


MCCJIEZIOBAHUE
OHEPAIH/II/I

SHOHOMI/IHE

MMon penakuueit nmpodeccopa H.II. Kpemepa

Pexomendosano Murnucmepcmeom obpazoeanus
Poccutickoli Qedepayuu 6 kauecmeae yuebrozo nocobus
onst cmydenmog evicutix yueOrHoix 3a6edenul,
00YHaoWUXCcst RO IKOHOMUMECKUM CReYUAAIbHOCHAM

v
\

IHUTHU
UNITY

Mocksa « 2005




YIK 330.45(075.8)
BBK 658661.5a73
n87

Beepoceuiickuii 3a0uHbiii PHHaHCOBO-IKOHOMHIECKH MHCTHTYT
Pexrop akaa. A.H. Pomanoe
[Mpeacenarear Hayyno-metoantcckoro coseta npod. A M. daiiumbezos

KoanexTus aBTopos:
npog. H.Ill. Kpemep (npcauciosue, Bseaenue, ta. 1-3, 6, 8, 10-12,14-16),
nou. 5.A. [lymko (tn. 4, 13), pou. 4. M. Tpuwun (vn. 7), nou. M.H. Qpudman
(ra. 5,9). Ipy noarotoske rn. 10-12 ucnonb3osanpl ony6 1M KoBaHHbIE

ns7

maTepuanbl gou. M.A. Bodmenko v pou. T.C. Qogpanoeoii.

PeuneHseRnTh
kaghedpa npuxaadnoti mamemamuxu Mockoeckozo zocydapcmeennozo
YHUBepcumema SK0HOMUKN, CIMAMUCMUKU U UHpOpMamuKy
(3as. kadeapoit npod. M.H. Macrtacsa)
M 0-p TeXH. HayK, npod. B.B. [Todunoeckuii

I'nagublii peraktop usnparensersa H. . Jpuawenu

HccaenoBatue ornepalinii B 3KOHOMUKe: Yuel. rocodue [Uist
ByzoB /H.HI. Kpemep, B.A. Ilyrko, U.M. Tpuuun, M. H. ®pua-
MaH; Tlox pen. npod. H.11l. Kpemepa. — M.: KOHUTH, 2005. —
407 c.

ISBN 5-238-00636-5

B yue6HoM nocobuM npedcTaBIeHbl MOACAH JAMHEHHOTO M LCTOYUCICH-
HOFO IPOrPAMMUPOBAHUSA, KAACCHYECKHUE METOAb! ONTMMH3aLUU, 3a0a4H Bbl-
NYyKAOrO M [AMHAMMYECKOTO NPOrpaMMHPOBU4HUA, MOAEIH YHPABACHMS
3anacaMy M CCTEBOFO MJIaHUMPOBAHUSI ¥ YTIPABAEHHA, 3NEMEHTbI TEOPUH UTD
¥ MaccoBoro obciyxuBanus. PaccMOTpecHB! HEKOTOpPbi€ BONIPOCHI IPUMEHE-
Hua I9BM ai1a peurcHus 3a1a4 MaTeMaTUHCCKOIo nporpaMMuposanus. [Tpu-
BOAHUTCA 0OAbLIOE KOJHYECTBO 3KOHOMHYECKMX 33324 C PELUCHUAMU M LIS
CaMOCTOSTEIbHOH PaboTLI.

[dna cTyacHTOB 3KOHOMHYECKHX BY30B, KOHOMHCTOB M MU, 3aHUMAIO-
UXCs caMoobpa3oBaliueM.

BBK 658661.5473

ISBN 5-238-00636-5 © Komnektus apropos, 1997

© IOHUTH, 1997



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.
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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



24 ' nasa 1

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
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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



DNEMEHTBI nuHeHon anrebpbl U reomeTpum 35
o

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
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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; + ... + €%,
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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).
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Cucrema (5.3) HaKIAObIBAET OrpAHUYCHHUS HA POCT MEPEMEHHOMR X3.
[ToCKOJMIBKY HEOOXOAUMO COXPaHAThb HOMYCTUMOCTh PEUIEHHUI, T.e. BCe
repeMEHHBIE JOXKHBI OCTAaBaThCA HEOTPMLATENBHBIMU, TO JOKHBI
BBITIOJIHATBECH ClienyiouMe HepaseHcTBa (MpU 3ToM X; = ( Kak Heoc-
HOBHAs EpeMeHHas )

=18 - 0
%3 3%y 20, x, <18 /3,
x4 =16 - x; 20,
oTKynma {x, <16 /1,
X5 = S—JCZZO, %< 5 /1
x6=21, 2 )

Kaxnoe ypaBHeHue cucteMbl (5.3), KpoMe MOCIEAHEro, ONpeneiser
OLIEHOYHOE OTHOIIEHME — rpaHMIly pocTa IepeMeHHO#l Xx;, coxpa-
HSIOLLYIO HEOTPULATENBHOCTh COOTBETCTBYIOLUEN MepeMeHHOM. Jrta
rpaHuLUa onpenensiercsa abcoMOTHON BENTUUMHON OTHOLUEHHs CBOGOX-
HOro 4ieHa K Koah®hULUMEHTY NMpH X MPH YCIOBUH, YTO BTH 4YUCIA
UMEIOT pasuble 3HaKu. [locienHee ypaBHeHHe CUCTEMBI HE OTpaHUYM-
BaeT POCT NEepeMeHHOH X;, TaK Kak [JaHHasg MepeMeHHass B HEro He
BXOOMT (MM (GOpMATBHO BXOOUT C HyJeBHIM KoadduuueHrom). B
3TOM CJiyyae ycaoBMMcs 0003HA4yaTh rpaHUlly CHMBOJIIOM . Takoit xe
cuMBOJa OyneM MCMONb30BaTh, KOINA CBOGOAHBIH 4ieH M Koadgpuim-
€HT MpM MepeMeHHOH B ypaBHEHHM WMEIOT ONMHAKOBBIE 3HAKH, TaK
KaK M B 3TOM CNyyae HeT OrpaHMYEHHUIl HA POCT MepeMEeHHO.

He HaxjampiBaeT orpaHM4YeHUH Ha pocT NMepeMEHHOH, MepeBoxu-
MOif B OCHOBHEIE, U TAaKOE YpaBHeHHME, rie CBOOOMHBIM WIEH OTCYTCT-
ByeT (T.e. paBeH (), a nepeBoAMMAsT MEPeMEHHAag UMEET MOJOXHTENb-
Hblit Koadduuuenr. M B 3ToM cnyyae rpaHuia 0603HAYaeTcs CUMBO-
JoM 0. OGpaTuTe BHUMAHME, YTO TPU HYAEBOM CBOGOJHOM ulieHe H
orpUuaTeibHOM Ko3(ddullieHTe NpU MEepPeBOAMMON  IepeMeHHO#
YpaBHeHHe OrpaHMYMBAET POCT 3Toif mepeMeHHOH HymeM! (moboe
NONOXKUTENbHOE ee 3HAYeHHWe BHOCHT OTPULATENbHYI0 KOMMOHEHTY B
clenywuiee OasicHoe peleHne). Bce BO3MOXHEIE CIIyyaW, KOTOpbIE
BO3HHMKAIOT IIPYM OLEHKE MepeMeHHOM, MepeBOJMMOil B OCHOBHBIE,
nepeyucnedsl B KOHIE pasa. 5.3.

OyeBUHO, YTO COXpaHeHUE HEOTPULIATENBHOCTH BCEX MEpeMEHHBIX
(nonycTuMocTb peleHns) BO3MOXHO, ECIM HE HapylIaeTcss HU OfHA
M3 Tony4yeHHBIX BO BCEX YpaBHEHUsX TpaHUI. B maHHOM mpumepe
Haubonbiee BO3MOXHOE 3HAYEHHE Ui MepeMEHHOM X onpenensiercs
KaK x, = min {18/3; 16/1; 5/1; o} = 5. Tlpu x, = 5 nNepeMeHHas Xs
Obpalijaercst B HYb M MEPEXONUT B HEOCHOBHBIE.
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YpaBHeHHUe, rae HOCTUraercss HauOojblee BO3MOXHOE 3HayeHHe
NepeEMEHHOM, MepeBOAUMON B OCHOBHBIE (T.€. e OleHKa MHHMUMAaJb-
Ha), HasbBaeTcs paspewaiowuM. B [HaHHOM chayyae — 3TO TpeTbe
ypaBHeHUe. Paspeinaioinee ypaBHeHue OyneM BBIOENATb DPAMKOH B
CUCTEME OrpaHHYEHMIA.

II mmar. OcHOBHbiE MEpPEMEHHBIE: X3, X3, X4, Xg.
HeocHoBHbIe nepeMeHHEIE: X|, X5.

Bbipa3suM HOBble OCHOBHbBIE MepeMeHHble Yyepe3 HOBHIE HEOCHOB-
Hble, HAYWHasl C pa3pelialolIero ypaBHEHHS (ero MCIONb3yeM MpH
3AITMCH BBIPAXEHHS WIS X))

er = 5 - Xs,
x3 = 18 - Xl - 3(5_ xs),

5.4
<.x4 = 16 - le - (5" x5), ( )
xs = 21 - 3x,

79)87
er = 5 - X5,
|}3 = 3 - X +3x5, J
xg = 11 - 2%, + xs,
X5 = 21 - 3x.

Bropoe GaszucHoe pewenue X = (0; 5; 3; 11; 0; 21) aBngerca no-
yCTUMBIM U cooTBeTcTByeT BepiuuHe A (0;5) Ha puc. 5.2. Teomerpu-
yecKasi MHTepIpeTaluns nepexosa ot Xy K X, — nepexon or BepluuHbl O
K cocelHeit BepiiuHe A Ha MHOTOYronbHuKe peineHuit OABCDE.

Boipa3us NuMHeHY10 QYHKIUIO Yepe3 HEOCHOBHBIE NEpeMEHHbIe Ha
3TOM lHare, MOaAyYyaeM:

F=2x; +3%) = 2x; +3(5- x5) = 15 + 2x; - 3xs.

3Hayenue auHeiHoi dyHkuun F = FX;) = 15. U3MeHeHune 3Ha-
YeHUsl JTMHeHHOM GYHKLUN JIErKO ONMpPENeNUTh 3apaHee KaK Mpou3Be-
AeHHe HauOONbIIEr0 BO3ZMOXHOIO 3HA4YeHHA IepeMEHHOM, NepeBony-
MOif B OCHOBHBIE, Ha €€ KO3bdULUKEHT B BEIPAXEHUU U JTHUHEHHON
¢yHkuuyu; B paHHoM ciaydae AR =5-3=15, F=FR+AR -

=0+15=15
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OnHako 3HayeHue F; He ABIAETCA MAKCHMAIbHBLIM, TaK KaK MOBTO-
psifl PAcCyXIeHUs I wara, o6HapyXuBaeM Bo3MOXHOCTL JAaNbHel1lero
yBe/MYEHNUs! IMHEeHON QyHKUMK 32 CYeT NepeMeHHOM x|, BXOLsLeN B
poipakeHue 11 F ¢ nonoxutensHbiM koadduuueHroM. Cucrema
ypaBHEHH (5.4) onpenensier HanboMblliee BOIMOXHOE 3HAYEHHE LIS
xp: X% = min{e0;3/1;11/2;00} = 3. BTopoe ypaBHeHue sBIseTCS paspe-

WAIOIKM, MEPEMEHHAs X3 TEPEXONUT B HEOCHOBHbLIE, IPH 3ITOM
AF, =3-2=6

III mar. OcHoBHble flepeMeHHbIE: X|, X3, X4, X.
HeocHoBHble nepeMeHHble: X3, Xs.

Kak u na Il 11are, BoipaxkaeM HOBble OCHOBHbIE epeMeHHbIe Yepes
HOBble HEOCHOBHble, HauWHas C pa3pellalollero ypaBHeHus (ero uc-
noab3yeM Ipu 3anucH BbipaxXeHus mis x;). Ilocae npeoGpaszoBaHuit
nojayJyaem:

X = 3 - X3‘+ 3XS,
x; = 5 - X5,

5.
kc4=5+2x3—5x5,7 -5

Xe =12 + 3x;3 - 9xs.

BasucHoe pewenune X3 = (3; 5; 0; 5; 0; 12) cooTBeTCcTBYyeT Bep-
wuHe B (3;5). BroipaxaeM AuHelHYyl0 GYHKUHIO Yepe3 HEOCHOBHbIE
nepeMmenHsble: F = 2x; + 3x3 =23 — x3+ 3x35) + 3(5 — x35) = 21 —
~ 2x3 + 3xs5, 3 = F(X;) = 21. llposepsieM: F3 — b, =21 — 15=6=
= AF,. Tperbe monycTumoe 6Ga3HCHoe DElHEHHE TOXe He ABIfercs
ONTUMANbHBIM, [TOCKOJbKY MpPH HEOCHOBHOMW IepeMeHHOW X5 B Bbi-
PaXeHUU NHHeHHOH (yHKIMM Yepe3 HEOCHOBHbIE MEpPEMEHHBbIE CO-
NEPXUTCA MOJOXHTENbHBIN Ko3¢gdulineHT. [lepesoauM x5 B 0CHOB-
Hyl0 nepemenHylo. [lpu onpemeneHuu HauOONbIIETO BO3MOXHOTO
3HaYeHuA A X5 CleNyeT oOpaTHTh BHUMaHUe Ha NepBoe YpaBHEHUE
B cucTteMe (5.5), KkoTopoe He [JaeT OrpaHHYEeHMH Ha POCT X5, TaK Kak
CBOGoaHbINH WieH U K03GhDHUKEHT NpU X5 UMEIOT ONMHAKOBblE 3Ha-
KH. [Toatomy x5 = min{oo;5;1;12/9} = 1. TpeTbe ypaBHeHuUe sBAsETCH

PadpewraloniuM, ¥ IMepeMeHHass X; MEPeXONAMT B HEOCHOBHBLIE;
AF, =1.3=3
3 = J.
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IV mar. OcHoBHbie lepeMeHHbIe: X}, X3, X5, Xg.
HeocHoBHble nepeMeHHDbIE; X3, X3.

INocne npeobpasopatuii monyyum:

3 9
X6=3'—-5-X3+—5- 4.

BasucHoe pewenne Xy = (6; 4; 0; 0; 1; 3) cooTBeTCTBYET BepluKHe
C(6; 4) Ha puc. 5.2.
JlnHeiiHast (YHKUMSA, BbIpaXeHHasl yepe3 HEOCHOBHBbIE NepeMeH-

. 4 3
Hble, uMeeT Bul: F =24 - §x3 - §x4. 3TO0 BbIpaXeHWE HE COAEPXHUT

MOJIOXUTENbHBIX KO3((pHIKEHTOB NPH HEOCHOBHLIX IepeMEHHBIX,
no3ToMy 3HadeHue Fy = F(Xy) = 24 MakcumanbHoe. Pynkuuio F He-
BO3MOXHO ellle YBEJIHYUTD, ePeXoasl K JpyroMy JonycTUMoMy Ga3uc-
HOMY pelHeHUIO, T.e. pelieHHe Xy onTUManbHoe. BerioMuHas 3KoHO-
MHUYECKHIl CMbICT BceX MNepeMeHHbIX, MOXHO caelaTh clenyloiiue
BbIBO[IbI.

IpuObIb NpeanpuaTHs NPUHUMAET MAKCHUMANIbHOE 3HayeHue
24 py6. npu peanusauuy 6 exuHuLl npoaykuuu Py(x; = 6) u 4 ennHULL
npoayKuuu Po(xy = 4). [lonoNHUTENbHbIE NEepeMEHHBbIE X3, X4, X5, Xg
MOKAa3biBAIOT PasHULlYy MeXIy 3aracaMM PecypcoB KaXIOro BHIA M MX
notpebieHueM, T.e. ocTaTKu pecypcoB. [lpu onTuManbHOM MU1aHe
npousBoAcTBa X3 = x; = 0, T.e. ocTaTKu pecypcoB S} u 55 paBHbI
HYJI0, @ OCTaTKu pecypcoB S; W S; paBHbI COOTBETCTBeHHO 1 M 3
eauHULaM. P

Tenepp MOXHO B oblieM Buae cHopMynUpoOBaTh Kpumepui onmu-
MAABHOCIMU PEulenus npu OMbICKAHUN MAKCUMyMa Aunelnoi gynxyuu:
ecau @ 8bipadCeHuu AuHeuHol (@YHKUuU vepe3 HEOCHOBHble nepeMeHHbie
omcymcmayrom noaoJCcumenbrbie Koaghpuyuerms: npu HeoCHOBHbIX nepe-
MEHHbIX, MO pewterile ONMUMaabHo.
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5.3. OTbICKaHMe MUHMMYMA JIMHEHOH (YHKUMH

[pu onpeneneHvu MHHWUMYyMa JHHelHOH DYHKUMU Z BO3MOXHBI

ABa MyTH:
1) oTbickaTb MakCUMyM (DyHKUuU F, nonarass F= —Z u yuuTblBas,
YTO Zmin = — Fmax;

2) Moau(UUMpPOBAaTh CHMIJIEKCHbBI MeTod: Ha KaXIoM liare
yMeHbILATh JUHENAHYI0 (YHKLHIO 33 cyeT TOH HEOCHOBHOM MepEMEH-
HOM, KOTOpasi BXOAMT B BbipaXeHue JMHeHHoH (hYyHKILMM C oTpuua-
TeJbHbIM Ko3(bduLMeHTOM.

PaccMoTpuM 3To Ha gneaylouieM npuMepe.

D 5.2. PeuiuTbh cuMMieKcHbIM METOAOM 33Aady

Z= 18y, + 16y, + 5y; + 21y4 - min
pH OrPaHHYEHHUSAX:

+y+y 23,
y,' 2 0, i= 1,2,3,4.
PeweHue. BsenemM NONONHUTENbHblE HEOTPULIATENbHbBIE IIE-

PEMEHHBIE Y5 U Jg CO 3HAKOM “MHUHYC”, TaK KaK HEpaBEeHCTBa MMEIOT
Bua “2“. IlonyunM cucTeMy ypaBHEHH:

{y, +2y, + 3y, - y5 =2,

{y, +2y,+3y, 22,

W+t -y =3

Ecnu Ha mepBoM lnare B KauyecTBe OCHOBHLIX B3ATb JOIONHUTENb-
Hble nepeMeHHbie, TO MOJYYUM HeaonycTiMoe 6asucHoe pelneHue: (0;
0; 0; 0; —2; —3). B maHHOM cliyyae B KayeCTBE OCHOBHBIX YNOOHO
B3ATb MepeMEHHble y3 U Y, (3TO cornacyercsl ¢ TIpaBWIoM Bblbopa oc-
HOBHBIX fIepEMeHHbIX, cPOopMYIHPOBAaHHbIM B pasll. 5.2), koahduum-
€HTBl [IPYU Y3 U Y4 NOJOXHUTENbHBI, I03TOMY B KayecTBe fepBOHavalb-
HOTO MoiyyuM AonycTuMoe 6asucHoe pelieHue.

ITwmar. OcHoBHble epeMeHHbIE: V3, V4.
HeocHoBHbIie nepeMeHHbIE: Y1, V2, Vs, V6-
BblpaxaeM OCHOBHbIC MEPEMEHHbIC YEPE3 OCHOBHbLIE!
{Y3 =3-3y -y, + Y
yq = (2/3) = /3y, - 2/3)y, + (1/3)ys.
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Y, =(; 0; 3 %; 0; 0) — nepBoe 6asucHoe pelleHUe, OHO [O-
nyctumoe. BoipakaeM nuHelHY10 DYHKUHUIO Yepe3 HEOCHOBHbIE Iepe-
MeHHble: Z = 18y, + 16y, + Sy; + 21y, = 18y, + 16y, + 5(3 — 3y —
—y2tye) + 2123 = (/) — /3y + (1/3)ys) = 29 — 4y —
= 3yt Tys + Sy

Z, = ZY)) =29 — 3710 3HayeHue He ABISAETCA MUHUMAIBHBIM, TaK
Kak GYHKUMI0O Z MOXHO YMEHbLIHTb 33 CYeT MepeBoJa B OCHOBHbIE
n1000# U3 NepeMeHHbIX Y| WIU yj, UMEIOWKUX B BbIpaXEHUU w1 Z
oTpuLATeNbHble KoagdulueHTsl. Tak Kak y; uMeer 6nbunii nmo abeo-
JNIOTHOMY 3HAaYeHHl0 K03(hPHHUEHT, TO HaYHeM C 3Toi TnepeMeHHOH.

. {321
s Hee HauOonbllee BO3MOXHOE 3HaYeHHe: y, = min -3-;—3—;-3- =1,
T.e. IEPBOE YpaBHEHKE ABJAETCA pa3spellalolUM; Y3 CTAHOBUTCH HEoC-
HOBHO# nepemMeHHoit, AZ, = 4-1=-4.

I mar. OcHOBHbIE NIepeMeHHbIE: V|, V4.
HeocHoBHble nepeMeHHBIE: V3, V3, Vs, V6-

MonyyuM nocne npeodpazoBaHUU:

{}’1 =1- (1/3))’2 - (1/3))’3 + (1/3))’6,
Yo =13 (5/9)y, + (/9)ys + (1/3)ys - (1/9)s>

Z =25 — (5/3)y, + (4/3)y3 + 7ys + (11/3)yg — nuHeiiHast byHKUMSA.
[pu Gasuchom pewennr Y, = (1; 0; 0; 1/3; 0; 0) nonyvaem Z, =
=AYy =25. Z — Z, = 25 —29 = —4 = AZ,. Ilepemennyio y, nepe-
BOJMM B OCHOBHbIE, TaK KaK B BbipaXeHue WIS Z OHA BXOAUT C OTPHU-
HareNbHbiM Ko3bduunentom. Haubosnbliee BO3MOXHOE 3HaueHHe
y» = min {3; 3/5} = 3/5, BTopoe ypaBHeHHE pa3pelualoilee U y4 fepe-
XOIUT B HEOCHOBHbIE NepeMeHHble; AZ, = 3/5(—5/3) = —1.

IIT m ar. OcHOBHbIE nepeMeHHbIE: ¥}, V2.
HeocHoBHbie nepeMeHHbIE: y3, V4, V5, Ve

[NonyuyuM nocie npeobpasoBaHUi:

_4.2, .3, .1,.2
3,1, .9, .3, 1
Y2-5 5)’3 5)’4 5)’5 5)’6,
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573 ;0,0,0;0)
ofiTUMaIbHOE, TaK KaK B BbLIpaXCHWH 1A Z HEeT HEOCHOBHbLIX Iiepe-
mMeHHbIX ¢ oTpulaTtebHbiMU Ko3hduuuenTamu. [lostomy Zyi, = 25 =
AV =24 25— =24 =25=—1=AZ, D

=24 + y3 + 3y, + 6ys + 4y Basuchoe pelenue Y; = (
Z

CodopmynupyeM xpumepuii onmumaisiocmu npu omMuICKAHUR MUHU-
MyMa auHeinod QynKquu: ecau 6 8vipajceHuu auHeiiHol @ynxuuu uepes
HEOCHOBHbIe NepeMeHHble omcymcmeyiom ompuyamentivle Kodpduyuen-
mbi nPU HEOCHOBHBIX NEPEMEHHBIX, MO DeleHUe ONMUMAIBLHO.

3ameuyanne. Ha xaxgom Imare cHMIJIEKCHOrO MeToia Kakas-

Jub0 HEOCHOBHASl MepeMeHHas MepPeBOAMTCS B OCHOBHbiE, MpPH

3TOM Kax[Ioe ypaBHEHHE CHUCTEMbl OTpaHMYEHWH onpenenser

KOHe4YHoe WY OecKkoHeyHoe HanboJiblliee BO3MOXHOE 3HAYEHHE

3TOH MepeMeHHOW — OLEHOYHOe OTHolueHHe. B 3amayax 5.1 u

5.2 BcTpeyanuch pa3IMyHble ClyYaW OLEHKH pPOCTa HEOCHOBHOM

nepeMeHHO|, KoTopbie 3aBUCENH OT 3HAKOB M 3HayeHWHl CBo-

OonHOro uwieHa U Kod(h@HUUMEHTa NPU NePEBOAMMON MEPEMEH-

Hoit. CpopMyaupyeM Bce BO3MOXHble cayyad. OGo3HAYUM: X; —

nepeBOfMMAasi HEOCHOBHasA NepeMeHHas, b; — CBOOOAHBIA uneH,

a; — k03 duLMeHT Npu x;. B obuweM Buie ypaBHeHHe X; = b; +

+ ...+ apx; + ... onpelenser Haubonblee BO3MOXHOE 3HAYEHHE

X; TIO CIEAYIOIUM [IPaBUiam:

1) x; =| b/a; |, ecnu b; u ay pasvoro 3Haka u a; # 0, b; # 0; Ha-
[IpUMED: x3 = 8§ — 2X2 + vy X3 = 8/2 =4 UM x3 = -8 + 2x2 + oy
Xy =8/2 =4.

2) x; = o, ecnu b; u a; onHoro 3Haka u a; # 0, b, # 0, Ha-
npuMep, x3 =8 + 2x; + ..., x; = co.

3) X; = 0, eClu bj =0 u ajj <0, Hanpumep, x3 = 0 - 2x2 + ..
Xy =0,

4) ;= @, eenn b =0 u ay> 0, wanpumep, x3= 0+ 2 + ..;
X3 = o0,

5) x; = o, ecnu a; = 0, Hanpumep, x3 =5+ 0 - x + ..
X3=—-5+0 -x+ .., xp= o,
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5.4. OnpeaencHue NepBOHAYAIBLHOIO |
AOMYCTHMOr0 0a3MCHOr0 pemeHus

B paccMoTpeHHbIX Bbllle NPHMepax ONTHMAaIbHOE pelieHHE Mo-
JY4EHO [IyTEM MOCJEN0BAaTeLHOrO Mepexona OT TepBOHAYAIBHOTO
nonycTuMoro 6asuCHOTO pellleHUs K clenyloueMy, “nyyuwieMy”,
TaKk — [0 [JOCTHUXECHUA KpUTepus onTuMaibHocTH. OIHAKO He
BCerJa Ha MepBOM Xe lilare noJjiyyaeTcs NofycTUMoe Ga3ucHoe pe-
weHue. B crenyouieM npumepe pacCMOTPUM OAWH W3 BO3MOXHBIX
AITOPUTMOB MONYYeHHs OONycTHMOro 0asucHoro peleHus. JIpy-
roii, Tak HasbiBaeMbiii M-Meron, OyneT u3noxeH B pasn. 5.7.

D> 5.3. PewuTh CUMIIEKCHBIM METOIOM 3aa4y
F=x +2x; > max

MIpYU OrpaHUYEHHsIX:

X - X < -l
x5 - x 2 =3
X < 3
520, x20

PemweHune. BsoouM AoMmoNHUTENbHBIE HEOTPHULATC/IbHLIC TI€-
PCMEHHBIC X3, X4, X5 C COOTBETCTBYIOILUMH 3HAKAMU:

X — X3 + x3 = -l
x' - x2 - x4 = "‘3,
Xy + X5 = 3

B cooTBeTCTBMM C MpaBujIoM, chOpMyITUpPOBaHHLIM B pasa. 5.2,
I 1ware B KayecTBe OCHOBHBIX BO3bMEM JOMONHHUTENbHbIE NIEPEMEHHBI

IT'mar. OcHoBHbie IepEMEHHBIE: X3, X4, Xs.
HeocHoBHbie nepeMeHHbIE: X), X).

BoipaxxaeM oCHOBHble NepeMEHHbIe Yepe3 HEOCHOBHBIE:
x3=-1-x+x,
Xy =3+x-x;
x5 =3-x
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X; = (0; 0; —1; 3; 3) — nepBoe Oa3ucHOe pellleHHUE HEeNOMyCTUMOe
(oTpHMLITENbHAS KOMIIOHEHTA BbUIE/NEHA), NMO3TOMY OHO He MOXET ObITh
onTUMaIbHBEIM, JIHHelHyl0 (GYHKUMIO HAa HENoNmyCTHMMOM pellieHHU He
paccmanMBaeM! B cucreme (5.6) BbiGepeM To ypaBHEHHME, KOTOpPOE CO-
JEPXUT OTPULATENbHBINA CBOOOMHbLIA WIEH, T.e. MEpBOEe ypaBHEHUE (eCiu
TaKMX YPaBHEHHI HECKONbKO, BbIOUpAcM 11000 U3 HHX).

IMockonbKy TiepeMeHHasi X3 NpMHUMaeT OTPHLATEeNIbHOE 3Haye-
HUE NpH NOepBoM 0a3sMCHOM pelIeHHM, TO ee HeoOXOOMMO yBeNM-
yuTh. DTO MOXHO CleNiaThb 3a cYeT yBeJIMYeHHUs NoOoi U3 Heoc-
HOBHBIX [epeMeHHbIX, BXONALIMX B [epBoe YpPaBHEHUE C HOAONCU-
meabHbim K03(bDHUMEHTOM, B NIaHHOM cllyyae — IMepeMeHHOH X;.
Ecnd mepeBecTH 3TY NepeMeHHYI0 B OCHOBHBIE, TO OHa, CTaB MO-
NOXHUTENBHOH, YBEIUYUT NMepeMeHHylo x3. Kak TOJbKO X; HOCTUT-
HeT ypoBHA 1, To x3 obpatutcs B 0, T.e. MCUe3HET OTpHULIATEIbHAS
KOMIIOHEHTa B pelleHUH. MOXHO CYHMTaTh, 4TO MNEPEMEHHAs X3
cTaHET HeoCHOBHo#. OmHako pocT MNepeMeHHOH Xx; OrpaHWyeH
YCNOBUSAMH HEOTPUUATENbHOCTU OCTANbHBIX MepeMeHHBIX, KOTopble
ONpeNeNsioT X; = min{1;3;oo} =1, T.e. nepBoe ypaBHeHHe — pa3-

pewaoiee. [Ipu x; = 1 nepeMeHHas x3 = 0 ¥ nepexoauT B Heoc-
HOBHbIE NepeMeHHbIe.

I mar. OcHoBHbie NepeMeHHbIE: X3, X4, X5.
HeocHoBHble nepeMeHHbie: X}, X3.

Bbipaxasi HOBble OCHOBHbie MepeMeHHble Yepe3 HOBble HEOCHOB-
Hble, HAYWHasA ¢ pa3pellaloLLEro ypaBHeHUsA, 0JyYyaeM

X =1 +x + x5,
X4 = 2 - X3,
XS=3—XI

H GasucHoe pewenne X; = (0; 1; 0; 2; 3), KoTopoe ABAAETCA AOMYCTH-
MbiM. [loaToMy Bbipaxaem uyepe3 HEOCHOBHblE MepeMeHHble JIMHel-
Hy10 pynkumio F= x; + x; = 1 + 2x; + X3 4 npomonxxaeM pelleHHe B
CooTBeTCTBUM € QIrOPUTMOM, W3JAOXKEHHBIM B pasi. 5.2 (yuTaTesnio
PEKoMeHyeTcss NPOBECTH €ro CAMOCTOATENBHO). P

Onnako He Bcerna mepBblii e war W36aBaseT OT HENONMYCTHMOrO
Peuienug.
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. D> 5.4. PewnTs cuMIIEKCHBIM METOLIOM 3314y
F=-2x +3x, - max

[pyY orpaHUYEeHUAX:

2 +3x, 212
-x +Xx; £ 17,
2y +x; <10,
X, 2 2

x 20

Pewmenwue. [locne BBeaeHus HOMONHUTENbHLIX HEOTpULa-
TeJIbHbIX NepeMEHHbIX C COOTBETCTBYIOLMMH 3HaKaMK MONYYUM CHUC-
TEMY ypaBHeHHWi:

2Xl +3X2 - X3 = 12,
=X + X + Xy = 7,
2x| + Xy + x5 = 10,

X3 ~Xxg = 2.

Ha | ware nononHuTeNbHble NMepeMeHHble BO3bMEM B KayecTse
OCHOBHbIX, TaK KaK OHH YIOBJIETBOPAIOT MpPaBUJy, HU3NOXEHHOMY B
pasa. 5.2: BXomsT Bo Bce YPaBHEHMS M TOJNbKO [10 OQHOMY pasy.

Imar. OcHoBHble NepeMeHHBIE: X3, X4, X5, Xg.
HeocHoBHbie nepeMeHHbIE: X, X).

Bb[paBHM OCHOBHbI€E [I€peMeHHbIC Yepe3 HEOCHOBHbIE!

X3 ==12 +2x +3x,,
x, = 7T + x - X
x5 = 10 -2% - x,,
[x, = -2 + Xy |

X, = (0; 0; —12; 7; 10; —2) — nepBoe 6a3ucHoOe pellieHUE HeJo:
IyCTUMOE, C IByMSI OTpHLIATEIbHBIMU KOMITOHEHTaMu (BbLIEIEHbI).

Hns nonyyenus nonycTumoro 6asMcHoro peuleHusi nocrynaeM Tak,
KaK B 3agaye 5.3: BoiOupaeM soboe ypaBHeHHe, colepXallee oTpULa
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renbHblil CBODONHBIN 4YleH (mepBoe WM 4YeTBEPTOE), Hanpumep
fiepBoe, U B HEM — J100YI0 HEOCHOBHYIO MEPEMEHHYIO C MOJIOXH-
renbHbIM K03b(dHUMEHTOM: X} WIH X3, HanpuMep x;. Haubonburee
BO3MOXHOE 3HaYeHHUE X) = min{12/2; o, 10/2; oo} = 5 JocTUraercs

B TPETbEM YPaBHEHHMH; OHO paspeluaiollee, U nepeMeHHas xs nepe-
XONMT B HEOCHOBHBIE flepeMeHHble. ONHAKO NpY 3TOM HHU OIHa U3
OTPULIATENIbHBIX KOMIIOHEHT 0a3uCHOro pelieHHs He npomnajgaer!
[103TOMY HEBLITOAHO MEepPeBONHTb NMEPEMEHHYIO X; B OCHOBHBIE Me-
pemeHnbie. TlepesenemM B ocHOBHbie X, Toraa HaubGolbliee Bo3-
MOXHOe 3HaYyeHHUe X, = min{12/3; 7, 10; 2} = 2 JOCTHraeTcs B yeT-
BEpTOM YPABHEHHH; NPH ITOM [lepEMEHHast X, [1epeXONUT B Heoc-
HOBHBIE W MCYE3aeT OJHA OTpHLATENIbHAsA KOMIOHEHTa B Ga3MCHOM
pELICHUH.

IT wrar. OCcHOBHBIE NEPEMEHHDBIE: X3, X3, X4, Xs.
HeocHoBHble epeMEHHBIE: X], Xg.

Bblpa3MM HOBBIE OCHOBHble MMEPEMEHHbie 4YE€pe3 HOBbIC HECOCHOB-
Hbl€, Ha4YHHaA C YETBEPTOro ypaBHEHUA!

X, = 2+ Xg>
Py = -6+ 20 + 3x,, |
X = 5+ x - X
x5 = 8- 2x — X

Xy = (0; 2; —6; 5; 8; 0) — HemonmycTuMoe 6a3ucHoe peleHue ¢
OIHOH OTpulaTeNbHOH KOMIOHeHTOH. PaccMoTpuM BTopoe ypaBHeHHe
(c oTpuuaTenbHbLIM CBOGOAHBIM 4IE€HOM) M MepeBefeM B OCHOBHbIE
OIHY U3 HEOCHOBHbIX MEPEMEHHBIX, X; MU Xg, BXOLALLUX B ypaBHEHUE
C NoJOXUTENbHBIMH K03 (PULIHEHTAMH.

ITonyuum M3 ypaBHeHMHl MX HaubGoNbliie BO3MOXHbIE 3HAYEHUS:
X = min{wo; 3; ; 8/2}= 3 mocTMraerca Bo BTOPOM YpaBHEHWH;

Xg = {oo; 2; 5; 8} = 2 Toxe ofpejenseT BTopoe YpaBHEHWe KaK pas-

Pewaoujee. JIo6oit BHIGOP YCTPAaHWUT HENONYCTUMOCTb pPEICHHUSA, NO-
STOMy Ge3pa3nM4HO, KaKyi0 NepeMEHHYIO X; MU Xg Bbibpats. [lepese-
A€M xg B OCHOBHBIE.
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III w ar. OcHOBHbIC NEpeMEHHBIE: X3, X4, X5, Xg-
HeocHoBHble nepeMeHHble; X, X3.

Bblpa3l/lM HOBbLIE OCHOBHbIE€ MMEPEMEHHbIE 4Yepe3 HOBLIE HCOCHOB-
Hbl€, HAYMHAast CO BTOPOTO YpaBHEHUA!

xg = 2= (2/3)x + (1/3)x;,
X, =4 -(2/3)x + (1/3)x3,
Xy =3+ (5/3)x - (1/3)x,
x5 = 6 - (4/3)x, - (1/3)x;,

X;=(0; 4; 0; 3; 4; 2) — monycTuMoe bGa3sucHoe pelieHue. Boipaxa-
eM (yHKUMIO LI Yepe3 HEOCHOBHble nepeMeHHble F = —2x; + 3x,=
= 12 — 4x; + x;. [JanbHeiiliee pelieHue MpeloCcTaBIsAEM BBHIOIHUTD
CaMOCTOSITE/IbHO B COOTBETCTBUM C QITOPUTMOM, H3JMOXEHHbLIM B
pasn. 5.2.p

3amevyanne 1. Eciu GasncHoe pellieHHe HENONYyCTHMOE U LIS €r0

YJIyqlIeHus1 ecTb BO3IMOXHOCTb 8bi60pa nepemennoi, nepeBoIUMMON

U3 HEOCHOBHBIX B OCHOBHbIE, TO PEKOMEHAyeTcsi BbIOpaTh Takylo

HEOCHOBHYIO NEePEeMEHHYIO, KOTopasi olpeieMT B KayecTBe pa3pe-

IAIOUIETO TO YpaBHEHHE CHUCTEMBI, II€ COHEPXUTCS OTpULATENb-

Hblil cBoOOmHBIK wieH. Tonabko B 3TOM ciydae HoBoe Oa3ucHoe

pellende OymeT comepXaTb, MO KpailHeii Mepe, Ha OnHYy OTpHULa-

TeJIbHYI0 KOMIOHEHTY MeHblle. Eciau B KayecTBe paspelialolliero

Oyner mony4yeHO ypaBHeHHE, HE CONEpPXKAlLEe OTPULATENBHOTO CBO-

OonHoro 4icHa, To B HOBOM 0a3sMCHOM pELUEHUM YUCIAO OTpHLIA-

TEeJIbHBIX KOMIIOHEHT He YMEHbUIUTCH.

3ameyanue 2. W3 3amaum 5.4 He cnenyeT nenaTh BbIBOL O TOM,

4yTO 4YeM OoJiblle OTPULATEAbHbIX KOMIOHEHT B MepBOHAYa/bHOM

06a3uCHOM pellleHUHU, TeM Oosblie nmoTpebyeTcs 1aroB, YTOObI IO-

Jy4uTh nonyctuMoe OasucHoe peuieHune. OKasbiBaeTcs, YTO B He-

KOTOPBIX CAyyasix HEBO3MOXHO MOJYYUTb HOMYCTHMoe 0a3ucHOE

pelieHue Oaxe NpHU OfHOW OTpULATeNbHOH KOMMOHEHTe, a HHOIMA

€ro MOXHO MOJYYUThb 32 OAUH LIAT, XOT Bce KOMMOHEHTHI NepBo-

HayalbHOro ©Oa3uCHOro peweHus orpuuarelbHbl. JlaTbHeruine

NpUMepsbl MOSACHAT 3TO 3aMeyaHue.

PaccMoTpuM 3amadyy o cocTaBieHMM paLKOHA, TIPUBENEHHYKO B
pa3xn. 1.2 u peuleHHyI0 reoMeTpuyecku B 3agade 4.2.
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P 5.5 PeliuTh CUMILIEKCHBIM METOJOM 33/1ayy

F = 4x; + 6x, - min

p1 OrpaHUYCHUAX:

3 +x, 29,
X o+ ZX2 2 8,
x +6x; 212

x20, x, 20

PeuieHue. Bsegem momonHuTenbHbie MepeMeHHbBIE X3, Xy, X5,
Xg (Kaxaylo co 3HaKoM “MuHyc”). X 3KOHOMHMYECKHI CMBICI — 3TO
pasHOCTb MEXIy collepXaHHWEM M HEOoOXOAMMBIM MHUHHUMYMOM KaXIo-
ro U3 MUTATEBHBIX BELLECTB.

Ha 1 ware 6epeM momofHUTENbHBIE MepeMEHHble B KayeCTBE OC-
HOBHBIX.

I mar. OcHoBHble NEpeMEHHBIE: X3, X4, Xs5.
HeocHoBHble nepeMeHHBIE: X, X;.

IMocne mpeoGpa3oBaHMil MOMYYMM:

x3 = =9+ 3x + Xy,
Xy = -8+ x + 2x,,
xs = ~12 + x; + 6x,. ]

X, = (0; 0; —9; —8; —12) — mepBoe 6a3suCHOe peLIEHHE HEAOMyC-
THMoe, COlepXKalllee TPU OTpUlEATelbHble KoMMoHeHThl. HeocHoBHas
nepeMeHHast X; BXOAMT B KaXHOe YpaBHEHUE C MOJOXHTENbHBIM KO-
3bOdOULIKEHTOM, TO3TOMY MMEET CMBIC/ MEPEBECTH €e B OCHOBHbIE. B
Clly4ae, KOrga Bce OCHOBHBIE TNMepeMeHHble MPUHUMAIOT OTpUlATENb-
Hble 3HaYeHUd, Ui YCKOPEHHUs pellieHUs] MOXHO B KaYecTBE 3HAYEHHUS
IUIsi nepeMeHHOM X; B3STh MAKCUMAIbHOE OLIEHOYHOE OTHOWEHHE U3
NOyYeHHBIX BO BCEX YPABHEHMUAX: X3 = max{9/3; 8; 12} = 12. TpeTbe
YpaBHeHHE sIBfAeTCA paspellaloliuM, Ipu 3ToM X5 = 0 U MepexoauT B

OCHOBHbIE, @ OCTAJIbHbLIE OCHOBHbIC MEPEMCHHBIE MPUHUMAIOT MMOJIO-
XKHUTE/IbHbIE 3HAYEHUSI.
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II mar. OcHoBHBIE NEpEMEHHBIE: X3, X4, X5.
HeocHoBHbBIE nMepeMeHHBIE: X|, X3.

IMocne npeobpazoBaHuit NOAyYUM:

Xy = 9 - 3xl + X3,
Xy = 10 - 5x| + ZXJ,
Xg = 42 - l7x| + GX3.

X, = (0; 9; 0; 10; 42) — nomyctuMoe GasucHoe peeHue. Eciu
IleiicTBOBaTh, KaK B MpeIblIyLIMX NPUMEPaxX, To I NOJY4YEHHUs IO-
MYCTUMOTO pellieHUs: moTpebyeTcst TpH uara!

3akaHuyMBasl pelleHHe 3ama4H 5.5 cUMIIEXCHBIM MeTogoM (pexo-
MEHYyeM 3TO CeNlaTh CAMOCTOSITENIBHO), Ha CIeNyIOLIEM Lare Mojlyyaem
onTuMaibHoe GasucHoe peleHne X3 = (2; 3; 0; 0; 5), npu xoTopom
MHHUMAJIbHBIE 3aTpaThl Ha PALlUOH COCTABRISAIOT Fp, = 26. YuuthbiBas
9KOHOMMYECKHIN CMBICA WCXOAHBIX M JOMOMHMTENBHBIX MepeMEHHBIX,
MoJiyyaeM, 4YTO B ONTHMAJIbHOM palMOHE HCHOJB3YIOTCS 2 eIUHMLb]
kopma I u 3 eannuns! kopma I, npu 3tom sewectsa S; 1 S, moTpe6s-
I0TCSl B HEOOXOIMMBIX MUHUMAIBHBIX KolHyecTBax (x3 = x4 = 0), a nu-
TareJbHOE BEILecTBO 53 OKa3biBaeTcs B M30bITKE HA 5 eAHHHKL (X5 = 5).0>

Hrak, wnsa yckopeHus oTbICKaHUS AonycTUMoro 6asMcHoro pelle-
HHsl, KOrAa Bce OCHOBHbBIE EPEMEHHbBIE OTPULIATENbHBI, PEKOMEHIYET-
cs1 BbIOpaTh, €ci¥ BO3MOXHO, HEOCHOBHYIO MEPEMEHHYIO, BXOASAILYIO
BO Bce ypaBHEHHMSl CO 3HAKOM “IUIIOC”, W B KAyecTBe ee 3HAYEHHS
OpaTh He MHHMMYM, a MakcHMYM OLIEHOYHBIX OTHOILLUEHHUH, Moly4ae-
MBbIX U3 KaXJIOro YpaBHEHHS.

P> 5.6. PewiuTh cHMILIEKCHBIM METONIOM 3a1ady
F = x; - 3x; > max
MpH OrpaHUYeHUAX:
X +x <2, (D
{le +x, 26, (I
x20, x,20
PeweHue. Bemem nomonHUTeNbHbIE MEPEMEHHBIE!
Xp+Xy+X3=2,
{2xl + Xy = x4 =6.
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I mar. OcHoOBHbIE MEPEMEHHBIE: X3, X4.
HeocHoBHble mepeMeHHbIE: X, X).

X3 = 2- xl—x—_,'
X4 ==6+2x, + x,.

X, = (0; 0; 2; —1) — HemomycTMoe GasucHoe pellieHne. Bo BTopoM
ypaBHEHMU BHIOMPAEM JI00YIO MEPEMEHHYIO — X; WIK X3, TaK Kak obe
MMEIOT 3HaK “IUTioc”, U NEPeBOIMM B ocHOBHBIE. st x;: min {2;6/2} = 2,
paspellialollee MepBoe ypaBHEHHUe; LA X;: min (2;6) = 2, pasperaro-
Hiee TOXe MepBOE ypaBHEHMe, MO3TOMYy B J1I00OM ciy4yae He ynaercs
cpa3y U30aBUTBCS OT OTPULIATEIbHOII KOMAOHEHTb! 6a3CHOrO pellleHUs
(cm. 3amevanue 1 Ha c. 80).

II mar. OcHoBHbIEe NEpeMEHHBIE: X|, X4
HeocHoBHbIe nepeMeHHEIE: X3, X3.

IMonyyuM nocse npeobpaszoBaHuii:

Xp= 2-X;- X3
Xy =-2— X; - 2x;.

X = (2; 0; 0; —2) — HemomycTHMoe GasucHoe pellleHue. OmHako
BTOpoO€ ypaBHEeHUE HE COAEPXKUT HEOCHOBHOM MepeMeHHOIl ¢ MOJoXU-
TEAbHBIM KO3(DGhUUKEHTOM, M03TOMY HEBO3MOXHO YBEJIHYMTH Mepe-
MEHHYI0O X4 M TNOJYYUTD
fonyctuMoe Oa3licHoe pe-
uieHne. 3amadya npoTuBope-
yuBa (puc. 5.3).»

IMocne ananusza pesyib-
TATOB, [MMOJNYYEHHBIX TIPH
pelleHdH 3amay 5.1-5.6,
chopMynupyeM  aseopumm
NoayMeHUus NEePBOHAYANLHO0
donycmumozo 6azucHoz0 pe-
weHus:

1. Ecau xaxngas nonoin-
HUTEJIbHAs NepeMeHHast BXO-
IUT B ypaBHEHHE C TeM Xe
Pue. 5.3 3HAKOM, YTO K CBOOOMHbIIA
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YIeH, CTOAWIMI B MPpaBoi 4acTH ypaBHEHMs:, To HONOJTHUTENAbHBIE Tle-
peMeHHbIE MOXHO OpaTh B KavyecTBe ocHOBHBIX Ha I are. Ilpu 3Tom
noly4uTcs JolycTuMoe GasHcHOe pellieHue.

2. Ecnmv mepBoe 6asMcHoe pellleHHe MONYyYUAOCh HEAOMyCTHMbIM
(HampKMep, B KayecTBe OCHOBHBIX B3ATHI JOMOJIHUTEIbHBIE MEpeMeH-
Hble, HO XOTs OBl OHA U3 HKX BXOAW/IA B ypaBHEHHE CO 3HAKOM, Apo-
TUBOHOJIOXHBIM 3HaKy cBOOONHOIo 4ieHd), TO pacCMaTpHBaeM ypas-
HeHHe, colepxKallee OTPHLUATeNbHbI cBoOoAHBINM WieH (oboe, eciu
MX HEeCKOJNbKO), W MepeBOMM B OCHOBHbBIE TY HEOCHOBHYIO MEepEMEH-
HYI0, KOTOPasl B 3TO ypaBHEHWE BXOAUT C MOJOXMTENIbHBIM Ko3ddu-
uueHToM (M00yl0, €CIM KX HECKONBKO). Takhe 1Iark MOBTOPAEM 10
TeX Mop, NoKa He JOCTHraeTcs HoNycTUMoe DasHcHOE pellieHHe.

3. Ecnu 6asucHoe pellleHHe HeOonycTHMMoe, a B YPaBHEHUH, cO-
JepXKalleM OTPHLATENbHBIM cBOOOMHBIN YJIEH, OTCYTCTBYET HEOCHOB-
Hasg MepeMeHHad ¢ MOJNOXUTENBHBIM Ko3(bdHUMEeHTOM, TO B 3TOM
ciyyae gofyctuMoe 0asucHoe pelieHHE MOJMYYUTh HEBO3MOXHO, T.€.
YCJIOBUSA 331a4d TPOTHBOPEYMBEI.

5.5. OcoOple ciryyan CHMILUIEKCHOTO MeTO0Aa

PaccmoTpuM ocoOble ciiyyau, KOTOpble MOTYT BO3HHKHYTH NMpH
pellleHHK 3aJayd JIMHEMHOro NpPOrpaMMUPOBAHHUS CHUMIUIEKCHBIM
MeTOLOM.

Heeduncmeennocns onmumaisioz0 peutenun
(aromepnamuenutii onmumym)

D> 5.7. PelnTh CHMILTEKCHBIM METOIOM 3afiayy
F=3x1+3x2—-)max

MpKH OrpaHHYEHUAX:

()
R RS
P
8 %
LS B S ]
Y
oo

x20, x;20.

Peuwenne. TleomeTpuuecKoe pellleHHe 3agadyd MPHUBENEHO B
sanaue 4.3, a (cm. puc. 4.3, g): oNTUMYM JocTUraeTcsl B 060K TOUKS
oTpe3ka AB, Tak xak JIMHHA ypOBHs MapajlelbHa 3ToMy oTpesky. Ilo-
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KaKEM, KaK MpPOSBIAETCS HANMYUE anbTepPHATUBHOIO ONTHMyMa MpH
pelleHNH 32189 CHMITIEKCHBIM METOIOM.
Ha oyepenHoM LIare nolyyaem:
OCHOBHbIE NEPEMEHHBIE: X|, X3, X5,
HEOCHOBHbIE NMEPEMEHHBIE: X3, X4
BhipaxaeM OCHOBHBbIe MepeMEHHbBIE Yepe3 HEOCHOBHbIE:

X, =5=(2/3)x; - (1/3)x,,
Xy = 3= (13)x3 + (1/3)x4,

x5 =9—x3—X4‘

X1=(@;5;0; 0; 9) — nomycTMoe 6a3ucHoe pellleHHe, COOTBETCT-
Byloliee yrnosoi Touke A(3; 5). Jluneitnaa obyukuus: F = 24 — x;.
B 3TOM BLIPAXEHUHM OTCYTCTBYIOT MOJOXHUTENbHBIE KO3DPHIIMEHTH
IpH HEOCHOBHBIX NEPEMEHHBIX, 3HAYUT KPUTEPHH ONTHMANBHOCTH BbI-
nojHeH, X; — onTuMalpHoe OasucHoe pelleHue, Fp,y = Ay = 24.
OnHako B MocienHeM e@bipaxceHuu oaa F omcymcmeyem Heocroenas
nepemetHas x4 (HopMajlbHO BXOOMT ¢ HYJNEBHIM KoO3adbdHLMEeHTOM),
MO3TOMY M3MeHEHME 3Toli NepeMeHHON He MomiedeT 3a coboil HU3Me-
HeHMe JHHelHo# dyHkuun. Hanpumep, MOXHO mepeBecTH B OCHOB-
HYI0 TEPEMEHHYIO X4; X4 = min{lS; o0; 9} =9. TlepemeHHas x5 me-

peilleT B HEOCHOBHbIC, OMHAKO M3MEHeHUs AHHENHON (YHKUMH He
npousoiiner: AF =9-0=0. [eiicTBUTeNbHO, Ha CcieAylOLleM Luare
Moay4uM HoBoe GasMcHoe pelleHue X = (6; 2; 0; 9; 0), coorBercT-
Byloluee yrnoBod Touke B (6; 2), Fax = F (X3) = 24 (pekomeHayem
yuTaTealo yoenuTbhCs B 3TOM CaMOCTOSITENbHO). YUUThIBAf, 4TO Mepe-
MeHHas x; = 0 (B GasuMcHoOM pellieHHK X; OHa oCTalach HEOCHOBHOI),
a mepeMeHHast X4 YIOBIeTBopsieT HepaBeHcTBY 0 < x, <9, M3 cucTe-
Mbl ypaBHeHMiI MOXHO MOJNYYHTb BCE MHOXECTBO ONTHMMAIBHBIX pe-
Wwenmit 3anaun. Monoxum wis ynobersa x4 = ¢, rae ¢ €[0; 9]. Torna
MHOXECTBO ONTMMAIBHBIX pellleHuit: x; =3 + (1/3), x; = 5 — (1/3)¢
X3=0;x==4x=9+1t(t G[O; 9]).
3ameuanune. B cooTBeTcTBMM ¢ TeopeMaMu 3.3 U 3.4 MHo-
HCECMBO ONMUMANLHBIX pelleHuii MOXCHO npedcmasumes Kak
BHINYKAVIO AUHelHy0 KomOuHauuio X 6a3ucHuix peweHuil
X1 =3;500,9 uX;=(6;2,0; 9; 0), T.e. B COOTBETCTBUH C
BBIPAKEHUAMHA (3.5) 1 (3.4) umeem: X =oX; +(1- )X,, rre

0<ac<lp
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Ilosneaenue eévipoxncdennozo baszucrozo peutenun

D> 5.8. PelunTh CHMIIEKCHBIM METOLOM 331a4y
F =2x — x, > max

NpH orpaHUYCHHUAX:

X - x £ 2
3 - 2x, < 6,
6x; - 4x, < 14,
x20, x, 20

Peweunne. Ilocne BBeneHHs IOMOJHUTENbHEIX NEPEMCHHBIX,
KOTOPbI€ BO3BMEM B KAYCCTBE OCHOBHBIX, NOJNYYHUM:

I mar. OcHoBHble MepeMeHHbIE: X3, X4, X5.
HeocHoBHbIe nepeMeHHBIE: X, X;.

IMocne npeobpazoBaHuil NOIyINM:
% = 2"+ %
x4 = 6 - 3% + 2x,,

x5 = 14 — 6x; + 4x,.

X; = (0; 0; 2; 6; 14) — monycTuMoe 6asucHoe peleHHe.

F=2x; — x3, F, = KX7) = 0. Kputepnii onTUMaTbHOCTH Ha MakK-
CMMYM He BBINOJHEH, MO3TOMY NEPEBOAMM B OCHOBHBIE NEPEMEHHYIO
X;, TaK KaK B BbIpaxeHue Iuia F oHa BXOOUT € MOJNOXMUTENbHBIM KO-

adpPULMEHTOM: X; = min{2;6/3;14/6} = 2. OueHOYHbIE OTHOLUEHHUS B

ABYX IEPBBIX YpaBHEHHUAX COBIIAOaloT, MO3TOMY B Ka4eCTBEC paspe-
11aKlero MoXHO B3STh J11000e U3 HUX, HANPpUMED HNEPBOE.

II mar. OcHoBHbIE NEpeMeHHDIE: X[, X4, X5.
HeocHoBHBIe nepeMeHHBIE: X3, X3.

IMonyynM mociie NpeoOpasoBaHMii:
=2+ x - X,
X4=0— x2+3x3,

2 - 2x; + 6x;.

Xs
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X, =1(2; 0: 0; 0; 2) — BrIpOXIEHHOE Ga3UCHOE pellieHre, OCHOBHAA
KoMIOoHeHTa x4 =0.

JIuHeitHas ¢yYHKUMA UENH, BbIpaXeHHAsd 4Yepe3 HEOCHOBHBIE Mepe-
MeHHble, uMmeeT BUA: F = 4 + x; — 2x;. [lepeBons rnepeMeHHYIO X; B
OCHOBHBbIE, NOTyYaeM: X, = min{w; 0; 1} = 0, nosroMy Ha ciexyioueM

are U3MEHeHUs QyHKIMKM 1exd He npousoitaer, AF=0-1=0. 310
HapylUeHHe TPHHLMKIMA YAyyllleHUs] peLUeHWs, KOTOphbIit NO/KeH Bbl-
TOJTHSATBCS [IPY KCHMOJIb30BAHMKH CUMILUIEKCHOTO MeToda, B CBSI3U ¢ YeM
YTOUHUM [JaHHbIA NPUHLMIT: Kaxcowil credyrowutl waz GoaxceH yayHuumo
ual, 6 Kpaiinem cay4ae, He yXyOuiumo 3Havenue AUHElHOU BYHKUUU.

IIT mar. OcHoBHblE NEpEMEHHBIE: X[, X3, Xs.
HeocHoBHble epeMeHHBIE: X3, X4.

INMocne npeobpazoBaHKii NOAYIHM:

X =2+ 26 - x4

=
N
1]

0+ 3X3 - X4
X5 = 2 + ZX4.

X3=1(2; 0; 0; 0; 2) — 370 Ga3sucHoe pellicHUE TOXKE BHIPOXIEHO.
[loKOMNOHEHTHO OHO coBnagaeT ¢ Xp, oAHaKo ¢opMaibHO OTIHYA-
eTcl HabOpOM OCHOBHBIX INepeMeHHbIX. BbIpaxeHHe JHHEHHOIM
GbyHKUMU Yepe3 HEOCHOBHbIe MepeMeHHble UMeeT BUL: F= 4 + x3 — Xy,
KX3) = 4. (PeweHune npemiaraercsi NPOAOIXHTb YUTATENO CAMO-
cTosATeIbHO.) P>

BelMmonHeH bl WAr XOT M He BbI3BAT YBEJNWYEHWS 3HAYEHUA JIM-
HeilHoil QYHKUUK, He SBISAETCS JHUILIHKMM, TaK KaK APHBEN K HOBOMY
GasucHomy peutenuio. Hanuume “myctoix” waroB (AF =0) moxer
APUBECTU K TaK Ha3blBaEMOMY “3alMKIMBAHUIO”, T.e. BO3BPAILEHUIO K
paHee HallleHHOMY HOMYCTHMOMY Oa3sMcHOMY pellleHMI0 (C TeM Xe
HabopoM OCHOBHBIX U HEOCHOBHBIX MEPEMEHHBIX), U B 3TOM Ciyyae
Npoltecc GeckoHedeH. M36Gexarh “3alHKINBAHKA” MOXHO € MTOMOIIBIO
OnpegeneHHBIX Mep, KOTopble B JaHHOM MOCOOMM He paccMaTpUBalOT-
Cs. 3agaun ¢ “3aUMKIMBAHMEM” BCTpeyaloTes KpaifHe penKo, Tak Kak
K HeMy npHBOAMT He TOJBLKO BBIPOXAEHHE, HO U COYETAHHE €ro ¢
Apyrumu crieundrYecKMMH YCIIOBUSIMU.

BuBoa. Ecau na xaxom-aubo waze Haubonvuiee 603MONCHOE 3HAYEHUE
hepemennoii docmueaemca 6 Heckoavkux YpaéHeHUAX OOHOBPEMEHHO
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(cosnadaiom ux OueHOUHbie OMHOWEHUR), MO DPA3PEUIarOWUM ABASEMCcs
mo6oe uz nux. Ha cnedyrowem waece noayvaem ewipoxcoernoe GazucHoe
peuwierue, nepexod K o4epeGHOMY GA3UCHOMY DeUleHUI0 MoXcem He ume-
Humo hynkuuro yeau (AF =0). :

3ameuanue. BoipoxneHue, nonydeHHoOe NPU ONTUMAIBHOM pe-
IIEHUH, MOXET MPUBECTH K AIBTEPHATUBHOMY ONTHMYMY Jaxe Mpu
HeHyJIeBbIX KO3hdULMEeHTaX NPU BCeX HEOCHOBHBIX NMEPEMEHHBIX B
JMHeR ot yHKuuu (06 3TOM YMOMHHAJIOCh NpPH PacCMOTPEHUH
clyyast aIbTEPHATUBHOIO ONITUMYyMa).

Omcymcmeue KOHEYHO020 onmumMyma

(Fmax = HIN Fn = —oo)

Nin
D> 5.9. Pelinth CHMMNIEKCHBIM METONIOM 3a1a4y
F =2x; -3x; +1 > min

MpH OrpaHUYEHHAX:

X +x, 24,
2 - x; 21, ()
x - 2x; <1, (IID

x20, x,20. (IV,V)

PeuweHue. TeoMerpuyeckoe pellleHHe 3TOH 3afa4ul NpuBene-
Ho B 3anaye 4.3, 6 (cm. puc. 4.5, 6). Ha oyepenHom wiare peuie-
HUS 3TOM 3aaYM CUMIIEKCHBIM METOAOM MOTy4aeM:

OCHOBHbIE MEPEMEHHBIE X}, X3 X5;

HEOCHOBHBIE MEpEMEHHBIE X3, X4.

f

x =§+lx + —X
=3 73373
ix =Z+3x —lx
2 % 3 3% T 3%
Xs =4+ X3 - X4
X =(§; %; 0; 0; 4) -- 6asucHoe peilenue; F = —%——32—x3 +%x4;

MHUHMUMYM He MOCTUIHYT, TAK KaK KpUTepHil ONTUMAIbHOCTH HAa 3TO
yCIIOBUE HeE BBIMONHEH: NMEPEMEHHAsT X3 UMEET OTPULIATENBHBIN K03t
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GUUMEHT B BoipaxeHuu st F. OmpenenseM x3 = min (0,00,%) = oo,
taK KaK B KaXAoe U3 TPeX ypaBHEHMIl 3Ta NMepeMeHHasl BXOOUT C TEM
K€ 3HAKOM, YTO W cBOOONHbBIA 4neH. YpaBHEHUs] HE OrpaHHYKBAIOT
pocT X3, O3TOMY M 3Ha4YeHUe PyHKUMM F HeorpaHMYEHHO W oTpHUla-
TelbHO, T.e. F;, = —0. P

BwiBoa. Ecau Ha Kaxom-aubo waze noaywaem, 4mo 60 6cex ypagHe-
HUAX cucmemsl GeCKOHeHHbl OUEHOYHble OMHOUIeHUs MOl nepemMenHoi,
KOmopas nepesodumcs 6 OCHOBHule, Mo 3a0a4a He umeem KOHeYHo20 on-
mumyma  ( F,, =, ecau 3adaua Ha ombicKaHue MAKCUMyMa, u

Foin = —, ecau 3a0a4a Ha OMbICKQHUE MUHUMYMA).

IMoaBoas MTOTH, MOXHO YTBEPXJATh, YTO €CJIH CUCTEMA OrpaHuye-
HHI1 HEMPOTMBOPEYMBA, TO BRITOTHEHNE KOHEYHOro YKUCIa NocaenoBa-
TEeJbHBIX 1LATOB CHMIUIEKCHOrO MeToma JAubo NpHBOAMT K HAaxoXie-
HHUIO ONTHUMAJbHOTO DPEllleHHUA 3a7a4Yd (OHO MOXeT ObITh HEemUHCT-
BEHHEIM), MO0 K YCTAHOBJIEHHUIO TOro ¢aKra, 4To AUHENHAA yHKLUHUS
He MMeeT KOHeYHOro oNTUMYyMa.

5.6. CummaekcHbie Ta0auIpl

IpakTuyeckue pacueTsl MPU PellIEeHHK peaibHBIX 3a0a4 CUMMANEKC-
HbIM METOAOM BBINOJMHAIOTCS B HAcTOslLlEe BpeMsl ¢ MOMOLUBIO KOM-
nploTepoB. Q[HAaKo ecliM pacyeTsl ocyliecTpisioTcs 6es DBM, To
yIoOHO MCHOJb30BaTh TAK Ha3biBaeMbleé CUMIUIEKCHbBIE Tabnuusl. Ha-
Jlee Mbl PaccMOTPUM AJTOPUTM MX COCTaBJIEHHS, HE yrTyOnasisicb B €ero
nonpobHoe obocHoBaHue. LIS onpeneieHHOCTH CYMTAEM, YTO pellia-
eTcs 3aaya Ha oThICKaHWE MaKcMMyMma.

I. Tlocne BBemeHus H0GABOYHBIX NMEPEMEHHBIX CUCTEMY ypaBHEHUMH
N JIMHeiiHy1I0 GyHKUMIO 3aMUChIBAEM B BHMIE, KOTOPHI HasblBaeTcs
pacwupenHoi cucmemou:

ayXy + Xyt +aX, + Xey = by,
Ay Xy + G Xg+.. HAy Xy + Xy = by,

A X) + Xy +.. A X + Xy = b,
k1:' - Clxl - C2X2—. ..—c,,x,, = 0

Ipennonaraem, 4ro Bce N06aBOYHBIE NMEpeMeHHbIE MMEIOT TOT X€
SHAK, yTo U cBOGOOHBIE WIEHB!; B TIPOTUBHOM cllyyae MCHoNb3yeM Tak
HaspiBaeMblil M-Memo0, KoTopbiil GyIeT pacCMOTpEH HHUXE.
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II.  HcxogHyio paclUMpeHHYIO cHCTEMY 3aHOCHM B INEPBYIO CHM-
riekcHylo Tabauuy. INocnennsst crpoxka Tabnuiipl, B KOTOpoil NpHBe-
JEHO YpaBHeHUe Insl JUHENHON (YHKUMH LEMU, HA3BIBAETCS OUEHOY-
Hoi. B Heit ykasbiBaloTcsl KoagPHLMEHTH GYHKIIMHM LETH ¢ NPOTHUBO-
NoNoXHbIM 3HAKOM: b; = — ¢;. B neBom cronbue TabauLbl 3aAMCHIBA-
€M OCHOBHbIE NepeMeHHble (0a3uc), B NnepBoil cTpoke TabAKULBI — Bee
nepeMeHHble (OTMeyasl NPH 3TOM OCHOBHBIE), BO BTOpOM CTOMOLE —
cBoOOIHble WIeHbl paclUMpeHHoll cucteMbl by, by, ..., by. TlocneaHuit
cTonbell NOoAroTORNIEH IS OLEHOYHBIX OTHOILUEHMI, HEOOXOOMMBIX NpH
pacyeTe HauboNbllero BO3MOXHOIO 3HAUYECHUS fepeMeHHol. B pabouyio
yacTb TabAMLb! (HaYMHAs ¢ TpeThero cronbl@ | BTOPOMl CTPOKM) 3aHe-
CeHbl KO3DGDUUMEHTDI g IPU MIEPEMEHHBIX U3 PACIUMPEHHOH CUCTEMBI.
Hanee tabnviua npeobpasyercsi O ONMPEAENCHHBIM MpaBUIaM.,

II1. TlposepsieM BbilOMHEHWE KPUTEPUs ONTUMAIBHOCTH MpPH pe-
IIeHKHU 3anayy Ha MaKCUMyM — HaJIM4KMe B MNocjegHell CTpoKe oTpu-
uaTenabHbIX KoddduuneHtos b; < 0 (¢; > 0). Eciu takux Her, To pe-
LIeHHEe ONTUMAJIbHO, MOCTUIHYT max F = ¢y (B JIeBOM HUXHEM yrny
TabaMLbl), OCHOBHBIE TEpEMeHHble MPUHUMAIOT 3HAYEHUS a;y (BTOpOid
cTo16el), OCHOBHbIe MepeMEHHbIe paBHbl 0, T.€. Ho/lyyaeM onTHMalb-
Hoe DasucHoe pellieHue.

IV. Ecan xputepHit onTUMaIBHOCTH He BBINOJHEH, TO HAaHMOONb-
KA IO MOAYNMIO OoTpULATENbHbIN Kodgduument b; < 0 8 nocnenHeit
CTPOKE onpenesieT paspeuarnuuil cmoaoey S.

CocrasngeM OLEHOYHbIE OrpaHMYEHHs KaxXIOi CTPOKM 1o clle-
AYIOUIMM fpaBHjiam:

1) o, ecnu b; U a;; UMEIOT pa3Hble 3HAKU;

2) o, ecmn b; =0u a;<0;

3) o, ecin a;;=0;

4) 0,ecmu b; =0u a; > 0;

5) b

is

, €CJIN 4o N 4; UMEIOT OJMHAKOBbIC 3HAKH.

b
14t . Ecmn KoHeYyHOro MMHMMyMa HeT, TO 3a-

OmpeaenseM min
i a;s

Jaya He MMeeT KoHeyHoro ontumyma ( F,,, = ). Ecin MuHHMYM

KOHeYeH, TO BBHIOMpaeM CTPOKY ¢, Ha KOTOpOil OH [docTHraercs
(mobylo, ecny UX HeCKOJbKO), U Ha3bIBAEM ee paspeuiaroweli cmMpokou.
Ha nepeceueHuu paspeluaroniux cTpokd u croibua HaxoAWTcs paspe-
WaKOWUIl 30EMEHM Qg
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V. Tlepexoaum K cienyoileil Tabauue Mo npapuiam:

a) B 1eBOM cTONOIle 3anKuchiBaeM HOBBIM Ga3uc: BMECTO OCHOBHOM
fiepeMEHHOI X, — NMepeMeHHYIO X,

6) B cTOAGLAX, COOTBETCTBYIOUINX OCHOBHBLIM NEpeMEeHHBIM, Npo-
cTaBisieM HyAW M edWHMUbL: 1 — npotuB “cBoeil” OCHOBHOM nepe-
meHHOH, 0 — npotuB “yyxoii” ocHOBHOIl nepemeHHoii, 0 — B no-
cnelHel CTpoKe [UTA BceX OCHOBHBIX NepeMeHHBIX;

B) HOBYIO CTPOKY C HOMEPOM ¢ INOJYHaeM U3 cTapoil ejleHMeM Ha
paspeLlalOWHi SNEMEHT dgg;

I) BCE OCTA/bHbIE JJIEMEHTbl &j BHIYHCIAAEM 110 Npaguny npsamo-

yzwlbuuxa:
I I
1 1
- (] = -] - -
, alsaql L) 5
a; = a; - , | |
Ggs f !
b= b - il ' !
f] i a . -—- aqi - - - an -—-

e 1 1

Puc. 5.4

Hanee nepexonum x n. III anroputma.
D 5.10. Pewntb 3amayy o6 WCIONb30BAHWM PECYpCOB, NMPHBENEHHYIO B
pasl. 1.2, ¢ MOMOILBIO CHMILIEKCHBIX Tabaui!.
‘Pewenwue. PacuimpeHHas cucreMa 3ana4yy HMeeT BUI:

X+ 3% + x3 =18,
2% + X + x4 = 16,

X3 + x5 = 5,
3x, + xg = 21

JInneitnyo gpyHKumio npeactasuM B Bulle F — 2x; — 3x; = 0.
3anosHAeM NepByI0 CUMILIEKCHYIO Tabnuuy (Taba. 5.1), B KoTopoit
nepeMeHHbIE X3, X4, X5, X OCHOBHBIE. TlocnenHsst cTpoKa 3aMnonHseTcs

! Dra 3apaua yxe peiena reomeTpuuccky B 4.1, a B 5.1 — cuMIEKCHBIM
MeTonom Ge3 Kcronb3oBanus TabamLL.
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ko3 duLeHTaM JHHENHOM GYHKUMHM C MPOTHBOIIOJOXHBIM 3HAKOM
(cM. n. II anropuT™a).

Ta6aunua 5.1
IMepemeHHbIE
basuc | Csoboxn- OueHOYHOe
HBbIH WIeH OTHOLICHHE
X X X3 X4 X5 X6
X3 18 1 3 1 0 0 0 18/3
X4 16 2 1 0 1 0 0 16
> x5 5 0 1 0 0 | 0 5 «
X¢ 21 3 0 0 0 0 1 o«
F 0 -2 -3 0 0 0 0
T

B cootBerctBuu ¢ m. Il anroputma mnposepsieM KpHTepMii ONTH-
MaibHOCTH. B mocienHei crpoke MMeEIOTCs OTpULlaTeNbHble KO3(hHU-
uMeHTHl. BriGupaeM M3 Hux HaubGonbwuii mo monynio (—3); Bropoii
ctonbell paspellalOIUii, NepeMeHHas Xx; TepeiieT B OCHOBHbIE (3TOT
cronbell orMeveH cTpenkoit). B coorserctBuM ¢ n. IV Haxoaum oue-

HOYHbIE OTHOLIEHHS U X) =min{18/3; 16; 5; oo}= 5. Tpetbs cTpoka

ABIAeTCs paspellaiolleil (oTMeyeHa rOpH3OHTANBHOM cTpenkoit). Ha
nepeceyeHU pas3pelIaAloNUIUX CTPOKH M CTONGIA CTOUT paspellaroini
3jleMeHT a33 = 1.

Crpoum 1abn. 5.2 no npasugam Ji. V anroput™ma;

a) B HOBOM 6asuce oCHOBHbIE MEpEMEHHbBIE: X3, X4, X2, X6;

6) paccrasisieM HYJU U eIHHULUBI; HAllpUuMep, B KIETKe, COOTBETCT-
BYIOLLEN OCHOBHOI nepeMeHHOI X3 O cToibUy U CTpOKe, CTaBUM 1, @
B KJIeTKe, COOTBETCTBYIOILEH OCHOBHOH INepeMeHHOI X3 Mo CTPOKe, a
OCHOBHOW nepeMeHHOM x3 — no crtoabuy, crasum 0 u T.n. B nmocnen-
Heil CTpoKe IIPOTUB BCEX OCHOBHBIX MNMepeMeHHBIX cTasuM (. Tpetbs
CTpoKa nojiyyaetcsl HelleHUeM Ha paspellalolliii aeMeHT a33 = .
OcranbHble KJIETKH 3anojHAeM Mo NpasBuny npamoyrojisHuka. Ha-
npumep: b = 18-3—i—5=3, ap = 1—3—'1—9=1 M T.0.

[Monyyum BTopyto cuMIIekcHyio Tabauuy (tabn. 5.2).
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Ta6nuua 5.2

Ba3suc CsoGon- Mepemennbic OueHouHoe
HbIH YJieH X x X3 X4 X5 X6 OTHOUIEHUE
- X3 3 I 0 | 0 |3 0 3«
X 1 2o o1 |{-1]o 11/2
X 5 o110 o 1o o
X 21 3 oo o] o |1 7
F 15 =2 0 0 0 3 0
T
KpuTtepuii onTUManbHOCTH BHOBb He BbinoyiHeH. Tenepb nep-
BHIif CToNGell paspellalOIMi; X; -~ TMEepexXoAWT B OCHOBHLIE,
min{3/1; 11/2; «; 7} = 3; nepsas cTpoka paspewaiowasi, g, — pas-

pelIaloUInil 3/IEMEHT.
Hosas cuMniekcHas tabnulia npumer BUA Ta6a. 5.3.

Ta6bnuua 5.3
Ba3uc CBuo6ozl- Hepeneritsle OueHoyHoe
Hbilt ueH | % X X x5 x, | oTHouieHue
x 3 1 0 1 0 -3 0 x
| x 5 0| 0 |21 5 0 5/5 «
X 5 0 1 0 0 1 0 5/1
X 12 0 0 -3 0 9 1 12/9
F 21 0 0 2 0 -3 0
T

W Ha atoT pas KpuTepuil ONTHMAIBLHOCTH HE BHIMOJHEH; MATHIH
CTonbeu u Bropas ctpoka paspeliamouiue, ds = 5 — paspellaloliui
dleMeHT.

Iepexonum  Ta6n. 5.4 .
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Ta6nuua 5.4

Basue | CoGoz- TepemeHHble OueouHoe
HBIA 4fieH x x X3 X4 xs Xs OTHOLIIeHHe
b 6 1 0 =-1/5 1 3/5 0 0
X5 ] 0 0 -2/5 1/5 1 0
X 4 0 1 2/5 | —1/5 0 0
X 3 0 0 3/5 | -9/5 0 1
F 24 0 0 4/5 3/5 0 0

Kputepuit onTHMaibHOCTH BbIMOAHEH, 3HAYUT Fp,c = 24, onlTu-
ManbHoe GasucHoe pewenue (6; 4; 0; 0; 1; 3) copmamaer ¢ paHee Iro-
AYdeHHBbIM (cm. pelleHue 3a0a4u 5.1 CUMILIEKCHBIM MeToloM). P

~ 5.7. Honsarue 00 M-merope
(MeToae HCKYCCTBEHHOro 0asuca)

Bole 6bUT H3M0XeH aITOPHTM MOJIYYeHHsl AONYCTHMOro 6asucHo:
ro pelleHust B ciyyae, KOTAa INepBoHayaibHoe 6Ga3ucHoe pelleHue
Heldonyctimo. OfHaKo npu pacyere ¢ NOMOLIbI CHMILIEKCHBIX Tab-
AUl yroGHee MoJab30BaThCA TAK HA3LIBAEMBIM M-Memodom, witd memo-
dom uckyccmeennozo 6azuca. OH 3aK10yaeTcs B ClefyIOLIEM.

B xaxzgoe ypaBHeHue, alolee OTpHLATEbHYI0O KOMIIOHEHTY B 6a-
3MCHOM pELICHHH, BBOJAKM CBOK HOBYIO HEOTPHIUATENbHYIO HCKyCCT-
BEHHYIO [IePEMEHHYIO V|, V2, ..., Yk, KOTOPAS HMeET TOT Xe 3HaK, 4To U
cBODOIHBIA WieH B NpaBoi yacTu ypaBHeHWs. B nepsoii Tabnuue
BKJTIOYAEM B YHCJIO OCHOBHBIX BCE MCKYCCTBEHHbIE MepeMeHHbIe U Te
obb1yHbie 106aBOYHbIE MepeMEeHHbIe, KOTOpbIe ONpelesIsioT HeOTpULa-
TeJbHblE KOMIOHEHTHI GasucHoro peuleHusi. CocrtaBisieM HOBYIO JH-
HeliHylo dyHkumo 7= F— My, + y» + ... + y), rne M — npowus-
BOJIbHO Gosbllloe yMcno, U uuieM ee MakcuMyM (7-3amaya). Hazosem
M-gyurxyueli Boipaxenne M(y; + y, + ... + yi). Cripaserinsa meopema
(noka3aTenbcTBO 3eCh He NPUBOAUTCH):

1. Ecau 6 onmumanvhom pewenuu T-3a0a4u 6ce uckyccmeerHvie no-
pemernsie pasnul 0, mo coomeemcmayrouiue 3HAYEHUA OCMAALHBIX Ne;
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MeHHBIX Oaiom onmumanvhoe pewenue ucxodnoi 3adawu (m.e. Ty, =
= Fax, €ctuyy = yr= ... =y =0, m.e. munumym M-@ynxyuu pasen 0).

2. Ecau umeemca onmumansroe pewenue T-3a0auu, 8 Komopom xoms
6ol OOHA U3 UCKYCCMBeHHbIX nepemennbix omauuna om 0, mo cucmema
oepanuHenull Ucxo0HoU 3a0a4u HECOBMECTHA.

3. Ecau Thax = 0, MO ucxo0Has 3a0a4a makice Hepaspeuwuma, npu-
wem aubo Frqax = o, aubo ycaosus 3adaiu npomueopevuss.

U3 TeopeMbl cliegyer, 4To BHayame cielyeT HaiTM MUHUMYM M-
¢yHkuuu. Ecnu oH paseH 0 M BCce MCKycCTBeHHbIe nepeMeHHble 06-
pawarotcd B 0, To fanee MOXHO OTOPOCHTb 3TH NEpeMeHHbIE W pe-
[iath MCXOOHYK0 3amayy, MCXoAs H3 NOJy4eHHOro JOMNyCTMMOro Oa-
3ucHOro peiueHusi. Ha npakTuke Haxoasar He MHHUMYM M-QyHKUHH,
a MakcUMyM (— M)-byHKIIHM.

D 5.11. Peiuuts 3ana4y 5.3 M-metonoM, Ucnob3ys CHMILIEKCHBIE TaGMHLIbL

PeweHnue. Bsenem HeobXxomuMoe 4MCIIO MCKYCCTBEHHBIX Ie-
PEMEHHBIX M CTONBbKO XXE HOMNOJHHMTENbHBIX CTPOK B CHUMIUIEKCHOM
rabnuue.

HmeeM F = x; + 2x; —» max

TIPH OrpaHHYeHHsX:

X - X + X3 = -l
X; — X3 — X4 = —3,
X + x5 = 3

X1 = (0; 0; ~1; 3; 5) — HenonyctuMoOe Ga3zucHOe pellieHHe ¢ OXHOM
OTPULIATENIbHON KOMIIOHEHTOM, MIO3TOMY B IepBOe ypaBHEHHE BBEIEM
MCKYCCTBEHHYIO NEPEMEHHYIO Y| C T€M Xe 3HAKOM, YTO W CBOOOMHBII
YNeH: .

_1,

X - X+ X3 - ) =
X - X - X, = -3
Xy + x5 = 3
unu
-Xp + Xy - X3+ y =1
=X; + Xy + x4 =3,
X + X5 =3,

T = x +2x3 - My, > max.
Cocrasnsem nepsyio cuMIUIeKCHyio Tabnuuy (Ta6n. 5.5).
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TaGbnuua 5.5

Basuc | Caobon- Mepemethnic OueHoyHoe
HbIH WIEH x % X3 X4 X5 y, | oTHOWeHMe
-l »n 1 -1 1 -1 0 0 1 I «
X4 3 -1 1 0 1 0 0 3
Xs 3 1 0 0 0 1 0 ©
F 0 -1 -2 0 0 0 0 max
M, M M -M M 0 0 M max
T

[locnennsas crpoka — 3to (—M)-dynkuus, 1.e. (—My)y. 3a-
NoNHAEM ee, YMHOXas CTpoKy y; Ha KoadpduuueHt (—M). Tpose-
psAsl BbIMOJIHEHHE KPUTEPHS ONTUMAIBHOCTH NMPH OTHICKAHMHM Mak-
cumyMma (—M)-dbyHkuuu, onpenensieM, yto B MocaelHe#d CTpoke
KWMeeTcs OTpULIATEAbHBIH 3JeMEHT BO BTOPOM CTONOLIe; 3HAUMT OH
ABASeTCA pa3pelialollUM, NMepeMeHHAas X; NepexoluUT B OCHOBHBIE.
MuHuManeHOE OLleHOYHOE OTHOLIEHHWE B NepBOii CTPOKe, OHA pas-
pewajouias. [lepemeHHas y; nepexoAuT B HEOCHOBHBIE, obpaliiaeT-
ca B 0 Ha creanyrouieM Ga3sMcHOM pelleHUM W dajfee MCKIKOYaercd
M3 pacCMOTpeHMUS.

B coorBeTcTBUM ¢ OBIUM AITOPHTMOM NojyvyaeM Tab1. 5.6.

Tabauua 5.6
Basuc Csoboa- Mepemenisie OueHouHoe
Hblit Wien X X X X3 x5 OTHOUIECHHE
X, | ~1 1 -1 0 0
X3 2 0 0 | 1 0
X5 3 1 0 0 0 1
F 2 -3 0 -2 0 0 max
—M, 0 0 0 0 0 0 max
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MocnenHsas crpoka nokasbiBaer, YTO KPUTEPUIl ONTHMAILHOCTH
pbinosHeH; max (—Mg) = 0, 3nauur min My = 0, nanee 3Ty CTPOKy
MOXHO He paccMarpuBaTh. [lonydeHo gonyctimoe 6a3ucHoOe pelleHKe
0; 1; 0, 2; 3), HauMHas ¢ KOTOPOTO pelliaeM UCXOAHYWO 337avy B COOT-
BeTCTBMM C OOBIYHBIM airoputTMoM. UurarensM peKoMeHayeTcs 3a-
BEPLUMTH €€ CAaMOCTOSITENIbHO, a TakXke pelluTs 3agauyu 5.2, 5.4, 5.5,
5.6 ¢ ITOMOLIBIO CUMIUIEKCHBIX Tabnuu.p

3ameuanne. [Ipu peilleHHu 3amayy Ha OTbICKAHHE MUHUMYyMa JMHEl-

HON (PYHKUMM LIeTH PeKOMEHIYETCH BMECTO Zpyy, HAXOOUTD (—Z)may-

VITPAJKHEHUA

3agaun 5.12—5.19 peuints cuMnaekcHeIM MetoqoM. CpaBHUTD 11O~
Jy4eHHOe pelleHue C pelleHHeM, HallieHHbIM TeOMETPUYECKH.

5.12. F = 2x) - 6x; - max 5.13. F =2x - x; > min
Mpy OrPaHUYEHHUSIX: NpU OrpaHUYEHHSX:

X+ Xy 22, X, +x3 24,

-X| +2x,; < 4, ~-x, +2x, <2,

x| +2xy <8, x| +2x, < 10,

x, 20, x, 20. x1 20, x; 20
5.14. F = x; + xy > max 5.15. F =2x; - x; - min
Npy OrpaHUYeHHUSX: npu orpaHUYeHHUsX:

x;—4x; -4 <0, X +x; 24,
3x, —x5 20, 2x - x; 22,
X +x,-420, -x, - 2x, 2 -10,
x, 20, x, 20. x 20, x; 20
5.16. F = x; - x; - max 5.17. F = 4x; - 2x; > max
Npy OrpaHUYEHHAX: MpW OrpaHUYEHHUSX:
=2x; +x; 22, X —2x, <0,
xX; —2x, < -8, X +2x; 22,
Xy +Xx; <35, 2x; + x, <10,
x; 20, x; 20. X 20, x, 20

5.18. Texkcr ycnosusa npuse-  5.19. Tekcr ycnosus npuBeaeH
AeH B 3anave 1.4. B 3a1aye 1.5.

4 Hccaeiosanme onepamii
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3agauu 5.20—5.25 pemiuTh CUMMIEKCHBIM METONOM.
5.20. F = 2x; - 13x;, — 6x3 > max npu orpaHUYEHHSX:

Xy =Xy +3x3 21,
{xl —2xy + x5 S -1,
xp 20, x;20, x; 20.
5.21. F = -6x; + 10x; + 9x; + 8x, — min 1pH orpaHUYEHHSIX:
“2Xp 4+ Xy + X3 22,
{ X —X; — X4 < -1,
x;20,j=1,23,4
5.22. F = x; +3x, + 2x; - min  npu orpaHuyeHHX:
3 - 2%y +x325,
X, + X3 +2x3 210,
=2x+ 3%, —x3 22,
20, %20, x20
5.23. F =x;+x;+Xx3+ x4 > min IpH orpaHUYEHHSX:
X —Xx; =2x3 +X4 26,
-X| +X3 <2,
2xy -3x3 +42x4 < 8,
x;20,j=1,23,4
5.24. F =4x; +15x; +12x5 + 2x4 —> min TIpM OrpaHUYEHHUSAX:
2xy +3x3 +x4 21,
{x, +3x; +x3-x420,
x;20,j=123,4
5.25. F =14x; +10x; + 14x; + 14x, — min npu orpaHAYeHHsAX:
4x) +2xy + 2x3 + x, <35,
X+ Xy +2x3 +3x, <30,
3x;+ X +2x3+ x4 <40,
x;20,j=1,2,34



I'aaBa 6
JBOVICTBEHHBIE 3AJIAUU

Kaxnoit 3agaye JHHEHHOro MNPOrpaMMMPOBAHHSL COOTBETCTBYET
Apyras 3ajaya, HaspiBaeMasi 060lCmeEeHHoll WIN conpascerHol No oT-
HOILIEHUIO K ucXonHoi. Teopus ABONCTBEHHOCTH OKa3ajach 0ae3HOM
JUTS. MpOBENEHUSA KavyecTBeHHBIX HCCAeaOBaHUN 3a1ay JWHEHHOro
nporpaMMHpOBaHUSL.

6.1. DkoHOMMYECKAd MHTEpHpPETAUHA 3a]a4H,
JBOMCTBEHHOM 3anaye
00 MCMOIBL30BAHMH PECYPCOB

B rn. 1 paccmotrpeHa 3agaya o6 MCNOMB30BAHHU PECYpPCOB (IKOHO-
MHKO-MaTeMaTHyeckas: Mofiefib W COMAEepXaTelbHas HHTepnpeTalus
aroit 3amayu | npencrasineHsl B JeBoit yacth Ta6a. 6.1). B npuBenex-
HOit Montenu b; (i=1, 2, ..., m) oGo3nayaer 3anac pecypca Sj; gy —
4yucio eluHUL pecypca S;, norpebnseMoro npu NMpou3BoACTBE €IUHHU-
usl nponykuuu P (j =1, 2, ..., n); ¢; — npubuUIb (BBIpYUKA) OT peain-
3aluy efMHULLL MpoayKuKMK P; (v UeHa npoaykuuu F).

Mpennonoxum, yro Hekoropas OpraHW3aUMs pellIHia 3aKyMNUThb
pecypenl Sy, S, ..., S, npeanpusAtHa U HeoOXOLUMO yCTAHOBMTD OIl-
TUMaJbHBIE LIEHBl HA 3TH PECYPCHL Y1, V2, s V-

OueBuaHO, YTO MOKYMAOIIAA OPraHU3aLUs 3aHHTEPECOBAHA B TOM,
YroObl 3aTpaTel Ha Bce pecypchl Z B KojiuyecTax &y, by, ..., b, mo
UeHaM COOTBETCTBEHHO Y|, V3, ...; ¥m ObLUIM MHHUMAIBHEI, T.€

Z=by +by,+ ... +b,y, > min.
C apyroit cTopoHbl, npeAnpusiTHe, MPONAIOLIEe Pecypehl, 3aMHTe-

PecoBaHo B TOM, yTOOBI MOJyYeHHAs] BbipydykKa Oblia He MeHee TOi
CYMMbI, KOTOpPYIO MpelllpHMATHE MOXeT MOAYYHTb Npu Nepepaborke
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pecypcoB B roroByl0 Mpoaykuuio. Ha uarorosneHue eIUHHMUBI Npo-
dykuuu P; pacxonyetcs a); eduHHL pecypca S|, a3 eIHHUL pecypca
S5, ..., a; eAMHHL pecypca S;, ..., Gp ENUHHUIL pecypca S, NO leHe
COOTBETCTBEHHO Yy, ¥3, ---s Vis ---» Ym- L103TOMY ISl YHOBJNETBOpEHMS
TpeboBaHHuii MpoAaBiia 3aTpaThl HA pecypchl, NOTpebisieMble NpU K3ro-
TOBJICHWU eAHHUIIb! NPOAYKUKUU Py, KOMKHBI ObiTh HE MEHee ee IIEHbI
Ct, T.€. ‘

apy +ayy, +

AHQJIOTHYHO MOXHO COCTABUTb OTPAHWYEHUS B BUAE HepaBeHCTB
1o Kaxnomy Buly npoaykuuu Py, P, ..., P, DKOHOMHKO-MaTeMaTH-
yeckas MoJeNb U colepXKaTenbHAs WHTeprnperauus NOMy4eHHOH Ta-
KuM obpasoM nBoilctBeHHOU 3amauu Il npusemeHbl B npaBoit YacTu
tabn. 6.1.

+ Y 2C.

Ta6auua 6.1

3anaya | (McxomHas) 3anaya 1l (aBoficTBeHHas)

F = cx) + eyxp+.. 4C,x, > max | Z = by, + by, +...+b,y, — min

(6.1) (6.4)
NMpHU OrPAHUYCHMUSAX . NpH OTrpaHAYCHHNAX:
ap Xy +djpxy+.. . +d,X, < bl’ any +ayyr+..+a,, 0 2q,
ay X) + ApXy+...+0y,X, < bz, AP +apyrt+.. . +a,ny, P4 Cy,
At Xy + QpaXg+.. Ay, X, S b, AV + 0 Yyt A8V 2 Cp,
(6.2) (6.5)
¥ YCIIOBUH HEOTPULATCIIbHOCTH U YyCJIOBUH HEOTPULATENIBHOCTH
x20,x20 ..,x,20 (63) |y 20,20, ..,y,20 (6.6)

Cocmasums makoii naan ewinycka
npodykyuu X = (Xy, Xy ..., X,), Hpu
Komopom  npubbiab  (evipyuka) om
peaauzayuu npodykyuu Oydem Mak-
CUMARbHOI npu ycaoeuu, 4mo ho-
mpebaesue pecypcogé no Kaxucoomy

Haiimu maxoii nabop uen (oyenox)
pecypcos ¥ = Vi, Y25 s Ym)» HPU
Komopom o6ujue 3ampamsl Ha pecypcsl
Oydym MusuMAAbHuIMU  NpU  yCAOgUl,
¥mo 3ampamel Ha Pecypcsl npu npous-
godcmse  Kaxcdoeo Guda  npodyKuuu

Oydym He meree npubbiau (geipyuku) om
peaauzayuu 3moii npodykuyuu

eudy npodykyuu He npee3olidem
UMeIoWUXCs 3anaco8

LleHbl pecypcoB yy, ¥, ..., Ym B 3KOHOMUHYECKOM JiUTEpaType Moity-
YWAH pa3TMYHbIe HA3BAHWS: yHemHbie, HeagHble, meHeable. CMbICT 3THX
Ha3BaHHUH COCTOMT B TOM, YTO 3TO YcA08Hbie, “HeHacToALIHe” 1eHbl. B
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oTINYME OT “BHEWIHUX” LEH €y, €3, ..., Cp HA NPOAYKUHIO, H3BECTHBIX,
KaK NpaBUJIo, IO HAayaaa Npow3BOACTBA, UEHbI PECYPCOB V1, V2, -..r Im
qBNAIOTCH 6HympenHumu, K60 OHM 3aJAI0TCS HE M3BHE, & ONPEAELNAIOT-
cs HETMOCPEACTBEHHO B pe3y/bTaTe pelI€HUsi 3alayd, [03TOMYy MX ya-
e Ha3blBalOT OYeHKaMU PECypCoB.

6.2. B3auMHO ABOMCTBEHHBIE 3aJa4u
JMHEHHOro NPOrpaMMHUPOBAHUA M HX CBOHCTBA

PaccMorpuM dopmanbHo aBe 3anayd | u 11 nuHeiiHoro nporpam-
MUpOBAHMs, NpeACTaBNeHHble B Tab. 6.1, abcTparupysch oT conepxa-
Te/IbHOM HHTEprnpeTauuy napaMeTpoB, BXOAAIIMX B MX IKOHOMMKO-
mareMathyeckue Monead. O6e 3agayy o6jaafaloT CAeAyIOMHMH CBOit-
CTBaMM:

1. B o0noii 3a0ave uwym maxcumym auMelnol ynxyuu, 8 opyeoii —
MUHUMYM.

2. Kosgguyuenmo: npu nepemennvix 6 Auneunou giyHkyuu odnol 3a-
0auu AGAAIOMCA CEOOOOHBIMU HACHAMU CUCMeEMbl 02paHUYerull & Opy2oil.

3. Kaxcdas us 3adau 3adana 6 cmandapmuol gopme, npuuem e 3adave
MAKCUMU3ayuu éce HepageHcmea euda “<“, a e 3adave MuHumusauuu —
8ce Hepaeencmaa euda “>*.

4. Mampuyw ko3guyuenmos npu nepemenHbix 8 CuCmMemMax 02panu-
ueHull obeux 3a0a4 AGAAOMCA MPAHCHOHUPOSAHHBIMU OpYe K Opyey:

ay, a6, ... a,

wissanaum [ A= | 2 o G|
Ay Gy oer Oy
4y dy ... Gy

wis sanaun 11 A =| %2 92 o Om2|
a, Oy .. G

5. Yucao nepasencme & cucmeme ozpanuuenull 00Hol 3adauu coena-
daem ¢ uucaoM nepemennbix @ 0pyeoi 3adave.

6. Ycroeus neompuyamenvnocmu nepeMenHvix umeromcs & obeux 3a-
dauax.
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Hae 3adavu I u Il auneiinozo npozpammuposanus, obaadarowue yra-
3aHHBIMU CEOLICMBAMU, HA3bIGAIOMCA CUMMEMPUYHLIMU 63AUMHO 060Ticm-
sennbimu 3adavamu. B nanbHeitieM st IpocTOTHl GyaeM Has3blBaTb MX
MIPOCTO OBOUCMEEHHBIMU 3G0AUAMU.

Hcxons u3 onpenenenysi, MOXHO MpPeLTIOXUTb CAeNYIOIUUI arzo-
pumm cocmasaenus deolicmaennoll 3adauu.

1. TpuBecTH Bce HepaBeHCTBA CUCTEMbI OrPaHHYEHMIt HCXORHOI
330a4M K ONHOMY CMBICIY: €C/IM B MCXOIAHOM 3amaye MILYT Mak-
CUMYM JiHHelHON (pyHKIIMH, TO BCce HEpaBEeHCTBA CHCTEMBI OTr-
paHuH4YeHuil npuBecTH K BUOY “<, & ec/i MHHMMYM — K BHIOY
“2%“. Ilna aToro HepaBeHCTBA, B KOTOPHIX AaHHOE TpeGOBaHME He
BbIMOJHsIETCS, YMHOXUTb Ha —1.

2. CocraBuTb paclIMpEHHYI0 MaTpuly cuCTeMbl A|, B KOTOpYyIO
BKJIIOYMTL MaTpylly Ko3¢dHUUeHTOB Npy nepeMeHHbBIX A, cTol-
6eu cBoOOOAHLIX YWIEHOB CUCTEMbI OIpAHMYEHHMH M CTPOKY KO-
3 duLmeHTOB NpY NepeMeHHbIX B IMHeNHHONH DyHKUMH.

3. Haitts marpuny A,' , TPAHCIIOHHPOBAHHYIO K MaTpuile Aj.
4. CdopmynrpoBarb ABOWCTBEHHYIO 3alayy Ha OCHOBaHHM MONyYeH-
HOW MaTpHIIbI A,' Y YCJIOBHSI HEOTPHIIATENIbHOCTH NTepeMEHHbIX.
D> 6.1. Cocrasutb 3anauy, 1BOHCTBEHHYIO ClenylolLel 3aqaye:
F=-x +2x; > max

MpH OrpaHUUEHHSIX:

2% - x, 2 |,
-x; + 4x, < 24,
X - x, £ 3
X+ x 2 5,
x 20, x;20.

Pemenne. 1. Tak xak ¥cxonHas 3ajaya Ha MakKCMMHM3AULHIO, TO
MpuBeneM Bce HEpaBEHCTBa CHMCTEMbl orpaHMyeHuil K Buay “<%, mis
yero obe YacTH NepBOTO U YETBEPTOro HepaBeHCTBA yMHOXHM Ha —1.
IMonyunum

“2x; + X3 < -1
-X; + 4x, < 24,

X - X £ 3,
-X; = X; S -5,
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9. CocTaBuM pacllpeHHYI0 MaTpUlly CHCTEMbI
-2 1-1
-1 424
A= -1 3]
-1-1-5
1 2 F

3. Haitnem Marpuiy A,' , TPRHCTIOHHPOBAHHYIO K A
2 -1 1 -1
A = !4'1_1 2
-124 3-5Z7
4. CopMmyaupyeM ABOMCTBEHHYIO 3ana4qy:
Z =-y +24y,+3y; =5y4 > min

NpH OrpaHHYEHUSAX
{2)’[ - Nty - N
WA -V~ N
3,20, 9,20, ..., 3, 20. P

6.3. ITepBas TeopeMa JBOHCTBEHHOCTH

CBsi3b MeXIy ONTHMATbHBIMM pElIEHUAMM INBOHCTBEHHBIX 3alad
YCTAHABIMBAETCA C MOMOILDBIO TEOPEM NBOHCTBEHHOCTH. Buayaine pac-
CMOTpMM BCrioMoraTeibHoe YTBEpXICHHE.

OcHoOBHOEe HepaBEeHCTBO TEOPHH ABOWCTBEHHOCTH. IMycts nMeercd
napa ABOHCTBEHHbIX 3anay 1 u [1. TlokaxeMm, uTo 015 A0bbix donycmu-

moix peuwerud X = (X, X2, -y Xp) ¥ Y= (1, Y25 -» Ym) UCXOOHOU U
deolicmeennoii 3a0a4 cnpageoale0 HepaseHCmeo
n m
F(X) < Z(Y) wm ) c;x; < > by 6.7
i=l

j=!

O YMHOXMB HepaBeHCTBA CUCTEMBI orpanuuenuit (6.2) HcxodHOM 3agauu

n
Za,jxj <b (i=1,2, ., m) COOTBETCTBEHHO Ha NEPEMEHHBIC 1, V),
J=1
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veos Yisy --ey Y W CIIOXHB JIpaBble W JI€Bble YACTH MNOJYYECHHBIX HEpa-
BECHCTB, UMEEM

Zy,ia,-jxj < Zb,-y,-. | (6.8)
i=1

i=l =l
AHajloru4Ho npeobpa3opas cucTeMy orpaHuyeHuit (6.5) nBoiicr-

m
BEeHHOH 3amayy Za,-jy, z¢; (j= 1,2, .., n) nyrem ymHOXeHus obeux
i=I
yacreil ee HEPaBEHCTBA HA NMEPEMEHHBIE X|, X), ..., Xj, ..., X, U MOCIE-
IYIOILEro UX CIIOXEHMUs!, TONyYuM

ijZa,jy, > chxj. 6.9)
j=1  i=l =1

Tak kak nesble yacTy HepaseHcTB (6.8) u (6.9) npeacTarnAOT oAHO

m n

1 TO Xe€ BbipaXeHHe ZZa,-jx ;Yi» TO B CHIly CBOHCTBA TPaH3UTHBHO-
i=l j=I1

CTH HepaBeHCTB NOJyYuM JoKasbiBaeMoe HepabeHcTeo (6.7).H

Tenepb MOXHO nepeiTH K NpU3HAKAM ONTUMAITbHOCTH pPELIEHMH.
Jocrarounsiii npu3nak onramamsHocT®. ChopMynupyem TeopeMy.

* * * » * * * *
Teopema. Ecou X = (x,%3,....,x,)u Y =(¥,¥2.-., V) — Oonyc-
mumble peuleHus G3QUMHO OBOUCMEEHHbIX 3a0aY, 043 KOMOPbLIX GbINOAHA-
emcs pageHcmeo

FXYy =2z, (6.10)

mo X' — onmumanvroe pewenue ucxodnoii 3adauu I, a V' — deoiicm-
senrou 3adauu 11,

INMycts X; — nwboe nonyctuMmoe peuieHue ucxonHoW 3amayd [
Torna Ha ocHOBaHMM OCHOBHOro HepaBeHcTBa (6.7) moJyyum

F(X)) < Z(Y"). OnHako X; — mpou3BOJNbHOE pellieHMe 3amaud I,
orciona B cuny paseHcra (6.10) cneayer, uro F(X)) < F(X"), re.

X' — onTuManpHoe peuieHue 3aaayd . AHAOrMYHO AOKA3bIBAET-
cs, YTO pelieHye oNnTUManbHoO Ws 3anayu 11. M
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KpoMe 10CTaTOYHOTO MPU3HAKa ONTHMATLHOCTH B3aMMHO JBOHCTBEH-
HbIX 33124 CYLUECTBYIOT W ApYrMe BaXHbIE COOTHOILEHMS MeXIy MX pe-
weHnaMu. Tlpexne Bcero BO3HMKAIOT BONMPOCHL: BCErAa JIM VISl KaXIAOM
frapbi ABOHCTBEHHBIX 331124 €CTh OHOBPEMEHHO ONTUMAJIbHbIE PELIEHHS,
BO3MOXHA JIH CUTYallusi, KOIa OfHa M3 ABOHCTBEHHBIX 3a4ay MUMeEeT pe-
jueHue, a apyras Het. OTBET Ha 9TH BOMPOCHI AdeT CIENYIOLIas TeopeMa.

Ilepeas (ocnoenasn) meopema deoiicmeennocmu. Ecau odna u3 e3a-
UMHO 0BOLICMEeHHbBIX 3a0au uMeem ONMUMANbHOE peuleHue, mo e2o0 umeem
u Opy2as, npuuem onmuManbHble 3HAHEHUS UX AUHEUHbIX QYHKYUL PaGHbI:

Frax = Zpin M1 F(X*) = Z(Y') . (6.11)

Ecau auneiinas ghynxyua oonou u3 3aday e ozpanuuena, mo yciogus
dpyeoli 3a0auu npomueope1uebi.

W3 neppoii yacT yTBepxXIeHHUs TeopeMbl (KOTOPYIO Mbl NpHHKMA-
eM 6e3 qoKasaTeqbcTBa) cieayer, yro paseHcTBo (6.10) sBnsercs He
TOJNILKO JOCTATOYHLIM NPH3HAKOM ONTHMANBHOCTH peuieHud (moka-
3aHHbLIM Bblllle), HO U HeoOXOAMMbIM IPU3HAKOM ONTHUMAIbHOCTH
pelleHHi B3aMHO ABOWCTBEHHBIX 3a1ay.

0 YreepXximeHue BTOpOii YacTH JIEIKO JOKA3BIBAETCS METOIOM OT IPOTHBHO-
ro. [Ipennonoxum, YyTo B UcxonHo# 3amaye juHedHas GyHKUMA He orpa-

HuyeHa, T.e. F,, = o, a yc/oBUs IBOMCTBEHHOW 3alauy HE SIRIAIOTCA

NPOTHBOPEUNBbIMH, T.€. CYLLECTBYET XOTs1 Obl OAHO HOIYCTMMOE pelleHMe
Y= (01, »2, -, Ym)- ToIna B CHJIy OCHOBHOTO HepaBeHCTBA TEOPHUU JIBOIi-
crBenHoctd (6.7) F(X) < Z(Y), uTo NpOTUBOPEYNT YCJIOBUIO HEOrpaHH-
YeHHoctH F(X). CnenosarensHo, npu  F,, = o B MUCXOOHOI 3azaye fo-
NyCTMMBIX pellieHrit B fBoicTBeHHOM 3aaaye 66T HE MoxXeT. Ml
PaccMoTpuM npuMepsl, NOATBEPXAAIOLLINE CIIPABEMIMBOCTD NEPBO

T€opeMbl JBOWCTBEHHOCTH.
6.2. Jlanb! 1Be B3aMMHO ABOMCTBEHHbIE 330a4M:

I F=2x +3x, > max II. Z = 18y, + 16y, + 5y3 + 21y, — min
MPH OrpaHUYEHUsIX: MPH OrpaHHYEHHSIX:
X, +3x, <18, Y+ 20 +3y4 22,
2x; + x5 <16, W+ vty 23,
X, < 5, ;203G =12 3, 4).
3x, <21,
x] Z 0, X2 Z 0.
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3agaya | 06 ucnons3oBaHMH pecypcoB (cM. pasa. 1.2) u ABOMCT-
BeHHas eif 3agaya Il 6uuM peniens! paHee (em. pasn. 5.2, 5.3) ¥ nony-
YeHbl ONTHMYMbl NHHEHHbIX GYHKUMR Fp, = 24 mna 3agaum I, p
Zmin = 24 mns sagauu 1, T.e 3akiioueHue nepBoit YacTH OCHOBHOIA
TeopeMbl ABoiicTBeHHOCTH (6.11) BepHO. P>

DKOHOMHIECKHH CMbICA NepBoil (0CHOBHOH) Teopembl IBOHCTBEHHO-

cru. [laan npouseodcmea X' = (X],X5,...,X,) U Habop uen (oueHox)
* *
pecypcog Y™ = (1), V2y- .., Vn) OKG3LIEGIOMCA ORMUMAABHEMU M020a U

moabko mozda, kKozda npubbins (6spyyKa) om NpodyKuuUU, HALIOEHRAA Npu
“enewnux” (u3gecmnbix 3apanee) yenax cy, ¢y, ..., C,, PAHa 3ampamam
Ha pecypchi no “eHympennum” (onpedensiembiM moabko u3 peulenusn 3ada-
yu) yenam yy, y3, ..., Ym- I8 Bcex Xe apyrux ruiaHos X u Y obeux
3a1a4 B COOTBETCTBUM C OCHOBHBIM HepaBeHcTBOM (6.7) Teopuu nBoii-
CTBEHHOCTH MpHUOBLLTL (BbIpYuKa) OT MPOAYKUMM BCerna MeHblile (Miu
paBHa) 3aTpar Ha pecypchl.

Tak, B 3agaye 6.2 onTUMyMbi NPUGBUTH OT MPOAYKUMH Fpay M 3a-
TpaT Ha pecypchl Zmin PaBHbl 24 py6.!, m1s Bcex ocTaibHBIX IUTAHOB
F(X)<24, Z(Y) =24

DKoHOMMYECKHI CMBICA TepBOd TeopeMbl JIBOCTBEHHOCTH MOXHO
WHTEpPNPETHPOBATh M TaK: NPEANPHUATHIO Ge3pa3inyHO, MPOU3BOLHTD
N1 NPONYKIMIO IO ONTUMATbHOMY miany X = (x],Xy,...,X,) ¥ Io-
JYUYUTb MaKCHMAIbHYI0 NpUObUIL (BBIpYYKY) Fpax /1100 npomasarb
pecypchbl 110 ONTHUMANLHLIM LeHaM Y™ = (31, ¥3,...,Vy) W BO3MECTHTb

OT Mpoaaxu pasHble eif MMHUMAJIbHbIE 3aTPAThl HA PECYPCHI Zpyin.

D> 6.3. Jaubi aBe B3auMHO ABONCTBEHHbIE 3aAa4M:

I.Z = -8y, + 2y, > min II. F=x-x; > max

NpH OrpaHUYeHuUsX: NpY OrpaHUYEHHUSX:
-+ 2y 2 ] X+ 2%y 28,

{—2yl + Yz -l {le + Xy <2,
»=20,y,20. x 20, x, 20

IpennaraeM YUTATENIO0 CAMOCTOATENBLHO YOEAUTLCS (CUMILIEKCHBLIM
METONIOM MM FeoMeTpUYecKH) B TOM, 4YTO B McxomHoil samaue I nu-

! HanomuHaeM, 4To B pacCMaTpyBaeMoii 3allaue Bce Ludpbl yCIOBHbIE.
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qeitHass dyHKUMs He orpaHuyeHa (Z;, = —), & B OBOWCTBEHHOMN

jafavye yCJIOBUSl MPOTHBOPEYMBLI, T.. 3aKJIIOUEHHE BTOpOH 4YacTH oc-
HOBHO TeOPeMbl IBOMCTBEHHOCTH BbillONHSETCS. P
3ameuaHne. YTBepxiaeHue, obpaTHoe MO OTHOLIEHWIO KO BTOpPO#
4acTH OCHOBHOM TeopeMbi NBOMCTBEHHOCTH, B o0uieM cllydae He-
BEPHO, T.€. M3 TOrO, YTO YC/IOBUSI MCXOAHOM 3alauu NpoTHBOpeYM-
Bbl, He cllefyeT, 4YTo JuHelHas yHKuMS QBOWCTBEHHOMN 3adauyu He

orpaHyuyeHa.

D 6.4. laHbl 1BE B3aMMHO JBOMCTBEHHbIE 3a1AUU:

I F=3X|+SX2 —> Mmax
[pu orpaHuYEHUAX:
3x1 - 4X2 < 5,
—2x| Z —7,

x 20, x,20.

Il. Z =5y, -7y, > min

TIPH OrPaHUYEHUAX:

3y, + 2y, 23,
-4y, > 5,
»n=z0,y,20.

IMpennaraem yurarenio yGeauTbess (CHMIUIEKCHBIM METONOM HIIH
reoMeTpu4ecku) B TOM, YTO B KaXKHON M3 3alay OTCYTCTBYIOT OOIYC-
THMble pelleHus], T.e. Yc/loBus o0eux 3aiay NpoTHBOPeYH Bbi. P>

6.4. Bropas TeopeMa JBOMCTBEHHOCTH

Tecnast cBA3b MeXAy ABYMsl B3a¥MHO ABOICTBEHHBIMM 33jayaMu
IposIRseTcs HE TONBKO B PaBeHCTBE ONTUMANTbHBIX 3HAYeHHWl UX Ju-
HelfHbIX PYHKIUM, O YeM yTBepXAaloch B IepBoil (OCHOBHOI) Teope-
Me nBoiicTBEHHOCTH.

[Tyctb naHsl aBe B3anMHO ABoiicTBeHHble 3anayn 1 — (6.1)—(6.3) u
3anayu 11 — (6.4)—(6.6). Ecnmy kaxaylo W3 3THX 3afay pellaTrb chM-
MJIEKCHBIM METONOM, TO HEOOXOAWMO MpPHBECTH MX K KAHOHMYECKOMY
BUay, [A1s 4Yero B cucreMy orpanuvdeduit (6.2) samaum I (B Kparkoit

n
3anucu Zai,-xj <b i=1,2, .., m) cienyer BBeCTH m HeoTpula-
/=l

TEJILHBIX MEPEMEHHBIX Xpii, Xp+2s -.-y Xptis o> Xntm» @ B CUCTEMY OIpa-
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m
HudeHu# (6.5) 3agaun 11 (Za,-jy,- 2¢; j=1,2,.., n) — n HeoTpuua-
i=1
TEAbHBIX MEPEMEHHDBIX Yyt 1y Yit2s -5 Yirkjs oo Ynbms TAE i) — HOMEp
HEPABEHCTBA, B KOTOPO€ BBCACHA ROMONHHUTE/NbHAA IIepCMEHHadA
Xpei 20 (Ve j 20).
CucTeMbl orpaHHYeHUI Kaxaoi K3 B3aMMHO IBOMCTBEHHBIX 3a1ay
MPUMYT BUL;

n"
Zaijxj + X =b, i=12,....m. (6.12)
j=1
m
Za‘jyi—ym”-=cj,j=l,2,...,n. (6.13)

i=

YCTaHOBl/lM COOTBETCTBHUC MeEXAY INEepBOHAYAIBbHBIMH MEPEMEHHDI-
MU OJ.IHOI?I M3 NBOMCTBEHHBIX 33a4a4 M AOMOJHUTENbHBIMU NEPEMEH~-
HbIMK apyroii 3agayu (Tabn. 6.2).

