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CIINCOK COKPAIIIEHUM

CMO — cuctembl MaCCOBOTO OOCITYKUBAHUS
JIII — nuHENHOE TPOTPAMMUPOBAHUE

JII — tnHAaMUYECKOE MTPOrPaMMUPOBAHUE



BBEJEHHUE

B paznuunbix 00J1acTSX MPAKTUYECKOM AEATEIbHOCTH OpPTraHu-
3aIli¥ MMPOU3BOJICTBA U CHAOXKEHUS, DKCIUTyaTallMu TPAHCIIOPTa, pac-
CTAHOBKE KaJI[pOB, B OBITOBOM OOCITY>KMBaHHH, 3/IpaBOOXPAHCHUH,
CBS3U U T.J. BCE Yallle BOZHUKAIOT 3a7a4M, CXOJIHbIE MEXAY coO0OM
10 TOCTAHOBKE, 00JIAaf0NIe PSAOM OOIUX MPU3HAKOB M peEIlae-
MBbI€ CXOJHBIMU METOJAaMU, KOTOPhIE YIO0OHO OOBEIUHSITH MOJ 00-
UM Ha3BaHUEM «3aJa4 UCCIIECIOBAHUS OIEPALINil».

TunuuHas cuTyanusi TakoBa: OPraHU3yeTCs Kakoe-To IeJieHa-
MIPaBJICHHOE MEPOIPUATHE (CUCTEMA JICHUCTBUI ), KOTOPOE MOKHO OpP-
raHU30BaTh TEM WJIU JPYTUM CIIOCOOOM, TO €CTh BBIOpATh KaKOE-TO
«pellIeHue» U3 psija BO3MOXKHBIX BapuaHToB. Kaxkbiii BapuaHT 00-
JaJaeT KaKUMHU-TO MPEUMYIIECTBAMH U KAKUMH-TO HEJOCTATKaAMU,
MpUYEM, B CHIIY CIIOKHOCTH OOCTAHOBKH, HE Cpa3y SICHO, KaKOW W3
HUX Jydine (IpeanoYTuTeabaee) apyrux u noyemy. C 1enpio mnpo-
SICHUTh OOCTAHOBKY M CPAaBHHUThH MEXIY COOOU MO Py MPU3HAKOB
pa3IMYHbIC BaApUAHTHI PEIICHUSI OPTAHU3YETCSl CepUsi MaTeMaTh4e-
CKHX pacyeToB. Mx 3ajaua — MOMOYb JIFOJIIM, OTBETCTBEHHBIM 32 BbI-
OOp pelleHus1, MPOU3BECTH KPUTUUECKUN aHATTU3 CUTYaIlMH U, B KO-
HEYHOM CU€Te, OCTAHOBUTHCS HA TOM WUJIM IPYTOM BapHUaHTE.

[Toaxona kK 3TUM 3a7a4aM ¢ OOIIHNX, & HE C Y3KOBEJOMCTBEHHBIX
MO3UITUN UMEET PsiJl MPEUMYIIIECTB: OH PACIIUPSIET KPYro30p Ucciie-
JoBaTelis, 00ECIEUNBAET B3aMMOIIPOHUKHOBEHUE M B3aMMOOOOTa-
IIEHUE HAYYHBIX METOJIOB, MTOJAX0/I0B U MPUEMOB, BHIPAOOTAaHHBIX B
Pa3HBIX 00JACTAX MPAKTUKH.

Hccnenosanue onepaunii — QUCHUINIAHA, 3aHUMAIOIAsAC pas-
paboTKON U MPaKTUYECKUM MPUMEHEHHEM METOJ0B HauboJsiee 3(¢-
(EKTUBHOTO YIIPABJICHUS PA3IMYHBIMU OPTaHU3AIMOHHBIMU U MPO-
U3BOJICTBEHHBIMU CUCTEMAMU.

VYnpasnenue 1r000# cUCTEMON peanu3yeTcs Kak Mmpolecc, mo-
YUHSAIOUIMKACS ONPEAEICHHBIM 3aKOHOMEPHOCTSIM. VX 3HaHuE moMo-



racT HalTH yCI0OBUSI, HEOOXOAUMBIE U TOCTATOUHBIC JIJISI OCYIIIECTB-
JIEHUSI TAaHHOTO Tpolecca. [ 3Toro Bce nmapaMmeTpsbl, XapaKTePU3y-
IOIIIKE MPOIIECC U BHEIIHUE YCIOBUS, JOJIKHBI OBbITh KOJUYECTBEHHO
onpeaeneHsbl, u3Mepensl. CieqoBaTeIbHO, OCHOBHOM 3a/1a4€il hcciie-
JIOBAHUA OTIEPALNH SIBISETCSA KOTUYECTBEHHOE 000OCHOBAHUE TPUHU-
MaeMbIX PELICHUH 10 OpraHU3aluu yIIPaBICHHUS.

Lenv uzoanus ywebno2o nocoous — okazatb 00y4aromumcs mo-
MOIIb B OCBOEHHH COBPEMEHHBIX METOJIOB UCCIIEIOBAHUS ONIEPALUN,
aHajau3a U HaAy4YHOTO MPOTHO3UPOBAHUS MOBECHUSI SKOHOMUYECKUX
O0OBEKTOB B COOTBETCTBHMU C pabodeil mporpamMMoil AHCITUTIINHBI
«MccnenoBanue onepanun.

N3yuenune martepuana, MpeCTaBICHHOTO B JJAHHOM y4eOHOM
nocoOuu, HampaBiIeHO HA (POPMUPOBAHKHE COOTBETCTBYIOIIMX KOM-
nereHuuii, npeaycMorpeHHbix @POI'OC BO 1o HamnpaBieHUIO
09.03.04 [IporpamMmHasi UHXEHEPHSL.

B pe3ynbTare u3ydeHus IUCIUILIUHBI CTYJICHT JTOJIKEH:

— OCBOUTH OCHOBHBIE MOJIOKEHUSI TEOPUU UCCIICIOBAHUS OTIE-
panuii 1 METOAbI UCCIICOBAHMS ONEpalMil C yUYETOM 0COOCHHOCTEH
3a/1ad;

— HAYYHUThCA aHAJM3UPOBATHh MOCTABICHHYIO 3a]la4y U BHIOU-
paTh MyTH €€ pelIeHus, MaTeMaTU4ecku (POpMyJIMpOBaTh U peliaTh
3a7a4u UCCJIEAOBAHUS ONEepaInii;

— OpUOOPECTH HABBIKU PELICHUS 3a/1a4 UCCIIEIOBAHUS ONIEPALIHIA.

B yueOHOM mocoOuM TpeacTaBi€Hbl U CUCTEMATU3UPOBAHBI
CBEJICHUSI HAYYHO-IIPAKTUYECKOTO U MPUKIATHOTO XapakTepa, u3Jo-
’KEHHBIE B IOCTYITHOM U yJ0OHOU (popMe, C TOUKH 3pEHUSI CaMOCTO-
ATEJIBHOTO U3YyYEHHUS U OCBOCHUS YueOHOU nuciuiiunabl «Mccaemno-
BAHUE OIEPALIAIN».

YuebHoe mocobue 0000IIaeT U JOMOJHSIET CYIIECTBYIOIINE
y4eOHUKU U ydeOHble mocoous mo aucuuiuinHe «MccnenoBanue
onepanuit». HoBuzHa nmocoodus 3akiito4aercsi B aBTOPCKOU TPAKTOBKE
COJICp>KaHUS TUCITUIIIIUHBI.



TeopeTnyeckoe M3ydeHUE U BHEAPEHHUE METOJOB MCCIIEIOBA-
HUS omnepanuil 1 HHOOPMAITMOHHBIX TEXHOJIOTHIN B MPAKTUYECKYIO
JNESATEIbHOCTD SIBISCTCS akmyanbhbim. [IpeanpuaTusiM HyKHBI CIie-
[[UAJTUCTHI, KOTOPBIE 3HAIOT MPEIMETHYIO 00JIaCTh U CITIOCOOHBI (hop-
MaJli30BaTh BOZHUKAIOIIME 33/1a4M, 4 TAK)KE BIAJETh METOJAMH UC-
CJIEIOBAHUS OTNEpaliii 1 COOTBETCTBYIOIIMM ITPOTPaMMHBIM obecrtie-
YEHUEM.

VY4eOHOoe mocobue BKIIIOYAET IATh Pa3acioB.

B pasnene 1 «OCHOBHBIE TIOHSTHS U METOJIbI UCCIEIOBAHUS
onepanuii» 0TpakKe€Hbl OCHOBHbBIC MOHATUS W IPUHIUIIBI HCCIIEA0BA-
HUS Olepalvii, MpuBeacHa KiacCUPUKAINSI METOJ0B UCCIETOBAHUS
OTepaIri.

B pasgene 2 «MaremaTtuyeckoe MNpoOrpaMMHpPOBAHUE)» pac-
CMOTPEHBI METObI MATEMAaTUYECKOTO TPOTrPaMMUPOBAHUS —ITUHEH-
HO€ U JIMHAMUYECKOE MPOrpaMMHUPOBAHUE.

B pazgene 3 «CereBoe IUTaHUPOBAHUE W YIPABIICHUE» IPEN-
CTaBJICHbI OCHOBBI ITOCTPOEHHUS CETEBBIX MOJEIEN U METOJINKA pac-
4yeTa BPEMEHHBIX [TapaMEeTPOB CETEBBIX IPaPUKOB.

B paznene 4 «CuctemMbl MacCOBOTO 00CITY>KUBAHUSD OTPAXKEHBI
TEOPETUYECKHUE U MPAKTUUYECKUE OCHOBBI CUCTEM MacCOBOI0 00CIIy-
YKUBaHUS, TOAPOOHO PACCMOTPEHBI CUCTEMBI MacCOBOT'O OOCITYKHU-
BaHUS C OTKA3aMU U CHUCTEMBI C 0XKHUJAHHUEM U OTPAHUYECHHOM JJTH-
HOU OYEpEIN.

B pazgene 5 «Teopust MATpUUHBIX UTP» MPEACTABIEHBI OCHOB-
HbIE TIOHSTUS U TEOPEMBI TEOPUU UTP, TOJAPOOHO PACCMOTPEHBI UTPHI
C «IIPUPOIOI».

JupgakTuueckuil anmnapar, NpeCTaBICHHbIA B y4eOHOM MOCO-
OuM B BUJI€ BOIIPOCOB JIJIsl CAMOIIPOBEPKH MO pazjiejiaM U B LIEJIOM 10
JTUCLUIUIMHE, TTO3BOJUT O0YYAIOIIUMCS 3aKPETUTh MOTyYEHHBIE 3HA-
Hus. bubnunorpaduyeckuii cnucok BKIt0OYaeT OMOIMOTEUHBIE (DOHIBI
U pecypcbl MH()OPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON cetn «MH-
TEpPHET», KOTOPbIE MPUMEHSIOTCS B 00pa30BaTEeIbHOM IPOIECCE U

CITOCOOCTBYIOT U3YUCHHIO THUCITUTIINHBI.
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1. OCHOBHBIE HIOHATHUA U METO/bI
UCCJIEJOBAHUA ONEPAILIUIA

1.1 IPEAMET UCCJEJOBAHMS OMEPALMIA

B nacrosiiiee Bpemsi TEOPETUUECKUE U TPAKTUUECKUE UCCIIE0-
BaHUSl YACISAIOT OOJIbIIIOE BHHMAHUE BOIMPOCAM OpPTaHU3alMU U
yIpaByieHus. brICTpoe pa3BUTHUE U YCIIOKHEHUE TEXHUKH, PACIIINPE-
HHE MaclITa00B MPOBOJAUMBIX MEPOIPUSITUM U CIIEKTPa UX BO3MOXK-
HBIX MTOCJICJICTBUH, BHEIpEHUE NUH(POPMALIMOHHBIX TEXHOJIOTUM — BCE
ATO MPUBOJIUT K HEOOXOJAMMOCTH aHAJIM3a CIIOXKHBIX IEJICHANpaB-
JIEHHBIX MPOIIECCOB IO YIJIOM 3PEHUS UX CTPYKTYpPbl U OpraHu3a-
. OT Hayku TpeOyroTCs PEKOMEHIalUK 10 ONTUMAaIbHOMY (pa-
IMOHAJIbHOMY ) YIIPABJICHUIO TAKUMU MPOIIECCAMMU.

JIns pemreHusl MOCTABICHHBIX 3a4a4 CO3/IaHbl CIICIIUAJIbHBIC
HAy4HbIC METObI, KOTOPbIC 00bETUHEHBI TTO/] HA3BAHUEM «HCCIIEO-
BAHUE OTIEPALAI.

HccnenoBanue onepanuil 3aKia04aeTcs B IPUMEHEHUU MaTe-
MAaTHYE€CKHUX METOJIOB 11 0O0OCHOBAHMSI PEIICHUIN BO BCEX 00JIACTAX
LIEJICHAIPABJICHHOM Y€JIOBEUYECKOM JIEATEIbHOCTH.

HccnenoBanue omepanuii — CpaBHUTEINBHO MOJIONAs HayKa.
BniepBbie Ha3BaHUE «HUCCIEIOBAHUE ONEPALMI» MOSBUIIOCH B TOIBI
BTopoi MUpOBOM BOMHBI, KOIJla B BOOPYKEHHBIX CHAJIAX HEKOTOPBIX
ctpaH (CIIA, Aarnun) 0611 chOPMUPOBAHBI CIICHIMATBHBIE TPYTIIBI
Hay4YHbIX paOOTHHUKOB ((PU3MKOB, MATEMATHUKOB, HHXEHEPOB), B 3a-
Jaqy KOTOPBIX BXOAUJIA TOArOTOBKA MTPOEKTOB PEMICHUM JJIsI KOMaH-
IYIOMKUX OOEBBIMU ACHUCTBUSMHU. DTH PEIICHUS KACAIUCh TJIABHBIM
o0pa3oM OO€BOTO MPUMEHEHHUS OPYKHS U PaCIpPECIICHUs CUI U
CpPEJCTB IO pa3iauyHbiM oObekTaM. IlogoOHOTO poja 3amadyamu
(mpaBaa, Mo MHBIMHA Ha3BAHUSIMM) 3aHUMAJIMCh U PaHee, B YaCTHO-
CTH, B HaIllEW CTpaHe. B majbHEHIIIEM UCCIIEIOBAHUE OTIEPaLIUi pac-
HUPUI0 00JIacTh CBOUX NMPUMEHEHUN Ha caMble pa3Hble 00JIaCTH



IIPAKTUKU: IPOMBIILIEHHOCTb, CEIbCKOE X031CTBO, CTPOUTENBCTBO,
TOPTOBJIs, OBITOBOE OOCITY>KUBaHUE, TPAHCIIOPT, CBS3b, 3PABOOXPa-
HEHUe, OXpaHy Mpupo bl U T.4. CeroHsa TpyAHO Ha3BaTh TaKylo 00-
JaCTh MPAKTUKU, T7e Obl HE MPUMEHSIUCH, B TOM WJIH IPYTOM BUJIE,
MAaTEMATUYECKNE MOJEIN U METObI UCCIIEOBAHUS OIIEPALIAM.

B co3naHne COBpEMEHHOr0 MaTeMaTUYECKOTO anmnapara u pas-
BUTHE MHOTHMX HAaIlpaBJICHUN HCCIEAOBAHMS OIepanuil O0IbIIoi
BKJIag BHecau poccurickue ydensie JI. B. Kanroposuu, H. II. by-
cnenko, E. C. Benrnens, H. H. BopooseB, H. H. Mowuncees, /I. b.
FOaun u muorue napyrue. Ocobo ciielyeT OTMETUTh POJIb aKaJeMHUKa
JI. B. KanTopoBunua, kotopbiidi B 1939 r., 3aHSBIINCH INTAHUPOBAHUEM
paboThl arperatoB gaHepHo (HaOpUKH, eI HECKOJIBKO 3a/1a4: O
HaWJIydllled 3arpy3ke oOOpyJOBaHUs, pPacKpoe€ MaTepuajoB C
HAaNMEHBIIMMU OTEPSAMU, O PACHPEAECICHUU I'PY30B IO HECKOIBKUM
BUJIaM TpaHcropTa u ap. JI. B. KaatopoBuu chopmynupoBan HOBBIi
KJIACC DKCTPEMANIBHBIX 3a7a4 U MPEIJIOKUIT YHUBEPCAIBHBIA METO
VX PEUIEHHUS, MOJIOKUB HAYAJI0 HOBOMY HAIIPABJICHUIO MPUKIIATHOU
MaTEMATUKU—TUHETHOMY MMPOTrPaMMHUPOBAHUIO.

3HauUUTENIbHBIA BKJIaA B (POPMUPOBAHUE U PA3BUTHE HCCIIENIO-
BaHMs oniepanuii BHeCTu 3apyOexHblie yueHslie P. Akod, P. bennman,
I'. Januwr, I'. Kyn, [Ix. Heiiman, T. Caatn, P. Uepumen, A. Kodpman

v JIp.

1.2 OCHOBHBIE NOHATHUSA U IPUHIIUIIBI UCCJEJOBAHUS
OIIEPAIINUA

HUccnedosanue onepayuii — 3T0 TPOIECC, 3aKITIOYAIOLIUNCS B
MIOCTPOCHUH, pa3padOTKe U MPUMEHEHUH MAaTEeMaTHYECKUX MO/IeIIeH
MPUHATUS PEIICHUHN B Pa3JIMYHBIX 00JIACTAX YETOBEUECKOM ACATEIb-
HOCTH.

Onepayusi — 3T0 MEpONpUSATHE (CUCTeMa JIEHCTBUI), 00be -
HEHHOE €JIMHBIM 3aMBbICJIOM W HaNpaBJICHHOE K JIOCTHUXEHHUIO OIpe-
JICJICHHOU LIEJIN.



Onepanus ecTh BCerga ynpapiisieMOe MEPOIIPUATHE, T.€. OT HAC
3aBUCHUT, KAKUM CIIOCOOOM BBIOpATh HEKOTOPHIE MapaMeTpPhl, Xapak-
TEpU3YIOLME €€ opranu3annio. «Opraauzanus» 34€Cb TOHUMAETCS
B IIMPOKOM CMBICIIE€ CJIOBA, BKJItOUasi HA0OP TEXHUYECKUX CPEJICTB,
IIPUMEHSIEMBIX B OTIEPALINH.

Kaxnoe onepaninoHHOE MCCIENOBAHUE MPOXOINAT MOCIEI0BA-
TEJIBHO CIEAYIOIINE OCHOBHBIE ATAIbI:

1) nocTtaHoBKa 3a1a4u;

2) MOCTPOEHHE MAaTEMaTUYECKON MOJENH;

3) HaxOXJECHUE PEIICHUS;

4) npoBepKa U KOPPEKTUPOBKA MOJIEIIH;

5) peanuzanus HalJEHHOTO PEIICHUS Ha IPAKTHKE.

Hapsiay ¢ cyObeKToM, T.€. ¢ ONepUPYIOLIECH CTOPOHOM, MBI BCE-
r/1a UMEEM JIEJI0 €UIe U C ucciedogamenem onepayuu. OH 1EUCTBYET
B MHTEPECAX ONEPUPYIOLIEH CTOPOHBI, U €T0 3aJa4a COCTOUT B TOM,
4TOOBI HAWTH CIIOCOO MCMOJIb30BaHUS pecypca (T.€. BO3MOXKHOCTEH
OTICPUPYIOIIEH CTOPOHBI), 00CCTICUMBAIOIITNN TOCTHKCHHUE TICIIH.

Pe3ynbTaT onepanuu 3aBUCUT OT CII0co0a €€ MPOBENICHUs, Op-
raHu3alui, T.e. OT BIOOpa ONPEACICHHBIX MapaMeTpOB.

Pewenue — 310 KaKoi-TO BHIOOP U3 psiJia JOIMYCTUMBIX BO3MOXK-
HOCTEM.

OnmumanbHbiMy CHATAIOT T€ PEUICHUS, KOTOPBIE MO TEM WIIH
WHBIM COOOpaXEHUSIM MpEeANnouTUTeNbHee apyrux. [loaTomy ocHOB-
HOM 3aJ1a4y€il UCCIEAOBAHUS ONEPAIUil SABISETCS MPEABAPUTEIHLHOE
KOJINYECTBEHHOE 000CHOBAHUE ONTUMAIBHBIX PEIICHUH.

B pesynbraTe nccieqoBaHus yaaeTcsa yKkazaTh WM €JUHCTBECH-
HOE CTPOTO ONTHUMAJILHOE PEIIeHNUE, WU BBIACIUTh 00JIaCTh MpaK-
TUYECKHU PABHOIIEHHBIX ONTUMAJIBHBIX (PallMOHATIBHBIX) PEIICHUM, B
npejesiax KOTOPO MOKET OBbITh C/IeJIaH OKOHYATENbHBIN BBIOOD.

