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MPEANCINOBME

Yuebroe nnocodue «IIpakTUKYM II0O MCCJIEIOBAHMIO OIlepaliii B 9KOHOMMKE» IIpeJi-
Ha3Ha4YeHO JJIAd CTYJEeHTOB JKOHOMMYECKMX CIIeIMaJIbHOCTell BY30B, M3YydalOlIMX
pasznern «MaTemaTnyeckye METOAbI IPUHATNUSA PEIeHNI B DKOHOMYKE» JUCIIUILIVHBI
«MaTtemaTnkar, a TaksKke JUCIUILIMHEBI «MaTeMaTudeckye MeTOAbI ¥ MOJIEJIN UCCIe-
noBaHUA omnepaumii», «Meroner onTuMmsanumn», «CUCTEeMHBIV aHAJNNU3 U IIPUHATUE
peleHnii», «OKOHOMUKO-MaTeMaTUdecKue MeTonbl», «PyuHaHCOBasg MaTeMaTUKa»
MU T. I

I[TpakTMKyM HOATOTOBJIEH B COOTBETCTBUM ¢ ['ocymapcTBeHHBIM 00pa30BaTeIbHBIM
CTAHJAPTOM BBICIIET0 IIPO(PeCcCHOHAJIBHOTO 00pa3oBaHMA II0 CIEHVaJbHOCTAM
080000 «CrieniaabHOCTY DKOHOMMKM U YIIpaBJIeHUA», [IprMepHOI mporpaMMoit amc-
nunanael «MaTemMaTuka» IJig 9KOHOMMUYECKNUX, MeHeIsKepMaJbHbIX HallpaBJIEHUI U
crielyaJIbHOCTel, cocTaBJeHHO) HaydHo-MeToguM4ecKMM COBETOM II0 MaTeMaTUKe
MwunuucrepcrBa obpasoBaHms u Hayku Poccuiickoit Pepepainy, OeliCTBYOIINMNU
y4eOHbIMM IIJIaHaMM U IporpaMMaMy y4eOHBIX nucuuiiauH ['ocygapcTBEeHHOrO yHU-
Bepcutera ynpabjenusa (I'YY) m Vacturyra rymanuTapHoro obpazoBanusa (JII'Y-
MO), roTopble OTBOAAT CYILECTBEHHYIO POJIb KOHTPOJMPYEMO} CaMOCTOSTEJBHO
pabotre ctynenToB. Hanpumep, B I'YY camocToaTesnbHad paboTa CTyZIeHTOB II0 pas3-
neay «MaTemaTudeckne MeTOAbl IPUHATUA PEIIeHUII B DKOHOMUKE» IUCLIUILIVHBI
«MaremaTnka» opraHu3oBaHa B popMme KypcoBoro npoekra, B ITYMO — B copme
CEeMecCTpOBOro JOMAallTHETO 3aJaHud. B apyrnx Bysax Takske OpraHM3yeTcs caMo-
cToATeJIbHaA paboTa CTYyLeHTOB 10 MaTeMaTUYeCKUM IMCIUIIINHAM B popMe Kypco-
BBIX PalOT 1 IIPOEKTOB, CEMECTPOBBIX JOMAITHUX 3aJlaHNi1, JIJaDOpaTOPHBIX U pacyeT-
HO-TpadpudecKknx paboT, TUIIOBBIX PACUYETOB U T. II.

JlaHHBI IPAKTUMKYM COCTOMUT M3 ABaALATU 3aJaHWUil, KOTOpble OXBAaTbIBAIOT JIN-
HeliHOe, HeJIMHelHoe, I1eJIOYMCIIEHHOe U NMHaMIYeCcKoe IIpOorpaMMIpOBaHme, 3aayun
ONITUMM3AINNU Ha rpadax, MHOTOKPUTEPUAJTBbHOV ONITUMNU3AIUN, TIPUHATIUA PEIlleHit
B YCJIOBUAX KOH(JIMKTA ¥ HEOIpeNleJIEHHOCT, MaTeMaTIUUeCKO) DKOHOMMKM U Py-
HaHCOBOJ MaTeMaTUKIL.

Mesp mpakTUKyMa — IIOATOTOBUTH CTYZEHTa K CaAMOCTOATEJBHOMY IIPOBEIEHUIO
OIIePallIOHHOTO MCCJIeN0BaHMsA, OCHOBHBIMM 3TallaMM KOTOPOTO ABJAIOTCS IIOCTPOe-
HIe MaTeMaTU4eCcKOV MOJeJV, PelleHre yIIpaBJIeHYeCcKOo 3alady TPy ITIOMOIIM MO-
JleJIV I aHAJIU3 II0JYYeHHbIX Pe3yJIbTaTOB.

BrinosiHEeHME TPAKTUKYyMa HAIIPaBJIEHO HA yCUJIeHMe CBA3Y O0Y4YeHMA CTYLEHTOB C
IIPaKTUKON COBEPIIIEHCTBOBAHMA YIIPABJIEHNA M OPraHM3alinyl COBPEMEHHOTO IIpOon3-
BoJCTBa. B mporecce paboTel HaJ 3aJaHUAMY IPaKTUKyMa CTYJEHT He TOJbKO 3a-
KpensaeT U yriIyoJifgeT TeopeTuyecKye 3HaHNsA, ITI0JIyUYeHHble Ha JIEKIIMAX U IPaKTy-
YeCKUX 3aHATUAX, HO ¥ YUUTCHA IIPUMEHATh MaTeMaTUYeCKe MeTO bl OIITUMM3alN
U JCCJEeNOBaHNUsA OIepalyii Ipy IIOCTAHOBKE M PELIeHUM KOHKPETHBIX dKOHOMMUYe-
CKIUX, YIIpaBJIeHYECKNX U (PMHAHCOBBIX 3a7iad.

[IpakTUKyM COCTOUT M3 IBaJLATH Pas3/iesoB, COOTBETCTBYOIINX ABaAaTH 3a4a-
HIUAM: B KasKJIOM pasziese IPUBONATCA HeOOXOAVMBIe JJI pelleHsa 3a1ad TeopeTy-
yecKlye CBeJIeHNs M MeToAMYecKNe yKa3aHMA K BBIIOJHEHMIO 3aJaHuii (¢ ToapoOHO
pa300paHHBIMY IIPUMEPAMMN).

OcHOBOJII OpraHM3aIMUy CaMOCTOATEJLHOV padoThl CTYAEeHTOB ABJAETCS MHIVIBU-
Iyanus3anns 3aJaHuil, I09TOMY KaskJas 3aJada NpaKTUKyMa [IpeJicTaBiieHa 35 Ba-
PUaHTaMM MCXOJHBIX YMCJIOBBIX JAHHBIX, YTO IIO3BOJIAET IPEIJIOKUTh MHAVBUILY-
aJIbHOe 3a/jaHle KasKJIOMY CTYAeHTY yueOHOM IPyIIIbL.



Kasknoe 3ajaHmue ImpakTUKyMa IIpenrnojaraeT IIOCTPOeHMe MaTeMaTU4decKoil Mo-
JleJIV, ee aHaJM3 C MCIOJIb30BaHMEM PYYHBIX BBIYNMCJIEHUN, KOMIIBIOTEPHYIO IIPOBEP-
Ky pelIeHNs (B 1ocoOuM IpUBOAATCA IIOPOOHBIE CBeJIEHNA O KOMIIbIOTEPHON peaJsin-
32111 M3y4daeMbIX METOIOB ONITHMM3a1y B makeTe Microsoft Excel) 1 comepskarens-
HYI0 9KOHOMIUYEeCKYIO MHTEePIIPEeTaINIO T0JyYeHHbIX pe3yJbTaTOB.

B 3aBucuMoCTH OT crieIMPMKM By3a U CIIelaJbHOCTY IIpenojaBaTesb MOYKET MC-
[I0JIb30BaTh IPAKTUKYM IIOJHOCTBIO MJIM YacTUYHO. Tak, CTyIeHTaM CIelaJIbHOCTU
080801 «MaTemaTuuecKkne MeTOAbI B DKOHOMMIKE» 11€JIeCO00Pa3HO BBITOJHUTD ITPaK-
TUKYM IIOJIHOCTBIO B paMKaX KypPCOBOTO IIpoeKTa 1o auciuinie «MatemaTnaeckne
MeTOAbl U MOJEeJIM MCCJeIOBaHMUsA ollepanuii», a cTygeHTaM crnenyaabHocTy 080600
«CraTucTKa» — B paMKaX KypPCOBOIO IIpoeKTa 1o aucuumiyHe «MeToas! onTuMu-
3anun». CamocroaTenbHasa pabora cryneHToB crenmasbHocTeil 080102 «Mwuposasa
skoHOMUKa», 080103 «HammonanbHasa sxkoHomuka», 080111 «Mapretuur», 080507
«MeHeXMEHT opraHM3anuy» ¥ IPYTUX TPUKJIATHBIX S9KOHOMUYECKUX U yIPaBJIEeH-
YeCKUX CIIeMaJIbHOCTel MOXKeT ObITh OpraHM30BaHA B (popMe BBIIOJIHEHUS YaCTU
3aJaHNil NIPaKTUKyMa, COCTABJANIIINX KYPCOBON IIPOEKT, CeMeCTPOBOe JoMalllHee
3alaHye, TUIIOBON pacuer, JIabopaTOPHYIO MM pacyeTHO-rpadpuuecKky paboTy IIo
pasneny «MaTemaTnyeckye MeTOAbl IPUHATNUA PEIlIeHNlI B DKOHOMUKe» AUCIIUILIV-
Hbl «MarTemaTnra». Ha pange cnenmanbaoctet, Takux kak 080105 «PunaHChI 1 Kpe-
mut», 080109 «ByxranTepckuil yder, aHammus3 u ayaut», 080503 «AHTUKPU3UCHOE
yupasjeHne», 080506 «JlormcTura u ymnpaBJ/eHMe IeNAMM IIOCTaBOK», 220601
«YTmpaBJieHre MHHOBAIIMAMM» U IP., [ocymapcTBeHHBIM 00pa30BaTeJIbHBIM CTaHIaP-
TOM BBICIIIEr0 ITPOpeCcCUOHAJIBHOr0 00pa3oBaHusd B ONOJHEHNe K y4eOHO AVCIUII-
auHe «MaTemMaTuka» IpeyCMOTPEHbI TaKKe TaKye AVICHUIIIINHBI, KaK « OKOHOMIKO-
MaTeMaTH4YecKue MeTonbl», «CHMCTeMHBIN aHaJIMU3 U NPUHATHE pellleHunii», «DPyuHaH-
coBas MaTeMaTHKa» U T.II. — YacTb 3aJlaHUN IPAKTUKYMa MOKeT OBbITb MCII0JIb30Ba-
Ha U B IIpeIoiaBaHMM 5KOHOMMKO-MaTeMaTUYeCKUX ¥ (PMHAHCOBO-MaTeMaTUYeCKUX
JVICITATLIIVIH.

Pabora aBTOpOB Haj rocodueM pa3gesmiIach CJAeqyIOIM 00pa30oM: IPeayICIIOBLE
HanucaHo B. A. KosemaeBsim n B. VI ConoBbeBbIM, UMM K€ OCYyILleCTBJIeHa 00Iasd
penaruya nocobus; pasnens 1, 2, 4, 8 u 10 manucaus coBmecTHO V1. C. KapangaeBsim
n B.J. ConoBbeBbiM; pazdzmen 3 Hammcan coBMmecTHo T.M.TaraynauueiMm u
B. 1. ConoBreBbiM; pasgenbl 5, 19 u 20 svannucans! B. V1. CosoBbeBbIM; pasnesst 6 u 7
Hamycanel JI. C. KapannaeBeiv; paszensl 9, 11—13 u 16 HanmcaHbl COBMECTHO
B. V1. MansixuuabsiMm 1 B. V1. ConoBbeBbiM; pasdnens! 14, 15, 17 u 18 HammcaHbl COBMECT-
Ho B. A. KosnemaesniM, B. V. MasnsixuabiM 1 B. V1. CojloBbeBBIM.

ABTOpPBI BbIpaskaloT MCKPEHHIOIO ITPU3HATEJbHOCTb PelleH3eHTaM: 3aBeyIoleMy
kadenpoyt MaTeMaTUKN ¥ MH(OPMalMOHHBIX TexXHOoJormii MOCKOBCKOI akazeMun
mpennpuHUMaTeabcTBa Ipu IIpaBuresnseTBe . MOCKBEBI, JOKTOPY (PMBUKO-MaTeMa-
TUYECKNUX HayK, Ipodeccopy B. V1. BeikoBy, 3aBenyolieMy Kadenpoil BbICIIel Ma-
TeMaTUKM MOCKOBCKOIO 3HEpPreTMYecKOro MHCTUTYTa, HOKTOPY (pu3mKo-maTeMma-
TUYECKUX HaAYK, mpodeccopy V. M. Ilerpyiiko u npodeccopy Kadeapsl IpUKJIIaTHON
MaTeMaTuKM ['ocyZapCTBEHHOrO YHMBEpPCUTETa YIIPaBJEHUdA, IOKTOPY (PU3UKO-
MaTeMaTndeckux Hayk B. B. [llmesieBy.

ABTOpBI Takske OJsarofgapHbl IIpernosiaBaTelAM KadeIpbl IPUKJIAJHON MaTeMaT-
ku I'YY, koTopble yyacTBOBaJIM B IOATOTOBKE MCXOJHBIX YMCJIOBBIX TAaHHBIX JJIA 3a-
JaHMII TpakTUKyMa:. KaHAUAATy (QU3MUKO-MaTeMaTUYeCKUX HayK, JOLIeHTY
IO.T'. IIpoxopoBy u crapiuemy npenogasateso X. X. FOuucosy.



1. JIMHEMHAS NPOM3BOACTBEHHAS 3AAAYA

11.KpaTKkue TeopeTMmyeckKkme cBefleHMs
M YKa3aHMSA K BbINONHEHMUIO 3alaHUMU

Sanaqa INIAHNPOBAHUA IMIPOM3BOACTBA COCTONUT B OTBICKAHWMIM TaKOTO IIJIaHa
IIPOM3BOACTBA

KOTOPKIii I03BOJIAET HOJYYUTh MaKCUMAaIbHY0 IPUObLIL
n
2=(c,x)=chxj—>max (1.1.1)
j=1

TPV OrPaHUYEHUAX T10 3aJlaHHBIM pecypcam

(ai,x):zn:aijxjgbi, i=12,...,m, (1.1.2)
=1

rae I10 CMbBbICJIY 3ada'dn

x. =20, j=12,...,n. (1.1.3)

J

VlcxoHble JaHHbBIE 3a]Ja4M IPEJICTABJIAIOTCS B BIIEe MATPUIIbI A yIEJIbHBIX 3a-
TPpaT pecypcoB, BeKTopa b 00'beMOB PECYPCOB U BEKTOPA € YAEJIbHOV TPUOBLIN:

a;; Gy ay, b,
| Qo Gy Ay b b, _
A= : , b=| 7|, ¢c=(c¢, ¢ c,)
aml aml amn bm

I[lo onTuMadAbHOMY INJAaHY IPOM3BOJACTBA HEKOTOPbIE pe-
CYPCBHI UCIIOJIb3YIOTCH IIOJTHOCTBIO (Ha30BeM UX 0ehuyumHslmu), a JpyTue pe-
cypchl 130bITOUHBL BoJsiee Toro, passmuHble BUIbI PECYPCOB B IIpoliecce IIpo-
M3BOJCTBA OKA3bIBAIOTCA HEPABHOIIEHHBIMM B TOM CMbICJIE, YTO HE3HAYUTEJb-
HOe yBeJr4deHye o0beMa OJJHOTO NeUIIMTHOTO pecypca MOKeT CUIIbHO ITOBJIVI-
ATH Ha IOJIy4YaeMylo IpuObLIb, a TaKoe sKe yBeJudeHue ob’beMa IPYyroro ze-
punmTHOrO pecypca MOBAMAET 3HAYUTEILHO MEHbIIIE.

B pamkax Mozesy JMHEHOTO IIPOrPaMMMPOBAHUA MIPEANPUATUA AOJKHA
CyLIEeCTBOBATb BHYTPEHHAA CHUCTeMa OIeHKU pecypcCoB, uc-
II0JIb3YyEMBIX MM B IIpOIleCcCe IIPOM3BOACTBA. OTU OI[€HKM CBA3AHBI C TEXHOJIO-
TMYEeCKVMIM OCOOEHHOCTAMM JITaHHOTO ITPOM3BOJICTBEHHOIO IIpolecca, XapaKTe-
pPU3yeMBbIMI TEeXHOJIOTMYECKOV MaTpulieil A, co CTPYKTYPOI ¥ KOJINIECTBOM
pecypcoB, OTIIYIIEHHBIX IJIA NPOM3BOJACTBEHHOTO IIOTpelJieHNsd, OomychbIBae-
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MBIX BEKTOPOM b, a Tak:Ke CO CTPYKTYPOJ BHEIIIHUX II€H, HA OCHOBE KOTOPBIX
IoJy4aeTcsa BeKTOp NpuObLIeli ¢. Y CJIOBUMCS Ha3bIBaTh BTU OL[eHKU pacuem-
HblMU OyeHxamu pecypcos. IloguepkHeM, 4TO pacHeTHYIO OLIEHKY eIVHMUIIbI
pecypca He cjenyeT OTOMKIECTBJIATh C TOM LIeHOM, 10 KOTOPOM HpenrpuaTne
mpuobpeTtatio 3ToT pecypc. Ilociequas orpaskaeTr o0IIeCTBEHHO HEOOXOIMbIEe
3aTpaThl Ha IIPOM3BOJCTBO EIMHUIIBI pecypca U OIpefesiseTcs PbIHKOM, a
pacdyeTHad OLleHKAa II0Ka3blBaeT TOJbBKO CPaAaBHUTEJbHYH II€HHOCTDH
TOT0 pecypca Ha JOJaHHOM INpeaAOPUATUUM B JaHHBIX
KOHKPETHBIX YyCJIOBUAX.

Kaxk onpenennTs pacueTHbIe OlleHKM pecypcoB? O0o3HaUMM yepes Y, OLleH-

Ky eJIMHUIIBI 1-TO BUJla pecypca, T. e.

Y,

Y,
y=| . | —

Ym

BEKTOP OLIEHOK PEeCypCOB.
CyMMapHas OIleHKa BCeX pecypcoB IIpeJicTaBiAeTcs B Buge by, +---+b, vy, .

JTa cyMMa JOJIKHA OBITh MMHMMAJIBHON PV YCJIOBUM, YTO HA IIPOU3BOJICTBO
e IVIHUIIBI IPOAYKINA j-TO BUJIa MbI JOJIKHBI 3aTPAaTUTh Pa3JMdHble BUILI Pe-
CYPCOB B KOJMYECTBAX Qy;,0,;,.., A, , M WX CyMMapHas OLeHKa, paBHasd
a,y, +ayY, +---+a,,y, , BOJTIKHA ObITb HE MEHbIIe TOV MPUObLIN, KOTOPYIO MBI
MIOJIyYVIM OT Peasn3aliuy e IMHUIIbI TOTOBO POy KITUN.

Taxum 06pa3oM, Mbl IPUILIM K HOBOY 3aJaye JMHENHOTO IIPOrpaMMIpPOBa -
HIA: HAJITY BEKTOP OIL[EHOK PECYPCOB

Y,
Y,
y=| . |,
Ym
MVHVMU3UPYIOIUI CYMMapHYIO OLIEHKY BCeX PeCypCcoB
f=(b,y)=> by, > min (1.1.4)
j=1
IIpY YCJOBUAX
(aj’y)zzaijyi>cj9 j:1’2,“'7na (115)
=1
rae I10 CMBbICJIY 3ada'dn
Yy, =20, i=12,...,m. (1.1.6)

Ilosmyuyennaa 3amada JmHeliHOro nporpammupoBannd (1.1.4)—(1.1.6) Ha3bI-
BaeTcsA ABOVCTBEeHHON 3amadeii K 3amade (1.1.1)—(1.1.3). PacueTHble o1leHKU
PecypcoB, COOTBETCTBYIOIME OINTUMAJbHOMY ILJIAHY ITPOM3BOJICTBA, CJIYKaT
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KOMIIOHEHTaMM OITMMAJIbHOTO pelleHydA ABOMCTBeHHOM 3agaun. llosTomy Ka-
SKAYIO U3 KOMIIOHEHT Y, OIITMMAJIbHOTO PellleHNs IBOVICTBEHHON 3aa4) Ha3bl-

BalOT 080UCMBEHHOU OYeHKOU 1-20 pecypca.

[IpuBenieM KpaTKYIO CBOAKY OCHOBHBIX PE3YyJIbTATOB TEOPUN TBOVICTBEHHOCTIA

MEPBAS OCHOBHAS TEOPEMA ABOMCTBEHHOCTM. Ecau o0na u3 3adau 0goticmaeeH-
HOU NAPbL UMeem ONMUMALbHOE PeuLerHue, mo U 0pYy2as umeem onmumaib-
HOe peweHue, npuuem IKCMpPemaibHble SHAUCHUSL AUHEUHBLL HOPM PABHDL;
ecau e AuHeuHas popma 00HOU U3 3a0au He 02PaHUUEHA, MO cucmema Ycao-
8ull 0py20uU 3a0auu NPoMusoperUsa.

IJKOHOMUYECKOE CoZiep:KaHIe IIePBOil OCHOBHOM TEOPEMBI JBOVICTBEHHOCTH
JIMHEITHOTO IPOrpaMMUPOBAHNA TaKOBO. B TepMIMHAX OIIEHOK OHA MOYKET ObITh
cpopMyaMpPOBaHA CJIEAYIONMM 00pas3oM: ecy 3aJada OIpeJiesIeHUs OIITU-
MaJIbHOTO IIJIaHa, MaKCUMU3MPYIOIIEro BBINYCK MPOAYKIMM, paspelnnma, TO
paspenmma 1 3ajiada ornpesesieHns MMHMMAJbHBIX OI[EHOK PeCYPCOB, IIPUYEM
IIeHa MIPOAYKTA, ITOJIyYeHHOI0 peasim3alj/eil OITUMAaJJbHOTO IIJIaHa, COBIIaIaeT
C CYMMapHOI1 OLI€HKOJ MIMEIOIIVIXCA PeCcypCoB.

BTOPAS OCHOBHAS TEOPEMA JBOMCTBEHHOCTH (TEOPEMA O JOMOJHSAIOLLEEA HEXE-
CTKOCTHM). /lns mozo, umobbL donycmumvle PeueHuss

£ £

xl yl
x* y*
X* — 2 n y* — 2
Ly Ym

napvl 060UCMEEHHBLLL 3a0aY ABAAAUCD ONMUMAALHBLUU PEUWEHUAMU IMUX
3adau, HeoOxoOumo U 0OCMAMOUHO 8bINOAHEHUE YCAOBUL

y;| 2 a,x; =b, [=0, i=12,...,m, (1.1.7)
j=1

x; Zaijy:—cj =0, j=12,...,mn, (1.1.8)
i=1

T. €. ecJIV KaKoe-JI1nbo HepaBeHCTBO CUCTEMBI OrpaHMYEeHNII OQHOM 13 3a4a4 He
obpalaeTcsa B TOYHOE PaBEHCTBO ONTUMAJbHBIM pelleHMeM DTOI 3aJadu, TO
COOTBETCTBYIOI[as KOMIIOHEHTA OIITMMAJIbHOIO PellleHNda JBOVICTBEHHON 3aa-
YM TOJIPKHA PaBHATBHCA HYJIIO; €CJIU 3Ke KaKad-JIMb00 KOMIIOHEHTA ONTUMAaJIbHO-
ro pelIeHus ONHOM 13 3aZlad IIOJIOKUTEeJbHA, TO COOTBETCTBYIOIIlee OrpaHnde-
HIEe B IBOJCTBEHHO! 3aJaue ee OIITYMAJIbHBLIM pellleHreM JIOJKHO obpaniaTh-

Cs B TOYHOE paBeHCTBO. Jpyrumu ciaoBamu, ecayt Y, >0 115 HEKOTOPOTO 7, TO
n
> a,x; =b,, (1.1.7")
j=1

n
a ecan Z%% <b,, TO
j=1

Yy, =0; (1.1.7")
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ecrm x; >0 s HEKOTOPOTO j, TO
m
Da,y=c,, (1.1.8")
=1

m
*
a ecian E a;y; >0, o
i=1

x =0; (1.1.8")

PaccmoTpuM 53KOHOMUYECKOE COfeps;KaHme BTOPOIl TeOpeMbl JBOICTBEHHO-
ctu. [yna sroro obpaTtmMmcsA IIOCJIeIOBaTeNbHO K yTBepskigeHuam (1.1.7')—
(1.1.7") m (1.1.8")—(1.1.8"). ¥YrBepsxaenud (1.1.7") n (1.1.7") MOJKHO MCTOJIKOBATH
cJenyoUM 00pa30M.

Eciu mo omrumaJsbHOMY ILIaHYy HPOU3BOACTBA (X') pacxof i-ro pecypca

n
Zaﬁx;‘ CTPOTO MeHbIIIe ero 3amnaca b, :
j=1

i%x; <b,,
j=1
TO OLIEHKA Y, €IVHUIbI 3TOTO pecypca paBHa HYJIIO:
Yy, =0;
€CJIV 2Ke OLIeHKa 1-T0 pecypca CTPOro 0OJIbIIle HyJIs:
y; >0,

TO PacxoJ BTOTO pecypca paBeH ero 3aImacy:
n
*
Zaijxj =b;.
i=1

Takym 00pas30M, OLIEHKY OIITYMAaJIBHOTO IIJIaHa BBICTYHIAIOT Kak Mepa nedu-
IUTHOCTY pecypcoB. JeuiinTHbIi pecypc, IOJHOCTBIO VICIIOJIb3yEeMbIl 10 OIl-
TYMaJIbHOMY IJIaHY ITPOM3BOJCTBA, MMEeeT II0JIOKUTEJIbHYIO OIIEeHKY, a HeJlle-
PUIINTHBIN pecypc, He IOJIHOCTBIO UCIIOJIb3y€EeMBbIii, IMeeT HYJIEBYIO OLIE€HKY.

m
YecaoBus (1.1.8") m (1.1.8"") MO2xHO MCTOJKOBATEL TaK. EcJm orjeHKa Zaijyf pe-
i=1
CYPCOB, PacXOAyEMBIX II0 j-i1 TEXHOJIOTUY B €AVMHUITY BPEMEHM, CTPOrO OOJIbIIIE
IIeHbI IIPOAYKTA, IIPOM3BOIMMOTO TI0 TOM YK€ TeXHOJIOTUM 34 TO Ke BpeMsd

m

%k
2.%5Y; > ¢,
i=1

TO j-51 TEXHOJIOTUA HE IIPVIMEeHsAeTCH:



ecJIM oKe 110 HEKOTOPOMY OINTMMAaJbHOMY IIJIaHy IIPOM3BOJCTBA j-5 TeXHOJOIMA
NIpMUMeHseTcs, T. €.

*
x; >0,

TO OIleHKa PecypcoB, PACXOAYyEMBIX 10 3TOV T€XHOJOTUM B €IVHUITY BpeMeHH,
paBHa IleHe IIPOM3BEIEHHOIO 3a eAVHUILY BpeMeHM II0 TOH Ke TeXHOJIOTUN
IPOAYKTa:

m

*
2.a5Y; =¢;.
i=1

Takum 00pa30M, OIEHKY OITMMAJIBHOTO I1JIaHA BBICTYIIAIOT KAK MHCTPYMEHT
onpeneseHna 3PQPEKTUBHOCTY OTAEJIbHBIX TEXHOJIOIMYECKUX crI0co00B. JlaH-
HBII CITI0c00 IPOM3BOICTBA MCIIOJIL3YETCA B TOM U TOJIBKO B TOM CJIydae, KOIrza
IIPM €T0 peaJsm3aliuy OlleHKa 3aTPadeHHbIX PEeCcypPCcOB U IeHa IIOJIyYeHHON
MIPOAYKLVM COBIAJAIOT.

IIycThb Tenepsb paccMaTpUBAETCA 3a4a4a JMHEHOTO ITPOTPaMMUPOBAHNA:

n
z= Zc].x]. — max,
j=1

n
Zaijxi =b, 1=12,...,m,
j=1

x; 20, j=12,..,n,

¥ IBOJICTBEHHAad ell 3ajada:

f= ibiyi — min

i=1
m
zaijyi >c, j=12,..,n,
i=1

rze IIepeMeHHbIe Y, Y,,..., Y, MOTYT IPMHMUMATh 3HaUYeHMd JI000ro 3HaKa.

Bynewm cunrarh, 9TO B MCXOZHOM 3a/ja4e BeJIMUMHBL Q,; U C; OCTAIOTCs HeN3-
MEeHHBIMM, a IIpaBble YacTu b, cuCTeMbl OTpaHMYeHNI [T0ABePralTcsa HEKOTO-
pBIM n3MeHeHUAM. Torza KaskIoMy BEKTOPY

b

orpaHM4eHuit 6yzieT oTBedYaThb CBOe OIITMMAaJbHOE pelleHue (ecy OHO CyIecT-
ByeT) I MaKCUMaJIbHOE 3HaUeHMe z_  (DYHKIUM LeJiu, T. €.

z (b, b,,....b, ).

max Zmax



TecHada CBA3b MEKIY PELIEHUAMM IIapbl IBOMCTBEHHBIX 3a5lad JIMHEHOTO
IIPOrPaMMMPOBaHMA COCTOUT TaKMe M B TOM, UTO XapaKTep M3MEHEHUs BeJiu-
YNMHBI Z_  MOYKHO OIIPeJeJINThb C IIOMOILbI0 KOMIIOHEHT OIITMMAJILHOTO PeIIeHN s
JBOVICTBEHHOM 3aJa4ll.

TPETbS OCHOBHASl TEOPEMA [BOMCTBEHHOCTH (TEOPEMA Ob OUEHKAX BJIMSHMS PE-
CYPCOB HA BbIMYCK MPOAYKLUMM). 3HaueHUS NePeMeHHbLL Y, 8 ONMUMAALLHOM

peweHuu 0goticmeeHHol 3adauu mpedcmasairom cobol OYeHKU BAUAHUSL
npasvlx wacmetl b, cucmemvbl 02PAHUYEHUL UCTOOHOU 3a0AUU HA BEAUUUHY

MAKCUMYMA ee Yeae8oU PYHKUUU
0z .

max __
_yi7

ob;

1

T. €. yBeJInM4eHme HpaBOIZ 4acTHu 1-TO OTPaHNYEHNA IIPUBOAUT K YBEJMYEHNIO
nim yMeHnblIeH!nio z = B 3aBUCMMOCTU OT TOTO, 6y,u;e'1‘ JIn y: IIOJIOSKUTEeJIbHBIM

nwim oTpmnaaTeJibHBIM, M IIPUM 9TOM CKOPOCTb M3MEHEHVA Z = OIIpedeJisdAeTCHd

X
BEJIMYMHOIA |y]].

OcraeTca yka3aTb Ha YKOHOMUIYECKOE COJep:KaHMe TpeTbell TeopeMbl
IIBOVICTBEHHOCTY; OHO O4eBMIHO. JIBOJICTBEHHaA OLIEHKa pecypca — 3TO IIpHu-
palieHne nIpuObLIN, IPUXOAAIIeec Ha eVHNITY IIpUpPAaIlleHNsa 9TOT0 pecypca.
3aMeTuM, 4TO 3/71eCh peydb UAET JUIIb O JIOCTATOYHO MaJIbIX IIPUPAIIleHNAX pe-
CypCOB, TaK KaK M3MeHeHNe BeJVYMHBI b, B HEKOTOPBI/I MOMEHT BBbI30BET M3-
MeHeHMe OLIeHOK Y, OLleHK) II03BOJIAIOT BBIABUTE HallpaBJIeHME MePOIPUATHIA
II0 pacCcHMIMBKe y3KMX MeCT HNPOM3BOJCTBAa, obecrednBaromx
IoJIy4eHye HaubOoJIbIlIero SKOHOMIUYECKOT0 dpdeKTa.

MPUMEP 1.1.1. IIpennpuaTie MOKeT BbIIIyCKaTh YeThbIpe Byla IPOAYKIIN, VIC-
NIOJIb3Y S JJIA 9TOr0 TPY ByJa pecypcoB. VI3BecTHa TeXHOJOTMYeCKasa MaTpuLa A
3aTpaT KajKJoro 13 PEeCypPCOB Ha eIUHUILY KasKJIoM IPOnyKImY, BeKTop b obbe-
MOB PECYPCOB ¥ BEKTOP € YAEJIbHOM NPpUObLIN Ha €IVHUITY KasKJ0i IIPOLYKIIAN:

4 3 4 5 208
A=|2 5 0 2|, b=|107|, c=(36 14 25 50).
3125 181

Tpebyercsa ornpenesmnTb IPOM3BOJICTBEHHYIO IMIPOrpPaMMy, O00eCIIeuyBarioOIyi0
TIPEIIPUATIIO HAMOOJIBIITYIO IPMObLIL TPV MMEIOIIXCSA OrPaHNIeHHbIX Pecypcax.

Pewenne. MaTemaTuueckasa MOJeJIb 3aJlauy TaKOBa: mpedyemcs Halumu
NPou3s00cmMeeHHY0 NPoPammy

MAKCUMUSUPYIOUYIO NPUOBLADL

z=36x, +14x, +25x, +50x,
10



NPU 02PAHUYEHUAX NO PecypPcam

4x, +3x, +4x; +5x, <208,
2x; +95x, +2x, <107,
3x, + x, + 21, +5x, <181,

2de no cmwleay 3adauu
x,>0,x2,>20,2,>0,c, 0.
ITomyunsy 3azjady Ha yCJIOBHBIN SKCTpeMyM. [l ee pellleHNA CUCTEMY He-

PaBEHCTB IIPM IIOMOIONM OOIIOJIHMTEJIbHBIX HEeOTPUIATEJIbHbIX HEM3BECTHDbIX
Xy, X, Xy, 3aMEHUM CUCTEMOM JIMHEMHbIX aJII‘e6paI/I‘-IeCKI/IX ypaBHeHMﬁ

4x, +3x, +4x; +5x, + 2, =208,
2x, +0x, +2x, + X, =107,
3x, +x, +2x;+2x, +x, =181,

B KOTOPOI1 JOIIOJTHUTEJIbHBIE IIepeMeHHbIe X, X, I L, UMEIOT CMBICJI OCTaTKOB pe-
CYPCOB (COOTBETCTBEHHO I1€PBOr0, BTOPOTo 1 TpeThero Buza). Cpeny Bcex perrle-
HI CUCTEMBI ypaBHEHUI, YIOBJIETBOPAIOIINX YCIJIOBUAM HEOTPUIATEILHOCTA

x,=20,x2,>20,, 20,2, 20,0, 20,205 >20,2c, >0,

HY’KHO HalIiTM TO pellleHMe, IIpY KOTOPOM lieseBad (PYHKLMUA MIpUMeT Hau-
OoJbIllee 3HAUEHNE.

Bocniosnie3yeMcs TeM, 4TO IIpaBble YacTy BCeX YpaBHEHMI CUICTEMBI HEOTPH-
IlaTeJIbHBI, & caMa CMUCTeMa MMeeT IIpeAoduTaeMblli BUL — AONOJHUTEJbHbIE
IiepeMeHHble ABJAITCA 0a3uCHBIMU. 1105TOMY MOMKHO NIPUMEHUTH CUMILIEKC-
HbIl MeToJ. IIpoliecc penieHns 3anucaH B BUJe I10CJIEIOBATEJIBHOCTYI C U M -
NJEeKCHBIX Tabamnuiy (trada 1.1.1).

IToguepkHEM, UTO 3a KaKI0M CMMILJIEKCHOV TabimIiieit Hago BUIETh BCIIOMO-
raTeJbHYIO CUCTEMY YeTbIpeX JIMHEVHbIX YpaBHEeHUI, 13 KOTOPBIX [IePBbIe TPU
OPEeACTaBJIAKT HEKOTOPBIM MPEeAIIOYNTaEeMbIll 9KBUBAJIEHT CUCTEMBI YCJIOBUIL
3a/ladyl U OIIpesessAIT COOTBETCTBYIOIIee 0a3MCHOe NIOIIyCTMMOeE pPeIleHNe, a
13 IocJeJHEero ypaBHEHUs IIoJIydaeTcs BbIpaskeHMe (PYHKIMM ILeJu depel
cBoOOaHBbIe Heu3BecTHble. Kak BUIAHO U3 IIOCJIEHEV CUMIIJIEKCHOM TabJuIlhl,
OIITMMAaJIBHOM ABJISIETCA IPOM3BOACTBeHHaA IIporpamMma x, = 27; x, = 0; x, = 0;
x, = 20, obecneunBarmomaa IPeAIPUATIIO0 HaMOOJbIIY0 NpudbLb 2, = 1972;
IIPM 3TOM OCTAaTOK pecypca mnepsoro Buzaa x, =0, Broporo Buma x,= 13,
TpeTbero Buga x, = 0.

Crnenyet 06paTUTh BHUMaHMe Ha 3KOHOMMYECKMII CMBICJI DJIEMEHTOB I10CJe -
Hell CTPOKM CUMILIEKCHOI Tabsmiibl. OneHouHble kK0a(duumenTsl A, A, A, 1 A,
MMEIOT CMBICJI OYeHOK MeXHOA02Ull ¥ IOKa3bIBalOT, HACKOJIbKO YMEHBIINTCS
NPUOBLIb, €CJV IIPOM3BECTY eIVHUITY COOTBETCTBYIOIeH mpoxykuny. Hampu-
Mep, KoapdunmeHT A, = 7 Ipyu IepeMeHHOlM X, IIOKa3bIBaeT, YTO €CJM IIPOu3-

BECTU OJHY eOUHUITY IIPOAYKIINM TPeThbero Byuja (OHa He BXOJAUT B ONTMMAaJb-
HYIO ITPOM3BOJCTBEHHYIO ITPOrPaMMYy ), TO IIPUObLIIb YMEHBIIINTCH Ha 7 € IVHAILL

11



Tabnuuya 1.1.1

¢ | Bazuc h 36 14 25 °0 0 0 0 IToacHenus
x, X, x, x, x, X, X
0| =x 208 | 4 3 4 5] 1 o o y y . .
5 z, =(¢,h), A =(¢,g.)—c, 1=L2,..,m;
0| = | 107 | 2 5 0o J2]lo0o 1 o | (&h). & =(&8)=c, J
0| x [181 |3 1 2 [5]0 0 1 | min@a<0=-50 mm( b, j:@
2,-2| 0—z | -36 —14 -25 -50 0 0 O a,>0) 5
0 1‘5 27 1 2 2 0 1 0 -1 min(_ﬁ._4._5) =_6
0| = [173/5|4/5]23/5 -4/5 0 0 1 -2/5 7 ’
50 «, |181/5]3/5|1/5 2/5 1 0 0 1/5 min(ﬁ;M;Mj:E
2,-2 |1810-2] =6 -4 -5 0 0 0 10 L4/ 3/5 ) 1
36| 27 1 2 2 0 1 o0 -1
0] =, 13 0 3 -12/5 0 -4/5 1 2/5 :
A >0,7=12...,
50 a, | 20 | 0 -1 -4/5 1 -3/5 0 4/5 Bee 4,20, "
2,—2z|1972-2| 0 8 7 0 6 0 4

OcraBumeca roadduimenTs! A, A, 1 A, UMEIOT CMBICJI JBOVICTBEHHBIX OIle-
HOK PeCypCOB I ITOKa3bIBalOT, HACKOJIbKO BO3pacTeT IPMOBLIIb, ecJy ITIepBOHa-
4yaJIbHble 3aIlacbl COOTBETCTBYIOIIETO pecypca yBeJIM4UTb Ha eauHuIly. Tak,
yBeJIMUeHNe Ha eAVHMIy 3allaca IIepBOro pecypca IpuBeJeT K yBeJUdeHUIO
npubbLIM Ha A, = 6 e IMHNIIL

JlBoVicTBEHHBIE OLIEHKM IIPeJCTaBJIAIOT c0D0J ONITHMAJIBHOE pellleHre 3a1a-
4y, IBOMCTBEHHOJ K JCXOIHOI 3aZayue IIAHMPOBAHUS IIPOM3BOJCTBA:
BTO TaKuMe BHYTPEeHHME IeHbl Y, Y, Y, 4YTO CyMMapHas BHYTPEHHAS
CTOMMOCTDb BCEX MMEIOLIMXCA PeCypPCOB MUHMMAJIbHA IIPY yCJIOBUM, YTO BHYT-
PEHHAA CTOMMOCTb PECYPCOB, 3 KOTOPBIX MOXKHO M3TOTOBUTH €AVHUIILY IIPO-
NYKLMM KadXJIOTO BlUJa, HE MeHbIIle TOJ LIeHBbl, II0 KOTOPOJ eIVHUIy COOTBEeT-
CTBYIOLLE} IPOAYKLVV MOXHO IIPOJATh HA PhIHKE.

JJ1a Ipon3BOACTBA € IVMHULIBI IIPOAYKIIMY I€PBOTO BUA MbI JOJKHBI 3aTpa-
TUTh, KaK BUJHO 13 MaTpuLbl A, 4 eIMHUIIBI pecypca IIepBOro Buaa, 2 e IMHI-
IIbI pecypca BTOPOTO BUJA U 3 € IMHUIILI TPeThero (3JIeMeHThI IIEPBOro CToJIOa
MmaTtpunsl). B nenax vy,,vy,,y; Hamm 3aTpaTbl cocTaBAT 4y, +2y,+3y,. Ilpn

peann3aluy eIVHNUIBI IIePBOl IPOAYKIIMM Ha PBIHKE MBI IIOJYYMJIM Obl IpU-
OobL1b 36 py0. CilemoBaTesIbHO, BHYTPEHHAA OLIEHKA CTOMMOCTU PECcypCcoB, U3
KOTOPBIX MOYKHO M3TOTOBUTH eAVHMIy HepBoro mpoaykra (4y, +2y, +3y,),

JIOJI?KHA COCTaBJIATH He MeHee 36 py0. AHaJIOrMYHbIE YCJIOBUA JTOJIYKHbI BbITIOJI-
HATBCSA U JIJIA BCeX OCTAJIbHBIX BUIOB IIPOIYKIMIAL

IIpy 3TOM cyMMapHas OLlEHKa BCeX  MMEIOUIMXCA  PecypcoB
208y, +107y, +181y, mosmsxHa OBITE MMHMMAJILHOIL

OxoHYaTeJIbHO ABOMCTBEHHaA 3ajada (PopMyJaMpyeTcsa Tak: mpebyemcs
HaUuMU 8eKmop 080UCTMEEHHBLL OYEHOK

Y
Y=Y, |,
Ys
MUHUMUSUPYIOUWUTL 00ULYI0 OUEHKY 6Cex PecyPcos
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=208y, +107y, +181y,

NPpU Ycao8UU, ¥Mmo No Kaiodomy eudy NpooyKUUU CYmmapHasl OUeHKa 8cex
pecypcos, 3ampauusaemblr HA NPou3soo0cmso eOUHUYbL NPOOYKUUU, He
MeHbUuLe NPUOBLAU, NOAYUAEMOU O PEaIUIAUUU eOUHUYDBL IMOU NPOOYKUUU:
4y, + 2y, + 3y, > 36,
3y, +oy, + Yy, =14,
4y, + 2y, = 25,
oy, + 2y, +5y, =50,

npuuem oueHrKu pecypcos He mo2ym ObLMb ompuyuamendvHovlMU.:

Yy, 20,y,20,y, 20.

3anuilleM BTOPY0 OCHOBHYI TeOpeMy IBOWNCTBEHHOCTHU
OJI 9TOM 3aJaYI:
y,(4x, +3x, +4x; +5x, —208

Y,(2x, + 5, +2x, —107
y,(3x, +x,+2x,+5x, —181

x,(3Y, +9y, +y;—14)=
x,(4y, +2y; =25
x,(9Y, +2y, +5y; =50

)=0
)=0
)=0
x,(4y, +2y, +3y, —36)=0,
)=0
)=0
)=0

M IIoACTaBVIM B 9TUM YPaBHEHUA YiKe€ M3BECTHYIO OIITUMMAJbHYIO IIPOM3BOACT-
BeHHYIO nporpamMmmy x, = 27; x, = 0; x, = 0; x, = 20:

y,(4-27+3-0+4-0+5-20-208)=0, 27(4y, + 2y, + 3y, —36)=0,
Yy(2:274+5-0 +2-20-107)=0, 08y, +oy, +y,—14)=0,
Y;(3-27 +0+2-0+5-20-181)=0, 04y, + 2y, —25)=0,
2005y, +2y, +5y, —50)=0.
VI
y,(208-208)=0, 27(4y, +2y, + 3y, —36)=0,
Y,(94-107)=0, 03y, +5y, +y,—14)=0,
y,(181-181)=0, 04y, +2y, —25) =0,
205y, + 2y, +5y, —50)=0.

Bropoe u3 atux ypaBHeHMit [y,(94 —107) = 0] o3HaydaeT, YTO NIOCKOJIbKY
BTOPOJ pecypc MCIOJIb3yeTCs He IIOJIHOCTBIO (IIPY BBIIIOJIHEHUN OIITVMAaJIBHOM
ITPOM3BOICTBEHHOI ITporpaMMbl pacxonyerca 94 enuuauns: n3 107), ero nBoii-
cTBeHHadA oneHka Yy, = 0. HerBeproe ypasnenme [27(4y, + 2y, + 3y, — 36) = 0]
O3HAYaeT, YTO IIOCKOJIbKY II€PBBI IIPOAYKT BXOAUT B ONTUMAJbHYIO IPOU3-
BOJICTBEHHYIO IIporpamMmy (x, = 27), To cyMMapHas JBOJCTBEHHaA OLleHKa pe-
CYPCOB, 13 KOTOPBIX MOKHO M3TOTOBUTH €OVHUITY IIPOAYKTa II€pPBOro BUIA
(4y, + 2y, + 3y,) nomwxHa ObITh paBHaA IleHe DTOro npoxykra (36 py0.). VI3 mo-
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cJIeJHETO ypaBHEHUA CJIeyeT, YTO II0OCKOJbKY YeTBePTHIV IPOAYKT BXOJAUT B
ONTMMAaJbHYIO IIPOU3BOJICTBEHHYIO ITporpaMmmy (x, = 20), To cymMMapHas ABOM-
CTBEHHas OLlEHKa PecypcoB, 13 KOTOPBIX MOXKHO M3TOTOBUTH €AVIHUILY IIPO-
OyKTa deTBepToro Buja (5y, + 2y, + 5y,) noJsxHa ObITH PaBHA IJeHe HTOTrO IIPOo-
nykra (50 py0.). Utaxk,

Y =0,
4y, + 2y, + 3y, —36 =0,
oy, +2y, +5y, —50=0.

Pemms 5Ty cucTemy ypaBHeHMI, IIOJIYy4Y)M OKOHYATEJbHO, 9T0 Y, = 6, y, = 0,
y,=4.

Teneps moJay4dnM pelieHne 3Tol Ke 3amaun B nakere Microsoft Excel. Bee-
JIeM MCXOJIHble NaHHble B paboumii jimct Microsoft Excel, kak 1mokaszaHo Ha
puc. 1.1.1, a: B aderiku A5:D7 BBegeM djieMeHTBI TE€XHOJOTMYECKON MaTpPUIbI
A, B audeiiku A2:D2 — dyieMeHTBI BEKTOpPaA YAEJbHON IIPUOBLIN €, B B AYEKNA
H5:H7 — zanacsr pecypcoB (asiemeHThI BeKTOpa b). dueitku A10:D10 orBemem
I10J] KOMIIOHEHTEHI I1JIaHa IPOU3BOJACTBA X , a B Adelikax F2 u F5:F7 paccuntaem
3HaYEeHUA I[eJIeBOi PYHKIUN z=gcjxj U PacxXoJO0B pPecypcoB gaijxj COO0T-
BeTCTBeHHO (popmyJsibl Microsoft Excel mpuBenens! Ha puc. 1.1.1, a, a pesyJib-
TaT UX BBOJIa B pabounii et — Ha puc. 1.1.1, 6).

A |l B ] c]|] Db ]E F
1 c z
2 36/ 14| 25| 50| |=CYMMMPOWM3B(A2:D2;$A$10:$D$10)
3
4 A pacrodvL pecypcos
5 4 3 4 5| |=CYMMMPOWM3B(A5:D5;$A$10:$D$10) 208
6 2 6 0 2|  |=CYMMMPOM3B(A6:D6;$A$10:$D$10) 107
7 3 1 2 5| |=CYMMMPOWM3B(A7:D7;$A$10:$D$10) 181
8
9 X'
10 | 11

a) opmyanvt Microsoft Excel

Al B ] c]|] DbD]E F G H
1 c z
2 36| 14/ 25/ 50 0
3
4 A pacxodvl pecypcos
5 4 3 4 5 0 208
6 2 6 0 2 0 107
7 3 1 2 5 0 181
8
9 x'
10 | 11

0) pesyavmam 8goda popmya

Puc. 1.1.1. Vcxoonvie danHble 045 peueHUs 3a0atU AUHEUHO020 NPOPAMMUPOBAHUS
¢ nomowybto Hadempouxu «Ilouck peweHus»
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3amycTuM HaACTpoKy «[louck pewwenus» marera Microsoft Excel (mento
«Cepsuc | Mouck peluenus»; ecam Takoil IIyHKT B MeHIO Microsoft Excel orcyT-
CTBYET, TO BTO O3HAYaeT, YTO HaJicTpoiika «[Mouck pelweHus» He yCTaHOBJIEHA.
YToObI ee yCcTaHOBUTH, HEOOXOAMMO OTMETUTH (pJaskoK «[louck pelueHus» B
CIIVICKEe HaJICTPOeK makeTa Microsoft Excel, KoTopblil BbI3bIBa€TCA C IIOMOIIIBIO
BLIOOpPa ITyHKTa MeHIo «Cepsuc | HaficTporikm».).

B noaBuBmiemca namajioroBoM oOkHe (puc.1.1.2,a) ykaskeMm, 4TO IlieJieBas
byHKIMA paccunThiBaeTcA B sueiike $F$2, mepemennble 3azaun HaXOAATCA B
sueiikax $A$10:$D$10. C nomorpio KHONEM «[Jo6aBuTb» m100aBUM OrpaHude-
HIA, COCTOAIINE B TOM, UYTO PaCXOJbl PECYPCOB He MOT'yT ObITh OOJIbIIIE UX 3a-
nacoB ($F$5<=%$HS$5; $F$6<=$H$6; $F$7<=$H$7). Snech MOKHO yKa3bIBATD
HEe TOJIBKO JII0Oble OrpaHMYeHNs BIUAa «PaBHO», «0oJblile J1b0 paBHO», «MEHb-
e OO PaBHO», HO TaKsyKe yCJIOBUSA 1eJIOUVCIJIEHHOCTY MJIM JBOUYHOCTU IIe-
PEeMEeHHBIX (HyJb UM eIMHUIA).

x

YCTEHOBMTE LENEBYHD AYENKY: SFs2 %
FaeHoit: {* MEKCHMENEHOMY SHIYEHMIO 8 SHEYEHHHD! IEI

i MUHMMaNEHOMY SHAYEHMHD

3aKpEITE

—M3MEHEA AYEiHA;

[sas10:eD510 ) NpeanonomeTs |
-OrpEHUYEHIUA! NapaMeTpsl |

SFS5 <= EHS5 ;I JobaenTs |
5Fs56 <= 5H56
SFS7 <= SHS7 W3MEHMTD |

LI ¥Yaanute

BoccTaHoBMTE |
Cnpaeka |

a) oKHO 8800a OAHHBLYL

MNapameTphLl NOKRCKA PpEIEHRA il

MakoiManeHoe BpeMA: I 100 CEKYHI | K
MpeaensHOE YWCNo MTepaLA: | 100 OTMEHE

OTHOCMTENEHEA NOrPeLWHOCTE: ID,DDDDDl 3arpysvTb MOAENb, ..
AonycTUMoe oTKNOHEHWE! |5 % CoXpaHWTE MOAENb. ..
CXoAMMOCTE: IIIIrIIII:II:I 1 Cnpaska

V¥ Ninelinan mogens [ AsTomaTueokoe MaowTabposaHmMe

|

¥ HeoTpMUATENEHLIE 3HAYEHMA [T MokasbiBaTe peI3yNETATE MTEpELME

LEHKM— (FasHoCcTM——— MeToa noucka
¥ nuHeiiHan * npamue {* HuioTona
" kEappaTM4Han " LEHTpanLHEIE " CONPRMEHHEIX [PaAWEHTOE

6) oxHO 8800a napamempos
Puc. 1.1.2. Bgod danHblx 8 Ha0cmpouxry «Ilouck peuwerHus»
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Hancrporika «lNouck peluenms» 1o3BoJIAET pelllaTh He TOJIbKO 3aJauM JIMHeN-
HOT'O IIPOTPaMMMPOBaHNA, HO U APyTMe 3aJauy MaTeMaTUIeCKOro IIporpaMMIpo-
BaHMA C IIPOM3BOJILHBIM BUJIOM 11eJ1eBOM (DYHKIIMM ¥ CUCTEMbI OrpaHNYIeHIt. AJI-
TOPUTMBI PelIeHNA Pal3JIMYHbIX 3aJay OTJIMYAIOTCA, U IIPY OOJBIINX Pa3MepHO-
CTAX 3aJa4yl JIMHEMHOIO IIPOrpPaMMUPOBaHUA TPeOYIOT NJd pelleHyus CyIecT-
BEHHO MEHbIIle MaII/HHOTO BpeMeHM, YeM 3aJaul HeJMHEHOTo IIporpaMMUpo-
BaHUA.

1 yKasaHmMA TOro, 4TO MOJIeJb ABJIAETCA JIMHENHOV, HeoOXO0AMMO BONTHU B
I1aJIoroBoe OKHO «[lapameTpbl noucka pelueHus» (HaskaB COOTBETCTBYIOILIYIO
KHOIIKY) Y1 YCTaHOBUTDb (pJ1askoK «JIMHenHas mopenb». B 5TOM Ke OKHe yKasKeM,
YTO NepeMeHHble 3aJaull HeoTpUIaTeJIbHbI, YCTaHOBMB (Jiaskok «HeoTpuua-
TernbHble 3HaveHus» (puc. 1.1.2, 6).

B noaBuBIIEMCA TT0 OKOHYAaHNUYM BBIUVICJIEHNI JMAJIOTOBOM OKHe «Pe3ynbTaTtbl
NMOMCKa peLUeHus» cJlelyeT yKasaTb HeOOXOIMMOCTb BBIBOJA OTYETOB IIO pe-
3yJbTaTaM, 110 YCTOMYMBOCTY U 110 ITpeaesiaM (puc. 1.1.3).

B pesysbraTe paboTs! mporpamMmsl (puc. 1.1.4, a) B COOTBETCTBYIOIIUX AYeli-
KaX JMCXOJHOro pabouero JmcTa pacCuUMTaHbl: ONTUMAJbHBIN IIJIAH IIPOU3BOJ-
crBa x,=27; x,=0; x,=0; x, = 20, makcumMasbHas npubblIb 2 = 1972 n
pacxonbl pecypcon 208, 94, 181.

Kpome Toro, B paboueil KHUre MOABATCA TPU HOBBIX JmcTa: «OTyeT no pe-
3ynbtatam» (puc. 1.1.4, 6), «OTt4eT no ycromumsoctm» (puc. 1.1.4, 8) u «OTtyeT no
npepenam» (puc. 1.1.4, 2). Ha smcre «OT4eT Nno pesynbratamM» COXPaHAIOTCSA pe-
3yJIbTaThl pabOThI IIPOTPAMMBI.

Ha simcre «OT4eT No yctonumBocTn» B cTOJ01Ie «HOopmMMpoBaHHas CTOMMOCTb»
yKa3aHbl BeJIVMYMHBI, IIPOTUBOIIOJIOKHBIE OLIeHKaM TeXHOJIOTMi, oTkyga A, = 0,
A,=8, A,=7, A,=0, B cronbue «TeHeBas LeHa» NPUBOJATCS IBOVICTBEHHbBIE
OILleHKM pecypcos: y, = 6,y,=0,y, = 4.

Kpowme Toro, ctoabiie! «[donyctMmoe yBenuueHue» n «[lonycTMmMoe yMeHbLue-
Hue» B «OTyeTe no yctonumsocTn» (puc. 1.1.2, 8) moka3bIBalOT, HACKOJIBKO MOK-
HO yBeJIMYUUTD MUJIY YMEHBIIUTH KO3(P(PUIIMEHTHI 11eJIeBol (PyHKUIMM (T. €. I[eHbI
MIPOAYKIIMM) ¥ IIpaBble YacTY OrpaHMYeHuit (T.e. 3alacbl PecypcoB), UTOOBI
CTPYKTypa ONTUMAJBHOTO IIJIaHA ITPOM3BOJACTBA HE M3MEHMJIACh, T. €. YTOOBI B
OIITMMAJIbHBIN IIJIaH BXOAUJM Te K€ BUABI IPOAYKIVN, UYTO ¥ B JAHHOM pelle-
HIU (B HallleM cJiydae — [IePBbIl U 4eTBePTHIN BUALI).

x

PeleHMe HalaeHo, Boe QrpaHYeHHMA M YONoBKA
ONTHUMaNeEHOCTH ERINONHEHEL. Tun oTyeTa

PesynbTaTbl

¥ CoXpaHWTE HaldeHHOE PelEHME YeoronameocTe

i BoccTaHoOBUTh MCXOAHbLIE 3HEYEHWA

| Ok I OTMeHa I COXPEHWTE CLIEHSPWA, .. | Cnpaeka |

Puc. 1.1.3. Cnucox omuemos, npedaazaemsblx 8 pe3ysbmamax padbomat
Hadcmpouxu «ITouck pewerHus»
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Al B | c]|] pbp]E G H
1 c
2 36 14 25 50 1972
3
4 A pacxrodvl pecypcos b
5 4 3 4 5 208 208
6 2 6 0 2 94 107
7 3 1 2 Bl 181 181
8
9 x'
10 27 | 0 of 20

a)
Microsoft Excel 8.0a Otuet no pesynbratam
Llenesas suerika (Makcumym)

fluerka Uma UcxopaHo Pesynbrar

$1$3 z 1972 1972

N3meHsieMble s4erKu

Sflueika Umsa UcxopgHo Pesynbrar

$B$11 x' 27 27

$CS11 0 0

$D$11 0 0

$E$11 20 20

OrpaHu4eHms

flueirka Umsa 3HayeHne Popmyna  Cratyc PasHmua

$1$6  pacxogsl pecypcos 208 $1$6<=$G$6 ceszaHHOe 0

$1$7  pacxoabl pecypcos 94 $I1$7<=%$G$7 He ceszaH. 13

$1$8  pacxogsl pecypcos 181 $1$8<=%$G$8 ceasaHHoe 0

$B$11 x' 27 $B$11>=0 He cBsi3aH. 27

$C$11 0 $C$11>=0 cBeszaHHOE 0

$DS$11 0 $D$11>=0 cBs3aHHOE 0

$ES$11 20 $E$11>=0 He cBs3aH. 20
6)

Microsoft Excel 8.0a OtueT no ycroi4msocTm
M3meHsiemble siHerkm

Pe3synbr. Hopmup. Leneson AonyctMmoe Jonyctumoe
flueitka Umsa 3HaYeHHe CTOMMOCTb KO3(h(hHLMEHT yBenuueHHe yMeHbLIeHHe
$B$11 X' 27 0 36 4 3,5
$C$11 0 -8,00 14 7,99 1E+30
$D$11 0 -7,00 25 7,00 1E+30
$ES$11 20 0 50 8,00 5

OrpaHuyeHus

Pe3ynbT. TeHeBass  OrpaHumyenme [lonyctumoe Jlonyctumoe
flueitka Ums 3HayeHue LieHa MpaBag YacTb yBeNnM4YEeHHEe YMeHbLUEHHe
$1$6  pacxoabl pecypcos 208 6 208 16,25 27
$1$7  pacxoasi pecypcos 94 0 107 1E+430 13
$1$8  pacxoabl pecypcos 181 4 181 27 25

8)

Microsoft Excel 11.0 OtyeT no npegenam

LleneBoe

Sfyenka Umsa 3HaveHue

$F$2 z 1972
U3meHsemoe Hu>xHmM LleneBon BepxHmi Leneson

fAyenKa Umsa 3HayeHHne npegen pes3ynbTar npenen pes3ynbTar
$A$10 X' 27 0 1000 27 1972
$B$10 0 0 1972 0 1972
$C$10 0 0 1972 0 1972
$D$10 20 0 972 20 1972

6)
Puc. 1.1.4. Pe3ayavmamul peweHus 3a0auu AUHEUHO020 NPOLPAMMUPOSAHUSL
¢ nomouybro Hadempoliku «[Touck pewenus»
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IIpu sTom, HanipuMmep, unciio 1E4+30 o3HauaeT +oo, T. e. IIeHBI He BBIIIYCKal0-
Hieica MPOAYKIIMM BTOPOIO U TPEThEero BUJA MOYKHO CKOJb YTOJHO yMEHb-
I11aTh, a 3allac BTOPOTro N30bITOYHOI'0 pecypca CKOJIb YIOJHO yBeJINUYMBaTh, 1P
9TOM OIITVMAaJIbHBIIN IIJIaH ITPOM3BOICTBA HEe U3MEHUTCA.

KoMmnibroTepHOe pelieHye COBIIAJO C PellleHeM, II0JyYeHHBIM BPYUYHYIO.

IIpennaraeM CTyAeHTY CaMOCTOATEJIBHO IIPOKOMMEHTMPOBATEL COLepsKaHue
«OTyeTa no npegenam». U

1.2.3apaHMe NPaKTHMKYyMa

HpeanMﬁTme MOKET BBIIIYCKATb 4YeThbIpe BMAa IIPOAYRKINNM, VCIIOJIb3Yyd OJIA
9TOI'0 TpM BMOa PeCypcCOB. JI3BecTHBI TeXHOJIOTMYECKad MaTpHuIia

all a’12 a13 a14

A=la, ay Gy ay

a31 a32 a33 a34
3aTpaT PecypcoB Ha IIPOM3BOLACTBO €AVMHUIIbI KasKI0T0 BIUJa IPOLYKLIUM [dJe-
MEHT q, 9TOJ MaTpULbI PaBeH KOJIMYECTBY pecypca i-ro Buja (1 = 1, 2, 3), Ko-

TOpOoe HeOOXOAMMO 3aTPATUTh B IIPOIlECCE MTPOM3BOACTBA €IMHUIIbI TPOIYK-
uun j-ro Buga (j = 1, 2, 3, 4)], Bektop

b=|b,
b

00'bEMOB PECYPCOB I BEKTOP
c= (Cl C, G C4)

yIeJbHON MPUObLIM Ha eOVHUITY TPOonyKumu. VIcxogHble JaHHbIE NJIA KasKIIOTO
BapMaHTa KOMIIAaKTHO 3alMcaHbl B Ta0JL 1.2.1 B cyenyromnieM Bue.

Cl CZ C3 C4

all alZ a13 a14 bl
a21 a22 a23 a24 b2
a a a a b

31 32 33 34 3

TpebyeTcsa cocTaBUTb IIPOU3BOJCTBEHHYIO IIPOrpaMMy, oOecrednBaroIlyo
NIPeIpPUATII0 HanbOJIbIIYI0 IPUOBLIb C YYeTOM OIPaHMYEHHOCTN 3al1acoB pe-
CYPCOB.

Lot 3TOro HeoOXOAMMO OOCYIMUTH SKOHOMMYECKOE COJepsKaHMue JIMHEHON
IIPOM3BOICTBEHHOI 3a4a4y ¥ c(POPMYJIMPOBaTh €€ MaTeMaTUUeCKyi0 MOJieJb,
npeo0pal30BaTh JaHHYI0 3aJady K BUJAY OCHOBHOM 3aaydyl JIMHENHOTO IIPO-
rPaMMMPOBAHNA, PENIUTh €€ CUMILJIEKCHBIM MeTOA0M, 000CHOBBIBAA KaKIbIN
IIar BBIYMCJNMTEJILHOTO IIpollecca, HalTU ONTUMAJbHYIO IIPOU3BOJACTBEHHYIO
IIPOTPaMMy, MAaKCUMAaJIbHYI0 IPUOBLIb, OCTATKY PECYPCOB Pa3JIMIHBIX BUIOB U
OIlpeleJINTh y3KIe MecTa IIPOoM3BOCTBa (Ie(UIMTHbBIE pecypChl).

3ateM Tpebyerca copMyaMpoBaTL 3a4ady, IBOVCTBEHHYIO JMHENHON
IIPOM3BO/ICTBEHHOM 3a/jaue, 00CYAUTh ee SKOHOMIUYECKOe CoZeprKaHe 1 3aIu-
caTb MaTeMaTU4YeCKYI0 MOJeJib, II0CJle 4Yero HalTH pellleHMe ABOVICTBEHHO
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3a7a4M, IIOJIb3YSACh BTOPOV OCHOBHOM TEOPEMOV ABOVICTBEHHOCTY, 0OOCHOBAB
SKOHOMMYECKNI CMBICJI 3TOM TeOpEeMBbL

YKas3aTb OIITMMAaJbHYIO IIPOM3BOACTBEHHYIO IIPOrPaMMYy U OLIeHKM TeXHOJIO-
I'Mii, MaKCUMaJIbHYIO IPUOBbLIb ¥ MMHMMAJIBHYIO CYMMapHYIO OLIEHKY BCEX pe-
CYPCOB, OCTaTKM ¥ JIBOJICTBEHHBIE OLIEHK) PECcypCoOB M OOCYIUTb SKOHOMUYE-
CKUII CMBICJI BCEX DTUX BEJIMYVH.

ITocsie 3TOr0 HEOOXOAVIMO C IIOMOIIIBIO HAJCTPOMKM «[louck pelleHus» maxera
Microsoft Excel mpoBepnTh TpaBUIBLHOCTD pPeLIeHNd 3aladyl 1, KpoMe TOro, OIpe-
leJIUTh TPaHMIbl, B KOTOPbIX MOIYT M3MEHATbCA KO2(UIMEHTHI IeJeBoit
pyHKIMM, B IIpelesaX KOTOPBIX He M3MEeHAeTCA aCCOPTMMEHT BBIIIyCKaeMOoll
IPOAYKLVN, VI TPAHUIIBI, B KOTOPBIX MOT'YT M3MEHATLCSA IIpaBble YacTy OrpaHnde-
HIIA, B IIpeeJlaX KOTOPbIX COXPaHAeTCA YCTONYNBOCTD JABOVICTBEHHBIX OLI€HOK.

Tabnuya 1.2.1

Ne VlcxonHble naHHbIE Ne Vlcxonuble naHHBIE Ne Vlcxonuble naHHbIE

Bap. Bap. Bap.
45 60 21 14 48 30 29 10 60 12 44 17

1 3 6 3 0 180 9 3 2 4 3 198 17 4 2 4 1 180
6 2 0 6 210 2 3 1 2 96 4 0 2 2 160
23 5 7 112 6 5 1 0 228 2 4 3 0 109
30 11 45 6 38 12 28 21 16 18 14 12

9 3 2 6 0 150 10 3 0 3 3 186 18 4 3 0 6 192
4 2 3 5 130 2 3 1 1 102 0 1 5 0 24
4 3 2 4 124 4 3 2 2 196 1 2 4 3 90
35 41 22 12 30 28 9 23 24 20 31 10

3 2 2 3 4 151 11 1 0 2 5 110 19 3 0 2 5 162
3 1 0 2 156 3 6 0 4 126 3 6 0 3 134
1 4 4 0 162 2 4 1 3 114 2 4 3 1 148
59 27 20 35 27 39 18 20 34 20 8 23

4 1 3 2 2 102 12 2 1 6 5 140 20 2 0 2 3 142
3 2 0 3 204 0 3 0 4 90 1 5 4 2 100
4 2 3 1 188 3 2 4 0 198 3 4 0 1 122
34 32 28 36 31 10 14 20 30 25 14 12

5 2 4 5 3 128 13 1 4 3 4 120 91 2 3 0 4 148
3 0 4 1 130 3 0 2 2 168 4 1 5 0 116
3 5 0 2 142 2 5 0 3 80 0 2 4 3 90
27 10 9 8 48 15 11 32 26 35 18 30

6 3 5 0 6 144 14 4 2 3 1 116 99 2 5 1 4 126
2 0 1 0 130 2 0 3 2 94 3 0 7 2 84
1 4 2 3 140 4 1 0 5 196 2 1 4 0 75
36 32 10 13 28 14 11 20 31 10 41 29

7 2 3 4 1 103 15 4 2 2 4 112 23 4 0 8 7 316
4 2 0 2 148 2 3 1 0 32 3 2 5 1 216
2 8 7 0 158 1 4 0 2 46 5 6 3 2 199
36 30 16 12 36 14 25 50 42 28 17 19

3 4 5 2 3 180 16 4 3 4 5 208 94 5 2 4 1 132
6 0 4 1 150 2 5 2 2 99 3 4 0 6 124
0 7 6 5 140 3 1 2 5 181 4 2 54 4 117
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OKOHYaHuMe Tabn 1.2.1
No I/I No U No u
Bap. CXOOHbIe JaHHBbIE Bap. CXOOHbIe JaHHBbIE Bap, CXOOHbIe JaHHBbIE
8 21 17 36 45 33 30 42 48 33 16 22
8 5 6 2 100 4 9 8 1 220 6 3 1 4 252
25 1 0 1 4 80 29 5 2 3 0 200 33 2 4 5 1 144
2 7 3 0 70 0 3 1 6 216 1 2 4 3 80
31 16 18 8 21 16 32 18 35 10 54 40
5 7 1 8 140 2 6 1 8 220 9 8 4 2 176
26 16 3 01 60 | % |3 1 0 2203|531 6 0 180
0 4 6 2 100 0 2 4 1 200 2 1 0 8 200
18 19 8 b 15 16 52 13 13 24 17 25
3 2 0 3 168 2 2 2 1 250 9 2 8 1 70
27 0O 1 4 2 60 31 1 0 4 3 220 35 1 4 1 O 96
1 3 5 0 112 7 3 0 5 240 2 0 3 5 80
44 28 78 23 50 27 34 54
4 1 6 3 288 5 4 6 7 275
28 7T 3 1 2 240 32 2 0 4 2 100
2 4 5 1 200 3 2 0 1 85
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2. 3AAYA O PACLUMBKE Y3KMX MECT MPOU3BO/ACTBA

21.KpaTKkue TeopeTMmyecKkme cBefleHHns
M YKa3aHMSA K BbINONHEHMUIO 3alaHUMU

IIpu BBINOJHEHMM ONTMMAJIBHOJ NIPOM3BOIACTBEHHO) IIPOrpPaMMbl MOXKET
OKas3aThbCsA TaK, YTO HEKOTOPbIE PECYPChI PacXOAYIOTCH IIOJHOCTBIO. I'oBOpAT,
YTO TaKye pecypchbl 00pa3yloT y3xue mecma npouzsodcmasa. Hamuune y3rmux
MeCT B CMJIy HEYCTOYMBOCTY PeIlleHy A 3a7jay JMHENHOro IporpaMMIUpOBaHNsA
MOJKeT IIPUBECTM K TOMY, YTO IIOTEPA NOCTATOYHO MaJIOro KOJMYecTBa HEKO-
TOPOTO pecypca, MMeIOIero CpaBHUTEJIbHO HU3KYI0 CTOVMMOCTD (OTHOCUTEJIbHO
CYMMapHOJ IPUOBLIN) MOKET IIPUBECTU K TOMY, YTO ONTMMAaJIbHOE 3Ha4YeHNe
PMOBLIIY YMEHBIINTCA HAMHOI'O CUJIbHEe, YeM Ha CTOMMOCTD IIOTEPSAHHOTO pe-
cypca. PaccmoTpum TpuBMaJbHBIN IIpUMeED.

MPUMEP 2.1.1. IIpennpuAaTue cobupaeT aBTOMOOMIIN 13 TOTOBBIX Y3JIOB U ar-
peraToB. 1 M3rOTOBJIEHNA OJHOT'O aBTOMOOMIIA TpeOyeTesa OIMH KY30B C 110~
Beckoil (B cObope), oiuH ABUTaTeJb U dYeThbIpe KoJeca. IIpon3BoaCTBO OJHOTO
aBTOMOOMJIA IPUHOCUT MPENNPUATUIO YUCTYI0 IpuObLIb 50 TeIC. py0. B Hamm-
YNn y NPednpuATusa uMeeTca 2 Ky30Ba, 2 asurartesd u 8 xojsec. Tpebyercsa
oIpenenanTb, KaKkue yOBITKM IIpUHeceT NPeAIIpUATUI0 IoTepsA (B pel3yJibTaTe
XUIEeHNA) OQHOTO KoJieca (CTOMMOCTBIO 2 ThIC. pyo0.).

Pewenne. Kazajsoch Obl, YOBITKM IpeanpuATUA paBHbI 2 ThIC. py0. Ho aTo He
Tak! VI3 2 Ky30BOB, 2 nBuUraTeseii 1 8 KoJjiec mpeaIpuATIie MOTJIO MSTOTOBUTD 2 aB-
TOMOOMJIA M HostyunThb IpuobLIb 100 TeIc. py0. Ilocse yTpaTh! Kojsleca Ipeanpu-
ATYIEe MOYKeT coOpaTh TOJBKO 1 aBTOMOOMIIb U IIOJIyUYUTh IPUOBLIL B 2 pa3a MeHb-
1ire — Bcero 50 Teic. py0. KoHeuHo, HefocTarolee KoJaeco MOYKHO IIpMoOpeCcTy, HO
aT0 TpebyeT BpeMeHM, KOTOpoe IPeAIPUATUIO IIpUAEeTCA IIpocTanBaTh... VITak,
ecJy KOJIECO MOYKHO KYIUTb MTHOBEHHO, TO YOBITKM IIPEeIIIPUATUS COCTaBJISAIOT
2 ThIC. py0., €cym KoJjieco KyIUTh BOOOIle HEBO3MOIKHO, TO YOBITKY IIPEeNIIPUATIS
coctaBAT 50 ThIC. pyD., a B 00IIeM ciydae yObITKM paBHbI CTOMMOCTM IIPOCTOS
MIPEIIPUATIA B TEUEHIe TOTO BpEMEHN, KOTOPOe 3aHIMaeT 3aKyIKa Kojeca).

Bynem pacmuBaTh y3KHMe MecTa IIPOM3BOJICTBA, T. €. 3aKasKeM JOII0JI-
HUTEJBHO Te pecypchbl, KOTOPbIE IIOJIHOCTBIO MCIIOJb3YIOTCA TPV BBIIIOJHEHUN
OIITVMAaJIbHOJ IIPOM3BOLCTBEHHOM IporpaMmel. 1IycTb

BTO BEKTOP JOMIOJHUTEIbHBIX 00 bEMOB PECYPCOB.
IIpm sTOM BeKTOp 3aracoB pecypcoB m3MeHnTcd oT b go (b +t), a mpoms-
BOJICTBEHHa A ITporpaMma — OT

h=Q'b
a0
h, =Q'(b+t) (2.1.1)
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(3mech Q' — »TO ObOpalleHHbI 6asuc, T.e. MATPUIA KO3(PMUIMEHTOB B MO-
CJIeJHEM IIPEAIIOYMTAEMOM 3KBMBAJIEHTE CUCTEMbl OTPAaHMYEHMUI, CTOAIIMX
[IPY HEM3BECTHBIX, KOTOPbIe ObLIM 0a3VCHBIMM B MICXOMHOM IIPEANOUYNTaEMOM
DKBMBAJIEHTE).