Ta6bnuua 6.2
INepemeHHble ncxoaHol 3anayy |
[NepBoHavanbHbie JlononHuTeIbHbIE
X X X; e - Xy Xp+l  Xp+2 Xp+i e Xpbm
X X X X X X X T (6.14)
Ymet  VYm+2 - ym+j e VYmin 34 » yj e Vm
JononHutenbHsie [NepBoHauanbHbie
INepemenHble apoiicTBeHHoM 3anauu i

Teopema. [lonoxcumensHoim (Henyaeabim) KOMROHEHMAM ORMUMAALHO-
20 pewterus OOHOU U3 63auUMHO O08OLCMEGeHHbIX 3aday coomaemcmayiom
Hynegble KOMNOHeHmbl ONMUMANbHO20 peuleHus Opyeod 3adauu, m.e. 04

s . * *
_mo6bzx i=12.,muj=12 .,n e x;> 0, mo yp.; = 0; ecau
* * L] * .
X, >0, mo y; =0, u ananozuuno, ecau y; >0, mo x,,; =0; ecau

. *
Ymej >0, mo x; = 0.
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[} BbipasuM [OMONHMTENbHBLIE NEPEMEHHbIE W3 CUCTEM OrPaHMYEHMi
(6.12) ucxonHoit 3anayu 1 u (6.13) nBoictBeHHO# 3amayu II, npen-
CTaBAEHHBIX B KAHOHUYECKOM BUIE

wi = b= Sapxs, i=12.,m, (6.15)

Jj=1

X

m

Ymaj = Z ay; -¢;, j=12...,n. (6.16)

YMHoXxas Kaxngoe paseHcTBo cucreMbi (6.15) Ha coorBercTByIO-
e nepeMeHHble y; 20 M ckiuagpiBas IojlydeHHble DPaBEHCTBA,

Hanaem

m m m n
D Xue¥i= D byi= D D Xy (6.17)

i= i=l i=l j=1

AHANoOrMyHO, yMHOXas Kaxnoe papeHCTBO cucteMsl (6.16) Ha co-
OTBETCTBylOUIME NepeMeHHbie X; >0 ¥ ckiagblBas nonyyeHHble pa-

BEHCTBA, HalineM

Zx/y'n+/ ZZ /'yf‘zlcij- (6.18)
=

i=1 j=I

Pasencrsa (6.17) u (6.18) GyayT cripaBeanuBbl [/ JIIOOLIX Aomyc-
TUMbIX 3Haqeﬂm71 HepeMeHHbIX, B TOM 4YMcie W IS ONTUMAIBHBLIX

3HayYeHUH x x"+‘;y1vym+ ;- B cuy nepBoii TeopeMbl 1BOHCTBEHHO-

n m
cru (6.11) F(X')=2Z") umu chx; = Zb,y,-' , TO3TOMY M3 3anu-
j=1 i=I
CH npasbiX yacTeit paseHcTs (6.17) v (6.18) cienyer, YTO OHU ROMXKHbBI
OTnuyarbesl ToAbKo 3HaKoM. C pyroil CTOpPOHbI, M3 HEOTpHUlIaTeNbHO-

m n
CTH BbIpaXEHUIA Zx,,,,,y, 7§ ijym j » BXOIAUIMX B BbIPAXEHHUS
j=1 j=1
(6.17) u (6.18), cnenyer, yto Te Xe NpaBble YAaCTH 3THX DPABEHCTB
AOIKHBI ObITh HEOTPULIATENbHBI.
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OTH ycloBUs MOTYT BBITIONHATBCA OXHOBPEMEHHO TOJMBLKO MpH pa-
BEHCTBE 3THX MpPaBbIX YacTeil M1 ONTHMAIbHBLIX 3HAYEHHH NEepeMeH-
HBIX HYJIO:

m
» *

Z XpetVi = 0,

i=l

n (6.19)
Zx;- y:,” ;= 0.
j=1

B cuny ycnoBusi HeoTpUIATENLHOCTH HepeMeHHBbIX KaxIoe W3
cnaraeMbiX B paBeHCTBaX (6.19) TOMKHO paBHATLCS HYIIO:

» * .
XpiV;i =0, i=12,....m,
* % .
XiVmej =0, j=12,....m,

OTKyIa W BbiTeKaeT 3akioyeHue TeopeMbl.

W3 nokasaHHOH TeopeMbl ciieyeT BaXKHbIA BLIBOX O TOM, YTO BBe-
NeHHoe paHee coomeemcmeue (6.14) mexncdy nepemenHbIMU 83QUMHO
deolicmeennbix 3a0a4 npu docmuxcenuu onmumyma (m.e. Ha nocaedHem
waee peuwleHUs Kaxcood 3a0a4u CUMNAEKCHbIM Memodom) npedcmaegisem
coomeemcmaue mexnc0y OCHOGHbIMU (KAK NpPAGUAO, He DAGHbIMU HYyio)
nepemennbiMU 00HOL U3 0GOLICMEEHHbIX 30a4 U HEOCHOGHLIMU (PasHbiMU
HYM10) nepeMennbiMu Opyeoll 3a0avu, Ko20a oxu o6pasyiom O0onyCmuMmbie
basucnsie pewenus.

PaccMotrpeHHas TeopeMa siBlisieTcst CIEACTBUEM CIIEIYIOLIEH TEOPEMBI.

Bmopas meopema odeoiicmeennocmul. Komnonenmv: onmumanvrozo
peluerua 08olicmeeHHol 3a0a4u pagHbl abCONOMHBIM 3HAYEHUAM KO3(@u-
YUeHmoe npu COOmaemcmeyIouiux nePeMeHHbIX AUHeUHoU BYHKYUL ucxo0-
HOU 3a0auu, @bIPANCEHHOU Yepe3 HEOCHOGHbIEe NepeMeHHbie ee ONMUMANbHO-
20 peuteHus,

D> 6.5. Y6enuTbcs B CTpaBETMBOCTH BTOPOi TEOPEMbl ABOHCTBEHHOCTH
IUTsl B3aMMHO IBOWcTBeHHbIX 3afa4 | u 11, npuBeneHHbIX B 3agaye 6.2.

! B psane paoT Mo MaTeMaTM4yeCKOMY IPOrpaMMHPOBAHMIO MO BTOpPOil
TEOpPeMOil ABOMCTBEHHOCTH (PaKTHYeCKH MOHUMAETCs NPeabIAylLas TeopeM:t
(c. 108).
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Pewenne. Ha ocHosaHun psipaxeHus (6.14) ycTaHOBHUM clie-
YIOLIEE COOTBETCTBME MEXIY NMEPEMEHHBIMMU:

X| X3 X3 X4 X5 Xg
TT TT17T1T
Ys Y6 M Y2 V3 )4

B 1. 5 obe 3amauu OsUIM pellieHbl CUMITIEKCHBIM MeToloM. Ha no-
c/leHeM 1lare pelleHus Kakaoi 3agauyu (cum. ¢. 724 ¢.75 ) NONy4YeHo:

B UCXOLHOM 3amaye [ B IBoiicTBeHHOI#1 3agaye I
Fe2-2x 3y (620 | M3
5 5 +6ys +4y;. (6.21)
F(X')= Fou =24 mpuonma- | 7(y*y_ 7 . =24 npu onru-
;,M:*Zg;‘4;6%i"g;ﬂﬁM3iemeH"" Ma.anZM 36a31«101-10M peleHHn
Y‘=(§; 50, 0;0,0).

KoMnoHeHTsl ONTUMANBHOIO pelIeHUs ABOMCTBEHHOHN 3aayu

* 4 - 3 * * * -
N=gn=5 0= 0,y,=0, y5 =0, y, =0 paBnsl (no abcomoT-
HOH BenuuyMHe) KoadHULIMEHTAM NIPU coomeemcmeyouux TepeMeH-
HbIX JUHelHOH yHkuuu (6.20), KOTOpYl0O MOXHO NpPeICTaBUTH B

Blzle F=24—g—x3—-g—x4—O-x5—-0-x6—0-x,—0-x2, a KoMMNo-

. * *
HEHTbl ONTUMAIBHOTO pelIeHUsi MCXOLHOM 3aaun x; =6, xy = 4,
* * * *
X3 =0, x4=0, x5 =1, xg¢ =3 paBHbl KO3dHLUEHTAM NPH coomeem-
CMEyrouux NepeMeHHLIX JMHeiHo# dyHkuuK (6.21), KOTOpPYIO MOXHO
npescraButs B BUAE Z =24 +6y5+ 4y +0-y, +0-yo +1- y3 43y4. P
3aMeuanne. Eciu ¢ 00HOU u3 63aUMHO OBOliCMEeHHbIX 3a0a4 Hapy-
waemcs eQUHCMBEHHOCMb ONMUMAALHO20 DeUwleHUs, MO ONMUMAAbHOEe
peiuerue dgolicmaenHoll 3adauu @vipoXcoenHoe. DTO CBA3aHO C TEM,
4YTO MpM HapylleHMH eIWHCTBEHHOCTH ONTHUMAIBLHOIO pellleHUs
MCXONHOM 3alay¥d B BBIPAXEHUU JUHeiHON YHKUMU ee ONTHU-
MQIBHOrO pElIeHUst Yepe3 HEOCHOBHbIE MEpeMEHHble OTCYTCTBYET
XOTst Gbl OJHA U3 OCHOBHBIX MEPEMEHHBIX.
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C noMouibl0 TEOpEM [IBOUCTBEHHOCTU MOXHO, PEIUHB CHMIUIEKC-
HbIM METOLOM MCXOAHYIO 33ajayy, HAATU ONTUMYM H ONTHMAILHOE
pelileHHe NBOMCTBEHHOM 3a1ayH.

D> 6.6. Pelwnth cuMnieKCHbIM METOIOM 3ajayy
F = -x; + 2x; » max
NpU OrPAHUYEHHUSX:

2% + x; < -l
x - 4x; 2 24,
X - x5 3
X+ x 2 5

x20,x,20

M HailTH ONTUMYM M ONTHUMAILHOE pellieHHE NBONCTBEHHOH 3amaym,
MCIOJB3YS TEOPEMbI IBOMCTBEHHOCTH.

PeweHue. Pelwas 3agayy CUMIUIEKCHBIM METOLNOM, MOJYYUM Ha
nocjefHeM ILare pewieHus (peKoMeHIyeM 4YMTaTeMlo yGemuThcs B

3TOM caMmocToaTeNnbHo): F =10 - %x; - %x4, T.e. Frpax = 10 nipu on-

TUMalbHOM 6asucHoM pewenun X = (4; 7; 0; 0; 6; 6).
B nanHoii 3anaye coorBeTcTBUE (6.14) MeXay mepeMEHHBIMH TpH-
MET BUL!
X] X3 X3 X4 X5 Xg

IT 1IT7T17T7¢
Ys Ve N V2 )3 )a-

Ha ocHoBaHUM mepBoil TeopeMbl IBONCTBEHHOCTH Zyin = Frnax =
=10. Ha ocHOBaHMHU BTOPOIl TeOpeMbl NBOHCTBEHHOCTH ONTUMAILHOE
pelieHue ABOMCTBEHHOM 3amayn V* = (2/7; 3/7; 0; 0; 0; 0), Tak Kak
y; =2/7, T.e. K03GUUMEHTY NPU COOTBETCTBYIOLIEH MEPEMEHHOI X3

B BBIpaX€HUWN JUHEHHON byHKUHH F(X), y; =3/7, T.e. KO3pPuueH-
TY TNpH IMEpeMEeHHOH Xy, y; = y; = y; = y; =0 (u3-3a OTCYTCTBUA

COOTBETCTBYIOIIMX MEPEMEHHBIX X5, Xg, Xj, X B BbIpOXEHUH F{x) uX
KoahduumuenTsl paBHsl Hymo). MTak, B ApoiicTBeHHON 3amave Zy, =

=10 npu ¥ = (2/7; 3/7; 0; 0; 0; 0).»>
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Memod, npu xKomopoM eHauane CUMNAEKCHYIM MEmMOOOM peliaemcs
JeolicmeenHas 3a0a4a, a 3amem ONMUMYM U ONMUMAALHOE pewleHue uc-
x00HOU 3a0a4uU HAXO0AMCA C NOMOWbIO Meopem O080UCMBeHHOCMU, Ha3bi-
gaemcs OGOUICIMEEHHBIM CUMNACKCHBIM Memodom. DTOT MeTol ObIBacT
BbITOIHO MPUMEHSTH, KOTAa IepBoe 0a3MCHOE pellieHUe HCXOLHOM
3aJayd HeIOMyCTMMOE WM, HampuMep, KOrma YUCIo ee OrpaHuyeHuUi
m ©oJbllie YHUcaa NepeMEHHLIX /.

6.5. O0bexkTHBHO 0DYCNIOBIECHHBIE OLEHKH
H HX CMBICJI

Komnonenmui onmumansnozo pewenus deolicmaeenHol 3adauu HA3wi6a-
HOMC ONMUMAAbHbIMU (060liCMEEHHbIMU) OREHKAMU UCXOOHOU 3a0avu.
Axanemuk JI.B.KaHtopoBuy Hazpan ux obsexmueno o00ycao6AeHHbIMU
ouenxamu' .

JUta BbIsiCHEHMS cMbIC/Ta 3TUX OLIEHOK BepHeMcs K 3azaye | o6 uc-
NOJIb30BAHMKM PecypcoB M JBoicTBeHHO# eil 3agave Il (cm. 3amauy
6.2). KoMnoHeHTE! ONTHMAJIBHBIX PEILEHUI 3TUX 33134, IPUBEACHHEIE
B 3agaye 6.5. nansl B Tab. 6.3.

Ta6nuua 6.3

KoMIoHeH Tl ONTHMANBHOIO pellieHUs] HCXOAHOM 3amauu 1

Yucno eaunuu
NpOAYKUMH Ocrarku pecypcoB, efMHUIL

Py P 5 $ S3 Sy
xl'=6 x;=4 x;=0 xZ=O x;=1 x;=3
T 0 0 0 0 0

» * . . . .
y5=0 y6=0 yl=4/5 y2=3/5 y3=0 y4=0
np::by:g;tilaﬁzm O6beXTUBHO 00YCIOBICHHbBIE OICHKH PECYPCOB
UeHo# peann3auuy (ycnopHble LeHbl pecypcoB)

————

KoMnoHeHTbl onTHMaNbHOTO pellicHUs ABoficTBeHHoi 3agaun 11

! B yurepatype MX elue Ha3bIBAIOT CKpbimbiMi 00X00aMU, MAPSUHGABHBMU
Ouencamu, paspeuiaiomumu MHONCUMENIMUY.
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B Tabn. 6.3 nononHuTenbHblE NepeMeHHble HMCXOZHOM 3amauu |
X3, X4, X5, Xg, IPENCTABJISIONINE COITacHO BhipaxeHuio (6.15) pasHocTs
MeXIy 3amacaMu b; pecypcos Sj, 55, 53, S4 4 ux norpe6GieHUEM, Bbl-
paxaioT ocmamxu pecypcog, a JONOTHUTENbHbIE MepeMeHHbIE NBOHCT-
BeHHo#t 3anay II ys, yg, MpeacTaBIsIOIIME B COOTBETCTBUH C Bblpaxe-
HUeM (6.16) pasHOCTL MeXIy 3aTpaTaMU Ha pecypcsl IS NPOU3BOICT-
Ba U3 HMX €JMHHMIIBI NMPONYKLUMHK H LUEHAMHU ¢; NPoRyKuuHd Py, Py, Bbl-
PaXaloT npesblueHue 3ampam Had yeHol.

Pecypcol Sy, $, no onTHMaIbHOMY IUTaHY IOAHOCTBIO UCMOJb30OBa-~
Hbl (x; =0, x; =0), U o0BbeKTHUBHO OOYC/IOBJIEHHBIE OLEHKH 3TUX

—:—; V3 =%). Pecypchr S3, S4 He MOJHO-

CTBIO MCIIONB3YIOTCS B ONTMMANbHOM MaHe (x5 = 1, x4 = 3) M ofbek-
TMBHO  OOYC/IOBJIEHHble  OLEHKM  3TUX  pECypcoB  HyJNeBble
(y; =0, y; =0).

TakuM oGpaszoM, o6sexmugHo 00ycr06AeHHbIe OUYEHKU Pecypcos on-
pedeasrom cmeneHv OeuyumHocmu pecypcog: o OnMuUMaAbHOMY naq-
HY npou3eodcmea Oeguyumusie (m.e. NOAHOCMbIO UCNOAb3YEMbIE) pe-
Cypchl NOAy4alom HeHyaesble OUeHKU, a HeOeuyumHusle — Hynesvle
OUeHKU.

ITo onTUManbHOMY MJaHy B MCXOAHOM 3amaye cienyer Mpou3Bo-
IUTH 06a BULA TPOLYKUMU (X, = 6, X, = 4) M NpeBblllieHHe 3aTpaT Ha

-
pecypcoB HeHyneBble (Y, =

pecypcsl Hal UEHOi pealu3aluu paBHO Hymio (ys = 0, y; = 0). Ecnun
65l 3aTpaTsl Ha pecypchl MPEBBIHATU LIEHY M3rOTAaBIMBAEMOH M3 HUX
NpOIYKLIMKM, HalpUMep, MPOAYKUHH P,, T.e. eciu Obl y; >0, TO Ha
OocHOBaHUHU TeopeMsl HA c. 108  onTUMmansHOE 3HaYeHME COOTBETCT-
BylOLIEH NeEpeMeHHOI x; =0, ¥ B 3TOM cllyyae MO ONTUMAILHOMY
TUTaHy NPOM3BOAMTE NponyKuuio P, He ciiefoBano.

HUrtak, 6 onmumanvuoili naar npouzeodcmea mozym nonacmos moab-
K0 penmabenbHuie, HeybbimouHbte eudbnt npodyxyuu (TIpaBha, KpHUTe-
puii peHTaOeJbHOCTU 3HECh CBOeOOpa3HbIf: LleHa MpOAYKIIMU He
NpeBbIlIaeT 3aTpaThl Ha NoTpeGisieMble NMPU €€ HU3TOTOBJIEHHUM pe-
Cypchl, a B TOYHOCTH paBHa HM).

Jns BoIACHEHMSI TOTO, YTO MOKA3bIBAIOT YUCIEHHBIE 3HAYEHUs 00Db-
€KTHBHO OOYC/IOBJIEHHBIX OIIEHOK PECYpPCOB, JOKaXeM CJEenYIoIyo
TEOpEMY.
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Tpemva meopema Osoticmeennocmu. Komnowenmst onmumanviozo
pewerus 0golicm@eHHoU 3a0a4u pagHbl 3HAHEHUAM YACMHbIX NPOU3GOOHBIX
quneunol gynxuyuu Foa(by, by, ..., by) no coomeemcmeyrowum apey-
MeHmam, m.e..

O _ yi, i=1,2, .., m). (6.22)
ob;

O JokaxeM 3Ty TeopeMy Ha npumepe 3aiauu I (cm. BeipaxeHus (6.1)—
(6.3) 06 UcnoNb30BAHMM PECYPCOB U ABOWCTBEHHOM el 3amaum Il (em.
ppipaXeHus (6.4)—(6.6)).

B coorBercTBUM C BblpaxeHueM (6.4) onTuManbHOe (MHHUMANb-
HO€E) 3HayeHMe JTMHeilHo# dyHKLMHU

Zmin =7 = Zbiy;-
i=l

W3MeHMM HE3HAYMTENBHO 3amac j-ro pecypca b; Ha BeIHUMHY Ab;,

IIPH 3TOM ONTUMAIBHOE pellieHHe NBOMCTBEHHOW 3a1aYyM HE U3MEHUT-
cq (Ha puc. 6.1 w1s mpocTeiliero ciyyas EByX NMEPEMEHHBIX ONTH-

Y.

Z=7"+AZ

D

Lily,

0 yl yl
Puc. 6.1

* * *
MajipHOE pellieHMe COOTBETCTBYET To4ke B), T.€. Y|,¥2,...,V, NPEX-

Hue, a W3MEHHUTCH TONbKO JMHeHHas dyHkuus Z (Ha puc. 6.1 mwisa
Cryyaa Z = by, + by, HM3MEHUTCA HAKJIOH IMHUU YPOBHS).
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Torzna u3aMeHeHne MUHUMAJIBHBIX 3aTPaT Ha PECYPChI

AZ] = Zy - Zy; = [y + byyr+.. 4By + DB, +.. 4By Y] -
~(Byy) + byyyt.. Ay, +. Ay = ALY,

* o (¥3
T.e. AZ; = Aby;. A TaK KaKk 1O NepBoil TeopeMe NBOHCTBEHHOCTH
* *
Foax = Zmin Wit F' =7, To MakcuMaipHas NpubbUTs  (BBIPYYKa)
* * *
yBenuuHTCs Ha AF,,, = AF; = AZ; = Abyy; ,
OTKyIa

. AF,
y) = S (6.23)

BaxHO, yTo mocienHee COOTHOLIEHHE BEPHO MPH JOCTATOYHO MATIOM
U3MEHEHUHU Ab;, 0O B MPOTUBHOM CIyyae MOTIYT CYLECTBEHHO M3Me-

HUTLCSA HAK/IOH JIMHMM YpOBHS (cM. puc. 6.1) ¥ ONTHMyM, TaK Kak
MUHHMYM JTHHeiHO! dyHKUMM Z MOXeT MepeiiTH B APYIYIO YIIOBYIO
TOYKY, COOTBETCTBEHHO C JpPYIMM ONTHUMAJIbHBIM  pEIICHUEM
Yl* = (y;:y;a’y:n)

TToHsITHE HOCTAaTOYHOW MAOCTH IpUpalleHUst 3anaca pecypca Ab,
MOXHO (opMann30BaTh, NOTpebOBaB, YTobbl Ab; CTPEMMUIOCH K HYIIO.
IMpu Ab; - 0 u3 coorHoweHus (6.23) ¥ moayyaeTcs HOKa3bIBaeMoe
yrBepXxaexue (6.22).1

N3 cootHoweHus (6.23) chemyer, YTo 0fsexmugHO 00ycA06AeHHbie
OUEHK U Pecypcos NOKA3bIBAIOM, HA CKOAbKO OSHEeNCHbIX eOUHUY UIMERUmMCS

MAKCUMANLHAA NPUbbINL (Bblpy4Ka) om Pearusayuu nPoOyKuuu npu usme-
HeHuu 3anaca coomeemcmeyruiezo pecypea Ha o0Hy eGUHUYY.

B> 6.7. B 3anaye 1 u3 6.2 nosSiCHUTD CMBICH 3HAYEHNH OGBEKTHBHO 0OYC-

JIOBJIEHHBIX OLIEHOK PECYpPCOB.
Pemenue. B 3amave 6.5 nmosyuyeHs o6bEKTHMBHO OOYCIOBIEHHbIE

OLIEHKM peECYpCoB paccMatpupaeMoil 3ajaum: y; = 4/5; y; =3/5;
y3 = ¥4 =0, T.c. NIpH yBENUYEHNUU (YMEHBLICHMM) 3aMaca PECYpCOB S

K §; Ha | egMHUMIY MaKCUMATbHAsA NPUOBLLTL (BBIpYyYKa) YBETUYHUTCH
(YMEHbLIUTCS) COOTBETCTBEHHO HA 4/5 u 3/5 py6., a nMpH H3MEHEHUM
3afiaca pecypcos S3 UM §3 — He U3MeHUTCs. P
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J1BOWCTBEHHbBIE OLIEHKU MOTYT CNY)XHThb MHCTPYMEHTOM aHalu3a U
[IpMHATHSI NPABUJIbHBIX PELIEHUA B YCIOBUSX MOCTOSAHHO MEHSIOLE-
rocst IPOU3BOACTBA. Tak, HanpUMeEp, ¢ nomMowbI0 06seKmMuBHO 06yc08-
JICHHbIX OUCHOK Decypcog 603MONCHO CONOCMABAEHUE ONMUMANLHBIX YCA08-
HbIX 3GMPAM U Pe3yAbmamoe npou3eoocmea.

D 6.8. B 3anaye | u3 6.2, B pesyibTare pelleHust KOTOPOH MoONMyyeH
ONTHMAIBHBIA MIaH BeIMycKa NpoAykiuuu P; m P, nmosBunace BO3-
MOXHOCTE BBINYCKa €lie OLHOro BUIA NpoayKuuu P;. 3arpaTsl Ha
eAMHHLY TpomyKUMH P3 cocramisiioT: a;3 = 3 emuHMUBl pecypca S,
ay3 = 2 eIMHULB S, a33 = 4 eanHUUbl S3 M aq3 = | enMHuUa pecypea
S, UeHa eAMHHLbI MPORYKLMK P3 paBHa c3 = 3 py6. YcTaHOBHUTD, HACT
v IpUOBUTb BKJIIOYEHHME B MJTaH BBINTYCKa HOTMOMHHUTENBHO MPOAYKLMH
P;. Kakoit gomxHa 66T NpU6bIUTL OT €AMHULBI TPOAYKLUHUU P; (LeHa),
4yTOOBI €€ NMPON3BOLACTBO ObLIO peHTabeabHbIM?

PeuweHnue. MOXHO BKIIOYUTEL B yCIOBUS 3aa4d NPOAYKLMIO P3
M 33aHOBO pPeELIMTh 3aJayy, OJHAKO 3TO MNoTpebyeT HOBBIX 3aTpar
(TpyIOBBIX, CTOMMOCTHBIX, BpeMeHHbIx). Ho HeobxomuMocTH B 3TOM
HET, TaK KaK U3BeCTHbl 0ObEKTUBHO OOYCIIOBJICHHBIE OLIEHKH pecyp-
coB. [leiicTBUTENBHO, CONOCTaBMM [JONOMHUTENbHbBlE 3aTpaThl Ha pe-
Cypchl B pacyeTe Ha eXMHHULY NPOAYKUUU P3 C LEHOM ee peanu3auunu.
Mepsas BenWuMHA, DaBHAT ap3)) + G3)s + A33p3 +Ag3pg = 3-4/5+
+2-3/5+ 4-0+1-0=3,6 py6., Gonblile LeHsl Npolykuuu c3 = 3 py6.,
N03TOMy BBIMYCK MPONYKLMM P; He cllellyeT BKJIIOYaTs B MJIaH BBIMYC-
Ka, ¥ HeoOXOAMMOCTL TOBTOPHOIO PEellEHUs 331a4d B M3MEHMBILIUXCS
YCNOBUSAX oTHagaeT. A yToObl [TPOM3BOACTBO NPOAYKLUUU Py CTAO peH-
TabenbHBIM, OYEBUIHO, €€ 11IeHa HOJIKHA COCTABIATh He MeHee 3,6 pyl.»

Ob6sexmugro 06yca06aeHHpIe OUEHKU Pecypcog no3eoaawm cyoums 06
dPpexme He a06bix, a aUUb CPABHUMENLHO HEOONLUIUX U3MEHEHUL pecyp-
cog. Ilpu pe3kux U3MEHEHUAX caMH OUEHKM MOTYT CTaTh APYIHMH,
YTO NMPUBEIET K HEBO3MOXHOCTH MX MCIIOJBL30BaHMS LISt aHANMU3a -
GbeKTUBHOCTH NMPOU3BOLCTBA.

> 6.9. s 3agayn T u3 6.2 HailTv MHTEPBAILI YCTOWYHUBOCTH (HEU3MEH-
HOCTH) ABONCTBEHHBIX OLEHOK MO OTHOLIEHHIO K M3MEHEHUSM 3ana-
COB pecypcos Kaxaoro suaa. Mi3aMeHsTcs JIn 3TH OLEHKH, €ClT yBEIu-
YUTh 3amachl KAXKHOro U3 pecypcoB Ha 10 ennHuLL: a) B OTHENBHOCTH,
6) onHospemenHo? HaiiTu cooTBeTCTBYIOIEE U3MEHEHHE MAKCHMAJlb-
HOI mpuGslIy (BHIPYUKHM) OT peajiu3aiui MPOLYKLIMH,
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Pewenue. [lpeanonoxum, 4to 3anacsl pecypcoB Sy, 5, 53, Sy,
paBHbBIe nepBoHavyanbHo 18, 16, 5 u 21 exunuue, U3MEHWIHCh COOT-
BETCTBEHHO Ha BeNMYMHbl Ab, Ab,, Ab; u Ab,. Torma 3arpaTel Ha

pecypchl B COOTBETCTBMM C BoipaxeHueM (6.4) coctasar Z = (18 +
+Ab)y + (16 + Aby))y, + (5+ Abs)ys + (21 + Aby)y,.

3ameHsist NepeMeHHbIE ¥ M y; MX BBIPAXEHUAMHM 4Yepe3 HEOCHOB-

4 3
Hble TepeMeHHble ONTUMANLHOTO PEEHUS Jy = ¢ =T Y5+ 3 Vs~

__.l _|._2_ -—i+l __2. +§ —l — CM. C 74) nony-

YUM MocJie Npeobpa3oBaHuil

Z = (24+§-Abl +-§Ab2) +(l—%Abl +—;-Ab2 + Ab3)y3 +

+(3 + %Abl - %Abz + Ab4)y4 + (6 et %Abl + %Abz)ys + (6-24)

2 1
+(4 + g Abl - gAbz)}%

B cnyyae, ecnmu Ab = Ab, = Aby = Ab, = 0, T.e. 3amachl pecypcoB
paBHBl MEePBOHAYAIbHBIM 3HAYEHHMAM, MOJYYWSTOCH Obl 3HAKOMOE BbI-
paxenue (6.21) nuHeiiHoi (yHKUMH Z Yepe3 HEOCHOBHBIE MEPEMEH-
Hble ONTUMANILHOTO pellleHus. st Toro yrobsl 06beKTHBHO 0OYCIOB-
JIEHHbIE OLEHKY PECYPCOB OCTAIUCH HEU3MEHHBIMU M TIPH MU3MEHEHHH
3aM1acoB PecypcoB, T.e. COXPaHUNOCH ONTHMAIBLHOE pelieHHUe NBOUCT-
BeHHo# 3agaun Y = (4/5;3/5; 0; 0; 0; 0), mocraroyHo, 4TobbI KO-
3¢ ULHEHTHl NPH HEOCHOBHBIX MEPEMEHHBIX B BhIpaxeHuu (6.24)
OCTaBAJIUCh HEOTPULATENBHBIMH, T.€.

1= (2/5)a8 + (1/5)a8, + aby 2 0,

3+ (3/5)ab — (9/5)a8, + Ab, = 0,

6 - (U504 + (5)ohy > O, (6.25)
4 + (2/5)ab, — (1/5)ab, =2 0
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[IpexnoNoXUM, YTO U3MeHsieTCst TONBKO 3amac pecypca S, a oc-

ra/bHBIE 3aMackl PECYPCOB OCTAIOTCS HEU3MEHHBIMU: Ab, = Ab; =
= Aby = 0. Torna u3 BeipaxeHus (6.25) momyyum, 4to

1 - 0,488 2 0, Ab < 25,

3 + 0,6A8 20, Ab = -5,

6 - 02a = 0, " |ap <30, T
4 + 0,408 2 0 Al = -10,

S<Ap <25 u 18-5<5b +A5 <18+25 wmau 13< b + Ab <20,

T.€. MPU HEU3MEHHOCTH OOBEKTUBHO OOYCAOBJEHHBIX OLEHOK pecyp-
COB 3amac pecypca S| MOXET U3MeHsThCA B Mpemenax of 13 go 20,5

eIMHUL. AHATOrMYHO MOXHO MNOMYYHTb, 4TOo 1< by +Ab < 173,

4<by+Aby <o, 18< by + Aby <©. Takum obpa3om, NMpu U3MeHe-
HHMM 3anaca TOJIbKO OJHOIO U3 pecypcoB Sj B mpexenax ot 13 go 20,5

2
eIUHUL UK S — B npeaenax or 11 mo 173 eIMHULBI, UTH 53 — B

npenenax He MeHee 4 €OMHMI, WIU 53 — B mpegenax He MmeHee 18
eIMHUL ONTHMAILHOE pellleHHe MBOACTBEHHOW 3alayM OCTaeTcs
npexuum, T.e. Y = (4/5; 3/5; 0; 0; 0; 0).

Ha ocHoBaHMH M3ITOXEHHOro fICHO, YTO yBeiMyeHHe Ha 10 enu-
HML B OTAEJIBHOCTH 3amnaca pecypca 5, (paBHoro 18 exunuiuam) unn $
(16 ennHuUU) npuBeneT K U3MEHEHHUIO UX OOBEKTHBHO OOYCIIOBIEHHBIX
OLIEHOK, a 3amnaca pecypca S3 (5 exunnn) uian Sy (21 eaAuHuua) ocra-
BUT OLIEHKM 3TUX PECYPCOB NpeXHUMH (paBHBIMU HYJIO). B pesynsra-
T€ C MOMOILBIO MOMYYEHHBIX ONTUMATbHBIX OLEHOK PECYPCOB HEBO3-
MOXHO HalWTH COOTBETCTBYIOIIEE U3MEHEHUE MAKCUMAIbHON NMpUOBUTH
(BBIpYuKM) AF,,, .

Ecnu 3anacsl pecypcoB H3MEHSIIOTCS OXHOBPEMEHHO, TO UCCIERO-
BaHHE YCTOMYMBOCTH OOBEKTHBHO OGYCIOBNEHHLIX OLEHOK YCTOXHS-
€TCsl, MOCKONBKY B IXAHHOM CJydyae HYXHO HallTH MHOIOTPaHHHK pe-
lleHuit cucrempl HepaBeHCTB (6.25). OmHako Bcerza MOXHO MpoBe-
PHTb, yROBNETBOPSIIOT M KOHKPETHbIE U3MEHEHMS 3allaCOB PECYPCOB
CHcreme (6.25). Tak, B Halled 3agaye NMPU OXHOBPEMEHHOM yBeJIHYye-
HiK 3anacoB Bcex pecypcoB Ha 10 eanHuL, T.e. pu Ab = Ab, = Ab; =

= Ab, =10 Bce HepaBeHCTBa cucTeMsl (6.25) chpaBeLIUBLI, CleNoBa-
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TENbHO, ONTHMAIBHOE pellieHUe ABOMCTBEHHOMN 334ayu OcTaeTcs INpex-
*

HuM, T.e. ¥V =(4/5; 3/5; 0; 0; 0; 0). INo3atoMy u3MeHeHHe MaKcu-

MabHOH NPUOLLIKM (BBIPYYKH) C YUETOM BoIpaxeHus (6.23) cocTaBuT

AF, = y,’Abl + y;Abz + y;Ab3_+ y;Ab4 = %-10+%- 10 +

+0.10+0-10 = 14 pyo. P

Ilo coomHowenuam ob6vexmueHo 06Ycr06AeHHbIX OUeHOK mozym Goimp
onpedenersl pacHenmusie HOPMbI 3GMEHAEMOCMU pecypcos, TIpU cobiozie-
HUM KOTOPBIX MPOBOAMMbIE 3aMEHBI B [pefeNiax YCTONYUBOCTH IBOM-
CTBEHHBIX OLIEHOK He BAUsIOT Ha 3(dEeKTHBHOCTb ONTUMATLHOTO TJIAHA.

B> 6.10. TMo ycnosuio 3amayu | u3 6.2 onpenennTs HOPMbI 3aMEHAEMOCTH
pecypcoB S; 1 S, MpU OCYLIECTBIEHUH KOTOPBIX COXPAHUTCSH MAaKCH-
MaJIbHAsl NpUOLLTL (BLIPYYKA) OT MPORYKLIUH.

PeweHnue. CocraBUM OTHOILEHUE OOBEKTUBHO OOYCITOBIEHHBIX
OLIEHOK PECYPCOB S| M Sy, T.€. i : ¥, = (4/5):(3/5) = 4:3, T.e. W1a Max-
CUMMU3aLUK obuieit NpubsUid (BBIPYYKH) KaXAble JOINONHUTENbHBIE 3
eNUHMLBI pecypca ) 3KBUBANEHTHb! HONOMHUTENBHEIM 4 eAMHULIAM
pecypca S, BbIBOI BepeH B Mpeienax YCTOMYMBOCTH IBOHCTBEHHBIX
OLICHOK, KOrZa M3MeHEHHMs 3aracoB pecypcoB Ab, Ab,, a Takxke

Aby, Ab, ynosnersopsiior cucteme (6.25) P

D> 6.11. Pewuts 3amayy | u3 6.2 npy M3MEHEHHSX 3aMacoB PECYPCOB
Abp=-2, Ab, =1, Aby =5, Aby =19, ucnons3ys (ecan 3170 BO3MOX-
HO) IBOWCTBEHHbIE OLEHKH PECYPCOB.

Pewenune. Tak kak U3MEHEHUs 3anNacoB pecypcoB Ab = -2,
Aby =1, Aby=5, Ab, =19 HaxomaTcs B MNpefenax YCTOHYUBOCTH
JBOWCTBEHHBIX OUEHOK (OHM YHOBJIETBOPSIOT cUcTeMe (6.25)), To pelue-
HHUe IBOWMCTBEHHOI 3alayi OCTAHETCH TeM xe: V' = (4/5; 3/5; 0; 0; 0; 0).
Ha ocHoBanuu Teopemsl (c. 108 ) u coorsercTBus (6.14) monoxurens-
HBIM 3HAYeHUAM NepeMeHHEIX y; = 4/5, y» = 3/5 onTUMaIBHOrO pelle-
HUSt IBOMCTBEHHOW 3aJayd COOTBETCTBYIOT HyJIEBbi€ 3HayeHHs TIiepe-
MeHHbBIX UCXOIHON 3amayu: x3 = 0, x4 = 0. [No3ToMy ocTaNbLHbBIE KOMIO-
HEHTHI ONTUMAJILHOIO pelleHMs UCXONHON 3aJayd MOXHO HAlTU HEro-
CpPEeICTBEHHO M3 €€ CHCTeMbl OTpaHHYEHM, B KoTopoit x3 = 0, x4 = 0,
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a B MPABbIX YaCTAX YKa3aHbl HOBbIC 3aMackl pecypcos: & =18-2 =16,

B =16+1=17, b =5+5=10, b, =21+19=40:

x + 3x, = 16,
2 + x, = 17,

X, + X5 = 10,
3x + Xxg = 40,

otkyaa xy = 7, xp = 3, x3 = 7, x4 = 19. CooTrBercTBylOLIeEe 3HAYCHHE
MaKCUMyMa JIMHeiHoH QyHkuun F, =2.-7+3.3 =23

HUTak, MakcMMaibHBIii pa3mep npuOBUTH (BBIPYYKH) COCTABUT
Frax = 23 py6. npy onTUMaJIbHOM IUIAaHE MPOU3BOACTBA X ‘=(7;3;0;
0;7; 19).»

YIIPAXHEHHUA

3anauu 6.12—6.15 pelINTh CUMIUIEKCHBIM METOIOM, COCTABUTH 3a-
Ja4yd, OBOMCTBEHHbIE JaHHBIM, U HAUTU UX pelieHUs, UCIOJb3YA Teo-
peMbl IBOMCTBEHHOCTH.

6.12. F = x +x, - max 6.13. Z =10y, - 3y; »> min
TMPU OFpPaHUYEHHUSX: NPU OrpaHUYCHUSAX:
X - X £ -2, =29+ -2]
X —2x;, 2-13, '{y,+2y2—y323,
3x;-x; <6, 120 9,20, y320.
x20, x,20.
6.14. Tekcr ycnosus npu- 6.15. F = x; + x, > max
BelleH B 3amade 1.4. MpH OrPaHUYEHHUAX .
X -4x, -4 <0,
3 -x, 20,
X +x,-420,
x 20, x; 20

6.16. [l1s M3roToBNeHHs 4YeThIpex BUAoB npoaykuuu (A, B, B, I
Hcnione3ytotest Tpu Buaa pecypecos (1, 11, III). dpyrue ycmoBus 3anaqu
NpecraBneHsl B TabaKLIE
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3anac HopMbI pacxoaa chipbsi HA eXHHHLY TIPOAYKLKH, e,
Pecypchl pecypcos,
ea. A B B r
I 3400 2 1 0,5 4
I 1200 1 5 3 0
I 3000 3 0 6 1
Mpu6buth OT eqHHHLILL 75 3 6 lzﬁ
MpoayKUUH, AeH. eA. ?

Heobxoaumo: 1. Onpefenutp NiaH BbIMycKa MPOLYKLMHU, Mpy
KOTOPOM TpUOBLIL OT €e peanusauuy Oyner MaKCUManbHOM.

2. CohopMynnpoBarh 3KOHOMHYECKH, 3amucaTh M pellUTh ABOiicT-
BeHHYI0 3anayy. [TosiCHUTb IKOHOMUYECKHI CMbICH MONYYeHHBIX 00b-
€KTUBHO 00YC/IOBJICHHBIX OLIEHOK PECYPCOB.

3. Haiiti uHTepBalbl YyCTOHYHUBOCTH JBOHCTBEHHBIX OLIEHOK 110 OT-
HOUICHUIO K U3MEHEHMIO 3aaca pecypcoB KaXaoro BUIa.

4. OnpedeNUTe U3MEHEHHE MAKCHMalbHON MpHOBUIM OT peayin3a-
UMM MPOLYKLMH MpH yBeIMYEeHUH 3anaca pecypea I Ha 40 en., pecypca
II1 — nHa 50 en. 1 yMeHbuieHUH 3amnaca pecypea Il Ha 30 ex. OueHnts
pasfaebHoe BAUHME 3TUX U3MEHEHHUH M cyMMapHOe BIHSHHE.

5. OnpenenuTh HOPMBI 3aMEHSIEMOCTH PECYPCOB.

6. ConocTaBUTh OLEHKY 3aTpaT M MpHObUIM [0 ONTUMANBHOMY
IUIaHY U KOKIOMY BUAY MPOAYKUHH.

7. OUeHUTD LeNecoodpa3HOCTb BBEACHHS B IUIaH MATOro BUAA Ipo-
aykuMu I, HopMbl pacxoia Cbipbi HAa €IHHHUIY KOTOPOTO COOTBETCT-
BEHHO paBHbI 2, 4, 2 el., a npubbuib — 15 feH. en.

6.17. Ucnone3ys reoMeTpuyeckoe pellieHHe JBOWCTBEHHOM 3amauH
M TeopeMbl [BOHCTBEHHOCTH, PEUINTh 3ajayy JMHEHHOro nporpaMMH-
pOBaHHS

F = -4x; - 18x, - 30x; — 5x, — max
NpU OrpaHUYECHHUAX:

3% +x; —4x3 — x4 <=3,
{2)(, +4x) + X3 —x4 23,
x;20,/=1,2,3, 4
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TPAHCITOPTHASA 3AJTAYA

7.1. DKOHOMMKO-MATEMATHYCCKAA MOJE]b

TPAHCHOPTHOM 32a4YH

BaxXHbIM YacTHBIM Cly4yaeM 3agadd JIMHEHHOIO IPOrpaMMHUpOBa-

HUSl ABJIAETCA TAK Ha3bIBAEMast TPAHCIIOPTHAA 3aaya.

> 7.1. [loctpouth 3KOHOMMKO-MATEMATUYECKYI0 MOIECHBb Clenyolei
sagauu. Mmeworca TpH rmocraBuiMka ¥ ueThipe nortpebutens. Mou-
HOCTh NMOCTABIIMKOB W CIPOCHI NMOTpeOUTeNed, a TakXke 3arparbl Ha
NEpPEeBO3KY ENUHMUbI IPy3a IS KAKROW Maphi “NMocTaBUIMK — [OTpe-
6uTesib” cBefeHbl B Tabauuy nocraBok (Tadn. 7.1).

Ta6nuua 7.1

Motu- [Motpebutenu u ux cnipoc
ocras- HOCTb 1 ) 3 4
LIHKH noctas-
LHkoB 20 1o 40 110
1 60 3
X1 X12 X13 Xi4
2 120 2
x| X0 X3 X24
3 100 4
X34 X32 X33 X34

B nesoM BepxHeM yrily Mpou3BonbHOl (i, j)-KJIETKH (i — HOMep
CTpoku, j — Homep CTONOWA) CTOUT TaK Ha3blBAEMBIHA K03pguyuenm
3ampam — 3aTparbl Ha MEPEBO3KY EXMHMUBI IPY3a OT /-rO MOCTABIMKA
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K j-My NOTpEOUTEN0, HAMPHMED, B JIEBOM BEpXHEM YLy KIETKH (1,4)
CTOUT YMUCIO 3, CleJoBaTeNbHO, MepeBo3Ka €IMHHUBI rpy3a oT l-rg
nocTaslUKa K 4-My noTpebuteno obolizerca B 3 ycIOBHBIX IEHEX-
HBIX €IMHWUBI U T. 1.

3amaya cTaBUTCA creayroliuM oOpasoM. Haidmu obsembt nepesosok
das kaxcdoll napst “nocmasuux — nompebumens” max, umobbi:

1) mownocmu écex nocmasuukos Obiau peasu3o8ansl,

2) cnpocut ecex nompebumeneil Goiuau y0081emeopersl;

3) cymmaprbie 3ampamsl HG nepeeo3ky Obinu 6l MUHUMANBHYL.

Pewenue. [locTpouM 3KOHOMUKO-MareMaTHYECKYl0 MOIEJb
JaHHo# 3amayd. UckoMbrit 00beM MEPEBO3KU OT /-TO MOCTABIIMKA K
J-My moTpebuTenio 0003HAYMM 4Yepe3 X; M HA30BEM NOCMASKOI
xkaemku (i, j). HanpuMep, x;3 — UCKOMBIH 06beM MepeBo3KHU oOT |-
ro NOCTaBLIMKA KO 2-My IMOTPEOMTENIO WIM nocTaBKa KaeTku (1,2)
U T. 4. 3agaHHble MOUIHOCTH MOCTABLIMKOB M CHPOCHl MOTpeduTte-
JIedl HAKNaNbIBAIOT OrPAHUYCHHs HA 3HAYEHHS HEU3BECTHBIX X;.
Tak, Hanpumep, ob6beM rpy3a, 3abupaeMoro or l-ro mocrasiluKa,
JOJXeH ObITh paBeH MOIIHOCTH 3TOTO MocTaBuiuKa — 60 exnHu-
uam, T.e. x;; + x5 + x13 + x14 = 60 (ypaBHeHHUe OanaHca no nep-
BoH cTpoke). TakuM o0Opa3oM, YToOBl MOWIHOCTb KaXZOTo U3 To-
CTAaBUIMKOB OblJia peain3oBaHa, HEOOXOOUMO COCTABUTH YpABHEHUS
GayjaHca I KaxImoi cTpoKM TaOMHiBl TTOCTABOK, T. €.

X+ X2+ X3+ X4 = 60,
Xy + Xgy + X3 + Xgg =120, (7.1)
X31 + X3y + X33 + X34 = 100

AHaJIOTHYHO, YTOOBI CMPOC KaXIOro U3 rnorpeduteneit Obun yooB-

JIETBOpPEH, MOJAOOHLIE YpaBHEHHMS OajiaHca COCTABISIEM Ui KaXAoro
cTonbua Tabiau1BI MOCTABOK:

20,
Xjp+ Xy + X5y = 1 lO,

X1t X1 + X3

(7.2)

Xp3 + Xp3 + X33 = 40,
X4 + X4 +X34 =110

OueBnIHO, YTO 00BEM MEPEBO3UMOrO rpy3a HE MOXET ObITh OTpH-
LIATENbHBIM, [TO3TOMY CIEAYET JOMOMHUTENBHO MPENONoXHUTh, YTO

X 20 (i=1,2,3 j=1,234),
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CyMMapHbI€ 3aTpaThl F Ha MepeBo3Ky BbIpaxaroTcs yepes Kosdou-
(MEHTBI 3aTPAT 1 MOCTABKHU CleyoWmnM obpasom:

F = I-x“ +2X12 +5)q3 +3)q4 +]'X21 +6X22 +SX23 +
(7.3)
+ 2x24 + 6X31 + 3X32 + 7X33 +4x34.

Terneps MOXHO Harb MaTeMaTHYeCKYI0 GopMyJMpoBKY 3agayn (0e3
obpall€HUs K €€ COMEpXATENbHOMY 3KOHOMMYECKOMY CMbICHy). Ha
MHOJCECEE HeompuyamenbHoix peutenuti cucmembt oepanuyenuti (7.1) u
(7.2) natimu makoe pewerue X = (X11, X|2, ..., X33, X34), Hpu KOmMOpom
aunelinas @yuxyus (1.3) npunumaem MURUMANbHOE 3HAYERUE.

Oco0EHHOCTH 3KOHOMUKO-MATEMATHYECKON MOIOEIH TpaHC-
nopTHOM 3amayu:

o CcucmeMa 0zparuMerul ecmo cucmema -ypasrerui (m.e. mpancnopm-

Haa 300a4a 3006HA 8 KAHOHU4ECKoU popme);

* K03puyueHmsl npu NePEMEHHbIX CUCMEMbl 02PAHUMEeHUU paeHbl

eduruYe UAU HYMIO;

o Kawcdas nepeMenHas 6xo0um & cucmemy ozpanuveruli dea pasa:

odur paz — & cucmemy (7.1) u odun paz — & cucmemy (7.2).

Jna Maremaruyeckoit (OPMYNHPOBKH TPAHCMOPTHON 3alaiu B
obuiedt nmocTaHoBKe 0003HAYMM Yepes ¢; Koa(pdUUMEHTbI 3aTpar, 4e-
pe3 M; — MOIHOCTH MMOCTABUIMKOB, Yepe3 N; — MOLIHOCTH MOTpe-
ourenet, rne i=1,2, ..., m;j=1, 2, ..., B, m — 4yucli0 MOCTABI{NKOB,
n — qucrno norpeduteneit. Toraa cucTema orpaHUYEHUA MPUMET BUL
=M, i=12 .., m, (7.4)

Xjj

M=

~.
]
—

X =N, j=12 ., n (1.5)

u'Ms

—

T
Cucrtema (7.4) Biniouaer B cebsa ypaBHeHHMe GajaHca 1o CTpOKaMm, a

CHcreMa (7.5) — no ctonbuaM tabnuubl nocraBokK. JIuHeHHas QyHK-
LYs B JTaHHOM cily4ae

F= i ic, X;i. (7.6)
Jj=1i=1

Martematuyeckass popMynrMpoBKa TpaHCHOPTHOH 3ajayd B obuiei
NoctaHoBKe OYHET CHEAYIOWIEH: Ha MHOXCECMEe HEOMPULAMEAbHbIX
(: dOnycmwubzx) pewtenutl cucmemot ogparuvenud (1.4), (71.5) naumu maxoe
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peuwienue X = (X1, X12, -y Xjjy -y Xpn), NPU KOMOPOM 3HAHEHUE NUHEUHOL
@ynxyut (7.6) MuHuManbHO,
[IpousBonbHoe nonyctumoe peutenue X = (xyy, Xi2, -y Xijp ...,

Xmp) CUCTEMBl orpaHuueHuit (7.4), (7.5) HazoBem pacnpedeneruen
nocmaeox. Takoe pelieHWe 3afaerT 3anofiHeHue TaGiMlibl MOCTABOK,
MO3TOMY B JAIbHEHLIEM 3HAYEHHE MPOU3BONLHON MEPeMEHHON X 1
COIEPKHUMOE COOTBETCTBYIOLLEH KIETKM Tabnuilbi MMOCTaBOK Oynyr
OTOXIECTBIATHCA.

TpaHcnoprHaa 3amaya, npuBegeHHass B npumepe 7.1, obnanaer
BaXXHOM 0OCOBEHHOCTBIO: CyMMapHas MOLIHOCTb MOCTABLIMKOB paBHa
CYMMAapHOH MOILIHOCTY MOTpeduTenei, T.€.

ZM:ZM' (7.7

Takue TpaHCHOpTHbLIE 3aJaYM Ha3blBAIOTCA 3akpoimbimu (TOBOPAT
TaKxe, YTO TPAHCMOPTHAs 3a1ayd B 3TOM Cliyyae UMEET 3aAKPbLITYIO
Monens). B mpoTMBHOM cilyyae TpaHCMoprHas 3agavya Ha3bIBaeTCsl
omkpvimoti (OTKPbITAsi MOJeNb TPAHCHOPTHOI 3amayu).

PaccMoTpuM 3aKkpbiTyio TpaHCHOpPTHYIO 3anavy. Senasch 3ama-
4e JUHENHOro NporpaMMUpPOBAaHUSI, TpaHCIOPTHAas 3anadya MOXeET
ObITb pelieHa CUMINEKCHBIM MeToaoM. OpgHako crneuuduyHas
¢opMa cUcTeMbl orpaHUMYeHUil NAHHOM 3ana4yd MO3BOJAET CYLIECT-
BEHHO YHNPOCTUTb OObIYHBIM CUMIUIEKCHBII MeToL. Monudukauus
CUMINJIEKCHOTO METONA NMPUMEHUTENbHO K TpaHCHAOPTHON 3azauc
Ha3bIBaeTCA pacnpedeaumenvibim memodom. [lo aHamoruu c o6 UM
ClIydaeM pelIeHUE B HEM OCYLUECTBJSETCA MO LIAraM, M KaXIOMy
wary COOTBETCTBYeT pa3zbueHue MepeMEeHHbIX Ha OCHOBHbIE
(BazucHble) U HEOCHOBHBIE (cBOGOMHBIE).

Yucno r OCHOBHBIX TepeMEHHbIX TpaHCHOPTHOM 3amauud pasHO
paHTy CUCTEeMbl JIMHEHHbIX YpaBHEHUI (MaKCUMajbHOMY YHUCIY JU-
HENHO HE3aBUCUMBIX YyPaBHEHUI B CUCTEME OrpaHU'CHUIL).

Teopema 7.1. Pane r cucmems ypasnenuit (7.4), (7.5) npu ycaosui
(7.7) paser m+n—1.

[Tpexne Bcero 3amerdM, 4To ypaBHeHus cucrembl (7.4), (7.5) npH
ycnoBud (7.7) nMHENHO 3aBUCHMbI U, CENOBATEJIbHO, PAHT CHCTEMDb

! Bce moxasarenscTsa [PY NepBOM YTEHUH MOTYT GbITh OMYLUEHBD!.
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e 6oavuie, yem m + n — 1. JleficTBuTenbHO, CpABHUM CYMMY

£y $u o8

nepBbIX m YpaBHEHMH cucreMbl (CyMMy ypaBHEHH# cucremsl (7.4)) ¢
cyMMOH '

n m

ZZ&=§N, 7.9

j=1i=l

OCTABLUIMXCA 1 ypaBHEHW I (CyMMOH ypaBHEeHUI cHcTeMbl (7.5)).

CornacHo ycnosuto (7.7) npasble yactd ypaBHeHuit (7.8) u (7.9)
cosnagaior. Jlesbie yacru (7.8) u (7.9), apnsoumiuecs cymmamu Bce-
BO3MOXHBIX MEPEMEHHbIX X; NAHHOM 3a1a4u, Takxe cosnazaior. Cue-
jgoBarenpHo, cosnanaloT ypasHeHusa (7.8) u (7.9), t.e. cymma nepsbix
m ypaBHEHUH CUCTEMBI OTpPAaHWYEHUN paBHA CyMME OCTaBUIMXCS A
ypaBHEHMit CUCTEMBl OrpaHMYEHUi: ypaBHeHus cucTemsl (7.4), (7.5)
JIMHEHHO 3aBUCHUMBI.

JlokaxeM, 4To paHr r CUCTEMbI He menbue, wem m+n—1. U3 nu-
HeiiHo# anreGpbl W3BECTHO, YTO €CJIM HEKOTOpBIE K TIEPEMEHHBIX Mpo-
K3BOJIBHOM CUCTEMbI JUHEHHBIX YpaBHEHUH MOXHO JUHEHHO BbIpa-
3UTh Yepe3 OCTAILHBIE MEPEMEHHBIE CUCTEMbI, TO PAHT 3TOH CHUCTEMBI
He MeHbLHE, YeM K.

Bbipazum, HanpuMep, MEpEMEHHbIE X;;, BXOAAIME B MEPBbIA CTON-
Bel ¥ nepByIo CTPOKY Tabs. 7.1, Yepe3 oCTANbHBIE MMEPEMEHHBIE X, TIE
i=23 ..,m j=2,3, .., n CHayana HaligeM TaKue BbIPAXKCHUS
LIS MEepeMEHHBIX, OTNWYHBIX OT X;. Jns Kaxno#l nepemMeHHo Xy
NEPBOIl CTPOKH, TRE j = 2, 3, ..., n, BocONb3yeMcs ypaBHEHUEM Oa-
JlaHca 1o COOTBETCTBYIOILEMY CTONOLY:

m=M—Zw- (7.10)
i=2

AHajorMyHo Ul KaXxIoi NepeMeHHOW X; nepBoro croibdua, riae
=12 3 .., m, BOCNOJb3yeMCS YpdBHEHHEM OalaHCa 10 COOTBETCT-
Byolei crpoke:

n
. =2
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JUts HaXOXIEHUs BbIPAXEHWUs AN X{; BOCMONL3YEMCA, HANpUMep
3
ypaBHeHHeM OanaHca no nepBoil CTpoKe:

X =M - lej- (7.11)
i

IToacrasnas B mpaByio yactb ypaBHeHUs (7.11) BbIpaxkeHUs g
Xy, toe j =2, 3, .., n u3 ypasHeHus (7.10), monyyaem ucKomoe
BbIpAXEHHUE DI Xy].

Taxkum obpazom, m+n—1 nepeMEHHbIX 3TOI 3aJa4y¥ MOXHO BbI-
pa3uTh 4Yepe3 ocraibHbele mn—m—n+| nepemeHHble, T.e. PaHr r
CUCTEMBL r>2m+n-1.

CpaBHUBas IBa MOJYYEHHBIX OrpaHUYEHUs HA PAHT 7 CUCTEMR
(74) n (7.5) (rzm+n-1u r<m+n-1), nonyyaeM, 4to r =
=m+n—1.0

OcHoBHoOE cieacTBue TeopeMbl 7.1 — uucao r ocrosHbix (6a3uckbix)
nepemMeHHbIX 3aKPimMoll mpancnopmuoy 3adavu paeno m+n—1, ede m —
HuCA0 hocmasuwukoa, n — uucao nompebumeneii. Kaxaomy pasdueHuio
nepeMeHHbIX X;; 3a1ayd Ha OCHOBHbIE (6asucHbIE) U HEOCHOBHBIE
(cBoGOAHBIE) cooTBeTCTBYeT Oa3ucHoe pelieHue (cM. M. 2) U, Kak
CNeACTBUE, 3aAMIOIHEHHUE TAOJIM Bl TOCTABOK, KOTOPOE TAKXKE HA30BEM
b6asucnhom. IHBIMW clioBamu, pacnpedenenue nocmagéok HA3bieaemcs
6a3uUCHbIM, eCAU nepeMeHHble, COOMEEeMCMEYIoUiUe 3aN0AHEHHYIM Kaem-
KQM, MONCHO NPUHAMDb 3G O0CHOeHbe nepemennbie. KIIeTKH, OTBEYaIoINe
0asucHbBIM MEpPEMEHHBIM, B DaJbHellnieM OyneM Ha3blBATb OA3UCHbI-
MU, a KINETKH, COOTBETCTBYIOLIME CBODONHBIM EpeMEHHbIM, — C80-
6o0noimu unun nycmumu. [lockonbKy B HajbHEHIIEM Mbl HCHONb3yeM
UCKIOUUTENBHO Da3sHCHblE pacrpefeneHuss MocTaBoK, TO TEpMMHBI
“OazucHag kieTka” u “sanojiHeHHas kieTka” OynyT cYMUTaThesl pas-
HO3HAYHBIMH.

ITonobHo TOMy, Kak 3To ObUIO B CUMIUIEKCHOM METOJE, B pac-
npefeuTeNIbHOM MeTolNe pelleHUs TPAHCHOPTHON 3amaun OylaeM
NMEPEXOAUTb OT ONHOro 0a3WCHOro paclpenefeHUs MOCTaBOK K IpY-
roMy B CTOPOHY HeBo3pacTaHHs UeneBoll GyHKUUM BIUIOTH O ONTH-
ManpHoOro peuieHus. Jjas Hayana Takoro ABUXEHHUsA noTpelyeTcsd
McXoqHOe Ga3MCHOEe paclpeneieHHe MOCTABOK — TaK Has3biBagMblil
ONOpHbII NAGH,



TpaHcnopTHan 3anaqa 129
am———

7.2. HaxoxneHue nepBoOHAYAJIbHOTO
0a31CHOr0 pacnpeneeHns NOCTABOK

OOHHM M3 BO3MOXHBIX METOJOB HAXOXIEHUs IEepBOHAYAILHOIO
6a3UCHOTO pacIipelNeIeHUs] MOCTABOK sBNsAETCS Mmemod “cesepo-3anad-
Ho20 ” yena, MOKA3aHHBIA B CAEAYIOLIEM IIPUMEPE.

> 7.2. Haiith nepsoHavyaibHoe GasucHoe pacrpeieneHue nocTaBok s
TpaHcIopTHoOM 3anayu 7.1.

PeweHue JanuMm rnepeMeHHOil X{; MAaKCUMAIbHO BO3MOXHOE
3HAYEHME WM, WHBIMU CIOBAMH, MAKCUMAJIbHO BO3MOXHYIO MOCTABKY
g kierky (1,1) — “ceBepo-3anmagHbiil” yroj TaGMUUb! MOCTABOK: Xj| =
= min {60, 20} = 20. Ilocne sroro crnpoc l-ro morpeGutens Gymer
[OJIHOCTBIO YIOBJIETBOPEH, B PE3yNbTaTe Yero nepBblil cTonbel Tabnu-
bl TOCTABOK BHIMAAET U3 TOCHKEAYIOILEro pacCMOTPEHUs (3aMoyiHeH-
Hble KIETKY Oylem repeyepKuBaTb CILIOMIHON JUHUEH (cm. Tadn. 7.2)
KJIETKM, BbIMABIIWE U3 MOCHEAYIOIIETO pACCMOTPEHUS, TepeuepKHYThI
NYHKTUPHOW nuHuel. B Tabnuue noctaBok Haimem HOBbIA “ceBepo-
3amagHbiit” yron — Kietky (1,2) U naaum B Hee MaKCUMAJIbHO BO3-
MOXHOE 3HayeHue. YUHUThiBas, 4to l-i mocraBmuK yxe organ 20
eAMHML IPy3a M y HEro ocraioch TojibKo 40 = 60—20 enuHuu rpysa,
noxy4yaem, 4ro x;; = min {40, 110} = 40. ITocne 3roro MouHocTb 1-T0O
MOCTABIUIUKA [MOJHOCTBIO PEATU30BAHA U U3 PACCMOTPEHUS BBINMALET
nepBas crpoka TaGiulbl [MOCTABOK (MepedepKUBAEM CILIOIIHON JTHHU-
el kietky (1,2) ¥ myHKTUpHON NMHUEH ocTaBliMecs] CBOOOIHbIE KIET-
Ky nepBoii cTpoku). B ocraBlueiics tabyue CHOBA HAXONUM “CeBEPO-
3aniagHbii yron” u T. 4. B peaynbrare nojyyaem cledyiOLIee UCXOIHOE
pacripenesieHue nocrasok (cm. Taon.7.2).»

Yucrno 3anosHEHHBIX
KIETOK B MONYYEHHOM

pacripefie/leHN  oKa3a- Ta6bnuua 7.2
JIoCb paBHbBIM m-+tn— 20 110 40 110
~l= 3+4—-1=6, Te. 7 ”
YMcny ocHOBHBIX (6a- 60 ! 2 Tl L
SUCHBIX) MEPEMEHHBIX. 2 01 aal
970, KoHewHo, He cuy- |120 |1 7|6 5 2
YaiiHo.  JleilCTBUTE b~ gl 70 40 10
HO, Ha KaxaoM wWare |00 e T 7l - s
(kpome  mocnenHero) P e 100

JaHHoro Meroga W3

S Mceaenosanue onepauui
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paccMoTpeHHs Belnagand Jubo cTpoka, MO0 cronbell, a HA rociey-
HeM liare W cronbel, W crpoka. [losToMy uuciio 3amosiHEHHBIX Kiie-
TOK (YMCJIO LHArOB) HA eNMHUUY MEHbUIE, YeM CyMMa YHCHA CTpok
¥ cTonOLOB TAabJULBl TTOCTABOK, T.e. paBHO m+n—]1. OKa3bIBaeTcy
(cm. TeopeMy 7.2), 4To 3Ta OcoOEHHOCTb LIATOB METORA “CEBEPO-
3anagHoro” yria CHYXHT MPUYMHON TOrO, YTO MONY4EHHOE pac-
npeaeieHue aBaseTcss 0a3suCHBIM.
CyllecTBeHHbIH HEMOCTATOK METONA “CEBEpPO-3aMagHoro” yrjaa cocro-
UT B TOM, YTO OH TOCTpoeH 0e3 yyera 3HauyeHUN Ko3dbUIIMEHTOB 3aTpar
sanayd. C [pyroil CTOpOHbI, NAHHBLA METON IOMycKaeT Moxv¢pUKaumio,
JIMIEHHYIO 3TOTO HEJNOCTATKA: Ha KaXIOM LIare MakKCUMalbHO BO3MOX-
HYIO TOCTaBKy CJiefyeT JaBaTh He B “ceBepo-3ananHylo” KIETKY OCTaB-
uieiicss TabNULpBl, a B KIETKY C HaUMEHBLUUM Ko3(h(HIIMEHTOM 3aTpar.
TIpu 3TOM pacnpeneneHue MocTaBOK OKazblBaeTcs, BOOOIE roBops, Oau-
X€ K OITHMYMy, YEM pAacCIpeleNieHHe, [MONYYeHHOE METONOM “‘CceBepo-
3aniagHoro yma”. Takoit MeTon MonydeHMs OMOPHOrO IUIaHA Ha3bIBAETCH -
Mmemodom Haumerbluux 30mpam. PACCMOTPUM €T0 Ha CIENYIOILEM TTPUMEPE.
D> 7.3. HaiiTu MeTolioM HaMMEHBIIHMX 3aTpaT MEPBOHAYATBHOE pacIpee-

JIEHWE TMocTaBok B 3azaye 7.1.

Pemenue. Ha-

Ta6nnua 73 yonum B TaGimue

20 110 40 110 MocTaBoK (cm. Taon.
o 1L |2 . 3 7.1) xneTkd ¢ Hau-
2 MEHbUIUM KO3 du-

~ LIMEHTOM 3arpar. Ta-
120 f1 6 3 2 KMX KIETOK [BE —
20 (1,1) u (2,1) c xko3d-
o [6 -3 7 4 dbUUMEeHTamMy  3aTpar,
.’ paBubiMu 1. Cpas-
HUM  MaKCHMAaIBHO
Ta6nuua 7.4 BO3MOXHBIE NMOCTABKU

” 1o 20 10 VIS 3TUX KJIETOK: I

» knetrku (1,1) xp =

60 |1 7|2 > 3 = min {60, 20} = 20,
el i kietkn  (2,1)

120 |1 6 715 .72 xp1 = min {120, 20} =
0] -7 o 100] =20. Tak KaKk OHH

o |6 -3 7 4 COBMANAIT, TO MaK-
el CUMIBHO  BO3MOX-

HYI0 ITOCTAaBKY IacM
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g nobylo u3 Hux. Ha- Ta6nuuna 7.5
qpuMep, 13aeM IOCTaB-
ky, pasHywo 20 exunu-
uaMm, B Kretky (2,1). B 6 |! -7 |2 573 o
pe3y/IbTare CIpoc Iep- -7 60| .- -
goro TOTPeOUTENS YO~ 120 11 6 -7 |s bl
pIeTBOPEH M MepBbIf 2| -7 e 100
cronbel  Tabauubl 110- w s 13 7 s
CTABOK  BBINANAeT U3 e
[ocAenyOHIETO pac- e 50 40 10
cMOTpeHus (Tabm. 7.3).

B ocraBueiica Tabauue HauMeHbIUM Ko3¢bdULMEHTOM 3aTpar 06-
NafaloT IBe KIEeTKH: ¢jp = C4= 2. CpaBHUM MaKCMMaIbHO BO3MOXHbIE
MOCTaBKM Ul 3THX KieTok: misg Kierku (1,2) x;p = min {60, 110} =
60; s xknerku (2,4) x4 = min {120—20, 110} = 100. Jaem mocrasky
B KJIeTKy (2,4), IUIsl KOTOPO# MaKCHMMaJbHO BO3MOXHas ITOCTaBKd OKa~
saiack Gonplie: x4 = 100. IIpn 3TOM M3 paccMoTpeHus Bbilanaer
BTOpAsi CTPOKa TablMLbl MocTaBoK (Tabi. 7.4).

AHaJIOTUYHO, TpolOTKas 3alofHeHMe TaOAMLBLl ITOCTABOK IIAr 3a
WAroM, ToJTy4aeM xj, = min{60, 110} = 60, X3, = min{100, 110—60} = 50,
xy = min {100—-50, 110—100} = 10, X33 = min {I00—60, 40} 40
(tabn. 7.5).p

CpaBHMM HaiiIeHHOe paciipeiefieH’e ITOCTABOK ¢ paciipeleleHUEM,
MOJYYEHHBIM JUISI TOH Xe 3alayu 1o MeToay “ceBepo-3amnagHoro” yria
(cm. 3amavy 7.2, Tabn. 7.2). BoiyMcnuM Ais Kaxnaoro M3 3TUX pacipe-
IelleHW#H CyMMapHble 3aTpaTsl B IEHEXHbBIX EIHHHLAX:

B 3anaye 7.2:

F5,=1.20+2-40+6-70+5-40+2-10+4-100 =1140;

B 3a1aye 7.3:

F,=1.20+2-60+3-50+2-100+7-40+4-10 = 810.

Kak u oxupanoch, npu UCNosb30BaHUK MeTona “ceBepo-3anaaHoro”
yTJla cyMMapHble 3arparhbl Oollblile, YeM NpH NPUMeHeHUM Merona Hau-
MeHbIIuX 3atpaT. TakuMm o6pa3oM, BO BropoM cjlyyae Mbl HaxoauMcs
Oiuxe (Mo yucly HeoGXORMMBIX LIATOB) K ONTHMYMY, Y€M B MEPBOM.
HokaxeM, yTo pacmpeneneHus:, noaydyaeMble ¢ MOMOIIBIO YKa3aHHBIX
MeTonoB, ABIAIOTCS Oa3MCHBIMM, W PACCMOTPMM Te OcCOOble cilyyad,
KOTOpBie MOTYT BCTPETHTHCS NPH UCIIONB30BAHUU 3THX METO/OB.!

20 110 40 110

' TIpy nepBoM UTeHUH 3TOT MaTepuan (C. {37 ) peKOMeHayeTca ONYCTHTb.

5%
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Teopema 7.2. ITycmb Ha KaxcOom waze 3anoaHeHus mabauybvl nocmaq-
60K 603HUKGem OOHG 3aNOAHEHHAA KAeMKa, Npu4eM U3 pacCMOMpPeHus Hq
Kaxcdom (kpome nocredHezo) wiaze éwinadaem Aubo 00KHA CMPOKA, AuGp
odun cmonbey. Toz0a nepemennble, coomeemcmeyloujue 3aNOAHeHHsy
KAemKam, MOXCHO npuHaAms 3a 6a3ucHble.

O M3 nuHeitHolt anreGpbl M3BECTHO, YTO €C/IM PAHT CHCTEMBI JIMHEI -
HBIX YPaBHEHUI paBeH r U HEKOTOpBIe 7 MepeMEHHBIX CHCTEMBI BbIpa-
XKEHBl yepe3 oCTajbHBIE MEPEMEHHDbIE, TO 3TH F NMEPEMEHHBbIX MOXHO
B3SITb 33 OCHOBHble (6asucHbIe). M3 ycioBust naHHOH TeopeMbl crienly-
€T, YTO YMCJIO 3aMONHEHHBIX KJIETOK paBHO m+n—1, T. €. paBHO PaHry
cucreMbl (7.4), (7.5) (cm. mosicHeHHs K MeTomy “ceBepo-3amlanHoro”
yrna). [lostoMy Teopema Oyper nokasaHa, ecliM IOKasaTb, YTo Iepe-
MEHHBIE, COOTBETCTBYIOLUME 3aMOHEHHBIM KJIETKaM, MOTYT OBITb Bbi-
paxeHbI Yepes MepeMeHHbIE, COOTBETCTBYIOLIME CBOOOMHBIM KIIETKaM.

IpeanonoxuM, YTo mepeMeHHbIE 3aMIOMHEMHBIX KJIETOK, BO3HMKIIHE
Ha MepBblX f larax MeTona, rae ¢ = 1, 2, ..., m+n—2, MOXHO BbIPA3UTH
yepe3 MEpeMEHHbIe, COOTBETCTBYIOLLNE CBOOOMHBIM K/IETKAM TEX CTPOK H
CTosI010B, KOTOphie ObLIM BBHIYEPKHYTHI (BBITAIM M3 PacCMOTPEHHS) Ha
nepBbIx ¢ Warax. IlycTe Ha (¢ +1)-M ware Merona 3amojiHeHa (p, §)-a
KIEeTKa W U3 paccMOTPEHWs BblIana, HalpuMep, p-A CTpoka. Beipasum
TIEPEMEHHYIO X, U3 YPaBHEHUS GaJlaHca 110 p-i CTPOKE!

n
Xpg =M, - prj-
j=1
j#q
Ilycte cpenu nepeMeHHBIX NMpaBoH 4acTH ITOCNEAHEro PaBeHCTBA
€cTb IepeMEHHBbIe KIETOK, 3allOTHEHHBIX HA OJHOM M3 IEpBBIX ! lua-
ros. Torga 1o npeanonoXeHUIO UX MOXHO BBIPa3UTh 4epe3 NMEpPEMeH-
Hble cBOOOAHBIX KJIETOK Te€X CTPOK M CTOJ0LOB, KOTOphbie OBbUIM BbI-
4YepKHYThl Ha mepBbIX ! Wwarax. B cay4ae, ecnin Ha (#1)-M ware u3
paccMoTpeHHs BbIlall g-it cTonbel, X,y ClEAyeT BbIPA3UTh U3 ypaBHe-
Hus 6anaHca no g-My cronbuy. IlonobHbie paccyXaeHus cleayer Imo-
CNIe0BaTENbHO IpoBECTH LA KAXKIOTo U3 IIAroB 3alloNHEHUs Tadiu-
ub! mocrasok. M
U3 teopeMul 7.2 cienyer, 4To MeTolbl “ceBepo-3amaaHoro” yrna u
HaUMEHBIUMX 33TpaT NPUBOAAT K 0a3MCHBIM pacApeleeHUsIM ITocTa-
BOK, €CJIM Ha KaXIoM (KpoMe MocliedHero) iare M3 paccMoTpeHus
BbINAnalT Mu6o olHa CTpoKa, JHbo ofnH crondell.
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PaccMOTpUM Temepb Te 0cobsle cay4au, KOTAa Ha HEKOTOpPOM 1Uare
3alMOJTHEHUS U3 PACCMOTPEHMUS BBINTANAIOT OJHOBPEMEHHO M CTPOKA M
cronbell. YKaxeM, KaK clefyeT nocTynaTs, 4ToObl METOI 3aOoIHEHUS
mo-TIIPEXHEMY YIOBJIETBOPSJI YCIOBMAM Teopemsl 7.2 W MojydaeMoe
pacnpelleIeHHE MOCTaBOK 6bUTI0 Ga3UCHBIM.

> 7.4. HaiiTu nmepBonayanbHoe 6asucHOe paclipefeleHHe N0CTaBOK Ulst
cAENYIOLIeH TpaHcnopTHo# 3axayu (1abn. 7.6).

PeweHue Bocrmonsay-
eMcs METOIOM “ceBepo-3a- Tabnnua 7.6
magHoro” yria. Ha mnepsom 20 10 40
wiare cielyeT Oarh MOCTABKY, % ] 3 3
pasHylo 20 eguHuuaM, B
kierky (1,1). B pesynbrare
GyneT YILOBJIETBOpeH cnpoc 1- 303 3 2
ro InoTpeduTens U U3 pac-
CMOTPEHHS BBINAAET TMEPBbIHA 10 4 1 2
cron6eu. Ha BropoM 1are
nocrasky B 10 exuHu1 cieny-
er garb B Kietky (1,2). Tlpu
3TOM M3 I10CTENYIOLLEr0 PacCMOTPEHMsl BbIMAAeT M 1-i MocraBlMK
(KoTOpbIf peann3oBajl OCTaTKH CBOETO rpy3a), U 2-ii noTpeduTenp,
MOJTHOCTBIO YIOBJIETBOPUBLIKIA cBoit cripoc. [Iponomxas Ucmonb30BaTh
MeTOll “ceBepo-3allaiHOrTO” yIJia, MBI MOJIy4UM, KOHEYHO, 3arloHEHHE
TA0JIULIBI ITOCTABOK, HO YHCJIO 3aITOJIHEHHBIX KJIETOK OKAXETCS MEHBIIIE,
YeM YMCIIO OCHOBHBIX (Da3MCHBIX) MepeMeHHbIX, papHoe m+n—I1=3+3—
—1=35. Takoe pacnpeneieHue He 6yneT Ga3sMCHBIM, U IUTS MTPOIOLKEHUS
pelleHus pacrpeleMTENbHBI MeTon 6yner HempuemieM. M3bexats
3TOro MOXHO, UCIIO/Ib3Ys! CHIENYIOLHUIA UCKYCCTBEHHbBIN MpUEM.

Pa3o6beM BrOpoit wiar Ha ABa wara. JomycTuM, 4To Iocje MoCTaB-
KM B KjeTtky (1,2) u3 paccMOTpeHHMs BbIAaNaeT, HAMPUMEpP, TONBKO
nepsasg crtpoka. g Toro yrobbl BBIBECTH M3 PACCMOTPEHMS] BTOpOM
Cronbel, nenaeM elle ONWH LLIAT. J3aeM Hy/lesylo (PUKTMBHYIO) MO-
CTaBKY B MPOM3BOJIBHYIO, HO HE BBIYEPKHYTYIO KJIETKY BTOPOTO CTOJG-
Ua, HampuMep, B KIeTKy (2,2). Ilocie Takux Tpex IIATOB HMeeM
Tabn. 7.7.

AHAJIOrM4yHO MOXHO 6bUIO JOMYCTUTh, YTO ITOCJTE BTOPOTO LIAra U3
PaccMoTpeHusi BbIMAT TONABKO BTOpol croiben. Toraa Ha TperbeM
liare HyneByl0 MOCTABKY CJENYET 1aTb B MPOM3BONBHYIO, HO HE BbI-
HEPKHYTYI0 KJIETKY NMEPBOi CTPOKH.
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[Mpu mocnenyiomieM 3amojiHeHUH TaOMKUBI MOCTABOK MCIIONb3yey

MeTod “ceBepo-3amagHoro” yria obblYHBIM criocoboM. B pesynsbrare
noJlyyaeM paclipedeieHue mocraBok (Tabi. 7.8).p

Tabnauua 7.7 Ta6bnauua 7.8
20 10 40 20 10 40
30 |1 3 3 71 0 3 3
20 0.~ 20 10| "
3 {3 7|3 2 |3 .73 2
0 0 30
0 4 T )2 0 4 1 T2
I e et e 10

[TepeyepkHyThie CILIOWIHOK 4YepToil KIETKH, OTBEYaloliuMe Oa3uc-
HBIM MMEPEMEHHBIM, B AajIbHEH1IEM OyneM Ha3bIBATb 3aMOJHEHHBLIMH,
HECMOTpS HA TO, YTO CPelAU HHUX BO3MOXHBI KJIETKM C HYJAEBBIMHU ITO-
CTaBKaMH.

PaccMoTpeHHBIH MCKYCCTBEHHBIH MpPHEM TPUMEHSIETCH TAKXKe MpU
METOe HAUMEHBLUUX 3aTpar, eclu IIPU UCIIOb30BAHUM 3TOTO METOAA
Ha HEKOTOPOM llIare U3 PacCMOTPEHMS BbLIMAAAIOT OJHOBPEMEHHO U
CTpoKa, U cronbell.

7.3. Kputepnii onTHMaIbHOCTH 0a3HCHOIO
pacnpeesieHns NOCTaBOK

[Monxox X pelieHHI0O Bonpocd o6 ONTHMAalbHOCTH 0a3uCHOIo pe-
LIeHUsT OBUT JeTATBHO Pa3obpaH B 1. 5, MOCBIUIEHHONW CUMIIEKCHOMY
metony. CornacHo eMy BHauyajie CjeiayeT BbIPa3uTh JiMHelHYyO (yHK-
LUMIO 331a4M 4epe3 HeOCHOBHBIE (cBoGonHble) mnepeMeHHble. TpaHc-
TOPTHAS 3a1d4a — 3a7aya Ha MMHUMYM, [TO3TOMY OIITUMYM AOCTHTHYT
TOrJa M TOJBKO TOTAA, Korna Bce Ko3hduLMEeHTH IIp¥ HEOCHOBHBIX
(cBOOOIHBIX) MEPEMEHHBIX B BbIpaAXeHHH JMHEHHONH (DYHKUUHU HEOT-
puuatenbHbl. B TpaHcmopTHoit 3amaye MpoM3BojIbHAs MEpPEMEHHAs X
OTOXIECTBIIsIeTCA € COJEPXHUMBIM COOTBETCTBYIOLLEN KiIeTku (/, j) Tab-
nuuel moctapok. Koabduument B; npu cBobonHoi nepeMeHHON x; B
BBIPAXEHHUM JIMHelHOW (yHKUMKM F depe3 cBOOOIHBIE MEpeMeHHBIE
HasbplBaeTcs ouenxod ceoboonou Kaemxu (i, J). Torna xpumepuii onmu-
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maavhocmu GopMyTMpyeTcs cneaylolMM o0bpasoM: 6asucroe pacnpede-
JeHue NOCMAB0K ONMUMAABHO M020a U MOAbKO Mo20a, K020a OuerKu 6cex
c60000HBIX KACMOK HEOMPUYAMEAbHb.

TakuM o6pa3oM, Ha MEpBbIA IIAH BBIXOAMT 3a1a4a O HAXOXICHUH
OLIEHOK CBODOIHBIX KIETOK Misi GUKCHPOBAHHOTO BasMcHOro pacrpe-
neJieHHs TOCTaBoK.

Iyctb durcuposaHo HeKOoTopoe 6a3UCHOE pacnpeneaeHue MNocra-
BOK, TIPH 3ToM Kierka (i, j) — csobonHasa (mepeMeHHas x; — cBoboa-
Hast), By — OLUEHKa KineTku (I, j) WK Ko3(pOULMEHT NIpH X; B BbIpa-

JeHUH NnHelHol GyHkuuu F yepe3 cBOBGOMHBIE MEpPeMEHHBIE, T.€.
F = FO +BU-X,-j+..., (7.12)

rae MHOTOTOYMEM O0O03HAYEHBI ciaraeMble, OTBEYAIOLUNE CBOOOIHBIM,
MepPEMEHHBIM, OTJMYHBIM OT X;; Fy — CyMMapHble 3aTpaThl Ha Ilepe-
BO3KY HAHHOTO paclipe/e/ieHust ImocTaBoK. Torna u3 BeipaxeHus (7.12)
CIENYET, YTO oyenxa P; ce0600nou kaemxu (i, j) paséna npupauieruio
AF cymmapuvix 3ampam Ha nepeso3Ky npu nepegode & kaemky (i, J) edu-
Huunoll nocmasku (yBelnyeHue nepeMeHHol x; or 0 no 1). OyesunHo,
yro AF > 0, ecnu B> 0; AF< 0, ecn B < 0. TTocnenHee KocBeH-

HOe ollpelleieHNe OLIEHKU CBOGOMHON KIIETKH OOBIYHO HA3bIBAIOT KO-
HOMUYECKUM CMbICAOM OUEHKU CB0OOOHOU KaemKu.

Jnst HaXxoXAEHUSI OLEHOK CBOGONHBIX KJIETOK BOCIIOJb3yeMCsl KO-
HOMMYECKUM CMBICIIOM YKa3aHHBIX OLIEHOK.

7.5. YcraHosuTb, siBisieTcss Y oNTUMANbHBIM 0a3ucHoe pacrpenene-
HUe MMOCTaBoK, HaligeHHoe B 3anadye 7.3 (rabn. 7.9).

P e ur e v 1 e. HaifneM, HampuMep, oLieHKy cBoboaHo# Kietku (1,3).
Ins sroro pamuM B KieTKy (1,3) envHuyHyio moctasky. [lpu 3tom
notpebyeTcsl U3MEHUTH MOCTABKU B 3aIIOTHEHHBIX KJIETKax TakK, YToObl
COXpaHHJica 6anaHc Mo cTpokaM u cronbuam. (Bymem monarare, yrto
Bo Bcex cBODOIHBIX Ta6auua 7.9
KJIeTKax, OTJIMYHBIX OT
Kierku (1,3), mocraska 20 110 40 110
OCTaHeTcss  HyJMeBoi.) [ oo || 2 5 3
Tak, yro6sr 3-i1 moTpe- 60
Oureny monyyun mo-
mpexuemy 40 emurun | 120 | 6 5 2
Ipy3a, ITOCTaBKYy B 20 100
Knerke (3,3) cnmemyer | 100 |6 3 7 4
YMeHbluTe Ha 1. g 50 40 10
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TOro 4tobel 3-# Io-
Tabnnua 7.10  oophiyk ornpasua mo-
20 110 40 110 npexHeMmy 100 enuHuy
P 5 P 3 rpy3a, ITOCTABKy B KJIETKe
59 | (3,2) ysennuuBaeM Ha 1.
2-My MOTPEOUTENIO HYX-
120 }1 6 5 2 Ho Tonbko 110 emmHumy
20 100} rpysa, mostomy MoCTaB-
100 |6 3 7 4 Ky B wierke (1,2) npu-
51 39 10| HJeTcs YMEHBLWTh, Ha 1.
CyuiecTBeHHO, YTO Haii-
JIEHHBI BAapUaHT IMepe-
pacripefiefieHusi MOCTABOK, 3aTParMBAIOIMK 3aMOJHEHHble KJIETKU Y
yBenuumBalomui Ha 1 mocrasky kimerku (1,3), eamHcrBennsnii. Tlony-
yeHHOe paciipe/ie/ieH)e MOCTaBOK IpencrasieHo B Tabn. 7.10.
Haiinem uaMeHeHHe AF cyMMapHbIX 3aTpar MpH YKA3aHHOM Iepe«
pacnpeieJleHHH MOCTaBOK.
ITepBoHayansHO 3aTpaThl Ha MepeBo3Ky (cm. Tabn. 7.9) cocraBUIN

F,=260+1-20+5-0+3-50+7-40+2-100 + 4-10,

nocje nepepacrpenenesus (em. tabn. 7.10):
F,=2-59+1-20+5-1+3-51+7-39+2-100 + 4-10.

Torna, yuyumThIBasT 3IKOHOMMYECKHII CMBICT OLIEHKH cBoBomHOIM.
KJIETKH, [OJIyYaeM, 4To

By=AF=F -F, =2-(-)+5-1+3.-1+7-(-1) = -L

Taxk xak cpeau KieTok Tabia. 7.9 ecTh KjeTka ¢ OTPHLATENBbHON
OLIEHKOI, TO paciipele/ieHUe ITOCTaBOK He ONTUMATIbHO. P>

Crioco6 peweHust 3ana4d 7.5 IOBOJBHO T[POMO3NOK (0COBEHHO
YYMTBIBAs, YTO 4acTO B 3a4a4YaX IPUXOJUTCS MCKaTh OLEHKH BCEX CBO-
OOHBIX KIIETOK 3aJaHHOTO O0a3uCHOIo paclpelne/ieHusl IOCTaBOK).
[TpoananusupyeM pelterune 3anayu 7.5 L1st ynpoueH!s: BBIYMCICHU .

Ilpu BbrMcnenun AF MHorue cnaraemsie u3 fy ¥ F,; B3auMHO
YHUYTOXAIOTCS, HE BJMSS HA 3HAYyeHUe AF : CYLIECTBEHHbI JMWUIb
Ko3hduuueHTsl 3aTpaT Tex KJIETOK, B KOTOPBIX ITOCTAaBKA MpU pac-
cMaTpuBaeMoM MepepaclipencieHuu uamenutcs. [Ipy 3ToM B BBIpa-
XeHue Wi AF HeKoTopble M3 HMX BXOJAT co 3HAKoM “+”, a HekoTo-
pble — co 3HakoM “—”. JIns HaxoxdeHHs “Tpasuia 3HakoB” ynobeH
YyepTeX, MpeacTaBieHHbId Ha puc. 7.1. Ha HeM u3006paxeHsl KIeTKH, B
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KOTOPBIX OYIET M3MeHeHa IMOCTaBKa (CIeBa OT KaXAOW KIIETKM Hallk-
caH B CKODKax ee HOMED, KIETKH, COOTBETCTBYIOIIME GAa3UCHBIM ITepe-
MEHHBIM, MEPEYEPKHYTHI).

(1,22 Z (1,35 +
(3.2)[3 7 (3,3)[7 Z
Puc. 7.1

[Tpu 3TOM 3HaKoM “+” moMeyeHBl Te KJIETKH, MOCTABKA B KOTOPbIX
yBeAUUUTCs. BuaHo, 4yTo MMeHHO HMX Ko3(hGdHULUMEHTBI 3aTPaT BOHIYT B
BhIpaXeHue Wig AF co 3HakoM “+”. B ocrajbHbIX KiIeTKax puc. 7.1
MOCTaBKa YMEHBIWMTCA (B HUX BMUCAH 3HAK “—”), uX KO3PDULHUEHTHI
3aTpaT BoiimyT B BbIpaxkeHue Wig AF co 3HakoMm “—”. JloManyio,
COEAMHSIIOILYIO KJIETKW C HM3MEHsieMoli MmocTaBkoil, OyleM Ha3bIBaTh
O3HAYeHHbIM LuKAoM nepecyema (cm. puc. 7.1).

(LY

2,n

(1,2)

—

(2,4)

(3.2)

(3,4)

Puc. 7.2

TakuM ob6pazoM, MoXHo chOpMYIHPOBATh npasuso 1 Haxoxcoenus
OUenku ceobo0H0U Knemku: LIS CBOOOIHOI KIETKU CNENYeT MOCTPOUTh
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UMK [epecyeTa, B BeplUMHAX 5TOr0 LMKIA PACCTaBUTL MMOCAENOBa-
TEJIbHO 4YepelylouiMe 3HaKW, HauyuHasg co 3Haka “+” B cBODOIHOM
KJIETKE, TOIAA 3HAYEHUE OLeHKHM CBOOOLHOU KIETKH paBHO aaredbpau-
yecKoil cyMMe Ko3ddHLIMEeHTOB 3aTpar KJIEeTOK LKA, B3AThIX C COOT-
BETCTBYIOILMMH 3HAKAMM.

AHanoru4yHo, COCTaBlsIg O03HAYEHHBIH LUK MepecyeTa IUIST Kax-
00 CBODOINHOM KJIETKM, MOXHO HaiTH ee oueHKy. Ilpu 3roM, Ko-
HEYHO, LIMKJ He Bcerna Oyner mosydarhesi TAKMM IPOCTBIM, KakK B
pasobpanHoM mpuMepe s Kietku (1,3). Hanpumep, o3nauyeHHbIi
LMK nepecyeTa misg KiaeTku (1,1), nokaszauHselil Ha puc. 7.2, 6oree
CJIOXHBIH.

Ouenka xnetku (1,1) B 3TOM ciyyae paBHa

By=0+3+2)-Q2+1+4)=-1

3amevanne. MHorza s npoM3BOJIBHONO O3HAYEHHOTO UMKIA

BBOIUTCS [OHATHE OHEHKA yuKkaa — arcebpaudeckas cCyMma Ko3gp-

QuyLenmos, cmosWUX 6 BepULUHAX LUKAQ, 63AMbIX C COOMBEMCMBYI0-

wumu 3naxamu. TlpuBeneHnble BbILE pPaCCYXAEHHS ITOKA3bIBAIOT,

YTO OLEHKA LIMKJIA pPaBHA OLIEHKE TON eIMHCTBEHHOI CBOOOAHOI

KJIeTKe, KOTOopasi BXOAUT B TaHHBIA LIMKI. _

JIns obneryeHunst HaXoXAeHUs LMKIA NepecyeTa B KOHKPETHBIX 3a-
nayax pamuMm ero TodHoe ompeneneHue. Iuxaom ¢ mampuye 6ydem
HA3b16aMb AOMAHYIO C GEDUILHAMU 8 KACMKAX U 36eHbAMU, ACHCAUUMU
80046 CIMPOK U CMOAOH08 MAMPULbl, YO0BAEMEOPAIOUYIO YCAOBUAM.

® JomaHasn 0oAdcHa Obimb ceA3HON, m.e. u3 1000l ee GepuLLHbl MOXC-
HO nonacme @ AOYI0 OPY2YI0 6ePULLHY NO 36EHbAM AOMAHOU;

e 6 Kaxcoou eepuiune AoMaHou ecmpeyaromca 06a 36eHa, OCHO U3
KOmOpbIX pacnoaazaemca no cmpoke, opyeoe — no cmoabyy.

Hurnaom nepecyema HasbiBaeTcs TaKoil UMKI B TabMUUe ¢ 6a3UCHBIM
pacnipesieJIeHHeM MOCTaBOK, IIPH KOTOPOM OIHA M3 €r0 BEePIUMH JIEXKUT
B cBOOOJHO# KJIeTKe, OCTATbHble — B 3anoiHeHHbIX. ki nmepecyera
Ha3bIBaeTCs O03HAYeHHbIM, €CJIX B ero BEPIUWHAX pacCTaBleHbl 3HAKH
“+” y “—” TaK, 4TO B CBODOAHOI1 KJIETKE CTOMT 3HaK “+”, a cocegHue
BEPLINHBI UMEIOT ITPOTHBOIONOXHbBIE 3HAKH.

s xaxcdoii c6obo0nold Kaemru 6asucHozo pacnpedeaenusi HOCMAGoK
cyuwecmayem u npumom eOUHCMEEHHbI YUKA nepecyema, npuem onepa-
yus 03nauueanun uyukaa aearsemcs xoppexmuoi. TlonpoGHble nokasza-
TeJbCTBA MOXHO HaliTH, HanpuMep, B [16].

TakuM o6pa3oM, NMoOJNyYeHo MPABUIIO, TO3BONSIONIee HANTH OUEHKY
ITPOM3BOJIbHOM ¢Bob6ONHON KiIeTKH. OIHAKO HAXOXIEHWE OLEHOK CBO-
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GOAHBIX KIJIETOK MOXHO CYIIECTBEHHO ympocTHTh. PaccMorpuMm cne-
AyIOLLYi0 BoobpaxaeMyio cutyauuwo. [lycTe xosdduumeHTs 3arpat
BceX 3aMOMIHEHHBIX KJIETOK paBHbl HyMl0. Ecim Tenepp mo paccMoT-
peHHOMY TIPaBUJIy HAWTH OLEHKY CBOBOAHBIX KJIETOK, TO OKaxercs,
4TO OLEHKH CBOOOIHBIX KJIETOK paBHbl WX KodbduuMeHTaM 3arpart,
T.e. B 3TOM cjlyyae 3HAYEeHHS OLEHOK CYMTHIBAIOTCS C TaBMIMIBI MOCTa-
BOK ¥ HMUKAKHUX LKKJIOB CTPOUTD He HAO.

C apyroii CTOpoHbI, CIIpaBeAJIMBA CAENyIOLas TeopeMa.

Teopema 7.3. (0 nomenyuanax). Ouenxa ceo600HOU KaemKu He uime-
HUMCA, ecal K Ko3gouyuenmam 3ampam Hexomopod cmpoku (cmoabya)
mabauysl nocmasox npubagume Hexomopoe uucao. Imo wucao, npubag-
afgemoe K Ko3gguuuenmam 3ampam evtOenennol cmpoku (cmoabya),
Gydem HA3bI6AMb NOMEHKUAAOM OaHHOU cmpoku (cmoabua).

O Iycrs nis pukcHpoBaHHoit cBOGOIHON KIETKH MOCTPOEH LMKIL.
JUIsl KaXA0To 3BeHa 3TOTO LMKJA, BXOASILETO B IIPOU3BOJBHYIO BBIAC-
JIEHHYIO CTPOKy, MMeeM Iapy coceiHuX BepliuH uukia. [lo ompene-
JIEHUIO O3HAYEHHOTO UMWKJIA IepecyeTa OJHA W3 3TUX IBYX BEPLIMH
uMeeT 3HaK “+”, npyras — 3HaK “—”. Torma BKJIam OT 3THX IABYX Bep-
IUMH B 3HAa4YeHHEe WCKOMOH OLEHKM OMpeaensieTcs PAa3HOCThIO Ko3(g-
¢$UUMEHTOB 3aTpaT 3TUX BepiIMH. OUeBUIHO, YTO €CIIM K KAXKIOMY U3
3TuX Ko3bduuHeHTOB 3arpar MpHOABUTH OJHO M TO Xe YHUCIO, TO
caMo 3HaueHue pasHocTu He u3Menurcs. M

PaccMoTperne BooOGpaxkaeMoro ciyuass ¥ Teopema 7.3 NMpuBo-
IST K npasuny 2 HaxoxcOeHUs OyeHOK c80000HbiX KAemok: K Ko3d-
dbuumeHTam 3arpar TabGAMLBl IMOCTABOK B KaXIOW CTPOKE M
CTosIbue Hago NpUOABUTH TaKue yuciaa (MOTEHUMANBI), YTOOHI
Ko3bIULUMEHTB 3aTPAT B 3GN0IHEHHbIX KIEeTKAaX CTalu paBHBIMH
Hyaro. Tlonyyenusle mMpu 3ToM Ko3PHLMEHTH 3aTPAT cBOOOIHBIX
KJI€TOK paBHBI OLIEHKAM 3THUX KJIETOK.

7.6. HaiiTu ouenku cBoBOXHBIX KJIETOK 6a3uCHOro paciipenene-
HUS mocTaBoK, HalaeHHoro B 3agaye 7.3.

Peurenwue HaitmeM oueHKu cBOGOAHBIX KIETOK, CAEAys W3-
JOXeHHO! BbIllIe TNoOCAeNoBaTeNbHOCTH HeiicTBuii. M3MeHenue
KoapoduiumueHToB 3aTpaT MOXHO HAYMHATH ¢ JHO60Oro cTojbua
(ctpoku). TMoreHuuan cronbua (CTpoku), U3GPAHHOTO IUIS HAya-
713, MoxeT ObITh NPOU3BOJBHBIM, HO MOXHO J0Ka3aTh, YTo Iocie
€ro ¢ukcauuyu MOTEHUHMANBI OCTANBHBIX CTOABGLIOB U CTPOK OyAyT
OllpenesieHbl OAHO3HAYHO.
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HayHem ¢ nepsoro cron6ua. ITycts motenuuman 3toro cronbua pa-
BeH Hyn10 (1abn. 7.11). PsaaoM ¢ moTeHUMATOM B cKobBKaxX 3aITMchiBaeM
HOMEp 11ara (ITOCTaBKM OIyCKaeM).

Tabnuua 7.11
1 2 5 3
-27)
) 6 5 5 -10 -10
-1(2) 05 0 0. (7.13)
6 3 7 4 30 00
—3(4)
0(1) 0(6) —4(5) -1(3)

[Tocne mpubasnetus 3TOro MOTEHUHATA K Ko3(hdUIIMEHTAM 3aTpar
nepBoro croa6ua ko3¢ duUUMEHT 3aTpaT 3armojaHeHHOH KIeTku (2,1) He
U3MEHHUTCH, YTOOBI MOJYYEHHBIH TOCI€e CIOXEHHUS Ko3(dIULIMEHT cTal
paBeH HY/II0, TTOTEHMAT BTOpoit cTpoku Taba. 7.11 momxeH ObITh pa-
BeH —1; wia obHynenus Kosdpduumenrta sarpar xietku (2,4) norex-
LMaJI YyeTBepTOro croibua AomxeH ObiTh paseH —1 u T. 1. M3MeHeH-
Hble K03(h(HUUMEHTHl 3aTPAT YyNOOHO BBHITMCATD B BHIE OTIde/lbHON
mampuywt ouenox (7.13). Inemenmot mampuyst oueHox, coomeemcmeyro-
wue c60600HLIM KiemKkam mabauysl NOCMAGOK, DABHbI OUEHKAM 3IMuX
c60600HbIX KAEMOK.

W3 npenbiayiunx paccyXIeHHi BBITEKAET, YTo LI GHKCHPOBAHHO-
ro 6asucHoro pacrnpeaejeHus MocTaBOK MOXHO Iofo6parh pasauyHbIe
Habopbl MOTEHUMATOB, YIOBIETBOPSIOLIMX NTPABUITY 2, OHAKO MAaTpu-
LA OLIEHOK BO BCEX TaKWXx ciydyasax bymer onuHakosoi. CylecTBoBa-
HWe, Mo KpaiHeil Mepe, ogHoro Habopa MOTEHLUMATOB, YIOBIETBO-
psiOllMX MpaBuily 2, ocTasiiseM 6€3 JoKa3areJbcTsa. P

PelieHue TpaHcriopTHOM 3amayM B cilyyae MOMYYeHHUsT HEONTHMAIbHOIO
pacripeneneHus MOCTABOK PacCMOTPHM B CJIEMYIOLLEM pasfee.

7.4. PacnpeaenaurensHblif MeTOa pelieHUs
TPAHCHOPTHOM 321244

P 7.7. Haiith onTuManbHoe pacrpenefieHde IMOCTABOK 3ajadyu U3
3anaum 7.1

Pewenne. Haynem ¢ 6asucHoro pacrpeneaeHusi MOCTaBoK, 110~

JydeHHoro B 3amaye 7.3. Kak 6pUlo ycraHoBIeHo paHee (cm. 3amayy 7.5),
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jaHHOE pacrpellefieHue He oNnTUMaIbHO. OleHKa CBOGOAHOM KIIeTKH
— 3710 KO3 pHUMEeHT NP COOTBETCTBYIOLEH cBOOOAHON NepeMeHHOIA
B BbIPAXEHMH JUMHEHHON! GYHKUMH. YYUThIBasi pe3yiabTar 3azadu 7.6,
pMeeM

F = 810—x13 + 3X31 + 5x22 - Xi1-

3navenue Fy = 810 w1 gaHHOro pacrnpeneneHus IOCTABOK Haille-
Ho B 3ajaye 7.3. [dajsee mocrymaeM TaK, KaK MOCTYNWIM Obl, peluas
3afa4yy CUMIUIEKCHBIM METOLOM: MepeMeHHYIO X;3, KoaddulueHT MpU
KOTOpOH oTpuliaTenieH, OyaeM INepeBoAWTb B OCHOBHBIE (Da3ucHble)
nepeMeHHble. [lepemeHHas x;3 HauMHaeT BO3pacTaTh oT Hyas. Kak
ObUTO NMOKA33aHO B pasn. 7.3, mepeBoj IMOCTaBKM B CBODOAHYIO KIIETKY
BbI3bIBAET Nepepachpee/ieHle NOCcTaBokK (MepeBUXeHre TIOCTaBKU 110
uuxiy). OsHayeHHbI UMK Nepecyera g kierku (1,3) nokasan Ha
puc. 7.3.

(L2 Z (1,3)[5 +
60
323 = 337 Z
50 40
Puc. 7.3

[TopobHo TOMy, KakK 31O OBUIO B CMMIUIEKCHOM METOIE, YBEeJIUYM-
BaeM MOCTaBKYy Xj3 B KieTke (1,3) no Tex mnop, noka nocraska B oiHOH
M3 3arofHeHHBIX KIeTOK He CTaHeT paBHoil HYMO (daibHeilllee yBe-
JIM4eHue Xxj3 YBOAUT B 00NACTh HEJOIYCTMMBIX pellleHHMit). Bra KieTka
TIPUHAVIEXUT, KOHEYHO, LIMKITY, TTIOCTPOEHHOMY Ha pHC. 7.3 mid KieT-
Ku (1,3). Haitnem ee. Ecnu B knerky (1,3) nepenarb NocTasky, paBHYIO
Z, TO MOCTABKA B KJIETKAaX IMKJIA CO 3HAKOM “+” yBEJIMYMTCH HA 7, 4 B
KleTkax co 3HakoM “—” — ymeHbliurca Ha Z. [ToatoMy uckomas
KJIeTKa HAXOIMTCS Cpelld KJIETOK LMKNa, uMeolmx 3Hak “—”. Bonee
TOro, OHa MMEeT MUHUMAIbHYIO IOCTABKY CpelM TaKHX KiIeroK. Tak
Kak (cm. puc. 7.3) min{60,40} = 40, To B HalleM cilyyae — 3TO KJIeTKa
(3,3), u ans obHynEeHUs MOCTABKU B 3TOH KIEeTKE MO LMKIY ClenyeT
iepenars 40 enuHuu Ipysa, m.e. HOCmMasxka, nepedagaemas No UUKAY,
onpedensemcs KaK MUHUMYM Cpedu NOCMAGOK 8 KAEMKAX {UKAaQ co 3Ha-
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xom “—” Tlocne aroro kierka (1,3) cuuraercs 3anosHEHHOM, a KieT-
Ka (3,3) — cBOGOAHOIA.

B wierkax co 3HakoM “+” LMKJIa [10CTaBKa YBeJIMYMBAETCS Ha Ie-
penaBaeMyio NOCTaBKYy: [ocTaBka KietkH (3,2) crader pasHoit 90 enu-
HUllaM, nocraska kieTkd (1,3) — 40 exnHUUAM. AHANOTMYHO B KJIeT-
Kax CO 3HAKOM “—” MOCTaBKa YMEHBIIUTCA HA NepejaBaeMylo MocTap-
Ky, Hanpumep, nocraBka kierku (1,2) crader pasHoil 20 eaMHULAM,
yTto BUAHO U3 Tabn. 7.12. HerpynHo nokasatb, YTo BHOBb I10JYYEHHOE
pacrpejefeHHe MocTaBok — 6asucHoe.

M BHOBb BO3HMKAET BOMNpPOC 06 ONTHUMAIbLHOCTH 633ncnoro pac-
npeeieHUs NOCTABOK — KPYT pelUeHHs 3aMKHYJCS.

Haiinem oueHKM CBOOOIHBIX KIETOK (MATpHILy OLEHOK) pacnpeiese-
HHUS MocTaBok. [lng 3toro, Kak u npexiae, noadbepeM MOTEHUMATB! TaK,
4T0OBl KO3(GPHUUMEHTH! 3aTPAT 3AMOJHEHHBIX KJIETOK CTAIM PaBHbIMU
nymo (cm. 1a61a. 7.12). Toraa marpuua oueHok npumer Bua (7.14).

Tabnauua 7.12

1 2 5 3
1 6 20 5 40 2 -2 1000
2% 00l 1 051 8 (7.14)
6 3 7 4 301
90 10} -3
0 0 -3 -1
(1,1) n (1,2) =
20
2,0 e (2,4) 7]
20 100
(3.2) 3,4) Z
90 10

Puc. 74
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Tak kak cpead cBOOOIHBIX KJIeToK ecTb Kierka (1,1) ¢ orpuua-
re/IbHOM OlieHKOM, TO HafiieHHoe paclnpejesieHde HE ONTUMAJNbHO U
nepefaya nocraBkv B KieTky (1,1) BemeT Kk yMEHbLIEHHIO CYMMAapHbIX
3aTpat Ha MepeBo3ky. O3HAayeHHBI UMK nepecyeTa Mns kietku (1,1)
npuBedeH Ha puc. 7.4. [lo npasuiy, copMyJMpOBaHHOMY Bblille,
rocTaBKa, rHepegaBaeMas o uukiy xy; = {20, 20, 10} = 10. [lepensu-
rag 3Ty MOCTaBKY Io UMKy (cm. puc. 7.4), IpuXoAHMM K HOBOMY pac-
npeAesieHuIo nocTaBok (Tabu. 7.13).

Haiins marpuuy (7.15) oueHOK 3TOrO pacrpeneleHus, 3aKTIOYaEM,
YTO OHO ONTUMAJIBHO, TAK KaK Cpell OLEeHOK CBOGOMHBIX KJIETOK HET
OTPHLATEIbHbIX.

CymMapHble 3aTpaThl Ha MepeBo3KY 3TOrO paclipeleneHus] MocTa-
BOK B J€HEXHBIX eJUHUUAX COCTABISIOT: '

Fon=110+2-10+5-40+1-10+2-110+ 3-100 = 760.
Ta6nuna 7.13
1 2 5 3
10 10 40 0001
) 6 5 2 0400 (7.15)
10 110 4 011
6 3 7 4
100

DKoHOMHSA AF, NOCTUTHYTas B pe3y/lbTaTe NpUMeHeHUs MeToda
nepepacrnpenejeHuss IOCTABOK, COCTaBIfgeT B JCHEXKHBIX eAMHHLAX
AF= Fyin—F;=760—810=—50. 3Hak “—” B J1aHHOM cjyyae IOKa3blBa-
€T, YTO IPHU Mepexolie K ONTUMAIBHOMY paclpeleleHUI0 CyMMapHbie
3aTpaThl HA NepeBo3Ky yMeHbIIMIUCh. P

3ameuanne 1. [locmaexa, nepedagaemas no uyuxay, He Modicem

Obimb HU Menblie, HU 00ablile MUHUMYMA NOCMABOK KAEeMOK YUKAQ CO

3Hakom “—”. [leCTBUTENBHO, B TIEPBOM ClIyyae HM OJHA M3 KIETOK

LMKIA He OyleT UMETh HYJIEBOi IOCTaBKU, a TIOTOMY obluee YUCIo

3aMONHEeHHBIX KJIETOK TabaULbI Oyaer paBHo m+n U, cileloBareilb-

HO, pacnpenenetue He Oyner 6GasucHbiM. Bo BTOpOM ciyyae yxo-

UM B 00JIACTh HEIOMYCTHMBIX pellleHUH.

3amesanne 2. Onmumanvroe pacnpedenerue Nocmagox, HaiileH-

Hoe B 3amave 7.7 (cm. 1abn.7.13), He eduncmeernnoe, max kax cpeou

OUeHOK CBOCOOHBIX KAEMOK ecmb Hyaesbie, Hampumep Kietka (2,3) B
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Marpuue (7.15). AHAJTOTHYHO MPH CUMIUIEKCHOM MeTolle pellieHHe
HE€ eJIMHCTBEHHOE, eC/IM B BbIpAXECHWH JUHEHHOH (PYHKIHUM ONTH-
MaJIbHOTO PELIEHMS Yepe3 HEeOCHOBHbIE (CBODOAHbIE) MepeMeHHble
Ko3(duUMEHTBl NPU HEKOTOPBIX CBOOOAHBIX NMepeMeHHbIX pPaBHbB
Hymo. B ¢BA3M ¢ JaHHBIM 3aMeyaHUEM MOXHO IpelJIOKHUTh YUTa-
TeNIO cleaylollee ynpaXHeHue: NMPOBepUTb, He U3MEHHT JIU Tiepe-
pacrnpejeneHle OCTaBKM B CBOOOIHYIO KJIETKY ¢ HYJEBOH OLeH-
KO# onTUMaJIbHOE 3HAYEHHE 3aTPaT Frin-

3ameuanne 3. B HekoTopblX ciyyasx Tpebyercss onpeneluTs M3-
MeHeHue 3aTpaT AF, Ha NepeBo3Ky (9KOHOMMIO 3aTpaT) i HeKo-

TOpOro -ro Iiara peuleHus (MW U KaXIOTo M3 IUATOB) TpaHc-
noprtHoii 3ana4yu. M3 3kOHOMUYeCKOro CMBICTa OoLleHKH CBODOLHOI
KJIETKH Chelyer, 9To akoHomua sampam AF,, docmuenymas Ha He-

KOmopom i-M waze, pPAGHA NPOU3BEOCHUI0 OUeHKU KAemKu, 8 KOmopyn
nepedaemcs nocmaexa, Ha nepedasaemyro nocmagky. Hanpumep, npu
nepexole OT MCXOIHOro pacrnpedeneHus mocraBok (cm. tabm. 7.11)
K DAacrpeleieHnIo nocrtaBok no tabn. 7.12 nocraska 40 eanHuy
nepenaercs B KIeTKy, olleHKa Kotopoil pasHa —1. Toraa akoHoMus
3arpar Af] Ha nepBoM wiare 3agayd 7.7 cCoCTaBuT

AF, = (~1)40 = -40.

[MocnenoBarenbHOCTh AEHCTBUI 1O pelEHMIO MPOW3BOJIBHOM 3a-
KpbITOH TPaHCIOPTHOI 3amayu Ternepb MoXeT ObiTh U3jI0XeHA B BUME
cledylolero aseopumma.

1. J1aa maHHoro 6asMcHOro pacripelefeHus MocTaBokK NoabupaeM
MOTeHUMANBl CTPOK H CTONOLOB TabMMLb! MTOCTABOK TakK, YTOOBL K03d-
(pUIMEHTH 3aTpaT 3aMONHEeHHBIX KIEeTOK cTald pasHbl Hymo. Coctas-
JiseM MaTrpully OleHOK.

2. Ecnn oueHkH BcexX cBOGONHBIX KJIETOK HEOTPHLATENbHBI, TO
HalileHHoe pacrpelejieHde ONTUMANbHO — pelleHue 3akoHuyeHo. Ec-
JIK Cpeiu OLEeHOK CBODONHBIX KJIETOK €CTh OTpULIaTeNbHble, TO BbIOM-
paeMm oIHy M3 HMX [UIA [epefayd B Hee [TOCTABKU ([UIsl olpele/leHHO-
CTH MOXHO OpaTb, HalpUMep, OIHY U3 KJIeTOK C HauMeHblled oleH-
KOit).

3. Jlng u3bpaHHoOH cBODOOAHONH KIETKHM CTPOMUTCS O3HAYEHHBIN
uuki nepecyera. [loctaBka z, nepenasaemas 1Mo LMKy, ollpeaenser-
¢q KaK MHHMMYM Cpeld TOCTaBOK B KJIeTKax co 3HakoM “—”. Haii-
JleHHas TocTaBKa MNepelBuraercd no uukiy. Ilpu 3ToM mnocraska B
KJIeTKax LuK/ia o 3HakoM “+” ypequyusaeTcs Ha z, a B KJIeTKax co
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sHakoM “—” ymeHbliaerca Ha z. Kierka, nocraBka B KOTOpo#l IIpu
9TOM CTAHET paBHOM Hymo, OyneT cuuTaTbest cBOOOAHOM (naiee pac-
cMOTpPEH Cllyyaii, Korjga TakMxX KJIeTOK HEeCKOJIbKO), OCTalbHble KieT-
k4 LMKIAa — 3aMojHeHHbIMH. TakuM o0pa3oM, IOJyyeHo HOBOE
GasucHoe paclipeiesieHHe MOCTABOK.

