONTUMAJIbHOE pelieHue -
B yrosoit Touke C, Haxomsilleiica Ha nepecedeHnu npsambix | u it
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T.€. KOOpAMHATBEl TOYKH C ONpeaACNAIOTCA PCUICHUEM CUCTEMbI YpaB-
- {xl + 3x2 = 18

’ =6, x,= 4, 1.e. C(6:4).
2%, + %, = 16, oTKyaa x; = 6, x; T.e. C(6;4)

MakcuMyM (MakcUMajibHoe 3HayeHHe) NMHeHHo QYHKUMHM paseH
Frx =2-6+3-4=24
Hrtak, Fyax = 24 NpU ONTHMATLHOM pEIEHHH X = 6, x; = 4, T.e.
MaKCMMaibHast npuGbuie B 24 py6.! Moxer GbITb HAOCTMrHYTAa MpH
nmpou3BoAcTBe 6 eANHHUL MpoayKuun Py ¥ 4 eAMHHUL TIpoayKUMHU Po. D>
P> 4.2. Pewuntbh reomeTpryecku 2-10 3agayy u3 pasn. [.2:

F =4x + 6x, - min

HEHUI

1IpU OrpPaHNYECHUSIX:
3¢ +x,29, ()
x +2x, 28, (1)
X, +6x, > 12, (I11I)

X 2 0, Xy 2 0. (IV,V)

Pe e uue MHOroyronbHUK pelLieHHil Mpenctasiser coGoif Heor-
PaHnyeHHylo MHoroyronbHylo obnacts (puc. 4.4). Ilo pacnonoxeHuio

! HanomuHaem, yto B 3amaye Bce LMPH YCTIOBHBIE.
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JIMHMM YPOBHS, Hanpumep, F = 12 unu 4x; + 6x, = 12, HaXxoOuM Ha-
NpaBJeHUE BEKTOpA ¢ (STOT BEKTOP YKa3biBaeT HA HANpapieHHE BO3-
pactaHus nuHeiiHoi dyHkuuu). OyeBMaHO, YTO TOYKA MHHMMyMa —
3TO ToYKa B “BXoma” B MHOrOYIOJbHUK PELUEHHIt, HGO MPU AATbHEN-
leM NMEPEMEILEHUH JIMHUU YPOBHSA B HANPABIEHUM BEKTOpa ¢ 3Haye-
HUA JTUHelHOIi QYHKUUHK yBeTHUMBAIOTCS.

Haxonum koopamuarel toukun B (2;3), mpu arom K,
+6-3 = 26.

WUrak, Fpip = 26 Npyt onTHMATBHOM pELIEHHU X; = 2, X3 = 3, T.€.
MMHMMAJTbHAs CTOMMOCTb palMoHa 26 py0., eciM B Hero BKJIIOYUTD 2
eauHMubl KopMa | n 3 eanHuub kopma 1. B

=4.2+

B paccMOTpeHHBIX 3aMayaX MAaKCUMyM M MHHHMYM JIHHEHHOM
bYHKUMH XOCTHIAICS B OOHOW TOYKE, TAK YTO 3a4a4¥ MMENH E€NUHCT-
BEHHOE OMNTHMalbHoe peurenue. Ha npakTuke Hepeixko BCTpeyaroTcst
3aa44, KOTODBIE 3TUM YCIOBUSIM HE YHOBIETBOPAIOT. B momoOHbIX
CIIyqyasx reoMeTPUYECKHI METOA TaKXKe MO3BOJSET MOXYYUTE OTBET.