ITpupocT npuObLIN, CBA3AHHBIN C BOBJIEYEHMEM B IIPOV3BOACTBO t, JOIIOJI-
HITEeJbHBIX eIVHNI] IePBOTo pecypca, t, — BTOPOrO, ..., t — M-T0, paBeH

w=(y,t)=> yt,
i=1

TaK KaK JBOJCTBEHHbIE OLIeHK! 3TUX pecypcoB (Y, Y,, .., Y, ) IOKa3bIBAIOT, Ha-
CKOJIbKO YBeJINMYUTCA NPUOBLIL IIPU To0aBJIeHNN K MMEIIMMCA 3aracaM equ-
HUIIBI COOTBETCTBYIOIIETo pecypca. EcTeCTBEHHO 5TOT IIPUPOCT NPUObLIN MaK-
CUMU3UPOBATh.

IIpu aTOM, BOODIIIE TOBOPA, NBOVICTBEHHBIE OLIEHKM MOI'YT U3MEHAThCA. UTO-
Obl OHM He M3MEHAJJUCh, HeOOXOAMMO U JIOCTATOYHO, YTOObI HOBOE pPeIIeHNe,
nosrydaeMmoe 1o npasuiy (2.1.1), ocTasioch HOIYCTUMMBIM (T. €. HEOTPULIATEb-
HBIM, IIOCKOJIBKY BCEM OTPaHMYEHMAM II0 pecypcaM OHO OyAeT YIOBJIETBO-
pATh). VITaK, yCcJa0oBME YCTOMUYMBOCTY JBOVICTBEHHBIX OIIEHOK TaKOBO:

Q'(b+t)>0.
IIpeobpas3yeMm JIeBYIO HaCTh:
h, =Q'(b+t)=Q'b+Q 't=h+Q't.
OxoHYaTeJIbHO I0JIyYaeM yCJIOBUE yCTOITINBOCTH IBOVICTBEHHBIX OI[€HOK:
h+Q't>0. (2.1.2)

Kpome Toro, kak npaBuiio, IpoM3BOANTENb He MOKET IIOJIyUYUTh HEOTpaHM-
YeHHO MHOT'O PeCypcoB, T. €. BCe KOMIIOHEHTbI BeKTOpa t OrpaHMYeHbL.

B ofmiem coaydae paciiyBKa y3KMX MeCT IIPOM3BOJACTBA II03BOJISAET MaKCH-
MaJIbHO 3a1e/ICTBOBATh MIMEIOIIMIICS ITOTEHIMAJ IIPeAIIPUATHS 110 IPOM3BOACTBY
JIAHHOM ITPOLYKILIVM I10 JaHHBIM TE€XHOJIOTMAM B YCJIOBUAX CYIIECTBYIOLIMX II€H.

MPUMEP 2.1.2. PemmnThb 3a7jayuy O pacllyBKe Y3KMX MeCT IIPOM3BOJICTBA B yC-
JoBuAx npuMmepa 1.1.1 opm ycaoBuy, 94TO HNOCTaBIIMKM He MOTYT IIOCTaBUTb
TIOTIOJTHUTEJIEHO DoJiee TpeTy OT IIepBOHAYaJJIbHBIX 3aI1aCOB PECYPCOB.

Pewenue. IIpy BeITOJTHEHNM ONTMMAJIBHONM IIPOM3BOACTBEHHON ITPOTrpaMMBbl
B ycJI0BUAX npuMepa 1.1.1 nepsslil U TpeTuil pecypchl UCIIOJIb3yIOTCA II0JIHO-
CTBIO, T. €. 00Pas3yIT y3KMe MecTa IIPOu3BOJCTBa. Bygem mx 3akas3blBaThb JO-
noJHUTeJNbHO. IIycTh

9TO BEKTOP JOIIOJIHUTEJIBHBIX 00BbEeMOB pecypcCos.
HpI/I 9TOM BEKTOP 3aIlaCOB PeCypCOB MISBMEHIUTCA OT
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208

b=|107
181
hi(e}
208 +1,
b+t= 107
181+t,

IIponsBoaCcTBEHHAA IPOrpPaMMa, CoAeprKalllaacs B IIOCJIeIHel CYUMIIIIEKCHOM
TabJiile, BRIPA3UTCA Uepes3 HOBBII BEKTOP 3allacOB PECYPCOB IIPYM IIOMOIIN
obparreHHOro 6a3uca

1 0 -1
Q'=-4/5 1 2/5
-3/5 0 4/5

CJIeIYIOIIM 00pa30oM:
h, . =Q ' (b+t).

ITpupocT npubbLIM, CBA3aHHBI C BOBJIEYEHNMEM B IIPOM3BOJACTBO t, JOIOJI-
HUTEJIbHBIX €IVHNI] IIEPBOTO pecypca 1 t, — TPEeThero, paBeH

w = 6t, + 4t,, (2.1.3)

TaK KaK JBOJCTBEHHBIe OLIeHKM 3TUX pecypcoB (y, = 6 u y, = 4) NOKa3bIBAIOT,
HAaCKOJBKO YBEJIMYUTCA NPUOBLIb Ipy Ao0aBJIEHNM K MMEIOIIMMCS 3alacaM
eIVIHUITY COOTBETCTBYIOIIIETr0 pecypca.

IIpu aTOM, BOODIIIE TOBOPSA, ABOVICTBEHHBIE OIIEHKM MOT'YyT U3MEHAThCA. UTo-
OBl OHM He MBMEHSJIVCh, HeOOXOAMMO ¥ JOCTATOYHO, YTOOBI BBIMIOJIHAJIOCH yC-
JIOBME yCTOMYMBOCTY ABOVICTBEHHBIX OI[€HOK (2.1.2):

h+Q't>0
nJan
27 1 0 -1)\(¢ 0
13|+|-4/5 1 2/5|/0 |>|0].
20 -3/5 0 4/5)\t, 0
IIepemHOkaa MaTPUILb], IIOJyYaeM:
-t +t, <27,
4 2
—t, —=t, <13, 2.14
5 1 5 3 ( )
4
§tl -—t, <20
5 3
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YcyioBUE, KOTOPOE COCTOUT B TOM, YTO IIPOUBBOAUTEJb HE MOYKET IIOJIYUNUTD
HoJiee TpeTu IepBOHAYAJIBHBIX 3aI1aCOB PECYPCOB, 3AIMIIETCA KaK

t<ip
3
MJINn
t, 208
0 [<X| 107
t, 3181

B craJssapHOii hopMe rIocsIefHee YCIIOBYE 3AIINMIIIETC TaAK:

L <208
3
181

3

(2.1.5)
t, <

Takum obpaszom, 3a/1ada O PACIIMBKE Y3KMX MECT IPOU3BOJICTBA (DOPMY V-
pyeTrca ciaenyoimmM obpasoM: mpedyemcs MAKCUMUIUPOBAMb OONOAHU-
meavHbulll npupocm npudsviu (2.1.3), cea3anHHbLU C 808aeUeHULM 8 NPOU3BO0-
cmeo t, >0 donoanumenvHbvlxr edunuy nepsozo pecypca u t, >0 — mpemauwezo,

NPU 8bINOAHEHUU YCAO0BUS YCMOUYUBOCTMU 080UCMEEHHBLX O0YeHOoK (2.1.4) u
ycaogua (2.1.5), 03HaAYAIOIIEr0, YTO HEBO3MOYKHO 3aKa3aTh JOIIOJIHUTEJIBHO 00-
Jiee TpeTy IepPBOHAYAJBHBIX 3aI1aCOB PECYPCOB.

OKoOHYATEJIFHO 3aJla4¥a O PACIIMBKE Y3KUX MECT IIPOM3BOACTBA 3aMMIIETCH
TakK:

w = 6t, +4t, - max,

4+t <27,

4 2

¢ -2t <13,

5" 5

3 4

b 3t <20 (2.1.6)
>

t <208
3

t3 gﬂ’

3

t,>0,t,>0.

OTy 3aady Jerko pemuTb rpadguiecku: obJacTb JOIMYCTUMBIX PeIleHU
3agaun (2.1.6) 3amrpuxoBaHa Ha puc. 2.1.1, 1 camada JaJgbHAA TOYKA DTON 00-
JIACTU B HaIIpaBJIEHNN, YKa3bIBA€MOM I'paAVEHTOM IleJeBOi PYHKIUNI

d 6
r = JE—
graaw 4 )
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3TO TOYKa M, KOTOpasd 3aJaeTCdA IiepecevdeHrneM IIpAMbBIX, 3aJJaBa€MbIX BTOPBIM
U IIATBIM U3 OI‘paHI/I‘-IeHI/Iﬁ 3aJa4u.
4 2
¢ -2t =13,
5 5

181
t, =—.

Taxkum 06pa3oM, IporpamMma pPaciIuBKY Y3KUX MECT MeeT BUJ

TN K T E R PN
3 3 4 5) 4 5 3 12 12
1 / /

M
50
30
/ |
10 7gradw /
b
0 T T T >
—-15 =101 5 25 45 65
/
—307
—50-

Puc. 2.1.1. I'pagpuueckoe pewerue
3a0a4uU 0 pacwuske YysKux Mecm npoussoocmasa

Pemenne okazasocsk Hellesio4McJIeHHBIM. Ecim pedsb ujeT o HeZleJIbHOM ILjla-
He IIPOU3BOJCTBA, KOTOPHI OyAeT AeliCTBOBaTh B TeUeHNe IPeCTOAIIero roja,
TO 3TO pellleHe 0O3HaYaeT IIPOCTO, YTO 9 13 12 HeZesIb HY»KHO 3aKa3bIBaTh 110 47
eJVIHUL TPeThEro pecypca, a ocTaBlIecs 7 Hesieab — 110 46 equHMIL

Ecsu sxe peub uzeT o IJIaHe Ha IIOCJENHIOI HeNeJlo Tofja, TO HeoOXOAVMO
HalITH [1eJIOYMCJIEHHOE pellleHye 3a4adl.

2.2.3apaHMe NPaKTUKYMa

IIpy BBITOJHEHUN ONTMMAJIBHON IIPOM3BOJCTBEHHOJ IIPOrpaMMbl B JIMHEN-
HOJI IIPOM3BOJICTBEHHOI 3a/lade HEKOTOpble pecypchbl PacXOAYIOTCA IIOJIHO-
CTBhIO 1 00pa3yoT y3Kue MecTa. TpebyeTca onpeneanTs IJIaH 3aKas3a JIO0MI0J-
HUTEJIbHbIX 00 bEMOB 3TUX PECypCcoB, 00ecIIeuMBaIoNMii MaKCUMaJbHbIV IIPV-
pocT npuUOBLIM IPEeANPUATUA IPY YCJIOBUM COXPaHEHUA YCTONYMBOCTY IBOVI-
CTBEHHBIX OII€HOK, €CJIM II0CTaBIIVKY MOI'yT IIPEeIOCTaBUTDb JOIIOJHUTEJIBHO He
OoJiee TpeTy OT IIepBOHAYAJbHBIX 3aI1aCOB COOTBETCTBYIOIINX PECYPCOB.
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3. LLENOYMCNEHHOE MPOTPAMMMPOBAHME

31.KpaTtTkue TeopeTtMmyecKme cBefeHUs
M YKAa3aHMSA K BbINONHEHHWIO 3afaHMH

3azlauy MaTeMaTUYeCKOro IIPOrpaMMIUPOBaHMA, B KOTOPBIX HAPANLY C O0bIU-
HBIMJ OIPaHMYEHMAMM HaKJaJblBaeTcad TpeOoBaHME I1[eJIOUYMCJEHHO-
C T ¥ BCEeX MJIM HEKOTOPbIX KOMIIOHEHT pellleHNs, U3ydaeT pas3fes MmaTeMaTl-
YEeCKOIr0 MPOrpaMMMPOBaHMsA, KOTOPBIM Ha3bIBaeTCA IeJIOYMCJIEHHBIM IIPO-
rpaMMIPOBaHNEM.

C npuHIMINAJIBHON TOYKM 3peHMA 3ajada 1eJIOUNCJIeHHOT0 IPorpaMMmUpo-
BaHMSA IOCTATOYHO IIPOCTa: JJIf ee PelleHUs NOCTATOYHO IIPOHYMEepPOBaTh BCe
[1eJIOYMCJIEHHbIE DJIEMEHThl MHOKECTBa JOIIyCTMMBIX pPeIleHull U 3aTeM IO-
cJenoBaTeJbHO BBIYUCJATL 3HAUEHUA 11eJIeBoM PYHKIUY B 9TUX TOYKaX, 3a-
IIOMMHAasA Ha KasKJOM IlIare TOT U3 yyKe IIPOBEPEHHBIX BJIEMEHTOB, IJIS KOTOPO-
ro 3Ha4UeHMe I1eJIeBOl (PYHKIMM ObLI0 HambOoJbmuM (Mau HauMeHbInM). Of-
HaKO 4acTo, 0COOEHHO B BKOHOMMYECKUX 3aJadax, Takas Ipolenypa IpaKkTyu-
YecKM HepeaJsm3yeMa 13-3a O4eHb OOJIbIIIOrO MJIM OeCKOHEYHOro umcJja dJie-
MEHTOB MHOK€eCTBa JOIIyCTUMBIX pelleHMil. [pyroi nogxon K pelieHno 3TON
3aJla4y II03BOJIAET OTOpPacChIBATh HE OT/ZIeJIbHbIE TOUKY, a IOCTATOYHO OOJbIIINe
IIOAMHOK€eCTBa 3aBeJOMO HEOIITMMAJbHBIX BJIEMEHTOB MHOMeCTBa JOIIyCTHU-
MBIX peIlleHNil. OTa uAes I0JI0KEeHa B OCHOBY aJITOPUTMOB, KOTOPbIE IPUHATO
OTHOCUTB K METOAY BeTBell U TpPaHNIl.

PaccmorpuMm npuMeHeHMe mMeToZa BETBEM U IPAaHUI] K PelIeHUI0 CJelyIo-
LIei 3a1a4y 11eJI0YMCJIEHHOTO JIMHEHOIO [IPOrpaMMIPOBaHNSA:

n
p= chxj — max (min),
j=1

Zai].xjébi, 1=1,2,..,m, (3.1.1)
j=1

e <a <™, j=12,..,m,

x; €L, 7=12, ., k(k<n).

3Iech x;.mn u x;.“ax — HTO KOHEYHbIe KOHCTAHTEI.

Ecou k = n, To 3aa4a Ha3bIBaeTCA MIOJHOCTBI I[€JIOYVCJe HH O,
ecimyke k<n,TO 4aCTMYHO I[eJOYMUCJIJEeHHOIL

CyTb MeTOna BeTBel U I'paHMI] 3aKJI04YaeTCsa B TOM, UTO ONTMMAaJbHOE pe-
meHue 3agaun (3.3.1) OygeT yIoBJIEeTBOPATh TaKiKe OJHOMY U TOJIBKO OJTHOMY
U3 yCJIOBUIA:

x,<2,7=12,.k (3.1.2)

nJImn
x,>2,j=12.k, (3.1.3)

min, __max
x

raoe Z]. — IIPOM3BOJIBHOE I1eJI0€ 9YMCJIO V13 OTPpEe3Ka [IX,'j 3 L
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OcHoBHaA uxeda MeToJa BeTBel U TPaHUI] — OCYIIEeCTBUThL BEe TBJEeHU e,
T. €. pa30UTh UCXONHYI0 3aa4y (3.1.1) Ha nBe Apyrue 3ajJayuy C AOIOJHUTEb-
HBIMM OTPAHMYEHMAMM COOTBeTCTBeHHO Buaa (3.1.2) u (3.1.3) maa xakoro-to [
(ot 1 o k) 1 pemmmTh KaskAyo0 U3 HUX KaK OOBIYHYIO (HEIIPEepPhIBHYIO) 3a/ady
JMHENHOTO IPOTPaMMUPOBAHNA, UTHOPUPYA TpeboBaHME II€JIOYMCIIEHHOCTH.
OTOT NIPoIiecC MOBTOPAETCA JIA Pa3JINYHbIX | 1 2,

BpI1O0p 2z, MOYKHO OCYILECTBUTh CJEAYIOIM 00pa30M: ecyy ONTUMAaJbHOe
pelleHne 3a1a4n

n
p= Zc].x]. — max (min),
=1

> a,x;<b, i=12 .. m, (3.1.4)
j=1

Mt <a <™, j=12,..,m,

YIOBJETBOPSAET YCJOBUIO ILE€JIOUYMCJIEHHOCTH, TO OHO ABJIAETCA M OINTHMMAaJb-
HBIM peIlleHreM 3aadyy I1eJIOYMCJIEeHHOTo nporpamMMmupoBanusa (3.1.1); B mpo-
TMBHOM CJydae paccMaTpuBaeTCsA OJHa U3 IIepeMeHHbIX X, (13 4ucia Tex, Ha

KOTOpPbIE€ HaKJIaAbIBaeTCdA YCJIOBME IEJIOUYMCJIIEHHOCTHM, HO KOTOpasdA B OIITU-
MaJIbHOM PEIIeHUN

3aga4n (3.3.3) mpuHUMaeT IpobHOe 3HaAYEHNUE).

Ha ocHOBe moJiyueHHOTO pellleHnsa 00bIYHOV 3aga4n (3.1.4) mpoBoguM BETB-
JleHIe, OICchIBaeMoe COOTHoIIeHuAMU Buaa (3.1.2), (3.1.3), — dopmMupyem nBe
HOBBIE 3aJa4l:

n n
p=chxj — max (min), p=Zc].x]. — max (min),
j=1 j=1
2a;%;<b,  i=L2em (315) e, <b,  i=L2..m, (316)
j=1 j=1
ot Ca <™, j=12,..,m, et <a <™, j=12,..,m,
x, <[x]; x, =[x ]+1.

HaJsee MbI peltaeM 9TH 3aia4y ¥ IPOBEPAEM MX ONTHMaJIbHbIE pellleHNd Ha
LIeJIOYMCIIEHHOCTD. ECyI1 OHM He yZIOBJIETBOPSAIOT TPeDOBaHUIO 1[eJI0UVCIEeHHO-
CTU, TO Ha OCHOBE KaxKJI0Ji 3a/1a4y COCTABJAITCA ABE HOBbIE (2aHAJIOTMYHO pac-
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cMOTpeHHBIM BbIle). [Ipu sToM 0OBIYHO BeTBJIEHME HauMHAIOT C HauboJiee
«IIePCIEeKTUBHOM» 3aflaull — C Jy4IIMM 3HaueHreM IeJieBolt (pyHKumu. Ilo-
CJIeIOBATEJbHOCTD IIOJIydaeMbIX TaKMM 00pal3oM 3aJad o0paldyeT OpPeBOBUJ-
HYIO CTPYKTYPY, IIpMMep KOTOPOIi ITIoKa3aH Ha puc. 3.1.1.

IIpu sTOM OrpaHMYeHMs KasKJ0M 13 IBYX HOBBIX 3aJad, II0JyUeHHBIX B pe-
3yJIbTaTe BETBJIEHUA II0 OYepPeHON IMIepeMeHHOJ, BKJYal0T OTrpaHUYEHUA
POAUTEJNBCKO 3a7auy M HOBOe OTpaHMUYeHMe Ha 9Ty nepeMeHHYM. IIporecc
BETBJIEHNA IIPOJOJIKAaeTcsa OO TeX Iop, IIOKa He BBIIOJHUTCA OLUH U3 cJe-
IYIOIIVX KPUTEpPHeB OKOHYAHI BETBJICHNA.

1. ITosmy4yena 3amada, He MMeIOLIadA pPelIieHnsa (3TO CTAaHOBUTCA Bce DoJjee
BEPOATHBIM C yBeJMYeHMEM duMcJja BeTBJIeHUI, Korjga Bce Oosblle 1 OoJbIlle
orpaunuenuit Buaa (3.1.2) nim (3.1.3) gobaBiasaeTcA K yKe CYIIEeCTBYIOIIMM Or-
PaHNYEHUAM, T. €. Bce OoJiee BEPOATHON CTAHOBUTCA HECOBMECTHOCTD CUCTEMBI
OrpaHMYEeHNI IToJTydaeMbIX 3a1ad).

2. Ilomyuena 3aziada C pelIeHMEM, yJIOBJIETBOPAIOIIMM YCJIOBUIO I[€JIO-
YMCIIEHHOCTH, T. €. Bee X, (j = 1, 2, .., k) nmeror 1iesiouncyeHHble 3HaYeHMA. Torga
3HaueHMe I11eJIeBoil (PYHKLMM JaHHOTO PeIleHMsa CPaBHMBAETCSA C BEPXHUM
(HVSKHUM TP MMHMMM3allni) TpaHNYHBIM 3Ha4YeHeM Prp. ['paHNUHOE 3HAUEHNE
Ha IIepBOM Illare IPVHMMAaeTCsA PaBHBIM Prp = —00, €CJM pellaeTcs 3ajada Ha
MaKCUMyM (1 p,_ = +oo py pelreHun 3agaydy MuanmMusamyn). Ecan nonxyyenHoe
3HaYeHIe XysKe I'PaHNYHOro, TO OHO OTOpachIBaeTcsd, a ecju JIydlile, TO IPUHN-
MaeTcsa 3a HOBOE TpaHMYHOe 3HaudeHMe (IpM pelleHuM 3allad Ha MaKCUMyM
«JIydIlle» O3Ha4aeT «DOJbIlIe», a «XysKe» — «MEHbIIIe»; [IpY PellleHny 3a/ia4 Ha
MMHMMYM Bce HaobopoT). Tak Kak B KaskJ0il HOBOI 3azade H0OaBJSAETCA Bce
0oJIbIlle BePXHUX U HUKHUX 11eJIOUMCJIEHHBIX OTPaHMYeHUI Ha IIepeMeHHbIe, TO
HeIIpepbIBHbIE IIepeMeHHble PAaHO MM II037IHO IIPUMYT lieJIoulCJIeHHble 3HaYe-
HIA (ecJi, KOHEYHO, 11eJIOUMCJIEHHOe pellleHe BooOIle CyIeCTBYeT).

3. Ilonmyuena 3azaya C HeEIeJIOYMCJIEHHBIM peIlleHNeM, 3HaUYeHye I1eJIeBO
PYHKIMM HA KOTOPOM XysKe TPaHMUYHOrO (T. e. Xy Ke, 4eM y HaMJIYdIIero 13 4mcja
HalIJIeHHbIX 11eJIOYNCJIEHHBIX pelleHuit). JJobaByieHne mocienyonmx orpaHnde-
HII TIOCPEZICTBOM BETBJIEHM He IIOMOXKET YJIyUIIUTh 3HaueHNe 11eJIeBoil (DyHK-
LMY, TaK YTO He IMeeT CMbICJIa IIPOJIOJIKaTh BETBJIEHNE 9TOM 3a1a4lL.

ITocJsie okOHUYaHMA IpoOIlecca BETBJIEHNA ONTUMAJIbHBIM ABJIAETCA TaKoe Iie-
JIOUMCJIEHHOE pellleHre, NJA KOTOPOro 3HaudeHMe IeJieBOi (PyHKIUM OyneT
HaWJIY4IlNM, T. €. COBIIaZJaeT C IPaHMNYHbBIM.

Samadal
[
.’L’1<21| |.’L‘1>Zl+1
3amada 2 3amada 3
[ [
ng'Zz‘ |(I,‘2>2’2+1 ngzz xz>zz+1
Sagauya 4 Samgada b 3amada 6| | Samauga 7

x, < 2z, x,Z2z, 11 x, < z, x,z2zt1

Samada 8| | Samaua 9 |Sagaua 10| |3amaua 11

Puc. 3.1.1. /Ipesosudnas cmpykmypa nocaedosameavbHocmu 3a0ay
8 memoode gemeetl U 2PaHUY,
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Takum o0pas3oM, IJs IIOJydYeHUA 11eJIOUMCJIEHHOTO PellleHNs MeTO0M BeT-
Bell U TpaHUI] IPUXOAUTCS pelaTh 00JbIIoe KOJINYeCTBO OObIYHBIX 3a4ad JIN-
HEJHOTO IPOTpaMMMPOBaHNA, IPMYEM B KayKI0M OUYepeJHOM BeTBJIEHUM YMCJII0
OrpaHMYEeHNUI yBeJauumuBaeTcsa Ha equHuily. IlosTomy BpeMmsa pellleHUs 3a7adn
11eJIOYMCJIEHHOTO IIPOrpaMMIMPOBaHyA 10 CPaBHEHMIO C HEIIPePbIBHOM 3aJadeil
3HAYMTEJIbHO yBesmunBaeTcd. [Ipu aToM, Boob111e TOBOpPsA, ONITHMAaJbHOE 11eJI0-
YJICJIEHHOE pellleHye JJIs HEKOTOPbIX 3aZad MOKeT ObITh II0JIy4YeHO B Pe3yJib-
TaTe CpaBHEHNM BCeX JIOIIYCTYMBbIX 11eJIOUMCJIeHHBIX PellleHnI.

MPUMEP 3.1.1. PeritnTh 3a51a4y 0 pacUIMBKe Y3KUX MeCT IIPOM3BOJCTBA B yC-
JoBUAX npumepa 1.1.1 npm ycaoBum, 4TO HOCTABIIMKM HE MOTYT IIOCTaBUTb
IOTIOJIHUTEJIbHO OoJiee TpeTy OT IIePBOHAYAJIbHBIX 3aIlaCOB PECYpPCOB, IIpUYeM
BCE PEeCYPCHI JeJIATCA TOJBKO IIOIITYYHO.

Pewenue. B pesysbTaTe penienus npumMmepa 2.1.2 nosiy4eHo HelleJIOUMCJIEH-
HOe pellleHre JaHHOM 3ajaun: t, =557 /12= 462> t,=181/3= 60%.

127
IIpoussesem BeTBJIEHME 110 IIEPEMEHHOI t,: IIOJy4MM JiBe HOBbIe 3aJa4:

w = 6t, +4t, - max, w = 6t, +4t, > max,
-t +t; <27, -t  +t; <27,
4 2 4 2
sh Th <13, \1n shooh <13, -
3 4 . 3 4 .
2t —=t, <20, ( ) 2t —=t, <20, ( )
5 3 5 3
2 2
t <208 t <208
3 3
181 181
hooST bS5
t, < 46, t, >47,
t,>0,t,>0; t,>0,t,>0

OTO BeTBJIeHUEe UJIIOCTpupyeTca puc. 3.1.2, a. 3azmaya (3.1.7) umeetr Helle-
JIOUJICJIEHHOE OIITMMaJIbHOe pellleHne t, =46, t, =181/3= 60%, a 3agaya (3.1.8)
He VIMeeT pellleHnit (3Ha4YUT, 3Ta BeTBb MeTO/ia BeTBell 1 rpaHul] 00pbIBaeTCs).

IIponsBenem BeTBJeHMe B 3agade (3.1.7); OHO HTPOMUILIIOCTPUPOBAHO
puc. 3.1.2; 6; TOJIy4MM IBe HOBBIE 3a a4

w = 6t, +4t, - max, w = 6t, +4t; - max,
-t +t, <27, -t +t; <27,
4 2 4 2
gtl —gt3 <13, gtl —gt3 <13,
3¢ 2 <o, (3.1.9) 3¢ 2 <o, (3.1.10)
5 3 5 3

2 2
¢ <208 ¢ <208
3 3
181 181
bSe boST
t, < 46, t, <46,
t, <60, t, >61,
t, >0,t, >0; t,>0,t,>0

3azada (3.1.9) mMmeer 1eJiOuMCJIEHHOE ONTMUMaJIbHOe pelleHue t, =46,
t, =60, a 3azmauya (3.1.10) He nMeeT pelleHn (3HAYUT, 3Ta BETBb 0OPBIBAETCS).
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K PeULeHUO YeAOUUCAeHHOU 3a0aUU O PAcCULUBKe Y3IKUX Mecm npoussodcmaea

A

Y

46

\\

Takum 06pa3oM, IOJyUYeHO ONTUMAJIbHOE 11eJIOUMCIJIEHHOE pellleHNe 3aaun
0 pacIIMBKE y3KMX MeCT IIPOM3BOJCTBA: HEOOXOAMMO JIOIIOJHUTEJIBHO IIOJIY-
ynTb 46 eguHMIL IepBoro pecypca u 60 equani Tperbero. U

B nanHO} 3azade LEJIOUMCJIEHHOTO IIPOTrPaMMMPOBAHMSA pelleHye I0JydeHO
JIOCTATOYHO OBICTPO U ABJIAETCA TPUBUAJBHBIM (OKPYIJIEHMEM KOMIIOHEHT OIITH-
MaJIbHOTO PellleH)s COIIyTCTBYIOIel HelleJIOUMCJIeHHO 3adaun). B 3amauax me-
JIOYMCJIEHHOTO IIPOTrpaMMIPOBaHMs, BOOOIIEe F'OBOPH, TaK ObIBaeT JOBOJIBHO PEIKO.

3.2.3apaHMA NPaAaKTUKYMa

1. LLENOYMCIIEHHAS 3AAYA O PACLLUMBKE Y3KUX MECT MPOM3BOACTBA. Ecim TIOJIy -
YeHHOe pellleHle 3a/laull O pacllMBKe Y3KMX MeCT IIPOM3BOJCTBA OKa3aJioch He
1IeJIOUMCJIEHHBIM, TO TPebyeTCA ¢ IIOMOIIIbI0O METOIa BETBEV U TPAHNI] HAVITHU 1ie-
JIOUVICJIEHHOE PeIlleHle 9TO 3aJa4l.

2. 3AQAYA O KOMMNEKTHOM MNAHE. Pertith 3a/1a4y IJIaHMPOBAHUA TPOU3BOI-
CTBa B IIPEIIOJIOMKEHNN, YTO IIPOAYKIVA TOJLKHA ITPOU3BOAUTHCA KOMILJIEKTAMM:
KOMILJIEKT II€PBOTO TUIIA COCTOUT U3 ABYX €IVHUI] IPOAYKTa IIEPBOrO BIUAA U O~
HOVI e IMHUITBI TPOAYKTa BTOPOTO BIA, KOMILJIEKT BTOPOTO TUIIA COCTOUT U3 TPeX
eIVIHUIL IIPOAYKTAa TPEeThero BUAa U IBYX eIVHUIT IIPOAYKTa YeTBEPTOro BUAA.
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4. TPAHCNOPTHAS 3AAA4A JIMHEAHOIO NPOrPAMMMPOBAHMS

41. KpaTtTKkue teopetTMyYyecKme ceeffeHUs
M YKa3aHMSA K BbINONHEHMUIO 3alaHUMU

TpancnmoprHasa 3agada opmyaupyerca ciaenyoommMm odpazom. OxHOpon-
HBIl IIPOAYKT, COCPENOTOYEHHBIVI B M IIYHKTaxX IIPOM3BOJCTBA (XpaHEeHU:A) B
KOJIMYecTBax a,,d,,...,a,  eIVHNI], HeoOX0AMMO paclpesesnTb MeXIy N IIyHK-

TaMI NOTpebJIeHNA, KOTOPbIM HEeoOXOAMMO COOTBETCTBEHHO b,b,,...,b  enu-

HUIl. CTOMMOCTD IIePEBO3KY eIMHUIILI IIPOAYKTA U3 1-T'0 IIYHKTa OTIIPaBJIEHNA
B j-ii IyHKT Ha3HA4YEeHUA PaBHA C, U U3BECTHA JJIs BCeX MapIipyTos. Heobxo-
IVIMO COCTaBUTb ILJIAH IIEPEBO30K, NPV KOTOPOM 3aIIpOChl BCEX IIYHKTOB IIO-
TpebseHns O6b11M OB yIOBJIETBOPEHE!I 3a CUET MMERIINXCS IPOAYKTOB B ITYHK-
Tax IIPOM3BOACTBA M 00IMe TPAHCIOPTHBIE PACXOJbI II0 JOCTaBKe IIPOAYKTOB
OBLIIV MYHVIMAJIbHBL

Ecsim mponsBozicTBO 1 1oTpebiieHne cOalaHCHPOBAaHEL, T. €. CyMMapHbIe 3a-
ITachbl IPOAYKTA Y IIOCTABIIMKOB PaBHBI CYMMapPHBIM 3aIIpocaM OTpedbuTe s ei:

n

a,=).b;,

j=1

(4.1.1)

M

-
1l
—

TO TaKas TPaHCIOPTHAasA 3aJada Ha3blBaeTCA 3aKPbimot Uin 3amKHymou. Ec-
JIVI jKe CyMMapHble 3allachbl IIPOAYKTa y IIOCTaBIIMKOB CTPOTO OOJIbIIE WJIU
CTPOTO MeHblIle, YeM CyMMapHble 3allpochl ITOTpedOuTesiell, To Takasd 3ajada
Ha3bIBAETCA OMKPHLIMOU.

[l cBeleHMA OTKPBITOM 3a/auy K 3aKPBITON BBOIATCA (PUKTUBHBIE ITYHK-
TBHI IIPOM3BOACTBa MM NoTpebseHuA. Ecay cymMMapHble 3amachbl IPOAYKTa y
IIOCTaBIIVKOB CTPOro OoJIbllle, YeM CyMMapHbIe 3aIlIpOChl IIOTpebuTesel, BBO-
IUTCA PUKTUBHBIN NMOTpPeOduUTe b, 3alIPoChl KOTOPOT'O PaBHbI

a; = 2.b;,

=1 =1

M=

ecJI ’Ke CyMMapHble 3aIlachl IPOAYKTa Yy IOCTABIIMKOB CTPOTO OOJIbIIIE, YeM
cyMMapHble 3aIpochbl MOTpebuTesieir, ToO BBOAUTCA (PUKTUBHBIN IO -
C T a B Il 1 K, 3allac IPOAYKTa Yy KOTOPOTO paBeH

2b—2a,.

j=1 =1

OGosHauum depes X, KOJMIECTBO IPya3a, IJIaHMPYEMOTo K IIepeBO3Ke OT i-

ro IoCTaBIIMKa j-My noTpebutesto. IIpu Hammyuuy GajsaHca IIPOM3BOACTBA U
norpebisiennsa (4.1.1) maTemaTudeckas MoAesb TPAHCIIOPTHON 3ajaduy Oynetr
BBIIVIAZIETh TaK: mpedyemcsa Hatlmu NaaH nepeso3ox

X=(x;), 1=L2,....m, j=12,..,n,

./VL’LLH’LLJVL’LL3’LprTOW’M?l O6’LL9yTO CMouUuMmoCmds 6Cex nepeso3ox
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L:iicﬁxﬁ — min (4.1.2)
i=1 j=1

npu ycaosuu, ¥mo u3 21100020 nyHxma npouseoacmea 8bLBO3UMCA 8€CH 'npoay?cm:

dx,=a, i=12,...,m (4.1.3)

U ar060my nompedumento docmasasiemcs Heodxrooumoe KoAULecmao 2pysa:

> x,=b, j=12,..,n, (4.1.4)

<.
Il
—

npuuem no CMwvblCaYy 3adauu

x,=20,x2,20,..,x,  20. (4.1.5)

mn

Tabnuuya 4.1.1

IToTpebiienne
bl bZ bn
IIpomnsBoaCcTBO

Cll C12 Cln
al xll x12 xln

ch c22 c2n
a2 le x22 xZn

lew|  Lew [ |

a, x,, x,, x,.

Jlo1a pelleHns TPAHCIIOPTHOM 3aJayuy dallle BCEro IPUMEHAETCA METOJ, Mo~
TEeHI[MAJIOB, KOTOPBII COCTOUT M3 IIIAr0OB, HA KAKJIOM U3 KOTOPBIX IIE€PEXOOAT
II0 OIIpeJieJIEHHBIM IIpaBuUjaM OT OJHOTO 0a3MCHOTrO pelleHud K JPyroMy U 3a-
TIOJIHAIT TPAHCHOOPTHYW Tabauny (rads 4.1.1), CTPOKM KOTOPOIL CO-
OTBETCTBYIOT IIOCTABIIMKAM (B 3arOJIOBKaX CTPOK YKa3bIBAIOTCA 3allachl IIPO-
OyKTa y IIOCTaBUIIVKOB @), a CTOJOLBI COOTBETCTBYIOT IIOTPeduTe IAM (B 3aro-
JIOBKaX CTOJIOLIOB yKas3bIBAIOTCH 3alpockl orpedureseit b,). B kiaeTkn Tpanc-
IIOPTHOM TaOJJIUIIBI 3aHOCATCA M OCTAaBKU IIPOAYKTA, IEPEBO3MMOrO OT CO-
OTBETCTBYIOLIETO IIOCTABIUKA K COOTBETCTBYIOLEMY moTpeburesto (x,). Kpo-
Me TOro, B IIPaBOM BEPXHEM YIJIy KasKIOV KJIETKM YKa3bIBa€TCA CTOVMOCTD
IIEPEBO3KM €IMHUIIBI ITPOAYKTa OT COOTBETCTBYIOIIETO IIOCTABIIVKA K COOT-
BETCTBYIOIleMY [1oTpedburesio (c,).

Cienyetr nMmeThb B BUAY, UTO II0 JIF0DOOV TPaHCIIOPTHOM TabJyile MOYKHO BOC-
CTAHOBUTH COOTBETCTBYIOILINII IIPEAIIOUYNTAEMbIV DKBUBAJIEHT CUCTEMBI ypaB-
HeHmit (4.1.3)—(4.1.4), a B Tabauile 3ammMcaHbl JIUIIb ITPaBble YaCTU yPaBHEHMI,
IpuYeM HOMeP KJIETKM IOKa3bIBaeT, KaKasd HeM3BECTHAA B COOTBETCTBYIOIIIEM
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ypaBHeHUH sABJseTcA OasucHoil. Tak xkak B cucteme (4.1.3)—(4.1.4) poBHO
(m +mn — 1) IuHENHO He3aBUCUMBIX ypaBHEHUI, TO B J000J TPaHCIOPTHOI
TabJIMIle JOJKHO OBITE (M + N — 1) 3aHATHIX KJIETOK.

IlepBoe HGas3mucHOE OOIIyCTMMOE peIleHMe JIETKO IIOCTPOUTH 10 MPaBUILy ce-
BEPO-3aMaJHOro yrja. B cooTBeTCTBUM C BTUM IIPAaBUJIOM, 3aIIOJIHEHME TPAHC-
IIOPTHOV Ta0JIMIIbl HAYMHAETCA C JIEBOM BEpXHEN KJETKU («CceBepo-3araHOTO
yIJia») ¥ COCTOUT U3 OJHOTUIIHBIX ITIar0B, Ha KasKJOM 13 KOTOPBIX 13 paccMoTpe-
HIA VICKJIIOYaeTCs OAVIH ITIOCTaBIIMK WJIIN OOVH IOTPeOUTEb:
® ecJM OCTAaTOK IIPOAYKTa y 1-T0 HOCTaBIIMKA IIOCJEe MIPEeNbIAyILIMNX IIaroB
MEeHbIIIe, YeM HeyJOBJIETBOPEHHBIN 3aIIpPOC j-T0 IOTPeOdUTeIIA, TO UCKII0YaeT-
Cs M3 PACCMOTPEHNA 1-71 TOCTABILNK, U B KJIETKY (7, j) 3aHOCUTCSH II0CTaBKa X,
paBHaA OCTATKY IIPOAYKTA y 1-T0 IIOCTaBIIMKA IT0CJe IPeabIAYIINX II1aroB;
® ecJyM OCTAaTOK IIPOAYyKTa y 1-T0 IOCTaBIIMKa IIOCJEe MIPEeNbIAyILIMX I1aroB
OoJbIlle, yeM HeyAO0BJETBOPEHHBIN 3aIIPOC j-TO IIOTPEeOUTEIA, TO MICKIII0YaeTCA
U3 PacCMOTPeHus j-ii morpeburesib, U B KIETKY (i, j) 3aHOCUTCH IIOCTABKA X,
paBHaA HEYZIOBJETBOPEHHOMY 3aIIPOCYy j-TO ITOTpeduTed,
® eCJIM OCTAaTOK NPOAYKTa y 1-T0 IIOCTABIIMKA [I0CJe IIPEeabIAYIINX I11aroB pa-
BE€H HEYJIOBJIETBOPEHHOMY 3aIlpoCy j-TO IMOTPebuTesid, TO MCKJIIYaeTCA U3
paccMOTpPeHNA U 1-11 IIOCTaBIIMK, WJIN j-11 IOTpebuTelb, 1 B KJIETKY (1, j) 3a-
HOCUTCs IocTaBKa &, = 0 paBHas OCTATKY NMPOJYKTA Y i-TO MOCTABIIMKA [10CTIe
IPebIAYIINX II1aTr0B.

ITocJsie sTOrO paccMaTpuBaeTcd JieBad BePXHAA KJIeTKa Cpesiy TeX, KOTopble
OCTAIOTCA IIOCJIe€ BBIYEPKMBAHUA CTPOK, COOTBETCTBYIOIIMX IIOCTaBIIMKAM,
BeChb 3ariac IIPOAYKTa Y KOTOPBIX YK€ pacIpesiesieH II0 IOTPeOduUTes aAM, U
CTOJIOIIOB, COOTBETCTBYIOIINX ITOTPEOUTEAM, 3aIIPOChl KOTOPBIX YiKe yJIOBJe-

TBOPEHBL

RaskgoMy HOCTaBIIMKY CTaBUTCA B COOTBETCTBME NMOTeHNOMaJd P, a
KasK/I0My NoTpebuTeso — noTeHnuaJa . [Ipu aToMm KasKI0M KIeTKe CO-
OTBETCTBYET HEKOTOpas OI[e HK a

A;=p;+q;—¢c; 1=12...m, j=L2,..n. (4.1.6)

OnuH 13 NOTEeHIMAaJIOB MOYKHO BBIOPATh IPOM3BOJIBHO, TaK KaK B CUCTEMe
(4.1.3)—(4.1.4) ogHO ypaBHEHUE JIMHENHO 3aBUCUT OT OCTAJbHBIX. OOBIYHO IIO-
garaloT p, =0. OcrajsibHble NIOTEHIMAJbl BBIUNCIAIOTCA U3 YCJIOBUA, UTO IJsA
basucHbIX KIeTOK A, =0.

3ateM 110 hopmyie (4.1.6) BEIYUCIAIOTCA OLIeHKY BCeX CBOOOIHBIX KJIETOK.

Ecym xotsa ObI OZ1HA 13 OLIEHOK CTPOTO IOJIOXKUTEJbHA, TO 0a31CcCHOe JOIyC-
TUMOE pellleHne, cogepsKaleecsa B JaHHOV TPAaHCIIOPTHOM Tabismile, He ABJIA-
eTCsA ONTUMaJbHbIM. BeiOupaeTcsa cBobogHaA KJeTKa (7, $), COOTBETCTBYIOIAA
HaOOJIBIIIEN IIOJI0KUTEJILHON OlleHKe

A, =max(A; >0).

g BpIOpaHHOV CBOOOIHOV KJETKU (T,S) CTPOUTCA YUKA nepecuema —
3aMKHyTadA JoMaHasd, OgHa 13 BEPIIVH KOTOPOV HAaXOAUTCA B JAHHON CBOOOA-
HOJi KJIETKe, a BCe OCTaJIbHble — B 3aHATHIX KJETKaX, COCEeHNE 3BEHbS B3a-
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VMIMHO IepIeHAVKYJIAPHBI, caMlM 3BeHbdA IlapaJielIbHbl CTPOKaM M CTOJIOIIaM
Tabsuibl. MosKHO oKa3aTh, YTO LMKJ IlepecueTa Bcerja CyIllecTByeT U CO-
CTOUT M3 YeTHOTO 4YMCJia BEPIINH.

Kaetxka (r, s) noMedaeTca 3HAKOM «ILJIIOC», JaJlee coceHye BEPIVHBI VKA
IepecyeTa IIOMeYalTCA 10 oUepeay 3HaKaMy «MUHYC», «ILIIOC». BpiOupaeTcsa
MMHJMAaJIbHAs U3 II0CTaBOK, OTMEYeHHbIX 3HAKOM «MMHYC» (p_ ), M K IIOCTaB-
KaM, OTMeUYeHHBbIM 3HaKOM «ILJIIOC», To0aBJIAeTCA p,__, & U3 IIOCTABOK OTMeYeH-
HbIX 3HAKOM «MMHYC», BBIYMTAETCA P_, . TaK IIPOU3BOAUTCA IIepepacpeesue-
HJEe IIOCTaBOK BJOJIb IMKJIA IlepecdeTa, IIPpY KOTOPOM MIPOMCXOOUT TaKON me-
pexoJ; K HOBOMY 0a3MCHOMY JIOIIyCTUMOMY PeIlIeHUI0, UYTO B KJETKY (7, S), CO-
OTBETCTBYIOIIYI0 HaubOOJbIIell IOJIOMKUTEJIbHOM OlleHKe A , IIOCTaBJAeTCA
MaKCHMaJIbHO BO3MOKHOE KOJM4YeCcTBO Npoxykra p . . IIpu sTom oT BCex mo-
CTaBIIMKOB IIPOAYKT ITOJIHOCTBIO BBIBO3UTCH, M 3aIIPOCHI BCEX MIOTpedmTe e
IIOJIHOCTBIO YAOBJIETBOPAKOTCA.

3aroJsiHAeTcA HOBad TPaHCIOPTHAA TabJimila, BbIYMCIIAIOTCA HOBBIE IIOTEH-
LMaJIbI U OLI€HKU KJIETOK U T. [,

IIponecc nponmoskaeTcs 40 TeX IIop, IOKa He OyneT nojydeHa TPaHCIOPT-
Has Tabismiia (M COOTBETCTBYIOIMI IIJIaH IIEPEBO30K), AJIA KOTOPOI BCe

A;<0,1=12,...m, j=12,...,n

CooTBeTcTByIOIIIEE TIOCIIeIHEN TPAHCIIOPTHONM Tabsauile 6a3McHOe pellleHyre
ABJIAETCA OIITUMAJIbHbBIM.

OTmeTyM, 4TO IJiA BBIUMCJIEHUS IIOTEHIMAJIOB Heobxomammo (m +n — 1)
ypaBHeHUi (4.1.6), T. e. Ha KasKJOM II1are MeTOia IIOTE€HIMAJIOB YMCJIO 3aHATHIX
KJIETOK JJOJI>KHO COXPaHATHCA.

Ecom Ha KakKoM-JIM00 I11are repepacipeiesieHne IIoCTaBOK BAOJIb IIKJIA I1e-
pecdeTra IPMBOAUT K OCBOOOKIEHUIO DOJiee yeM ONIHOV KJIETKM, BCE OCBOOO-
IVBIIMECS KJIETKM, 3a MCKJIIOUeHMeM OJHON (He BasKHO, KaKoll), HysKHO IIO-
IIpesKHEMY CUUTATh 3aHATBIMU. JIJIs TOTO B 9TU KJIETKY BMECTO II0OCTaBKM BIIN-
CbIBaeTCA YMCJO HYJb, M DT KJIETKM ¢ PUKTUBHBIMMU ITOCTaBKaMMu
YYacCTBYIOT B BBIUVMCJIEHUM ITOTEHIMAJIOB HapaBHe C JPYTIMMIA.

II;an mepeBO30K, conepsKallmii (PMKTUBHbIE IOCTABKY, HA3bIBAETCA 8blPOJHC-
Oenuwim. Ilpu caexyroieM nepepacrnpenesieHuy IepeMelaTbesa OyayT Kak pas
HyJIEBBIE, BBIPOYKJIEHHbIE IIOCTAaBKY, U ILJIaH IIePEeBO30K (PaKTUUECKN He U3Me-
HuTcA Ho npu 3ToM n3mMeHnTCA HabOp 3aHATHIX KJIETOK, MUBMEHATCS ITOTeHIAaIIb]
I OILIEHKV CBOOOJIHBIX KJIETOK, M PeIlleHye MOYKHO Oy IeT IIPOI0 KA Th.

B zaksrogeHne obCcyauM d9KOHOMUYECKUII CMBICJI OI[EHOK KJIETOK U IIOTEeH-
IMAJIOB.

Onmenkxa cBOOOOZHOV KJIETKN A, TIOKa3bIBaeT, HACKOJIbKO yMEHb-
IIaTCA CyMMapHbIe PacXodbl 10 IIePeBO3Ke I'py3a, eCJU IIOCTABUThb eNVHUITY
rpysa OT i-I'0 IPOU3BOAUTEJIA j-My IIOTpeduTeso (IepepacnpenesinB OCTaIb-
Hble IIOCTaBKM TaK, YTOObI COXpaHMJICA DaJlaHC 110 CTPOKaM U CTOJIOIIaM).

I[loTeHUMaJdBl Ke MHTEPHPETUPYIOTCA caenyionumMm obpasom. Kaskabii
IIPOM3BOAUTENb yIJadMBaeT IIePeBO3YMKY OJHY U Ty ’Ke IleHy P, 32 BbIBO3
eIVHUILIBI I'Ppy3a (He BasKHO, KAKOMY IIOTPe0UTe0 3TOT IPpy3 IOCTaHEeTCHA); Ka-
KL IOTPEOUTENb YIIaYMBaET IEPEBO3UNKY OJIHY U Ty Ke LIeHY ¢, 3a IIOJLy-
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YeHye enVHUIIBI Ipy3a (He BasKHO, OT KaKOro IIPOU3BOAUTEJN 3TOT IPy3 JOC-
TaBJIeH); CyMMa lieH, B3YIMaeMbIX IIPY 9TOM C Ji000Ji apbl «IIPOMU3BOAUTEIND —
oTpeduTesNb», He MPEBOCXOAUT PeaJibHOM CTOMMOCTY IIE€PEBO3KM €NVHUIILI
rpys3a OT JaHHOI'O IIPOM3BOAUTEJIA K TAaHHOMY IIOTPe0uUTeJIo:

p,+q;<cy, 1=L2...m, j=12...,n (4.1.7)

IIpn aTOM ¥ IPOM3BOAUTENM, M IOTPeOUTEN M He 3aIllJIaTAT I1ePEeBO3UUKY
Oouiblile, YeM peaJibHble TPAHCIOPTHBIE PACXOAbI, [IOTOMY II€PEBO3YMK MOXKET
YCTaHOBUTB 1I€HbI TaK, YTOObI MaKCUMU3MPOBATDH CBOIO IPUOBIIIb!

m n
D a,p;+ ) b,q; - max (4.1.8)
i=1 j=1

npu ycJsoBusax (4.1.7).

IlepemenHble p, M g, IPY 9TOM MOTYT ObITh KaK IIOJIOKUTEJbHBIMY, TaK U OT-
PULIATEJIbHBIMY: He JMCKJIOYEHO, YTO IIePeBO3UYMK IIJIATUT OIpeaesIeHHOMY
ITPOMBBOAUTEJIIO 33 IIPaBO II€PEBO3UTH €0 IMIPOAYKIMIO (MM TOTpedbuTero —
3a IIPaBO JOCTABJATbL eMY IPOAYKIIVIO):

pi,qjeR.

3agaya MmakcuMmsanmm QyHKImn (4.1.8) mpu yeaoBuax (4.1.7) v mpon3BOJIbHBIX
BEIIIECTBEHHBIX 3HAYEHNAX [IEPEMEHHBIX P, U g SABJIFAETCH JBOJICTBEHHONM K TPAHC-
IOpTHOM 3ana4a (4.1.2)—(4.1.5), 1 npuBeeHHAA SKOHOMMYECKAA MHTePIIpeTaImn
OLIEHOK KJIETOK VI [IOTeHIMaJIOB OCHOBaHa Ha TeopeMax JIBOJICTBEHHOCTL.

B peasibHBIX yCIOBUAX P, U q, — 9TO HE L|eHbI, & HaZ0aBKM K OCHOBHOMY Ta-
pudy repeBo3unKa, eIMHOMY IJIA BCEX IIPOM3BOANUTEJIEN U ITIOTPeOUTETIETL.

MPUMEP 4.1.1. OHOPOAHBIN ITPOAYKT, COCPEIOTOUEHHBIN Ha TPeX CKJIaJaxX B
KOJIM4ecTBax a,,d,,d, eIVHNUI], HeoOXoAMMO pacrIpelenTb MeXAY 4eTbIpbMsA

notTpeduTesIAMM, KOTOPbIM HEOOXO0AMMO COOTBETCTBEHHO b,,b,,b,,b, equnmII.

CToMMOCTb IePEeBO3KM €AVHUIILI IIPOAYKTA U3 1-TO IIyYHKTa OTIIPAaBJIEHUA B
j-¥1 IyHKT Ha3HAYEeHNUs PaBHa C,; U U3BECTHA JJIs1 BCEX MapIIPYTOB.
BexkTopsr a, b 1 maTpuria C TaKOBEI:

a,) (54 1 4 3 2
ala, |=/60], b b, b, b,)=(41 50 44 30), C=[3 6 2 5
a,) |63 2 5 6 7

TpebyeTrcsa onpenennTd MJIaH II€PEBO30K, IIPY KOTOPOM 3aIlpOChl BCEX II0-
TpebuTreseit Ob1yIM ObI YIOBJIETBOPEHEI 32 CUET MMEIOIIerocsa Ha CKJagax o0b-
eMa IPONYKIMM, TaK YTOObI 00IIMie TPaHCIIOPTHBIE PACXOABI IT0 JOCTABKE IIPO-
IYKIY ObLIV MYHVMAJIbHBIL.

Pewenue. CocTaBuM MaTeMaTUYECKYI0 MOJEJb TPAHCIIOPTHONM 3alady IIpuU
3aJlaHHOM BeKTOope 00'beMOB IIPOM3BOJCTBA a, BEKTOpe norpediennd b u maT-
pulle TPaHCIOPTHBIX n3neps:kek C 1 permM 3Ty TPaHCIIOPTHYIO 3aJady MeTO-
JTOM IIOTE€HIIVAaJIOB.

OOwunit o0 beM TPOU3BOACTBA i a; =54+60+63=177 OoJsblie, yeM cyMMap-

=1

Hble 3aIIPOChI BCEX MOTpeduTesIein ibj =414+50+44+30=165, T. e. MBI UMeeM
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OTKPBITYIO MOJeJIb TPaHCIIOPTHOM 3agaun. [lyid npeBpallleHusa ee B 3aKPBITYIO
BBeZleM (PUKTMBHBI IIYHKT I1I0oTpebjeHus c¢ oO0beMoM moTpebieHus
177-165=12 eguHull, npuyeM Tapudbl Ha I€PEBO3KY B BTOT IIYHKT yCJIOBUM-
CA CYMTATh PaBHBIMM HYJIIO, IOMHHA, YTO IIepeMeHHble, 1o0aBJigeMble K JIEBbIM
YacTAM HEepPaBeHCTB JJIA IIpeBpallleHNsa UX B YpaBHEHUA, BXOAAT B (DYHKIVIIO
11eJIV ¢ HyJIEBBIMM K03 PUIIEHTaMU.

IlepBoe Gas3ucHOe OOIYCTMMOE PeIlleHMe IIOCTPOMM II0 IIpaBUJy CeBepo-
3amaiHoro yrJia (tabJ. 4.1.2).

Tabnuuya 4.1.2

Ilorpebsenne
W b=41 | b,=50 | b,=44 | b,=30 | b, =12
4 3 9 0
a, =54 41 13 b =0
3 6 2 5 0
a,= 60 37 23 b2
+
5 6 7 0
a, =63 ¢ 91 30 . -
+ —
¢=11] =4 ] ¢=0] g=1 | ¢=-6

Ilonoxum p, =0 u HaJAeM OCTaJbHBIE MNOTEHLUMAJIBI U3 YCJIOBUA, YTO OJIA

basucHbIX KIeTOK A, =0
A, =0,
A, =0,
A,, =0,

p,+q,—-¢,=0, 0+q,-1=0, q,=1,
p,+q,—¢,=0, 0+q,—4=0, q,=4,
p,+q,—¢Cy =0, p,+4-6=0, p, =2,
nT. 1. B pegyabrare nonyuyum: q, =0,p, =6,9, =1,q, =—6.
3ateM 110 hopmyJie (4.1.6) BEIYMCIAUM OLIEHKM BCEX CBOOOIHBIX KJIETOK:
A,=p,+q;,—¢c;=0+0-3=-3, A,=p,+q,—c,=0+1-2=-1
A,=p,+q,—¢,;,=0-6-0=-6, A,, =p,+q,—¢,, =2+1-3=0,
A, =-2 A, =-4, A, =5, A,, =5.
Haxonym HamOOJIBIIIYIO TOJIOKUTEIbHYIO OLIEHKY
max(A; >0)=5=A,,.
15 HalileHHOVI CBOOOIHO KJIeTKM (3, 1) IIoCTpouM LMKJI IIepecyeTa:
3,1)—(1,1)—(1,2)—(2,2)—(2,3) — (3, 3).

IIponsBoauM mepepacnpezieseHre IIOCTaBOK BJOJIb LMKJA IlepecdeTa
(Prax =21):
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41 | 13

41 —p

13+p

20

34

37123

37— p

23+p

16 | 44

21

p

21 —p

21

ITosmygaem BTOpoe 6a3mcHOe nonycTtumoe peleHne (Tadd. 4.1.3).

Tabnuuya 4.1.3

Ilorpebaenne _ ~
W b,=41| b,=50 | b,=44 | b,=30 | b, =12
A [a] 3] 2] o
a, = 54 20 34 * p, = 0
- +
5 6] 12 | [5] [0
a, = 60 16 44 p,=2
2l s [s] | [7] [o]
a, =63 21 30 12 |p,=1
+ —
9,=1 | ¢=4 | ¢,=0 | q,=6 | g =-1

Haxonym HOBbIe IOTEHIIMAJBI, HOBble OlleHKV. HanboJbIIyo ITOJ0MKUTEeIb-
HYIO OIIeHKY OyzeT nMeTb cBoOOnHAA KJIeTKa (1, 4). [l Hee cTpOUM IIMKJI T1e-

pecdeTa

(17 4) - (17 1) - (37 1) - (3, 4)7

IPOM3BOAMIM Nepepacipenesnenne (p, .. =20):

20

20 —

p p

20

21130

21+p

30—p

41

10

U TIOJIy4aeM TpeThbe 0asducHoe JomycTuMoe pelieHne. IIpomoskaem mporiecc

nmaJibiie (tabJr. 4.1.4—4.1.6).

Tabnuuya 4.1.4

b=41 | b,=50 | b,=44 | b,=30 | b, =12
IIpomnsBoacTBO
() e L8] 2] [0]
a, =54 34 20 p,=0
— +
3] | Lef L2 | L& [0
a, = 60 16 44 p, = 2
2| | &) [ | L7 [of
a, =63 41 * 10 12 P, =5
+ —_
¢="3] ¢=4 | ¢=0 | ¢=2 | ¢=75
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Tabnuuya 4.1.5

b=41 | b,=50 | b,=44 | b,=30 | b, =12
IIponsBoxcTBO
[1] [4] 3 (2] [0
a, =54 24 30 p,=0
3] 6| [2] 5| 0]
a,= 60 16 44 p,=2
+
[2] B 6] 7] 0]
a,= 63 41 10 12 |p,=1
q,=0 q,=4 q,=0 =2 | g="1
Tabnuuya 4.1.6
Ilorpebnenne B _ _ B _
Tpowsaouerag b=41 | b,=50 | b,=44 | b,=30 | b, =12
[1] 4] 3] (2 L0
a, = 54 24 30 p,=0
E 6| [2] 5] 0]
a,= 60 4 44 12 | p,=2
[2] 5| 6] 7] 0]
a,=63 41 22 p,=1
q =1 q,=4 q,=0 =2 | =72
B Tabm 4.1.6 A, =0, A;=-3, A, =-2 A, =0, A,,=—1, A,,=-5 A, =—4 ,

A, =—2. IIOCKOJIbKY BCe OIIeHKM HEIIOJIOXKUTEeJbHBI, 0a3MCHOe IOIIyCTVMOe

peleHne

SABJIIETCSA ONTUMAaJIbHbIM.

0 24 0 30
X=0 4 44 0
41 22 0 O

4.2.3apaHMe NpaKTUKYMa

OZHOPOIHBIM NPOLYKT, COCPENOTOUYEHHBI Ha TPeX CKJajaxX (PUPMBI B KO-
JudecTBax a,, @, G, €IVHUI], HeOOXOAVMO PacIpeslesINTb MEeKAY YeTbIPbM:A
MarasyHaMy, KOTOPbIM HeOOXOAVMO COOTBETCTBEHHO b, b,, b,, b, enuaMII 1IpO-
nykTa. CTOMMOCTD IIepeBO3KM eIVHUIIBI IPOAYKTA M3 1-TO IIyYHKTa OTIIpaBJIe-
Hud (1 =1, 2, 3) B j-1 IyHKT HasHaveHud (j = 1, 2, 3, 4) paBHa ¢, 1 U3BECTHA

JIJIs1 BCEX MapIIPYyTOB.
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BekTop 3amacoB IpoayKTa Ha CKJIAaX

a,

BEKTOp 3aIIPOCOB MPOAYKTa Mara3uHaMu
b:(bl b, by b4)

U MaTPUIlA TPAHCIOPTHBIX TapUQOB

Cii G Gz Cy

C=lcy cp Cy 0y

C31 C3p C33 Cyy
M3BECTHBI U AJIA KasKI0r0 BapuaHTa KOMIIAKTHO 3alicaHbl B Tabu. 4.2.1 B
CJIeIYIOILEM BUJE.

bl b2 bS b4
a’l Cll C12 C13 C14
a’2 C21 C22 C23 C24
a3 c31 CSZ C33 C34

TpebyeTrcsa onpenesnTd ONTUMAJIbHBIN IIJIaH II€PEBO30K, IIPY KOTOPOM 3a-
IIPOCHl Mara3yuHOB OblaM Obl yZOBJIETBOPEHBI B HayubOOJIbILIE) CTENIEHM 33 CUEeT
MMeIOIIerocs Ha CKJaZax KoJudecTBa IPOAYKTa, U IPpU 3TOM 00A3aTeJIbHO
Obly1M Obl yIOBJIETBOPEHBI 3alIpOCHI IIePBOT0 MarasyuHa, a o0Iiye TpaHCIOPT-
Hble pacxofbl 110 JOCTaBKe IPOAYKTa ObLIM MMHMMAaJbHBL

Jlyis1 TOrO0 HEOOXOAMIMO COCTaBUTh MaTeMaTUYECKYI0 MOJEJb TPAHCIIOPTHOM
3azayy, IIpeobpa3oBaTh ee K 3aKPbITOV popMe IIyTeM BBeAeHUA (PUKTUBHOIO
IIOCTaBIIVKA MJIM ITOTPeOUTENIA ¥ HAlITY pellleHre 3TOM 3a4auyl C [IOMOIIbIO Me-
TOJZla IIOTEHIAJIOB, 0O0CHOBBIBAS KasKblil I1aT BbIUMCINTEJIBHOTO IIpoliecca.

3aTeM HYKHO HaliTM pellleH)e TPaHCIOPTHOM 3aZauy B cjydae, ecJy OT
IIEPBOTO IIOCTAaBIIMKa KO BTOPOMY IOTPeOMTEeJII0 NOJIKHaA ObITh JOocTaBJeHa
POBHO OJlHa eQVHUIIA ITPOLYKLMM, & IIOCTaBKM OT BTOPOTO IIOCTaBIIVIKA TPETh-
eMy IOTPeOdUTeJ IO 3aIIpelleHbL.

ITocyie aTOrO0 HEOOXOAMMO CPaBHUTH pelIeHUdA IJsA ABYX PacCMOTPEHHBIX
cJiydaeB (C JOIIOJHUTEJIbHBIMY OTpaHMYeHnsaMM 1 06e3), ykasaB ONTHMaJIbHbIe
IIJIaHbI [I€PEBO30K, MMHMMAJbHbBIE TPAHCIIOPTHbIE PACXOMbl, IIOTEHIVAJb] I10-
CTaBIIMKOB U IIOTpebuTesieli, OI[eHKM KJIETOK M OOCYIUTH SKOHOMMUYECKUII
CMBICJI BCEX HTUX BEJINUNH.

Tabnuya 4.2.1

Ne VlcxonHble JaHHBIE Ne Jlcxonuble maHHBIE Ne VlcxonHble JaHHBIE
Bap Bap. Bap

45 60 21 24 30 11 45 36 35 41 52 32

) 50 3 6 3 1 9 50 3 2 6 7 3 2 2 3 2

9 6 2 1 6 W 7 8 3 5 80 4 1 5 2

40 10 3 b5 7 30 4 3 4 6 47 6 4 6 3
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OKOHYaHuMe Tabn 4.2.1

Noe Noe Noe
Bap. Vlcxonuble nanHbIE Bap. VlcxonHble naHHbBIE Bap. VlcxonHble naHHbBIE
09 27 40 35 38 42 28 41 28 44 31 20
4 45 1 3 2 2 15 60 3 2 4 3 926 50 4 2 2 6
2 3 2 4 3 50 5 3 1 4 40 5 3 2 7
W0 4 2 3 1 48 4 3 6 1 42 2 1 4 2
34 32 4 36 30 58 32 43 60 32 44 57
5 60 2 4 5 3 16 65 1 3 2 5 97 o0 3 2 4 1
50 3 7 4 1 40 4 6 5 9 90 4 6 5 2
48 4 6 6 2 W0 2 4 1 3 60 9 4 10 6
27 20 39 42 37 39 48 40 46 48 44 42
6 3 3 95 3 6 17 W 2 1 6 o 28 W 4 3 7 6
60 5 6 1 7 40 5 3 7 6 90 3 1 2 4
40 1 4 2 3 60 3 2 4 2 33 1 2 4 3
30 55 44 42 31 40 44 20 24 20 31 40
7 3 2 3 6 4 18 45 1 4 3 4 29 30 1 2 2 5
o0 4 1 5 7 o0 3 4 2 2 45 3 1 3 2
80 5 2 3 3 o3 4 5 6 3 52 2 4 3 1
o6 35 48 30 48 59 68 75 34 40 38 53
3 60 2 5 1 4 19 90 3 2 6 3 30 80 2 7 2 3
50 4 4 3 2 80 5 1 4 1 60 1 5 4 2
70 6 o5 4 3 92 5 4 5 4 30 3 4 6 1
31 40 41 49 44 28 78 23 o0 27 34 54
9 45 4 5 8 6 20 40 4 10 6 3 31 W o5 4 6 7
60 3 2 5 1 60 7 3 1 2 o0 7 3 4 2
60 5 6 3 2 80 2 6 5 1 54 3 2 5 1
42 35 27 28 36 44 25 50 42 28 47 9
28 3 5 3 2 20 4 3 4 5 o0 5 2 9 8
10 40 4 2 1 3 21 60 8 5 3 2 32 90 5 4 7 6
45 6 3 2 4 48 9 8 2 5 30 6 3 8 7
26 48 25 22 59 33 34 20 48 33 56 22
40 3 6 1 5 0 2 5 4 1 60 2 3 2 4
1 45 2 4 3 1 22 30 v 3 2 7 33 0 3 4 3 O
o0 7 11 5 3 o0 8 10 2 5 30 4 3 4 3
31 40 41 49 23 41 22 20 44 58 62 24
45 4 5 8 6 30 4 2 5 9 90 3 4 5 1
12 60 3 2 5 1 23 40 8 3 1 8 34 60 4 3 1 3
65 5 6 3 2 45 7 3 7 6 50 3 5 2 2
36 32 40 53 36 44 25 50 21 43 46 59
40 2 3 4 1 5 4 3 4 5 80 2 1 6 12
13 60 4 2 1 2 24 60 8 5 3 2 3 o0 9 3 5 4
0 2 7 7 1 48 9 8 2 5 45 1 4 8 7
48 30 29 40 48 75 41 32
40 3 6 4 3 90 4 1 3 1
14 45 2 3 1 3 25 D 4 1 3 2
6 5 1 4 o 2 3 9

70

40
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5. HENMHEMHOE NPOrPAMMMPOBAHME

51M. Kpatkue teopeTtMmyecKme cBeffeHUs
M YKAa3aHMSA K BbINONHEHHWIO 3afaHMH

dyaruua f(x) Ha3bIBaeTCA 8bINYKAOU 668 e P X Ha MHOMKeCTBe X, eciu

IS JII0OBIX X, X € X 1 m06bIx A €[0; 1] BLITOIHAETCA HEPABEHCTBO
FOx+(1-0)x?) > Af(x) + 1 - f(x?).

dyuriMA f(X) Ha3bIBA€TCA 8bINYKAOU 8 H U 3 HA MHOXKecTBe X, ecym JJId

JM00BIX X', X° € X 1 m06bIx A €[0;1] BBITOJNHAETCA HEPABEHCTBO
FOx" +(1-0)x*) > Af(x") + 1 - 1) f(x?).

3anada BBIIIYKJIOrO MPOrpaMMUpoBaHuA popMmyanpyercsa Tak. Tpedyercsa
HaiTH BeKTOp X € R", HOoCTaBAANOINMII BBINYKJO0M BBepX audpdepeH-
HMPyeMOi (PyHKIIN

f(x)=f(a, x,,...,x,) (5.1.1)

MaKCUMYyM Ha MHOKeCTBe JOIIyCTUMBIX pellleH, 3aJaHHbIX OTPaHNYeHNAMN
90,(x)<b, i=1,2,...,m, (5.1.2)
K KOTOPBIX BCe (,(X) — BBINIYKJble BHMN3 auddepeHUUpyeMble (PyHK-

mm(i=1,2,...,m).

IIpuBeneM KpaTKyO CBOJIKY OCHOBHBIX pPe3yJIbTaTOB TEOPUM BBIITYKJIOIO
MIPOrPaMMUPOBAHNA.

Dynxyuel JlaepaHndca 3amady BBIIYKJOrO IIporpamMmypoBaHua (5.1.1)—
(5.1.2) Ha3BIBaeTCA PYHKIUA

L(x,y) = f(x)+(y, b—(x)) = f(x) + iyi (bi—9,(x)), xeR"yeR™, (513

i=1

NP BTOM KOOPIAMHATEI Y, Y;,--., Y,, BEKTOpa
Y
y= y:z eR™
Ym

Ha3bIBAETCA MHOHCUMeEAAMU JlazpaHHca OJIA 3a4a9M BBITYKJIOTO IIPOTPaMMU-
poBaHMA (5.1.1)—(5.1.2).
Ecan B 3agade (5.1.1)—(5.1.2) f(x) BBIIYKJa BBEPX, & BCe ¢,(X) BBIIYKJIbI

BHU3 (1 =1, 2, ..., m), To, oueBuAHO, PYHKIMA Jlarpanska (5.1.3) BbITyKJIa BBEPX
II0 X, a 10 y OHAa ABJAETCA U BBIIYKJON BBEPX, M BBIIIYKJION BHUI. [lelicTBu-

TeJIbHO, MycTh X', x> € R", A €[0;1]. Torza
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m

LOx'+1-0x%y) = F(Ax' +(1-0)x")+ Dy, (bi —o,(\x" + (1—x)x2)j >

i=1

20f(xN)+(1-1) f(xP) <hp; (x)+1-0) g, (x%)

>y,(b;-10; (x)-(1-1)g; (x2))

> )+ -0+ 3, ([x HA=M)Ib, g, (x)~(1- x)cpi(xz))

=1

= 1)+ 3 (b~ 0,) + (- WF )+ - 2)Y (b~ 0,(x%) =
SIL(,y)+ (- WLGE, )

Ecim reneps y',y° € R™, L €[0;1], To

L6 Ay +(1-2)y)= £+ Y (b + (=25 ) (b, - 0,(x)) =
(e @-2) £+ 2y (b, —0,x) + 3 A=) (b, — gy (x) =

i=1

~

A0+ A3 (b~ 0,()) + (1-0)f () + (- 1)) w7 (b, ~ 9,(x)) =
“AL(x, ¥+ (- 1L,y

l'oBopaAaT, 4TO 3azayda BBIIYKJIOrO IporpaMmupoBanud (5.1.1)—(5.1.2) ynos-
JIETBOPSAET YCAOBUN PEeLYAAPHOCMU, €CIU CYLIECTBYET XOTA Obl OHA 8HYM-
PeHHASL MOoUKA MHOMKECTBA JIOIIyCTUMbIX peIlleHNii, OIIpeessaeMoro HepaBeH-

crBamu (5.1.2) [T. e. Takasa Touka x € R", uro ¢,(x)<b, (1 =1, 2, ..., m)].
Touka (x,y)eR"™™ (x eR",y ' eR") HasbiBaercsa ced.1080l Mmoukol

dbysrIM L(X,y), ecan ana Bcex x e R" ye R”
L(x,y )< L(x",y" )< L(X',y). (5.1.4)

TEOPEMA KYHA — TAKKEPA. Ecau 3adaua 8bnyka020 NPopammupos8aHUs
(5.1.1)—(5.1.2) yHOBIETBOPSET YCAOBUI Pe2YALPHOCMU, MO Mmouka X €R"
ABAAEMCA ONMUMAALHBLM PeuteHuem Imot 3adauu mozoa U MoaAbKo mozoa,
K020a cyw,ecmayem maxou 8eKmop

Y,

y = y_2 eR”

*

Ym

C HEOMPUUAMEALHBLMU KOOPOUHAMAMU, 4MmOo mouKka (X ,y )€ R™™™ saearsem-
cs ceda080U moukou pyrnryuu Jlaeparica 0aHHOU 3a0ayu.

Ycnosud KYHA — TAKKEPA B AUDDEPEHUMATNIBHON dOPME. Ecau @ymcuuﬂ Jla-
epandca L(x,y) Asasemcs 8binyKaol 86epx no X , 8bINYKAOU 6HU3 NO Y U He-
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npepwvieno dupgeperyupyemou no ecem x; (j=1,2, .., n)uy, (=1, 2, .., m),
mo 04 mozo umobsL napa x € R",y" e RT Ovira cedaosoli moukou PyHryuu
Jlaepanaca L(x,y), Heobxodumo u docmamouHo, 4¥modbl 8bINOAHAAUCD CAe-
oyrowue Yycaosus:

L
L&Y Lo is19.m, (5.1.5)
0x; |x
y=y"
L&Y 5o =12 m, (5.1.6)
oY, |x=x'
y=y
LY g o1 m, (5.1.7)
oY, |x=x'
y=y’
y; >0, i=12...,m. (5.1.8)

MPUMEP 5.1.1. [Ina 3afadyy KBaZpPaTUUYHOTO NPOTrpaMMUPOBaHNA

f(x)=—(x, —8)* - (xx, —8)" > max, (5.1.9)
3x, +x, <15,

(5.1.10)
x, +x, <10,

x, =20, x,20 (5.1.11)

IIPOBEPUTL BBITIOJHEHME YCJIOBUA PETYJAPHOCTH, U €CJIM OHO BBIIIOJIHAETCH,
cocTaBUTh PYHKIMIO JlarpaHika, 3anucaTh ycaoBusa Ryna — Takkepa B nud-
depeHMaNbHOM (popMe M HaliTH ONTHMAaJbHOE PelleHMre 3aJaull KaK TOYKY,
YIOBJETBOPAIIYIO yesoBuaAM RyHna — Takkepa.

Pewenue. OueBnIHO, YCJOBUE PETYJIAPHOCTM BBIIOJHAETCHA, MOCKOJIBKY,

HaIlIpuMep, TOYKa
1
x© =
8

ABJIETCA BHYTPEHHE) TOYKOJ MHOYKeCTBa JOIIYyCTMMBIX pelleHUll — BCe Or-
paHN4YeHNA B 3TOM TOYKe BBIIIOJIHAIOTCA KaK CTPOryvie HepaBeHCTBA !

3-1+8<15,

1+8<10,
1>0,
8>0.