[Ipunstue pemeHuid 0OBIYHO BBIXOJMT 32 PAMKU HCCIIEIOBa-

HUs onepauﬂﬁ 1 OTHOCHUTCA K KOMIICTCHIIMM OTBETCTBCHHOI'O JIMIIA,
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qauie — rpyIibl JULl, KOTOPbIM HNPEAOCTABIEHO ITPABO OKOHYATEIb-
HOTO BBIOOpA U HA KOTOPBIX BO3JIOKE€HA OTBETCTBEHHOCTh 3a ATOT
BbIOOp. Jlenast BBIOOp, OHM MOTYT YUYHUTBIBATh, HAPSIY C PEKOMEH/Ia-
LUUASIMH, BBITEKAIOIIMMH U3 MATEMATUYECKOIO pacdeTa, ene psij co-
oOpaxeHui (KOJMYEeCTBEHHOTO U KAYECTBEHHOI'0 XapaKTepa), KOTO-
pBI€ 3TUM Pacue€TOM HE ObUIH YUTEHBI.

HenpeMeHnHOE npUCyTCTBHE YEIOBEKA, TPUHUMAIOLIETO PENIe-
HUE, HE OTMEHSETCS TAXKE MTPU HATUYNH MOJTHOCTHIO ABTOMATU3UPO-
BaHHOW CUCTEMBI ympasieHus. Henb3s 3a0bIBaTh 0 TOM, YTO Camo
CO3/IaHKE YIPABJISIONIETO AITOPUTMA, BEIOOP OJTHOTO U3 BO3MOYKHBIX
€ro BapUaHTOB, €CTh TOXE PEIICHUE, U BECbMa OTBETCTBEHHOE. 10
Mepe Pa3BUTHUA YIPABISIONINX aBTOMATOB (PYHKIIUM YEJIOBEKA HE OT-
MEHSIOTCS, @ IIPOCTO NEPEMEIIAXOTCS C OJHOrO, JJIEMEHTAapHOTO,
YPOBHS Ha Jpyrou, Beicmmii. Kpome TOro, psa aBTOMaTU3UpOBAH-
HBIX CHCTEM YIIPABJIEHHUS MPEAYCMATPUBAECT B XOAE YIPABIIEMOIO
IPOILIECCa AKTUBHOE BMEIIATEIBCTBO YEIIOBEKA.

Te mapameTpbl, COBOKYITHOCTh KOTOPBIX OOpa3yeT pelIeHHE,
HAa3bIBAIOTCS JJIEMECHTAMH PELICHUS. B KadecTBe 3JEMEHTOB pele-
HUS MOTYT (UTYpPUPOBATh Pa3IMYHBIE YUCIIA, BEKTOPHI, PYyHKIIUH,
¢u3nyecKue NpU3HaKU U T. 1.

Kpome sneMeHTOB pelieHrs, KOTOPBIMUA Mbl, B KAKHX-TO Mpe-
JieJax, MOKEM pacropsixKaThCs, B JIIOOOH 3a/1aue UCCIIeIOBAHUS OTie-
panuii UMEIOTCS eIle U 3aJlaHHbIE YCIIOBUS, KOTOpbIe (PMKCHPOBAHBI
Y HapyIlIeHBI ObITh HE MOTYT (HampuMep, MaTepUalibHbIC, TEXHUYE-
CKHE, TPYIOBBIE PECYPCHI, pa3Mep IJIaHOBOTO 3a1aHUS U T. I1.).

B COBOKYMMHOCTH BO3MOXHBIX PEIICHUM TpeOyeTCs BBIICIUTH
Te, KOTOPBIE C TOW WM APYroi TOUKHU 3peHus dPdheKTuBHEE IPYTHX.

UTo0OBI CpaBHUBATH MEXIY C000M MO A3(PHEKTUBHOCTH pa3HbIE
pelIeHUs, HYKHO BBIOpAaTh KaKON-TO KOJHUYECTBEHHBIM KPUTEPHUIL,
TaK Ha3bIBaeMbIi MOKa3aTeIb 3P(HEKTUBHOCTH (€r0 YaCTO HA3bIBAIOT

«11eJeBOM (pyHKIHEH»). DTOT MOKa3aTeab BHIOUPACTCS TaK, YTOOBI
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OH OTpa)kaj LEJEBYI0 HANpPaBICHHOCTh onepanuu. «JIyummm» 0y-
JIET CYUTATHCS TO PEUIEHHUE, KOTOPOE B MAKCUMAJIBHOM CTEIEHH CIIO-
COOCTBYET JIOCTUKEHUIO TOCTABICHHOM ENH.

Hamnpumep, B 3aaue 00 MCMOIB30BaHUN PECYPCOB KPUTEPUIA
3¢ (PeKTUBHOCTH — MPUOBLIL OT pealu3aluyd MPOU3BEIACHHOU Mpo-
TYKIUU, KOTOPYIO HY>KHO MaKCUMHU3UPOBaTh, B TPAHCIIOPTHOM 3a-
Jlaye — CYMMAapHBbIE 3aTPaThl HA IEPEBO3KY I'PY30B OT MNOCTABIINKOB
K MOTPEOUTEIISIM, KOTOPBIE HY>KHO MUHUMU3UPOBATh.

OueHb 4acTO BBINOJHEHUE OIEpalU COMPOBOXKIAETCS JEH-
CTBUEM CIy4alHBIX (DAKTOPOB («Kampu3bD» IMOTOAbl, KOJeOaHUS
CIpoca Y MPEeJIOKEHUs U T. 1.). B Takux ciydasx oObIYHO B Kaue-
cTBe moka3zatess 3hPpeKTUBHOCTH OepeTcs He cama BETUYHHA, KOTO-
PYIO XOTEI0Ch Obl MAKCUMU3UPOBATh (MUHUMU3UPOBATH), & CPEIHEE
3HaYeHUE (MATEMATHUYECKOE OKUAHUE).

[Tocne mMoOCTaHOBKHM 3aJjayu OCYLIECTBIACTCS popmanu3ayusl
onepayuu, €€ ONMKUCAaHUE C TOMOIIbIO sA3bIKa MareMaTuku. OT TOro,
Kak Oyzer ¢opmanr3oBaHa 3a/1a4da, OyIeT 3aBUCETh PE3yJIbTaT MC-
cienoBanus. [Ipocroe onucanue aenaer u aHaiaus 0oJiee MPOCTHIM,
HO €CJIM MOJIETIb HE OyJIET B JOCTATOYHOM CTETIEHU aJ|IeKBaTHA Peallb-
HOCTH, TO MBI MOJYYUM COMHUTEJBbHYIO JIOCTOBEPHOCThH pe3yJibTa-
TOB. [lepeycnoxxHeHHas 3a/1a4a, yYUTHIBAIOIIAsl pa3HOOOpA3HbIE JIe-
Taju mpouecca U ¢ 0OJIbIIMMHU HOAPOOHOCTSIMHU OMUCHIBAIOIIAS Pe-
aJbHOCTh, MOXKET MPUBECTH K TaKHUM 3aTpaTaM PEeCypcoB, KOTOPHIE
JIa’Ke BbICOKAsi TOYHOCTh PE3yJIbTaTa HE CMOXKET ONPABIATh.

JIns mpuMeHEHUsS KOJIWYECTBEHHBIX METOJOB HCCIICIOBAHUS
TpeOyeTcsi MOCTPOUTh Mamemamudeckyro mooeib onepayuu. 1lpu
MOCTPOCHUM MOJIEIIU OTepalusi, Kak MPaBUIIo, YIIPOIIAETCs, U CXeMa
omiepaIiyi OMUCHIBACTCS C TTOMOIIBIO TOTO WJIM UHOTO MaTeMaThuye-
CKOro ammapara. Mojenp ornepauud MOKET OBITh MpEeICTaBIICHA
B BUJie (DYHKIIMH, ypaBHEHUM, CUCTEM YpaBHEHUN M HEPABEHCTB U
T.IL.).
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Yem ynaunee OyaeT mogoOpaHa MaTeMaTH4YeCKas MOJICIb, YeM
Jydine oHa OyJeT OTpakaThb XapaKTEpHBIE YEPThl SBJICHUSA, TEM
yCriennee OyJeT UCCASOBAHNE U MOJIe3HEe BBITEKAIOIINE U3 HETO
PEKOMEH AL,

MareMaTuyeckas mOATOTOBKA CIEIMATINCTA, JKEJIaIoIIero ca-
MOCTOSITEJIPHO 3aHMMAThCSl MCCIIEIOBAaHUEM OTepaIiuii B CBOEH 00-
JaCTU TMPAKTHUKH, JIOJHKHA OBITH JIOCTAaTOYHO IMHMpoka. Hapsay c
KJIACCUYECKUMHU pa3/ielaMd MaT€MaTUYECKOTO aHajiu3a B UCCIE0-
BAHUU OIEPpAIi YaCTO MPUMEHSIOTCSI COBPEMEHHBIE pa3/ielibl MaTe-
MAaTHKH, TaKUE€, KaK JUHEHHOE, TMHAMUYECKOE MPOrpaMMUpPOBAHMUE,
CETeBOE IJIAHUPOBAHUE U YIIPABJICHHE, TSCOPHS MACCOBOTO OOCITYKH-
BaHUs, TEOPUS UTP U JIP.

CneunanbHO HAJI0 MOJIYEPKHYTh HEOOXOAUMOCTh CBEICHUM 11O
Teopuun BeposiTHOCTeH. OcoObie TpeOOoBaHUSI UMEHHO K ATOM 001acTH
MaTeMaTHYeCKUX 3HAHUH OOBSICHSIIOTCS TEM, YTO OOJBIITUHCTBO OIIe-
panuii TPOBOJUTCS B YCIOBUSIX HEMOJIHOM OMPEACICHHOCTH, U UX
WCXOJ 3aBUCHT OT CITy4alHBIX (DaKTOPOB.

1.3 KIACCU®UKALIUA METOI0OB UCCJEIOBAHUS ONEPALIUIA

Mopenu 1 MEeTOIbl KCCIEA0BAHMS ONEpaIIMii MOTYT OBITh KJIac-
cu(UIIMPOBaHBI B 3aBUCUMOCTH OT MPUPOJIBI U CBOMCTB OIEpalui,
XapakTepa periaeMbpIX 3a/1a4, 0COOCHHOCTEH MPUMEHIEMbIX MaTeMa-
TUYECKUX METOJIOB.

CrnenyeT BBIIETUTD MPEXkKe BCEro OOJBIION KIacC ONMTHMM3a-
HUOHHBIX Mozesel. Takue 3a1auum BO3HUKAKOT MPU MOMBITKE ONTH-
MH3UPOBATH IJIAHUPOBAHUE U YIIPABJICHUE CII0KHBIMU CUCTEMaMH, B
MIEPBYIO OYepe/ib, SKOHOMUUECKUMHU CUCTEMaMHM.

K Gonbiiomy kiaaccy ONTUMHU3AIMOHHBIX MOJICJIEH U METOJIOB,
WCIOJIb3YEMBIX IPH UCCIIEAO0BAHUN OTIEpaIIi, OTHOCUTCS Mamema-

mu4yecKkoe npocpammupoeaHue.
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MaremaTrueckoe NpOrpaMMHUPOBAHHUE BKJIIOYAET TEOPUIO H
METObI PEIICHUS 3a/1a4 O HAXO0XKJICHUH SKCTPEMYMOB (yHKIIMI Ha
MHO>KECTBAX BEKTOPHOIO MPOCTPAHCTBA, ONPEAECIAEMbIX JIMHEH-
HBIMU U HEJIMHEWHBIMU OTPAHUYCHUSIMU (PAaBEHCTBAMU U HEpPaBEH-
ctBamH). [IpucyTcTBHE B Ha3BaHUM TEPMUHA «ITPOTPAMMUPOBAHKEY
OOBSACHSETCS TE€M, YTO MEPBbIC HCCIEIOBAHUS ONTUMHU3AIMOHHBIX
3ajlad ObuTM B cepe PKOHOMHUKH, a B QHTJIMMCKOM SI3BIKE CJIOBO
«programming» 03HayYaeT IJIAHUPOBAHKE, COCTABIICHHUE TIJIAHOB WU
IpOTpaMM.

B maremaTnyeckoe nmporpaMMHUpOBAHUE BXOJAT, B CBOIO Ove-
pelb, IMHEHHOE MPOTrPpaMMUPOBAHUE, JMHAMUYECKOE TPOrPaMMUPO-
BaHHE, TUCKPETHOE (IICTOUYHMCICHHOE) TPOTPAaMMHUPOBAHHE, TPOOHO-
JMHEWHOE MPOrpaMMHUPOBAHUE, CTOXACTUYECKOE MPOTrpaMMHUPOBa-
HUE U JIp.

ITo cBoen copepkarebHOM NMOCTAHOBKE MHOXECTBO APYIUX
TUTIAYHBIX 3a]1a4 UCCIIEOBAHUS OMEpPaIMii MOXKET OBITh pa30UTO Ha
PAJl KJIacCoB.

Mopenu cemesozo naanuposanus u yYnpaeieHus WNCHOJIb3Y-
I0TCSI B YIIPaBJICHUU MTPOCKTAMH C T[ETBI0 MUHUMHU3AIMU BPEMEHHBIX
CPOKOB MX BBINOJHEHHUS U CTOMMOCTH padoT. OToOpaxarT KOM-
IJIeKC padoT (omepaiuii) U COOBITUM, X B3aUMOCBS3b BO BPEMEHHU U
U3JIEPKKHA, COOTHOUIEHUSI MEXIY CpPOKAaMU OKOHYAHHSI KPYITHOTO
KOMIUIEKca orneparuii (paboT) 1 MOMEHTaMH Hayajia BCeX OIepariuit
KOMILIEKCA.

JI1si MHOTHX TPOM3BOJICTBEHHBIX COLIMATbHO-?’KOHOMUYECKUX
CHCTEM XapaKTEePEH IMOTOK BXOIHBIX TpeOOBaHUH (3aBOK), TOCTYTa-
IOIIMX B OJIMH UJIU HECKOJIbKO KaHAJIOB OOCITYKUBaHUS U HHOTIa 00-
pa3ymoImx ouepeb. 3asiBKaMH MOTYT OBITh MPOU3BOJICTBEHHBIC U
TOPTOBBIE 3aKa3bl, 3a5IBKM HA PEMOHT PA3JIMYHBIX MEXaHU3MOB U T.]I.
Kanan oOcnyXuBaHUsS MOXKET MPEJCTABISATh COOOM COBOKYMHOCTh
YCTPOMCTB, 3Tal MPOU3BOACTBEHHOTO MpOIIecca, Mara3uH, CKJaj U

T.. HpI/I 9TOM I/IHTCpBaHbI MC)KJIy IIOCJICA0OBATCIIBHBIMHA 3asiBKaMHU U
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MPOJAOJKUTEIIBHOCTD UX 00CITYKUBAHUSI SIBJISIFOTCS CIy4YaliHBIMU Be-
JUYUHAMU.

JUist pemieHus TakuxX 3a7ad HUCHOJb3YIOTCA MOJACIH cuUcmem
maccosoeo obcnyrcusanus (nanee — CMO). Pemenune 3amau CMO
MO3BOJISIET ClIeNIaTh PAIIMOHANIBHBINA BHIOOP CTPYKTYPBI CUCTEMBI 00-
CIIy’KMBaHUS U TIpoiiecca oocayxuBanus. [Ipu aToM uzyvarorcs mo-
TOKM TpeOOBaHUM HA OOCITY>KMBAaHUE, JJIUTCIHHOCTH OXUJAHUS U
IvMHBL ouepeneni. B pesynbraTe pemenus 3agady CMO onpenensi-
I0OTCSl ONTUMAaJIbHbIC XapaKTEPUCTUKHU, B YACTHOCTH, OMpPECICHUE
YHCJIa KaHaJoB 00CITyKUBaHMsI, BpeMEHU 00CIyKuBaHus U T.11. [1pu
3TOM MUHUMM3HUPYIOTCS 3aTpaThl BDEMEHU Ha OKHUJIAHUE B OUEPEIU
Y BPEMEHU MTPOCTOEB KAHAJIOB OOCIYKUBAHUA U T.]I.

Cpenu mojneneil uccienoBaHUsl onepanuii 0co00 BBIIEISA-
IOTCSI MOJICITTH TIPUHSATHS ONITUMATBHBIX PEIICHUH B KOH(PIMKTHBIX
CUTyallusiX, uzydaembie meopueti uep. K KOHOIUKTHBIM CUTya-
IIUSIM, B KOTOPBIX CTAIKMBAIOTCA MHTEPECHI IBYX (Win 6oJiee) cTo-
POH, MPECIEeYIONIUX PA3HBIC LIEJIU, MOKHO OTHECTH PSJ CUTyallui
B 00JIaCTH KOHOMHKH, MIpaBa, BOGHHOTO Jieja U T.n. Teopust urp
MO3BOJISIET BHIOPATH JIYYIIIME CTPATETHUU C YIETOM MPEICTaBICHUM
O IPyTUX YYaCTHUKAX, UX pecypcax U UX BO3ZMOXKHBIX IMOCTYIIKaX.

Bonpocel u 3a0anun 0na camokonmpons

Ha3zoBute npeaMeT 1 3a1a4u MCCIIENOBAHUS OTIEPALIAM.
JlaiiTe onpeneneHust onepauny U UCCIIEI0OBAHUSI OIEPALIAM.
[IepeuncnuTe 3Tansl ONEPAMOHHOTO UCCIIEI0BAHUS.
JlaliTe MOHATHE PELICHUS U ONTUMAIIBHOT'O PEILICHHUS.
OxapakTepu3yiTe Npouecc NPUHIATUS PEIICHUS.
OxapakTtepusyite npoiiecc hopMaan3aiuy ornepauu.
JlaiTe onpeneneHne MaTeMaTH4eCKOM MOJEIN OTIEPALIUH.
[IpuBenuTe KaaccuPuKaIMo METOIOB UCCIICIOBAHUS OTIEpaITUil.
9. Oxapakrepu3yiTe CyllIHOCTh MATEMAaTUYECKOTO MPOrPAMMHUPOBAHKSI.
10. IlpuBeauTe BHUIBI TPOrPAMMHUPOBAHUS, KOTOPHIE BXOAST B MaTe-
MaTHYE€CKOE TPOrpaMMHUPOBAHUE.
11. OxapakrtepusyiiTe MOJEIN U METOJbI CETEBOr0 IJIAHUPOBAHUS U
yIpaBJICHHUSI.
12. [Haiite xapaktepuctuky moaensim CMO.
13. OxapakTepu3yiTe Ha3HAYEHUE MOJIETIEH U METOJOB TEOPHUH HIP.

i AR e
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2. MATEMATHYECKOE TIPOTPAMMMUWPOBAHUE

2.1 JINHEMHOE NPOT'PAMMUPOBAHUE

JIuneitnoe nporpammupoBanue (nanee — JIIT) — Hayka o MeTo-
JaX UCCJEAOBAHUS M OTBICKAHUSI SKCTPEMANIbHBIX (HauOONBIIUX U
HAaUMEHBIIINX ) 3HAYCHUN JTUHEUHOW (PyHKI[MU, HA HEU3BECTHBIE KO-
TOPOU HAJOKEHBI JIMHEHHbBIC OTpAaHUYEHUSI. JTa TUHEHAS PYyHKIIUS
HA3bIBACTCS LIEJICBOM, a4 OTPAHUYEHUS], KOTOPhIE MATEMAaTUYECKH 3a-
MACBHIBAIOTCS B BUJIC YPABHECHUW WM HEPABEHCTB, HA3bIBAKOTCS CHU-
CTEMOM OTPAHUYCHUN.

MaremaTruueckoe BhIpaKeHHE 11eJ1eBON (PYHKIIMU U €€ OTpaHu-
YEHUN HA3bIBAETCS MATEMATHUYECKOW MOJIEIIbI0O IKOHOMHUYECKOW 3a-
Jlauu.

Ilocmanoeka 3a0auu TuHeUH020 NPOCPAMMUPOBAHUS

Haiitu ontumym (HauOomblliee WM HAaMMEHbIIIEE 3HAYCHMUE)

nenesoi Qynkuun (JiuHEHHON GopMmbl) F(X )= c,x, Ha 001acTn
=1

JIOMYCTUMBIX 3HAYEHUN CUCTEMBI OTPAHUYECHUN
n
Z;ay.xj:bi, l:],...,l,' (2.1)
J:

Yax, <b,i=I+1..m;
j=1

IIPY HATMYWH JOTIOJHUTEIBHBIX YCIOBUI HEOTPULIATEILHOCTH TIEepe-
MEHHBIX X;=0,] = 1,..., n.