4.3. PeuluTh reoMeTpUYECKU CENYIOLIUE 3a0a4uu;

a) F =3x; +3x, - max 6) F =2x -3x, +1 - min
[IPH OTPaHMYEHHAX: TIpH OrPaHUYEHUSX:,
X +x <8, (I) X +x; 24, (I)
2 -x 21, (II) 2, -x, 21, (II)
X -2x, <2, (1) X ~2x; <1, (1)
X 20, x,20; (IV,V) x 20, %20 (IV,V)

PeuwreHue. a) I'eomerpuieckoe pelieHHe 3agayd [0Ka3aHO HA
puc. 4.5, @, U3 KOTOpOro C/ieayeT, YTo JIMHUS YpPOBHS C MaKCHMalb-
HbIM YPOBHEM COBMAfgaeT ¢ rpaHWYHON JUHMEH AB MHOroyrolbHMKa
peweHuit ABCD, t.e. ¢ auHueit x; + x; = 8. CnenosatesibHo, Ha BceM
otpe3Ke AB nuneitnas ¢yukuus F= 3x; + 3x; IpuHUMAET OfHO U TO
XKe MaKCHMaJIbHOe 3HauyeHHe, paBHoe 3(x; + x;) = 3.-8=24. 910
O3HayaeT, YTo 3aja4ya uMeeT OECKOHEYHO MHOTO ONTHMANbHBIX peule-
HUI (MX 3a1a10T KOOpAMHATBI TO4YeK oTpe3ka AB), cpeau KoTophiX
0a3MCHBIX ONTUMATbLHBIX PEUIEHHI ABA — COOTBETCTBEHHO B YITIOBBIX
touykax A(3; 5) n B(6; 2). Touku orpe3ka AB 3amaioTcsa ypaBHEHHEM
xp=8—x,rne 3<x <6.
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n Fo—<
F=0
A
I 111
B F=6
\Y
1 1 L 1 1 -
- 4 5 6 x
6

Puc. 4.5

Hrak, F.x = 24 npu GecKoHeYHOM MHOXECTBE ONTHMAIBHBIX Be-
weHuid Xy =¢, =8 — ¢, tae 3<c<6.

Jameuanne. [Ipu reomerpuueckoM pelleHWM MOXOCHLIX 3a-

Ja4 BAXHO TOYHO YCTAHOBUTH, ACHCTBUTENLHO JIH COBMANAeT JIMHUA

YpPOBHS ¢ rpaHHLell MHOTOYTONIBHUKA pElIeHUI WM 3TO CBSA3aHO C

HETOYHOCTBIO IOCTPOECHMIl, MEJKMM MacluTaboM pHCYHKA M T.IIL

OtBeT Ha 3TOT BOIPOC GYIET MONOXUTEIbHBIM, €CJIH JIMHUSA YPOBHSA

U TpaHMYHAs NpAMasg TMapajUie/ibHBl, T.e. UX KO3hPULHEHTH NPU

nepeMeHHBbIX NpPONopUMOHANBHEL. B paccMarpuBaeMoM IpuMepe

K03 OULUEHTBl NPY TNIEpeMEHHBIX JTHHUM ypoBHA F = 3x; + 3x

NPONOPLUOHANBHE COOTBETCTBYIOIUUM KoadpduumMeHTaM TrpaHHY-

HOM npsaMoil x| + x=6.

6) I'eomerpUyecKoe pelleHHe 3a1a4yu MOKa3aHO Ha puc. 4.5, 6, u3
KOTOPOT'o CEAYET, UTO €CJIM JIMHHIO YPOBHA epeMellaTh B HaMpasie-
HUU yObIBAaHMSA JIMHEIHOM ¢YyHKUMHU (T.€. B HanpaBleHUH, NMPOTHBO-
NOJIOXHOM BEKTOPY ¢ ), TO OHAa Bcerga Oyler nepecekarb MHOIO-
YIOIBHYK pellleHUH, cneloBaTeNIbHO, JMHEHHAA (DYHKIIHMsA HEOrpaHu-
YeHHO yObIBaeT.

Urak, koHeyHOro onTMMyMa JuHeiHONW yHKUMM HeT!, T.e.
Frnip = —0. B

! Ecau 3ajayy c Toil XKe JHHeiAHO#H (QyHKUMEH U C TOi Xe cHUCTEMo# or-
PaHM4yeHuit pewaTb Ha MakcUMyM (F — max), TO JMUHMIO YPOBHSl CliedyeT
NepemelaTh B HallpaBieHKK Bo3pacTaHuA F (T.e. B HalpaBneHHM BeKTopa § ),