4. TlepexonuMm K 1. 1 anropuT™a.

PaccMoTpuM ocobbie cayyau, KOTOpble MOTYT BO3HMKHYTb IIpH pe-
[leHUH TPAHCIIOPTHOM 33JayM.

1. B HekoTopbIX Cllyyasix IIOCTABKA, [IEPEBOAMMAsI 110 LIMKITY, MOXET
0Ka3aTbCsA paBHOM HYMIO. BTO BO3MOXHO TOrAa, Korha KJIETKa LMKIa
co 3HAKoM “—” collepxala HyJleBylo IocTtaBKky. B 3ToM ciydyae 1o
UMKy nepejaetcss HyneBasi [ocTtaBka. B pesyiabtare Ta cBOGOIHAas
KJIETKA, Ul KOTOPO# OBUI MOCTPOEH LMK, CTAHOBUTCA 3AIMOJTHEHHOH
(HyneBoii NOCTaBKOM), @ KIeTKa C HyJeBol MocTaBkoit — cBo6oaHOIA.

2. Ecnu npu nepesolie MocTaBKH Mo LUKIIY NOCTaBKa obpalllaeTcs B
Hy/lb cpa3y B HECKO/JBKHUX 3aMOJIHEHHbIX KJeTKaX, To cBoboiHOW H3
HHUX CJleflyeT CYMTaTh TONBKO OAHY (1106YyI0), oCTalbHbIe KJIEeTKH, IO-
CTaBKAa B KOTOPBIX CTajJa paBHOW HYIIO, ClENyeT CUMTATb 3allOJHEH-
HBIMHM HyJeBoii nocraBkoii. PazGepeM nepeuncieHHble ocoOble clyyau
Ha NpUMepe.

D 7.8. 3aBepiuuThb pelleHne TPAHCIIOPTHOM 3a1ayd M3 3axayu 7.4.

Peumrenue. YCTAHOBUM CHayalta, ONITHMIbHO JIM pachpelefie-
HHE, TMOoNydeHHoe B YyKa3aHHOM IIpUMEpe METoIOM “ceBepo-
3anagHoro” yria (cm. ta6n. 7.8). IlombepeM noTeHIMaibl CTPOK H
cTONOLOB 3TOM TAabIMUBI TIOCTABOK TaK, YToObl KOo3GhduLMEeHTs! 3aTpar
3ao/IHEHHBIX KJIeTOK CTaln¥ paBHbI HY/IO (Tabn. 7.14).

Ta6bnuua 7.14

I 3 3
3 20 3 10 2 0 00 1
. wlo 2 o2 0l. (1.16)
4 i 2 3-20
10{0
- ~3 -2

310 npuBoAMT K Matpulle oueHokK (7.16). Tak Kak cpenu ¢BoOOIHBIX
KieTok Tabmuiel ecth Kierka (3,2) ¢ orpuuaresbHON OLeHKOH, TO AaH-
Hoe 6asucHoe paclipejefieHHe IOCTABOK He oNTUMaInbHo. IlepeseneM
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NOCTaBKY B KJIETKY (3,2) ¢ oTpulaTenbHOi oueHKoit. CTpost WIS KIETKy
(3,2) o3HayeHHbI UMK TepecyeTa (pHC. 7.5), HaxoOuM, 4YTO 0OBEM
nepenaBaeMoi IOCTaBKM B JaHHOM CJIyyae paBeH X3; = min{O,lO} = 0.
MMepenaBast Mo MOCTPOEHHOMY LMKIY HyJEBYIO IOCTABKY, NPUXOLHM K
HOBOMY 0a3MCHOMY pacrnpeneneHuio (tabm. 7.15).

2.2) a 2.3) =
0 30
(3.2) + (3,3 -
10
Puc. 7.5
Ta6nuua 7.15
1 3 3
: 20 3 10 : -2 00 —I
300 4 2 0 (7.17)
4 1 2 500
0 1010

Mon6upas noreHuHanbl K CTpokKaM M cronbuam rtabm. 7.15, naxo-
nuM Mmatpuiy (7.17) oueHoX aaHHoro pacnpeieneHus. Tak Kak cpely
CBOOOMHBIX KIETOK Tabiulbl ectb Kierka (1,3) ¢ orpuuarensHoi
OLEHKOM, TO aHHOe Ga3ucHOe pacnpedeleHude He ontuMmaibHo. Haii-
lleM HOBoe¢ 6a3ucHoe pachpeleneHue, Nepenapas MOCTaBKY B KIIETKY
(1,3) ¢ orpuuarensHoit oueHkoii. Iloctpoum mkin mig etk (1,3),
mokasaHHbiii Ha puc. 7.6. IlocraBka, nepegasaeMas B kierky (1,3):
x;3 = min{10,10} = 10. Tpu nepenaue no wakiy (cm. puc. 7.6) 10 exn-

HHI[ rpy3a CTAHYT paBHbIMH HyJI0 MocTaBKu B Kierkax (1,2) u (3,3).
INomaraeM, YTo TOJBKO ONHA U3 HHMX CTajJa CBOOOAHOM, HAaIMpHMeEp.
Kietka (3,3), a knerka (1,2) 3anonHeHa HyjeBod MocTaBkKoif. TakuM
obOpa3oM, OymeT noaydyeHo GazuCHOe pacrpeieieHHe NMOCTABOK, Npeln-
cTaBjieHHoe B Tabi. 7.16.
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(1,9)[3 Z 1,33 T
10
BT > 333 >
0 10
Puc. 7.6

Tabnuua 7.16

[ 3 3 000
20 0 10| —1
; ; ; 310 (1.18)
30]0 50 1
4 1 2
10 1041
0 -2 ~2

Onpepensst Marpuuy oueHok (7.18), BuguUM, 4TO cpeau OLIEHOK
¢cBOOOAHBIX KJIETOK HAWNEHHOro pacmpeaeflieHus] HeT OTPUUATENbHbIX,
T.€. HajilleHHoe pacnpeneneHue (cM. Tabn. 7.16) onTuManbHo. P

7.5. OTKphiTasgs MoaeJh TPAHCIOPTHOM 3a1a4YM

OTKpBITasi TPAHCIIOPTHAS 33/1aYa pelllaeTcs CBeeHHEeM ee K 3aKpbl-
TOM TPAHCIIOPTHOM 3aJave.

D 7.9. Haiitn ontimansHoe pacripeeneHue NMOCTABOK IS TPAHCIOPT-
Hoii 3agaum (Tabn. 7.17).

Peimmenue. B manHoMm ciyyae cyMMapHBIid cipoc NoTpeGuTtenei
6osbille, 4YeM CcyMMapHasi MOUIHOCTb TNOCTaBUIMKOB (45+35+55+
+65 = 200 > 40+60+90 = 190). BeeneM “dhuxTHBHOrO NOCTaBLUIMKA” U
B Tabnuiuly NOCTaBOK J06GaBMM [JOIONHMUTENbHYIO CTPOKY (Tabn. 7.18)
Tak, 4yTobbl 3adaya ctajga 3akpbiToi. g 3TOr0 MOIMHOCT (PUKTHBHO-
ro nocraslluka cieayer npuHare pasHoi 10 = 200—190. Koadbduum-
€HTBI 3aTpar 3Toil N0GaBIEeHHON CTPOKU OMNpedesIOTCS U3NepXKamu
BBU/Y HEIOTPY3KM MoILLHOCTell norpebureneit. Ecnu mndopmauus ob
ITUX U3JEPXKKAX OTCYTCTBYET, TO MX NPUHHMAIOT paBHBIMU OLHOMY U
TOMy Xe 4Mciay (Hanmpumep, Hymo, Kak B 1abn. 7.18). CoracHo Teo-
peme 7.3, KOHKpETHOE 3HAYeHHe STOr0 YMC/IA He BIMUSEeT Ha OMNTH-
ManpHoe pacrnpeleseH’e MoCTaBoK.
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Ta6bnauua 7.17 Ta6bnuua 7.18
45 35 55 65 45 35 55 65
4 1 2 5 4 1 2 5
40 40
3 2 3 7 3 2 3 7
60 60
—‘
4 4 5 2 4 4 5 2
90 90
0 0 0 0
10

[lepBoHayanpHOEe pacrnpefeleHHe MOCTABOK st chOpMyTHpoO-
BaHHOM 3aKpBITOW TpaHCMOPTHOM 3anauu Haitnem, Hanmpumep, 1o
MeTONy HauMeHbluX 3arpar. [ns ynobcTBa yKaxeM nociefoBa-
TeJbHOCTh 3aMOJHeHUs TabaMubl MOCTaBOK: Xg4 = 10, xy5 = 35,
X34 = 55, x;3 = 5, x33 = 50, xp; = 10, x3; = 35. B peaynbrare
MpUXOAMM K cieayiolleMy 6asucHOMY paclipelelleHUI0 TOCTaBOK
(rabn. 7.19).

Ta6aunua 7.19

4 1 2 5
35 5 -2
3 2 3 7 2 0 05§

10 50 -3
Lo 00 05 )
35 55{—4 9 21 220

0 0 0 0
10}-2
0 1 0 2

YcTaHoBUM, ONTHMAIbHO JIM 3TO pacripefefeHue — HaiineM LIS
Hero Marpuily ouieHok (7.19). Tak Kak cpenyn oneHoK cBOGOIHBIX Kiie-
TOK eCTb OTpHllaTe/bHBie, TO HaiileHHOe pacrpenejleHue He ONTH-
ManbHo. [lepeBeneM MocTaBKy B OOHY M3 KJIETOK C HaMMeHbIllel OT-
puUlIaTeNbHON oueHKoMN, Hanpumep B Kierky (4,3). Uuxkn ans stoil
Ki1etku u3obpaxeH Ha puc 7.7. [Tocraska, mepenasaeMas Mo LIMKIY,



TpaHCropTHan 3apaqa 149

e
paBHa X43 = min {50, 35, 10} = 10. Ilepensuras no uMKI1Yy MOCTABKY,
pasHy©o 10 eInMHuLAM, MPUXOLMM K C/elylOHIeMY PacTlpeneieHUIO
nocraBoK (Tabn. 7.20). HaitneM oueHkd CBOGOAHBIX KJIETOK HaHHOTO
pacnpeleneHus (cm. Matpuuy oueHok (7.20)). Tak xak oueHku Beex
cBOOOMHBIX KJIETOK HEOTpHLATENbHbI, TO pachpeleieHHe NOCTaBOK
raba. 7.20 onruManbHo.p

(2,!) + (2'3) pall
10 50
a3, c 3,4 "t
35 55
4.3) H 4,4 -t
10
Puc. 7.7
Ta6nunua 720
4 1 2 5
35 5
3 2 3 7 2005
20 40
0006
: 7.2
4 4 5 2 0110 (7.20)
25 65 0102
0 0 0 0
10

B cnyyae, koraa cyMMapHas MOILHOCTb MOCTaBIUMKOB Oolblile
CYMMApHON MOUIHOCTH TIOTpeGHuTeNell, B pacCMOTPEHUE BBOJUTCS
“duxTuBHBIN MoTpeGUTEND”, a K TAONULE MOCTABOK NPUCOENMHSETCS
NonoxHUTeNbHbIA cronbel. KosduiuueHTs 3aTpar storo HobasieH-
HOTo cTon611a COOTBETCTBYIOT 3aTPaTaM Ha XpaHEHME HeoTIpaB/eHHO-
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ro rpysa (IocTaBku MoclelHero croibla — HeOTNpPAaBICHHBIH Ipy3
JUT Kaxaoro u3 nocraslwiMkoB). Eciu uugopManus o6 3THX 3aTpaTax
OTCYTCTBYET, TO MX NPUHUMAIOT paBHbIMM OJHOMY U TOMY X€ YMCIly
(HanpuMep, HyIIO).

YITPAXKHEHUWA

B 3amayax 7.10, 7.11: a) cocTaBUTh 3KOHOMHMKO-MATEMATHYECKYIO
MoJenb 3anayu; 0) HAHTH onTUManbHOe pacnpelejieHHe MOCTABOK M
MUHUMATBHBIE 3aTPaThl Ha MEPEBO3KY, BHITIOJIHUB TepBOHAYAIBHOE
pacnpeaeneH1e NOCTaBOK METOAOM HaWMEHBIIIMX 3aTpaT.

7.10.
1 M IMoTpebutenn 1 ux crnpoc
oc- oL~
TaB- HOCTh 1 2 3
LWIHKYA | NOCTaB-
LiHKoB 60 60 50
| 50 2 3 2
3 60 6 5 7
7.11.
m M IMoTtpe6urenn u ux crpoc
oc- oLl-
TaB- HOCTh | 9 3 4
UIMKM | FOCTaB-
LHKOB 450 250 100 100
1 200 6 4 4 5
2 300 6 9 5 8
3 100 8 2 10 6

Peiiuts TpancnoptHeie 3amaud 7.10 (cm. Bbuue), 7.12, 7.13, co-
CTABUB NepBOHAYaNbHOE paclpeieieHde NMOCTABOK MeToloM “ceBepo-
3anagHoro” yria.
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7.12.
Iotpeburenu u ux crnpoc
Ioc- Mow-
Tap- HOCTh | 2 3 4
WYKH | [OCTaB-
LuuKoB 15 25 8 12
1 2% 2 4 3 6
) 18 3 5 7 5
3 12 1 8 4 5
7.13.
otpeburenu o
Moc. Mot~ TpeOUTENI M UX Cripoc
TaB- HOCTh ) 2 3 4
LUMKH | focTaB-
L1 KOB 50 50 40 60
1 30 5 4 6 3
2 70 4 5 5 8

B zanauax 7.14, 7.15 3aKOHYMTH pelleHUs1 TPAHCIIOPTHBIX 3aHa4
HauWHas ¢ 3a0aHHBIX PACTIPENEIeHHI 10CTaBOK.

7.14.
Iotpeburtenu u ux crpoc
[Moc- Mouu-
Tap- HOCTBb 1 2 3 4
LLUUKHY nmocraB-
UIMKOB 15 25 8 12
5 4 13 9
! 9 45 50
2 7 9 8
2 35
35
9 7 11 7
3 55 35 20
1 6 1 1
4 75 35




152

(naea 7

7.15.
Moc- Motz [MoTpeburenu U ux cnpoc
Tas- HocTb
LUMKH | Mocras- ! 2 3 4
LuuKoB 50 10 20 40
6
1 30
20 10
1
2 5
0 10 10 30
4 2
3 20
20
5
4 20
20

7.16. Peiuth TPAaHCIOPTHYIO 337a4y.

Horpeburenu u ux cnpoc

[Moc- Mouu-
Tag- HOCTBb
HIUKH nocraB- ! 2 3 4 5 6
LMKoB 10 35 15 25 55 10
| 30 7 1 5 4
5 5 5 8 6 3
3 45 4 8 3 2
4 50 1 7 4 2




I'naBa 8

MOZIEJIHN HEJOYNCIEHHOTO
JUHENHOTIO IMPOTPAMMMUPOBAHUA

8.1. ITocranoska 3agauu
IeJI0YHCJIEHHOT0 MPOrPaMMHUPOBAHMS

[To cMbicay 3HAYUTENBHOM YAacTH KOHOMHUYECKMX 3aJay, OTHOCS-
IMXCS K 3ajayaM JIMHEMHOro nporpaMMHUpOBAHMSl, KOMITOHEHTEl pe-
IUeHHMS JO/LDKHBI BBHIPAXAaThbcd B LENBIX YMCIAX, T.€. OBITh LIEJOYUCIEH-
HbIMU. K HUM OTHOCSITCH, HATIpUMEp, 3a0a4M, B KOTOPbIX NEPEMEHHBIE
O03HAYAKT KOJIUYECTBO €AMHHUL, HEIEAUMON NPOAYKUMH, UUCIO CTaH-
KOB NpH 3arpy3ke oOOpYIOBAaHMSA, YUCIIO CYNOB MPU paCIIpeNeeHUsaxX
[0 JIMHUAM, YUCIIO TYPOUH B DHEProCUCTEME, YHCIIO BHIYMCIUATENBHDBIX
MAaIUUH B YIPaBASIOLIEM KOMIUIEKCE U MHOTHUE IPYrue.

3ajaya AMHEHHOTO LEeNOYHCIEHHOro MpOrpaMMUPOBAHUS GOpMY-

JUpyeTcsa clIenyioluM obpasoM: Haumu makoe peutenue (naaw) X =
=X, X3,...,X,), NPU KOMOPOM AUHEUHAA QYHKUUA

n
Z=Ycex; @8.1)
J=1
npUHUMaem MAKCUMAAbHOE UAU MUHUMAAbHOE 3HAHEHUe NPU 02PAHUMEHURX
n
Za,-jxj = bi . i= l, 2, ey m. (8.2)
=l
x;20, j=12,..,n 3.3)

X; — LeNbie YHCTIa. 8.4)
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CrnenyeT OTMETUTBh, UYTO KJIAacCHYECKasg TPaHCMOPTHAS 3ajaya y
HEKOTOphIE APYrMe 3agayd TPAHCHOPTHOro TUHA “aBTOMATHYECKH”
obecreunBalOT peilleHHe 3alauyv B UENBIX YMCHAX (EC/IM, KOHEYHO,
LETOYUCIEHHBl TapaMeTphl yciosuit). OgHako B obileM ciydyae ye-
JloBue uemounciaeHHocTH (8.4), mobasnsieMoe K OOBIYHBIM 3aJadyam
JMHENHOro nMporpaMMHUPOBAHUsA, CYIIECTBEHHO YCIOXHSET €€ pe-
LEHHUE.

Jns pewseHus 3amay JUHEHHOro LEIOYHUCHEHHOTO NpPOrpaMmu-
poBaHUs Ucnonb3yeTcs psa MetomnoB. CaMblifi MPOCTOR U3 HUX —
OOBIYHBINM MeTon JMHEHHOro mporpaMMuposaHusi. B ciyuae ecim
KOMITOHEHTbl ONTUMAIBHOTO pEHIEHUA OKa3blBAKTCcH HELeIoYHc-
JEHHBIMU, UX OKPYINSIOT A0 ONMXAMIIUX UENBbIX YHcel. DTOT Me-
TOA NPUMEHSIOT TOTAA, KOrAa OTHejbHas eqUHMIA COBOKYITHOCTH
COCTABJISIET Malyl0 4acTb 0O0beMa Bcel coBOKymHOCTU. B mpotus-
HOM CJIy4yae OKpYIJIeHWE MOXET MPUBECTU K NAIEKOMY OT OIITH-
MaJIBHOrO LIEJTOYHUCIEHHOMY PELUEHHUIO, T03TOMY HCMONBL3YIOT clle-
LHATbHO pa3paboTaHHEIE METOHI.

MeToaH LenoYMCcIeHHOH ONTHMH3AUUM MOXHO pasdeluTh Ha
TpY OCHOBHEIE TPYIIbL: a) METOARI OTcedeHHsA; 6) KoMOUHAaTOpHEIE
METOAbI; B) MpubAuXeHHble MeTonabl. OcTaHOBUMCH NMoapoOHee Ha
METOIaxX OTCeYeHHS.

8.2. Metoan! orceyenus. Meroa I'omopu

CyIlHOCTE METOJOB OTCEYEHHUSA COCTOUT B TOM, YTO CHAyaua 3aJada
peinaercd 06e3 ycjaOBUSA LENOYUCAEHHOCTH. EC/IM TOMXYy4YeHHBIA [UIaH
LEeOYMCIEHHBIH, 3afa4ya peiueHa. B npoTMBHOM cilydyae K orpaHuye-
HUSIM 3agayd Jo0aBAseTCA HOBOE orpaHuyeHue, obiamaoiee cre-
IYIOUIUMHA CBOMCTBAMHU:

® OHO 00AXCHO 6bimb AUHEUHbIM,

o J0AXCHO OMCEKamb HAUOECHHbII ONMUMANbHbIL HeueaouucieH-
Hbll naaH;

e He JOAXNCHO OMCeKamb HU OOH020 LeAOHUCACHHD20 NAAHA.

JlonomHUTENbHOE OrpaHH4YeHUMe, obGnamaliee YKa3aHHbIMM CBOI-
CTBAMM, HA3HIBAECTCS MPAGUABHBIM OMCEHEHUEM.

Hanee zagaua peinaercst ¢ y4eToM Hooro orpanuveHus. ITocre
3TOro B cjyyae HEOOXONMMOCTH A00aBISETCA €LUE OAHO OrpaHuye-
HUE U T. 1.
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[eomeTpUuecku mobapieHue Ka-
XKIOro JIMHEAHOrO OrpaHHUYEHUS
OTBeYaeT MPOBENeHHUIO TIPIMOI (TH-
MEPIUIOCKOCTH), KOTOpas OTCEKaeT
OT MHOrOYrOJILHMKA (MHOTOrpaH-
HHKa) pelieHUi# HEeKOTOpYIo €ro
4acTb BMECTE C ONTUMAIbHON TOY-
KOH C HELUETbIMM KOOPAMHATAMM,
HO He 3aTparupaeT HU OXHOH u3
UEJbIX TOYEK 3TOTO MHOTOrpaHHU-
Ka. B pesynbTare HOBBI MHOrO-
TPAHHUK pEILIEHUN CONEPXKUT Bce
Lejible TOYKH, 3aKIoYyaBiliMecs B
NEepBOHAYaJIbHOM  MHOTOrpaHHMKe
pelleHUit U COOTBETCTBEHHO IIOJNY-
YeHHOE IpH STOM MHOIOTpPAHHMKE ONTHUMAJIbHOE peilleHue Gyaer
nenourciaeHHuM (puc. 8.1).

OnvH 13 alropuTMOB pellleHHs 3a0aYu JUHERHOro LETOYHCIEHHO-
ro nporpaMmMuposanug (8.1)—(8.4), npemrnoxeHHslit [oMopu, ocHOBaH
Ha CUMIUIEKCHOM METONE W MCIOJIb3YeT HOCTATOYHO MPOCTOi Cr1ocob
IIOCTPOEHUS NPAaBUJILHOTO OTCEYEHHsI.

ITycTh 3agaya auHedHOro nporpamMupoBaHus (8.1)—(8.3) ume-
€T KOHEYHBbIIl ONTHMYM W Ha MOCIEIHEM luare ee peuleHUs CHM-
MJIEKCHbBIM METOJAOM TMOJY4YeHB CIERYIOIME YpaBHEHMS, BhIpa-

Puc. 8.1

XKAUIHE OCHOBHLIE MEPEMEHHBIE Xy, X7, ..., Xj, .ey Xy UEPE3 HEOC-
HOBHEIE TMEPEMEHHBIE Xp+1, Xpmi2, -y Xmtis -y Xn ONTHMATBHOTO
peleHus
Xy = By — Oy 1 Xy =~ %X
X = B2 - Xy me1Xme1 02Xy,
' (8.5)
X; = Bl =1 X ) e T Wiy X g .
kxm =Bn- Loy a1 Xmae1 =~ Ly Xy

TaK, 4TO ONTUMAIBHBIM pelreHHem 3amaud (8.1)—(8.3) genserca
X*=(BI,BZ,...,B,-,...,B,,,,O,O,...,O), B KOTOpPOM, Hampumep B; —
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Heuesasi KOMIoHeHTa. B sTom Ciyyae MOXHO N0Ka3arb, YTO HEPABEH-
1
CTBO

{ﬁ:} - {aimﬂ}xmﬂ—' : '"{ain }xn s 0’ (8'6)

cHOpMUPOBAHHOE TO i~-My YPaBHEHHIO cUcTeMBI (8.5), obnagaer Bcemy
CBOMCTBaMU TIPAaBUJIBHOTO OTCEYEHHH.

Ins pelieHUs 3a0a4d LETOYKMCIEHHOTO JUHEHHOro MporpaMMuUpo-
BaHus (8.1)—(8.4) MeTonoM ['oMopu UCTONBL3yeTcs CAELYIOIUA a-
TOPUTM:

1. CuMIUIEKCHBIM MeTOAOM peiuuTh 3amauy (8.1)—(8.3) 6e3 yuera
yclnoBHA LeNoddcieHHocTU. Ecau Bce KOMIIOHEHTBHl OINTHMAIbHOro
IUlaHa uefble, TO OH ABISETCA ONTHMAIbHBIM W LIS 3amaqd LENoYuc-
JeHHoro nporpamMmMuposaHig (8.1)—(8.4). Eciu nepsas 3agaua (8.1)—
(8.3) Hepazpewnma (T.€. HE UMEET KOHEYHOTO ONTUMYMa UM YCIOBUS
€e MPOTHUBOPEUHBHI), TO U Bropas 3anaya (8.1)—(8.4) Takxke Hepaspe-
1umMa,

2. EcnmM cpeny KOMNOHEHT ONTHMAJBHOTO peilleHUs €CTh Hele-
Jible, TO BLIOpaTh KOMIIOHEHTY C HauOOJbLIEH LENOW 4YacTbio U 1O
COOTBETCTBYIOILEMY YpaBHEHUIO cucTeMbl (8.5) cdhopMupoBaTh mMpa-
BWIbLHOE oTceueHue (8.6).

3. HepageHcteo (8.6) BBedeHMeM LOMOJHUTENBbHON HEOTPHULUATEND-
HOIi LleJIouMCcIeHHOH mnepeMeHHOM [peobpa3oBaTs B PABHOCH/IBHOE
ypaBHEHHE

{B'} - {aim+l}xm+l_' . '_{ain}xn T Xpil» 8.7
U BKJTIOUUTH €r0 B cUcTeMy orpaHu4eHuit (8.2).

4. Tony4eHHyI0 PACIIMPEHHYIO 3aayy PELUUTb CUMIUIEKCHBIM Me-
tonoM. Eciu HaliieHHBI ONTUMAIBHBINA NJIaH GyIeT LeT0YHCIEHHbIM,

! B HepaBeHcTse (8.6) npucyTcTByer cMMBOJ { }, O3HAYAIOWMH JpoGHYIO
yacTb yucna. [esoid wacmero wucaa a HasbiBaeTcsl HanGosblilee HeAoe YUCIIO
[a], He npeBocxoasuiee a, a ApoGHOW uacTblo YMcAa — 4yuclo {a}, paBHOC
Pa3sHOCTM MEXIY ITUM YHC/IOM M €ro uefioil yacTeio, T.e. {a} = a — [a]. Ha-

npuMep, LIS a=2% la] = 2, {a}=2%—2=l;mm a=—2% [a] = -3

3
(o6paryTe BHUMaHWe, UMeHHO —3, a He —2) U {a} =-2=- (—3) = %

Lo)lt-—\
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10 3aJaya LENToYMCcIeHHOro nporpammuposanus (8.1)—(8.4) peiuena.
B NPOTHBHOM CJIy4ae BEPHYThCS K n. 2 ajiropuT™Ma.

Ecnu 3amaya paspewidMa B LENBIX 4MCIaX, TO NOCAE KOHEYHOro
yuca 11aroB (UTEpaLMil) ONTUMAIbHHM LeJIoYMCAeHHBIA MaH Oyner
HaMOEH.

Eciu B npouecce pellleHUS TIOSIBUTCA ypaBHeHUE (BBIpaxalollee
OCHOBHYIO TIEPEMEHHYI0 4epe3 HEOCHOBHEBIE) C HEeleNbIM CBOOONHBIM
YyjgeHOM M LEIbIMM OCTAIBHBIMU KO3¢hPUIMEHTAMH, TO COOTBETCT-
BYIOLIEE YPABHEHHE He MMEET PElleHHs B LENbIX yKuciaax. B atom ciy-
yae M JaHHasg 33Ja4a He MMeeT LIeJJOYMCIeHHOTO ONTUMAIBHOrO pe-

LUCHMUH.

D 8.1. Ina npuobpereHrs obopyaoBaHUS N0 COPTUPOBKE 3epHa ¢epMep
BhiaensieT 34 nedH. en. O6GopydoBaHHE MOMKHO ObITH pasMELIEHO Ha
IoIAnM, He npesbiwaomei 60 xa. M. Pepmep MoxeT 3akaszath 000-
pyAOBaHHWE OBYX BUAOB: MEHEE MOILUHBIE MALUWHEBL TUNIA A CTOUMOCTBIO
3 #eH. en., TpebyloLiMe NMPOU3BOACTBEHHYIO MIoWadb 3 KB. M (c yue-
TOM IIpOXOHOB) U obecrieuuBaloUIMe TIPOU3BOAUTENLHOCTE 34 CMEHY
2 T 3epHa, U Oosmee MOILHBIE MALIMHEI THITA B CTOUMOCTBIO 4 JIeH. €.,
3aHMMAIOIIME UTOIAAbL 5 KB. M U obecreynBalomue npou3BOAUTENb-
HOCTb 32 CMEHY 3 T COPTOBOrO 3€pHa.

Tpebyercst cocTaBUTh ONITUMAIBHBIN MTAH npuoOpeTeHUsa obopyno-
BaHUs, OOecneuyMBAOILMN MAKCUMAIBHYIO OOHIYIO [POM3BONUTEND-
HOCTb TIPHM YCJIOBUH, 4TO (epMep MOXET npuobpectu He Oonee 8 Mma-
IUMH TMNA B.

Pewenue. O6o3HayuM uepe3 x|, X; KONIUYECTBO MAIUUH COOT-
BeTCTBEHHO THna A U B, uyepe3 Z — oOGUIyl0 MPOU3BOAUTENBHOCTb.
Torna MatemaTuyeckas Monenb 3a0a4d IPUMET BUL:

Z =2x; + 3xy > max 8.1)
fIpM OrpaHHYEHHUSX:
3x; + 5x, <60, (1)
3x; + 4x, < 34, (2) (8.2)
x, < 8 (3)
X2 0, Xy 2 0, (8.3')

X], X3 — LIEJIbIE YHCNA. 8.4)

.
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IlpuBeneM 3amayy K KAHOHUYECKOMY BUIY, BBEst AOTIONTHUTENbHEe
HEOTPULIATENbHEIE EPEMEHHBIE X3, X4 X5. [lonydnMm cHcTEMy orpaHu-
YyeHHUH:

3x; + 5%y + X3 = 60,
3x, +4x, + X4 = 34, 8.5)
X, +x5= 8§,

xj' 20,j= l,2,...,5.

PeluaeM 3agayy CUMIUIEKCHBIM MeTOnOM. [Ing HarISAHOCTH pelle-
HUE WINIOCTpUpYeM rpaduyecky (puc. 8.2).

X, A

L(2/3;8)

Ha puc. 8.2 OKLM — obnmactb HDONYCTUMBIX pelleHHil 3afa4u
(8.1 — (8.3'), orpannyeHHas npsaMbeiMu (1), (2), (3) ¥ ocAMU KOOPIMHAT;

L(2/3; 8) — Touka ONTUMANBHOTO, HO HEUETOYUC/IEHHOIO PELLEHN 3a1a-
yn (8.1") - (83"); (4) — mpsAMas, orcekaoliasi 3T0 HeLeTouUCIEHHOE

peitenre; OKNM — obnacTs HONMyCTUMBIX pellieHUH pacliMpeHHo 3ana-
yn (8.1") - (83"), (8.6'); M2; 7) — TOYKA ONTUMAIBLHOLO LIEOYUCIEHHO-
TO peileHHUs.
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I mar. OcHoBHbBIE MCPEMEHHBIC X3, X3, X5, HECOCHOBHBIC ITEPEMECH-
HbIE X{, X2.

X3 = 60 - 3x1 - 5x2,

X4 = 34 - 3 - 4x,,

lxs = 8 - X, |
Z= 2x1 -+ 3x2.

IMepsoe 6asucHoe peirenue X; = (0; 0; 60; 34; 8) — monycrumoe.
CoOTBETCTBYIOILEE 3HAYEHHE JTUHeNHON dyHkunu Z; = 0.

IMepesonuM B OCHOBHBIE I€peMEHHBIE MEPEMEHHYIO X, KOTOpas
BXOJUT B BhIpaXeHHUE JHHEHHOI GYHKUUM ¢ HAMOONBUIMM IMOJIO-
XUTeNbHBIM Ko3dduLueHTOM. HaxonuM MakKCHMaIBLHO BO3MOXHOE
3HaYEeHHE MepeMeHHON X, KOTOpOE “mo3BonseTr” NMPUHATH CHCTEMA
OTpAHHYEeHUH, U3 YCIOBUA MUHHMYMa COOTBETCTBYIOLIMX OTHOLIE-
HUH:

X, = min{@;l“—é} =8
57471 ’
T.€. paspewarouiuM (BbUIETEHHBIM) AB/IgeTC TpeThe ypaBHeHMe. [Ipu
Xy = 8 B 3TOM ypaBHEHMHU x5 = (), H B HEOCHOBHBIE MEPEXOAUT IMEpe-
MEHHasl Xs.

IT mar. OcHOBHBIE NMEPEMEHHLIE X, X3, X4; HEOCHOBHBIE Iepe-
MEHHBIE X|, Xs.
x, = 8 - Xxs,
x3 = 20 - 3x; + 5xs,
X = 2 -3x, + 4x,, |
Z =24+ 2x; - 3x;.

X, = (0; 8; 20; 2; 0); Z, = 24. IlepeBoa¥M B OCHOBHBIE MEpeMeH-

HY10 X1, x| = min{oo;%q;g} = %, a B HEOCHOBHEIE X4.

ITI mar. OcHOBHbIE NEpeMEHHBIE X|, X, X3; HEOCHOBHBIE Iepe-
MEHHBIE X4, Xs.



160 nasa g§

ITocne npeobpasopaHuil MOIYYUM:

X = "2— — l)C + i)C
b3 378 T 3T
Xy, = 8 et X5,
X3 = 18 + X4 + x5,

1 2 1
Z = 253‘—§X4 -——ixs.

X, =(§; 8 18; 0 0); Z, = 25%.

BazucHoe peweHde JX; onTUMaibHO a1 3amaud  (8.17) - (8.3)
1 -
(Zyx =23 = 253), TaK KaK B BbIpAXEHUH JUHEHHO# yHKUUM OT-

CYTCTBYIOT HEOCHOBHBIE [1€PEMEHHbIE C TOMOXUTENbHBIMU Kodhdu-
LMEHTAMU.

OpnHako peiueHue X3 He YIOBJIETBOPSET YCIOBHUIO LETOYUCIEHHO-
cti (8.4"). Ilo nepsoMy ypaBHEHUIO C MEPEMEHHOR X, MOTY4YMBILEN
HeUeIoYyHeIeHHOe 3HaYeHUe B ONTHMAaIbHOM peiueHuu (2/3), cocras-
JIsieM [IOTIOTHUTENbHOE orpaHu4eHue (8.6):

2 )1 Xy - 4 xs <0

3 13/ 37T
O6pamaeM BHMMaHMe Ha TO, YTo cortacHo (8.5) u (8.6) Gepem
JIpOBHYI0 YacTb C80000H020 YAEHA C meM Hce 3HaKOoM, KOTOPHI OH MMe-

€T B YpaBHEHWUM, a OPOOHEBIE YACTU KOIPPUUUERMO8 HpU HEOCHOBHbIX
NepeMeHHbIX X4 U X5 — C HPOMUBONOAONCHBIMU 3HAKAMU.

2 2] 2 1 1 1
Tax xak ApoOGHBIE YacTH {3} = {0 + 5} =3 {3} = {0 + 5} =3

4 20 2
{—— =4-2+=p = 3 10 rnocjeaHee HEPABEHCTBO 3aMMILEM B BUIE

3 3

2 1 2 ’
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Beeost NOMOJMHMUTENBHYIO LEJOYHUCIEHHYIO NepeMeHHyl X, 2 0.

[10Jy4HM paBHOCHJIbHOE HepaBeHCTBY (8.6') ypaBHeHue

%—%x4—§x5+x6=0. (8.7)

YpaBHeHue (8.7') HeoOXOAMMO BKIIOYUTb B CHCTEMY OrpaHH4eHMIl
(8.5') MCXOIHOW KaHOHMYECKOM 3ajayM, MOCJ/e Yero MOBTOPUTH Mpo-
gecc pelleHHs 3alayd CUMIUIEKCHBIM METONOM MpPUMEHUTENbHO K
pacluMpeHHoi 3amave. [lpu 3ToM WIS coKpallleHMst 4Kcaa L1AroB
(uTepauMii) peKOMeHAYyeTCs BBOIMTb [AOIOJIHUTENbHOE YypaBHEHHE
(8.7') B cucTeMy, NMOJYYEHHYIO Ha floc/elHeM luare pellieHUs 334a4u

(6e3 yC/IOBHS LUETOUUCIEHHOCTH).

IV war. OcHOBHble NepeMeHHbIE X|, X3, X3, Xo, HEOCHOBHbIE Iie-
peMeHHBIE X|, X).

X = z - —]—x + ix
=3 374 37%
x, = 8 - xs,
{3_.:____1_8 . +- . ,_'¥4 +__, ‘XS’
2 7]
X6 = —3 + —.X4 + g-_xs_

BasucHoe pewenune X, =(§; 8; 18; 0; 0; *é) — HeAgomycTu-
Moe. (3aMeTUM, YTO NocJe BKIOYEHUS B CUCTEMY OrpaHUueHMWi
JONOJIHUTENBHOTO YPABHEHHUS, COOTBETCTBYIOUIEr0 MNPABUJIbHOMY
OTCeyeHHIo, Bcerga O6ymeT nojsyyaTtbCs HeaonycTumoe 6GasucHoe
pelieHue).

Hns nonyyeHus monycTuMoro 6asMcHOro pelieHMss HeoOXOuM-
MO IepeBecTH B OCHOBHBIE MNEPEMEHHYIO, BXOASILYIO C MOJOXH-
TeJIbHBIM KO3®(UUHEHTOM B ypaBHeHHE, B KOTOPOM CBOOOAHBIN
WieH oTpuUaTeNbHBblii, T.€. X| UIK X5 (HA 3TOM 3Tane JUHEHHYIO
¢yHkuuio He paccmarpusaem). [lepeBoiMM B OCHOBHBIE, HallpU-
Mep, nepeMeHHYIO xs.!

V war. OcHOBHble NMepeMeHHbIE X|, X3, X3, X5, HEOCHOBHbIE Nepe-
MEeHHbIE X|, X3.

! MoxHo ybeauTbes, YTOo NP 3TOM pELIEHHE 3a1a4u Kopoye.

Hcenenosanne onepanvin
B IKOHOMMKE

6
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IMony4um nocne npeobpasoBaHUM:

(x, = 2 - x4 + 2x,
x, = T + 1 xXs - 3 Xg,
2
{ x3 =19 + —.x4 * 5%
xs = 1 - 1 X4 + —Xg,
. 2 2

1 1

Xs=(2,7,19; 0; 1; 0); Zs = 25.

Tak kak B BblpaXeHHW NHHEHHOW (QYHKLMH HET OCHOBHBIX mepe-
MEHHBIX C MOJOXHTENbHBIMH KO3 dUUMEHTaMH, TO X5 — OMTUMAJb-
HOE pelleHHe.

HUtak, Zyx = 25 Dpu ONTHUMAIBHOM 1eJOYUCIEHHOM peLeHUH
X' = Xs=(2; 7; 19; 0; 1; 0), T.e. MAKCUMAIbHYIO NIPOM3BOIUTEILHOCTD
25 T copTOBOTO 3epHa 3a CMEHY MOXHO MOJYy4YdTb NMpUOBGpETEHHEM 2
MallMH THna A 1 7 MamnH THNA B; npu 3TOM He3aHsATas IUToOLUAlb
TioMelieH!si COCTaBUT 19 KB. M, OCTaTKM LEHEXHBIX CPENCTB W3 Bbile-
neHHbIX paBHbl 0, B pe3depBe Wisi noKynkdh — | MawmHa tvana B
{(ilecTass KOMNOHEHTA COAEPXATENBHOIO CMbICA HE UMEET).

3ameyanne. dns reoMeTpHyecKoit MHTeprperaldH Ha nJjoc-

KocTH Oxix; (cm. puc.8.2) orceyenus (8.6") HeobxoxMMO BXO-

JsililHe B HETO IepeMeHHble X4 H X5 BHIPA3UTbh Yepe3 NepeMeH-

Hble x; ¥ x;. [Tonyuum (cm. 2-e U 3-e ypaBHEHNS] CHCTEMBI Of-

pauunueHuii (8.5)): .

2 1

-3-—3(34—3xl —'4X2)‘-'§-(8-'X2)50 HIU X + 2.X2 < 16

(cm. orceyenue npsiMoit (4) Ha puc 8.2).p

D> 8.2. Mmeercs n0cTaTOYHO GONMbILIOE KONTMYECTBO GpeBEH ITHHOM 3 M.
BpeBHa cneayeT pacnuIuTh Ha 3arOTOBKM [IBYX BMAOB: IIHHOW 1,2 M U
winHo# 0,9 M, mpnyeM 3aroToBOK KaXKAOro BHIA HOKHO OpITh Mony-
yeHo He MeHee 50 wT. u 81 mr. coorBercTBeHHOo. Kaxnoe GpeBHO
MOXHO PAacHWIMTh Ha yKazaHHble 3arOTOBKM HEeCKONbKMUMH cnocoba-
mu: 1) Ha 2 3arotoBku no 1,2 M; 2) Ha 1 3arotosky no 1,2 M u 2 3aro-
toBki Mo 0,9 M; 3) Ha 3 3arotoBku no 0,9 M. Haittu uucyio GpeseH,
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pacTIMIMBAEMBIX KaXKIIbIM crrocoboM, ¢ TeM YToObl 3aroTOBOK JIHOOOTO
puAa ObUIO NOJYYEHO U3 HAMMEHBILETO yucia GpeBeH.

PeweHue. Obo3HayuM uepes X, X3, X3 UUCIIO OpeBeH, paciuiIu-
paeMblX cOOTBETCTBEHHO l; 2-u 3-M criocobamu. U3 HMX MoxHo mony-
yuTh 2x; + X3 3arorosoK no 1,2 M 1 2x; + 3x; 3arorosok no (,9 M.
O6iuee KonuvyecTBo OpeseH oOo3Hauum Z Torma mareMaTuyecKkas
MOAEJb 3aJauYl NPUMET BUL:

7 = Xp+X)+ X3 > min (8-1”)
rpHd OTPaHMYEHUAX
8.2
{2x2 +3x; 2 81, 2
xj 2 07 ./= l’ 2, 3’ (8'3”)
X; — UeJble Yuca. 8.47)

Beens gononHuTensHble nepeMeHHble X4 >0, x5 > 0, npusenem
CHCTEMY HEpaBEHCTB K paBHOCHJIbHON CHUCTEME YpaBHEHHiA

2.X| + .X2 - .X4 = 50,
2X2 + 3.X3 - .X5 = 8], (8.5")
.Xj 2 0, j = 1,2,...,5.

Peuwras nony4eHHyio KaHOHM4ecKyro 3afauy (6e3 ycnosds UeJo-
UUCJIEHHOCTH) CHMILUTEKCHBIM MeToloM, Ha nocienHeM, III 1uare,
pelieHus HaiilleM clelyioulde BbIpaKeHHsi OCHOBHBIX MepeMEeHHBIX H
JIMHeHHOI dYHKLMHK 4Yepe3 HEOCHOBHbIE MepeMeHHble (peKOMeHIyeM
CTyAEHTaM MOJIYYHUTb UX CAMOCTOSTENIBHO).

T war. OcHOBHbIE nepeMeHHbIE X|, X); HEOCHOBHBIE [EpEMEH-
HbIE X3, X4, X5.

Xy = 41+1x +lx —lx
‘XZ 3405‘3X3 +5.X5,

1 1 1 1
Z = 4SZ+ZX3 +-5x4+zx5,

6%
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T,

T.e. Zpin =45% NpU ONTUMAILHOM peuleHHH X; =(4-3—; 40

1.
4 Y

0; 0; 0).
ﬂonylmnu, 4YTO B KOMMOHCHTBHI ONTHUMAJbHOIO peElliCHNg

3 1
x| = 4-; H Xy = 40—2- He YIOBNETBOPSIOT YCIOBHIO LENOYHCIEHHO-

ctu (8.4"), npudeM GONbIIYIO LENYIO YacTh HMEET KOMITOHEHTa x3.
B coOTBETCTBUM C 1.2 aIrOPUTMA pelieHUs 3aayd LEeNOYUCIEHHO~
ro nporpaMMmuposaHus (cm. c¢. 156) no BropoMy ypaBHeHHIO, CO-
lepxalieMy 3Ty NepeMEHHYIO X;, COCTaBlsieM JOMOJHUTENbHOe
orpaHndeHue (8.6):

ol s

1 1 1 3 1
Haitnem gpoGHble yacTu {40 —2-} = {40 + —2-} =3 {5} = {1 + -2-} =

= {-;—}, {— -%-} = {—l + %} = -21- U 3anulieM nociaeAHee HEPABEHCTBO B

BHUA€

1 1 1

—— =Xy - =xs < 0. 8.6”

5" 3% =3 % (8.6")
BBelst NOMONHUTENbHYIO NEpEMeHHYI0 Xg 2 0, MOAYYHMM paBHO-

CHJIbHOE HepaBeHCTBY (8.6") ypaBHeHHe

1 1 .
—EX3‘-5xS+x6=O. (8-7)

N —

Bripasum u3 (8.7") HONONTHUTENLHYIO MepeMeHHYIO Xg U MONyYyeH~

HOe ypaBHEHHWE BBELEM B CHCTEMY OrpaHUYEHHMif, KOTOPYIO Mbl UMENH
Ha nocnenHeM, 111 ware, peweHus 3agauu (8.1”) — (8.3”) (6e3 ycnosus

UENTIOYHCNEHHOCTH).
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IV mar. OcHOBHble nepeMeHHbIE Xj, X3, Xg, HEOCHOBHbBIE NIEPE-
MEHHBIC X3, X4, X5.

X, = 41+§x +lx —lx

X5 =405—5X3 +—2'X5,

Xg= —stix Y
6 279 3 ) 5>

1 1 1 1
Z =45—+ — X3 + X4 +—X5.
4 4 2 4
Peulass 5Ty pacllHpeHHYIO 3a7a4y CUMILIEKCHBIM MeToloM (npea-
jlaraeM CTYIEHTaM BBIMIOJIHUTH CAMOCTOSTENILHO), MONYYHM CIEAylo-

ee.

V war. OcHOBHble NEePEMEHHBIE X}, X3, X3; HEOCHOBHbBIC NICPEMEH~
HBIE X4, X5, Xg.

Xy = —1-+~—X - X +§X
[ - 2 2 4 5 2 6>
.X2— 39 +2.X5— 3x6,
xy= 1 - X5+ 2xg,
I 1 1
Z=45'5+§'.X4 +—2‘x6,

Te. Z in =45% NpH ONTUMANBHOM pelieHMH X =(5—;—; 39; 1; 0;

0; 0).

lMonyyeHHoe ONTHMadbHOE pellieHHe paCIIMPEeHHOH  3anayu
(8.1") — (8.3"), (8.6") BHOBDb He YIOBJIETBOPSIET YC/IOBHIO LEJOYHCIIEH-
Hoctu (8.4"). Ilo mepBOMYy ypaBHEHMIO ¢ NEepeMeHHOH X|, NMOIYyYUB-

. 1
WIeil HeuenoyUCIIEHHOE 3HAYeHHE B. OITUMAJBHOM pELUIEHUHU (55),

cocTap/sieM BTOpO€ JOMOJIHUTEIbHOE OrpaHU4YeHUe (8.6):

{5 —;—} - {— —;—}x4 - {1}xs - {— %}x6 <0,
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1

2 2
C noMoluplo AOMOJTHUTENBHOM

KOTOpOE NpUBOANUM K BULY

—

1
—x <0.
276

nepeMeHHol x; > 0 npuBoaAMM 310

X4 ~

HepaBeHCTBO K PaBHOCUJIBHOMY YPAaBHEHUIO, KOTOPOE BKIIOYAEM B CHCTe-

My OIpaHMYEHHUi, NOJYYEHHYI Ha

nocjenHeM, V 1uare, pelieHUs pac-

wupeHHoit 3amaun (8.1") — (8.3”), (8.6") CUMILIEKCHBIM METOIOM.

VI mar. OcHoBHble NMepeMeHHbIE X, X2, X3, X7, HEOCHOBHBIE Me-

pPEMEHHBIE X4, X5, X6

X, =5-1- +-1—x4— X5 +-3—x6
2 2 27
x,=39 +2x5 - 3xg4,
x3=1 - X5 +2Xxg,
N Y
2 2 27
Z=45%+—;—x4+—;—x6.

Onyckass AanbHeilliee pelieHHe 3aJa4d CHMIIIEKCHBIM METOAOM
(nipeanaraeM cieNaTb 3TO CAMUM CTyIXEHTaM), MOJMYYUM Ha 3aKIIOYH-
tenbHoM, VII 1iare, crenyiouiee.

VII war. OcHOBHbIE mepeMeHHBIE X}, X3, X3, X4; HEOCHOBHBIE Te-
peMeHHBIEe X5, X5, X7.

x|= 6— x5— x6— x7,
Xy =39+ 2x5 - 3x,,

Xy= 1= xg+2x,
Xg= 1 - X +2x;,
Z=46+X7,

T.e. Z;=46 ipu X7=(6; 39; 1; 1, 0; 0; 0).

Tak KaK B BbIpaXeHHUH JMHeHHO# GYHKUHH HET HEOCHOBHBIX Ii€-
PEMEHHBIX C OTpUULATeNbHBIMH Ko3ddHuLMEHTaMH, TOo X7 — ONTH-
MATbHOE LEJIOYHCIIEHHOE pellieHHe HCXOAHOM 3anayH.

Cnenyer o6paTuTb BHMUMAaHHME Ha TO, YTO B MOJYYEHHOM BbIpaxe-
HUH NHHeiHON QYHKUMH Z OTCYTCTBYIOT HEOCHOBHbIE MepeMEHHbIE
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x5 M X. ITO O3HAYAET, 4TO, BoOOLLE rOBOPS, CyILECTBYeT GecKoHEYHOe
MHOXECTBO ONTUMANbHBIX pElIeHHi (TI06bIX, He 0Osi3aTeNIbHO LEeNo-
guCJIEHHBIX), IPU KOTOPBIX Z = = Zyin = 46. DTH pelleHus MoyyaroT-
¢a NpY 3HaYeHHW HEOCHOBHOM NEpeMeHHOM Xx; (BXOAALIEH B BbIpaxe-
uue U Z), paBHON Hynio (T.e. npu X3 = 0), U npH 066X 3HAYEHHUSX
HEeOCHOBHBIX [IEPEMEHHBIX X5 U Xg (He BXOISIMIMX B BblpaXeHHe Wisi Z),
KoTopble “nossonsier” NPUHATDb cucrema OTpaHHYEHMUIA:

0<xs<min{6; 39/2; I; @} =1 n 0<Xx <minfoo; 13; o5 I}= 1,
re. mpd 0< x5 <1 M 0<x, <1 Ho B cuny ycnoBust ueso4nucieHHo-

CTU NEPEMEHHbIE X5 U Xy MOTYT NMPUHATb TONBLKO 3HayeHus O win 1.
[MooToMy 3ana4ya 6ydeT MMeETb YETbIpE HENOYHUCIEHHbIX ONTUMATbHBIX
pelleHHUs, KOTa X5 U Xg B 11060/ KOMOMHAUMHM MPUHUMAIOT 3HAYEHHS
0 unu 1, a xy = 0. [Noacrasnsg 3TH 3HAYEHUSK B CUCTEMY OrPAHHYEHUI
na VII ware, HaiiieM 3TH oNTUMaIbHbIE pELLIEHH:

X§D = (6:39;1,1,0;,0,0), X = (7;36;3,0,0;1,0),
X9 = (541,0;1,1,0,0), XV =(6;38;2;0;1;1;0).

Hanuyue anbTepHaTHBHBIX ONTHMANbHBIX LEJOYUCIEHHBIX peLie-
HUIl NO3BOJNAET OCYIHECTBHUTb BBIOOP ONHOTO U3 HHUX, PyKOBOACTBY-
ACb AOMOMHUTEbHBIMM KPUTEPHAMHU, HE YYHTbIBAEMBIMK B MaTeMa-
THYECKO# Monenu 3afayd. Hampumep, W3 ycioBMs JaHHOMH 3afayu
cilefyeT, yTO pacnuiuBaHWe OpeBeH He [NaeT OTXOAOB JIMLIb IO
TpeTbeMy cnocoby, NOITOMY ecTecTBeHHO Npu Bbibope OZHOro M3
YeTbIpeX ONTUMATbHBIX pEIUEHHMI OTHATb MPENNOYTEHUE PeLIeHUIO

X§3’ , IPH KOTOpOM MakcHMalbHoe 4Mciio GpeseH (x; = 41) pacnu-
JuBaercs 6e3 oTXONOB.

HUrak, Z,;, = 46 Npn oNTUMaJbHBIX 1i€JIOYKCIEHHBIX peleHusx (5;
41; 0), (6; 39; 1), (7; 36; 3), (6; 38; 2). (Mpu 3aNUCH ONTUMATbHbBIX
PELIEHN A Mbl OCTaBWIM JIMIUDb IIEPBbIE TPH KOMIIOHEHTBI, BbIpaxaio-
une yucno OpeBeH, pacnuUNMBaeMbX COOTBETCTBEHHO NeEpBbIM, BTO-
PbIM M TPETbMM CNOCOOAMHU, U UCKIIIOYWIM MOC/TEAHHE YeTblpe KOM-
TIOHEHTBI, He UMEIOLIME CMBICJIOBOTO 3HayeHUs). P

Henocrarkom merona I'oMopu siBasiercsi TpeGoBaHHe LEIOYUCTEH-
HOCTH 11 BceX nmepeMeHHbIX — KaK OCHOBHBIX (BBIPAXAIOUIMX, Ha-
NpuMep, B 3agaue o6 HCNONb30BAHUM PECYPCOB €IMHMLBI MPOAYK-
UMK), TaKk U NOMOJHUTE/bHBIX NEPEMEHHBIX (BHIPAXKAIOIIHX BETUYUHY
HEMCNONB30BAHHBIX PECYPCOB, KOTOpPble MOTIYT ObITh H APOOHBIMH).
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8.3. IlouaTHe 0 MeTo/Ie BETBEi H rPaHHLL

Memoo eemseii u epanuy — ofiMH U3 komGuramoprsix MeTonoB. Frq
CYTb 3aKJII04aeTco B yNopsaoYyeHHOM nepebope BApMAHTOB U PacCMor.
PEHMH JIMIUb TEX M3 HUX, KOTOPbIE OKa3blBAIOTCS I10 OMNPEAENEHHbIM
NIPM3HAKaM MepCcneKTUBHBIMU, M OTOpachiBaHHH GecnepcneKTHUBHbix
BapHaHTOB.

Meron BeTBeit ¥ rpaHUU COCTOUT B CNIEAYIOIIEM: MHOXECTBO Ofyc-
TMMBIX pellieHuit (TIaHOB) HEKOTOPbIM cnocoOoM pa3buBaeTcs Ha nog-
MHOXECTBA, K&XI0E U3 KOTOPbIX 3THM Xe Crloco6oM cHoBa pa3buBaeTcy
Ha noaMHoxecTBa. [lpouecc Mpogomkaercs o Tex nop, Moka He noiy-
YEHO ONTUMAIbHOE LEeJOYMCIEHHOE PellieHHE UCXOAHOM 3alauu.

Mycty 3agava 1 (3agaya (8.1)—(8.3) MakcuMu3auuu JHHeEHHOI
yHKuuK Z (6e3 yyeTa LeJIOUYUCIIEHHOCTH NepeMEHHBIX) peliieHa CHM-
MIEKCHBIM METOOOM M W3BECTHbl HUXHSAS M BEPXHSS TPaHMUbI s
KaX0/ LETOYUC/ICHHOM nepeMeHHoR x;: v, <x; <w; (=1, 2, .,
1), a TakXe HUXHAA rpaHuua JUHeiHoM MYHKUUH Zj, T.e. NPH JIo-
6om rave X Z(X) = Z,. llpeanonoxuM s onpeneaecHHOCTH, YTO

* *
TOJIbKO NI€pBAsA KOMIIOHEHTA X; ONTHMAJIBHOrO MjdHa X 3anaud 1 He

YIOBAETBOPSET YCJIOBUIO LieTouncIeHHocTH. Toraa u3 obaactu monyc-
o + * .
TUMBIX pelieHuit 3anauu | uckiloyaercs obmacte: [x] < x; < [x ]+,

* *
rae |x;] — uenmas yactb yucna x; . B pesynbrare u3 3amayu 1 ¢opmu-

PYIOT ABe 3ajayu: 2 U 3, oTaMyalolidecs Opyr OT Ipyra TeM, 4yTO B
3anave 2 KpoMe orpaHuuyeHuit (8.2) 3amaun 1 nobGasneHo OrpaHUYEeHHE

* » -

v £ x5 <[x/]+1, a B 3amaye 3 xpoMe Tex xe orpaHuyeHuit (8.2) 1o-
* *

6aBneHo orpaHuuyeHue [x;]+1<x; <w. [lonyuum cnucok 3 AByX

3amay: 2 ¥ 3.
PeuraeM onHy M3 Hux (B moGoM nopsake). B sasucuMocTtu or no-
JIYYEHHOTO pelleHUs CITHCOK 3afay paclupsieTcs, 1M60 yMeHbllaeTcs.
Ecnu B pesyabrarte pelieHHs OJHOI M3 3a1a4 2 WIH 3 MOJyyeH He-

UeOYHCIEHHBIN ONTUMANbHBI NaH, and Kotoporo Z(X') < Z,, 10
JaHHas 3a]aya McKoyaetcs M3 cnucka, Ecmm Z(X') > Z,, To u3
NaHHOI 3a1a4M (GopMUPYIOTCST HOBbIE ABE 3afa4H.

Ecnu nonyyeHHoe peimenue X yIORIETBOPSET YCJIOBHIO LENOYHC-
nenHoctd u Z(X')> Z,, To 3HauyeHue Zy MCIpaBisercd M 3a BeJH-
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quHy Zo NPUHHUMAETCS ONTUMYM JIMHEHHON (YHKUMHM MONYYEHHOTo
oNTUMATBHOIO LUEJIOYHCIEHHOTO MJj1aHa.
Ipouecc NpoAo/XKaercs Lo Tex Nop, noka CHUCOK 3anay He Oyner
dcyepnan, T.e. Bce 3a1a4Yd He GYAYT pelLeHbl.
[IponsuttocTPUpYEM METOA BETBEH U IPAHUL HA NIpUMeEpe.
> 8.3. Pelnts 3ana4y

Z=3xl+X2—')max

fipH OTPaHHYEHHUSX:
4x, + 3x, <18,
X + 2%, < 6,
0< X < 5,
0<x, <4,

X}, X3 — LeJble Yucha.

PeweHue. 3a HOXKHIO TPAHULY JIMHENRHON (QYHKUMU NPUMEM,
HanpuMep, ee 3HaueHHe B Touke (0,0), T.e. Zy= Z (0; 0) = 0.

I atan. Pewas 3anayy cUMIUIEKCHBIM METONOM, MOMYYUM Zppay = 13
npu X; = (4,5; 0; 0; 1,5; 0,5; 4); Tak xaK nepBas KOMIOHEHTa x,'
ApoBHasi, TO U3 006/1acTH pellieHHs1 UCKITIOYaeTcs NOJ0ca, coaepxalas
ApobHoe oNTUMaTbHOE 3HAYEHHE x,', T.e. 4 < x; < 5. [losroMy 3anaya

1 paz6uBaercs Ha ABe 3a1ayu 2 U 3:

3agaua 2 3agaya 3
Z =3x; + x; - max Z =3x; + x; - max
NPU OrpaHHUYEHHUAX: NpU OrpaHNYEHHUSIX:
4‘Xl + 3.X2 < 18, 4x| + 3X2 < 18,
xl+2X2S6, xl+2X2S6,
0<x <4, 5<x <5
0<x, <4, 0<x, <4
Xj, Xy — LeJble Yhcha. X1, X — leJible Yyuca.

Cnucok 3amay: 2 u 3. HuXHss rpaHuua JuHeiHo#i ¢GyHKUMH He
HameHunace: 2y = 0.
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Il atan. Peiaem (no BbiOOpY) OAHY U3 33Jay cliMcKa, HelpuMep
3aaavy 3 CUMIUIEKCHBIM METOAOM.
IMony4uM, 4TO yCNOBUS 3a0a4yd 3 POTHBOPEUMBHI.

II1 atan. PewaeM 3amayy 2 cuMIUleKcHbiM MetomoM. [onyumy

Z oy = 4% npu X, =(4‘2;0;2;0‘ 10) Xota Z(X;) = 4§>Zo =0,

3’7377 3 )
no-fapexHeMy coxpaHsiercs Zy = 0, u6o miaH X3 HeueJoYUCIeH-
Hbli, Tak kak x; — JnpobHoe yuciao, U3 obnacTd pelIEHUN Hc-

knioyaeM nonocy 0 < x; < 1 u 3anayy 2 pasbuBaeM Ha HBe 3anayu
4us.

3ajgaya 4 3apgaya 5
Z =3x + x; - max Z =3x; + X, » max
NIPH OTPaHHUYEHHUSAX: NIpH OrPaHUYEHHIX:
4x;, + 3x, <18, 4x, + 3x, < 18,
X +2x; <6, X, +2x; <6,
0s<sx <4, 0<x <4,
0<sx, <0, 1<x, <4,
X[, X — LleJble YHca. Xy, Xy — LeJIble YHCIa.

Cnucoxk 3a1a4: 4 u 5. 3HaueHue Zy = 0.

IV atan. Peiuaem 3anayy 4 CUMIUIEKCHBIM METOIOM.
Monyunm Zyay = 12 mpu X, = (4; 0; 2; 2; 0; 0). 3anayy uckioua-
€M U3 CIHCKA, HO MpH 3ToM MensieM Z; Z, = Z(X,) = 12, u6o niau

* (v}
X4 UeJOYHUCIEHHBIIA.

V atan. Peluaem 3agauy 5 cMMILTIEKCHbIM METONOM.
Monyunm Zpax = 12,25 npu X = (3,75; 1; 0; 0,25; 0,25; 0; 3). %
HE MEHsieTcs, T.e. Zy = 12, n6o niaH X; HewueJlo4uclieHHbln. TaK kaK

x,' — IpofHOe, U3 oOJacTH pelueHUit MckoyaeM nomocy 3<x<4, 4
3afaya 5 pas6upaercs Ha aBe 3agayu: 6 u 7.
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it
3amava 6
7 =3x + X, > max
[p¥ OTPaHUYEHHSAX:
4x; +3x, <18,
X +2x, <6,
0<x <3,
l<x, <4,

X{, X3 — LEJbIE YUCIA.

3amgava 7

Z =3x; + x; » max
NpH OrpaHHYEHHSAX:

4x, + 3x; < 18,
x; +2x, < 6,
4<x <4,
l<x, <4,

X|, X; — LEJble YHCHA.

Cnucok 3anau: 6 u 7. 3qavenue Zy= 12.
V1 stan. Pewaem omHy M3 3anay crnucka, HanpuMep 3anady 7,

CUMIUIEKCHBIM METOLOM.

[MonayuuM, uTo ycnoBUs 3anaydd 7 MTPOTUBOPEUMUBHL.
VIl 3tan. Pewaem 3amayy 6 cUMIUIEKCHBIM MeToaoM. [Monydyum

Znax = 10,5 npu X; = (3; 1,5, 1,5; 0; 0; 0,5, 2,5). Tak xak
Z(X;) =105 < Zy =12, To 3anaya UCKIII0YaeTCs U3 CIIUCKA.
WTak, CNUCOK 3a5a4 UcHepraH M ONTUMAIBHBIM LEJTOYHUCIEHHBIM
- * *
pelieHHeM HcxomHoM 3amauu Oymer X =X =(4;0;2;,2;0;0), a
ONTUMYM JIMHEHHON QYHKILMU Zpay = 120>
3ameyanne 1. HetpynHo BuIETh, YTO KaXias nocienyloHias 3a-
Ia4a, cocTapisieMasi B Mpollecce MPUMEHEHUS MeToma BeTBeit u

TPaHUL, OTIKYAETCS OT MpeRbLIyLIei JUIIL OTHUM HEPaBEeHCTBOM
— orpanHudeHreM. [ToaToMy npH pelleHHY KaXnoil mocienyroumei

3

Puc. 8.3

3aa4¥ HeT CMBICJA pellaTh
€€ CHUMIUIEKCHBIM METOIOM
¢ camoro Havana (¢ 1 wa-
ra). A uenecoobpasHee Ha-
4aTh pellleHUE C nocaedHezo
waea (UTepaUHu) Mpenbl-
Oyllei 3aJayu, U3 CUCTEMBI
OrpaHUYEHUN KOTOPOH Hc-
KIIOYUTh “cTapeie” (OmHO
WIX 0Ba) ypaBHEHUS — Of- ,
pPaHWYEHUS] U BBECTH B ITY
cucTeMy “HOBEIE” ypaBHeE-
HUS — OrpaHUyeHus,
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3amevyanue 2. Hassanue mertoma BeTBeil M rpaHHLl oOBACHSETCy
TEM, 4YTO B IMpollecce PelIeHUs 3alaya IOCJEROBaTEbHg
“BeTBUTCA”, 3aMeHAACh Gojiee pocThIMU. Tak, npolecc pelleHus
IaHHO# 3amayv 8.3 MOXHO MpeNCTaBUTL B BUIE [epeBa (CXEMbi),
uudpe B y3nax (BeplIMHAX) KoToporo o603Ha4yal0oT HOMepa 3ajay
(puc. 8.3).

YIIPAXHEHUS

B 3anauax 8.4—8.7 mMetomom I'omopu (M MeTonOM BeTBEM H Ipa-
HUL) HaUTH ONTUMAIbHBIE PEIUCHHUA 3afad LEJOYUCIEHHOTO JIMHEH-
HOTO TNporpaMMUpoBaHus. [aTh TeOMETPHYECKYIO WHTEPMPETALHIO
nipollecca PelIeHHH 3anay.

84. Z =3x +2x, » max 8.5. Z =5x; +7x, > min
MpU OTPaHUYEHUSAX: MpY OrpaHHUYEHUSAX:
X +Xx; 13, =3x; + 14x, <78,
X~ Xy £6, 5x; - 6x, < 26,
=3x 4+ x, <9, X +4x, = 25,
x 20, x,20, x 20, x; 20,
X}, X3 — LeJble Yyuciaa X, X — Lejble Yucia
8.6. Z =2x; + x, > max 8.7. Z =6x; + x, > min
MpU OrpaHUYEHHUsX: NpH OTpaHUYEHUSIX:
6x; +4x, = 24, I -x,29,
-3x; +3x, <9, 2x; +3x; < 50,
-x; +3x, 23, -x; +4x, 2 18,
x 20, x,20, x120,x220\,
Xy, X3 — LeJble YUCIa X, X3 — LIEJIble YHCa
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SJIEMEHTbBI TEOPUH UT'P

9.1. IlonsaTre 00 MrpOBBIX MOJENSAX

Ha mpakTHke 4acTo NMPUXOAUTCA CTAIKHBATbCA C 3amayaMu, B KO-
TOPBIX HEOOXOOMMO MPHUHUMATh pellleHUS B YCJIOBHUAX HEOIpeNesieH-
HOCTH, T.€. BO3HHKAIOT CUTYyaLIKU, B KOTOPBIX ABe (Mau Oonee) cTopo-
Hbl TpECNEnyIOT pasnuyHble Weid, a pe3ynbTarThl JIoGoro NedcTBHSA
KaXIOW# U3 CTOPOH 3aBUCAT OT MEpPONPUATHI napTHepa. Takue cUTya-
LMK, BO3HHKAIOLIKE TIpY MUIpe B IUAXMaThl, LIAIIKK, TOMMHO U T.I.,
OTHOCATCSA K KOHQIUKTHBIM: pe3y/IbTaT KaXIoro xolaa Urpoka 3aBUCHT
OT OTBETHOIO XOa MPOTHMBHUKA, LENb UIPbl — BBIMIPHIL OIHOTO U3
napTHepoB. B 3KoHOMHUKe KOHQIMKTHBlE CHUTYallUM BCTpevaloTcs
O4YeHb 4acTo U UMEIOT MHorooOGpasHblil xapakrep. K HUM oTHocATCH,
HanpHMeEp, B3aUMOOTHOWEHHS MEXAY NOCTABI{HKOM U NOTpebUTeNIEM,
NoKynarteJieM W npoaasloM, 6aHKOM K KIHeHTOM. Bo Bcex aTux npu-
Mepax KOHQUIMKTHasi CUTYalUA TOPOXIACTCA pPa3IUYUeM HHTEPECOB
NapTHEPOB U CTPEMJICHUEM KaXAOro U3 HUX NMPUHKMATh ONTHUMalb-
Hble pelieHHs, KOTOPbIE PETH3YIOT MOCTaBMeHHble e B HaUubONb-
el creneHy. [pu 3ToM KaxaoMy MNPUXOAUTCH CUMTATECA HE TOTBKO
CO CBOUMH LEJIAMH, HO U ¢ LenaMU NapTHEpa, ¥ YYUTHIBAaTh HEU3-
BECTHBIE 3apaHee PEIIEHUS, KOTOpble 3TH MapTHepbl GynIyT NpUHH-
Marb.

LUt TpaMOTHOTO pellieHUsd 3aJay ¢ KOHGMAUKTHBIMH CHTYaLMSMH
HeoGxoauMbl HayyHO 0B0CHOBaHHbie MeTombl. Takue MeTolbl paspa-
BoTanb| MareMaTH4ecKoN TeopHell KOHGIUKTHBIX CUTYaLHii, KOTOpas
HOCUT Ha3BaHUE MeopuR uzp.

O3HaKOMMMCH ¢ OCHOBHBIMH MOHATUAMH TeOpUU WUrp. Matemaru-
YecKas Momelb KOH(MIMKTHON CHUTyallUHd Ha3bIBaeTCsl uepoil, CTOPOHBI,
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yJyacTBylowiue B KOHONUKTE, — uzpoKkamu, a WUCXOl KOHQIUKTA —
sowepoiuen. [Lna xaxaoi ¢opmanu3oBaHHO! UIPbI BBOLATCH npasuaa,
T.€. CUCTEMA YCJIOBUH, onpenensiiowas: 1) BapuaHThl AeiCTBHIA HUrpo-
KOB; 2) 00beM MHGOPMALMK KaXIOTO MUIPOKa O MOBENEHHH TapTHe-
POB; 3) BBLIMIPHILL, K KOTOPOMY TNPUBOAUT KaxX/ast COBOKYMHOCTb M€~
ctBuil. Kak npaBuiio, BHIUTPHIL (MK MPOUIPHILI) MOXET OBITh 3amay
KOJMYECTBEHHO; HAaNpUMep, MOXHO OUEHHTh NPOUTPHILI HYJIEM, Bbl-
UIPHIIL — eOUHHULICH, @ HUYbIO — 1/2.

WUrpa HasbiBaeTCs napHol, eclii B HEN YYaCTBYIOT HBa MIPOKa, M
MHOMCeCmBeHHOU, eCTH YUCIO UTPOoKOB Gonblule asyx. Mul GyneM pac-
CMaTpUBaTh TOJIbKO MapHble HIpbl. B HUX yyacTByIOT nBa Mrpoxa A u
B, uHTepechl KOTOPBIX MPOTHUBOMOIOXHBI, a TION Urpoi 6ydeM NOHH-
MaTb pan AEACTBHI co cTOpoHb A U B.

WUrpa HasbiBaeTcs uepoil ¢ Hynregolt cymmou, WK GHMALOHUCMIUYe-
CKOU, ec/Ii BBIUTPBILI ONAHOTO U3 UIPOKOB PaBeH NPOUIPHILIY APYroro,
T.e. LIS IOJIHOTO 33JaHHS UIPhl NOCTAaTOYHO YKa3aTh BEeJHYHHY OIHO-
ro U3 HUX. Eciu 0603Ha4YUTh @ — BBIMIPHIU OJHOTO W3 UIPOKOB, b —
BBIMIPBILI APYTOTO, TO IS UIPBI ¢ HYJIEBOH cyMMoll & = —a, mo3tomy
JMOCTATOMHO paccMaTpUBaTh, HaPUMED 4.

BriGop K ocyuiecTBAeHHe OOHOro M3 MPeoycMOTPEHHBIX MpaBHJa-
MM OeilcTBHII Ha3blBaeTCst x00oM Urpoka. Xoiabl MOryT GbITh JIUYHBIMU
U cnydalHbIMU. Juuneti x00 — 3TO CO3HATENBHBIA BbIGOP HIPOKOM
OHOrO M3 BO3MOXHBIX NeHCTBHI (HarmpuMep, Xod B 11aXMaTHOH WI-
pe). Cayuaiineni x00 — 3TO caAy4daiiHO BpIOpaHHOe AeiicTBUe (HampH-
Mep, BHIOOp KapThl U3 MepeTacoBaHHOM Konmoasl). B manpHeiieM MbI
6yaeM paccMaTpUBaTh TOJBKO JIMYHBIE XONbl UTPOKOB.

Cmpameeueli ¥rpoka Ha3blBae€TC COBOKYIHOCTb NpaBuJl, ofpene-
JISIIOLIUX BbIOOpP €ro MefCTBUS MPH KAXKIOM JIMYHOM Xome B 3aBUCUMO-
CTH OT cloXuBllieitca cutyauny. OObIMHO B MIpolecce UIphbl MPH Kax-
JIOM JIMYHOM XOll€ MTPOK HdeNiaeT BHIOOp B 3aBUCUMOCTH OT KOHKpET-
HOW cuTyauuu. OgHaKo B NPHHLMME BO3MOXHO, YTO BCE pelieHHs
NMPUHATEL UTPOKOM 3apaHee (B OTBET Ha JIIOOYIO CIOXHUBLIYIOCS CUTYya-
UMI0). DTO O3HAYAET, YTO UIPOK BHIOpaN ONpeneNeHHYI0 CTPaTeruio,
KOoTopast MOXeT ObITh 3aaHa B BUIE CIUCKA MpaBUJI HJIM NPOTPaMMBbI.
(Tak MOXHO OCYLIECTBUTh UIPY ¢ MoMolibio 9BM). Urpa HazbiBaeTcst
KOHeunol, eclIA y KaXAOTO UIpoKa UMEETCA KOHEYHOE YHUCIO cTpaTe-
TUit, U beckoHneuroli — B IPOTHBHOM clydyae.

Ing toro 4tobbl pewums UTpy, WM HAUTU DelleHU E HUTp b,
cneayer LIS KaXAOro Mrpoka BbIOpaTh cTparerdio, Kotopas ynoBie-
TBOPAET YCIIOBUIO OnmMumMasbHocmu, T-€. OIHH H3 UIPOKOB MO/IKEH I0O-
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JIy4aTh MaKCUMAnbHbIL 6blUepbild, KOTIA BTOPOH MPHIEpXUBAETCA CBOEH
crpareru. B To xe BpeMs BTopo#t HIpoK JHO/LKEH UMETb MUHUMANbHbIL
npouepbiui, €CNA TIEPBBIA NpPUIEPXMBaeTCH CBOeH crpaternu. Takue
cmpameauu Ha3blBAIOTCA onmumanbeimu. ONTUMATbHBIE CTPAaTErMH
[NOMXKHEBL TakoKe YAOBIETBOPATE YCIOBHIO yamoiyusocmu, T.e. JOOGOMY
U3 UTPOKOB JOIKHO OBITh HEBBITOIHO OTKA3aThcsd OT CBOEH cTpaTeruu
B 9TOH Urpe.

Ecnyu urpa noBropsieTcs IOCTATOYHO MHOTO pa3, TO HIPOKOB MOXET
MHTEPECOBATh HE BHIMIPBIIL U MPOUTPHIL B KAXIOH KOHKPETHOH mnap-
THH, A cpeoHutl ewuzpbiu (npouepbiul) BO BCeX MapTUSAX.

Ileavro meopuu uzp sensemca onpedeseHue onmumaabHol cmpamezuu
dna kawdoeo uepoxa. Tlpu Bbibope ONTUMANBHOM CTpaTerMH ecTecT-
BEHHO Tpennonaratb, 4ro oba Urpoka BeayT cebf pasyMHO C TOYKH
3pEHUS CBOMUX HHTEpEcoB. BaxHeiulee orpaHUYEeHUE TEOPHM HIP —
€IWHCTBEHHOCTb BBIMIpbIILA KaK Moka3atedss 3pGeKTHBHOCTH, B TO
BpeMS KaK B GONBIIMHCTBE PEATbHBIX SKOHOMUYECKUX 3alla4 UMEETCs
6osee onHoro nokasatens 3gdextTuBHocTH. KpoMe Toro, B 5KOHOMH-
Ke. KaK MpaBHJIO, BO3HMKAIOT 3ala4i, B KOTOpPbIX HMHTEPECHl NapTHe-
poB He 00s3aTeNbHO aHTArOHUCTHYECKHe. PasBuTHE annapara Teopuu
UIp I PELUCHUA 3aJa4 CO MHOTMUMH yYacCTHUKAMH, UMEIOLLHMU He-
IPOTHBOPEYUBLIE HHTEPECH], BLIXOAUT 3a PAMKM HACTOSALLETO focobMs.

9.2. Ilnarexnas MaTpHua.
Huwxknssg n BepxHas LEHA HIPHI

PacemotrpuM mapHylo KoHeyHylo urpy. Ilycrb Urpok A pacriosaraer
m JIAYHBIMU CTpaTerHsiMK, KOTOpble 0003HAYHM A|, Ay, ..., Ap. [lycTb y
Urpoka B uMeercsl n JIMYHBIX CTpaTeruii, obo3HayuM ux By, By, ..., B,
T'oBopsT, uTO Mrpa UMeeT pasmepHocTh m x n. B pesynbrare BhiGopa
UrpoKamu Jo6oii napbl crpateruit

Aiv Bi(i=1,2,..,m j=12,.,n)

ONHO3HAYHO OMNPENENAETCA HCXON MIpHI, T.€. BBIMIPBIL a; HIpoKa A
(nonoXuTeNbHBIA WM OTPULATENbHBIN) ¥ NPOUTPLILL (—ay) Hrpoka B.
NpenanonoxumM, uro 3HayeHUs ay W3BECTHBI 1Uisl JioGoit mapkl cTpare-
il (4;, B). Marpuua P = (ap), i= 1,2, .., m; j= 1,2, .., n,one-
MEHTaMK KOTOpOM fIBJISIIOTCH BBIMIPBILIH, COOTBETCTBYIOLLHe CTpare-
THSIM A; ¥ B;, Ha3bIBAETCHA NAQMENCHOU Mampuyeld WU Mampuyel uzpo..
O61wuumit BUI TaKOW MAaTpuLIbl MPeACTaBieH B Tabu. 9.1.
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CTtpoku 3TOH Tabmuubl coOT-

BETCTBYIOT CTparerHsiM HIpoKa Ta6nuta 9.1

A, a cronbubl — CTpaTernusam B; B B 1 B
urpoka B. 4 : K i
CocTaBuM MIaTEXHYI0 Mar- Al ay | ay | o | o

puiLly Lnd ciaenyiomel Urpbl.
9.1. Urpa “nowuck”.

Hrpox A moxer cnpsararbcsl B
onHoM M3 IByx Yoexuw (I u An | am | @y | - | G
I1); urpok B uiuer urpoka 4, u
ecnu Hainer, To momyuaer wrpad | meH. en. or A, B IPOTUBHOM CIly-
yae nnatut Urpoky A 1 meH. en. HeobxoaumMo mocTpouTh MiaTeXHYo
MarpULly UIPBL.

Pewenue. [Ina cocTaBleHns NJIaTeXHOH MaTPULBL CIEAYET Npo-
aHaTM3MPpOBaTh NMOBEACHUE Kaxaoro M3 WrpokoB. Urpok A Moxer®
cripsTatbes B yoexuuie 1 — 00603HaYMM 3Ty cTpaTeruio uepes A, WU B
y6exuie 11 — crpaterus 4.

HUrpok B MoxeT uckaTh NepBOro Urpoka B ybexuine 1 — crparerns
By, mubo B yoexuuue I1 — ctparerus B,. Ecnu urpok A Haxoaurcs B yoe-
xute | u TaM ero obHapyxuBaer Urpok B, T.e. ocyluecTmisieTcs napa
ctpareruil (A4, B;), To urpox A mnatur witpad, r.e. a;; = —1. AHaTOrUY-
HO nomy4aeM ay = —1 (4, By). OueBuaHo, uto crpareruu (A, By) u (4,
By) naor urpoxky A Beurpbill 1, mo3toMy a3 = a;) = 1. Takum obpa3som,
JUIS1 MTpb “nouck” pasmepa 2 x 2 noiyyaeM MiaTexHyio MaTpULy

(b

Paccmotpum urpy mx n c marpuueit P = (ap), i =1, 2, .., m;
- J =1, 2, ..., n v onpeneiuM HawIyJyllylo cpenu ctpateruit Ay, A, ..., Apm.
Bribupasi cTpaTeruio A4;, Mrpok A A0NXeH pacCYMThIBATH, YTO UTPOK B
OTBETHT Ha Hee TOM U3 cTpateruit B; A1 KOTOpOW BBIUTPHILI IS M-
poka A MUHUManeH (Urpok B cTpeMUTCS “HaBpeduTh” UIPOKY A).
O003HaYUM 4Yepe3 o, HauMeHbILUH BBIMIPbIL UTpoka A MpU BbI-

Gope uM cTpaterud A; [T BCEX BO3MOXHBIX CTpaTeruit urpoka B
(HauMeHbLIEEe YUCIO B /-I CTpOKe IJ1aTeXHON MaTpulbl), T.€.

A2 ay ayy e ayp

min a; =a;. 9.1
J=l....n .
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Cpenn Bcex uHcen o, (i = 1, 2, ..., m) BbibepeM HaubGonbliee:
a = max o;. HasoBeM o wmuxcneid uenod uepot, WIN MAKCUMAABHOIM
i=1,2,...,m

GoINZPLIEM (MAKCUMUHOM). DTO 2apaHMUpPOSaHHbII 8biuepbiltd uzpoxa A
npu arwboti cmpameeuu uepoka B. CnenoparensHo,

o= max min a 9.2)

. . i
i=1...m j=l...n 4

Crpaterus, cOOTBETCTBYIOLAA MAaKCUMMHY, HA3bIBAETCHA MAKCUMUH-
Hoti cmpameeueii. Urpok B 3auHTepecoBaH B TOM, YTOGHl YMEHbLUIHTh
BBIMTPHILI UTpoKa A; BbliGupas cTpaTerdi0 B;, OH YYHUTBIBAET MaKCH-
MAaJbHO BO3MOXHBIA NPH 3TOM BHIMIPHIL WA A. O603HaYUM

B, = max g 9.3)

i=l...m ¥
Cpenn Bcex uucen fB; BolbepeM HauMeHbllice B = j:IIan ”|3 j ¥ Hago-
BEM [ depxnell yeHou uepvl WIN MUHUMAKCHLIM  6bluzpoisiem

(MunuMarcom). D10 2apanmuposanHbiii npouspuiui uepoxa B. CremoBa-
TeJbHO,

B= min max a 949

) ] iy
J=hnmiskm v

Crparerus, COOTBETCTBYIOLLIA MHUHUMAKCY, Ha3blBAETCA MUHUMAKC-
Holi cmpamezuell.

IMpunuun, ouxTylowmit urpoxam BulGop HanGonee “OCTOPOXHBIX”
MHHHMaKCHOW M MaKCUMMHHOW CTpaTeriit, Ha3blBaeTcsi MPUHYUNOM
Munumaxkca. DTOT TNIPUHLUMII CJIENYET K3 PasyMHOro TPedNoIOXeHUS,
YTO KaxIbli MIPOK CTPEMHUTCS AOCTHYb LETH, MPOTHBOIMOIOXHOH
uenu mpotuBHUKA. ONpeneiMM HUXHIOK W BEPXHIOW LEHbI UIPbl H
COOTBETCTBYIOUIME cTpateruu B 3anmade 9.1. PaccMoTpuM miarexHylo

MAaTpHLy
-1 1
P=
( \ —1)

U3 3anayu 9.1. IIpu BEIGOpE cTpareruu A; (NMepBas cTpoka MaTpUlibl)
MHUHUMaNbHBI BBIMTPbIL paBeH o = min(-1;1) = -1 u coorseTcTBY-

eT ctpateruu B, urpoka B. Ilpu BbiGope cTpareruu A, (BTopas cTpoka
MaTpuLibl) MUHUMAIbHBIA BBIMIPHIL paBeH o, = min(l;-1) = -1, oH
LOoCcTUraercs Npu cTpateruu B,
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I'apaHTHpys cebe MakCHMATbHBIA BRIMTPHILI [pH JIIOGOR CTparerMn ur-.
poka B, T.e. HIXHIOI LEHY WIPBl a = max(a;,o,) = max(-1;-1) = -],
urpok A Moxer BelBUpatTh JOGYI0 cTpaTeTnio: A, Wik A,, T.e. M0bag
€ro CTpaTerus sIBAseTcsl MaKCUMHHHOI.

Bui6upas crpareruio B; (ctonGeu 1), Mrpox B noHuMaer, yTo Wr-
pok A OTBeTHT cTpaTerdeit A,, YT06bl MaKCUMU3WPOBATH CBOIf BBIUI-
peili (npourpbitt B). CrneaoBaTebHO, MaKCUManbHBIH TPOUTPHII
urpoxa B npu BbiGopé uM crpareruu B paseH f; = max(-1; 1) =1

AHaNOrM4YHO MaKCHUMANbHBI MPOUTpHILI KUrpoxa B (BHIUIPHIL A)
npH Bolbope UM cTparteruu B; (ctonbeu 2) paBeH B, = max(l; -1) =1

TaxuM obpazoM, npu n06oit crpaternd Urpoka A rapaHTHpPOBaH-
Hplii MUHUMAaJIbHBIA MPOUTpblL urpoka B paseH B = min (B;,B;) =
min (I;1) =1 — BepxHeil LeHE UIPBL

JIo6as cTparerus urpoka B sBiasetrcs MUHUMaKcHoit. JlomonHus
1abn. 9.1 ctpokoit B; u cronbuom a,, nonydum tabn. 9.2. Ha ne-
peceyeHUH AOTONHUTENBHBIX CTPOKH M cToNGUa 6yaeM 3anuchiBaTh
BEPXHIOIO ¥ HUXHIOW LUEHBI Urp.

B 3amaue 9.1, paccMorpeHHOIA
Tabnanua 9.2 ppyne pepxHss M HUXHAS LEHH

) 51 B, B o UIPbl PAITUYHBL o # B.
L ' Ecnu BepXHAS U HUXHSA LEHBI
A —! l . MIPbl COBNANAIOT, TO oOfluee 3Haye-
A [ —1 -1 HUE BEPXHEH M HUXHENR LEeHbl UIPHI
a=-1 o = = v HasbIBAETCH YUCMOU HeHol
& : e uzpbl, WK  yeroii uzpbt. MUHHUMaKc-

Hble CTpaTerdH, COOTBETCTBYIOLIHE
LeHe WIpbl, ABISIOTCA ONMUMAAbHbI-
Mu cmpameeuamu, a UX COBOKYNHOCTb — ONMUMAALHLIM pelderueM, WIN
peiweriuem Urpol. B 3ToM ciyyae urpok A moiayyaeT MakCHUMAaIbHbIA ra-
PaHTHPOBAHHBIA (He 3aBUCALIMIA OT MOBEAEHHS Urpoka B) BbIUIpbILL Vv,
a Urpok B mobuBaeTcsi MUHUMAIBHOTO FAPaHTHPOBAaHHOTO (BHE 3aBUCU-
MOCTH OT MOBEAEHUST Urpoka A) mpourpbina v. ['oBopAT, YTO pellieHHe
Urpbl obnanaer ycmouuueocmor, T.€. €CJIM OMHUH U3 UIPOKOB NPUACPKH-
BaeTCAd CBOEH ONTUMANBHOI CTpaTeTHH, TO WIS APYToro He MoxXet ObITh
BBITOMHBIM OTKJIOHATBCA OT CBOEH ONTUMAIBHOM CTpaTeruu.

Mapa uncTbix cTpateruit 4; u B; naeT onTUMaNbHOE pEIEHHE UIPbI
TOrZa M TOJIbKO TOINA, KOIA COOTBETCTBYIOUIMM efl IJEMEHT aj; SABIA-
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eTCsl ONHOBPEMEHHO HAUOOMBILIUM B CBOEM CTONOLIE U HAUMEHBILIUM B
cpoeil cTtpoke. Takas cuTyallus, €cli4 OHAa CYWIECTBYET, Ha3blBaeTCs
ce01060U moxol (N0 aHaNOTMH C NOBEPXHOCTHIO cejia, KoTopasi uc-

KpUBJISACTCA BBEPX B ONHOM HanpaBneHWu U BHH3 — B leyFOM).

O6o3Hauum A u B° — napy 4MCThIX CTPATEruHii, Ha KOTOPLIX AOC-
TUCAETCA pellleHUe UTPBl B 3amade ¢ CcenioBoii Toukoii. Begem ¢yHK-
LMIO BbIMIDbILLIA IEPBOTO MTPOKA HA KAXAOW nape crpareruit: P(A;, B) =
aj. Torna u3 yc1oBUS ONTUMANBHOCTU B CEIJIOBOI TOYKE BbINONHAET-

cs 1BoiHOe HepaBeHctBo: P(A4;,B') < P(A',B") < P(A', B,)), xotopoe

crnipaBeUTMBO Wist Beex i= 1, ..., m; j= 1, ..; n. [JleAcTBUTEbHO, BbI-
Gop crpaterud A° MepBBIM UIPOKOM MpH ONTUMANbHON cTpateruu B
BTOPOI0 UTpOKa MaKCHUMM3UPYET MUHWUMANbHbIH BO3MOXHbIH BBIMI-

phiLLi: P(A",B) > P(A,-,B'), a BbIGOp cTpaTernu B BTOpHIM MIPOKOM
npy ONTHMAIBHON CTpaTerHy MepBOr0 MUHHUMU3UPYET MAKCHMAJIBHBIiH
npourpeis: P(A°, B') < P(A", B).
D> 9.2. Onpenenutb HUXHIOW KU BEPXHIOK HEHY WIPHl, 3a4aHHOI mJa-

TeXHON Marpuuen

0,5 06
P=109 07
0,7 06

HUmeer u urpa cemnoBylo To4Ky?

08
0,8
0,6

Tabavua 9.3

B.
4 ! B B, By i
A, 0,5 0,6 0,8 0,5
A 0,9 0,7 0,8 L 07 |
A 0,7 0,6 0,6 0,6
8, 0,9 0,8 |a=p=07

Pewenue. Bece pacuerst ynobHo nposomuTh B Tabiauue, K KOTO-
poit, Kpome MatpHibl P, BBeneHbl cronbeu a; v crpoka f; (Tabi.

9.3). AHaM3UpYs CTPOKK MATpHLubl (CTpaTerHH MUIpoKa A), 3anonHsieM
oy =07, a3 = 0,6 — MUHUMATBHBIE YKCAA B

cronbeu o;: o) = 0.5,



180 naea 9

crpokax 1, 2, 3. AxanormyHo B, =09, B, =07, B; = 08 — Makcu-
ManbHbIe YyHca B cronbiiax 1, 2, 3 coorsercTBeHHO. HuxXHsst LieHa MIrpet
a = max o; = max(0,5; 0,7; 0,6) = 0,7 (HauGonbluee YKuciO B CTONGLE

i1=1,4,

0;) W BepXHAA L€HA WIpH B = _mli%Bj = min(0,9; 0,7; 0,8) = 0,7
=44,

(HauMeHblliee YUCIO B CTPOKE B ;). DTH 3HAYEHHS PaBHBI, T-€. o =B,

M JOCTHFAIOTCs Ha OfHO# M TOW Xe nape crpateruii (4;, B;). Cnemo-
BareJibHO, Mrpa HMeeT celUIoBYI0 Touky (A;, B;) W neHa wurpel
v=07p

9.3. Pemenne urp B CMEIMAHHLIX CTPATErHAX

Ecnu Wrpa He HMeeT CeUIOBOM TOYKM, TO MPUMEHEHHE UYUCTHIX
CTpaTerMii He AaeT ONTUMANbHOIO pellieHus] Urpbl. Tak, B 3amaye 9.1
a # B, celIoBas TOYKa OTCYTCTBYeT. B TakoM ciyyae MOXHO moly-

YHTb ONTUMANBHOE pellieHHe, CIY4YailHhIM 06pa3oM uyepenys YUCThIE

CTpareru.
Cmewannod cmpamezueti S, Urpoka A HasblBaeTCsi TIPUMEHEHHE
YUCTHIX CTpaTerdil Ay, Ay, ..., A, ..., Am C BEPOATHOCTAMH Py, P2, .-y Pis

m
.crs Pm» IPHYEM CYMMa BEPOSITHOCTE paBHa 1: Z p; = 1. CMmewanHsle
i=l

CTpaTernd Urpoka A 3aMUCHIBAIOTCA B BUAE MaTPULIbI
A A 4. A,
SA = N

PrPr---Pi--Pm
WIH B BUAE CTPOKU S, = (P, P2s--- Pis---» Ppy)- AHAIOTHYHO CMeLlaH-
HblE€ cTpaTeruu Urpoka B obo3HavaloTcs:
B, Bz...Bj...B,,J
= , WK Sg = (1,925 4js-- s Gu)s
(pl Py---Dj---Pn 8 1242 S "

n
e CyMMa BEPOSITHOCTEH MOsBIEHHS CTpaTeriit paBHa 1: qu =1
j=1
YucTble CTpaTErHd MOXHO CYMTATh YaCTHHIM CIY4aeM CMeliaHHBIX
W 3aiaBaTh CTPOKOM, B KOTOPOil | COOTBETCTBYET YMCTOH CTpaTeruu.
Ha ocHoBaHMM nNpUHLMNIA MHHMMaKca ONPEAENACTCS ONMUMANbHOE
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peuwiehue (WM pewenue) WIPbl: 3TO Tapa ONTMMATbHBIX CTpaTeriit
S;,S; B ofliemM cinyyae cMelHaHHBIX, O6JlajalOLUX CIIEAYIOLUM

CBOWCTBOM: €CJIM ONMH W3 WIPOKOB IPUIEPXMBAETCA CBOEH ONTH-
MAJbHOM CTpaTteruu, TO APYroMy He MOXeT ObITh BBIFOLHO OTCTYNAaTh
oT cBoeil. BBIMTPBIL, COOTBETCTBYIOIUMA ONTHMATBHOMY peUIEHHIO,
Ha3bIBaeTCs 4eHol uzps:r v. LleHa urpbl yIOBAETBOpSIET HEPABEHCTBY:

asvsp, (9.5)

rae o ¥ B — HMXHSAS ¥ BEPXHAA LEHB! UTPBI.

CnpaBeuiBa Ccleyiolias oCHOBHAsS TeopeMa TEOPUH UIP — Teo-
pema Heiimanal. Kawcdas koneunas uzpa umeem no Kpaiineii mepe 00HO
ONMUMAAbHOE DelieHue, G03MONCHO, Cpedu CMeUlaRHbIX cmpamezull.

* - * * * * * *

HYCTb SA = (p[sp2,'--apm) U SB = (q] 142""7qn) — Tnapa onrtu-
MaJIBHBIX cTpaTerdii, Ecnu uucras cTparerus BXOAMT B ONTHMAIBHYIO
CMelllaHHYIO0 CTPAaTervio ¢ OLIMYHOW OT HYNSl BepOATHOCTHIO, TO OHA
Ha3bIBAETCSI AKMUGHO.

CrnipaBeanyba TeopeMa 00 aKTHBHBIX CTPATETHSIX: ecau GOUH U3 UZPO-
K06 npulepxcusaemcs ceoeil ONMUMAALHOU CMEWAHHOU cmpamezuu, mo
BbIUZDBIU OCMACMCA HEUIMEHHbIM U PAGHbIM UeHe uepbl Vv, ecal 8mopoul
USpOK He gbixodum 3G npedeabt céOuUX GKMUBHBIX crpamezill.

DT1a Teopema umeeT 60JIbIIOE NMPAKTHYECKOE 3HAuYeHHe — OHa JaeT
KOHKpeTHBIE MOAENM HAXOXIEHHSA ONTHMAIbHBIX CTpaTerdi Ipu OT-
CYTCTBHM CEUIOBOM TOUYKHM.

PaccmoTpum Hrpy pasmepa 2 x 2, KoTopasi fiBlsieTcsl NpocTeilllium
cjlyyaeM KoHeyHolf urpel. Ecnu Takas urpa umeer ceUIoBYIO TOUKY, TO
ONTHUMATBHOE pellleHHe — 3TO [1apa YUCTBIX CTpaTerui, COOTBETCT-
BYIOILMX 3TOH TOYKe.

Urpa, B xoTOpoil OTCYyTCTBYeT CeiioBasl TOYKA, B COOTBETCTBHU C
OCHOBHOI TeOpeMoii TEOpHUU UTP ONMUMAAbHOe peuierue cyuecmayem u

o . * * *
onpedeasiemca  napoud  cmewannelx  cmpameeuii S, =(p;,p,) U
x* * L]
Sg =(41,9)-
st Toro yToObI MX HaiiTH, Boco/b3yeMcsl TeopeMoil 06 aKTHRHBIX
crparerusix. Eciu urpok A mnpunepxusaeTcsi cBoed ONTHMATbLHOMN

cTpateruu S, TO €ro CpeAHMil BHIUIPbIL GYIET paBeH LEHe HIPbl V,
KaKoi 6bl aKTUBHOM cTpaTerdeil Hu monb3oBaics urpox B. [Insa urpel

! Ixon don Heitman (1903—1957) — aMepHKaHCKHI MaTeMaTHK.
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2 x 2 niobas uMcTas crpaterusi NPOTHUBHUKA sABJsSIETCA aKTHBHOI, eciy
OTCYTCTBYET CEL10Basi ToYKa. BuMrpeiul urpoka A (Npourpslil HIpoka
B) — cayyailHas BenMuuHa, MaTeMaTHyeckKoe OXHAaHHe (CpefHee
3HayeHMe) KOTOpoi siBisieTcs LeHON urpel. [lo3ToMy cpenHuii BbIMr-
pelll UTpoKa A (onTUMalbHAask cTparerys) OyAeT paBeH v ¥ Wi 1-i, u
Jist 2-i CTpaTeruy fpoOTUBHMKA.

[yctb urpa 3agaHa ruratexxHod MaTpuuei

a, a
pP= ( 11 12}
TRYY)
CpenHuil BolMIPBIL UTPOKA A, €Cili OH HUCHONB3YET ONTUMABHYIO
A A

CMELIAHHYIO cTpaternio S =( . .), a urpok B — 4ucTyIO cTparte-
PP

ruio By (3T0 cooTBeTCTBYeT l-My cTonbuy IUlatexxHoi Martpuusl P),
paBEH LEHE UIphl Vv:

L] *
ahp +aypy=Vv.
ToT Xe cpelHMi BBIMTPBIM NOJYYaeT UIPoK A, ecan 2-# UTPOK
NpUMEHSAET cTpateruio By, T.e. a3p; + Oppy = v. Yuuthipas, 410
o+ pj =1, momyyaem cucTeMy ypaBHEHWH U onpeaeseHus ONTH-

- *
MaTbHOH CTPATEIUHU SA 1 LUEHbI UIpbl V!

allp; + 02117; =V,
AP + AP =V, (9.6)
p+p=1

Pewias 3ty cucTeMy, NOMyYMM ONTHMAIBHYIO CTPaTernio

. ay, — 4y
pl - ’
) + Gy — ap — a4y ©.7)
P = 4, ~ 9
a; + 4y — G — Gy
¥ LeHY UIpbl
G148y — O),0
v = 22411 12421 (9.8)

a4 + 8y =Gy — 4y
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[TpuMeHsas TeopeMy 00 aKTHBHBIX CTpAaTterusix NpU OTbICKAHUHM
Sp — ONTHMAILHOMN CTpaTerny Wrpoka B, nojmyuaeM, yto npy Jo6oii

4yUCTOMN cTpareruu urpoka A (A; wam Ay) cpelHWH TpoUTphLILI Urpoka
B paBeH ueHe Urps v, T.€.

allql‘ + aIZq; =V,
69 + 854 =V, " (9.9
g +q,=1

Toraa ontumansHas crparernst Sy(g;,q,) onpeaensiercs GopMmyamu:

. _ ay — 4y
ql - ’
Gy + Gy — 43 — 4y (9.10)
* a; — 4y
q) =

ay +ay — Gy —ay

[MpuMeHuM ToONyYeHHBIE pE3YNbTAThl LISl OTBICKAHUS ONTHMANb-
HBIX CTpaTerdii Ui UIPbl, pacCMOTpPeHHOMN B 3anade 9.1,
D> 9.3. Haiity onTumasibHble CTpaTeruy UIpbl, puBedeHHON B 3anade 9.1,
PemweHue. Urpa “mouck” 3amaHa mnnaTexHoi matpuueii 0e3
CEIUIOBOI TOUKH:

11
p= Ca=-1 p=1.
[1-1] * P

[ToaTomMy HilleM pellieHye B CMEUIAHHBIX CTPATerusix; Uls Wrpoka A
CpeAIHMit BLIMTPHILI paBeH HeHe urpsl v (npu By u B,); mis urpoka B
CPEAHUN MPOMIPHILL paBeH LeHe Urpsl v (npu A; 1 A;). Cucrems
ypapHeHu# (9.6) u (9.9) B naHHOM cJly4yae UMEKOT BUIL

(-Dpy +1-py = v, (-Dg; +1-g; =,
].pl_l.pzzv’ l.ql_l.(h:v’
ptp=l q +q; =1,

* . * *
Peluast 3T cHcTeMBL, TIONYYaeM P = Py = q) = G5 = 5 v=_0

3710 03HayaeT, YTO ONTHMAIbHAsI CTPaTerusl KaXJIOro Mrpoka co-
CTOWT B TOM, YTOOBI YepelOBaTb CBOM UYHCTbIE CTpaTerdu clyyaiHbIM
obpasoM, BbIGMpas Kaxnoe M3 yBeXwulll ¢ BEPOSITHOCThIO 1/2, mpw
3TOM CpelHMil BHIUTPHILI paBeH 0.0
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9.4. I'eomeTpHuecKas UHTEPNpPETANHA UIpbl 2 x 2

Peutennie urpsl 2 x 2 DONYyCKaeT HaDIAHYIO I€OMETPUYECKYK) MH-

Tepriperaunio. IlycTs Wrpa 3azaHa ruiaTtexHoil MaTtpuueii P=(a,j),

i, j= 1, 2. Ilo ocu abcuuce (puc. 9.1) OVIOKHUM eAMHHUYHBIA OTPE3OK
AjAy; Touka A;(x=0) usobpaxaeT crparernio A;, a BCce NPOMEXYTO-
Hble TOYKH 3TOrO OTpe3Ka — CMellaHHBIE cTpateru S, MepPBOro ur-
pOKa, MpuyeM paccTosiHHe oT S4 A0 NMPaBoro KoHUa oTpe3ka — 3To
BEPOSITHOCTB p| CTpareruu Ay, PacCTOSIHHME [0 JIeBOTO KOHLA — BEpO-
SITHOCTb p) cTpateruu A;. Ha nepnennukynsapusix ocax I—I u 111
OTKJIA/bIBaEM BBIUTPBHILIM TpH cTpaTerusix A; U A; COOTBETCTBEHHO.
Ecnu 2-it virpok npuMeT cTparersio B), To oHa naeT BBIMIPHILIN @y U
ay; Ha ocax I—1 u II—II, cooTBercrByoune cTpaterusm A, u A,
O6o3HauyuM 31 Touku Ha ocsax I—1 u II-—II 6yksoit B,. Cpennuii
BBIMTPLIIL Vv, COOTBETCTBYIOIIMIA cMelIaHHoO# cTpateruu S, onpele-

nsieTes o opMyse MaTeMaTHieckoro OXMAAHUSL Vv = a p) + dy Py ¥

paBeH OpAMHaTe Touku M|, KoTopas jexuT Ha oTpe3ke BB, u umeer
abecuucey Sy (puc. 9.1).

/ A
.Vl A B, T [y B, I1
M, l M,
1 1- ]
l b
B, ! ay a,

!

v
e
1

. T

lS,, s,
), X A

05

5

[—— D>t D, < D; »lt—— D)—>|’

=X

— 2 [—
v
ftfme O

=~
2 /

Puc. 9.1 Puc. 9.2

AHATOrMYHO CTPOUM OTpe30K B,B,, COOTBCTCTBYIOILWIA MPHMEHE
HHUIO BTOpPBIM WTPOKOM cTpateru B, (puc. 9.2). lpu 3tom cpeanun
BbIMIPBIIY V; = @), P + 4y Py — OPIMHaTa Touku M,.

B coorBercTBHM ¢ MPUHLUMNIOM MHHHMAKCA ONTHUMAIbHAsl CTparte-

* ~
s S, TakoBa, YTO MUHHMAIBHBIN BBIMTPBIL UTPOKa A (MpU Han-
XynllleM moBeneHuM urpoka B) obpaiuaercss B MaxcumyM. OpAKHAthl
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TOYEK, JIeXALIMX Ha JIoMaHOW (pHuc. 9.3), MOKa3bIBAIOT MUHUMAGH bIil
BBIMTPBIL MIPOKa A TNpH MCMOAB30BAHMM MM K060 cMelwayyoil
crpareruu (Ha yyactke BiN — nportus cTpateruu B), Ha yyacTke NB,
— mpoTMB cTpateruy B,). OnTumanshiyio cTpaternio Sy = (p; , D3)
onpenensieT Touyka N, B KOTOPOil MHHHUMANBHBIA BBIMIPHILI AOCTYraeT
MaKCHMyMa; ee OpAMHATa paBHa LieHe urpsl v. Ha puc. 9.3 0603naye-
Hbl TAXKE BEpXHSAS ¥ HUXKHSAA LEHBI UIPbl o 1 B.

[TpumeHuM reoMeTpuuecKuil MeTon ISl PeUIeHus Cenyiolieyi 3a-

JauM.
D 9.4. Pewuuts rpadpuyecku urpy, 3afiaHHyIO IUIaTeXHOI MaTprueii

P (1,5 3).
21

YA Y
1 I
B 1 1
Bz | Bv B'
a, X T a,=3 i —:T=2
B, : B, B l B, %
1
T Y -f T v -f
a, | oL =ay, a 1,5 f a,,=
1 s’ * R 1 ‘ .
Ax{<—p,‘—><———p"‘-—->’:i X A|]<—p;—h<—-p,‘—>':2 x
Pue. 9.3 Puc. 9.4

Pemenune. OrknansiBaeM no oc abeuucc (puc. 9.4) ennHuYHbIif
orpesok Aj4,. Ha BepTukansHoit ocu I—1 oTknaneisaeM oTpesku: g, =
= 1,5, cooTBeTCTBYIOILMH cTparerud By, ¥ a;3 = 3, COOTBETCTBYIO (Ui
ctpateruy B,. Ha BeprukanbHoii ocu I1—II oTpesok a3, = 2 coorger-
CTByeT cTpaterdu B|, oTpe3oK a3 = | cCOOTBETCTBYET cTpaTeruy B,
(cm. puc. 9.4). Huxnsist LeHa urpbl o = 4, = 1,5. BepXxHas ueHa urpol

B=a, =2, cewrosas Toyka orcyrcreyer. U3 puc. 9.4 BunHo, yro

abeciucca Touku N onpeaensieT oNTUMANbHYIO CTpaTeruio S:,, a opau-
Hata — ueHy urpsl v. Touka N siBIsieTCsl TOUKOI MepeceyeHus npsi-
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mbix BB, v B;B,. YpaBHeHue npsiMoit By B, npoxoasiuen yepes 1o-

ku (0; 1,5) u (1; 2):

i y = 0,5x + 15.

Takum ob6pasoM, pl* = 0,6, p; =1-0,6 = 04; onrumansHas cTpare-

rust S5 =1(0,6:0,4).
tiesa urpbl v = 18.
leoMeTpuueckun Mo-
KHO TaKXe OnpenenHihb
ONTHUMANIbHYI0  cTpare-
rMi0  urpoka B, ecau
NOMEHATb MECTaMW Mr-
pokoB A u B u BMecTO
MakcuMyma HUXHEN
rpanuusl AyMA; B coot-
BETCTBUM ¢ NPUHLUMOM
MuHuMakca (puc. 9.5)

x-0 _y- 1,5
1-0 2-15
YpaBHeHue npsamoii BB, ipoxonsiueit depes touku (0; 3) u (1;1):
x-0 y-
= =2 :
—0-1-3 wi y =2x+3
Touyka nepecevyeHus: NPAMbIX ABJISETCA PelllEHUEM CHCTEMBL:
y=05x+15,
y=-2x+3,
wimx=06; y= 18, 1e. N(0,6; 1.8).
1 Alll
I
4 a,=3
M
| A, I
a,=2 | A,
v i)
a,}=1,5 : ay=1
l 0 1S RN
B, * g, > e———— g ————> f) X

Pnuc. 9.5

PacCMOTPEeTb  MUHUMYM
BEpXHeil rpaHuLbl.
A6cumcca Touku M

onpenensieT ¢, B ONTUMANbHON cTpaTeruu urpoxa B, opanHATa HTOM
Toukd — LieHa urpsl. [Ipsamas A A4, npoxoasias yepe3 Touky (0; 1,5)

v (1; 3), ynosneTBOpsieT ypaBHEHHIO

y=15x+15

[psimas AyA), npoxoasiuast yepes touku (0; 2) u (1; 1), ylos:e-

TBOPAET ypaBHEHHIO y = —x +2.
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o

KoopauHarbl ux Toyku nepeceyeHuss M — 3TO pellIeHHE CHUCTEMbI
ypaBHEHHH:

y = 15x + 15,
y=-x+2
orkyna x = 0,2; y = 1,8, te. q; =0,2, q,' = l—q; =08, x=y= 18,
S5 =(08;02).
OnrtumansHoe pellieHuHe UTPbl HaiineHo. P

Y4 vA
I B i I |11
B,
N T B |
Bz T a,=3 5 /T a,
A B a=p= A B a=p=
d,, a, f\’:au a, a‘f =y=q,
v vio Sy v y'vio vy,
A, l—— p;=l —] A x Alx‘q——- p;=l .-.-—---p/:zI X

1 I
Puc. 9.6 Puc. 9.7

W3 pelienns 3anaumn 9.4 cienyer, YTo reOMETPHYECKH MOXHO OI-
penesTb ONTUMAJIBLHYIO CTPATeryi0 Kak urpoka A, tak 4 urpoka B; B
06OMX cAy4asX MCMOJb3yeTcsl NPHHUMA MHHHMAaKca, HO BO BTOPOM
C/ly4yae CTPOUTCSl He HUXKHSS, @ BEPXHfs TPaHMLA BHIMIPHILIA M Ha
Heit onpenessiercss He MakCMMyM, a MuHUMYM. Eciin mnarexHas mart-
pyla CONEPXMT OTpMLATENbHbIE UMcia, To U rpaduyecKoro penle-
HUSA 33faud Jiydllle mepeiTH K HOBOI Marpulie ¢ HeOTpMLATE/bHBIMH
3/IeMEHTaMH; 1Sl 3TOTO K 3JIEMEHTaM MCXOLAHO! MATPULBI NOCTATOYHO
106aBHTL COOTBETCTBYIOILIEE MOJIOXHUTENIbBHOE 4Kucno. PelleHue Hrphl
NpH 3TOM He HM3MEHWUTCS, a lieHa UIPHl YBEIMYMTCA Ha 310 yucio. B
3anave 9.4 ruarexsas MaTpuila He uMeja celsoBoi Touku (a # B).

[Ipn Hanuyuu cemnoBoil ToukM rpaduyeckoe pellieHHe NAWOT BapHaH-
Tbl, U306paxeHHble Ha puc. 9.6 u 9.7. Ha puc. 9.6 Hanbonblueit opau-
HaToii Ha joMaHoit BjNB, obnajaet Touka B3, No3TOMY ONTHMATbHOM
ABAseTcs yuctas crpaterust Ay nns urpoka A (B, — mna urpoka B),
T.e. onTumanbHoe peuenne: Sy = (0;1), Sp =(0;1). Hrpa umeer

CEIUTOBYIO TOUKY d,yy = V.
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Yuctas crparerus B, (puc. 9.7) He BeirogHa [isl urpoka B, no-
CKOMBKY npu JiobGoil cTpaTeruy Mrpoka A oHa [aeT MoCleldHEMy
GonbllMii BBIMTPLILI, yeM 4YucTasds cTpaterus By, Ha ocHoBaHuy
NpHHUKMNI2 MMHHUMAKCa BBIIEIUM NpsiMyio B B; u Ha Heil Touky B ¢
Haubonblueit opauHaroit Ha ocu I—I. Yucras crpaterus A, siBisercs
ONTHMAIbHON 11 UIpoKa A, a YyucTas crpaterus By — ans urpoxa B.
OntumanbHoe peuterue: Sy = (0;1), S5 = (1,0), ueHa urpst v = gy, =
=qa = f3, T.e. UMeeTcs ce[IOBas TOYKA.

I'padpuueckuii MeTo MOXHO NPUMEHATb NPU PellieHUH UIPbI 2 X 71
umx2.

9.5. IIpuBenense MaTPHYHOMK HTPbI
K 3a/a4ye JUHEHOro NporpaMMHpOBaHUS

Urpa m x n B 001EM clydae HE ¥MeET HarAAHOH reoMeTpuYecKou
uHTepnperauuy. Ee peleHne 4oCTaTouHO TPYAOEMKO NMpU OOJbILIHX
m W n, ONHAKO NPUHUUITHATLHBIX TPYAHOCTEH He MMEET, NOCKOJb-
Ky MoXeT ObITb CBEIeHO K pELICHHUIO 3aJayy JIMHEHOro nporpaMmu-
posanus. [Tokaxem sto. Ilycts urpa m x n 3agaHa ruiatexHoil mart-
puueit p = (ay), i =1,2, ., m;j=1, 2, ..., n. Urpok A obnanaer crpa-
Terusimu A,, Ay, ..., Ay, Urpok B — crpaterusimu By, B,, ..., B,. Heo0-
XO/IMMO ONpENeNUTh ONTHMAbHble cTpaTerun Sy = (p;,p;,...,p:n)

* > * * * »
u Sp =(q,92,---,9,)> TAE P;,q; — BEPOSTHOCTH MpPUMEHEHUS COOT-
BETCTBYIOLUMX YMCTHIX CTpateruii A;, B;,

DL+ Dyt APy =1, g g+ 4g, =1
OnTuManbHas cTpaterus Sy yIOBIETBOPSET Chenylolllemy Tpe6o-

BaHuw. OHa obecneyunBaeT UrpoKy A cpelHUI BHIMIPBILI, He MeHb-
WiNi, YeM LieHa urpsl v, iIpH JMioboii crparernd Urpoka B u BuIMI-
pbliu, PaBHBI lleHe UIPBl v, TIPY ONTHMAIBHOI CTpaTerMu urpoka B.
bes orpanuueHus obiHOCTH nojaraem v> (: 3Toro MoXHoO A06UTHCH,
cienas Bee veMeHTH a; > 0. Ecin urpok A npUMeHsieT CMeLaHHYIo

» * Ld * v a
crpateruio S, = (py, Pys---» Pp) TpOTHB Ni06OH yncToil crpareruun By

urpoka B, To OH NoONyyaeT cpeOHull eviuzpbiul, WA Mamemamueckoe
ONCUOAHUE HUSPHIUA A = 1Py + Oy Pyt 4GPy, ] = 1, 2, ..., n (T€.