Ecnu B cucteme orpaHudeHuil / = m, T.e. OHa COCTOMUT TOJIBKO
U3 YpPaBHEHM, TO COOTBETCTBYIOIIAs JopMa 3alrcy Ha3bIBaeTCs Ka-
HOHUYECKOM.

OcHogHble onpeodenenus u meopemul

Oyukuua F(X) Ha3bpiBaeTCs 1eeBON (PyHKIMEH, WIN JTUHEH-
HO1 opmoii 3aaun, a yciioBus (2.1) — orpaHUYEHUSIMU TaHHOM 3a-
JayH.
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CrangapTtHoit (unu cumMeTpuuHoit) 3anaueit JIIT siBisiercs 3a-
Jada, KOTopasi COCTOUT B ONPEACICHUN MAaKCUMaJIbHOTO 3HAYCHUS
dbysakumu F(X) npu BBITIOJHEHUHU OTPAaHUYCHHUIN — HEPABEHCTB.

Kanonuueckon mim ocHOBHOM 3amader JIII Ha3zpiBaeTcs 3a-
Jladqa, KOTOpasi COCTOUT B OMPEICICHUU MAaKCUMAIBHOTO 3HAYCHUS
GbyHKIIMN F Tpy BBITIOJTHEHUH OTPaHUYCHHI — PaBEHCTB.

CoBOKYIHOCTb uHcCed X(X/, X2, ..., Xy), YAOBIETBOPSIOIIAS OI'Pa-
HUYCHUAM 3a7auu (2.1), Ha3bIBa€TCA JONMYCTUMBIM PEIICHUEM HIIN
IJIAHOM.

[Tmam X*(x*;, x*,,..., x*,), mpu KoTOpOM 1Ie71eBas QYHKIHS 3a-
Ja4yyd MMPUHUMAET MaKCUMaJIbHOE 3HA4YE€HUE, HA3bIBAETCS ONTUMAJIb-
HBIM.

CaoiictBa ocHOBHOM 3amauu JIII TecHO CBsA3aHBI CO CBOW-
CTBaMHU TaK Ha3bIBAEMBIX BBIITYKJIbIX MHOKECTB.

PaccmoTpumM (6€3 qoKa3aTenbCcTBa) OTpaXKarOIMe CBOMCTBA OC-
HOBHOU 3axauu JII1, Teopemsbl, npeaBapUTEIBLHO 3aIMCaB PAI OIpe-
JICTICHUM.

Onpeodenenue 1. Ilycthb X1 X2, ..., Xy, — IPOU3BOJIbHBIEC TOUKHU €B-
KJIMJIOBA MPOCTPAHCTBA. BEIMTyKIIONW JTUHEWMHOW KOMOWHAIUEN ITUX
TOYECK Ha3BIBACTCS CYMMaA Xt Qx> +t... + 0yXy,, TAE & — IPOU3BOJIb-
HbICE HEOTPULATEIbHBIC YHUCIA, CyMMa KOTOpbIX paBHa I:

Do, =1,a,=0,i=1,..n.
=1

Onpedenenue 2. MHOXECTBO Ha3bIBAE€TCS BBIMYKJIbIM, €CIU
BMECTE C JIIOOBIMU JABYMS CBOMMHU TOUKAMH OHO COJICPKUT U UX TPO-
W3BOJIbHYIO BBITYKITYIO JINHEHHYIO KOMOUHAIIHUIO.

Onpeoenenue 3. HemycTtoe MHOXECTBO IJIAHOB OCHOBHOM 3a-
nauu JIIT Ha3pIBaeTCa MHOIOIPAHHUKOM PEILIECHUH, a BCAKAsl YIiIOBas
TOYKa MHOTOIpaHHUKA — BEPILIMHOM.

COBOKYIIHOCTh BEPIIMH MHOIOIPAaHHUKOB PEIICHUN Ha3bIBa-
€TCSl OMIOPHBIM TIJIAHOM.

Teneps chopMyaupyeM TE€OpEeMbl O CBOMCTBAX OCHOBHOW 3a-
naum JIII.
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Teopema 1. MHOX€ECTBO IJIAHOB OCHOBHOM 3ajauu JIII sBs-
eTCs 8bInYKAbIM (€CII OHO HE ITYCTO).

Teopema 2. Ecnu ocHoBHas 3anada JIII uMmeer onTuMaibHbBINA
IJ1aH, TO MaKCHUMaJbHOE 3HAUCHHUE IieJIeBas DYHKIHUSI MPUHAMACT B
OJIHOM M3 BEPIIVMH MHOTOTPAHHUKA PEIICHUMU.

Ecam makcuManpHOE 3HaUYCHUE 11eieBast QYHKIIHS 3a/1a4d MPHU-
HHUMaeT 0oJiee YeM B OJTHOM BEpIIUHE, TO OHA IPUHUMAET €0 BO BCH-
KOM TOYKE, SIBJISIIOIICHCS BBITYKJION JIUHEHHON KOMOMHAIMEN dTHX
BEPIIIHH.

Jleoiicmeennocmy 6 TUHEUHOM NPOZPAMMUPOSAHUU

B nuHeHOM IpOorpaMMUpPOBAHUAM KaXI0W NPSMOM 3a7a4e, 1e-
PEMEHHBIMHU KOTOPOW SABJIAIOTCS Pa3MeEpPbl BUIAOB JAEITEIBHOCTH, CO-
OTBETCTBYET JIBOMCTBCHHAsA 3aJ]a4a, IIEPEMEHHBIMA KOTOPOU SIBIIS-
IOTCSl OLICHKU BUAOB AEATEIbHOCTH, PECYPCOB, MPOAYKTOB.

JIBOWMCTBEHHAs 3aJjadya MOJYYAETCS U3 MPAMON TPAHCIIOHUPO-
BaHUEM CTOJIOIIOB B CTPOKH, 00BEMBI OTPAHUUYCHUHN MPSIMOM 3a/1auu
CTAHOBSTCA KOA(DPULIMEHTAMU 11eJIeBOM (DYHKIIUU B JIBOMCTBEHHOM
3amade, KOAOPUIIUEHTHI 11eJeBOM (PYHKIIUU MPSAMOM 3aJa4ul CTaHO-
BIATCSI 00beMaMK OIPaHUYEHUI B JIBOMCTBEHHOU 3aj1aue, MEHSIIOTCS
KCTpeMyM (DYHKIMH U 3HAKA HEPABEHCTB HA MPOTUBOIOJIOKHBIE.

Eciu B ncxomnou 3amade umercs F( X ) — max , ONpeaens-

HOTCA 3HAYCHUA 711 IICPCMCHHBIX X1, X2, ...,X; U UCIIOJIB3YCTCA m Orpa-

HAYEHUI; TO B IBOMCTBEHHON 3a7aue HaxoadaTes Z(Y ) — min, 3Ha-

YEHUS M MIEPEMEHHBIX V1, )2, ...,Vm U UCIIOJIB3YETCS /1 OTPAHUYECHU.

OrpannyeHus: IBOMCTBEHHOMN 3a/1aud MOKAa3bIBAIOT, YTO MPE-
npUsiTUE, HApPUMEP, MPOJAIOIIEE ChIPbE, 3aUHTEPECOBAHO B TOM,
4TOOBI BBIpPYUYKa OT MPOAaXH ObliIa HE MEHEE TOH CYMMBbI, KOTOPYIO
IPEANPUITHE MOXKET MOIYUUTH MPU NEPEPA0OTKE ChIPhS B TOTOBYIO
npoaykuuto. [lo3ToMy BeIpydKa OT MPOJAXKH ChIPbs, UCIIOIb3YEMOTO
IIPU U3rOTOBJIICHUH NPOIYKIHH, TOJKHA OBITh HE MEHEE €€ LIEHBI C;.
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Bun neneoit GyHKIMK Z MoKa3bIBaeT, YTO OpraHu3alus, mo-
KymnaroIas pecypchl, 3aMHTEpEeCOBaHa B TOM, YTOOBI 3aTpaThl Ha BCE
ChIPbE OBLIIM MUHUMAJIbHBI.

Takum oOpazom, HEOOXOAMMO HAWTHU TaKOW HAOOpP TEHEBBIX

el (oueHok) pecypcos Y =(y,,v,,¥,), IpA KOTOPOM OOIIME 3a-
TpaThl Ha ChIpbe ZOYIyT MUHUMAIbHBIMU (min) IPU YCIOBUH, YTO
BBIPYYKa OT IPOJAXHU ChIpbi A, B, C, HCII0JIb3yEMOT0 MPY MPOU3BO/I-
cTBe eauHuLbl Tpoaykuuu | u Il BugoB, OyAeT HE MeHee e AMHUYHOM
npuOBUTH (MPUOBLIN OT peaTu3aluy eIUHUIBI TPOTYKIIHHN ).

N ckoMbIMH TIEpEMEHHBIMU SIBJISIIOTCSL )1, )2, V3 — TCHEBBIC
(BHYTpEHHHME) IICHBI Ha ChIpbe. Tenesas yena BBHIPAXKAET BEIUUUHY
U3MEHEHUS 1iesieBoil hyHKIuu F (MpuObLIN) IpU U3MEHEHUU UMEIO-
nierocsi 00beMa ChIpbs JaHHOTO BUJIA (T.€. B UICXOJIHOM 3a/1a4€ — Mpa-
BOW YaCTH HEPABEHCTBA) HA €IMHUILY IIPU YCIOBUH, YTO BCE OCTAJIb-
HbIE MIEPEMEHHbIC HE M3MEHSIOTCS. TeHeBasl IeHa UMEET U JIPYyTrue
Ha3BaHUS: YCJIIOBHAsA, CKpbITasi, HesiBHAas. CMBICT 3TUX Ha3BaHUU B
TOM, YTO 3TO YCJIOBHBIE, HCHACTOSAIINE 1IE€HBI, KOTOPBIE ONpees-
IOTCSI HETIOCPEICTBEHHO B PE3YJIbTAaTe PEIICHUs 3aa4H, IO3TOMY UX
Ha3bIBAIOT OYEHKAMU UTU O8OUCMBEHHLIMU OYEHKAMU.

JIBOVICTBEHHBIE OLICHKH OBIBAIOT HYJIEBHIMU U HEHYJICBBIMHU.

Ouenku gensarcs:

1) Ha OLIEHKH OCHOBHBIX MIEPEMEHHBIX;

2) Ha OIICHKHW OTPAaHUYCHUMN, KOTOPBIC JETATCS:

— Ha OLIEHKH PECYPCOB;

— Ha OLICHKH NPOJIYKTOB.

Teopust 1BOMICTBEHHOCTH (HOPMYIUPYET OCHOBHBIE YTBEPK]IEC-
HUS O B3alMO/IBOMCTBEHHBIX 3a/lauyax B IByX T€OpeMax.

1 meopema osoticmeenHocmu

Ecnu omHa u3 mapbel ABOMCTBEHHBIX 3a/1ad UMEET ONTHUMAIbHOE
peIICHUE, TO U Apyras UMEeT ONTHUMAIBHOE PEIICHUE, TPUIEM dKC-
TpeMajJbHbIC 3HAYCHHSI COOTBETCTBYIOMIMX IIEICBBIX (DYHKIIHMA
PaBHBI.
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B 3agaye MuHUMH3aALMK 3HAYCHHUE 11€JIeBOM (DYHKIIMH IOCIIEe-
JIOBATEJIbHO YMEHBIIAETCS OT HAYAJIbHOI'O 3HAYEHUS JO ONTUMAaJlb-
HOTO 3HaueHus. B 3aaue MakcuMu3anuy 3Ha4eHue 1eeBoi PyHK-
[IAH MOCJIE0OBATEIBHO YBEJINYMUBAETCS OT HAYAIIBHOTO 3HAYECHUS J0
ONTHUMAaIbHOTO.

2 meopema 0solicmeeHHoCmMU (meopema 00 OYeHKAx)
3HaUYCHUE IEPEMEHHBIX Y; B ONTHMAaJbHOM PEIICHUH IBOM-
CTBEHHOM 3aJ1aud MPEJICTABISACT COOOM OICHKHU BIUSHHUS UCXOTHOM

3aZla4M Ha SKCTPEMAJIbHOC 3HAUYCHUC CC I.[GJ'ICBOfI (1)YHKI_[I/II/I
Tabnuya 1
HpaBHHa JJIs1 aHaJIn3a OIITUMAJIBHOI'O IIJIaHAa
110 ,Z[BOfICTBCHHI)IM OILICHKaM

Ananusz MEPECMCHHBIX U OFpaHI/I‘ICHI/If/'I I10 IIBOﬁCTBCHHI:IM OLICHKaM

JIBoii-
[lepemeHHbIE U OTpaHUYEHUS CTBEH-
UYro nmokas3pIBacT OLEHKA
B IUJIaHE Has
OILICHKA
Ilepemenssle | Bonumu B mian 0 -
He Bonwu B mnax (=0) He Ha ckonpko yxyammres
HyJe- | uesneBas GyHKIUS Ipu
Bas BBEJICHUY €IMHULIBI I1E-
PEMEHHOMH B IlJIaH
Orpa- ITo pecyp- Pecypc nenouc- 0 -
HUYCHHUS caMm (orpa- | monb3yetcs (He 10-
HUYeHMs <) | CTUTHYTa max rpa-
HUIIA)
Pecypc ucnoinb3y- He ny- | Ha ckonbko ymy4mmres
€TCs1 TIOJIHO- JeBas | weneBas (pyHKUMS IpU
CTBIO(JJOCTUTHYTA YBEIIMYEHUH pecypca
max rpaHuIa) (TpaHuIIbI) Ha 1.
ITo npoayk- | ITpousBoactso mpo- | 0 -
TaM (orpa- | IyKIMH BBILIE 3a-
HUYEHHS >) | JaHHOIO IJIaHa
[IpousBoactro nipo- | He Hy- | Ha ckonbko yxymammrest
ITYKIIMH PaBHO 3a- neBas | ueneBast QYHKUMS IPH
JTAaHHOMY ILIaHy MPOW3BO/ICTBE €TUHHULIBI
JTAHHOT'O TIPOJTYKTa

20



Ecnu onieHka equHUIIBI pecypca i-ro Bujia MOJIOKUTEIbHA, TO
IIPU ONITUMAJIbHOW MPOU3BOJACTBEHHOM IIPOTpaMMe 3TOT PECYPC UC-
MIOJIB3YETCS MOJTHOCTBIO; €CJIN JKE€ PECYypC MCHOIB3YETCSl HE TOJHO-
CTbhIO, TO €r0 OIICHKA paBHA HYJIIO.

Ecau j-i Bua mpoayKIIUK BOIIE B ONTUMAaIbHBIN TUTaH, TO OH
B ONITUMAJIBHBIX OIICHKAaX HE yObITOUeH. Eciu e j-1 BUI MPOTyKITUN
yOBITOYEH, TO OH HE BOM/JICT B IIJIaH, HE OyAET BBIIYCKAThCS.

B Ta6nuue 1 npuBeneHsl mpaBuia, 10 KOTOPBIM MPOU3BOIUTCS
aHaJIn3 MEPEMEHHBIX U OTPAaHUYCHUN ONTUMAJIBHBIX IIJIAHOB.

Ipumep pewenusn u ananusza 3aoauu JIIN «Cocmasnenue niana
8bI200H020 NPOU3EOOCHIBQ)

Ilocmanoeéxa 3adayu

[Ipennpusatue nponsBoauT 3 Bumaa npoaykuuu A, B u C. Jlns
WX M3TOTOBJICHUS UCIOJB3YIOTCS TpU BUaa pecypcoB Pl, P2, P3,
00bEMBbI KOTOPHIX OTPaHUYEHBI. MI3BECTHBI TOTPEOHOCTH B pecypcax
JUISl BBIIMYCKA €IUHUIBI KKIOTO J-T0 BUJIa MPOIYKIIUU — «PECypc-
Hble KO3 PUIMEHTh a;; (Tabnuna 2).

Tabnuya 2
Hcxonnapie nannbie mis pemenus 3anadu JII

Pecypcubie koaddunnenTsia;; 3amac pecypca (orpa-
Bun pecypcaP; | mpomykumsi | TPOIYKIUS | TPOXYKIIHS HUYCHHSI 10 pecyp-
A B C cam) b;
P1 1 1 1 16
P2 4 6 10 100
P3 6 5 4 110
En. npuGbuip 60 70 120

M3BecTHa eauMHWYHAs NPHUOBLIL ¢; OT peanu3aliy €IUHUIIBI
KaXKJIOT0 j-T0 BHUJIa POAYKIMHU. Peanuzanus e AMHUIBI TPOIYKIUUA A
JaeT npuobLIb ¢ = 60 1. en., npoaykuuu B — npuObuib ¢ = 70 1. en.
u npoxaykuuu C — npudslib ¢3 = 120 1. en. 3a1aHbl Tak:Ke TPaHUYHBIE
3Ha4€HUs 00bEMOB BBINTyCKa MPOAYKIHMHU (BEPXHSISI U HUXKHSS rpa-
HUIIBI TPOAYKIUU A paBHBI, COOTBETCTBEHHO, 4 1 1). Buasl npoayk-
1 B u C MOXXHO TPOU3BOAUTH HEOTPAHUYEHHO B JIFOOOM KOJIMYE-
CTBE€ (BEpXHHE TPAHUIIBI UX 00BEMOB PaBHBI +0).
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HGO6XOI[I/IMO OIIPCACIIUTD ONTHUMAJIbLHBIN IIJIaH ITPONU3BOJACTBA

npoyKuun X = (x; x); x}), mpy KOTOPOM GyJIET MOTy4EeHA MAKCH-
MaJibHasi 00111asi IPUObLTh.

PazpaboraeM mamemamuueckyro mooens 3aaumu.

O0603Ha4YMM MepeMEHHBIE:

X1, X2, X3 — 00BEeMBI Mpon3BojicTBa mpoaykiuu A, B u C.

3anuwem yenesyro gyHxyuio:

F=60x; + 70x2+ 120x3 — max.

Ocpanuuenus Ha pecypcul.

Pl =x;+ x>+ x3516;

P2 =4x;+ 6x,+ 10x3< 100;

P3 =6x;+ 5x>+ 4x3< 110.

Oepanuvenus Ha 06veMbl NPOU3BOOCMEA TI0 BUJIaM MPOAYKIUU:

1 <x1<4;

xX2> 2;

x3> 2.

JIBe mociieHue 3anucyu 03HA4YaroT, 4To s npoaykiuu B u C
BEPXHEW TpaHUIlbl HET, UX MOXKHO MPOU3BOJUTH B JIFOOBIX KOJIUYE-
CTBaX, MMOCKOJIbKY U3BECTHO, UTO UX COBIT BCEr/la 0OECIEUEH.

ITIpu pemenuun 3amau JIII Ha KOMIOBHOTEPE MOXKHO HCIIOJIB30-
BaTh JIFOOYIO MPOrpaMmy WIIH MAKET TPOTrPaMM, KOTOPBIE PEATU3YIOT
aJTOPUTMBI PEIICHUS 3a7]a4 MaTeMaTUUYE€CKOT0 ITPOTPaMMHUPOBAHUSL.
K TakuM mporpaMMHBIM CpEICTBAaM OTHOCSITCS, Hampumep,
MATLAB, MathCAD, Ttabnuunsiii mporeccop MSExcel
(magctpoiika «Ilouck penieHus») u aApyrue.

Jlns pemenus Hamie 3agaduu Oynem ucrnoiab3oBatb MSExcel,
HaacTpouky «llouck pemienus», napamerp «PelieHne 3aqauu CUM-
MJIEKCHBIM METOJIOM.

Pewenue 3aoauu JIlI na komnvromepe

1.McxonHast »l€KTpOHHAs pacyeTHasl TaOJiuIla MpejcTaBicHa
Ha pucyHke 1. BBOJ B Hee UCXOJHBIX JJAHHBIX U (POPMYJT BBITTOTHS-
€TCS B COOTBETCTBUU C YCIOBUSIMUA U MATEMATUYECKON MOJIEIIbIO 3a-

Jda4du.
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A B C D E F

1 [naH EBIrogHOrC NPOMZECACTEA
2
PecypcHele koafduuymeHT (no Janac pecypca
7 Bup pecypea BUAAM NPOLYKLIK) (MMmeeTCA B HANWU4KUK) Pacxoa pecypea
4 A B C
5 F1 1,0 1,0 1,0 16,0 0.0
B P2 4.0 5.0 10,0 100,0 0.0
7 F3 5.0 5.0 4.0 110,0 0.0
8 |EgwHuy npubeins| 60,0 70.0 120.0
9
10 | Obbem npona-Ba
11
12 OrpaHndeHna no obbeMam npovasoicTEa
13 Hu#HAR rpaHuya 1.0 2.0 2.0
14 BepxvaAa rpanvual 4.0
15 Wroroean npubeink
16 Obwan npubebink 00 00 00 00

Pucynok 1. cxonnbie nanublie s penienus 3agauu JII

Ha pucynke 2 npeacTaBieHO NOJyYE€HHOE ONTUMAIbHOE PELICHUE.