CocraBum pynsknuio Jlarpamka (5.1.3):

L(x,y)=—(x, —8)* = (x, =8)’ + v, (15— 3x, — 2, ) + Y, (10—, — 2, ) + Y50, + Y, 2, -
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3Iech MBI y4JII, B TOM 4ucJye, 1 orpaHndennsd (5.1.11), koTopele mpeobpaso-
BaJIM K TakoMy Buny: -x; <0,—x, <0.

IIponzBoaHuble pyHKUMM JlarpaHska paBHBI

OL(x, OL(x,
M=—2(-761—8)—3y1—yz+y3, M=—2(vcz—8)—y1—yz+y4,
ox, ox,
OL(x,y) —15-3x,— 1, OL(x,y) “10-2 -, OL(x,y) —x, OL(x,y) .
oy, oY, 0y, oy,

YcanoBua Kyna — Takkepa B audpdepennmanbaoi dopme (5.1.5)—(5.1.8)
garuuryrcd B Buze (5.1.5')—(5.1.8"):

{_2(x1_8)_3y1_y2+y3:0’ (515.)
—2(x,-8) —y,—y, +y, =0,
15-3x, —x, >0,
10 —x,—x, >0, (5.1.6)
x, =0, o
x, >0,
y,(15-3x, —x,)=0,
Y,(10—a, —,) =0, (5.1.7)
Y3 Xy =0,
y,x, =0,
y, =0,
=0,
Y2 (5.1.8")
Y, =0,
Yy =

Ecau BBecTnt 0003HaueHnsa
Pi=Y» Py=Yy G =Y5 Q=Y 1=15-3x-x, n=10-x-x,,

PaACKpPBITh CKOOKY 1 IIepeHeCTH BCe IIepeMeHHbIe B JIeBble YaCTy OTpaHUYeHII
(5.1.5"')—(5.1.8"), a Bce KOHCTAHTBI — B IIpaBble YacCTH, TO ycJoBusa KyHa —
Takkepa OpUMYT CJIEAYIOUINI BUL:

2, +3p, +P,—q, =16,
2x, +p, +p, —q, =16,
3x,+x, +n, =15,
(5.1.12)
x, +ax, +1,=10,
pn =0, p,5=0, qx =0, g,x,=0,
x, 20, 2,20, p, 20, p, 20, q, =20, ¢, =20, >0, r, >0.
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Pertenue sToi cUCTEMBI, €CJIM OHO CYIIECTBYeT, MOYKHO HalTU C IIOMOIIIbIO
MeTO/ia ICKYCCTBEHHOTO 6a3ca.
BBegem HeoTpunaresabHble nepeMeHHble s, >0, s, >0 u mocraBUM TaKyIO

3aavy JMHEVHOIo IIPOrpaMMIPOBaHNSA:

t=-s, —Ss, >max,

22, +3p, +p, —q, =16,

2x, +p, +D, —q, =16,
3x,+x, +1, =19,
x, +x, +7,=10,

P =0, p,1=0, qx,=0, g,x,=0,
x1>07 xz 207 p1>07 p2>07 q1>07 q2>07 T1>07 T2>0, 8120’ 8220'

Ecau B onTMMaJsIbHOM pellleHmMu 9Toi 3amaun s, =s, =0, To Habop umces
X, Ly, Diy Doy Qs Qyy Ty, T, OyHET yHOBJIETBOPATH yciioBUAM Kyna — Takke-
pa (5.1.12), 3Ha4YUT, BEKTOP

*
xl

*
x2

OyneT ABJIATHCA ONITUMAJbHBIM pellleHreM 3amaun (5.1.9)—(5.1.11).

YTo0Obl pemmTh JAHHYH 3aZady, MOMKHO BOCIIOJIb30BAaTbCA CHUMILICKCHBIM
METOZOM, IIPY 3TOM A ydeTa ycjaosuii p;1; =0, p,m, =0, qa; =0, g,x, =0 npu
BBIYMCJIMTEJIbHOM peasm3aliiyl CYMILIEKCHOTO MeToAa HeoOX0AyMO CIeUThb 3a
TeM, 4YTOObI He BBOAUTHL B 0a31c 0JHOBpPeMeHHO IIepeMeHHbIe P, I T, C OTHUM U
TEM K€ VHIEKCOM I VI IEPEMEHHBIE g, M X; C OZHUM VI TEM K€ VHJIEKCOM J.

CooTBeTcTByMOIaA CUMILIEKCHas Tabmamia npeacTasieHa B Tabur. 5.1.1.

Ha nepsoMm I1are CUMMIIJIEKCHOTO METOZa HaMMEHBIINII 13 OTPUIATEeJIbHBIX
OLIEHOYHBIX KOO dUIMeHToB A =—4, OIHAKO IIEPEMEHHYIO P, MOXKHO BBECTU

B 0a31c TOJIBKO OJJHOBPEMEHHO C BBIBOJIOM 13 Oa3uca IepeMeHHOi 1. ITO He-
BO3MOYKHO, ITIOCKOJIBKY KO3 (UIMEHT IpM cBOOOHOI IepeMeHHOI P, B TPeTh-
eM ypaBHEHUM, COOTBETCTBYIOIIEeM 0a31CHOI ITlepeMeHHOl 1, paBeH HyJIIO I He
MOsKeT ObITh BEIOpaH B KaueCTBe pa3pelIatollero.

ITosToMy Ha mepBoM Ilare B 6a3uc BBOAUTCA IepeMeHHas X, (COOTBETCT-

BYIOIINIt OlleHOuHbIN Ko durment A, =-2). Urak, x; =29/10, x;, =63/10,

Yy =17/5, ¥, =y; =y, =0.0
B obmiem cioydae cucrema ycsoBuii Kyna — Takkepa B puddepeHIaab-
HOVl popMe mpencTaBiiAeT cODOl CUCTEMY HeJIMHEeV HBbIX YypPaBHEHUI,
OTBICKaHMe TOYHBIX pPeIlleHMII KOTOPOJ He Bcerja BO3MOKHO, CJIeJ0OBATeJbHO,
HEBO3MOJKHO HaJITH TOYHBIE PeIlleHNs 3a/1a49y BbIIIYKJIOTO IPOTPaMMIPOBaHUA.
IToaTomy nsa ODpuOJIMKEHHOTO pelleHNs OOJIBIIMHCTBA 3aliay BBIIIYKJIOIO
IIPOTPAMMMPOBAHMA HEOOXOOMMO MCIOJb30BaTh YHCJIEHHbIe MeToAbl Pac-
CMOTPYM HECKOJIbKO TaKMX METOJIOB.
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Tabnumya 5.1.1

¢ |[Basuc| h 0 0 0 0 0 0 0 0 -l -1 IIpumeuannsa
L &L, b, b, q, q, L5 L S) Sy
-1 s 16 |2 0 3 1 -1 0 0 0 1 0 |Hesnbzs BBOIUTH
-1 s, 16 |0 2 1 1 0 -1 0 0 0 1 _|g6asuc p, p,6es
0 T, 15 3 1 0 0 0 0 1 0 0 0 |BbIiBOma u3 Oa-
0 T, 10 |1 1 0 0 0 0 0 1 0 0 |sucar,T,COOT-
2,2 |=32—-2|-2 -2 -4 -2 1 0 0 0 (0 |BETCTBEHHO.
-1 s, 6 0 —2/3]3 1 —1 0 —2/3 0 1 0  |Henbza BBOgUTH
-1 s, 16 | 0 2 1 0 -1 0 0 0 1 |B Gasuc p,, q, Oe3
0 x, 5 1 1/3 0 0 1/3 0 0 0 |BbiBoma u3 Oa-
0 T, 5 0 2/310 0 0 0 -1/3 1 0 0 |suca 1, x, COOT-
2,72 |722-21 0 —-4/3 -4 -2 1 1 2/3 0 0 0 |BETCTBEHHO.
0 b 2 01-2/9]1 1/3 -1/3 0 -2/9 0 1/3 0 |Hesnbszs BBOJUTH
-1 s, 14 0f20/910 2/3 1/3 -1 2/9 0 -1/3 1 |s 6asuc p, q, 7,
0 x, 5 1{1/3 10 0 0 0 1/3 0 0 0 |Oe3 BbIBOZA U3
0 T, 5 012/3]0 0 0 0 -1/3 1 0 0 |basmca 1, x, p,
z,—2 |~14—-2/ 0 -20/9 0 -2/3 -1/3 1 -2/9 0 4/3 () |COOTBETCTBEHHO.
0 D, 17/5 10 0 1 2/5 -3/10 -1/10 -1/5 0 3/10 1/10
0 x, |[63/10] 0 1 0 3/10 3/20 -9/20 1/10 0 -3/20 9/20
0 x, [29/10] 1 0 0 -1/10 -1/20 3/20 3/10 0 1/20 —-3/20
0 T, 4/5 | 0 0 0 -1/5 -1/10 3/10 —4/10 1 1/10 —-3/10
2,=2 | 0-2z]0 0 0 0 0 0 0 0 1 1

OcHoOBHaA 1Jesa MeTOa BO3MOKHBIX HallpaBJIEHUiT TaKoBa. B KayecTBe Ha-
YaJIbHOTO ITPUOJIMKEHNA K ONTUMAJIBHOMY PEIeHUIO 3aJa4M BBIITYKJIOTO IIPO-
rpamMmupoBanusa (5.1.1)—(5.1.2) BeiOupaeTca HeKOTOpad BHYTPEHHAS TOUYKa

x" MHOM@ecTBa HOMyCTMMBIX pelleHuii [T.e. Bce orpanmdenus (5.1.2) B aToit
TOYKe JIOJKHBI BBINIOJIHATHCA KaK CTPOrie HepaBeHCTBa |.

I[aJIee CTPOUTCHA ITOCJIEeJOBATEJIbHOCTD

X =x® L hPe® =123 ...

(5.1.13)

IpUOIVKEHNI K TOYKe MaKCUMyMa I1eJIeBoil (PyHKIMM f(X) HA MHOKECTBE J0-

IIyCTYIMBIX PEeIlIeHUIA.

(k)

Bexrop e, onpenensiomuit HanpaBIeHne epeMeneHnsa U3 TOYKY X' B

(k+1)

TOYKY X (Ha k-M 11are mMeToja) OOJIKEH YJIOBJIETBOPATH ABYM Tpeb o -

BaHWMAM.
(k+1)

1. IIpu nocratouno manex h" Touka x* onpemensemas dopmy.oit
(5.1.13), moysxkHaA IPUHALJIEKATh MHOYKECTBY JAOIIyCTUMBIX PeIIeHu (T. €. BeK-

TOpP e(k) AOJIGKEH 3alaBaTh BO3SMOM HOE HaAalIlIPaBJEHU e). B HaCTHOCTMH,

k 9 o
€eCJIMM TO4YRa X( ) ABJIAETCA I'PAaHMYHOM TOYKONM MHOMKECTBaA JOITYCTUMMBIX peIle-

HM]’7I, TO BERKTOP e(k) AO0JIKEH OBITH HaIlIpaBJIEH BHYTPb 9TOI'O MHOJKECTBaA.

1 o
2. ITIpn pocratouno manbix h'" rmouka x*| ompenmensemas dopmy.oit

(5.1.13), mossxkHA MPUHALJEKATh MHOYKECTBY JOILYyCTUMBIX PEIeHUlk [T. e. BeK-

k o
TOpP e” AJOJIGKEH 3a/laBaTb HallpaBJEeHNME BO3pPpacCTaHNMA IEeJeBOU

Pyrrm f(x)].
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Besrunaa h'® mara cmemienna B (5.1.13) Beibupaerca u3 ycIoBUA HAMOG0JIb-

IIIeTO POCTa IiesIeBoi (PYHKIpM f(X) TPy IepeMeIeHny u3 Toukn X B TOUKy

x** ¢ yagerom Toro, uro HoBOe mpubMLKeHNe X onpemessaemoe dopmyI0iL

(5.1.13), mOJKHO OCTaBAaTHCSA BO MHOYKECTBE JIOIYCTUMbIX PEIIeHIA.

k o o
Econ ogepeagHoe HpI/I6JII/I9K€HI/I€ X( ) ABJIAETCA BHYTPEHHEN TOYKOU

MHOKEeCTBa JOIIYCTUMBIX PeIleHu [T. e. B 9TOM TO4YKe Bce orpaHmndenud (5.1.2)
BBIMIOJIHAIOTCA KaK CTPOTVe HepaBeHCTBa], To BekTop e

COBITAJAIOIIVIM C TPaIMIeHTOM

MOKHO BBIOpaTh

of (x,, xy,..., ;)
ox,

of (x), x5, ..., 2,)

grad f(x®) = ox,

of (x;, xy,...,,)
ox

n x=x®)

1esieBoit pyrrmm f(x) [torma e =grad f(x(k)) OyIer yka3blBaTbh HaIpaBJe-

HIe HaJICKOpeiiiero Bo3pacTanusa GpyHkumm f(x) B Touke x* .

(k)

Ecim sxe x' sABJseTca IT'paHMYHOIM TOYKOVM MHOMECTBA JOIIYCTUMBIX

pelenuii, To HeKoTopble 13 HepaseHeTs (5.1.2) B Touke x obpamaroTcsa B pa-
BeHCTBA. B 3TOM ciIydae [IBUsKeHNUe B HAIPABJIEHNN IPaIIeHTa MOKeT BbIBec-
TV 3a TIPeJIeJIbI MHOYKEeCTBA JOITyCTUMbIX PeIlTeHMiL.

B 5TOM cirydae BO3MOKHOE HallpaBJIeHIe

()
el

e
k 2
e()— .

e(k)

n

(k

BO3pacTaHusa 1eseBoit pyunximm f(x) B Touke x' BEIGMpaeTcsa Tak, YTOOLI

BBITIOJIHAJIVICH CJIegyronme y CJ OB U A.

(k)

1. Yron mesxxy BexTopom e u Bexropom grad f(x*) momxen GeiTh Kax

MOSKHO MEHDBIIINMM.

2. JLyist KasK/I0r0 U3 OTPAHUYEHUNA © =1y, 1y, ..., T, , AKMUBHBLL B TOIKE x* (1. e.

(k) (k)

oOpalljalolMXcs B TOUKe X B CTPOIVe paBEHCTBA), YTOJ MeXKy BEKTOPOM €
Y1 BHEIIIHE) HOPMAaJIbIO K TUIIEPIIJIOCKOCTY

mT,={xeR" z%x]:bi ;

1
10X,

o o k
KacCaTeJIbHOM K I'PaHUIIE MHOKECTBa JOIITyCTUMMbBIX PEIICHVNM B TOYKE X( ), Ad0JI-
JKeH ObITb He MeHbIIIe TE/2 (’I‘. €. BEeKTOp e(k) AJOJIMKEH OBITH HallpaBJIEH BHYTPb

MHOsKeCTBa JOIIYCTUMMBIX peI.UeHM]’Z 3anafm).
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1
3. BeKTOp e() AJOJIKEH OBITH OTPaHMYEHHBIM — IIOCKOJIBKRY HalIpaBJIEHUE

ornpeneJaeTcA C TOYHOCTBIO JO IIOJIOMKMUTEJIBHOTO MHOMIUTEJIA, JaHHOE yCJIOBIIE

obecreurBaeT 0JHO3HAYHOCTE BEIGOpa e .

OTU yCJOBUA IIPUBOAAT K IIOCTAHOBKE CJIEIYIOIIEN 3aJadn:

- (gradf(x”” ),e””) Z af(gx(k)) — magx, (5.1.14)
j=1 &L

o, (x™ .. .
(grad(pi(x”ﬂ,d“):Z%e;’”<0,z:11,12,...,1q,
j
n
2 Jel<1
-1

=1
! (5.1.15)
JaHHYI0 3a7lady MOKHO CBEeCTU K 3ajade JIMHEHOTO IIPOrpaMMMPOBAaHNA,

ILJISL 9TOTO HYKHO IIpeJCTaBUTh IIepeMeHHbIe e( ) (KoTOpBIE TIO CMBICJTY 333U

(5.1.14)—(5.1.15) moryT npmMHMMATh 3HaUYEHNUA IIPOU3BOJBHOIO 3HAKA) KaK pas-

Hocty e’ =e) —e!” HOBBIX HeOTpHUIlaTeNbHBIX IEpeMeHHBIX e, >0,
] >0 u n1o0aBUTH yCJIOBUA e e =00G=12..,n).
IIpu aToMm
0= vel, [e]= el et
u 3anaya (5.1.14)—(5.1.15) npumeT BuL
0
Z f(x )( ;’i’ ;’f))—>max, (5.1.16)
= ox;
< a([)l (X ) (k) (k) . S .
ZT( i+ e )< 0, 1=1},1,..., 1,
j=1 i
(5.1.17)
See T
j=1 j=1
eel” =0, j=1,2,. (5.1.18)

>0, >0, j=12,...,n (5.1.19)

]+

OTy 3aZlady IIOcJie BBeJEeHMs (PUKTUBHBIX IIepEeMeHHbBIX (IJid Ipeobpas3oBa-
HUA K IPeAIIouYNTaeMOMY BUAY) MOYKHO PEIIUTb CUMILIEKCHBIM MeTonoM. Ilpn

(k) (k)

9TOM IJIA ydeTa YCJIOBI/I]'/I 6 =0 IIpn BBbIUMCJINTEJIbHOM peaJm3anqmunm CrM-

IIJIEKCHOTO MEeTOoJa HeO6XO,Z[I/IMO cJeIuThb 3a TeM, 4YTOObI He BBOAUTH B 0as3uc of-

1) )

HOBPEMEHHO [TIePEMEHHBIE €, U e1 C OIMHAKOBBIM MHJIEKCcOM j (7 =1, 2, .., n).

MPUMEP 5.1.2. Tpebyerca HaiTH TPUOIMIKEHNE K ONTUMAJIbHOMY PEIIeHI0
3aJlauy BBIIIYKJIOro IIporpaMMmypoBanud (5.1.9)—(5.1.11) u3 npumepa 5.1.1, nja
Yero IPOBECTU TPU MepBble UTepaly MeToJla BO3MOYKHBIX HallpaBJIeHUI, BbI-
OpaB B KaueCcTBe HAYAJIbHOTO IPUOJIMIKEHNA BEKTOP
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x = ! .
8

Pewenue. Kak 6b1510 Tokazano B npumepe 5.1.1, HavaJabHOEe IPUOIMIKEeHNE

£ = 1
8

ABJIIETCA BHY TP € HH € 1 TOYKOJM MHOKeCTBa JOIIYCTUMbIX PelleHM.
Ouepennoe npubmskenne X' K ONTYMAJLHOMY PeIIeHNIo 3aa4y BeIbepeM
B HaITpaBJIEHNM HAMICKOPENIIIETr0 BO3pacTaHNUA 11eJIeBOM (DYHKIINN:

~2(x, - 8) —9(1-8)) (14
-2(x,-8))| ., \-28-8)) | 0)
HajtzmeM rpaHnIIb] II1aTa CMeIle s h B HaIlpaBJIeHUH e, PV KOTOPOM TOYKa

0o [ L), (14 _[1+14R
8 0 8

OyZeT ocTaBaTbCA BO MHOMKECTBE JOIIYCTUMBIX PEIIeHUil. SaluiieM yCJIOBUA
JIOITy CTUMOCTU:

eV =grad f(x”) :(

3(1+14h)+8<15,
1+14h +8 <10,
1+14h >0,

8>0.

Permennamu 5Toit cucTeMbl HEPaBEeHCTB ABJIAIOTCA Bce h e[—1/14;1/14]. Bri-
Oepem h 13 3TOrO OTpE3Ka TakMM 0O0pa3oM, YTOOBI 3HAYUEHNE I1eJIEBOI (PYHK-

(

mm f(x) B Touke X =x” + he” 6b1710 MakCUMATIBEHEBIM.

111 3TOrO HalileM TOUKYy MaKCcuMyMa yHKIN
®,(h)=f(x* + he®)=—(1+14h —8)* —(8—8)* =—(14h —7)* =—49(2h — 1)}

oIHOV mepeMeHHOIt h Ha oTpeske h e —[1/14;1/14].

ITponsBoguasa ®j(h)=-49-2(2h —1)=-98(2h —1) obpalaercsa B HyJIb B TOUKe
h=1/2, nonosxxknrenpHa npu h<1/2 u orpunaresbHa mpu h>1/2, nostomy
Touka h=1/2 sABisAeTcAa TOUYKON IyobasbHOTO Makcumyma pyHrumm O (h), a
MakcumyM pyarimm O (h) Ha orpeske he—[1/14;1/14] mocTuraercs B TOUKE
h"=1/14.

Taxum o6pasom, eco BBIOpaTh mar cmemenusa h'”) =1/14 B manpasienun

o _[14
0

HaMCKOpeJiIero pocra 1esesoit pyHkrym f(x), To Ipu ABMMKEHUM OT TOUKI
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K TO4YKeEe

< = x© 4 B0e® — 1+14h" _(2
8 8

resteBas PYHKIMA BO3PACTET HaMOOIBIIIM 06pa3oM, a Touka X ocTaHeTcs BO
MHOYK€eCTBe JJOIIYCTMMBbIX PellleHNI.
VlTak, oJsryumsy HoBoe IIpUOJIsKeHNe

K OIITMMAaJIbHOMY pelileHuto 3agaun (5.1.9)—(5.1.11).

IlepexogMM KO BTOPOMY HIary MeTOJa BO3MOYKHBIX HaIlpaBJIEHU.
Toura x" aBnsgerca r PaHMYHONM TOYKOM MHOMKECTBa JOIIYCTUMBIX pe-
LIeHMIT; BTOpoe 13 orpaHmdeHnit (5.1.10) BbIIIOJHAETCA B 9TOM TOYKe KaK pa-
BEHCTBO, a IepBoe orpaHmdenue (5.1.10) n oba orpanmdenusa (5.1.11) — kak

CTpPOrve HepaBEeHCTBaA:

3:2+8<15H,
2+8=10,
2>0,
8>0.
HOSTOMy €CJIM ABUTaThbCA B HalIPaBJIEHUN
gradf(x“))z —2(x, - 8) _ —2(2-18) _ 12
—2(x, —8) - -2(8-8) 0

HalICKOpeIIero Bo3pacTanus 1eJeBoli PYHKIMY, TO HOBOe IIPUOJIVIKeHNe MO-

3KEeT BBIATY 3a TPAHMIIbI 00JIACTH JOIIYCTMMbIX PEIIeHNA, T. €. HallpaBJIeHe
12
grad f(x") = 0

He ABJIAETCA BOSMOMHBIM B TO4YKE

2
xV =
8
BoamosxHOe HanlpaBJeHME
o_[e’
¢ =l o
e2

@ priGepeM Tak, 4TOOBI OHO

BO3pacTaHuA Hejesoit pyuxmym f(x) B Touke X
ABJIAJIOCH ONTUMAJIbHBIM perlieHueM 3agaun (5.1.14)—(5.1.15), koTopasa B maH-
HOM CJIydae MMeeT BU/I
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z=12e" +0e!’ — max, (5.1.20)

(5.1.21)

YTo0bI cBECTM DTY 3a4avy K 3aJade JIMHEHOrO IIPOrpaMMIPOBAHNA, IIPe-
ctaBuM mepemennble el 1 el Kak pasHOCTV HOBBLIX HEOTPUIATEJILHLIX TIepe-

menHbIX e’ >0, eV >0, e’ >0, e’ >0:

@ @D 1 1 1 {1

€ =€, —€e., €, =€, —€_,
npmuyem
1) ,(1) 1,0 _
e.e =0, e e =0.
ITpnu aTOM
‘611)‘_ 1) +el ‘e(l) _ez+ +e(1)

u 3agada (5.1.20)—(5.1.21) mpumeT BULA
z=12eY —12¢” — max,

el —elV +el) —el’ <0,
e +e +ey) +ey’ <1

)
(1), (L), _
e e =0, e e, =0,
) M~ M M
>0, ¢ >0, e, >0, e, >0.

Bynewm pemats 3Ty 3azilady CUMIIJIEKCHBIM METOJZIOM, BBes IIpeJBapUTeJIbHO
JIOTIOJIHATEJIbHbIEe IIepeMeHHble S, U §,, YTOObI NIpeodpa30BaTh HEPaBEHCTBA B
paBeHCTBa:

z=12¢!” —12¢!” — max,

eV —elV +el) —el’ +s =0,
el +el +el! +e(” +32=1,
e =0,
egljez ' =0,

W~ oV W M
e, =0,e” >0,e,, >0,e,’ >0.

Ilns yaera yeqosuii ellel’ =0, el’el” =0 npu BurumMCIMTEIbHO peamM3aImn
CUMILJIEKCHOTO MeTojia OyneM cJenuUThb 3a TeM, UYTOObI He BBOAUTDL B 0a311C OQHO-
BpPEMEHHO IlepeMeHHEle e, u e (j =1, 2).

CumrniekcHasa Tabauiia mpescraBieHa B Tab. 5.1.2.
B pesyJsbTaTe MBI IIOJIYUYIMJIM OIITUMAJIEHOE pelleHye
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eV =1/2, eV =0, e’=0, e’=1/2.

samaun (5.1.22)—(5.1.25).
Tabnumya 5.1.2

) 12/-12] 0 [0] 0 | O
€| Paonel M Tl e [0 s s,
0] s 0 1] -1 1 |[-1] 1 |0
0| s 1 1| 1 1 [ 1] 110

Zo—2z | 0—z [—12| 12 0 0 0 0
12| eV 0 1 | -1 1 |-1] 1 0
0| s, 0 2 0 21 -1 11

2,-2|0=-z1] 0] 0 12 |-12| 12 | 0
12| eV 12 [ 1] 0 1 |0 [1/2]1/2
0] e 1/2 | 0 1 0 1 |=-1/2|1/2

2,—2 | 6-2| 0|24 | 12 |0 | 6 | 6

Teneps JIETKO HAVITH ONITUMAJbHOE perteHne 3agaun (5.1.20)—(5.1.21):
eV =el) e =1/2, e’ =el) e’ =-1/2.

Tem CaMbIM, MBI ITOJIYYMJIV HaIIPpaBJIEHNVE O4YEePEeJHOrO IIara:

w12
\-1/2)

HajtzmeM rpaHnIIbl II1aTa CMeIre s h B HaIlpaBJIeHNN e, IIpY KOTOPOM TOYKa

<@ = xD 4 he® — 2 ‘h 1/2 _ 2+h/2
8) "\-1/2) | 8=n/2

OyZzeT ocTaBaThCsA BO MHOYKECTBE JOIIYCTUMBIX pellleHuit. VimeeMm:

32+h/2)+8—-h/2<15,
2+h/2+8-h/2<10,
2+h/2>0,
8-h/2>0.
Touka x'” ocraeTca BO MHOXKeCTBe J[OIYCTUMBIX peIIeHMiI IpU Bcex
h €[—4;1]. Beibepem h u3 5TOr0 OTPE3Ka TakKUM 00pa30M, YTOOLI 3HAUEHVIE T1e-
JeBoit pyHKIMM f(X) B Touke X OBLIO MAKCHMAJIbHBIM.
1 9TOTO HalileM TOUKY MaKcuMyMa (OYHKILIN
= f(xV +he®)=—2+h/2-8)"—(8—h/2-8)* =
=—(h/2-6)—-h*/4=—h*>/2+6h—36

OIHOV TepeMeHHOIt h Ha oTpe3ke h € —[4;1].
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ITponseoguasas @) (h)=-h+6 obpamaercsa B HyJab B TOuKe h =06, IOJOMKN-

TesibHA IIpU h <6 1 oTpunarenbHa npu h > 6, mosromy Touka h =6 ABiAercsa
TOYKOI IJo0asbHOrOo Makcumyma GyHruym O (h), a MakcuMyM QYHKIUNI

@, (h) Ha oTpeske h €[—4;1] nocTuraercs B TOUKe hY =1.

Taxum 06pasom, eca BeIOpaTh mar cMmemenus h' =1 B HanpaBIeHNN

(172
l-1/2

HalCKOpeIiIero pocTa 1eJsesoit pyHkmym f(x), To Ipu ABMMKEHUM OT TOUKI

xV = 2
8

<@ = x4 B0e® — 2+h" /2 _[5/2
8—h"/2) (15/2

K TO4YKEe

(2)

IjeJieBad CbYHKLU/IH BO3pacCTeT HaMOOJIbIIIIM 06pa30M, a TO4YKa X ° OCTaHeTCHd BO

MHOKECTBE JIOITyCTUMBbIX PeIlleHNIL.
VTak, nosyunsim odepeiHOe IPUOIMKeHNe

(o _[5/2
“l15/2

K OIITMMaJIbHOMY pelieruto 3agaun (5.1.9)—(5.1.11).

Haumnaem TpeTwuiy 1mar mMeTola BO3MOYKHBIX HallpaBJIEeHMIA.

2 o o
Touka X() ABJIACETCA TPaHMUMYIHONM TOYKOM MHOMKEeCTBa OOIIYCTMMBIX pellle-

Huit; 0b6a orpanndennus (5.1.10) BBIIOJIHAIOTCA B 9TOV TOYKe KaK PaBeHCTBA, a
06a orpanmyenus (5.1.11) — Kak cTporue HepaBeHCTBA!

3-5/2+15/2=15,
5/2+15/2=10,
5/2>0,

15/2>0.

HOSTOMy €CJIM ABUTaTbCA B HalIPaBJIEHUN

—2(x, - 8) —2(5/2-8)) (11

-2x,-8)) ., \-215/2-8)) (1
HaJICKOpPENIIIero BO3pacTaHnsA 1ieJeBo (PyHKIMM, TO HOBOe NPUOJIMIKeHre MO-
SKeT BBIVITU 3a IpaHMIlbl 00JIaCTY IOIIYCTYIMBIX PEIIeHN, T. e. HallpaBJeHye

grad f(x®)= (Tj

grad f(x®) =£
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He ABJIAETCA BOSMOMHBIM B TO4UKE

5/2
x? = .
15/2
CocTaBuM 3a7a4y JIMHEHOTO IIPOTPAMMMPOBAHUA OJIA ONpefeJIeHUs BO3-

MO>KHOTO HampasJyeHus e :

z=11e?” —-11e? +e!? — e — max,

@) @ 4 L, _ @
3e, —3e,” +e,’ —e,” <0,

@ _ @ 4,0 _,®
e, —e’ +e, —e, <0,

+

©) @ 4,2 @
e, +e” +e, +e, <1

e =0, e =0
e? >0, e® >0, e¥>0, e?>0.
OnruMmaJibHOEe penaieHmne 3TOMN 3aladM paBHO
e’ =1/4, ¥ =0, e’ =0, e? =3 /4

(cumriekcHadA Tabisuia mpencraByeHa B TabJ. 5.1.3), OTKyZa HAXOOMM Ha-
IIpaBJIEHNE OYePeJIHOTO 11ara
1/4
e? = )
-3/4

Hajimem rpaHMIIbI IIara CMelrieHnsa h B HarrpaBJeHny e, IIpy KOTOPOM TOYKa

) = x® 4 he® = 5/2 ‘R 1/4) ( 5/2+h/4
B “l15/2 -3/4) \15/2-3h/4

OyzeT ocTaBaTbhCA BO MHOYKECTBE JOIIYCTUMBIX pelleHuit. Vimeem:

35/2+h/4)+15/2-3h /4 <15,
5/2+h/4+15/2-3h/4<10,
5/2+h/4>0,
15/2-3h/4>0.
OTOJ CUCTEME HEPaBEHCTB yAoBJIeTBOPAIT Bce h €[0;5]. Beibepem h us sto-

ro OTpe3Ka TaKuM 00pa30M, YTOObI 3HAUYEHNMeE 11eJiIeBoV (PyHKIMM (5.1.2) B TOUKe

x® =x® + he® 6bLIO0 MaKCHMAJIbHBIM.
1 9TOTO HalileM TOUKY MaKcuMyMa (OYHKLIN

®,(h)=f(x? +he®)=—(5/2+h/4-8"—(15/2-3h/4-8)* =
=—(h/4-11/2°—(3h/4+1/2)
OoOHOV mepeMeHHOIt h Ha oTpeske h € —{0; 5].
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Tabnuya 5.1.3

5 11 =11 1 [-1] 0 | 0 | O
¢ | Basuc h O @ | @ [ s s | s,
0| s, 0 3] -3 -1/ 1 |0 |0
0| s, 0 1| -1 -1/ 0| 1]0
0| s, 1 1] 1 1] 0 |0 |1

2=z | 0—z |[-11| 11 | -1 0| 0|0
0| s 0/ 0 | 2 f2]1]-3]0
11| e? 1| -1 1 |-1] 0 1|0
0| s, 1 0 0 |20 |-1]1

2p=2 | 0-z |0 10 |-10[ 0 | 11 | 0
-1 €Y 0 0 0 -1 |1 ]1/2|-3/2| 0
11| e? 0 1| -1 0 |1/2]-1/2} 0
0| s, 1 0| 2 0|-1]2]1

20—z 00—z | 0| 0 0| 5 |-4]0
-1 e¥ 3/4 | 0 |3/2]1/2 | 1 |-1/4] 0 |3/4
11| e? 1/4 | 1 [-1/2| 1/2 | 0 |1/4| 0 |1/4
0| s, 1/2 | 0 | 1 1 |0 |-1/2] 1 [1/2

2=z | 2=z ] 0 | 4 4 |0 |5/2] 0 | 4

ITponseoguasa ®,(h)=(8—-5h)/4 obpariiaerca B Hyab B Touke h=8/5, mo-
JoxkutesbHa npu h<8/5 m orpunarenbHa nmpu h>8/5, mMosTOMY TOYKa
h=8/5 aBysgerca To4ukoil raobaspHOro Makcumyma pysrnum ®O,(h) u Toukoii
JIOKAJILHOTO MaKCUMyMa 3Tol PyHKIMM Ha oTpeske h €[0;5].

[Tosrygaem ouepenHoe IPUOIIVIKEHNE:

@ [ 8/2+2/5) (29/10
* _(15/2—6/5J_[63/10j'

JVlTepalyioOHHBIN IIPOIECC MEeTO/la BO3MOSKHBIX HAITPaBJIEHUI MUJIJIIOCTPUPY-
ercsa puc. 5.1.1.
SameTuMm, uto X' — 5T0 TouHOE pemenne 3amaun (5.1.9)—( 5.1.11); oHO 6BI-
JIo mmoJty4eHo B mpumepe 5.1.1. U

OnuieM Tereps MeToJ, yCJIOBHOro rpaaueHTa. Ilycrs X' — ouepenoe mpu-
O/vKeHVe K ONTUMAJBHOMY PEeIIeHMIO 3aJauyl BBITYKJIOTO IIPOTPaMMPOBaHNA

(k)

(5.1.1)—(5.1.2) — Takad TOYKa X ~ MHOKECTBA JOIMYCTUMBbIX PEeIlleHNi1, YTO

grad f(x®)=0.

(k)

Torga B OKpEeCcTHOCTM TOYKM X =~ IejeBad (PYHKUUA f(X) MOKeT OBITb

IIpe/iCTaBJIeHA B BIUJE
f(x)=f(x*)+ (gradf(x(k) ), x — x”")) +o(lx —x®]).
ByzmeM MaKCHMM3MPOBATh HA JIOITYCTVIMOM MHOYKECTBE JIMHENHYIO (DYHKIIIO
y P y Yy y
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fi(x)=(grad f(x¥),x -x¥), (5.1.22)

KoTOpas ABJAeTcA IpubmskerneM pasHoctu f(x)—f(x*) ¢ rounocrsio mO

BeJIMYNHBI o(”x — x(k)”) .

| s

1 2 34 5 6 7 8 910

Puc. 5.1.1. Imepayuonnsvli npoyecc memooa 803MOHCHBLL HANPABACHUL

IIycts X' — perrenne BeroMoraTeIbHOM 3a1a4y MAKCUMU3AI (QOYHKIN

(5.1.22) nmpu orparnuennax (5.1.2).

Caenyormiee mpubsmkernne X k onTUMaIbHOMY pPEIIEHMIO MCXOTHOM 3a-

nagn (5.1.1)— (5.1.2) mocTpoum 1o popmyJie
x* =x® 4 p (¥ - x®) (5.1.23)
B KOTOPOIt BeJruamHy 1mara cmenierns h'® BoibepeM Kax

h% =min{;; A%}, (5.1.23)

rne h" BoIGupaeTca u3 yciaoBysA HAMOOJBIIIETO POCTA II€JIEBOI (PYHKIMM f(X)

IIpu rnepeMenieHnm 13 TO9YKM X(k) B TOYRY

X(k) + ﬁ(k) (f((k) _ X(k) ) .

Torza, IOCKOJILKY MHOKECTBO JIOIIyCTUMbIX peltreHnii Beimrykio, a h* €[0;1],

touka x ™ (5.1.23) ocTaHETCSA NOITYyCTUMBIM PEIITeHIIEM.

OTrMmeTum, 4TO BCIIOMOraTeJibHas 3aJada MakcuMusauuy QyHrimu (3.5.22)
mpu orpaHnydenuax (5.1.2) ABjdeTcsa TakyKe 3ajadell BBITIYKJIOIO IPOTpaMMU-
poBaHnud. IIpoiecc ee pelrenne okasblBaeTCs, OJHAKO, JOCTATOYHO IPOCTHIM B
cJaydae, Korjia orpaundesud (5.1.2) ABJIAIOTCA JIMHETHBIMIL.
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MPUMEP 5.1.3. Tpebyerca HaiTH TPUOIMIKEHNE K ONITUMAJIBHOMY PEeIleHNI0
3aJa4y BBIIYKJIOro TporpaMMmypoBannusd (5.1.9)—(5.1.11) us npumepa 5.1.1, nia
Yero IPOBECTM TPU IlepBble UTepaIy MeTola YCJIOBHOIO TpajiieHTa, BbIOpaB B
KauyecTBe Ha4YaJIbHOTO IIPUOJINKEeHN A BEKTOP

x = ! .
8

PeweHne. Kak Ob110 TOKa3aHo B nipuMepe 5.1.1, HagatbHOE TPUOJIKEeHNe

£ = 1
8

ABJIAETCA JOIIyCTUMBIM peliteHueM. [Ipu sTom

—2(x; - 8) —2(1-8) 14
-2(x,-8))| ., \-28-8)) \0)
ITocTaBuM BCIIOMOTaTeJIbHYIO 3a/lady MakcuMu3anuuy pyHrunu (5.1.22) mpn
orpaHnyenusax (5.1.2):
f,x)=(grad f(x®), x —x®) =14(x, ~1) + 0(x,, - 8) = 14x, — 14 — max,

3x;, +a, <195,
x, +x, <10,

grad f(x©) = (

x, =20, x,>0.

OnTuMaJibHOE pellleHye 3TOoi 3aJa4uM PaBHO

%O — 9
0

(cumIIeKkcHadA TabJsmia npejcTaBjaeHa B Ta0JL. 5.1.4).

Tabnuuya 5.1.4

¢ | Basuc h 14 0 0 0
x, | x, x, |x,

0 x, 15 3 1 1 0
0 x, 10 1 1 0 1
2y—2 | 0—z |—-14| 0 0 0

14| =, 5 1 [1/3]1/3 ] 0
0 X, 5 0 |2/3|—-1/3| 1
2,—2 | 0—z | 0 |14/3|14/3| 0

Bribepem h'” u3 ycsoBusa HambosbIero pocTa 1ies1eBoit pyHKIMM f(X) mpu
IepeMeIleHnN 13 TOYKNI
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B TOYKY

. (0)
X(O) + fL(O) (i(O) _ X(U)) — 1 + ﬁ(O) 5-1 — 1+ 4}3
8 0-8) (8-8n"

Paccmotpum pyHKIINIIO

1+4h ) )
(Do(h):f(8_8hj:—(1+4h—8) —-(8-8h-8)" =

=-16h* +56h —49 —64h* = —80h® + 56h —49.
IIponsBonHasa

@' (h)=—160h +56

oOpamaeTrcsa B HyJIb B Touke h=56/160=7/20, nosmosxkutenbna npu h<7/20

1 oTpuuaTesbHa mpu h>7/20, mosromy Touka h'" =7/20 ABiserca TOUKOIL
rsob6aJsibHOrO MakcumyMma pyHkrumm @ (h).

Besmrunny mara cmernienus h'” BeibepeM Kak
h" =min {1, A" } =min{1;7/20} =7/20

1
7 IIOCTPOMM CJieaYyIoIIee HpI/I6JII/I?KeHI/Ie X()

XOOHON 3aJay4l.

=0 o (50 o), 731 1+4:7/20_(12/5)
8) 20l0-8) (8-8-7/20) (26/5

IIpu sToM
_(—2(02/5-8)) (56/5
| -226/5-8)) |28/5)
ITocTaBuM BCIIOMOTaTeJIbHYIO 3a/lady MakcuMu3auuy pyHrunu (3.5.22) mpn
orpaHnyenusax (5.1.2):

f,(x) :(gradf(x(”), x—x‘”) 25—56(1'1 —%)+25—8(x2 —%) :55—6x1 +2—583c2 —~56 — max,

K OIITMMaJIbHOMY PEIIeHUIO MC-

gradf(x(l)) _ (—2(1'1 _8)j

—2(a, —8)

x=xV

3x, +x, <15,
x, +x, <10,

x, 20, x,>0.

OnrumaJibHOE pelIeHne 9Tol 3aJa4uy PaBHO

0 _ 5/2
“l15/2

(cumIIeKcHadA TabJsmia mpejcTaBjaeHa B TadJL. 5.1.5).
58



Ta6bnuya 5.1.5

< |Baane| n 126/5] 28/5 [ 0 0
X, x, x, x,
0| o [156] 3 1 1 0
0| o |10] 1 1 0 1
z,—2|0—-2|-56/5| —28/5 | 0 0
56/5| x, | 5 1 1/3 | 173 | o
0| « | 5 0 2/3 | -1/3] 1
Z,—-2|0-2| 0 |-28/15|56/15| 0
56/5| x, |5/2| 1 0 1/2 | -1/2
28/5| x, |15/2| 0 1 | -1/2| 3/2
z2,—2(0-z| 0 0 |28/5]28/5

Beibepem h"Y 13 ycsoBusa HanbOJIBILIErO POCTa LeJIeBoil PyHKIMM f(X) Ipn

IepeMeleHnn 13 TOYKNU
(1275
26/5
B TOUKY

H ()
<V + RO (g0 _X(1>):(12/5j+ﬁ<1)[ 5/2-12/5 j: 12/5+hi /10
26/5 15/2-26/5) |26/5+23h" /10

Paccmorpum pyHKINIO

@gh):f( 12/5+h/10 )z—u2/5+h/10—8f—{26/5+23h/10—8f:
26 /5+23h /10
(zﬁj(@&j
10 5 10 5
IIponsBognas

(I)i(h):_2(£_§ji_z(ﬁ_ﬁj§:_1(53;1_70)
10 510 10 510 b)

obOparmiaerca B HyJib B Touke h=70/53, nososkuresnpua npu h<70/53 u or-

punatesbaa npu h>70/53, nosTomMy TOYKa RV =70 /53 ABJAETCA TOYKOM
rao0asibHOrO MakcumyMa pyHknum @, (h).

Bemmunny mara cmemiesns h'” Beibepem Kak
h"Y =min{}; A"} =min{1;70/53} =1
7 IIOCTPOMM CJieaYyIoIIee HpMGJIM?KeHI/Ie X(l) K OIITMMaJIbHOMY pPEIICHUIO MC-
XOOHOM 3aJay4.

5/2
x® =x® 4+ RO (g0 - x®) = x® 4 gO _x® = g® = .
15/2

IIpu sToM
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—2(ac, - 8) [ —2(6/2-8)) (11
~2x,-8)) ., \-215/2-8)) (1)

ITocTaBMM BCIIOMOraTeJIbHYIO 3a/lady MakcuMusanmy pyHrimm (3.5.22) npu
orpaHmnyenuax (5.1.2):

f(x)=(grad f(x®),x —x®)=11(x, -5/2) + x, - 15 /2 — max,

3x, +x, <15,
x, +x, <10,

grad f(x?) = (

XZX<

x, =20, x,>0.

OnTuMaJibHOE pellleHye 3TOM 3aJa4uy PaBHO

i(l) — D
0

(cuMmniekcHadA TabJsuila IpesicTaBjaeHa B TadJL. 5.1.6).

BoiGepem h® us ycsoBus HanboJIbIIEro pocTa LeseBoil pyHKIpm f(X) Ipu

5/2
x® = /
15/2
B TOYKY

C2)
x(2)+ﬁ(2)(i(2)—x(2))=[5/2J+ﬁ‘2)[ 5—5/2j: 5/2+5h~ /2
15/2 0-15/2) |15/2-15R%? /2

ImepeMerennm 13 TO9YRKNU

Tabnuuya 5.1.6

¢ |bBasuc| h 1 L 0 0
X, x, x, x,

0 x, 15 3 1 1 0
0 X, 10 1 1 0 1
Zy—2|0—z| —11 -1 0 0

11 x, 5 1 1/3 1/3 0
0 X, 5 0 2/3 -1/3 1
Zy—=2|0—2z| O 8/3 11/3 0

Paccmorpum (pyHKINIO

®,(h)= 0/2+50/2 5/2+5h/2-8)*—(15/2—-15h /2—-8)* =
2()—f15/2_15h/2——(/ /2-8)"—(15/2-15h /2-8)" =
L2 2 2 2) 2 2 2 2)°
IIponsBonHaA
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cD;(h)=—2(@—1—1)§—2(@+1)1—5=—§(50h—8)=—5(25h—4)
2 2)2 2 2)2 2

obparaeTrcd B HyJib B Touke h =4 /25, nojoskuresbHa nipu h <4 /25 u orpuna-
TeJbHA IIpU h >4 /25, 103TOMYy TOYKa h® =4/25 sBaserca TOYKOI ryobab-
Horo makcumyma pysrimm O, (h).

Beanunna 1mmiara cmernenns

h? =min{;;A?} =min{L;4/25} =4/25

U IIOCTPOUM CcJleAyollee NpubMKeHne K ONTUMAJbHOMY PeIlIeHNI0 MCXOLHOM

3aa4n.
X(g)=X(2)+h(2)(i(2)—x(2)): 5/2 +i 5-5/2 _ 29/10 o
15/2) 25\0-15/2) (63/10

IlepeiimeM K pacCMOTPEHMIO METOAA INTPA(gPHBIX (PYHKIMUIA, 1171ed KOTOPOro
COCTOUT B IIepexojie OT 3aJauM YCJIOBHOM MakcuMmmzaumy pyskuum (5.1.1) mpn
orpaHnueHnaAx (5.1.2) K mocaenoBaTeJbHOCTM 3aJa4 0e3yCJOBHOV MaKCUMMU3a-
887071

f.(x) = f(x)+ ¢, (x) > max, k=123,.., (5.1.24)

rre pyHKRIVM @, (X) ¢ pocToM k Bce B DOJIBIIIEl CTEIEHM YUMTHIBAIOT OrpaHuYde-
HuA (5.1.2). Jna sroro dpyHKIMM ¢, (X) HOAOMparoTcA Tak, 4ToObl f, (X) mIpnu
O0JIBIIIMX K MaJIO OTJIMYAJINCE OT f(X) IPMU X, YAOBJIETBOPAOIINX OrPaHNIYEHUAM
(5.1.2), n 6bICTPO yOBIBAJIM MIPU yAAJEHUM X OT MHOYKECTBA JIOIIYCTUMBIX peIle-
Huit. BoJstlee cTporo, mocJsie0BaTENbHOCTD (PYHKIMIA {(pk(x)}; Ha3bIBAETCA NO-

caedogamenvHocmuvro wmpagprvle pyHryul aia 3agaun (5.1.1)—( 5.1.2), ecan

lim g, (x

k—o

)_{0, ecim @, (x)<b;, 1=12,...,m,

—00, ecJM XOTA Obl OQHO 13 HepPaBeHCTB @,(x) < b, HapylaeTcs.

Takyio mocCJIeloBaTeJbHOCTh IMITPAa(HbIX (PYHKIINI MOYKHO OIIPEeNesUTh,
HaIlpuMep, TakK:
Q. (x)= k(P(X) )
rae

o)== (g:)’

i=1

) 0, ecn @,(x)<b,,
9; (X) =
¢,(x)—b,, ecan ¢,(x)>b,.

IIpu aTOM mOCIENOBATEJIBHOCTD peIleHnii 3a1ad 6e3yCcJIOBHOM MaKCuMM3a-
uyu (5.1.24) cxonurca (Ipu onpeneseHHbIX YCJIOBUAX) K PelIeHNI0 MICXOIHOM
zagaun (5.1.1)— (5.1.2), mosTOMy B KadecTBe IMPUOJIMIKEHHOTO pellleHnd 3a1a-
un (5.1.1)— (5.1.2) mosnararoT oyepegHoe peleHue 3anauu (5.1.24) mpu nocra-

k
TouHO Oosbiriom k: x" ~x™.
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Ecnu neneBasa (pyHKIMA 3a5lauy BBIITYKJIOTO IIPOrPaMMIUPOBaHUA ABJIAETCHA
KBaJpaTUYHON, a OTPaHN4YeHNA — JIMHEHBIMIY, TO PeIleHle BCIIOMOraTeJIbHOMI
3a/la4yy MOKHO HalTM TOYHO, IIOCJIe 4ero AJs oIlpefesieHUs OITMMAaJbHOTO
pellleHNs MCXOHOM 3a4ayuy IIepeiTy K npefesy npu k — oo.

MPUMEP 3.5.4. TpebyeTrcsa HaliTy ONTHMAaJbHOE pelleHlMe 3a/ladyl BBITYKJIOTO
nporpammupoBanna (5.1.9)—(5.1.11) u3 npumepa 5.1.1 ¢ HOMOIIbI0O MeTOHa
MTPadHBIX PYHKIIMIA.

k
Pewenue. IIpenmnonosxkmm, 4TO B TOUYKE x"

JpyHKLIMMA

MaKCHUMYyMa BCIIOMOTaTeJIbHOM

[ (%)= f(x)+ 9, (x)
BCe orpaHmdeHus mucxomguom s3agaum (5.1.10)—(5.1.11), koTopble MBI IIpescTa-
BIM B popMme
3x, +x, <15,
x, +x, <10,
—x, <0,
-x, <0,
HapyllaloTed, T. €.
3 + 2 > 15,
xik) + xék) >10,
—x® >0,
—x{” > 0.

Tornma
0. (x)= —k((le +x,~15)" +(, + a2, —10)" +(~x, —0)" +(~a, —0)2) =
= —Te((3a, +x, —15)" + (@, +x, —10)° + ()" + (2, )°),

2

fox)=—(a, ~8) —(x, ~8)’ —F((3x, + a2, ~15) + (2, + x, ~10)" + (, )’ +(, )} ),

%:—2 x, —8)—6k(3x, +x,—15)—-2k(x, + x,—10)—-2kx, =
ax 1 1 2 1
1

=—(22k + 2)x, — 8kx, +110k + 16,
%:_2(3;2 —8)—2k(3x, +x, —15)—2k(x, + x, —10) - 2kx, =
1

=—8kx, —(6k +2)x, +50k +16.

B Touke maxcumymMma (pyHKIMM f (X) HacTHble IPOM3BOAHBIE IO X, U X,
JIOJI?KHBI OBITh PaBHBI HYJIIO, OTKYJa

—(22k + 2)x, —8kx, +110k+16 =0,
—8kx, —(6k+2)x, +50k+16=0
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Jmm

(11k+1)ax, +4kx, =55k + 8,
4kx, +(3k +1)a, =25k + 8.

BrIpasuMm 13 1epBOro ypaBHEHU

55k + 8 — (11K + 1)z,
T2 = 4k

U IOACTaBMM BO BTOPOE YpaBHEHNE:!

55k+8—-(11k +1)x, _95%+8

dkcx, +(3k +1)

4k
Orcrona
s
IIpu sToM
5k —12k—17

50k* — 268k — 36

32+l —15=— 2
17k" +14k +1

171> + 14k +1° 7tz -10=-

[ockonbry mpu sobom k x>0, i >0, namre mpeamonosene o TOM, 4TO

BCe Or'paHMYEeHNs MCXOJHOM 3aJjayuy HapyIlIaloTCs, HEBEPHO.
BeigBuHeM gnpyryio rumoredy. IlpennososknMm, 4TO B TOYKe MaKCUMyMa
dbysrIMM f, (X) BBIIOJHAIOTCA TPEThe U YeTBePTOe OrpaHNYIeHN A MICXOAHOM 3a-

naygn (5.1.10)—(5.1.11), a nepBoe 1 BTOpOE OrpaHNYeHNA He BbITIOJHAIOTCA, T. €.
3 + ) > 15,
2 + 2l > 10,
—x” <0,
) <0.
Torna
0 (%) =~k (3, + x, —15)" —k(a, + 2, ~ 10)’,
f.(x)=—(x, -8)" —(x, —8)" —k(3x, +x, —15)" —k(x, + x, —10)",
k 1 2 1 2 1 2

Of

. =—-2(x, —8)—6k(3x, +x, —15)—2k(x, + x, —10) =—(20k + 2)ac, — 8k, + 110k + 16,
xl

Si: -2(x, —8)—2k(3x, + ax, —15)—2k(x, + x, —10) = —8kx, — (4k + 2)x, + 50k +16.
xl

B Touke makcumyMma (pyHKUMM f, (X) HacTHBle IPOM3BOJAHBIE II0 X; U X,
JIOJI>KHBI OBITH PaBHBI HYJIIO, OTKY A
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—(20k + 2)a, —8kx, +110k +16 =0,
—8kx, —(4k +2)x, +50k +16=0

Jmm

(10k +1)x, +4kx, =55k +8,
4kx, +(2k +1)x, =25k +8.

BrIpasuMm 13 1epBOro ypaBHEHU A

55k + 8 — (10K + 1)z,
ch 4k

U IOACTaBMM BO BTOPOE YpaBHEHNE:!

55k +8—-(10k +1)x,

dkex, +(2k +1) =25k +8.
4k
Orcrona
20 IOk: +39k +8 20, 2= 30k22 +73k+8
4k* +12k+1 4k* +12k +1
IIpu sToM
3x<k)+x<’c)_15:1mc—+17 2% 4 ™ _10= —8k+6 .
o 4k* +12k+1"~ o 4k* +12k +1

Iockonbry mpu smobom k x +xl” <10, mame mpesrmonosxkene o ToM, 4TO

BTOpOe OrpaHMYeH)e VICXOQHOM 3aJauy HapylIaloTcs, HeBEPHO.
PaccmoTpyM TpPeThi0 IUIIOTe3y OTHOCUTEJIBHO MECTOIIOJNOKEHA TOUYKN MaK-

cumyMa. IIpeamnosnoxmuM, 4To B ToOUKe MakcuMyMa (PYHKIMM f, (X) BBIIOJIHAIOT-
cd Bce orpaHnyeHns ucxogHoi 3agaun (5.1.10)—(5.1.11), kpome niepsoro, T. €.

3 + 2l > 15,
2 + 2l <10,
- <0,
(¥ <0.
Tornma
0, (x) =T (32, + x, —15)’,

fo(x)=—(x,~8)" —(x, ~8)" —k(3x, +x, ~15)’,

gi=—2(xl —8)—616(33(,‘1 +x, —15)=—(181€—|—2)3€1 —6kx, +90k + 16,
Xy

2@2_2(% —8)—2k(3x, +x, —15) = —6kax, — (2k +2)x, + 30k + 16.
xl
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B Touke makcumyMma (pyHKUMM f, (X) YacTHBle IIPOM3BOJAHBIE IIO X; U X,
JIOJI>KHBI ObITh paBHBI HYJII0, OTKYJa

—(18k +2)x; —6kx, + 90k +16 =0,
—6kx, —(2k +2)x, + 30k +16=0
NJin
(9k +1)x, + 3k, =45k + 8,
3kx, +(k+1)x, =15k +8.
Bbipasum 13 nepBoro ypaBHeHIA

_ 45k +8-(9k +1)x,
3k

&Ly

" I1oacCTaBMM BO BTOPO€E YPaBHEHNE!

45k +8—-(9k + 1),

Skx, +(k+1) =15k +8.
3k
Orcroma
ik)=M>0, x;’“:63k_+8>0
10k +1 10k +1
IIpu sTOM
10k +1 10k +1
xik)+x;k’—10:2_8k—+6< ,
4k* +12k +1

SHAYUT, HAIlIe ITPEeITIOJIOKEeHNe O TOM, UTO
3 + ) > 15,
2 + 2l <10,

—x” <0,

(k)
_xg < 07

OKa3aJIOCh BEPHBIM, M DTO O3HA4YaeT, YTO TO4YKa Oe3yCJIOBHOTO MaKCHUMyMa
dbysrIIMM f, (X) paBHa

o (@9%+8) /(10K +1)
* Tl (63k+8) /10K +1) )

IIosTOMy OonITMMaJIbHOE pPellleHNe NCXOAHOM 3aJa4ull OlIpefeiM KaK

lim ((29k +8)/(10k +1)) ) (29/10
lim (63K +8) /(10K +1) - (63/10}'

k—o

x" =1limx™® :[
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MPUMEP 5.1.5. TpeOyeTca HaliTu pubOIMIKEeHNEe K ONITUMAJIbHOMY PEeIleHNI0
3aJlauyyM BBIIYKJOro mnporpammupoBanuda (5.1.9)—(5.1.11) n3 npumepa 5.1.1 c
IIOMOII[bIO HaICTPOMKM «[Tonck pewwenus» maxkera Microsoft Excel.

Pewenune. Beenem B pabounii et Microsoft Excel dpopmyaibl, kKak mmokasaHo
Ha puc. 5.1.2. Jueiiku B1 1 B2 oTBegeM 1o KOOPAMHATHI BEKTOPA ONTUMAJIbHO-
TO pelleHnda 3aJa4n. 3aIyCTUM HaACTPOKY «[Mouck peLueHus».

A B A B
1 x = 1 x,
2 x, = 2 x, =
3| flx,x,)==—((B1-8)"2+(B2-8)"2) 3| flx,x)= 0
4 o,(x,, x,) = [=3*B1+B2 4 Q,(x,, x,) = 0
5 ¢, x,, x,) = [=B14+B2 5 0, X, x,) = 0
6 b, = 15 6 b, = 15
7 b, = 10 7 b, = 10
a) gopmyast Microsoft Excel 0) pesyavmam 88oda hopmya

Puc. 5.1.2. Vlcxoonwvie danHble
0ns peuweHus 3a0auuU 8bINYKA020 NPOPAMMUPOBAHUS
¢ nomow,bto Haodcmpouku «Ilouck pewerus»

B nosaBuBHIIeMcAa OKHe BBOJZIa JaHHBIX (puc. 5.1.3, a) yKaskeM A4eliKy, B KOTO-
PYyI0O BBeJleHa MaKCUMUBMpyeMas IieseBasd (PYHKUUA, U orpaHmdeHus (0es
ydeTa OTpPaHMYEHUII HEOTPUIATEJIbHOCTY, KOTOPhIE BBEJIEM B OKHE BBOJA Ila-
pameTpoB HaaCcTPolkM «[lomck pewenms» — cMm. puc. 5.1.3, 6).

PesysabpraThl paboTrbl HazcTpoiiky «[Mouck peluenus» IIpencTaBJIeHbl Ha
puc. 5.1.4. IlpensaraeM CTyZeHTY CAMOCTOATEJIbHO UX MHTepIpeTnpoBaTs. U

52.3apaHMe NPaKTUKYyMa

TpebyeTca HaliT MaKcuMalbHOe 3HaueHMe QYHKIUM f(x,;x,)=nx. +5x;
IIpM OrpaHuYeHnsax x, +2x, <18; 2x, +x,<16; x, >0; x, >0, roe n — HOMep
BapMaHTa.

BrauaJie Hy»KHO IPOBEPUTH BBINOJIHEHNME YCJIOBUS PETYJIAPHOCTH, M €CJM
OHO BBIIIOJIHSAETCHA, COCTaBUTh (PYHKIMIO JlarpaHska, 3ammucaTb ycJaoBus Ky-
Ha — Takkepa B nuddepeHaabHOM popMe U HaTY ONITUMAaJIbHOE pelleHne
3ajla4uM KaK TOUYKY, yAOBJIeTBOPAIOILYI0 yeaoBusaM Kyna — Takkepa.

3aTeM Hy KHO HaliTy IpuOJMsKeHNe K ONTMMAaJIbHOMY PelleHNIo 3aJaun, AJs
yero IIPOBECTY TPM IlepBble UTepallyy MeTOla BO3MOKHbBIX HallpaBJIeHN, a 3a-
TeM TPU IlepBble UTepaly MeToAa YCJOBHOTIO IpaJeHTa, BbIOpaB (Jd obonx
MEeTOJI0B) B KauecTBe Ha4daJbHOI'O NPUOJIMKEeHIA BEKTOD

IToTomM Hy»XHO HalITM ONTMMAaJIbHOE PEIIeHNMe pacCcMaTpyuBaeMOil 3aJadn C
IIOMOIIILIO MeToJia IITPa(HBIX (PYHKIINIA.

ITociie 3TOr0 HEOOXOAVIMO C IIOMOIIIBIO HAACTPOKM «[Tomnck peluenms» rmaxe-
Ta Microsoft Excel mpoBepnTh MpaBUIbHOCTD PEIIeHNA 3aJaUN.
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YCTEHOBMTE LENEEYHD AHEMKY: 5853 S

i BbINOMHWTE

PaBHoli: (% makomansHomy sHaderio  © HaueHWo! |El

{~ MMHMMANEHOMY SHEYEHHID
3MEHAA AYEKNM:

|5851:5852 ik_] Mpeanono#MTE |

€854 <= £BSE ﬂ OobaenTh |
$B%5 <= SBSY
HzmMeHHTE |

LI YaanuTe

SaKpeITE

FOrpaHuYeHMA: [apamMeTpel |

BoccraHoEMTE |
Cnpaska |

a) oxkHO 8800a OAHHBLL

MNapaMeTpbl NOMCKA PeleHnA

MaKCMManeHoe BPEMA: 100 CEKYHA | QK

MpegensHoe YMCno |MTepawi: | 100 OTmMeHa

OTHOMTENEHEA NOrpPeLHOCTE: ID,EIEIEIEIDI 3arpys|Te MOAENE. ..

OonycTHMOoe OTKNOHEHWE: |5 Yo CoxpaHuTe MOgEenb. ..

CXOAMMOCTE! IDrEIIZIIIIl Cnpaska

| e

[ DuHelinas mogens [T AsToMaTiueckoe MacwTabMpoEaHME

¥ HeoTpuuaTENLHEIE SHAYEHMA ™ MokaseiBaTs pESYNLTATE MTEDELIA

LEHKM——— rPasHocTh———————— ~MeToa novcka
* nuneiitas % mpambie {* HeroToHa
" kpampaTidHas " LeHTpanbHbie " CoMpsAEHHbIX CPAAMEHTOE

6) oxHO 8800a napamempos

Puc. 5.2.3. Bgod dannwlx 8 Hadcmpoukry «Ilouck peweHus»
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A B
1 x, = 2,9
2 x, = 6,3
3 flx, x,) = —28,9
4] o(x,x)= 15
5 o,(x,, x,) = 9,2
6 b, = 15
7 b, = 10

a) pe3yavmamal Ha UCTOOHOM Pabouem aucme

Microsoft Excel 11.0 OTyet no pe3synbTatam

Llenesas siuerika (Makcumym)

Ayenka Umsa UcxogHOe 3HaYeHHue Pesynbrar
$B$3 f(x,, x,) = -128 —-28,9
MN3meHseMmble auenku
flueika Umsa UcxogHoe 3HaYeHHne Pe3ynbTar
$B$1 X, = 0 2,9
$B$2 X, = 0 6,3
OrpaHunyeHus
Slueika Uma 3HaveHue dopmyna Craryc PasHuua
$B%$4 0,(x, x,) = 15 $B$4<=9%$B%$6 cBssaHHOE 0
$B$5 0,(x,, X,) = 9,2 $B$5<=9%$B$7 He cBsizaH. 0,8
6) omuem no pedyavmamam
Microsoft Excel 11.0 OT4yeT N0 YCTOMYMBOCTH
MN3meHsemble sUenKkm
Pe3ynbr. Hopmup.
flueika Ums 3HayeHHne rpagmueHT
$BS$1 X, = 2,9 0
$B$2 X, = 6,3 0
OrpaHunyeHms
Pe3ynbr. JlarpaHka
flueika Uma 3HavyeHue MHoXMTENDb
$B$4 Q,(x,, x,) = 15 3,4
$B$5 0,(x,, x,) = 9,2 0
8) omuem no ycmouvusocmu
Microsoft Excel 11.0 OtyeT no npeagenam
LleneBoe
fuenka UMms 3HayeHune
$B$3 f(x,, x,) = -28,9
U3meHsiemoe HyoxHMM LleneBon BepxHuH LleneBon
Slueika Umsa 3HavyeHue npeaen pe3ynbTart npeaen pesynbTart
$B$1 X, = 2,9 0 -66,89 2,9 —-28,9
$B$2 X, = 6,3 0 -90,01 6,3 -28,9

2) omuem no npedeaamn

Puc. 5.2.4. Peayavmamsl peuweHus 3a0a4U 8biNYKA020 NPOPAMMUPOBAHUS
¢ nomowbto Hadempouxu «Ilouck peweHus»

68



6. OMHAMMYECKAS 3A0AYA PACMPELENEHMUS MHBECTULIUMA

61. Kpatkue TeopeTtmyecKme ceBeffeHms
M YKAa3aHMSA K BbINONHEHHWIO 3afaHMH

Jlunamuuecxkoe npozpammuposarue MpescTaBigeT co00 MaTeMaTUIeCKIt
anmapar, pa3paboTaHHbIN JJIA pellleHrsa HEKOTOPOro KJjacca 3a4a4 MaTeMaT-
YEeCKOTO IIPOrpaMMMPOBAHMA IIYTEM MX Pa3JIOMKEHUA Ha OTHOCUTEJIbHO He-
OoJiblMe 1, cJaeoBaTeJIbHO, MeHee CJ0sKHbIe 3anaun. Cnenmduka MeTona Ju-
HaMMYECKOTO ITPOTPaMMMUPOBAHUA COCTOUT B TOM, YTO JJIA OTBICKAHUA OITV-
MaJIbHOTO yIpPaBJEHUA IJIaHMPYyeMas OIlepald pas3JiesideTcsa Ha PAJ [ocJie-
JIOBaTEeJIbHBIX ITAaT 0B MM 3 Ta I o B. CoOTBETCTBEHHO U caM IIPOIleCcC ILja-
HMPOBAHUA OIl€pallMy CTAHOBUTCA MHOTOIIATOBBIM M Pa3BUBaeTCA IIO-
cJIeJIoBaTeJIbHO, OT BJTalla K JTally, NMPMYeM KasKIbIll pas3 ONTUMU3UPYETCA
yIpaBJIeHNE TOJIBKO Ha OJHOM ITIare.

HekoTropsble oneparuy eCTeCTBEHHO PacHafaloTCA Ha JTAllbl, B JPYTUX DTO
JleJieHNe TPUXOAUTCA BBOAUTL MCKYCCTBEHHO. IIprMepoM «ecTeCTBEHHO MHO-
TO3TAITHOI» OIEePaINM MOYKET CJIYKUTD ILJIAHUPOBaHNUE PabOThI TPeIIPUATIAA
Ha HEKOTOPBIV I1epuol, BpeMeH), COCTOAIIMI 13 HEeCKOJIbKUX X03AJICTBEHHBIX
JIeT MJIV KBapTaJIOB.

Ocobo nmoguepKHeM, UYTO IPUHIIUII IMHAMUYECKOTO IIPOrpaMMUPOBaHNUA OT-
HIOZIb He IIpeAIioJjaraeT, YTo, BbIOUpasA yIIpaBJeHe Ha OJHOM OTJIeJIbHOM IIa-
re, MOYKHO 3a0BITh 000 Bcex ocTaJibHBIX. HampoTus, ympaBiieHre Ha KasKJIOM
11are JOJIXKHO BBIOMPATBHCA C YUETOM BCEX €ro IOCJeACTBUl B Oyxyiiem. Ju-
HaMI4YeCKoe IPOorpaMMUpPOBaHNUe — DTO IJIAHMPOBaHME aJbHOBUIHOE, C yUe-
TOM II€PCIEKTUBBEI.

OpnHako 13 9TOro NpaBuiia ecTb UckIodyeHne. Cpenu Bcex I1aroB CyILeCTBY-
eT OIVH, KOTOPBII MOMKET IJIAHMPOBATHLCA IIOIIPOCTY, «0e3 orJaaKku Ha Oyay-
miee». OTo0 — rnocyenuuii miar. CrlaHMpoBaB ONTYMAaJIBHBIM 00pa30M 3TOT M0-
CJIEJHUIA ITIaT, MOKHO K HEMY «IIPUCTPaUBaTh» IPENIIOCJIeIHUI, 3aTeM IIpe-
mpenmnocaenuuii u T. 1. IlosTomy mpoiiecc IMHAMUYECKOTO IPOTrPaMMUPOBaHIA
pas3BopaumBaeTcA OT KOHIIA K Havasy. CHavyasa nesaioTca pas3judHble IIpej-
TIOJIOYKEHMA O TOM, YeM KOHYMJICA IPEIIOCIJIeIHIIA IT1aT, Y JIJIA KasKI0T0 U3 HUX
BBIOMpaeTCsa yIpaBJeHMe Ha IIoCJIeJHEM. 3aTeM JIesJaloTCA pPas3jMdHble IIpef-
TIOJIOYKEHMA O TOM, YeM KOHYMJICA HPeAIIperoceJHNII Iar, T. €. pacCMaTpu-
BaIOTCA Pas3JIMYHbIE COCTOAHMA CUCTEMBI Ha TPeThbeM OT KOHIIA IIare U BbIOU-
paeTrcsa ynpaBJeHMe Ha BTOPOM OT KOHIIBI IT1Iare Tak, 4TOObI OHO BMECTE B yiKe
BBIOPAHHBIM YIIPaBJIEHVMEM Ha IIOCJIEHEM IIare 00ecrnedrBaJio HAWMJIYYIIINiL
appeKT Ha ABYX MOCJIETHMX LIarax, ¥ Tak Aajiee, BILIOTh O II€PBOro OT Ha4a-
Jia miara, ¢ KOTOpPOro HauMHAJICA ITPOoLiecc.

YureM, YTO B HadaJie MPOIlECCAa COCTOSHME CUCTEMbl HAM M3BECTHO, U Je-
JIaTh KaKMe-TO IPEeAIoJIOKeHNA He HYKHO. [loaTomy, nMesa B BUIy, 4TO BCe
IOCJIeAYIOLIYe IIIaTY CILJIAaHUPOBAHbI AJIA Pa3JIMYHBIX COCTOSAHUI CUCTEMBI, OC-
TaeTcsdA BbIOpATh yHpaBJIEHVE Ha MEPBOM IlIare TakK, YTOObI OHO OBLJIO OIITU-
MaJIbHBIM C yYeTOM BCeX YIIPaBJIeHUN, yKe IMPUHATHIX HAMUJIYYIINM 00pasoM
Ha BCEeX ITOCJIEAYIOIINX I1arax.
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[TpuHIMI, TOJIOMKEHHBII B OCHOBY ITOCTPOEHUA TAaKOro pelleHnd (UCKaThb
BCEer/ia ONTUMAaJIbHOE IIPOJO0JIKEHNEe TPOIlecca OTHOCUTETBHO TOTO COCTOAHNUA,
KOTOpPOe JOCTUTHYTO B JTAHHBII MOMEHT), IPUHATO HA3bIBATb NPUHYUNOM ON-
MUMALBHOCTU,

CocToaHme cucTeMbl Ha KasKJOM IIIare XapakKTepusyeTcsa HEKOTOPOI repe-
MEHHOJ BeJMYMHONM, KOTOpad Hal3bIBAeTCA napamempom cocmosHus. Haum-
Jydrnii 3pQeKT Ha TaHHOM DTalle BMECTe C YK€ PaCCMOTPEHHBIMM IIaraMu
XapakTepuayercsa ynHryuet cocmosaHus. Perrenre KOHKPETHO 3aia4dy Me-
TOOOM IVMHAMMUYECKOTO MPOTPaMMMPOBAHMA CBOAUTCA K BBIOOPY IlapaMeTpa
cocTOoAHUA (YTO TpedyeT OIrpeieJJEHHOTO HaBbIKA ), COCTABJIEHNIO PYHKIUM CO-
CTOAHMA U PEKYPPEHTHBIX COOTHOIIIEHNI, CBA3BIBAIOIINX (PYHKIUM COCTOAHNUA
IIJIA IBYX COCEIHMUX ITOCJIeJ0BATEJIbHBIX STAIIOB, U UX IIPUMEHEHUIO IJIs BbIOO-
pa ONITUMAJIEHOTO YIIPaBJIEHUA.

3HAKOMCTBO C METOJIOM AVHAMMYECKOr0 NPOrPaMMMPOBAaHMA MPOIIE BCETO
Ha4yaTh C PACCMOTPEHMA HEJIMHEHOM 3aJauyl pacupeneieHIsa PecypCcoB MesK-
Iy OPEeIIpPUATUAMYA OJHOTO IIPOM3BOJICTBEHHOTO O0BbEeIVHEHUA WJIV OTPACIIN.
Jlo1a ompeieIEeHHOCTY MOYKHO CHMUTATD, UTO PeYb UJIET O pPacIpeaeeHny KaTm-
TaJIbHBIX BJIOYKEHUI.

ITpexnrosokmM, 94TO yKas3aHO N IYHKTOB, TAe TpeOdyeTcs MOCTPOUTh MJIM pe-
KOHCTPYMPOBATDb IIPEANIPUATIUA OJHOV OTPACIM, IJIA Yero BbIAeJieHO b pybJeri.
OGosnaunm gepes f,(€) NPUPOCT MOIIHOCTY WJIY IPUOBLIN HA j-M [IPEANPUSITIN,

€CJIVI OHO TOJIyYUT & pyOJIelt KalUTaJIbHBIX BJIOMKEHMIL. B nuHamMmdeckoii 3agage
pacrnpejieJieHIsI MHBECTUIMIT mpedyemcs Haumu makoe pacnpedeserue

uHBeCcCMUYUL MeHc0Yy NPednpuismuUIMU, KOMOPoe MAKCUMUSUPYEM CYMMAP-
HBLU NPUPOCTM MOUSHOCTNU UAU NPUOBLAU

z= fl(x1) + fz(xz) te-t fn(xn)
NPU 02PAHUYEHUU NO 00UWell cYymme UH8eCMUUUL
x, +x,+--+ax,=b.

Bynem cunrath, 4TO BCe IIepeMeHHbIe X; IPMHMMAIOT TOJIBKO I[€JIble HEOT-

puiaTeJIbHbI€ SHAYCHIA

x;=0 wm 1 wm 2 wm 3 urT A

Dyuriym f;(x;) Mbl CYUTAEM 38/IaHHBIMY, 3aMETUB, YTO UX OIPe/IeJIeHIe —
JIIOBOJIBHO TPYZOeMKasd SKOHOMMYECKas 3aJada.

Bocrnosibayemcea Ojiad pelieHnsa 9TOV 3aJlauy MeTOAOM IMHAMMIYECKOTo ITPO-
rpaMMIMPOBAHNA

BBenem napamMeTp COCTOAHMA U OIpeNiesiiM (PYHKIIMIO COCTOSAHMA. 3a napa-
METpP COCTOAHUA & TIPUMEM JEeHEKHYI) CYMMY, BBIIEJIAEMYIO HECKOJbKUM
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NPennIpuUATUAM, a PYHKLIMIO cocTogHnA F, (§) ompenennm Kak MaKCUMaJbHYIO
NpUOBLIIb Ha IEPBBIX k MpeanpuATUAX, eCJIM OHM BMecTe nosiydaT & pyo. Ila-

pametp & moskeT uameHATbCA oT 0 710 b.
Ecsmn u3 & py0. k-e npennpusaTHe NOJIYyUIUT X, pyO., TO KakoBO ObI HM OBIJIO BTO

3HadeHMe, ocTajbHble (&—x, ) py0. eCTeCTBEHHO pacIpelesnTb MeXIy IIpes-

npuATUAMY 0T ItepBoro 1o (k—1)-ro Tak, 4To0BI ObLIa ITOJTyYeHa MaKCHMAaJIb-
HasA npubeib F_ (§—x,).

