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ViccnenoBaHue onepaumia

BBEAEHWE

Pa3BuTne n craHoBneHue nwboro obuiectsa 06ycnos-
NEeHO LefneHanpaBfeHHbIM UCCNeL0BaHUEM U BbIMOHEHUEM
MHOXecTBa 3afay pas/IMYyHbIX OTpacfiell HapoLHOro Xo3si-
cTBa. PelleHne Kaxoi U3 3TUX 3ajay ecTb, N0 CyTWU, HEKaS
onpejeneHHas onepayusa, peanusaums KOTOPOW [0O/MKHA
obecrneunTb 3DHEKTUBHOCTb NOCTAB/EHHOW LENn MUccneao-
BaHWA, 1, NpUYem B pasyMHble CPOKMU.

3amMeTM, 4TO He3aBWCMMO OT TOro» Kakas onepayus,
CNOXHAas UNM NpocTas, UCCneLyeTcs,» KauyeCTBeHHas ee pea-
nn3auma 3aBUCUT, B MNeEpPBYHD 0yepedb, OT MNPaBWUILHOTO
(hopmMann3oBaHHOIO ee MpeAcTaBfeHUs U MPaBUbHOMO Bbl-
6opa mMeTofa pelleHus. WccnegosaHue onepaluid, Kak pas,
N ecTb Ta Hayka, KoTopas obnafaetT MOLLHbIM KOMMIEKCOM,
anpobnpoBaHHbIX Hay4YHbIX METOLOB M MOAXOLOB, MpuMe-
HAKOLWMKXCA AN pelleHns 3ajay no aPeKTUBHOMY ynpas-
NeHN0 N06ON pa3yMHOM YenoBEYECKOWN AesTeNbHOCTU, B
4aCTHOCTM, NO OnepaTMBHOMY YMNpaBneHUI0 oTpacneii Ha-
POAHOI0 X035CTBA.

Pa3BuTMe WUCCNefoBaHUA oOnepauuii, MOXHO CKa3aTb,
MMeeT rNyb6oKue UCTOPUYECKME KOPHU, YXOAdALiMe B Janekoe
npowsoe. OfHaKo, [ATOM POXAEHUS WCCNefoBaHWA onepa-
UM, KaK CaMOCTOATE/IbHOMO HAYy4YHOr0 HanpaBneHus, NPUHS-
TO cuMTaTb Hayano BTOPON 4YeTBepTM XX cTonetumsd. B nos-
BMBLUMXCA, B TO BpeMs, NepBbIX Ny6aMKauuax no uccnefosa-
HUIO onepaunini Gbl1n N3N0XeHbl, pa3paboTaHHble MEeTOAbl U
noaXoAbl, NPUMEHEHHbIe ANS PeLleHns BOEHHbIX 3ajad, B Ya-
CTHOCTW, [ONS aHanu3a M uccnefoBaHus 60eBbIX Onepauuii.
Mo3aHee 1 B HacToALLee Bpems MPUHLMMBLI U METOAbI uccre-
[0BaHMs onepayuin  NPUMEHSNINCL W ..JOCTATOMHO LUMPOKO
NPUMEHAOTCA B chepe MNPOMbILLIIEHHOrO, (PMHAHCOBOr0
ynpaBfeHNs HapPOAHbLIM XO39NCTBOM.
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VccnegoBaHue onepauunii

Bo BTOpoii nonosuHe XX cTtonetusi, TouHee B 1957 ro-
ny, Oblna co3faHa, W, B HacToslee Bpems MPOLOSIKAeT
(hyHKUMOHNPOBaTb, MexayHapogHas defepaums 06LLecTs
no wuccnegosaHunto onepaynini — IFORS (International
Federation of Operations Research Sociaties), B cocTaB Ko-
TOPOA BOWWM HauWOHaNbHble KOMUTETbl U ob6LiecTBa no
nccnefoBaHuIo onepauuii MHOrMX CTpaH.

Bonblwoli Bknag B popMnpoBaHue 1 pasButue uccnepo-
BaHWS onepauuii, B CO34aHUN COBPEMEHHOro MaTemaTtuye-
CKOro anmnapara W pasBUTUA pafa ee HanpaB/ieHWIA BHeC/u
yyeHble P.Akog, P. bennman, . Oanuur, I'. KyH, T. Caa-
™™, P. Uepmen (CLUA), A. KogpmaH, P. ®op (PpaHums),
N.B. KaHToposuy, b.B. HepgeHko, H.I. BycneHko, A.b.
KOaunH, H.M. ®egopeHko (Poccua) v ap.

HacTosuwee yyebHoe nocobue opmann3oBaHO aBTopa-
MU Ha 6ase Tex mMatepuanos npegmerta «lMccnegoBaHus one-
pauunii», KoTopble NPenofgHOCUNINCL UMW, B TeyeHue 6onee
yeM 20 neT, CTyAeHTam (bakynbTeTa NPUKIAAHON MaTemaTu-
KW 1 uHpopmatnkyn CamapKaHLCKOro rocyfapCTBeHHOro
yHuBepcuteta. B HacToswee Bpems 3TOT KypC, B KauyecTBe
OLHOW W3 OCHOBHbIX [AWUCUMWNAWH, 4YWUTaeTCH CTyAeHTaMm,
obyvarowmmca B b6akanaspuatype akynbteta MH(opmaTu-
KW M MHDOPMaLUOHHBIX TEXHOMOTMIA Ha3BaHHOrO YHUBEp-
cuteta.

ABTOpbl OTMEYalT, YTO paboTa He UCK/KO4YeHa OT BO3-
MOXHOCTW [AONYLEHNUA HEKOTOPbIX CYyObEKTUBHbLIX MHEHWIA
Nno yactTu (hopmanusauum u M3N0XEeHUS Mmartepuanos, Jlio-
Oble noXkenaHus 6yayT NPUHATbI UMW C 61arofapHOCTbLIO.



VccnegoBaHue onepauuii

'ABA 1.
OCHOBHBbIE MPUHUWTBI NCCNELOBAHNA
ONMEPALIN

§ 1. OBLLAA XAPAKTEPUCTUKA NCCIEAOBAHVA
OMNMEPALINI

Onepauus, ynpasneHue, cUCcTema, cTpaTerus, onTuMabHas
cTpaTerus, KpuTepuii

11 MpegMeT nccnefoBaHMA onepauuii

WccnepoBaHne onepauunin aBnsetca, Mo CyTw, ewe Ho-
BOV MHTEHCUBHO pa3BMBalOLLEiCs HayKol. TOUYHOro u non-
HOFo onpeaeneHns AaTb e JOBOSIbHO-TaKN TPYAHO, HO, TEM
He MeHee, ANs MOHMMaHWA NpeaMeTa UCCNeAoBaHMS onepa-
LKA, ee codepXXaHusa U uenel, Takoe onpeaeneHme Heobxo-
ANMO.

NccnepoBaHve onepayunii —aTo Hayka, 3aHMMaroLWasncs
pa3paboTKol ” NPaKTUYECKUM MPUMEHEHWEM MeTO[0B
Hanbonee payMoHanbHOro (ONTUManbHOro) ynpasieHUs op-
raHM3aUNOHHbIMK CUCTEMAMMN.

MpeameT nccnegoBaHns onepaunii npeacTasaseT coboi
CUCTEMY OpraHM3auMoHHOr0 ynpaBfieHUs, KoTopas COCToUT
M3 OONbLLIOFO YMCMa B3aUMOAEWCTBYHOLWMX MeXay COo60iA
noapasgeneHnidi, MpUYEeM WHTEPeCbl NOApas3feNneHnidi He
BCerga cornacyrorcs Mexay coboli u MoryT O6biTb Mpo-
TUBOMO/OXHbI.

Llenbio uccnefoBaHns onepauyuii BNseTCs KOAUYecT-
BEHHOe 060CHOBaHWE, NMPUWHUMAEMbIX PelleHuidi No ynpas-
NEHNI0 OPraHM3aLMOHHbIMU CUCTEMAMMU.



VccnegoBaHue onepauuii

OCHOBHOW 3afjayein nccnefoBaHWsA onepayuin aBnseTcs
MOMCK Hauny4wmx nyTel, BeAYLWNX K JOCTVKEHNIO Lenun, u
NX OLleHKa.

Kak »n nwob6as gpyras Hayka, uccnefoBaHue onepayuit
06YyCNOBNEHO MHOWMWU CREUNPUYECKUMN MNOHATUAMU U
TepMUHaMK, Cpeamn KOTOPbIX OCHOBHbIM SBNAETCS MOHATHE
onepauun. lMog onepauuneil NOHNUMaeTcs KOMMAEKC AeincT-
BWI1, HaNpaB/ieHHbIX Ha AOCTMXXEHWE NOCTABNEHHONW Lenn.

B npoBegeHun no6oin onepaumm MOryT ObiTb 3afeiicT-
BOBaHbl COBOKYMHOCTb /UL, YCTPOICTB, aBTOMAaTOB, KOTO-
pble CTPEMATCA AOCTUYL CBOEN MOCTABAEHHOWN LeNn U HecyT
OTBETCTBEHHOCTb 3a BbIMOJIHEHNe onepaunn. Nx byaem Ha-
3blBaTb OMepupytoLlelii CTOpoHoi. Onepupytlolias CTOpoHa
BCerja MMeeT B CBOEM PacropsHKeHWM HEKOTOPbIi 3anac
PECYpCOB. TU pecypcbl UCMOb3YIOTCA U PacxofyroTcs one-
pupytoLLed CTOPOHOWN ANS AOCTUXEHUS NMOCTaBNEHHOW Lenn
M Ha3blBalOTCA OHW akTUBHbIMU cpefcTBaMu. Cnocobbl KX
MCNOMb30BaHUA, PacxofoBaHUS CUMTAKOTCA CTpaTernsamm
OMepupYyoLLLEei CTOPOHBI.

[ns [OCTMIXKEHMA MNOCTaB/IEHHOW LeAn onepupyroLLas
CTOpOHa Bcerfga nonb3yetca Hambonee 3MPEKTUBHBLIMU
cTpaTtermsMu, KOTopble, HECOMHEHHO, OTPaXXAaKT CyTb LeNN.
Takue cTpaTermm HasblBalOTCA ONTUMASIbHLIMMU.

1.2.  Kputepuii adhheKTUBHOCTU

Mpun nccnegoBaHUM Kakom-nm6bo onepauum, obasatesb-
HO BO3HWKaeT HEOOXOAUMOCTb BblAENEHUS HEKOTOPOro Kpu-
Tepus OLeHKU JOCTMXKEHWUS MOCTaBNEHHOW Lenun, KOTOpbIi,
B MepBYyl0 oyepeab, A0/MKeH obecneuntb mepy ah(heKTUBHO-
CTV pe3ynbTaTa BbIMOSIHEHWA OnepaLuu.

B o6uiem, cnoBO KPUTEPUI NPOMCXOAMUT OT rpPeyeckoro
krilerion n o3HauyaeT CpefACTBO AN CYX[AEHMWA, T.e. — Npu-
3HaK, Ha OCHOBaHMM KOTOPOro NpOM3BOAWUTCA OLleHKa, On-
pefeneHne UM Knaccugukayms 4ero-nnmbo; Mepuno Cyx-
AeHus. CnepoBaTeflbHO, MPUMEHUTENbHO K 3afjavam uccre-
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VccnenoBaHue onepauuii

[0BaHMA onepauuii, KpuTepuii — eCTb [NaBHOe CPeACcTBO
ANA KONUYECTBEHHOW OLEHKMW peLleHunid, CpaBHEHUSA UX Me-
XAy Co60i 1 Bblbopa Hamny4wero (ONTUManbHOro).

WccnegoBaTenb onepauuun, KOTOPbIA BXOAUT B COCTaB
OMepupytoLLeil CTOPOHbI, OLeHMBaeT pas3nyYHble UCXOAbl
onepayuu, COOTBETCTBYHOLLME pa3/IMYHbIM  CTpaTerusm,
Monb3yeTcs MMEHHO TakKuM KpuUTepuem, BepHee OH NoAabu-
paeT 3TOT KpuTepuii. NTakK, Kputepuin apheKTUBHOCTU —
3TO MaTemMaTUYeCKWA 3KBMBANEHT Lenu onepauuu, nosBo-
NAWNA  KONNYECTBEHHO OLEHMBaTb Mepy AOCTMKEHUS
3TON Uenu.

B pesynbTaTte pelleHns NOCTaBAEHHOWN 3afayn KpUTepui
3 (PEKTUBHOCTM AO/KEH NPUHUMATL Hauydllee 3HaYeHue.
B opHux 3agayax I3TOT KpPUTEpUi NpPUHUMaeT MaKcu-
Ma/sibHOe 3HayeHue, a B APYrnx — MUHUManbHoe. WHaue
roBops, B O4HWUX 3afayax Kputepuii apheKTUBHOCTM Heob-
X04MMO 06paTUTbh B MaKCUMYM, a B APYrMX —B MUHUMYM.

3afgaya, Korga Kputepuii apeKTUBHOCTM HEOBXO04MMO
MUHUMWU3NPOBATb, JIETKO CBOAUTCA K 3ajade MaKCMMU3a-
uumn, u, HaobopoT (4ns 3TOro A0CTaTOYHO M3MEHUTb 3HaK
KpuTepmsa 3aPEKTUBHOCTM HA NPOTUBOMONOXKHbINR).

Kputepuii ah(eKTUBHOCTU AOMKEH 06nagaTb HEKOTO-
PbIMWU 0CO6EHHbIMUN CBOMCTBAMU:

— He cofepxaTb 60NbLIOro 4Yncna, 3aTpyLHALWUX ero
nccnefoBaHune, NO60YHbLIX CBS3e U (PaKTOpPoOB, T.e. —MNpoO-
cToToi;

— OTpaxkaTb OCHOBHYI, a He Mo60YHble Lenn onepa-
unn, T.e. —NpPeLCTaBUTENIbHOCTbLIO;

— B [0CTAaTOYHOWN CTeMeHW pearnpoeatb Ha M3MEHEHUS
napamMeTpoB, XapakTepusyLux Bbl6op TON AN UHOW CTpa-
Ternn, T1.e. —KPUTUYHOCTLIO.

Ewe oAHUM OCOBGEHHbIM, HO He BCerja LOCTUraeMbiM,
CBOWCTBOM £BNAETCA €AMHCTBEHHOCTb KpuTepus 3addek-
TMBHOCTMW. DTO CBOMCTBO XapaKTepM3yeTcs TeM, YTO KaxAou
onepayuu LOSKEH COOTBETCTBOBATb €4UHCTBEHHbIA KpuTe-
, P 3 (PEeKTUBHOCTH.



ViccnegoBaHue onepauuii

AHanuanpysa fenn BbINMOMHEHUS OrMepauum, MOXHO Bbl-
[NennTb ABa BuAa Lieneii M COOTBETCTBEHHO [Ba Buaa KpuTe-
pus 3PHeKTUBHOCTH:

J. Llenn, cywHOCTb KOTOPbIX COCTOUT B TOM, YTO OHU
MOFYT ObITb AOCTUIHYTbI WM MEeT. Takue LeM HasbIBatoTCA
KayeCTBEHHbIMW. KauyeCTBEHHbI KpUTEPUin ahPeKrnBHOCTH
®, COOTBETCTBYHOLMIA KayeCTBEHHOW LEeNn, MOXET ObITb
3anuncaH Tak:

2. KonuyecteeHHble Uenn. CyLHOCTbHO KOMUYECTBEH-
HbIX LUenei SBNSETCA CTPEM/IEHWE K YBE/IMYEHUIO WK
YMEHbLUEHWIO LEeNun, 3aBucsLLeid oT cTpaTternii. Mo cyru ge-
Na-3To MoKasaTenb, ABAAKLWMIACA KONMUYECTBEHHON Mepoi
CTENEHN AOCTUMIXKEHUA Lenu onepauun.

PaccmMoTpuM npuMep NAaHUPOBaHUA MeXOoTpac/eBblX
NMOTOKOB BbIMyCKa npoaykuuu. MycTb MMeeTca psAfg oTpac-
Nnei HapOAHOro X03MCTBA, KaXAas M3 KOTOpbIX 3aHUMMaeTCs
BbIMYCKOM CBOei nNpoAyKuuu. ITW OTpaciv CTPYKTYPHO
CBfi3aHbl HEKOTOPbIMW CBOMMW MPOU3BOACTBEHHbIMW NOA-
pasfgeneHnaMn, UCMONHAKLWMMN XapaKTepHble UM paboThbl.
Kaxpoe nofpasfeneHue, A1 LOCTUXKEHUS COOCTBEHHbIX
Lenen, MCXoauT U3 CBOMX BO3MOXHOCTENM, KOTOpble MOpPOl
0Ka3blBAOTCA He BbIMOMIHUMbIMU M3-3a pAja NPUYNH. ITO
CBA3aHO CO MHOXECTBOM (paKTOPOB, KOTOpble B CBOK OuYe-
pedb ABMAKTCA 3aBUCMMbIMU OT [LeWACTBUI APYrux nogpas-
JeneHuii otpacnu. B 3TOM ciyyae BO3HMKAKOT CUTyauuu,
roe ctaskMBaloTCA NMPOTMBOPEUYUBLIE MHTEpeckl nogpasgene-
HWI, YCTpaHeHMEe KOTOpbIX MPUBOAMUT K HEKOTOPOW 3ajaye
KoMnpomucca. 3afadeid naaHUMpOBaHWUA Tenepb SBASETCH
MOWCK TaKOro Hyru, KOTOpbl MpuBedeT K peannsauum no-
CTaBNEHHOWN Uenw.
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WccnepgoBaHme onepauuii

Kaxpas oTpacnb CTPEMMUTCA BbIMyCcKaTb KaK MOXHO
6onblue MNpPoAYKUMW MPW HaMMeHbLIMX 3aTpaTax. [losTomy
OHa 3aMHTepecoBaHa B BO3MOXHO 6onee AMNTENbHOM W He-
npepbIBHOM MpOU3BOACTBE. Takoi npouecc, BO-MepBbiX,
MO3BONSET BbiMyCKaTb MPOAYKUWIO B OOMbLUIEM KO/MYECTBe,
N, BO-BTOPbIX, NMPUBOAUT K CHUXEHUIO ee cebecTOMMOCTMW.
[anee, BbINYCK W3aennii 60MbWIMMK NapTUAMKU TpebyeT
co3flaHns 60nbWMX 00bEMOB 3anacoB MaTepuasioB, KOM-
NNEKTYOLWNX n3gennin n 1.4. 3To, B CBOK o4yepedb, HaTan-
KWBAaeTCA Ha COOTBETCTBYHOLIME TPYAHOCTM CHAGXEHUS 1
XpaHeHus 3anacoB. OTcoga BO3HUKAKOT MPOTMBOPEUNBbLIE
06CTOSTENbCTBA BHYTPM NOApa3aeneHuii.

PYKOBOLCTBO KaXK[0M 0Tpacinun, CTpemMsacb MUHUMU3NPO-
BaTb pacxofbl PYHKLMNOHUPOBAHUSA CBOEro Mpou3BOLCTBEH-
HOr0 KOMMJieKca, MbiTaeTcs YCOBEPLUEHCTBOBATb CBOW
BHelWlHWe cBA3W. Hanpumep, 3aB03 pPecypcoB KakK MOXHO C
ONMXKHUX NPOU3BOACTB, OpraHu3auuns pasyMHOM peknambl,
N3yYyeHMe KOHBIOHKTYPbl pblHKA W T.4. 34eCb NpuUBEAeHbI
[JOCTaTOYHO MHOTFO pas3/IMYHbIX Leneli Npon3BOACTBA, KaX-
LYI0 M3 KOTOPbIX MOXHO W3MepATb COOTBETCTBYHLLUMM
eavHULaAMU n3mepeHns. OHU ABNAKOTCA NpUMepaMu KOJu-
YeCTBEHHbIX Lenei.

PaccmoTpuMm apyroii npumep. MycTb MMeeM [eno C He-
KOTOPbIM TEXHO/IOTMYECKUM NPOLLECCOM, peannsauus KoTo-
POro 3aBWCUT OT HAMMYMS 3HEPreTUYECKUX PecypcoB. 3[ech
OCYLLECTB/IEHNE TEXHONOFMYECKOro npouecca MOHOCTbIO
3aBMCUT OT HaNU4Ua B AOCTAaTOYHOM KONMYECTBE IHEPreTu-
YECKMUX pecypcoB. Llenb pgocturaeTcs Npu HalMumm 3TuX
pecypcoB, vHaue —rier.

10T nNpumep o6ycnosneH HanMuMem KayeCcTBEHHOW Le-
nn.
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VccnegoBaHme onepawui

1.3 OcCHOBHble 0COGEHHOCTM MCCMeA0BaHUSA Onepaunii

3BECTHO, UTO M3yyeHUe 06BLEKTOB M ABMIEHUIA KaK cuc-
TEM BbI3Ba/I0 ()OPMUPOBaHME HOBOro MNOAX04a B Hayke —
cucTeMHOro nogxofa. CucTeMHbI Noaxofn Kak obuemeTo-
ANYECKMIA NPUHLMUN WUCMOMb3YeTCA B Pas/IMYHbIX OTpacnax
HayKu W [eAaTeNbHOCTU 4YenoBeka. CUCTEMHbIA MNOAXOA4 —
3TO noAaxof K wuccnefoBaHuto o06bekTa (npobnemobl, sBne-
HWA, NPOLECCHl), T.e. CUCTEMbl, B KOTOPOI Bbl4eNeHbl 3ne-
MeHTbl, BHYTPEHHME WU BHELIHWEe CBA3MW, Hambofee cyLlecT-
BEHHbIM 00pa30oM BAMAKOLWME HA UCCNefyeMble pe3ynbTaTbl
ee (PYHKUMOHMPOBAHUA, a LENN KaxXLOro M3 3/eMEHTOB,
NCXOAAT 13 06LLero npegHasHayeHNs 06beKTa.

MOXHO TakXe CKas3aTb, YTO CMUCTEMHbIA NOAXOL —3TO
Takoe HanpaBfieHWe MeTOAO0/IONMU HAyYHOro MO3HaHUA U
NPakTUYeCcKoW [LesATeNbHOCTW, B OCHOBE KOTOPOrO NIeXWUT
nccnefoBaHne 1t060ro 06bLEKTA KAK CNOXHOW LLeNI0OCTHOM
COLManbHO-3KOHOMMYECKON cucTembl. Jllobas 3agava, Ka-
KOM 6bl YaCTHOW OHa He Kaszanacb Ha MepBblil B3rndag, pac-
CMaTpMBAETCA C TOYKW 3PEHMUA ee BAUSHUA Ha KpuUTepui
(hYHKLMOHNPOBAHUSA BCEW CUCTEMDI.

XapaKTepHOIl 0COBEHHOCTbK MCCMef0BaHUS onepayui
ABNAETCA CUCTEMHbIN MNOAX04 K aHanu3y MocTaB/eHHOM
npobnembl. WccnepgoBaHue onepauuii 06yCNOBMEHO TeM,
4TO MPW pPeLleHnn Kaxaon npobnembl BO3HUKAKT BCE HO-
Bble M HOBble 3aauWu.

OfHOM U3 TNaBHbIX U CYLECTBEHHbLIX OCOOEHHOCTEN nc-
cnefoBaHMA onepaynin ABNAETCS CTPEM/IEHWE HaWTM ONTU-
Ma/bHOe peLleHne, NOCTaBNeHHOW 3agayun. OfHaKo, 4acTo,
TaKoe pelleHne O0KasblBaeTCAd HEefOCTMXKMMbIM M3-3a Orpa-
HUYEHWW, HaKNafblBaeMblX VMEWLWMUMUCA B HanMyum pe-
cypcamn (geHeXHble CpeacTsa, MalMHHOE BPEMSA) UM e
BO3MOXHOCTAIMU COBPEMEHHOW Hayku. [ns MHOrMX 3afau,
B KOTOPbIX MPUMEHSOTCA KOMOWHATOPHbIE MeTOAbl pelue-
HWA, HanpuMmep, B 3ajayax KafleHAapHOro nnaHupoBaHUs,
npyv umucne CTaHKOB N<4, HaWTWU ONTWMa/SbHOe peLleHune
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ViccnegoBaHue onepauuia

OKa3blBaeTCs BO3MOXHbIM MPW MCMOMb30BaHWM MeToda Me-
pe6opa. OTMETMM, 4YTO M NpU HebONbLIKUX N, YNCNO BO3-
MOXHbIX BapMaHTOB 0Ka3blBAETCA HaCTO/IbKO 60NbLIMM, YTO
nepebop BCeX BapMaHTOB MPAKTUYECKM He BO3MOXEH [daxe
npyv UCNO/Ib30BaHUMN COBPEMEHHbLIX CPeACTB BbIYUC/IUTESb-
HOW TEXHUKMN.

OauH 13 ocHoBaTenen wuccnefgoBaHus onepauymii — T.
CaaTtu pan cnefytouee onpefgeneHue atoil Hayke: «Wccne-
[OBaHMe ornepauuini —3TO UCKYCCTBO fJaBaTb M/0XNE OTBETbI
Ha Te MpakKTU4YecKuMe BONPOCbI, HA KOTOpble [AOTCH eLle
XyALwwune OTBETbI APYTMMM METOAAMMN».

[na nposefeHus wuccnefoBaHWa onepauuii cospaertcs
HeKoTopasi rpynna cneynannuctoB. IT0 —YMpaB/eHLbl, NH-
)KEHEepPbl, MaTemMaTUKK, 3KOHOMUCTbI, COLMONOMN, MCUXOMO0-
rM, NporpamMucTbl U Apyrue. 3agadveil co3gaHmsa Nogo6HbIX
rpynn siBNSETCA KOMMJEKCHOE UCCNefoBaHMe BCEro MHOXe-
cTBa (paKTOPOB, B/UAKOLWMX Ha pewleHne npobnembl U UC-
Nonb3oBaHWe WAenl U MeTOAOB Pas/IMYHbIX HayK. DTO ABNA-
eTcs ewe OAHON OCOBEHHOCTbID WCCMeAoBaHMSA OMNepaluii,
cocTosiwas B TOM, YTO BCE MeponpusaTMA MPOBOAATCSA KOM-
NAEKCHO, MO MHOTMM HanpaB/iEHUAM.

MpobnemHble 3afaHuns

1 CdopmynupyiiTe Kakyl-HMOyALb npobnemy, oTpa-
XaroLwyo 3afady opraH1M3aLMoHHON CUCTEMBI.

2. Onpepenute XapakTepHble NPU3HaKK 3afayun 3afaHus
1 n copmynupyiite UX B TepMUHAX UCCNefOBaHMSA onepa-
LN,

3. [nda 3agaun 3agaHnda | onpegennTe uenu onepauun
n cHOpMynupyinTe COOTBETCTBYIOWUI KpUTEPUA 3 dek-
TUBHOE UM 419 KaXXJ0M Lenn.
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VccnegoBaHue onepauuii

Bonpockl gna camMonoaroTOoBKK

OnpepfeneHve nccnefoBaHnsa onepaymii.

OCHOBHa#d ueNb uccnefoBaHns onepawuii.
OnpepgeneHne onepauunm.

XapakTepHble 0CO6EHHOCTM KpUTepua aheKTUBHOCTH.
Buabl Kputepus aheKTUBHOCTH.

Ha3oBuTe OCHOBHble 0OCOGEHHOCTW WCCNeLOoBaHUS
onepaumii.

S wbdpE



ViccnegoBaHue onepaunii

§ 2. OCHOBHbIE 3TAIlNbI 1 MPNHLUWNIMbI
NCCNEQOBAHNA OMNEPALINIA

Onepauusi, 3afa4a, MoAeb, MaTeMaTunyeckas Mofenb, METOZ
PELLEHUS, NMHEIHOe NpOorpamMMM1pPOBaHWE, AMHAMWUYECKOe NPo-
rpamMMMpoBaHKe, CTOXacTMYECKOe NPOrpaMmMypoBaHume.

2J1. OCHOBHbIle 3Tanbl UCCNeAoBaHUSA onepauuii

WccnepoBaHme onepaumii 0XBaTbiBaeT LUMPOKUIA KPyT
3aiay, KOTopble XapakTepusykTcs MHOroobpasnem CBOWCTB
M NPUHLMNOB. ITOMY MHOroo6pasunto CBOMCTBEHHO TO, YTO
KaXX[0e nccnegoBaHme onepauny NnpoxoauTt nocneaosa-
TeNlbHO Yepe3 CrefytoLine OCHOBHbIe 3Tarbl:

1) nocTaHOBKa 3afjauu;
2) NOCTPOeHNe MaTeMaTUYecKoW MOAEeNw;
3) NoOUCK 1 BbIGOp MeTofa peLleHus;

4) nposepka u (Npn HeobxoAMmoe™) KOppPeKTUPOBKa
Mozenu;

5) BHefpeHWe pe3ynbTaToB pPeLleHus.

Jagnm KpaTKyrlo XapakTepuCcTUKy 3TUM 3Tanam.

MocTaHOBKa 3ajaun — Hanbonee CNOXHbIA M OTBETCT-
BEHHbIA 3Tan uccnefoBaHMsa onepauuun. 34ecb, MepBOHa-
4yanbHo, 3afava hopMupyeTca M MpeAcTaBiseTca ¢ NO3nULKiA
3aKasumka. lMoporo, Takas MNocTaHOBKa 3afayn He OblBaeTt
OKOHYaTeNbHON. AHanuM3npys WCCNefyeMyt CUCTeMy, Mpu-
XOAMTCA COBepLUeHCTBOBaTb MNOCTAHOBKY 3ajayn, T.e. —
YTOYHATL ee feTanu.

Ha BTOpOM 3Tane npoUCXOAMT MOCTPOEHWe MaTeMaTu-
YecKOl Mojenu, T.e. maTemaTuuyeckas (hopmanusauus 3aga-
yn. OTOT npouecc SBAAETCA TBOPYECKUM. 3[eCb KaxAblid
nccnegosaTenb onepauun CTPOUT MOAE/b UCXOAA U3 CBOUX
BO3MOXXHOCTEW, CBOEN MHTyunuuu. To3aToMy, OfHa WU Ta Xe
MOCTAHOBKA 33fauyM MOXeT OblTb MpeAcTaB/ieHa MOLENAMM.



VccnegoBaHme onepauni

OTANYaKWMMUCA N0 pasHbIM MNpuU3Hakam. 3TOT Mnpovuecc
TakK Xe ABNsAeTcA TPYAHbIM. 34ecb, OT uccnefosartens Tpedy-
eTCA AOCTAaTOYHbIX 3HAHWI NO MaTeMaTWKe W 3HaHWI 3akKo-
HOB TOI 06N1aCTN HayKu, ANA KOTOPOW ByAeT MPUMEHATbLCS
paspabaTbiBaemas MOJe/b.

MatemaTuyeckas Mofe/nb 3afayu, MOJlyyYeHHas B pe-
3ynbTate MpoOBeAeHWs 3TOro 3rtana, B HEKOTOPOM Cryuae,
MOXET UMETb BUA:

HaTN 3KCTPEMYM (MakCUMyM WUAWN MUHUMYM) QYHKLAN
z=f(x,y) npu orpaHunyeHusax g.(x,y) <wm>uwm=)6,, i=

3pech f(x,y) — ueneBas (yHKUMA (ckanapHas, moka-
3aTeflb KayecTBa UM 3PMEKTUBHOCTb CUCTEMbI); X — BEK-
TOp YMpaBNsieMbIX MEPEMEHHbIX; Y — BEKTOpP Heynpasnse-
MbIX MepeMeHHbIX; g,(X,}) - QyHKuns noTpebneHuns /-ro

pecypca; h, — BennumHa /-ro pecypca (Hanpumep, nnaHo-

Bblii (DOHA MalIMHHOIO BPeMeHMW TpPynmnbl TOKapHbIX aBTO-
MaTOB B CTaHKO-4acax).

Monck n BbIGOP MeTofda pelueHUs. OnpegeneHne onTu-
MasibHOro pelleHns (ecnu Takoe CyLLecTBYeT) paccMmaTpu-
BaeMOI 3afayM 3aBUCWUT, BO-NEPBbIX, OT BMAA LEeNEBON

GyHKumn f(x,y) , u, BO-BTOpbIX, OT (QyHKuuMn g,(Xx,y) ,

/ =1,777, C MOMOLLbI KOTOPbIX OMUCLIBAKOTCSH OrpaHUYeHUs

3afayn. ITO faeT BO3MOXHOCTb OTHECTM 3ajadvy K TON uam
MHOW 06n1acTM MaTeMaTMyeckoro nporpaMMUpoBaHUA U
NPUMEHUTb COOTBETCTBYIOLLME MeTOAbl OMpeaeneHns onTu-
Ma/lbHOr0 peLUeHus.

STan NpoBepKM MOAENM Ha afeKBaTHOCTb HE06XOoAuM
ANA YCTaHOBNEHUSA OLEHKM TOYHOCTM (B JOCTaTOYHOMN CTe-
neHn) paspaboTaHHOl Mogenn. 34ecb BbICHAKTCA Xapak-
TepucTuyeckne OCOBEHHOCTU MOAeNU U CTeneHb WX COOT-
BETCTBMSA peasibHbIM MapameTpaM paccMaTpuBaemMoro 06bek-
Ta.

B CNOXHbIX cucTemMax, K KOTOPbIM OTHOCATCA CUCTEMBbI
OpraHn3aynMoHHOro Tnuna, Moaesb NUilb 4YaCTUYHO OTPaXKaeT
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WccnegoBaHue onepauuii

peanbHbIl npouecc. o3aToMy 34ecb KpaliHe Heobxoauma
npoBepKa CTeNneHuW COOTBETCTBMA WAN afeKBaTHOCTW Moje-
NN K peasibHOMY npoLeccy.

EcTecTBeHHO, Nt06as MOCTPOEHHass MOAENb He MOXET
O[lHO3HAYHO OTpaXaTb BCE peanbHOCTW [eNCTBUTENbHOIO
06bekTa. [103TOMY NONYYeHHYH MOAENb HY>XXHO MoABepraTb
KOPPEKTUPOBKE, MyTeM MNPOBEAEHUS AOMONHUTENbHbIX WC-
cnefoBaHWii 00beKTa U YTOUYHEHUS CTPYKTYpbl ero MaTtema-
TUYECKOW Mogenu. Ans 3TOro Heo6XoAUMMO BO3BPATUICS K
HayanbHOMY 3Tany UccnefoBaHus.

Takum 06pa3oM, YeTblpe Ha3BaHHblE BblllE 3Tana Mno-
BTOPAKOT MHOFOKpPaTHO A0 Tex Mop, MokKa He GyaeT AocTur-
HYTO MpPaKTUYECKOEe COOTBETCTBME MEXAY BbIXOAHbIMW Ma-
pameTpaMy 06bLEKTA U COCTaB/IEHHOW MOAESbIO.

BHegpeHve pe3ynbTaToB pelleHus. ITOT 3Tan ABAseTcs
BaXKHEWL MM 3TanoM, 3aBepLuarmmM KccnefoBaHNe onepa-
unii. OH TakKXe SABASETCSH CMOXKHbIM U TpebyeT peLLeHus
MHOXKECTBa 3aflay, HaxoAsWMXxcs BHe 061acTuM mccneaoBa-
HUA onepaunii. OTMETUM, YTO MPOLIECC BHEAPEHUS PE3Y/b-
TaToOB MCCNeA0BaHUIA MOXHO paccMaTpuBaTb KaK CaMOCTOS-
TeNbHYK 3afavy, rae HeobXoAMMO MPUMEHEHME MEeTO/0B
CUCTEMHOrO MOAX0A4A ¥ CUCTEMHOIO aHanm3a.

2.2. TUNU4HbIE 3aJa4n UCCNEe0BaHNS onepaLuia

MpakTnyeckn, nobaa LeneHanpaBneHHasa LeATeNIbHOCTb
YyenoBeKa CBA3aHa C pelleHVWEeM KakuxX-To npobsieM, OTHO-
CALLMXCA K 3ajayvyam uccnefoBaHus onepauunin. Mo Kakum-
TO NpU3HaKaM 3TW 3afaynM MOXHO MoApasfenTb Ha COOT-
BETCTBYIOLLME Knaccbl. 13 3TUX KnaccoB 3agay MOXHO Bbl-
LennTh cnefylowme TUNNYHbIE 3adadn.

3agaya 06 oOMTUMasIbHOM MJ1aHe BbIMyCKa MPOAYKLUWN.
CyTb 3TOW 3aflaumn 3aK/oyaeTcs B CleaytoLleM, nycTb HEKO-
TOpoe NpeanpuaThe BbiNyCKaeT HECKONbKO BUAOB NPOAYK-
LUK, ANA KOTOPbIX HEOOXOAMMO OMpefesieHHOe KONMYeCTBO
BMAOB cblpbA. OT peanu3auuu Kaxabro aupa npc>gpy™ulpr
npeanpuAaTUE MMEET COOTBETCTBYHOLLYO Npubbiib. Jpgfyet-j
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ViccnegoBaHuve onepauuii

CA COCTaBWUTb TaKOW MfaH BbiNycKa MPOAYKLMUKU, KOTOpbIV
Obln1 6bl OCYLLECTBUM, YA0BNETBOPAN Obl NOCTaB/EHHbIM OF-
paHWYeHVAM Ha BbIMYCKN KaXOro Buga npofykumMm v B TO
e Bpemsa npuHocun 6bl 06LLYH0 NPUOBINL NPEeLNPUATUIO.

3afaya onpefeneHNss HauyyLlero coctaBa cmecu. ycTb
3aflaHO cofepXaHue HeobXO0AMMOro KOAM4yecTBa NUTaTENb-
HblIX BELECTB B Pa3/IMYHbIX KOpMaxX, MPUMEHSEMbIX AfiS
KOPMJIEHUSA XMBOTHbIX. KpoMe TOro, M3BecTHa Takxke LieHa
eAUHULbI KaXAOro Buaa Kopma. TpebyeTca Bbi6paTh TakoMm
paunoH, T.e. Habop M KONMYECTBO KOPMOB, 4YTOObI Kaxkaoe
nuTaTeNlbHOE BELLECTBO COAEPXaNoCb B HeM B Tpebyemom
KONU4YecTBe, HEOOXOAMMOM [N KOPMJIEHUS >XWBOTHOIO U
TakXe, YToObl CyMMapHble pacxofbl Ha 3TOT pauuoH 6binu
MUHUMabHbI.

3agaun ynpaeneHust 3anacamu. 3TW 3afayu COCTaBNAOT
Hanbonee pacnpocTpaHeHHbI U M3y4YeHHbI, B HacTosLiee
Bpems, Kiacc 3ajad umccneposaHua onepauuii. CyTb 3TuX
3aflay 3ak/ovaetcs B cnefytouwiem. Jlio6oe X039MCTBO, AN
HOPMasbHOT0 (YHKLWOHUPOBAHUA, CTPEMUTCS VMMETb On-
pefeneHHbI 3amac pecypcoB. YBe/MYeHMe 3anacoB MpuBO-
AWT K YBEIMYEHUIO PAaCXOA0B Ha UX XpaHeHue, HO Mpu 3TOM
YMEHbLUAKTCA MOTepu M3-3a BO3MOXHOW WX HexXBaTKMW.
CnefoBaTeflbHO, OAHa W3 33ajay ynpasneHus 3anacamu 3a-
KMK4YaeTcs B OMpeAeneHny Takoro YpOBHSA 3anacoB, KOTO-
pbli MUHUMU3NPYET CYMMY OXWAaeMblX 3aTpaT Mo XpaHe-
HWIO 3anacoB, a TakXke NoTepb M3-3a UX AeuumnTa.

B 3agavax ynpaBneHus 3anacamu MOryT BO3HMKaTb Cle-
Ayoumne cutyaumm:

—3anac NonoHAETCA MIHOBEHHO;

— 3anac MomnoJsIHAeTCA B TeYeHUe OnpefeseHHOro Mo-
MeHTa BPEMEHU;

—TOMNOJIHEHME 3anaca NPOU3BOAMTCA Ha OCHOBE BEpPO-
ATHOCTHOI OLLeHKW CUTyauuu.

TpaHcrnopTHas 3agadva. ycTb TpebyeTca JOCTaBUTb He-
KOTOPbI/ O4HOPOAHBIA TPy3 M3 MYHKTOB MPOW3BOAUTENEN B
NYHKTbl noTpebuteneii. KonumyecTBo 3TOro rpysa, Bbinyc-
Kaemoro KaxgbIM Npov3BoguTenem v notpebHoe ero Koau-
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ViccnegoBaHue onepauuia

YECTBO KaX[blM MNOTpPebuTeneM, CUYUTAKOTCH W3BECTHBLIMW.
Heo6xoanmo coCcTaBUTb TaKOW MAaH MepeBO30K, YTOObI 3a-
Npocbl Kaaoro notpebutens 6OblinnM ya0BNeTBOPEHbI, YTOObI
BeCb rpy3 Obln BbIBE3eH M3 MYHKTOB MPOM3BOAUTENER W1,
NpUYyeM, C HaUMEHbLIMMW 06LLMMK 3aTpaTamMu.

B aToin 3agaye MOryT BO3HUKHYTb [iBE CUTYyaLUN:

— KO/IMYECTBO Ipy3a paBHO KOMMYeCTBY 3arpoca noTpe-
outenei;

— KO/IMYeCTBO rpy3a He paBHO KOMMYEeCTBY 3anpoca Mno-
TpebuTenei.

3ajaun pacnpegeneHNa pecypcoB. OTU 334ayn BO3HUKa-
0T B TeX CUTyaumsx, Korfa cyui,ecTByeT HEKOTOpbIA Habop,
nogsiexawimx 1UcnosHeHuto, paboT (onepauuid). MNpu atom,
MOXET 0Ka3aTbCsl, YTO HalMyune pecypcos AN 3PPHeKTUBHO-
ro BbIMOJIHEHUA KaXOW paboTbl 3a4acTyt0 He XBaTaeT.

B 3Tux 3amayax, B 3aBMCUMOCTM OT YC/OBWIA, MOTYT BO3-
HUKHYTb CNefytoLlime cuTyaunmu:

— W3BECTHbl U paboTbl, U pecypcbl. Heobxogumo Tak
pacnpefennTb pPecypcbl Mexay pabotamu, 4To6bl MpUbbIIb
Oblfia MaKCUMasibHOM, UK Xe 3aTpaTbl 6bIIM MUHUMATbHBI;

—MW3BECTHbI TO/IbKO Ha/lMyHble pecypcbl. TpebyeTcs on-
pefennTb, Takoi coctaB paboT, YTo6bl 06ecnevynmTb Makcu-
MyM [0X0fa C YY4eTOM 3TUX Pecypcos;

—W3BECTHbI TONbKO paboTbl. Heobxoammo onpegenntsb,
Kakune pecypcbl HYXHbl 415 TOro, 4tobbl MUHUMU3UPOBATb
CYMMapHble U3AepXKN Npon3BOACTBA.

3asfaum maccoBoro obcnyxkmeBaHus. B aTux 3afjadax uc-
crefytoTcsa BONpoCbl 06pasoBaHUs U (PYHKLMOHMPOBaHUSA
oyepefen, onpefeneHns pasUYHbIX NapaMeTpoB CUCTEM
06CNyXXMBaHWUA Ha pasNMYHOW cTaguum KX paboTbl, C KOTO-
PbIMU NPUXOAMUTCA CTANIKMBATLCA Ha NpakTuKe. B 3aBucu-
MOCTW OT YC/IOBWIA, 34eCb MOryT OblTb PacCMOTPEHbI cre-
fytoume cuTyauuu:

— TpeboBaHuMA Ang o6cnyXKmMBaHMA MOCTYNAaKT U3 HEOr-
paHUYEHHOLW WCTOYHUKA;
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VccnepgoBaHume onepaunia

— B CUCTEME HET MecT A48 OXKuaaHus, T.e. TpeboBaHUSA
He 06CNYXXMBAKTCA M3-3a 3aHATOCTU BCEX MeCT 06CnyXuBa-
HUS;

— B CUCTEMe MMelTCA MecTa ANs oxupaHus. B cnydae
3aHATOCTM BCEX MeCT 06CnyXuBaHWs, NOCTynuBLine Tpebo-
BaHWA MOryT MOAOXAaTb B OYepesn Ha 06CMy>KMBaHME.

3afaum Teopun pacnmucaHu (3agadn  yrnopsLoveHus).
3T 3agaun 06YyCNOBMEHbl CNefyHLWUMU OCOBEHHOCTAMMU.
3BecTHbI, nogsexatine MCNONHEHUIO paboTbl U YCTPOMCT-
Ba (MalWWHbl NOAM W T.N.) 4N BbINOMHEHMUA 3TUX paborT.
TakXe M3BECTHO BpemMs, OTBeAEeHHOe Ha BbIMOJIHEHME KaX-
[0V paboTbl Ha KaxoM ycTpoicTBe. Heob6xoamMmo cocTa-
BUTb Takol NnaH (Takoe pacnucaHue) BbIMOAHEHUS 3TUX
paboT Ha yCcTpoicTBax, YTO6bl MakCUMM3MpoBaTb (MAKM MU-
HUMMW3NPOBATb) HEKOTOPbIA KpUTepuin  ahHeKTUBHOCTH,
Hanpumep, MUHUMWU3MPOBATb CYMMapHYK MNPOLO/KUTENb-
HOCTb paboT.

3agayum CceTeBOro M/laHMPOBaHUA W ynpas/ieHnsa. 3[ecb
paccmaTpMBaeTCs KOMMeKC onepauuid, rae npoAoIKUTe Nb-
HOCTb BPEMEHM BbIMOIHEHNA KaXAOW onepauum cuuTaeTcs
M3BECTHON. Takxke MOXeT 6blTb 337jaH0 AMPEKTUBHOE BPeEMS
BbIMO/IHEHNA KaXXA0 onepauum M KOMMaekca onepauuin B
uenom* B 3Tux 3agavax OnpeaensoTCa BPeMeHHble napa-
MEeTpbl, YCTaHaBNMBalOLLME 3aBUCUMOCTM Onepauuii gpyr ot
apyra. OHM MOryT OblTb PacCMOTPEHbI B CleAyOLWMX nocTa-
HOBKaXx:

— M3BeCTHA MPOAO/MKUTENbHOCTb BCEr0  KOMMeKca.
Heobxoanmo onpegennTb CPOKM Havana Kaxzaon onepauuu,
npu KOTOPOA MWHUMU3MPYeTCH (UM MaKCUMU3UpYeTCcs)
KaKoM-HNOYab KpUTEPUA;

— N3BECTHbI 06LlWKe pecypcbl. HY>KHO onpefenntb cpo-
KW Hayana Kax[oi onepauuu, KOTOpble MO3BONASKOT MUHMU-
MWU3UPOBaTb MPOLO/MKMUTENLHOCTb BbINOMIHEHUA BCEr0 KOM-
nnekca pabor.