A B C D E F

1 lnan ewirogHoro nponzeoAcTEa
PecypcHele koatdQuunedtsl (no | 3anac pecypca

3 Bug pecypea WEH,IJ,EM np?ﬁy#u,ntﬂ ( (MmeeTcA E H:l'FI::-1'-Il-1l-1} Pacxos pecypea
4 A B C
5 P1 1.0 1.0 1,0 16,0 13.2
B P2 40 6,0 10,0 100,0 1000
7 P3 6,0 50 40 110,0 62,8
& EpuHny npubeine| 60,0 70,0 1200
9
10 Obwem npous-ea 410 210 7.2
11
12 OrpaHuderna no obkemam npou3eogcTea
13 Hw#HAR rpanuua 1,0 210 210
14 Bepxuan rpadnual 4.0
15 Wroroeas npubeInk
16 OOwas npubbine | 2400 | 140.0 | 864.0 1244.0

Pucynok 2. OntumanbHbIi I1aH

W3 MoaydyeHHOro peleHUs MOXHO CHENaTh 6bl1600bl: ONTH-
MaJIbHBIN TJIaH MPOU3BOJICTBA MPEyCMATPUBAET BHIMYCK 4 €1. Mpo-
IyKIUU A (COOTBETCTBYET BEpXHEN I'PaHUIE OTPAHUYCHUH 1O 00b-
eMaM MPOU3BOJICTBA), 2 €lI. POAYKIUHN B (COOTBETCTBYET HUMKHEM
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I'paHMIle OTPAaHUYEHUN MO 0ObeMaM MPOU3BOJACTBA) U 7,2 €. Mpo-
nykuuu C. TlomydyeHHass cymMMmapHasi NpUObLIb TP ATOM COCTaBUT
1244 §. [Tponykuwmst B siBnsieTcst Hed(pPEKTUBHOMN JIJ1s1 MPOU3BOICTRA.
Pecypc P2 sBnsiercst neuniMTHBIM, Tak KaK MCHOJb3YETCS MOJHO-
cTht0. IMeeTcss BO3MOKHOCTh CHU3UTH 3arac pecypca Pl na 2,8 en.
uiu 3anac pecypca P3 na 47,2 en. 6e3 cokpanieHus UTOrOBOU IpH-
ObLITH.

Hccneoosanue noayuennozo peuieHus
ONMUMUZAUUOHHOI 3a40a4U
YacTo moiydeHusl ONTUMAJIBHOTO PEIICHUs 3aJayd OKa3blBa-

eTcsl HepocTarouyHo. Hampumep, monap30BaTenss MOXKET HMHTEPECO-
BaTh, HACKOJIbKO YY8CMEUMENbHbIM SIBISETCS TOJIYYEHHOE OITHU-
MaJIbHOE PEIIEHUE K U3MEHEHHIO PA3JIMYHbIX NapaMEeTPOB HCXOTHOM
MOJIENU. DTOMY CIIOCOOCTBYIOT MpEIJlIaraeMble€ B OKHE Pe3ynvmamul
noucka pewenus OT4eThbl. TakuxX OTYETOB TPHU: OTUET MO PE3YJIbTa-
TaMm, OTYET 110 YCTOMYMBOCTH, OTYET I10 TIPEeJIeIaM.

Omuem no pe3yrbmamam BKIOYACT TP TaOIHITBI (PUCYHOK 3).

Lleneean Aueika (Makcumym)
Auekira HMma HMcxogHoe 3Hauenme PesyneTar
SES16  OBwan npubbine MToroeaa npuboine 0,0 12440

MameHAeMEIE AYSAKK
Aueiira Mma HMcxogHoe 3HaueHune PesynesTtar
SBS10 OBbem Npors-sa A 0,0 4,0
SCS10 O6bem npovs-ea B 0,0 2,0
SDS10 Obwem npoms-ea C 0,0 7.2

OrpaHKudyeHmna
Aueiira Mma 3HaueHue DopmMyna Cratyc Paznuua
SFS5 P1 Pacxog pecypca 13,2 3F55<=SES5 He cBAzaH. 2.8
SFS6E P2 Pacxog pecypca 100,0 SF56<=SES6 ceAzZaHHOe i)
SFS7 P3 Pacxog pecypca 62,8 SFS57<=SES7 He cBAzaH. 47,2
SBS10 OBbem Npor3-ea A 4,0 SB310==1 He cBA3laH. 3,0
SBS10 OBbem Npor3-ea A 4,0 3BS10<=4 cBA3aHHOE 0
SCS10 O6bem npovs-ea B 2,0 SC510>=2 ceAzZaHHOe 0,0
SDS10 O6bem npons-ea C 7.2 SDS510>=2 He cBAzaH. 5,2

Pucynok 3. OtueT no pesyapraram

B nepgoit Tabnuie «lleneBas sueiika» NpUBOASTCS UCXOIHOE

U OKOHYATelIbHOE (ONTHUMAalbHOE) 3HAYCHUE UEIeBOM (YyHKIHMU
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(MToroBast mpuObLIb), KOTOpas HaxoaAuTcs B siueiike E16 — mneneBoi
AYECHUKE.

Bo BTOpoii Tabnuue «l3MeHsieMbIe SUYEHKI» IIPUBOIAITCS HC-
XOJHBIE U OKOHYATEJIbHBIE 3HAYECHUSI ONTUMU3UPYEMBIX MEPEMEH-
HbIX (0OBEMOB MPOU3BOJACTBA), KOTOPHIE HAXOAATCA B sSUEHKax
B10:D10.

Tpethsa Tabnauna «OrpaHuueHUs» COJIEPKUT UHPOPMALIUIO 00
orpannueHusix. B cronbie «3HaueHue» MOMEIIEHbI ONTUMAaIbHbIC
3HAUYCHHUST HEOOXOAMMBIX [IJIs BBITIOJIHEHUSI ONTHUMAJIBHOIO IJIaHA
PECYPCOB ¥ ONITUMU3APYEMBIX IEPEMEHHBIX.

Cronbery «®opmyna» COIEPKUT 3alUCH OTPAHUYCHUN B
dbopMe CChIIOK Ha UCIIOIb3YEMbIC STUEHKHU.

Cronbenr «CtaTyc» omnpenesieT CBSI3aHHBIMU WJIM HECBS3aH-
HBIMHU SIBJISIFOTCA TE€ WA UHBIE OrpaHndeHus. OrpaHn4eHns Ha3bIBa-
FOTCS C8A3AHHbIMU, €CIIM OHU PEATTU3YIOTCS B PEIICHUU B BUJIE KECT-
KMX PaBEHCTB. 3aMETUM, 4TO pecypc P2 B onTUMaIBbHOM pelIeHUH
UCIIOJIb3YETCSl TMOJHOCThIO (0€3 OocTaTKa) U MO3TOMY SIBJISIETCS CBSI-
3aHHBIM, T.€. JCOUITUTHBIM.

Cronben «Pa3Hunia» Ajisi peCypCHbIX OTpaHUYCHHI OIpeJie-
JSIe€T OCTAaTOK MCIOJIb3yeMOro pecypca (Hampumep, pecypc P2 uc-
yepnaH). /{7 orpaHWYeHH IO ONTUMUZUPYEMBIM MIEPEMEHHBIM X;
31€Ch YKa3bIBAETCS PA3HOCTh MEKIY ONTUMAJILHBIM 3HAUYCHUEM X; U
BEPXHEW WJIM HUXXHEHW rpaHulierd. Eciii 3Ta pasHOCTh paBHA HYIIIO,
Toraa oObeM MPOU3BOJCTBA JAHHOTO BHJIA MPOJIYKIMU CUUTACTCS
CBA3AHHBIM (X IPOAYKIMHU A — II0 BEPXHEH rpanune «4», X" mpo-
TYKIMA B — 110 HIKHEW rpaHuie «2»).

CBsI3aHHOCTh OTPAaHUYCHHUHN 3aCTaBISIET OOBIYHO HCCIIEI0Ba-
TeJIs OTKAa3aTbCsl OT MAJIBHEUIIMX MOUCKOB YJIYUIICHUS IEJIE€BOM
GyHKIUU.

Omuem no ycmouuusocmu COCTOUT U3 JIByX Ta0JuIl ¢ HHDOP-
Malel 00 ONTHUMHU3UPYEMBIX MEPEMEHHBIX U OTPaHUYCHUSIX MO-
nenu (pUCyHOK 4).
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HM3ameHAEMbIE AYSHHK

PeayneT. Hopmup. Lenesoit  [onyctumoe [lonycTHMoe

Aueiika Wma 3HaueHne cToumocTe HKoadduumeHT YeenuueHwe YMeHbLIEHME
$B510  OBbem npows-sa A 4,0 12,0 60 1E+30 12
SC510  OBvem npows-sa B 2,0 -2,0 70 2 1E+30
SD510 Obvem npows-sa C 72 0,0 120 30 3,333333333

OrpaHuJyeHua

PesyneT. TeHesaa OrpaHuwueHue [onyctumoe [onycTUmoe

Aueiika Uma auenme  lewa  [MpasaauacT Ysenuuenwe YmeHblieHue
SFS5  P1Pacxog pecypca 13,2 0,0 16 1E+30 2,8
SFS6 P2 Pacxog pecypca 100,0 12,0 100 28 52
SFS7  P3 Pacxog pecypca 52,8 0,0 110 1E+30 47,2

PI/ICYHOK 4. OtueT 110 YCTOﬁqHBOCTH JJIsA JIMHEHHBIX 3agad

Nudopmanivuss B OTUETE MMO3BOJSECT OLECHUTH UY)y8CMBUMEb-
Hocmb ToflydeHHoro pemieHus (Mtoroas npubblib) K U3MEHEHUSIM
napaMeTpoOB MOJICIIH.

Bepxuss tabnuma coaepxuT uHOpMaiuo o0 H3MEHSIEeMbIX
sdeiikax, CcoJepiKaluxX 3HauyeHHsT OO0ObEMOB MIPOU3BOJCTBA. B
cTosidie «Pe3ynbTupyroniee 3HaYeHUE» YKa3aHbl UX ONTHUMAJIbHBIC
3HaueHus. Bennunna nokazarens « HopmupoBanHas (peayluupoBaH-
Has) CTOUMOCTBY» OMPEACISIETCA KaK Pa3HOCTh MEXKIAY CIMHUYHOMN
MPUOBLIBIO U OIIEHKON CHUKEHMS 00I11IeH MpUOBLIN 32 CUET OTBJICUE-
HUS PECYPCOB JIJis MPOU3BOJICTBA TPOAYKIIMU TAHHOTO BUA, B3STOMN
110 TEHEBBIM I[E€HAM ITUX PECYPCOB:

(HopmupoBannasi crouMocth npoaykuuu A) = (ExunudnHas
npuobLTh 0T A) — {(Tenenas niena P1) * (Hopma pacxona P1 va A) +
(Tenenas niena P2) * (Hopma pacxona P2 na A) + (Teneas niena P3)
* (mopma pacxomaa P3 va A)}

JInd Kaxxaoro BuIA MPOAYKIIMA 3HAYEHUS HOPMHUPOBAHHOMN
CTOMMOCTH:

(HopmupoBannasi croumocts npoaykiuu A)=60—(0-1 +12-4+0-6)=12
(HopmupoBanHnasi croumocts npoaykiuu B)=70 — (0-1+12:6+0-5) =—2

(Hopmuposannast croumocts npoaykiuu C)=120—(0-1+12-10+0-4) =0
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3unauenus «L{eneBoro koadduimenta» 1y paccMaTpuBacMoOro
nmpuMepa SBISIOTCS MOKa3aTeIsIMU IMHUYHON TPUOBLIH.

B cnenyromumx aByx ctonOnax ykasaHsl «JlomycTuMoe yBenu-
YEHUE M YMEHBIIICHHUE» LENeBbIX KOIDDUIIMEHTOB 06€3 M3MEHEHUS
MOJIYYEHHOTO ONTUMANIbHOTO penieHus. Tak, 1 Hallero ciryvas Ko-
s durueHt ci, paBHblld 60, MOXKET ObITh yBenrUYeH Ha 30 MOPSIKOB
(no 3aauenns 60+10°°) unm ymensmen na 12 enuaun (10 3HaUEHHUS
48) 6e3 U3MEHEHHs] HalJEHHOTO ONTUMAILHOIO pelieHus (Mpu co-
XPaHEHUHU BCEX OCTATBHBIX MEPEMEHHBIX ).

OTO yTBEPKACHHUE JIETKO POBEPUTH, TOBTOPHO PEIIUB 33429y
Uil JTI000r0o  3HadYeHWs Kod(dduumeHta c¢; B auamnazone [48,
(60+103%)]. TTockoneky 60+10%° gBnsgercs OGeckOHEYHO OOIBIIUM
YHUCJIOM, TO 3HAYEHUS €| OTPAaHUYCHBI TOJHKO CHU3Y. AHAJIOTUYHO
OTIPEIETISAIOTCS AUANa30Hbl BO3MOYKHOT'O U3MEHEHHUSI 1IEJIEBBIX KOA(-
(UIUEHTOB MPU OCTATBHBIX MEPEMEHHBIX (€2 U C3).

Bropas tabnuna coaepxut uHGOPMAIKIO IO OTPAHUICHUSIM.
Cronben «Pe3ynpTupytolee 3HaUYEHNUE» COACPKUT JaHHBIE O HE0O-
XOJIMMOM KOJIMYECTBE PECYPCOB JJIsl ONTUMAaTBHOTO petienus. Bo 2-
M CcTOJIOIE yKa3aHbl « TeHeBbIe IIeHbI» Ha BUIBI pecypcoB. [anee —
OTrpaHWYEeHHUs Ha 00BEMBI HCIOJIB3YEMBIX PECYpPCOB (CKOJIBKO UX B
Hanuuuun). [locnennue nBa cronbua coaepkaT JaHHBIE O BO3MOXK-
HOM M3MEHEHUN 00bEMOB UMEIOIINXCS PECYPCOB.

[Tapamerp «TeHeBas IieHa» MO3BOJSET BBISICHUTH, KaK M3Me-
HUTCS 3HAYCHUE I1eJIeBOM (DYHKIIUH, €CIIM OCIa0UTh TO WIJIM HHOE
orpannyeHue. TeHepas 1eHa OrpaHUUYCHUS BhIpaXKaeT BEIIMUUHY W3-
MEHCHHSI 11eJIeBOI (DYHKITUU — IPUOBLIN TIPH YBEIUYCHUN UMCIOIIIC-
rocsi o0beMa pecypcoB JaHHOTO BHJA HAa €AUHUIY (NP YCIOBUH,
YTO BCE OCTAJIbHBIC IEPEMCHHBIC HE H3MEHSTCH ).

Hamnpumep, paccMoTpuM TEHEBYIO 1ieHy Ha pecypc P2, korto-
PBII UIMEET CBA3AHHOE OTPAHUYEHUE (UCIIOJIB3YETCS MOJHOCTHIO). M3
OTYeTa M0 YCTOMYNBOCTH (PUCYHOK 4) BUTHO, YTO €CJIH YBEIUINBATH
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uMeronieecs koaumdectBo pecypca P2 (100) Ha HEKOTOpyrO BeIH-
YUHY, HaXOJs1ytocs B npeaenax ot 0 10 28, MAaKCUMyM UTOTOBOM
NPUOBUIN YBETUYUTCS Ha 12 3a KaXAyH0 €MHUILY YBEIUYEHUS 00b-
ema pecypca P2. Ecnu ke yMeHpnTh P2 Ha HEKOTOPYIO BEITUYUHY
B npenenax ot 0 g0 52, TO MaKCUMyM UTOTOBOM MPUOBUIA YMEHb-
muTes Ha 12,0 3a KaxXAyro eIuHuLly yMeHbIIeHus P2.

JlommycTuM, pelIeHO YBEIWYUTh UMeromuiicsa 3anac P2 na 25
€., U BIPABE O0XUJIaTh YBEJIWUYCHHUS MAKCUMaJbHOW MNpUOBLIA Ha
12-25=300, T.e. 1244+300=1544. 3TO0 MOXXHO IPOBEPUTH MPH II0-
BTOPHOM PELIEHUH MOJEIHU, BHECSI U3MEHEHUE B siueMKy E6 =125
(Bmecto 100) (pucyHnok 5).

A B C D E F
1 lnaH ELIrOAHOTO NPOM3EOACTRA
2

PecypcHele KosfduumeHTsl (no Janac pecypca

3 Bua pecypea wsnﬂ,am npﬁ,]y#muﬂ (MmeeTcA F; H:J'?L-Ml-uﬂ Pacxoa pecypea
4 A B C
5 P1 1.0 1.0 1.0 16,0 15,7
B P2 4.0 6.0 10,0 125.0 125.0
7 P3 6.0 5.0 4.0 110.0 72,8
g EawnHny npubeine| 60,0 70.0 120.0
9
10 Obbem npona-Ba 4.0 2.0 8,7
11
12 OrpanndeHna no obbeman nponaeoicTEa
13 |Hu#HAA rpaHuua 1.0 2.0 2.0
14 BepxHaa rpanngal 4.0
15 Wroroeas npubbink
16 | Obuian npubeine | 240,0 140,0 | 11640 15440

Pucynok 5. Pemenue nocie ypenndeHus o0bema pecypca

Ha pucyHnke 5 BUAHO, 4TO MOTy4E€HBI HOBBIE 3HAUEHUS ONITUMHU-
3UPYEMBIX IEPEMEHHBIX X1 =4, x2 =2, x3" = 9,7, IOCKOIBKY KOPPEK-
111 OJTHOTO U3 OTPaHUYEHUN U3MEHIIIA 00JIaCTh CYIIECTBOBAHUS pe-
HICHUSL.

Takum obpazom, aiist yBeauueHus: npuObuin Ha 300 en. myTem
yBeJIMUeHUs1 00beMa CBsi3aHHOTO pecypca P2 Ha 25 exn. Hafo 3a Kax-
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IO €ro JOMOJIHUTENbHYIO €AWHUIly IUIATUTh HaJg0aBKYy, MaKCH-
MajbHas BeJIMUMHA KOTOPOM paBHa TeHeBoi nene: 300 /25 = 12.

Tenepb pacCMOTPUM TEHEBBIE LIEHBI HA HECBSI3aHHBIE OTPaHHU-
YEHHUsI, IO KOTOPBIM PECYPCHI B ONTUMAIIBHOM PEUICHUU HUCTIOJb3Y-
I0TCSI HE TTOJIHOCTBIO (HeneuuuTHbie pecypcsl P1 u P3). Hanpumep,
TeHeBas 1eHa pecypca P1 paBHa 0 ipu BO3MOKHOM YBEITUYEHHUH €TI0
o0beMa 10 OECKOHEUHOCTH (Odonycmumoe yeenuuerue 1FE+30) uim
yMeHbllIeHuU B npeaenax ot 0 go 2,8 (donycmumoe ymernvuieHue)
(cm pucyHok4). ITpu 3ToM MakcuMalibHOE 3HAYEHHWE UTOTOBOU MpH-
ObLTA HE U3MEHUTCS. DTO CBSI3aHO C TEM, YTO ONTUMATbHOE PEIICHUE
octaBisieT 2,8 en. pecypca Pl Heucnosib30BaHHBIMY, U JaJbHEUIIEE
YBEIIMYEHHUE HE MOXKET YIYUIIUTh ONITUMAIIBHOTO pemenud. OTcroaa
CJIEAYET, UYTO MOKHO COKPAaTUTh UMEIOLITUICS 00beM 16 ef. pecypca
P1 nHa 2,8 en., He Oka3bIBas BIMSHUS HA ONTUMAJIBLHOE pelieHue. Ta-
KHM K€ 00pa3oM MOXKHO COKpaTuTh uMerommuiics oobem 110 ex. P3
Ha 47,2 en. 6€3 N3MEHEHHSI MaKCUMAaTbHON UTOTOBOM TTPHUOBLIH.

[TocnenHee yTBEpAKIACHUE MOKHO MPOBEPUTH MIPU MOBTOPHOM
pelIeHn MOJIENH, yCTaHaBuBas B siuelike E7 3Hauenue oobema P3
B Ipejeax J0MyCTUMOr0 YMEHBIICHUs, paBHOe, Hanpumep, 110 —
40 =70.

