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NMpepncnosune

TTockoNbKY NMEPBOE M3JaHHE 3TOM KHHMIH BHILLIO B AanekoM 1971 roxy!, s BriHyxaeH GbL1
BHECTH MHOTOYHC/IEHHbIE H3MEHEHHA KaK B CTHJb M3JI0KECHHA, TaK H B COEP)KaHUE LIECTOro
W3aHUA JaHHOM KHHUTH. S npuiuesn K BHIBOXY, YTO BHECCHUE OTAENBHBIX H3MEHEHHU M HCIIpaB-
JIEHH MOXET MPUBECTH JIMIIb K HEeMpeIHaMEepPeHHbIM HCKaKCHUAM U owubkam. S mocuuTan
HeoOXOOMMBbIM 106aBUTh HOBbIE YIpaXKHEHUA H U3MEHUTh MHOTHE “cTapbie” ynpaxHeHud. Ta-
KuUM 00pa3oM, s MpHIIeST K 3aKIIO4EeHUIO, YTO B 3TOM H3JaHMU HAlO CYIIECTBEHHO U3MEHHTh
KaK OCHOBHOM MaTepHaJl, TaK U YNpaKHEeHH.

B nmanHo# kHHre nepBbie 18 riiaB nepenucassbl NOJHOCTHIO. OCTaBIIMECA TPH TJIaBBI Nepe-
CMOTpEHBI 1 HcrpasiieHbl. Jlo6aBaeHO MHOrO HOBOTO MaTepuaa, CTaphlii TEKCT COKpaLIEH WIH
BOBCE yaajieH. B 3TOM M3JaHMM CYILECTBEHHO M3MEHEH YpOBEHb HM3j1araeMoro Marepuana, B
YaCTHOCTH O JIMHEHHOM MpOrpaMMHpOBaHHH. Temepb Kaxaasd TeMa HauHHAeTCA C BBOAHOIO
Marepuaia, JOCTYITHOIO CTyIJEeHTaM IepBbIX KypCOB, Jajieeé YPOBEHb H3JIOXKEHMSA MOCTENEHHO
NOBLIILIAETCS, Npeliaras MaTepyal, JOCTYIHbIA A1A CTyJEHTOB CTapLIMX KYpCOB.

A ucnois30Bal MHOrOYHCIIEHHbIE TIPHMEPHI U YIPaKHEHHA KaK CPEACTBO UIA NpelcTaBie-
HHS OCHOBHBIX MIEH U MPUHLIMIIOB, JIEXALIUX B OCHOBE Pa3jIMYHBIX METONOB TEOPUH HCCIENO-
BaHMA onepaumif. Kaxapl¥t nmpencTaBieHHbI B KHUre peIleHHbIN NMpUMEP COCTOMT M3 psia
non3anad, KOTOpble OXBaThIBAIOT B ONpPENEJIeHHBIX Nponopuuax (Hauerch, c0aTaHCHPOBaHHO)
BOIPOCHI CO3JaHUA M (opManu3aluy MoJeei, BoIYMCIUTEIbHbIE aClIEKThl ¥ TEOPETUYECKHUE
OCHOBBI. B KOHLIE Kax 0¥ rJ1aBbl MPUBOJUTCA HAO0p KOMILTEKCHBIX 3a/lay, CBA3aHHBIX C TEMOH,
U3jaraeMoif B riiaBe, H 3HAYUTENBHO YITyONAIOIIMX U pacIUHpsIomKX ee. lllectoe u3nanue co-
nepxut 6onee 1000 ynpaxueHut (60% 13 HUX NOABWIKCH TOJIBKO B 3TOM H3JaHHH).

KHura pa36ura Ha Tpu 4dactu. Yacte JemepmuHnupogannsie Mooenu BKIIOYAET TEMBI JM-
HeHHOro MporpaMMHpOBAHHUA, CETEBBIX MOAesiel, MHOTOKPHTEPUAIbHOM onTUMH3AUMU (Le-
JIEBOTO MPOrpaMMUPOBAHUA), JUHAMHUYECKOro (IeTepMHHHMPOBAHHOIO) MPOrpPaMMHpPOBAHHUA U
Mozene#t ynpapneHus 3anacamu. Tema MMHERHOro NMpOrpaMMHpPOBAaHHsA H3/I0XKEHA TaK, 4YTO Ha-
YHHAIOWUA CTYAEHT NOJYYUT 34eCh OCHOBBI MPaKTHYECKOrO NPHMEHEHHUS METOIOB, BKIIOYas
TEOPHIO OBONCTBEHHOCTH M AHAJIM3 YYBCTBUTENBHOCTH. I'J1aBa, MOCBALUECHHAA CETEBBIM MoJe-
JIAM, COOEPXUT 00OGILIEHHbIE MOJENH U AITOPUTMBI, BKJIIOYas alrOPUTM HAaXOXICHHA Kpat-
yaliux myteit (anroput™ dioiioa), a Takke HCClEI0BaHHE MOTOKOB B CETAX C MOMOILBIO Me-
TOJOB JIMHEMHOTO MPOrpaMMHUPOBAHUA U MOKA3BIBAET UX CBS3b C TPAHCMOPTHHIMH MOJIENAMH.
B otaenbHol riaBe coGpaH yriryGneHHbI MaTepHal 10 TEOPHH JHUHEHHOro NMporpaMMHpoBa-
HuA. OTOeNbHBIE IV1aBbl MOCBAILEHBI LEEBOMY H LIEJIOYHCICHHOMY NporpaMMHpoBaHHIo. B
IJ1aBe O LIEJIOYHCIIEHHOM ITPOrpaMMHUpPOBaHUM OCHOBHOM ymop cleNaH Ha NPUMMEHEHUH MHOro-
obewaromuiero Merona BetBedt U rpaHul. HoBble NPUIOKEHHS TakKe BKIIOYEHHI B I7aBy, IO-
CBAILIEHHYIO AUHAMUYECKOMY IIPOrpaMMHUPOBAHHUIO. JIETEPMHHHPOBAHHBIC MOZEIH YIIPaBICHHA
3anacaMi BBIHECEHBI B OTICIBHYIO [JIaBy.

Yactb Beposamnocmuvle Modeny HAYMHAETCA C I71aB, COAEPXKAIIUX OCHOBBI TEOPUH BEPOAT-
HOCTell 1 MaTeMaTHYeCKOH CTaTUCTUKH. MaTtepuail 0 TEOpHH NMPHHATHA pELICHUN OXBAaTbIBAaET
AHATMTHYECKUI HepPapXHYECKUIA OAX0 M PacKphIBAeT poJib PYHKIMH MONE3HOCTH. B Teopun

! panee na pycckuit s3b1k 66110 nepeBeacHo 3-¢ u3naHue stolt kuuru: Taxa X. Beedenue 6 uccnedosarue onepa-
yuii: B 2 kH. — M.: Mup, 1985. — IIpum. peo.
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Urp METOJ, OCHOBaHHbIH Ha JTHHEHHOM NMPOrpaMMHUPOBaHHH, B HACTOALIEM W3NAHUH, C OTHOU
CTOPOHBI, YNPOIUEH, C APYroi cTopoHsl — ycuiieH. CToxacTuueckoe QMHAMHYECKOE Mporpam-
MHPOBaHHE MpPEACTaBIEHO HOBO# I1aBoi, 3a KOTOPOH CledyeT I1aBa O BEPOATHOCTHBIX MOJe-
JIfX ynpaBieHus 3anacamu. HoBoe M3/OKEHHE TEOPHH MAcCOBOr0O OGCTY)XMBAHUS MO3BOJNSET
CTYIEHTaM H3Yy4YMTh KaK €€ NPaKTHYeCKOe MPUMCEHEHHE, TAK M CaMy TEOPHIO WJIH, MpH XKeJa-
HHMU, COCPEJOTOUMTHCA TOJNIbKO Ha MPAKTHYECKHMX acleKTaX TeMbl. B oTaenbHyio riiaBy BblHE-
CEHbl OCHOBBI M MPUHLMIBI JUCKPETHOTO UMUTALIMOHHOTO MOJENHUPOBaHUsA, a BBEICHHE B A3BIK
mogenuposanus SIMMET Il nepeneceno B [Ipunoxkenue b. Marepuan o MapkOBCKHX Npouec-
Cax MPUHATHA PELICHHH Nepenucal B COOTBETCTBUH C HOBOI KOHUENLMEH KHUTH.

Yactbe Henuneiinvie Modenu MOBTOPSAET MaTe€pHan MATOr0 M3aHMsA, HO OHA TaKkXKe MOIBEp-
I1ach 3HAYUTEIbHBIM H3MEHEHHUSAM.

IMporpamMHoe obecneyenre, CONpoBOXAAIOILEE 3Ty KHHUTY, BKnouaeT nporpammy TORA u
“crynenyeckyro” Bepcuio s3bika SIMMET IL! Iporpamma TORA peanusyer pasinuHbie aji-
FTOPHTMBI, OIIMCAHHbIE B KHUTE, U MOXKET NMOMOYb B UX H3YY€HHMH MO0 MOXKET NPOCTO MCHOJb-
30BaTbCA [UIA pelieHUs cooTBeTcTBYyomMX 3agay. SIMMET Il umeer Bce BO3MOXHOCTH M
CPEACTBa, NPHCYHINE €e KOMMEPUYECKOH BEPCUH, — Pa3/IMYME 3aKJIIOYAETCA TOJIbKO B TOM, HTO
JaHHas BEPCUA UMEET OrpaHHuEHHA Ha pa3Mep peLIaeMbIX 3ajay.

Knura uMeer matb npwioxeHui. Ilpunoxenne A coaepxut 063op Teopun Matpuu. Ilpu-
JoxeHue b npemnaraer BBeAeHUE B A3bIK UMHTAUMOHHOro mopenuposanus SIMMET II. Ma-
TepuaJ, MOCBAIIEHHbIH HHCTALTALUMH U HCIOJIb30BaHUIO nporpaMMHoro obecneuenus TORA u
SIMMET 11, npeacrasnex B [Ipunoxenuu B. Ipunoxenue I' conepkut Tabauibl HOpMajbHO-
ro, CTbionienTa 1’ pacnpeneneHuit. OTBETHI K MOJOBUHE YNpaXHEeHHit npeacTasiexs! B [Ipu-
JoxxeHuu 1.

BnarogapHocTu

MHorue MoH Koyulery NMopuepxaiu MeHs B paboTe Hal 3TON KHMro# CBOMMH COBETaMH M
KPHUTHYECKMMH 3aMeyaHusaMU. S riry6oko GrarogapeH UM BCEM M BbIpaXalo HaJexITy Ha Halle
JanbHelillee B3aUMOBBITOLHOE COTpyAHU4YecTBO. Ocobo xody mobnaromaputh npodeccopos
I'as Kappu (Guy Curry) us Texacckoro yHuBepcureta, JJona O. Jlena (Don E. Deal) u3 yHu-
Bepcuteta XbplocTOHa, Puuapna ®dpencuca (Richard Francis) u3 ynusepcurera ®nopunsl, Sc-
cepa XocHu (Yasser Hosni) uz ®nopuackoro LeHTpajbHOro yHuBepcureta, AyuieHa C. Illep-
MmaHa (Allen C. Schuermann) u3 yHusepcurera mT. OknaxoMa W OBaHrenoca Tpuanradmwuty
(Evangelos Triantaphyllou) u3 ynuBepcurera wt. Jlynsuana.

A taioxe 6naronapeH cBoeMy HoBoMy u3zatesito Prentice Hall 3a Markuit u rinagkuit nepexon
101 €ro MOKPOBUTENLCTBO. Bhipakaio ocobyro O6narogapHOCTh MOMM penakropaM BeliHu M. me
JleoH (Bayani M. de Leon), Anmnce IBopkuH (Alice Dworkin) u Pexope INMuduapenna (Rhodora
Pefiaranda) 3a ux npodeccuonanbHyro paboTy 1o MOArOTOBKE IECTOr0 M3NAHUA KHHUTH.

Xomou A. Taxa

! YnomsHyToe nporpaMMHoe obecneyeHne MOKHO HaiiTh Ha Web-yane Usnarensckoro noma “Bunbamc” no aa-
pecy: www.williamspublishing.com. — [Tpum peo.
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naBsa 1

NccnepoBaHune
onepauunn: o63op

1.1. MaremaTtnyeckune mogenm
nccneposaHuna onepaunn

IMpenmnonoxuM, YTo B COOTBETCTBUH C JEJIOBHIMU 00S3aTeNbCTBAMH BaM HEOOXOIUMO B Te-
YeHHe MATH Helelb MATh pa3 MoCceTUTh ropol B (mocrosHHOe Balie npedpiBaHKE — ropod A).
Bbi goykHbI 6bITH B ropoie B B moHenenbHUK NMEPBOi HEAENU U OKOHYATEIbHO BO3BPATUTHCS B
ropoa A B cpemy maToif Henenu. 3aka3Hoit 6uneT u3 ropoga A B ropoa B u obpaTtHo cTouT
$400, ognako BeI MOXeTe MOy4UTh 20% CKHAKH OT CTOMMOCTH OHIIETOB, €CIIM BbLIET NPUIET-
cs1 Ha KoHell Heaenu. Kpome Toro, cienyer y4ecTh, YTO CTOUMOCTD OHMiIeTa TONBKO B OJHY CTO-
pOHy paBHa 75% OT CTOMMOCTH 3aKka3HOro Ousieta. Bel, €CTECTBEHHO, XOTUTE MHHUMU3MPOBAThH
cTOMMOCTD nepeneroB. Kak 3to caenars?

OnucaHHYIO0 CUTYalUMIO MOXHO pPaccMaTpuBaTh Kak 3agady NMPHHATHA pEIIEHHWH, rae Ins
HaXO0XIeHUS ONTUMAJIBHOTO pelleHus TpeGyeTcsa ONpeneauTh TPY OCHOBHBIX KOMIIOHEHTA.

1. YTo B HaHHOM CiTy4yae CYUTATh aJIbTePHATUBHBIMH PEILCHUAMU?
2. KakyuM orpaHu4YeHHsIM JO/DKHO yIOBJIETBOPATH BO3MOXKHOE pelleHue?
3. ITo kakOMy KpPHTEpHIO NOKHbI OTOHPATLCA aNbTEPHATUBHBIE PELICHUA?

B Haweit 3agaye BO3MOXHbI CJICAYIOIIHE aJIbTEPHATHUBBLI.

1. IMokynka naTH 3aKka3sHbix 6mwieToB A-B-A (T.e. u3 ropozaa A B ropon B u o6patHo).

2. IMokynka oxHoro Guiera B OHy CTOpOHY A-B, ueThipex GuinetoB A-B-A, 3axBarhiBato-
IIMX KOHeLl HeleNIM, U OJHOTO0 “OJHOHANpaBiaeHHOro” 6unera B-A.

3. MNokynka 6unera A-B-A mis nepsoit HelenH, NPpHYEM MEXIY AaTaMH BBUIETOB JODKEH
ObITh MOHENENbHUK; A NMoC/enHeil Henenu mokymnka Owiera A-B-A, Mexmy naramu
KOTOPOro JOJDKHA ObITh Cpefia, MpUYeM HepBbIf M mocneaHuii GIIeTh HOJDKHBI 3aXBa-
THIBAaTh MMOCIEAHNE IHHU Helenu; yeToipe 6wieta A-B-A, Mex Iy JaTaM# KOTOPbIX TaKKe
€CTb [I0C/IEAHUE OHU HEACTH.

OrpaHu4yeHHeM B JaHHOM 3afaye ABJIAIOTCA JHU NPHOBITHA: MOHEASTBHUK MEPBOH HEAENN U
cpena nAToM.

B maHHOM ciiyyae eCTECTBEHHbIM KPMTEpHEM [jid OLEHUBAHUA BO3MOXHBIX albTEpHATHB
ABJIAETCS LeHa OWIeToB. AJNbTepHATHBA, 00eCcIeYnBaroIas HAMMEHbILYI0 CTOUMOCTb OWIIETOB,
6yzer Hawtyylueil. B JaHHOM ciiydae MMeeM CIeqyIoIHe aJIbTEPHATHBBI.

AnbtepHarusa 1: croumocTts 6mietoB = 5 X 400 = $2000.
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AnbTepHatyBa 2: crouMocTh 6unetoB = 0.75 X 400 + 4 x 0.8 x 400 + 0.75 x 400 = $1800.
AnbTepHariBa 3: crouMocTs 6unetoB = 5 X (0.8 x 400) = $1600.

OueBUIHO, YTO HAaWTy4llelt ABISETCA TPEThS AIbTCPHATHBA.

IMpuBeneHHBIH NpUMep NMOKa3bIBAET OCHOBHBIE MPUHLMIIHAIBHBIE COCTABIIAIOLINE MOJEIH HC-
cnenosanus onepauuit (MO), a MMEHHO ajbTEPHATHBbl, OIPAaHMYEHUA U KpUTEpHil oTbopa ajb-
TepHaTUB. B 00wweM ciiyyae B 3ajauax NMPUHATHA PEIUCHUI abTEPHATHUBBI 3aBUCAT OT OMpene-
JIeHHOro Habopa MepeMeHHBIX, KOTOpbIe 3aTeM MOTYT MCIIOJIb30BaThCs MPH (hopMaU3aluM orpa-
HHYEHUH U KpUTepHs B BUIE MOIXONAIIMX MaTeMaTHUeCKUX QyHkuuit. B pesynbrare dopmainu-
3alliy NOJTyYaeM MaTeMaTH4ecKyl0 Mo/ellb, COAEPXKaLIyl0 H3MEHsAEMbIE IEPEMEHHbIE, OrPaHH-
YeHHs ¥ (YHKUMIO KPHTEPHS, KOTOpas TAKKe Ha3biBAaeTCA eeBoii dynKuuei. PemenneM Ma-
TeMaTH4eckoil Moaenu OyneT Takoif HaGop 3HaueHHH NMepeMEeHHBIX, KOTOPhIi ONTHMH3HPYeT
(MakcMMU3HpYeT WIM MUHMMU3UPYeT) QYHKLUHMIO KPUTEPUSA U yIOBIETBOPAET BCEM OrpaHUue-
HusM. Takoit Habop MepeMeHHBIX Ha3bIBAaeTCs ONTHMANLHBIM AONYCTHMBIM pellieHHeM.

TunuuHyto MaTeMaTHuecKyto Mojenb MO cxeMaTH4eCKH MOXHO NPEACTaBUTD CIEAYIOLINM
o6pazoM.

MakcuMu3auus Wi MUHUMU3auus yeneeou yHkyuu
TPH YCIIOBUH BBINIONHEHUS 02PaAHUYEHU.

IIpumep 1.1-1

PaccMoTtpuM cnenyrouryio 3agady. Cpeau BceX NPsAMOYTOJBHHUKOB C IEPUMETPOM
(uKcHpoBaHHOU MIMHBI L HE06X0OMMO HalTH MpPAMOYrOJIbHUK MaKCUMAaIbHOM Iuiola-
au. Kakyro JUTMHY ¥ IIMpUHY OYAET UMETh TaKo# NpsAMOYIroJbHUK?

B 370it 3agaue nepeMeHHbIMH OyAyT AaMHA [ M LIMPHUHA W NpAMOYrojbHUKa. Ilio-
agb npsAMOyronbHUKa A BbyucaseTca mo dopmyne A =/w. Takum obGpasom, Hamo
MaKCHUMU3UPOBaTh BENUYUHY A NpHU YCIIOBHH, YTO IJIMHA MEPUMETPA NMPAMOYIOJIbHHUKA,
BbIUMCIgeMad no ¢opmyne 2(/ + w), paBHa 3agaHHONM BeauuuHe L. MaTemaTHueckas
Mozenb 6yAeT 3anucaHa cieayomuM oopa3om.

MakcumusupoBatb 4 = lw
NpU OrpaHUYEHUH
L
l+w=—.
2

OTy 3agavyy MOXHO PELINTh, BHIPa3uUB U3 paBeHCTBa / + w = L/2 ofHy NepeMeHHYIO
(Hanpumep, /) yepe3 Opyryio (w) ¥ MOICTaBHMB €€ B (OpMyITy LieneBoi pyHKUMH. B pe-
3yJbTaTe MONY4YUM CJIEIyIOIIEe.

A= £—w w=£’—“i-—w2.
2 2

Kak u3BecTHO, pyHKUMA 4 GyneT UMeTh 3KCTPEMYM IPU TOM 3HAUY€HHH W, NIPH KO-
TOPOM IPOU3BOAHAA MO w 3ToH GyHKUMHU OyneT ob6pamaThCs B HyJb. JIpyrumMH cioBa-
MH, HaJI0 PELINTh YpaBHEHHE
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B pesyabrare noiy4uM petieHue w = L/4. OTpULIATENBHOCTS BTOPOI MPOU3BOJHOM
[pH JaHHOM 3Ha4YeHUH w JOKa3bIBaeT, YTO 3Ta TOYKA NEHCTBUTENBHO ABJIAETCS TOUKOM
MakcuMyMa (yHKuMd A. M3 paBeHCTBa OrpaHH4eHus nomy4yaeM, uro /= L/4. CnenoBa-
TEeJIbHO, ONTHMAaJIbHEIM PelIeHHEM HaHHOH 3amaum Oynet w=L/4 u /= L/4, T.e. cpenu
NPAMOYTOJIbHUKOB € (DMKCHPOBaHHBIM NEPUMETPOM MaKCHMAJbHYIO IUIOans Oyner
HUMeTh KBajpar.

XoTa MaTeMaTU4eCKHE MOZENHU ABIAIOTCA KpaeyroibHbIM KaMHeM B usydenuu MO, 3agaua
NpHHATUA pellleHU He OrpaHUYMBAETCA NMOCTPOCHHUEM M pPELIEHHEM MaTeMaTUYECKHUX Moje-
nieit. Tlo 60osbIIOMY CUETY, 3aa4ya MPHHATUA PEIICHUN CONECPKHUT “HeMaTepHanbHble” ¢akTo-
Ppbl, KOTOpble TPYIHO MOANANOTCA KOJMYECTBEHHOMY OIpefesieHuI0, HO, 6e3ycIOBHO, 3Hauu-
TEJbHO BJIMAIOT Ha Ka4eCTBO MoyryyaeMoro pemeHus. Cpely HHX, KOHEYHO e, UMEETCS U ue-
JoBevyeckuit pakrop. Yacto adexT oT YenoBeyeckoro noBeaEHU MOXKET CBECTH Ha “HeT” ca-
MoO€ ONTHMAIbHOE pellIeHue, NOoyYeHHOe Ha OCHOBE JIto0oi MaTeMaTuueckoi Moaenu. Himo-
crpauueifl 3TOT0 MOXET CIIY>XKUTh IIUPOKO HU3BECTHAA npo6zzevua qubma. Ilo MHOTOYMCJIEHHBIM
xano6aM KWILLOB BEICOTHOTO IOMa Ha JUIUTENIBHOE OXXHMAAHUE JH}Ta GbIJIO ONTHMH3UPOBAHO
BpeMs OXHIaHHsA, paCCYMTAHHOE HAa OCHOBE MOJEIH MaccoBoro obcimyxusanusi. Ho npemio-
KEHHOE pElleHHe HE YMEHBUIWIO MOTOK xkanob. JanpHeiiee M3yyeHUe CUTyalUMH MOKa3aio,
YTO >KWJIbLIAaM MPOCTO CKYYHO zath au¢T. IIpobnema Gbula peilleHa, Korga B XOJUIE BO3JE
ma¢ToB nosecwnn Gonbiuue 3epkaina. JKamo6bl Ha JUIMTENbHOE OXUIOaHME JudTa NpeKpaTu-
JICh: TeMeph KUIbLBI KOPOTAIOT BpeMs Bo3je TUGTOB, pasriaapiBas ce6s U IPYTHX B 3epKale,
YTO, COrJIaCHTEChH, NIOYTH HE HAZOEdaeT.

MareMaTH4ecKuii acrieKT HCCleI0BaHUA orepaluit 0653aTeNbHO DOKEH PaCCMaTpUBaThCA
B IIMPOKOM KOHTEKCTE BCEro Mpolecca NPUHATUSA pelueHuit. 310 6bU10 0CO3HAHO GpUTAHCKHU-
MH Y4YEHBIMH, KOTOphIe cTanu “nuoHepamu” B obnactu MO eme Bo BpeMsa Bropoif MupoBoit
BOiiHbI. XOTS MX paboThl, B OCHOBHOM, OBLIM COCPENOTOYCHBI Ha ONTUMM3ALMHU pa3MEILEHUSA
OrpaHM4YEHHBIX BOEHHBIX PECYPCOB, B KOMaHIy pa3paboTunkoB O BXOAUIH TaKke CrieLUaIH-
CThI 11O COLMOJIOTHH, NCHXOJIOTHH ¥ NIOBEAEHYECKHM HayKaM, YTO NOAYEPKHBATIO BaXKHOCTD de-
JloBeyeckoro (axTopa B Mpoyiecce NPUHATHA PEILeHHI.

1.2. MeToabl nccnepoBaHnA onepaunn

B Mopensax uccienoBaHus onepauuil mepeMeHHblE, OT KOTOPHIX 3aBHCAT OrpaHUYEHHS U
ueneBas QYHKUUSA, MOTYT ObITh JUCKPETHBIMH (Halle BCErO LENOYHCICHHBIMU) H KOHTHHYaIb-
HbIMH (HeTpepbLIBHBIMM). B CBOIO ouepenb, OrpaHHUeHMS U LiesieBas QyHKUMA ASAATCA Ha JIH-
HeifHble M HeJMHelHble. 3aJaYi ONTHMU3ALKY, NPEICTABICHHBIE 3THMH MOJCIAMHY, JajH TOJ-
YOK K pa3paboTke pa3IMYHBIX METONOB peLICHHs, KOTOPhI€ NOJDKHBI YYUTHIBATh COOTBETCT-
BYIOILIME MaTeMaTH4Yeckue CBOMcTBa 3TUX Moaeneil. Haubonee usBecTHBIMU M 3¢ PEKTUBHBIMHU
U3 HUX SBJIAIOTCA METOIbl JIMHEHHOro NMporpaMMHPOBaHHUs, Korja LeneBas QyHKUMA U BCe
orpaHuueHus OymyT nuMHeHHbIMU. [ pelIeHMA MaTeMAaTHYeCKUX MOAeNel ApPYyrux THUIIOB
NpeaHa3HaYeHbl METOAbl AMHAMMYECKOr0 NpOrpaMMHMPOBAHHS, LET0YHCIEHHOro mpo-
rpaMMHpOBaHHs, HeJIMHEHHOro MPOrpaMMHpPOBaHHs, MHOTOKPHTEPHAIbHON ONTHMH3a-
LIMH M METOZBI CeTeBbIX MoJeei.

INpakTH4ecky BCe METOHBl MCCIICNOBAHHs ONEpalMii MOpPOXIal0T BBIYHUCIUTENBHBIE Aro-
PUTMbI, KOTOPbIE ABIAIOTCA HTEPALMOHHBIMHU [0 CBOEH NMpUpOAe. ITO MOApa3yMeBaeT, YTo 3a-
Jada pelaeTcs nocjieoBaTebHO (MTEPallMOHHO), KOra Ha KaXKAOM Iuare (MTepaluH) Hoiy-
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YaeM peLlIeHus, TOCTENEHHO CXOAALIMECS K ONTUMAIbHOMY pelueHHio. UTepaunonHas npupo-
Ja airopuTMOB OOBIYHO MPUBOAMUT K OOBEMHBIM OQHOTHIHBIM BBIYHCICHHAM. B 3Tom u 3a-
KJIIOYaeTcs NpUYMHA TOTO, YTO 3TH aJIrOPUTMbI pa3pabaThiBalOTCs, B OCHOBHOM, IS peanusa-
LIMH C TOMOLIBIO BEIYHCIIUTENBbHOM TEXHHUKH.

Hcrnonb3oBaHre KOMINBIOTEPa KaKk HEOThEMJIEMOTO cpeacTBa peweHus 3agad MO nopoxna-
€T ONpe/eNICHHbIE BHIYMCIIUTENbHbIE CIIOXHOCTH, @ MMEHHO OLIMOKH MalIMHHOIO OKPYIJICHHS.
Takue omnbxu 0co6eHHO 3aMETHBI NPH YBEIHYEHHH ducia utepaimit. [Ipo6nema ommbGok ok-
pyrieHus ycyryonsercs, eciau nepemeHHbie Moaeny MO 10MmKHEI TPUHMMATE TOJBKO LEIOYHC-
JIeHHbIe 3HayeHuUs. [10CKOJIbKY KOMITBIOTEp BCE BBIYMCIICHHS BHIMOJIHAET B apU(pMeTHKe C Iia-
Baollei 3anAaToif, TOUHOE MpPEACTABIEHHE HEKOTOPHIX LEJOYHCICHHbIX 3HaY€HHH CTAHOBUTCA
HEBO3MOXHBIM; B TAKOM CJIy4a€ O PEIUIEHHH MOXHO TOJBKO CKa3aTh, YTO OHO NPHHAIEKHUT
OnpeaenaeHHOH 061acTH 3HAYCHUIA.

Hekortopble MaTeMaTHYECKHe MOJENH MOTYT OBITh TAKUMH CJIOKHBIMH, YTO HX HEBO3MOX-
HO pelIUTh HUKaKMMH AOCTYIHBIMH METOAAaMH ONTHMH3aLMU. B 3TOM ciTydae octaercs TOJIBKO
IBPUCTHYECKHI MOAXOA: MOUCK NO0X00Ae20 “XOPOLLIEro” PeLICHUs1 BMECTO ONMuUManbHO20.
OBpUCTHYECKHUH MOAXOA MPEANONaraeT HAIMYUE SMNUPULECKUX nPAswi, B COOTBETCTBHHU C KO-
TOPBIMH BeJIETCS MOMCK MOAXOoAsIero peueHus. OObIMHO 3BPUCTHYECKHE AJITOPUTMBI BbINOJ-
HSIOTCS 3HAYMTENIbHO OBICTpEE, YEM aIrOPUTMBI HAXOXKIEHHA TOUHOIO PELIEHHS.

1.3. IMmuTaumoHHoe mogennpoBaHmne

HecMoTps Ha BreyaT/siolye JOCTHXEHHS MaTeMaTHUECKOro MOJEIHPOBAHUA, MHOTHE pe-
IbHbIE CUTyalMM HEBO3MOXKHO aJ€KBAaTHO NPEICTaBUTb C MOMOILUBIO COOTBETCTBYIOIIMUX Ma-
TeMaTH4YeCKHX Mojenell. B omHMX ciy4asx B 3TOM “BHHOBATa” ONpeAes€HHas ‘“‘XKECTKOCTb”
MaTeMaTHKU Kak f3blka OMHCAHHUA M MpelcTaBiieHus cobbiThit U sBieHuit. Kpome Toro, make
€CJIH €CTh BO3MOXHOCTh ()OpMaIU30BaTh pacCMaTPHUBAaEMYIO XHM3HEHHYIO CUTYALHIO MOCpen-
CTBOM MOCTPOEHUA MaTeMaTHYECKOH MOJE/H, NOJyUYeHHas Ha €€ OCHOBE 3a/aua ONTHMH3aLM{
MO>KET OBITh CJIMIIKOM CJIOXKHOM U1 COBPEMEHHBIX aJITOPUTMOB PELICHMsA 3a1ay 3TOro Kiacca.

AJIbTEPHAaTHBOH MaTeMaTHYECKOMY MOMAEIMPOBAHMIO CJIOXHBIX CHCTEM MOXET CIY)XHTh
HMHTALlHOHHOE MoOJe/IMpOBaHHe. DTOT BUA MOICIUPOBAHHA 4YacCTO SABIAETCA HAWIy4YLIHM
(ecnu He eJMHCTBEHHBIM) CIOCOOOM HCCleOBaHHsA PealbHbIX CUCTEM. Pasnnuue mexnay Mare-
MaTHUYECKOM M MMUTALMOHHON MOJENAMM 3aK/IIOYAeTCs B TOM, YTO B NMOCHEAHEN OTHOUIEHHE
MEXZIy “BXoIoM” H “BBIXOZOM” MOZENH MOXET OBITh ABHO He 3afaHO. BMecTo sBHOro Matema-
THYECKOro OMHMCaHUA B3aMMOOTHOLIEHUA MEXIy BXOJHBIMH M BbIXOAHBLIMH NMEPEMEHHBIMH Ma-
TEMaTHYECKOH MoJeiu, MPY UMUTALIHOHHOM MOJEIHPOBAHHM peabHas CHCTeMa pa3BuBaercs
Ha pAL ZOCTaTOYHO MaIbIX (B (YHKLMOHAILHOM OTHOLLIEHHH) 31EMEHTOB WIH MoxyJeil. 3ateM
NOBEJICHHE MCXOIHON CHCTEMBI MMHUTHPYETCH KaK IOBEJCHHUE COBOKYMHOCTH 3THX JIEMEHTOB,
omnpezneneHHbIM 00pa3oM CBA3aHHBIX (ITyTeM YCTaHOBJIEHHS COOTBETCTBYIOLIMX B3aWMOCBS3EH
MeXIy HUMH) B €IHHOE Lieioe. BriuuciuTenbHas pealusalus TakoM MOIEIH HavyMHAeTcs C
BXOJHOTO 3JIeMEHTa, Jajiee MPOXOAMT MO BCEM JIEMEHTaM, NoKa He OyleT JOCTHrHYT BBIXO-
HOM 2JIEMEHT MOJETH.

BrruucnurenbHble aclieKThl MMHTALMOHHBIX Mofenell 0ObIYHO CPAaBHHUTENBLHO HECIIOXKHBIE,
HO, KaK NpaBujo, oueHb TpyAoeMkHe. [ToaToMy peanu3auusa TakMX MojeJel rnojapasymeBacTt
HCIIONIb30BaHUE BBIYUCIUTEILHOM TEXHUKH.

HMHUTauHoHHBIE MOJETH 3HAYMTENBHO rH6Ue B MPEICTaBICHUH PEAbHBIX CUCTEM, YEM HX
MareMaTHyeckue “KOoHKypeHThI”. [IpuunHa Tako# rHOKOCTH 3aKJIIOYaETCA B TOM, YTO NPHU UMH-
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TaUHMOHHOM MOXETMPOBaHHH MCXOIHAs CHCTEMa PacCMaTpHBAETCs HA 3JIEMEHTHOM YPOBHE, B
TO BpeMS KaKk MaTeMaTHYeCKHE MOJEIM CTPEMATCS OIMCaTh CHCTEMBI Ha IJIOOANbHOM, Kak
MOXHO Gojiee 00LIEM YPOBHE.

Ho 3a rHOKOCTh HMHTALMOHHBIX MOJEJEN NPUXOIUTCS [UIATHTh BHICOKMMH TPEGOBAHUAMU
K NOTpeOIieMbIM BPEMEHHb!M M BBIYHCIIUTENBLHBIM pecypcaM. [103TOMy peanusalus HEKOTO-
PBIX MMUTALMOHHBIX MOJENei JaXe Ha COBPEMEHHBIX OBICTPBIX M BBICOKOMPOM3BOAUTEBHEIX
KOMIIBIOTEPAX MOXKET GBITh OUeHb MeIJIEHHOIA.

1.4. cKyccTBO MmoaennpoBaHus

PeleHus peanbHbIX 3aJa4 UCCIENOBaHHUA Onepauyit JODKHBI ObITh IUIOJIOM KOMNEKMUGHOU
pabomei, xorga 60k o 60k paboraror aHaTMTHKH MO U KIMEHT-3aKa34uK 3aJa4y NPUHATHA pe-
wennit. AHanutikaM MO ¢ UX 3HaHMSMH BO3MOXXHOCTEH MaTeMaTHYECKOro MOJETMPOBAHUS
HeoOXOIMMBl OMBIT M 3HAHHE peanbHON CHTyalMH, MCXOAAINME OT KIMEHTa, IJi KOTOpOro,
co6CTBeHHO, U pemaercs 3agada MO.

HccnenoBanue onepaimii, Kak HHCTPYMEHT 3ala4yM NPHHATHA PELICHHs, MOXHO paccMaTpH-
BaTh M Kak HayKy, M Kak MCKyccTBo. Hayka 31ech mpezacTaBiicHa BCeil MOIIBIO MaTeMaTHYECKUX
METOJOB, a MCKYCCTBO — TE€M OOCTOATENLCTBOM, YTO YCIEX HAa BCEX ITamax, MpeAlleCTBYIOLIMX
TOJTYYEHHIO ONMTUMAJIBHOIO PELUEHHA MaTeMaTHYeCKOH MOJENH, B OOJbLIEH CTENEHH 3aBUCHT OT
TBOpYECTBA M OMNbITa BCEHl KOMaHMIbI, 3aHMMarolleiics pewenveMm 3amauyn HMO. Buumumeitn
(WiNemain, [4]) yTBepxnaer, uTo “3ddexTrBHAd nMpakTHka [OH] TpebyeT HeuTo GOMbLIEro, YeM
TOJILKO 3HAHUA M KOMITeTeHTHOCTh. OHa Taroke TpebyeT, Cpeau MpoYero, “TeXHUYEeCKOH’ Myapo-
CTH (T.€. NOHMMaHHE TOTO, KOrJa ¥ Kak IPUMEHATh TOT WIM MHON METOJ] WIH aJiTOPUTM) U Ofpe-
IENIEHHOTO YPOBHA KOMMYHHMKa0eIbHOCTH M OpraHH3allMOHHBIX CIIOCOOHOCTEH .

Uz-3a “HeynoBuMOro” uesoBedeckoro ¢axkropa TpyZHO HaTh TOYHbIE MPEANMUCAHHUSA I
pean3allyd TEOPUHM MCCIIEOBaHMs ONepaluMii Ha NMpakTHKe. MOXHO IIOMBITaThCS IOKa3aTh
TOJIbKO OOLIYIO HAMpaBIEHHOCTb TAKOH pealn3aLHH.

Ha npakruke peanusauus MerogoB MO momkHa BKITIOYATh CIEAYIOIIME T

1. ®opmanu3auus UCXOAHOH NPO6JIEMBI.
2. IloctpoeHure MaTeMaTHYECKOH MOJEIH.
3. Pemienue Moaenu.

4. IIpoBepka afeKBaTHOCTU MOJEIH.

5. Peanu3sauus pelieHus.

H3 Bcex nsaTH NpUBENEHHBIX 3TANOB TOJLKO TPETUH, pewenue mMooenu, NOCTATOYHO TOYHO
onpeneneH U Haubosee NpoCT WA peanu3auud B pamkax Metonukud MO, nockonbky neicTBus
Ha 3TOM 3Tare OCHOBBLIBAIOTCS Ha TOYHOM MaTeMaTHYeCKOH TeopHH. BhiNonHEeHHe OCTabHBIX
3TanoB B 3HAYUTEIBbHON Mepe fABIAETCS MCKYCCTBOM, a He Haykoil. IToaTomy MBI HE MOXeM
TOYHO ONMCATh MPOLEAYPHl BHIMIOJHEHHUS 3TUX 3TAIOB.

®opmann3auust npobiaembl TpebyeT HMcCIeNOBaHUA TOH MpPEAMETHOH obnacty, rae Bo3-
HHKJIa paccMaTpuBaemas npobiema. OTo HayalbHbIH 3Tan paboTsl Mo60it KOMaHIb! aHATUTH-
koB UO. B pe3ynbTate Takoro MCClie0BaHUA JOMKHBI ObITh MOMYYEHBI CIENYIOLIHE TPH MPUH-
LMITHANIBHBIX dJIEMEHTa pelaeMoi 3agauu: 1) omnucaHue BO3MOXKHBIX ajIbTEpHaTHBHBLIX pelie-
HUi, 2) onpeneneHue ueneBodl GyHKUMH, 3) MOCTPOEHHE CUCTEMBI OrpaHHYeHHH, HaKlaabIBae-
MBIX Ha BO3MOXXHbIE PEIICHHS.
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ITocTpoeHne MaTeMaTHYeCKOH MOeIN 03HaYaeT nepeBo] GopManu30BaHHOMN 3a1ayuH, OMH-
CaHUe KOTOPOil NOJy4eHO Ha MpebITyLIEM 3Tare, Ha YETKUH A3bIK MaTEMaTHYECKHX COOTHOLIE-
Huil. Ecnu nomydyeHHas MOZENb ABIAETCA OMHON U3 CTAHOAPTHBIX MaTeMaTHYECKUX MOJEeH, Ta-
KHUX KaK MOJEJNb JIMHEHHOTO MpOrpaMMHUpPOBaHUs, TO pellieHHe OObIYHO JOCTUIaeTcs IMyTeM HC-
TN0JIb30BaHUA COOTBETCTBYIOLIMX CYLUECTBYIOLIMX alrOopuTMoB. Eciu ke pesynsTupyromas Mo-
JeJb OYEHb CJI0XKHAA U HE MPUBOIUTCA K KAKOMY-THO0 CTaHAapTHOMY THUITy MOJEJIei, To KoMaHaa
HO moxer nmubo ynpocTUTh MOJeNb, THO0 NMPUMEHUTH 3BPUCTUYECKUIT MOIXO0, JTUOO MCIONB30-
BaTh MMHTALMOHHOE MOJENMPOBaHHE. B HEKOTOpBIX Ciyyasx KOMOWHALMA MaTeMaTUYECKOH,
MMHTALMOHHON M 3BPUCTUUYECKOI MOJENEit MOXKET NPUBECTH K PELUEHHIO HCXOQHOH MPOOIIEMBI.

Pewienne Mozeiu, Kak yxe ynoMHUHaIOCh, — HauboJiee NMPOCTOii U3 BCeX ITANOB pealiu3a-
LA METOJOB MCCIIEOBAaHUA OMNEpaLuii, Tak KaK 34ECh HCIOJIb3YIOTCS M3BECTHbIE aJTOPUTMBI
ONTUMH3aUMHU. BaxKHBIM acCIEKTOM 3TOrO 3Tama ABJAETCA aHANu3 Yy8CMEUmenbHOCmy MOJy-
YEHHOro pelieHus. DTO MoJpa3syMeBaeT MOMyYeHHe AOMOIHUTENbHOM HHpOpMaLUK O MoBee-
HUU “ONTUMAJILHOrO” pELICeHUA NpPH U3MEHEHHUH HEKOTOpBIX MapaMeTpoB MOIENU. AHaIH3
4yBCTBUTENBHOCTH OCOOEHHO HEOOXOAUM, KOr1a HEBO3MOXXHO TOYHO OLIEHHUTH [TapaMeTpsl MO-
Jenu. B 3ToM ciydae Ba)KHO U3Y4UTh NTOBEJEHHUE ONTHMAIbLHOTO PELUEHUS B OKPECTHOCTH Tep-
BOHaYaIbHBIX OLICHOK 3HaU€HHI MapaMeTpOB MOJEIH.

IIpoBepka axeKBaTHOCTH MOAENH NpPEANONaraeT MPOBEPKY MPaBWIBHOCTH MOJENH, T.€.
onpelesieHUs TOro, COOTBETCTBYET JIM MOBEACHUE MOAENU B OINpPENETEHHbIX CUTyalHsX MOBe-
JIEHUIO UCXOJHOM peasibHOH cuctembl. Ho cHayana komanaa aHanutukoB MO nomxHa ynocro-
BEPUTHCA, UTO MOJEIb HE COAEPKUT “‘CIOpPNpPH30B”. JIpyrUMH ClIOBaMH, Hafio YOeIHUThCA, YTO
pelleHue, MOTy4YeHHOe B paMKax IMOCTPOEHHOW MOMEH, UMEET CMBICT H MHTYUTHBHO NpHEM-
nemo. DopManbHBIM OOILENPUHATHIM METOJOM IPOBEPKH aNeKBAaTHOCTH MOMEIH SBJISAETCS
CpaBHEHHUE MOJYYEHHOr0 peleHus (oBeeHHe MOIENIU) C U3BECTHHIMH paHEee PEIICHUAMY HJIH
MIOBEICHHEM peaIbHOM CHCTeMbl. MoeNib CUMTaeTCa afeKBaTHOM, €ClIM NpH ONpeaeneHHbIX
HavyaJbHBIX YCIIOBHAX €€ MOBEeHNUE COBIMANAET C MOBEJEHUEM HUCXOMHON CHCTEMBI NP TEX XKe
HayanbHbIX ycioBUAX. KOHEYHO, 3TO He rapaHTHpYeT, YTO NMPHU APYTHMX HadalbHBIX YCIOBHUIX
NoBeieHUe MoJenu OyIeT coBnaaTh C MOBEIEHUEM pealbHOH CUCTEMBbI. B HEKOTOpBIX Cily4a-
X B CWIY Pa3HbIX NPUYMH HEBO3MOXXHO MPAMOE CpaBHEHHE MOJEIH C PeaTbHON CUCTEMON WIH
CpaBHEHHE DELICHHUH, MOJYyYeHHbIX B paMKaX 3TOH MOMENH, C HW3BECTHBIMH DPELICHUAMH
(HampuMep, 13-3a OTCYTCTBHUSA TaKUX JaHHbIX). B Takoi cuTyaluu 1is NpoBEpKU afeKBaTHOCTH
MaTeMaTU4eCKOi MOAEIN MOXHO HUCIOJIh30BaTh UMUTALIMOHHOE MOJEIUPOBAaHHUE, T.€. CPaBHU-
BaTh MOBEIEHHE MaTEeMaTHUYECKON H IMHUTALIMOHHOM Mo aeei.

Peanusauusi pewenusi noapasyMeBaeT MepeBOJ Pe3yJIbTATOB PEIUEHMS MOJENM B PEKO-
MEHJaLuH, NpeACTaBIeHHbIE B GopMe, MOHATHOM I UL, MPUHUMAIOIIMX pEIlEeHHUs, T.€. 3a-
Ka34MKOB PELICHHA UCXOIHOH npobieMbl. BpeMs 3Tol HENMpOCTOi 3aJayuu JIOKHUTCA HENOCpen-
CTBEHHO Ha IJIeYd KOMaHAbl aHanuTHKoB KO.

1.5. O6 3TON KHUre

Moppuc (Morris, [3]) yTBepxaaeT, 4To “U3yueHHE MOAENCH HEe SKBHBAJICHTHO U3Y4YEHHIO
MOJEIUPOBaHUA”. ABTOP MOCTOSHHO AEpXKaJl 3Ty BaXKHYIO MbICIb B FOJIOBE BO BpeMs MOAro-
TOBKH LUECTOTO M3JaHuA JaHHOU KHUrU. OH CO3HATENIbHO CTapasCs NPUBHECTU UCKYCCTBO MO-
IeIUPOBaHHSA B TEOPHIO MCCIENOBAaHUA omepaluii. Ta KHUra, KpOMe ONHCaHUA MaTeMaTHue-
CKMX MoJesei, COAepXUT OONBILIOE KOIHYECTBO YNPAKHEHWH M 3aay, KOTOpbIE MO3BOJIAIOT
MPOHUKHYTB B CYTh aHaJIW3a NPaKTHYECKUX CUTyaLHi.
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ABTOp HajeeTcs, 4TO 3Ta KHUra JacT CTYAEHTaM HE TOJIbKO (yHAAMEHTAIbHYIO OCHOBY IS
MOHMMAaHHs MAaTEMAaTHYECKMX METONOB MCCIIEI0BaHNA ONepaluii, HO ¥ MOHMMaHUE BO3MOXKHO-
cTeif X MpuMeHeHud. Takoe NMOHMMaHHE IOJDKHO IOKa3aTh, YTO HEJOCTaTOYHO COCPENOTO-
YUTBCA TONBKO Ha (UIOCOPCKUX M “XymoxmecTBeHHbIX” acnekrax MO. Heobxomumsl ¢yHaa-
MEHTaJIbHBIE 3HaHHA MaTeMaTU4ECKHX METONOB MCCilefoBaHUs onepauuii. Toapko Ha 3TOit oc-
HOBE CTYIEHTBI MOTYT “B3pallliBaTh’ CBOH ‘‘XyI0)KECTBEHHBII MOTEHLMAI B HCKyCCTBE MOJE-
JupoBaHusg MO. XopowmuM MoacnopbeM 31eCh MOXET CITy)KHTh H3ydeHHe MyONuKauuii u cTa-
Tell B pa3sNM4YHBIX XKypHanaX. ABTOp HAacTOATEIbHO PEKOMEHIyeT KypHan I[nterfaces (u3na-
TenscTBO INFORMS HMHCTHTYTa ynpaBieHYeCKHX HayK M MCCIIeIOBaHHUs oneparuii) kak Gora-
TBIN UCTOYHHK MHTEPECHBIX NpioxeHuit teopun HO.
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fnaesa 2

BBepeHue B NIMHeNHoe
nporpammunpoBaHune

2.1. BBepeHune

JIuneitnoe nporpammupoBanue (JIIT) — 3T0 METOA MaTEMaTH4YECKOTO MOAEIMPOBAHHA,
pa3paboTaHHbIi I onmumusayuu VCIONB3OBAHUA ozpaHuyennbix pecypcos. JIII ycmemnio
NPUMEHSETCS B BOEHHOM 00/1acTH, HHIYCTPUH, CEJIbCKOM XO35HCTBE, TPaHCIIOPTHOHN OTpaciy,
9KOHOMUKE, CHCTEME 3IpaBOXpaHEeHUs M JaXke B COUMalbHBIX Haykax. LlIupokoe ucnons3osa-
HHE 3TOTr0 METOJa TaKXKe MOIKPEIUIseTCs BHICOKO3((EKTUBHBIMU KOMMbIOTEPHBIMU aJITOPUT-
MaMH, pealu3ylOIMMH IaHHbI Metox. Ha anroputMax JMHEHHOro nporpaMMHPOBaHMSA
(Y4uTbIBasi MX KOMITBIOTEPHYIO 3¢ (EeKTUBHOCTh) 6a3UpyIOTCA ONTHMH3ALMOHHBIE AJITOPHUTMBI
Ui APYTUX, 6osee CI0XKHBIX THUIIOB MOJeJeii U 3a1au uccnenoBanus onepauuit (MO), Bkmovas
LIEJIOYHCIIEHHOE, HETMHEHHOE U CTOXaCTHYeCKOe NMPOrpaMMHPOBaHHE.

Brruucnenus B merone JII, kak u Bo MHorux 3aaayax MO, kak npaBmyio, O4YE€Hb TPYAOEM-
KU€ ¥ MO3TOMY TpeOyIOT MPUMEHEHUS BBIYMCIUTENbHOH TeXHHKH. CBOGOIHO pacnpocTpaHse-
Mas nporpamma TORA, conpoBoxaromas #3710)K€HHE MaTepHaia JaHHOW KHMIH, 3HaUMUTENb-
HO 00JIeryaeT 3Ty BHIYUCIIUTENbHYIO HOLy. !

2.2. OrpaHn4yeHNa B moaenn JinHeimHoro
nporpammunpoBaHus

B 3TOM pa3zene Ha NPOCTOM mpuMepe € OBYMs MEPEMEHHBIMH MOKa3aHbl OCHOBHBIE 3Jie-
MmeHTbl Mogeny JIIT. anee ToT npuMep Gyner o600IIeH B 06ILyl0 3axaqy JHHEHHOro mpo-
rpaMMHpPOBaHUA.

Ipumep 2.2-1. (Komnauust Reddy Mikks?)

Komnanunsg Reddy Mikks npou3BoautT kpacky mis BHYTPEHHHX M HapyXHbIX paboT
U3 Cbipbs OBYX TUMoOB: M1 u M2. Cnenytowas TabniLa NpeacTaBiseT OCHOBHbIE JaH-
HbIE 14 3aJa4H.

1 Hanomuum ewe pas, uto nporpaMmy TORA MOXHO 3arpy3utb ¢ Web-CTpaHHLBl JaHHON KHUTH MO aapecy:
www.williamspublishing.com (Web-y3en HU3narensckoro noma “Bunsamc”). — IIpum. peo.

2 ABTOp 4acTO MCMOJb3YeT B MPUMEPAX LYTOYHbIE HA3BAHUA KOMMAHHH, KOTOPhIE aleKBATHO TPYAHO MEPEBECTH
Ha pycckuit a3sik. Hanpumep, B 1anHoM ciayyae Reddy Mikks 10CNOBHO He MEPEBOAHTCA, HO MO 3BYHaHHIO MOXHO
nepeBecTH U Kak “OxpsHble cMecH” (HaMeK Ha MpOM3BOAMMBIE Kpacku), H kKak “KpacHomekue 6e3nensHuku”. O
Ha3BaHMA, KaK NPaBUIIO, HE HECYT CMbIC/IOBOM Harpy3kH. IT03ToMy B GOBIIMHCTBE Cy4aeB Mbl GyJEM OCTaBIATh MX
6e3 nepesona. — [Ipum. nepea.
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Pacxon cbeipps (B TOHHaX) Ha TOHHY MakcHMaJIbHO

KpacKu BO3MOXHBIH
IUIA HApY)KHBIX Ul BHYTPEHHUX  €XeIHEBHBIM pacxon
paboT pabot CBIpbs
Ceipse M1 6 4 24
Cripbe M2 1 2 6
Hoxox (8 $1000) 5 4

Ha TOHHY KpacK{

Otzen MapKeTHHra KOMIIAaHHH OTPaHHMYIWI €XEIHEBHOE NPOM3BOACTBO KpacKu IUIA
BHYTPEHHUX paboT m0 2 T (M3-3a OTCYTCTBHS HAIEKAILETO CHpOCa), a TAKKe MOCTaBII
yCJIOBHE, YTOObI €xeIHEBHOE MPOU3BOACTBO KPAaCKH U1 BHYTPEHHHUX paboT He npeBbllia-
Jio GoJiee ueM Ha TOHHY aHAJIOTWYHBIH MOKa3aTesb NMPOM3BOACTBA KPacKu Ui BHEIIHHX
pabot. KommaHus Xo4yeT OmpenesuTh ONTUMANbHOE (HAWTydllee) COOTHOIIEHHE MEXIY
BUIAMH BBIITYCKaeMOii IPOIYKLIMHU IIsi MAKCUMU3aLMH OOLIEro exeIHEBHOro 10X0a.

3agaya (MoJesb) IMHEHHOTO MPOrpaMMHpPOBAaHuUA, Kak U Mrobas 3azaya UccienoBa-
HUSA onepaluif, BKIIOYAeT TPU OCHOBHBIX 3JIEMEHTA.

1. IlepeMeHHBIe, KOTOPHIC CIEAYET ONPEAEITHUTD.

2. UeneBas pyHKUMS, NOJUIexKaNIas ONTUMHU3ALIUY.

3. OrpaHHM4YeHHs!, KOTOPbIM JOJDKHBI YIOBIETBOPATh NEPEMEHHEIE.

Onpenenexne nepeMeHHbIX — MEPBBIi War B co3aaHuu Moaenu. Ilocne onpenenexus
NepeMEHHBIX NOCTPOEHHE OrpaHUueHUH 1 LieIeBoi QYHKLMM OOBIYHO HE BBI3BIBAET TPYI-
HOCTEH.

B HameMm npuMepe HeoGX0IMMO ONIPENENHTH exeIHEBHbIE 00BEMBI POM3BOACTBA Kpac-
KU U1 BHYTPEHHUX U HAPYXXHBIX paboT. OG03HaYMM 3TH 06BEMBI KaK MepeMEHHbIE MOIEJH:

X| — eXeIHeBHbIH 00beM NPOU3BOACTBA KPAaCKHU JUIS HAPYKHBIX paboT;
X2 — €XeIHeBHbIH 06beM NPOU3BOACTBA KPACKU [UIs BHYTPEHHUX PaGoT.

Hcnone3ys 3TH nepeMeHHble, Jajiee CTpouM LieneBylo ¢yHkumo. JloruyHo mpenmo-
JIOXKHMTb, YTO LieJieBast GYHKLMA, Kak CyMMapHbIi exeIHeBHbIM I0OX0., JODKHA BO3pac-
TaTh NPH YBEIMYEHHH €KEIHEBHBIX 00BbEMOB NMPOM3BOACTBA Kpacok. O603HAYUM 3Ty
¢GyHKUMIO yepe3 z (OHa U3MepSAETCs B THICAYAX JOJUIAPOB) U MOJIOKUM, UTO

z = 5x; + 4x,.
B cooTBETCTBHH C LIEJIIMU KOMITAaHUH ITOJTy4aeM 3ajauy:

MakcuMu3MpoBath z = 5x; + 4x,.

Wrak, ocrancs He OmpeleNieHHbIM NOCNEeXHUI dNEMEHT MOIENu — ycloBus (orpa-
HUYEHHUs), KOTOphle NOKHBI YYUTHIBATh OTPAHUYEHHBIE BO3MOXKHOCTH €XEIHEBHOIO
noTpe6aeHns ChIpb U OrPaHMYEHHOCTh CIPOCa Ha FOTOBYIO MPOAYKLMIO. JpyruMu
CJIOBaMH, OrpaHUYEHHS Ha CBIphe MOXXHO 3aIMCaTh CETYIOILHM 00pa3oM.

Hcnonb3yeMslit 06beM
CHIPBA UTA NIPOM3BOICTBA

MaxkcHManbHO BO3MOXKHBIH
€XeIHEBHBI pacxol ChIpbs

A

o060oux BUIOB Kpacku
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W3 Tabnuue! ¢ JaHHBIMU UMEEM clieayrouree.

Hcnons3yemslit 065eM cbipbst M1 = 6x; + 4x;, (1)
Hcnonb3yemslit 06beM chipbst M2 = 1x; + 2x, (1)

Tax Kak exexHEeBHbIN pacxon cbipbt M1 u M2 orpaHuyeH COOTBETCTBEHHO 24 U 6
TOHHaMH, TOJIy4aeM CJIEQyIOLUHe OrpaHHYEHHA.

6x, + 4x; < 24 (cbipre M1)
Ix; +2x, <6 (cbipbe M2)

CyleCTBYeT elle aBa OTPaHHUYEHHUs 110 CIPOCY Ha NOTOBYIO MpoayKuio: (1) MakcHMatb-
HbIH eXeIHEBHbINM 00bEM MPOU3BOACTBA KPACKH IS BHYTPEHHHMX paboT He NOJDKEH NMpEeBbl-
1ath 2 T U (2) exeqHeBHBIH 06beM MPOU3BOACTBA KPACKH MUIA BHYTPEHHHX paboT He NOJDKEH
TNpeBBILIATh €KeIHEBHbI 00bEM NMPOU3BOCTBA KPAaCKH JUIS HapyXHbIX paboT Gosee yeM Ha
oIHy TOHHy. IlepBoe orpaHMyYeHHE MPOCTOE M 3aMMUChiBaeTcAd Kak x; < 2. Bropoe MoxHO
copMyTMpOBaTE TaK: pa3HOCTh MEXIY €KeIHEBHBIMH 0ObeMaMU IPOU3BOACTBA KPacoK I
BHYTPEHHUX M HapY>KHbIX paboT He JO/DKHa MPEeBbIILATh OTHON TOHHBI, T.€. X; — X < 1.

Ewe onHo HessBHOE OrpaHMUEHHE COCTOMT B TOM, YTO NEPEMEHHBIE X U X; JOJKHBI
6bITh HEOTPHLIATENbHBIMU. TakuM 006pa3zoM, k cOPMYJIUPOBaHHBIM BbIIIE OrPaHUYEHHAM
Heo6X0aMMO 100aBUTh YC/JI0BHE HEOTPHLATEIBHOCTH MepeMeHHbIX: x| = 0, x, 2 0. (B
rnase 3 Mbl YBHIMM, YTO 3TO YCJIOBHE BECbMa BaXXHO 11 pa3paboTKU aNropuTMOB pellle-
Hus 3agauu JIIT.)

OxoHuaTeNnbHO 3aa4a GyneT 3anucaHa cieTyouum obpasom:

MaxkcuMu3npoBarth z = 5x; + 4x,

IPpH BBITIOJTHEHUH or'paﬂmelmﬁ

6X| +4x2524,
X1 +2x2S6,

- X +x2S l,
x2S2,

X1 ZO,XZZO.

JIroGoe pelleHHe, YHOBIETBOPSIOLIEE OrpaHUYEHHUSIM MOJENH, ABNAETCS AOMYCTH-
MbIM. Hanpumep, peuienne x; = 3 M x; = 1 6ydeT AOMyCTUMBIM, TaK KaK He HapyllaeT HU
OJHOrQ OrpaHMYeHMs, BKIIIOYAs YCJIOBHE HEOTPHULATENBHOCTH. UTOOBI YAOCTOBEPUTHCA B
3TOM, MOJCTaBbTE 3HAYEHHUA X; = 3 U X, = | B JieBble YaCTH HEPABEHCTB CUCTEMBI OrpaHu-
yeHu ¥ yOeauTech, YTO0 HU OJHO HEPaBEHCTBO HE HapyIlaeTcs. 3HaYeHHe LieeBo (yHK-
MM IIPH 3TOM pelueHuu 6yner paBHO z = 5X3 + 4X1 = 19 (TbIcAY 00JL1apOB).

Hrak, 3anaya copMynnpoBaHa, Ternepb BCTAET BOMPOC O HAXOXKICHUH ONTHMA/Ib-
HOro AOMYCTHMOIO pelleHHsi, JOCTABIIAIOLIEro MakcumyM LeneBot gyHkuuu. [Mocne
HEKOTOPBIX pa3XyMuif MPUXOOMM K BHIBOLY, YTO 3aja4ya MMeeT MHOro ((akruueck,
0ECKOHEYHO MHOr0) JOMyCTHMBIX peweHuit. ITo 3Toif mMpuuMHE HEBO3MOXHA MOICTa-
HOBKa 3HaYEHHH NEPEMEHHBIX IS IOUCKA ONTHMYMa, T.€. HENb3s NPUMEHUTh MPOCTOM
nepebop Bcex HOMyCTMMbIX pemeHuit. CnenoBartensHo, HeobxomuMa 3¢ddeKkTHBHas
npouenypa or6opa AOMyCTUMBIX PEIICHHH MUIA MOMCKa onTUMaibHOro. B pasznene 2.3
NoKa3aH rpaguyeckuit METo HaXOXKIEHHA ONTUMAJBHOrO JOMYCTHMOrO pEelIeHHs, a B
riase 3 onucaHo ero anredpanyeckoe 0606LIEHHE.
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B npexnsifyuem nmpuMepe ueieBas QYHKUUA M BCE OrpaHMueHUs ObLIH NHHEHHBIMU. CBOMH-
CTBO JuHedrocmu QyHKUM Npeanonaraer cjaeIyrollee.

1. 3HayeHus NeBBIX YacTedl HEPaBEHCTB OrpaHUYEHHUI U 3HAYEHHE LieJaeBod QyHKUUM nps-
MO NpONOPYUOHaNbHbl 3HAYEHUSIM NEPEMEHHBIX.

2. AdoumueHocmb nepemennbix O3HAYAET, YTO OOWIMIA BKJIAJ BCeX MEPEMEHHBIX B 3Haye-
HHS LeNeBOM (QyHKUMM U JIEBBIX YacTedl HEPaBEHCTB OIPaHHYEHMil SBJIAETCA NPAMOI
CyMMOIii BKJIaIoB KaXXIOH OTAEIbHOM NepeMEHHOM.

YnpaxHeHus 2.2,a

1. B momenu mna komnanuun Reddy Mikks noctpoiite HOBble OrpaHU4eHHs, UCXONS U3
CJIEIYIOLIUX YCIOBHH.

a) ExenHeBHblif 06beM NMPOU3BOACTBAa KPAaCKH IS BHYTPEHHHX paboOT HOJDKEH He Me-
Hee yem Ha OIHY TOHHY MpEBBIILATH €XEQHEBHbIA 00BEM MPOU3BOICTBA KPAaCKU WA
Hapy>XHbIX paboT.

b) ExenneBHoe notpe6iaeHue coipbt M2 nomKHO 6bITh He MeHee 3 T U He b6onee 6 T.

¢) ExenneBHbi#i 00beM NpPOU3BOACTBA KpPAackH I BHYTPEHHUX paboT He MOXET ObITh
MEHbLIE eXeJHEBHOro 06beMa MPOM3BOACTBA KPACKH Ui HapY>KHBIX paboT.

d) MunuManbHBIN exenHeBHbIN 061uMiT 06beM NMPOU3BOACTBA KPAaCKU 060UX THIIOB CO-
CTaBfeT 3 T.

¢) OTHOIEHWE eXeAHEBHOro oGbeMa NMpOM3BOACTBAa Kpacku MUl BHYTPEHHMX paboT K
o6uieMy 06beMy NPOU3BOACTBA KPAaCKH 000X THIOB HE JOJDKHO NpeBbIIaTh 1/2.

2. Ina xomnanun Reddy Mikks Haiinure onmumansuoe donycmumoe peureHue MOAENA
cpeny CleayIoUMX peLeHHi.

a) x;=1,x,=4.

b) x1=2,x2=2.
C) X =3,x2= 1.5.
d) X|=2,X2= 1.

e) x;=2,x;=-1.

3. Jlna DOMyCTHMOrO pelleHnus x; = 2, x, = 2 B Mozenu komnanuu Reddy Mikks onpene-
JIUTE Cliexylollee.

a) o0beM ucnonblyeMoro cuipbs M1
b) o6BeM ucnons3yeMoro chlpbs M2

4. Mpennonoxum, uto komnanus Reddy Mikks nposaer cBoto kpacky s HapyXHbIX pa-
60T ONTOBOMY IOKYNaTeNo CO CKHAKOIA, 3aBHCsIIeH oT 06beMa nocTaBok. B pesynbra-
Te JOXOI Ha TOHHY MPOXYKUHH cocTaBaseT $5000, ecnu onTOBHK MoKynaer He Gonee 2
T KpackH B JieHb, U $4500 — B NpoTUBHOM ciy4ae. MOXHO JIM U1 3TOH CUTyalMH 110-
CTPOUTH MOJENb JIHHEHHOrO MPOrpaMMHPOBAaHUA?
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2.3. l'padunueckoe peleHne sapgaun
NMHEeMNHOro nporpamMmmnpoBaHna

B atoM pa3snene Oyner nokasaHo, kak B 3agaue JII1 ¢ AByMS nepeMeHHBIMU MOXHO MOJIyYHTh
peltieHue rpaduueckuM crocoboM. XoTs Takas 3aiaya peKo BCTpe4aeTcs Ha NpakTuke (TUIoBas
3ama4a JIIT 0OBIMHO CONEPXKUT THICAYH NEPEMEHHbIX), MEH, BBITEKAIOLIME U3 rpaduyecKoro cro-
coba HaXxOXJeHUs ONTUMAIBLHOTO pellieHus, OyIyT MOJIOXKEHBI B OCHOBY MOCTPOEHUS OOIIero Me-
Toa peuieHus 3anadu JIIT (Ha3piBaeMOro CUMIUIEKC-METOIOM), OIIMCAHHOTO B IJiaBe 3.

I'paduyeckuit cnoco6 pemtenus 3agayn JIIT cocTouT U3 ABYX 3Tanos.

1. ITocTpoeHHe NMPOCTPAHCTBA IOMYCTHMBIX PELICHUH, YIOBIETBOPSAIOLIMX BCEM OTPaHH-
YEHUSM MOJIEIH.

2. HaxoxIeHue ONTUMAJIBHOIO PELIEHUS CPEAM BCEX TOYEK MPOCTPAHCTBA NOITyCTUMBIX
pelieHuii.

Jlanee rpadudeckuit ciocob pewleHHs ONMUCAH B IAByX BapHaHTax: [ MaKCUMH3ALMH U
MHHHMU3aLMH LieaeBoi GyHKLHK.

2.3.1. HaxoxxgeHune makcumyma ueneson GyHKUUN

Ipumep 2.3-1

M-&lI Bcrions3yeM MoIelb, MOCTPOEHHYI0 Wi koMnanuu Reddy Mikks, yTo6s1 noka-
3aTh 00a 3Tana rpaduyeckoro pemeHus 3agaun JIII.

Oman 1. Ilocmpoenue npocmparncmea 00nyCmuMelx peuleHu.

CHayana npoBefeM OCH: Ha TOPH3OHTAIbHOHN OyDyT yKa3blBaTbCi 3HAUY€HHs Tepe-
MEHHOI X, a Ha BEpTUKaJIbHOM — X, (pHc. 2.1). [lanee pacCMOTpUM YCIIOBUE HEOTpHULIA-
TEBHOCTH NEPEMEHHBIX: X; = 0 M X, = 0. OTU ABa OrpaHUYEHHUs NOKA3bIBAIOT, YTO MPO-
CTPaHCTBO JOMYCTUMBIX pelLeHuii OyneT nexaTh B IEpBOM KBaapaHTE (T.€. BBIIIE OCHU X;
Y [paBee OCH Xy).

Yr00bl yuecTh OCTaBILIHECA OrpaHH4EHHs, NPOLLE BCEr0 3aMEHHUTh HEPAaBEHCTBA Ha
paBEHCTBA, B pe3y/NbTaTe 4YEro MOMyYHM YPaBHEHMS NMpPAMBIX, a 3aTEM Ha IUIOCKOCTH
MPOBECTHU 3T npsimble. Hanpumep, HepaBeHCTBO 6x + 4x, < 24 3aMeHsAeTCS ypaBHEHH-
eM mpamoi 6x; + 4x, = 24. YtoObl MPOBECTH 3Ty JIMHUIO, HAO HAWTH IOBE pa3iUyYHbIE
TOYKH, JIexKalye Ha 3Toi npAaMoi. MOKHO NMoJoXuTh x; = 0, Toraa x, = 24/4 = 6. Auna-
JIOTHYHO JUIA X, =0 HaxonuM x; = 24/6 = 4. Utak, Halla npsMas NPOXOAHUT uepe3 IBe
Touk (0, 6) u (4, 0). Ota npsmas o603HayeHa Ha puc. 2.1 xak suHus (1).

Teneps paccMOTpuM, Kak rpaduMueckd HHTEpIpETUpPYIOTCA HepaBeHcTBa. Kaxnoe
HEpaBeHCTBO JAEJIUT IUIOCKOCTh (X}, X2) Ha Ba MOJIYNPOCTPAHCTBA, KOTOPBIE pacnoJjara-
10TCs 110 00€ CTOPOHBI NMPAMOM, KOTOpas, kak I0Ka3aHO BhIIIE, COOTBETCTBYET JAHHOMY
HepaBeHCTBY. TOYKH IUIOCKOCTH, paclojIOXEHHbIE [0 OQHY CTOPOHY NpSAMOM, ynoBie-
TBOPSAIOT HEPaBEHCTBY (HOIyCTUMOE MOJYNPOCTPAHCTBO), a TOYKH, JIeXKaIUKe 1O Ipy-
TyI0 CTOpPOHY, — HeT. “TecTOBOH” TOYKOH, MpOBEPAIOLICH, TOYKU KAaKOro MOJYIpo-
CTPaHCTBAa YIOBJIETBOPSIIOT HEPABEHCTBY, @ KaKOro — HET, MOXET CIYXHTb TOYKa
(0, 0). Hanpumep, 3Ta TOYKa YIOBJETBOPAET NEPBOMY HEPABEHCTBY Ox; + 4x, < 24
(3mecb 6 X0 +4 x 0= 0<24). OT0 03HAYaeT, YTO TOUKH MOTYNPOCTPAHCTBA, COAEPKa-
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mero HavyanbHyro Touky (0, 0), yZoBneTBOPSIOT 3TOMY HepaBeHCTBY. Ha puc. 2.1 mo-
IMyCTUMBIE MOJYPOCTPAHCTBA NMOKa3aHbl CTPENIOYKAMH.

B Tom ciryyae, korna toudka (0, 0) He yJOBIETBOPAET HEPABEHCTBY, JOIYCTHMBIM I10-
JIYTIpOCTPaHCTBOM OYZIET TO, KOTOPOE HE COACPIKHUT 3Ty TOUKy. Eci e mpsmas npoxoaut
yepes 3Ty TOUKY, CJIETYET B Ka4ECTBE “TECTOBOI” B3AThH KaKyl0-T100 Jpyryio TOUKY.

X2
O ne
OrpaHuyeHu:
6 N 6x;+4x,< 24 (1)
x)+2x, <6 (2)

s L -x+x, <1(3)
xst@
4 - xlzo@
xzzo@

Puc. 2.1

Oman 2. HaxoodcoeHue onmumanbHo20 peueHus.

TOYKM NMPOCTPaHCTBa NOMYCTHMBIX PELIEHHH, TOKa3aHHOIo Ha puc. 2.1, ynoBjeTBo-
PAIOT OTHOBPEMEHHO BCEM OTPaHMYEHUAM. ITO MPOCTPAHCTBO OrPaHHUYEHO OTPE3KAMHU
OPAMBIX, KOTOpbIE COEIMHAIOTCSA B YIIIOBBIX Toukax A4, B, C, D, E u F. Jlio6as TouKa,
pacroiokeHHas BHYTpH WIH Ha rpaHuLe o61acTH, orpaHndeHHoi somaHo#t ABCDEF,
ABJIAETCH NOIMYCTHUMBIM PEIIEHHEM, T.€. YAOBJIECTBOPSET BCEM OorpaHudeHusM. [Tockosns-
Ky MpPOCTPaHCTBO HOIYCTHMBIX PELIEHHH CONEPKUT GECKOHEUHOE YHCIO TOUYEK, HE0O-
XO0AMMa HeKas MpoLexypa MOUCKA ONTHMAILHOTO PELIEHH.

Haxo)xaeHne ONTUMAILHOTO pelieHus TpebyeT onpenesieH)s HalpaBieHus Bo3pac-
TaHHUA LeneBod GQYHKUMH z = Sx) + 4x, (HAOMHHUM, YTO MBI Maxcumusupyem QyHKIHUIO
z). Mbl MOXeM NpUPaBHATh z K HECKOJIBKUM BO3paCTalOIIUM 3Ha4€HUAM, Hampumep 10
1 15. OTH 3HaueHwus, MOACTABIEHHbIE BMECTO Z B BRIpQ)XXEHUE LIeNIeBOi (QYHKLNH, TIOPO-
KIOAIOT ypaBHEHMs NpAMBIX; UM 3HadeHuit 10 ¥ 15 nosmydaeM ypaBHEHMS NpPAMBIX
Sx;+4x,=10 u 5x, + 4x, = 15. Ha puc. 2.2 3T4 npAMbI€ NMOKa3aHbl LUTPUXOBBIMHU JIU-
HUAMH, a HampasJjleHHe BO3pAcTaHus LeNeBoi GyHKuuM — TojcTol cTpenkoil. LleneBas
(GyHKUMSA MOXET BO3pacTaTh 0 TeX MOp, MOKa MpsSMbIE, COOTBETCTBYIOILME BO3PAcTalo-
UM 3HA4YEeHUSIM 3Toi (QyHKUMH, NepeceKkaloT o6iacTh NOMyCTUMBIX pemeHuit. Touka
nepeceueHuss 00NacTH HOIYCTUMBIX PEILCHUH M NPAMOH, COOTBETCTBYIOLIEH MakcCH-
MaJIbHO BO3MOXHOMY 3HaU€HHUIO LieieBoil GyHKLMH, U OyneT Toukoi onTuMyMa.
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N
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1 . XN 4 1

Puc. 2.2

Ha puc. 2.2 BuaHO, 4TO ONTUMAIbHOE pellleHHe COOTBETCTBYeT Touke C. JTa Touka
ABJSIETCA MECTOM mepeceueHus npambixX (1) u (2), mo3Ttomy ee KOOpAUHATHI X; U X, Ha-
XOIATCA KaK pelieHUe CUCTEMBI YpaBHEHHIA, 3aJAlOILUX 3TH NPSMBIE:

6x, + 4x, =24,
X+ 2x2 =6.

Pemennem 3toif cuctemsl Oyner x; =3 U x,=1.5, npu 3TOM 3HauYeHHE LIENEBOI
¢yHkumM paBHO z= 5X3 +4x1.5=21. INomyyeHHOe peLIEHHE O3HAYAET, YTO A
komnanuu Reddy Mikks ontuManbHbIM BbIOOpOM OyneT exxeIHEBHOE NMPOU3BOIACTBO 3 T
KPacKH Ul Hapy>XHbIX paboT ¥ 1.5 T— Ui BHYTPEHHHUX paboT C €KeIHEBHbIM J0XO-
nom B $21 000.

He ciyuyaiino, 4To ONTHMalibHOE pEIUEHHE PACIOJ0XKEHO B YIJI0BOW TOYKe Ipo-
CTPaHCTBA JOMYCTUMBIX PELUCHHMH, rle nepeceKaloTcs JBe NpsMble. Ecu Mbl H3MEHUM
HakJIOH QYHKLMH z (yTeM H3MEeHeHHUs ee ko3¢ UIUEHTOB), TO OOHApPYXHUM, YTO B JIIO-
60M ciTydae pellleHHe NOCTUraeTcs B OJHOM M3 YIJIOBBIX TOYeK (WJIH OJHOBPEMEHHO B
HECKOJILKHX YITIOBBIX TOYKaxX). B 3TOM M COCTOMT OCHOBHas HAes MOCTPOEHHs 06ILero
CUMNIEKCHO20 aneopumma, KOTOpelit 6yNeT pacCMOTpEH B IJase 3.

YnpaxHeHus 2.3,a

1. JInst kaXaoro u3 caeqyrollUX HEPaBEeHCTB ONpENeIuTe JOMYCTUMOE NMOTyNpOCTPaHCTBO,
npeamnosaras, 4to x, x; = 0.

a) —3x| +x, < 7.
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b) x;—2x,25.
C) 2x;—3x2S8.
d) x;-x,<0.

e) —x;+tx,20.

2. Onpenenute HampapeHUe BO3pacCTaHHA LENeBOH QYHKLHH z B CICOYIOLMX CIydasX.

a) MakcCUMH3HpPOBAaTh Z = X; — X;.

b) MakcuMu3UpoBaTh z = —5x; — 6x;.
¢) MaxkcumusnpoBarts z = —x; + 2x,.
d) MakcuMu3upoBaTh z = —3x; + x;.