3afaya 0 HaszHauyeHusiX. VimeeTcs onpefeneHHoe KONu-
YECTBO pasfiMyHbIX paboT M YCTPOMCTB (MalWH, NOLeld U
T.M.) 4N MX BbINONHEHWA. Kaxaoe ycTpOncTBO MOXET 6bIThb
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VccnegoBaHue onepaunia

Ha3HayeHO Ha N6yl paboTy, Npuyem WU3BECTHbI OXuiae-
Mble 3(WPEKTbl OT UCMO/Ib30BAHMA KaX0N paboTbl HA Kax-
aom yctporictee. CyTb 3TOI 3afayn COCTOWUT B ONpPeAeneHum
TAaKOro nnaHa HaszHayeHwWid, 4Tobbl CyMMapHble 3 HeKTnB-
HOCTM ObINN MaKCUMaNbHbIMN.

MaTtemaTnyeckue Mogenu 3afjay mccnefoBaHnA
onepaywii

Niob6as 3afaya B CBOE NMOCTaHOBKE W [a/bHelwemM uc-
CnefoBaHUN HembiciMma 6e3 opmanus3aumm 1 npepcras-
NEeHNs ee B MaTeMaTU4eCcKoOM BufAe. DTOT npouecc obycrnos-
NeH WUCMNOo/ib30BaHWEM 3aKOHOB W CUMBOSIOB MaTeMaTuKM,
npaBunbHOe (POPMMPOBAHME KOTOPbIX, MPUBOAUT K, TaK Ha-
3blBaeMOI, MaTemMaTUYeCKO MOAEeNN.

Matematnyeckass Mofenb N060W 3agayv npeacraBnseT
coboli HekOoTOpOe MNPUOBIMXKEHHOE OMucaHue paccMaTpu-
BaeMbIX SIBIEHNI, COOLITUIA, onepauwnin, NpyM MNOMOLLM Ma-
TEMaTMYeCcKol CUMMBOAUKW. MaTtemaTuyeckas MoAenb Mo-
3BONSET MO3HaTb M OLEHUTb CTPYKTYpY uccreayembiX 06b-
eKTOB, MPOrHO3MpoBaTb MOBeAeHUEe 3TUX O0OBLEKTOB Ha On-
pefeneHHbIi MHTepBan BPEMEHU M NPUHUMATb pelleHue Mo
3P(eKTUBHOMY UX YNpPaBIeHUIO.

Mpouecc mMaTeMaTUYeCKOr0 MOLENNPOBaHMA, KakK Obl10
OTMEYEHO BbIlle, ABNSETCA BTOPbIM OCHOBHbIM 3Tarnom Mc-
cnefoBaHMA onepauuii. 3TOT 3Tan OyAy4nm TBOPYECKUM
npoueccom, TpebyeT OT wmccnefoBaTenss BCECTOPOHHEN Ha-
YUYHOW 3pyANpPOBaHHOCTMU.

Mpouecc MmaTemMaTUY4eCKOro MOZLENMPOBAHUSA  MOXHO
nogpasgennTtb Ha 3 aTana.

MepBblli 3Tan - opManu3aunsa KOHUENUWn, onpeje-
NALWUX CTPYKTYPHbIE CBA3W UCCeAyeMbIX 06bEKTOB MOAe-
nn. 3pecb TpebyeTcs KauyecTBEHHbIA c6op MH(opMmaLmu,
OTHOCALWEACS K M3yYaembiM SIBNEHUAM, YTO B NOCNEACTBUM
no3BONseT MpeLACTaBUTb MUCCNefyeMblli 06BLEKT B MaTeMaTty-
YECKUX TEPMUHAX.
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ViccnegoBaHue onepauuia

BTopoli atan HanpasfeH Ha WccnefoBaHVe W peLleHue
C(hOpMYNMpPOBaHHbIX 3afay, MpPeAcTaBNEHHbIX MaTemMaTuye-
CKUMWU MofensiMu. Ha 3TOM 3Tane BaHYK pofib npuobpe-
TalOT MaTteMaTu4eckuii annapat, HeEOOXOAUMBIW ANA aHanu-
3a MaTeMaTnyecknx Mogenen.

TpeTnini aTan — oLeHKa afeKBaTHOCTU C(HOPMUPOBAH-
HOW MOZeNnn npakTUYeCcKUM aHanoram. 3aecb ycTtaHaB/vBa-
eTCA COrNnacoBaHHOCTb pPe3y/nbTaToB OMbITOB C TeopeTuye-
CKMMU KOHLenunsamu.

Kak 6b1/10 OTMeYeHO paHee, AN OLEHKWU Pas3nyHbIX
MCXOLOB OMepauun, COOTBETCTBYIOLME pa3/IUYHbIM CTpaTe-
rMsM, HeO6X04MM HEKOTOPbI KpUTEPUn athheKTUBHOCTH.

B [oCTatoyHO MpoCTbIX CUTyauumax mccrefoBaHUs one-
payuii, ygaetca OrpaHMYUTbLCS €AUHCTBEHHLIM KPUTEPUEM
onTuManbHOCTW. COOTBETCTBYIOLME 3afayn MPUHATUSA pe-
LWeHW Ha3blBAOTCA O4HOLENEBbIMU UM OLHOKPUTEPUASib-
HbIMW. MOXHO TaK e OTMeTUTb, YTO peasibHO, MHOTUe 3a-
Jayn uccnefoBaHUsA onepauuin XapakTepusyroTcs MHOrO-
KpUTepuanbHOCTbIO (HanpuMmep, BbINYCTUTb KakK MOXHO
6onblWNn 06beM NPOAYKLUY C HAUMEHbLUMMM 3aTpaTaMu U
T.M.).

B Hayane paccmoTpuM OfHOKpUTepuanbHble 3ajayn uc-
cnefoBaHua onepayuii. TycTb MMeeTcsa HekoTopas onepa-
uus, T.e. ynpaBnseMoe MeponpuaTUe, Ha UCXOL KOTOPOro,
onepupytolLas CTOPOHA MOXeT BAUATL B KakKOMW-TO Mepe.
A(PeKTUBHOCTbL 3TOr0 ynpasneHUs XapakTepmnsyeTcs HeKo-
TOpbIM KpuTepuem 3PHEKTUBHOCTU z, AONYCKAKLWWUM KO-
NNYeCcTBEHHOE NpefcTaBneHue. 3aecb Kputepuii ahheKTuns-
HOCTM MOXeT ObITb 3agaH nMbo B Buge (MYHKUUKU, Nn60 B
BUge (PyHKUMOHana, nMbo MMeTb NULb anropuTMUYECKoe
3HauyeHue.

BennunHa kputepuns appeKTUBHOCTM Z 3aBUCUT OT pA-
fa (hakTopoB, KOTOPbIA MOXHO pa3buTb Ha fBe rpynnbi:

1) KOHTponupyemble (ynpasnsieMble) (akTopbl, BbIOO[
KOTOPbIX HAaxoAUTCS B PacnopsXXeHUn onepupytollein cTo-
POHbl. KaXAblll KOHKPeTHbIA Bbl6OP 3HAYEHUW KOHTPOU-
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VccrnepoBaHue onepaumia

pyeMblX (PaKTOPOB, COCTaBNSeT CTpaTeruio OnepupyroLLen
CTOPOHBbI;

2) HEKOHTpoNupyemMble (Heynpasnsemble) (akTopsl,
KOTOpble onepupytowias CTOpOHa BAUATL He MOXeT. B co-
CTaB HEKOHTPOAMPYEMbIX (PAKTOPOB BXOAMT W Bpems, ec/iun
B onepauuMy Yy4yacTBYKOT AMHAMU4YeCKUe OOBLEKTbI, W3Me-
HAOLLME CBOW CBOWCTBA U NOBEAEHNE BO BPEMEHMW.

B cBOW ouepefb, HEKOHTPO/NMpPYeMble (haKTOpbl, B 3a-
BMCUMOCTW OT MH(OPMUPOBAHHOCTU O HUX WCCMefoBaTens
onepaymii, MOXHO pa3buTb Ha Cnefytowue Tpyu rpynnbl:

1) npeTepMMHUPOBaHHbIE (DaKTOpPbl — Hecny4aliHble
(hMKCMpOoBaHHble (haKTOPbl, T.e. U3BECTHbIE (haKTOPbI;

2) cToxacTu4yeckue (akTopbl — caydaliHble (hUKCUPO-
BaHHble (PAKTOPbI-BE/IMUMHBI U MPOLECCHl C W3BECTHLIMU
OMepupyloLLein CTOPOHe 3aKOHaMW pacnpeeneHus;

3) HeonpegeneHHble (akTopbl, 418 KaXAOT0 M3 KOTO-
PbIX M3BECTHA TO/IbKO 06/1aCThb (ONpefeneHuns) BO3MOXHbIX
3HaHUI (hakTopa UM 06nacTb, BHYTPU KOTOPOWA HaxoguTcs
3aKOH pacnpejeneHus, ecnm (pakTop CnyyaeH.

B cOOTBETCTBUM C BblgeNEHHbIMWU (pakTopamu, KpuTe-
puii 3PHeKTUBHOCTM Z, MOXHO MNPeAcTaBUTb B BUAe 3aBU-
CUMOCTH:

z =f(x,a,y,v,t) ,

rge X — BEKTOpP KOHTPO/NMpYyembiX (DaKTOpOB, a — BEK-
TOP HEKOHTPONIMPYEMbIX (IMKCUPYEMbIX (PAKTOPOB, Y — BeK-
TOP HEKOHTPO/IMPYEMbIX CTOXacTUYeCcKUX (haKTopoB, V —
BEKTOP HEKOHTPONIMPYeMbIX HeornpefenieHHbIX (pakTopos, t
— Bpems.

Bce BeNMUMHBI, BAMAIOLWME HA MCXOA onepauunmn, obbly-
HO, OrpaHWyYeHbl PAAOM eCTeCTBEHHbIX MPUYUH, 4YTO MaTe-
MaTMYECKM MOXHO BblpasnTb B BUAE C/eAYHOLNX YCTOBUIA:

S, =4, (x-a,YM1',0 N (Mnu> nanm =)b,, /=\,Tm

ATK ycnosua onpefenstoT 061acTn gonycTumbix 3HaYe-
HWIA, BHYTPU KOTOPbIX PacrnosioXXeHbl BO3MOXHbIE 3HAYEHMUS
BCeX (PaKTOpOB.
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ViccnefoBaHue onepauuii

MockonbKy, KpuTepuii 3PPEKTUBHOCTM €eCTb KOJ/U-
YeCTBEHHAA Mepa CTeMeHW LOCTUXEHUA Lenu onepauun, TO
MaTeMaTuyeckun, Lefb BblpaXaeTcd B CTPEMJEHUM K BO3-
MOXHOMY YBe/IMYEHNIO (UM YMEHBLUEHUIO) €ro 3HaAYEH M.

CpefCTBOM [LOCTUXEHWUS 3TOW Uenn, ABNAeTCAS COOTBET-
CTBYIOLLMIA BbIGOP OMepupYtoLLLeil CTOPOHOIN CTpaTernn x m3
06M1aCcTM AONYCTUMbIX 3HAYEHWUA KOHTPONMPYEMbIX (haKTo-
POB.

Takum o06pa3om, mnepea NWLOM, OTBETCTBEHHbIM 3a
NPUHATNE peLleHns, CTOWUT 3adaya, KOTOpYH MOXHO cdop-
MYNMpoBaThb Criegyowmnm o06pasom:

npy 3afaHHbiX 3HAYEHUAX HEKOHTPONIMPYeMbIX (haKTo-
POB @ M Y, C YYETOM HEKOHTPO/NIMPYEMbIX HEONpeLe/leHHbIX
(haKTOpPOB V, HAWTW ONTUMa/bHble 3HaYeHMs X° K3 ob6nactu
[OMYCTUMbIX 3Ha4yeHWl, KoTopble obpawann 6bl B MakKCu-
MyM (MUHUMYM) KpUTepuin apheKTUBHOCTN Z-

3TX 3afja4y (hopmManbHO MOXHO NPeACTaBUTH B, BUAE:

z —>max (min),

gt=9gtO,a,y,Vv,/) <(mnn> nnn=)6,., /=u I.

2.4. Knaccumkaumsa maTemMaTMyecKmux Moaenen sagay
nccnegoBaHMA orepaumi

B HacToflee BpeMs, He CyLecTBYeT 0O6LenpUHATON
YHVBepCanbHOW KnacCuunKaLMOHHOW CXemMbl MaTemaTuyec-
KUX Mofenein 3agay uccnefoBaHus onepaumini. MoXHO Bbl-
[ennTb OTAeNbHble UX KnacCUPUKauMoHHble MPU3HaKW, a
VMEHHO:

1 KonnuecTBo uenein onepayun, npecnegyembix 0f4HOV
onepupytoLLeit CTOPOHOMW U COOTBETCTBYHOLMX 3TUM LEeNsmM
KpTepuesB 3a(h(heKTUBHOCTMU.
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VccnepoBaHue onepauuii

2. Hannyme wunu OTCYTCTBME 3aBUCUMOCTU KpUTEPUEB
3P PEKTUBHOCTM U AUCLUMIMHUPYIOLWNUX YCOBUA OT Bpe-
MeHW.

3. Hanuuue cnyyaiiHbiX M HeonpegeneHHbIX PakTopos,
B/INAKOLLMX HA UCXOL onepavluu.

Mo nepBoMy KnaccU(MKaLMOHHOMY MNPU3HaKy 3ajayu
nccnefoBaHNs onepauuin fendartca Ha Asa 60MbLIKMX Kiacca:
OLHOKpUTEpUanbHble (CKanfpHble) U MHOTOKPUTEPUA/bHbIE
(BEKTOpPHbIE).

Mo BTOpOMY KnaccU(MKaLWOHHOMY NpPU3HAKY 3afayu
nccnefoBaHUsA onepauuin Tak Xe [enaTca Ha [Ba Knacca:
cTaTMyeckme M AMHaAMMyeckue. B cTtaTnueckmx 3afavax uc-
cnefgoBaHus onepauunii PYHKUKUSA, € NOMOLLbIO KOTOPOW on-
pefenseTca KpuTepuin (Uenb) onepauum U QyHKLMA orpa-
HWYEHWUI He 3aBUCAT OT BPeMeHW. B AuMHamMu4eckux xe 3a-
flayaXx — UMeeTCs 3aBUCUMOCTb OT BpPeMeHW. ITW 3ajauu
CNOXHble N B HACTOALLEe BPeMsi OHW elle He Nonyyunu
LIMPOKOTr0 NPUMEHEHNA Ha NpakKTUKe.

Mo TpeTbemy KnacCcuUKaLNMOHHOMY NPU3HaKy —onpe-
[eNeHHOCTb-PUCK-HeoNpeAeieHHOCTb —3a4a4n nccnefosa-
HUA onepaunin fenatca Ha Tpu 60MbLUIMX Knacca:

1 [eTepMUHMPOBaHHbIe 3afjayn wnccnegoBaHuA onepa-
Unin, T.e. UccnegoBaHue onepayuii Npu ONpeAeneHHOCTH.
STM 3afaunm XapakTepusyroTCHd OLHO3HAYHOCTbIO WU fAeTep-
MUWHUPOBAHHOCTbIO MeXAy NPUHATbIM pEeLIeHWEM U UCXO-
AOM. 3[eCb, OTHOCUTENLHO KaXAoW cTpaTeruu, onepupyto-
el CTOPOHe 3apaHee W3BECTHO, YTO OHa MPUBOAMUT K He-
KOTOPOMY KOHKpPETHOMY pe3ynbTaty. B aTux 3agavax Kpute-
pUin 3PPEKTUBHOCTU U AUCLUNIUHUPYIOLLME YCNOBUA 3a-
BMCAT TONbKO OT CTpaTerMm Onepupytoliein CTOPOHbI K
(PMKCUPOBAHHbIX HEKOHTPOJIMPYEMbIX PaKTOPOB.

2. CrtoxacTunyeckme” 3aflaym wmccnegoBaHus onepayui,
T.e. uUccnefoBaHMe onepauuii npu pucke. 3aecb, Kaxgjas
cTpaTerus OnepupyoLleil CTOPOHbI MOXeT MPUBECTU K Of-
HOMY M3 MHOXECTBA BO3MOXHbIX WCXOAO0B, MPUYEM KaXblil
NCXOL MMeET OnpefeneHHY0 BEPOATHOCTb MOABNEHUS.
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ViccnepoBaHme onepawui

3. 3afjaun uccnefoBaHua onepauuii B yCnoBUAX Heon-
pefeneHHoCTn. B aTux 3agayvax Kputepuin aeKTUBHOCTU
3aBUCUT, KPpOMe CTpaTernii onepupytowei CTOPOHbI U PUK-
CUPOBaHHbIX (PaKTOPOB, TaKXKe OT Heomnpene/ieHHbIX (akro-
POB, HeMoABMACTHbIX OMepPUpYIOLWedi CTOPOHE M Hen3BecT-
HbIX el B MOMEHT NPUHATUA pelleHnid. B pesynbTate Bnusa-
HWA HeonpeLeneHHbIX PaKTOpPOB, Kaxpjas cTparterus onepu-
pyloweli CTOPOHbI OKa3blBaeTCA CBA3aHHOW C MHOXECTBOM
BO3MOXHbIX WCXOA0B, BEPOATHOCTM KOTOPbIX /MO0 He u3-
BECTHbl OMepupyloLLleil CTOpoHe, NM6GO BOBCE He WMeT
CMbICNa.

Ewe ofHUM KnacCUMUKALMOHHBIM MNPU3HAKOM 3ajau
nccnefoBaHUs OMepauuin MOXeT CNyXUTb NpU3HaK nogpas-
[eneHnsa 3afady no cofep)katenbHOW nocTaHoBKe. Cuctema-
TM3aumns 3agady uccrefoBaHUs onepaluin No3BonseT Bblie-
NUTb MO YKa3aHHOMY MNpPU3HaKy TUMWYHbIE Kfaccbl 3ajad,
4yacTb U3 KOTOpbIX Bblna NpuUBefeHa BbiLLUe.

2.5. MeCcTO mMaTeMaTM4ecKoro rnporpaMmMmpoBaHuns
B MCC/ef0BaHNM ornepauuii

Mpu peweHnn 3afay uccnesoBaHus onepawluii OCHOBO-
nofararouas posib, MOXHO CKa3aTb, NMPUHAANEXUT Teopuwu
MaTemMaTM4ecKoro mnporpaMMupoBaHuns. MaTemaTUYecKuii
annapart 3TOW Teopuu NO3BONAET UCCNeAOBaTb 3KCTpeMasb-
Hble 3afayn u onpefensiTb IKCTPEMYMbl (PYHKLUMIA B orpa-
HWYEHHOW 06/1aCTM [0NYC-TUMbIX 3HaYeHU MepPEMEHHbIX,
onpegensieMblX CUCTEMOW OrpaHuveHuin. MaTemaTunyeckoe
nporpaMMupoBaHue — pasfen Haykum 06 wuccrefoBaHUn
onepawunin, oxsaTblBalOLWMA WNPOKMIA Knacc 3afay ynpas-
NeHNs, MaTemMaTUYeCKUMU MOAENAMMU KOTOPbIX SABAAKTCS
KOHEYHOMEpPHble 3KCTpeMasibHble 3afayu. 3afaynm MaTema-
TMYECKOro MporpaMMmpoBaHUs HaxoAAaT MNPUMEHEHME B
pas/IMYHbIX 06/1aCTAX YeNI0BEYECKON AeATeNbHOCTU, TAe He-
06x0MM BbIGOP OAHOr0 M3 BO3MOXHbIX 06pa30B AelCTBUNA.

Mpy onpefeneHMn BO3MOXHbIX METOLOB peELUeHUs 3a-
Jay uccnegoBaHUM onepayuii, HeoBXO4MMO WCXOAWUTb U3
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ViccnegoBaHue onepauuii

aHanmM3a MaTeMaTu4yeckoi Mopdenu I3TOW 3agayn, NO3BO-
NAWMNIA NPOHUKHYTb B CYLWHOCTb MW3y4YaemblX SABAEHUN.
9TOT npouecc B. fanbHelleM ecTeCTBEHHO CBA3bIBAETCH C
BbIYNC/INTENbHLIMU acneKTaMu.

XapaKTepHOi 0CO6EHHOCTbIO BbIYUCINTENLHOW CTOPO-
Hbl peleHns 3afjay MWCCnefoBaHWsA- onepayuin, MeTogamu
MaTeMaTU4yecKoro npoipaMMUpPOBaHUSA, SBASETCH TO, 4TO
NPMMEHEHME 3TUX METOA0B Hepa3pblBHO CBA3AHO C UCMOJIb-
30BaHMEM COBPEMEHHbIX CPEACTB BbIYUCAUTENbHOW TEXHU-
KW.

3afjaun MateMaTMyeckoro nporpaMMupoBaHuUs, Nopo6-
HO 3ajayaM WcCneAoBaHWA oOnepauuin, MOXHO Knaccuhu-
uuMpoBaTb MO pasHbIM Mpu3HaKam. Hanpumep, Ha 3afaum
NMHENHOr0 Y HeNMHERHOro NPOrpaMMMpPOBaHUSA, BbIMYK/0-
r0 M HEBbINYK/AOro MporpaMMupoBaHus n T.4. Takxke cylie-
CTBYIOT Takue pasfgefibl MaTeMaTU4yecKoro nporpaMMupoBa-
HWUA, K KOTOPbIM CNefyeT OTHECTU 3afayn LeN0YUCNEHHOrO,
c 6yneBbIMM NepeMeHHbIMW, KBafpaTW4HOro, cenapabesb-
HOro, reoMeTpUMYecKoro nporpamMmupoBaHus. bonee nog-
POGHO 3TK 3afayn M3M0XEHbl U WUCCNefyTca B Kypce «Ma-
TemaTuyeckoe NpPorpaMMupoBaHues.

MpobnemHble 3agaHns

1. CdopmynupyinTe KOHKPETHYHO 3afady W3 KakKou-
NGO OTPacnn HapOAHOro X03AMCTBA.

2. Ona 3apgaun 3agaHus 1 uccnefyiite nocnegytolymne
3Tanbl UCCNef0BaHNA Onepauuii.

3. TpuBeauTe U KOHKPETU3NPYNTE BO3MOXHble Mpo-
6neMbl MOLEeNMpoBaHUA 3agauu 3afaHus L

4. WccnepyiTe BO3MOXHble METOAbl peanm3aunn 3ToM
3afaun.

5. TMpuBeanTe KOHKpeTHble NpuMepbl 3afay, afeKBaTHO
(nMbo He afleKBaTHO),M-OTpaxarowime XapakTepHble Npu3Ha-
KW 3TanoB UccnefoBaHUs onepauuii.
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VccnepoBaHue onepauuii

6. Cdopmynupyiite 3agadyy naaHMpoBaHUSA NMPON3BOACT-
Ba NPOAYKUMM C OAHOLENEBbIM W MHOrOLUENeBbIM KpuTe-
pUAMUN 3PHEKTUBHOCTH.

7. ChopmynupyinTe 3agady, B KOTOPO NpuHATME pe-
LWeHN OCYLLeCTBMANOCh Obl NMPU CTOXACTMYECKUX (haKTo-
pax.

8. CthopmynupyinTe cUTyauMOHHbIe 3ajayn, B O4HOWN U3
KOTOpPbIX Yy4YacTBYeT (hakTop BpPeMeHU, a B 4pYron —HerT.

9. Onpepenute KpuTepun 3PEPEeKTUBHOCTU ANA 3ajad
npeablayLlero 3ajaHus.

10. MpuBeauTe Npumep, oTpaxKaroLWUii N0 XapakTepy 3a-
favy ynpasieHusa 3anacamu. Mccnepyinte 3agavy Ans cnyda-
eB, KOrga B Heil 0guMH KpuTepuii aPeKTUBHOCTM U KOrga
NX MHOTO.

Bonpockl ana camonogroToBKu

OCHOBHbIe 3Tanbl UccnefoBaHNA onepawuii.
XapakTepucTuky 3afay uccnefoBaHns onepawuni.
Knaccuukayns 3agay uccnefoBaHus onepawui.
MeToabl pelleHns 3afady uccnefoBaHMs onepayui.

P aKTOopbl, BANAKOLME HA KPUTEPUIA 3PHEKTUBHOCTH.
OpHoKpuTepuanbHas 3afjaya WUccnefoBaHWA onepa-

OO wWN R

LA

7. TuNuyHble 3agayn UCCNeaoBaHUsA onepaunii.

8. Kakmmn 3afa4yamm MOXHO 6blN10 6bl AONONAHUTH
NpVBeAEeHHbIN Bblle CAWCOK TUMWYHBLIX 3ajady uUccnefoBa-
HUS onepaunin?



WccnepoBaHue onepauuii

FNABA 11-
§ 3. CYWWHOCTb 1 MNMPOB/IEMbI 3A0AY BEK-
TOPHOU OMNMTUNMUN3ALNIN

Onepauys, KpuTepnit 3heKTUBHOCTW, OLEHKA, NPaBuno
KoMnpomucca, obnacTb cornacus, o6nacTb KOMNpoMuccea,
HOpManu3aums KpuTepnes, NPUOPMTET KpUTepneB

3.1. CywHoCTb 33a4yM BEKTOPHON ONTMMU3aLmK

XapakTepHO 0CO6EHHOCTbIO, PACCMOTPEHHbIX Bbille 3a-
flay uccnefoBaHMa onepauuini (B OCHOBHOM) SIBNIAETCA Ha-
Nn4Yne eAUHCTBEHHOro Kputepus agekTuBHocTU. OfHaKo,
Ha NpaKTWKe BCTPeYalTCA CUTyauuu, Korga onepauus He
MOXeT OblTb OLEHEHa C nomow bl eAUHCTBEHHOrO KpuTe-
pusa 3peKTUBHOCTU. ITO BbI3BAHO Tem, 4TO 6ONbLUME MO
06beMY CMIOXHble onepauun TPyAHO NOALAKTCS MUCCNefoBa-
HMIO. He Bce CBA3M M 3aBUCUMOCTM MexXay akTopamu
onepauun ypaetca yCcTaHOBWUTb, UM OHA HE MOXET OblTb 0f-
HO3Ha4YHO OXapakTepu3oBaHa C MOMOLLbIO eLUHCTBEHHOIO
KpuTepus a((eKTMBHOCTW. Torga onepauus OnNuUCbIBaeTcs C
MOMOLLBIO BEKTOPA Z =(z,,Z,,,..Z,) KPUTEPUEB 3PPEKTUBHOCTH,
npuyemM, Kak npaBuno, OAHM MoKasaTtenn Heobxoammo 06-
paTUTb B MakCUMyM, a Lpyrne — B MUHUMYM.

Hanpumep, npu oueHke AeATeNbHOCTM NPOMbILWIEHHOTO
NpeAnpuATUA B KauyeCTBe uacTHbix (/IOKA/IbHbIX) KpUTEPUEB
3 PEKTUBHOCTM MOryT’ BbITb MPUHATHI TaKUe:

- Z, - nNpubbinb, z2 - 00bEM BbINYCKaeMON NPoOAyKLMMK,

z3 —Cce6ecTONMOCTb, —peHTabenbHoCTb U T.4. Cnenyet

OTMETUTb, YTO pelleHMne, AOCTaBNAOLWEE ONTUMaNbHOE 3Ha-
YeHWe OAHWM KPUTEPUSM, KakK NpaBuio, SIBNSETCA Aaneko
He ONTWManbHbIM MO APYTUM KpUTepusM. TemM He MeHee,
3aflayn TaKoro poga MPUXOAUTCA peliaTb, OCHOBbIBAsSCb Ha
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ViccnepoBaHue onepauuii

HEKOTOPOM CMoco6e HaxoXAeHUs KOMMpoMucca Mexay He-
CKONIbKUMU KpuTepuamn. CneposaTeflbHO, A1 CPaBHEHWUA
[BYX pelleHuin, Heob6Xo4MMO OnNpefennTb NpaBuIO cpaBHe-
HUS 3TUX BEKTOPOB, Ha OCHOBE KOTOPOr0 MOXHO Bbl6paTb
OZlHO M3 pEeLUeHMn.

EcTecTBeHHO, 4TO BCe YCNOBMA 3afay MCCNefoBaHUA
onepaunin OAHO3HAYHO MPUMEHWMbI WU MPU WUCCeLOBaHUM
3TWX 3ajay. 34ecb peyb MAET 0 Tex (hakTopax, KOTOpble MO-
ryT NOBAMATb Ha pe3ynbTaT pelleHus 3agauu. Ons npocTto-
Tbl UCCNeLOBaHWI pacCMOTPUM 3aady, KoTopas XapakTepu-
3yeTcs HaIMYneM TO/bKO /UL KOHTPOIMPYEMOro (hakTopa.

Mycrb 3afjaHa HekoTopas onepauyumsi S, aPMEKTUBHOCTb
KOTOpOI ByfeT OLeHeHa C NOMOLLLI BEKTOPHOTO KpUTepus
3 (heKTUBHOCTM zm DTa Onepaums BbINOMHAETCA B TaKoM
cpege, Kotopas 006ycnoBfieHa MHOXECTBOM A0MYyCTUMbIX
cTpaTernin X. Kaxgbllii BbI6op cTpaterum x e X , obecneyu-
BaeT BEKTOPHOMY KpUTEPUIO 3PEKTUBHOCTU Z =z(X) COOT-
BETCTBYIOLLEE 3HAYeHMe.

Tenepb 3agady chopmynupyem crnegyrowmm ob6pasom.
Heobxoaumo onpefennTb Takyl cTpaTeruto X no ynpasne-
HWIO onepaumnein S, 4ytTobbl OHa YA0BMETBOPANA ChefytoLyme
ycnosus:

— CcTpaTerus /1 o/mkHa 6blTb OCYLLECTBMMOM, T.e. Npu-
HaZnexartb 061acTu JONYCTUMbIX 3HAYEHUI X;

— CcTpaTerus J- fO/DKHa ObIrb Hawnyulleld B CMbIC/e
NMPUHATOrO B Onepauun npasuia CpaBHeHUS ABYX BEKTOPOB,
KOTOpoe B AafbHeillem 6ygem HasbiBaTb NpPaBWU/IOM KOM-
npomucca.

B Takoin nocTaHOBKe 3afava MCCMefoBaHMA onepauui
OyfeT Ha3biBaTbCA 3afayeli BEKTOPHOW onTumu3auumn. Ee
MHOr4a Ha3blBalOT MHOrOKPUTEPWANbHON WAW MHOroLesne-
BOW 3ajauveli nccnefoBaHna onepayuii.

B 3agaye BEKTOPHON oNTUMU3aLMU, CTPYKTypa KpuTe-
pua 3P PEeKTUBHOCTU Z MO3BONAET pa3buTb ero Ha OTAesb-
Hble KPUTEPUMW, KOTOPble MPUHATO HasblBaTb /1I0KaNbHbIMU
KpuTepnaMun aPeKTUBHOCTH.
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VccnegoBaHmve onepaumii

Mof TePMUHOM «peLllnTb 3afayvy BEKTOPHOW ONTMMWK3a-
umun» Oygem noHMMaTb cnegytwouee. Cpean 31eMeHTOB
MHOXeCTBa cTpaTernii X HalTW TakoW, Ha KOTOPOM KpuTe-
puii 3 PEKTUBHOCTU Z «NPUHMMaET MaKCUMasbHOe Wn
MUHWMaNbHOE 3HayeHue». M3BEeCTHO, YTO A/ BEKTOPOB He
CyLLeCTBYET NMOHATUI 6OfblUe U MeHble. Mo3ToMy, npuBe-
[EeHHas NocTaHOBKa 3afjayy BEeKTOPHON ONTUMW3aLMMN ABNSA-
eTCs He BMOMHE ONpefeneHHON. B cBA3M C 3TUM, MOXHO
ckasaTb, YTO 3ajayv BEKTOPHON ONTUMM3ALUN SBNSIOTCH, B
Kakon-To mepe, 3afayamum ONTUMU3aLMK B YCNOBUAX Heon-
peLeneHHOCTH.

HecmoTps Ha TO, YTO 418 TOYHOrO OMpejesneHus pelle-
HUSA 3afayn BeKTOPHOM ONTUMMU3aLUKU, anpuopHas UHGOop-
mMaLuus ABNAETCA HeLOCTaTOUYHON, TeM He MeHee, UMetloLLas-
CA B Haln4yvMe MHGOpPMaLMsA OKasblBaeTCA [OCTaTOYHON ANS
onucaHus CBOICTB, KOTOPbIM AO/MKHO 06/1afaTh Kaxaoe u3
BO3MOXHbIX peLleHUI NocTaB/eHHOW 3afaun. 3TO CBOMCTBO
Ha3blBaeTCA 3WPEKTUBHOCTHIO.

Ctpaterna X' x Ha3blBaeTcs 3PPeKTUBHON (ONTUMasb-
HON no [MapeTo), ecnnm He CylwlecTBYeT APYroi crpaTeruu
xeX, TaKOW, uTo r3c) > r(x’) (M r(*)<r<y)) n 2(F)* <xs).

Heo6xoAnMo OTMeTWUTb, YTO B 3ajayax BEKTOPHOW on-
TUMMU3aLUKN, MOTYT ObiTb AaHbl W Apyrue onpepefieHus oT-
HOCUTENbHO 3PEKTUBHOCTU (ONTUMANILHOCTIN) CTPaTErnn.

3.2. OCHOBHbIe Mpo6/ieMbl BEKTOPHOM ONTUMM3aLMN

NccnepoBaHue 3afay BEKTOPHOW ONTUMM3ALMM, TaK Xe
KaK U MHOXeCTBO [pyrux 3afay MccrefoBaHus onepawuui,
06YCNOBMEHO PAAOM Mpo6iemM. STU NpobneMbl XapaKTepHb
He TONbKO Mpu hopmManusaumm ycnoBuin 3agauu, Ho U npu
camoli ee MOCTaHOBKe. PelueHMe 3TUX Npo6nem sBnsieTcs
TPYAHbIM, @ MHOTAA U MPOCTO HEBO3MOXHbIM. 3 MHOXeECT-
Ba Npo6/eM, BO3HUKAIOLWMUX NPU UCCNEeA0BAHNMN 1 PeLLEHNN
3aflay BEKTOPHOM ONTUMM3ALUWM, PaAcCMOTPUM HamGonee
BaXHble.
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VccnefoBaHue onepaymii

Mpobnema 1 —onpegeneHne obnactu Komnpomucca. Mpu
peleHnn 3afa4y BEKTOPHOW ONTUMM3ALUM MeXAY HEKOoTOo-
PbIMU NOKa/IbHbIMU KPUTEPUAMM BO3HUKAET NPOTMBOpPeUNe,
CYTb KOTOPOr0 COCTOUT B TOM, YTO NPU YNYyULIEHUN KAKOro-
NM60 NOKanbHOr0 KpuTepwus, APYroi, Kak npaswuno, yxyg-
Wwaetcd (Hanpumep, NOBbILLIEHNE HALEXHOCTU TEXHUYECKO-
ro YCTPOMCTBA N CHWXEHME ero CTOMMOCTU, YacTo ABNSeTCA
NMPOTUBOPEUYUBLIM).

Mo4MHOXeCTBO xcgx OyfeM Ha3blBaTb 06/1aCTbHO COrna-
CUA, eCNN B HEM Y/yUlleHne pelleHusa no nobomy nokasnb-
HOMY KPUTEPUIO MOXET OblTb OCYLLECTBNEHO 6e3 yXxypule-
HUA PeLeHnin No APYrMM IOKaNbHbIM KPUTEPUAM.

MoagmMHOXecTBO XX 6OyAem Ha3blBaTb 06/1aCTbi0 KOM-
npomMucca, ecnv 34ecb CTpemieHne K yayudlleHUo peLleHuns
Mo O4HOMY M3 NIOKaNbHbIX KPUTEPUEB NpUBELET 0653aTe/lb-
HO K YXYALIEHNIO N0 HEKOTOPOMY APYroMYy KpUTEpUIO.

O6nactn xcmn X* obnagatoT cneaytoLLMMN CBONCTBaAMMU:

Frvwr=1,rrnrlr =20

FAICHO, YTO ONTUMaNbHOe pelleHWe OyLeT NpPUHAL/IeXaTb
TONbKO N", T.e. peweHne B Xe Bcerga MOXeT OblTb Y/yu-
LLIeHO NO BCEM KPUTEPUAM.

Mpob6nema 1, ABNseTCA He OCHOBHOI Mpo6aemoit B npo-
Llecce MoOMcKa ONTUMaNbHOrO peleHns. PelleHne 3Tow
npobnemMbl 3aKn0yaeTcs B BblgefieHUM 061acTM KOMMpPO-
mMucca X- U3 06nacTm AonNycTMMbIX pelleHMin X. Ee pa3spe-
LWeHne No3BONAET Cy3UTb 061aCTb LONYCTUMbIX 3HAYEHWUA, B
KOTOpOI 6yayT HaxoAuTbCA ONTUMasbHble peleHuns. OTme-
TUM, 4YTO B HEKOTOPbIX C/yyasx WUCCNefoBaHUE W pelleHue
3afa4 BEKTOPHOW OMNTUMM3ALUMN 3aKaHYMBAETCA BblAENEHU-
eM 06nactu Komnpomucca, obecrneymsas, npueMaemyto ans
NPaKTUYECKUX HYX[, TOYHOCTb MOJIyYyaeMblX PeLLeHUN.

32



ViccnegoBaHue onepauuii

Mpobnema 2 —BbIGOP CXeMbl KOMIMPOMUMCCA. Bbliwe 6b110
OTMEYeHO, YTO 3ajayaM BEKTOPHOM ONTMMMU3ALMK CBOWCT-
BEHHbl BHYTPeHHME NPOTUBOPeEYNs faxe Npu HavyasbHON UX
nocTtaHoBke. B cBA3M C 3TUM, MOUCK ONTUMaNbLHOrO peLle-
HUA MOXeT ObITb OCYLLECTBMEH NULWb MOC/e TOro, Kak 6y-
[eT BblbpaHa HekKoTopas CXema KOMMNpoMucca, T.e. YKasaHo
npaBuI0 CPaBHEHWS [BYX BEKTOPOB pelleHnin. TO NpaBuio
ABNSETCSA OTNPaBHOW TOYKOMW onpefeneHns o61acTm Kom-
npomucca.

Bo MHOrmMx cnyyasx cxema Komnpomucca no3sonset
MPUBECTU UCXOLHYH BEKTOPHYH 3afayy K CKanspHoOW, rge
ONTUMU3NPYETCH ELUHCTBEHHbIN KPUTEPUn 3PHEKTUBHO-
CTW. JTO, €CTEeCTBEHHO, MO3BOMAET peann3oBaTb BbIYUCIN-
Te/lbHble CXeMbl OLHOKPUTEPUasbHbIX ONTUMMU3ALUOHHbLIX
3ajau.

Mpobriema 3 — HopMa/IM3aLMA KpUTepUEB. [laHHas npo-
6nema HepaspblBHO CBs3aHa C NpeablayLlein M BO3HUKAET
TONMbKO B TeX 3afjayax, B KOTOPbIX /IOKa/ibHble KpUTepuwu
NMEKT pasfinyHble efUHULbI n3MepeHusa. Ana 6e3ownbou-
HOro y4yeTa eAWHUL, U3MEPEHUS NOKa/bHbIX KPUTEPUEB, UX
00bIYHO MPUBOAAT K eAuMHOMY, Ge3pasMepHOMY MacliTaby
n3MepeHus. VIMEHHO B 3TOM W COCTOMT CyTb PeLLeHUNs Npo-
6nembl HOpManu3aumy KpuTepmeB. B 3aBMCUMOCTM OT Bbl-
O6paHHO CXeMbl KOMMpoMKcca Mpob6remMa Hopmanmsauunn
MOXET U OTCYTCTBOBATb.

MNpobnema 4 —y4yeT NpUYopUTETa KPUTEPUEB. Mpun nccne-
[OBaHUN M pelleHnn 3agay BEKTOPHOW onTuMusauum, fo-
BO/IbHO 4acTo, /IOKa/bHble KPUTEPUU WMEKT PasfiMyHyto
CTeneHb BaXHOCTW. OTa CTeneHb 06bIYHO 33aJaeTcs B BuAae
BeKTOpa NpUOpMUTETOB MpY NOCTAaHOBKe 3ajayn. Ee Heobxo-
AUMO YYUTbIBaTb MPU pPeLueHnn 3afayun.

MepeyuncneHHble Bbiwe NpobnemMbl 3afay BEKTOPHOW on-
TUMU3aALNN ABNAKOTCA XapaKTepHbIMU AN LWWPOKOro Knac-
ca 3afay pasnyHbIX OTpac/iei Hapo4HOro xo3sfductea. Bo
MHOTUX Cny4vasx MX pelleHune OCYLLeCTB/AeTCA C MOMOLLbIO
pasIMYHOro poja 3BPUCTUYECKUX NpoLesyp.
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ViccnefoBaHue onepawmii

MpoGnemHble 3a4aHus

1. CdopmynupyinTe 3agayy M COCTaBbTE€ ee MaTeMaTtu-
YeCKYl MOfZeflb, MO3BONAKLWYK BblAeNTL 06/1aCTb KOM-
npomMmucca U3 061acTv LONYCTUMBIX PELUEHWIA.

2. WccnegyinTe BO3MOXHOCTb OnpejeseHUs onTUMmalb-
HOro peweHuns 3agayn, chopMyIMPOBaHHON B 3aaHum 1.

3. Wccnepylite BO3MOXHOCTb CBefleHUSA JIOKa/bHbIX
KpuTepues 3afayun, copMynupoBaHHON B 3afaHuu 1 (ecnm
TaKOBble eCTb), K eIMHOMY.

Bonpockl gna camonoAroToBKu

1. OxapakTepun3yinTe CyWHOCTb 3afayu BEKTOPHOM ONTuU-
Mu3aLuun.

2. UTo Takoe Komnpomucc?

3. Ha3oBute ¥ oxapakTepusyiTe OCHOBHble Npobaembl
BEKTOPHOW ONTUMU3ALMUMN.
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WccnepoBaHume onepauuii

§ 4. MOAXOAbI K PELLUEHWIO MPOBJIEM
BEKTOPHOW OMNTUMN3ALINA

Onepauus, BEKTOpP, ONTUMN3ALNA, KPUTEPUIA, NOKaNbHbINA
KpUTepuid, BEKTOP BECOBbIX KO3I(PMULNEHTOB, CBEPTKA,
npoueaypa, uenb

4.1. Mpumepbl peanusaumm NpPobaeM BEKTOPHOW
onTUMm3aLmn

PaccmMoTpMM HeEKOTOpble MNOAXOAbl K PeLleHuto npuse-
JeHHbIX MNpobaeM W NPoOUAAKCTPUPYeM UX C\ NOMOLLbIO
npumepos. Mnnawctpauuo npobnem BeKTOPHOM onTuUmM3a-
unMn ypobHee BCEro MNpeacTaBUTbL FeOMeTPUYECKU. 3[ech,
4na ypobcTBa BOCMPUATUS MOHATWUIA nepelifjem oT obnactu
JOMYCTUMbIX peweHnii X K o06nacTu Z BO3MOXHbIX 3Hauye-
HWIA NOKanbHbIX Kputepues (4,z2..z,)=z+ Torga, ob6nactb Z
TakKXXe MOXHO rnojpasfenntb Ha 06s1acTu cornacus z'cz u
KOMMpomucca z*cz, AN KOoTopbix zcuz =z u zcnZK=0.

MpeanonoXxmm, 4YTo BCe JIOKaNibHble KPUTepuUM HeobXxo-
ANMO 06paTUTb B MaKCMMYM UM A1 NPOCTOTbl UAMOCTpaLmnm
npo6semM BEKTOPHON ONTMMM3aLUM pacCMOTPUM TOSIbKO [Ba
KpuTtepus appekTuBHOCTN - 4 n It z=(zl,z29eZ.

CHayana npounarCcTpupyemM reoMeTpuyeckn npobnembl
1 un 2 (onpegeneHne ob6nacTnm KomnpoMmucca M BblI6OP CXeMbl
KoMnpomucca). Onsa 3Toro NpuUMeEM [eKapTOBYK CUCTEMY
KOOpAUHAT 0Z4z,, 0CIM KOTOPOA MNOCTaBMM B COOTBETCTBUE

Kputepun apeKTUBHOCTU zX U z2. pocnegum CBA3b Me-

XAy obnactaMm Xe<>Zc n x kZ',

lycTb MHOXEeCTBO Z nNpeACTaB/eHO B BUAe 3allTPUXO-
BaHHOW o6bnactn puc. 1. OTMeTMM, 4YTO 3Ta 06/1acTb BKI/IIO-
yaeT U rpaHuuy urypbl, T.e. 3aMKHYTy nuHuto OABCD.
3aecb gyra BC aBnsieTca yacTbio rpaHuubl 06n1actu, ¢ KOTO-
poii coBnajaeT o6nacTb Komnpomucca r e« OcTaBLlascs
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VccnepoBaHue onepaunia

yacTb urypbl o6pasyet obnactb cornacus Zc=Z\ZK, n,
ein cooteeTcTBYeT 06nactb Zc=Z\(BC).

3ameTum, 4To Ha puc. 1 06nacTb AONYCTUMbIX 3HAYEHWI
Z n3obpaxeHa BbINYKOW obnactbto. Ecnim obnactb He sABNA-
eTcs BbINYK/IO, TO BbleNeHne o6nacT Komnpomucca 6yaet
0COBGEHHO CNOXHbIM.

PeweHne npobnembl BblbOpa CXeM KoMmnpomucca o06y-
C/IOB/MIEHO PAJOM 0CO6EHHOCTeN, O4HOW U3 KOTOPbIX ABNSA-
eTcA npakTUyeckas HEOrpaHWYeHHOCTb BO3MOXHbIX CXEM
Komnpomucca. [103TOMy, OObIYHO WCMOML3YHOTCA Takue
NPOCTble MOAX04bl, KOTOPbIE OCHOBAHbI Ha MPUHLMNAX paB-
HOMEPHOCTWN U cnpaBea/IMBON YCTYNKW.

KOpoTKO MOACHUM unaeu NPUHLUNOB PABHOMEPHOCTU K
cnpaBefnnBOA yCTynku. [puHLMUN paBHOMEPHOCTU npea-
nonaraeT, YTo BCE JIOKaNbHble KPUTEPUU LO/KHbI B paBHOW
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CTeneHn y4yacTBOBaTb NpWU pPeLleHMU 3afauun, a Tak Xe OHU
[LOMKHbI PaBHOMEPHO M rapMOHWUYHO ynydwarca. OfHUM 13
NPOCTbIX N YAOOHbLIX PasHOBMAHOCTEN MPUHLMNA paBHOMEP-
HOCTWU ABNAETCA NPUHUWUN paBeHcTBa. lMpu ero Mcnosb3oBa-
HUU ONTUMa/IbHbIM KOMMPOMMUCCOM CUMTaeTCA Takoe, KOTO-
poe, obecrneymBaeT PaBEHCTBO BCEX JOKa/IbHbIX KpUTepUeB
(puc. 2).