Torga npubslib k npennpuartuit 0ynget pasHa f (x,)+F, _(§—x,). Hago BbI-
OpaTb Takoe 3HaueHue x, Mexkny 0 u &, 4ToOBI 3Ta cyMMa Oblila MaKCUMaJbHOM,
Y MbI IIPUXOAVIM K PEKYPPEHTHOMY COOTHOIIIEHVIIO

F.(§) = max {fk(xk)—l_ Fk—1(§_xk)}

0, <&
mnak=2,3,...,nEcanxe k=1, To
F (&)= 1(9).

MPUMEP 6.1.1. IIponsBoaCcTBEeHHOE 00'beMHEHYIE COCTOUT U3 YeThbIpeX Ipel-
mpuAaTnii (n = 4). Obmasa cyMMa KanuTaJbHBIX BJIOMKeHM paBHa 700 MJH. pyoO.
(b ="700), BeImEIAEMBIE TIPEOITPUATIAM cyMMbI KpaTHbI 100 MJH. py0. Ecan j-e
IpeqIIpUATHE TI0JIydaeT MHBECTULIM B o0beMe & MJH. py0., TO IPUPOCT T'OJI0-
BOJi puObLIM Ha 3ToM npennpuaTuy coctaBut f;(€) mimn. py6. B ron. 3nage-
ana gyaxnuiit f,(§) npusenensr B Tabu. 6.1.1. Tpebyercsa HaliT Takoe pac-

npeseJsieHye

VHBECTULIVI MEKIY NPenNpUATUAMY, KOTOPOe MaKCUMU3VPYeET CyMMapHbIi
IIPMPOCT IPUOBLIN Ha BCeX NPeANIPUATUAX BMeECTe.

Tabnuuya 6.1.1

& | 0/100 200|300 | 400|500 | 600 | 700
F(E) 0] 20| 34|46 |53]55] 60|60
ol 1829 |45 [ 62| 78] 90 | 98
F(6)| 0] 25 | 41 | 52 | 74 | 82 | 88 | 90
F(E) 10| 30 | 52| 76 | 90 | 104 | 116 | 125

Pewenume. IIpesxne Bcero 3anosHaem TadJ 6.1.2. 3nauenusa f,(§) ckaangbiBa-
eM co 3HaveHuaMu F(§—x,)=f(§—x,) 1 Ha KaKJ0li ceBepO-BOCTOYHON! Aua-

TOHAJIM HaXOAMM HambOJIbIllee 4McJIo (KOTOpOe BblAeJAeM KUPHBIM 1 00BOANM
PaMKoIt) 1 yKa3bIBaeM COOTBETCTBYIOII[ee 3HaUeHMe X, ().

3aTeMm 3arnoJHaeM TabdJut. 6.1.3.
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Tabnuua 6.1.2

£ —x, 0 100 200 300 400 500 600 700
E(E.!_xz
% | ¢ ) 0 20 34 46 53 55 60 60
0 0 o 0 347 46 /53 55 60" _60
100 18 18 38 j/ peye
200 29 29 49 5 /%2//84
300 45 45 65 /79//91//98/
400 62 62 182 96 108
500 78 78" 98]
600 90 90" 110
700 98 98~

Tabnuuya 6.1.3

& | 0 100 200 300 400 500 600 700
FE)| 0 20 38 52 65 82 98 112
x@E| 0 0 100 100 300 400 500 500

IIponosmkas npouece, Tadympyem gpyurmym Fy(€), x;(§) u . 1. (tab 6.1.4—

6.1.5). B Tabu. 6.1.6 3anosHAEM TOJBKO OAHY AMAroHaJb nJd 3HadyeHus & = 700.
HawnboJgbItiee umcJio Ha 3TOV OuaroHaImn

Z... =195 MiH. py0.,
IIpMYeM YeTBEPTOMY IIPENIPUATHIO JOJKHO OBbITh BBIIEJIEHO
x, =2,(700)=300 miH. pyo.
Tabnuua 6.1.4

£ —x, 0 100 200 300 400 500 600 700

x, BE-m) 0 20 38 52 65 82 98 112
fi(xy)

0 0 o 20 /38 /52 65 82 98 11
100 25 2(' T 907 107 123
200 41 41 . /93 ~ 106 123
300 52 f / 947 1127 12
400 74 7([@@
500 82 82 102 120
600 88 88" 106
700 90 90~

Tabnumya 6.1.5

¢ | 0 100 200 300 400 500 600 700
F()| 0 25 45 63 79 94 112 126

x(E)| 0 100 100 100 200 400 400 400
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Tabnuua 6.1.6

- x, 0 100 200 300 400 500 600 700
x, W 0 25 45 63 79 94 112 126
fulay)
0 0 12
100 30 142
200 52 146
300 76 155
400 90 153
500 104 149
600 116 141
700 125 125

Ha posto ocranbHbIX Tpex mnpennpuatuii ocraerca 400 mun. pyd. VI3
TabJ. 6.1.5 BUAHO, YTO TPEThEMY HPEAIIPUATUIO IOJIKHO ObITh BbIIEJIEHO

Xy =2,(700 —x;) = a;(400) =200 mH. pYO.
IIpoposizkast 06paTHBIIL IPoLiece, HAXOAVM
x, =2,(700 —x; — ;) = 2,(200) =100 M. pyo.
Ha 5105110 I€pBOTO IPEANPUATIUS OCTAETCS
x; =700—2, —a; —x, =100 muH. pyo.

Takym 06pa3oM, HaMJIYUIIMM ABJSAETCH CJIeylolllee paclpeeseHye Kalu-
TAJIbHBIX BJIOXKEHUII 110 IPe I PUATIAM:

x; =100, x; =100, x, =200, x; =300.

OHo ofecrieurBaeT NPOM3BOJCTBEHHOMY O0beIVHEHNIO HaubOoJIbIINMiI BO3-
MOSKHBIN IpUpPoCT IpubbLIN 155 MJH. pyo.
CTyneHTy peKOMeHyeTCs IIPOBEPUTD BBINIOJIHEH)IE PaBEHCTBA

Fie)+ f(2ey) + f(o05) + fu(,) = 2 - U

6.2.3apaHMe NPAKTUKYMaA

ITponsBoACTBEHHOE O0'BENVHEHVIE COCTOUT U3 YEThIpeX MPennpuATuii (n = 4).
OOf1iasa cymMma KanmuTaJbHBIX BjoskeHuit paBHa 700 muH. py0. (b= 700), BbIOE-
JigeMble TIpennpuATuAM cyMMbl KpaTHb! 100 muH. py0. Econ j-e npennpusarne
MOJIy4aeT MHBeCTULM B o0beMe & MJH. py0., TO IIPUPOCT Trof0BOY IPUObLIN Ha
srom npeanpuaTuu cocraeut f,(§) mum py6. B rop (j=1, 2, 3, 4). SHauennn
dbyrrmmii f;(§) msBecTHBI M A KaMKIOro BapMaHTa KOMIIAKTHO 3allVICAHBI B

TabJ1. 6.2.1 B caemyroieM Bue:

£(0) £,(100) £,(200) £,(300

( (400) £,(500) f£,(600) f£,(700)
f£,(0) £,(100) £,(200) f£,(300

(

(

fi( ( ( (
£,(400) f,(500) £,(600) f,(700)
fi( ( ( (

( ( ( (

~~

(0) £,(100) £,(200) £,(300
L0) £,(100) £,(200) £,(300

(400) £,(500) £,(600) f£,(700)
£.(400) £,(500) £,600) f,(700)

~~
N N N N’
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TpebyeTca HaliTH Takoe pacIpefiesleHVe MHBECTULIMII MeKIy IIpenIpu-
ATUAMY, KOTOPOE€ MaKCUMM3VPYeT CYMMapHbII IPUPOCT NPpUOBLIM Ha BCEX
npesnpuATuAX BMecTe. g 9Toro Heo6X0AMMO COCTaBUTH MaTeMaTUYeCKYO
MOJieJIb AMHAaMMUYEeCKOl 3aJaull paclpeieseH)s MHBECTUIINI M PeIIUTh ee Me-
TOZOM IMHAaMMYEeCKOr'o IIPOTpaMMMPOBaHMs, 0OOCHOBBbIBAA KasKAbIM IIal BbI-
YJCJIUTEJIBHOTO IIpoliecca.

Tabnuuya 6.2.1

No Bap. Jlcxonuble jaHHBIE No Bap. JlcxomHble naHHbBIE
0 20 44 55 63 67 70 70 0 15 26 38 45 52 58 63
1 0 18 29 49 72 87 100108 11 0 10 17 23 29 34 38 41
0 25 41 52 74 82 88 90 0 11 19 26 30 33 35 36
0 30 52 76 90 104116 125 0 25 34 41 46 50 53 56
0 15 24 30 36 40 43 45 0 25 41 55 65 75 80 85
9 0 18 26 34 39 42 44 46 19 0 30 52 76 90 104116 125
0 16 27 37 44 48 50 56 0 50 68 82 92 100107 112
0 10 17 23 29 34 38 41 0 61 80 93 100106112116
0 42 58 71 80 89 95 100 0 20 33 42 48 53 56 58
3 0 30 49 63 68 69 65 60 13 0 22 37 49 59 68 76 82
0 22 37 49 59 68 76 82 0 10 29 42 52 60 65 69
0 50 68 82 92 100107 112 0 16 27 37 44 48 50 56
0 37 64 87 105120 134 145 0 8 13 17 20 23 25 27
4 0 48 75 98 120 132 144 156 14 0 10 17 23 29 34 38 41
0 85 100111118124 129 132 0 11 19 26 30 33 35 36
0 47 70 80 86 91 94 98 0 10 20 30 38 43 49 52
0 10 20 30 38 43 49 52 0 75 90 100108113115 117
5 0 13 25 37 47 55 61 66 15 0 85 100111118 124129 132
0 6 13 20 27 33 38 41 0 42 58 71 80 89 95 100
0 24 36 42 46 48 48 49 0 28 45 6 78 90 102113
0 5 10 14 17 19 21 22 0 28 42 51 57 61 64 66
6 0 8 13 18 21 23 21 17 16 0 5 20 29 36 41 45 47
0 10 16 21 24 27 29 30 0 8 26 37 47 53 58 61
0 11 19 26 30 33 35 36 0 22 37 49 59 68 76 82
0 28 45 65 78 90 102113 0 70 93 104110114117 119
7 0 25 41 55 65 75 80 85 17 0 61 80 93 100106112116
0 15 25 40 50 62 73 82 0 83 105114119 121126130
0 20 33 42 48 53 56 58 0 75 90 100102 101 100 97
0 28 42 51 57 61 64 66 0 12 20 26 37 41 44 45
3 0 20 27 30 31 32 32 33 18 0 16 27 37 44 48 50 56
0 8 26 37 47 53 5H8 61 0 10 16 21 24 27 29 30
0 5 20 29 36 41 45 47 0 11 19 25 29 30 28 21
0 5 10 14 17 19 21 22 0 14 22 3 39 45 51 56
9 0 20 34 45 50 48 40 40 19 0 9 15 22 31 39 45 49
0 15 24 30 38 46 52 53 0 15 25 35 40 45 50 50
0 26 30 35 40 45 48 50 0 35 46 52 55 57 59 60
0O 3 5 7 8 9 10 10 0 15 25 40 50 62 73 82
10 0 5 8 10 12 13 14 15 20 0 30 49 63 69 68 62 55
0 8 13 17 20 23 25 27 0 50 68 82 92 100107 112
0 6 10 13 15 16 16 16 0 83 105114116 115110 105
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OKOHYaHuMe Tabn 6.2.1

No Bap. Jlcxonubie maHHbBIE No Bap. Jlcxonuble maHHbBIE
0 15 26 37 46 53 59 63 0 10 16 21 24 27 29 30
91 0 15 24 30 36 40 43 45 29 0 11 19 26 30 33 35 36
0 9 30 33 31 39 45 49 0 8 15 23 29 34 38 41
0 24 36 42 46 48 49 49 0 14 26 37 46 49 48 44
0 37 64 87 105120134 145 0 20 27 27 31 32 32 33
99 0 70 93 104110114117 119 30 0 8 26 37 47 53 58 61
0 61 80 93 100106112116 0 5 20 29 36 41 45 47
0 28 45 65 78 90 102113 0 20 33 42 48 53 56 58
0 10 20 30 38 43 49 52 0 16 26 39 42 46 50 54
93 0 13 25 37 47 55 61 66 31 0 9 15 23 31 39 45 49
0 16 27 37 44 48 50 49 0 18 26 34 39 42 44 46
0 10 17 23 29 34 38 41 0 15 25 32 38 42 46 48
0 6 13 20 27 33 38 41 0 20 27 28 31 32 32 33
94 0 24 36 42 46 48 49 49 39 0 8 26 37 47 53 58 61
0 25 41 52 57 59 57 5H3 0 5 20 29 36 41 45 47
0 18 28 37 45 51 56 59 0 20 33 42 48 53 56 58
0 30 49 63 75 84 91 97 0 5 8 10 12 13 14 15
25 0 22 37 49 59 68 76 82 33 0 5 10 14 17 19 21 22
0 18 26 34 39 42 44 46 0 8 13 18 21 23 25 27
0 16 27 37 44 48 50 56 0 6 13 20 27 33 38 41
0 6 13 20 27 35 38 41 0 10 20 34 38 43 49 52
26 0 24 36 44 46 47 49 49 34 0 13 25 37 47 55 61 66
0 25 41 52 57 58 57 53 0 16 27 37 44 48 50 49
0 18 28 37 45 51 56 59 0 10 17 23 29 34 38 41
0 30 49 63 75 84 91 97 0 10 16 21 23 27 29 30
97 0 22 37 46 59 68 76 82 35 0 11 19 26 30 35 35 36
0 18 26 34 39 42 44 46 0 8 15 23 29 36 38 41
0 16 27 37 44 48 50 56 0 14 26 37 46 49 48 44
0 28 42 52 57 61 64 66
28 0 5 20 29 37 41 45 47
0 8 26 37 47 53 58 61
0 22 37 49 59 68 76 82
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7. AMHAMMYECKAS 3ALAYA
YMPABJIEHUA NTPOU3BOACTBOM U 3ANACAMHU

7.1 KpatTkue TeopeTtMmuyecKme cBefeHMs
M YKQa3aHHMA K BbINONHEHHMIO 3ajaHUH

[TpennpusaTie TPOU3BOAUT MAPTUAMU HEKOTOPBIe n3aenns. IIpeamonoxuM,
YTO OHO ITOJIYYMJIO 3aKa3bl HA N MecAlleB. PazaMepbl 3aKa30B 3HAUNTEJBHO Me-
HAIOTCA OT MecsAlla K MecAIly. [loaToMy MHOTAA JIydlile BbITTOJHATD OJHOM Iap-
THel 3aKa3bl HECKOJbKIUX MECAIIEB, a 3aTe€M XPaHUThb U3AEeJUdA, IIOKa OHU He
oTpebyITCA, YeM BBIIIOJIHATL 3aKa3 B TOT MMEHHO MeCHAIl, KOrJla 3TOT 3aKas
IoJIKeH ObITb oTHpaBJjeH. HeoOXoaumMo cOCTaBUTH ILJIAaH IIPOM3BOICTBA Ha
YKa3aHHBbIE N MECAIIEB C YYETOM 3aTPaT Ha MPOMU3BOJCTBO U XpaHEHUe U3Je-
Jnit. O003HaYMM

X; — 4JCJIO U3LeJui, IPOU3BOAVMBIX B J-11 MECHALL,

Y; — BeJIMYMHA 3arlaca K HaydaJly j-ro MecdAla (3TO 4MCJIO He COo-
JEePsKUT U3eJNii, IPOU3BEeJEHHbBIX B j-M MecHAIle),

d]. — YNCJIO MUBAEeJINii, KOTOPbIe JOJIXKHBI ObITh OTTPYKEHbI B j-i1
MeCHAL,

f].(acj, yj+1) — 3aTpaThbl Ha XpaHeHNe U IIPOU3BOACTBO U3NEJINI B j-M MeCsLe.

Bynem cunTaTbh, YTO BeJIMUYMHBI 3aIllacOB K HadaJly IIEPBOrO MecAld Y, U K
KOHIly IIOCJIeJHeTO Y, ,, 3aJlaHbL
3ajaya COCTOUT B TOM, YTOObI HAVITY IIJIaH IPOU3BOJCTBA

x=| |, (7.1.1)

KOMIIOHEHTBI KOTOPOI'0 YOOBJIETBOPAIOT YCJIOBMAM MaTepPlaJIbHOTO DaJiamca

x;ty,—d;=y,,, J=12,...,n (7.1.2)
¥ MMHVMU3UPYIOT CyMMapHbIe 3aTPaThl 32 BECh ILJIAHVPYEMBIN I1ePIOJT
2= f(a; Y5, (7.1.3)
j=1
IIpUYeM I10 CMBICJIY 3aJlayun
x; 20, y; =0, j=12,...,n. (7.1.4)

IIpesxkae yueM NPUCTYIIUTh K PEIIEHNIO [IOCTaBJIEHHOM 3aja4yl, 3aMeTUM, YTO
AJ1s1 JI000T0 MeCALa j BeJaUdnHa Y,,, 3arnaca K KOHIYy MeCALa JOJKHA yI0BJe-

TBOPATH OIPaHNYEHUAM

0<y,,<d,, +d,,+--+d,, (7.1.5)
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T. €. 00'be€M IIPOM3BOJVUMOI IPOLYKIMIM X; HA JTalre j MOKET ObITb HACTOJIBKO
BEeJIMK, YTO 3aIacC Y,,; YHAOBJIETBOPSET CIPOC Ha BCEX IOCTIENYIOIMX ITaNaXx,
HO HE MIMEET CMBICJIAa MMETh Y, DOJIbllle CyMMapHOro CIpoca Ha BCEX IOcJIe-

IyIIUX 3Tanax. Kpome Toro, us cootHomenui (7.1.2) n (7.1.4) Henocpexnct-
BEHHO CJIE/IyeT, YTO IEPEMEHHAs X; JOJDKHA Y OBJIETBOPATH OrPaHNYEHIAM

0<x; <d;+y,,- (7.1.6)

Crenyer TakiKe 3aMETUTD, YTO [IEPEMEHHBIE X}, Y; MOTYT IIPMHUMATH TOJIb-

KO IleJIble HeoTpuIaTeJbHble 3HAa4YeHNUs, T. €. Mbl IIOJIyUYMJIM 3aJa4y I[eJIOUNC-
JIEHHOT'O HEeJIMHETHOT'0 TPOrpaMMMPOBaHNA.
Bynem pemtats 3agauy (7.1.1)—(7.1.6) meTogoM AMHAMMUYECKOIO IIpOorpam-
MM POBaHUS.
BBenem napameTp COCTOAHUA U COCTABUM (PYHKIIVIIO COCTOAHMA.
3a mapameTp COCTOAHUA & IpUMeM HAaJIMYHBIN 3a1ac B KOHIle k-To MecsAra
a = yk+1 ’

a pyHKUMIO cocToAHMA F, (xr) onpenenynM Kaxk MMHMMaJbHBIE 3aTPaThl 3a Iep-
Bble K MecAIleB IIPU BbITIOJHEHUN ycJoBuA (7.1.5):

F.(£) = min Zf LIRTENE

2y, 2y,
rle MMHUMYM OepeTcsd 10 HeOTPULATENbHBIM LIeJIBIM 3HAUEHUAM X, Ly, ..., L),
Y IOBJIETBOPAIOIIVIM YCIJIOBUAM
x;+ty,—d;=vy,,, 7=12,...,k-1,
x, +y, —d, =§. (7.1.7)

YunuTbiBas, 4TO

min Z X, Y;) = mm f(x,Yp.)+ min Zf(x],y]+l)

Ly y Loy ey X ] -1 Ly Ly e 7‘7%1

U BeJIM4YMHA 3amaca Y, K KoHIy (k — 1)-ro mepmopa, Kak BUIHO U3 ypaBHEHNA
(7.1.7), paBHa

r=6+d, —x,,
IPUXOAVM K PEKYPPEHTHOMY COOTHOIIEHNIO

F.(8) :1'1'316;161’1 {fk(xkag)—i_Fk—l(E.)-’_dk _xk)} ,

rJe MUHUMYM OepeTcs IO eAVHCTBEHHO IlepeMeHHOl X, , KoTopas, COTJIaCHO
(7.1.6), MOsKeT M3MEHATHCA B IIpeJiesax

0<x, <d, +&,

IIpVMHVIMasAd IeJble 3HaAYCHNA, IIPMYEM BEPXHAA I'PaHMIla 3aBUCUT OT 3HaYEeHUM
IIapaMeTpa COCTOAHUSA, ISMEHAIOIIIETOCHA B ITpeaesax
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0<g<d,  +d, 2+---+d , (7.1.8)
a uHAeKc k MOXKeT IPUHMMATh 3HAUYEHUA
k=2,3,4,..,n
Ecmm k=1, 1o

Fl(&; = yz) = H}Cinfl(xl,@),

rae
x1:‘t:+d1_y1’
0<é<d,+d; +---+d,,

T. €. Ha Ha49aJIbHOM aTalle ITPpU (i)I/IKCI/IpOBaHHOM YPOBHE Y, MCXOOHOI'O 3aIlaca

Ka'KJOMYy 3HaueHMIO ITapaMeTpa & oTBedaeT TOJIbKO OJHO 3HadeHMe IIepeMeH-
HOJI X, , YTO HECKOJIBKO YMEeHbIIIaeT 00'beM BbIUVICJIEHNIL

IIpuMeHNB M3BECTHYIO BBIUMCJIANUTENBHYIO IPOLEAYyPY AMHAMMUYECKOrO IIPOo-
rpaMMMPOBAHNA, HA TIOCJIeHEM I1are (IIpyu K = n) HaXOOUM 3HAaYEeHMe [I0CJIe -

Hell KOMIIOHEHTbhI 1‘: OIITMMAaJIBHOTO pPeIllIeHNA, a OCTaJIbHble KOMIIOHEHTBI OIl-
penesiseM Kak

n

Ly =L | Yyt + (dj —x]) , k=12..n-1.
j=k+1
Paccmorpum 6osee noapobuo ynkym 3atpar f;(x;,y;,;) ¥ peKyppeHTHbIe
cooTHoIleHud. Ilycts

2
(pj(x].) =ax; + bx]. +c,

@,(x;) — saTpaTbl Ha IPOUSBOACTBO (3aKYIIKY) X; €AVHUI] IPOSYKIMN Ha
aTare 7,

h; — 3aTparThl Ha XpaHeHMe eqVHNIIbI 3allaca, IepexoAleli 13 dTana j

BoTam j + 1.
Torga 3aTpaThl Ha IIPOU3BOJICTBO U XpaHeHe Ha dTalle j paBHbI

fi(x,y,.) =0,(x;) +hy,,, =ax] +bx; +c+hy,,, .

BbIBe,Z[eHHbIe paHee pPEKyppPeHTHbIe COOTHOIICHNVA IAMHaAMMYECKOI'O IIPpO-
TpaMMIMpPOBaHUA JIA PEIIeHUA 3adavdl YIIPaBJIEHVA ITPOMU3BOACTBOM U 3alla-
CaMI B HallleM CJIydae ITPUMHVIMAIOT BUT

F.(E=v,,)= rrglcin{axi +bx, + ¢+ My, + F () (7.1.9)

rme

k=2,3,4,..n,

78



<dk+1+dk+2+'“+dn’
0<x, <d, +Y,.,, (7.1.10)
Y =Y T — -

Ecanxe k=1, o

Fl(izyz):min{axf+bx1+h1y2}, (7.1.11)
0<y, <d,+d, ++d,, (7.1.12)
0<a, <d, +y, (7.1.13)

X, +y, —d =y,

Ocraerca 3aMeTUTh, YTO MOJE3HO O0O03HAYUTHL BBIPA'KEeHME B (PUTYyPHBIX
ckoOkax B (7.1.9) uepes

Q. (X, Y1) = ax,i +ba, +c+hy,,, +F._(y,)

U 3amMcaTh peKyppeHTHOoe cooTHoIleHue (7.1.9) B Bune

Fi(§=Ypen) = minQ (2, Yyeo), (7.1.14)

rage MIMHVIMYM 6epe’I‘CH 110 LIeJIOqMCJIeHHOﬂ nepeMeHHoﬁ X, , YAOBJIETBOPAIO-

et yesioButo (7.1.10).

MPUMEP 7.1.1. PaccMOTpuM TpexXsTanHYIO CUCTEMY yIIpaBJeHMs 3alacaMu C
IVICKPETHO IPOAYKIYEN 1 AVHAMUYEeCKUM JeTePMUHIPOBAHHBIM CIIPOCOM.

IIycts cipoc (3aaBKM) HOTPebUTEEl Ha HAIILY IPOLYKIMIO COCTABJIAIOT: Ha
IIepBbIN dTamn d, =3 enuHNILI, HAa BTOpoil — d, =2, Ha Tpetuit — d, =4 enu-
Hunpl. K Hadasy nepBoro srama Ha CKJaJle MMeeTCA TOJIBKO 2 eQVHUIIBI IIPO-
OYKIMM, T. €. HA4aJIbHbIN YPOBeHb 3amaca paBeH Yy, =2. 3aTpaThl Ha XpaHeHNe
eIVHMIBI IPOAYKLIMM Ha Pa3HbIX 9TallaxX Pas3JMdHbI VI COCTABJIAIOT COOTBETCT-
BeHHO h, =1, h, =3, h; =2. 3aTpaTbl Ha TPOMSBOACTBO X, €HNL] IPOAYKINI HA
J-M 3TaIle oIpeaesdaoTca PYyHKIen

@,(x;)=x; +5x,+2, j=123,

T.e. a=1, b=15, c = 2. TpebyeTca yka3aTb, CKOJIBKO €IVHNUI] IPOAYKIMN Ha
OTJZleJIbHBIX 3Tallax cjeayeT IPOU3BOAUTD, YTOObI 3aABKY IOTpedbuTesel OblIn
YIOBJIETBOPEHDI, a HAIllM 00Ilye 3aTpaThl Ha IIPOM3BOJCTBO U XpaHEeHNe 3a BCe
TpU 9Tana ObliIy HaVIMEHBIIVMIL.
VlcxonHble JaHHBIE 3a7]a4l MOYKHO KPAaTKO 3allcaTh CJIeAYyIOIM 00pa3oM:
d d, d, a b c h, h, h, Y,
1 2 4 1 5 3 1 3 2 2

Pewenue. Bocrioib30BaBIINCh PEKYPPEHTHBIMY COOTHOIIEHUAMHU, IIOCJIEN0-
BaTeJIbHO BeIumciasaeMm F(E=vy,), F(E=y,), F;(§=vy,) ¥ cCOOTBETCTBEHHO HaXO-

M 2, (E=Y,), 2,(E=1y;), x5(E=1,).
ITomoskum k = 1. Corytacuo (7.1.11) umeem
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E(i=y2)=rr}cin{xf +5z, +2+y2}.

YureMm, uTo corsacHo (7.1.12) mapaMeTp COCTOAHUA & =Y, MOKET IIPUHM-

MaTb IleJIble 3HAUEeHNs Ha OTPe3Ke
0<y, <d, +d;,

0<y,< 2+ 4,

y,=0,1,2 3,4, 5, 6.

ITpn aTOM, BOOOIIIE TOBOPS, KAKAOMY 3HAUEHMIO ITapaMeTpa COCTOAHMUA JOJK-
Ha OTBeYaTh OIpefiesIeHHasa 00JacTh M3MeHeHNA [IepeMeHHO X, , XapaKTepu-

syemada ycioBueM (7.1.13)
0<x, <3+y,-

OznHako Ha IepBOM dTale 00beM IPOU3BOACTBA X; HE MOYKEeT ObITb MeHbIIIe
eVHNIIBI, TaK Kak cupoc d, =3, a MCXOonHbI 3anac y, =2. Bojsee Toro, us 6a-
JIAHCOBOTO yPaBHEHUA

Xty —d, =y,

HEIIOCPEJICTBEHHO CJEeAyeT, YTO 00beM IIPOM3BOJCTBA CBA3AH CO 3HAYEHUEM
rapameTpa COCTOAHUA & =Y, COOTHOLIEHNEM

X, =Y, +d, -y, =y, +3-2=y,+1. (7.1.15)

B sTOM 1 cocTOUT 0COOEHHOCTD II€ePBOro aTalia. Econ 3alaH YPOBEHDb 3allacCa
K HadaJly IIepBOTro aTalla, TO KasKJOMYy 3HAYECHIIO Y, OTBE€HaeT €JMHCTBEHHOE

3Ha4d9eHlne X, 1 IIOTOMY

F(€=y,) = (x},y,).

IIpupaBas y, pasyandHble LeJble 3HadeHNA oT 0 7o 6 u yunrsiBaa (7.1.15),

HaXOIVM:
Y, =0, x,=0+1=1 Q/(1,0)=1>+5-1+2+1-0=8,
y,=1, x,=1+1=2 Q(21)=2"+5-242+1-1=17

u T.1. 3HaueHusa PyHKIuy cocroguuda F (§) npencrasiens! B TadJ. 7.1.1.
Tabnuua 7.1.1

E=y, |0]|1]2(3|4|5]|6
F(=y,) | 8 |17|28|41|56|73|92
xE=y)| 1234|567

IIepexonum ko BTOpoMy dTamy. Ilosaraem k = 2 m TabysmpyeM (pyHKINIO
F,(§=vy,;) c momomibio cooTHOeHu (7.1.14):

F,(§=y,)=minQ,(x,,y;) = rralsin{axs +bx, +c+hyy, + Fl(yz)} =

(7.1.16)
= rralcin{xg +5x, +2+ 3y, + Fl(yz)}.
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3nech MUHUMYM OepeTcs 10 eIMHCTBEHHOI IIepeMeHHO X,, KOTopas MO-
SKeT MBMeHAThCA, coryiacHo (3.7.10), B mpegeax

0<e, <d, vy, mm 0<x,<2+y, (7.1.17)

I7le BepXHAA IpaHMIla 3aBUCUT OT ITapaMeTpa COCTOAHUA & =1Y,, KOTOPBIH, CO-
rJyiacHo (3.7.8), npuHMMaeT 3HaYEeHNA Ha OTPe3Ke

0<y,<d;, T1e 0<y,<4,
a apryMeHT Y, B IIOCJeJHEM cjlaraeMoM cIIpaBa B cooTHolneHuu (7.1.16) cBsa-
3aHC X, 1 Y, ODaJlaHCOBBIM ypaBHEHIEM
X, +Y, —d, =Ys,
OTKyJa cJeayeT, 4To
Y=Y +d,—x, =y, +2—x,. (7.1.18)

IIpunaBas nmapamMeTpy COCTOAHUSA pa3jnyHble 3HadeHUdA oT (0 no 4, Oynem
II0CJIeIOBATEJIbHO BBIUMCIATD (2,(X,,E), a 3aTeM onpenenats F, (&) u x,(E).

ITososxum, HanpuMep, & =1y, =2. Torpa, corsnacso (7.1.17),
0<x, <4,

T. €. IepeMeHHasa X, MOKeT NpMHMMaTh 3HadeHus 0, 1, 2, 3, 4, a KaxgOMy
3Ha4YeHNIO X, OTBedaeT ollpejeJIeHHOe 3HaueHue Y,, BbIUMCJIsAeMoe 110 op-
myJe (7.1.18):

Y, =4-ux,.
ITocaemoBaTeIbHO BBHIYMCJIISEM:

ecim x,=0,70 y,=4-0=4, Q,0,2)=0"+5-0+2+3-2+F,(4)=8+56=64,
x,=1, y,=4-1=3, Q,(1,2)=1+5-1+2+3-2+F,(3)=14+41=55,
x,=2, y,=4-2=2, Q,2,2=2"+5-242+3-2+F(2)=22+28=50,
x,=3, y,=4-3=1, O,(3,2)=3"+5-3+2+3-2+F,(1)=32+17=[49],
x,=4, y,=4-4=0, Q,(42)=4>+5-4+2+3-2+F,(0)=44+8=52.

HauMeHnsbllee 13 nosiy4eHHBIX 3HadeHuit (2, — aTo F,(2), T. e.

F,(§ =y, =2)=minQ,(x,, 2) =min{64, 55, 50, 49, 52} =49,
IIpyYeM MYHVMYM JOCTUTAeTCs IPY 3HAYeHUN X, , PABHOM

x,(E =y, =2)=3.

AHaJIOTMYHO NJId 3Ha4YeHMs IapameTpa &=y, =3, IpoBeIsd HeoOXOoAMMbIe
BBIUMCJIEHIA, HaligeM

F,(E=y,=3)=63, x;(§:y3:3)23-
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IIpornecc TabynmupoBanua dpyskium F,(§=1vy,) npuBeneH B Tabiu. 7.1.2, a pe-

3yJIbTaThI Ta0YyIMPOBaHUA CBeJeHbI B TabJ. 7.1.3.
ITepexomum K caenpyroilemy 3tany. I[losaraem k = 3 u Tabynmupyem pyHK-

o F(E=y,):
F,(&=y,)= rr}cin{axg +bx; +c+hyy, + Fz(yg)}~

BreranciseM 3HaueHMe (PYHKLMM COCTOAHMA TOJIBKO JJIA OJHOTO 3HA4YeHMA ap-
rymeHTa & =Yy, =0, Tak KaK He XOTVM OCTaBJIATh IIPOLYKIMIO B 3aIlac B KOHIIE JIC-

cyexyeMmoro repuona. Ilporiece Beramciennit npuseeH B TabJr. 7.1.4. Ilomyuaem

F,(¢=vy,)=minQ,(x,,0)=min{80,71,65,62,62} =62,

IIpyYeM MUHUMYM JOCTUTAEeTCA TP ABYX 3HAYEHNAX ITIePeMEeHHOM X, , PABHBIX
* sk
x,E=y,=0)=3 mm x;(E=y,=0)=4.

Taxkum 06pa30M, MbI ITIOJIYyYMJIVT HE€ TOJIbBKO MMHMMAaJIbHBbIE O6I_I_U/Ie 3aTpaTbl
Ha IIPOM3BOJACTBO U XpaHEeHNe IIPOAYRKIVNM, HO M IIOCJIEAHIOI0 KOMIIOHEHTY OII-

* sk
TUMaJIbHOTO pemeHns. OHa paBHa X; =3 MJn x; =4.

PaccmorpumMm caydali, Korja Ha IocjeHeM dTalle IJIaHMPyeTCA BbIIIYCKAaThb
TPY e JVHUILIBI IPOLYKIN:

x; =3.

OcrajsibHbIe KOMIIOHEHTBI OIITMMAJIbHOTO pPeIleHUs HalileM [0 OOLIYHBIM
IIpaBUJIaM MeTOJa AMHAMMUYECKOro IIPOTpaMMMPOBaHMA. UTOOBI HAWITU IIpes-
IIOCJIEJHIOI0 KOMIIOHEHTY, yUTeM, UTO

x,+y;—d, =y, mm 3+y,—-4=0,
OTKyZa
Yy, =1.
VI3 Tabu. 7.1.3 3HaueHmit x,(§) HaxOMUM
x, =x,(E =y, =1)=2.

AHaJIOTMYHO, IPOJOJIKasA IBUTaThbCA B O0OpaTHOM HallpaBJEeHUM M YUUTbI-
Bas, 4TO

x,+y,—d, =y, mmm 2+y,-2=1,
oJIy4aem
Y, =1;
u3 Tabu. 7.1.2 3HaueHnit x; (§) HaxOUM

x, =x/(E=y,=1)=2.
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Tabnuuya 7.1.2

(USTANEND) dj

o E=Ypn 0<x, <d +y, Ly Y=Yt =X, Oy (203, Ypir) = Qi (20) + Yy + By (Uy)
J=K+
0<y,<d, =y, 0<x,<d,+y, Xy Y,=y; +d, —x, Q,(xy,Y;) = ax; +bx, +c+hyy; + F(y,)
0<y,<4 E=vy, 0<x, <2+y, x, Y=Yy +2-, Q2(x2,y3)=x§+5x2+2+3y3+F1(y2)
2, =0 Y, =2-0=2 Q,(0,00=0+5-0+2+3-0+F(2)=2+28=30
y; =0 0<x, <2 x, = y,=2-1=1 0Q,(1,0)=1*+5-1+2+3-0+F(1)=8+17=25
=20 Y=272500 g 90)=245.94243-0+F(0)=16+8=[24]
x, =0 y,=3-0=3 Q,(0,1)=0°+5-0+2+3-1+F,(3)=5+41=46
x, = y,=3-1=2 Q,1,1)=12+5-1+2+3-1+F(2) =11+28 =239
Yy, =1 0<a, <3
&, = Y,=3-2=1  |Q,21)=2*+5-2+2+3-1+F(1)=19+17=|36]
x, = Y, =3-3=0 10 (3,1)=32+5-3+2+3-1+F(0)=29+8=37
Yy, =2
- y,=5-0=5 | (0,3)=0°"+5-0+2+3-3+F(5)=11+73=84
xz, =1 y,=5-1=4 0,(1,3)=12+5-1+2+3-3+F(4)=17+56 =73
— — _ — — 2 . . = =
v, =3 0<x, <5 X, Y, =5-2=3 Q,(2,3) 22+5 2+2+3-3+F(3)=25+41=66
x, =3 Y, =5-3=2  |0,(3,3)=3"+5-3+2+3-3+F,(2)=35+28=]63]
x, =4 Y =9-4=1 10 (4,3)=4>+5-4+2+3-3+F,(1)=47+17=64
Ly =5 ¥=5-5=0 " 1) (5,3)=5"+5-5+2+3-3+ F,(0)=61+8=69
_ ,=6-0=6 | %049)=0"+5-0+2+3-4+F(6)=14+92=106
2 2
x, =1 y,=6-1=5 Q,(L,4)=1"+5-1+2+3-4+F,(5)=20+73=93
x, =2 y,=6-2=4 0,(2,4)=2"+5-2+2+3-4+F,(4)=28+56 =84
y, =4 0<x, <6 x, =3 Y,=6-3=3  |Q,(3,4)=3"+5-3+2+3-4+F,(3)=38+41="79
x, =4 Y, =6-4=2 | (4,4)=4>+5-4+2+3-4+F(2)=50+28=[78]
X, =9 Y.=6-5=1" 10 (54)=5>+5-5+2+3-4+F,(1)=64+17=81
x, =6 Y, =6-6=0

Q,(6,4)=6+5-6+2+3-4+F(0)=80+8=88
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Tabnumya 7.1.3

E=y, |0 |1]2|3]4
F,(E=y,) |24|36|49|63 |78
x,E=y,) | 2] 2|3|3]|4
Tabnuuya 7.1.4
0<Yins gjz%ﬂ d; | E=Yp | 0< 2, <dy + Yy Ly Yy = Ypes T — 2, Oy (X, Ygern) = 9 (203) + RyYpey + i ()
0<y, <0 &=y, 0<x,<d;+y, L3 Yy =Y, +d; -, Qg(xg,yz;):ax;+bx3+c+h3y4+Fz(y3)
Y, =0 E=1, 0<x; <4 L3 Yy =Y, +dy -, Qg(xg,y4):ax§+bx3+c+h3y4+F2(y3)
2,20 | v =4-0-4 Q,(0,0)=0"+5-0+2+3-0+F,(4)=2+78=80
x,=1 y;=4-1=3 Q3(1,0):12+5-1+2+3-0+F2(3):8+63:71
Y, =0 0<a; <4 Xy =2 Y, =4-2=3 Q,(2,00=2*+5-2+2+3-0+F,(2) =16 +49=65
f:i ysii—ij 0,(3,00=32+5-3+2+3-0+F,(1)=26 + 36 =[62]
; Ys =737 0,(4,0)=4>+5-4+2+3-0+F,(0) =38+ 24 =[62]
Tabnuuya 7.1.5
Camonposepxa pe3yabmamos
Jran fAuBapsr | PeBpaJib Maprt Wroro 3a 3 mecara
VImeem npoayKIuy K Ha4aJy MecsALa, IIT. Yy, =2 Yy, =1 Yy, =1 Yy, =2
IIponsBonuM B TeueHNe MecALa, IIIT. x, =2 x, =2 X, =3 x, +x, +a, =7
OrnyckaeM 3aKa3uMKaM, IIT. d =3 d, =2 d, =4 d +d,+d, =9
OcTaTOoK K KOHITY MecAla (XpaH!M B TedeHle TeKYIIlero MecsAra ), miT. Y, =1 y; =1 Y, = —
3aTpaThbl Ha IPOU3BOACTBO, PYO. o(a,)=16 | o(a,)=16 | @(a,)=26 o(x) + o(x,) + o(x,) =58
3aTpaThl Ha XpaHeHne, pyo. hy, =1 h,y, =3 0 hy,+hy, =4




VTak, onTHMaJIbHBIN IIJIaH IPOU3BOACTBA MMEET B
x, =2 x,=2, x;=3,

a MMHMMAaJIbHBIE 00II[/ie 3aTPaThl COCTABJIAIT 62 e IMHUIIBI.

Ilosesna caM oI poOBeEpPEKa IIOJYyYEeHHOro pe3yabrarta. Jjd aToro mo muc-
XOJHBIM JAaHHBIM U HaVJEHHOMY ILJIaHy ITPOM3BOJICTBA 3al0JiHAeM TabJ. 7.1.5 u
yOesxkaeMcs, 4TO 3aABKU ITOTpeduTesell Ha KaskI0M dTalle BbIIIOJIHAIOTCA

y+tx, =2d, y,+tx,=>d,, y;+x;=>d,,
24+ 2> 3, 1+2 >2 1+ 3>4,

¥ YTO CyMMAapHBI 00beM IPOM3BOJICTBA ¥ MMEBIIETOCA K HAYaJly II€PBOTO
aTara 3arnaca IpoAyKIUM paBeH CyMMapHOV IOTpeOHOCTH

y+x, +x,+x,=d +d, +d,,
2+ 2+2+3=3+2 +4,

IIpmu4deM 9TO JOCTUTAETCA TPV HAaVMMEHbIINX BO3MOMHBIX 3aTpaTaX Ha IIPOU3-
BOACTBO I XpaHEHNMe IIPOAYKIININ:

o(x,) + o(a,) + o(x,y) + hyy, + h,y, = F(y, =0),
16 +16 +26 +1 +4 =62

CTyneHTy peKOMeHAyeTCsa HaliTY IPYTroli BapuaHT ONITYMAaJIbHON IIPOU3BOJI-
CTBEHHOI IIPOTpaMMBbl, KOTJla Ha IIOCJIeJHEM dTalle IIpearoaraeTcsa Ipou3Be-
CTU YeTBbIPe eAVHUIIbI TPOAYKIIVN, 1 BBITIOJHUTDL caMoIIpoBepry. U

7.2.3apaHMe NPAKTUKYMaA

PaccMmarpuBaeTcsa TpexaTalHas CUCTeMa YIIPaBJIEHM 3alacaMiu C IVCKPeT-
HOJ IIPOAYKILIMEN U AYHAMIYECKMM JeTePMUHVPOBAHHBIM CIIPOCOM.

3asABKM noTpebuTesell Ha MPOAYKIMIO COCTABJISAIOT Ha JTale j paBeH d, efu-
Hui (7 =1, 2, 3).

K Haygajry nepBoro aramna Ha CKJaJie MMeeTCs TOJbKO Y, e AVHUIBI TPOYKIIMIL

3aTpaTbl HA XPaHEHVE eIMHNIIBI IPOAYKIMI Ha 3Talle j PaBHbI h.

3aTpaThbl Ha IIPOM3BOJICTBO X, €VIHVLY IIPOTY KLV Ha J-M DTaIle OIpenesaiTCs
dyurimeii @ (x;)=ax+bx;+c, j=1,23.

TpebyeTca yka3aTh, CKOJIBKO €VHUI] ITPOAYKIIMM Ha OTJIEJIbHBIX dTarax
cJaenyeT IIPOM3BOINTD, YTOOBI 3aABKM MIOTpebuTesieli ObLIM yO0BJIETBOPE-
HBI, a 00IIIMe 3aTpaThl Ha ITPOM3BOJICTBO U XPaHEeHNe 3a BCe TPU dTaria Obl-
JIVI HaVIMEHBIIVIMIA

Jly1a aTOr0 HEOOXOIMMO COCTABUTH MAaTEMATUYECKYIO MOJIEJIb IVHAMMYE-
CKOI 3aJla4uM yIpaBJeHUA IIPOU3BOJICTBOM I 3a1acaMy U PEIUTb ee MeTO-
JIOM OVHaMMWYEeCKOTO IIPOrpaMMMPOBaHMA, 0OOCHOBBIBAA KasKIbIV 1Iar BbI-
YMCJMUTEJBHOTO IIpoIlecca.

VlcxonHble JaHHbIE IIPUBEJIEHBI IJIA KasKJ0r0o BapuaHTa B TabJ1. 7.2.1.
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Tabnuuya 7.2.1
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8. ONTUMM3ALMOHHBIE 3AAAYU HA TPADAX

8.1.KpaTKkue teopetrMmyecKkme ceBepfeHus
M YKAa3aHMSA K BbINONHEHHWIO 3afaHMH

IMInpokoe pacnpocTpaHeHMe B 3ajladyaxX yIpPaBJIEHUs IOJYyUMJIN MOJLEJN B
Bue rpadoB OJaroaps AOMOJHUTEIbHBIM BO3MOMKHOCTAM, KOTOPbIE ITOABJA-
IOTCA IIPU TeOMEeTPUUEeCKOM IIONIXOJe K OIMCAHUIO UM TPaKTOBKE IIPOI[ECCOB
yupaBJyaenusa. Cpenu rpadoBbIX Mojiesieit 0co0yio poJb UTPal0T IIOTOKOBBIE MO-
IleJlyl, 4aCTO Hal3bIBaeMble TPAHCIOPTHBIMM CETAMM TOJIBKO M3-3a TOTO, 4YTO
IIepBOHAYaJIbHO OHY BO3HUKJIYM IIPY pellleHnN TPpaHCIOPTHOM 3aga4un. K TpaHc-
IIOPTHBIM CETAM CBOIATCA MHOIME IIpaKTUYecKMe 3a/ladyl yIIpaBJIeHUsdA, Ha-
puMep, 3afada 00 onNTMMaJbHOM Hal3Ha4dYeHUM, O CKJaZe, O IIOCTaBIIVKE, O
cIIpoce ¥ IpeaJIosKeHNN, 0 KpaTdyaiiieM IIyTy, 00 ONTMMAaJIbHOM MCIIOJIb30Ba-
HUM JOPOT, 00 ONTUMAJBHOM 10 CTOMMOCTY (MJIN II0 BpEMEHM) CeTEBOM rpadu-
Ke MHBECTUI[MOHHOTO0 IIPOEKTa U Apyrue.

I'paghom Ha3BIBaEeTCA NTapa 0OBEKTOB, COCTOAIIAA U3 MHOK eCcTBa TO -
YeK M MHOJeECTBa OTDPe3KOB, COeIUHAIINX HEKOTOPble U3 DTUX
TO4YeK (MOXKeT ObIThb, BCe). YIOMAHYThIe TOUKM Ha3bIBAIOTCA 8ePULUHAMU 2Pa-
¢a. Ecaim oTpesku, coeIMHAIOIE BEPIIVHBI Tpada, MMEIOT HaIpaBJIeHUA, TO
rpad Ha3bIBaeTCA OPUEHMUPOBAHHBLM, & CaMl OTpe3Ku — O0yzamu. Ecan sxe
OTpe3K) He MMeIOT HallpaBJIeHUs, TO rpad Has3bIBaeTCA HEOPUEHMUPOBAH-
HblM, I B DTOM CJIy4dae TOBOPAT, YTO BePILUMHBI rpada coeaVHEHBI pedpamu.
CmewanHnblm Ha3bIBaeTcA rpad, B KOTOPOM cozepskaTcsa KaK OPUEeHTUPOBaH-
Hble, TaK U HEOPMEeHTUPOBaHHbIe 0Tpe3Kyu. OpreHTPOBaHHEIN rpad 4acTo Ha-
3bIBAIOT CEMb1O.

Ob6o3naunm BepumHsl rpacda X, X,,..., X, , a AyTy, COeIMHAIIIYIO BePII-
Hy X, ¢ X, B HanpaByienun oT X, Kk X, — u,. 'pacp I', oGpasosanubii MHO-
SKecTBOM BeplIH X 1 MHOMKeCTBOM AyT U , o6o3nauvaror ['(X, ).

Hampumep, njas ropozia MOsKHO pacCMaTpMBaTh KaK CMeIIaHHbI rpady, B KO-
TOPOM AyTM U pebpa IpefCcTaBJIAIT yJNUIbI, & BEPIIMHBI — II€PEKPECTKY, IIPpU
9TOM yJIMIla C OOHOCTOPOHHMM JIBUIKEHMEM M300pasKkaeTcsa AYroi, a ¢ ABYCTO-
POHHIM — OTPE3KOM 0e3 OpMeHTaIN.

IIBe nyru rpadpa (aBa pebpa) HA3BIBAIOTCA CMEHCHBLMU, ECIV OHU PABJINIHBI
U MMeIT o0Iyo BepuIuHy. JIBe BepIIMHBI Ipada Has3bIBAIOTCA CMEHCHBLUU,
ecJI cyllecTByeT ayra (pebpo), coequHAONad UX.

T'oBopsart, uTo gyra ucrooum u3 sepwunsl X,, ecan X, ABJIAETCS ee Hada-

som. Tyra saxodum 6 sepwuny X, ecau X, sIBJIsETCA ee KOHLIOM. Takyo Ayry
MbI 0003HAYNM Yepes U,;.

T'oBopAT, uTo B rpade maHHaAA Ayra uHyudenmHa NaHHOV BepIUVHe, eCJu
9Ta BepIINHA ABJIAETCA HaYaJIOM MUJIM KOHIIOM JaHHO! Iy

Obo3HaYMM U;(i MHOYKECTBO IyT, MCXOIOAIIMX MX JAaHHOJ BepIIMHbI X, a
U}}i — MHOJKeCTBO AyT, Bxoaamux B X,;. VIx oObenuHeHNne eCTb MHOYKECTBO

nyr Uy , MHIMIEHTHBIX TaHHOV BepPILNHE.
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U, =Uj; LU .

ITymv B opueHTUPOBaHHOM Ipade — 3TO II0CJIe0BaTeJIbHOCTDh AYT, B KOTO-
PO KOHEeIT MpeabIAYIIel yTY COBIIAAAaEeT C HadyaJioM cienyoiieir. Obo3Haumm

H:{Xil’Xiz’“"Xik}
Iy Th, [10CJI€JOBATEJIBHOCTD BepLnH KoToporo X, , X, ,..., X, .

IIyTb, B KOTOPOM HU OJlHA BepIIVHA He BCTpedaeTcda ABaKAbl, Ha3bIBaeTCs
anemenmapHuvim. IIyThb, B KOTOPOM HU OJHA Iyra He BCTpedaeTCs ABaKAbl, Ha-
3bIBaE€TCA NPOCMbLM, B IIPOTUBHOM CJIydae — COCMa8HblM. KOHEeUHBI! ITyTh, Y
KOTOPOTO KOHEe4YHas BepIlNHAa COBIIaJlaeT C HAYaJIbHOV, Ha3bIBaeTCSA KOHMY-
pom. KoHTyp, 00pa30BaHHbBIN OTHOV AYTO}, HA3bIBAETCA NemJel.

OpueHTMpPOBaHHEIN rpad Ha3bIBaeTCA CUMMEMPUUECKUM, €CIN JIOObIE IBe
CMe’KHbIe BePIINHbI eT'0 COeAMHEHb! ABYM:A IPOTUBOIOJIOMKHO OPUEHTUPOBaH-
HbIMI Ayramu. OpueHTUMpPOBaHHBIM Tpad Hal3bIBaeTCA aHMucummempuue-
cKUuM, ecau Kaskaas rapa CMe)KHbBIX BEpIIVH coeqUHeHa TOJIbKO B OJTHOM Ha-
IIpaBJIEHNY U IETJN OTCYTCTBYIOT.

151 HeOPpMEeHTUPOBAHHBIX I'PadOB BBOAATCA MOHATNUA, aHAJIOTMYHbIE TOHA-
TUAM IyTH, KOHTYpa 1 ap. MeHATCA TOJIBKO Ha3BaHUA: BMECTO AYTY TOBOPUM
pebpo, BMECTO IIyTH — 4enb, BMECTO KOHTYpPa — YUKA U T. [I.

HeopueHTupoBaHHBII Ipad Ha3bIBAETCA C8A3HbLM, €CJIV JIBe JII0Oble Bep-
IIMHBI €70 MOYKHO COeIMHUTH I1elbio. KOHeuHbIlI CBA3HBINI HEOPMEHTUPOBaH-
HBIII Tpadp, He MMEIOIINII IIMKJIOB, Ha3bIBaeTcA depesom. I'padp, mpeacTraBiiAa0-
i 00'beJMHEHNE JePeBbeB, HA3BIBAETCHA AECOM.

PaccmoTpuMm 3agady 0 MaKkCMMAaJIbHOM IIOTOKE B CETIL.

IIycTe HaM [aHa HEKOTOpas COBOKYIIHOCTb reorpauyuecK;ux IIYHKTOB MJIU
JKEeJIe3HOJOPOKHBIX CTAHIMI, CBA3AHHBIX MEXKIy CO000Ji aBTOMOOMJIbHBIMN
U sKeJIe3HbIMM Joporamu. IIpy njaaHMpoBaHMUY II€PEBO30K YacTO BO3HUKAET
3azada 00 opraHM3aIMM MaKCUMAaJIbHOTO IIOTOKA I'PY30B (T. €. IePEeBO3KM MaK-
CUMMAaJIbHOT'O KOJMYecTBa TPY30B B eQUHUILY BpeMeHM) U3 OJHOTO IIYHKTa B
IPYTOJ C y4eTOM TOro O0CTOATEIbCTBA, YTO IIPOITYCKHAA CIIOCOOHOCTD KasKa0M
noporu orpaHndeHa. CpopMynpyeM aTy 3ajilady MaTeMaTUdeCcKN.

Kasksiasd COBOKYIIHOCTb IIyHKTOB BMECTe C COeIMHSIONMMY X T0poraMm cxe-
MaTUYeCKV MOKeT ObITh M300paskeHa B BlUe HEKOTOPOI CETU, B KOTOPOI JIMHUN
COOTBETCTBYIOT JOPOraM, a epecedeHns — OTAeJbHBIM ITyHKTaM MJIM CTaHIIMAM.
IIosTOMy paccMOTPMM OpPMEHTMPOBaHHBII rpad ¢ (n+1) Bepmmuoin X, X,

X,,..., X, , TAe HEKOTOPbIE yIOPsAAOIEHHbIe Taphl ToueK X, X, COeNVHEHBI y-
ramm U, NpUYeM KajKIoii TaKoil Ayre IIOCTaBJIEHO B COOTBETCTBME HEOTPUIIA-
TeJIbHOE YICJIO C; = ¢(U,;) , HA3bIBAEMOE €€ NPONYCKHOU CNOCOOHOCMBIO.
SadurcupyeM Kakye-H1OyIb ABe BepIlHbI rpada, Hanpumep, X, n X, . ITo my-
tam X, X,, X,,..., X, X, } cocraBnennbmm u3 ayr (X, X)), (X;, X),..., (X, X,)
ceTy 1 He 00Pas3yIoIX KOHTYPOB, HAITPABJIAETC KMIKOCTD, Ta3 UJIV TPAHCIIOPT 13
Touky X, cetu B Touky X, .Hasosem X sxodom cemu, X, — evtrodom. IIporryck-

Has CIIOCOOHOCTD ¢; Ayru (X, X;) omnpeziesisieT MaKCUMaJIbHOe KOJIMYECTBO Bellle-
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CTBa, KOTOPOE MOXKET IIPOITyCTUTh 9Ta Ayra 3a eAuHuIly BpeMeHn. Ecim kakasa-To
napa Todek X, , X, He coefuHEeHa qyTol, To OyzeM cuntathb ¢, = 0. Kpome Toro, Oy-
JIeM CUMTATh PacCMaTPUBAEMBI Irpadd CUMMETPUYECKNM, T. €. €CJIL B CETh BXOAUT
nyra (X;, X;), T0 B Hee BXOAMT 1 CUMMeTpy4Has ayra (X, X,), IpuieM [poIryCcK-
HbIE CIIOCOOHOCTY 3TUX JIYT MOTYT ObITh Pa3JIMIHBIMIL C,; # Cj;.

ITomokxom z; mo Oyee (X,,X;) HaspIBaeTCA KOJMIECTBO BELIECTBA, IIPOXO-

AddAllee 9eped oTy AYTry B €eIMHUIY BPEMEHI. ITomoxom no cemu, mJjan 1IIpocTo
NoMmoxKom, Ha30Be€M COBOKYIIHOCTDb {Zij} IIOTOKOB IIO BCEM OyraM CeETI. By;[eM

CUNTATBh, YTO IIOTOKM YAOBJIETBOPAIOT CJIEAYIOIIVIM OTPaHNYCHNMAM:

0<z, <c §,7=0,1,2,...,n, i#j, (8.1.1)

7 )

n—

1 n
Y- 2,=0, k=12..n-1. (8.1.2)
j=1

7=0

Orpannyenns (8.1.1) o3Ha4aoT, YTO IIOTOK I10 JIF000I Iyre HeoTpuUllaTeJIeH U
He IIpeBBbIIIaeT IIPOITYCKHOM CIIOCOOHOCTY IYyTH.
B ypaBuennsix (8.1.2) ymeHblaemMas CyMMma zg, + 2y, +++++2,_;, IPEeACTaBIsAeT

KOJIMYECTBO BeIlleCTBa, IIPUTEKAIOIero B BeplInHy X, 10 BCeM BXOIAILIVM B 9Ty
BepuMHy nyraM (ecam u3 X, B X, He BXOIUT Iyra, TO 2z, =0), a BeluMTaeMad
CyMMa z,, + 2, ++*++ 2, IpeAcTaBJdeT KOJIMIeCTBO BellleCTBa, BBITEKAOIIEro 13
BeplIMHBbI X, II0 BCEM BBIXOAAIIMM 13 3TOJ BePIIMHBI AyTaM (Takxke 2z, =0, ec-
Jm Het gyru (X, ,X]).

Takum oO6pas3oM, orpannderHuda (3.8.2) 03Ha4aIOT, YTO KOJIMYECTBO BEILECTBA,
NIPUTEKAIOIIero B IIPOM3BOJIbHYIO TOUKY ceTn (kpoMme X, 1 X ), paBHO KOJIMYIeCT-
BY BellleCTBa, BbITEKaloIlero 13 9Toi Touky. I1oTok, yzoBieTBOpAIOIINI OTpaHy-

venyaMm (8.1.1) n (8.1.2), 6ymem Ha3bIBaTH 00NYCMUMBLM.

VI3 orpannyennii (8.1.2) Takske caenyet, 4TO 00Illee KOJIMYIECTBO BEIECTBA
n
leoj , BBITEKAIOIIlero 13 BepmmHbl X, (BXOJa ceTu), COBIaJaeT C OOIMUM KO-
]:

n-1

JIMYEeCTBOM BelllecTBa ), 2, , IPUTEeKalolllero B BepuinHy X, (BbIXOJ CeTHu), T. €.
1=0

n

n n-1

Zzoj:sz =w. (8.1.3)
j=1

=0

JIunerinaa popMa w Ha3BIBAETCA 8AUUUHOU NOMOKA 8 CeMU.

Taxum oOpaszoM, 3ajjada 0 MaKCUMaJbHOM IIOTOKE B CETY IIpeACcTaBJIsIeT CO-
0ot 3azavuy JIMHENHOTO ITPOrPaMMMPOBAHUA: CPeOV BCEX PEIIEHU CHUCTEeMbI
JUHEeNHbIX orpanndenuii (8.1.1)—(8.1.2) caenyetr HaliTu TaKoe pellleHnue, KOTO-
poe MaKcuMusupyet JuHelHyo dopmy (8.1.3). OTo pernenne z; HazbIBaeTCA
MAKCUMAALHBLM NOTMOKOM 8 CeMU.

Kak u sr00ada 3aava JIMHEHOTO IPOTPaMMIPOBaHIA, OHA MOYKET ObITh pe-

IIIeHa OJHMM 13 U3BECTHBIX METOJ0B JIMHEHOTO IIporpaMMMNPOBaHNA. Ho B cu-
Jay CHEHM@)VIKM 3ala4l ee Jierde pelnThb CIleliaJIbHbBIMM MeTOJaMU.
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BBezieM HEKOTOpBIE JIOIIOJIHUTEJbHBIE TTOHATUA. Pa300beM MHOYKECTBO BCEX
BEPILNH CETY Ha JIBa HeIlepeceKaloUMXCs MoAMHOoMKecTBa P n O Tak, YTOOBI
X,eP, a X, Q. Ceuennem (P,Q) ceTu Ha30BEM COBOKYIHOCTb BCEX OYT

(X,, X;), KOHI[bI KOTOPBIX IPMHALJIEKAT Pa3HbIM MOAMHOKecTBaM. Kaxnomy

ceuennto (P, Q) mocraBuM B coorBeTcTBME uncyo C(P,Q) — nponyckHyro cno-

cobHOCMb ceueHus, — PaBHOE CyMMe ITPOITyCKHBIX CITOCOOHOCTEN BCEX YT ce-
TU, HAUMHAIOMIMXCA B P 1 KOHYAIOIUXcsa B O, T. e.
C(P,Q)= D c;.
X, eP
XjeQ

JIro6oit myTh n3 X, B X, 00s3aTeJbHO COLEPIKUT XOTs Obl OJIHY AYTY cede-
uusa (P,Q), koropad HaunHaeTca B P u KoHuaetrcda B Q. Ho mpomryckHas crio-

COOHOCTB IIyTU He IIPEeBBINIAeT IIPOIIYCKHOV CIIOCOOHOCTM KasKJIIOil ero OyTL.
ITosTomy BesmumHa Jiroboro noroka u3 X, B X, , ABJAIOLIAACA CyMMapHOA

IIPOITYCKHOJ CIIOCOOHOCTBIO Bcex IyTeil m3 X, B X , He MOYKET IIPEBBICUTD
IIPOITYCKHOII criocobHOoCTH Jiroboro ceuenns (P, D), T. e. Bcerga

w<C(P,Q).

OTcroma 3aKJiF0O9aeM, 9TO ecyy yAaeTcs TOCTPOUTL TaKoii TMOTOK {2z}, mpn

KOTOPOM BeJIMYMHA €T0 W' OKasKeTCs PaBHOI MPOILYyCKHOJ CIIOCOOHOCTY HEKO-
TOPOrO CEYEeHNA (P*,Q*), T.€. W =C(P*,Q*), TO BTOT IIOTOK OyIeT MaKCy-

MAaJIbHBIM, & (73*, Q*) — CedYeHMeM C MUHMMAJIbHOMN POy CKHOI CIIOCOOHOCTBIO.
Beejem errte oniHO mouATHe. IlycTh 3a/1aH HEKOTOPBI MOTOK {2} . Bynem ro-
BOPUTB, YTO Jyra U, C HAYaJoM B X, M KOHIIOM B BepiunHe X, ABJIAETCH Ha-

CHLWEHHOU, ECIIN Z;; =C,;, T. €. BEJIMYMHA II0TOKA I10 DTOM Jyre paBHa IIPOILYyCK-

i ?
HOI criocoOHOoCcTH ayru. Econ ke BesrMumHA IOTOKA II0 AyTe MeHbIIIe IIPOITYCK-
HOJ CITOCOOHOCTY AyTU z,; <C;, TO TAKYIO IyTy Ha3bIBaIOT HeHACHLULeHHOU.

ANTOPUTM OMPEAENEHUS MAKCHUMAJNBHOIO MOTOKA (ANrOPUTM MDOPAA —
(ANKEPCOHA).

1. ITocTpouTh KaKON-HUOYAb HAYAIBHBIN ITIOTOK {z?]} .
2. IIpoBepnTh, MOYKHO JIM IIOCTPOUTE IIyTh U3 X, B X, , COCTOAIINII TOJIBKO

113 HeHACBIILIEHHBIX AyT. Ecym HeT, TO IOCTPOEHHbIN paHee II0TOK MaKCUMAaJIeH.
Ecan ga, To nepeiitu K 11. 3.
3. BeienuTs KaKoii-HUMOYAb IIyTh, BeAymmii n3 X, B X, 10 HEHACBIIII€HHbIM

IyraM, HaliT¥ MMUHMMAJIbHYIO IIPOIIYCKHYIO CIIOCOOHOCTBH AYT 3TOro myTu 0 mu
YBeJUYUTH IOTOK Yepe3 KaskAyIo nyry aToro iyt Ha 0. IlocTponTs HOBEIN 1O-
TOK. [lepetiTu K 11. 2.

AJITOPUTM MOYKET OCTaHOBUTBCS B TOM CJydae, ecjii He yJaeTCsa IOCTPOUTH
nyTb 13 X, B X, II0 HeHACBIIIIEHHBbIM AyTaM. B mpoTMBHOM cilydae aJIropuTM MO-

’KeT ObITh ImpomosiKeH. [Ipy 5TOM Ha KasKIoM Ilare o0pasyeTcd 0o KpaiiHelt Mepe
OJIHa HOBas HACBIIIIEHHAA Ayra. Tak Kak 4McJyo IyT B CETV KOHEUHO, TO II. 3 MOMKET
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BBITIOJTHATHCA JIMIIIb KOHEYHOE YICJIO Pa3, II03TOMY YKa3aHHBIN aJIrOpUTM 0032~
TEJIbHO IIOCTPOUT MAaKCUMAJILHbIN ITIOTOK, Y IPUTOM 38 KOHEYHOE UIICJIO ITIaTOB.
Croenyer oOpaTtutTh 0co00e BHUMAaHME Ha BBINOJIHEHNE II. 3. Ecomm 110 HeKoTo-
POMY IIyTH L MBI IIPOITY CTUJIV IIOTOK BEJIMYMHOM 0, TO IIPOITyCKHBIE CIIOCOOHOCTM
BCEX JYT BTOTO IyTU CJeAyeT YMEHBIINUTh Ha 0, T. e. HOBadA IMPOITyCKHAA CII0CO0-
HOCTb Aayru (X, X;) nytn OynzeT paBHa c;]. =c; —0. Ora gyra MoOsKeT ydacTBO-
BaTb B IIOCJIENIYIOIIEM BbIOOpPE HOBOTO IIyTHU, HO C YMEHBIIIEHHON ITPOITYCKHOI
criocobHOCThIO. I103TOMY BBIUMCJIEHNE HOBBIX ITPOITYCKHBIX CIIOCOOHOCTEN BCEX
3BEHbEB HAVJIEHHOTO IIyTU COBEPILIeHHO Heobxoamumo. Kpome Toro, Hago Takske
y4eCcThb BO3MOYKHOCTB CYIIIECTBOBaHMA BMECTO HAMJIEHHOTO IIyTU APYTIOro, B KO-
TOPOM yYacCTByEeT HEKOTOpadA Ayra, CUMMETPUYHAA OJHON U3 YT IIPEeabIIYIIIEro
myTn. J[JIA 9TOro MPOITyCKHbIE CIIOCOOHOCTM BCEX AYT, CUMMETPUYHBIX IyraM
CTaApPOro IIyTH V, CJIeNYEeT YBEJUYUTL Ha 0, T. €. MPOIIYCKHYIO CIIOCOOHOCTb IyTU
(X;,X,), CUMMETPUYHOV MKCIOJb30BAHHO! B MPENIIECTBYIOIIEM IIyTH IyTe
(X;,X;), Hamo cYUTaTH PABHOIA c;i =c; +0. 9ro ciexyer ua TOro, 4TO Ayra
(X, X;) He IpPEnsATCTBYET focTaBKe B X, KOJIMYECTBA C;; BEIIECTBAa I10 HOBOMY

IIyTH C MCIIOJIb30BaHMEM STOM IYTH IJIIOC KoJudecTBa O II0 4acTy cTaporo my T
ot X, mo X, 6e3 1cnosb30BaHMA 3TO AyTM (TaK KaK IIPOIIyCKHAsA CIIOCOOHOCTb
BCeX AYT cTaporo Iyt He MeHble 0). Mbl yunTbiBaeM, 4To X, Telepb cOeny-
HeHa ¢ X IByMd Iy TsAMI, T. €. IIoJIy4aeTcs, 9To ayra (X, X;) kak Obl 3aMeHeHa
HOBOJL IyTOM C yBEJIMIEHHO IIPOILYCKHOM CIIOCOOHOCTBIO Cj; + 6.

Takum obpasoM, IIpolecc OTbICKaHMA MaKCUMAaJIbHOTO IIOTOKa B CETU CBO-
JUTCHA K CIIeNYIOIIVIM eVICTBUAM.

1. ITocTponTs NPOM3BOJIBHBIN IyTh U U3 X, B X, , UAYIINI 110 HEHAa C bl -
IIe HHBI M JIyTaM.

2. OnpenenuTh MPOIMYCKHYIO CIIOCOOHOCTHL 0" HalileHHOTO IMyTM KaK Hau-
MEHBIIIYIO U3 IIPOILYCKHBIX CIIOCOOHOCTE YT 9TOTO Iy T

[T py.
0" =min{c}}; (8.1.4)
3. BuIUunCanUTDb HOBbIE IPOIIYCKHbBIE CIIOCOOHOCTY BCEX YT JAHHOTO ITYTH:

¢l =ch —0"; (8.1.5)

J

4. BeruncanuTb HOBBIE IIPOIIYCKHBIE CIIOCOOHOCTM BCeX TeX IyT, KOTOpble
CYMMEeTPUYHBI IyraM JaHHOTO IIyTI

c; =ci; + 0%, (8.1.6)

5. IIponecc, onucaHHbINA B I 2—4, IIpoAo/IKaeTCA JI0 TeX II0p, IIoKa yAaeTcs
IocTpouTh myTh n3 X, B X, , UAYILIVI II0 HEHACBIIIeHHbIM AyraM. Ecim Takoin
IIyTb IIOCTPOUTDL HEJb3s, TO 3TO O3HAYaeT, YTO U3 UCTOYHMKA X, B CTOK X, IIPO-
IIyIIleH MaKCUMAJIbHBIV IIOTOK. 3aTeM CJiefyeT BbIUEeCTb IIPOITyCKHYIO CII0CO0-
HOCTb COOTBETCTBYIOIIEN nyryu ucxoqHoi cet. [Ion oMM Te b HBIEe 3HaAUe-
HMA HaliIEHHBIX Pa3HOCTEN ONpeesaA0T BeJNYMHbI IIOTOKOB 110 IyraM B MaKCH-
MaJIbHOM IIOTOKE JaHHOM CeTH, a BeJIMUMHA MaKCUMAaJbHOIO IIOTOKA B CETY paBHA
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B zakJjioueHne momgdyepKHEM ellle pas, YTO Ipoljecc IpeoOpa30BaHMil mIpe-
KpalljaeTcs, KaK TOJIbLKO OyJeT IoJIydeHa CeTh, B KOTOPOI HeJIb3s IIOCTPOUTDb HI
oxHoro myt n3 X, B X, UAYIIIETO II0 HEHACHIIIIEHHBIM JyTaM.

ITokaskeM, 4TO ITOJIYYEHHBIVI TaKMM O0pPa30M IIOTOK SABJIAETCSA MAaKCUMAaJb-
HbIM. J[J151 BTOTO ITOCTPOMM B TIOCJIeIHE ceTu ceuenne (P, Q) caenyommm odpa-

3oM. Ko MHOskecTBY P OTHeceM MCTOYHMK X, M BCE Te BepIIMHBI, KOTOPbIE J0C-
TVOKUMBL 13 X, II0 KaKOMY-HMOYIb IIyTY, COCTaBJIEHHOMY 13 HEHACBIIIIEHHBIX

IIyT, & BCe OCTaJIbHbIE BEPIINHBI CETU (HEJOCTMKMIMbIE) OTHECEM K MHOXKECTBY
Q. OueBupHo, X, €, Tak KaK He CyIIeCTBYeT HMKAKOI'O HEHACHIIIIEHHOIO Iy TH

n3 X, B X, .

Bce nyru ceuenua (P,Q), HanpaBiieHHble n3 P B O, 3arpysKeHbl ITOJIHO-
CTBIO JI0 IIPOILYCKHBIX CIIOCOOHOCTEN [T. €. AJIsi BEJIMYMHBI [IOTOKA 2, IO Ayre
(X, X;) npu X, e P, X, € Q umeem z,; =c¢; ], a nyrm (X;, X;) IPOTUBOIIOJIOKHOTO
HaIpaBJeHusa, uayime u3 @ B P, B IOCTPOEHHOM MOTOKE HE VCIOJb3yIOTCS
(T.e. z;, =0 mpn X, €Q, X, € P), TaK 4TO BeJM4IMHA I0OTOKa PaBHA

w = Z Zij_ Z Zji: Z Cij:C(P7Q),

X, eP X, eP X, eP
X]-EQ X]eQ X]-EQ
T. €. IOCTPOEHHBIN IIOTOK MakcuMmaJeH, a (P,Q) — cedyeHne ¢ MMUHUMAJbHON

IIPOITYCKHOJ CIIOCOOHOCTBIO (MUHUMANDHOE CeueHUe).
MPUMEP 8.1.1. TpebyeTca onpeneanTb MaKCUMaJIbHBIN IIOTOK B CETU, M30-
OpasxenHolt Ha puc. 8.1.1, u3 BepmmHel X, B BeplMHy X, IIe 4icja Ha Ayrax,

cHaO)KeHHbIe CTpeJIKaMM, O3HAaudalOT MPOIyCKHBbIE CIIOCOOHOCTM 3TUX YT B
yKa3aHHbIX HalIpaBJIEHUAX.

PeweHnne. B KauecTBe HadaJIbHOIO BO3bMEM HYJIEBOW IIOTOK, KOIJla BCe
z;=0.

Haiinem kakoi-unbynb myts u3 X, B X,, Hanmpumep, w, ={X,, X, X,}.

ITo aTOMY Iy T MOYKHO ITPOILYyCTUTH IIOTOK BEJIMYMHON He DoJjiee

0, = min{c;, ¢,;} = min{5, 2} =2.