3. B pamkax Mozmenu komnannu Reddy Mikks noctpoiite mpocTpaHCTBO AOMYCTHMBIX pelle-
HUit ¥ HaliiuTe ONTUMAaNIbHOE pEellieHHe, YYHTHIBas (HE3aBHCHMO) CIIEAYIOLIME YCIOBHA.

a) ExenHeBHblfi 06beM NMPOM3BOACTBA KPacku Wi HapY)KHbIX paboOT He JOJXKEH mpe-
BBILIATH 2.5 T.

b) ExenHeBHbI# 00BEM MPOU3BOICTBA KPACKH I BHYTPEHHUX paboT HOMKEH OBITH He
MeHee 2 T.

¢) ExenHeBHbllf 00beM NMPOU3BOACTBA KPAaCKH JUIA BHYTPEHHUX paboT HOMKEH NpeBBI-
LIaTh €XeIHEeBHbIN 060beM MPOU3BOACTBA KPACKM A HapyXHBIX paGoT B TOYHOCTU
Ha OJIHy TOHHY.

d) ExenneBHsbllt pacxon ceipbst M1 nomkeH ObITh HE MeHee 24 T.

e) ExenHeBHbIlt pacxox cbipbst M1 noypkeH ObITh HE MEHee 24 T M eXXeIHEBHbINA 00beM
MPOU3BOJCTBA KPacky IJis BHYTPEHHUX paboT HO/KEH He MEHEe YEM Ha OJHY TOHHY
NpEBBIIATH €XXeJHEBHbIH 06beM IPOU3BOACTBA KPAaCKHU 171 Hapy>XHBIX paboT.

4. ITIna ucxonHo#t 3anauu komnanuu Reddy Mikks onpenenure yanogeie mouku obnactu
IOIYCTUMBIX peLIeHHi, rie JOCTHIaeTCad ONTUMAIbHOE pelIeHHe IS CIEMYIOIMX Lie-
neBbIX GyHKUMH.

a) z=3x,+x2.
b) z=ux; + 3x,.
c) z=6x; + 4x,.

B uem pemienue Ui ueneBoidt GyHKUMH I C) OTIMYaeTCAd OT PeLIeHHH UIA LieNeBbIX
¢yHkuuit . a) u b)?

5. JIxex — CTymeHT-nepBOKYpcHHK. OH IpHILeN K BbIBOXY, YTO OJHa TOJbKO y4yeba, 6e3
exxeqHeBHOU Urpsl B 6ackeTboJI, IUIOXO BIMAET Ha €ro YMCTBEHHOE, HPaBCTBEHHOE H
¢u3uyeckoe pasButve. [103TOMy OH pelIsl pacNpeaeauTh CBOe JHEBHOE BpeMs (Tpu-
MepHo 10 yacoB) mwis yue6sl M urpsl B 6acker6os. [IpHBiIeKaTeIbHOCTE HTPOBOIO Bpe-
MEHH OH OLIEHHBAET B JIBa pa3a BbIllIe, YeM NPHUBIIECKATEIbHOCTh BPEMEHH, 3aTPa4€HHOTO
Ha y4e0y. Ho umes coBecTb U 4yBCTBO H0Jra, JKEK pellu, YTO BpeMs IS UIPbl HE
JIOJDKHO MpeBbIMaTh BpeMs y4ebbl. KpoMe TOro, oH 3aMeTHI, YTO €C/H BBINOJIHAThH BCE
yue6Hble 3aaHuA, Ha Urpy ocTaHercs He 6osee 4 4acoB B aAeHb. [ToMorute Jhxeky pac-
IpefesuTh ero JHeBHOE BpeMs TakK, 4TOObI OH NMOMy4al MakCUMallbHOE YAOBONBCTBHE U
OT paboThl, ¥ OT MI'PHL.
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2.3.2. HaxoxxpeHne muHumyma ueneson GyHKUMn

Ipumep 2.3-2. (3apaya “anernbt”)

®apmanesTudeckas ¢pupma Ozark exeIHeBHO MPou3BoAUT He meHee 800 ¢yHTOB!
Heko# muuieBoif no6aBky, KOTOpas COCTOUT U3 CMECH KYKYpYy3HOU U COEBOI MykH, co-
CTaB KOTOpOH MpencTaBiieH B cliedytolueit Tabnuue.

Benok KrneTtyartka CtouMoCTh
Myka (B dyHTaxX Ha GYHT MYKH) (8 $ 32 pyHT)
Kykypy3Has 0.09 0.02 0.30
CoeBas 0.60 0.06 0.90

Hueronoru tTpebyroT, 4ToOs! B nuuieBoif 1o6aBke 6bu10 He MeHee 30% Genka U He
6onee 5% knerdyarku. Gupma Ozark xo4eT onpenenuTh peUenTypy CMeCH HauMeHbLIeH
CTOUMOCTH C Y4€TOM TpeGOBaHHt TUETOIOrOB.

IMockonbky nuuieBas fo6aBka COCTOMUT TOJBKO M3 KyKypy3HOH M coeBoit Myku, ne-
PEMEHHBIMH IUIS 3TOH 3afa4u, O4EeBUIHO, OydIyT

X| — KOJH4eCTBO (B QyHTaX) KyKypy3HOMl MyKH, UCIIONb3yEMOii B AHEBHOM MpO-
M3BOACTBE MUILEBOH n06aBKY;

X2 — KOJIMYECTBO (B pyHTax) COEBOM MyKH, MCIONb3yeMOU B JHEBHOM IIPOM3-
BOJCTBE MHULIEBOI JOOAaBKH.

Lieneas ¢yHkuMs paBHa obluelf CTOMMOCTH NMUIIEBO} N06aBKH, MPOM3BOAUMON 3a
OOWH [eHb, H NO/DKHA ObITh MHHUMAJIbHON. B JaHHOM cCiydae 3TO MOXXHO 3amucaTh
CleIylolyM oopasom:

MUHUMH3MpOBaTh z = 0.3x; + 0.9x,.

OrpaHu4eHus MOAENU OOKHBI OTpaXKaTb NMPOU3BOJCTBEHHbIE TPEGOBAHUA U PEKO-
MeHpauuu auertosoroB. dupma nommkHa BblyckaTth He MeHee 800 ¢yHTOB cMecH B
IEHb; COOTBETCTBYIOLIEE OrpaHUUeHUE OyIeT 3aMnUCaHo CIeayIoLMM o6pa3om:

x; + x; 2 800.

PaccMOTpuM orpaHuueHHe, CBSA3aHHOE C KOJIHYeCTBOM Oenka B MULIeBON H06aBKe.
O61wee konuyecTBo Oenka B CMeCH, COCTOAILEH U3 X, (QYHTOB KyKypy3HOM MyKH H X,
¢yHTOB coeBoit Myky, paBHO 0.09x; + 0.6x, ($pyHTOB). DTO KOJIMYECTBO HNOJDKHO CO-
craBnaTh He MeHee 30% ot ob1wero o6vema cMecH x; + x,. OTcloAa noy4yaeM ciemyo-
l1lee HEPaBEHCTBO

0.09x; + 0.6x, = 0.3(x; + x5).

AHaNOrM4Ho CTPOUTCA OrpaHUYCHHUE IUIA KIETYATKHU:

0.02x; + 0.06x; < 0.05(x; + x,).

1 IIpakTHuecKH BO BceX MpUMEpPAX MpPH ONMUCAHHK PEATbHBIX CHTYALUI aBTOp MOJBb3YETCA CHCTEMOMR Mep, MPHHA-
Toit B CLLIA. Mb! He cTanu nepeBoANTb 3TH EOUHHLILI M3MEPEHHSA B METPHUECKYIO CUCTEMY €IMHMLL, TAK KaK Ha3BaHUs
€IMHUL HUKAK HE BJMAIOT HH HA ONMMCAHME NPUMEPOB, HY Ha NOHUMAHUE METOJOB, UILTIOCTPUPYEMBIX 3TUMHU MpPUME-
pamu. — [Ipum. peo.
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B nocneaHux JABYX HEPaBC€HCTBAX MEPEMEHHBIC X U X, HALO NMEPEHECTH U3 IpaBbIX
yacreit HEpPAaBE€HCTB B JICBBIC. OKOHYaTeNbHO MOZETb MIPUMET CIIEXYIOLUMM BUA:

MunumusupoBarts z = 0.3x; + 0.9x;
NpU OrPaHUYEHHUAX

Xy +x; 2 800,
0.21x;-0.30x, <0,
0.03x;,-0.01x, 20,
Xy, X2 2 0.

Ha puc. 2.3 nokasano rpaduyeckoe peuieHne 3Toi 3agaud. B otianuue ot Mozenu
npumMepa 2.3—1, 31ech OBe NpsiMble, COOTBETCTBYIOILME HEPaBEHCTBAM OrpaHHUYEHHIA,
NPOXOAAT Yepe3 HauanbHyto Touky (0, 0). [Ins Toro 4yTo6bl NPOBECTH Ha rpaduke TaKyro
npsaMyto, Heobxoquma eme ogHa Toyka. KoopauHaThl 3TOH TOYKM MOXHO HalTH, nmon-
CTaBUB B YpaBHeHUE NPAMOH Jito6oe 3HaueHue I ONHOM nepeMeHHOM! U 3aTeM U3 3TO-
ro ypaBHeHMs HalTH 3HaueHue JUif Apyroi. Hampumep, mis BTOporo HepaBeHCTBa M3
CUCTEMBI OrpaHHueHuit mojaoxuM x, = 200, Toraa g BTOpoil NepeMEHHOH MoTyyaeM
ypaBHeHue 0.21x200 —0.3x, = 0; orcioma nMeeM x, = 140. Takum obpazom, npsamas
0.21x, — 0.30x, = 0 npoxoxut 4yepe3 Touku (0, 0) u (200, 140). 3ameTuM TaKxe, B IaH-
HOM ClTy4ae IUIs OnpezeNieH|s ZOIyCTUMOTO MOJYNIPOCTPaHCTBA HEMb3sA HCHOJIL30BaTh B
kayecTBe “recToBOH” Touky (0, 0), 3nech cnexyeT B3ATh KakKyro-1ubO Opyryro, Hanpu-
Mmep (100, 0) uu (0, 100).

X2
1500 _
1000
N
500 -
Ontumym: x;= 470.6 pynToB
L X, = 329.4 pynTOB
R z = $437.64
%
I | | x
0 500 N 1000 1500 !
Puc. 2.3
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IMockonbKy B JaHHOM MOJEH ClTEAYET MUHUMH3UPOBATh LIENEBYIO QYHKLMIO, TIOITOMY
HY’>KHO MITH B HanpaBJleHUHM YMEHbUICHHUS ee 3Ha4€HHIt (3TO HampaBJieHHe Ha puc. 2.3 no-
Ka3aHo ctpenkoit). OnTuManbHoe pellieHHe HaXOAUTCS Ha NepeceyeHH NMpAMBIX X + X, =
800 u 0.21x, — 0.30x, = 0, oTkyma nomyuaem x; = 470.59 (¢yHTOB) M X; = 32941
(¢ynroB). Ilpu 3TUX 3HAYEHHUSX MEPEMEHHBIX MUHUMAIbHAA CTOMMOCTh MPOM3BOAMMOIA
€XeIHEBHO MHUILEBOi n106aBku cocTassiseT z = 0.3 X 470.59 + 0.9 x 329.41 = $437.65.

YnpaxHeHus 2.3,b

1. Onpenenute HanpaBneHe YOBIBAHUA ClEeIyIOLIMX LeeBbIX QYHKLMIA.

a) MuHUMH3UPOBATh z = 4x; — 2x;.
b) MuHUMH3UpOBaTh z = —3X) + X».
¢) MUHUMU3HPOBATS Z = —x| — 2X;.

2. B 3apauy “auersl” no6aBieHO elie OXHO OrpaHHYEHHE: €XEIHEBHBINH pacxold KyKypys-
Ho#t Myku orpanuueH 450 ¢pyHramu. ITocTpoiite HOBOE POCTPAHCTBO HOIMYCTUMBIX pe-
IIEHUH U HalilUTe HOBOE ONTHMAJIbHOE PELIEHHE.

3. Haiinute onTuMaibHOE pelueHHe B 3alaye “IUEThl” MPH YCIOBHH, YTO €XEIHEBHOE
NPOU3BOACTBO NHILEBOH 1006aBKK He NOKHO npeBbimats 800 pyHTOB. MMeeT i1 Takoe
peleHue cMBICn?

4. JIKoH, TIOMUMO 3aHATHIl B ILIKOJe, A MOAJEpXKaHMA Haljexauero ¢HHaHCOBOrO
YPOBHSA JOJDKEH rmoapabateiBaTh He MeHee 20 4acoB B Helemo. s 3TOro y Hero ectb
NpeKpacHasi BO3MOXXHOCTb paboTaTh B OBYX PO3HMYHBIX MarasMH4YMkax. B mepBoM oH
MOXeT paboratsh OoT 5 10 12 yacoB B Henemo, a BO BTopoM — oT 6 no 10 yacos. O6a
MarasyHa NpeajaraioT OAMHAKOBYIO MI04acOBYIO oruiaTy. [HKOH JOJKEH ONpeneuThCs,
B KaKOM MarasuHe ¥ CKOJIbKO eMy paboTarh, HCX0As U3 (pakTopa “HampsHKEHHOCTH” pa-
60Tb1. OCHOBBIBA’ACH Ha CBENEHMAX, MOJyYEHHBIX NMPU OOILEHHH ¢ pabOTHHKAMHU 3THUX
Mara3sMHOB, OH OLEHWI 3TOT ¢akTop no 10-6aunbHOM lKane: W18 NMepBoro ¥ BTOPOro
Mara3uHOB COOTBETCTBEHHO 8 6 GayuioB. [IOHATHO, YTO CyMMapHas ‘“HanpsXKEHHOCTb”
paboThl 3a HENENIO NPONOPLUOHATbHA KOJMYECTBY OTpaGoTaHHbIX YacoB. CKONbKO Ya-
coB JIxOH nomkeH paboTaTh B KaXIOM Mara3suHe, YToObl MUHHMH3HpPOBaTh OOLIYIO
CYMMapHYI0 “HanpskeHHOCTh” paboThI?

2.3.3. [lononHutenbHble NepemMeHHble

B o6oux npuMepax 3Toit rJ1aBsl Mbl HCNIOJIb30BAIM HEPABEHCTBA THIA “MEHbLIIE WIIH PaBHO”
(3HaK HepaBeHCTBa <) U “OoJblile WM paBHO™ (3HAaK HEpaBEHCTBA ). B 3THX MpuMepax Takxe
npeamnosaranach HEOTPULIATENLHOCTh BCEX NEpeMEHHbIX. B 1aHHOM pasznenie Mbl BBEIEM JBa
THIIA OONONHUMENbHbIX HEOTPHLIATENILHBIX NEPEMEHHBIX (Ha30BEM UX OCMAmMOYHbLIMU U U30bl-
mounbiMu)!, KOTOpblE CBSI3aHBI C HEPABEHCTBaMHU THMa “<” U “>” COOTBETCTBEHHO. BBeneM

1 Ormerum, 4To B pycckoi MaTeMaTHHECKOH NMTEPATYpE JUIS STUX THIIOB NEPEMEHHBIX HE HCTIONB3YIOTCA KaKHe-

6o crneunanbHbie Ha3BaHUs — OHH M3BECTHBI NPOCTO KaK OONO. TbHble TIEP Hble (XOTA WHOIJA MX TaKoKe
Ha3bIBAIOT banancHeiMu) B HEPABEHCTBAX OHM Pa3/IMYAIOTCA TEM, YTO NEPEA OCTATOYHON NEpPEMEHHOM BCerna CTouT
3HaK “nmoc”, a nepea M30LITOYHOH — “MUHYC”. — [Ipum peo
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TaKXe [OHATHE c80600HOU nepemerHOU, KOTOpas MOXET NPUHUMATH KaK MOJIOKUTENbHBIE, TaK
¥ OTpHULATENbHBIE 3HAYeHHA (M, KOHEYHO, 3HayeHue 0).

Ocmamoyunas nepemennan. HepaBeHctBa THna “<” 0GBIYHO MOXHO HHTEPIPETHPOBAThH
KaK OrpaHMYeHHs Ha HCNOJNb30BaHHE HEKOTOPBIX PeCypCcOB (IPEACTABJIEHHBIX B JIEBOU 4acTH
HepaBEeHCTB NepeMeHHBIMH MOJENH). B Takoi MHTepnpeTauuu ocmamovHas nepemeHHas Io-
Ka3bplBaeT KOJIMYECTBO HEUCIOJIb3OBaHHBIX pecypcoB. B npumepe ¢ kommnanueit Reddy Mikks
HepaBeHCTBO 6x) + 4x, < 24 cBA3aHO C HCIOJIb30BaHHEM ChIpbsi M1. DTO HepaBEHCTBO 3KBUBA-
JIEHTHO paBEHCTBY 6x; + 4x,; + s; =24, rue s, =2 0. 3nech octaToyHas nepeMeHHas s; (=24 —
6x, — 4x,) paBHa HEHCNONB3YEMOMY KOJMYECTBY ChIph M1.

H36vimounan nepemennan. HepaBeHCTBO THMa “2” MOKa3bIBaeT, 4YTO “YTO-TO” MOJIKHO
OBITH He MEHbLIE ONpeNeeHHOM BeNUYUHbl. H3661mounan nepemennasn ONpelesseT NnpeBbliie-
HUe 3Ha4YeHus JIEBOH YacTH HepaBEeHCTBa Haj 3Toi BenumuuHoi. Hanpumep, B Monenu “auersr”
HEpaBeHCTBO X; + X, = 800 moka3bIBaeT, YTO CYTOYHOE NPOHM3BOACTBO MHILEBOH N06aBKU He
InomkHO GeiTh MeHblne 800 ¢yHTOB. MaTeMaTHYECKU 3TO HEPABEHCTBO SKBHBAJICHTHO paBeH-
cTBY X1+ x5 —S; =800, rae S;20. INonoxurenbHoe 3Ha4€HHE H3OBLITOUHON MepeMeHHo# S
NOKa3bIBaeT MPEBBILICHUE CYTOYHOTO NMPOM3BOACTBA A0OABKH Hall MUHUMAJIbHBIM 3HaY€HUEM B
800 ¢yHTOB.

Ce0600nan nepemerHas. B npuBeeHHbIX BbILIE NMPUMEPAX YCIOBHE HEOTPHLATEIBHOCTH
NepeMEeHHbIX ABJIAETCS eCTECTBEHHbIM. HO, KOHEYHO, BO3MOXHBI CHUTyallMH, KOrja IepeMeH-
Hble MOTYT NPUHUMATh JIIOOble AeiCTBUTENbHbIE 3HAYeHUA. Takas CHTyanus rokasaHa B Clie-

IYIOLIEM MPUMEDE.

ITpumep 2.3-3

PectopaH ObICTporo o6cmyxuBaHus McBurger TopryeT NOpUMOHHBIMU MACHBIMH TNH-
poramu ¥ yu3byprepamu. Ha nopuuio MACHOrO IMpora HOET 4eTBepTh (PyHTa MACa, a Ha
4p36yprep — Tonbko 0.2 dyHTa. B Havasne paboyero nHsa B pecropane uMeercs 200 ¢yH-
TOB MACa, MOXHO elle NMPUKYMUTh MACO B TEUEHHE IHA, HO YXKe C HalleHKOMN B 25 LIEHTOB.
Misico, ocTaBlueecs B KOHLIE paboyero AHs, XKepTBYETCs G1aroTBOPHTENIBHOM OpraHU3aliU
“T'opsunit cyn”. Pectopan umeer noxon 20 LIEHTOB OT OJHOM MOPLMH MACHOTO MUpora u
15 ueHtoB — OT onHoro 4u3byprepa. Kak ¥ MHOTMe IpyrHe, 3TOT PECTOpaH HE MOXET
npozaarts B neHs Gonee 900 6yrep6ponos. KakoBa nomkHa 6bITh JOMA Kaxaoro us 6yrep-
6poaoB (T.e. CKOJILKO MOPLMi MACHOTO MHPOTa H CKOJIBKO YH3GYprepoB) B €xeXHEBHOM
IPOM3BOJICTBE pECTOPaHa, YTOOBI MAKCUMU3HPOBATh €0 A0X0A?

CHavasia pacCMOTpUM orpaHuueHus. OG03HAYMM Yepes X; M X, COOTBETCTBEHHO KO-
JIMYECTBO MOPUMI MACHOTrO MUpora M 4u3byprepoB, NPOM3BOAMMBIX pecTopaHoM. Jlns
UX POM3BOACTBA PECTOPAH MOXET orpaHMYuThes 200 GpyHTaMH MsAca WIH MOXET MpH-
KynuTh eule. B nepsoM ciyyae mNONy4yaeM OrpaHMYCHHE B BHIE HEpaBEHCTBA
0.25x; + 0.2x, £ 200, a Bo BTOpoM — 0.25x, + 0.2x; 2 200. EcTecTBeHHO, BHIGOp OQHO-
o M3 3THX HEPaBEHCTB GYAET CYLIECTBEHHO BIMATh Ha BO3MOXHOE ONTHMANIbHOE pellle-
Hue. Tak xak Mbl He 3HaeM, Kakoe U3 HUX HeoOXOAUMO, JIOTMYHO 3aMEHHUTh MX OJHHM
paBeHcTBOM 0.25x; + 0.2x, + x3 =200, rae x; — cBobonHas nepeMeHHas. DaKTHIECKH
cBo0OoHasA MmepeMeHHas x; B NaHHOM CHUTyallMM ONHOBPEMEHHO WIPaeT oM Kak ocTa-
TOYHOM, TaK ¥ M36BITOYHON NEPEMEHHBIX.

Ianee mocTpouM LeneBylo QyHKUMO. PecTopan xoueT MakCHMHU3MpPOBaTh CBOX no0-
X0, OueBHIHO, YTO LI MaKCHMH3ALHMH HOXONa JXKeJJaTebHO KaKk MOXHO Gonblue mpo-
JaBaTh CBOE! MPOIYKLMH, HO IS 3TOr0 HEOGXOAUMBI NOMOIHUTENbHBIE 3aKyIIKH MAcCa.
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B 5ToM ciyyae nepeMeHHas X3 DOJDKHA ObITh OTPULATEIbHOM, T.€. JOJDKHA UIpaTh poJib
U30BITOYHON NEPEMEHHOM.

Jns Toro 4To6bl pacKphITh “ABOWCTBEHHYIO” NMPHPOLY NEPEMEHHOMN X3, HCIONb3YyEM
CTaHAApTHBIA MaTeMaTHYECKHI IPHEM, a8 MMEHHO NPEICTaBUM €€ B CJICAYIOLIEM BUIE.

+

X3= x;— x;,T0€ X3, X; 20

Eciu x; >0 n x; = 0, Tora nepeMeHHas x; Urpaer pojb ocTaTouHoi. Eciu, Hanpo-
3 3

THB, x; >0 u x; =0, Torna nepeMeHHas x; BbICTyIaeT B poiH M30bITOUHOM. (B rimase 3
6yneT nokasaHa CHTyalus, KOra ONTHMATIbHOE PELlEeHHE 3aa4i IMHEHHOro MporpamMMu-
pOBaHHMA JOCTUraeTCs NPU MONOKHTENBHBIX 3HAYEHMAX KaK x; , Tak U x; .) Htak, Tenepb
OrpaHHYEHHE MOXKHO 3aIlHCaTh B BUIE PABEHCTBA

0.25x; + 0.2x, + x; — x; =200.
LleneBas GpyHKUHMS MOy4YaeT CeAYIOLIEE BbIPAXKEHHE.

Maxkcumusuposatsb z = 0.20 + 0.15x, — 0.25 x;

YnpaxHeHusn 2.3,c

1. B momemn xomnanuu Reddy Mikks paccMoTpure nomycTumoe pelieHue x; =3 T H
x3 =1 1. [In4 3TOr0 pelmieHus HaiauTe HeAOMCOIb30BaHue Chipbst M1 n M2.

2. B Mozenu “aueTs!” OnpeneNuTe NpeBbIIIEHHE Hall MHHUMAIbHBIM JOMYCTHMBIM 00be-
MOM MPOU3BOACTBA MUILEBOH 100aBKH, Ha KOTOpYIO pacxomyetcs S00 GyHTOB KyKypy3-
HO# Myku U 600 ¢pyHTOB — COEBOIA.

3. B HekOTOpOM MalLIMHHOM LIEHTPe NPOU3BOIATCA ABa M3JENHUs, IPUYEM Ha MPOU3BOICTBO
OQHOM €AMHULIGI IEPBOrO M3ZeNHs 3aTpauuBaeTcs 10 MHHYT paboyero BpeMeHH, a Ha enu-
HHMITy BTOpOro usnenus — 12 MuHyT. Pabodee BpeMst MaIIMHHOIO LIEHTpa OrPaHHYEHO Be-
JnyuHOM B 2500 MUHYT B IeHb (HEKOTOpbIE ONEpaLMU LIEHTP MOXET BBINOJIHATh Napal-
JIEJIbHO); BO3MOXKHO IPEBBIIIEHHE 3TOM BENHYMHBIL, HO KaXkaas OOTOJHUTENIbHAsS MUHYyTa
paboThl MalIMHHOTO LieHTpa cTouT 50 LeHTOB. B paGoumit neHb JOMyCTHUMO NMPOU3BOAUTD
ot 150 mo 200 equHuL NepBoro U3eNus, Ho He Gosiee 45 eqUHUL BTOPOTO HU3JeNHs.

a) Ilpeanonaras, 4To JOXOX OT €AMHHULBI EpBOTO H3nenus cocrasiseT $6.00, a BTopo-
ro— $7.50, nocrpoiite Moxenb M HaliuTe ONTHMAIBHOE COOTHOIUEHHE MEXIY
o6beMaMu POU3BOACTBA U3MENHi, MAKCHMU3UpYIOLLee OOIIuUi 10X0, a TaKxKe Jo-
TIOJIHUTENLHOE BpeMs paboThl MALTMHHOTO LEHTPA.

b) Ecnu cTOMMOCTH IOMONHMTENHLHOTO BpeMEHM paGoThl MAlMHHOrO LEHTpA YBENH-
yutes 10 $1.50, 6yneT 1M KOMNAHUA UCTIONB30BATh 3TO BpeMs?

2.4. N'padunuecknin aHann3s YyBCTBUTESNIbHOCTHN

Mogens TMHEHHOro NpOrpaMMUpPOBAHHSA ABJAETCA KaK Obl “MOMEHTabHBIM CHUMKOM™ pe-
aNbHOM CHTyauMu, Koraa nmapamerpbl MoAend (kod¢pQHUHEeHTH LeneBol GYHKUMH U Hepa-
BEHCTB OrpaHHYeHHit) npennonaraioTcs HEM3MEHHBIMH. ECTECTBEHHO M3YYHTh BIHSHHE U3Me-
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HeHUsA napaMeTpoB MOJIENHU Ha MOJy4eHHOe onTuManbHoe peuienue 3agadu JIII. Takoe uccne-
JIOBaHUE Ha3bIBAETCSA aHAJH30M YYBCTBHUTEILHOCTH.

B 3TOM pa3zzene aHanu3 YyBCTBUTENILHOCTH OCHOBBIBAETCS Ha rpaUueckoM pelieHHH 3a-
naum JII1. PaccmoTpuM aBa ciyyast: (1) usmeneHne ko3¢¢uuneHToB UeneBoit ¢dyHkuyu u (2)
HW3MEeHEHUE 3HaueHUt KOHCTaHT B NPaBoil YaCTU HEPABEHCTB OTPAHUYECHUHA. XOTA NPOBEAECHHOE
31€Ch MCCIIe0BaHNe OydeT 3JIEMEHTapHbIM U OTpaHUYEHHBIM, OHO MOKaXET OCHOBHbIE HIAECH
METOJOB aHaIM3a YyBCTBUTEJILHOCTU. [Toapo6HO METOMBI 3TOr0 aHaIM3a ONKMCaHHI B IJ1aBe 4.

2.4.1. /IameHeHne KoaddnumeHTOoB Lieneson GyHKUUn

B obuem Buze ueneyro ¢pyHkumio 3agaud JIIT ¢ qByMs nepeMeHHBIMH MOXKHO 3anucaTh
CJIEIyIOLIUM 00pa3oM.

MakcUMU3HPOBATh WK MHHUMH3UPOBATH Z = C1X| + )X,

H3meHeHHne 3HaYeHU KO3PPULIMEHTOB ¢; U C; IPUBOANT K U3MEHEHHUIO YIJla HaKIOHa Nps-
Moit z. ['paduueckuit cnocob pewenus 3agauu JIII, onucanHbii B paszene 2.3, nokasblBaerT,
4TO 3TO MOXET MPHBECTH K M3MEHEHHIO ONTHMAIBHOTO pPELIEHUA: OHO OyNeT NOCTHraThCs B
IpYroii y2nogou mouke TPOCTPaHCTBA peuieHUil. BMecTe ¢ TeM, OueBHMAHO, CYIIECTBYIOT HH-
TepBaJibl H3MEHEHUs KO3QPHULHMEHTOB ¢; U ¢y, KOTJa TEKylIee ONTUMANbHOE PELIEHHE COXPaHs-
eTcs. 3agaya aHajM3a YyBCTBUTEJILHOCTH M COCTOMT B MOJyYEHUH Takoi MHGopMauuH. B ya-
CTHOCTH, TIPEICTABNAET MHTEpEC ONpENENCHUE UHMEP8ana OnMuMAanbHOCMU I OTHOLICHUS
c)/c; (WM, 4TO TO XKe caMoe, IS C,/c)); €CM 3HaYeHUe OTHOWIEHHS ¢)/c; He BBIXOIMT 3a mpe-
JeNbl 3TOrO MHTEpBasia, TO ONTHMAJIBHOE PElLIEHHE B JAHHOH MOMIENH COXPAHACTCA HEU3MEH-
HpiM. ClieQy1oLuit npuMep NMoKa3bIBaeT, Kak MOXKHO NMONYYHTh HEOOXOAMMBIH pe3ylbTar C Mo-
MOIIBIO aHann3a rpaduyeckoro npeacrasaeHus Moaenu JIIT.

IIpumep 2.4-1

[lpuMeHuM npouexypy aHanM3a YyBCTBUTENBHOCTM K 3ajaye mpuMepa 2.2-1
(momens mna komnadud Reddy Mikks). Ha puc. 2.4 BunHo, uto QyHKuMa z = 5x; + 4x,
JNOCTHUraeT MaKCUMaJIbHOTO 3HaueHHs B yryioBoi Touke C. [Ipu u3aMeHeHun Ko3hduuu-
€HTOB LIeJIEBOM QYHKLMH z = ¢)x) + X, Touka C OCTaHeTCA TOUKOH ONTUMAIbHOIO pe-
LIEHUA [0 TeX MOp, MOKa Yroji HaKJIOHa JIMHUHU z OyIeT JIekaTb MEXIY YIJlaMH HaK/IOHa
IBYX TPSMBIX, EPeCeYeHHEM KOTOPBIX sBIsfeTcA Touka C. DTUMH NMPAMBIMH SBIAIOTCSA
6x; + 4x, = 24 (orpaHuyYeHHe Ha chbipbe M1) M x; +2x, = 6 (orpaHH4YeHHE Ha ChIpbE
M2). AnreGpanuecku 3TO MOXKHO 3aIlicaTh CeXyIoLKuM o6pa3om:

42 a,
6 ¢ 1

HIIH
leadd o s
2 ¢

B nepBoit cHcTeMe HepaBeHCTB YCNOBHE ¢; # 0 03HaYaeT, YTO MpAMas, COOTBETCTBYIO-
as LeneBod QpyHKLUM, HE MOXET GbITh FOPH3OHTAILHON. AHAJIOTMYHOE YCJIOBHE B Clie-
Oyloulel CHCTEMe HEpaBEeHCTB O3HAYaeT, YTO 3Ta JKe NpAMas He MOXET GbITh BEPTHKANb-
Ho#t. U3 puc. 2.4 BUAHO, 4TO WHTEpBaT ONTUMATBHOCTH NaHHOM 3aauH (OH OnpeenseTcs
IBYMSA MPAMBIMH, TepecekaroluMHcs B Touke C) He paspelaeT LeaeBoi QyHKUMH GbITh
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HU TOPU30HTAILHOM, HU BEPTUKAIBHOM npsaMoit. TakiuM 06pa3oM, MbI MONTYYHIH ABE CHUC-
TEMBb! HEPaBEHCTB, ONpeAeNAIOLINX HHTEPBal ONTUMAIBHOCTH B HaiueM npuMepe. (Koraa
€] ¥ ¢; MOTYT NPHHUMATD HyJieBble 3HAYEHUs, HHTEPBAT ONTUMAIBLHOCTH I OTHOILLECHHSA
¢i/c; (WM ¢y/c)) HeobXoaUMO pa3bUTh Ha Ba MHOXKECTBA, Iie 3HAMeHaTe/u He obpauia-
JiHChb 6Bl B HyJb. DTa CUTyalus npeacTaBieHa B ynp. 2.4,a(1).)

x2

HnTtepBan
ONTHMAIBHOCTH

0
Puc. 2.4

Hrak, ecnu K03QGHLUEHTHI ¢; U C; YIOBIETBOPAIOT NPUBEJEHHBIM BBIIIE HEPAaBEH-
CTBaM, ONTHMaJIbHOE pelueHue Gyner nocturatbes B Touke C. OTMETHM, €CiM npsMas
z = ¢x) + CpXx; COBNANET C MPAMOH x| + 2x, = 6, TO ONTUMAJIbHBIM pelleHHeM OyzeT Jo-
6as Touka orpe3ka CD. AHaJIOrH4HO, €CIH NpAMasi, COOTBETCTBYIOILAA LeNeBoi (yHK-
LIMH, COBMAJET C NMpsAMOit 6x; + 4x, = 24, Toraa mobas Touyka orpeska BC Oyner ontu-
MajlbHbIM pelieHueM. OQHaKo 3aMeTHM, 4TO B 0060MX ciydasx Touka C ocraercs TOY-
KO ONTUMAIbHOIO peLIeHHs.

ITpuBeneHHbIE BbIlLIE HEPABEHCTBAa MOXKHO HCIIOJIb30BATh NP ONpPEAEIeHUH HHTEpBaia
ONTHMAILHOCTHU U1 KaKoro-1u6o oxHoro ko3pdHiMeHTa LeneBoi QyHKLHH, eClTH Npel-
TIOJIOXKHUTB, YTO Apyrol ko3dduuUeHT ocTaeTcs HEU3MEHHBIM. Hanpumep, ecii B Hawei
MoJeH 3apUKCHPOBaHO 3HayeHHe ko3¢ duLueHTa ¢, (IycTsb c; = 4), Toraa MHTepBan on-

1 ¢ _6
TUMaIBHOCTH 11 KO3(QHULKMEHTa ¢, MOMyYaeM U3 HEPaBEHCTB > S—’-sz MyTeM TOJ-

%)
CTAHOBKM TyZAa 3HaueHHA ¢, =4. [locne BHINONHEHHSA 3NIEMEHTApHBIX apHU(bMETHYECKHX
orepauuii nmomyyaeM HepaBeHCTBa LA kodgpduumenra ¢;: 2 < c¢; < 6. AHaIOrHYHO, €cu
3auxcupoBaTh 3HaueHHe KoddduuMeHTa ¢, (HampuMmep, ¢; =5), TOria U3 HEPaBEHCTB

% <& g -f- TOJTy4aeM HHTEpBaJl ONITHMAIBHOCTH I714 kodduumeHTa c,: 10/3 < ¢, < 10.
G
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YnpaxHeHus 2.4,a

1. Onpepenure rpadgudecks MHTEPBAT ONTUMATBHOCTH 11 OTHOIIEHHA C)/C; B ClEMyIO-
KX 3a/ia4yax; OTOENbHO PacCMOTPHTE Cly4yaH, Koraa ko3ddUIUHUEHTE ¢; U ¢; MOTYT 06-
paLaTscs B HyJb.

a) MaxcuMuU3HpOBaTh z = 2x; + 3x, NPH BBINIOJHEHHUH YCIIOBHUIA
3x+2x, <5,
X, +x,<0,
X1, X2 < 0.

b) MakcuMH3HpOBaTh z = 4x, + 3x, NpH BBHITIONHEHHUH YCIOBHI
3x; +5x, <5,
X1 —x,<0,
X1, X2 <0.

¢) MaxcHMU3HMpPOBaTh z = X; + X, NP BHIMOIHEHUHN YCIOBHH
X1 +x, =50,
3x;—x,<3,
X1, %22 0.

2. B 3agaue “auers!” u3 npumepa 2.3-2

a) OIpeAENUTE HHTEPBAT ONTUMAIBHOCTH JI OTHOLIEHHA CTOMMOCTH QyHTa KyKypys3-
HOM MYKH K CTOUMOCTHU (pyHTa COeBOI MyKH;

b) ecnu cTouMOCTh QyHTa KyKypy3HOH MyKH yBeauduTcs Ha 20%, a croumMocTs QyHTa
coeBoit yMEHbIUUTCA Ha 5%, To OyneT JiM B 3TOM CiTy4ae ONTUMAaNbHbIM paHee Haii-
IEeHHOE peleHHe?

C) eciii CTOMMOCTb (PyHTa KyKypy3HOl MyKkH ocTaHeTcs ¢pHuKcHpoBaHHOI (30 LieHTOB),
a crouMocTh QyHTa coeBoit MykH Bozpacter f0 $1.10, To ocTaHeTca Jin ONTHMANb-
HbIM paHee HalileHHOe peleHue?

3. Marasun B&K npopaer nBa Buma Ge3asKOroyIibHBIX HAamMTKOB: Koy Al M3BECTHOro
npousBoauTens 1 kory B&K co6cTBeHHoro npousBoncrsa. Jloxox ot oaHoit 6aHkH Ko-
Tl Al COCTaBISET 5 LIEHTOB, TOr/Ja KaK JOXOJ OT OJHOM 6aHKH COOCTBEHHOM KOMBI — 7
LEeHTOB. B cpeaHeM Mara3uH 3a JeHb mpozaaeT He 6onee 500 6aHOk 060OMX HamHUTKOB.
HecMoTpsa Ha To 4To Al M3BECTHasA TOproBas MapKa, NMOKyMNaTelH NpPeaNouHTaIoOT KOy
B&K, nockonbKky OHa 3HauMTenbHO newesne. [loacyuTano, 4To 06bEMBI MPOAAX KOJIBI
B&K u Al (B HaTypaJlbHOM HCHMCIEHHH) NO/DKHBI COOTHOCHTBCA He MeHee 2:1. Kpome
TOr0, U3BECTHO, YTO Mara3uH npoaaet He MeHee 100 6aHok konbl Al B I€Hb.

a) Ckonbko 6aHOK KaXJOro HamuTKa NOJDKEH MMETb MarasuH B Hayane paboyero IHA
U MaKCUMH3aLmu noxona?

b) Omnpexnenure COOTHOWIEHHE 10X0HO0B OT HanuTKoB Al u B&K, npu koTopoM coxpa-
HAETCA ONTUMAIIbHOE pellieHUe, HallIEeHHOE Ha NpeAbIaYIIEM Lare.

4. MebenbHas ¢abpuka wia c60pKU CTONOB U CTyNbeB NMpHBJEKaeT k pabore Ha 10 nueit
yeTbipex cToyispoB. Kaxawlit cTonsp 3aTpaumBaeT 2 yaca Ha c6opky croma u 30 mu-
HyT — Ha c6opky cryna. [lokynartenu o6b14HO NMPHOOPETAIOT BMECTE CO CTOJIOM OT Ye-
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TBIPEX IO WECTH CTybeB. Jloxon oT ogHoro crona coctanseT $135 u $50 — ot omHo-
ro cryna. Ha ¢abpuke ycraHoBneH 8-uacoBoii pabounii neHs.

a) Onpenenure rpaguyecku CTPyKTypy npousBoacTsa (Ha 10 pabodux nHeit), koTopas
MaKkCHMU3UpoBaja Obl CyMMapHbIil JOXOA.

b) Ompenenute 0is HaliieHHOTO peLIEHHs MHTEPBAT ONTHMaJIbHOCTH IS OTHOIICHHS
J0XOJ0B HA €AMHHMILY NPOLYKLHH.

¢) M3MeHurcs nu HaliIeHHOE BbILIE ONTUMATBHOE PEIUIEHHE, €CITH JOXOAHOCTh CTOJIOB
Y CTYJIbeB YMeHbluUTCS Ha 10%?

d) HM3meHurcs nu HalineHHOE BbILE ONTUMANBHOE PEIUEHHE, €CIIH JOXOXHOCTh CTOJIOB
U CTY/BEB COCTaBHMT cooTBeTcTBeHHO $120 1 $25 Ha enunuLy npomykuuu?

. bank Elkins B TedeHHe HECKOJBKHX MeCsLEB IUTaHUpYeT BI0xkHTL 10 $200 000 B kpenu-

TOBaHHE YaCTHBIX JUL (KJIMEHTOB) U MOKYIOK aBTOMoOunelt. baHKOBCKUE KOMHUCCHOHHBIE
cocTaBisioT 14% npu KpeaUTOBAHMM YACTHBIX JIMLL M 12% npU KpeAUTOBaHUU MOKYIOK
aBTOMOOuneit. Oba Tuna KpeIUTOB BO3BPALLAIOTCSA B KOHLE FOAWYHOrO MepHoaa KpeIuTo-
BaHMA. M3BecTHO, 4TO 0KONO 3% KJIMEHTCKUX U 2% aBTOMOOWIBHBIX KPEOUTOB HHUKOIAA
He BO3BpamalTcs. B 3Tom G6aHke 00beMBbl KpeaUTOB Ha MOKYIKY aBTOMOOMNIEH 0ObIYHO
6onee yeM B JBa pa3a NPEBBILIAIOT 00BEMBI APYTHX KPEAUTOB JUIA YaCTHBIX JIMLL

a) Haiizute onTuMaibHOe pa3MeLlEeHHe CPEACTB MO IBYM OMMCaHHBIM BHIAaM KpeIUTO-
BaHUA W onpeaenute ko3¢ GHULMEHT BO3BpaTa Mo BCEM KpPeAUTaM.

b) Onpenennte MHTEPBAT ONTUMATBHOCTH I OTHOIUEHHS NPOLEHTHBIX CTABOK IO IBYM
BHZIaM KPEIUTOB JUI HaliIEHHOTO Ha MpebILYyLIEM LiIare ONTUMaIbHOTO PeLIeHHS.

¢) Ilpennonoxum, 4To HEBO3BPAT KPEAUTOB COCTaBUT 4% U 3% M1 KPEAUTOB YACTHBIX
JUI ¥ KPeAHTOB HA TOKYIIKY aBTOMOOMWIEH COOTBETCTBEHHO. M3MeHMTCS nu npu
3TOM ONTUMAILHOE PelleHHe, NoNVIeHHoe Bbiule?

. 3apon Electra mpoussojinr nBa THIA NEKTPUYECKUX IBUraTeneil, Kaxabli Ha OTACIb-

HOH c60po4HOil THHUM. |TpOH3BOANTENLHOCTD ITHX JHHMI coctaBaser 600 u 750 asu-
rarened B AeHb. Jlpuraresnb nepBOro TUMa Hcmons3yeT 10 eIMHHMLL HEKOEro KOMIIEK-
TYIOLIEro, a IBHMIraTeslb BTOPOro THNA -— 8 eAHHHMIL ITOro e KoMIuiekTyrowero. [To-
CTaBILHMK MOXeT obecneunTh Ha neHb 8000 eauHIL 3TOrO KOMIUIEKTYyromero. J{oxon-
HOCTb JBUratess nepporo tuna coctasiset $60. Broporo — $40.

a) OmnpeznennTe ONTHMAIBHYIO CTPYKTYPY €KEeIHEBHOTO MPOH3BOACTBA ABUraTeeH.
b) Haiiaute uHTEpBaN ONTUMAIBHOCTH Ul OTHOLIEIMA JOXOLHOCTH ABUraTesNe.

. KoHcepsHslit 3aBoa Popeye riepepabatsiBaer 3a cmeHy 60 000 ¢yHTOB cnesbIx MOMHMIO-

poB (7 neHcoB 3a (yHT) B TOMaTHBbI# COK M macTy. ['0TOBast MpOyKLMs MaKeTUPYeTCs B
ynakoBkH no 24 6aHku. [TpousBoacTBo ogHo# 6aHkH coka TpeOyeT ogHOro (yHTa crenmbix
NOMHIOPOB, a OAHOI 6aHKH nacThl — TPEeTH (PyHTa. 3aBOJACKOI CKIal MOXET NPUHATD 32
cMeHy Toneko 2000 yrmakoBok coka U 6000 ynakoBok nactsl. OnrToBas LieHa OIHOM yna-
KOBKH TOMATHOTO coKa cocTtasiseT $18, onHoit ynakoBk1 ToMaTHOH nactel — $9.

a) Haiiaute onTuManbHy0 CTPYKTYpy NPOM3BOICTBA KOHCEPBHOIO 3aBOA.
b) Haifaute oTHOIEHHE ONTOBLIX LEH HA MPOAYKUMIO 3aBOAA, NPU KOTOPOM 3aBOLY
OyIeT BbIrofHee MPOM3BOAUTH GONbIIE TOMATHOI NAcThbl, YeM COKa.

Yacts I. lerepMuHHpOBaHHbIE MOJEJIH



8. MebenbHas ¢abpuka cobupaeT U3 roTOBBIX KOMIUIEKTYIOIIUX JBa BUAA KyXOHHBIX LIKa-
¢oB: obbiuHBle M moporde. OOwIuHbIN IIKad MokpbiBaeTcA Oenoit Kpackoi, a mopo-
roit — yakoM. ITokpacka U MOKPHITHE JTaKOM NPOU3BOAATCS HA OXHOM NPOU3BOACTBEH-
HOM TIOKpacoyHoM ydacTke. COopouHas JUHUA (abpUKH eXEeIHEBHO MOXET COOUPaTh
He 6onee 200 o6bruHbIX MKadoB U 150 goporux. JlakupoBaHHe OQHOTO JOPOroOro LUKa-
¢a TpebyeT BaBOE GoJblle BpEMEHH, YEM TNOKpacka OXHOro npocroro mkada. Ecnu no-
KpacoYHbIi y4acTOK 3aHAT TOJBKO JIAKUPOBaHHEM NOPOTHX IukadoB, TO 3a JEHb 31€Ch
MOXHO noaroToButh 180 Takux mkagos. Pabpuka oLEHUBAET HOXOX OT OOBIYHBIX U
Joporux KyxoHHbIX 1mKadoB B $100 u $140 cooTBeTCTBEHHO.

a) CdopMmynupyiite 3amady JTHHEHHOro NPOrpaMMHUpPOBAHHA U COCTaBbTE ONTUMAIILHOE
€XeJHEBHOE paclicaHie paboThl MOKPACOYHOro y4acTKa.

b) Ipeanonoxum, 4T0 B pe3yjbTaTe KOHKYPEHLMH HOXOH OT INPOU3BOIACTBAa OIHOTO
o6bryHoro mkaga cHusmwica no $80, a mopororo — o $110. Mcnonb3ys aramus
YYBCTBHUTEJBHOCTH, ONpeaenunTe, OyIeT U B 3TOH CUTyallMH pellieHHe, NONyYeHHOe
Ha NpelpbIAyIleM LIare, ONTHMaIbHBIM.

2.4.2. CTOMMOCTb pecypcos

Bo MHOrMX MOJeJISIX JIMHEHHOrO NPOrpaMMHPOBAHHS OTPAHUYEHHS TPaKTYIOTCS Kak YCJIOBHUS
OrpaHMYEHHOCTH PECYPCOB. B TakuX orpaHHueHHUsX NpaBas YacTh HEPABEHCTB ABJIAETCA BEpXHeH
rpaHULIeif KOJIUYECTBA JOCTYIHBIX PECYPCOB. B 3TOM pa3zesne Mbl H3y4UM YyBCTBHTENBHOCTD OIl-
TUMAJIBHOTO PEIUEHHS K H3MEHEHUIO OrpaHHYeHHil, HakIaaplBaeMbIX Ha pecypcbl. Takoit aHanus
3anayu JIIT npeyiaraet MpoCTyr0 Mepy YYBCTBUTENBHOCTH PELIEHHS, Ha3bIBAEMYIO CTOMMOCTBIO
eAMHHLBI pecypca; IPH M3MEHEHHH KOJIMYEeCTBa AOCTYINHBIX PECYPCOB (Ha €IMHHUILY) 3HAauUeHHeE
1eseBoit (GyHKIMH B ONTHMAIBHOM PEIICHUN U3MEHHTCS Ha CTOMMOCTh €IMHHULBI pecypca. I1po-
WUTIOCTPHPYEM 3TOT BUA aHanu3a 3agaun JIIT Ha cieqyioleM npuMepe.

IIpumep 2.4-2

B Mmozenu mns xomnannu Reddy Mikks (mpumep 2.2-1) nepBble 1Ba HepaBEHCTBa
MpEeNCTaBNAOT C000i orpaHueH!s Ha HCHOIb30BaHUE Chipbd M1 M M2 COOTBETCTBEH-
Ho. OnpenenuM CTOMMOCTb € IUHHUIL 3TUX PECYPCOB.

HauneM c orpanuyeHus mig ceippbs M1. HarmoMHuM, 4TO B JaHHOH 3amaye ONTH-
MaJlbHOE pellieHHe JOCTUraeTcs B yriioBoii Touke C, ABfoLIeiics TOYKOH nepeceueHus
OPSAMBIX, COOTBETCTBYIOLIMX OTpaHUYEHHAM Ha chipbe M1 u M2 (puc. 2.5). IIpu n3me-
HEHUM YPOBHS HOCTYMHOCTH MaTepuaia M1 (yBeaMyeHHe WIH YMEHBIUEHUE TEKYILEro
YpOBHs, paBHOro 24 1) Touka C ONTUMAIBLHOrO peLIeHUs “IUIbIBET” BAOAb oTpe3ka DG.
Jlio6oe u3MeHeHHe YPOBHA JOCTYIHOCTH MaTepuana M1, npusoasiiee K BHIXOLY TOYKH
nepecedeHus C U3 3TOro OTpe3Ka, BEET K HEOCYIECTBUMOCTH ONTUMAIbHOTO PELIECHHUS
B Touke C. [T03TOMy MOXXHO CKa3aTbh, 4TO KOHLEBbIe Touku D = (2,2) u G = (6, 0) ot-
peska DG onpenenstotr uwmepsan ocywecmeumocmu i pecypca M1. Koanuectso
ceipbsi M1, cootBercTBytomero touke D = (2,2), paBHO 6x;+4x,= 6 X2+ 4x2=
20 T. AHQJOTHYHO KOJMYECTBO CHIPbHA, COOTBETCTBYyIOWIEro Touke G = (6, 0), paBHO
6x6+4x0=36T. TakuM o6pazoM, HHTEpBaJl OCYIIECTBUMOCTH LI pecypca M1 co-
crasnset 20 < M, < 36 (3mech uepe3 M; o603HaueHO KonHYecTBO MaTtepuaina M1). Eciau
MBI onpenesnum M, kak M, = 24 + D,, raie D| — OTKJIOHEHHE KOJHYECTBAa MaTepuaia
M1 or Teky1iero ypoBHs B 24 1, TOraa mociaeaHue HEpaBeHCTBA MOXKHO MEPENHCcaTh Kak
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20<24 + Dy <36 wu —4 < D < 12, D10 03Ha4aeT, YTO TeKyIIHit ypoBeHb pecypca M1
MOXeT 6bITb YMeHbLIEH He Gonee yeM Ha 4 T ¥ yBesmdeH He Gonee yeM Ha 12 1. B atom
Clly4ae rapaHTUpyeTcs, YTO ONTHMalbHOe peeHue Gymer mocturatecs B Touke C —
TOYKE MepeceyeHus MpsAMbIX, COOTBETCTBYIOIIMX OrPaHHYEHUAM Ha pecypcel M1 u M2.

Texymas
OIITHMaNIbHAsA TOYKa

0

Puc. 2.5

44

Teneprb BEIYUCIUM CTOUMOCTH eqUHULIBI MaTepraia M1. TIpu nsMeHeHun KoauyecT-
Ba cbIpbsi M1 ot 20 1o 36 TOHH, 3HaUeHUs LeneBoi GpyHKUUH z OyXyT COOTBETCTBOBATh
nonoxxeHuto Touku C Ha otpe3ke DG. O603HaYMB Yepe3 y; CTOMMOCTb €AMHMLBI PECyp-

ca M1, noxyyuM crnemyrouryio Gopmyiy.

y = M3MEHeHHe 3HaueHus z npu nepemeumieHuu 1. C ot D 10 G
=
U3MEHeHue konuyecTBa M, npu nepememienuu 1. C ot D 1o G

Ecnu Touka C coBnmamaer ¢ Toukoit D =(2,2), Toz=5x2+4 X2 = 18 (ThICAY IOJI-
J1apoB), ecyii ke Touka C coBmagaeT ¢ Toukoi G = (6,0), torma z=5x6+4x0=30
(TeIcaY pomnnapoB). OTcloaa ciaemyer, 4To

30-18 3
¥, = ——— == (ThICAY JOJUIapOB Ha TOHHY MaTtepuana M1).
36-20 4

3T0T pe3ynbTar NMoKa3bIBaeT, YTO H3MEHEHHE KOJIMYeCTBa pecypca M1 Ha oIHy TOH-
Hy (ecnu obluee KOMMYeCcTBO 3TOro pecypca He MeHblue 20 U He Gonbine 36 TOHH) MpHU-
BOJIMT K U3MEHEHHIO B ONTUMAILHOM PEIlleHUH 3HaUeHHUs ueneBoit GpyHkumn Ha $750.

Teneps paccMoTpuM pecypc M2. Ha puc. 2.6 BUIHO, YTO MHTEpBal OCYINECTBUMO-
CTH 111 pecypca M2 onpenensercs KOHLEBbLIMU ToYkaMu B u H otpeska BH, rae B =
(4, 0) u H=(8/3, 2). Touka H naxonutcs Ha nepecedenuu npambix ED u BC. HaxomuM,

Yacrs 1. lerepMHHHPOBaHHbIE MOAEIH



YTO KOJMYECTBO ChIpbA M2, COOTBETCTBYIOIIETO TOUKE B, paBHO x; +2x, =4 +2 X0 =
4 1, a Touke H— 8/3 +2 x 2 = 20/3 1. 3HaueHue ueneBo#f QyHKUMH B Touke B paBHO
S5x;+4x,=5%4+4x0=20 (TeICAY HONNAPOB), a B TOuke H — 5 X 8/3 +4 X2 =64/3
(TBICAY mojutapoB). OTcIOla ClleAyeT, YTO KOMMYECTBO ChIpbA M2 MOXET U3MEHATHCS OT
4 510 20/3 TOHH, a CTOMMOCTb €IMHHULIBI pecypca M2, o603HaueHHas Kak y,, paBHa

_ 64/3-20

= THICAY JOJUIApOB Ha TOHHY Matepuaia M2).
Ty rraie nomrap HY MaTep )

1
2

x
2 MHTepBan OCYMECTBUMOCTH JUIA MaTepHana M2

Texymas
ONTHUMAaNbHAA TOYKA

X1

YnpaxHeHus 2.4,b

1. ®abpuka Wild West npousBoaut asa Tuna koBGoiickux uuian. ITpoM3BOACTBO HUIAMBL
nepBoro Tuna Tpebyer B ABa pa3za GoJibllle BpEMEHHb6IX PECYPCOB, YeM NpPOM3BOICTBO
uuiAns! Broporo tuna. Ecnu ¢abpuka 6yneT npou3BOAUTh TOJIBKO LLIAMBI BTOPOTO TH-
a, TO B IeHb OHa CMOXeT M3roToBUTh 400 Takux LuIAN. PHIHOK HaknaablBaeT OrpaHu-
YeHHUA Ha NPOU3BOACTBO LUIAMN: He 6onee 150 muan nmepsoro Tuna u 200 LI BTOPOro
tuma. JJoxox oT MPOH3BOACTBA IUIAMN cocTaBiieT $8 Ha exuHuIy nepBoro Tumna u $5 —
BTOPOTO THMA.

a) Ilpumenure rpaduyeckuil MeTon AT ONpeleNeHHs €XEXHEBHOr0 ONTHMAIBLHOrO
HPOU3BOJCTBA LLIAN 000X THIIOB.

b) Onpenenurte CTOUMOCTh BO3pacTaHUA MPOM3BOJCTBA Ha OAHY LUIAMY BTOPOrO THMA
M MHTEpBaJI 3Ha4eHU YKClIa exKeJHEBHOTrO NPOM3BOACTBA STUX HLUIAI, AJisi KOTOPOTO
JJaHHas CTOUMOCTD ObLiIa 6b1 MPUMEHHMA.
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¢) Hcnone3yst MeTol CTOMMOCTH €IUHHUBI pecypca, ONpenesiuTe, Ha CKOJBKO M3Me-
HUTCS MaKCUMasIbHbIN 10x01 (pabpuku, eciu exeIHEBHOE NPOM3BOACTRO LLIAM Nep-
BOro Tuma He 6yzner npesblath 120 enuHuUL,.

d) Yemy paBHa CTOMMOCTb BO3pacTaHHs NpENEbHOrO CMpOca Ha OAHY UMY BTOPOrO
THNA?

. Komnanns npousBoaut nsa Buga npodykuuu, A u B. O6bpeM npomax npomykra A co-

craBiieT He MeHee 80% oT obiero obbeMa npopax npoaykToB A u B. Bmecte ¢ Tem
KOMIIaHHs HE MOXET Npou3BoAuTh 6osee 100 exuuuL npoaykra A B neHb. g npous-
BOJCTBA 3TUX NPOLYKTOB HMCIOJB3YETCS OAHO M TO XK€ ChIPbE, MOCTYIIEHHE KOTOPOro
orpaHuyeHo 240 ¢yHramu B AeHb. Ha u3roToBneHue eAMHUIbI MPOAYKTa A pacxomyer-
¢ 2 ¢yHTa ChIpBA, @ €IUHULBI MpoaykTa B — 4 ¢yHTa. LleHa oaHO eAMHULBI POIYK-
ToB A 1 B coctasnser $20 u $50 cootBeTcTBEHHO.

a) HaiiauTe onTHMaBHYIO CTPYKTYPY NPOM3BOACTBA 3TOM KOMIAHUM.

b) Onpenenure CTOMMOCTb €AMHHULBI CHIPbS U HHTEpBaJ W3MEHEHUA MOTpebaseMoro
ChIPbA, IPH KOTOPOM CIIpaBe/UIMBa JaHHas CTOUMOCTb.

¢) C noMolbio rpagUyeckoro aHaIu3a YyBCTBUTEIBHOCTH ONpPENEIIHNTE, KaK U3MEHUT-
sl 3Ha4YeHUe LieaeBoit GYHKLUMM NpU H3MEHEHHH MaKCHMaJIbHOTO YPOBHS MPOU3BOJ-
CTBa NnpoxykTa A Ha +10 equHuL.

. KoMnanua Ha npou3BOACTBO IBYX MpPOIYKTOB B JeHb 3aTpauuBaeT 10 yacoB. ITpous-

BOACTBO KaXIOro npoaykTa COCTOHUT M3 IMOCJICOOBATEIIBHOIO BBIMIOJIHEHUA TPEX IMpO-
LECCOB. lIaHHble IO 3TUM MPOAYKTaM U IpoueccaM NpuBEACHBI B cnenylomeﬁ tabnue.

INpouecc | ITpouecc 2 ITpouecc 3 Hoxon
IMpogykt  (xONHMYECTBO MMHYT BBIMOJHEHUA MpoLiecca Ha (Ha egMHULY
€IVHULL NPOXYKTA) NpOIyKTa)
1 10 6 8 $2
2 5 20 10 $3

a) Haiigure cTpyKTypy ONTHMaibHOrO MPOM3BOACTBA.

b) IlpeanonoxxuM, 4TO MOSABHIACH BO3MOXHOCTh YBEJNHMYMTh BPeEMS Ha BBHITIOJHEHHE
OJHOr0 M3 TpexX npoueccos. i BbIGopa mpouecca, BpeMs KOTOporo OyaeT yBenu-
4eHo, Co3aaliTe IOrHueckd 060CHOBAHHbIE MPHOPHUTETHI MPOLIECCOB.

. Komnanusa Show&Sell mMeeT BO3MOXKHOCTh peK1aMHpOBaTh CBOKO MPOMYKLIMIO 110 MECTHO-

My paauo 1 TeJeBUACHUIO. Bro[ukeT Ha pextaMy orpaHuded cymmoit $10 000 B mecau. OnHa
MMHYTa PEKJIAaMHOrO BpeEMEHH Ha paiuo cTout $15, a Ha TeneBunennu — $300. Kommanus
TNpEANoIaraeT, YTo peKjiaMa Ha paauo 110 BpEMEHH JOJDKHA MPEBBILIATh peKiaMy Ha TENEBHU-
JEHNH HE MEHEe 4eM B J1Ba pa3a. BmecTe ¢ TeM M3BECTHO, UTO HEPALMOHATLHO MCIIONI30BATh
6onee 400 MUHYT peiaMbl Ha panuo B Mecsl. IlocnenHue UccnenoBaHUs MOKa3aiH, YTO
peKiiamMa Ha TeJIEBUAEHUH B 25 pa3 3¢ eKTHBHEE peksIaMbl Ha Pajivo.

a) Paspabotaiite onTUManbHEIA OIOKET MUIA PeKIaMbl Ha Pallio U TEJIEBUICHHH.

b) Omnpenenure CTOMMOCTh €IHHHULIBI MECYHOTO JIMMHTA Ha PeKiaMy IO paauo.

c) IlpuMeHuTe METOA HaXOXIEHUSA CTOMMOCTH €IMHHUbI pecypca M ONpeleeHUs
BO3MOXXHOM 3()(eKTUBHOCTH pPeKIaMHOM KaMNaHUU NPHU YBEJTHYEHUH €XEMECIYHOTO
OromxeTa Ha pekitamy mo $15 000.
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5. Kopmopauus Wyoming Electric sBnseTcss cOGCTBEHHHKOM 3JIEKTpOreHepHpylome
crauimH. [ToCKONMBKY 3Ta KOpropauus uMeeT 6orarblie 3amachl YIiis, Ha 3JIeKTpOCTaHLMH
DI TeHepaLiU JIEKTPUUECKOTO TOKA HCIONBL3YETCS yrojib. ATEHTCTBO MO 3alUTE OK-
pyxaromieif cpenbl YCTaHOBHJIO CJEHYIOIUME OrpaHMYEHHS: KOHLEHTpaLHs BblOpachl-
BaeMOro B BO3TyX CEPHUCTOrO rasa He HoJpkHa mpesbimath 0.002, konu4ecTBO BhIOpa-
ChIBaEMBIX adpO30JIbHBIX YAaCTHL HEe NOJDKHO NpeBbimath 20 GyHTOB B 4ac. Kopnopauus
IUIA FeHepaly 3EKTPUIECKOr0 TOKa UCIONb3YET MblIEBHAHBIH yroib AByx coptos, Cl
u C2. Ilepen cXUraHHeM 3TH COPTA YIJil OOBIYHO CMEMIMBAIOTCA. i MPOCTOTHI Mpea-
MOJIOXKHM, YTO CEPHHCTas COCTaBJIOLIas B CMECH yrjeil onpenessercs Kak CpeaHe-
B3BEIUEHHOE OT JOJH YIJIA KaXIOro copra B cMeCH. XapaKTepHCTHKH HCMOIb3yeMbIX
COPTOB YIJIfl IPUBEAEHBI B ClieqytoLIei Tabiuue.

Copt Konuentpauus  KoJau4ecTBO BbIAEIAEMBIX a3- I'enepupyemas
yras Cepsl po30JbHBIX yacTull ($yHT/4ac) MOLIHOCTh
(dyHT/4ac)
Cl 0.0018 2.1 12 000
C2 0.0021 0.9 9 000

a) Haitnure onTUMabHYIO CMECh yritei 060X COPTOB.

b) Ha CKOJBKO M3MEHMTCA KOJHMYECTBO reHepHUpyeMoil 3Hepruu (B yac), eciau ocnabuthb
Ha | QyHT B yac orpaHM4YeHHe Ha KOJUYECTBO BEIOPACHIBAEMBIX a9PO30JIbHBIX YaCTHL?

6. daxynbTeT MOCNEBY30BCKOr0 00y4eHHs MECTHOIO KoJLIeMka ropoga O3apk npeanaraet
B o6uieit cnoxxnoct mo 30 KypcoB kaxaplit cemecTp. Bce Kypehl YCIOBHO MOXKHO pa3-
6GuTh Ha 1Ba TUNA: NpaKTUYECKHe, Takue Kak aepeBoobpaGorka, obydyeHue pabore Ha
KOMIIBIOTEPE, PEMOHT U MOAJEpxkKa aBTOMOOMIE] U T.I.; ¥ FyMaHHTapHbIe, HApUMeEp
HCTOpHSA, My3biKa H H3006pa3HTebHOE HCKYCCTBO. UTOOB! yA0BIETBOPHUTD 3apOCH! 00Y-
YaIOIIUXCA, B Ka)KIOM CEeMEeCTpe IO/DKHO mpeiaratbcs He MeHee 10 KypcoB KakAaoro
Tumna. PakylbTeT OLEHUBAET AOXOX OT OJHOro NpakTuyeckoro kypca B $1500, a ryma-
HutapHoro — B $1000.

a) KakoBa onTumanbHas CTpyKTypa KypcoB ais ¢akysnbreTa?

b) Ompenenure, kakoit GymeT uMeTh HOXOA (aKynbTeT NPH YBEAUYCHHH MHHUMAJIBLHO-
r0 KOJIMYECTBA NPAKTHYECKUX KYPCOB Ha €AMHHMILY.

c) Onpexnenurte noxox (axynsrera NpH yBeIHYEHHH MUHMMAIBHOTO KOJIUYECTBA ryMa-
HHUTApHBIX KypCOB Ha €AUHULLY.

7. llseitnas ¢abprka Burroughs mpom3BoauT My*cKue COpOUKHM M sKeHCkue Omy3ku s Mara-
3pHa Walmark., OT10T MarasuH NpHHUMaeT BCIO MPOAYKIMIO, BbpabaTeiBacMyo abpukoi
Burroughs. [Tpon3BOACTBO MIBEHHOIO M3AEIHA COCTOMT U3 PacKpos, NOIKBA U NAKETHPOBa-
HuA rotoBoro msgenus. Ha ydactke packpost paboTtatoT 25 yesioBeK, HEMOCPEACTBEHHO Ha
NoLIMBe H3IENUii — 35 4eNoBeK M MaKeTUPYIOT roToBble M3menusa S5 yenosek. llIBeitHas
¢abpuka Burroughs paGoraer B oxHy cMeHy (8 yacoB) math aHel B Hexemo. TpynosarpaTsl
Ha BbIITyCKaeMble (habpuKko# H3neus ¥ JOXO OT HHX MOKa3aHbl B ClIeAyrole Tabnuue.

Usnenue Packpoit ITomus ITakeTHpoBaHHe Hoxon
(MMHYTBI Ha H3JEJIHe) (B $ Ha u3penue)
Py6amka 20 70 12 2.50
Biy3ka 60 60 4 3.20
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a) Onpenenute ONTHMAIbHYIO CTPYKTYPY €KCHENENbHOTO MPOM3BOACTBA WA 3TOH
wBeliHoOH (abpukm.

b) Ecnu marazuny Walmark morpeGyerca He meHee 2000 py6amek u 3000 Giy3ok B
HEZIeNIo, TO CMOXET JIM 1iBeliHas (abpuka BHIMONHUTH 3TOT 3aKa3 NMpPU S5-IHEBHOMH
paboueit Henene? Ecnu HeT, TO Kakoif BBIXOJ M3 3TON CUTYyallUH BBl MOXKETE MPEIIO-
KHMTh U KaKO€ ONITUMAJIBHOE PELICHUE BO3MOXHO B 3TOM cnyqae?

¢) Onpenenure CTOUMOCTb OTHOTO Yaca paGodero BpeMeHH, 3aTpPayuBAEMOr0 OTAENb-
HO Ha PacKpoii, MOIIMB U MaKeTUPOBaHHUE.

d) IIpeanonoxuM, YTO MOXXHO OpPraHU30BaTh CBEPXYPOUHYIO paboTy Ha yyacTKax pac-
Kpos U momuBa. Kakylo MakCHMaJIbHYIO ITO4acoBYIO 106aBKy 3a CBEpXYPOUHbIE MO-
XKET NpPEeIOKUTH IBefiHas ¢pabpuka?

8. 3aBox GbITOBOI XMMHM NMPOU3BOAMT JBa BHIA YHUCTAILMX CPEeACTB, A M B, ucnonn3ys
npu 3toM ceipee I u II. O6paboTka onHolt enuHuLbI cbipbs I ctout $8, B pesynbraTe
npoussoautcs 0.5 exnHULBI cpeacTBa A M CTOJbKO Xke cpeactsa B. O6paboTka onHoi
ennHuIb! ceipba 11 crout $5, B pesynbrate nomyyaerca 0.6 enxunuipl cpeactsa A u 0.4
eIUHULBI cpeacTBa B. ExxeqHeBHOE MPOM3BOACTBO CPeNCTBA A IOJDKHO OBITH HE MEHee
10 u He 6onee 15 enuuuu. J{ng npousBoACTBa cpeAcTBa B aHanoruuHble OrpaHUYEHHA
cocTaBnfoT 12 u 20 eauHuL.

a) Haitnure onTUMaNbHYIO CTPYKTYPY BBITYCKa YHCTALIMX CPEACTB.

b) Omnpenenure CTOMMOCTb €IHHULBI U3MEHEHUS IPaHMYHbIX 3HAYEHUH €XeIHEBHOTO
BBIITyCKa cpeAcTB A u B.

9. Konseifep coCTONT U3 Tpex MOCIENOBATENbHBIX JIMHHUHA I COOPKH IBYX BHOOB paaHo-
npuemHukoB: HiFi-1 u HiFi-2. BpeMs, Heo6xoaumoe s c60pkH OJHOrO paaHONpHEM-
HMKa Ha Ka)X10l JIMHUH, MPHBEIEHO B CleqyoLleit Tabnuue.

KoJi4ecTBo MUHYT, 3aTpauMBaeMbIX Ha COOPKY OJJHOTO U3AENHs

C60poyHas JTHHUA HiFi-1 HiFi-2
1 6 4
2 5 5
3 4 6

ExenHeBHble nmpodunakTuyeckue paboThl Ha COOTBETCTBYIOIIMX JIMHMAX COCTaBJAIOT
10%, 14% u 12% ot Bcero paGoyero BpeMeHH, KOTOpoe M M1060# JIMHUYM HE MPEBbI-
umaet 480 MUHYT B CMEHY.

a) KomnaHus sxenaeT UMeTh TaKyl CTPYKTYPY BBIITyCKaeMo# IPOXYKUHH, YTOOB MH-
HMMHU3UPOBATh BpeMs MPOCTOS BCEX TPEX JIMHMUIA.

b) Onpenenute CTOMMOCTb OJHOTO NPOLIEHTA YMEHbIICHHS BPEMEHH NPOQHIaKTHYe-
CKUX paboT s Kax 0N IMHUM.

2.5. KomnblotepHoe peuieHue 3aaauy JiM

I'paduueckuii MeTon, onucaHHbIf B pasjene 2.3, OCHOBBIBAETCS Ha HEKOTOPBIX (hyHIaMeH-
TaJIbHBIX CBOMCTBaxX onTMMalibHOrO perueHus 3aaay JIII. Ho Ha mpakTuke, rae TMNMYHas 3aJadya
JIMHEHHOro NMpOrpaMMHUPOBAHUS CONEPKUT COTHU U JIaXe THICAYM MEPEMEHHBIX M OrpaHUYEHHH,
rpadiueckuii METO HEMPUMEHMM. 31eCh TpeOyeTCs HCIONb30BaHHE KOMIBIOTEPHBIX MPOrpamMM.
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B 3ToM paszene Mbl paccMoTpuM perenne 3ana4d JIIT ¢ momoursio nporpaMmel TORA. Xo-
T4 3Ta [porpaMma TaKkke€ MUMeeT HEKOTOpble OrpaHMYEHMA Ha pasMep pellaeMbIX 3aiad, ee
BO3MOXHOCTe BIOJIHE JOCTATOYHO IS pelleHHs 60MBIIMHCTBA TPAKTHYECKUX 3aay.

pumep 2.5-1

Ha puc. 2.7 nokasaHa BbIXOAHas pacreyarka peimieHus 3agaqu JIIT mis xommanun
Reddy Mikks (mpumep 2.2-1), BeimosniHeHHas mporpammoit TORA. Ha npumepe atoit
HEOJHOKpPAaTHO MCCIIENO0BAHHOM 3afauyd NPOWLIIOCTPHPYEM PELICHHE, MOJyYeHHOE C
nomosio nporpaMmel TORA.

BeIxonHble pe3ynbTaThl MpPOrpaMMBI pa3OMTHI Ha J[Ba OCHOBHBIX pasjena:
OPTIMUM SOLUTION SUMMARY (Mrtorosas cBoxa ONTUMAIBHOTO pPEIIEHUA) U
SENSITIVITY ANALYSIS (AHanu3 4yyBCTBUTENBHOCTH). B mepBoM pa3zene mpen-
CTaBJIEHBI ONITUMAIbHbIE 3HAYEHUA NepeMEHHbIX (TepBas Tabauia) U 3HaUeHUE LieJeBoi
¢yskumnu (Objective value). B paccmaTtpuBaeMoM NpUMEPE ONTHMAIBHOE 3HAYCHHUE Tie-
pPEMEHHOM Xx; (KOIUYECTBO BBHITYCKAaEMOM KpPacKH IS HapyXHBIX paboT) paBHO 3 T, a
NIepEMEHHOM X; (KOJUYECTBO BBIMTYCKAEMOW Kpack IS BHYyTPeHHUX pabot) — 1.5 1.1
CooTtBeTcTBEHHO, H0oX0x coctaBnseT $21 000. B cnexyromeii Tabnuue faHHOTO pa3nena
npencrasnens! orpanuyeHus (Constraint). B 3To#t Tabnuie nokasaHbl 3HaYE€HHA TOIOJI-
HHUTENbHBIX IEPEMEHHBIX, 0cTaTouHbIX (Slack(-)) u u36bITOuHBIX (Surplus(+)), u 3Haue-
HHS MpaBbIX YacTeii HepaBeHCTB (cTonbent RHS?). B naHHOl 3amaye HET orpaHMYeHuit
THNA “2”, MO3TOMY BCe NOMOJHUTENbHbIE NEPEMEHHBIE SBJIAIOTCA OCTATOYHBIMH. M3
TaGJIMLBI BUTHO, YTO 3HAYEHHS JOMOJHHUTEIBHBIX IEPEMEHHBIX IS NMEPBBIX ABYX Hepa-
BEHCTB PaBHbl HYJIO. DTO O3Ha4yaeT, YTo chipbe M1 u M2 mnotpebisercs MONHOCTHIO,
6e3 ocTaTtka. B TpeTheM U 4E€TBEPTOM OTpPaHMUEHHMAX 3HAYEHHA NONOJNHUTENbHBIX Iepe-
MEHHBIX OTJIHYHBI OT HyJIfl, T.€. HEPaBEHCTBA 3THX OTPaHUYEHHI BBITIOJIHAIOTCS CTPOTO.

B Bepxneit yactu pasgena SENSITIVITY ANALYSIS B aByx nepBbix Tabauuax
NOKa3aHbl pe3yNbTaThl aHAJM3a YyBCTBUTENBHOCTH NPH M3MEHEHHH NO OmMOenbHocmu
(single changes) ko3¢ ¢uumenTos uenesoit pynkuuu (tabauua Objective coefficients) u
3HaYeHUI NMpaBbIX yacTeil HepaBeHCTB orpaHuyeHuii (Tabmuua Right-hand Side). Ha-
NpUMep, TeKyllee ONTUMAIbHOE pELIEHHE COXpaHAETCA A0 TeX INOop, MoKa NOXOA Ha
TOHHY KpacKd IS BHEIWIHHMX pabor cocraBiser oT $2000 mo $6000. Tekyuiee onru-
MaJIbHOE pelleHHe TaKkxke OyIeT COXpaHEeHO, €CITH €XXeIHEBHbIE MOCTYILUIEHU ChIpbi M1
6ymyT HaxoxuThcs B npenesnax oT 20 no 36 ToHH. Takoii xe pe3yabTaT nosy4eH rpadu-
YyeckuM criocoboM B npumepe 2.4-2.

Bapuaunu ko3¢ ¢uumeHToB 1eneBod GyHKLMM B ONpeNENeHHBIX Npeaenax (TouHee,
B TeX Mpelesax, KOTOpble He MPUBOMAT K NMEPEMEILEHMIO TOYKH ONTUMAIBHOTO pelle-
HUS) He BBI3bIBAIOT U3MEHEHMS ONTUMAIbHBIX 3HAUYCHUH NMEPEMEHHBbIX X H X, a U3Me-
HAIOT TOJIKO 3HaueHHe caMoit ueneBodt pyHkumu (cM. pasnen 2.4.1). Ho usmeneHue
3Ha4yeHHi MpaBbIX yacTe HEPaBEHCTB OrPaHMYEHMI NPUBOJUT K M3MEHEHHMIO Kak OIl-
THUMAaJIbHBIX 3HaUCHU NMepEMEHHBIX X U X,, TaK M 3HaueHus ueneBoit pyHkuuu (6onee
noapo6HO 06 3TOM ckazaHO B paszeine 2.4.2). O¢(¢deKTHBHbIE METOABI BBIYUCICHHA HO-
BOT'0 ONTHMAIBHOIO peuleHus OyXyT onucaHbl B pasaene 4.7.

1 B urorosoit Ta6nuue cnosa EXT u INT, crosiuue pAaoM ¢ 0603HAUYEHHAMH MEPEMEHHBIX, ABJSIOTCA MPOCTO
onucanueM 3TuX nepeMenHsX: EXT 0603Hayaer “exterior paint” (kpacka Juis HapyHbIX pa6ot), a INT — “interior
paint” (kpacka Juis BHYTPEHHHX paboT). — [Ipum. nepes.

2RHS — cokpatenue ot Right Hand Side, T.e. “npaBas cropona”. — IIpum. nepes.