Omuem no npeoenam

Otuer Mo mnpenesiaM COACPKUT ONTUMAJIbHbIC 3HAUYCHHUS HE3a-
BHCHMBIX TIEPEMEHHEIX (00BEMOB IIPOM3BOACTBA) X1 =4, x2" = 2, X3
= 9,7 ¥ COOTBETCTBYIOIEC MAaKCUMAIbHOE 3HAUYCHUE MPHUOBITN Fmax
= 1544.

OTueT Takke IMOKa3bIBaeT, KaK N3MEHUTCS 3HAUYCHUE IECJICBOU
(yHKIMM, €CIM HE3aBUCUMBIE NEPEMEHHbIE X; OyJIyT NPUHUMAThH
CBOM NpeAeiabHbIC (HUKHUE U BEPXHHE) 3HAYCHUS TIPU YCIOBUM, YTO
OCTaJIbHbIE HE3aBUCUMBIEC ITEPEMEHHBIC OCTAIOTCS 0€3 U3MEHEHUM U

BBITIOJTHSAIOTCS BCE OTpaHUYEHUSI (PUCYHOK 6).
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Lienesoe

fAueiika Hma IHaueHHe
SES16  OBwan npubsine Mrorosas npubsiis 1544,0

Wamenaemoe Humumnid Lenesoid  Bepxuuid Lienesoi
fAueiika Hma JHayeHMe  Npefen pesynbTaT  Npefen pesynstat
5B510 Qfbem Npons-ga A 4,0 1,0 1364,0 4.0 1544,0
5C510 Ofvem npons-ea B 2,0 2,0 1544,0 2,0 1544,0
5Ds10 OBvem npons-ga C 9,7 2,0 620,0 9,7 1544,0

Pucynok 6. Otuer no npezaenam

Pewenue onmumusayuonnoii 3a0auu nocie 6600a 8 Hee
H0B020 8U0a NPOOYKYUU
JlommycTuM, perieHo BLIMYCTUTh Ha PHIHOK HOBBIN BU/T ITPOIYK-

o Dc [mapamMerpaMu, KaKk Ha pUCYHKC 7. HGO6XOI[I/IMO BBIAAICHUTD,

OyJleT JI1 MPOU3BOJICTBO 3TOU MPOYKIIUU MTPUOBLIHHBIM.

A B C D E F G
1 Mnan BbIrogHore NPoM3EOACTEA
2

PecypcHble koafdmumenTsl (o BrLam 3anac pecypca

3 Bua pecypca P npfg]yrguuu} ( (HMEETCHpEl H:J'FI)HLIHH} Pacxoa pecypca
4 A B C D
5 P1 1,0 1.0 1,0 1,0 16,0 0.0
] p2 4.0 6.0 10,0 8.0 125.0 0.0
7 P3 6.0 5.0 4.0 13,0 110,0 0.0
2 EgwHny npubeine 60,0 70.0 120,0 127.0
9
10 OfbemM npoua-ea
11
12 OrpaHndyerna no obbeman NponasegCcTEa
13 HuwxHAA rpaHuya 1.0 2.0 2,0 0,0
14 BepxHAn rpaHuua 4.0
15 Wroroean npubeink
16 | OBulan npubkink | 0.0 0.0 0.0 0.0 0.0

Pucynok 7. IcxonHble faHHBIE C BBOJOM HOBOTO MPOAYKTA

2%

=@

8
9
10
11
12
13
14
15

16

A

B C

o]

E

lnaH EBIrOAHOIO NpoMIEOOCTEA

F

G

Bug pecypca

PecypcHele koadduymuenTel (No Bugam

3anac pecypca

Pacxop pecypca

nEodyrLn) (MMmeeTcA B HANKYMK)
A B C D
P 1.0 1.0 1.0 1.0 16.0 14.9
P2 4.0 6.0 10.0 8.0 125.0 125.0
P3 6.0 5.0 4.0 13.0 110,0 110.0
Enunny npnbeine 50,0 70,0 120,0 127.0
Ofkem nponz-ea 1.0 2.0 6.8 5.1
OrpaduuyeHns no obbemam nponaeogcTea
HuHAA rpannua 1.0 2.0 20 0.0
BepxHAA rpanuua 4.0
Wroroean npubbuns
OBwan npnbeine | §0,0 1400 514.3 6531 1667 .4

Pucynok 8. Pemenne onTMMHU3aliMOHHOM 33/1a41 C HOBBIM MPOAYKTOM
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Pemenne onTMMH3alMOHHOM 3aayd C BBEJACHHBIM HOBBIM
MPOAYKTOM ITPEJICTABIIEHO HA PUCYHKES.
Ha pucyHke 9 BbIBEIEH OTYET MO YCTOMYMBOCTH 33J]a4l C HO-
BbIM MIPOJTYKTOM.

HMameHAEMBIE AUEirK

Peayner. Hopmup. Uenesoi  [Jonyctumoe [onyctumoe

flueika Wma 3HaueHne ctoumocts KoaddmumeHt YBenuuenune YmeHblieHMe
$B510  Ofibem npons-sa A 1,0 -1,9 60 1,918367347 1E+30
SC510  Qfbem npons-sa B 2,0 -10,2 70 10,2244898 1E+30
SDS10  Ofbem npons-sa C 6,8 0,0 120 38,75  26,36842105
SESI0  Ofibem npons-ga D 51 0,0 127 263 4,272727273
OrpaHM4YeHua

Peaynet. Tewesad OrpaHuuenue [onyctumoe [onycTUMoe
Aueitka Wmn 3HaueHne  LleHa lpaBasuacte YeenwueHue YMeHblIEHHe
5GS5  P1Pacxop pecypca 14,9 0,0 16 1E+30  1,071428571
5GS6 P2 Pacxop pecypca 125,0 10,7 125 11,66666667 36,07692308
SGS7  P3 Pacxop pecypca 110,0 3,2 110 52,5 50,4

Pucynok 9. Ot4uer no yCTOM4MBOCTH 3a/1a49X C HOBBIM NMPOAYKTOM

Boieoowl

OntumanbHbBIN IUIaH OPOU3BOJICTBA MTPEYCMATPUBAET BBITYCK
1 en. nponykuuu A, 2 en. npoaykiuu B, 6,8 ex. npoaykiuu C, 5,1
en. npoaykuuu D. [TonyueHHasi cymmapHas mpuObLUIb P 3TOM CO-
craBuT 1667,4 n.en.

Buasl nponykuuun A u ocobenHo B saBnsitorcst HeaphekTuB-
HBIMU JJIsI TIPOM3BOJICTBA (PE3YJbTUPYIOIIUE 3HAUYCHUS COOTBET-
CTBYIOT HUYKHEW I'paHUIE OTPAHUYECHUN 110 00beMaM MPOU3BOJICTBA,
a HOPMUPOBAHHBIE CTOMMOCTH — OTPUIATEIIbHBIE).

Pecypcol P2 u P3 siBiisitoTcst 1epUUMTHBIMU, TaK KaK UCIOJb3Y-
IOTCS TIOJTHOCThIO. VIMeeTcs BO3MOKHOCTh CHU3UTH 3amac Heaedu-
nutHOrO pecypca P1 Ha 1,07 en. 6€3 cokpallleHHsi UTOTOBOM TIPH-
ObuTH. J1j1s1 HapalnuBaHus IPOU3BOJACTBA MEHEE PUCKOBAHHBIM SIBJIS-
eTcs ocyiabyiieHue (IIPeoaoJICHUE) OTPaHMYEHMS Ha 3arachl pecypca
P3 (u3-3a ero HEBBICOKOU TEHEBOM 1IEHHI 3,2 1.€11.).
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BBeneHHbINM B MPOU3BOACTBO HOBBIN MpoayKT D addexTusen,
MOCKOJIBKY €r0 HOPMHUPOBAaHHAsI CTOMMOCTh HEOTpUIIATENIbHA (paBHA
HYJIIO).

IIpu nccnenoBaHny pe3ynbTaTOB PEMIEHNUS ONTUMU3AMOHHBIX
3aJ1ady He0OXOUMO YUUTHIBATH CIIEYIONINE 3aKOHOMEPHOCTH:

— €CIIU PE3YJIbTUPYIOLINE 3HAYECHUSI ONTUMU3UPYEMBIX IEpe-
MEHHBIX HaXOISTCSI BHYTPU MHTEPBAJIa UX OTPAHUYEHUMN, OHU UMEIOT
PABHBIN HYJIIO [T0KA3aTEIb HOPMUPOBAHHOW CTOUMOCTH;

— IIPU PELICHUM 33a7a4 MAKCUMHU3alHUU IEPEMEHHBIEC, OITH-
MAaJIbHBIE 3HAYEHUSI KOTOPBIX COBNAJAOT C HUKHEW T'PAaHULECH WH-
TEpBAJIA OTPAHUYEHUM, UMEIOT OTPULATEINBHYIO UM PABHYIO HYIIIO
HOPMHUPOBAHHYIO CTOUMOCTb;

—TIEPEMEHHBIC, ONITUMAJIbHBIE 3HAYEHUS KOTOPBIX COBIAJAIOT C
BEPXHEU I'PAHULIEH MHTEPBAJIA OTPAHUYEHUHN, UMEIOT ITOJIOKUTEIb-
HYIO WIX PABHYIO HYJIFO HOPMUPOBAHHYIO CTOUMOCTD;

—IIpU PELICHUM 3a1a4 MHUHUMU3ALUUA OPEABIAYIIUE 3aKOHO-
MEPHOCTH JICHCTBYIOT HA000POT;

—TEHEBBIE LIEHBI PECYPCOB OMPEAEIISIIOT MPUPOCT (B 33/1a4€ MHU-
HUMM3AIUU — COKpallleHue) 1ejIeBOi (QYHKIIMM NMPU YBEIUYCHUU (B
3a/1a4€ MUHMMU3AIUA — TP YMEHBIIIEHUN) HA €IUHUILY UMEIOIIE-
rocsi o0bema Ae(UITUTHBIX PECYPCOB;

— HeAe(DUIIUTHBIE PECYPCHI UMEIOT HYJIEBYIO TEHEBYIO LIEHY;

— BUJBI IPOAYKIIMH, UMEIOIIAE OTPULATEIbHY0 HOPMUPOBAH-
HYIO CTOUMOCTb, SBJISIFOTCSI HE3(P(EKTUBHBIMU JIJIsI POU3BOJICTBRA.

2.2 INMHAMHAYECKOE TIPOTPAMMUWPOBAHUE

Junamuueckoe nporpammupoBanue (nainee — JII) — ogun u3
pa3zaenoB ONTUMAIbHOIO MPOrPaMMUPOBAHMKS, B KOTOPOM IIPOLIECC
NPUHATHS PELICHUS U YIIPABICHUSI MOXET ObITh pa30UT Ha OTAEINb-
HbI€ dTanbl. Ha KaxqoM U3 3TanoB pemeHne HEKOTOPOUW YaCTHOM 3a-

na4u, 00yCJIOBJIEHHON UCXOIHOM.
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[Ipennonoxum, uro pusnueckas cuctemMa S HaXOJUTCs B HEKO-
TOPOM COCTOSIHMH Sy IpHUHAIIexKalee Sy (BEKTOP) U SBJISETCS YIIPaB-
JageMoi. biarogaps OCyHIECTBICHHWIO HEKOTOPOTO ympabieHuss U
yKa3aHHasl CHCTEMA IEPEXOJUT U3 HAYAIIbHOTO COCTOSHUA Sp B KO-
HEYHOE COCTOSIHUE Syon, MPUHAJJICKAIICE St (BEKTOD).

ITpu 5TOM Ka4yeCTBO KaXJI0Tr0 U3 PEAIM3yEMBbIX yrpaBiaeHun U
XapaKTepU3yeTcs COOTBETCTBYIONUM 3HaueHueM ¢yHkiuu W(U).

3amaya COCTOUT B TO, UTOOBI 13 MHOKECTBA BO3MOKHBIX YITPaB-
nennit U naiitu Takoe U™, npu kotopoM Gpyrkms W (U) npuauMaeT
sKcTpeManbHoe 3Hauenue W(U").

DKOHOMUYECKUN MPOIECC SABIACTCSA YIPABISIEMBIM, €CJIH MOX-
HO BJIASITh HA XOJI €ro pa3Butus. l1oa ynpaBiieHueM noHUMaeTcs co-
BOKYITHOCTb PEUICHUN, TPUHUMAEMBIX Ha KaXJIOM DTaIle, I BIIHS-
HUSI HA XOJ pa3BUTUA mpouecca. Hampumep, BBITYCK NpOMYKIHHU
MPEINPUATHEM — YIPaBIIEMbIN Tporecc. COBOKYITHOCTh PEIICHUM,
MPUHUMAEMbIX B Hayaje roja (KBapraja u T.A.) IO 00ECTICYECHUIO
NPEANPUATHS ChIPbEM, 3aMEHE 000pYI0BaHUS, (PUHAHCUPOBAHUIO U
T.1., SIBIETCS ynpaBiieHneM. HeoOXoauMo opraHu3oBaTh BBIMYCK
MPOAYKIIUUA TaK, YTOOBI MPUHSATHIC PEIICHUS] HA OTACIBHBIX dTarax
CIIOCOOCTBOBAJIM TOJIYYEHUI0O MAaKCHUMaJIbHO BO3MOXHOr0 oObema
NPOAYKIUH WIH TPUOBLIH.

JI1 no3BOJISIET CBECTU OJHY CIOXKHYIO 3aJ1a4y CO MHOTUMH I1€-
PEMEHHBIMU KO MHOTMM 3aJlayaM C MaJibiM YHUCJIOM MEPEMEHHBIX.
DTO 3HAUUTENIHHO COKpAIaeT 00hEM BBIUUCICHUN U YCKOPSIET MPO-
1[ECC TIPUHSATHUS YIPABJICHYECKOTO PEIICHUS.

B otnnuue ot JIII, B KOTOPOM CUMIUIEKCHBIN METOJ SIBJISIECTCS
yHUBEpCaJIbHbIM, B /{11 yHHBEpCaIbHOIO METOJA HE CYILECTBYET.

OnauM n3 ocHOBHBIX MeTOIOB [II1 ABsIeTCS METOT peKyppEHT-
HBIX COOTHOIIIEHUH (T.€. COOTHOIICHUM, BRIPAXKAIOIITUX N—1 YICH IM0-

CJIEIOBATENbHOCTH Yepe3 MPEbIAYIINE), KOTOPbI OCHOBBIBAECTCS HA
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UCIIOJIb30BAHUM TMPUHIIMIA ONTUMAIBHOCTH, Pa3pabOTaHHOTO ame-
pUKaHCKUM MaTeMmaTukoM P. bemimanowm, Oi1aromapsi KOTOpOMy BHI-
MOJIHAETCA NeEPBOE ycioBue A 3ana4d JI1.

[IpuHIIUT COCTOUT B TOM, YTO, KAKOBO OBl HM OBLIIO HAYaJbHOE
COCTOSIHME Ha JIO0OM Illare W ympaBjeHHe, BHIOpaHHOE Ha 3TOM
niare, MocCJIeIyIONINE YIPaBICHUS TOKHBI BHIOUPATHCS ONTUMATb-
HBIMU OTHOCHUTEIIBHO COCTOSIHHS, K KOTOPOMY MPHUJET CHCTEMA B
KOHIIE JaHHOTO mara. Micronp30BaHne JaHHOTO MPUHLIUIIA TAPAHTH-
pYyET, YTO yIpaBlICHUE, BLIOPAHHOE Ha JIFOOOM IIare, HE JOKaJIbHO
Jy4Il€e, a Jy4lle ¢ TOYKH 3pEHUS IPOoLecca B LIEJIOM.

W3 npuHIMna cieayeT, 4To ONTUMAIIBHYIO CTPaTErrui0 yIpaB-
JIEHUSI MOKHO TOJIYYUTh, €CJIM CHAYaJla HAUTU ONTUMAJIbHYIO CTpa-
TETHUI0 YIPABJICHUS HA N-M 1Iare, 3aT€M Ha JIBYX MOCJIEIHUX IIarax,
3aTEM Ha TPEX IMOCIEIHUX 1Iarax v T.J. BIUIOTh JO IIEPBOTO LIara.

B HekoTopeix 3anauax, pemaeMbix merogoM JI1, mpu pacnpe-
JICJICHUY HA HECKOJIBKO JIET PECYPCOB AEATEIBHOCTH MPEANPUATHS,
II1aroMm I1eJec000pa3HO CUYNTATh BPEMEHHOM NIEPUO/T; TIPU pacipe/ie-
JIEHUU CPENICTB MEKIY NPEMIMPUITUIMA — HOMEP OUEPEAHOTO MPEI-
npusAtus. B npyrux 3amadax pa30OueHue Ha 1ard BBOJMTCSI UCKYC-
cTBeHHO. Hanpumep, HempephIBHBIN YIIPABIIEMbINA TPOIECC MOXKHO
paccMaTpuBaTh Kak JIUCKPETHBINA, YCIOBHO pa30MB €ro Ha BPEMEH-
HbIe oTpe3kH (maru). Mcxoas u3 yciaoBul KakJa0W KOHKPETHOM 3a-
Jayy, JJIMHY I1ara BbIOMPAIOT TaKUM 00pa3oM, 4TOOBI HA KaxKJIOM
are MmoJiy4uTh MPOCTYIO 3a7a4y ONTUMHU3AIMUA U 00€CTIEeUUTh Tpe-
OyeMyr0 TOYHOCTb BBIUHUCIICHUH.

K 3agauam, pemraeMbiM Me€TOaMU JUHAMUYECKOTO MPOrpam-
MHPOBAHHS, MOXHO OTHECTH 3aJa4d HAXOXKJICHUA ONTHUMAaJIbHOMN

CTpaTeruy 3aMeHbl 000PYyAOBaHUs, ONTUMAILHOTO PACIPEICICHUS

PECYPCOB U JIpyTHE.
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3aoaua onpedenenus ONMUMATbHOU CIPAMEUU 3aMeHbl
00opyoosanus

OnHO# U3 BaXKHBIX YKOHOMUYECKUX MPOOJIEM SBIISIETCS OMpe-
JEJIEHUE ONTHUMAJIBLHON CTPATErMU B 3aMEHE CTapbIX CTAHKOB, arpe-
raToB, MalllMH Ha HOBBIE.

Crapenne o00pyAoBaHHs BKJIOYACT €ro (YM3HYECKUH U MO-
pajbHBIA U3HOC, B PE3YJIBTATE YETO PACTYT MPOU3BOACTBEHHBIE 3a-
TpaThl MO BBIITYCKY MPOAYKIIMU Ha CTApOM O00PYI0BAHUH, YBEIUYH-
BAIOTCS 3aTPAThl HA €r0 PEMOHT U OOCIyKUBAHUE, CHUKAIOTCS MPO-
U3BOJUTEIBLHOCTD U JJUKBUJIHAS CTOMMOCTh. HacTymaeT Bpemsi, kora
cTapoe 000pyA0BaHHUE BHITOJIHEE TIPOJIATh, 3aMEHUTH HOBBIM, YEM JKC-
IUTyaTHPOBATh IICHOM OOJIBIIINX 3aTpar.

OnTuManbHas CTpaTeryus 3aMEHbl OOOPYJIOBAaHMS COCTOUT B
ONpE/ICICHUM ONTUMAJIBHBIX CPOKOB 3aMeHbl. KpurepueM onTu-
MaJIbHOCTH TIPU 3TOM MOXET CIY>KUTh NPUOBUIL OT 3KCIUTyaTaluu
000pyA0BaHUsI, KOTOPYIO CJIEAyeT ONTUMHU3UPOBATh, UM CyMMap-
HBIE 3aTpaThl HA DKCIUTyaTallMIO0 B TCUCHHE PACCMATPUBAEMOTO MPO-
MEXyTKa BpEMEHHU, MOISKAIMe MUHUMH3AIINH.

BBenem o003HaueHNs:

r(t) — CTOUMOCTh TIPOAYKIIUU, MMPOU3BOJUMON 3a OJWH TOJl Ha
eAuHuIle 000PYyAOBaHUs BO3pAcCTa f JIET;

u(t) — exeroJiHple 3aTpaThl Ha 00CIyXKUBaHHE 000PYIOBAHUS
BO3pacTa f JI€CT,

S(t) — ocTaTO4YHasi CTOUMOCTh 000pPYI0BaHUS BO3pacTa f JIeT;

P- nokyrmHas 1ieHa o00pya0BaHUsI.

PaccmoTrpuMm nepuon N JeT, B npeaesiax KoToporo Tpedyercs
ONPECIUTh ONTUMAIIBHBIN IIUKJ 3aMEHBI 000PYA0BaHUS.