STOT NPUHUUN ABNAETCA BECbMA KECTKUM» N MOXHO
npuBecTU MNpuUMepbl, B KOTOPbIX, €ro MCNosib30BaHue, MO-
XeT MPUBOAMTL K pPeLleHnto BHe o6nactu Komnpomwucca z'
(puc. 3).

37
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Puc. 2

Z K={BC)

Puc. 3
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ViccnepoBaHue onepauuii

B HekoTOpbIX cnyvasx, MCNOMb30BaHWe 3TOr0 MPUHLM-
na MOXeT BoOOWEe He MpPMBOAMTL K peweHuto (puc. 4),
0CO6EeHHO, Korja paccmatpuBaeTcs AUCKpeTHasa 3afjava
(puc. 5).

MatemaTnyeckas 3anucb MPUHLMNA PaBHOMEPHOCTH,
rge Ucronb3yeTcs onepaTtop onTummu3auum opt n onpegens-
eTcsa Bbl6Op Ham/yyllero peleHns B COOTBETCTBUM C Bbl-

6paHHOM CXeMOi, MOXeT OblTb MpeAcTaBieHa CneaylLWnm
obpaszom:

7 —> opt
zeZ* 2,=2,=...=z,

Bbllwe OblM OTMeYeHbl HEKOTOpble HeAOCTaTKU MPUH-
uuna paBHOMEPHOCTU, He MO3BOMABLUIME, B TOW WUAWN WHOW
CTeneHu, NONyuYUTb pelleHne 3agayn. [pyrum nogXonoMm,
npyv NOMOLLU KOTOPOr0 MOXHO MPUATW K pelleHnto 3aja-
yn, ABNSETCS CAeAYyLWUiA NPUHLUN- CPpean uMmetoLlerocs
MHOXECTBa KpUTepueB BblOMpaeTCa Hamxypgwuii (T.e. nNpu-
HUMalOLWMA HauMeHblLEee 3Ha4yeHue), KOTOpbl/i 3aTeM MakK-
CUMU3NpPYETCA. DTOT MPUHLMUN MaTEMATUUYECKN MOXET ObITb
3anucaH Tak:

min zt —» max .
7

Takoli nogxo4 Npyv NPUMEHEHWU NPUHLMNA paBHOMep-
HOCTW MPUHATO Ha3biBaTb MPUHLUNOM MaKCUMMUHA.

CnefyolwyM  NPUHLUMNOM  KOMMIpoMMcca  fBAsieTcA
NPUHUMN CcrnpaBefinBoOM YCTynku. Ero MoXxHo nopgpasge-
ANTb Ha fABa BuUAa: MPUHUMN cnpaBeanBoin abCoNOTHOW
YCTYNKU M NPUHLUN cnpaBeAanBOA OTHOCUTENbHON yCTyn-
KW.

Npes npuHumna cnpaBeAnvBOi abCONKOTHON YCTYMKM
3aK/loyaeTcs B cregytoleM. 3aecb, cnpaBeAvBbIM CUMTa-
eTca Takol KOMMNPOMMUCC, CYMMAapHbI abCOMKOTHbLIA Yypo-
BEHb CHWXEHWUA OLHOr0 WNN HECKONbKUX KPUTEPWEB MNpu
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KOTOPOM, He MOXeT 6bITb 60/blLIe CYyMMapHOro abcontoTHO-
ro YPOBHSA MOBbIWEHNA 4PYTUX KPUTEPUEB.

MycTtb paccmarpusaeTcs BEKTOPHbIN KpuTepum
z=(2,z2...,2,) . [nA CcpaBHeEHWs 3HAYEHWA BEKTOPOB
rlI=mszh,. ) W 22=%z}.+Z4) Cpefyn /0Ka/lbHbIX KPUTEpUEB
BekTopa z=(z,,z2...Z,,) Bblbepem z*zh,.zt , k=il~\ = Co-
rNacHoO npuHUuuMna CcrnpaBeAvBOA abCOMOTHON YCTYMNKU

=("4 ..) cunTaetca nydwe, vyem z2=(z\z2...,z2, ecnu Bbl-

nonHsetrca ycnosue |T(Z2-z°)< " (z1- 2D

O603HauMM 4yepe3 A& BENMUMHY CyMMapHOW abcontoT-
HOW YyCTynKu npu nepexoge ot z' K z2:

Kéc= E tf-2)- M (z°~2Z)=£(Z2-2°¢
i

3

Torpga, cornacHo paccMarpvMBaemMoro npuHuuna, z1 6y-
[eT nyyuwe Yem r2, ecnu <0e

MpounntocTpupyeM MNPUHLMUN cnpaBeAMBON abCconoT-
HOM YCTYNKW Ha npumepe ABYMEPHON BEKTOPHOW 3afauu.
MycTb uMmetloTCcAa ABa Kputepmsa 3(PeKTUBHOCTU Z, U Z2,
T.e. 1=(z,Z2£z M/ nycTb TpebyeTcs CPpaBHUTL ABa PeLUeHus:
r1=(s,3) n r2=(s 6), npuHagnexawme obnactn Z (puc. 6).
Bbluncaum BennUMHY CyMMapHO abCoMOTHOM YCTYNKM



VccnepoBaHve onepauuii

A. Xt npun nepexoge oT z1K z2.
Adc = (r,2-z1) +(z2-2'2)=(5-9) +(6—=3)=-1<0.

CnepoBaTenlbHO, Ha OCHOBaHUM MPUHLUMNA abCONOTHOM
YCTYMNKWN pewweHne z1naydwe, yem z2.

OueBMAHO, 4YTO €CNM BeMYMHA CYMMapHON abCcontoT-
HOM ycTynku Adx npu nepexofe OT HEeKOTOPOro peLleHus

z° K mobomy fpyromy z 6yaeT oTpuuaTeNbHOW, TO Takoe
peweHue oypet ONTUMANbHbIM, T.€.

-r°)=J"zs- £z° <0
H 5 H

MocneaHee yC/noBne  PaBHOCWU/IbHO cnegyouiemy
n n
L2 <X

Takum o06pa3om, cOrnacHO MNpuHUMMA ChpaBea/InBoON
abCoONMOTHON YCTYNKKW, ONTMManbHbIM OyaeT Takoe pelde-
Hue, KOTopoe ob6ecrneymBaeT OMNTUMANbHOCTb CYMMbl J10-
KanbHbIX KpUTEpUEB, T.€.

n
£z, -» opt e
s=1 zeZ 4

OCHOBHbIM [JOCTOMHCTBOM 3TOF0 MpUHUMMA SIBMSETCS
MPOCTOTa BbIYMCEHNA KPUTEPUS ONTUMaNbHOCTH.

Cpean HefoCTaTKOB 3TOr0 MpUHLMMNA OTMETMM TO, 4TO
NPy pasIMyHbIX eanHMLax M3MEPEHUs N0KaNbHbIX KpuTe-
pVveB onepauns CyMMMPOBaHWA WX 3HAYEHWUI OKa3blBaeTCs
He BbIMOMHMMON. Kpome TOro, ewe OAHMM HeAOCTaTKOM
3TOro NpuHUMNa ABASETCA TO, YTO MPU pPasHbIX YPOBHAX
3HAUYEHWUI NIOKaNbHbIX KPUTEPUEB, BbICOKOE 3HAYEHWE CYM-
MapHOTr0 KpUTepus MOXET ObiTb AOCTUTHYTO 3a CYET BbICO-
KOr0 YPOBHS HEKOTOPbIX /I0KaNbHbIX KPUTEPMEB.

Tenepb pacCMOTPMM MNPUHLWMMN CNpaBea/IMBOMA OTHOCU-
TenbHOM ycTynku. CornacHo 3Toro npuHUMna, crnpaseaiun-
BbIM CUMTAETCA Takol KOMMPOMMCC, NP KOTOPOM CyMMap-
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HbIM OTHOCUTE/bHbIA YPOBEHb CHWXXEHWUS OLHOr0 WU He-
CKO/TbKUX KpUTEPUEB, He MOXET 6bITb 60/bLUe CYMMapHOro
OTHOCUTE/IbHOI0 YPOBHSA NOBbILLEHUA APYTUX KPUTEPUEB.
PaccMOTpUM BEKTOPHbIA KpUTEPUiA z= 2Z,,) * Ans
CpaBHeHUS 3HaYeHui BEKTOPOB 7 ={2\\2\,....2") "
z2=(zf,zl,...,z1) BbIGEpPEM nOKanbHble KpuTepun z,.z, ,z, ,
k=\,n-1 mCornacHo npuHuMNa cnpasBeiNBOA OTHOCUTE/b-
HOW  ycTynkn  z1=(z1z*,..,z") cuuTaeTca fydlle, YeMm

z1={z],2\,...,28) , ecnu BbIMO/IHAETCA ycnoBue
2 A 1 2
N *N [13 1
zr

O603HaYNMM uYepe3s AOWM BENMUYUHY CYMMapPHO/A OTHOCU-

TeNIbHOW YCTYyNKW npu nepexoge oT zI kK z2:
| 22-7' | 3{1;\—2 1\22—2‘
y g DT

Torpa, cornacHo paccmaTpvMBaeMoro npuHuuna, z
JeT nyduwe yem. z2,ecnn N z?~zl <n.

onT I j 1
s=I
MOXHO [0Ka3aTb, UTO MPU HEKOTOPbIX YCNOBUSAX, CO-
rnacHo NpuHUMna crnpaBea/MBO OTHOCMTENbHON YCTYMKMW,
onTUMasnbHbIM OYAeT TaKoe pelleHMe, MPU KOTOPOM MPOuU3-
BeAEHWNE NOKa/IbHbIX KPUTEPUEB [OCTUTraeT MaKCUMasZibHOro

3Ha4yeHunA, T.e.

oy-

‘gz, —Mmax ¢

MpounntcTpupyem MNpUHLMN cnpaBei/IMBOA OTHOCU-
Te/IbHON YCTYNKW ANS Bbllle NPUBEAEHHOr0 npumepa [ABY-
MEPHOW BEKTOPHOM 3agaynm M CpaBHUM fABa €ro peLleHus,
r'=9.3) n r2=(s. 6), npuHagnexawme obnactn Z. Ana 3Toto
BbIYMC/AUM BEINMUYMHY CYMMapHOW ONTUMANbHOW YCTYMKM
npun nepexoge ot z1Kr 2:
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n ANl M+ =4+20,0,3.
5 7

=t zi,
"otr 2\ 5 6 6

CnepoBaTtenbHO, COF1aCHO NPUHLUMMA cnpaBeaIvMBoii
OTHOCMTENbHOWM YCTYMKMK, pelleHne z2= (5 6) ny4lle, Yem
Z=(9, 3).

MpevmMyLlecTBOM 3TOr0 MpuUHLMNaE, Nepes NPUHLUNOM
crnpaBefnnBOi abCONOTHOM YCTYMKW, SBASAeTCA TO, 4TO
3[leCb Ha MNpouecc BbIYUCNEHUSA He MeLalT pas/indHble
efVUHNLBbI N3MEPEHNS JIOKA/IbHbIX KPUTEPUEB.

3ameTum, 4TO B npouecce mccnefoBaHna npobnem 1 un
2 (onpegeneHme o6nactu KomMnpomucca UM BbIGOP CXEMbI
KOMMNpoMucca), Tak WU UHaye, OCYLLeCTBASAETCHA MNepexos
OT BEKTOPHOro Kputepus 3PPeKTUBHOCTU K HEKOTOPOMY
OPYroMy — CKanipHOMY KpuUTepuio. ITOT NpoLecc, T.e. re-
pexon OT BEKTOPHOro Kputepusa ad(eKTUBHOCTU K CKansp-
HOMY, SIBASIETCA [/NlaBHbIM MNPW YMpoLWeHNN 3ajady BeKTOp-
HOW onTumusauun. LOpyrum crnocob6om ynpolieHUsa 3agad
BEKTOPHOI oNTUMM3auMM ABASETCA Mnpouegypa mnoayveHus
06006LEHHOT0 KpuTepusa 3pheKTUBHOCTUN, KOTOPbIA Hasbl-
BalOT CBEPTKOI BEKTOPHOI0 KpUTepus 3pPeKTUBHOCTH.

Mepeligem Tenepb K pacCMOTPeHU0 Npobnembl 3 (HOp-
Manusaumsa Kputepues). 34ecb OTMETUM, UYTO peLleHune 3TON
npo6nembl, B OCHOBHOM, CBfi3aHO C BBEJEHWEM BeKTOpa
nieanbHOro KayecTsa onepauun. 3a BEKTOP MAeaslbHOro Ka-
yecTBa onepauum MOXHO MPUHATb BEKTOP, YCTaHOBJ/IEHHbIA
N OUEeHEHHbIN Ha 6a3e HayUHbIX U 3KCNEPUMEHTANIbHbIX UC-
cnefjoBaHuin.  [anee 3TOT BEKTOp 00603Ha4YuUM  uyepes
zu=(z“zi...,z:).

B npouecce pewweHusa npobsembl 3 BEKTOP WAeasibHOro
KayecTBa ornepauun z“ no3BossieT ONTUMU3UPYEMbIA BEKTOP
Z npueecTn K 6espasmepHomy Buay. B aTom cnyyae mmeem

feno c BeKToOpoM 277- a4 2 KOTOpbI/A Ha30BeM
VA 22  Zi_
HOpPMa/in30BaHHbIM BEKTOPOM. Tenepb, BMecCTO 3ajayun OH-

44



VccnepoBaHue onepauuii

XMMU3aLMM  BEKTOpa 2z, PellaeTcs 3ajaya OnTMMU3aLUK

HOpManM30BaHHOIo BekTopa zH.

B oThenbHbIX cnyyasax, 414 HOPMaiu30BaHHOI0 BEKTO-
pa, MOXHO MNPWBECTU HEKOTOpPble YC/N0BUA ero orpaHu4eH-
Hoe™ 3TO, Hanpumep, YC/NOBUSA, KOrja KOMMOHEHTbl BeK-

Topa zHMoryT HaxoguTbeca B uHTepsane [0,1], ecnn z*“>0,
i=1n.

Bbi6bop unaeanbHOro BeKTOpa OCYLLEeCTBASETCA pasfiny-
HbIMK cnocobamu. 3TO, Korfja uieanbHblli BEKTOP KayecTBa
3aflaeTcs 3apaHee WKW, Korja B KayecTBe WeasbHOro Bek-
TOpa MPUHUMAETCA TakOW, KOMMOHEHTaMWU KOTOpPOro SBNf-
IOTCA MaKCMMasibHble 3HaYeHUA NIOKa/IbHbIX KPUTEPUEB.

Ona nccneposaHusa npobnemsbl 4 (npobnema y4yeta npu-
opuTeTa KpPWUTEpPMEB) CYLLECTBYET HEKOTOpPble MOAXOAbI.
Mpusenem fBa U3 3TUX MNOLXOLOB:

- BBefleHMe psafja npuopuTeTa, KOTOPbIA Mo3BONAET
ynopsLounTb MHOXECTBO WHAEKCOB BEKTOpa KpuUTepus ag-
(heKTUBHOCTM COrNacCHO MPUOPUTETA KAXKLOr0 JI0KanbHOro
Kputepus;

- BBe[leHMe BeKTopa BecOBbIX KO3()(PWUUMEHTOB, C MO-
MOLLbIO KOTOPOro OrnpefenseTtcd OTHOCUTENbHAs BaXKHOCTb
KaXAoro Kputepus ahpeKTnBHOCTHU.

MepBblii NOAXOA OCHOBbIBAETCA Ha CYOBEKTUBHbLIX MHe-
HUAX 9KCNEPTOB WM Xe NINL, NPUHUMAIOLLNX peLleHue.

BTopoil moaxof Tak e OCHOBbLIBAETCH HA 3KCMEPTHbIX
OLLeHKax NnL, OTBETCTBEHHbIX 3a NPUHATUE pelleHus. B To
Xe Bpems, pelualollee 3Ha4yeHUe MMeeT, TaK Ha3blBaeMblii
BEKTOpP BECOBbIX Ko3appuumeHtos a=( « , , , KOTO-

pblli onpefensieT OTHOCUTENIbHYI0 BaXXHOCTb KaXJoro Kpu-
Tepus. KOMMOHeHTbl BekTopa a O0O6bIYHO 06nafjalT che-
aywouwnmm ceolicteamn: 0<” <p> =N =1L

Mpy MCNONb30BaHUM NEpBOro NOAXoda, ANA peLleHus
3aflayn C BEKTOPHbIM KpuTepueM 3((eKTUBHOCTU, 4acTo
NPUMeEHSAETCS MPUHLMM XECTKOro MNpUOpuUTeTa, KOTOPbIi
TpebyeT HEKOTOPOro YnopsafoYeHUs N0KalbHbIX KPUTEPUEB.
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PelueHMe 3afaum ONTUMMU3aLMMK, B 3TOM C/yyae, npakTuye-
CKM CBOAMTCS K MOCNeAoBaTe/IbHOM ONTUMM3aLUN NOKafb-
HbIX KPUTEPMEB, HaYMHasi C KPUTepuUs, 06NafatoLLero Bbic-
WK1M npuopuTeTom. MpenmyLLecTBO 3TOr0 Noaxofa COCTOUT
B TOM, UYTO OH He TpebyeT 3ajaHWs BECOBbIX KO3h(PULMEH-
TOB, KOTOpble 0653aTeNbHO [OMIXKHbI MPUCYTCTBOBAaTb MpW
NPaKTUYeCKOW peanusauum BTOpPoro nopgxoga. HegoctaTkom
Xe 3TOro Mnoaxoda sIBNSeTCA TO, YTO NPOLECC PelleHus 3a-
Jauy MOXET MpPaKTUYeCKM 3aKaH4MBaTbCsA MOC/ie ONTUMMU3a-
LMW NepBOro, CaMoro BaXHOTr0 KpUTepus.

4.2. Cnocobbl CBEPTKN KpUTEPUEB

Kak 6b1/10 0TMEYEHO Bbille, CBEPTKON BEKTOPHOIO KpU-
Tepusa 3h(peKTUBHOCTM HasbiBanacb npoueaypa Mony4vyeHus
Kputepusa o6beguMHeHHOW onepauun. Mpu 3ToM 0606LLEH-

HblA KPUTEPUI 3PHEKTUBHOCTU ZZ NOJSyYaeTCHd KaK (PYHK-
LMA YacTHbIX KpuTepueB 3MPMEKTUBHOCTU zl,z2...zn, T.€.
2z =F(z,,22...,2,,) . PaccMOTpUM HeKOTOpble 3/eMeHTapHble
cnocobbl CBepTKKW, npegnonaras, 4to TpebyeTcs MaKCUMW-
3upoBaThb BCe 4YacTHble Kputepum zl,z2...zn, a TaKxxe 0606-
WEHHbIA KpUTEpUIA zX .

1 CymMmMunpoBaHMe, WAN  «3KOHOMUYECKUA» CNOCO
CBepTKWU. MpesnonoXum, 4YTo 3aflaHbl HEKOTOPblE napamert-
pbl atd =hn , KoTopble MOryr KMeTb CaMblil Pa3finyHbIN
CMbIC/1, & UMEHHO OMnpefensiTb OTHOCUTE/IbHYH BaXXHOCTb
KaX[O0ro M3 YacTHbIX KpUTepWUeB U YAOBNETBOPATL YC/0BUSA:
0<a,<l, /=1u, I/Ia.:l , The 4JacTHble Kputepuu addek-

/=1
TMBHOCTW MMEIT pas/InyHbIn MacwTab n3mepeHns. 3T na-
pameTpbl at.i-Ln HazoBeM HOPMUPYIOLLUMU MHOXUTENAMU.

Npeqa atoro crnocoba 3akniw4aeTca B TOM, YTO BMECTO
3afia4yn MaKCUMWU3aunin BEKTOPHOIo KpUTeEpuA, paccMaTtpu-
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BaeTCca 3aflaya MakCumusauum Kputepus 06befUHEHHOWN
onepayum

KOTOpbI/ Mofy4YaeTca B pesynbTaTe CyMMUPOBaHUSA BCeX Ya-
CTHbIX KPpUTEPUEB C YYETOM HOPMUPYHOLLUX MHOXUTENei.
CyMMMPOBaAHMIO YaCTHbIX KpUTepueB 3((PEKTUBHOCTU,
I. . 3KOHOMMYECKOMY Crnocoby CBEPTKM KpPUTepueB, COOT-
BETCTBYeT OA4MH U3 MPUHLUNOB KOMNPOMUCCA, & UMEHHO —
NPUHLMN CnpaBeanBoOi abCoONOTHOW YCTYMNKMN.
2. Cnoco6 cBepTKM, OCHOBaHHbIA Ha NpPeACcTaBNeHUM
0600LEHHOr0 KpuUTepus B BUAe KayecTBeHHOro. lpeano-

NOXWM, 4TO 3afjaH HeKoTopblii BekTop z° =(z%,2°,...,2°) ,

KOMMOHEHTbI KOTOPOro OnpefenstoT Heo6X0o4MMble YPOBHU
AOCTMXKEHMUA YaCTHbIX KpuTepueB. ITOT CMNOCO6 CBEPTKU
KpuUTepueB npeanonaraeT nepexos OT BEKTOPHOro Kpurepus

YA K Kputeputo rr cornacHo

1 ecnur. >2z°, ./=1,n.

3T0T cnocob CBepTKM MMEET MpPaBO Ha CyLLeCTBOBaHMeE.
OTMeTMM, 4TO Cnocob CBEPTKM, OCHOBaHHbIM Ha MpefcTas-
neHnn 0606LEHHOTO KpUTepUs B BUAe KayeCTBEHHOrO,

MOMIHOCTbIO 3aBUCUT OT OOBLEKTUBHOCTWU BekTOpa Z" U He
MOXET ObITb MPUMEHEH B CNy4ae ero Hem3BeCTHOCTMW.

3. Cnocob CBepTKW, OCHOBaHHbLIA Ha MocnefoBaTeNb-
HOM [OCTMDKEHWW 4acTHbIX uenei. Kaxpgas nocnegytollas
onepaums, nNpyu 3TOM Cnocobe CBEepTKU, YUUTbIBAETCHA /UL
TOrga, Korga AOCTUTHYTbl abCONOTHbLIE MAKCMMalbHble 3Ha-
YEeHUA KpUTepueB NpeablayLLnx onepauui.

4. Jlornyeckoe cBepTbiBaHWE KpUTepueB. ITOT CMoOcob
CBEPTKM KpuUTepueB NpPUMEHSeTCA, TONbKO TOrga, Korga Bce
YaCTHblE KPUTEPUWN ABNAKOTCA KayeCTBEHHbIMU, T.e. MPUHMU-
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MatoT 3HadyeHus 0 mnm 1 B atom cnyyae 0606LLEeHHbIE KPU-
TEPUM MOXHO NONYUUTH CNefytowmmmn cnocobamu:

a) BBeEHMEeM MPOTUBOMOOXKHON Lenun, Takoh, KoTopas
NMPUBOANT K HEBBINO/IHEHWNIO KaKOW-TO Lenu;

6) cnoco60M JIOTMYECKOr0 YMHOXEHWS BCEX YaCTHbIX
KpUTEepWes;

B) CNOCOGOM /IOTMYECKOro CNOXEHUS BCEX 'YaCTHbIX
KpUTEpMeB.

5 O6006uieHHOE N0rMYecKoe CBepTbiBaHME. ITOT CMoO-
co6 CBepTKM SBASETCS MNPAMbIM 0606LIEHNEM AEliCTBUIA
npegblgywero cnocoba, No3BONANOWMM NPOBOAUTL 06beAM-
HeHMe KaYeCTBEHHbIX Lefei.

6. CnyyaliHOe M HeonpeAeneHHoe CBepTbiBaHMeE. 3[A€ecCh,
0600UeHHbIM  KpuTepueM 3MHEeKTUBHOCTU MOXET OblTb
06bsBNEH /1I060 M3 YACTHLIX KPpUTEPUEB B 3aBUCUMOCTU OT
COCTOSIHUA HEKOHTPONMPYEMbIX (PaKTOPOB.

MpobnemMHble 3aaHus

1 Cdopmynupyiite 3agayy, 006yCnoB/ieHHY npobne-
MamMy BEKTOPHOW ONTMMW3aLUW, B KOTOPOI BCE NIOKa/bHbIE
KpuTtepuu cneposano 6bl 06paTUTh B MakCUMYM.

2. Ona onpepeneHna NoKaibHbIX KPUTEpPUEB 3ajayvn 3a-
faHusa 1 uccnefyinTe NpUHUKUN paBHOMEPHON CnpaBefnBOM
yCTynKn’

3. [na peweHns 3agayn 3agaHus 1 uccnepyinte NpuH-
L1n MakCcMMuHa.

4. Ana peweHus 3agaun 3afaHus 1 uccnegyiTte NpuH-
LWMbl OTHOCUTENIbHON 1 a6CONOTHOW YCTYMKN.

5. [na peweHuda 3agaym 3agaHua 1 paccMoTpuTe cno-
cobbl CBEPTKN KpPUTEpPUEB.

Bonpochkl Ana caMonoAroToBKM

1 B uem 3aknio4aeTca CyTb NpUMHLUMNA PaBHOMEPHOCT
W CrnpaBeasIMBOCTU YCTYMNKN?
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2. Pa3HOCTbIO Kakoro npuHUMna sABASETCA NPUHLMN
MaKCUMUHA?

3. B yem cOCTOUT CyTb MPUHLUMMNA MaKCUMUHA?

4. OxapakTepusyiite MPUHUUN ChpaBeA/IMBON OTHOCKU-
TE/IbHON YCTYMKMW.

5. Ha30BWUTe OCHOBHble CMNOCOObI CBEPTKN KPUTEPUEB.

6. MNMpn kKakom cnocobe CBEPTKU KpUTepueB BCe 4vacT-
Hble KPpUTEpUN ABNAKOTCA KayeCTBEHHbIMU?

7. B 4eM 3aknyaeTcd LUenb /I0OrMYeckoro cnocoba
CNOXeHns Kputepmes?

8. Onpepennte cyTb 0606LLEHHOrO /IOFMYECKOr0 CBep-
TbIBaHUS KPUTEPMEB.
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FTABA 11I.

§ 5. 3JIEMEHTbI TEOPUUN UTP. UTPA ABYX TNLL C
HYNEBOV CYMMOWU

Nrpa, KOHAMKT, KOHAMKTHAA cuTyauuns, npasuna Urpbl,

napHas urpa, MHO>KECTBEHHAst Urpa, Koanuuus, Wrpok, cTpa-

Terus, Xof, nnaTedkHas (hyHKLWS, BbIUIPbILW, NPOUTPbILL, HY-

neeas cymma, (yHKLMs MONe3HOCTHU, NnaTeXKHas MaTpuua,
KOHeYHasi urpa

5.1. ToHATME urpbl 1 crnocobbl ee onucaHns

C nosBneHuem B 1944 rogy MoHorpaduu K. ¢oH
HelimaHa n O. MopreHwTepHa «Teopusi Urp U 3KOHOMUYECKOE
noBejeHMe» BO3HWKMA Teopus urp. Teopus Urp ABAAETCA
mMaTemMaTU4eCcKo Teopueiln KOHMAUKTHbIX CUTyauuin u 3a-
HUMaeTcs BbIpabOTKOW peKoMeHJauuin no paunmoHanbHOMY
o6pa3y [AeNCTBMIl.y4aCTHMKOB MHOFOKpaTHO MOBTOpStOLLe-
rocs KoHgpnukra. Cutyauuun, B KOTOPbIX 3P(EKTUBHOCTb
NPUHUMAEMOro OLHON CTOPOHOW peLleHns 3aBUCUT OT fel-
CTBWIWA [pYyroil CTOPOHbI, HAa3blBAOTCA KOHMAUKTHLIMU.
Kongnmkr scerga cBsasaH ¢ onpejeneHHOro poga pasHorna-
CUSMMN.

Wrpa npeacrasnsetr co60i maTeMaTUUeCcKyt0 MOjesb pe-
aNbHOM KOH(AMKTHON CUTyauuun, aHann3 KOTOPOI BegeTcs
no onpefeneHHbIM NpasuIam.

CTOpOHbI, y4acTBYHOLLME B UIPe Ha3bIBAKOTCA UTPOKaMMU.
Wrpokamy MOryr ObiTb OTAefIbHble LA WM KOMaHfbl,
BOKOKOLLME CTOPOHbI, MNpeanpuaTua, (GUpMbl U, HaKoHeL,
npupoja, opmMmupytowias ycnosusa, B KOTOPbIX HEOOXO4MMO
NPUHMMaTb peLleHuns.
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CTpaTerveli Urpoka HasblBaeTCsi COBOKYMHOCTb Mpasui,
onpegensoLmnx BolbOp BapuaHTa AeWCTBUIA KaXablM WUrpo-
KOM B 3aBMCUMOCTW OT CMTyauuu, CIOXUBLLEACSA B npoLec-
Ce Urphbl.

Bbi6op 04HON M3 nNpeayCMOTPEHHbIX MpaBuaaMu Urpbl
CTpaTerMin 1M ee OCYLLECTBNEHME Ha3biBAETCA XOZOM. Xofbl
ObIBAOT NINYHBIE N CNyYalHbIe.

B o6Lwem cnyyae npasuiaMy Urpbl yCTaHaB/IMBAKOTCA NO-
CneaoBaTeNlbHOCTb XOAO0B, 06bEM WH(OPMaLMM KaXAON CTo-
POHbI O MOBEAEHWUW APYroi u pesynbtaT (Mcxopn) urpbl. lMpa-
BUNa OMNPeAenstoT TakKe KOHEL, Urpbl, KOrfa HeKoTopas BO3-
MOXXHas MocnefoBaTeNbHOCTL BbIOOPOB YXe CcAenaHa, W,
6onblie XO40B fenaTb He paspeLuaeTcs.

B 3aBMCMMOCTM OT umcna Y4aCTHUKOB, WIpbl Mogpasje-
NAKTCSA Ha NapHble U MHOXECTBEHHbIe. B napHoO urpe uncno
Y4aCTHMKOB PaBHO [BYM, a BO MHOXXECTBEHHON —60/iee ABYX.
Y4aCTHUKN MHOXECTBEHHOW Urpbl MOryT 06pa3oBbiBaTh Koa-
ANLUN N UTPbI B 3TOM CNy4yae Ha3blBalOTCA KOAIMLNOHHBIMU.

Wrpa Ha3biBaeTCA KOHEYHOW, eCnM YnUCno CTpaTeruin ur-
POKOB KOHEYHO, U GECKOHEYHOW, ecnn, XO0TA Obl Y OAHOr0 13
WIPOKOB, YNCNO CTPATErnin ABNAETCS 6ECKOHEYHbIM.

CTpaterns urpoka HasblBaeTcsi ONTUMaNbHOM, ecnu, He-
3aBMCUMO OT MOBELEHUS MNPOTUBHUKA, MPU MHOrOKPaTHOM
MOBTOPEHMMN UIPbl, OHA 06ecneymBaeT AaHHOMY WUIPOKY Mak-
CUMa/IbHO BO3MOXXHbI CPEAHWNIA BbIMTPbILW UIN MUHUMAIbHO
BO3MOXXHbI cpefHUA npourpbiw. OTMETUM, YTO 34eCb MOryT
ObITb UCMO/B30BaHbI U ApYyrve nokasaTen ONTUMasbHOCTH.

CyuiecTByt0T fBa cnocoba onucaHusa Mrp: MO3NLUOHHbIN
N HOpMasnbHbIWA. MO3MLMOHHBIA cNoCco6 cBsidaH C pa3BepHy-
TOW POPMOW Urpbl U CBOAUTCS K rpagnuKy nocnefoBatenbHbIX
waroB (gepeBy urpbl). HopManbHbIA cnoco6 3akovaeTcs B
SIBHOM NpeACTaBfIeHUM COBOKYMHOCTW CTpaTeruii Urpokos K
NNaTeXxHon QyHKuun. Ond Kaxno COBOKYMHOCTWU BbIGpaH-
HbIX UrpoKaMu CTpaTernii, nnatexHas (yHKUWsa onpegenset
BbIUTPbIL KaXJ0W U3 CTOPOH.
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Ecnv B napHOi wrpe BbIUTPbIW OAHOrO WrpoKa paBeH
NPOUrpbILY BTOPOro, TO TaKyl Mrpy MPUHSATO HasblBaTb Wr-
POl C HYNeBOI CyMMOIA.

5.2. Wrpa aByx v, ¢ Hy/1eBOi CyMMOL

PaccmoTpuM KOHeuHyto wpy ayx nuy (I u 1) ¢ HyneBol
CyMMOW. [pesnonoxum, 4to Urpok | mmeeT T cTpaTerui
(0603HauUMM ux Aj, Az,...-,AT), a urpok Il (NpoTMBHUK Urpoka
I) —n cTparerun (227,4r, ,Bn). Takasa urpa Ha3blBaeTCA UrPoi
pasmMepHoOCTU T XT.

Wrpa cocTtonT u3 AByX XOLOB: UTPOK | BbIGUpaeT cTpaTe-
rmo A/, '=I'T, a urpok Il Bblbupaet ctpaternto BX /=In,

(Kaxabli1 BbIGOP MPOM3BOAMTCS MPW MOMTHOM HE3HaHWWU Bbl-
6opa Apyroro urpoka), nocne 4Yero MrpoKy MoayyarT COOT-
BETCTBEHHO BbIUrPbILN Mj(4,;4) n wW2(Airffy).

TaK Kak paccmaTpuBaeTca urpa C Hy/neBoW CYMMOW, TO
nmeem w,(A'.,.B.)+wW2(AnB )=0. Bblpa3um 3TO paBeHCTBO Ce-

aywouwmnm obpasom w(4,Bj) =wAt,Bj), w,(A,,Bj) =-w(Al,Bj).
Myctb, W{AIi,Bj)=atl, rge 3HayeHusa af] m3BecTHbl npu

KaxgoiW nape crpatermi Ai »u B} . Matpuua

A=(a X/=\T,/=1n, Ha3blBaeTCqd MNATEXHON MaTpULEN.

3anuwem atn 3HayeHUs B Bufe Tabnuubl 1
CTpoku 3TOI Tabnmubl COOTBETCTBYIOT CTpaTerusM urpo-
Ka |, a cTonbubl —cTpaternam urpoka Il. Kaxablii nonoxu-

Te/NbHbIA 3neMeHT af] maTpuubl onpesenseT BENUUUHY BbIUT-
pbila ngoka | n npourpbiwa urpoka Il npy npumeHeHUn
UMW COOTBETCTBYHOLMX CTpaTernii. Lienblo KaXporo urpoka

SIBNSIETCA MaKCMMU3UPOBaTb CBOW BbIMFPbIW WM, YTO TO XKe
camMoe, —MMWHNMMW3NPOBaTb CBON NPOUTPLILL.
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Mpo6neMHble 3afaHns

1 OcrtaBbTe 3ajayy W COCTaBbTe ee MaTemMaTUYecKylo
MoZeslb, KAYECTBEHHO OTPaXKaloLLyto UIPOBYH CUTYaUUIo.

2. [ns 3agaun 3agaHusa 1 wuccnepyinte n onpegenuTe:

a) YMCNO YYaCTHUKOB;

6) xapakTep urpsbl;

B) cTpaTernm UrpoKos.

3. lMocTaBbTe Takyl 33gayy, 4Tobbl ee maTeMaTmyeckas
MoZeNlb oTpaXkasia NapHyr UrpoByk CUTyauuio.

Bonpockl and camonoAroToBKK

YUrto Takoe urpa?

UTo HasblBaeTCs cTpaTeruein?

YT0 HasbIBaeTCA ONTUMaNbHOW CTpaTernen?
Kakune Bbl 3HaeTe cnocobbl onucaHuns urp?
UTo onpegenseT B urpe nnatexHas QyHKUNA?
[ainTe onpegeneHne nrpbl C HY/NEBOW CYMMOIA.

SO WN R
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§ 6. PELUEHVE MATPUYHbBIX UT'P ABYX /1L, C
HYJTEBOV CYMMOW.
NMPNHUWNTT MUHNMAKCA

Wrpa, nnaTe>kHas maTpuua, cTpaTerns, MakCUMUHHAS
cTpaTerns, MUHUMaKCHast CTPaTerus, HUXKHAS LieHa WUrpbl,
BEPXHASA LieHa Wrpbl, CeA10Bas TOUKa, YAcTas cTpaTerus,

CMeLLaHHas cTpaTerus

6J1. Virpa TXnN: OCHOBHbIE CBOWCTBA Urpbl

PaccMoTpuM uUrpy TXN C NaaTeXHOW maTpuuen, npes-
CTaBNEHHON B cnefytoLlein Tabnuue:

Bi B2 Bn
I
|
Al ay al2 aln
n-=2 al2 022 arn
o aTl. aT2 9jrw-

CnepyeT onpefeNnnTb: a) HaUy4Llyo CTpaTerno Urpoka
| cpean ctpaternii A/, Az,....,AT\ 6) HaunyuLyo cTpaTeruto
urpoka Il cpegun ctpateruii Bj,B2, ,Bn.

Mpu onpefeneHNUN HaumnyylunMx cTpaTeruii UTPOKoB Bydem
cyMTaTh, YTO NPOTMBHWKM, YYacTBYIOLLME B Urpe, Of4MHAKOBO
pasyMHbl, W KaXAblil 10 HWUX AenaeT BCe A8 TOro, Y4Tobbl Ao-
6UTbCS CBOEN Lenu.

Mcnonb3ysa 3TOT NPUHLMN, HalgeM Haunyudlyo cTpare-
rMio urpoka |, Ang vero npoaHanusmpyem nocnefoBaTesibHoO
Bce ero ctpateruun. Bobibupas cTtpateruto A, urpok | gon-
YKEeH pacCUMTbIBaTb, YTO MPOTUBHWUK OTBETUT Ha HeCc TOW U3
CBOMX CTpaTeruin B}, And KOTOPOM BbIMrpbIlW urpoka | 6y-

OET MUHUMANbHbIM.
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Bbluncnum a,.:ﬁ%_ﬁ\./., i:),m, n 3anumem 3TU 4Yucna

PALOM C MJIaTeXXHOW MaTpuuen B f06aBOUHbIN CTONGEL,
3Has uucna at, urpok | fomkeH npeanoyvecTb APYrum

cTpaTtervam Ty, Ans KOTOPOi a, MakcumanbHo. O603HauYUM
a =maxa:, Torga a = max mina. .

1<;<w \<i<m\<j<n 1

BennmuvHa a — rapaHTUPOBaHHbIA BbLIUTPbIL, KOTOPbINA
MOXeT obecneunTb cebe UrpoK |, Has3biBaeTCA HUDKHEW Le-
HOW nrpbl (MAKCUMUHOM).

CtpaTerusa, obecneuvBarollas MosyyYeHWe HVDKHeR Le-
Hbl UrpPbl @, Ha3blBaeTCA MaKCUMWUHHOW CTpaTeruei.

Ecnn urpok | 6yaeT npuaepXuBaTbCs CBOEW MaKCu-
MUHHOI (NepecTpaxoBOYHOW) cTpaTeruu, T0 emy rapaHTu-
pPOBaH BbIUIPbIL, HE MeHbWMWUKA a npu NboM NoBefeHUN
nrpoka II.

Nrpok Il 3anHTepecoBaH YMEHbLUUTb CBOW MPOUTPbILL
Wan, 4To, TO Xe camoe, BbIMIpbIW Urpoka | obpaTutb B
MUHUMYM. Mo3ToMy Ans BbiGOpa CBOE Hauny4llein cTpaTte-
FMN OH JO/KEeH HaNTU MakCMManbHOe 3HayeHue BbIUTPbILa
B KaXAOM K3 CTONGLOB M Cpean 3TUX 3HauYeHWin BbIGpaTb
HanuMeHbLUee.

O603Haunm [ =Taxa, W B=min/? . Torja,

1 )<i<m 1 \<j<n 1

= min max atj.

1</<W J
Crpateruns urpoka Il, obecneunBaroLwas «BbIAMPbILL»
SBNAETCSA €ro MUHMMAKCHOW cTpaTterve.
Ecnm urpok Il 6yaeT npuaepXuBatbCs CBOEW MUHM-

MaKCHOI cTpaTermu, To B NHOOGOM Cryyae NPOUrpaeT He
oonbLue /3.

CyLLecTBYHOT WUrpbl, AnA KoTopbix a =/3. Takue urpsbl

Ha3bIBAOTCA Mrpamu ¢ CeA/I0BON TOYKONA.
OObuLee 3HayYeHMe HUXHeM M BepXHeM MeHbl H urpax c
CeAsioBON TOYKOIM Ha3biBaeTCA YMCTOM LesI0R urpbl, a cTpa-
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Terun A’ » B*, no3sondawliMe AOCTUYL 3TOr0 3HaAYeHUa —

ONTUMaNbHbIMU,

OnTumanbHble CTpaTerMm U yYuctas LeHa ABNAOTCA pe-
LUEHNEM UTPbl C CEA0BOIN TOUKOMN.

Unctyto ueHy urpbl y - a =(3 B urpe ¢ ceaioBoin Tou-
KO, Mpu yCNnoBMW OAMHAKOBO pPasyMHOCTU MapTHEPOB,
NUTpoK | He MOXeT YBENNUNTb, a UTPOK Il —yMEeHbLLINTS.

Ecnu urpa nmeeT cefi0BYHO TOYKY, TO FOBOPSAT, YTO OHa
pellaeTca B YUCTbIX cTpaTerusx. [og 4MCTON cTpaTeruen
NOHMMaeTCA Takasa cTpaTerus, Kotopas BblbpaHa MIPOKOM
CO3HaTeNlbHO, 0e3 MCMOMb30BaHWS MexaHu3Ma Cay4aliHoro
Bbl6Opa.

CnefyeT OTMETUTb, YTO MAaTeXHas Marpuua Urpbl Mo-
XeT umeTb 605ee OLHOIN CeANI0BOIN TOUKMU.

Takum o6pa3om, ecnu maTpuua Urpbl COAEPXUT cepaso-
BYIO TOUKY, TO ee pelleHWe HaxoguTcsa No NpUHUUNY Mu-
HYMaKca.

B oCcHOBHOI Teopeme wrp yTBepXAaetcs, 4YTO /tob6as
KOHeYyHas wurpa ABYyX UL C WyneBOi CyMMOW WMeeT, Mo
KpaiHeli Mepe, O4HO pelleHne, BO3MOXHO, B CMeLUaHHbIX
cTpaTerusx, T.e., KaXjas KOHeYHas urpa umeet LeHy.

LieHa urpbl y — CpefHU BbIMIPbIW, NPUXOAALLUIACS
Ha OfHy napTUlD — BCerja YAO0BNEeTBOPSET YCNOBUIO
a<y </3 . CnepoBaTeNnbHO, KaX[bli WUIPOK MNpPU MHOrO-

KpaTHOM MOBTOPEHUM WIPbl, NPUAEPXKMBAACb CMeLlaHHbIX
cTpaTerwin, nonyvaeT 60/ee BbIFOAHbLINA ANa cebs pe3ynbTar.

6.2. PeweHne nrpbl T XN 6e3 CeA/10BO TOUKM

Tenepb paccMOTpUM Wrpy T XN , AN KOTOpoih a </3 .

34ecb, NPUMEHEHNEe MWHUMAKCHbIX CTpaTerMin KaxpabiM W3
UFPOKOB 0bGecneymBaeT MEePBOMY BbIUIPbIL HE MeHblLUe
HUXHEW LeHbl Urpbl a , a BTOPOMY —MNpouUrpbiw He 60/b-
e BepxXHel ueHOW urpbl (3. YuuTbiBas, 4to a </3, ecTe-

CTBEHHbIM Xe€laHNEM WUTrpoKa | ABnsaetcs YBENNYNTDL cBOW
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BbIUTPbIW, a urpoka Il - yMeHbWWUTb CBOW MNPOMTPBILL.
MONCK Takoro pelleHns MPUBOAUT K MPUMEHEHUIO COX-
HOW CTpaTeruun, cocToAllein B CIyYanHOM NPUMEHEHUMN ABYX
1 60/1€e YNCTbIX CTpPaTernii ¢ onpeaeneHHbIMN YacToTaMMm.
Takasa cnoxHas cTpaTerms B TEOPWMM WUIP Ha3blBaeTCH
CMeLLaHHOMN.
CwmellaHHble cTpaterum urpokos | n 1l 0603Ha4Yum co-

OTBETCTBEHHO uyepe3 Pn=(p{p2....pa) n qgB=(ql,q2...,q,,), rae
p, >0, qj >0 ~ BEpoOATHOCTU MPUMEHEHUS YUCTbIX CTpare-

i O v Bjt i=)Jt, j=Xn, npun 3TOM _
A j=

CTtparermm wWrpokoB, BXOAAWMe B WX ONTUMA/bHbIe
CMeLlaHHble CTpaTeruun, HasblBalOTCA aKTUBHbLIMU.

Teopema. [lpuMeHeHMe ONTMMaNbHON CMeLIaHHOM
cTpaterum obecneymBaeT WrpoKy MaKCUMaibHbI CpeaHui
BbINTPbIW (MW MUHUMANbHbLIA CPeAHUA NPOUrpbIW), pas-
Hbl/ LleHe WUrpbl y , HE3aBUCMMO OT TOro, Kakue [AeiCTBUA
npegnpuHMMaeT LPYroil UrpokK, eciiv TOMbKO OH He BbIXO-
AWT 3a npejenbl CBOMX aKTUBHbIX CTpaTerui.

[okaszatenbcTBo. [peAnofioXnUM, 4YTO HaWAeHO ONTu-
Ma/sibHOe peLleHue Urpbl TXM B CMEeLaHHbIX CTpaTerusx, B
KOTOPOM nepBble T cTpaTernin (r <T) wurpoka | u nepsble s
cTpaternii (#<n) urpoka Il SBnAOTCA aKTUBHbIMU (3TO He
HapyLlaeT O6LWHOCTM, T.K. CTpaTerMm BCerja MOXHO nepe-
HyMepoBaTb TakKUM 06pa3om, YTOObl MepBbIMU ObIIN AKTUB-
Hble), T.e.

.
PA(PUPZ>PrA-0), £,a =1’

S

Y =(g™q2,-,qsA -M | = b
(a”™q q j=

BbiMrpblll, MOMNYYEHHbIE B pe3ynbTaTe MNPUMEHEHUs
3TUX CTPATErnii, paBeH LieHe Urpbl Y .