IIpenmosnosxnuM, 4TO IOTOK TaKOM BeJMYMHBI 2 II0 YKa3aHHOMY IIyTU MBI
nporyctusm. Ioryunny HOBbIit TOTOK {z;;}. IIpu 3TOM mporycKHbIE CIIOCOOHO-

CTU OYT IIyTU ¥ CUMMETPUYHBIX UM OyT uaMmeHaoTcA. CorsacHo (8.1.5) u (8.1.6)
MIPOIYCKHBIE CIIOCOOHOCTY AYT ITyTY YMEHBIIIAIOTCA Ha 2 € JVHUIIBL:

Cps =Cps —0,=5-2=3, cly=c,,—0,=2-2=0,
T. e. ayra (X,, X;) CTaHOBUTCA HACBIIIEHHOM, a IPOIIyCKHbIe CIIOCOOHOCTM OYT,
CUMMETPUYHBIX AyTaM IIyTH, YBeJN4INBAIOTCS Ha 2 e AVHUIIBI:
Cly=Cy+0,=4+2=6, cp, =cy; +0,=2+2=0.
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Puc. 8.1.1. Cems 8 npumepe 8.1.1

CeTb ¢ HOBBIMM IIPOIIYCKHBIMM CIIOCOOHOCTAMM HOyTr IIpUBeAeHa Ha
puc. 8.1.2, a.
Teneps HaxoauM HOBBI IyTh U3 X, B X,, IPOXOIAIINI II0 HEHACBIILIeHHBIM

nyraMm, Hanpumep, W, ={X,, X,, X,, X,, X,}, onpenensaem
0, =min{c,,, ¢,,, Cy5, Cse} =min{3, 3,1,6} =1

U IIPOIIyCKaeM II0 9TOMY IIyTM IIOTOK BeJMYMHOM B OAHY enuHuily. Menaem
IIPOIIYCKHBIE CIIOCOOHOCTY AYT STOTO IIYTU ¥ CUMMETPUYHBIX UM AYT:

Cps =Cps —0,=3-1=2, ¢}, =c,+0,=6+1=7,
ci,=c,—0,=3-1=2, cj, =c;; +0,=3+1=4,
Che =Chs—0,=1-1=0, c;, =c;, +0, =1+1=2,
Chg =Cyq —0,=6—-1=5, ¢y, =cy +0,=2+1=3.

Hyra (X,,X,) craHoBuTcA HacblleHHON!. CeTb ¢ M3MEeHEHHbIMI IIPOITY CKHbI-

MM CIIOCOOHOCTAMM IIpMBeZieHa Ha puc. 8.1.2, 6.
Jlasee mocsie1oBaTeNbHO HAXOAVIM ITYTH [y, ,, U5, s ¥ II0 HUM IIPOITyCKaeM

notoky BesqunuuHou 0,,0,,0,,0, coorBeTcTBEHHO:

w, ={X,, X,, X,, X,, X, X;}, 0,=min{2, 2, 1, 2, 5}=1 (pmuc.8.1.2,8),
w, ={X,, X, X;, X}, 0,=min{l, 1, 4}=1 (puc.8.1.2,2),
w, ={X,, X,, X,, X;}, 0, =min{4, 3, 2}=2 (puc.8.1.2,0),
n ={X,, X,, X,, X,, X,}, 0,=min{2, 2, 3, 3}=2 (puc.8.1.2, e).

Ha yka3aHHBIX B CKOOKax pUCYHKaX IIPUBEJIEHbI CETH, IIOJyUYeHHbIe II0CTe
COOTBETCTBYIOIIMX ITIpeoOpal30BaHMil Ha KasKJgoM I1are. B ceTn, n300paskeHHOM
Ha puc. 8.1.2, e, y'xe HeJIb35 yKasaTb HM OLHOIO IIyTH, uayiiero n3 X, B X, 110
HeHacbIIlleHHbIM nyraMm. CyenoBaTesbHO, IIpoliecc IIpeobpa30BaHMil 3aKOHYEH.

YT00B! OnIpese nTb MaKCUMAaJIbHBIV IIOTOK, BBIUMTAEM OT IIPOIIYCKHBIX CIIO-
cobHOCTEl nyr mcxomHov cetu (puc. 8.1.1) u3MeHeHHbIe IPOIIYCKHbIE CIIOCO0-
HOCTU TeX sKe Ayr rocienHeit cetu (puc.8.1.2,e). PesynbpraT npuBeneH Ha
puc. 8.1.2, sc.
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Puc. 8.1.2. Onpedeserue maxcumarbHO20 NOMOKA 8 cemu
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ITosoxkuTesbHBIE 3HAYEHNS HAVJIEHHBIX Pa3HOCTeN Jal0T HaM BeJIMUMHEL Z;;
IIOTOKOB II0 COOTBETCTBYIOIMM Ayram (X, X;) B MaKCUMaJbHOM IIOTOKE U3 VIC-
TouHuka X, B cTOK X,. JICKOMBII MaKCHMMaJIbHOV IIOTOK IIPUBENEH Ha

puc. 8.1.2, 3, roe 4umcJia, CTOAILIME Y KasKJ0M AyTY, IOKa3bIBAIOT BEJIMYNHY I10-
TOKAa I10 JaHHOW AyTe, a CTPEeJIKM — HallpaBJIeHMEe IOTOKA I10 3Toil nyre. Besn-
YMHA MaKCUMAaJIbHOTO IIOTOKA PaBHA

w,, =0,+0,+0,+60,+0. +0,=2+1+1+1+2+2=9
niu, Kak BUIHO u3 puc. 8.1.2, 3,

W,e =205 T2+ 20 =4+1+4=9,

mq

W,y =Zsg T 265 T2, =2+0+2=09.

m

OOBIYHO ITpOIlecC pelreHNs 3ajayuy 3allCbIBAIOT B BIJIEe II0CJIEIOBATEIbHO-
CTM MaTPUI] MBMEHAIINXCA IIPOIMYCKHBIX CIOCOOHOCTEN mayr ceTn. YToObI He
MMCAaTh HYJIEBBIE DJIEMEHThI DTUX MaTPUIL, YA0OHO AJIA KasKJIOTO I1ara 4epTUTh
COOTBETCTBYIOIIYI0 TabJMITy, OCTABJAA IIyCTBIMM Te KJETKM, TJe IOJIYKHBI
CTOATH HyJsm. lJ1s MCXOOHOIN ceTy, IIpUBeZleHHON Ha puc. 8.1.1, maTpuna npo-
IIyCKHBIX CIIOCOOHOCTEN AyT OymeT nmeTsb By Taba. 8.1.1.

Ta6bnuua 8.1.1 Ta6bnuuya 8.1.2

X6X7X8 X6X7X8
X, [*Ll4 5 X, (o] ey
X, 1[1] |2 X, 1]1]:]2
X, 3 X, 3
X, X, 3
X, 1 31 X, ~3
X, |4 3 e ) X, |6 3.
X, 2] |31 216 X, 2 3|17 [e216
X, 2 21 2 X, 2 2| |2
X, 2"(22 X, 4272

YT006s! 110 TabJauIle MPOITYCKHBIX CIIOCOOHOCTEN OYT CeTU, He UMes PUCYHKa
ceTu, HalTU KaKoM-HUOYIb IIyTh U3 MCTOYHMKA B CTOK, MAYIINI 10 HEHACHI-
IIEHHBIM AyTraM, MOYKHO [IOCTYIUTD CJIEeAYIOIIM 00pa3oM.

B nysieBoit cTpoke Tabanibl BeIGepeM Kakoi-HIOy b SJIEMEHT C,,, OTJINYHbIIA
OT HyJIfl, HAIIPUMeD, C,, CTOAIINI B IATOM cTojbue. VI3 BepinHbl X MOYKHO
nepeiitu B X,. [loa HaraagHoctu ayry (X, X,) nposeseM IIPAMO B HYJEBO
CTPOKe TabJMIIbl U3 HYJIEBOTO CTOJIONA B IIATHIN, BBIAEJINB HAYAJO YT KPY-
SKOYKOM, KOHel] — cTpeskoil. Ternepb Mbl HaxoauMmca B BepumHe X, UTOOEBI
3a(pMKCUPOBATH DTO, CMECTMMCS II0 IATOMY CTOJIOIY IO CTPOKMU C TEM 3Ke IIfd-
TBIM HOMEPOM U OTMETUM 3Ty KJIETKY KPY KOUKOM, a IIepexoJ II0 BepTUKaJIU
— IIYHKTHPOM. B 11ATOJ CTpOKe MMeIOTCA TPU HEeHYJIEBbIX 3JIeMeHTa COOTBET-
CTBEHHO B HYJIEBOM, YeTBEPTOM I BOCBMOM CTOJIOIax. OTO O3Ha4YaeT, 4To u3 X,
MOXKHO nepeiity i B X, uau B X, uiu B X,. Bosspamatecea B X HET CMBICJIA,
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JIydille BCero MATU B CTOK X, OTOT Iepexo, M300paskeH CTPEJIKOl B IATON
CTPOKeE C Ha4aJIOM B IIATOM CTOJOIIe M1 KOHIIOM — B BOCbMOM.
Taknum o0pasom, 1o TabJyle Mbl HAIIIJIN ITyTh, BELYIIINI 110 HEHACHIIIIEHHBIM
nyraM 43 ICTOYHMKA B CTOK:
X, > X, >X;.

Teneps no Tabauile HaZO yKas3aTb IIPOIIYCKHYIO CIIOCOOHOCTH HaliJIEeHHOIO
IIyTY ¥ UIBMEHUTD IIPOIIyCKHbIE CIIOCOOHOCTM YT 3TOTO IIyTU M CMMMETPUYHbIX
UM OyT. [lyig 8TOro oTMedaeM 3HaKOM «MMHYC» 4JcJia B TeX KJeTKaX, IJe Haxo-
IATCA KOHLBI AYT, a 4YKucja B KJIETKaX, CMMMETPUYHbIX yKa3aHHBIM OTHOCH-
TeJIbHO I'JIaBHOV AMaroHaJu, 0OTMedaeM 3HAKOM «ILJIIOC».

IIponyckHas CIIOCOOHOCTb HaliJeHHOrO IIyTM paBHA, OYEBUJHO, HaVMeHb-
IIeMY Cpeay dycel, OTMeYeHHbIX 3HaKOM «MUHYC»:

0 =min{c,}.

B nansoM cayuae 0, =2.

YT0oOBI BEIYMCJIUTE HOBbIE ITPOITYCKHBIE CIIOCOOHOCTM YT HAMJEHHOTO ITYTU U
CUMMETPUYHBIX MM IyT, JOCTaTO4HO, coryiacHo (8.1.5) u (8.1.6), n3 Bcex umceds,
OTMEYEHHBIX 3HAKOM «MMHYC», BbIYECTb HAVMMEHBIIIYIO ITPOIYCKHYIO CIIOCO0-
HOCTb 0, @ KO BCeM umcJiaM, OTMEYeHHbIM 3HAKOM «ILII0C», MpubaBuTs O,. Ilosry-

yaeM TabJs. 8.1.2 ¢ M3MEHEeHHBIMN IIPOITYCKHBIMM CIIOCOOHOCTAMM InyT ceTu. OHa
cootBeTcTBYyeT puc. 8.1.1, a. ITo Tabiomite HaxXoAUM ITyTh

X, X ->X,»>X, > X,

OoTMeYaeM 3HaKOM «MMHYC» IIPOITyCKHbIE CIIOCOOHOCTM IYT DTOTO IyTHU (OHU
3amycaHbl B KJeTKaX Ha KOHI[AX CTPeJIOK), 3HAaKOM «ILJIIOC» — IIPOITyCKHBIE

criocoOHOCTM cuMMeTpuuHbIX ayr. Haxommm 0, xak HauMeHbIllee cpeau (9

[Ipubasnsas 0, K c;; ¥ BBIYUTAA U3 C;, Tepexo M K Tabst. 8.1.3 u T. 1.

ij )

Tabnuya 8.1.3 Ta6bnuuya 8.1.4
X, X, XX XX, XXX |X,
X, | e 2 X, |e— P!
X, o 11" X, |1 1|2
X, 2 3 X, 1
X, § X, 2 1
X, 14| |4 X, ®5
X, |7 24" X, |8 1
X, 2 |3]2] [Sr2H X, 4| [5]2 2|1
X, 2 21 2 X, 4 2
X, 41372 X, 4|74

BrimmosiHUB elrle yeTwIpe I1ara, npuaeM K Tabs. 8.1.4. VI3 aToit TabauIibl BUI-
HO, 4TO He CYIeCTBYeT HJ OJHOTO IIyTU U3 UCTOYHMKA B CTOK. JJelicTBUTEJIBHO,
n3 X, MmoxxkHO neperity B X,. Jlasiee, Tak KakK B IIATON CTPOKE TOJBKO Ba HEHY-
JIeBBIX dJIEMEeHTa C,, U C,,, MOKHO IepelitTu jmbo B X, (BepHyTbCA, 4TO Oec-
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CMBICJIeHHO), 100 B X,. Ho B 4eTBepToOii CTPOKe TOJIBKO OJVIH 3JE€MEeHT C,,, OT-
JIMYHBIN OT HyJA. IlosToMy 13 BepimyHbl X, MOYKHO II€PENiTH TOJbKO B X, T. €.
OIIATH IOABJAETCA KOHTyp. Hukakmx npyrux Bo3moskHocTelr HeT. CiaenoBa-
TeJIbHO, YBEeJINYUTD IIOTOK HEJb34.

s onpenesieHns NOJYYEHHOIO MaKCUMAaJIbHOTO IIOTOKA BbIYMTAEM U3 dJie-
MEeHTOB IlepBo¥ Tabsuiel (cMm. TabJ. 8.1.1) COOTBETCTBYMOIIVE BJIEMEHThI IO0-
caenuent (cm. Tabs. 8.1.4). SammcbIBaA TOJILKO MOJIOMKUTEJIbHBIE 3 HaJeHHBIX
pasHocTel, mosrydaeM TabJr. 8.1.5, yKa3bIBaIOIly0 MaKCMaJIbHBIN II0OTOK B 3a-
TaHHOI CeTHU C BeJIMYNHOM

W =2+ 2 + 2, =2+5+2=9.0

Tabnumya 8.1.5

X, 1[4 4
X, 2

X, 2 2
XS

X, 1 1

X, 2 2
X, 5
X, 2
X

oo

IIycte mau rpadp I'(X,U). Rasnoit gyre rpada mocTraBUM B COOTBETCTBIUE
TIOJIOMKUTEJIbHOE UMCJIo [(u%). OTO 4MCJI0 MOYKHO Ha3BaTh 0AuHoU 0yu. Torga 3a
0AUHY NYMuU L TTPUHUMAETC CYMMa IyT, BXOAAIINX B U,

Liw) = Y l(u).
uen

B 3amaue o kpaTuaiimem myTu Tpedyercsa Ha rpade I' HaliTu kxpamuatiwui
NYmb —IIyTb HaIMeHbIllell UIMHBI 13 BepIIMHbI X B BepmuHy X .

AINTOPUTM ONPERENEHMS KPATYAMLLErO NYTHU (ANFTOPUTM JLEMKCTPbI).

1. ITpucBonTk Kaxm0i BepmmHe X, MeTKy A, Tak, 9To0bI A =0, A, = +too
(z>0).

2. Haiitu nyry u =wu, = (X, X)), IJI1 KOTOPO! BBIIOJHAETCS HEPABEHCTBO
A=A > l(u,) (monaras, 4To o — 0 = (). 3aMEHUTb METKY BEPIIMHBI X, Ha HO-
BYI0, MEHBIIIYI0 METKY A, = A, + l(u,).

3. IL. 2 mpuMeHATH 10 TeX IOp, [OKa [l KayK a0l Ayru U, He CTAHET cIpa-
BeJIJIMBBIM HEPABEHCTBO A, — A, <l(u,).

4. Haiitu Bepmnny X,, 13 KOTOPOJ BBIXOAUT AyTa, Ipuxonamad B X , 1 1Js
KOTOpOit A=A, + l(u, ), 3aTeM BepmmmHy X , 13 KOTOPOJ BBIXOAUT IyTa, IPU-
xonsAmas B X, u 1y koropont A, =2+ l(u,) n 1. 0. Ha Hexoropom imare X
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cornazer ¢ BepumHoi X Ilyte p = (X, ..., X , X, X)) OynmeT KpaTdaiimm, a
ero aymHa OyzneT paBHa A .

B HekoTOpBIX MOZENIAX BO3HMUKAET 3aJada O HaXOXKJEeHNY He caMOro KOpoT-
KOro, a Haob0opoT, CaMOro JJIMHHOTO IIYTU MEKAY ABYMS 3aJaHHBIMY BepIN-
HaMmu rpada.

B zagaye o kpurtundeckom myTu TpebOyercsa Ha rpacpe I' HaniTu kpumuue-
CKUU NYymb — IIyTh HauOOJIbIIIel NJIMHEI 13 BepIMHbI X B BepInHy X .

Ecsm1 paccmoTpeTs cemesotl 2paguk, Iyrv KOTOPOTOo COOTBETCTBYIOT padoTam,
3aIlJIaHMPOBAHHBIM I10 HEKOTOPOMY ITPOEKTY, a METKa KasKIOol IyTM paBHa 3a-
ILJIAHMPOBAHHOMY BPEMEHM BBITIOJIHEHMA COOTBETCTBYIONIEN pabOThI, TO KPUTU-
YEeCKUIl IIyTh COCTOUT M3 paboT, 3amMeJieHMe KasKAoi U3 KOTOPBIX BJIMAET Ha
BpeMsA BBIIIOJIHEHVE Bcero IIpoekTa. MeHe sxep IIpoeKTa J0JKeH 0co0oe BHUMA -
HIe 00palaTh Ha CBOEBPEMEHHOE BhIINOJIHEHVE PA00T KPUTUYECKOTO ITY T

IIpensiaraeM CTyZIEHTY CAaMOCTOATEJIBHO IOCTPOUTD aJITOPUTM OITpeJie e HIUA
KPUTUYECKOTO IIyTH I10 aHAJIOTUM C aJITOPUTMOM ONpeesIeHNsA KpaTdaiillero
Iy TH.

MPUMEP 8.1.2. TpebyeTcsa onpenennTb KpaTdailmii IIyTh 13 BeplunHbl X, B

BepuHy X, B rpade, n3obpaskeHHOM Ha puc. 8.1.3, a, rae umcsa Ha gyrax O3Ha-

YAIOT JJIMHBI BTUX JIYT.
Pewenue. Perttenne 3a1a4um 10 IpUBEIEHHOMY QJITOPUTMY WJLTIOCTPUPYETCA
Tabs. 8.1.6 m puc. 8.1.3,6 —e.

Tabnuuya 8.1.6

ITar 1 2 3 4 ) 6
Bepunua A X A | X A [ XA X A X X
X, 0 X, 0 X, 0 X, 0 X, 0 X, 0 X,
X + — 1 X, 1 X, 1 X, 1 X, 1 X,
X, + — 4 X, 4 X, 4 X, 4 X, 4 X,
X, + — | + — 2 X 2 X 2 X 2 X
X, + — | + — 2 X 2 X 2 X 2 X
X, + — 5 X, 5 X, 5 X, 5 X, 5 X,
X, + — | + — | + — 3 X, 3 X, 3 X,
X, + — | + — 7 X, 7 X, 5 X, 5 X,
X, + — | + — 8 X, 8 X, 8 X, 7 X,

Ha sTux pucyskax IIyHKTMPOM OTMeYeHbI IPOBEPEHHBIE, HO He IIePCIeKTIB-
Hble IIyTU (MMeoIe AJIMHY OOJbIIYyI0, 4eM KpaTdaiilimii IIyTb 13 BepIlunHbl X,

B JAHHYIO BEpPILIMHY, a PALOM C yraMy, IPUXOAAIIVMIM B BEPIINHbI, HAlXICAHbI
METKM COOTBETCTBYIOLIMX BepIINH (T. €. AJIMHBI CAMBIX KPOTKUX ITyTeil n3 X, B

JaHHYIO BEPILNHY).
Ha mnocsiennem 1iare (puc. 8.1.3, e) mosryueHbl KpaTdaliliye IIyTy U3 BePIINHbI
X, BO BCe OCTaJIbHble, B TOM 4McJe, M KpaTdanmmii myTb n3 X, B X, :

X —>X—->X,->X—->X->X,.

JmHa TOro nyT! paBHa
1+1+1+2+2=7.0
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Puc. 8.1.3. Onpedeserue kpamuaviwezo nymu
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8.2.3apaHMg NPAaKTUKYMaA

1. SALAYA O MAKCMMAITIbHOM MOTOKE B CETU. TpebyeTca onpenenTb MaKCy-
MaJIbHBIN IIOTOK B CeTH, IIPUBENeHHOM Ha puc. 8.2.1, 13 BepInnHbl X, B BePIINHY
X, rie 4ncia Ha Ayrax, CHaDyKeHHbIE CTPEeJIKaMIL, O3HAYaI0T IIPOILYCKHBIE CII0-
cobHOCTM DTUX OYyT B YKa3aHHBIX HallpaBJsieHMAX. HoMmepa BeplIVH 1 U j AJid
KasKJOT0 BapMaHTa IIpuUBeJieHbI B Ta0JL. 8.2.1.

2. 3AAYA O KPATHAMLLEM NYTU. TpebyeTcsa onpeneanTb KpaTUaiImii IIyTh 13
BepimHbl X, B BepinHy X, B rpadoe, IpuBeieHHOM Ha puc. 8.2.2, re ducia Ha
Jlyrax O3Ha4daloT AJIMHBI 3TUX OyT. Homepa BepIyH ¢ 1 j 414 KasKJ0oro BapuaHTa
npuBesieHs! B TabJ1. 8.2.1.

3. 3ALAYA O KPUTMYECKOM NYTU. TpebyeTcs onpenesnnTb KpUTUIECKUIL IIyTh
13 BeplMHbL X, B BeplInHy X, B CETEBOM rpaduke, MIpUBEIEHHOM Ha puc. 8.2.3,
Te 4yucjia Ha AyraxX paBHBI IIPOJOJIKNUTEJbHOCTAM COOTBETCTBYIOINX ITUM Y-
raM paloT MHBECTUIVIOHHOTO ITpoeKkTa. Homepa BepIMH ¢ 1 j AJIA KasKJ0ro Ba-
puaHTa NpuBesieHbl B TabJ1. 8.2.1.

Puc. 8.2.1. Cemd das onpedesenus mMaKCUMALLHOZO NOMOKA
Ta6bnuya 8.2.1

o | HauanbHaa | Koneunasa | No | HauanbHas | Komeunasa | Ne | HauanpHas KBZI;?EZ:
Bap. | BeplIMHa ¢ | BepllMHA j | Bap. | BepllyHa i | BepIIMHA j | Bap. | BepILUMHA l j
1 0 2 13 1 7 25 4 8
2 0 3 14 1 8 26 6 )
3 0 4 15 2 4 27 6 8
4 0 ) 16 2 5 28 7 4
) 0 6 17 2 6 29 7 5
6 0 7 18 2 7 30 7 8
7 0 8 19 2 8 31 7 6
8 1 2 20 3 2 32 3 6
9 1 3 21 3 4 33 4 5
10 1 4 22 3 5 34 6 4
11 1 5 23 3 7 30 7 6
12 1 6 24 3 8
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Puc. 8.2.2. Cemesoil 2pagpux 045 onpedeseHus KPUMULECK020 nymu
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9. ONTUMANBHOCTb NO MAPETO

91.KpaTKkue TeopeTMmyecKkme cBefleHMns
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

O6o3HaunM OykBOJi E HEKOTOPYIO OOOOIIIEHHYIO XapaKTEePUCTUKY IIPOn3-
BOJIBHOV MHBECTUIIMOHHON OIlepaluy, KOTOPYI Ha30BeM 3PgekmusHocmsro
onepanuu (B KadecTBe E MOKHO B3ATH JOXOJ, JOXOOHOCTb B IIPOLIEHTaX OT
BJIOSKEHHOJ CYMMBbI, JOXOJHOCTb B ITPOIIEHTaX I'OJOBBIX, BHYTPEHHIOI0 HOPMY
JIOXOOHOCTU U T. I1.). HacTO HEBO3MOYKHO 3apaHee TOYHO IIpejsicKa3aTbh apdekr-
TUBHOCTBb TOJ WMJIM VMHOM OolIepaluy, ¥ TaKue ollepaluy pacCMaTpPUBAIOT Kak
carydaliHble BeauduHbL IIpu aToM B KagecTBe oxcudaemotl aggex-
MUBHOCMU TaKOJ VMHBECTULIVIOHHOI OIllepaluy MCIIOJb3YIOT MaTeMaTu -
yeckoe oxupnpgauue ME ciuy4daiinoi Beanunssl E.

ITox puckom MHBECTUIMOHHBIX OIlIEpPAIlii MBI IIOHMMAaEM OTKJIOHEHUE pe-
aJIbHBIX 3Ha4YeHMI 3PPEeKTUBHOCTY MHBECTUIIMOHHON Oepanyy OT IIPOTHO3V-
pyemoit 3pPeKTMBHOCTY (KaK B MEHBIIIYIO CTOPOHY, TaK U B OOJIBIITYIO).

Ecnu E — ciory4aiiHaa 9ppeKTUBHOCTb MHBECTUIIMOHHOM ollepaluy, 1 B Ka-
yecTBe OKyzlaeMoii 3pPeKTUBHOCTHY Ollepaliuyl Mbl BbIOpaJi MaTeMaTUdecKoe
oskunanue ME ciorydaliHolt BenndmuHbI E, To B KadecTBe U3MEPUTEJIA PUCKA
olepalyyl ecTeCTBEHHO B3ATb CpeJgHee KBaJApaTMUYHOE OTKJO-
HeHUe

oy =VvDE

(B3mece DE— pgucnepcusda ciydayiHoN BeJIMunHb! E).

3HaHMe TOJbKO MaTeMaTUYeCKUX OKUIAAHUI U CPeJHUX KBaJpPaTUYHbIX OT-
KJIOHEHUI CJIyYalHbIX BEJIMYMH JOBOJbHO-TAKM BasKHO IIPY aHAJMU3e I'PYIIIIbI
CJy4YalHbIX BeJIMUVH, OHO IIOMOraeT BbIOpaTh M3 MHOMKECTBa CJIyUallHBbIX Be-
JIMYYH ONITUMAaJIbHBIE 110 IlapeTo, 0TOPOCUB 3aBEOMO «IIJIOXVIE».

IIycTb Ha (pMHAHCOBOM PBIHKE CYIIIeCTBYET BO3MOYKHOCTD OCYLIIECTBUTH He-
CKOJIBKO MHBECTUIIMOHHBIX OIlepalinii, osKyugaemMble 3(pPEeKTUBHOCTU U PUCKU
KOTOPBIX M3BECTHBI U paBHbI cooTBeTcTBenno ME , ME,, ... ,ME no,c,,...,0,.
l'oBopAar, uTo 1-4 onepaua domuHUPYyem j-10, eCan

ME, >ME,, ME, >ME,,

U
G, <0, c,<0..

J
Onepanya HasbIBaeTCA ONMuUMaLbHOU no Ilapemo, eciau He CyIIecTByeT
oriepaluii, KOTopble ObI €e JOMUHUPOBAJIIA
MPUMEP 9.1.1. VIHBecTOp paccMaTpyBaeT UeThIpe MHBECTUIIVIOHHBIE OIlepa-
LM CO CIydaltHbIMM 3(P(PEKTUBHOCTAMMY, ONVMCbIBAE€MbIMY CJIyUaliHbBIMI BeJIV-
unHavMu E | E,, E,, E, ¢ pagaMu pacrpeesieHns

E|2 5 8 4 E|2 3 4 12
p ‘1/6 /2 1/6 1/6° p \1/2 /6 1/6 1/6°
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E, |3 5 8 10 E|1 2 4 8
p ‘1/6 16 12 1/6° p \1/2 1/6 1/6 1/6°

TpebyeTca onpenemTsb, Kakye U3 3TUX ONepaIuii orTuMaJbHEI 1o IlapeTo.

Pewenue. Oxunaemble 3P(PEKTUBHOCTY ¥ PUCKU PaBHbBI COOTBETCTBEHHO
ME =4,81,c,=1,77, ME, = 4,16, c, = 3,57, ME, = 7,00, c, = 2,30, ME, = 2,81,
o, = 2,04. Hanecem Touku (ME; c,) Ha enunbli rpaduk (puc. 9.1.1). i-a onepa-
1A JOMUHUPYeET j-10, ecJIM TO4YKa, COOTBETCTBYIOLIAA 1-i1 oIllepanyuy, HaXo-
IVTCA Ha rpaduKe IpaBee U HUYKe TOYKM, COOTBETCTBYIOIIEN j-1i oIepalim.

Bunno, yto nepsas onepanusa JOMUHMPYET BTOPYIO U UEeTBEPTYIO, TPEThA
orepanya TakKe JIOMUHUPYET BTOPYIO U YeTBepTyio. [Ipyu aToM nepBad ome-
palnma He JOMMHMPYET TPeThlo, a TPeThbA He JOMMHUPYET IepBylo. [lepasa u
TPEeThbs omepalmu, TakKuM 00pasoM, onTuMaJsibHb 110 [Tapeto. U

OTMmeTuM, 4TO omeparmm, onTuMaJbHbIe 110 [lapeTo, He 00A3aTEJIbHO ABJIA-
IOTCA «CaMBIMIU JYYIIMMM» (M JTasKe IIPOCTO «XOPOIIVMM») — 3TU OIlepallnu
He ABJATCA XyAOIuMu BeiOop omepanmii cpeay ONTUMAJIBHBIX I10
ITapeTo ocylecTBIIAETCA HA OCHOBE CKJIOHHOCTY JIMIlA, IIPUHUMAIOIIETO COOT-
BETCTBYIOLIlee pellleHle, K PUCKY.

Ao,
4 1
2e
3 1
4
IS
3e
2 1 e
1 1
ME,

0 1 2 3 4 5} 6 7 8

Puc. 9.1.1. I'pagpux «puck — doxrod0Hocmds»

B HekOTOpBIX cUTyaluAX IIPeAIIOYTUTEJBbHOM OKal3blBaeTCs oOlepalusd, B
KOTOpPO} okumaeMmasd 3(PQeKTUBHOCTb B0OOIe oTpuiiaTesbHa. Hamnpuwmep,
ecJI mepeJ; HaMy CTOUT BbIOOP U3 IBYX OIlepaliyii:

e noTepATh 1 pyob,;

e ¢ BepoaTHOocThIO 0,5 moayunuts 1 000 000 py6. n ¢ BepoaTHOcThIO 0,5 TIOTE-
pats 100 000 pyo.,

TO 00e 3TM olepaluy OKasKyTca onTuMaJbHbIMK 110 IlapeTro (ME, = —1, 6, = 0,
ME, = 550 000, o,=450000), HO, ckOpee Bcero, Mbl CKJIOHMMCS K BBIOOPY
IIepBOI ollepaly, HECMOTPSA Ha TO, UTO OKMJaeMblil JOXOJI 110 Hell cocTaBJsaeT
oTpuratTeabHoe unco (—1 py0.), Torza Kak 03KMIaeMblil J0X0[ OT UCIIOJTHEHUA
BTOPOII ontepanmu coctaiasaeT 550 000 pyd. — CaAUINIKOM BeJIMK PUCK Y BTOPOI
oIepalyy, CJOUIIKOM BeJMKa BEPOATHOCTD I0TEPb.
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PaccMmoTpeHHBINT TTOAXO0A MOKeT ObITh ITPUMMEHEH U IIPU aHaJu3e APYTUX
3a1a4 MHOTOKPUTEPUAJIBHON OIITUMU3aIIN.

B mpousBoJsibHON 3azade BbIOOpa omepanyuy II0 HECKOJBKUM KPUTEPUAM
onepanud 1 QoMUHUPYemM OIepalyio j, ecau onepanysd 1 110 KasKJIOMy U3 KpU-
TepueB He XyiKe oIepanuy j U XOTdA Obl II0 OZHOMY U3 KpPUTEpPUEB —
CTPOTO JydIIe.

Onepanusa ¢ Ha3bIBaeTCA onmumaivbHol no Ilapemo, ecan He CylLIecTByeT
oIiepaluii, KoTopble ObI ee JOMUHUPOBAJIIL

Hanpumep, B cuTyaluy C YacTUYHON HEONPeAeJIEHHOCTbIO MOYKHO
paccMoOTpeTh B KadyecTBe KpuTepueB oxkugaeMblii goxon ME (omepamnusa ¢ He
XysKe orepanun j 1o aTomy Kpurepuio, ecau MQ, > MQ,, u sy4iie onepanumn j
no osromy Kpurepuio, ecin M@, >MQ) u oxunaemble cokasnenus MR
(omepanus ¢ He Xysxe onepauuu j 1o sTomy Kpureputo, ecai MR, < MR, n
JIydllle onepanmm j 1o sTomy kpurepuio, eci MR, < MR).

9.2.3apaHMe NPaKTHUKYyMa

VluBecTOp paccMaTpuBaeT dYeTbIpe MHBECTUIMOHHbBIE Ollepalliyl CO CJIydali-
HbIMM 3(PDEKTUBHOCTAMM, OIVChIBAeMbIMM CJIy4aliHbIMM BeqmunHaMn E , E | |
E ., nE_ ., (romen —HOMep BapuaHTa) C pALaAMIU paclapejeseHns, IIpyBeJeH-
HbpIMK B Tabs. 9.2.1. TpebyeTcsa onpenennTts, Kakue U3 dTUX OIllepaluii OITHU-

MaJibHBI 110 IlaperTo.

Tabnuya 9.2.1

Pan pacrpenenennsa Pap pacrpenenennsa
Ne oneparyn SCbI:C)beKTpI/IBHOCTI/I Ne oneparyn SCbI:C)beKTpI/IBHOCTI/I
1 E | 0 2 4 16 12 E,| 2 4 6 18
p|1/2 1/4 1/8 1/8 p|1/2 1/4 1/8 1/8
9 E, | 0 4 6 12 13 E.| 2 6 8 14
p |1/4 1/4 1/3 1/6 p |1/4 1/4 1/3 1/6
3 E | 0 1 2 8 14 E,| 2 3 4 10
p |1/3 1/3 1/6 1/6 p |1/3 1/3 1/6 1/6
4 E, | 0 4 6 10 15 E.| 2 6 8 12
p |1/5 1/5 1/5 2/5 p |1/5 1/5 1/5 2/5
5 E.| 0 1 5 14 16 E, | 2 4 6 18
p |1/5 2/5 1/5 1/5 p |1/5 2/5 1/5 1/5
6 E | 0 8 16 20 17 E. | 2 12 18 22
p (1/2 1/8 1/8 1/4 p |1/2 1/8 1/8 1/4
7 E | 0 4 10 14 18 E,| 2 6 12 20
p |1/4 1/4 1/4 1/4 p |1/4 1/4 1/4 1/4
3 E | 0 4 5 20 19 E,| 2 6 8 12
p|1/2 1/4 1/5 1/20 p|1/2 1/4 1/5 1/20
9 E | 0 4 8 32 20 E,| 6 -4 -2 10
p|1/2 1/4 1/8 1/8 p|1/2 1/4 1/8 1/8
10 E,| 0 8 12 24 91 E,| -6 -2 0 —6
p|1/4 1/4 1/3 1/6 p |1/4 1/4 1/3 1/6
11 E, | 0 2 4 16 99 E,l -6 -5 -4 3
p |1/3 1/3 1/6 1/6 p |1/3 1/3 1/6 1/6
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OKOHYaHue Tabn 9.2.1

Pap pacnpenenenua Pan pacnpenenenua
Ne onepayn1 appeKTUBHOCTH Ne onepayn1 appeKTUBHOCTH
93 E.|l 0 8 12 20 a1 E,| -6 -2 0 4
p |1/5 1/5 1/5 2/5 p |1/5 1/5 1/5 2/5
94 E,| 0 2 10 28 39 E,| 6 -5 -1 8
p |1/5 2/5 1/5 1/5 p |1/5 2/5 1/5 1/5
95 E.|l 0O 16 32 40 33 E.,| —6 2 10 14
p|1/2 1/8 1/8 1/4 p|1/2 1/8 1/8 1/4
26 E | 0 8 20 28 a4 E,| -6 -2 4 8
p |1/4 1/4 1/4 1/4 p |1/4 1/4 1/4 1/4
97 E,| 0 8 10 40 35 E, | 6 -2 -1 14
p |1/2 1/4 1/5 1/20 p |1/2 1/4 1/5 1/20
98 E,| 0 2 4 16 36 E,| 6 -5 -4 3
p 1/3 1/3 1/6 1/6 p (1/3 1/3 1/6 1/6
99 E,| 0 8 12 20 37 E,| -6 -4 -2 10
p |1/5 1/5 1/5 2/5 p|1/2 1/4 1/8 1/8
30 E,| 0 3 6 12 38 E,| 6 -3 -2 6
p [1/3 1/3 1/6 1/6 p [1/3 1/3 1/6 1/6
a1 E,| 0 8 15 20
p |1/2 1/4 1/5 1/20
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10. MHOTOKPHUTEPUATIbHAS ONTUMMUIALLUS

10.1. KpaTtk1e TeopeTtTHMyecKmMe ceeffleHus
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

3azauy MHOZOKPUMEPUALbHOU, UV 6eKTMOPHOU, ONMUMUZAYUU BO3HUKA-
IOT B TeX CJIydasax, KorJa MMeeTcs HECKOJIBKO IieJieli, KOTOpble He MOTI'yT OBbITh
OTpa’keHbl OOHUM KpUTepueM (HaIIpuMep, CTOMMOCTb, HAJEKHOCTb M T.IL).
Tpebyercsa HalTM TOUKY O0JIaCTU JIOILyCTMMBIX peIlleHuii, KoTopasd MUHMMM-
3UpyeT MM MaKCUMU3UPyeT Bce 3TU Kpurepum. O003HAUMM 1-11 YaCTHBIN
KpuTepuii uepes z,(x), a o0J1acTb JOIIyCTUMBIX pellleHNil deped Q. YdTeM, 4To
M3MeHeHMeM 3HaKa (PyHKIMM BcerJa MOKHO CBECTM 3a/ady MUHMMM3AUUU K
3ajlaye MaKCUMM3aluy, ¥ Hao00POT, MbI MOKeM C(pOpPMYJIMPOBAaTh KPaTKO 3a-
Jlavy BEKTOPHOI ONTUMU3aIUY CJIeAYIOIINM 00pas3oM:

z,(x)
2,(x)
z(X) = : — max, (10.1.1)
2, (X)
Xe@. (10.1.2)

B uneansuom ciyuae B 3azmade (10.1.1)—(10.1.2) MOYKHO BeCTU MOVICK TaKOTO
pellleHNs1, KOTOpoe IIPYHAJIEKUT IIepecedeHl 0 MHOKECTB OIITYMAaJIbHBIX pe-
IIIeHNII BCeX ONHOKPUTepMaJbHbIX 3ama4d. Ho ykasaHHOe nepecedeHre 0ObIYHO
OKa3bIBaeTCdA IIYCThIM MHOYKECTBOM, U IIOTOMY IIPUXOAUTCS paccMaTpuBaTh ne-
Pez208oPHOE MHOHCECTMB0 — MHOYKECTBO JIOIIyCTMMBIX peLIeHuil [T.e. yIOoBJe-
TBOpAomuX TpeboBanmio (10.1.2)], ontumanbhbIx 110 IlapeTo.

MeToa mocJsieoBaTeJbHBIX YCTYIOK DPEIleHVA MHOTOKPUTEPUAJIbHBIX 3a-
a4 IIpMMeHsdAeTcA B ciydae, KorJa 4acTHble KPUTepUM MOI'yT ObITh yIIOPSAO-
YeHbl B IIOpAAKe yObIBaroIllell BasKHOCTU. IIpennososkM, 4To BCe KpUTEpUn
MaKCUMUBUPYIOTCA ¥ IIPOHYMEPOBaHbl B IOPAAKe yObIBaHMA MX BasKHOCTU.
Haxoaum MaKcuMaJbHOe 3HaueHue z,, IepPBOTo M0 BaXKHOCTY KPUTEPUA B 06-

JIACTY JIOIIYCTUMBIX PeIlleHUli, pelIB 3aJady
z,(x) - max,
X €Q.

3aTeM Ha3HA4YaeTCd, UCXOA U3 IPaKTUIEeCKIX COO0pasKeHNIt 1 TPUHATON TO4U-
HOCTY, BeJIMYMHA JIOIyCTMMOIO OTKJIOHeHNA O, >0 (9KOHOMMYEeCKM ONpaBAaHHOM

YCTYIIKM) KPUTEPHS 2, M OTBICKMBaETCA MaKCUMaJIbHOe 3HaUeHle BTOPOIo KpyuTe-
puA 2, IpU yCJIOBUM, YTO 3Ha4YeHMe IIePBOTO JOJIKHO OTKJIOHATHCA OT MaKCUMaJlb-
HOTO He OoJ1ee yeM Ha BeJIMUMHY JOIIyCTVIMOI YCTYIIKM, T. €. pelllaeTcA 3aJa4a

z,(X) > max,
ZI(X) > Z; - 81,
X €Q.
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CHoBa Ha3HaudaeTcA BeJMUYMHA YCTYNKM O, >0 II0 BTOPOMY KPUTEPUIO, KO-
TOpad BMeCTe C IIePBOW MCIIOJIb3YeTCA IIPU HAXOMKIEHUM YCJIOBHOTO DKCTpe-
MyMa TpPeTbero 4acTHOTO Kputepwus, u T. . HakoHell, BbIABJIAETCA 3KCTpe-
MaJIbHOe 3Ha4eHle IIOCJIeNHEro M0 BasKHOCTU KPUTEePHUHA 2, IPU yCJIOBUM, UTO
3Ha4YeHMe KasKJI0TO U3 IIEPBbIX M — 1 YaCTHBIX KPUTEPMEB OTIANYAETCHA OT DKC-
TPEMaJIbHOTO He OoJiee yeM Ha BEJIMUYMHY JIONMYyCTUMOM ycTynku. [Tosydaemoe
Ha MOCJEeJHEM dTalle pelleHye CYUMTaeTcsaA ONTM Ma JabHbI M. OcTraerca 3a-
MEeTUTh, YTO BTOT METO/ He BCeria NPUBOAUT K 3(P(PEKTUBHOMY PEIIeHNIO.

MPUMEP 3.10.1. [lana 3aa4a BEKTOPHOM ONITUMMU3AIINN:

z, =—x, +2x, > max,

z, =2x; +x, = max, (10.1.3)
z,=—x, +2x, —> max, (10.1.4)
x, +ax, <6,
1< x, <3, (10.1.5)
I<x, <4

TpebyeTca onpenesnTb IepPeroBOPpHOE MHOKECTBO, a 3aTeM PelInTb IaH-
HYIO 3aJlaqy MeTOJIOM II0CJeZ0BaTeJbHbIX YCTYIOK (JOIIyCTMMbIE YCTYIIKM I10
IIEPBBIM ABYM KPUTEPUAM IPUHATDL PaBHbIMU O, =3 1 0, =5/3).

PeweHne. OueBuHO, B JaHHO 3aJade IIeperoBOPHOE MHOYKECTBO COBIIalaeT
¢ 00J1aCTBhIO JOIIYCTUMBIX PelIeHni (T. €. TOUeK, yIOBJIEeTBOPAIOIINX YCJI0BUAM
(10.1.5), ourt cooTBeTcTBYIOT NATUYTONbHUKY ABCDE Ha puc. 10.1.1, a). HeiicT-
BUTEJIbHO, BO3bMEM JIIOOYIO TOYKY MHOYKECTBa JOIIyCTUMBIX pelrleHnit. Eciom
MBI OT Hee CABMHEeMCSA BIIPaBo, TO 3HaAYeHNA KPUTEPHUeB 2, U z, yBeJndaTcs, HO
3Ha4YeHNe KPUTepus 2, yMeHbIINTCA. Ecsii MBI cIBUHEMCA JieBee, TO 3Ha4YeHUA
KpUTePHUEeB 2z, U 2, yMEHbIIATCA, HO 3HaUeHMe KpuTepnus z, yBeandnurcea. Ecoan
MBI CIBMHEMCS HIKe, TO 3HaYeHNs KPUTEePUeB 2, U 2, yBeJIndaTcs, HO 3Hade-
HIe KPUTePUA 2, yMEeHbIINTCA. Ecm MBI cIBMHEMCS BBIIIIE, TO 3HAYEHUA KPY-
TepHUeB z, U 2, yMeHbIIaTCA, HO 3HaUeHNe KpuTepus z, yseanunres. Taxkum o0-
pas3oM, HI OJIHa 13 TOYEK MHOKEeCTBa JIOIyCTUMS| pellleHnil He JOMUHUPYEeTCS
IPYyTUMY, T. €. BCe AOIIyCTUMbIe TOYKM OIITUMAaJIbHEI 110 ITapeTo.

Maxkcumuaupyem (yHKIMIO 2, 1Ipu ycjaoBuax (10.1.5). ITo jerxko crueiaThb
rpadpuyuecku (puc. 10.1.1, a). ITonyuaem:

1) 1 * max
X = L z, =z =z(A)="7.

ITepexoaum K MakcuMm3almy GyHKIMK z, Ipu ycaouax (10.1.5) n momos-
HUTEJBbHOM OTPaHMYEeHNM, I03BOJSAOIIEM y4eCTb, YTO 110 KPUTEPHUIO 2, HeJIb35

yerynath 6osiee yeM Ha O,. Tak Kak 2, —8, =4, TO JJOMOJHUTEIbHOE OTpaHuYe-

H1e OyJZleT UMeThb BUJ

—x, +2x, >4 (10.1.6)
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A B
4 .
3+ C
2 .
T E D
grad z) &Ly
1 1 ; J >
-1 0 1 2 3
-1t
—91
a)
A ,
4 1
1 D
I :
1T grad‘ — x,
1 ! ; J >
-1 0 1 2 3
-1t
—91
0)
A x,
RS
3T P ”
I :
177 L e = === === &
&Ly
1 1 ; 1 >
-1 1 2 3
-1t
o] grad z,
8)

Puc. 10.1.1. I'pagpuueckoe pewerue 3a0auu 8eKMOPHOU ONMUMUIAYUU
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3agauy (10.1.3), (10.1.5), (10.1.6) perrmm rpadpmaecku (puc. 10.1.1, 6):

8/3 .
. :(10/ j =2 =5, (B)= 2
/3 3

Teneps ycTynaeM 10 KpUTEPHIO 2, HA O, U MOJydaeM BTOPOe JOIOJHUTEJb-
HOe OTpaHNYeHNe:
2, +x, =7 (10.1.7)

Maxkcuvmsupyem z, npm ycgoBuax (10.1.5), (10.1.6), (10.1.7) rpadudeckn
(puc. 3.10.1, 8). ITosryuaem onTMMaJIbHOE PellIeH)e TPeXKPUTEPUAJIbHOM 3alayn:

x® = 2 .
3

2z, =4 2z,=17 2,=-7.1

IIpnu sTOM

10.2. 3afaHMe NPaKTUKYMa

Jana 3aja4ya BEKTOPHOM ONTUMM3AINN:

z, =(3-n)x, +(n—6)x, > max,
z, =(0—-n)x; +(n—-"7)x, > max,
z; =(m-95)x; +(8 —n)x, > max,

x, +x, <18,

I<x, <n+2,

1<x, <9,

re n — HOMep BapuaHTa. TpebyeTcs olpenesnThb IIeperoBOpHOe MHOYKECTBO,
a 3aTeM pelINTbh JAaHHYIO 3ajlady MeTOJOM II0CJIeNoBaTeJbHBIX YCTYIIOK (II0-
IIyCTMUMBbIE YCTYIIKM II0 IIEPBBIM IBYM KPUTEPUAM IPUHATb PABHBIMU O, =3 U

5, =2).
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11. MPUHATME PELLIEHWMA B YCJIOBMAX HEONPEAENEHHOCTM

111.KpaTtk1Me TeopeTtTHMyecKkmMe ceefeHuns
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

IIpennososkuM, 4TO JMILI O, NPUMHUMAaIIlee pelHleHNeE, MOMKET
BBIOpaTb OJHY M3 BO3MOKHBIX aJbTE€pPHATUB, 0003HAUYEHHbIX HOMepaMmu
1=1,2,...,m. Curyanusa ABJIAETCA NOAHOCMbIO HeonpedeseHHOU, T.e. U3BECTeH
JIIIIb HaOOp BOSMOYKHBIX BapMaHTOB COCTOSHMI BHEIITHE (110 OTHOLIIEHMIO K JIMITY,
NIPVHMMAIOIIEMY pellleHNe) cpeibl, 0003HaYeHHbIX HoMepaMn j = 1,2, ..., n.

Ecsm OymeT NpUHATO i-e pellleHNe, a COCTOAHNE BHEIITHel cpeibl COOTBETCTBYET
j-¥i cutyaiym, To JIML, IPUHYIMAIOLIEe PELIeHNe, IOTyduT noxox q,. Marpuia

Q=(q) € R™
Ha3blBaeTca wmampuyell nocaedcmsutl (0T peaamsaluyt BO3MOXKHBIX
pernieHmii).

B curyanumu ¢ moJiHOi HeomnpeaeJJeHHOCTHIO MOTYT ObITh BBICKA3aHbI JIMIIIb
HEKOTOpble PEKOMEHIAINN IIPeBaPUTEJILHOTO XapaKTepa OTHOCUTEIBHO TOTO,
KaKoe pellleHlre HY)KHO NPUHATL. JTU peKOMeHJalnuy He 00A3aTeJIbHO Oy Iy T
npuHATBL MHOrOE OyAeT 3aBUCETh, HAIIPUMEP, OT CKJIOHHOCTU K PUCKY JINUIA,
IpUHMUMAOIero peienre. Ho Kak o1je HU T b PUCK B JIAaHHOW cxeMe?

JomycTyM, MBI XOTUM OII€HUTh PUCK, KOTOPBI HeceT i-e pelleHne. Ham He-
M3BECTHA peaJibHasA cuTyarma. Ho ecay ObI MbI 3HAJIM, YTO OCYII[ECTBJIAETCA j-
€ COCTOsIHMEe BHEIIIHeN cpelbl, TO BbIOpaJy ObI HanJIydlilee peliesue, T. e. Ipu-
HOCsIIee HaMOOJbIIINI JOXOI

% =%,

3Ha4NT, IPUHNMAs {-€ PellleHNe, Mbl PUCKYEM IIOJIyINTh He g, & TOJIBKO q,,
T.€. ecJM MBI IIPVMEM i-€ pellleHlMe, a BO BHEITHEeN cpelie peanusdyercs j-e
COCTOSAHME, TO MBI OyZeM cosKaJeTb O HEJONOJNYy4eHHOM JO0XOJe B
pasmepe

T, =Q; —Qq; = Max q; —q,; (11.1.1)

k=12,...,m

(Io cpaBHEHMIO C TeM, KaK ecay Obl Mbl 3HaJM TOYHO, YTO pPeasin3yeTrcs j-e
COCTOsIHJE BHEIIIHell cpelbl, 1 BbIOpaJsin Obl pellleHne, IpUHOCAIlee HauboJIb-
Mt 10X0Z q; = max q,;). Marpuna

i=12,...m
_ X
R=(r)eR"™,

I7Zle COKaJIeHus T, paccuuTassl 110 popmyJie (11.1.1), HasbiBaeTcsa mampuyeu
codxcanerul (M mampuyel puckos).

He Bce ciyualiHoe MOKHO «U3MEPUTb» BepoATHOCThbI0. Heomnpege -
JIEHHOCTb — OoJjiee mmpokoe moHATHE. HeompeneseHHOCTb TOTO, KaKoOi
QPO BBEPX JIAMKET UTPAJIbHBIN KyOUK, OTJIMYaeTCA OT HEOIIPeIeJIEHHOCTH
TOTO, KAKOBO OyZEeT COCTOAHME POCCUIICKOI DKOHOMUKM dyeped 15 jet. KpaTko
TOBOPSA, YHUKAJIbHBIE € IV HU Y HbI € CJIydaliHble ABJEHUA CBA3AHBI C HEOII-
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penesieHHoOCThI0, a MaCCOBBIE€ CJIy‘I&f/IHhIE ABJIEHUHA 00s3aTeJIbHO AOITyC-
KalOT HEKOTOpPbIe 3aKOHOMEPHOCTN BEPOATHOCTHOT'O XapaKTepa.

CI/ITyaHI/IH C TIOJIHOM HeOoIIpeJeJIEHHOCThIO XapPaKTepn3yeTCA OTCYTCTBMEM
KaKoi1 ObI TO HM OBLIO JOIOJHUTEbHON MHPopMany. CyIiecTBYOT CIeny0-
mue ImmpaBlMJda — PERKOMeHOalN I10 ITPMHATVIO peU_IeHI/Iﬂ B TaKUX CUTYallVAX.

MPABUNO BANbAA (MPABUNO KPAMHErO NECCMMU3MA). PaccmaTpuBas i-e peliie-
HHIeE, 6yneM I10J1araThb, 9TO Ha CaMOM JeJi€ CRJIaAbIBae€TCA CUTYyalllld, HanuXyId-
Imasi C Halllell TOYKM 3peHusa (T.e. IPMHOCAINAA HaMMEHBIINMII JOXOJ

a, = min g, ) u BeibepeM peuienue ¢, ¢ Haubosbum a,. Vtak, npasuio Baavda
j=1,2,...n

pexomenOyem NPUHAMs MaKoe pewenue i,, ¥mo
a, = max a; = max ( min %)-

oooyo19,.m i=1,2,..m\j=1,2,..n
MPABMNO C3BMIMA (MPABMUIIO MMHUMAIJIbHBIX COXKANEHMM). [Ipu mpumeHeHUN
9TOrO MpaBuMJla aHAJIM3UpPyeTca MaTpulia coskasenuit R. Paccmarpusas i-e pe-
II1eHue, 6y,[[€M II0JIaraTb, 4TO Ha CaMOM JeJie CRJIaAbIBa€TCA CUTyallsd MaKCHU-

MaJIbHBIX COMKaJIEHUM bi =max Tij’ n BbI6epeM peenne 7:0 C HaVMEHBIIIVM bl
j=1,2,...n

Uraxk, npasuno Casudica pexomendyem npuHAmMd MmaKoe peuerue i, 4mo
b, = min b,= min (Amax nj).
i=1,2,...m i=1,2,...m\ j=12,...n

MrPABMNO TYPBULA B3BeINNMBAET II€CCUMUCTUYECKUI M ONTUMMCTUYECKUI
IIOAXONBI K aHAJIM3Y HeollpeneJsieHHoM cutyaunu. ITo npasuny I'ypBuna, npu-
HUMACMCSA PeweHUe i, Ha KOMOopom 00CMuUzaemcs MaKCumym 6blparceHus

hmin, g, +(1-A) max g,
rae A € [0; 1]. 3uauenne A BeIOMpaeTcsa U3 CyObEKTUBHBIX coobpaskenmit. Ecam A
npubJeKaeTcsa K eauHuIle, To paBuio ['ypBuia npubisraeTca K IIPaBUILY
Bausbna, npy npubimsxkernn A K HyJto npasuiio ['ypsuiia npubsmskaeTesa K IIpa-
BUJIy PO30BOTO ONTUMMU3Ma.

MPUMEP 11.1.1. Cuia B oTIipaBiiAoIlleMcA Ha KypopT Iloe3fe, Iiepe] caMbIM
otnpaBJseHueM IleTsa BAPYTr BCIOMHIJI, YTO, K a 3K € T C §, 3a0bLJI BBIKJIIOYUTH
noMa yTior. MosKHO ellle yCIleTh COMTHU C IT0e3]ia ¥ MCIPaBUTh OLIMOKY, HO TO-
rga nponanetT myTeBka (100 000 py0.). Ecan sxe yexaTh, yTIOT, €CJIM OH JeliCT-
BUTEJBHO BKJIIOYEH, MOKeT CTaTh IPUUYMHON II0}Kapa, ¥ Torjga NpuaeTcs pe-
MoHTHpoBaTh KBapTUPy (1 500 000 pyO.). IleTa He yBepeH, BKJIIOUYEH yTIOT UJIN
BbIKJIFOUeH. CocTaBUTh MaTPUILY IOCJEACTBUI U MaTpUIy coskaJsenuit. Onpe-
JIeJIUTh PelIeHnsa, peKoMeHayeMble Kputepuamu Baasaa, CoBumka, ['ypeuia.

PeweHne. Y IleTu ecThb ZiBe cTpaTernu: rnoexaTb OTAbIXaTb MUJIN BEPHYTbCA
IOMOJ1. Y BHEIIIHEl cpesibl TaKyKe eCTb JBa COCTOAHMA: YTIOT BBIKJIIOYEH JIOO0
YTIOT BKJIIOYEH.

MaTpuna nocsenCTBUN UMeeT BUL

0 -1500000

Q= 100000 —100000

CocraBuM MaTpuIly coxkasiennii. MakcumyM 1o IepBoMy CTOJIOIY paBeH
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q =maxq, =0,
II0 BTOPOMY —
q, =maxq,, =—-100000,

i=1,2
TI09TOMY MaTPUIA COKAJIEHIT

B 0 1400000
1100000 0
MunymaJsbHble 3JIEMEHThI CTPOK MaTpuibl nocaenctsmii a, = —1 500 000, a,=

=-100 000. Tenteps 13 aByx uncest (—1 500 000), (—100 000) Haxogym HanOOJBLIIIEE.
3to (—100 000). 3raunT, npasuio Baabna pekoMeHayeT IPUHATL BTOPOE pelleHne,
T. €. BEPHYTHCS JIOMOJA.

MakcumaJsbHble 3JIEMEHTBI CTPOK MaTpuibl coskajieHmii b, =1 400 000,
b, =100 000. M3 unces 1400 000, 100 000 Haxonum Hanmensbiee. Ito 100 000.
3uaunT, npaBuao CaBuIiKa TaksKe, Kak U OpaBUJo Bajsbna, peKoOMeHIyeT
IIPUHATH BTOPOE pelleHne, T. €. BEpHYThCA TOMOIL

Yuratesb MOXKeT yOeauTbcs, 4To mpaBuiio 'ypsuna npu A = 0,5 Tak:ke,
kak npasuia Basbna u CoeBumska, peKOMeHAyeT IIPUHATH BTOPOE pelIeHue,
T. €. BepHYyThea qomoit. U

ITpeArnososKmuM, 4TO B PACCMOTPEHHOI CXeMe U3BECTHBI BEPOSTHOCTI P, TO-
ro, 4YTO peasbHadA CUTyaIllMs Pa3BMBaeTCA [0 BapuaHTy j. VIMeHHO Takoe mO-
JIOKEHVIe Ha3blBaeTCA YaCTUYHOIN HeompeaejeHHOCThIO. IIpy npuaaTin pe-
IIIEHNI B TAKUX CUTYaAMAX MOYKHO BBIOPATh OJHO U3 CJAEAYIOIIUX II P a B U JL

MPABMIIO MAKCMMM3ALMHM OXMAAEMOIo AOXOAA. /loxon, IIoJIy4aeMblil IIpu
IIPUHATUA 1-TO PelLIeHUsd, ABJSAETCA CJIydailHOV BeJMYMHONM @, ¢ pAJOM pac-
npesieJeHNUsA

Qi i Qi " Qy
p P D v D

Ooxcudaemvlti 00xo0 TIpM HOPUHATUU 1-TO pPeIIeHudA OlleHMBaeTCs
MaTeMaTudecKuMm oxkujganneM M@, cooTBeTCTBYIOMIEl CIIydaliHOV BeJIMYMHbI
Q. IIpasuno maxcumusayuu oxcudaemozo 0oxoda pexomenHoyem NPUHAMb
pewerue, npuHOcAULee MAKCUMALBHDBLU 0HcUIaeMbLU 00X00.

MPABUIIO MMHUMMU3ALLMM OXKMIOAEMbIX COXANEHMHU. CoskaieHIs IIpu peajmnsa-
LMY 1-TO PeIleHNdA IIPEeACTaBJIAKTCA CAydaliHoi BeJu4dnHoi R, ¢ pAgom pac-
npenieseHns

Ta T, T

12 n

R,
p|p P o P

Oscudaemvle coxcanreHus OLleHMBaETCA MaTeMaTIecKuM ooxkmganneM MR, co-
OTBETCTBYIOIIEI Cry4dariHoi BeadnHel R. IIpasuio munumudayuu oxcudaembl
COXMCANEeHUT PeKomeHOYyem NPUHAMb PeulenHue, sleKyujee MUHUMANOHDLE OHCU-
Jdaemble COHCANEHUSA.
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Oco0bIM BUZIOM MHBECTUIVIOHHBIX OIlepaliuil ABJIAIOTCA IIPOEKThI, CBA3aH-
Hble C peaJbHBIMU MHBecTUUUAMMU (T.e He B (DMHAHCOBbIE MHCT-
PYMEHTHI, & B OCHOBHbIE IIPOM3BOICTBEHHbIE (POHIIBI), KOTJa B TedeHMe JocTa-
TOYHO JIJIUTEJBHOTO IIeproJa B IIPOEKT IPOU3BOSATCA KPYIIHbIE BJIOYKEHUA, U
JIUIIIb I10 ITPOILIECTBUM OIIPENIeJeHHOTO CPOKa ¥ IIPU YCIIEITHOM XOJie ITPOeKTa
OH HaYMHAaeT OPUHOCUTH JOXOJ, IPUUEeM BeJUYNHY A0XO0Ja A0 TOro, KakK IIpo-
€KT 3aKOHYNTCA, TOYHO Ha3BaTh HEBO3MOYKHO.

Peasnmzanmsa mnpoeKkTa OCHOBbIBaeTCA Ha IMIPUHMMAEMbIX PeHIeHUAX U
JIOJIPKHA  OCYIIEeCTBJATBCA  II0 3apaHee  HaMEUYEeHHOMY WU YeTKO
chOpMyJIMPOBAaHHOMY ILJIAHY, OJHAKO OOBEKTMBHO CYIIEeCTBYHOIIAA U
MIPUHIUIIVAJIBHO HeyCTpaHMasA HeollpeeJIEHHOCTb BHEIITHel (II0 OTHOLIEHUIO
K IIPOEKTY) Cpellbl OKa3bIBaeT BO3MYIIAlolllee BO3JENCTBME HaA IBUYKEHNE K
HaMedYeHHOM IleJM, Wu3MeHAdA BpeMdA (a MHOTZAa ¥ HOPUHIUIINAJIbHYIO
BO3MOJKHOCTB) OCYIIIECTBJIEHNUA 3allJIAaHMPOBAHHBIX COOBITUI, COEeps;KaHMe
BTUX COOBITUII UM UX KOJNYECTBEHHYIO (IIeHEe)KHYI0) OIeHKY, YTO MOJKeT
IIPUBECTU K He)KeJIaTeJIbHOMY Pas3BUTUIO COOBITUII U IOBJAMUATHL Ha KOHEUHBIN
pes3yabTar.

IIpenmnonosxkuMm, 94TO OAHK paccMaTpuBaeT BO3MOYKHOCTb MHBECTUILIMI B M
IIPOEKTOB: 1 =1, 2, ..., m.

IIpu ananui3e 2P PeKTUBHOCTU MHBECTUIMOHHOIO IIPOEKTa BCE
U3JIEPYKKN C, ¥ JeHeXHble IOCTYNJIeHMs b, IPMBOAATCA K OJHOMY U TOMY Ke
MOMEHTY BpeMeHM (KakK IIpaBUJIO, HAYaJbHOMY) I CYMMUPYIOTCA, B pe3yJbTaTe
MoJIyd4aeTcsaA XapaKTepPUMCTMKA WMHBECTUIIMOHHOTO IIPOeKTa, Hal3bIBaeMas €ro
YMCTBIM AVICKOHTMPOBaHHBIM foxonom NPV (N et Present Value):

NPV = Z
1+ )
re 1 — IIPOI[eHTHAas CTaBKa.

I[Ipu aHaNM3e PUCKOB IIPOEKTA MOYKHO KJacCU(PUIMPOBATH
COCTOSAHUSA BHEIITHEN Cpeibl B 3aBUCUMOCTY OT PUCKOB: MAaKPOSKOHOMUYECKHUX,
DKOJIOTUYECKUX, COIMAJbHO-OIIACHBIX, CBA3AHHBIX C HEIPeIBUIEeHHBIMU
cpbiBaMUu 1 1Ip. B pesysabraTe OyaeT nojsydeH HabOp M3 TaKMUX COCTOAHMI | = 1,
2,...,n.

Ternepb MOYKHO COCTaBUTb MaTpUIly HOCJenCTBUII Q (KasKIbIl BJIEeMEeHT
KOTOpO¥i g, Oyzner mpezncraBiATb coboit adpdexrusHocts NPV i-ro mpoekra
MIPU j-M COCTOAHUM BHEIIHUX YCJIOBUI) M BBIOPATb HPOEKTHI, UCIIOJIb3YA
OTIVICAHHBIE KPUTEPUIL

MPUMEP 11.1.2. Biraeser; rpy3a JOJIKEH BbIOpPaTh OOHY U3 ABYX aJibTepHa-
THUB. CTPAxX0BaTh I'Py3 UJIM HE CTPAXOBaTh. PUCK 3aKJ049aeTCcA B TOM, UTO C Be-
poatHocTh0 0,1 Bo3MOKHa KaTacTpoda, B pelyJsbTaTe KOTOpPOil rpys Oyzer
yTpaueH. Ecau rpys 3acTpaxoBaH, TO B CIydae €ro yTpaThl Bjajiesiel] TepsaeT
croumocTh rpy3a (95 000 py0.), Ho moayyaeT kommencanyo 100 000 py6., ecan
’Ke KaTacTpodbl He mpousorwio, oH TepaeT 5000 py0O, moTpayeHHbIe Ha CcTpa-
x0BO¥ nosiic. Ecoiu rpy3 He 3acTpaxoBaH, B CJIydae KaTacTPO(bl TEPAETC €ro
CTOMMOCTb, ITpY H6JIATOIIOJYYHOM K€ MCXOZe BJajeliel] He HeceT HUMKAKUX pac-
xonoB. Rakoe pellienne npuHATH?
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Pewenme. Y Biaziesblia rpy3a €CThb JBe CTpaTermy: CTpaxoBaTh Ipy3 UM He
CTpaxoBaThb ero. ¥ BHeIIIHell cpesbl TaKyKe eCTb JBa COCTOAHUA: KaTacTpoda
IIpou30iieT Jndo He ITPON30IiIeT.

MaTtpuia nnocjieCTBUN UMeeT BUL

o- 0 ~5000
1 =95000 0 /)

BepoaTHocTH cocTOAHMIT BHeIIHe cpenbl u3secTHrl (p, = 0,1, p, = 0,9), mo-
9TOMY PAABL pacupeelieHrsa J0X0a IIpU BbIOOpe IIepBOoli 1 BTOPOI CTpaTernn
TaKOBBI:

Q|0 -5000 Q@ |-95000 0
pl01 09 ' p| 01 09

IIpu aToM
MQ, = 0-0,1 + (=5000)-0,9 = —4500,
aHaJIOTMYHO
MQ, = —9500.

TakuMm 006pas3oM, MPaBUJI0 MaKCUMMUI3ALINY 0KMUAAEMOT0 0X0Ja PEKOMEHAYeT
IIPMHATD [IePBOe pelleHne, T. €. 3aCTPaxoBaTh IPy3.

CocraBuM MaTpuiy coskasieHuii. MakcuMyMm 1o IIepBoMy CTOJDIly paBeH
q, =maxgq,, =0, no sTopomy — q, = maxg;, = 0, mosTOoMy MaTpuIla COKaJIeHUN

i=1,2
0 5000
R= .
95000 0

Boraneanm oxmzaemMble COKaAJEHNA NIPY YKa3aHHBIX BBIIIE BePOATHOCTAX.
ITorysaem MR, = 4500, MR, = 9500. MunumaJjibHbIe OKMaeMble COYKaJIeHIA
paBHbI 4500, OHM COOTBETCTBYIOT IIEPBOMY PEIIEHNI0 — 3aCTPaxoBaTh rpys. U

MPUMEP 11.1.3. ViccoenyeM cuTyalyio NIPUHATUA PeLIeHNMI B YCJIOBUAX He-
OIIpeeJIEHHOCTH B CJIy4ae, KOorja MaTpulia Iocjae CTBUN

255 8 4
2 3 4 12
Q=15 5 3 10
1 4 2 8

Pewenne. CocraBum MaTpuily coskajeHnit Vimeem:

q, = max q,, =38, q, =9, q;=8, q,=12,

k=12,...,m

TI09TOMY MaTPUIA COYKaJEHNI

N O O O
— o N O
S U1 B~ O
= N O o

116



IIo npaBuny Basbna (mpaBuily KpaliHero rneccumusama) Oyzem IoJarathb,
YUTO NIPY NPUHATUN 1-TO pellleHNs Ha caMOM JeJie CKJaJblBaeTcs caMasd IJIo-
Xas CUTyauus, T. €. IPUHOCALAs HAVMEeHbIINIA 0X0 a, =ming,;, u BeiOepeM

]

peuienne i, ¢ HaubosbM a, . Vimeem:
a,=2 a,=2, a;=3, aq,=1

N3 stux uncen 2, 2, 3, 1 HaxoAMM MaKCUMaJIbHOE: 3TO 3. SHAYNUT, IIpa-
BIJIO Basibia pekoMeHyeT IPUHATDL TPEThE PELIeHe.

IIpaBuio CoeBupska aHAJIOTMYHO NpaBuily Bajsiblia, TOJIBKO aHAJIM3UPYyeTCH
MaTpUIa COXKaJIEHUI: paccMaTpuBas 1-e pelleHue, OyaeM IoJjaraTb, YTO Ha
caMOM JeJie CKJaJblBaeTCsd CUTyald  MaKCUMaJIbHBIX  COMKaJIeHUM
b, = mjax 7., ¥ BbIOEpEM pellleHne i, ¢ HayMeHbIM b, . Vimeem:

7
b =8 b,=6 b=5 b=T

3 stux uncen 8, 6, 5, 7 HAXOAUMM MMUHMUMAJIbHOE. ITO 5. SHAYUUT, IIpa-
BuJio CoBUpKa PEKOMEHIYeT NPUHATL TPEeThe PeIIeHue.
Eciy n3BeCcTHBI BEPOATHOCTY COCTOSHMI BHEIIHEN Cpelbl:

1/2, 1/6, 1/6, 1/6,

TO MPABUJIO MAKCUMM3aLUM OKUAAEMOTO T0XO0Ja PEKOMEeHIyeT NPUHATL pe-
IIIeHNEe, COOTBETCTBYIOIIee HAaMOOJIbIIIEMY 13 0KIIaeMbIX JOXO0JIOB:

MQ, =23/6, MQ=25/6, MQ=7 MQ,=17/6.

MaxkcuMaJbHBIV O3KMAAEMbIN OXO0[, paBeH 7, YTO COOTBETCTBYET TPETbeMY
PEeIIeHnIo.

IIpaBua0 MMHMMM3aLUM OXKMUIOAEMbIX COKAJIEHNMII PEeKOMeHIyeT IIPUHATb
pellleHne, COOTBETCTBYIOIIlee HaIMeHbIIIeMY 13 0KIJaeMbIX COMaJIEHNI:

MR, =20/6, MR=4, MR=7/6, MR=32/5,

T. €. OATh TpeThe pelenne. U

11.2.3afaHMe NpaKTHMKYyMa

BosamoskHbIE 3HaUEHMA Kypca 6a30B0ii BaJIIOTHI B TeYeHME OJIMIKAIIIIero roga
[IpeJiCTaBJEeHbl YeThIPbMS MHTEepBaJaMi. BaHK paccMaTpuBaeT YeThIpe MHBE-
CTUIIMOHHBIX IPOEKTA, KasKIblil 3 KOTOPBIX CBA3AH C MEXKIYHAPOIHBIM OM3HE-
com. IlocnencTBusa oT TpUHATUA OAHKOM -TO MHBECTUIMOHHOTO HPOEKTa IIPU
YCJIOBMM, YTO KYpPC BaJIOThl OKa’)KeTcA B j-M MHTEpBaJie, IPUBEIEHBI B
Tabs. 11.2.1. B Tabs. 11.2.2 npuBeneHbl IPOrHO3UPYEMbIE DKCIIEPTAMM BEPO-
SITHOCTY BO3MOYKHBIX MHTEPBAJIOB Kypca 6a30B0i BaJIIOTHL

TpebyeTcs: TOCTPOUTD MATPUILY COMKAJICHNI, HATH peIleHns, peKOMeHIye-
Mble mpaBusaMu Bagabpa, CaBuaska, MaKCUMaJbHOTO OMKUIAEMOTO OXO4a U
MMHMMAJILHOTO OYKMAEMOTO PUCKA, a TaKiKe ONPENIeJIUTDb IIPOEKThI, O TUMAJIb-
Hble 110 ITapero.
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Tabnuya 11.2.1

Ne rpo- Bapwuanr Ne ripo- Bapwuanr Ne ripo- Bapuanr

exma 00MeHHOTro Kypca ormaL 00MeHHOTro Kypca cxra oOMeHHOT0 Kypca

1 2 3 4 1 2 3 4 1 2 3 4

1 0 2 4 16 14 0 2 4 16 27 6| -5|—-4]| 3

2 0| 4 6 | 12 15 0 8 | 12 | 20 28 -6|-21] 0 4

3 0 1 2 3 16 0 2 |10 | 28 29 -6|-5|—-1| 8

4 0| 4 6 | 10 17 0 | 16 | 32 | 40 30 -6 2 | 10 | 14

5 0 1 5 | 14 18 0 8 | 20 | 28 31 2 | 4 6 | 18

6 0| 8 |16 | 20 19 0 8 | 10 | 40 32 2 | 12|18 | 22

7 0 4 |10 | 14 20 2 4 6 18 33 2 6 12 | 20

8 0 4 5 20 21 2 6 8 14 34 2 6 8 22

9 0 | 4 8 | 32 22 2 3 4 | 10 35 6| —4| -2 10

10 0 | 8 |12 ] 24 23 2 6 8 2 36 6| -2] 0 | -6

11 -6 |—-2| 4 8 24 6| -2 | 4 8 37 2 12 | 18 | 22

12 -6|—2|-1] 14 25 -6 | -2 4 8 38 -6| 2 | 14 | 60
13 -4 -2 0 3 26 -3|-1| 0 8

Tabnuuya 11.2.2

No BeposaTrHocTy BapuaHTOB No BeposaTrHocTy BapuaHTOB Ne BeposaTrHocTy BapuaHTOB

i 00MeHHOr0 Kypca i 00MeHHOro Kypca i 00MeHHOro Kypca
PRI T2 34 [P 2 3] 4 |1 2]3] 4

1 (1/2\1/41/8| 1/8 | 13 |1/5|2/5|1/5| 1/5 | 25 |1/2|1/4|1/8| 1/8
2 |1/4|1/4|1/3|1/6 | 14 |1/2|1/8|1/8| 1/4 | 26 |1/4|1/4|1/3| 1/6
3 |1/3|1/3|1/6|1/6 | 15 |1/3|1/3|1/6| 1/6 | 27 |1/5(2/5|1/5| 1/5
4 |1/5(1/5|1/5|2/5 |16 |1/5|1/5|1/5| 2/5 | 28 |1/2|1/8|1/8| 1/4
5 |1/5|2/5|1/5| 1/5 | 17 |1/5|2/5|1/5| 1/5 | 29 |1/4|1/4|1/4| 1/4
6 |1/2|1/8|1/8| 1/4 | 18 |1/2|1/8|1/8| 1/4 | 30 |1/5(1/5|1/5| 2/5
7 |1/4|1/4|1/4| 1/4 | 19 |1/4|1/4|1/4| 1/4 | 31 |1/5|1/5|1/5| 2/5
8 |1/2|11/41/5|1/20} 20 |1/2|1/4|1/5|1/20| 32 |1/2|1/8|1/8| 1/4
9 |1/2|1/41/8|1/8 | 21 |1/2|1/4|1/8| 1/8 | 33 |1/3|1/3|1/6| 1/6
10 (1/4|1/41/3|1/6 | 22 |1/4|1/4|1/3| 1/6 | 34 |1/5|2/5|1/5| 1/5
11 (1/3|1/3,1/6| 1/6 | 23 |1/4|1/4|1/4| 1/4 | 35 |1/4|1/4|1/3| 1/6
12 |1/3|1/3|1/6| 1/6 | 24 |1/4|1/4|1/3| 1/6
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12. MATPUYHAS UTPA

121.KpaTtkMe TeopeTHMYeCcKMe cBeffeHHUs
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

B oKoHOMMKe M yHnpaBJIEHM)M YaCTO BCTPEYalOTCA CUTyaluy, B KOTOPBIX
CTAJIKMBAIOTCA JIBe MJM OoJiee CTOPOHBI, IIpecsjedyiollye pas3JuyHble e,
IpuyYeM pe3yJbTaT, IIOJyYeHHbIN KaskJ0l 13 CTOPOH IIpM peayn3alyn olpe-
JleJIeHHOI CTpaTerun, 3aBYICUT OT IeVICTBUM IPyTuX CTOpoH. Takme cuTyalnnmn
Ha3bIBAIOTCA KOHPAUKMHbLMU. IIpuBeieM HECKOJIbKO MPUMEPOB KOH(JIIMKT-
HBIX CUTyaIuii: 6opbba prpM 3a PBIHOK CObITA, aYKIVIOH, CIIOPTUBHbBIE COCTS-
3aHIs, BOEHHBIE oIlepaliny, IapJjaMeHTCKIe BbIOOPHI (IIpM HaJIM4YMM HECKOJIb-
KIX KaHIMJIaTOB), KAPTOYHA A UTPa.