Y B 3T0if 3aa4e OTCYTCTBYET KOHEYHBIH onTUMYM (cu. puc.4.5, a): F,, = «.
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Ipu reomeTpuyecKoM pellEHMH 3aJay JMHERHOro MpPOrpaMMHpO-
BaHMSl BO3MOXHBI COy4au, KOI[a yCAOBMS 3a4ay IPOTHBOPEUYMBLL, T.€.
06N1acTh HONYCTHMMbIX PELEHHMt CHCTEMBI OTPaHMYEHMH MPENCTABIAET
MyCTOe MHOXecTBO (cM. HanpuMep, puc. 2.9, ). OueBHAHO, B TaKHX
3a1ayax HeT ONMTHMMAIbHBIX PEIUEHWH W HET CMBICAA CTPOMTH JUHHIO
YPOBHS.

PaccMoTpeHHBIt B 3TOl r1aBe reOMETPUYECKUil METO PEIIEHHS
3a0a4 JMHEAHOro IporpaMMMpPOBaHMs 00JamaeT pAaoM HOCTO-
MHCTB. OH npocr, HarasaeH, 1o3ponaser ObICTPO W JIErKO MONYYMThb
OTBET.

OnNHaKo TONBKO TeOMETPUYECKHI METON pelleHUs HMKAK He
MOXET YNOBIETBOPUTH HW MATeMaTHKOB, HM 3KOHomucToB. Bo3-
MOXHBI “rTeXHHYyecKHe” MOrpellHOCTH, KOTOpble HeU30EeXHO BO2-
HHUKAIOT npH npUOAHXEeHHOM MocTpoeHWM rpadumkos. Bropoit He-
NOCTAaTOK reoMeTpHYEeCKOro MeTOMNa 3aKJIIOYAETCS B TOM, YTO MHO-
e BENUYMHBI, UMEIOLINE YeTKUIE 3KOHOMMYEeCKMH cMbICh (TaKue,
KaK OCTaTKM PecypcOB IPOM3BOJACTBA, M3OBITOK IMTATENbHBIX Be-
WECTB M T.M.), HE BBIABJAAIOTCSA IIPH TEOMETPHYECKOM peIHeHUU
3ana4. Ho camoe rnmaBHoe — reoMeTpHYyecKMil MeTOX HelpHeMieM
IUTA peuieHus MpaKTHYecKUX 3anady. Ero MOXHO NMPUMEHHUTDh TOJBKO
B TOM cjyyae, KOrZa 4YMCJIO MepeMeHHbIX B CTAHOAPTHON 3ajaue
pasHo naByM. IloaToMy HeoOXOAUMBI AHAIUTUYECKME METOMABI, MO-
3BOJIAIOLIME pelNaTh 330aYd JUHEHHOro NporpaMMUpOBAHUA C JiIO-
ObIM YHMCIOM NEpeMEHHBIX U BBISIBUTb SKOHOMMYECKHM I CMBICH BXO-
OAIKX B HUX BeNUYMH. DTU MeTOoAbl OyAyT pacCMOTPEHBI B cie-
DYIOWNX r1asax.

YITPAXKHEHWA
3anaun 4.4—4.10 pelinTh reoMETPUIECKH.
44. F = 2x; - 6x, - max 4.5. F = 2x; - x, - min
NIPU OrpaHUYEHHSIX: IPY OrpaHUYUEHHUSX:
Xp+ X 22, X+ Xy 24,
-x; +2x, < 4, -X; +2xy < 2,
X +2x; <8, X +2x, <10,

1
leO,Xzzo. x|205x220'
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4.6. F = x; + x, - max 4.7. F = 2x; - x, - min
NpH OrpaHUYEHHUSAX: MpU OrpaHUYEHHUAX:
x —4x, -4<0, X+ x; 24,
I -x 20, 2 -xy22,
X +x-420, -x; — 2x; 2 -10,
20, x,20. 20, x20.
4.8. F = x; - x, - max "~ 4.9. Tekct ycnoBusl NpUBEAEH B
NP1 OrpaHUYEHUSX: sanave 1.4.
~2x + X <2, 4.10. TekcT ycnoBUs NPUBEIEH B
xp—2x3 < -8, samave 1.5.
x| +Xx3 <5,
x 20, x; 20

3anayn 4.11, 4.12 peluuTs reOMeTpUYECKH, NPEABAPHTENBHO IPH-
Bels UX K cTaHzapTHoH dopme.