Bbimrpbiw urpoka |, ecam oH nonb3yeTcs ONTUManbHONM
CMeLlaHHOW cTpaTervein pA, a urpoka Il —uncteiMu cTpa-
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Termammn Bi,B2, .,Bs, 0603Ha4Ynum uepes yy, y ys. N3
CBOWCTBA ONTMMANbHOIO pPeweHns Urpbl cnegyer, 4YTto OT-

KNoHeHue urpoka Il oT onTUManbHoW cTpatern B MoxeT
NWWb  YBENMUUTL  ero  mpourpbiw.  CregoBatenbHo,

Yj>Y,j =\;s.

Bbipasym Tenepb UEHY WUrpbl Yy , NpU ONTUMAa/bHbIX
CMELUAHHbIX CTpaTermsx WMrpokKos p21 7 qh, yepes y [,
Y2,eee, Vs, [1OCKO/bKY, B ONTUMaNbHOW CMELLAHHON cTpaTe-
rum B, unctble cTpaterun B\,Bb ¢ ,BSnpumeHsa0TCs C Be-
poaTHocTAMU @LQ2...qs , TO y=ylgl+yaR+.. yxs, npwu
QTO M ™xl.

Cymma y”" +yX2+..+ysgs ecTb CpeAHeB3BELLEHHOE
3HayeHWe, KOTopoe OblN0 Obl 6Gofble Yy, ecnn XoTsa Obl
OLVH 13 BbIUTpbIWeid y} 6bin 6onbwe y. CnegosaTesibHO

YX=Y2=- =Ys=r-
PaccMoTpuM Hambonee NpPoCTyr Urpy 2x2:

Bj B2
Al ail al2
2 a2l - W2

B aToii wpe KaxAabli M3 UrPOKOB 06nafaeT TO/bKO
ABYyMA cTpaternamn. Ecnu urpa 2x2 UMeeT CefoBYO0 TOY-
Ky, TO ee pelleHne 04eBUAHO.

MycTb a* p. TpebyeTcAd HalMTWM ONTUMA/bHbIE CMeLlaH-
Hble cTpaterun urpokos pA={pupr), » =(?L")n uUeHy Urpsbl
-

OuyeBMAHO, YTO B Urpe 2X2, He MMEOLLEn CceanoByto
TOYKy, 006e cTpaTtermm UrpokKoB ABMAKTCH aKTUBHbIMUW. [10-
3TOMY, COrflacHo Teopeme 006 aKTMBHbIX CTpaTerusx, ecnu
nrpok | 6yner NpUMeEHATb CBOK ONTUMAa/IbHYH CMELUaHHYH0
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CTpaTeruto, To He3aBUCUMO OT felicTBuiA urpoka Il, BbInr-
PbilL ero GyaeT paBeH LIEHe Urpbl vy .

[MocKonbkKy, urpok 1 And nosyyeHms OMNTUMANIbLHOIO
BbINTPbILLA MPUMEHSAET CTPATErnio A] C BEPOATHOCTLIO pX U
CTpaTernio A2 C BEPOATHOCTbD p2, TO, ecnu urpok Il
NPUMEHNT CTpaTernto Bx, TOrda 3HaYeHWe BbIUrpPbILIA Wr-
poka | onpesennTcsa U3 ypaBHEHUSA anpx+aZp2=y m

Ecnu >xe urpok Il npumeHnT cTpatermio B2, TO BbIUT-

pbill UrpokKa | He M3MeHUTCH ” onpegennTca paBeHCTBOM
aunPx +a2lp2=Y-
|_|pI/IHI/IMaFI BO BHMMaHWE yCnosue Px+Pl =1, 6y,qu NMETb

CUCTEMY TPEX NIMHENHbIX YPaBHEHWUI C TPEMS HeWU3BECTHbIMM
pXx, p2 U y . PewmB 3Ty cuCTEMY YpaBHEHWIA HaxoauM

Pn=(PnP2) n ¥-
OnTtumanbHaga cTparerus q3 ={q,,q7) urpoka ll, aHano-
F’MYHO ONpeaesMTCcs 13 CUCTEMbl YPaBHEHWIA:

ang}+ang2=y,
av+aZ4~yY
<b+q2: | -

Mpo6nemHble 3agaHmns

1. CocTaBbTe WrpoBYHO 3afjayy ABYX NULL, PeLLeHne KO-
TOPOI1 BO3MOXHO TO/IbKO B CMELLAaHHbIX CTpaTerusx.
2. Wccnepyiite BO3MOXHOCTb MOCTPOEHWS ONTUMarb-

HbIX CMeLUaHHbIX CTpaTernii ans urpbl, COCTaB/IEHHOW B 3a-
JaHnm L1

Bonpockl 4151 caMonoAroT OBKY

1. Y10 HasblBaeTCA HMKHEWN LEHON Urpbl?
2. YTO0 Takoe MaKCMMWHHaa cTparterusa?
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YTo Takoe MMHMMaKCHasa cTparerms’?

UT0 Ha3blBaeTCA Urpoii ¢ ceaI0BO TOUKOIN?
UTo Takoe ymcTas ueHa urpbl?

YTO Ha3blBaeTCA CMeLaHHON cTpaTernei?
UTo Ha3blBaeTCA aKTUBHOMW cTpaTeruen?
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§ 7. YNNIPOWEHWE WI'P.
CBEAEHVE MATPUYHOW NTPbI K
3AOAYE TMHEWHOIO NMPOIrPAMMIMPOBAHUA

Wrpa, TaTe>KHas MaTpuua, ceanosas Touka, ay6nvpytowimne
cTpaTeruy, 3aBejOMO HEBbITOAHblE CTPATErMN, KOHEYHaAs
nrpa, NMHeinHoe NporpammMmpoBaHue

7.1. OcBoeHMe onpefeneHns yrnpoLLeHnsa urp

Ecnn nnateXxxHas maTpuua Urpbl He COLEPXMUT CeL/10BOW
TOYKW, TO OnpegenieHne oNTUMabHbIX CMeLLaHHbIX cTpaTe-
rMn Tem C/oXKHee, YeM 60/blIe PasMepHOCTb MaTpuLbl.
MosTomy, nepef pelleHnemM WUrpbl, LEenecoobpasHo yMeHb-
WKNTb (HACKO/IbKO 3TO BO3MOXHO) pa3sMepHOCTb ee MmiaTex-
HOM MaTpuubl. ITO OCYLLECTBASETCA MYTEM BblUepPKMBaHUSA
AyOoNupyroWmMX 1 3aBeflOMO HEBbIFOAHbIX CTpaTeruid, a Tak-
)Ke 3aMeHbl HEKOTOPbIX FPYMNMn YUCTbIX CTpaTerni — cme-
LUAHHbIMW.

Onpegenedve 1. EcAv B nnaTeXHOW MaTpuue Urpbl Bee
3NEMEHTbl CTPOKM (CTON6LUa) paBHbI COOTBETCTBYHOLMM
3NeMeHTam [pyrov CTpoku (CTonbua), To COOTBETCTBYHOLLME
CTpokam (cTonbuam) cTpaTernv HasblBaKOTCA Ay6nMpytoLm-
MU,

Onpegenenve 2. Ecnv B nnaTeXxHo maTtpuue {a.} Urpbl

BCE 3/IEMEHTbI HEKOTOPOM CTPOKM (CToN6ua), onpenensto-
wen crpatermo [ (B.) urpoka | (urpoka Il) He 6onbLue

(He MeHbLUE) COOTBETCTBYHOLLMX 3/1EMEHTOB [PYroil CTPOKM
(ctonébua), To ctpaterms [ ( ) HasbiBaeTCcs 3aBeAOMO He-

BbIFOAHOA.
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7.2. PewleHne nrp 2xn N T x2

JTiobas KOHeYyHas urpa Txn WMEeT pelleHue, B KOTO-
POM YMCNO aKTUBHbIX CTpaTernii Kaxzaoro Urpoka He npe-
BOoCXoAMT min(T,n) . CnefosartefibHO, Yy UrP 2xm M T X2
BCErga UMeeTCs pelleHue, cofepxallee He 6ofiee ABYX ak-
TUBHbIX CTpaTerMin y Kaxaoro u3 uUrpokos. Ecnu atm ak-
TUBHbIE CTpaTerunm Urpokos OyayT HaWfeHbl, TO urpa 2xn
WA T x2 NpeBpaLiaeTcs B Urpy 2X2, peLleHne KOTOPOW
OCYLLLECTB/IAETCA 3/1EMEHTApPHO.

lMpakTUyeckn pelleHne LWpbl 2xn  OCYLLeCcTB/AeTCA
cnefyowmm obpasom:

-CTpOUTCA rpagmyeckoe n3obpaxKeHue nrpbl;

-BbIJENAETCA HUXHAA rpaHuLa BbIMrpbila N HaXoamuTces
Hanbonbluasg opAuHaTa HUXHeW rpaHuubl, KOTOpas paBHa
LieHe urpsl y,

-onpefenseTca napa CTpaTervid, nepecekaroLnXcs B
TOYKE ONTUMYMa.

PelleHve Wpbl T x2 OCYLLECTBMSETCA aHaNOMUYHO.

PaccmMoTpuM Urpy 2xu, NpeacTaBNeHHYHO B ClefyloLei
Tabnuue:

I A B, BN
|

A au ar a,.,

A a N2 °2n

O603HauMM uepe3 PA=(pup2) ONTUMa/bHYK CMe-

lWaHHyt cTpaternto urpoka l. lMockonbky, Urpok | nmeet
TONbKO [iBE CTpaTernm u urpa He MMeeT CeAsI0BOA TOYKM, TO
06e cTpaterun 6yayT akTUBHbIMU U p2=1-/->, [?,>(), p2>o.
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OXunAaemblidi BbIMIPbIW y  Mrpoka |, COOTBETCTBYHOLLMIA
cTpaternn B] urpoka Il, paseH

j = +a2jPl =% Pl +«2j0 - Pi)={<dj- a2j)Pl +a2je
OTctofa BUAHO, YTO OXKMAAEMbI BbIMIPbIL  MUrpoka |

NNHENHO 3aBUCUT OT pX.

B COOTBETCTBMM C KpPUTEPMEM MUHUMAaKca, ANs Urp B
CMeLUaHHbIX CTpaTerusx Urpok | gomkeH BblGupaTth px Tak,

4yTO6bl MAKCMMW3MPOBATb CBOW MUHUMa/IbHBIA OXXNAAEMbI
BbINTPbILL.

3Ta 3afa4ya MOXET ObITb peLleHa rpafuyeckn nocTpoe-
HUEM MPSAMbIX TMHWUIA, COOTBETCTBYHOLLUMUX IMHENHBIM (DYHK-
LMSAM OT p X.

Mpumep. HaliTn pelueHne n faTb reOMETPUYECKYHD UH-
TepnpeTauuio Urpbl, NnaTeXHas MaTpuua KOTOpoW npea-
CTaBneHa B cnefytollen Tabnuue:

1 B, B2 =
I

A 5 '1 3
A, 2 4 -2

dTa urpa He MMeeT CeAsIoBOM TOUKM, MOCKOJIbKY HUX-
HAA UeHa a =- 1, a BepxHAA uUeHa /?7=3, r.e. a</3. Oxu-

[laeMble BbIUTPbILLM UrpoKa |, COOTBETCTBYHOLLME YUCTbIM
cTpatermsm ., /=123, 6yayT paBHbl: ylpl)=3p]+2 npu

7=1; r2APi)=-5Pi+4 TPN7=2 un y3(pt)=SPI-2 npu j ~3 m

N306pasum Tpu npsMble, SBASKOWMECH 1paduKamu
GYyHKUMIA yX(PX) , y2ApX, y3pr) (puc. 1). B coOTBETCTBMM C
KpUTEPMEM MUHUMAaKCa UrpoK | A0/mKeH BbIOMpaTh px Tak,

4TOObl MAKCMMU3MPOBATb CBON MWUHUMa/bHBIA 0XUAAEMBbIIA
BbIUIPbIW. MWHMMANbHBIA OXWAAEMBbIA BbIMIPbILL Urpoka |
Ha puc.l n306pakeH B BuUAe NIOMaHHON ABC. Makcumym
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MWUHUMaNbHOT0 0XWAAeMOro BbIUrpbIa Urpoka | goctura-
eTca npu px=2.

CneposartensHo, D'=1- p1:1--.53:f51 n y*:-5-;-\+4:1-
Takum 06pa3om, HalgeHbl ONTUMasbHas CTpaTerns Urpoka

| p] = (Pi,P2) u ueHa urpbl y : p]1=[|,|]>Y =1¢ =
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7.3. CBefjeH/e MaTPUYHOM Urpbl K 3aga4de SIMHERHOro
NpOorpamMM1pPoBaHUS

PaccMOTpuUM Wpy Txn . Bygem cuuTaTh, 4TO BCe afe-
MEHTbI NNATEeXHOW MaTpuLibl HEOTPULATENbHbLI (ECIN 3r0 He
TaK, TO MOXHO KO BCEM 3/1eEMEHTaM MaTpuLbl A06aBUrb HEKO-
TOpOe [0CTAaTOYHO 6OMbLLUOE YMACNO L, MEepeBOAsLLee MiaTexu
B 06/1aCTb HEOTPULIATENbHbBIX 3HAUYEHWIA, NPU 3TOM LiEHA Urpbl
yBenMumnTCs Ha |, a pelleHve 3agaum He uameHuTcs). Cnemo-
BaTe/IbHO, MOXHO MPUHSATb, UTO y>0.

MycTb nnaTeXxHas MaTpuLa WUrpbl He WUMEeT CealoBol
Touku. CneaoBaTtenbHO, Urpa peLlaeTcs B CMeLlaHHbIX cTpa-
Termsx. ONTUManbHbIE CMeLIaHHbIe CTpaTernn Urpokos | u

Il 0603HaYMM COOTBETCTBEHHO yepes pA=(plLp2--,pm "
Us=(4\, A2>->An)-

MpUMeHss ONTUMa/IbHYHO CMeLUaHHYH CTpaTeruio pa

nrpok | rapaHTupyet cebe, He3aBMCMMO OT MOBELEHUS WUT-
poka Il, BbINIPbILL, HE MEHbLUWUIA LeHbl Urpbl .
Jonyctum, u4To uMrpoK Il NpMMeHseT CBOKO YUCTYHO

cTpatervto B], a UrpoK | —CBOK ONTUMabHYHO CTpaTerunto
p A Torga cpefHuii BoIMIpbIW urpoka | GyaeT paBeH
Y, =% A +a2jPi +- +andpm, j =U-
YuutbiBas, 4To y., /=\.n, He MOXeT ObITb MEHbLLE Y,
MOXeM 3anucaTb YC/0BuUS:

i davpi>Y.j =\mn-
= p J
BBegs 0603HavyeHne x =EI, i=Tm, NOAy4nUm
y
>A>SU=u,r.
21 ’
Mockonbky p,>0 n y >0, TO nmeem Xx;>0.
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ViccnegoBaHuve onepauuii

ffi i
N3 paBeHcTBa ~ p .=1 cfepyet, yto |IMX,=-- Yuutbl-
i-i H Yy
Bast, YTO UrpoK | CTpeMuUTCA MaKCUMWU3MPOBATb y, MPUXO-
T
AVIM K 3afa4e MUHUMU3ALUN TMHENHON (DYHKLUMKN ~ JTe
=
CnepoBaTtefibHO, 3afava peleHns Urpbl cBenacb K cne-
AYHoLLEeN 3aga4e NMHERHOro NporpaMMMpoOBaHNS:
— HalTU TakoW BeKTop X- (X,,X,,...,.Xd)  KOTOPbIA npwu
T

ycnoBuax X aux, - M J - bn ®X-°, /:J,_,qa, JaeT MWHW-
=

ManbHOE 3HaueHue GyHKUUM ~ > Te: VX T
+1 H

ﬁ amt>1j =TH>A—0) /=1/ne

Pewas 3agayy IMHENHOro NporpaMMmnpoBaHuns, onpege-
NsieM ee ONTUMabHbIA MnNaH X =(X*Xx*,...,X’) ¢ 3atem, uc-

nonb3ysa X', Mo hopmynam: 1, __?_, i =\.T Haxo-
s T

* 6

20 s
VM LEHY UIpbl y 1 ONTUMAaNbHYH CTPaTernio p*A Urpoka |.

Paccy/aas aHaorMyHo, MOXKHO YTBEpPX[aTb, UYTO OnN-
TUMaNbHYH cTpaTermio o* =(¢l,q2...,.qn) urpoka Il MOXHO

HaiTn no dqopmyne _ 1j . /=bl I0¢ v ={u[,H2...,.H’) ,

ecTb ONTUMa/IbHbIA NfaH 33fayn NUHeHOro mnporpam-
MVPOBaHMSA

£ _ _
£EH_, ->max > X<V'- - %"= 0oT- N =1-«-
n H

OTa v npefplaywas 3afadn NMHERHOro MpPOrpaMmupo-
BaHMS ABNANTCSA B3aVIMHO [BOWCTBEHHbLIMM.

Takum 06pa3oM, urpa Txn CBenacb K nape B3avMHO
[BOVCTBEHHbIX 33fay JIMHEMHOrO MPOrpaMmmmnpoBaHus.
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WccnepoBaHue onepauuii

Mpob6nemHble 3ajaHns

1 CocTaBbTe NaTeXXHYH MaTpULLy Urpbl, KOTOPYHO:

a) BO3MOXHO CBECTU K uUrpe 2x2;

6) HEBO3MOXXHO CBECTU K Urpe 2Xx2.

2. Pewwre 3agayy 3agaHma 1B 060MX Cyyasix.

3. Mpueeante 3agayy 3agaHMs 1 K 3agade NIMHEAHOro
nporpaMMmunpoBaHus.

4. CocTaBbTe M peLunTe UrpoBble 3ajaynm 2xn U T x2
ANS PasNYHbIX N>2 N T>2.

Bonpockl 415 caMOMNoAroTOBKY

1 Kakue cTpaTermm HasblBatoTCs 4y61MpyoWmMm?
2. Kakue cTpatermm HasblBalOTCA 3aBEAOMO HeBbIroA-

HbIMW?

3. OnuwunTe nocnefoBaTeNIbHOCTb rpauyeckoro pe-
LIeHMA Urpbl 2 X «.

4. HanuwuTe maTeMaTU4ecKyto MogeNlb MaTPUYHOW WUT-
pbl, CBEAEHHOW K 3adaye MHENHOro nporpaMmmMmmpoBaHus.

67



VccnepgoBaHme onepaupii

§ 8. UI'Pbl C MPUPOLAOW

Wrpa, urpa ¢ npupofoli, onepauns, puck, BeposTHOCTb,
onTuManbHas cTpaTerus, MaTpuua pUCKoB, CPeAHMNEe 3HaYe-
HUSI, ONTVMa/bHOe pelleHne, 3KCNEePUMEHT, HeonpeaeneH-
HOCTb, MIaHUpPOBaHUE

8.1. OnpegeneHrie urpbl ¢ NPUPoOAoA. Vrposas noctaHoBKa
3a/auu NPUHATUA PELLIEHNSA B YCNIOBUAX HEONPEeAe/IeHHOCTH

YUaCTHVKM BbILLEPACCMOTPEHHbIX WUrP MPUHUMAlOT pe-
LUEHME, UCXOAA M3 CBOMX pasyMHbIX AeNCTBUA, W, ABIAIOTCA
aHTaroOHUCTUYECKUMIN NMPOTUBHUKaMK. Kaxibld M3 y4YaCTHU-
KOB, B 3TUX Urpax, NpeanpuHNUMaeT UMeHHO Te [elCTBMSA, KO-
TOpble Hanbosee BbIrOAHbI eMY Y MeHee BbIroAHbI NPOTUBHU-
Ky. OfHako, BCTpeyalTCAd WM Takume CUTyauuu, KOTopble CO-
MPOBOXAAOTCA HEKOHTPONUPYEMbIMU, C/lyHYalHbIMUA BO3MY-
WeHNAMAU. ITU PaKTOpbl HAXOAATCA BHE CO3HATe/bHbIX [ei-
CTBUIA YYaCTHUKOB Mrpbl. 3a4acTyto, Ha HUX He/b3s OKas3aTb
MPaKTUYecKoro Bo3fencTeus. OHU 3aBUCAT OT HEKOW, Hews-
BECTHOW y4yaCTHMKaM Wrpbl OO6BLEKTUBHOW [AeNCTBUTENBLHOCTU
—npupogpl. MpumeyaTenibHO TO, YTO B 3TOM C/ly4yae «Mpupo-
Jy» TaKkKe MOXHO CUMTaTb Y4YaCTHMKOM Wrpbl, T.e. UTPOKOM.
Takow pofa cuTyaumm NPUHATO HasblBaTb Urpamu ¢ NpPUpo-
[0V UMK XKe CTaTUCTUYECKUMUN UTpamu.

B urpe ¢ npupogoit urpok Il (npupoga) He saBnsertcs
pasyMHbIM WIFPOKOM, TaK KakK paccmaTpuBaeTCs Kak Hekas
He3anHTepecoBaHHas CTOPOHa, KOTopas He BblOMpaeT Ans
cebs OonTUMaNbHbIX CTpaTernin. 34ecb BO3MOXKHblE COCTOS-
HUA NpuUpoAbl (ee cTpaTerun) peanusyroTcs CnyyaHbIM 06-
pasom.

PaccMOTpUM WrpoBYHD MOCTAHOBKY 3af4auv MPUHATUS
peLleHns B YCIOBUAX HEONpeLeneHHOCTH.

MycTb onepupytoLLeil CTOPOHe HEOOXOAMMO BbIMOMHUTD
onepauuio B HeLOCTaTOYHO W3BECTHOW 0OCTaHOBKe, OTHO-
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VccnepoBaHue onepaupii

CUTENIbHO COCTOSAHWIA KOTOPOWN, MOXHO cfenatb n npeano-
NOXEHUR.  ITU  NpPeanonioxKeHns  0603Ha4YMM  Yepes
N, N2..0, v oHn GygyT paccmaTpmMBaTbCA B KayecTBe CTpa-
Ternii npupogbl. MpeanonoXum, 4To onepupyoLlas cTopo-
Ha B CBOEM pPacrops>KeHUU MMEET T BO3MOXHbIX CTpaTerui
ninz...Jimm

AhhekT, nonyvaemblii Mrpokom | OT MCNONb30BaHMA

UM cBoen cTpatermm L., i=FT , Nnpu cocTosHun (cTpaTte-

rmn) npupoabl M1, j=TJt, 0603Ha4YMM 4yepe3 afl, i=\jn,
1=, W Ha30BEM BbINIPbIWEM UrpoKa |. ITOT BbIMIPBbILL,
Npn Kakaoi nape cTpaternidi [, n 9 ., npegnonaraetcs n3-
BECTHbIM n 3afaeTcH NIaTeXHOM maTpuLen

3afaya 3aKk/noYaeTca B OMpefeneHun TakoW crparternu
(uncTOW MMM CMeLLaHHOM), KoTopas, Npy ee NpUMEHeHUu,
obecneunna 6bl UrPoKy | HaMGOMbLLWIA BbIUIPbILL.

[na pelleHns 3Toi 3agaym HeobXO4MMO CHayana aHa-
NN3MPOBaTbL MATPULy BbIUIPbLILLER, T.e. BbIABNATL U OTOpa-
CblBaTb AyOnupytoLive M 3aBejOMO HEBbLIFOf4Hble CTpaTernu
urpoka l. Ho H1 ofHy 13 cTpaTernin npupobl oTépacbiBaTb
Henb3s.

Mocne ynpoLleHUs MNAaTeXHOM maTpuubl TPbl C Npu-
pOLOW LenecoobpasHo He TONbKO OLEHUTb BbIMIPbILL MPK
TOW WAN WHOW WrpPoBOM CUTyaLuKn, HO W ONpefenuTb pas-
HOCTb MEXAy MakCMMaJbHO BO3MOXHbIM BbIUIPbILIEM MPW
[JAaHHOM COCTOSIHUM NPUPOLbI U BbIUTPbILLEM, KOTOPbIA 6Y-
[eT MonyyeH Mpu NpUYMeHeHWW cTpaterum [l B Tex e yc-

NnoBuAX. JTa PasHOCTb Ha3bIBaeTCA PUCKOM.
Myctb B =max a., j =hn mPuck wurpoka |, npn npu-
J <i<m V

MeHeHUn um cTpaterum [ B ycnosusix /7y, 0603Ha4mMMm ye-
pes , /=177 j=Ui. Torpa, - ay>0.
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WccnenoBaHve onepaumi

Bo MHOrmx cnyvasx mMatpuua puUCKOB r = no-

3BONIAET 60nee rNy60KO MOHATb HEOMpeeNeHHYH CuTya-
UMIO, YeM MaTpuLia BbIUTPbILLEN A,

B HekoTOpbIX Cny4yasx yAaeTca CHU3UTb CTereHb Heor-
pefeneHHoOCT! CuTyauumn, KoTopas [OCTUraeTcs Haxox[e-
HMEM BEpPOATHOCTE COCTOSIHWIA MPUPOAblI Ha OCHOBE [aH-
HbIX CTaTUCTUYECKUX HabMoAeHWA. MNpefnonoXxmm, 4to Be-
POATHOCTW COCTOSIHWIA NPUPOAbLI N3BECTHBI:

j=n, -yo =i

O6o3HauMM Yepe3 at, i =1,m, cpeaHee 3HadeHue (Mare-

MaTMYEeCKOe OXWAAHWE) BbIMIpbILLa, KOTOPOe MOXHO onpeje-
NATb MO (hopMyne:

Nrpok | CTpemMnTCs MaKCMMKU3NPOBATb CBOW BbIMIPbILL,
r.e. eMy Heo6X0AMMO HalTW TaKyl CTpaTeruto Aj, KoTopas

obecrieunna 6bl eMy MaKCUMasilbHOE 3HaYyeHWe a CpPeaHero
BbIMIPbILLIA:

OnTMManbHyl0 CcTpaTernto urpoka |, npu W3BECTHbIX
BEPOATHOCTHbLIX COCTOSIHWUIA MPUPOAbLI, MOXHO HanTwu, uc-
nonb3ys MOHATME pucka. [nd 3Toro, cHavana Heo6xoaMmo

HaTW cpefHee 3HayeHMe puUcKa , i=i™i NPU NPUMEHEHUN
nurpokom | ctpaterun [ :

rl :X rﬂl > |:1’IIrl
B KkauecTBe OMTUMAanNbHOM CTpaTerMnm BbliGMpaeTca Ta,
KoTopas o6ecrneymBaeT MWHVWMaNbHOE CpefHee 3Ha4yeHue

pucka 7:
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ViccnenoBaHve onepauuia

r-mnr=minivr.ole
V*I\

I<<T "

Tenepb paccMOTPUM CUTyauuMto, Korfja OOBLEKTUBHbIE
OLLEHKWN COCTOSIHWI NOMYYMTb HEBO3MOXHO. B aToM cnyuae,
BEPOATHOCTM COCTOSAHWIA NpPUPOAbI MOTYT OblTb OLEHEHbI
CyOBEKTUBHO Ha OCHOBE ClefyHoLmMX NPUHLMMNOB:

1) MpunHUMN HeJOCTATOYHOro OCHOBaHWA Jlannaca, Ko-
TOpbIA MPUMEHSIeTCA Torga, Korja HW OfHO COCTOsSHUE

npupobl HeNb3s NPeAnoYecTb APYroMy: q =q = =0

2) MpuHumn y6biBatoWEen apuPMETMUYECKOn nporpec-
cumn: QA:Qi:..:on=n:(n-1):...:1. MOXHO [oKa3aTb, 4TO MpK
3TOM NpuUHLUMNe o = -y

~J  n(n+\)

3) MpuHUMN NONYYeHUsA CPefHUX 3HAYEHWIA BEPOSATHO-
cTeit (?r Q2...,0,, COCTOSHMIA npupodbl A, A2....A4, ncnonb-
3ys OLeHKW rpynnbl 3KCNepToB.

,=Tn-

8.2. Kputepuun Banbga, Casumka n N'ypsuua

CyllecTBylOT U [pyrue noAxXoAbl HaxOXXAeHWs ONnTu-
Ma/lbHOr0 PeLUeHns B YCMOBUAX MOJIHOW HeonpeaeseHHo-
CTW, OCHOBAHHbIE Ha NMPUMEHEHUU [PYTUX KPUTEpPUEB.

MaKCMUHUbI KpuTepuii Banbpa. 3TOT KPUTEPUIA Ha-
3bIBatOT €Lle U KpuUTepmeMm KparHero neccummusma. B cooT-
BETCTBUM C 3TUM KPUTEPUEM, B KayeCTBe OMTMMAasIbHOW
cTpaTerum peKoMeHAyeTca BblbpaTb Ty, KOTopas rapaHTupy-
eT Urpoky |, B HauxXyflmnX YCMOBUAX, MaKCUMasIbHbIA Bbl-
UrpbILL, T.e,

a= maxmina,fl

\<i<m \<j<n
Ha3BaHne «MaKCUMWHHbIA» KpuTepus Banbaa vcxoauT
N3 3TOW pacyeTHON (hopMynbl.
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ViccneposaHvie onepavii

KpuTepuii (MUHMMaKCHOro pucka) CaBumpka. ITOT KpuTe-
PUIA Tak e SBNAETCA KpUTepueM KpaiHero neccumusma. B
KayecTBe OMTUMa/bHOW CTpaTerMm pPeKoMeHAyeTcs Bbloupatb
Ty, NPY KOTOPOW, B HaUXyZLUMX YCMOBUAX, BEMYMHA PUCKA T
NPUHUMaeT HaunyuLlee 3HayeHue:

r =minmaxr,, ¢

\<i<m\<j<n J

Kputepuii MypBuua. 3TOT KpUTEpWiA HasblBalOT Kpute-
pveM  0006WEHHOr0  MakcuMmyma WAM  neccuMmnsmMa-
ontumusma. Kputepuidi 'ypBuua pekoMmeHAyeT Bbl6paTb B
KayecTBe ONTUMASIbHOW CTpaTerMm Ty, KOTOpas HaxoauTcs
Kak Obl MexXfay CTpaTernsaMu, SBASOWUMUCA «KPaANHUM
NeccuMm3mMomM» N «J1erKOMbIC/NIEHHbIM ONTUMU3MOM». Pop-
Myna, C MOMOLLbIO KOTOPOW ONpejaensieTca BbIUrpbIW a WUr-
poka |, ncnosb3ytowero Kputepnin Nypsuua nMeeT BUA

a =Tax{ATTaH+(l->I)maxc,,},
3 \<j<n J

I<J<m 1<j<n

roe n (0</1<1) —HEKUn KoaPpuLMeHT.

OueBnpHo, uto npu N=1 kputepuin NypsBuua npespa-
Laetcqd B MNECCMMUCTUYECKUA KpuTepuid Banbga, a npu
A=0 —B KpUTEPUin KpaitHero onTuMmu3ama.

KoapumumeHT N BbIbUpaeTcs Ha OCHOBaHUMU CyObek-
TUBHbIX CO06paXKeHUin (onbITa, 34paBOro Cmbicna U T.4.) U
3aBUCUT OT HACTPOSA UCCNefoBaTenss U ero OUEHKW cuTya-
LN —YyeM onacHee cuTyauus, 4yem 6osbLUe XOTenocb 6bl B
3TON CUTYaL N «NOACTPAxX0oBaTbCA», TEM OAMXKe K 1 JOMKHO
ObITb 3HaYeHne .

Mpumep. PYKOBOACTBO YHMBepMara 3aka3blBaeT Hepe-
nUMbIA ToBap BuAa A. M3BeCTHO, YTO CMPOC Ha [aHHbIN
BUA TOBapa NexuT B npegenax ot 6 o 9 eq. Ecnu 3akasaH-
HOro ToBapa OKaXKeTCs HeAoCTaTOYHO A/ Y[O0BETBOPEHUS
cnpoca, TO PYKOBOACTBO MOXET CPOYHO 3aKas3aTb W 3aBECTU
HefocTarolee KonM4yecTBo. Ecnim xe cnpoc OyfeT MeHblue
HaMYHOro KO/IMYecTBa TOBapa, TO Hepeasn3oBaHHbIN TOBap
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ViccnegoBaHwme onepauuii

XPaHWUTCA Ha CKNafde YHMBEpMara. YCnoBus TPaHCMoOpTU-
POBKM TakKOBbl, YTO 3TOr0 TOBapa HY)XXHO [OCTaBNATb 3a
OfMH pelic no 2.

TpebyeTca onpeaennTb Tako 06beM 3aka3a Ha TOBap,
nMpu KOTOPOM [AOMO/HUTENbHbIE 3aTpaTbl, CBA3aHHbIE C Xpa-
HEHWEM W CPOYHbIM 3aBO30OM OblIM Obl MUHMMAabHbLIMMK,
ecnn pacxodbl Ha XpaHeHue 1 eAMHMWUbI TOBapa COCTaBMSHOT
1 geHeXxxHas efMHMLA, a MO CPOYHOMY 3aKaly WM 3aBO3y —2
NEeHEXHbIe eAUHNLLbI.

B aToM npumepe MNOKynaTenbCKuiA CAPOC BbICTYMaeT B
KauecTBe urpoka ll, T.e. Nnpupoabl, COCTOSHMSI KOTOPOIA on-

pefenalTcA AaHHbIMK cnpoca: 6 eq. —A,, 7eq —N2, 8
eq. - Mv9ed - Mn.

Vrpokom | aBnseTca pykoBOACTBO YHMBepMmara, cTtpare-
rMaAMU KOTOPOro fABMAOTCA: Al —3aB03 6 ef. ToBapa, A2 —

3aB03 8 en. ToBapa, A3 —3aB03 10 ef. ToBapa.

MpeacTaBneHHy0 CUTYaLMl0 MOXHO PacCMOTPETb Kak
Urpy ¢ NpUpogon. [ns cocTaBfeHUs ee NIaTEXHON maTpu-
Ubl 3aMeTUM, YTO ecnu ToBapa 3aBO3UTCA 6 eAVHUL N pea-
NM3YETCA CTOMILKO Xe, TO 3aTparbl, CBA3aHHbIE C XpaHeHNeM
M CPOYHbIM 3aBO30M paBHbl 0. Ecnu ToBapa 3aBo3nTCA 6
efVHNL, a Cnpoc cocTaBnseT 7 eAuHWUL, TO HeoOXOAMMO
CPOYHO 3aKaszaTb W COBEPLWMTL 1 peiic (3aBecTu elle [se
eAVHULbI TOBapa), Ha 4YTO HEeOOXOAMMO 3aTpaTUTL 4 feHeX-
HbIX eAuHuL,. 3To 6yaeT OTHOCUTCA B MacCcuMB YHMBEpPMAra,
NnoToMy nuLleTca «—4». B cnyyae, cnpoc coctaBnset 8 efu-
HWL, TO BCe PaBHO HY>XHO COBEPLUWTbL J peiic —3aTparbl Te
e 4TO M B C/ydvae, Korfa crnpoc coctaBnseT /7 eauHuy,. Ha-
KOHeLl, ec/i1 cnpoc cocTaBnsfeT 9 eAnHWL, TO 3aTpaTbl OyayT
paBHbl 6 AeHEXHbIM efuHULAM.

Ecnn ToBapa 3aBe3eHO 8 efuHWL, a pean3oBaHO BCEro
6 eAuHUL, TO AN1A XPaHEHUS Ha CKnage TpebyeTcs 3aTpaTtuTb
3a Kakaylo eauHuMLy ToBapa no 1 AeHeXHON eanHuue, 3Ha-
YMT 3aTpaTbl paBHbl 2 [AeHeXHbIM efuHUuam. [pofo/mkas
TakMm 06pa3oM MoayymMM MnaaTeXxHyr 3X4-maTpuuy, KoTo-
pas cofepxurca B Tabnuue 1
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ViccneposaHuie onepavyii

Tabnmya 1
M n?2 nb a4
6 en. 7 en. 8 en. 9 epn.
4 (6 0 -4 4 -6
ef.)
A2(8 -2 -1 0 -2
en.)
4,(10 -4 -3 -2 -1
en.)

Haligem pelueHue 3TOM uUrpbl No KpuTepuam Banbaa,
Casupxa n Nypsuua npu $=0,2.

1) Kputepnii Banbga. CHavana onpegenum  =mina >
' 1<j<A

/=13 : Tenepb MOXHO HanTu
azmn:og:—zﬂ.e. ONTUManbHOW ABNSETCA CTpaTerns Ar.

Heobxogumo 3akasbiBatb 8 efl. ToBapa.
2) Kputepuin Casumpka. CocTtaBuM MaTpuuy pucka

N=#)» [=13>7 =14:

a1
[y

o w
o+
-

Haingem _maxr, /-1,3, u r=minr mx=5, r,=2, F=4,
' Yy 1</<3 '

r=minr=r,=2 . 3fgecb TaKke ONTWMabHOW SBNSETCSA

I<i<3 '
cTpaterua A2.
3) Kputepuii  TypBuua npu X=0,2. 3HayeHus

mina. , /1,3 , W3BeCTHbl: minci,,=-6 i mina,. = -2
9 3 1</<4 W 1</<4

mina, =-4 . Haxoguwm W, = Maxoy /=13: n-,=0, w2=0,
1</<4 1<j<4
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VccnegoBaHue onepauwii

w3=-1 . Tenepb Hailgem pgna /=13 3Ha4eHus
cr =Aar+(l-A)W'=0,23, +08"\. : a@=-12 , ce=-04 |,
o, =-1,6. Onpegenum a =maxcer.=a, =-0,4 ¢ 3HauuT 1 B

3TOM C/lydae ONTUManbHOW GyaeT cTpaterns A2.

8.3. MpuHATKE peLLeHniA B YCOBUAX HEONpeaeieHHOCTH

B KauecTBe elle OLHOro npvMepa WUrpbl ¢ MPUPOAON
paccMOTpUM 3afavy NPUHATUA PeLleHnidi B YCNOBUAX Heon-
peseneHHocTn. [Mpeanonoxum, 4Yto HeobXo4UMO BbIMOS-
HUTb HEKOTOPYIO OMepauuio. YCnosus, npu KoTopbiX OyayT
BbIMOMHATLCA AEWCTBUA Onepauuu, HefoCTaTOUHO BbISICHe-
Hbl. [NS WX BbINOSIHEHUA MOXHO MPOBECTU 3KCMEPUMEHT,
OfHaKo, 3T0 TpebyeT 3aTpar cpeacts. CnenyeT onpefennTb:
HY>XHO /11 MPOBOAUTbL 3KCMEPUMEHT WU/IN XKe Nydlle OT Hero
BO3JepKaTbca?

C 3KOHOMWYECKON TOUKW 3PEHUS 3KCMEepUMEHT Lene-
co06pa3HO MPOBOAMTL B TOM Cllyyae, ec/iv 3aTpaTbl Ha ero
NpoBeAeHNe He MPEBbIWAKT BbIUIPbILLIA, KOTOPbIA MOXHO
nony4nTb Npu 6onee TOYHOM 3HaHUWM O6CTaHOBKM. JTy 3a-
[avy MOXXHO paccMOTpPeTb Kak Urpy ¢ NpupoLou.

MycTb M3BeCTHa matpuua Bbiurpbiwein A=(a0), /=y,

j=\J, , 1 BeposaTHOCTN QI,02,...,Q, Pa3MYHbIX COCTOAHWUMN
npupodbl A,/72 .1 3BeCTH bl Takke 3aTparbl Ha MnpoBe-

[EHNEe IKCMEePUMEHTa, KOTOpble COCTaBMsAOT C [AeHEXHbIX
eavHnL,

PaccmMOTpUM cryyald MAeanbHOro 3KCMepuMmeHTa, npo-
BeieHVe KOTOPOro MO3BOMSET TOYHO ONpPEeAeNNTb COCTOsIHME
npupodbl 11j, Npu KOTOPOM BYAEeT OCYLLECTBASTLCA onepa-
Lms.

Ecnn 3KCNepuMEHT He MPOBOAMTCS, TO CPeAHWUIA BbINT-

pbiw nrpoka | 6yaeT paseH cr= TaX{]nrﬂ,,D,}°
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ViccneposaHue onepauwii

Monaraem Tenepb, YTO 3KCMEPUMEHT MPOBEAEH U BbisC-
HEHO [AeiACTBUTENIbHOE COCTOSHUE NPUPOAbI, MPY KOTOPOM
ByfeT OCYLLEeCTBNATLCA onepaLus.

Ecnm aTMM cocTosiHMEM OKasanocb /7., TO BbIUrpPbILW
nrpoka | Oyaet paBeH pS:E%xaU. OpfHako, Ha camom pferne,

WCTUHHOE COCTOSHME NPUPOAbLI HEM3BECTHO. [03TOMY, WH-
TYUTUBHO, CPeAHWiA BbIMTPbIW /3 wUrpoka | onpegenutcs
(hopmynoia:

p:-b>,ﬂ|,-

SKCAEPUMEHT HY)XXHO MPOBOAUTL, €C/N

nnn

Ccnﬁ%v-

Takum 06pa3om, ecnm 3aTpaTbl Ha OCYLLECTB/IEHNE 3KC-
NMepuMeHTa MeHblUe MUHMMa/bHOTO CPeAHero pucka, To ero
cneflyeT npoBoauTb. B KayecTBe ONTUMaNbHOM CTpaTerMn B
3TOM Cny4yae cnefyeT Bbl6bupatb Ty, A/ KOTOPOWA CpeaHuii
PUCK MUHUMasEH.

Mpo6nemHble 3afaHNs

1 VimetoTca nn o6Lme xapakTepHble NpU3HaKM U 0Co-
GEHHOCTM MeXay 06bIYHOM UIPOIn U UTPo C NPUPOLOIA?

2. ChopmynupyiiTe U CMOAENNPYWTE WIrPoBYHO 3afaqvy
MPUHATUSA peLleHnid B YCNOBUAX HeonpeaeneHHOCTU.

3. WNccnepyinTe BO3MOXHOCTb  YCTAHOB/IEHUA  MaKCU-
ManbHOro KO/MYecTBa PUCKOB MPU peLUeHUU KOHKPEeTHOW
MIrPOBOI 33fa4n MPUHATUA PeLUeHUin B YC/OBUSAX Heonpe-
[leNeHHOCTH.

4. Wccnepyiite Hyru BbisiBieHUS Hambonee XxapakTep-
HbIX 0COBEHHOCTEN npoLecca NaaHWpPoBaHUA 3KCNepUMeHTa
B YC/NOBUAX HeomnpeaeneHHOCTH.

76



ViccnenosaHve onepauuii

5. CthopmynupyiTte 3afady, XapakTepusyloulyto CyTb
npouecca MJaHNUPOBAHUA 3KCMEepUMEHTa, MPOBOAMMOrO B
YCNOBUAX HeornpeneneHHoCTH.

6. CocTaBbTe MareMaTU4ecKyto MOJeNb 334ayu 3ajaHus
5 1 nccnefyvte Nyt ee peannsaumu.

7. [aiiTe OUeHKY MOSy4YeHHOMY PeLLEHNIO;

Bonpockl Ans camonoiroT0BKK

1 [JainTe oupefeneHune Urpbl ¢ NPUPOLOIA.

2. Yto Takoe puck? Hanuwwute dopmyny onpeaeneHus
puCKa.

3. Hanuwwute opmMyny MakCUMaiIbHOro  KpuUTepus
Banbpa.

4. ®opmyna kputepunsa Casuaxa.

5. ®opmyna Kputepua Nypsuua.
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'MABA V.
§ 9. OCHOBbI CETEBOI'O NMJIAHNPOBAHWA.
CETEBOW I’PA®UNK KOMIJIEKCA OMEPALINI U
MPABWJIA EMO NMOCTPOEHNA

CeTeBOe NnaHMpoOBaHWe, yrpaBneHne, ceTeBoi rpaduk, cobbl-
Tue, KOMMeKC onepauuii, onepayus-o>XXugaHue, KOHTYp,
TPaH3NTUBHOCTb

9.1. CeTeBOW rpatmK Komnsekca onepawuia

MeTog CeTeBOro niaaHWpOBaHWUSA U yNpaB/ieHUs ABNSETCS
OLHUM W3 MaTemMaTU4ecKMX METOA0B COBPEMEHHOW Teopuu
ynpasneHuns 60nbwWnmy cuctemamn. OCHOBOW MeToja CETeBO-
ro NAaHNMPOBaHWA W YNpaB/eHUs SBNSAETCA CETeBOW rpadk,
OTpaXKaloLWNin NOTMYECKY0 B3aMMOCBS3b W B3aUMOOOYC/I0B-
NEHHOCTb BXOAALMX B HErO orepauuii.

B cuctemax ceteBoro nnaHMpoBaHMA U yNpaBieHUs uUc-
nonb3ytoTCca  cnepytolime, Haubonee pacnpocTpaHeHHble
CNoco6bl NMOCTPOEHUS CETEBbIX MPafVKOB:

1) CeteBble rpavky B TepMUHaX «ayrm—enepauum». B
Takux rpamkax BepLUUHbI, Ha3blBaemMble COObITUAMMK, COOT-
BETCTBYIOT MOMEHTaM BPEMEHM Hayana UamM OKOHYaHWs 0f-
HOW MW HECKONIbKUX onepauuii, a gyru —ornepayusim.

2) CeTeBble rpagMku B TepMUHaX «ayrn—eBsi3u», B KO-
TOPbIX Ornepauumy M306paxaroTcAa BepLiMHamMu CeTu, a Ayru
NMoKasblBalOT MOPSAAOK BbIMOMHEHUSA (B3aMMOCBA3b) OTAESb-
HbIX Oonepayui.

B ceTeBOM rpadmke pasnmyaloT Tpu Buga COObITUIA: UC-
XO0AHOe, 3aBepLuatoLLee 1 NPOMEXYTOUHOe.

cxopHoe —3TO Takoe CobbiThe, C KOTOPOK HayYMHaeT-
CS BbINOJIHEHWE KOMIM/IeKCa Onepauuin. 3aBepluarollee CO-
ObITUe COOTBETCTBYET [AOCTUXKEHWUIO KOHEYHOW Uuenu, T.e.
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VccnegoBaHue onepauwi

3aBepLUEHNIO KoMmMeKkca onepauunin. CeTeBble rpaukn c
HECKOMbKMMM  3aBepLiatoLMMM  COObITUSAMU  Ha3blBAKOTCA
MHOrouenesbiMU. Bce ocCTanbHble COObLITUS OTHOCATCS K
NPOMEXYTOYHbIM.

Ha ceTeBbIX rpajukax cobbiTus, 06bI4HO, 0603HAYAKOT-
CA KpYy)XXKaMKn, TOYKaMmu, a onepauum —aMHUSMU C yKasa-
HWeM HanpaBneHus. [lpegnonaraeTcs, 410 COObLITUA He
MUMEKT MNPOAO/HKUTENIBHOCTU M HAcTynatoT KakK Obl MrHO-
BEHHO.