I'naBa 2. BBegenne B JiHHeiiHOe NPOrpaMMHPOBaHHe 49



**+ OPTIMUM SOLUTION SUMMARY *%**

Title Reddy Mikks model
Final steration No. 3
Objective value (max)= 21 0000

Variable Value Obj Coeff Obj Val Contrib
x1 EXT 30000 50000 15 0000

X2 INT 1.5000 4.0000 6.0000
Constraint RHS Slack(-)/Surplus(+)

1(<) 24.0000 0 0000-

2 6.0000 0 0000-

3 1.0000 2.5000-

4() 2 0000 0 5000-

*¥* SENSITIVITY ANALYSIS #%*
Objective coefficients -- Single Changes.

Variable Current Coeff Min Coeff Max Coeff Reduced Cost

x1 EXT 5.0000 2.0000 6.0000 0.0000
X2 INT 4.0000 3.3333 10.0000 0.0000

Right-hand Side -- Single Changes:

Constraint Current RHS  Min RHS MaxRHS Dual Price

1<) 24.0000 20 0000 36 0000 07500
2 6.0000 4.0000 6.6667 0.5000
3 1.0000 -1.5000 infinity 0 0000
4 (<) 2.0000 15000 infinity 0.0000

Objective Coefficients -- Simultaneous Changes d.

Nonbasic Var  Optimality Condition

§X3 07500+ 0.2500d1+ -0.1250d2>=0
sx4 05000+ -05000d1+ 07500d2>=0

Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var  Value/Feasibilty Condition

x1 EXT 30000+ 02500D1+ -05000D2>=0
x2INT 15000+ -0.1250D1+ 07500D2>=0

sX5 25000+ 03750D1+ -12500D2+ 10000D3 >=0
X6 0.5000+ 0.1250D1+ -0.7500D2+ 1000014 >=0
Puc. 2.7

Yacrs I. lerepMuHHpOBaHHbIE MOJETH



Teneps paccMoTpuM HHbOpMaumio, npuBedeHHylo B cTonbuax Reduced Cost
(Ilpusenennas crouMocTb) M Dual Price ([IBoficTBeHHas LeHa) NEpBBIX OBYX TaOJMLL
pazaena SENSITIVITY ANALYSIS. HauHeM ¢ npuBeIEHHOM CTOUMOCTH.

C TOYKHM 3peHHT SKOHOMHCTa NepeMeHHbIe B Moaeu JIIT MOXKHO paccMaTpHBaTh Kak
YHCJIOBbIE XapaKTEPUCTHKU MHTEHCHBHOCTHU ONpENENIEHHBIX BUIOB NEATENBHOCTH (WIH
HPOLIECCOB), B pe3yNbTaTe KOTOPHIX MOTPeOAI0TCA pecypehl (“BXOX” MOJENH) B LENAX
nosydyeHus npubsuiu (“Beixox” Mozenu). M3 3Toit MHTepnpeTalny BBITEKAET CIEMYIO-
1e€ ONpenesICHHE.

INpuBeneHHas CTOMMOCTB Ha CrouMocTh NOTpebaeHHbIX | ( JIOXOX Ha e AUHHITYY
€IVHUILy UHTEHCMBHOCTH |=| pecypcoB Ha €MHULY |—| HMHTEHCHBHOCTH
npouecca j MHTEHCUBHOCTH Npolecca j npouecca j

Ecnu npuBeleHHass CTOMMOCTb Kakoro-iubo mpolecca HOJOKUTENbHA, TO OTCIOAa
CJIeyeT, YTO CTOMMOCTb NOTPe6IIEHHBIX pecypcoB Golbliie BO3MOXKHOIO H0X0za (Bce Ha
€IMHHULY MHTEHCUBHOCTH MpoLecca), OITOMY TaKOM Mpouecc SKOHOMHYECKH He MpH-
emieM. O1o 00yclnaBlnHUBaeT HyJeBO€ 3HaUY€HHE COOTBETCTBYIOILEH IepeMeHHON B Om-
THMaJIbHOM pelleHHH. Eciy jke 5KOHOMMYECKH NpHBIEKATENbHBI! MpoliecC UMEEeT Hy-
JIEBYIO MPUBEIEHHYIO CTOMMOCTb, TO 3TO O3HAYAET, YTO AOCTHrHYTa TOYKA paBHOBECHS,
Korza “Bbixon’” (€XMHHYHBIN n0X0X) paBeH “Bxoay” (€IMHHYHOM CTOUMOCTH PECYPCOB).
B onTHMansHOM pelleHHH, NOKa3aHHOM Ha puc. 2.7, o6e nepeMeHHBIE X; U X; UMEIOT
NIOJIOXKUTENIbHBIE 3HAUYEHHUS U HyJIeBble NPUBEAECHHBIE CTOUMOCTH.

Tenepb paccCMOTPHM ompelneneHHe ABOHCTBEHHON LeHbl. JIBONCTBEHHas LEHa —
3TO APOCTO €lle OJHO Ha3BaHUE CTOMMOCTH €AMHHLBI PeCypCOB, ONpeeeHHOM B pas-
nene 2.4.2. OHa paBHa BKJIaLy, KOTOPbIY NPUBHOCUT B 3HAYCHHE LeNeBON (yHKUUM W3-
MEHEHHE Ha OOHY €IMHHLY JMMHTA, ONpENENIoIEro A0CTyMHOCTh pecypca. TepMHuH
“IBOMCTBEHHAs lieHa” MPOM30ILEN OT Ha3BaHHMA ‘“‘mpobieMa ABOHCTBEHHOCTH’ U3 TeO-
pud nuHeHoro nporpaMMupoBaHus (cM. riaBy 4). s 0603HaYeHHsA CTOUMOCTH €IH-
HUUBI PECYpCOB Takue TEPMHHbI, KaK meHeeas yena (shadow price) u cummaexcruiii
Mynvmunauxamop (simplex multiplier), npUMeHAIOTCA 3HAYUTENBHO pexe. XOTA Ha3Ba-
HME “CTOMMOCTb €IUHHLBI pECYpPCOB”, BBEAEHHOE B paszeine 2.4.2, qyyule otobpaxaeT
CMBbIC]I, BKJIaAblBaeMblif B 3TO MOHATHE, MbI BCE K€ OyJeM HCNONb30BaTh TEPMUH
“nBoiicTBeHHas ueHa” (dual price), Tak KaKk OH MPUMEHAECTCA BO BCEX KOMMEPYECKHX
nporpamMMmax pewenus 3agay JIIT.

Ha puc. 2.7 BuaHO, 4yTO ABOHCTBEHHbIE LIEHBI WIS Chipbs M1 ¥ M2 paBHBI cOOTBET-
ctBerHo 0.75 u 0.5 (1.e. $750 u $500) 3a ToHHY. Takue ke pe3y/NbTaThl MOJy4YEHBI rpa-
¢uyeckum crnocoboMm B mpumepe 2.4-2 M CHpaBEUIHMBBI TOJIBKO INPH YCIOBHH, HTO
20 S M, £36 n4 <M, <20/3 (3nech uepe3 M; u M, 0603HaueHO KOJIHYECTBO MaTepua-
508 M1 1 M2 coorBeTcTBeHHO). OTCIOA CIEMYET, YTO €CJIM, HAaNPHMEp, AOCTYIIHOE KO-
JIM4eCTBO Chipbsi M1 Bo3pacTeT OT TeKyLiero ypoBHs B 24 T 10 28, Toraa onTuMaibHOe
3Ha4eHue LeseBoi ¢pyHkuuu yBenuyuutca Ha $750 X (28 — 24) = $3000.

JIBolCTBEHHBIE LIEHbI [UIS TPETHErO U UYETBEPTOrO OrpaHUYEHUI B JAaHHON Monenu
paBHbI HYJIO IPH U3MEHEHUH 3HaYeHUi MpaBBIX YacTelt 3TUX HEPABEHCTB OT —1.5 10 oo U
oT 1.5 10 o© COOTBETCTBEHHO. JTO 03HAYaeT, YTO OrPaHUUYEHHS, HAKIaAbIBaEMbie PHIHKOM
Ha CTPYKTYpY NMPOH3BOACTBA (OrpaHHYEHHe Ha MPOU3BOACTBO KPAaCKH I BHYTPEHHHX pa-
60T 0 2 T M T.I.), B JaHHOMN CHTyallu¥ HE OKa3bIBAIOT BJIMAHHA Ha ONTTUMAJILHOE peLIeHUE.
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B ocraBweiics yactu pasmena SENSITIVITY ANALYSIS npuseneHs! pe3ynbTaThl
aHa/In3a BIMAHMA Ha ONTUMAaIbHOE PELICHHE 00HOB8peMeHHO20 U3MEHEeHHUs (simultaneous
changes) Bcex xoadduumeHToB neneBoit (yHkimu (Tabauua Objective Coefficients — Si-
multaneous Changes) U 0oHogpemenno20 N3MEHEHUS 3Ha4YeHHI MpaBbIX YacTel Bcex He-
paBencTs (Tabnuua Right-hand Side Ranging — Simultaneous Changes). Uro6s! oTcnenunts
pe3yabTaT OJHOBPEMEHHOIO M3MEHEHHMA Ko3(h(HLMEHTOB LeaeBoit GyHKUMH, B JaHHOM
MOJIENH TIpeICTaBUM 3Ty GyHKUMIO Kak z = (5 + d))x; + (4 + dy)x,. Torza ycioBue HeoT-
pHULIATENBHOCTH, HaK/aAblBAEMOE Ha JOMOIHHUTENbHbIE IEPEMEHHBIE 5X3 U SX; EPBOTO U
BTOPOTo OrpaHMYeHu#, OyAeT 3amcaHo B BUAE CJIeYIOILHMX HEPaBEHCTB.

0.75 + 0.25d, - 0.1254, 20
0.50 — 0.50d, +0.75d, 2 0

OTH HepaBeHCTBA 3KBUBAJIEHTHBI CUCTEME HEPaBEHCTB %S—Cl—sg, KOTOPYIO MBI
3

noay4ywniu B pasgene 2.4.1 rpadpuueckum crioco6oM. s Toro 4toObl yoenuThcs B K-
BUBAJIECHTHOCTH 3THX HEPABEHCTB, MOJCTAaBbTE B IMOCIEOHHUE U3 HUX BBIPAXKEHHUA C| =
5 +d, ¥ c; = 4 + d, v BeINONHUTE HEOOXOAUMBIE aeicTBHA (poBepbTe!). OTMETUM, YTO
NIpY BapHaluH d) U d, B Npefenax, He HapyHalolKX NPUBEAEHHbIX HEPaBEHCTB, H3Me-
HSETCS TOJIbKO ONTHMaJlbHOE 3Ha4YeHHe LiesieBOi (yHKUMH; 3HaUYeHHsA NepeMEHHBbIX OcC-
TalOTCA HEU3MEHHBIMHM. EciM M3MeHeHHble 3HaueHUd d) U d, He YIOBJETBOPAIOT Hepa-
BEHCTBaM, TO HEOOXOJMMO HCKaTh HOBOE ONTHMAJIbHOE pelleHHe (MCHOb3ys MpoLexy-
pbl, onucaHHble B paszaene 4.7).

Tenepb pacCMOTpUM OAHOBPEMEHHOE U3MEHEHHE MpaBbIX YacTeH HEPABEHCTB Orpa-
HMYeHUH. B naHHONM MoJenu MpeiacTaBMM NpaBble YacTH HEPaBEHCTB Kak 24 + D,
6 +D,, 1 + D;u2+ D, Toraa onTUManbHble 3HAYEHHUS IEPEMEHHBIX MOXHO BBIPa3HTh
yepe3 HOBble nepeMeHHsie Dy, D,, D3 u D, (cooTBeTcTBYIOWME (HPOPMYIIBI MOKa3aHkl B
tabmuue Right-hand Side Ranging — Simultaneous Changes na puc. 2.7). Ina Toro
4yT00b! pelieHre OblI0 OCYIECTBUMBIM, HEOOXOAUMO BBIMOJIHEHHE YCJIOBUA HEOTpHLA-
TEJILHOCTH JUIA 3HAYE€HUH MEPEMEHHBIX B ONTUMAIBHOM pELIEHHH — TEM CaMbIM Ha-
KJ1aJbIBalOTCSt OTPaHHUYEHHUA Ha HOBbIE nepemenHsle Dy, D,, D; u D4. Hanpumep, nosno-
xuM Dy =5,D,=-1,D;=1uD,;=2. Torna

x1=3+025%x5-0.5%x(-1)=4.75,
x;=1.5-0.125 %5+ 0.75 x (-1) = 0.125,

sxs=25+0.375X5-125%x (=1) + 1 X | = 6.625,
sx6=0.5+0.125 X 5 —0.75 X (=1) + 1 x 2 = 3.875.

3nechk 3HAYEHUA BCEX MEPEMEHHBIX MONOXHTENbHbiEe. ClienoBaTenbHO, UMEEM OITH-
ManbHOe pemeHue x;=4.75T, x,=0.12517 u z= 5%x4.75+4x0.125= 2425 (t.e.
$24 250). ITomyyeHHoe 3HaueHHe z OOJIBLIE TEKYLIETO ONTHMAIBHOIO HA BENTHYHHY
Az =$24 250 — $21 000 = $3 250. D1y pa3HOCTH MOXKHO MOACYUTATH TaKXKe MO dHopmysie

Az =Dy, + Dyy; + Diys + Dy,

TIE Y1, V2, Y3 ¥ Y4 — ABOMCTBEHHbIE LieHbl COOTBETCTBYIOLIMX pecypcoB. Ha ocHoBaHum
nocieiHeit popMyJibl MoTyvaeM

Az=5x8750 +(-1) x $500 + 1 x 0 + 2 x 0 = $3 250.
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O1oT cnoco6 BLIYUCICHMN NPUMEHUM TONLKO TOrAa, KOraa H3MeHeHusa D,
i=1,2, 3,4, npuBOIAT K IOMyCTUMOMY peleHHIo. Eciu B pe3ynbTaTe M3MEHEHHUIt npa-
BBIX yacTedl orpaHuyYeHHN 3HaueHHe KaKok-HUOynb mepeMeHHON OyaeT OTpHLATElNb-
HBIM, TO 3TO 03HA4aeT, YTO He06XOAUMO HCKaTh HOBYIO TOYKY ONTHMAIbHOTO PELECHHS,
Kak [oKa3aHo B pasgee 4.7.

YnpaxHeHnus 2.5,a

1. Ha puc. 2.8 noka3aHbsl BBIXOAHBIE PE3YJIbTAThl, MOTYYEHHBIE C MOMOMIBIO NPOTrPaMMEbI
TORA ans 3anayu “auerhl” u3 npumepa 2.3-2.

a) UHrepnpetupyiite ABOUCTBEHHYIO LIEHY NEPBOrO OrPaHHYEHHUS.

b) Hcnonw3ys pe3ynbTathl, MoKasaHHbIE Ha pUC. 2.8, HaliouTe HOBOE ONTHMAIBHOE pe-
ILIEHHe, eI HEOOXOAMMO €KeIHEBHO MPOM3BOAMTE He MeHee 900 ¢yHTOB nuuieBoi
nobaBxu.

¢) Ecnu cToMMOCTb KyKypy3HOM U cOeBOH MyKH M3MEHHTCH COOTBETCTBEHHO 10 $0.40
u $1.05 3a onuH ¢yHT, TO GyneT Jiu texyliee pelieHHe ONTUMaIbHBIM?

d) Ha ocHoBe rpaduyeckoro pemeHus AaHHOHN 3aJaydl MOSYYHUTE YCIOBUA ONTUMAIb-
HOCTH peIlleHHs, pUBEJeHHbIe Ha pHC. 2.8, MU OXHOBPEMEHHOIO W3MEHEHHs KO-
3¢ ULIMEHTOB LeneBOof QyHKLHMH.

2. 3agaua JIIT u3 ynp. 2.4,a(7) popMynaupyeTcs ciemxylolum obpa3oM.

MaxkcuMusuposars z = 18x; + 9x,

TIPY BBITIOJHEHUH YCJIOBUH

24x, + 8x, < 60 000,

x1 £2000, x, <6000,

X1, %, 20,
IlIe X; U X; — KOJINYECTBO NMPOM3BOAMUMbIX KOHCEPBHBIM 3aBOAOM YMAKOBOK TOMAaTHOI'O
COKa ¥ TOMaTHOM IMacThl COOTBETCTBEHHO. PellieHue 3ToM 3aJa4u MpUBEIEHO Ha puc. 2.9.
a) Ompenenute eTMHUYHYIO CTOUMOCTb JOMOJHUTENBHOTO (yHTa MOMHUIOPOB.
b) V3aMeHHMTCA JIi ONTHMAIbHOE pELIeHHE, €CNU CKJIAA CMOXET NMpUHMMAaTh Oosblile

YIIaKOBOK TOMAaTHOTO coka? A NpH yBEJIMYEHHUH EMKOCTH CKJIaja Uil yNaKoOBOK TO-
MatHo macTbl?

c) Haitnure HoBoe ONTHMaIbHOE PEIIEHHE, €CJIM KOMIaHUA YMEHBIIUT 06beM nepepa-
6arbiBaeMbIx moMua0poB 10 50 000 ¢yHTOB 3a CMEHY.

d) OcraHercs jM TeKyllee pelIeHre ONTUMATLHBIM, ECIIM LieHa OXHOH YTIaKOBKM TOMaTHOTO
coka yMeHbuutes 10 $15, a LeHa oHO# yniakoBKM TOMaTHO# nmacthbl BozpacteT 1o $10?

e) Haiinute HOBOE ONTHMMAIbHOE pElleHHe, €CIU 3aBox OyneT nepepabarsiBaTh 3a cMe-
Hy 80 000 ¢yHTOB MOMHAOPOB, a CKIaf CMOXET NpHHATH A0 7 000 ynakoBOk TO-
MaTHO#1 MacThl.

f) Ecnu konuecTBO nepepabaThiBaeMbIX 3aBOJOM NOMUAOPOB yMeHbHTcs 1o 30 000
(YHTOB, @ eMKOCTb CKIaACKUX NMoMelleHui yBeanuurcsa 10 8 000 ynakoBok Tomart-
HOIA MacThbl, TO MOXHO Ji OyIeT HaliTH HOBOE ONTUMAIBHOE pellieHHe Ha OCHOBaHHU
IaHHBIX, TIPUBEJEHHBIX Ha pHC. 2.97
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***x OPTIMUM SOLUTION SUMMARY ***

Title: Diet problem
Final iteration No: 3
Objective value (min) = 437.6471

Variable Value Obj Coeff Obj Val Contrib
x1 Corn 4705882  0.3000 141.1765
x2 Soy 3294118  0.9000 296.4706
Constraint RHS Slack(-)/Surplus(+)

1) $00.0000 0.0000+

2(<) 0.0000 0.0000-

3() 0.0000 10.823+

*¥* SENSITIVITY ANALYSIS ***
Objective coefficients -- Single Changes:

Variable  Current Coeff MinCoeff MaxCoeff Reduced Cost

x1 Corn 0.3000 -0.6300 0.9000 0.0000
X2 Soy 0.9000 0.3000 infinity 0.0000

Right-hand Side -- Single Changes:

Constraint Current RHS Min RHS Max RHS Dual Price

1) 800.0000 0.0000 infinity 0.5471
2(<Q) 0.0000  -138.0000 168.0000  -1.1765
3(>) 0.0000 -infinity 10.8235 0.0000

Objective Coefficients -- Simultaneous Changes d:

Nonbasic Var Optimality Condition

Sx3 -0.5471+ -0.5882d1+ -04118d2<=0
sx4 -1.1765 + 1.9608d1+ -1.9608d2 <=0

Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var Value/Feasibilty Condition

x1 Cormn 4705882+ 0.5882D1+ 1.9608D2>=0

x2Soy 3294118+ 04118D1+ -1.9608D2>=0

Sx5 10.8235+ 0.0135D1+ 00784 D2+ -1.0000D3 >=0

Puc. 2.8

Yacrs 1. lerepmuHHPOBaHHDbIE MOJETH



***x OPTIMUM SOLUTION SUMMARY ***

Title: Problem 2.52a-2
Final iteration No: 4
Objective value (max) =63000.0000

Variable Value Obj Coeff Obj Val Contrib
x1 Juice 500.0000 18.0000 9000.0000

x2 Paste 6000.0000 9.0000 54000.0000
Constraint RHS Slack(-)/Surplus(+)
1 60000.0000 0.0000-

2(<) 2000.0000 1500.0000-

3 (<) 6000.0000 0.0000-

¥4k SENSITIVITY ANALYSIS #+*
Objective coefficients -- Single Changes:

Current Coeff Min Coeff  Max Coeff Reduced Cost

Variable

x1 Juice 18.0000 0.0000 27.0000 0.0000

X2 Paste 9.0000 6.0000 infinity 0.0000
Right-hand Side -- Single Changes:

Constraint ~ Current RHS MinRHS  MaxRHS Dual Price
1< 60000.0000 48000.0000  96000.0000 0.7500
2 (<) 2000.0000 500.0000 infinity 0.0000
3 (< 6000.0000 1500.0000  7500.0000 3.0000
Objective Coefficients -- Simultaneous Changes d:

Nonbasic Var Optimality Condition

sx3 07500+ 0.0417d1>=0

$X5 3.0000+ 1.0000d2+ -0.3333d1>=0

Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var Value/Feasibilty Condition

x2 Paste 6000.0000+  1.0000D3 >=0

x1 Juice 500.0000+ 0.0417D1+ -0.3333D3>=0

sx4 1500.0000+ -0.0417D1+ 1.0000D2+ 0.3333D3 >=0

Puc. 2.9

I'naBa 2. BBenenue B JTuHeliHOe NpOrpaMMHpOBaHHe
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2.6. NMpumepsbl mopenen JIM

B 3TOM pa3zfene ucceI0BaHO HECKOJBKO peanucTuieckux Mozeneit JIIT, B KOTOpPLIX onpe-

JeNneHue NepeMEHHBIX U MOCTPOEHHE LeNieBol (yHKUMHM M OrpaHUYEHHH HE Tak OXHO3HAYHO,
Kak B paHee PacCMOTPEHHBIX MOAENAX C OBYMs NEpeMeHHbIMH. Mcronb3oBaHHe MporpaMMbl
TORA no3BOJIUT MHTEPNPETUPOBATh PE3yJIbTAThl pelleHUs ITUX 3anay JIIT.

IIpumep 2.6-1. (KpeanTHast noauTHKa 6aHKa)
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Bank Thriftem, npegoctaBnsrouuit mosnHelit Ha6op GaHKOBCKMX YCIYT, HAXOAUTCS B
npouecce GopMUpoBaHUA NOpTdess KpeAUToB 06beMOM 12 MWIIHOHOB HosiapoB. B
crenyroleit TaGuLe npeacTaBieHsl BO3MOXHbIE TUIb 6aHKOBCKHX KPEIUTOB.

Tun kpeaura CraBka npoueHTa BeposTHocTh Ge3Ha-
JIEHBIX JOJICOB
Kpenutsl pU3nYecKuM JIMLaM 0.140 0.10
Kpenuts! Ha MOKynKy aBToMo6mneit 0.130 0.07
KpenuTsl Ha NOKYIKY KWIbs 0.120 0.03
CenbCcKOX03gCTBEHHbIE 0.125 0.05
Kommepueckue 0.100 0.02

Be3HanexHble HONTM CUUTAIOTCA HEBO3BPATHMMBIMH, MO3TOMY OHH HOJDKHBI BBIYM-
TaThCA U3 BO3MOXHOTO JOXO0Ja.

KoHkypeHTHas 6opbba ¢ qpyrumMu GHUHAHCOBBIMM HHCTUTYTaMH BBIHY)KAAeT 6aHK He
MeHee 40% kanuTana NOMELIAaTh B CENbCKOXO3AMCTBEHHbIE U KOMMEPUYECKHE KPEOMTHI.
Jns coneicTBUs CTPOUTENBHOM HHIYCTPUH CBOETO perMoHa 63aHK IUIaHUPYET BIOXKHTH B
KpEAUTHI Ha MOKYMNKY XWibid He MeHee 50% oT obieil CyMMBI KpeauToB HH3MYECKHX
7M1, Ha MOKYINKY aBTOMOoOWIel u xwibs. baHk Takke NoAJep>KUBaeT rocyJapcTBEHHYHO
NOJIMTHKY, YKa3bIBAIOLIYIO, YTO OTHOLIEHHE O€3HaNeKHbIX JONroB KO BCEll cymMMe Kpe-
JUTOB He AOJDKHO npesbitats 0.04.

Mamemamuueckas modens
[TepeMeHHble 115 CO31aBaeMOi MOJENN MOXKHO OMNPEAEIIUTH ClIeayIOIHUM 00pa3oM:

X — KPEAHUThI GU3MYECKUM JIHLIAM,

X, — KPeIHUThI Ha MOKYNKY aBTOMOOHIEH,
X3 — KPEIHUThl Ha MOKYIKY XHWIbA,

X4 — CENbCKOXO3AHCTBEHHbIE KPEIUTHI,
X5 — KOMMepYeCcKHe KpeIUuTHI.

Bank Thriftem, ecrecTBeHHO, XelaeT MaKCHMU3UPOBATh YHCTYIO MPHOBLIB, T.€. pa3-
HOCTb MEXIy IOXOIOM OT MHBECTHPYEMBIX CyMM M CyMMO# HEBO3BpAIUEHHBIX KpEIH-
ToB. ITockonbKy Ge3HamexHble HOJTH CYHTAIOTCA HEBO3BPAaTUMBIMHU, OHM BBIYMTAIOTCS
KaK U3 UHBECTUPYEMbIX CYMM, Tak U obuieit npubsuti. Hexons u3 3Tux coobpakeHuit,
LeJIeBYr0 QYHKLMIO MOXKHO 3aIllUCaTh CIeIyIOIUM 06pa3oM.

MakcumuzupoBats z = 0.14x(0.9x;) + 0.13%(0.93x,) + 0.12x(0.97x;) +
0.125%(0.95x4) + 0.1%(0.98x5) — 0.1x; — 0.07x; — 0.03x3 — 0.05x, — 0.02xs.

ITocne npuBeneHus NOAOOHBIX YWIEHOB NOy4aeM
Makcumusuposatsb z = 0.026x, + 0.0509x, + 0.0864x; + 0.06875x4 + 0.078xs.

Yacrs 1. lerepMHHHpPOBaHABIE MOAEJIH



3agaya UMeEET NATh OrpaHUYEHUH.
1. Oepanuuenue obujeii cymmol Kpeoumos
X1+ X+ x3 x4 +X5S 12.
2. OepanuyeHue Ha CeNbCKOXO3AUCMBEHHbIE U KOMMEPYeCKuUe Kpeoumbl
X4 +x5204%x12
WIH
x3+x524.8.
3. Oczpanuuenus kpedumoa Ha NOKYNKY HCUNbS
x320.50x; + x5 + x3).
4. Occpanuyenusn Ha HeB036PAUjEHHbIE KPEOUMbl
0.1x, +0.07x, +0.03x, +0.05x, +0.02x; <004
X+ X+ X+ x4+ X

0.06x; +0.03x, — 0.01x; + 0.01x4 — 0.02x5 < 0.
5. Ycnosusa neompuyamenvhocmu
x120,x220,x320,x420,x520.

Heo6xonumo caenats ele 0IHO “TOHKOe” 3aMe4aHHe, YTO BCe KPEIUTHI BBIAEIAIOT-
CA MPUMEPHO B OJIHO U TO XK€ BpeMs. DTO MO3BOJIHUT UTHOPHPOBATh BpEMEHHON (akTop
B MHpollecce pa3MeIleHUs KanuTala B pa3InyHble KPEAUTHI.

OnTuManbHOe peleHHe copMyTHMpPOBaHHON 3afayM JIMHEHHOro NMpPOrpaMMHpOBa-
HUA NOKa3aHo Ha puc. 2.10. OHO peKOMEHIYeT HCHOJIb30BaTh TOJNLKO KPeIHUThl Ha I0-
KYIIKY XKWIb U KOMMepYecKHe KpeauThl. Cpeau HEHCHONb30BaHHBIX THIOB KPEAUTOB
HauMeHee NpUBJIEKaTeNIbHbl KpeauThl GU3HYECKUM JIMLIAM M HE TOJBKO M3-3a TOrO, 4YTO
K03 QUIMEHT NPU NEPEMEHHOM X B LieJeBOH QyHKUMM HauMeHbluuit (paBeH 0.026), Ho
U TOTOMY, YTO NpHBEJCHHAs CTOMMOCTh TaKUX KpeautoB Haubonbiuas (paBHa 0.0604)
cpenu BceX ocTajibHBIX. IIpHBeieHHas CTOMMOCTD ITOKa3bIBAET, YTO “‘peHTabenbHOCTh”
3TOlf nepeMeHHOM noypkHa Bo3pacTH 1o 0.0604, yToGhl KpeaAuTs! i QUINIECKUX JIULL
CTau NpHBJIEKaTeIbHBIMU JUI HHBECTULIMIA. JIBOMCTBEHHAs LieHa NEPBOr0 OrpaHUYEHUS
MOKa3bIBAET, YTO YBEIUYEHHE CYMMBI BCEX KPEAUTOB Ha €AMHULY (MIWUIHOH JIOJUIApOB)
NPUBOJMT K YBEIHYEHHIO YMCTON npuOsiiu Ha 0.0864 (MuiHoHa noJUTapoB). 3TO 3K-
BHBaJIEHTHO 8.64% roJoBBIX OT CyMMbl MHBECTHLHH. ITOCKONBKY COOTBETCTBYHOLUHIH
UHTepBaJ IJIs 3HaueHUA MPaBO} YaCTH 3TOro OrpaHWYEHHs npocrtupaercs oT 4.8 mo
6eCKOHEYHOCTH, OTCIOJA CIIEAYET, YTO YKa3aHHbIM MPOLEHT rONOBLIX rapaHTUPOBaH LA
mo6oit obuielt cyMMBbl KpeIUTOB, MPEBBIILAIOINX 12 MHLUIHOHOB pomnapos. Ho ator
MPOLIEHT FOXOBBIX, KOHEYHO, OYEHb MaJl, MOCKOJIbKY HAaUMEHBLINH NPOLEHT 10 GaHKOB-
CKUM BJIOXEHHAM cocTaBnfeT 10% (ana KoMMep4YecKUX KpeauToB). PasHOCTb B Benu-
YHHaX 3THX MPOLEHTOB 00yCaBIMBAIOT HEBO3BPALIEHHBIE KPEAUThI, KOTOPEIC BhHIYUTA-
I0TCA M U3 001elt cyMMbI KpeauToB, U YUCTON npubsutn. B dopmyre neneBoit dpyHKUHH
HaubGonbmuit xoadpduuueHt (0.0864) crout nepen mepeMeHHOMN, COOTBETCTBYIOILEH
00beMy KpeAHTOB Ha MOKYIKY XWibi. HTEpecHO, YTO B JaHHOM PEIICHHU €My OKa3a-
JIach paBHO NBOMCTBEHHas LieHa MEpBOro orpaHuyeHus. OTCI04a MOXKHO 3aKIIOYHTh,
Y4TO JI0Gble HOBBIE BJIOKEHUA CIEXYET pa3MeLlaTh B BUAE KPEAUTOB Ha MOKYIKY KUIbS.
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*** OPTIMUM SOLUTION SUMMARY ***

Title. Bank Model
Final iteration No: 5
Objective value (max) = 0.9965

Variable Value Obj Coeff Obj Val Contrib
x1 pers'nl 0.0000 0.0260 0.0000
%2 car 0.0000 0.0509 0.0000
x3 home 7 2000 0.0864 0.6221
x4 farm 0.0000 0.0688 0.0000
x5 com'l 4.8000 0.0780 0.3744
Constraint RHS Slack(-)/Surplus(+)
1(<) 12.0000 0.0000-

2(>) 4.8000 0.0000+

3(<) 0.0000 3.6000-

4(<) 0.0000 0.1680-

*** SENSITIVITY ANALYSIS ***
Objective coefficients -- Single Changes:
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Variable Current Coeff  Min Coeff Max Coeff Reduced Cost
x1 pers'nl 0.0260 -infinity 0.0864 0.0604

%2 car 0.0509 -infinity 0.0864 0.0355

%3 home 0.0864 0.0780 infinity 0.0000

x4 farm 0.0688 -infinity 0.0780 0.0092

x5 com'l 0.0780 0.0688 0.0864 0.0000
Right-hand Side -- Single Changes:

Constraint Current RHS Min RHS Max RHS Dual Price
1(<) 12.0000 4.8000 infinity 0.0864
2(>) 4.8000 0.0000 12.0000 -0.0084
3(<) 0.0000 -3.6000 infinity 0.0000
4(<) 0.0000 -0.1680 infinity 0.0000
Objective Coefficients -- Simultaneous Changes d:

Nonbasic Var  Optimality Condition

x1 pers'nl 0.0604 + 1.0000d3-d1>=0

x2 car 0.0355+ 1.0000 d3-d2>=0

x4 farm 0.0092+ 1.0000d5-d4>=0

Sx6 0.0084+ 1.0000d3+ -1.0000d5>=0

sx7 0.0864 + 1.0000d3>=0

Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var Value/Feasibilty Condition

x3home  7.2000+ 1.0000 D1+ -1.0000D2>=0

x5com'l 48000+ 1.0000D2>=0

sx9 36000+ 0.5000D1+ -05000D2+ 1.0000D3>=0
sx10 0.1680+ 0.0100D1+ 0.0100D2+ 1.0000D4 >=0
Puc. 2.10

YacTtb 1. lerepMHHHpOBaHHbIE MOJEJIH



BTopoe orpaHuueHHe NaHHOU 3aJa4ydl yKa3blBaeT HIDKHIOIO TPAaHUL CYMMBI Cellb-
CKOXO3SIMCTBEHHBIX M KOMMeEpPYECKHX KpeauToB. OTpHuaTenbHas ABOHCTBEHHas Li€HA
(-0.0084) noka3bIBaeT, YTO YBEJIUUEHHE 3TOH IPaHHULBI IPUBEAET K YMEHBIIEHUIO YHC-
To# mpubsuH GaHka. J[pyrMMH cl0BaMH, 3KOHOMHYECKH HE BBIFOJHO YCTaHaBJIMBAaTh
HIDKHIOIO TPaHUI IS CYMMBI CEIbCKOXO3SHCTBEHHBIX M KOMMEPYECKUX KpPEIHUTOB.
370 elle pa3 NOATBEPXKAAET, Kak ObUIO BUIHO MPU PacCMOTPEHHUHU NEPBOTO OrpaHHYe-
HUA, YTO JIOOBIe JOMOJIHMTEIbHBIE BIOXKEHHUS CIeAyeT NOMELIaTh B KPEAUTH! Ha MOKYTI-
Ky KUJIbsl, @ HE B CEJIbCKOXO031CTBEHHbIE U KOMMepYecKUe KpeauThl. Eciau Mbl BooO1ue
yIajuM 3TO OrpaHUYEHHeE, TOra BCE MHBECTHLIMH NEPEMECTATCA B KPEAUTHI Ha MOKYIKY
Kwibs. [IpoBepbTE 3TO YTBEPXKAEHKE, YAAINB BTOPOE OTPaHUYEHHE U PELIMB HOBYIO 3a-
Jady ¢ momolupto nporpammbl TORA (1 3TOro AOCTaTOYHO HCHOJB30BaTh OILIMIO
MODIFY (M3MeHuTb) MpH pellieHnH TeKyeit 3agaun).

IIpumep 2.6-2. (OcBoeHHE M NCNIOJIb30BAHHE 3€MJIH)

Komnanus Birdeyes! Brageet 800 akpaMu HeoGpaGoTaHHOM 3eMITH C KHUBOIMCHBIM
03epoM B LIEHTpe ropHoro MaccuBa O3apk. B npouuioM ocBoeHHe TEPPUTOPUH BOKPYT
03epa MPOUCXOAWIO HEeperyJspHO U moHeMHory. Ceifuac BOKpYT 03epa NOCTPOEHO MHO-
ro pa3dpocaHHBIX HOMHUKOB IUIA OTHbIXarouuX. ITockoIbKy KaHaIHM3aLMs OTCYTCTBYET,
HHTEHCHBHO UCIONB3YIOTCA CENTHYECKHE TaHKU (OONbIINE EMKOCTH Ul XpaHEeHHs Obl-
TOBBIX OTXOZOB). B HacTosllee BpeMsa MHOTHE CENTUYECKHE TAHKH NPUXONAT B HErom-
HOCTb (TEKYT), [I03TOMY HNOSBUIIKUCH MPOOGJIEMBI C 3arpsi3HEHHEM BOJIBI B 03€peE.

YroObl MpeOTBpaTUTh AajibHelllllee 3arpsA3HeHUe 03epa, OhHLUHMaNbHbIE BIAaCTH OK-
pyra paspaboTaiu CTporue OorpaHUYMTENbHbIC TpeGOBaHUA Ui BO3MOXHOIO AaJIbHEM-
IIEr0 OCBOCHUS 3TON TEPPUTOPHHU.

1. Paspeuraercs BO3BOAUTH HTOMUKHU TOJNBKO Ha OJHY, [BE WM TPH CEMBH, NPUYEM
JOJIl JOMHUKOB Ha OIHY CEMBbIO NOJDKHA COCTaBiIATh He MeHee 50% oT Bcex mo-
CTPOEHHBIX.

2. OrpaHHYMBAETCA KOJIMYECTBO CENTHYECKUX TAaHKOB: MUHMMAaJIbHas TEPPUTOpUS,
OTBeJeHHas IUIA pa3MeEIUEeHUs OXHOIo TaHKa, 0OCIy)KMBAIOLIEro OAWUH JOMHUK Ha
OJIHY, ABE WIN TPU CEMbH, COCTaBJIAET COOTBETCTBEHHO 2, 3 U 4 aKpa.

3. PexpeauroHHas 30Ha pacCUMTHIBAETCA UCXOAS U3 HOPMBI — HE MEHee OIHOro
akpa Ha 200 cemeii.

4. Jlns npenOTBpalleHUs 3arpA3HEHMA O3epa 3alpellaeTcs MCIONb30BaTh MOBEPX-
HOCTHBI€ BOJIBI JUIA NOJIMBA M OBITOBBIX HYXI.

IMpasnexue komnaHuy Birdeyes pemwio u3y4uTs BO3MOXKHOCTH JalbHEHIEro OCBOCHUs
Tex 800 akpoB 3eMJH, KOTOpbIe eif npuHamexar. JanpHelinee OCBOCHHE 3THX 3eMEIb Ipe-
IyCMaTpUBaeT CTPOMUTENBCTBO JOMUKOB 11 OTIBIXa Ha OIHY, ABE M TpU ceMbH. IToacuura-
HO, 4TO HeoOXomIMMO OTBecTH He MeHee 15% Bcelt TeppHTOpPMM Ha IPOKIAIKY AOPOT M
CTPOMTENLCTBO BCIIOMOraTeNIbHBIX COOpyxeHHH. KoMnaHus ruiaHUpyeT ciaBaTb JOMMKH OT-
JBIXAIOLIMM ¥ PAaCCYUTHIBAET NMOYYHTh OT OTHOTO JOMHMKA CJIEAYIOLIYIO ITPHObLIB.

1 HaspaHue KOMIaHHH MOXKHO NiepeBecTH Kak “ITTHUBHM rasku”. — [Ipum. nepes.
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Tun foMuka Ha OJHY CEMBIO Ha IBE CEMbH Ha TPpU CEMbH

Yucras npubsub ($) 10 000 12 000 15 000

CTOUMOCTh TUTAaHHPYeMO BOJONpPOBOAHON CETH NPONOPLUOHANbLHA KONHYECTBY
JOMUKOB, TTOJIKTIOYEHHBIX K BOAONPOBoay. OJHAKO BIaCTH OKpYra HaCTaHBAaIOT Ha TOM,
410 HeobxoauMo cobpath He MeHee $100 000, 4TOOBI 3TOT NPOEKT OBLIT SKOHOMHYECKU
OCYILECTBUMBIM. KpOoMe TOro, U3BECTHO, YTO Jaxke B MMKOBBIN MEPHOI BOJONPOBOAHAA
ceTb He cMoXeT noctaBuTh Gospire 200 000 rayuioHOB BOABI B AeHb. B ciemyromeit
TabnuIle MpUBeeHa CTOUMOCTh MOAKITIOUEHH K BOXONPOBOIHON CETH OMHOIO NOMHKA
1 yKa3aHa e)XelHeBHas MOTPeOHOCTh B BOJIE OHOM CpenHel CeMbH.

Tun nomuka Ha OJIHY Ha JiBE Ha TpH Pexpeannonnas
CEMBIO CeMbH CeMbU 30Ha
CTOoMMOCTDh HOIKIFIOUEHUS 1000 1200 1400 800
K BozonpoBoxy ($)
Ilorpe6GHOCTS B Boze 400 600 840 450
(rayinoH/neHs)

Mamemamuueckas modens

KomnaHus nomxkHa onpenenuTb, CKOIbKO CTPOUTE JOMHMKOB Pa3IMYHOIO THUIA U Ka-
KOBa JIOJHA ObITh pEKpeallMOHHas 30Ha, YTOOBI yAOBIECTBOPUTL TpEOOBaHUAM BacTel
okpyra. [Tonoxxum

X| — KOJIMYECTBO JOMHUKOB Ha OHY CEMBIO,
X — KOJIMYECTBO JOMUKOB Ha [IBE CEMbH,
X3 — KOJINYECTBO JOMUKOB Ha TPU CEMBH,
X4 — KOJIMYECTBO aKPOB 3EMJIH, OTBOAMMBIX O]l PEKPEALMOHHYIO 30HY.

OyeBUAHO, YTO KOMIAHHUA JOKHa MaKCHMHM3HPOBaTh CBOH J0XOJ, MO3TOMY Liejie-
BYIO (DYHKIIMIO MOXHO 3amucarth Tak:

MaxkcumusupoBats z = 1000x; + 12000x; + 15000x;.

3amava UMeeT CeAyIOLIHe OrpaHHYEHHUA.

4.
5.

OrpanryeHHe Ha o0LIyIO IUTOLIaAb HCIONB3YEMO 3EMIIH.

OrpaHuyeHue, CBA3aHHOE CO CTPOMTENBCTBOM HOMHKOB MPEUMYLIECTBEHHO Ha
OJHY CEMBIO.

OrpaHuyeHue, y4UThIBaloOLIee TpeGOBaHUA K PeKpeauHoOHHOMN 30He.
OrpaHuyeHue, CBA3aHHOE CO CTPOUTENLCTBOM BOJONPOBOIHOM CETH.
OrpaHuyeH#e Ha MOTpeGIeHHe BOAbI B TUKOBbIN MEPUOL.

Ot OrpaHMYCHHUA MaTCMAaTHYECKH 6y11y'r 3aMMACaHbI CICOYIOLIHM o6pa30M.

1.

2.

O:zpanuuenue Ha 06wyio n10Wadb UCNONLIYEMOU 3eMAU:
2x) + 3x; + 4x; + 1x, < 680 (= 0.85 x 800).

Ozpanuvenue, c6A3AHHOE CO CMPOUMENLCMBOM OOMUKOB NPEUMYU,ECMBEHHO HA
OO0HY CEMbIO:

Yacrs 1. JeTrepMHHEPOBaHHBIE MOEAH
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X 4+ X, +x

0.5x1 - O.SXZ - O.SX3 2>0.
3. Ozpauuueuue, yuumuvlearouyee mpe6oeanuﬂ erxpeauuonuoﬁ 30HeE:

x42x1+22x50+3x3

200x4 —x; —2x, — 3x3 2 0.
4. OcpanuueHue, c6A3aHHOE CO CMPOUMENLCMBOM 8000NPOBOOHOU Cemu:
1000x, + 1200x; + 1400x; + 800x, = 100 000.
5. OzpanuueHue Ha nompebnenue 600bl 8 NUKOBbIN NEPUOD:
400x, + 600x; + 840x; + 450x, <200 000.
6. Ycnosus neompuyamenvnocmu:
x120,x,20,x320,x420.

Eme Ha 3Tane ¢opMyaupoBaHisA MaTeMaTH4ECKOM MOJENH ciexyeT obpaluaTth BHUMa-
HHE Ha BO3MOXKHbI€ NPOOIEMbl, KOTOpPble€ MOTYT BO3HHKHYTb H3-3a OIUMOOK MaIIMHHOIO
okpyrieHus. B Haelt Moaeny ko3¢ ¢HLHEHT B YETBEPTOM U ISTOM OFpaHUYEHHAX 3Ha-
YUTEJbHO OOJbIlE MO BeIMYMHE, YEM BCE OCTabHble. DTa HECOpa3MepHOCTh (OTHO-
cUTeNibHasi) BEIMYHH KO3((ULMEHTOB MOXET NMPHUBECTH K HENpeIBUAEHHBIM OLIMOKaM
MAalIMHHOTO OKPYIJIEHHS H, CJIEOBAaTEebHO, K HEBEPHOMY pe3yibTaTy. B Halem ciydae
MbI MOXKEM NPEIOTBPATUTD 3Ty MOTCHUHATIBLHYIO OMACHOCTD ITyTeM MacIITaOUpOBaHUSA KO-
3¢ puLMeHTOB, Wi Yero Bce k03¢(QHULUUEHTbI B YETBEPTOM M IATOM HEPAaBEHCTBAX HAMO
pazzenuts Ha 1000. ITocie aToro HepaBeHcTBa Gy MyT 3amucaHbl CIeAYIOLIMM 00pa3oM.

x; + 12x2 + 1.4X3 + 0.8X4 2 100,
0.4x; + 0.6x, + 0.84x; + 0.45x, < 200.

K nonoGHBIM BBIYUCIUTENBHBIM NPOOIEMaM MOXKET NPUBECTH M HAJMYHE B HEpaBEeH-
CTBaX CJIMLIKOM MaJIbIX MO BelWYHHE k03¢ ¢HLMEHTOB. B 3TOM ciydyae Takoke npuMeHseT-
cs MaciuTabupoBaHue kK03()(HLIEHTOB, HO YXKe B CTOPOHY MX yBeJlM4YeHHs. BoIbIIMHCTBO
nporpaMMHoOro obecreuyeHus, npeIHa3HauYeHHOro s peweHus 3axay JIIT (Bxmoyas mpo-
rpammy TORA), mbITaercs corjlacoBaTh BENHYHHBI KOI(Q(HUIMEHTOB elle JO Hayajia pac-
yetoB. OHAKO 3TO XKeJNATeNIbHO CHEJIaTh elle Ha 3Tane GopMaiu3auiyd MOAEIH.

Ha puc. 2.11 npeacraBieHo oNTHMabHOE pelieHHe LI NocTpoeHHo! Moaenu. Ot-
METUM, 4TO OObluHas 3ajaya JIMHEHHOro MpOrpaMMHUpOBaHHs HE Npearnojiaraer Leo-
YuCIeHHOro pewenus. [1oaToMy Mbl momy4ywnu 3HadeHus x; = 339.152, x,=1.696 u
X, = x3 = 0. MBI MOXX€M OKpYIJIUTh NOJy4YEHHbIE 3Ha4eHUsA, Toraa x; = 339 u x, =2 (3TH
3HaYeHUs B JAHHOM CJIy4yae COBIMAMYT C ONTUMAJIbHBIM pELICHHEM 3aayyl LIEJIOUHUCIIeH-
HOTO JINHEHHOr0 NPOrpaMMHUPOBaHUA).
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*¥* OPTIMUM SOLUTION SUMMARY ***

Title: Land Development
Final iteration No: 6
Objective value (max) =3391521.0000

Variable Value Obj Coeff Obj Val Contrib
x1 SINGLE 339.1521 10000.0000 3391521.0000
x2 DOUBLE 0.0000 12000.0000 0.0000
%3 TRIPLE 0.0000 15000.0000 0.0000
x4 RECR'N 1.6958 0.0000 0.0000
Constraint RHS Slack(-)/Surplus(+)

1 (<) 680.0000 0.0000-

2¢) 0.0000 169.5760+

3¢) 0.0000 0.0000+

4 (>) 100.0000 252.7182+

5 200.0000 63.5761-

***% SENSITIVITY ANALYSIS ***
Objective coefficients -- Single Changes:

Variable Current Coeff  Min Coeff  Max Coeff Reduced Cost
x1 SINGLE 10000 0000 7993.3551 infinity 0.0000
x2 DOUBLE 12000.0000 -infinity 15012.4690 3012.4690
x3 TRIPLE 15000.0000 -infinity 20024.9355 5024.9355
x4 RECR'N 0.0000 -2000000.0000 5000.0044 0.0000
Right-hand Side -- Single Changes:

Constraint Current RHS Min RHS Max RHS Dual Price
1 (<) 680.0000 192.7885 996.8926 4987.5308
2() 0.0000 -infinity 169.5760 0.0000
3¢) 0.0000 -340.0000 50988.0938 -24.9377
4 () 100.0000 -infinity 352.7182 0.0000
5(< 200.0000 136.4239 infinity 0.0000

Objective Coefficients -- Simultaneous Changes d:

Nonbasic Var  Optimality Condition

x2 DOUBLE 30124690+ 1.5012d1+ -0.0025d4 - d2 >=0
x3 TRIPLE 50249355+ 2.0025d1+ -0.0050d4 -d3>=0
8x6 249377+ 0.0025d1+ -0.0050 d4 >=0
sx8 49875308+ 0.4988d1+  0.0025d4 >=0

Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var Value/Feasibilty Condition

8x7 2527182+ 0.5187D1+ 0.0374D3+ -1.0000 D4 >=0
x1 SINGLE 3391521+ 0.4988D1+ -0.0025D3 >=0

4 RECR'N 16958+ 0.0025D1+ 0.0050D3>=0

Sx5 169.5760+ 0.2494D1+ -1.0000D2+ -0.0012D3 >=0
sx12 63.5761+ -0.2006 D1+ -0.0012D3+  1.0000D5 >=0

Puc. 2.11

YacTs 1. [lerepmuBHpOoBaHHBIE MOJEIH



OnTUMaIbHOE pellIeHHe HE PEKOMEHIYET CTPOUTh JOMHKH Ha IBE U TPU CEMBH, He-
CMOTps Ha TO YTO JOXOXHOCTb 3TUX HomukoB ($12 000 u $15 000) Bblute, YeM TOMH-
KOB, PaCCYHTaHHBIX Ha OJHY CEMBbIO. DTOT Pe3yNbTaT MOKa3bIBAET, YTO TOJLKO IO KO-
adduurenTaM ueneBod GYHKUUU HENb3A CYIUTh O “peHTabenbHOCTH OTAENBHBIX BH-
J0B 9KOHOMHYECKOH IEATENPHOCTH, KOTOPbIM COOTBETCTBYIOT JaHHblE KO3 (ULIUEHTEI.
CnemgyeT y4uThIBaTh TaKXKe CTOMMOCTb PECYpPCOB, HEOOXOOMMBIX A/ OCYLIECTBJICHHS
Takol OeATeNbHOCTH. DTO TOT (aKTOp, KOTOPBIN BBIPAXKAETCA MPUBEOEHHOU CMOUMO-
cmoio. TlpuBeneHHbIE CTOMMOCTH UIA OOMUKOB Ha JBE U TPU CEMBU COCTABJIAIOT
$3012.47 u $5024.94 cOOTBETCTBEHHO. DTO O3HAYAET, MIA TOr0 YTOOBl TAKHE JOMHUKH
OblIK peHTaleNbHBIMU, HEOOXOOUMO JHO0 Ha BEJMYMHBI NPHBEJEHHBIX CTOMMOCTeEM
YMEHBIIUTh CTOMMOCTb PECYPCOB, HEOOXOMUMBIX IS UX CTPOMTENBbCTBA M 3KCIUTyaTa-
LUK, U060 Ha TaKyIo e BEJUYHHY YBEIMYUTh UX JOXOJHOCTS.

B orpanuuenusax 2, 4 U 5 IONOJHHUTEIbHBIE MEPEMEHHbIE UMEIOT MOJIOXKHTENbHbIE
3Ha4YeHHs, a 3TO YKa3blBaeT, YTO COOTBETCTBYIOLIHUE “peCYpPChI” HCIOJB30BaHbI HE MOJI-
HOCTBIO. B pesynbrare 0goiicmeeHHble yeHbl, COOTBETCTBYIOLIME 3THUM OrpaHMYEHUAM,
paBHb! Hymo. J[BOHCTBEHHas LieHa NMEPBOrO0 OrpaHH4YeHHs (OrpaHHYeHHe Ha OOILYIO
IUIOLIafb UCHONB3yeMo# 3eMin) paBHa $4987.53; 3TO rOBOPHUT O TOM, YTO YBEIHYEHUE
ob1ueif ruoIany Ha OAMH aKp AODKHO mpuHecTH $4987.53 uucroit mpubsu. ITY UH-
¢dopMaLMIO MOXKHO HCIOJIB30BaTh JUIA ONpeNeeHHA LEHb! NP MOKYNKE HOMOTHUTEIb-
HOTO 3€MeJIbHOr0 y4acTKa.

B TpeTheM orpaHMdYeHHH ABOMCTBEHHas LieHa paBHa —$24.938, moatoMy ymoGoe yBe-
JIMYEHHE 3TOro “pecypca” NMpUBEIET K CHIKEHHUIO obuiero noxoxa. Ho mouemy Tak mpouc-
xoaut? YTo6B! OTBETUTH Ha 3TOT BOINPOC, HYXKHO 3HATh, CKOJILKO €IMHHIL 3TOTO “pecypca”
COZIEPXKHTCA B JAaHHOM OrpaHu4YeHud. PaccMoTpuM noapobHee naHHOE OrpaHUYeHHe.

ZOOX4 - X 2X.2 - 3X3 20.

3T0 HEpaBEHCTBO MOKAa3bIBAET, YTO MUHUMANIbHA IUTOIIAb PEKPEALMOHHOMN 30HbI 3aBH-
CMT OT KOJIMYECTBa JOMHUKOB. B Tako# 3amicy e IMHULIBI U3MEPEHUA JIEBO YacTH HEPaBEHCT-
Ba He BUIHEL [T03TOMY MBI pasenuM Bce HepaBeHCTBO Ha 200, B pe3ynbTaTe NOTy4uM

x4 —(0.005x; + 0.01x, + 0.015x3) 2 0.

IMockonbKy IuIOLAaAL peKpeallMOHHOMN 30HbI H3MepAeTCs B aKpax, BbIpaKeHHe B CKOO-
Kax TaKke JOJDKHO H3MepAThCA B akpax. I103TOMy yBenuueHHe Ha OJHY eQUHHUILY IpaBoi
YacTH HepaBeHCTBa (T.e. Bo3pacTanue oT 0 0 1) MOXHO MHTEPIPETUPOBATh KakK yBeJlHye-
HME Ha OMH aKp IUIOLIafX peKpealoHHON 30Hbl. Ha OCHOBaHMM TaKoro IpecTaBleHUA
OrpaHM4EHHUsI MOXKHO CKa3aTh, YTO JBOMCTBEHHAs LIEHa COOTBETCTBYET CTOMMOCTH YBEJH-
YeHHA Ha aKp peKpealoHHOH 30HbL. HO HOBas 3amyuch OrpaHMYEHMA MOKa3bIBAET, YTO
IBOWCTBEHHas LieHa AOMKHA ObITh paBHOM 200 X (—24.937) = —$4987.53. (Ecnu mosTo-
puTh pacyeTsl nporpamMMbl TORA npH Takoit 3amicH TPETEro OrpaHUYEHUs, TO AOJDKHBI
HOJTYyYUTh MMEHHO TaKyIO BEJIMYMHY HBOMCTBEHHOM LIEHbI — IPOBEPHTE 3TO!)

HoBas nBolicTBeHHas LieHa CBUAETENBCTBYET O TOM, YTO YBEJIMYEHHE IUIOLIANN peK-
pealMOHHOM 30HBI Ha OUH aKp NpHBeIeT K YMEHbLIEHUIO o61ero goxona Ha $4987.53.
HHTepecHO, UTO 3TO YHCIIO B TOYHOCTH pPaBHO JBOWMCTBEHHOH LICHE NEPBOr0 OrpaHu4e-
HM#, HO C IPOTHUBOIONOXKHBIM 3HaKOM. Takoli pe3yyibTaT UMeeT SKOHOMUYECKUI CMBICI,
MIOCKOJIBKY IIEPEBOJ aKpa 3eMJIM B PEKPEaLMOHHYIO 30HY O3HAa4aeT HUCKIIIOUEHHE TOro
aKpa 3eMJIM M3 TOH IUIOIIAdH, HA KOTOPOH MOXXHO MOCTPOUTh IOMHKH, MPUHOCALIME
npubbLIb. [I03TOMY HE CTOHMT YAMBIATBCS, YTO STH BEJIMYHUHBI COBIAIAIOT.
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ITpumep 2.6-3. (3apaya pacnucaHusi ABHKeHHsI aBTOOYCOB)

I'oponckast TpaHCIIOPTHAs KOMIAaHUA M3y4aeT BO3MOXHOCTb BBECTH TaKyl0 CHCTEMY
JBIKEHHMSA TOPOACKHX aBTOOYCOB, KOTOpas CHU3MWIa Obl npobieMy 3ara3oBaHHOCTH B
ropoje MyTeM YMEHBIIEHHsA KOJMYECTBA HCIOJb3yeMbIX aBTOOycoB. BHauane HyXHO
6b110 OnpenenuTh MUHUMAIbHOE KOJNMYECTBO aBTOOYCOB, HeoOXomumoe Mif yIOBIe-
TBOPEHMs TPAHCMOPTHBIX NMOTpeOHOCTEH ropoxaH. OKa3aloch, 4TO B Pa3IMYHOE BpeMs
cyTok TpebyeTcs pasHOe KOJIM4ecTBO aBToOycoB. JlanpHelilee H3yueHHUe 3TOro BOIpoca
MO3BOJIWJIO  ANNpPOKCHMHPOBATh CYTOYHYIO MNOTPeOHOCTh B aBTOOycax KyCOYHO-
NOCTOAHHOH ¢yHKUMeH C 4-4yacOBHIMU HHTEpBaJIaMHU IOCTOSHHBIX 3HayeHUH. Ita
¢byHKuMA nokasaHa Ha puc. 2.12. IIpu cocTaBjieHHMH pacUCaHUA JBWKEHHUA aBTOOYCOB
ClIelyeT yYUTBIBATh, YTO KaXKAbli aBTOOYC HOJDKEH HaXOLUThCA HAa JIHHUM HEMPEPHIBHO
B TeyeHHe 8 yacoB (oHa paboyas cMeHa).
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Puc. 2.12
Mamemamuueckas unmepnpemayus 3adauu
Hrak, TpeGyeTcs onpeaenuTh yucio asmobycos, 8ulx00Awux Ha TUHUIO 8 onpe-
OenenHyio cmeHy, (IEpeMEHHbIE) TaK, YTOOBI yOoenemeopumv MUHUMAnbHble NO-
mpebnocmu 8 mpancnopmuuix ycayeax (OrpaHHYEHHUS) U 1O BO3MOXHOCTH MUHU-
Mu3uposamev obujee KOIUYECMBO ABMOOYCO8, BLIXOOAWUX HA TUHUIO 8 meyeHue C)-
mok (ueneBast QYHKIMSA).
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HetpynHo 3aMéTHTh, YTO TaKOe ONpeAeieHHe NEPEMEHHBIX HEOQHO3HaYHO. MBI 3Ha-
€M, YTO Kaxablit aBToOyc nomkeH oTpaboTarh 8-4acoBYI0 CMEHY, HO MbI HE 3HaeM, KO-
ra 3Ta CMeHa J0JDKHa HauMHaThes. Eciu cnenoBath cxeMe oObIuHOM 3-cMeHHOI pabo-
T (1-1 cMeHa ¢ 8:01 mo 16:00, 2-1 — ¢ 16:01 o 24:00 u 3-1a — ¢ 00:01 mo 8:00) u
0003HaYUTh 4epe3 X, X, M X3 KOJUYECTBO aBTOOYCOB, paboTaroluX Ha JIMHHHM B 3TH
CMeHBI, TOT/Ia, HCXOIA U3 TPAaHCTIOPTHBIX MoTpeGHocTe (puc. 2.12), nomyyaem x; 2 10,
X212 nx; 2 8, a obliee KOJIMYECTBO €XKEAHEBHO HCIIONB3YyEMBIX aBTOOYCOB COCTaBJIsA-
eTx;+x;+x3=10+ 12 + 8§ =30.

370 peleHre NPUEMIIEMO, €CIIH CMEHBI OONIXCHG! HAUMHATBCA TaK, Kak NMpU 06bIYHOM
opraHuzauuu 3-cMeHHol pa6oTel. OZHAKO MOXHO ONTHMH3HPOBATh PaclUCaHUE ABH-
XeHUs aBTOOYCOB, €CJIM MOUCKATh ApYyroe, “mydquiee” BpeMs Hayana paboyux CMeH.
INpeanonoxum, 4To MeXIy Ha4alnoM “COCeIHHX” CMEH MOXET ObITh 4 yaca, a He 8, kak
B 00bIYHOI cxeMe 3-cMeHHOIt paboTel. B HIKHEH YacTH pHc. 2.12 cxeMaTHYHO MOoKa3a-
Ha TaKas CXeMa OpraHM3allMM NEepeKphIBAIOIIUXCA pabounxX CMeH, KOrJa OHHM IOJDKHBI
HauuHatees B 00:01, 4:01, 8:01, 12:01, 16:01 u 20:01, mpu 3TOM KaXkaas CMEHa Npo-
nomkaetca 8 yacos. Teneps Mbl FOTOBBI ONPENENUTD NIEPEMEHHBIE:

X| — KOJIHYEeCTBO aBTOOyCOB, HauuHaroUMXx padory B 00:01,
X, — KOJIMYECTBO aBTOOYCOB, HauHHarOLMX paboty B 4:01,
X3 — KOJIN4eCTBO aBTOOYCOB, HauHHaromux padoty B 8:01,
X4 — KOJIMYECTBO aBTOOYCOB, HaUHHArOILUX paboTty B 12:01,
Xs — KOJIMYECTBO aBTOOYCOB, HaYHHarOIWMUX paboTy B 16:01,
X¢ — KOJIMYECTBO aBTOOYCOB, HauWHaroMX paboty B 20:01.

3anaya MuHeHOro NporpaMMHUpoBaHKsA OyeT 3anucaHa ciieLyIoluM ob6pa3oM.
MHHUMHM3HPOBATH Z = X} + X + X3 + X4 + X5 + X
NPY BHINOJIHEHUH YCJIOBUM

x; +x¢ 24 (BpeMs ot 00:01 o 4:00),
x; +x; 2 8 (Bpems ot 4:01 1o 8:00),

x, +x3 2 10 (Bpems ot 8:01 no 12:00),
x3 +x4 2 7 (Bpems ot 12:01 no 16:00),
x4+ x5 2 12 (Bpems ot 16:01 no 20:00),
x5+ x¢ 2 4 (Bpems o1 20:01 no 24:00),
x20,j=12,..,6.

PesynbraThl pemenus stoif 3agauu JIIT npencrasnensl Ha puc. 2.13. OT™MeTuMm,
YTO B ONTHMaJbHOM pellIeHUN obllee KOJIMYECTBO aBTOOYCOB paBHO 26, NpH 3TOM
x1=4,x=10,x3=0, x,=8, xs=4 u x¢ = 0. [IpuBeseHHBIE CTOMMOCTHU BCEX IIE-
PEMEHHBIX paBHBI HYJIO; 3TO YKa3biBaeT Ha aJbTEPHATHBHbIE ONTHUMAaJbHbIE pelle-
HUA (HO C TeM e 3HaueHHeM ueneBoit ¢yHkuuu). MHTEepec npencrasnser uHPOP-
MalMsa O pacCUMUTAHHBIX JBOHCTBEHHBIX lLicHaX. JIBOHCTBEHHas LeHa, paBHas 1, mo-
Ka3biBaeT, YTO YBEJMYEHUE MpaBOH 4YacTU COOTBETCTBYIOLIETO HEPAaBEHCTBA Ha
eIMHHLY NPUBOIUT K BO3pacTaHHIO OOIIEro KojauiecTBa aBTOOYCOB TakKe Ha eIu-
Huuy. Ecnu nBoiicTBEeHHas LieHa paBHa HYJIO, TO yBEJMYEHHE 3HAYEHHs NpaBoif
4YacTH COOTBETCTBYIOLIEr0 HEPAaBEHCTBA HE NMPUBOAUT K BO3PACTAHUIO OOILEro YMc-
J1a Ucnosb3yeMbiXx aBTo6ycoB. OHaKO 3TH yTBEPXKIACHHUSA CNpaBEJIUBBI TOJBKO TO-
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raa, Korja 3HaueHUs NpaBbIX YacTell HEPABEHCTB HE BHIXOAAT 3a Mpelesibl COOTBET-
CTBYIOLIUX HHTEpBaNOB (3HadeHHd B cToabuax Min RHS u Max RHS Ttabauus
Right-hand Side — Single Changes). Hanpumep, npaBas 4acTb BTOPOro HEpaBEHCT-
Ba MOXeT Bo3pacTd oT 8 mo 14, 6e3 yBenuueHHs oOLIEro KOJHYECTBA HCIOJb3ye-
MbIX aBTOOYCOB. A yBelM4YeHHE Ha Kakoe-THM60 3HaueHHEe NMpaBOif YaCTH TPETLETO
HepaBeHCTBa (HauMHas cO 3HaueHHs 10 U Bbllie) NPUBOIUT K TAKOMY XKe yBeJlHue-
HUIO o6lero konuyecTBa aBTo0ycoB. OTa HHPOpMALHA O4YEHb BaXKHa MJIA aHaIu3a
ONTUMANIBHOTO pelIeHHUS.

AHayiu3 YyBCTBUTEJIBHOCTH KO3()(GHLIMEHTOB LieJIeBOH (YHKLMH B JaHHOM Cly4yae He
uMeeT 0coboro CMbICIIa, MOCKOJIbKY B 3TOH MOJEIN OHH €CTECTBEHHBIM 00pa3oM MMEIOT
3HayeHue |1 ¥ He MOryT UMeTh Apyroro 3HayeHus. Ecnu Ol LeneBas QyHKUMSA OTpaxana
Kakyro-HuOyIb apyryro “uens” (HanpuMep, MUHUMH3UpOBaia Obl CTOMMOCTh 3KCILTya-
TaUuK aBTOOYCOB), TOrAa CUTyaluus Moryia ObITh HHOM M aHAJH3 3THUX KO3(PHLHEHTOB
umes 6b1 CMBICI.

IIpumep 2.6—4. (3anaya MHHUMH3AIIHU NOTEPH NPH pa3pe3aHUM PYJIOHOB Gymaru)
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TuxookeaHnckass OymaxkHas ¢abpuka NpPOW3BOMUT CTaHAApPTHbIE PYJIOHBI Oymaru
mupHHo# B 20 ¢yToB. CrieLiyasibHble 3aKasbl KIMEHTOB TpeOYIOT pa3pe3aHus CTaHIapT-
HBIX py/OHOB. THMOBO# 3aKa3 (Takue 3aKa3bl MOTYT MEHATBCSA KaXAblH NE€Hb) NPUBEAEH
B caenyroieit tabnuue.

IMo3uuuun Tpebyemas mupHHa pyaoHa Tpebyemoe KOMMYECTBO PYJIOHOB
3aKasa (dyThI) (wr.)
1 5 150
2 7 200
3 9 300

Ha ¢abpuke 3aka3b! BHINOJNHAKOTCA IyTeM pa3pe3aHs CTaHIapTHBIX PYJIOHOB Ha
TpeGyeMble cneuuanbHLIMU HOXaMH. CyLIECTBYeT HECKOJbKO BapHAHTOB DPa3pe3Ku
CTaHIApPTHOTO PYJIOHA, TPX M3 KOTOPHIX MOKa3aHsl Ha pucC. 2.14. KoHe4Ho, CylIEeCTBYIOT
U Ipyrue BapUaHThl, HE NMOKa3aHHBIE HA 3TOM PHCYHKe (OHM GYXYT OmMcaHbl HUXKE), HO
ceifyac Mbl OrpaHUYUMCS TOJIBKO NpeAcTaBieHHBIMU — A, B u C. JIns BLINOJHEHHUS 3a-
Ka3a MOXXHO COBMECTHO HCIIO/b30BaTh HECKOJIBKO BapHaHTOB Pa3pe3KH CTaHIApTHBIX
pyJoHOB. Hanpumep, 171 BHINOJHEHUA 3aKa3a, MPUBEAEHHOro B TabiUlle, MOXKHO NpHU-
MEHMTS Cleyrouue koMOuHauuu BapuanTos 4, B u C.

1. Paspesars 300 cTaHDapTHBIX PYJIOHOB, HCIOJb3Ys BapuaHT A, U 75 pyJOHOB C
TOMOILIBIO BapHaHTa B.

2. Paspesats 200 cTaHZapTHBIX pYJIOHOB, HCNONB3ys BapuaHT A, U 100 pynoHOB ¢
nomMolusto Bapuanra C.
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*** OPTIMUM SOLUTION SUMMARY *#**

Title: Bus Model
Final iteration No: 5
Objective value (min) = 26.0000, ALTERNATIVE solution detected at x3

Variable Value Obj Coeff Obj Val Contrib
x100:01 4.0000 1.0000 4.0000
%2 4:00 10.0000 1.0000 10.0000
%3 8:00 0.0000 1.0000 0.0000
x4 12:00 8.0000 1.0000 8.0000
x5 16:00 4.0000 1.0000 4.0000
%6 20:00 0.0000 1.0000 0.0000
Constraint RHS Slack(-)/Surplus(+)
1¢) 4.0000 0.0000+

2¢) 8.0000 6.0000+

30 10.0000 0.0000+

4¢) 7.0000 1.0000+

5¢) 12.0000 0.0000+

6(>) 4.0000 0.0000+

*¥% SENSITIVITY ANALYSIS ***
DEGENERATE or ALTERNATE optimum. Ranges may not be unique
Objective coefficients -- Single Changes:

Variable Current Coeff  Min Coeff Max Coeff  Reduced Cost
x1 00:01 1.0000 0.0000 1.0000 0.0000

x2 4:00 1.0000 0.0000 1.0000 0.0000

X3 8:00 1.0000 1.0000 infinity 0.0000

x4 12:00 1.0000 1.0000 1.0000 0.0000

x5 16:00 1.0000 1.0000 1.0000 0.0000

%6 20:00 1.0000 1.0000 infinity 0.0000
Right-hand Side -- Single Changes:

Constraint Current RHS Min RHS Max RHS Dual Price
1) 4.0000 0.0000 infinity 1.0000
2(>) 8.0000 -infinity 14.0000 0.0000
I 10.0000 4.0000 infinity 1.0000
40¢) 7.0000 -infinity 8.0000 0.0000
5¢) 12.0000 11.0000 infinity 1.0000
6(>) 4.0000 0.0000 5.0000 0.0000
Right-hand Side Ranging -- Simultaneous Changes D:

Basic Var Value/Feasibilty Condition

x100:01 40000+ 1.0000D1>=0

Sx8 6.0000+ 1.0000D1+ -1.0000D2+ 1.0000D3 >=0
x24:00 10.0000+ 1.0000D3 >=0

Sx10 1.0000+ -1.0000D4+ 1.0000D5+ -1.0000D6 >=0
x4 12:.00 80000+ 1.0000D5+ -1.0000D6>=0

X516:00 40000+ 1.0000D6 >=0
Puc. 2.13

I'nasa 2. Benenue B 1uHeiHOe IPOrpaMMHpPOBaHHe
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Bapuanr C
Puc. 2.14. (Pazmepbl 0anbl 8 ¢pymax)

Kakas u3 atix xom6uHauui srydme? YToObl OTBETHTBL Ha 3TOT BOMPOC, HANO PacCMOT-
peTb NOTepH OT Kaxaoi U3 komGuHaumii. Ha puc. 2.14 cepbIM LIBETOM NOKa3aHbl OTXOMIbI
GyMary nocsie Kaxaoro BapyaHra paspe3ki. Mbl MOXEM OLIEHMTb NPEUMYLIECTBA KaXXAOH
KOMOUWHALIMK, €CIIM MOACYMTAEM CyMMapHble OTXOHBI, MOJy4YEHHBIE IOCNE MX NpHUMEHe-
Hus. Ho mockosbKy OTpe3ky pyJIoHOB, MAYIINE B OTXOMIbI, MMEIOT Pa3HylO JUIMHY, HAM Ha-
IO TIOJCYUTaTb 06bemM ITUX OTXOHOB, a HE MPOCTO KOJIUYECTBO OTpe3koB. [Ipeamnonaras,
YTO CTAHAAPTHBII pyJioH 6yMaru MMeeT IUTOLIa/b NOTIEPEYHOro CeYeHHs, paBHyIo L kBaj-
paTHbIM ¢yTaM, OACYUTHIBAEM NOTEPH Wi KombuHaiuii 1 u 2 (puc. 2.14).

Kom6unauus 1: 300x(4 X L) + 75%(3 x L) = 1425L ky6. ¢pyToB.
Kom6uHaims 2: 200x(4 x L) + 100x(1 x L) = 900L ky6. ¢pyToB.

Ecnu yucno pynoHoB mwupuHO# 5, 7 wiau 9 ¢yToB, KOTOpble OBLIM MOJSYYEHBI B pe-
3yabTaTe NMPUMEHEHHA KakKoi-TH60 KOMOMHALMK BapHaHTOB pa3pe3KH, MPEBbIIIAET KO-
JMYECTBO, HEOOXOOMMOE JUIA BBIMOJIHEHHUS 3aKa3a, TO Pa3’HOCTb MEXIy HHMMH TaKxe
ciexyeT OTHECTH K NoTepsAM. B nepBoit koMOMHaLMK NpH UCMOJIb3OBAaHUH BapuaHTa A
nosrydeHo 300 — 200 = 100 JMIIHKX PYJIOHOB LIMPUHOH 7 QyTOB; NIPUMEHEHHE BapHaH-
Ta B nobasnsder ewe 75 NUIIHUX PYJIOHOB TakKoH ke IIMpHUHBL. TakuM o6pa3oM, nomno-
HHTEJbHBIE NMOTEPH cocTaBnstoT 175 X (7 X L) = 1225L ky6. ¢yroB. KomOuHauus 2 He
NPOM3BOJMT JIMIIHMX DYJOHOB IUMPHHOM 7 M 9 ¢yTOB, HO npuMmeHeHHe BapuaHta C
npuBOAUT K nossiaeHuo 200 — 150 = 50 nuuHUX pyJOHOB LIMPUHOI 5 ¢yTOB, UTO CO-
craBnger 50 X (5 X L) = 250L xy6. ¢yToB mononHuUTeNbHBIX OTXO0HOB Oymaru. B pe-
3yJbTaTe 3THX BBIKIAJOK UMEEM ClIedyIOLLEe.

O6BeM oTxox0B OT koM6HHaumu 1 = 14251 + 1225L = 2650L ky6. ¢yTos.
O6beM oTxon0B 0T koMOuHamu 2 = 900L + 250L = 1150L xy6. ¢pyTos.

OueBUAHO, YTO KOMOMHALKUA 2 Nyulle, TaK Kak HMEET MeHbLIE OTXOIOB.

Ji1s nomydeHus ONTUMAJbHOTO PEIUECHHA NAHHOM 3aauyd HeoOXOAMMO ONpelesMTh
BCE HOMYCTUMbIE BapHaHThl pa3pe3Ky CTaHAAPTHBIX PYJIOHOB M 3aTeM MOJyYUTb 8ce 603-
MOdiCHble KOMOMHALMU 3THX BapHaHTOB. XOTs ONpEJENUTh BCE JONYCTUMBIE BapHaHTHI
pa3pe3KH HECJIOXKHO, Nnepebop Bcex KOMOWHALIMI 3TUX BapUMAHTOB Y)XKe ABJIAETCS HETPUBU-
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ansHOM 3amayeit. 3aech HeOOXOAMM CHCTEMATHYECKHIt MTOAXOA K OpraHH3aLU{ Takoro Ie-
pe6opa. B 1aHHOM CiTyuae 3TO MOXET BBITIOJIHUTD 3a/1a4a JIMHEHHOro NporpaMMHpPOBAHHA.

Mamemamuueckan unmepnpemayus 3adavu

MB&I J0JKHBI HaliTH KOMOHHALMIO éapuarnmos paspesku (NepeMEHHbIE), C TOMOLILIO
KOTOpO#t MooicHO 6bin0 bl 8binonHums 3aka3 (OrpaHUYEHHSA) C HAUMEHLUUMYU OMX00a-
Mmu 6ymaeu (ueneBas GyHKUMA).

IMepemMeHHbIE HATO ONMpPENEeNUTh TAKUM 00pa3oM, YTOOBI UX 3HAYEHHUS MOXKHO Obl-
70 Obl MHTEPNPETUPOBaTh B CIOCOO pa3pe3k CTaHAAPTHHIX PyJNOHOB Gymaru. Io-
3TOMY ONpelesMM IepeMEHHbIE KaK KOTUYecmeo CmaHOapmHuX PYN1OHO8, PA3pe3aH-
HbIX C NOMOWbI0 KOHKPEMHbIX 8apuanmog paspesku. JTo onpezaeneHue tpebyer omu-
CaHMs BCEX BO3MOJXKHBIX BapHAHTOB pa3pe3kd. Tpu BapnaHTa Noka3aHbl Ha puc. 2.14,
Ipyrde BO3MOXKHbIE BapHaHTHI NMPUBENEHBI B Cledylouel tabnuue. V6exurecs, 4To
He MpOIMYMIEHBI ellle KaKhue-HUOynb BapHaHTBl Pa3pe3Ku, NMPH 3TOM MOMHHTE, 4TO B
IOIyCTHMOM BapHaHTe pa3pe3Kd IIHpHHA OCTaTKa CTaHJApTHOTO DPYJOHAa JAOKHA
6biTh MeHbILE 5 (yTOB.