4.11. 4.12.
=—4x; ~2x) + X3 - x4 > max F = x +2x; + X3 — X, ~ 6 — min
MpH OrpaHUYEHUsIX: MpY OrpaHHYeHHsIX:
X=Xy +4x3-2x4 =2, X+ 5% + X3+ x4 +%x5 =10,
3)C1+2X2-)C3+4)C4=3, 2x|_x2+x3_3x4 =6;

10x; + x5 + 2x4 + 3x5 = 25,

x; 20, j=1234.
)CJ 20, j= 1,2,...,5.
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CHUMILJIEKCHEIN METOJL

5.1. T'eomeTpHueckas HHTEpHpPETANHUS
CHMILJIEKCHOTO MeT0Ja

B rn. 3 paccMoTpeHbI OCHOBHBIE TEOPEMBI JIMHEHHOrO MPOrpaMMHu-~
POBaHMA, U3 KOTOPBIX CNEAYET, YTO €CIH 3alaya JMHEeHHOro nporpam-
MMPOBAHMS UMEET ONITUMALHOE PELIEHUE, TO OHO COOTBETCTBYET XOTH
Obl OfIHO# YIJIOBON TOYKE MHOrOrpaHHMKAa pelleHWit M CoBMamaerT, Io
KpaiiHeil Mepe, C OJHUM H3 JOIMYCTMMBIX OA3UCHEBIX pelleHWH cUCTe-
MBI orpaHuueHuit (cM. teopemsl 3.3, 3.4). Tam xe ObLT ykasaH MyTb
peuwleHus 11000 3amauM AMHEHHOro NMporpaMMHUpPOBaHUsA: Mepedpathb
KOHEYHOE YUCIO NOMYCTUMBIX OAa3MCHBIX pelleHUi CHCTeMBbl OorpaHu-
YeHU! W BHIOpATh cpeay HUX TO, HA KOTOPOM (PYHKLMS LENU IPUHH-
MaeT onTUManbHoe peleHUue. [eOMEeTpUYECKH 3TO COOTBETCTBYET Iie-
peGopy BCeX YINIOBBIX TOYEK MHOrorpaHHMKa peweHuit. Takoii mepe-
6op B KOHLIE KOHLIOB NMPHBEAET K ONTUMATBHOMY pellleHHI0 (ecan OHO
CYLIECTBYET), ONHAKO €ro MpakKTU4YeCKOEe OCYLIeCTBIEHUE CBI3aHO C
OrPOMHBIMH TPYAHOCTAMH, TAK KAk I peaibHBIX 33134 YMCIO JOMycC-
TUMBIX Ga3UCHBIX pellleHHit XOTA U KOHEUHO, HO MOXET OBITh Ype3Bbi-
YalHO BENHKO.

Yucno mnepeSupaeMbiX NONYCTHMBIX Oa3sHCHBIX pelIEHHH MOXHO
COKPATHUTh, €CNIH MPOM3BONMTL Nepebop He GECIOPANOYHO, A C YYETOM
U3MeHeHUH JTHHeHHON GyHKUMH, T.€. noOMBasACch TOro, YTOOb!I Kaxioe
crenywoluee pelleHne Obuto “nmyyine” (MW, MO KpailHeir Mepe, “He
Xyxe”), 4em [penbyiyuiee, Mo 3HAYEHUAM JMHEHHON GYHKUUHU
(yBenuyeHMe ee NpU OTBICKAHMM MaKcuMyMa F — max, yMeHblUeHHe
— NpH OTBICKAHWK MMHUMyMa F — min). :