MOMEHTOM CBEpPLUEHUS COOLITUS, CUMTAETCAd MOMEHT
OKOHYaHMA BbIMOMHEHUSI BCEX BXOAAWMX B 3TO COObITUE
onepauuii. Noka He BbINMONHEHbI BCE BXOAALLME OMepauuu,
He MOXXEeT CBepLUMTCA camMo CcobbITMe, a CrefoBaTe/lbHO, He
MOXeT ObITb HayaTa HM OfHA W3 HEMOCPEeACTBEHHO Crie-
AYHOLWNX 33 HAM onepauuii.

Pa3nuuatoT Tpy BMAA OnepaLuii:

- [elicTBUTeNbHAsA onepaumsi (—») —npouecc, Tpebyto-
WWIA 3aTpaT BPeMeHW W pecypcoB (paspaboTka MpoeKTa,
NoABO3 MaTepuanoB, BbIMOMHEHWE MOHTaXHbIX pPaboT K
T

- onepauusi-oxugaHue (-------- >) —npouecc, Tpebyto-
LM TONbKO 3aTpaTbl BPpeMeHW (3aTBepheHue GEeTOHa, ecTecT-
BEHHas CyLUKa LUTYKaTypKN nepes HavyaioM ManspHbIX paborT,
POCT pacTeHuii 1 T.4.);

- (mkTtmBHas onepaums ( -------- >), Wn noruyeckas
3aBUCMMOCTb, OTpPaXaeT TEXHONOrMYECKYH WAN PecypCHYH
3aBMCMMOCTb B BbIMOJTHEHUWN HEKOTOPbIX Onepawuia.

9.2. MpaBwWna NocTpoeHNs CeTeBOro rpagmka

Mpn NOCTPOEHUN CeTeBbIX FpadiMkKoB HEO6XOAMMO CO-
6ntogaTb onpeaeneHHble Npaeuna:

1) B CETN HE AO0/MKHO 6bITb COOLITUIA (KPOME WMCXOAHO-
ro), B KOTOpble He BXOAWUT HU OAHA [yra;

2) He [O/MKHO ObiTb COOLITUI (KpOME 3aBepLUAOLLErO),
N3 KOTOPbIX HE BbIXOAWUT HWN OAHOW Ayru;
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VccnenoBaHve onepaunii

3) ceTb He [A0/DKHA cofepXaTb KOHTYpOB (KOHTYp —
3aMKHYTbIA MapLipyT, Y KOTOPOro BCce BEPLUMHbI Pas/INyHbI,
KpoMe NepBOiR U nocnegHen);

4) nobas napa coObITUIA CeTEBOrO rpaka MOXET ObITb
coefluHeHa He 60fee yYem OAHOW Ayroi. Ecnm n3obpasuTb
OL4HOBpPEMEHHO (MapansieNlbHO) BbIMOJIHAEMble TPU pas3nny-
Hble onepauyuMu b, ¢, d ¢ OOWMUM HayalbHbIM U KOHEYHbIM
cobbiTnamMn (puc. 1), BO3HMKaeT nyTaHuua M3-3a TOro, 4To
pasfivyHble onepauum MMeHT OLHO U TO e 0603HaveHume
(2,5). B atom cnyyae pekOMeHAyeTCA BBECTW AOMONIHUTESb-
Hble COObITUSA M COEAMHUTb WX C MOCNeAyrLWUMn HNUKTUB-
HbIMUK onepayuamn (puc. 2);

5) ecnu, Kakve-nn6o onepayum moryr ObiTb Hayvatbl [
MOMIHOFO OKOHYaHMA HEMOCPEeACTBEHHO MpPeALIeCcTBYOLL e
MM onepauuun, TO MOCMELHIOK LienecoobpasHo MnpescTaBUTb
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KakK psf MocnefoBaTeNlbHO BbIMOMHAEMbIX Onepauuii, 3a-
BEPLUAIOLLMXCA OnpefeNieHHbIMKU  cobbITUAMK.  Hanpumep,
ecnn onepaumMu ¢ M d MOryT 6biTb HayaTbl O MOMHOIO
OKOHYaHMs onepauuy b, TO OMepauuio b PeKOMeHAyeTcs
pa3buTb Ha aNeMeHTapHble onepauun b}, /1, J1,, 1 npeacTa-

BUTb BbIMO/IHEHME BCEX Onepauunin B Buae rpaduvka, n3obpa-
YXEHHOro Ha pwuc. 3.

[na oTpakeHUs TEXHUYECKOW WM PecypCcHOM 3aBUCUMO-
CTW, MNPV BbIMNO/HEHUM OMepauuin NPUMEHSIOT (PUKTUBHbIE
onepauunun. TpeanonoxumM, 4Yto onepayms ¢ MOXET BbIMNON-
HATHLCA MOC/Ee 3aBepLUEHNs onepaumnin a 1 b, a onepauns d —
TO/MLKO MOC/fe 3aBepLleHusa onepaunn b. 3Ta 3aBUCUMOCTb
npefcTaBfieHa Ha puc. 4, U3 KOTOPOro BWAHO, YTO onepauus
Cc CnefdyeT 3a onepauueit a U PUKTUBHOW onepauven (2,3). B
CBOKO o4epeab onepaums (2,3) crnefyeT 3a onepaumein b. To-
roja B CWny TpaH3UTUBHOCTU (TPaH3UTUBHOCTb — CBOWCTBO
OMHApHOro OTHOLLEHUS R, COCTOfLLEE B TOM, YTO M3 aRb K
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ViccnenoBaHue orepauuii

bRc cneflyeT aRc; NpYMepbl TPaH3UTUBHBLIX GMHAPHBLIX OTHO-
LUEeHWIA: =, >, > < <) BbIMO/MIHEHNE Onepaunn b NpeaLIecTByeT
BbINO/IHEHMIO Onepauuu c.

MocTpoeHne ceTeBOro rpafmka HauMHaeTcs C COCTaB-
NeHUs cnucka onepaunin (pabot), nopnexkawmx BbIMOHe-
HWIO (3Ta MOCnefoBaTeNbHOCTL B CMMCKE OMepauuii MOXeT
ObITb  NPOM3BOMbHOM). [1OPSAAOK Hymepauuu onepaumi
OCYLLIECTB/SIETCA B COOTBETCTBUM C MOCNEeL0BATENbHOCTHIO
MX 3anucu B cnucke. NepeyeHb onepauuii TwaTenbHO Npo-
AYMbIBAETCA W [eTaIM3MpyeTcs B 3aBUCUMOCTM OT KOHKpeT-
HbIX YCNOBUIA. BKNOYEHHbIE B CMMUCOK onepauymn Wngpy-
lOTCA NyreM yKasaHus Hapbl COObITWIA, KOTOpble CUMTAIOTCA
HaYa/lbHbIM 1 KOHEYHbIM COObITUAMM AaHHOW onepauunn. B
[AaHHbIA CMUCOK 06bIYHO He BK/IHOYAKTCA (PMKTUBHbIE ONe-
paunn. Onepauumn, BKIKOYEHHblE B CMUCOK, XapaKTepusy-
I0TCA OnpefenieHHOW MPOAO/HKUTENIbHOCTLIO, KOTOpas YCTa-
HaB/IMBAETCA Ha OCHOBe AEMCTBYHOLMX HOPMATMBOB WM NO
aHanornm c paHee BbIMONHSBWIMMMKCA onepauusMun. Takue
BPEMEHHbIE OLEHKWN Ha3blBalOTCA AEeTEPMUHUPOBAHHbLIMM.
Ecnm >ke HOpMaTMBHble [aHHble BPEMEHHbIX OLIEHOK orne-
paumii  OTCYTCTBYIOT, TO OMNPeAenstoTcs BEePOSATHOCTHbIE
OLLEHKM.
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ViccneaoBaHue onepauyin

Mocne cocTaBeHNs CnWcKa onepauuid, MpucTynarT K
npoLesype MOCTPoeHUst CeTh. PUKTUBHbIE OMnepauuy BKIIHO-
YaroTCA B CETEBON rpadmk B BULE Ayrn rpaduka ¢ NpoLo/HKuM-
TeNIbHOCTbIO, PABHOW HY/IO.

Mpumvep. Heo6xoAMMo NOCTPOUTL YKPYMHEHHbIV ceTe-
BOW rpamK BbIMOSHEHUA KOMMJeKCa onepauuii Nno pekoH-

CTPyKummn uexa. CrnMcoK onepauunii npeactasneH B Tabnu-
ue. 1

‘abnunuya 1
Oonu-
One  LUudp paeTcst Mpogon-
XUTenb-
pa- oriepa-  HavmeHoBaHuWe onepaunu Ha HOCTb
ns nm onepa-
Wi ()
«l (1,2) MogroTtoBuTe/IbHLIE PabOThI - 5
eMOHTaxK cTaporo o6opyzo-
a2 (13) ﬂaHVIFl P PYA 3
PeMOHTHbIe CTPOUTENbHO-
«3 (26) MOHTaXHble paboThbl «1 30
MogroToBka hyHaameHTa Mog
«4 34 HoBOe 06opyfoBaHue a, a2 16
MogroToBKka K MOHTaXy HOBO-
«5 24) ro obopyaoBaHus « 10
«B (2,5) ONeKTPOTEXHNYECKUE PaBoThI «. 12
MoHTaX HoBOro o6opygoBa-
«5
MoakntoyeHne o6opypoBaHust  «6 ’
«8 .7) K 3!p"|eKTp0CGTVI PYA 2
«7
a9 7.8) Hanagka W TexHomormyeckue @ 6
UcMbITaHUA 060pyA0BaHNSA
«3 7 «6
«10 (6,8) OTpfenoyHble paboTbl 8
«7
MNpuemka uexa B 3Kcnyata- a3
a 69 e y 1
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ViccnepoBaHve onepauyin

CeTeBoil rpathmk Komniekca orepauuii n3obpaxeH Ha

Bce onepaynn rpadumka, 3a UCKIHOUEHMEM (UKTUBHBIX
onepauuii (2,3) n (5,6) sBnatOTCA AeNCTBUTENbHBIMA. Yunc-
na B CKOOKax, NMpunucaHHble Ayram, 03HayatoT MPOLO/HKN-
TeNIbHOCTb BbIMO/IHEHUA COOTBETCTBYHOLLYMX Onepaumin. One-

pauun a, U a2 He oNMParoTCs HU Ha Kakue onepauuu, cne-

[0BaTeNbHO, Ha rpauke OHWM M300paXKaroTca Ayramu, Bbl-

XOAAWMUMN U3 UCXOLHOro cobbiTsA (1), 03HayaroLlero Mo-

MEHT Hayana BbIMO/IHEHUA KOMI/IEKCA OnepaLyii.
Onepaumn ar, a5 ¥ a6 ONMPaKTCA Ha onepauuo 4.,

Mo3ToMy Ha rpaduke ayru ab, a5 U a6 HEMnocpeAcTBEHHO
cnedytoT 3a Ayroii ax. Co6biTe (2) O3HAYaeT MOMEHT

OKOHYaHMsi orepauuy ax M Hadvana onepayuii, npeacrtas-
NEHHbIX Ayramu, BbIXOAALWMMW M3 3TOro cobbitua. Onepa-
umns a4 onumpaeTca Ha onepauun a, u a2. I'pagmyeckm 3To
yCnoBue OTPaXKeHO MOCPeLCTBOM MOC/NeA0BaTENIbHOIO W30-
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ViccnegoBaHwe onepavii

CpaxeHuns onepauuii (1,3) n (3,4) v BBeAEHUS PUKTUBHOM
onepaunn (2,3). CobbiTe (3) WMHUMAEHTHO oOnepauusam
(1,3) n (2,3), cnegosatenbHO, MOMEHTOM CBEpPLUEHUS CO-
ObITUA (3) OydeT TaKO MOMEHT, K KOTOpOMY OyayT BbIMos-
HeHbl BCe BXOAsLMe B 3TO COObITME Onepauun v MOXeT
ObITb HayaTa onepauus, OTPaXKEHHas Lyroi, BbIXOAALLEN U3
Hero. AHa/IOTMYHO, C YYeTOM TEeXHOJIOTUM BbINOJIHEHUSA,
n300paxkeHbl Ha rpauke oOcCTa/lbHble oOnepauunn. 3asep-
watoulee cobbite (9) 03Ha4aeT MOMEHT OKOHYaHMUS Bbl-
MOJTHEHWNS BCEro KOMMJIEKCa onepaumii no pPeKoHCTPYKLMK
uexa. LWungpbl onepaymii COCTOAT U3 HOMEPOB HaYaslbHOro
N KOHEYHOro COObITUIA U MPaKTUYECKN B CMIMCOK 3aHOCATCA
nocsie cocTaB/ieHMs rpafuka.

Mpob6nemMHble 3agaHmnA

1 CocTtaBbTe NpuMeEp, CETEBOWN rpadivk KOTOporo 6yaert
MMeTb HECKO/IbKO 3aBepLUatoLLmX COObITUIA.

2. Vccnepyinte w onpefenuTe, BCeraa N NpPoTMBOMOKa-
3aHO COoepXXaHue KOHTYPOB B CETU.

3. WccnepyinTe wn onpegennte nNpakTUYECKYO peasib-
HOCTb MCNO/Mb30BaHMA (IMKTMUBHbIX ONepaLuii.

Bonpockl Anst caMoMnoAroTOBKM

1 [aiiTe onpefeneHne WCXOLHOr0 Y 3aBepLUalOLLEro
COObLITUIA.

2. Kak HasblBatOTCA CeTeBble rpagiMkym C HECKONbKUMU
3aBepLUalLLNUMKN COObITUAMMN?

3. MO>XXHO N1 CBECTM CeTeBble rPaiukn C HECKONbKNMU
3aBepLlalowMMm CoBbITUAMU K CETEBOMY TpagiuKy C OAHUM
3aBepLuatoLLM cobbITreM?

4, YTO TaKoe MOMEHT CBEPLLEHUS COObITMA?
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ViccnenosaHve onepauwi

5 UYem oTauMyaroTcs Apyr OT gpyra AeicTBuTenbHas
onepauus, onepanun-oXxunaHve n HUKTUBHaA onepaumsa?

6. MNepeuncnute npasuna, KOTOpble HEOOXOAUMO CO-
onofgaTb NPU NOCTPOEHUN CETEBbIX TPa(MKOB.

7. Kakve BpeMeHHble OLEHKW Has3biBalOTCA AETePMUHU-
POBaHHbLIMU, a KaKue BepOoATHOCTHLIMU?
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ViccnepoBaHme onepauwii

§ 10. PACYHET BPEMEHHbIX NMAPAMETPOB CE-
TEBOI'O N'PA®UNKA

Onepupyrowas cTOpoHa, ceTeBas MofeNb, CobbITUe, Non-
HbIA Ny Tb, KPUTUYECKUIA NYyTb, NpefebHbIA CPOK, paHHWUI
CPOK, NOMHbIA pe3epB BPeMeHU, CBOOOAHLINA 1 YacTHbIA pe3ep-
Bbl BpEMEHM

10.1. TMoHATMA 0 BpeMeHHbIX MapamMeTpax CeTeBOro
rpagmka

[ns ynpaBneHWs XO4OM BbINOIHEHUS KOMMeKca
onepauymii, NpeacTaBNeHHOro CETEBO MOAENbI, onepu-
pylouias CTopoHa A0/MKHa pacnonaraTtb KOMWYECTBEHHbI-
MW napameTpaMyn 3/eMeHTOB ceTW. K TakuM napameTpam
OTHOCATCA:  MPOLO/MKUTENIbHOCTb  BbIMONIHEHUS  BCEro
KOMMeKca onepayuin, CPOKW BbINOSIHEHUS OTAENbHbIX
onepauuii M KX pe3epsBbl BpeMeHW. BaxHeiwum napa-
MeTPOM CeTeBOro rpaduka SBNSETCA TakkKe KPUTUYECKUIA
nyTb.

Pa3nnyatoT cnegytowne BuAabl nyreid: NOMHbIA, npeaLe-
CTBYHOLUMIA COOLITUIO, CeAyoWMiA 3 COObITUEM.

Myrb ceTeBOro rpafmka Ha 3bIBaeTCA NOJHbIM, €C/IN ero
Haya/lbHas BepLlUMHA COBMajaeT C WUCXOAHbIM COObITUEM, &
KOHeYyHas —C 3aBepLuaoLLum.

MpeAwecTBYOWNA COBLITUIO NYyTb — 3TO MNyTb OT MC-
XO[JHOr0 CO6bLITUS A0 AAHHOTO.

Cnepytolmin 3a cobbITEM NYyTb —3TO NyTb OT AaHHOK
CO6bITUA 40 3aBepLUAtOLLEero.

KpuTuyeckum HasbiBaeTcsi NyTb (MOMHbIA), UMEOLLUN
HanMboNbLUYH MPOAO/MKNTENBHOCTb BO BPEMEHMW.

Onepauus ¥ cobbITUA, MpUHAANEXaLMe KPUTUYECKOMY
nyTW, Ha3blBAKOTCH COOTBETCTBEHHO KPUTUYECKMMM Onepa-
UMAMU N KPUTUYECKMMU COOLITUAMMN.
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CyMMmapHasi NpoAo/MKMTENbHOCTb OMepauunii, npuHag-
nexalux KpUTMYeCcKOMY MyTW, paBHa KPUTUYECKOMY Bpe-
MEHMW t BbINO/HEHNSA KOMM/EKCa Onepauuii B LieNOM.

10.2. PacueT BpeMeHHbIX NMapaMeTpoB CeTeBOro rpagmka

PacyeT BpeMeHHbIX MapameTpoB CETEBOro rpaguka Mo-
XKEeT OCYLLECTBAATLCA pasIMYHbIMU MeToAamn. PaccmoTpum
OfMH M3 HUX Ha MpuMepe.

Mpumep. MpeanonioXXmMM, YTO NPOLO/HKUTENBHOCTU Bbl-
NOSIHEHUS onepaumii t W3BECTHbI U NPUNUCaHbl Y COOTBET-
CTBYIOLWMX [Ayr CeTeBOro rpaduka, MpeAcTaBNeHHOro Ha
puc. 1L

Onpegenvm, npexzae BCero, oxugaemole (paHHWe) cpo-
KW CBeplleHna cobbiTMin  ceTeBOro rpaguka. WcxogHoe
co6bITVE O3HA4YaeT MOMEHT Hayasia BbIMO/THEHWUS KOMMeKca
onepauwuii, cnegosatenbHo, /; =0. CobbiTue (2) cBepLumnTCS,
OYeBUAHO, CNYCTA 2 el BPemMeHW nocfie CBepLleHUst cobbl-
T"a (1), T.K. Bpems BbIMonHeHua onepauunn (1,2) paBHoO 2.

CnepoBsatenbHo, /,=/,+/P=0+2=2 . CobbiTuto (3)

npegwectsytoT aa nytv: //, =(1-3) n w2=(1-2-3). lpo-
[LO/DKUTENbHOCTL MEepBOro Nyt paBHa 1 ed. BpeMeHu, a
BTOPOro 2 efl. BPEMEHU, T.K. tu=\, tI2+tB=2+0=2.
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Puc. 1

MpofO/MKUTENBHOCTD BTOPOro MyTW MOXHO HaWTW [0-
6aB/ieHMEM K 0XXWLAaeMOMYy CPOKY CBepLueHUs cobbitus (2)
BPEMEHU BbIMONHEHMA onepaunn (2,3), T.e. t2+tn =2+0=2.

MoCKONbKY co6bITMe (3) MOXET COBEPLUMTLCA He paHb-
LLle MOMEHTa OKOHYAaHWUS BCEX BXOASLLUMX B HEro onepaLuii,
1o t3=T1a\(/, +tu; 2+/B =T1a\(0 +1;, 2+0)=2.

B cobbiTne (4) BXogaT ABe NyTW, ucxogawme m3 cobbl-
Tnin (1) n (3), 4NA KOTOPbIX OXMAAEMble CPOKU CBepLUEHUS
HaligeHbl. CriefoBaTe/lbHO, OXW[AeMblii CPOK CBepLUEHUS
cobbiTna (4) tA= max(f, +tu; t3+tM) = max(Q+3;2+2) =4,
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8(8)

Puc. 2

AHaNIOrMYHO HaxoAATCs OXMAAeMble CPOKM CBEPLUEHWS
cobbiTuii (5), (6) n (7). 3HayeHna /=17, npunucaHbl Co-
OTBETCTBYHLLMM COOLITMSM Ha puc. 2.

06wyt hopMyny ANA HAXOXKAEHUA 0XUAAEMbIX CPOKOB
COBEPLLEHNS COBBLITUIA MOXHO 3anuncaTb Tak:
/, =0, /j=max (/j +tj), j =23,.., n,

()

roe {(/,N} - nogMHOXecTBO Ayr CeTu, BXOAALLMX B CO-
obiTne (/).

Oxunpaemblin cpok ceeplieHus cobbitusa (7) /7=11 cos-
nNajeT ¢ KPUTUYECKUM BPeMeHeMm (cymmapHOi nNpoaomKu-
TENIbHOCTLIO  Onepauui, MpUHALNeXawmx KpUTUYECKOMY
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ViccnenoBaHuie onepaLipii

nyTn). Bo3Bpalwascb Tenepb OT 3aBepLUAOLLEro coObITUA K
MCXOLHOMY, BbIZeNMM Onepauuu, nNpuHagiexaiine Kputu-
yeckomy nytn. M3 Tpex onepauuii, BXOAAWMX B CO6bITUE
(7), t =11 onpegenvuna onepaums (5,7), BbIMOMHEHWe KO-

TOPO HauMHaeTcs nocne ceeplueHns cobbiTmusa (5) u npo-
fomkaeTca 3 efl. BpeMeHu: t5+ Bl =8+ 3=11.

MomeHT cBeplieHus cobbitna (5) onpegenuna onepa-
uma (3,5), 1.k fj+fjs=2+6=8. B cBOWO 0uyepedb, MOMEHT

cBepLueHusa cobbiTna (3) onpegenuna onepaumsa (2,3), a co-
obiTna (2) - onepaymns (1,2). 3TM onepaumm Ha rpaguke
(puc. 2) BbiaeneHbl XXNPHOR IMHUEN.

TakMMm  00pa3oM,  KPUTUYECKUM  ABNSETCA  MyTb
ju =(1- 2- 3- 5- 7). YBenMyeHne BpPeMEHM BbIMONHEHUA

no6oi onepaumun, MNpUHaANEXaLLUA KPUTUYECKOMY MyTw,
BeZleT K YBE/IMYEHUIO BPEMEHMN BbIMOSIHEHUA KOMIeKca one-
pauuin B LEMOM. YBeIMYEHNE >Xe BPeMEeHU BbIMOIHEHUA UK
3a/lepXXKa C BbINO/IHEHVEM HEKPUTUYECKUX OrMepauuil, MoXxeT
He OTpa3nTCA Ha CPOKe CBEpLUEHMS 3aBepLuatoLlero cobbITus.
Hanpumep, Bpems BbIMOSHEHWUA onepaummn (4,5) MOXET 6bITb
YBENVYEHO WM Hayaslo ee BbINO/IHEHWUS MOXET ObITb OTCpPO-
4YeHOo Ha 1 ef. BpemeHW, 1 3TO He OTPasuUTCA Ha CPOKe CBep-
lweHns cobbiTna (5), a cnefoBaTelbHO, M BCEro KOMMJeKca
onepauui.

Hauano BbinonHeHus onepauuu (4,7) MOXeT ObiTb OT-
CPOYEHO Ha 3 ef,. BPpeMeHMU.

Ortctoga creflyet, YTo Ans PacCMOTPEHHbIX COObITUIA, He
nexalmnx Ha KpUTUYEeCKOM MNyTW, CYLLUECTBYIOT MpefesibHble
(MO34HNE) CPOKKN CBEPLUEHUSI COOLITUIA.

O603Ha4YMM Yepes t* i =1In npeaenbHbIA CPOK CBepLUe-
Hua cobbiTua (/) ceteBoro rpaduka. OTMETUM, UYTO OXWU-

[aemblii U NpefeNibHblil CPOKM CBEPLUEHUS 3aBepLUatoLLEero
coObITMA (n) COBMAAAIOT: tn=r*

MpefensHbI CPOK CBEPLUEHUS NOBOro CoObITUSA CeTe-
BOro rpajuka paBeH MWHWMa/IbHOW Pa3HOCTM Mexay npe-
AeNbHbIMW CPOKaMM OKOHYaHWA onepauuii, UCXoaaWwmx u3
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ViccnenoBaHve onepaunii

[laHHOT0 COObITUA, W BPEMEHEM BbINO/IHEHMSA COOTBETCT-
BYHOLLMX Onepauunin. HaxoxaeHue npeaenbHOro Cpoka ocy-
LlecTBNseTCA No opmyne:

B}

<
roe {(/,7)} - noamHOXecTBa Ayr CeTW, KOTOPble UCXOAUT U3
cobbiTna (/)

B pgaHHOM npumepe /<=t7- 11. OnpefenuMm 3TOT MOKa-

3aTeNb 418 OCTaBLIMXCS COBbITMIA. M3 cobbiTus (5) ucxoant
ofHa onepauusa, cnepgosateflbHo, *=t*-tu =11-3=8
AHanornyHo t\ =t* -ta=11-1=10. 3 cobbiTua (4) ncxo-

AAT Tpy onepawymmn, NosToMy
<4 =min(/* - u5; t6 U7 =min(8- 3;10—4,11—4)=5.

AHanornyHo Haxogumm, 4yto F~=2, =2 n t{=0. Ha

puc. 2 npeaenbHble CPOKU CBEPLUEHMS COObITUIA yKa3aHbl B
cKobKax. [N18 KpUTUYEeCKUX COBLITWIA 3T CPOKM COBMajatoT
C OKMAaEMbIMK.

HekpuTnyeckne cob6bITUA WMMEKOT pe3epBbl BPEMEHMU,
KOTOpble MOKa3blBatOT, Ha KakKOM npefenbHO A0NYCTUMbIA
CPOK MOXET 3a[epXXaTbCA CBEpPLUEHME COObITUIA 6e3 n3me-
HEHWS CPOKa CBEpLUEeHUs 3aBepLuatoLlero cobbiTms. Peseps
BpeMeHN Rj cobbITus (/) paBeH pasHOCTU MeXay npepenb-
HbIM 1 OXXMAAaeMbIM CPOKaMW ero CBepLUeHUs: Rt = t*- tt.

Oxunpgaemble 1 NpefenbHble CPOKM CBEPLUEHNS COObITUI
Haxo4ATCcA B AMaNeKTUYeCKOM eAMHCTBE CO CPOKOM Hauvana
1 OKOHYaHWA onepaymii:

- paHHWUI CPOK Hayana BbINOMHEHWUs onepauun (/, J)
paBeH 0XWNAaeMOMY CPOKY CBepLUeHus cobbitus (/): r?“ =/,
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ViccnegosaHwme onepauuii

- MNO3AHWUIA CPOK OKOHYaHMS onepauun coBnagaeT c
MO3AHUM CPOKOM CBEPLUEHMS] €e KOHEYHOro COBbITUS:

- MNO3[HWI CPOK Hayana BbIMO/HEHNS OMNepaLun paBeH
Pa3HOCTM MeXAy NpefenbHbIM CPOKOM CBEpLUEHUS ee KO-

HEYHOro cob6bITUSA © NPOAO/MHKNTENIbHOCTbIO: t"H=t*- ty,

- paHHWI CPOK OKOHYaHWs Oonepauun paBeH CyMMe
OXMW/]AEMOT0 CPOKA CBEPLLUEHUS €e Haya/bHOTo COBbITUS 1

NPOAO/MKUTENBHOCTU: tA° =tt + tl}.
CpoKM BbINOMHEHUS OMNepaLuii HaXo4sTCsa B rpaHuLax,

onpefensemMbiX napameTpamu: ij'H' , fﬁ'o' , f‘{jo. Cne-
[0BaTe/lbHO, Onepauny, Kak u cobbITUA, MOTYT UMETb HeKO-
TOpPbIN pe3epB BPeMeHN.

Pa3nnuyaloT yeTbipe pPasHOBUAHOCTU pPe3epBOB BPEMEHMU
orepayuin: NonHbIN, CBOGOAHbIN, YacTHbLIA MepBOro Buga WU
YaCTHbIA BTOPOro BMUAa.

1. MonHbIA pe3epB BpemeHu onepauyn LLL nokasbiBaer,

HACKO/IbKO MOXXHO CABWHYIb Hayano BbIMO/HEHUS onepauum
UMW YBENMUATbL ee NPOAO/IKNTENBHOCTb, HE M3MEHSS OXUzae-
MOr0 CpoKa CBepLUeHUs HayasbHOro CO6bITUS, NpY YCNOBMK,
YTO KOHEYHoe, ANs [JaHHOV onepauun, COBbITUE CBEPLLIMTCS
He MO3[Hee CBOEro MpefenbHOr0 Cpoka. BenmuuHa MosHOro
pe3epBa BPEMEH BblUMCAsSeTCS Mo opmMyne:

2. CB0GOAHbIN pe3epB BpemeHn onepaumn LLL nokasbiBa-

eT, HacKO/IbKO MOXHO YBE/IMYNTb MPOAO/HKUTENBHOCTb WK
OTCPOYMTb Hayano BbIMOMHEHWUS onepauumn (ij) Npu ycno-
BUM, YTO Haya/lbHOE U KOHEYHOe ee CO6bITWS CBEepLLAoTCS
B OXWaeMoe BpeMms:

93



ViccnegoBaHue onepauuii

3. YacTHbI pe3epB BpemMeHW MepBoro Buga LU, —a3To 3a-

nac BPEMEHW, KOTOPbIM MOXXHO pacnosiaratb Npu BbIMOJIHE-
HUWM onepaunn (ij) B NMpPeanosiodXeHUn, UYTo Haya/ibHOE W
KOHEYHOoe ee CoObITUS CcBepLllaroTCA B MNMpeaesibHble CPOKU:

4. YacTHblii pesepB BpemeHu BToporo Buga LLL - 3To

3anac BpemeHu, KOTOpbIM MOXHO pacnofiaratb Npu BbIMOA-
HEHWUW onepauum (ij) B NPeANOIOXKEHNI, YTO ee HayaibHoe
COObITME CBEPLUMTCS B NpefenbHOe, a KOHEYHOE - B OXKU-
Aaemoe Bpems. [ns HEKOTOPbIX OMepayuii MHTepBan Bpe-
MEHN MeXay npefenbHbIM CPOKOM CBEPLUEHWS HayaibHOro
CPOKa COObITUS MOXET ObITb MEHbLUe WX MPOAOMKUTENBHO-

cT. B aTom cnyyae S* MpuHUMaeTCs paBHbIM Hynmo. On-

pefenseTca 4YacTHbIA pe3epB BPeMeHM BTOPOro Buaa Mo
(hopmyne:

N =tax(tj-t* -t0;0).
Haingem pesepBbl BpeMeHW onepaunmn (4,6) ceTeBoro

rpagmka (puc. 2), Ana yero 3ametum, yto /g=10, /4=4,
1= 1 Nmeem:

*i="6-('4+'46) =10-(4 +1) =5,
M6 = t6~ (h +0)=5—4+1) =0,
K=1'6-(r:+7) =10-(5+]) =4,

K ii= wax(/6- C - 146,0) = wax(5- 5- 1,0)=0.
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Mpob6nemHble 3agaHunA

1. Ccopmynumpyitte 3afadvy ynpaeneHuWss XO[OM BbIMoJsi-
HeHWA KOMMJeKca ornepaunii, Kakoro nbo TeXHUYecKoro
npovecca.

2. CocTtaBbTe CeTeBYH MOZe/b 3a4ayn 3agaHma 1

3. Wccnegyite 1 onpefenuTe MoAXofbl, U BO3MOXHO-
CTW YCTaHOB/NEHNSA Pe3epBOB BPEMEHN B 3TON 3ajave.

4. OnpefenuTte BO3MOXHble W MpeAe/ibHble  CPOKWU
CBepLleHmns cobbITWiA 3adaun 3adaHus 1.

5. [Ana OfHOro U3 HEKPUTUYECKUX W OJHOr0 KpUTMYe-
CKOro cobbITuiA 3agaum 3afgaHus 1 onpegenure:

a) paHHWIN CPOK Hayana BbIMOMHEHWUSA OMepaLuii;

6) NO3A4HNIN CPOK OKOHYAHWNA onepawuii;

B) MNO34HWI CPOK Hayana BbIMOMHEHNSA onepawwuii;

) paHHW CPOK OKOHYaHMSA Onepauumu;

[) MONHbIA pe3epB BPEMEHWN Onepauuii;

€) cBOOOLHbIV pe3epB BPEMEHU;

) YacTHbIV pe3eps BpeMeHN 1-ro Buaa;

3) YaCTHbIli pe3epB BPEMEHU 2-T0 BUAA.

Bonpocbl Ans camonoAroToBKK

1 YTo Takoe KpUTUYECKWUI NyTb?

2. UTO Ha3blBaeTCH KPUTUYECKOW orepaluein n Kputu-
4eCKUM CcobbITueM?

3. [ainTe onpefeneHvss MO3AHEro M paHHero CPOKOB
OKOHYaHMA onepauuii.

4. [avite onpefeneHus NOMHOMO M CBOGOAHOrO pesep-
BOB BpeMeHW onepaymi.

5. [aiite onpeaeneHnst YacTHbIX pe3epBoB BpemeHu | u I
BU/OB.
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8§11. BEPOATHOCTHbIE CETW

CeTeBoii rpagivK, AeTEepMUHMPOBAHHAA U CTOXacTuYecKas
CTPYKTYpbI, BEPOSTHOCTHbIE CeTU, (DYHKLMS pacnpefeneHus, auc-
nepcusi, MaTeMaTMW4ecKoe OXKUiaHve, KpUTUYECKOe BPeMS, KpUTU-

Yyeckuid NyThb

11.1. CTpyKTypbl BEPOSTHOCTHbIX CETEN

CeTeBble rpadky KOMM/eKca ornepauuii MoryT MMeTb
AETEPMUHMPOBAHHYIO MM CTOXacTMYECKYH CTPYKTypy. Ec-
N1 BCe onepayuy KOMMeKca U UX B3aMMOCBSA3M TOYHO OnN-
pedeneHbl, TO Takas CTPYKTypa rpadmka HasbiBaeTcs geTep-
MUHUpPOBaHHOM. CToXacTuyeckast CTPyKTypa O3HauyaeT, 4To
BCe OMepaLyuy BKIHOYAKOTCA B CETb C HEKOTOPOW BEPOSTHO-
CTbl0. Hanpumep, B Hay4HO-UCCNeA0BaTENbCKNX U OMbITHO-
KOHCTPYKTOPCKUX pa3paboTKax 3apaHee Hen3BECTHbl He
TONbKO MPOAO/MKUTENBHOCTb OTAE/bHbLIX OMEepaLuii, HO U KX
nepeyeHb, a TaK Xe CTPYyKTypa CeTu.

Ha npakTuke 06bIYHO MPUMEHSAOTCS AeTEPMUHNPOBAH-
Hble CETW CO C/y4YyaliHbIMW BPEMEHHbIMW OLiEHKaMU ornepa-
UMIA. Takne CeT Ha3blBalOTCS BEPOSTHOCTHBLIMM.

Mpy nccnefoBaHUN BEPOSTHOCTHBLIX CETEA MOryT BCTpe-
TUTbCS ABa CNyYas:

1) onepaunun He ABNSKOTCA HOBLIMU, U Mbl NPUBANKEH-
HO 3HaeM AN Kaxoh U3 HUX (YHKUMIO pacnpeaeneHus
MPOAO/MIKNTENBHOCTU BbINOHEHUS;

2) onepauumn SBNAKOTCS HOBLIMMW, ManoW3y4YeHHbIMU, U
AN HUX (DYHKLUMK pacnpefeneHns Mpogo/HKUTENbHOCTEN
HEN3BECTHbI.

B nepBom cnyyae NO HEW3BECTHOM (hyHKUMM pac-
npeaeneHns HeTPYAHO OMNpPefenvTb CPeAHee 3HayeHue npo-
[OMKNTENbHOE™ BbIMOMHEHUA KaXAoW onepauun (MaTeMa-
TUYECKOe OXMWAAHWE) U AUCMEPCUIO.

Bo BTOpOM cCflyyae MPUMEHSETCS METOf YCPeAHEHUS.
NcxoaHbIMU laHHBIMK NSt MEeTOAA YCPeAHeHUs SBASTCS
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BEPOSITHOCTHbIE OLEHKM MPOAO/HKUTEIbHOCTU KaXA0on one-
pauuu:

a —MMWHUMaIbHas NpPoao/MKUTENbHOCTb (ONTUMUCTMYE-
CKad OLeHKa) onepauuu,

b — MakcuManbHas npoAOKUTENbHOCTb (neccumumc-
TMYEeCKas OLEHKa) onepayuu,

T — Hambonee BeposATHas MNPOAO/HKUTENBHOCTL (MOAQ)
ornepaumu.

WccnegosaHma no3Bonuanm 060CHOBAaTb BO3MOXHOCTb

MCMONMb30BAHUS & -pacrpefeneHnuss B KauyecTBe TUMOBOFO
pacnpefeneHns NPOAOMKUTENBHOCTU onepauuii ¢ OLeHKa-
MU a, bU T.

®YHKLUMS NNOTHOCTU  -pacnipedeneHus (puc. 1) umeet
BUA

rae p, A4 — napameTpbl pacnpefefieHns, 3asucALiue oT
BMAa onepauuii; ¢ - HOPMUPYIOLLMIA MHOXUTENb, Onpeje-
NAeMblil U3 ycnosus

b
cj(t-a)p(b-t)'ldt = 1.
a

Mo M3BECTHOW (hyHKUMM pacnipeaeneHuns f(t) HaxomsT-

CSl UNCNOBbIE XaPaKTEPUCTUKM OMepaLmii:

—  cpeaHee 3HayeHMe (MaTeMaTMUYeCKOe OXMAaHWe) mpo
[OMKUTENBHOCTY onepauun t

a p+q+2
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WccnepgoBaHuve onepaupii

amcnepcus =ai =) taA{t)dt -t7

Puc.1

CTtaTuCTMYecKknid aHann3, MPOBEAEHHbIA 3MMNEPUKO-
3KCNepMMeHTa/IbHbIM MyTeM, MO3BOANAN YCTAHOBWUTb, 4TO
p+q~4- CnefoBaTencHoO,

-=1x4m+6 . C»-»

Mocne onpeaeneHNs maTemaTUYecKUX OXMAAHWIA Npo-
[OO/MKUTENbHOCTEN onepauuii NpoBOAMTCA pacyeT BpPeMeH-
HbIX MapameTpoB CeTW, KakK W B AEeTEPMUHUPOBAHHOM Cy-
yae. ANUTENbHOCTb KPUTUYECKOTO MYTW paccMaTpmBatoT Kak
MaTeMaTUYECKOE OXMAaHWe CNy4YainHON BeNMUNHBI /Kp:
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Avicnepcrto NpoaoKUTENbHOCTU MyTY CYATAIOT PaBHOM
CyMMe Aucnepcuii Npoao/mMKUTENbHOCTEA onepaLiuii, Haxo-
AALWUXCA Ha KPUTUYECKOM MyTU:

E BO'1-

MpaKTuyeckn, pacyeT BPEMEHHbIX MapamMeTpoB CETU MO
CPeAHUM 3HAYeHUAM NPOLO/MKUTENILHOCTE ornepauuin He
NO3BO/ISIET CTPOro ONpeAenMTb CPOK 3aBepLUEHNS KOMMJIEK-
ca onepauuii. PaKTUUYECKN OTK/IOHEHWE CMy4aliHbIX BeNu-

UMH ty OT UX CpeaHux 3HAYEeHUN t- MOXET ObITb KaK B

6oNbLUYI0, TaK U B MEHbLUYIO CTOPOHY. [osTomy, dakTuye-
cKas MpOJo/IXKWUTENbHOCTb BbIMOHEHMS KOMM/IEKCA Omnepa-

Lni MOXeT ObITb 60/blUe WM MeHblle . B cBA3N C

3TVUM NpPeACTaBNsSeT GOMbLIONA MHTEPEC OLLEHKA BEPOSTHOCTY
3aBepLUeHNst KOMMNeKca onepauuii K onpeaeneHHoMy cpo-
Ky, KoTopas 3aBucuT oT aucnepcuu Dir npogonmkuTens-

HOCTW KPUTUYECKOro nyTu. Mpu OgHMX 3HAYEHUAX BEIMYMH
ty MOXeT ObiTb OAWH KPUTUYECKWIA MNyTb, NpW APYrux —
apyroin. OfHaKo, ecnu NPOAO/HKUTENILHOCTU paboT OTK/IO-
HAKOTCA OT CBOWMX CPEAHMX 3HAYEHWUI Ha Takyl Manyto Be-
NNYUHY, YTO KPUTUYECKUIA NYTb HE U3MEHSETCH, U eCnn Ha
KPUTMYECKOM MYTU NEXWUT 3HAYMTENbHOE YMCIO Onepawuii
(5, 6 nnn 60nee), TO Ha OCHOBAaHWWN LiEHTPa/IbHOW Mpegesb-
HOW Teopembl MOXHO MPUOIMXKEHHO CUMTaTb, YTO €ro npo-
[BO/HKUTENBHOCTb MOAUYMHAETCS HOPMasJibHOMY 3aKOHY pac-

npegeneHva ¢ napametrpamu Ikp, Df?]. Torga BbluncneHmne

BEPOATHOCTU TOro, 4TO (haKTM4yeckas MNPOAOC/HKUTENbHOCTb

BbIMOJ/IHEHNA KOMI1/1EKCa onepau,w?n 1th MeHbLLE M/1aHOBOro

ANPEKTUBHOIO CpoKa TT, NPOU3BOAUTCS MO hopmyrie:
P(1th-TT) = d(n) + 0,5,



VccnegoBaHme onepauuii

Puc 2
roe q)(M)— Ie *dt QYHKUNSA Nannaca,
V2n: {
m _in N
m=———, <mp=JD[tkp] —cpesHeKBagpaTUYHOEe OT-
kP
K/IOHEe Hue.

Mo copmyne p(ip- Trr) = d(n) +0.5 MOXHO BbIYUCNUTD

BEPOATHOCTb BbINOAHEHUS NO60 onepaumMn B 3afaHHbIN
CPOK.

PaccMmoTpum noaxop K onpefenieHU0 MaTeMaTUyecKoro
oXupaHua 1 u gucuepcun, par] onepauumm (ij) CeTeBOro
NMPOeKTa Ha OCHOBE [ABYX OLEHOK: ONTUMWUCTUYECKON a W
NeccCMMUCTUYECKON b

Ha o0cHOBe MHOMQUUCNEHHbLIX, 3MMNEPUKO-3IKCUEPU-
MenTanbIWX nccnefoBaHUii 4BYXOLEHOYHON METOAUKWN Bbl-
fB/IeHO, YTO B /?-pacnpefeneHnn BeMUYNHLI p U g, onpese-
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VccnenoBaHue onepauii

NeHHble A8  6O0NbLIOro KO/MMYeCTBa CETEBbIX MOAENEN,
6/1M3KM K NOCTOSIHHbIM 3HaYeHUsIM p=1, q=2. BblbpaB nx B
KayecTBe CTaHAAPTHbIX MNOKa3aTeneid CTeneHW, MONy4varT
(hYHKLMIO, KOTOpas OTHOCWUTCA K Knaccy /3 - pacnpefene-
HUA 1 UMeeT cneaytolime napameTpbl:

MaTemaTuyeckoe oxugaHue: juy=fif(t)ydt =32 *26 -
5

b Fb_a\z
5

MpuMeHeHWe [ABYX BPEMEHHbIX OLEHOK CYLLECTBEHHO
yMeHbLIaeT 06beM WH(OpMauuu, KOTOpblin TpebyeTcs OT
OTBETCTBEHHOIO WCMOMIHUTENSA, TaK Kak OH O0CBOOOXAaeTcs
OT 3aflaHnsi Hanbonee BEPOATHOW OLEHKMN.

11.2. MNpumep

HaiTn Kputnuyeckoe Bpems tkp BbINOTHEHUS KOMIMIEKca
orepaumin, nNpeicTaB/eHHONo0 Ha puUC. 2, UCMO/b3ya CPpeaHue
OLEHKM NPOAO/HKMTENILHOCTA U AUCNEPCUI0, a TakKe onpe-
[EeNNTb:

1) BepOSATHOCTb BbINOJIHEHUS KOMIIeKca onepauuin 3a:

a) TT-b5 [HeRn; 6) 7°=42 gHs;

2) BpeMs, 3a KOTOpOe KOMMAEeKC ornepayuin 6yaeT Bbl-
MOSIHEH C BEPOSITHOCTbIO, HE MEHBbLLENA:

a) /7=0,75; 6) />=0,35;

3) BEpOATHOCTb 3aBepLueHns onepaymm (2,5) B BOCbMOM
JeHb.

OnTUMMCTMYECKasd OLeHKa hy 418 KaKAOoW ornepaymm
3agaHa B Tabnmue 1. CnyyvaiiHble OTKNOHEHMWS BPEMEHU Bbl-
MOMHEHNA onepayuii 0T MaTeMaTUYECKUX OXMAAHWIA He
MEHST KPUTMUYECKOTO LyTH.

Bbluncnas matematuyeckoe oxugaHve 1Lu AUCNepcuio
o |/] v pononHsa ummn Tabnuuy 1, nonyymm tabnuuy 2.

MpPOAOMKUTENBHOCTb KPUTMYECKOTO MNyTW, HalifIeHHOro
Mo CPefHUM OLEHKaM BpeMeHu (CpeaHue OLeHKM Mpunu-
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ViccnepoBaHvie onepauwii

caHbl gyram rpadga), tkp=38 AHeid, MO ONTUMUCTUYECKUM
oueHkam t =275 [OHS, N0  NECCUMUCTUYECKUM

t /@=53.75 aHA. MpakTU4ecKn, KOMNIEKC ornepaunin Moxert

ObITb BbIMOMHEH C HEKOTOPOM BEPOATHOCTbIO B /1060 CPOK
nHTepBana [27,5; 53,75].

__Tabnuua 1
WcxoaHble napaMeTpbl
0J) a» b,i
(1,.2) 1 35
(2,3) 2 45
(2,4) 2,5 6,25
(2,5) 4 6,5
(3,7) 15 2,75
(4,6) 5 10
(5,8) 45 8,25
(6,7) 3 55
(7,8) 8 10,5
(8,9) 8 18

Tak Kak KpuUTUYecKWU MyTb BK/IOYaeT 6 onepayuin u,
COrNacHO LEHTPasIbHOW NpefeNibHON TEOpeMbl TeOpUM Bepo-
ATHOCTel, ero AAMHa NOAYMHSETCA HOPManbHOMY 3aKOHY
pacnpefeneHuns, TO OH XapakTepusyeTcs napameTpamu:

thp=38: D[tkp= Ef, =6,31; 8w=>/1l [ = 2.51.