3NIeMeHTH! j-To CTOMOHA MNATEXHON MaTpuiibl NOWIEHHO YMHOXAalOTCH
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Ha COOTBETCTBYIOILME BEPOATHOCTH cTpateruit Ay, Ay, ..., Ay ¥ peaynn-
TaThl CKJIaNbIBAlOTCS).
Jlns onTMManbHOM cTpateruu S, BCE CpeAHME BBIUTDHILIM He

MeHBbLIE HEHB! UIPBl Vv, MIO3TOMY MOJy4aeM CUCTEMY HEpaBEeHCTB:

anpy + aypr+.. 40y Py 2V,
APy + Gy Pr+.. A0y Py, 2V, (9 ll)

QP + Gy Dy+.. 4Gy, Dy 2 V.

Kaxzoe ¥3 HEpaBeHCTB MOXHO pa3feauTh Ha yucio v> 0. Beeaem
HOBBIE ITepeMEHHBIE!

X =p1/v, X3 =PafVeeisXpy = D/ V- (9.12)
Torna cuctema (9.11) npumer Bun:

01X + Gy X+, A8y X 2 1,
A% + ApXp+. +ApaX,, 2 1,

(9.13)

01, X) + OypXgt . 48y Xy 2 1.

Llens urpoka 4 — MakcMMHU3MpOBATh CBOH IApaHTUPOBAHHBINA BbI-
WIPBIL, T.€. LIEHY UTPBI V.
Pazgenus Ha v # 0 paBeHcTBO p; + py+...+p, =1, Nonyyaem, 4ro

nepeMeHHele Xx; (/=1,2,...,m) yIOBIETBOPAIOT YCIOBHIO: X| + X3 +
+...4Xp = l/v. MakcMMM3auus leHsl UIPbl v 3KBUBAIEHTHA MMHM-
MU3aLMM BeTMYMHBI 1/v, MO3TOMY 3aiaya MOXeT GbITh chopMynupo-
BaHa CllefyloluM obpa3oM: onpedeaums 3nauenus nepemenusix x; 2 0,

i=1,2, ..., m mak, umobo onu YOOGACMBEOPANU AUHCUHBIM 0ZDAHUMEHI -
am (9.13) u npu amom aunelinas Qynkuus

Z =X + Xg+.. . +X,, 9.14)

obpawianacy ¢ Munumym. 3To 3ajlauya JIKHEHHOro NMpOrpaMMHpPOBAHUSA.
Pewas 3amayy (9.13)—(9.14), nonyyaem ONTHM&IbHOE peELIEHHE

*
PisDyseee, Dy ¥ ONTHMAIBHYIO CTPATETHIO Sy .
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v * * * *
Iins onpeleneHust ONTMUMAIbHON cTparerun Sy = (9).4;,....q,)
crefyeT y4ecTb, YTO MIPOK B cTpeMHUTCS MUHMMH3HPOBATH [apaHTH-

o . 1
POBaHHBIA BBIUIPBIL, T.e. HaiTH max—. [lepemeHHsle g),4,,...,q,
A"
YIOBJIETBOPSIIOT HEpaBeHCTBaM

agg + 4G+ 44,4, SV,

Gy + 0o+ . 4034, SV,

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

Apith + Cpaqa+. . +0p, 4, <.

(9.15)

KOTOpblE CHeAYIOT U3 TOro, YTO cpeHMi NMPOUTpeILl Urpoka B He rpe-
BOCXOIMT LI€Hbl WIPbl, KaKyl0 Obl YHMCTYIO CTpaTerdio He TPHUMEHs
urpok A.

Ecnun o6o3Hauuts

yi=q;/v, j=1,2,..,n, (9.16)
TO NOJy4YUM CHCTEMY HEPaBEHCTB:

a Yy + @Yyt +0,y, <,
0N+ 0Yr+. . A0y, Y, 9.17)

A + Opa¥Vy+.. 48y, Y, S 1

ITepeMennnie y; (G = 1, 2, .., n) yIOBAETBOPSIIOT YCJIOBUIO
Y+ Y+.+y, =1/v.

Hrpa cBenace k cienyoileit 3anave.

Onpedeaums suauenus nepemennsix y >0, j = 1, 2, ..., n, Komopoie

ydoenemaopsiiom cucmeme nepasercms (9.17) u maxcumusupyrom aune-
HYI0 PYHKYUWIO

L' =Y+ Yyt Vs (9.18)
PeweHnne 3amaum nuHeiiHoro nporpammupoBanust (9.16), (9.17)

onpenenseT oNTUMATbLHYIO cTpateruio Sy = (g, .45,.-.,4,). [1pu 3ToM
LEHA UTpPhI

v=1lmaxZ’'=1/minZ. 9.19)
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CocTaBMB pacliMpeHHble MaTpuubl wis 3amay (9.13), (9.14) u
(9.17), (9.18), ybexnaemcs, 4To oiHa MaTpUUA NONYYHNAch U3 Apyrod
TPAHCTIOHUPOBAHMEM:

2 <
ayy ayy ... 4y, 1 a, ay ... aq, 1
a, Gy ...0,, 1 Gy Gy ... Gy, 1
2 O IR TV
Qi Gy oo Qpyy 1 Ay Gy -+ Gy 1
\1 1 ..1 IminZ 1 1.1 TmaxZ7)

TakuMm obpasoM, 3agaum JuHeitHoro MporpaMmupoBanus (9.13),
(9.14) u (9.17), (9.18) sapnsoTCcA B3aMMHO-ABOMCTBEeHHBIMU. OueBH-
HO, TIDH ONpele/IeHUM ONTUMAIbHBIX CTpaTerdil B KOHKPETHBHIX 33j1a-
yax clleayeT BbIOpaTh Ty M3 B3aMMHO-IBOWCTBEHHBIX 3alay, pelieHHe
KOTOpOIl MeHee TPyAOeMKO, a pellleHHMe APYroi 3afayd HaiTH ¢ Mo-
MOILIBIO TEOpEM IBOHCTBEHHOCTH.

IpuBenem mpuMepbt 3KOHOMUYECKUX 33ka4, KOTOpHIE ONMCHIBAIOT-
CSl UTPOBHIMY MOJENIAMHM M X 1 U MOTYT ObITh pellieHbl METOAAMM JIV-
HeitHOro nporpaMMHpPOBAHHUS.

D> 9.5. Ipeanpustie MoXeT BBITYCKaTh TpU BUAA NpoayKumu (A, A, u
Asz), noayyasi npy 3ToM MpUOBLIb, 3aBUCALLYI0 OT CIIpoca, KOTOPLI
MoXeT GbITb B ONHOM U3 YeThpex cocrosHuit (B|, By, By By). [laua
matpuua (tabn. 9.4), ee aneMeHTH a@j XapaKTepu3yloT NMPUObLIb, KOTO-
pyl0 NOAYYUT MpealipuaATHE IpH BbHIycKe i-i MpomyKUHH C j-M CO-
CTOSIHMEM CIIpoca.

Onpenenuts ONTUMAIbHbIE MPONOPUMM B BHIMYCKAaeMoOil Npoayk-
UMY, TapaHTUPYWILLME CpeJHIOI0 BeluYMHy NMpuboutu npu awoboM co-
CTOSTHMM CIIPOCA, CYMUTAS €r0 HeolpeAeNeHHbIM.

Pewenune. 3anaya cBOAMTCA K UrpoBoil MOAeNH, B KOTOPOH UTpa
NpeanpUaTus A NMpoTHB clipoca B 3amaHa ruiateXHoW Marpuue# (cm.

tabn. 9.4). Hpexne yeM pewarb

Ta6nuua 9.4 3amayy, MOXHO IONBITAThCA YII-

[ ) B B, B, POCTHTb MIPY, MpOBELS aHAIU3
IIaTeXXHO# MaTpulbl U 0T6pocuB

CTpaTerdd, 3aBeIOMO HEBHIroj-

N

A, 9 10 4 2 Hele MM ayboaupytomue. Tak,
lj 7 7 5 4 BTOpas CTpaTerus (BTOpOit CTON-
3 Geu Marpulibl (cm. Tabm. 9.4))
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ABNSETCA ABHO HEBBITOAHOM IR UIpoka B M0 CPaBHEHHUIO C INEPBOIf
(anemMeHTBl BTOpOro crondua Gonblue 3MEMEHTOB I1EpBOro CTonbua),
TaK KaK Uefb Urpoka B — yMeHbwuTh BbIMrpblll Hrpoka A. Ilostomy
BTOpoit cTonbel MoxHO otOpocuTh. [lonyunm Matpuuy P pasMepa 3 x 3:

368
P=1|9 4 2|
75 4

Tabnuua 9.5

Cnpoc

Bua B By B, o;
NpoayKUMY

A 6 8 3

A, 9 4 2 2

A 5 4 4

B, 9 6 8 4

6

OnpenennM HUXHIOIO W BEpXHIOKO LieHBl Urpbl B Tabn. 9.5.
Tak Kak o # B, TO cemnoBasi TOYKA OTCYTCTBYET M ONTHMMAIbHOE

pELICHUE CleayeT UCKaTh B CMCILLIAHHBIX CTpAaTErUsaX UTrpOKOB!

Sy = (P P2y P3) M Sp =(41,92,93)-

O6osHauus x; = p;/v, i=1,2,3u y;=q;/v, j= 1, 2, 3, cocta-

BUM ABE B3aUMHO-ABOICTBEHHbIC 3anayd JIMHeilHOro nporpaMMupo-
BaHus (em. (9.13)—(9.14) u (9.17)—(9.18)).

3anava | 3amaya 2
3%+ 9%, + Txy 21, 3y, + 6y, +8y; <1,
6x, + 4x;y +5x3 2 1, I +4y+2y35,
8x; + 2xy +4x3 2 1, Ty + 5y, +4y;3 <1,

x>0, i=123 y;20,j=123,

Z =X + Xy + X3 = min. Z = y; + Yy + y3 > max.
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Penraem cHMITIEKCHBIM METOAOM OAHY W3 3a1ay, HarpuMmep, 3aga-

4y 2, MIOCKONBKY MUIst Hee NepBoe Oa3ucHOe pewieHue OyneT NOoMyCcTu-
MbIM. BBenem no6aBoyHbIe fiepeMeHHBIE U NEPEiIeM K YpaBHEHUSAM:

3+ 6y, +8y3+ y4 =1,

M+ 4y, +2y3+ 5 =1,

Ty +5y, +4y3 + ¥ =1,
y;20,j=12,...6

I war. OcHoBHbIE NepeMeHHbIE — Vj, V5, V¢, HEOCHOBHbIE Tepe-
MEHHBIE — Vy, J2, V3.

Yo =1-3y, -6y, - 83, ]
Vs =1-9y; -4y, - 2ys,
Yo =1-Ty =5y, - 43,
Z'=y+ Y1+ )3
Basucuoe pewenue Y, = (0; 0; 0; I; 1; 1) nonmycTuMoe; nepeBoanm
Y2 B OCHOBHEIE; Y5 = min{l/6; 1/4; ]/5} =1/6, mepeBoaMM y; B Heoc-

HOBHbIE NepeMeHHBIE.
II mar. OcHoBHBIE nepeMeHHBIE — V3, Vs, Vg; HEOCHOBHBIE IEp-

MEHHBIC — J1, )3, V4.
[MTonyunm nocne npeobpasoBaHuii;

1t 3 8 1
y2—6 6yl 6y3 6y4’
1, 1002
YS—3 14 3)’3 3)’4,
_1. 27, 16 3
y6_6 6)’1 6)’3 6)’4,
1 1 2 1

Z'=€+'2‘)’|*'6‘)’3—EY4-

basucHoe pewenue: Y, = (O'l; 0; 0 !

1
i —|. TlepeBogum y; B oc-

376

HOBHbIE; ) =min{l;i;L}=i. MepeBoanuM yg B HEOCHOBHBIE
3°21°27 27

NiepeMeHHble.

7 Mee

OBaHHE onepatu 7]
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IIT mar. OcHoOBHble NepeMeHHbIE — Y|, V2, V5; HEOCHOBHBIE Ile-
PEMEHHbIE — J3, V4, Vs,

oLl 165 s
I TR R T RAL
4.8 7.1
V2=57 7573 7kt gl
L2 202 17 14
BsEgt g ot gle
s 1, 2,1
Z’ —y6'

277 77 7Ty

1 4 2
basucHoe pewenue Y3 = (——— 0; 0;=; 0}.
277277 7 721’
Tak kak oTCYTCTBYIOT MONOXHTENbHbIE KO3GbGDUUMEHTHI IPU Heoc-
HOBHBIX MEpEMEHHBbIX, TO KPHTEpUil ONTHMAJBLHOCTH BHINOIHEH,

max Z' = —2§7— u GasucHoe pewenue Y3 =(1/27;4/27; 0; 0; 2/27; 0)

ABIAETCH ONMTUMAIBLHBIM.

YcTaHOBMM COOTBETCTBME MEXIYy TeEpPeMEHHBIMM B3aUMHO-IBOIA-
CTBEHHBIX 3a1a4Y M ONpedeuM ONTUMATbHOE Ga3KCHOe pellieHHe 3a1a-
4y 1 ¢ MOMOLIBIO TEOPEM IBOCTBEHHOCTH:

X Xy X3 X4 X5 Xg
! T ¢ T T 1

)’24 Ys g );1 V2 {’;
1
7% 27
OnTuManbHoe 6asucHoe peileHue 3amayn 1: (2/27; 0; 1/9; 1/2; 0;

17/27), npuyeM min Z = max Z' = 5/27. W3 coorHowenwuit (9.19)
1 27
= I e = . O 10
X7 - TmZ-s 5,4. OnTuManbHy
ctpareruio Sy = (py; py; P3) HAXO@MM, MCTIONB3ys (9.12):

HaXoauM LEHY HUrpbl v =

p,-' =xv,i=1,2,3, Te.

Pl =54— 2

=04, p;=54-0=0,
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= 5,4% - 06 S, = (0.4,0;0,6)
CnemoBaTe/IbHO, TIPERNPUATHE AONXHO BhIMycTHTh 40% npoayKiMu
A, v 60% nponykunu As, a NIPOAYKUMIO Ay HE BBITYCKATb.

OnTUMANbHAs CTpaTerust clpoca Sp ONpeNefeTcs aHATOTHYHO:
g;=vy;,j=123, 1e Sp=(020;080) (3nech yureHo, uro BTO-
poil cronbent ucXoqHO Matpuibl 6bUT OTGpOLIEH KAaK HEBHITOAHDIH).
TakuM o6pa3oM, onTHMaNbHbIA cripoc B 20% HaXoOUTCSl B COCTOSAHUH
By n B 80% — B cocrosiHuu B;.p

Tpu peleHN NpOU3BOIBHON KOHEUHOW HIpHI pa3Mepa m x A pe-
KOMEHIyeTcsl NPUAEPKUBATHCS CIEIYIOLEN CXEMBI:

1. HcxniounTh U3 nnaTexHoON MaTpuibl 3aBeIOMO HEBBITOIHbIE
CTpaTeruk Mo CPaBHEHHIO C APYTMMU cTpaTtersamu. TakuMu crpare-
rMAMHM Uil UTpoka A (Urpoka B) SBNSIOTCH T€, KOTOPBIM COOTBETCTBY-
IOT CTPOKM (cTON6LIBbI) ¢ 3NeMeHTAMH, 3aBeJOMO MeHbIUUMM (60Nb-
IMMH) 110 CPABHEHHUIO C 3JIEMEHTAMM JPYrUX CTpoK (CTONAOLIOB).

2. OnpenendTh BEPXHIO W HUXHIOI LEHb UIPhbl U NPOBEDPUTD,
MMeEeT Iy Urpa CelnoBylo Touky. EcnM cemnoBasi ToyKa eCTh, TO COOT-
BETCTBYIOLIME ell cTparerMi UrpokosB OyIyT ONTHMAIBHBIMM, a LieHa
COBIANAET ¢ BepxHell (HUXHeM) LeHO.

3. Ecnu cemnoBast TouKa OTCYTCTBYET, TO pelieHHe clelyeT UCKaTh
B CMeINAHHBIX cTparterusix. [I1s urp pasMepa m x n peKoMeHayeTcsl
CHUMILIEKCHBIH MeTon, MTsi Urp pasMepa 2 x 2, 2 x 1, 1 x 2 BO3MOXHO
reOMeTpHYECKOe pellleHHe.

Ha NpaKkTHKe peanu3auus ONTHMAaNBHOTO peleHus

. (A, Am)
S = B CMEIUAHHBIX CTPATErHsIX MOXET IPOUCXOANTHL HE-
P Py
CKONBKMMH nyTaMU. TlepBblil cocTouT B GU3IMYECKOM CMELIEHHH YhC-
THIX CTpaTeruit A; B MPONOpUMSAX, 3aNaHHBIX BEPOSITHOCTAMH p;.
Hpyroii nyTb — npy MHOTOKPAaTHOM TNOBTOpPEHHH MIPbl — B KaX-
IO MapTHUU YUCTbiE CTPATErMHU NMPHMEHSIOTCS B BUAE ClydyaliHOH MO-
CJIe[OBATENbHOCTH, NPHYEM KaXIasi M3 HUX — C 4acTOToii, paBHOM ee
BEPOSAITHOCTH B ONTUMAILHOM pEIIeHHH. '
PaccMoTpuM ellle OlHY 3KOHOMMYECKYIO 3ajayy, CBOIN.LyIOCH K
WUTpOBO MOAEIH.
9.6. TpennpusaTHe BbIMyCKAeT CKOPOMOPTAILYIOCS TNMPOLYKUHID, KOTO-
Pylo MOXeT cpa3dy OTnpaBUTb NoTpebuTenio (cTparerks A;), OTNpaBUTh
N
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Ha cKlan ansi XxpaHeHUs (cTparerusi A;) MM NOABEPTHYTb NOMOJHK-
TeIbHOM 06paboTke (cTpaTerusa As) Ui JUTMTENIBHOTO XpaHEHHS].

[MorpebuTtens MoxeT TNPHOGPECTH MNPOAYKUHUIO: HEMELTEHHo
(ctpaterust B;), B TeyeHHe HeGoablIOoro BpeMeHu (Bp), mocne -
TeJILHOTO NMepHoaa BpeMeH! (Bs).

B cnyyae crparernit Ay U A3 npeInpusiTHE HeceT NONONHUTENbHbIE
3aTpaThl Ha XpaHeHHe U 06paboTKy NMpoayKuuH, KoTopble He Tpebylor-
¢ wia Ay, oaHaKo NpH Ay cllelyeT yyecTb BO3MOXHBIE YOBITKM H3-33
MOpYH MPOAYKUHUH, ecu MoTpebuTeNb BbiGepeT cTpaterii By uin B;.

OnpenenuTh ONTUMANbHBIE MPOMOPLUUM MPOAYKUMH U MPHMEHe-
HUs cTpaTeruit A;, Ay, A3, pyKOBOICTBySCh “MHHHUMAKCHBIM KpHTEPH-
eM” (rapaHTHpOBaHHBbIA CpeIHHUH ypoBEHBb yObITKA) MpU MarpHile 3a-
Tpar, npeacTaBnieHHoli Tabn. 9.6.

Ta6auua 9. 6 Pewenne. IMonyyaeM urpy ¢ nna-

2 5 8
B; B, 3 | B TexHoit Marpuuen P=| 7 6 10|.

A 12 10 8
A 2 3 8 B 370l MaTpuue MNepByld CTPOKY MOXHO
Ay 7 6 10 OTOpOCUTb KaK HEBHITOJHYIO (€€ 3JIeMEH-
A 12 10 8 Thl MEHbLLE COOTBETCTBYIOLIUX 3JIEMEHTOB

BTOpOii CTpOKM). Marpuua npuMer Bug

P =( 76 10). DneMeHTb!  MEpBOTO
12 10 8

cronbua Hobllie COOTBETCTBYIOIMX 3/IEMEHTOB BTOporo cronbiia, Moaro-
MY €ro MOXHO OTOPOCHTb.

1
Hrpa ynpocrinacs; P = ( 6 O)

10 8/
Mo popmynam (9.7) u (9.8) Haxoaum:
e 8-10 1 . . 1_2
g sw0-10 38T 3Ty
6-1 10-2 26 2
vV=—+ =—=8=.
3 3 3 3

BelBoA: onTUManbHas CTpaTerds NPOU3BONMUTEN  MpOAYKUMM

S; =(O;%;—§—), T.e. ctpareris A; He npuMeHsercs, 1/3 MpoayKuuM
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oTIpaBAsieTCsl Ha cKian (cTparteruss Aj), 2/3 NMpooykUMM IONONHHU-
renbHO oOpaGateiBaercs (cTparers A;), IpH 3TOM LieHA HIPhbi
2
v=8=.p
3

YIIPAXHEHWUA

9.7. Urpok A 3anuchiBaeT ofHO M3 ABYX 4YHcel: 1 MM 2, Urpok
B — omuo u3 tpex uyucen: 1, 2 wan 3. Ecau oba yucna oaMHaKoBoii
YETHOCTH, TO A BBIMIPHIBAET U BBIUIPBILI paBeH CyMME 3THX 4YHCeN,
€C/IH YEeTHOCTH BbIOpAaHHBIX MIpOKaMM 4YKcesll He COBMAJalT, 10 B
BbIUTPLIBAET, BBIMTPHII paBeH CyMMe 3THX 4Hcel. IToctpouth Iuia-
TEXHYIO MaTpULY MIDPHi, ONpPENeSUTh HUXHIOW M BEPXHIOI UEHBl HI-
pbl U TIPOBEPUTH HATMYKE CELJIOBOH TOUKM.

B zamauax 9.8—9.13 nnsa caemyollnx MIATeXHBIX MaTpyll ompene-
JIMTb HUXHIOIO M BEPXHIOIO LI€Hbl MIPbI, MMHUMAKCHBIE CTPaTeTHH W
ONTUMATbHBIE PELIEHUS UTPHI, €CH CYLIECTBYET CELIOBAsH TOYKA.

9.8. 9.9. 9.10
03 06 08 4 53 899 4
09 04 0,2 6 7 4 6 587
0,7 05 04 523 3 56
9.11. 9.12. 9.13.
4 5 67 9 4 953 253
34 65 6 7869 6 45
7 6 10 8 11 7426 376
85 47 3 8§ 347 234

B 3anadax 9.14—9.16 pewnts u natb rpadUvecKyio MHTEpIpeTa-
UMIO UISt CNIeAyIoWHX Urp 2 'x 2.

-2 2 23 4 -2
.14, 15. .16.
94(1_J 9.15 (1 2) 9.16 (1 3)

9.17. Haiitu peileHHs Urp NyTeM CBEIEHMS MX K 3ajade JTUHEHHO-
r0 NpOorpaMMHMpOBaHMS, MCIIONb3ys IUIATEXHble MaTpuubi 3amay 9.9,
9.11, 9.12

, 9.12.
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9.18. Haiitu pewterue Urpbl, NpeaBapUTENbHO YIPOCTHB €€:

3 25 -1
4 06 1
2 -13 2f
1 37 4

——

9.19. Mara3uH MOXeT 3aBe3TH B Pa3NMYHbIX NMPOMOPLHIX TOBApK
Tpex THIOB (4|, Ay, A3); MX peanu3anus U NpubbUIL MarasuHa 3aBUcsT

OT BHUJA TOBAapa M COCTOSIHUA CITpoca.
I[Tpennonaraercs, 4To cOpoc MOXET UMETb TPH coCTOSAHMS (B), B,

2]

B3) v He nporHosupyercsi. OnpenennTh ONTUMAIBbHBIE NMPOMOPLUN B
3aKyInKe TOBapOB U3 YCIOBMS MAKCUMM3ALUU CpelHell rapaHTUpOBaH-

HOil npu6BUIH NpH chneayiolieil MaTpuue npubeut (Tabn. 9.7).
Ta6nuua 9.7

Tun Cripoc
TOBapa 3, 3, B,
A 20 15 10
A 16 12 14
As 13 18 15
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KIACCUYECKME METO/IbI
OIITUMM3AILINN

10.1. Knaccuyeckue METO/bI OnpeaeIeHus
9KCTPEMYMOB

Bo MHOTrUX 3KOHOMUYECKUX MOIENSX MCClelOBAHUS oOmepanuit
3aBUCUMOCTH MeXHy MOCTOSSHHBIMU U nepeMeHHBbIMM (pakTopaMu
JIUILb B NEPBOM MPUBIHXEHUU MOXHO CYUTATh JUHEHHBIMU, Gonee
NETaJbHOE paccMOTpeHUE TMO3BOJNAET OOHAPYXUTh UX HEJIUHEH-
HocTb. Kak mnpaBuno, takue nmokasaTelu, Kak fipubbUIb, cebecTou-
MOCTb, KAMUTAIbHbIE 3aTPAThl HA NMMPOU3BOACTBO Y JAp., B NEHCTBU-
TENLHOCTH 3aBUCAT OT 06beMa NPOM3BOACTBA, PACXO4ad PECYPCOB M
T.I. HeauHEeHHo. B 3TOM clyyae BO3HUKAET 3alaya HEJIMHEHHOTO
porpaMMUpPOBaHKs, MaTeMaThHyeckas Mogenb Kotopoii (0.1), (0.2)
NpHUBeeHA BO BBEACHHHU.

MoXHO BbUIENIUTb KJIACC HEMMHEMHBIX 3a/ay, KOTOpbie OTHOCATCS
K Kaaccuveckum Memooam onmumuzayuu. JJonyctuM, 4TOo cpelu orpa-
HH4eHuit (0.1) HeT HepaBeHCTB, HEe 00s3aTeIbHBI YCJIOBUS HeOTpHLA-
TEJIbHOCTH, NEPEMEHHBIE HE SIBJAIOTCA TUCKPETHBIMU, m < 1, a QYHK-
unu ¢;(X) u AX) HenpepbIBHbl U MMEIOT YACTHBIE MPOU3BOIAHbBIE MO

KpailHei#t Mepe BToporo nopsaka. B atoM cnyyae 3anavyy onTUMu3auuu

MOXHO chOPMYIUPOBaTh TaK: HAUMU NepeMeHHbie X|, X, ..., Xp, Y008-
Aemeoparuie cucmeme ypagHeruli
0; (X1, X9, x,)=b;, i=1,2, ....m (10.1)

u obpawarouiue 6 MAKCUMyM (MUHUMYM) Leaesyio YHK YU

2= f(X), X905 X,). (10.2)
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Takue 3amaud B MPUHLHKIIE MOXHO pelliaTh KIACCUYECKHMH METO-
gaMu  IuvddepeHudanbHoro ucuuciaeHus. OOHAKO HAa 3TOM [MyTH
BCTPEYAIOTCA TaKue BbIYMCAMTEAbHBIE TPYIHOCTH, KOTOpble AENAIOT
HeoOXOOMMBIM TMMOUCK ApYrMX METONOB pellueHus (Halpumep, cu.
. 11, 12). Ioaromy KiaccH4ecKue METOIH YAaCTO UCIONb3YeTcs He B
Ka4yecTBE BbIYMCIUTEILHOTO CPEACTBA, a KAK OCHOBA ISt TEOpeTHYe-
CKOT'O aHaIu3a.

[IpuMepoM THNUYHON ¥ MPOCTON HeJIMHEHHON 3amauu sBISETCH
cireaywouias: AaHHoe MpearnpusaTue Lis MPOU3BOACTBA KaKOTO-TO
NpoAyKTa pacXodyeT IBa CPENCTBa B KOJHUYECTBE X| U Xy COOTBETCT-
BEHHO. JTO (pakTophl MPOU3BOACTBA, HANPUMEDP, MAIUUHBI U TPYI,
[Ba Pa3IMYHbIX BUIA CbIPbS U T.I., @ BEJIMUYMHBI X| U X) — 3aTpaThl
dakTopoB mnpousBoactBa. Makropbl NMpou3BoacTBa Blpeab Oyaem
cuuTaTh B3auMosaMeHseMbIMH. Eciu aro “rpya” v “maluudsl”, To
MOXHO TpPHMEHSATh TaKUe MeTOAb! MpPOU3BOJACTBA, NMPU KOTOPHIX
BEIMYUHA 3aTparT MAaIUMH B COMOCTaBAEHWM C BEJIMYMHOI 3arpar
TpyAda okKassiBaercs Oojblle WJIM MeHblle (MPOU3BOACTBO Oosnee
WJIM MeHee TpyaoemKkoe). B celbcKOM Xxo3siicTBe B3aMMoO3aMeHse-
MbMU ¢aKTOopaMy MOTYT ObiTb [MOCEBHbLIE IUIOWAAM MM MHHe-
pajibHble ynoOpeHusl (3KCTEHCHMBHbIH MJIM WHTEHCHMBHBLIH MeTOn
IIpOU3BOJICTBA).

O6beM npou3BoACTBa (BbHIPAXEHHBLIN B HATYpPaibHBIX WJIM CTOM-
MOCTHBIX emMHHUAx) saBasercs ¢yHKLMeHd 3arpar MPOM3BOACTBA
z = f(x,Xx;). DTa 3aBUCUMOCTb HA3bIBACTCS NPOW3600CMEeHHOU PyHK~

yuei. N3nepxky 3aBucar or pacxoga oboux paktopoB (x; ¥ X3) U OT
HeH 3tux ¢akropos (¢; U ¢3). COBOKYNHbIE M3AEPXKH BBIPAKAIOTCH
bopMysioit b = ¢;x; + ¢;x,. Tpebyerca Npu NaHHBIX COBOKYMHBIX H3-
OepXKaxX OMNpeaeiuTb TaKoe KojuyecTso ¢(akTopoB IMPOU3BOACTBA,
KOTOpO€ MakcUMM3UpyeT o6beM MPOLYKIIKH Z.

Maremaruueckass Mozeib 3TON 3aJayd MMeeT BMIA: ONpesesnTh Ta-
Kue MepeMeHHBIe X| U X3, YIOBJIETBOPSAOILME YCIOBUSIM

C1X| +Cxp = b,
X 2 0, X; 2 0,

(10.3)

TIPU KOTOPBIX PyHKUIHUSA
z= f(x,x,) (10.4)

OOCTHUTAeT MaKCHUMYyMa.
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Kak npaBuno, dyHxkuusi (10.4) MOXeT MMeTb NMPOU3BOJILHLIN He-
" JIMHEAHBbIA BUL.

Mcnone3ys kmaccuyeckue MeTOAbl ONTHMM3ALMM, CIEdyeT 4eTKo
MpeacTaBiaTh cebe pa3auyue MEXIy A0KAAbHLIM IKCTPEMYMOM (yHK-
UMH, 2100a1bHbM IKCTPEMYMOM U YCa06HuM aKeTpeMyMoM. TIpu arom
MOJIe3HO [MOBTOPUTH OIMpeldelieHHe JOKAJIBHOTO U TJIOBANILHOTO 3KC-
TpeMyMoB s ¢GHYHKUMM OnHOH nepeMeHHON. IloHATHE YCIOBHOrQ
3KCTpEMYMa BBOOMTCH [UIS CJIyyas, KOTAA YUCJIO MMEepeMEHHbIX 7 He
MeHblle 2 (n > 2).

Bynem monarath, 4ro ¢pyHKuMA z = f(x[,X,,...,x,) = f(X) npax-

abl anddepenumpyema B Touke X = (x,%3,...,x,), (X~ € D(f)) us
HeKoTOpoil ee okpectHocTU. EciM mns Beex touek X aTOM OKpecTHO-
et f(X) 2 f(X) wim f(X')< f(X), T0o rosopsT, uto (YHKLWS
f(X) umeer akcTpemym B X ' (COOTBETCTBEHHO MakKCUMyM WJIHM MHHMU-
MYM).

Touka X', B KOTOpOIl Bce yacTHble Mpou3BonHsie GYHKIMU z = f(X)
paBHbl (, HA3BIBACTCS] CMALUOHAPHOU MOYKOL.

Heobxomumoe yciosue 3kcrpemyma. Eciu ¢ mouke X' dyHKuus
z= f(X) umeem 3KcmpeMyMm, mo Hacmuwie HPOU3GOOHblEe @YHKUUU &

Mol mouxe pansl HyA/0:
* .
Lo X)=0,i=12..,n

CrnenosarefibHo, TOYKH 3KcTpeMyMa ¢yHKUMH z = f(X) ynosne-
TBOPAIOT CUCTEME ypaBHEHMIA:

So (X, Xy, %) = 0,
f;z(xl,xz,...,xn) = 0,

S, (X1, %25...,%,) = 0.

(10.5)

Kak v B ciydae onHON MepeMeHHON, HEOOXOMUMOE YCJIOBHE He SiB-
JieTcsl AOCTaToYHbIM UISl TOTO, YTOObl CTaUMOHApHad TouykKa Obula TOY-
Ko# akcTpemyMa. s mojyyeHUs ROCTATOYHbIX YCIOBUMR ClEqyeT omnpe-
JEJIUTh B CTALIMOHAPHOM TOUKE 3HAK Lmdxpepeﬂuuapa BTOpOTO IMOpPSIKA.
Juddeperumnan Broporo nopsaka obosHauaercs d? f(x,%3,...,%,) U

paBeH CyMMe MPOU3BeJeHU Il YacTHHIX MPOU3BOAHBIX BTOPOTO MOPSIKA
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Ha COOTBETCTBYIOLIWE IMpHpallleHuWs apryMeHToB. Eciu ot vactHoit
IPOU3BOIHOI fx',- (X) HaliT¥ YacTHYIO MPOU3BOAHYIO IO NMEPEMEHHOMN

X; TO MOJIYYUM YACTHYIO MPOM3BOLHYIO BTOPOrO MOPAAKA MO mepe-
MEHHBIM X;, X;, KoTopas o6o3Hayaercs f,;;xj (X). B aroMm ciyyae

n n
2
d* f(X)= )" fi, (X)AxAx;.
i=1 j=1

JlocTaTotumble YCIOBHA IKCTPEMYMA:

a) 6 cmayuonapnoti mouxe X° gynkyus z = f(X) umeem maxcumym,
ecau drf(X°) <0, u munumym, ecau d*f(X°) >0, npu awborx Ax; u
Ax; (8 amux cayasx X% =X") ne obpawarwuxca 8 Hy1b 00HOBpeMeH-
HO;

6) ecnu d*f(X°) moxcem npunumame ¢ 3asucumocmu om Ax; u Ax;
U nosoNCUMensHble, U ompuyamensibie 3naenus, mo ¢ mouke X° sxc-
mpemyma Hem,

8) ecau d*f(X°) moxcem obpawamecs 6 HyAb He MOAKO HPU Hyde-
6bix npupauenusx Ax; u Ax;, mo eéonpoc 06 3xcmpemyme ocmaemcs

OMKPbIMbBLM.
s dyHKUMY OBYX MepeMEHHBIX z = f(Xx;,X;) NOCTaTOYHBIE yCIIO-

BUA eLle HE OYEHb CJIOXHBI. CyluecTBYIOT YEThIpe YACTHbIE [TPOU3BOI-
Hbleé BTOPOTO MOpPSAIKA: fx'l'z X)), %y X)), S (X), fx';z (X).. U3 uux
IBe cmellaHHble npousBonHble fr. (X) v f{, (X), eciu Hempe-

PbIBHbL, TO paBHbI.
HaitneM 3HaueHHe YacTHBIX ITPOU3BOAHBIX BTOPOIO IMOpsigKa B CTa-

uMoHapHoi Touke X 0(x,0 ,xg):
a =fll (XO). a =fn (XO). a = " (XO). a __fu (XO)
i1 x? » Y12 XXy » #21 XyX » 0 T 2

(MOXHO yGenuTbCsl, YTO ajy = ay). O603HAYUM yepe3 A oOIpenenu-
T€/b, COCTABIEHHBIA U3 a; M i, j= 1, 2

a, ap

A= = a8y ~ Ay

2 a4n
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Torna mocraroyHbie YCJIOBUSL 3KCTpeMyMma (yHKLMU OBYX Mepe-
MEHHBIX UMEIOT BHA!

a) eciu A>0 uay <0 (ay<0), memoke X° gynkyus umeem
marcumym: ecau A >0 way > 0 (ay > 0) mo & mouke X° — munu-
mym (8 smux caynaax X° = X°);

6) ecau A <0, mo axcmpemyma Hem;

B) ecau A =0, mo eonpoc 06 3Kcmpemyme 0Cmaemcs OMKPoIMbiM.

Cxema omnpeneneHusl akcTpeMyMma GhyHKLUUM # MEpeMeHHbIX COBIa-
OaeT ¢ NpaBWaMM OIpefesieHUsl JOKAIbHOIO 3KCTpeMyMa byHKUMH
ONHOH NMepeMEeHHOM!.

P> 10.1. Uccnenosarb Ha 3KcTpeMyM BYHKLMIO
z=xt + x5 - xp - 2xx, - x3.

Pemenue. HaxonuM yacTHbie MpOU3BOAHBIE:

3
_,Iq =4xl ‘—2xl "2X2,

10.6
Ty = 4x3 - 2x, - 2x;. (10.6)
[IpupaBHKBAaeM YacTHbIE MPOU3BOAHBIE HYIIO:
3 =
4x,3 -2x - 2xy =0, (10.7)
4X2 - 2xl - 2x2 =0

Peiutaem cucreMy ypasHenuit (10.7). Beruvras U3 nepsoro ypasHe-
HUA BTOpOE, MONYYUM 4x,3 - 4x§ = (0, mo3aroMy Xx; = X3, ¥ U3 MEPBOTO

ypaBHeHus HaiigeM x; — x; = 0, oTKyna x; = 0w x, = £L.
WMeeM Tpu crauvoHapHble TOYKMU: X! = (0;0); X? = (LD);

3 = (L),

HaiineM BTopble yacTHble NMPoU3BoAHbIE, Ucnoab3ys (10.6):

z) = (4x] - 2x, - 2x))y, = 12x - %
!

Ziey = (4x - 2%, - 2x3)y, = -2,

Ziox, = (4x2 2%y - 2x)), = -2

l zhh = (4x3 - 2x, - 2x;)%, = 12x% - 2.

-2
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BeiuMciIseM 3HaYeHUs BTOpbIX YaCTHbIX ITPOU3BOAHbLIX B KaxXaoi
CTalMOHAPHON TOYKE, COCTaBJsieM onpenenuTesi A U MPUMEHSAEM
JOCTaTOYHbIE yCJIOBUA SKCTpEeMyMa.

Brouke X' =(0,0) ay, = —2; ajy= ay = ~2; app = ~2;
-2 -2
A= =0
-2 -2

Borpoc 06 akcTpeMyMe ocraercsi OTKPHITEIM (Takas TOYka Ha3biBa-
erca ced1060i).
B touke X? =(l;1) (a Takxe ¥ B TO4Ke X3 =(-1-D):

10 -2

® 10‘=96.

ay=10;a;=a) = —2;a;,=10; A =\

DyHKUMA B 3THX TOYKAX MMeeT MUHUMYM, TaK Kak A > 0, a;; > 0.

Zmin = 210 b

- Bolile 11a peyb O JIOKATLHOM 3KCTpeMyMe yHKLUUU n MepeMeH-
HeIX. Kak npaBuio, B NpakTMYeCcKUX 33ayax HeoOXOMHMMO OINpeNeIUTh
Haubosbluee U HauMeEHbilee 3HAuYeHUs GYHKUUU (I0O0ANbHBIA 3KC-
TpeMyM) B HEKOTOpo# obrnacty.

ToBopsaT, uyto dyHKUMsA z = f(X) umeer B Touke X° 3ajaHHOil
obnactn D enobasonviti maxcumym (rauboasiiee 3navenue) WU 2106a1b-
Holi  MUHUMYM  (HGUMeHbliee  3HA4eHue), €CJIM  HepaBeHCTBO
f(X) < fXY v f(X) 2 f(X %) coOTBETCTBEHHO BBIMONHACTCH IS
Mool Touku X e D.

Ecau obracme D 3amxnyma u ozpanuvena, mo oughgepenyupyemasn
pyuxyus  z = f(X) docmuzaem ¢ 3moii obaacmu ceoux Hauboasvulezo u
HAUMEHbUIe20 3HAYEHULl UAU 8 CMAUUOHADHOU MOYKe, Ul 8 ZPAHUMAHOU
mouke obaacmu (meopema Beiiepumpacca).

I B toukax X2=(L1) u X’ =(-L-1) d*f(X?) =d’f(X®)=
= 10(Ax,)? - 4Ax,Ax, + 10(AX,)? = 2(Ax; - Ax))? + 8(Ax;)? + 8(Ax;)? w
npu mobbix AX; M AX), He DPaBHBIX RYAIO onnospemeuno,a’zf(Xz)=

=d2f(X*) > 0.
2 Beitepwtpace K. T. (1815-1897) — HeMeLiKuii MaTeMaTHK.
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CrnenosarenbHo, YyToGbl HAUTH HauGoJbluee (HaUMEHbILEE) 3HAYe-
Hue PyHKUMK z = f(X) B obnactu D, HyXHO:

1) naitty Bce crauMoHapHbIe TOYKM BHYTpu obyactd D M BbIuMC-
JIUTb 3HA4YEHHUA PYHKLIMM B HUX;

2) uccnenoBars GYHKLMIO Ha 3KCTPEMYM Ha rpaHuue obnactu D,

3) cpaBHUTH 3HauYeHUs GYyHKLUU, MMOAYYEHHbE B M. 1 ¥ 2: Hau-
Gonbluee (HauMeHbllee) U3 3THX uucen M Gyaer HaUGONbLIUMM (Hau-
MEHbIIUM) 3HaYeHUeM (YHKLHUHW BO Beeil obnacTiu.

I'panmnua o6nacty D aHAIMTHYECKH MOXeT GbITb 3aJdHA CHCTEMOI
ypaBHEHUH (YCIIOBUI) OTHOCUTENIBHO MEPEMEHHBIX X{, X3, ..., X,. Ilo-
ITOMY, UCCIENysl IKCTPEMayibHble CBOMCTBA (DYHKUMH HA TpaHMULE,
HEOBXoaMMO pelUUThb 33Ja4yy oMnpeaeseHus YCIOBHOTO 3KCTpeMyMa.

Yenosublii  3kcrpemym. [lycts Heo6Xomumo HalTH 3KCTPEMYM
byHkuun z = f(x,x,,...,X,) NPH YCIOBUM, YTO MEPEMEHHBIE X|, X,

..y Xp YIOBAETBOPSIOT. yDABHEHUSAM

0, (x;,%3,...,x,)=0, i = l,g,...,m, m<n (10.8)

INpennonaraercs, 4ro GyHKUMHU U ¢@; MMEIOT HENpepbIBHbIE YacT-
Hble MPOU3BOAHLIE MO BceM NepeMeHHbIM. YpaBHeHus (10.8) Haspisa-
10T YPAGHEHUAMU CA3U.

ToBopsit, yto B Touke X° =(x,°,x§),...,x2), YAOBAETBOPAIOLLIECH
ypapueHusM ceszu (10.8), bdynkuua 2z = f(X) umeer ycroensiti mak-

cumym (munumym), ecnv HepaseHerBo f(X°) > f(X) (f(Xo) < f(X))
MMeeT MecTo ISl BCeX ToueK X, KOOPAMHATH KOTOPHIX YIOBAETBOPAIOT
YPaBHEHUSM CBSA3H.

Jlerko 3aMeTuTh, YTO 3aja4ya ONMpeAesieHHs YCIOBHOTO 3KCTpeMyMa
coBlanaer ¢ 3ajayeil HenuHeiHoro mporpammuposanus (10.1), (10.2).

OnuH M3 crnocoGoB omnpeneNeHUs YCJIOBHOIO 3KCTPEMyMa MpHUMe-
HSIETCA B TOM ciydae, ecld u3 ypaBHeHwii csaszu (10.8) m mepemen-
HBIX, HAPUMED X{, X3, ..., Xp, MOXHO SIBHO BbIpa3uTh Yepe3 ocTaBLivecs
n—m nepeMeHHLIX:

X =Y (XpagsesXy)s i=1,2,.., m. (10.9)

[Toncrasus nonyyeHHblE BhIpRKEHUS Wia Xx; B QYHKLHIO 2, MOJY-
YuM

Z= f(Y1Xpmerse s Xn ) s WX toe e s X s X1+ s Xp) s
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WIH
2= F(Xpppse-sXp)- (10.10)

3ajaya cBeaeHA K HAXOXIECHWIO JIOKATLHOTO (MMOBGalIbHOTO) 3KC-
tpemMyma s ¢ynkuuu (10.10) ot n—m nepemenHnix. Ecnin B TOuke

X° = (X2, 5. ,X%) dynkuma (10.10) uMeer 3KCTpeMyM, TO B TOYKe
=0 =0 =0y ~0 =0 .=

= (W Ftse e s X0y (B, X0, %015, X0) dynkums z =

= f(x,,...,x,,) HUMEET YCIOBHBI 3KCTpeMyM (copMYIHMpOBaHHBIA Ha

c. 206).
D 10.2. Pewurs 3apauy, chopMynnpoBaHHylo Ha ¢. 201 B mpearnosoxe-

HUM, YTO NMPOU3BOACTBEHHAs GHYHKUMSA paBHa z :

z=x{x(4-x-%,), ¢, =1, ¢c,=2, b=4

A . Pewenue. Heo6xomumo
% HaiTH [MepeMeHHblE X, H X,

4 - YAOBAETBOPAIOLINE YPABHEHUIO
; X +2x, =4, (10.11)
(ypaBHEHHE CBSI3M), YCIOBHUIO HeE-

B(0;2)
\, orpuuare’dbHocTd x; 20, x5, 20
H ofpawaloumue B MaKCUMyM
1 r byukumnIo
A(4;0)
. . N N z=xtx(4-x - x,). (10.12)
o

0 1 2 3 4> x Orpanuvyenue (10.11) Bmecte
Prc. 10.1 € yCIOBHUAMY HEOTPULATENLHOCTH

ONnpenensioT Ha IUockocTd X1 0x)

OTpE30K AB — 3aMKHYTYIO OorpaHuyeHHyio obmacte (puc. 10.1).

CornacHo TeopeMe Belfepuitpacca MakcUMyM ¢GYHKLHH MOXET
NOCTUraThcsl IMOO BHYTPU STOro OTPE3KA, OO B rPAHUYHBIX TOUKAX:
A (4;0) wnm B (0;2).

CrnenoBarenbHO, HEOOXOMMMO HANTH YCJIOBHBIN 2KCTpeMyM (yHK-
uuu (10.12), ecau ypaBHeHHe cBA3u UmMeer Bua (10.11).

W3 ypaBHeHus cBA3M Haillem, Hampumep, x;, U [OICTaBUM B
(10.12):

X; =4 - 2%, z=(4-2%)"x(4-4+2x, - X,).



208 fnaBa 10

——

YnpocTuB 310 BhpaXeHUe, MONyYnM
z =42 -x,)*x3. (10.13)
[Ipy atoM x; € [0;2]. HaiineM rnoGanbHblit skcTpeMyM GyHKLMY
(10.13) Ha otpeske [0;2]. ITpousBogHas 310l HYHKLUY paBHA
2" =16 (2- x3)x5(1 - x3).

CraunonapHere Toyku: X = 0, x, = 1 u_x, = 2. OnHa U3 Hux
Xy = 1, JeXHUT BHYTpM OTpe3Ka, ABE APYTM€ COBMANAIOT C KOHLIAMM,
Haiinem 3naueHus ¢yukumu (10.13) B craumMoHapHoit Touke X, = 1 ¢
Ha koHuax otpe3ka: z (1) =4,z (0) = 0; z (2) = 0.

CrenoBareNbHO, Zpm,y = 4 W JocTuraerca npu x; = 1, x; = 4 —
— 2x; = 2, 1.e. B Touke (2; 1).

MakcHManbHbI 00beM ITPOU3BOACTBA, PABHBLIN Zpay = 4 €l., Joc-
TUTaeTCs MpH YCJIOBUM, YTO 3aTPAThl NMPOMU3BOACTBEHHBIX (haKTOPOB X
¥ X paBHbl COOTBETCTBEHHO 2 €. u | en.p>

10.2. Mertoa MHoxuTeeil Jlarpamxka

Hpyroii crnocob onpegeneHUss yCJIOBHOIO 3KCTPEMyMa HayWHAeTcs
C MOCTpoeHusi BCroMorarenbHoit ¢yHkimu Jlarpanxal, Koropas B
o0JlacTH OONMYCTUMBIX pelUeHHd MNOCTHMIaeT MakcuMyMa IJIa TeX Xe
3HAYEHU TIepeMeHHBIX X|, X2, ..., X, YTO U HeNeBas PyHKUUA Z

[lycth peinaercs 3agaya olpejefieHWs YCJIOBHOIO 3KCTpeMyma
dyuknu z = f(X) npu orpaHudenusx (10.8).

CocrasuM GyHKINIO

LX) = f(X)+ ili?i(X), (10.14)

KOTopasi HasbIBaetcs gynkyuell Jlaspanxca. \; — NMOCTOSIHHbIE MHOXHTE-

o (muowcumenu Jlazpannca). OtMetuM, 4YTo MHOXUTeNsiM Jlarparka
MOXHO NpHIaTh 3KoHoMuuYecKUH cmbict. Eciu fx;, x, ..., X,;) — moxoL,
COOTBETCTBYIOLIMH MIAHY X = (X1, X3, ..., X,), @ GYHKUUA o, (X1, X2,
.ees Xp) — W3IEPXKYU I-rO pecypca, COOTBETCTBYIOIUIME ITOMY IUIaHy, TO
A; — ueHa (oueHKa) i-ro pecypca, XapaKTepu3yoluas H3MeHeHWE

9KCTPEMAJILHOIO 3HAaYeHHWs LENEeBON ¢yHKUUM B 3aBUCHMOCTH OT W3-

I arpanx X.JI. (1736-1813) — cdpanLy3cKUil MATEMATHK U MEXAHHUK.
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MEeHEHHWsi pa3Mepa i-ro pecypca (MapruHajibHas oueHka). L(X) —
GYHKLHUSL n+m MepeMEHHBbIX (X[, X2, ..., Xpy A}, Ap, ..., A, ). Onpene-
AeHWE CTAlMOHAPHBLIX TOYeK 3TOH (PYyHKUWMM MPUBOLUT K PELUEHUIO
CUCTEMbI YpaBHEHUH

AL(X) _

pw 0,/=12,....n,
J 10.15
LX) o iir (101

a}\’ b yb=y b .

i
Jlerko 3aMetuts, yto L; (X) = ¢;(X), T.e. B (10.15) Bxomdar ypas-
HeHHA cBA3M. TaKuM o6pa3oM, 3ajaya HaXOXIEHHS] YCIOBHOIO 3KC-

TpeMyMa ¢yHKIMM z = f(X) cBOOMTCA K HAXOXIEHMIO JIOKAJILHOTO
akcerpemyMma yHxkuun L (X). Ecnu cranuvonapHas todka HafeHa, To
BOIIPOC O CYLIECTBOBAHMHM 3KCTpeMyMa B MpocTedlIuX Cly4asx pelra-
eTcsl Ha OCHOBaHMHM JOCTATOUHBIX YCJIOBMI 3KCTpeMyMa — MCCIIeNoBa-
HWs 3HaKa BToporo auddepeHuana d*L(X) B crauMOHapHOlt TouKe
TMpU yCIOBUM, YTO MEPEMEHHbIE NMPUPALIEHHS AX; CBA3AHBI COOTHO-

LHEeHUAMHU

S Bax, =0, i=1,2, .., m, (10.16)

j=1 ox;

NOJNyYeHHBIMH TIyTeM anddepeHUMpoBaHUs ypaBHeHHWH cBsiau. Pac-
CMOTDHUM IPHUMED.

D> 10.3. Haiith nauGonbinee u Hau-
MeHblliee 3HaYEHUS GYHKUHH
z=9x7 +4x} +x2 - (3xf +2x3 + x2)
TPU YCNOBUM, YTO X], X3, X3 YHOBJIE-
TBOPSIIOT YPABHEHHUIO

xt+xtext=1

Pemwenue. YpaBHeHue cBs3u

onpenensier B IMpocTpaHcTBe céepy | !
EIUHUYHOTO paguyca ¢ HEHTPOM B | !
Hayase koopauHat (puc. 10.2). Tak | ,'
Kak cdepa — 3aMKHYTOEe OrpaHUYeH- X,

HOe MHOXEeCTBO, TO COIJIACHO Teope- Puc. 10.2
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Me Beiiepiitpacca dpyHKLMS JOCTUraeT HA Heil CBoero Haubosbilero y
HAMMEHBUIErO 3HAYEHMUIN.

Heobxonnmo HalTH YCIOBHLIM IOOAIbHBIN 3KCTpeMyM. 3anuiliey
ypaBHEHHe CBA3M B BUAE: X[ + X2 + x3 — 1= 0.

CocraBuM ¢dyHkuuio Jlarpanxa:
L(X;, %), %3) = 9x7 + 4x2 + x} — BxE +2x3 + x3)? + MxE + %2 +x3 - ).
HaiigeM yacTHbie Mpou3BogHbBIe 310l (GYHKLMHU IO X, X3, X3, A .
LX'1 = 18x, - 2(3x2 + 2x2 + x})6x, + 2Ax,,
l,('2 = 8x, — 23x2 + 2x3 + x})4x, + 20xy,
Ly, = 2x; = 23] +2x3 +x3)2x; + 2x;3,
L, =xt+x}+x}-1
IpupaBHAB YaCTHBIE NIPOU3BOAHBIE HYIIO, MOJIYYUM CHCTEMY:
x,((9+2) - 6(3xE +2x} +x7)) = 0,
x((4+2) - 43x2 + 2x2 +x2)) = 0,
x3((1+2)~ 203xE + 2x3 + x32)) =0,
xt + x% +x¥=1
Peiliag cucremy, MOTYYMM cTallMOHApHbIe TOYKH, B KOTOpHIX Hai-
JieM 3HaYeHUst PyHKLNH Z:

Lx=x=0x=21 = z=0.
26 =0;x=2; x;=0 = z=0.

3.xl=:tl; Xy = X; =0 = z=0.

| 1
4. =0, x=x;=t—= = z=—.
1 2= X3 > 2

1 1
5.xl=i—"; X2=0; X3=i—— = Z=1.
V2

V2

6.xl=x2=i—1—; =0 z=%.

7
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BeibepeM M3 Bcex 3HadeHUi z HaMOONblLIEe M HAUMEHBLIEE: Zyaus. = 1,
a Zuaum. — 0. Jlerko BuaeTs, B kakux Touykax cdepbl LOCTHralOTCA 3TH
3Ha4eHus. p

Eciu umcno nepeMeHHbIX # = 2, HEJIMHEIHbIE 3aJa4yd MOXHO pe-
waTh reomerpuyecku. OrpaHdyeHus JONXKHB! ObITh 3allUCaHBI B BUAE
HEPABEHCTB

Q;(x;,x))< b, i=12,....m, (10.17)

a ueneBast GyHKUNSA UMETH BUL
2= f(xl,X2). (10.18)

Kak ¥4 B cnydyae TeOMETpUYECKOro pellleHds 33Jay JIMHEHHOro
NPOrpaMMHUPOBaHHS, CHayala HEoOXOAMMO MMOCTPOUTH obJiacTb OMyc-
TuMbIX peutennii (O[1P) — MHOXeCTBO TOYeK MIOCKOCTH, YIOBJIETBO-
pstowmx HepaseHcrBaM (10.17). Ho B ornmuue or 3agay auHelHOro
nporpaMMmupoBaHus 3aece OJIP He obs3arenbHo OyAeT BHIMTYKIOH M
MOXET ObITb Haxe paspbiBHOH. DKCTPEMYyM (YHKLIH MOXET HOCTH-
rarbCs M BHYTpH 00JiacTH, M Ha TpaHULE.

IMocne nocrpoeuns OJ/IP cneayer 3amucars YpaBHEHMS JUHUH
ypOBHS 1eNeBoil PYHKLMM — MHOXECTBO TOYEK IMJIOCKOCTH, B KOTO-
pbix uenesasi ¢pyHkuusa (10.18) mocrosHHa: f (x|, x3) = C, u ompene-
JUTb HampasfieHHe Bo3pacTaHus (yOblBaHMsA) UeNeBOM YHKLMH, MMO-
CTPOMB, HaNlpUMep, JIMHUHU YPOBHA Ul pa3HuiXx 3HaueHdil C. 3areM,
nepeMellasl JIMHUIO YPOBHSA B HYXHOM HanparieHuu B OJIP, Haiitu
TOYKU 00iacTH, B KOTOPBIX LeneBasi GYHKIMA MPUHUMAET ONTHMAIb-
HOE 3HaYEHHE.

> 10.4. Haiiru mamGonbiume sHaueHus GyHKumd z = 2xt ~x, npu
OrpaHHYEHUAX
X -Xx; <2,
X, <4,
Tx+x—xx, 20,
x 20, x,20.
Pemenue. OIP (puc.10.3) orpaHnyeHa NpaMbeIMUH X| — X = 2,
X2 = 4, ocamu KoopauHar x; = 0, x = 0 u runepbonoit x| + x —
I
-1

~ xyx; = 0, ypaBHeHHE KOTOpOi MPHBOMUTCS K BULY X = 1+
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JIuHUM ypOBHS UeNEBoj
by — 2x¢ - x, = C.
dna pasHelx 3HaueHuit C
rpaduKoM ypaBHEHHST X; =

= 2x12 - C sBisercs napa-

Gona ¢ ocbl0 CHMMETPHUH,
COBMaJalollenl ¢  OChiO
OpIUHAT.

Mpu =0 napa6ona npo-
XOIUT Yepe3 Hayalo Koop-
muHar. Ilpn C > 0 napa-
O0OJIBl  CABUTAIOTCA BHM3.
Iepememass B HampasJie-
Puc. 10.3 - HHAHA BO3pacTaHus, 10y~
YUM, YTO JIMHUHM YPOBHS

mokupator OJIP wuepes Touky X mepeceueHus Trunepbossl

x, =1+ 1 1 IpAMOH x; — X, = 2.
L -
Peias cucreMy, cocTaBlieHHYIO U3 3THX IBYX YpaBHEHMH, MOMYYUM

xl' =2+ \/5, x; =42, X = (\/5+ 2;ﬁ). [MostoMy  zp,, =

=242 +2)? =2 wwm z,,, ~219.»

TpyaHocTH NMpUMeHEHMs1 KIACCUYECKMX METONOB ONTHMMH3ALUU
yxe otrMmevaiauch Belile (c. 10). ITosromy paspaboranbl nmpubnnxeH-
Hble METOIbl PELIEHMS HENMHEHHBIX 3aJay MporpaMMUpPOBaHMS,
0co0EHHO MJIOZOTBOpPHbIE I HEKOTOPHIX KJIaccoB (GYHKLUMH, Ha-
NpUMep, IUISL BBIMYKIBIX (BOTHYThIX) YHKIMIL, paCCMOTpeHHle B
clenyoluei rase.

YITPAXHEHHA

B 3amavax 10.5—10.7 HaliTH NOKAIbHBIA IKCTPEMYM CIIENYIOLIMX
byHKuMiA.
10.5. z=x*+y’ - 3%y

10.6. z = x’y2(12-x-y), x>0, y > 0.
107 z=x>+xy+ 2 +x-y+1
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B zamauyax 10.8—10.12 Haiitu mnoGaneHelil 3KcTpeMyM (Hanbonb-
€€ ¥ HauMeHbliiee 3Ha4eHus1) PyHKUMHU z B obnacTH pellenuii cuc-
TeMbl HEpaBeHCTB (MM HepaBeHcTBa). [laTh reoMeTpuyeckoe pelile-
HHE.

10.8. z =3x, + x, 10.9. z=x*+y2 - 2x - 10y + 26
x2 + x? < 40, X — 2xy 2 -4,
xt +x} 24, 5x; + 2%, < 20,
520, x,20. 20, x,20

2.2
10.10. z = x? +2x, - 3 10.11. z=¢ 1 T2 (2x7 +3x3),

2., .2

xi +x5 <10

O ’ xt+x? <4
20, x20

10.12. z = x;x;,
0<x <3,
2x1 + X < 8.
B 3agauax 10.13—10.15 HaiiTi ycioBHbIH 3KCTpeMyM QYHKLHH Z ©
MOMOLLBIO METOA UCKITIOUEHHUS.
10.13. z = x,2 + x22 npu x; + x = 1.
10.14. z = x2 - x3 B obnactu x? + x2 <16 npu x; — x, = 4.
10.15. z = 3x +2x2 - 3x, +1 npu xt+x? =4
B 3agayax 10.16—10.19 Halith ycnoBHbIM 3KCTPEMYM C NOMOLIBIO
Merona JlarpaHxa.

10.16. z = x;x, npu x2 +x% =2
1 1

10.17. z=x,+x, mpu —+—=1
xl X3

10.18. z=—l—+—1- npHu —12—+—1-2-=1
X X X X

10.19. z=x} +x3 npu x, +x,=2, % 20, x; 20.
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MOJEJIA.-BBIITYKJIOTO
IIPOTPAMMUPOBAHUA

PaccmorpuM 3agayy HenuueiiHoro mporpammupoBanus (10.1) u
(10.2) npu ycnosumu, uyro byHkuu fu ¢, (i =1, 2, ..., m) ABIAOTCA
BBINYKJIBIMU. BBeneM HeoGXomnMbie MMOHATHS.

11. 1 IIponsBoaHas o HANPABICHUIO M IPAJTUEHT.
Boinykiibie pyHKuMu

IIpouseodnoii Z—Iid)yuxuuu F(X) = F (xy,..., x,) no nanpaenenuio l ¢
mouxe X nasvieaemcs npeden

oF _ . F(X + ) - F(X)
ol A—>+0 A

Hanpaenexue / o6p14HO 3anaetcst BektopoM /= (1}, ..., I,).

Ecnu ¢pynkuma F auddepeHumpyema B Touke X, TO oHa MMeeT B
9TOi TOYKE MPOM3BOAHYIO IO JIOOOMY HampaBleHHIO /, KoTopasl Bbl-
paKaeTcsl Yepes YacTHble MPOM3BOLHBIE MO hopMye

oF 1 &, oF
ﬁ_mg” ox;

rae |/ | — wnuna Bextopa /, Te. |I]= I+, +12.

ABCONIOTHAS BENMYMHA NPOU3BOAHON MO HANpPaBAEHUIO Na€T CKO-
POCTH U3MeHEHHUs1 QYHKIIMU B ITOM HalpaB/IEHWH, a 3HAK [TOKa3hIBaeT
Xxapaxkrep U3MeHeHMs GYHKUMM (BO3pacTaHUe WM yObIBaHUeE).

(1L.1)
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Ipaduenmom V F gyynxyuu F (X) = F (xy,..., X,) Hazvieaemcs 6exmop,
npoexyuamu Komopozo Ha KoopOunamHvie OCU CAYHCAM COOMEEMCMEyio-
wue 4acmHusle npou3eodHbie, T.e.

VFz[ei,_a_ﬂ,.,_,ij_
ax, aX2 ax”

oF
MoxHo nokasatb, 4TO max(—a—l— JOCTUraeTcs TOraa, Koraa Ha-

npasaeHue / cosnagaer c¢ HampasienuemM VF. [lo cdopmyne (11.1)
npou3pofHas GyHKUMH F No HanparieHHIO rpagMeHTa VF paBHa

oF 1 ~~0F OoF
VF) |VF| 2

— —=|VF|
— ox; ox;

Takum obpasoMm, B Kaxnoii Touke X Hanpaenenue epaduenma agasem-
ca HanpaeneHuem Hauboaviliezo 03pacmanus gyHKyuy, a NJIAHa TpAaUEHTa
paBHa Haubombluel CKOpOCTH BO3PacTaHUS PYHKUMHM B 3TOM TOUKE.
11.1. Haititu HauGoybulyld CKOPOCTHb BO3pacTaHus GYHKLUUU
F = xpx3x3 + 2 x3 B Touke A (0; 1; 2) n onpenenuTsh xapakrep H3MEHe-
HUA 5Toit YHKLUMHU B Touke A B HanpasneHun [ = (1; —2; 2).

oF oF
Pewenne. Tak kak — = xyx3, —
axl 6x2

VF = (XyX3, XX3, XXy +2) # VF[A =(2; 0; 2). Takum obpasoM,

Haubosbluasi CKOpocTh BO3pacTaHus (GYHKUMM B Touke A paBHa

IVF‘A=\/4+0+4=2~/5. Nanee |l|=+1+4+4=3 u oF

all,

oF
= X X7, —— = XXy + 2, TO
1X35 1%2
ax;3

=l(1-2+(—2)-0+2-2)=§:2. Tak kak of] >0, dyHKuMa F B
3 3 all,

Touke A B HanpaBjieHUn / Bo3pacTaer.p

HamoMuum (cm. pa3a. 2.2), 4To MHOXECTBO TOYEK HA3bIBAETCH 6bi-
RYKAbIM, €CTTU OHO BMECTE C JIIOOBIMU CBOMMH [IByMs TOYKaMH COAEp-
XHUT U BECb OTPE3OK, COEAMHSIOINNI 3TH ToukH. Ecau [a,h] — orpesok
Ha yKcaoBO# NpsAMOH M X e[a,b], TO, Kak IokKaszaHo B pasa. 3.1,

x=oaa+(l-a)h, 0<a <] um

x=a@a+oh, oy+a; =1 0,20, a,20. (11.2)
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HerpyaHo Buaere ¥ obparHoe: ecnu Beinonuserca (11.2), Tto
x e[a,b]‘ TakuM obpa3oM, OTpe3oK [a,b] MOXHO OMNpENeNuTh Kak
MHOXECTBO BCEX TOUYEK X, yHROBIAeTBOpsoMX yciaoBuo (11.2). Torna
BBIMTYKJIOE MHOXECTBO — 3TO MHOXECTBO, KOTOpOE BMECTe C J1I0GOI
Mapoil CBOMX TOYEK @, b CONEPXMUT M BCE TOYKM X, M KOTOPBIX Bbi-
nonusiercst (11.2). DTH onpeneneHUs oTpe3Ka M BBIMYKIONO MHOXECT-
Ba COXPaHAIOTCA Ul cilyyas, Korga a, b, x — TOYKH n-MEpHOro Ipo-
CTpaHcTBa (rme omepaumu B paBeHcTse (11.2) BBIMTONHSIOTCS MOKOOp-
IMHATHO).

Hcxonst u3 pasencrsa (11.2), o MHAYKIMM MOXHO ITOKa3aTh, 4To

.
ecit M — BBINYKIOE MPOCTPAaHCTBO, TO ZI,Xi eM mia  mobex
i=

Todyek Xj,...,X, e M wn moObbix NeiCTBUTENBHBIX Yucen ¢; > 0, ynos-

,
JIETBOPAIOLIMX YCIOBMIO ZI,- =1
i=l
Dynxyus KX) = Kxy,..., x,), onpederentan Ha 6binyKAOM MHONCECH-
e6e M n-mepHozo npocmpancmea, HA3bI6QeMCA GLINYKAOW HA 3MOM MHO-
ocecmee, ecau

F(aX, +(1-0)X,) < aF (X)) + (1 - o) F(Xy) (11.3)

ons mobbix mowek X, X, € M u aobozo wucaa o €[0}].

A
Fx)

AN

o!l- X X=aX+(I—a)X, X x

Puc. 11.1
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Ecnu B ycnosun (11.2) u3MeHUTh 3HAK HepaBeHCTBA < Ha >, TO
NOJYy4YnM onpenenerne goeHymoti yHkunu. Ecnu xe B yenouu (11.3)
HEPaBEHCTBO BBIITOJIHAETCA KaK CTporoe, To (YHKIIMS Ha3blBaeTcs
cmpoeo 6binyKAol (WU cmpozo 602HYmoi).

Ha puc. 11.1 nszobpaxed rpadpuk ¢yHKIMM OGHOM NEpeMeHHOI,
BLINYKJIO Ha Bceil YMCIIOBOI NpsIMOM.

Insa nwoboit napel X|, X, 3HaUeHU# apryMeHTa MPOU3BOJIBHYIO TOY-
ky XelX,X;] (em.  (11.2)) MoxHOo 3amaTb B BUAE

X =aX;+(1-a)X,. Kak BunHo u3 puc. 11.1, HepaBeHcTBO (11.3)

03HAYaeT, YTo OTPE30K, coenuHsaouIMi Toukn (X;; A(X))) u (X3; AX))
pacrmojyioXeH He HUXe rpapuka ¢GYHKuUMM Ha 3TOM YyYacTKe (st
CTPOTO BBIMYKJIOH (YHKUUM ITOT OTPE3OK JIEXHUT Bbillle rpaduka).
TakuM 06pa3om, BbIMYKIOCTh WJIM BOTHYTOCTb PYHKIMM OJHOH mMepe-
MEHHOI Cpa3y Xe BUIHA MO ee rpaduky.

P> 11.2. YcTaHOBUTH BBIMYKIOCTb {BOTHYTOCTB) (QYHKLMIA, NpUBEAEHHBIX
Ha puc. 11.2.

Vi yl} yﬂ
y=x1 y=e'
V), _ e R
. / \‘ x == J\ . X 0
y=—x' y=—¢
Puc. 11.2

Pemenne. OyHkumn y = x> u y = ¢* SBISIOTCA BCIOAY CTPOrO
BBIMTYKJIBIMH, & y = In x cTporo BorHyra Ha uHrepsale (0,0). MOyHK-

uus y = x(x —3)> He ABIAETCA HM BHIMYKION, HA BOTHYTOH Ha BCEMl
YMC/I0BO} MpsAMOMH, HO To4YKa X = 2 pa3buBaeT ee HA [Ba YYacTKa: cJie-
Ba OT 3TOi TOYKM OHa BOTHYTa, CIpaBa — BbINYKIa (puc. 11.2).p
PaccMorpuM cpoiictsa Beinykiabix ¢yHKuuit. Bce paccmarpusae-
Mble YHKUMM NMpenNoJaraloTcs onpeneeHHbIMH Ha HEKOTOPOM BbI-
Nyknom MHoxectse M. CpoiicTsa npusoaarcs 0e3 JOKa3aTensCTs, HO
MHOrMe U3 HMX JIerKO MpoBepsioTcss mo omnpeaeneuuio (11.3) u mna
yHKumit onHON MepeMeHHOI WITIOCTPUPYIOTCS IpadpuKaMu.
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Anzebpauveckue u anaaumudeckue ceolicmea 6biNyKAbIX YHKYULL

1. Ecnu ¢yskuna F (X) seinykia, To ¢yukuua —F (X) Boruyra.

2. Oyuxums F (X) = C u nuneitHas oyukuusa F(X) = aX + b gg-
JISIOTCS BCIOY BBHIMYKJIBIMH M BCIONY BOTHYTBHIMH.

3. Ecan dyuxiuu F; (X), i = 1, ..., m, BHIYKIB, TO NpU JHOOBX

m

ReHcTBUTENbHBIX YUcHax o; 2 0 ¢yHKuMs Zaif}(X ) TaKxke siBis-
i=1

€Tcs BBIMTYKIOH.

4. Ecnu ¢yHkuusa M X) Beimykia, To wis moboro ydcna o obiacts
pelllennii HepaBeHcTBa F(X) < oo sBisieTcst 1M6O BBIMYKIBIM MHOXe-
CTBOM, JIUGO MyCTBIM.

OTMeTHM CNENCTBUS CBOMCTBA 4 U TeopeMbl O NEPeceYeHUU BbI-
TYKJIBIX MHOXECTB.

5. Ecnu ¢dyHkumM ¢;(X) BbIMyKIble NMpHM BCEX HEOTPULIATENBHBIX

3HaYeHMUsAX MepeMeHHbIX, To 00JacTh pelueHuil CUCTEMbl HEPABEHCTB
0;(X)<b;, i=1, .., m ABIsAETCA BBIMYKIHIM MHOXECTBOM (ECIU OHa

HE MycTa).

6. Brinyknasg (BorHyras) QyHKUMA, OMpeneNeHHass Ha BLITYKIOM
MHoXecTBe M, HelpepblBHA B KaXIoH BHYTpEHHEH TOYKE 3TOro MHO-
XKECTBa.

7. Besakas muddepeHuupyeMass CTpPoro BbIMYKIass (BOTHYTas)
byHKIMA WMeeT He Gojee OfHOM cralMoHapHOH TOYKH (T.e. TOUYKM, B
KOTOpOii paBHbI HYNIO BCE YacTHble mpou3BogHble). IIpu atom mnsa
BBIMYKJOH (BOTHYTO#) QYHKUMM CTAllMOHApHAS TOYKA BCerna ABJIsAETCS
TOYKOH JIOKAILHOTO M IN00ATHLHOT0O MUHUMYMa (MakCcuMyMa).

8. Hsaxnnl nmuddepeHunpyeMas bynkums FHX) = Fxi,..., x,) 9B-
JIsieTCsl BBITYKJION B TOM W TOJIBKO B TOM cJiyyae, KOraa

n o n .
332 peax; 20 (11.4)
in1 i O%i0%,

s mobeix X e M wu Ax;, Ax;, He obpawaiolMXcs B Hy/b OHO-

BPEMEHHO.

UYToOBl HCIONB30BATh 3TO YCJIOBME IUISl ONpEAENCHUS BBINYKIOCTH
KOHKpeTHO#H ¢yHKUHMH, YacTo ObiBaeT NojeseH Kpurepuit CusibBecT-
pal: ycnosue (11.4) BolmosHsieTcs ToTda M TOJNBKO TOTAA, KOTHa He-

! Cunbectp Jx. (1814—1897) — aHmmiicKuii MaTeMaTHK.
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OTPHULATENbHBl BCE€ ITaBHBIE MMHOPBI A, MaTpulbl BTOPBIX YACTHBIX
MMPOU3BOIAHBIX, T.€. ONPEACTUTENHN

Gy Gy ... Gy
ayy Ayy ... Gy d*F(X)

B = ORI e A ox;0x ; » k=L (113)
Ay G2 - O

Ecau Bce A, > 0, To HepaseHcTBO (11.4) BBIMONHAETCS KAaK CTPO-
roe, U Torna GpyHKums F aBasercs CTporo BBITYKJIOH.

> 11.3. ITokasare, yTo ciepyiounne GyHKUHUU ABNSAIOTCH BBIMTYKJIBIMH:
a) F=2xt+x}-xx,+5% - 6x;,+8;
6) G = ‘—"xle .
Pewenue. a) HaxonuM yacTHble MPON3BOAHBIE: g)—f— =4x; ~ X3+ 35,
1
2 2 2
oF _ 2x; ~ x; — 6, _6__12‘:___ 4, ~a—F—=—1, —a——fz—z 2. Marpuua Bro-
ax, oxi 0x,0x, ox;
4
-1
MuHopel A;=[4|=4>0, A;=|4=7>0. 3Hauut, Ha OCHOBaHMM

-1
PBIX YACTHBIX NPOHU3BOIHBIX HUMEET BUI A =( 9) Ee rnaBHble

cBoiicTsa 8, PyHKIMs F ABJIsSETCA CTPOTO BBIMYKION MpH Beex X.

6) 3aecs 20 oG _ G x ¢ _ 1
x] 2“’x1x2 axz 2-‘/x‘x2 ’ axlax2 4-‘/xlx2
0'G  -x, -%' x} 1 |x, 2G 1 [x
Eeal (U K brame dab e N v oy
1 4(xlx2)2 1 1 x2 2 x2

Mannua BTOPBIX HAaCTHBIX ITPOU3BONHBIX UMEET BUI:

1 |x, 1

4x ¥ x Wxixg | o 1 xn

A= ’ - *
L L [s|" " 4nyx
4 ’xl_x2 4x2 X5
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Ay =A=— L g

16x1x2 N IGX]X2

Taxum oOpaszoM, G ABIAETCS BHITYKJIOH, HO He CTPOrO BBITYKIION
dyukuneit npn x; > 0, x; > 0.p

11.2. 3apaya BHIDYKJIOr0 HPOrpaMMHUPOBAHMS

HYCTb JaHa CUCTEMa HEepaBCHCTB BHIA

(Pi(xl,xZ,...,x") < bi’ = 1, ey m (11.6)

U pyHxkumUs
Z =f(xl,X2,‘.‘,x"), (11.7)

npuyeM Bce GyHKuMM @;(X) sBISETCS BBIMYKIBIMH HA HEKOTOPOM

BbIMYKJIOM MHOXecTBe M, a GyHKMsa Z n1ubo BulllyKia HA MHOXECTBE
M, nubo BorHyTa. 3adaua ewinyxaozo npoepammuposarus (BII) cocmoum
6 OmbICKaRUU MaKoeo peluenus cucmemyi oepanuxeruii (11.6), npu xomo-
PoM Ueneean (yHkuus Z docmueaem MUHUMAABHO20 3HAMEHUs, UAU 60-
enyman ynkyus Z docmueaem MaxcumanbHozo 3nawenus. (YcioBus
HEOTPHULATEJbHOCTA MEepeMEHHBIX MOXHO CYUTaThb BKJIIOYEHHBIMU B
cucremy (11.6)).

Beuny csoiictBa 3 (pasn. 11.1) Bcaxas 3agaya JMHENHHOTO [po-
rPaMMMpOBAHUA SBIAETCA YAacTHBIM ciiydaeM 3agaun BII. B obGuiem
ciyyae 3agaud BIl ssasiorca 3amayaMu HElMHEHHOTO MpPOrpaMMMpo-
Bauus. Boinenenue samau BIT B cmeumansHblit kiacc oGbsicHseTCs
JKCTPEMAIBHBIMU CBOMCTBAMM BBINMYKIBIX PYHKLMI: BCAKMIA NOKIb-
HBI# MMHUMYM BBINYKJIO# PYHKUMHU (NOKATbHBIH MaKCUMYM BOTHYTOMH
YHKIMHN) SABISETCS ONHOBPEMEHHO U IMOOATBHBIM; KPOME TOTO, BB~
Iy cBoiicTBa 2 BHINMyKJIas (BOTHYTas1) ¢yHKUMS, 3aAaHHAs Ha 3aMKHY-
TOM OrpaHHMY€HHOM MHOXECTBE, JOCTMIaeT Ha 3TOM MHOXECTBE IJIO-
OanpbHOro MakcHuMyMa W miobanbHOTo MHHHMyMa. OTCiofa BBITEKaerT,
YTO ecau yene6as QyHxuus Z a64semcs cmpozo 6vinykaou (cmpozo 60-
eHymoll) u ecau obaacmb peuwleruii cucmemdl ozpanudeHuli He nycma U
ozpanuvena, mo 3ada4a BII eécezda umgem eduncmeennoe pewenue. B
3TOM CJlyya€ MMHUMYM BBINIYKIOH (MakCHUMyM BOTHYTOH) (YHKIMH
NOCTUTaeTCsl BHYTPU 004acTU pelIeHUH, €CIu TaM HUMEETCS CTaluo-
HapHas Toyka, WIN Ha rpaHMLE 3TOU 00JacTH, eclNu BHYTPU Hee HeET
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craumnoHapHoit Touku. (B obiueM ciaydae MOXHO yTBepXAaThb JIULIb,
yTo MHOXECTBO ONTUMANBHBIX pelleHuit moboit 3amauu BIl sisnstercs:
BBIMYKJIBIM MHOXECTBOM).

P 11.4. TeomeTpuyecku peuuTh cienyiolnyio 3anayy BI1: HailTu MuHU-

myM dyHKUMKn Z = 2+ (x; — 1)? + (x; — 1)* npu orpaHuyeHusx:

xt+x3 <4,

x; < 2x,,

PeweHue. Crpoum o61acTb JOMYCTUMBIX pellleHH gaHHOi 3a-
Jayu:

a) x,2 +)c22 =4 — OKPYXHOCTb C LIEHTPOM B Hayajle KOOpAUHAT U
panuycom R=2. (puc. 11.3). ObOnacrp pewmeHuil HepaBeHCTBA
x} +x? <4 cocTouT U3 Touex, NeXaluX BHYTPH ITOM OKPYXHOCTH M

Ha Hel camoii;
6) x) = 2x, — npsMas, KOTOPYI0 MOXHO [OCTPOUTb, Hanpumep,

no toukam (0; 0) u (2; 1). OGnacTs pelieHNil HEpaBeHCTBA X < 2Xy —

MOMYIIOCKOCTD, JeXallasd Hag 3Toi NpsMoit, BKIoyass U caMmy Ips-
MYI0;

B) Xx; = 2x, — [psiMas, KOTOpasl CTpOUTCs, HallpUMep, MO TOYKaM
(0; 0) u (1, 2). ObGnacTb pe-
IIEHUHA HepaBeHcTBA X, < 2x,
— IOJYIUIOCKOCTb, Jiexalias
Moj 3TOH MpAMOM, BKIoYas U
caMmy npsmyio. Takum obpa-
30M, C YYETOM YCJOBHI HEOT-
PULATEIbHOCTH [epeMeHHBIX,
0o65acThI0  AOMNYCTUMBIX pe-
IeHWi AaHHOM 3a;ayu ABASA-
eTcsl 3aMKHYTHIA cekTop OAB
(puc. 11.3).

Tenepb MocTpoUM JHHHIO
ypoBHsi dyHKuMu Z U ompese-
JIUM HarpasieHue yObiBaHus
Puc. 11.3 Z. Bce AMHNU ypOBHS WMEIOT
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ypasrenne 2= C, Te. (x,-1)>+(x;-1)> = C-2 Tpu C = 3 nony.
yaeM JMHHMIO ypoBHs (X, —1)2+(x,—1)? =1 — 3T0 OKpYyXHOCTH ¢
ueHtpoM B Toyke Oy(l; 1) u paguycom R = 1. SIcHo, YTO B JI0Goj;
TOYKE 3TOH JUHUM YPOBHS NMpPH MepeMEUICHUN OT LEHTPa OKPYXHOCTY
O, byHKUMs Z BO3pacTaeT, a NPY [epeMellieHHU K LEHTPY — yObiga-
eT. Takum o6pasoM, MuUHUMYM Z jocturaercs B Touke (I; 1),
Z in = 2 (HetpyaHo ybenuThbest, yto Touka (1; 1) sBasercs crauuo-

HAPHOM TOYKOH GYHKUUHU Z ).

11.3. IIpudamkentoe pemenue 3a1a4
BBIITYKJIOrO NPOrpaMMHPOBAHUS
METOJ0M KYCOYHO-JHHEHHOH annpoKCHMAIUH

Oyuxuuag XY = FXx,..., X,) Ha3bIBaeTCa cenapabesvHol, ecau ee
MOXNCHO npedcmasume 6 Gude CyMMbl (DYHKUUL, KAXO0as U3 KOMOopbx
3aeucum moavko om 00HOU nepemenHod, T.e. eciiy

F(X) = F(x)+ F(o)+. 4+ F,(x,), w F(X) =" F(x) (11.8)
i=1
(He uckmoyeHo, yto F;(x;) = 0 Mpyu HEKOTOpLIX { ).

IycTs B 3amave BII (11.6), (11.7) u dyHKuMA Lenu Z, U BCe OrpaHu-
YeHMs @; SIBIAIOTCS cenapabenbHbiMy. Torma 3amaya uMeeT Bul: Halimi

n
MUHUMYM BbINYKAOH (MaKcumym — 6oeHymou) dyuxuuu Z = Z Si(x;) npu
J=
0DAHUYEHUAX

> oy) S by i=1, . m. (11.9)
Jj=1

Wnes Metoga KyCOYHO-IMHEHHOMN anlpOKCUMALMKU COCTOUT B TOM,
YTO Bce f; ¥ Bce @; 3aMEHSIOTCS JIOMAHBIMU JIMHUAMU, COCTOSAIMMA

U3 npsAMONUHEHHBbIX oTpe3koB. [Ipu 3ToM ucxonHas 3amaya BIT zame-
HseTCsl HOBOl, MpUGIMXEHHOM 3ajayell, koTopas sBigeTcs 3azayci
JMHEHHOTO NpOorpaMMHUpPOBaHMg. JTta 3alaya pellaeTcss oObYHO CHUM-
IUIEKCHBIM METOAOM, U ee pelleHue SBIAeTcs NMPUOINXEeHHBIM pelle-
HUEM UcxoaHoH 3amayu BII.
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h(x)]
iz(x)
he B
1
X~ 0 X Xe o Xin x—a X'
Puc. 114

s rnocrpoeHust npubauxeHHOH 3anaYyd PacCMOTPUM KYCOYHO-
JUHEHAHYIO alnpoXcuMaiulo yHKIHMHM OXHOH MepeMeHHo# A(x), 3a-
naHHo# Ha orpeske [0, a]. Pazo6beM 3TOT OTpe30K Ha r YacTeil Toyka-
MU Xy < X} <...< X, Tak, 4Tobsl x5 =0, x, =a (puc. 11.4). Beruuc-
UM 3HayeHus GyHkuuMM A (x) (k =0, ..., r) B atux toukax. Coenu-
HMM TNOMAapHO TOYKHU (X M) U (Xg+1; Py+)) OTPe3kamu npsAmMbix. Co-

CTOSILIAs M3 3TUX OTPe3KOB JIoMaHast A(X) annpokcuMupyeT QyHKUMIO

h(x) na ortpeske [0, a]. (He paccmarpuBast 3lechb OUEHKY TOYHOCTH
NPUGAWXKEHHS, OTMETUM TOJABKO, YTO TOYHOCTb MOXHO YBEJIMYUTb 34
cyeT Hosiee MeIKOro pasdueHUs OTpe3Ka).

YpaBHeHMe y4yacTKa JoMaHo#t A(x) Mexmy ToukaMu (X, Ay) u
h(x)-hy  x-Xx;
Py =B Xpg = Xk
Mo nByM Toukam). EciM Kaxmoe u3 OTHOLUEHWH B 3TOM paBeHCTBE
0003HaYUTDb Yepe3 A, TO MOMYUHM:

(xk+15 hs1) MMeET BUI (ypaBHEHUE MpsMOik

{ x = Mo + (1=, (11.10)

h(x) = My, + (1=,

Opuyem 0<A <1
OTMeTHM, YTO WISt KAKIOTO X € [X;,X;,;] CYIIeCTBYEeT eIUHCTBEH-

Hoe 3yayenue A, ymomierBopsiioniee yciaosusiM (11.10) (em. ypaBhe-
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Hue orpeska (11.2)). O6o3nauyuB 1-A =A;, L =Xi,,,, MOXHO Tepe-
nucarb (11.10) B Buge:

X = AXy + Mg X
- _ 11.11
{h(x) = Ml + Ml ( ‘

e Ay +Agg =1 A, 20, Apyy 20

(YpaBuenus (11.11) HasbiBaloOTCS napamempuueckumu ypagHeHUAMY
ompeska. Ecau h(x) = 0, To BTopoe U3 3THX ypaBHeHuit obpaiiaercs B
toxnectso 0 = 0, a nepBoe npuHumaer sug (11.2) — ypaBHeHue or-
pe3Ka, jexalero Ha ocy abcuucc.)

Takum obpasom, mis moboro x [0,a] ypaBHeHue JOMAHOR MOX-
HO 3anucarb B BUIE:

x= Zr: Xy,
k=0 (11.12)

Ay = Shh, She=1ur, 20(k=0,...r),
k=0 k=0

npHyeM Bceraa OTIMYHBL OT HYJIS TOJbKO [ABa 3Ha4eHus A, (eciu x

SBJIIeTCs] BHYTPEHHeil TOYKOM K-ro oTpe3ka pa3bueHus) wid OIHO
(ecnu x coBmajaeT c KOHLIOM OTpe3Ka).

Bosspaiasice x 3agaye BIl ¢ cenapabenbHbiMy QYHKLUSAMY, OTME-
TUM, YTO [pexXZAe Bcero (B 3aBUCUMOCTH OT CHUCTEMBI OTpaHUYEHUN)
HYXHO OIpENeNNTb MHTEPBAT WU3MEHEHMs KaXIOW MepeMeHHOH X
3arem Kaxbl#i 3TOT MHTEPBAI pasbuBaeTcs HA YACTH TOYKAMM Xj U C
ucroas3opanMem dopmyn (11.12) ctpoutcs KycoyHo-nHHeiHas an-
npoxkcumaums Wi Gyukunid f; u ¢, . [ocne atoro moxHo Wwist ucxon-

Hoii 3anayu (11.9) sanmucars npubIUXKEeHHYIO 3a1ayy:

~ n
HaitTh MakcuMyM yHkunK Z = ¥ fi(x;)
Jj=1

MpH OrpaHHYEHUAX i(ﬁ,-j(xj) <b,i=1,..,m. (11.13)
=l

x;20,j=1,..,n

[TockonbKy npubnuxenHasa 3agava (11.13) ABnsgercs 3agavewt Jau-
HEHHOro MnporpaMMHUpPOBaHUS U Mbl OObIYHO pEllIaeM ee CHMIUIEKC-
HbIM METOAOM, YCAOBHUS HEOTPULIATENbHOCTH [ePEMEHHBIX 3allUchiBa-
I0TCSl OTAEJBHO OT OCTAIbHBIX OrpaHuyeHui. OTaMyHe noaydeHHOH
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sagay (11.13) ot o6blyHOM 3amayu JUHEHHOro NPOrpaMMHUPOBAaHUS
COCTOUT B 10M, YTO IUIS KAXJOro X; UMeeTcst He Gonee AByX cOceaHUx
HEHYJIEBBIX A ; W, 3HAYUT, Helb3s OpaTh B KayecTBE OCHOBHBIX Iepe-

MEHHbIX 1B A ; C OAMHAKOBBIM j M HECOCEAHUMHU k. 3aMETUM TaKXe,

YTO LISt YCIOBUA HEOTPULIATEILHOCTH MEPEMEHHBIX CllaraeMbix f; (x;) u
0 (%) (ecnu TakoBble OKAaXyTcsl) KYCOYHO-IMHEHHYIO anMpoxcHMa-
1IN0 [IPOBOANTL, KOHEYHO, HE HYXHO.
> 11.5. Haittu munumyM obynkunn  Z = 2x, - 1)2 +(x, - 2)* npu
OrpaHyuyeHHUsIX

X]2+X2 34,
X 2 0,X2 2 O._

Peumuty paHHylo 3amayy MeTOJAOM KYCOYHO-
JUHeHHOM anIpoOKCUMALINU.

Pemenue. [lpexne Bcero pekoMeHIyeM
CaMOCTOSATEbHO YOenUTbcs B TOM, YTO AaHHas
3agaya ssnsercd 3agayeir BIT (ucnonbayiite
kputepuit Cunbsectpa, cu. 3anayy (11.2) Hanee, -
Puc. 11.5 Mpy YCJOBUH HEOTPULIATEIbHOCTU [EpPEeMEHHbIX
HEpPaBEHCTBO X12 + X3 £ 4 [10Ka3blBAET, YTO X

MOXeT U3MeHATbest Julib oT 0 go 2, a x; — ot 0 10 4 (em. puc. 11.5).

Ortpesok [0; 2] pa3obbem Toukamu xj9 = 0, xj; = 1, x;3 = 2, a orpe-
30K [0; 4] — Toukamu xy0 =0, x3; =1, x3p = 2, x33 = 3, x4 = 4. CpaB-
HUBas ycjoBHe naHHo# 3agayu ¢ (11.9), Buaum, yto

£i00) =205 = D2, f,0x6) = (x, - 2%

Yn0o6Ho cHayana BBIYUCIUTL HEOOXONWMble 3HAYEHMS 3THX (QYHK-

uMi (TaKk Kak MMeeM JIMIUb OJHO OrpaHUYeHue, T.e. m = |, OyneMm
NHUcaTb @; U @, BMECTO @ U @3).

X X0 | X111 | X2 X3 | X0 | X1 | X2 | X23 | X4
Xy 0 1 2 x| 0 1 2 3
A 2 0 2 hH 4 1 0 I 4

8 Uceae ominin ocpanuii
B 3KOHOMHKE
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.Ilo dopmynam (11.12) umeem:

2
X = lekxxk = A+ 24,
o k=0

s
4

X3 = D haeXap = Ay + hgp + 303 + 4hag,
k=0

2
0y = Z-qu’xk = Ay +4hy,
k=0

4
@2 = D Ay = Ay + 2hpp + 3hgy + Ak,
k=0

2
h= lekflk = 2hjo + 225
.. k=0

fH= ZA'Zkuk = 4hgy + Az + Ay3 + 4Ry,
k=0
Takum obpaszom, mpubmuxeHHas 3agaya (11.13) ans gaHHo# 3aga-
yy BIl uMeer BuA; HATH MUHUMYM GYHKLIMU

Z = 21[0 + 2%12 + 4120 + 121 + 123 + 4)'24

IPpH OrpaHHYECHUAX

}\.” +4)\.’2 +l2] +2l22 +3l23 +'4l24 < 4,
lio +l” +}\.|2 = 1,

Ay +Ay +hpy +Ag + Ry =1, BeeA; 2 0.

BTo 3a1a4a JTHHERHOTO POrPaMMUPOBaHNs ¢ 8 MepeMEHHbIMU A .

IIng pelleHUs ee CHUMIUIEKCHBIM METOLOM IIEpBOE OrpaHHYeHHe-
HEepaBEHCTBO HYXHO [peobpa3oBaTb B ypaBHEHUE [YTeM BBEAEHUS
IOMOJHUTENbHOW HEOTpPULlaTeNbHO! IepeMeHHONH, KOTOpylo 060-
3HAYUM U :

l” + 41,]2 + A‘21 + 214,22 + 31423 + 4124 +u=4.
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Toraa cucrema orpaHuyYeHU CTAHET CUCTEMOM Tpex ypaBHEHUH ¢
9 nepeMeHHbIMU, T.e. 3 mNepeMeHHble HYXHO B3fTb 3a OCHOBHbIE
(6epeM I, Ajg U Ly, TAK KaK OHU BXOHAT TOJBKO B OAHO YpaBHEHHE

Kaxaas), a ocTanbHble 6 gBisioTcst cBo6onHbIMU. Kax o6blyHO, Ha
KAXIOM LlIare pelieHUst OCHOBHbIE MepeMeHHble U (QYHKIUA LEeIH
BbIpaXaloTcs yepes cBOOOIHbDIE.
[ war.

U =4-=7j=4h 3 — Ay =24y — 3y — 4hy,

Ao =1=2ry =2y,

Ay =1 Ay =hy —Ry —Ay,

Z = 2(1—1“ —112)%—2112 +4(1—ﬂ,21 —122 —223 —/124)+
+A91 + A3 +4494 =6-2411 - 34y —449; - 3293.

Tak kak B BuIpaXeHHHM Z UMEIOTCS CBOOOAHEIE NepeMEHHbIE ¢ OTpUlia-
TeJbHBIMU Ko3dduumeHtamu, To | OasucHoe pelneHue HeONTUMAIb-
HOe (XOTH Y JOMYCTUMOE), U COMTACHO AITOPUTMY CUMILIEKCHOTO Me-
TOda A, CJeayeT MepeBecTM B OCHOBHbie IepeMeHHble. Haxonum

min{4/2; 0; 1/1} = |, BblIENsIeM TPETbE YPaBHEHHE U TIEPEMEHHYIO Ay

NepeBoINM B CBOOOIHBIE MTepeMEHHDIE.
I1 mar. OcHOBHBIE MepeMeHHbIE Ay, Ajg, U

Ayy =1=Ra =Ry —hy3 = Ay,
Mo = T=RAy =2y,
U=4-4-% -4y - Ay —2(1-Ay — Ay — Ay —Ay) = 3Ny —4hy =
=2=Nyy =4k + 2hgp + Ay = Mgy — 2h s,
Z =6-20 = 3hy ~ 4= Ry — Ay —Ag3 —Ayq) = kg3 =
=2-20 +4hyg + Xy + A3 + 4Ny,

ITT mwar. OcHoBHblE nEpeMeHHbIE Ajj, Ay, U

A =1-Rjp =4,
Ay =1-2yp = Qg — Ay ~Ay,
u=1+ lm "'31,]2 +2}\.20 + lzx - 123 - 2%24,

Z = 27\.]0 + 2112 + 4120 + 121 + 123 + 4124.

8+
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Kpurepuit onTuManbHOCTH CUMILIEKCHOIO METONa BBITONHEH, 3Ha-
yuTt Ha III ware noayyeHo onTUManbHoe GasucHoe peleHue:

Mi=Ap=u=1 Ag=kj3=Rhy =2y =Ay3 =y =0.
Tlepexonst K MCXOIHBIM EPEMEHHDBIM X;, X, TTOAYYaeM:
X = k“ + 2}\12 = 1, Xy = }\.21 + 2)\.22 +3l23 + 41,24 =2

TakuM 06pa3oM, ONTHMaNbHOE pelieHHe NpubIMXeHHOW 3aJayy
(1; 2) v Zyip = 0.0

MoxHo ObUTO Obi reOMETPHYECKH PELIUTbh UCXOOHYI0 3azady BI1 u
yOeIuTBECS B TOM, YTO ONTUMANIbHOE peEllleHHUe NMpUOIMKeHHON 3ajayy
B TOYHOCTH COBIANAET C ONTUMAIbHBIM PEILEHUEM HUCXOAHON 3amayM.
D10 coBnaieHue ciayyaihHoe. B obueM ciyyae nonay4eHHoe peilieHHe
SBJISETCS JIMIIL HEKOTOPbIM MPUOAMXEHHEM ONTUMANLHOIO pelueHus
MCXONHOM 3ajaqgy. YJyYUIMTb TOYHOCTb MPUOIMXKEHUS MOXHO, pas-
6uBasi Ha GoJiee MeJIKHME 4acTH yXKe He MCXOIHble OTPe3KH U3MeHEHHUs
MepeMeHHbIX, a ADYTHE, MEHbILIKE, B3ATbie B OKPECTHOCTH NONTYYEeHHO-
ro nepsoro npuOiaumxenus. Hemoctarkom Meroma ssasercss Gonbuioe
yBeJIHYEHHE Pa3MEPHOCTH 3aayy (T.e. YUCIA [epeMeHHBIX) Npy nepe-
Xole K npuOGanXeHHOR TuHeiHOH MoJenu.

11.4. Meroan crnycka. IlpubiamKenHoe pelneHue
3a/1a9 BHUIYKJIOrO NPOrpAMMHPOBAHUSA
rPAAHEHTHBIM METOJI0M

O6uias cxema pelieHHst 3aJay MaTeMaTHYyeckoro MporpamMmMuposa-
. HUA METONaMHM CIYCKA COCTOUT B NMOCTPOEHHH MOCNEN0BATENbHOCTH

Xo, Xiy oo Ky o (11.14)

pelieHUt CUCTeMbl OrpaHHYEeHHUil NaHHOW 3ajayu [0 cieaylolleMy
MPUHLKIY: B KadecTBe Xp BuiOMpaeTcsi, BooOLIe roBops, J106ad Touka
obJacTH pellieHMi M 3aTeM Kaxaas Mocjeayioulas ToYka I[0oaydyaeTcst
U3 npeablayuiei no gopmyie:

Xeo =X + M, (11.15)

rae / = (/|, ..., l) — HeKoTopoe HampasjeHue (T.e. BeKTop), a A —
yucno. Ilpy 3toM Hampamnenve / v “miWHa wara” A BLIOWpPAIOTCH
TaK, 4to6bl OBecreyuTh CXOAMMOCTEH INociaenoBareabHocTH (11.13) K

onTHManbHOMY peireHnio X . B obiieM ciayyae mpouecc MOMyueHHs
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rocaenoBatebHbIX NpubAnxeHnit X, 6eckoHedeH (¥ Torma HeEKOTOpoe
Xy, Oepercst 32 NpUOIMXeHHOE 3HAYeHHe ONTHMANbHOTO DelIeHHUs

X"), ONHAKO MHOTAA MPOLECC MOXET 3aBEpPLIMTHCS M 338 KOHEYHOE
Y0 1IAroB, MPUBOAY K JoKalbHOMY, a B 3agavyax BIl # rio6anbHo-
My ONTUMYMY.

oZ
Haxons npousBonHylo 1o HanpasieHUIo > Mbl MOXEM ONpene-

JISITb, ABASETCH W HaMpasieHue / “HeBBITOAHbIM” WIH “BbIrOIHBIM” B
cMbIC/Ie MPUOTHKEHUS K ONTUMYMY.

11.6. B 3amayve BIl nHyxHO HalTH MUHUMYM QYHKUUU
1

7 =

xl + 1 * x2 + 1
BasB 3a Xp Touky (1; 1), npoBepuTh, NpUGAU3IUMCSH U MBI K ONTHMYMY
no Hanmpasienuio: a) [ = (2; 1); 6) /= (—2; 1).
Pemwenue. INlo xkpurepuio Cunbectpa (11.5) HeTpynHo ybGenuThbces,
yro yHkuua Z spasercd Bbinykitoi npu x; 20, x, 2 0. Haxomum

oz 1 oz ___ 1 __ 3HAYUT, gg—(x\’o)=—l
ox,

x ()P B (p+DP 4’

oz 1
e K0 =-7

Mpy OrpaHMYEHMSIX: X; +X; <5, x 20, x, 20.

7
Ortciona, yuuTsiBas, 4to |/|=|/|= V5, o dopmyse (11.1) nonyyaem:

Zai- o (o1 (1) o

2ty 2 (D1 () e

Taxkum obpazoM, B HanpasleHUH ! dyHKIUSA Z yObIBaCT U 110 ITOMY
HarpaBieH1I0 Mbl MPUOIUXKAEMCS K ONTUMyMy, a B HafpasjeHud [
dyHKLMSA BO3PACTAET, T.€. Mbl YaansieMcst OT ONTUMyMa. P>

Tak xak nanpaeieHue rpagueHta VZ ueieBoil GYHKUMY SBIsieTCA
HanpasjieHHeM ee HAMCKOpeMiliero pocTa, To MpU OTHICKAHUU MAKCH-
MyMa BorHyroil GyHKUMH (MHHHMYMa BBINYKNO# HYHKLUKHU) B KayecT-
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Be / yacto Gepercss VZ (—VZ ) u toraa dopmyna (11.15) npuHumaer
BUIL

Xiw1 = X +A-VZ(X}), A > 0 (ecnu umiercs Znay)  (11.16)

WIId
Xiw =X —A-VZ(Xy), A >0 (ecnmn vwerest Zyip) (11.16)

MeTompl crycka, B KOTOPBIX UTepallMOHHAs [OC/e10BaTeNbHOCTS
(11.14) uaxogutcst mo ¢opmyne (11.16) (umu (1116")), Ha3bIBaIOTCH
gpaduenmuvivuy. [Ipyr oT Apyra OHM OTIMYAKOTCS crocobamu BeiGopa
JUTMHB] 11ara A U alropuTMaMy HaxXoXIEHHS! TOYKU Xp4), ecau X, Ha-
XOAMTCS HA rpaHuile obgacTu pelleHuit U ¢dopmyna (11.16) BbIBOaMT
Xy+1 3a npenesbl 3Toit obnacty. (Bbibop WIMHBL LIara A OYEHb BaXEeH.
Kak BuaHO u3 puc. 11.6, mepemelnasicb U3 TOYKH Ay B HanpasJeHHH
VZ , Mbl B HEKOTOPBIA MOMEHT MOXeM “MPOCKOYUTL” MHMO TOUKH JXj,
B KOTOPOMH INOCTHUraeTcss HWCKOMBIH MakcuMyM). Eciu BequuuHa A BbI-
6upaercss Tak, 4ToObl MpupameHie GyHKUHA AZ TpU MepeMeleHUn
U3 Toyku Xy B TOYKY X+ ObLIO HaubBoabiUMM (IPU OTBICKAHUU Zpyay)
WIN HAuMEHbIUUM (TIpY OTBICKAHUU Zp;;), TO [PAAUEHTHBIH METO. Ha-
3bIBaeTCs Memodom cKopeliwezo cnycka. Takum ob6pasoMm, M0 METOay
CKOpeilero crnycka MHa wara A B ¢opmyte (11.16) (wm (11.16'))
BbIOMpaeTcst Tak, 4TOOBI PU 3TOM A JOCTUTAICS 3KCTpeMyM (YHKUUY
AZ = Z(Xy,) - Z(X,) . (ObparuTe BHUMAHUE HA TO, YTO MPU HAXOX-
JeHUU TOUKH Xp4 MpeabiayLias Toyka X CYUTAEeTCsl yXe U3BECTHOI, T.e.
Z(Xy) v VZ(X,) sBuaoTcs MNOCTOSHHBIMH BeTWYMHaMH, a AZ —
dyHkuuedl onHoi nepemenHoit A ). IlpoauddepenunpoBaB QyHKLUIO
AZ c y4yetoMm BblpaxeHust X+ 1o dopmyse (11.16) u Bbipakenus rpa-

oz

IMeHTa B Touke X, VZ(X,)= (a——(Xk), (Xp),-- 0Z (Xk)] , mo-
l X

dAZ
Jy4MM, YTO HeoOXONMMOE YCIOBUe 3KCTpeMyMa —a— = 0 nmpumeT BUI

(Xk+]) (Xk) (X/H-l) (Xk)+

(11.17)
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EMy MoXHO mpuaate 60j1ee KOMIAKTHYIO HOpPMY, €ClIM HCIONb30-
BaTh CKAISAPHOE NMPOU3BeNeHHE BEKTOPOB:

VZ(X,.1) VZ(X,) = 0. (11.17")

(HanoMHuM, YTO CKAISipHOE MpPOMU3BeNeHME BEKTOPOB B MpPSIMOYTOJib-
HOM CHMCTeMe KOOpIMHAT paBHO CyMMe NpOU3BEIECHUH HUX COOTBETCT-
BylolIMX koopmuHar). Hanpumep, ecnu /= (2, ~1) u I} = (3, 5), T0
/-], =2-3+(-1)-5=1 CxanapHoe npousseneH1e BeKTOpoB paBHo 0
TOrIa U TOJIBKO TOLNA, KOCAa OHM OPTOTOHAIBHBI).

Ecnu onTumyM pocTuraeTcs BHYTPU OOMACTHU pelileHUH CUCTEMBI
orpaHuuYeHui AaHHoi# 3anaun BII, To Her onmacHocTH, 4TO Touka Xi4i,
HajigeHHas mo dopmyne (11.16) uam (11.16'), BelitneT 3a Npenesnnl
3Toil obnacTu, u IIMHY wWwara A onpexenseM no dopmyne (11.17) 6e3
KaKUX-THOO NOTONHUTENBHBIX OrpaHuueHuid. PaccMoTpuM mnpumepsl
pelleHns TaKMX 3ajad, a K Ciyyal, Korjga ONTUMYM HOCTUIEeTcsl Ha
rpaHulie obnactu, obparumcs nosgHee. Bmecto VZ(X,),VZ(X|) u

T.1. 6ynmeM mucatb VZ,,VZ,, ... . 3aMeTUM TaKxe, 4To Ui pa3iuy-

HbiX kK AnuHa wara A B ¢dopmyse (11.16), BooGlie roBops, pasnuyHa,
U VIS CTPOroCTH HYXXHO 6bUlo 6Bl mMUCaTh A, , HO 3TO cueiano 6bl

3aMUCh pelleHns Gonee rpOMO3IKON.
P 11.7. Hcnons3ys MeTon cKopeiiluero crnycka, HaWTH MakKCHUMyM

dyHkuun Z = 5-(x; - 4)? - (x, - 5)* npu orpanuyenusx:

X, ‘P X; + Xy < 10,
\ xl * Xy 2 1,
10 D\ x 20,x, 20
2
Pemwenue. Oyukuua —7Z as-
5 JIsieTCs BBIMYKJION MpH JIIOOBIX X, X
(npoBepbTe 3TO CAMOCTOATENBHO,
2 cm. (11.4) u npumep 11.2), 3HayuT,
no cBoiicTBy | BBINYKJIBIX (YHK-
2 _ uMit Z — BOrHyras ¢yHkuus M
0 1 4 10N )2 MO3TOMY €€ JIOKAJIbHBIII MaKCUMyM

coBnaznaeT ¢ rnobanbHeIM. O6acTh

Puc. 11.6 pClUeHUA CHUCTEeMBbl OrpaHUYEHHUN

NaHHOM 3ana4yu u3obpaxeHa Ha puc. 11.6 (xoTs, BooGILE roBops, ee
TocTpoeHKe Ui pellleHUs 3a1a4yid HeoOs3aTeNbHO).
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B kayecTBe ucxonHoit Toykn Bo3bMeM Touky Xj (1;2). Haiigem ya-
CTHbIE [TPOU3BOAHBIE QYHKLUU Z:

o7 YA
o4 _g_ 92 _10- 2%,
ax, 2%, ax, 10-2x,

3anuiueM ob1ee BeIpaxXeHUue IrpagueHTa

VZ = (8- 2x,); (10 - 2x,). (11.18)

MoncTaBnsas B (11.18) xoopauHaThl Touku X, noayyuM VZ, = (6; 6).
[To dopmyne (11.16) X, = Xy + AVZ = (1; 2) + A(6; 6) = (1 + 6A; 2 + 61).
Honcrasnssa koopouHatel Toyku X; B (11.18), nonyyaem

VZ, =(8-2(1+61); 10-2(2+61)) = (6~ 121; 6~121).

Tenepb MoXeM 3amucaTh ypaBHeHue (1117°) mng HaxoxiedHus A:
VZ, VZ; =0, Te 66-121)+6(6-121) =0, otkyna 1-21 =0, Te.

1
A= 5 IMoncraBus 3TOT 3HayeHHe B BbhipaxeHUs X; U VZ, depes A

(cm. BHILE), MOJYyYaeM X1=(1+6-%; 2+6-%)=(4; 5 m vZ, =

= (6— 12-—;—; 6—12-%) = (0; 0). Tak xax rpaagueHT B Touke (4;5) pa-

BeH HYJI0, TO X| ABMAeTCA TOUKOH MakCUMyMa, Znax = 3. (3a ommH war
MBI JOCTUIJIU TOYHOTO ONTUMYMa. BTo He sBsteTcs obliell 3aKoHOMep-
HOCTbHIO; €CTb 3a[a4M, B KOTOPbIX ONTHMATBHOE pellieHUE TMoyyaeTcs 3a
Gonblilee YUCIO 1IATOB, U 33Ja4H, B KOTOPBIX 32 JI060e KOHEYHOe YUCIIO
1LIaroB MbI MOJIyYaeM JIMIUb NpUOTHXKeHHOE pelleHue). P

Ina cnydas GyHKLUMH OBYX MepeMeHHBIX METOI CKopelillierc cryc-
Ka UMeeT MPOCTYIO FeOMeTPUYECKYI0 MHTEpHpeTaluIo: 1 Joboro k
JIyd, WAYLIMA OT TOYKHM Xj K TOUKe Ay, MepreHIUKYISApeH K JTUHHU
ypoBHS (DYHKUMUU Z, poxonsileit yepes TouKy Xy (Tak Kax HanpasieH
no rpagueHTy), ¥ KacaeTcsd JUHUM YPOBHS, MpOXomsiileil yepe3 TOUYKY
X+ (Tak xak BBUOy ycioBust (1116) oH mepneHaMKyasipeH K cjie-
AyloLIeMy JIy4dy, KOTOPBIA B CBOIO O4Yepelb MeprneHauKyNspeH K 3ToH
JUHUM ypoBHs). Takum o6pa3oM, Ha [UIOCKOCTU CKOpPEHILHIA CIyCK
NPOUCXOAUT IO ABYM B3aUMHO [MepreHIMKYISIpPHBIM HanpaBieHUsIM
TaK, KaK noxkaszaHo Ha puc. 11.7.
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Pue. 11.7

3ameuanne. /g ynpouieHusa cueTa MoxHo B dopmynax (11.16) u
(1L17") 6parb BMecTOo VZ, mo0Oi BEKTOpP C TEM Xe HalpaBieHU-

eM, T.e. KOOpIMHAThl VZ, MOXHO YMHOXaTb WJIM IETUTb Ha IO-
JIOXUTENbHOE YUCJTIO.

D> 11.8. HaiiTu MeTomoMm ckopeiilero cmycka ¢ ToyHocThio no 0,01

MUHIMYM dyHKIMKM Z = 2X7 — XX, + X2 — X, — X, + 1 TIpu orpaHude-

Huax xg +x3 <4, x 20, x,20.

. oZ
Peuwenue HailneM yacTHble npou3BOAHbIE ke 4x -x; -1,
X

oz .
——— = -X; + 2x, — | u obluee BblpaXeHUe rPAIUeHTa LIeNeBOi PYHKIIMH:

Ox,
VZ = (4x; - x3 - 1;—x + 2x; — 1).

B kxadecTBe McxomHo#i GepeM Touky (1;1), KoTopas neXxuT B obiac-
TH peuleHuii. Tak kak Z gABasfeTCa BHINYKIOH (YHKLMeH, TO LIS Ha-
XoxneHus touex X4 OymeM mojb3oBathea popmysoir (11.16°), B xo-
TOpoif, BO3MOXHO, BMecTo VZ, 6ymeM GpaTb BekTop /, C TeM Xe
HanpasjeHueM, Ho 6ojiee MPOCTHIMM KOOpAMHATaMM (CM. 3aMeqaHue).
Hnuna mwara A Haxomutcss no dopmyne (1117'), Ha Kaxmom wiare
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MPOU3BOIATCA aHAJTOTHUHbIE BBIYUCICHUA, KOTOpbIE l'IOLlp06H0 0Bbsic-
HEHBb! B NpeAbUlylUEM [TpUMeEpPeE.

I war. ‘
Xo=(), VZy=(4-1-1-1;-1+2-1-1) =(2; 0).
Xi=X-A-VZ,=(; )-0M2;0) = (1 -2 D).
VZ, =(4(1-20)-1-L -1+ 20 +2-1-1) = (2-82; 21).

VZy-VZ, =(2;0)-(2-8A;20) =4-16L+0-2L.=4-16L =0 = A =

1 l 1
= —L—" =|—: V = =1
0=(1-2551)~ (1) va-(0:3

Il war. Buecro VZ,; Bo3zbmem /; = (0;1). Torna

1 1
X, = —x1=—;1)~ o;1=(_; _),
, =X, - A, (2 MO 1) = (5314

o —

l . ._1_ —_ —_ = '—1——
vzz_(4-5_(1—x)-1,—2+2(1 A) 1) ()"2 2x).