O06o03HauuM yepe3 fy(t) MaKCUMaJIbHBIN 10XO0/1, 0JIy4aeMbIi OT
o0OpyA0OBaHUs BO3pacTa ¢ JIET 3a ocTaBinecs: N JieT [IUKJIa UCIIOb-
30BaHUs 000PYIOBaHUS MPH YCIOBUH ONTUMAJIBHOM CTpaTETHHU.
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Bo3spact 000opya0oBaHUsI OTCYUTHIBACTCSI B HAITPABJICHUU TeUe-
Hus riporiecca. Tak, £ =0 COOTBETCTBYET CIy4aro UCIOIb30BaHUS HO-
BOr'0 000py/iIoBaHus1. BpeMeHHbIe ke CTauu Mpoiiecca HyMepyITCs
B 0OpaTHOM HAaMpaBJICHUH MO OTHOIIECHHUIO K X0y mpolecca. Tak, ¢
= | OTHOCHUTCS K OHOM BPEMEHHOM CTaJ1U, OCTAIOLIEHCS 10 3aBEP-
IIEHMS TIpoliecca, a t = N — K Hadajy mpoiiecca (pucyHok 10).

Boapacr obopynosaHna

0 1 2 3 t
Havano I { { I It —JI—-I Korel
N N-1 1 0
<
Cragum

Pucynox 10. [{uki 3ameHbI 000py10BaHUS

Ha xaxxgom stane N-ctaauitHOro mpoiecca JOJKHO ObITh MpH-
HATO PEILICHUE O COXPAHCHUH WJIM 3aMeHe 000py1oBaHus1. BriopaH-
HBI BapuaHT JOJDKEH oOecneyrBaTh MOJYYEHHE MaKCHMaIbHOMN
npuObLTH. OYHKITMOHAJILHBIC YPABHEHM S, OCHOBAHHBIE HA TPUHIIUIIC
ONTHUMAaIbHOCTH, UMEIOT BU/I:

r(t)—u@)+ f _1(t+1)
/() =max s(t)—P+r(0)sz_1(1) (2.4)

OET0

NO=max o Py r(0)-u(0) : (2.5)

VYpaBHenue (2.4) onuceiBaeT N-cTaguiHbIN npoliecc, a (2.5) -
onHOCcTaAuiHbIA. O0a ypaBHEHHUS COCTOST U3 JIByX YacTEil: BEPXHSIsS
CTpOKa ONpeAesieT J0XO0/I, HOJy4aeMblid P COXpaHEHUH 000PY/10-
BAaHUS; HIDKHSA — JI0XO0JI, OJIy4aeMblil py 3aMeHE 000pY0BaHUS U
MPOJOKEHUM TTpoliecca paboThl Ha HOBOM 000PYA0BaHUM.
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B ypaBuenun (2.4) ¢yHkums r(¢)-u(t) ectb pasHOCTb MEXKIY
CTOMMOCTBIO TTPOU3BEAECHHOW MPOAYKIHMH M SKCITyaTallHOHHBIMHU
U3AEepKKaMH Ha N-1/ CTaluy IIpouecca.

OyHKUMS fy.;(t+1) xapakTepuszyeT CyMMapHyl MpUObUIL OT
(N-1) octaBiiuxcs craguid 11t 000pyA0BaHUs, BO3PACT KOTOPOIO B
HayaJie OCYIIECTBJICHUS ITUX CTAAUN COCTABIAET (¢ + 1) JerT.

Hwxuss ctpoka (2.4) xapakTepu3yeTcs ClIeIyHIUM 00pa3oMm:
byHKIMSA S(2) — P npencTaBisieT YUCThIE U3AEPKKHU 10 3aMeHe 000-
PYAOBaHHUsI, BO3PACT KOTOPOTO £ JIET.

Oynkuus 7(0) BeIpakaeT 10X0/1, MOJIy4aeMblii OT HOBOT'O 000-
pyaoBanusi Bo3pacta 0 set. [Ipenmnonaraercs, 4To nepexoj OT pa-
00THI Ha 00OpPYAOBaHUHU BO3pacCTa ¢ JIET K paboTe Ha HOBOM 000pY-
JIOBAaHUU COBEPIIAETCSI MTHOBEHHO, T.€. MEPHUOJI 3aMEHBI CTapOTO
000OpyI0BaHMS U TIEPEXO]] Ha pabOTy Ha HOBOM 00OpYI0OBaHUHU YKJIa-
JILIBAIOTCS B OJIHY U TY K€ CTAJIHIO.

[Mocnenuss pyHkuus fy-; B (2.4) npencraBiseT coO0il 10X01 OT
octaBmuxcst (N-1) cranuii, 10 Hayanga OCYHIECTBICHUS KOTOPBIX
BO3pacT 000pYAOBaHUS COCTABIISAECT OJIMH IO/,

AHaJIOTUYHAasI UHTEPIIPETAIUs MOXKET OBbITh JlaHAa YPaBHEHUIO
JJIs. OJTHOCTaAUMHOTO Tpoliecca. 37eCh HET cllaraeMoro Bujaa fo(t +
1), Tak kak N nmpuHumMaeTt 3Hauenue 1,2,...,N. PaBeHcTBOf)(?) = 0 ciie-
IyeT U3 onpeesieHus QyHKIUH [y (1),

VYpaBuenus (2.4) u (2.5) SBAAIOTCA PEKYPPEHTHBIMU COOTHO-
IICHUSIMHU, KOTOPBIE TTO3BOJISIIOT ONMPEICIIUTh BEIUUUHY fy (1) B 3aBU-
CUMOCTH OT fy.; (t+1). CTpyKTypa 3TUX YpPaBHEHUI OKA3bIBAET, UTO
P MEPEXOJIE OT OJHOW CTaIUM MPOIECCa K CIEAYIOUIEH BO3pacT
000OpyI0BaHUs yBeIWUYHUBaeTCs C¢ ¢ o (¢ + 1) jmer, a YuciIo ocTaB-
muxcs ctaauil ymensiaercst ¢ N go (N-1).

PacyeTr HaunHAIOT C UCTIOJb30BaHUs ypaBHEeHU (2.5). YpaBHe-
HUs (2.4) 1 (2.5) TO3BOJISAIOT OLICHUTh BapUaHThI 3aMEHBI U COXpaHe-
HUS O0OpYNOBaHUS C TEM, YTOOBI MPHUHATH TOT U3 HUX, KOTOPBIN
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npejnonaracT OoJbIIUN 10X0A. ITU COOTHOILICHUS JAIOT BO3MOXK-
HOCTh HE TOJIbKO BHIOpATh JIMHUIO MIOBEICHUS MPHU PEIICHUH BOIIPOCa
O COXpaHEHWHU WU 3aMEHE O0OPYJ0BaHUs, HO U OMPEACIUTh MPU-
ObLIb, MOJYYaEMYIO IPU MPUHATHH KKIOTO U3 3TUX PEIICHU.

Ilpumep

Onpenenuth ONTUMAIBHBINA UK 3aMEHBI 000PY/I0BaHUS MPU
CIeAYIOUUX UCXOAHbIX AaHHbIX: P = 10, S(t) =0, f(t) = r(t) - u(?),
MpEJICTaBICHHBIX B TaOuIE 3.

Tabnuya 3

HcxoaHble faHHble aJ1d pemieHud 3agayu All
t o 1| 23456 ]| 7|81 09 10 11 12
fml1o|lol 8|76 54|32 1 0 0 0

Pewenue

VYpaBuenus (2.4) u (2.5) 3anuiieM B CIEAYIOLIEM BUJIE:

» SO+ Fy_y+D)
=max

N P f O+ fy_ D

_ S@
f1 (t)= max{_ bt f(O)} |
Jna N=1

B o 1 10
0= ma{— D+ f(O)} - ma’{— 10+ 10} ,

_ O 9 |_
fl(l)_ma{—p—i—f(OJ _max[—10+10}9,

B fazy |- 0 |
f1(12)—ma>{_p+f(0)} _max{—IOHO}_O.

1O+/D | 10+9
—p+ O+ ;) _max{—10+10+9]
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0 1
f2(1)=max{ JOAD ]:max{ 9+8 }

—p+f(0)+ £,(1) ~10+10+9

Brrunciienust nmpoomkaeM 10 T€X Mop, MOoKa HE OYIeT BBIOJI-
HEeHO ycioBuef;(1)<f>(2), T.e. B HaHHBIK MOMEHT O00OpYJIOBaHUE
HEO0O0XO0IMMO 3aMEHUTh, TAK KaK BEJIMUMHA MTPUOBUIH, TTOTyYyaemas B
pe3yJibTaTe 3aMEHbl 000PY/I0BaHUs, OOJIbIIE, YEM B CIydae UCTOJIb-
30BaHUs CTaporo. Pe3ynpTarsl pacueToB MOMEIAEM B TAOIUILY, MO-
MEHT 3aMEHbl OTMEUYAEM 3BE3/I0YKOM, MOCII€ Yero JajbHEHIINE BbI-
YUCJICHUSI TIO CTPOUYKE MpEeKpalacm.

MoxHO He peliath Kaxabplil pa3 ypaBHeHue (2.5), a BeIYucIe-
HUS IPOBOAUTH B Tabnuiie. Hanpumep, BEIUUCTUM f4{?):

£,00) = £,(0)+ £,(1) =10+24 =34 > £, (1) = 24,

f4D=f1(D+ f3(2)=9+21=30,

f4(2)=f1(2)+f3(3)=8+18=26,

f43)=1/1)+f3(4)=T+17=24,

f,@) = £+ f5(5)=6+17=23,

JansHeitmue pacuetsl s f4(t) mpexparaeM, Tak kak fi(4) =
23 <f3 (1) =24.

Tabnuya 3
Pacuersr 3amaun 11

Fx(t) 0 1 2 3 4 5 6 7 18 |9 (10 (11 |12

N N-1 |11 |10 |9 8 6 |5 |4 (3 2 1

7
F@® |10 |9 [8 [7 |6 |5 [4 [3 [2]1 o |o [o
Faty |19 |17 [15 [13 [11 |9 |9

F3(t) |27 |24 21 |18 |17 |17

Fit) |34 |30 |26 |24 |24

Fs(t) |40 |35 |32 |31 [30 |30°

Fo(t) |45 |41 [39 [37 |36 |35 |35

FAt) |51 |48 |45 |43 |41 |41

Fs(t) |58 |54 51 |48 |48

Fo(t) |64 |60 56 |55 |54 |54

Fio(t) |70 |65 63 |61 |60 |60

Fu® |75 |72 |69 [67 |66 |65 |65

Fo(t) |82 |78 |75 |73 |72 |72




[To pe3ynbpTaTaM BBIUMCICHUN W MO JMHUU, pa3rpaHUuUBaIO-
el 00J1aCTU pelIeHu COXpaHeHUsl U 3aMEHbl 00OpYAOBaHMUSI, Ha-
XOJIUM OTNITUMAJIbHBIN IIUKJI 3aMeHbI 000pyoBaHus. s nanHoi 3a-
Jla4yd OH cocTaBisieT 4 roaa (tadnuma 3).

OtBet: s monydeHuss MakCUMajdbHOW MPUOBLIA OT HUCTIOJIb-
30BaHUsI 000PYI0BAHMS ONITUMAIBHBIN ITUKII COCTOUT B 3aME€HE 000-
PyAOBaHUS Yepe3 Kaxanle 4 roja.

Bonpocwt u 3a0anus 011 camokonmpons

1. [aiiTe onpeneneHue TMHEWHOrO NPOrpaMMUPOBAHHS.

2. lIlpencraBbTe MOCTAHOBKY U MaT€MAaTHYECKYIO Mojielb 3aaaun JII1.

3. Jlaiite onpeneneHus 1eneBod (QyHKIMHU, CTAHIAPTHON M KaHOHUYE-
ckoit 3amaun JII1.

4. JlaitTe onpenesieHus AOIMYCTUMOTO pelieHus (TiaHa), ONTUMaTbHOTO
TJIaHa.

5. IlpexacraBpTe onpeneneHus BHIMTYKION TUHEHHON KOMOWHAIIUU, BbI-
MyKJIOTO MHOKE€CTBA, MHOTOTPAaHHUKA PEIIEHU U OTIOPHOTO TIJIaHA.

6. Cdhopmynupyiite cBoiicTBa ocHOBHOM 3agaun JIII.

7. JlaliTe IOHATHE ABOMCTBEHHOM 3aJ1a4M.

8. IlpuBenute ompeseracHUe TEHEBOW IIeHBI (OIEHKH, JTBOMCTBEHHOM
OIICHKH ).

9. IlpencraBbTe BU/IBI JBOMCTBEHHBIX OLICHOK.

10. CdopmynupyiiTe nepByro TEOpPEMY JTBOUCTBEHHOCTH.

11. CdopmynupyiiTe BTOPYIO TEOPEMY JTBONCTBEHHOCTH.

12. TlpuBeaute mpaBuiia OIIEHKH ONTUMAIbHOTO IJIaHA [0 JBOWCTBEH-
HBIM OIIEHKaM OCHOBHBIX MIEPEMEHHBIX.

13. Tlepeuucnure mpaBuiia OUEHKHA ONTUMAJBHOTO IUIaHA MO JBOW-
CTBEHHBIM OLICHKaM OrpaHudeHuit tumna (<).

14. ITpuBeaute nmpaBuiia OLEHKHA ONTUMAIBHOTO IUIAHA IO IBOMCTBEH-
HBIM OIICHKaM OTpaHWYeHHUH Tumna(>).

15. Ilepeuncinure 3aKOHOMEPHOCTU B PE3YJIbTATAX PELICHUS ONTHMU-
3allMOHHBIX 33/1a4.

16. IlpencraBbTe MOHATHE M MOCTAHOBKY TUHAMUYECKOTO POrpaMMHu-
pOBaHMUSI.

17. CdopmynupyiiTe npuHIUN onTUMaibHOCTH bernmana.

18.IlpuBeauTe MOCTAaHOBKY 3aJ1a4M ONPEACIICHUs] ONTUMAIBHOM cTpaTe-
T'MH 3aMEHbI 000pYAOBaHUS.

19.0nummnTe NpUHIUIEI PELICHUS 33]a4l ONPEIEICHUS ONTUMAIbHOM

CTpaTeruu 3aMeHbl 000PYIOBAHUS.
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3. CETEBOE II'TAHUPOBAHHUE
N YIIPABJIEHHUE

3.1 CETEBBIE MOJEJIU
J1o TosIBJIEHUS CETEBBIX METOJI0B IUIAHUPOBAHUE PA0OT, MPOECK-

TOB OCYIIECTBIISNIOCh B HEOOIbIIOM 00beMe. Hanboiiee n3BeCTHBIM
CPEACTBOM TaKOro IJIAHUPOBaHUS ObUI JICHTOUHBIA rpaduk ["aHTa,
HEJIOCTATOK KOTOPOTO COCTOUT B TOM, YTO OH HE TTO3BOJISIET YCTAHO-
BUTh 3aBUCUMOCTH MEXK]ly Pa3JIMUHBIMU OTIEPAIUSIMHU.

CoBpeMEHHOE CETEeBOE IUIAHMPOBAHUE HAUYMHAETCA C pa3due-
HUS MpOorpaMMbl padoT Ha oneparuu. OnpenensitoTcsi OLEHKH MPo-
JOJDKUTEILHOCTU OTIEpaIiuid, 1 CTPOUTCS CeTeBast MOJielb (Tpaduk).
[TocTpoeHue ceTeBOM MOJEIM MO3BOJISIET MPOAHATU3UPOBATH BCE
omepalyy U BHECTU YJIYUIIECHUS B CTPYKTYPY MOJEIH JI0 Havaja ee
peanuzanuu. CTpOUTCS KaJlleHIApHBIM TpaduK, ONPEAeIISIOIIUMA
Hayajo M OKOHYAHUE Ka)XJOM omepaiyu, a Takke B3ahuMOCBS3U C
npyrumu omnepauusmu rpaduka. Kanenmapusiii rpaguk BBISBISET
KPUTHUYECKHE OTepaIiiy, KOTOPbIM HaJI0 yACJISITh 0c000€ BHUMAaHUE,
4TOOBI 3aKOHYUTH BCE pabOTHI B JUPEKTUBHBIN CpoKk. UTO Kacaetcs
HEKPUTUYECKUX OTIepalliii, TO KaJICHAapHBIN TJIaH MO3BOJISET OIpe-
JIEJTUTh Pe3ePBbl BPEMEHU, KOTOPHIE MOKHO BBITOJIHO UCIIOJIH30BaTh
MIpH 3aJIePKKE BBHIMOJHEHUS pabOT Wi 3(PhHEeKTHBHOM MTPUMEHEHUHU
KaK TPYAOBBIX, TaK U (PUHAHCOBBIX PECYPCOB.

CeteBast Mmozienb — rpaduyeckoe U300pakeHue MjIaHa BBITOJI-
HEHMS KOMILJIEKca paboT, COCTOSAIIEro U3 HUTEH (padoT) U y3510B (Co-
OBITHI1), KOTOPBIE OTPAKAIOT JIOTUUECKYIO B3aMMOCBSI3b BCEX Olepa-
uuid. B ocHOBE ceTeBOro MOAEIMPOBAHHUS JIEKUT N300paKeHUE I1J1a-
HUPYEMOT0 KoMILJIeKca padoT B Buje rpada. I'pad-cxema cocTouT u3
3aIaHHBIX TOYEK (BEPIIMH), COCAMHEHHBIX CUCTEMOU JIuHUM. OT-
PE3KH, COEAUHSIONIME BEPIIUHBI, HA3BIBAIOTCS peOpamu (Iyramu)
rpada. OpUEeHTUPOBAHHBIM Ha3bIBAa€TCsl Takol rpad, Ha KOTOpOM
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CTPEJIKOM yKa3aHbl HalpaBJIEHUs BCEX €ro pedep (ayr), 4To Mo3Bo-
JISI€T ONPENEIINTh, KaKasi U3 JIByX €ro I'PAHUYHBIX BEPIIWH SIBIISIETCS
HAa4aJIbHOM, a Kakasi ~—KOHEUHOM. VcciienoBaHne Takux CETEN MPOBO-
JTUATCS METOJaMM T€OPHUHU rpados.

Teopus rpadoB onepupyeT MOHATUEM MYTH, 0ObEAUHSIIOITUM
MOCJIE0BATEIBHOCTh B3aUMOCBsI3aHHBIX pedep. KoHTyp o3Hauaer
TaKo# MyTh, Y KOTOPOTO HadaJibHAs BEPILIUHA COBMAJAET C KOHEU-
Hoi. CeTeBol rpaduK — 3TO OpUEHTUPOBAHHBIN Irpad 6€3 KOHTYPOB.
B ceTeBOM MO€IMPOBAaHUN UMEIOTCS JIBA OCHOBHBIX DJIEMEHTA —pa-
0oTa 1 coObITHE.

PaboTa - 3TO akTUBHBIN TpoOIIECC, TPEOYIOIIUNA 3aTpaT pecyp-
COB, MO0 MACCUBHBIN (OXKHAAHUE), MPUBOIAIIUN K JOCTHUKEHUIO
HAMEUYEHHOTO pe3yJibTaTa.

®dukTHBHAsA paboTa — 3TO CBSI3b MEXKAY pe3yiabTaramu padoT
(coObITHSIMU), HE TPEOYIOIIas 3aTpaT BPEMEHH U PECYPCOB.

CoOpITHE — 3TO pe3yabTaT (MPOMEKYTOUHBIM WIIM KOHEUHBIN )
BBITIOJTHEHMS OJTHOM MJIM HECKOJIBKUX MPEAIIECTBYIOMMNX paloT.

[IyTh - 3TO Mr0Oast HEMPEPHIBHAS MMOCIEI0BATEIHLHOCTD (IIETIh)
paboT U COOBITHH.

Kputnueckuii myTb — 3TO IyTh, HE MMEIOIIUNA PE3EPBOB U
BKJIIOUAIOIIMN CaMble HANPsIKEHHbIE Pa0OThl KOMILUIEKca. PadoThl,
PacCIONOKEHHbIE HA KPUTUUYECKOM ITYTH, HA3bIBAIOT KPUTUYECKUMH.
Bce ocranbHbie paOOThI ABISIOTCS HEKPUTUYECKUMHU (HEHAIPSIAKEH-
HBIMHU) ¥ 00J1aJ1a10T pe3epBaMu BPEMEHH, KOTOPBIE TO3BOJISIIOT Tepe-
JBUTaTh CPOKU HMX BBITOJHEHUS, HE BJIUSAS HA OOIIYHO MPOJOJIKHU-
TEJILHOCTh BBITIOJTHEHUS BCETO KOMIUIEKca padoT.