TpebyeMas wupuHa BapHaHTBI TpebGyemoe KOJIH4IECTBO
(byTH1) 1 2 3 4 5 6 PYJIOHOB
5 0 2 2 4 1 0 150
7 1 1 0 0 2 0 200
9 1 0 1 0 0 2 300
OcTtarok (pyTsi) 4 3 1 0 1 2

Teneps MOXHO ONPENETUTH MEPEMEHHbIE: X; — KOJHYECTBO CTAHAAPTHBIX PYJIOHOB,
pa3pe3aHHbIX BapHaHTOM j, j = 1, 2, ..., 6.

OrpaHuyeHHeM B 3TOif Mozenu ABngeTcs TpeGOBaHHE TOrO, YTO NMPOM3BEACHHBIX pY-
JIOHOB 3aflaHHBIX pa3MepoB (5, 7 1 9 ¢yToB) GyaeT JOCTaTOYHO WIS BHINOJHEHHS 3aKasa.
Ecii Kcnosb30BaTh BCe BapHaHThl pa3pe3kH, NpUBeNeHHbIE B TaGHLIe, TO MOTYYHM, YTO

KOJIHYECTBO PYJIOHOB IUMPHHOM 5 QyTOB = 2x; + 2x;3 + 4x4 + X3,
KOJIMUECTBO PYJIOHOB LHpUHOH 7 hyTOB =X + X3 + 2x3,
KOJIUYECTBO PYJIOHOB WIMpUHOH 9 PyTOB = X + X3 + 2X6.

OTH yKcaa JoMKHbI ObITh He MeHblue 150, 200 1 300 COOTBETCTBEHHO.

Jns noctpoeHus ueneBolt yHKUMK 3aMeTHM, 4TO OOLIMit 06BEM OTXOZOB MOXHO
MOJCUMTATh KaK pasHOCTh Mex Ay 06beMOM BCeX MCIMO/Ib30BaHHBIX CTaHAAPTHBIX PyJo-
HOB ¥ 00BEMOM pYJNIOHOB, HEOOXOAMMBIX A/ BBIMOJHEHMA 3aKa3a. 3amuileM 3TO cie-
IyioiuM obpa3om:

06beM MCIONb30BaHHBIX CTAHAAPTHEIX PYJAOHOB = 20L(x) + X3 + X3 + X4 + X5 + X¢),
o6beM 3aKa3HbIX pytoHoB = L(150 X 5 +200 x 7 + 300 x 9) = 4750L.

ITockonbKy 06beM pyIOHOB, HEOOXOAUMBIX LA BHIMTOJHEHHA 3aKa3a, NOCTOAHEH, a
TaK)Xe MOCTOAHHA BEJIMUHHA MONEPEeHHOro ceueHus L, ueneByio GyHKLUHIO MOXHO 3aru-
caTh NPOCTO Kak CYMMY BCEX MEPEMEHHBIX: Z = X; + X3 + X3 + X4 + X5 + Xs.

TakuM o6pa3oM, noy4aeM CAeIyIOLLYIO 3a1ady JUHEHHOro MporpaMMHUpOBaHHs.

MHUHUMHU3NPOBATD Z = X + X3 + X3 + X4 + Xs + Xg
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NPpA BBINOJTHCHUHN ycnosnﬁ

2x; + 2x3 + 4x4 + x5 > 150 (orpaHHYeHHe Ha PYJIOHBI IIHPUHOIT 5 (yTOB),
x; +x; + 2x5 2 200 (orpaHUYeHHE Ha PYJIOHBI WHPHHO# 7 GyTOB),

X, + X3+ 2x¢ 2 300 (orpaHuu€eHye Ha PYJIOHBI IWMPHHOH 9 GyTOB),
x20,j=1,2,..,6.

OntuMasibHOE pelleHHe 3TOH 3afayd, NpeICTaBIE€HHOE Ha PHC. 2.15, MOKa3bIBaeT,
4TO 3aJauya UMeeT M Jpyrve ONTUMAaJbHbIE PEIIEHUsA, Iie JUIA BBIMOJIHEHHS TOTO XK€ 3a-
Ka3a UCIONb3YETCA TaKOe )K€ KOJMYECTBO PYJIOHOB CTaHIAPTHOH IUIMHBI, HO MPHMEHs-
I0TCS ApYrue BapHaHThI pa3pe3Ku. B NMpUBEICHHOM PEILIEHUH 25 CTaHAAPTHBIX PYJOHOB
pa3pe3aloTcs B COOTBETCTBHHU C BapraHTOM 3, 100 cTaHAapTHBIX PYJIOHOB — B COOTBET-
CTBMH C BapHaHTOM 5, a 137.5 ctaHAapTHBIX pyJIOHOB — C BapuaHToM 6. B TakoM BHzE
3TO pellEHHE HeNb3s peanu3oBaTh, TaK KaKk 3HaU€HHE NEPEMEHHOMH X Heuenoe. B aToi
CUTyallld MOXKHO MPHUMEHMUTh K OAHHOH 3ajaye ajrOpUTM LEJOYHCIEHHOro Mporpam-
MHUpOBaHH4 (CM. r1aBy 9) WK OKPYTJIUTh 3HaUE€HHE NIEpEeMEHHOM X6 10 138.

ITpu vHTEpNpeTaLUH pe3yabTaToB, MOMYYEHHBIX C MoMoIbo nporpaMMel TORA,
CJIeXyeT Y4YMTbIBaTh TpeGOBaHHWE LIEJIOYHCICHHOCTH 3HAYEHUH INEPEMEHHBIX, KOTOpPOE
HEsSBHO NpPUCYTCTBYET B NaHHOM 3azaye. HanpuMep, asoiicTBeHHas ueHa 0.25, cooTBeT-
CTBYIOILIAs IEPBOMY OrpPaHHYEHHIO, NIOKA3bIBAET, YTO yBEJIMYECHUE HA | KonmuuyecTBa 3a-
Ka3HBIX PYJIOHOB LIMPUHOM 5 ¢yTOB MOTpebyeT NOMOJHUTENBHO €lle YETBEPTH CTaH-
IapTHOTO pysoHa (wupuHoii 20 ¢pytos). Ho 31a MHOpMaLus B JaHHOM CiTyuae He UMe-
€T MpakTH4Yeckoro cMeicia. Ee HyxHO mnepedopMynupoBath CiemyroluM o0pa3oM
(¥cxons U3 yCIoOBHSA LETOYHCIEHHOCTH): NOTpeOyeTcs MONMOJHUTENbHBIA CTaHAAPTHBIH
PYJIOH NpU yBENUYEHUH Ha 4 eIMHULB! KOJIMYECTBA 3aKa3HbIX PYJIOHOB IIMPUHON 5 dy-
ToB. ITonoGHble mepedopMynTMpOBKH CIEAYET CHENaTh NPU WHTEPNpPETALMH JAPYTHX
JBOMCTBEHHBIX LIEH.

YnpaxHeHus 2.6,a

1. BepHurecs Kk 3agaye u3 npumMepa 2.6—1 (Monens 6aHKOBCKHMX MHBECTHLIMIT) U ee pelue-

HHIO, MPUBEEHHOMY Ha puc. 2.10.

a) PaccMoTpuM TaGnuily, B KOTOpO# NMpHUBEAEHBI PE3YbTAaThl aHANIH3A UyBCTBHUTENBHO-
CTH MpaBbIX YacTell HepaBeHCTB orpaHHueHUt. O6BACHUTE, TOYEMY MHHHUMATBHOE U
MaKCUMaJIbHOE 3HaueHUs UHTepBajla W3IMEHEHUH BEIMYMHBI NPaBOil YacTH MEPBOro
HepaBeHCTBa paBHbI COOTBETCTBEHHO 4.8 1 12 (MIWIIHMOHA JOJLIAapOB).

b) INpennonoxumM, yTo 6aHK pEeLIWI BIOXXKHTh BCE 12 MUJUIMOHOB AOJUIAPOB B CEJILCKO-
XO3sUCTBEHHBIE U KOMMepYECKHe KpeauThl. BbluuciuTe AByMs crocob6aMM YHUCTYIO
npubbLIb 6aHKa.

c) IlpennonoxuM, 4to 06beM Kamurana, NpeJHa3HaYE€HHOTO Ul WHBECTHLMI, BO3poC
10 20 MWUIHOHOB JOJINIApOB, a JMMHT Ha CEJIbCKOXO3AHCTBEHHBIE 1 KOMMEPYECKHUE
KpeIUThl YBENUYWICA 10 9 MWUIMOHOB HOJUIapoB. ByzneT i HoBoe onTHMaibHOE
pellleHHe BKIIFOYaTh TOJNIBKO KPEAUTHI Ha TMOKYIKY JKIIbS M KOMMEPYECKUE Kpeau-
Tb1? Haligure 370 HOBOE ONTHMaIbHOE PEILICHHUE.
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*** OPTIMUM SOLUTION SUMMARY ***

Title: Trim Loss Model

Final iteration No: 5

Objective value (min) = 262.5000

==> ALTERNATIVE solution detected at x4

Variable Value Obj Coeff Obj Val Contrib
x1 0.0000 1.0000 0.0000
x2 0.0000 1.0000 0.0000
X3 25.0000 1.0000 25.0000
x4 0.0000 1.0000 0.0000
%5 100.0000 1.0000 100.0000
x6 137.5000 1.0000 137.5000
Constraint RHS Slack(-)/Surplus(+)
1) 150.0000 0.0000+

2(¢) 200.0000 0.0000+

3¢ 300.0000 0.0000+

*¥* SENSITIVITY ANALYSIS ***
Objective coefficients -- Single Changes:
==>DEGENERATE or ALTERNATE optimum. Ranges may not be unique

Variable  Current Coeff Min Coeff  Max Coeff Reduced Cost

X1 1.0000 0.8750 infinity -0.1250
x2 1.0000 0.8750 infinity -0.1250
x3 1.0000 0.5000 1.0000 0.0000
x4 1.0000 1.0000 infinity 0.0000
x5 1.0000 0.2500 1.2500 0.0000
x6 1.0000 1.0000 1.2000 0.0000

Right-hand Side -- Single Changes:
==> DEGENERATE or ALTERNATE optimum. Ranges may not be unique

Constraint Current RHS Min RHS Max RHS Dual Price

1) 150.0000 100.0000 700.0000 0.2500

2() 200.0000 0.0000 300.0000 0.3750

3> 300.0000 25.0000 infinity 0.5000
Puc. 2.15
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2. BepHuTech Kk npuMepy 2.6-2 (Mozenb OCBOEHHs M HCIONb30BaHusA 3eMiH). [pennono-

UM, 4TO KoMmnaHus Birdeyes MoxkeT KynuTbh mononHuTenbHble 100 akpoB 3eMIH 3a
$450 000. Hicnonb3ys pe3ynbTaThi aHajiM3a YyBCTBHTEJIBHOCTH MO 3TOi 3amaye (cM.
puc. 2.11), moackaxute KOMIAHWH, CTOUT JIM MTOKYMATh 3Ty 3EMIIIO.

. BepHutecs k 3anave u3 npuMepa 2.6—3 (cocTaBieHHe paclucaHus ABHKEHUSA aBTOOYCOB).

a) Ha ocHoBe ONTUMAaNILHOrO peLIeHHs, NPEACTaBIeHHOro Ha puc. 2.13, onpexenure on-
TUMaIBHOE KOJMYECTBO HCIOJIb3YeMBIX aBTOOYCOB B NPEAMNONOKEHHH, YTO MHHH-
ManbHble IOTpe6HOCTH B aBTOOYCax IUIA IECTH 4-4acOBBIX MEPHOIOB (CM. puc. 2.12)
cocramor (i) (4, 12, 10,7, 12,4) u (ii) (4, 8, 7, 7, 12, 4).

b) IlpeanonoxxuM, 4TO0 MHUHHMMaJbHble MNOTpeOHOCTM B aBTOOycax mis LIECTH 4-
4acoBbIX MEPHOAOB U3IMEHWINCh H Temeps cocTaBisoT (6, 9, 12, 7, 15, 6). Hcnons-
3ys pe3yJbTaThl aHaJIM3a YyBCTBUTEJIBHOCTH, onpenenuTe, OyIer Jid B 3TOM cUTya-
LMY BO3MOXXHBIM NPUMEHUTH TeKyllee peuieHue. [Ipu Heo6X0aMMOCTH HaiiauTte HO-
BO€ ONTHUMAJILHOE peLlEeHHe.

. Bepnurecs x npumepy 2.6—4 (3agaya MUHMUMHM3aLUMU NMOTEPb NPH pa3pe3aHUH PyJIOHOB

6yMaru) 1 ee ONTUMaNbHOMY pelIeHUIO, TOKa3aHHOMY Ha puc. 2.15.

a) Onpexnenure norepu 6ymaru npu paspe3adun 200 cTaHIAPTHBIX PYJIOHOB IO Bapu-
aHTy 1 4 100 cTaHaapTHBIX PYJIOHOB — [0 BapUaHTY 2.

b) IlpeanonoxuM, 4TO IIMPUHA CTAHAAPTHOrO pyJoHa paBHa 15 ¢yram. Onpenenure
BO3MOXHbBI€ BapUAHTHI Pa3spe3KH Ha PyJOHbl WHPUHON 5, 7 U 9 QyTOB U yKaxuTe
notepH GyMar npu MCroNb30BaHUH KaXIOro BapHaHTa.

¢) B ucxonroit 3agaue (co cTaHmapTHHIMU pyJNOHaMHU wWwHpuHOi 20 ¢yTOB) NocTynun
HOBBIH 3aKa3, rae noTpe6HOCTh B pynoHax WHpUHOH 7 ¢yTOB yMeHbLIWIach 40 80
IITYK, @ He06XOAUMOE YHCIIO PYJIOHOB ApYroif WHpHHEL (5 1 9 GyTOB) OCTANOCh He-
H3MeHHbIM. CKOJIbKO CTaHOAPTHBIX PY/JIOHOB HEOOXOAMMO IS BHIMOJHEHHS HOBOTO
3akasa?

d) B ucxonHoit 3anaye TpeGyeMoe KOJIHYECTBO PYJIOHOB LIKPUHON 9 yTOB BO3poCIO
10 400 wryk. CKOJBKO JOMONHUTENbHBIX CTAHOAPTHLIX PYJIOHOB HEOOXOOMMO AN
BBIMONHEHHUS TaKkoro 3akasa?

. HedrenoGeiBatoias koMnaHus, pacnoyioxkeHHas Ha ocTpoBe Apy6Ga, no6eiBaer 600 000

6appeneit ceipoit HedTH B eHb. HedrenepepabaTriBatoiuit 3aB0A NPOU3BOAMT ABa BU-
Ila HeITUIMPOBaHHOro OeH3uHa: psanoBOR U BbICOKOKauecTBeHHbIM. TIpouecc Hedrene-
pepaboTku BKIIOYAeT TPU cTajuu: 1) neperoHka celpoit HeTH Ha MeperoHHON KOJIOH-
He — Ha BbIxozie GeH3uHoBbIN nomygabpukar, 2) yacth nomydabpukara NOCTynaeT Ha
KPEKHHI-YCTaHOBKY, i€ MPOM3BOAMTCA GEH3MHOBbLI! AMCTHULNAT, 3) CMeCHTeNbHas yc-
TaHOBKa cMeluMBaeT noaydabpukar, nomyueHHsI Ha BbIXOAE NeperoHHON KOMOHHbI, U
GeH3uHOBbI! aucTHNAT. Kak panoBo#t, Tak U BbICOKOKaYeCTBEHHBI! GEH3HH MOXHO MOo-
JIy4uTb Ha ocHoBe nu6o GeH3uHOBOro nomygabpukara, 160 GEH3IMHOBOrO AUCTUIIATA
(3TO 3aBHCHUT OT TOrO, YTO ABNAETCA OCHOBOH CMECH B CMECHTENbHON YCTaHOBKE), HO
CTOMMOCTb TakuX BHIOB OeH3nHa Oyner pasHoif. KommaHus moacuurana, 4To 4ucTas
npubiab oT onHoro 6appens panosoro GensuHa cocraBnser $7.70 u $5.20, B 3aBucH-
MOCTH OT TOro, 6ynet i1 ocHoBolt GeH3uHa noydabpukaT WM AUCTHIUIAT, AHANOrHY-
Haf 4ucTas MpuOLLIL OT OQHOro Gappens BHICOKOKa4eCTBEHHOTO GEH3MHA COCTaBIAET
cootBercTBeHHO $12.30 1 $10.40.
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[anee, Ha MPou3BOACTBO ofHOro Gappens GensuHoBoro nomydabpukara (nomysaemoro
Ha BbIXOJ€e IeperoHHO! KONOHHbI) naet 5 Gappene#t coipoit HedTH. KpekuHr-ycraHoBka
3a JeHb He MOXeT nepepaborath Gonee 40 000 6appeneit nomydabpuxara. Becr oc-
TanbHO# nonytdabpukaT UAET Ha UITOTOBJIEHUE YMCTOrO GEH3IMHA YEPEe3 CMECUTENbHYIO
ycTaHOBKy. ExenHeBHO Tpebyercs npousBoaute He Gonee 80 000 Gappene#t pamosoro
Gensuna 1 50 000 Gappeneit BbICOKOKaueCTBEHHOr0 GeH3HHa.

a) PaspaGotalite MaTeMaTHYeCKyr0 MOIENb U HaXOXIEHHA ONTHUMAJBLHOTO NPOM3-
BOJCTBEHHOTO IUI1aHa HedTenepepabaThiBaloOILEro 3aBoja.

b) Ilpeamonoxum, 4To MOABMIACH BO3MOXHOCTH YBEMYHUTh MPOM3BOOUTENBHOCTD ITe-
peroHHoO! xoyMoHHBI 10 650 000 Gappeneit B neHb, AN 4ero HEO6XOAUMO OTHOPA30-
Boe Bioxenne $3 500 000, a mocne atoro $15 000 exxenHeBHO 1A MOMNEp)KaHUA
TaKoO¥ MPOM3BOAMTENLHOCTH. [IOpeKOMEHIyeTe JIM Bbl pEaIW30BaTh TaKyl0 BO3MOX-
HocTh? OG0CHY#iTE CBOIO PEKOMEHAALHMIO.

6. CaxapHblif 3aBOX M3 CHpOIa CaXxapHOro TPOCTHUKA NMPOM3BOIUT XKENThIM caxap, 06bIu-
Hblit Genbili, caxapHyr0 Myapy U Menaccy (4epHylo matoky). Kommanus exxeHedenabHO
3akynaet 4000 T cupona M IUIaHUPYET NPOU3BOAUTE HE MEHEE 25 T KaXIO0ro CaXxapHOro
npoxykta B Hezmemo. Ilpouecc nMpou3BoACTBa HAYMHAETCA C NepepaboTKH caxapHOro
cupomna B xenThlff caxap U Menaccy. M3 oanoit ToHHb! cpona nomy4aetcs 0.3 T xenTo-
ro caxapa 1 0.1 T Menaccel. lanee U3 xenToro caxapa BbipabaTsiBaeTcs 6€mbIit: U3 TOH-
HBI XeJToro caxapa nosy4aercs 0.8 T 6esoro. Hakonen, caxapHas mynpa nosydaercs
u3 Gesoro caxapa IyTeM pa3MelibYeHHMs Ha crieunanbHol MenbHuue. IIpoussoauTens-
HOCTb 3TOi MeJIbHHULBI paBHa 95%, T.e. U3 TOHHBI Genoro caxapa nomy4aerca 0.95 T ca-
XapHo# myzApbl. JIOX04 OT OXHOM TOHHBI XkeATOro U 6eoro caxapa, caxapHo# myapel U
Menacchl coctasnseT $150, $200, $230 u $35 cOOTBETCTBEHHO.

a) Cdopmynupyiite 3amady JIMHEHHOrO MPOrpaMMMpPOBAHUA M HAMOUTE €e ONMTUMANb-
HO€E pELIeHHE.

b) Ompexmennte 3KOHOMHYECKYIO LiejiecOOOPa3sHOCTh pacLIMpEHHs NpPOM3BOJCTBA Ca-
XapHoro 3aBoja s nepepaborku 6onee 4000 T caxapHOro CHpona €XXeHENENbHO.

7. Hexkas xkoMInaHHMA paccMaTpHBAaeT BO3MOXKHOCTb PEAJIM3alMM LIECTH NPOEKTOB B Teye-
Hue 4 ser. OxunaeMble 3aTpaThl Ha pPEeATH3alMIO KaXXIOro NMPOEKTa W AOXOH OT HHX
NpHBeJEHB! B chexyoei Tabnuue. KoMnanus MOXeT BBINOIHUTD JIFo60H MPOEKT uac-
THYHO WIM MOJHOCTBIO. IIpH YacTUYHOM BBIMOJHEHHH MPOEKTa HOXOX M 3aTpaThl CHH-
TaIOTCA NPONOPUHOHAIIBHO Pean30BaHHOMN N0JI€ MPOEKTa.

3arpars! (Ha $1000)
[Tpoext 1-irox  2-irom  3-firom  4-firom  Joxox (Ha $1000)

1 10.5 14.4 22 24 32.40

2 8.3 12.6 9.5 3.1 35.80

3 10.2 14.2 5.6 42 17.75

4 72 10.5 7.5 5.0 14.80

5 12.3 10.1 8.3 6.3 18.20

6 9.2 7.8 6.9 5.1 12.35
Bo3MoxHOe BJ1O- 60.0 70.0 35.0 20.0
xenue (8 $1000)
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a) CdopMynupyiite 3amayy JIMHEHHOrO NMPOrpaMMUpPOBaHKs U Haliaute peleHHe (COCTOsA-
Iiee U3 Habopa BBINIONHAEMBIX YacTell MPOEKTOB), MAKCUMU3HPYIOILEe 0OLIYIO MPHOLLIB.

b) IIpexamnosoxuM, 4TO HHUKAKas YaCTb BTOPOTO MPOEKTa HE MOXKET ObITh BHIMOJIHEHA
6e3 BBITIOIHEHUA Takoii ke WK Gonblueit yacTu wectoro npoekra. Mismenure ¢op-
MYJIHPOBKY 3a/la4¥ ¥ HaliiuTe HOBOE ONTHMANIBHOE PELIEHHE.

c) Kakoit a¢pekr oT neHer, BI0XEHHBIX Ha 4-M romy?

d) IlpeamonoxuM, YTO HEHbIH, OCTaBIUHECS B KOHLE roja, MOXHO HCMOJb30BaTh B
cnemyromem rony. Haiinure HOBoe ONTHMalbHOE PELIEHHE M ONPENENUTE, KaKylo
CYMMY KaXXIblii O MOXET “3aHATH” y NpPEAbIAYyLIEro.

e) IIpenmonoxkuM, 4To CyMMBI, BKJIaIbIBaEMbIE €XKETOHO B TEUEHHE NEPBLIX TPEX JIET,
NpH HEOOXOIMMOCTH MOXKHO MOJYYHTh B BHIE 3ailiMa y BHEIIHMX 3aeMLIMKOB. Ile-
pedbopMynupyiiTe 3agaud ¥ HaliIuTe ONTHMAalbHOE pelleHue. Byner su HoBoe pe-
weHue TpeboBaTh 3aiiMoB Kaxabili roa? Eciam “Jla”, TO KaKOB MPOLEHT NPUOBLIH
MO)XXHO IOJTyYUTh Ha 3a€MHbIE JE€HbIH?

. IIpousBoacTBeHHas komnanus “Ilporpecc” nomy4uia 3aka3 Ha MPOU3BOACTBO OKOHHBIX

6710K0B, paccuMTaHHbIf Ha 6 MeciueB. B TedeHue 3Toro cpoka Hago nocraButh 100,
250, 190, 140, 220 1 110 oxoHHBIX 6JI0KOB exxeMecA4HO. CTOUMOCTh OKOHHBIX OJIOKOB
B pa3HbIe MECSLbI MOXET ObITh pa3HOi, B 3aBUCUMOCTH OT CTOMMOCTH TPYIOBBIX pecyp-
COB, MaTepUAJIOB U OKOHHO# ¢ypHuTYpbl. KOMNaHus noacyurana, 4To CTOMMOCTh €€
NPOAYKUMH Ha clemytoiue 6 mecsueB Oyznet pasHa $50, $45, $55, $48, $52 u $50 3a
OJIMH OKOHHBIH ONOK. Y4YHTbIBasi U3MEHEHUS CTOUMOCTH, KOMIMAHHA MOXET MPOU3BO-
IuTh 6OMbLIE OKOHHBIX GJI0KOB, YeM HEOOXOAUMO, U HCIOJIb30BaTh paHEe NMPOU3BEACH-
HYIO MPOIYKLHIO JUTS MOKPBITHA NMOTPEOHOCTH CeqyrouX MecsaueB. OQHaKo XpaHeHHe
OIHOTrO0 OKOHHOro 6yioka ctout $8 B Mecsl, NpHYeM HAauMCIIEHHS 3a XpaHEHHE NpOMC-
XOJAT MPH UHBEHTApU3aUUU NPOLYKIHMH B KOHLE KaXXIOro MecsLa.

a) CodopmynupyiiTe 3agaqy THHEHHOTO MPOrpaMMHUPOBAHUA IUIA OMPENEIEHUs ONTH-
MaJibHO BpeMeHHoH CXeMbl MPOU3BOACTBA.

b) Pewmure 3amavy B NpearnioNoKeHUH, YTO KOMIIAHHUA UMEET B HayaJie epBOro Mecsua
B 3ariace 25 OKOHHbIX 06JIOKOB.

¢) OObacHuTe, moueMy ABOHCTBEHHbIE LeHbI M 1-ro, 2-ro, 4-ro u 5-ro MecsueB B
TOYHOCTH paBHbI CTOMMOCTSM NMPOU3BOACTBA €AMHMUbBI MPOXYKUUH B 3TH MECSLIBI,
TOraa Kak B 3-i Mecsll 3Toro He HaboHaeTcs.

d) Ecau cTOMMOCTb XpaHeHUs OKOHHOro 6Ji0ka Bo3pacTteT 10 $9, U3MEHUTCS JIM TOJy-
YEeHHOE paHee ONTUMaJIbHOE peleHue?

. Hekuit uHBeCTOp MMeeT YeThIpe MpOeKTa HHBECTUPOBaHUs CyMMbl B pasmepe $100 000.

B CJ'ICIIYFOIIleﬁ Tabyule MoKa3aHbl NEHEXHbIE MOTOKU A KaXIOr0 MHBECTHLIMOHHOIO
IPOCKTa.

JenexHple noTokH (B $1000) Ha Havyano roaa

ITpoext 1-i rox 2-if ron 3-ii ron 4-iiron S-it ron
1 -1.00 0.50 0.30 1.80 1.20
2 -1.00 0.60 0.20 1.50 1.30
3 0.00 -1.00 0.80 1.90 0.80
4 -1.00 0.40 0.60 1.80 0.95
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Paccmotpum moapo6uee 3ty Tabnuuy. Hampumep, mis npoexrta 1 Bnoxenue $1.00 B
Hayane mepsoro rona npuHecer $0.50 B Hayane BToporo roxa, $0.30 — B Hauane
TpeThero rona, $1.80 — B Hauane yerBeproro u $1.20 — B Havane maroro. g oc-
TaJlbHbIX POEKTOB JaHHblE HHTEPNPETUPYIOTCH TakuM xe obpaszoM. 3Hayenue 0.00 mo-
Ka3bIBaeT, YTO MOCTYIUIEHHUA JEHEr B 3TOM rofy HeT. IHBECTOp Takxke MOXET MOJIOKHTh
JeHbrd B 6aHk nox 6.5% romoBbiX. JeHbrH, MOTydeHHbIE 110 UTOraM roa, MOXHO pe-
MHBECTHPOBATh B MTOCIIEXYIOLIUE TOIBI.

a) Cdopmynupyiite 3aga4dy NMHEHHOrO MPOrpaMMHPOBAaHUA U HaliIUTE pelleHue, Om-
THMH3UPYIOLIEE pa3sMEILEHUE HHBECTHLIMM.

b) Vicnone3ys nBOHCTBEHHBIE LIEHb], ONPENENNTE JOXOAHOCTh MHBECTHLIMH.

¢) Ecnu B xoHUe nepBoro roaa Bbl maHupyere uctpatuth $1000 Ha yn0BONBCTBUA, TO
Kak 3TO OTPa3UTCA Ha CyMMe, Noy4aeMoii B Hadae IAToro roaa?

d) Ecnu B KOHLE KaXXIOTO U3 MEPBBIX YeThIpeXx roxos Bbl Tpatute $1000 Ha ynoBOME-
CTBHUA, TO KaK 3TO OTPa3UTCs Ha CyMME, [TOTy4aeMoii B Hayaje naroro roga?

10. ITpousBoncTBeHHas koMmaHusa Toolco 3aKioumna KOHTPAKT C CEThIO Mara3pHOB aBTO-
ToBapoB AutoMate Ha moctaBky 1500 raeuHsix kmoueit ¥ 1200 cneuuanbHBIX OTBEPTOK
exeHenensHO. Pabotas B onHy cMeHy, koMmaHust Toolco He MOXeET BBIMOJHUTH 3TOT
KOHTPAKT, TTO3TOMY BBIHYXIEHAa BBECTH CBEPXYPOUHbIE M BOCNOJIB30BAaTLCA YCIyraMu
CyOnoApAaYHKOB, B pe3yJIbTaTe YEro BO3pacTeT ceOeCTOUMOCTh €€ HHCTPYMEHTOB, Kak
MOKa3aHo B ciefylolleii Tabnuue. OTMETUM TaKKe, YTO PHIHOYHASA LIEHA raeyHbIX KO-
yeii Oonee yeM B ABa pa3a BbllIE PHIHOYHOM LIEHbl OTBEPTOK.

HHCcTpyMeHT Tun npousBoacTBa ExenenenbHble CebecTroumocTb
NMPOHU3BOACTBEHHbIE €IUHULIBI
BO3MOXXHOCTH (1UT.) npoaykuu (3)
Iaeunbiit OO6bIYHBIIH 0-550 2.00
KJII0Y
Hcnons3oBanue 551 -800 2.80
CBEPXYPOUHBIX
Hcnone3oBanue 801 — oo 3.00
cy6noApsaI4UKOB
OtBepTKa OO6bI4HbI 0-620 2.10
Hcnone3oBaHue 621 -900 3.20
CBEPXYPOYHBIX
Hcnons3oBanue 901 — o0 4.20
cybnoapsaIuuKoB

a) Cdopmynupytite 3agady JTHHEHHOTO MPOrpaMMHPOBAHUA M HalaUTe ONTUMAIBLHYIO
CXeMy NpOU3BOACTBA KaXKAOr0 MHCTPYMEHTA.

b) Cpsxure NBONCTBEHHBIE LICHBl B aHAJIH3€ YyBCTBUTEIBHOCTH ONTHMAJIBHOIO pelle-
HHUS ¢ ce6ECTOUMOCTBIO MPOIYKIHMH, IPUBEAECHHON B TabMHLE.

¢) Kak ckaxercs Ha oOuell CTOMMOCTH MPOAYKLUH YBEIHUEHHE HA €IUHHULY IPO-
H3BOJACTBEHHBIX BO3MOXXHOCTEH 0ObIuHOM paboueit cMeHbI U CBepXypO4HOH pa-
60THI?
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1.

12.

YeTbipe H3eNUs NMOCAen0BaTeNbHO 06pabaThiBalOTCA HA ABYX CTaHKax. JlaHHbIE, ONHU-
CHIBAIOLLME 3TOT TEXHOJIOrMYECKHIt Ipoliece, MPUBEACHBI B Ciieayoiel Tabnuue.

Bpems 06paboTku (yacs)

CraHok CromMoctbua- H3me- Hsme- Hspme- Hznme- MakcumansHas
ca pabortsl ($) nue 1 que2 gue3  nued  Harpyska (dachel)
1 10 2 3 4 2 500
2 5 3 2 1 2 380
IleHa e TMHHULBI U3JETHS 65 70 55 45

a) CdopMynupyiite 3agauy JHHEHHOro NporpaMMHpPOBAaHUSA M HallauTe €€ ONTUMAlb-
HOE pElICHHUE.

b) IlpeanonoxuM, YTO YBEIUYHTh Harpy3Ky Ha CTAHKH MOXHO TOJIBKO 3@ CUET CBEPX-
ypouHoii paboTsl. Kakyro MakCHMaJIbHYIO CTOMMOCTb 4aca CBEpPXYpO4YHOil paboThl
Ka)KAOTO CTaHKa MOJKET IO3BOJIUTh KOMMNaHHA?

¢) Kakyio MakcHMabHYI0 CTOMMOCTh MAIIMHHOTO Yaca MOXKHO NMPHMEHHTb NMpH oOpa-
60TKe TpeThero U3enus, YToObI €ro MpofaXKa MPHHOCHIA XOTh KaKyl0-TO NPHOBUIL.

d) IIpennonoxuM, 4T0 B UCXOIHOM MOJENH LiEHBI Ha u3menus 1, 3 u 4 Bo3pocnu 1o
$80, $65 u $60 cooTBeTcTBeHHO. OMnpenenuTe rpaHULbl HA CTOMMOCTD M3AENHA 2, B
npenenax KOTOPbIX COXPaHAIOTCA TEKylHe 3HaYeHHUs TIEPEMEHHBIX (T.€. HaliIEHHOTO
paHee ONTUMAILHOTO PEIIEHHU).

e) B ucxonHoit Monenu Harpy3ka Ha NmepBblif CTaHOK Bo3pocia a0 550 yacos. Onpene-
JIUTE rpaHHULBl 1Jis HAarpy3Ky BTOPOro CTaHKa, COXpaHAIOLIME TEKYyILEe peLeHHUe.

3asop npoussoaut Tpu tuma (I, II u III) HekoToporo u3aeaHsA, UCNONMBL3Ys I 3TOrO Mare-
puan A u B. B cnemyrolueii Tabnuue npyuseneHs! Heo6xoauMBble JaHHbIE 1A 3TOH 3a1a4H.

Pacxon MaT€pHaJIOB HA €AHHHULLY

n3enus
Martepuan 1 11 111 JocTtynHo
A 2 3 5 4000
B 4 2 7 6000
Hano npousBectu He MeHee (1UT.) 200 200 150
Jloxon Ha exuHuULy uzgenus ($) 30 20 50

Ha usroToBnenne exuHMLbI M3aenus Tuna I 3arpayuBaeTcs B ABa pa3a Gonblie paboue-
ro BPEMEHH, Ye€M Ha U3rOTOBJIEHHE eIMHHLbI M3meavs Tuna II, u B Tpu pasa Gonblue,
4YeM Ha U3roToBJeHMe eIMHUUBI u3nenusa tuna III. PaGoune pecypcsl 3aBoja 3KBHBa-
JIEHTHBI pecypcaM, Heo6XoauMbIM g u3rotossieHus 1500 wir. usgenus tvmna .

a) CdopMynupyiite 3amauy JMHEHHOro NMPOrpaMMUpOBaHMsA U HalAUTE €€ ONTHMalb-
HOE pelIeHHe.

b) IlpenmnonoxuM, YTo 3aBOJ UMEET BO3MOXKHOCTb NMPUOOPECTH JOMONHUTEbHBIA 06bEM
Matepuana A no uene $12 3a exunuuy. LlenecoobpasHo Jin aenaTh TaKyro NOKynky?

c) INopexoMeHmyeTe M Bbl 3aBOLY KyNUTh JOTIONHHUTENbHBIA 06b€M MaTepuana B no
ueHe $5 3a equnniy?
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d) Lenecoobpa3Ho nM 3aBOAY YBEJIMYUTb TEKyLIee OTHOIIEHHE (3:2) LEHbl Ha U3JENUA
Tuna I x ueHe Ha uzgenus tana I1?

13. Komnauus HiRise nmomyuuna npemnoskeHue y4acTBOBaTh B JBYX OJHOTOJUYHBIX MPOEK-
Tax. ExexkBapraibHble NEHEXHBIE TTOTOKHM JUIS 3TUX MPOEKTOB MOKA3aHbI B CIEMYIOIIEH

Tabnuue.
O6beM AeHEXHBIX MOTOKOB (MJIH NOJUL.) Ha YKa3aHHYIO AaTy
ITpoekr 1.01.99 1.04.99 1.07.99 1.10.99 31.12.99
I -1.0 -3.1 -1.5 1.8 5.0
11 -3.0 -2.5 1.5 1.8 2.8

KoMmaHua B Hayajle KaxIoro keaptana MoxeTr uHBectupoBaTh $1 000 000, a Taxxe
B34Th 3a€M Ha CyMMy, He mnpeBbiwatongyto 10% coBokynHoro rogosoro noxona. Bcee
3aliMbl IOMKHBI GbITH BO3BpallEHbl B KOHLE KBapTana. IIpuGaBouHBIE CYMMBbI MOTYT
€KEeKBapTalbHO MPUHOCUTH NMPUOLUIL, paBHYIO 10% ronoBeix. Bce cyMMbl, akKyMynn-
pOBaHHBIE B KOHLIE KBapTajla, MOXXHO HHBECTHPOBATH B CIAEHYIOLIEM KBapTaje.

a) IIpennonoxum, 4TO KOMMNAHUA U1 pealn3alMy NMPOEKTOB MOXET NMPHUBIIEKATh K 10-
JIEBOMY YYacCTHIO BHEIIHHUX NnapTHepoB. OnpeaenuTe ypoBeHb MX JONEBOr0 y4acTUsd
IUIS MaKCMMU3alMK YUCTO NMPUOBLITH, aKKyMyJIHpoBaHHOHN Ha 31.12.99.

b) OO6bscHUTE, MOXKHO U B KaKOM-HUOYIb KBapTajle MCIOJNb30BaTh BHEIUIHMIT 3aeM H
MOJTYYUThb B KOHLE TOTO K€ KBapTaia YMCThIH 10X0A?

¢) MHaiire 3KOHOMHUYECKYIO HHTEPNPETALIMIO NBONCTBEHHBIM LIEHAM B 3TOH MOJENH.

d) Ilokaxure, YTO ABOUCTBEHHYIO LieHY, COOTBETCTBYIOILYIO BEpXHel rpaHuLie 3aiiMa B
HayaJie TPeThEero KBapTajla, MOXKHO BbIPa3UTh 4epe3 OBOMCTBEHHYIO LIEHY, COOTBET-
CTBYIOLIYIO 6anaHCHBIM ypaBHEHHAM JEHEXHBIX MOTOKOB Ha KaXIylO HaTy, NpHBe-
IEHHYIO B Tabnuue.

14. B npenuyscTBuM GoNbIIMX pacxomoB Ha oOydyeHHe cBoero pebeHka B KOJUIEIKe, Ce-
MeifHas napa peuIwia exeroiHo OTKIaAbIBaTh ONpEACICHHYIO CyMMy B Teuenue 10 ner,
HauyMHasi ¢ 8-neTHero Bo3pacTa peGeHka. OHM pacnpeneNWIH 3TH CyMMbI CIEIYIOLIUM
o6pasom.

Ton 1 2 3 4 5 6 7 8 9 10
Cymma 2000 2000 2500 2500 3000 3500 3500 4000 4000 5000

(6]

IIns npenoTBpalleHus HeXxeNnaTeNbHbIX (PUHAHCOBBIX CIOPIPU30B, CeMeiiHas rapa peLmia
BJIOXHUTD JeHbrH B (1) cTpaxoBoit monuc ¢ 7.5% ronoBeix; (2) WECTUIETHHE IPABUTENBCT-
BeHHbIE LIeHHBIE GyMary ¢ 7.9% ronoBsiX (MX TEKyllas ppIHOYHas LieHa paBHa 98% HoOMU-
HaJIbHOM CcTOMMOCTH); (3) AEBATWIETHUE MYHHLUMNAJIbHblE LEHHbIE OymMaru ¢ JOXOIHO-
cThi0 8.5% U Tekymeit ppIHOYHO#H cTOUMOCTBIO 1.02 OT MX HOMMHAJIBHOH CTOMMOCTH.

a) ITomorure 3Toit ceMeitHOM nape BJIOXUTb CBOM AE€HBIH Haubojee ONTHMAJIBHBIM 06-
pasom.
b) BbIMHCIIUTE UX €KETOIHbIE JOXOIBI.
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15. Bu3HeCMeH MMeeT BO3MOXKHOCTh BJIOXKHTh NEHbIH B IBa MHBECTHLMOHHBIX MPOEKTa:
npoekT A rapantupyeT $0.70 Ha KaXkIblif BIOXEHHBIN HOJUIap eXeroaHo, npoekt B —
$2 Ha BNOXKEHHBIH DONNAp MO UCTEYEHUHU ABYX JieT. B mpoekte A BIIOXEHHSA MOXHO Je-
JIaTh €XeroHO, a B poekTe B TOIbKO B MepHoabl, KpaTHbIE IBYM roiaM.

a) Kak unBectupoBath $100 000 mif modyvyeHHs MaKCHMAJbHOTO JOXOAa B KOHIE
TPEThEro roia HHBECTUPOBAHMUA.

b) CrouT M BKIAIbIBAaTh €lle AEHbIH B 3TH MPOEKTHI, T.€. MOXHO JIU MOTYy4YHUTH 60JIb-
WK NpoueHT Npr6bLIH NP 60NBILIUX BIOKEHUAX?

16. PaccMoTpuM 3anavy Ha3sHa4Y€HUs TPEX THUIIOB CaMOJIETOB Ha Y€ThIpe MaplipyTa B COOT-
BETCTBUM CO CIEAYIOLIMMHU NaHHBIMM.

Yucno exxeIHEBHBIX MOJIETOB 110

MappyTy
Tum ca- BmecTUMOCTB KonmuecTtso
MojieTa  camoJsieta (Yesl.)  CaMoOJIETOB 1 2 3 4
1 50 5 3 2 2 1
2 30 8 4 3 3 2
3 20 10 5 5 4 2
E>xeIHEeBHOE YHCIIO NMAacCaKUPOB 1000 2000 900 1200

CTOHMMOCTb TOJIETOB, BKJIIOYAs HEYCTOMKy 3a “NoTepro” maccaKupoB BCJIEACTBHE He-
JIeTHOY NOTOfIbI, MpUBEAEHa B cliedyroue Tabnuue.

CronmocTs (B $) ofHOro roseTa Mo MapIupyTy

Tun camonera 1 2 3 4
1 1000 1100 1200 1500
2 800 900 1000 1000
3 600 800 800 900
Heycroiika ($) 3a ogHoro 40 50 45 70

“IOTEPSHHOrO™ Maccaxupa

a) Onpezenure ONTUMAIbHOE PacNpeesieHHe CaMOJIETOB MO MapIIpyTaM.
b) Llenecoo6pa3Ho i yBeIUYHBATH KOJIHYECTBO CAMOJIETOB KaKoro-nubo tuna?

¢) HHrepnpetupyiite ABOHCTBEHHBIE LIEHbI, COOTBETCTBYIOLIHE OrPAaHHYEHHAM Ha KO-
JIM4ECTBO NMacCcaKMPOB TOTO WIIH HHOTO MapuUIpyTa.

17. Cnnassl A 1 B coctoar u3 metawios I, I, III u IV cornacho cnexyroweit cnienuduxaumy.

Crnunas Cneundukanus PeiHoyHas ueHa (§)
A He 6onee 80% meTanna I 200
He 6onee 30% Metayna I1
He Menee 50% Mmeramia IV
B Ot 40% no 60% metanna I1 300
He menee 30% meranna II1
He 6onee 70% meranna IV

Yacts 1. lerepMaHHpPOBaHHbIE MOJEIH



Me’ra.tmm, HCIONb3YyEMBIC 1A CIUIABOB, IOJYYalOT M3 PyAbl TPEX TUIIOB, KaK MOKa3aHO
B cienyouleit Tabiuue.

MakcumyM Conepxanue MeTauioB (%)
Pyga  moGbiuu (1) I 11 111 IV IIpyroe  Crommocts 1 T (§)
1 1000 20 10 30 30 10 30
2 2000 10 20 30 30 10 40
3 3000 5 5 70 20 0 50

a) CkoJbKO CIUIaBOB KaXkaoro Tuma MoxHo npousBecTH? (Cogem. O6o3HaubTe yepes
X, KONMYECTBO pYyIbl i, paCXOXyeMoii Ha IIPOU3BOACTBO CILIaBA k, U Yepe3 wy — KO-
JIMYECTBO NMPOU3BEACHHOTO CILTaBa K.)

b) Ckosmbko pymbl Ka)KIOro THIIA PacXOXyeTCs Ha NMPOU3BOACTBO CILIaBa A U CKOJb-
KO — Ha IIPOU3BOJCTBO cruiaBa B?

¢) Kakoe u3 orpanuueHui, cBA3aHHBIX €O crneuuduxanmeil cmnasos, caMoe HeGnaro-
MPUATHOE A ONTHMAJIBHOTO pelIeHHA?

d) Kakyo MakcHManbHYI0 LIeHy MOXKHO TNO3BOJIMTb NPY NOKYIKe pynsl 1? A pyast 2 u 3?

18. Urpok yuacTByeT B Hrpe, rae TpebyeTcsa pa3lNeNuTh CTaBKy HO YeThipeM monsM. Urpa
HMeeT Tpu ucxoda. B cremyroweit Tabiuue nokasaHsl MPHOBLTL U MOTEPH TS KaXKIOrO
nons B 3aBUCUMOCTH OT MCXOJa UIPbl.

Bo3spar Ha $1, mocTaBieHHbIN Ha MoJie

Hicxon Urpsl 1 2 3 4
1 -3 4 -7 15
2 5 -3 9 4
3 3 -9 10 -8

Urpok umeer $500, KOTOpble OH MOXKET NMOCTaBUTh TOJBKO ORMH pa3. LllaHchl kakoro-
160 KCX0a Urpbl HEU3BECTHBI. B yCIOBUAX 3TOM HEONpeneNeHHOCTH HaliuTe cTpare-
THIO, KOTOpas MaKCHUMH3HpOBaJia Gbl MuHumanbHelil BO3BpAT CHENaHHOM CTaBKU NpU
BCEX BO3MOXHBIX MCXOJaX MUIphL.

a) Kak urpox nosmkeH pasnoxutb $500 no yetsipeM nonsM? (IToockaska. Yuctas npu-
ObLIb UTPOKA MOXKET ObITh MOJIOXKUTENILHOM, HyIEBOH WM OTPHLIATENILHOI.)

b) Bam coser HIPOKY O TOM, KaK CI€JIaTh CTaBKH, €CJIN NOABUTCA NOINOJIHUTE/IbHAA CyMMa.

2.7. 3aKnouyeHune

Texuuka rpagUyecKoro peLleHHs 3aay JUHEHHOro MPOrpaMMHUpPOBAaHHA MO3BOJNAET BbI-
ABUTH MHOTIME CcBolicTBa onTuManbHoro pemeHus JIII. OcHOBHOe CBOMCTBO 3aKilOdaeTcs B
TOM, 4TO ONTUMabHOE peleHue 3agayu JIII JocTHraeTcs B OJHOM U3 YIJIOBBIX TOYEK HpPO-
cTpaHcTBa peueHuii. Ha ocHOBe 3Toro 6but paspaboTaH CHUMILIEKC-METON JUI peLIeHUs 3a1a4
JIMHEWHOTO NPOrpaMMHUPOBaHKs, KOTOPBII ONMKCaH B clemyollell riaBe. B maHHOM riaBe TaKke
JaHa 3KOHOMHYECKas MHTEpIpeTalus ONTHMAJILHOTO PELIEHHSA UM MpEINCTaBIEHbI PE3YIbTaThI
aHaIM3a YyBCTBHTENBHOCTH, MPUMEHEHHOTO K ONTHMAIbHOMY PELICHUIO, MONyYeHHOMY Ipa-
duyeckuM crnocobom.
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KomnnekcHble 3apgaun

@ 2-1.! Komnauusa Hi-C npou3sBOAUT TpH amnebCHMHOBBIX MPOMYKTa: KOHLEHTPAT, OObIYHBIH
COK M JDKEM, KOTOpble pacacoBbIBaloTCA B S-raloHHbie 6aHkH. [ IkeMa pacxoxyroTcs
aneabCHUHBI TOJILKO NMEPBOrO COpPTa, a WA APYTHX NMPOXYKTOB — areJbCHHBI BTOPOro COpTa.
B caenyromeit TaGnuue nokasaHo, CKONBKO anejabCHHOB UIET Ha MPOM3BOACTBO NPOAYKTOB,
a TaKkXKe MaKCMMaJIbHbIH BO3MOXHBIH 00b€M HX MPOHU3BOACTBA Ha CJCIYIOWMH roa.

Mpoayxt Copt K-Bo anenbcHHOB (pyHTBI), He-  B03MOXHOCTH npous-
anejbCUHOB  OOXOOWMBIX JJIA M3rOTOBJIEHHA  BOACTBA (K-BO OaHOK)
5-raJloHHO# GaHKH MPOAYKTa

JToxem I 5 10 000
KoHnuenrpar II 30 12 000
Cok 11 15 40 000

MapKeTHHFOBbIe HCCIEA0OBaHUA NMOKA3bIBAKOT, YTO PLIHOYHbBIC no-rpeGHocm B OOBIYHOM CO-
ke Gonee ueM B 1Ba pa3a npeBoCXoaAT no‘rpeGHocm B ane€JbCHHOBOM KOHLECHTpATE.

B npouwioM rogy KoMmaHus 3aKynaia aneibCUHbI IIEpBOro ¥ BTOPOro COPTOB IO OTAENBHOCTH
MO LieHe COOTBETCTBEHHO 25 1 20 1eHTOB 3a ¢yHT. B 3T0M roxy B Ciuty psia NpUUYHH NOCTaBIIHM-
KM NOCTABJLAIOT aneabCHHbI 6e3 copTupoBKH. [loacuHuTaHo, YTO yposKail TeKyluero roaa (Bcero
cobpaHo 3 MWUIHOHA (GyHTOB anensCHHOB) Ha 30% COCTOMT U3 anebCHHOB NEPBOro CopTa U Ha
60% — 13 anenbCHHOB BTOporo copra. OnToBas LieHa HEOTCOPTUPOBAHHBIX anejIbCHHOB OITyC-
Twiack 10 19 ueHroB 3a ¢pyHT. Kommanusa Hi-C noacyurana, Y10 COpTHpOBKa anejbcHHOB 060ii-
nercs eii B 2.15 uenra 3a ¢pynr. HecoproBsle anenbscuHbl (10% OT NOCTaBOK) MAYT B OTXOMBI.

Jns onpeneneHus ceGeCTOMMOCTH MPOXYKUMH SKOHOMUYECKHN OTHEN KOMIIAaHHH HMCIIOJIb-
3yeT clemyroluii crnocod BLIYKCIEHHA CTOMMOCTH (yHTa aneiabCHHOB MEPBOr0 U BTOPOTO

1 Marepuan ans 31o#l 3anaum B3aT u3 cratei “Red Brand Canners”, Stanford Business Cases 1965, Graduate
School of Business, Stanford University (Beicias mkona 6usHeca CTaHGOpACKOro YHHBEpCUTETa).
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coproB. Ilockoneky 10% anenbCHHOB MAET B OTXOMOBI, CPEAHAS CTOMMOCTb COPTOBBIX
anenscHHOB paBHa (19 +2.15)/0.9 = 23.5 uenta. Tak kak oTHomeHUe o6beMa anesbCUHOB
MEepPBOro copTa K 06beMy amebCHHOB BTOPOTO COpTa COCTaBifeT 1:2, cpeaHsas LeHa (Ha
OCHOBE MpOLUIOrOJHMX LieH) HOMKHAa ObITh paBHOM (20 X2+ 25X 1)/3= 21.67 ueHra.
Htak, B 3TOM roxy cpeiHss lLieHa aneabCHMHOB Bo3pocia Ha 1.83 ueHra (= 23.5 —21.67).
O1y pasHOCTh Hago “‘pa3bpocaTh”’ Ha CTOMMOCTH aleIbCHHOB NIEPBOTO U BTOPOrO COPTOB,
Y4YUTHIBasA COOTHOIUEHUSA UX 06beMoB 1:2. B pesynbTaTe, CTOUMOCTD amnelbCHHOB NEPBOTO
copra paBHa 25 + 1.83%(1/3) = 25.61 ueHTa 3a (PyHT, a amenbCHMHOB BTOPOro cCOpTa —
20 + 1.83x(2/3) = 21.22 uenra 3a ¢pyHT. Ha ocHOBe 370l HH(bOpMaUK 3KOHOMHYECKHUIT OT-
JeJ BBIYUCIIWIT JOXOJHOCTh BCEX TPEX MPOU3BOAMMBIX KOMNaHKEH MPOILYKTOB.

Ixem KoHueHTpar Cok
(s 5-raloHHBIX 6aHOK)
OTImycKHas LeHa $15.50 $30.25 $20.75
CTOMMOCTB ChIpbS 9.85 21.05 13.28
Hpyrue pacxonnt 1.05 2.15 1.96
Ce6ecTOMMOCTD $10.90 $23.20 $15.24
YucTelit noxon $4.60 $7.05 $5.51

CocTaBbTe ONTUMANBHBIH NPOM3BOACTBEHHBIH IU1aH M1 komnanuu Hi-C.

B 2-2.! CranenureiiHas KOMIAHUA UMEET JIMTEHHBIN LieX U [Ba MPOKATHBIX CTaHa. JIUTeHHbIM
LeX MPOHM3BOIUT TPH THIIA CTAIbHBIX 3arOTOBOK, KOTOpBIE, NMPEXAE YEM IOMACTh Ha Npo-
KaTHBIE CTaHbl, 00pabaThIBalOTCA B MEXaHUYECKOM LIEXE.

B Hawase kaXIOro KBapTaja NMPOKAaTHBIE CTaHBI ONpPEIENAIOT OMECAYHO CBOM MOTPEOHO-
CTH B CT&IbHBIX 3arOTOBKAaX M JeJaloT 3aka3 JUTeHHOMY LeXy. PyKoBoACTBO juTeiHOro
Lexa Ha OCHOBE 3TOr0 3aKa3a CTPOMT CBO# NMPOU3BOJACTBEHHBIH ILUTaH, Ha KOTOPBI BIHUSAIOT
orpaHHYeHHbIE MOILIIHOCTH MEXaHHYECKOro Liexa. Bo3MoxxHas HeocTaua CTalbHbIX 3aroTo-
BOK IUIS MPOKATHBIX CTAHOB MOKPHIBA€TCA MOKYNKOH aHAJIOTMYHbIX 3aTOTOBOK Y CTOPOHHUX
npousBoauteneif. CTOMMOCTb COOCTBEHHBIX 3arOTOBOK U 3aKyNaeMbIX Y CTOPOHHHX MpPOU3-
BOJMTENEl MoKa3aHa B clenytoweil Tabnuue. PykoBOACTBO CUHTaeT, YTO TaKue BHELIHHE
3aKyMKH MPOMCXOMAT HE YacTO U MX MOXHO MO3BOJIUTH NpPH YCIOBHH, YTO OHH HE MPEBbI-
waioT 5% OT TpeOyeMOro KoauyecTBa 3aroTOBOK.

Tun JivHa 3aroToBKH BHyTpeHH:1 LieHa IleHa Ha pbIHKe
3aroTOBKH (byThi) (B $ Ha onHy 3arotoBky) (B $ Ha onHY 3aroTOBKY)
1 800 90 108
2 1200 130 145
3 1650 180 194

B MexaHHM4YecKOM LieXe 3aroTOBKH 06pa6arbma10'rcx Ha CTaHKaX YC€TbIPEX Pa3JIUYHBIX TH-
1OB, UMEIOILHUX CIIEAYIOLIYIO ITPOU3BOAUTEIIBHOCTD.

1 Basro u3 S. Jain, K. Stott, E. Vasold. “Orderbook Balancing Using a Combination of Linear Programming and
Heuristic Techniques”, Interfaces, Vol. 9, No. 1, November 1978, pp. 55-67.
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Tun Bpems 06paboTku oaHOM Konuvectso O61ee BpeMs paboThI

CTaHKa 3aroTOBKH THIa CTaHKOB CTaHKa B Mecsl|
1 2 3 (4acel)
1 1 5 7 10 320
2 0 4 6 8 310
3 6 3 0 9 300
4 3 6 9 5 310

IMoTpe6HOCTH MPOKATHBIX CTAHOB B CTAIBHBIX 3ar0TOBKAX Ha CJEIyIOIIHE TPU MecCAlIa.

[TotpeGHOCTD B 3aroTOBKaX

ITepBelif npokaTHbIN cTaH Bropoit npokaTHbiit cTaH
Mecsau  3arotoBkd 3aroToBKM 3aroTOBKM 3aroToBK  3aroTOBKH  3arOTOBKH
THmna 1 THNA 2 THna 3 ¥ Tdna 1 THMA 2 THna 3
1 5000 2000 4000 2000 1000 0
2 0 3000 5000 3000 2000 2000
3 1000 0 3000 0 4000 2000

CocTaBbTe ONTHUMANbHBIA IPOU3BOACTBEHHBIH rpad UK JUIS MEXaHHYECKOTO Liexa.

B 2-3. dupma ArkTec cobupaeT nepcoHabHble KOMNBIOTEPBI AN YaCTHBIX KiueHToB. Ha
cleAyolLIMe YEThIpe KBapTana uMmeroTcsd 3aka3bl Ha 400, 700, 500 1 200 koMnbOTEPOB
COOTBETCTBEHHO. PHPMa MOXKET NPOU3BOAUTH GOJbIlIE KOMIIBIOTEPOB, YEM YKa3aHO B 3a-
Ka3ax, HO B TaKOM Ciy4ae MpUXoauTcs miatuTh $100 3a XpaHeHHe OQHOrO KOMIBIOTEPA
B TeYEHHE KBapTayia. Y BeJIHueHHe MPOU3BOACTBA B CIEIYIOILEM KBapTale, 0 CPaBHEHHIO
¢ NpeIblIyI1M, IPUBOIUT K JOMOJHUTEILHOMY Habopy pabOTHHKOB, YTO IOBBILIAET Ce-
6ecTouMocTh oxHOro koMmneioTepa Ha $60. IIpy yMeHbIIEeHHH NPOU3BOACTBA B ClENyHO-
IIEM KBapTaje, N0 CPaBHEHHIO C MPEIbIAYIIUM, NMPUIAETCS NMPUOErHYTh K COKPAIEHHIO
MepcoHalia, YTO TakkKe yBeJINYMBaeT ce0eCTOMMOCTh OQHOTO KommbioTepa Ha $50. Kak
OpraHu3oBaTh COOpKY KOMIBIOTEPOB, YTOOBI YIOBJIETBOPUTH BCE 3aKa3bl?

B 2-4, Me6enbHas ¢abpuka OCYLIECTBIAET NPOM3BOACTBO M COOPKY CTYJbEB, CTOJOB M
KHIDKHBIX TTOJIOK. 3arOTOBMTENBHBIN LIEX MPOM3BOJUT MOJYYHCTOBYIO IIPOLYKLMIO, KOTOpas
3aTeM cobupaetcs B c60poyHOM Liexe (habpukH.

ExxeMecsuHas NpoM3BOOUTEIBLHOCTh 3arOTOBUTENBHOrO Lexa coctaBisfeT 3000 cTynbes,
1000 ctonoB u 580 kHWXKHBIX MOJOK (HecoOpaHHBIX). B cbopouHoM exe paboraiot 150
pabouux B 1Be 8-yacoBble CMeHbI 5 nHell B Heaemo. CpeaHee BpeMs COOpKH OQHOM eau-
Huubl npoxykuuu paBHo 20, 40 u 15 MHHYT COOTBETCTBEHHO MJIA CTYJNbEB, CTOJIOB H
KHHXKHBIX IOJIOK.

KonuuectBo pabouux B cOOpoYHOM Liexe KonebieTcs B 3aBUCUMOCTH OT TOT0, CKOJIbKO pa-
6ounx B HacToflLee BpeMs HaXOAUTCSA B €XErOJHOM OTITycKe. B Mae, HMIOHe U uioje IUIaHu-
PYIOT YHTH B OTITyCK COOTBETCTBEHHO 20, 25 1 45 yenoBek.

Oraen MapkeTHHra (pabpHKH OLEHMWI OTPEOGHOCTh PhIHKA B MX NPOIYKLHH Ha Mal, HIOHb H
HIOJIb CIIEXYIOIUM 00pa3oM.
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ITpooykt Mait HioHp Uionb OCTaTOK Ha KOHELl anpes

Cryn 2800 2300 3350 30
Cron 500 800 1400 100
KumkHas moska 320 300 600 50

CeGecToMMOCTh NPOOYKUMH U €€ OTITYCKHas LI€HA NMOKa3aHbI B cnez(ylomeﬁ tabnmuie.

IMpomykT CebecroumocTts (3) OrtmyckHas ueHa ($)
Cryn 150 250
Cron 400 750
KHikHas mojka 60 120

Ecnu kakas-nu6o mpoayKuus He MpoJaHa B TEYEHHE TOro MECSLIA, B KAKOM OHa NMpOM3Be-
JeHa, To OHa MOXeT ObITh NpoJaHa B CIEAYIOLIEM MecsALe. XpaHEHHE OHOH €IHHMIIBI CTO-
UT 2% OT CTOMMOCTH 3TOH NMPOTYKLHH.

[Momorure ¢abpuke pazpaboTaTh IUIaH €XKEroAHBIX OTIYCKOB A1 paGoTHHKOB c6opoy-
HOTO Lexa.
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aea 3

Cnmnnekc-mertop

3.1. BBepeHune

I'paduueckuit cnocob pemenus 3anayu JIIT U3 rnaBel 2 NOKa3bIBAET, YTO ONTHMAIBHOE pe-
IICHHE 3TOH 3aJayy BCEra aCCOLUUMPYETCA C Y2080 moy4Kol NPOCTPAHCTBA pelUeHHit (B Ma-
TeMaTHKE OHa TaKXe HasblBaeTcid KpaiHeil TOuKoW MHOXecTBa). DTO ABJIAETCA KIIOYEBOIA
uneeit npy paspabotke obuiero anre6panyeckoro cummniexc-memooa s pelleHus ioboit 3a-
Ja4H JIMTHEAHOro MPOrpaMMHUpPOBaHHUA.

Iepexon ot reomerpuueckoro cnocoda pemeHus 3agayuu JIIT k CUMILIEKC-METOMY JIEKHUT
yepe3 anrebpandeckoe OnMCcaHMe KpaHHHUX TOUYEK MPOCTPAaHCTBa pelleHMi. N peanusauuu
3TOro nepexoja CHavyajla Hago npuBectH 3agauy JIIT k cranaapTHo#t ¢dopme, npeobpaszoBas
HEPaBEHCTBA OTPAHHYCHHI B PaBEHCTBA ITyTEM BBEICHHA NOMOJHUTENBHBIX IEPEMEHHBIX.

CrangapTHas ¢opma 3anayu JII1 Heo6xonuma, MOTOMY YTO OHA MO3BOJIAET MONYYHTh 6a-
3MCHOE peleHHe (UCMOJb3ys CUCTEMY YPaBHEHHIi, MOPOXIACHHYIO OrpaHM4YEHUAMH). ITO
(anre6panyeckoe) 6a3MCHOE pelleHHe MOJHOCTBIO ONpeAeNseT Bce (reoMeTpHieckue) Kpait-
HHME TOYKH [TPOCTPAHCTBA pellleHUH (IoKa3aTeNbCTBO 3TOr0 YTBEPXKIEHUA NPHUBEAEHO B pas-
aene 7.2). CuMIUIeKC-MeTOA No3BoiiseT 3P PEeKTUBHO HAlWTH ONTHMaNbHOE pEIICHHUE Cpeau
BCeX 6a3UCHBIX.

3.2. CraHpapTtHasa ¢opma 3apgaum JIIM
N ee 6a3nCHbIe pelleHns

B 3TOM pasnene Mbl CHayajla pacCCMOTPHM CTaHAApTHYIO (OpMY 3aIUCH 3a0a4u JIMHEHHOTO
NpOrpaMMHpPOBaHHUA, @ 3aTEM MOKAXKEM, KaK ONpeAenuTh 6a3uCHOE pelleHHe.

3.2.1. CtaHpapTHasa dopma 3agaum J1M

Cranpapthas ¢popma 3anucu 3anauu JIIT npeanonaraeT BbINOIHEHHUE CIIEAYIOIMX TpeOOBaHUIA.

1. Bce orpaHuyeHus (BKIF0OYas OrpaHUYeHHs HEOTPULIATENLHOCTH NEPEMEHHBIX) Mpeobpa-
3yIOTCSl B PaBEHCTBA C HEOTPHLATENBHOM TPaBOii 4acThIO.

2. Bce nepeMeHHble HEOTPHULIATEbHBIE.
3. LieneByto pyHKUMIO ClneTyeT Wi MaKCHMU3UPOBaTh, WJIH MUHUMU3HPOBATh.

1. [TPEOEPA30BAHUE HEPABEHCTB B PABEHCTBA. HepaBencTsa moboro tuna (co 3Ha-
KaMH HEPaBEeHCTB < WJIM =) MOXHO mpeoOpa3oBaTh B PaBEeHCTBA MyTeM N00aBlICHUs B JIEBYIO
4acTh HEPABEHCTB NOIMOIHUTEIILHBIX TEPEMEHHBIX — OCMAMOYHbIX WIH u3b6b1mounsix (CM. Ol
peleneHusa 3THX NIEpeEMEHHBIX B paszene 2.3.3).
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Hpumep nepagencmea muna “<”. HepaBeHCTBO X + 2x; < 3 3KBUBAICHTHO PaBEHCTBY
X1+ 2xy + 51 = 3, re s; — ocTaTo4YHas nepeMeHHas u sy 2 0.

Ipumep nepagencmea muna “2”. HepaBeHCTBO 3x; + X; 2 5 3KBHUBAIECHTHO PaBEHCTBY
3x, + x, + S, =5, rae S| — n36bITOUHAA nepeMeHHas U S 2 0.

ITpaBy1o 4yacTb paBEeHCTBA BCErga MOHO' CHENaTh HEOTPHLATENLHOM ITyTeM yMHOXEHHS
BCero paBeHcTBa Ha —1. KpoMe Toro, 3aMeTuM, YTO HepaBEHCTBO THNa “<” TaKke mpeobpasy-
eTCd B HEpPaBEHCTBO THMa “2” MOCPENCTBOM YMHOXEHMA 06euXx yacTeif HepaBeHCTBa Ha —l.
HanpuMmep, HepaBeHCTBO 2 < 4 1ocjie YMHOXK€HHMS Ha —1 CTAaHOBUTCS HEPaBEHCTBOM —2 > —4,

2. [IPEOEPA30BAHHNE CBOBOAHbIX NEPEMEHHbIX B HEOTPUUATENBHBLIE. Ce0600HyI0
NEPEMEHHYIO X, (T.€. IEPEMEHHYIO, KOTOPas MOXKET NPUHUMATh KaK OTPHLATENbHEIE, TaK H 110~
JIOXKUTENIbHBIE 3HAYEHHs) MOXHO IMpPENCTaBUTh KaK pa3sHOCTb IBYX HeompuyameibHuix Tepe-
MEHHBIX CIETyIOLMM 06pa3oM.

—_t + -
X; =X =X, X, X 20.

Hanpumep, mia x,=-5 monoxum x; =0u x; =5. Ecau xe x,=+5, Torna x; =5u
x; = 0. B 06oux ciryyasx nepeMeHHbIe x}” H X, HEOTPHLATENbHbI.

Takoe mpeo6pa3zoBaHue CBOOOIHBIX NEPEMEHHBIX CJIEAYET BHINOJHUTL BO BCEX HEPABEHCT-
Bax M B LeneBoii ¢pynkuuu. IToce pemeHus 3ana4y C MEPEMEHHBIMHM X, M X, 3HA4EHHUS MC-

XOJHBIX MEPEMEHHBIX BOCCTAHABJIUBAKOTCA C IIOMOIIBIO 06paTHOﬁ NMOACTAaHOBKH.

3. [IPEOBPA30BAHME 3AAYN MAKCUMU3ALNN B 3ALAYY MUHUMU3ALMN. 3anaya Mak-
cumuzauun  pyHkuuu  fx), Xy, ..., X,) IKBUBAJICHTHa 3ajauy€ MMHMMHM3aUMH QYHKUMH —
Sx1, X2, ... Xpn), TOCKOJIbKY NPH peLIEHUH 00€nX 3anad NPENOCTaBAETCS OMUH M TOT Xe Habop
3HaYEHUI NEPEMEHHBIX X, X2, ..., Xp.

Hpumep 3.2-1
IMpeoGpasyem cnemyromryto 3agauy JIIT B cranmapTHyio Gopmy.
MakcuMu3upoBaTh z = 2x; + 3x; + 5x3
[PH BBITIOJIHEHHUH YCIOBHA
X+ x,—x32-5,
—6x;+7x; -3 54,
xpt+x;+ 4x3 = 10,
X, %220,
X3 — cBOOOHas mepeMeHHas.

Jlns mpeoOpa3oBaH¥s 3a1a4y B CTAHAAPTHYIO (pOpMy BBITIOHUM CIEAYIOLIME AeHCTBUA.

1. BblyTeM U3 JI€BOM YacTH MEPBOTO HEPABEHCTBA AOMOIHUTENLHYIO (M30BITOUHYIO)
MEPEMEHHYI0 S| U 3aT€M YMHOXHM BCE HEPaBEHCTBO Ha —l, s TOro 4robbl
npaBas YyacTh HEpaBEeHCTBA CTayia MoyloxkHuTebHOM. (JIpyroit myTs npeobpaszona-
HMS HEPaBEHCTBA: CHauajia YMHOXXHM €ro Ha —1 — HEepaBeHCTBO NMPUMET BUA “<”
BMECTO “2”, majee K JIeBOW 4acTH HEpaBEHCTBA NMpPUOABUM AOMOJHHUTENBHYIO

(ocTaToOYHYI0) NMEPEMEHHYIO S).)
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2. Ilo6aBuUM OOMOJIHUTENBHYIO (OCTaTOYHYI0) MEPEMEHHYIO S, K JIEBOH 4aCTH BTO-
pOro HepaBeHCTBA.

3. Tak Kak TpeThe OrpaHUYeHHe W3HAYaJIbHO 3aMHCaHO B BUAE PAaBEHCTBA, IO3TOMY
oCTaBJiseM ero 6e3 U3MeHeHu .

4. BhINONHAEM 3aMeHy X; =X; — X, , [I€ X; , X; = 0, BO BCeX OrpaHMYEHHAX U Lie-
JIeBOM (yHKLIMH.
[Toy4aem ciemyrONIyIo CTAHAAPTHYIO 3aaqy JIMHEHHOro MporpaMMHpPOBaHHUA.
MakcumusupoBarb z = 2x; + 3%, + 5x] —5x;
TIpH BBINIOJHEHUH ClIEIYOILMX YCIOBHA

X=X+ x; —x; tx=5,
—6x,+Tx;—-9x; +9x; +xs5=4,
xjtx,t4x; —4x; =10,

+ -
X1, X2, X3, X3 , X4, X5 20.

YnpaxxHeHus 3.2,a

1. 3amuumre 3amauy npumepa 3.2—1 B crannapTHO#H ¢opMe, npeamnosnaras, 4To nepBoe or-
paHUYeHHe ABNIAETCS PaBEHCTBOM, BTOPOE — HEPAaBEHCTBOM THIIA “2”, a TPEThE — He-
paBeHcTBOM THna “<”. Takxke mpeamoyaraeTcs, YTo X SBJIAETCA CBOOOAHOMN MmepeMeH-
HOI, a x3 = 0.

2. Jira m3penud, Pl u P2, MOXXHO Mpou3BEeCTH Ha OBYX pa3lM4YHbIX cTaHkax M1 u M2.
BpeMs usrorosieHus moboro usnenus Ha Jo00M CTaHke onMHakoBo. IIpoussonu-
TenbHOCTh cTaHka M1 cocrasnger 200 u3menuit 3a CMEHy, a NMPOM3BOAUTEIBHOCTD
craHka M2 — 250 u3nenwuii. Mactep nnanupyet cbanaHcupoBaTh paboyee BpeMs Ta-
KuM o6pa3oMm, 4ToObl 06Iee KOJIMYECTBO M3AENHUM, MPOM3BEACHHBIX Ha ONHOM CTaH-
Ke, He TmpeBblano, 6onee 4eM Ha 5 eAUHUL, OOLIEro KOJIWYECTBAa U3AEINH, H3roTOB-
JIEHHBIX Ha ApyroM ctadke. Jloxox ot oaHoro usgenus P1 cocrasnser $10, a ot BTO-
poro — $15. 3anumure 3Ty 3amady B CTaHIapTHOH (opMe JHMHEHOro mporpaMMu-
pOBaHHUs.

3. [TokaxuTe, KaK CIeMYIOLLYIO LeJEBYIO (YHKLHIO MOXKHO 3alicaTh B CTaHAApPTHOM (op-
me 3anauu JIIT.

MuHEMU3MPOBATh z = max{[x; — x; + 3x3|, |-x; + 3x; — x3},
X1, X2, X3 20.

4. Tlokaxxute, 4YTO m paBEHCTB BUAA

n
Eauxj =b, i=12,..,m,
J=1
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3KBHBAJICHTHBI CICOYIOIINUM m + 1 HEpaBEHCTBaM.

n
zaijxj <b, i=12,..,m,
j=1

m n

Ya, |x z};b,..
i=1 i=

n
Jj=1

3.2.2. OnpepeneHne 6a3nUCHbIX peLlleHni

3agavya NMHEHHOrO MPOrpaMMHpOBAHMs, 3aNMCaHHAs B CTAHJAPTHOH dopMe, CONEPXUT m
JIMHENHBIX PAaBEHCTB C 1 HEU3BECTHBIMHU MEpPEMEHHBIMH (m < n). PasnenuM » nepeMeHHBIX Ha
IBa MHO)kecTBa: (1) n — m nepeMeHHbIe, KOTOPbIE MOJOXHM PaBHBIMHU HYJIIO, U (2) ocTaBIIHeCs
m TiepeMEHHbIe, 3HAUE€HUs KOTOPBIX OMPENENAIOTCS KaK PELIEHHE CHCTEMBbI U3 m JMHEHHBIX
ypaBHeHui. Eciu 3To pelleHue eduncmeenHoe, TOTJa COOTBETCTBYIOLIME m IEpEeMEHHbIE
Ha3bIBalOTCSI GAa3HCHBLIMM, a OCTalbHBIE 1 —m HyJIEBble NEpEMEHHble — Heba3ucHbIMH. B
3TOM ClTy4ae pe3yJbTHPYIOIIHe 3HAYeHNsA NIEPEMEHHBIX COCTaBIIAIOT 6a3nucHoe pemenne. Eciu
BCe NepeMeHHbIe IPUHUMAIOT HEOTpHLATENbHbIE 3HAYEHHUS, TO Takoe 6a3UCHOE pelleHHe SIBJIf-
eTcst donycmumoim.! B IPOTUBHOM CITydae — HeQOnYCMUMBbIM.

OCHOBBIBasICh Ha 3THX OMNPEAENICHUAX, HETPYAHO NMOACYMTATh, YTO KOJIHUYECTBO BCEX MONO-
JicumensHbix 6a3sUCHBIX PELLEHH [T m yPaBHEHHUH C 1 HEM3BECTHBIMU HE NPEBOCXOIMUT2

n n!

m| min—m’

Ipumep 3.2-2
PaccMoTpuM criemylouyl0 CHCTEMY IBYX YpPaBHEHHH C MATbIO HEH3BECTHBIMH
(m=2,n=15)

x,+x2+4x3+2x4+3x5=8,
4x1+2xz+2x3 +X4+6X5=4.

OrmnpenenyM pas3iuyHble pelleHus 3Toi cucteMbl. KOMM4ecTBO MONOXKUTENbHBIX Oa-

. S!
3UCHBIX PELIEHHI paBHO 301 =10. Hwxe MBI MOKaXXEM, YTO HEKOTOPLIE U3 3THX pelle-

HMi Ha caMoM Jesnie He OyayT 6a3MCHBIMH.
ITo ompexneneHno Ga3uUCHOE peLICHHE BKIIOYAET TOJNLKO ABE (= m) NEpeMEHHbIE,
npenrionaras, 4YTo He6a3uCHBIX Hyneaulx IEPEMEHHBIX TPH (= 1 — m).

Cnyuait 1. Jonycmumoe b6a3ucHoe peuierue.
HyneBbie (He6a3uCHbBIE) IEPEMEHHBIE: Xy, X4 H Xs.

I'p pyccKoii MaTeMaTuyeckol JMTepaType Taloke NMPHUMEHAIOTCA TEPMHUHBI “IUiaH”, “OMOpHBIH mnaH” M

“ONTUMANBHBIA OMOPHBIN MNaH” Kak 3KBUBAICHTH TEPMHHAM “6asHCHOE pelleHHe”, “nomycTuMoe GasucHoe pelile-
Hue” v “onTuManbHoe 6a3ncHoe peteHue”. — [Ipum. peo.

n
2 Yepes ( ) 31ech U aanee 06o3HauaoTcs GuHOMHanbHbie Koddduuunentsl C.' . — ITpum. ped.
m
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VpaBHeHus: x; +4x;=38,
4x| + 2x3 =4,
Pewennue: eouncma@enHoe pelienue x, = 0, x; =2,
3aknoueHue: 6a3ucHoOe pelIeHHe JOMyCTUMO, TaK Kak Xy, X3 2 0.
Cayuaii 2. Heoonycmumoe bazucroe peuterue.

Hynessle (He6a3ucHbIe) epeMEHHBIE: X3, X4 U Xs.

VpaBHeHuUs: x +x,=8,

4x, + 2x2 =4,
Pemenue: eOuHcmeeHHoe pelIeHne x; = —6, x; = 14.
3akioueHue: 6a31cHoe pelieHne HeAOIMyCTHMO, Tak Kak x; < 0.

Cnyuaii 3. Pewenue He eOUHCMBEHHOeE.
HyneBble (He6a3uCHbIE) IEPEMEHHBIE: X1, X; H Xs.

VpaBHeHus: 4x; + x4 =8,
2x3 +Xx4= 4.
Peienue: €OUHCTBEHHOI0 DEIUEHMS HE CYLUECTBYET, TaK KaK ypaB-

HEHUA 3asucumbl (€CNU TEpBOE YpaBHEHHE pa3leNUTh
Ha 2, TO MOJTy4YUM BTOPOE YPaBHEHHE).
3akio4yeHue: 6eCKOHEYHOE KOJIMYECTBO pPELIEHUI.