PaccMmoTpuM KOH(JIMKT ABYX YYaCTHMKOB C IIPOTMBOIMOJIOMHBIMU
MHTepecaMu MaremMaTdecKoll MOJEJIbI0 TAaKOIO KOH(JIMKTa SABJAETCA
Urpa ¢ HyJEeBOI CyMMOIiL. Y YaCTHUKY UTPbl Ha3bIBAIOTCA uzpokamu. Cmpame-
euetl UTPOKa Has3blBaeTCA OCO3HAHHBIN BBIOOP OHOTO M3 MHOXKECTBA BO3MOK-
HBIX BapMaHTOB €ero neiicTBuil. Bygem paccmaTpuBaTh KOHEUHbIE UTPHIL, B KOTO-
PBIX MHOKECTBA CTPaTeruii MTPOKOB KOHEUYHBI; CTPAaTErVy IIEPBOrO UTPOKA IIPO-
HyMepyeM OT 1 10 m, a cTpaTeruy BTOPOro Mrpoka — ot 1 110 n.

Ecau niepBblil UTPOK BbBIOpAJI CBOIO i-}0 CTPATETNIO, a BTOPOIl UTPOK — CBOIO
j-10 CTpaTeruoo, TO Pe3yJJbTaTOM TaKOro COBMECTHOr'0 BbIbopa OymeT naamedrc
a,; BTOPOTO UIPOKa I1€PBOMY (3TO He 00s3aTesIbHO AeHEeKHAsA CyMMa, a Jiobas

OIleHKa II0CJIeJCTBUI BBIOOpa UIpOKaMM CBOMX crpateruit). Takum obpasowm,
UTpa C HyJIeBOJ CYMMOJ OJHO3HAYHO OIlpejiesigeTcsa MaTpulen

all a’12 aln
a a ) a
21 22 2
m=| * - | (12.1.1)
a’ml a’m2 a’mn

KOTOpas Ha3blBaeTcsa nuaamedcHou. CTPOKM 5TOM MaTpHUIlbl COOTBETCTBYIOT
CTpaTerusM IIepPBOTO UTPOKA, a CTOJOIbI — CTPaTeruaM BTOPOro urpoka. Ko-
HeYHble UTPHI C HYJIEBOJ CYMMOJ Ha3bIBAIOTCA MAMPUUHBIMU, TAK KAK LIeJIN-
KOM OIIpeieJIAI0TCS CBOMMH IIJIaTeKHBIMM MaTPUIIAMIA.

Urpa npoucxomnt napmuamu. IlapTus urpbel COCTOUT B TOM, YTO UTPOKN
OJHOBPEMEHHO Ha3bIBAalOT CBOJ BbIOOP: IEPBBbIN UIPOK Hal3bIBaeT HEKOTOPDI
HoMmep cTpoku mMatpuiibl I1 (mo cBoemy BbIOOPY), @ BTOPOII — HEKOTOPBI HO-
Mep cToJI0Ila 9TO MaTpPUIBI (TaksKe 110 cBoeMy BbIOOpY). Ilocsie aToro mpomnc-
xoouT «pacmiaTta». IlycTs, Hampumep, epBblil UTPOK HAa3BaJ HOMED %, & BTO-
poii — j. Torga BTOPOI UIPOK IJIATUT IIEPBOMY CyMMYy @, (He 00513aTeJIbHO BbI-
pasKeHHYIO B JIeHe)KHbIX eayHMIax). Ha sTom mapTus uUrpbl 3aKaHYMBaeTCAd.
Ecin a;> 0, To 970 03Ha4YaeT, 4TO Npu BbIOOPE IEPBLIM UTPOKOM i-Ii CTpaTe-
Iy, @ BTOPBIM — j-ii CTPaTEerny BbIMTPBIBAET IIEPBBIA UTPOK, econ ke a,; < 0,
TO 5TO 3HAUUT, YTO IIPYU TAaHHOM BBIOOpE CTpaTeruii BbIUIPhIBA€T BTOPOI UTPOK.
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[Tesnb KasKIOT0 UTPOKA — BBIUTPATH KaK MOYKHO OOJIBIIIYI0O CYMMY B Pe3yJibTa-
Te DOJIBIIIOrO YMCJIIa ITapTHUIL

CrpaTerusa Ha3bIBaeTCA YUCMOU, €CJIY BbIOOP UT'POKa HeM3MEHEH OT IapTum
K ITapTUN. Y II€PBOTO UTPOKA, OYEBUIHO, €CTh M UYMCTBIX CTPATETMUIA, & Yy BTOPO-
ro—mn.

ITpn aHaIM3€e UTP MPOTUBHUK CYUTAETCH CUJIBHBIM, T. €. PA3yMHbIM.

PaccmorpuM onmcaHHYI0 KOHPIVKTHYIO CUTYAIINIO C TOYKY 3PEHIS IIEPBOTO
urpoka. Ecsm MblI BbIOMpaeM CBOIO 1-10 CTpaTernio (CTPOKY MaTPULBLL ), TO BTO-
POl UTPOK, OyAy4uM Pa3yMHBIM, BbIOepeT TaKyl CTpaTeruio, 4ToObl obecre-
4nTh cebe HanMOOJIbINMIT BBIMI'PHILI (2 HaM, COOTBETCTBEHHO, HAVMEHBIIINII), T. €.
OH BBIOEPET TaKoi CTOJIOEI] MAaTPUIBL , B KOTOPOM ILIATEX a;; (BTOPOTO UTPOKa

IIepBOMY) MUHVIMAaJIEH.
IIepebepem Bce Hamu cTpaTerun 1 =1, 2, ..., m u BbIOepeM TaKyIO U3 HUX,
IIPY KOTOPOM BTOPOI UTPOK, AEMICTBYS MaKCUMaJbHO Pa3yMHO, 3aIlJIaTUT HaM

HauboJIbITyIO cyMMy. Bennunna
o= max min a

i=1,2,..,mj=1,2,..,n kKl
Ha3bIBAETCA HUMCHEU YeHOU U2Pbl, & COOTBETCTBYIOLIASA €1 CTpaTerusa IePBOTro
UTPOKA — MAKCUMUHHOU. AHAJIOTUYHO (HO yKe C TOYKM 3PEeHUs BTOPOTO UT-
pOKa) ompeniesigeTCa 8ePrHiL UeHa uzpol

B= min max a

=12, mi=12,.m Y
Y1 COOTBETCTBYIOIIASA e/l MUHUMAKCHASL CMPame2us BTOPOro urpoka. Iloguepk-
HEM, 4YTO 10 CBOEMY OIIpeJieJIEHUIO HIUKHAA 1leHa UTPBI O IIpesicTaBJIAeT coDoit
MJHMMAJIbHBI TapaHTUPOBAHHBI BBIMTPBIII IIEPBOr0 UIPOKA (T.e. IpUMeH:AA
CBOIO MaKCUMVHHYIO CTPaTeruio, IIePBBII UTPOK oDecrieunBaeT cebe BBIUIPHIIII,
He MEHBIINI O ), & BePXHAA lleHa — BeJIMYMHY, IIPOTUBOIIOJIOMKHYIO MaKC/-
MaJIbHOMY TapaHTMPOBAHHOMY IIPOUTPHBIIIY BTOPOIO MIPOKA [T.e. IpUMeHAd
CBOI0 MMHMMAaKCHYIO CTPaTeruoo, BTOPOI UTPOK TrapaHTUPYET, YTO OH He IIPOUT-
paet bouiblile, yeM 3, 1M, IO-APYTOMY, BBIUI'PaeT He MeHblile ueM (—f3)].

B obmrem ciryuae mmeeT MeCTO HEPABEHCTBO O < 3, ecan ke o =[}, TO TOBO-
PAT, 9TO Urpa UMeeT ceda08Yy10 mouKy, obIlee 3HaUeHNe ¥ Ha3bIBaeTCA IIPU
BTOM YeHOU u2psvl 1 0003HavaeTca v =a =f3. [Ipu aToM cTpaTernm UrpoKos, co-
OTBETCTBYIOII[M€ CENJIOBOJ TOYKEe, Ha3bIBAIOTCA ONMUMAALHBLMU YUCTVBLMU
cmpameuimu, Tak Kak 9TU CTpATETrnN ABJIAIOTCA HanuboJiee BBITOJHBIMI Cpa-
3y nJs1 000MX UTPOKOB, oOecrieurBas II€PBOMY UT'POKY IapaHTUPOBAHHBIN BbI-
UTPBIII He MeHee V , & BTOPOMY UTPOKY — TapaHTVPOBAHHBIA IIPOUTPHIII He
boJiee (—v).

MPUMEP 12.1.1. B rtaTesxkHOI MaTpuiie

0,1 0,2 0,4
=05 03 0,4
0,3 0,1 0,2
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YKa3aHO, KaKyI0 JIOJI0 PBIHKA MOJYYUT Hallle IIPelnpuATHe, ecJi OHO OyJeT
JIeJICTBOBATb COIJIACHO KaMKJOJM 13 BO3MOYKHBIX TpeX CTpaTeruli, a OCHOBHOII
KOHKYPEHT — COIJIACHO KasKJ0l 113 CBOMX BO3MOXKHBIX TPeX CTPaTeruii.

PeweHne. /JanHada urpa mMmeeTr CeAJIOBYIO TOYKY. JlelICTBUTEJIbHO, HUKHASA
LIeHa UT'PBI

o =maxmina,=max{0,1, 0,3, 0,1}=0,3
i=1,2,3 j=12,3 9

(cooTBeTCTBYeT BTOPOIL CTpaTeruy IepBoro UTPoKa), a BEpXHAA 1jeHa UTPhI

B= 2}121% 1;1:11%13{ a,;=min{0,5, 0,3, 0,4}=0,3
(cooTBETCTBYET BTOPOI CTpaTerny BTOPOT0), IIODTOMY UTPOKM, JeJICTBY S KasK-
IIBbIN TI0 CBOEJ BTOPOJ CTpaTernu, MOr'yT rapaHTUpPOBaTh cebe: IIepBbIll — BbI-
urpsbli He MeHee V=0 =3=0,3=30% pbIHKA, & BTOPOIl — YTO IEPBHIII UTPOK
BeIUrpaeT He Gosee v=30% pbiHKa. TakuMm 00paszoM, ONTMMAJIbHAA YMCTAA
CTpaTerus IepBOro UTPOKa — BTOPas, BTOPOTO UTPOKa — BTOpPasd, a LieHa UTPhI
paBHa v=0,3.1
CamewanHol cmpamezueu IIePBOro UTPOKA Ha3bIBA€TCA BEKTOP

b,
b,
P=| . |,
D,
roe Bce p, >0 (1=1,2,...,m), a Zm:pi =1. IIpu 3TOM P, — BEPOATHOCTD, C KOTO-

pOJi IIepPBBI UT'POK BbIOMPAET CBOIO i-10 CTpaTeruio. AHAJIOTMYHO OIlpefesideT-
Cs1 CMelllaHHaA CTpaTerns

q,

q.
q=| .
q.

BTOPOTO UTPOKa. Uncrasd cTpaTernsa TakKe IOAIIaZaeT IIOJ OlIpeneseHle cMe-
LIIAHHOJ — €CJIV BCe BEPOATHOCTY PaBHBI HYJIIO, KpOMe OJHO, paBHOM eVIHULIE.
Ecyau urpokmn urparoT CBOMMM CMeIIaHHBIMY CTPaTeTrnAMM

b q,
D, q,
P q,

COOTBETCTBEHHO, TO MaTeMaTU4eCcKoe OKMJIaHMe BBIMIPBIIIA IIEPBOTO UTPOKA
pPaBHO

m n
M(p,q) = z z J
i=1 j=1
(1 paBHO MaTEMaTUYECKOMY OXKMIAHIIO IIPOUTPHIIIIA BTOPOTO UIPOKA).
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Crpaterun

b 9,
e e B e
Pr q,

Ha3bIBAIOTCA ONMUMALBHBLUU CMEUAHHBIMU CPAMEeUAMU COOTBETCTBEHHO
IIEPBOTO ¥ BTOPOTO UI'POKA, €CJIIN

M(p,q) < M(p',q") < M(p,q).

Ecau y 060MX UTPOKOB €CThb ONTUMAaJIbHbIE CMEeIlIaHHbIe CTPATEernM, TO Iapa
(p’,q°) HasbiBaeTcA peuleHuem uzpsvl (MM cedao080t MOUKOU 8 CMEULAHHBLY

cmpamezusx), a yucyo v=M(p’,q") — yeHnot uzpsi.

OCHOBHAS TEOPEMA TEOPUU UIP. B 110001 MaMPUUHOU UPe Y ULPOKO8 ecmb
ONMUMANLHBLE CMEUAHHDBLE CTNPATMELUU.

VIHTEepecHO OTMETUTD, UTO UT'PhI C IIOJHOV MH(opMaliuell (Korga UTPOKU IpK
KasKJOM CBOEM XOJie 3HAIOT pe3yJbTaTbl BCEX IIPEeIbIAYIINX XOJI0OB) MMEIOT
CEeJIJIOBYIO TOYKY, a 3HAYUT, M peIlleHle B YMCTBIX CTpaTeruax. B wacTHOCTH,
UrpaMy C IIOJIHOV MHQOpMalyell ABJAITCA IIaXMAaThl, IIAIIKY, «KPEeCTUKU-
HOJMMKM» U Ap. OnTuMasibHble CTpaTern Ipy Urpe B IIIaXMaThl IIOKa He Hali-
JIeHbI BBUIY CJIMIIIKOM OOJIBIIIOTO YMCJIa CTPaTEeruii, OJJHAKO IIporpecc B obJac-
TV KOMIIBIOTEPHOV TEeXHUKM II03BOJIAET IIPOTHO3MPOBATh pelleHre dToN 3ala-
4y B 0003pMMOM Oy AyIIIeM.

MPUMEP 12.1.2. IIpaBuja Urpsl TaKOBbL IIepBbIil UTPOK IpAYET B KyJaKe Ol-
HY U3 IBYX MoHeT: 1 py0. uau 5 py06., 1o cBoeMy BBIOOPY, @ BTOPOI UTPOK IIbI-
TaeTcsA yrajaTh, KaKas MOHeTa CIIPATaHA, M eCJIM yragblBaeT, TO [OJIydaeT 3Ty
MOHETY, B IPOTUBHOM CJIy4dae IIJaTUT IepPBOMY UTPOKY 3 PyO.

Pewenue. IlaTerxHasa maTpuiia, OUeBUIHO, MIMEET BUJL

-1 3
3 -9
IIpesxne Bcero nmpoBepuM, HET JIU B UTPe CEeAJIOBOM TOUYKU. [[elicTBUTEIIBHO,

HVYKHAA [TeHa UTPBI

o =maxmina,=max{-1, —5}=-1,
=12 j=12 Y

a BEePXHAA [I€Ha UT'PBI

B= r]rllnzq maxa, =min{3, 3}=3,
T.e. oL #[3, ¥ CeJI0BOI TOYKM (B YMCTBIX CTPATETrUAX) B urpe Hert. Ilycts nep-
BBIII UTPOK BBIOMpPAET CBOIO IIEPBYI0 CTPATErMIO0 C BEPOATHOCTBIO P, & BTOPYIO
CTpaTernio — COOTBETCTBEHHO C BEPOATHOCTHIO (1 — p), T. €. IepBbIli UTPOK UT-
paeT co CMelllaHHON cTpaTermuen
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ot

ObosHaunm v,(p) 0KMAaEMBIN BBIUIPBIILL [IEPBOTO UIPOKA, €CJIM BTOPOIL nr-

POK IIpM 3TOM BBIOEpEeT CBOIO j-10 cTpaTeruio. B Halem cayyae
Vi(p)=(=1p+31-p),
V,(p)=3p+(-5)1-p).

ITocTpoum rpacuky aTux pyHKUmii Ha puc. 12.1.1, a.

vi(p)
.
.
A
'3
@) 2aPAHMUPOBAHHBLU 8bLUZPBLUL NEPBO20 UZPOKA
A ()
.
.
A
0

0) 6eprHAA 2PAHUYA NPOULPBLULA 8MOPO20 ULPOKA 8 3ABUCUMOCTNU O €20
CMEUWAHHOU cMmPamezul
Puc. 12.1.1. 'apanmuposartbiil 8blUZPHLUL NEePE020 ULPOKA U 8ePLHAA PAHUYA
NPOUZPBHLULA 8TMOPO20 ULPOKA 8 3A8UCUMOCTU O CMEUAHHBLL CMPaAme2uth

BTopoii UTpoK Tak BeIOMpPAET CBOM CTPATErNUM, YTOOLI 00ECIIEYNUTD ITIEPBOMY
MUHUMAJBHBIN BBIMTPLIIL V(P)=min{v,(p), v,(p)} (9Ta MyHKIMA OTMeUEHA Ha
puc. 12.1.1, a »KupHOI JauHKeit). VIHbIMM cJ0BaMy, BTOPOI UTPOK B JIIOOOM CJIy-
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Yae 3aCTaBUT [I€PBOTO BBIMTPATh KaK MOKHO MeHbIIe, T. €. B paccMaTpuBae-
Moii urpe nipu p €[0; p*) BTOPOI UTPOK OyZeT BLIOMpPATh CBOK BTOPYIO CTpaTe-
TMIO U IIEPBBI UTPOK OyAeT BBIUIPBIBATEL V,(p), npu pe(p’;1] BTOpoit Urpok

Oyzer BBIOMpPATH MEPBYI CTPATETUIO U IIEPBbI UTPOK OyZeT BBIUTPBIBATH
v,(p). Hammyummit nyis mepBoro murpoxka BBIOOP IIPM DTOM COOTBETCTBYET

v=maxv(p), T.e. p=p . Yucso Ha3bIBAETCSA IIPU ITOM LI€HO UTrPbL. B HaIlem
pel0;1]

caygae p =2/3, T.e. ONTUMAJbHO CMEIIaHHOI CTPaTerueil IepBoro UrpoKa

. (2/3
P=l s )

KOTOpasda ortpeneJdaeTCsa 113 yCJIOBUA

ABJIAETCS CTpaTerma

v,(P)=V,(p),

IIpM 3TOM ILieHa UTrpbl paBHa V=V, (2/3)=Vv,(2/3)=1/3.

OTMmeTuM, YTO BTOPOI UTPOK, IEMCTBYA pa3dyMHO, HUKOTAA He OyaeT BbIOV-
paTh TPETHIO U YEeTBEPTYIO0 CTpaTerny, Io3TOMY BEKTOpP OITMMAJIbHONM cMe-
IIIaHHOM CTpaTerny BTOPOro UTPOKa UMeeT BUT

Torga BBIMIPBIII BTOPOTO UTPOKa paBeH W,(q)=-q+3(1—q), ecan nepsuli
UT'POK BBIOMpPaeT CBOIO IIEPBYIO cTpaTeruo, 1 ,(q)=3q—>5(1—-q), ecan nepsli

UTPOK BbIOMpPAaEeT CBOIO BTOPYIO cTpaTeruto (puc. 3.12.1, 6). 3HaueHMe q ornpese-
JadeTca u3 yesosud W, (q) =u,(q),, 0HO paBHO q = 2/3.

IIoaToMy onTMMaJbHaA CMEIIaHHAA CTPaTeTsl BTOPOro UTPOKa paBHA
2/3
o = /3) g
1/3
MPUMEP 3.12.3. PemtuTh Urpy c rniaTeKHoOl MaTpuliei
-2 3 4 -1
1= :
2 -4 -3 1
Pewenue. llaTerxHasa MaTpulia JaHHON UTPBI MIMeEeT BIUL
-2 3 4 -1
I1= :
2 4 3 1
IIpoBepum, nmeeT Ju JaHHAA UrPa CEAJIOBYIO TOURY. HMKHAA [eHa Urpsl
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o =max min a,=max{-2 —4}=-2,
=12 j=1234 7

a BEPXHAA [IeHa NUT'PbI

= min maxa,=min{2, 3, 4, 1}=1,
j=1234 =12 Y

T. €. 0L # 3, 3HAYUT, CeJIOBOI TOYKM (B UNUCTBIX CTPAaTEruax) B urpe Hert. Ilycts

IIePBbI UTPOK BBIOMpPAET CBOIO IIEPBYIO CTPATErMI0 C BePOATHOCTBIO P, a BTO-
PYIO CTpaTeruio — COOTBETCTBEHHO C BEPOATHOCTHIO (1 — p), T. e. IepBbIl UT-
POK UrpaeT Co CMeIllaHHOM cTpaTeruen

()

ObGosHaunm Vv, (p) 0KMAaEMBII BBIUIPBIILL [IEPBOTO UIPOKA, €CJIM BTOPOIL nr-

POK IIpM 3TOM BBIOEpEeT CBOIO j-10 cTpaTeruio. B Halem cayyae
Vi(D)=(-2p+201-p),  v,(p)=3p+(~-4)(L-p),
vi(p)=4p+(=3)1-p), Vv p)=p+(-=1)1-p)

I'pacurn sTnx QPyHKIMI IOCTPOEHBI Ha puc. 3.12.2.

A
S*g

v(p)

Puc. 12.1.2. 'apanmuposaHHbll 8blUPBLUL NEPB020 UPOKA
NPU PABAUULHOM 8bLOOPE CMEULAHHOU cmpameuu

BTopoit urpok Tak BbIOMpaeT CBOM CTpaTeruy, 4Tobbl o0ecrieunTsb IIePBOMY
MUHUMAJBHBI BBIMIPBIIL  V(P) =min{v,(p), v,(p),Vs;(p), v,(p)} (9Ta dyHKIMA
orMedeHa Ha puc. 3.12.2 kupHoi JmHMeNR). ViHpiMu cioBamu, mipu pe[0;p")
BTOPOJ UTPOK OyzeT BbIOMpPATH CBOIO BTOPYIO CTPATErMI0 U IIePBLIV UTPOK Oy-
JIeT BBIUTPLIBATE V,(P), ipu p € (p’;1] Bropoit urpok 6yaeT BIOUPATH IEPBYIO
CTpaTeruio U MepBblii UTPOK OyeT BbIUMTPBIBATL V,(p). Hammyummit nosa nep-

BOTO UTPOKa BBIOOP IPUM DTOM COOTBETCTByeT V=maxv(p). B Haiem coaydae
pel0;1]

OIITMMAaJIbHOM CMEIIIaHHOM CTpaTeruei IepBoro UrpokKa ABJISETCA CTpaTernsa

. (6/11
P =511
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[oHa ompenesgercsa u3 ycjaoBus V,(p)=v,(p)], Ipu 3TOM LieHa UIPbl pPaBHA
v=v,(6/11)=v,(6/11)=-2/11.

OTMmeTuMm, 4YTO BTOPOII UTPOK, AeCTBYA pa3dyMHO, HUKOIIa He OyzeT BbIOM-
paTh TPEThIO U YeTBEPTYIO CTpaTeruy, II03TOMY BEKTOpP ONTMMAaJIbHOM cMe-
IIIaHHOJ CTpaTerny BTOPOTO UTPOKA VIMEET BT,

Torga BBIMIPBIII BTOPOrO UIPpoKa paseH L, (q)=-2q9+3(1—q), ecan nepsuIit
UT'POK BBIOMpaeT CBOIO IIEPBYIO cTpaTeruo, 1 W,(q)=2q —4(1—-q), ecan nepsulit
UTPOK BBIOMpAeT CBOIO BTOPYIO CTPATEruio. SHAYeHMe q onpefessgeTcsa U3 yc-
JoBud W,(q) =W,(q), oHo paBHO q = 7/11.

Wrak, onTuMaJibHasA CMelIaHHaA CTpaTerusa BTOPOro UTPOKa paBHA

7/11
4/11
0
0

q =

B o01em caydae Jsrobas MaTpUYHAsA UTPa C IIPOM3BOJIbHBIM YMCJIOM CTpaTe-
TMII MOKeT OBITb CBeJeHa K Iape B3aMMHO JBOMCTBEHHBIX 3aJadY JIMHETHOTO
[IPOrpaMMMPOBaHUA.

IIycts paccmaTpmBaeTcA uUrpa C IIaTe)KHOW Matpureit (3.12.1), Bce
DJIEeMEeHTHl KOTOPOW CTPOTrO MOJOMUTEJNbHBLU

b: q,
p2 q2

p = . " q = : P
Pn q,

CMeIIaHHble CTPATEeruy [IePBOT0 ¥ BTOPOT'0 UTPOKA.
ITena naHHOV WUIPbI MOJOMKUTEJbHA, TaK KaK BCe BJEMEHTHI I1JIaTesKHOM
MaTPUIIBI TTOJI0MKUTEIIbHBIL.
Ecnu cTpaTerusa p ABJsAeTCA ONTUMAJbHOM, TO BBIUTPBIII II€PBOrO0 UTPOKaA
He3aBMCUMO OT TOro, KaKyl0 CTpaTermio BbIOepeT BTOPOI UTPOK, OyZeT He
MEeHBbIIIe IIeHBI UI'PhI V!

a;p; +ay Py +-0 -+ 4,0, Vv,

=
a1-2p1 + az.zpz +”.+an.12pm >-Va (12.1.2)

alnpl + a2np2 teeet amnpm 2 V.
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IIpu aToM
p; =0, 1=12,...,m, p,+p,+-+p,, =1.
BeeneMm HOBBIE 0003HAYEHMS
x,=p;/v,1=12,....,m

U pa3zeJanuTb BCce HepaBeHCTBa cucTeMbl (12.1.2) Ha NOJIOMKUTENIBHYIO 1IeHYy UT-
PBI V, TO HOJYYUM CJIEAYIOLIYIO CUCTEMY:

a, X, +ay Xy +---+a, y

1
L

X

m2Ym

m =
A, X, + Aoy ++-+ 0 =

a,, X, +Qy X, +--+a, x =1

IIpu sToM

x.

1

mp_:“ _1

A%

NgE

>0, i=12,...,m

'MS

S
]
—

ITesib mepBOro UIrPOKa — MaKCHMMU3VMPOBATh 1[eHy UTPEI, T. €. MUHUMU3MPO-
m
BaTb BeJIM4MHY 1/v=2x,.

Takum 06pa3oM, IPUXOAUM K 3ajilade JIMHENHOTO ITPOrpaMMMUPOBAHUA AJIA
IIEPBOTO UTPOKA:

m
in — min,
i=1

Dax, =1, j=12,..,n,

i=1

x, =0, 1=12....m

1

AHaJIOTM4YHBIEe PACCYKIAEHNA C [IO3NULM BTOPOTO UTPOKA IIPUBOLAT K 3a7ade
JIMHEJIHOT0 IIPOrpaMMMPOBaHNsA, IBOVICTBEHHOM K 3a/iade [1JIs1 [IePBOro UTPOKAa:

n

Zyj — max,
j=1
Z%yj <l, 1=12,....m
j=1
y; =20, j=12,..,n

Ecisu ontuMmaibHbIE peniennusda oTuX 3alad PpaBHbI

* *

&Ly Y
x* y*
x"=| 7 u y = 2,
* *
Lo, Yn
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TO I]eHa UTPhI paBHA

xi‘/ixi‘ vi/ 295
m yl n
e 1| x;‘/ZxZ‘ NS U E7 A YD

.m Z- ” :n
5/ v./3y

Ecau sxe B mtaTesKHO MaTPUIIE €CTh OTPUIIATEJIbHbIE BDJIEMEHTDI UJIN HYJIN,
TO MOXKHO HOOaBUTH KO BCEM BJIEMEHTAM MaTPUIbl OJHO U TOYKE JOCTATOYHO
0OJIBIIIOE TTOJIOMKUTEJIBHOE YMCJIO b, TaK YTOOBI BCe BJIEMEHTHI MaTPUIIbI CTAJIA
TIOJIOMKUTEJIbHBIMM, 3aTeM IIOCTaBUTh M PEIINTh Napy ABOVCTBEHHBIX 3ajJad
JIMHEITHOTO IIPOTPaMMMPOBaHNA, HANTY ONTUMAJIbHbIE CMEIIIaHHbIE CTPATETUN
UTPOKOB, a IIeHY UTPhI CKOPPEKTUPOBATD IIyTEM BbIYUTAHUA U3 Hee unca b.

MPUMEP 12.1.4. Pertiuth MaTpuyHyl0 Urpy 13 npumepa 12.1.2 ¢ nomoiupio ee
CBeJleHNA K [Iape B3aVIMHO JBOVCTBEHHBIX 3aJa4 JIMHEHOTO IIPOrpaMMIPOBaHUA.

Pewenue. OT naTesKHOM MaTPUIILI

-2 3 4 -1
2 4 -3 1

II=

IIyTeMm ,I[O68.BJI€HI/IH TIOJIOXKUTEJILHOTO uncJia b =5 Hepef/'meM K MaTpuie

3 8 9 4
71 2 6

!

)

BCE DJIEMEHTBI KOTOPOJ IOJIOKITEJIbHBL
ITapa nBOVICTBEHHBIX 3a/4a4 JIMHEHOIO IPOrPaMMMPOBaHNA TAKOBa!

x;, +x, > min,

3x, +7x, >1, Y, tY, +yY; +y, - max,

8x, +x,>1, 3y, +8y, +9y; + 4y, <1,
9, +2x, >1, Ty, + Y, +2y; +6y, <1,

4ix, + 6, 21, Y, 20,9, 20,y,>0,y,>0.
x, =0, x, >0.

OnrumaJibHbIE penieHnd oTux 3aa4v PpaBHbI
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7/53
. [6/53j . |4/53
n .y

5/53 0 |
0
OIITMMaJIbHBIE CMeEIlIaHHBbIE CTpaTeI‘I/H/I I/IFpOHOB
7/53) (7/11
* ! 6/53) (6/11 * 1 4/53| |4/11
i —————— = " = = y
P =5 /53+5/53.5/53) |5/11) " 4 T7/53+4/53+0+0| 0 0
0 0
a IeHa UTPbI
1
_5=-2/11.0

Ve————
6/53+5/53

12.2. 3afaHMe NPaKTHUKYMa

IIpennpuATre MMeeT JBe CTPATErMy PHIHOYHOIO IIOBEJIEHNA, TOT/Ia KaK ero
KOHKYPEHT MMeeT deTbIpe Takux crparterun. IIpubsis (B MiH. py0.), KOTOPYIO
MIOJIyYNUT OPEeNIpUATHE IIPU YCJIOBUM, UYTO OHO 130epeT cTpaTeruto ¢ (1 =1, 2), a
ero KOHKypeHT — crpareruto j (j =1, 2, 3, 4), pasHa a,. [Inaresxnas marpuia
IT gy kaskoro BapmaHTa IIpUBeieHa B TadJr. 12.2.1.

Tpebyerca apymsA criocobamu (rpadmyecKuM U ¢ IIOMOIIIBIO CBEJIEHMA MaT-
PUYHON UTPHI K I1ape B3aMMHO JBOVMCTBEHHBIX 3a/a4 JIMHENHOTO IIPOrpaMMu-
POBaHMsA) HAMTU ONTUMAJbHbIE CMEIIIaHHbIE CTPATErMN MPENIPUATUA U KOH-
KYPEHTA, a TaKiKe I[[eHY UTPbI — ONTUMAJbHYI0 IPUOBLIb ITPeIITPUATUA

Tabnuuya 12.2.1

No Ilnareskuas No IlnareskHas No Ilnareskuas
Bap. MaTpuIia Bap. MaTpuIia Bap. MaTpUIa

-1 2 4 5 1 2 4 -3 1 2 -4 3
1 7 13
[2 3 -2 —3) (2 1 2 3} [—4 4 2 -3

1 2 4 5 1 -3 -5 0
2 8 14
2 3 -2 -5 2 0 2 -5

-1 2 41 -1 4 2 -3 1 -2 -2 3
3 9 15
2 -3 2 6 -3 3 -4 -2 -4 3 4 -2
1

1 -2 -2 4 -1 -3 -5 0 -1 2 -4 2
4 10 16
-2 3 1 =2 2 0 2 -1 4 -3 4 -3

2 -2 4 -5 3 -2 -4 3 -7 2 —4 3
5 11 17
(—2 1 -2 3) -2 1 2 —3] (2 1 2 —3)

1 -2 —4 0 12 40
6 12 18
(2 0 2 —3) (2 0 -2 3)




12.2.1

OKOHYaHue Tabn.

|

s Q_un_uZowSQ_uooq_u7Q_u
nHaa
£ 5| | T FT e T T
O
nTaMZOO N - ™M
g g N ™ o ™
=
131__21R_u1__21_.2
N—
o_D..l N ™ <t Te)
Nmmoo P ™ p) o
o
7\
) ™ ™ NN
- 52_2_3_0_3_ |
T @
oo <+ N ™ AN
£ Slee YT T T o
L 2
™
E8la oo | @G | @G o |©
= — |7 ™ o)
N | ey RaE Vel
N
SR =7 T © b~ e o o
Nmmné [\ N [\ [\ o
7\ 7~ _N\|~/—
INNEN TR ) ) AN
m & _3_0_3__
oy
P
o5 <+ | T | <t N T
2
aa232ﬂ<_u21204329,\_U
HHM_

N N
131_‘21_1_1_.R_Un_42
N— N— N S

o Q2 o o — N o L
le N (ANl N A\ [A\

130



13. BUMATPUUYHAS UTPA

131.KpaTtkMe TeopetTmMyecKmue ceeffeHus
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

He Bce KOH(pIMKTHBIE CUTyalM MOKHO IIPEJCTAaBUTh KaK UTPHI C HYJIEBOM
CYMMOJ1, IIOTOMY YTO MHTEepechbl YYaCTHMKOB TaKUX KOH(JIMKTOB He Bcerja
IIPOTMBOIIOJIOKHBI.

O0o00111eHMEM UTP C HYJIEBOJ CYMMOJ Ha CJaydall HEIIPOTMBOII O J O 3K -
HBIX MHTEDPeECOB YJYaCTHUKOB ABJIAITCA UTPHI C HEHYJIE€BOII CyMMOIA.

IlepBBIii UTPOK MOKET BbIOPATH ONHY M3 M CBOMX CTpaTeruii, 0003HavYeH-
HbIX HOMepaMu i = 1, 2, ..., m, a BTOPOJ UTPOK — OJHY M3 N CBOUX CTPaTEruii,
0003HaYeHHBIX HOMepaMu j = 1, 2, ..., n, Ecyiu nepBwIil UTPOK BBIOPAJI CBOIO 1-10
CTpaTeruio, a BTOPOI UTPOK — CBOIO j-}0 CTPATeruio, TO B pe3yJbTaTe TaKoro
COBMECTHOTO BBIOOPA MEPBbIi UTPOK TOJIy4aeT BBIATPBINI a4, & BTOPOJ UTPOK

— BbIMIPBI b,;. IIpn 3TOM coBepIlIeHHO He 00A3aTeJIbHO, YTO0bI b, =—a,;, KaK

i
B MaTPUYHOII Urpe.
Takum 00pas3oM, Urpa c HEHYJIEBOI CYMMOJ OIpesessaeTcs ABYMsS MaTpu-

HaMu

a’ll a12 a’ln bll b12 in
a a ea b b ..« b
21 22 2 21 22 2
mo=| ¢ |, mo= 2 " (13.11)
a’ml a’m2 T amn bml bm2 e bmn

Koneunasa wurpa ¢ HeHYJIEBOM CYMMOJ IIOJIHOCTBIO OIIpeNiesIAeTCA 3TUMMU
JIBYMsA MaTPUIlaMI, IO3TOMY Ha3bIBaeTCA OUMAMPUUHOU.

Bumatpuunaa urpa, Kak ¥ MaTpUYHAadA, IPOUCXOAUT napTuaMu. Ileab Kask-
JIOT0 UT'POKa — BBIUTPATh KaK MOYKHO DOJIBIITYIO CYMMY B pe3yJbTaTe 00JIbII0-
ro umcJia DapTuil. AHaJIOTMYHO MaTPUYHBIM UTrpaM, BBOAATCHA ITOHATUA YUCTHIX
¥ CMEIIIaHHBIX CTPATernii UTPOKOB B OMMAaTPUIHON UTpe.

Ecau maTpuyHbie UTPhI ABJIAIOTCA UTPAMM CO CTPOTUM COIIePHUYECTBOM, I10-
CKOJIbKY BBIUTPBIIII OJHOTO UTPOKA B TOYHOCTY PaBeH IIPOUTPBIIITY APYTOro, TO
B OMMaTPUYHBIX UTPaX MHTEPeChl UTPOKOB MOI'YT ObITh B OOJIbIIIEN MJIM MEHb-
111eli cTereHu OJU3KIA.

B zaBucumocTH 0T TOro, 3aIlpelieHo UM pa3pelIeHO COTPYAHUYEeCTBO UTr-
POKOB, Pa3jiM4aioT HeKoonepamusHble VI KOOnepamusHbvle u2pbsl.

AHanuz OMMaATPUYHON Urpbl B HEKOOIEPATUBHOM BapHaHTE CBOIUTCSI K
TIOVICKY MAKCUMUHHBLL cmpame2ull UTPOKOB, T. €. CTpaTeruii, Koropble obec-
[1e4MBalOT UTPOKAM II0JIy4YeHle MaKCUMaJbHO BO3MOYKHOIO rapaHTPOBaHHOIO
BBIMTPBHIIIIA BHE 3aBUCYMOCTY OT NEeMCTBUNM IPOTUBHUKA.

MHO3K€eCTBO BCEBO3MOYKHBIX IT1ap CMEIIIaHHbIX CTPaTEINI UTPOKOB 0003HAYMM

S={(p,a):peS,,q€eS,},
rue
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Si={p=| P |: p,>0,i=12..,m D p =1

: i=1

Pm

9

q, | . L
S,=1a=| . |1 ¢;=0, j=12,...,m, qu:l

: <

q,

b, 9

Py q,
pP=| . n q= ’

P q,

COOTBETCTBEHHO, TO MaTeMaTN4YEeCKMNE OXMIAHNA BbII/II‘prLHGf/i UTPOKOB PaBHBI
COOTBETCTBEHHO

Ml(p7q)zzzpiqja’ij n .(1,9) :zzp q] i

i=1 j=1 i=1 j=1

MaKCUMMHHBIE CTPATErMM IIEPBOTO ¥ BTOPOTO UTPOKOB 0DECIIeUMBAIOT WM

rapaHTUPOBAHHbIE BHIUTPHILIN
o=maxminM,(p,q) u P=maxminM,(p,q)
psS; Qe85 qeS;  pes;

COOTBETCTBEHHO BHE 3aBUCUMOCTM OT II0BeJIeHUA IIPOTYBHIKA.

B HekoonmepaTMBHOM cJIiydae UTPOKaM MMeeT CMBICJ IPUIAEPsKMBATHCA CBO-
X OCTOPOSKHBIX CTpaTernii (T. €. MAaKCUMUHHBIX).

OOcynum Tenephb NOAXOABLI K QHAJNM3Y OMMATPUYIHON UTPhl B KOONEPATUB-
HOM BapHuaHTe.

Tak kak p, >0, 1=12,....m, ipizl, q,20, j=12,...,n, Zq] 1, Bce BO3-

7=l

MOKHBbI€ BapMaHTBI [1aP BBIUTPBIIIEN IIPEeACTABJAIT CO00J BBITYKJYIO 000-
JIOUYKY TO4YEeK IIJIOCKOCTM C KOOpJAMHaTaMU (a b, ) 1=12,....m, j=L2,...,n

i
5T TOYKM COOTBETCTBYIOT BBIMIPBIIIAM UTPOKOB B CJIydae BbIOOpA MM CBOMX
YUCTBIX CTpaTeTuit
IIpu sToM Touka (M], M, ) momurupyet Toury (M, M) econ

' " ' "
M; > M|, M; > M,
MI > M” niam MI > M”
2 = 2 2 29
9TO O3Ha4daeT, 9TO IIpu rnepexone oT HepBOﬁ TOYKUM KO BTOpOﬁ BBIVITPBIII KasK-

A0r'o M3 UT'POKOB HE YMEHBIINTCA, U IIPV 3TOM XOTHA ObI Yy OOHOI'O 13 UTPOKOB
BbBIMT'PBIII YBEJIMINUTCHA.
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MHoxeCcTBO TOYEK, ONITUMAJbHBIX 110 [TapeTo (T. e. He JOMMHUPYEMBIX APY-
TVIMM), OTIVICBIBAETCH TaK:

T={(p",q"):p" €S;q" €S, VpeS, M, (p',a°) > M, (p.q"); VaeS, M,(p",a°)>M,(p,q) |-

Eciyiu BeIOpaTh 13 MHOKECTBa TOYEK, ONITUMAaJbHbBIX 110 [lapeTo, Te TOuKN, B
KOTOPBIX IIEPBbBIN UTPOK ITOJYUUT BEIUTPHIIL HE MEHbIIIe CBOET0 MaKCUMUHHOTO
BBIMIPBIIIIA O, & BTOPOI UTPOK — HE MeHbIIle CBOEr'0 MaKCUMMHHOI'O BBIMIPhI-
11a 3, To HOJIYYUTCA nepezosopHoe MHOHKCECME0

U={(p",q")eT: M, (0", a") > M,(p",q") =B}

VIrpoxkaM, ecTeCTBEHHO, IMEET CMbICJI BbIOMpATh CBOM OITMMAaJIbHble CTpa-
Tery, COOTBETCTBYIOIIVe TOYKaM 13 1€ PErOBOPHOI0 MHOXKECTBA.

CymiecTByOT pasJyMiHble CIIOCOOBI JOCTMYKEHMA UTPOKaMM JOTOBOPEHHOCTI
0 COBMECTHOM BbIOOpE TOUYKM 13 [IEPETOBOPHOTO MHOKECTBA.

Cawmblit TpoCTOM 13 HUX 3aKJ04YaeTcsA B BhIOOpe TaKMX YUCTBIX CTPaTEerni,
KOTOpbIe NPUHOCAT UTPOKAM HaMOOJBIINII CyMMapHBIN IOXOJ, 13 KOTOPOIO
OVIH VI3 UT'POKOB IIJIATUT JIPYTOMY OTOBOPEHHYIO CYMMY. TOT CIIOCO0, KOHEYHO
sKe, IIpeIIosaraeT I[IOJIHOCThIO IOBEePUTEeJIbHbIE OTHOIIIEHN S MEKLY UTPOKaMIAL.

Ecam ke IOroBopuUTbCs O BbIOOpE TOUKM 13 II€PETOBOPHOTO MHOYKECTBA UT-
POKaM He yIaeTcCs, TO MOYKHO IIPeJIOMKNUTD MM IIPVMMEHUTb OOHY U3 TaK Ha3bl-
BaeMbIX apOmuTpax®HBIX CXe M Hanpumep, aponrpaknaasa cxema Hama
IIpeAroJjaraeT UIPoOKaM BbIOpaTh TaKyio [Iapy CMeIllaHHbIX CTpaTeruii, 4To Hu
OHOMY 13 UTPOKOB OyZleT HEBBITOJHO OT Hee OTKJIOHATLCH, eCJV IIPOTUBHUK
BTOM cTpaTerny 0yieT IpUep>KUBaTbCHA.

Peammszanusa anropurma Homa npennosaraer pemreHne 3azady MaTeMaT-
YEeCKOr'0 IIPOrpaMMIUPOBaHNA

(M0, ") ~ot) (M (1", ')~ B) > roax,

(p",q")eU.
MPUMEP 13.1.1. IIpoanana3npoBaTh OMMATPUYHYIO UTPY, 3aJaHHYIO MaTPU-
amMu
oo - 6 9 e — 9 7
8 2) 4 10

Pewenue. CvelniaHHbIe CTPATETUM UTPOKOB MOYKHO IIPEJICTaBUTDL B BUJE

1-p 1-q

(3zmecyr pel0;1], ge[0;1]). IIp sTOM COOTBETCTBEHHO, TO MaTeMaTHUeCKue

O IaHNA BbII/II‘prLHeﬁ I/II‘pOKOB paBHbI COOTBETCTBEHHO
M,(p,q)=6pg+9p(1-q)+8(1-p)g+21-p)(1-q)=(6-9p)g+7p+2,

M,(p,q)=9pq +7p(1-q)+4(1-p)g+10(1-p)(1-q)=(8qg—3)p—6q+10.
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MaxkcuMMHHBIE CTPaTETUM UTPOKOB OIIPefessal0TCA U3 yCJIOBUIL

)

_ in((6—3p)g+p+2)= Tp+2); 8-2
o =maxmin (6 ~3p)q-+ p+2) =max{ max (Tp +2); max (8-2p)

}20

B:maxmin((8q—3)p—6q+10):max{ max (2q+7); max (10-6q) } :%.

qe[0;1] pe(01] qel0;3/8] qe[3/8;1]

Taxkum o6pa30M, MaKCVMMIVHHBIE CTpaTEernm 11epBoro 1 BTOPOro Mrpokra paB-

HBI COOTBETCTBEHHO
(2/3 (3/8
P=li/3] ™ Tls/8)

MHOK€eCcTBO BCeX BO3MOKHBIX I1ap BBIUI'PHIIIIE} UTPOKOB IIPeJICTaBJIEHO Ye-
TeIpexyronbHnKoM ABCD Ha puc. 13.1.1. OueBunHo, MHOkecTBO IlapeTo cooT-
BeTCTBYyeT oTpe3Ky BC, a meperoBopHOe MHOKECTBO — OTpe3Ky EF.

0 T T — T
0 1 2 3 4 5 6 7 8 9

Puc. 13.1.1. Muoacecmao oxcudaemwvlx svluzpwvluleli, mHoxcecmaso Ilapemo
U nepezo8oPHOe MHOHECMB0

I[Ipamasa, npoxogsaiada yepesd Touku B(6; 9) u C(9; 7), 3amaeTca ypaBHEHEM
M, =13-2M, /3, nosromy pyrkuma Hoira

2222
3 4 3 3 4

=(M1 —@)(E—EMI)}%ME +@M1 ~35.
4 3 3 36
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Ha orpes3ke M, €[20/3;63/8] (T.e. Ha oTpe3ke BC) mocturaeT MakKCUMyMa B
touke M, =349/48. Ilpu srom M, =13-2M,/3=587/72. Ora TouKa Ha

puc. 13.1.1 obo3unauena G.
Touka G(349/48;587/72) aBnaerca BbITYKJON KoMOuHaImenn Touek B(6; 9)

nC(9;7), e

61 +9(1—A) =349 /48,
9L +7(1—1)=587/72,

oTKygza A=83/144.

Tourka B cooTBeTCTBYeT BbIOOPY 000MMM UTPOKAMY CBOMX ITE€PBBIX YMUCTBIX
ctpateruit, Touka C COOTBETCTBYET BBIOOPY IIEPBBIM UTPOKOM CBOEll IIePBOIL
4YJICTOM CTpaTermy, a BTOPbIM UTPOKOM — CBO€J1 BTOPOI YMCTOM CTpaTeruu,
moaToMy To4dka (G 03Ha4YaeT, YTO IIePBbI UTPOK BbIOMpPaET CBOIO IIEPBYIO YMC-

TYI0 CTPATEeruio, a BTOPOIl UIPOK C BEPOATHOCTHIO q =A =83/144 BbIOMpaer

[IEPBYIO0 YMCTYI CTPATErMio, ¥ C BEPOATHOCTBbIO 1—q =61/144 — BTOpYyIO

YUCTYIO CTPaTeruo.
Taxkum o0pa3oM, MaKCUMIMHHBIE CTPaTETNM IIEPBOTO ¥ BTOPOTO UTPOKa, paB-
HOBecHbIe 110 Hanry, paBHBI COOTBETCTBEHHO

1 83/144
P=lo] " Tl61/144)
ITpu 5TOM CpeaHMI BBIUTPHILI IePBOro Urpoka paseH M, =349 /48, a BTopo-
ro urpoxka — M, =587/72. 1

13.2.3afgaHMe NPpaKTUKYMa

Kaknoe 13 IBYX KOHKYPUPYIOUINX IIPEAIPUATHUN IMeeT 110 JIBe CTpaTerun
pBIHOYHOrO noBeneHudA. [Ipubbinm npennpuaTuii (B MJH. py0.) Ipu ycJOBUH,
YTO IIePBOE MMpennpuATre nsdepet crparteruto i (i = 1, 2), a BTopoe npennpu-
ATre — crpareruio j (j = 1, 2), paBHBI COOTBETCTBEHHO a,; 1 b,. IliarekHble
marpuipl 1% =(a,) u M%=(b,) AnA KaxkIOro BapuaHTa NPUBENEHBI B

TabJ. 13.2.1.
Tabnuuya 13.2.1

No Bap. m" n® No Bap. m" n”
1 1 2 4 11 6 6
1 4
6 3 4 2 8 7 9 6
11 2 5 2 2 6 6
2 b)
4 4 5 2 8 7 9 1
1 1 2 4 1 2 2 8
3 6
4 5 7T 2 79 9 1
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13.2.1

OKOHYaHuMe Tabn.

5 O —= |0 N | H &N | H NN | H N[ H AN 0 = |t &N [~ &N |0 &N ~ &N | < —~ [~ & | <H
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S,
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14. MOENb NOBEAEHMA NOTPEBMUTENA

141.Kpatkme TeopeTHMyecKmMe ceBeffeHuUs
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

PaccmoTpuM pBIHOK, Ha KOTOPOM IIPOJalOTCA ToBapbl n BuAoB. IIycTs p,,
D, ..., P, — LI€HBI 9TUX TOBaPOB, BEKTOP

p=( Dy - D)

€CTEeCTBEHHO Ha3BaTb 8eKMOPOM UYeH.

ITycTs HekoTOpRBIE noTpeburess obsanaer OoraTctBoMm M neH.end., u x, —
BTO KOJIMYECTBO €IMHMUI] 1-TO TOBapa, KOTOPbIe AaHHBIN NOTPeOUTEeS b MProo-
peTaeT Ha pbIHKe (1 =1, 2, ..., n). BekTop

KOOPJAMHATHI KOTOPOTO HEOTPUIATEJIbHBI ¥ COOTBETCTBYIOT HIpPMoOpeTaeMbIM
KOJIMYEeCTBaM TOBAPOB KasKJOr0 BYJa, HA3bIBAETCA HAOOPOM M0o8apos, a MHO-
’KeCTBO BceX HAaOOPOB TOBapOB

C=ix=| " |eR" | ,20, ©, >0, ..., x, >0}

Ha3bIBAETCA NPOCMPAHCMBOM MOBaPO8 (IIOCKOJIbKY Ha HabOpbl TOBApOB He
HaJlaraeTcs OrPaHMYEHMI ILeJIOYMCJIEHHOCTY, 3JecCh IIpexIojiaraeTcs, dYTO
MOXKHO IIpMOoOpecT IPON3BOJIbHOE — IIeJI0e MM JPOoOHOe — KOJMYECTBO JI0-
6oro ToBapa, T. €. YTO BCe TOBAPhI ABJAITCA O0€3TPaHMYHO J€eJ U MBI -
M ).

CroumocTs Habopa TOBapOB X paBHA, OUEBUIHO,

pX:p1x1+p2x2+”'+pnxn'

Brodacemnoe mHoixicecmao B — 310 MHOKeCcTBO HAOOPOB TOBapoB X € C , KO-
TOpbIe MOKeT cebe MO3BOJNUTD NPMOOpeCcTy IPK JaHHbIX LIeHaX P,, P,, .., P, 0-
Tpeburesasb, obaanarimii boraTcTBoM I (IIpM 9TOM IIpeAIiojaraeTca, YTo Tpa-
TUTb B C € JeHbIM Heo0SA3aTeJIbHO).

C asrebpandeckoll TOUKM 3peHMsa OIOKeTHOe MHOYKECTBO ONIMChIBAETCS
CHUICTEMOJ JIMHEVIHbIX HEPaBEeHCTB

plxl +p2x2 ++pnxn <I7

(14.1.1)
x, =20, ©, >0, ..., x,=>0.
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TEOPEMA O BIOJXXETHOM MHOXECTBE. Btodicemnoe mHO}dcecmso ssasemcs
8bINYKABLM, O2ZPAHUUEHHBLM U 3AMKHYMBLM.

ITorpebutess pas3snmyaeT HAOOPBI TOBApPOB: OOAMH HAOOpP TOBApOB OH
MOJKeT CUMUTaTh JJisA ceba OoJee MPeANOYTUTEJbHBIM, 4eM JPYToii,
JIBa KaKMX-TO APYIMX Habopa TOBApPOB OH MOYKET CUUTATh PaBHOI[ € H H bl -
M I 3allCh X =y O3HAa4aeT, 4TO IOTpeduTe b cuuTaeT HabOp TOBAPOB X H e
X y 5k € Habopa ToBapoBy.

B kauyecTBe mepBOil aKCUOMBI MOTPEOUTENA IIPUMEM, YTO OTHOCUTEJIHHO
JI0OBIX IBYX HaOOPOB TOBApPOB X,y € C mOTpedbuTe b MOYKET OJTHO3HAYHO CKa-
3aTb, BEPHO JIM, YTO X »>=y. TeM caMbIM, Ha OPOCTPAHCTBE TOBAPOB 3aJaHO
oTHoIeHNUue caaboro nmpepgnouTeHusa «;=» Ciaboe mpexnroure-
HIe OIIpeJeJideT ellle IBa OTHOLIEHMA Ha IPOCTPAHCTBE TOBAPOB:
® OTHOIIEHNE PABHOIEHHOCTU «~». X~y TOTJA U TOJBKO TOTJA,
KOorjga OOHOBPEMEHHO BEepPHO, YTO X =Yy U Yy =X, 3allChb «X~Yy » O3Ha4aeT
PaBHOIeHHOCTDH HAaDOPOB TOBAPOB X 1y C TOUYKM 3PEHMA TAHHOTO IIOTpe-
OuTesA: X He XysKe Yy, a Yy He XYKe X;
® OTHOIIEHNE CUJBHOTO NPEeAHOYTEHUA «>». X>y TOrJa U
TOJIBKO TOTJIa, KOTJla BEPHO, YTO X =y, I HEBEPHO, YTO X ~y ; 3alMCh «X >y »
O3Ha4aeT, 4TO HabOp TOBApOB X C TOYKM 3pEHUS JNAaHHOTO IOTpeduTesis
CTpoOro Jydiie Habopa TOBApOB y: X He XysKe y, HO IIPU DTOM X U y He
PaBHOIIEHHBL

Bropas akcnomMa moTpedMTEN s OMMChIBAET CBOVICTBA OTHOLIIEHMIA « 2= », «~ »
M «>=»:
® OTHOIIEHUsA cJIaO0ro IPeAIlouTeHNs U PaBHOIEHHOCTU ABJIAIOTCA perex-
cugHbvlmu (T. e. aJia srodoro Habopa ToBapoB X € C BEPHO, UTO X =X U X ~ X );

e OTHOLIEHUA cJaboro npennoyYTeHnsa, PaBHOLIEHHOCTY M CUJIBHOTO IPeNnoyd-
TEeHUsA ABJAIOTCA MPAH3UMUBHbLMU (T.e. IJA JH00bIX HabOpPOB TOBApOB
X,y,z€C U3 TOTO, YTO X =y, a y = Z, CIEeAyeT, UTO X = Z ; U3 TOTO, UTO X~y , a
Y ~Z, cJenyeT, 4To X ~ Z; U3 TOr0, UTO X >y, a y > Z, CJIeJlyeT, UTO X > Z ),

® OTHOIIIEHJE PAaBHOLIEHHOCTU ABJAETCA Cummempuinsvlm (T.e. U3 TOTO, UTO
X ~y,CJIenyeT,dTo y ~ X ).

TpeThsa akcuomMa moTpedUTEISI TOBOPUT O TOM, YTO KaKIbI TOBAp ABJAET-
cA IJIA TIOTPedUTeNA HeaamenbHvlm, T. €. €CJIU X >y, TO X =y, a eClil X >y,
TO X >Y.

PamnonaJsibHOE NoBeZleHNe TIOTPebUTe A COCTOUT B BbIOOpe HamboJsee mpes-
IIOYTUTEJIBHOTO0, C €eT0 TOYKY 3PpeHNs, Habopa TOBapPOB 13 OIOJKETHOI0 MHOMKe-
ctBa. IIpy mocTaHOBKe U pelleHMUM 3aJady OIpeJiesieHNsa PalyiOHAJIbHOTO I10-
BeJleHIA ToTpedburessa ynobHee OIEHMBATH MPUBJIEKATEJIbHOCTD Pa3JMIHBIX
Ha0OPOB TOBAapPOB HE C ITOMOIIBIO OTHOIIIEHUI MTPEANOYTEHUA U PaBHOIIEHHO-
CTH, & C IIOMOLIBI0 PYHKYUU NOAE3HOCMU, KOTOPAA CTaBUT B COOTBETCTBME
KaKkJIoMy Habopy ToBapoB X € C HEKOTOPOE UMCJIO U(X) — MOJEe3HOCTh
JIIaHHOTO HaOOpa TOBApPOB — U yJIOBJIETBOPSAET ABYM YCJIOBUAM:

o ux)zuly) & X7Fy;
e ux)=uly) & x-~y.
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(I3 aTHx yCa0BUIL caenyeT, 0O4eBUAHO, UYTO U(X)>u(y) & X>Yy.)

Econ BbIOpaH HeKOTOpBIE Habop ToBapoB X€(C, TO MHOYKECTBO
P ={y€C | y =X} HazbIBaeTCA MHOHECTNEOM NPLONOUMUMEALHOCTNU JJIA X,
a muoxxecTBo N, ={z€(C | X =2} HasbBaeTCA MHONCECTNEOM HENPEONOUMU-
meavHocmMu OJid TaHHOTO Habopa ToBapoB. CucTeMa IpenItouTeHMI Ha3bIBaeT-
cA HenpepwvleHol, ecau JJid Jiroboro Habopa ToBapoB X € C MHOMKECTBa IIpel-
IIOYTUTEJIbHOCTY U HEITPEeAIIOYTUTEIbHOCTU ABJAKTCA 3a MKHY T bl M I

TEOPEMA JAEBPE. Ecau cucmema npednoumenuli nompedumens HenpepoléHda,
mo 045 maxozo nompedumens cywecmasyem HenpepwvleHasi PYHKYUL noaes-
HOCTMU.

Bynem cumTaTh PYHKIMIO IOJIE3HOCTU AU P hepeHUPYeMOI OIpu
9TOM 4YacTHadA IIPOM3BOJHAA Ou/0X, MMEeT CMBICJ npedeabHOl NosesHoCmU
1-TO TOBapa:. OHa IIOKa3bIBaeT, HACKOJbKO YBEJNYNUTCA II0Je3HOCTDb, eCJU JO-
0aBUTH K JaHHOMY Ha0OpPYy TOBapOB X € IIl € OJHY €IVHUIITY i-T'O TOBapa.

ITepeuncyayM OCHOBHBIE CBOIICTBA (DYHKIIMHU MOJIE€3HOCTMU:
¢ (PYHKIMA IIOJIEBHOCTM OIpegeJsideTCA HEONHOB3HAaYHO (ecan
u(x) — HeKoTopad (PYHKLUMS I[OJEe3HOCTH, TO, HapuMmep, u,(x)=u(x)-+a,
U,(x) =bu(x) [mpm b > 0], u,(x)=1og, u(x) [mpm ¢ > 1] n mr0basa gpyrasa cTPOro
BO3pacTamIinasa PYHKINA OT U(X) TakKe OyayT PYHKIMUAMY ITI0JIE3HOCTH);
® (PYHKIMA IIOJIEBHOCTM ABJIAETCA CTPOTr0 Bo3pacTalollell [akcuoMa
’KeJlaTeJIbHOCTY yTBEpIKAaeT, UTO U3 TOro, YTO X >y, CJIeNyeT, UTO X >y ; IO
omnpeneseHNI0 (PYHKIIMY IOJIE3HOCTH X >y < U(X) > u(y), 3Ha4UnUT, ecan x>y,
10 U(X)>u(y)J;

e IpefeJibHBIE II0JE3HOCTM TOBAPOB IIOJIOMKUTEJIbHBI (IIOCKOJIBKY (PYHKIIA
II0JIE3HOCTM ABJIAETCA CTPOro Bo3pacTtarlleil u auddepeHupyemMoit, To
ou/0x,>0);

e HeOOJIBIIION HPUPOCT OJlara IpM €ero nepBOHAYAJIBHOM OTCYTCTBUU PE3KO
yBeJMYMBaET II0Je3HOCTD (MUJIM, MHAYe, IpeAelibHaA IT0JIE3HOCTD IIEPBOI enu-
HUIIBI TOBapa OeCKOHeYHa):

® 10 Mepe yBeJU4YeHMsa NoTpebJieHnA ToBapa ero mpejesibHasd II0JEe3HOCTH
yMeHblIaeTcd (mepsblii 3akoH I'occena):

O*u/0x’ <0;

e IIpy O4YeHb DOJIBIIIOM 00beMe IOTpebaeHNA ToBapa ero JaJjbHellnee yBeJu-
yeHye He IIPUBOANUT K POCTY IIOJI€3HOCTMU:

Ha IIPaKTUKE UCIIOJIb3YIOTCA CJIEAYIOIE ROHRPETHDBIEC d)yHKI.H/H/I IMOJIE3HO-
CTHI:
® MYADMUNAUKAMUBHAA:
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(e

u(x) =u(a;, Lyy..., L) =152 0",

Iae Qy, Oy, ...y o, >0, o +oy +--+ 0o, <1;
® no02apugmuveckas:

n
u(x)=u(x, x,,...,x,)= Zai log, x; ,
=1

rge a,,a,,...,a, >0, d>1;

® K8a0pPaAMUUHAA:

n n n
u(x) =u(x, &,,...,,)= Zaixi + ZZbﬂxixi ,
i=1 i=1 j=1
rae matpuna B= (bij) JIOJI?KHA OBITh OTPUILIATEJIBHO OIIpeaeJIeHHO,

® NPONOPUUOHANALHAA:

N x
u(x)=u(x, x,,...,x,)=min{—,—= ..., —1,
kK,
roe k, k,,...,k, >0 u np.

MHOKecTBO paBHOI € HHBbBIX C TOYKM 3PEHUA TAaHHOTO IIOTPeduUTes s Ha-
OOpOB TOBapPOB Ha3bIBAETCA NogeprHocmvio 6espasiuvusi. Ecom u(x) — pyHK-
LM TI0JIE3HOCTY JAaHHOTO IIOTPeduTesIsA, TO NOBEPXHOCThL 0e3pa3yimyunsd — 3TO
MHOKECTBO HaDOPOB TOBAapPOB, 00JIaJAI0IIMX OVHAKOBOI ITI0JI€3HOCTHIO!

{x eC | ux)=u,= const} )

C reoMeTpmIecKoil TOYKM 3PeHUA IMOBEPXHOCTh 6e3pas3ymynsa B IpOCTpaH-
CTBEe M TOBAPOB IIpeJcTaBJasAeT coD0I IMIeproBepXHOCTh (N — 1)-ro nopanka.
B nuddbepenimanbroi oopme ycsoBre u(x) = u, = const 3anmcblBaeTcs TaK:

du = Za—udxk —0. (14.1.2)

k=1 OX;
F'pagueHnT QPYHKINA IIOJE3HOCTY PaBeH BEKTOPY MPeAeJbHBIX [TOJIE3HO-
cTen:
ou
Oox,
ou
gradu=|0x, |.
ou

oz,

YciooBue (14.1.2) o3HayaeT, YTO I'pagVieHT PYHKIUM [10JIE3HOCTU IIepIeH I~
KYJIAPEH KacaTeJIbHON K IIOBEPXHOCTH Oedpasimuns (puc. 14.1.1).
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V3 puc. 14.1.1 BunHO, YTO CHMUKEHME I0JIE3HOCTHY, BBI3BBAHHOE YMEHbIIIEHIEM
KOJIMYeCcTBa OJIHOTO TOBapa, MOXKHO, BOODIIle TOBOPsA, KOMIIEHCUPOBAaTh
yBeJIMYeHNEeM KOJIMYecTBa APYroro ToBapa. PaccMOTpuM HEKOTOpPbII HaOOp
TOBapPOB

0
xl

0
x2

0
xn

" IIpeaIloJyIowrMM, 9TO KOJIMIEeCTBO 1-TO TOBapa M3MEHMJIOCh Ha BEJIMYVHY d.’L’i,
KOJIM4eCTBO j—I‘O TOBapa M3MEHMJIOCh Ha dx],, a BCe OCTaJIbHbl€ TOBapPhbI OCTa-

JIUCHh B T€X K€ KOJIMYEeCTBaX, YTO U PaHbIlle; HOBbII HAOOP TOBApPOB
0
xl
0

&Ly

0
, |x; +dx,

x;) +dx].

0
xn

| Ky

0
Puc. 14.1.1. [Togepxrrocmds 6e3pazauius u epaduerHm GYHKYUU nosesHocmu
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YT0o0BI cTapBIil ¥ HOBBI HAOOPHI TOBAPOB OKA3aJIMICh Ha OJHON IIOBEPXHOCTY
Oespasyuns, Heo6XoAMMO BhINOJNHEeHMe ycyoBud (14.1.2). Yurem, uto dx, = 0
npu k=1, k = j, TOra MoJydmM, 4TO

a—udl‘i +a—udx. =0,
ox, ox; '
OTKYyJla
dxj _ aU/axl
dx, du /Ox, '
Beanunna

; . Ax; dx;, Ou/ox,
7 = lim =— = .
Az =0, —Ag, dx, Ou/dx,

u(x)=const 4

Ha3bIBA€TCA NPedeabHol HOPMOU 3aMeHblL 1-TO TOBapa j-M; OHa IOKa3bIBaerT,
Ha CKOJIBKO € J VI H M Il JOJIPKHO yBeJMUYUTHCA KOJMYEeCTBO j-T0 ToBapa, YT00bI
KOMIIEHCHMPOBaTDb IIOTePI0 €IMHUILI i-I0 ToBapa (T.e. 4TOOBI moJes-
HOCTB Habopa TOBapoB He N3MEHMJIACh).

YacTo ObIBaeT ynobHO MMeTh JIeJIo He ¢ aOCOJIIOTHBIMM BeJMYMHAMU, a C
OTHOCMUTEJbHBIMU DAACTNUYHOCTD 3aMeHbL 1-TO TOBapa j-M (e!) moka-

3bIBa€T, Ha CKOJIBKO IIPOLOEHTOB JOJMNHO YBEJIMNINTHECA KOJIMYIECTBO j—FO
TOBapa, 4TOOBI KOMIIEHCHPOBaTh YMEHbIIIECHVIE KOJIMTIECTBA 1-TO TOBapa Ha 1(701

‘ Ax,./x, X, Ax, x . x Ou/Ox,
el= lim ——~-=—"lim L=—Ly/ :—’—/ L,
Az -0, —Ax, /x; x, Az—0 Ay, x, x; Ou/ox,

u(x)=const J u(x)=const 4 J

Tenepb chopMyanpyeM MaTeMaTUYIECKN 3a7ady MOTPeOUTess: mpebdyem-
cs u3 0100x#emHo20 MHONHCeCMBA 8bLOPAMb HAOOP MO08aPo8, 00aadarouUL
MAKCUMAALHOU NOACZHOCNDBIO!

u(x) — max,
xebB.
3anuitieM 3Ty 3ajadvy mnoapobduee [c yuerom (14.1.1)]:
u(x,, x,,...,x,) — max,

Px, + PyXy +-+ P, <, (14.1.3)
x, =0, 2,20, ..., x,=>0.

TEOPEMA CYLLEECTBOBAHMS PELLEHUSA 3AAAYM NOTPEBUTENS. PeweHue
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3ad0auu nompebumeans (14.1.3) cywecmesyem u aexcum Ha eparuye 6ro0xicem-
HO20 MHONHCECMBA:

P, +pyx, ++p,x, =1. (14.1.4)

TEOPEMA EAMHCTBEHHOCTM PELLUEHMSA 3AJAYM NOTPEBUTENS. Ecau @ymcuuﬁ no-
Ne3HOCTU S8A8eMCS CMPO20 8bINYKAOU 88ePX, MO peuweHue 3adaiu nompe-
oumens (14.1.3) seasemcs eQuHCMBEHHBLM.

C yuerom (14.1.4) 3azauy nnorpedbuTesIs MOKHO IIepenncaTh B BUle K Ja C -
CUYEeCKOM 3aJady Ha YyCJOBHBIN 3KCTpeMyM:

u(x,, 2y, ..., x,) — mMax,

14.15
DX + Py, -+ px, =1 ( :

3anmauy (14.1.5) MOKHO PeIIUTh C IOMOILIbI0 MeTOJa MHOMKMUTeJel
JlarpaHxa: pyaknua Jlarpanka

L(x;, ¢y, ..., x,, N) =u(x;, Ty, ..., 2,) + NI — D2, — Py — - — P, L,.)

) n?

YCJIOBHBII MaKcuMyM B 3agade (14.1.5) coBrnazaer ¢ 6€3yCJIOBHBIM MaKCUMY-
MoM (pyHKIMM JlarpaHiKa, KOTOPbI YAOBJIETBOPAET CJIENYIONIMM YCIIOBUAM:

OL :

%—0, 1_1’2,...,"’1/, a_u_xpl:(), 1:21,2,...,/”',
8L1 R 8xi =
9%y I—pa, —px, = —p,x, =0
N DXy — PoXy p

—=\p,, 1=L2...,n,
&1 0x; (14.1.6)

px; + p,x, +--+px, =1

YciaoBusa (14.1.6), onpenensaroie onTUMaJJ bHOE pelleHne 3a1a4un 1oTpebu-
TeJIs, 03Ha4YaloT, B YACTHOCTH, YTO IIPM IleHax p,, P,, ..., P, IoTpeburesib, obJa-
nmarormii borarctBoM I, BbIOMpaeT HaAOOP TOBAapPOB, KOTOPBII COOTBETCTBYET
TIOJTHOMY MCITOJIb30BaHMIO OoraTcTBa I, IpuieM BEKTOP IIpeaesbHbIX IT0Je3H0-
CTell TOBApOB IIPONOPIIVIOHAJIEH BEKTOPY IIEH:

ou Ou Ou
dx, Ox, Ox

Orcroza cienyer, 4To B ONTMMAaJbHOJ TOYKe IpefesbHasd HOpMa
3aMeHBbI 1-T'0 TOBapa j-M paBHa OTHOIIIEHUIO I[eH 1-TO ! J-TO TOBapPOB:
_Ou/0x;, _p;

J = i (14.1.7)
ou/0x; p,

PaBencTBo (14.1.7) MOKHO cOZepsKaTeJbHO VMHTEPIPETUPOBATh B BUJIE BTO-
poro 3axkoHa I'occeHa: B3auMo3aMeHAEMbIMI ABJIAKTCA TaKVe KOJIMYeCTBa TO-
BapoB, KOTOPbIE MEIOT OAVIHAKOBYIO CTOVIMOCTbD.
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MoskHO cresiaTh elle OAMH BBIBOJ 13 ycjoBuii (14.1.6): y Bcex ToBapoB B
ONTMUMAJBbHOM TOUYKE OTHOIIEHUA IpeJelIbHBIX II0JIe3HOCTEN K IjeHaM

COBHAJAIOT ¥ PABHBI N\ :
ou/dx, _Ou/dx, _ Ou/dx, _

pl p2 pn

N

ITO daeT OTBeT Ha BOIIPOC 00 YKOHOMMYECKOM CMbICJ€ MHO:KuUTeJNs Jla-

rpaH:ka \ . MHOXKUTeJb JlarpaHsKa paBeH NMpeeJIbHOI IO0JIe3HO -
CTU ONHOW NEeHEeHOI eJauHIXI[BbI(IOCKOJIbKY B OINTUMAJIbHOV TOY-
Ke 4YacCTb IIpeJleJIbHOM II0JIE3HOCTY KasKJIOro ToBapa, NIPMUXOAANIasacs Ha enu-

HIUILY €TO0 IIeHbI, paBHA \').
Ecsin n3 ycaosuit (14.1.6) Beipas3uTh X KakK (DYHKIMIO OT I[eH 1 DOraTcTsa,
TO MOJIYUUM PYHKYUIO CNPOCA TAHHOTO OTPedUTeNA: X =X (P, Py, -+ D, I)-

PaccmorpuMm, Kak M3MEHUTCA CIIPOC IIOTPebuTess, ecay M3MEHUTCS lieHa
OJHOTO 13 TOBapOB (Hampumep, j-To).

IIpenmnonosxkuM BHa4YaJe, YTO IIPpU U3MEHEHNN 1IeHbI j-T0 TOBapa Ha BeJIM4un-
Hy Ap, (OIpM HEM3MEHHBIX Il€HaX OCTAJbHBIX TOBAPOB) MPOMCXOAUT KO M -

neHcanua O6orarTcTBa Ha Takyw BeqnumHy A, 4TOOBI HOBad TOYKA
ONTYIMAJIBHOTO CIIPOCa OCTAJIaCh Ha TON sKe IIOBEPXHOCTY 0e3pal3ym4nsd, 94To U
crapas [MHBIMU CJIOBaMM, YTOOBI ITOJIE3HOCTH Habopa TOBApOB

/

X =X'(Py, Py, P; APy -5 Py, THAD,

ONTMMAJIbHOTO IIpM BEKTope 1ueH p=(p, p, - p;,+Ap, -~ p,) u Gorar-
ctBe M + AM , 6b11a ObI paBHA HOJE3HOCTY Habopa TOBapOB

X* :X*(pl’ pz, ceey p]" (RN} pn’ I)’

ONTYMAJIBHOTO IIpM BeKTope ueH p=(p, p, '+ p, - P,) u Gorarcree I

(puc. 14.1.2)].
Ecamn renepsb ycrpemutb Ap; K HyJIIO ¥ PACCMOTPETDb Tpesiest

* / *

: x; X, —x;
lim A L= lim 1A L —
Ap;—0, . Ap;—0, )
u(X’)]=u(X*) p u(x')]=u(x*) b;
* *
— lim X (Pyy Por s B TAD; ooy Py I+ A = (Py, Dy oy Py oo Py 1)
- Ap.—0, A ' 9
u(x’)]:u(x*) p]

TO MbI IIOJIy4YMM M3MEHEeHMe CIIpoca Ha i1-i1 TOBap IIPU M3MEHEeHUM IIeHbI J-TO
TOBapa Ha eIMHUILY U COIIyTCTBYIOIIEM KOMIIEHCUPYIOIleM U3MeHeHun borat-
CTBa; 9TO U3MeHeHVe 0003HaYaeTcs

Ox : Ax;
8_ = lim A
p] KOMIL u(x’)]:u(x*) pj
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I “xz
b,
u(x) = const
I+ AI
p, +Ap, |
p/
p x,
0 I I+ AI

b b
Puc. 14.1.2. JI3menenue cnpoca ¢ xomnencayueti 0oxooa

oTpaskaeT 9P dperT 3aMelnieHUA — IIPHU

Bemranua (0x; / 0D;)xoum.
M3MEHEeHUN LIEeHBI j-TO TOBapa ¥ KOMIIEHCUPYIOIEeM M3MeHeHnn 60raTcTBa mo-
TpebuTesb OCTaHEeTCA Ha TO sKe KPUBOV 0e3pas3nyunsd, YTO U PaHblIlle, AJIA Je-
rO 3aMEHUT YacCTh j-TO TOBapa JAPYTUMU TOBAPAMMU.