[Ipy MOCTPOECHUM CETEBBIX MOJIENIC HEOOXOAUMO COOJIIOJATh
CeAyIolIYe MPaBua.

1. Cetp u300pakaeTcs ciaeBa HaNpaBO, U KaXKJ10€ COOBITHE C
OOJIBIIIMM TOPSIKOBBIM HOMEPOM H300pa)kaeTcsl MpaBee MpeJiblTy-
niero. OOlIee HampaBi€HUE CTPEIOK, U300pa)karolux paldoTHI,
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TaK)kK€ B OCHOBHOM JOJI’KHO OBITh PacTOJIOKEHO CII€Ba HAMPaBo, MPU
3TOM Kak/1asi paboTa JOJIKHA BBIXOJIUTH U3 COOBITUS C MEHBILIUM HO-
MEPOM U BXOJIUTh B COOBITHE C OOJIBIIUM HOMEPOM;

2. JIBa coceIHUX COOBITUSI MOTYT OOBEAUHATHCS JUIIL OJTHON
pabotoii. J1yis u3o0pakeHust nmapauieabHbIX pabOT BBOJAATCS MPOME-
’KYyTOYHOE COObITHE U (PUKTUBHAS paboTa;

3. B cet He 1OMKHO OBITH TYITUKOB, T.€. MPOMEKYTOUYHBIX CO-
OBITHI, U3 KOTOPBIX HE BBIXOJAUT HU OJIHA paboTa;

4. B cetu HE AOMKHO OBITH MPOMEKYTOUYHBIX COOBITUH, KOTO-
PBIM HE TIPENIECTBYET XOTs OBl 0Ha paboTa;

5. B cetu HEe AOMKHO OBITh 3aMKHYTBIX KOHTYPOB, COCTOSIIINX
U3 B3aWMOCBSI3aHHBIX Pa0OT, CO3JAIOMIUX 3aMKHYTYIO Iiemb. s
MPaBUILHON HyMepaluu COOBITUM MOCTYNAIOT CIEIYIOMUM 00pa-
30M: HyMepalys COOBITUIM HAYMHAETCS C UCXOAHOTO COOBITHS, KOTO-
pomy naercst Homep 1. I3 ncxomHoro coOsITHsI 1 BRIUEPKUBAIOT BCE
UCXOJIAIINE U3 HETO pabOThl, HA OCTABIIEHCA CETH BHOBH HAXOMST
coOBbITHE, B KOTOPOE HE BXOJUT HHU OJHA paboTa. DTOMY COOBITHIO
naeTcs HoMep 2. 3aTeM BBIYEPKHUBAIOT PAOOTHI, BHIXOMSIIHNE U3 CO-
OBITHS 2, 1 BHOBb HAaXOJIAT HAa OCTABIIICHUCS YaCTH CETU COOBITHE, B
KOTOPOE HE BXOJUT HU OJIHA paboTa, eMy MIPUCBAUBAECTCS HOMED 3, U
TaK MPOJI0JHKAETCS 10 3aBEPIIAIOIIETO COOBITHS.

3.2 BPEMEHHBIE TIAPAMETPbI CETEBBIX TPA®UKOB

[Tpoa0KUTENBHOCTD BBHIMIOJTHEHUS! pa0OT yCTaHABIMBAETCS Ha
OCHOBaHHHM JICVCTBYIOIIUX HOPMATUBOB HJIM MO 3KCHEPTHBIM OIICH-
KaM CHEeUAUCTOB. B mepBoM cityuae BpeMEHHBIE OLIEHKH SIBJISIIOTCS
JNETEPMUHUPOBAHHBIMU (OJTHO3HAYHBIMHU), BO BTOPOM —CTOXaCTHYE-
CKUMHU (BEpOATHOCTHBIMHU ).

PaccmoTpuM B KauecTBe mpuMepa MporpamMmy CO3JaHHsl HO-
BOI'0 OBITOBOTO MPUOOPA, MOJIB3YIOMIETOCS CIPOCOM y HACEJICHHUS.
HeoOxoaumele JaHHbBIE IPUBEACHBI B Ta0uIIe 4.
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Tabnuya 4

WcxonHble JaHHBIC IO CO3/IaHUIO IIpUbOOpa

Onepa- HanmeHnoBanue Henocpencreenno |IIponosskurens-
02078 paboThI MPEIIIECTBYIOLIUE HOCTb,
orepanuu HeJenu
A,b [Pa3paboTka TEXHUYECKOUN TOKYMEH- - A-3, b-2
tarmu (T/1) vHa mpubop u ero smex-
TPOHHYIO YacTh
B,I" [Pa3paboTka T€XHOJOTHYECKOH J0- A, b B-2,T"-2
KYMEHTAIIMH Ha 3JIEKTPOHHYIO YaCTh
npudopa u npudop
Jl| [Tepenaua T]I Ha mpudop A 3
E N3rorosienue npubopos B 7
XK N3roroBneHue 3JIEKTPOHHOMN YacTh Ar 3
npudopa
3,K  |Pa3zpabotka T/l Ha sKCIUTyaTanuo I''B 3-5,K-2
npubopa 1 EKTPOHHYIO YacTh
" COopka u ucnelTanus npudopa E, X 6

Ha ocHOBaHMM JaHHBIX TAaOIUIBI TOCTPOUM CETEBOU rpadux

CcOo31aHuA HpH6opa C YYCTOM BbINICU3JIOKCHHbIX peKOMCHI[aHHﬁ

(pucyHnok 11).

Pucynox 11. CereBoii rpaduk coznanus npudoopa
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OCHOBHBIM BPEMEHHBIM MMAPAMETPOM CETEBOTO rpaduka sBiIs-
€TCS MPOJOJKUTEIBHOCTh KPUTUUECKOTO MYTH.

PacyeTr kpuTHUEeCKOTO MyTH BKIIFOYAET ABA JTara. llepBrii Ha-
3bIBAETCA MPAMBIM TPOXOI0M. BhIUKCIIEHUSI HAUMHAIOT C UCXOJHOTO
COOBITHS Y MIPOJIOJKAIOT JI0 T€X MOp, MOKa HE OyAET TOCTUTHYTO 3a-
Bepiiaroiiee coowsiTre. [ Kaxkaoro coObITUS ONPENEIsSeTCs OJHO
YUCJII0, MPEACTABISAIONIEE PAHHUM CPOK €ro HacTymuieHus. Ha Bto-
pOM 3Tare, Ha3pIBaeMOM OOpAaTHBIM MPOXOOM, BHIYUCICHUS HAUU-
HAaIOT C 3aBEPIIAIOIIETO COOBITUS M MPOJA0JIKAIOT, TOKA HE OyJeT J0-
CTUTHYTO UCXOAHOE COObITHE. [{I KaK10r0 COOBITUSI BEIUUCIISETCS
MO3/IHUI CPOK €ro HACTYILJICHHUS.

PaccmoTrpum npsiMoint mpoxo:

P —paHHUI CPOK HAYalla BCEX OIEpalliii, BRIXOMSIIHNX U3 CO-
ObITHSA 1.

Ecmm i = 0, To toP™ = 0;

¢P"—paHHUI1 CPOK Havasla BCeX OTepalnii, BXOSIIUX B J.

Torna

1" =max (1P + t;) ona ecex (i), (3.1)

rJe t;—TpOAOJKUTEIBbHOCTh ONIEpaluu (i,j),

W=t + 1, =0+2=12; =" +1,, =0+3=3;

(7" =max{6+3,6+7}=6; " =max{3+2,6+0};

i=1,2 i=2,3

i=3,4 5 i=3,4.5

t7" =max{6+3,6+7}=13; 1’ =max{6+2,6+513+6}=19.

Ecnu i =n, rae n —3aBepiaroiniee coObITHE CETH, TO 1,"°= 1P
U SIBJISIETCS OTIPABHOM TOYKOW 0OpPaTHOIO MPOXO0/a;

10 =mjin (4 - t;;) nus Beex onepanuii (i,); (3.2)
(=" =19; (0=t —t,,=19-6=13;

£ =min{l9-513-7}=6; z3=3{w 2,13-3,6-0}=6;
£ =min{6-3,6-2}=3; (=t —t,=6-2=4;

]:3 4
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2;" =min{3 —3,4—-2}=0.
J=1,

Hcnonb3ys pe3ynbTaThl BHIYUCICHUHN MPU TPSIMOM B 0OpaTHOM
IPOX0AaX, MOKHO ONPEAEIUTD ONEPALMHA KPUTAYECKOTO myTh. Omne-
pauus (i, j) IPUHAIJICKUT KPUTUUECKOMY MYTH, €CJIU OHA YJIOBJIE-
TBOPSICT YCJIOBUAM:

(3.3)

JIi1st paccMaTprBaeMoro mpuMepa KPUTHISCKUM My Th BKITIOYA-
et oneparuu (0,2), (2,3), (3.4), (4,5), (5,6).

Omnepariiu CBsI3aHbI eI1e C ABYMS CPOKAMH:

ti""—1o3qHUN Cpok Havayna paboTel. OH sBIsSeTCs HamboJee
MO3THUM (MaKCUMAJIBHBIM) M3 JOMYCTUMBIX MOMEHTOB Havajia JdaH-
HOI pabOoTHI, PH KOTOPOM €III¢ BO3MOKHO BEITIOJTHEHHE BCEX ITOCTIC-
OYIOITUX padOT B yCTAaHOBJICHHBIN CPOK:

=" —t, (3.4)
J y

y

t;7°— paHHuM cpoK OKOH4YaHUS paboThl. OH ABISIETCS HAMOOJIEee
paHHUM (MUHUMAJIBHBIM) U3 BO3MOKHBIX MOMEHTOB OKOHUAHUS pa-
OOTBI MPH 3aJaHHOU MPOOTKUTEILHOCTH PaloT:

t =t + (3.5)

Paznuuarot 1Ba BU1a pe3€pBOB BPEMEHM: MOJIHBIN pe3epB (7n)
1 CBOOOIHBIN pe3epB (7cs).

ITonHBIM pe3epB BpPEMEHU IIOKA3BIBAET, HA CKOJBKO MOKET
OBITh yBEIIMYECHA CyMMa MPOJOJIKUTEIBHOCTH BCEX PadOT OTHOCH-
TEebHO KpUTHYEeCKOro myTh. OH MpencTaBisieT co00Ml pa3HOCTh
MEK]ly MaKCUMaJIbHbIM OTPE3KOM BPEMEHHU, B TECUEHUE KOTOPOTO MO-
eT OBITh BBINIOJHEHA ONEPALUS, U €€ MPOJOJIKUTEIbHOCTBIO (1) U

n.H P.H
ompezensercs kak £; —1; .
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CB0OOIHBIN pe3epB BpeMEHN —MaKCUMaJIbHOE BpeMs, Ha KOTO-
PO€ MOKHO OTCPOYHUTH HAYAJIO JIM YBEIIUYUTD MPOJAOTIKUTEIHLHOCTh
paboOTHI MPU YCIOBHUH, YTO BCE COOBITHS HACTYIAIOT B PAHHUE CPOKHU:

— " —t . (3.6)

r
i i

__ 4P.H
c8ij - tj
PesyinbTarel pacuera KpUTUYECKOTO IIYTH U PE3EPBOB BPEMEHU
HEKPUTHUYECKUX OIepaluii mpeacraBieHbl B Taomnuie 5. CiaeayeT oT-
MCTHUTb, YTO KPUTUYCCKHUC OIICpAllMH JOJIZKHbBI UMCTb HYJIGBOf/i I10JI-
HBII pe3epB BPEMEHHU, MPU ATOM CBOOOIHBIN pe3epB TaKKe JOJKEH

OBITh paBEH HYJIIO.

Tabnuya 5
Pacuet BpeMEeHHBIX MMapaMeTpoOB CETEBOro rpaduxa
Pa6o- [Iponmon- Pannee Ilo3gHee IMonusi | CBoOOI-
Ta JKUTEIIb- peseps HBIN
(1,)) HOCTb HayaJlo | OKOHYa- | HayaJlo | OKOHYa- T, pes3eps
tij g | et ti Hue tj" Teg
1 2 3 4 5 6 7 8
(0,1) 2 0 2 2 4 2 0
(0,2) 3 0 3 0 3 0* 0
(1,3) 2 2 4 4 6 2 2
(2,3) 3 3 6 3 6 0* 0
(2,4) 2 3 5 4 6 1 1
(3,4) 0 6 6 6 6 0* 0
(3,5) 3 6 9 10 13 4 4
(3,6) 2 6 8 17 19 11 11
(4,5 7 6 13 6 13 0® 0
(4,6) 5 6 11 14 19 8 8
(5,6) 6 13 19 13 19 0« 0

prwettaﬁue: K — KpumuudecKkue onepayuu

Ha pucynke 12 mokasan rpaduk nmpumepa, pacCMOTPEHHOIO
BbIlIe. POb MOTHBIX U CBOOOAHBIX PE3EPBOB MPHU BHIOOPE CPOKOB
OOBSACHSIETCS ABYMS NMPABUIIAMMU:

1) Ecnu mosnHbIi pe3epB paBeH CBOOOJHOMY, TO KaJICHIAPHbIE
CPOKHM HEKPUTHYECKOH Omepaliu MOXHO BbIOpaTh B JIIOOON TOYKE
MEXy €€ paHHUM Ha4aJioM U MO3/THUM OKOHYAHHUEM;

2) Ecnu cBoOOHBIN pe3epB MEHBIIIE MTOJHOT0, TO CPOK Havalia
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HEKPUTUYECKOUN ONepalii MOKHO CABHUHYTh [0 OTHOLIEHUIO K pPaH-
HEMY CPOKY €€ Hadajia He 0oJyiee YeM Ha BEJIMYUHY CBOOOJHOTO pe-
3epBa.

B BrilIEyKa3aHHOM IIPUMEPE MPABUIIO 2 MTPUMEHUMO K OIepa-
uu (0,1), a cpokH BCeX OCTABHBIX OMEPAIIMN BEIOMPAIOTCS IO TTpa-
BUy 1.

A PaboTe @
: ! @ Kpurmueckue
\ @ onepadim
® HO, O,
. ]
' ‘
1
3
1
[}
¥
]

@ Hexputnieckue
crnepaty

Pucynox 12. I'paduix paboT 1o U3roToBieHuro npudopa
C YYETOM PE3EPBOB BPEMEHU

KoHe4YHBIM pe3ynbTaToOM BBINOJHSAEMBIX HAa CETEBOM MOJIEIH
pacueToB siBiigeTcs cereBo rpaduk (rian). [Ipu noctpoenun cete-
BOro rpaduka HE0OOXOJUMO YUUTHIBATh HAIMYKE PECYPCOB, TAK Kak
OJTHOBPEMEHHOE BBINIOJIHEHWE HEKOTOPBIX OINEpAIMi U3-32 OrPaHU-
YeHUH, CBS3aHHBIX C padoueil cuioi, 000pyIOBaHUEM U APYTUMU
BHUJIAMU PECYPCOB, MHOT/IA OKAa3bIBAETCA HEBO3MOXKHBIM. FIMEHHO B
TOM OTHOILIEHUW MPEACTABIISIIOT LHEHHOCTh IMOJIHBIE PE3EPBBI Bpe-
MEHH HEKPUTUYECKUX OINEPALUH.

CraBurasi HEKpUTHYECKYIO ONEPALMIO B TOM WJIM MHOM Halpas-
JIEHWH, HO B TpEZAEiax €€ IMOJHOIO0 Pe3epBa BPEMEHU, MOXKHO J10-
OUTHCS CHIKCHHUSI MaKCUMAJIbHOM TOTPEOHOCTH B pecypcax. OHaKo
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Ja)Xe TPU OTCYTCTBUM OTPAaHUYEHUN Ha PECYpPCHI MOJHBIE PE3EPBbI
BPEMEHH OOBIYHO MCIIOIB3YIOTCS ISl BRIpABHUBAHUS MTOTPEOHOCTEM
B pecypcax Ha MPOTSHKEHUHM BCETO CPOKa pealiv3alluy MPOrpaMMbI
paboT. DTO O3HAYAET, YTO PabOThl YJIACTCS BBIMOJHUTH OOJee WM
MEHEE MOCTOSTHHBIM COCTaBOM padOoyeii CUIIBI.

st paGoThl Ha KOMIBIOTEPE MOXKHO HCIIOJIb30BaTh MPO-
rpammy Microsoft Project. Ona peanusyeTr KajleHIapHOE MIIaHUPO-
BaHME Ha OCHOBE CETEBBIX MO/ICTICH.

Bonpocwt u 3a0anus 011 camokonmpons

[
.

JlaiiTe XapaKTEpUCTUKY CETEBOTO IUIAHUPOBAHUA.
[IpuBeauTE NOHATHE CETEBOM MOJIEIIH.
Jlaiite ompenesneHus ceTeBoro rpaduka, padoTsl, PUKTHBHON pa-

W N

OOTBHI.

[TpuBenute NOHATHUSA COOBITHS, TyTH, KPUTHUYECKOIO MYTH.
[Iepeuncnure mpaBuiia HOCTPOCHUS CETEBBIX MOJIEIIEH.

HazoBuTe 0OCHOBHBIE BpEMEHHBIE TAPAMETPBI CETEBOTO rpadHKa.
OnummuTe npsIMON MPOXOJ PU PacUeTe KPUTHYECKOTO Iy TH.
[IpencraBbre QopMyJibl pacueTa paHHETO CPOKA Hayalla Oreparuii.
Onwummre oOpaTHBIN NPOXOA MPU pacYeTe KPUTUUECKOTO MyTH.

0. IlpencraBbre (QopMyIbl pacuera MO3AHETO CPOKA OKOHUAHUS OTle-

—= 00N LA

panuii.

11. IlpuBenurte ycioBUSI HMPUHAICKHOCTH OIEpPALM KPUTHYECKOMY
My TH.

12. TlIpencraBbre hopMyJIbl pacueTa MO3AHETO CpOKa Havajia paboThl.

13. IlpuBenure hopmyibl pacueTa paHHETO CpOKa OKOHYAHUST PaOOTHI.

14. IlpencraBbTe ompenencHue U GopMysy pacyeTa MOJHOTO pe3epBa
BPEMECHHU.

15. IlpencraBeTe ompeneneHue U GopMysly pacuera CBOOOJIHOTO pe-
3€pBa BPEMECHH.

16. IlpuBeauTe KOIMYECTBEHHOE 3HAYEHHUE MOJHOTO U CBOOOIHOTO pe-
3€pBOB BPEMEHHU ISl KPUTUYECKOHN ONIEpaliu.

17. OxapakTepusyiTe pojb MOJHBIX U CBOOOIHBIX PE3€PBOB BPEMEHHU
Npu pa3pabOoTKe KaJeHIapHOTrO TlaHa.
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4. CUCTEMBI MACCOBOI'O OBCJUIY KUBAHUA

4.1 DJIEMEHTBI CUCTEMbI MACCOBOTI'O OBCJYKUBAHUS

MHorrne sKOHOMUYECKHUE 3a/1a4M CBSA3AHBI C CUCMeMAaMU MAac-
€08020 00CNYIHCUBAHUSA, T. €. TAKUMU CUCTEMaMH, B KOTOPBIX, C OI-
HOI CTOPOHBI, BOBHUKAIOT MAaCCOBBIE 3aIIPOCHl (TpeOOBaHN) HA BbI-
MOJIHEHUE KaKUX-IUOO0 YCIyT, ¢ APYrod — MPOUCXOAUT YIOBJIETBO-
PEHHE 3TUX 3aMPOCOB.

OTu cucteMbl OOBEUHAET TO 0OCTOSTENBCTBO, YTO CUCTEMaM
HE00X0UMO MPEOBIBATh B COCTOSSHUM OXXKHUAaHUSA. OXKUIaHUE SBIIS-
€TCS CIEJCTBUEM BEPOSITHOCTHOIO XapaKTepa BO3HUKHOBEHUS IIO-
TpeOHOCTEH B 00CITyKUBAaHUH U pa3z0dpoca mokasarenei 00CIyKrBa-
IOINX CUCTEM.

Henb nzyuenuss CMO cocTout B TOM, YTOOBI B35ITh MO/ KOHT-
pOJIb HEKOTOPBIE XapPAKTEPUCTUKU CUCTEMbI, YCTAHOBUTH 3aBUCH-
MOCTb MEXK/Ty YUCIOM OOCITYKUBAEMbIX €IMHUI] U Ka4€CTBOM 00CITy-
xuBaHus. KauecTBo 00CTyKMBaHUS TEM BbIIIE, YeM OOJIBIIE YUCTIO
oOcly)uBaromuxX eauHull. Ho 3KOHOMUYECKH HEBBITOJHO UMETH
JUIIHKE 00CTYKUBAIOIINE €IUHUIIBI.