Cnyuaii 4. Pewenus ne cywecmayem.
Hynessle (He6a3uCHbIE) MEPEMEHHBIE: X}, X3  X;.

VYpaBHeHuA: X3+ 3x5=8,

2x2 + 6x5=4.
Pelnenue: peLIeHHs He CyLLECTBYET, TaK KaKk YpaBHEHUA HecoBMecmHbl.
3akmoyeHue: pellieHHs He CYLIECTBYET.

YnpaxxHeHus 3.2,b

1. B npuMmepe 3.2—2 MbI NPOBEPWIH TOJBKO YeThipe KOMOMHALMHU 6a3HCHBIX MEPEMEHHBIX.
IIpoBepbTe KOMOMHALMH MEPEMEHHBIX (X, X4), (X1, Xs) U (X2, X3) U HaliauTe peLIeHUs
CHCTEMBI YpaBHEHHIA.

2. Jlana cnexyrowas 3agaya JIIT.
MakcuMHu3upoBarth z = 2x; + 3x;
NpH OTPaHHYEHUAX

x; + 3x2 < 6,
3x| + 2x; < 6,
X1, X2 20.

a) 3amumuTe 3a7a4y B CTaHIapTHOMH (opme.

b) Haiinure Bce 6a3uCHBIE pelIeHUA 3TOH 3afayM U ONpeleNuTe, KakKue U3 HUX JOIMycC-
THMBIE, @ KAKHEe — HET.

Yacts I. JeTepMHHHpPOBaHHbIE MOAEIH



¢) IlyreM HemocpeacTBEHHOM NMOACTAHOBKHU pelIeHUi B LiejieBYI0 (yHKLUIO ONpenenu-
Te Hawlyvliee donycmumoe 6a3ucHoe pellieHue.

d) ITposepsTe rpaduuyeckum crnocoGoOM, YTO pelEeHHE, NMOMYYEHHOE B INpelblIyLeM
MyHKTE, ABJAETCA ONTHUManbHbIM. OTCIOZAa CIETyeT, YTO ONTHMAaJbHOE pelIeHHe
MOXKHO MOJTy4UThb anrebpandecky ImyTeM nepebopa MHOXKECTBa JOIMYCTHMBIX Oa3uc-
HBIX pELUIEHHH.

e) Onpenenure, Y4eMy Ha PUCYHKe, I'le PEICTABJIEHO MPOCTPAHCTBO HOIMYCTHMBIX pe-
IIEHHI, COOTBETCTBYET Hedonycmumoe 6a3NCHOE pELeHHE.

3. IlyteM mepeGopa Bcex Ga3sMCHBIX pEILEHHM HaliiuTe ONTUMAasbHBIE PELIEHHS CIEXYHO-
KX 3afa4 JIMHEeHHOTO NPOrpaMMHPOBaHHUA.

a) MaxkcuMusupoBarth z = 2x; — 4x; + Sx3 — 6x4
NPY OrpaHHYEHUAX

X +4X2—2)C3+ 8.X452,
—x;+2x, +3x3+4x, < 1,
X1, X2, X3, X4 2 0.

b) MHUHUMH3MPOBATE z = X + 2x; — 3x3 — 2x4
MpH OrpaHUYEHHAX

X +2JC2—3JC3+X4=4,
X) +2x; +x3+2x4=4,
X1, X2, X3, X4 2 0.

4. ITokaxure, 4TO Bce 6a3UCHBIE pelieHU cienytoluei 3anayu JIIT HenomycTuMBI.
MakcuMU3UpOBaTh z = X + X,
NpH OrpaHHYCHHAX

X1 +2x2 < 6,
2x| +X2 2 16,
X1, X2 20.

3.2.3. CBO60OAHbIE NEepemMeHHble 1 6a3UCHbIe
peLleHus

CBoGoaHble mepeMeHsHble MbI Onpeneswin B pasgene 2.3.2. 3areM B pasaene 3.2.1 nokasa-
1, YTO B CTAaHJApTHOH ¢opMe 3anucu 3anauu JIII cBoGoAHAA nepeMeHHad X; AOMKHA ObITh
TnpecTaB/IeHa KaK pa3sHOCTb ABYX HEOTPHLIATENbHBIX EPEMEHHBIX:

-t + -
X, =X/ =X, x,,x,ZO.

OcHOBbIBafACh Ha onpefeNeHny 6a3sCHOro pelueHus U3 pasgena 3.2.2, HETPYAHO NOKa3aTh,
YTO HEBO3MOXHA CHTYaLus, KOraa X; K X; ONHOBPEMEHHO GynyT 6a3sMCHBIMHM NEpeMEHHbIMH,

YTO BHITEKAET U3 UX 3aBUCUMOCTHU. B cBOIO oyepeb, UX 3aBUCUMOCTD CJIIEXYET U3 TOro, YTO B
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OrpaHMYeHHH KOIQ(UUMEHT MPU X, MMEET 3HaK, MPOTHBONOJOXHBIH 3HaKYy kodpduimeHTa

npy x, . DTO 03HAYAET, YTO B JIOGOM 6a3UCHOM pELLEHHH 10 KpaiHell Mepe OIHa U3 NepeMeH-

HBIX X, W X, JIOJDKHA GBITH HeGa3UCHOI, T.e. HyneBoit (cm. ymp. 3.2,¢(1)).

90

YnpaxHeHus 3.2,c
1. Jana cnenyromas 3agaqa JIIT.

MaxkcumusupoBarthb z = 2x; + 3x; + 5x3

MPU OrpaHUYEHMAX
—6x; + Tx,— 9x3 2 4,
—x; +x; +4x; =10,
x1, %320,

Xy — cBoboaHas NEpEeMEHHas.

IpuBenure 3amady K CTaHAapTHOM ¢oOpMe, MCMONB3ys JUIT 3TOrO IOACTAHOBKY
X, = Xx; —x,. Ilokaxxute, 4TO B 3TO}f 3a1a4e He CyLIECTBYET 6a3HCHBIX pelieHHii, B KO-

TOpbIE BXOXMIIM Obl OXHOBPEMEHHO X, U X, .

. PaccmoTpure cnenyrouryro 3anayy JIIT.

MakcuMu3npoBaTh z = x; + 3x;

NP OrpaHUYEHUAX
X +x,<52,
-x; +x,£4,
x| — cBOOOJHAs NEpEeMEHHaf,
X2 0.

a) Haiinute Bce pomycTuMble 6a3HCHbIE PEILICHHA ITOH 3a1a4H.

b) C noMoubo NOACTAaHOBKM PELIEHHI B LIENEBYIO QYHKLHMIO ONPENENUTE HAWTY4LIee
6a3ucHoe peleHue.

¢) Pewmre 3Ty 3agauyy rpaduueckuM croco60M M NMPOBEPLTE, YTO PELICHHE, HaldeH-
HOE B MNpEIbIAYIIEM ITyHKTE, SBISETCS ONTUMAIbHBIM.

. dupMa NpoU3BOAMT TP BHAA W3JENui, NPUOLLUIL OT KOTOPBIX COCTAaBIAET COOTBETCT-

BeHHO $2, $5 u $3 Ha exunuLy uznenus. s NpoUsBOACTBA 3TUX U3nenuit pupma pac-
nonaraer 80 paGoynMMu yacaMy py4HOTo TpyJa U 65 4acaMy MalIMHHOTO BpeMeHH. Jlnd
NPOU3BOJACTBA OJHON €UHHLIBI H3ETUsA KaXI0ro M3 TpeX BUIOB Tpebyercs 2, 1 u 2 ua-
ca py4yHoro Tpyzaa u 1, 1 u 0.5 yacoB MalIMHHOIO BpEMEHH COOTBETCTBEHHO. IIpu HeoO-
XOIXUMOCTH (hUpMa MOXKET YBENUYUTh KOJIMYECTBO paboYUX YacoB pYyHHOro Tpyaa U Ko-
JIM4ECTBO YaCOB MALUMHHOTO BPEMEHH, HO KaXKAbIH JOMOJHUTENBHBINA 4ac py4HOro Tpy-
na 6ynet crouts $15, a MamHHOrO — $10.

Yacrs 1. lerepMHHHpOBaHHbIE MOJEH



a) Cdopmynupyiite 3agady JUHEHHOro MpOrpaMMHpPOBaHMA M HaiiluTe BCE €€ JOITyC-
THUMBIe Ga3UCHBIE PEILEHHUS.
b) HaiiguTe onTHMaNbHOE pelleHHe SToM 3aauH.

4. B 3agayax JIII, rae ecth HECKOJBKO CBOOONHBIX MEPEMEHHBIX, Mpeobpa3oBaHHe THUNA

x,=x; —x;, X;,x; 20, ynsauBaeT COOTBETCTBYIOLIEE YUCIO HEOTPHLATENBHBIX Me-

pemeHHbIX. HO NpH HCNIONB30BaHMM MOACTAHOBOK X, =X;—w, Xx;, w20, MOXHO k

cBOOOIHBIX MEPEMEHHBIX 3aMEHUTDb Ha k + 1 HeoTpHuuaTenbHbIX. Mcnonb3ys nporpaMmy
TORA, nokaxure, 4TO 3TH ABa METOAA MPUBOIAT K OXHOMY U TOMY e pELICHHUIO Clie-
nyroeii 3agauu JIIT.

MakcHMH3HPOBATh z = —2x) + 3x; — 2x;3
NPY OrPaHUYEHHUAX

4x) —x5— 5x; =10,

le + 3x2 + 2.)C3 = 12,

X 2 0,

X2y X3 — cBOOOIHEIE NEPEMECHHbBIC.

3.3. AsiropuTMm cumMnsieKc-mertoaa

OCHOBBIBasICh Ha OIpeJIENICHUAX U3 pasaena 3.2, Mbl MOXKEM HaliTH ONTUMAIBHOE pelleHHe
3ajayy NMHEHHOro NMPOrpaMMHPOBaHMUsA, 3alIMCAHHON B CTAaHAApPTHOH (opMe, MyTeM NpPOCTOro
nepe6opa Bcex 6a3uCHBIX (IOMYCTUMBIX) pelteHuit. Ho, koHe4Ho, Takas mporemypa He 3¢ ¢ek-
THBHA. AJITOPUTM CHMILIEKC-METOJa HaXOOUT ONTUMAIBHOE pEIleHHE, pacCMaTpUBasi OTPaHu-
YEeHHOE KOJIMYeCTBO JOIMyCTHMBIX 6a3HCHBIX pellCHU.

AJNITOPUTM CHMILIEKC-METOa BCeraa Ha4yuHaeTcs ¢ HeKOToporo AoImycTuMoro 6asucHoro pe-
ILIEHHS U 3aTeM NbITAeTCsA HalTH Apyroe AOMycTHMOe 6a3UCHOE pelleHHe, “yilydluaiomee” 3Haye-
HHe UeneBoit QyHKUHUH. DTO BOZMOKHO TOJNBKO B TOM CIy4ae, €CIM go3pacmanue Kakon-imm6o
HyJieBol (He6a3MCHO) nepeMeHHO!N BeleT K YJIy4IIeHUIO 3HadeHus ueneBoit ¢yHkuuu. Ho mis
TOro, uTo0Obl He0a3UCHAs NepeMeHHas CTajla MOJIOKUTENbHOM, HAI0 OIHY U3 TEKyLIMX 6a3HCHBIX
NepeMEeHHBIX CHeNaTh HyJeBOM, T.e. nepeBecTH B HebasHCHbIE. OTO HEOOXOAMMO, YTOOBI HOBOE
peLIeHUe COIepKao B TOYHOCTH /1 Ga3UCHBIX MepeMeHHbIX. (HanmoMHMM, YTO Hac MHTEpPECYIOT
TOJILKO 6a3ucHble PEllIeHHd, CoIep Kalllie B TOYHOCTH m 6a3HCHBIX NepeMeHHbIX.) B cooTBeTcT-
BHHM C TEPMUHOJIOTHeH CHMILIEKC-METOa BbIOpaHHas HyJeBas MepeMEHHas Ha3blBacTCsA BBOAHM-
Moii (B 6a3uc), a ynansemas 6asucHas nepeMeHHas — HCKJIo4aeMoii (13 6asuca).

Ipumep 3.3-1

Hcnons3yem 3agauy o kommanuu Reddy Mikks (mpumep 2.2-1) s paccMOTpeHUA
JeTajeil BLINOJHEHUA CUMIUIeKC-MeTona. Ui yno6¢cTBa U3JI0KEHHS HAlIOMHUM OCHOB-
HEIE 3JIEMEHTHI 3Toif 3ama4u. [lepeMeHHbIe 3a1a4u:

X1 = 00BEM eXXeJHEBHOI'O MPOM3BOACTBA KPAaCKH I HapyXHbIX paboT (TOHHBI),
X, = 00beM eXeIHEBHOIO MPOU3BOACTBA KPAaCKH UIA BHYTPEHHUX paboT (TOHHBI).
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Kpacka o6oux BUAOB nNpousBoautTcs U3 ceipbi M1 u M2. IlepBrle aBa orpaHuye-
HHUA 3afa4M TIOPOXKAEHB OrpaHMYCHHBIMU E€KEIHEBHBIMHU 3amacaMu Chlpbs. Jlpyrue
IBa 0TOOpaXalOT OrpaHHUYEHHBIN PBIHOYHBIA CHpoc Ha Kpacky. IIpuOblIb OT omHOM
TOHHBI KPackyl IJIA HapyxXHBIX paboT cocrtaBnsgeT $5000, a Kpacku U1 BHYTPEHHUX
pabor — $4000. Llenesas pyHKuUMA 3aga4u JOJDKHA MaKCUMU3UPOBATh OGIIYIO TpH-
6bub. 1N yOo6CTBa BRIYMCIEHUN TOXOOHOCTh MPOU3BOJICTBA KpacoK MacuTabupo-
BaHa B ThICAYax JOJIapOB.

Orta 3amaya B cTaHIapTHOM popMe 3aIiChIBaeTCs Tak:

MaKCHMU3UPOBaTh z = 5x; + 4x, + 0sy + 0s, + 053 + Os4

IIPU OrpaHUYCHUAX

6x, t+4x, + s, =24 (OrpaHuueHue Ha ceipbe M1),
x;+2x,+5, =6 (OrpaHudeHue Ha celpbe M2),
—x;+x,+s53=1 (OrpaHuueHue Ha CIpoc),
X, +s4=2 (OrpaHuyeHue Ha crpoc),
X1, X2, S1, 82, §3, §4 2 0.

3necs s, §2, §3, S4 — HDOMOJHUTENbHBIE (OCTATOYHbIE) NIEpEMEHHEIE, N00aBIeHHbIE B
HepaBeHCTBA [UTA MpeoOpa3oBaHUA UX B paBEHCTBA.

3anauy JIIT B cranmapTHOH (opMe MOXHO NpPEACTAaBUTH B BUIC CIEXYIOLIEH KOM-
NaKTHOH TaOIHLIBI.

Basuc z X1 PeleHue
z 1 =5 0 z-CTpoKa
S 0 6 24 §1-CTpOKa
S 0 1 6 S,-CTpOKa
$3 0 -1 1 §3-CTpOKa
S4 0 0 2 §4-CTpOKa

HuwxHue ueTsipe CTpOKM 3TOif TabiMubl MPEICTABIAIOT PaBEHCTBA OTpaHUYEHHi;
3Ha4YeHUA MpaBbIX yacTelt 3THX paBeHCTB AaHbl B CToj6Le “Pewenue”. Ctpoka z mosmy-
YeHa U3 paBeHCTBa Z — Sx; — 4x; = 0.

JononHUTeIbHbIE MEPEMEHHBIE S|, S2, §3 U S4 COCTABIAIOT OUEBHAHOE HayajbHOE
donycmumoe 6asucHoe pelieHue, IpU 3TOM, MOCKOJIbKY He6a3UCHbIE MEPEMEHHBIE X,
U X; paBHbl HyJIO, X 3HaueHHd aBTOMaTHYecku oTobpakaroTcs B cronbue ‘‘Peue-
Hue”: s, =24, 5, =6, 53 = 1 U 54 = 2. 3HaueHHe LeaeBON QYHKLHHU NPH 3TOM peLUeHUN
PaBHO HyJIIO.

Byner nu 310 HavanbHOE pelleHHe onTUManbHbIM? KOHEYHO, HET, MOCKObKY nepe-
MEHHBIE X| ¥ X; 30€Chb PaBHBI HYJIIO, 8 BO3PAaCTAHHE 3TUX INEPEMEHHBIX JaXe Ha AUHULY
NPUBOLMUT K YBETHYEHHIO 3HAUSHHA LieneBot GyHKUUK z = Sx| + 4x, Ha 5 (nNpu yBeauye-
HUM ¥1) WK 4 eXHMHULBI (IPU YBETHUEHUH X;). [Tockonbky koadduLMeHT Npu nepemMeH-
HO#t x| B popMyme eneBoit GpyHkuuM Gonblue, YeM KO3D(HULMEHT NMPH Xz, MEPEMEHHYIO
X) ClefyeT BBECTH B 4MCIIO Ga3uCHBIX (B 3TOM Cliyyae OHa CTaHeT gooumoi). Ecau 06-
paTHUTLCS K NPUBEACHHOM BbIle Tabnule, TO BBOAMMAs NEpeMEHHAs ONpeleseTcs cpe-
AW MHOXeCTBa HeOa3MCHBIX KaK MepeMeHHas, UMelollas HanbobILKi OTpHLIaTEIbHBIN
K03 QHULHEHT B Z-CTPOKe.

Yacts L. lerepMuHHpOBaHHbIE MOJETH



Brimoyaemass nmepeMeHHas x; JO/DKHAa NPHHATh TNOJOXKMTENbHOE 3HadeHue. Ha
puc. 3.1 BHOHO, 4TO, HCXOAA U3 HadanbHON ToukH A (x; = 0, x, = 0), Haubonbmee 3Ha-
YeHHe, KOTOpOe MOXHO MPHCBOUTh NMEepeMeHHOHN X, (He BBIXOAA M3 NMPOCTPaHCTBA J0-
IyCTUMBIX pelleHuit), paBHO 4, 4TO COOTBETCTBYET Touke B (x; =4, x; = 0). 310 03Ha-
YaeT, YTO pelieHHe NEPEMECTHIOCH OT KpalHel TOUKH 4 B KpaiHIOO TOYKY B.

*2
Maxkcumusuposarts z = 5x; + 4x,
6 TIPH BHINOTHEHHH YCIIOBHi
6x, + 4x,< 24 @
T x,+ 2x,< 6 @

4 r G -x;+x,<1(3)

3N @ x2_<2®
@ X1, Xp=> 0

Puc. 3.1

IMockoNbKy CHUMILUIEKC-METOA HE HOJDKEH OCHOBBIBATHCA HAa rpaduueckoM mpen-
ctaByieHuH 3agayu JII1, Heo6X0AUMO OnpeneNnTh, Kak BeIOpaTh TOuKy B anrebpauue-
cku. M3 puc. 3.1 BUOHO, 4TO B ABIsETCA OAHON M3 TOYEK INEPECEUEHHUA NPAMBIX, CO-
OTBETCTBYIOLIMX OrpPaHHUYEHHUSM, C OCbIO X;. ANre6pauvyecKkd TOYKY NepecedyeHHs
MOXHO HaliTH Kak OTHOLUeHHe MpaBof YacTH PaBeHCTBa (3Ha4yeHHe B croiabue “Pe-
umeHne”) K kod3pHULUHEHTY NpH NEpeMEHHON X B 3TOM PaBEHCTBE, KaK MOKa3aHO B
crnenpyromeit Tabauue.

Ba3zuc Xy PewieHue
: 6 24
) 1 6
53 -1 1 1/(-=1) = -1 (He moaxoaur)
Sy 0 2 2/0 = oo (He nogxonur)

Hac uHTepecyloT TOJNBKO HeompuyamenvHble OTHOIIEHHUSA (MM TOYKH mepeceye-
HHA Ha TNOJIOXKUTENBHOM MONYOCH X;), TaK KaK OHH COOTBETCTBYIOT HaNpaBJICHHIO
BO3pacTaHus nepeMeHHoM x;. OTMETHUM, YTO BCe 3HaueHHA B croabue “Pemenue”
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HEOTpHLATENbHbIE, I03TOMY BBHIUUCIIAEMOE OTHOLIEHHE OyAeT HEOTPULIATENBHBIM H
KOHEUYHBIM TOJILKO B TOM Clly4yae, €Ciii 3HaMeHaTellb OTHOIUEHHUS CTPOro MOJIOKH-
TedeH. VIMEHHO Mo3ToMy MBI HE pPacCMaTpUBaeM OTHOLIEHHS, COOTBETCTBYIOLLHE
TPEeTbEMY U YETBEPTOMY PaBEHCTBAaM, TaK KaK TaM 3HaMEHAaTeNd WJIH OTpPHLATENb-
HbI€, UJIH PaBHBI HYJIIO.

MuHiManbHOE HEOTPHULATENbHOE OTHOILEHHWE PAaBHO 3HA4YEHMIO BBOAMMON mepe-
MEHHOM x| B HOBOM PELICHUH, a3 IMEHHO X; = 4 (CpaBHHUTE € To4koi B Ha puc. 3.1). 3Ha-
yeHue LesieBoi QYHKLMH NP 3TOM 3HaY€HHH Xx; Bo3pacteT 1o 20 (= 5x4).

Teneps cpenn Tekyiux 0a3HUCHBIX NEPEMEHHBIX Sy, S2, §3 U §4 CIEAYET onpene-
JUTb UCKNIOYAEMYI0 nepemMeHHyl, KOTopas NpUMET HyJleBO€ 3HayeHHe NOociie BBeE-
neHus B 6asuc nepemeHHo# x;. (HamoMHUM, 4TO B 3TOM NpUMEpE AOKHO OBITH B
TO4HOCTU 4 Ga3ucHble nepeMeHHble.) [IockonbKy HauMeHbliee (HEOTPHLATENbHOE)
OTHOLICHHE COOTBETCTBYET MEPEMEHHOM §;, B TOYKE B UMEHHO 3Ta NepeMeHHas 06-
pawaercs B HyJdb. TakuM oOpa3oM, nmepeMeHHas s; OylneT uckrwouaemoil, B 3TOM
cllyyae MepeMeHHas X; aBTOMaTUYeCKH MojydaeT 3HaueHue 4. 3aMeHa UCKIouae-
MoOji nepeMeHHOH’ 5, Ha BBOOMMYIO NIEPEMEHHYIO X, IPUBOJUT K HOBOMY 6a3HCHOMY
peLIeHHIO (X, Sa, S3, S4)-

Brruncnenne HoBoro 6a3syCHOro pellleHUss OCHOBBIBAETCH Ha METOAE WCKIIOYEHMA
nepeMeHHbIX (Metone [aycca—Xopnana). B cnemyromeii Tabnuue, koTopas Noka cOB-
najgaet ¢ HadanbHON Tabnuueit 3agauu JII1, onpenenuM Bexywmii croJiben, acCOLUH-
PYEMBIH ¢ BBOOMMOM NIEPEMEHHOM, ¥ BeAyLIY0 CTPOKY, aCCOLMUPYEMYIO C MCKIItOYae-
MOl nepeMeHHOH. DJEeMEHT, HAaXONAILMUICA Ha MepeceyeHMH BemyLliero crojbua H
BeIylLEH CTPOKH, Ha30BEM BedyLUHM.

Pemenue
0

Benxyuas ctpoka

o 1
Bemymmuit
cTosberr

I'Ipouecc BBIYHCIIEHUA HOBOTO 6a3HCHOTO peuieHrss COCTOUT U3 ABYX ITaIlOB.

1. BeruucneHue 37eMEHTOB HOBOM BeyLIel CTPOKH.
Hosas Benywas ctpoka = Tekynias Bexyas cTpoka / Bemymuii aneMeHT.

2. BrluncnEHNE 3I€MEHTOB OCTANBHBIX CTPOK, BKJIIOUYas Z-CTPOKY.
Hogas ctpoka = Tekymias ctpoka — Ee xo3¢d¢duuuesT B Bemymem cronbue X Ho-
Bas Belyllas CTPOKa.

B Hamem npuMepe BeXymas CTpOKa (§;-CTpOKa) AENUTCS Ha BERYILIMH 3JIEMEHT
(=6). B crnemyromeit Tabmuue nokasaHa HOBas Bemyllas CTpOKa, IIe BBOXUMAs
(Heba3ucHas) nepeMeHHas x; 3aMEHWIa HCKIIOYaeMyIo IepeMeHHyIo s;. B cronbue
“PewieHue” MoTyyaeM HOBOE 3HaUYEHUE NIEpeMEHHOH x; (= 4).

Yacrs 1. lerepMHHHPOBaAHHBIE MOJEIH



basuc | z | x; X, S S, S3 S4 | Pemenune
z
0|1 46 16 0 0 0 | 24/6=4 Hosas Bemymas cTpoka
52
53
Sa

BrruncnseM 351EMEHTBI OCTATbHBIX CTpPOK Ta6GNULBL

1. z-ctpoka.
Tekymas z-ctpoka: (1 -5 -4 0 0 0 0 | 0)
—(-5) x HoBas Bexymas ctpoka: (0 5 10/3 5/6 0 0 0 | 20)
= HoBas z-ctpoka: (1 0 -2/3 5/6 0 0 0 | 20)

2. s,-cTpoKa.
Texymas s,-ctpoka: (0 1 2 0 1 0 0 | 6)
~(1) x HoBas Bexymas ctpoka: (0 -1-2/3 -1/6 0 0 0 | 4)
= HoBas s,-ctpoka: (0 0 4/3 -1/6 1 0 Q0 | 2)

3. s3-CTpOKa.

Texymas ss=ctpoka: (0 -1 1 0 0 1 0 | 1)
—(1) x HoBas Bexywmas ctpoka: (0 1 2/3 1/6 0 0 0 | 4)
= HoBas s3-cTpoka: (0 0 5/3 1/6 0 1 0 | 5)

4. s4-cTpoka. HoBas s4-CTpOKa NMOBTOPSET TEKYIIYIO S4-CTPOKY, IOCKOJIBKY €€ KO-
3¢ uULMEHT B 8edyujem cmonbye paBeH HyJIoO.

Hosas cuMILiekc-TabinLa, COOTBETCTBYIOIAA HOBOMY 0a3MCHOMY peIIeHHIO (i, Sa,
53, S4), UMEET CJIe XYIOUIUit BUII.

Basuc z Xy X K K23 S3 A Pemenue
1 0 -2/3 5/6 0 0 0 20
0 1 2/3 1/6 0 0 0 4
0 0 4/3 -1/6 1 0 0 2
53 0 0 5/3 1/6 0 1 0 5
S4 0 0 1 0 0 0 1 2

OTMeTuM, 4TO HOBasg Tabnuua objagaeT TeMH XK€ CBOHCTBaMH, UTO M Hayalb-
Hadg: TOJNIBKO HeGa3MCHble EpeMEHHBIE X, U §) PaBHBI HYJNIO, B cTOJ0Le “Pemenue”
NpencTaBiIeHO HoBoe 6a3ucHoe pemeHue (x; = 4, s, = 2, 53 = 5, 54 = 2) BMECTE C HO-
BbIM 3HaueHHeM LeneBodt PyHkumH z (= 20). T0 pe3ynbTaT NPUMEHEHUA METOIA
I'aycca—-XKopnaHa.

W3 nocnenHeit Tabnuipl BUAHO, YTO MONy4YeHHOE 6a3UCHOE pellleHUe He SBISETCA
ONTHMAJIBHEIM, ITIOCKOJIBKY B Z-CTPOKE HEepeMEHHas X, HMEET OTpHLATENIbHbIH K03(-
¢unvent. Tak xe, Kak ¥ B HayaJIbHOHN TabnuIle, CTPOKY z MOXXHO MHTEpNpPETHPOBATH
KaK ypaBHCHUE
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b4 =—§—x2 ——Z—sl +20.

M3 nocnenHero ypaBHeHMs CIAEIYeT, YTO YBEJIMYEHME 3HAYEHUS MIEPEMEHHOM X; (ee
TeKylllee 3Hau€HUe PaBHO HYJIIO) MPUBENET K YBEIMUCHUIO 3HaUEeHHs LeneBoi QyHKIMM.
Taxum o0pa3oM, nepeMeHHas X, JO/DKHA CTaTh BBOAMMOI B 6a3uc.

Janee onpenenuM MCKIIIOYaeMYyIO NepeMeHHYI0. It 3TOro BHIMHCIMM OTHOLICHHS
NpaBbIX YacTeil paBEHCTB, COOTBETCTBYIOIUMX OrpaHHYEHHs M, K KkoddduimeHram,
CTOSILIMM HIPH X, B 3TUX PaBEHCTBaX.

Bazuc X1 Pemenne OTHoIlIeHHE
2/3 4 4/(2/3)=6 »
473 2 DiABy=32 8
5/3 5 5/(5/3)=3
1 2 2/1=2

Bpr4ucieHus MOKa3bIBalOT, YTO MUHUMAaIbHOE (HEOTPHLATENLHOE) OTHOIIEHHE CO-
OTBETCTBYET NEPEMEHHOM §,, KOTOpas CTAHOBUTCS MCKIIIOYAaeMOM; NPU 3TOM 3HAYCHHE
oTHoweHus (= 3/2) paBHO HOBOMY 3HaY€HHIO MEPEeMEHHOH x;. COOTBETCTBYIOIIEE yBe-

2.3
JMYEHUE 3HaYeHUs 1ieIeBOM QYHKLIM COCTaBUT 3%3 =1uz=20+1=21

B 370l curyauuu Bemywmei cTpokoif OymeT s,-CTpoKa, a BEXYIUHUM CTOJNOLOM —
cToJbell, COOTBETCTBYIOLIMIT IEPEMEHHOM X,. Benyuii aieMeHT paBeH 4/3.
BeruucigeM 351eMeHTEl HOBOH CUMILIEKC-TaOnuLbI.

1. Hosas Benymas (s,-) ctpoka = Tekymias s,-CTpoka / %
2
2. Hosasd cTtpoka z-cTtpoka = TekyImas z-CTpoka — (——3—) x HoBas Bexymas cTpoka.
2
3. Hogas x,-ctpoka = Tekymas x,-cTpoka — 3 X HoBas Bemymas cTpoka.

4. Hosas s;-cTpoka = Tekyias s3-CTpoKa — % x HoBas Bemylas cTpoxa.

5. HoBas s4~-cTpoka = Tekymas s4-cTpoka — 1 X HoBas Bexymas cTpoxa.

OTU BBIYKCIICHUA MPUBOMAT K CNIEAYIOILIEH TabuIIe.

Basuc z X X Sy 57 53 S4 Pemenue
z 1 0 0 3/4 1/2 0 0 21
X1 0 1 0 1/4 -12 0 0 3
Xy 0 0 1 -1/8 3/4 0 0 3/2
3 0 0 0 3/8 -5/4 1 0 512
Sy 0 0 0 1/8 -3/4 0 1 172
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TMockonbKy z-CTpOKa He HMEET OTPHLATENBHBIX KO3((PULHEHTOB, COOTBETCTBYIOLIUX
He0a3HCHBIM MEPEMEHHBIM S; H S5, NONTYYEHHOE PEIICHHE ONTUMAITBHO.

OnrumansHoe petenue 3aaauu JIIT MOXKHO “CUMTAaTh” M3 CUMIUIEKC-TaONUIIBI CEXYIO-
muM obpazom. Heorpuuarenshble (6a3suCHbIE) NMepeMEHHbIE MPEACTABIEHHI B CTONOLE
“basuc”, a HX 3Ha4eHHs — B cTosbue “Perenne”. B 1aHHOM NpHUMepe HMeeM ClleIyIolLiee.

IMepemennsle  OnTHMaNbHBIE Hurepnperauus
3afauu 3HaYeHUs
Xy 3 EXeIHeBHO ciieyeT MPOU3BOAMTSH 3 T KPacKu s
HapYXHbIX paboT
X, 32 E>xenHeBHO crexyeT Mpou3BOAMTH 1.5 T Kpacku
U1 BHYTPEHHHX pabot
z 21 E>xeHeBHbIN foxon coctasisger $21 000

C noMoUIBI0 CUMIUIEKC-TAGIHLIEI MOXKHO MOMYYHTh MHOTO NOTONHUTENbHON MHbOpManuu
(KpoMe HemocpeCTBEHHO ONTHMAJILHOTO PEeILIEHHs).

1. CocrosiHue pecypcoB.
2. LleHa eIMHULIBI pECYPCOB (ABONCTBEHHBIE LIEHBI).

3. Bce naHHble, Heo6X0aUMbIE [T NPOBENECHUS aHANH3a YYBCTBUTENBHOCTH ONTHMATLHO-
ro peleHus.

3mech MBI NOKaXKeM, KaK ONpeeuTh COCTOsHUE (CTaTyc) pecypcoB. HaxoxneHue nBoict-
BEHHBIX LIEH ¥ MCTIO/Ib30BaHUE JAHHBIX CHMIUIEKC-TaO/HIIB! JUIS MPOBENCHUA aHANN3a YyBCTBH-
TENBHOCTH ONHCaHO B rase 4.

Crartyc pecypca onpeaensiercs Kak AeULUMTHBIN Wi HeneUUHUTHEIH, B 3aBUCHMOCTH OT TO-
ro, 6yIeT OH HCMOJB30BaH MONHOCTBIO WIH HeT. DTy HHPOPMALIMIO MOXKHO MOTYYUTh U3 pe3yib-
THpYIOLIe# CUMIUIEKC-TaOMNHIBI MyTeM NPOBEPKH 3HAYEHHI NOMOJHUTENBHBIX (OCTAaTOYHbIX) Te-
PEMEHHBIX, aCCOLMMPYEMBIX C COOTBETCTBYIOLIMMH OTPAHUYEHMAMY, HaknaJblBaeMbIMH Ha pe-
cypesl. Ecnu nononHuTeNbHas nepeMeHHas paBHO HYJIO, 3HAYMT, PECYpPC MCIONB30OBaH MOJIHO-
CThIO, M OH MOJy4aeT cTatyc AeduunTHOro. IToNoXKHTeNbHOEe 3HaYeHHe NOMOIHHTENBHOM Mepe-
MeHHOH yKa3bIBaeT Ha HeJepHLMTHOCTb COOTBETCTBYIOLIErO pecypca.

B 3agaue o kommanuu Reddy Mikks yeTbipe orpanuMueHHs KIacCHOULUMPYIOTCS ClEXYIO-
muM 06pasoM.

Pecypc OcTtaToyHas nepeMeHHas Cratyc
Cripse M1 5=0 HedbuuutHorit
Cripse M2 5s;=0 JebnumTHbI
OrpannueHue Ha cnpoc 1 53=2.5 Hepedunurhsiit
OrpaHuyeHHe Ha cCrpoc 2 s4=0.5 HenedbuumtHbIH

Craryc pecypcoB MOKa3bIBaeT, 4T0, MOCKONbKy M1 u M2 neHUMTHBI, HX yBENTUYEHHE MO-
KET MPHUBECTH K Y/TYYUIEHHIO ONTHMAILHOIO pelieHHs (T.e. YBENUYEHUIO 3HAYEHHs LeNeBOH
¢ynxuun). Tpouenypa aHanM3a YyBCTBHTENLHOCTH MOXET NMOMOYb ONPEAENUTh, HA CKOJILKO
MOHO YBEIHMUHTH 06BEMEBI pecypcoB. TOT BONPOC MCCieNoBalCA B pasfenax 2.4 u 2.5, nosn-
HOE €ro pelleHue NPeICTaBIeHo B IIaBe 4.
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B mpumepe 3.3—1 Bencs nouck MaKkcMMyMa LiefieBoit ¢yHKUMH. B ciydae MUHUMM3aLUUH Le-
JieBoit QyHKUMH MCKITIOYaeMble MepeMEHHBIE OMPENENAIOTCA TOUYHO TaK Xe, KaK U NP MaKCUMH-
3anuu LeneBoit ¢pyHkuny. Kak nokasano B pasnesne 3.2.1, 3a1aya MUHUMU3aLMKM CBOAUTCA K 3aJa-
Yye MaKCHMH3aLMH NPOCTBIM COOTHOLIEHHEM max z = —min(—z). [To3ToMy B ciyyae MUHUMH3a-
LMY LeneBol (yHKUMHM BBOAMMAs NlepeMeHHas BhIOHpaeTcs kak Heba3ucHast ¢ HauboMbIIMM no-
J0HcumenvHulM K03(GPUUMEHTOM B z-CTPOKE CUMIUIEKC-TaOIULBI, 8 MUHUMYM LieJeBOi QyHKUMH
GyZmeT NOCTUTHYT TOT/a, KOraa Bce ko3 OHILMEHTHI B z-CTpOKe GyIyT HEMONOKHTENIbHBIE.

JlBa mpaBwia BeIGOpa BBOZMMBIX M HCKIFOYAIOLIUX MEPEMEHHBIX B CHMIUIEKC-METOJIE HA30BEM
YCJIOBHEM ONTHMAJILHOCTH U ycjioBUeM aonycTuMocTH. ChopMyaupyeM 3TH MpaBiia, a TakoKe
PpaccMOTPHM IOC/IEI0BATEBHOCTh AEHCTBHIA, BBIMONHAEMBIX MPH peay3aliii CUMILIEKC-METOA.

Ycnoeue onmumansnocmu. BBonuMoit nepeMeHHo# B 3aJaue MakCUMH3aLUMK (MUHUMH3a-
UMH) SBAAETCS Heba3ucHas NIEPEMEHHAs, UMEIOMIas HauGONLIIMI OTPULATENbHBIH (MONOXKH-
TeNbHbII) K03¢GULHEHT B z-CTpoke. Eciiu B z-CTpOKe eCTh HECKOJIBKO TakKMX KO3 (UIHUEHTOB,
TO BBIOOp BBOAMMOI NIEpeMEHHOI NenaeTcs Mpou3BoibHO. ONTHMaNbHOE pelleHUe NOCTUTHY-
TO TOrza, Koraa B z-CTpoke Bce kK03 HLMEHThI NpU HeGa3UCHBIX NEpeEMEHHBIX OyXyT HEOTpHU-
LaTeNbHbIMH (HEMOJI0XUTETbHBIMH).

Ycnoeue oonycmumocmu. Kax B 3amaue MaKCHMH3aLMK, TaK U B 3alade MUHUMU3ALMH B
KauecTBe UCKIIOYaeMoit BoiGUpaeTcsa 6azucras nepeMeHHas, L1 KOTOpoil OTHOLIEHHE 3Haye-
HUSA MPaBOif YaCTH OrpaHUYeHHs K MOJIOXKUTENIbHOMY KO3 dHULHEHTYy Bemyuliero croiabua Mu-
HUMaNbHO. EciM 6a3sHCHBIX MEPEMEHHBIX C TAKUM CBOWCTBOM HECKOJIBKO, TO BHIGOP HCKIIIO-
YyaeMo# epeMeHHON BBINONHAETCSA MPOU3BOIILHO.

Teneps npuBeaeM MOCIENOBATENLHOCTb AEHCTBUI, BBITOIHAEMBIX B CUMILIEKC-METOIE.

Ilar 0. Haxoautcsa HayanbHOE JAOITyCTUMOE 6a3ucHoe peleHue.

Idar 1. Ha ocHoBe yC/IOBHSA ONTUMAJIbHOCTU ONpENENAeTCs 8600umasn TNEPEMEHHas.
Ecnu BBOAMMBIX NEPEMEHHBIX HET, BBIYHUCIIEHHS 3aKaHYMBAIOTCA.

IlIar 2. Ha ocHoBe yc0BUA OOMyCTUMOCTH BHIOHUpAETCs HCKIIOYaeMas epeMeHHasl.

Ilar 3. Mertonom INaycca—)Xopaana BbiumciseTcs HoBoe 6asucHoe peiuenue. Ilepe-
XOH K wary 1.

BbIYKCIIEHHS B CUMILIEKC-METO/E BBINOIHAIOTCS HTEPALHIOHHO B TOM CMBICIIE, YTO YCJIOBHUA
ONTUMAJIBHOCTH M JOIMYCTHMOCTH, a Tak)Ke BBIUYUCIEHUA NMPUMEHSIOTCS K TeKyIlei CUMIUIeKC-
Tabaule, B pe3ynbTaTe Yero nojy4aeTcs cienyrolas tabauua. Mel 6yneM HasplBaTh MOCIEN0-
BaTeJIbHble CUMIUIEKC-TabIULIBI HTepaUHAMH.

OtcnexuBaHue IOCTeNOBaTeNbHbIX 6a3uCHBIX peleHuit u3 npuMepa 3.3—1 no rpaduye-
CKOMY NpEeICTaBJICHHIO NMPOCTPAHCTBa pelleHuit (puc. 3.1) nokasbiBaeT, YTO HUTEPALUOHHBIIH
npolecc CHMIUIEKC-METONa Havajcsi B KpalHe#t (YryioBoif) Touke A, 3aTeM NepeMecTHiICS B
KpaifHIOI TOYKY B U 3aKOHUMICA B KpaitHell Touke C — TOYKe ONTHMYMa. DTH HTEpPaLHHU CO-
OTBETCTBYIOT CMEXKHBIM KPaifHUM TOYKaM IpaHHLbI POCTPAHCTBA PeLIeHHH. AITOPUTM CHM-
IUTEKC-METOJa HUKOTIA HE CMOXET MEepeMECTUThCS cpasy U3 Toukd A B Touky C. (CM. pasnen
7.8, rie ONUCaH aIrOpUTM, UCTIONB3YIOIHI BHY TPEHHHE TOYKU NMPOCTPAHCTBA PELIICHHUIA.)

YnpaxHeHus 3.3,a

1. 310 ynpakHeHHe JOHKHO NOKa3aTh 3HAYMMYIO POJib YCJIOBUS HOITYyCTUMOCTH B CHUMILIEKC-
Mmeroze. B npumepe 3.3—1 B nepBoit cuMIuiekc-TabiuLe Mbl HCIIOIb30BAJIM MUHHMAIbHOE
HEOTpMILATENLHOE 3HAYEHHWE M3 MHOXKECTBA BBIYMCIIEHHBIX OTHOLICHHMI U1 OnpeneneHus
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HCKToYaeMoii nepemeHHoOH. Takoit BoIGOp HCKIOYaeMOl NEPEMEHHOMN rapaHTHUPYeT, YTO
HOBOE 3HaueHHe 6a3ncHOl mepeMeHHoM He OyneT oTpuuaTeNbHbIM. [ WLTHOCTpaLUu
3TOro yTBep)KaeHus npumeHute nporpaMmmy TORA k npumepy 3.3—-1 u Ha nepBoM 1mare ¢
MIOMOLIEIO MporpaMmHolt omuuu User-guided BMecTo nepeMeHHO# §; UCKIOunTe U3 Ga-
3HCHOTO PELIEHUs MEePEeMEHHYIO s,. Jlaiee MOCMOTPHTE Ha pe3yJIbTUPYIOILYIO CUMILIEKC-
TabmuLly, Bbl JOJDKHBI YBUIAETb, YTO MEPEMEHHAs §) MPUHLIA OTPULIATESbHOE 3HAYECHUE
(= -12). D10 NOKa3bIBAET, YTO MOyYEHHOE PEILIEHHE HENOMYCTUMO.

2. PaccMOTpHM cliemyroliee MHOXKECTBO OTPaHHYEHHH.

X1+ 2x5 + 2x3 + 4x, < 40,
2% —xy+x3+2x, <8,
4x) —2x; + x3—x4 < 10,

X1, X2, X3, X4 2 0.

C yyeToM 3TUX OrpaHHYeHHif ¢ momoubio nporpaMmel TORA pemute cinemyromue 3a-
nauu JIIT.

a) MakcuMHU3UpOBaTh z = 2x) + X, — 3x3 + 5x4.
b) Makcumu3HpoBaTh z = 8x; + 6x; + 3x3 — 2x,.
¢) MakcuMu3upoBats z = 3x; — X, + 3x; + 4x,.
d) MHHHMU3HPOBATH z = 5x) — 4x; + 6x;3 — 8x4.
€) MUHHUMU3HPOBATH z = —4x| + 6x; — 2x3 + 4x4.

3. Cnemytomas taGiuia npeAcTaBiaseT OTAENbHYIO MTEpaLUIO CUMIUIEKC-MeToa. Bee me-
peMeHHbIe HEOTPHLIATENIbHBIE.

Ba3uc X X X3 X4 Xs X6 X7 Xg Pemienne
z 0 -5 0 4 -1 -10 0 0 620
Xg 0 0 -2 -3 -1 5 1 12
X3 0 1 1 3 1 0 3 0 6
X1 1 —1 0 0 6 —4 0 0 0

a) OnpepenuTe MCKIIIOYaeMyIO MEPEMEHHYIO, €ClIM BBOAUMOMH sBseTcs (1) xa, (2) x4,
(3) x5, (4) x¢, (5) x7.

b) Jis Kaao0it U3 BBOAUMBIX IEPEMEHHBIX, IEPEYHCIIEHHBIX B II. a), 6€3 HCNoib30Ba-
Hust Metona aycca—KopnaHa Halinute ee 3HaYeHHE M BBIYMCIUTE 3Ha4YEHHE Liene-
Bo pyHKUMMH.

4. IlaHa cnefyiomias CUCTEMa YpaBHEHHIA:
X1+ 2x;—3x3+ 5x4 + x5 =4,
le—h2+6X4+x6= 8,
2x; +3x;—2x3+ 3x4 +x7 =3,
—x;+x3+2x+x3=0,

X1, X2, o0y Xg 2 0.
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ITycTh nepeMeHHsIE Xs, X, X7 U Xg COCTABIAIOT HayaJibHOE HOMyCcTUMOe 6a3ucHoe pelle-
nue. [Ipeanonoxum, 4to B 6a3uc BBOAMTCA nepeMeHHas x;. Onpenenure, Kakyio U3 me-
pEMEHHBIX TeKyLIero 6asuCHOro pelleHHs CleXyeT MCKIIOUMTh W3 6a3suca Tak, 4ToObI
BCe NepeMeHHble OCTANUCh HeoTpuuaTenbHbiMU. HaiiuTe 3HaueHHe nepeMeHHoi x| B
3TOM HOBOM 6a3uce. [TOBTOpHTE 3TO ynpaXKHEHHE JUIA MEPEMEHHBIX X;, X3 U Xy

. a) Pemure cnemyrouryro 3agauy JII1, 060cHOBBIBas ¥ NPOBEPAS X0/ PELICHHUS; HCXOU-

TC U3 npennonoxeﬂnﬁ, Ha KOTOPBIX OCHOBBIBACTCSA CUMILIEKC-METOA.
Maxcuumupoaa'rb Z=X)

TIPU OrpaHHYEHHAX

5x1 + X, =4,
6x| +x3= 8,
3x1 +x4= 3,

Xy, X2, X3, X4 2 0.

b) IloBTropute pemenus 3agauu JIIT npu Tex ke orpaHUYEHUAX, YTO M B . @), HO A
MHUHUMU3ALMH HeaeBoi GyHKIMH z = X;.

. Pemrute crexyrouryto 3anauy JIIT, 060CHOBBIBasi  MPOBEPSs XOX peLIEHUs; HCXOAUTE U3

MPENnoNoXeHUu!, Ha KOTOPbIX OCHOBBIBAETCS CUMIUIEKC-METOM.
MakcUMHU3UpOBATh z = Sx; — 6x; + 3x3 — S5x4 + 12x5
IpH OrpaHHYEHUAX

x1 + 3x3 + 5x3 + 6x4 + 3x5 < 90,

X1, X2, X3, X4, X5 20.

(IToockaska. Ba3zucHoe pelieHre CONEPKUT TOJIBKO OHY ITePEMEHHYIO.)

. PaccMoTpuTe IByXMepHOE MPOCTPaHCTBO pelieHui Ha puc. 3.2.

a) Omnpexnenure rpa¢puyeckuM cnoco60M TOYKY ONTHMYMa B MPEATNOIOKEHHH, 4TO Lie-
neBast PyHKUMSA UMEET ClieXYIOLUi BUJ:

Maxkcumu3upoBaTs z = 3x; + 6x;.

b) IMpeanonaras, YTO peain3aumsi CUMIUIEKC-METOIa HAYUHAETCA B TOUKE A, ONpeneny-
Te MOCJIe0BATENBHOCTh YITIOBBIX TOYEK, MPUBOMALIMX K TOUKE ONTHMYMA.

C) Onpenenme BBOJUMYIO NEPEMEHHYIO, 3HAYEHHUA COOTBETCTBYIOLINX OTHOIIEHUH B
YCIOBHH OOITYCTUMOCTH M 3HAYCHHE LeneBoit (bym(uun, nojnarasi, 4YT0 peajausanus
CHUMIUIEKC-METOJa HAYHHAETCH B TOUKE A M LieNeBas (byHI(IIH}I HMEECT BUJ

Maxkcumu3npoBarts z = 4x; + x,.
d) IloBTOpHTE 1. C) NPUMEHUTENBHO K LieJIeBO# HYHKLIUM

MakcumMHu3upoBaTh z = x| + 4x,.
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Puc. 3.2

8. Ha puc. 3.3 noka3aHo NpoCTpaHCTBO AOMyCTHMBIX pellieHHi TpexMepHoi 3amayu JIII ¢
KpaiiHUMH TOuKaMu 4, B, C, ..., J.

a) SIBnsioTCA JIM CledyloliMe naphl KpalfHUX To4ek CMexHbIMU: (4, B), (B, D), (E, H),
A, n?

b) Ilpeamonoxum, 4To peanu3alus CUMILIEKC-METOa HAYUHAETCA B TOUke A U 3aKaH-
yuBaerca B Touke ontumyma H. Onpenenure, kakue M3 CIENYIOHIMX MOCIeNOBa-
TeJILHOCTEM KpalfHMX TOYEK MOTYT NMpPMBECTH K Touke ontuMyMa. O6ocHyiite cBoif
BBIBOJI.

i) A—-B—>G-H.
ii) A>E—-I-H.
iii) A>C—E—B—A—->D—H.

X3
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9.

10.

11.

Myctb B 3apaue JIII, kOoTOpOit COOTBETCTBYET MPOCTPaHCTBO HOIYCTHUMBIX DEIIEHHH,
NoKa3aHHoe Ha pucC. 3.3, Bce OrpaHHYCHUs SABIAIOTCA HEPABEHCTBaMM Tuma “<”, a Bce
nepeMeHHble 3aa4H (T.€. X, X, U X3) HeoTpHUUaTenbHbl. O603HaYUM Uepes sy, Sy, S3 U Sy
JIONOJIHUTENbHBIE (HEOTpHLATENIbHbIE) NEPEMEHHBIE, acCCOLMUPYEMbIe C OrpaHH4EHMs-
MH, npenctasneHHbIMU 1iockoctamu CELJF, BEIHG, DFJHG u IJH coOTBETCTBEHHO.
Onpenenute 6a3ucHele U HeGa3UCHblE NMEpEMEHHBIE U KaXTOH KpaifHell TOYKH Ipo-
CTpaHCTBa JOIYCTUMBIX peLICHHIA.

Iycts B 3agayde JIII, st KOTOPOIf MPOCTPAHCTBO HOMYCTHMBIX PELIEHHI NPEACTABIEHO
Ha puc. 3.3, peanu3auus CUMILUIEKC-METOIa HAaYMHaeTcs B Touke 4. OnpenenuTe BBOIY-
MYIO IEPEMEHHYIO Ha nepgoti UTepallii CUMILIEKC-METO/1a, a TaKKe e€ 3HaueHHe U 3Ha-
YyeHue 1eNneBoit GpyHKLMY, eCiTd 1eneBast GyHKUHS UMEET CleRYyIoIHil BULL.

a) MakCHUMU3HPOBaTh z = X| — 2x; + 3x3.

b) MakcumMu3upoBaTh z = Sx| + 2x; + 4x3.
c) MakcumusupoBarh z = —2x; + 7x; + 2x;.
d) MakcuMusupoBaTth z = x; + X, + X3.

JlaHa crnenyrowmas 3agaya JII1.
MakcumusupoBatsb z = 16x; + 15x;
MPH OTPaHUYEHUAX

40x1 +3 1X2 < 124,
X + X, < 1,
X1 53,

X1, X2 >0.
Hcnone3ys nporpammy TORA, BBITIONHUTE ClieLylOLIEE.

a) Pemure nocraBieHHyI0 3a4a4y CHMIUIEKC-METOOM, BbIOMpas B KaueCTBE BBOAUMOMH
He6a3HCHYI0O NEpPEMEHHYI0, UMEIOLLYIO Haubonbwuli no abCoNIOMHOU enuyuHe OT-
pHLATENBHBIN KO3 (UIMEHT B Z-CTPOKE CUMILIEKC-Ta0HLIBL.

b) Pemure nocraBieHHyIO 3aa4y CHMIUIEKC-METOJOM, BbIOUpas B kauecTBe BBOAUMOM
He0a3MCHYI0 NIEPEMEHHYIO, HMEIOILYIO HauMeHbuiuti no abCoMOMHOU 8eluyuHe OT-
pHaTebHbli KO3 UUHEHT B Z-CTPOKE CUMILTEKC-TaOHLIbI.

c) IToacuuraiite KOMUYECTBO MTEPALM, MCTIONB3YEMBIX I PELICHUS 3aJa4yM B . a)
u b). JleiicTBUTENBHO JIM BBIGOP BBOAMMOI NepeMEHHOMN cpequ HeGa3UCHBIX, HMEO-
IUX Haubonowiuii no abcontomHol eeruyuHe OTPHLATENBHBIH KO3(Q(QHULMEHT B z-
CTpPOKe, BeJEeT K YMEHBLIEHHIO YMCIa MTepaluii, BHIIONHAEMBIX NpH pealn3aLuu
cumIuiekc-Metona? O6ocHyiite 310 HabmoaeH e.

d) IpennonoxuM, 4To 3aJa4ya MaKCUMU3aLMH LieJeBoi QYHKUNM z 3aMEHeHa Ha 3afaqy
MHHHMU3ALHY ITyTeM YMHOXEHHA QyHKUMHU z Ha —1. Kak 3T0 ckakeTcs Ha KoJu4e-
CTBE UTepaluit CHMIUIeKC-MeTona?

12. Komnanua Gutchi Npou3BOAUT DOPOXKHBIE CYMKH, YeMOIaHbl U prok3aku. JUIs Tpex BU-
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OB U3JeNUif UCTONB3YeTC HATypalbHas KOXa ¥ CHHTETUYECKHE MaTepHasbl, MPUYEM
KOXa CYMTAETCA OrPaHUYEHHBIM pecypcoM. [IpOM3BOACTBO 3THX H3IENHii Takxke Tpeby-
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€T BBIMOJNHEHUS ABYX PYYHBIX Omepauuii: NMPOIUMBKA M OKOHYATeNbHas OTAENKa M3le-
nus. B cnemyromeit Tabnuue NMpUBeeHs! OrpaHUYEHHs Ha MCHOJb3yeMBIE B NPOM3BOM-
CTBe peCypChl, a TakKe OTIYCKHas LieHa KaXXI0ro BHIa U3LENHA.

Pacxon pecypca Ha NpOM3BOJCTBO OrpanuyeHue
OJHOTO U3AENHS Ha pecypc
Pecypc CyMKa UeMonaH Prok3ak (exxeIHEBHO)
Koxa (xB. ¢yTsI) 2 1 3 42
Ipomwmuska (Yacer) 2 1 2 40
Otnenka (4achl) 1 0.5 1 45
OTtnyckHas ueHa ($) 24 22 45

Cdopmynupyiite 3amady JIHHEHHOro NPOrpaMMHMPOBAHHUA, C TOMOMIBIO NPOrpaMMbl
TORA HaiiguTe ee ONTHMAIBHOE pEIIEHHUE U OTIPENEIIUTE CTaTyC PECypPCOB.

3.4. UcKyccTBeHHOe HavalnbHoe
pelueHune

B npuMepe 3.3—1 npu HayaJILHOM JOMYCTUMOM 6a3NCHOM peIleHHUH rapaHTUPOBAIOCH, YTO
BCe mocienyooupe 6a3ucHble pelleHHUs, MOTy4YyaeMble NpPU BBIMONHEHUH CHMILIEKC-METONa,
Taxxe 6yxyT nomycTHMBIMU. B 3a1a4ax nMMHEHHOro NporpaMMHPOBaHUA, Il€ BCE OTPaHHYEHHA
ABJIIOTCA HEPAaBEHCTBAMHU TUMA “<” (C HEOTPULATENLHON NpPaBOif YacThIO), NOMOMHUTEIbHEIE
(ocTaTtoyHbl€) NepeMEHHbIe M03BOJAIOT CHOPMUPOBATh HaYadbHOE AOMYCTHMOE 6a3HUCHOE pe-
meHne. EcTecTBEHHO, BO3HUKAET BOMPOC: KaKk HAWTH HayaJbHOE JOINyCTUMOE Ga3lcHOe pelie-
Hue B 3aga4ax JII, roe ecTh orpaHUYEHHsA B BUAC PABEHCTB WM HEPAaBEHCTB THMA 2”7

HaunGonee o0muM cnoco6oM NMOCTPOEHUS HAYaIBHOrO JOMyCTHMOro 6a3sHCHOro pelueHus
3amaun JII1 sBnsieTCs UCMIOIb30BAaHHUE HCKYCCTBEHHDIX NepeMeHHbIX. OTH IEPEMEHHbIE B Iiep-
BO¥ HTEpALIMM UTPAIOT POJIb HOTOJHUTENBHBIX OCTATOYHBIX NIEPEMEHHBIX, HO Ha NOCIEAYIOMMX
UTepalMsAX OT HUX 0CBOOOXKIatoTCa. Pa3paboTaHo 1Ba TECHO CBA3AHHBIX MEXITy co60if MeTona
HaXOXIEHHI Ha4YajJbHOrO pEHIEHHsd, KOTOpble HCHOJB3YIOT HCKYCCTBEHHBIE MEPEMEHHbIE: M-
meTton! U ABYX3TamnHbIi METOL.

3.4.1. M-meToq

IMTycrs 3apaua JIIT 3anucaHa B craHnapTHoO ¢opMe. Jlna moboro paBeHCTBa i, B KOTOPOM
He COIEPXXUTCA AOMOJNHHUTENbHAs OCTaTOYHas NMepeMeHHasi, BBEEM HUCKYCCTBEHHYIO NMEpeMeH-
HyI0 R, KOTOpas ganee BoiineT B HayaibHOe 6a3ucHoe peuieHue. Ho nmockonbky 3Ta nepeMeH-
Hasd UCKYCCTBEHHa (IPYrMMHU CIIOBaMH, HE HUMeET HUKAKOro “pU3M4ecKoro cMhicna” B JaHHOM
3ajaue), HeoOXOOUMO CHeNaTh TaK, YTOOB! Ha MOCJEXYIOLIMX HTepalMsix OHa obpaTwiach B
Hynb. JI)Is 3TOr0 B BBIpaXkeHHUE 1eneBoi GpyHKUMU BBOAAT WITpad.

IMepemennas R, ¢ MOMOIIBIO ZOCTaTOYHO GOJBIIOTO MOJIOXHUTEILHOrO YHuciaa M, mrpady-
€TCA IyTeM BBOJA B LieJIEBYIO (QYHKUMIO BhIpakeHUA —MR, B cilydyae MakCHMHU3ALMK LIENEBOH
¢GyHKUMH U BRIpaXeHUS +MR, — B Cllydae MHHHMHU3auMy. Benencteue atoro mrpada ecrect-
BEHHO NpENOJ0XKUTh, YTO MPOLECC ONTUMHU3ALMH CHMILIEKC-METOJA NMPHBEIET K HYJICBOMY
3Ha4YeHHIO nepeMeHHoM R,. Cnenyrommit npuMep NPOACHAET AETAIH 3TOr0 METOAA.

1 M-meron Takoke Ha3sBIBAIOT METONOM GONBIINX wrpacdos. — Hpum. ped.
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Mpumep 3.4-1
MuHUMU3MpOBATh z = 4x; + X;

MPH BBINIOJTHCHUH yCJIOBHﬁ

3x;+x,=3,
4x1 + 3.X'2 = 6,
x; + 2x2 < 4,
X1, X2 20.

CrangaptHas ¢opma 3To# 3aayu NMOMydaeTcs B pe3yJbrare N00aBjIeHHs NOIMOJNIHH-
TeNbHON (M36BITOYHON) NMEepeMeHHOM X; BO BTOpO€ HEPAaBEHCTBO M AOMNOJIHMTE/IBHON
(ocTaTo4HOIt) IepeMeHHOI X, B TPEThe HEPaBEHCTBO. DTa 3aiaya B CTAHAAPTHOI popme
6ynet 3anucaHa cieXyIoIHUM 06pa3oM.

MuUHHMU3HPOBATD z = 4x) + X,
MIPY BINOJHEHUH YCJIOBUH

3x| +Xx;= 3,

4x1 + 3JC2 —X3= 6,
X1 +2xz +X4=4,
X1, X2, X3, X4 = 0.

B nomy4yeHHO} 3ajaye NepBOe U BTOPOE YPaBHEHMSA HE UMEIOT NONOJIHUTENBHBIX
(OCTaTOYHBIX) MEPEMEHHBIX, KOTOpBIE MOXHO BBECTH B 6a3ucHOe pemeHue. [Toatomy
BBEJIEM B 3TH YPaBHEHMs UCKyCCTBEHHBbIE NMEpEMEHHBIE R) U R, a B 1ieNeBYI0 QYHKLMIO
no6asuM mwtpap MR, + MR,. B pesynbTate nomy4yuM cienyouryio 3agaqy JIIT.

MunuMHU3UpOBaTh z = 4x; + x, + MR, + MR,

TPH BBINTOJIHCHUH yCJIOBHﬁ
3x1 +x2+R1 =3,
4X1 + 3x2—x3 + R2 = 6,
x; + 2.1'2 +x4= 4,
X1, X2, X3, X3, Rl, Rz, =0.

B 3T0it MOAMOHULIHMPOBaHHOM 3aa4ye NMEpEeMEHHBIE R\, R, ¥ x4 MOXHO HCIOJIb30BaTh
B KayeCTBE HAYaJbHOTO NONYCTHMOro Ga3ucHOro pemieHus. B pesynbrate nomydum

CJIEXYIOILYI0 CHMIUIEKC-Tabnuiy.
Bbazuc X X X3 X4 PemeHue
z —4 -1 0 0 0
R, 3 1 0 0 3
R, 4 3 -1 0 6
X4 1 2 0 1 4

IMpexne yeM NPUMEHATh CUMIUIEKC-METOJ, Hall0 COIIacoBaTh 3HAYCHHS B Z-CTPOKE C
OCTaJIBHOM 4acThiO TAaONHUILEI. B 4acTHOCTH, 3HaUYeHHE (QYHKUMHU Z, COOTBETCTBYIOLICE Ha-
qanpHOMy OasucHoMy pemeHmo R, =3, R,=6 U x;=4, [ODKHO DPaBHATHCA
3M+ 6M+ 0 =9M, a He 0, xKaK MMOKa3aHO B TaOJHIIe. DTO HECOOTBETCTBUE CBS3AHO C TEM,
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4TO NMEpEMEHHBIM R, M R, COOTBETCTBYIOT HEHYJEBbIe K03(hduLMeHTs! (—M, —M) B CTpoke
z (cpaBHUTE C HadabHbIM pEHICHHEM B mpuMepe 3.3—1, rae JONOJHUTENbHBIM NEepeMEH-
HBIM COOTBETCTBYIOT HyJieBble KO (HULIMEHTHI B z-CTpoke). UToObI caenath 31U Kod3hdu-
LIMEHThI HYJIEBBIMH, CJICAYET YMHOXKHTD JIEMEHTBI CTPOK R; U R, Ha BeNU4IUHY M, U 3aTeM
CJIOXKHUTB 3TH CTPOKHM C z-cTpokoil. (OOpaTuTe BHMMaHHE Ha “TIOACBEYCHHbIE” €IUHHLbI B
9THX CTPOKax — €y Obl 3TH K03()(HIMEHTHI ObUIM OTJIMYHBI OT €AUHHL, TO HE06X0AUMO
6buto OBl CHauana pa3lesiuTh BCE 3JIEMEHThI ITHX CTPOK Ha HaHHble K0d(QHULMEHTBL.)
Kpartko 310 neiicTBHE MOXKHO 3aIicaTh CIEAYIOIHMM 00pa3oM.

HoBas z-ctpoka = Ctapas z-cTpoka + M X R;-cTpoka + M X R,-cTpoka

Beinonsum 3Ty Oone€pauMiO B JaHHOM INpUMEPE.

Crapas z-cTpoka: (—4 -1 0O M -M 0 | 0
+ M x R\-ctpoka: (3M M 0 M 0 0 | 3M
+ M x Ry-cTpoka: (4M iM -M 0 M 0 | 6M)
= HoBas z-ctpoka: (-1 +7M —-1+4M -M 0 0 0 | 9M)

W3MeHeHHas CUMIUIEKC-TabJiMla IPUMET CIEAYIOIHUIA BUA.

Pewienne
oM

OTMeTuM, 4TO Tenepb z = 9M, 4TO0 COOTBETCTBYET 0a3MCHOMY peuieHHI0 R, =3,
Rz =6n X4 = 4,

ITocnenusas Tabnuia roroBa K NPUMEHEHHIO CHMILIEKC-METOJA C MCMOJIb30BAHHEM YC-
JIOBH ONTUMAIbHOCTH M JOITYCTUMOCTH. T10CKOIbKY MbI MHHUMHU3HPYEM LIEIEBYIO (YHK-
LIMIO, HaXOAUM HauOONbLIMI nonoocumensvHolli KO3QPHULUMEHT B z-cTpoke. Haubonbumit
ko3¢durmeHT —4 + 7M cCOOTBETCTBYET NEPEMEHHOM X, KOTOpas M OydeT BBOAMMOM. Y-
JIOBHE JOIMYCTHUMOCTH yKa3bIBaeT Ha NEPEMEHHYIO R B Ka4€CTBE HCKHOYaEMOH.

ITockonbKy BBOAMMAsS M HUCKTIOYaeMasi IEPEMEHHbIE ONpEENICHbI, HOBYIO CUMILIEKC-
TaGMMLy MOXHO BBIYHCIUTH C NMoMouIpio MeTona I'aycca—KopaaHa. 3amMeTuM, YTO BbI-
YHCJICHUA B Z-CTPOKE, T€ MMPUCYTCTBYET M, ClieayeT NpoBoauTh anrebpaudecku. Tak, s
MOJTy4EHHA HOBOM z-CTPOKH HAl0 HOBYIO BEIYLIYI0 CTPOKY YMHOXHTh Ha —(—4 + 7M) n
CJIOKHTH C TeKyLIe# z-CTpoKoii. B pe3ynbTare nomy4nM creayoltyro Tabiuiy.

R, R, X4 PeueHue
(4 -7TM)/3

OTMeTHM, 4TO YXKe IepBas MTepalysd HCKIIOUMIa M3 6a3HCHOro PEIIeHHs HCKYCCT-
BEHHYIO MEPEMEHHYIO R;, 4TO ABJAETCA pe3yJbTaTOM BKIIOYEHMA ITpada B LENEBYIO
dyHKMIO.
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IMocnennsaa Tabnuua MoxasbIBaeT, YTO CJAEAYIOLUIMMH, BBOAMMON M HCKITIOYaeMOH,
nepeMeHHbIMU OYIyT X, U R, cooTBeTCTBeHHO. KOHEUHO, 119 MOJTydeHUs ONTHUMAJIbHOTO
peleHus MoxeT notpeGoBaThes Goble ABYX UTepauuii. B naHHOU 3ajaye onTUMaib-
HBIM penieHueM Oyner x; = 2/5, x, = 9/5, x3 =1 uz = 17/5 (cm. ynp. 3.4,a(1)).

ITpu ucronb30BaHUU M-MeToza CilefyeT 0OpaTUTh BHUMaHHUE Ha clieQylolue aABa 06CTos-
TenbCTBA.

1. Ucnionb3oBaHue wtpada M MOXET U He NPUBECTH K MCKIIIOYEHHIO UCKYCCTBEHHOM Iie-

peMEHHON B KOHEYHOM CHMIUIEKC-uTepaurd. Ecnu ucxofHas 3agava JIMHEHHOro mpo-
rpaMMHpOBaHHA He MMEET JOIyCTHMOIrO pelleHHs (HalpuMep, CHCTeMa OrpaHuYeHHi
HECOBMECTHA), TOrla B KOHEYHOH CHMIUIEKC-UTepaLyuH, 10 KpaiiHeil Mepe, OfHa UCKYC-
CTBEHHas nepeMeHHas OyIeT UMeThb IONOXKHUTENBHOE 3HaYeHHe. DTO “UHANUKATOpP” TOro,
4TO 33jia4ya He UMeeT HOMYCTUMOTO PeLIeHHs.

. TeopeTnueckn npuMeHeHue M-merona TpebyeTt, 4To6bl M — oo. OHAKO C TOYKH 3pe-

HHs KOMIBIOTEPHBIX BBIYMCIEHHUH BenuyuHa M NomKHA ObITh KOHEYHO# M, BMECTE C
TeM, docmamoyHo bonvuiou. Kak noHUMaTh TEPMHH “IOCTATOYHO OoJbIIas’” — 3TO OT-
KpbITBIH Bompoc. BennuuHa M nomkHa 6bITh HacTOJbKO 60sbLIOHN, YTOOB! BHLIMONHATH
poib “mrpada”’, HO He CIMIKOM 60bLIOH, YTOOBI HE YMEHBIIUTD TOYHOCTh BbIYHMCIIE-
Huii. Ha npakTHke Bbl JOJDKHBI IOMHHMTB O BO3MOXHBIX OLIMOKaX MalIMHHOTO OKpyTje-
HMA NPU BBIIIOJIHEHUM BBIYHMCIIEHHI, B KOTOPBIX COBMECTHO YYacCTBYIOT Kak OosbIuue,
TaK U MaJible Yucia. ATy npobieMy WUTIOCTPHPYET CleRyIOLIuUii npuMep.

IIpumep 3.4-2
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PaccMoTpHM caenyrouryio 3agauy.
Maxkcumusmnposats z = 0.2x; + 0.5x,
TIpH BHITIOJTHEHUH YCJIOBHA
3x, + 2XZ = 6,
X1 + 2XZ < 4,
X1, X220,

INpoBenem nBa 3KCIIEPHMEHTA I JEMOHCTPALMHU BJIMAHHUA BEJIMYMHBI M Ha pe3yiib-
TaT BBIYHMCIICHHUI, CUMILUIEKC-METOJa.

Okcnepumenm 1

C nomoiupsto nporpammel TORA Halinurte pelieHHe CUMIUIEKC-METOLIOM MOCTaBJIEH-
Ho# 3apaun npu M = 10 1 noBTOpUTE BHIYUCIEHUA NpH M = 999 999. [Ipu nepBom 3Ha-
YeHuH M noy4uM NmpaBWiIbHOE peleHue x; = 1 u x, = 1.5, Toraa kak Bo BTOPOM Ciry4ae
MOTy4YHM SBHO HEBEPHOE pellieHue x; = 4, x, = 0.

Oxcnepumenm 2

VMHOXKUB ueneBylo ¢yHkimo Ha 1000, MOMyYMM HOBYIO LENIEBYIO (YHKLHIO
z=200x, + 500x,. Petunm 31y 3amaqy npu M =10 u M =999 999. Tenepb HMEHHO BTO-
poe 3HayeHue M obecneuuBaeT HaXOXKA€HHE NMPaBWILHOTO PELIeHHS.

M3 3THX 3KCIEPUMEHTOB MOXXHO CHENaTh BBIBOJ, YTO NMPAaBUIbHBIM BbIOOp 3HAYECHHA
M 3aBuCHT OT HaHHBIX HCXOIHOI 3a1auu. be3xyMHoOe clieoBaHUE TEOPETHYECKOMY Tpe-
60BaHMIO, YTO 3HaYEHHE M IOKHO OBITH “O4eHb OONBIUMM”, MOXKET NMPHUBECTH K 3HAYHU-
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TeJIbHBIM OLIMOKaM OKPYIJIEHHS. HNmenHo IO3TOMY M-MeTon HHKOTIa He TNIPUMCHACTCA
B KOMMEPYECKUX IpOorpamMmax, peajiu3yrolunx CHMIUIEKC-METOA. BMecTo Hero MCmoib-

3yeTcs 0gyxamanHulii Memoo, KOTOpbIii OyIeT OnKcaH B CIEMYIOIEM pa3zele.

YnpaxHeHus 3.4,a

1. 3aBepum're pelieHue 3a1avu U3 nnpumepa 34-1u MNOJIYYUTE ONITUMAJIBHOE PCLICHHUE.

2. B npumepe 3.4—-1 HaiiouTe HayanbHY0 CUMILTEKC-TAOIMIY UIS KaXIOT0 U3 CIeXYIOLIUX
(He3aBMCHMBIX) CITy4aeB M MOACYMTaliTe KOIPPUIMEHTHI Z-CTPOKH HOCHE ONpENeNeHHUs

BCE€X UCKYCCTBEHHBIX NNEPEMEHHBIX.

a) Tperbe orpaHuueHHE UMEET BUI X + 2x, = 4.
b) Bropoe orpaHnueHue uMeeT BUI 4x; + 3x; < 6.
¢) Bropoe orpanudenue umeet Bug 4x; + 3x, = 6.

d) LleneBas ¢pyHKUMS UMEET BUA: MAKCUMHU3UPOBATH Z = 4x; + X,.

3. Cy1uecTBYyeT ciieLylollee MHOXXECTBO OrPaHUYEHHH.

2%, +3x, =3,
4X1 + 5x2 _>_10,
X+ ZXQ < 5,
6x; + 7x, <3,
4x1 + 8x2 2 5,
X1y X2 20.

)
€3]
3
C))
&)

Ilna xaxaod W3 CnemylOIUMX 3ajay Haigure Kod(pQHUUUEHTH! z-CTPOKU CHMILUIEKC-

TabJNHLbI NOCTIe BBEAECHUA HCKYCCTBCHHBIX NEPEMEHHbDIX.

a) MakcumusupoBats z = Sx; + 6x, npu orpanuyenusax (1), (3) u (4).

b) MakcHMHU3MpOBaTh z = 2x| — 7x, npu orpanndeHusx (1), (2), (4) u (5).
¢) MuHumu3UpoBaTh z = 3x; + 6x, npu orpaHudeHux (3), (4) u (5).

d) MuHMMH3HpOBATh z = 4x, + 6x, npu orpanmdenusax (1), (2) u (5).

€) MuHuMH3HpOBaTh z = 3x; + 2x, npu orpanndenusax (1) u (2).

4. laHo cienyrouiee MHOXECTBO OrpaHHYCHUI:

X txtx3=7,
le -‘5X2+X3 > 10,
X1, X2, X3 2 0.

[Tpu 3THX OrpaHnyeHuAX pewnte 3agauu JIIT s crexyromux LeneBbIX QyHKUMH.

a) Makcummu3upoBars z = 2x; + 3x; — 5x3.
b) MunHuMH3HpOBaTh z = 2x; + 3x; — 5x;3.
¢) MakcumusupoBars z = x| + 2x; + x3.
d) MuauMHU3UpOBaTh z = 4x) — 8x; + 3x;3.

I'naBa 3. CuMmiiekc-MeTosn

107



5. JaHa ciexyiomas 3ajava.
MaxcuMHU3HpOBaTh z = 2x; + 4x; + 4x3 — 3x,
NIPY OFPaHUYEHUAX

X +x;+x;=4,
x|+4x2+x4=8,

X1, X2, X3, X4 2 0.

Peuure 3Ty 3amayy 6e3 UCKYyCCTBEHHBIX MEpPEeMEHHBIX, HCIIOJIb3Ys B HaYaJlbHOM Ga3Hc-
HOM pELLIECHHH MIEPEMEHHBIE X3 H X4.

6. Be3 npuMeHeHUs UCKYCCTBEHHBIX NEPEMEHHbIX PELIUTE CleXyIOLIyIO0 3a1a4y, HCIONb3Yys
B HayaJIbHOM 6a3KCHOM PEIEHHH NTEPEMEHHBIE X3 U Xy.

MHuUHHMH3HPOBATH z = 3x; + 2x; + 3x3
NIpH OrpaHUYEHHUAX

X1 +4x2 + x5 2 7,
le + X, +x42 10,
X1, X2, X3, X4 20.
7. HaHa cnenyrowas 3afaya.
MakcUMHU3HpOBaTh z = x; + 5x; + 3x3
IIpY OTPaHUYEHUAX

x; + 2xz +x3= 3,
2x, —x; =4,
X1, X2, X3 20.

B nepBoM paBeHCTBe nepeMEHHasA X3 MOXKET BOWTH B 6a3MCHOE pelieHHe BMECTO MCKYC-
CTBEeHHOI nepeMeHHON. OJHakO BO BTOPOM PaBEHCTBE MCKYCCTBEHHaA nepeMeHHas R,
HeobOxoauma. Mcnosib3ys HadajibHOe 6a3MCHOE pellieHHe, COCTOALLEE U3 NEPEMEHHBIX X3
U R,, HaliiuTe ONTHMAJILHOE pELICHHE 3TOM 3aJayu.

8. IMTokaxure, kKak ¢ NOMOIIBIO M-MeTOAa MOXKHO OMpEeICINTD, YTO CJICAYIOLIAsA 3aJa4ya HE
HMEET AOITyCTHMOI'O PELUICHHA.

MakcHMuU3MpoBaTh z = 2x; + 5x;
NPH OrPaHUYEHUAX

3x;+2x, 26,
2x|+x252,

X1, X2 2 0.

108 Yacrts 1. lerepMunnpoBaHHbIe MOAEIH



3.4.2. [1ByxaTanHbin MeToA

IMpumep 3.4-2 neMOHCTpUpYeT NpobJieMBbl, KOTOpbIE MOTYT BO3HHMKHYTh NpH M-MeTone BCnek-
CTBHE OMIMOOK OKpyrJieHus. JByxdTamHblif MeTO[, MOJHOCTBIO JIMILEH TEX HEHOCTATKOB, KOTOpBIE
npucyim M-Metony. Kak ciemyer U3 Ha3BaHMst 3TOro METOZIA, MpoLiecc perueHus 3agayn JIIT pazou-
BaeTca Ha JiBa dTana. Ha nepBoM 3Tane BeieTcs MOMCK HAYAILHOTO JOIyCTUMOrO 6a3HCHOrO pellie-
Hus. Eciu Takoe peleHue Hai{ieHO, TO Ha BTOPOM 3Talle pelliaeTcs MCXOAHas 3ajaya.