1 1 1 1
. = (0; ;—=20=0. . _._2}\)=___ = =
L,-vZ,=(0 1)(x 5 x) 0.-A+1 (2 3 =02 2

1 1 (1 3)
== l-=]={z=],
4 (2’ 4) 2
1 3 1 3 ) (1 )
VZ, =4 —-—~ L-=+2-=-1|=[—; 0.
22(424’2+414’
IIl war. Bmecto VZ, Bozbmem / = (1; 0). Torna

13 1 3
Xy=Xy-My = (E’Z) -M150) = (-2-—7»; Z)

1 31 3 (1,
VZ3—(4(—2—— )—Z—l,—-2—+x+2--4—’—1)—(4 4K,K)

l, - VZy =1-G:-47»)+0-?»=%—4}\=0, oTKyna x=l—]6—.

73

1 3
X - (__k; _) =(—-,—) = 0,43 ,0,75
3777 %) " 1gig) T OPTR0T) u

VZ; = (%— 4); x) = (O; %)
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IV war. bepem ;3 = (0; 1). Torna

7.3 7.3
X4=X3“7~l3=( ; )—7»(0;1)=(T€;Z— )

%
vZ, =G-%+x-1;—%+%_zx—1) =(K;Tlg—2x).
L-VZ, =0-x+1-(%—2x) =0, orkyna x=3i2.

X, = ({6‘ %- x) - (% %) - (04375, 0.71875).

V wmar. bepem 44 = (1; 0). Torna

X5=X4—kl4=(7'23)—x(1;0)=(7 7»;2).

16° 32 16 32
7 23 7 23 ) (1 )
L2 - L 22| == —dasl.

1 ) 1
Iy VZs=1|—=- 0-A=—=-4r=

1 55 23
OTKyna A = T8 uXs = (ﬁ’ 35)

Takum obpasom, X5 = (0,4296875; 0,71875). CpaBHenue Xy u AXs
NMOKa3bIBaeT, YTO KOOPAMHATHI 3TUX TOYEK OTAMYAIOTCA MEHblle, YeM
Ha 0,01, u mosToMy (mpaBma, He COBCEM CTPOIO) MOXHO MOJIOXMThb
X* = (0,43; 0,72). Herpynso yGemuTnest, uto Bee Touku Xo, Xj, ..., Xs, X
Jiexar B 0BlacTy pellleHWi CUCTeMbl OrpaHUYeHHH. P

PaccMmoTpuM teneps 3anauy BIl, xorma onmumym yenegoli gpynxyuu
docmuzaemea Ha epanuye obaacmu peuwenuli cucmemvl oepanuvenud. B
3TOM cjyyae, B3SIB, KaK M paHee, B KayecTBe MCXOMHOM To4ku AXj Jio-
Oyl0 Touky u3 obnacTv pelleHHid U HAXoid MOCHeqylOlMe TOYKU MO
bopmyse (11.16) uau (11.16'), MBI Ha HEKOTOPOM LIare MOAYYUM, YTO
X yXe He 1eXHT B obracTu peweHuit (cm. puc. 11.8 a). Torna BMecTo
Xy Gepem Touky X}, KoTopas JeXHUT Ha MepeceyeHHH HarpaBleHHUs
CIlycka ¢ TrpaHHMlleil obnacTu pelleHMid, a Bce TOCIeqyoUe TOYKU
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HaxomsTCs NMyTeM IPOeKTUPOBAHUSI HA 3Ty FPaHMUY TOYEK, IONlyYae-
MBIX OOBIYHBIM MeTOmOM cKopeiniero cnycka. I[lockonbky obuimii
onepaTop NpOeKTUpPOBaHUS HEe HU3yyaeTcsl B HalleM Kypce, OIpaHu-
YMMCS CJTy4yaeM, KOoraa CucTeMa oTpaHMyYeHWH nuHelHas, T.e. obracts
pellleHUi 3ama4y IS Ciydas OBYX MepeMeHHBIX orpaHuyeHa oTpe3ka-
MU npaMbIX (puc. 11.8, 6).

X, A X

h’o
] LLLLL LA
0 a X, 0 6 X

Puc. 11.8

B 3toM ciyyae cuctema orpaHMYeHUI DaHHOI 3aaa4yy MPHUMET BUA

n
Dax,;<by, i=1,.,m (11.19)
j=1

IMycte no MeTomy ckopeifliero criycka Mbl MOCTPOMIM TOYKH Ap, ...,
Xy, Xy+1 v y6enunuch (noacrasass B (11.19) xoopauHaThl 3TUX TO-
yek), 4To JXj, ..., A JeXaT B 061acTH pellueHHi, a TOYKa Xy4) yXe He
JAEXKUT B Heil. 3HAYyuT, KOOPIAMHATH TOYKH iy HE YNOBIETBOPSIOT
XoT4 6Bl OJHOMY HepaBeHCTBY cucTeMsl (11.19), HarpuMep HepaBeH-

n
CTBY Za,-jxj <b, (3mech i — HOMep KOHKPETHOTO HEpaBEHCTBA).
j=1

Myers X =), Xy =G* D) m
AX}+1 =‘X} + XI,TKC. .

Do @ par, =1, .0 (11.20)

¥
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A 3nece [ =(l,...,1,)

HanpapieHue  CIycKa,
KOTOpOe COBMajaeT ¢
HarnpaBneHuem VZ(X,)

NPy OTBICKAHMM Max-
CUMYMa WIM C HamnpaB-
neHueM —VZ(X,) npu
OTbICKAHUY MHHHUMYMa.
Uto6bl ocTaThcsl B npe-
nenax obaactd pelie-
HUHU, cleayer BMECTO

™ TOYKU X+ B3SATH TOY-
X Ky, Jexaumyl Ha TOM
Puc. 11.9 Xe HanpapleHWM Cryc-

Ka. T.e. C KOOpAMHATa-

MU. YIOBIETBOPAIOUIMMH ycioBuio (11.20), Ho ¢ MeHbUIeH IHHOMN
wara A . 3HayeHue A HyXHO BbIGMpATh TaK, YTOOBI TOYKA OKA3aiach
Ha TpaHule oO6NacTH pelleHWH, T.e. YTOOB BHIMOJTHANOCH PABEHCTBO

y

Zaﬂf""” =b;. YuuteBaa (11.20), nonydaem Zay(x§k) +M)=b
j=1

u Za x (k) —-bﬁkZal = 0. Orciona

e it
k) _
E a;x; b;

A =
Zw

®opmyna (11.21) naet 3HayeHue A, NMpPU KOTOPOM HampaBlieHHe
coycka nepecekaeT [paHULy obnacTu peuleHuid. Ecniu xoopauHarsl
TOYKH Aji; HE YIOBAETBOPSIIOT HECKONBKMM HEPABEHCTBAM CHCTEMBI
(11.19), To HyXHO Hajith A no dopmyne (11.21) a1s xaxnoro U3 3TUX
HepaBeHCTB M B34Thb HaWMeHblllee U3 HAlIeHHBIX 3HaYeHuil. [Tomxcras-

nss ero B (11.20), HaiimeM KOODIMHATH TOYKH X,,;, KOTopas Gymer
MCXOIHOW /i Cledylollero wara pelieHust. Tak Kak Mpoekuus rpa-
ouenta VZ(X ,'Hl) 3aja4y C JUHEHHBIMU OrPAHMYEHUAMHU JIEXUT Ha
TpaHuue o6aacTu pellleHUi, a A caydad ABYX MepeMeHHbIX — Mpo-

(11.21)
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CTO Ha NpAMOH a;X; + G;,X, = b;, TO HanpasjieHue cnycka / Ha cle-

oyoleM are depercs Ha 3Toif rpaHuue. ONTUMyM AOCTUrAaeTCa B
TOH TOYKe, B KOTODPOii TPafMEHT MNepreHAUKylIspeH TpaHuLle obracTu
pelieHu.
3amevanue. Eciu npamas Ha MIOCKOCTM HMeeT YpaBHeHUe
Ax + By + C = 0, To ee HampaBlieHMe 3a[aeTC BEKTOPOM
I' = (B; ~ A) unu BexTopoM [” = (-B; A) (puc. 11.9).

11.9. Hcnonb3ys Merol CcKopejilllero Crnycka, HaWTH MaKCHMyM

1
byukuuu Z = 5x ——2—xl2 + X)X ~ x% NpY OrPaHUYEHUSIX:

X+ 2x, <10,
X +x; <6,
X 2 O,x2 2 0.

Pewenue. OrmerumM, uTo PyHxuusa Z BorHyras, T.e. AaHHasA 3a-
Jaya gBiasiercs 3agadeit BI1. Haxomum uacTHele npou3sBomHbie

0Z oZ .
— ¢yHKIMK Z ¥ 3anKChIBaeM obliiee BBIpOKEHHUE ee TPallieHTa:

ax; ax,
VZ = (5-x +Xxp; X — 2x3).
I war. B xadectBe ucxomgHoii Bo3bMeM Touky Xp = (1; 1) (ee ko-
OpIMHATHI YIOBIETBOPHIOT CUCcTeMe orpaHudeHuid). lanee, ucronssys

dopmynbr (11.15) u (11.16), tax Xe, Xax ¥ B 3amadax 11.6 u 11.7,
HaxonuM Touky Xy: VZ, = I, = (5; - 1). Torma

Xy=Xg+My =(LD+AG; =) =1+ 5A;1-2),
VZ=(-1-5A+1-21+50-2+20) = (5-6; -1+ 7A),

ly-VZ, = 5(5-6X) + (=1)(=1 + TA) = 26 — 374 = 0.

_ 26 _( 26 26)_(167.11)~ )
Orciona A = 37 Te. X =|1+5 3—7—,1—37 =377 ~ (4,5; 0,3).
Tak kak 4,5 +0,6 < 10 u 4,5 + 0,3 < 6, To X| HaxomUTCA BHYTpH 06-
nacty pemeHUH (puc. 11.10).
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IR EERRLAREARARARA

SEERENINNNNANRENANN

Puc. 11.10

167 11 167 , 11
37 37037 T

He NMPOU3BONUTB ITUX BBIYMCIEHMH. JlocTaToyHO y6emuThCs, YTO nep-
Basg KOMITOHEHTAa MOJOXHUTebHA, U Toraa B3aTh /; = (1; 5). (B camomMm
nene, l\Lly,rak xak /;-ly=1-5+5-(-1)=0, u /; umeer To Xe Ha-

npasieHue, yto VZ;).

II war: Haxomum VZ,=(5—- ) MoxHo

Tenepb
X2=Xn+”°=(13677;;;) M) = (136774’_“;_;”@"
oo -2
Gratg)

T.e. A=050 u Xy = (501 2,78). Mbl BuauM, 4TOo X; NTEeXHUT yxe
BHe 0OJIaCTH pelleHUM, MpUYeM He BHIMOAHAIOTCS NMepBoe H BTO-
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poe HepaseHcTBa.' [To ¢opmyne (11.21) HaxomuM A miast oBoux
HepaBeHCTB:

167/37 +2-11/37-10

A=— 1735 ~ 0,445 |
Ao 167/37 + 11/37 -6 _2_2_ ~02.
1+5 111

Bepem A = min{\’,A"} = T%lzl W Temepb monydaeM X, = X, +Al, =

167 11 (523 143)
~—=;—|. H 6
(37 37) A 5) = TTRRTT eTpyaHO yOemuThcs, YTO 3Ta

TOYKA JIEXHUT Ha IpaHulle obnactu x; + x; = 6.

[Il war. INonas Ha rpaHuily o6NacTu, MbI JOJIXKHBI JBUTAThCS MO
Heil B CTOpOHy yBenuueHusi ¢yHKUMU Z. BBumy 3aMeuyaHusi, coenaH-
HOTO Nepe]l 3TUM NPUMEPOM, HaNpaBieHue NpaMoii x; + x; = 16 3ana-
erca BexropoM /' = (I;-1) wau " = (-1;1). [To dpopmyne (11.1) Ha-
XOAMM MpPOU3BOMHYI0 GYHKLUMM Z MO HanpamieHUIo /' B Touke Xi:

S =1+ 2200

=(5 523 143) (523_2 143)<0_
[ITRSTIVARSTE RN TT

3Ha4YuT, B ITOM HanpapjieHUW YHKLUs Z yb6bIBaeT M B KadecTBe

HarpapjeHus crnycka cienyeT B3sitb /" = (-1; 1).

HUrax, Hh = (-L; 1), X;= X'z +Aly = (§2_3£) + AL 1) =
1117111

(523 A: 143

TRt + x). Jlanee nocTynaem, KaK ¥ Ha MpeabUIyLinuX Larax:

523 143 . 523 286 )
vZ; = (S'W Mt 111"K"Tﬁ—2x

175 237 )
(111 2 111 3
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175 (237 ) 62
VZ, = I3 o) e+ [ _3) =2 s 0

62 523 62 143 62)
=0 =222 D2 1B D41 (46 )
Orciona 2 555 A& (lll 5557 111 " 155 (46; 14). Tax

KaK (4,6 + 2,8) < 10, To Touka Xj ABIsAETCA pelLileHHEM JaHHO 3a1a4uu.

[TockosbKy —Z—[{ (X;)=(5-46+14)-(-)+(4,6-28)-1=0, mpo-
2

eKLIUs TPafiMeHTa Ha 3TO HanpamieHde paBHa 0, 3HAYUT, Mbl JOCTUIIU
ONTUMAILHOTO 3HAYeHUS QYHKIHMU NpU AAHHBIX OTPAHHYEHHUSAX.

Takum obOpazom, X = (46, 14) U Zpax = 5-4,6—%-(4,6)2 +

+4,6-14 - (14)2 =16,9.»

11.5. IlonaTne 0 MapaMeTpuIECKOM
H CTOXACTHYECKOM NPOrpaMMHPOBAHMM

ITapamerpuieckoe nporpamMmupoBanne. B skoHoMHuecKoil npak-
TUKE HepeaKo BO3HUKAIOT 334a4yd, B MaTeMaTHYeCKHUX MOIEJsX
KoTopbiX Ko3ddHuilMeHTsl JUHeHOH ¢GopMBl WJIM CHCTEMBI Orpa-
HUYEHU# (UM Te U APYrUe) He SABASIOTCS MOCTOSIHHBIMU YUC/IaMHU,
a MEHSIOTCS B 3aBUCHMMOCTU OT HEKOTOpHIX napaMerpos. Harpu-
Mep, B 3agaye 00 ONTUMATBHOM UCHOJb30BAHUM pECYPCOB
(onTUMaTBLHOM MIAHMPOBAHUM MPOM3BOACTBA) NPUOBUIL OT peaju-
3aUMU (MJIM LeHa) NPOAYKLUMM MOXET HOCUTb CE30HHBIH XapakTep
U aBAsiTbesl PyHKUMEN BpeMeHM, a 3anachi pecypcoB M TEXHOJOTHU-
yeckue KoagduuueHTh (BhIpaxaiouiie pasMmepbl UX norpebieHus
Ha eJUHULY APOAYKIIMM KaXAOro BUAA) MOIYT U3MEHATHLCS B 3aBH-
CHUMOCTH OT BpeMeHMU, TEXHOJO[MH MPOU3BOACTBA, BMECTUMOCTH
CKJIaACKUX MOMEMIEHUA U T. .

[TapameTpuyeckoe nporpaMMUpOBaHHE paccMaTpUBaeT IKCTpe-
MajibHbIE 33[a4M C 1eJeBhIMU PYHKUMSIMU M OTpaHUYEHUSAMHU, 3aBU-
CAIWMMU OT mapaMeTpoB, pa3pabaThlBacT MeTonbl HAXOXAEHUS Ofl-
TUMAaJIbHBIX PELUEHUM JUISl COBOKYNMHOCTEH 3HA4YE€HHUIl NapaMeTpoB U
U3yyaer MOBeACHUE ONTUMAIbHBIX MIAHOB 3TUX 3aJa4y MPU U3MEHE-
HUU napameTposB.
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Haubonee npocroit ¥ Xopollo H3ydeHHOU SBIACTCA 3ada4a Aumel-
HO20 napamempu4eck020 Npospammuposanus ¢ OOHUM NapaMeTpPoOM, ot
KOTOpPOro 3aBHCAT TONBKO KO3hdhUIMEHTH 1eNleBoil ¢GYHKUMU. Dra
3ajaya  COCTOMT B  MAaKCUMWM3auUMM  JHHeidHO#  YHKuun

n n

F = Z(cj +d;f)x; TpH OrpaHMYEHUsX Za,-jxj =b (=1m u
Jj=I j=1

YCNOBUM HEOTPULATENBHOCTH MEPEMEHHBIX X; 2 0 (j=1n), roe G,

d;, aj, b; — 3anaHHBIEe IOCTOSHHbIE, @  — MApameTp, U3MEHSIOWMIiCs
B nipenenax oT o oo f: ¢ €[a;B].

B pesynbrare pelueHWs 3aAayd (€CNH TAKOBOE CYLIECTBYET) OTpe-
30K [a;PB] pazbuBaeTcs Ha KOHEYHOE YHCHO OTPE3KOB 3HAYEHHIA

napaMerpa ! TakuM oOpa3om, 4ToObl IS KaXAOTO U3 HUX MaKCH-
MaJIbHOE 3HayeHWe JUHeilHON (YHKUMU F, JocTHTajoch B OXHOH U
TOH Xe BeplIMHe MHOTOrpaHHUKA pelteHuik. TeM caMbIM LIS Kaxmo-
ro NpoMeXyTKa 3HaueHMH TapameTrpa HaXoAUTCAd ONTUMYM M OIITH-
MaJIbHOE pEUIEHUE.

CroxacTHyecKoe NpPOrpaMMHpOBAHHE nperncTapisder coboit coso-
KYIIHOCTb METONOB pPELUEHUs ONTUMHU3AUMOHHBIX 34434 BEpPOSTHOCT-
HOTO (CTOXacTHYecKoro) xapakrepa. 3agaya of OINTUMAIbHOM MHC-
[0Jb30BAHUU pecypcoB, TPaHCIOPTHAs 33jaya U T. [l. CTAHOBATCA
33a4yaMi CTOXacTUYECKOrO I[IpOorpaMMHpOBaHUsI, €CIU napaMmeTpsl
uenesoit PyHKUMM AMO0 CUCTEMBI OrpaHUYEHUN (WM U T€ U OpYyTue)
paccMarpuBaTth Kak clydaiiHele BeiM4MHbL. B croxactudeckoil mo-
CTAHOBKE 3TH 3ajayd OyAyT mnoliHee oToOpaxarb SKOHOMHUYECKYH
JEACTBUTENBbHOCTD.

[Tpu pelueHnn croxacTHYECKHX 33Aa4 Npolle BCel'o HAWTU CpeaHue
3HAa4YeHUsA BCeX CAYYaHHBIX [apaMeTpoB M CBECTH TakMe 3alayd K
OOBIYHBIM, [OETEPMUHUPOBAHHBIM 33JayaM MareMaTH4yecKolo IIpo-
rpaMMipoBaHud. OnHako Takoil noaxon He Beerna 3¢ddeKTHBeH, Tak
KaK IpU HEKOTOPBIX peaju3auuax CHydalHbIX BEIMYMH (MapaMeTpoB)
MOXHO NPUITH K PELUEHUIO, JATCKOMY OT ONTUMAIBHOIO, UJIH AAXE K
OTCYTCTBUIO pelICHUH 3a1ayH.

Hpyroii moaxox COCTOUT B TOM, YTO Ha MEepBOM 3Talle YCTaHAaB-
JIUBACTCA MpenBapUTENbHBIA ONTUMAABHBIA [JIaH HA OCHOBE pellie-
HUs [OETepMUHUPOBAHHON 3agayM, KOTOpHII M peaiusyercsas HA
3TOM 3Tafne. 3aTeM Ha BTopoM (MoclefylOMIMX) 3Tale 3TOT MJjaH
KOPPEKTUPYETCA B COOTBETCTBHM € pEaTbHBIMM CTATUCTHYECKUMH
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XapaKTepucTHKaMU napaMerpoB. Tak MOCTyMaioT, HampuMep, mpH
pelieHUH 3a1ayd o6 ONTUMAIbHOM MHCHOJB30BAHUM DPECYPCOB,
TpaHCMOPTHOI 3aiayd MpH HeolpeneJeHHOM CMpPOce HAa MpPOAYK-

HHIO.

YIIPAXHEHUWA

11.10. HUccnenoBarb BeINYKIOCTb CAEAYIOWUX DYHKIINIM:

a) y=2 npu x > 0;
X

6) Z = ™72,
B) Z =5-xi-x%
N Z =-xx,+2x;
n) Z S I npu x; > 0, x; > 0.
X X
11.11. Pewuts reoMerpuyecky 3afady BbIIYKIOro ApOrpaMMHpOBA-

HWSA.

Z =2-x}t-x} > max

Xy < 4—x12,
X + X, > l,
X ZO, X, > 0.

3apgauu Bbiyxioro nporpammuposanus 11.12, 11.13 pewnts Me-
TOAOM KYCOYHO-ITMHEHHONH annpoKCHUMALUHU.
11.12. Z = (x, - 3)? + 2(x, - 2)> > min

X + 4X2 < 16,
3% +x, <15,
x 20,x, 20

Ykazanue: Orpe3ok usMmeHeHus: nepeMeHHoit x; [0; 5] pa3buts
Ha 5 yacreii, a oTpe3ok nepeMeHHOM x; [0; 4] pa36uTs Ha 4 yacru.
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11.13. Z = x, - x} - max

2x) +3x% <3,
0<x <2/3,
X220.

Vkazauue: OTpe3ok U3MEHEHWS KAXIOH U3 MEPEMEHHBIX pas-
6uTH Ha 4 4yacTH.
11.14. 11a gaHHoi GYHKUMHM Z = X|X; HAATU:
a) obluee BhIpaxeHHe rpageHTa GpyHkuun VZ
6) AMHUIO YpOBHSA, MpoxoIsiuylo uYepes Touky A(4; 1) u rpaaueHt
VZ (A), u u306pasuth UX Ha YEPTEXE,;
B) NpOM3BOAHYIO Mo Hampasaexuto /= (—1; —1).
11.15. Pewuts 3anauy 11.14 npu ycnosuu, yto Z = xt-x, +2
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MOJEIN JTUHAMUNYECKOT'O
ITPO'PAMMMUPOBAHUA

12.1. O0mas nocTaHoOBKA 3a0a4H
JHHAMHYECKOro NMporpaMMHpOBaHHA

JMunamuneckoe npozpammuposanue (JI) — MeTol ONTHMHU3ALMH,
NpUCNocobIeHHbI K ofnepauusiM, B KOTOPBLIX MPOLECC NPUHATUSA pe-
LIEHUS1 MOXeT ObITh pa30oUT Ha 3Tanbl (1arn). Takue oriepallMi Ha3bi-
BalOTCsl MmHozowazoebimy. Havano passutusi II1 otHocuress Kk 50-M
rogam XX B. OHo cBsizaHo ¢ uMeHeM P.Beanmanal.

Ecnu Mopmenu JMHEHHOro NporpamMMHpoOBaHHSI MOXHO HCHONb30-
BaTb B DKOHOMHKE Ui TIPUHSATUS KpYINHOMACLUTAOHBIX MJIAHOBBIX
pellieHHit B CROXHBIX cUTyauusx, To momean Il nmpumensiiorcss npu
pelleHun 331a4 3HAYUTESbHO MeHbllero Maciutaba, Hanpumep, Npu
pa3paboTke npaBWJ YrpaB/leHWs 3anacamM, yCTAHABIMBAIOWIUMHU MO-
MEHT MOMOJHEHHUsI 3anacoB M pa3Mep MOMONHSIOLIEro 3aKasa; IIpH
pa3paboTke NpPHUHLMUIMOB KAJEHAAPHOIO FUIAHUPOBAHMS IPOU3BOACTEA
W BLIpaBHMBaHWs 3aHATOCTH B YCHOBHAX KojieGliolierocs crpoca Ha
NPORYKLIMIO; APH pacnpelfeeHUU NeDUIIUTHBIX KanMTaJbHBIX BIOXE-
HUIl MeXIy BO3MOXHBIMM HOBBIMH HAaNpaBICHUSIMU UX HCHOJb30Ba-
HUSI; TIPH COCTaRJIEHUU KAJIeHIAPHBIX I1aHOB TEKYIEro ¥ KalluTalb-
HOrO peMOHTA CJIOXKHOro 0DOpYyIOBaHMS W €ro 3aMEHBI; NpH paspa-
BoTKe M0JrocpOYHbIX NPaBWJI 3aMEHbl BhIOLIBAIOIIMX U3 IKCIUTYaTaLKUu
OCHOBHbIX ()OHZOB U T. 1,

B peanbHo GYHKUMOHHUPYIOUIMX OONBIIUX IKOHOMUYECKHUX CUCTE-
Max exXeHeleJbHO TpebyeTcss MpUHUMATh MHUKPOIKOHOMHYECKHE pe-

! Besnman P.3. (p.1920 r.) — aMepHKaHCKMil MaTeMaTHK.
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weHus. Mogenn Il ueHHBI TEM, YTO MO3BOJSIIOT HAa OCHOBE CTaH-
[IAPTHOrOo MOAXOAA C HCHOJb30BAaHHEM MpPU MMHMMAJIBHOM BMeLIla-
TEJILCTBE 4Ye€ji0BEKa MPUHHMATH Takue pewleHUst. Y eciau xaxnoe Basi-
TO€ B OTAEALHOCTH TAKOE pelieHHE MaJloCYlIeCTBEHHO, TO B COBOKYM-
HOCTH 3TH peLleHHs MOTYT OKa3aTb 6o/ibllioe BIHUAHKME HA NPUOLLIb.

[Mpusenem obwyro nocmanosxy 3adawu J[II. PaccMatpuBaercs
yTpasisieMblil Npoliecc, HanpyuMep, SKOHOMUYECKHi#l npoiecc pacnpe-
IeJIeHUs] CPeNCTB MeXAY APeANpUIATUSIMU, UCNIONBb30BAHUS PECYPCOB B
TeyeHUe PANA JIEeT, 3aMeHbl OOOPYJOBaHMsi, MOMOJHEHHUS 3aMacoB U
T. 0. B pesyabrare ynpamieHus cucrema (00beKT ynpasieHust) S nepe-
BOLUTCSI U3 HAYQIbHOTO COCTOSIHHUSA §) B cocTosiHUe § . [Ipeanonoxum,
4TO yripaBleHHe MOXHO pa3OUThb Ha # LIAroB, T.€. pelleHHe NMpUHUMA-
eTcsl MocjieoBaTe/lbHO HA KAXAOM Ilare, a ynpaslieHHe, epeBosiiiiee
cucreMy S M3 HayajibHOrO COCTOSIHHSI B KOHEYHOE, FHpelCTaBiIsieT
coboit COBOKYNHOCTb # NOLIATOBLIX YAPABIEHU .

Obo3Ha4uM vepe3 Xy ynpaBieHue Ha k-m ware (k=1, 2, ..., n). [le-
peMeHHble X; YIOBJIETBOPSIOT HEKOTOPbIM OIPAHHYEHHSAM U B ITOM
CMBbIC/IE HAa3bIBAIOTCA donycmumbimu (X, MOXeT ObITh YUCIIOM, TOUKOM
B 7-MEPHOM MpPOCTPAHCTBE, KAYECTBEHHBIM [TPU3HAKOM).

[yets X (X), A3, ..., X,;) — ynparieHue, nepesonsiiee cuctemy S
13 COCTOSIHUSA S B cocTosiHUE § . OBO3HauUM Yepe3 §; COCTOSHUE CHUC-
TeMbl MOC/A€ K-To Lrara yrpasjieHus. [lToiydyaeM nocjiefoBaTelbHOCTb
COCTOSIHUM o, S, «vry Sk—1» Sks-» Sn—1, Sy=S, KOTOPYIO M300paziM
KpyXxkamu (pHc. 12.1).

Puec. 12.1

IMokasarenb 3hpeKTHBHOCTH paccMaTpuBaeMoii ynpasJisieMoil omne-
pauuy — ueneBasi GpyHKUMsS — 3aBUCHUT OT HAYaabHOIO COCTOSHUS W
yNpaBiaeHus:

Z= F (s, X). (12.1)

CrenaeM HecKOJbKO APEeANONOKEHN .
1. CocrosiHue 53 cHcTeMbl B KOHIIE k-TO 11ara 3aBUCHUT TOJIBKO OT
NPEeNILECTBYIOMEr0 COCTOSHHMS Sk~ W YNpaBieHUs Ha k-M wiare X
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(M HE 3aBMCHT OT TIPEALIECTBYIOLLNX COCTOSSHUI M ymApasieHuit). 3To
TpeboBaHue HasbiBaeTcsl “orcyrcTBUEM mnochefeictBusa”. ChopMmynu-
pOBaHHOe ION0XEHUE 3aMUCHIBAETCA B BU/JE YPABHEHUI

Sk = Ox(Si—1, Xe), k=1,2, ..., n, (12.2)

KOTOpbie HA3bIBAIOTCS YPAGHEHUAMU COCMIOAHUU.

2. Uenesas ¢yHkuus (12.1) sBnsierca agiuTHBHON OT mokasaTes
addexTnsHOCTH Kaxaoro wara [3]. ObosHayum nokaszarenb 3¢ddek-
TUBHOCTH K-To Llara yepes

Zk = Jfi (k=15 Xe)s k=1, 2, .., n, (12.3)
TOTAA

Z=) fi (i1, %) (12.4)
k=1 .

3agaya noinaroBod ontumuzauMu (3agada JI1) dopmynanpyercs
TakK: onpedesums makoe Odonycmumoe ynpaenenle X, nepeeodfiuyee cuc-
memy S u3 COCMOAHUA Sy 6 COCMOANUE § |, npu KOMOPOM Ueaeeas yHKUus
(12.4) npunumaem naubonvwiee (HaumeHsliee) 3HaA4eHUe.

Boigenum ocoberHoctu Momenu UIT:

1. 3adaua onmumuzayuu unmepnpemupyemcs KaK n-uwazo@sili npoyecc
ynpaenenus.

2. llenesas Qynxyus pasHa cymme yeaeewix QYHKUUI Kaxcooeo waza.

3. Buibop ynpaenenus na k-m waee 3agucum moasko Om COCMOAHUA
clcmeMbl K 3MOMY wazy, He éaugem Ha npeduiecmeyiouyue wazu (Hem
obpamHuol cés3u).

4. CocmosHue s; nocae Kk-e0 waza ynpaeaenus 3aeuUcum moaskKo om
npeduiecmeyiouezo cocmosHuaA Sy—y U ynpaenenua X (omcymcmeue no-
credelicmeus).

5. Ha xaxcoom waze ynpaenenue X, 3aeucum om KOHeuHO20 4ucAqQ
YNPABAAIOULUX NEPEMEHHbIX, A COCMOSHUE S — OM KOHEYHO20 HUcAd nd-
pamempog (CMBICH 33aMeYaHus 5 cTaHeT SICHBIM M3 PacCMOTpPEHHBIX
HUXE MPUMEPOB).

CienyeT BCIOMHHMTbB, YTO CYLIECTBYIOT pa3jWuHbie CriocoDbi pellle-
HUs NonoOHBIX 3amay, NpUMeHsieMble B 3aBUCUMOCTU OT Buaa ¢yHK-
L1, orpaHUYEHHU I, Pa3MEPHOCTH U T. 1. PaccMOTpUM BbIYMCIIUTENb-
Hyto cxemy HI1, Kotopas okaxercs Ge3pasjiMyHoil K crnocobam 3ana-
Husi GyHKUMA M orpaHuyeHMit. BoluucauTenbHas cxema cBsizaHa C
NPUHUUNOM OINTUMATBHOCTH M HCAOJb3YeT DPEKYPPEHTHBIE COOTHO-
LIEeHHS.
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12.2. IIpuHoun onTHMAIBLHOCTH
u ypaBHenusa bemana

IIpnHuMn onTHMAnBHOCTH BriepBble GbU1 ctopmyiuposad P. Bemwr-
maHoM B 1953 1. Kakogo 6t Hu Gbiro cocmosnue s cucmemst 6 pesyap-
mame KaKoeo-aubo “ucaa waeoe, Ha GAUXCALIEM Waze HYHCHO GbiOUpams
ynpaenenue mak, 4mobGbl OHO 6 COBOKYNHOCMU C ONMUMAAbHBIM YNpaéie-
HUeM Ha 6cex nocAedylouux wazax Npueodua0 K OnmuUManbHOMy Goluzpol-
Wy HQ 6cex ocmaguiixca wazax, éxaiouas Oannwiil. BennMaHoMm yeTKo
6bUTH chOpMYNTUPOBAHEI U YCHOBUS, NMPH KOTOPBIX MPHHUMA BEpPEH.
OcHoBHOe TpeboBaHMe — MpolIecC YNpaBieHUs1 JONKEeH ObiTh Ge3
obpaTHoOW CBSI3H, T.e. ynpaplieHWE HAa JAHHOM IIare He HOJXHO OKa-
3bIBaTh BAUSIHUS HA FpeALLEeCTBYIOULUE LIArH.

[TpuHLMI ONTHMALHOCTH YTBEPXKAAET, YTO [UlA JI0GOro mpoiecca
6e3 obparHOH CBA3M ONTHUMATbHOE YpaBlIcHUE TAKOBO, YTO OHO SIBJISI-
€Tcsl ONTUMANTBHBIM Ul I060ro noanpolecca o OTHOLIEHHIO K M-
XOIHOMY COCTOSIHUIO 3TOro noamnpouecca. [loaroMy pelieHre Ha Kax-
IOM Llare OKa3biBAETCA HAWIYYILHM C TOYKH 3pEHHs YNpaBieHWs B
ueioM. Ecnau U306pazuTs reoMeTpUYECKH ONTUMANBHYIO TPAEKTOPHIO
B BUAE JiOMaHO#l JUHMHU, TO JIobas yactb 3Toil nomaHoil Byner siB-
JISITHCSL ONTUMANBHOM TpaekTopHei OTHOCHTENBHO Hayana M KOHLIA.

Ypasuenns Bennmana. Bmecro vcxonHoit 3anauu JQIT (cm. pasg. 12.1)
c ¢GUKCUpPOBaHHBIM YUCJIOM LUATOB X ¥ HAYAIbHBIM COCTOSIHUEM S,
paccMOTpUM MOCJeJOBaTENbHOCTb 3a1ay, Mojarasg MocC/Aef0BaTeNlbHO
n=l, 2, ... Ip¥ pa3nU4yHBIX § — OAHOLIATOBYIO, ABYXIIAroBylOo U T.O., —
UCNOB3YS NPUHLMUN ONTHUMATBHOCTH.

Beenem psin HoBbix oGo3HaueHuit. OGo3nauenuss B Il Hecyrt
Gonbllylo MH(DOPMALMOHHYIO HAIpy3Ky, MO3TOMY O4YeHb BAXHO HX
YETKO YCBOMUTb.

Ha kaxiaoM 1wuare j1060ro COCTOSIHUSI CUCTEMBI S;—| pelleHde Xj
HY>KHO BbIOMpaTh “c orisiAKo#”, Tak Kak 3TOT BbIGOp BIMSIET HA MO-
cileflylolliee COCTOSIHUE §; W NATbHEHLIUA NPOLECC ynpaBleHUs], 3aBU-
CALIMI OT §4. DTO creayeT U3 NPUHILMIA ONTUMATBLHOCTH.

Ho ectb ooMH 11ar, nociedHUi, KOTOpLIi MOXHO s jJwoboro co-
CTOSIHHUSA S,~| VIaHUPOBATh JIOKAIbHO-ONTUMAIBHO, UCXOOS TOMBKO U3
CcOOOpaXeHu 3TOro 1ara.

! ®dopmynuposka npunannexut E.C.Bentuens {3] M HeMHoro otimyaercs
oT npeioxeHHoit besmmanowm.
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PaccmoTpum n-#f 11ar: s,—; — COCTOSIHME CHUCTEMbI K Hayajly n-ro
wara, s,=§ — KOHEYHOe COCTOsiHME, X, — ynpasjieHWe Ha A-M LIare,
a fu(Ss—1, Xy) — venesast pyHKUUS (BBHIMIPBILIL) A-TO LUAra.

CornacHO NpUHLKIY ONTHMAIbHOCTH, X, HYXHO BbIOMpaTh Tak,
yToGbl IS JIOBBIX COCTOSHUM S,—; MOAYYUTb MakCHMyM! 1eseBoit
¢yHKLUWHU Ha 3TOM Lare.

O6o3Hauum uepe3 Z,(s,—|) MAKCUMyM LEIEBO# (QyHKUMU —
nokasaresnss 3¢b@PeKTUBHOCTH #-TO 1uara npu YCJIOBHU, YTO K Ha-
yajy nocjienHero wara cucrema S 6bljla B NpOU3BONIbHOM COCTOS -
HUU S,—|, @ Ha MocjedHeM LIAre yrnpasjieHUe ObUTO ONTUMalb-
HBIM.

Z, (Sy—|) HA3bI6AEMCA YCAOBHBIM MAKCUMYMOM UeAeeol (QYHKUUU Ha

n-m waee. O4eBUAHO, YTO

Z; (sn—l) = {r?YaX} fn (Sn—15 Xn) (12~5)

n

MakcuMu3ains BefieTcs o BceM MOMYCTUMBIM YNPaBReHUAM X,

Pewenue X,, npu KoTopoM gocturaercsi Z :, (Sp—1), TAKXE 3aBUCHUT
OT Sy—| W HAa3bIBAECTCSl YCAOGHbIM ONMUMAALHbIM YNpAGAEHUEM HA N-M
waze. OHo oBo3Hauaercs uepes X ; (Sp—1)-

Yc10BHO ONTHMATbHBIH
BBIVTPBITI Ha 1-M 1liare

Z, (5,)

X (s, )

3Hayenue tiesniepolt dyHkunu (n—1)-ro
£ (s, X.) wara npu Npou3BOJBLHOM YIPaBIeHUU
X, | v cocTosiium s, ,

Puc. 12.2

! OrpannunmMcs 30ech 3afaveii MAKCUMHM3ALIMK LieTEBoH GYHKLUH.
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PellMB onHOMEPHYIO 3aayy JOKATbHON ONTUMMU3ALUU MO ypaBHe-
1o (12.5), HaiigeM st BceX BO3MOXHBIX COCTOSIHUM Sy IBE QYHK-
unn: Z, ($p-1) U X, (Sp1)-

PaccMoTpuM Temepb IBYXIIAroBylo 3ajauy: NMPUCOSOAMHHUM K H-My
wary (n—1)-i (puc. 12.2).

Inst 1106bX cOCTOSHUM S,—3, MPOM3BOMBHBIX YINpaBleHUNA X,—| U
ONTHUMAJIBLHOM YMpPaBJIEHUH HA A-M liare 3HauYeHHe 1eieBoil QYyHKUUK
Ha ABYX MOCHERHUX LIArax paBHO:

fn—l(sn—Z, Xn—l)+ Z; (sn—l)- (12'6)

CorlacHO MPUHIMITY ONTUMAIBHOCTH ISl JIOOLIX §,—; peIlieHHe
HY>XKHO BbiBUparb Tak, YToObl OHO BMecTe C ONTUMATBHBIM YIpasie-
HHUEM HA MOCJeIHEM (n-M) Liare ApUBOOMAO Obl K MakcuMyMy Lefe-
Boil GYHKUMH Ha OByX mochefHux warax. CenoBaTelbHO, HYXHO
HaiTH MakcUMyM BblpaxeHHs (12.6) mo BCeM NOMYCTUMBIM YIIpaBie-
HUAM X,—]. MakcuMyM 3TO#l CyMMbl 3aBHCUT OT S,—), 0GO3Hayaercs

yepes Z ;_, (Sy—2) Y HA3bIBAETCHA YCAOBHBIM MAKCUMYMOM yeaeeol gymk-

WUYU npu ONMUMANLHOM YRpaeneHuu Ha 0eyx nociednux wazax. CooTBeT-
cTBylolllee ynpamieHHe X,—; Ha (n—1)-M 1uare oGo3HayaeTcs 4epes

X:,_,(sn_z) U Ha3blBAETCS YCAOGHBIM ONMUMAAbHbIM YNpaéneHuem Ha
(n—1)-M wuare,

Zor )= maX (502 X o)+ 20 s0)f - (12D)

Cnegyer ofpaTUThb BHUMAHHME HA TO, YTO BbIpAXEHUE, CTOsILIEE B
urypHbIX ckobkax (12.7), 3aBUCHUT TOJBKO OT S,—3 U X,—], TaK KaK Sy—|
MOXHO HaifTH U3 ypaBHeHHUs cocTosiHuil (12.2) npu k=n—1

Sn-1=0n—1(Sp-2 , Xp=1)

*
Y MOACTaBUTb BMECTO Sy—| B QYHKUMIO Z, (Sy—1)-
B pesynbrate MaKCMMU3ALUMH TONBKO IO OFHOUN MepeMeHHOH X,—
cornacHo ypaBHeHH1o (12.7) BHOBb mofyyaiotcs aBe GYHKIIMU:
- *
Zn—l (sn—Z) 1 Xn—l (sn-'Z)'
Hanee paccMaTpusaeTcsl Tpexiaropas 3alaya; K [JBYM IOCIeJHUM
iaraM ApucoeguHsieTcs (n—2)-# U T. I.
* w w
OGo3HaYUM uepe3 Z (Sy—1) YCA06HbiT MaKcumym yenegol yHkuul,
NOAYHEHKBLI NPU ONMUMAAbHOM ynpaesenuu Ha n—k+1 waeax, navunas ¢
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k-e0 do xoHya, npu ycaoguu, ymo K Hauany k-eo wiaza cucmema Haxoou-
aace 6 cocmosHuu Sy—1. PakTnyeckn 3ta GyHKUHUS paBHa

ZI:(SI(—]) = max Zf( Si_1s )
Toraa

Z;+1(5k)= max Zf(, 1> )

{Cekatonxn)} izkrl

J(Sers X/¢)+Zk:l(sk)

Zk:((sk)
LAV N NG A O N
S (s X)
Puc. 12.3

Lienesasg ¢pyHKuma Ha n—k nocnegHux warax (puc. 12.3) npu npo-
M3BOJLHOM YHOpaBieHun X, Ha k-M lIare U ONMTUMAIbHOM YNpaBieHUuK
Ha nocieIyIOIUMX n—Kk [arax paBHa

S (Su=15 X0+ Zy,1 (sp).

CoracHO NPHHUMKIY ONMTUMAIBHOCTH, X} BHIOMpAaeTcAd H3 YCAOBUS
MaKCHUMyMa 3TON CYMMBI, T.€.

Z(se-1) = max{ fe(siers Xe)+ Zia(se)} (12.8)
{Xi}

k=n-1,n-2 .,2, 1

Ynpapinenne X, Ha k-M Luare, nMpu KOTOPOM JIOCTHUIAETCS MaKCH-

*
MyM B (12.8), obo3Hauaercs yepe3 X, (sy—1) U HA3bIBAETCS YCAOBHBIM
ONMuUMAanbHbIM YnpaeneHuem Ha k-M waee (B MpaByl0 4acTb YpaBHEHHMS
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(12.8) cnemyer BMECTO s IONCTaBUTb BbIPAXECHUE Sy=Qp(Sg~1, Xp),
HaiileHHOE U3 YPaBHEHUH COCTOSIHUA).

YpasHenus (12.8) HasblBalOT ypasHeHusmu besimana. 3to pe-
KYPPEHTHbIE COOTHOLUEHMS, [03BOASOLINE HANTU MNpeablayliee
3HaueHue ¢yHKUMU, 3Hasg nocnenywoume. Ecniu u3 (12.5) Haiitu

Z,(Sp-1), To npu k=n—1 u3 (12.8) MOXHO ONpENENUTb, PELIUB
3aayy MakCHMMU3aUMU [UIS BCEX BO3MOXHBIX 3HAUYECHUH S,-7, BbI-
paxeHus Wi Z,',"l (Sp-3) M cooTBercTByiomee X,_,(s,—2). Hanee,

sHas Z,_,(S,—2), HaxomuM, ucronp3ys (12.8) u (12.2), ypaBHeHus

COCTOSIHM1.

IMpouecc peuwieHua ypasuennii (12.5) u (12.8) HasbIBaeTcs yca06HoL
onmumusayuei’.

B pesynbTaTe ycIOBHOM ONTUMM3aLMK [OTYYalOTCs ABE I10C/e10Ba-
TEJIbHOCTH

Z;(sn—l), Z;—l(sn-Z)’ ce Z;(Sl)’ ZI'(SO) -

YC/NOBHbIE MAakCHMMYMbl L€N€BOM (GYHKUMM HA MOCHEIHEM, Ha IBYX
NOCNeNHUX, Ha ...n larax u

X;(Sn—l)’ X;—-l(sn-Z)a cevy X;(S]), X:(SO) -

YCJIOBHBLIE ONTUMATbHbBIE YIIPABIEHUS HA n-M, (n—1)-M, ..., 1-M 1wiarax.
Hcnonb3ays 5TH MmociaeloBaTeNbHOCTH, MOXHO HAMTH pelueHue
sagauyn Il npu nanueix # u ;. [lo onpenenenunto (cm. pasng. 12.1)

Z,'(so) -— YCNOBHBIH MakCHMYM ULeNeBoil GYHKLUMYU 3a 7 LUIATOB IpU

YCNOBMM, YTO K Havyajuy 1-ro luara cucrema OblTa B COCTOSHUHU S,
T.C.

Zmax = Z1(8p) - (12.9)

HNanee cinenyer Mcroib30BaTh MOCHEIOBATENbHOCTD YCJIOBHBIX OFl-
TUMAIBHbBIX YIIPaBleHnii ¥ ypaBHeHNa coctoguuii (12.2).

Mpu duxcuposaHHoM s, nonydaem X, = X|(sy). danee u3 ypas-

Y] * *
HeHuit (12.2) Haxomum s; = ¢(sy, A;) M IOACTABISIEM 3TO Bblpaxe-

! 3pech onucaH cnocob pelends 3agaun JI1, HaunHalowMiAca ¢ nocnes-
Hero wara (“obparHas cxema”). MoxHo n-it 1 1-it 1Warn NOMeHATb MecTaMA
(“npsimast cxema”).
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HHE B IOCAEI0BATE/IbHOCTD YCIOBHBIX ONTUMAJIbHBIX YIIpaBJeHUM):

X; = X5(s;) u T.1. no uenouke!:
Xi = Xi(50) = 80 = 01(s0, X7) > X3 = X3(s) -
= 8 = 0y(s1, X3) = X3 = X;(s3) > ..o

- 5;—1 = (Pn—l(s;-z, X:r—l) = X; = X;(S:r—l)-

IMonyyaem ontuManbHoe pelueHue 3agauun AJ1:
X' = (X,*, X5 .., X,‘,).

(Ctpenka -» 0O3HayaeT MCIONb30BAHME YPAaBHEHWH COCTOsHUS, a
CTpeNKa = — IOCHeN0BATENAbHOCTY YCIOBHBIX ONTUMAIBHBIX YIpaB-
JIEHHI).

12.3. 3anava o pacnpeneneHdn CpeacTB
MeXy NpeanpHATHAMH

PaccMOTpUM NpemIoXeHHYIO BbILLE CXeMY Ha KOHKpETHO! 3ajaue
O paclpeleiCHUH CPENCTB MEXAY NMpPEeaNpHUATUAMHE.

D 12.1. naunpyercs aeATETbHOCTb YETHIPEX MPOMBILITEHHBIX Npes-
NpUATUH (CHCTeMbl) Ha ouyepenHoit roa. HavanbHble cpenctsa: s, =
=5 ycin. en. Pasmepbl BIOXEHHSt B KaXIO€ TNPEANPUSATHE KpaTHBI
I ycn. en. Cpencrsa x, BbLIENEHHbIE k-My Npednpustuio (k=I1, 2, 3, 4),
NPUHOCAT B KOHILIEe roga Mpuodblib f; (x). OyHkuUMHK f; (x) 3a1aHbl Tab-
JIMYHO (taba. 12.1). [IpuHATO cYUTaTh, YTO:

a) npubbTb f; (x) HE 3aBUCHUT OT BJIOXEHMSI CPENCTB B ApPYrue
NPEANpPUATHIS;

6) npudbLIb OT KaXAOro MpEANpUATHS BbIpaxaeTcsi B OJHHUX YyC-
JIOBHBIX €IMHHULAX;

B) cyMMapHasi npuObUTb paBHa CyMMe NpPUOBLIER, MOTyYEHHBIX OT
Kax[1oro npeanpusaTus.

OrnpenennTb, Kakoe KOTHYECTBO CPeJCTB HYXHO BbIICJIUTh KaXI0-
My NpPEANPUATHIO, YTOOb!I CyMMapHas npuObiTb ObUTa HanbONMbIIEH.

*
' Yepes 5, 3mech 0603HAYEHO COCTOSIHME CHCTEMb! Noc/e K-ro Liara npu
YCI10BUH, 4TO Ha k-M Liare BHIOpaHO ONTHMaIbHOE YNpaBieHHUe.
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Tabnuua 12.]

x Six) L) S() fix)
1 8 6 3 4
2 10 9 4 6
3 11 11 7 8
4 12 13 11 13
5 18 15 18 16

PeweHune OGo3HAYMM Yepe3 X; KOMMYECTBO CPENCTB, BblIEIeH-
HbIX k-my npeanpustuio. (Hymepauuio npeanpusaruii 1, 2, 3, 4 co-
XpaHsieM B lpouecce pelleHUs HEM3MEHHOM.)

CymMapHas npuObLUIb paBHa

4
Z=7% filx)- (12.10)
k=1
[TepeMeHHbIe x yIOBIETBOPSIIOT OrPAHUYEHUSIM:

4
LXe =5, (12.11)
% 20, k=1,234.

Tpebyercs HaliTH nepemeHHbIE X, X3, X3, X4, YIAOBIETBOPSIOLIKE
cucreMe orpaHnyernii (12.11) n obpauaoime B MAaKCUMYM (PYHKLIHIO
(12.10).

Ocobennocmu modeau. OrpaHU4eHusl JNHHeEHHbIE, HO TepeMeHHbIe
UEMOYHCIEHHbIE, a DYHKUHY f; (X;) 3adaHbl TAOMMYHO, TO3TOMY Helb-
351 NPUMEHMTH METOIbI LUEAOYMCIEHHOrO JUHEHHOrO NpOorpaMMHUpoBa-
HHA (cm. 1. §).

Cxema peuienns 3agayu MetoroMm HIT umeer cremylomuii sua: npo-
uecc pellieHus pacnpeleneHus CpelcTB =5 MOXHO paccMaTpuBaTh Kak
4-11aroBbli, HOMEp lllara COBIANET C HOMEPOM NPEINPUSATHS; BLIOOP
nepeMeHHbIX X;, X, X3, X4 — yrpasieHue cooTBeTcTBeHHO Ha I, 11, 111,
IV warax. § — KOHEYHOE COCTOSIHME Mpouecca pachpefeseHus — paB-
HO HYJIO, TaK KaK BCE CPEACTBA JODKHBL ObITh BIOXEHBI B [TPOM3BOICT-
Bo, § =0. Cxema pacnpenenenus rnokasaxa Ha puc. 12.4.

YpaBueHus cocrosHuii (12.2) B 1aHHOH 3ajaye UMEIOT BUJ:

K= Sp-1— X, k=1, 2, 3, 4, (12.12)
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rae Sy — napaMerp COCTOAHHUS — KOJHYECTBO CpPEIACTB, OCTaBUIMXCA
nociue k-ro uiara, T.€. Cp€acTBa, KOTOPbLIC OCTACTCS pacrnpe€acinuTb MeE-
XY OCTaBLUIMMHUCS 4—K MpeNNpUsTHAMH.

Puc. 12.4

BeeneM B paccMoTpeHmne (BYHKIHUIO Z,: (Sx—1) — YCIOBHYIC OITH-
MaJlbHYI0 NpUObUIL, MOAYYEHHYIO OT k-ro, (k+1)-ro, ..., 4-ro npexa-
NPUATHIA, €ClIM MEXAY HUMHM paclpeldeNsUINCh ONTUMAIbHBIM 00pa3oM
cpenctsa s;—(0<sg—1<5). JonycTuMele yiipaBlIeHus Ha k-M Iliare ygos-
JetBopsiioT yerosuio: 0 < x; < 53— (IuGo k-My NPENNPUATHIO HUYETO
He BblaenseM, x;=0, 1nbGo He Gonbilie TOTo, YTO UMeeM K k-My Liary,

X< sk—l)‘
Ypaguenuus (12.5) u (12.8) umeror Bu:
k=4, 54 =0= Zy(s3)= max fix), (a)
<$X4553

Zi(s)= max {fi(x)+ Zy(s) }, - ®
<X3<8) N , e
Zy(s) = max {H(x)+Z5(sp)}, t(B)

OSXZSSI 3
Z{(5) = max {fic)+ Z3(s))} o
<x;<5 : - o

[TocnenoBarenbHo pelnaeM 3anmucaHHbIE YpaBHEHMs, NpPOBOAA Yyc-
JIOBHYIO ONTUMU3AUMIO (cM. puc. 12.4) kaxjoro iiara.

IV wmwar. B rabn 12.1 f4(x) npuObIIX MOHOTOHHO BO3pacTaioT,
NosTroMmy Bce cpencTsa, octaBliuecs K 1V wary, cieayer BIOXHUTDb B 4-¢
Npeanpusatne. [Ipn 3TOM WIS BO3MOXHBIX 3HaueHuit s3=0, 1, ..., 5
noyyuM: ’

Z4(53) =fals3) 1 xy(s3) = 3.
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Il war. [JemaeM Bce NpeANONOXEHUS OTHOCHUTENBHO OCTaTKa
cpencts s, k I wary (t.e. nocne BpIOOpa X; U X3). § MOXET NPUHHU-
Mmatb 3xaueHus 0, 1, 2, 3, 4, 5 (Hanpumep, s, = 0, ecan Bce cpeacrea
oTaaHb! 1-My ¥ 2-My NpeanpusiTusaM, s;=5, eciu 1-e U 2-e npeanpu-
ATHSI HUYEro He NMOJYMUIHM, 4 T.1.). B 3aBucuMocTH OT 3Toro BbIOMpa-
eM 0<x3<s;, HaXxomHM s$3=$;—X3 U CPaBHUBAEM MUl PAa3HbIX X3 Ipu

MKCHPOBAHHOM $; 3HAYEHHMsT CyMMbI f3(X3)+ Z, (s3). s Kaxmoro 5
HauOobllee U3 ITUX 3HAYEHUI €CThb Z; (53) — ycjOBHas ONTHUMANb-

Hag npuObLIb, T[OAYYeHHAsd [pH ONTHUMAIBHOM paclpeneneHun
CPeICTB §; MexXay 3-M u 4-M npeanpuatusiMud. OnTUMU3aUMs 1aHa B

Tabn. 12.2 npu k=3. JAna Kaxjoro 3HaYeHUs S, Z; () u X; (s7) mo-

MelleHbl B rpadax 5 1 6 cOOTBETCTBEHHO.
I'l 1w ar. YciosHas ONTMMM3alKA, COTIACHO YpaBHEHUIO (B), IMpo-
BeneHa B Tabn. 12.2 npu k=2. J1n4 BceX BO3MOXHBIX 3HAYEHWH S| 3Ha-

yeHuss Z, (5;) 1 X, (s;) Haxonstcs B cTonbuax 8 u 9 COOTBETCTBEHHO;

MepBbIE caraemble B cTonble 7 — 3HaYeHus fo(x3), B3ATHI U3 Tabn. 12.1,
a BTOpbIe cliaraeMble B3ATbI U3 cTONOLA 5 Tadn. 12.2 nipu 53 = 51 — X3

I war. YcnoBHag onTumm3auusa (ypaBHeHHe (T)) npoBeneHa B
tabn. 12.2 npu k=1 mwa s=5!. [logcHUM pelneHue MoapoOHO: ecnau
x(=0, To §{=5, NpUOLLIE, NONyYeHHasA OT YETbIPEX MPEANPUATHH NpH
YCAOBHM, YTO §;=5 €n. CpPedCTB MEXIY OCTaBLUIMMHCH TPEMs Npen-

NpusATUAMHM OYIYT pacnpeleneHbl ONTUMANbHO, paBHa f(0)+ Z; )=

=0+19=19 (Z5(5) B3sro u3 cronbua 9 Ta6n. 12.2 npu s;=5). Ecin
x=1, T0 55=4. CymmapHas npuObUTb NMPH YCIOBMHU, UTO $H=4 el
CpPEINCTB MEXIY OCTABIIMMHUCH TPEMs NPEANPUATHAMH OyayT pacnpe-
JeNeHbl ONTUMaTbHO, paBHa fi(1)+ Z; (4)=8+16=24 (fi(1) B3sTO M3

tabn. 12.1, a Z; (4) — u3 cTonbua 9 tadn. 12.2.) AHanoru4yHo npu
x1=2, $5=3 u {(2)+ Z, (3)=10+13=23,;

npn x;=3, 5,=2 u fi(3)+ Z, 3)=11+10=21;
npy x;=4, s,=1 U fi(4)+ Z, (1)=12+16=28;
npu x;=5, $2=0 u £i(5)+ Z, (0)=18+0=18.

! Ha 1 ware ycnoBHoit oNTMMM32LMK JOCTATOYHO 3allONHUTh pasnen Tab-
JIALIBI, COOTBETCTBYIOWIMI 5;=35.
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CpaBHHBaH-HOﬂ‘ICpKHYTbIC qyucaa, nogyyuM Z,' (5)=24 ycn. ex. =

* -
= anax IIpH X = xl (5) = 1

Hcnonssys ypaBaenus (12.12), noayunm s; =5—1=4, a no tabn. 12.2
B CTONGUE 9 HaxommMm x, = x,(4) = 2. Jlanee Haxomum s, =4—2=2, a
no Ta6n. 12.2 B cronbue 6 — x3 = x;(2) = 1. Hakoueu, s;=2—1=1 u
x;=x;()=1,Te X' (1;2; 1; 1).

MakcumyM cyMmapHOil NpuObUTH paseH 24 yci. ei. CpencTB INpu
yCJIOBHHU, yTO 1-My mpeanpusiTHio BuieneHo | yci. en.; 2-My mnpen-
NpUATHIO — 2 yciu. en.; 3-My npeanpustuio — 1 yci. en.; 4-my npea-
npuatuio — | yea.en.p

3amewanne 1. Peweune yerhipexmepHoit 3agaun 12.1 Ha orm-

peleNeHne YCIOBHOTO 3KCTPEMyMa CBeJeHO (akTHYECKU K pellie-

HUIO YeThIpex OMHOMEPHBIX 3a7a4: Ha KAXAOM LUare onpenensiach

O/JHa NnepeMeHHas x.

3ameuvanne 2. Ha paso6pannoii zagave 12.1 BHIHO, YTO METOL

AT Ge3paznuueH K BUIy M crocoby 3agaHud GyHKUuuU: fi(x) Obuin

3ajaHbl TaOIUYHO, MO3TOMY U Z,:(s) u X,:(s) NMPUHUMATU [HC-

KpeTHble 3HaYeHHUsl, TIpeacTaBieHHble B Tabn. 12.2.

. Tabnuuma 12.2

k=3 k=2 k=1
S | X | s | A0 | BT | x5 At | 4T x| A |47 X
+Z,(s3) ) | (s +7Z3'(s,) ) | () +2Z,'(s) (s0) | 0
] 213 4 5 6 7 8 9 10 11112
0]0]o0 0 0 0 0 0 0 0 0] 0
1 011 0+1=1 0+4=4 0+6=6 8 1
1/10] 3+0=3 4 0 6+0=6 6 1 8+0=8
2 101}2 0+6=6 0+7=7 0+10=10
111 3+4=7 7 1 6+4=10 | 10| 1 8+6=14 | 14 | 1
210 4+0=4 9+0=9 10+0=10
0]3) 0+8=8 0+9=9 0+13=13
IJtil21 3+6=9 9 { 6+7=13 1131 1 | 8+10=18 | 18} 1
211 4+4=8 9+4=13 2 | 10+6=16

9 Wcencaopanue onepalum
B IKOHOMMKE
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IIpodoaxcerue

k=3 k=2 =]

St | X% | s | At | 4T T At | AT |4 K

YO | () )] TEED 6 || FAG) ||

1 7213 4 5 6 7 819 10 1] 12
310 7+0=7 11+0=11 11+0=11
0|4]0+13=13 0+13=13 0+16=16
113] 3+8=I11 6+9=15 8+13=21

4 1212 4+6=10 13 0 9+7=16 | 16 | 2 | 10+10=20] 2l 1
31011 7+4=11 11+4=15 11+6=17
4 10| 11+0=11 13+0=13 12+0=12
05| 0+16=16 0+18=18 0+19=19
114 3+13=16 6+13=19 8+16=24

51213 4+8=12 18 S 9+9=18 (19| | [10+13=23] 24 | |
312 7+6=13 11+7=18 11+10=21
411 11+4=15 13+4=17 12+6=18
510 18+0=18 15+0=15 18+0=18

3amevanune 3. AnbrepHatupoit Mexay HI1 mwia nonobHoit auc-
KpeTHOI 3amaym sBisgeTcs Meton nepebopa. Meroa I npenmou-
TUTE/bHEE, TAK KAaK Ha JTane yCAOBHOH ONTUMU3aUMU oTOpachiBa-
IOTCSl 3aBEJOMO HETOJHbIE BAPHUAHTHI.
3amevauune 4. JlocToMHCTBOM MeTola SIBASIETCS BO3MOXHOCTb
aHAIN3a pElIeHWS Ha YYBCTBUTENBHOCTh K HM3MEHEHMIO S5 U N
IMpoBefeHHbIe pacyeThl MOXHO HCIMOML30BaTb U1l M3MEHUBILMXCA
HAYaJIbHOTO COCTOSHHMA S, M 4YMcna waros n. Hanpumep, nyctb B
sagaye 12.1 npousoulTo yMEHblIeHME HAYaIbHBIX CpPEICTB Ha
I yen. en. lns sy=4 nocraroyHo B Tabauiy no0aBuUTb pacyeThbl NpH
k=1 (aT0 caenaHo B Toi1 xe Tabn. 12.2). [Tonyyaem B 3TOM Ciyyae
Znax=21 yci. en. npu pacnpeneneHuu:

x| =l 5] =4—1=3= x; =1, wn x;=2 -

- 5,=3—1=2, umu 5y =3-2=1= x; =1, nin

x3=0 > s;=2-1=1, wiu s; =1-0=I=x, =1.
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—

B pesynbrare HaiinmeHbl aBa onTUManbHbix pewenus: X(D*(1; 1;
I; 1) u X@* (1; 2; 0; 1). Ecniu HavaibHble CPeACTBA YBEANUMIUCH,
HanpuMep, Ha 1 ycn. en., =6, a dyHkuuu npubbuin fi(x) ocra-
JIUCh NPEeXHUMU, To B Tabn. 12.2 noctatoyHo no6aBUTh paszaen Ui
5¢=6 npu k=3, 2, 1, sTOoT (parMeHT pacyeToB NomeuleH B Tab.
12.3. '

Ta6nuua 12.3

11243 4 516 7 819 10 11|12
0| 6 [0+16=16 0+22=22 0+24=24
I | 5 |3+16=19 6+18=24 8+19=27

61 2 | 4 [4+13=17122(5][9+13=22| 24 | 1 | 10+16=26 | 27 | |
3 (3| 7+8=15 11+9=20 11+13=24
4 | 2 [11+6=17 13+7=20 12+10=22
511 |18+4=22 15+4=19 18+6=24

MonyuaeM Zpy=27, x; =1 = 5, =6—1=5 = x,=1 - 5,=5—1=
=4 = x;=0 - s5;=4—0=4 = x,=4.
OnTtumansHoe pewteHue X “(1; 1; 0; 4).

Ecnu npunsaTO pellieHue pacripeenuTh CPENCTBA §=5 MeXIy 2-,
3- u 4-M npeanpUATHSAMH, TO 3aJavya yxe pelleHa B Tabn. 12.2. B

pasnene k=2 Tabiuubl HaXOmMM Zna= Z,(5)=19 npu ycrosun,
* * *
yto x; =1, x;=0, x,=4.

HakoHel, ecinu YBETMYMIOCH KOJMYECTBO TNpedNpUATHI
(YMCIO LUAroB), TO CXEMY MOXHO JOMOJHUTh, MPUCOCIUHAA LIArH
¢ Homepamu k=0, —1, ... u 1. 0. Hanpumep, nyctb cpenctsa
£y = 6 pacnpenensioTcss MEXAY NATbIo NpeanpuaTiaMu. OyHKuus
MpUOBLLIK UM MATOrO MpeAnpraTUs 3adaHa dopMynoit flx)=3x+1,
ecnu x20 n f0)=0. INpucBoum 5-my npeanpusatuio Homep k=0,
TOrJa Xy — CpPEICTBa, BblAEAEHHBbIe 3TOMYy mnpennpusatiio. 06o-

*
3HauuM 4Yepe3 Z;(6) ONTUMaIbHYI0O NPUOBUIb, MONTYyYEHHYIO OT
MATH NPEANPUATUI:

Z3(6) = max {foxo) + Z} (s}

a 5;=6—x,. YcnosHas ontumusauus 0-ro wara gaHa B TaOn. 12.4.
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e

Tabanua 124

X o|l1fl2]3]4afls5]e6
$1=6-%; 6|s|4|3]2]1]0
A0)=0 047 ({10]13[16] 19

Z/(s;) (B3sTa n3 Taa. 2712412118114 81 0
12.2 1 12.3 npu k=1)

Axo)+ Zi(s)) 27 128128 | 281271241 19

CnenoBaTenbHo, Z;,,=28, a ONTUMAIbHBIX PEIIEHHUH YEThIpe:
XN GL2 LD, GG LELD, X3Q 5201, Xo6 L1
0; 1.
3amMeyanue 5. K yHemocratkaM MeTo[a MO-NMpPEeXHEMY CheldyeT
OTHECTH BO3HMKHOBEHHE TEXHMYECKHX TPYAHOCTEH IIpH BbIYMCIE-
HUSX B Ccllyvyae yBenauueHus pasMmepHocTu. Ecnu kaxaoe ympasne-
Hue X ,: OyneT 3aBHCETb OT r NEPEMEHHBIX, & COCTOSIHUE s,'( —OoTp

napaMeTpoB, TO Ha KaXJOM lliare BO3HUKAET rp-MepHas 3aJaya ofl-
tuMuzauun. (B 3amaue 12.1 r = 1, p=I, T.e. peluanack ogHOMEpPHAaA
3agaya). Jaxe npu peanusaunu metoga I Ha DBM npakTuyecku
MOXHO peluarth 3a1ayyl iis HeOonbIlUuxX 7, p, n.

12.4. Oomas cxema npumenenns meroaa JI1.
3ajgaua 00 ONTHMAJILHOM pacnpeneaeHud
pecypcoB MeXKAY OTPac/isAMH HA 1 JeT

Ipexne yeM mnepefTH K KOHKPETHbIM 3aga4aM, CNleayeT YCBOMTH
obuyio cxemy npumenenus memoda 11,

IMpennonoxumM, yto Bce TpeboBaHUA, NMPELbSIBASEMbIE K 3afaue Me-
tonoM JII1, BbimoaHeHbl. (ITH TpeboBaHua chopMynupoBaHbl B
pasa. 12.1). IMocrpoenne momenn AIT u mpumeneHue merona JI1 and
pelieHus CBOIUTCA K CAENYIOLIUM MOMEHTAaM:

1. Beibupatort crocob neneHusa npouecca yrnpaBieHUs Ha Luaru.

2. OnpenensilcT napaMeTpbl COCTOSIHUSA S; M NEPEMEHHBIE ypaBiie-
HUS X HA KAXIOM Luare.

3. 3anuchlBalOT ypaBHEHHS COCTOSHMIA.

4. Beogat uenesble GYHKUHMM Kk-TO 1ara ¥ CYMMapHYKO leleBylo
pyHKUMIO.
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5. BBomAT B pacCMOTPEHHME YCAOBHblE MaKCHMyMbl (MHUHHUMYMBbI)
Z (S¢—1) 1 YCTIOBHOE ONTUMATLHOE yNpaRIeHue Ha k-M ware: X, (sy—y),
k=nn-1,..,2 1.

6. 3anuchIBalOT OCHOBHBIE WIS BelYMcauTenbHoi cxemst [I1 ypas-
Henus Berwmana mis Z, (s,-1) u Z (Sk=1), k=n—1, ..., 1.

7. Pemalot nocnenoparesbHo ypaBHeHusl bennmana (ycioBHast on-
TUMH3aLKs) ¥ TI0JYYaloT ABE TOCIEN0BATENbHOCTH (hyHKLIUMA:

{ Z; (1=} 1 { Xp (5=}

8. Tlocne BHINONHEHUs YCIOBHOH ONTHMH3aUMH MOAYYAlOT OMNTH-
MaJIbHOE pClIeHHUE IJIsi KOHKPETHOIO HAYalIbHOI'O COCTOAHHA Sp.

Q) Znax = ZI‘ ()

* * * * - *
G) noUenmouke 5= X; = 5§ > X; 5 5, =2 ..2 X, > 5=
* * * * » *
= X, - s, oNTUMajbHOE ynpasneHue: X (X1 , Xz,...,X,,).

Peluast 3agayd, ciemyeT 1O BO3MOXHOCTH HPUAEPXHBATbCS ITO

CXEeMBI 110 KpaiiHeill Mepe B Hauase U3ydyeHUst TeMbl. PaccMoTpuM, Kak
paboTtaer cxeMa Ha NpuMepe 3ajaud 06 ONTUMATbHOM pPACHpPENETeHUM
pecypcoB MeXny AByMs OTPAC/ISMH Ha M JIET.
12.2. [Inanupyercs AeATENbHOCTh ABYX OTpacieil Ipou3BOACTBA HA n
ner. HayanbHele pecypesl 5. Cpenctsa x, BnoxenHbie B | oTpacns B
Hauale roga, JAlOT B KOHUeE rogza npuOsuib fj(X) ¥ BO3BpallalOTCS B
pasMepe ¢;(x)<x; anamoruyHo mnsi 1l orpacnu ¢yHkUMUS npubbLTH
paBHa f(x), a BozBpata — (X)) (§:(x)<x). B KoHUe roma Bce BO3Bpa-
INeHHbIe CPEACTBA 3aHOBO Nepepacnpenensiiores mexay [ u 1l orpac-
JISMM, HOBbI€ CPEACTBA HE INOCTYNAIOT, NpUObUIL B NMPOU3BOICTBO HE
BKJIanbiBaercs! .

Tpebyercss pacnpelenTb UMeEIOINMECSs CpeICTBAa Sy MeXIy IByms
oTpacjsMH TPOM3BOIACTBA HA n JIET Tak, 4roObl cyMMapHast npHObLIb
oT oBerx oTpacieil 3a n JIeT OKa3alach MAKCUMAabHOM.

Heobxonnmo:

a) nocrtpouTb monens JI1 a1s 3anaun # BIYUCIUTENBHYIO CXEMY;

6) pelwMTb 3ajayy NpH YCJIOBHH, yTo S5 = 10000 en., n =4,
fitx) = 0,6x, gi(x) =0,7x, fH(x) =0,5x, g(x) =0,8x.

! [TocneaHue ycnoBUS ONpedc/AIOT BUI YPABHEHMI COCTOSHUIA; ec/n ro-
CTYMAIOT HOBBIE CPEJICTBa MJIM 4aCTh NPUOBUIM BKJIAABIBACTCS B NPOM3BOACTBO,
3TO MOXHO JIETKO YYeCTb, TaK KaK airoput™ Metona Il He u3MeHsieTcs.
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Pewenue. a) [Npouecc pacnpeneneHust CPencTB MEXIY IBYMs
oTpacisiM{ MNpOHU3BOACTBA DPA3BOPAYMBAETCH BO BpeMEHH, pelleHus
NPHHUMAIOTCS B Hayale KaxJoro Toja, CIefOBaTeIbHO, OCYILUECTRIIS-
eTcq OeJieHWe Ha llard: HoMep 1lara — HOMep roza. YmpabisieMas
CUCTeMa — IlBe OTpac/Ji NpPONU3BOACTBA, a YNpaBIeHUe COCTOUT B Bpl-
JENIEHUU CPEeNCTB KaxXIoil oTpaciu B odepenHoM roxy. Ilapamerphr
COCTOSIHUSA K Hayany k-ro roga — Sg—| (K=1, 2,..., n) — KOJHMYECTBO
CPEICTB, noljexalunx pachpeneneHuio. [lepeMeHHbIX yIIpaBlIeHus Ha
K@KJOM llare ABE: X; — KOJHYECTBO CPEICTB, BblneneHHbIX 1 oTpaciy,
n yx — Il orpacnu. Ho Tak Kak Bce cpencTBa sy—; pacrpenensiorcs, To
Vi=Sp—1—Xy, ¥ TOITOMY YNpaBIeHHe HA K-M l1are 3aBUCHT OT OXHOi
NePEMEHHOH X, T.€. Xp(Xk, Sk—1—Xk)-

YpaBHeHUsI COCTOSTHUMA

Si=q1(x) T qa(Sk—1—x¢) (12.13)

BbIPAXAlOT OCTATOK CPelCTB, BO3BPAILEHHBIX B KOHLIE k-To roja.
[Tokasarenb 3¢p¢eKTUBHOCTH K-TO 1liara — NPHOLUTb, MOJNY4YEHHas
B KOHIIe k-To roza ot oberx oTpacieit:

Sie) A (Sk-17x0). (12.14)

CyMMapHbIii okaszarens 3¢pheKTUBHOCTH — LieneBasi GYHKUMS 3a-
Jayd — npubbLIb 32 £ JIET:

Z=Y" (%) +hsk-1—x). (12.15)

k=1
IMycre Z,: (S¢—1) — YCJOBHas onTUManbHasi NpuOBUIL 3a A—k+]

JIeT, HaukHas ¢ k-To roja o n-TO roja BKIIIOYUTENbHO, NPH YCIOBHUH,
4TO MMEIoIMecsl HAa Hayajlo K-To rola Cpeictba Sy—; B ZalbHEHLIEM
paclpeZensuiich ONTUManbHO. Toraa onTuManbHast NpuObUIL 33 1 JeT

*
Znax = Z) (89).
YpapHeHus BeniMana uMeloT BUI:

Zy(sp) = | max fiGe) s, (12.16)

Zi(se-) = | max O HASx0* Zew (0 (1217)

(k=n—1, n—2, ..., 2).
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6) Mcnonb3yeM KOHKpeTHbIE JAHHDIE.
YpaBHeHue cocTosgHuit (12.13) npuMeTr BUI:

$¢=0,7x,+0,8(sk—1—xx), 1nm §,=0,85¢—1—0,1xy. (12.18)

IeneBas ¢pyHkuus k-ro wara (12.14)

0,634+0, 5(s—1—x)=0, Lxg+0, 555_;.

LleneBas GyHKUMSA 3anayu

OyHKUMOHAJIbHBIE YpaBHEHUS

4
Z =055, +0lx, . (12.19)

k=1
Zi(s3) = Jmax {0,555+0, Lxg}, (12.20)

u Zy(se )= max {01055+ Zp, (s} (12.21)

O<xp S5k -1

[MpoBoAKM YCIIOBHYIO ONITHUMHU3ALKIO.

Z, |

3

IV wmwar. Hcoonb3yeM ypaBHeHHE
(12.20). OGo3HauuM 4yepe3 Zy GYHKUHIO,
CTOALYI B cKobkax, Z; = 0,1x4+0,5s5;

V ¢yHkuusg Z; — nuHeldHas, Bo3pacTaio-
I uasg, Tak kak yriaopoil koadpdrument 0,1

| Oonbiie Hyna. IloaTOMy MakcHUMyM Ooc-
|s3 TUraetcss Ha KoHue HHTepBana [0; s3]
i

> (puc. 12.5). Cnenosarensho, Z, (s3)=0,6s3

X4

Puc. 12.5 pu Xy (53)=S53.

I[T11 war. YpaBHeHue:

Z, (sz)— max {0,lx31+0,55,10,6s3}.

0sx3<5)

Haitnem s3 u3 ypaBHeHuit coctosuuit (12.18): s3=0,85—0,1x; u,
MOACTAaBUB ero BblpaXeHHe B MPaBYl0 YacTb YpaBHEHHUS, NOJIYYUM

Z5(s,) = max {0,1x3+0,55+0,6(0,85,—0,1x3)},

0sx;<5;

Z5(sy) = Osn)};i;(sz {0,04x3+0,98s,}.
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Kak ¥ B mpenbinyumeM ciydae, MakCUMyM IDOCTHraeTcsl MPH X3=sy;
T.e. Z3 (s3) = 1,025, pu x3 (5)=55.
Il wmwar. W3 ypaBHeHHUS COCTOSIHHS:
Z )\ 57=0,85,—0,1x;. ITostomy ypaBHEHHe
L1,316s, (12.20) npu k=2 npumer Bux:

Z, (s))= omax {1,3165,—0,002x,}.

JInHeitHast OTHOCHUTENbHO X3 (PYHKLUS
Z; = 1,3165—0,002x, y6biBaeT Ha OTpe3Ke

ls
3 » [0; 5], ¥ MOBTOMY ee MAKCHMYM HOCTHIaeT-
0 x, Cf pH x=0 (puc.12.6):
Puc. 12.6 Z, (s1)=1,316s; npu x;, (5,)=0.

I war. 5=0,85~0,1x,. YpaBHenue (12.20) npu k=1 uMeer BuL:
Z; (s0)= ,max { 1,55285,—0,0316x;}.

SX] <50

Kak ¥ B npeabiiylieM ciydae, MakCUMyM NOCTHTaeTcsi B Hayale
OTpe3Ka, T.€.

Z; (s)) = 1,5528s npu x; (50)=0.

Ha sroM ycnoBHas onTuMu3auus 3akaHymBaercsa. Mcmonb3ys ee
DE3yNbTaT W WCXOOHBIE NAHHBIE, TNONYUUM Zmax = Z; (10000),
Zmax = 15528.

x, =0, ¥ = 55 = 10000
(Bce cpencrsa Boigensiorces 11 orpacnn) —

s; =0,8-10000—0,1-0=8000 = x; =0, y, =s;=8000
(Bce cpencrtsa Beigensiores Il orpacnu) —»

— 5,=0,8-8000—0,1-0=6400 = x; =6400, y; =0 —
(Bce cpencrsa Beigensiores I orpacnu) —

- 53 =0,8-6400—0,1-6400=4480 = x, =4480, y, =0
(Bce cpencrpa BuAensA0TCs 1 oTpacin).

OntuManbHas npuObLTE 33 4 roja, nonydyeHHas oT [IBYX oTpaciei
NpOM3BOACTBA NMPH HavyanbHbIX cpexacrBax 10000 en., pasHa 15528 en.
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npH ycnosuH, yto I oTpacns nomyyaer no rogam (0; 0; 6400; 4480), a
II orpacis — coorsercteeHHo (10000; 8000; 0; 0).»

12.5. 3apaga o 3ameHe 06opynoBaHHsA

3ameHa obopymoBaHHs — BaxXHas dKOHOMHYecKas NpobiieMa, 3a-
Aaya COCTOHMT B ONpeNeNeHUH ONTHMATBHBIX CPOKOB 3aMEHBI CTaporo
oBopynoBaHusl (CTAHKOB, NPOM3BOACTBEHHBIX 31aHMMA U T. IL). Crape-
Hue oBopynoBaHUsA BKJIIOYaeT ero GU3MYeCKUH 1 MOPIbHBIA H3Hoc, B
pesyJbTarte Yero pacTyT MPOM3BOACTBEHHbIE 3aTPaThl, 3aTpaThl Ha pe-
MOHT U ODCNyXHBaHUE, CHUXAIOTCA MPOU3BOAMUTENLHOCTD TPYAA, JTHK-
BUIHAA cTouMocTb. KpuTepieM ONTHMANBHOCTH SBISIOTCA, KaK Ipa-
BHJO, NHO0 NMpUOBUIB OT 3KcIUIyaTauuH obopynoBaHMS (3adaya mak-
CHMM3aLuM), 00 cyMMapHEBIE 3aTPAThl Ha 3KCIUTyaTallMlo B T€yeHue
IUTaHHpyeMoro nepuoaa (3alaya MUHUMHU3ALHUH).

Tlpu mocTpoeHHH Mogenu 3amaYd MPUHATO CYMTATh, YTO PElueHue
O 3aMEHe BBIHOCHTCSI B Hayal€ KaXIoro NMpoMEXYTKa 3KCIIyaTaypuu
(HanmpuMep, B Hayaje roga) ¥ YTo B MpUHUUNE 0OOPYAOBAHUE MOXHO
HCTONB30BaTh HEOTPAHHMYEHHO HOJTO.

OcHoOBHas xapaKTepHUCTHKa OOOpYHNOBAHHUA — IApaMeTp CocTod-
HUS — ero BO3pacT 1.

IIpu cocraBiieHHH OTUHAMHYECKOM MOIEHH 3aMEHBI IPOLECC 3aMe-
HBl PACCMATPHMBAIOT KaK #-lUAroBblid, pa3buBasd BeCh MEPHON IKCIutya-
TAlMH Ha n WaroB. BoamoXHoe ynpasieHHe Ha KaXIOM LIare Xapak-
TepHU3yeTcs KaYecTBeHHBIMH NPU3HAKAMH, Hanmpumep, X ¢ (CoXpaHuTs
o6opynoBanue), X3 (3ameHuTs) U XP (caenarsk peMoOHT).

PaccMOTpHM KOHKPETHBIN NpHMED.

12.3. OGopynoBanue 3KCIUIyaTUpyeTcs B TedeHUe 5 JeT, MOCie srorg
nposaercs. B Hayane kaxmoro roxa MoXHO MPUHATH PELIEHHE coxpa-
HUTE obopyldoBaHHe WIH 3aMeHUTh ero HOBBIM. CTOMMOCTE HOBoro
o6opymnoBanus p,=4000 py6.! Tlocne ¢ mer skcmayaraunm (Is 1 <5)
obopymoBaHne MOXHO TNpoaaTh 3a g ()=py2~! pyoneit (MUKBunHas
CTOMMOCTB). 3aTpaTsl Ha cofiepXaHHe B TEYEHHE roma 3aBUCAT OT BO3-
pacra ¢ obopynoBaHus u pasHbt r ()=600(z+1). Onpenenurs onrtu-
MaIbHYI0 CTPATerHio IKcITyaTauud obopynoBaHMsi, YTOOBI CyMmap-
HbI€ 3aTpaThl C Y4€TOM HayalbHOW MOKYNKHU M 3AKIIOYHTENBHON Mpo-
JaXH ObUTH MUHHUMATbHHI.

! Bce 1eHH YCNOBHBIE.
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Pemenue. Crnocob AeneHUs ynpablieHHs HA LIATH €CTECTBeH-
HBIA, o rogam, n = 5. IlapaMeTp COCTOSIHHSI — BO3PAacT MAlHMHEB
— §;—1=t, 5,=0 — MallrHa HOBas B Hayaje IepBOro roia 3KcITya-
TallM{d. YTpaBjieHHe Ha KaXIOM LIare 3aBUCHT OT ABYX NepeMeH-
HbIX X¢u X3,

YpaBHeHMs COCTOAHMI 3aBUCAT OT yNpaBJICHHS:

Si= t+1, eCcHu Xk =XC’
1L eemm X, =X3k=1234.
k

(12.22)

B camoMm pene, eciu K A-My 1UATY §g—;=f, TO IPH COXPaHEHHUH Ma-
wHHb (X=X ©) yepe3 rox Bo3pacT MAalUMHBI yBenw4yurcs Ha 1. Ecim
MalIHA 3ameHsieTcss HoBol (X=X 3), To 3T0 O3Ha4aeT, YTO K Hayaly
k-ro wara ee Bo3pacT t=0, a mocne roga IKCIUIyaTagud t= 1,
T.e. 5=1.

Tlokasarens 3¢eKTUBHOCTH k-To Liara:

600(r+1), ecnu X, =X°©

' k=1,2,3,4 (12.23
4600 - 400027, ecnn X, = X3 (12.23)

b

./}(=(Xk, t)= {

(ITpu X© 3arpaTsl TOJNBKO Ha JKCIUIyaralylo MAaulMHBl BO3pacTa f,
npu X3 MammHa npomaerca (—4000-2-), nokymaerca HoBas (4000) u
IKCITyaTHPyeTcs B TeyeHue mepsoro roxa (600), obuiue 3arparsl pas-
HbI (—4000-277+4000+600)).

Tlyets Z ,: () — ycnoBHEIE ONTUMAIBHBIE 3aTPATHI Ha 3KcIUTyaTa-

LMI0 MalIMHEI, HAYMHAs ¢ K-TO 1Lara 10 KOHLA, NpH YCJIOBHH, 4TO K
Hayajly A-ro 1Iara MaliMHa MMEeT BO3pacT f JieT. 3anuiueM Wi pyHK-

470 Z,: (9) ypasuenuss bemnmana (12.5) u (12.8), 3aMeHHMB 3anaqy
MaKCHUMH3a1UH1 HA 3a1a4y MHHUMHU3ALIUY:

7 = i [ 600 + 1)~ 40002764, oy Xs =X 1224
s 4600 - 400027 4000 2D ecqm X5 = X°.

BennyuHa 4000-2~(*1) — crommocTs MaluMHBL Bo3pacTa ¢ jer (Mo
YCJIOBMIO Mall¥HA Nocte 5 JieT 3KCIUTyaTtaldy NpoiaeTcs).

600(t + 1)+ Z; (¢ +1), ecnu Xy =X°5,

X 12.25
4600 - 4000-27" + Zp (1), ecnin Xy = X3, ( )

Z,:=min{

k=4,3,2, 1.
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U3 onpenenenus dyuxumit Zj (9) cnemyer

Znin= Z; (0).

JanuMm reomeTpuyecKoe pelueHue sTod 3amayd. Ha ocu abeumce
OyaeM oTKJIalpiBaTh HOMEp 1uara k, Ha ocH OpAHMHAT — BO3pacT ¢ Ma-
wrHeL. Touka (k—1, {) Ha MIOCKOCTH COOTBETCTBYET Hayany K-ro roma
SKCIUTyaTallii MaluHHbE Bo3pacTa ! jer. IlepemelieHne Ha rpaduke B
3aBHCHMOCTH OT NPHHATOro YNpaBiCHUsS Ha K-M LIare [okKas3aHo Ha
puc. 12.7.

CocrosHue Hayajla SKCIUIYaTalMH MAIIWHBI COOTBETCTBYET TOYKE

55 (0; 0), xoHelr — Toukam § (6; 7). Jo6as TpaeKTopusl, nepeBoAlLasn
TOYKy s(k—1; 1) u3 s(') B §, COCTOMT M3 OTPE3KOB — ILIAroB, COOTBETCT-

BYIOIUMX rofaMm OSKciuyarauud. Hamo BoifpaTb Takyl TpaeKTOpHUIO,
Mpy KOTOpOH 3aTparsl Ha SKCIUIyaTalldi0 MAlUMHBI OKAXYTCS MUHH-
MaJIBHBIMH.

Han xaXabiM OTPe3KOM, COCIMHSIIOIMM Touku (k—1; o) u (k; 1),
3amyieM COOTBETCTBYIOIHE YNpaBIeHHI0 X© 3arparsl, HalAeHHbIE U3
(12.23): 600(++1), a Ham OTpe3KOM, COCAMHAIOIINM TOYKH (k—1; ) un
(k; t), 3anulleM 3aTpaThi, COOTBETCTBYIOLIME YMpaBieHUIO X°, T.e.
4600—4000-27!. Takum o6pazoM MBI pasMETHM Bce OTPE3KU, cOenu-
HsIOlLKMe TOYKH Ha rpadprKe, COOTBETCTBYIOIHE MepexoaaM 13 Joboro
COCTOSIHHS Sy—] B cocTosiHHe §; (puc. 12.8). Hampumep, Hal oTpe3ka-
MH, COEIMHAIOIMMHU Touku (k; 2) u (k+1; 3), crour uucno 1800!, uro
COOTBETCTBYET 3aTparaM Ha 3KCIUTyaTalll0 B TEYEHHME KaXIOro roaa

1 HanoMuHaeM, 4To Bce 3aTpaThl BbIpaXeHHl B YCIOBHHIX pyGsX.
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MAILMHBI BO3pacTa ! = 2 JIeT, a Hal OTpe3KaMH, coeluHsomuMH (k; 2)
u (k+1; 1), crout uucno 3600 — 3T0 cymMMa 3aTpaT Ha NOKYIKY Ma-
IIMHBL M 3KCIU1yaTal(l0 HOBOI MalLUMHBI B TeyeHUe Tona Ge3 “sarpar”
(BBIPYYKH) 3a MPOJAAHHYI MaliuHy Bo3pacra ! ner. Crnenyer ydecrs,
yro 0 <1<k

IMpoBeneM Ha pasmeyeHHoM rpacde coctogHuit (cm. puc. 12.8) yc-
JIOBHYIO ONTUMU3ALKIO.

V w ar. HavanbHble cocToaHus — ToYKHU (4; f), KOHe4yHsie (5; 7).
B coctosiHusix (5; f) MaliyHa MPOLAETCS, YCJIOBHBIA ONTHMAaNbHBINA
noxon oT npomaxu paseH 4000-27, HO MOCKONbKY leneBas GpyHKuus
CBSI3aHA C 3aTPaTaMi, TO B KPYXKax Toyek (5; f) mOCTaBUM BelUYWHY
ZoXoJia CO 3HAKOM MHHYC.

AHanU3NpyeM, KaK MOXHO MONAcTh U3 KAXIOro HayalbHOro co-
CTOSIHUS B KOHeYyHOe Ha V Luare.

Cocmosnue (4, 1). U3 Hero MoxHo TomnacTs B coctossHue (5; 2), 3a-
TpaTHB Ha dKcImyarauuio MaiupHe! 1200 v BRIpYYMB 3aTeM OT npona-
xu 1000, T.e. cymMmmapHbie 3arparel paBHet 200, 1 B cocTosiHue (5; 1) ¢
sarpatamu 2600—2000=600. 3HayuTt, ecnu K MOCHASOHEMY LUAry CUCTe-
Ma Haxomwiack B Touke (4; 1), 10 creayer uaTd B Touky (5; 2)
(yKaxeM 3TO HANpaplIeHHE ABONHON CTpenkoii), a HeusbexHble MHU-
HUMAIbHBIE 3aTpaThl, COOTBETCTBYIOILME 3TOMY Tepexony, pasHer 200

(TOMECTHM 3TY BETUYHHY Zs' (1)=200 B xpyxxe Touku (4; 1).

Cocmosnue (4; 2). 3 Hero MoXHO momacTh B Touky (5; 3) ¢ sarpa-
tamu 1800—500=1300 u B Touxy (5; 1) ¢ 3aTparamu 3600—2000=1600.
BoiOupaeM nepBoe ynpaBieHHE, OTMEYaeM ero OBOHHOMN CTpenkoil, a

Z, (2)=1300 npocTasnseM B KpyxKke Touku (4; 2).

Paccyxnas TakuM Xe oDpazoM IS KaXIOM TOYKH MpeAnocieqHero
mara, Mbl HaiiaeM mns moboro nexoma IV mara onTuManbHoe ympab-
JieHHe Ha V 1are, oTMETHM ero Ha puc. 12.8 aBoitHo#i cTpenkoii. [da-
fgee miaHupyeM IV uiar, aHanu3upys Kaxioe COCTOSIHHE, B KOTOPOM
MOXET oKa3aThcs cucreMa B KoHue I1I mara ¢ yyerom ontuMansHoro
MPOAONIXKEHHs MO0 KOHLA Ipoieccd, T.6. pewdeM mwiA Beex 0 <r<4
npu k=4 ypasueHus (12.22). Hanpumep, ecnu Havano 1V wara coor-
BETCTBYET cocTossHMIO (3; 1), To npH ynpaBieHUH X© cUCTeMa nmepexo-
IUT B TouKy (4; 2), 3aTpaTsl Ha 3ToM Luare 1200, a cymMMapHsie 3aTpa-
ThI 32 JBa MocaeRHUX wara papHel 1200+1300=2500. IMpu ynpasinenun
X3 3arparn 3a gBa wnara paBHbel 2600+200=2800. BoibupaeM MuHH-
MajibHBle 3aTpathi 2500, cTaBUM HUX B KpyXoK Touk# (3; 1), a coorBet-
CTBYIOIIME YNpaBICHHS Ha 3TOM lIare noMe4yaeM JBOMHOHN cTpenkoi,
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Benyilteil u3 cocrosiuud (3; 1), B cocrosuue (4; 2). Tak mocTynaem msg
Kaxnaoro cocrosHus (3; #) (em. puc. 12.8).

[Ipononxas ycnoeHyto ontumusauuio 111, I u I waros, Mbl nony-
yyM Ha pHc. 12.8 cremywlwyr CuTyauuio: M3 KaxXIOoH TOYKH
(cOCTOSIHHS) BHIXOMUT CTpEJiKA, YKa3blBalolilas, Kyia CIELyeT nepeme-
WAaTbcs B JAHHOM llare, €ci¥ CHMCTEMa OKasajiach B 3TOM TOuKe, a B
KPYXKaX 3a[MCcaHbl MHHHMAILHBIE 3aTpaThl HA MepeXol U3 3Toi Toy-
KM B KOHEYHOe cocTosiHMe. Ha Kaxpaom are rpadHyecKy pellalnch
ypasHeHHud (12.22).

[Mocne mnpoBemeHUs YCIOBHON ONTUMHU3ALNHM TMOJIYYHM B TOYKe
(0; 0) MUHMMAaNBHbIE 3aTPaThl Ha 3KCITyaTalldl0 MAILKHBI B TeYeHHe 5
JeT ¢ nociaexywolleil npomaxeit: Zy, = 11900. [lanee ctpoum onTH-
MaJIbHYIO TpaekTopuio, nepemellasch U3 Touki S5o(0; 0) mo mBOHHBIM
cTpenkaM B § . [Tonyyaem Habop Toyek:

{60, 1), (22,3 1, (42), (5; 3},

KOTOpBIHl COOTBETCTBYET ONTHMATIBHOMY YIpaBaeHHIO X (X€, X¢, X3,
X¢, X©). OnruManbHbiil peXHM SKCIUIyaTalldh COCTOUT B TOM, YTOOBE
3aMeHUTh MalIMHY HOBOM B Havate 3-ro roga.p

TakuM oOpa3oM, pasmMeyYeHHBbI rpaduk (ceTb) MO3BOJAET HAITSAAHO
HHTEpIIPETHPOBATh PACYETHYIO cXeMY M pellIUTh 3afady merogoM JI1.

Kak yxe oTMeyajsoch, MOmenM M BbMHCAUTenbHas cxema [II1
oyeHb 'HOKKM B CMBIC/IE BO3MOXHOCTeH BKIIOYEHHS B MOJAeNb pas-
MUYHBIX MoaubuKauui 3amayu. Hanmpumep, aHanoruyHas 3amada
MoXeT OBITh paccMoTpeHa AJig OoyblIoro 4ucjida BapUaHTOB YIpaB-
neHus, “peMoHT”, “KanuTAIbHBIH peMOHT”  T. 1. MoXHo paccMmar-
puBaTh 3aMeHy 00OpYIOBaHHs HOBBIM C Yy4eTOM TEXHHYecKOro rpo-
rpecca, MOXHO y4ecThb M3MEHeHHUS B 3aTpaTax Ha 3KcIyaTauHio
06OpYIOBaHKA ITOCIE er0 PEMOHTA, B 3aBUCMMOCTH OT ToAa JKCIuiya-
tauuu (Dopoxe, Hemienne). Bce 3TH (bakTOpbl MOXHO Y4YUTHIBATh
BbIYHCIUTENLHOM cxemoii ITIT.

YIIPAXKHEHUA

B 3amauyax 12.4—12.5 HaiiTu OoNTHMaIbHOE pacnpeneseHHe cpelcTB
MeXIy 7 MpeanpUATHAMH TPH YCIOBHH, YTO NPHOBUIL fX), MOMydeH-
Hasl OT KaXAoro MpEANnpUaATHs, sABAsdeTcs GyHKUHEd OT BAOXKEHHHIX B
Hero cpencts x. BroxeHus KpaTHbl Ax, a ¢GyHKuuH fx) 3anaHsl Tab-
JIMYHO.
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12.4.
x 1 s al s e | 7] 8|9
| s 12 | 14| 15 18] 20 | 24| 27 | =9,
s 7 13w 19] 21 ] 2| 25| 3,
ol 6 10| 3]s we]18)2a] 2|25 |a=L
12.5.
x 1 2 3 4 5
£ 0,2 0,9 1,0 1,2 2,0 =5,
5(%) 1,0 1,1 1,3 1,4 1,8 n=4,
50 2,1 2,5 2,9 3,9 4,9 Ax=1.
£ 0 2,0 2,5 3,0 4,0

12.6. B ycnoBusix 3agayu 12.4 HalTH ONITUMAJIBHOE pacnpeleieHie
CpeacTB $,=8.

12.7. B ycnosusix 3anauu 12.4 HaiiTH oNnTUMaIbHOE pacnpeneieHue
CPEACTB §p=9 MEXIY YEThIpbMsl NPEeINPUSTUIMU, e (YHKUUSA MPK-
ObUTH VTS YETBEPTOTO NMPEANpUsITUS 3alaHa cleayioleil Tabauuei:

x | 2 3 4 5 6 7 8 9

Sa(x) 3 5 7 11 13 15 20 22 24

12.8. B ycnosusix 3agauu 12.5 HaiiT onTHMalibHOE pacnpeneieHue
CPENCTB $;=6 MEXIy YEThIPbMSI MPEANPUATUSIMHU.

12.9. B ycinoBusix 3anaun 12.6 HaiiTh onTUMaTbHOE pacnpeneneHye
cpenctB Mexny 2-, 3- u 4-M npeanpusatusaMu (l-e npeanpustie uc-
KITIOYUTD).

B 3agayax 12.10—12.11 Haiity onTUMaNbHOE pacrnpeacieHUe pe-
CYpCOB §; MeXny nBymst otpacisimd npoussoacts I u Il B Teyenue n
Jlet, ecnu AaHbl YHKUMM N0X0mOB fi(x) U f(X) 41 Kaxnoi oTpaciu,
dynkuMd BosBpatTa @;(x) U @y(x). Ilo ucreyeHuu roma TONBKO BCe
BO3BpallleHHbIE CPEACTBA Tepepacnpeaensiorcs, 10Xo B IpOU3BOACT-
BO He BKJIalbIBaeTCs.

12.10. 5=40000 en.; n=4; fi(x)=0,4x; £()=0,3x; ¢(x)=0,5x;
©3(x)=0,8x.

12.11. 5=10000 en.; n=4; fi(0=0,1x%; f(x)=0,5x; ¢;(x)=0,75x,
©3(x)=0,3x.
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12,12, Pemuts 3anady 12.10 mipy ycitoBUM, YTO B Hayale KaxIoro
rona IOMOJHUTENBHO MOCTYNAOT cpenctBa B pazmepax As = 10000.

B 3anayax 12.13—12.15 cocraButTbh MaTeMaTH4eCKyl0 MOAENb, 3aMu-
caTh ypaBHeHUs BemiMaHa ¥ petiuth rpaduuecKy cieAyiollde 3ana4yu
Ha olpene/ieHUe ONTUMAIBHBIX CPOKOB 3aMeHbl 060pynoBaHus. JaHsl:
NepBOHAYAIbHAS CTOMMOCTh OBOPYINOBaHHS Py, €ro JUKBUIHAS CTOU-
MocTb ¢(f), CTOUMOCTb cogepXaHus 1) B TeUeHKHe roga obopyloBaHuUs
BO3pacTa ? JIET, 1 — CPOK IKCITyaTalldd, B KOHIIE KOTOpPOro obopyno-
BaHue npogaercs. Kpurepuit oNnTUMaibHOCTH — CYMMAapHBIE 3aTPaThi
Ha 3KCIUTyaTalluio o6OpYyNoBaHUS B TEYEHUE 71 JIET C YYETOM MEPBOHA-
YaJIbHOH MOKYIKU U MOCJeayIouIel npolaxHu.

12.13. pe=8000; o()=pe2~"; HH=0,1p;=(t+1); n=5.

12.14. n=5. CTouMOCTb HOBOIO OCOpYIOBAHHMS 3aBUCHT OT roaa Mo-
Kynku p=5000+500(k—1); (=1, 2, ..., 5); o()=p27"; ri()=0,1p(1+1).

12.15. p,=8000; n=5, ¢(#) u 1(?) 3anaHbl TAGIUYHO:

t 0 1 2 3 4 5

ot - 6000 5000 3000 1000 500

) 600 800 1100 1500 2000 -
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INNPUMEHEHUWE B5BM JJI1 PEHNEHUA
3AJAY MATEMATUYECKOT'O
INPOTPAMMMPOBAHNUA

Maremarnuyeckue MeTombl, W3JIOXEHHbIe B TMpeldbLIyIUX [IaBax
paccCMaTpHMBAIMCh HA MpUMEPAX YCIOBHBIX Maqopa3MepHBIX 3alay.
Ilpu sTOM MCMONbL3OBAIUCH UL HANISAHBIE CTOCOOBI UX PEILICHHUS,
HeoOXonuMble [UTSl WLTIOCTPAUMU CYLIHOCTH 3THX MeronoB. Ha mpak-
THKE, KaK MpaBHJIO, CNELMATUCTBI UMEIOT IE0 ¢ MHOrOpasMepHbIMU
3aJayaMid MaTeMaTHYecKoro nporpamMmupoBaHusi. M 3gech Bo3HMKaeT
elle ofgHa npobiemMa — TexHUYeckasd. B 3ToM cnyyae, yToObl HaiTH
ONTUMAJIbHOE pelIeHNe, CIeAyeT MponeiaTb GoJbllioe KOJUYEeCTBO
BbIYMCIEHUH, KOTOpble HEBO3MOXHO OCYIHECTBUTb 6€3 NpuUMeHeHUs
9BM.

13.1. AJropuT™MBI pemeHds 3aaay

g npakTHYecKoro pellieHUs 3amayd MarteMaTH4yeckoro nporpam-
MMpPOBaHusl MaTeMaTH4eCKuil MeTon HomkeH ObiTh NMpeoOpa3zoBaH B
QITOpUTM. Arzopumm — 3TO TaKOe NpeafiucaHue, 3a1aioliee BeIMUCTU-
TENbHBIA MPOLECC, KOTOpbIii HAYMHAETCS € HEKOTOPBIX HCXOIHBIX
OaHHBIX ¥ HAMpaBieH Ha NOJYYEHUE TMOJTHOCTHIO OMpPENeIEHHOTO 3TU-
MU MCXONHbIMH JaHHBIMU pe3ynbrata. Jisi oNnTUMH3AUMOHHBIX 3agay
AITOpUTM B OOIIMX 4YepTax onuchiBaeTcs cienyomdM obpaszom. [lycrs
BekTOop X* siBAsieTcsl ONTHMAaiAbHBIM pellleHdeM, T.e. X* 3a1aeT MUHU-
MyM (UM MakCHMyM) UeneBod (YHKUMKH HAa MHOXECTBE PElUCHMI
CUcTeMbl orpaHuueHuit. K 3ToMy BekTopy A* Mpl mpudnuxaemcs mo-
Clle0BaTENbHO, HA KAXAOM (/1-M) Liare ajJiropuTMa rojyyas BeKTop X,



274 Mnasa 13

——

TaK, 410 X,—>A*. TakuMm 00pa3oM, aJropuT™ pelleHUs ONTHMH3ary-
OHHBIX 337a4 — 3TO MOC/IEAOBATENBHOCTb (POPMYIIL:

Xi=vi1(X),
H=yo(Xp, X1),
..................... 13.1)
Xr=yn(Xo, D TR, () §

Takas mocnenoBarelIbHOCTb MOXeET OBITb U OGECKOHEYHOM, B 3ToM
ci1yyae pabota mporpamMmbl 3aKaHYMBaeTCsl, KOraa TIONy4aeTcsl pelle-
HUE, JOCTATOYHO OnK3Koe K TouHOMY. OOBIYMHO Ha MPAKTHKE 3TO Bhi-
MISOUT cnemyrouuM obpasoM. KoMmmbioTep pacneyarbiBaeT HE TOIBKO
BEJIMYMHB! X,, HO U 3HA4YeHus ueneBoil GpyHkuuu FAX,). B kakoi-to
MOMEHT 3HauyeHUs] CTaOWIN3UPYIOTCS — KaXIoe Cleaylollee 3HauYeHH e
¢ OOnplIOM TOYHOCTHIO MOBTOPSET Mpeabiayuiee. DTO 3HAYUT, YTO
ONTUMaJIbHOE pelleHHe X* NMpakTU4ecKd NOCTUIHYTO, M BBIMMCIH-
TENbHBIA NMPOLECC MOXHO OCTAHOBUTb.

Jns toro urobwt dopmynst (13.1) npencrasasiium coboit neicTBU-
TEJIbHO AJITOPUTM, HEOOXOOUMMO, YTOOB!I AEHCTBUS, BBHIpAXAIOUIKE pe-
ayab1ar (n+1)-ro mara — X,4+; — u4epe3 pe3ynbTarThl NMpedblayLuxX
waros (Xy, Xi, ..., X)) ObUIM JOCTYNHBI KOMIBIOTEPY. DTO YCIOBUE
BBIMOJIHSIETCS], HANPUMED, €CNM \y, — 3JeMeHTapHast (yHKUUS oT X,
X, ..., Xy, T.e. nony4yaercsl U3 OCHOBHBIX 3J€MEHTAPHBIX (DYHKUMIH C
MOMOMIBIO KOHEYHOro 4MciIa alredbpauyeckux onepauuil U onepauuu
B3ATUA (bYHKUUU OT (byHKUMH. B 1aHHOM cny4ae moboit KBaruduuu-
POBaHHbLIA MaTeMaTHK-NpOorpaMMUCT CITOCOOEH MO aJropUTMy Hamu-
€aTh TEKCT MPOrpaMMbl, pealM3yeMoif HAa KOMITbIOTEPE.

Haubonee nonHbie ¥ 3aKOHYEHHBIE PE3YNLTATH NMOJYYEHbI A AU-
Hedinbix 3agay. PazBuTue TeopUU JIMHEHHOrO NMporpaMMUpOBaHHs COBMA-
Jo 1o BpemeHu ¢ pasButHeM IBM. Taxoe coBnageHue He ciyvaitHo:
6e3 DBM sra Teopus uMena Ol BeCbMa y3KYIO 001acTb IPUMEHEHUSI.

Maremariyeckum MeToOIOM pellieHus 3ajauu JIMHERHOIo NporpaMMH-
pPOBaHUSI CIYXKUT CUMIUTEKCHBI MeToll, onucaHHbii B 1. 5. HanoMHuM,
YTO CYTb €ro 3aKMIOYAETCs] B TOM, YTO HA KKAOM LLUAre OJHO AOMYCTUMOE
6a3uCHOE pellieHUe 3aMEHSETCS IPYruM, YIyYiLaiouiMM 3HaueHue Hele-
Boit byHKLMU. TakuM obpasom, dopmynst (13.1) uMeror Bua

X+ 1=Vn(Xy),
rie X, u X,4; — DonycTuMble 6a3pcHbIE peltieHUs .
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BBecTy pasMepHOCTb 3aiayy

Beecty KoappuUMEHTH B KAHOHK-
yeckoil popMe, OCHOBHbIE Iepe-
MEHHbBIE W 3a1aTh HEOCHOBHBIE
niepeMeHHbIe

I

A

Haittn mjin st =C

3aKOHYHTH.
OnTuMym
Ha#imeH

3aKOHYKTH.
Pewrenue
JIEXHUT BHE
3aJaHHBIX
rpaHuy

Bee aj3<07?

BerumcauTs b; /a; ans Beex a; > O

|
Haittu Mutnvym b;/a;
paBHbll b, /a,

!

Haiit HOBYI0 KaHOHMYECKYIO
¢opMy ¥ U3MEHUTB Habop >
OCHOBHBIX NEPeMeHHBIX

Puc. 13.1
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QaxTUyecKu sIBHOE onucaHue QYHKLHMIA v, NpUBENEHO B pasll. 5.6 —
ITOPUTM COCTABJIEHUSI CUMIUIEKCHBIX TaOJULl U €CThb IO CYTH NOlIaro-
BbIif QJIrOPUTM CUMILIEKCHOrO Merofa. TeKCT mporpaMMbl, peaiu3yio-
e NpUBENCHHbIA B pa3. 5.6 anroputm, MoxHo Haiitk B {2]. Cootser-
CTByIOLasl NMporpaMma HanucaHa Ha si3bike DBeiicuk M sBiIsercsl docra-
TOYHO IPOCTOM: BMECTE C KOMMEHTapUsIMK OHA conepXuT 120 cTpok.

Ha puc. 13.1 npeacrasneHa cxema 3TOil NporpamMmbl (paccMarpy-
BaeTcs 33aa4a MUHUMU3AUMYU UENEBOI (hYHKINY).

HerpynHo Hamucarh Taicke alrOpUTMbI OTHICKaHHSI JONMYCTUMOro
6a3UCHOro pellleHMsl, a TaKXkKe ITOPUTMbI PeLCHUs TPAHCIOPTHO
3ajay¥ W Opyrux 3ajay JMHEHHoro nporpaMMupoBaHusi. Peilerus
9THX 3a4a4 JABHO MNOJYYeHbl B 3aKOHYEHHOM BHIAE (TEKCT Mporpamm
MOXHO HalTH, HanpuMep, B [2]).

3afayd HEMMHEHHOro MNporpaMMUpPOBaHUS B TNpPUHUUIE 3HAYU-
TENBHO BOJIEe COXHBL €AMHOro METoJa MX pellieHUs] HE CYHIECTBYET.
OnHakKo pa3paboTaHO MHOXECTBO YUCAEHHBX Memoo08, TIO3BOJISIIOLUX
TIONYYUTh PEIIEHUE C NOCTATOYHON TOYHOCTHIO (AOCOMIOTHO TOYHOrO
pelIeHus], KaK NpaBWiIo, MOJYYUTDh BCE Xe He yaaeTcs).

[IpuBeneM HekoTOphIE NMPUMEPHI AITOPUTMOB PELICHHS 3aJay Ma-
TEMaTH4YECKOTO NMpOrpaMMUPOBAHHSI.

CHayajna pacCMOTpUM 3adauy 6e3ycr0eHol onmumu3ayuu, T.€. Haxo-
XIECHUE MUHUMyMa HEIUHEHHOK (DYHKUUU B OTCYTCTBUE KaKUX-IUOO
orpaHuyeHuit: FA(X)—min, rae X — n-MepHbIit BEKTOP.

OcHOBHas uIes AITOPUTMA COCTOUT B UCIOL30BAHUHU CIELYIOLIENO
cBoiicTBa (YHKUMI HECKONbKUX MepeMeHHbIX. ITycTb X He siBnsiercs
TOYKON sKcTpemyma dyHkuud KHX). Torma Haubonblias CKOPOCTh
U3MeHeHHUs1 (YHKLUKM [OCTUraeTcsi B HanpaBlieHUM rpamdeHTta (oM.
pasg. 11.4), T.e. yTobbl “OblcTpee” MPOIBUHYTHCH OT 3HA4YeHHsS X K
onTUMaNbHOMY X*, cleayer ABUraThbcsl B HalpaBleHUU rpagueHTa.

AnropuT™m pellieHus 3aaa4u [9] uMeer creqyloldid BUA:

a) BbIOpaTh NMpou3BONbHbBIA BeKTOp Xy, Py=—VAXp);

6) ecnu VAXp)=0, To npouecc ocTaHaBIUBAETCS.

B npotuBHOM ciyyae

Xp+i = X thy, Py,

2
P 1==VAXy11)+ w P, (13.2)

IVFx I
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31ech A, — NEPBbll HEOTPUUATEAbHbBII KOPEHb YpaBHEHUS
<Vf(X,{+‘)\.Pn)7 Pn>=0 (13.3)

@opmynbt (13.2) 3a0a10T MPOCTbIE BLIYUCIAUTENbHBIE IMPOLELYPHL.
KpoMe Toro, Ha KaxIoM liare ajiropuTMa Tpebyercs MoNny4yuThb KOpEHb
ypaBHeHust (13.3). Takaa npouenypa cama TpebyeT aJrOpUTMHM3ALUH,
OHAKO BO MHOrUx ciyuasx ypaBHeHue (13.3) okasplBaeTcst JOCTATOY-
HO TPOCTBIM.

Tenepb paccMOTpuM 3adaxy mamemMamu1ecKozo nPOSPAMMUPOSAHUS B
o011ei MocTaHOBKe: HATU MUMHUMYM LieneBoil byHkuuu F(X), T.e.

A X)— min (13.4)

TIPH OrpaHUYECHUAX
fi(X)20 i=12...m, (13.5)
{q,-(X) =0 j=12,...,1. (13.6)

Haubonee npocrass unes ee peilleHuss — CBECTM TaKylo 3agadyy K
nocjenoBaTeIbHOCTY 3anay Oe3ycjoBHOM ONTUMHU3auMHM. DTa uies
OCYILECTBJSIETCSI C TIOMOUIbIO Memoda wmpagueix @ynkyui. Iycts X
— MHOXeCTBO peiueHuit cucrembr (13.5), (13.6). PyHkuus ¢(X) Ha3bi-
Baercs wmpagroi @gyuxyued, ecnu

=0 npu Xe X,

X
¢ >0 mpuXe X.

Hanpumep, ecnd cucrema orpaHWYeHHId COCTOUT TONBKO U3 Ofi-
HUX HepaBeHcTB (ypaBHeHUs (13.6) OTCYTCTBYIOT), B KauyecTBe
iwTpacdHoit GyHKUMM MoOXeT ObiTb BbiGpaHa GYHKUMA Buaa

¢(X)=i[min(f,-(){),0)]2. PaccmMoTpuM Tenepb UENEBYI0 (GYHKUHIO
i=1

F (X), 3aBucsiylo TaKkXe OT TapaMerpa o, ¥ 3agady 6e3yClOBHOW
ONITUMU3AIMUU:

F (0=RX)+ a‘.tp (X)-»>min. (13.7)

MoXHO noka3zaTb, YTO BO MHOTUX Ciy4yasix peileHue 3anauu (13.7)
npu o—0 cxonutcs K peurenuio 3agayn (13.4)—(13.6). ITosromy st
pewenus paccMmarpuBaemoit 3amaud (13.4)—(13.6) uemecoobpasHo
3agath nocnenoBatelbHOCTh O,~>0 K paccMOTPETb IOC/eNOBaTENb-
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HoCcTb 3amau GesycnoBHoit ontummsammd (13.7). CooTBeTcTBYOLIME
PELIEHUsT MOXHO [TOJIy4aTb ¢ NnoMotibio anropurma (13.2) u (13.3).