Hariiem BeIM4nHy TaKOro KOMIIEHCUPYIOIEro M3MeHeHus doratTcTsa dl ripu
DeCKOHEeYHO MaJlOM M3MEHEHUM IeHbl j-TO ToBapa (Ha dp;) M HeU3MEeHHBIX OC-
TaJIbHBIX I1€HaX [T. e IIpM U3MeHeHN!N LIeH P, BCeX OCTaJIbHBIX TOBAPOB (C HOMe-
pamu k= j) Ha dp, =0]. VI3 ycioBuit onTHMaJIbHOTO [IOBEJIEHNA IOTPeOuTEeNA

(14.1.6) moryuaem, 4TO
n a i n n n .
du:Z—udxk =X\ Zpkdxk, dI:Zpkdxk —I—Zxkdpk.
k=1 OXy k=1 =1 k=1

YT0o0BbI IIOJIE3BHOCTL HE M3MEHWJACh, HEOOXOIMMO U JOCTATOYHO, YUTOOBI
du =0, ¥ TIOCKOJIbKY IIpeJesibHasA II0Je3HOCTh AeHer \* = 0, To

Z p.dx, =0.
k=1
Ho Torpa
dI = pda, + Y axidp, = x.dp, = x;dp, (14.1.8)
k=1 k=1 k=1

(rme MBI yusu Takske, 4To dp, =0 mmpu k= 7).

Ha camom nesie komIeHcanyy 6oraTcTBa IOTPeObUTENA IPY M3MEHEeHNN 11eH
He IIPOVICXOJNT, ¥ MBMEHEHNe CIIpoca IoTpeduTesid Ha 1-i1 TOBap Ipu UM3MeHe-
HIU I[eHbI j-TO TOBapa Ha eUHUILY PaBHO

145



Ox; |O0x; ox;
- xX. ,
op, |0p; o1 -’

KOMII.

i=12..n j=12..n. (14.1.9)

YpaBHenue (14.1.9), nosnydyennoe B 1915 1. E. E. CoyuxkuMm, urpaet BaskHel-
IIIyI0 POJIb B TEOPUM IOTPebUTEIbCKOrO clipoca. BeranrtaeMoe B 9TOM ypaBHe-
HUM OTpaskaeT 3¢ dPeKT H0XO0Jga, CBA3aHHBI C M3MeHeHMeM IOTpebu-
TeJIbCKOM 1IeHHOCTM eqUHUIILI OoraTcTBa. PaKkTuUecKy noTpeduTes b He ocTa-
eTcs Ha TOM Ke IOBEepPXHOCTM 0e3pal3yinunusd, YTO ¥ PaHbIlle, a IIePexXoauT Ha
IPYTYIO IIOBEPXHOCTD 0e3pas3anyysa, COOTBETCTBYIOUIYIO JPYTIVIM KOJINYEeCTBaAM
TOBapOB, KOTOPbIE OH MOJKeT II03BOJIUTH cede IIpuodbpecTy Ipy M3MeHEeHUN 1ie-
HBI j-TO TOBapa U HEeM3MEeHHOM OOoraTcTBe U IleHaX OCTaJIbHBIX TOBapoOB. dd-
dekT moxona 1 appeKT 3aMelleHNA UIIIOCTpupyeTed puc. 14.1.3.

“x2

u(x) = const

I+ AI
D, +Ap, .

3amewenus
P, +AD, [ T

/ /

)llp

B8

0 I I+AI
b b
Puc. 14.1.3. Spgexm doxoda u aghghexm 3ameweHus

MosxkHO IIOKa3aTb, 9TO

9z (14.1.10)

pi KOMIIL.

T. €. IPU yBeJUUYEeHUN IieHbl (1-T0) ToBapa CIPOC Ha HEro IajaeT Aaske B TOM
cjaydae, ecyy yBeJIMUeHMe IleHbl COIIPOBOMKIAEeTCA KOMIIEHCUPYOIIUM M3Me-
HeHMeM OOraTcTBa.
ToBap ¢ HOMEpPOM 7 Ha3bIBaeTCA YeHHbLM, eCIIN IIPU yBeJaudeHun dboraTcTsa
CIIPOC Ha HEro pacTeT, T. e. eCJu
.
0T . (14.1.11)
o0l

n manoueHrvim, eCjn IIpu yBEJIMMIEHNUN poraTcTBa CIIPOC Ha 9TOT TOBap CHU-
JKaeTCd:
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oz; <0.
ol

B onrtumaJsibHOI TOuKe [corgiacHO (14.1.6)]

Zpkx,’; =1.
k=1

IIpomndpepennpyeM JeBYIO U IIPaBYIO YaCTU 3TOr0 paBeHCcTBa 110 I:

n

Zpk o, =1.
=1

oI

Orcroga (¢ ydetom TOro, 4ro Bce p, >0) cienyer, 4TO cpeny 4aCTHBIX IIPO-

n3BOIHBIX Ox, /Ol ecTb X0TsA OBI OJIHA IIOJIOXKUTEJBHASA, T. €. 00A3aTEJIbHO Cy-

IIIECTBYET XOTA ObI OMUH I[€HHBI TOBap.
ToBap ¢ HOMEPOM 7 Ha3bIBAETCA HOPMAAbHDLM, ECIN TIPU YBEJUYEHUM €T0
IIEHBI CITPOC Ha HETO MAJAEeT, T. €. eCJIU

ox;
Ip,

<0,

1 mosapom ['ugppura, ecay pu yBeJIMUeHUN IIEHBI HTOr'0 TOBapa CIIpoC Ha He-
ro pacTer:
ox:
~>0.
api

Cnpoc Ha 1LIeHHBIV TOBap 00s3aTeJIbHO MaJaeT IIPY YBEeJINYEHNY €ro IIeHbl: B
mpaBoit yacTu ypaBHeHuda Ciyukoro (14.1.9), sanucansoro npu j =1,

Ox; |Ox; ox;

ap, |op, o

KOMII.

x; <0

yMeHbIIIaeMoe OTpuiaTesbHo corjacHo (14.1.10), a BeluMTaeMoe HeOTpULA-
TeJIbHO, Tak Kak Ox, /0l >0 corsacuo (14.1.11), a cupoc x; He MOKeT OBITb
oTpuIaTeJ bHbIM. TakuM 00pa30M, IleHHble TOBapPhl HE MOT'YT ObITh TOBapaMm

T'udppuna.

Pes3iomupys, 3aMedaeM, 4YTO BCe TOBapbl JeJATCA Ha TPU KaTeropun
(Tabr. 14.1.1):
e HOpMAaJIbHBIE II€HHBIE TOBap bl, IPUMEPOM TAaKOTO TOBapa ABJ-
eTcs MacJo: ecJM IjeHa MsfACA YBeJMYUTCHA, TO NOTpeduTesb NpuodpeTeT ero
MEHbIIIe, & eCJM yBeJu4uuTcA O0raTcTBO NOTPeOMUTesdA, TO OH yBEJUUUT II0-
TpebieHne Msca;
® HOpMAaJIbHBIE MAaJIOIl€eHHBIE TOBap bl, IPMMEPOM TaKOTO TOBapa
CJIy3KUT MaprapmuH: IOoTpeduTesib IpuobpeTeT MeHbIle MaprapyHa ¥ B TOM
ciIydae, KOrZla yBeJMUUTCA lleHa MaprapyHa, ¥ B TOM cJydae, Korja yBeJ-
4uTcA O0raTCTBO IOTPEOUTENIA,;
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e ToBaphn ['md ¢ uHa,BKayecTBe IpuMepa TAKOro TOBapa TPaIUIMOHHO
mpuBogAT KapTodesb B Vpaauamunu XIX B.: B TO BpeMs 0oJibIlIad 4acTh IIOTpe-
OMTeJIbCKUX PacXoJOB HaceJseHUA TpaTWach Ha IpuobpeTeHMe KapToded,
HO II0 Mepe yBeJMueHMaA OoraTcTBa IOTpPeOUTEeN M MpefIounTali MNOKYIaTb
Oosblile Msca ¥ MeHbIIIe KapTodesid; IpM yBeJMdeHNN 1leHbl KapTodessa pe-
aJIBHBIV JOXO0J NOTPeOuTess yMeHbIIaJICA HACTOJIBKO, YTO OH YK€ He MOTJII
IIOKYIIaTh CTOJIBKO K€ MsfAca, KaK U IpexJe, ¥ IOTOMY OBl BBIHY KIEH yBeJN-
4MBaTh NOTpPebJieHre KapTodes.

JBa ToBapa ¢ HOMepaMM I M j Ha3bIBAIOTCA 63AUMO3AMEHACMbLNU, €CIN
yBeJIMUeHMe IeHbl j-TO ToBapa IIPpY CONYyTCTBYIOIIEM KOMIIEHCUPYIOIIEM M3-
MeHeHuy 0oraTCcTBa IPUBOANUT K yBeJMYEHNIO CIIpoca Ha 1-i1 ToBap:

ox;

>0;
op

j KOMII.
TOBapbl HA3BIBAIOTCA esaumoaonwmmou;umu, €CJIM yBeJIM4YeHNEe II€HbI j—I‘O

TOBapa IIPM COYTCTBYIOIIEM KOMIIEHCUPYIOIIEeM U3MeHeHnN OoraTcTBa BeJeT
K YMEHBIIIEeHHIO CIIpOoca Ha 1-11 TOBap:

ox;

op

>0.

I KOMIL.

Tabnuya 14.1.1

Bimsaane nusmenennsa LJEHHbIE TOBapPhbI: | MaJIOLIEHHbIE TOBapPhbI:

oX0na ox* ox’
~>0 ~-<0
Bmanne oI oI
M3MEHeHM I[eHbl ToBapa
z;
HOpPMAaJIbHbIE TOBaPBI: 5 <0 IIpMIMep: MACO IIpuMep: MaprapuH
D;

o npuMmep: Kaprodesb
ToBaphl ['ndppuHa: 5 >0 — B cepenuHe XIX B.
i B Mpaannun

It orpegeJiennAa KOPPEKTHDI, IIOCKOJIBRY MOJKHO IIOKa3aTh, YTO MaTpPUIla

_ | 9%

op;

D: d ERan

i
KOMIIL.
ABJIIETCA CUMMETPUUYHOIN,T. €.

ox; dx;

KOMII.

IIpuMepaMu nap B3aMMO3aMeHAEMbIX TOBAPOB ABJIAIOTCA A0JOKM U I'PYILN,
yay u Kode, ChIp 1 KoJsibaca 1 T. I1.; IpUMepaMy I1ap B3aMMOIOIOJIHAIOIINX TO-
BapOB ABJIAIOTCA KOMIIBIOTEPBI ¥ KOMIIBIOTEPHbIE ITPMHTEPbI, aBTOMOOMIN U
OeHs3uH, OPIOKM 1 pEMHHU I T. 1.
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MoskHO TOKas3aTh, YTO AJiA JIF0O0ro ToBapa 00A3aTeJIbHO HAaJeTCsa APYTOoii
TOBaP, COCTABJIAIOIINII C TIEPBBIM B3auMo3aMeHsaeMyIo mapy. B yactHocTn, ec-
JYI pacCMaTpuUBaThb PBIHOK JBYX TOBAapOB, TO 3TU JIBa ToBapa 00d3aTeJIbHO
JTOJI?KHBI ObITH B3aMIMO3aMEHAEMbIMIA.

MPMEP 14.1.1. B 1mpocTpaHCTBE Tpex TOBAapOB M3BECTEH BEKTOP IeH
p=(2 5 6),06orarctBo morpedbutesnsa I = 30 neH. en. 1 ero PyHKIMA IT0J€3HO-

et u(a;, &y, &y) =4/, 2,2, . Tpebyerca onmcaTh (C IOMOIIBIO CUCTEMBI Hepa-
BEHCTB) OI0/?KeTHOE MHOMKECTBO U 1300pa3UTh ero rpaduuecKkyl. 3aTeM CJleny-
eT oInpesesNTh (PyHKIMIO CIIpOCca M paccuuTaTh ee KOHKPEeTHOe 3HaUYeHNe IIpU
3amaHHOM OoraTcTBe I 1 BekTope 1eH p. Ilocise 3TOro Hy»kHO yOenUTbCA B
cripaBeJyMBoCTY ypaBHeHMs CJiylkoro njs JaHHOro noTpeburedss. [ajee
cienyeT OIpeNesnTb, KaKie TOBapbl ABJAIOTCA I[€HHBIMM M MaJIOlleHHbIMI,
HOpPMAaJIBHBIMM TOBapaMy 1 ToBapaMu I'mdpdprHa; kakyue ToBapbl B3auMo3aMe-
HfAEMBI, a KaKJie ABJIAI0TCA B3aVIMOOIIOJIHAIOIVIMIAL

PeweHne. B paccmarpuBaeMoM npuMepe cucreMma HepaBeHCTB (14.1.1) npu-
HUMaeT BU

2x; +95x, + 6, < 30,
x, =20, 2,20, x; >0.

C reomeTpuueckoit Touky 3peHus (puc. 14.1.4) nan"oe 6101KeTHOe MHOKe-
CTBO

xl
B={x=|x,|€R’ | 2x, +5x, +6x,<30, x, >0, x,>0, 2, >0
x3
npesicTaBAeT coboit TPeXTPaHHYIo MMPaMuLy, OJ[HA BepIIMHA KOTOPOi HaX0-

OUTCSA B HadaJle KOOPAMHAT, a TPU JPYyTye — COOTBETCTBEHHO B TOUKax I/p, =
=30/2=15,1/p,=30/5=6mul/p,=30/6 =25 Ha ocax Ox,, Ox,, u Ox..

I/p;
Puc. 14.1.4. Giro0dxcemHoe MHOH#CECMB0

IIpenenbHBIE TI0JE€3HOCTY TOBAPOB B JJAHHOM IIpMMepe paBHBI

ou Jx,x, Ou Jrx, Ou o,
dx, 2\/371’ dx, 2\/372’ dx, 2\/373 ’
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roaToMmy ycaoBusd (14.1.6) nuia onpenenennsa PyHKINY CIIpoca IPUHUMAOT BUJ,

ou
T2 _\p,
axl b,
ou
T2 —\p,,
|0z, D,
ou
L _»p.,
axs bs
| D1 + DXy + P33 = I

\ LaLy

=X
2\/?1 Dy,
T = NP,

1 24/,

V xle — >\p
N

| D1 + DXy + Py = I

V VLT
\/;1 B 2X\p,

VT T A2

1 23p, 2\/?2

VELaL3 /Ly

2\p, 2Jx,

)

= \D,,
=

:>\p37

| D1 + DXy + Py = I

Xy (pl, Pss Pss I):—,

X,
x] — 22 32 9 3p1
4N"p, (. = 4)\2 I
x1—4 DPsDs; x*( I)_—
.'I,'g :>\p x :4>\2pp 2 pl’ p2, p3, _3p ’
& {4Np, z a1 , Y e Iz
T, xz;“ PPy (P Py P D=5
4Np, — Py 12X°p,p,p; =1 Ps
. I
P, + Py, + 2, =M N= [/
i 12p,p,p;
Takum 06pa3om, PYHKIMA CIIPpOca JAHHOTO ITOTPeduTe
I/@3p,)
X*(pl’ Po pg,I): I/(3p2) ’ (14112)
I/(3p;)

a ITpegeJibHadA II0JIE3HOCTD AE€HEeT

[ I
N= [——.
12p,p,p,

ITpnu nanHOM BeKkTOpe ieH p = (2 5 6) m OboraTcTBe I = 30 nosyyaem:

I 30 I 30

x* ’ ’ 71 :_:_:57 x* ’ ’ ,I :_:_:2,

1 (D, Py, Ps, I) 3p, 3.2 2(D1, Py, Ps, I) 3p, 35

. I 30 5 . I 30 J6
xS(pl,pz,pgyl):_:_:—, \'= — ="
3p, 36 3 12pp,p, V12:2:5-6 12

Vltak, BeKTOp crpoca IIpyu JaHHBIX [[eHaX U JaHHOM 0OOTaTCTBE TaKOB:

5
x'=| 2 |
5/3

Y0enumMca Tenepb, 4TO AJIA JAaHHOTO IIOTPeOdUTes s AelICTBUTEJIBHO BBITOJ-
HAeTca ypaBHeHue Ciyukoro. Paccmorpum, Hampumep, YTO IIPOU30ITET CO
CIIPOCOM ITPM M3MEHEeHMMU IleHbI IIepBoro ToBapa. IlycTs 11eHa mmepBoro ToBapa
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M3MeHuJIach ¢ p, 10 p, +Ap,. Ecan nponsoniso cooTBeTCTBYIOIEE KOMIIEH-
cupyrolee n3MeHeHne 60raTcTBa Ha BEJIMYNHY
_ IAp,

Al = x;Ap,
3p,

[ortpenenennyto o hopmyie (14.1.8)], To HOBasA TOYKa cIrpoca
I+ AI

3(p, +Ap,)
I+ Al

3p,
I+ AI

3p;

X*(pl + Apla p27 pS’ I +AI):

T. €. USBMEHEHJIE CIIpOCa COCTaBJIAET

AX* - X*(pl + App p27 pg, I + AI)_X*(pla pza pg’ I) -

I+AI 1 (I+ADp, —I(p, + Ap,) p,AI —IAp,

3(p, +Ap,) 3p, 3p,(p, +Ap,) 3p,(p, +Ap,)
| Lraro 1| AL Y
3p, 3P, 3D, 3D,
I+AL_ T AL Ar
3p, 3P, 3P, 3p,

IToncraBum crona Al =I1Ap, /(3p,), HoIydum

pIAp, /Bp)—IAp, —2IAp,
3p,(p, +Ap) 9p,(p, + Ap,)
Ax' = 1Ap, _| IAp,
9p,p, 9P, P,
IA_pl IAp,
9P, P, 9p,p,

Orcrona HaxoAUM M3MEHeHMe crIpoca Ipy 0eCKOHEYHO MaJloM M3MeHeHUN
IIEHBI IEPBOT0 TOBapa ¥ KOMIIEHCUPYIOIIEM M3MEeHEHUN J0X0 1A :

—2IAp,
Oz, = lim An lim D+ AP) lim —2 =— 212 :
OP1 ) o e APy u(ﬁ'ﬁgfh Ap, e 9P+ Apy) P,
IAp,
; Aux;, I I
0, = lim L2 lim 9P, _ lim = ,
apl KOMIL (A/I)Jiﬂ(o7 ) Ap (A/I)Jiﬂ(o7 ) Apl (A/I;iﬂ?’ ) 9p1p2 9p1p2
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IAp,

ox; ) Ax; . 9 . I I
[8 3 = lim A 3= lim %: lim 5 = 5 )
Ap,—0, Ap,—0, Ap,—0,
D1 ) orm ey () b (") b () D,P3 D,P3

Havinem teneps Ox; /0p,, Ox;/0I (1=1, 2, 3):

Ox; _OlI/Gp)l_ I Odxy OL/Bp)l_, 0% OlI/Bpy)l_,

op,  Op 3p; Op,  Op ' 9p,  Op, !
Ox; _OlI/Bp)]_ 1 Ox, OlI/Bpy)l_ 1 Ox; 0OI/Bpy)]_ 1
oI oI 3p, OI oI 3p, Ol oI 3p;
3aMedaeM, 4TO
[ax;* (O .2 11 1O
O, ) O ' 9p; 3p,3p,  3p; Op,
[ax;] Oy 11 I Oy
0P, )OI 9PD, 3P, 3P, op,’
[8x; Qa1 1 1, 0
0P ) O 9PD, 3D, 3D, op,’

T. e. ypaBHeHre Ciayikoro (14.1.9) nya gaHHOro oTpedbuTesNsa AeliCTBUTEJIEHO
BBIIIOJIHAETCH.
IIockoJbRY
Ox;, 1 Ox, 1 Ox, 1

> ’ - > ’
ol  3p, ol  3p, ol  3p,

)

BCe TPU TOBapa lleHHble (TaK KakK I[eHHble TOBaphbl HE MOTYT ObITb TOBapaMm
I'mdpduna, BCce Tpu TOBapa ABJIAIOTCA HOpMaJbHbIMMU). [lepBhIit 1 BTOPOI TO-
Bapbl ABJIAIOTCA B3aIMO3aMeHAeMbIMI, TaK KaK

N I
[8362 ] = >0.
op, KOMIL 9p,p,

To4YHO Tak "Ke MOYKHO II0Ka3aTh, UTO IIEPBBIN U TPETU, a TaKKe BTOPOI 1
TpeTuit ToBapbl 00pa3yloT B3ayMo3aMeHAeMble ITaphl, a B3aIMOJOIOJIHAIOIINE
TOBaPHI AJIA JaHHOTO NoTpebuTesd orcyreryior. U

14.2. 3afaHMe NPpaKTUKYMa

B npocTpaHcTBe Tpex TOBapOB M3BECTeH BEKTOD IleH p = (p, p, p,), boraT-
cTBO noTpeburensa I u ero pyHKIMA NoJe3HOCTU U(x,, Ly, L;) [OHM IPUBEIEHDI
IJIs KasKJoro BapuaHTa B TabJ. 14.2.1]). TpebOyeTca ommcaTh (C IOMOIIBIO CHUC-
TeMbl HEPaBEHCTB) OIOI?KETHOE MHOYKECTBO U M300pas3uThb €ro rpaduyuecki.
3aTeM caenyeTr OnpenesnTh (PYHKIMIO CIIPOCa M PaCCUYUTATh €e KOHKPETHOe
3HaYeHMe TP 3aJaHHOM OoratcTBe I 1 BeKTOpe IieH p. Ilocisie 3TOr0 HYKHO
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yOenuTbeA B cripaBeanBoCTY ypaBHeHnA CIIyIIKOro AJid JaHHOTO IIoTpebuTe-
Jasa. Jlajiee cienyeT onpenenanTb, KaKye TOBaphbl ABJAITCSA LIEHHBIMU ¥ MaJlo-
IIeHHbIMM; HOpPMAaJIbHBIMIM ToBapaMmu 1 ToBapaMu I'mdcpuHa; Kakme ToBapbl
B3alIMO3aMeHsAeMbl, a KaKye ABJIAITCA B3aVIMOJIOIIOJIHAIOIIVIMU.

Tabnuya 14.2.1

Vlcxonubie maHHbIE Jlcxonubie maHHbBIE
Noe Bap. Noe Bap.

P I u(x,, x,, x,) p I u(x,, x,, x,)
1 (7 3 2) 42 X/, 19 (5 8 4)60 22, 2,2,
2 |(1 3 4) 24 |Jor, +T, +T, | 20 |4 9 6)[72 x13x2+x3

.1'2.1'3 2

3 |5 2 4)]60 T+ 21 |(7 5 2)|35| 4dxx, +
4 |(2 34)60 X +2x,2, 22 |3 8 5)|60 3x,x,x,
5 |5 8 4)|120, In(x,x,x,) 23 |(1 7 2)[56 22/, 2,
6 |4 9 6)36 2,051/, 24 |4 7 3)42| 3 Jx,x,x,
7 (7 5 2)70 Jxx,x, 25 |2 5 6)]60]  2x2,\/x;
8 |3 8 5)[120 X/, 2 26 (3 6 9)|72| 2In(xx,x;)
9 |1 7 2)28 Jx, 27 (2 7 6)21]  3x] +2x,x,
10 |4 7 3)84| 2zt 28 (2 3 6)36| 3w, + 2%
11 |2 5 6)[30 x13x2+x3 29 |(3 2 8)48|\z, +2\x, 4T,
12 |3 6 9)|36 2,2, 30 (3 8 5)[30] 2x\x,x,
13 (2 7 6)|42| 2xx,+xi 31 |5 2 4)[30 22,2, 2,
14 |2 3 6)18| 2In(xx,x,) 32 (2 34)30]  3xfx,x,
15 |(3 2 8)[24| a+xi+ux; 33 |4 7 3)21 22, 2,2,
16 |(1 3 4) 48| x)+2x; +x; 34 |(3 6 9)[18 X, 20,4/ 2,
17 |5 2 4)[120] 3In(x,x,x,) 35 |(7 3 2)|84] 4x,x,+3x
18 |(2 3 4)[120] 3xx,+ )
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15. MOAENb NOBEAEHMA NPOU3BOAMUTENS

151M.KpatKkue teopetMyeckme ceefeHms
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

II'pousgodcmeennas PyrHKyus BbIpasKkaeT 3aBUCUMOCTb pe3yavmama npo-
u3godcmaea (00'beMa BBITYCKaeMOl HPOAYKINM) OT (haxmopos npou3soocmaa
(3aTpaueHHBIX pecypcoB). IIpy ommcaHMy SKOHOMMUYECKOV CUCTEMBI C IIOMO-
IIIbIO IIPOM3BOJICTBEHHON (PYHKIIMM 3Ta CUCTeMa paccMaTpUBaeTCd Kak «dyep-
HBIJ AIMK», HA BX0J, KOTOPOTO IIOCTYNAIOT pecypchl, a Ha BbIXOJe II0JIydaeTCs
IIPOM3BEIeHHbIN 3a HEKOTOPLI IIePNOJl BpPEeMeHU IIPOAYKT.

Ecau paccmaTpuBaTh Ba pecypca:

e KanmmuTaJ, T.e IPOILIbI (HakomJeHHbH) Tpyh K B ¢opMe OCHOBHBIX
IIPOM3BOICTBEHHBIX (DOHOB;

e HacToAlMI (3KMBOI) TPy I L, onuceiBaeMbllil KOJIMYECTBOM 3aHATHIX,

U Pe3yJIbTaTOM JIeATEJIbHOCTY SKOHOMMUYECKOV CUCTEMbI CUUTATH 00bEM BbI-
nmycka X, TO DKOHOMMKA 3aMelllaeTcs CBOell MoJiesbio B popMe HamboJiee pac-
IPOCTPaHEHHON IBYX(paKTOpPHON NIPOM3BOLCTBEHHON

dyHEKOUUN
X=F(K,L).

ITockosbKy OOBIYHO BKOHOMMYECKAs CUICTEMa IIPOM3BOAUT HECKOJBKO pa3-
JIMYHBIX BUJIOB IIPONYKIMM, yZOOHee Bcero o0beM BBIIYyCKa MCUMCIATH B
JeHeXHOM BBIpPaeHU !, HallpMMep, eciM B KadeCcTBe HKOHOMIUECKOM
CUCTEMBI pacCMaTpVBaTh HAIIMOHAJbHYI 5KOHOMUKY, TO 00bEMOM
BBIIIyCKa MOYKHO CUMTAaTh BAJOBBII BHYTPEHHUM NPOOYKT,aecan
B KaueCcTBe SKOHOMMYECKOI CUICTEMBI pacCMaTpMUBaTb (P U P MYy — TO IIPOCTO
BBIIIYCK NPOAYKLMM B JI€HEKHOM BBIPpaKeHUM, T.€. CYMMapHYIO CTOMMOCTb
MIPON3BeJeHHO IIPONYKIIMY BCEX BUJIOB.

IIponsBoacTBeHHAA (PYHKLMA Ha3bIBAETCA HEOKAACCUUECKOU, eCV OHa OIl-
penesieHa IIpM BCeX HEOTPHUIATEJIbHBIX 3HaYeHUAX apryMeHToB K 1 L, ABJIA-
eTcs HEIIPepbIBHOM U ABaKIbl AuddepeHLpyeMoi 10 060uM aprymMeHTaM
mpu Bcex K>0,L >0 u obsagaeT caeqyoOIMMM CBOICTBAMMU, IMEIOIIMI eC-

TECTBEHHYIO 9KOHOMIYECKYI0 MHTEPITPETAIINIO:
® [PV OTCYTCTBUM XOTsA OBI OJHOTO (paKTOpa IIPOM3BOJCTBO HEBO3MOYKHO:
F(K,0)0=0 gamascex K>0, F(0,L)=0 nnascex L>0;

e IIpV yBeJMYEeHUN 3aTpaT PECYPCOB BBIIIYCK IIPOAYKIINM BO3PACTaeT:

OF(K,L) -0 OF(K,L)
0K ’ OL

e IIpM yBeJMYEHUN KOJIMYecTBa OJHOIO U3 MCIIOJIb3YEMBIX pecypCcoB IIpU II0-

CTOAHHOM KOJIMYECTBE APYTOTrO pecypcCa CKOPOCTb POCTa BBIITYCKa ITPOOYKIIMNU

3aMeJIsAeTCA:

O*F(K,L) “0 O*F(K,L)
OK? ’ OL*

>0 nnascex K>0,L>0;

<0 nnmascex K>0,L>0;
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® IIpV HEOTPAHMYEHHOM yBeJUYEeHUN KOJIMYeCTBa XOTs Obl OJHOTO U3 MCIOJb-
3y€eMbIX PECYPCOB BBIIIYCK ITPONYKIIMY HEOTPAHNYEHHO BO3pacTaeT:

F(K,400)=+00 gnascex K>0, F(4+o00,L)=+00 gmnascex L>0.

IIponsBoacTBeHHAA PYHKIMA Ha3bIBaeTCA AUHEUHO OOHOPOOHOU, €CINU
FONK,N\L)=XF(K,L) nmascex K>0,L>0,x>0.

Ha IIPaKTUKe Yallle BCEro MCIIOJb3YIOTCA CJIeAYIIVi€e KOHRKPETHBIC ITPO-
N3BOACTBECHHBIC (byHRIH/II/I:

e Ko66a — [lyenaca:
F(K,L)=AK°L™,

rne A>0,a€(0,1); sTa Tpou3BOACTBEHHAs (PYHKLUA Oblila IpelJosKeHa B

1899 r. &d. Yurctugom u BHoepBble ucrnosb3oBaHa B 1929r. Y. Kobbom mn
II. MyrytacoM IJ1 MOAeJIVIPOBaHMsA peasbHO sKoHOMUKY (CIITA);
® MYALBMUNAUKAMUBHAS:

F(K,L)= AK“<L

rae A, oy, 0 >0, op +op <1,
o Jleonmuwesa:

F(K,L)=min £,£ ,
aK a’L
rae ag,a; >0;

® JuHeluHaA:
F(K,L)=cyK+c,L,

rae Cg,cp >0.
® C NOCMOAHHOU IAACTNULHOCTHIO 3AMEHDL:
_ o\ /P
F(K,L)=A(aK* +(1—a)L™) ",
rne A>0, a€(0,1), v€(0,1] p>—1.

HecoxHO TpOBepUTH, YTO JaHHBIE (PYHKIINM yIOBJIETBOPSET BCEM CBOMCT-
BaM HEOKJIACCUYECKUX MNPOU3BOACTBEHHBIX (PYHKIMI, a IIPOM3BOJCTBEHHAA
dpyurnua Kobba — Jyrsiaca ABaseTcdA, KpoMe TOTO, JIMHENHO-OIHOPOIHOIA
IIpensaraeM unTaTEN0 CAMOCTOATEIBHO IIPOBECTY HEOOXOAMMbIE BbIKJIA K.

B MynbTUNIMKATUBHON IIPOM3BOACTBEHHON (PYHKIUM ITapaMeTp A Ha3bI-
BaeTcd KODPPUUIMEeHTOM HENTPAaJbHOTO TEXHUUYECKOTO
nporpecca (nmpum Hem3MeHHBIX pecypcax K m L 1 HEM3MEHHBIX Oy, Ol
BBIITYCK TeM OoJibllle, yeM Oogblle A), mapameTp o, €(0,1) mMeeT cMbICI KO-

appuIerTa BJIACTUYHOCTY BbIIycKa 10 oHIaM (koagpduyuenm aracmuu-
HOoCMU 8binycKa no poHdam ITOKa3bIBaAET, Ha CKOJIBKO I P OIle HT OB BbIpac-
TeT BhIycK X rpu yBesmderun pounos K Ha 1%:
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k_ o AX/X _KOX K OAK™LM) QAK“ 'L o
¥ Ak AK/K X 0K AK°<L™ 0K AK< L ®

e

aHAJIOTVYHO OIIpeiesIAeTCA K0aPPUYUEHM dIAACTNULHOCTU 8bINYCKA N0 MPYO0Y
. LoOX
ey =———=0Qy )
X OL
B npousBoacTBenHol pyHKIMM Kobba — Jlyriaca (koTopas ABJIAETCA 4acT-
HBIM CJIy4daeM MYJIbTUIIIMKATUBHOV MPOM3BOACTBEHHON (DYHKLIMM NP O = O,

a;, =1—a) napamerp A TakKe MIpeAcTaBJfgeT co00i KOd(PUIVEHT Heli-

TPaJIbHOTO TEXHUYECKOr0 IIporpecca, KOdQP@PUIMEHT 3JIACTUIHOCTU BBIITYCKa
o poHAaM paBeH &, a KO3(PPUIIMEHT 3JaCTUUIHOCTY BBIITYCKa II0 TPYAY pa-
BeH 1—«.

B cioydae nByxXQaKTOPHOM NIPOM3BOIACTBEHHOV QYHKINM CpPpengHUe
dpPpeKTUBHOCTU pecypcoB — 3TO cpednsas gpondoomodaua X /K u
cpednas mpouszgooumeavHocms mpyoda X /L, a mpepgesbHble 3@ -
PeKTUMBHOCTU pecypcoB — 3TO npedeavHas gpondoomoaua 0X /0K
1 npedeavras npouszsooumesvrnocms mpyoa 0X /OL.

B ciiyyae MyJbTUIIIMKATUBHONM ITPOM3BOACTBEHHON (DYHKIVM BBIITYCK 3a-
BUCUT OT 3aTpaT poHaoB 1 Tpysa kKak X = AK"¥L'* | cpenHasa poHI00TAaYA

X AKOLKLO(L LO:,L

—_—= = A -

K K K
CpeagHsAA ITPOM3BOAMTEJIbHOCTD TPYda

X _ AK"f L 4 Ii

L L L

)

mpeneabHad poHIOOTAA YA

Qg T Qr, ‘ L X
aX g a(AK L ) — AOLKKOQKilLO(L — OLKA 1;7 o OLK e
0K 0K K™ K
npenesbHas IPOU3BOAUTEIJIBHOCTD TPy LA
0X _ J(AK“*L*) — Ao, KL —a, AR o X
oL oL L L

T. €. IpefieJibHble 3(P(PEeKTUBHOCTH (PAKTOPOB IIPOM3BOACTBA IPONOPIMOHAJIb-
HbI CpeHUM 3PPEKTUBHOCTAM 3TUX PAKTOPOB.

IIycTb 3aTpaThl TpyZa U KanuTaJa paBHbI K 1 L, 00'beM BbIITyCKa (B JleHEXK-
HOM BBIpasKeHIM) onpefiesisgeTcsa Ipous3BogcTBeHHol pyukuyeit X =F(K, L), a

IIeHbl (paKTOPOB IPOM3BOJLCTBA (TPyZa M KalmuTaja) COCTaBJIAIOT COOTBETCT-
BEHHO P, U P, , TOrZa IpuObLIb IPOM3BOAUTENA OyIeT paBHa

I(K,L)=X —pK—p,L=FK,L)—p.K—p,L. (15.1.1)

ITeHbI pecypcoB OIpenesAlTCA OUYeBUIHBIM 00pa3oM: IIeHa Tpyga —
BTO MPOCTO 3apaboTHas myaTa pPabOTHMKA, a IleHa KaluTaJja paBHA TaKoil Je-
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HE)KHOJ CyMMe, KOTOPYI0 HeoOXOOMMO B eNVHUITY BpPeMeHU TPaTUThb Ha CO-
IlepsKaHMe enVHUIBI KannuTaja (T. e. OJHOM JeHe)KHO eqVHUIIbI), T.€. IJe Ha
KallMTaJa paBHa HOPME AMOPMU3AUUU — BeJIVMUVMHE aMOPTU3alMOHHBIX
OoTYMCJIeHn Ha 1 IeH. eJl. IPpOM3BOACTBEHHBIX (POHIOB.

Ecyy cuntaTh aKkCMOMOIT IPON3BOAUTEJ S, YTO OH CTPEMUTCHA ITOJIYYUTh HaV-
00JIBIIIYI0 TIPUOBLIB, TO MaTeMaT4deckad POPMYJIMPOBKA 3aKadu IMMPOU3BOI-
TeJsA TakKoBa. mpebdyemcs onpedeaumds MaKyr MexrHoAo2uUro (Mm.e. maxue
00BeMbL 3ampPam pecypcos), Komopble NPUHOCAM MAKCUMANLBHYIO NPUOBIND!

II(K, L) — max,

(15.1.2)
K>0, L>0.

(Ha camom pmesie, yKadaHHadA aKCOMa MOXKET ObITh CIPaBEIJIMBOI TOJBKO
g PUpM, KOTOpble HAXOAATCA B € AMHOJMYHOM BJajJeHUU, ecanu
’Ke y PUPMBI HECKOJBbKO COOCTBEHHMKOB, TO COBEPIIIEHHO He 00d-
3aTeJIbHO, YTOOBI COOCTBEHHMKM CTaBUJIM MeHeJIKepaM 3allady MaKCUMNU3a-
UM OPUOBLIN — CKOpee OHU 3aX0TAT MaKCUMUI3UPOBATH He HNPU-
OBIJIb, @ CTOMMOCTBL (¥ P MBI, HO PELIeHe ITON 3aJa4uy BBIXOIUT 3a
PaMKM HACTOAIEN KHUTA)

ITogcraBuMm B 3anmade (15.1.2) Bmecto nmpubsn [I(K, L) ee BhIpaskeHMe 110

dopmy.te (15.1.1):

II(K,L)=F(K,L)— pK —p,L — max,
K>0, L>0.

IIpupaBHAEM HYJII0 YaCTHBIE IPOU3BOHBIE IPUOBIIN II0 pecypcaM:

ONK,L) _, [JFK L) -pK-pLl , [IFKL) _

=0, , px =0,
0K 0K OK N
OII(K, L) O[F(K,L)—pK—p, L] OF(K, L)

OL OL OL
OF(K,L) . X .
- S, K> N, T K>

OK oK (15.1.3)

OF(K,L) 0X .
ores, L) y

oL volan

MoskHO 1TOKa3aTh, 4To Jiobasa Touka (K', L), yIOBIETBOPAIOIIAA YCIOBUAM
(15.1.3), obasaTesnbHO OyieT TOYKOV MakKCUMyMa IIPUOBLIN, U IIPU 3TOM OIITU-
MaJIbHBIE 3aTpaThl pecypcoB K* n L' OyAyT HEOTPUIATEJIbHBIMY, T. €. YCJIO-
Bua (15.1.3) omnpenendAroT onNTMMAaJbHOEe pPelleHMe 3agadnu
NPOU3BOAUTEJIHA

[TpuBeeEM YKOHOMMUYECKYI0 MHTEPIPETANMIO YCJIOBUII MaKCUMyMa IpPHU-
OBLIIN MPOM3BOANTENA. B JIEBBIX HACTAX DTUX YCJIOBUI CTOAT IIpeaesbHbIe
93P (PEeKTUBHOCTI PECYPCOB, & B IIPABBbIX YaCTAX — II€Hbl PECYPCOB, II03TOMY
MOSKHO MHTepPIIpeTUpoBaTh ycjaoBusa (15.1.3) cienyrommm o6pa3om: IpousBO-
IUTEJb HOCTUTAET MaKCUMAJIbHOV MPUOBLIM HPY TAaKMUX 3aTpaTaX PecypcoB

K" u L', gyTo npeznesnbHble 3(p(PEKTUBHOCTI PECYPCOB PABHBI X II€HAM.
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MPUMEP 15.1.1. PaccmaTpuBaeTrca pupma ¢ MyJIbTUILINKATUBHON IPOU3BO -
CTBEHHO (pyHKIMe. VI3BeCcTHO, YTO AJIA yBeJandYeHnA BhITycKa Ha a = 3% He-
00XOZVIMO YBEJIVYNUTb OCHOBHBIE IIPOM3BOJACTBEHHBbIE (POHABLI HA b = 6% nmm
YBEJUYUTDb YMCJIEHHOCTh PaboTHMKOB Ha ¢ = 9%. B HacTosAllee BpeMsa OCHOB-
Hble TIPOM3BOJICTBeHHbIe (POH/B!I hupPMLI olenuBaioTesa B K = 10° new. ex., Bce-
ro B upme 3aHATO L = 10’ COTPYIHMKOB, KaskObIil M3 KOTOPLIX MPOM3BOIUT
nponyKimu B cpenHeM Ha M = 10° nen. eq. B Mec. Ipu cpejHeil 3apaboTHOI
mwiate w = 10° newn. eg. B Mec. Ilepuon amopTmsanum OCHOBHBIX ITPOM3BOJACT-
BEHHBIX (POHIIOB cocTaBiysAeT N = 12 mec. Tpebyerca HaTH NPOU3BOACTBEH-
HYI0 (PYHKIMIO, PaCCUMTATh ONTMMAJIbHBIN pa3Mep IIPOM3BOJICTBEHHBIX (POH-
JIOB ¥ ONIITVMAJIbHYIO YMCJIEHHOCTb PabOTHMUKOB. 3aTEM HYKHO OIIPeNeJINTh, BO
CKOJIBKO pa3 yBeJMUUTCA NPpUOBLIb (PMPMBL IIpK IIepexofie K ONTUMAaJbHBIM
3aTpaTaM PaKTOPOB IIPOU3BOICTBA.

Pewenue. MysbTunamkaTBHaAA IPON3BOICTBEHHAA (PYHKIVA IMEeT BUT,

F(K,L)= AK°< L

re IIapaMeTphl O M O MMEIOT CMBICJI 3JIaCTUYHOCTEN BBIIIyCKa COOTBETCTBEH-
HO I10 (pOHZAM ¥ [10 TPYZY. ¥ UUThIBAA 3TO, MOXKEM HalITH

T. €. BBIIIYCK (PMPMBI OIIpeiesiseTCsA IIPOM3BOICTBEHHON (PyHKIMEN
X — AK1/2L1/3

ITapameTp A HaiifieM, IOACTaBUB B 5Ty POPMYJIy 3HAUEHNMSA BBITYCKA IIPe/i-
IPUATUA B JeHesKHOM BboIpaskenmyu X = LM =10°10* =10" gen. ey, KarmmraJa
K=10° gen. en. n tpyna L=10° geu.:

10" =A10%V*(10%)"° < A=100.
Takum 00pa30M, OKOHYATEJBHO IT0JIyYaeM IPOM3BOACTBEHHYIO (DYHKIINIO
F(K,L)=100K"*L"*.

[ena Tpyzna p, =w= 10’ nen. ef— 3T0 3apaboTHas IJIaTa, a [[eHa KaIUTaja P, =
=1/n=1/12 geH. en. paBHa €)KeMeCAYHbIM aMOPTU3ALVIOHHBIM OTYMCJIEHMAM Ha
coZlepsKaHMe OIHOM NeHEeXKHOV eIVHMIIbI ITPOM3BOACTBEHHBIX (POHJIOB, IIOTOMY
puOBbLIbL PVPMBI IIPY TAKMX 3aTpaTax TPyAa U KalTaJja paBHa [coryacHo (15.1.1)]

(K, L):X—pKK—pLL:lO7 —%108 —10°10° :§MJ1H. JEH. efl.

OntumasnibHbIl pasMep pupMbl 3aziaetTca yeaoBuamu (15.1.3), cocroAmmmy B
TOM, YTO IIpeJieJibHbIe 3PPEKTUBHOCTY PECYPCOB JOJIFKHBI ObITH B OIITYMAJIBHO
TOYKe PaBHBI I[[eHaM pecypcoB. B maHHOM cirydae mnpepeabHad POHIOOTIAYA U
IpefesbHaA IPOMU3BOAUTEIBHOCTE TPYIa PaBHBI COOTBETCTBEHHO
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a_X:50K71/2L1/3 8_X:le/2L72/3
0K 9L 3 ’

II09TOMY YCJIOBUA OIITVMAJILHOTO pa3Mepa pupMsbl (15.1.3) npuHUMAaOT BU

100

50K '*L? =1/12,
_KI/ZL—2/3 :103 <:>{
3

60017 = KY*, [600L"*=30L**, |K*=144000000,
= =
KY* =301 K=900L"? L' =38000.

ITpu 3TOM BBIITYyCK (PMIPMbI COCTABUT
X" =100(K*)/*(L")"* =100(144 000 000)"/*(8000)"* =24 000 000 zer. ex. ,

a IpuObLIb

IT'(K,L)=X"—p K —p, L' =24-10° —5144-106 —10°-8-10° = 4 myH. neH. e,

3aMedaeM, UTO ONTMMAJBbHBIN BBIOOP 3aTpPaT TPyAa M KaluUTaja IT03BOJIII
YBeJIMYNTH IPMObLIE B 1recTsb pas! U

15.2. 3apaHMe NpaKTUKyMa

PaccmatpuBaerca QupmMa ¢ MYJbTUILIMKATUBHOM IPOM3BOACTBEHHON
dyurime. VI3BecTHo, YTO AJiA yBeJINYeHUA BbiTycKka Ha a% HeoOXO0AMMO yBe-
JIMYUTH OCHOBHBIE ITPOM3BOJICTBEHHBIE POHABLI Ha bJ% MM YBEJIUYNTD YMCIIEH-
HOCTBb paboTHMKOB Ha c%. B HacTosIlee BpeMs OCHOBHbIE ITPOU3BOJACTBEHHbBIE
dounb! pupmel orfeHuBawTCA B K fieH. efl., Bcero B oupMe 3aHATO L coTpyn-
HIKOB, KasKbli1 13 KOTOPBIX ITPOM3BOAUT NPOAYKIIMK B cpenHeM Ha M neH. en.
B Mec. IIpU cpenHelt 3apaboTHOI mtaTe w JeH. ef. B Mec. [lepuog amopTusanum
OCHOBHBIX ITPOM3BOJICTBEHHBIX (POHJIOB COCTABJIAET N Mec. (IlapaMeTpsl a, b, c,
K, L, M, w un npuBegeHbl AJId KasKJ0ro BapuaHTa B TabJ1. 15.2.1)

TpebyeTca HalTM IPOU3BOJACTBEHHYIO (PYHKIMIO, PACCUMTATh OIITUMAaJb-
HBIVI pa3Mep IIPOM3BOJICTBEHHBIX (DOHJOB ¥ ONTMMAJIbHYIO YUCJIEHHOCTH pa-
OOTHMKOB. 3aTeM HYKHO OIIPeNeJINTh, BO CKOJIBKO pa3 yBeJNYUTCA ITPUOBLIIb
pMpMBI IIpK ITIepexoie K ONITUMAaJbHbIM 3aTpaTaM (paKTOPOB IIPOM3BOACTBA.

Tabnuuya 15.2.1

Y Jlcxonubie maHHbBIE No Vlcxonubie naHHbIE
Bap.|a |b|c| K| L |M| w |n|Bap.|a| b | c | K| L | M| w]|n
1 |[1/2(3]10°|10°|10*|10°| 5| 11 | 2| 4 | 6 |10*|10°| 10" |10*| 18
2 |1]/3|2|10°| 25 |10°|10°| 5 | 12 [1| 2 | 3 |10°|10°| 10" |10 | 6
3 |1]13(3[10°]10°([10°| 10| 3| 13 |24 | 6 |10°|10°| 10° |10°| 12
4 [1]2|4]10°|256(10°|10°| 2 | 14 | 2| 6 | 6 |10°|10°| 10° | 10°| 6
5 |2]16(3[10°| 64 [10°|10°| 2| 15 | 1] 3| 2 |10°|10*°| 10° |10 | 6
6 | 2|64 /10°10°[10°|10| 4 | 16 [ 1] 2| 3 [10°|30°| 10°|10°| 4
7 |3]161]9]10*| 10° |10°|10°| 12| 17 |4 | 8 | 8 | 10*|10*| 10° | 10*| 12
8 |2|4|6|10°|20°|10°| 10| 8 | 18 |6 |12| 6 |10°|10°| 10° | 10°| 6
9 |[1]|1]3|10°|10°|10°|10°| 5 | 19 [3[12|12|10*|10*| 10° | 10 | 6
10 [1]1/2]10°| 25 |10°|10°| 5 | 20 |2 ]12| 3 |10°| 27 | 10° | 10°| 4
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OKOHYaHue Tabn 1521

No Jlcxonubie naHHbIE No Jlcxonubie naHHBIE
Bap.|a|b|c | K| L | M | w|n|Bap.|a|b|c | K| L | M| w/|n
21 | 1|13 ]10°|10°|10°| 10| 3| 29 |8 |12| 8 |10°|10°|10°|10°| 12
22 (224 |10°|25|10° [10°| 2 | 30 |6 |12|24|10"|10"°|10°| 10 | 8
23 | 2|25 (10| 2 |10"|10°| 2 | 31 |6 |18|12|10°|10"|10°|10°| 6
24 | 5|5 |10[10*|10"| 10" |10 | 4 | 32 |6 |18|12|10°|10°|10°| 10 | 6
25 [ 669 [10°|10°| 10" |10°|12| 33 |2 | 6 | 3 |10°|10°|10°|10°| 4
26 (4|46 |10°|10°| 10° [10°| 18| 34 |8 |16|12|10*|10°|10° | 10° |12
27 | 21213 ]10°|10°| 10" |10 | 6 | 35 |5 |10|20|10*|10*|10°| 10 | 8
28 |4 (8|6 [10°|10°| 10* | 10° |12
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16. MOJENb PbIHOYHOIO PABHOBECHS

16.1. Kpatkme TeopeTtTmuyecKkmue ceeffeHus
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

PaccmorpuM peIHOK 1 TOBapoB ¢ k yuyacTHuKkaMmu. IIycTb BEKTOP

J

&Ly

j

; X
x! =|"2

J
n

X

ompefiesiieT HadaJbHBbIe 3alachl TOBapOB Y j-r0O y4acTHUKA, a
w(x)=u'(x,,,...,x,) — DYHKIOUA MNOJE3HOCTMU j-TO yJaCTHUKA
(i=1,2, .. k)

IIpesmIoIoMMUM, ITO YIACTHUKY PHIHKA COIVIACHBI OOMEHMBATHLCA TOBAPAMIL.
JIJ1s1 DTOTO OHM JOJIPKHBI BBECTV HEKOTOPYIO JEeHEe KHYI0 eNUHUINY U
OIIpefleJINTb BEKTOP PBIHOYHBIX LeH p=(p, P, = D,)-

Ecin Ha pbIHKe OyAyT yCTaHOBJIEHBI HEKOTOPBIE IIeHBI TOBAPOB: P,, P,, ..., P,,
TO Ha4YaJIbHOEe 0OraTCTBO KasKJIOro yYacTHMKA (40 oOMeHa) B JIeHEeKHOM BbIpa-
SKeHUU ollpefiesigeTca KaK

IL=px'=) px/, j=12..k.
=1

IIpu sTOM CcyMMapHOe IIpeJJIo}KeHMe i-TO TOBapa Ha pbIHKe OyneT paBHO
CyMMapHBIM 3aIlacaM 3TOT0 TOBapa y BCeX yIaCTHUKOB:

k
S _ i
Q; —E x!, 1=L2..,n.
j=1

Ternepb MOKHO JIJIA KasKJIOTO ydaCTHMKA IIOCTaBUTh 3agady HOTpe-
Ourtena monpeneanuTb PYHKI MU CIPOCA YyIaCTHUMKOB PbIHKA:

|

D1y Pos -5 Po> Eplxl]]
. 1=1

Z{(Py, Pys v s Por 1)
Ty (P Py s Py L) | |5

pmeWPWEZMﬂ}
=1

ij(p17p2,p371j): (16.1.1)

)

'i.zl(pl’ Dy - mej)

‘i‘i [pp pzy (RS ] pn’ zplxl]
=1

i=12.. k.

Takum 06pa3oM, CyMMapHBI CIIPOC BCEX YYaCTHMKOB Ha i-J1 ToBap Oyzer
paBeH
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k n
Q= &P, Py Py Pxi|, i=L2..,n.
i=1

=1

CoryacHo 3akoHy Bajgbpaca ppIHOYHOE PaBHOBECHU € OIpeaessaeT-
Cs PaBEHCTBOM CYMMAapHOTO CIIPOCA ¥ CYMMAaPHOTO IIPEJIOMKEHNA 110 KasKIOMY
TOBapPY:

QD:QS i:1,2,...,n

1

I
E:ch pl,pz,...,pn,Zplxl’ :fo, 1=12,...,n. (16.1.2)
j=1 1=1 j=1

MoskHO ITOKa3aTb, YTO OJHO U3 YpaBHEHWUN NAaHHOM CUCTEMBI 00a3aTeJsbHO
ABJIAETCA CJIeJCTBMEM OCTAJbHBIX, IO3TOMY LI€HBbI P, P, ..., D, ONPENeJAITCs

M3 BTOM CUCTEMBI C TOYHOCTBIO 10 KO3ppHUIMeHTa IIPOIOPIMOHAJIBbHOCTI. OTO
OYEBUJIHO: BeJIb I[€HbI 3aBUCAT OT BbIOOPA JEHEKHO e IVHUIIBL.

Takum 00pazoM, MOKHO OIpeNleIMTh PaBHOBECHOE KOHEYHOe pacIlpeee-
HIle TOBAapOB MEKJY ydYaCTHMKaMM PBIHKA, IOACTaBMB B (PYHKLUM CIIpOca
(16.1.1) paBHOBECHBIE I1€HbI, OIpeeJieHHble 13 cucTeMsl (16.1.2).

MPUMEP 16.1.1. PaccmaTpuBaeTcsa PeIHOK TpeX TOBapoB. Tpebyerca onpene-
JIUTb PaBHOBECHOE pacIpejiesleHle TOBAPOB MEXKy UeThIPbMs yUacCTHUKAMU
PBIHKA, €CJM 3TY YYacTHUKM 00J1allaloT ONVHAKOBBIMM (PYHKIIMAMY [I0JE€3HO-

et u(x, Xy, Ly) = +/,X,X; , @ HAaUaJIbHbIE 3allachl TOBAPOB y YYaCTHUKOB PBIH-

Ka COCTaBJIAIOT

1 2 3 4
x 1 X, 2 X, 3 x, 1
1_ 1(__ 2 2 __ 3 _ 3| __ 4 41 __
X =|x,|=|2], X =|x;,[=|2|, X =|x,|=|4|, x =|x,|=|1]|
1 2 3 4
X, 3 X, 2 Xy b) X, 6

PeI.I.IeHMe. HYCTID IT€HDbI 'I‘OBapOB Ha prHKe Ol’Ipe,ZLeJIHIOTCH BeKTOpOM
p=(p, P, P;),TOrja HaYaJIbHOE GOraTCTBO TEPBOTO YUYACTHMKA COCTABIUT
1 1 1 1
I, =px =p,x; + p,x, +Py3x5 =P, +2p, +3p;.
AHaJIOI‘I/IT-IHO OI‘Ipe,I[eJIHeTCH Ha4daJIbHOe 60raTCTBO BTOpOFO, TpeTbeI‘O n yeT-
BEPTOTO yYaCTHMKOB PHIHKA'

I :pX2 =2p, +2p, +2p,, I, :pX3 =3p, +4p, +5p;, I, :px4 =p,+p, +6p;.

DyHKIUN CITpOca YYACTHUKOB OVHAKOBBI, TaK KaK (PYHKIINMA [10JI€3HOCTA Y
HUX ofgHa M Ta »Ke. Ina maHHOM (PYHKIMM MOJIE3HOCTM (PYHKIMA CITpoca
(14.1.12):

I, /(3p,)
%'(py, Py, 05, 1)=|1,/(Bp,)|, 7=1234,
I, /(3p;)
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Oblia onpesiesieHa B ripuMepe 14.1.1.
CyMMapHBIii CIIPOC Ha I1epBbIii TOBAap COCTaBJIAET

Qf:11+12+13+14:
3p, 3py 8py 3P
(p, +2p, +3p;) + 2P, +2p, +2p;) +Bp, +4p, +5p;) +(p, + P, +6p;) _
3p,
_ p, +9p, +16p;

3p,

aHAJIOTMYHO OIIpe iesIAeTCsa CyMMapPHbI CIIPOC Ha BTOPON U TPEeTNUl TOBaPhI:

p_ Ip,+9p,+16p,
Q, = .
3p3

p_ Ip,+9p,+16p,
Q, = :
3p2

CyMMmapHOe npeJosKkeHne IIepBoro ToBapa paBHO
Q=xl i+l +xt=1+243+1=7,
Q =x,+x:+a, +x,=2+2+4+1=9,
Q) =xi+x+x. +af =3+2+5+6=16.

3anuieM ycJOBMe PaBEeHCTBA CyYMMAapHOIO CIIPOCa ¥ CYMMapHOTO IIPeJJIo-
SKEeHIA KasKJ0ro ToBapa:

QlD:Qf,
Q =@,
Q=Q;
,7p1+9p2+16p3:7
3 )
7 9pl 16 7p, +9p, +16p, =21p,, |—14p, +9p,+16p, =0,
= pl—'_;)z—i_ p3:9,<:> 7p1+9p2+16p3:27p2,@ 7p1—18p2+16p3=0,
|
7p, +9p, +16p, =48 p, +9p, —32p, =0.
7p, +9p, +16p, 16 b, D, Ps Ds b D, ps
3P,

Penrenne naHHON cucTeMbl ypaBHEHUI C MOMOIIbI0 MeTona sHopmana —
laycca nmmoctpupyerea tadsr. 16.1.1.
Taxkum 00pas3oM, 0011Iee pelIeHne CUCTEeMBI IJIA OpefesIeHNA PaBHOBECHbBIX
II€H TaKOBO:
16 16
p1:_0% pzZ_OL’ pgzOL,
9 7
rze, O4eBUJHO, I[eHa TpeTbero ToBapa o> 0. dcHO, 4TO 11eHbI OIpenesArT A
OTHOCUTEJIbHO, II03TOMY JJ1 y00CTBa MOJIOKUM P, = = 63 OeH. el., Toraa

1
plz%-ngllz JIeH. eJl., p2:76-63:144 JEeH. e]l.
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Tabnuuya 16.1.1

-14 9 16 0
-18 16 0
7 9 ~32 0
0 27| 48 0
1 -18/7 16/7 0
0 27 ~48 0
0 1 -16/9] 0
1 0  -16/7| 0
0 0 0 0

[Ipy TakMx 1leHaX Ha4YaJIbHbIE 3aMacChl YIACTHUKOB PbIHKA OIPENEJIAI0T UX
doraTcTBO:

I,= p,+2p,+3p,= 112+2-144+3-63=589,
I,=2p, +2p, +2p, =2-112+2-144 +2-63 = 638,
I,=3p,+4p, +5p, =3-112+4-144+5-63=1227,
I,= p,+ p,+6p,= 112+ 144+6-63=634.

4

Tenepb MOKHO OIIpeaeJMTb PpaBHOBECHOeE pacCIipegeJieHVie TOBapPOB!:

L) (589) (589 L) (638
3P| [3-112] |336 3p.| |336
I 589 589 I 638
il y ) aI - L= = y )N(2 y , ,I =2 = —,
(P> P2s P3 1) ap, |~ |3144| | 432 (P> P2s D3 1) 3p, || 432
I 589 289 I 638
1 1, 0950
3p, 3-63 189 3p, 189
1) (1227 L) (834
3P| | 336 3p, | |336
~ I 1227 . I 634
Xg(pl’pz’pg’lg): ﬁ = 232 | X4(p1,p2,p3714): i = 130 .Qa
2 2
I 1227 I, 634
3p,) ‘189 3p,] \189

16.2. 3afaHMe NPaKTHMKYyMa
PaccmaTpuBaeTcsa PBIHOK TpexX TOBAapOB. UeThIpe y4aCTHMKA PhIHKA 00J1a1al0T
OIVIHAKOBBIMM (DYHKLMAMM IOJIE3HOCTU U(X,, Xy, X;) (TaKuMM sKe, KaKk B MOJeJsI

TIOBEJIEHNA TI0TPeOUTeNIA, OHM IIPUBEAEHbI JIJIA KasKI0ro BapuaHTa B TabJ. 14.2.1),
HaYaJIbHbIE 3aI1aChl TOBAPOB y YYACTHMKOB PBIHKA COCTABJIAIOT COOTBETCTBEHHO

Ly &Ly &Ly &Ly
1_ | 2 _ | .2 3_|..3 4 | 4
X =|x,|, X =|xy|, X =|x,|, X =|x,
1 2 3 4
L3 L3 L3 L3

(BEKTOPBI X — X IPUBEJeHbI JJIA KasKJ0ro BapuaHTa B TabJL. 16.2.1).
TpebyeTcsa onpenennTb paBHOBECHOE paclipefieieHlie TOBapOB MeXKAY ude-
TBIPbMSA YYaCTHUKAMU PbIHKA.
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Ta6bnuuya 16.2.1
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17. MOAENDb JIEOHTLEBA

171.KpatkMe TeopeTHMYeCcKMe cBeffeHHUs
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

Vnen monesu MesKOTpacJeBoro daJsiaHca, paccMaTpMUBaeMOil B TaHHOM pas-
Ilesie, BriepBble BO3HUKJIM B 1920-x rT. B paborax sKoHOMMCTOB MoJonoit Co-
BeTCKo} Poccuu, KoTopble CTpomyM MOZeJsb IIJIAHOBOW 3KOHOMUKM, yJIOBJIE-
TBOPSAIOIIEl CIIPOC KOHEUHBIX IoTpebureseir. Hambosbilee pasButme 3Tu
uaeu Moyunyn B Tpygax B. JleoHTbeBa, SMUTrPpUPOBABIIIETO K TOMY BPEMEHU B
CIHIA. B 1973 r. 3a o™ uccaenopauusa B. JleouTbeBy Oblia mpucyskaeHa Hobe-
JIeBCKasd IIpeMusd B 00J1aCTV SKOHOMUKI.

IIycTh MpPOM3BOJICTBEHHBIN CEKTOP HAIMOHAJIBLHON YKOHOMUKM pa3JiesieH Ha
N YUCTBIX OTpacJeil (HaOmpuMep, «MAIIMHOCTPOEHUE», «DHEPTETUKA»,
«TPaHCHOPT» M T.[H.), KasKJIad OTPacCJb IIPOM3BOAUT OAVH BUJ IIPOLYKLNH,
pas3JIMYHbIE OTPACJIY BBITYCKAIOT Pa3Hy0 IPOAYKIMIO. B miporecce mpomnsBon-
CTBa KasKJasd OTpacjb MOYKET PacXoloBaTh KaK CBOIO IIPOLYKIINMIO, TaK U IIPO-
IYKIVIO JPYTUX OTpactieli, IO3TOMY Ha HEIIPOM3BOJICTBEHHOE IMOTpelJieHme,
BOOOIIlEe TOBOPSA, UET He BCHA BBINYII[EHHAA NMPOAYKIMA (JaCTh €e TPAaTUTCA B
IIpoIiiecce IIPOU3BOJCTBA).

Beenem 00o3HaueHUA: @, — KOJMIECTBO NIPOAYKLMN i-ii OTPACIM, PAcXo-
qyeMoe B IIpoliecce IIPOM3BOACTBA €IMHUIBI NPOAYKIMM j-IJI OTpacan, X, —
IJIaH BBIIIYCKa 1-Ji OTPacJy, ¢, — CIPOC Ha IIPOAYKLMNIO 1-Ji OTPACIN B HEIIPO-
U3BOJICTBEHHOII cepe.

Marpuna A = (a,) HasblBaeTCs Mampuyel npamvle 3ampam. Ecii cunrats
CJIOJKVMBIITMECA IIPOM3BOACTBEHHbIE TEXHOJOTMM HEU3MEHHBIMU BO
BpeMeHHu, To MaTpuiia A OyzeT IIOCTOAHHO.

Kpome Toro, 6yzneM cumMTaTh TEXHOJIOTMM JMHE M HBIMU: €CIU AJA BbI-
IIyCKa eIMHAIbI TPOAYKIMY j-11 OTPac/ HeOOXO0AMMO U3PACX0/I0BATD A, eI~
HUIL[ IPOAYKLMY -1 OTPacCs, TO I BBIyCKa X; €AVHNL] IPOAYKINN j-Ii OT-
pacy HeoDXOAMMO U3PACX0A0BATD 4, X; €AVHALL IPOAYKINN {~11 OTPACIIIL.

B sTuxX npennososkeHnax o0beM IIPONYKIIMU 1-11 OTPacy, IOTpebasaeMbIi
BCEMM N OTPACJIAMIU B IIpOILiecce IIPOM3BOACTBA, PaBEH

n
D0y,
j=1
II09TOMY Ha KOHEYHOe HeIPOM3BOJACTBEHHOe IToTpebJieHe ocTaeTca
n
€Ly — Z QX
j=1
e IVIHUL TIPOAYKIIMM 1-11 OTPaCIIN.
3SHa4YNUT, 4TOOBI KOHEUYHBIN CITpoc ObLI 0becrieyeH, HEOOXOAMMO BBITIOJHEHYE

OaJaHCOBBIX PaBEHCTB

n
X, _Z%% =c;, 1=12..n.
j=1
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OTU PaBEHCTBA MOYKHO 3aMCaTh B MaTPUUYHON popMe:
Xx—Ax=c NI (E-A)x=c,

rme

8eKMOP 84108020 8blNYycKa,

(]
I
|

C

n

8eKMOP KOHEeUHO2O Henpouseoacmeeﬂuozo nompe6ﬂeﬂuﬂ,

10 - 0
1 - 0
00 - 1

eIVHVYHAA MaTPUIA.
V13 maTpuuHoii popmbl Mogesin JIeoHThEeBA

(E—A)x=c

MOKHO BbIpa3UTh 3aBUCHMOCTDBb BEKTOpPa BaJIOBOTO BBIITYCKa X OT BEKTOpPa KO-
HEYHOTO HEeIIPOM3BOACTBEHHOTO HOTpE6JIeHI/IH C:

x=(E—-A)"'c,

matpunia (E—A) ' HazbIBaeTCs IPU HTOM MAMPUYeETE NOAHBLL 3AMPAM.
Mogesnb JleoHTheBa Hal3bIBaeTCA NPOOYKMUBHOU, €CIIM OHA pal3pelInMa B
HeOTPULIATEJIbHBIX X.
MPUMEP 17.1.1. B moziesiut JIeoHThEBa TaHBI MaTpuUlla IPAMBIX 3aTPaT
1/2 1/4
173 1/2

71 BEKTOP KOHEYHOTO CIIpOoCa

TpebyeTcsa HalITH BEKTOP X BaJIOBOTO BBIITYCKa, 00eCIIeYNBaIOIII JaHHBIN
cIIpoc.
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Pewenume. Hajiinem maTpuiy nossbix atpat (E — A) ™

E_A:{ 1/2 —1/4]’
~1/3 1/2

nporiecc Berumcsenns Mmatpuiis! (E — A) ¢ momomnisio metoza Mopnana — Ta-
ycca mimoctTpupyercsa Taba. 17.1.1.

Tabnuuya 17.1.1

/2 -1/4] 1 0

-1/3 12| 0 1
1 1/2] 2 0
0 [/3]2/3 1
1 0| 3 3/2
0o 1|2 3

Tenepp ImOACHMM, KaK IIOJYYUTH TOT sKe pe3yJbTaT B nakere Microsoft
Excel. Beenem matpuiry (E — A) B aueiiku A2:C3 pabouero simcra Microsoft Ex-
cel, kak nokasano Ha puc. 17.1.1, a.

Martpuiia (E — A)" uMmeet gBe CTPOKMU U ABa CTOJ0Ila, OTBEZIEM II0]], Pe3yJib-
taT adeiiku D2:E3. B aueiiky D2 BBenem popmysny «<=MOBP(A2:B3)», mpuduem
BTy PpopMysy He0OXOOMMO BBeCT KaKk PO pPpMyJay MaccuBa. [laa aToro
HYKHO MBIIIBIO BbIIeJNTh auana3oH D2:E3, naunnaa c aueliku D2, cogepska-
et popMyJIy, 3aTeM HasKaTh KJaaBuiry <F2>, a 3aTeM — KOMOMHAIMIO KJIa-
Bul <Ctrl> + <Shift> + <Enter>. PeayabraT npezacrasien Ha puc. 17.1.1, 6 (B
agerikax D2:E3). 3ameuaem, 4TO pe3ysbTaThl PYYHOTO ¥ KOMIIbIOTEPHOTO BbI-
YycJIeHusa o0paTHOV MaTpullbl coBraayu. Ecau popmyny BBecTu He Kak pop-
MyJy MaccuBa, TO OyJeT paccuuTaH TOJIBKO JIEBbII BEePXHUI BJIEMEHT Pe3yJb-
TaTa: 4ucJao 3.

A B C D | E
1|E-A (E-A)"
2 0,5 -0,25 =MOBP(A2:B3)
3| —0,33333 0,5 |

a) gpopmyaa Microsoft Excel

A B C D | E
1|E-A (E-A)"
2 0,5 ~0,25 3 1,5
3| —0,33333 0,5 2

0) pe3yavmamosl pacuema
Puc. 17.1.1. Boiuucaenue mampuybl NOAHBLL 3aMpPam
¢ nomowwbro Microsoft Excel

Takum 06pa3om, MaTpulia MOJTHLIX 3aTPaT

3 3/2]
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Ternepb MOKHO HaliTV BEKTOP BaJIOBOTO BBIIIYyCKa, 00eCIIeuMBaIOIINii KOHeU-

HBI CIIPOC C:
3 12
= A
2 12

17.2. 3agaHMe NPaKTHUKYMa

3 3/2

x=(E—A)lec=
( ) 5 3

MaTpuiia OpAMBIX 3aTpaT A 1 BEKTOP KOHEUHOTO cIIpoca ¢ B Mogesu JleoH-
TheBa IIpUBEAEHBl IJIA KaskJoro BapuaHTa B TabJs. 17.2.1. TpebOyeTrca HaiiTu
BEKTOP X BaJIOBOTO BBIITyCKa, 00eCIeunBaloInii JaHHBIN CITPOC.

Tabnuuya 17.2.1

Ne A c Ne A c Ne A c
Bap. Bap. Bap.
2/5 1/5 1 1/5 2/5 2 2/3 1/3 6
! 1/8 1/4 4 13 1/8 1/4 4 25 1/8 1/4 4
1/3 1/4 1 1/2 1/4 1 1/2 1/4 3
2 1/3 1/4 3 14 1/2 1/3 2 26 1/3 1/4 3
1/3 1/6 1 1/3 1/5 3 1/3 1/5 4
3 1/2 1/4 3 15 1/2 1/4 3 27 2/5 1/4 4
A 1/2 1/4 3 16 1/2 1/2 2 09 1/3 1/5 5
1/4 1/4 1 1/2 1/4 1 1/5 1/5 5
2
5 /5 1/5 1 17 2/5 3/5 3 5 2/3 1/3 {4}
1/3 1/3 5 1/3 1/3 5 1/5 1/5 5
1
6 /4 1/8 1 18 1/4 1/8 3 20 1/4 1/4 (12}
1/5 2/5 2 3/5 2/5 2 1/3 2/3 12
1/4 1/3 4 1/4 2/3 4 1/3 1/4 6
7 1/4 1/3 2 19 1/4 2/3 3 31 1/3 1/4 6
1/3 1/2 6 1/4 1/2 4 1/3 1/3 6
8 1/6 1/3 2 20 1/6 2/3 2 32 1/6 1/2 3
1
. /4 1/4 2 51 1/4 1/4 1 35 1/3 2/5 5
1/4 1/2 6 2/3 1/2 5 1/3 1/5 5
1/3 1/3 10 2/3 1/3 10 1/4 1/4 10
10 1/4 1/5 [2j 22 1/4 2/5 [20} 34 1/3 2/3 (12]
1/4 1/3 1 1/4 1/3 2 1/2 3/5 12
1 1/4 1/2 [3] 23 2/3 1/2 (3} 3 1/2 1/4 (8]
1/3 1/3 3 1/3 1/3 3
12 1/3 1/5 [2] 24 3/5 1/5 (5}
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18. MoaEenb Conoy

18.1.KpaTtkne TeopeTrnyecKkmue ceeffeHus
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

OmnuireM Mozesib HAIMOHAJIBHOV SKOHOMMKM, IIPENJIOsKeHHYI0 B 1956 T.
P. Conoy, HobeneBckum staypeatom 1987 r. B 00s1aCTVI 5KOHOMMKM.

B 3aMKHYTO OJHOCEKTOPHOV SKOHOMIYECKOI cUcTeMe IIPOU3BOAUTCA OVH
YHUBEPCAJIbHBIN IIPOAYKT, KOTOPBIV MOYKET KaK IIOTPebJsATbeA, TaKk U VMHBe-
ctupoBaTbcd. OCHOBHBIe npexpnojyosxkeHusa MmMoxpeau Coaoy
COCTOAT B IIOCTOSHCTBE TeMIIa IIPMPOCTa 4McJja 3aHATBIX, M3HOCA OCHOBHBIX
IIPOM3BOJICTBEHHBIX (POHJIOB ¥ HOPMBI HAKOILJIEHN A, OTCYTCTBIUM Jara (T. e. 3a-
Ia37IbIBaHMA) KAl TaJIOBJIOKEHNIL.

CocTosaHNe KOHOMMKM B MOMEHT BpPeMeHM t onpezesisgeTca CJelyIOLVMU
IIOKa3aTeJAMMU:
® BAJOBBIM BHYTPEeHHUM OpoagykTom X,,

® OCHOBHBIMM NPOU3BOACTBeHHBIMU poHgamu K,

® YNCJOM 3aHATBLBIX BIPOU3BOICTBEHHOI chepe L,

e BAJOBBIMUY MHBecTuuuaAmMu I,

e boHgOM HenpousBOogCTBeHHOro norpebaenna C,.

Ilyctb TOZOBOM TeMII NMpUpPOCTa YMUCJa 3aHATHBIX COCTaB-
JIAeT V, TOrZa 3a IPOMEKYTOK BpeMeHM dt YMCJIEHHOCTh 3aHATHIX M3MeHAeT-
ca Ha BesumHy dL, =vL.dt, 3HaunT, nna L, MokHO 3ammcaTh qudpdepeHy-

aJIbHOe ypaBHeHUe

L=vL
dt

t)

pellleHreM KOTOPOro ABJAETCA (PYHKIMA
_ vt
L =Lje",

rae LO — YICJIO 3aHATHIX B HAYAJIbHBII MOMEHT BpPEMEHI.

HyCTb 3a o 8blovleaem (I/IBHaH_H/IBaeTCH " IIpUXOoOUT B HeI‘OILHOCTb) AO0JIA U

OCHOBHBIX IIPOM3BOJICTBEHHBIX (DOHJIOB, HOpPpMa HAaKOIJEeHNMSA COCTaB-
JdeT p, a TOA0BOJ BAJIOBBIV BHYTPEHHMII IIPOAYKT OIIpeNesAeTCsa JIMH e I -

HO-OLJHOPOJHOM HEOKJAaCCUUYECKON IIPOM3BOJCTBEHHON (PyHKIMEN
X=FK,L). Torma m3H0OC M MHBEeCTMI MM B pacueTe Ha IoJ, pPaBHBI

uK, n I, =pX, =pF(K,,L,) cOOTBETCTBEHHO, Jlal KalIMTaJOBJIOYKEHNII OTCYTCT-
ByeT, 3HAUNUT, NIPUPOCT (POHJOB 3a IPOMEXKYTOK BpeMeHnu dt cocTaB-
asger dK,=-puKdt+I1dt nmm dK, =[-pK, +pF(K,,L,)]dt.