Bbluncnmm BepOATHOCTb BbIMO/IHEHWS KOMMeKca one-
pauyuii 3a TM=35 gHel:
B.35"~.=__3

251 251
1%<T@=P p ! " +05=
= ®(1.55)+ 0.5 = 0.439+ 0.5 = 0.939.
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Tabnuuya 2

McxogHble napameTpbl PacueTHble napameTpbl
(ij) an bu, tu A,
1,2 1 35 2 0,25
22,33 2 4,5 3 0,25
(2,4) 2,5 6,25 4 0,56
(2,5) 4 6,5 5 0,25
(3,7) 15 2,75 2 0,063
(4,6) 5 10 7 i
(5,8) 45 8,25 6 0,56
(6,7) 3 55 4 0,25
(7,8) 8 10,5 9 0,25
(8,9) 8 18 12 4

OnpegenvM Bpems, 3a KOTOpPOe KOMMEKC onepauunin byaet
BbINO/IHEH C BEPOSATHOCTbIO He MeHblueil Yem />=0,75. 3Ha-
yeHUto dW)- p - 05=0,75-0,5=0,25 dyHKynum Jlannaca
COOTBETCTBYET 3HayeHWe aprymeHta «=0,68. CnepoBareb-
HO, UCKOMOEe BpeMs OydeT paBHO 7TF"+a« =38+2510,08«40

[HeNn.
Ona /7=0,35 dyHkuunsa Jlannaca o(/) = 0,35-0,5 = -0,15
m wn=-03 .Takum o6pa3om, B 3TOM Cllyyae

Tm=38+0.51(-8.39) =37 fHei.

OXnpaemblii CPOK CBepLUEHMs NATOro cobbitns /5=7.
CymMa gucnepcuin onepauunin, npuHagnexawmx nyt (1-2-
5), Begywemy K naTtomMy cobbiTuio, OyaeT  pasHa
U20+ (0=0.25+0.25=025.

Takum o6pasom,

"8 0= ®(1,41)+ 0,5 =
Vw.
:0.4207 + 0.5 = 0.9207 = 0.921

PasM & <TT )= o

CneposatesnibHO, onepauus (2,5) ¢ BepoATHocTbo 0,921
OyfeT 3aBepLUeHa B M1aHOBbIA CPOK.

103



ViccnenoBaHvie onepawiuii

MpobnemHble 3agaHns

1 CdopmynupyinTe 3agady BbINOJHEHUS KOMMJIeKca
ornepauuin ansa Kakoro-1mbo TeXHOMOrMyeckoro npotecca
(Hanpumep, BbINYCK NPOAYKUMN).

2. MpefcTaBbTe AeTepPMUHUPOBAHHYIO CETEBYHO MOJESb
3afaun nyHkTa 1, KoTopas OyAeT XapakTepu3oBaTbCA Cry-
YalHbIMW BPEMEHHbIMMW OLeHKammn onepauui.

3. B 3agaye ceTeBO Mogenn MyHKToB 1 v 2 Haingute
KpUTUYECKOoe BPeMSs tKp BbIMO/IHEHMA KOMI/eKca onepawuii
1 onpegennTe:

a) BEPOSATHOCTb BbIMO/IHEHMA KOMMJ/EKca onepauui 3a
/M(nnaHOBOe Bpems yCTaHOBUTE camu);

0) Bpems, 3a KOTOpOe KOMMJEKC onepauuii OyaeT Bbl-
MOMIHEHO C BEPOATHOCTbLIO He MeHbLuel: p\ =0,75;pi =0,4.

4. ONTUMUCTUYECKYIO OLEHKY a,j W neccuMucTuye-
CKYI0 OLEHKY b,j ANns KaXA0i onepauuun 3ajanTe camu.

5.

Bonpockl ansi caMonoAroToBKY

1 [OaiiTe onpeaeneHne BEPOSTHOCTHBIX CETEN.

2. Onpefiennte 4MC/OBblE XapaKTePUCTUKM oOrnepauui
Mo M3BECTHbIM PYHKLMAM pacnpegeneHuns.

3. Hanvwwute qopmyny BblUMCIEHUA BEPOATHOCTM TO-
ro, 4to akTuyeckas MPOLO/HKUTENILHOCTL BbINONHEHNA
KOMMJeKca onepauuii tg) MeHblle NN1aHOBOMO AUPEKTUBHOMO
cpoka Tmn.
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§ 12. OMNTUMM3ALNA KOMIJIEKCA OMEPALI
MO BPEMEHW U MO CTOMMOCTIU

Onepauus, ceTeBoi rpadmk, PUKTUBHAA onepaumsi, KpUTu4e-
CKWIA NyTb, 3aTpaThbl, (PUKCUPOBAHHbIA CPOK

12.1. ONTMMM3aLMISt KOMMNJIEKCA Orepauyii No BpemeHu

OnTumM3aumMa KoMraekca onepauuii no BpeMeHu 06y-
CNOB/IEHA COKPALLEHMEM MPOLO/MKUTENBHOCTU KPUTUYECKO-
ro nytn. Takasd 3agaya BO3HWMKaeT TOrda, Korja Kputude-
CKOe Bpems BbIMO/IHEHMSI KOMMJIEKCa Oonepauuy npeBoCcxo-
OWT CPOK To, 33flaHHbIN OnepupytoLLeil CTOPOHOM.

3afaun oNTUMM3aLMN KOMIJIEKCA Onepauuii no Bpeme-
HW peLuaroTcs ¢ NpuUBIeYeHNeM LOMOHUTENbHLIX CPEACTB U
C MCMONb30BaHWEM BHYTPEHHUX Pe3epBoB.

PaccmoTpyM OfHY M3 MOCTaHOBOK 3ajayv ONTUMU3aLmm
C MCMONb30BaHMEM [ONOHUTESNbHBIX CpeacTs. IMycTb 3afaH
CETeBOW rpatviK G(E,e) BbIMOSIHEHUA KOMI/IEKCA ONepauyuii.
Bpemsi BbIMOIHEHWSA KaXKAOW Onepauun paBHO ty. Broxe-
HWe xy AOMNOMHUTENbHBLIX CPEACTB B OMnepauuto (ij) COKpa-
LLAeT BPeMS BbINONHeHMsA € ty fo /' =f9(xy) <ttm

OTMETUM, OAHAKO, YTO HACbILLEHNE KPUTUYECKUX One-
paLuii pecypcamm He MOXET ObiTb GECKOHEUHbIM, TaK Kak
AN KOKOOW onepauuy 3aaeTcsl MUHUMANbHO BO3MOXKHOE
Bpemsi ee BbINO/SIHEHWS, paBHOe dy. Heobxoaumo onpepge-

MTb Bpems Havana Ty u OKoHYaHus T° BbINOAHEHWS

ornepaunii, a Takxke, CKOJIbKO AOMNOSHUTE/bHBIX CPEACTB xy
HEO6X0AMMO B/OXWUTL B KXKAYHO U3 onepauni (ij), YTobbl:
— obLyee Bpems BbIMOIHEHUS KOMMJieKca ornepawuii
ObINI0 MUHUMA/IbHBIM;
— CYMMa BJ/IOXKEHHbIX [OMOMHUTENbHbIX CPeACTB He
MpeBbillana 3a4aHHON BENNYMHLI B;
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ViccnenoBaHve onepaunii

MaTtemaTuyeckas MOAENb 3TOW 3a4adnm MOXET OblTb
npefcTaB/ieHa CnefyoLM 0bpasom:

=c T

T, - ™ >c/. pnda seex (/,/)e t?,

*(xn)=C ~Tu pauBeex  /)ee’
Iy >  gnascex /,/,/£ K,

TH>0, 7">0, x7>0, ansa Bcex (/, N<=e.

[o6aBnB, Npu HeO6XOAMMOCTU, (PUKTUBHYLO onepawluto,
BbIXOAALLYH M3 NOCNEAHEro COObITMA, LeneBytd (DYHKLUMIO
Noboro rparka MOXHO 3anucaTb B BUAE LeNeBor (PYHK-
LMK 3agaun.

OrpaHMYeHne-paBeHCTBO 3afayn MOKasbiBaeT 3aBUCK-
MOCTb MPOAO/DKUTENBHOCTM  BbIMOJIHEHWUSA OMepauuin - ot
B/IOXKEHHbIX CpeAcTB. [locnegyrowme HepaBeHCTBa MpWU Or-
paHWYeHnsaX 3agadv o06ecrneymBatoT BbINOSHEHUE YCNOBUIA
npeAaLIecTBOBaHUS onepaumii B COOTBETCTBUMN C TONONOrNein
ceTn (BpeMsi Hayana BbIMONHEHUSA KaXXAO0A onepaunu foK-
HO ObITb He MEHblLUe BPEMEHW OKOHYaHWUS HEMOCPefCTBEH-
HO MpefLIEeCTBYHOLLEN eli onepauun).

KpuTnueckmin nyTb ju B [aHHOW 3ajaye SABASeTCA

(byHKUMEN OT 06beMOB [JOMOSIHUTENIbHO BKNaAblBaEMbIX
CPeacTB Xj.

CopmynupoBaHHasa 3afaya OTHOCW res K Knaccy 3ajad
MaTeMaTUyecKoro nporpaMMmpoBaHnAa U MOXET ObITb pe-
LeHa MeTofdamy JIMHEMHOT0 WAW HeNMHENHOro nporpam-
MWPOBaHMS B 3aBUCUMOCTM OT BuAa PYyHKUMI fj/Xjj).

Mpumep: Komnnekc onepauuii npefcTaBneH CeTeBbIM
rpagmkom Ha puc. 1 Liudpbl, npunucaHHble gyram rpadgu-
Ka. 03Ha4alT COOTBETCTBEHHO MPOLO/HKUTENBLHOCTL [y ©
MWHMMa/IbHO BO3MOXHOe Bpems dy BbIMOIHEHUA Orepauuii.
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ViccnepnoBaHe onepauyii

MpoAOMKUTENLHOCTL BbIMONHEHUS Ornepaunili NTMHERHO
3aBUCUT OT [AOMNOJSIHUTENILHO B/IOXEHHbIX CPefCTB U BblpaXka-
eTca cooTHoweHuem D)j=tjj( 1-kjjXjj), roe k\2=0,2; &n=0, 1;
k14=0,3; kr3=0,2; k24=(),5; £45=0,3. TpebyeTca NOCTPOUTH
pasBEPHYTYK MaTeMaTMyecKyto MOAenb 4S8 OornpeaeneHus
BPEMEHM Hayasla M OKOHYaHWA BbIMOMHEHUA onepauuin un
KO/Mn4yecTBa CPeACTB, BKNAAbIBAEMbIX B KaXKAYH Orepauuio,
4yTOObl BpeMsA BbIMNOMHEHWUSA KOMMeKca ornepaunii 6bi1o0
MUHUMaNbHbLIM, & CyMMa B/IOXKEHHbLIX CPEACTB He NpesBblLla-
na 10 cp.

10:6

B cuny ocobeHHOCTel CeTeBOro rpauka Lenesas
(QYHKUMA MMeeT Bug / =T'-MNOT.

3anuiiem orpaHuYeHns 3adaqu.
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CyM|\/|a B/TIOXXEHHbLIX CpeacTtB HE AO0/DKHa OblTb 0OMbLLE
Ha/IMYHOIro X Konm4vectBa:
X123 +1"4 +X23 +11'24 +/1'45< 10,
BPpeMA BbIMO/JHEHUA Ka)K,IJ|OI7I onepaunn AO/HKHO ObiTb He
MeHbLUE MMHUMa/IbHOI0 BPEMEHWN:

Te-T*>6; - 7'>12; J4-T¥>6-

T3 _ C.TO_XH\~. T _mH w

123 123 —J 5 124 24 134 734 ¢ N7
T° T« >3

145 —i 45 —A *
3aBUCUMOCTb NPOAOMKNUTENBHOCTEN onepauuii oT BO-
YKEHHbIX CPEAICTB [at0T OrpaHNYeHNs-paBeHCTBa:

M -T*2=14-(1—0,2xn); 7"3-7,3 =20-(1-04x13);
7°-7;; =10-(1-0,3x1); MB-T*v=12-(1-0,2x2);
K - ~a =4 (1 - 0,5X2‘-);r45- T5=s5 .- 0,3X45;.

Bpemsi Hauana BbINONHEHWS KaXAO0 onepauuy AOMKHO
OblTb He MeHbllUe BpeMeHW OKOHYaHUS HernocpeiCTBEHHO
npeflecTsytowerr eid  onepauun  (MOMEHTbI  BPEMEHMU

'Tn=Tn =T'#=0 ). TIZbr;2 ; T24>T[\ ; 7">IB ;
M PTLr M 1o IR 205 T8 1
YCnoBus HeOTpMLATENbHOCTN HEN3BECTHBIX:
TI>0, T°>0, xo0 >0, anda scex (/,.)<=e.
ChopmynunpoBaHHas MaTemaTuyeckas MofAenb 3adauu,

cofepxawasa 17 HensBeCTHbIX M 20 OrpaHUYEHWUn, MOXET
ObITb peLleHa, HanpumMmep, CUMMJIEKC-METOLOM.

12.2. ONTMMMU3aLMSA KOMI/IEKCa OrepaLmic o CToMMocTH

PacCMOTPUM YaCTHbIA Cryyaid OTITUMM3aLIMK KOMM/eKca
onepauuii —OoNTUMM3aLMI0 NO 3aTpaTam. [peanonoXum, yto

108



ViccnegosaHvie onepauui

3aTpaTbl Ha BbIMOMHEHWE OTAE/bHbIX OMepauuii HaxoaaTcs B
06paTHOV 3aBUCMMOCTM OT MPOAOMKUTENBHOCTY MX BbIMNO-
HeHns. Koath(hMUMeHT LONOMHUTENbHBIX 3aTpaT Ky onepaLuu

.. c '
(ij) BbluMcnseTca no dopmyne k = —-—— roe /, —
ty -t
CPOYHbIN PEXUM BbINOMHEHWS OMepaLn (HauMeHbLuasi npo-
[OMKNTENLHOCTb), KOTOPOMY COOTBETCTBYHOT ~HauGOMbLLME
? "

3atpatbl Cy; tt) —HOPManbILLA PEXUM BbINO/HEHNS OMepa-
UMKn (HambonblUas NPOAO/KUTENLHOCTL), KOTOPOMY COOTBET-
K

CTBYHOT MUHUMasIbHbIE 3aTpaTthbl Cy .

CnefoBaTe/nibHO, NPOAO/MKUTENBHOCTb KPUTWUYECKOK MyTW
OyaeT HambOnblUeid, a CTOMMOCTb BbIMOMHEHMS KOMM/eKca
ornepauuin HaumeHbled (MUHUMabHOR). HeobxogmMmo co-
KpaTUTb KPUTUYECKUIA NYTb 40 HEKOTOPOro BO3MOXHOMO MU-
HAMa/IbHOrO  3HaYyeHWUs MpY  MUHUMa/IbHOM  BO3pacTaHum
CTOMMOCTW BbIMO/IHEHMSI KOMMNJIEKCa onepauuii.

B obuiem cny4vae ceTeBOW rpagimk MOXeT COAepXaTb He-
CKOJIbKO KPUTUYECKUX Myrel, B3aMMOCBSA3b MeXdy ornepa-
LUMAMUN KOTOPbIX MOXET ObITb A0BOILHO C/I0XKHOWA.

PaccmoTpum 6onee NPoCTON cnydait: 6yaem nonaratb, YTo
ecnn rpatMk COAEPXXUT HECKONbKO KPUTUYECKUX MyTei, To,
VAN OHN He MMET OOLMX onepauunii, NN e UMeeTCs ofgHa
NMB0 HECKONIbKO 00LWMX Onepaunin Ans BCEX KPUTUYECKUX
nyrem.

Mpu 3TOM NPeanonOXeHUN aIropuTM  ONTUMU3ALUM
KOMM/iekca ornepauuii N0 CTOMMOCTMW (3aTpaTam) CBOAWUTCS K
CnefytoLemy:

MpeosapuTenbHbli  war.  Onpegensetcs  KOAPpUUUeHT
[ONONHUTENbHBIX  3aTpaT. Mcnonb3ys npoAo/KUTENbHOCTb

onepaunii ty, HaXOAAT: KPUTUYECKWA NyTb, AIMHY KPUTUYe-

CKOro NyTU Xkp. MOJHbIE Pe3epBbl BPEMEHW onepauuii R}} ce-

TEBOro rpaguka W 3atpatbl Ha peasM3auuio KOMMJekca one-
pauui C.
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O6wwid war: 1L Cpean KpUTMYECKUX onepauuii Haxoamm
TY, 4N9 KOTOPOW KO3PPUUMEHT [OMONMHUTENTbH.IX 3aTpaT
HavMeHbLWWA. Ecnn HaliieHHas onepaums SABNseTca 06Lel
OIS BCEX KPUTUYECKUX MNyTeld WM eCnv KPUTUYECKMIA MyTb
OAVH, TO OHa W NOAJIEXUT COKpaLleHuto. Ecnm e HaligeHHas
onepauusa He fBNSeTCS 06OLUEN ANs KPpUTUYECKMX nyren, (Mytu
MOryT MMETb OAHY WM HECKO/IbKO 06LMX onepauuii), To na
KaXKOOM M3 HUX HaxoguMm onepaumio ¢ HaMMEHbLUUM KO3(-
(PMUNEHTOM [OMONHUTENbHLIX 3aTpar. MpocyMmMupyem Koap-
(PMUMEHTbI JOMOMHUTENbHBIX 3aTpaT 3TUX Onepauunii 1 cpas-
HUM C KO3 (hMLMEHTOM [OMOSHUTENbHLIX 3aTpar TOW 13 06-
WMX onepaymi, NS KOTOPOM ON HaMMmeHbLUMA. Ecnn cymma
KoathpuumeHTa AONOMHUTENbHLIX 3aTpaTr ornepaunii 60sbLue
KoathpuumeHTa [OMNOMHUTENbHBIX 3aTpaT 06Lei onepauuu,
TO COKpaLLeHMIO MNOANEXUT 0bwas ANd KPUTUYECKUX MyTen
onepauus. Ecnn KpUTUYeckue Nyt He UMEKOT 06LMX onepa-
UM, TO Ha KaXAoM W3 HMX HaxoguTcs onepauyus C Hau-
MEHbLUMM KO3PPULMEHTOM LOMONHUTENbHBIX 3aTpar.

2. Mpoun3BoguM CcoKpalleHne MPOAO0/HKUTENBHOCTU 3TOW
onepauummn (onepauuii) 4o Tex nop, Noka OHa (OHW) He AocC-
TUTHeT (AOCTUTHYT) MWHUMaIbHOW MPOAO/HKUTENILHOCTN [y
NN He 06pasyeTcs HOBbIA KPUTUYECKUIA MyTb (€CNM MOMHbIRA
pe3epB OHON N3 KPUTUYECKMX Onepalumin ByaeT paBeH o).

3. [Ans gaHHOro BapuaHTa CEeTeBOK rpaduka onpegennm

NPOAO/MKNTENBHOCTb KPUTMYECKUIA NyTb tKp, /<" 1 C,

4. TpoBepum, Bce M onepaLymn KpUTMYECKOro nyTu foc-
TAMM MUHUMASIbHOW  NPOLO/KMTENBHOCTU. Ecnn  «ga», TO
[elCTBUSA anroputMa CUMTAtOTCH 3aKOHYEHHbIMU, MO0 COKpa-
LeHNe MPOLO/MHKUTENIHOCTA HEKPUTUYECKMX OMnepauuii yBe-
NNYMBAET CTOMMOCTb BbIMOJIHEHWUSA BCEro KOMMJIEKCA oOrepa-
UM, He BNMAS Ha OAVHY KPUTUYECKOro HYrn. Ecnm xe «HeT»,
TO Nepengem KH. 1.

Mpumep. CeTeBOW rpauK KOMMeKca onepauunin n3obpa-
XeH Ha puc.l. Lnpsl, npunucaHHble gyram rpauka, o3Ha-
4atoT NPOLO/MKUTENBHOCTU BbIMOMHEHWUSA OMepauui B HOP-
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Ma/IbHOM WM CPOYHOM pPeXxmmax COOTBETCTBEHHO. [psMble 3a-
TpaTbl Ha BbINOJIHEHME OMepauunin creayroLLme:

C, =150;C/, =190,C:B=111;C13 =175;C4 = 30;CU =90;
CB=66:CB=87:Cu=72;C,4=112:C =89:C4 = 123..
TpebyeTcst COKPaTUTb KPUTUYECKUIA UYTb NPU MUHUMASb-

HOM BO3pacTaHUM CTOMMOCTM BbINOSHEHUS BCEX OMNepauyii.

Mpenkapuannbmblii Wwar: OnpegensieM KoadULMEHT [o-
MONMHUTENbHBIX 3aTpaT:

Kr =5, k[3=38; k,4=15; kB=3, k24 =40; kb =17.
Haxogum, 4To npu Hambosblueld NPOLO/MKATENIbHOCTY
onepauuii KpuTuyeckuin nyts // =(1—2-—=38—4-5) ,

tho = 31 pe3epBbl BPEMEHW HEKPUTUYECKUX onepauuii /?” =6,

A4 =16, R2% =28 1 CTOMMOCTb BbIMO/IHEHNSI KOMINJIEKCa One-
paumii C=518. Pe3ynbTaTbl 3aHOCUM B Tabnuuy 1

MepBbIi Lar:

1) Cpean KpUTUYECKMUX Onepaumin HaMeHbLUNIA KOo3hdun-
LMEHT JOMOMHUTENbHBIX 3aTpaT UMeeT onepaumnsa (2,3): ku=3.

2) Cokpallaem Bpems BbINOSHEHUS onepauun (2,3) Ha
BE/IMUMHY (t'B- r23;/?,";R'AR ) =min(7;6;l6;8) =6.

3) B pesynbTate cokpalleHus onepauun (2,3) obpasoBa-
e ABa Kputudeckmx  nytn:  /'=(1-2-3-.4-5) W”
I"=3-4-5) ¢ obwumn onepaumamu (3,4) n (4,5). Mpo-
[O/MKUTENBHOCTb KPUTMYECKOTO MyTW YMeHbLUWIach Ha 6 ef,:

=25.



ViccnenoBaHvie onepawwi

Tabnmua 1

Onepauun (/,/)

=

. <= o *M‘ oT &
E omss €M SOGV

(s'v)

(v'e)

(r'2)

(€2

(r'D)

MapameTpbl

(B

12

10

20

14

s

12

17

40

15

Ky

518

31

12

10

o
N

<
—

‘gifed|y

OxB T o ITSoFS

536
547
638
670

25
24
17

10
10
10
10

20
19
12

14
14

—

o™

15

12

<

™

16

10

>

CokpalyeHune

BpemMeHn Jit

MpupaweHne
CtonmocTtun

Ac

34

21

64

35
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Pe3epBbl BPEMEHM HEKPUTUYECKMX onepauuii cocTas-
naoT: R4=10, Ra=2, a Kputuueckux paBHbl 0. CTOU-

MOCTb BbINO/IHEHMA onepaunin C=536 (gaHHbIe 3aHECEHbI B
CTPOKM MEPBOro Lara onTumm3aunm Tabnauubl 1).
IMOCKOMbKY, KPUTMYECKMe onepaLuy BbINOMHAKTCA 3a

Bpems Gonbluee, yem tfj, TO nepexogum Ko BTOPOMY Luary

onTUMU3aLUN.

Btopoin uar:

1) KpuTnyeckon onepaumnein ¢ HauMeHbLINUM KO3hdu-
LUMEeHTOM [ONOJMIHUTENbHbIX 3aTpar fABMfETCA omnepayus
(2,3), ana kotopon &3=3- Ho 3Ta onepauus NpUHaLNEXUT
TO/ILKO MyTU 1", U YMeHbLUeHNe ee MPOLO/IKUTENbHOCTY

He [aeT >Xenaemoro pesynbTata. [103ToMy, Ha MyTV " Ha-

XO4MM Orepauuio ¢ HaMMeHbL UM KO3(PpULMeHTOM L0MNOS-
HUTENbHbLIX 3aTpaT, KOTopas BbINOMAHAETCA NapainefibHO
onepauun (2,3). Takoin onepauyuein ABNSETCA e4UHCTBEHHas
onepaums (1,3), ana Kotopoh kuy=8. Cymma KO3I(phuLneH-
TOB [OMOJIHUTENIbHbLIX 3aTpaT K\"+K2b=M, 4ro MeHbLUe
K$4=x M #45=17, cnefoBaTe/lbHO, COKpALLEeHWIO noanexar
onepauun (1,3) n (2,3).

2) Onepaumn (1,3) n (2,3) cokpawaem Ha 1 ep., T.K
HauMeHbLUad NPOAO/HKMTENBHOCTL onepauun (1,3) paBHa 5
W JanbHelillee COKpaLLeHne ee He BO3MOXHO.

3) PaccuutaB napaMeTpbl CETEBOr0 rpauka, 3aHecem
MX B CTPOKM BTOPOro wara ontuMmusauum (tabnuua 1).

Mpogo/mknTenbHOCTL onepaunn (2,3): /83 =/23 =5 Bblfe-
NAEM XUPHbIMU Uudpamun. KpuTuyeckue nytu nocne co-
KpalleHuns onepauunin coxpaHunuce: //'=(1-2-3-4-5) n
»'=(1-3-4-5).

4) YuuTblBas, YTO He BCe KPUTMYECKWe onepaymu Bbl-

NOMHAKOTCA B CPOYHOM pPeXnMe, nepexoamm K BbIMOJHE-
HUKO TPETLETO LLara.
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ViccnepoBaHme onepaupii

TpeTuii Lwar.

1) W3 ocTaBLUMXCA KPUTUYECKUX Onepauuin HauMeHb-
WNA KO3 PULUMEHT JOMOSMHUTENbHBLIX 3aTpaT MMeeT orepa-
uma (1,2), NpuHagiexawas nyTu ju', 418 KOTOpoM kn—5.
M3 nyrm un" Bbloupaem onepaumto (1,3), KoTopas BbIMos-

HAeTCca napannensHo onepauun (1,2). Cymma ku+k XD,
4YTo MeHblle k~— U k~=\1. CnepoBaTe/lbHO, COKpaLle-
HWIO nopnexar onepauun (1,2) n (1,3).

2) CokpalllaeM Mpoao/MKUTENbHOCTM onepauunii (1,2) u
(1.3) Ha 7 epn., T.K.

min(f12 j-tu)=min(14 -6; 19 -12) = 7

N 3Ta BE/IMYMHA MEHbLLUE MOJIHOrO pe3epBa HeKpUTMye-
ckux onepauunin (1,4). 3aHeceM NPOAO/HKUTENBHOCTM One-
pauuii B CTPOKY TPeTbero wara ontuMusaunn. JansHerwee
COKpalleHne MNPOLO/MKUTENBHOCTU KPUTUYECKOW onepaymm
(1.3) HEBO3MOXHO, MO3TOMYy /13=12 OTMeYaeM >KUPHOIA
undpoi.

3) PaccmartpuBaeM napamMeTpbl CETEBOro rpagumka n 3a-
HOCUM B COOTBETCTBYIOLLME CTPOKM TPETLErO Lara onTUmm-
3auun. KpuTnuyeckne  nytm  oCTaMCb  NPEXHUMU:
[I'=(1-2-3-4-5) wn /I'=(1-3-4-5).

4) TepexoguM K 4eTBepTOMY LUary onTuMm3saLuu.

UeTBepTbIA LUar:

1) N3 ocTaBLUIMXCA KPUTUYECKMX onepaluii HavMeHb-
WK KO3MULMEHT AONOMHUTENbHBIX 3aTpaT MMeeT ornepa-
umns (1,2). OgHako, cokpallatb ee He MMeeT CMbIcna, NoTo-
MYy UYTO YMEHbLLUEHWe ee NPOLO/IHKUTE/IbHOCTU He MOBIMSAET
Ha J/IMHY KPUTUYECKOro NyTW, a b YBEIMYUT CTOUMOCTb
BbINOJIHEHUA KOMMeKca onepaunid. MoaTomMy COKpaLleHuto
noanexut onepauyns (4,5) ansa KoTopon £45=17.

2) Onepauuio (4,5), npuvHagnexatyto 060MM KpuTuye-
CKAM MyTAM, COKpaLlaeM Ha 2 ef,. BPEMEHMU.
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ViccnepoBaHve onepauuia

3) PaccuutbiBaem napameTpbl CETM M 3aHOCUM WX B
Tabnuuy. [danbHeillee cokpaweHue onepauymm (4,5) HeBO3-
MOXXHO, NO3TOMY t4 =t'4S =3 OTMe4Yaem XXUPHOIN UMDpPOA.

4) Bce onepauyun Kputuyeckoro nytm (1-3-4-5)
YMEeHbLUEHbI 0 MUHUMA/IbHBIX NPOLO/MKMTENbHOCTEN. Che-
[0BaTeNlbHO, AeNCTBUSA anroputMa 3aKOHYEHbI.

MpobnemMHble 3agaHnA

1 CdopmynupyiiTe 3agady ONTUMM3ALUM  KOMMJIEKCa
onepaumnii HO BPEMEHMW.

2. lMpepfcTasbTe 3afa4vy 3afaHUs 1 ceTeBbIM rPagiMKoM.

3. Wccnepyinte 3amavy ¢ NpyUBAEYEHNEM AOMOMHUTENbHBIX
CPEACTB N OLEHUTE KOMMYECTBO HEM3BECTHbLIX M OrPaHUYEHNIA
3afaun.

4. PewwnTe 3agadvy, NpeABapuTenibHO YCTaHOBMB METOA
€e peLleHus.

Bonpocbl 415 camonoAroTOBKM

1 HanuwwuTe ycnosus 3afayn onTMMmU3aLmm KOMMek-
ca onepaumin No BpeMeHMu.

2. N306pasnTe rpaduueckn 3agady Komrnsekca onepa-
LW N0 BPEMEHM.

3. Hanuwute dQopmMyny Bbl4MCNEHUA KO3(PDULMEHTA
LONONTHUTE/IbHbIX 3aTparT.

4. Hanvwwute ¢opmyny BblYUCNEHUS MUHUMaIbHOM
CTOMMOCTU BbIMOJTHEHUS KOMMJIEKCA OnepaLymia.
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§ 13. SAJAUYA O MAKCMAJIbHOM TIMNMOTOKE

CeTb, BeplIWHa, ayra, rpad, CUMMETPUYHbINA rpad,
WHTEHCUBHOCTb, NMPOMYCKHas CNOCOOHOCTb, NOTOK,
MaKCUMasnbHbIA NOTOK, pa3pes

13.1. lNocTaHOBKa 3afjavyn 0 MakCUMa/lbHOM MOTOKe

MycTb 3afaHa ceTb, COCTOAWAA M3 MHOXeCTBa BepLUWH
E U MHOXeCTBa [yr, COeAVHAIOLINX HEKOTOpble Napbl Bep-
LWWH, B3aTbIX U3 E. [MpeanonoXxum, 4To oHa SABMAETCA CUM-
MeTpuyeckum rpadgom, T.e., ecnm pyra (Ej,Ej) BXOAUT B
CeTb, TO B Hee BXOAWUT M cuMmeTpuyHaa gyra (EiEj), xoTs
peanbHO TakKoW Ayrn MOXET U He ObITb. [Ns onpefeneHHo-
CTM MPUCBOMM BEPLUMHAM CETW Crefytome 0603HayYeHNs:
Eo,EhE2 ... .En. Kax[jasa BepllinMHa Ei XapakTepusyeTcs WH-
TEHCMBHOCTbIO d(Ej). BepliunHbl, ana KoTopbix d(Ej)>0, Ha-
30BEM WCTOYHMKaMWU, BepLUWHbI, A9 KOTopbIX d(Ej)<0, —
CTOKamu, a OCTa/lbHble —MPOMEXYTOUYHbIMU.

N3 NCTOYHNKOB B CTOKM, NO NYTAM CeTW, HanpaBnseTcs
oflHOpoAHOe BellecTBO (ras, >XWAKOCTb, TpaHcnopr n T.4.).
Kaxgon gyre (E),Ej) ceTu NOCTaB/IEHO B COOTBETCTBUE UMC-
NO bjj, HasblBaeMOe MNPOMYCKHOW CMOCOBGHOCTHLIO Ayru, NOA
KOTOpPO NOHMMAETCA MaKCMMaslbHOe KO/IMYeCTBO BELLECT-
Ba, KOTOPOE OHa MOXET NPOMyCTUTL 3a ef. BPEMEHMW.

MycTb d(E0)>0 U d(En)>0, Torga Eq — €4UHCTBEHHbIN
NCTOYHMK, En —eANHCTBEHHbIN CTOK, a Ej,E2,-.,En.j npo-
MeXyTOUYHble BEPLUMHbI CETW.

Moa NOTOKOM B CeTU (M3 UCTOYHMKA B CTOK) Bydem mno-
HMMaTb COBOKYMHOCTb MOTOKOB {xy} MO BCEM [yxaM CeTW,
rge Xj - notok no pyre (ENEj), r,j =0,/?,/ ®j , paBHbIlA KO-
NNYeCTBY BELLECTBA, MNEepeMeLlaeMoro Mo Hel B efuHULY
BpeMeHW. OTMeTWM, 4YTO ec/iu MPOMYCKHble CMOCOOGHOCTK

CUMMETPUYHBIX Ayl paBHbl MeXAy CO60M, TO 3TW Ayrn MoO-
ryT OblTb 3aMeHeHbl pebpamu. B cuny ckasaHHOro, crne-
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WcecnenoBaHve onepaupii

Aylollaa nocTtaHoOBKa 3aja4vn cnpasefivBa Ana CMeLlaHHbIX
N HEOPUEHTUPOBAHHbLIX rpados.

CraBuTCA 3afava: onpefennTb ANa 3afaHHON CeTU Mak-
CUMasIbHYH0 BE/IMYMHY MOTOKa M3 UCTOUYHWUKA Eo B CTOK En.

O603HaumMMm ceTb G(E,e), rae e — MHOXECTBO Ayr wuau
pebep mnn ayr, n pebep. MatemaTnMyeckun 3agadya O MaKcu-
MaslbHOM NOTOKe (POPMYINPYeTCH Tak:

Halwn HeoTpuuaTe/ibHble 3HayYeHMa xu (4na  BCex

(E{E,)ee), makcumusmpyrwuwmne v=5 X =1 X
j-1 Ee)

npu orpaHnyeHnax 0<x; <btj, i,j =0,n, i ®j

k=1,n-1

/=0 j=\

n-1

Ycnosue v="x0= Acﬁ))( in OTPaKaeT BENNYMHY MaKCK-

MaflbHOr0 MOTOKA, KOTOPbIA paBeH KONMMYecTBY BeLLECTBa,
BbITEKAOLLLEr0 M3 WMCTOYHWMKA, WM KONWMYECTBY BELLECTBa,

npuTeKatoLero B CTOK. YcnoBusi 0<x..<p/lf=dTyi* /

03HAYaloT, UYTO MOTOK MO KaXKAOW fyre [0/KEH ObiTb HEOT-
puLaTeNbHbIM 1 He NPEeBbILATb €e NPOMYCKHOW CrocoGHO-

CTV; U3 ycnosus  xk- A xq§ =0, K=\n-Y CfielyeT, 4To KO/m-
/=0 j:].

YeCTBO BELUECTBa, MPOTEKAIOLLIEro B MOOYH0 MPOMEXYTOUHYHO

BEPLUMHY, paBHO KO/MYECTBY BELLUECTBA, BbITEKAOLLETO W3

Hee.

13.2. TMoHAToe paspesa

BaxHasi posib B 060CHOBaHWUW anropuTMa peLleHus 3a-
[la4n 0 MaKCMMa/lbHOM MOTOKE MUrpaeT MOHSATUE Paspesa;
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Pa306beM MHOXECTBO BCEX BEPLUMH CETW Ha ABa Hene-
pecekatoLMXcs MNoAMHOXecTBa R M R, RkjR =E , Tak,
4yTo6bl EOe R, a Ene R . Ecnu Bblgenutb Bce Ayru, Ha-
ya/ibHble BEPLUNHbBI KOTOPbIX MpPUHaAnexaT NOAMHOXeCTBY

R, @ KOHeYHble - R, TO 3Tu ayrn 6yayT ob6pa3oBbiBaTh pas-
pe3 (R,R), OTAeNAOWMA NCTOYHMK Eo OT CTOKa En. Takum
obpa3om, pa3pe3om, OTAeNsAllWMM EO0 OT En, Ha3blBaeTcs
COBOKYMHOCTb Bcex ayr (Ei,Ej), KOTOpble UCXOAAT U3 BeEp-
WWH Eie R M 3aKaH4MBaeTCA B BeplUMHAX EjSR-

Kaxxablii pa3pe3 xapakTepu3yeTcsi NPoOnyCcKHOW cnocob-

HOCTbIO B (H,R), KOTOpasi Y4CNIEHHO paBHa CyMMe npony-
CKHbIX CNOCO6GHOE-TEN Ayr, ero 06pasyoLmx:

HRR=_1 J1-

EeR 11NV

JIio6ol NyTb M3 UCTOYHMKA B CTOK COAEPXWUT XOTSH Obl

OAHy Aayry paspesa (R,R). lMoaTomy, ecnv yganuTb BCe Ay-
M Kakoro Hu Oyfb paspesa, TO BCE NMYTW M3 UCTOYHMKA B
CTOK 6yayT 6/10KMpoBaHbl. MOCKoNbKY, nponyckas cnoco6-
HOCTb MYTU paBHA HaMMEHbLUEN M3 NPOMYCKHbIX CNOCO6HO-
CTel Ayr, BXOAAWMX B 3TOT Myrb, TO BE/MYMHA MOTOKA V,
nepemMeLL,aeMoro no BCEM BO3MOXHbLIM MYTAM, COefMHS0-
WMM EO C En He MOXEeT npeBbiwaTb MPOMNYCKHOM Crnocob-

HOCTW no60oro paspesa cetu, T.e. v-b{R,R) Cnegosatenb-
HO, CNW YAacTCs MOCTPOMTb TaKoi MOTOK, TO ero BennyMHa
V* OKaXXeTCA PaBHOM MPOMYCKHOI CNOCOBHOCTM HEKOTOPOro

paspesa ), T.e., V*=b(R\If) ~TO 3TOT MOTOK OyaeT

* *

MakCMManbHbIM, a (R ,R ) — pa3pesoM C MWUHUMAaSbHOM
MPOMYCKHON CNOCOGHOCTBLIO.
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13.3. Teopema Poppa — PanikepcoHa

Mpexae yem nepeiTn K GOpMynnpoBKe WM [OKasaTeslb-
CTBY TeOpeMbl, BBeeM MOHATWME MPSMOA M 06paTHON ayru
uenun. Mo uenbo B AaHHOM cnyyae, 6ygeM NOHUMaTb MNo-
CnefoBaTe/lbHOCTb CLEN/IeHHbIX Ayr ceTn 6e3 ydyeta uUx opu-
eHTaumn.

Ayry, npuHagnexawyto HEeKOTOpOoM Lenu, HasblBaloT
NPsSIMOA, €CNN ee Hanpas/ieHWe COBMAaAaeT C HanpaBleHUeM
06xofa BepLIWH 3TOM Lenn, obpaTHOW —B MPOTUBHOM Cy-
yae. Hanpuwmep, uenb ~ (E » —EENEN—ENEN (pyc. 1),
CBA3bIBAOLWAA BEPLUMHY £3 C BEPLUMHON Eg , COAEPXKUT TpU
npsmble gyrm —(Et,Es), (E~Ej), (Es,Eg) - W [Be o6paTHble
- (E4,ES$), (EBET).
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Teopema. B nto6oii ceTm MakCMManbHas BenMymHa no-
TOKa W3 WUCTOYHMKA Eq B CTOK En paBHa MWHMUMAa/bHOM
NPOMNYCKHOM CNOCO6GHOCTM pa3pesa, OTAensowWwero Eo ot En.

[okaszatenbcTtBo. MyCcTb MMeeM MaKCUMasbHbIA MOTOK B
cetn. Ecnm xy=by, To 6yaem roeoputb, 4To ayra (Ej,Ej) Ha-
CbILEHa MOTOKOM.

MpeanonoXKmMMm, 4YTo V - BeNMYMHA MaKCUManibHOro no-
TOKa B CeTU G(E,e2m Heob6x0aMmo AoKa3aTb,, UTO HalAeTCs
Takol paspe3 (R,R) Ha 3TOW ceTW, MPOMYyCKHas crnocob6-
HOCTb KOTOPOro paBHa V, T.e. B (R,R)= V.

Takoi pa3pe3 MOXHO MOCTPOWUTb, ECAN NOAMHOXECTBO
R BK/IHOYas BCe BEPLUMHbI, KOTOPblE JOCTUralTCA MO HEKO-
TOPON uenn U3 Eo , a NOAMHOXECTBO R - BCE OCTa/lbHble
BEPLLWHbI.

BeplwuHbl cocTaBnstowme NoLMHOXECTBO R, onpefe-
nAarTCA nocnepoBatenibHO, HayuMHasd C WUCTOYHWKa Eo Mo
cnegytowemy npasuny:

EoeR ,
echm Efe R U x <HJ, T0 EjER ;
ecnm Ete R u x0>0, 10 Ej&R.

MoKaXKeM, YTO MPUMEHEHWE 3TUX MPaBUN MPUBOAUT K
NOCTPOEHMNIO paspesa. OquM HO, pa3pe3 GyaeT NOCTPOeH B
TOM C/ny4ae, ecin CToK /é{

MpeAnonoXunm, 4To En&R . Torga w3 Bbllenpuee-
[NEHHbIX MpaBWA CneayeT, YTo CyLLIECTBYET Lenb U3 EqB EncC
NPOMYCKHOM CNOCOGHOCTbIO 6onble Hynd, u=(Ey—Eu—

Es~... ~Eim), rge Ei=Eq; Eim=E,, , TaK KaK BCe Mpsmble
Lyrv, BXoAsuwime B LEMb, HeHacblWweHHble (*yjl < /54,
a 4nA BCex 00paTHbIX Ayr ,E() BennynMHa nortoka

6onble Hynd K.,, >°)-

O6o3HauMm 4Yepe3 <§ HaUMeHbLUYK Pa3sHOCTb Mexay
NMPONYCKHON CNOCOGHOCTbIO U BEIMYMHON NOTOKA, B3ATYHO
no BCeM npAMbIM gyram uenu. Onpefennm  BeMYKHY
S =min(<5,,S2) >0 . YBe/MuMM MOTOK Ha S MO BCEM Nps-
MbIM Jyram Lenu v YMeHbLUMM Ha 3Ty e Be/IMYMHY Mo
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BCeM ee obpaTHbIM fyram. Takum 06pa3oM, BenMYMHA HO-
BOro NOTOKa paBHa v +8 , YTO MPOTUBOPEYUUT MPEeAMnonoxe-
HAO 0 MakcumanbHocTh V. CnegoBaTenbHo, Eme R, U
MHOXeCTBO Ayr (R,R ) ecTb pa3pes, OTAeNAWNiA NCTOYHUK
OT CTOKa.

[lokaxxeM Tenepb, YTO MNPOMYCKHas CMOCOGHOCTb MO-
CTPOEHHOro paspe3a paBHa MakCUMa/lbHOMY _ MOTOKY
(b(R,R)s=v). 13 npaBun noctpoeHmsa paspesa (R,R), Tou-
Hee HaxoXAeHWs NOLMHOXecTBa BepLUIMH R Cnefyert, 4To
ecim Ete R, E}e R , TO xy= , B NPOTUBHOM C/yyae,
BeplUMHa Ej Bxoguna 6bl B R. Takum o6pasom:

N _ xu= =*
ieR,jeR ieRJeR

Teopema goKa3saHa.

MpobneMHble 3agaHmnA

1. CdopmynupyiiTe 3aga4y 0 MakCMManbHOM MOTOKE Ha
npuvepe (YHKLUMOHMPOBAHMS ra30pacnpeaennTeNibHol ce-
™.

2. WccnemyitTe BO3MOXHOCTU MPaKTUYECKOrO WCMO/b-
30BaHUSA B CETW CUMMETPUYHOI ayri.

3. ViccnepdyiiTe BO3MOXHOCTb CBEEHMS 33[auM O MakK-
CYManbHOM NOTOKE 3afaHus 1, K 3agaye ¢ eAMHCTBEHHbLIMU
MCTOYHMKOM U CTOKOM.

4. Vccnepyiite BO3MOXHOCTU OnpefeNieHns BCex paspe-
30B [/ 33/1aUM 3afaHus 1.

Bonpocbl 415 camonoAroToBKM
121



ViccnefoBaHuve onepaumii

1. OxapakTepusyiTe Lefib 3a4a4M 0 MakCMMa/lbHOM Mo-
TOKE.

2. Y10 Ha3sblBaeTCs NPOMNYyCKHOW CNOCOBHOCTbLI?

3. Chopmynupyinte mareMaTU4ecKu 3afadyy O MaKCu-
MaJIbHOM MOTOKE.

4. YeMm xapaKTepusyeTcs Kax[bli paspes?
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§ 14. AITOPNTM PELWWEHWA 3A0AUN O
MAKCUMAJIbHOM TMNMOTOKE

CeTb, BepllMHa, Ayra, rpady, CMMMeTPUYHbIA rpad), MHTEH-

CMBHOCTb, MPONYCKHasA CMNOCOBHOCTb, NOTOK, MaKCUMasbHbIN

noTok, anropuTm Poppga, 3agavya co MHOTMMU UCTOYHUKAMM
N CTOKamu

14.1. Anroputm Popaa peLLenmsa 3ataun
0 MakCUMa/lbHOM MOTOKe

MpuBedeM TabnnyHbIn anroputm Popaa HaxoXaeHus
MaKCUMaNbHOro NnoTokKa B CeTW, COCTOSALMNIA U3 paja Liaros.

MpenBapuTenbHblii  Wwar. 3anuuem MpPonycKHble Cno-
COB6HOCTM Ayr ceTu B Tabnuuy pasmepHoCTU (N+1)X (A+1),
roe N+l —kKonnyecTso BepLUNH ceTu G(E.e). Ecnn npony-
CKHasi crnocobHocTb ayrn (Ej, J1)X), a CUMMETPUYUHOI €ei
pyrn (Ej, Ej) paBHa Hynw, TO B K/IETKY (ij) 3aHOCUM 3Jie-
MeHTbl by, a B KNeTky (/,/) —Hy”nb; ecnm Xe bjj=hji=0, TO
KneTkn (ij) v (/,/) He 3anonHsem.

o6wwmii war. O6LWMIA NOBTOPAIOLWMIACA Lar COCTOUT U3
Tpex AencTBuiA:

1 Haxogmm no Tabnuue nyTb U3 E0 B EnC NPOMNYCKHOM
CNOCOOHOCTLIO 60/bLIe Hyns. [Ans 3Toro crtonbel, COOTBET-
CTBYHOLUWIA BepLIMHe Eq NOMETUM 3HakoM * OTbllleM B Eq
— A CTPOKE 3MeMeHTbl bUA) U CTONOLbI, B KOTOPbIX OHW
HaxogaTcs, NMOMETUM CBepXy HOMEpPOM MpPOoCMaTpUBaEMOi
CTpoku (umdpoin 0). B pesynbrate OKaxXyTCs BblAeEHHbIMM
Bce ayrun (Eo0,Ej) ¢ NONOXKMUTENbHON NPOMYCKHO CNOCOBHO-
CTblO. OTU Ayrn MOTyT CY>XWUTb MEPBbIMU Ayramu nyTn U3
EqB E,,.