Takoit nepe6Gop Mo3Bonger COKPaTHTh 4KHC/IO IHAroB MpPM OTHICKA-
Huu ontuMyMa. TlogcHUM 310 Ha rpaduYeckoM MpUMepe.
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[lycTs obnacTb NOMYCTUMBIX PELIEHUH U300paxaeTcs MHOroyrojab-
nukoM ABCDEGH (puc. 5.1). TpeamonoxuM, 4To €ro yrjiosasi TouKa
A COOTBETCTBYET MCXOAHOMY HOIyCTUMOMY 6a3ucHoOMy peweHuto. Tlpu
Gecnopsao4HoM nepebope npuuLioch 6b1 UCIBITATE CEMb JONYCTUMBIX
Ga3uCHBIX pEUleHUH, COOTBETCTBYIOLIUX CEMH YIIOBbIM TOYKAM MHO-
royrofibHMKa. O[HaKO M3 yeprexa BUAHO, YTO IOC/E BEPUIMHBI A
BBLITOIHO NEPEHTH K coceHeil BepiuMhe B, a 3areM — K ONMTUMAIbHOH
touke C.

x, A
\\
B \C
N
A \f=Fm,,
E
N F=0
\
\
N H G
0 \\ X,
> Puc. 5.1

BMmecro cemu mepeGpany TONBKO TpU BEpUINHBI, MOCIENOBATENBHO
yAyqiuas auHeiHyo GyHKUHIO.

WUnes nocnenosareabHOro YAyYIHEHMsl pelEHUsl Jiersla B OCHOBY
YHUBEpPCATLHOTO METONA PELIEHUs 3a4ay JUHEHHOro nporpaMMUpOBa-
HUA — cumnaexcrozo' memoda.

leomeTpruecKkmit CMBICT CUMILIEKCHOTO METOAA COCTOMT B IOC/IENO-
BaTebHOM MEPEXO/i€ OT OAHOI BepUIMHBI MHOTOrpaHHUKA OrpaHUYEHU I
(HaspiBaeMoil nepBOHAYANBHOM) K CcocelHel, B KOTOPOH JMHEHHas
byHkUMs npuHMMaeT ayyiuee (110 KpaitHeil Mepe, He Xyllllee) 3HaYeHUe

! Cumnnexc (nat. simplex — npocrtoit) — nmpocTeifliit BHITYKIbi MHOTO-
TPaHHHMK B n-MEpHOM IIPOCTPaHCTBE C n+1 BepuiMHOH (HampuMep, TeTpaslp B
3-MepHOM NPOCTPAHCTBE); CUMIUIEKCOM BNfAETCA TakXe 06MacThb AOMYCTUMBIX

n
PeUleHHit HepaBeHCTBA BUAA ij <L
i=l

H(.CJICJOBGNVIC onepaimn
B IKOHOMUKE
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(Mo OTHOLHEHMIO K LIEMU 3aJayu) A0 TeX IOp, IOKa He OymeT HaimeHo
ONTUMAIbHOE pelICHWE — BEpIIWHA, [A€ NOCTUIAeTCH OMNTHMAaNTbHOe
3Ha4YeHUE QYHKUMM LENH (ecny 330a4a UMEET KOHEUHBIH ONTHMYM).
BnepBbie cuMIUIEKCHBIH MeTox ObUI NpeAIOXeH aMepuKaHCKUM
yyeHbiM Ix. JanuuroM B 1949 r., ogHako ewe B 1939 r. uaen Merona
ObL1M paspaboTtaHbl poccHitckuM yueHbiM JI.B.KaHTopoBrueM.
CuUMIUIEKCHBIt METOJ, MO3BOJISIIOWNWIA PEIUTE JI00YI0 3ajavy Jini-
HEHHOro nporpaMMHUpOBaHUs, yHuBepcaieH. B Hacrosuiee Bpems OH
MCIIONB3YETCs A1l KOMITBIOTEPHBIX pacyeToB, OJHAKO HECHOXHBIE IpU-
MEpHI C IIPUMEHEHHEM CUMIUIEKCHOIO METONA MOXHO PEIlaTh i BPYUHYIO.

dns peanusaumm CUMIUIEKCHOTO MeTofa — I1OCAeOBATENLHOTO
YIYYIIEHUs peIeHUsT — HeoOXOOUMO OCBOMTb MPU OCHOGHbBIX
neMmenma.