Jranl.

Jran2.

3agaua JII1 3anuceiBaeTca B CTaHIapTHOH Qopme, a B orpaHudeHus nobas-
JIAIOTCA He06X0IUMBbIEe UCKYCCTBEHHbIE [TepeMeHHbIe (Kak U B M-MeToze) s
MOJy4eHHs HadyanbHOro 6a3ucHoro pemeHus. Pemaercs sagaqa JIIT munumu-
3ayuu CyMMBI UCKYCCTBEHHBIX NEPEMEHHbBIX C MCXOIHBIMU OrpaHHYEHHAMHU.
Ecnu MUHUMabHOE 3HaYeHHe 3TOH HOBOH LeneBoi GyHKUMU Gonblle HyJId,
3Ha4YMT, UCXOJHAsd 3aJadya He UMEET JOIYCTUMOIO PELICHHs, U MPOLECC BbI-
yuciaeHuit 3akaHuuBaercs. (HamoMHMM, 4TO NOJNOXUTEIbHBIE 3HAUEHUSA MC-
KyCCTBEHHBIX NEPEMEHHBIX yKa3bIBalOT Ha TO, YTO MCXOAHAs CHCTEMa orpa-
HUYeHHI HecoBMecTHa.) Ecnu HoBas ueneBas (yHKUMA paBHa HyINIO, mepe-
XOIMM KO BTOPOMY 3Tally.

OntuManbHoe 6a3UCHOE pelieHHe, NOMyYeHHOe Ha IIEPBOM dTare, HCHONb3Y-
€TCA KaK HadaJIbHOE JOIyCTUMOE 6a3UCHOE peLIEHHEe UCXO0HOU 3a1auH.

Ipumep 3.4-3

K 3agaue u3 npumepa 3.4—1 npuMeHMM ABYX3TamHbIil METOL.
Oman 1

MuHUMU3HpOBaTh ¥ = Ry + R,

C OrpaHUYCHHUAMHA

3xl +x2+R1 =3,
4x1 + 3x2—x3 + Rz = 6,
X1 +2x;,tx4=4,
X1, X2, X3, X4, Rl, Rz, =0.

CoortBeTcTBYIOIasA TabIMLa UMeeT CIEeoyIOIMiA BU.

Basuc Xy X X3 X4 Pernenue
r 0 0 0 0 0
R, 3 1 0 0 3
R, 4 3 -1 0 6
X4 1 2 0 1 4

Crapas r-ctpoka: (0 0 0 -1 -1 0 | 0)
+1XR-ctpoka:(3 1 0 1 0 0 | 3)
+1XRy-ctpoka: (4 3 -1 0 1 0 | 6)
=Hosas r-ctpoka: (7 4 -1 0 0 0 | 9)
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Hosas r-ctpoka
r+7x1+4x2—x3+0R1+0R2+0x4=9

UCTIONBb3YETCA IS pelIeHNs 3aauyl IepBOro dTamna, YTo NPUBENET K CleXyIoleMy OIl-
THMaJIbHOMY pelleHuro (nposepbte!).

Basuc X1 X, X3 X4 Pemenue
r 0 0 0 0 0
X1 1 0 1/5 0 3/5
X 0 1 -3/5 0 6/5
X4 0 0 1 1 1

ITockonbKy JOCTUrHYT MHHHMYM r = 0, 3Ha4UT, Ha MIEPBOM 3Tale MOJy4€HO HOITyC-
TUMoe OasucHoe pemeHue x; =3/5, x,=6/5 u x;=1. VcKycCTBeHHbIE NEpEMEHHBIE
MOJIHOCTBIO BBIMOJHWIM CBOIO “MHCCHIO”, MO3TOMY M3 MocieaHeil TaGMHIBI MOXHO
YAIUTh UX cToNOLE!. [TepexonuM Ko BTOpOMY 3Taly.

Oman 2

Ilocne ynaneHuss UCKYCCTBEHHBIX MEPEMEHHBIX #cxX0O0Hasa 3amada OyneT 3amMcaHa
CJIeIy10IHUM 06pa3oM.

MMUHUMU3UPOBATH Z = 4x| + X;

C OrpaHU4YCHUAMHA

1 3
x1+-5-x3 3
Xy — —=X3 = é:

5 5
x3txs=1,

X1, X2, X3, X4 2 0.

O6pa1‘me BHMMaHHE, YTO IOCJIE NNEPBOro 3Tana UCXOo4HaA 3ajjaya Ipereprnesia HeKo-

TOpble N3MEHEHHUs, KOTOPbIE YUUTHIBAIOT MOJyYeHHOE Ga3uCHOe pelleHue. DToM TpaHc-
¢dopMupoBaHHOU 3aKa4ye COOTBETCTBYET ClieayIOLIas TabIuLa.

X4 Peienne
0 0

0 3/5

0 6/5

1 1

IMockonbKy 6a3MCHBIE IEPEMEHHBIE X U X; HMEIOT HEHyJeBble KOI(Q(HULHEHTHI B 2-
CTpOKe, 3Ty CTPOKY ClleyeT npeoGpa3oBarth.

Crapas z-ctpoka: (4 -1 0 0 | 0)
+4 Xx-ctpoka: (4 0 4/5 0 | 12/5)
+ 1 X x,-ctpoka: (0 1 =3/5 0 | 6/5)

=HoBas z-ctpoka: (0 0 1/5 0 | 18/5)
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HauansHas Tabnuua BTOPOro 3Tana MpUMET CleayroLui BUA,

basuc X1 X7 X3 X4 PelueHue
z 0 0 1/5 0 18/5
X1 1 0 1/5 0 3/5
X3 0 1 -3/5 0 6/5
X4 0 0 1 1 1

Tak Kak peluaeTcs 3ajaya MUHUMH3ALHH, CJIETyeT BBECTU MEPEMEHHYIO X3 B Gaswc.
IpuMeHeHne anropuT™Ma CHUMIUIEKC-METOMa YXKe Ha Cliemytolueii uTepalui npuBener K
ONTHMaJIBHOMY pelleHuIo (npoBepbTe!).

VY paneHue UCKYCCTBEHHBIX MEPEeMEHHBIX B KOHLE NEPBOro 3Tana UMEeT CMBICT TOJIBKO TO-
ra, Korja Bce OHU ABNAOTCA HebazucHbimu (Kak B npumepe 3.4-2). OnHako BO3MOXHA CUTya-
1M, KOrJa B KOHLE NIEPBOro 3Tana UCKYCCTBEHHBIE NIEPEMEHHbIE ocmaHymces @ bazuce, HO Oy-
IyT UMETh Hynegble 3HaveHus. B 3TOM ciyvae Takue NepeMEHHbIe NMPH HEOOX0AUMOCTH OyayT
¢$opMupoBaTh 4acTh HayaJbHOro 6a3UCHOroO peleHus A1 BToporo 3rtama. [Ipu 3ToM HeobGXxo-
JMMO TaK U3MEHUTDb BHIUHCIIEHHS, BBINIOJNHAEMbIE HA BTOPOM JTarne, YToObl HCKYCCTBEHHBIE Iie-
pEMEHHbIE HHKOTAA HE CMOIVIM NPUHATH MOJOXKUTENbHbIE 3HAYEHHS HU B KaKMX UTepaluaX
CHUMIUIEKC-METOa.

Cy1ecTByeT NPOCTOE MPaBIIO, KOTOPOE rapaHTUPYET, YTO Hyneéas Ga3ucHas UCKyCCTBEHHas
repeMeHHas Ha BTOPOM 3Tarne HUKOrAa He CTaHeT NojoxuTenbHoi. Eciiu B BemyiueM cronbue ko-
3¢ duULMEHT, COOTBETCTBYIOIIMI HyJIeBOI 0a3uCHON MCKYCCTBEHHOH NMEpEMEHHOM, MOIOKHUTENEH,
TOTZA 8e0ywuti snemenm OTPEIENAETCS aBTOMAaTHYECKH (IIOCKOJIbKY €My COOTBETCTBYET MHHH-
MajbHOE OTHOUIEHHE, paBHOE Hy/I0) YU MCKYCCTBEHHas NepeMeHHas Ha Cliedylollelf uTepauuu
cTaHOBHTCS Heba3ucHOM. Eciu BemyIuii 3n1eMeHT paBeH HyJo, CeayIollas HTepalys OCTaBIseT
HCKYCCTBEHHYIO IIEPEMEHHYIO HyneBoi. M HakOHel, pacCMOTPUM OTPHUATENbHbIA BeXyILuit Juie-
MeHT. B 3TOM ciryyae MHHHMaJIbHOE OTHOLIEHHE He accouuupyercs ¢ Ga3ucHoOl (HyseBo#) wc-
KYCCTBEHHO# nepemeHHoH. Ecni MUHMMaIbHOE OTHOLIEHUE OyIeT MOJIOKUTEIbHBIM, TO Ha Clie-
JyIOlleil UTepali UCKYCCTBEHHasd NepeMeHHas NPHUMET MOJIOKHUTENbHOE 3HaueHHe (06ocHYliTe
3TO yTBepKIAeHHE). UYTOOBI HCKIIOUNTD 3TY BO3MOMXHOCTb, Mbl NPUHYH#COGeM NCKYyCCTBEHHYIO Ie-
peMEHHYIO BCeraa ocTaBaThcsi B 6a3uCHOM peleHHH. IToCKONIbKY HCKYCCTBEHHAas NepeMeHHas
paBHa HyJIo, ee yaajieHue u3 6a3uCHOro pellieHUs He BIMAET Ha TO, OyZAeT M JOIMyCTHMBIM pe-
IIeHNe U3 ocTaBLIMXCA B 6a3uce nepeMeHHbIX. (Bbu10 6bI MONE3HO /1 YUTATENA paCCMOTPETh BCe
OIMMCAHHBIE CITyYaH C MOMOILBIO CUMILIEKC-TabMNHLL.)

Utak, npaBuio A1 BTOPOro 3Tamna 3akIo4YaeTcs B TOM, YTOObI HCKYCCTBEHHbIE NMEPEMEH-
Hble OCTaBJATh B Ga3uce Bceraa, koraa Ko3(GGHUUEHT B BETYIUEM CTONOLE MONOKHUTENbHBIN
WM OTpuuaTenbHblil. PakTUUECKU 3TO NPAaBUIIO IPUMEHAETCA B KOHLIE NEPBOro 3Tamna, Koria
yIanseM HyJieBble HUCKYyCCTBEHHbIE NEpeMeHHbIe U3 0a3UCHOroO pelIeHUs, Nepel TeM KakK MNpH-
CTYNHUTB KO BTOpoMY 3Tary (cM. ymp. 3.4,b(5)).

Ynpax+HeHusn 3.4,b

1. OTBeTbTE Ha CliedyIOLIME BOMPOCHI.

a) HO‘{CM)' Ha MEpPBOM 3Tane€ ABYXJ3TAalHOIO METOIJAa BCEraa MHHUMH3IMPYCTCA CyMMa
UCKYCCTBEHHBIX nepemeHHux?
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b) Ecau B 3anaue JIIT TpeGyercsa HaliTH MakcuMyM LesieBod QyHKLHH, TO CleXyeT Ju
Ha NepBOM 3Tane MaKCHMH3HPOBaTh CYMMY MCKYCCTBEHHBIX NEpEMEHHBIX?

2. JIng kaxxno# 3apauu u3 ynp. 3.4,a(3) 3anuiunTe COOTBETCTBYIOUIYIO LIENEBYIO (DYHKLHIO
JUIA IEPBOTO 3Tama.

3. Pewure 3agauu u3 ynp. 3.4,a(4) IByX3TarnHbIM METOAOM.

4. Tokaxure, 4TO CJIEQyIOIas 3aJa4a HE HMEET AOMYCTHMOIO pelIeHMA. 3anHIUUTe 3a1aqy
JIIT nns nepBoro 3Tana M 3aTeM npuMeHuTe nporpaMMmy TORA nis noHcka ee peLieHus.

MaxkcuMusupoBarts z = 2x; + 5x,

TIpH BHIMOJTHEHHH YCJIOBHH

3x,+2x, 26,

2x; +x,<52,

X1, %22 0.

5. JlaHa ciemyrouas 3aaaya.
MakcuMU3HpOBaTh z = 3x; + 2x; + 3x;
TIPHU BHITOJIHEHHH YCJIOBHH
2%, +x+x352,

3x1 +4x2 + 2x3 > 8,
X1, X2, X3 >0.
a) Hcnons3ys nporpammy TORA, nokakure, 4To MepBbIi 3Tal 3aKOHYUTCS C HYJIEBO#
HCKYCCTBEHHOH 6a3HUCHOM NepeMEHHO}.
b) BoinonHuTe BpYYHYIO BBIYMCIEHHA BTOPOrO 3Tamna C HyJIeBOM MCKYCCTBEHHOH mepe-

MEHHOM, ABNAIOLIEHCA YacThiO HayalbHOro 6a3MCHOro pemeHus. YGeauTech, 4TO
HCKYCCTBEHHbIE NIEpEMEHHBIE HUKOTIa He MPUHUMAIOT MOJIOXKHTENIbHBIX 3HAUYEHHH.

c) Tlokaxure, 4TO HyNeBble MCKYCCTBEHHBIE MEPEMEHHBIE MOXKHO YAQINTh M3 GasUCHOro
pelleHUA Ha NEpBOM 3Tarie (0 Hauaia BTOpOro) IyTeM BeiGopa BBOAMUMON MepeMEHHOM
C NIOMOILBIO HeH)ego20 BEMYLIETO IEMEHTa B CTPOKE HCKYCCTBEHHOM NepeMEHHOM.

6. PaccMoTpuTe ciieyIomrylo 3aaady.
MaxkcumusupoBarthb z = 3x; + 2x; + 3x;
TIPY BBINIOJTHEHUH YCIIOBHHM
2x) +x;+x3=2,
X1 +3x2 +X3=6,
3x1 + 4x2 + Zx3 = 8,

X1, X2, X3 >0.

a) C nomommsio nporpamMMel TORA nokaxure, 4To nepBbiif 3Tan 3aKOHYMTCA C ABYMS
HyJIEBBIMH HCKYCCTBEHHBIMH TIEPEMEHHBIMHU B 6a3MCHOM pelIeHHH.
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b) IMokaxure, 4TO onMcaiHas B ynp. 5(C) npouedypa, MPUMEHsieMas B KOHIIE NIEPBOro
3Tamna, MOXeT TOJIbKO OJHY U3 JBYX HyJIEBbIX HCKYCCTBEHHBIX NEPEMEHHbIX CIEJaTh
He6a3UCHOI.

¢) IMokaxurte, 4TO UCXOOHOE OrpaHMYEHHE, COOTBETCTBYIOLIEE HYJIEBOH HUCKYCCTBEH-
HO NepeMeHHOM, KOTOPYIO HeJb3s cIenaTh HeGa3suCHOM B 1. b), ABiseTca H30BITOY-
HbIM. Clreq0BaTeNbHO, CTPOKY 3TOr0 OrpaHHYEHHA, KaK M €ro UCKYCCTBEHHYIO Iepe-
MEHHYIO0, MOXHO YAAIUTH Ilepe]l HayajloM BTOPOTro 3Tala.

. HaHa cnemyrouias 3aqa4a JHHEHHOTO POrpaMMUPOBAHHUS.

MakcuMH3HpoBaTh z = 3x; + 2x; + 3x;
NpY BBINOJTHEHUH YCIIOBHIA
2x1 +x,+x3< 2,
3X1 +4x2 + 2x3 2 8,
X1, Xa, X3 2 0.

OnTuManbHas CUMIUIEKC-TabKIa, NONyYeHHass B KOHLE IEpBOro 3Tama, MMEET cie-
JyIOLMHA BUA

Basuc X X, X3 X4 Xs R Pemenue
z -5 0 -2 -1 —4 0 0
X3 2 1 1 0 1 0 2
R -5 0 -2 -1 —4 1 0

IMokaxxute, yTo HebGa3MCHBIE MEPEMEHHBIE X, X3, X3 U X4 HUKOrJA HE NMPUMYT MOJIIOKH-
TeJIbHbIe 3HAYEHUA B KOHLE BTOporo 3tamna. CiieoBaTeNbHO, CTONOLBI ITUX MEpPEMEH-
HBIX MOXHO YIAJIUTh M3 CUMIUIEKC-TabIHLpI €lle A0 Hayajla BTOporo 3rtana. B cymHo-
CTH, yIaJleHHE 3THUX IEPEMEHHBIX CBOAMT OrPaHWYMTEINIbHBIC PAaBEHCTBA K OLHOMY:
X3 = 2. DTO 03HAYaeT, YTO He ObLI0 HEOOXOAMMOCTH BhINOJIHATH BTOPOH 3Tan BOBCE, TakK
KaK IpOCTPaHCTBO JOIYCTHUMBIX PELICHHH COCTOUT TOJILKO M3 OXHOM TOYKH.

M3 3TOro ynpaxxHeHHs MOXHO CHeNaTh OOIIMH BBIBOA, YTO JNIOObIE HeGa3MCHBIE Me-
PEMEHHEIE, KOTOpbie HMEIOT cmpozo ompuyamenvhule K03QHULUEHTH B Z-CTPOKE B
KOHLIE BBIYMCIICHHI MEPBOro dTana, MOXKHO YAAIMTh M3 CHMIUIEKC-TaOIMLbI, TaK Kak
OHHM HMKOTJa HE MPHUMYT MOJOKHUTENbHbIE 3HAYEHHUSA B PE3yJIbTaTe BHINOJHEHHSA BTO-
poro 3Tana. B cBf3u ¢ 3THM OTMETHM, YTO OTpULATENbHbIE KO3 HULHUEHTHI B Z-CTPO-
Ke IUIA “eCTeCTBEHHBIX” (He MCKYCCTBEHHbIX) NEPEMEHHBIX MOTYT MOSBUTHCA TOJBLKO
B TOM Clly4yae, €CJIM B KOHLE NepBOro 3tana B 6a3suce NpUCyTCTBYIOT HCKYCCTBEHHBIE
(HyneBbI€) IEPEMEHHBIE.

. laHa 3aa4ya JIMHEIHOrO MPOrpaMMHpPOBAHH.
MUHHUMHU3UPOBATH z = 2x) — 4x, + 3x;

IIpY BBITNOJIHEHUH YCJIOBHH

SX1 - 6)C2 + 2)C3 2 5,
—x1+3x,+5x; 28,

I'nasa 3. CuMniIekc-MeTox 113



2xl + SXZ—4X3 24,

X1, X2, X3 2 0.

IMokaxkuTe, YTO HEpPaBEHCTBa MOXKHO CBECTU K MHOXKECTBY PaBEHCTB, KOTOpOE NMOTpeOby-
€T BBEIEHHS TOJIbKO OJHON MCKYCCTBEHHOM MepeMeHHO! (BMECTO BOZMOXHBIX [BYX HC-
KYCCTBEHHBIX).

3.5. OcoGble cnyyan npuMmeHeHns
cumMnnekc-mertoaa

B 3toMm pa3zesie paCCMOTPUM YE€TbIPE 0COOBIX Ciry4as, BCTpeYaloluXCs NpHu HCII0Jb30Ba-
HHUH CUMIUIEKC-METOHA.

1. BbIpOXAEHHOCTD.

2. AnbTepHaTHBHBIE ONTUMAJIbHBIE PEIICHUS.
3. Heorpanu4eHHbI€ peLIEHHS.

4. OTcyTCcTBHE NOMYCTUMBIX pEILEHHUM.

ITpu M3ydeHHUH STUX CITy4aeB OCHOBHOe BHUMaHHe MBI ynenuM (1) meopemuueckomy oboc-
HOBAHMIO NPUYHUH, NPUBOIALIMX K TAKUM CHTYyaLUsaM, U (2) UX npakmuyeckum UHTEPIpETaLH-
SIM [IPUMEHUTEIBHO K PeaIbHBIM 3aa4aM.

3.5.1. Bbipo)xgeHHOCTb

B xoze BEINONHEHHA CUMILIEKC-METONA IIPOBEPKA YCIOBHA TOITYCTUMOCTH MOXET IIPUBECTH
K HEOJHO3HAauYHOMY BbIOOpY HMCKIIIOYaeMOH nepeMeHHOH. B 3ToM ciyyae Ha cremyrole# ure-
pauuu onHa Win Gonee 6asucHbix TIEPEMEHHBIX NPUMYT HyJeBoe 3HaueHMe. Torma HoBoe
peieHue 6yneT BbIPOKAEHHBIM.

B BBIpOXKIEHHOM pEIEHHH HET HUKaKoW OMacHOCTH, 32 MCKIIOYEHHEM HEOONMBLINX Teope-
THYECKUX HeynoOCTB, KOTOpble MbI Janee KpaTko o6cyauM. C mpakTHYECKOH TOYKH 3PEHMs
BBIPOXKIEHHOCTh OOBACHAETCA TEM, YTO B UCXONHOM 3amade NPHCYTCTBYET IO KpaiHel Mmepe
OJIHO u36bimoYHOe OTpaHueHHe. I TOro 4ToObl JyYlle MOHATH MPAKTHYECKUE U TEOPETHYE-
CKHe aCHeKThI ABJEHUS BHIPOXKIEHHOCTH, paCCMOTPUM HMCJIEHHBIH npuMep. 'paduyeckas uH-
TeprpeTalus 3a1a4y MOMOXET HarIAAHO Pa3obpaThCs B 3TOM ABJICHHH.

IIpumep 3.5-1. (BblpoxkaeHHOE ONTHMAbHOE PeLlIeHHE)
PaccmotpuM crnemyrouryto 3agaqy JIIT.
MakcuMu3upoBats z = 3x; + 9x,

IIpY BHINOJIHEHUH YCIIOBHIA
x; +4x, <8,
x; + 2x2 < 4,
X1, %2 0.

O6o03HauuM yepes X3 U x4 AOMOJHUTEIBHBIC NTEPEMEHHBIC. Pe3y1]bTaTbI NpUMEHECHUSA
CHUMIUIEKC-METO A NPEACTABJICHBI B cnenyromeﬁ Tabnuue.
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HWrepauus Basuc X1 X, X3 X4 Pemenue
HauvanbHas z -3 -9 0 0 0
BBoaurc4 x; X3 1 4 1 0 8
Hckmoyaercs x; X4 1 2 0 1 4
[epBas z -3/4 0 9/4 0 18
BBoaurcs x,; X 1/4 1 1/4 0 2
HckmoyaeTcs x4 X4 12 0 -1/2 1 0
Bropas z 0 0 3/2 32 18
OntumyM x; 0 1 12 -1/2 2
X1 1 0 -1 2 0

Ha HayanbHOM UTepauMy B KayecTBE HCKIIOYaeMOW MOXHO BbIOpaTh Kak IepeMeH-
HYIO X3, TaK U x;. Eciv ocTaBuTh B 6a3uce NEpeMEHHYIO X,, Ha Clieqyloueit uTepauuu
OHa mpuMeT 3HayeHne 0 (kak nmokaszaHo B Tabauue), T.e. MONTY4YHUM BBIPOXKAEHHOE 6a3uc-
Hoe perieHue. ONTHMaIbHOE PeLICHHE MOTy4YaeTCs Ha ClIeXyIoLIe HTepaLuH.

Yro ke NpakTU4eCKU NMPHBOAMT K BEIDOXKAECHHOCTH pemenna? PaccMorpuM puc. 3.4,
rpaduyecKky NMpeACTaBIAIOMIMNIY peleHre 3Toi 3anaun. Touka ontumyMa x; =0, x, =2
ABJIAETCA MEpeceYeHueM TpeX NpaMbiX. II0CkoJIbKy HaHHas 3aJa4ya JBYXMEpPHa, 3Ta TOY-
Ka nepeonpeneyieHa (Ha IUIOCKOCTH IUIA OMNpEAENCHHUA TOYKM HOCTATOYHO ABYX MNps-
MBIX), H, CJIEZOBATEJIbHO, OMHO U3 OrpaHuYeHuH H30sITouHO. Ha npakTuke HHbOpMaLHsa
0 TOM, 4TO HEKOTOpBIE Pecypchl Hele(HLIMTHBI, MOXKET OBITh MOJIE3HOH MPU HUHTEpPIIpe-
TalMU pe3yJbTaTOB PELICHUs 3afa4H. DTH CBEICHHUA TaKKe MOTYT IIOMOYb BBISBUTh He-
TOYHOCTU M OWMOKM B MOCTAaHOBKE MCXOAHOM 3amayu. K coxaneHHro, He CylIECTBYET
cnoco60B onpeneauTh U3GBITOYHOE OrpaHHYCHHE HEMOCPEACTBEHHO U3 NAaHHBIX CHM-
TUIeKC-TabnuL.

OnrtuMansHoOe
BBIPOXKAECHHOE
pelueHue

Puc. 3.4

C BBIYHCIHUTENBHOM U TEOpeTHUECKOM TOYeK 3PEHUA BBIPOXKICHHOCTh MOXET MpH-
BECTH K ABYM MOCNIEACTBUAM. Bo-niepBhIX, B npolecce BIYHCICHHH MOXET BOSHUKHYTh
3auukJauBanue. Eciu B npuBeJeHHON Bbimle Tabnuue CPaBHUTb NMEPBYIO M BTOPYIO
UTEpalldy, TO MOXHO 3aMETUTh, YTO 3Ha4YeHME LIeJEBOM (YHKIMH HE HM3MEHWIOCH
(z=18). IToaToMy MOXET BO3HUKHYTb CHUTyalHs, KOrla NpH pealn3ally CHUMIUIEKC-
MeTOzla HEKOTOpas MOoCJeJ0BaTebHOCTh OyNET NOBTOPATLCSA, HE U3MEHSAA 3HAYECHUA Lie-
neBolt GpyHKUMH M He MPUBOIA K 3aBEPIUCHHIO BBIYHCIMTENbHOro mpouecca. Cyuect-
BYIOT METOMBI, NMPEOTBpaLIAOLIHe 3alMKINBaHHE, ONHAKO OHU 3HAYMUTENBHO 3aMeLIA-
10T npouecc BhiuucieHui. [ToaroMy B GOJBIIMHCTBE NMPOrpamMM, PEaTH3YIOIIHX CHM-
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IIJIEKC-METON, OTCYTCTBYIOT ClIEHabHBIE CPEACTBA 3allMThI OT 3aLMKIHBaHUA, TeM 60-
jiee, YTO BEPOATHOCTH 3aLMKIMBAHUA OYEHb MaJla.

Bo-BTOpBIX, [IOC/TEACTBHE BHIPOXKIEHHOCTH PEIIEHHA MOXXHO OOHApyXHTb, CPaBHH-
Bas NMEPBYIO U BTOPYIO MTEpaLMH B PUBEACHHON Bhile Tabuuie. X0TA B 3THX UTepalu-
AX COCTaB Ga3UCHBIX M HeOa3UCHBIX MEPEMEHHBIX pa3iiMieH, 3Ha4eHHA BCEX MEpeMeH-
HBIX M 3HaYeHHe LeNeBoi GpyHKLUMH He H3MEHAIOTCA:

x1=0,x,=2,x=0,x4=0,z=18.

Mo>XHO JIH, HECMOTPA Ha TO YTO ONTHMANbHOE PEICHHE HE JOCTHUTHYTO, OCTaHO-
BUTb BHIYMCJIEHHA Ha NepBoil uTepauuu (KOrha BIEpBbIE OOHapyXHBACTCA BBIPOXKIECH-
HocTh)? OTBET OTPULATENBHBIN, TaK KaK pellleHHEe MOXET ObITh TOJNIBKO 6peMeHHO Bbl-
poxaeHHbIM (ynp. 3.5,a(2)).

YnpaxHeHus 3.5,a

1. PaccmoTtpuTe rpagudeckoe npeicrabieHue o6J1acTH AOMYCTUMBIX peiieHuit (puc. 3.5).
IpenmnonoxuM, YTO BHINOJIHEHHE CHMILIEKC-METONA HAayHMHAeTCA M3 TOYKH A, onTH-
MaJIbHOE pellleHHe COOTBETCTBYET Touke D, a neneBas GyHKUMA TaKQBa, YTO B TOYKe A
BBOJMMO}1 IIepeMEHHO# OyneT x,.

a) ITokaxute (Ha pHCYHKe) KpallHHE TOYKH, KOTOPhIE COOTBETCTBYIOT MOCJIEAOBATEb-
HOCTH CHMIUIEKC-HTepauyi, MPHBOAAIIMX K TOUKE ONTUMYMa.

b) Ompeznenure MaKCHMaJIBHO BO3MOXKHOE YHCIIO CHMIUIEKC-HUTepalHi, He06X0AHMMBIX
JUISL JOCTHKECHHUS ONTHMAJIbHOIO PELICHHA.

X

*1

A
Puc. 3.5

2. Iokaxwure (rpaduuecky U MyTeM BHINOJIHEHHA CHMIUIEKC-METOAA), YTO CIEHyIOLIas 3a-
Iaya MMEeT 8peMeHHO BBIPOXKIECHHbIE PELICHHS.

MaxkcuMusupoBath z = 3x; + 2x,

IIPH BBIMTOJIHECHHUH yCJ'IOBKﬁ
4x 1+ 3x2 < 12,
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4X| +x,< 8,
4x‘ -x, < 8,

X1, X, 2 0.

3. Ucnonp3ysa B nporpaMme TORA omnuuy, MO3BOJIAIOIME YIPABIATh NPOLECCOM BBIUUC-
JICHUH, BBITIOJIHUTE MOCIIE0BATENBHOCTb CUMILIEKC-UTEpaLMi B cnemyrowei 3anayde JIIT
(3amaya npuaymasa E.M. Beale). HauanbHoe nomyctiMoe 6a3ucHOE pelleHHe, COCTOS-
1ee U3 JONOJHUTENbHBIX EPEMEHHBIX, IOBTOPUTCS Ha CEAbMOil UTepaluu. DTOT NpHU-
Mep WUIOCTPUPYET SBJIEHHE 3ALMKIMBAHHMA NPH BBIIIOJHEHHHM CHUMIUIEKC-METOAA; B
3TOM CIIy4ae ONTHMAIbHOE pelIeHHe HUKOTAa He 6yAeT JOCTHIHYTO.

1
MakcUMH3UpOBATh Z = %x, —20x, + 5x3 — 6x4

TNIpH BBINIOJIHEHHH YCIIOBHIA

ixl - 8X2—X3 + 9X4 < 0,

1 1
—x1—12x,— =x3+3x4 <0,
X 27 5% 4

X3SI,

X1, X2, X3, X4 2 0.

HHTepecHO OTMETHTb, YTO €CiM cHenaTh Bce Ko3(¢UUMEHThI B 3TOif 3amaye LiENbIMU
(TIyTeM yMHOXEHHS Ha COOTBETCTBYIOIIHE MHOXKHMTE/H), TO arOPUTM CHMIUIEKC-METOa
JOCTUTHET ONTUMAJIHOTO PeLIeHH 3a KOHEUHOE YHCIIO HTepauii (mpoBepbTe 3TO!).

(IIpedocmepesicenue. He ucnons3yiire nporpaMMmy TORA B aBTOMaTH4ecKOM pexume,
TaK KaK B 3TOM CJTy4ae LMKIHIeCKHe BHIYUCIEHUS Oy XyT BBIONHATHCA 6ECKOHEUHO.)

3.5.2. AnbTepHaTUBHbIE ONTUMASIbHbIE PeLleHUs

Korzma npamas (ecnu paccMaTpuBaeTcs AByXMepHas 3agada JIII, B obmem cimyyae — ru-
NePIUTOCKOCTh), MPEACTaBfomas eaeBylo ¢yHKUHUIO, MapavienbHa NpsAMoil (THIepILIOCKoC-
TH), COOTBETCTBYIOILEI cas3bi8aouemy HepaBeHCTBY (KOTOPOE B TOYKE ONTHMYMa BBIIIOJIHA-
€TCs KaK TOYHOE PaBeHCTBO), LieseBast (yHKUUA IPUHUMAET OOHO U MO Hce ONMUMANbHOe 3Ha-
Yyenue Ha HEKOTOPOM MHOXECTBE TOYEK I'paHHMILBI 06JaCTH AOMYCTUMBIX pelleHU. OTH pellle-
HMSl Ha3bIBAIOTCA aJIbTePHATHBHBLIMH ONTHMAJIbHBIMH pewieHusimu. Crexyromuii npumep
MOKa3bIBaeT, YTO TAKUX pELIEHHi (€CIM OHM CYHIECTBYIOT) OECKOHEUHOE MHOXXECTBO. JTOT
TIpMMep TaKke NMPOWLIIOCTPUPYET NMPaKTHYECKYIO 3HAYMMOCTh AJIbTEPHAaTHBHBIX MPAKTHYECKHX
pELICHHA.

Ilpumep 3.5-2. (beckoHeYHOE MHOKECTBO PeLUICHHH)
PaccMoTpum cremyronryro 3agaygy JIIT.

MakcuMU3UpoBaTh z = 2x; + 4x,

IpH OrpaHHYEeHHMAX
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xl+2x2£5,
x1+x2S4,
Xy, X2 2 0.

Ha puc. 3.6 noka3aHoO MHOXECTBO aJIbTEPHATUBHBIX ONTUMAIbHBIX PELICHHH, KOTO-
pble ABJAIOTCA CIEACTBHEM TOrO, YTO HpsAMas, NMPEACTABIAIOLIAs LEJEBYIO (QYHKLHIO,
napajuiebHa NpSIMOi, COOTBETCTBYIOLIEH CBA3BIBAaIOIEMY orpaHuyeHmto. Kaxnas Tou-
Ka ompeska BC COOTBETCTBYET ONTHMAJBHOMY DEIICHHIO CO 3HaYeHHUEM LeNIeBOi

¢yHxuuy z = 10.

2)

Puc. 3.6
ITocnenoBarenbHble UTEpALMU BBITIOJHEHUS CHUMILIEKC-METONA IIPEICTaBIEHbl B
cremyromei Tabnuue.
Hrepauus Bazuc X1 X X3 X4 PeuieHune
HauvanbHas z -2 —4 0 0 0
Bsoaurtcs x, X3 1 2 1 0 5
Hcxmouaercs x; X4 1 1 0 1 4
IepBas (onTUMYM) z 0 2 0 10
BBoaurcs x; X2 172 1 172 0 5/2
HcknoyaeTcs x4 X4 1/2 0 -1/2 1 3/2
Bropas z 0 0 2
(ayIbTEpHATUBHBII X3 0 1 1
ONTHUMYM) Xy 1 0 -1

Ha nepBoii utepauuy moigyyaeM ontuMajibHoe pemenue x; =0, x, =5/2 u z= 10,
KOTOpO€ COOTBETCTBYET TOuke B Ha pHc. 3.6. Kak y3HaTh M3 CHMIUIEKC-TabaMLBI, YTO
CYIIECTBYET aJlbTEPHATHBHOE ONTUMaIbHOe pemieHue? [TocMoTpuTe Ha KO3 PHLHUEHTHI
Heba3ucCHYIX TIEPEMEHHBIX B z-CTpOKe mepBoil mrepauuu. KoadoduimeHt HebGa3ucHOM
NIEPEMEHHOI X| PaBeH HYJIIO, 3TO O3HAYAET, YTO JaHHYIO IEPEMEHHYIO MOXKHO BBECTH B
6a3uc 6e3 u3MEeHEeHNs 3HaUeHUA LeNeBoi QYHKUMH, HO 3HAYeHUe caMO NepeMEeHHOM X
U3MeHHUTCA. BBeneHue mepeMeHHOH x; B 0a3sHCHOE pelLIeHHE BBINOJIHEHO Ha BTOpOH

Yacrs 1. lerepmMuHHpOBaHHDbIE MOJEIH



UTepaLuy, TIpH 3TOM U3 6a3nca HCKIIOUEHa NEpeMEHHas x4. [0oy4eHO HOBOE pellieHHe
x1 =3, x,=1, z= 10, xoTopoe cooTBeTcTBYeT Touke C Ha puc. 3.6.

CuMILTEKC-METOA MOXET OMpelesUTh TONBKO ABE yriioBele Touku B U C. MareMa-
THYECKH MBI MOXEM HaliTH Bce TOUKH (x;,x,) oTpe3ka BC kak B3BeLICHHOe cpefHee (C

HeoTpuuaTenbHeIMU Becamu) Touek B u C. [Tomaras 0 < a<1wu

B:x;=0,x,=5/2,
C:x1=3,x,=1,

KOOpAMHATHI JIF060# Touky oTpe3ka BC MOXHO 3aMKcaTh CIETYOLMM 06pasoM:
x =ax0+(1-0)x3=3-3¢,
5 3
xn=ax=+(l-ax1=1+=c.
2 ; T-a) 5
Mpu a=0 (x/,x;) =(3, 1), uto coorserctByer Touke C. IIpu =1 monyyaem

(x/,x;) =(0, 5/2) — 310 Touka B. Eciut 3HaueHHEe @ NEXHUT cTporo Mexay O u 1, nomy-
YyaeM BHyTpEeHHHE TOukH otpe3ka BC.

Ha npaxTuke albTepHaTHBHbIE ONTHMAIbHbIE PEIIEHHS BECbMa IOJIE3HBI, OCKONBKY IO-
3BOJIAIOT CHENATh BLIOOp Cpeau MHOXKECTBAa pelIeHHH 6e3 yXynlueHHs 3HaYeHUs LeneBoi
¢yukumu. Hampumep, B paccMOTpeHHO# Bblille 3afiaue IEpeMEHHas X, NMPHHHUMAET HYJIEBOE
3HayeHHe B TOUKe B, TOr[a KaK B APYTMX albTEPHATUBHBIX ONTHMAIBHBIX PELICHUAX ee 3Haye-
HME TOJIOKUTENBHO. EC/IM HHTEpNpeTHPOBaTh 3aady Kak 3aavy opraHM3allH MPOH3BOACTBA
IBYX BHIOB TOBapa (KOTOpbie COOTBETCTBYIOT NEPEMEHHBIM X; M X3), TO, C YYETOM KOHKYpDEH-
LMY Ha phiHKe, 0oJiee paLiOHAJILHO NPOU3BONHTH 06a BHIa TOBapa, a He OAMH. B 3ToM cirydae
pelueHie, COOTBETCTBYIOMee Touke C, MPEANOYTUTEbHEE.

YnpaxxHeHus 3.5,b

1. Ins cnemyroweit 3agaum JIIT HaiiauTe He MeHee TPEX albTEPHATHUBHBIX ONTHMATbHBIX
6a3ucHBIX pelueHuil. 3anuiunTe Takxke oOlLiee BhIpaXKeHUe I BCeX HEGasHUCHBIX alb-
TEPHATHBHBIX ONTUMAJbHBIX PEIICHUM, YaCTHHIMM CTy4asMH KOTOpbIX GymyT HaiineH-
HbI€ BAMH pEIUEeHH.

MakcuMHU3UpOBaTh z = X + 2x; + 3x;

TIpH BBINOJIHEHUH YCTIOBUH
x + 2x2 + 3X3 < 10,
Xy +x< 5,
x <1,
X1, X2, X3 >0.
2. Iokaxwure, yto cnexyrowas 3agaya JII1 MMeeT aJbTepHaTHBHBIE ONTHMAaJbHBIE peElIe-

HMs M Bce OHM HeGasucHble. I 3TOif 3aauyu MpeACTaBbTe Ha IJIOCKOCTH 06nacTh H0-
IyCTHUMBIX PELIECHHI U NPSAMYIO, COOTBETCTBYIOLLYIO LENEBO (yHKLHH.
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MakcHMHU3HpOBaTh z = 2x; — X, + 3x;3
MIPH BBITNOIHEHHH YCIOBHIA

X=Xy + SX3 < 10,
ZX1 —X;+ 3X3 < 40,

X1, X2, X3 20.

3. ITokaxwure, uto B ciexyroumell 3agaye JIII ontHManbHOe pellleHHe BBHIPOXKAECHO M BCE
CYILECTBYIOLIHE aIbTePHATHBHBIE PELIEHUA ABJIAIOTCA HeGa3HCHBIMH.

MaxkcumusupoBaTts z = 3x; + X,
NPH BBIOJHEHHH YCIOBHM

X1 +2xz < 5,
Xyt X3 —Xx3 52,
7x1 + 3x2 - SX3 < 20,

X1, X2, X3 20.

3.5.3. HeorpaHuueHHble pelleHns

B Hekortopsix 3agadax JII1 3HayeHHA NMEepeMEHHBIX MOTYT HEOrpaHH4Y€HHO BO3pacTaTh
6e3 HapymeHus orpaHHYeHUH. DTO TOBOPUT O TOM, YTO MPOCTPAHCTBO AOIMYCTHUMBIX pe-
IIEHHI He OrpaHHYeHO IO KpailHell Mepe N0 OQHOMY HanpasjieHHI0. B pe3ynbraTte 3TOrO
ueneBas QYHKUHSA MOXET Bo3pacTaTh (3agaya MaKCHMMHU3aUMH) Wi yObiBaTh (3agaya MH-
HUMM3aLKH) HEOTPAaHHYEHHO.

HeorpanudeHHOCTh peLIEHHA 3ailad¥ CBHIAETENLCTBYET TOJNIBKO 00 OOHOM: Mojenb paspa-
60oTaHa He HOCTATOYHO KOPPEKTHO. THNMM4HBIE OIHMOKM, MPHBOAAIINE K NMOCTPOCHHMIO TAaKHX
MoJenei, 3aKII0YaloTCA B TOM, YTO HE YYHTHIBAIOTCA OTPaHHYEHHsA, HE ABJIAIOIMECH H3OBITOY-
HBIMH, M HE TOYHO OLIEHMBAIOTCA NMapaMeTpsl (ko3¢ PHLHEHTH) OrpaHHYEeHHI.

B cnemyroieM nmpuMepe MoOKa3aHO, KAK HAa OCHOBE JAaHHBIX, MPHBEACHHBIX B CHMILICKC-
TabJMLle, MOXHO ONpENENUTh, KOTla He OrPaHHYEHO MPOCTPAHCTBO PELICHUI U 3HaYEHHUA lIe-
neBoit QyHKUUH.

Ipumep 3.5-3. (HeorpanuyenHas uejieBas GyHKUHS)
PaccmoTpuM 3amauy

Makcumu3npoBats z = 2x; + x;

IIPH BBINTIOJIHCHUH yCIIOBPlﬁ

X1 — X2 < 10,
2x; £ 40,
X1, X2 2 0.

CuMIuiekc-Tabnuua HaqanbHON HTepaly 3TO! 3alaui UMeeT CleayIoLHi BUI.
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Basuc Xy X3 X4 Pemenue
z -2 0 0 0
X3 1 1 0 10
X4 0 1 40

U3 3Toif TabmuIBl BUOHO, YTO B Ka4eCTBE BBOAUMOI NIEpEMEHHON MOXHO B3iTh
KakK X, TaK U X,. [IoCKONbKY mepeMeHHas X, UMeeT MaKCHUMaJIbHbIH (110 abcomoTHOM
BEJHYHHE) OTPULATENbHBIY K03 GHUIUEHT B Z-CTPOKE, HMEHHO €€ CIIeyeT BBECTH B
6a3ucHoe pemenne. OHAKO 3aMETHM, UTO 80 8cex ozpaHuyeHusx K03 UIUEHTSI,
CTOsLIME Mepel MepeMEHHON x,, ompuyamenvHel WA pasHel Hyal0. DTO 03HAYAET,
YTO 3Ha4YeHHe MEePEeMEeHHON x, MOXKET BO3PacTaTh N0 GECKOHEYHOCTH, U MPH 3TOM
He HapylaeTca HU OOHO orpaHumdeHue. [TocKoNbKy yBenuueHHe Ha 1 3HaYeHHUs Ie-
PEMEHHOM X, IPUBOJMT K YBEJIHYCHUIO Ha | 3HaueHMA meneBOM (QYHKLUM, 3HAUUT,
HEOrpaHMYEHHOE YBeJHYEHHEe 3HaUeHUS NIepEMEHHOM X, BeIeT K HEOrpaHHIEHHOMY
yBENMYEHHIO 3HAYCHHUs LieJeBoit GyHKUMH. DTa CHTyaluus NPOUUIIOCTPHPOBaHA Ha
puc. 3.7. Ha 3TOM pHUCyHKe BHIHO, YTO HPOCTPAHCTBO IOIYCTHMBIX PEHICHHUI He
OrpaHH4YeHO B HANpaBJICHUH OCH X, H 3HaYCHHE LeNeBON QYHKIHMH MOXET OBITh Ka-
KUM YTOIHO GONBIIAM.

HeorpanuyenHoe
3HAYEHHE LIeJIEBOH

byHKIMH

1

Puc. 3.7

IMpaBuwiio BHIABJICHHA HEOTPaHUYEHHOCTH pElIeHUs cienyiomee. Ecnu Ha kakoi-mmibo cum-
IUIEKC-HTepaLiH K03 (HLHEHTH! B OrpaHHMYEHUAX A1 KaKOH-HHOY b Heba3ucHol IIEPEMEHHON
OyIoyT HENOJIOKHTEJIbHBIMH, 3HAYUT, NPOCMPAHCMBO peuienuli He OTPaHUYEHO B HAINPaBJICHUH
BO3pacTaHUa 3Tok mepeMeHHoil. Kpome Toro, ecnu ko3h@uuueHT 3Toi nepeMeHHOH B z-
CTPOKE OTpHLATENIEH, KOTa pacCMaTpUBaeTCs 3a4a4a MaKCHMH3aluH, WM II0JIOXKHTEJIEH B 3a-
Jaye MUHUMU3ALWY, yenesas (hyHKkyus TakkKe He OTpaHHYEHA.
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YnpaxxHeHus 3.5,c

1. B 3agavye u3 npumepa 3.5-3 nmokaxkure, 4T0 NPUMEHEHHE CHMILUIEKC-METOIa, KOrja, co-
IJIaCHO YCJIOBHIO ONTHMANbHOCTH, BBIYMCICHHUA HAYMHAIOTCS C MEPEMEHHOMH X, B Kaye-
CTBE BBOAUMOM, 06513aTeNbHO MPUBEAET K HEOTPaHUYEHHOMY PEIIESHHIO.

2. Jlana cnenyromas 3anaya JIIT.
MaxkcumuzupoBath z = 20x; + 10x; + x;
IIpH BBLITIOJTHEHUH YCIIOBHIA

3x1 - 3x2 + SX3 < 50,
x; +x3 210,
X;— X, +4x3 <20,
X1, X2, X3 2 0.
a) PaccMoTpeB orpaHuyeHus, ONpeeNiuTe HanpaiieHue (1o OCH X;, X, WIH X3), B KOTO-
POM IPOCTPAHCTBO JOIYCTUMBIX PEIICHUIH HE OTPaHHUYEHO.

b) Be3s NOMONHUTENBHBIX BHLIYHCIEHHWI ClenaiiTe 3aKOYEHHE OTHOCHUTENLHO OMNTH-
MaJILHOTO 3Ha4YeHHs LieNeBoii GyHKUMH.

3. B HEKOTOpBIX IUIOX0 NOCTPOeHHBIX Moaeisix JIIT npocTpaHCTBO AOMYCTHUMBIX pelleHHH
MOXeT ObiTh HEOrpaHHYEHHBIM Jaxke TOTAa, KOrja 3ajaiya UMeeT KOHeyHoe (orpa-
HUYEHHOE) ONTHMallbHOe pelieHHe. Takoe MOXET CIYYHThCS, €CJIM NPH MOCTPOEHUH
OrpaHHYeHUH DOMyIIEeHbI ONOKH. B 6oybINX 3aKa4ax MHOTAA TPYAHO BU3YalIbHO OI-
peneNuTh, ABASAETCA JIH MPOCTPAHCTBO AOMYCTHMBIX peLICHHI orpaHHYEeHHbIM. Pa3spa-
6oraiite npouexypy onpeaeneHUs HEOrpaHUYEHHOCTH NMPOCTPAHCTBA PEICHUH M NpH-
MEHHTE ee K CleyIolleii 3anaye.

MakcumuzupoBath z = 40x; + 20x, + 2x;3
NIPH OrpaHHYEHHAX

3x; — 3x, + 5x3 < 50,
X1 + X3 < 10,
X1 —Xxy + 4X3 < 2,

X1y X2, X3 2 0.

3.5.4. OTcyTcTBUME QONYCTUMBIX PeLleHnin

Ecnu orpanuuenus 3agadu JIIT HecOBMECTHBI (T.€. OHH HE MOTYT BBIMOJHATHCA OXHO-
BPEMEHHO), TO 3ajlaya He UMeeT NOMyCTHMBIX pemeHuit. Takad CUTyalus He MOXET BO3-
HHMKHYTb, €CJIH 6Ce HEPABEHCTBA, COCTABIIAIOIIME CHCTEMY OTPaHUYEHHM, UMEIOT TUR “<” ¢
HEOTPHUATENbHBIMH NMPaBBIMH YacTAMHU, TaK KaK B 3TOM CJIy4yae NOMOJHHUTENbHBIE Mepe-
MEHHBIE MOTYT COCTaBHTh NONMYCTHMOE pemeHue. [ APYrHX THIIOB OrpaHUYEHHUN MBI
HCIOJIb3yeM HCKYCCTBEHHbIE NepeMeHHble. 1 X0TA B ONTHMaJIbHOM pEIIEHHH BCE HCKYC-
CTBEHHbIE TNIepeMeHHble B CHIIy IITpadOB paBHBI HYJIO, TAKOH HCXOJA BO3MOXEH TOJIbKO
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TOrAa, KOrja 3ajaya MMeeT HellycToe MPOCTPaHCTBO NOIYCTHMBIX peureHuil. B nmporus-
HOM cCllyyae B ONTHMaJbHOM pELIEHHMH OyIeT NpUCYTCTBOBAaTh XOTA Obl OJHA NON0XCU-
menbHAs UCKYCCTBEHHAS II€pEeMEHHas.

C mpaxTH4ecKoii TOUKH 3peHHUs OTCYTCTBUE NOIMYCTUMBIX pelIeHU CBUIETENBCTBYET O TOM,
4TO 3a7a4a I0X0 ChOpMYIIMPOBaHa.

ITpumep 3.5-4. (OTcyTcTBHE JONYCTHMBIX pelileHHit)
PaccMoTpuM cieyronnyro 3aiady.
MakcuMH3HpOoBaTh z = 3x; + 2x,
IIpH BBHIIOJTHEHUH YCIOBUH

2% +x, L2,
3X| + 4)C3 2 12,
X1, X2 2 0.

PesynbTar npuMeHeHUs: CUMILUIEKC-METO/Ia NIpeICTaBlieH B cliedyrolieii Tabuue.

Hrepauys bazuc X1 X X4 X3 R | Pemenue
HavanbHas z —3-3M 2-4M M 0 0 —12M
BBoaurcs x, X3 2 1 0 1 0 2
Hcxmoyaercs x; R 3 4 -1 0 1 12
IlepBas z 1+5M 0 M 2+4M O 4-4M
(nceBmOONTUMYM) X 2 1 0 1 0 2
R -5 0 -1 —4 1 4

JlaHHbIe U3 3TO# TaOJIMIBI TOKA3BIBAIOT, YTO B TOYKE ONTHMYMa HCKYCCTBEHHas Iie-
peMeHHas R UMeeT MOJIOXKUTENbHOEe 3HaueHue (= 4), YTO CBHAETEIbCTBYET 00 OTCYTCT-
BUM JomyctiMoro pemeHus. Ha puc. 3.8 rpaduuecku npencraBineHa cUTyalus JaHHOU
3ajjayil. AJNFOPUTM CHMIUIEKC-METOMA, JOITyCKas IOJIOXKUTENbHBIE 3HaYE€HUS UCKYCCT-
BEHHOU IIEPEeMEHHOH, MO CyIIeCTBY, IpEeBpallaeT HEpaBeHCTBO 3x;+4x;212 B
3x; + 4x3 < 12. (O6bACHUTE, TOYEMY TaK NPOMCXOAHUT.) B pedynbTaTe nosyyaeM To, 4TO
MO>XKHO Ha3BaTh MCEBAOONTHMAJIbHBIM pellieHHeM.

IceBpoonTUMansHoe
pelueHue

X1

Puc. 3.8
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YnpaxxHeHus 3.5,d

1. Komnanus npoussoaut uzgenus Tpex tunoB T1, T2 u T3. Ha ux usroroBneHue pacxo-
nyetcs Mateprat M1 u M2 corniacHO JaHHBIM ClieyloLiei TaGnuLbl.

Pacxon MAaTCpHaAJIOB Ha €AMHULLY U3OCJIUA

Marepuain T1 T2 T3
Ml 3 5 6
M2 5 3 4

ExenqHeBHO MOXHO HcTob30BaTh He Oosnee 1000 exunun marepuana M1 u 1200 equ-
HHL Matepuaia M2. Otaen MapKeTHHra HacTauBaeT, YTOObI CyMMapHOE €XeIHEBHOE
MPOU3BOJCTBO U3JENHil COCTaBIAIO0 He MeHee 500 enuHML. MoOXeT JIM MPOM3BOACTBO
YJOBJIETBOPUTH 3TO TpeGoBaHue? Eciu OTBET OTpHUATENbHBIN, NOMOTHTE KOMIAaHHH
COCTaBUTh HauboJiee BHITOAHYIO CTPYKTYpY NPOU3BOACTBA U3IEHA.

2. Jlana cnenytomas 3azaya JIII.
MakcuMuU3NpoBath z = 3x; + 2x; + 3x;
IIpY OrpaHHYEHUAX

2x1 + X + X3 S2,
3x| + 4x2 +2X3 2 8,
X1, X2, X3 2 0.

Hcnone3ys M-MeToq, MOKaXUTe, YTO ONTUMAIBHOE PEIIeHHe 3TOM 3aJadyd COHEPKHUT
HCKYCCTBEHHYIO 0a3uCHYI0 mepeMeHHYI0. Ho mockosbky 3HayeHue 3Toi nepeMeHHOMN
paBHO HyJIIO, 3a[a4a UMEET 0onycmumoe ONTUMATIBHOE PEeLEeHHE.

3.6. 3aknouyeHne

N3 TeopeTHyECKUX MOJIOKEHUH, JIEXKALIUX B OCHOBE CUMILIEKC-METOAA, CIEAYET, YTO ONTH-
MalbHOE pelleHHe 3aJayd JHMHEHHOro NporpaMMHpPOBAHHA COOTBETCTBYET KpaitHeil Touke
MPOCTpaHCTBa JOIYyCTHUMBIX pelleHuit 3aqayu. B cBolo ouepens, kpaifHUE TOUYKH MPOCTPAHCTBA
JOMYCTUMBIX pelIeHUt MOJHOCTHIO ONpenesIoTcs 6a3UCHBIMH pelieHusamMH 3anauu JIIT, npen-
CTaBlIeHHO B cTaHtapTHOH (opme. It KOMITBIOTEPHON peajin3alli CUMIUIEKC-METOAA pas-
paboTtaH cnoco6 UCIOb30BaHUA UCKYCCTBEHHBIX MEPEMEHHBIX, YTO M03BOJIAET HAUTU Havyalb-
Hoe 6a3ucHoe penieHUe 3ajadd. B 3Toit riaBe Takke pacCMOTPEHbI TEOPETHYECKUE U NPAKTHU-
YeCKHe acreKThl 0COOBIX CTy4aeB peaM3allMi CUMIUIEKC-METOAA: BBIPOXKAEHHOCTh, aJIbTEpHa-
THBHbIE ONTUMAJIEHBIE PEIICHUS, HEOTPAHHYEHHOCTh M OTCYTCTBHE HOITYCTUMBIX pEIIEeHHU.

JNlntepatypa

1. Bazaraa M., Jarvis J., Sherali M. Linear Programming and Network Flows, 2nd ed., Wiley,
New York, 1990.

2. Dantzig G. Linear Programming and Extensions, Princeton University Press, Princeton,
N.J., 1963. (Pycckuit nepeson: Januur k. JIuHeliHoe MporpaMMHUpoOBaHKe, €ro NpUMEHe-
Hue u 0606menue. — M.: TIporpecc, 1966.)
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3. Nering E., Tucker A. Linear Programming and Related Problems, Academic Press, Boston, 1992.

4. Taha H. Linear Programming, Chapter II-1 in Handbook of Operations Research, J. Moder and S.
Elmaghraby (eds.), Van Nostrand Reinhold, New York, 1978. (Pycckuit nepeBon: Hccnedosanue
onepayuii: B 2-x Tomax. Ion pen. k. Moynepa, C. Onmarpabu. — M.: Mup, 1981.)

NuTepatypa, no6aBneHHas nNpu nepesojae

AummanoB C.A. JTuneiinoe npozpammuposanue. — M.: Hayka, 1981.

T'acc C. Juneiinoe npoepammuposarnue. — M.: du3marrus, 1961.

TFonbwrreitn E.I'., Omun JI.b. Jluneiinoe npocpammuposarue: Teopus, memoovt u npunodice-
Hus. — M.: Hayka, 1969.

KomnrnekcHble 3apaumn

B 3-1. He6Gonb1uoit KOHCEpBHBIH 3aBOJ MPOU3BOIUT IIATH TUIIOB KOHCEPBOB HAa OCHOBE TPEX
BUIOB CBEXHUX QPYKTOB. 3aBOJ MMeeT Ba NPOU3BOACTBEHHBIX 1I€Xa, KOTOPEIE NIPH HEOO-
XOIHMMOCTH MOTYT HapallMBaTh BBITYCK NMPOAYKUHH. B HacToAllee BpeMs NPOU3BOACT-
BEHHbIE liexa paboTaioT B OHY CMeHY, HO 6€3 Tpyaa MOTyT NepeiTH Ha IBYX- WIH Tpex-
CMeHHYI0 paboTy. PeanbHbIM OrpaHH4YE€HHEM HapallMBaHUA BBITYCKa NPOXYKLHH SBIAET-
CS TOJIBKO 00beM MOCTaBNIAEMBIX Ha MepepaboTky cBexux GpykroB. [TockonbKy 00BEMEI
XONOAWIbHBIX KaMep OrpaHHYEHBI, XKeJaTebHO, YTOObI BCe QpYyKTHl MepepabaThBaIUCh
B TeueHue pabouero gHs.

MoJooi aHaNUTHK, CELUATUCT M0 UCCIEIOBAHUIO ONEpaLyii, TOPHT JKeJaHUEM YBEJIUIUTH
YpOBeHb TpPOM3BOACTBAa 3TOro 3aBoja. Ilocie aHamM3a NPOM3BOACTBEHHOM CHUTyalMH OH
c¢opMynupoBat 3anady JHHEHHOro MpOrpaMMUpOBaHuA. 3afada BKIIOYAET MATH MEPEMEH-
HBIX (111 NATH BUIOB NMPOXYKIMH) M TPH OrpaHndeHus (JUit Tpex BUIOB chipbs). Teopus JIIT
FOBOPHT O TOM, 4TO B 3aJja4e C MATHIO MEpPEMEHHBIMU U TPEMA OTPaHUYEHHAMH ONTUMATBHOE
pelilleHre He MOXET cofepxaTh Oonee Tpex Ga3UCHBIX NepeMeHHbIX. CiieqoBaTeNbHO, OMTH-
MaJIbHOE pellleHHe MpeAronaraeT NpOM3BOACTBO He Gonee Tpex BHUIOB MPOXYKUMH. “Ara, —
HOXyMaJl aHATHTHK, — MPOU3BOICTBO 3TOU KOMIAHHUH SBHO HE ONTHMAIBHO.”

OH 10GUIICS BCTPEYH C MEHEIKEPOM 10 IMPOU3BOACTBY Ui 00CYXIEHUS HOCTPOEHHOM MO-
nenu JIT1. Menemxep, noapoOGHO 03HAKOMHUBIIKCH C 3aJadyeif, Halles, YTO MOJEJb aJeKBaT-
HO 0TOOpaxkaeT CIIOKHBLIYIOCS MPOH3BOJACTBEHHYIO CHUTYAIHIO.

AHanuTUK 00BACHWN, 4TO, corinacHo TeopuH JIII, mockoiabKy 3aJada MIMEET TOJBKO TPH Or-
paHHM4YeHHUs, ONTUMANIBHBINA IUIaH MPOU3BOJCTBA HE JOJDKEH colepxaTh Oojiee Tpex BHUIOB
MPOOYKUMHA M MO3TOMY 3aBOJ JOJDKEH NMPEKPaTUTh BBIMYCK IBYX OecrnpuUOBIIBHBIX BUIOB
NPOAYKUMH. MeHemkep, BHUMATENbHO BBICHYIIAB aHAJIMTHKA, CKa3al, YTO €ro KOMIaHHA
HE MOXET NMPEeKPaTHTh BBIMYCK JABYX BUIOB NPOMYKLMH, TaK KaK 3TO HE BBITOJHO MpPEApPHU-
aturo. Ho 4ToGBI corlacoBaTh TEOPHUIO U MPAKTHKY, OH NPeIOKWIT 106aBUTh B MOJEb €ILe
IIBa OrpaHMYeHus, Toraa OyleT NATh OrpaHUYEHHMH, U B 3TOM CiIydae ONTHMAIbHOE pelle-
HHeE JOJDKHO pa3peluTh MPOU3BOJACTBO BCEX MATH BUIOB NPOIYKIHUH.

OT0 npeanoxeHue HEMHOTO CMYTHIIO aHAJIMTHKA, TaK KaK OYEBHIHO, YTO NOOaBIEHHE HO-
BBIX OTpaHHYEHHI He MOXET YTYYIUHTh ONTHMANbHOE PElIeHHe, OMHAKO OH CMOT YECTHO
OTBETUTH MEHEIKEPY, YTO JAHHOE MpeIoKeHHe cornacyercs ¢ Teopueit JIIT.

Kak pa3peuuTs 3T0T “napagokc”?
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W 3-2.! TpaHCrnOpTHas KOMIAaHHUs, CTELHMATH3UPYIOMAACS Ha TEPEBO3KaX Ipy30B, UMEET
MHOJXXECTBO TEPMHMHAJIOB, PAcMoONOXEHHbIX B “CTpaTern4eckux” TOYKaX MO Bceil Teppu-
Topuu CLIA. Koraa rpyssl nocTynaroT Ha TepMHHaJ, OHH COPTHPYIOTCA: YacTh Ipy3a,
npeJHa3HaYeHHasd MECTHOMY HOTpe6GMTeNo, eMy Xe M IOCTYNaeT, OCTaJbHOM Ipy3 OT-
MpaBJIsgeTcA K ClefyloueMy TepMUHaly. TepMUHaNbHbIE TOKH 00CIIyXHBAIOT Kak nocmo-
AHHble, TaK 8pemeHHble pabomHuku, HabupaeMble no HaiiMy. [1oCTOAHHBIM paGOTHHKAM
rapaHTupoBaHa 40-9acoBas pabouas Henxens. OHH paboTalOT B OOHY U3 TpEX CTaHAApT-
HBIX CMEH HEMpPEPBIBHO B TEYEHHE MATH AHEH, HO UX pabouas Helenst MOXKET HayaThCs B
mo6oil neHp Henenu. BpeMeHHble pabOTHUKY HaHHMAIOTCA Ha JIF060e KOJMYEeCTBO pado-
YHX YacOB IMPU MUKOBBIX NOCTYIUICHUAX IPy30B, MPEBBILIAIONMIUX BO3MOXHOCTH UX 00pa-
60TKH NOCTOAHHBIMHU pabOTHHUKaMH.

I'py3sl MOIyT MOCTYNaTh Ha TEPMHHANBI B 11000€ BpeMs CyTOK, IPUYEM HEPaBHOMEPHO B
TeyeHHe CyToK. M3yueHne CTaTUCTHYECKMX AaHHBIX MOKa3bIBaeT, YTO pacrpeleneHue Mo-
CTYILUIEHUS IPYy30B NPHUMEPHO OIMHAKOBO KaXIYI0 HENENIO, U MUK NOCTYIUIEHHS Tpy30B
06BIMHO MPHXOMMTCA Ha KOHel Henenu (MATHHMLAa—BOCKpeceHHe). [TonuTika KOMIaHUH
TpebyeT, YTo6h! Ipy3bl 3aJePKUBAMCh Ha TEpMUHAIAX He Gosiee yeM Ha 16 4acoB.

PaspaboraiiTe MozieNb, C TOMOLIBIO KOTOPOM MOXHO OBUTO GBI Ha3HauaTh B paboune CMEHbBI
HOCTOSIHHBIX pabOTHUKOB U HAHUMATh BPEMEHHBIX.

1 Ora 3aa4ya OCHOBaHA Ha HCCNIEIOBaHMAX, NPOBOAUMBIX aBTOPOM VISl HALIMOHANBHOM TPAHCTIOPTHOM KOMMaHUH.
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I1IBONCTBEHHOCTb N aHaNN3
YyBCTBUTENbHOCTM

4.1. BBepeHune

OnruMaiibHOE peLeHHe 3a1a4y JTMHEHHOro NPOrpaMMHUPOBaHHUsl OTNIpEIeIIeTCs TEMHU YCIIO-
BHSMH, KOTOpbI€ HALLIH OTPa)X€HUE B MOJEIH B MOMEHT €€ (OpMHUpOBaHHA. B peanbHOM XKu3-
HU ycnoBUA, GOpMUPYIOIIME MOIENb, HE OCTAIOTCA HEM3MEHHBIMU. B cBA3M ¢ 3TMM ocoboe
3HaueHHe NPHOOPETAIOT CPENCTBA, MO3BOJIAIOLINE OLEHUTh U3MEHEHHUS B ONTUMAJIBLHOM pellle-
HUMY, BBI3BAHHbIE M3MEHEHISMH B NapaMeTpax UCXOAHOH Moleny. TakuM cpeacTBOM ABISETCA
ananus yyecmeumenvrwocmu. OH npemaraet 3¢ (eKTUBHbIE BBIYUCIUTENbHBIE METOIbI, ITI03BO-
JAIOLIHE H3YYUTh AHHAMUYECKOE TIOBEAEHHE ONTUMATIBHOTO PELIEHUA.

MBI yxe BCTpeyaauch C aHaJIM30M YyBCTBUTEIBHOCTH (Ha 3JIEMEHTapHOM YpPOBHE) B pasjie-
ne 2.4. B 3T10ii rnaBe Mbl roapo6Hee pacCMOTPUM METOABI aHATHU3a YYBCTBUTENLHOCTH, OCHO-
BaHHbIE HAa meopuu 0BOUCMEEHHOCMU.

AHanmu3 YyBCTBUTENBHOCTH INpEINOJaraeT, YTo M3MEHEHHE NapaMeTpoB MOIENH MPOMCXOIUT
nuHetino. O60611ast, MOXKHO NPEATIONOXKUTh, YTO NAapamMeTpsl MOJAEIH UMEHSIOTCS COMNIaCHO 3apa-
Hee ONpeleNeHHbIM HenpepuigHbim QyHKUMAM. COOTBETCTBYIOIIAA 3TOMY OOOOLIEHMIO COBOKYTI-
HOCTh METO/IOB, Ha3bIBAEMas NapamMempuieckum npozpammuposaruem, IpueieHa B pasaene 7.7.

4.2. OnpepgeneHne oBONCTBEHHOMN
3apaun

HcxonHyro 3amady JIMHEMHOro NMporpaMMHpoOBaHus OyneM HasbiBaTh mpsiMoii. J{BoiicT-
BeHHasl 3aga4ya — 3TO 3anava, ¢popMyiupyemas C MOMOILBIO ONpEENCHHbIX MPaBU Hero-
CPEICTBEHHO M3 MpsiMOi 3aa4yy. B 3TOM pasnesie pacCMOTpPEHB! NpaBuiia MOCTPOSHHST ABOMCT-
BEHHBIX 3aJay.

[Tpu U3M0KEHUH TEOPHU ABOMCTBEHHOCTH YacTO pacCMaTPHBAIOT (OPMYJHPOBKH ABOMCT-
BEHHOI1 3a1a4yy B 3aBUCMOCTH OT Pa3JIMYHBIX BHIOB MPAMOH 3a1auH, KOTOpbIE ONMPENEISAIOTCA
THNaMH OTpaHUYeHUH, 3HAKaMH NepeMeHHbIX (HeOTpHUIaTebHble WM CBOOOAHbIE, T.€. 6e3 or-
paHUYeHUS B 3HAaKe) W THUIOM ONTHMM3AUMM (MaKCHMHU3ALMA WM MUHHMM3ALUs LENeBOi
¢ynxuuu). Takas “npuBs3ka” NBONHCTBEHHOM 3aJayd K MCXOIHOH He BCerga ompaBjaHa (CM.
ynp. 4.2,a(7)). B 3Toii kHUre npuBoaUTCS eouras HOpMyIHMPOBKa ABOMCTBEHHOM 3amauu, NMpu-
MeHUMas KO gceM BHIAaM INpsMOii 3amayu. B OCHOBY Takoil (hOpMyJIHPOBKY MOJIOKEHA CMAH-
oapmuas gpopma npsamoii 3adauu (cM. pasgen 3.2). HanomuuM, yto 3anada JIIT B craHmapTHOI!
(opMe 3amucpIBaeTCS CIEAYIOIUM 06pa3oM.

n
MakcUMU3UPOBaTh WM MUHUMH3UPOBATH LIENEBYIO QYHKLMIO Z = ZC X
J=1
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[IPY OTpaHUYEHUAX
n

Za,.jxj =b,i=1,2,..,m,
j=t

%20,j=1,2,..,n

B coctaB » mepeMeHHBIX X, BXOIAT TaKxkKe NOMOJHHTENbHbIE NepeMeHHbie. CTaHnapTHas
¢opma 3agaqu JIIT npenmnonaraeT BHINOJTHEHHE CIICAYIOLIMX YCIOBHIA.

1. Bce orpaHHyeHus 3anucaHsl B BUe paBeHCTB (C HEOTPHLATEILHOI MPaBoii 4acThIO).
2. Bce nepeMeHHBIE HEOTPHLIATENBHBI.
3. OnTuMu3anus onpenensercs kKak MAaKCHMHU3alus WIH MUHUMU3AaLUA LeNeBoit QyHKIUM.

CrangaptHas ¢opma 3anauu JIIT mopoxnaeT CTaHAApTHYIO TabNMIYy CHMILIEKC-METOIA.
IoatoMy, kak OyzeT noka3aHo B paszene 4.3, pelieHHe ABOHCTBEHHOH 3aJauyd MOXXHO MOJY-
YATh HEMOCPENCTBEHHO U3 CHMILIEKC-TaOIHLbI, COOTBETCTBYIOIEH ONTHMANLHOMY PELIEHHIO
npsaMoif 3agaun. Takum obpazoM, onpenenuB ABOHCTBEHHYIO 3a7adyy Ha OCHOBE CTaHIApTHOM
(opMbl NpsMoii 3a1auy, NMOcie BEIYUCIEHHH CHUMILIEKC-METOAA Mbl ABTOMAaTHYECKH MOTy4aeM
pelIeHye JBOHCTBEHHOM 3a1a4H.

IlepeMeHHbIe B OrpaHUYEHUS TBONCTBEHHOMH 3a1auyl GOPMHUPYIOTCS ITyTEM CHMMETPHYHBIX
CTPYKTYPHBIX NpeoOpa3oBaHuii NpsAMOIi 3a1a4u 1O CJICIYIOLUHMM IIpaBHiIaM.

1. KaxxgoMy 13 m orpaHudeHHit NpsAMOH 3aadyd COOTBETCTBYET NEPEMEHHAs JBOHCTBEH-
HOM 3a1a4M.

2. Kaxx10#1 U3 » epeMeHHbIX NPsMOi 3a1a4l COOTBETCTBYET OTPaHUUEHUE JIBOMCTBEHHOM
3ajaum.

3. Koa¢pdumueHTs! npy kakoi-1160 nepeMeHHO# B OrpaHUYEHUAX NMPAMOM 3aa4M CTaHO-
BATCA KO3 PHLUHMEHTaMH OrpaHHMYEHHs NBOMCTBEHHOH 3alayM, COOTBETCTBYIOILEH 3TOMN
IIepeMeHHOM, a mpaBas YyacTb (GOPMUPYEMOro OrpaHHUEHUs paBHa k03(dHIHUEHTY NpU
3TOH IepeMEHHOM B BBIpa)KE€HUH LIETIEBOM (YHKLIHUH.

4. Kot ¢uuueHTs! 1eneBoii GyHKUMN NBONCTBEHHOH 3a4a4M paBHbl MIPaBbIM 4acTAM Or-
paHHYEHUII NPAMOIA 3aKa4u.

I'padudecku 3TH NpaBuiia MpeACTaBICHbI B Ta0I. 4.1.

IlepemeHHbIE ITepeMeHHbIE NPAMOIL 3a7a4u
JIBOMCTBEHHOM Xy X3
3agavyu C1 Cy
N1 ap ap
2 ax an
Yn ami Am2
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IMpaBuna, onpenensAiollie TUI ONTUMU3ALMH M OTPAHMYEHHH, a TakKe 3HaK NEPEMEHHBIX
IBOMCTBEHHOM 3a/ladH, MpUBEEHB! B TabM. 4.2.

LleneBas ¢pyHKIMA J{BoCTBeHHas 3afaya
NpAMOIA 3a1a4H LleneBas ¢pyHkuUus Tun orpaHuyeHuit ITepemeHHbIE
MakcumMusauus MuHUMH3aLUA > Caob6onHble
MuHUMH3aLUA Makcumu3zauus < CBoboHbIe

Crnenyrouue IpUMeps! WUTIOCTPUPYIOT NMpaBHiia OCTPOEHUS ABOCTBEHHOMN 3a1auH.

Ipumep 4.2-1

ITpsamas 3anaua INpsamas 3ajaya B cTaHAapTHOI opme JlBoHCTBEHHBIE
TIepEeMEHHbIE
MaxkcuMHu3npoBaTh MakcuMU3UpOBaTh
z=15x;+ 12x; + 4x3 z=5x;+ 12x; + 4x3 + Ox,
TIPH OTPaHUYEHMAX TIpH OrPaHNYEHMAX
x1+2x2+x3S10, x|+2x2+x3+x4=10, "
2x1—x2+3x3=8, ZVI—-X2+3X3+OX4=8, Y2

Xy, X2, X3, X4 2 0.

X1, X2, X3 2 0.

[Heoiicmeennas 3a0ava
MunHumusupoats w = 10y; + 8y,

TNpH OrpaHMYEHHAX
Yit+2),25,
2y =32 12,
yi1+3ys 24,

+0y, 20,
NTEYe = (y, 20, y, — cBobonHas nepeMeHHas).
Y,y, — cBoOOIHBIE

IIpumep 4.2-2

Ipsamas 3anaya Ipamas 3anaya B CTAHAAPTHO# dopme JIBOMCTBEHHBIE
NEPEMEHHBIC

MUHUMH3MPOBATh MUHMMH3HPOBATE
z=15x; + 12x, z=15x; + 12x, + 0x; + Ox4
npy OrpaHUYCHUAX TPy OrpaHUYCHUAX

x1+2x2_>_3, x1+2x2—x3=3, Vi

2x1—4x235, 2xl-—4x2 +X4=5, 2

xl,xZZO. X1, X2, X3, X4ZO.

[eoiicmeennasn 3a0ava
MaxkcumusupoBats w = 3y, + 5y,

l'!pH orpannqeuwxx
n+2, <15,
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2y| - 4y2 < 12,
120 (umm y, 2 0),
»2 <0,

Y1, Y2 — cBOOOHbIE NIEpeMEHHbIE (U3OBLITOYHOE YCIIOBHE).

IIpumep 4.2-3

Ipamas 3apaua IMpsmas 3agava B ctaHgapTHOU dopme JI(BoiicTBEHHbBIE
nepeMeHHbIE
Makcumusuposath IMoncraHoBka x, = x —x; NPUBOOWT K 3afaye:
z=15x, + 6x,
NpH OTpaHU4EHUAX MakcuMu3npoBaTth z = 5x; — 5x; + 6x;
X1+ 2x;, =135, NIpH OTPaHUUYEHUAX
—x; + 5x, 23, x =x +2x,=5, N
4x, + Tx, <8, —X+ X +5x—-x;=3, Y2
x; — cBobOMIHas, dx’ — 4x7 +Txy + x4 =8, V3
x,20. X, x ,x20.

Heoiicmeennas 3a0ava

MunuMusupoBats w = 5y, + 3y, + 8y3

MPY OrpPaHHYEHUAX

ITepBoe U BTOpOE OrpaHHueHHs NBOMCTBEHHOM 3aayy 3aMEHEHbI OJHUM OrpaHuye-
HHMEM B BUJE PaBEHCTBA. 3IECh ACHCTBYET CleAylolee MPaBWiIo: CBOOOIHOMN nepemeH-’

- >

Nn=y, +4y;25 }:yl_y2+4y3 =5,
=Nty —4y;2-5
21+ 5y, + 73 26,
-¥,20=),<0,
¥ 20,
y1 — cBoOozHas NepeMeHHas,
Y2, ¥3 — CBOOOIHbIE NEpeMEHHBbIE (M36BITOUHOE YCIIOBHUE).

HOM MpAMOii 3ala4yd COOTBETCTBYET OPAaHUYEHUE B BUJIE PaBEHCTBA IBOHCTBEHHOM 3a-

Ja4yu H, HaOGOpOT, OrpaHH4€HHIO B BHIAE€ PaBCHCTBA HpﬂMOﬁ 3aa4Yd COOTBETCTBYET

cBoOoHas nepeMeHHas JBOMCTBEHHOM 3aqaun.

YnpaxHeHus 4.2,a

1. ing 3anauu u3 npumepa 4.2—1 3anuiuuTe NBOHCTBEHHYIO 3aadyy B MPENTOJIOXKEHUH,

4YTO HAXOAUTCs HE MAKCUMYM LeJaeBo beHKLlI/IH, a €€ MUHUMYM.