OueBUIHO, YTO AITOPUTM pellieHUs 3amay HeJMHEHHOro INporpaM-
MUPOBAHUS CYIIECTBEHHO CIIOXHEE, 4eM JIMHEAHOTO (M B 4acTHOCTH,
aJIrOpUTMa CUMIUIEKCHOro Metona). bonee cloXHBIMU OKa3biBAIOTCS,
KaK MpaBWJIo, U caMU NporpaMmbl. Kpome Toro, octaiorcss U NpUHIK-
NUajgbHbie MPOONEMbl — TaKUE, KaK MOUCK HOBBIX &JITOPUTMMUUECKUX
MeTooB. B 4acTHOCTH, 3TO OTHOCHTCS K 3a/ayaM BbIMYKIOTro U IMHa-
MUYECKOro NMporpaMMHpOBaHus.

13.2. HexkoTopsie npodaeMbl pemeHus
ONTUMH3ALMOHHLIX 32124 Ha DBM

Ipu peurenuu 3agay Ha DBM BosHukaer npobiema aHATU3A yyg-
cmeumensHocmu aaeopumma K He3HaunTeJlbHbIM W3MEHEHMsIM Iapa-
METPOB 3aja4yMd, B YaCTHOCTH, BO3MOXHAsl OMAacHOCTb TAK Ha3biBae-
MOit owubku oxpyeaenus. B npouecce peiueHUs 3amay Ha KOMIIbIOTe-
pe Yucia OKpPYIISIOTCS: MPOCTbie pPoOM NMpU BHIYMUCIEHUAX 3aMEHS-
I0TCSl Ha JecSTHYHBIC. DTO O3HAydeT, YTO NpU KAXIOH omepauuu
nonyckaercs Kakas-To owubka. Ecnu onepauuit oueHb MHOro,
olIMGKa MOXET HAaKalUTMBaTbCA U B pe3ynbTaTe CTaTh BeCbMa 3HAYW-
TEJIbHOM.

Kak 310 mnosyyaercs, MOXHO YBUIETb Ha CJEOYIOLIEM TNpPHUMEpE.
Ipennonoxum, Hamo BBIMUCIUTH Bbipaxenue [(1/3+2/9)-912. Hdonyc-
THM, BBIYMCJICHUS NPOU3BOIATCH C TOYHOCTHIO 1O BTOPOTO 3HAKa, T.€.
ydcjia OKpYDISIIOTCSA OO0 BTOporo aHaxka nocne sansaroit. Torma monmy-
yutes: 1/3=0,33; 2/9=0,22; 1/3+2/9=0,55; 0,55.9=4,95, 4,952=24,50,
B TO BpPEMS, KaK TOUHOE 3HauyeHHe paBHO 25. OmubKa npowusolya Ha
non-enNUHUIIbL, T.€. HA 2%.

Pasymeercss, DBM BbuMCHIsieT 3HaYeHUsi ¢ Topasno Gonblueit TOY-
HOCTBIO — Hanpumep, no 16-ro 3Haka. M Bce xe pe3ynbTUpyioias
omubka npud OONBLIOM YUCIE OMNEpauuif, BbIMOMHSIEMBIX COBpeMEH-
HbIMM KOMIbIOTEpAMHU (MHONIA MWUIHApALL ONMEPaUUii B CeKyHY)
MOXET CKa3arbCsl HE TOJbKO HA TOYHBIX 3HAYEHHUSIX ONTUMAIBLHOIO
pellieHusl, HO M Ha KaYeCTBEHHOM peayibrare!

Puc. 13.2 unmoctpupyer, KaK TIpH COBCEM HE3HAYUTETbHBIX H3ME-
HEHUSX YHUCEJI, BXOMAIIUX B YCJIOBUE 3amayd, MOXET KayecTBEHHO
U3MEHUTbCA pe3yNbTaT.
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Ha puc. 13.2 obnactb JONYCTUMBIX pPElIEHUR CUCTEMBI OrpaHUYe-
HUU KOHEYHa U UMeeT KOHeuHblit onTuMyM. Ho npu He3HayuTenbHOM
M3MEHEHUM [apaMeTpOB (Ha THICAYHBIE NOJU) O6NAcCTh CTAHOBUTCA
HEOTPaHWYEHHOH, U ueneBass (YHKUUS MOXET HEOIPAHUYEHHO BO3-
pactatb (puc. 13.3).

X, A
F=a
X —x+
+1=0 F, =
7/
ol %, o]V g
1,001x, — 0,999x, + 0,5=0 0,999x, — 1,001x, + 0,5=0
Puc. 13.2 Puc. 13.3

AHaornyHbie (4 Ooyee pasHOOOpa3HbIC) CUTyalldH BO3HHKAIOT
Npd paccMOTpeHUU HeNUMHEHHBIX 3amay. TakuM obpasom, Npu pas-
paboTke anropdTMa pelIeHHUs 3ama4y MaTeMaTU4YecKoro MporpaMmu-
poBaHMs TpeOyeTcsl OLUEHUTb OLWIMUOKY OKPYITIEHUSI U B clayvyae HeoO-
XOOUMOCTH MONUDHUUUPOBATE AITOPUTM TAK, YTOOBI YMEHLUIUTDH €e.
C sToit Uenbio CO30aH, HANpPUMEP, MOOuPUUUPOBAHHBIE CUMNACKCHBIL
memod (MCM). OCHOBHOE BHMMAaHUE€ B BbIYUCIUTEbHBIX MpPOLELy-
pax MCM cocpenoToyeHO MMEHHO HA MWHUMHU3AUUU OLIUOOK OK-
pyrneHus.

Hdpyrue npobieMbl CBsI3aHbl C Goaswion pasmeprocmoio 3adau. Ha-
NpuMep, ecnyd 3anaya JIMHEHOro nporpaMMUPOBAHMS COLEPXKUT 1O
1500 ctpox B Marpulle CUCTEMBI OTpaHHYEHMit, TO COBPEMEHHHBII
KOMIIbIOTEP NO3BOJNSET pEANU30BaTh CUMIUIEKCHbIH Metoa. OmHaxo
nopoit Berpevatorest 3amauu or 8000 mo 16000 crpok. B atom ciyvae
Tpedylorcsl MOAU(UKALIMM M3BECTHLIX aIrOpMTMOB. Takue moaucuka-
UMM paccMaTpuBaKOTCs, HanpuMep B [9].

3agauun MooubuKaluKd ATropuTMOB pelIEHUS] HEeNMHEHHBIX 3a1ay
TaKXXe Ype3BbIYAHO aKTYaJbHbI, U B MOCNEAHUE TONbI B 3TOI obnacTu
NTonyyeHbl BaXkKHbIE pE3YabTAThI.
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13.3. CrangaprHbie makeTbl
NPUKJIAHBIX MPOrPamMM

PaccMOTpuM HEKOTOpBle TeXHUYECKMHE BOMpOChl PEIIEHUS 3amay
mMareMardyeckoro nporpammupoBaHus Ha OBM. Ecnu cneuumanucry
4acTO MPUXOOUTCA PElaTb OAHOTUIIHBIE 3amayu (HampuMep, 3alayy
JNUHEHHOro MporpaMMUpPOBAHMS), OH MOXET MPUOOPECTU U YCTaHo-
BUTb HAa CBOEM KOMIIBIOTEPE FOTOBYIO M arnpoOGUpPOBAaHHYIO COBOKYII-
HOCTb NpoTpaMM WX pelneHusi. Takasi COBOKYMHOCTb MPOrpamMm Ha-
3bIBAETCS naKemom npukaadunsix npoepamm. OCHOBY INaKeTa COCTAaBISA-
eT BbIONHAEMBbIi ¢aitn (B karanore — exe-¢aiin), KOTOpbIiA, cober-
BEHHO, U fABJSETCSl NMporpamMMmoii pelueHust samauyud. Kpome Hero, B
MaKeT BXOOAT TaxkxXe haityibl, comepXalide ONMCaHUE IPOTrPAMMEL,
mertoauveckue ykazaHus (help-dainbl) u apyrue daitnbt.

OnuH U3 CTAaHOAPTHEIX ITAKETOB NMPHKIAAHBIX MPOrpaMM s petle-
HHUA 3a1ay JuHeiHoro nporpaMmupoBaHuss — naxkem LP88. Otor na-
KeT LIMPOKO KCIONB3YeTCsl CNEeUMaTMCTaMK B KOHKPETHBIX IMPEIMeET-
Hbix obnactax. Ilporpamma LP88 mno3sBonsier opraHU30BLIBATH U pe-
wath JIMHeHHble 3afayy, colepXxalide a0 255 orpaHuueHMd u go 2
255 nepeMeHHBIX.

Mporpamma LP88 ¢dyHxkuuoHupyer Ha IBM PC non ynpasneHuem
onepauroHHoit cucrembl PC DOS Bepcuit 2.00 u Bbiule.

IMoxpo6Hoe onucaHue nporpammbl LP88 nanvo B [7]. Tam xe npu-
BeE€HbI METONMYECKUE YKasaHus IO paboTe ¢ 3TOH IpOrpamMmoit.
3nech Mbl OTMETUM TOJIBKO HEKOTOPLIE €€ OCOOEHHOCTH.

1. MporpamMma paboTaeT B IUATOTOBOM peEXUME;, BONPOCHE [10Jb30-
BATENI0 BbICBEYMBAIOTCA HA 3KpaHe. BBoj maHHBIX ocyLIECTBAsieTcs C
nomolnbio penakropa LP88 (Display Editor), xoropniit nerko ocsavba-
eTcsl MOJIb30BATEIEM.

2. Tlo 3aBepiieHMM paboThl NMporpaMMbl Ha 3KPAHE IOSIBASIIOTCS
BCE HEHYJEBbi€ 3HAUYEHUS KOMIIOHEHT ONTUMAIbHOTO pelleHus, a
TAKXe 3HAYeHMS ABOUMCTBEHHBIX NePEeMEHHBIX.

3. IIporpaMma no3Bonsier BHOCUTb U3MEHEHKS BO BXOLHbBIE JAHHBIE
(x0>DhULIMEHTHI CUCTEMbI OTPAHMYEHHUI M LENeBOi (DyHKUUHU) C Mo-
mouibio penakropa LP88. [lpu »TOM He TpebyeTcs BHOBb BBOLMTb
HEH3MEHEHHbIE BXOAHbI¢ JaHHbIE.

B kayecTBe mpumepa paccMOTpPHMM 3a4adyy o6 UCIOIb30BaHUM DE-
CYPCOB.

(abpuka BHIYCKAeT TpY BHAA TKAHEH, NMpUYeM IUIaHOBOE 3aaHHE
cocraBiseT: He meHee 90 M TKaHu 1-ro Buma, 70 M — 2-ro u 60 M —
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3-ro BuIa. TexHoJormyeckue XapakTepMCTMKH IMPOU3BOICTBA IpUBE-
geHb! B Taoa. 13.1.

Tadbnuua 13.1

Pacxon pecypcoB Ha | M
Pecypcol TKaHW BM[a, eANHNL CyToyHble 3anachl pecyp-
l-ro | 2-ro 3-ro COB, CAMHUL
O6opynoBaHue 2 3 . 4 780
Chblipbe 1 4 5 850
DNEeKTpOsHeprus 3 4 2 790
LleHa 1 M TKaHH, 80 70 60
JeH. eAUHHL

[Touck ontHManbHOro MiiaHa Ha KOMITbIOTEPE 3aHUMAET HECKOJIBKO
cexkyHn. Ilocne 3aBepuieHnst paborthl NporpaMMbl 3KpaH OyIeT BBIIJIS-
J€Th TakK:

tkani SOLUTION is OPTIMAL DATE...
MAXIMUM ENTERS BASIS X: 3

PIVOTS: 5 LEAVES BASISS: 3

LAST INV: 0 DELTA: 0 CTOUM 19075

BASIS S.6 S.2 S.4 K1 T2 T*3
PRIMAL 26.25 26.25 22.25 112.5 70 8.25
DUAL 25 0 25 0 -375 0

B crpoke BASIS yka3zaHbl OCHOBHbIE MEpEMEHHBIE ONTUMATLHO-
ro pewieHus (rkl, TK2, TK3 — ONTHUMANBHBIN TJIAH BBINYCKA TKAHU
l-ro, 2-ro, 3-ro Bumos, S.1, S.2, S.3 — ocrarok l-ro, 2-ro, 3-ro
pecypca, S.4, S.5, S.6 — mnepeBbIMOJIHEHUE 3aJaHUSA 1O TKAHAM
coorBeTeTBEHHO |-ro, 2-ro u 3-ro suaoB). B ctpoke PRIMAL yka-
3aHBl 3HAYEHUS OCHOBHbLIX TEPEMEHHBIX ONTUMAILHOIO pELIeHMS,
B ctpoke DUAL — 3HayeHus IBOHCTBEHHBIX MEpEMEHHBIX. YKa3a-
Telb “cToMM” 3ajaeT onTUMajibHoe 3HaueHHue LeaeBOoH PYHKLMU.

IMonpo6Hoe onucaHue pelieHUs 3TON 3amayM NMpuselneHo B [7].

C nomousio ¢pyHKunoHanbHbiX Kiasui <F1>—<F5> MoxHo mo-
1y4aTh DOMOJHUTENBHYI0 UHGMOPMALMIO O pelleHHH, a TaKKe MpOoBo-
AUTH aHAIM3 3aBUCHMOCTH €70 CTPYKTYPh! OT BXOAHBIX JaHHBIX.

Hanpumep, kinapuiia <F3> paetr Bo3aMOXHOCTb MONy4YaTh AOMYCTH-
Mbl€ MHTEPBAIbI U3MEHEHUS KO2(DIULIMEHTOB LeleBoi QYHKLHUU:
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tkani SOLUTION IS MAXIMUM ctoum 19 075  DATE...
OBJECTIVE ROW RANGES TIME...
VARIABLE  STATUS VALUE cToum/UNIT MINIMUM  MAXIMUM
X1 BASIS 1125 80 50 90
™®2 BASIS 70 70 NONE 107.5
X1 BASIS 86.25 60 53.33333 160

Br1a Tabnuua yKasplBaeT IpaHULbl 3HAYEHHH Ko3(PODUIIHUEHTOB liee-
Boit pyHkumu (cronbupt MINIMUM u MAXIMUM), kotoprie obec-
NEeYNBAIOT COXpAHEHHE THIA NMEPEMEHHBIX B ONMTHMAIBHOM pELUEHUH,
Tak, ecnu uesa 1 M Tkauu 1-ro timna craHer MeHblre 50 Wi Gonblue 90
JEHEeXHBIX eauHMl, Habop OCHOBHBLIX MEPEMEHHLIX B OIMTUMAIBHOM
pelieHurd u3MeHuTcs (T.6. uenesast GyHKuUMs OyAeT JOCTUIATH CBOETO
MaKCHMyMa B JIPYTOH YIJIOBOH TOUKE CHCTEMBI OTPAHUYEHUI).

Ana 3anaun o6 MCMONB3OBAHUU PECYPCOB MPU OTCYTCTBUM OrPaHH-
YEHUH CHU3Y Takue [aHHbIE MHTEPIPETUPYIOTCH KaK MpeAelibl peHTta-
6EBPHOCTH MPOM3BOACTBA MpoayKuud. Ecnin nepemeHHasi x;, KoTopas
331aeT BBITYcK i-TO BMAA MPOAYKUMHM, [E€pecTaeT OBITb OCHOBHOI B
ONTUMAJIBHOM PEIIEHUH, 3TO 3HAYUT, UTO MPOAYKLHMIO i-TO BHIA CTa-
HOBHUTCSl HEBBITOAHO MPOU3BOAMTD M €€ He cleqyeT BKIIoYaThb B ONTH-
MAaNBHBIN TUTaH MPOU3BOACTBA.

HcnonssoBanue knasuiiu <F4> Mo3BofisieT TAKKE IMONYYUTh WH-
TepBaJIbl YCTOMYMBOCTH LBOMCTBEHHBIX OLEHOK, NMpy Haxaruu <F4>
Ha 3KpaHe MosABISAETCA 3aMUCh CeAYIOLEro BUAa:

tkani SOLUTION IS MAXIMUM ctoum 19 075 DATE...
RIGHT HAND SIDE RANGES TIME...
ROWID STATUS DUAL RHS MINIMUM  MAXIMUM
VALUE VALUE
obopysa  BINDING 2.5 780 710 796.1539
coipbe NONBINDING O 850 823.75 NONE
3N-3H BINDING 25 790 755 895
TK1-00 NONBINDING 0 90 NONE 112.5
TK2-01 BINDING --37.5 70 0 82.35294
TK3-nn NONBINDING 0 60 NONE 86.25

B stom ciyyae B cron6uax MINIMUM u MAXIMUM ykasaHb
rpaHuua Ko3ghuUHeHTOB NMpaBoil YacTH CUCTEMBl OrPaHWYEHHMId, NpH
KOTOpHIX He M3MeHsIeTcd Habop OCHOBHBIX MepeMeHHBIX B ONTHMalb-
HOM pELUEHHUU ABOMCTBEHHON 3a1auM.

TakuMm obpasoM nporpamma LP88 mosBosnser He TojabKo HAWTH
pelleHne 3anayu JMHEHHOro MporpaMMUpPOBAHUS, HO M MpoBECTH ero
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IKOHOMUKO-Mamemamudeckuil anaau3z (OUEHKY AeULUTHOCTA pecyp-
cOB, peHTabeNbHOCTH MponyKUMH, 3¢eKTUBHOCTH OTHENbHBIX IUIa-
HOB, COIMOCTABJIEHHE ONTHMANBHBIX YCJIIOBHBIX 3aTpaT M pe3y/NbTaToB
NpOM3BOICTBa, ONpelesieHHe HOPM 3aMEHAEMOCTM PECypcoB M T.I.).
Boamooxcrocms nposedeHuss 3KOHOMUKO-MAMEMAMU4ecKo20 anau3a pe-
3YAbIMAMOB CYU4ECMBEHHO YEeAUUUBaem NPeUMyuecmeo peuieHua 3a0ay
Ha IBM pnaxe IUT OTHOCHTENbHO MPOCTHIX 33aAay JIMHENHOro mpo-
rpaMMupoBaHus (cm. WISl cpaBHEHHUS, HampuMep, pasn. 6.5, rae ane-
MEHTBI TAKOTO aHAIK3a MPOBEAEHBI BPYYHYIO).

KonuyecTBeHHBI aHaIuU3 3ala4yd  TMPOU3BOOUTCA C IOMOHIBIO
npobHOTo M3MEHEHHs €€ MCXOmHBIX maHHbIX. CHayana cyieayer Bul-
ABUTh (AKTOpBl, OrPAHWYMBAIOIIWE MPOU3BOACTBO, T.€. HMMEIOIINE
HEHYJNeBbie OOBEKTMBHO OOYCJIOBAEHHBIE OLIEHKH. JTO MOXHO CHAENATh
¢ noMouuplo kraBuiy <F2>. Ee ucnonp3oBaHue NMPUBEAET K CIEAYIO-
IHEH 3aMMcU HA SKpaHe:

tkani SOLUTION IS MAXIMUM ctoum 19 075
DUAL PROBLEM SOLUTION

ROW ID STATUS DUAL RHS USAGE SLACK

VALUE VALUE

obopya BINDING 2.5 780 780 0

Ccbipbe NONBINDING 0 850 823.75 26.25

AN-3H BINDING 25 790 790 0

TK1-An NONBINDING 0 90 112.5 -225 -

TK2-11 BINDING ~-37.5 70 70 0

TK3-nn NONBINDING 0 60 86.25 -26.5

3pech RHS VALUE — npaBble YacTH cUCTEMB! OTPaHMYEHHMIA.

USAGE — ¢axTyeckoe MCIIONb30BAHUE PECYPCOB B OTPAHHYEHH-
X WM (aKkTU4ecKoe BBIMOTHEHUE IUIAHOBBIX 3agaHuil, SLACK —
Pa3’sHOCTb MEXIY 3HAuYeHUSIMM 3Tux cronbuoB. OTciopa BUAHO (cm.
TaKke pasn. 6.5), yTo obopynoBaHWe M IJEKTPOSHEPIUs SABIAIOTCA
JeUUMTHBIMM PECYPCAMHU M X YBETHYEHUE MPUBOIMUT K MOBBILIEHHIO
MakcuMatbHoro foxoma. [Ilpoaykumsi TK2 — HepeHrabefbHasT —
YMEHBILIEHHE IUTaHA IO 3TON MpOAYKIIMH TaKXKe YBETHWYUT MaKCH-
MalbHOE 3Ha4eHHE UeeBor GyHKLMU.

PaccMmorpum, HampuMep, OBa BUIA M3MEHEHMIT MCXOOHBIX AaHHBIX:
a) yMeHbLUEHHE 3aJaHUA 1o TKaHM 2-ro BuAA Ha 10 enmHuy 1 6) yBe-
JMYeHKe 3amaca pecypca 3JIEKTPOIHEPrHK Ha 12 equHMLL.

B pesynbraTe nepBoro M3MEHEHUS Ha 3KpaHe MOSBUTCH peuIeHHe
ClleAyIoLero BUaa:
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MAXIMUM ENTERS: BASIS X: 3

PIVOTS: 5 LEAVES: BASIS S: 3

LASTINV: 0 DELTA O ctoum 19 450

BASIS S.6 S.2 S.4 TK1 TK2 Tk3

PRIMAL 275 475 35 125 60 87.5
. DUAL 25 0 25 0 -375 O

YMeHblUEHHE TUIAHA MO HepeHTabeNnbHOMYy BUAY MPONYKLUHH mo-
3BOJIJIO MEPEPACHPENENUTh PECYpPCchl B IMOJNB3Y Goliee peHTabeNbHbIX
— 1-ro u 3-ro BupoB. B pesynprare nenesas (yHKUMS YBETHYWIACE
Ha 375 neH. eAwHMII.

Bropoe n3ameHeHHe npuBEaET K CIEAYIOLIEMY PeLEHUIO:

MAXIMUM ENTERS: BASIS X: 3
PIVOTS: 5 LEAVES: BASIS S: 3
LAST INV: 0 DELTA O cToum 19 750

BASIS S6 S.2 S4 TK1 TK2 Tk3
PRIMAL 24.5 56.5 41 131 60 84.5
DUAL 25 0 25 0 -375 O

Henesas dyHkums Bospocna eule Ha 300 geH. exuyuL.

INporpaMma LP88 nossonsger takke noaydaTh Tabauuy 3HauYeHHUH
6a3MCHBIX pelleHWl U 3HAYCHUN LeNeBoil (PyHKUMU 3a4a4yu, YTO AaeT
BO3MOXHOCTb CJIEOWTh 33 MOIUArOBLIM ero usMmeHedueM. IIporpamma
LP88 MoxeT GBITh HCIOMB30BaHA U B YUeOHBIX LEJIAX.

CocrasieHue W oTIaaKa nporpamm, nogodHoi LP88, tpebyror He-
MAIBIX 34TPAT MU MMEIOT CMBIC] TOJBKO B TOM cJIy4ae, €CJIM CIpoc Ha
roTOBbIE€ TMAKEThl NOCTaToYHO BbICOK. Tak, HampuMmep, CYLIECTBYIOT
CTAHAAPTHBIE MPOrpaMMBbl peLIeHUs ONTHMU3AUMOHHBIX 3210a4 ¢ KBal-
patiyHo# ueseBoil ¢yHKLmei. Ecnu tpeGyerca peliuTh YACTHYIO 3a-
fady, To, Kak IpPaBWIO, MPUXONUTCA COCTABIATh MpPOrpaMMmy caMo-
CTOSITENBHO, HWCMONb3yd paspaboranubiii aaroput™M. CTaHRAPTHBIX
TEKCTOBBIX IIPOrpaMM, 33Al0UIMX pELICHUE YACTHBIX MATEMATHYECKHX
3ama4y, oOblYHO He cywectByeT. IlporpaMmucraM ObIBaeT Mmpoule ca-
MUM HAlucaThb TEKCT MPOrpaMMbl, YeM MNPUCIOCOOUTH UYyXOW TEKCT
MO CBOIl KOMIIBIOTED.

B¢ deKTUBHOCTD pelieHts PeATbHBIX MHOTOpa3MepHBIX ONMTHMH3a-
LMOHHBIX 33[a4Y OMpeaeasaeTcd, Kak MPaBuiIo, TECHBIM B3auMOACHCT-
BHEM CIELHATMCTA B MpPEAMETHOH oblacTi (3KOHOMMCTA, MeHeLKepa
W T.I.), MaTeMaTHKa W NporpaMMuUcCTa.
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MOJEJIU CETEBOTI'O INTAHUPOBAHMA
" YIIPABJIEHUA

14.1. Ha3znayenne u 00J1aCTH NpUMEHEHHUS
CETEeBOro INIAHMPOBAHHMSA W YIPaBJICHUS

IMoncku 6osee 3 deKTUBHBIX CMOcoGOB MIAHUPOBAHUS CIOXHBIX
[POLECCOB MPUBEJIH K CO3MAHUIO MPUHUMITHAILHO HOBBIX METONOB
CeTeBOro IUIaHMpoBaHuA M ynpaeiaeHud (CITY).

Cucrema meromoB CITY — cucreMa MeToloB IUTAHMPOBAHHUA M
YIpaBleHUA pa3paboTKoil KpYMHBIX HAPOAHOXO3SAWCTBEHHBIX KOM-
TJIEKCOB, HAYYHBIMH HCCJIEIOBAHUAMM, KOHCTPYKTOPCKOH M TEXHOJO-
THYeCKOo# NMOATOTOBKOH IMPOM3BOACTBA, HOBBIX BHIOB M3HENHii, CTPOU-
TEJILCTBOM M PEKOHCTPYKIMEH, KANHTAAbHBIM PEMOHTOM OCHOBHBIX
doH0B MyTEM NPUMEHEHHS CETEBBIX rpadrKOB.

IlepBBle CHCTEMBI, HCMONB3YIOLIME ceTeBble Ipacuku, ObUTH MpH-
meHeHbl B CIIA B KoHue 50-x romos u moayumnu HassaHuss CPM
(aHrnuiickas abbpeBuarypa, O3HAYAIOLLAS Memoo KPUMUu4ecKoz2o nymu)
u PERT (memod ouenxu u ob3opa npozpamms). Cvicrema CPM 6bina
BIIEPBBIE TPHMEHEHA MpM YNPABRIEHWH CTPOMTENbHBIMM paboTaMH,
cucreMa PERT — npu paspa6otke cucrem “INonapuc”.

B Poccuu paboThl 1o ceTeBoMy IUIAaHMPOBAHMIO Hayamuch B 60-x
rogax. Toraa meromel CITY Hauwu npMMeHeHWE B CTPOMTENBCTBE H
Hay4HbIX pa3paborkax. B majbHeiliem ceTeBble METONB CTAJIW LIMpO-
KO MPUMEHSTBCS ¥ B APYrUX obaacTsax HapoJHOTO X034iicTBa.

CITY ocHoBaHO Ha MoOJETMPOBAHUY MpoLiECCA C TOMOLLBIO CETEBO-
ro rpaguka 4 mnpeacrasisieT coboii COBOKYITHOCTb pAacYETHBIX METO-
OB, OPraHU3aLMOHHBLIX W KOHTPOJBHBIX MEPONPUATHH IO TUIAHUPO-
BaHMIO ¥ YNPABIEHUIO KOMIUIEKCOM paborT.
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Cucrema CITY nosBosnser:

* ¢bopMHpOBATE KaJEHAAPHBIH TUIAH PEATH3aLMH HEKOTOPOTO KOM-
iekca pabor;

* BBISBJISATh U MOOWJIH30BBIBATh PE3€PBbl BpEMEHH, TPYIOBHIE, Ma-
TEpUAIBHBIE U JEHEXHLIE PECYPCHI;

* OCYIUECTBIATh YIpaBjieHHE KOMIUIEKCOM paBoT MO TMpHHLHUITY
“BeAyLUEro 3Be€Ha” C IMPOrHO3MPOBAHMEM U MpPEAYNpeXIeHNEM BO3-
MOXHBIX CPBIBOB B X0OJI¢ pabor;

* MoBuIIAaTh 3¢h(dEeKTUBHOCTh YNPABIEHHUS B LIEJIOM IMPU YETKOM
pacnpeleeHH! OTBETCTBEHHOCTH MEXIY PYKOBOAMTENAMH DA3HBIX
YpPOBHEH M UCITONHUTENAMHU paborT.

HuanazoH npuMeHeHust CITY BecbMa WIMPOK: OT 3amay, KacalouIuxcs
JEATENIbHOCTH OTAENBHBIX JIML, IO NPOEKTOB, B KOTOPBIX YYaCTBYIOT COTHHU
opranuzaluii M NecATKU ThICAY Jlonei (Harpumep, paspaboTka M co3na-
HHME KPYITHOTO TEPPUTOPHUATBHO-NPOMBILLUIEHHOTO KOMITIEKCA).

Tloxa xomnaexcom pabom (kKomnaexcom onepayuil, WA npoexmom) Mbl
OyJeM MOHMMAaTh BCAKYIO 3agady, [UTSl BBHIOJHEHHS KOTOpoil HeobOxo-
IMMO OCYIIECTBUTb JOCTATOYHO BOJIBLIOE KOMUYECTBO pa3HOOOpPA3HBIX
paboT. DTO MOXKET OBITh U CTPOMTENBCTBO HEKOTOPOTO 3daHMS, KOpal-
Jis1, caMmorieTa WM Joboro apyroro cjioxHoro obbekra, u pa3paborka
MIPOEKTA 3TOI0 COOPYXEHHA, W JaXe IMpOLIECC NOCTPOCHHS IJAaHOB
pean3auuu MpoeKTa,

Inst Toro 4tobbl COCTaBUTh TUIAH paboT MO OCYHIECTBIEHUIO 6OJIb-
IUMX U CJIOXKHBIX MPOEKTOB, COCTOSILUMX M3 THICAY OTHENBbHBIX HCCIIE-
HJOBaHHI1 U ornepauunii, HeoOXooMMO OMMCAThH €I0 C MOMOIIBI0O HEKOTO-
poit MateMmarnueckoit Moaenu. TakuM CpelCTBOM OIMMCAHUS MPOEKTOB
(KOMIUTEKCOB) SIBIISIETCS Ccemesas Mooens.

14.2. CeTeBasg Moaeb
H ee OCHOBHbBIC 3JIEMEHTDI

Cemeeasa modeap NpeAcTaBiseT cobol IUIAH BHITONHEHUS HEKOTO-
poro KoMiuleKca B3aMMOCBA3aHHbBIX paboT (omepauwii), 3alaHHOro B
cneunduyeckoit dopme cetu, rpadpuyeckoe M3obpaxeHue KOTOPOH
Ha3biBaeTCA cemegbim epagpurxom. OTINUNTENBHOK O0COBEHHOCTBIO CETE-
BOIi MOJENH ARIAETCSA YETKOE OMpENe/IEHNE BCEX BpeMeHHbIX B3auMo-
CBA3EH mpeAcTosALMX paborT.

IaBHBIMM 3JIEMEHTAMU CETEBOH MOJIEIH SABISIIOTCS cobbimus W pa-
bomur,
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TepmuH paboma vcnonwsdyerca B CIIY B winpokoM cMmbicie. Bo-
NEPBLIX, 3TO delicmeumensras paboma — TPOTAXEHHBI BO BpPEMEHH
npouecc, Tpebylomni 3aTpaT pecypcoB (Hampumep, cbopka M3genus,
ucnpiTaHue npubopa u T.n.). Kaxnas aeicTsurensHas pabGoTa AOIXKHA
OBITh KOHKDETHOI, YETKO OMMCAHHOM W MMETh OTBETCTBEHHOIO Mc-
MIOJTHUTENS.

Bo-BTOpBIX, 3TO OXCUOAHUE — TPOTAXKEHHBI BO BPEMEHM IpoLEecc,
He TpeOyloluii 3aTpar TpyAa (HampuMep, Mpolece CYLIKH MOCE Mo-
KpacKu, CTapeHusl MeTajia, TBEpIeHHA GeToHa ¥ T.1.).

B-Tpetbux, aro 3aeucumocms, Wy guxmueras paoma — Noruye-
CKas CBA3b MEXIy ABYMS WJIM HECKOJNBKMMHU paboTamu (CobbITHSMM),
He TpeOyIoIMMH 3aTpaTr Tpyad, MATEPUAIBHBIX pECYpCOB WM BpeMe-
HU. OHa yKa3bpIBaeT, YTO BO3MOXHOCTb ONHOH paboThl HeNoCpeacT-
BEHHO 3aBMCHUT OT pe3yJbTaTOB Apyroil. EcTecTBeHHO, YTO MPOJOIXHK-
TeJILHOCTh GUKTHBHOH paboThl MPHHUMAETCSA paBHOH HYJIIO.

Coboimue — 3mo momenm 3a@epuieHus Kaxo2o-Aufo npouecca, om-
paxcarouuti omoeavuili 3man esinoanenus npoexma. CobBbITHE MOXET
ABIATBCA YACTHBIM PE3YJNBTATOM OTAENIbHOM paboThl WIKM CYMMApHBIM
pE3Y/NBTATOM HECKONMBKHUX pabor. CobbITHE MOXET CBEPLIMTBCA TONBKO
TorJa, KorJa 3aKoH4YaTrcs Bce paboThi, eMy mpemiiecTBylotiue. Ioce-
Aylolue paboThl MOTYT HayaThcsl TONBKO TOrda, KOTAa COOBITHE CBEp-
wutea. OTcrona deodcmeé e H bl i XapakTep coOBITHS: [UIST BCeX He-
MOCPEACTBEHHO TpPEIIIECTBYIOIHX €My paboT oHO SIBIsSieTCd KOHeY -
HBIM, a [UISl BCEX HEMOCPEACTBEHHO CACAYIOIIMX 332 HUM — Ha-
qyajbHbIM. [Ipu 3TOM npednonazaemcsa, wmo cobvimue He umeem npo-
doadxcumenvrocmu u ceepuiaemces Kax vt mzrogenrno. T1oaToMy Kaxmoe
coOBbITHE, BKIIOYAEMOE B CETEBYIO MOAEND, NOMKHO OBbITh MOJHO, TOY-
HO M BCECTOPOHHE ONpeaeneHo, ero ¢GopMyIHpoBKa JOJXHA BKIIOYATh
B ceDsl pesyJabTaT BceX HEMOCPEACTBEHHO MpeallecTBYIOUIMX €My pa-
6or.

Cpean coBhITHII CeTeBOI MONENH BBIAENAIOT UCXOOHOe W 3a8epulaio-
wee coduiTHs. MicxonHoe cobbiTHE HE MMEET MpeallecTBYIOIIUX paboT
M cOOBITHI, OTHOCSLUUXCS K MPEACTABIEHHOMY B MOJENH KOMIUIEKCY
pabot. 3aBepuiamomniee CoObITHE HE MMEET MOCHEAYIONIMX paGoT U co-
OBITHIA.

CobbiTia Ha ceresoM rpaduke (WM, Kak ele rOBOpAT, Ha zpade)
H30bpaxaiTca KpyXKamu (BepiumHamu rpaca), a pabotel — cTpel-
KaMd (OpMEHTHPOBAHHLIMM OYraMu), TOKa3bIBAIOIIMMU CBA3b MEXIY
paboramu. IlpuMep ¢parMeHTa ceTeBoro rpa(bm(a NpeacTasieH Ha
puc. 14.1.
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dyHnament BosBeseHHe CTeH CreHul
BO3BEAEHbI
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Puc. 14.2

Ha puc. 14.2, a npuseneH ceresoil rpaduK 3a0aud MoAeNTHMpPOBAHKS
H MOCTPOEHUS ONTHMAIBHOIO IUIAHA HEKOTOPOTO 3KOHOMMYECKOIo
obbekra. YroObl pEeLINTh 3Ty 3amauy, HEOGXOAMMO IPOBECTH CIEAYIO-
wMe paboTel: 4 — cdopMyndposaTh MpobGneMy HcciaefoBaHus; b —
NOCTPOUTh MATEMATUYECKYI0 MOAENb M3y4aeMoro obwnekra, B — co-
Oparb uHpopMmauuio, I — BBIOGpaTh MeTol pelleHus 3amauu; [ —
HOCTPOUTH M OTIARMTH Nporpammy wis OBM; E — paccuurars onTH-

10 Mceaeaopanne onepatini
B IKOHOMUKE
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MTbHBIHA TUTaH; X — nepenars pesy/bTaThl pacyeTa 3aKa3yuky. Llug-
pamu Ha rpaduke obo3HaYeHBI HOMEpa COBBITHIH, K KOTOPHIM IpHBO-
AMT BBIMOJHEHNE COOTBETCTBYIOLLMX paboT.

W3 rpadmka, HanpuMep, cneayer, uro paborsl B U I MOXHO HayaTp
BBITMONHATD HE3aBUCUMO OfHA OT [pYrodl TOJbKO MOCAE CBEpIIEHUs
coObITHS 3, T.€. KOrAa BBIIOJHEHB! paboThl A u &, paboty J — mocne
CBEpLIEHUs COObITUS 4, KOIa BBIMOMHEHBI pabotel A4, b u I} a pabory
E MoXHO BBINOJNHUTL TOJMBKO MOC/HE HACTYIUIEHHA CoOBITHA 35, T.€ Iipu
BBIMIOJTHEHUM BCEX MPENLIECTBYIOLINX eMy paboT 4, b, B, I'n /.

B ceteBoit Monenu, npencraBieHHON Ha puc. 14.2 a, HET YUCIOBBIX
oueHok. Takas cerb HasbiBaeTcsi cmpykmypod. OQHaKO Ha MpaKTHUKe
yallle BCEro MCIONB3YIOTCA CETH, B KOTOPBIX 3aAaHbl OLUEHKH TPOLOI-
XUTEJBHOCTH paboT (yKasbIBaEMbIe B yacax, HeleNsx, AeKajax, Mecd-
Hax 4 T.0. Had COOTBETCTBYIOLUMMH CTpEIKaMH), a TaKKe OLECHKH
ApYTHX [apaMeTpoB, HANpUMEP TpPYAOEMKOCTH, CTOMMOCTH M T.I.
WIMeHHO TaKkue ceTH MBI GyleM paccMaTpuBath B JajibHeMIEM.

Ho npexne coenaeM crepyioiiee 3aMedaHne. B paccMoTpeHHBIX
npuMepax ceTeBble IpaduKu cocTosin U3 paboT u coObITHil. OmHaKo
MOXeT OBbITh ¥ WHON NMPWHUKIT TIOCTpOeHK ceteil — 6e3 cobmTuii. B
TaKoif ceTH BepIIMHBl Ipada (Hampumep, H300paxKeHHBIE IPAMO-
YTONIBHUKAMH) O3HAYAIOT OMpeAe/IeHHbIE paboThl, & CTPEAKH — 3aBH-
CHMOCTM MeXIy 3THMHU paboTaMu, oNpelensiouiie MopsmoK HMX BbI-
nojiHeHus. B KauecTBe mpumepa ceTeBoil rpaduk “coObiTHsd — pabo-
THI” 337auyd MOINENUpPOBAHMSA U IMOCTPOEHUS] ONTHMAIBHOTO ILJIAHA
HEKOTOpOTO 3KOHOMMYECKOro o6bheKTa, npuBeleHHbI Ha puc. 14.2 a,
NpeACTaBieH B BUIE ceTH “paboThl — cBA3M” Ha puc. 14.2 6. A cere-
Boil rpaduk “cobbiTHd — paboTH” TOIl Xe 3anayd, HO C HEYAayHO
COCTaBJIEHHBIM NepeyHeM pabor, NpencrtabieH Ha puc. 14.2 ¢ (om.
npasuJo 3 B pasd. 14.3).

CrnenyeT OTMETHTD, YTO ceTeBoil rpadpuk “paboThl — CBA3K” B OT-
Jnvue ot rpadpuka “cobpitis — paboThl” ob6NanaeT U3BECTHBIMU Mpe-
MMYLLECTBAMM: HE CONEPXKUT GUKTUBHBIX paGoT, uMmeeT OGonee mpo-
CTYIO TEXHHKY ITOCTPOEHMS K MEpecTPOiiKH, BKIIOYAET TOJBKO XOPOLIO
3HAKOMOE MCIOJHUTENAM MOHATHE paboThl 0e3 MeHee MPHUBLIYHOIO
noHsATHs cobpiTus. Bmecre ¢ TeM ceTd 6e3 cOOBITHIl OKasbIBalOTCA
3HAYKUTEJbHO BoJiee rPOMO3NKHMH, TAK KaK COOBITHI OGBIMHO 3HAYHM-
TEJIbHO MEHbLIE, YeM pabot (nokazameav caoxcHocmu cemu, paBHBIA
OTHOLIEHHUIO 4Mcia paboT K YMCIy COOBITHIf, Kak MpaBuio, cyHiecr-
BEHHO OoJbllie emWHHUBI). [ToaToMy 3TH ceTH MeHee 3(h(EKTHUBHB C
TOYKH 3PEHUS YMPABICHHS KOMIUIEKCOM. DTHM U OOBSICHAETCH TOT
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dakr, 4yTo (NMpU OTCYTCTBUM B LiEJIOM TNPUHLUIUANBHBIX PpasivyMii
Mexny nByms dopmaMu npencraBieHUsi ceTH) B HacTosilliee BpeMs
Haubosplliee  pacnpocTpaHeHHe TNONYYMIM  ceTeBble  rpaduku
“cobbiTs — paboThl”.

14.3. Ilopsaaok 1 npaBuia
NOCTPOEHHSA CETEeBbIX rpahuKoB

CereBble TpadyKH COCTABISIOTCS Ha HAYAJIBHOM 3Tale MIaHWpOBa-
HUs. Buavane nmaHupyeMbiii mpouecc pa3GuBaeTCSs Ha OTHENbHBIE
paboThl, cocTaBisieTcd nepeyeHb paboT M COOBITHIL, TIPOLYMBIBAIOTCS
HUX JIOTHYECKHE CBS3M W MOCNEHOBATENBbHOCTH BBINONHEHHUS, PaGoTBI
3aKpEIUISIOTCSE 32 OTBETCTBEHHBIMH MCHOMHUTENAMU. C UX NOMOLULIO
OLICHUBAaeTCss IJIUTENBHOCTh KaxIoil paloTel. 3areM cocTamiIsercs
(cwusaemcs) cerepoit rpagux. Tlocne ynopsimoyeHus cereBoro rpadu-
KA paccYMTHBAIOTCA napaMeTpbl coObITHiE M pabor, oNpenensorcs
pe3epBbl BpeMeHH U Kpumuyeckuii nyms. HakoHell, npoBoIsTcs aHa-
N3 ¥ ONTUMM3ALMS CETEBOTO rpaduKa, KOTOPBIH NPU HEOOGXOIMMOCTH
BBIYEPUYUBAETCA 3aHOBO C NMEPECYETOM MapaMeTpoB COOBITUI U paborT.

Ipu noctpoeHun cereBoro rpaduxa HeoGxomuMo cobmonars psaa
NpaBUIL.

1. B cemeesoii modeau He 0oaxcHo bbimv “mynuxosvix” cobeimut, m.e.
cobbimuli, U3 KOmopsix He @bixoOum Hu 00Ha paboma, 3a UCKAIOHEHUeM
3asepuwarowezo cobvimus (puc. 14.3 a). 3mecs nubo pabora (2, 3) He
HYXHa M e¢ HeoOXoOUMO aHHYJIUpPOBaTh, MUOO HEe 3aMedyeHa HeobXo-
IOUMOCTh ofpeneneHHoli paboTsl, chenywlleii 3a cobbitueM 3 And
cBeplIeHMs Kakoro-mubo nocnenywouero codbitusa. B Takux cnyyasx
HeoOXOOUMO TILATENBHOE M3yYyEHHE B3auMocBsidell coObITuif M paboT
IUlsl ucnpapJieHUs] BO3HUKILETO HEIOPa3yMEeHHS.

2. B cemesom epaguxe He doadcho Gbimb “xgocmoebix” cobbuimuil
(kpome ucxodno20), Komopbim He npedutecmeyem xoma 6vl 00Ha paboma
(cobbitHe 3 — Ha puc. 14.3 6). 3nech paboThl, NpemIIeCTBYIOIHUE CO-
obiTHI0 3, He npegycMmoTpeHbl. [loaToMy cobpite 3 He MoOXeT cBep-
LIMTBCA, @ CNENOBaTEIbHO, HE MOXET ObITh BBIMONHEHA U CleNylollas
3a HuUM pabora (3, 5). OGHapyXHuB B ceTH Takue cobbiTHs, HeoOxomu-
MO ONpenenuTh UCHONHUTENEH NMPENeCTBYIOIUMX UM PaboT M BKIHO-
YUTH 3TH paboThl B CETh.

3. B cemu e 00axcHO Gbimb 3GMKHYMbIX KOHMYpPO8 U nemenb, m.e. nymeil,
coedunarowux Hexomopble coboimus ¢ Humu e camumu (puc. 14.3 6, 2).

10*
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Puc. 14.3

TpencraBum cebGe, yro B ceTeBOM rpa¢uke, H300paXEHHOM Ha
puc. 142 a, pa6orsl b (nocrpoeHue marematuyeckoit Momenu) u J
(nocTpoeHye u omramka nporpammsl s 3BM) npu dopmynuposa-
HUY NEPBOHAYAIBHOrO cnycka paGoT Mbl oGbeIMHUAU Obl B OfHY pa-
6oty 5’ Torma nonyuydnu Obl ceTeBoii rpaduK, MpencTABAEHHbIH Ha
puc. 14.2 6. CobbiTHE 2’ 0O3HAYaeT, YTO MOXHO NEPEXOAUTh K pado-
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te B, KOTOpYIO Henb3sl BBIMOMNHUTHL O BbiOOpa MeToma pacyera
(pabora I'), a BeIOOp MeTONA pacyera Helb3st HAYMHATH HO OKOHYaHUs
OCTPOEHUs MolelH (cobbiThe J). JpyruMU cloBaMH, B ce€TH obpaso-
BaIcs mpocTedilinii KoHTYp: 2/ 5>3—>2".

IMpy BO3HUKHOBEHMH KOHTYpa ( @ B CJIOXKHBIX CETAX, T.€. B CETAX C
BBICOKHMM IOKAa3aTe/leM CIOXHOCTH, 3TO BCTpevyaercs NOBOMBHO YacTO
u oOHapyXuBaeTcs JUILE npu noMoun SBM) HeoGXomMMO BepHYTHCH
K MCXOOHBIM JAaHHBIM M NYyTeM fepecMoTpa cocTaBa paboT AoOUTHCH
ero ycrpaneHus. Tak, B HallleM npumMepe norpeGopaiocsk Obl pasnene-
Hue pabotel b’Ha bu /.

4. Jlobvie 0sa cobbimus 00axcHb! 6bimb HeNOCPeOCMBeHHO CEA3AHbI He
Gonee wem 00HOU pabomoti-cmpeaxoll.

HapyureHue 3toro ycnosus npouCXomUT NpyU U300paXeHUH napai-
JAETBHO BBIMOIHAEMBIX pabor (puc. 14.3 d). Ecnu atu pabortsl TaK u
OCTaBUTh, TO MPOU3OIIET MyFraHULUA M3-32 TOTO, YTO ABE pA3NMUYHBIC
paboThl OynyT UMETh OJHO U TO Xe o0o3HauyeHue (7, 2); oObIYHO NpH-
HsaTo non (i, j) NoHUMarb paboTy, CBA3BIBAIOUIYIO i-¢ COOBITHE C j-M
cobpiTieM. OmHako comepXaHue 3TUX paboT, COCTaB TMPUBIEKAEMBIX
UCHOJIHUTENEH M KONMMYECTBO 3aTrpavyMBaeMbIXx Ha paboThl pecypcos
MOTYT CYLUECTBEHHO OTIHYAThCS.

B 3TOoM ciyyae pekoMeHOyeTcss BBECTH ¢hukmugHoe cobbimue
(cobpitie 2’ Ha puc. 14.3 e) u guxmusnyro pabomy (pabora 2’, 2), npu
3TOM OlHa U3 NapainenbsHbIX pabor (7, 2) 3ambikaercs Ha 3To (PUK-
THBHOe coObiTHe, DUKTHBHBIE paboThl H300paxaloTcs Ha rpacduke
NYHKTHPHAIMH THHUSIMH.

5. B cemu pexomendyemca umemsb OOHO UCXOOHOe U OOHO 3a8epuiaio-
tyee cobbimue. EcMU B COCTaBIGHHOH ceTM 3TO He Tak (cu.
pHuc. 14.3 ), To HOOUThCS XENAEMOro MOXHO NyTeM BBENCHUSA (PUK-
THBHBIX COOBITHI M paloT, KaK 3To MOKa3aHo Ha puc. 14.3 3.

DuxTHBHble paboTbl U COOBITUS HEOOXONUMO BBOIMTH U B psle
Opyrux ciyyaeB. OONUH M3 HUX — OTPAXEHUE 3aBUCUMOCTU COOBITHIA,
He CBA3aHHBIX ¢ pealbHbIMU padoramMu. Hanpumep, paGorst A u b
(puc. 14.3 ) MoryT BBIONTHATHCA HE3aBUCHUMO ApYr OT Apyra, Ho No
ycIoBUAM Npou3BoacTBa pabora b He MoXeT Hayarhes paHblle, yeM
oKoHuMTCH pabora A. DT0 0OCTOATENBECTBO TpeOyeT BBeneHUs UK-
THBHoIt pabotsl C.

Opyroii cnyyaii — HenojHas 3aBucuMocth pabor. Hanmpumep, pa-
6ora C Tpebyer mis cBoero Havaja 3aseplueHust pabor A u b, Ho pa-
6ora /J cg3aHa TonbKo ¢ paboroit b, a oT paborsl A He 3aBucuT. To-
raa Tpebyercs BBedeHUe (pUKTHUBHON paborsl @ U (UKTUBHOTO COOBI-
TUs 3’, KaK MokKas3aHo Ha puc. 14.3 k.
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Kpome Toro, ¢uxruBHble paboThl MOTYT BBOOWTHCH WIS OTPAXEHHs
PEIBHBIX OTCPOYEK M OXHAAHWA. B OTIMYME OT MpEHBIAYUIMX CITy4Yaes
3nech (UKTHBHAs pabora XapakTepu3yeTcsi MPOTSDKEHHOCTBIO BO BPEMeHH,

14.4. Ynopsagouyenue cereporo rpaduka.
IlonsTHe 0 MyTH

IpennonoXxuM, YTo NpU COCTABJIEHUH HEKOTOPOTO IMPOEKTa BbIllE-
neHo 12 cobwiruit: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 u 24 cBa3bIBalo-
wue ux pabotsl: (0, D), (0, 2, (0, 3, (1, 2, (I, 9, (1, ), (2, I,
(2,5),(2,7,(36), (3, 7,3, 10, (4, 8, (5 8, (5, 7, (6 10, (7, 6),
(7, 8, (7, 9, (7, 10), (8 9, (9 1], (10, 9), (10, 1]). Heobxomumo
COCTaBUTEH M YHOPSIOUUTE CETEBOH rpaduk.

Kak cnenyer us mnepeuHss pabor, UCXOOHBIM COOBITUEM CETEBOro
rpaduxka saeigercs cobbite ¢ (eMy He NMpeliiecTBYIOT HHKakue paGo-
Thl), a 3aBeplIalOIIMM — coObITHe /] (33 HHUM He clefyeT HU omHa
pabora). Ilonaraga Ha cereBbIx rpa¢uKax U3MEHEHHUE BpPEMEHM ClIEBa
HampaBo, NMOMecTUM coObiTHe (0 B JIeBylo 4acTb rpaduxa, a cobGeiTHe
11 — B mpaByi0 4YacTh, Pa3MECTHUB MEXIYy HUMHU NPOMEXYTOYHBIE CO-
OBITUA B HEKOTOPOM TIIOpSNKE, COOTBETCTBYIOLUEM HX HOMeEpam
(puc. 14.4). CoOblTs cBIXeM paboTtaMu-CTpeNKaMHU B COOTBETCTBUM C
nepeyHeM pabor.

Pnc. 14.4
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IocrpoeHusiit cereBoil rpaduk ymosiaerBopsier copMyaMpoBaH-
HBIM B pasn. 14.3 nmpaBunam, MpenbsiBIASEMbIM K €ro MOCTPOEHMIO.
OnmHaKo 3TOT rpaduK He NOJHOCTHIO YIOPAIOYEH.

Ynopsnodenue cereBoro rpadmuka 3axaiouaemca 8 MakoMm pacnono-
oceruu cobimuli u pabom, npu Komopom 0aa aiboti pabome: npeduiecm-
gyiowjee ell coGbimue pacnofoXNceHo Aesee U UMeem MeHbUU HOMeD no
CpasHeHulo ¢ 3asepuiaiowum smy pabomy coboimuem. JJpyTUMU COBaMH,
B YNOPSIAOYEHHOM CETEBOM Tpaduke Bce paGoThI-CTPENKM Halpapie-
HBI clIeBa HaIpaBo: OT coObITHI ¢ MEHBIIMMH HOMEpPaMH K COOBITUSAM

¢ 6OMBLIMMU HOMEPAMH.

Pa3obpeM ycloBHO ceTeBoit TpaduK Ha HECKONBKO BEPTHKAJBHBIX
cnoeB (06BOOMM MX NMYHKTUPHBIMHU JTUHUSAMHU U 0003HaYaeM PUMCKU-
MU uMbpaMu).

IMoMectuB B 1 cnoe HavanbHoe cobpitHe O (puc. 14.5), MbICIeHHO
BbIYEPKHEM M3 rpaduka (cm. puc. 14.4) 310 coObITHE M BCe BBIXOASILINE
u3 Hero paGoTbl-cTpenkd. Torma 6e3 BXOASIIHUX CTPENOK OCTAHETCH
coobiTHe /, obpasyiowee 11 crnoii. BelyepkHyB MbICIeHHO cobbiTHe [ U
BCE BBIXOJSIIIME W3 Hero paboThl, YBUIUM, YTO 0€3 BXOMAIUMX CTPEIOK
ocralorcst cobbitus 4 u 2, Kotopele obpasyior III crmoit. TIpononxas
YKa3aHHyI0 Npoleaypy BblyepKHBaHHUsA, nonyduM IV cinoit ¢ cobrIThs-

— —

.
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{
|
|
|
|
|
|
|

N T e e e = e —— -

Puc. 14.5
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Puc. 14.6

MU Su 3, V cnoit — ¢ cobeitueM 7, VI cnoii—c cobpiTisaMu & u 6,
VII cnoit — ¢ cobeituem 70, VIII cnoii—c coBbitueM 9 ¥, HakoHell,
IX cnoit — ¢ cobeiteM /1.

Tenepp BUAMM, 4TO TepBOHAYAIbHASE HYMEpaLUs COOBITHH He co-
BCEM MpaBUIbHAA. TaK, coObiTHe 6 NeXuT B VI cloe U UMEET HoMep,
MeHbIUMI, yeM coOblTHE 7 U3 Npeabayliero ciog. To Xe MOXHO cKa-
3aTh 0 coObITUsAX 9u 0.

H3sMeHHUM HyMmepauuio coObITHIi B COOTBETCTBUM C HMX pacnoloxe-
HUeM Ha rpacduke (cm. puc. 14.5) ¥ monyyuM ynopsinoveHHbIH cere-
Bo#t rpaduk! (puc. 14.6), B KoTopoM Haj CTpeIKaMu yKazaHa Tpoxo-
XUTENBHOCTH COOTBETCTBYIOIMX paloT (B cyTKax).

OnHo M3 BAXHEHIUMX NMOHATUH ceTeBoro rpacpuka — MOHSITHE MYyTH.
Iyms — aw06as nociedosamenviocms pabom, 8 KomMopoll KOHeuHoe coObi-
mue Kaxcool pabome: cosnadaem C HA4AAbHBIM coBbimuem caedylower 3a
neli pabomer. Cpeld pasTUYHBIX NyTeit ceTeBoro rpaduxka HauGoMbIIMIA
HHTepec MpencTapisier noaxsil nymes L — noboit nyTh, HAYANO0 KOTOPOTLO
COBNA/IAET C UCXONHBIM COOBITHEM CETH, 4 KOHELlL — C 3aBepIIAIOIUHM.

Hauboaee npodoaxcumensvreiii noansiil nyme ¢ cemesom epagpuke Ha-
3vigaemes kpumuseckum. Kpumuueckumu Hnazviearomes maxwce paGombot
U co6bimus, pacnoaoyiceHHbie Ha 3IMOM nymu.

! Tlopanok HyMmepauuu CoBGbITHIi, pacnoloXeHHbIX B OXHOM BEPTHKA/Ib-
HOM CJlo€, NPUHLUMNHATBHOIO 3HAYEHHS HE UMEET, TaK UTO HyMepauus ofHO-
ro ¥ TOTO Xe CeTeBoro rpacdmka MoxXeT OLITh HEONHO3HAYHOM.
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Hanpumep, mng paccMarpuBaeMoro Hamu ceTeBoro rpaduka (cm.
puc. 14.6) nonHbiMu nyramu Oynyr: nyte 0 I—2—7->10-1] npo-
DOMXHUTeNbHOCTBIO 8+9+3+5+13=38 cyrok, nyrs 0= I->354->6>
— 10— 1] npomomxurensHocTblo 8+4+10+3+5+13=43 cyrok, nyTsh
0~ 5-+>8-9—11 npoponxurensHocTeio 9+10+4+17=40 cyrok, nyTh
0535556591011 npomomxurenpHoctbio 13+7+9+13+6+13=61
CYTKH U T.[.

MoxHo y0enuTbcs B TOM, YTO MOCNEIHUI NyTh MMeeT HauGonb-
Y10 HMPONOMIKUTENBLHOCT (HE TONMBKO CPEAM NpPUBENEHHBIX YETHIpEX
NONHBIX NYTell, HO ¥ cpend BCeX MNOJNHBIX MyTeil, KOTOPHIX B HaH-
HOM cliyyae HacuMThIBaercs 64), No3TOMY OH M ABIAETCS KPUTHYECKUM
(cnoco® omnpeneneHUsT KPUTHYECKOTO NMYTH, HE OCHOBAHHOTO Ha mHepe-
6ope Bcex NMONMHBIX NyTed ceTeBoro rpaduka, NpuBogUTCA B pasn. 14.5).
[MponomkuTenbHOCTL KPUTHYECKOTO MYTH cocTaBnsgeT 61 cyTky, T.e. Wi
npoBeneHust KoMmaekca paGor moHamobsarca 61 cyrku. BricTpee Kom-
TUIEKC BBINOJHUTH HENb3f, TaK KaK IJI NOCTIDKEHMS 3aBEPLUAIOILETO
cOOBITHSE KPUTUYECKUI MyTh HAIO MPOMHTH 00A3aTENBHO.

HeficteurentHo, s pocTuxeHus coObltvs [/ Hamo BHIMOJHUTD
pabory (10, 11), 1.e. noctu4p coObITHg [0; INa DOCTUXEHUS COBBITUSA
10 nano nposectu pabory (9, 10), T.e. DocTHYb coObITUA 9; IS moc-
TUXeHUst cobbiTug 9 Hamo TposecTd pabory (6, 9), T.e. HOCTHYH CO-
ObITHS 6, U T.I.

OnpenenuB KPUTHYECKUIR MYTh, Mbl TEM CaMbIM YCTAaHOBMIIM KpH-
THYyecKue cobbitusi cetn 0, 3, 5,6, 9, 10u 11 n KPHTHYECKUE paborbl
(0,3), (3,9, (5, 06,6 9), (9 10), (10, 1]).

Kpuruyeckuit nyrb uMeer ocoboe 3HaueHue B cucreMe CITY, tak
KaK paGoTbl 3TOro MyTH ONPENENIOT oOIMii UK 3aBepllleHHs BCEro
KoMIiekca paboT, MIaHUPYEMBIX NPU NMoMolllu ceTesoro rpaduka. U
Ui COKpaleHHUs NPOAOKUTENBHOCTH NPOEKTa HeoOXomMMo B Hep-
BYIO o4Yepenb COKpalllaTh NPONOKUTENBHOCTh paboT, Jexalux Ha
KPUTHYECKOM NYTH.

Cnenyer oTMeTHTb, YTO KJIAaccHYeCKUi BHI ceTeBoro rpaduxka —
3TO ceTh, BblUepueHHas Oe3 macuiTaba BpemeHu. [loatomy ceTeBoit
rpa¢ux, XoTd M JAET YEeTKOE NpPeACTaB/IeHUE O IMOpAAKE CJeNOBaHMS
paboT, HO HeJOCTaTOYHO HAIMANCH [Vl ONpPENENeHUst Tex paboT, KoTo-
pble HOJXKHBI BBIMOJMHATHCS B KaXIblii DAHHBIE MOMEHT BpeMeHH. B
CBA3U C 3THM HeOOMbIIOH NPOEKT MoChe YHOOPSHAOYEHMS CETEBOIrO
rpaduka pexoMeHAyeTCss NOTOMHUTb AuHeliHol duazpammoli npoexma.
Taxas nuHeitHas nuarpaMma JUisi paccMaTpuBaeMoii ceTH nokasaHa Ha
puc. 14.7.
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KonuuecTtso
241 pabot

23+
22+
21

|
1
L Al L 1 L 1

0 6 12 18 24 30 36 42 43 54
Puc. 14.7

IIpu nocTpoeHUH NHUHeiHOH AMarpaMMbl Kaknas paGora usobpaxa-
eTca MapamiessHbIM OCH BpeMEHM OTPE3KOM, IUIMHA KOTOpOro pasHa
NPONO/DKUTENBHOCTH 3ToM paborel. [Ipy Hamuuuu GUKTUBHON paboTsi
HyJIeBOH NPONODKUTENBHOCTH (B paccMaTpMBaeMoif CeTH €€ HET) OHa
usobpaxaercss Toukoil. CoOBITUS i U j, HAYATO M KoHel pabotsl (i, )
MOMEIHAIOT COOTBETCTBEHHO B Hayale W KOHLE oTpe3ka. OTpe3ku pac-
ronaralT ofMH Hax OpYTUM, CHU3Y BBEPX B IOPSAKE BO3pacTaHUs WUH-
JeKca i, a IpU OHOM U TOM Xe [ — B MOpSAIKE BO3pacTaHUA HHOEKCA j
(Ha puc. 14.7 BcrencTeie OrpaHUYEHHOCTH MECTA HE MOKa3aHbl paboThI-
OTPE3KH, BhIXOAsAIHE U3 2-, J~, 4- U 5-TO cOOBITHIT).

IMo nuneiiHON aMarpaMMe NpoeKTa MOXHO ONpERENUTb KpUTHYE-
CcKoe BpeMsl, KpUTHUYECKMIi MyTh, a TaKXe pe3epBbl BpeMEHU BCEX pa-
0ot (cm. 00 3TOM B pasn. 14.5).
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Tak, xpumuueckoe épems komnaexca pabom pasHo KOOpOUHame Ha
OCU 8PEMeHU CaMO20 NPABO20 KOHUA 8CeX OMPE3K08 OUAZPAMMbL.

tp = t (11) = 61 (cyTkn).

IUts onpeneneHUs KPUTHYECKOTO MYTH paccMaTpuBaeM paGoThI-
OTPE3KH, KOHEYHble COOBITHS KOTOPBIX COBNANAIOT C 3aBEPIAIOLIUM
cobpiTHeM ceTH (B HaweM npuMepe (9, 11) u (10, I1). 3ateM HaxomuM
otpe3ok (9, 10), npasblii KOHELL KOTOPOTO JIEXUT HA OOHOI BEpTHKAIU
t (10) c neBbIM KOHLIOM OIHOTO U3 PACCMATPUBAEMBIX PAHEE OTPE3KOB
(10, 11). AHanoru4yHo omnpezeisieM M Opyrue paboTbl-OTPe3KH KPUTH-
yeckoro nytu: (6, 9), ..., (0, 3) (na puc. 14.7 Bce OHU BHIIENEHBI XHUP-
HBIM 1IpudTOM).

14.5. Bpemennnie napameTpnl ceTeBbix rpadukoB

B Tabn. 14.1 npuBeneHsl OCHOBHBIE BPEMEHHbiE IapaMeTphl ceTe-
BBIX IpapuKoOB.
Ta6nuua 14.1

DNeMeHT ce- YcnosHoe
TH, Xapakre- o6o3Haye-
pH3YEMBbiii HanMeHoBaHHe napaMeTpa HUe napa-
napameTpom MeTpa
PaHHuit cpok cBepLIEHHS COOBITHS X ()]
CobbitHe | TosnHHii cpok cBeplueHHS cOBGLITHA ()
Pe3sepB BpeMeHU coOLITUS R()
TponomxuTenbHOCTh paGoTHI t{i, )
PanHuit cpok Hauyana pa6Gorsl tu(i, D
PaHHM cPOK OKOHYaHHS paGOThl Loli, J)
. To3aauuii cpox Hayana paGoTsl tli, )
Pa6ota (i, ) | [oanumit ¢ ]
POK OKOHYaHHS paboThl to(i, )
Tonubiit peseps BpeMeHH paboThHI R,(i, )
YacTHblif pe3epB BpeMeHH paGoThl NepBOro Buaa Ri(i, )
YacTHeil pe3eps BpeMeHH paboThl BToporo Buaa | R.(i, /)
nnu cBoGOIHbBIA pe3epB BpeMeHH paboThl
HesaBucHMbIii pe3epB BpeMeHH paboThsl R, j)
TlponomxuTeNbHOCTL MYTH t(L)
Ilyts L IMponomxuTeNbHOCTh KPUTHYECKOTO MYTH leo
PesepB BpeMeHH MyTH R(L)
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PaccMoTpuM comepxaHue M pacyeT yKa3zaHHBIX TapaMeTpOB.

HauHeM c napamerpos coorimmii. Kax yxe orMeyanocs, coGbiTHE He
MOXET HACTYMUThb MpexIe, YeM cBepiuarcd Bce MNpEALIecTBYIOLIMe
pabotel. [loatoMy pannuil (uau oxcudaemwil) cpok (i) ceepuienus i-zo
cobbimua onpedennemcs NpPOOOANCUMENBHOCMBIO MAKCUMAABHOZO Rymu,
npeduiecmeyrouezo 3momy coboimuio;

()= max ((Ly),

rae L,; — moGoi nyTh, NpealecTBYIOUi i-My cOOBITHIO, T.€. TIYTh OT
HUCXOOHOTO NO i-TO COOBITHS CETH.

Ecnu coGbiTHe j MMeeT HECKOMBKO IIpeIilecTByIOIUX MyTel, a cle-
JIOBaTe/IbHO, HECKOABKO NPENLICCTBYIOMIMX COOBITHH J, TO paHHMIt
CpPOK cBepilieHUs: coOBITHS j yIOOHO HaxonuTh no ¢opmyie

K()= nll?( [5(D)+4(i, D] (14.2)

3anepXKa cBeplleHHs: COOBITHA { IO OTHOLUEHHUIO K CBOEMY paHHe-
MY CpOKY He OTpa3sUTCs Ha CpOKe CBEplICHHSI 3aBepllajolero cobbl-
THA (@ 3HAYUT, U HA CpPOKe BBINOJHEHUs KoMIieKca pabor) oo Tex
1op, NokKa cyMMa CpoKa CBEpPIIEHHUSA 3TOro COOBITHS M NPOHNOIKUTEb-
HOCTH (IJIMHBI) MAKCUMAJIBHOTO M3 NOCHENYIOUINX 3a HUM NyTeil He
NPEBBICUT NJIUHBI KPUTHYECKOTO MYyTH.

IMoatoMy no3duuii (wiu npedeasvrsitl) cpok to(i) ceepuienus i-2o0 cobbi-
mus pagex

()= tp— nzax t(L,;), (14.3)

rne L,; — moboii Nyrh, cnenyiollul 3a i-M coObITHEM, T.e. NYTh OT
i-ro o 3aBepiualollero coObITUA CETH.

Ecnu coGbiTHE § MMeeT HECKONBKO MOCHEnyIoUIHil nyTeii, a cneno-
BaTeIbHO, HECKONBKO IOCAEHYIOIIMX COOBITHH j, TO MO3OHUM CpOK
cBepiireHHst cOObITUS { YNOOHO HAaXoouTh no opMyJie

(D= rpijn (L) — G, D). (14.4)

Pesepe apemenu R(i) i-e0 cobbimus onpedersemcs Kak pasHocms me-
HOY nO3CHUM U DAHHUM CDOKAMU €20 CBepuierus.

R@=t() — 1,(9). (14.5)
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Pe3eps BpeMeHU cOOBITUSA MOKA3bIBAET, HA KAKOM NONYCTHUMBIi
Nepuoa BpeMEHM MOXHO 3aiepXaTh HACTynJeHue 3TOro COBLITHS,
He BbI3bIBas NpH ITOM yBEJIMYEHUS CPOKA BhINOJHEHUS KOMIUIeKca
pabor.

Kputnueckne cobpiTisl pe3epBOB BpeMEHM HE MMEIOT, TaK Kak JIo-
0as salepxka B CBeplUIEHMM COOBITHSA, Jiexalllero Ha KPHTHYECKOM
MYTH, BHI3OBET TAKYI0 Xe 3alepXKy B CBEpIUEHMH 3aBepllaiollero
cobbITHS.

U3 artoro cnenyer, Yyro Ans TOro 4toObl ONpeleuTh MIUHY U
TOMOJIOTUIO KPUTUYECKOro IyTH, BOBce He 00s3aTeslbHO nepebu-
paTb BCE MOJIHBIE MYTH ceTeBoro rpaduKa U ONpelensTh UX I~
Hbl. Onpedenue panHui cpok HacmynaeHus 3aeepuiaroujezo cobvimus
cemu, Mbl mem CambiM OnpedensieM OAUHY Kpumu4ecKkozo nymu, a
BblA6UE COOBIMUA € HyAeBLIMU pe3epeamu epeMerl, onpedeasieM ez20
mononozuo’.

14.1. Onpenenurb BpeMeHHble NMApaMeTphl COOBITHI M KPUTHYECKUI
OyTs IS ceTeBoro rpaduka, n306pakeHHOro Ha puc. 14.6.

P e u e 1 n e. HaiinenHrple napaMeTpsl cBeneM B Tabn. 14.2.

[pu onpeneneHun paHHUX CPOKOB CBEpIUEHUS CODLITHI 1,(i) nBu-
raeMcsl Mo ceTeBoMy rpaduKy cjiesa HampaBo ¥ HCIONB3yeM GopMyisl
(14.1) n (14.2).

Hna i =0 (uynesoro cobpiTus), oueBuaHo, uto f,(0) = 0. dna
i=1 (1) = £,(0)+¢(0,1) = 0+8 = 8 (cyroK), TaK KaK IUIsi COOBI-
tHsl 1 CyliecTByeT TOJNBKO OOMH MNpeAlecTByoluuit nyts Ly 0 1.
Hna i= 2 t,(2) = ,(1)+¢(1,2) = 8+9 = 17 (cytoK), TaK KaK misi
coOBITHS 2 CYLIECTBYET TOJNBKO OIMH IMpellieCTBYIOIUH TIyTh
Ly 05152 [Ona i = 3 1,(3) = max{#,(0)+1(0,3); £,(1)+1(1,3)} =
= max{0+13; 8+4} = max{13; 12} = 13 (cyrok), TaKk Kak Ui cO-
ObiTHs 3 CylleCTBYIOT OBa MpellliecTBYOWNUX Nyt Lp3 0->1-3 u
0—3 v nBa npeauecTBywux cobsitusa 0 un 1.

! Ecnu ceTeBoii rpadMK MMeeT €NMHCTBEHHBIA KpUTHYECKHMH MyTb, TO
STOT NYTb NMPOXOAHUT 4epe3 Bce KPUTHYEcKUE coObITUS, T.€. cOOLITHA ¢
HyNEeBbIMN pe3epBaMy BpeMeHU. Ecnu Kputhueckux nytefl HECKONbKO, TO
BbiSIBJIEHHE MX C NOMOIUBIO KPHUTHUYECKHX coObiTHii MoxeT ObiTh 3aTpya-
HeHO, TaK KaK 4epe3 YyacTb KPUTHUYECKHMX coObITUI MOTYT NMPOXOAUTH Kak
KPUTHYECKME, TAK U HeKpUTHYecKUe NyTH. B 3TOoM cnyyae nns onpenene-
HUSl KPUTHYECKUX NyTed pPEKOMEHAyeTCS MCMONb30BaTbh Kpumuueckue pa-
b6ombi. :
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Tabauuma 14.2

Homep Cpoku cBeplueHHUs: coObITHS, CYTKH Pe3eps Bpe-
coObiTHs MeHH R(J),
paHHuit £,(i) NO3AHUMR (i) cyTkn

0 0 0 0

I 8 9

2 17 40 23

3 13 13 0

4 23 26 3

5 20 20 0

6 29 29 0

7 33 43 10

8 37 38 1

9 42 42 0

10 48 48 0

11 61 61 0

AHanoruyHo:

1(4) = max {g(1)+1(1,4); 1,(3)+1(3,4)} = max {8+6; 13+10} =

I

max {14; 23} = 23 (cyrxkam);

1,(5) = max {1,(3)+1(3,5); 1,(0)+1(0,5)} = max {13+7; 0+9} =

]

max {20; 9} = 20 (cyrkam);

1,(6) = max {t,(H+1(3,9); 1,(3)+1(3,6); 1,(5)+1(5,6)} =

i

max {23+3; 13+6; 20+9} = max {26; 19; 29} = 29 (cyTkaMm) u T.A4.

JivMHa KpUTHYECKOTO NMYyTH paBHA paHHEMYy CPOKY CBEpLIEHHS 3a-
Bepiuaioliero codsrrus 17 (cm. taba. 14.2):

Lp=1p(11)=61 (cyTkam).

Ipu omnpedeneHNH NO3THUX CPOKOB CBeplueHHs cobpiTHil (/)
OBUTAaEMCsl 10 CeTH B OOpaTHOM HAMpaBJIeHHH, T.€. CIIpaBa HAIEBO, U

ucnons3yeM dopmynst (14.3) u (14.4).

Hna i=]1 (saBepuwiaroiuiero cobuITHS) MO3AHUHA CPOK CBeplIeHUS
COOBITHS [OJLKEH PAaBHATLCS €ro PaHHeMy CPOKy (MHaye HU3MEHUTCA
JUIMHA KPUTHUYECKOTO NYTH): ty(11)=t,(11)=61 (cyrxu).
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Ousi= 10 ,(10) = 4,(11)—t(10, 1I) = 61—13 = 48 (cyT0K), TaK KaK
s cobbrtus [0 CylllecTBYeT TOMBKO OAMH TocHeAylowmid myrs Lo
1011

Ona i= 9 1(9) = min {,(10)—1(9,10); t,(11)—t(9,10)} = min {48—6;
61—17} = min {42; 44} = 42 (cyTkaM), TaK Kak 1A coOuiTHa 9 cyule-
CTBYIOT [Ba rnocieayoiumx nyti Leg: 910511 v 9-» 11 v nBa nocne-
Ayiotux cobuitust 10n 11.

AHanoruyHo:

1(8) = t;(9) — t(8, 9) = 42—4 = 38 (cyroK);

t(7) = t;(10) — t(7, 10) = 48—5 = 43 (cyTKam);

n(6) = min {,(7)— £(6,7); 1(10) —1(6,10); (D) —1(6, 9); (8)—
—1(6,8)} = min {43—4; 48—5; 42—13; 38—8} = min {39; 43; 29, 30} =
=29 (cyrkaM) u T.0.

Mo dopmyne (14.5) onpenensieM pe3epBbl BpeMEHH i-I0 COOBITHUS:

R(0)=0; R(1)=9-8=1; R(2)=40—-17=23 u 1.0

PesepB BpeMeHu, HanpuMep, cobbitusa 2 — R(2) = 23 — o3Hauaer,
YTO BpeMsl CBeplueHUs cobbiTUsi 2 MOXeT ObITh 3amepXkaHo Ha 23 cy-
TOK 6€3 yBeluyeHUs oO1ero CpoKa BBHINMOAHEHHS NPOEKTa. AHATN3H-
pyq T1a6n. 14.2, BuIuM, YTO HE UMEKOT PE3EPBOB BpeMeHH coObITHSA 0,
3, 5 6,9 11 9™m cobbrtia ¥ o6pa3yloT KpUTH4YecKui myrh (Ha
puc. 14.6 oH BBLIENEH XUPHBIM IpHGTOM). D

Teneps nepeitneM k mapamerpam pabort.

OtmenpHasi pabora MoXeT Hayathess (M OKOHUMTBCSA) B paHHMe,
Mo31HHME WIH APYyrHe INPOMEXYTOYHhIe CPOKH. B nanbHeifiieM npu
ontTMMu3aiMM rpaduxka Bo3MOXHO JNo6oe pasMeuieHue paboThl B 3a-
JaHHOM WHTepBale.

OueBuHO, YTO PaHHUA CPOK Ly(/, j) Hayama pabotbi (i, j) coBa-
JAaeT ¢ paHHUM CPOKOM HACTYIUIEHHMsi HayajibHOro (MpeAllecTByIO-
111ero) cobriTHA i, T.€.

ou(h, J) = ,(0). (14.6)

Torna paHHMit CPOK #o(/, j) oKOH4aHus paboThi (i, j) omnpenensercs
no dopmyie

tooll, J) = t(D+1(i, J). (14.7)

Hu onna pabota He MOXET OKOHUMTHCA TO3XKeE HOMYCTHMOrO NO3J-

HEro cpoka CBoero KoHeuHoro cobpitus i. [losTomy mosmHUi cpok
Ino (i, j) okoHuaHuUs paboThl (i, j) ompenensercs COOTHOWEHHEM

tho(i, J) = t40)s (14.8)
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a MO3THUI CpoK fy(f, /) Havyana 3Toit paboThl — COOTHOLIEHUEM

(i, ) = ta(D—2 (0, ). (14.9)

TakuM o06pa3oM, B paMKax CeTeBOil MoJejiyd MOMEHThl Hayaia yu
OKOHYaHMs paboThl TECHO CBA3AHBI C COCEAHHUMHU COOBITHSIMU OrPaHH-
yeHusIMH (14.6)—(14.9).

Ipexne yeM paccMaTpuBaTh pesepsbl BpeMeHH pabor, obparuMcs
K pe3epBy BpeMeHH MyTu. Takue pesepBsl UMEIOT BCe HEKpUTHUECKHE
nytu. Pesepe epemenu nymu R(L) onpedensemcs kax pasHocms mexcoy
OAUHOU KpUMU1eCcK020 U paccMampueaemozo nymu

R(D)=to—KL). (14.10)

OH nokaspiBaeT, HA CKONBKO B CYMMe MOIYT GBbITh yBElTHYEHBI [po-
HOOJKUTENBHOCTH Bcex pabor, npuHamiexammx 3toMy nyrtd. Ecam
3aTAHYTh BHIMOJHEHME padoT, JeXalux Ha 3TOM MNYTH, Ha BpeMs
oossuiee yeM R(L), TO KpuTHYECKUH NyTh NepeMecTUTCs Ha nyTh L.

Orcrona MOXHO cleflaTh BbIBOL, 4TO 06aa uz pabom nymu L Ha eeo
ywacmke, He COBNAOAIOWEM C KPUMUYECKUM nymem (3aMKHymbim mexcoy
08yMa coBbImuUAMU KpUMuUyeckozo nymi), obaadaem pezepaom épemMeHll.

CpenM pesepBoB BpeMeHU paboT BHIZENAIOT YeThIPe PA3HOBUIHOCTH.

Ioanstii pesepe epemenu Ry (i, j) pabomw (i, j) noxasvieaem, Ha
CKOABKO MONCHO Yaeauuums epems 8blNoAHeHUA GaHHOU pabomel npu ycao-
8Ul, 4MO CDOK 6binoAHeHUn Komnaexca pabom He uszmerumca. [loanoid
pe3epe Ry(i, j) onpedensemcs no popmyne

Ru(i, )=t()— ()~ 13, ))- (14.11)

IonHetit pesepB BpeMeH# paboThbl paBeH pe3epBy MakCHMaJIbHOTO
U3 nyTreil, MpoXoIAILEro yepes OaHHYIO pabory. DTHUM pe3epBOM
MOXHO pacrojaraTh INpy BbIIONHEHUM JAHHON paboThl, eclay ee
HayaJibHOE COOBITHE CBEPIUUTCHA B CaMblif PaHHUH CPOK, ¥ MOXHO
IOOTYCTUTH CBepllieHHe KOHEYHOro COOLITHUSl B €ro caMplif Mo3gHuM
cpok (puc. 14.8 a).

BaxXHBIM CBOICTBOM NOJHOIO pe3epBa BpeMeHHM paboThl sBjsercs
TO, YTO OH NPUHAMIEKUT HE TOJNBKO 3TO padore, HO U BCEM MOJHBIM
NyTSIM, TIPOXONAIUMM Yepe3 Hee. IIpU ucnmonp3oBaHMM MOTHOTO pesep-
Ba BpEMEHM TOJIbKO Ui ONHOH paboThl pe3epBsl BPEMEHH OCTATHLHBIX
pabor, JexamuX Ha MakKCHMaIbHOM TYTH, NMPOXOISILUEM 4Yepe3 Hee,
OyZyT MonHoCThI0 McyepnaHsl. Pesepssl BpeMeHu pabor, jnexaiux Ha
IpYyruX (HEMakCMMAIbHBIX MO UIATEILHOCTH) IyTAX, TPOXOASIUMX
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yepe3 3Ty paboTy, COKPATATCS COOTBETCTBEHHO Ha BEIUYMHY MCIIOb-
30BaHHOTO pesepsa.

OcranbHbie pe3epBbl BpeMEHM Pa0oThl ABIAIOTCA YacTAMHU e€ IOJ-
HOTO pe3epsa.

Yacmuvli pe3epe epemenu nepeozo euda R, pabomut (i, j) ecms wacme
NOAHOZ20 pe3epea epemeru, HA KOMOpYI MONCHO Y@eauwums Apo0oAdCU-
menbHOCMb pabombi, He UIMeHU8 NPU IMOM NO30He20 CPOKA ee HAYaNbHO-
20 cobbimusa. DTUM pe3epBoM MOXHO paclojiaraTe MpH BBIMIOJTHEHUH
OaHHOW paboTsl B TMpPENNONOXEHMH, YTO €€ HAYAILHOE MU KOHEYHOoe
COOBITHS CBEpLIAKOTCS B CBOM CaMble NnosqHME cpoku (cm. puc. 14.8 6).

R(G) R(

L) ) | 5,(0) VD,
T " H 1Bpemst
1 1 | !
: B | :

i . .
— (i j): ) R.(i, J), - 1%
ltpﬂ(l’ b)) \ R : 1(i, ./) ’.‘[ (/)
a0 | RG.D i ) ) .
: | g . Lo |
: I:_ t(l; ./) i Rl(l).[) J!tn(/)
i ] RG) (i, j) it ()
i ; i, )| L

[}

| Lo I !
! 1, ) _ RaD 7, 1)) :
{1;(1', J) | (b D)4, ) }p :
WD RAJ) ! :
| : 2 ! :
| R, J) G j) " l
1 H !

1
Puc. 14.8
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R, nHaxomnresa o dpopmyie
Rl(i’ ./)=tn(/)_’n(i)_t(1, j), (14‘12)

Ri(i, )=Rq (i, )= R(). (14.13)

Yacmusui pezeps epemenu 6mopozo 6uda, Wiy ce0600HbII pesepe
epemenu R. pabomut (i, j) npedcmaensem uacme noaHo20 peiepea épeme-
HU, HA KOMOPYIO MOXCHO y@eaudumbv npoooaxcumenbHocms pabombi, He
U3MEHUE NpU 3MOM PAHHE20 CPOKA ee KOHeHHO20 cobbimia. DTUM pe3epBoM
MOXHO pacrnojiararte IpH BLINOJHEHHN JAHHON paboThl B NpeIIoNoxe-
HUH, YTO €€ HAYAJLHOEe U KOHEYHOE COOBITHS CBeplUaTcs B CBOM CaMble
paHHue cpoKH (cm. pHc. 14.8 6). R, Haxomutcs no opmyse

Re(i, =10~ 1(D— K, J), (14.14)
Re(i, )= Ra(i, )= RO). (14.15)

CBoGoNHBIM pe3epBoM BpeMEHH MOXHO IOJB30BAThCS I TIPEROT-
BpallleHHs1 cy4aifHOCTell, KOTOpbie MOIYT BO3HUKHYTb B XOZ€ BBITON-
HeHus paboT. Ecnn IuaHupoBath BeilloiHEHHE paboT MO paHHUM CpoO-
KaM MX Hayala ¥ oKOHYaHUs, TO Bceraa Oyler Bo3MOXHOCTh TIpU Heob~
XOAMMOCTH TiepefiTH Ha MO3IHHE CPOKW Hayaja ¥ OKOHYAHHA pabor.

Hesasucumsiii pesepe epemenu R, pabomw: (i, j)! — wacmov noanoeo
pe3epea epemMeHu, noaydaemas O4a cAy4as, xoz20a 6ce npeduiecmeyiouue
pabombl 3aKARYUBAIOMCA 6 no30HUe CPOKU, a éce nocaedyioujue pabombl
Hauunaomes @ parnue cpoku (cm. puc. 14.8 @)

Ry(i, ])=tp(1)—tn(l)—’(i’ D (14.16)
HJIHu
RH(I7 ])=Rn(ls ])—R(l) (14'17)

Hcnonb3oBaHne He3aBUCHMMOTO pe3epBa BpeMEHH He BIUSIET Ha Be-
JMYMHY pe3epBOB BpeMeHM Apyrux pabor. HesaBucumsbie pe3epBbl
CTpeMsITCS MCIIONB30OBaTh TOTIA, KOTIa OKOHYaHHE Mpeabiaylueil pado-
Thl MIPOU3OLLTO B MO3IHHUI JOMYCTUMBIH CPOK, a MOCAeRyoune pabo-
Thl XOTAT BBITIOJHHUTD B paHHHUe CPoKH. Eciu BenuunHa He3aBMCHMOIO
pesepsa, onpenenseMast no dopmyne (14.16) wiu (14.17), pasHa Hy’10
UM TIOJIOXKHTENbHA, TO TaKas BO3MOXHOCTb ecTh. EciM Xke BelHMyuHA

I B psine pabotT no ceTepoMy IIAHNPOBAHHIO pe3epB BpemeHH R, (i, j) Ha-
3bIBAIOT c80000HbIM, a pe3epB R (i, j) cielManbHOTO HA3BaHUsSI He MMEET.
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Ry(i, j) oTpuuarensHa, TO 3TO BO3MOXHOCTH HET, TaK KakK Npeablly-
wag pabora eilie He OKAHYMBaeTcs, a MOCAEAYIOIAS YXe IOMKHA Ha-
yarbcsl. [loaToMy oTpuuartenbHoe 3HaueHue Ry(i, j) He MMeer peaib-
HOTO cMbicia. A dakTUYecKH He3aBUCHUMBIM pe3epB HMEIOT JIMIIbL Te
paboThl, KOTOpBHIE HE JieXar Ha MaKCHMMAIbHBIX MYTAX, MPOXONAIMX
4yepes NX HayaibHble U KOHEeYHble COOLITHSA.

Creflyer OTMETUTb, YTO Pe3epBbl BpeMeHH paGoTsl (I, j), noKasaH-
Hble Ha puc. 14.8, MOTYT COCTOATh M3 IBYX BpEMEHHBIX OTPE3KOB, €CIIH
MHTEPBAT NPOLOIXKUTENBHOCTH paboTsl K, j) 3aHUMaET MPOMEXYTOY-
HYIO MO3NLMIO MEXIY OBYMS €ro KpaHMMHU MOJOXEeHHSMH, H300pa-
XEeHHBbIMH Ha rpacdHkax.

TakuM obpasom, ecau wacmHbiil pe3epe epemeHu nepeozo euda Mo-
Jicem Obimb UCNOAB30BAH HA yeeauyerue npodosxcumenvHocmu OanHod u
nocnedyrowux pabom Ge3 3ampam pe3epea 6épemeHu Npeoulecmeyiouiux
pabom, a ceoboOHbIi pe3epe apemeru — Ha yseaudeHue npodoANCUMeNn,-
Hocmu Oawnoil u npedwecmaylowux pabom 6e3 HapyuwieHus peseped epe-
MeHU nocaedylowux pabom, mo He3a8UCUMBIL De3epe epemeHu Modcem
Obimb UCnOAL306aH 0AA YeeaudeHus npoooANCUMENbHOCIU MOAbKo OAHHOI
pabombt.

Pabomei, aexcawue na xpumuueckom nymu, max xce KaK u Kpumu-
ueckue cobvimus, peiepeos epemenu He umeoml!,

Ecnu Ha xputuyeckoM NyTH JIEXUT HayalbHOE COOBITHE i, TO

Ru(i, =R (5, ). (14.18)
Ecny Ha KpuTHYECKOM NMYTH NEXHUT KOHEYHOE COOLITHE j, TO
R(i, =R, )). (14.19)

Ecnu Ha kputnyeckoM NYTH JieXaT HAYATbHOE M KOHEYHOE COObI-
TS i 1 J, HO caMa pabora He NMPHHAIEXHUT 3TOMY TIYTH, TO

Rn(ia ])=Rl(i, j)=Rc(la J)=RH(i’ j) (14‘20)

~ CoorHowenus (14.18)—(14.20) MOXHO McnoOABb3OBATh MPH TPOBEp-
Ke TpaBUJILHOCTH PacyeToB Pe3epBOB BPEMEHH OTHAENbHBIX PaboT.

I C nomolplo KputHuecknx paboT, T.e. paGoT, He MMEIOLIMX pE3EPBOB
BpEMEHU, MOXeT OHTb OnpedeseH KpUTHYecKHi NyThb ceTeBoro rpaduka.
3ot cnocob onpenenieHNsT KPUTHYECKOTO NMYyTH Lie1IeCO06Pa3HO HCMOb30BaTh
TOFAA, KOTAA CETb CONEPXHUT HECKONBKO KPUTHYECKUX MYyTeH.
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D> 14.2. Boruncnurh BpeMeHHbIe riapaMeTphl paboT Uisl CeTeBoro rpadu-
Ka, U300paxeHHOro Ha puc. 14.6.
Pesynsrartsl pacueToB cBeaeM B Tabi. 14.3.

BriunciieHne BpeMeHHBIX MapaMeTpoB pabotsl (i, j) MOKaXeM Ha
npumMepe pabotsi (1, 4):

paHHHii cpoK Hayama paGoTsl (mo dopmyne (14.6)): fu(1, 4) =
= (1) = 8 (cyroK),

paHHUIl cCPOK OKOHuaHus padotsl (o ¢opmyne (14.7)): 1o(1, 4) =
= t,(1)+t(1,4) = 8+6 = 14 (cyroK);

NOo3IHMI cpoK Hayama paborel (Mo dopmyne (14.9)): tu(l, 4) =
= 1,(4)—t(1,4) = 26—6 = 20 (cyroK), rae 1(4) = 26 (cm. Tabn. 14.2);

MIO3OHUI CPOK OKOHYaHMs pabotsl (o dopmyne (14.8)): fo(1, 4) =
= f(4) = 26 (cyTOK).

Takum obpasom, paboTa (I, 4) no/XHa Hayatbesl B uHTEpBane [§; 28]
(cyToK) ¥ OKOHuMTbCA B MHTeppane [12; 26] (cyTok) oT Hayaia Bel-
MTOMTHEHUS MPOEKTa.

Monuplii peseps pabotsl (I, 4) (1o dopmyne (14.11)): Ry(1, 4) =
= ty(4)—t,(1)—K1,4) = 26—8~6=12 (cyroK), T.e. CpPOK BBINONHEHHUsI
JaHHOW paGoThl MOXHO YBENMYHMTh HA 12 CyTOK, MIPH 3TOM CPOK BbI-
MOJTHEHUS KOMIUIEKca paboT He U3MEHHUTCH.

Ta6nuna 14.3

Ne | Paora I'Iponon: Cpoxu Ha‘{pa;lglog;l(ouqaﬂuﬂ Pe3epBrl BpeMeHH paboThl
n/ni (i) HOCTB
pz;gzl;bl ’pn(i:/) ’po(iJ) LG | tolid) | R | RiG ) | Rl ) R.(i)

1 0,0 8 0 8 1 9 1 1 0 0
2 (03 13 0 13 0 13 0 0 0 0
3 (05 9 0 9 11 20 11 11 11 11
4 (1,2 9 8 17 31 40 23 22 0 -

5 (1, 6 8 14 20 26 12 11 9 8
6 (13 4 8 12 9 13 1 0 1 0
7 (2 3 17 20 40 43 23 0 13 -

8 (3,9 10 13 23 16 26 3 3 0 0
9 (39 7 13 20 13 20 0 0 0 0
10 (3,6 6 13 19 23 29 10 10 10 10
11 ¢7 8 23 31 35 43 12 9 2 -
12 (4,6) 3 23 26 26 29 3 0 3 0
13 (5,6 9 20 29 20 29 0 0 0 0
14 (58 10 20 30 28 38 8 8 7 7 |
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Ipodoascernue

IMponan- | Cpoku Hauana U OKOHYaHKS Pe3cpBb! BpeMeHH paGoThl

No Pabora | xwurems- paboTsl
n/n () HOCTb
pi(ﬁ,-ng' tonlid) | ool | faali) | o) | Rulis) | RiG D | Reli, ) | Ruli)
15 (5,9 6 20 26 36 42 16 16 16 16
16 (6,7 4 29 33 39 43 10 10 0 0
17 (6,10 5 29 34 43 48 14 14 14 14
18 (6,9 13 29 42 29 42 0 0 0 0
19 (6,8 8 29 37 30 38 1 I 0 0
20 (7,10 5 33 38 43 48 10 0 10 0
21 (8,9 4 37 41 38 42 1 0 1 0
22 (9,10 6 42 48 42 48 0 0 0 0
23 (91D 17 42 59 44 61 2 2 2 2
24 (10,11 13 48 61 48 61 0 0 0 0

[MokaxeM Ha MpuMepe paborsl (I, 4), UTO NOJHBIA pe3epB BpeMeHHU
paboThl paBeH MPOLOJIXKHTENLHOCTY MaKCUMAJILHOTO M3 MyTeH, IIPOX0-
ISILMX Yepe3 JaHHYIO paboTy.

Yepes paboty (I, 4) npoxoasT ceMb NOJHBIX MyTeil (cm. puc. 14.6):

Ilyme IIpodonncumenvrocme,

cymku

Ly 0154567510511 39

L, (5154565859510 11 48

Ly 0515456585911 46 -

Ly 0515456591011 49

Ly 051545659511 47

Ly 051545651011 3s

L, 015457510511 40

Orciona MakciManbHBIM U3 MyTei, MpoxosluX yepes pabory (1, 4),
SIBJAETCA MyTh L4y NPONOMKUTENBHOCTHIO 49 (cyTOK), pesepB BpeMeHU
koToporo (no dopmyne (14.10)) R(Ly)=61—49=12 (cyTOK).

Kak BumuM, NosHslif pe3epB BpeMeHu pabotsl (I, 4) okasalcs pas-
HBIM pe3epBy yTH L4, — MaKCUMAIbHOTO M3 IMYTeH, NPOXOISAILIUX Ye-
pe3 3ty paboty. Ecnm yBequMuuTh MPONO/DKMTENBHOCTh BBIIOJHEHUS
pabotsl I, 4 Ha 12 cyTOK, T.e. ¢ 6 10 18 CyTOK, TO MONHOCTHIO OyIET
ucyepnaH peiepB BpeMeHM NyTH Ly , T.e. 3TOT NyTh CTaHET TaKXke
KPUTHYECKUM, 2 pe3epBhl BpEMEHM OPYTHX IMyTeil YMEHBUIATCH COOT-
BETCTBEHHO Ha 12 cyTok.
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YacTHblit pesepB BpeMeHH pa6oThi (1, 4) nepBoro BUAA ONMpenenm
no dopmyie (14.12) (uan mo dopmyne 14.13): Ri(1, 4) = t,(H—ty(D—
—t(l, 4= 26-9-6=11 (cyrox) (wu Ry(I, H = R(1, H—R(]) =
= 12—1 = 11 (cyToK), T.. IpH COXpaHEHUY OOILUEro CpoKa BBINOJIHE-
Hus TpoekTa Ha 11 cyTok MoXeT ObiTh 3a1epXaHO BhIMOJHeHHe pabo-
T8l (1, 4) ¥ nocnenywowux padot (no JwdoMy u3 nyrein Ly, Ly, ..., L)
6e3 saTpar pesepBa BpeMEHHM MpelllecTBYIOIUMX €if paboT (B LaHHOM
ciyyae Oe3 3arpaT pesepBa BpeMEHU OOHOM IMpelIecTBYyIOLIeH paboTsl
(0, D).

YacTHbI pesepB BpeMEHM BTOPOro BHIA, WM CBOOOIHHIN peseps
BpeMeHu, pabotsl (I, 4) HaiineM mo cdopmyne (14.14) (man 14.15)):
R(1, 9 = t(H—t,(D—K1, 4 = 23—8—6 =9 (cyrok) (wim R(I, 4 =
= Ry(I, H—R(I)=12-3 =9 (cyroK), T.e. ipN COXpaHEHHM OBILETO
CpOKa BRHIMIOJITHEHHUs TNpOeKTa Ha 9 CYTOK MOXET ObITh 3aepXaHo
BHITIOJIHEHHe paboTel (I, 4 W NpealuecTBYIOIUIUX el pabor (B maH-
HOM ciydae pabortsl (0, 1)) 6e3 HapyuieHUs pe3depBa BpeMeHHU [1O-
cleaymuux pabor.

HesaBucumelil peseps BpeMeHH paGothl (1, 4) onpegenum no dop-
myne (14.16) (umm (14.17)): Ry(1, 9 = t(H—to(D—t(1, 4 = 23-9—
—6 =8 (cyrok) (wmm Ry(1,9 = R(1,H—R(I)~R($H =12—-1-3=8
(cyTOK), T.e. Ha 8 CYTOK MOXET ObITh yBeJHUYEHA MPOLOJKHUTEIHHOCTD
pabotbi (I, 4) Ge3 uMaMeHeHUS pe3epBOB BPEMEHHM BCEX OCTATBHBIX
pabor.

OOpatM BHMMaHHe Ha TO, YTO He3aBUCHMbIE pe3epBbl paboT
(1, 2, (2, 7y n (4, 7) orpuuarejsHbl (B Tabn. 14.3 oHu 0003HauYeHBI
npoyepkoM). Hampumep Ry(2, 7) = t,(N—K(D—1(2, 7) =33—40-3 =
= —10. 910 o03HavyaeT, uTo pabora (2, 7) NPONOIXKHMTEILHOCTHIO 3
(cyToK) mOJIXHA 3aKOHYMTBCA Ha 33-M CyTKM Moc/ie Hayajga KOMILiekca
paboT, a Hayatbcs Ha 40-e CyTKH, 4TO, eCTECTBEHHO, HEBO3MOXHO.

IMonuepkHeM, uTo pesepBbl Kpuruueckux pa6or (0, 3), (3, J),
(5, 6), (6, 9, (9, 10), (10, 1I), TaK Xe KaK M pe3epBbl KPUTHUYECKUX
COOBITHH, paBHBL HYJIO. P

@,ﬂ ) 1G, DIRG, J); Ri(i, )); RG, J); R, )] , (D@
S e 105 O
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Crneayer OTMETHTb, YTO B CNyyae HNOCTATOYHO MPOCTHIX CETEBBIX
rpaduKOB pe3y/NbTaThl pacyeTa MX BPEMEHHBIX MApaMeTpPoB MOXHO
¢ukcuposats npsiMo Ha rpaduxe. ITapaMeTpnl COGBITHI 3aMKMCHIBAIOT-
cs1 B KpYXKaX, pasieNeHHbIX Ha 4YeThIpe 4acTH, a nmapaMeTpnl pabor —
Hall COOTBETCTBYIOLUUMHM cTpenkamu (puc. 14.9). Ilpu 3TOM oTnamaer
HeoOXOIMMOCTh COCTaBJIeHHUs TaOMULL.

14.6. CereBoe nianupoBanue
B YCJOBHSX HeomnpeJe/IeHHOCTH

Tpu ompeneneHHy BpeMeHHBIX MAapaMeTPOB ceTeBoro rpaduka Ao
CHX IOp IMpenrnoiarajioch, 4To BpeMs BBIMOJHEHHS KaxHoH paboTsl
TOYHO H3BeCTHO. Takoe MpeanoaoXeHne B NEUCTBUTENLHOCTH BBIIOJ-
HsieTcsl peako:. HaromHum, cucreMa CITY ob6biyHO mpuMeHsieTcs st
IJTAHUPOBAHMS CJIOXHBIX pa3paboToK, He UMEBIUUX B MPOILIJIOM HHKA-
KMX aHaIoroB. Yalle BCcero mpomo/DKHUTENbHOCTb PaBOTHI MO CETEBOMY
rpaduKy 3apaHee He M3BECTHA M MOXET HNpUHHUMATD JIMIUL OAHO U3
psila BO3MOXHBIX 3Ha4YeHWit. JIpyrumu cioBaMH, MpomO/KUTEBHOCTD
pabotnl (i, j} siBsieTcs cly4aidlHOM BeMMYMHOM, XapaKTepu3ylowekcs
CBOMM 3aKOHOM pacrpefiefieHusi, a 3Ha4YUT, CBOMMH YHMCJIOBBIMU Xa-
pakTepHCTUKAMU — CpedHUM 3HAYeHueM, VI MamemMamu4ecKum Oxci-
danuem, t (i, j) u ducnepcueii o(i, )).

[Mpakruyeckd Bo Bcex cuctemax CITY anpuopu MpuHUMaETCs, YTO
pacrpelesieHHe MpOLOKUTENIbHOCTH paboT obsnamaeT TpeMsi CBOKCT-
BaMM. a) HEMpepbIBHOCTHIO; 0) YHUMOTAILHOCTBIO, T.e. HATHYHEM
eNMHCTBEHHOTO MaKCMMyMa Y KpHBOi pacrpenesieHWs, B) AByMsI TOY-
KaMM [epecedeHns] KpuBOH pacripeaeNeHdsi ¢ ocbio Ox, UMEOLIIHMH
HEOTpHLATEIbHBIE ABCIMCCHI.

Kpome Toro, ycraHosieHo, YTO pacnpeleneHue MpOodoKHTEIbHO-
cty pabor obnagaer noaoxcumenvroll acummempueli, T.e. MAKCUMYM
KpUBOH CMellleH BJIeBO OTHOCHTEJIbHO MeEAMaHbl (TUHHM, Aenduiedt
wIolanssb rnog KpuBoil Ha ABe paBHble 4acT). PacnpepeneHne, Kak
npaBuio, 6onee KpPYTo MOAHUMAETCS NMPU YAAJIEHUH OT MHHUMATBHOTO
3HAYEHUS ! K MOJIOTO OMYyCKAeTCsl MpPU NMPUONMXKEHHH K MAKCHMAlb-
HOMY 3Ha4yeHHIo ¢ (puc.14.10).

IMpocTeiiiuum pacnpeneneHueM ¢ MOROOHBIMH CBOMCTBaMU SIBNISIET-
Csl U3BECTHOE B MAaTEMAaTH4eCKOM CTAaTHCTUKE B-pacnpedesenue. AHATU3
60JIBIIOTO KOIUYECTBA CTATUCTHYECKUX JAHHBIX (XpOHOMETPAXH Bpe-
MEHM pEIMU3ALUM OTAEJBHBIX paboT, HODMAaTHBHLIE JAHHBLIE MU T.1I.)
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A
TInotHoCcTs

BEPOSATHOCTH
o(?)

i
I
I
I
I
l . .
B ! (i, J)
0 ! .
< > : IMpomonxuTen-
() I1,(i, j) HOCTH paBoThl
< tw(i, J) o !
PR ' |
-t I(IJ .I) :|
I

Puc. 14.10

TMOKAa3bIBaeT, 4To B-pacnpedenerie MOXHO UCHONb30BAaTh B KadyecTBe
anpUOpHOro IS Beex pabor.

JIns onpeneneHnsl YMCIOBBIX xapakrepuctuk f (i, j), u o2(i, Jj)
3TOro pacrpeneieHus Wis pabotst (i, /) HA OCHOBaHWM OMpOCA OTBET-
CTBEHHBIX MCIIOJHUTENEil MPOeKTa W IKCMEepTOB ONpenessioT TP Bpe-

MeHHBle oneHkH (puc. 14.10):

a) onmumucmuyeckyio ouerky t,(i, j), T.e. MPOROIKUTENBHOCTb Da-
60Tsl (I, j) IpU caMpIX GJATONMPHUATHBIX YCJIOBUSX;

0) neccumucmuveckyro ouerky ty(i, j), T.e. MPONOIXKHTEIBHOCTb pa-
60Tl (i, j) Ipy caMbIX HeGIArONMPHUATHBIX YCJIOBUSIX;

B) Haubonee eepoamuylo oueHky t(i, ), T.e. NMPONOIXKUTENBHOCTD
pabotsl (7, /) NpU HOPMAJIBHBIX YCITIOBUSIX.

Ipeanonoxenue 0 B-pacnpeaeNeHUU NMPOLONXKKTENbHOCTH pabo-
Tbt (i, /) MO3BOMNAET MONYYUTH CHEOYIOIIME OLIEHKH €€ YHCJIOBBIX Xa-
PaKTEPUCTHUK:

to (s J) + 4t o0, ) + 1, (5 ) (14.21)

t G, )= < ;
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. . w2
0'2(i, j):[tn(l!])gto(lx]):‘ ] (14.22)

ChlenyeT OTMETUTb, YTO OOBIYHO CIIELHATHCTAM CJOXHO OLEHHMTH
HauboJee BeposSiTHOe BpeMsl BBIIOJHEHUS paboThl fyy(i, /). [losToMy B
pPEATBHBIX MPOEKTaX HCIOJIb3yeTcsl yMpouleHHass (4 MeHee TOYHas)
olleHKAa cpeiHedl MpOJOXHUTENbHOCTH pabotTel (7, j) HA OCHOBaHMU
JIMLID OBYX 33/1aBaeMbIX BpeMEHHBIX OLEHOK 4(i, ) u t(i, j):

F i, p=2bD 300, (14.23)
3nas I (i, /) v o2(i, /), MOXHO ONpeNeNsTh BpeMEHHBIE TApaMeTPbl
ceTeBoro rpadMka M OLEHMBATh UX HANEXHOCTb.

Tak, npu AoctaToyHo GOMBLIOM KOJMHYecTBe paboT, MpuHAIIEXa-
WMX NyTH L, ¥ BBIMONHEHWH HEKOTOPHIX BechbMa OOILIMX YCJIOBHit
MOXHO MPUMEHHTb LIEHTPATBLHYIO NpeeabHylo TeopeMy JIsanyHoBa, Ha
OCHOBaHHH KOTOPOH MOXHO YTBEPXHATb, YTO OOIAS NMPOAOIKUTENb-
HOCTb NMyTH L MMeeT HOpMATbHBINA 3aKOH paclpeleNeHUs] CO CPeJHNUM
sHaueHueM f (L), paBHBIM CyMMe CpPeNHMX 3HAYeHHUi MpONOIKUTEb-
HOCTH COCTABJSIIOLUMX ero pabot f (i, /) u aucnepcueit o2(L), paBHoit
CyMMe COOTBETCTBYIOMIMX AUcrepcHit a2(i, j):

F(D)=>FG,)); (14.24)
iJ

oX(L)=Y o*(i, ). (14.25)
ij

Mpeanonoxum, 4to cereBodl rpadguk Ha puc. 14.6 mpexacramisiet
ceTh He C JeTePMHHMPOBAHHBIMH ((DUKCHpPOBAHHBIMHU), a CO CIyyaii-
HBIMHM [POAOJIKUTENIBHOCTAMU pabor u uudpbl Ham paboTramMu-
CTpeaKAMH YKa3bIBAIOT CpelHHe 3HaYeHus (i, /) MpodoIKUTENbHOCTH
COOTBETCTBYIOUIMX oInepanvil, HaiiaeHHble no cdopmyne (14.21) nnu
(14.23), u u3BecTHH Bce AMcrepcHu o2(i, j), BHMMUCTEHHBIE MO Hop-
Mmyne (14.22).

CienyeT OTMeTUTb, YTO M B 3TOM cJlydae BpeMeHHbIEe MapaMeTphl
ceTeBOro rpaduka — IJIMHA KPUTMYECKOTO MyTH, paHHUE U NO3AHHE
CPOKM cBepllieHHs1 COOBITHI, pe3epBbl BpeMeHU cobbITU M paboT U T.4.
— OyAyT TaKue Xe, KaK W HaiaeHHble B pa3n. 14.5. Ho npu 3TOM Heob-
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XOIUMO Y4YeCTb, YTO 3TH IAapaMeTpbl, MpeacTaBleHHble B Tabn. 14.2 u
14.3, Tenepp OymyT SIBAATbCS Cpednumu 3HAYEHHSIMH COOTBETCTBYIOLUMX
CJIyYalHBIX BEMWYMH: CPENHEM JUIMHON KPMTUYECKOTo MyTH [ xp» Cpel-
HUM 3HAYEHHEM PAaHHEro CpPOKa HACTYIUieHusi cobbiTust f p(#), cpenHum

3Ha4YEHHEM ITOJIHOTO pe3epBa BpeMeHU paboTsl E, (i, ) 1 T.I.

Tak, ¢ xp=01 OyleT o3HauaTh, YTO MIMHA KPUTHYECKOTo IyTH
JMIUDb 6 cpedHem cocTaBisieT 61 cyTKH, a B KaXIOM KOHKpDETHOM Ipo-
€KTe BO3MOXHBI 3aMETHbIE OTKJIOHEHUS UIMHB KPUTHYECKOTO MYTH OT
ee cpeaHero 3HauyeHus (mpudem, yeM Gosblile cyMMapHasi JMcCIEpCHs
MpPOAOIKUTENBHOCTH paboT KPUTHUYECKOTO MyTH, TeM Oosiee BEPOSITHBI
3HAYUTEbHBIE 110 A0COMOTHON BeJIMYUHE OTKJIOHEHMS).

[TosToMy npeaBapHTE/NbHLIA AHAIM3 CETE CO CIAy4YailHBIMU Ipo-
JOOXKUTENIBHOCTAMM paboT, KaK MpaBWwiIo, HE OrpaHUYUBAETCs pacue-

TAMH BpEMEHHBIX MapaMeTpoB ceTH. BecbMa BaXHBIM MOMEHTOM
aHaJIM3a CTAHOBUTCS OLEHKA BEPOSATHOCTH TOrO, YTO CPOK BBIIIONHE-
HHUS MPOEKTA #, HEe NMPEB3OMIET 3aNaHHOTO IMPEKTHBHOrO cpoka 7.

Monaras f, cayyalHoit BeIUYHHOM, uMeloUle#l HOPMATBHBIA 3a-
KOH pacrpefeleHus, Nony4YuM

1 1 T-t ]
b D=—+—Q| — 22| 14.26
Plts D=2+ [ o (14.26)
A

ITnotHOCTB

BEPOSITHOCTH

o(x)

9,(%)
P(t,<T)
g &

0 T ﬂponomi(mem:—

Puc. 14.11 HOCTL paboThbl
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(1a puc. 14.11 370 1uiollans 3alUTPUXOBaHHOW ¢GuUrypsl), rae O(z) —
3HaYeHue HHTerpana BeposTHocTei Jlannaca, roe z = (T—t_Kp)/cKp;

Oxp — CpelHee KBaIpaTHiecKoe OTKIOHEHHe UIMHBI KPUTHYECKOTO MTyTH:
= [2
Oxp=1/Clp » (14.27)

a f yp, G%p Onpenensiiorcst o popmynam (14.24) u (14.25).

Ecnu P, < T) mana (Hanpumep, Menbiie 0,3), To omacHocTb
CpbiBa 33JlaHHOTO CpOKa BBIMOJMHEHHUS KOMIUIEKCA BeluKa, Heobxonu-
MO MpPUHATHE OOMOJHHTENbHBIX Mep (mepepacHpefe/ieHne pecypcoB
0 CETH, MepecMOTp cocTaBa paboT u CoObLITHI K T.M. — 00 3TOM peyb
noiner nanbue). Ecnu P(fp < T) 3HayuTeNbHa (HanpuMep, Goiee
0,8), To, o4ueBHOHO, C HOCTATOYHOMN CTENEeHbIO HAHEeXHOCTH MOXHO
[IPOTrHO3UPOBATh BHINOJIHEHNE MTPOEKTa B YCTAHOBIEHHBIH CPOK.

B HekoTopbIX ciaydasix NnpeAcTaBisieT UHTEpeC M pelleHHe oOpart-
HoO# 3amayu: ompendeneHue MaKCHMAJbHOIO CpoKa BBINONHEHHS IpO-
ekta 7T, KOTOpbIii BO3MOXEH C 3aHaHHOW HaJIeXHOCTbIO (BEpOSTHO-
cThio) B. B aToM ciyyae

T=t 23020, (14.28)
p “p% kp

ra€e zy — HOPMHPOBAHHOE OTKJIOHEHME CNy4yaiiHOH BEMYMHBI, OMNpe-
nensieMoe ¢ nomoiusio ¢dyHkuuu Jlamnaca ®(z3)=p.

P> 14.3. Tlyctb, Hanpumep, 1is cetu (puc.14.6) aucrepcum MpoaoKUTENb-
HocTH paboT KpuThyeckoro nyt pasHel 62(0,3)=2,5; o%(3,5)=2,1;
62(5,6)=3,2; ¢%(6,9)=4,0; o%(9,10)=1,5; o%*(10,11)=3,5. Ouenutb
BEpOSITHOCTD BBIMOJHEHHS MpoeKTa B cpok T = 63 cyTkam.

P e w e H u e: HaitneM oy, ucronnays ¢opmysnst (14.25) u (14.27):

oo =02(0,3) + 63(3,5) + 62(5.,6) + 62(6,9) + 63(9,10) + 5*(10,11) =

=J25+21+32+40+15+35=,168~4,1.