® cnoco6 onpedenenHus KAaK020-AUb0 NEPBOHAMANBHO20 OONYCMUMOZ0

6a3ucro20 pewierus 3adavu,

® 1pasuno hepexoda K ayvuieMmy (mouHee, He XyOulemy) peuweHuro;

o Kpumepuli npogepKu ONMUMAAbHOCMU HAUGEHHO20 pelleHuUs.

[Ons ucnonb3oBaHUs CUMIUIEKCHOIO MeETOAA 3amavya JHHeHHOro
NPOrpaMMHKPOBaHMS IOXKHA OBITb MpHBEAEHA K KAHOHUYECKOMY BMAY,
T.€. CUCTEMA OrpaHWYEHMH AOMXKHA OBITh MpeNCTaBA€HA B BHIE YpaB-
HEHUH. AJITODHTM KOHKPETHOH BBIYMCIMTENIbHONH peanu3alid 3THX
3JIEMEHTOB PACCMOTPUM Ha NPUMEpax.

5.2. OTbicKaHue
MAKCHMYMA JHHEHHOH GyHKIHH

B kauecTse mepBoro nmpMMepa pacCMOTpHM 3alayvy o6 HCNoNb30Ba
HUU pecypcos, copMymnposatHyl0 B pasa. 1.2 u yxe peleHHYIG
reoMeTp1uecku B 3agave 4.1,
D> 5.1. Pelunth CUMIIEKCHBIM METOLOM 3a1auy:
F = 2x; + 3x;, » max
IIpH OrpaHHYEHHSAX:
x; +3x; <18,
2x+ x,<16,
x, <5,
3x <21,

é.D

20, x;20.
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X,

0 ! 2 3 4 5 6 F X,
Puc. 5.2

PeweHue C NoMOWbIO HOMOTHUTENBHBIX HEOTPHLATENBHBIX
nepeMeHHBIX MepeiieM K CUcTeMe ypaBHeHUil. B naHHOM ciyyae Bce
JOMONHUTENIbHBIE NIEPEMEHHBIE BBOAATCH CO 3HAKOM “ILTIOC”, TaK KakK
BCE HEpaBeHCTBA MMEIOT BUI “ <” [cm. cucreMy orpaHuyenuit (1.26)].

MonyuynM cucteMy OorpaHUYEHHU B BULE:

X+ 3x; + x3 =18,

2 + Xy + x4 = 16, 6.2)
X; + x5 = 5,

3x, + xg = 2L

[na HaxoxneHus nepBoHAyanbHOro Ga3uCHOro pelleHusn pa3odbeM
nepeMeHHbIe HA ABE rpYMIIBl — OCHOBHBIE M HEOCHOBHbIE. TakK Kak
OIpefENUTENb, COCTABIEHHbI U3 KO3(DDHLKMEHTOB NMPU NOMONTHUTENb-
HBIX MEpPEeMEHHBIX X3, X4, X5, Xg, OTIMUEH OT HYAH, TO (cm. pa3n. 2.1) atn
NlepeMEeHHble MOXHO B34Tb B KayeCTBE OCHOBHLIX HA [EPBOM Luare
pewtenus 3amauu. Tlpyu BbIOOpPE OCHOBHBIX IlepeMEHHBIX Ha IEPBOM
rare He o0s3aTeBHO COCTABISATL ONMpEAeNUTENb U3 WX KO3DDHULIHEH-
TOB Y IPOBEPATb, paBeH JM OH HyT10. JIOCTATOYHO BOCMONB3OBATHCS
CIIENYIOIIMM TPABUIOM:

8 Kauecmee OCHOBHbIX NEPDEMEHHbIX HA nepeom uwiaze caedyem avibpame

(ecau 803mONCHO) MaKue m nepemMenHbiX, KAXOaA U3 KOMOPsIX exooum

moasbKo @ 00HO U3 m YpasHeHull cucmembl 02DAHUYEHUL, npu mom

Hem maKxux ypasHeHul cucmembi, 8 KOmopbie He 6xX00um Hu 0OHa U3

IMuUx nepeMeHHsIX.
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HomnonHuTtenpHble MEpEeMEHHbIE YIOBIETBOPAIOT 3TOMY NpaBMIy.
Ecnu BbIGpaHHbIE MO 3TOMY NpaBUAY MepeMeHHbIE UMEIOT T€ XE 3Ha-
KH, 4YTO M COOTBETCTBYIOLIME WM CBOOONHBIE WIEHBI B MNPABBIX YacTAX
YpaBHEHHit, TO Noly4eHHOe TaKUM 06pa3zoM GasucHOE peleHue Oyner
HONycTUMbIM. B 1aHHOM ciiyyae Tak M MOMYYMIOCh.