2. Bepuurecs k 3anaue u3 npumepa 4.2—1. IIpuMeHeHHe cUMILIEKC-METOa K MPAMOi 3a-
nade JIIT, 3anucaHHol B cTaHnapTHO# opMe, TpeGyeT BBEIEHHA UCKYCCTBEHHOH mepe-
MEHHO BO BTOpO€ OrpaHHYEeHHeE UIA NMOJTy4YeHHs HavaibHoro 6asucHoro peueHus. ITo-
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Ka)XHTE, YTO BBeJCHHE HCKYCCTBEHHO} NMEPEMEHHOMN HE BIMAET Ha MOCTPOCHHE JBOMCT-
BEHHOH 3ajayy, MOCKONbKY HUCKYCCTBEHHasi NEPEMEHHas NpAMON 3afaud MOPOXKHAET
U30BITOYHOE OTpaHUYEHUE IBONCTBEHHOM 3ala4yM.

3. B npumepe 4.2-2 chopMmynupyiite NBOHCTBEHHYIO 3aJadyy B NMpPEANONIOKEHHH, 4TO B
NpsAMO# 3aaue 3Toro nNpuMepa 106aBIeHO TPEThE OrPaHUYEHHE 3x, +x; = 4.

4. Ha ocHoBe 3agauu u3 npumMepa 4.2—3 MOKaKUTe, YTO AAXKE €CIIM U3MEHUTh THIT ONTHMH-
3auud (C MaKCMMM3alM{ Ha MUHMMU3ALHIO LieJieBol (yHKIMH), TO Bce paBHO cBOGOX-
HBIM NEpeMeHHbBIM MpAMOit 3aayu OyXyT COOTBETCTBOBATh B JBOMCTBEHHOM 3anaye Or-
PaHUYECHUSA B BUIE PABEHCTB,

5. 3anuuiKTe ABOICTBEHHBIE 3a1a4 VIS CIEeIYIOLMX NpsAMBIX 3aaay JIII.

a) MakcuMHu3upoBarh z = —5x; + 2x;
MPU OrpaHN4YEHHUAX
—X; + X, < —-2,
2x;+3x, <5,
X1, X2 2 0.
b) MuHMMH3UPOBATS z = 6x; + 3x;
TIpY OrpaHHYEHUAX
6x,—3x,+x3;22,
3x;+4xy,+x325,

X1, X2, X3 2 0.
c) Makcumu3upoBatsb z = 5x; + 6x;
NpU OrpaHUYECHUAX
Xy +2x;=35,
—x; + 5x2 2 3,
x| — cBOOO/IHAs NepeMeHHaH,
X2 <0.

d) MuHuMuU3UpoBats z = 3x; + 4x; + 6x3
MpU OrpaHMYESHUAX

X +Xx; 2 10,
X1 2 0,
x, 20,
x320.
e) MakcuMu3UpoBaTh z = x| + X;
[pH OrPaHUYEHHUSX
2X| +X= 5,
3x1—x,=6,

X1, X — CBOOOIHbBIE EpEeMEHHEIE.
6. VICTMHHBI WU JIOXKHBI CIELYIOLINE YTBEPKICHNA?

a) 3apjaua, IBOMCTBEHHas K ABOICTBEHHOM, COBIIAAET C UCXONHOM NpAMOii 3anavei.

b) Ecnu B npsMoii 3afaye ecTb OrpaHUYEHUE B BUAE PaBEHCTBA, TO COOTBETCTBYIOILAS
nepeMeHHas JBOMCTBEHHOI 3a1ayu 00s3aTenbHO OyIeT CBOOOIHOM.
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c) Ecnu B npsmoii 3aaue orpaHHdeHHe UMeEET BUJ HEpPaBEHCTBA THMA “<”, TOraa cooT-
BETCTBYIOLIasi TIEPEMEHHas B [BOHCTBEHHOH 3ajgaye OyneT HeoTpHLATENbHON
(HenonoXuTeNbHOI), B 3aBUCUMOCTH OT TOTO, CJIEQYET JIU B MPAMOIf 3aaye MaKcH-
MH3HMpPOBaTh WM MUHHMH3HPOBATh LIEJIEBYIO (YHKLHIO.

d) Ecnu B npsMoii 3ajaye orpaHUYeHUe SBJISETCA HEPABEHCTBOM THma “>”, Toraa co-
OTBETCTBYIOIIAs IEpeMEHHas B [BOHCTBEHHOM 3amaye OyZeT HeOTpHLATENbHOU
(HEMOJIOXKHUTENBHOM), B 3aBUCUMOCTH OT TOTO, CJIEAyeT JIM B NPsAMOIf 3aaye MUHHU-
MH3MPOBATh WM MaKCUMHU3HPOBATh LIENEBYIO QYHKLHIO.

e) CsobGonHas mepeMeHHas NpsAMOif 3alayd NMOpPOXIaeT B NBONCTBEHHOM 3agaue orpa-
HUYEHMeE B BUJE PaBEHCTBA.

7. B cnenyrotueii Tabnuue npuBeneHbl MpaBuiia NOCTPOEHHUS ABOWCTBEHHBIX 331a4, KOTO-
pble UacTo MPUBOAATCA B JIMTEPATYpE IO UCCIENOBaHUIO ONepauuii U JUHEeHHOMY Mpo-
rpaMMHpoBaHHIO. [TokaxuTe, YTO 3TU MpaBHia ABJSIOTCS YACTHBIMHU CITy4asMH OOLIMX
NpaBuJl, MPUBECHHBIX B Tabx. 4.2.

3agaya MaKCHUMHU3aLMUH 3anaya MHHHMU3ALUH
OrpaHuyeHus IlepemenHbIe
2 o <0
< = >0
= = CaobonHas
[TepeMeHHbIE OrpaHuyeHus
20 >
<0 =] <
CaoboaHas =

4.3. CooTHOLWEHNA Mmexay
OonTUManbHbLIMU peLeHNAMN
npaAMon n ABONCTBEHHON 3agauY

INpsamas ¥ nBOHCTBEHHas 3aJayM TaK TECHO B3aUMMOCBSA3aHbI, YTO ONTHMAIBHOE pELICHHE
OJIHOM 3ala4y MOXXHO TMOJYYUTh HEMOCPEACTBEHHO (6e3 MOMOJIHUTENBbHBIX BBIYHUCIEHHIT) U3
CHUMILIEKC-TabMHLIBI, MPEACTABIIAIOLIEH ONTUMANBHOE pelleHue Ipyroit. OTo yTBepxkIeHHe oc-
HOBBIBAETCA Ha CJIEMYIOLIEM COOTHOIICHHH.

Coomnouenue 1. [Ina n1060ii cumnnexc-umepayuu npamou unu 080UCMEeHHOI 3a0ayu.

Koadduuuenr npu j-i PazHocTh Mexay J1eBoii M npaBoi
NEPEMEHHOM B Z-CTPOKE |= YacTAMH j-T0 HEPaBEHCTBA
OJIHOI 3a1auu JIpyroi 3agauu

OTO COOTHOIIEHHE CHMMETPUYHO OTHOCHUTENBHO MNPSAMOM M JBOMCTBEHHOM 3amay. Ero
MOXHO MCIOJIb30BaTh [UISl ONPEAEICHHS ONTHMANTBHOrO pEeIeHUs OOHOM 3aa4yu HEMOCPEncT-
BEHHO M3 CHMILIEKC-TabJHLbI, COAEpKalLel onTUMabHOe pelleHre apyroif. JlaHHoe o6cTos-
TENIbCTBO 00YyCNaBIUBAeT BO3MOXXHOCTb MPOBENEHUS BBHIYHMCIEHUN MMEHHO MO TOW 3ajaue
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(mpsiMo#i WK NBOHCTBEHHOIH), KOTOpas TpeOyeT MEHBbIIMX BBIYHMCIUTENBHBIX pecypcoB. Ha-
npuMep, ecnu npsaMas 3agada umeer 100 mepemeHHbIx M 500 orpaHH4eHHi, TO NpPeNNOYTH-
TeNbHEEe HAaXOXKAEHUE ONTHMAILHOIO pelleHHsA ABOWCTBEHHOH 3aJayM, Tak Kak oHa Oyzer co-
nepxathb Tobko 100 orpanmdenmuit. !

IIpamep 4.3-1

PaccMOTpUM TpAMYIO W OBOMCTBEHHYIO 3ajay U3 mpuMepa 4.2—1, xoTopele s
yno0cTBa CBEJIeHbl B CJIEIYIOLLYIO TabIHILy.

IIpsimMas 3agaya JIBoiicTBEeHHas 3a/aya
MakcuMu3HpoBath z = 5x; + 12x, + 4x; MunnmusupoBats w = 10y, + 8y,
MPU OrPaHUYEHHUAX NpY OTPaHUYEHUAX
xl+2x2+x3S]0, y|+2y225,
2x1—x; +3x;=8, 21—y, 212,
X1, X2, X3 2 0. y1+3y,24,
y1 =0, y, — cBoOOHAs NEpeMeHHasl.

B cnenmyrouieit Tabnuie npeacTaBieHb! CUMIUIEKC-UTEPALIMK PeLlieH s DpAMOit 3a1a4H.

Urepauus | basuc X X3 X3 Peienue
z —5-2M -12+M 4-3M —8M
0 X4 1 2 1 10
R 2 -1 3 8
z ~7/3 —40/3 0 32/3
1 X4 1/3 7/3 0 22/3
X3 2/3 -1/3 1 8/3
z —3/7 0 0 368/7
2 X3 1/7 1 0 22/7
X3 5/7 0 1 26/7
z 0 0 3/5 274/5
3 X 0 1 -1/5 12/5
X 1 0 7/5 26/5

[TpuMeHss Ha TpeThel CUMILIEKC-UTEPALIUM COOTHOIICHHUE 1 118 NEPEMEHHBIX X4 U R
U3 HaYaJIbHOTO 6a3HCHOIO pelleHHs, NOJYyYUM CIEXYIOLIME JaHHbIE.

HauvanbHbie 6a3UCHbIE NTEpEMEHHBIE Xy R
npsAMOH 3a1a4yu
KoadduumeHts! B z-ctpoke 3-it urepauuu 29/5 2/5+M
CoOOTBETCTBYIOIINE OTPAHUYEHUSA ABOKCT- »nz20 n2-M

BEHHOM 3ana4u
VpaBHeHuUs, OJIy4eHHbIe HAa OCHOBE cOOT- | y;—0=29/5  y,—(-M)=-2/5+M
HoweHus |

1 TpylNoeMKOCTh BBIYHCIIEHHIT 334 IUHEHHOTO NMPOrpaMMHUpoOBaHus B GosibLiell CTENeHH 3aBHCUT OT KOJNHUe-
CTBa OrpaHUYEHUH, YeM NepeMeHHBIX. — [Ipum. peo.
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PelieHnsIMU nosrydeHHbIX ypaBHeHuH Oynyt y; =29/5 u y, =-2/5. Ecnu Gbl perue-
HUA TBOHCTBEHHOH 3a1a4H UCKATHUCH HE3aBUCHMO OT peLIeHUs NpAMoii 3a1a4u, To 66110
651 MOJTY4EHO TAKOE K€ pelieHHe. AHaJOTUYHO, BCIEACTBHE CUMMETPUYHOCTH COOTHO-
weHus 1, U3 JAaHHOrO pelleHHs NBOMCTBEHHOM 3aJauyd U €e HayalbHOW CHUMILIEKC-
TabNULBl TNOJNy4aeM ONTUMANbHOE peLIeHHe MpsAMOM 3ajaud: x; =26/5, x, =12/5 u
x3=0. (C nomousto nporpaMmsl TORA peniute ABOMCTBEHHYIO 3anauy U ybenurtecsh,
YTO ee pelleHHe AeHCTBUTENbHO COBMAJAET C NPUBEIEHHBIM BBIILE.)

IIpuMeHeHHe COOTHOMIEHUS | K MepeMeHHbIM HadaJIbHOTO PELIEHHUs] BCETNa NPUBO-
IUT K JIETKO pelIaeMbiM YPaBHEHHSAM, TaK KaK KaXIO€ TaKOE YPaBHEHHUE COHNEPXKHUT
TOJIBKO OHY nepeMeHHyt0. KOHeYHO ke, HU4ero He MellaeT UCTONb30BaTh ApYrue mne-
peMeHHble (TaKkue, Kak X, X; ¥ X5 B pacCMaTpuMBaeMoii 3a/iaue) NpU NMOCTPOEHUH ypaB-
HEHUi, HeOOXOOMMBIX [UIf OTpeNENeHUs 3HaYeHUil epeMEHHBIX TBOUCTBEHHOH 3a1auH.
Hanpumep, cooTHoene | nopoxnaeT cienyrolie ypaBHEHHS, aCCOLMUpPYEMBIE C Te-
PEMEHHBIMHU X| H X3:

J’l+2y2—5=0;
3
+3y,—4=2.
Y1t 32 3

Peirenue 3Toli cucTeMbl ypaBHEHHH Taloke APUBOAMT K ONTUMAIbHbIM 3HAYE€HHAM IBOI-
CTBEHHOM 3amauu y; =29/5 u y, =-2/5. OnHako aHaJOrUYHbIE ypaBHEHMs, acCCOLMHUpYe-
MBI€E C MEPEMEHHBIMH X4 U R, OyIyT yxxe He Tak npocThl. (Y6eaurech CaMOCTOATENBHO, YTO
YpaBHEHHs], aCCOLIMMPOBAHHbIE C JIIOOBIMU JBYMS IEPEMEHHBIMU M3 MHOXECTBA Xj, X7, X3,
X4, R, IAIOT OIHH M T€ K€ 3HaY€HUs NTepEMEHHBIX JBOMCTBEHHON 3a1auu.)

INpencraBuM elie 0IHO COOTHOIIEHHE MEXIY NMPAMO U ABOHCTBEHHOM 3aayaMH, KOTOpOe
COBMECTHO C COOTHOLIEHHEM | MpeiaraeT HHTEPECHYI0 SKOHOMHYECKYI0 HHTEPIIPETALIMIO 3a-
Ja4y JINHEHHOro NMPOrpaMMUpPOBaHUS.

CoomHnouwenue 2. /[ns n1o60ii napel 0onycmumbelx peuleHus npmMou u 08olcmeeHHoU 3a0ay

3HayeHwue ueneBoit GyHKUUH < 3HaueHHe ueneBoil GyHKIHH

B 3aa4Y€ makcumusayuu B 3a1a4€ MUHUMuU3Iayuu

B mouke onmumyma smo coomnowenue npuHumaem ud cmpo2020 pageHcmaa.

ITpumep 4.3-2

B npumepe 4.3—-1 HeTpynHO nokasaTh (IyTeM IMOACTAHOBKH B OTPaHUYEHUSA), YTO
npsAMas M JBOMCTBEHHAs 3aJlayi UMEIOT JOMYyCTUMBIe pereHus x; =0, x; =0, x3 =8/3 u
1 =6, y, =0. Ing 3THX pelueHu# 3HaueHUs LeneBbIX (YHKIUA COOTBETCTBEHHO PaBHBI
z=32/3 n w=60. 111 ONTUMaNIBHBIX perueHuit x; = 26/5, x, = 12/5, x3 =0 u y, = 29/5,
y;=-2/5 umeem z=w=154.8. TakuM 0O6pa3oM, NpUBEIEHHbIE 3HAUEHMS LIEJIEBBIX
(yHKUMI NOATBEPXKAAIOT COOTHOILCHHUE 2.

H3 cooTHOIIEHHA 2 CemyeT, 4TO JJIs BCeX JOIMYCTUMBIX pellieHUH NpsAMO U JBOMCTBEHHOH
3aja4 3HaueHUs LeneBod QYHKUMHM 3aa4y¥ MMUHHUMH3ALUM Bceraa OyXyT BEPXHUM MpeaesioM
3HaYeHui ueneBoit GyHKUMM 3a0a4 MakcuMu3auuu. Takum o6pa3oM, UTEpaLIHOHHOE peLIeHHe
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3a7layd MaKCMMH3aLMU BeJET K BO3PAaCTaHUIO 3HAa4Y€HUH LieeBOH (yHKLMH, a UTEpalHOHHOE
pelieHHe 3afaYyd MHUHUMHU3ALUMH — K ee yObIBaHMIO. B HTOre, MpH yCMemiHOM 3aBeplIeHUH
NPOLIECCOB BLIYUCIIEHHUS NPAMOI M IBOMCTBEHHOM 3a1a4 NMPUXOINHUM K TOYKE “paBHOBECHS’, THE
3Ha4YeHHs LeNeBbIX PYHKIMI 3a1a4 MAKCUMU3AIMK U MUHUMU3ALIUY CTAHOBATCS PaBHBIMH.

YnpaxHeHus 4.3,a

1. B npumepe 4.3—1, ucrnons3ys orpaHu4eHHs ABOACTBEHHOM 3a1a4H, aCCOLMUPOBAHHbIE C
MIEpEMEHHBIMH X; U X3, HAlINTE ONTHMANbHBIE 3HAYEHUA [IEPEMEHHBIX Y| U )5,

2. [laHa cnenqyroilas 3aja4ya JMHEHHOro NporpaMMHPOBAHHUS.
MaxkcuMu3HpoBaTh z = 5x; + 2x, + 3x3
TIpH OrpaHUYEHHAX

X1+ 5X2 + 2x3 =30,
Xy — 5x2 —6X3 < 40,
X1, X2, X3 20.

OnmumaneHoe pelleHHe 3TOM 3afayM YHOBJETBOPSET YPaBHEHHIO (TIONYYEHO M3 z-
CTPOKH CHMILIEKC-TaOTHLIBI)

z+0x; +23x; + Tx; + (5 + M)x,4 + Oxs = 150,

rae UCKYCCTBCHHas NMEPEMEHHas x4 U JOMOJHUTE/IbHAsA NMEPEMEHHAas Xs BXOAWIHU B Ha-
yanbHoe 0a3ucHoe pelIeHue. 3anumure COOTBETCTBEHHYIO JIBOﬁCTBeHH)’!O 3ajavyy H
Haiaure ee oNTUMaJIbHOE PCUWICHHE, HCXOOA U3 NPUBEACHHOIO YPABHEHHUA.

3. JaHa cienyromas 3aja4qa JUHEHHOro MporpaMMUpPOBAHHUA.
MaxkcuMu3upoBaTh z = x; + 5x; + 3x;

TPY OTPaHMUEHHSAX
X1+ 2x+x3=3,
2x; —x; =4,

X1y X2, X3 20.

a) 3amMuMTE COOTBETCTBYIOLLYIO JBORCTBEHHYIO 3aayy.
b) Hcnonedys uHpopMaiLio, UTO ONTUManbHOe 6a3UCHOE pelleHHe 3Tol 3axauM coaep-
KUT NepEMEHHBIE X| U X3, HAAUTE OMTHMAIBHOE peIlieHHe ABONUCTBEHHOM 3a1a4H.

4. ana cnenyiouas 3aaya JMHEHHOro NMpOrpaMMHpPOBaHuUS.
MakcHMU3HPOBATh z = 2x) + 4x; + 4x3 — 3x,
NpY OTPaHAYEHHUAX

x1+x2+x3=4,
x1+4x2+x4=8,

X1, X3, X3, X4 2 0.
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Hcnone3ys nBoiicTBeHHyIO 3ajauy, yoenurech, 4To 6a3ucHOe pelieHue (x|, x;) He ABIA-
€TCS ONTHMAJIbHBIM.

.B npeapIaylieEM YIIpaXXHEHUU YPaBHEHUE, MOJTYUYCHHOE U3 Z-CTPOKHU ONTUMANIBHON CUM-

TUIEKC-TabIULIbI, UMEET CETyIOLIUH BII
z+2x;+0x2+0x3+3x4= 16.

Haiinure onTumanbHOE pelIeHHe COOTBETCTBYIOLIEH ABOMCTBEHHOI 3anayy.

. C momouipio IBOACTBEHHO#M 3a1auy HaliiuTe JOMYCTUMOE pelieHUe CeAyrouleit cucre-

Mbl HEPABEHCTB!:

2x, +3x, <12,

—3x; +2x, £ 4,

3x;—5x, L2,

x; — cBoOOIHas nepeMeHHas,
x; 2 0.

(Cosem. [lo6aBbTE K 3TOi CHCTEME HEPABEHCTB TPHBHAIBHYIO LIEJIEBYIO (YHKLIHIO MaK-
cumusuposams z = 0x, + O0x, + Ox; U pemuTe ABOHCTBEHHYIO 3a1a4y.)

. Halinure onTuMasibHOE 3HaY€HUE LiENEBOi (b)’HKlII/IPI C.T[C}IYIOIIICI‘;[ 3aJa4yM, OCHOBBIBAACH

TOJILKO Ha CBOMCTBaxX ee NBOMCTBEHHOM 3amayu (T.€. HE MPUMEHAA CUMIUIEKC-METON K
JIBOACTBEHHOM 3a1aye).

MuHuMH3HpOBaTh z = 10x; + 4x; + 5x;3
TPH OTPaHUYEHHUAX

5x1 - 7XZ + 3x3 2 50,

X1, X2, X3 20.

. Onpenenure MHTEpBANbl U3MEHEHUA 3HaYeHHH LeneBoif GyHKUMH B CNENyIOIUX 3a-

navax JIIT.

a) MuHUMM3HpOBATh z = S5x; + 2x;
IPU OTPAHUYEHMAX

X1 — X2 2 3,
2x;+3x, 25,
X1, X2 2 0.

b) MakcuMU3HpOBaTh z = x| + 5x, + 3x3
NpU OrpaHUYEHUAX
Xy +2x, +x3=3,
2, —-x; =4,
X1, X2, X3 2 0.

¢) MakcuMH3HpOBaTh z = 2x; + X,
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TIpYU OrpaHUYEHUAX
x1—x,<10,
2x; £40,
X1, %22 0.

d) MakcumusupoBath z = 3x; + 2x;
NP OrpaHUYEHHAX
2x1+x, <3,
3x;+4x,2 12,

X1, X2 20.

9. B ynp. 8(a) o603Ha4uuM yepes y; U y, NEpEMEHHBIEC IBONCTBEHHO# 3agauu. Onpenenure,
KaKasg W3 CJICIOyIOWIMX Map peuleHHH npsAMOH M JBOMCTBEHHOI 3ajay ABISETCA OMNTH-
MasbHOM.

a) x1=3,n=Ly=4y,=1
b) x;=4,x;=1,y1=1,),=0.
€) x1=3,x=0;,=5,»=0.

4.4. DKOHOMMNYECcKasa NHTeprnpertaumnsa
NBONCTBEHHOCTU

3ajauy NHHEHHOTO MPOrpaMMHMpPOBAHHMA MOXHO PacCMaTpHBAaTh KaK MOAENb pacrhpejee-
HUS OrpaHMYEHHbIX PecypcoB, B KOTOpOii LeneBas QyHKuMsA, oTobpaxarowas npubbiie Win
ZOXOJ OT MPOU3BOACTBEHHON AEATENbHOCTH, MOMLJIEXKHT MakcuMu3auuu. Ecin paccMarpusats
3agaqy JIIT ¢ 3Toit TOUKH 3peHHs, COOTBETCTBYIOLIAA eif NBOMCTBEHHas 3a1aya MoJly4aeT HHTe-
pecHy10 3KOHOMUYECKYIO UHTEPNpPETALHIO.

Yro6b! GopManin30BaTh paccMaTpMBaeMblif BONpOC, NpUBENEM elle pa3 obllee mpeacTas-
JleHHe TPAMON M IBOMCTBEHHON 3ajay, NpHYeM NpsMas 3ajaya OyneT HrpaTh poJib MOAEIH
pacrpeneneHns pecypcos.

[TpsmMas 3amavya JBoiicTBeHHas 3ana4ya
n m
MakcuMusupoBaTh z = Zc X MuHuMu3MpoBaTh W = Eb,. y;
j=1 i=1
NIpH OTPaHNYECHUAX NPy OTPaHUYEHUAX
n mn
Zaijxj <b, i=12,..,m, Zaijincj, j=12,..,n,
j=1 i=1
x20,j=1,2,..,n. yi20,i=1,2,..,m.

Hcxons u3 Monesiu pacrpesielieHis pecypcoB, NpaMas 3aa4a 0ToOpaKaeT /7 BUIOB S9KOHOMHU-
yecKoi (IPOM3BOACTBEHHOI) JESATENHHOCTH M BO3MOXHOCTH IMOJTy4eHUsl m pecypcoB. B npsamoit
3amaye ko3 GUUMeHT ¢; mpeacTaseT co6oit mpubbLIL Ha eMHMIYY NPOAYKLMH j-TO BHIA SKOHO-
MHYECKOM JEATENILHOCTH, IPHYEM Ha €AMHHULY NPOIYKLHMH 3TOrO BHAA AEATEILHOCTH PacXOdyeT-
¢l @, €IMHULL PECYPCa /, MAKCHMaJIbHBIE 3aMackl KOTOPOrO OrPaHUYEHbl BETUIHHOM b,.
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4.4.1. SKOHOMUNYECKAsA UHTEpnpeTauns nepemMeHHbIX
OBOWCTBEHHOW 3a4aun

CootHoweHue 2 U3 pasgena 4.3 yCTaHaBIUBAET, YTO WA 000l mapsl peLieHuit npsAMoi H
JBOMiCTBEHHO# 3aa4 3Ha4YeHUs (KOHEYHBIE) HX LieJIeBbIX QYHKLHMI YIOBIETBOPAIOT HEPABEHCTBY

"

z= icjxj < Zb,.yi =w.
i i=l

CTporoe paBeHCTBO 3JeCh AOCTUraeTCsA TONBKO TOCAA, KOrQa peLIieHHs NMpsSMON U JBOMCTBEH-
HOIf 3a1a4 ONTHMAJIbHBI.

PaccMoTpuM cHavana ciaydait onTUMyMa, T.e. Koraa z = w. Mcxols U3 npeAcTaBleHHs npsi-
MO#M 3agayd KaKk MOJEJH pacrnpelelieHUs pecypcoB, MOXHO CYHMTaTh, YTO BEJHYHHA
Z COOTBETCTBYET BeJIMuMHe 1oxoaa (B nosapax!). [TockonbKy b, — ofliee JOCTYMHOE KOJIHYe-
CTBO pecypca i, paBeHCTBO Z = W MOXKHO MEpeNucaTh C/ieyIOoLUM 00pasoM.

Hoxon ($) = E (xonndecTBO pecypca i) X (zoxon ($) Ha eAUHHLY pecypca ).

OT0 o3HayaeT, YTO MEpeMEHHas y, ABOMCTBEHHOH 3alayu AOJDKHA MPEACTaBIATb CHIOU-
Mocme eduHuybl pecypea i. (JlaHHOE MOHATHE yXKe BBOAWIOCH B paszene 2.4.2, UCX0ls U3 rpa-
¢uueckoro mnpeacrasienus 3agaud JII1.) B nurtepatrype no uccnemoBaHuio onepauuit mnepe-
MEHHBIE Y, IBOWCTBEHHOM 3aJayM 4aCTO Ha3bIBAIOT ABONHCTBEHHBLIMH LeHaMH. Kpome Toro,
HHOTJa MX HIMEHYIOT TEHEBbIMH lEHAMH U CHMIJIEKCHBIMH MYJIbTHINIHKATOPaMH.

AHanoru4Ho ajs no6o# napbl JOMYCTHMBIX pelleHHi NpAMON U NBOHCTBEHHOMH 3a4a4 He-
PaBEHCTBO z < W MOXXHO HHTEPNPETUPOBATh CICAYIOILUM 06pa3oM.

Joxon < O61wast CTOMMOCTb peCypCcoB

OTO COOTHOLIEHHE MOKa3bIBaeT, YTO JO TEX IMOP, MOKAa CyMMAapHBIH HOXOM OT BCEX BHIOB
JIEATENIBHOCTH CTPOro MEHbILE CyMMapHOH CTOMMOCTH BCEX MCIOJb3YEMbIX PECYPCOB, pellie-
HHE KaK NpsAMOMH, Tak U ABOWCTBEHHOH 3alayd HE MOXET ObIThb ONTHManbHbIM. ONTHMYM
(MaKkcMManbHbIl J0X0A) MOXET ObITh JOCTHTHYT TOJIBKO TOTZa, KOraa Bce morpebisemele pe-
CypChl HCIOJIB30BaHbl MoNMHOCTBIO. Ecnu Mozesns JIIT paccmatpuBate 6onee obuie kak MoIeb
HEKOH CHCTEMbI, HMEIOLLYIO “BXOX” U “BBIXOA”, TO MOTpeOJisieMble pecypChbl XapakTepU3yrOT
“Bxol” 3TOH CHCTEMBI, a Moy4aeMbiil goxox — ee “BbIxox”. CucteMa OyneT HaxXxOAMTHCA B
HecmabunbHom (HEONTHMAIBLHOM) COCTOSTHUH, MOKA BXOJ NMPEBBIIIAET BbIXOA. Y CTOHYMBOE CO-
CTOSIHHE CHCTEMBI XapaKTepH3yeTCs paBEHCTBOM BXOJa H BBIXOJa.

Ilpumep 4.4-1

IpuBeneM $hopMyaUpOBKH MPAMOH M IBOHCTBEHHOM 3a1ay, OMHCHIBAIOLIME MOJETh
npousBoactsa komnanuu Reddy Mikks us npumepa 2.2-1.

HanoMHuM BKpariie, YTO B 3TOi MOJENH OMUCHIBAETCS NPOM3BOACTBO ABYX BUIOB Kpac-
KM (A1 BHYTPEHHHX M Hapy»HbIX paboT) Ha OCHOBE ABYX BUIIOB Cbipbsi, M1 1 M2 (pecypchl
1 1 2), ¢ y4eToM pbIHOYHBIX YCIIOBHIA, BBIPAXKAEMBIX TPETHUM U YETBEPTHIM OrPAHUYEHHUAMH.
3azaya COCTOMT B OINpelesieHNH 00beMOB MPOM3BOACTBA KPAacOK KaXKI0ro BHAA (B TOHHax),
NpH KOTOpPBIX OyZeT NnosyueH MaKCHMalbHbIH JOXOA (B ThICAYAX HNOJUIAPOB).

! Yyrarens BMCCTO 70AMaPOB MOXKET, KOHEHHO, NMOACTABUTS JOGYIO APYIYIO JCHEKHYIO CAMHHLY — 3TO He
NPUHUMITHANBHO JUTA TIOHUMAHHA M3N0XKEHHOTo MaTepuana. — [Ipum. peo.
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[Ipsmas 3amaua JIBolicTBEHHas 3agaya
MakcuMHu3NpoBaTh z = 5x) + 4x; MHUHUMU3UPOBaTh W = 24y, + 6y, + 3 + 2y,
TIPY OTPaHUYEHUAX NPHU OrpaHAUYEHUAX
-6x; + 4x, < 24, (pecypc 1, ceipbe M1) 6y +y,—y325,
x) +2x, < 6, (pecypc 2, coipbe M2) 4y, + 2y, +y;+y, 24,
-x; +x; < 1, (pecype 3) Y1V, y420.
x3 <2, (pecypc 3)
X1, X2 >0.
OntumaibHOe pelleHne OnTuMalibHOE peLIeHHe
x;=3,x,=15,z=21 11 =075, =05, 3=y, =0, w=21

OnTuMalbHOE pelieHHe NBOMCTBEHHOM 3afauM TNOKa3bIBaET, YTO CTOMMOCTh €IH-
HUUBI mepBoro pecypca (csipbe M1) cocrasiseT y; = 0.75 (uau $750 3a ToHHY), a
BToporo (cbipbe M2) — y, = 0.5 (uau $500 3a ToHHY). B paznene 2.4.2 MbI rpaduye-
CKH NOKa3aJly, YTO MpPUBENEHHbIE 3HAYEHUS CTOMMOCTEI CrpaBeIJIMBbI, €ClIM 3Haue-
HME NEepBOro pecypca He BbIXOAMT U3 uHTepBana (20, 36), a BToporo — u3 HHTEpBaja
(4, 6.67) (3TH xe pe3ynbTaThl anrebpanyecku OynyT nonydensi B paznene 4.7.1). Ta-
KUM 00pa3oM, pacxoz ceipbs M1 MoxeT Bo3pacT ¢ 24 10 36 TOHH, YTO NpPHUBENET K
COOTBETCTBYIOLUEMY YBEJIMYEHUIO H0X0Aa Ha BeauduHy 12 X $750 = $9000. Anano-
IMYHO KOJIMYECTBO BTOPOro pecypca (cblpbe M2) MOXHO yBENHYHUTH C 6 10 6.67 TOHH
C yBenuyeHHeM noxona Ha BeauyuHy 0.67 X $500 = $335. Ho eme pa3 HanoMHum,
4TO0 MOoJOOHbIE pacueThl NPUMEHHUMbI TOJNBKO TOTHa, KOrja yBeJHYeHHe 4Yhcia HC-
NOJIb3YEMBIX PECYPCOB HE BBIXOIMT 3a NMpPUBEIEHHBbIE BbILE MHTEpBaJbl 3HAYEHHIA.
KoHe4Ho, 3TO He 03HAa4YaeT, YTO KOJIMYECTBO UCHONb3YEMbIX PECYPCOB B NMPUHUHMIIE HE
MOXeET BBIXOJHUTb 3a YKazaHHble npenenbl. OJHaKO NpUBENEHHbIE BbILIE CTOMMOCTH
pecypcoB omnpelesieHbl TOJAbKO Ui Cily4as, KOria KOJIMYECTBO ITHX PECYpCOB He Bbi-
XOIMT 32 yKa3aHHbI€ IpeJieibl.

[l TpeThero ¥ YeTBEPTOro PeCcypcoB ABOMCTBEHHbIE LIEHbBI (ONTUMANBHOE PellieHHe
JIBOMCTBEHHOI 3alaud) paBHbI HYJO. DTO YKa3blBaeT Ha TO, YTO JaHHbIE PeCypChl He-
nepuuuTHbI. [T03TOMY MX CTOUMOCTD PaBHa HYIIO.

YnpaxHeHusn 4.4,a

1. B 3anaue u3 npumepa 4.4—1 noacuuraiite onTUManabHbIA JOXOM MPH BBIMOTHEHHU CliE-
JOYIOUIMX YCJIOBHM.

a) OrpaHuueHHe I EPBOro pecypea: 6x; + 4x, < 22.
b) OrpanuueHue s BTOporo pecypea: x; + 2x; < 4.5.
¢) YerBepToe orpaHuueHue: x; < 10.

2. DnextpoHHas komnaHus NWAC npousBOAUT YeThlpe TUNa Kabesis ais 060pOHHOro Be-
JomMcTBa. Kaxnpiii TvI kabess moJBepraeTcs 4eThipeM MOCIeL0BATENbHBIM ONEePaLHAM:
pasgmenka, maiika, orUieTka W npoBepka. B ciemyroweil Tabnuue NpUBENCHbI NAaHHbBIE,
XapaKTepu3yIolHe NMPOU3BOACTBO Kabeneil.
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3arparsl BpeMeHU Ha H3jesue (B MHHYTaxX)

Tun xabens Paznenka  [laiika Omnerka  Ilpoepka  Jloxox ($)
SC320 10.5 20.4 3.2 5.0 9.40
SC325 9.3 24.6 2.5 5.0 10.80
SC340 11.6 17.7 3.6 5.0 8.75
SC370 8.2 26.5 5.5 5.0 7.80

ExenneBHblit ponn  4800.0 9600.0 4700.0 4500.0
paboyero BpeMeHH
(B MHHYyTaXx)

O60poHHOE BEJOMCTBO rapaHTHPYeT M1 KOMNaHUH MUHUMANbHBIH YPOBEHb NPOU3BOA-
ctBa B 100 equHULl KaKIOro TUIA Kabens.

a) CdopMynupyiite 3agauy JMHEHHOro NpOrpaMMHpPOBAHHA U C MOMOILBIO TIPOrpPaMMBbI
TORA Haiigute ee ONTUMaNbHOE PELIEHHE.

b) OcHoBbIBasCh Ha ABOMCTBEHHBIX Li€HaX, MpUBeIeHHbIX nporpammoit TORA, onpe-
JieNIMTe BO3MOXHOE YBEJIMYEHHE €XKEAHEBHOrO (JOHIA BPEMEHH 10 KaXKA0i TEXHOJO-
THYECKOM onepaLuu.

¢) BbIrogHO 1M KOMIAHHH BBINOJIHEHHE TpeGOBaHHA 3aJaHHOTO MUHHMAIbHOIO YPOBHS
npouzBozacTBa? O60CHYiTE OTBET, OCHOBBIBAsICh Ha BENUYHHAX ABOHCTBEHHBIX LIEH.

d) BosmoxHo nn yBenanuenue Ha 10% BpeMeHHoro ¢oHAa onepauuy Naiku ¢ coxpa-
HEHHEM BEJIMYMHBI €€ BKJIaZia B CyMMapHBIi JOXO, ONpeaeaseMblil TEKyLIeH qBOM-
CTBEHHOI1 LIeHO?

3. KomnaHus TMPOHU3BOOUT KOXKAHBIC YEXJIBI U CYMKH. Ha NPpOU3BOACTBO OAHOr0 4e€Xja
TpeGyetcs 8 M> kKoxH U 12 yacoB paGoYero BpeMEHH, Ha MPOM3BOACTBO CYMKH — 2 M’
KOXHM M 5 yacoB pabouero BpeMeHH. TeKyline exeHelebHbl€ peCypchl NPOU3BOACTBA
orpanuuensl 1200 M> xoxu u 1850 uacamu paboyero BpemeHu. Komnanus npopaet
4exsisl U CyMKH 1o ueHe $350 u $130 coorsercTBeHHO. Onpenenure Wis 3Toi kKomma-
HUHU CXEMY MpPOM3BOJCTBA, MAKCUMHU3HPYIOLIYIO YMCTYIO MpUOBLIb. J[omycTHM, Komma-
HUA KeNaeT PacllMPUTh CBOE NPOM3BOACTBO. KakoBa MakcUManbHas 1ieHa, 0 KOTOPOi
KOMITaHHH HMEET CMbICJI 3aKyMaTh HOMNOJHHUTECIIbHYIO KO)Ky? A KakoBa nomyctuMas
MaKCHMaJIbHas LIeHa JOMNOJIHUTEIbHBIX TPYAOBBIX pecypcoB?

4.4.2. DKOHOMMYECKAa MHTeprpeTaums orpaHmyeHnin
ABOWNCTBEHHOW 3aaayu

JIna yHTEpnpeTauMH orpaHM4YeHUit JBOMCTBEHHON 3aJa4M MUCMOIb3yeM COOTHOLIEHHE 1 M3
paznena 4.3. B COOTBETCTBMU C 3TUM COOTHOLIEHHEM Ha JOOOH MTEpauMH pelieHUs MpIMOi
3a/1a4¥ CNpaBeTMBO PABEHCTBO

n
KoaduumeHT npu x; B z-CTpoke = Za,.l. yi—c; .
i=1

JU1s MHTEepIpeTaUty 3TOro paBeHCTBA BOCIONB3YEMC aHATM30M Pa3sMEPHOCTEH BXOIAILMX B
Hero BenuuuH. Koadduumenr ¢, — noxon (B mosutapax) Ha eIHHMLY “BbIX0OHa” j-ro BUIa NpOH3-
BOJICTBEHHOH (3KOHOMUYECKOH) nesTenbHOCTH. ClefoBaTeNbHO, LI COINIACOBaHHA pa3sMepHO-

m

- n
CTEH BCJIMYHHA Zi=lau Y; TaKXK€ NO0JDKHA UMETb PasMEPHOCTh nomap/ennﬂuua. Hanee, nockonb-
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Ky ¢; NPEACTABIAET NOXO0M, CyMMa 21 - ;Y s KOTOpast BXOOUT B PABEHCTBO C MPOTUBOMNOJIOXKHBIM

3HAaKOM, JIOJDKHA COOTBETCTBOBATh 3aTpaTaM WIH M3JepXkaM. B To ke BpeMs ko3(duimeHT a,
paBeH KOJNMYECTBY pecypca i, MCHOIb3YyeMOro Ha MoJJepKaHHe j-r0 BUa JESITENLHOCTH; nepe-
M€HHas y, IpelCTaBIsieT BMEHsieMble U3JeP:KKH (BMEHAEMYIO CTOMMOCTb) €IMHHULbI pecypea .

Takum oGpa3oM, BenudyHHa 2 _,@;Y, COOTBETCTBYET CYMMAapHOH CTOMMOCTH BCEX PECYPCOB,

HeoOXOAUMBIX JUIS MPOM3BOACTRA €AMHHLIBI MPOLYKLMH j-IO BUIA AEATETLHOCTH.

VYcnoBue ONTUMaIbHOCTH CHMIUIEKC-METOMA B 3aJjade MaKCHMH3aLM| FOBOPHUT O TOM, YTO
J-H BUI IEATENBHOCTH (MEpEMEHHaA X;), HE MPEACTABJIEHHbIN B TeKylleM 6a3MCHOM pELICHHH,
MO’XHO BBECTH B Ga3uC UIs yBENMYEHHA 10X0Ja TONBLKO TOr/a, Koraa ko3Q@HuueHT npu x; B z-

cTpoke (paBHbIN 2 _,@;Y; —¢;) Oyner HeoTpuuaTenbHbIM. B pamkax mpeanaraeMoit 3koHo-

MHYECKOH HHTEPNPETALUHU 3TO O3HAYAET, YTO j-i;l BHJ JEATENILHOCTH JOJIKEH OBbITH npeacraB-
JieH B 6a3UCHOM PELICHUH, €CIIH BBIMOJIHACTCA CI€AYIOLICE HEPABEHCTBO.

CTOMMOCTB BCEX PECYPCOB, HCIOJIb3YEMBIX Hoxox oT peanu3auuu
JU1s TIPOU3BOACTBA €IMHULBI NMPOLYKUMH |<| €IWHMLbI MPOAYKLMHU
J-To BUJa OEATENbHOCTH J-To BHJa JeATEIIbHOCTH

TakuMm 06pazoM, ycioBHe ONTUMAIBHOCTH (B 3aJaye MaKCHMM3alHH) FOBOPUT O TOM, YTO
IeATENBHOCTD JI000ro BHA CliedyeT HapaluuBaTh 10 T€X MOp, MOKa HOXOJ OT Hee MpeBbilIaeT
BO3MOKHbIE M3EPKKH (CTOMMOCTh PECYPCOB), 3aTpauHUBaeMble Ha €€ MOLIEPXKKY.

TpuBeneM cTaHAAPTHBIE ONMpENENeHHs, HCMONIb3yeMbie B JIUTEpaType MO JIMHEHHOMY Mpo-

m
rpaMMHMpoOBaHuI0. BBeneM oGo3Hayenne z; = 2‘,=laij y; - BenvuuHa z; NpeACTaBiseT cyMmap-

HyI0 CTOMMOCTb PECypCOB, HCIOJb3yEMbIX Ha NMPOMU3BOACTBO €OMHHLBI NPOMYKUMH j-TO BUAA
AeATeNbHOCTH. Benuuuna z; — ¢, paBHa KO3QGHUMEHTY MPH X; B Z-CTPOKE CUMILIEKC-Ta0IULbI U
4acTO Ha3bIBAETCS NPHBEJEHHOM CTOMMOCTLIO (MPUBEACHHBIMHU U3JEPXXKaMH) j-TO BUIA Aes-

mn

TENbHOCTH. B HEKOTOPBIX Cy4asX pa3sHOCTH z,— ¢, = Eau ¥; — €, UCTIONIb3YIOTCS HEMOCPEACT-
i=1

BEHHO JUIA BbIYUCJIEHHA KOI((HULMEHTOB B z-CTPOKE CHMIUIEKC-Tabnuubl (BMecTo MeTona INa-

ycca-XKopnana). Takue BbIYHCIEHHSA UCTONB3YIOTCA B MOOUPUYUPOBAHHOM CUMNIEKC-Memode

(3TOT MeTOox omnucaH B riase 7).

Ilpumep 4.4-2

®abpuka urpymexk TOYCO cobupaeT TpH BUAa UTPYLIEK: MOJENM NOE30B, IPY30BU-
KOB M JIErKOBBIX aBTOMOOMJIEit; Npu cO0pKe KaXA0ro BUAA UCIIONL3YETCS TPU THIIA OMepa-
uuii. ExxenueBHbl#t GoHn paGoyero BpeMEHH Ha KaXKIyIO ONEpaLMIO OrpaHH4eH Npefelib-
HbiMM BennuuHamu 430, 460 1 420 muHyT. JIoXoa Ha OAHY MIPYHIKY KaXIOro BHIA CO-
crasiseT cooTBeTcTBeHHO $3, $2 1 $5. Ha kaxmoit u3 Tpex onepauuit s c6opku Moxenu
noesna Tpebyercsa 1, 2 U 1 MuHyTHl paboyero BpeMeHH. COOTBETCTBYIOIEE BpeMs JUIA
c6opky Mogeneil rpy30BHKOB U JIETKOBBIX aBToMoOmiel cocrasnser (2, 0,4) u (1,2, 0)
MUHYT (HyJIb YKa3bIBaeT Ha TO, YTO COOTBETCTBYIOILAs ONepaLHs He BbITONHAETCS).

OG6o03Ha4MB uepe3 X), X; H X3 KOJIMYECTBO COOMpaeMBIX €XEeIHEBHO Mozened Tpex
BHJIOB, MOJIy4aeM NpSAMYI0 U IBOHCTBEHHYIO 3anayu JIIT.
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Tpsmas 3amaya JIBolicTBEHHas 3agaya

MakcuMusupoBath z = 3x; + 2x, + Sx; | MunuMusupoBats w = 430y, + 460y, + 420y;
MPU OFpaHUYEHUAX NIpY OFpaHUYEHUAX
xy + 2x, + x3 £ 430, (onepauus 1) nt+3ym+y; 23,

3x; + 2x; < 460, (onepauus 2) 2y, +4y; 22,

Xy + 4x; £ 420, (onepauus 3) »n+2,25,
Xy, X3, X3 2 0. Y1, V2 y3 2 0.
OnTHMaNbHOE peleHHe OnrtuManbHOe pelleHue

x,=0,x,=100, x; =230, z=§1350 y=1,y,=2,y3=0

OnTMMaibHOE pelIeHHe MpexyCMaTpUBaeT NPOM3BOACTBO MoJeNneil Ipy30BbIX
(x2 = 100) 1 nerxoBbIX (x; = 230) aBTOMOGMIIEl U TpebyeT OTKa3a OT MPOM3BOIACTBA MO-
neneit noe3nos (x; = 0). 310 03HaYaceT, YTO B TeKyleH IKOHOMUYECKO! CUTyaluH Npo-
H3BOACTBO Mojcjell moe3noB He peHTabenbHO. BMecTe ¢ TeM PhIHOK Hrpyllek TpeGyeT
BBIITyCKa 3TOro Buaa Moaened. Kak caenath ux nmpousBoAcTBo JoxonHbiM? B cooTser-
CTBMHM C 3KOHOMHYECKOH MHTepnperauuedt 3amay JIII, nmpuseldeHHO) B 3TOM pasnerne,
NPOHU3BOACTBO MOJEeiH Moe3foB OyaeT BBITOAHBIM TOJNBKO TOTAA, Koraa GynaeT BhINOJ-
HATBbCA HEPABEHCTBO 2 < ¢;. I BBIMOJIHEHUA 3TOTO HEPABEHCTBA HYXHO JMOO MOBbI-
cuTh KO3 HULMEHT ¢; (AOXOX OT MpoAaXy OAHOM MOZENH moe3la), HanpuMep MyTeM
YBEJIMYEHUSA LEHbl MOJENH, IHO0 CHU3UTH CTOMMOCTb pecypcoB z; (=y; + 3y, + y3), He-
00XONMMBIX Uil MPOM3BOACTBA 3THX MrpyLIeK. YBeJHYEHHE LIEHbI UIpyLIEK He XKena-
TEJIbHO, TaK KaK 3TO CHHM3HT MX KOHKYPEHTOCNOCOGHOCTh Ha PHIHKE MIpyIleK. YMeHb-
LIeHUe BeNHYUHBI KoddduuueHTa z;, 6osee npusiekaTeabHO, MOCKONbKY JUIf 3TOro Ha-
[0 NIPOCTO COKPATHTh BPEMs BBINOJHEHHA ONepaLyii, HeOOXOAUMBIX LI NPOH3BOACTBA
Mozeneit noe3nos. O603HauMM 4epes 7y, r; ¥ r; BEIUYHMHbI, MPONOPLUUOHATBHbIE JONAM
COKpalUEHUA BPEMEHH COOTBETCTBYIOIMX onepauui. ITH BENHUYHHBI HAXOAUM H3 YCIIO-
BHUA, 4T0ObI HOBas CTOUMOCTb MPOM3BOJCTBEHHbIX ONEpaLuii He MpeBbilIaia J0Xo4a OT
oIHO# MozesH noe3a. ITOo YCI0BHE 3alUChIBAETCA CIIEMYIOIUM 06pa3oM.

1A =roy +3(0 =r)y, +1(1 =r3)y3 <3

ITocne noacTaHOBKM 3HaYEHHH ¥y = 1, ¥, = 2 U y; = 0 noay4uM clieAyrollee HEPaBeHCT-
BO (mpoBepbTe!): 1y + 67, > 4.

TakuM o6pa3oM, J1100ble 3HaYCHHs BENUYHH ry U r;, 0T 0 10 1, ynoBieTBopsioline
HEpaBeHCTBY ry + 6r, > 4, NpuBeoyT K JOXOAHOCTH NMPOM3BOACTBAa MOAENEH MOE3MOB.
Hanpumep, mns 3Hauenuit ry = 0.6 u r, = 0.6 nony4aeMm z; — ¢; = 4 — 0.6 — 6x0.6 = -0.2.
BMecTe ¢ TeM OTMETHM, YTO COKPALICHHE BPEMEHH BBINOJHEHHA BTOpPOii onepauuH B 6
pa3 3¢ pexTHBHEE COKpAILEHHs BDEMEHH BBINOJIHEHHA NEPBOM OnepaLuy.
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YnpaxHeHusn 4.4,b

1. B 3apaue u3 npumepa 4.4-2 npeanoyoxuM, 4To BpeMs BBITIOJIHEHHA BTOPOH onepauuu

npx c6opke MofeNH Noe3a cokpaieHo ¢ 3 1o 1.25 muyTsl. Ha ckonbko XOMKHO GBITH
COKpaLleHO BPeMs BBIMOJIHEHHA NEpBOH onepauyH, 4ToObl NPOM3BOJCTBO 3TOH MIpyIl-
KH CTaJo JOXOIHbIM?
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2. B 3agaue u3 npumepa 4.4—2 NpennoyioKuM, 4To (abpuka MIpyLIeK paccMaTpuUBaeT
BO3MOXHOCTb MPOU3BOJACTBA €Ille OTHOrO BHIA UIPYLUKH, 8 HMEHHO MOJE/H NOXKapHOU
MauuHbl. IIpu c6opke 3Toit Monenu mepBas onepaus He HCIONb3YETCs, a BTOpas M
TpeThs TpebyIOT cooTBeTCTBEHHO 1 M 3 MMHYT s cOopku onHo# Monmenu. Jloxonx oT
OIHOM MOeNH MokapHOi MalKHBI cocTaBiseT $4. ITocoBeTyeTe nu BbI pabpuke npo-
U3BOAUTD 3TH UTPYLIKU?

3. KoMnaHus KCMonb3yeT TOKapHbIe U CBEPJMIbHbIE CTAHKM LI MPOU3BOACTBA YETHIPEX

Tunos getaieii: PP1, PP2, PP3 u PP4. B cnemyrouieii TabaMie NpeacTaBieHb! TEXHOIO-
FMYECKHe JaHHble, XapaKTepu3ylolliie IPOM3BOACTBO 3TUX ACTaNEH.

Bpems 06paboTKu OAHOTO U3ACTHA DOoHA MALIMHHOTO
(MHHYTBI) BPEMEHH (MUHYTHI)
CraHOK PP1 PP2 PP3 PP4
TokapHblii 2 5 3 4 5300
CBepJIHIIbHBIIM 3 4 6 4 5300
Hoxon ot 0XHOTO 3 6 5 4

n3genns ($)

Jlns Tex u3genuii, KOTOphIE HE BOMIYT B ONTUMaIbHOE 6a3MCHOE peLlieHHe, ONpe]enuTe CTe-
MeHb YMEHbILEHUA ONMTUMAIBHOIO I0X01a NMPH YBENHYEHUH X NMPOU3BOACTBA HA €AMHHULYY.

4. PaccMOTpHTE ONTMMAIbHOE pelleHde 3aayl U3 MpeAbAyLIero ynpaxHeHus. Komma-
HHA MOACYMTANIA, YTO C MOMOILBIO CELHATBHBIX MEPONPUATUI MOXXKHO YMEHBIIHMThL 00-
1Iee BpeMs NPOU3BOACTBA M3MEIHH, HE BOLICAIMX B ONTUMAIbHOE Ga3HCHOE pelleHue,
Ha 20%. Byner nu nociie 3T0oro NpoU3BOACTBO TaKUX U3AeNui peHTabenbHo? Ecnu Her,
TO Ha CKOJIBKO CIIELYET COKpPAaTUTh BPEMs NPOU3BOACTBA JaHHBIX H3IEIHIA?

4.5. [1IBoNCcTBEHHbIN CUMISIeKC-MeTos

B 3TOM paspene pacCMOTPUM CHMILUIEKCHBIN aJITOPUTM, KOTOPbIi OCHOBaH Ha COOTHOLIEHH-
AX MeXTy NpAMOI U NBOMCTBEHHOH 3ajayaMu. DTOT aIropuT™M 3P(GEKTUBHO pEIlaeT onpene-
neHHbI# Kiace 3agay JIIT. Kpome Toro, oH no3BoJifieT JOBECTH IO KOHLIA AHAJIM3 YYBCTBHUTEJb-
Hocti Mozenu JIIT (cM. paspen 4.7).

B nBOHCTBEHHOM CUMIUIEKC-MeToAe pemieHue 3agayud JII1 HauMHaeTcs ¢ HENOMyCTHMOro,
HO JIyYIlIero, 4YeM onTuMaibHoe pelueHue. IlocaenosaTeabHbie UTEPALMK 3TOr0 METOAa MpH-
OmDKaloT pelieHHe K ob6JacTd HOMYCTUMOCTH 0e3 HapyLIeHHS ONTHMaIbHOCTH (TO4YHEe,
“CcyneponTHMAaILHOCTH) npoMexyTo4yHsIX peiieHult. Korna G6yner mocturHyra obnacth mo-
MyCTHMBIX peLIeHHii, poLecC BbIYUCIECHMI 3aKaHUYMBAETCA, TaK Kak MocieaHee peimexue Oy-
JeT ONTUMaNbHBIM. YKe U3 9TOro KpaTkoro ONMMCaHMs ABOHCTBEHHOrO CHUMIUIEKC-METONA BUA-
HO, YTO OH 3HAYUTEJIBHO OTIINYAETCA OT OOBIYHOTO (IPSMOro) CUMILIEKC-METOA, PACCMOTPEH-
HOTrO B IJ1aBe 3, rie HayalbHOe pelieHHe Bceraa JOMyCTUMOE, HO HE ONTHMAbHOE, U MpoMe-
KYTOYHbIE PEIIEHUS HUKOTAAa HE BBIXOIAT U3 NPOCTPAHCTBA NOMYCTUMBIX PELICHHI.

B IBOMCTBEHHOM CHMIUIEKC-METOZlE HayalibHas CUMIUIEKC-Tabiuia 06s3aTesIbHO JOJDKHA
UMeTh B 0a3MCHOM pELIEHHH HeNOMyCTUMYIO (T.€. OTPHLATENbHYIO) epeMeHHyt0. g peanu-
3allMH ABOWCTBEHHOTO CUMILIEKC-METOa pa3paboTaHbl CIEOyIOLIHE JBa YCIOBHA, BHIIONHEHHE
KOTOpPbIX rapaHTHPYET ONTUMAJILHOCTh MOCJIEN0BATEIbHBIX IPOMEXKYTOYHBIX PELICHUH U NpH-
6akeHUe UX K 06J1aCTH JOMyCTUMBIX PEILCHHUIA.
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Heoiicmeennoe ycnosue oonycmumocmu. B kauecTBe UCKIIOYaeMOii nepeMeHHOM X, BbI-
6upaercs 6a3ucHas nepeMeHHas, uMelolas Haubobiliee NO abCONIOTHOM BENMYHHE OTpHMIIA-
TeJIbHOE 3HaueHHe. Eciy Takux nepeMeHHBIX HECKOJIbKO, TO BbIOOp mpousBojeH. Eciu Bce Ga-
3KCHbIE NIEpEeMEHHBIE HEOTPHLIATENbHBIE, MPOLIECC BBIYMCIIEHUI 3aKaHYMBAETCH.

Hesoiicmeennoe ycaosue onmumansrnocmu. BonuMas B 6a3uc nepeMeHHas onpenensercs
Kak TNepEMEHHasi, Ha KOTOPOii JOCTUTAEeTCs CIAEAYOMMIA MUHUMYM:

X Z.—C;
min __J , ar' <0 s
HebasucHbIe X; arj 4

rae o, — ko3(pQUUHMEHT U3 CHMILIEKC-TabIMLIbI, PAaCNONOKEHHbIH Ha NEpeceYyeHNH Bedyeit
CTPOKH (COOTBETCTBYIOLLEH HCKIIIOYAEMOI IIEPEMEHHO X,) M CTOJIOLA, COOTBETCTBYIOLIETO I1e-
peMenHoi x,. IIpy HanmMUMK HECKONBKHX albTEPHATHBHBIX MIEPEMEHHBIX, BLIGOp JenaeTcs npo-
M3BOJILHO.

IMocne HEKOTOPBIX pasmyMHii Bbl HOJKHBI 3aMETHTh, YTO ABOMCTBEHHOE YCJIOBHE ONTH-
MaJIbHOCTH OCHOBBIBA€TCS Ha TOIf k€ OCHOBHOI H/I€€, YTO U YCIOBHE ONTHMAIBLHOCTH MPAMOro
CHMILIEKC-METOZIA U3 NIaBbi 3.

IIpumep 4.5-1
JHana caenyrowas 3agava JIIT.
MunuMH3HpoOBaTh z = 3x) + 2x,

TIpH OrpaHUYCHHUAX
3x;+x,2 3,
4x1 + 3x2 2 6,
X+ X3 < 3,
X1, X2 20.

HauayibHas cumIuiekc-Tabnuua 3Toi 3a1a4d UMeeT ClleAYIOLIMiA BULL.

Basuc X X X3 X4 Xs Peenue
z -3 -2 0 0 0 0
X3 -3 -1 1 0 0 -3
X —-4 -3 0 1 0 -6
Xs 1 1 0 0 1 3

Cpenu IONONHUTENBHBIX NMEPEMEHHbIX 3TOM 3alauH, X3 H X4 ABJIAIOTCA U3OBITOUHBI-
MH, a Xs — OCTaTOYHON. Mbl YMHOXM/IM KaXk0€ paBEHCTBO, COOTBETCTBYIOLLEE U3ObI-
TOYHBIM IONOJHUTENbHBIM NEPEMEHHbIM, Ha —1; B pe3yJbTaTe NMpaBble YacTH 3THX pa-
BEHCTB HEMOCPEICTBEHHO yKa3bIBalOT Ha 0a3MCHbIE MEPEMEHHBIE, KOTOpbIE SBJAIOTCH
HEJOMyCTHMBIMH (X3 = =3, X4 = —6, X5 = 3). DTOT MOAX0. BCETa UCIOJB3YETCs MPHU pea-
JM3aLUMH IBOHCTBEHHOrO CHMILIEKC-MeTona. Ilockoneky zj— ¢; < 0 mns Beex j =1, ..., 5,
HayajbHOe 6a3uCHOe pelleHHe SBJIAETCH ONTHMAILHBIM (HO HE NOIMYCTHMBIM). Takum
oOpa3oM, npuBeleHHas Tabiuua yHAOBJIETBOpSAET TpeGOBaHMAM HadyabHOM TaGIHLbI
JBONCTBEHHOTO CUMIUIEKC-METOJA, 8 MMEHHO — ONTHMAJIbHOCTH M HEJOIMYCTHMOCTH.
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JlBoiicTBEHHOE YCNIOBHE IOMyCTHMOCTH YKa3bIBaeT Ha MEpPeMEHHYI0 X4 (= —06) Kak Ha
BBOAMMYIO B Gasuc. Teneps NMpUMEHUM ABOMCTBEHHOE YCIIOBHE ONTUMAIBHOCTH IS OIl-
pefesieHrst UCKITHOYaeMOii iepeMeHHOIA. ISt 3TOro UCIIONb3YeM CIedYIOLIYIO TabIuiLy.

IlepeMeHHbIE X1 X3 X4 X5
z-cTpoka (z; — ¢;) 0 0 0
X4-CTpPOKAQ, Ol 0 1 0

OtHowenue | %~
a4

Alw _LL',,

j

IlpuBeneHHbIE OTHOIICHUSA MOKA3bIBAIOT, YTO MCKIIOYAEMOil epeMeHHoU OyneT x;.
OTMeTHM, 4TO MepeMeHHBIE X; OyIyT KaHAMIaTaMM Ha MCKIIOY€HHE U3 6a3uCHOro pe-
IIEHHA TONBKO TOrAa, Koraa Ko3GpQuuHueHT oy 6yneT cTporo oTpuuaTensHeIM. Ilo 3To-
My KPHTEPHIO TIEPEMEHHBIE X3, X4 U X5 HE PACCMATPHUBAIOTCH KaK KaHAMAATHI HAa UCKIIIO-
yeHue u3 6asuca.

Crnenytowas Tabnuua noxy4eHa ¢ MOMOILIBIO M3BECTHBIX OMNEpalMii Hal CTPOKaMH,
TIPUMEHSAEMBIX B MIPAMOM CHMILIEKC-METOJE.

Basuc X2 X3 X4 Xs Pemenue
z 0 0 —2/3 0 4
“ X3 0 1 -1/3 0 -1
X2 1 0 -1/3 0 2
X5 0 0 1/3 1 1
OTHOLIEHHE — — 2 —

IMocnenuss Tabnuua nokaspiBaeT, 4YTo M3 Oa3mca MCKIIOYAeTCs NMEpeMeHHas X3 U
BBOAUTCA X|. B pe3ynbTare nosydaeM ClieayloLIyl0 CUMIUIEKC-TabIHLy:

Basuc X1 X X3 X4 Xs Pemenue
z 0 0 -1/5 -3/5 0 21/5
X1 1 0 -3/5 1/5 0 3/5
X3 0 1 4/5 -3/5 0 6/5
Xs 0 0 -1/5 2/5 1 6/5

Peenue, npeacTaBjieHHOE B MOCIEAHEH TabnuLe, JOMYCTUMO (M ONTUMAIBHO), T0-
3TOMY BBIYMCIJICHUA 3aKaHYMBAIOTCA. OTO pelleHue uMeeT BUA X = 3/5, x, =6/5 u
z=21/5.

Ha puc. 4.1 noka3aHa nocjenoBaTeIbHOCTb LIaroB JBOHCTBEHHOIO CUMILIEKC-METOAA MPH
peLieHUH 3aaa4u U3 npuMepa 4.5—1. AIropuT™M HauMHaeTcs B KpaiiHel Touke A (koTopoii co-
OTBETCTBYET HEJOIMYCTUMOE, HO “JTy4Ile, YEM ONTHMAIbHOE” PEIICHHUE), 3aTEM OH IIEPEXOAUT K
TOYke B (KOTOpO#H TakkKe COOTBETCTBYET HEINOIMYCTHMOE, HO “JTyyllle, YeM ONTHMAaJIbHOE” pe-
LIeHHe) M 3aKaHYuBaeTcs B Touke C, yxke NpHHaIexaleid 06J1acTH JOMyCTUMBIX PELICHHI.
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X2

A

*1

0

Puc. 4.1

YnpaxHeHus 4.5,a

1. Ha pwuc. 4.2 noka3aHo NMpOCTPaHCTBO pELUEHHH, COOTBETCTBYIOLIEE 3aJa4ye MHHUMH3a-

UMM UeneBoil pyHKUUH z = 2x + x,. [Ipeanonaraercs, YTO MOUCK PEILEHHUS BBIMIOJIHACT-
Csl ABOMCTBEHHBIM CHMIUIEKC-METONOM; ONTUMAIbHOE pELIEHHE COOTBETCTBYET TOYKE
F=(0.5,1.5).

a) Ecnn HayanbHoe 6a3ucHOe (HEZOMYCTHMOE) pELICHHE COOTBETCTBYET Touke G, Oy-
IET JI aIrOPUTM IBOMCTBEHHOrO0 CUMILIEKC-METOAa NMPOXOAUTH Yepe3 Touku G, E,
F? O6ocHyiite aT0.

b) Ecnu HayanbHoe 6asucHoOe (HeZOMYCTHMOE) PELIEHHE COOTBETCTBYET Touke L, om-
penenuTe Ha puc. 4.2 BO3MOXKHYIO NOCJIEAOBATEILHOCTh TOYEK, Yepe3 KoTopsie Oy-
AET MPOXOAUTH AJITOPUTM ABONCTBEHHOTO CHMIUIEKC-METOIA IJIA JOCTIDKEHUSA OIl-
THMAJIbHOTO PEIUEHHS B TOUKe F.

. Pewure cleayromue 3aga4yu ¢ NMOoMOLIbIO JIBOMCTBEHHOI0 CUMIUIEKC-METOJA U onpene-

JINTE Ha rpad:mecm TNpeaCTaBJICHHOM MNPOCTPAHCTBE pememm 9THUX 3ajay rnocjeaona-
TEJIbHOCTb TOYEK MPOXOXKIACHHUA aJIrTOPUTMA JIBOMCTBEHHOr0 CUMIUIEKC-METOA Ui JOC-
THXCHHUA ONITUMAJIBHOIO PELICHUA.

a) MuHuUMHU3MpOBaTh z = 2x; + 3x;
[P OrpaHMYEeHUAX

Yacts 1. lerepMuHHpOBaHHbIE MOJEJIH



2x; + 2x; < 30,

x; + ZXZ 2 10,
X1, X2 >0.
b) MuHuMHU3HpOBaTh z = 5x + 6x,
HpH OrpaHUYeHHAX
X1+ x; > 2,
dx; +x, 24,
X1, X2 2 0.
X2
4+

X1

<=

Puc. 4.2

3. Pemute CIIEAYIOLIHE 3aaa4YH JBOMCTBEHHBIM CHUMILIEKC-METOAOM U ONpeaciiuTe Ha rpa-
quecm MNpeaCTaBJICHHOM IIPOCTPAHCTBE pemeﬂuﬁ 3THX 3aJav IOCJICHOBATCIIBHOCTD
TOYEK MNPOXOXACHHA aJrOpuT™Ma JBOMCTBEHHOTIO CHUMILIEKC-METOAA U1 OOCTIXKCHHSA
ONTUMAJIBHOI'O PCLICHU.

a) MuHUMH3NPOBATh Z = 4x) + 2x,
TIPU OTrpaHUYEHUAX
x1+x;=1,
3x1 - X2 2 2,
X1, X2 2 0.

b) MunumusnpoBarts z = 2x; + 3x;
IPH OrpaHHYEHUAX
le +x;2 3,
X1 tx=2,
X1, X2 2 0.

(Cosem. 3ameHute orpaHUYEHHE B BHIE PaBEHCTBA AByMs HEPaBEHCTBAaMH. )
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4. JleoticmeeHHblli cuMniekc-mMemod ¢ UCKYCCMBEHHbIMU 02paHuyeHusmu. JIaHa ciemyro-

uias 3anava JIIT.

MaKCHUMHU3MPOBATH z = 2X| — X, + X3

NP OrpaHUYEHUAX

2x1 + 3x2 - SX3 2 4,

-x, + 9x2 — X3 2 3,

4x1 + 6x2 + 3X3 < 8,

X1, X2, X3 2 0.

HauanbsHoe 6a3uCHOe pelleHHe CONEPKUT NONONHUTENbHbIE IEPEMEHHBIE X4, X5 U X¢ U SB-
JII€TCS. HEAOIMYCTHMBIM, MOCKONBKY X4 =—4 U X5 = —3. Ho HenmocpeACTBEHHOE NPUMEHEHHE
JIBOMCTBEHHOI0 CUMIUIEKC-METOIa HEBO3MOKHO, TaK KaK MEPEMEHHBIE X| U X3 HE yJOBIIE-
TBOPSIOT YCJIOBHIO ONTUMAIBHOCTH VIS 337124y MakcuMu3auuu. [Tokaxure, 4To BBEEHHE
HCKYCCTBEHHOTO OrpaHHYeHUA X; + X3 < M (rae M — nocTaTtodyHo 60NBIIOE MOJIOKUTENb-
HOE YHUCJIO U TaKOoe, YTO JaHHOE HEPABEHCTBO HE CY)KaeT 006/1acTh AOMYCTUMBIX PEILICHUH
HCXOJIHOI 3ajaui) M MOC/IeMYIOIliee UCIOb30BaHUE €ro Kak BeAyILEH CTPOKH CHMILUIEKC-
TaGJIULBI TTO3BOJIAIOT MOJYYHUTh ONTUMAIBHYIO Z-CTPOKY IyTeM BbIOOpa rnepeMeHHOM x| B

KavecTBe BBOAMMO. TakuM 006pa3oM CTAHOBHTCS BO3MOXHBIM IPHUMEHEHHE NBOHCTBEH-
HOTO CUMIUIEKC-MeToJa K MOAM(HIMPOBAHHOM 3a1aue C HCKYCCTBEHHBIM OTPaHMYEHHEM.

. Mcnone3ys mpouenypy BBeeHHs UCKYCCTBEHHOTO OrpaHHYeHHs, ONUCAHHYIO B Npebl-

IOyIEM YNpaKHEHHH, pPelIuTe NBONCTBEHHBIM CHMILIEKC-METOAOM CIEHyIOIUE 3a4aYd
JIT1. Bo Bcex 3amayax ykaxure, OymeT JU OKOHYATEIBHOE PEIICHHE NOIMyCTUMBIM, He-
JOITYCTUMBIM WIM HEOTPaHMYEHHBIM.

a) MakcuMu3HpoBaTh z = 2x3
NpY OrpaHUYEHUAX
=X +2x2—2xg 2 8,
—x) +x, +x3 <4,
2x1 —Xx; + 4X3 < 10,

X1, X2, X3 2 0.
b) MaxkcuMU3UpOBaTh z = X| — 3X;
MPY OrpaHUYEHUAX
X=X %2,
x1+tx,24,
2x;—2x 2 3,
x1,x,20.
¢) MuHUMH3UpPOBaTh Z = —x| + X,
NIPY OrpaHUYEHUAX
X1 —4x,25,
x1—=3x,<1,
2x,—=5x,21,
X1, X2 2 0.
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d) MakcuMu3npoBath z = 2x3
[pU OTPaHUYEHUAX
—x1+3x,-Tx32 5,
X1 +Xx;—Xx3 < 1,
3x;+x,—10x3 <8,
X1, X2, X3 2 0.

6. Pemnre cnenyromtyto 3agady JIIT TpeMs pasaM4HBIMH METOAaMH (MCTIONb3Ys B Ka4ecTBe
uHCTpYMeHTa rporpaMMy TORA). Onpenenute, kakoit MeTon Oynet Haubonee s dek-
TUBEH IIPH BHIYHCIICHUSAX.

MHHUMHM3UPOBATh z = 6x; + 7x; + 3x3 + Sxy

MPY OrpaHUYEHUAX
5x1+ 6x3—3x3+4x, 212,
X3 — 5x3—6x42> 10,
2x;+5x,+x3+x428,

X1, X, X3, X4 2 0.

7. Obobwenue cumnnexcrHozo anzopumma. B npsiMoM cuMIUiekc-Merozne (onucaH B riase 3)
HayaJIbHOE pelIeHHe HOMyCTUMO, HO HE ONTUMAJbHO. B IBOHCTBEHHOM CHMIUIEKC-METOZE
J@aHHOE pelleHNE ONMTUMANIBHO (TOYHEe, “‘CYNIepONTUMANLHO”), HO He AOMycTUMO. Bo3Hukaer
€CTECTBEHHBIH BOMPOC: MOXHO JIM Hayath pelueHue 3aga4u JII1 ¢ HeonTUMaIbHOro M Hello-
MyCTHMOrO peleHui? Mbl BUIENH, YTO B NMPSIMOM CHMILIEKC-METOAE MPH OTCYTCTBHU 1O-
MyCTUMOIO Ha4ajlbHOIO pelleHHs MCTONB3YIOTCS MCKYCCTBEHHBIE TEpeMEHHbIe. B nBoiicT-
BEHHOM CHUMIUIEKC-METOZE NPH OTCYTCTBUH ONTHMAIBLHOIO HaYaIbHOIO PELICHUS TPUMEHS-
JOTCS HCKYCCTBEHHBIE OrpaHHYeHHMsA. XOTs 3a/iaya 3TUX NPOLEAYP M COCTOUT B obecnedeHu
asmomamu4eckozo BINOJIHEHHS BBIYHCIICHUH, HEOOXOOUMO HE TEpATh U3 BUAY OCHOBHYIO
HIEI0 CUMIUIEKCHBIX aJITOPUTMOB, @ HMEHHO TO, YTO ONTHMaIbHOE pelueHue 3axayn JIIT moc-
THraeTcs B OfHON M3 KpaiHUX (YIVIOBBIX) TOYEK MPOCTPAHCTBA JOMYCTUMBIX pelueHui. C
Y4YETOM 3THX 3aMeuanuii pa3paboTaiite cOOCTBEHHBII CUMIUIEKCHBIN aITOPUTM pELUECHUS 3a-
nau JITI, roe HavanpHOE perieHye OyneT M HEONTMMAIbHBIM, H HEAOMyCTUMBIM. I mnpo-
BEpPKH CBOETO IrOpyTMa pelidTe 3amady M3 ymp. 5(a). B xauecTBe HayalbHOH TaOIMLbI
MOXHO MPUHATH CJEAYIOLYI0 CUMIUIEKC-TablMIly, e MPEeACTaBICHO HayalbHOE pELICHHE,
KOTOpOe He ONTMMAIbHO (M3-3a MEpeMEHHOH Xx3) M He HOmycTMMO (Tak Kak x;=-S8).
(3aMeTHM, 4YTO B 3TOI TabMnMlle NEpBOE paBEHCTBO YMHOXEHO Ha —1 Wi TOro, 4ToObl MoKa-
3aTh HEOMYCTHMOCTb PELICHHS HEMOCPEACTBEHHO B cTONOIE “Peruenue”.)

Bbazuc X X2 X3 X4 Xs X6 Peenue
z 0 0 —2 0 0 0 0
X4 1 -2 2 1 0 0 -8
Xs -1 1 1 0 1 0 4
Xg 2 -1 4 0 0 1 10
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Pewenue 3amauu JIIT Ge3 HCHONBb30BaHUSA KAaKHUX-THOO HCKYCCTBEHHBIX MEPEMEHHBIX
WM OorpaHM4eHHi MoxeT ObITh ciemyromuMm. CHadana ocBoOOXXHaeMcs OT CBOCTBa
HENOMyCTUMOCTH 6a3MCHOrO pelIeHUs IyTeM NPUMEHEHUS BEPCHM JBOHCTBEHHOIO yC-
JIOBUS JOMYCTMMOCTH. B HalreM npuMepe 3To MPHBENET K BBIOOPY MEPEMEHHOM X4 B Ka-
4ecTBe UCKIIIoYaeMoi U3 Gasuca. [lis onpeneneHus BBOIUMO# MepeMeHHON Halo HalTH
B X4~CTPOKE CTPOTO OTPHLATENbHBIN K03()GULMEHT, COOTBETCTBYIOLIMIT He6a3HCHO me-
peMeHHOi. BbiGop BBOIMMO# NepeMeHHON MOXKHO OCYIIECTBMTh 6€3 yIOBIETBOPEHHUS
Tpe6GoBaHMA ONTHMAILHOCTH PELIeHHA, TaK KaK B JAHHOM CJIyYae 3TO He CYIIECTBEHHO
(cpaBHUTe C IBOMCTBEHHBIM YCJIOBHEM ONTHMaIbHOCTH). OnMcaHHas mpouexypa Mo-
BTOpseTCA IO TeX MOp, noka He OyleT MOoMyYeHo AOMYCTHMoe pelieHue. Jlanee ocHOB-
HOE BHMMaHHE YIENAeTCd ONTHMAIBHOCTH PELIECHHUs IMyTeM NpPHUMEHEHHA YCJIOBHA OIl-
THMaJIbHOCTH NPSMOT0 CUMILIEKC-METO/a.

JaHHbI#l IpUMep CHUMIUIEKCHOIO MeToJa Xapakrepusyercs rubkocrtbio. B siurepaType
onucaHo 6oJbLIOE KOJIWYECTBO BapHalMil CUMILIEKC-MeToAa (HanpUMep, METON OJHO-
BPEMEHHOIO PELICHUA MpPAMOM M JBOMCTBCHHOM 3alay, CUMMETPHYHBIH METO., Mepe-
KPECTHBI METOA M MYJIbTHIUIEKCHBIA METOM), IPUYEM CO34acTCA BNEYATIEHHE, YTO Ka-
KB U3 HUX CYIIECTBEHHO OTJIMYAETCA OT APYrHMX, TOra Kak BCE OHH MPOCMATPHBAIOT
3KCTpEMaJIbHbIE TOYKH MPOCTPAHCTBA PELICHUH C pa3IMYHON CTENEHBIO aBTOMATU3aLUH
BBIYHCJIEHHI U BBIYHCIUTENbHOH 3 PEKTHBHOCTH.

8. 3apaua JIIT u3 ynp. 5(c) He umeeT normycTumoro pemieHus. [Tokaxure, 4To 3TO CBOACT-
BO 3anauy JIIT MOXXHO ONpenesUTh C NOMOILUBI0 0606 EeHHO20 CUMNIIEKCHO20 anzopum-
Ma, OIIUCAHHOTO B NpebIAYLIEM yIpaKHEHHH.