Tenepb HCKOMas BEpOATHOCTb

11 &-6g=1 1 (2)=
P(tp< 63) 2+2(I)( 2l 2+2(DZ,T

- % ' %cb(o,49) = 0,5 + 0,50,376 = 0,688 ~ 0,69,

T.e. MOXHO C U3BeCTHBIM PHCKOM IPEAINONaraTh BbIIOJIHEHUE NTPOEKTa
B CPOK.
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PaccmoTpum u npuMep pellleHnsi oGpaTHOR 3a0ayy: OLIEHUTh MaK-
CUMAILHO BO3MOXHBIN cpoK 7 BBIMOJMHEHUS MPOEKTA ¢ HAAEXHOCTHIO
$=0,95.

Mo dopmyne (14.28)! T=61+z; g54,1=61+1,96-4,1~69, T.e. ¢ Ha-
aexHoctsio 0,95 cpok BeIMOJIHEHUS MpoeKTa He npeBbicUT 69 cyTok.p

CiienyeT OTMETHTD, YTO ISl JaHHO CETH Mbl MOXEM HAMTH JHMIUb
BecbMa MpUOIMkKeHHble OUeHKH P(f, < T) n T, ubo Ha ocHoBaHHH
TeopeMbl JlsinyHoBa BbIBOA O HOPMAIBHOM 33aKOHE pachpejeleHus
CIy4afHOM BEJMYMHBI fy, MPABOMEPEH JIMUIb I JOCTATOYHO Goblio-
Tro 4YKcJIa KPUTHYECKUX paboT, a B pacCMaTp1BaeMoit ceTi Mx Bcero 6.

OIHaKo NpUBEJEHHBII METOH pacyeTa UMeeT MPUHIUITHATbHBIE
HelOCTaTKH OLIEHKH I1apaMeTpoB JaXe CHOXHbIX ceredl ¢ GoablIMM
KonuyecTBOM pabort. [leslo B TOM, 4TO Ha HMpakTHKE HEpeAKH CIydaw,
Korga aucrepcuy o2(L) MIMH HeKpUTHYECKHMX (HO GIM3KUX K KPUTH-
4YecKOMYy) myTeil cywiecTBeHHO Oosibllie, YyeM crz,(p. [TostoMy npu M3-
MEHEHMM Dsila YCJIOoBUH B IAHHOM KOHKpPETHOM KOMILIeKce paboT
BO3MOXEH I1epexoll K HOBbBIM KPUTHYECKMM MYTAM, KOTOpbIE B pacuere
HE YYUTBIBAIOTCS.

Pasnuyusi MeXAy COOBITUSIMH C JeTEPMHUHMUPOBAHHBIMH CIy4aiHbI-
MU MPOIOJIKUTENbHOCTIMH paboT He cCleAyeT IMyTaTb C pasiHuneM
JeTepMHUHUPOBAHHLIX U croxactuyeckux ceteit. IlocnemHee paznnuue
CBSI3aHO CO CTPYKTYpPO#i CaMOMi CeTH.

PaccMoTpeHHBIE B0 CUX MOD CeTH SABIAIUCH JemepMUHUPOBAHHbIMU,
xoTsl paboThl B HUX MOIJIM XapaKTePH30BAThCS He TONBKO AETEPMUHU-
POBaHHBIMM, HO M CIYYAiHBIMH MpOAOIKUTENbHOCTAMU. BMmecrte c
TEM BCTPEYalOTCs MpPOEeKThbl, KOrda Ha HEKOTOphIX 3Tanax TOT WJIH
MHOH KOMILIeKC MocieayloliuX paboT 3aBUCUT OT HEHW3BECTHOIO 3apa-
Hee pe3ynbrara. Kakoit M3 3TuX KoMILieKcoB paboT OyneT dhakTHieckKu
BBIMIOJIHSATBLCS, 3apaHee HE M3BECTHO, 4 MOXET ObITb IpencKa3aHo
JULB ¢ HeKoTopoll BeposiTHocThio. Hampumep, Moxer ObITh Ipeny-
CMOTPEHO HECKOJIbKO BADUAHTOB MPOMOJIKECHHMSl UCCNEOBAHUS B 3aBHU-
CHMOCTH OT MOJIyYeHHBIX OINBITHBIX JAHHBIX WIH HECKOJNbKO BapWaH-
TOB CTPOMTEJNbCTBA MpeaNpUATUH pasTuyHOM MoLHOCTHU Mo obpabor-
Ke ChipbSl B 3aBUCUMOCTH OT pe3yJbTaTOB pa3BedKM 3aMacoB 3TOro
chIpbsl. Takne CEeTH HA3BIBAIOTCH CMOXACMUHECKUMIL.

B cBolo o4yepenn croxacTuyeckue CeTH, TaK Xe€ KaK W JeTepMUHH-
poBaHHbIE, MOTYT XapaKTepHU30BaTbCsl NeTEPMUHMPOBAHHBIMJ JHOO
CJIy4aiiHbIMM MPOAODKUTENIBHOCTSMH.

! 25,95=1,96 onpenensem no Tabnuue 3Hauennit oyHkuuy Jlannaca.
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14.7. Koad¢pumeHT HANPSIKEHHOCTH PadOTHI.
AHanmmM3 ¥ ONTHMH3ANUA CeTeBoro rpadguka

INocne HaxoXIeHMsI KPHTHYECKOTO NMYyTH M pe3epBOB BpeMeHU pa-
00T ¥ OLEHKU BEPOSATHOCTH BBINOJHEHHS MPOEKTa B 3aJaHHBIM CPOK
JOJIKeH ObiTh IpOBeleH BCECTOPOHHUW aHAIMU3 ceTeBoro rpacdukKa u
NPHHATBL Mepbl MO €ro ONTHMH3aLMU. DTOT BeCbMa BAXHBIH 3Tam B
paspaboTke ceTeBblX rpadukoB packpbiBaeT ocHoBHylo uaeio CITVY.
OH 3akioyaeTcsl B MPUBEAEHHH ceTeBOro rpaduka B COOTBETCTBUE C
3a]aHHbBIMM CPOKaMH M BO3MOXHOCTAMHM OpraHM3alliM, pa3pabarsi-
BaoUlell MpOoeKT.

BHauane paccMOTpuM aHaTH3 W ONTHMHU3ALMIO KaleHOapHbx cemell,
B KOTODBIX 3aIaHbI TOJIBKO OLIEHKH MPONODKHUTENbHOCTH pabor.

AHanu3 ceteBoro rpaduka HaYMHAeTCs C AHANTM3a TOMOJOTHM CETH,
BKJIIOYAIOILET0 KOHTPOJIb MOCTPOEHUsI ceTeBoro rpacduka, ycTaHoBie-
Hue 1enecoobpasHocTy Bbibopa paboT, cTeneHy WX pacwiIeHEHHH.

3ateM npoBoasTcs Kiaccu¢uKallMs ¥ IpYNIHpOBKa pabGoT o Be-
AuduHAM pe3epBoB. ClieyeT OTMETUTD, YTO BeIUYMHA MOJIHOTO pe3ep-
Ba BpEMEHM AATEKO He BCErna MoXeT JOCTATOYHO TOYHO XapakTepu30-
BaTh, HACKOJIBKO HATPSDKEHHBIM SIBJISIETCS BBIMOJIHEHHE TOM WIM HHOM
paboTsl HEKPUTHUYECKOro NYTH. Bce 3aBHCHUT OT TOro, Ha Kakyio IO-
CllefloBaTeNbHOCTh paboT pacmpocTpaHsieTcsl BRIYMCIEHHLI peseps,
KaKoBa [POAOKUTENbHOCTh 3TOW MOCAENOBATEbHOCTH.

Omnpenenutb CTeneHb TPYIHOCTH BBHITOMHEHUS B CPOK KaxXIoii
IPyIIbl paboT HEKPUTHYECKOTO MYTH MOXHO C MOMOILUBIO KO3GDULIM-
€HTa HanpsiXeHHOCTH paboT.

Koagppuyuenmom nanpsscennocmu K, pabomwr (i, j) naszvieaemcs
OmHoulerUe NPOOOANCUMEAbHOCMU Hecosnaoarouux (3aKAIOHeHHbBIX MeXCOy
OOHUMU U memu Jice coBbimuamMU) OmMpe3Kog nymi, OOHUM U3 KOMOPbIX
A615€mCcs NyMb MAKCUMAALHOU NPOC0ANCUMENbHOCMU, RPOXOOAWULl Hepe3
danuyio pabomy, a Opyeum — Kpumudeckuii nymo:

t(Lmax) - tl'(p

Y (14.29)
’kp - tkp

KH(i’ j)=

rae ¢(Lpax) — MpOAOIKUTENBHOCT MAKCUMATBHOTO IYTH, MPOXO-
osuero yepes paboty (i, J);

Ip — TPOAODKUTENLHOCTD ([UIHHA) KPUTHYECKOro MyTH,

kp — TPONOJIKHMTENIBHOCTh OTpe3Ka pacCMAaTPUBAEMOrO MyTH, COB-
MaIaloLIEero C KPUTHYECKUM ITyTEM.
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®opmyny (14.29) MOXHO JIETKO IIPHBECTH K BHIY

K, p=1- Tl (14.30)
p ~ lp
rae Ry(i, /) — nonHbIA pe3zeps BpeMeHH paGoThl (4, j).

Koadduuuenr HanpsokeHHocTH Ky(7, /) MOXET M3MEHSITBCS B Iipe-
nenax ot 0 (st paboT, y KOTOpBIX OTpe3K¥ MAKCUMATBHOIO M3 MyTeif,
He COBMAAAOLIME C KPUTHYECKUM MNyTeM, COCTOAT U3 (DUKTHBHBIX
paboT Hy/leBoOH npoaoKuTeJbHOCTH) 10 1 (s paboT KpuTHyeckoro
MyTH).

14.4. Haittu xoadoduuueHT HanpsixeHHocTH paGotbl (I, 49 i
ceteBoro rpacguka (puc.14.6).

Pewenune. B pasg 14.5 Mbl ycTaHOBWIH, YTO [UTMHA KpPUTHYE-
CKOIO [MMyTH txp=6l (cyTkd), a MakCHUMaIbHbIi{ IYyTb, IPOXOAALUMI
depes paboty (I, 9 — nyts Ly 0> 1545691011 — umeer npo-
NOJKUTENBHOCTD K Liya )= L4)=49 (cyTok). MakcumanpHbiil oyt Ly
coBnamaer ¢ KpuTuyeckuM (cm. puc.14.6) Ha otpeske 69— 1011
TPOIOJIXHUTENBHOCTBIO £ =13+6+13=32 (cyriu). Ucnonnsys dopmyny
(14.29), HaiineM

49-32 17
61-32 29

K1, 4= ~ 0,59.
Unu wuHaye: 3Has monHbI pesepB pabothl Ry(l, H=12 (cm.
puc. 14.3), no ¢opmyne (14.30) Haxoaum

2 17

K, (1,4)=1- -
W(14) 61-32 29

=0,59.»>

Yewm 6auxe k 1 koapduuuent HanpsxeHHoctu Ki(i, /), TeM cnox-
Hee BbINOJIHUTH AAHHYIO paboTy B YCTAHOBJIEHHBIE CpoKU. YeM Onmxe
K, (i, )) x Hymo, TeM GOIBIIUM OTHOCHTEJbHBIM PE3€pBOM O6NamaeT
MaKCUMAIbHBII MyTh, MIPOXOMALIMIA Yepe3 qaHHYIO pabory.

Pa6oTbl Moryr o6nasath OAMHAKOBBIMM IOJHBIMH pe€3epBaMM, HO
CTereHb HaNpsKeHHOCTH CPOKOB MX BbIMOJHEHHWA, BhIpaxaeMas Ko-
adduuneHToM HanpskeHHocTH K, (i, j), MoxeT ObiTh pasznmuyna. U
HaoOopoT, pa3IMYHBIM IOJHLIM pe3epBaM MOIYT COOTBETCTBOBATh
OIUHAKOBbIe KO3 GIUILIMEHTE HAMPSXEHHOCTH.
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Tak, monHsle pe3epBbl pabot (3, 6) u (6, 7) s ceteBoro rpaduka
paBHbI: Ry(3, 6)=Ry(6, =10 (cyToK) — cm. Tabn. 14.3, a ux Ko3dpou-
LIMEHTBI HAMpPAXEHHOCTH Pa3TUYHBI;

K3, 6)=% ~0,38, K, (6, 7)=T9§~0’47‘

O6paTM BHUMAaHHE Ha TO, YTO OGANBIIMIA MOJIHBIA PE3EPB OMHOM
paboTsl (Mo CpaBHEHHIO ¢ APYrod) He o0s3aTeNIbHO CBUAETENLCTBYET O
MEeHblIel cTeneHNH HANpAXEHHOCTH ee BhIIoJHeHUs. Tak, B paccMmar-

puBaeMoii cetu (cM. puc. 14.6), xora pabora (2, 7) obnanaer 6AIBILIUM
NONMHBIM pe3epBOM MO cpaBHeHHMIO c paboroil (6, I0): Ry(2, 7)=
= 23>R,(6, 10) = 14, HO umeeT BmBoe O6IbIIMI KO3DDUIMEHT Ha-

npsokerHoctu: Ky(2, 7) =%z 0,52 mpotuB K,(6, 10) =% ~ 0,26.

310 0OBSACHSETCS PAa3HBIM YIeNbHBIM BECOM IMONHBIX pe3epBoB paboT B
MPOAOIKUTEIBHOCTH OTPE3KOB MAKCHUMAJIbHLIX IyTel, He COBIanaro-
MX C KDUTUYECKUM MYTEM.

BoiuucneHHble Ko3dbULNEHTH HANPSXEHHOCTH [03BOJAIOT 10-
HOJTHUTENBHO KlaccHduiupoBaTh paboTel Mo 3oHaM. B 3aBucHMocTH
ot BenuuuHbl Ky (i, /) BeifeAstioT TpH 30HbL kpumuxeckyio (Ky(i, )>0,8);
nodxpumuueckyio (0,6<K,(i, )<0,8); pezepanyro (K, (i, )<0,6).

Onmumusauyus cemesoeo epaguxka NpelCTABISIET MPOLIECC YIydllie-
HHUsl OpraHM3aLMH BLINIOJTHEHUS KOMILIeKca paboT ¢ yYyeToM cpokKa ero
BbINMONHeHMs. ONTUMHU3ALINSA MTPOBOAUTCS C 11€1bI0 COKpAlleHUs JUTU-
Hbl KPUTHYECKOrO MyTH, BBIPABHUBAHUSA KOIGbDHLUEHTOB HAIpsKeH-
HOCTHU paboT, pallHOHAIBHOIO UCIIOIB30BAHUS PECYPCOB.

B nepByro oyepenb NMpMHUMAIOTCS MephI MO COKPALIEHUIO MPORO/IKH-
TEJILHOCTH paboT, HAXOASUIMXCS HA KPUTHYECKOM MYTH. DTO JOCTUIAETCS:

e Mepepacripeae/leHHEM BCEX BMIOB PECYPCOB, KaK BpeMEHHBI X
(Mcronbp3oBaHKe Pe3epBOB BpeMEHM HEKPUTHYECKMX MyTelt), Tak U
TPYIOBBIX, MAaTEPUATBHbIX, SHepreTHYeCKUX (Hampumep, NMepeBol yac-
TU UCMOMHHTENEH, 060pyLoBaHUSl ¢ HEKPUTUYECKHUX MyTeid Ha paboTsl
KPUTHYECKOrO IMYTH); MpU 3TOM MepepacnpencieHde pecypcoB JOIX-
HO MATH, KaK IIPaBUJIO, U3 30H, MeHee HANpSXEHHBIX, B 30HbI, 00be-
auHsIoW e Haubotee HaMpsKEHHbIE paboThl;

® COKpalleHMeM TPYAOEeMKOCTH KpHUTHUECKHX paboT 3a cYeT fepe-
a4y yacTd paboT HA Apyrue MyTH, HMEIOLLME pe3epBbl BPEMEHH;

e IapaUIEIbHBIM BbINMOJIHEHUEM paboT KpUTUYECKOTO IYTH;
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e [1epecMOTPOM TOMONOTMM CeTH, M3MEeHeHHWEM COCTaBa paboT u
CTPYKTYPHI CETH.

B mpouecce cokpaueHusi MpoloKHTENBHOCTH paboT KpUTHYECKHI
MyTb MOXET U3MEHUTHCS, ¥ B JaIbHEHLIEM IpoLecc onTUMuU3auuu 6y-
HOET HANpaBleH Ha COKpAIl€HHe MpOAO/LXKHUTENBHOCTH paboT HOBOIo
KPUTHYECKOTo MyTH M TaK OymeT MpomoDKaThCs OO MONMYYEHUs yHoBie-
TBOPUTENBLHOIO pe3yinbrata. B uneane anuua no6oro u3 MOMHBIX MyTel
MOXET CTaTb paBHOM [UIMHE KPUTHYECKOIO MyTH WIH Mo KpalHed Mepe
OyTH KpuTHYecKoit 3oHbl. Torma Bce paboTsl GYAyT BecTHCh C PaBHBIM
HaMpsDKeHHEM, a CPOK 3aBepLIEHHS MPOeKTa CyllleCTBEHHO COKPATUTCS.

Bechma 3¢ibeKTUBHBIM SIBISIETCS MCIONb30BaHKE Memoda cmamu-
CMU4ecK020 MO0eAUpOBaHUA, OCHOBAHHOTO HA MHOTOKpAaTHLIX MoC/eno-
BaTeNbHBIX U3MEHEHUSX MPONOIKUTENBHOCTH paboT (B 3a0aHHBIX Mpe-
genax) W “rpodIppIBaHUKM” Ha KOMIIbIOTEpe pa3IMYHBIX BapHAHTOB
ceTeBoro rpacduKa ¢ pacyeTaMu BCeX ero BpeMeHHbIX MapaMerpoB U
© KoadduluMeHToB HanpsxeHHocTd pabor. IIponecc “npourpesiBaHus”
MpOAOIXAeTCsA [0 TeX Mop, Moka He OydeT mosiyyeH MpueMJIeMblit Ba-
PHAHT IJIAaHA WY [I0KA He OyleT yCTAHOBJIEHO, YTO BCE MMeEKOLIHeCs
BO3MOXHOCTH YIyJIleHHMs IIaHA HcyepraHbl ¥ MMOCTABJIEHHbIE Nepen
pa3paboTYMKOM MPOEKTA YCIOBUSI HEBBIMTOMHUMBI.

Jlo cux mop Mbl roBOpWIM JIMIUb O COOMIOAEHUU OMUPEKTHBHBIX
CPOKOB BBIIOJIHEHUSI KOMIUIekca paboT U He 3aTparuBalv Hemnocpel-
CTBEHHO BOIPOCOB CTOMMOCTH pa3paboTku MpoekKToB. OpgHako Ha
NpaKkTHKe NpU MONbITKAX 3deKTUBHOTrO ynyylIeHUs] COCTABJIEHHOIO
niaHa Hen30eXHo BBeleHUE NOMOMHMTENBHO K OLlEHKaM CpOKOB ¢hak-
TOpa CTOUMOCTH paboT. -

14.8. OnTumu3anus ceTeBoro rpaguka
METOJIOM “BpeMsi — CTOMMOCTD”

OnTuMmu3auus ceTeBoro rpaguka B 3aBUCHMOCTH OT MONHOTBI pe-
IIaeMbIX 33J1a4 MOXeT GbITh YCJIOBHO pa3sfejieHa Ha YacTHYIO M KOM-
ieKcHyo. Bugamu wacmnoil onmumuzayuu ceteBoro rpacduxa sBisi-
IOTCS; MHHMMM3AlMsl BpPEMEHHU BBITOJHEHUA KOMILIeKca paboT npu
3aJaHHOM €ro CTOMMOCTH; MUHHMMM3AIIMA CTOMMOCTH KOMILIeKca pa-
00T INMpy 3alaHHOM BpeMeHH BBIMTOJIHEHHS [TPOEKTa,

Komnaexcnas onmumuzayus npencrapisier coboit HaxoxXIeHUe oI~
THMaNbHOTO COOTHOUIEHWS] BEMUYMH CTOMMOCTH M CPOKOB BBINOJHE-
HUSI MIPOEKTA B 3aBUCMMOCTH OT KOHKDETHBIX lieiei, CTaBsALIMXCS IpY
ero peajlu3aLuH.
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IIpn ucnonn3oBaHMM MeTona “BpeMsI — CTOMMOCTb” NpeAnoJara-
10T, YTO YMEHbllIEHHE NMPOXODKUTENBHOCTH paboThl MPOMOPLMOHANBLHO
BO3pacTaHuio ee croumooTH. Kaxnas pabora (i, j) xapakrepusyercs
MPOIOJXUTENBHOCTBIO (i, /), KOTOpast MOXET HaXOIUThCA B Ipeaenax

a(i, j) < «i, j) < b(i, )), (14.31)

rae a (i, ) — MUHMMAEHO BO3MOXHasd (3KCTPeHHas!) NMPOJOIKHUTENb-
HOCTB paboThl (i, j), KOTOPYIO TOJILKO MOXHO OCYILECTBHTb B YCIOBHAX
pa3paboTku;

b (i, j) — HopMaNbHAas MPONODKUTELHOCTD BHIMTONHEHHUS paboThl (i, j).

Ipu 3rom croumocts c¢ (i, j) paboTtsl (i, j) 3aKiOUYeHa B IpaHULAX
OT Cmin(é, /) (IpM HoOpMaNbHOM NPONOXHUTEALHOCTH paboTHI) IO
Cmax(i, /) (P 3KCTpeHHON MPONOIXKHUTENBHOCTH PaboTHI).

WUcnonw3ys annpokcuMauuio no npsiMoit (cm. puc. 14.12), MoxHo
JIETKO HallTM N3MEHEHHE CTOMMOCTH paboTHl Ac (I, /) TpH CoKpauieHHH
€€ NMPOINOKUTENBHOCTH Ha BETHYMHY

Ac (i, p=1bG, Ny~ (i, N1AG, J). (14.32)

BenwuuHa A(i, j), paBHas TaHreHcy yria o HaKJIOHa alpOKCHMHU-
pyrouteii npsamoii (cm. puc. 14.12), noxasbiBaeT 3ampams: Ha ycKoperue

2 Croumocts

pabothl

()

0% I TN

Ac(i, j)

Coinlls J)

0 a(i, j) i, j) b(i, j) TponomxuTens-
HocTb paboTH ¢
Puc. 14,12

11 Wccneaosanue onepainii
B JKOHOMUKE
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———

pabomut (i, j) (MO CPaBHEHHIO C HOPMAILHON MPONOLKUTENBHOCTBIO)
Ha eIMHULY BpEMeHH:

cmax(i:j)_cmin(i,j) (14 33)
b(i, j) - ali, j) '
Cambiif O4YeBUIHBIH BapUAHT YAaCTHON ONTHMM3ALMU CETEBOrO rpa-

dbuKa ¢ yyeroM CTOMMOCTH [peaNoaraeT HCNOAb3OBaHHE pe3epBoB

BpemeHH pabor. IlpomomxurenbHocTs Kaxioi paboTh, WMeoLiei

pe3epsB BpeMEHH, YBeTHUMBAIOT A0 TeX MOp, Moka He Oymer ucuepnax

3TOT pe3epB WIHW MOKA He OyAeT NOCTUTHYTO BepXHee 3HaueHHeE Ipo-
nomxkurenbHoctH b (i, j). Tlpn 3roM CTOMMOCTH BHITOJHEHHS NPOEKTa,
paBHast 0 ONTUMH3AUUH

h(i, ) =tga=

C=Yc(,)), (14.34)
i

YMEHBLUINTCA Ha BEJIMYHHY
C =Y Ac(i, j)= X [b, /) - 1, D}, ). (14.35)
l!j l‘j

s mpoBeaeHUst YaCTHOH ONTHMM3ALMHU ceTeBoro rpaduka Kpome
NPONO/DKUTENBEHOCTH pabor f (J, f), HeobXoaguMo 3HAThb UX IpaHHYHEIE
3HayeHus a (i, j)) u b (i, j), a TaKKe MoKa3aTeiM 3aTpar Ha yCKOPEHHE
pabor A (i, ;), Berucnsembie o dopmyne (14.33). Ipomomxurenn-
HOCTb KaXIOMH paGoTsl f (I, j) uenecoobpasHO yBETHUYUTL HAa BEMUYHHY
TaKOI0 pe3eppa, YToObl HE HM3MEHHTh PaHHHe (OXHKIAaeMbie) CPOKU
HACTYIUIEHHS Bcex COOBITHH ceTH, T.e. Ha BeIMYUHY cBobGoAHOro pe-
3epsa BpeMeHH R, (i, )).

P> 14.15. poBecTn YyacTHYI0 ONTHMU3ALIMIO ceTeBoro rpaduka (puc. 14.6).
I'paHHYHBIE 3HaYeHH NPONOLXUTENBHOCTER paboT a (i, /) n b (i, j), ux
CTOMMOCTH ¢ (i, j), KoacbdUIMEHTEI 3aTpaT Ha ycKopeHue pabot A (i, /)
npuBedeHbl B Tabn. 14.4.

P e w e H u e. CBoGonHbie pesepBsl BpeMeHu pabot R (i, j) ObUIH
BBIYMC/IEHBI HaMM paHee (cum. Tabn. 14.3). VX HeHyneBble 3HauYeHMS
IOaHel B Tabn. 14.4, Tam Xe nmpeAcTaRIeHbl Pe3yNbTaThl YACTHOW ONTH-
MH3alUMHU paccCMaTpUBaeMoil CETH.

CrouMocTb NepBOHAYaJLHOTO BapHaHTa cereBoro rpaduka WM
mnaHa no ¢opmyne (14.34) pasHa cymme croMMocTeii Bcex paboT
(Bkmiouas paGoTel, He HMEIOIIME pe3epBOB M HE BKIIOYEHHBIE B
Tabn. 14.4):

C=694+50+45+...+35+10=1216 (ycn.py6.).
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CrouMocTs HOBOro fiaHa pasHa C—AC=1216—293=923 (yci.py6.),
T.€. YMEHbIIMAACh MOYTH Ha 25%. HoBBI ONTH3NPOBAHHBIN CeTeBOM
rpaduk npeacraBieH Ha puc. 14.13. HerpynHo ybeauTbcst B TOM, 4TO
MOABUAUCH HOBbIE KPUTHUECKHE MYTH UIMHOM t,(p=6l (cyTku), Ha-
npuMep: 015354751011, 05355589511, 0->1-53->4->
—=6->7>10511, 05355565859 11nT1.1.

Tabnuua 14.4

Csobon- Koagpdu- YMeHb-
Ne | Pabo- Mponomkrrexs- p::;ga Crou- 3;;?::;3 c-rg]::::'m
wn | HOC:bc)[:?:umbL BpeMeHH p’;gz'll":[ yokopeue | "o o,
paborsl, pa6oThl, yci. py.
B CYTKH py6./cyTKH
@D jaG)|tEN16GH| RGD | ) h () AC (L)
1 (0,9 5 9 14 11 60 8 5-8=40
2 (19 4 6 10 9 28 4 4-4=16
3 (3 3 4 37 12 1-12=12
4 (2,7 2 3 13 86 6 4.6=24
5 (396 4 6 10 92 10 3-10=30
6 (470 3 8 14 2 48 5 2:5=10
7 (4.6 1 3 6 3 64 12 3-12=36
8 (38 5 10 18 7 15 1 7-1=7
9 (59 3 6 12 16 86 7 6-7=42
10 (6,100 2 10 14 44 5 5:5=25
11 (Zioy 1 15 10 74 4 10-4=40
12 (89 2 8 | 20 3 1-3=3
13 (91n 1 17 23 2 40 4 2.4=8
Hroro 694 - 293

IMMIpumeuanus: |. B rabnuue npeacTaBieHbl MapaMeTphl JIMWb TEX
paboT, KoTophie MMEIOT CBOGOAHDIN pe3epB BpEMEHHU.

2. CrouMocTH c (i, j) octanbHbix pa6ort: ¢ (0,1)=50; ¢ (0,3)=45; ¢ (1,2)=82;
c(3,9=55; ¢(3,9=72;, c(56)=30; c(6,)=26;, c(6,9=75 c(6,8=42,
¢ (9,10=35; ¢(10,1N=10 (ycn.py6.).

3. IMoauepkHyThl Te paboThl, cBOGOAHBIE pe3epBH BPEMEHH KOTOPHIX MOJi-
HOCTBIO MCIO/Ib30BaHbl Ha YBEIHYEHHE MX NPOAOIKUTENLHOCTH.

*
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Puc. 14.13

MoxHo nokasarh, YTO B 3TOM BapHaHTe cereBoro rpaduka u3 64
MOMHBIX myTeit 28 — kpuTHyeckue. Ecim Gbl BepxHHE rpaHHLIbI NMpo-
JOJDKHUTENbHOCTEH paboT AaTM BO3MOXHOCTH MOMHOCTBIO HCMONb3O-
BaTh pe3epB BpeMEHH BceX paboT, nmpeAcTaBleHHHIX B Tabn. 14.4, To B
HOBOM TUTaHe BCE TMOJIHEIE MYTH ObUIH OBl KPHTHYECKHE.

HUrak, B pesyasrare OfITHMM3ALUHN CETH Mbl NPULIIHN K IUIAHY, No-
3BOJIAIOLIEMY BBINOJIHUTL KOMILIEKC paboT B cpok =61 (CyTku) npH
MHHHMMaIBbHOI ero crouMoctH C = 923 (ycu.pyb.).

Puc. 14.14
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B peanbHbIX YCIOBHAX BBIMOMHEHHS MPOEKTa MOXET NMOTpebOBaTHCA
YCKOpEHUE ero BBIMOJIHEHUS, YTO, eCTECTBEHHO, OTPAa3HTCHd Ha CTOM-
MOCTH TIpOEKTa: OHa yBenMyHTCA. [103TOMYy HEOOXOOMMO OMNpeneanuTh
ONTHMAIBHOE COOTHOLIEHHE MEXIY CTOMMOCTBIO npoekta C M mpo-
JOJIKMTEBHOCTbIO €70 BBIMOTHEHHUS /= fyp, MPEACTABIEHHOE, HalpU-
Mmep, B Buae ¢yuxuuu C = C(9).

st onTHMHU3aUMK cereif M, B YaCTHOCTH, LIS HaXoXIeHUA (yHK-
uuy C(f) Moryt ObITh HCTIONB3OBAHBI 36pUCMUYECKUE MemMOoObL, T.€. METO-
Abl, YYUTHIBAIOLNE WHANBHIyalbHbIE OCOOEHHOCTH ceTeBbIX rpacHKOB.

P> 14.6. OntnMusupoBars cerepoil rpaduK, H300paXeHHbIH Ha puC. 14.14,
B KOTOPOM yKa3aHbl MaKCHMaabHO BO3MOXHbIE MPONOIKHUTETbHOCTH
pa6ot (B cyrkax). HeobxonuMble ISl ONTUMU3ALINY UCXOLHbIE AaHHbIE
MpencTaBicHbl B Tabm. 14.5.

Ta6auua 14.5

TponomxutenbHoCTy | Kooy hynuent CToumocTb
Ne | PaGora paGorbi, cyTkn 3aTpaT Ha ycKo- pa6oTsl,
n/n apn MUHH- MaKCH- peHue paGoThi yca. pyo.
MaJbHas | MajibHas h{i, ) C=(i, ) npn
a(i, ) b(, n tG =560 )
1 01 10 20 6 35
2 (02 12 32 3 50
3 (1,2 2 12 3 15
4 (13 2 7 8 10
5 (2,7) 2 7 3 10
6 (3,4 16 26 2 S0
7 (3,5 8 13 6 15
8 (4,6) 12 22 4 40
9 (5,6) 20 25 4 30 .
10 (6,7) 8 13 ) 25
I1 (7,8 6 11 9 20
Uroro: 300

Pe 1w e H ue. Ucxonuslit A onTUMH3aLuK r1aH (cu. puc.14.14)
HMeeT MaKCHMAaJIbHYI0 NMPOAOIXHUTENbHOCTb pabot (i, N=b(i, /) u co-
OTBETCTBEHHO MMHMManbHylo crouMocTh C=300 (ycn.py6.). Haiimem
BCE MMOJAHBIE MYTH CETEBOro rpaduka.

12 Hccaeaosatine onepanuu

navauauuve
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Hx yetbipe:

Ly 015355678 npoponxutensHoctbio £ (L;)=89 (cyTok);

Ly, 0-I15354>6-7->8 nponolsKUTeNbHOCTHIO £ =t (L)=99 (cyToK);

Ly 0> 1-2- 78 npogomxuTenbHocTbio f (L3)=50(cyToK);

Ly 0-52-7-8 npogomxurenbHocTtbio ! (L4)=50 (cyrok).

st ynoGerea nanbHEHIWX pacyeToB NMpeAcTABUM TH NMYTH rpadu-
Yyeckd B BUle LenodyeK paboT (puc. 14.15), B KOTOpbIX uMEpPbl Haj
CTpeNKaMy MoKasbiBaloT Ko3g@HUMEeHTb! 3aTpaT Ha ycKopeHue pador
h(i, /), a Nog cTpeAKaMM — MaKCHMAIbHO BO3MOXHBIE BEIHWYUHbI
yMEHbUIEHUS MPOROIKHTENIBHOCTH pabor Az (i, j) = b (i, )—a (i, j).

O OO u0:0:0:0
10 5 5 5 5 5

O 00 0% =000
10 5 10 10 5 5

(% 3 ()

2 >

1010 5 )3
20 5 5

Puc. 14.15

I 1 ar. YMeHbUINTh NPOROJDKUTENBHOCTD BBITTOTHEHHMsSI KOMILTEKCA
MOXHO, KaK M3BECTHO, TOJNILKO 33 CYET COKpAIEHUS! NPOLOIKUTENb-
HOCTH paboT KPMTHYECKOrO MYTH fp= ?(L;). W3 pabor kputHyeckoro
nytv L, HauMmeHbMH Ko3hbHULUMEHT 3aTpaT Ha YCKopeHHeE h(i, j)
umeer pabora (3,4): hmin(é, )=min{h(0, D1); h (1, 3); (3, 9; h(4, 6);
h(6, 7); h(7, §)}=min{6; 8; 2; 4; 5; 9}=2, 1.e. Anmin(i, N=h(3, H=2.
IMponomxuTtesbHocTb paborsl (3,4 MOXHO cokpaulaTe He Gonee yeM
Ha 10 cyrok. flpy >TOM M3MEHMTCS LAMHA TOJNBKO KPHUTHYECKOIO
nytd (¢ 99 no 89 cyrok) L, — eIMHCTBEHHOrO M3 YeThIpeX MyTed,
npoxonsuiero yepes padory (3,4). A CTOUMOCTb MTPOEKTa 3@ CUET YCKC
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peHusi pabots! (3,4 ¢ yuerom dopmyn (14.34) u (14.35) sospacrer no
300+2-10=320 (ycn.py6.). Utak, Ha I ware:

C =300 + 2.(99—0), rme 89 < <99,

HOBBI€ IUTHHBI MyTei paBHbI 1 (L))=t (Ly)=89; ¢ (L3)=t(L4)=50.

IT wr ar. Tenepp Mbl HMeeM 1Ba KPUTHYECKUX NyTH L; u Ly U co-
KPaTHTb CPOK BBITOJHEHHS MPOEKTa MOXHO 33 CUET OJHOBPEMEHHOr0
cokpailieHuss X npoaomxutesbHoctH. CokparuTh OXHOBPEMEHHO
t (L)) n r(Ly) MOXHO, yMEHbBLINB MPOAOIKUTETLHOCTh padoT, Jexa-
ILMX Ha 3THX nyTax (cm. puc. 14.15): mubo ¢ (0, 1), nubo ¢ (6, 7), tubo
t (7, 8. Ocranasinpaemcs Ha £ (6, 7), OCKOJIBKY MPH ITOM obecrieyu-
BaeTCSl MUHUMYM 3aTpaTr Ha yCKOpPeHHe paboTbl: Apin(i, HN=min{A(0, I);
h(1, 3); h(6, 7); h(7, §)}=min{6; 8; 5; 9}=5, T.e. Amin(i, N=h (6, 7)=5.

[ponomxurenpHocTh pabotsl £ (6, 7), MOXHO YMEHbLINTbh He Oosee
yeM Ha 5 cyrok. Ha 2Ty BesMyMHY yMeHbLIATCA UTHHbI KPUTHYECKUX
nyreit ¢(L)) u t(Ly), a cienoBaTesibHO, K CPOK BBIMTOJHEHMS MPOEKTa
=t(L)=t(Ly). Tlpn 31OM CcTOMMOCTb mpoekTa yBenaWuyutcsa ¢ 320 mo
320+5-5=345 (ycn.py0.). Urak, na Il ware:

C=320+5-(89—1), rne 84 < r < 89;

t (Ly)=t(Ly)=84, t (L3)=t(L4)=50.

Tlponomkasi aHamOrHYHbIM O0pa3OM COKpallaTh IMPOAOIXKUTENb-
HOCTb pabor, noay4yuM

I w a r. Ay, )=min {A0, I); K1, 3);, A(7, &}= min {6; §;
9} =6, T.€. Ayin(i, N=h(0, )=6. Cokpaiast NpOIOIKUTENBHOCTb paGoThI
t (0, ) no 10 cyrok, HaitneM

C =345+6-(84—1), tne 74 < 1 < 84;

t (L)=t (Ly)=74, t (L3)=40; ¢ (Lg)=50.

IV 1w ar. Ayja(i, ) = min {a(1, 3); A(7, 8} = min {8; 9} = 8§, Te.
hein(i, /) = h(1, 3) = & Cokparuas npOIlOJDKHTCHbHOCTb pa6otsl £ (7, 3)
o0 5 cyTok, HaiiaeM

C = 405+8-(74—1), e 69 < 1 < 74;

t(L))=t(Ly)=69, t(L3)=40; t (L4)=50.



[y

328 Mnhasa 14

V 1w a r. Cokpamas npoao/XuTeabHocTh paboTsl £ (7, & no S cy-
TOK, HailieM (y4HTbIBas, uTo h( 7, §)=9)

C = 445+9-(69—1), rne 64 < < 69;

t(L)=t(Ly)=64; t (L3)=35; t (L4)=45.

VI w1 ar. Tenepb HecOKpallleHHBIMY OCTATHCh MPONOIKHTENbHO-
CTH TpeX KpUTHYeCKHMX pabor: 1(3, 5) u f(5, 6) KpUTHUECKOTO MYTH
Ly, XaXy10 U3 KOTOPbIX MOXHO COKpaTHTb 10 5 CyTOK, U (4, 6) KpHU-
THYECKOTO MyTy L), KOTOPYI0 MOXHO COKpatuTh Ao 10 cyrok. Cokpa-
uieHHe KakKoi-mM00 omHOH U3 Ha3BaHHBIX BEIUYHH He MpUBEACT K
COKpAalLIeHHIO MPOXOXKHUTEIbHOCTH BBIIOTHEHUS NPOEKTa, UO6O MpH
3TOM COKPATHTCA JHIIb OOWH M3 ABYX MyTei, a JTMHA HECOKpalleHHO-
ro MyTH, KOTOpBIi CTAaHET €AMHCTBEHHBIM KPUTHYCCKHUM IMYTEM, HE
u3meHurca. [Moatomy nocrenoBarebHO cokpalas ¢ (4, 6) u 1 (35, 6) no
5 cyTok (C yyeToM BpeMEHM COKpalleHHUS MPOAODKUTENbHOCTH pabor),
Hailnem (tenepb Ko3gdUUMEHT 3aTpaT HA YycKOpeHMe paboT paBeH
h(4, 6)+h(5, 6) = 4+4 = 8):

C = 490+8.(64—1), rae 59 < £ < 64;

1 (L)=t (L)=39; t (L3)=35; 1 (La)=45.

VII w a r. ITponoskuTeTbHOCTb paboThl f (4, 6) MOXHO COKPATUTD
elle KO 5 CYTOK M Ha TOT Xe CPOK MOXHO COKparHTb f (3, 5) (MHaue
CPOK BBIMOJHEHMA TmnpoekTa He u3menurcs). [lomaras, uro
h (4, 6)+h (3, 5=4+6=10, Haiinem

C =530+10-(59—1 ), rme 54 < £< 59.

I'paduk onmTUManbHOM 3aBUCUMOCTH cTOMMOCTH mpoekta C (f) oT
MPONOIXKUTENBHOCTH €ro BBIMOJHEHHMs MoKasaH Ha puc. 14.16. C mo-
MOLIbIO 3TOT0 rpadUKa MOXHO, C ONHOH CTOPOHBI, OLIEHHTb MMHH-
MaJbHYI0 CTOMMOCTb MMpOEKTa MpH JI000M BO3MOXHOM CPOKE €ro Bbl-
MOTHEHMSI, @ C APYroit CTOPOHBI — HAWTH MPEACTbHYIO MPOAOIDKUTENDb-
HOCTb BBbIMOJHEHUS MPOEKTA MpH 3amaHHOl ero crouMoctd. Hampumep,
NpH MPONOKUTETBHOCTH MpoekTa =79 (cyToK) MHHMUMAIbHAS CTOM-
MOCTb BBIMTOJHEHHSI PACCMATpUBAEMOro KOMIUTeKca coctaput 375 (yci.
py6.), @ MPH CTOMMOCTH BBIMOTHEHUs KOMILTEKca, HanpuMep, 540 (yci.
py0.) MpenenbHas MpoROKUTETBHOCTb NPOeKTa cocTapuT 55 (cyrok). C
noMouibio GyHKIMK C (f) MOXHO OLEHUTb AOMOTHUTENbHbIE 3aTPATHI,
CBfi3aHHbIE C COKpalleHUEM CpOKOB 3aBepliueHMsl KoMrulekca. Tak, co-



Monenyu ceTesoro NIaHUPOBAHNUA U YNPABAEHUA 329

Ca
600}  -380

“TOUMOCTh

IpOEKTa,

cn. pyb.
400 |-

200}

|
I
I
. L l

0 70 80 90 t
ITponomxuTeIbHOCTD

TIPOEKTa, CYTKH

.

ok —— —— —_—— —

50
Puc. 14.16

KpatlleHHe MpONo/DKUTEIbHOCTH rpoekTta ¢ 79 mo 55 cytok morpebyer
JONOJHUTENbHBIX 3aTpar 540—375=165 (yci. py6.).»>

Utak, Mbl pacCMOTpeNd OOMH M3 BO3MOXHBIX IBPUCTHYECKHUX al-
TOPUTMOB ONTHMM3AUUHU ceTeBoro rpadpuka (cm. puc. 14.14). Moxno
ObUTO UCHONb30BaTh W Opyrue anroputMbl. Hampumep, B3fAth B Kaye-
CTBe MEPBOHAYANBHOIO IUIAH, UMEIOLIMIA HE MakCHMaTbHblE, 3 MUHHU-
MaJbHble 3HaYeHHS MPOAOJDKUTETbHOCTH pabor (i, /) = a (i, j) u co-
OTBETCTBEHHO MaKCHUMAIbHYK) CTOMMOCTb IPOEKTa. A 3aTeM IOC/]Ieno-
BaTeJbHO YBEJMYHBATh MPOAOIKHUTENBHOCTb BBHINOJHEHHUS KOMILIEKCA
paboT nyreM YBeJHYEHHMS HAPONO/DKUTEIBHOCTH paboT, pachooXeH-
HbIX Ha HEKPHUTHYECKHX, & 3aTEM H Ha KPUTHYECKOM(CKHMX) NMYTH B
nopsanke yopiBaHus KoaddulMeHTOB 3arpart # (i, ).

Crenyer 3aMeTMTb, YTO IPU JMHEHHOH 3aBUCHMOCTH CTOMMOCTH
paboT OT MX MPOROKUTENPHOCTH 3alaya MOCTPOEHHS OMTHMAILHOIO
ceTeBoro rpaduka Moxer ObiTh cPOpMyTMpOBaHa Kak 3anaya JHUHEH-
HOTO0 MpOrpaMMHUpPOBaHMs, B KOTOpOH HEOOXOOMMO MHMHHUMHW3HPOBATh
CTOMMOCTb BBINOJHEHUS MPOEKTa MPU ABYX TPYMIax OrpaHMYEHHUH.
IepBass rpymnma orpaHHYyeHMil MOKAa3bIBAET, YTO MPOACIXKHUTENLHOCTh
Kaxaoi paboThl JO/KHA HAXOAMTbCS B IMpEeAesax, YCTAHOBAEHHBIX
HepaeHcTBOM (14.31). Bropast rpynna orpaHuyeHMit Tpebyer, uToObI
NpONOIXUTENbHOCTL JI06OTO [MOAHOTO NyTH ceTeBoro rpaduka He
npesblllajia YCTAHOBICHHOIO AUPEKTUBHOTO CPOKA BBITOTHEHUS MpO-
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exTa. OnHako pewlarb TakMe 3alayd KJIACCHYECKMMM METONAMH JIM-
HeifHOro nporpaMMHpoBaHUs, KaK MpaBuio, Hea(pdEKTHBHO, B CBA3M
C YeM HUCIOJIb3YIOTCH CELMANIBLHO pa3paboTaHHble METOMBI.

YITPAXKHEHHA

B 3anavax 14.7, 14.8 noctpouts ceteBoit rpagmk. Haitti mponosmku-
TeTbHOCTb BBIMOMHEHHMS KOMILTIEKCA paboT, BpeMeHHBIE XapaKTepUCTHKH
cobbiTiil U pador. B ckobkax ykaszaHa npomo/LKUTETbHOCTh paborT.

14.7. Cpenarb nepeBsHHbI MUK (paGoOTy BBIMOTHAET OLUH 4YENO-
BeK). PasMecTHTb BOCKH B COOTBETCTBMM C pasMepaMu giuka (15 MuH);
pa3pesarb 1OckH (12 MuH); ckieuTh 4acTH sumka (40 MuH); npuOuTL K
KpBilIKe fAmMka nemid (8 MuH); rmogoxgarb, NOKA SIIMK BBICOXHET, W
BbITEpeTh ero (15 MUH); NETNIH (C KPBIUIKOH) HPHOUTD K AMKY (10 MUH).

14.8. 3ameHHMTb Koleco MalIUHbI (paGoTy BHIMONHANT ABA YENO-
Beka). [locrarh n3 OaraXHUKa AOMKpaT U MHCTpyMeHTHI (40 C); CHATDH
auck ¢ koseca (30 c¢); ocoSonuth Koneco (50 ¢); mocrapuTh NOMKpAT
nox MauwuHy (26 c); nmoaHaTh MawuHy (20 c); M3 GaraxXHMKa B3AATb
3anacHoe Koneco (25 c); cHATh raiikd M Koieco (20 c); ycTaHOBHUTb
3aracHoe Koxeco Ha och (10 ¢); 3aBUHTHTD (HE CHIbHO) raiflkM Ha ocH
(15 c); onycTuTh MauiMHy ¥ cobpaTtbh [OMKpar (25 c); MOCTaBUThb JOM-
Kpat obparHo B GaraxxHHK (10 c); 3aBHHTHTb railkM Ha ocM JO KOHL@
(12 ¢); NoMOXUTb MIOXOE KONECO M MHCTPYMEHTHI B OaraxHuk (40 c);
TIOCTaBUTh Ha MecTo JuckK xomeca (10 c).

14.9. Ins ceteBoro rpaduxka (puc. 14.17) HaliTH Bce MOTHbIE MYTH,
KPUTHYECKHI MyTb; paCCYUTATh pAaHHHUE U MO3THUE CPOKH CBEpPUICHHSA
coOBbITUI, Hayana U OKOHYaHMs paboT; ONMPENETHTh pe3epBbl BpEMEHH
NOJHBbIX MyTeR U COOLITHI, pe3epBbl BPeMEHU (MONHbIE, YACTHLIE pe-
3epBbI MMEPBOTO BHIA, CBOOoAHBIE U He3aBHCUMBIE) pabor M Koaddu-
LIHEHTb] HAMPSKEHHOCTH paboT.

14.10. Kak naMeHHUTC CpOK BbIMONHEHUS NMpoeKTa (cm. puc. 14.17),
pe3epBbl BpeMeHHU paboT U coObITHi, KOaddHIIMEHTb! HanMpsAXeHHOCTH
paboT, eclIM YBETUYUTb MPOAOIKUTENbHOCTb paboTbl (9, 10) Ha e-
anunHy: a) Ry(9, 10); 6) Ry(Y, 10); B) R.(9, 10); ) Ry (9, 10)?

14.11. Kak u3MeHUTCA CPOK BBIMOMHEHHS MpoekTa (cum. puc. 14.17),
pe3epBbl BpeMeHHU paboT U coObITHH, KOIDPHUKEHTbI HanpsXeHHOCTH
paboT, eciu NMponOIKUTERBHOCTb KaX 10t paboThl #(i, /) yBEMTHYUTb Ha
BeuuuHy: a) Ry(i, /); 6) Ri(i, p); B) Re(i, j); r) Ry(, )? Ilna cnyvaes
©), B) M r) HAllTH Bce KPUTHYECKUE MYTH CETEBOro rpaduka.
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Puc. 14.17

14.12. B 7a6n. 14.6 ykazaHbl OLlEeHKM BpeMEHH BBHIMOJHEHHUs pador
ceTeBoro rpaguka, JaHHbIe OTBETCTBEHHBIMU UCTIONHUTENSAMU U 3KC-
nepTaMHu.

Ta6bauua 14.6

Ne PaSora OLEHKH BpeMeHH BHIFIONHEHUS PaBoThl, CYTKH
n/n i J) ONTUMHUCTHYECKAs | mNeccHMMCTH- | Hanbonee Bepo-
(i, ) yeckast #;(i, /) ATHas 4;5(4, )
| (1,2) 5 9 6
2 (1,3 2 7 5
3 (1,4) 4 10 8
4 (3,4 9 14 it
5 (2,5) 7 13 10
6 (4,5) H 4 3




332 Masa 14

HeobxonuMo: a) nocTpouThb ceTeBoii rpaduk; 6) onpeaeanTb cpea-
HYe (OXUAAaeMble) 3HAYEHUS MPOROJIXUTEAbHOCTH paboT; B) ompene-
JUTh KPHTUYECKUIT ryTh M ero WikHy. [logaras, 4ro npomo/KUTENE-
HOCTb KPUTHYECKOrO [IYTU pachpeneieHa Mo HOpPMajJbHOMY 3aKOHY,
HalTH: a) BEPOATHOCTH TOTO, YTO CPOK BBIMIOIHEHHS KOMILIEKca pabor
He npeBBICUT 17 cyrok; 6) MakcMMajbHOE 3HAYEHHE [POMOIKUTENb-
HOCTH BBITOJIHEHUS MPOEKTa, KOTOPOE MOXHO apaHTHUpOBaTh C Ha-
nexuHocTbio 0,95,

14.13. Ilo maHHbIM Ta6a. 14.7 HeoGxoaumo: 1) mMOCTPOUTH CETEBOIA
rpadHK; 2) onpeseanTb KpUTUYECKHI 1IyTh M CTOUMOCTb MTPOEKTa [IpH
MHUHUMAJIbHO BO3MOXHBIX 3HAYEHMSIX IMPOLOIKUTEIbHOCTH BCEX pa-
60T; 3) HAlTH MHUHHUMAIbHYIO CTOHMOCTb [POEKTa MpU TOM XK€ CPOKe
ero 3apepilleHus; 4) pacCyMTaTh U MOCTPOMTb ONTHMAIBHYIO 3aBMCH-
MOCTb CTOMMOCTH [IPOEKTa OT MPOJOKUTEIbHOCTH €r0 BbIIIOJHEHUS,
HCIOJIb3ysl B KayeCTBE MepBOHAYaJIbHOrO BapuaHTa ceTeBoro rpaduxa:
a) mjJaH ¢ MakCHMAJbHbIMM 3HAYEHMSIMM MPOJODKUTEIBHOCTU BCEX
paboT U COOTBETCTBEHHO MHMHMMAIbHON CTOMMOCTBIO [POEKTa;
6) njaH, MOJyYeHHBIN B pe3y/bTate BBHIMOJIHEHUS 1.3.

Tabnuua 14.7

Hopmanbubiii niax Cpounplii fnaH Bbl- KoagduumeHt

PaGora | BPITOHEHHSA paboTel, | NosaHeHus paboTh, 3aTpaT Ha YCKo-

CYTKH CYTKH peHue paboThl

min max min max

(12 4 s 2 15 >
(13) 4 3 2 B 4
(1,4 12 150 9 180 10
(23 6 11 5 30 19
(2,4 7 18 6 30 12
(3,4 10 10 8 20 3
(3.5 24 147 19 212 13
(4,5 10 4 7 25 7
(56 3 2 2 5 3
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SJIEMEHTHI TEOPUN
MACCOBOTI'O OBCIIYXUBAHUA

15.1. OcHoBHBIE NOHATHS.
Knaccndpukamuas CMO

ITpu MccrenoBaHuK onepauMil 4acTo MPUXOIUTCS CTANKUBATHCSA C
cUcTeMaMU, MpeAHa3HAYeHHBIMU JUIS MHOTOpa3zoBOrO MCHOAb3OBAHUA
MpU pelieHu OAHOTUMHLIX 3aja4. Bo3HHKAIOUIME MPU 3TOM MpOLEC-
Chl MOJYYWIM HA3BAHUE HPOUECCO8 00CAYHCUSAHUA, 3 CUCTEMBl -— ClC-
mem maccogozo obcayxcusanus (CMO). TlpumepaMu TakKMx CHCTEM siB-
JIAIOTCA TeMeOHHbIE CUCTEMbI, PEMOHTHBIE MAacTepPCKMe, BbIYMCJIU-
TeJbHbIE KOMIUIEKCHl, OMAETHbIE KACChl, MarasuHbl, MapMKMaxepcKue
U T.I.

Kaxnas CMO cocrouTt U3 ofnpeaeeHHOro yuciaa o6CHyXHBAIOILUX
eauHUU {npubOpoB, YCTPOMCTB, MYHKTOB, CTaHUMI), KoTOpbie GyaeM
Ha3bIBaTh Kauaramu obcayxuBaHus. KaHamamu MoryT OBITH JIMHMH
cBA3U, paboyre TOYKM, BBIYUCIUTENbHBIE MALUMHbI, MPOAABLLL U Ap.
ITo uucny xananosB CMO noapasnesnsiioT Ha 00OHOKAHAAbHble U MHOZ0-
KananbHole.

3aaBku nocrynaior B CMO o6biuHO He peryaspHo, a ciy4aitHo,
obpasys Tax HasbiBaeMblid cayuaiinoii nomox 3aseox (mpeboeanuil).
O6cmyxuBaHie 3as1BOK, BOOOIIE roBOps, TAKXKE MPOAOJXKAETCA KaKoe-
TO cnyvaitHoe BpeMs. Clnyyailublil xapaKTep MOTOKa 3asiBOK M BpeMeHU
obcnyxuBaHus MpuBoaUT K ToMy, uto CMO okassiBaetcs 3arpyxeH-
HOll HepaBHOMEPHO: B KaKHe-TO NEpPHOAbl BpeMEHU CKarlIMBaercs
oyeHb 6oJIbIIOE KONUYECTBO 3as1BOK (OHH JHOO CTAHOBATCS B OYEPEIb,
anbo nokuparor CMO HeobGenyXeHHBIMU), B APYTUE Xe TepUOIbl
CMO pabotaet ¢ HEIOrpy3Koil WIK MPOCTAHBAET.
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IIpedmemom meopuu maccoso2o obcaymueanus ABISETCA MOCTPOEHUE
MaTeMaTMYeCKHX Moxeneil, CBA3BIBAIOIMKMX 3alaHHbIE YCIOBHS PaGoTh
CMO (uyucio XaHaloB, UX [POU3BOIUTEIBHOCTb, XapakTep [OTOKa
3a1BOK M T.I.) ¢ nokasarteasamu sddekrusHocty CMO, onucuBaio-
HIMMU ee CrTocoBHOCTL CIPABIATECA C [I0TOKOM 3asBOK.

B xauectse noxasamenei sghgpexmusnocmuy CMO ucnons3ylorcs:
cpentee! uncno 3agBok, o6cayxMBaeMBIX B €IMHMILY BPEMEHH; Cpen-
HEE YUCJIO 3a5BOK B OYEpedH; CpeaHee BPeMHA OXUIAaHUA oOCiHyXHBa-
HUs; BEpPOATHOCTb OTKA3a B obCnyxuBaHUM Oe3 oXHAaHUA; BEpodT-
HOCTb TOIO, YTO YMCJIO 3asiBOK B OYEPEAH [PEBLICUT OIpeae/ieHHOoe
3HAYEHHE U T.II.

CMO nensar Ha nBa ocHOBHBIX THNA (Knacca): CMO ¢ omkazamu v
CMO ¢ oxcudanuem (ouepedoro). B CMO c oTkasaMu 3asiBKa, MOCTY-
MUBLIAS B MOMEHT, KOTZIa BCE KaHAJbl 3aHATHI, IOJy4aET OTKA3, [OKH-
maer CMO u B manbHeiuieM rnpouecce oOCAYXMBAaHUA HE YYyacTBYET
(HanpuMep, 3agBKa Ha TeJeOHHBIN Pa3roBop B MOMEHT, Korga Bce
KaHaJIbl 3aHSTH, 10ay4aeT orka3 U nokugaetr CMO HeobcmyXeHHOIt).
B CMO c oxuigaHueMm 3asiBKa, NpMILEalIasl B MOMEHT, KOraa BCE Ka-
HaJlbl 3aHSTHI, HE YXOIUT, 2 CTAHOBUTCS B OYepelib Ha OOCTyXMBaHMe.

CMO ¢ oxugaHHeM Moapasaeisiores Ha pa3Hbie BUIbI B 3aBUCUMOCTH
OT TOTO, KaK OpPraHH30BaHA OYEPelb; ¢ OrpaHMYeHHONH WIM HEOrPaHWYyeH-
HOU IUTMHOI o4Yepeny, ¢ OrpaHUYEHHBIM BPEMEHEM OXHIAHUS M T.0I.

s knaccnpuxkauuy CMO BaxHOE 3HAYEHHE HMEET OGUCKUNAUHA
obcayxcueanus, onpeaensiionias NopsgoK BbeiOopa 3asBOK H3 4HCIA:
MOCTYIUBLUMX U MOPSAOK pacipeleaeHduss HX MexXAy cBoOOAHbIMU
kauajgamu. [lo 3toMy mpusHaky obGcnyXuBaHHe 3asiBKM MOXeT OBbITh
OpraHM30BaHO 110 MPUHLMNY ‘“nepsas npuwna — nepsas obcayxcera”,
“nocaednsas npuwna — nepeas obcayxucena” (TaKoOM MOPSAOK MOXET'
NIPUMEHSITECSA, HANPUMED, IPU U3BAEYEHUM It OOCTY)XHUBAHUS H3[e-:
JUi co ckiama, ubo mociaengHUe M3 HUX OKa3bIBAalOTCST yacto Oosee
IOOCTYNHBIMU) WIM obcayxmcusanue c¢ npuopumemom (Koraa B MEpBYIO
ouepenb obcayxuBaioTea Hanbonee paxuble 3aaBku). [Ipuopurer mo-
XeT ObITb Kak afcosiomusim, Xorna Goynee BaxHas 3asgBKa”BHITECHSET”
n3-noa obciayxuBaHUsA OOLIYHYIO 3asBKYy (HampuMmep, B CJIyyae asa-
pUAHON CUTYallMH TUIaHOBblE PaboTHl PEMOHTHEIX OpUral npephBaloT-
cs o TUKBUIALMU aBapUU), TaK U omHocumenbHsim, Koraa Gosee Bax-
Hasl 3as1BKa MOJYYaeT JUIlb “;Iyyliiee” MECTO B OYEPEAU.

t 3pech ¥ B JanbHelLIEM CpeoHHE BeJIMUMHDbI NIOHUMAIOTCA KaK MareMaru-
YeCKHe oXHIAaHHUA COOTBCTCTBYIOLLIUX CHy‘laﬁHle BCJIMYUH.
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15.2. IlonsaTe MapKOBCKOro
CJYYadHOro mpouecca

IMporece pabortr CMO npeacrasasier coboit cayuaiinsiii npoyecc.

Tlon cayuaiinem (6epoAMHOCMHBIM UAU CIOXACMUYECKUM) NPOUECCOM
MOHMMAETCS [1POLIeCC U3IMEHEHUSA BO BPEMEHM COCTOSIHUSA KaKoit-nubo
CUCTEMbI B COOTBETCTBUM C BEPOSTHOCTHBIMH 3aKOHOMEPHOCTAMMU.

[pouecc HA3BIBAETCA NpoyeccoM ¢ OUCKDEMHbLIMU COCMOAHUAMU, €C-
JIL €ro BO3MOXHBIE COCTOSAHMA S, 5, 53... MOXHO 3apaHee nepeyuc-
JIUTh, A MEPEexXon CHCTEMbl U3 COCTOSIHUA B COCTOSIHME MPOUCXOOUT
MTrHoBeHHO (ckaukom). ITpoliecC Ha3LIBAETCA MpOKECCOM C Henpepsi-
HbiM BpeMeHeM, €CTM MOMEHTHI BO3MOXHLIX MEPEXOJ0B CHCTEMBI U3
COCTOSIHHSL B COCTOSIHUE He HUKCHPOBAHLL 3apaHee, a CayJyaiHbl.

[Tpouecc pabott CMO mnpenctasaser coboit ciywaiiHbIi mpolece
C AMCKPETHBIMH COCTOSIHMSIMM U HEMPEpBIBHBIM BpeMeHeM. JTO 03Ha-
yaeT, yto cocrossHie CMO MeHseTcsl CKaYKoM B CiIy4ailHble MOMEHTHI
MOSIBJAEHUSI KAKUX~TO COOBITMiA (Hampumep, NMPUXoJa HOBOI1 3asIBKH,
OKOHYAHHA 00CIYyXHBAHUA M T.11.).

Marematuueckuit aHanus paborel CMO cymecTBeHHO YNpouiaeT-
cd, ECAM npouecc 3Toit paboTsl — MapkoBckuit. Ciy4yaitHbIi [poLEecc
Ha3bIBAETCS MAPKOBCKUM WIN CAYMAUHBIM npoueccoM 6e3 nocaedcmeus,
eCnu wiA Joboro MOMEHTA BpEMEHM [y BEpPOSTHOCTHBIE XapaKTepu-
CTUKM Tpoliecca B OyayIeM 3aBUCAT TOJIBKO OT €ro COCTOSAHHUSA B IaH-
Hblii MOMEHT /) U He 3aBUCAT OT TOTO, KOIIa M KaK CUCTEMa IpMillUia B
3TO COCTOSIHUE.

ITpumep MapKOBCKOro Tpolecca: cucreMa S — CYETYMK B TaKCH.
CocTosiHHE CUCTEMBI B MOMEHT ! XapaKTepU3YeTcsl YUCAOM KWIOMET-
poB (HECATHIX AO/Meil KUIOMETPOB), NPOWNEHHBIX aBTOMOOWIEM OO
naHHoro MoMeHTa. ITycTb B MOMEHT 1) cueTYUK noxasbiBaet Sp. Bepo-
ATHOCTb TOTO, YTO B MOMEHT 7> fj CYETYUK MOKAXKET TO MJIHU HHOe
YUCIO KWIOMETPOB (TOYHEE, COOTBETCTBYIOLUEE 4YMcio pybineit) Si,
3aBUCHT OT .3, HO HE 3aBMCHUT OT TOTO, B KaKUe MOMEHTHl BpEeMEHU
U3MEHSUTHCh MTOKA3aHHs CYETYHKA O MOMEHTA f).

MHuorue npouecchl MOXHO MPUOAMXEHHO CYMTATH MApKOBCKUMM.
Hanpumep, npoiecc Mrpbl B 1IaXMaThbl; cUcTeMa S — rpynra luaxmar-
Hbix ¢uryp. CocrodHMe CUCTEMBI XapakTepusyercs quciaoM ¢huryp
NPOTUBHHKA, COXPaHMBIIMXCA HA JOCKE B MOMEHT fj. BeposATHOCTb
TOrO, YTO B MOMEHT ! > ) MaTepuajibHbIi nepeBec OymeT Ha CTopoHe
OHOTrO M3 MPOTUBHUKOB, 3aBUCUT B MEpBYIO oyepelb OT TOro, B Ka-
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KOM COCTOSIHUM HaXOJAMTCS CHUCTeMAa B AaHHBII MOMEHT Z, a He or
TOTO, KOTAA U B KaKO MOC/Jeq0BaTENbHOCTH MCUYE3NH PHTYPHI C HOCKH
A0 MOMEHTA f.

B psge ciywyaes mpenbicTopueil paccMaTpUMBAeMbIX MPOLECCOB
MOXHO INpocTo npeHebpeub M NMPUMEHATh LIS MX U3YYEHHsST MapKOB-
CKHe MOJIEIH.,

ITpu aHanu3e cayv4allHBIX MPOIECCOB C AUCKPETHBIMU COCTOSAHMS-
MM yno6HO MOJb30BaThCS FEOMETPUYECKON CXeMOil — Tak HasbiBae-
MbIM 2pagom cocmoanuy. OGBIYHO COCTOSIHUSI CUCTEMbI U306paxaloTcs
IPAMOYTONbHUKAMU (KpYXKaMHK), 2 BOSMOXHBIE MEPeXobl U3 COCTOsA-
HUS B COCTOSHUE —— CTpeJKaMH (OPHEHTHpOBAHHBIMU Oy[aMHU), CO-
ENHHAOIUMH COCTOSTHUS.

P> 15.1. Moctpouts rpad cocToAHMH CIENYIOLIETO CIYYaiHOrO MpoLecea:
YCTPOMCTBO S COCTOMT H3 ABYX Y3/IOB, KLKIBIH U3 KOTOPHIX B CIyyaii-
HbIi MOMEHT BPEMEHU MOXET BbITH U3 CTpOs, MOCAE Yero MTHOBEH-
HO HAYMHAETCH PEMOHT Y3/1a, MPOAOJIKAIOIMKHIACA 3apaHee HEH3BECTHOE
cay4aiflHoe BpeMs.

Pewenue. Bo3aMoxXHBIE COCTOAHUS cHUCTEMBI: S; — oba yama
UCOpaBHbl; S| — HEpBbIit y3ea PEMOHTUPYETCS, BTOPOil HCIIpaBeH;
S, — BTOpOIt y3en peMOHTHpYETCs, NMEepPBbIA HcnpaseH; S3 — 002 yana
peMoHTUpyIOTCA. I'pad cucrembl npuBeneH Ha puc. 15.1,

Mg % A
Aoy Aoy
S, S
A Mg
Aol 5 Ay
Puc. 15.1

Crpenka, HanpaBieHHas, HaTIpEMeEp, 13 Sy B Sy, 03HAYAET Mepexon
CUCTEMBl B MOMEHT OTKasa IepBoro yiia, u3 S| B Sy — nepexod B
MOMEHT OKOHYaHHsI PEMOHTA 3TOTO y3Ja.
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Ha rpade orcyrcTByloT crpeniki 3 S B S3 U U3 S B 5. 310 00B-
SICHSIETCSI TEM, YTO BBIXOIbI Y3JIOB M3 CTPOs Mpedro/iaralorcs Hes3aBU-
CUMBIMH APYT OT APYra M, HarpuMep, BEPOSITHOCTBIO OIHOBPEMEHHOTO
BbIXOA U3 CTpOS OBYX y3ioB (mepexond U3 Sy B .S3) MIM OIHOBpPEMEH-
HOro OKOHYaHMSI PEMOHTOB IBYX Y3/10B (IEpexol U3 S3 B Sp) MOXHO
npexebpeynb. P

Iis MaTeMaTHyecKoro OMMCaHMs MAapKOBCKOro CAy4yaitHOro mpo-
ecca ¢ OUCKPETHBIMH COCTOSSHUSAMH W HEMPEPHIBHBIM BPEMEHEM,
nporexaioimero B CMO, n10o3HaKOMUMCS ¢ OAHUM M3 BOXHBIX [MOHATUI
TEOPUU BEPOSATHOCTEN — MOHATHEM [1OTOKA COOBITHIA.

15.3. IoToxu coﬁu'mi'l

Ilon nomoxom cobsimuii 1MOHUMAETCA MOC/AEAOBaTENBHOCTL OIHO-
POOHBIX COOBLITHI, CAEOYIOIUMX OAHO 32 IPYrHM B KAKHE-TO Ciaydaii-
Hbple MOMEHTB! BPEMEHM (HarpuUMep, MOTOK BbI3OBOB Ha TejJedoHHOM
CTaHLMHU, N10TOK oTka3oB BBM, notok mokymnareneit 1 1.1.).

IToToK XapaxkTepH3yeTCs UHMEHCUSHOCMbI0 A — YacTOTOi MosiBie-
HMsA COOBITHIA WM CPEIHMM YMCIOM COBBITHH, rocrynatomux 8 CMO
B eAUHMLY BpEMEHHU.

ITotok coObITUH Ha3bIBAETCA peeyaapHsiM, €CIU COOLITUS CIeayloT
OHO 3a APYIHM 4epe3 omnpelc/eHHbIe pPaBHbIE MPOMEXYTKH BpeMEHM.
Hanpumep, norok u3nenuii Ha KoHseiiepe cOopouHoro uexa (¢ 1nocro-
SHHOI CKOPOCTBIO IBUXEHHUS) SABIAETCS PErYIAPHBIM.

IToTok cOOLITUI HA3BIBAETCA CMAKUOHAPHBIM, €CIIU €r0 BEpOSITHO-
CTHBIE XapaKTEpPUCTUKH HE 3aBUCAT OT BpeMEeHH. B yacTHOCTU, HHTEH-
CHBHOCTb CTAallMOHApHOTO IOTOKA €CTh BEJIMYMHA MOCTOAHHAS: A(H)=A\.
Hanpumep, norox aBromoduneil Ha ropoackoM MPOCNEKTE He siBAsIeT-
csl CTALlMOHAPHBIM B TEYEHUE CYTOK, HO 3TOT IIOTOK MOXHO CYHTAThH
CTalMOHapHbIM B TE€YEHUE CYTOK, CKaXeM, B 4achl nmuk. OGpaiaeM
BHMMAaHHE Ha TO, YTO B MOCJENHEM ciy4yae ¢(aKTHYEeCKOe YUCIO fIpo-
XOIAIMX aBToMoOwiell B enMHHMLy BpeMeHM (HallpuMep, B KaXAylo
MUHYTY) MOXET 3aMETHO OTJIMYaThCs APYr OT Apyra, HO CpeoHee HX
yMco OyIeT MocTosIHHO H He OyleT 3aBUCETh OT BPEMEHH.

TToToK coBbITHIT Ha3LIBAETCA HOMOKOM Be3 nocaedeiicmeus, eClu IS
JIOGBIX ABYX HENEpeCceKalolUXcs YYacTKOB BpEMEHH 1| U Ty — YHCJIO
CoOLITH, ronMafalIldx Ha OOMH M3 HHX, He 3aBUCUT OT YHCIa COOBI-
THi, nomnagaiuuMx Ha apyrve. Hanpumep, notox naccaxupos, BXO-
OAIIMX B METPO, MPAKTHYECKU He MMEET rociaeleiicTBUsA. A, cKaxeM,
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MOTOK MOKynaTeei, OTXONAIMUX C IOKYNKaMH OT MNPUAABKA, YXe
uMeeT nocneaeicTBUe (xoTs Obl IOTOMY, YTO HHTEPBAL BPEMEHM Mex-
Ly OTACNbHBIMU [OKYIATENsIMU HE MOXET ObiTh MEHBIUE, YEM MHHMU-
MajlbHOE BpeMsl 0OCIYXKUBAHUS KAXKIOTO U3 HHUX).

[ToTok cobbITHif Ha3bIBAaeTCSd OpOuHAPHBIM, €CJAM BEPOSITHOCTH 10-
najaHus Ha Majiblil (3TEMEHTApHBIA) Y4acTOK BpEMEHU Af ABYX U 6o-
Jee coObITHIA MNpeHeOpeXuUMO Maja MO CpPaBHEHMIO C BEPOSTHOCTBIG
noflafaHuss oxHoro codwiTus. [pyrHMu crnoBaMu, NOTOK COOBITHIL
OpAMHApEH, ecad COObITUS MOSBASIOTCS B HEM [OONMHOYKE, a He
rpynnaMu. HampuMep, moTok Noe3gos, MoAXONSIUUX K CTaHUMH, op-
IMHApEH, 2 [10TOK BarOHOB HE OPIHHAPEH.

Iomok cobamuil Hazeieaemca npocmelimum (unu cCmMAyUOHAPHBIM
RYaccoHo8CKUM), ecal OH OOHOBPEMEHHO CMAYUOHApeH, OpOuHapeH u
He umeem nocredeiicmeus. Hassanue “npocreiilinit” obbsicHseTcs
teM, yto CMO ¢ npocreiiiuuMu notoxamMu uUMeer Haubonee mnpo-
CTOE MaTeMaTH4yecKoe ofHcaHHe. 3aMeTUM, YTO PETYAAPHBIN MOTOK
He sBasgeTcda “npocrefiluMM”, Tak Kak oH obigafaeT mocneneiicTBU-
eM: MOMEHTH! MOSBAEHUs COOBITUI B TAKOM [1OTOKE XEeCTKO 3aduK-
CHPOBaHBI.

IMpocreiinit MOTOK B KauyecTBE IpeAeNbHOrO BO3HMKAET B TEO-
PHH CAYYaHBIX MPOLECCOB CTOJb Xe ECTECTBEHHO, KaK B TEOpHH
BEpOSATHOCTEH HOPMAalbHOE pacnpenesieHue MOAYYaeTcsl B KayecTse
OPENeabHOTO IS CYMMbI CHAYYAHBIX BEJIMYUH: NpU HAAOHEHUU
(cynepnosuyuu) docmamo1no 60AbW020 HUCAA N HE3ABUCUMbBIX, CIALUO-
HAPHBIX U OPOUHADHBIX NOMOKOE (CPABHUMbBIX Mexcdy co6oi no uxmeH-
cusHocmam Ay (i=1,2, ..., n) noaywaemcs nomok, 6auskuii k npocmeii-
weMy ¢ UHMEHCUBHOCMYIO A, PABHOU CyMMe UHMeHCUsHOCcmell 6X00aWux
nomokos, T.e.

n

A=A, .
i=l
PaccMmotpum Ha ocu Bpemenu Of (puc. 15.2) mpocreifiuuii nmoTox
COOBITUI Kak HEOrpaHWYEHHYIO MOC/IeNOBATEALHOCTD CAyYyaiHbIX TO-
Yex.

T -~ T .
=1 Ty

7

Puc. 15.2



3nemMeHTbl TEopU MaccoBAro abcnyxmnsaHus 339

MoxHo noxasarb (cu., Hanpumep, [3]), uTo WA nmpocreiilllero rroTokKa
YUCIo m cobbiTvil (TOYeK), rMoMagalolluX Ha [IPOU3BOJIbHBIA y4acToK
BpeMeHHU T, pacnpeneneHo 1o 3axkoHy Ilyaccona

Pu(v) = (—)”—’l,m—e‘“, (15.1)
m:

I KOTOPOro MareMaTuyecKoe OoXMUIaHMe CAyyaiHOH BENHYMHBI paB-
HO €€ JUCMEPCHM: a = o2 = Ar.

B 4acTHOCTH, BepOATHOCThL TOTO, YTO 32 BpeMsA t He MPOU30HIET HU
onHoro cobuitus (m=0), paBHa

P(x)=e™. (15.2)

Haitnem pacnpeneneHue uHTepBaga BpeMeHH T MeX]y MpOH3BONb-
HBIMU IBYMS COCEIHUMM COOBITHSIMU MPOCTEHILIErO MOTOKA.

B cootsercrBuu ¢ (15.2) BEpOATHOCThL TOTO, YTO HA YYACTKE BpeMeH!
JUIMHOI ¢ He MOSIBUTCSA HH OJHOTO M3 MOC/AENYIOIMX COObITH, paBHa

PT2f=e™, (15.3)

a BEPOATHOCTL MMPOTUBOIOJOXHOIO COOBLITUA, T.e. DYHKUMA pac-
npeaeyeHus cnyvaiHoi BenMyuHbl 7T, ecTh

Foy=PT <t)=1-¢eM. (15.4)

[110THOCTD BEPOSITHOCTH CITY-
YaiHOH BEAMYMHBI €CTb IMPOU3-
BofHaA ee QYHKUMH DAcmpene-  o(t) A
nedus (puc. 15.3), T.e.

o) = F(t)=2e™. (15.5)

PacnipeneneHue, 3anaBaeMoe
IUTOTHOCTBIO BeposiTHocTH (15.5)
win dyHKIMEH pacrpeneieHus
(15.4), Ha3niBaeTca noxaszamenb-
Hotv  (MIIH SKCNOHEHLUAAbHBIM).
Takum obGpazom, UHTepBan Bpe-
MEHU MEXIY OBYMS COCEIHHMH
MPOH3BOJbHBIMH COOBITUAMU 0
MMEET [0Ka3aTeJibHOE pachpe-
JeNneHue, A KOTOporo Marema-

A

~y

Puc. 15.3
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THYECKOE OXMUIAHUE paBHO CPEAHEMY KBaApaTUYECKOMY OTKIOHEHWIO
cJy4yatHOH BeJMYHUHBI

(15.6)

1
a=6¢=—
A
¥ 00paTHO MO BEIMYHHE HHTEHCHBHOCTH MOTOKA A.
BaxHeiiliee CBOIHCTBO rmoKa3aTeJbHOrO pachpeneaeHus (npucyiiee
TOJIbKO [IOKA3aTEJIbHOMY pacHpeaeNeHUI0) COCTOUT B CAEAYIOLUEM:
€CIM MPOMEXYTOK BpEMEHH, paclpele/ieHHBA 1o MoKa3aTeNbHOMy
3aKOHY, YK€ JUIMJICA HEKOTOpOE BpeM# T, TO 3TO HUKAK He BJIUFET Ha
3aKOH pacipelesieHHs OocTaBlUeiics yacTH npoMexyrka (7—1): oH By-
IeT TAKUM Xe, KaK M 3aKOH pacripele/sieHus BCero npomexyrka 7T,
HpyruMu cioBamu, IUIa MHTEpBajga BpeMeHU T MeXIy ABYMs [O-
CAemoBaTENLHBIMU COCEAHUMU COOBITHSIMU [10TOKA, WUMEIOILEro I10oKa-
3aTefibHOE pacrpenencHue, nobble CBEAEHHS O TOM, CKOJBKO BPEMEHH
MPOTEKaJ 3TOT HHTEPBAI, HE BAMSAIOT HAa 3aKOH paclpeneaeHus oc-
TaBlIeicsl yacTy. DTo CBOMCTBO MOKA3aTENbHOIO 3aKOHA MpPEACTaBIIseT
coboit, B CyILHOCTH, APYryi0 GOPMYJIHPOBKY I “OTCYTCTBMS rocie-
neiicTBUsI” — OCHOBHOIO CBOMCTBA MPOCTEHIIIErO OTOKA.
Ing npocrefilliero rMotoxka ¢ HHTEHCUBHOCTBIO A BEPOSATHOCTb IMO-
NajaHus Ha ssemenmaphuili (Maasil) OTPE3OK BpeMeHM Af xOTA Obl
ofHOro COOBITUS OTOKA paBHa cornacHo (15.4)

P, =P(T <A =1-e™ x~ar. (15.7)

(3ameTtum, yto 3Ta NpubMKeHHas dopmya, noayyaemas 3aMeHol

dyukuun e M b OByMS NepBBIMH WIEHAMM €€ DA3TOXEHUs B
pSd MO CTerneHsaM Af, TEM TOYHEE, YeM MEHBIIE Af).

15.4. Ypasnenus Koiamoroposa.
IlpenensHpie BEPOATHOCTH COCTOSAHHIA

PaccMOTpiM MaTeMaTHYECKOE OMMCAHHE MAapKOBCKOTO Mpoliecca ¢
IUCKPETHBIMH COCTOSIHUAAMU M HEMpPEpPbIBHBIM BPEMEHEM Ha MpPHMEpE
ciyyvaitHoro npouecca u3 3agauu 15.1, rpag kotoporo usoOpaxeH Ha
puc. 15.1. ByaeM nonarath, 4YTO BCE MEPEXOAbl CUCTEMEI U3 COCTOSIHUA
S; B Sj IPOMCXOMAT MOJ BO3AEHCTBUEM IPOCTEALINX MOTOKOB COObITHH
C MHTeHCHUBHOCTAMHU Ay (i, /=0, 1, 2, 3); TaK, nepexox cCHCTEMbI M3
cocTosiHUs Sy B Sy GynetT MPOUCXOAUTL MOA BO3AEHCTBUEM MOTOKA OTKA-
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30B NEPBOrO y31a, 2 oOpaTHBI nepexol U3 COCTOSHUA S; B Sy — non
BO3[EeCTBMEM [10TOKA “OKOHYAHHMiIi peMOHTOB” MIEPBOro y3na u T.N.

I'pad cocTossHMI cHUCTEMBI ¢ NMPOCTAaBJIEHHBIMU Y CTPENIOK MHTEH-
CHUBHOCTAMU OyleM Has3bniBath paimevennsim (cm. puc. 15.1). Pacemar-
puBaeMas cuUcteMa § UMeeT 4YeThipe BO3MOXHBIX COCTOSIHMS: 8, i,
5, 8.

Bepoamnocmeto i-20 cocmosnua HasbiBaeTcsl BepOSTHOCTh p{f) Toro,
YTO B MOMEHT / cucTeMa OyJgeT HaXOAMTHCA B cocTosHUHU ;. OueBHI-
HO, YTO Wi Mo6oro MOMeHTa ¢ CYMMa BEPOSITHOCTEl BCEX COCTOAHMM
paBHa eNUHMLE:

3
> p(0)=1 (15.8)

PaccMoTpUM cUCTEMY B MOMEHT ¢ ¥, 3allaB MANblii TIPOMEXYTOK Af,
HalaeM BeposiTHOCTb po(f+Af) Toro, YTo CHCTEeMa B MOMEHT !+Af Gyaer
HaXOOMUTBHCS B COCTOSHUU Sy. DTO JOCTUraeTcsl pasHbIMHM criocobaMHu.

1. CucreMa B MOMEHT f ¢ BEpOSTHOCTBIO pg(f) HaxoAaunach B co-
CTOSIHUM Sy, @ 32 BpeMsT Af He BBIILIA U3 HEro,

BoiBecT cucteMy M3 3TOro cocrogHusa (cm. rpad Ha puc. 15.1)
MOXHO CYMMapHbIM IpOCTEHIIMM I[IOTOKOM C HMHTEHCHMBHOCTBIO
(A1+Ap2), T.€. B coorBerctBUU ¢ (15.7), ¢ BeposiTHOCTBIO, MpUOIH-
XEHHO paBHoit (Agy+Agy)Af. A BEpOATHOCTb TOIO, YTO CHUCTeMa He
BBIIET M3 cOCTOSHUS Sy, paBHa [1—(Ag;+Agy)Af]. BepositHocTh TorO,
4ro cucrema Oymer HaXoOMThCH B COCTOSIHUM Sy TO MEpBOMY criocody
(T.e. TOrO, YTO HAXOMMJIACh B COCTOSTHMM Sy M He BBIIET M3 Hero 3a
BpeMS A! ), paBHA 10 TEOpEME YMHOXEHUS BEpOSATHOCTEA:

Po(t1- (Aoy +1o2)At).

2. CucreMa B MOMEHT ¢ ¢ BeposiTHOCTAMM py(f) (MM py(f)) Haxomu-
JIach B COCTOSIHUHM ) WK S, M 3a BpeMsl Af iepellia B COCTOsIHUE Sy.

T1oTOKOM MHTEHCHMBHOCTBIO Ajg (MJIM Ayg — cm. puc. 15.1) cucre-
Ma nepeifeT B cocTosIHUE S C BEpPOATHOCTHIO, MPUOIMXKEHHO paB-
HOHM AjpAf (MM AypAf). BepositHocTh Toro, 4yro cucrema GyaeT Haxo-
INATbCSI B COCTOSSHUM S MO 3TOMY crocoly, paBHa pi(H)hjpAt (Ui
PADA0A0).

[IpumMeHss TeopeMy CIOXEHUSA BEpPOSITHOCTEH, NOMyYUM

ot + A1) = p(Oh1gAr + Py (DhypAt + po (D)L - (hoy + ro2)At),
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OTKyJa

Po(t + At) — py(t)
At

IMepexons k npeneny npu Ar—0 (MpUGIHXEHHbIE PaBEHCTBA, CBS-
3aHHBIE ¢ TpUMeHeHHEM (opMyabl (15.7), nepeitayr B TouHbIE), NOMy-
YUM B JICBOW YacCTU YpaBHEHMS] NPOM3BOLHYIO p)(f) (0Oo3HAYUM ee

I IPOCTOTHL pg ):

P = Mopy + APy — (Aay + hog) Po-

Honyuunn nuddepeHunanbHOe ypaBHEHHE NepBoro Mopamka, T.e.
ypaBHeHHUe, colepXalllee KaK caMy HEH3BECTHYIO GYHKIMIO, TaK M ee
IPOU3BOJHYIO NIEpBOTO MOPSAKA.

Paccyxnas aHajOTHMYHO MJISI APYTUX COCTOSIHMIA CHCTEMBI S, MOXHO
MOJMYYUTh cucTeMy IUbdepeHIIMaNbHBIX ypaBHeHH T KomMoroposa mist
BEPOSITHOCTEH COCTOSHMIA:

= PO+ P2 (D gg — (Agy + Rg2) o (8) -

Pb = MoPa + hygPy — (Ao + Agp) Pos
Pi=Xoipo + Ay p3 — (Ao + Ai3) i, (15.9)
P1 =XoaPo + A3pp3 — (Ayg + X33) P2,
P3 = APy + Appy — (Agp + A3p)ps.

CdopMynupyeM NpaBUJO COCTaBJIEeHUA YpaBHEeHHUH
KonmoropoBa. B sesoli uacmu kaxdoeo u3 Hux cmoum npou3seod-
Has seposamuocmu {-20 cocmosnuA. B npaeoil wacmu — cymma npousge-
Oenuii geposmuocmeli 6cex cOCMOAHUI (U3 KOmopbix udym cmpeixu 6
OanHoe COCMOsHUE) HA UHMEHCUGHOCMU COOMEemcmeyiouUx NOmoKoe
cobmuil, MUHYC CYMMAPHAA UHMEHCUBHOCMb 6CEX NOMOKOE, 6bi800AUILX
cucmemy u3 OGHHO20 COCMOAHUA, YMHONCEHHAS HA 6ePOAMHOCMb OAHHO20
(i-e0 cocmosnus).

B cucreme (15.9) He3aBUCHMMBIX ypaBHEHMil HA €JMHMIy MEHbILE
obmero yncna ypasHeHui. IloatoMy mwis pelueHus: cucreMbl Heobxo-
IUMO No0aBuThL ypaBHeHUe (15.8).

OcobeHHoctb pelieHus auepeHIMANBHBIX YpaBHEHMH Booblue
COCTOMT B TOM, 4TO TpeOyeTcd 3amaTh TaK Ha3bIBaeMBble HadajbHBIC
yCJIOBUS, T.€. B HaHHOM CJIy4yae BEpPOSITHOCTH COCTOSIHMIM CUCTEMBI B
HadanbHbIil MoMeHT ¢t = (. Tak, HanpuMep, cucTeMy ypasHeHui (15.9)
€CTeCTBEHHO pellaTh NpH YCJIOBMM, YTO B HAa4alIbHBbI# MOMEHT 06a
yana MCNpaBHB U cHcCTEMa HAXOAMJIACh B COCTOSHUHU Sy, T.€. NIpH Ha-
qanbHBIX ycrnoBusix po(0)=1, py(0)=p,(0)=p;(0)=0.
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VpaBHenus Kosmoroposa AaloT BOIMOXHOCTb HaiiTM Bce BEepOSAT-
HOCTHM COCTOSIHU# KaK @yuxyuu epemernu. OcoOblit MHTEpEC MpeacTaB-
JISIIOT BEPOSATHOCTU CUCTEMBI p; () B NpedeatHOM CMAyUOHAPHOM Dexcu-
Me, T.e. IDH [—»0, KOTOpbIE HA3bIBAIOTCA npedesvHomu (UM gpunans-
HbiMU) BEPOSATHOCTAMH COCTOSTHMIA.

B Teopuu ciyyaliHBIX NpOLIECCOB JOKA3BIBAETCS, YTO eCAauU YUCAO CO-
CMOAHUL cLUCMeMbl KOHEYHO U U3 KaXC0020 U3 HUX MOXNCHO (34 KOHeuHOe
yuca0 waz08) nepelimu @ A0boe dpyeoe cocmosnue, mo npedeasubie 6epo-
AMHOCMU CYUieCmEyom.

[MpenenbHas BepOATHOCTb COCTOSIHHMA .5; UMEET YeTKHUM CMBICT: OHA
NOKA3bIBAET CpedHee OMHOCUMEenbHOe 8peMs NpeGbisanus cucmemvl 8
amom -cocmosanuu. Hanpumep, ecnu npenebHas BEpOSTHOCTb COCTOSI-
HUA Sp, T.e. pp=0,5, To 3T0 03Hayaer, YyTo B CPeNHEM NOJOBMHY Bpe-
MEHH CHUCTEMA HaXONHUTCS B COCTOSHUM 5.

Tak kak mpenenbHble BEPOSATHOCTH MOCTOSHHBI, TO, 3aMEHSS B
ypaBHeHUaX KoiMoroposa WX NpOM3BOAHbIE HyJIE€BHIMU 3HAYEHHSIMH,
MONYYMM cUCTEMY JIMHEHWHBIX anrebpayyeckux ypaBHEHMH, oNHUCHI~
BAaIOIIMX cTalHOHapHBI pexuM. [lns cucremnl S ¢ rpadoM cocros-
HH, U300paxeHHoOM Ha puc. 15.1), Takas cucreMa ypaBHEHUil MMeeT
BUI;

(Ao1 + Ap2) P = Ayo Py + Ay P25
A A =A A R
(Mo +A13) Py = Aoy po + A3 P (15.10)
(Aap +2X23) Py = hgaPp + A32 P35
(A3 +X32)p3 = Ai3py + A3 Py

Cucremy (15.10) MOXHO cocTaBUTh HEMOCPEACTBEHHO MO pas3-
Me4YeHHOMY rpady cOCTOSHMii, €CJIM pYKOBOJACTBOBATHCHA MPaBH -
JOM, COTNAaCHO KOTOPOMY C1e6a 6 YPAGHeHUAX CMOoum npedeabHas
6epOAMHOCMb OAHHO20 COCMOAHUA D;, YMHOXCEHHAA HA CYMMApPHYIO
UHMEHCUBHOCMb 6CeX NOMOKO08, GedYUiuX U3 OAHHO20 COCMOAHUR, A
cnpaea — CyMMa npou3sgeO0eHull unmeHcusHocmell gcex nomokog, 6xo-
O0auux 6 i-e cocmosHue, Ha 8epoAMHOCMU meX COCMOSHUL, U3 Komo-
PbIX 3mMu nOMOoKu ucxooam.

D 15.2. Haittu npeneibHbie BEPOSTHOCTH Il cUCTeMbl S U3 3agaum 15.1,
rpad cocrosiHMil KOTOpO# mpuBeaeH Ha puc. 15.1, mpu Ag1=1, Ap=2,
M0=2, A3=2, Ay=3, Ay3=1, A3;=3, Ap=2



344 Fnaesa 15

PeweHue. CucreMa anrebpandeckux ypaBHeHHH, ONMMCHIBAIOLIMX
CTALIMOHAPHDIN PEeXUM I AaHHOM cucTeMbl, uMeeT BUA (15.10) uaun

3py =2p +3p,,
4py = py+3ps,
15.11
4dp, =2py + 2p;, ( )
Po+P+Pr+p3=1

(3meck MbI BMECTO OfHOro “auuiHero” ypaBHeHus cucTeMbl (15.10)
3anucany HopMHpOBOYHOE ycitoBue (15.8)).

Pewus cucremy (15.11), nomyumm pg=0,40, p,=0,20, p;=0,27,
p3=0,13, T.e. B MpenenpHOM, CTALMOHADHOM peXMME cucTeMa S B
cpenHeM 40% BpeMeHH OymeT HaxoAMTbCS B COCTOSHHMM Sy (00a yama
ucnpasHei), 20% — B cocTogHuM S (nepBbifi y3en peMOHTHpYyeTCH,
BTOpOIi pabotaer), 27% — B cocTosIHUU S5 (BTOPOil y3ea peMOHTHpY-
eTcsi, nepsblit paboraer) u 13% BpeMeHM — B cocTossHuM S3 (06a yana
PEMOHTHpYIOTCS). P

P> 15.3. Haittu cpeauuit yucThI JOXOA OT IKCIUTyaTalMy B CTALMOHAp-
HOM pexXuMe cucteMsl S B ycnoBusax 3amad 15.1 u 15.2, ecau u3Bect-
HO, YTO B €AMHMIY BpeMeHH HCMpaBHas pabora mepBoro M BTOPOrO
y3J10B MPUHOCUT JOXOJ cOOTBeTcTBeHHO B 10 U 6 AeH.ex., a X peMOHT
TpebyeT 3arpaT COOTBETCTBEHHO B 4 U 2 JeH.el. OueHUTh 3KOHOMUYe-
cKyio 3¢bdeKTHBHOCTh UMEIOLIEHCS BO3MOXHOCTY YMEHBIIEHHS BIBOE
CpelHEero BpEMEHH PEeMOHTa KaXIOro M3 ABYX Y3JI0B, €CJIM NIPU 3TOM
NpUAETCS BIBOE YBEJIMYMUTH 3aTPaThl HA PEMOHT KaXaoro y3na (B elnu-
HMILY BPEMEHH).

PeweHnue. U3 3anaun 15.2 cnenyer, 4To B cpeHeM NepBsblii y3en
ycnpasHo paGoTaer J0OJI0 BpeMeHH, paBHYio pytp;=0,40+0,27=0,67, a
BTOpO#t y3en — pyt+p=0,40+0,20=0,60. B To Xe BpeMs nepsbiil y3esn
HaXOAMTCS B PEMOHTE B CPeflHEM HONI0 BPEMEHH, PaBHYI p+p3=
=0,20+0,13=0,33, a Bropoit y3en — py+p3=0,27+0,13=0,40. ITosTOMY
CpeIHUR YHCTHIH JOXOX B eNMHHUIY BpeMEHH OT IKCIUTyaTalldH CHCTe-
MBI, T.€. Pa3HOCTb MeXIY JOXOAaMH U 3aTpaTaMH, paBeH

1=0,67-10+0,60-6—0,33-4—0,40-2=8, 18 neH.ex.

YMeHblIeHHE BABOE CPEJHETO BPEMEHHM PEMOHTA KaXIOro M3 y3/loB
B cooTBeTcTBUM ¢ (15.6) Gyner o3Hayarbh yBeJIMYEHHEe BABOE MHTEH-
CHBHOCTE# MoToKa “OKOHYaHMH PEMOHTOB” KAXIOIo y3/a, T.e. Tenepb
A0=4, A2=6, A3;=6, A33=4 U cucreMa NuHeHHbIX arre6GpanuecKux
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ypaBHeHuit (15.10), onuchiBawOIIas CTAMOHAPHDIH PEXUM CHCTEMBI .S,
BMeCTe ¢ HOpMUPOBOYHbBIM ycnosueM (15.8) npumer sun!:

3py =4p; +6p,,

6p, = py + 63,

Tpy =2py +4p;,
Po+tPht+tprtpi=1L

Pewns cucremy, noayuum py=0,60, p;=0,15, p»=0,20, p3=0,05.

YuuthiBas, 4ro pytp,=0,60+0,20=0,80, py+p,=0,60+0,15=0,75,
p1+p3=0,15+0,05=0,20, p,+p3=0,20+0,05=0,25, a 3arparbl Ha peMOHT
NepBOro M BTOPOTO Y3Ja COCTABJSIOT TEMepb COOTBETCTBeHHO 8 u 4
IeH. ell., BBIYUCIIUM CpellHH il YUCTbIH MOXON B €MHUIY BpeMeHH:

1,=0,80-10+0,75-6—0,20-8—0,25-4=9,9 nen.en.

Tax kak [I; Gonbire [ (npumepHo Ha 20%), To 3KOHOMMUYecKas
eJiecoobpa3HOCTb YCKOPEHUS pEMOHTOB Y3JI0B OYEBHAHA. D>

15.5. IIpouecc rudemm u pa3sMHOKEHHUS

B Teopun MaccoBoro o6CIYXHBAaHMA IIMPOKOE pACHpOCTpaHEHHE
UMeEET cheuUaNbHBIA Kiacc cly4yailHbIX MpOLECCOB — TaK HasbiBae-
MBIl npoyecc eubeau u pasmruoxcenus. HaspaHue 3Toro mpouecca cBsi-
3aHO ¢ pAOOM OMONOTMYECKMX 3ajay, Iie OH sABJsieTcd MaTeMarnye-
CKO#l MOZIeNIbI0 U3MEHEHMST YUCIIEHHOCTH OHOMOorMYecKUX NONYIALMMA.

I'padp cocrosuuit npouecca rubenn M pasMHOXEHUS MMeeT BUIL,
noKa3aHHbI# Ha puc. 15.4.

}\,0' }\,]2 )\123 )"k‘-l.k )\'k,k-fl )"n ‘I
S 3 S - S —— i S el ¢ o o c— S
0 |l I g 2 le— .. —] L PP a— "
Ao Ay Aa o A Merig Ay

Puc. 154

PaccMOTpUM yrnopsnoYeHHOe MHOXECTBO COCTOSTHUI CHCTEMBI
S0, S1, B, ..., S;. Iepexombl MOTYT OCylECTBASTbCA M3 Jiloboro co-

! TTpu 3anucu cucremnl (15.10) onHo “mUuHee” ypaBHEHHE MBI HCKIIIO-
YUIH. : '

13 Wccaenosanne onepatinm
B JKOHOMHKE
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CTOSIHMSI TOJIBKO B COCTOSIHWSI C COCEOIHMMM HOMEpPaMH, T.€. U3 CO-
CTOSIHMA S; BO3MOXHBI I1€PEXOAbl TONBKO JIMGO B cocrosiHME S i,
nubo B cocrosiHue Si4 L.

IIpennonoxum, 4to Bce NMOTOKU COOLITHH, MepeBONSIIUE CHCTEMY
10 cTpesiKaM rpada, [pocTeilline ¢ COOTBETCTBYIOUIMMU MHTEHCHBHO-
CTAMU Ay g+ WA Mgy k.

[To rpady, npencraBneHHOMY Ha puc. 15.4, cocTaBUM U pelIuM
anrebpanyeckue ypaBHEHMsS [JISi NpelelbHBIX BepoOSTHOCTEH CO-
CTOSIHUH (MX CYILECTBOBaHME BbITEKaeT M3 BO3MOXHOCTH mepexoja
M3 KaXIOro COCTOSIHUSA B Kax/[1oe Jpyroe U KOHEYHOCTH 4UcCIa co-
CTOSIHUA).

B cooTBeTcTBMM C MpaBuiIOM COCTABIE€HHS TaKMX ypaBHeHMil (cm.
15.13) mony4um: s cocTosaHus S

AotPo = Mopy, (15.12)
i cocroaHus Sy — (A;2tA0)P = MiPotAaipy, KOTOpoE ¢ yYeToM
(15.12) npuBomuTCcs X BULY

szl=)\.21p2. (15.13)

AHanoruyHo, 3alluchiBasg YpaBHEHMS [ TIpeNejbHbIX BEepOATHO-
creff OPYTHX COCTOSIHMH, MOXHO TIOJYyYMTb CJENYIOLIyl0 CHCTEMY
YpaBHEHHI:

AoiPo = Mopys
APy = AP
Jreeee e, (15.14)
Motk Pr-1 = Mg ka1 Prs
L )“n—l.npn—l = )“n.m-lpn,
'K KOTOpOii fo6aBiisieTcsi HOpMUPOBOYHOE YC/IOBHE
Do+ P+ Pyt..+p, =1 (15.15)

! [Ipu aHanu3e YUCICHHOCTH TIONYJIALMA CUMTAIOT, YTO COCTOHHHUE S) CO-
OTBETCTBYET YMC/IEHHOCTH TIOTIYJAAUMH, PAaBHOW k, M TNEpEXOoA CHUCTEMEI M3
COCTOSIHUA S, B COCTOSIHHE S;y; MPOMCXOAMT MPH POXAEHUM OAHOTO YJEHA
TIONYAALUNY, 2 IEPEXO] B COCTOAHHUE Sj—; — TNPH TMOETN ORHOro YieHa Nomny-
JISILIMA.
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Pemmag cucremy (15.14), (15.15), MOXHO NOMYYUTD

-1
A Y XYY §
po—(n’“ ot LATTISM o  ad 0‘) , (15.16)
Ao 7v2|7~|o Ayn-t---Aaghpg
gl AaAoy Aytn--- Madoy
Pl"'_—PO, P=—"—"—D s P/ ———— (15.17)
Ao Aairgo " Mmoo Marhio

Jlerko 3ameTuth, YTo B opmynax (15.17) ans py, py, ..., py KO3D-
(huLMeHTB MPU py eCThb cjiaraeMble, CTOALIME TOCHE eAUHMIIBL B dop-
myne (15.16). Yucnurenu 3tux xo3¢dPHLUMEHTOB IIPENCTABA[IOT Npo-
N3BeleHHe BCeX UHTEHCUBHOCTE!, CTOAIIMX Y CTPEJIOK, BeldyILUX cle-
Ba Hanpaso N0 faHHoro cocrosHua Sy (k=1, 2, ..., n), a 3HaMeHaTeH
— NpOM3BENEHHE BCeX MHTEHCUBHOCTEH, CTOAIIMX Y CTDENIOK, Bexy-
IIMX CIpaBa HajleBO IO COCTOSHUS Sj.

D> 15.4. TNpouecc rubenu 1 pasMHOXeHUA NpeacTasieH rpadom (puc. 15.5).
Haittu npenenbHble BEpOATHOCTH COCTOSHUIA.

S, g B i A

Puc. 15.5

Pemwenue. INo popmyne (15.16) Haitnem

1 2. 1)‘l
1 AR B
Po = (+ +3 0,706,

nmo (15.17) — p, = %0,706 = 0,176, p2=§2—%0,706=0,118, T.e. B yCTa-
HOBMBLIEMCA, CTAllMOHApDHOM peXxume B cpenHeM 70,6% BpeMeHH
cucTeMa GyneT HaXOOUThCA B cCOCTOAHMU Sy, 17,6% — B cocTogHUM S)
u 11,8% — B cocrosiHum S,.p>

15.6. CMO c otka3zamu

B kayectBe nokasareneii s3¢¢exrrBHocTh CMO c otkasamu dymem
paccMaTpuBaTh:
A — abcorromuyro nponyckuyro cnocobnocms CMO, T.e. cpenHee

YUCTO 3a5BOK, OOCIYXMBAEMbIX B eMUHHULY BPEMEHH;
13*
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O — omHOCUMensbHYH NPONYCKHYI® CHOCOGHOCM®, T.€. CPENHIO A0
NpULIENIINX 3a51BOK, OOCITY>XHBAEMbIX CUCTEMOI;

Py, — 6epoamuocms omkas3a, T.e. TOrO, YTO 3a8BKa NMokuHer CMO
HeoOCIyXEHHOH;

k — cpednee uucno 3aHAMbIX KaHA06 (111 MHOTOKAHAIBHOM CHCTEMBI).

OnHokaHaibHaA CHCTeMa ¢ O0TKa3amu. PaccmorpuM 3azayy.

HMeercsi onyH KaHa, Ha KOTOpPBIi MOCTYIIAET MOTOK 3a8BOK C MH-
TEHCUBHOCTBbIO A. [ToTOK 0GCnyXMBaHUI MMeeT WHTEHCHBHOCTb u!.
HaiiTu npenenbHble BEpOATHOCTH COCTOSHMIT CUCTEMBI M OKA3aTeNIx
ee 3¢ GEeKTUBHOCTH.

Cucrema § (CMO) umeer nBa cocTogHUSA: Sy — KaHal cBoboseH,
S; — kxanan 3aHAT. PazMeyeHHBIH rpad cCoOCTOSHMU TpencrasieH Ha
puc. 15.6.

A

m

Puc. 15.6

B npenenbHoM, cCTaiMOHAapHOM peXHME cHCTeMa alreOpanyeckux
ypaBHeHUil I BepOSATHOCTEH COCTOSIHMA MMeeT BuUI (cM. TpaBUIIO
COCTaBJIEHMS TAKUX YpaBHEHHH Ha c. 343).

{}"’0 = B (15.18)
p'pl = )“p0v

T.€. CUCTeMa BHIpOXJaeTcsl B ONHO YpaBHeHHWe. YUYHTHIBAA HOPMHPO-
BOYHOe ycjioBHe py + py=1, Haitnem u3 (15.18) npeneibHbie BEpOATHO-
CTH COCTOSIHUM

7 A

» 1=

) .19
A+p A+p (15.19)

o=

KOTOpbI€ BHIPAXAIOT cpeiHee OTHOCHTENbHOE BpeMs MpeObIBaHUS CHC-
TeMBl B COCTOSHMM S (korma kaHan csobomeH) M S) (Korma KaHan

1 3neck M B NanbHelHllIEM TIPENOnaracTcs, Yro BCe NIOTOKH COBLITHH, IMe-
pesoasuine CMO u3 cocTosiHUa B cocrosinne, OynyT npocreituiumu. K HuM
OTHOCHTCA U NMOTOK 0GCNyXHBAaHUH — NOTOK 3afBOK, OGCAYXMBAEMbIX OXHUM

HenpepblBHO 3aHATHIM KaHaioM. CpenHee BpeMs obGcayxuBaHMsi [ .o o6paT-
HO M0 BENIMYMHE UHTEHCUBHOCTH W, T.C. I o6=1/1.
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3aHAT), T.€. OIpeleifAloT COOTBETCTBEHHO OTHOCHUTENBHYIO NPOIYyCK-
HYI0 CIIOCOOHOCTb O CUCTEMbl U BEPOATHOCTb OTKa3a Pyyy:

o=—*t_, (15.20)
A+p

= (15.21)
At+p

ADCONIOTHYI0O PONYCKHYI0 CNOCOOHOCTh HAWNEM, YMHOXHMB OTHO-
CHUTENIbHYIO TPOMYCKHYIO CrocOOHOCTb (J Ha MHTEHCHMBHOCTb MOTOKA
OTKa30B

Ap

A= .
A+p

(15.22)

D> 15.5. U3BecTHO, YTO 3asBKH Ha TeJiepOHHBIE 1€PErOBOPHI B TEJIEBU3H-
OHHOM aTelb€ MOCTYNalOT C MHTEHCMBHOCTBIO A, paBHoil 90 3asBok B
yac, a CpeHsIa NPONODKUTENBHOCTD PasroBopa 1o TeNedoHy f o5 =2 MHH.
Onpenenutb nokasareiun 3¢gdextuBHocT pabotel CMO (TenegoHHoiA
CBSI3W) IPH HAIMYMU OJHOTO TenepoHHOro HoMepa.

Pewenne. Mmeem A=90 (1/4), f o56=2 MUH. HTEHCHBHOCTb O~
ToKa 06CITYXMBaHM I p=1/7 o5=1/2=0,5 (1/Mun)=30 (1/4). Mo (15.20)
OTHOCHMTENbHAS TpolycKHasa cnoco6Hocth CMO 0=30/(90+30)=0,25,
T.e. B CpeHEM TOJIbKO 25% NOCTynaloluX 3asBOK OCYILECTBAT Tepe-
rosopbl 1o TenedoHy. CooTBETCTBEHHO BEpOATHOCTh OTKa3a B obciy-
XUBaHUH cocTaBUT Py =0,75 (em. (15.21)). AGcontoTHas NponycKHas
crnoco6Hocte CMO mo (15.29) 4=90.0,25=22,5, T.e. B cpenHeEM B 4ac
OyayT obcnyxennl 22,5 3asgBku Ha meperoBopbl. O4YeBMAHO, YTO MpH
HaJIMYMH TOMBKO onHoro TtejedpoHHoro HoMepa CMO Oymer moxo
CTIpaB/IATHCA € TIOTOKOM 3a51BOK. P>

MHOroKaHAJAbHAA CUCTEMA ¢ OTKA3aMH. PaccMOTpUM KiIaccUYecKylo
3adayy Jpaanea.

HNMeeTcss n KaHAIOB, HA KOTOpbIe MOCTYMAaeT IOTOK 3asBOK C MH-
TeHCUBHOCTbIO A. IToTOK oOCinyXWBaHUN HMeeT MHTEHCHBHOCTb L.
Haiiti npenenbHble BepOSITHOCTH COCTOSIHMHA CHCTEMBI M I10Ka3arelln
ee 3G (eKTUBHOCTH.

Cucrema S (CMO) umeer cienylouie cocrossHUsi (HyMepyeM HX
0O YUCIY 3aBOK, HaXOAALIMXCA B chucreMe): S, S1, 8, -y Sk, oo Spy
rae S; — COCTOSIHME CHCTeMbl, KOrla B Hell HaXOQMTCS K 3asIBOK, T.e.
3aHATO kK KaHaNOB.
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I'pad cocrosinuit CMO cooTBeTcTByeT npolieccy rubenu u pas-
MHOXEHMS U MoKa3aH Ha puc. 15.7.

M A, | A A | A A
SO - ~ SI - . S2 RS — | Sk e - - . f—] S‘
N 2p 3p k! (ktDp  m
Puc. 15.7

IToTok 33asBOK NOCTENOBaTENbHO NEPEBORUT cUcTeMy M3 Jioboro
JIEBOIO COCTOSIHMSI B cocelHee NpaBoe ¢ OXHOH M TOM Xe MHTEHCHUB-
HOCTbIO A. MHTEHCHMBHOCTb X€ MOTOKa oOCHyXHBaHUW, NepeBOAsIUX
cucreMy M3 Jo6oro NpaBoro COCTOSTHUS B COCENIHEE JIEBOE COCTOSIHME,
MOCTOSIHHO MEHAeTCs B 3aBUCMMOCTH OT cOCTOAHMA. JelcTBUTENbHO,
ecnd CMO HaxomuTest B COCTOSIHMY ) (B2 KaHana 3aHATHI), TO OHA
MOXeT [lepeiiTh B COCTOAHME 5] (OOMH KaHal 3aHAT), Korga 3aKOHYMT
obcnyxuBanue aumbo nepsbiil, 1M60 BTOpOH KaHal, T.6. CyMMapHas
UHTEHCUBHOCTb MX NOTOKOB ob6Ciayxusanuil Oymer 2u. AHAIOrMYHO
CYMMAapHBHIif notok obcmyxuBanuii, nepeBomsiumii CMO u3 cocros-
HHA S5 (TpM KaHana 3aHATH) B 5, OyAer UMeTb MHTEHCHBHOCTDb 3y,
T.€. MOXET 0cBOOOAUTLCH OO0 U3 TpeX KAaHAIOB M T.JA.

B dopmyne (15.16) mns cxeMbl rubefin U pasMHOXEHHUS TOAYYMM
JUIS ipeJielibHOM BEPOSITHOCTH COCTOSTHUSA

2 k n \7!
p0=(1+l+ P . ) . (1523)
po 2 k'p n'p”

A A A
roe 4ieHbl pasIoXeHus —, s e ~ Gynyr npencTasifth
po 2 n'u
co6oif k03pPULUMEHTB IPH Py B BLIPAKEHUAX WIS NpedeNbHBIX BEPO-
ATHOCTEN Py, P2, ..oy Pk» -y Pp- BeIMUNHA

A
p=-- (15.24)
K .

Ha3bIBaETCs NpUBedeHHOU UNMEHCUGHOCMBIO NOMOKA 3AAG0K WM UHMEH-
cugHocmoro Hazpysxu Kanasa. OHa BBIPOXKAET CpelHee YMCIO 3asBOK,
npuxofsiiiee 3a cpeHee BpeMs 0OCIyXHBaHUSI ofHOM 3as8Ku. Tenepb

2 k a1
= P [ P
Do [1+p+2!+...+k!+...+n!) , (15.25)
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p2 pk pn
PI=PP0; Py= 57 POy o PR= 7 POy s Pa=" 7 PO- (15.26)
®opmynnt (15.25) u (15.26) mna npeaenbHBIX BEpOATHOCTEN MOIy-
YHNM Ha3BaHUS gopmys Dpaaneal B decTh OCHOBATENIA TEOPHH MAcCO-
BOTO 06CYyXHBaHUA.
BepositHocTs oTkaza CMO ects npefensHas BepOATHOCTL TOTO,
4TO BCE N KAHAJIOB CHCTEMBI OYIYT 3aHATHI, T.€.

n

Po‘rx.=£;"|1’0- (15.27)

OTHOCHTeNbHAsA TIPOMYCKHAA CMOCOGHOCTh —— BEPOATHOCTH TOTO,
yTo 3asBKa Oyner obcnyxeHa:

n

Q:l_POTK-_-l—-%—'pO. (15.28)
AGcomoTHad NponycKHas cnocoOHOCTD:

A=10= x(l -%"'- po] . | (15.29)

CpenHee YHCJIO 3aHATHIX KAHAIOB K €CThb MAareMaTHYecKoe OXU-
JaHUE YHCJa 3aHATBIX KaHAJIOB! '

x

I_C-= kpk’
k=0

rae py — IMpeleabHble BEPOATHOCTH COCTOSHHH, ONpeAensieMBIX MO
dopmynam (15.25), (15.26).

OnHako cpeliHee YHCJIO 3aHATHIX KAaHAJIOB MOXHO HaWTH Tipolle,
€CJIH YYECThb, UTO aOCONMIOTHAA MpPOIMYyCKHAas CIOCOOHOCTb CUCTEMBl A
€CThb HE YTO MHOE, KaK MHTEHCHBHOCTb MOTOKA OGCAYHCEHHbIX CUCTE-
MO 3asiBOK (B €IMHHULY BpeMeHH). Tak Kak KaxXAbli 3aHATHIA KaHal
0OCIIYXHBAET B CpellHEM L 3aABOK (B €IMHHUILY BpEMEHU), TO cpelHee
YHCNO 3aHATHIX KAHAIOB

F=4 (15.30)
m

! Opnanr A K. (xonen XIX B. — Hayano XX B.) — AaTcKuii HHXeHep, Ma-~
TeMaTHK.
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wiu, yuuthisag (15.29), (15.24):
k= p[l - PnT pOJ : (15.31)

D 15.6. B ycnosuax samaunm 15.5 onpeneNuTh OMTMMATBHOE YHCIO
TeNePOHHBIX HOMEPOB B TEJIEBH3MOHHOM aTeNbe, €CAH YCAOBHEM OIl-
TUMAJILHOCTH CYHTAaTh YHOBJIETBOPEHUE B cpelHeM Hu3 Kaxabix 100
3aaBoK He MeHee 90 3asBOK Ha MeperoBOpHI.