I mar. OcHoBHblE MEpeMEHHBIE: X3, X4, X5, Xg.
HeocHoBHEIE epeMEHHBIE: X, X).

BripaszuM OCHOBHbBIE NIEpEMEHHbIE Yepe3 HEOCHOBHBIE:
x3 =18 = x - 3x,,

X4 = 16 - 2x| - X,

5.3
[XS = 5 - xbj ( )
%6 = 21 - 3x,

[TonoXxuB HeOCHOBHEIE MEPEMEHHBIE PaBHBIMU HYyIO, T.e. x; = 0,
x; = 0, nonyyum GasucHoe peenue X; = (0; 0; 18; 16; §5; 21), koro-
poe sBIsAeTcA AOMYCTUMBIM M coorBercrByer BepiuuHe O(0;0) mHoro-
rpaHHuKa OABCDE na puc. 5.2. [TocKonbKy 3TO pellieHHEe NOTIYCTH-
MOe, Helb3fl OTOPOCHTH BO3MOXHOCTb TOMO, YTO OHO ONTUMAIBHO.
BoipasuM smHeiiHyl0 (YHKUHIO uyepe3 HEOCHOBHbIE MEPEMEHHBIE:
F =2x, +3x,. Tlpu peweuun X| 3HaueHne PpyHKuMH paBHO F(X|).

Jlerko noHsTb, 4ro PyHKUMIO F MOXHO YBEJIMYUTb 34 CYET YBEIHYE-
HUS 060N U3 HEOCHOBHBIX MEPEMEHHBIX, BXOASIUUX B BbIpaXeHUE
a1 F ¢ nonoxnteabHeIM KO3 GULUMEHTOM. DTO MOXHO OCYLIECTBUTD,
nepeias K TakoMy HOBOMY OOMYCTUMOMY Oa3sWcHOMY peLIeHWIO, B
KOTOPOM 3Ta nepeMeHHast Oyner HeOCHOBHOM, T.€. MPUHMMATL HE Hy-
JieBoe, a MOJIOXUTENbHOE 3HaYeHKe (eci HOBoe pelieHHe OymeT BbI-
POXIEHO, TO (PYHKUMS LETH COXpaHUT cpoe 3HayeHue). Tlpu Takom
nepexofe OfHa U3 OCHOBHBIX MEePeMEHHBIX NEPEHIET B HEOCHOBHEIE, &
reoMeTpHYecKd NPOH3OMIET Iepexoh K COCeNHeH BepluMHE MHOrO-
yrONIbHUKA, [Ie 3HaueHue JUHeHHoN PyHKUMU “aydine” (Mo KpaiHei
mepe “He xyxe”). B maHHOM npumepe i yBeauueHUs: F MOXHO Iic-
PEBOAMTbL B OCHOBHBIE MO0 X;, TUOO X), TAK KaK 00€ 3TH MepeMeHHbI¢
BXOJAT B BhipaxXeHue s F co 3HakoM “rurioc”. JUIs onpeneneHHoCT:!
B Takoi curyaluuu Oymem BbIOMpaTh MEpeMEHHYI0, UMEIOIYI0 GOt -
wuit KoapdbuLKeHT, T.e. B AAHHOM cy4ae x; (TaKoe MpaBuiIo BBICO::
HE BCEraa JaeT HauMeHee TPYAOEMKOe pellieHHe, MHOTIA UMEeT CMBI.
NPOBECTH NIPEABAPUTENBHEIE CIIEHMANbHbBIE OLIEHKH).