[anee npocmMoTpum Te CTPOKU HOMepa, KOTOPbIX COB-
nafialoT ¢ HoOMepaMmn MOMEYEHHbIX CTON6LO0B. B Kaxaoin Ta-
KOW CTpOKe, Hanpumep, Ej -il, OTbILWEM 3/IEMEHTbI by>0,
HaxogAawmecs B HenoMeyeHHbIX cTonbuax, U NoOMeTUM 3Tu
CTONI6LblI HOMEPOM MPOCMAaTPMBAEMO CTPOKM. Takum 06-
pasoM, OKaXYTCS Bbl4eNeHHbIMU OYr1, KOTOpPble MOryr Cny-
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XWTb BTOPbIMK fyramu nyTen u3 Eo B E,,. MpoJo/mKMmM aHa-
NOTUYHBIA NPOCMOTP CTPOK, HOMepa KOTOPbIX COBMajalT C
HOMepaMu NOMeYeHHbIX CTO/I6L0B, A0 TeX Mop, MokKa:

a) NMbo He 6yaeT nomedeH ctonbey En (T.e. CTOK). 3TO
O3HavaeT, YTO YAanocb Bbl4eNUTb MyTb C MPOMYCKHOW cno-
COBHOCTbIO 60/ibLUe HYNs U3 EO0 B EN;

6) NM60 He y6eaMMCsa B TOM, UYTO Heflb3si MOMETUTb HO-
Bble CTONOLbI (B MPOCMAaTPMBaEMbIX CTPOKaX HE OKaXeTCs
MONOXUTENbHBIX 3/1EMEHTOB, PACM/IOXEHHbIX BH e MOMEYeH-
HbIX CcTON6uUax). B aTom cnydyae OTCyTCTBYET MyTb M3 EO B
E,., MPOXOAAWMIA NO Ayram € MOAOXKWUTENbHOW MPONYCKHOWA
CMOCOGHOCTBIO.

B cnyyae a) MCKOMbIR NyTb ju U3 EO B En Haxogum, uc-
nosib3ys MOMETKN CTO/6L0B.

MycTb nocnegHAs BepwmHa MNyTW En NomMeyeHa HOMe-
poM k. 10 3TO MOMETKe Haxo4UM NpeALlecTBYOLWYO Bep-
WKWHY Efc (MpM NpOCMOTPe CTPOKM Elc OblAM NOMeYeHbl
cTonbubl En un agyra (Ek,E,,) —MNOCNE4HAS B UCKOMOM MyTW).
3nemeHT b/n >0, CTOSALWMNIA Ha NepeceyeHnn Efc -ii CTPOKK U

En -ro cTon6ua, 0TMETUM 3HaKOM MUHYC (Monyyum K /1 a

CMMETPUYHBIA eMy 371eMeHT brit, HaxofswWwMics Ha nepe-
CeYeHUn Elc-ii CTPOKM ¥ [An-ro ctonbua, — 3HAKOM MHC

(monyumm K )). T.K npocmaTtpuBanacb E/cas CTpoka, TO

nepeg 3TUM Obl1 MOMEYEH, Hanpumep, HOMEPOM r Elc-i
ctonbeu. lMosTomy pABurascb OT 3nemeHTa b,t no E/c-my
cTonbuy Ao r-oil cTpoku (ayra (ErE/c) NpeaLllecTByeT ayre
(E/cEr) n OoTMeYaem brc 3HAKOM MWHYC, a ba — 3HaKoMm
nnoc. MpogomkaeMm 3TOT Mpouecc [0 TeX Mop, Moka He
npuaemM K EO-ii CTPOKE W He OTMETMM 3HAaKOM MWHYC 3fe-
MEHT 3TOM CTPOKM W 3HAKOM MKOC CUMMETPUYHON emy
anemMeHT. epexoamm K AeWCTBUIO 2.

B cnyuyae 6) ctonbey, E,, COOTBETCTBYHOLMIA CTOKY, MO-
METUTb He BO3MOXHO. CriefoBaTe/lbHO, He CyLLecTByeT
6onblUe MyTW C NPOMYCKHOW CNOCOB6HOCTLIO 60/bLUe 0 U3 B
E0 B E,, W 06WMWNIA NOBTOPAIOLWMIACA Lar 3akKOoH4YeH. Bep-
LUMHbI, HaxoAswWmMXcsa B MOMEYEHHbIX CTONbuax Tabnuupl,
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06pasytoT MOAMHOXECTBO R (3TW BEPLUMHbI AOCTXUMbI MO
HEKOTOPOMY MYr¥ M3 UCTOYHMKA EO), OCTa/lbHble BEPLLMHbI

BXOAAT B NMOAMHOXECTBO R . [lyru, MCXOAsLiMe W13 BEPLUMH
Ejein n BXoaswwme B BepliMHbl /<Ae R , 06pa3ytoT paspes

c MUHUMaNbHOWN NpPOnNycKHOM CMOCOOHOCTbLIO

b(R,R) =v= , FOe b,j - NPOMNYCKHbIe CMOCOOGHOCTU ayr
K KGR

ncxoaHoi cetu. lMepexogmm K 3aKnOYMTeNbHOMY Luary an-

roputMa.

2. Haxogmm nponyckHyr CNOCOGHOCTb B HalieHHOro
nyT u. Mog NponycKHOM cNOoCOOGHOCTHIO NOHMMAETCA MakK-
CMMa/lbHOE KONMYeCTBO BELLECTBA, KOTOPOE MOXHO nepe-
MeCTUTb U3 E0 B En NO NyTW p B eAunHULY BpeMeHW. po-
MyCKHas CNoCcoBHOCTb NyTW paBHAa HaMMeHbLLE U3 Npony-
CKHbIX CMOCOGHOCTEN [Ayr, BXOAAWMX B 3TOT MNyTb, T.e.

B = pin, {b}
3. OnpepgenseM ocTaTOYHblE MPOMYCKHbIE CMOCOOGHOCTU
Jyr, HAWLEHHOro NyTW U CUMMETPUYHBIX K HUM. [18 3TOro

n3 3/1EMEHTOB Ta6!'II/ILI|bI L, BbIYNTAEM B, a K 3N1EMEHTaM

by npub6asnsem s. B pesynbtaTe BbIMNOJHEHUSA 3TOr0 LENCT-

BUS NONYYMM HOBYHO TabnuLy, aHasorMYyHy0 UCXOAHOW, HO
C W3MEHEeHHbIMW NPOMYCKHbIMK CcnocobHocTAMK. [locne
NnonyyYeHUss HOBOW TabnuUbl BO3Bpaljaemcs K AeWCTBUKO 1
06Lero wara, KOTOPbIA NMPUMeHsieM, 4O Tex Mop, MOKa He
MoMly4YUM OKOHYaTe/lbHYt0 Tabnuuy, B KOTOPOW HeT HUW Of-
HOro Hyru u3 E0 B En C NPOMYCKHON CMOCOB6HOCTLIO 60/b-
e Hyns.

3ak/tounTeNbHbIN Wwar. 3 3nemMeHTOB MCXOLHON Tabnu-
bl BblYMTaeM COOTBETCTBYIOLUME 3/1EMEHTbI Tabiuubl, Mo-
NYYEeHHOW Ha nocnefHem Lware. B pesynbrate noayymm
Tabnmuy, NONOXUTeNbHbIE 3/1EMEHTbI KOTOPOW paBHbI Benu-
YMHaM MOTOKOB Xy MO COOTBETCTBYHOLWMM Ayram (EhEj), u
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MaKCUMa/IbHbll HOTOK B COW — CyMMe 3/1eMeHTOB /:0-
CTPOKU Wnn E,,-ro ctonbua, 1.e. v=]T.vQ =".v o

14.2. MNpumep NpuMmeHeHNa anroputmMa dopaa

[na cetn, n300paKeHHOW Ha puc. 1, HaWTU Makcu-
Ma/IbHbIA MOTOK U3 BEPLUMHbI /i« B BEPLUMHY /LU,

Jlerko 3ametuT!), 4TO CeTb, M300paXKeHHas Ha pucl 1,
COAEPXMT, HapaBHe, C Ayramu (OHW HapWUCOBaHbl B BWAe
HanpaBMEHHON NUHUN — CTPeNnkKun) u pebpa. Pebpa Ha pu-
CYHKe M300pakeHbl C MOMOLLbIO /IMHWIA 6e3 HanpaBneHWiA.
[na HUX NponyckHas Cnoco6HOCTb, HanucaHHas pPALoM C
NNHWUER, cumTaeTcs B 000MX HanpaBfeHusix, a Ana gyr —
TONbKO B HanpaBneHUn Ayru.

MpuMeHuM anropntvm Popaa ANd peweHns aToro npu-
mepa.

MpeBapuTeNbHbI War. dopMmpyemM Mmatpuly npony-
CKHbIX CNOCcO6HOCTEN ayr cetu (Tabnuua 1).

Tabnuua 1

® © 0 @© @

En En 12 /3 Ea

E,
Eo 17 19
En 0 4 12
En 0O: 4 8 9
E* 12 6 24
Ea 0> 0

Mcpubw war. J) Haxogum no Tabnuue 1 Kakon-nm6o
NyTb € MOJIOKUTENIbHONW MNPOMNYCKHOW CNOCOGHOCTbLIO W©3
BepwnHbl Ko B BepwmnHy K4,
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[ns atoro crtonbel, EO MOMOraeM 3Hakom *. B CTpoke
EO0 NONOXUTE/bHbIE 3/IEMEHTbI PACMOIOXKeHbI B CTONOUAX E\
n Er- CnegosaTe/lbHO, 3TV CTONOLbI MOMeYaeM CBepxy
umpoin 0 (Homepom paccMaTpvBaeM CTPOKM). [Janee npo-
CMaTpvBaeM 3/1eMeHTbl CTPOK, HOMepa KOTOpPbIX COBMAafaroT
C HOMepamu NMOMeYeHHbIX CTONOLOB. pocMaTpuBas CTPOKY
E\, nomeyaem HomMepoMm 1 cTonbey, £3, U npocmarpmBas
OYepefiHytO CTPOKY Ea, MOMevaeM HOMepoM 2 cTonbel, £4.
T.K. BepLMHaA £4 —CTOK, TO MPOLECC MOMETOK 3aKOHYEH U
MCKOMbIA NMYTb U3 UCTOYHMKA B CTOK CyLLlecTByeT. [locnes-
Hel fyrol 3toro nyTu sensetcs gyra (E2,E$). OTMmeyaem
aNeMeHT S24=9 3HaKOM MUHYC, CUMMETPUYHBIA emy 3fne-
MEHT 642=0 —3HaKOM Moc. MOCKObKY CTONGeL, £2 Nome-
YeH HOMEpPOM 0, TO 3/IeMeHT £ 19 oTMeYaeM 3HaKOM MU-
HYC, & 3/1eMeHT /£20= 0 —3HaKoM Nntc. B pesynbrare nony-
4yuM NyTb N\=(E{)—Ei —£4).

Puc. 1

2) OnpepgensieM MpOryCcKHYH CNOCOOGHOCTb HalAeHHOro

Myt B1- min{B\Bed)= min{199} =9.
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3) [ponyckHble CNOCOGHOCTM Ayr HaWLeHHOro nyTu
YMEHbLWMM Ha 0\ =9, a CUMMETPUYHbIX K HUM [yl yBenn-
4YAM Ha Ty Xe BenmMuumHy. Monyunm Tabnuyy 2.

Tabnuua 2

®» © ©0 @0 O

Ej EO Ei Er E3 Ea
Ei
Eo 17¢ 10
Ei 0+ 4 12
e7 9 4 8 0
E3 12+ 6 24
Ea 9 0+

Btopoit war. 1) MNMomeTnB cTON6UbI Tabnmubl 2 1 pac-
CTaBMB 3HaKW, Haxogum nyTb Lp=(E0—E1—E~—Eu). Mpu
3TOM 3N1eMeHTbI />0b bl, ba OKaXyTCcs MOMEYEHHbIMW 3Ha-
KOM MUWHYC, a CAMMETPUYHbIE UM 31EMEHTBI b\$, b, bab —
3HaKoM nsoc.

2) [ponyckHasa  CcMOCOGHOCTbL  MyTM W,  paBHa
Br - mir{"\0),613,"34}=rnin{]7,12,24}= 12.

3) i3mMeHMB MponyckHble CNOCO6HOCTU Ayr Ha B2, MO-
nyynm Tabnuuy 3.

Tabnuua 3
® (@ © @@
Ej Eo Ex Ei En £4
Ei
Eo 5 10"
Ei 12 4 0
Ej 9+ 4 8 0
En 24 6+ 12
Ea 9 121
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Tpetuin war: 1) MomeTB cTONOLbI, HAXOAUM NyTb W3
NCTOYHMKA Eq B CTOK E4: =(E0—E j—E —En).

2) BennunHa notoka MO NyTM A3 paBHa

=min{l0,8,12}=8.

3) BbluMCMB HOBble MPOMYCKHbIE CMNOCOGHOCTU Ayr,
npuxoaMm K Tabnuue 4.

Tabnuua 4
*) (0) (0)
Ej EO Ei Ei Eb E\
Ei
E., 5 2
Ei 12 4 0
e2 17 4 0 0
Eb 24 14 4
E\ 9 20

UeTBepTblidi war: 1) Ctonbey EO0 NoMeyaem 3HaKOM *.
MpocvmartpmBas EO—0 CTpPOKy, mnomeyaem Homepom O
cTonbubl E\ 1 Ej. Mpogomkas NpocMoTp CTPOK, yoexaaem-
CA, 4YTO CTONOUBI £3 N £4 MOMETUTL He BO3MOXHO. Criefo-
BaTeNbHO, 60/bLUE HE CYLECTBYeT HWM OAHOrO Myru ¢ noso-
YXUTENbHOW MPOMYCKHOM CNOCOGHOCTbIO M3 BEPLUUHBLI EO0 B
BepwuHy E4 [MoAMHOXeCTBO R 06pa3yto! mnomeyeHHble

BEpPLWUHbI EO, Ei, Ei (cM Tabnuuy 4), NoagMHOXeCTBO R —
HEMOMEYEHHbIe BEePLLUUHbI £3 U £4. Pa3pe3 ¢ MUHUMANbHO
MPONYCKHOM CMOCOGHOCTbIO 06pa3yoT Ayru, HavyaibHble
BEPLUMHbI KOTOPbIX MPUHAANEXAT MOAMHOXECTBY R, a KO-

HeyHble — R . Takum 06pa3om, paspe3 C MUHUMAbHOM
MPONYCKHOWA CMOCOBHOCTBIO

(R\R *) ={(Ei,E3),(E2£3),(E2,E4)}» [leiCTBMTENbHO, YAaNB
Ayrn paspesa, Mbl 610KMpyem Bce MyTW M3 WUCTOYHMKA B
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CTOK. MponycKHas CMNOCO6HOCTb paspesa

b((JT\~R))=bu+b23+b2A=12+8+9=29.

3aknounTenbHbIl War. BblumTtas n3 3nemMeHToB Tabnu-
Ubl 1, COOTBETCTBYIOLLME 3/1EMEHTbI Tabnuubl 4 nonyynm
Tabnuuy 5.

MMonoXuTenbHble 31eMeHTbl Tabnuubl 5 XapakTepusyoT
BEe/IMUMHbI  AyroBblIX MOTOKOB. CnepoBaTenbHo, Xoi =12,
m2=17, n'[u=12, "23=8, N24=9, jch=20, a N0 BCeM OCTa/IbHbIM
Jyram rnoTOKW paBHbl HY/O.

Tabnuua 5

Ej Eo Ei e2 Eb Ea
Ei

En 12 17

Ei -12 0 12

Ej -17 0 8 9

Eb -12 8 20

Ex -9 -20

BennunHa MakCcMManbHOro MoToKa paBHa Cymme 3fe-
MEHTOB /-,—Oi CTPOKM Tabnmubl 5 AN CymMMe 3/1eMEHTOB

['4-ro cTonbua:v=" x_=12+17=£.[y=9+20 =29.

=1 /-0

Kak BugHo, v*=b{R*,R *). Ayrn paspe3a {R*, R * Ha-
cbileHbl MOTOKOM (/1']3=613=12; N123=1123=8; \24="24=9).

14.3. CBefeHVe 334a4M C HECKO/IbKMMU UCTOYHUKaMU U CTO-
KaMM K 3afiaye C OfHUM WUCTOYHMKOM U OAHUM CTOKOM

PaccmoTpum ceTb <7=(1’e). COCTOSAILLYKD M3 MHOXeCTBa
nctouHnkos N—Ei,.. MHOXECTBA  MPOMEXYTOUHbIX
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BepwuH (y3noB) N={E(+\,- ,ET) ¥ MHOXecTBa CTOKOB
T—ETw™m,....En\. [og NOTOKOM B ceTu U3 S 8 T 6Gyaem no-
HUMaTb AENCTBUTENbHYIO (YHKLMIO V, ONPeAeneHHyl Ha
MHOXECTBE Ayr e U Y[I0BNETBOPSAIOLLYIO OFpaHNUYeHNs BUAA:

o<xvVv <bv, i,j=0mn; i*j: J]xik-~x”"™ =0: k=1In-\

‘=0 j=1

BennumHa NoToka HaxoAuTcA U3 BblpaXkKeHUs
1 m
VZ X+ IX =Z [XAE X m
= J-1+ H j~m f-mtl "=/

Paclumpus ceTb G(E.e) [0 ceTu G'=(E',e'), Ao6aBuB

[Be (PMKTUBHble BEPLIMHbI E0 U E,,  (/:0 —UCTOYHUK;

- CTOK) W (uKTMBHbIE Ayrn (EO,EM /=i/ wn (EjE,.+]),
i=m+1,n . TponycKHble CMNOCOOGHOCTN (OUKTUBHBLIX [OyT
boj=d(Ej), /=1,q ¥ bj',+i=d(Ej), /=in+L 9.

BennumHy noToka Kak B MCXOL4HOW ceTn G(E,e), Tak 1 B
paclUMpeHHoOW ceTn G'= (E'.e") ONpeaenstoT MNpPOnycKHble
CNOCOBHOCTM Ayr MCXOAHOW ceTa. Takum o6pas3om, 3afadva
0 MakcvManbHOM MOTOKE M3 MHOXeCcTBa WMCTOYHWKOB S BO
MHOXECTBO CTOKOB T ceTM G(E,e) paBHOCU/IbHA 3afaye O

MaKCUManbHOM MOTOKe U3 eAMHCTBEHHOrO0 WUCTOYHMKa Ea B
eANHCTBEHHbIN cTOK En(] cetn G'= (E'e").

Mpo6nemHble 3agaHns

1 lNocTaBbTe peasibHYK 3afayy HaxoXAeHUs MaKcu-
Ma/IbHOrO MOTOKa, COCTaBbTe ee MaTemMaTU4ecKyro MOoAe/b W
yCTaHOBUTE CYTb MpeABapuUTENbHOrO Lwara airoputma dop-

Ja 4N1g paccmaTpuBaemMoin 3agaun.
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2. BbinonHaAnTe BCe Tpu LeWCTBUA O6LLEro Liara anro-
putMa 19 3agadm nyHkta 1 (npy Heo6XogMMOCTU MOBTO-
puTe 3TN LENCTBUA HY>KHOE KOMIMYeCTBO pas).

3. Viccnepyinte 3aknOuUMTeNbHbIA LWar anroputMa Ans
3aflauv nyHKTa 1w faiite OLEHKY NOMYyYEeHHOMY pe3ynbTaTy.

Bonpockl A5 camonoAroToBKY

1 MpoaHanuanpyinte obwmnii war anroputMa dopga.

2. Kak onpepgensetca nponyckHas CnocobHOCTb HaW-
[EHHOro nyTn?

3. Kak onpegenstoTcs ocTaTOYHble MPOMYCKHblE CMO-
COBHOCTW Ayr HalgeHHOro nyTn?

4. Hanuwwute opmyny onpeseneHns MakCcUMasibHOro
NnoTOKa CeTu.

5. Chopmynupyiite cnocob cBefeHUs 3a4aynm CO MHO-
r’MMU UCTOYHMKAMW U CTOKaMu K 3ajadye C OAHWM WCTOY-
HUKOM M OHUM CTOKOM.
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§ 15. SAJAYA O KPATUAMLLEM MAPLUPYTE

3agava, ceTb, NyThb, BeplIMHA CETW, KpaTyaliwnii NyThb, ON-
TUManbHbIA NOTOK, MOAMHO>KeCTBO, Ayra.

15.1. MaTemaTnyeckasa NocTaHoOBKa 3ajayn

PaccmoTpum 3agady oOnpedeneHUs KpaTyaiillero nyTu
MeXay ABYMS BepliMHamu cetu. ycTb 3afaHa ceTb G(E.e),
Kaxgon pyre (pebpy) KOTOpPOro COOTBETCTBYET HEKOTOPOe
paccTtosHue ly. TpebyeTcs HaWTU KpaTyanllnii MapLipyT 13
BepLUMHbI Eo B BepLUUHY E,,.

MaTemaTnyeckas NoCTaHOBKA 3ajayn UMeeT BUL:

I XX

MUHUMWU3UPOBaThL (
npy orpaHUYeHnsx
lecimn EK =EQ;

. - X x*= QecmEk* EOEnk - 1,n-1;
({;?])é (rxe -1,ecnm Ek=£,;;
1L ecnu gyra (Ej,Ej) BXoauT B MyTb;
X = [©-BnpoT1BHOM Cryuie.

ﬂ,BOVICTBEHH&ﬂ 3afla4ya cBoAUTCA K MaKCUMMWU3aluWWN Bbl-
paXkeHus £0 ~ £,

npu orpaHuyeHunsx: ej ~£, " anqa scex (Ej,Eje e,

rae BCe [ABOMCTBEHHbIE MepPeMeHHbIE He OrpaHuMyeHbl No
3HaKy. 3HayeHue £k,k=0,n pPaBHO HauMMeHblLUemMy paccTos-
HWIO 13 y3na EqB y3en Ek.

PaccMOTpMM anropuTM OTbICKAHUS 3HAYeHWUW pasoiicT-
BEHHbIX 3HAaYeHWI MepeMeHHbIX. O603HaYMM Yepe3 R Moj-
MHO>XeCTBO MOMEYEHHbLIX BEpPLUMH CeTW, a yepe3 R —nopa-
MHO>XeCTBO HEMOMeYeHHbIX BepLlivH, NROR =E..
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15.2. AnropuT™m peLleHusa 3agaun

PelweHne 3afaynm C y4yeToM 00603HAYEeHWI CBOAMTCH K
cnefyoLLemy anroputmy:

MpegBapuTenbHbIA war: [loMeyaeM MCTOYHUK Eq YuC-
nom £0=0 u nepexoauMm K o6Liemy Lwary (rnocne BbINos-
HEeHWNdA 3TOro Lara BeplwnHa EOe R).

O6wwii war: 1 Haxogum Ayru, HavaibHble BeEPLUMHY
(Ej) KOTOpbIX MpUHaANeXn MOAMHOXECTBY R, a KOHeuyHble
(Ej) —B R. [Ana kaxpgon ns atmux gyr (/1;,E])e (R,R) on-
pefensem BennUMHy htl=£j +1:j, rae £t - ymcna (NOMeTKM),
npunucaHHble BepwnHam 2" e R.

Haxoaum 3HauyeHue e, = min _[2, 1 Bblaensem ayru,
A 1 neperm 1 A Ay

Ha KOTOpbIX [OCTUraeTcd 3TOT MWUHUMYM. BeplmHam
E = R, ABAAOWNMNUCA KOHEYHBIMW BepLLMHAMW BblAeseH-
HbIX AyT, NpunuillemM 3HayeHue £].

2. TlpoBepsieM, BbIMOMHAETCA NN YCNOBUE £+ 1iJ> £ ]

AN BCEX fyr CeTW, 06a KOHLA KOTOPbIX MpUHagnexar R.
Ecnmn 3To ycnoBue Ans Kakol-TO Ayry He BbIMOMHSETCS, T.€.
£j > € +/y, ro COOTBETCTBYIOLLEE 3HAYEHME £j 3aMEHUM Ha

£ +/.. Bblenum [yry (Ej.Ej) W NEpPeXoaum K MyHKTy 1
MoMeTKy BepLUMH NPOAO/MKMM [0 Tex Nop, noka He GymeT
MoMedyeH CTOK En. [IIMHY KpaTyailllero MapupyT or Eq/o
En yKa3blBaeT 3HAUYEHUE £,,.

3aknounTeNbHbIi  Wwar.  OnpegenM  ONTUMabHbI
MapLUPyr UM ONTUMa/bHble MapLIpyThbl (ECM MX HECKO/b-
ko), [IBUrasiCb Mo BblAENEHHbIM Ayram OT CTOKa En K UCTOY-
HUKY Eq B HanpaBfeHWWu, 06paTHOM WX opueHTauuun. Mpu
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3TOM B MapLUpyT BKAoYatoTea Te gyru (Ei,Ej) An4 KOTOPbIX
£E.U=r1,-

ANropuTM CXOAWTCS 32 KOHEYHOE YMCMO LIaroB npu yc-

NOBUM, YTO CyMMa A/MH Ayr N06Oro KOHTYypa, COAepaLlle-
rocs B CeTW, HEOTpULATE/bHA.

Mpumep: HaliTy KpaTyanwmini MapLipyT U3 EqB E$ B Ce-

T, MOKa3aHHON Ha puc. 1 3HayeHMs [y NpunucaHbl gyram
1 pebpam.

MpeaBapuTenbHbIiA Wwar: VICTOYHMKY NpunucbiBaem mMo-
meTky e()=0 (£,, e R).

MepBbli war: a) R={EO] , R={EuE2E3E4i}} ,
(R,R) ={(£,,£), (E,,E2l (/',E3)}
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Haxoanm hm=s0+Im=0+2=2 :
=ep+/@=0+10=10 n P, =e0+/B=0+13=13 . Cpeau
BEIMYMH hy MUHUMaNbHOW ABNAETCA 1Ob MO3TOMY BepLUMHE
E\ npunucbiBaeM NOMeTKy ex=2 W Bblaensem ayry (Eo, -El)

XXWPHON NHKNERn (Exe R).

6) Ons (Eo,Ei) ycnosue £. + Q> <; BbINONHSAETCS.
Bropon war: a) R-{EO0EX , R={E2EVErEs}

(R,R) = {(E0,E2),(E0,E3),(Ex E2),(EXE,)}. Jl102=HO, A03=13,

112=7, N14=11, 1U{Ac2,A03 112 114}=A12=7. MUHUMYM [OC-
TuraeTcs no gyre {E\,Er).

BepwuHe £2 npunucoisaem £\ =7, (ETe N)-
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6) Ona (Eq,Ei) nmeem e0+/al - e x, T.e. 0+2>2, ycno-

BMEe BbINOMHAETCA W T.4. ANS BCEX OCTa/lbHbIX paccMmatpu-
BaeMbIX [yr YC/0BUA TaK Xe BbIMOHAOTCA.
TpetviA  war: Q) R ={Ea E[fE2} R={EVEJ

(R,R) ={(E0,E3),(El,E4),(E2,E3),(E2,E4)} , Vi03=13, /114=11,
*23=15, *24=13, min{A03, *14, *23, *24}=*14=, £n= 11-

6) (Eq, Ei) - ycnosue e0+/a>ex (0+2>2) BbINOMHA-
ercs;

(Ei, Ei) —ycnosue f, +/2>e2 (2+5>7) BbINOMHAET-
cs;

(Eq, Ej) —ycnoBue eo+12>e2 (0+210>10) BbINOAHS-
ercs;

(Ei, £4) —ycnosue el +IH>e4 (2+-9>11) BbINONHAET-
ca;

(E% £4) —ycnosue er +/4>e4 (7 +6>11) BbiNonHSA-
ercs;

(E4, Er) - ycnosve e4+/2>e2 (Il +(-6)<7) He Bbl-
MOJHAETCH.

[MoaTomy npou3BoAMM 3aMeHy e2=7 Ha ed4+/2=5N1
Bblaensem ayry (£4,£2).

UeTBepTblii war: a) R={EOEVE2E4 R={E3E5 ,
(R.R) = {(E2,E5), (E3,Es),(E4,E5)}, *25=17, *35=14, *45=18,
WAr{/R5, *35, *45}=*35= 14, e5=14 —MWHUMYM [OCTUraeT-
ca no ayre (Es,E5).

3aK/IoumnTeNbHbINA Wwar. Haxoaym onTuManbHbIA Map-
LLIpYT.
TakK KakK e5-1x =13 =e3, £3-123=5 =e2, er-14r=\\ =e4,

£4~1H =2~£4, el- It =0 = £0, TO KpaTyaiLLMm MapLUpyTOM
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asndetca nytb (puc. 2) /A =(E0-E}-EA-Er-E3-E<) , U
OH ANs [aHHON CeTU He eAMHCTBEHHbIA. [pyrum Kpartyai-
LWMM MapLipyTomMm OygeT Hyrb //, =(E0-E 3- JI5), NOCKOJIbKY,

e3-103=0 = e0.

Mpo6aemHble 3agaHNsA

1 Cdhopmynupyiite 3agady onpefeneHuUs KpartyaiuLlero
MyTW 1 NOCTPOWTE ee MaTeMAaTUYECKYtO MOJE/b.

2. Wccnepyiite anroput™m OTbICKaHWA 3HaYeHWU [ABOWA-
CTBEHHbIX MepeMeHHbIX AnA 3a4ayv 3a4aHus 1.

3. PewwnTe 3agady 3afaHua 1w faiiTe OHEHKY NOMYYeEH-
HOMY pe3y/bTarty.

Bonpocb! 415t camonoAroToBKK

1 Cdopmynupyite U HanuwmTe MaTeMaTMYecKyr Mo-
CTaHOBKY 3aJayl O KpaT4ailluem MapLupyTe.

2. Kakue onepauunu BbINOMHAKTCA NpU npefBapuTeb-
HOM LUare asiroputMa HaxoXAeHWs Kpartyaillero mapLupy-
Ta?

3. Hanuwwute opmyny onpegeneHns 4ymucna, npunu-
CbIBaeEMOro BepLiMHam CeTu.
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§ 16. 3AIAUA O NMOTOKE MUHUMAJIbBHON
CTOMMOCTW.
ANTOPUTM BACAKEPA - ITOY3HA

3ajava, ceTb, NyTb, BeplIMHA CETW, KpaTyallumii nyTb, on-
TVMasbHbIA NOTOK, NOAMHO>KECTBO, Ayra

16.1. MNocTaHOBKa 3ajaun 0 NOTOKEe MUUMMASILHOM
CTONMOCTN

MycTb 3agaHa ceTb G(E,e) C OAHUM WCTOYHUKOM Eq,
OAHVM CTOKOM E, U MPOMEXYTOYHbIMU BeplUMHamy E\,

Ei,..., E,.1. Kaxgoin pyre (/,, Ej) (pebpy (A ,E]1)) cetn

nocTaB/ieHbl B COOTBETCTBME [ABE BENMYMHbLI: MPOMYCKHas
cnocobHocTb Ayrn (pebpa) by, Ayrosas CTOMMOCTb Cy
(cToMMOCTb AOCTaBKM eAunHMLbI NOTOKa no ayre (Ej, EJ) win

pebpy (E.,E .)), 0auHaKoBas B 060X HarpasneHusx. He-

06X04MMO HalTK NOTOK. IMof CTOMMOCTbIO ByAemM NOHMMATb
CTOMMOCTb [OCTaBKM TOFO WM MHOrO KOMMYecTBa BelecTsa
M3 UCTOYHMKA B CTOK. pwn 3aTOM npeanonaraeTcs, 4To 3a-
[aHHas BefMYMHa NOTOKA He MpPeBblIlaeT BeMUYUHBLI Mak-
CYMa/IbHOrO MOTOKa U3 Eo B E,,

dopmasnbHada 3anuchb 3agavvm UMeeT BUA;
/= Xc<n
ti.JTe

O<xv<Ba UI=QF. i*j, x,.-£ X4=0, k=l.n-1,
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Ecnn 6bl He 6blN0 OrpaHMYEHU Ha MPOMNYCKHbIE CMo-
cobHocTy ayr (pebep), TO 4Ns peweHns 3afadvn [OCTaTOYHO
OblN0 6bl HaWTU CaMbliA 3KOHOMMWYHbLIA MyTb (NMYyTb MWUHK-
MasibHON CTOMMOCTU) U3 Eq 8 EN n NPONYCTUTb MO HEMy
BeCb HOTOK. lMyTb MWHMUMaNbHOW CTOMMOCTU —3TO MNyTb,
CyMMa CTOMMOCTE KOTOPOro, MPUMMUCaHHbLIX fyram, sBAs-
eTCca MWHUMaNbHOW. py HanuMumMm orpaHUYeHunid Ha npo-
MyCKHble CMOCOGHOCTU ayr (pebep) MOXHO MocneaoBaTenb-
HO HaxoAuTb PasnMyHble NYr MUHUMANbHOW CTOMMOCTM U
nponyckaTb NOTOKM MO HMM [0 TexX Mop, Moka cyMmapHas
Be/IMYMHA NOTOKa MO BCEM NyraM He OyfeT paBHa 3afaHHON
BeNIMYMHe MOTOKa. Hwke npefgnaraeTcs pacCMOTPEeTb anro-
PUTM HaxO0XAeHUs MoToKa MWUHWMaNbHOW CTOMMOCTW, OC-
HOBaHHbIN Ha 3TOM NOAXOAE.

16.2. Anroputm bacakepa — [ToysHa

MepBbIii LWar. B MCXOAHOI CeTW BCe AYroBble NOTOKM U3
Eo B En nonaraeM paBHbIMW HY/O.

BTopoii war. Haxoaum nyTb y. MUHWMaNbHOM CTOMMOCTM
“3 Eq B En , UCMONb3ys CTOMMOCTW, MPUMMCaHHble Ayram Ha
MepBOi Urepauum, ¥ MOANMULMPOBaHHbIE CTOMMOCTM Ha Mo-
CNeayoLmMX UTepaLmsx.

Tpetuii war. OnNpeaenuM NPOMYCKHYK Croco6HOCTb

nyTM » no qopmyne 8 = min b., A06aBUM K BeNNYMHE
EEWM

CTaporo nOTOKa vcmep Be/IMUMHY B'= T\r\(B,B -varg) W

CpaBHMUM C 3afjaHHOl Be/IMYMHOIN NoToKa B. Ecnu BennumHa
CyMMapHOro MoToKa paBHa B, TO 3ajaya pelleHa W MNepexo-
AUM K LIECTOMY Lary. B nNpoTMBHOM cnydyae nepexoaum K
YeTBEPTOMY LLAry.

UeTBepTblli Liar. HaxoaMm BenuvuMHy NOTOKA MO KaX-
[0l ayre, NpuHagnexatleid nyru u, Ans 4ero K cTapbiM Be-
NNYMHAM [yroBbIX MOTOKOB Myrn u fo6aBNseM BeNUYMHY O.
MponycKHble CNOCO6HOCTM Ayr, CUMMETPUYHbIX fyram nyTiu
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/n, nonaraem paBHbIMW Be/IMYMHAM COOTBETCTBYIOLLMX AYrO-
BbIX MOTOKOB, T.e. b"=X]y
Matbin Liar. OnpegenvMm MoanmUMpoBaHHbIE AYroBble

CTOMMOCTW Cy Mo opmyne:

. _|c,, ecm 0<xb<byy
) [oo ecm X. =bt}.

Ecnn ans Kakoi-1o gyrm xy<0, TO MOAWU(ULMPOBaHHAA
CTOMMOCTb CUMMETPUYHO el fyru (j,i) paBHa BeIMUYUHE cy,
B3ATOW C 06paTHbIM 3HAKOM. [lepexoAuM K BbIMONHEHUIO
BTOPOrO LLara.

LLllecToii war. MuHMMaNbHYKO CTOMMOCTb MNOTOKA 3a-
[AaHHOW BeNIMUYUHbI onpeaenvmM no opmye:

/= ZwW

16.3. MNpumep

HaiiTy noTok n3 Eo 1 E$ BeNMUYUHLI B=3, 00najatoLeit
MWUHUMaNbHOW CTOMMOCTLIO, AJ1F CeTuW, MpeLCcTaB/IeHHOW Ha
puc. 1 TlepBoe 4MCNO, MPUNUCAHHOE KaXKAoMy pebpy, 03-
HayaeT MPOMYCKHYK CMNOCOOGHOCTb, BTOPOE — CTOMMOCTb
[OCTaBKN eANHULbLI NOTOKa No pebpy M3 OAHON BEPLUUHbI B
Apyryto.

JocTaBka noTtoka no pebpy MOXET OCYLLeCTBNATLCA B
NO6OM HanpaBieHUn,

Ntepauusa 1. Mepsblii war. Nonaraem BennYMHY MOTOKa
Mo KaaoMy pebpy CeTu paBHOM HY/MO (xy=0).

Btopoi war. TMpuMeHAa anroputm HaxoXAeHua Kpart-
yailero mapLupyTa, onpegensiem, Yto MUHUMabHas CTOU-
MOCTb [OCTaBKM eVHWLbI NOTOKA M3 Eg B E$, paBHaa e?=4,
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JOCTUraeTcs no nNyTam M} (WirK]-E3-U5) n ~EqQ-Ei-EN-EN),
N306PAKEHHBIM Ha PUC. 2 XXUPHLIMU UHUAMM.

TpeTtuid war. OnpegensieM NPoONyckHble CNOCOOHOCTU Bblje-
NEHHbIX Nyre T u

B,- min b =min(2, L )=b

Q = {Er,nEI’UMZb'M =min(l, 1, 1) = 1.
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Tak kak ayra (Ej,Es) C NpOnyckHOW CMOCOGHOCTbIO
b35~1 He MO3BO/SET MCMOMb30BaTb fBa MyTW, TO Bblbepem
nepBblli NyTb. YuuTblBas, 4TO Lp—1<B=3, nepexoaum K
YeTBEPTOMY LLIArY.

e3=3

Puc. 2

UeTBepTbIli LWar. BennyvHbl NOTOKOB N0 Agyram Hyru w/
paBHbl: XN=/113=1:35=0+ 1=1. TN 3Ha4YeHNa Ha puc. 3 npu-
nuncaHbl flyram CeTu B CKOOKax.

MponyckHas cnocobHOCTb Ayr, CUMMETPUYHBIX [yrav
nyTw, pasHbl: 610=JK)|=1; /F31=/k3=1; b y=x"=1.

MaTteid war. OnpegenseMm MOAMMULMPOBAHHbIE CTOU-
MOCTW:

c*. =1, TaK Kak X0[= I</?01=2 n c* = -1;
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¢’ =00, TaK KakK Xi3=Z>i3=l n c* =-2;

c*% =°0, TaK KaK *35=635=1 ¢*3=-1;

BCe OCTa/lbHble c¢* =cff , TaK KakKk [nd Hux
xtJ=0<bt] PO.

Puc. 3

WNtepauyma 2. BTopon war. Haxogum nytM MUHUManb-
Hol CTO/MOCIU /Xt,=(Eq—E \—E~—E") U 9= (E0—E2—E3—E5—
E1-E 4- E 5).

TpeTunid war. MNponycKHble CNOCOOGHOCTU TPETLEro NyTU
o3=min(l, 2, 2)=1, verseptoro nyt o4=min(l, 1, 1, 2,
2)—1. B 3TOM cnyyae NOTOK MpPOMyckaem cpasy Mo 060vm
nyTaM, TaK KakK MpOnycKHble CMOCO6HOCTU 06Wnx ayr
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(E\,Ei) n (£4,£5) paBHbl 2 ef. Cymma B\+B&+BHB+B4b U paBHa
3aflaHHON BennumnHe notoka. CrefoBaTtenbHO, 3afava peLue-
Ha.

LecToi war. ONTUMasibHash CTOUMOCTb NOTOKa
f = X e»Xij= Q@M1 *42*W+ Q1 4+
W T3/ 23 #3535 04545 = 14,
daKTMYeCcKoe ABMKEHME NOTOKA M3006paxKeHo Ha puc. 4.
Ha aTomM pucyHKe umcna y Oyr paBHbl [AyroBbIM MOTOKaM
(f01=2, X02=1»*14=2, "23=1, *35=1, *45=2, BCe OCTa/IbHble

HEN3BECTHble PaBHbl Hynt0). MOTOK MO Ayram (£'s £3) W
(£3, Ei) «HOracunics».
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MpumeyaHue: TponyckHas crocobHOCTb NyTH /ut,=(Eq—
E1—E4—FES5), gnsa kotoporo 6'3=wuwi(l,2, 2)=1. (1) —npony-
CKHasi CrnocobHOCTb Ayrn (Eo, Ei) nomyuwiacb BCNeACTBUE
TOro, YTO paHee HOo 3ToMy nyTn (E$-Ei—£3—£5) Obln Npo-
MyLWeH MOTOK, PaBHbIA 1, YTO YKGBAHO B CKOOKax Ha 3Tux
pyrax. T.K. NponycKHas CrocobHOCTb ayrn (Egq, Ei) paHee
Oblna paBHa 2, TO Tenepb, CMeaoBare/ibHo OHa YMEHbLUIAeTCs
Ha 1. ponyCcKHble CNOCOBHOCTM MOOCTa/IbHLIM AyraM 3TO-
ro nytu 6ygyt pasHbl 0. [M03TOMY Myb«? M3MEHSAETCS.

Mpo6nemHble 330pH

1. CchopmynupyiiTe KOHKPETHYHO 3aady O NMOTOKe MU-
HUMasIbHOW CTOMMOCTU W AaliTe ee MaTeMaTM4ecKoe onmca-
HMEe C YYeTOM OrpaHMYeHunin na MporyckHble CrOCOOGHOCTY.

2. Wccnepyinte anroputv Bacakepa- [TOysHa Aansi 3adaun
3agaHns 1.

3. Pewwmnte 3agavy 3aaHma 1 u oueHuTe ee pesynbTar.

Bonpock! 415 caMonoaroTOBKM

1 HanuwwnTe MaTemaTU4YecKyro MOEb 3a4avnm O noTo-
Ke MWHVMaJIbHOM CTOMMOCTW.

2. YTo Takoe MWHMMasbHasA CTOMMOCTL?

3. Hanuwwute opmyny onpegenieHs Moanguumnpo-
BaHHbIX AyroBbIX CTOMMOCTEN.

4. Hanuwwute opmyny OnpedeneHs MUHUMAa/IbHOM
CTOMMOCTHW NOTOKA 3a8JaHHOW BeMHMHbL

5. Hanuwwute opmyny oOnpefenieHMs  NpomnyckKHOM
CMoOCOo6noCrt NyTn (N
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MABA V.
§ 17. 3AOAUM TEOPUM PACIMUCAHUNI

3afjauM nnaHWMpoBaHUA W YMpasfeHWUs, pacnucaHue,cucTema
pecypcoB, KaseHfapHoe njaHUpoBaHWe MPOW3BOACTBA, MaTe-
prvanbHble pe-Cypcbl, 3ajaunM YnopsgoyveHuss, AUpPeKTUBHOE
Bpems, wWTpad 3a O>KujaHue, CTOMMOCTH BbIMOJHEHUS, 3a-
Jep>KKa paboTbl, KpUTEpUM 3hHEKTUBHOCT U

17.1. O6Lwwme cBefeHNs 0 3afadyax Teopun pacrnucaHuii

MHorve 3afayn nNnaHMpPoOBaHUA W ynpaBfieHns TPebyroT
YynopafoYeHnss BO BPEMEHM (PUKCMPOBAHHOW CUCTEMbI pe-
CYpCOB A5 BbINOSIHEHUS ONpefenéHHOA COBOKYMHOCTU pa-
60T. B Teopuu CeTeBOro njaaHMpPOBaHUS OCHOBHOE BHUMa-
HWe YAenanocb pacnpefeneHnt0 BpPeMeHU MaTepuasibHbIX
PECYPCOB MpPW BbIMOMHEHNN 33aHHOr0 Komrekca paborT.
Pa3BuTMe Ka/jieHZapHOro MnnaHMpoBaHUSA NMPOU3BOACTBA Bbl-
3Ba/10 K XKM3HWN TEOPUIO pacrmcaHuii.

Teopus pacnucaHuii ABNSETCS pasfenoMm UccnefoBaHus
onepauui 1 3aHUMAETCs U3y4vyeHUeMm cneuudpuyecknx moge-
Nel. 3ry MoAenun LNPOKO pacnpocTpaHeHbl B OMnepaTuBHO-
KafleHAapHOM MJlaHMPOBaHUKM, B MPOU3BOACTBE, B Y4eOHOM
npouecce u T.n. B Teopun pacnucaHuii UCCNeayrOTCs BO-
NpoCbl, CBSI3aHHble C Pa3paboTKON MaTeMaTUYECKUX METO-
[l0B MOCTPOEHMNA Hamnyywmx (B CMbIC/e 33[aHHOr0 Kpute-
pra 3aPHeKTUBHOCTIN) KaneHAapHbIX M1aHoB.

Cpegn 3afay4 Teopuu pacnucaHuim ocoboe MecTo 3aHu-
MaloT 3afayn ynopsgoyveHusa. B kavecTBe npumepa 3a4auv
YyNopsAAoYeHNs paccMOTPUM OfHY W3 3afady OrepaTuBHO-
KasleH4apHoro njiaHnpoBaHUsA paboTbl MPOU3BOACTBEHHOHD
y4yacTka, ob6ecrneymBaroLLero BbiMyCK HEKOTOPOro KOMYeCT-
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Ba feTa/eil pas3NNyHbIX TUMOB. [/1 KaXAoro tuna fetanei
npeanonaraTcad W3BECTHbIMWU TEXHOMOrMYecKas nocnepo-
BaTe/NIbHOCTb 06pabOTKM [eTanelt Ha CTaHKax M Bpemsi obpa-
60TKN KaXKAOW [eTann Ha KaXaoMm U3 CTaHKOB.