Pemwenue. WHTeHcHBHOCTL Harpy3ku KaHala 1o ¢opmyne
(15.25) p=90/30=3, T.e. 3a Bpemsi cpeiHero (MO NPOAOIKHUTETLHOCTH)
TeNeOHHOTO pasroBopa f o6=2 MHH. IIOCTYNAET B CPEAHEM 3 3afBKU
Ha MeperoBOpBl.

ByneM nocreneHHo yBeNWYMBATH YHMCIO KaHANOB (TenedOHHBIX
HOMepoB) n=2, 3, 4, ... 1 onpenenuM no c¢opmynam (15.25), (15.28),
(15.29) mna nonyyaemoit n-xaHanbHoit CMO xapakrepucTHKH oOCiy-

-1
xupaHus. Hanpumep, npu n=2 p, = (l +3+ 32/2 !) =0118=0,12;
0=1- (32/2 !). 0,118 = 0.471 = 0,47 ; 4=90.0,471=42,4 u T.1. 3HaueHUe

xapaktepuctik CMO ceenem B Tatn. 15.1.
Tabnuuma 15.1

XapakTepucTHKa Yncno xaHanos (TeehOHHBIX HOMEPOB)

obcnyxuBanus 1 3 3 4 5 6

OtnocuTesbHas Mpony- | 35 | 047 | 065 | 0,79 | 0,90 | 0,95
CKHas crioco6HocTh @

AbcomoTHas nponyek- | 295 | 424 | 588 | 71,5 | 80,1 | 85,3
Hasi criocobnocTh A

ITo ycnosuio ontumansHocTH Q 2 0,9, crenosarenpHoO, B TeIeBU3H-
OHHOM aTeNbe HEeOOXOAMMO YCTAHOBUTH 5 TeneoOHHBIX HOMEpoB (B
atom cnyvyae Q = 0,90 — cm. tabn. 15.1). Ilpu atom B 4ac GyayT o6-
cnyxusarecs B cpendeM 80 3asgsok (4 = 80,1), a cpeaHee 4ucno 3aHs-

ThIX TenedOHHBIX HOMEepOB (KaHamoB) mno ¢opmyre (15.30) k =
=80,1/30 = 2,670

D 15.7. B BhuMcauTenbHblf LEHTP KOJ/UIEKTHBHOTO MONB3OBAHHA C

- Tpemsi DBM mnocTynaor 3akassl OT NpeaNpHATHI Ha BBIYUCTUTEIbHBIE

pabothl. Ecnu paboraior Bce TpH DBM, To BHOBB NocTynaolluii 3aKas
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He TIpHHUMAeTCA, W IpeaNpUATHE BBIHYXICHO obBpaTuThcst B Apyroit
BHIYUCANTENbHBIM LIeHTp. CpenHee BpeMs pabOTBI ¢ OJHHM 3aKa3oM
cocraBisier 3 4. MHTeHcHBHOCTh nortoka 3asiok 0,25 (1/4). Haittu
NpelenbHblE BEPOSITHOCTH COCTOAHUN M Mokasatenqd 3¢deKTHBHOCTH
paboTHl BHIYMCIMTELHOIO LIEHTpA.

Pewmenue. Mo ycnosuio n=3, 1=0,25 (1/4), f o6.=3 (4). UHTEH-
CHBHOCTb MOTOKA obcnyxuBaHMi w=1/f j6=1/3=0,33. UHTeHCcHB-
HocTh Harpy3kd 9BM no dopmyne (15.24) p=0,25/0,33=0,75. Haitnem
NpeaeNbHBIE BEPOATHOCTH COCTOSHHUM:

no ¢opmyne (15.25) py=(1+0,75+0,752/2!+0,753/3!)-1=0,476;

no c¢opmyne (15.26) p=0,75-0,476=0,357;, p,=(0,752/2!)-0,476=
=0,134; p;=(0,753/3!)-0,476=0,033, T.e. B CTALIHOHADHOM pEXUME pa-
OOThI BBIYHCIIUTENBHOrO LIEHTpa B cpefHeM 47,6% BpeMeHM HET HH
onHo# 3asBKH, 35,7% — HMeeTcsa ofHa 3asdBKa (3aHATa ogHa DBM),
13,4% — nBe 3asaBku (qBe DBM), 3,3% BpemeHH — Tpu 3asBKH
(3aHATH TpM DBM).

BeposiTHocTh oTka3a (Korna 3aHATH Bce Tpd DBM), TakuM obpa-
30M, Py =p3=0,033.

[To ¢dopmyne (15.28) oTHocuTenbHass MNpONYCKHAA CHOCOOHOCTD
ueHtpa Q = 1—0,033 = 0,967, T.e. B cpentem u3 Kaxnsix 100 3asgBox
BBIYMCIMTENBHBIA LIEHTp obcayxuBaeT 96,7 3a4BOK.

o dopmyne (15.29) abcomoTHasa NMponycKHas CMocoOHOCTh LIeH-
tpa A = 0,25-0,967 = 0,242, T.e. B OIMH Yac B CpeAHEM OOCTYXHBAETCA.
0,242 3asBku.

[lo dopmyne (15.30) cpenHee wumcno 3aHarbix 9BM Kk =
=0,242/0,33 = 0,725, 1.e. xaxnas u3 tpex DBM 6yner 3aHsaTa 0bCNy-
XKHBaHWEM 3adBOK B CpefHeEM JHIub Ha 72,5/3 = 24,2%.

[Ipr ouenke 3¢bdeKTHBHOCTH paboThl BBIYHCAUTEIHLHOIO LIEHTpa
HeOOXOLHMO COIOCTABUTH JHOXOAK OT BHIMOJMHEHUS 3afABOK C IMOTepd-
MH OT npocTos aoporocrosuiux SBM (¢ omHoOil CTOPOHBI, y HAC BHI-
cokas mnponyckHas cnoco6Hocte CMO, a ¢ apyroil cropoHH — 3Ha-
YUTEeNbHBIA MpPOCTOH KaHaloB OOCHYXHBAHHSA) U BHIOpaTh KOMIIpO-
MHCCHOE peliieHK e, P

15.7. CMO c oxuaanneMm (ouepeabio)

B xavectBe moxasareneit addekrusHocth CMO ¢ oxumaHuem,
KPOME yKe M3BECTHBIX MoKa3aTeneii — abConoTHON A B OTHOCHUTENb-
Holl @ NMponycKHO# crnocoOHOCTH, BEPOATHOCTH 0TKAa3a Pyry , cpeaHe-
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IO YHCJA 3aHATBHIX KAHAIOB kK (WISl MHOTOKAHAIbHOM CHCTEMBI) 6ynem
paccMaTpHBaTh TaKXe cAeAylolIMe: Leycr — cpedHee 4uUCAO 3aA80K @
cucmeme;, Toyor — cpednee spems npebviganus 3asexu e cucmeme; Ly, —
cpednee uuco 3as80k @ ouepedu (Oauna oepedu);, T,, — cpednee spems
npebuieanun 3asexu e ouepedu, P.,, -— eeposmuocms moeo, ¥mo xauan
3anam (cmenens 3aepy3Ku Kawaaa).

OnHokaHanbHAsA CHCTeMa ¢ Heorpanwyennod ovepeanio. Ha npaxru-
K€ yacTo BCcTpeyaiorca onHokaHanpHeie CMO ¢ HeorpaHHYeHHoOl
oyepenbio (HampHuMep, TenedoH-aBTOMAT ¢ OAHOM 6yakoit). PaccMor-
pUM 3anauvy.

HmMeerca onrHoxkaHanpHas CMO ¢ ouepenpio, Ha KOTOPYIO He Ha-
JIOXeHH HHUKaKWe orpaHMyeHus (HH Nno UIMHE oyepend, HH M0 Bpe-
MeHH oxunaHug). ITorok 3adsok, nmoctynaiomux 8 CMO, uMeer uH-
TEHCHBHOCTb A, a MMOTOK OOCHy:XHBaHWI — HHTeHCHBHOCTH u. Heob-
XOIHMO HAaNTH IpeneNbHBEIE BEPOATHOCTH COCTOAHHI M IOKasaTenu
addexkrusHoctd CMO,

‘CucreMa MOXeET HAXOAMTHCA B OJHOM M3 COCTOSHME S, S1, 8, ..., S,
Mo yucnay 3adBoK, Haxonsmuxca 8 CMO: S — xaHan cBoboaeH; S| —
KaHal 3aHAT (00CayXXMBaeT 3asBKY), oUepenu HeT; Sy — KaHal 3aHsT,
OIHA 3asBKa CTOUT B oyepend; ... Sy — KaHar 3aHaT, (k—1) 3asBok
CTOAT B OYEPEIM U T.I.

I'pad cocroanuit CMO npexncrabnex Ha puc. 15.8.

A A A A A
s s (B os (2 s 2
H B N n n
Puc. 15.8

JTo npouecc rubesd U pa3sMHOXEHUS, HO ¢ BECKOHEYHBIM YHCIIOM
COCTOSIHUM, B KOTOPOM WHTEHCMBHOCTb MOTOKA 3asBOK DPaBHA A, a
HHTEHCHBHOCTD NOTOKa OOCIYXHUBAHUMA M.

Ipexne yem 3anucars GopMynsl NpPEAETbHBIX BEPOSITHOCTEN, He-
obxonnMo OBITh yBepeHHBIM B HMX CYIULECTBOBAHHMM, BEIb B Cly4ae,
Koria BpeMsl f —» oo, o4epeab MoXeT HEOrPaHHYEHHO BO3pacTaTh.
HoxkaszaHo, 4to ecau p < 1, m.e. cpednee 4ucio npuxooawux 3aa60K
MeHblle cpedHe20 qucaa o6CaAyXCeHHbIX 3aA60K (6 eQuHuWYy 8peMeHu), mo
npedeasHsle sepoamuocmu cywecmayiom. Ecau p 2 1, ouepeds pacmem do
becxoneunocmu.
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Jlna onpeneneHus npeleabHbIX BEPOATHOCTEH COCTOSHHI BOCIONb-
syemcs dopmynamu (15.16), (15.17) ans npouecca rubenn U pasMHO-
XeHus (31ech Mbl JOMYCKaeM HM3BECTHYIO HECTPOrocThb, TAaK KaK paHee
3TU (opMynEl ObUIH MOAYYEHBl WISl CAy4yas KOHEYHOro yucaa cocTosi-
Huit cucremst). [onyynm:

{23 3] o -
po=|l+—+|—] +. . —| +...] =
PN p

-1
= (1 +p+p+..+p +) . (15.32)
Tax Kax mnpenenbHble BEpOATHOCTH CYIIECTBYIOT JTHILBb NpH p < 1,
TO TeOMETpPUYECKHH psa co 3HameHaTteneM p < 1, 3anucaHHbIA B

. . 1
ckobkax B dopmyne (15.32), cxonutcsa K CyMME, PaBHOM 1 IMo-

-p
3TOMY

po=1-p, (15.33)

U C yyeToM cooTHowenui (15.17)

P=ppPo, Pr=pP0, - Pi=PPO, -

- HaiiaeM TpenenbHble BEpOATHOCTH APYTHX COCTOSAHHM
p1=p(1-p), p=p¥(1-p), ..., p=pk(1—p), ... (15.34)

[MpenenbHble BEPOATHOCTH Pg, Pi, P2s --» Pks --- OOPA3yIOT YOBIBAIO-
LL(YIO P€OMETPHYECKYIO IPOrpeccHio co 3HaMeHareseM p < 1, cnenosa-
TEJIbHO, BEPOSATHOCTb py — Haubonbluas. DTO O3HAYaeT, YTo €CNH
CMO cnpasnsercsa ¢ norokoM 3aseok (npH p < 1), To Haubonee Be-
POATHBIM OYIET OTCYTCTBHE 3a5BOK B CUCTEME.

CpelHee YUCNO 3afBOK B CHCTEME Lgycr. ONpelenuM no dopmyne
MaTeMaTHYECKOTO OXHuIaHus, Koropas ¢ yyeroM (15.34) nmpuMeT BUA,

Lcm:'r. = kZ‘kpk = (1 - P)kZ‘kPk (15.35)

(cymmupoBaHue oT 1 o o, Tak KaK HyneBoil wieH 0py=0).
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MoxHo nokasars, yto dopmyna (15.35) npeobpasyercs (Tipu p < 1y
K BHIY

Leyer I—p" (15.36)
HaiineM cpeiee YHCIO 3asBOK B oyepend Ly, OYeBHIHO, uto
Loy =Leyer—Los. (15.37)

rne Ly, — cpeaHee YUCNO 3asBOK, HaXONAIMXCA MO 06CIyxXupa-
HHEM.

Cpenxee yMcno 3asBOK IMOJ 0BCIYKMBAHUEM OMNPEAENUM 1O (op-
MyJie MaTeMaTHYeeKOro OXHIAHWA YyMcna 3afBOK IMOA OOCHYXHBaHy-
eM, npuHuMaolero 3HadeHus O (ecan xaHan ceoboneH) nubo 1 (ecay
KaHaJl 3aHAT):

Lo =0-pg+1(1—py),

T.e. CpPeliHee YMCIO 3aABOK TMOA O6CIyXHBAHHEM PAaBHO BEPOSITHOCTH
TOrO, YTO KAHAI 3aHAT:

Log =Py =1-po. (15.38)
B cuny (15.33)
Los =Puan=p. | (15.39)
Teneps no gopmyne (15.37) ¢ yuerom (15.36) u (15.39)

2
Low= 1"— . (15.40)
-p

JloxkasaHo, 4To npu mo6om Xxapakmepe nomoxa 3aA60K, npu nobom
pacnpedenenuu epemenu o6cayxcusanus, npu awboi oucyunaune obcny-
HCusanua cpeduee gpems npebbiBanus 3aaeku ¢ cucmeme (ouepedu) pasHé
CpedHeMy HUCAY 30A60K 8 cucmeme (8 oxepedu), OeneHHOMY Ha UHMEHCUB"
" HOCMb nomoka 3aseok, T.e.

(15.41)

LCMCT.,

> =

7;:VIC'F.=

Lo... (15.42)
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dopmyasl (15.41) u (15.42) HasweBawoTCA gopmyramu Jummaa. OHu
BbLITEKAIOT U3 TOTO, YTO & npedenbHoM, CMAUUOHAPHOM pexcume cpedHee
yUCA0 3aA60K, Npubbiearowux 6 cucmemy, pasHo cpeodHeMy Hucly 3as60K,
noxudalouwux ee: 06a MoToka 3asBOK UMEIOT OAHY M Ty X€ HHTEHCHUB-
HOCTb A

Ha ocHoBaHuH ¢opmyn (15.41) u (15.42) c yyerom (15.36) u
(15.40) cpennee Bpemsi Mpe6biBaHUS 3aABKM B CHCTEME OMNpeNENUTCS

no popMyne:

p
Tower=—m— , 1543
CHUCT. A.(l _ p) ( )

a cpeaHee BpEMs NpebbiBaHUA 3asIBKH B OYEPEAN —

2
Tou=—2— . (15.44)
" M1-p)

D 15.8. B nopty umeercs ORMH MpHYaT IS Pasrpy3Ku cylos. VIHTeH-
CUBHOCTb MOTOKa cynoB paBHa 0,4 (cynoB B cytku). CpenHee Bpemsi
pasrpy3kH OfHOro cyaHa cocrapaser 2 cytok. Ilpeamonaraercsi, 4ro
oyepellb MOXET ObITb HeorpaHuueHHOH MIMMHB. HaiiT mnokasarenu
3¢hdeKTUBHOCTH paboThl MpHyana, a TakKe BEPOSTHOCTb TOro, 4TO
OXUAAIOT PasTpy3Ku He Gonee yeM 2 cynHa.

Pemenue HmeeMm p = A/p = Af g5 = 0,42 = 0,8. Tak kaK p =
= 0,8 < 1, TO ouepenr Ha pa3rpy3Ky He MOXeT 6eCKOHEYHO BO3pacrarh
¥ Ipezie/ibHBIE BEPOATHOCTH cyltecTByloT. HaiineM ux.

BeposaTtHocth TOro, yro npuyan ceobonmeH, mo (15.33) py = 1—
— 0,8 = 0,2, a BepoOATHOCTB TOTO, 4YTO OH 3aHAT, Py, = 1-0,2 = (,8.
Mo ¢opmyne (15.34) BepoATHOCTH TOTO, YTO y NpHYaNa HaxoxaTcs 1,
2, 3 cynHa (T.e. oxupaior pasrpysku 0, 1, 2 cynHa), paBHH p; =
0,8(1-0,8) = 0,16, p, = 0,82.(1-0,8) = 0,128; p; = 0,83.(1-0,8)
=0,1024.

BeposaTHocTh TOro, YyTo OXHKIAIOT pasrpy3Ky He Gonee yeM 2 cynHa,
paBHa

P = pi+py+p; = 0,16+0,128+0,1024 = 0,3904.
ITo ¢popmyne (15.40) cpenHee YUCIO CyNOB, OXKMAAIOLUMX PA3rpy3KH,
Loy = 0,82/(1-0,8) = 3,2,
4 CpenHee BpeMs OXMIAHUA Pa3rpy3ku no ¢opmyne (15.42)
Ty, = 3,2/0,8 = 4 (cyTKn).
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[To dopmyne (15.36) cpenHee uMcno cynoB, HAXOOAIMXCA Y TPH-
yana, Leyer = 0,8/(1-0,8) = 4 (cyrku) (wnu npouue no (15.37) Leyer. =
= 3,2+0,8 = 4 (cyTkn), a cpenHee BpeMsi MpeOBBAHHUA CyIHA Y Mpuya-
na no Gopmyne (15.41) T, = 4/0,8 = 5 (cyTknu).

OueBupHO, 4To 3GGEKTHBHOCTD pa3rPy3KH CydoB HesbicoKas. s
ee MOBHILIEHHA HEOOXONMMO yMeHbILIEHHE CpeIHEr0 BpPEMEHH pa3-
TPY3KH CyIHa f 46 7160 yBeHUEHUE YHUCAA MPUYATIOR . D

Muoroxanansias CMO ¢ Heorpanmyennoii ouepensio. PaccMoTpuM
samaqy. Mmeercss n-kaHanbgas CMO ¢ HeOrpaHMYEHHOH OYEpEIbIO.
ITorok 3asBok, nmocrynaommux 8 CMO, HMeeT MHTEHCUBHOCTD A, a MO-
TOK OOCJIy)XXMBaHHI ~— MHTEHCUBHOCTH . HeobxomuMo HaiiTH Ipeaens-
HbIe BEpOATHOCTH cocTogHMit CMO U mokasarenu ee addexTHBHOCTH.

CucreMa MOXeT HAaXOIUTBCA B OJHOM H3 COCTOSIHHMIA S0, S1, S, sy
Sks s Sps ..., HYMEPYEMBIX M0 YUCIY 3aBOK, Haxomswuxcsi B CMO:
Sp — B CHCTEME HET 3asBoK (BCE KaHaIbl CBOGOMHBI);, S| — 3aHAT
OJIMH KaHaJl, OCTaNIbHbIE CBOOONHKL; Sy — 3aHATH [ABA KaHajla, OCTA/Ib-
Hble CBOGOIHBL; ..., Sy — 3aHATO kK KAHAIOB, OCTANIbHbIE CBOBOMIHHL; ...,
Sy — 3aHATBHI BCE n KaHANOB (o4yepenu HET); S,+| — 3aHATHI Bce n
KaHa/IoB, B OYEPEAH OfHA 3afBKA; ..., Sy+, — 3aHATH BCE n KAHAIOB, F
3asIBOK CTOUT B OYEPENH, ... .

I'pad cocrosinmii cuctemp noxasaH Ha puc. 15.9. O6paTHM BHH-
MaHHe Ha To, YTO B OTIMYHMe OT npenbiaywieit CMO, HHTEHCUBHOCTD
MoTOKa 0B6CyXHBaHUM (IepeBOAAILEro CUCTEMY M3 OLHOTO COCTOSHHUS
B Ipyroe ClpaBa HaJ€BO) He OCTaeTcA MOCTOAHHOM, a 1o Mepe yBenu-
yeHnA yMcia 3agBoK B CMO or 0 10 n yBenMyYMBAETCS OT BETUYMHBL [
J0 np, TaK KaK COOTBETCTBEHHO YBENMYWBAETCS YMCIO KaHAIOB 06-
cnyxHuBaHus. IIpu yucne 3assok 8 CMO 6osnblieM, YeM n, HHTEHCHB-
HOCTb MOTOKa 06CNYXHBAHHI COXpAHAETCA paBHOM np.

A A A A
So o Sl e ¢ 5 o r—] Sk ——
“* e+ o] f— . .
M 2 s (k+1)p
A A A A A
) — Sn C Sn+l o ] Sn+r o
PR e | tf l— . . . i j—— . s
nu ny nu nu ny

Pue. 15.9
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MoxHo nokasars, yto npu p/n < | NpenenbHble BEPOATHOCTH CY-
mecteyoT. Ecin p/n 2 1, ouepenn pacrer no GeckoneuroctH. He-
nons3ys ¢opmynst (15.16) u (15.17) wia npouecca ru6enu U pasMHo-
XEHHS, MOXHO TMONYYHTh cAeaylolide GopMyIB A MpPeaenbHbIX
BEPOATHOCTEN COCTOSHMIT n-kKaHanbHoH CMO ¢ HeorpaHuuyeHHoOM
ouepeabio

-1
2 n n+l

= PP P, P
Do [1+1!+2!+m+n!+n!(n—p)) s (15.45)

k n
2 =%1)o,---,Pk 2%?‘00""”0” =£;-!Po, (15.46)

pn+l p"+"

Pyl = nl)o,-n,l)nw = ml’o,--' . (15.47)

BeposATHOCTB TOTO, YTO 3asIBKA OKAXETCS B OYEPEH,

n+l

P.=—P 5. 15.4
oy 0 (15.48)

Has n-kananpHoi CMO ¢ HeorpaHHYeHHOI OYepenbio, UCIIONb3YS
MpeXHHE NPUEMBI, MOXHO HalTH:
CpellHee YMCIIO 3aHATHIX KaHAJIOB

k== (15.49)
n
CpeaHEC YHCIO 3a8BOK B OUYCpeaH

n+l
Ly=—@ P0 (15.50)

23
n-n!(l—gj
n

CpeIHEEC YUCIO 3aABOK B CHCTEME
Leyer= Loy tp. (15.51)

CpenHee Bpemst NpeObIBaHUA 3assBKM B OYEpEAM M CpelHee BpeMs
npeGpIBAHUA 3a5BKK B CHCTEME, KaK U paHee, HaxomsTcs Mo ¢opmy-
naM Jluttna (15.42) u (15.41).

3Jameuanue. Ina CMO c HeorpaHnyeHHol oyepenbio npu p < 1

nmobas 3aaBKa, NpHuIeAuas B cucreMy, Oyner obciyxeHa, T.e. Be-
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POATHOCTE OTKa3a Pyp = (0, OTHOCUTENbHASA MPOIMYCKHAs CMOCO6-
HocTh O = 1, a aBcoiioTHAas MpONYCKHAas CIOCOOHOCTh paBHa HH-
TEHCHBHOCTH BXOIAILEro NOTOKA 3adBOK, T.€. 4 = A.
15.9. B yHuBepcaMe K y3Iy pacuera MOCTYMAaeT MNOTOK MNOKynareieii
¢ HHTEHCHUBHOCThIO A = 81 yen. B 4ac. CpenHAd MNpOLOMXKHUTENb-
HOCTb OOCAYXUBAaHUS KOHTPOJIEPOM-KACCUPOM OIHOro I[oKyIarens
f o6.= 2 MuH. OnpeneauTs:

a. MUHMMaJIbHOE KOMUYECTBO KOHTPONEPOB-KACCHPOB Mpyin, NPH
KOTOpOM ouyepelb He Oyner pacTH 1o OECKOHEYHOCTH, U COOTBETCT-
BYIOIIIME XapaKTEPHCTUKU OOCTYXXUBAHUSA TIPH N=Npin.

0. OnTUMaNbHOE KOMHYECTBO Mgy KOHTPOJEPOB-KACCHPOB, INPH
KOTOpOM OTHOCHTelbHas BenuuuHa 3arpaT Cyp,, CBA3AHHAS C U3-
JepXKaMu Ha colepXaHHe KaHIOB obcnyKUBaHUA M C MpebbIBaHU-
eM B ouepeiu Nokynareneil, sanasaemas, Hampumep, Kak Cop, =

1
=In + 3T oy , OylleT MAHUMAIBHA, H CPAaBHUTb XapaKTEPUCTHKU 0O-

CYXXMBAHUSA NIPH H=Npyin U H=Hgpr
B. BeposaTHocTh Toro, uTo B o4yepenu Oyner He Gojee TpeXx MoOKymare-
neit.
Pemenue. a. o ycnmosuio A = 81(1/4) = 81/60 = 1,35
(1/mun.). o dopmyne (15.24) p = M/u = Af o5 = 1,352 = 2,7. Oue-
pelp He OylIeT BO3PACTaTh N0 GeCKOHEYHOCTH TpH yciaoBuM p/n < 1,
T.e. ipu n > p=2,7. TakuM oOpazoM, MHHHMAJIBHOE KOJIHYECTBO
KOHTPOJIEpOB-KACCUPORB Ay = 3.
Haitnem xapakrepuctiku obcnyxusanua CMO npu n = 3.
BeposATHOCTb TOro, YyTo B y3j€ pacyeTa OTCYTCTBYIOT MOKYMATellH,
no dopmyne (15.45) po = (1+2,7+2,7%/21+2,73/31+2,74/3'(3—2,7)) " =
= 0,025, T.e. B cpeaHeM 2,5% BpeMEHH KOHTpOJEpbI-KACCHPHI OYIyT
NpOCTauBaTh. '
BeposatHocTh TOro, YTO B y3j€ pacuera Oyner ouyepenb, no (15.48)

Pou. = (2,74/31(3—2,7))0,025 = 0,735.
CpenHee 4HCNIO MOKyMaTeNeH, HaxonAuxcst B odepent, no (15.50)
Loy, = (2,74/331(1-2,7/3)%)0,025 = 7,35.
Cpennee BpeMs oXunaHus B ouepeau no (15.42)

Tou = 7,35/1,35 = 5,44 (mun).
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CpenHee yucho nokynarejeit B yane pacyera no (15.51)
Leyer. = 7,35+2,7 = 10,05.

CpenHee BpeMs HaxOXAEHUS TIOKymnareneil B y3je pacyera mno
(15.41)

Tower. = 10,05/1,35 = 7,44 (Mun).

Cpe/iHee YMCIO KOHTpPOJIEPOB-KAaCCUPOB, 3aHATBIX OOCIYyXUBAHUEM
nokynarenei, no (15.49) k£ = 2,7.

Koadduuuenr (monst) 3aHATHX OOCTyXMBaHUEM KOHTpPONEPOB-
KaccupoB

=p/n=127/3=09.

AGcomoTHas MPOIycKHas cnocobHOCTL yana pacueta A = 1,35 (1/MuH),
win 81 (1/4), T.e. 81 mokynartenb B vac.

AHajIN3 XapaKTepHCTUK ODCNYXUBaHHA CBUIETENBLCTBYET O 3HAYM-
TEJIbHOW Tleperpy3Ke yala pacyeTa [pHM HaJIUYHM TPeX KOHTPONEPOB-
KacCHpOB.

6. OTHocuTeNbHAst BeIMYUHA 3aTpaT npy 1 = 3

Cory = —;:n+3 Ty, = 3/1,35+3.5,44 = 18,54,

PaccyuTaeM OTHOCUTENBHYIO BENMYMHY 3aTpaT NpH OPyruX 3Haye-
Husx n (tabn. 15.2).

Ta6nuua 15.2

XapakTepucTHKa Y§Cno KOHTPOJIEPOB-KACCHPOB

obcnyxvBaHus 3 4 5 6 7

BeposrHocts nipoctos koH- | 0025 | 0,057 | 0,065 | 0,067 | 0,067
TPOJIEPOB-KACCHPOB Py

Cpeanee uucno noxynarenei 544 0.60 0.15 0.03 0.01
8 oyepenu T, ’ ’ ’ ’ ’

OTHocuUTEIbHAA BEJIMYMHA 18,54 4,77 4,14 4,53 522
3atpaT Cyp,

Kak BuaHo u3 Tabn. 15.2, MUHHMANBHBIE 3aTPaThl MOMYYeHB [PH
N = Hogr. = 5 KOHTpONEpaX-Kaccupax.
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OnpellelUM XapakKTepUCTHKH OBCIYyXHUBAHHMA y3/a pacyera NpH n =
= Ao, = 5. Monyuum P,y = 0,091; Ly, = 0,198; T,y = 0,146 (Mun);
Lewer. = 2,90; Toper. = 2,15 (Mun); k =2,7; k3 = 0,54.

Kak BuauMm, npu n =15 no cpaBHeHHIO ¢ n =3 CylUECTBEHHO
YMEHBILMIUCh BEPOSATHOCTb BO3HMKHOBeHUsI ovepen Py, UIMHA
ouepean L,y 4 cpenHee Bpems MpeObiBaHHs B odepeny T,y M COOT-
BETCTBEHHO CpeiHee YMCO rnokynarened Lo, U cpellHee BpeMs Ha-
XOXIEHHUS B y3/e pacyera T.er, A TAKKe A0S 3aHATBIX obcayXuBa-
HHeM KoHTposepoB k3. Ho cpemHee yucio 3aHATBIX obciyXKuBaHHEM

KOHTpOJIEpOB-KAcCHPOB K M abCoMOTHAs mpollycKHas CrnocoBGHOCTb
y3/1a pacyeta 4 ecTeCTBEHHO He U3MEHUIIHCh.

B. BeposiTHocTb TOTO, YTO B ouYepenu OyaeT He Gosee 3 mokymare-
Niell, orpeaenuTes Kak

P(r<3) =piipytpstpatps + pseitpsiatpses=
(xoraa 3aHATH OT | (xoraa B ouepea
0 5 KOHTPONEPOB-KACCHPOB) croAt ot | no 3 nmokynarenei)

= |=Pyy +Ps5+1TDPs+2tPs+3, TAE Kaxaoe ciaraeMoe HaiiieM Mo
dopmynam (15.45)—(15.48). Ionyyum npu n = 5:

2,7 2,76
3) = 1-—2 0065+ 21,
Prs3) = 1= 535753y 0065 + 5757 0065+

7 8
2T 0065+ -21_0,065= 0,986
M 5751

(3ameTuM, YTO B Cliyyae n=3 KOHTPOJEPOB-KACCHUPOB Ta X€ BEpo-

ATHOCTb CYLLECTBEHHO MeHblue: P(r < 3)=0,464).p>
D> 15.10. XenesHomopoxHas Kacca ¢ AByMs OKOIUKAMHU MpoJaeT GhiIeTsl B

nBa nyHkta 4 1 B. IHTEHCHBHOCTh MOTOKA MACCAXMPOB, XeNaloLMX
Kynutb OWwiaersl, Mis oOOMX MyHKTOB O#MHaKoBa: A4 = Ag = 0,45
(maccaxupoB B MUHYTY). Ha obcnyxuBaHue naccaxupoB Kaccup TpaTUT
B cpeiHeM 2 MHH. PaccMmarpuBaioTca aBa BapHaHTa MpoAaxu Ouneros:
nepBblit — OWIETHI NMPOAAIOTCS B OfHOM Kacce ¢ ABYMS OKOLUKAMH Ofi-
HOBpeMeHHO B o0a MyHKTa A U B; Bropoit — OWIETHl MpOoNalOTCa B ABYX
CTELHANN3APOBAaHHBIX Kaccax (10 OXHOMY OKOIUKY B KaXIoi), ofHA
TONBKO B IYHKT A, Apyrasi — TojJbko B nyHKT B. Heobxomumo:

a. CpaBHMTD [IBa BapHaHTa Mpogaxu GUNeTOB 10 OCHOBHBIM Xapak-
TepUCTUKAM obCIyXMBaHHUSA.
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6. OnpenenuTts, KaK HalO U3MEHUTh CpeliHee BpeMs OBCIyXuBaHNSA
O[LHOro maccaXupa, YTo6hl O BTOPOMY BapWaHTy MPOHAXH MACCAXH-
pbl 3aTpayuBaIM Ha MpHobGpeTeHUe GUIETOB B CPEIHEM MEHbLIE Bpe-
MeHH, YeM MO0 NepBOMY BapHaHTY.

Pewenune. a. [lo nepsomy Bapuanty umeeM apyxxkaHanbHyro CMO,
Ha KOTOpYIO TIOCTYNAeT MOTOK 3as%BOK MHTEHCHBHOCTBIO A = (,45+0,45 =
= 0,9; HHTEHCUBHOCTD MOTOKA OGCAYXUBaHHH p = 1/2 =0,5; p = A/p =
= 1,8. Tak kak p/n = 1,8/2 = 0,9 < 1, To npenenbHble BEPOSTHOCTH
CYLLECTBYIOT.

BeposTHocTb npocTosi ABYX KaccupoB 1o (15.45)

-1
18 182 1,83
= 1. 2,0 ) = 0,0526.
Po ( METREEY +~2!(2-1,8)]

CpenHee yicno naccaxupo B oyepen mno (15.50)
Loy = 1,83/2-2(1-1,8/2)-0,0526 = 7,67.
CpenHee YhciIo naccaxupoB y Kaccwi 1o (15.51)
Leyer. = 7,67+1,8 =9,47.

Cpenree BpeMsl Ha OXHIaHHe B oyepeay M MOKYNKY OUNeToB paBHO
CoOTBETCTBEHHO (1o dopmynam (15.42) u (15.41)): T,y = 7,67/0,9 =
= §,52 (MuH) u Tiyer = 9,47/0,9 = 10,5 (MuH).

Tlo Bropomy BapuauTy MMeeM nBe ogHoKaHanibHble CMO (aBa cre-
LUaATHU3MPOBAHHBIX OKOLKA); HAa KAXIYI0 MOCTYMaeT MOTOK 3asiBOK C
MHTeHCHBHOCTBIO A = 0,45. ITo-npexHemy p=0,5;p=2/p=0,9< 1,
MpefenbHble BEPOSTHOCTH cyuwlectByoT. I[lo dopmynam (15.40),
(15.36), (15.42), (15.41)

Loq. = 0192/(1_—0)9) = 8)1= LCHCT. = 0,9/(]"‘0,9) = 9’0,
Toy. = 8,1/0,45 = 18,0 (Mun), Tener. = 9,0/0,45 = 20,0 (MHH).

WUrtak, no BropoMy BapHaHTy YBeNMYHJIUCh M MUIMHA OYepenu, M
cpeaHee BpeMs OXMIAHUS B Heil M B leOM Ha MOKYMKY OHJIeTOB.
Takoe pasninude oOOBSCHSETCS TeM, YTO B [EpBOM BapHaHTe
(nByxkaHaibHass CMO) MeHblle cpeqHsis AONS BPEMEHH, KOTOPYIO
IpOCTanBaeT KaXIblil U3 ABYX KACCUPOB: €CJIM OH He 3aHAT OoBCIyXH-
BaHUEM [ACCAXHUPA, MOKYMawIero GUIeT B IYHKT A, OH MOXeT 3a-
HATLCS 00CIyXXHMBaHHEM [TacCaxupa, MOKynawluero Ouner B MyHKT B,
1 Haobopot. Bo BTopoM BapHuaHTe TaKoOil B3aMMO3aMEHAEMOCTH HET.
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MoxHo 3aMeTHTb, YTO cpeaHee BpeMsd Ha MOKYNKY OWIeTOB mno
BTOPOMY BapHaHTy yBeJMYWIoch Gojtee yeM B 2 pasa. Takoe 3Hauu-
TeJIbHOE yBeJdudeHne cpsasaHo ¢ TeM, yto CMO pabotaeT Ha npenene
cBoux Bo3MoxHoctedl (p = 0,9): mocraToyHO He3HAYMTENBHO YBEIU-
YUTh CpelHee BpeMsl OOCHYXUBaHUS f 46, T.€. YMEHBIUUTL W, U p Mpe-
B30MzeT 1, T.¢. OYepeap HAYHET HEOrPaHUYEHHO BO3PACTaTh.

0. Boiule 6bU10 HONYYeHO, YTO MO MEPBOMY BapHaHTy Npoxaxu GH-
JIETOB MpH cpenHeM BpeMeHH OOCNYXHBaHMS OJHOIO Maccaxupa
[ o6 =2 (MHH) cpegHee BpeMsi Ha TIOKYIKY OHJIETOB COCTaBUT
Teyer.; = 10,5 (mun). ITo ycnouio isi BTOpOro BapHaHTa MPONAXH

Towcry < Tower, W C yeToM (15.36) 1 (15.41): %1—_"-5 < Toner,

Monaras p = Afp = Af o6, MONYIUM — 1—%;—< Teycr.» OTKyNA
= Mo,
- T - 10,5
HaitaeM [ o5 < — b — WK [ o < ————— = |,83 (Mun).
o A T, % > 1,045-105 (e

Wrak, cpenHHe 3aTpaThl BpeMeHM Ha MOKYNKY OUIETOB NO BTOPOMY
BapMaHTy NMpPOJAXH YMEHBILATCs, eCIM cpelHee BpeMsl obCHyKUBaHUS
oJHOro maccaxypa yMmeHbluuTca Gonee uyeM Ha 0,17 MUH, uny Gonee
yeM Ha 8,5%.p

CMO c¢ orpannvenHoii ovepeapio. CMO c orpaHHYeHHO#M Ouepeablo
OT/IMYAIOTCS OT PACCMOTPEHHBIX BbIILE 3aJay JHMIIL TeM, YTO 4MCIO
3adBOK B OYyepely OTPaHHYEHO (He MOXET MpEeBOCXOAUTH HEKOTOPOro
3anaHHoro m). Ecnu HoBag 3asiBKa IOCTyNIaeT B MOMEHT, KOria Bce
MecTa B odepelH 3aHATHI, oHa nokuaaetr CMO HeobcnyXeHHOId, T.e.
noJy4yaer oTKas.

OueBUAHO: /Ui BBIYHCIEHMS TpeleNbHLIX BEepOsiTHOCTEH cocTosl-
Huit U mokasateneit ac¢exTuBHocTH Takux CMO MoxeT ObITh nc-
10/Ib30BaH TOT Xe MOIXOM, YTO U BbIllE, C TOW pazHUle#, YTO CyMMH-
poBaTh HALO He OEeCKOHEUHYIO Mporpeccuio (Kak, Hampumep, Mbl I€-
najau ripu BeiBoge dopMmyinl (15.33)), a KoHeuHyo. COOTBETCTBYIOLLIHE
dopmyinn cBenem B Tabn. 15.3.

CpenHee BpeMst IpeOblBaHUs 3asiBKM B oYepeny U B CHCTeMeE, KaK U
paHee, onpenensieM 1o dopmynam Jlurtina (15.44) u (15.43).

15.11. Ilo ycnosuwo 3amauu 15.8 Halitu nokasaresn 3¢ddeKTUBHOCTH
-pabotel npuyana. M3BecTHo, YTO mpHUxonsiee CYAHO HOKUAAET MpUYal
(6e3 pasrpy3kH), €CJIM B OuepEeIH Ha pA3rpy3Ky crout Oonee 3 cynos.
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Pewenune. Ilo ycnosuio m = 3. UcnonpsyeM ¢dopMyiibi, npupe-
JeHHEIe BO BTopoit rpacde Tabi. 15.3.
BepositHoCTb TOTO, 4TO IMpHyan cBoGoNEH:

_ 1-06 _
D= mi;—z— "‘0,297

BeposTHocTb TOro, Yro mpUxonsilee CyiHO MOKMHET npuyan Ges
pasrpysKu:
Py =0,8311.0,297=0,122.

OTHocHTENbHASA MTPOITYCKHast CIIOCOOHOCTD IpUYana;
0=1-0,122 = (0,878.

ABcomoTHas nponyckHasi crocobHocts npuyana 4 = 0,4.0,878 =

= (),351, T.e. B cpeiHeM B CYTKH pa3rpyxaercs 0,35 cyaua.
CpenHee YHCIO cyn0B, OXUAAIOLMX pa3rpy3Ky

0,82[1 _083(3+1-3. 0,8)]
(1-08%2)(1-08)
a cpenHee BpeMs OXHUAaHUS pasrpysku no (15.42)

Ty = —O—bg—g—l = 1,076 (cytkn).

b

= 0,861,

‘oY,

CpenHee YHMCIIO CYNOB, HAXOASIUUXCSA Y MpHYana
Leyer, = 0,861+(1-0,297) = 1,564,

a cpelHee BpeMsl npeObIBaHUs cyqHa y nmpuyana mo (15.41):

Teyer. = l—’ggi = 1,955 (cyrku).p>

CMO c¢ orpannyenubiM BpeMenem oxmpanusa. Ha npaktuke wacro
BcTpevatotcss CMO ¢ Tak Ha3sbiBaeMbIMH “HeTeprneauBbIMH™ 3asBKa-
mu. Takue 3asiBKM MOryT YATH M3 ovepelu, €CIH BpeMs OXHIAHUs
NpeBbILIAeT HEKOTOPYIO BeIMYMHY. B wyacTHocTH, Takoro poja 3asBKH
BO3HUKAIOT B Pa3IMYHBLIX TEXHOJIOTMYECKUX CUCTEMAaX, B KOTODBIX 3a-
AEPXKa ¢ HayanoM obciyXHBaHMS MOXeT MPUBECTH K IOTepe KayecT-
Ba MPOAYKIUHMH, B CUCTEMAX OTIepaTHBHOrO YIpaBieHHs, KOrma cpod-
Hble COOOLIEHUSA TEPAIOT LEHHOCTb (MM NaXe CMBICH), €ClTM OHU He
NOCTYNAIOT HAa o0cnyXuBaHKWe B TeYeHHE ONpeleIeHHOTO BpeMEHHU.
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B npocTeitlinx MareMaTuyecKUX MOIENAX TAKMX CHCTEM Ipeldnona-
raercsi, YyTo 3asBKa MOXET HaXONUTbCS B ouepeny ciyyaifHoe Bpems,
pacnpefieiecHHOe [0 NMOKa3aTelbHOMY 3aKOHY ¢ HEKOTOpPhIM Hapamer-
pOM Vv, T.e. MOXHO YCJIOBHO CUMTaTh, YTO KaXias 3asiBKa, CTOsLIas B
oyepenH Ha obcayXUBaHUE, MOXET MOKUHYTh CUCTEMY C HHTEHCHBHO-
CTBIO V.

CootBercTBylole mokasareldu sdpdekrusnocty CMO ¢ orpanu-
YEeHHBIM BpeMeHeM I[I0Jy4yaloTcsi Ha 6a3e pe3y/bTaToB, MOMYYEHHBIX
Ul Tipoliecca rubenu U pasMHOXEHUS.

B 3aknioueHHe OTMETHM, YTO HA MPAKTHKE YacTO BCTPEYAIOTCH
3aMKHYmble cUCTeMBI OOCNYXHBAHMS, Yy KOTOpPBIX BXOISLIMIA IOTOK
32BOK CylleCTBeHHbIM o0pa3oM 3aBHCHT OT cocTosinMs caMoit CMO.
B xayecTBe IpHMepa MOXHO NMPHUBECTH CHTYalMIO, KOIla Ha PEMOHT-
Hylo 0a3y MOCTYMalOT C MeCT 3JKCIUIyaTall¥ HEKOTOphble MAIUIMHEL
MOHATHO, YTO YeM Oo/blie MAllMH HAXOAUTCH B COCTOSHHHM PEMOHTa,
TeM MeHbllle UX MPOZONXAET IKCIUIYaTUPOBATLCA M TeM MEHBILUE HH-
TEHCHBHOCTb MOTOKA BHOBb IMOCTYHNAIOI{UX HAa peMOHT MaluH. [lns
3aMKHyTbIX CMO xapakTepHBEIM fIBNSIETCS OTpaHHUYEHHOE YHMCIO HC-
TOYHHUKOB 3a8BOK, NpHUYEM KaXIbl# HCTOYHHMK “OnoKHpyeTcs” Ha
BpeMsi OOCITYXXHBAHHUSI €ro 3asiBKH (T.e. OH He BblIaeT HOBbIX 3aSiBOK).
B nonoGHbIX cucTeMax 1pH KoHeuHoM uMciae cocrosHui CMO mpe-
AeJIbHBIE BeposiTHOCTH OyayT cylllecTBOBaTh NpH JIOOBIX 3HAYEHHSAX
MHTEHCHUBHOCTeH ITOTOKOB 3asiBOK M 0OciyxHBaHUit. OHH MOTYT OBITh
BBIYKMCJIEHDI, €CIM BHOBb OOpaTHTbCH K Ipotieccy rubend ¥ pasMHo-
XKeHUS.

15.8. IlonaTHe 0 CTATHCTHYECKOM MOJETHPOBAHKH
CMO (meroae Monte-Kapio)

OcHoBHoOe fomylieHHe, NP KOTOPOM aHATU3WPOBAUCH PAcCMOT-
pennble Bbllie CMO, cocTOUT B TOM, YTO BCe MOTOKH COOBITHIA, Mepe-
BOILIME HUX M3 COCTOSHHS B cocTosiHpe, O6butd npocteifuumu. Ilpu
HapylIeHHH 3Toro tpeboBanus OOLIMX aHATUTHYECKHUX METONOB IS
TaKMX CHCTEM He cyllecTByeT. MIMeloTcs JIMIUD OTAENbHbIE pe3y/ibTa-
Thl, MO3BONSIONIHE BBIPA3UTh B aHAJIMTHYECKOM BHIE XapaKTepHUCTHKH
CMO yepes mapaMeTphl 3a1a4H.

B cnyyasx, xoraa [uia aHanu3a paborel CMO aHanutHyeckue Me-
TONBI He IPUMEHHUMBI (MMM Xe TpeOGyercsi MpOBEPUTb HX TOYHOCTD),
HCIIONB3YIOT YHUBepCAILHBIA Memod cmamucmuueckoeo Modeaupoéa-
HuA, WM, KaK ero Ha3piBaloT, Memod Monme-Kapao.
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Wnes meropa Monte-Kapiio cocTtouT B TOM, YTO BMECTO aHANNTH-
yeckoro onucaHuss CMO mnpouspoautcss “po3nlrpbllll” CHy4a#HOro
npouecca, npoxoasaniero 8 CMO, ¢ noMolIbl0 clelHAILHO OPraHK30-
BaHHON Mpoueayphl. B pe3ynbraTe Takoro “posbirpblllia” IMolyyaercs
KaXIbld pa3 HOBasi, OTNIMYHAsE OT [APYrUX peanu3aluMsi ciay4yaifHoro
apollecca. JTO MHOXECTBO peaIM3alUi MOXHO HCIIONb30BaTh KakK
HEKHI MCKYCCTBEHHO MONMYyYeHHBIH CTaTUCTHYECKHI MaTepHal, KOTO-
pbift oOpaGarbipaeTcsi OOBIYHBIMH METONAMH MaTeMaTH4YeCKOit CTaTH-
ctuku. [Tocne Takoit 06paborku MoryT OuITh MOJMYYEHEI NMPUBIHXKEHHO
MOObIe XapaKTepUCTUKH OOCNYKMBaHUS.

Hanpumep, HeobXoaUMO MpOaHAIM3UPOBATh OYyepeId, BO3HHKAIO-
e B MarasuHe, [Uls pelleHUst BOMpOca O pacllMpeHWH MarasvHa.
Bpemsa noaxona rokynareneil ¥ BpeMs HX oDCIYXHBaHHS HOCST Cly-
yafiHblit XapakTep, U UX paclpelelieHUst MOTYT ObITb YCTaHOBIEHBI IO
umeolieiics uHbopMammu. B pesynbrate B3aUMOAEHCTBUS ITHX CIy-
yalHBIX MPOLECCOB CO3MAETCs OYepelb.

CornactHo merony Monre-Kapno nepebupaior (¢ noMouisio 3BM)
BCE BO3MOXHBIE COCTOSIHHSI CMCTEMEI C PA3IMYHBIM YHCIOM IOKYyIa-
Tefled B 4yac, BpeMeHeM MX OOCHyXHMBaHMS M T.M., COXpaHSS TE Xe
XapakTepuCTUKU pachpeefneHusi. B pesynbrate MHOroKparHoro uc-
KyCCTBEHHOro BOccO3iaHMsi paboThl MarasHa pacCUMTHIBAIOT Xapak-
TEPUCTUKU ODCHYXKUBAHMSA, KaK ecind Obl OHHM ObUIM MONYyYeHBl MIpH
HaGJIONEHU U HAI peaibHbIM HOTOKOM IOKyTIaTeIei.

ITpu MoienupoBaHMM CIy4ailHBIX sBiAeHUH MeTonoM MouTe-Kapno
MBI MOJIb3YEMCSl caMOi CJIy4ailHOCTBIO KaK amnapaToM HCCeIOoBaHMUs.
3aMeTHM, YTO ISt CIOXHBIX CHCTEM OBCHYKMBAHMS C HEMapKOBCKHUM
CITyyailHBIM HpPOHECCOM METOI CTATHCTHYECKOro MOAENNpPOBaHMs, KaK
MPaBUJIO, OKA3bIBaeTCs MpOIle aHATUTHYECKOro.

YITPAXXHEHNWA

15.12. TToctpouth rpad COCTOSIHUI CleMyOLIEro CayYaifHOro Ipo-
liecca: CHCTEMA COCTOMT U3 JBYX aBTOMATOB MO MpOAXE [A3UPOBaH-
HOM BOIBI, KAXIbIA U3 KOTOPHIX B CJyYaitHbIA MOMEHT BpEMEHU Mo-
XeT ObITh JTHOO 3aHATHIM, OO0 CBOOOIHBIM.

15.13. TMToctpouTtsh rpad cocTosHMit CHCTEMBI S, TpeACTaBAAIONIEH
IEKTPUYECKYIO JIAMIOYKY, KOTOpaf B CAy4YaWHblH MOMEHT BpeMeHH
MoXeT ObITh JHOO BKJIIOYEHA, JTHOO BLIKIIOYEHA, NHOO BBIBEACHA U3
CTpOH.
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15.14. Haittu npegenbHble BepOSTHOCTH ANs cucteM S, rpad Korto-
pBIX H300paxeH Ha puc. 15.10 u 15.11.
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15.15. PaccMmarpuBaeTcst KpyrlocyToyHass paboTa TYyHKTa IIpoBene-
HUA TMpodUIAKTHUYECKOrO OCMOTpa aBTOMAlUMH C OAHHMM KaHajIoM
(onmHo# TPYIION IMpOBENeHUSA ociwoma). Ha ocmorp u BbIsiBNeHHE -
¢ekToB KaXaoit MaluMHbl 3aTpayuBaercs B cpemHeM 0,5 u. Ha ocmorp
rocrynaer B cpefiHeM 36 MammH B cyTKM. [ToToku 3a4BoK M oDOciyxu-
BaHU# — npocteiiume. Ecnyu MammHa, nmpuObIBLUAsA B MYHKT OCMOTDA,
He 3acTaeT HU OHOTO KaHana cBOBOMHBIM, OHA IMOKMOAET MYHKT OCMOT-
pa HeobcmyxeHHoi. OrnpeleuTb BEPOSTHOCTH COCTOSIHMIT M XapaxTe-
PUCTHKH OGCIYXHUBaHHsA NMpodUNaKTHYECKOTo MMyHKTA OCMOTpA.

15.16. Pewuts 3amaqyy 15.15 mis cnyyast n = 4 KaHana (rpyrm [po-
BeAeHHs ocMotpa). Haifty uncno xaHaioB, Opd KOTOPOM OTHOCHTENb-
Hast MPOITYCKHAst clTocoOHOCTb MyHKTa ocMoTpa Oyaer He MeHee 0,9.

15.17. AHanuzupyercsi paboTa MEXIYTOpPOIHOITO NMEPEroBOPHOIO MyH-
KTa B HebonbuioM ropoaxe. ITyHKT uMmeeT oauH TenedoHHBIH annapart
11st meperopopoB. B cpemHeM 3a cyTku mocTynaer 240 3asiBOK Ha mepe-
rosopbl. CpelIHsisl [UIMTEBHOCTb [1€PEroBOpoB (C yuyeToM Bbi3oBa abo-
HEHTOB B [IPYTOM ropoze) cocrasiser S MUH. HUKakux orpaHHyeHut HA
mHy oyepead Her. Iotoku 3asBok M obciyxupaHMil mpocreiflliye.
OnpenenuTsh npenejibHbE BEPOSATHOCTA COCTOSHHII M XapaKTepHCTUKH
ofcyXHBaHUSA epPeroBOPHOro MMYHKTA B CTALMOHAPHOM pEXHUME.

15.18. Pewurs 3agauy 15.17 qis cnyvast n = 3 tenedOHHBIX arna-
paroB.

15.19—15.20. Pewntpb 3amayu 15.15, 15.16 npu yciaopuu, 4yro Ma-
INMHA, MPUOLIBILASA HA MYHKT OCMOTpA, IMOKMAAET 3TOT IYHKT JHUILb B
ciyyae, eclid B oYepeid Ha ocMoTp cToAT Bosiee 5 MallUH.

15.21—15.22. Pewuth 3amauu 15.17, 15.18 mnpu ycnosuu, 41O
IUIMHA o4yepeaH He NOJIKHA IpeBbiaTh 60 yen.



I'nasa 16
MOJEJH YIIPABJIEHUS 3ATIACAMM

16.1. OcHoBHLIE TOHATHSA

3agauv ympaBAeHWs 3afacaMy COCTaBNAIOT OOMH W3 Haubonee
MHOTOYUCJIEHHBIX KIACCOB 3KOHOMHYECKMX 3alay UCCJIeNOBaHUA ofle-
pauuif, peulIeHHE KOTOPHIX HMEET BAXHOE HAPONHOXO3SUCTBEHHOE
3HayeHue. [IpaBUIbHOE M CBOEBPEMEHHOE OnpeneieHHe ONTHMANbHOMN
CTpaTervy YNpaBleHWs 3amacaMu, a TakkKe HOPMATHMBHOTO YpOBHS
3aMacoB IO3BOJISET BBICBOOOANTh 3HAYUTENbHBIE OGOPOTHBIE CPENCTBA,
3aMOPOXEHHBIE B BHIE 3aMacoB, YTO B KOHEYHOM CYETe MOBHIIAET
3(¢eKTHUBHOCTD UCTIOJIB3YEMBIX PECYPCOB.

PaccMOTpUM OCHOBHBIE XapaKTEPHCTUKH Mojelell ynpasieHHs 3a-
MacaMu.

Cnpoc. Cnipoc Ha 3anacaeMblii MPOAYKT MOXET GBITh demepMunupo-
éannoim (B NpPOCTEHUHIEM cCJlydyae — TIOCTOAHHBIM BO BpeMEHM) WM
cayuaiineim. Cy4aiiHOCTH Cripoca ONMUCHIBAeTCA JINGO ClyYaiiHBIM Mo-
MEHTOM crpoca, n1ubo cilydyaHbIM OOBEMOM CIIpoca B AETEPMHUHUPO-
BaHHBIE WM CNy4ailHbie MOMEHTHI BPEMEHH.

Ilonoanenue cxaada. TlomonHeHWe cKilaZa MOXET OCYIIECTBILATHCA
b0 MepUOmUYEcKH Yepe3 ONpeleeHHbie MHTEPBAIbI BpeMEHH, JIHGO
MO Mepe UCYEPITAHMS 3aTTACOB, T. €. CHIKEHHS WX IO HEKOTOPOTrO YPOBHS.

O6sem 3axaza. Tlpu nepuOAMYECKOM TOMNOJHEHWM U CIly4aiiHOM
HcUeprnaHuM 3armacoB oOBEM 3aKa3a MOXET 3aBUCETh OT TOTO COCTOf-
HUs, KoTopoe HabimogaeTcs B MOMEHT NOJAYM 3aKa3a, 3aKas obBIYHO
noflaeTcd Ha OfHY M TY X€ BEJIMYMHY IPU NOCTHXEHHMM 3aMacoM 3a-
JaHHOTO YPOBHS — TaK Ha3bIBaeMOU mouku 3axasa.

Bpema docmaexu. B wuneanu3upoBaHHBIX MOZENSAX YNpPaBleHHUS
3amacaMyl TMpeanoyaraeTcsi, YTo 3aKa3aHHOE MOMOJIHEHWE NOCTABNSA-
eTcs Ha CKJial MrHoBeHHo. B npyrux Monensx paccMarpuBaercs 3a-
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OEpXKa IOCTABOK HAa (PUKCHUPOBAHHLIA WIU CHy4vaiiHblii WHTEpBaj
BPEMEHU.

Cmoumocms nocmasxu. Kax npaBuiio, NpeRnoNnaraeTcs, 4To CTOU-
MOCTb KaXIOH NOCTaBKM CJIATAETCH U3 [IBYX KOMIIOHEHT — Da30BhHIX
3aTpar, He 3aBUCAILMX OT oObeMa 3aKa3blBAEMON MapTHM, M 3aTpar,
3aBMCALINX (YaLle Bcero — JIMHEHHO) OT 0GbeMa NMapTu.

H30epxcku xpanenus. B GonplUMHCTBE MOIEJIEN ynpaBleHUs 3amna-
caMM CYMTAIOT O0bEM CKIafa MPaKTHYECKH HEOrpaHHYEHHBIM, 2 B
Ka4eCTBE KOHTPONUPYIOLUEH BEJIUYUHBI CIYXUT 06BEM XpaHHUMBIX 3a-
nacos. ITpy 3TOM MoJAraioT, YTO 3a XpAHEHHWE KAXKIOi efMHULIB 3ama-
ca B eIV HHLY BPEMEHH B3UMAETCS OMNpeAesieHHas Iuara.

HImpag 3a dedpuyum. Jioboit ckran co3maeTcss AIs TOTO, YTOOHI
NpeAoTBPaTHTh JePULIUT ONpEeNeIEHHOTO THIA U3feauil B obciyxu-
BaeMoit cucteMe. OTCYTCTBHE 3amaca B HYXHBIK MOMEHT MPUBOANT K
yObITKaM, CBSI3aHHBIM C NPOCTOEM OOOPYAOBAHUS, HEPUTMHYHOCTHIO
NMPOM3BOACTBA U T. M. DTH yOBITKM B AanbHeiilleM GyaeM Ha3bIBaTh
wumpacghom 3a deguyum.

Homenxkaamypa 3anaca. B npocrefilumx ciyyasx npeanoyaraercs,
YTO Ha CKJIale XPaHHUTCSA 3armac OAHOTHITHBIX U3AENWil WIW OXHOpO.-
HOro rnpojykra. B Gosee CIOXHBIX Clny4yasX PacCMaTpUBAeTCA MHO20-
MeHKAamypHblil 3anac.

Cmpykmypa cxaadckoii cucmemsi. Haubosnee nonHo paspabGoTaHhl
MaTeMaTH4yecKle Mojend ONWHOYHOTO cKhama. ONHAaKo Ha ITpPaKkTHKe
BcTpeyaloTesl ¥ GoJiee CII0XKHBIE CTPYKTYDHI: UEpApXU4YeCKHe CHCTEMB
CKAQNOB C Pa3TMYHBIMH NEPHOAAMM [OMOJHEHUSA W BpPEMEHEM JOC-
TaBKH 3aKa30B, ¢ BO3MOXHOCTBIO OOMEHa 3amacaMu MeXIy CKiafaMu
OHOTO YPOBHS UEPAPXMM M T. II.

B kawectBe xputepus 3dGeKTHBHOCTH TNPUHATONR CTpaTerun
yIpaBlieHUd 3anacaMu BbICTYNAET @yHkyusa 3ampam (usdepxcex), npel-
CTABNAIOILAS CYMMAapHBIE 3aTpaThl HA XpaHeHHE W IIOCTaBKY 3amacae-
MOTO NMpPOAYKTa (B TOM 4YHCJIE TOTEPH OT MOPYH NPOAYKTA MPH XpaHe-
HUU U €ro MOPANbHOIrO CTAPEHMs, MOTEpU NPUOBUIM OT OMEpPTBICHUS
KanuTtana v T. M.) 4 3aTpartel Ha WTpadsl.

Ynpaenenue 3anacamu cocmoum 6 omeiCKaHuu maxoii cmpameeuu no-
noaHenus u pacxoda 3anacamu, npu Komopom (YHKYus sampam NpuHu-
Maem MUHUMAAbHOE 3HaYeHue.

Huxe paccMarpupaiorcs npocreiflliie MOAENU YIpaBlIeHHs 3ana-
camu.

INycte dyukuun A(t), B(t) u R(?) BHIpaXaAIOT COOTBETCTBEHHO MO-
MOJHEHHE 3aracoB, MX PAcXod M CIPOC HA 3amacaeMbiii MPOAYKT 32
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npoMexyTtok Bpemenu [0, #]. B Monensix ynpasaeHusa 3anacamM obbiy-
HO HMCMONb3YIOTCH MPOU3BONHbBIE 3TUX (GYHKUUE no BpeMeHU a(f), b(),
H{#), Ha3pIBaEMbl€ COOTBETCTBEHHO WUHMEHCUBHOCMAMU NONOAHEHUR, pac-
x00a u cnpoca.

Ecnu dyukuun a(f), b(f), {f) — He ciyyaiiHble BEIMIUHBI, TO MO-
Jefpb ynpapieHUs 3armacaMid CUMTAETCS demepMUHUPOBAKHON, ECH XOTH
Obl oiHA M3 HNX HOCHT CIy4yaiHbiil Xapaktep — cmoxacmuueckoi. Ec-
JIM BCE MAapaMeETPbl MONENIU He MEHSIOTCH BO BPEMEHM, OHA HA3bIBAET-
¢ cmamuyeckol, B TPOTUBHOM cilydae — duHamuueckol. CTaTHyecKue
MOZIENIM UCMONB3YIOTCA, KOrAa MpUHUMAeTcsi pa3oBoe pelleHHe 00
YPOBHE 3allacoB Ha ONpejejcHHBIH Nepuoa, a HUHAMUYECKHE — B
cayyae TMPUHATHS TOCIEJOBATEbHBIX pelleHdid 00 ypoBHSX 3amaca
WIM KOPPEKTHUPOBKE paHee MPHHATHIX PEHICHUM C YYETOM ITPOMCXO-
JAIUMX U3MEHEHWIA.

YpoBeHb 3anaca B MOMEHT ! ONPeJEIIAETCH OCHOBHBIM YpaBHEHHEM
3aMacoB

J@)=Jy + A)- B, (16.1)

rae Jp — HavyanbHbIM 3amac-B MOMeHT ¢ = 0.
YpaBueHnue (16.1) yaie ucnonsayeTcs B MHTErpanbHOM dopme:

J(t)=Jy + }a(r)dr - j'b(t)dt. (16.2)
0 0

16.1. ViHTeHCMBHOCTE MOCTYIUIEHUSI NeTaneil Ha ckilaj roToBoil mpo-
OYKUUHU Liexa COCTAaB/IsieT B Hayalne CMEHbl 5 JeT./MUH, B TEUEHUE Mep-
BOTO Yaca JIMHEHO BO3pAcTaeT, JocTurasi K KoHiry ero 10 pet./mMuH, u
3aTeM ocTaeTcs nocrosHHou. Ilonarasi, 4To MocTyruieHHe AeTaned Ha
CKa[ MPOMCXOAMUT HEMPEPHIBHO B TEYEHHUE BCEX CEMM YacOB CMEHBI, a
BBIBO3 AETANEH CO CKiala NMPOM3BONUTCS TONBKO B KOHLE paGoTsl,
3anucaTh BBIPOKEHHE Ui YPOBHS 3amaca B NPOW3BOJIBHBIA MOMEHT
BPEMEHU M, MCIOJNIb3yA €ro, HAWTH KONMYECTBO AETaled Ha CKIafe:
a) yepe3 30 MUH nocsie Hayana paGoTsi; 6) B KOHLE CMEHBI.
PemeHnue. [1o ycloBUIO B TEYEHHE CMEHBI HE MPOWCXOAMT BHLIA-
4y getaneit co ckmana, T. €. b(#) = 0. MIHTeHCMBHOCTH MOMOJHEHUSA 3a-
naca B TEUECHUE MMEPBONO Yaca JIMHENHO BO3pacTaeT, T.e. a(f) = kt+b.
YuuteiBasi, uto a(0) =5, nonyyaeM b = 5. Tak KaK B KOHIE 4aca, T. €.
npu ¢ = 60 a(60) = 10, To 10 =k-60+5, orkysa k =1/12. Takum

o0pazoM, s nepporo yaca cMeHbt a(f) = (1/12)¢+ 5, a 3arem a(f) =10.
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Y4uThIBasi MPOAOJIKUTENBHOCTE CMeHBI (7 4 = 420 MUH) M COOTHOLIE-
Hue (16.2), monyyaem:

J(@t) = jt'(t/12 +S)dt = 1224 + 5¢,
0

ecd 0<r<60,u
t

e ! 60
J(0) = [(t/12+ S)dt + [10dt = (t2/24+5t)l + 101,
0 60 0

60

= 450 +10¢ — 600 = 107 - 150,

ecnu 60 <7 <420.

KonuuectBo meraneit Ha ckinage vepe3 30 MUH nociie Hayana paGo-
Tol: J(30) = 900/24 + 5-30 = 187,5, a B KoHuUe cMeHbl: J(420) =
= 10-420 — 150 = 4050.»

16.2. CraTuueckas JeTepMHHHPOBAHHAA MOJEJIb
0e3 nedumra

IIpeanonoxeHue o TOM, 4To AedULMT HE HAOIYCKAeTCs, O3HAYAET
MOJIHOE YIOBIETBOPEHHUE CIIPOCA HAa 3aracaeMslil MPOAYKT, T.e. COBIMa-
nenue ¢ydkuvit H#) u b(#). [ycts obiuee morpedieHue 3amacaeMoro
MpPOAYKTa 32 paccMaTpUMBaeMbiii MHTEpBaN BpeMeHH O paBHo N. Pac-
CMOTPMM MpOCTEHIYI0O MOJEJb, B KOTOPO# Mpejronaraeres, 4ro pac-
XOJOBaHHE 3araca NPOMCXOAUT HENPEPBIBHO C IOCTOAHHOW WHTEH-
CUBHOCTBIO, T.e. b(f) = b. DTy MHTEHCHUBHOCTb MOXHO HaWTH, pasje-
B obuiee norpebieHNEe NMPONYKTa HA BpeMsi, B T€UEHHE KOTOPOTo OH
pacxonyercs:

b=—. (16.3)
0
TTononHeHUe 3aKa3a IMPOMCXONUT MAPTHUAMH OJHMHAKOBOTO 0ObeMa,
T.e. QGyHKuuA a(f) He aBnseTcda HemnpepbiBHOM: a(f) = 0 npu Bcex f,
KpOME MOMEHTOB IOCTaBKM NPOAYKTA, Koraa a(f) = n, tae n — oobeM
naprud. Tak Kak MHTEHCUBHOCTh pacxoia paBHa b, To Bcs mapTus
Oyzer UCcrnosb30BaHA 33 BpeMs

T = (16.4)

o x
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Pnc. 16.1 Puc. 16.2

Eciv oTcyer BpeMeHH Hayath ¢ MOMEHTAa INOCTYIUIEHUs I€pBOH
MapTUH, TO YPOBeHb 3anaca B HayalbHbIf MOMEHT paBeH oObeMy 3ToM
naptuu n, 1.e. J(0) = n. I'padudeckd ypoBeHb 3anaca B 3aBUCHUMOCTH
OT BpeMEHH NpelcTaBieH Ha puc 16.1. .

Ha spemennomM unrepsane [0, 7] ypoBeHb 3amaca yMEHBILAETCS 11O
npsMoil J(¢) = n— bt or 3HaueHUs n fo Hyas. Tak KaK nepuLUT He
JOTYyCKAaeTCs, TO B MOMEHT T ypoOBeHb 3amaca MTHOBEHHO MOMOJHSAET-
csl IO MPEeXHEro 3HAYEHMs N 3a CYET MOCTYMICHHS NMapThM 3akasa. M
TaK Ipouecc H3MeHeHUs J(f) MOBTOpsieTCS Ha KAXIOM BpeMEHHOM
HHTEpBAIE MPONOMKUTENBHOCTBIO T (cm. puc. 16.1).

3adaua ynpasaenus 3anacamu cocmoum 6 onpedeneHuu markozo obve-
Ma napmuu n, npu KOMopoM CyMMapHsie 3ampamsl Ha co30anue U xpaHe-
Hue 3anaca Gbiau 6bt MUHUMANbHBIMU.

O6o3HaYuM cyMMapHbie 3aTpaTthi 4yepe3 C, 3aTpaThl Ha CO3JaHME
sanaca — yepe3 (|, 3aTparbl Ha xpaHeHue 3anaca — vepe3 C, U Haii-
JIEM 3TH BEJIMYMHBI 32 BECh IIPOMEXYTOK BpeMeHH T .

Tlyctb 3aTparsl HA AOCTABKY OOHOW MAapTHU NPOAYKTA, HE 3aBMCH-
Mble OT oOBeMa MMapTvu, paBHbI €|, 4 3aTpParbl HA XpPaHEHHE OAHOW
eAMHWIbI MMPONYKTa B eNWHULy BpeMEHHW — ¢j. Tak Kak 3a Bpems 0
HeoOXoauMo 3anactuch N eJUHMUAMHU IPOAYKTa, KOTOPBIH NOCTaBs-
eTcs napTusMu o6beMa #, TO YHUCJIO TAKMX IApTUii K paBHO:

k=N

0
Pk (16.5)
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Orciona noynyyaem
N
Cl = Clk = ¢y —’—1— (16.6)

MrHoBeHHbIe 3aTpaThi XPAHEHWS 3amacd B MOMEHT BPEMEHH ! paB-
HBI ¢,/ (#). 3Ha4uT, 32 npoMexyToK BpeMeHH [0, 7| oHU cocTassT

T T
ey [ dt = ¢y [ (n—bt)dt
0 0

Wiy, yuutsiBas (16.4):

nt

T
czj'J(t)dt —czj'(n——ft)dt =c2(m___2_T_] _
0

c,nT
5

CpenHnuit 3anac 3a npomexytok [0, 7] paseH nT/ 2, 1.e. 3ampamy:
Ha XpareHue 6cezo 3anaca npu Aurelnom (no épemenu) e2o pacxode pag-
Hbl 3ampamam Ha xpaneHue cpeoreeo 3anaca.

YyurbiBasg rnepuoanyHocTs GyHKuWM J(#) (Bcero 3a NMpOMEXYTOK

- N “ ”
BpeMeHH O OyneT k =-— “3y0HOB”, aHAJIOTUYHBIX PAaCCMOTPEHHOMY
n

Ha otpeske [0, T'[), u dopmyny (16.5), nonyyaem, 4To 3aTparbl
XPaHEHMUS 3a1laca 3a MPOMEXYTOK BPEMEHH O PaBHBL

_onT - N _ _ Cfn
Cz————z k= ST ST, Ty (16.7)

Herpyano 3aMetuts, yto 3atpatrbi C; o6paTHO MPONOpLUUOHANBHbL,

a 3aTpare! C) NpsIMoO MponopuMoHansHel o6bemy napruu n. [paduku
dyuxkuuii Ci(n) 1 Cy(n), a Takke PyHKUMH CYMMapHbIX 3aTpar

oN ¢,0
2y,

C =
n 2

(16.8)

NpYBedeHb! Ha puc. 16.2.
B touxe MuuHuMyma yHkuun C(n) ee  npousBopHas

N, b

C'n)=-92+22 =0,
(n) = " ) oTKyHa

2C|N
629

(16.9)

=n0=
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WM, yuuTeiBas (16.3):

2c;b '
ny = |——. (16.10)
1]

QPopmyna (16.10), Hassipaemasi gopmyasoi Yuscona win gopmyaoli
Hauboaee IKOHOMUYKO20 06Bema napmuu, NIUPOKO UCTIONB3YETCA B KO-
HOMMKe. OTa QopMyna MOXeT OBITh MOJyYyeHa U APYTUM crocoboM,
ecntu ydectb, 4ro mpoussesenue C,C; = 0,5¢,c, N0 ecTs BenuynHa

MOCTOSIHHAsA, He 3aBHcAWas oT n. B 3ToM cinyyae, Kak U3BECTHO, CyM-
Ma [BYX BEJIMYMH MPHMHUMAET HAMMEHbIUEE 3HaYeHUe, KOTAa OHU PaB-
Hbl, T. €. C; = Cy unu

C]N _ Czne

) 16.11

oTKyna nonyvaeM (16.9).

U3 (16.11) cnenyer, 4To MuHumym obujux sampam 3adauu ynpaeae-
HuA 3anacamu docmueaemcs moeda, Ko20a 3ampamyl Ha co30aHue 3anaca
PaeHbl 3ampamam Ha xpanerue 3anaca. TIpy 3TOM MUHUMAIBHLIE CyM-
MapHble 3aTpaThl

Co =C(ny) = ZC"IN, (16.12)

oTKyna, yyursiBas (16.9) u (16.3), nonyyum C, = ,/2c,c29N
Wi Co = 02c,05b . (16.13)

Yucno onTMManbHbIX NMapTHil 32 BpeMs 6 ¢ y4eToM (16.5), (16.9) u

(16.3) pasHo:
N c, N b
ko= Y - }_2_ -9 [_2_
" ny 2¢, 2

Bpems pacxona ontUManpHON napruM Ha ocHoBaHuu (16.4) ¢ yue-
ToM (16.9) u (16.3) paBHO

n 0
Ty=20=n S (16.14)
HWin
T, = 20 . |20 (16.15)

14 Wccaeaosarue onepaitii
B IKOHOMUKE
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D> 16.2. Morpe6HocTs cGOPOUHOTO NMPEANPUATUS B HETAIAX HEKOTOPOTO
tuna cocrasnger 120 000 getaneit B roa, npuyeM 3TH HETANU Pacxo-
Ayl0TCs B Mpouecce NMPOU3BOACTBA PABHOMEPHO U HenpephiBHO. detanu
3aKa3biBAIOTCS pa3 B rofl U MOCTABIAIOTCHA MAPTUAMU OAMHAKOBOTO 00L-
eMa, YKa3aHHOro B 3aKase. XpaHeHHe neTanu Ha ckiage crouT 0,35 new.
ell. B CYTKHM, a nocraBka maptuu — 10 000 nen. en. 3amepxka npous-
BOJICTBA M3-32 OTCYTCTBUSA Aeraneil HepornyctuMma. Onpenenuts Haubo-
Jlee 3KOHOMHMYHBI O6BEM MAPTUM M MHTEPBAT MEXIY IOCTaBKaMH,
KOTOpbiE HYXHO yKa3aTh B 3aka3e (NpeAmnojaraercsl, 4TOo NMOCTaBILMK
He NOMYCKAET 3aePXKU MOCTABOK).

Pewenwue. Mo yciosuio 3aTpaThl Ha OAHY MapTHIO COCTABIAIOT
= 10 000 geH. en., 3arpaThl XpaHEHUS EAWHULBI 3aMaca B CYTKH €| =
= 0,35 neH. en. O6WMI MPOMEXYTOK BpeMenu 8 = 1 rog = 365 mueit,
a obwuit obbveM 3anaca 3a sror nepuos N = 120 000 pmeraneii. Ilo

2-10 000120 000
0,35-365

dopmyne (16.9) n ~ 4335 per., a mo (16.14)

Ty = no—]%— = 13,2 ~ 13 nHeit.

Wrak, HauGosee SKOHOMUYHBIN 0OBEM MapTuu paseH 4335 nmera-
Neil, a MHTEepBaJ MEXIY NMOCTaBKaMu =~ 13 aHeit.p

Ha mpakTtuke, ecTeCTBEHHO, OOBEM MAPTHH MOXET OTJIHYATHCH OT
ONTUMAIBHOTO Hg, BbiuncaeHHOro 1o (16.9). Tak, B npensiaywe 3a-
nage MOXET OKa3aTbesl YNOOHBIM 3aKa3biBaTh maptdu no 4 500 unu
naxe no 5 000 meraneii ¥ BO3HHMKAET BOTPOC, KAK MPH 3TOM M3MEHHAT-
¢sl CyMMapHbi€ 3aTpaThl.

Ina orBera Ha 3TOT Bonpoc paioxuM ¢yHkumio C(n) B psan Teii-
Jlopa B OKPECTHOCTH TOYKH My, OrpaHMYMBLUKCH NMEPBBLIMH TPEMSI Wie-
HaMH pSAA TP HOCTATOYHO MANbIX U3MEHEHHWSIX 00beMa MapTHu An ;

”( 0)

C(n) =C(ny) + C'(ny)An + An’+..

2CIN
n3

YuureiBag, yto npu n=ny C'(ng)=0, C"(ny)= , a

Co = C(np) onpenensierca no ¢opmyine (16.12), Haitnem:

AC _C(m)-C(ng) _ C"(np)An® _ 2¢,NAn?
Co C(ny) 2C(ng)  my(2e,N /np)
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Win

2
AC 1{An
. 16.16
Co Z(noj ( )

Popmyna (16.16) ceunerenbcTByer of ompenenreHHOR YCTONYHBO-

CTY CyMMAapHbIX 3aTpaT MO OTHOLIEHHIO K HauGojgee 3KOHOMUYHOMY
o6beMy mapruy, W60 NMpH MaIbIX A# OTHOCHTENBHOE W3MEHEeHWE 3a-
Tpar MPUMEPHO Ha TOPANOK MEHBHIE OTHOCHTEJIBHOrG W3MEHEHUs!
o6beMa NapTUM MO CPAaBHEHUIO C ONTHMANBHBIM.
16.3. Mo ycnosuio 3anayu 16.2 onpenennTb, Ha CKOJBKO NPOLIEHTOB
yBeNIMYaTcs 3aTparbl Ha CO3MaHMe M XpaHeHUe 3araca 1o CPaBHEHUIO ¢
MUHUMaNbHBIMU 3arpaTaMu npu obbeMe 3akaspiBaeMbiX mapruii 5 000
neraieit.

PeuweHune. OTHocUTENbHOE U3MEHEHHE 0ObeMa MAPTUM 1O CPaB-
HEHRIO ¢ ONTHUMA&IbHBIM Hy = 4335 cocraenger An/ng = (5000 —
— 4335)/4335=0,153. B coorsercrBuu ¢ (16.16) orHocUTenbHOE H3ME-

HEHME CyMMapHbix 3arpar coctaBut AC/C, =0,153? /2z 0,012, wnu

nvumsb 1,2%.p»

16.4. B ycnosusx 3anauv 16.3 npennonoxum, 4YTO 3aKasbiBAIOTCA He
Bce MApTUU Cpasy, a Kaxnas OTAENBHO, MPHUYEM CPOK BHITOMHEHHUS
3aka3a paseH 16 pHeil. OnpenenuTh TOYKM 3aKasa, T. €. NPH KAKOM
YPOBHE 3anaca ClIeAyeT 3aKa3biBaTh C/IEAYIOILYIO NTAPTHIO.

PemeHue. Tak kak no pe3yasraraM pelleHus 3agayu 16.2 wiuHa
HHTEpBATA MEXIy IOCTaBKAMU paBHA 13,2 nHell, TO 3aKa3 B YCIOBUAX
HanaXeHHOro INpOU3BOACTBA ClEAYeT BO30OHOBHMTB, KOra YpOBEHb
3anaca JOCTaTo4YeH I YAOBIETBOPEHUs MoTpeOHOCcTH Ha 16 — 13,2 =
= 2,8 nHa. Tak Kak exenHeBHass MoTpeOHOCTb (MHTEHCUBHOCTb PacXo-
na 3anaca) paBHa no ¢opmyne (16.3) b = 120 000/365 = 329 peraneit,
TO 3aKa3bl NOJKHBI NENATbCA DPErYISAPHO MpPUH INOCTHXEHHH YPOBHS
3anaca 329-2.8 = 922 neraneii.p

16.3. CraTuueckas AeTepMUHHPOBAHHAA MOJEJIb
¢ nepuuuTom
B paccmatpuBaemoii Monenn GyneM nonarath Hanudue deguuuma.
OTo 03HAYaeT, YyTo MpPH OTCYTCTBHH 3aMacaeMoro MpoayKTa, T.e. NpH

J(#) = 0 cnipoc coxpaHseTcd C TOM Xe MHTEHCHBHOCTBIO 7 () = b, HO
norpebieHUe 3amaca oTcyTeTByeT — b(f) = 0, BeleACcTBHE YEro Hakarn-

14
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JqBaercsa nepuUUT co ckopocThio b. ['paduK M3MEHEHHS YPOBHS 3a-
faca B 3TOM Clyyae NpencrasneH Ha puc. 16.3. YowsiBaHue rpaduka
HUXe ocH abcuuce B 06NaCTh OTPULIATENIBHBIX 3HAYEHUH B OTIIMYHE OT
rpaduka Ha puc. 16.2 xapakrepu3syer HaKomnueHe nepuLnTa.

(¥} " " n
U3 puc. 16.3 BunHO, uyto Kaxnwiit nepuon "munet” T = 3 pa3buBa-

€TCsl Ha NIBa BPEMEHHBIX HHTEpBana, T. €. T = 7} + T5, rae 7] — Bpe-
Ms, B T€UEHHE KOTOpOro Mpou3BomMTCs MoTpeGneHue 3amaca, 713 —
BpeMst, KOIZa 3anac OTCYTCTBYET M HAKAIUTMBAeTCs AePULIUT, KOTOPHIA
OyIeT nepeKpbiT B MOMEHT MOCTYIUIEHUS CIENYIONICH NapTUH.

']r—--“-* ------------- Tm——-——-

R ]

0 T 3T 3T AT

A
A\

Puc. 16.3

Heo6XoaMMOCTh MOKPHITHS AePULIXTA MPUBOAMT K TOMY, UTO MaK-
CHUMAaJBbHbIM YPOBEHB 3aMaca § B MOMEHT NOCTYIUIEHUS KXo MapTHH
Tenepb He paBeH ee 06bEMy 7, @ MEHDLUE €ro Ha BEIMYKUHY nepuuuTa
n — §, HaKonuBilerocs 3a Bpems 7 (cm. puc. 16.3).

W3 reoMeTpHYecKHX COOOpAKEHU JIETKO YCTAHOBUTD, YTO

T,=2r, 1,=225T (16.17)
n n
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i

B naHHoO# Moienu B ¢pyHKUMIO cyMMapHbiX 3atpat C Hapsamy ¢ 3a-
tpatamu C| (Ha monosaHeHue 3amaca) 4 C) (Ha XpaHeHWe 3amnaca) He-
obxoaumo BBecTH 3arparbl C3 — Ha wTpad M3-3a seduumra, T.€.

C= C+ C2+ C3.

3arparbl Cj, KaK ¥ paHee, HaxomuM Mo dopmysne (16.11). B pasn. 16.2
6bUIo MoKaszaHo, Yyto 3arparbt C; NpH JUMHENHHOM pacxole 3afraca paB-
. Hbl 3aTparaM Ha XpaHeHME CpeJHEero 3amaca, KOTOpbIi 3a Bpems Mo-
Tpebnenus T paseH s71/2; noaromy ¢ yderoM (16.7) u (16.5) aru
3aTPaThl COCTABAT

2
c, =Ty _s:sT 8 _ 658 (16.18)

2 2 T 2n

Ipu pacyere sarpat C; Gynem cuuTaTh, yTo WTpad 3a neduuur co-
CTaBISET B EQUHUILY BPEMEHH €3 HA KAXIYIO eIMHHIY NMpoaykTa. Tak
KaK cpelHu#t ypoBeHb Aeduuura 3a nepuon 7, paseH (n — §) Tr/2, o

wrpad 3a 310T nepuon 75 cocTaBUT %c3 (n-5)T,, a3a Becb nepuon 9
¢ yuetoM (16.7) u (16.19) —

1 1 n-s..0 ¢0(n-s)>
C3 =5c3(n-s)T2k =§'C3(H—S)TT—T—=°3—-(—-27——L

Teneps, yuyuteiBast (16.12), (16.18) u (16.19), cyMmapHble 3aTparhl
PaBHbI

. (16.19)

N c05%  ¢30(n—s5)
C=c¢—+-2 3 .
‘i n ¥ 2n ¥ 2n

HetpynHo 3aMerutsb, uto fipu # = s ¢popmyina (16.19) cosnamaer ¢
paHee noayyeHHoi (16.8) B Moaenu 6e3 nedpuumTa.

PaccmarpuBaeMas 3adaua ynpasaeHus 3anacamu c6o0uUmca K Ombicka-
HUr0 marozo olseMa napmuu 1 ¥ MAKCUMAABHOZ0 YPOGHA 3anaca s, npu Ko-
mopuix gyuryus C (16.19) npunumaem munumansHoe 3naveHue. I pyramu
CJIOBAMHU, HEobXoIMMO McclefoBarh HYHKUMIO IBYX IepeMeHHBIX C (n, §)
Ha aKcTpemyM. [IpupaBHuBasi yacTHble nMpouaBogHele 0C/dn, 8C[ds K

HyJIIO, TTONYYMM I10c/Ie Npeobpa3oBaHuii CHCTEMY YPaBHEHUA:

(16.20)

n2C3 - (C2 + C3)52 = 2ClN/e,
¢ (16.21)

€ +C3.

s=n
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Pewass cucreMy, mnonydaem ¢opMynbl Haudonee 3KOHOMHUYHOTrO
ofbeMa MapTUM 7, ¥ MakCMMalabHOTO ypOBHA 3amaca §; Ui MOAEAU

¢ aepuuuTom!:

zo_ 2N e ve _ 20b o+ (16.22)
0 V ¢, e ¢ ¢
s o [N | e s 6 (16.23)
0 B Ve +c e+

S B, (16.24)

p=
Cy +C3

BenuunHa

Ha3bIBAETCA MAOCMHOCMbIO YObiMKo8 U3-3a Hey0oenemeopenHoeo cnpoca
HIPacT BAXHYIO polb B YNpaBIeHHM 3anacaMud. 3aMeTUM, 4TO
0 <p<1. Eciu 3HaueHue €3 MAJIO MO CPABHEHHIO C €3, TO BETHYKMHA

p 6JM3Ka K HYJTIO: KOTIA C3 3HAYUTENbHO TIPEBOCXOMUT C3, TO p Giau3-

ka K 1. HexnonyctuMocTs JedHLUTa paBHOCWIbHA MpPEAINOSOXEHHIO,
4To €3 = MIM p=1.
Hcnonbaya (16.24), ocHoBHble dopmynnt (16.22) u (16.23) MoxHoO

3arnucaTb KOMIIAKTHEE!:
b
iy = /3“— (16.25)
1y

5y = Figp . - (16.26)

Cneayer y4ects, yto B cuiy (16.17) u (16.26) T/T =5/, =p n
T,|T = (fy - 53)/fy = 1-p. IloaTomy yTBEpXIEHMUE O TOM, YTO ILIOT-
HOCTb YOBITKOB M3-332 HEyROBJETBOPEHHOrO Crpoca paBHa p, o3Haya-
eT, y1o B TeyeHue (1—p)100% BpemeHn oT monHoro nepuoza I 3amac
npoaykra 6yneT OTCYTCTBOBATb.

! C nomouislo AOCTATOYHOrO YCJIOBHS 3IKCTpEMyMa MOXHO yOeIuThCs B
TOM, YTO OEHCTBHUTENLHO NMPU 7 = Ny, § = 55 GyHkuma C(n, s) JocTUTAET MH-
HUMYMa.
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W3 cpasHenus ¢opmyn (16.25) u (16.10) cremyet, yTo ONTUMANb-
Hble oObeMBl MapTHil U1 3anay ¢ AehuuudToM ¥ 6e3 nepuuuTa Mpd
ONMHAKOBEIX NapaMeTpax CBA3aHbl COOTHOLIEHUEM

~ n
fiy = %, (16.27)
Jo
OTKYZIa BBITEKAET, YTO ONMUMAbHbIU obseM napmuu e 3adaue ¢ Oeghu-

yumom ecezda bonviue (6 l/ JE pas), 4em & 3adaye be3 deguyuma.

16.5. Haiitu nHaubonee 3KOHOMMYHBIA OObEM MApTHH W HMHTEpPBAN
MeXIy MOocTaBKaMu, coXpaHsa yciosus 3amauu 16.2, kpoMe Hegoryc-
TUMOCTH AeQULIUTA, ec/ii M3BECTHO, YTO OTCYTCTBME Ha cOopke Kax-
HO# JeTany MpUHOCUT B CYTKM YOBITKM B pasmepe 3,5 feH. en.

Pewenwue. Ilo ycrosuio c3 = 3,5. Panee ObLI0 NOJIyYeHo IO
dopmyne (16.9) ny = 43354 no (16.15) T, = 13,2. HaitneM mioTHocTb
yOBITKOB H3-332 HEYNOBJIETBOPEHHOro crpoca o ¢opmyie (16.24):
p =3,5/(0,35 + 3,5) = 0,909, T.e. 100(1—0,909) = 9,1% BpeMmeHu Mexay
NocTaBKaMH JIETANU Ha cbopke OyAyT OTCYTCTBOBATb.

Tenepp onTUManbHBIM pasMep naptud 0o  ¢opmyre (16.27)

Hy = 4335/,/0,909 =4547. B cuny (16.15) mpomopuuOHaNBHO YBeTH-
YEHUIO H HOOJDKEH YBEIMYUTLCA MHTEPBAI MEXIY IOCTaBKaMH, T.e.

To =Ty [Jp =13,2//0,909 = 138 ~ 14 nmeun»

16.4. CroxacTHyeckue MoOaeIH
ynpaBJieHHs 3aNacaMH

PaccMoTpuM cmoxacmuueckue moOeau ynpaeaenus 3anacamu, y Ko-
TOpPBIX CMPOC ABMAETCH CAYy4aUHbIM. DTOT (AKT CyLIECTBEHHBIM obpa-
30M CKa3blBaeTCA Ha XapaKTepe COOTBETCTBYIOILMX MOJeideidl W 3Ha4YM-
TEILHO YCIIOXHSET UX aHAIM3, B CBA3M C YEM B paMKaxX JaHHOW KHUIHU
OrpAaHUYMMCS pACCMOTPEHNEM Haubolee MpoecThiX MOACIEH.

[Ipeanonoxum, 4To cnpoc r 3a WHTepBaN BpeMeHu 1 siBAseTcs
cllydailHbIM M 3a1aH €ro 3akoH (psn) pacnpefeieHus p(r) Wid JIoT-
HOCTh BeposiTHocTeil ¢(r) (oOblyHO ¢yHKuUMH p(r) u @(r) oleHuBa-
IOTCS. Ha OCHOBAHMM OMBITHBIX WM CTaTHCTUYECKMX AaHHbIX). Eciu
CIIpOC r HMXE YpOBHS 3anaca s, TO MpvobpeTeHue (XpaHeHH e, npoaa-
XAa) MANMIIKA Tpoldykra TpebyeT NOMOMHUTENBHEBIX 3aTpaTr ¢ Ha elu-
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HULY MPOAYKTA; HaoOOpOT, €cIM CNpOC r BBILIE YPOBHS 3afaca s, TO
3TO MPHUBOMUT K WITpady 3a ACPULUT €3 HA EAMHULY TPOLYKUHUH.

B kavecmee gynxyuu cymmapnuix 3ampam, seisiouielica 6 cmoxacmu-
yecKux Mo0enax CAY4QUHOU 8eAUMUHOU, paccmampueaiom ee cpedHee 3Ha-
YeHue LA MamemamuvecKoe oxcudarue.

B paccmarpuBaeMoil Monenu Npy AMCKPETHOM CIy4aifHOM cripoce
r, UMEIOLLEM 3aKOH pachpeaeeHus p(r), MAaTEeMaTHYECKoe OXMIaHHE
CyMMAapHBIX 3aTpaT uMeer Bual:

5 [
Cls) =) (s=np(r)+¢; Y. (r - )p(r). (16.28)
r=0 r=s+l
B BoipaxeHun (16.28) mepBoe cjaraeMo€ yYMTbIBAET 3aTpaThi- HA
npuobpeteHue (XpaHeHHE) M3NUIIKA § — r eIHHHI MPOLYyKTa (MpH
r £5), a BTopoe cjlaraemoe — urrpag 3a IeduUUT Ha r— § eAMHML
nponykra {(npu r > ).
B ciiyyae HemnpepblBHOrO CIy4aiHOro crpoca, 3al1aBaeMOro IU10T-
HOCTBIO BeposTHocTell ¢(r), BolpaxeHue C(s) MpuMHUMAET BUL:

C(s) = czj (s - r)o(r)dr + cJ (r — )o(r)dr. (16.29)
0 0

3adaua ynpaenenus 3anacamu cocmoum 6 ombiCKaRUU MaKoeo 3anaca
S, npu KOmopom mamemamuueckoe ONCUOGHUE CYMMAPHLIX 3ampam
(16.28) uau (16.29) npunumaem munumanvhoe 3Havexue.

Hoxkazano, nanpumep B [17] win [24], yTO MpH AUCKPETHOM CIly-
yaifHoM cripoce r BblpaxeHue (16.28) MuHUManbHO Mpu 3amace Sg,

YIOBJIETBOPAIOLLEM HEPABEHCTBAM
F(sp) <p< F(sy + 1), (16.30)

a NMpu HempepbiBHOM CIy4YaitHOM cnpoce r BbipaxeHue (16.29) MuHU-
MaJbHO NPY 3HAYEHUH S;, ONIPEAEIAEMOM U3 YPABHEHUS

F(sy) = p, (16.31)

roe
F(s)=p(r <s) (16.32)
ecTb GYHKUMUSA pachpeneleHus crnpoca r, F(sy) u F(sy +1) — ee
3HaYeHHA; P — IUIOTHOCTb YOBITKOB M3-3a HEYIOBJIETBOPEHHOrO

crpoca, onpexaensiemas o (16.24).

! YypthiBaeM Tobko pacxolbl Ha HEUCNOJb30BAHHBIC CAMHUIILI NMPOAYKTA.
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% J

0 So
Puc. 16.4

OnTUManbHBIA 3amac S, MpPU HEMPEPLIBHOM CNpoce MO JaHHOMY
3HAYEHHUIO p MOXET 6BITh HaiileH U rpaduyecku (puc. 16.4).

D> 16.6. INpennpuatue 3aKynaer arperat ¢ 3anacHbIMM GIOKAMH K HEMY.
CroumocTb ofHoro 60Ka paBHa 5 neH. en. B ciyyae BbIxozxa arperara
U3 CTPOS U3-3a MNOJOMKHU 6JI0Ka, OTCYTCTBYIOLLETo B 3arace, MpocToii
arperata ¥ cpoyHbIif 3aKa3 HoBoro 6J0Ka K HeMy ob6oizercas B 100
IeH. en. OMpiTHOE pacrpelefeHUe arperatos Mo uuciy 6J0KOB, Mo-
Tpe6OBaBILMX 3aMeHy, NpeAcTaBIeHo B Tadl. 16.1.

Tabnuua 16.1

Yucno 3aMeHeHHbIX BJI0KOB 7 0 1 2 3 4 5 6

CTaTHCTM‘-lCCKaﬂ BEPOATHOCTD
(mons1) arperaros p(r), KoTopuiM |0 99 | 0,05 0,02 0,01 | 0,01 | 0,01 0,00
notpeboBanach 3ameHa r 6J10KOB

Heobxonumo ONpEACIUTh ONTUMAJIBHOC HYUCIO 3aMaCHBIX 6J10KOB,

KOTOpOE ciielyeT MpuobpecTy BMECTE C arperaToM.
Pewmenue. Ilo ycnosuio ¢; = 5, c3 = 100. BeiuuciauM rmIoTHoOCThb

yOBITKOB M3-3a HEXBAaTKH 3amacHbIX 6JI0KOB o dopmyne (16.24) p =

= 100/(5+100) = 0,952.
YuutbiBasi (16.32), HaiineM 3Hauenus CyHKUHM pachpefeleHus

cnpoca (tabn. 16.2).
Ta6nauua 16.2

s 0 1 2 3 4 5 6 >6
r 0 ! 2 3 4 5 6 >6
As) 0,00 | 000 | 090 | 095 | 097 { 098 | 0,99 1,00
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OvuesuaHo (cum. Taba. 16.2), yTo ONTHMANBHBIN 3aMac COCTABUT Sy = 3,
160 oH ynosnetBopsiet HepaBeHeTBY (16.30): F(3) < 0,952 < F(4). »
> 16.7. Pemnts 3anauyy 16.6 npu yc/oBMM HENpEPHLIBHOTO CIYYaiftHOTO
crpoca r, pacrpeie/ieHHOIo MO MoKa3aTeIbHOMY 3aKOHY ¢ (PpyHKUMEH
pacnpeneneHua F(r)=1-e™ mpu A = 0,98.
PemeHue. OnTUManbHoE YUCIO 3amacHbIX OMI0OKOB Sy HaiizeM 13

-Asy

ypaBHeHus  (16.31); 1-e =p, omKyma e™=1-p u

3_0 = —%ln(l -p). Ipu A =098 s, = -(1/098)In0,02 ~ 4 (610Ka).p

B ycnoBusix paccMmaTpuBaeMoil MoIeld TpeANnojoXUM, YTO pac-
XOJOBaHME 3amaca MPOUCXOAUT HenpepbiéHo ¢ ONMHAKOBOHW MHTEH-
CUBHOCTHIO. Takylo cUTyaUHI0 MOXHO IPEICTaBUThb rpaduyecku
(puc. 16.5).

J 1
S T T T T T ) 'f "‘ """"""""" 'y
N ) |
R Ll 1
= ]
g g -
1 S
oo i
Yy, Ty
0 T ! 0 \.... ﬂ ]
TR Y
a Puc. 16.5 o

Puc. 16.5, a coorseTcTByeT ciydyaio » < §, KorIa clpoc He MpeBoc-
XOMUT 3amaca, a puc. 16.5, 6 — ciayyaw, Koria crpoc MpesblliaeT 3a-
nac, T.e. r> 5. Clenyer OTMETHThb, YTO Ha caMoM jene rpadux J(9)
NpEACTABNSAET CTYNEHYATYI0 JIOMAaHylo, MOKazaHHyld Ha puc. 16.5
NyHKTUPOM, HO IUIS MCCIENOBAHUS MOIENIM HaM MpOLUE paccMaTpu-
Barb J(f) B BUE MPAMOIA, CIIIaXUBAIOILEN 3TY JIOMAHYIO.

Cpennuit 3anac, cooTBeTCTBYIOLWI puc. 16.5, a, paBeH

5, =-%—(s+(s—r))=s—%r. (16.33)
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CpenHuit 3anac, coOTBeTCTBYIOWMHA puc. 16.6, 6 ¢ yuetoMm ¢opmy-
abi (16.17), B KoTopoit nonaraeMm n = r, cocTasAeT

_ 1. T, 15s?
Sy ==8§—==—. 16.34
272°T "2, A (16.34)
Cpeanuit nepuuut npoaykra 3a nepuod 73 A1s ciay4as, COOTBETCT-
Byiowiero puc. 16.5, 6 ¢ yquOM'(16.17), r1e n = r, paBeH

-1 T, 1(r-s)?
53=§-(r—s)—T?—_—_-.§.(.r_r_)_.

Maremaruyeckoe OXHIAHKUE CYMMApPHBIX 3aTpaT COCTaBHUT.

S et 2 il _ o2
C(s) = CZZ(S -%)p(r)+ ¢ Z %-S—p(r)+ C3Zl.(_"___§)_p(,)_
r=0 r=s+l r r=0 2 r

(16.36)

Hokazano [17, 24] 4To B 3ToM Cily4yae MmareMaTHyecKoe OXUIaHUe
(16.36) MUHUMATBHO MpH 3anace s, yIOBIETBOPSIOLIEM HEPABEHCTBY

Lisy) <p < L{sy + 1), (16.37)

rae p no-fpexHemy onpenensiercs no gopmy.ie (16.24):

(16.35)

l an
L(s) = F(5)+ (s _ Ejz—’i(rfl (16.38)

L(sp) u L(sy +1) — 3HaveHus pyuxunu (16.38), a F(s) HaxonuTes B
COOTBETCTBUM ¢ onpeaenerneM (16.32).

D> 16.8. Mmeiowimecs Ha cknade M3AeIdsl PaBHOMEDHO pacxonyroTcs B
TedeHHe MecsAua. 3aTpaTbl HA XpaHEHWe OAHOTO M3IeIus COCTaBASIOT
S meH. en., a wrpad 3a sedpuuUT odHoro utenus obxooutcs B 100 geH.
en. MayueHue cnpoca gano pacnpelefneHde yuciaa notpebiasieMbix 3a
Mecslu W3IeIMi, npeicTaBieHHoe B Taba. 16.3.

Ta6auna 16.3

Cnpoc r 0 I 2 3 4 5 26

CTaTicTHYeCKAs .
BEPOITHOCTD p(r) 0.1 0.2 0.2 0.3 0,1 0,1 0.0
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HeobxonuMo, onpenennTs ONTUMAaNbHbIA MECAYHBII 3aMac cKilana.
Pemenue. Tak xe xak B 3anaye 16.6, c; =5, c; = 100, p = 0,952.

3Havenus PyHkuMu L(r) onpenenuM ¢ nomoluplo Tadn. 16.4.
Ta6nauua 164

r - p(r) N2 p(r

$ r p(r) —p—f—.—z ; s (s - 5) Es-pél An | L
0 0 0,1 - — - 0,0 —

1 1 0,2 | 0,200 0,445 0,2225 0,1 ]0,3225
2 2 0,2 | 0,100 0,245 0,3675 0,3 | 0,6675
3 3 0,3 | 0,100 0,145 0,3625 0,5 {0,8625
4 4 0,1 | 0,025 0,045 0,1575 0,8 | 0,9575
5 5 0,1 | 0,020 0,020 0,0900 0,9 | 0,9900
26} =261 0,0 | 0,000 0,000 0,0000 1,0 11,0000

OyeBHAHO, YTO ONTUMAIBHBII 3anac u3Aeauil so = 3, HOo OH yI0B-
netsopsiet yenosuto (16.37): L(3) < 0,952 < L(4).»

16.5. CroxacTuyeckue MoJenn
ynpasJieHHs 3anacami ¢ (PHKCHPOBAHHBIM
BpeMEHeM 3a1epXKKH MOCTABOK

B paccMOTpEHHBIX BblLI€ HACATU3WPOBAHHBIX MOENAX ynpaBleHUs
3anacamu MpeAnoNaranoch, YTO MOMOJHEHME 3anaca MpPOUCXOIHT
MpaKTUYEeCKH MrHoBeHHo. ONHAaKo B pslle 3anay épems 3adepicku To-
CTaBOK MOXET OKa3aThCs HACTOJIbKO 3HAYUTENBHBIM, YTO €ro Heobxo-
AMMO YyYUTHIBATL B MOIENH.

ITycts 32 Bpemst 3a1epXeK MOCTaBOK O yXe 3aKa3aHbl 71 MapTyil no
ONHOW B KaxXIblii M3 n MepuosoB MpoaoXuUTeNbHOCTBIO T = 6/n.

Obo3HauuM:
Sy3 — TIEpBOHAYA/IbHBIA YpOBEHD 3ariaca (K Hayaty repBoro NnepHona);
§; — 3anac 3a i-i nepuon;
¥, — cIpoc 3a i-i nepuoxn;
q; — TOIOIHEHME 3anaca 3a i-i nepuol.



Mopenn ynpasneHus 3anacamm 389

g, — TIOTIOJIHEHHUE 3ariaca 3a i-i Nepuos.

n
Toma K KOHUYy »-ro nepuoja Ha ckKian MocTynuT Zq, CAHMHHUI
i=1

n
MPOOYKTa, a OyAeT U3pacxoIoBaHO Z F; eoMHuUL, T.e.

i=l

Sn =su3+iq1‘irir (16.39)
i=l i=l
79145
Sp=S5-r, (16.40)
rae
s=5.+ 34 (16.41)
i=]
r=yr. (16.42)
i=1

Tpebyercss HalTH onTHMManbHBIA 0OBeM MapTHM 3aKas3a, KOTOPHIi
HeobxoouMo cAenarh 3a MocHeJHUR n-i# nepuon, NpelllecTBYIOLUMA
NOCTYMJIEHUIO CAETaHHOTO paHee 3aKasa.

Maremariueckoe 0XUIAHUHE CyMMapHBIX 3aTPaT B 3TOM CJIy4Yae ofl-

penensercs no dopmyie (16.28), a onTUMATLHBIA 3amac § HAXOAMTCA
no ¢opmyie (16.30), T.e.

F(sp) <p < F(sp +1). (16.43)

Haiins ontumanbHblil 3anmac sy M 3Has ¢,,q;,..-,4,_1, MOXHO BbI-
YUCIUTD ¢, mo dopmyie (16.41), T.e.

n-1
Gy =Sy — (s,{3+ Z'q,-). (16.44)

i=l
16.9. ExenHeBHO 3aKa3blBaeMbIil CKOPOMOPTALIUMACS TOBap MOCTyMaeT
B MarasuH crycrts 7 qHe#dl nocie 3akasa. B MOMEHT oyepéaHoro 3akasa
3afac ToBapa COCTaBWJI B CTOMMOCTHOM BbipaxedHuu 10 gmeH. ex. B
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NaHHOE B JEHb U3TOTOBJIEHUS, NPUHOCUT NpubbUThL 0,95 neH. en., a He
MPOJaHHbIf B 3TOT OEHb TOBAP MOXET ObIThb 3aTeM peaiH3OBaH ¢
yobiTkoM 0,10 aeH. en.

Ha ocHoBaHMM OMBITHBIX JAHHBIX MOJYYEHO CIIEAYIOLIEe paclpene-
JIeH}e cnpoca Ha AaHHbIA ToBap (tabi. 16.5).

Ta6nuua 16.5

r 0 10 ] 20 ] 30 { 40 | 50 | 60 | 70 | 80 | 90 100

p(ry | 0,00 { 0,00 0,0110,02](0,05|0,08(0,11]0,12{0,14|0,13( 0,10
ro{ 110 [ 120 [ 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | >200

p(r) 10,08 ¢0,0510,0310,0210,02}0,01}0,01]0,01}0,01}0,00j 0,00

Heobxonumo onpenenuTs ONTHMATbHbIH 00BEM 3aKa3aHHOTO TOBa-
pa ¢; Ha CeAbMOIli AeHb NOCe 3aKa3a.

Pewenue. IlnoTHocTe yOLITKOB H3-3a JedulyTa ToBapa No
¢dopmyne (16.24) pasHa p = 0,95/(0,10 + 0,95) = 0,905. YuutbiBas yc-

JoBus (16.32), HaitneM 3HaueHMs QYHKIUMM paclipelefeHus crpoca
(ta6n. 16.6).

Ta6nuua 16.6

s rt AL s r i Rs) s r Rs) s r Rs)

0] 0 [000)50]50710,16 100 100 | 0,86 || 150 150 | 0,96

10 ] 10 | 0,00 60 | 60 | 0,27 |f 110 { 110 | 0,84 | 160 160 ] 0,97

20120700170 ) 70 | 0,39 ) 120 | 120 | 0,89 || 170 170 { 0,98

30 130 j0,03%8 8 ]053)13]130]092] 180 180 { 0,99

40 | 40 | 0,08 |1 90 | 90 { 0,76 { 140 | 140 { 0,94 | 2190 | 2190 | 1,00

Ycnosuto (16.43) ynosnersopsier s, = 120, ubo F(120) < 0,905 <
< K130).

Takum obpasoM, oNnTHMAaNbHBIH 3anac ToBapa 3a 7 JHEH NOMXEH
ObITb Ha cymMMy 120 feH. €., OTKYAa ONTUMAadbHbLT 06beM 3aKa3aHHO-
ro ToBapa Ha ceabmoii AeHb no  (16.44)  cocTaBHUT:
q; = |l20 ~(10+ (10 + 20+ 10+ 10+ 20 + 10)) = 30 neH. en.p




Mopenn ynpasneHns 3anacamm 391

B 3aKk/M0YeHUH IIaBbl OTMETHM, YTO HAMTH AHATUTHYECKH OIl-
TUMaJIbHblE 3HAYEHHUS TOYKH 3amnaca Sy ¥ obbeMa NMapTUH 7 yOaeTcs
TOJIBKG B OTHOCHTEJIbHO MPOCTBIX cayyasx. Ecnu Xe cucrema xpa-
HEHUS 3aMacoB MMEET CHOXHYIO CTPYKTYpY (MHOTO BHAOB XpaHH-
MOM MpOIYKUHUH, Mepapxuuyeckas cHcTeMa CKIaloB), HCIOAb3ye-
MBIE CTOXacTHYECKHE MOMENH CHOXHBI, a UX NMapaMeTpbl MEHAIOTCS
BO BpeMEHH, TO €NMHCTBEHHBIM CpEACTBOM aHalIM3a TaKOH cHUcTe-
MBbl CTAHOBUTCH UMUMAULOHHOE MOOealuposarue, TO3BOAIOIIEE HMK -
TupoBarh (“mpourpeiBath”) Ha DBM ¢yHkuMOHMpPOBaHHE cucTe-
MBI, Hcclienys ee MoBeJeHNe MPU Pa3fiMuyHbIX YCIOBHAX, 3HAYEHUSX
napaMeTpoB, OTpaxas MX cHyyaiHblii XapakTep, M3MeHEHHE BO
BPEMEHH U T. II. '

YITPAXHEHHA

16.10. B ycnoBusx 3anayu - 16.1 uHTEHCHBHOCTb MOCTYILIEHUS Je-
TaJel Ha ckiall B TeyeHue MepBbX 50 MMH pacTeT Mo 3aKOHY a(f) =
= (,2¢ +5, a 3aTeM A0 KOHLA CMEHBI ocTaerca mnocTosgHHoi. Haittu
KOJIMYeCcTBO JeTanedl Ha ckiuaje: a) yepe3 10 MMH mocie Hayana pabo-
Thl; 6) B KOHIIE paboThI.

16.11. Mo ycnosuio 3amayu 16.3 HailTH M3MeHEHME 3aTpaT Ha
CO3JaHHE W XpaHeHHe 3araca MpH HW3MEHEHHHM oObeMa MapTHM Ha
10%.

16.12. ExenHeBHbI CIPOC HA HEKOTODBI MPOAYKT COCTABISET
100 ex. 3arpaThl Ha npHobpeTeHHe KAXKION MapTHH ITOrO MPOAYKTa,
HE 3aBHCHMBIE OT o0beMa MapTuu, paBHbl 100 meH. en., a 3aTparhl Ha
XxpaHeHue eauHuub! npoaykra — 0,02 meH. ed. B cyTkd. OnpeneinThb
Haubosiee 3KOHOMUYHBIA O0BEM MApTUM M MHTEPBAT MEXIY MOCTaB-
KaM4 napTuil Takoro oobema.

16.13. Cpok BHIMONHEHHUA 33aKa3a HA MApPTHIO MPOAYKTA B YCIOBUAX
sagauu 16.9 pasen 12 aHam. [Ipu kakoM ypoBHe 3amaca ciemyer 3aKa-
3BIBATh OUEPEIHYIO MAPTUIO MpoAyKTa?

16.14. Tlo ycnoBuio 3agaun 16.5 onpeaenurs MakCUMANBHEBIA Ypo-
BEHb 3aI1aca U UHTEPBAT MEXy NOCTaBKAMHU.

16.15. Pewwutp 3amayy 16.12 B NpeAnocNoXEHWH, YTO BO3MOXEH
peduuut, Kotopolid npuHocut 0,03 meH. en. yObITKA B N€Hb HA €AWHH-
Ly MpPOXYyKTa.

16.16. Konaurepckoe NpeanpusTyie TOPryer BpasBec CBOWMM TOp-
tamu. Kaxaplif KuaorpaMM TopTta MPUHOCUT 2 ged. ex. mpubeuin. Bee
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TOPTBI MOXHO MpPOJaTh Ha cAEAYIOIMHA OeHb co ckuakoi 0,2 neH. el.
Ha ocHOBaHMU oIMbITa MOJYYEHO paclipeleieHde Clpoca Ha TOPTHI,
npencrasieHHoe B Tabn. 16.3. HaiiTh onTMMAaibHYiO0 THEBHYIO BbIpa-
60TKy TOpTOB.

16.17. Pewuts 3amayy 16.16 npu ycnoBuu, YTo CrMpoc Ha TOPTHI
ecTb cliydyaifHasi BelMYMHA, pacrpeiefieHHas Mo MOKa3aTeIbHOMY 3a-
KOHY ¢ mapameTpoM A =09,

16.18. Ckian mnomonHseTcs KaXIblii MeCsLl HEKOTOPbIMH H3je-
nusAMHU. B TeueHune mepsbix mATH MecsleB roga oObeMbl OMOTHEHUS
paBHbI cooTBeTcTBeHHo 10, 20, 20, 20 u 30 usgenuam. Hauanbubrit
3arac K Hayany mepsoro Mecsiia paseH 10 usgenusm. Ha ocHoBaHuu
OMBbITa MOJYYEHO paclipele/IeHHe crpoca Ha TOBap, MpeAcTaBleHHOe
B Tabn. 16.5. CaBur Mo BpeMEHH MEXIy 33aKa3OM Ha MOMONTHEHHe U
JOCTaBKOH Ha cknaa paseH 6 Mec. MalepXku B pacyere Ha OIHO
H3leine M3-3a W3NKlIKa U3geauit paBubl 10 1eH. ex, a OT UX HexBar-
ki — 120 geu. en. HaiitTh onTuManbHoe MOMOAHEHHE CKAaja Ha
mecTo Mecsl.
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— — — C orpaHMYeHHbLIM BpeMeHeM
oxuaaHus 365—368

— — — — oxunaHuem 333, 353—368

— — — - HeorpaHM4YeHHOIi o4Yepebio
354364
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— — — B cHcTeMe 354—356, 359, 367

Cpeannii Boiurpbi 188

— neduunt npomnykra 376, 387

— 3anac 387

Cpok Hayana paboTbl no3aHui 304, 308
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— — yraosas 34

TpancropTHas 3aaaya 6, 123—152

— — , QIrOpUTM pelueHus 144, 145

— — , aILTEPHATHBHBIA onTUMYM 143,
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(cM. Memod eemseii u epanuy, Memod Ia-
MOpU)

lexa urpst 177

Liexbt pecypcos “BHyTpeHHHE” 101

— — HesiBHbie 100

— — TeHeBbie 100

— — ycaosHbie 100
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(cM. coomeemcmeyiowue 3adauu no Hasea-
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