9. 3apaya JIIT u3 ynp. 5(d) He uMeeT orpaHUYeHHOro peweHus. [Tokaxure, Y10 3T0 CBOM-
c1BO 3agauu JI[1 MOXXHO OmpenenuTb ¢ MOMOILBIO 0606UeHHO20 CUMNNEKCHO20 anzo-
pumma, OTIMCAHHOTO B ymp. 7.

4.6. MaTpunyHoe npeacrtasneHne
CUMMNEeKCHbIX BblUNCIeHNIN

B aHanu3e yyBCTBHUTENLHOCTH peuieHus 3amaud JI[1 Hac MHTEpeCyeT OAMH MPHHLHMTHAIb-
HbIff BOTIPOC: Kak M3MEHEeHHe K03()(HUHMEHTOB LiejeBoii QYHKUMH M OrpaHHYEHMIl BIMAET Ha
ONTHMANBHOCTh U NOIMYCTHUMOCTh TEKYIUero OnTHManbHOro pemenus? Ecnu 3T u3MeHeHus
BelyT K HOBOMY peLIEHHIO, TO KaKk HaliTH 3TO HOBOE ONTHMAJIbHOE pelleHUe (€CIH OHO Cylie-
ctByeT)? KoHeuHO, MBI Bcerjia MOXKeM OTBETHTb Ha 3TOT BOIPOC IyTEM pELUCHHUs 3aa4H 3aHO-
Bo. Ho s TunoBoi npakTvyeckoit 3aJa4d, UMEIOLIEH THICAYM NMEPEMEHHBIX M OrpaHHYEHHI,
Takoil myTh 6yaer He 3¢dexkTHBHBIM. [103TOMY HEOOGXOAMMO BBIACHUTH, KaK BBIYHCJCHHA B
CHMILIEKC-METOZIE 3aBUCAT OT M3MeHeHHi Ko3(dHULUEHTOB HCXOAHOH 3anayM. B yacTHoCTH,
ClIeQyeT BBIACHUTD, KaK OT 3THX W3MEHEHHMH 3aBUCAT ONTHMAIBLHOCTh M JOMYCTHMOCTh pelie-
HHS, IPEICTABIEHHOTO B BUJE CUMILIEKC-TaOIHIIbL.

Haubonee koMnakTHbli croco6 3amucH BHIYUCIEHHH, TPOU3BOAMMBIX MPU CUMILIEKC-METOLE,
3aKJII0YAETCs B HCINONB30BaHHU MaTpull. [ 3Toro He notpebyercs 3HaHMi U3 TEOPUM MATpHLL,
HaM HeoOXOIHUMbI TOJILKO TPH NIEMEHTapHble MATPHYHbIE ONEPaLMH YMHOXEHHUA: BEKTOP-CTPOKa
Ha MaTpully, MaTpuLa Ha BeKTop-cToiben M cKawp (4Mcno) Ha marpuuy. Jna ynoGcTBa Mbl
copMynupyeM onpezeseHue 3TUX ONepauyi, a Talke HEKOTOphIe ApYrHe OCHOBOMOJAraoLue
onpenenenus (B [IpwioxeHun A npuseneH Gonee NoJHbIHA 0630p TEOPHH MATPHLL).
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1. Mampuya A nopsiaka m X n — 3T0 NPSIMOYTOJIbHBIA MacCHB 3JIEMEHTOB C m CTPOKaMH
U n cTonbuaMu.

2. Bexmop-cmpoka V pa3MepHOCTH n — MaTpHla nopsnka 1 X ».
3. Bexmop-cmonbey P pa3MepHOCTH m — MaTpHLa nopsaka m X 1.

G4y’ OnpeneJeHUsa MaTeMaTU4YECKH MOXHO NPEACTABUTD CIIETYIOLIIHM 06pa30M.

ay Gy - G 121
Ay Qp - 4y, P>
V=0,v,,..,v,), A= , P=
_aml amZ b anm n me J

Teneps onpeaeayM TpH MaTpUYHbIE ONEPALIMH YMHOXEHHMA.

1. Ymuoocenue eexmop-cmpoxu V na mampuyy A: V X A. OTa onepauus onpelesicHa
TOJILKO TOrJa, KOrJa KOJHUYECTBO JIEMEHTOB B BEKTOP-CTPOKE V paBHO YMCITy CTPOK B

MaTpuue A.
VXA =[2 v,a;, Z Vs, ,E v;a;, )
i=1 i=1 i=1
Hanpuwmep,
1 2
{1 1,22,33) 3 4|=(Ix11+3x22+5x33, 2x11+4x22+6x33) =(242,308).
5 6

2. Ymuoocenue mampuyor A Ha eexmop-cmonbey P: A X P. Ota onepauus ompeaeneHa
TOJILKO TOTJa, KOTJa KOJHYECTBO CTOJIOLIOB MaTpPHULIbl A PaBHO KOJHYECTBY 3JIEMEHTOB
BeKkTop-cronbua P.

Zal,-p, |
j=1
n
2“211’1
= .

AXP=

n
Ea,,,,-p,-
L Jj=1 J

Hanpumep,
11
13057, | _[11x1+22x3+33x5]_[242
2 4 6], T |11x2+22x4+33x6| |308 |
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3. Vmuoowcenue cxanspa na mampuyy. Ilpu yMHOXeHUH ckaisipa (KOHCTaHThI) O HA Mart-
puLy A, A, nosry4aeM MaTpHIly OpAaKa m X n, y KOTopoii (i, j)-H 3neMeHT paBeH oay,.
Hanpumep, g o = 10 umeem

1 2 3} 110 20 30

10 = .
(’)456 40 50 60

B obmem ciydae oA = AQ. ITHM ke CBOUCTBOM 00ONafaeT onepauus YMHOXEHHUS BEK-
TOpa Ha ckamap: oV = Vou oP = Po.

C nmpUMeHEHHEM MaTPHYHBIX 0603HaYeHuit o6lyro 3agauy JIIT MOXHO 3amMcaTh CIEyIO-
UM 00pa3oM.

n
MakcuMHu3UpoBaTh zZ = Zc X
j=l

TIpYU OrPaHUICHHAX

A Bcex x; = 0,

rae P; u b — BexTop-cTONOBI pa3sMEPHOCTH /1.

IMpu aHanmM3e 4yBCTBUTENBHOCTH, KaK YKa3bIBAJIOCH BHIIIE, HAC MHTEPECYET BIUSAHUE (HA
onTUMalbHOe pemenue 3aaauu JIII) usmeHenui k03pUIMEHTOB ¢; LieJeBOH QYHKUMH U Tpa-
BBIX YacTell orpaHMYeHHi, NpeacTaBieHHbIX BekTopoM b. Jlnsa Toro utobbl pazobparbcs B
3TOM, HCMOJIb3yeM 0000IIEHHOE MaTpU4YHOE MpEACTAaBIICHUE CHUMILIeKC-Tabauu. (Martematu-
4yeckoe 000CHOBaHUE TaKOTo MpEeACTaBICHHUs AaHO B pasjeie 7.4.)

Bazuc X : Havanshsrit 6azuc Xz I Pemienne
Z Zj - Cj :
X; B'P, B'b

Ota TabayLia UIMeeT TOYHO Takoit ke dopMmart, kak B 0ObIYHAS CUMIUIEKC-TabIHLA, OUCaH-
Has B ryaBe 3. 371ech BEKTOp X CONEPKUT Oa3HCHBIE NIEPEMEHHbIE TEKYIIEro peleHus. Mat-
puua B™', pacrosoxeHHas noj HayaibHBIMU GA3MCHBIMU TIEPEMEHHBIMH, Ha3BIBAETCS 06paT-
Hoii. DneMeHTsl 06paTHOH MaTpHIpB! OyIoyT U3MEHATHCS NPH NEPEXone OT OJHOM CHMILIEKC-
TabJIHLBI K APYroi Kak ¢yHKLMHU BekTopa Xp.

Beruncnenue 37eMEHTOB OrpaHMYEHUH, COOTBETCTBYIOLIMX HOBOI CHMIUIEKC-TabNHULE, BbI-
TOJIHAETCS HemocpencTeeHHo. Hanpumep, cronbupl P; 1 b ucxonnoi 3anaun (Ha4anbHOM CHM-
IUIEKC-Ta0NULBI) NMPeoOpasyloTcs B CTONOLBI B"Pj u B™'b cnemyromeit cummnekc-TabHIEI.
Ocranoch pPaccMOTPETh BBLIYHCIECHHE IJIEMEHTOB z-CTpoku. OO6o3HayuM uepes Y =
15 Y25 -+-» Ym) M-MEPHBIH BEKTOp IEpEMEHHBIX IBOMCTBEHHOI 3amaun. B pasznene 4.3 6b110 no-
Ka3aHO, YTO 3HAYECHUs NEPEMEHHBIX ABOMCTBEHHOM 3aa4y MOXKHO HalTH KaK pellieHHe CHCTe-
MBI JMHEHHBIX ypaBHEHHH. B koMIakTHON MaTpH4yHOH (popMe 3TO MOXKHO 3anucarth Tak: Y =
C:B, rme Cy— m-MEpHBIA BEKTOp, cocTosIMil U3 K03(PULUEHTOB ¢; uCcx00HOl Yyenego
@yHkyuu, COOTBETCTBYIOIMX 6a3ucHOMY BekTopy Xj (3Ta opmyna 6yaeT mokaszaHa B pasfie-
nie 7.4). Takum 06pa3om, pa3HOCTH zj — ¢; MOXKHO BBIYHMCIIUTD CIEAYIOLIMM 06pa3oM.
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n
Z;=¢; = Za,.jyi —-¢; =YP, —c,.
i=1
IMocaenHee BeIpaXKe€HHE MOKA3LIBAET, YTO BEJIMYMHA Z, — C; PABHA Pa3HOCTH MEXIY JIEBOH M
NpaBoif YacTAMU OrpaHUYEHUs JBONCTBEHHO 3a1a4u (KaK U oKa3aHo B paszeine 4.4.2).
Takum 06pa3oM, Bce 3J€MEHThI TeKylleil CUMIUIEKC-TabuLbl BEIYHCIIAIOTCS Ha OCHOBE Te-
KyLueit oOpaTHO MaTpHLbI B! 1 ucxodnbix danneix 3anaun. DTOT BHIBOL OyneT UCToNb30BaH B
CIIeDyIOLLEM pa3jiesie PH BBIIOTHEHUH aHaJIW3a YyBCTBUTENLHOCTH 3agay JIIT.

IIpumep 4.6-1
Hcnone3yem 3agady u3 npumepa 4.3—1 i IEMOHCTpaUMM MaTPUYHBIX BBIYHMCIIE-
Huil. [Ipsmas U IBOHCTBEHHAsA 3a7la4yM 3TOrO MPUMEpa C OMOULIBIO MAaTpHULl OyXyT 3amnu-
CaHbl CJIEAYIOIIUM 06pa3oM.

ITpsmas 3anaua JIBolicTBEHHas 3aja4ya
" 10
Maxcumusuposats z = (5,12, 4)| x, Munnmusuposats w=(y,, y;) 8
X3
NpHY OTPaHUYEHHAX IIpY OrpaHHYEHUAX
X 1 21
1 2 17" [10 : 2(5,12,4),
5= | & yZ)[z -1 3] (5.12.4)
2 -1 3 8
X, y1 20, y, — cBo6OIHasA NEpeMeHHas.
X1, X2, X3 >0.

OnucbiBaeMbi€ BHIYUCIEHHS MPUMEHUMBI Ha JIIOOOM ILare BBIMONHEHUA CHUMILIEKC-
MeTtona. [IpoeMOHCTpUpYeM MX Ha NEPBOH MTEpaLMK CUMILIEKC-METOa, OCHOBBIBASACH
Ha HayaJlbHOM peIleHUH, MPUBEAEHHOM B npuMepe 4.3—1. U3 atoro peleHns umeeM

X, =["‘], Cs=(0,4)
X3

(OT™eTHM, 4TO MOPSAHOK 31eMeHTOB B BekTope Cr HomkeH ObITh Tako# xke, kak U B 6a3uc-
HOM BekTope X, T.e. CHavana ¢y, 3aTeM c;.) O6paTHas MaTpHLia HIMEET ClIEAYIOIMIA BUI

p L
B—l = 3
o 1L
3
Teneps BoIYUCIAEM BEKTOP NMEPEMEHHBIX ABOMCTBEHHOM 3aa4u.
-
(3n:3:)=Y=CzB" =(0,4) =(O’ "]'
1 3
0o =
3
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Hanee HaxoauM K03 HLIUEHTHI Z-CTPOKH.

1
_Cl YP [O’g]{2:|—5 =—%.

AHaJIOrMYHO BBIYUCIAIOTCS CIIEHYIOLIME Pa3HOCTH: z; — ¢; =—40/3, z3—c3=0, z4—

=0 uzs—cs =4/3 + M (nposepsbTe!).

Koaq)q:uuuemm PaBEHCTB, COOTBETCTBYIOIUX OrPAaHHYEHHUAM, BBIYHCIAIOTCS C HC-
nosb3oBanKeM o6paTHOl Matpuibl B~ u BekTop-cTon6LOB P; 1 b K03 PuLMEHTOB UC-
X00Hbix orpaHuueHMH. Cronber mpaBbIX yacTeif orpaHHMueHMi Ha TEpBOI UTEpaLMHU
CHMILIEKC-METO/Ia BEIYUCIIAETCA CEIYIOLIUM 00pa3oM.

1 22

L' =301 |3

X, =Bb= i[s} ;
0o = °

3 3

Brruucnenune cronbuoB ko3((HLUMEHTOB JEBBIX 4acCTeil OrPaHUYECHUH MOKaXKEM Ha
MpHUMepe BBIYMCIIEHHs CTONOIA K03 (DULIMEHTOB, COOTBETCTBYIOLIETO NIEPEMEHHOM X;.

B'P, =
0 —_

P
— |
| — |
N =
| S
I
WIN W=

Cronbup! k03¢ (ULMEHTOB, COOTBETCTBYIOILHE NMEPEMEHHBIM X, X3, X4, X5 U R, BbI-
YHCJIAIOTCSA aHATOTHYHO (BBIYHMCIINTE UX!).

OCHOBHOI BBIBOJ, Clemyloumuit u3 npuMmepa 4.6—1, 3axmodaercs B TOM, 4TO Bce Ko3pdu-
LMEHTBl CHMIUIEKC-TabaMLBI Ha J060# UTEepalldH MOXKHO BBIYMCIMTH TOJBKO Ha OCHOBAHUH
COOTBETCTBYIOMIEH 06paTHOM MaTpuil B! u ucxoonsix dannbix 3anaun JII1. Takum o6pa3oM,
NpH aHaIK3€ YyBCTBUTEIBHOCTH ONTUMAIBHOTO pelIeHHs KOHKpeTHoH 3azayu JIII, roe us-
BeCTHa O6paTHast MaTpuua B™' 3Toro pemeHus, MOXHO HMCCENOBaTh 3PPEKT OT MIMEHEHHs
K03¢ULUMEHTOB LieneBol GYHKIMH U 3HAYSHHUI NpaBbIX YacTeil HEpaBEHCTB OrpaHUYEHHIA Mo-
CpClICTBOM HOBBIX BRIYMCIIEHHH BCEX pasHOCTeH z, — ¢; (k03 PULMEHTDI Z-CTPOKH) M NPOU3BE-
menuss B'b (3HaueHMs npaBbIX uacTelf orpaHuueHui, T.e. KO3pQUUHMEHTH B CcTONGLE
“Perenue” cuMIUvieKkc-1abauLbl). Eciiu pe3yabTaTsl 3THX BBIYMCIEHHHA MOKaXyT, YTO TEKyLIee
6a3ucHoe peuieHue (T.e. BeKTOp Xj) OCTAaeTCA NOMYCTUMBIM M ONTHMAIbHBIM, BBIYMCIIECHHUS
aHaJM3a YyBCTBUTENBHOCTH 3aKaHYMBAIOTCA. B NMPOTHBHOM ciydae HEOOXOIMMBI HOMOJHHU-
TeJIbHbIE BBIYMCIICHHUS, BO3BPAILAIOLIME ONTHMAIBHOCTE U NOMYyCTUMOCTh HCCIIELYEMOMY pe-
eHIo. B cnemylomeM pasaene 3T Bonpocs! 6yXyT pacCMOTPEHbI MOAPOGHO.

YnpaxueHus 4.6,a

1. B 3agaue u3 npuMepa 4.3—1 omnpenenure 31eMEHTH 00paTHOM MaTpHULIBI

a) Ha BTOPOii HTEpallUH CUMILIEKC-METOA,
b) Ha TpeTbeii UTEpaLMH CUMILIEKC-METONA.
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2. Jlana cnenyromas 3anaya JIII.

MaxkcumusupoBarth z = 3x; + 2x; + 5x;

pHU OrpaHAYCHUAX

l'IpoaepLTe ONTUMAJIBHOCTBH ¥ NOITYCTUMOCTD CJIC€XYIOLIHX 6a3UCHBIX pemex—mﬁ.

1
X4

a) X,=|x,|, B'= 0
X6

10

1

x, ‘3‘

b) X;=|x |, Bl=|=

2
X

-1

1

X, 2

) X;=|x,|, B'= 0
X6

|2

x1+2x2+x3 +X4=30,
3x; + 2x, + x5 = 60,
X +4x2+x(,=20,

X1, X2, X3, X4, X5, Xg 20.

O N =
o

|
N|—= A= 00]—
1

D= Ajw 00]m

o

— O

3. laHa cnemyromas 3anaya JIIT.

MaxkcumusupoBarts z = 4x; + 14x,

[IpY OrPaHUYEHHUAX

ZX| +7x2+x3=21,
7x|+2x2+x4=21,

X1, X2, X3, X4 20.

[poBepbTe ONTUMANBHOCTD U AOMYCTHMOCTD CIEAYIOLINX 6a3MCHBIX PEILECHUH.

2) xs=[ﬂ, B! =
4 -

S N =

0
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o o 1
b) X,=|2| B'= 2
-x3_ 1 _l
- 2
_ 12
O X,=|7| i B %
L% 2 1
L 45 45
. 30
d) x5=[ ‘} B = :
X, 7 1
L 2

. HaHa cnemyromas 3anaya JIIT.

MuHUMH3UPOBATH Zz = 2X) + X;
NPU OrpaHUYEHHAX
3x1 +Xx;—-x3= 3,
4x| + 3x2 —X4= 6,
X+ 2x2 +Xx5= 3,

X1, X2, X3, X4, X5 2 0.

Belunciure cHUMILIEKC-TabiIMIYy, COOTBETCTBYIOLIYIO ClIERyIOIleMy Oa3sHCHOMY pellle-
HHIO, U NIPOBEPHTE €0 ONTHMAIBLHOCTh U JOITYCTHMOCTb.

31y
X 5 5
X;=|x| B'=|_4 1 ol
Xs 5 2
1 -1 1

. Mana cnenyromas 3agaya JIIT.

MaxkcumusnpoBats z = Sx; + 12x; + 4x;
IIpY OrpaHUYEHUAX

X1 +2x2+x3 +x4= 10,
2x1—-x2+ 3X3=2,

X1, X2, X3, X4 20.

a) Haiinure HawtydIee pemeHre CpeaH CAeAYIOmMUX 6a3UCHBIX JOITYCTUMBIX PEIleHHil.
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. T

) X,=| ' | B'= f
L% 0o -

3

o (2 _1]
i) x5=i’, B“=f ;
L1 - =

5 5.

S

X, -1 7 7
X,=|"?|, B'= .
i) X [xa] 12
7 7]

b) IlpucyTcTBYET JIM Cpeld HUX ONTHMaJIbHOE PEICHHE?

6. B cnenyromeif Tabnuue npeACTaBlIeHO ONTUMATBHOE PELIEHHE 3a1a4d MaKCUMH3aluH ¢
TpeMs OrpaHUYEHHUsAMH THMa “<” U HEOTPULATEILHBIMU NMEPEMEHHBIMH X U X,. Ilepe-
MEHHBIE X3, X3 U X5 ABJIAIOTCS JOMOIHHTENbHBIMH (OCTaTOYHBIMH) NIEPEMEHHBIMU, COOT-
BETCTBYIOLUUMH OrpaHUYEHHAM 3aJaud. JIByMs pasIMYHBIMH CIOCOOAaMH, HCIIONB3Ys
ueneBble (YHKUMHM MpAMOH M ABOMCTBEHHOH 3alay, HaiauTe ONTUMAJIbHOE 3HAYCHHUE
ueaeBoi GyHKUMU HCXOAHOM 3a1a4H.

Bazuc X1 X X3 X4 Xs Pemenue
z 0 0 0 3 2 ?
X3 0 0 1 1 -1 2
Xy 0 1 0 1 0 6
X1 1 0 0 -1 1 2

7. PaccmoTpurte cnenyrolnyto 3agavy JIIT.
MaxkcuMu3upoBats z = 5x; + 2x, + 3x3
IpY OTPaHUYEHUAX
X1+ 5%, + 2x3 < by,

Xy — SX2 - 6X3 < bz,

X1, X2, X3 20.

OnpenenuTe 3HAYE€HUS KOHCTAHT b; U b,, IPU KOTOPBIX CHMILIEKC-TabIULA C ONTHMAIb-
HBIM pellIeHHEM UMEET CIIeTyIOLIMii BHL.

Basuc X1 X X3 X4 X5 Peenue
z 0 a 7 d e 150
X1 1 b 2 1 0 30
Xs 0 c -8 -1 1 10
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KoHcTanThl a, b, ¢, d ¥ e MOXXHO HaliTH Ha OCHOBE JAHHBIX HCXOQHOM 3a1auH U YCIIOBHI
ONITHMAJILHOCTH ¥ AOMYCTUMOCTH PELIeHHUs, PeICTABIEHHOTO B CUMILIEKC-TabNuLe.

a) Haiingute 3HaueHus TnpaBbIX yacrei HEPABEHCTB HUCXOJHOM 3alayd, T.€. KOHCTAHThI
bl u bz.

b) Haiinure ontuManbHOe peueHue JBOWMCTBEHHOM 3aJayH.

C) Haiinute 3HaYeHHUs KOHCTaHT a, b M ¢, COOTBETCTBYIOLIIHE nepemeHHof«i X3.

4.7. AHann3 4YyBCTBUTENbHOCTIN
ONTUMAaJsIbHOr 0 peLleHnsa

AHanu3 4yBCTBHUTEIIBHOCTH ONTHMaIbHBIX peleHui 3axay JIIT Ha saneMeHTapHOM ypOBHE
paccMoTpeH B pasgene 2.4. B aToM paszene, Ucnonb3ys COOTHOLIEHUS ABOACTBEHHOCTH U Mart-
PUYHOE NpeIcTaBjIeHHe CUMIUIEKCHBIX BBIYMCICHU, Mbl NIPOBEAEM aHAJIU3 YyBCTBUTEIBHOCTH
3HAYUTENBHO ITy6Ke.

Ananus YYBCTBHTEJIBHOCTHU BBIMOJHACTCA YK€ NMOCJIC NOJYYCHHUSA ONTUMANBHOIO pCLICHUA
3agauy JII1. Ero uenb — onpenenauTs, NPUBEAET JIM U3MEHEHHE KO3 (GULIMEHTOB HCXORHOH 3a-
Ja4 K U3MEHEHHUIO TEKYLIEro ONTUMAJIBHOTO PELIeHUs, U €CJIU a, TO KakK 3¢ ¢PEeKTUBHO HAWTH
HOBOE ONTUMAJBHOE pellleHHe (ECIH OHO CYIIECTBYET).

B o6meM ciyyae usMeHeHHe K03 PHLHEHTOB UCXOIHOM 3a1aui MOXKET NMPUBECTH K OTHO
U3 CJIEAYIOLINX YEThIPEX CUTyauuH.

1. Tekyuiee 6a3UCHOE peLIEHHE OCTAETCs HEM3MEHHBIM.

2. Texyuee pemieHHE CTAHOBUTCS HEJOITYyCTUMBIM.

3. Texyuuee peeHNe CTAHOBUTCS HEONTTUMANIBHEIM.

4. Texyuiee peLIeHHE CTAHOBUTCS HEONTHMAIBHBIM U HENOMYCTUMBIM.

Bo BTOpOii CHTyallMH MOXXHO HCIOJIb30BaTh ABOMCTBEHHBIN CUMIUIEKC-METOA IJIs BOCCTa-
HOBJIEHHA JOITyCTUMOCTH pellleHHs. B TpeThel CUTyaluu Mbl HCTIONIB3YyeM NPAMOH CHMILIEKC-
METOJ I MOTyYeHUs1 HOBOTO ONTHUMAJIbHOIO peuieHus. B yeTBepToii M1 noiy4eHUss HOBOTO
ONTHUMAJIBHOTO M JOITyCTHMOIrO PELIEHHs CleXyeT BOCHONb30BaThCA KaK MPAMBIM, TaK U ABOH-
CTBEHHBIM CHMIUIEKC-METOOOM. YeTBepras cuTyauus, Kak KOMOHWHAauUWA BTOPOH M TpeTheid,
paccMOTpeHa B KOMIUIEKCHO# 3anaue 4-3.

Jns o6pACHEHHs pa3NIUYHBIX MPOLEAYP aHAIH3a YYBCTBUTENBHOCTH HCIOJIB3YEM MOJENb
tabpuxu urpymek TOYCO u3 npumepa 4.4-2. HanomuuM, yto ¢pabpuka TOYCO cobupaet
TpU BUIa JETCKUX UTpyLIEK: MOIEJH MOe3I0B, IPY30BHKOB U JIErKOBbIX aBToMoGuUneit. C6opka
MOZENN Ka)XIO0ro BUAA TpebGyeT mocienoBaTelbHOro NpUMEHEHHUA TpeX onepauuii. B 3amaye
HEeo6XOIHUMO ONpeneNuTh 00 bEMBI IPOU3BOACTBA KAXKAOI0 BHIa UIpyLIeK, MAKCUMHU3HUpYIOILUE
obmuit noxon. [na ynoGcTBa M3NOXKEHHS Marepuala MOBTOPUM (POPMYJIIMPOBKH NpSAMOH U
JBOHCTBEHHOM 3axauy.

Ilpsimas 3anavua JIBolicTBeHHas 3afaya
MaxkcuMu3upoBaTth z = 3x; + 2x, + 5x; MunnMusupoBats w = 430y, + 460y, + 420y
NP OrpaHHYEHUAX MPU OrpaHUYEHUAX
X + 2x; + x3 < 430, (onepauus 1) n+3y,+y; 23,
3x; + 2x3 < 460, (onepanus 2) 29 +4y; 22,
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Ilpsmas 3agaua JlBoiicTBeHHas 3a1a4a
X + 4x; £ 420, (onepauus 3) n+t2y,25,
X1, X2, X3 2 0. Y1,V Y32 0.
OnTuMaibHOE peuieHre OnTUMabHOE pelleHue
x;=0,x, =100, x3 =230, z=$1350 n=Ly=2,y53=0

TpuBeneM cHMIUIEKC-TabHMILY, COAEPXKALLYIO ONTHMAIBHOE pellieHHe NPAMOM 3a1auH.

Basuc X1 X X3 Pewienue
z 4 0 0 1350
Xy -1/4 1 0 100
X3 3/2 0 1 230
Xe 2 0 0 20

4.7.1. NameHeHus, BAusioLLmMe Ha AoNYCTUMOCTb
peLleHmns

K HemomycTHUMOCTH TeKyIEro ONTHMaJbHOIO pellieHHs MOXXET npuBecTH (1) M3MeHeHHe
NpaBBIX YacTeii orpaHM4eHHi (T.e. N3MEHEHHE 3IEMEHTOB BekTopa b) u (2) BBeleHUEe B MHO-
’KECTBO OTpaHHUCHUI 3alauil HOBOrO orpaHH4eHus. B mo6oM cirydae HeIOMyCTUMOCTD pelle-
HHSl IPOSBUTCA B TOM, UTO, N0 KpaliHeit Mepe, OAMH 37eMeHT B Bektope B™'b cramer oTpuma-
TENbHBIM, T.€. OJJHA WM HECKOJIbKO 6a3HCHBIX MEPEMEHHBIX MPUMYT OTPHLIATEbHbIC 3HAYCHHS.

H3menenue snemenmoe eéexkmopa b npaevix wacmeii ozpanuyenuii. B cnexyoumem npu-
Mepe NPOWLIFOCTPUPOBAH MOAXOH K HCC/ICNOBAaHHMIO CHTYyallMH, KOTJa U3MEHAETCS HECKOJbKO
3JIEMEHTOB BeKTOpa b, coepxallero 3Ha4eHUs NMPaBbIX YacTel OrpaHUYEHHI.

Ipumep 4.7-1

Ipennonoxum, uro ¢abpuka urpymek TOYCO muaHMpyeT pacIUMpUTh NpPOU3-
BOJCTBO CBOE} MPOAYKLHUH IyTeM yBETUYEHHUS BO3MOXKHOCTEH COOPOUHBIX JIMHUIN Ha
40%, uto mact cienyromuil poHx paboyero BpeMeHH A KaKIOro Buaa c6opouyHoi
onepauuu: 602, 644 u 588 MHUHYT COOTBETCTBEHHO. DTH M3MEHEHHS BIHUAIOT TOJbKO
Ha NpaBble YacTH HepaBeHCTB orpanudenuit. ITo dopmyne X;=B™'b Haiinem HoBoe
peLIeHUe 3aa4H.

N

x] | 2 "7 "|[602] [140

Bl=l o L ol644|=[322}

X 2 |lss8| | 28
2 1

Takum o06pa3oM, TekyLiue 6a3ucHbIE EPEMEHHBIE X3, X3 H Xg C HOBBIMH 3HAUYEHUAMH
140, 322 u 28 mo mpexHEMY COCTaBISIOT HOIMYCTHMOe pelieHue. COOTBETCTBYIOLIEE
3TOMY PELIECHHIO ONTUMANILHOE 3Ha4YeHHE LENeBOH QyHKUMH (MaKCHMaJIbHBIH HOXOJX)
paBHo $1890.
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XOTs HOBOE pElCHWEe W MPUBOIMUT K YBEIMUEHHIO Joxona (abpukH, peanusanus
MEpOMPHUATHIA, HEOOXOAUMBIX [UIS TAKOrO HapallMBaHUA MPOM3BOJCTBA, TpebGyeT ompe-
JEJIEHHOTO BpeMeHU. BpeMeHHOH ajibTepHaTHBON TaKoH MOAEPHU3aLMH NPOU3BOACTBA
MOXET CIYXUTh “TIEpEeHOC” HEHCMOoNb3yeMoro (poHna pabodero BpeMeHU TpeTheil omne-
pauuu (xg =20 MuHyT) B oHn nepsoit. Torna ¢oun pabouero BpeMeHU Tpex cOGopou-
HbIX onepauuii 6ynet paseH 450, 460 u 400 MHHYT cOoOTBETCTBEHHO. C y4€TOM HOBBIX
OrpaHMY€HUH MOTy4aeM CIIEIyIOLIee peIICHHE.

1

L1y
X, 2 4 450 110
%5 0= ) 1 0 460 |=| 230 |.
X 2 400 | |-40
- 1

[MomyyeHHOE pelleHue He SBIAETCS NOMYCTUMBIM, NMOCKONBKY Teneph Xxg =—40. s
BO3Bpara B 00/1acTh NOIMyCTUMBIX PEILEHHI MPUMEHUM NBOMCTBEHHBIN CHMILICKC-METOL.
CHayayia U3MEHHUM 3HaYeHHS B CcToJiOLe “PemeHue” cuMIutekc-1abiuip! (3TH HOBbIE 3Ha-
YeHUs BBLIEJNEHBl B Clenylomeil cumiuiekc-Tabnue). OTMETHM, YTO COOTBETCTBYIOILEE
3HaYeHwue IeeBoit GyHkuuy paBHO z =3 X 0+ 2 X 100 + 5 x 230 = $1370.

Bbasuc X1 X X3 X4 Xs Xe Peluexue
z 4 0 0 1 2 0
X3 -1/4 1 0 1/2 -1/4 0
X3 3/2 0 1 0 172 0
Xe 2 0 0 -2 1 1

B COOTBETCTBHHU C OBOWCTBEHHBIM CHUMIUIEKC-METOIOM UCKITIOYaeMOii rnepeMeHHoM Oy-
IIeT X¢, @ BBOOUMOM — X4. B pe3yJbTaTe Moy4yuM CIEIYIOIIYIO CUMIUIEKC-TabMuLly € ONTH-
MaJIbHbIM JOIYCTUMBIM perueHHeM. (B obueM ciyyae mis nodydeHHs AOIyCTUMOTO pellie-
HHSL MOXKET NMOTPeGOBaThCS HECKOJIBKO UTepaliiii TBOUCTBEHHOTO CUMILIEKC-METOAA.)

Bazuc X4 X X3 X4 Xs X6 Pemenne
z 5 0 0 0 5/2 1/2 1350
X 1/4 1 0 0 0 1/4 100
X3 3/2 0 1 0 172 0 230
X4 -1 0 0 1 —1/2 -1/2 20

INo cymecTBy, ONTUMaIbHOE PELIEHHE OCTAJIOCh HEM3MEHHBIM. DTO 03Ha4aeT, 4TO B
JaHHOM cily4ae “riepeHoc” yact GoHaa pabouero BpeMeHU TpeTheil onepauuu B GOHA
paboyero BpeMeHH NepBOii onepaluy He NMPUBOIUT K YIYUYIIEHHIO LeneBoi GyHKLHM.

YnpaxHeHus 4.7,a

1. B monenu mnst pabpuxu TOYCO 20-MuHyTHast 9acTh GoHma paboyero BpeMEHU TPETh-
eil onepauuu nepeHeceHa B GoHA paboyero BpeMEHH BTOpOH onepauuu. YIIyqIIHT JIH
3TO ONTHMAIBHOE peleHue?
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2. Ipeanonoxum, uto $pabpuka TOYCO niaHUpyeT U3MEHUTb GOHIBI paboyero BpeMeHH
cOOpOYHBIX onepanuii crexyromum o6pa3oMm.

460 500 300 450
a) |500|, b) {400|, c) |800|, d) |700|.
400 600 200 350

BOCHOJ]L3}’FITCCI> BO3MOXXHOCTAMHU aHaJIM3a YYBCTBHUTCJIBHOCTHU I HAXOXXACHUA ONTH-
MQJIBHOI'O pE€LICHHA.

3. Bepuurech k Mogmenu npeanpustis Reddy Mikks u3 npumepa 2.2-1. Ee cumruiekc-
Tabluua C ONTUMANBHLIM pelleHHeM npuBeneHa B npumepe 3.3-1. Hcnonblys aHanus
YyBCTBUTENTBHOCTH, HaliluTe HOBOE ONTUMANLHOE pellieHHe 3TOiH 3aa4yu B MPENTOoxKe-
HUH, YTO OrpaHH4EHUA Ha Cbipbe M1 1 M2 cocTaBistoT 28 1 8 TOHH COOTBETCTBEHHO.

4. Iruuedabpuxa Ozark comepxur 20000 LBILIAT, KOTOPHIX BHIPAIUMBAIOT HO 8-
HeZEeNLHOrO BO3pacTa U 3aTeM OTNpaBJsIOT Ha PBIHOK. B cnemyrowueii Tabnuue npeacras-
JieH HeJleNIbHBIi pacxol] KOpMa Ha OHOTO LibIIUIEHKA, B 3aBHCUMOCTH OT €T0 BO3pacTa.

Hepens 1 2 3 4 5 6 7 8
Pacxox xopMma (pynte) 026 048 075 1.00 130 160 190 2.10

Jns Toro yToObI LBILIATA K 8-if Helesie MOIIM JOCTHYb ONPENETIEHHOTO Beca, X paly-
OH JOJDKEH YHOBJIETBOPATh OMNpENENIEHHbIM TpeOoBaHUAM K KaJlopuifHOCTH. XOTA
OOBIYHO CMHUCOK KOPMOB OY€Hb GONbIION, 34€Ch IS YNPOLIEHHS Mbl OrpaHHYUMCH
TOJBLKO TpEMs UHIPEAHMEHTaMH: HW3BECTHAK, 3€PHO M COEBas MyKa KpPYMHOro Momoja.
TpeGoBaHUA K KaueCTBEHHOMY COCTaBy PallMOHA TAK)Ke OFPAHHYUM TOJBKO TPEMs MO-
KasaTensAMH: KaidbLiuif, GeIoK U KieryaTtka. B cinenyrowteit Tabnuue npuseneHs! 0606-
ILIEHHbIE NAaHHBIE MO UX COAEP>KaHHIO B KOPMOBLIX MHIPEIHEHTaX.

Conepxaﬂne BCILIECCTB

(&yHT/dYHT HHrpeIMeHTa) CronMocTb
UHrpeaueHt Kanbuuit Benok Kneruarka ($/dyHT)
UzBecTHAK 0.380 0.00 0.00 0.12
3epHo 0.001 0.09 0.02 0.45
CoeBast MyKa 0.002 0.50 0.08 1.60

KopMoBoO# paLiOH KOMKEH CONEPXKATh:

a) Kanblug — He MeHee 8% u He Gosee 12%,
b) Genka — He MeHee 22%,
C) KieTyaTku — He Gonee 5%.

CocTaBbTe ONTUMAIbHbIH KOPMOBOMH PaLIMOH IUIst KaXXIOH HEJENH.

Humepsansl donycmumbix usmenenuil ona nemenmos eekmopa b. JIpyroii cnoco6 uc-
ClIeOBAHUs BIIUAHHS W3MEHEHHsS NOCTYMHOCTH pecypcoB (T.e. 3JIEMEHTOB BEKTOpa b mpaBbix
YyacTeil HEpaBEHCTB OrpaHHY€HMIT) 3aKJIIOYAEeTCs B ONpENEIEHHH WHTEPBAIOB JOMYCTHMOCTH
IUIS 3TUX 3JIEMEHTOB, COXPAHAIOLMX TEKylUee pelieHHe RomycTuMbiM. Ciemyrolui npumep
WUTIOCTPUPYET JaHHbIA METOM aHAIM3a YyBCTBUTENLHOCTH.
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IIpumep 4.7-2

IMycTs B 3amaue o ¢abpuke urpymek TOYCO Hac UHTepecyeT MHTepBal AOIYCTH-
MOCTH JUISt 3HaueHus (oHna pabodero BpeMeHH NepBoit onepanuu. 3aMeHUM BekTop b
BEKTOPOM

430+ D,
b, =| 460
420

Iepemennas D, npencrasnser u3MeHeHue ¢oHOa paboyero BpeMeHHU INepBoii omne-
paLuH 110 CPaBHEHUIO C TEKYIIUM YpoBHeM B 430 MuHyT. J{ng Toro 4to6sl Tekyee Oa-
3MCHOE pELICHHE OCTAJIOCh JOIMYCTUMBIM, HEOOXOZMMO BBHIIIOJHEHUE HEPaBEHCTBA
X;=B"'b, > 0. Orcrona nosyyaeM clieIyIoIIyI0 CHCTEMY HEpPaBEHCTB.

11
5] 13 77 %r4s0+p7 [100+2| To
2 1 2

= = >
5=, % o || 460 0 2|0}
wl| o2 fleo 2020, | L

ITepsoe HepaBeHCTBO x; 2 0 mopoxaaer D, 2200, BTopoe HeEpaBEHCTBO X3 = 0 He
3aBUCHT OT D), TpeTbe x¢ 2 0 maet ycnoBue Dy < 10. Takum obpa3om, Tekylee 6asuc-
HOE PELICHHE OCTAaHEeTCs JOMYCTUMBIM MpPU BHINIONIHEHHH HepaBeHCTB —200 < D, < 10.
OTO 3KBHBAJICHTHO CJIEAYIOLIEMY HHTEpPBATY AOIYCTUMOCTU Ui GoHaa pabouero Bpe-
MEHH NIEpBOii onepauuH.

430 — 200 < ®onn pabouero Bpemenu onepaunu 1 <430 + 10

WIn

230 < ®oHx paboyero BpemeHH onepaunu 1 < 440

H3MeHeHHe 3Ha4ueHUs LeaeBoit GyHKLMH, COOTBETCTBYIOLIEE U3MEHEHHIO D), paBHO
Dy,, tae y; — croumocTs (B Ho/u1apax) oqHOH MUHYTHI (OHIa paGouero BpeMeHH mnep-
BO# onepauy (T.e. ABOUCTBEHHas ieHa 3TOTO pecypca).

YT100B!I MPOWLIIOCTPHUPOBATh HCINOJIb30BAHHE NAHHOTO WHTEpBala IOIYCTHUMOCTH,
NPEANOJI0KUM, YTO GOHA paboyero BpeMeHHU NepBoil onepauuu usMeHuwicsa ot 430 no
400 muHyT. Tekyuee 6a3uCHOE pelIEHHE OCTAETCS NOIYCTHMBIM, IOCKOJILKY HOBOE
3HayeHHe (oHpa pabouero BpeMEHH NEpPBON Onepalud MPHHAIEKUT UHTEPBATY HO-
MyCTUMOCTH. JIns BBIYMCIEHMS HOBBIX 3HAYEHUI NEpEeMEHHbIX BOCMOJIb3yeMCs 3Hade-
HueM D; =400 — 430 = -30. Jlanee noyry4yuM ciiexyrouiee.

X, 100+ 1 (-30) 85
% 1= 230 =[230|.

%l | 20-2(-30) 80
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s BbIYMCIEHUA HOBOIO 3HA4YEHHsA LENeBOM (YHKUMM CHayala HailieM 3HaYeHHS

JBOMCTBEHHBIX LIEH.

L
(yl,yz,y3)=C5B'l=(2,5,O) 0 1 0 =(1’2’0)'
2
-2 11

Takum 06pa3oM, CTOMMOCTb OHOH MHUHYTHI (oHIa pabouero BpeMeHH MepBOii ore-

pauuu pasHa y, =$1. Torna M3MeHeHHe ONTHMAIBHOrO NOXOHNA COCTAaBUT Dy = —
30 x 1 = —=$30. Cnemyer MOMHUTb, YTO JAaHHAas CTOMMOCTb MHHYThl (oHOa pabouero
BpEMEHH IepBOi onepauuy, paBHas y; = $1, cripaBewinBa TONBKO /i YKa3aHHOTO Bbi-
Ile MHTepBaNa U3MeHeHus D;. Jlloboe n3MeHeHHe, BHIXOAIIEE 3a 3TOT UHTEPBA, NpH-
BOIWUT K HENOMYCTUMOMY pELIeHHIO. B TakoM cilydae ciedyeT MCIOJb30BaTh JBOMHCT-
BEHHbI} CUMIUIEKC-METON U1 HaX0XIEHHs HOBOTO PELIECHHUS, €CITH OHO CYLIECTBYET.

AHaJOTMYHYIO0 NPOLEIYPY MOXXHO HCNOJb30BaTh NMPH ONpEAENICHNH UHTEPBAIOB NOIYCTH-
MOCTH 1A nepeMeHHbIX D, U Ds;, paBHbIX H3MEHEHUIO (HOHIOB pabouero BpeMEHH BTOPOM M
TpeTbeil c6opouHbIX onepauuit (cMm. ynp. 4.7,b(1)). OnpeneneHue UHTEPBaNOB JOMYCTHMOCTH
11 Dy, D, u D;, Kak ONKCaHO BbIlle, ¥ UX COOTHOLUEHNS C NIEPEMEHHBIMHU Yy, Y1 U y3 ABOMACT-
BEHHOM 3aJjayll KOPPEKTHbI TOJIbKO TOTJa, KOrJa 3TH pecypchl pacCMaTpUBAOTCA HE3aBUCHMO
Ipyr ot gpyra. Jlaee Mbl pacCMOTPUM BO3MOXXHOCTb OOHOBDEMEHHO20 VI3SMEHEHHA BCEX TpeX
pecypcoB, B 3TOM Cliyuae TeKyluii BekTop b Heo6xomuMo 3aMeHHTh Ha b’ ¢ 3nemeHTaMmu
430 + Dy, 460 + D, 1 420 + D; (ynp. 4.7,b(2)).

Ynpax+HeHus 4.7,b

1. Iycts B 3anaye o pabpuke urpyek TOYCO nepemenHsie D, U D; NpeacTaBisOT H3-
MeHeHUs poHIOB pabouero BpeMeHH BTOPO#t U TpeTheil onepauuii.

a)

b)

<)

d)

Onpenenute uHTEpBaibl LI D; ¥ D;, rapaHTUPYIOLIME AOMYCTUMOCTb TEKYLIEro
pewenus. Ilpexnonaraercs, YTo W3MeHeHUA (OHIOB pabouero BpeMEHH KaxaIoii
OIepaLyy BHIMNOJIHAIOTCS MO OTAENBHOCTH.

Onpenenute CTOMMOCTb OXHOH MMHYThl (DOHIOB pabovero BpeMEHH BTOPOH H
TpeTbel onepaLuii.

[Mycte poHa paGoyero BpeMeHH BTOPOIi ONepalii¥ U3MEHEH OT TEKYLIEro 3Ha4eHHs
460 muHyT no 500 MunyT. Haligure HOBOE ONTHMalbHOE pELIEHHE M ONpEaeuTe
COOTBETCTBYIOLIEE M3MEHEHHE 3HAYEHUS LieSIeBOH (QyHKLUH.

ITycTb Goun paboyero BpeMEHH TPETbEN ONEPAaLY U3MEHEH OT TEKYLLETO 3HaYEHHUSA
420 muHyT 00 450 MuHyT. Halinure HOBOE ONTHMAaNbHOE pELIEHHE M ONpEeRenuTe
COOTBETCTBYIOLLEE M3MEHEHUE 3HAUEHUS LIeJIEBOH QYHKUUH.

ITycTts poHn pabovero BpeMeHH TpeTbei ONepaliv H3MEHEH OT TEKYLLETO 3HAYECHUSA
420 muHyT no 380 muHyT. Haiinute HOBOE ONTHMAalbHOE pELICHHE M ONpeneTuTe
COOTBETCTBYIOLLEE H3MEHEHHE 3HAYCHHUA LIENEBOM QYHKLMHU.
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2. Mycts B 3apa4e o dabpuke urpymexk TOYCO usmeHenus D;, D, u D; dponnoB paboue-
ro BpeMEHHU BCeX onepauuii MpOU3BOAATCH 0NHOBPEMEHHO.

a)

b)

<)

Hanoxwure ycnoBus Ha nepeMeHHble Ds;, D, u D, rapaHTUpyOli€e NOMYyCTUMOCTD
TEKYLLEro ONTUMAJILHOIO pELIEHHS.

IMycTts QoHasl paboyero BpeMeHU BCEX TpexX onepauuit usmMeHeHs! 1o 438, 500 u 410
MHHYT COOTBETCTBEHHO. Ha OCHOBaHMH YCIOBHA, HaliIEHHOTO B MpeAbLIYILEM
MyHKTE, MOKaXMWTe, YTO TeKyllee Oa3UCHOE pelieHHe OCTaHEeTCH NOMmyCTUMbIM. C
MOMOLIbIO NBONCTBEHHBIX LIEH HalINTe H3MEHEHHE 3HAUeHU LENeBOM QYHKLUH.
IMycTb ¢poHar! paboyero BpeMeHH BCeX TpeX onepauuii H3meHeHsl 10 460, 440 u 380
MHUHYT COOTBETCTBEHHO. Ha OCHOBaHMM ycnoBMS, HalileHHOTO B M. a), NMOKaXHTe,
4TO Tekyllee 6a3ucHoe pelieHne OyneT HeaomyCTUMBIM. C MTOMOILIBIO NBOMCTBEHHO-
ro CUMIUIEKC-METOJa HaliAUTe HOBOE ONTHMAJILHOE PEILEHHE.

3. Bepuurech k Moaenu ¢pabpuku urpymek TOYCO.

a)

b)

d)

€)

IMpeanonoxumM, 4To CTOMMOCTb HOMOTHUTENLHOIO BPEMEHH, BBIIEIAEMOro Ul Nep-
BOii c60poYHOIi onepauun cBepX Tekyulero ¢oHna BpeMeHu B 430 MUHYT, paBHa
$50 3a yac. B 3Ty CTOMMOCTb BXOOUT OIUIaTa CBEPXYPOYHBIX PaGoOT mepcoHama U
CTOMMOCTb MAlIMHHOTO BpeMEHH. ByneT nu 5KOHOMHYECKH Lienecoobpa3HbIM HC-
MOJIb30BaTh NOMNOJHUTENLHOE BpEMs 11 NepBoii onepauuu?

IMycte Ha BTOpO#i COOPOYHOI OnMepali OnepaTop MOXET eXeOHEBHO paboTaTh JBa
4aca CBEpXypO4HO c oruatoit $45 3a kaxknplit yac. CTOUMOCTb JIOTIONHUTENBHOTO Ma-
IIMHHOTO BpeMeHu coctapnseT $10 3a yac. Bynet nu 3xoHOMUYECKH Lieneco0Opa3HBIM
UCIONB30BaTh JOTOJHUTENBHOE BPEMS IUIA BTOPOii onepauuu?

Ha kakux ycJ0BHAX 3KOHOMHYECKH LieJIecO06pa3HO HCIIONIb30BaTh JOMOIHUTENBHOE
BpeMs JUIs TpeThbeil onepauuu?

IpennonoxumM, yro ¢poHn paGoyero BpeMeHU MepBOii onepauyu yBenudeH 10 440 Mu-
HYT, HO JII060€ NpEBbIILEHHE TEKILEro GhoHna 31oit oneparnu (430 MuHyT) crout $40 3a
yac. Haiinure HoBoe onTHMaIbHOE pEIEHHE, BIUTIOYast 3HaUEHHE LIeIeBOM QyHKIMH.
IMpennonoxum, uto ¢oHa pabouero BpeMeHU BTOpPOil onepauuy yMeHblueH Ha 15
MHHYT. CTOUMOCTh OIHOro 4aca 3Toii onepaunu pasHa $30 (B TeueHue OOGBIYHOMN
paboyeit cMeHbl). Byner nu 3kOHOMHYECKH HenecooOpa3HbIM yMeHbIIeHHe (oHIa
pabouero BpeMeHH U1 BTOPOit onepauuu?

4. KoMnaHus npou3BOAUT GyMaKHUKM, KOLIENbKH U HeGoblure prok3akd. KoHcTpykuus
BCEX TpeX BHIOB M3MENHi NpedycCMaTpHBaeT UCIOJb30BaHUE KOXKH M CHHTETHYECKHX
MaTepHaJIoB, NpHYeM KOXKa ABJISETCS NeDULMTHBIM MaTepHajioM. B npon3BoaCTBEHHOM
npoliecce UCMONb3YEeTCs IBa BUa PYYHbIX paboT: NpoLUMBKa M 3a4KCTKa. B criexyroweit
Tabnauue npHBeleHbl NaHHblE, XapaKTEPU3YIOUIMe NPOU3BONCTBEHHBIA Mpouecc, Mo-
TpeGHOCTDb B pecypcax M HOXOJ Ha eIUHHLLYY MPOU3BOJMMOr0 M3IEHs.

Pecypcel, Heo6X0n1MBI€ LIS U3rOTOBIIE- E>xenHeBHbIH
HUSI OJIHOTO M3JeNHs JTUMUT
Pecypc ByMakxHHK Kowenex Prok3ak pecypca
Koxa (kB. pyTb) 2 1 3 42
IIpowuska (yacer) 2 1 2 40
3auucTka (4achl) 1 0.5 1 45
OTtnyckHas ueHa ($) 24 22 45
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CdopMynupyiiTe 3afauy JIMHEHHOro NMPOrpaMMHpPOBaHUsA U HalIUTe ee ONTHMaJIbHOE
peureHue ¢ nomoiusio nporpammbl TORA. JIns npuBeAeHHBIX HIKE U3MEHEHHI B Npe-
JENBHBIX 3HAYEHUAX NOCTYNHBIX PECYPCOB OMNpEAeNuTe, KaKue U3 HUX COXPAHSAIOT I0-
MYCTUMOCTb TEKYILEro pelleHHsa. B ciyyae coxpaHeHHs HOIyCTHUMOCTU pelieHus Haii-
IUTE HOBOE ONTHUMAaJIbHOE peleHHe (T.€. 3Ha4eHNs NNEpEMEHHBIX 3aJauil ¥ 3HaueHue Le-
neBoil QpyHKUMH).

a) EjxenHeBHBI JIUMUT KOXH BO3poc 110 45 kB. (yTOB.

b) ExxexHeBHbIH TUMHUT KOKU YMEHBIIWICS Ha 1 kB. QyT.

c) ®oHx paboyero BpeMeHHU onepalyy NpoLIMBKH U3MEHMICH 10 38 yacos.
d) ®onn pabouyero BpeMeHH ONepalMH NPOLIMBKH U3MEHHICA 10 46 4acoB.
e) PoHp pabouero BpeMeHHU orepauuy 3a4UCTKH YMEHbIIMWICS 10 15 yacos.
f) ®onn pabouero BpeMeHuU Onepauuy 3a4UCTKU yBeaH4uiIcs 10 50 4acos.

g) Cnemyer nu peKOMEHIOBaTh KOMIAHHM Habop BpeMEHHBIX PabodyMX Ha OMEpaLHio
npowuBku ¢ orwtatoi $15 B yac?

5. KoMnanus npou3BOAMT ABe MOXEIM 3JIEKTPOHHBIX YCTPOWCTB, NMPH U3rOTOBJIEHHH KO-
TOPBIX MCIIOJNB3YIOTCA PE3UCTOPBI, KOHIEHCATOPbl M MUKpOCXeMbl. B crnemyroweii Ta6-
JIMLE IPUBEIEHBI JaHHbIE, XapaKTepU3yIOLIHe MPOU3BOACTBO 3THX MOJeIeH.

KonuyecTBO KOMIUIEKTYIOLUX Jlumur
Ha OJIHO M3JeNue KOMIUTEKTYIOLLIUX
Pecypc Mogens 1 Mogens 2 (T.)
Pesucrop 2 3 1200
Konnencarop 2 1 1000
Miukpocxema 0 4 800
Joxon Ha oxHo uznenue ($) 3 4

O603HayuM yepes x; U X KOJIMYECTBO MPOU3BOAUMBIX YCTPOHCTB Mojeneit 1 U 2 coot-
BeTCcTBeHHO. Hinke mpuBeneHa cgopmynupoBaHHas 3agaya JIII u coorBercTByrowas
CHMILIEKC-Ta0IHLA C €€ ONTUMANIbHBIM PEILICHHEM.

MaxkcuMu3upoBarts z = 3x; + 4x;
IpH OrpaHHUYEHHUAX

2x, + 3x, < 1200, (orpaHUYEHHE Ha PE3UCTOPBI)
2x, + x; < 1000, (orpaHn4eHHe Ha KOHAEHCATOPHI)
4x, < 800, (orpaHHYEHUE HA MMKPOCXEMBDI)

X1y X2 =0.
Ba3zuc Xy X3 Sy 5 53 Pemienne
z 0 0 5/4 1/4 0 1750
b 1 0 -1/4 3/4 0 450
53 0 0 -2 2 1 400
X, 0 1 1/2 -1/2 0 100
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a) OnmpenmennuTe cTaTyc KaXaoro pecypca (KOMILIEKTYIOLIETO).

b) B TepMMHax onTHMAaNbHOrO NOXOJA OMPENENUTe CTOMMOCTh OJHOTO PE3UCTOpA, Ofi-
HOTO KOHIEHCATOpa U ONHOH MUKPOCXEMBI.

¢) Haiiaute MHTEpBAJI NPUMEHUMOCTH ABOMCTBEHHBIX LEH JUIS KaXIOro pecypca.

d) Haifinute HOBOe ONTHMMaIbHOE pEIIEHUE NPH YCJIOBHUHM BO3PAaCTAHUM HMCIAa AOCTYIN-
HbIX pe3nucTopos 1o 1300.

e) Ecnu xonuuecTBO HOCTYNMHBIX MHKpOCXeM OyneT yMeHbIleHo 10 350, MoxHO iu 6y-
JeT HaliTH HOBOE ONTHMAJIbHOE pELIEHHE HEMOCPEACTBEHHO U3 NPUBENECHHON BhILIE
uHpopmauuu? O60CHYliTe CBOIt OTBET.

f) B m. c) 6bu1 onpeneneH UHTEPBAT AOMYCTUMOCTH JUIA JOCTYIHOrO KOJMYeCTBa HC-
NoJIb3yeMbIX KOHAEHCAaTopoB. Ha OCHOBE 3THUX NaHHBIX OMpENEIUTEe COOTBETCTBYIO-
WM MHTEPBANl U3MEHEHHA ONTHMAJIBHOIO JOXO0JAa U COOTBETCTBYIOLIME WHTEPBAJIHI
H3MEHEHHA KOJIMYECTBA MPOM3BOLMMBIX U3JIENHIi EpBOH ¥ BTOPOi MOJETEH.

g) HoBblif KOHTPaKT NO3BONISAET KOMMAHHUHU 3aKyNUTh NOMNOJIHUTENBHOE YHCIIO PE3UCTO-
poB 110 40 LIEHTOB 3a €ANHULLY, HO TOJIBKO MPH YCIOBUH, YTO 3aKyIOYHas MapTHA CO-
cTaBHUT He MeHee 500 exnHuL. BhIroneH i1 KOMIaHUU Takoi KOHTPaKT?

6. KoMnanus 11 MpOM3BOACTBA ABYX BHIOB MPOTYKLMK HMEET €XKeqHEBHBIN oHa paboue-
ro BpeMeHH 320 yacoB ¥ 350 eauHHML pacXOoOHbIX MaTepHaloB (Cbipbs). IIpn Heobxonau-
MOCTH KOMIIaHUsA MOXKET MO3BONUTH 10 yacoB cBepXypo4HO# paboThI ¢ orutatoii $2 3a vac.
Ha m3roToBneHue oqHOM eqMHULbI MPOTYKIMH NepBOro Buaa Tpebyercs 1 yac paGouero
BPEMEHH ¥ 3 €IMHHIUBI ChIPbS, @ HA M3rOTOBJICHHE OAHOH €IMHHMLIBI MPOTYKLIMH BTOPOro
BHIa — 2 4aca paboyero BpeMeHY M 1 eAMHULA CbIpbA. J[0X01 OT OAHOM €AMHHLBI 3THX
npoxykuuii cocrapisier coorBeTcTBeHHO $10 u $12. O603HauUM yepes x; U X, €XEITHEB-
Hble 06bEMBI IPOM3BOACTBA NMPOMYKLMHU NIEPBOrO M BTOPOro BUIOB, @ YEPE3 X3 — KOJIMUE-
CTBO HCIIOJIb3YEMBIX CBEPXYPOYHBIX 4acoB. Hivke npuBeneHa copMyaMpoBaHHas 3amaya
JIIT 1 cooTBETCTBYIOLIAsA CUMIVIEKC-TabMHIIAa C ONMTUMAIBHBIM PEIICHHUEM.

MakcumusupoBats z = 10x; + 12x; — 2x3
MPU OTPaHUUEHUAX

X + 2x; — x3 < 320, (orpaHuueHue Ha GoHA paboyero BpeMEHH)
3x; + x, < 350, (orpaHUYeHNE Ha ChIpbE)
x3 < 10, (orpaHu4yeHe Ha CBEPXypOUHbIE paboThI)

X1, X2, X3 20.
Bazuc X1 X7 X3 S S 53 Pemenue
z 0 0 0 26/5 8/5 16/5 2256
X 0 1 0 3/5 -1/5 3/5 128
b 1 0 0 -1/5 2/5 -1/5 74
X3 0 0 1 0 0 1 10

a) Haiinure onTumanbHOE pellieHHE 3TOi 3aJa4.

b) Omnpexnenute IBOHCTBEHHbIE LIEHBI PECYPCOB H X HHTEPBAJIBI HOITYCTUMOCTH.

c) Haiinure nBoiicTBeHHbIe LeHb! Ui GoHaa paboyero BpeMEHU U CBEPXYPOYHBIX pa-
60T. MoryT s 314 LeHsI ObITh 0qMHaKOBEIMU? OGOCHYITE.
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d) KomnaHus MOXeT yBenWuuTh OOBEM CBEPXYPOUHBIX PaoT 3a NOMONHUTENLHYIO
ruiaty $2 3a yac. CKOJIBKO YacoOB TaKOif CBEpXypO4HOil pabOTh MOXKET BBECTH KOM-
naHus?

e) KoMmnaHus exxeHEBHO MOXeET MOJTy4YaTh JOMOJHUTENbHBIM 00beM ChIpbs B 100 equ-
Hu no 1eHe $1.50. CTouT M KOMNIAHUK HCTIOIH30BaTh 3TOT pe3epB ChIpbA? A ecnu
CTOMMOCTb JIOIOJIHUTENBHOTO Chipbs OyzneT $2 3a enunuLy.

f) Ilpemnosnoxum, YTO KOMIMAHHUs BBIHY)KIEHA COKPATUTh CKJIAICKHE TUIOIANH VIS Chi-
pbd U MO3TOMY €XEAHEBHO HE MOXKET HCMOJb30BaTh Oonee 200 eXMHHL ChIpHS.
Haitnute nis sToro ciyyas HOBoe ONTUMAIbHOE PELICHHE.

g) Ilpenmnonoxxum, 4T0 KOMITaHUA HE MOXET €XEIHEBHO MCIOJb30BaTh Oosee 8 yacos
cBepXypouHoii paboTel. Halinute HOBOE ONTHMalIbHOE pPELIEHHE.

7. Hocmamounoe npasuno donycmumocmu. ITO YNPOLUICHHOE MPaBUIO MOXHO HUCIOJIb-
30BaTh I MPOBEPKM TOTO, UTO 0OHOBpemeHHble u3MeHenus Dy, D,, ..., D, snemen-
TOB BekTopa b (mpaBbix yacTeil HepaBeHCTB OTPaHUYEHUI) COXpPAHAT NOITYCTUMOCTb
TeKyluero petieHus. IIpeanonoxum, 4To npaeas 4acTh b, i-ro orpaHuyeHus 6buia us-
MEHEHa Ha b, + D,, npuiueM He3asucumo OT U3MEHEHUs MNpaBbIX yacTell Apyrux orpa-
HUYEHMI, 1 COOTBETCTBYIOLIUHI MHTEepBaJl OONMyCTUMOCTHU p, < D, < g, paccyuTaH Tax,
KaK noka3aHo B npumepe 4.7-2. OueBugHO, 4T0 p, < 0 (g, 2 0), MOCKOJIbKY BEJIUYHMHA
p: () COOTBETCTBYET MAaKCHMaJbHOMY YMEHBLIEHHIO (BO3pacTaHHIO) 3Ha4eHHUS b,.
IMonoxxuM r, paBHBIM WK oTHOWEHHIO D,/p,, unu D,/q,, B 3aBUCUIMOCTH OT TOro, OyzneT
J1 BenuuMHa D, oTpuuaTenbHoit unM nosoxutenbHoil. [To onpenenenmo 0 <r, < 1.
JlocTaToyHOE MpaBMIIO NOMMYCTUMOCTHU TJIACUT, YTO IUIS HAHHBIX U3MeHeHuil D), D,,
<ees Dy 00cmamoynvim (He HEOOXOAUMBIM) YCIIOBHEM TOTO, YTO TEKYLIEE peleHUe
OCTaHETCS AOMYCTUMBIM, OyZeT BBINOJIHEHHE HEpaBeHCTBA # + ry + ... +r, < 1. Ecnin
3TO YCJIOBUE HE BBLITIONHAETCS, TO TEKYLIee peUIeHHe MOXET ObITh KaK IOIyCTHMBIM,
Tak ¥ HegomycTuMbIM. ChopMynHpoBaHHOE MPaBMIO HEMPUMEHHMO, ecnu D, BbIXO-
JAT U3 CBOUX MHTEPBAJIOB AOIMTYCTUMOCTH.

B neHCTBUTENIBHOCTH JOCTATOYHOE MpPABWIO HOMYyCTUMOCTH ABIAETCS OYEHb CNabbIM
KpUTepUeM [JOITyCTUMOCTH PEeLIeHUs M Ha MpaKTHKe NpUMEHseTCs peako. Jaxe B TOM
ciydae, Korjaa JOIyCTUMOCTb PeLIeHHs MOXKET ObITh NOATBEPXKIEHA C MTOMOILBIO 3TOTO
MpaBuiia, BCe paBHO JUIS MOJTYYEHHS HOBOTO ONTHMAIBHOIO pelleHUs GyneT HCrob30-
BAaHO YCJIOBHE IOIyCTUMOCTH MPSAMOTO CHUMILIEKC-MeToza (Kak B ynp. 2).

IMpuMeHUTE HaHHOE MPABHIO K 3amadam b) v ¢) u3 ymp. 2. B 3agaue b) nocraroynoe
NpaBHJIO NOMYCTUMOCTH He MOXET NOATBEPAUTH JOIYCTHMOCTb PEILEHHH, a B 3a1a4e C)
OHO He mpuMeHuMo. Cremyloliee ynpaXXHeHHe TODKHO NMOATBEPAMTh HAIUK yTBepxKIe-
HHUS OTHOCHUTEJNIBHO 3TOrO MpaBuia.

8. Mlana cnemyrowas 3anaya JIIT.
MakcUMH3UpOBATh Z = X| + X,
HpH OrpaHUYEHUAX

2x1 +X256,
x1+2sz6,

Xy, X2 =0.
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a) Ilokaxure, 4To onTUMaIbHOE Ga3NCHOE pelleHHe COINEPXKUT 00e MmepeMeEHHbIe X H
X, U 4TO MHTEpBaJIbl HOIyCTUMOCTH JJIsl NPaBbIX YacTeil OrpaHUYEHNH, MOTy4YeHHbIE
B NPEAMNONIOKEHUH UX HE3aBUCUMOCTH, UMeIOT BUA -3 <D <6 n-3<D,<6.

b) Ilpenmosnoxum, 4TO NpaBble YaCTH OrPaHHYEHUI OJTHOBPEMEHHO YBEIUYHUBAIOTCA Ha
BenuuuHy A > 0. CHauyana JoKaxute, yTo Ga3UCHOE peLIeHHWE OCTaeTcs NOIMyCTH-
MbIM 1 Bcex A > 0. Jlanee mokakuTe, 4TO JOCTaTOYHOE MPABHIO HOIMYCTHMOCTH
aeT TNpaBWIbHBIA OTBET TONbKO Toraa, korma 0 <A <3, He Haer oTBeTra IpH
3 <A <6, 1 He TpUMEHNMO — Korza A > 6.

9. IToxaxwuTe, 9YTO AOCTATOUHOE MPAaBWIO AOIMYyCTHMOCTH SBNSETCA CIEACTBHEM HEpaBeH-
-1
ctBaB " b2>0.

Hobaenenue nogvix ozpanuyenuii. J106aBneHye HOBOTO OrpaHHUYEHUS B CYLIECTBYIOLIYIO
MoJeinsb JIIT MoxeT npuBeCTH K ONHOM M3 CIEAYIOIMX CUTYaLHU.

1. HoBoe orpaHHueHHe SABIAETCH u36bimOYHbIM. DTO O3Ha4YaeT, YTO HOBOE OrpaHHUuYCHHUE
BBITIOJIHAETCS PH TEKYLIEM ONTUMAIBHOM pELIEHUH.

2. HoBoe orpaHuuyeHHe HE BBINONHAETCA NPH TEKYLIEM ONTHMAIBHOM pelleHHH. B aToM
cirydyae HEoOXOIMMO NPHUMEHUTh INBOMCTBEHHBIH CHMILIEKC-METOJ, YTOOBI IONYYHUTh
(M XOT# GbI MOTILITATHCSA MOYYUTh) HOBOE ONTHMAIBHOE peLIeHHE.

OTtMmeTHM, uTO NoOaBiIEeHHEe HEU3OBITOYHOTO HOBOTO OTPAHMYEHUS MOXKET TOJBKO YXYAIIUTD
TeKyIlee ONTHMalIbHOe 3Ha4eHHUe LieIeBoit GpyHKumu.

Ipumep 4.7-3

Ilpennonoxum, yto (abpuka urpymexk TOYCO u3MeHWIa KOHCTPYKLHIO BBIITyC-
KaeMbIX Mojeseil, H Tenepb I HX NMPOU3BOJICTBAa HeoOXoauMma deTBepTas cOOpouHas
onepauus. ExxenneBHslil poHx paboyero BpeMeHH 3Toif onepauuu cocraBiaseTr 500 Mu-
HyT. Bpems BbINoJHeHUA 3TOH onepauuy npu c6opke OXHON UIrpYLIKH pa3iUYHbIX BU-
JI0OB COCTaBJIAET COOTBETCTBEHHO 3, 1 U 1 MUHYTy. B pe3ynsTaTe nmomyyaeM HOBOE Orpa-
HHYEHHE: 3x; + X, + X3 < 500. OT0 OrpaHUyYeHHe ABIAETCA U3OBITOYHBIM, IOCKOJIbLKY OHO
YAOBIETBOPAETCA NMPU TEKYIEM ONTHUMAIBHOM peweHud x; =0, x, =100 u x; =230.
Takum o6pa3oM, Tekylliee ONTHMATBHOE PEILEHHE 0CTaeTCs HEM3MEHHBIM.

IIpumep 4.7-4

Ipennonoxum, uro B Moaenu ¢abpuku urpymek TOYCO BpeMs BHIIOJHEHHS HO-
BOIf YeTBepTOI ONeEpaLK COCTABIAET COOTBETCTBEHHO 3, 3 M 1 MHHYTY npu c6opke oa-
HOM WrpyLIKH pa3iMYHbIX BUAOB. B 3TOM ciyyae yeTBepToe orpaHudeHue 3x; + 3x; +
x3 < 500 He 6yxeT U3GBITOYHBIM, U TEKyIllee ONTUMAJbHOE peLIeHHE eMy He YIOBIETBO-
pseT. MBI IOMKHEI BBECTH HOBOE OrpaHHYEHUE B CUMIUIEKC-TabNuIYy, Tie NpeacTaBIeHO
TeKyllee ONTUMANbHOE peleHue.

Basuc X1 X> X4 Xs X6

z 4 0 1 2 0
X -1/4 1 172 —-1/4 0 100
X3 3/2 0 0 172 0 230

0 1
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[TockoJyibKy NMEpeMEHHbIE X; M X3 ABIAIOTCA 0a3HUCHBIMMU, U3 X7-CTPOKH ClIEdyeT HC-
KJIIOYUTh COOTBETCTBYIOLIME MM K03(hHUIIMEHTH (T.€. HAIO CAeNaTh UX HyJeBbIMH). s
3TOr0 HaJI0 BHIMOJHHUTH CIIEIYIOLIYIO ONEPALIUIO.

Hogas x;-ctpoka = Crapas x;-cTpoka — [3 X (x,-cTpoka) + 1 X (x3-cTpoka)]

B pesynbTaTte NOSy4YHUM HOBYIO CUMIUIEKC-Ta0MHULLy.

Bbazuc X\ X3 X3 X4 Xs X6 X7 PeweHue
z 4 0 0 1 2 0 0 1350
X3 -1/4 1 0 172 -1/4 0 0 -100
X3 372 0 1 0 12 0 0 230
Xe 2 0 0 -2 1 1 0 20
X7 9/4 0 0 -3/2 1/4 0 1 -30

C nomoIblo JBOWCTBEHHOrO CHMIUIEKC-METOJA HaXOOUM HOBOE ONTHMAIbHOE pe-
weHue x;, = 0, x, = 90, x; =230 u z = $1330 (npoBepsbre!).

YnpaxxHeHus 4.7,c

1. Ilycts B Mozenn ¢pabpuku urpymek TOYCO Bpems BbINOHEHHUS YETBEPTOi onepaLyn
COCTaBJIIET COOTBETCTBEHHO 4, 1 U 2 MUHYTBI MPH COOpPKE OAHOM UrPYIUKH Pa3THYHBIX
BUIOB. Haiinute onrvMaibHOe pelieHue 3aJa4yy B NMPENnoaokeHuH, 4to GoHa paboye-
ro BpeMEHH YeTBepTOii onepauuu coctasnseT (a) 570 MuHyT, (b) 548 MuHyT.

2. Bmopuunuvie ozpanuvenus. Bmecro pemenus 3anauu JIIT, ¢ ydyeroM Bcex orpaHuueHHH,
MOXHO CHayasia ONpele/uTh TaKk Ha3blBAEMbIE€ 6MOPUYHbIE OZPAHUYEHUA W Ha TEPBOM
JTamne peleHUs 3aJa4d UCKIIIOYUTL UX U3 PacCMOTPEHHA. BTOpHUYHbIMHM OrpaHH4eHHs-
MM ABJISIOTCA T€, KOTOPbI€, Kak Mbl IOAO3PEBAEM, JIHMLIb B MaJloi CTENEHH BAUAIOT (WIN
COBCEM He BJIMAIOT) Ha onTUMaibHoe peuieHue. [locne onpeneneHus Takue orpaHuue-
HHMSl MCKJIIOYAIOTCA W3 MHOXKECTBA OrpaHMHYEHMi 3alaud, M Jajiee pelaercd 3ajaya
TOJIBKO C OCTaBLIMMHUCA OrpaHHYCHUSAMH. 3areMm no o4yepeaun NnpoBEPAKOTCA BTOPHYHBIC
OIpaHUYCHHUA. Ecin MOJIy4€EHHOE€ paHEE€ ONTHMAJIBHOC PEIUCHHUE YIOOBJIETBOPACT BTO-
PHYHOMY OrpaHUYEHMIO, TaKOe OrpaHu4eHHe oTOpachiBaeTcs COBCeEM. B mpoTHBHOM
ClTyyae OHO BBOAMTCSI B MHOXECTBO OTpaHHUYEHUI 3a1a4H U NPOAOJDKAETCS MOUCK HOBO-
ro ONTHMAJILHOI'O PCLUCHUA. 3ToT NpoUECC BBINMOJHACTCA N0 TEX IOP, IMIOKA HE UCYEP-
nalTcA Bce BTOPUYHBIE OrPAHUYEHUA.

[IpuMennTe onucaHHylo Npoueaypy k caemyroueit 3anaye JIIT.
MaxcumusupoBarts z = 5x; + 6x; + 3x3
NpH OrPaHUYEHUAX

5x1 + SX2 + 3X3 < 50,
x; +x7—x3 <20,
7xl + 6x2 - 9X3 < 90,
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5x| + SX2 + 5X3 < 35,
12x; + 6x, <90,
X2‘9X3 320,

X1, X2, X3 >0.

4.7.2. N3meHeHus, BnusaoLwme Ha ontTumanbHOCTb
peweHuna

Texymiee onTuManbHOE pellIEHHE TIEPECTAET ObITh ONTHMANBHBIM, €CIIH PA3HOCTH Z; — C; He
YAOBJIETBOPAIOT YCIOBUIO ONTHMATLHOCTH. MICrIONB3ys BeKTOp ABOMCTBEHHBIX LeH Y = C;B™,
onpeae/eHHbI B pasaesne 4.6, 3anuiem

5=¢=YP;—q

Ortcrona cienyeT, YTO Ha ONTUMAIbHOCTL PELIEHUS BIUAIOT TOJNBKO KOd)DULMEHTH ¢; Lene-
Bol ¢yHKuMH (M, CleaoBaTeabHO, BeKTOp Cp) W/HIH CTOMMOCTH PECYpCOB, MpeACcTaBlIeHHbIE
BekTOpaMu P;. PaccMOTpUM MociienoBaTeNbHO KaxIbli (GakTop, BAMAIOWMMI HAa ONTHMasb-
HOCTb PELIEHHS.

H3menenue Ko3g)puyuenmos yenegoii hynkyuu. J1ns onpeneneHus BIUSTHUA U3MEHEHHUI
K03 QUUKMEHTOB LENEeBOH QYHKUMU CNEMyeT NepecuuTaTh PasHOCTH z;— ¢; TOJBKO 1A Heba-
3UCHbIX TIEPEMEHHBIX, MOCKOJbKY NMpH JHOOBIX H3MEHEHMAX KOI(P(ULUMEHTOB Cj, COOTBETCT-
BYIOIUMX Oa3uCHbIM TEPEMEHHBIM, Pa3sHOCTH z,—C, BCErga OCTAOTCS DPaBHbIMH HYJIIO
(moka3aTenbCTBO ATOrO YTBEPKAEHHUS CM. B pasnene 7.4).

BelyncanTenbHas npoLeaypa 3aKkio4yaeTcs B CIeayIOIEM.

1. Bolumcnsercss BekTop aBoicTBeHHBIX LeH Y = CzB™' nna HoBoro Bektopa ko3dduum-
e”ToB Cg.

2. BbIYACAAIOTCA pasHOCTH zj—¢; = YP;—¢; ana Tekyweit nebasucnoii NepeMEHHOM X;.
I[pu 3TOM BO3MO>XKHBI /1Ba BapHaHTa.

a) Ecim ycnoBue onTHMaNbHOCTU BBIMOJIHAETCS, TEKylUee pelieHHe OCTaeTCs ONTH-
MaJIbHbIM, HO 3HaYeHUe LieIeBOU (PYHKLMN MOXKET U3MEHHUTHCA.

b) Eciau ycnoBHe ONTHUMalNbHOCTH HE BBIMONHSAETCSH, CIEAYeT MNPUMEHUTH (TPSIMOit)
CHMILIEKC-METOZ JU1A NOJTy4YEHHs HOBOTO ONTHMAJIbHOTO PEeLIEHMUS.

Mpumep 4.7-5

Ipeanonoxum, yto ¢abpuxa urpymiek TOYCO npoBoauT HOBYIO LIEHOBYIO NOJIH-
THKY OTHOCHUTENBHO CBOMX U3NENHUI. B COOTBETCTBUM C 3TUM JOXOX OT OJHOM MOZENH
noesna, rpy3oBHKa M JIErKOBOrO aBTOMOOWIs cocTaBisieT cooTBeTcTBeHHO $4, $3 u $4.
[ToryyaeM HOBYIO LieNEBYIO QYHKIHIO IS 3TOM MOAEH

MaxcumusupoBars z = 4x; + 3x; + 4xs.

ITockoneky Tekyuee 6asucHoe pelieHue Xy COCTOUT M3 MEPEMEHHBIX X, X3 M Xg,
umeeM C; = (3, 4, 0). BbiukciiuM BEKTOP ABOHCTBEHHBIX LIEH.
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