TpebyeTcs NPUHATHL PeLleHWs, HanpasfieHHble Ha 3g-
(heKTUBHYIO OpraHu3aumnio paboTbl yyacTka, r.e. onpeaennTtb
Takol NOpsALOK 3anycka feTaneld B NPOM3BOACTBO, MPU KO-
TopoM obuiee BpeMs npebbiBaHUS MX Ha 06paboTKe Oblfio-
Obl MUHVMA/IbHbIM.

B Teopuu pacnucaHuii ectb psag 3adady, KOTopble UMEeT
60/1bLIOE MPaKTUYECKOE 3HAYeHWe W CPaBHUTENIbHO MPOCTO
pewatoTca. K mx ymcny Moxert 6bITb OTHECEHa 3afava C Of-
HUM 06CNY>XXNBAOLLUM YCTPONCTBOM.

MycTb 4NA BbINOJIHEHMSA Ha OLHOW MallnHe OfHOBpe-
MeHHO nocTtynaeT MHoXecTBo N={1, 2, ..., n}paboT. Takxe
NPeanosioXXnMM, 4YTO NPeANONOXUTENbHOCTb  BbINONHEHNA
Kaxo/ paboTbl Ha MawnHe n3secTHa. O603HaYUM ee Yepes
M /6 N.

3afaya, cBf3aHHas C MOCTPOEHWEM pacnucaHus [ans
BbINO/THEHMSA MHOXECTBa paboT, NPy KOTOPOM HEKOTOPbIiA
3aflaHHbIn  KpuTepuin  ah(heKTUBHOCTM OyfdeT NpPUHUMATb
ONTUMa/IbHOE 3HaYeHMe, ABNAETCA KOHEUYHOW Lefblo.

MeTo/ peweHunsa 3afa4n CyLLeCTBEHHO 3aBUCUT OT Kpu-
Tepusa aPHeKTUBHOCTM.

Beegém cnegytouime 0603HaveHUs:

/m —BpemMsAa Ha4vano BbIMO/HEHUA pa6OTbI /e N;

(i —Bpems OKOHYaHMA BbINONHEHUS paboThl /e N;

¢, —AVPEKTUBHOE BPEMs, B TeYEHWE KOTOPOro [OMKHO

ObITb 3aBepLUEHO BbIMOMHEHWE PaboThl /e N;
ai — wTpag 3a oxugaHve pabotbl /e AT B efuHWLY

BPEMEHM A0 Hauyana eé 06paboTKu;
[ - cToumocCTb BbIMOMHEHUS paboTsl /e N.
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Bpems I, Heo6xoAMMoe ANs BbIMOMHEHMS BCEX PaboT
MHOXEeCTBa N, He 3aBUCUT OT NOpsAKa BbINONHEHUS pPaboT

M PaBHO CyMMe BPEMEH BbIMO/IHEHUS BCEX paboT: T=
NV
YuuTtbiBas NPUHSATbIE 0603HAYEHUS, MOXHO 3anucatb
yTo 3a/lepXkKa z : paboThl /  cocTaBuUT

zi=max(0, f, - c/)), ie N.

Kputepuit ahheKTUBHOCTW, ONpPeaenstonii BeNMUmHY
CYMMapHbIX W3AEPXKEK, CBA3aHHbLIX C 0MnosgaHuem, Oyaet

MMEeTb BUJ, thx="Yjaizi m
WN

Kputepuit, no3BonswOWmMii BblYACNATb MaKCUMasbHbIN
LWTpad, CBA3AHHbLIA TakKXe C OMo3j4aHUeMm BbINOJIHEHUA pa-
60T, UMeeT BUA ¢, =maxa,z, m

ieN

UacTo, BCTpeyaeTca KpUTepuin <3 ='£cxitj , NpeLCcTas-

e.v —
NAKLWNIA CyMMY LUITPadOB, CBA3AHHbIX C 0XUAaHWeM paboT.
MpuBeaEM anroputTM MNOCTPOEHUS ONTUMAILHOIO pac-

nucaHna No Kputepuo 2.

MpegBapuTeNibHbIA War. Bbluncaum T u nepeidgem K
nepBoMYy LUAry asroputma.

MepBbiin war. Cpean BCeX HeynopsaaoYeHHbIX paboT Ha-
XoOMM Takyt (5), AN KOTOPOW a.zs=mm«z, , T[Ae
Z =max(0, T - ds).

[Mepexo4nM KO BTOPOMY Luary.

Btopoli war. PaboTy ¢ HOMEpOM s BbIMNOJHAEM Cpeau

paccMaTpyBaeMOro MHOXeCTBa. VcKntouyaem paboty s W3
paccMOTpeHus. ECnM MHOXecTBO paboT MycTo, TO 3adaya

pelleHa. WHade, 3ameHsieM ' Ha T - Is, U Nepexogum K
MepBoMY Luary.
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17.2. 3ajaya TeOpUM pacnucaHuM ¢ ABymMsi Noc/efoBaTe lb-
HbIMV 06C/TY>XKMBAIOLLMMUN YCTPOCTBAMM

OfHOM M3 NPOCTbIX 3aday ynopsgoyeHUs sBnseTca 3a-
fava [KoHcoHa. MmeeTca MHoxectBo N={1,2,...,5} pa6or,
KOTOpble JO/IKHbI ObITb BbIMO/IHEHbI HA T MallMHax. Bpems

BbINO/HEHNA paboTbl / Ha MaliuHe j 0603HayYMM uepes t

npegnonaras ero 3apaHee W3BeCTHbIM. 3afadva MOCTPOEHUS
pacnucaHns COCTOMT B YKa3aHMM MNopsigKa, B KOTOPOM
[O/MKHbI  BbINOMHATLCA PaboTbl, YTOOGbI CyMMapHOe Bpems
npocTas BCeX MallMH OblI0 MUHMMAbHBIM.

PaccMOTpUM Cfyyaid, Korga 4Mcno MalluvH PaBHO ABYM.
Kaxpas paboTa COCTOMT M3 ABYyX Onepauuii, KoTopas Bbl-
MOMHAETCA CHayana Ha MepBON MalluHe, 3aTeM Ha BTOPOMA.
Bpemsi BbINONHEHNS pab0Thbl j Ha NepBOIA, 3aTeM Ha BTOPOWA

MallnHe paBHO tl1- U - COOTBETCTBEHHO, Iae je N .

MpuBeAgM anropuTM MOCTPOEHUs OMTUMAIbHOro pac-
MUCaHUs, KOTOPbI Ha3biBAeTCS aNropuTMOM [)KOHCOHa.
MpeaBapuTeNbHbIA  war.  3anucbiBaeM  MaTpuLy

BPEMEH BbINONHEHWS onepauuii. Mepe-

XOMM K NepBoMy LLary.

MepBblii war. BblbvpaeM B mMaTpuue T MUHUMAa/bHBbIN
aneMeHT. Ecnn OH HaxofuTca B MepBOi CTPOKe (COOTBETCT-
BYHOLLE/ MepBOM MallWHe), TO AaHHYH paboTy BbINOSHAEM
NMepBOi, eCcnv BO BTOPOI CTPOKE —TO nocnedHen. lMepexo-
AUM KO BTOPOMY Luary.

BTopoli war. Vckno4yaem M3 pacCMOTPEHWUS BPEMS Bbl-
MOIHEHNA onepawuuid, OTHOCALUXCA K YMNOpsAA0YeHHOW pa-
6oTe. ECiM MHOXECTBO 3/IEMEHTOB MaTpuubl T y>Ke MycTo,
TO 3afava peweHa. Ecnm HeT, TO nepexogum K NepBOMY

nrary.
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17.3. Tpumep

Nmeetca nate pabot. Kaxzgad paboTa COCTOMT M3 [ABYX
onepauuii, KOTopble BbIMOMHAKOTCA CHaYana Ha nepBoW, 3a-
TEM Ha BTOpPOM MawvHax. Bpems BbIMOJIHEHUS oOrnepauui
3afaHo B Tabnmue 1:

Tabnmua 1
M P n P3 P4 N
M, 5 3 4 1 2
M2 2 2 3 2 3

npOBe,CI'FI BblYMCNEHNA B COOTBETCTBMMN C a/TTOPUTMOM
J>KOHCOHa, Haxogum, 4To ONTUMa/IbHbIN nopAagoK BbIMNOJI-

HeHusa paboT cnedyowmin: P4,P3,/J1,1),1\.

MpobnemHble 3afaHns

1 Cdopmynupyiite 3agady ynopsaoyeHus paboT npo-
M3BOLCTBEHHOIO Y4yacTKa, OCYLLECTB/ISIOLLErO BbIMYCK Ka-
KUX-N1M60 aeTanei.

2. [aiite maTemaTMyecKoe onucaHue cHopmynMpoBaH-
HOW 3agauun.

3. WccnenyitTe BO3MOXHblE KpuTepun 3heKTUBHOCTU
NPUHATUA NPaBUIbHOTO PELUEHUS.

4. CocTaBbTe Ynopsfgo4eHVe KOHEYHOK MHOXecTBa
paboT 418 ABYX 06CNYXXMBAKOLLMX MeXaHWU3MOB.

iis1k
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5. Wcnonb3ya anroputM [PKOHCOHaA, pelumnTe 3agady
nyHkTa 4.

6. Wcnonb3ya pagunk aHTa, oueHWUTe pesynbTar yrno-
pagoYeHns paboT 41 3ajayum nyHkTa 5.

Bonpocbl A5 camonogroToBKM

1 Cdopmynupyite 3agady Teopuu pacrnmcaHui.

2. Hanuwwute ¢opmyny onpefeneHuss BeNUYuHbl CyM-
MapHbIX W3AePXeK, CBA3AHHbIX C OMo3faHWeM BPeMEHU
MHOXecTBa paborT.

3. Hanuwwute dopmyny onpegeneHns 3afep>kku pador.

4. Hanuwwute dQopmyny onpefeneHns  CymMMapHbIX
LTpagos.

5. lpuBegnTe anropuTM MOCTPOEHUA OMNTUMASILHOIO
pacnucaHna ana 3agavm [JXKOHCOHa.
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§ 18. SAJAYA O HASHAYEHUNAX

PaboTa, MexaHu3M, pacnpefeneHne mexaHU3MoB Mo paboTam,
Npou3BOAMTENBHOCTbL MexaHM3Ma, MaTpuuya 3pdeKTUBHO-
CTel, 3KBMBANIEHTHbIE MaTpuLbl, NpeasapuTesbHble Npeobpa-
30BaHUSA, BEHIepCKUIA anropuTM peLleHmns 3ajadm

18.1. lNMocTaHOBKa 334241 0 HasHaYeHUAX

3agaya 0 HasHayeHWsAX SABNAETCS OAHOW M3 pasHOBUA-
HOCTEN 3aday LenoYnCcIeHHOro NPorpaMMmMpPOBaHNS.

MycTb TpebyeTca BbINOAHUTL N pa3MyHbIX paboT, Ans
BbINO/IHEHNS KOTOPbIX MMEHTCA N MeXaHM3MOB (MalluH).
30ech KaXAbliAi MexaHW3M MOXKeT ObITb MCMO/b30BaH /s
no6olr paboTbl. MNPOM3BOANTENBLHOCTL KaXKAOr0 MexXaHu3ma

Ha pas3NnuHbIX paboTax pa3nmyHa. O603HauUMM 4epe3d cf
NPOM3BOAUTENLHOCTL /-r0 MexaHu3Ma Ha j-ou pabote. 3a-
[aya 3aKn4yaeTca B TaKOM pacnpegeneHny MexaHu3MOB MO
paboTam, MpuM KOTOPOM CymMapHas MpOun3BOAUTENbHOCTb
OyfeT MakcuManbHOM.

MocTpoum MaTemMaTU4ecKyto Mogenb 3Toi 3agaun. Co-
MOCTaBMM KaXKAOMY M3 BO3MOXHbIX BapuaHTOB pacnpejene-

H1A MallhH Nno pa60TaM Ha6op 3Ha4YeHU HEM3BECTHbIX Xy,

OTHOCUTE/IbHO KOTOPbIX YCNOBUMCS, 4TO X =1, €CA/ B
[JAaHHOM BapuaHTe /-blii MexaHU3M Ha3Ha4aeTcs Ha Y-yt pa-
60Ty, U Xy =0, €Cnn /-blii MEXaHW3M He Ha3Ha4yaeTcsl Ha J-

Y0 paboTy.
[na nob6oro BapuaHTa cpean uucen /, j AOMKHO ObITb
TOYHO /7 eAVHUL, NPUYEM LO/MKHbI BbINOMHATLCS YCMOBUS:
n

2X =1, [=1/?, ~ (KaXpablii MexaHW3M Ha3zHauyaeTcs

Ha ogHYy paboTy).
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r _
oxm=1 = (Ha kaxayto paboTy HaszHayeH OAMH
i=
MeXaHu3Mm).
CyMMapHas npou3BoAMTe/IbHOCTb MPW JaHHOM BapuaH-
Te Ha3HayeHUs MawuH Ha paboTbl BbIPA3UTCA CYMMOW

T n

X.Z cvxvm
SRE!

Takum 06pa3om, maTemaTnueckas Mofenb 3ajadun Gyaet
NpeAcTaBneHa B ClefytoLEM Bie:

MaKcuMun3npoBaTb "j[~ ¢ fixU
A

npu orpaHuyeHuax £.7=1 ,=u , JX,y=L j =\.n
i
0]
i,j=\nm

MocnegHve ycnosus BbIBOAAT 3ajavy O HasHayeHUAX 13
Knacca 3agay NMHEMHOro nporpamMmmmpoBaHus, MNOCKO/bKY
OHW HENIMHENHbI, 1 NO3BONSKOT OTHECTW 3afJayy O HasHaue-
HMAX K 3ajayaM LEeNo4YUCNeHHOro nporpaMmupoBaHus,
TOYHee, K 3afa4vam c OyneBbIMW MepeMeHHbIMK. [paKTuye-
CKW, 33[a4y O HasHa4YeHMAX MOXXHO paccmaTpuBaThb Kak Ya-
CTHbI4 CNyYall TpaHCNOPTHOWM 3adaun. B camom pgene, ecnum,
oTbpocuTb NOCNeAHME YCNOBUS,, 3aMEHUB WX YC/OBUSMMU
HeOTpMLATENIbHOCTN NEpPeMeHHbIX, TO 3afjaya npesBpaLyaeTca
B TPAHCMOPTHYIO 3ajauy.

c, G, C

Mycre (. & G c. matpulra odhe Krv BHOCTE i
3a/jauu 0 Ha3HaYeHUsX.
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B co0TBETCTBMM C MOCTAaHOBKON 3TON 3afjayun, pelnTb
ee 03HayaeT cnegytouwee. B matpuue ag(heKTUBHOCTEN He-
006X04MMO BbIOpaTb N 3/IEMEHTOB TakK, YTOObI:

- BO-MEPBbIX, 3TW 3/1EMEHTbI BbIGUPAIUCL MO OAHOMY Y3
KaXKJ0M CTPOKM M KaXKAOoro cronbua (CTPOKM COOTBETCTBYHOT
MexaHu3mam, a CTosbubl —paboTam);

- BO-BTOpbIX, CyMMa BblOpPaHHbIX 3/1EMEHTOB, paBHas
o6Lein ahPeKTUBHOCTKN, COOTBETCTBYIOLEN [aHHOMY Bbl6O-
py, Oblna HambonblIeid HO CPaBHEHMIO C €e 3HAYEHMSMM
Mpu BCEX Takmx Bblbopax.

B 3afaye 0 HasHauyeHMAX [Be MaTpuLibl Ha3bIBAKOTCA K-
BUBA/NIEHTHbLIMW, €CNN OfHAa M3 HUX, MOJSly4aeTcs U3 Apyromn,
npubaBneHNeM K 3/IEMEHTaM KaX[OW CTPOKU (M/Mnn Kax-
[oro crtonbua) o4HOro 1 Toro Xe ymcna (4ns pasHbIX CTPOK
n/mnn cToN6UOB MaTpuubl 3TN YUCNa MOTYT ObITb pasny-
HbIMK). OTO O3HAYaeT, YTO ecnn Af1d ABYX MaTpul addek-
TMBHOCTEN C = (cv), =12 .n, n D=(dj), i,j =12..17,

BblnonHaeTca ycnosue d =c. +ei+/., i,j =12../7, rge et
n /. COOTBETCTBYIOLME 4MCNa, TO 3TM MaTpuubl 3KBMBa-

NEHTHbI.

MOXHO [o0Ka3aTb, YTO MHOXECTBa ONTUMa/IbHbIX Ha-
3Ha4YeHWIn OBYX 3ajady BblObOpa C 3KBMBANEHTHbLIMW MaTpw-
Luamy coBnagatoT. Ha ocHOBaHWM 3TOro (hakra, MCMO/Mb3ys
[Ba nocnefoBaTteflbHbIX NpeobpasoBaHns Mmatpuubl C, ocy-
LWeCTBMM Nepexof OT AaHHOW 3adaum ¢ matpuuein C K 3aja-
ye C mMaTpuLen D

C=(@.)—C'=(c.)=(maxckt-cff)->D =(<.) =L - mincis).

HasoBeM 3TW Npeo6pa3oBaHWs NpeaBapuTeNbHbIMMU.
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18.2. BeHrepcKkuii anroputM peLleHnst 3agaum

Niobas 3afavya 0 HazHaYeHUSX MOXKET OblTb, pelleHa C
MCMNOMb30BaHNEM METOAOB /IMHEMHOro MNPOrpaMmmmnupoBaHns
WIn anropuTma pelleHns TPaHCNOPTHOM 3afayn. 3ameTum,
YTO eC/IM CyMMa HECKO/IbKMX LieNOYNCNEHHbIX HeoTpuuaTesb-
HbIX HEPEMEHHbIX paBHa efuHMLE, TO KaXaasd U3 nepemMeHHbIX
MOXeT ObITb paBHa Hy/nto, Wu eauHuue. lMoatomy, ecim pe-
LUNTb TPAHCMOPrHYHO 3afdady MeTOAOM MOTEHUMANIoB WU Jito-
ObIM ApYrM METOZOM, KOTOPbIA NPKU LEe/bIX NpaBbIX 4acTsX or-
paHW4YeHNn NPUBOAUT K LIEIOHYUC/IEHHOMY ONTUMa/IbHOMY pe-
LUEHWIO, TO MO/yYeHHOe peLleHne aBToMaTuyeckn OydeT yaoB-
NETBOPSATb He YYTEHHOMY YCNOBUIO GYNEBOCTU NEPEMEHHbIX.

XOTS NS TPaHCMOPrHOM 3ajayvn ecTb MeTOAbl, KOTopble
npouie MeToA0B pelleHus 06Ler 3agadu IMHeHOro npo-
rpaMmmnpoBaHuns, OCOGEHHOCTW paccMaTpuBaemMor 3afaun
MO3BOMIAKOT PelnTb ee C NOMOLLbIO eule 60siee NPOCTbIX
npuemoB. Mo3aTomy, BBUAY OCOO0OW CTPYKTYpbl AaHHOMN 3a-
faun Obin paspaboTaH creyuanbHbIl anroput™, MNoay4vmBs-
LUMIA Ha3BaHME BEHIrepCKOro Mmetoda. BeHrepckuini mMetop
peLeHna 3TON 3adaum Obl1 BNepBble NPeaoXeH amMepuKaH-
CKum Matematnkom X. KyHom. KyH McCnonb3oBasn TEOPWUIO
NnapoCOYeTaHU, M3BECTHYKD eMy MO paboTamM BEHIepCKMX
yuyeHbix [. KeHura n 3. 3repsapu, U MN0O3TOMY Ha3Basl CBOWA
aITOPUTM BEHTepCKUM MeTO4OM. ITOT alroputM COCTOMUT
13 TPEeX OCHOBHbIX LUAroB.

MpvBeaeM BEHrepPCKMIA alrOpPUTM peLleHns 3afaunm O Ha-
3HaYeHMAX.

MycTb yXe npogenaHbl npegBapuTenbHble Npeobpaso-
BaHUA MaTpuubl 3eKTMBHOCTM C JaHHOW 334ayn u no-
NyyeHa HeoTpuuaTe/bHas MaTpuua 7), cogepkalias XoTsa 6bl
HO OZHOMY HY/IEBOMY 3/IEMEHTY IS KaXKJ0M CTPOKe U B Kax-
A0M cTONn6Uue:

1 a) MNomeTM 3Be3[0YKOM MEPBbIA Hy/b, HANAEHHbIV
npu NPoOCMOTpe MNepBoro cronbua matpuupl 1): ((*); 3aTem
NMOMETUM 3BE3[04KON HyNb BO BTOPOM CTONOLE, He nexa-
WMA B TOW CTPOKe, B KOTOPOM HaxoauTcsa 0 * M3 MepBoro
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cTonbua (ecnu Takoil Hynb BO BTOPOM CTOM6LE HalgeTcs);
[lanee MOMETUM 3Be3L0YKON Hy/b TPeTbero cTonbua, Nexa-
WA B CTPOKE, IAe HeT elle Hynei co 3Be3404Koir (ecnu
TakoW Hyfb B TPETbEM CTONOLE HalgeTcs); v Tak fjasee mno-
Ka He MPOCMOTPUM BCe CTOM6LbI MaTpuLbI.

6) BO3MOXHbI fjBa Cny4as:

1) YACNO MOMEYEHHbIX 3BE3[404YKON HY/eid paBHO m\

2) YUMCNO Hy/fein CO 3BE3A40YKOIN MeHbLLE n.

B cnyyae 1) npouecc OKOHYeH: MecTa, 3aHMMaeMble Hy-
NAMWU CO 3BE3[0YKOIN, COOTBETCTBYHOT N MNEPEMEHHbIM Xt-,
paBHbIM 1 B ONTUMa/IbHOM PELLeHUN UCXOLHOW 3atauun.

B cnyyae 2) nepexogmm K n.2 anropurma.

2. a) NloMeTUM 3HaKOM «+» CTO/MOLbI MaTpuLbl, B KOTO-
PbIX €CTb 0* U ByAeM cuMTaTb 3TW CTONOLbI 3aHATHLIMU.

B xofe npouecca 6yayT NosBNATLCA U 3aHATbIE CTPOKW.
ONEeMEeHTbI, PacrnosioKeHHblEe Ha MepeceyeHnn He 3aHATOro
cTonbua M He 3aHATON CTPOKU OyaeM cumTaTb He 3aHATbI-
MW, @ OCTa/IbHble 3/IEMEHTbl —3aHATbIMMU.

6) Ecnv B MaTpuue HET He3aHATbIX HyNeil, TO nepexo-
AUMM K n.5 anroputma.

B) Ecnv He 3aHATble Hy/nM eCTb, TO, NMpocMaTpmBas Mno-
o4YepefHO 31eMeHTbl CTPOKW MaTpuLibl CfieBa Hamnpaso, Bbl-
6upaem nepsblii U3 HUX. OTMevaeMm ero wTpuxom (O). Ecnu
B €r0 CTPOKE HeT Hy/s CO 3Be3[L04YKOI, TO nepexogum K n.4
aIropnTMa; ec/n B ero CTpoKe 0* eCTb, TO MepPexoanm K n.3
anropuTma.

3. OcBobOAMM, T.e. CHUMEM 3HAK «+» U ByfeMm cuuTatb
CHOBa He 3aHATbIM CTONOeL, B KOTOPOM HaxoguTca 0%* ne-
XalNn B TOW >Ke CTPOKE, YTO M OTMEYEHHbI TO/IbKO 4TO
LUTPUXOM HY/lb.

lMomMeTaM 3HaKOM «+» CTPOKY, B KOTOpoi Haxoautcs (), v
Oyaem cumTaTb ee 3aHATON. MMepexofnm K nognyHKry 6) nyHk-
Ta 2 anropuTMa.

4. HaumHaa ¢ To/MbKO 4TO OTMe4yeHHoro O, mocTpoum
LernoYyky u3 Hyneir. [Ins 3TOro HauyHem [ABVDKEHWE OT 3TOro
O no cTonbuy K 0* 1 OT Hero Mo CTPoKe K 0' U r.4., Mnoka
3TO BO3MOXHO. Llenouka o6opsetcs (BO3MOXKHO, Ha MepBOM
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xe 0) Ha HekoTopom 0. CHMMeM 3Be3[0YKU Yy Hynenh u3
LLerNoYKM N 3aMEHUM 3Be3[04KaMW LUTPUXM Y HyNel B Le-
nouke. HoBbIi Habop Hynein co 3Be3L0YKaMM COLEPXKUT Ha
OAVH 6orblue YeM npefblaywinin. CHUMEM BCe METKW, Kpo-
Me 3Be3[04YeK, W MepexofuMMm K MOoAnyHKTY 6) nyHkTa 1 an-
ropuTma.

5. OTbIlLeM MUHUMASIbHbIA 3M1EMEHT CPean He3aHATbIX
3MIEMEHTOB MaTpuubl U 0603Ha4YMM ero yepes M Bbiutem h
N3 BCEX 3/IEMEHTOB He3aHATbIX CTPOK M NpubaBvM KO BCEM
aleMeHTaM 3aHATbIX CTO/I6LOB. HWMKakMe MeTKM npu 3TOM
He CHuMMaloTcA. B pe3ynbTaTe nonyynm matpuuy, 3KBMBa-
NEHTHYIO NpeblayLwein matpuue, 1, COAepXKallyto He3aHs-
Tble Hynu. epexoanm K MoAMnyHKTY B) MyHKTa 2.

KoHeL anroputma.

FACHO, 4YTO MpPU KaXKAOM BbINOSHEHUU MyHKTa 4 anro-
pUTMa, KO/MMYEeCTBO 0* YBENNYMBAETCA Ha eAnHuLy, U 3a
KOHEYHOe 4YMCMOo WaroB 06s3aTeNbHO NpuaemM K onTumasib-
HOMY HasHayeHuto. Ecnv onTMManbHbIX Ha3Ha4YeHWn MHO-
ro, 70 Kakum OyfeT 370 Ha3HayeHue, 3aBUCUT OT Mopsaka
[eACTBMIA NpWU WUCNOSIb30BAHWUW MYHKTOB anroputMa, rae
OCYLLIECTB/NISAETCA MOOYEPeSHbIA NPOCMOTP 3/IEMEHTOB MaT-
puLbl.

18.3. IMNMpumep
MycTtb 3aflaHa martpuua 3(h(heKTMBHOCTEN
2 7 4 64
75 3 55
C=7 486 4
2 3 4 4 3
W 2 7 7 4

33laym 0 HasHaueHusix. [Ona HaxoXAeHUs OnTUMasibHOro
BapvaHTa Ha3Ha4YeHWIn cHayana BbIMONHWM NpeBapUTEb-
Hble Mpeo6pasoBaHMs. B KaXaom K3 CTONGLOB UCXOAHON
maTpuubl C, HaiileM MakKCUMasbHbIA 31EMEHT, M3 HEro Bbl-
YTeEM KaXblii 3MeMeHT 3Toro cTtonbua, pesynbTaTbl 3anu-
LIeM Ha COOTBETCTBYHOLUMX MECTax M MOAYyYMM MaTpuLly:
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2313 (N
20521
2 1012
72433
031602

[anee, B KaXAoW CTPOKe matpuubl C' Haxogum MUHWU-
Ma/lbHbIA 3N1EMEHT. BbluMTasd ero u3 Kaxaoro 3neMeHTa
3TOW CTPOKW, pe3ynbTaTbl 3anuLUEM Ha COOTBETCTBYHOLLMX
mecTax. Tenepb NOAyYMM MaTpuuy D, 3KBUBIEHTHYIO WC-
xofHoin matpuue C

o O NN NN

O R O w
~ N O O
O L - N W
N —~ N - O

cnonb3ys BEHIepCKWA anropuTM, pewnm 3agady o Ha-
3HauyeHWsX. Pe3ynbTaTbl NPUBEAEM B BUAE LEMOYKM MaTpuL,
rae NpocTaBneHbl COOTBETCTBYHOLME METKN. CHSTME KaKoii-
TO METKM OTMEYEHO 3aK/IHOUEHNEM ee B MPSIMOYTO/IbHUK.
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0 « * + 4-  + +
rz 3 1 3 0% N 3 1 2 <n
2 0* & 2 1 ,nq 1 0* 2 1 1
2 1 0 1 2 110 pq 2 +
I:o 2 1 1 4 0 2 P* 1
1¢ 3 1 0 + 4 2 0 +

OKOHYaTe/IbHO NONYYUM MaTpuLy, Fae YMCNo Hynen co
3Be3goykamm (0*) paBHO 5:

‘13 12 oM™
10% 11
1 1 0% 2
4 02071
0*4 2 03

3HauMT, ONTUMa/IbHbIM Ha3HayeHWem OyaeT cnegyto-
WMIA NnaH: X5 =x2=x3r =xMm =8 =1, OCTa/lbHble Xy =0 .
Takum 06pa3om, eCcnu nepBblli MexaHU3M HasHayaeTcs Ha
NATYH, BTOPO —Ha BTOPYHO, TPETUIN —HA TPETbIO, YeTBep-
Tbli —Ha YETBEPTYH W NSATbIN —Ha MepByt0 paboThbl, TO

nonyyeHHas cymmapHas 3((eKTMBHOCTb OyAeT Hambosb-
e 1 paBHOW 32 eanHMLAM.

MpobnemHble 3agaHns

[ns cneayowmx 3afa4 COCTaBbTe MaTeMarMyeckyto Moaerb,

MaTpuly 3M(EKTUBHOCTE W BbLINOMHWTE NPeABAPUTE/bHbIE
npeo6pa3oBaHus:
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1 [MpegnonoXum, 4YTO HEKOTOpOoe asuanpeanpusaTue
BbIMO/IHAET aBuapeinchbl No 4YeTblpeM MaplipyTtam. Ons 06-
CNYXWBaHWUA 3TUX PencoB NpeanpusaTve pacrofiaraet uye-
TbipbMA TUNamMu camoneTtos: TY-154, NJ1-86, AH-24, AK-
40. Kaxablil camoneT MOXeT 06CnyXunsaTb NHOO0N U3 3TUX
mapLlipyTos. [Mpubbinn, nonyvaemble aBuanpesnpUATUEM,
0T 06CNYXXMBaHMA 3TUX MApLIPYTOB (B YCMOBHbIX AEHEXHbIX
efvHuLax), npusegeHsl B Tabnuue 1 Tpebyetcs 3aniaHu-
poBaTb M TaK Ha3HaUUTb KaXAblA CaMONET Ha Kax[blil
peic, 4Tobbl cymMmapHas npuoblib aBuanpesnpuaTus bblia
MaKCMMasbHOMN.

Tabnuua 1
ABuapeiicsbl
1 2 3 4
TY-154 45 32 10 23
N-86 90 23 39 38
AH-24 20 12 10 6
AK-40 9 11 10 20

2. MycTb nmeeTcst 6 pabOTHUKOB N 6 AO/MKHOCTeN. Ka-
XAOMY HazHauyeHuto /-ro paboTHUKA Ha Y-t0 JO/MKHOCTb CO-

noctaBum 4mcno ¢ , /,/=L2...6 , KOTOpoe onpeaensercs
cornacHo dopmyne c.=N+(7-)/-y(y-8) wn onpegenser

3 (heKTUBHOCTb AAHHOrO Ha3HayeHus. TpebyeTca Tak HasHa-
UUTb KaX[oro /-ro paboTHUKa Ha KaXayto Y-10 [O/MKHOCTb,
4TOObI 3PPEKTUBHOCTb Bblla MaKCUMaIbHOIA.

3. CopmynupyinTe Kakyr-HWOYyAb 3afady O HasHaue-
HUAX ¢ MaTpULUen ahPeKTUBHOCTEN 6 X6 .

4. Wccnepyinte BCe OCOOGEHHOCTW BEHIepcKoro anro-
puTMa (ecny 3TO BO3MOXHO) A/1A 3afayn 3afaHus 3.

5. Pewwute 3amayy 3aaHua 3 1 OLEHWUTE NOJTYYEHHbINA pe-
3y/bTar.
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Bonpockl 4na caMmonoAroToBKuU

1. Copmynunpyite 3agaqy 0 Ha3Ha4yeHMUsX.

2. Hanvwute marteMaTnyecKyro Mofenb 3afayn O HasHa-
YEeHUSsX.

3. Kakne matpuubl Ha3blBatOTCA 3KBUBANIEHTHbIMU B
3a/laye 0 Ha3HayeHuAX?

4. MpueeanTe Qopmyny npenBapuTesibHbIX MNpeobpa-
30BaHU.

5. MpuBeaute nocnefoBaTeslbHOCTN BEHrepCKOro anro-
pUTMa peLleHns 3a4ayunm 0 HazHaYeHMUsX.
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§ 19. MAPKOBCKWE CNTYYANHbIE NMPOLECCHI

Onepayus, cnyyaiiHble HEKOHTpoONMpyemMble hakTopbl, cnyyaii-
HblA NPOLIECC, COCTOSIHME CUCTEMbI, BEPOSITHOCTM MEPEXOAOB,
OAHOPOAHbIE N HEOLHOPOAHblE MAPKOBCKME LN, cToxXacTuye-
ckasi maTpuua

19.1. OCHOBHbIe MOHATUSA MAaPKOBCKOr0 C/y4aiHoOro
npotecca

Mpy wuccnefoBaHUM pas3fiMYHbIX OMepauui, C TOYKK
3peHus BblbOpa ONTUMAILHOrO peLleHus, MNPUXOAUTCS
CTa/IKUBaTbCA C CUTyauusMK, Korja 06CTaHOBKa MOBeAeHUs
onepaLun xapaKTepusyeTcs C/lyvyaHbIMW HEKOHTPO/MpYe-
MbIMU (paKTopamu. B 3TOM Cflyyae MOXHO TFOBOPUTb, YTO
onepauua pasBMBaeTCA MO CXeMe Cy4aviHbIX MPOLEecCoB,
X0[, NPOTEKaHUs KOTOPbIX W WCXOA 3aBUCAT OT COMPOBOX-
JaloLLuMx onepawuui, cnyyarHbiX (akTopos.

MycTb MMeeTcA HekoTopas onepauus S, KOTOPYK B
fanbHeliwem Oynem HasblBaTb CUCTEMOW, pa3BMBAtOLLYHOCA
BO BPEMEHMW U U3MEHSIOLLYIO CBOU COCTOSHUSA.

CocTtosiHMe cuUCTEMblI 0603HaYMM  yepes

Ecnn uncno cocTosiHUA CUCTEMbI S KOHEYHO, TO OHa Ha3bl-
BaeTCA KOHEYHOW CUCTEMOIA.

PaccMOTpMM TaK Ha3blBaeMbIi MapKOBCKUIA CNyYaiHbIiA
npouecc, wuam «npoiecc 6e3 nocnefcrTemsa» (MM MapKOB-
ckas uenb). OCHOBHble MOHATUA W OMpefeneHuns, CBsi3aH-
Hble C MapKOBCKUMW Uenamu, O6blav CHhopMy/IMPOBaHbl 1
M3y4yeHbl pPycCKuUm marematukoM A.A.MapkosbiM (1856—
1922).

XapamepHO O0COGEHHOCTHIO MapKOBCKOMO npoLecca SiB-
NAETCA CnefytoLlee: 419 KaKA0ro MOMEHTa BPEMEHM to, BEPO-
ATHOCTb NpebblBaHWS CUCTEMbI B /IKO60OM 13 COCTOSHUIA B MO-
MeHT /1 (/i >/0) 3aBMCUT OT TOro, B KaKOM COCTOSIHAM CUCTEMA
Haxogunacb B MOMEHT /O, N He 3aBMUCUT OT TOro, Korga v Ka-
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KUM 06pasom cucTema mpuLifia B 3TO COCTOSIHME (T.e. He 3a-
BMCWT OT pa3BMTKA npoLecca 0 MOMEHTA to).

MapKOBCKWI NPOLIECC ABMAETCA KOHEYHbIM, €CNN uunc-
N0 COCTOSIHUWA CUCTEMbl KOHEYHO, B NPOTWBHOM C/ly4vae —
0eCKOHeYHbIM. PaccMOTpMM MapKOBCKWIA Mpouecc C Ko-

HEeYHbIM YMCNOM COCTOSIHMIA E\,E2,..., En.

O603HauyMm uepes to,tl,...,tm,... (/0< @< ..<fm<..)

MOMEHTbI nepexoaa.

Ona MapKOBCKOro rnpoiecca BepoOSATHOCTb COCTOSAHUSA
CUCTEMblI S B MOMEHT tm 3aBUCUT /INLLIb OT COCTOAHUA CUC-
TeMbl B MOMEHT Im-1, T.e. MeeM [eno c yCI'IOBHOI\/'I BEPOAT-

HocTblo /;[/, tm/l',/T_,] . Takne BepOATHOCTM Ha30BeM nepe-

XOAHbIMU.
Ecnm BeposATHOCTM MEPEXOMOB 3aBUCAT He OT BPEMEHW,

KOrfa OCYLLEeCTB/SETC Mepexof, a NNWb OT COCTOSHWIA Ef
W Ej, TO COOTBETCTBYHOLLAS MapPKOBCKasi LieNb HasblBaeTcs

OLHOPOAHOW, B MPOTUBHOM C/ly4Yae —HEeOAHOPOAHOMN.
B panbHeiwem paccmMoTpuMM OfHOpOAHble uenu Map-
KoBa. B cnyyae O4HOPOAHbIX MAapPKOBCKWUX Lenen BeposiT-

HOCTb MepexofoB M3 Ei, B E. 3a OAWH Nepexof 0603Ha4nm
yepe3 p:].

"a, Pu em Pun

MaTpuuy p _ Prl Pr m=m Pin yaspigaioT maTpuLeit

MiX Pn2 mm Prn,
BEPOATHOCTENM  MepexodoB. [Ana  3TOM  MaTpulbl

0<?. <1, 1,.1=3,2,...15; =1, /=12,..,n. MaTpuua, 06-
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nagatollas 3TUMKU CBOMCTBaMM, Ha3blBaeTCs CTOXacTUYe-
CKOIA.

19.2. BeposATHOCTWN COCTOSIHWIA

O603Ha4MmM yepe3 p,{T) 6e3yCNOBHYI BEPOATHOCTb TO-
ro, 4To cuctema B MOMEHT BPEMEHM T Haxo4uTCcA B CO-
ctosaHum L., /=12,...,n. Torga, COBOKYNMHOCTb BEPOATHO-
cteit pt{m) , /=12,..// 6yger 06pa3oBbIBaTb CTOXACTUYe-
CKWUN BEKTOP p(T) COCTOSAHWUI CUCTEMBI S:

p(T) =(pAT),p2(T),....pn(T)),

0</?.(oT)<1, /=12,...1n, Y p.(m)=1-

PaccMOTPUM 3ajiady BbIUMUC/EHNS BEPOSATHOCTM MEPEXO-
Ja U3 E, B Ej He 3a O4MH Mepexof, a 3a T Mepexo/os.

O603HauUNM 3Ty BEPOATHOCTb 4epe3 p."”, a MaTpuuy 3TUX

BeposiTHocTen — P ("'. Torga npouecc nepexofa 3a T Lia-
roB MOXeT ObITb NPeACTaB/ieH B BUAE Cefytowmx AByX 3Ta-
MnoB.:

- CHavasna nepexof 3a k LaroB (] <k <T),
- 3aTeM 3a OCTaBLUMECS T -k LuaroB (puc. 1).
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Puc. 1
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BepoAaTHoCTb nepexoja no nepesomMy nyTu
E, > £,—Ej byaeT paBHa pf'p[JK}, BEPOATHOCTb Mepexo-
[la No BTOPOMY MyTW Et->E2-» E) 6yaeT paBHa p\2 p 2'K),

nT.A0.
Takum 06paszom,

SO () L»-*) L L (*) n(T-K) , (*) n-*)
Pi, -PilP\j + Pil PIj + -+ PmPnd teee

Ncnonb3ys matpuyHoe 0603HayveHne P{ =p {Kp {"K S
3ameTum, 4yto /) =P . Moatomy, P)=PT. Ona nonyye-
HUS 6e3yC/IOBHbIX BEPOATHOCTEN p\T) Npu NHO6OM T, Heob-

XOAUMO 3HaTb HayaNnbHbI BEKTOP BEPOSITHOCTEM COCTON-
HUN:

p(0)=(pl(0),p2(0),....p,, M .

Tenepb, Mcnonb3ys Hopmyny NosHO BEPOSTHOCTH,
MOXEM 3anmcatb

PAI =ILPIWPIj " Y= 4L...8, wm p(\) =p(0)P.

AHaNornyHo ans nboro T:
p(T) =p(T-1)P- p(0)PT.

PaccMOTpVM 3profMyeckyto MapKOBCKYH Lenb. Jpro-
[INYECKOW Ha3blBaeTCA Takas Uenb MapkoBa, A/ KOTOPOW
Nob0oe COCTOSAHME  , MOXET ObITb AOCTUIHYTO M3 NHO6Oro

CoCTosfiHMA Ej 3a KOHEYHOe 4YKC/0 Laros.

N3BECTHO, UTO ecnK cucTeMa S 0611afaeT 3ProAnNUYecKUM
CBOWCTBOM, TO OHA SBMSAETCA CTOXACTUYECKM YCTOWYMBOIA.
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OTO 03Hayaer, 4Tto npenenbHble BEPOATHOCTU COCTOSIHWUIA
pt(m) npu T — /=12,...,n, He 3aBUCAT OT BEKTOpa Ha-
Ya/lbHbIX COCTOSIHUI. Ecnm 0603Ha4YnThL yepes p, npegenb-

Hble  BEPOSITHOCTW  COCTOSHWKA P, (T) PN /n—°°
[=12,.,/ , TO nx MOXHO BbIpa3nTb Kak
lim Pi(m) = p,(00) = Pi.

Mcnonb3ysa paBeHCTBO p(T) =p(T-\)P npu //[—'»,
nonyymm p =pP wuam p(P-/0 =0, rge E — eguHMYHas
mMaTpuua, a 0 — BEKTOpP COOTBETCTBYHOLWMX pPa3MepHOCTEN.

n

MocnenHee paBeHCTBO M ™ /n =1 0o6pasyloT cCUCTEMY /K-

HeHbIX ypaBHeHW OTHOCUTeNnbHO pt, /=1,2,../I. Pewas
3Ty CUCTEMY, Halilem BEeKTOp p .

19.3. MNpumep

MpeanpuaTue, B 3aBUCUMOCTU OT NOTPEGHOCTM Hacese-
HWA B U3rOTaB/IMBAEMOI MPOAYKLMMW, B KOHLE paboTbl, MO-

)KET 0Ka3aTbCA B OJHOM W3 ABYX COCTOSHWUIA: K —eCTb Mo-

rpebHocTb, A, — HeT noTpe6HocTU. TycTb p =

AB/NAETCA MaTpPULLEl BepOATHOCTEN MepexofoB AnA COCTOS-
HWUI npegnpuaTus (puc. 2).
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517
E, E2

4/7 37 27

Puc. 2

Ecnn B HayasbHbIA MOMEHT BpeMeHU MpeanpuaTue Ha-
xogutca B coctoaHun Er, To /;(0) = (1,0). Bblumucnmm Bepo-

STHOCTW NpebOblBaHWS NPeANnpUSTAA B KakAOM U3 COCTOS-
HWI1 B KOHLIE NEPBOK rofa:

L) =17,0)p,. 702, =1—+0-2 ="

7

L2)=1;,(0V;, +20)2 =14 +ol |
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NTak, n(y\:gﬁ?. B KOHUe BTOpOro roga:
r7

4 4 35 31
px(2) =px1)a, +p2(\)pn =— +— =—,
4
Pr(2) = Px(1)pR2+P2(\)P2 + -
CnepoBaTenbHo, D\ ={— —] m [TpofomKas BblumMcre-

VA9’ 49y
HMS TaKMM 06pa3oM, onpeaesnum BepomHocm npe6biBaHms
NPeAnpuUsTUS B KaXAOM M3 COCTOSIHMIA B KOHLE NH06Oro ro-
pa. [ns onpefeneHus BEPOSITHOCTEN MpefesbHOro cocTos-
HUS NPeanpUaATUS p-(pxpr) PELUNM CneayoLlyo CUCTEMY

4 5
Px=Pi--+P2'->
> 2
Pr =
p,+p2=1

5 3 W
B pesynbTate nosy4vm px:8—, Pr~~B- Tak, BepoAT-
HOCTW NpeAenbHOro COCTOSAHUS NPeanpuaTUS Npubanxa-

5 3
l0TCS, COOTBETCTBEHHO, K Py
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Mpob6nemHble 3afaHunA

1 Cdopmynupyite 3agady, B KOTOPO 06CTaHOBKa
NpoBefeHNs onepauny XapakTepusyeTcs cllyYalHbIMU He-
KOHTPONMPYEMbIMU (haKTOpamMu.

2. Wccnepyire pns 3afaun 3afaHua 1 xapakTepHble
0COBEHHOCTY MapKOBCKOro rnpotecca.

3. Bbluncnnte BEPOATHOCTU COCTOSHUIA CUCTEMbI 3aja-
YM 33[aHNA 1 N OLEHUTE NONYYEHHbIN pe3ynbTar.

4. ®upma “Koxusgenna* oTKpbiBaeT HOBOE NPOU3BOL-
CTBO [aMCKMX CYMOK. Bce MHOXEeCTBO COCTOSHWUI (hMPMbI
MOXXHO Pa3fieNTb YCNOBHO Ha 2 OCHOBHbIX COCTOAHUSA:

- MOZieNn, KOTOpble OHa BbIMYCKaeT, HaxoAaT crnpoc y
nokynaTens;

3TV MOAENN He HaxopaAaT crnpoca.

MaTpuua nepexofHbIX BEPOATHOCTENW CUCTEMbl WUMeeT

BUL,

b= '0,25 0,75/
" v06 04,

Onpegenute BePOATHOCTU COCTOSHWIA PUPMbI ANA ABYX
HayalbHbIX YCNOBUIA:

a) (hMpma HauymMHaeT MPOM3BOACTBO C YAA4yHON Mogenw
CYMOK;

6) (hvpma HauyMHaeT NPON3BOACTBO C HEYAaYHON mMosenu
CYMOK.

Bonpocbl /15 caMOnoAroTOBKM

1 [laiiTe OCHOBHbIE MOHATUS W OMNpeaeneHs MapKoB-
CKOro npotiecca.
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ViccnenoBaHme onepawuii

2. B yeMm 3ak/touaeTcs xapakTepHas OCOOEHHOCTb Map-
KOBCKOro npotiecca?

3. Kakue BepoATHOCTU Ha3blBAKOTCA NEPEXOHbIMU?

4. Kakas matpuua HasblBaeTCcs CTOXaCTUYECKON?

5. [aiite onpegeneHve 3aprogmyeckoim MapKOBCKOW Le-
nm.

6. Hanuvwwute cucteMy NMHENHbIX ypaBHEHWI, onpeje-
NALWMX BEPOATHOCTU COCTOAHWUIA.
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