IIepenmiieM 3TO ypaBHeHME B BUJe

dK,
dt

=-uK, +pL,F %,1 ,

t
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roe ™Mbl yuim, uro F(K,,L,)=LF(K, /L, 1), IOCKOJIbKY IIPOM3BOACTBEHHAaA
dbyurnua F(K,,L,) aBisaeTcsa JIMHEHO 0JHOPOLHOI.
IIeperinem Tenepsb K OTHOCUTEJIBHBIM IOKA3aTEJIAM:

e pounoBoopyxkenunoctu k,=K,/L,
e cpenHell npoudBoguTeabHocTu Ttpyga x,=X,/L,,
® yNeJbHBIM MHBeCTMUIMAM Ha OFHOTO 3aHATOrO ¢, =1, /L

t

e cpenHenyumeBoMy norpebanennmwo c,=C,/L,.

Haiinem
)
dk, _ L,
dt dt
110 popmyJie IPOU3BOAHON YacTHOrO. VIMeeMm:
d(Ktj dK, I - dL, K
dk,  \L)_dt " dt °
dt dt L ’
IIpY 5TOM
dK, K dL
=—uK, +pLF| =t 1], t=vL
dt WU+ PLy (Lt j dt t
II02TOMY
K
dK dL —uK, +pL,F| =t 1||L,-vLK
dlct_dttLt_dttK”_{ut AT I t_
dt L L
Kt
—(u+Vv)K, +pL,F f’l L, K -
t
= =—(u+v)—t+pF[—t,ljz—(p+v)k +pF(k,,1),
L, L, L, t t

T. €. 151 (DOHZI0OBOOPYskeHHOCTH K, cIipaBelyBo AuiddepeHIaIbHOe YypaBHeHe

dk,
dt

=—(u+V)k, +pF(k,1).

PaccmorpuM B KadyecTBe NPOU3BOACTBEHHON (PYHKIMM (pyHKIMIO Kobba —
Hyraaca, npu atom F(k,,1)= Ak .
Beena obosnauvenna A=u+v, f(k,)=F(k,,1)= Ak, nonrydaem oKOH4YaTEb-

HO MOaeJb Co.noy B OTHOCHTEJIbHBIX IOKa3aTeJAX:

dk
dtt =—M\k, +pf(k,),
ZC0 =K, /Lo’

x, =flk), i,=pflk), ¢, =1-p)flk,).
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I'oBopAT, YTO SKOHOMMKA HAXOAUTCA HA CMAYUOHAPHOU MPAeKmopuu, ec-
JIY OTHOCHUTEJIbHBbIE II0OKa3aTesy He MeHAITCs BO BpeMeH. ITockobRy X, 1, 1
c, ABJIAIOTCA PYHKIMAMMU OT K,, TO AJId TOrO, YTOOBI DKOHOMMKA HaXOAMJIACh Ha
CTaIIOHAPHOJ TpaeKTopuM, He0OXOAVIMO M JOCTATOYHO ITOCTOSHCTBA BO Bpe-
MeHM (DOHZIOBOOPYKeHHoCTH K, T. e.

dk, _
dt

0 wmm Ak, +pf(k,)=0.

IToncraBum ciona f(k,)=Ak;", mosy4dmm ycjoBue CTAlMIOHAPHOCTY TPAEKTO-

pun:
-Ak, + pAki =0.
BoiaeceMm k;' 3a cKoOKYy:
ki (~Ak, ™ +pA)=0.

VI3 rocyiefHET0 ypaBHEHMA BUIHO, YTO BO3MOXKHBI JIBE CTAIVIOHAPHbIE Tpa-
eKTOpMM SKOHOMMKI: BBIpOXKAeHHasd [korma k,=0, npu stom x, =Ak’ =0,
i, =pAk =0, ¢, =(1-p)Ak’ =0] u HeBbIpOsKIeHHAA [KOTAa —Ak, * +pA=0]

Ha HeBBIPOKIEHHOI CTAIIOHAPHO TPAeKTOPUM ITI0CTOAHHbIE 3HAYEHNUA OT-
HOCHTEJIbHBIX II0Ka3aTeJell paBHbI

1
kt = ko = (%jla , xt = xo

ey =a(PA)"

A A
oo » Ao O v Ais
i, =1 =pA(k’) :pA(pT) ) c,=c =(1-p)A(k’) :(1_p)A(ij .

VccnenyeMm, 4TO IPOM30IAET, €CIIM DKOHOMMKA OTKJIOHUTCS OT CTAI[MIOHAP-
HOVI TpaekTopuu. VI306pasum Ha puc. 18.1.1 rpadurn dpyuxumit Ak, n pAk;
[3mece a€(0,1)].

| %
Me' = A(K")" Hrmmmmmm e

Ak

N R e
\

0

Puc. 18.1.1. Vccaedosarue ycmouvusocmu
CMAYUOHAPHBLLE MPaeKmopull IKoHomuxu 8 modeau Coaoy
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PaccmoTpuM BHaudaJie BBIPOKAEHHYIO CTAIMIOHAPHYIO TPaeKTOpuio (Ha Hell
k,=0). Ecom k, cramer uyTh Oojbllle HyJIA, TO, KaK BMAHO 13 puc. 18.1.1,

pAk; > Ak, , mO5TOMY IIPOM3BOAHAS

dk,
dt

=—-Ak, +pAk; >0,

OTKyZa cJeIyeT, 4YTO (pOHIAOBOOPYIKEHHOCTb k, Oynmer Bo3pacTaTh. IIpn aTOM
dk, /dt ocraeTca noJsoskuTesbHoi npu Beex k, €(0,k°), 103TOMY BBIPOKIEH-
HadA CTallMOHApHAA TPAEKTOPUS ABJSAETCA HEeYCTOM YU B O AOCTATOYHO
MaJieiilero BoaMmyuleHusa, u k, HaunMHaeT Bo3pacTaTb B CTOPOHY k, = k’; mipn
k, = k" npoussogHasa dk, /dt cTaHOBUTCA PaBHOI HYJIIO, T. €. k, IepecTaeT Me-

HATBHCS.

Eciu sKOHOMMKA HaXOOMUTCS HAa HEBBIPOMKIEHHON CTAIMIOHAPHONM TpaeKkTo-
puu k, = k°, ¥ Ipou30I1JI0 He3HAYUNTEJILHOE OTKJIOHEH)E (DOHII0OBOOPYIKEHHO-
CTM BJI€BO OT CTallMOHapPHOTO 3HadYeHuaA k’, To, KaK MblI ysKe yOenuuce, k,
Ha4YMHAaeT BO3PacTaTh 0 TeX II0p, II0Ka BHOBb HE BEPHETCSA K 3HAUEHUI0 K.
Ecin xe k, oTkjgorutca or k° BIpaBoO, TO, KAk IoKas3blBaeT puc. 18.1.1,

pAk," <Ak, , mosToMy nponsBogHAA

dk,
dt

=0k, + pAk® <0,

3HaunT, k, Oyner yObiBaTh [0 Tex Iop, NOKa He crtaHeT paBHON k. Takum 006-
pa30M, HEBBIPOXKIEHHAA CTAI[MOHAPHAA TPAEKTOPIA

1 a a a
A -« A \lo | A -« A -«
kt = (%j ’ xt = (ij ’ 1’t = pA (ij ’ Ct = (1_ p)A(pT)

ABJIAETCA Yy CTOMYMBOIM: Ipy JiI0O0OM OTKJIOHEHMM OT 3TOM TpaeKTOpun
SKOHOMIKA CTPEMUTCA K Hell BEPHYThCH.

OTa HeBBIPOYKJEeHHAas CTal[MIOHapHasA TPAeKTOPMA HOCUT Ha3BaHNME Mpaek-
Mmopuu cOaraHCUPOBAHHOZO YCMOUUUB020 IKOHOMUULECKO20 POCMA: UUCJIEH-

HOCTb B3aHATBHIX HA Hell BO3pacTaeT JKCIOHEeHIMasbHO: L, =L e" (koHedHO,

TPV TIOJIOXKUTEJIHBHOM TeMIIe IIPMPOCTa 3aHATHIX Vv ), & BCé OTHOCUTEJbHBIE I10-
KasaTeJsy IIOCTOSHHBI, 3HA4YUT, Bce abCOJIIOTHBIE IIOKa3aTesM BO3PacCTaioT
IIPOIIOPIVIOHAJIBHO YVMCJIEHHOCTY 3aHATBIX L.

PaccmoTpuM Tenepb IPOCTENIIYIO 3aa4y yIpaBJe HU A 3KOHOMUKOI,
KOTOpas onuchIiBaeTcsa Mogesbio CoJoy: momblTaeMca HoAo0paTh TAKYI HOP-
My Hakorenus P | uTo6bl yaesbHoe moTpebseHne Ha CTallOHaPHOI TPaeKTo-
pun cOaJlaHCMPOBAHHOTO YCTOMYMBOTO SKOHOMMYECKOTO POCTa OBLIO MaKCU-
MaJIbHBIM. PaccMoTpuM yziesibHOe NHOTpebJieHMe Ha CTAaIMOHAPHOV TPaeKTO-

puu (¢”) Kak (PyHKIMIO HOPMBbI HAKOIIJIEHUA:

[e3

o e pA
c=c(p)=0a1 p)A[X]
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¥ TIOCTaBUM 3a1a4y OIpeAeJeHNA TaK0l HOPMbI HAKOIIJIEHUSA P, YTOOBI
c’(p) > max

VI, PacIchIBasA ¢ (p) moapobHO,

1-pA (%)M — max.

Kak m3BecTHO, B TOYKe MaKCUMyMa IlepBad NPOM3BOAHAA NOJIKHA OBITH
paBHa HYJIIO (MJIM He CYIeCcTBOBaThb), & BTOpad IPOMU3BOINHAA JOJIYKHA ObIThb
oTpuLaTeabHOM. VmeeMm:

pA

o) @ (1_")‘4(ij :A(éjlaad[(l—p)l)&} A(éj&d[p&—plﬁ}_

dp - dp A dp

a % 1 o
:A(éjm d(pl‘“)_d(pl‘“) A(éjl—a o a1 1—1:|:
A 1

— 1-a 1-a
A dp dp —ocp 1—ap
T e A8
[Otp“‘ —p“*}= pre (a—p)
l1-a 1-a

Bupnum, uro dc’(p)/dp=0 opu p=0 un npu p=a. IlIpenyaraem umraTtesro
CaMOCTOATEJIbHO yOenuTbcdA, YTo B Touke p,=0 BTOpad IIpom3BOAHAA

d*c’(p)/dp> >0, T.e. Touka p, =0 ABJIAETCA TOYKON MU HMUMY Ma yeJIbHOTO
noTpebJeHNs Ha CTAlMOHAPHONM TPaeKTOPNI, & B TOYKE P =0 BTOpPas IIpOu3-

BogHaa d’c’(p)/dp’ <0, T.e. Touka p" =0 SABJAETCA TOYKON MaKCMyMa
y4eJbHOT0 IToTpebjeHns.

ITOT Pe3yJbTaT, IoJaydeHHbI B 1966 r. 3. PesricoMm, HOCUT Ha3BaHUE 30JI0-
TOro MpaBIJIa HAKOIIEHUS: JIJIS TOrO, YTOObI yAeJIbHOe oTpedJieHre Ha cTa-
LIMOHAPHON TpaeKToOpuyu cOAJIaHCMPOBAHHOTO HYKOHOMMYECKOIO pPOCTa ObLIO
MaKCUMAaJIbHBIM, HOPMa HAKOILJIEHVA ( JOJDKHA OBITh paBHA 3JIACTUYHOCTU
BBIITyCKa 110 POHZAM .

MPMMEP 18.1.1. Jlanb! 3Hauenus napametpos A = 10° n a.=0,5 npoussozcT-
BeHHON (pyHKIIMMU K066a — yriaaca. B momenn Cosoy ¢ 5T0i Ipon3BOICTBEH-
HOI (pyHKIMell TpebyeTcA paccuMTaTb 3HAUYeHUS (POHIOBOOPYKEHHOCTH,
MIPON3BOAUTENBHOCTY TPYAa M YHAEJBbHOTO NOTpebJieHMA Ha CTalyoHAapPHOM
TpaeKkTopuy cbaJaHCUPOBAHHOTO YCTONYMBOTO 3KOHOMMUYECKOIO POCTa, Ha KO-
TOpPOJ HOpMa HakoIleHud paBHa p=0,2, KoddpPUIMEHT BbIOBITUA OCHOBHBIX
IIPOM3BOACTBEHHBIX (POHMIOB 3a rof coctaBiygeT | =0,2, a TOIOBOI TEMII IIPU-
pocTa uncJieHHOCTM 3aHATHIX paBeH v =0,05. CpaBHUTH [TOJIydYeHHOE 3HAUEHNE
Y IeJIBHOTO ITOTPeOJIEHA C OIITYMAJIbHBIM.

Pewenme. Ha cranmonapHO TpaeKTOPMM, COOTBETCTBYIOIIE HOpMe HaKOII-
aerusa p=0,2, PoHIOBOOPYKEHHOCTD
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1 1
1-a .10% 105
k° = pA — ﬂ :64-104,
L+v 0,2+0,05

CpeagHsAA IIPOM3BOAMTEJIbHOCTD TPYda

x’=A(k’)* =10(64-10*)° =8-10°,
yaeJibHOe IoTpebieHne
¢’ =(1-p)x"=(1-0,2)8-10" =64-10°.

CorJtacHO 30J10TOMY NPaBUJIy HAKOILJIEHMA, AJIA TOTO YTOOBI HA CTAIMOHAP-
HOJ TpaeKTopuy cOAJIAHCUPOBAHHOIO YCTOYMBOIO SKOHOMMYECKOIO POCTa
yaeJabHOe noTpebJseHyne ObLJIO MaKCUMaJbHBIM, HYKHO BbIOpaTh HOPMY HaKOII-
JIEHNS p PaBHOM 3JACTUYHOCTY BBIITYyCKa I10 (DOHZAM O, T. €. B paccMaTpuBae-

MOM IIpMMepe MaKCUMYM yAeJbHOro NOTpebJeHNA Ha CTal[IOHaPHOM TPaeKTOo-
pun gocturaercsa npu p =a=0,5. [Ipu aTom

1 1
A\« 10° 05
1 pA _ 0,5-10 410",
nL+v 0,2+0,05

c'=1-plax"=1-p)AK")* =(1-0,5)-10°-(4-10°)** =10° > 64 -10*

Buanm, 4T0 OIITMMAaJIbHBIN BEIOOP HOPMbI HAKOILJIEHNS IPUBOAUT K CYIIECT-
BEHHOMY YBEJIMYEHUIO yIEeJIbHOTO MOTPebJIeHns Ha CTAlMOHAPHON TPaeKTO-
pun — GoJiee yuem B noJaropa pasa! U

18.2. 3afaHMe NPpaKTUKYMa

B mogenn Cosioy ¢ mpousBoAcTBeHHON pyHKIMel pyHkimn Kobba — dy-
rjaaca c mapamerpamMu A M o, TPUBENEHHBIMM IJIA KasKIOTO BapuaHTa B
Taby. 18.2.1, Tpebyerca paccunTaTh 3HAUYEHUA (POHIOBOOPYKEHHOCTH, IPOU3-
BOAUTEJIbHOCTY TPyJZa U YIEJIbHOIO IIOTPebJIeHNs Ha CTallIOHAPHOM TPaeKTOo-
puM cOaJIaHCUPOBAHHOTO YCTOMYMBOTO SKOHOMMYECKOTO pPOCTa, Ha KOTOPOI
HOpMa HaKOILJIeH)A paBHa p, KO3 PUIMEHT BbIOBITISA OCHOBHBIX ITPOM3BOJCT-
BEHHBIX (DOHJIOB 3a T'OJl COCTABJIAET |, & TOJOBOI TEMII ITPUPOCTA YMUCIIEHHOCTI
3aHATBHIX PaBeH V (3HAYEHNsA NapaMeTPoB P, L U V OPUBEIEHbI IJIA KasKI0T0
BapmaHTa B TabJ. 18.2.1). CpaBHUTH NOJIyYeHHOE 3HaYEeHMEe YAeJIbHOTO II0Tpel-
JIEHUH C ONITYMAJIBHBIM (T. €. C TEM, KOTOPOE COOTBETCTBYET 30JI0TOMY IIPaBUJILY
HAKOILJIEHN).

Tabnuya 18.2.1

No Jlcxonuble maHHbBIE No JVlcxonubie maHHbBIE
Bap.| A o P H v |Bap.| A o P n v

1 | 10 [3/5]0,3]0,1/0,03] 6 [1000]2/5]0,3]0,1]0,03
2 | 100 [3/5/03]0,2]004] 7 | 10 [2/5]0,30,2]0,04
3 [1000]1/6]03]0,1]005| 8 | 100 |5/6] 0,3 [0,1]0,05
4 [ 10 [1/2]04]02]0,03] 9 [1000]1/4] 05 [0,2]0,03
5

100 |1/2/0,4]0,1]0,04| 10 10 |1/4| 0,5 |0,1]0,04
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OKOHYaHue Tabn.

No Jlcxonubie maHHbBIE No JVlcxonubie maHHbBIE
Bap.| A o P H v |Bap.| A o P [ \%
11 |1000(1/3/0,4(0,2(0,05] 24 | 100 [1/3| 0,5 | 0,2 0,05
12 0 |1/310,5|0,1 0,03} 25 |1000{1/3| 0,4 |0,1]0,03
13 | 100 {1/4]0,5(0,2]|0,04| 26 10 | 3/4| 0,4 |0,2]0,04
14 |1000(1/4)10,5]0,1|0,06| 27 100 | 3/4| 0,4 | 0,1 0,05
15 10 |2/310,3|0,2|0,03| 28 |1000|2/3| 0,2 |0,2]0,03
16 100 (2/310,3(0,1|0,04] 29 10 2/3| 0,2 |0,1]|0,04
17 | 1000 |3/4/0,3(0,2(0,056] 30 100 [ 1/4| 0,2 | 0,2 | 0,05
18 10 |3/4|104|0,1 0,03 31 |1000{1/4| 0,1 |0,1]0,03
19 100 (2/510,4(0,2|0,04] 32 10 1/5| 0,1 | 0,2 0,04
20 [1000(2/5|0,4|0,1]0,05| 33 100 {1/5| 0,1 | 0,110,05
21 10 |1/6|0,5(0,2|0,03| 34 |1000|1/3}| 0,6 | 0,20,03
22 100 | 1/6 {0,5]0,1]0,04| 35 10 {1/3| 0,6 | 0,1]0,04
23 | 1000|5/6|0,5]0,2]0,05

18.2.1



19. ONTUMAIbHbBIA MOPTMENDb LLEHHbIX BYMAT

19.1.KpaTtke TeopeTtTHMyecKmue ceeffeHus
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU
PaccmorpuMm cutyalnuio, Korjga B HEKOTOPBII MOMEHT BpeMeHM ¢ MHBEeCTOp
MOJKET 9aCThb CBOMX CpeacCTB OCTaBUTDb Ha 0aHKOBCKOM cdeTe, a APYTYIO 9aCTb

IIOTPaTUTh Ha IprobpeTeHne 1neHHbIX Oymar. ITopmesem GuHAHCOBLLL UH-
cmpymenmos Ha (B, S)-pbIHKe Ha30BEM BEKTOP

n=|x, |, (19.1.1)

x

n

rae x, € R — mosa Kanmrajsia MHBECTOPA, BJIOKEHHASA B 0€3PUCKOBBIN aKTUB

(baHKOBCKMIT cyeT mJjm obJmranmio), X, € R — mgoJs KammuraJa MHBECTOPA,
BJIOYKEHHAA B aKIMio ¢ HoMepoM k (kK =1, 2, ... , n), mpu BTOM, OYEBUTHO,
n
x, + Zxk =1.
k=1

Uncsa x, MOTyT ObITh KaK IIOJIOMKUTEJIbHBIMM, TaK M OTPMIATEJIbHBIMU, B
rocJjieJHEM cJlydae MHBeCcTOp OepeT cpeficTBa B OJIT ¢ 0aHKOBCKOTO cyeTa Jy-
60 coBepllaeT KOPOTKYIO IIPOJIAsKy aKLMil (KOHEYHO, 3TY YMCJa MOTYT OBbITh U
HYJIEBBIMMU).

OdpPperTUBHOCTD INOpPT(esnsa PMHAHCOBbIX MHCTPYMEHTOB T BbIUMC-
JIgeTcs, 0OYeBUIHO, KaK

n
E =xz 1+ ZxkEk ,
k=1
rae 1 — 2¢ppeKTuBHOCTh DAHKOBCKOTO cueTa (IIpolleHTHadA cTaBka), E, — adp-
dexTmBHOCTD k-1 aKInM (ee JOXOIHOCTD).

Ooxcudaemoti agpgpexmusrHocmsvro mopTdessas (PUHAHCOBBIX MHCTPYMEHTOB
Ha3bIBaeTCA MaTeMaTHdecKoe OKuaaHue ero 3PQPeKTUBHOCTM, a PUCKOM
ropTdesisa — cpeaHee KBaJIpaTUYHOE OTKJIOHEHME ero 3PPEeKTUBHOCTI.

Bosaukaer 3amavya onTuMMU3aOUU NOPT@Qeasda C IeNbio IOy~
YeHNs MaKCUMaJIbHOV 3(p(eKTUBHOCTY IIpY MUHMMAaJbHOM pucke. K coskase-
HIIO, OJTHOBPEMEHHO 3TOTO JOCTUYb HEBO3MOYKHO, II03TOMY MHBECTOP, OIITUMMU-
BUPYIOLINI CBOV ITOPT(ENb, JOJIXKEH BLIOPATh OIVH U3 KPUTEPUEB:

e MO0 MUHMMU3NUPOBATL puck o, =,DE 1pu 3aJaHHOM ypOBHe

apperTHBHOCTY TTOPTdEd,
e b0 MaKCUMU3UPOBATH OXUJaeMyl 5PPEeKTUBHOCTD
ME_ npu 3aJlaHHOM yPOBHE PIMCKa IOPTQeIA.
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B ob1em ciydae maTeMaTudeckasa (pOpMyJaMPOBKaA 3a4a4M MU HU MU 3 a -
UMM pUCKa HOoOpTdessa IeHHbIX OyMar npy 3aJaHHO IOIIyCTUMOI OMKMiae-
MOJi 9P(PEKTUBHOCTH T, BBITJIAIUT TAK:

D x0i+2xkEk) —min, (19.1.2)
k=1
M(x0i+2xkEkj:1’n,
k=1
x, +Z:Jc,C =1,
k=1

x. eR (k=0,1,2...,n)

Bocrnosip3oBaBIIICE TeM, 4YTO KBaJApaTHBII KOpPeHb — BO3pacTarolas
YHKIIMA, ¥ IPUMEHNB CBOMCTBAa MaTeMaTUYeCKOro OXKUAAHUA U AVICIIepCuUn,
9Ty MOZeJIb MOXKHO IIePeINCcaThb B BIUJe

Zz%xkxl — min, (19.1.3)
k=1 I=1

n n
ix0+ZTkxk:?n, x0+2xk:1, x,eR (k=0,1,2,...,n),
k=1

k=1

rae r,= ME, — osxxunaemas acdpdextnBHOCTb k-1t akuym (k=0,1,2, ..., n),
6,=cov(E;E) — xoBapuamua addeKTuBHOCTe k-1 arkumm u I-i
(k=0,1,2,..,m,1=0,1,2, ..., n); oueBuaHo, uto G,, =DE, =c-.

MPUMEP 3.14.1. OmipeiesiTh, C KaKMM HaVMEHBIIMM PUCKOM MOYKHO JOCTUYb
20%-1071 5PPEKTUBHOCTY MHBECTULI, €CJN €CTh BO3MOYKHOCTh DAHKOBCKUX
BJIOKEHUII 11 3aMIMCTBOBaHMII 10 cTaBKe 1 = 10% rofoBbIX, a Ha PBIHKE IIEHHBIX
Oymar o0palraioTcsa IBe aKIMY, UX OsK1iaeMble 3(p(PEeKTUBHOCTY PaBHbBI COOT-
BeTCTBEHHO T, = 16% u r,= 23%, pucku o, = 5%, o, = 14%, a xKosdduIyEeHT
KOppeJIALNM JOXOJHOCTel JaHHbIX aKkIuii paseH p,, = 0,36.

Pewenue. Beenem ganunie B pabounii auct Microsoft Excel, kak mokasano Ha
puc. 19.1.1, a. ITycts aueiiku B9 1 B10 cOOTBETCTBYIOT JOJAM PUCKOBBIX BJIO-
SKeHUl &, U X,, B A4eliKy B8, cooTBeTCTBYIOIIYIO fOJIe 0€3PMCKOBBIX BJIOYKEHMI]
x,, BBeJeM (hopMyJy, COOTBETCTBYIOIIYI0 Pa3HOCTM BCeX BJIOYKEHMI (elnHM-
IIbI) ¥ BJIOMKEHMII B aKIIUM X, U X,, B A4eliky B12 BBegem chopmymny AJsa 0Ku-
naeMmoii adppekTuBHOCTU NopTdensa ME,, a B aueliky B13 BBegem dopmyiy
nas  pucnepcuy  sdpderTuBHOCTH IopTdena DE; yuyrem 3xaech, UTO
G,, = P,,0,0, (3TV popPMYyJIbI IPUBOAATCH CIIPaBa OT COOTBETCTBYIOIIMX AUEEK).

Bocnonb3yemca mHcTpyMeHTOM «[louck pewenus». Ina sToro BblOepeM B
mento «Cepeuc» yHKT «Cepsuc | Mouck peluenus...», U B IOABUBILIEMCS OKHe
(puc. 19.1.1, 6) yrasKeM, 4TO MbI XOTUM YCMAHO8UMD Yeaesyto sueliky $B$14 (B
KOTOPOJ paccuuThIBaeTCA IUCIIepcus MHopTdess) PasHol MUHUMALLHOMY
s3nauenuto, usmenas auetixu $8$10:$B$11 (B KOTOPBIX HAXOAATCS LOJIN PUCKO-
BBIX COCTaBJIAMIMX IOPTQes), IpudeM B 3a/ade IIPUCYTCTBYeT OrpaHmde-
Hue $B$13 = $B$7.
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0,10

0,16

0,23

0,05

a |a [= =
I

0,14

0,36

0,20

= |=1-B10-B11

ME,= | =B9*B1+B10*B2+B11*B3

< b e N S R L R Y G EN A D
8
[

DE;= | =B10°2*B4°2+B11°2*B5°2+2*B10*B11*B6*B4*B5

a) 8800 hopmya

YCTAHOBHTE USNEBYHD AYERIKy ! $E414 B,

2 x|

i IBINONHMTE |

PagHoH: HAKCHManeHOMY ZHaYeHHHD o SHAYEHHHD: ID

o+ HHHHMMANEHOMY ZHIHEHHHD

SaKpBITE

MsMEHAA AYEiKH:

|$B$ID:$B$11 j‘J MpeAnCno%HTE |

JapaMeTpEl

—Or paHHHEHHS:

$B$13 = $B47 | AobaEHTE |
zMEHMTE: |
j ¥AaNHTE |

BoCCTaHOEMTE

1N

Cnpaeka

6) oxHo «Ilouck peweHus»

A B

1 1= 0,10
2 r, = 0,16
3 r,= 0,23
4 c, = 0,05
5 o, 0,14
6| p,= 0,36
7| Tx 0,20
8

9| x, = —0,3908
10| = 1,1543
11| x,= 0,2365
12

13| ME,= 0,2000
14| DE,= 0,0058

8) pe3yavmamaul

Puc. 19.1.1. Pacuem onmumanavbrozo nopmghens
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ITocJsie HasKaTUA Ha KHONKY «BbinonHutb» B paboueM JicTe IPOM30MAYT U3~
MeHeHus: B fAdeiikax B9, B10 m B11 mosBarca smauenus x,=-0,3908,,
x; =1,1543, x, =0,2365, B siueiixe B13 Oyner paccunrana oxumaemasi sdpdex-
TUMBHOCTb NOpTdesaa (oHa paBHa Tpebyemoii addextusHocTn 7, =0,20, a B
Adeiike B14 mosaBuTca paccumTaHHOEe 3HaueHMe Aucrepcuy 3peKTMBHOCTI
noprdena DE;= 0,0058. IIpu stom puck mnoptdeins paBeH o, =./0,0058 =
~0,076=7,6%. VHurepnperamus onTuMaJbHOro pemenns x, =—0,3908,
x; =1,1543, x,=0,2365 TakoBa: HeobxoamuMO 23,65% noTpaTUTh Ha IIprobpe-
TeHMe aKIMii BTOPOro Bia, B3ATh DaHKOBCKMIT KpeauT B pasmepe 39,08% ot
o011e71 cyMMbI COOCTBEHHBIX CPEJICTB, II0CJIE Yero BCe OCTaBILMEeCs I0cJe II0-
KYIIKM aKIMiI BTOPOro BuJa cOOCTBEHHbIE CpeJCTBa BMECTEe CO CpelCcTBaMIU,
TIOJIYYEeHHBIMIM B KPEAUT, BJOKUTL B IIOKYIIKY aKINiI I1epBOro Buja. Pe3ysnb-
TaThl PabOTHI IIPOrpaMMBbI ITpeJicTaBJIeHb] Ha puc. 19.1.1, 6.

Muoxurtensb JlarpaH:ika, KOTOpeI npuBogutca B «Otyete no yc-
TonumBocTM», paBeH A = (,116; 370 o3HaUaeT, 4TO yBeJaudeHue 3(pPEeKTUBHOCTI
7. 3aJJaHHOTO NopTdesns Ha 1% npuBeneT K TOMY, YTO PUCK ONTMMAJBHOTO
roptdoesid, obyamaroniero Takom 3PPEeKTUBHOCTBIO, YBEJUIUTCA TPUOIU3N-

TeJbHO Ha /0,1161 ~0,341%. 01

19.2. 3afaHMe NpaKTHMKYyMa

OrnpenienmnTh, C KaKUM HaVIMEHBIIIIM PUCKOM MOKHO mocTudb 20%-Hoit adpdpek-
TUBHOCTY MHBECTUIMI, €CJV €CTh BO3MOXKHOCTb DAHKOBCKIX BJIOMKEHMI U 3aVIM-
CTBOBaHII 10 CTaBKe 1, @ Ha PbIHKE I[eHHBbIX Oymar obpalljaloTca JiBe aKIiM, UX
oskmpaemble 3O(PeKTVBHOCTM paBHbI COOTBETCTBEHHO T, I T,, PUCKU G, U G,, a KO-
2 UIMEHT KOppesAanmMy JOXOJHOCTeN NaHHBIX aKImii paBeH p,, = 0,76 (mapa-
MeTpEl %, T, T,, G,, G, IPUBOAATCA JJIf KasKJ0ro BapyaHTa B Ta0. 19.2.1).

Tabnuua 19.2.1

No TVlexongubie maHHBIE No TVlcxomHbIe TaHHBIE

Bap. 1 T T, o, o, | Bap. i T T, o, o,
0,01 | 0,03 | 0,08 | 0,03 | 0,10 | 19 | 0,03 | 0,05 | 0,09 | 0,03 | 0,06
0,01 | 0,03 | 0,08 | 0,04 | 0,08 | 20 | 0,03 | 0,05 | 0,09 | 0,04 | 0,06
0,01 | 0,03 | 0,08 | 0,04 | 0,10 | 21 | 0,03 | 0,05 | 0,09 | 0,04 | 0,08
0,01 | 0,03 | 0,08 | 0,05 | 0,08 | 22 | 0,03 | 0,05 | 0,09 | 0,06 | 0,08
0,02 | 0,04 | 0,06 | 0,05 | 0,10 | 23 | 0,04 | 0,06 | 0,10 | 0,06 | 0,10
0,02 | 0,04 | 0,06 | 0,06 | 0,08 | 24 | 0,04 | 0,06 | 0,10 | 0,08 | 0,10
0,02 | 0,04 | 0,06 | 0,06 | 0,10 | 25 | 0,04 | 0,06 | 0,10 | 0,10 | 0,12
0,02 | 0,04 | 0,06 | 0,07 | 0,08 26 | 0,04 | 0,06 | 0,10 | 0,04 | 0,06
0,02 | 0,04 | 0,09 | 0,07 | 0,10 | 27 | 0,04 | 0,06 | 0,12 | 0,04 | 0,08
0,02 | 0,04 | 0,09 | 0,08 | 0,10 | 28 | 0,04 | 0,06 | 0,12 | 0,03 | 0,08
0,02 | 0,04 | 0,09 | 0,08 | 0,12 | 29 | 0,04 | 0,06 | 0,12 | 0,03 | 0,10
0,02 | 0,04 | 0,09 | 0,08 | 0,14 | 30 | 0,04 | 0,06 | 0,12 | 0,04 | 0,12
0,02 | 0,04 | 0,06 | 0,07 | 0,08 | 31 | 0,04 | 0,06 | 0,10 | 0,04 | 0,06
0,01 | 0,03 | 0,08 | 0,04 | 0,08 | 32 | 0,03 | 0,05 | 0,09 | 0,04 | 0,06
0,01 | 0,03 | 0,08 | 0,04 | 0,10 | 33 | 0,03 | 0,05 | 0,09 | 0,04 | 0,08
0,02 | 0,04 | 0,06 | 0,07 | 0,09 | 34 | 0,04 | 0,06 | 0,10 | 0,04 | 0,07
0,01 | 0,03 | 0,08 | 0,04 | 0,09 | 35 | 0,03 | 0,06 | 0,09 | 0,04 | 0,07
0,01 | 0,03 | 0,08 | 0,04 | 0,09

[ ey S S s T NS S S
ooﬂcbmﬂ;ww,_‘owooﬂmmbhwu3r—t
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20. PAUMOHAJIBHAS CTOMMOCTb ONMLUMOHOB

201.KpaTtkmMe TeopeTHuyecKHe cBeleHHns
M YKa3aHUMSA K BbINONHEHMUIO 3alaHUMU

Axyus — BTO T0JeBOe 00A3aTeJbCTBO: ee 00JajaTesb II0JIydaeT IPaBo
JOJIEBOTO ydacCTUsA B yIpaBJIEeHUM aKIVMIOHEPHOM KOMIIaHMEl, BBIIIYCTUBIIIEN
BTU aKIMM (KasKIOM aKIMM COOTBETCTBYET ONpeesIeHHOe UMCJIO T'OJIOCOB Ha
esKerofHOM 00111eM cobpaHUM aKIVOHEPOB — BBICIIEM OpraHe yIIpaBJeHUSA
KOMIIaHIe), B aKTUBaX U OpUObLIAX (AUBUAEHIAX) 9TO KOMIIaHUL.

PaccmorpuMm 11eHOOOpasoBaHME aKIMii B paMKaX OMHOMHIAJBHOI MOV
Kokca — Pocca — PyOounmireiina.

[IpenrnonouM 1A IPOCTOThI, YTO Ha PhIHKE o0palllaeTcd O I Ha akKIUA, U
ee CTOMMOCTD B KOHIIe Ileprojia BpeMeHM ¢ COCTaBJIAeT S,

IIpenmnonosxkuM TaksKe, 9TO MHBECTOP MMeeT BOBMOKHOCTD:
® pasMelllaTh cpeJcTBa Ha OaHKOBCKOM cueTe U OpaTh C HEro B JIOJIT;
® TIOKYyINaTh U IPOJABaTh aKI[UIL

Tornma mJiA 3TOr0 MHBECTOPa Ha PBIHKE CYILIeCTByeT 0e3pPUCKOBBIU
akTuB (baHKOBCKUIIcueT)B 1 pPUCKOBBIN aKTUB (akuusa)S.

Bynem cunTaTh, YTO IPOIEHTHI HA OAHKOBCKNI CUET HAUMCJIIAIOTCA I10 CXeMe
CJOMHBIX IIPOI[€HTOB CIOCTOAHHON CTaBKOI 1(t) = 7 = const, Tak 4TO B
KOHIIE KasKJ0ro roja cCymMMa Ha c4yetre yBesmunBaeTrcs B (1 + 7) pas:

B =B_(1+i).

Bynem npepmoJsiaraTb, YTO ONepayuoHHble u30epircKu, CBA3aHHBIE C IIepe-
BOJIOM CPeJiCTB MeKAy aKTMBaMM, OTCYTCTBYIOT, & TaKyKe YTO aKTUBBI ABJIA-
I0TCA 0e32PaAHUYHO 0eAUMbLMU, T. €. MOYKHO KYIIUTh U IIPOJATh JIO0YI0 4acTb
aKIMY, IIOJIOXKUTD Ha CUeT M CHATD C Hero Jito0yIo ero 4acThb.

IIpenrosiosxnuM, 9TO B TeUeHMeE Iro/la BpeMeH) CTOMMOCTD aKINli MOXKET yBe-
JIMYUTBHCA B U pa3 WM YBeJIMUNTHCA B d pa3 (yMeHbIIINTHCA B 1/d pas), mpudem
d<1<1+1i<u(pnuc.20.1.1).

¢

T

0 1

Puc. 20.1.1. JI3meHeHue yervl akyuu 3a 00Ut 200

Ha mpgeanbHOM pPBIHKE OTCYTCTBYIT apOuTpaskHBIE
BO3 MO HOCTH, T. €. HEBO3MOYKHO 3BJeYb 0e3PUCKOBBIN T0X0M, OOJIbIIINIL
YeM IIPOIIEHT, HaYMCJIAeMbIi Ha OaHKOBCKWII CUET.

[Ipenrnonoskenye 0 TOM, YTO Ha PBIHKE OTCYTCTBYIOT apOUMPAHHblLE 803-
MOHNCHOCMU, O3HAYAET, YTO MaTeMaTUUYECKOe OKIJaHMe 1IeHbl aKIMM Ha TaAKOM
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PBbIHKe K KOHILY roga MS, IoKHO coBIaZaThb C CyMMOJ, KOTOpasd OKa3aJsach
ObI Ha 6aHKOBCKOM c4eTe K KOHILYy rojia, ecyn Obl cymMma S, Obljla B HadaJje roja
II0JI0YKeHa Ha ODaHKOBCKMI CcUeT, T. e. ¢ cyMmoit S (1 + 7):

MS, = S,(1 +1).

VlcTuHHBIE BEPOATHOCTY TOTO, YTO B TeYEHMEe AAHHOTO Ieprnoja aKIus I10-
JIOPO3KAET UJIN IOIeIIeBEET, HAM HEM3BECTHBI, HO B IIPEJIIOJIOKEHI OTCYTCT-
BUA apOUTPaKHBIX BO3MOYKHOCTEN MOYKHO C IOMOIIBIO TOJIBKO YTO IIOJIYUEeH-
HOTO YCJIOBUSA BBIYNCJIUTHL TaK HAa3bIBAE€MbIE 8ePOAMHOCMNU, HeUmpParbHble K
PUCKY: IIYCTb P — BEPOATHOCTH TOTO, YTO B HAYAJIEe CJIEAYIOIIEro [Ieproja ie-
Ha aKI[MM OKa’KeTCs PaBHOI S U, TOra BEPOATHOCTDb TOTO, UTO LieHa akuum Oy-
net paBHa S d, cocraBut (1 — p); Ipu 3TOM

MS, =Sup +.S,d(1 - p).

Orcrona

Sup+Sd(l—p)=S,(1+1).
Paznennm o6e 4acTy 9TOro paBeHCTBA Ha S
upt+d(l—-p)=1+7 wmwm (u—-dp+d=1-+i,
II03TOMY
_1+i-d
u—d

IIpennomnosxkuM Tenepb, YTO paccMaTpUBaeMblii pomMeskyTok BpeMmenu [0; T
pas30uUT Ha N NepuoJ0B, B KaXKJOM 13 KOTOPBIX CTOMMOCTDb aKIMM MOXKET yBe-
JNYUTHCA B U Uiy B d pad. BepoATHOCTH TOrO, 4YTO CTOMMOCTb aKIVIM YBEJIM-
YnuTCA B U UM B d pas3, HEM3BECTHA, OOHAKO MOXKHO BHOBB BOCIIOJIb30BATHCS
IIPMHINIIOM BEPOATHOCTY, HENTPAJJIbHON K PUCKY.

IIpu sTOM IIpOlleHTHadA CTaBKa OyZeT CKoppeKTupoBaHa. Paccunraem mpo-
IIeHTHYIO CTaBKY 1 , BBIIJIAYMBAEMYIO 3a M-I0 4aCTb rojla B CIy4ae CJOYKHBIX
IIPOLIEHTOB. 3a rof, cyMMma B, ysesmunsaetcs 10 B (1 + 1), ¢ Ipyroit CTOPOHHI,
eCcJIM M Pa3 3a 3TOT I'0Ji HAYMCJAJICA IIPOLIEHT I, 10 CXeMe CJIOKHBIX IIPOLIeHTOB,

TO K KOHIIy rofa cymMma B, mossxza npespatutbea B B (1 +1¢)". Takum obpa-
30M, 3aKJII0YaEeM, UTO

B(1+4)=B,(1+i)  wmm 1+i=(1+4),

(20.1.1)

OTKyZa
i, =1+ " -1,

T. €. B uncanresie popmyasl (20.1.1) Bmecto (1 + 1) 6ymer (1 + 7)™

1+9)""-d
P, =— (20.1.2)
™ u—d
[MHIEeKc (n) 3mech O3HAYaeT, YTO IIPOBeJeHa KOPPEKIMA TOJI0BOV CTaBKU C
y4eToM TOro, 4TO paccMaTpuBaeMsblll oTpe3ok BpeMenu [0; T pa3buBaerca Ha

N IIePUOJIOB].
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IIponecc n3MeHeHNs 1IeHb] aKI[MY B TeUeHMe n 1epuoioB (g caydaan = 4)
IPOUJLIIOCTPUPOBaH puc. 20.1.2.

Sout “ S
0

3
Sou T

SO’LLZ’
Sou 1

Sy
Sod

S.dt |

0 1/4 1/2 3/4 1
Puc. 20.1.2. JizmeHneHue yeHbl aKYUU 8 MeueHUue uembvlpex nepuodos

ITpu aTOM mpoljecc M3MeHeHNs LeHbl aKIMM B TeYeHNe 7N IIePUOJI0B MOYKHO
IIpeZICTaBUTh KaK II0CJIe[0BATEeJIbHOCTb 1 He3aBMCUMBIX MCIIBITaHMUIL, B KOTO-
PBIX yCIIEXOM cuMTaeTcdA IOBBIIIEHNe IIeHbl aKIIUM B U pa3, a HeyJaueil — ee
noHmskeHne B 1/d pas. Ecan B TeueHne n nmepnosios 1eHa aKIUy IOJHMMAJIACD
k pas u onyckanack (n — k) pas, To ee IjeHa K KOHILy IIOCJIeJJHETO Ilepuoja Cco-
crasur s, = S,u'd" “. BepoaTHoCcTb HacTymIenus k nosbiennit u (n — k) mo-
HIKEeHM IIeHbl aKIMY COCTaBUTII0O bopMyJse Bepuyanmanu

P,(k)=Clp*(L-p)"*.

BepoaTHOCTh ycriexa p 371eChb UMeEeT CMBICJI OLIEHUTh C IIOMOIIbIO0 HENTPAJIb-
HOM K PUCKY BEPOSITHOCTH P, onpexessaemoii gopmyaiont (20.1.2). Takum 06-
pasoM, I1eHa aKIuM K KOHIY n-To Iepuoja (T.e. B MOMEHT BpeMeHlU 1) MOKeT
NPVHMMATH 3HAYEHNA

— k gn—k
s, =Sud

C BEPOATHOCTAMU
P{S, =Su‘d"*|=Cip, (1-p,)"", k=012..n (20.1.3)

NMPUMEP 20.1.1. CocTaBuTb pAJL pacrpenesieHNs [eHbl aKIUY K KOHITY ToJa,
pas3buMB BTOT roJ Ha YeThbIpe IIepuojia, ecyi TeKylias lieHa aKIuy COCTaBJIAeT
S, = 35 py0., ronoBasa Ge3pMUCKOBaA IPOLIEHTHAA CTaBKa cocTasaeT ¢ = 10% nu
M3BECTHO, YTO B KaKJIOM IIepuroJie aKIIMA MOYKeT BO3PacTU B IleHe UJIM yIIacThb
B1eHe B u = 1,105 pas.

Pewenne. Tak rkak (1+1)

pUCKY,

Y% =11"* 21,024, TOo BepPOATHOCTDb, HEITPAJLHAA K
5 (D)7 —d_1,024-0,905
@ u—d 1,105-0,905

(3mecb d=1/u=1/1,105~0,905).

~0,595, 1-p,~0,405
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Tenepb MbI MOXKEM COCTaBUTb PAJ paclpeiesleHNd [eHbl aKIMM K KOHITY deT-
BEPTOro Iepuoja: lieHa IpyHUMaeT 3HaueHIs

k 34—k
Sud
COOTBETCTBEHHO C BEPOATHOCTAMMI

P,(k)=Ciply(1-Py) ", Kk=0,1,2,34

OkoHYaTeJILHO IMEeeM:

S1|23,48 28,66 35,00 42,74 52,18 a
P ‘0,027 0,158 0,348 0,341 0,125

BaHKOBCKUI cUeT, aKIUM U OOJIUTAIUY HA3BIBAIOTCA OCHOBHBLMU PUHAHCO-
évimu uHcmpymenmamu. Ha nx 6aze MoryT ObITh IIOCTPOEHBI DOJIee CIIOYKHBIE
(p1HAHCOBBIE MHCTPYMEHTBI — I PO M 3 BO JI HEBI €.

Haubosiee pacmpocTpaHeHHbIE TUIIBI ITPOM3BOAHBIX (PMHAHCOBBIX MHCTPY-
MEHTOB — (POPBAPABI U OIIIVOHBL

Onyuon — aT0 LleHHas OyMmara, IIpesicTaBJsA0IIad coboit OroBOp, II0 KOTO-
pPOMYy OZiHa 13 CTOPOH (npodasey) IpoaeT OIIMOH 3a OIIpesleJIeHHYI0 NPemuto,
a Jpyras CTOpOHa (noxynameav uUIn aaadeney) NpU STOM HOJydaeT
nmpaBo (HOHe 00A3aHHOCTD) B TEUEHME CPOKA, OTOBOPEHHOTO B YCJIOBUAX OII-
IIVIOHA, JIM0O KyIUTh OIpeJeJIeHHbI aKTUB I10 (DMKCUPOBAaHHOI 1IeHE, OIIpeie-
JIAeMOJi B MOMEHT 3aKJIIOUEHUs JIOTOBOpa U HA3bIBAEMON MepPMUHAALLHOU
CMOUMOCTNBIO ONYUOHA (TAKOI OIIIMOH HA3bIBAETCA ONYUOHOM NOKYNAMENA),
J100 MPOJATh aKTVUB 10 TEPMUHAJJIBHOM CTOMMOCTY (TaKOI OIIIMOH Ha3bIBAET-
cA ONYUOHOM NP00asya).

ITo cpokaM MCIIOJIHEHMSA OIIIMOHBI JEJIATCA Ha €BPOIelicKue U aMepuKaH-
cKue. AMepuKaHCKUY ONYUOH MOKET ObITh IIPeIbABJIEH K VICIIOJIHEHNIO B JIIO-
0oe BpeMsd ZI0 UCTEUEHMs CPOKa OIILVOHA, e8POoNneuckutl. OnYyuoH MoKeT ObITb
JICIIOJIB30BAaH TOJIBKO B JIEHb ICTEYEHI €T0 CPOKA.

PaccmorpuM meHooOpa3oBaHIE €BPOIEICKUX OMIMOHOB B PaMKax OMHO-
MMAaJIbHO MOJEJIA

PayuoHnaavHol cumTaeTcsa Takasd CTOMMOCTBH (PMHAHCOBOTO MHCTPYMEHTA,
KOTOpas MCKJIIYaeT BO3MOKHOCTbL apOuTpaska 0e3 piucKa; MHBIMU CJIOBAMH,
JIOXOJTHOCTh 0Ee3PUCKOBOrO (PMHAHCOBOTO MHCTPYMEHTA, MMEIOIIEer0 palmo-
HaJIbHYIO CTOMMOCTb, TOJI?KHA COBIIAJATh C JOXOJHOCTBIO OAHKOBCKOI'O CUETa.

Havinem paimonasbay!o cromMmocTb C, CTaHZAPTHOTO €BPOIIEICKOro OIl-

I[OHa MOoKynaTesd. O4ueBMUIHO, pallOHAJIbHAS CTOMMOCTD OMNIVIOHA B MOMEHT
€ro MCIIOJIHEHNMSA COBIIAJAeT C NPUObLIbI0, KOTOPYI0 MOYKHO MOJIYyYUTh, VICIIOJ-
HIB ONIVIOH. JIaHHBIN ONIMOH MIMeeT CMBICJI M CIIOJTHAT b, T. €. II0JIb30BaTh-
cs 3aJI0KEeHHBIM B HeM IIPaBOM IOKYIIKM aKUMM II0 IeHe X, JIMIIb B TOM CJIy-
Jae, KOIrja PbIHOYHAA LeHa S, 9TOM aKIuM K MOMEHTY OKOHYaHUA CPOKa Jleli-
CTBUA OIIIMOHA, T.€. K KOHITY IocJieqHero nepmuojga, oyumer dosabine X. Ecan
PbIHOYHAA IleHa aKIuM S, oka)keTcs OoJiblle X, nepsxaTesb ONLMOHA, MCIIOJ-
HUB ero, NoJyunt goxof (S, — X). Ecan ske pbIHOYHaA I1eHa aKIMM S, OKaKeT-
cs MeHblIe X, fepskaTelb ONLMOHA IIPOCTO He OyZeT ero MCIOJHATb U IOy -
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YUT HYJEBO 70x01. TakuM 00pa3om, ecyy 1ieHa aKIuy B MOMEHT VCIIOJTHEeHUA
OIIVIOHa M3BEeCTHa U PaBHA S, TO JOXOJ OT MCIOJHEHMA TAKOTO OIMNIVIOHA CO-
craBut C, = max{S, — X; 0}. IlockoJibKy IleHa aKIuy S, ABJIAETCA CIydIailHO
BEJIMYMHOM, onpeneasaeMoil pagoMm pacnpenesnenus (20.1.3), noxon oT MCIIOJ-
HEHMs ONIMOHA MOKYIATeJd TaKsKe ABJIAETCA CIAyYallHO BeJIMYMHONM, KOTO-
pad OpUHUMAaeT 3HaAUYEHUA

Cc, = max{Soukol’"“lc - X, 0}
C BEPOATHOCTAMMA
P,(k)=C;pf,, (1- Dy )"*’“ k=0,1,2,...n.

(DHeHKa OIIIMOHa ITPOVMCXOOUT Ilepea HadaJIOM IIEPBOTO IIeprola, II03TOMY
AJIA IIOJIyYEeHMA €ero paHMOHaﬂbHOﬁICTOMMOCTM (%.AOCTaTOqHO AVICKOHTUPO-

BaTb OXKUAAEMBIl TOXO0J OT UCIIOJIHEHNUA OIIVIOHA Ha CPOK €ro JIeCTBUA:

n . n-k
MC ZmaX{Sgukd - X; O}Cifpfcn)(l—%)

¢, - MC _ . (20.14)
(1+17) (1+7)

Taxum obpasomM, paryoHanabHasa ctouMmocTb C, eBpOIericKoro omioHa Io-

KyIlaTeJs cO CPOKOM moramieHusa T (B rogax) U 1eHOM MCIoJHeHuA X, BbIIU-
CaHHOTO Ha aKLMIO C TeKyllell IleHol S, onpeneinseTcs dgopmyoi (20.1.4), B
KOTOpPOM 1 — OaHKOBCKas (romoBasd) MIPOIEHTHAA CTaBKa, CPOK JECTBUA OI-
IIMIOHa JeJIMTCA Ha M [IePUOZOoB (B KasKbll 13 IePMOJ0B IleHa aKI[1y, Ha KOTO-
PYIO BBINMCAH OMIMOH, MOKET MOBBICUTHCA B U Wi B d pas), p, — BEPOAT-
HOCTb, HelTpaJibHadA K PUCKY, BbluycasgeMad 1o popmye (20.1.2).

NMPUMEP 20.1.2. OrmnpenennTb palMOHAJbHYIO CTOVMMOCTBH €BPOIIEIICKOIO OIl-
IIMIOHA IIOKYyIIaTeJs C TePMMHAJBbHON cTouMocThbio X = 40 py0. 1 CpOKOM MCIIOJI-
HeHMsA 1 rofi, BBIIMCAHHOTO Ha aKIMIO 13 ycioBuda mpumepa 20.1.1.

PeweHne. Pay pacnpenesieHnsa 1oxona OT MCIOJHEHMA OIIMOHA IIPK pacde-
TaX I10 YeThIPEeXIIePUOSHON OMHOMMAJIBHON MOV IMEEeT CIIe YOI BU;

C | 0,00 92,74 12,18
p | 0,027+0,158+0,348=0,533 0,341 0,125

OsxumaeMblil JOXOJ OT UCIIOJHEHNA OILMIOHA [TOKYIIaTe s, paBHbII MaTeMa-
TUYECKOMY OYKMIaHUIO CJIydaliiHoi BeanunHsbl C,, cocTaBIIAET

4k

MC,= Y max{ S d* -, 0} it (1-p,, ) =
k=0

=0-0,0274+0-0,158+0-0,348+2,74-0,341+12,18-0,125 =2,46.
OxoHYaTeJIbHO IOJIydaeM, YTO

_MC, 2,46
1+7 1+0,1

1 ~2,24 py0.,
T. € palloHaJIbHasA CTOMMOCTb TAaKOTO OIIMOHa paBHa 2 py0. 24 KoL (4To cy-
IIIeCTBEHHO MEeHbIIIe TeKYIIlell IeHbl aKIIUY U I1eHbI MCIoJHeHNA onumonal). U
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CrnpaBennmusa

TEOPEMA O NAPUTETE EBPOIMEMCKUX OMUMOHOB NOKYNATENS U MPOAABLLA. [Tycmb 00HO-
8PeMEeHHO 3aKAI0UAOMCS 084 ONYUOHHBLL KOHMPAKMa (ONYuoH noxynamers u
ONYUOH NPo0asya) ¢ 00HOU U MOU JHe UeHOU UcCnosHerus X U 00HUM U Mem dHce
cpokom ucnoanerus T Ha 00HY U MY dHce aKYyuo, CMoUMOCMb KOmMOPoUl 8 HAUALb-
Hblll momenm pasHa S, bankosckas (2o0osas) npoyenmuas cmasxka pasHa i. To-

20a payuorarvrbvle cmoumocmu amux onyuonos C u P, caasanvl pagencmeon
X
P.-C,+S,=—— T
1+1)

MPUMEP 20.1.3. HaliT panyoHaJIbHYIO CTOMMOCTBL €BPOIIEVICKOrO OIIMIOHA
IIpoJiaBlia C TepMMHAJbHOM cTouMOcTb0 X = 40 py0. 1 CPOKOM MCIIOJHEHUS
1 rox, BeIMCAaHHOrO Ha aKIMIO 13 ycJoBusA npuMepa 20.1.1.

PeweHne. ITo Teopeme 0 mapuTeTe OMIIMOHOB ITOKYIIATEJIA U IPOAABIIA
X
P -Cr+ Sy =—FF,
(1+1)

OTKyJia

4
P1=2,24—35+%z3,60,

)

T. €. palyoHaJbHAaA CTOMMOCTD TAKOI0 OMIMOHA paBHa 3 py0b. 60 KoL
MosKHO palnMoOHaJbHYIO CTOMMOCTD €BPOIIEICKOTO OIIMOHA ITPOoJaBIia HAaTH
U APYTUM cIIocoO0M — 10 PAAY pacupeelieHnd J0X0a OT ero UCIIOJHEeHU A

Pl|16,52 11,34 5,00 0,00
P ‘0,027 0,158 0,348 0,467

Haxoaum maTeMaTdeckoe oxKaaHne JOX04a OT VICIIOJHEHs OIIMOHA
MP =16,52-0,027+11,33-0,158+5,00-0,348+0-0,467 =3,98.
Y JVICKOHTUPYEM €TI0 Ha CPOK ero JeiCTBUA:

_MP, 3,98
1+7 1+0,1

) ~ 3,62 pyod.

(pasHuIla B ABe Komeliky 00pa3oBaJjach 13-3a ommnboK okpyriaeHns). U
ITepetineM K pacCMOTPEHUIO I[EHOOOPA30BAHUS AMEPUKAHCKUX OMI[IOHOB.
OxasbIBaeTCsA, aMEePUKAHCKUII OIIMOH MOKYIATEJA MOKET ObITh BBLITOJHO

VICTIOJIHATH TOJIBKO B MOCJIEHNII MOMEHT CPOKa ero aeiictBust. OTcroza cjaeayer
TEOPEMA 3KBMBAJIEHTHOCTHU EBPOMEMCKMX U AMEPMKAHCKUX OMLMOHOB MOKYIMA-

TENA. PayuoHaabHas cmoumocms amMepuKaHcKozo ONYUoHa noKynamens cos-

nadaem ¢ PAYUOHAALHOU CTNOUMOCTHIO AHAA0ZULHOZ0 e8PONeUCK020 ONYUUOHA

noxynamens.

OnHAaKO aMEepPMKAHCKMII OMI[MOH HpPOJgaBIla YacTo ObIBaeT B bI-
TOOJHO MCHOJHUTBL JOCPOYHO, IOATOMY €ro paloHaJIbHadA CTOU-
MOCTBb MOKET OKa3aTbCsA TaKOI »Ke, KaK Y COOTBETCTBYIOIIIETO €BPOIIEVICKOT0
OIIIMIOHA (ecJ AOCPOYHOE MCIIOJHEHME OKaKeTCs HEBBITOJIHBIM) WJIV BbIIIEe
(ecou OyzieT BBITOJHEE VICIIOJHUTD OIIIMOH JOCPOYHO).
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OTO IIPUBOANUT K TOMY, UTO T€OpeMa O MapuTeTe JJid aMepPUKaHCKUX OO0~
HOB IIpeBpalllaeTcs B HepaBeHCTBO

X
1+9)"

111 OLleHKM pallyOHAJIbHOM CTOMMOCTY aMePMKAHCKIX OII[MOHOB IIPOJaBIia
OOBIYHO IIOJIB3YIOTCA METOJOM JOMHaMMUYECKOIO HOpOorpaMMMUpPO-
BaHuUA (cMm. pasgesnt 6—7).

B camoMm pnese, B OMHOMMAJIBHOM MOJEJM IIpollecc M3MeHeHUs 1leHbl aKIUuu
pacrazaeTcsa Ha M IepUOJOB (9 TaIloB), IIO3TOMY IIpoliecc IJIaHMPOBaHUSA
yIpaBJeHUA IIPOLIeCCOM BJAJIEHNs aMepPMKaHCKMM OIIMOHOM IIpojaBla (KO-
TOpPOE C CoZepsKaTeJIbHOM TOYKM 3peHMA COCTOMUT B TOM, UTO Ha KasKJIOM Ilare
JINIIO0, IIPVHYMMAIOIIee pellleHne, olpesiesisgeT, MMeeT JIY CMBICJ VMCIIOJTHUTD OIl-
LIMOH JIOCPOYHO WMJIM JIydllle IIOJIOKJAThb) ABJSAETCA MHOTOIIATOBBIM,
[IpyyeM KaskIblil pa3 ONTUMU3VPYeTCA yIIpaBJeHle TOJAbKO Ha OJHOM II1are.

IIpn sTOM HaudaJbHOE COCTOAHME IIpoliecca (HadaJsbHaAs IleHa aKI[MM) HaM
M3BECTHO, ¥ yIIpaBJIeHMe Ha KasKJOM IIare JOJI>KHO BbIOMPATBhCA C yIEeTOM
BCeX BO3MOJKHBIX OyAyLIIMX 3HAYEHWUI IIeHbl aKIuM, a IOoCJegJHUN
nrar IJaHupyetrca «b6e3 oryanky Ha Oynyliiee», IIOCKOJIBKY aMepUKaHCKUI
OIILIVIOH JIOJI3KEeH ObITh MCIIOJIHEH 10 OKOHYaHMA CPOKa ero MCIIOJIHEeHN, T. €. 10
OKOHYaHNA ITOCJeJHEero I1ara.

MPUMEP 20.1.4. OrmpenennTb palMOHAJIBHYIO CTOMMOCTb aMePMKaHCKOIO OIl-
LIMIOHA IIOKyHaTeJd C TePMUHAJBbHOM cToMMOCThI0 X = 40 py0. 1 CPOKOM MCIIOJI-
HeHMdA 1 rof;, BBIMCAHHOIO Ha aKIMIO 13 ycsoBusda npuMepa 20.1.1.

Pewenue. IIo Teopeme SKBUBAJIEHTHOCTM €BPOIEVICKUX U aMePUKaHCKUX
OIILIVIOHOB IOKyNaTeJ s paljOHaJbHasA CTOMMOCTb pacCMaTPMBaeMOro OILVIOHa
paBHa 2 py0. 24 ko1 (corsiacHo perreHnto npumepa 20.1.2).

Y06enyMcsa B TOM, YTO aMePUKAHCKUI OMIIMOH ITOKYIIaTeJs s HEBbITOJHO MCIIOJ-
HATb JocpouHo. VI3obpasum Ha puc. 20.1.3 mepeBOo BO3MOYKHBIX I[€H aKIIVIL
CrpaBa OT KasKJo¥ BepIIMHEI (KOTOPBIE IIPOHYMepyeM IBYMA MHAEKCaMI, IIep-
BBIV MHJIEKC O3HaYaeT HOMep Ilepuosa, a BTOPOIl — HOMEP BO3MOYKHOTO 3Hade-
HIA IIeHbl aKIMM) Ha cepPoM (P OHe yKaskeM lLIeHy aKIuM, a PAJIOM C Heil
OenplMu HuUudpPpaMMu Ha 4epHOM @ OHe HaOUIIEM BEJINIYNHY JOXO-
Jla, KOTOPBII MOJKHO IIOJYYUTh, VICIIOJIHUB OIIMOH HeMenseHHO. Hampuwmep,
ecsit akiuA cToutT 47 py0. 22 kot (B BepimHe 34), To HeMeAJIeHHOE MCIIOJIHE-
HJle aMepMKaHCKOTO OIIVIOHA IOKyIaTeJss IpuHeceT Aoxon 7 pyO. 22 Korr., a
ecs akuA cTouT 38 pyo. 68 kot (B BepiumHe 33), TO HEMeAJIEHHOE VCIIOJIHE-
HIe OIIVIOHA HEBBIMOJHO COBEPIIIEHHO (OH He IIpMHeceT J0X0Ja BoobIIe).

IIpenmonosxkuM, 4TO M3MEHEHMe IeHbl aKIUY IIPUBEJIO K JIOCTUKEHMIO Bep-
mHbI 34 (Korza axkuusa ctout 47 py6. 22 kor.). Ecoy MCIIOTHUTE ONIVIOH HEMe-
JIEHHO, TO MOJKHO ITOJIYYUTB JOXOZ B pasmepe 7 py0. 22 KOII., ecym 3Ke MOJ0K-
IaTh, Kak OyAyT pas3BUBaTbCA COOBITIA AAJIbIlle, TO BO3MOSKHBI JBa BapMaHTa!

e 10O I[eHa aKuuy yBesmanted 1o 52 pyo. 18 kom. (¢ BepoaTHOCTHIO 0,595), 1
TOrZla JepsKaTesb OIIVIOHA ITOJIyYNUT T0X0J B pa3dmepe 12 py6. 18 kor.,

e 0o 1eHa akiuy NoHM3UTCeA g0 42 py6. 74 Kom. (c BepoaTHocTs 0,405), n To-
I7a JepskaTesb OMIMOHA IOJYUYUT J0X0[ B pa3dMepe 2 py0b. 74 Kor.

(amep.) (amep.)
Py —C" ™+, >
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Puc. 20.1.3. Ynpasaernue npoyeccom graderus
AMEPUKAHCKUM ONYUUOHOM NOKYNAMENS
OsxkmmaeMblil JOXOJT OT MCIIOJIHEHNA OIIMOHA B OyAyIlleM paBeH

12,18-0,595+2,74-0,405=28,36.
ITockoJbKY 3TOT [OXOA OyAyT IOJIydeH TOJIbKO depe3 OAMH IIepuoj, Ayic-

KOHTHUPYEM €ro Ha 4eTBEePTb I'oga — AJIA CpaBHEHNMA C JOXOOOM OT HEMEOJIEH-
HOT'O UCIIOJIHEHNMA OIII[JIOHA .

8,36 8,36
’ =—— =816
(1+0,1)"* 1,024

AHAJIOTMYHO BBIYUCJIVM OXKMUAAEMBIA JOXOJ OT VCIOJIHEHMA OIIMOHA BO
BCE€X OCTAJbHBIX BEPIIMHAX JepeBa IIeH, NBUTasACh OT KOHEYHOI'O MOMEHTa K
HayaJbHOMY [cM. puc. 20.1.3, Ha KOTOpPOM OsKMAgaeMble JOXOAbl OT MCIIOJIHEHA
omnIoHa B OyayiieM n300paskeHbl He PHBIM N0 OeJJoMy crpaBa or (Oe-
JIO-YEPHBIX) JIOXOJIOB OT HEMEJJIEHHOTO MCIIOJIHEHUA OIIMoHa|. Beraenum
SKMPHBIM UM HOJYEPKHEM JIydlllee U3 JIBYX: HEMEJJIEHHOE MOJIy4YeHMe JO0XO0Ja
VIV OKUJIaHLIE.

OxoHYaTeJIbHO IOJIydaeM, YTO

_3,48-0,595+0,53-0,405
1,024

JIelICTBUTEJIbHO, 0Ka3aJI0Ch HEBBITOJHO JOCPOYHOE VICIIOJIHEHE aMEePUKAaHCKOTO
OIILIMOHA TOKYyIlaTeJs, ¥ €er0 palyoHaJbHas CTOMMOCTD COBIIaJIa C paljiOHAJb-
HOJi CTOMMOCTBIO aHAJIOTMYHOTO €BPOIIEIICKOro OMIMOHA IToKynaTesd.

B cnenyromem npumepe pasbepeM onpeneseHye parnoHaJbHON CTOVMMOCTY
aMepMKaHCKOIO OIIMOHA IIpOoJaBlia, KOTOPBINM, KaK Mbl yYBUIMUM, MCIIOJHATH
JIOCPOYHO BBITOJIHO.

MPUMEP 20.1.5. OmpenesnThb palOHAJbHYIO CTOMMOCTD aMEePUKAHCKOTO OIl-
IIVIOHA IIPOJIABIIA C TEPMMHAJIBHON CTOMMOCTBIO X = 40 py0. 1 CPOKOM MCIIOJIHE-
HMA 1 oz, BEINIMCAHHOTO Ha aKLMIo 13 ycJsoBudA npumepa 20.1.1.
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Pewenue. V306pasmum Ha puc. 20.1.4 nepeBo BOBMOYKHBIX IieH akiuy. Cripasa
OT Ka'KJIOll BepUIMHBI Ha CcepoOM (OHe yKaskeM lieHy aKIuM, a PAIOM C
Hell OesnbIMU HuUdppPpaMMU Ha YepHOM (OHEe HaOUIIEM BeJUUYNHY
JI0X0Ja, KOTOPBI MOKHO IIOJTYYUTh, VICIIOJIHUB OII[MOH HeMenJeHHo. Hampn-
Mep, ecan akumsa ctouT 47 pyO. 22 kom. (B BepinHe 34), To HeMeJJIeHHOE JC-
IIOJIHEHMIE OITI[MOHA HEBBITOJHO COBEPIIIEHHO (OH He IIPUHECET JI0X0Ja BOOOIIE),
a ecs ariua crout 38 pyo. 68 ko (B BepminHe 33), TO HEMEIJIEHHOE MICIIOJ-
HeHle aMepPUKaHCKOTro OIIMOHa IIpoJaBlia mpuHeceT 1oxox 1 py0. 32 Kor.

IIpenmososxkyM, 4TO M3MEHeHNe 1eHbl aKIUM IIPUBeJIO K TOCTUIKEHUIO Bep-
mHBI 33 (Korza akuusa ctouT 38 py0b. 68 ko). Ecom MCIIOTHUTE ONIVIOH HEME-
JIEHHO, TO OyeT 1oJrydeH noxon 1 py0. 32 KoII., ecs sKe NoJosK1aTh, Kak Oy oy T
pa3BUBATHCA COOBITIA AAJIbIIIE, TO BOSMOKHBI IBa BapMaHTa:

e 10O I[eHa aKuuy yBesmanted 1o 42 py0. 74 kom. (¢ BepoAaTHOCTHIO 0,595), 1

TOrZla JepsKaTesib OIIVIOHAa HMKAKOTO J0X0a He ITOJIyUnT,

e 0o 1eHa akiy noHmu3uTeA 10 35 pyo. 00 kor. (¢ BepoaTHocTs 0,405), 1 To-

Ia JepskaTesb OMIMOHA IOJYUYUT J0X0 B padMepe 5 py6b. 00 xor.
OsxkmmaeMblil JOXOJT OT MCIIOJIHEHN A OIIMOHA B OyAyIlleM paBeH

0,00-0,595+5,00-0,405=2,03.

ITocKoJIBKY 3TOT MOXO0J OyAeT MOJydeH TOJIbKO Uepe3 OAVH IIepuoJ, AVIC-
KOHTMPYEM €T0 Ha YeTBEePThb rofla — AJIA CPaBHEHMA C JJOXOAOM OT HEMEIJIEH-
HOTO MICITOJTHEHNSA OIIMOHA

2,03 203 _
1+0,1)"* 1,024

AHaJIOTMYHO BBIYUCJIVM OYKUJAEMBIA JOXOJ OT VCIOJIHEHUS OII[MOHA BO
BCEX OCTaJIbHBIX BEpIIMHAX JepeBa lleH, NBUTasgCh OT KOHEYHOI'0 MOMEHTa K
HagaJIbHOMY [cM. puc. 20.1.4, Ha KOTOPOM OKMJIaeMble JOXOIbI OT VICIIOJTHEHNA
omnIoHa B OyayiieM n300paskeHbl He PHBIM N0 OeJsoMy crpaBa or (Oe-
JIO-4YEPHBIX) IOXOJIOB OT HEMEJIJIEHHOTO VICIIOJIHEHNA OIIIMOHA |.

BriziesmM sKUPHBIM U IOAYEPKHEM JIyUIllee U3 JBYX: HEMeJJIEHHOe oJIyde-
HIe JOXOJa WM OXKujaHye. Buaum, 4To B OTIMYMe OT aMePUKaHCKOTO OO~
Ha MOKYIIaTeJId aMepPUKaHCKNUI OMIVIOH IIpoJaBlia ObIBAeT BBITOJHO MCIIOJHUTD
3apaHee.

OKOHYATEJILHO TIOJIy4YaeM, YTO HeMeJJIEHHOEe MCIIOJIHEHME OII[MOHA B Ha-
JaJIbHBII MOMEHT BpeMeHM (B BepiumHe () mpuHeceT A0X0J B pasMepe
5 py©. 00 Kor11., IPM 5TOM AMCKOHTUPOBAHHBIN OKMAAEMbBIN TOXOM OT MCIIOJIHE-
HIA OIMIMOHA B OyIyIlleM COCTaBJIAET

2,43-0,595+8,33-0,405
1,024

II03TOMY palMMOHaJIbHasA CTOMMOCTD aMEPVKaHCKOI'0 OIIIMOHAa ITPOAaBIla PaBHa

P = max{5,00;4,71} = 5 py6. 00 Korr. —

)

=471,

OHa, IEeMCTBUTEJIbHO, OKa3aJiaCh BbIIIIE PAIMOHAJIBHOM CTOMMOCTY aHaJOIMY-
HOTO eBpOoITelicKoro omiona. U

3aMeTuM, YTO HEeT HIMYero HeOOBIYHOTO B TOM, YTO PallMOHAJbHAA CTOMMOCTD
KaKoro-Jsnbo (pMHAHCOBOIO MHCTPYMEHTa OKal3ajlaCb PaBHOI HYJ IO 9TO
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IIPOCTO O3HAYAET, YTO TAKOM MHCTPYMEHT palIOHAJIbHOMY VHBECTOPY B IIPUH-
nuIiie HOKyrIaTb He CJIeILyeT.
A S

—~— 52,18 X1l —

~——147,22[X0] 0.00

—~— 42,74 gXKIY —

~—412 74 [X1] o0.78

1, o<<=— 38,68 JIEP] 2.43 33 —~— 38,68 [JIEE] 1.98

35,00 B 4,71 =—35,00 Y 4,07 :
=<— 31,67 FEE] 7,39 ——— 31,67 FEE] 7,39

~—— 35,00 BT —
<—758 67 [EEE] 10,40 —~——— 98,66 [EEY] —
— 25,94 FUAI 13,12

31
a - 02343 —

21

o
T T

T T T
0 1/4 1/2 3/4 1 t
IIeHa [Pier{e)igsie)/@: DNz (08 1VICKOHTVPOBAHHBIN OKIIAaEeMbII TOXO/,
aruuy @ik (S:vg0sive el 11D OTJIOSKEHHOM MCIIOJTHEHUY OIIIVIOHA

Puc. 20.1.4. Ynpasaernue npoyeccom eaaderHus
AMEPUKAHCKUM ONYUOHOM NPOo0asya

20.2. 3agaHMe NpPaKTHKYMa

HaitiTu paimoHaJJbHble CTOMMOCTY OMIIMOHOB €BPOIIEICKMX U aMePUKaHCKUX
MIOKyTIaTeN A U IPOAABIIA C TEPMUHAJBHOM CTOMMOCTBIO X PyO. ¥ CPOKOM VICIIOJI-
HeHUs 1roJl, BEINMCAHHBIX Ha aKIMIO, TeKyllasa IleHa KOTOpoil paBHa S, pyoO.,
ecJI M3BEeCTHO, YTO rozoBas Oe3pucKoBas IIPOIlEHTHAasd CTaBKa COCTABJAET
1 =10%, a rox pa3buBaeTcs Ha YETbIPe [IEPUOLA, B KasKIOM 13 KOTOPBIX aKIVs
MOXKeT BO3PacTM B ILieHe MM yHacTb B IleHe B u pa3 (mapamerpsl X, S, 1 u
IIPUBOLATCA IJIA KasKJIoro BapmuaHTa B Tab. 20.2.1).

Ta6bnuuya 20.2.1

Noe Vlcexonuble manubIe No Vlexonmubie nauabie | No JlcxomHuble maHHbIe

Bap. X S, u Bap. X S, u Bap. X S, u
1 120 80 1,06 13 120 80 1,19 25 120 90 1,13
2 110 80 1,07 14 110 80 1,20 26 110 90 1,14
3 120 80 1,08 15 120 80 1,21 27 120 90 1,15
4 110 80 1,09 16 120 80 1,22 28 110 90 1,16
5 120 80 1,11 17 110 80 1,23 29 120 90 1,17
6 110 80 1,12 18 120 80 1,24 30 110 90 1,18
7 120 80 1,13 19 120 90 1,06 31 120 90 1,19
8 110 80 1,14 20 110 90 1,07 32 110 90 1,20
9 120 80 1,15 21 120 90 1,08 33 120 90 1,21
10 110 80 1,16 22 110 90 1,09 34 120 90 1,22
11 120 80 1,17 23 120 90 1,11 35 110 90 1,23
12 110 80 1,18 24 110 90 1,12
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