B npomeiienHocty CMO npuMEHSIIOTCS PU OCTYIIJICHUH
CBIPbs, MATEPUATIOB, KOMIUIEKTYIOIIUX U3JICTUIA HA CKJIaJ U BbIJaye
WX CO CKJIaja; 00paboTKe MIMPOKON HOMEHKIIATYPHI JeTalIeil Ha O]I-
HOM U TOM € O0OOpYyJOBaHHMM; OpPraHU3alMU HaJaJKU U PEMOHTA
000OpyAOBaHMUs; ONPECICHUN ONTUMAIbHOM UYHMCIEHHOCTH OOCIy-
YKUBAIOIINX OTJEIIOB U CIIYXKO MPEANPUATHIA U T.1.

OcHoBHBIMHU 3jIeMeHTaMH CMO SBISIOTCS HCTOYHUKM 3a5BOK,
WX BXOISIIUN MOTOK, KaHAJIbI 0OCTY>KMBAaHUS U BBIXOJSAIIAN MOTOK.

B 3aBucumoctu ot xapakrepa popmupoBanus ouepeau CMO
Pa3INYaALoT:

1) cucTeMsbl ¢ 0TKa3aMu, B KOTOPBIX MPH 3aHITOCTH BCEX KaHa-
JIOB OOCITy»KHBaHUsI, 3aBKa HE BCTA€T B OYEpPE/b U MOKUJAET CHU-

CTEMY HEOOCTyKEHHOM;
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2) CUCTEMBI C HEOTPAHUYEHHBIMU OKUJJAHUSIMH, B KOTOPBIX 3a-
SIBKA BCTAET B OYEPE/Ib, €CJIM B MOMEHT €€ MOCTYILICHUS] BCE KaHaJIbI
OBLITN 3aHSATHI.

CyllecTBYIOT U CUCTEMBI CMEIIAHHOTO THUMA C OKHUJAAHUEM U
OTPAHUYECHHOM JUIMHOW OYEPEIN: 3asiBKA MOJyYaeT OTKAa3, €CIIU MPHU-
XOJUT B MOMEHT, KOIJJa BCE MECTA B OUEPEU 3aHATHI. 3asBKa, IO-
naBliasi B ouepesib, 00CIyXKuBaeTcst 00s3aTEIbHO.

CMO, nomyckaroniyge o4epe/ib, HO ¢ OrpaHUYCHHBIM YHCIIOM
TpeOOBaHUI B HEW, HA3BIBAIOTCSI CUCTEMAaMU C OTPAaHUYECHHOU JIJTU-
HOM OYEpEN.

CMO, nomyckammye o4epellb, HO ¢ OTPAHUYEHHBIM CPOKOM
npeObIBaHUS KaX0TO TpeOOBaHUs B HEM, Ha3bIBAIOTCS cUCmeMamu
C 02PAHUUEHHBIM 8DEMEHEM OHCUOAHUSIL.

[To uncny kananoB obOciyxuBanuss CMO nenstcs Ha OJJHOKa-
HaJIbHbIE U MHOTOKaHAJIbHBIE.

B 3aBucuMoCTH OT pacmonokeHus] UCTOYHUKA TPeOOBaHUM CHUC-
TEMBI MOT'YT ObITh PA30MKHYTHIMHU (MCTOYHHK 3asBOK HAXOJIUTCS BHE
CUCTEMBI) U 3aMKHYThIMH (MICTOUHHUK HAXOJUTCSI B CAMOI CHCTEME).

[IprumepoM pa3oMKHYTON CHCTEMBI MOKET CIIY>KUTh aTEbe MO
PEMOHTY TEJIEBU30POB. 3/1€Ch HEUCIIPABHbBIC TEIEBU30PbI — 3TO UC-
TOYHUK TpeOOBaHUN Ha UX OOCITyKMBaHUE, HAXOMIATCA BHE caMOU
CUCTEMBI, YUCIIO TPEOOBAHUN MOXHO CUMTATh HeOrpaHWUeHHBbIM. K
3aMKHYTBIM CMO O0THOCHUTCSI, HapUMEpP, CTAHOYHBIN Y4aCTOK, B KO-
TOPOM CTAHKHU SIBJISIFOTCSI KICTOYHUKOM HEUCIIPABHOCTEH, a Clie/I0Ba-
TeJbHO, UICTOYHUKOM TPEOOBaHUI HA UX 0OCITY>KMBAHHE, HAITPUMED,
Opuraioi HaJlaTYUKOB.

PaccmoTrpum anementer CMO.

Bxooswuii nomok

Ha npaktuke Hambosiee pacnpoOCTpaHEHHBIM SIBISETCS IIPO-
CTEHIIINHA MOTOK 3asiBOK, 00JaJaromifii CBOMCTBAMU CTAI[MOHAPHO-

CTH, OPAUHAPHOCTHU U OTCYTCTBUA HOCHG}IGI;'ICTBHH.
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CmayuonapHocms XapaKTEPU3yeTCs TEM, YTO BEPOSTHOCTH
HOCTYIUICHHSI OIPEIEICHHOTO0 KOJUYeCTBa TpeboBaHuil (3asBOK) B
TEUCHHE HEKOTOPOrO IMPOMEKYTKA BPEMEHH 3aBHUCHT TOJIBKO OT
JUTHHBI 5TOTO TIPOMEKYTKA.

Opounaprocms TOTOKa OMPEACIIACTCS HEBO3MOXKHOCTBIO OfI-
HOBPEMEHHOTO MOSIBIICHUS ABYX MK O0JIee 3asIBOK.

Omcymcmeue nociedelicmaus XapakTepu3yeTcs TeM, 4TO I10-
CTYILICHHE 3asIBKU HE 3aBUCHT OT TOTO, KOTJa U CKOJIBKO 3asBOK I10-
CTYIIMJIO JI0 3TOTO MOMEHTa. B 3TOM cilydae BEPOSTHOCTB TOTO, YTO
YHCIIO 3asABOK, IMOCTYIHMBIIMX Ha OOCIYKMBAaHHE 3a IPOMEKYTOK
BPEMEHH {, paBHO k, ompeensiercs o 3akony Ilyaccona:

_a)
o T Tk © (4.1)
rJe A — MHTEHCUBHOCTH [TOTOKA 3asBOK, T.€. CPEJHEE YUCIIO 3aIBOK B
e IUHMILY BPEMEHU:
A=1/t(uen./ mun, p./u,asmom./ on.,kem/4) (4.2)

rac 7 — CpCaHeC 3HAUCHUC NHTCPBA/Ia BPCMCHH MCIKAY ABYMA COCCI-
HHUMMU 3as1BKaMMU.

I[J'IH TAKOI'0 IMIOTOKaA 3ajABOK BPCMA MCXKAY ABYMA COCCOAHUMU
3agdBKaMM1 pACIPCACIICHO SKCIIOHCHIUAJIBHO C INIOTHOCTBIO BCPOAT-

HOCTH:
f(t)=Ae” (4.3)

CnyyaliHoe BpeMs OKHMJIAHUS B O4YE€peJW Hayajga 0OCIyKUBa-

HHUA CHUTAKOT PACIpPCACICHHBIM SKCIIOHCHIUAJIBHO!

f(t)=ve™ (4.4)

rac v — MHTCHCUBHOCTb ABWXKCHHA O4YCPCAH, T.C. CPCAHCC YNUCJIO 3a-
ABOK, IIPUXOJAIINX HA O6C.Hy}KI/IBaHI/IC B ¢IMHUIY BPCMCHU

v=1/t, (4.5)

9
TJ€E foy, — CPEAHEE 3HAUCHUE BPEMEHU OXKHUJIAHUS B OUEPEIH.
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Buvixooswuti nomok 3asBOK CBSI3aH ¢ TIOTOKOM OOCITY>KMBaHHS
B KaHalle, ¢ JIUTEILHOCTh OOCITYKUBAHUS fo5. ABISICTCS CITydai-
HOW BEJIMYMHOW M YaCTO MOAUYUHSAETCS MOKA3ATEIbHOMY 3aKOHY pac-
MPEAEIEHUS C TIIIOTHOCTBIO:

St )=pe™ (4.6)

i€ 4 — UHTEHCUBHOCTD NMOTOKA OOCTY>KUBaHUs, T.€. CPETHEE YUCIIO
3asIBOK, 00CIIy’KUBAEMbIX B €IMHUILY BPEMECHHU:

w=1/t.s(uen/ mun,p./ on.,/ ke / 4,00kym./ OH.),

T1€ {60 — CPEIHEE BpeMs 00CTy KMBaHMUS.
Baxnoii xapakrepuctukoii CMO, 00beAMHSIONIEN A U 1, SBIIS-
€TCS UHTEHCUBHOCTb HArPy3KHU:

p=A/u. (4.7)

4.2 CUCTEMBI MACCOBOI'O OBCJ Y KUBAHUSA C OTKA3AMU

PaccmoTpuM n-kaHaiabHbIe pazoMkHyThie CMO.

3asiBKa, MMOCTYIUBIIAS B CUCTEMY C OTKa3aMU W HaIlleIIasi BCe
KaHaJIbl 3aHATHIMM, MOJYyYaeT OTKA3 M MOKUJAET CUCTEMY HEOOCITy-
»keHHoM. [TokazaTeneM kaduecTBa 00CITY>KMBAHUS BBICTYTIA€T BEPOST-
HOCTh TIOJIyuyeHMsI oTkaza. Ilpenmosnaraercsi, 4To BCE KaHAJbI J10-
CTYIHBI B paBHOW CTENEHU BCEM 3asiBKaM, BXOJSIIUN MOTOK SIBJIS-
€TCs IPOCTEHIITUM, JVTUTEIHLHOCTD (BpeMsi) 0OCITy>KUBaHUSI OHOM 3a-
SBKH 1,5 pacmlpeiesieHa Mo MoKa3aTeIbHOMY 3aKOHY.

dopmyJibl 415 pacyeTa yCTAaHOBUBIIIETOCS PEKUMA:

1. BeposATHOCTh MPOCTOSI KaHAJIOB OOCITYKMBaHUA, KOT/1a HET
3asBOK (k = 0):

P=US o' 1k, (4.8)
k=0

2. BeposTHOCTb OTKa3a B 00CIyKUBAHUH, KOTJIa MOCTYHBIIAs

Ha 00CITy’>KHBaHUE 3asBKa HAIET BCE KaHAJbI 3aHAThIMU (kK = n):

P,.=P,=P,p/n; (4.9)
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3. BeposTHOCTH 0OCITYKUBaHUS:

Pose= 1-Pon. (4.10)
4. CpenHee 4HCIIO 3aHITHIX 00CITyKUBAHHEM KaHAJIOB:
ny =P P, (4.11)
5. JloJist KaHAJIOB, 3aHATHIX OOCITYKUBAHUEM
ks=n:/n; (4.12)
6. AOcousoTHas nponyckHas cnocoonocts CMO:
A=APs. (4.13)

Onpeoenenue Ihhexmusnocmu ucno1b308anus mpyooevix
U NPOU3BOOCHIBEHHBIX PeECYPCO8
8 CUCHEMAX MACCOB020 0OCYHCUBAHUS

Paccmotpum 3anauy ¢ ucnonszoBanneM CMO ¢ oTkazamu.

Ilpumep

B OTK nexa pabdoraroT Tpu KoHTpojepa. Eciu geranb mocry-
naet B OTK, xoraa Bce KOHTPOJIEPHI 3aHATHI O0CITYKUBAHUEM paHEe
MOCTYNUBIIMX JIETAJIEH, TO OHA IPOXOAUT HEMpoBepeHHOU. CpeniHee
yucino neranei, noctynaromux B OTK B Teuenue vaca, paBHo 24,
cpeaHee BpeMsi, KOTOPOE 3aTpayruBaeT OJAMH KOHTPOJIEp Ha 00CTYKu-
BAHUE OJTHOW JeTanu, paBHO S5 MUH. ONpeIeIuTh BEPOSITHOCTh TOTO,
yto ferans npoitaer OTK He 00cayKeHHOM, HACKOJIBKO 3arpy>KEeHbI
KOHTPOJIEPHI U CKOJIBKO UX HEOOXOIUMO MOCTABUTh, YTOOBI P* 6. >
0,95 (* — 3aganHOe 3Ha4YeHUE Posc).

Pewenue

ITo ycnoBuro 3amgauu A = 24ner./4 = 0,470eT./MUH, tosc = 5 MUH,
torga u=0,2, p=AMy, =2.

1. BeposTHOCTH MPOCTOSI KAHAJIOB OOCITYKUBAHUS

1 1

P() _ _—
200142 /1422 /227 /31 1+2+2+13

=0,1587,rne 0! = 1.
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2. BeposTHOCTB OTKaza B 00CTy>KMBaHUH:

0,1587

=2 =0,21.

OTK

3. BepostHocTh oOcnmyx)uBanus: P =1-0,21=0,79.

4. CpeagHee 4YHCIO 3aHATHIX OOCTY>)XMBAaHUEM KaHAJOB:
n, =2-0,79=1,58.
1,58

5. JloJig KaHAJOB, 3aHATHIX 00CIyKUBaHUEM: k, =——=0,526.

6. AOcomtoTHas IIPOITY CKHAas CIIOCOOHOCT:
A=0,4-0,79=0,316.

IIpr n =3 Pyse = 0,79 <P*,5. = 0,95.

[IpousBenss aHamOTMYHBIE pacyeThl Uil n=4, TMOJYYUM:
P, =0,14,P_ ~0,093,P_ =0,907.

Tak kak Poge= 0, 907 <P*,6.=0,95, TO, MpOM3BEAS pacUEThI 115
n =135, noxyunMm: Py = 0,137, Pow = 0,035, Pose = 0,965 > P* 6. = 0,95.

Omeem

BepositHOoCTb TOTO0, uTO TipU N = 3 netanpb npoiaer OTK HeooO-
CIIy’K€HHOM, cocTaBisieT 21%, u KoHTposiepbl OyyT 3aHATHI OOCITY-
»uBaHueM Ha 53%.

YTo0Bl 00€CEeUnTh BEPOSITHOCTh 00CTykuBaHus 0onee 95%,
HEO00XO0IMMO HE MEHEE MSATU KOHTPOJIEPOB.

4.3 CHCTEMBI MACCOBOI'O OBCJYKUBAHUS
C O KHJIAHUEM U OTPAHUYEHHOM JJIMHOM OYEPEIU

3asBKa, MOCTYNHUBIIAS B CUCTEMY C OKUJAHUEM C OTPAHUYCH-
HOW JUIMHOW OYepeay M HAIIEeIIas BCE KAHAIbl U OTPAHUYECHHYIO
ouepe]ib 3aHITHIMU, TOKUAAET CUCTEMY HE 0OCITY>KEHHOM.

OCHOBHOM XapaKTEPUCTUKON KAYECTBA CUCTEMBI SIBJISIETCS OT-
Ka3 3asBK€ B OOCIyKUBaHUMU.

OrpanuueHus Ha JJIMHY O4Y€pPEIU MOTYT OBITh:

1) u3-3a orpaHuyYeHUs CBEpXY BPEMEHU MpeObIBaHUS 3asIBKU B
oyepenu;
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2) U3-3a OTPAHUYECHUS CBEPXY JUIMHBI OUYEPE/IH;

3) u3-3a orpaHuYeHUs 0OIIETO BpEMEHH NMPeObIBaHUS 3aIBKU B

CHUCTCMC.
q)OpMy.TIBI AJIs1 YCTAHOBUBIICTOCA PCIKUMA.

1. BeposTHOCTh TPOCTOS KaHAJIOB OOCIIYKHUBaHUS, KOT/Aa HET

3asB0K (k = 0):

_.npk pn+1 _Bm‘
PO_I.{;(Z; k!_i_n!(n—p){1 (nj }}’

2. BepOHTHOCTB OTKa3a B O6CJIY)KI/IB3HI/II/II

n+m

Yo,
PomK: .PO;

n'n"
3. BeposaTHOCTh 00CITYy>KUBaHUS:

P._=1-P

0b¢ omk

4. AGcontoTHAs TPOMyCKHAs CIIOCOOHOCTb:
A = })060 ) /1;
5. CpenHee 4uciio 3aHATHIX KAHAJIOB:

- A
ny =—,
y7i

6. CpelHEE YUCITIO 3asBOK B OUEPEIU:

. p"1—(p/n)"(m+1—mp/n)
Lo = ; £
n-n (1-p/n)

7. CpegHee BpeMsi OKUJaHUST 00CITYKUBAHUS:

P ou .
low = N

A
8. CpenHee 4uciio 3asiBOK B CUCTEME:

Z — zo'—t —+ Ijl;
9. Cpennee BpeMsi IpeObIBaHUS B CUCTEME:

t CNZCO

=
1
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PaccmoTrpum 3amauy ¢ npumenenueM CMO ¢ 0)XKUJaHUEM U C
OTPaHUYEHHOM JJIMHON OUYEpEIu.

Ilpumep

MarasuH 1mojaydJaeT paHHHE OBOIIW W3 IMPUTOPOIHBIX TEILIHII.
ABTOMOOMIHN ¢ TPYy30M IIPUOBIBAIOT B Pa3HOE BpEMS ¢ HHTCHCHUBHO-
CTBIO A = 6 MamwuH B JicHb. [10C00HBIE TOMEIIEHUS M 000PYI0BaHUE
JUIS IOATOTOBKK OBOIIEH K IMpOAake MO3BOJIIOT 00pabaThiBaTh U
XpaHUTh TOBAp, IPUBE3CHHBIM ABYMS aBTOMamuHaMu (m = 2). B ma-
razuHe pabotaioT Tpu (acoBuiuka (n = 3), KaKIbIA U3 KOTOPHIX B
CpeaHEM MOXKET 00pabaThIBaTh TOBAp C OAHON MAIIMHBLI B TCUCHHUE
(cpemnee) tose = 4 4. [IpogOMKUTETHFHOCTS PA00OYETO JTHS IIPH CMCH-
HOM pabote cocTaBiser 12 4.

OrnpenennThb, KaKoBa JIOJDKHA OBITh €MKOCTh MOJCOOHBIX MTOME-
IIICHUH, 9TOOBI BEPOSITHOCTD MTOTHOM 00pab0TKH TOBapoB P* s> 0,97.

Pewenue

OnpeaenmM MHTEHCUBHOCTH 3arpy3ku (pacoOBIIUKOB, aBT./ITH.:
p=A/n=6/3=2,u=1/tw.=1-12/4=3.
1. Haiinem BeposITHOCTH MPOCTOSl (HDACOBIIMKOB IMPU OTCYT-

CTBUH MAIIUH (3asBOK):

P =1: 2—+2—+2—+2—+2— 1—(% =0,128, rme
o 1 2t 3 31(3-2)

3
0l =1.
2. BepOHTHOCTB OTKa3a B O6CJIY)KI/IB3HI/II/II
P =P —01282_ =007
313

3. BepositHocTh o0ciyxuBanus: P =1-0,075 = 0,925.

Tak kak Poge= 0,925 < P*,6. = 0,97, npousBeieM aHaJIOTHYHbBIC
BBIUMCIICHU 11 m= 3, mnonyunm P, =0,122,P = 0,048,
P_=0,952.
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Tak kak Posc = 0,952 < P*6. = 0,97, mpumem m = 4. [{7s1 3TOTO
ciyvyas P, =0,12, P, =0,028, P _ =0,972.
0,972 > 0,97, eMKOCTh HOJICOOHBIX ITOMEIICHUI HEOOXOIUMO
YBEJIUYUTH J10 m = 4,
JI71s1 MOCTHKEHUS 3aJaHHOM BEPOSITHOCTH 0OCTYKHBAHUS MOXK-
HO YBEJIWYMBATh YMUCIO (PACOBIIMKOB, MPOBOJS IIOCJIEIOBATEIBHO
BeiunciieHuss CMO st n = 4; 5 u T.11. 3a7a4y MOXHO PEILINUTh, YBE-
JUYMBas €MKOCTh ITOJICOOHBIX MOMEIICHUN, YHMCI0 (DACOBIIUKOB,
yMEHbIIIasi BpeMsi 00pabOTKU TOBApOB.
Haitnem ocranpuble mapamerpel CMO 118 pacCUYMTaHHOIO
ciny4dast ipu Po= 0,12, Py = 0,028, Posc = 0,972.
4. AGcontoTHAst TPOMyCKHAs CIIOCOOHOCTb:
A=0972-6=5,832.
5. Cpennee 4UCIO 3aHATHIX 00CTy)KMBaHUEM KaHAJIOB ((pacoB-

IIUKOB): N = 5’?2 =1,944.

6. CpelHEE YUCITIO 3asBOK B OUEPEIU:
20 1-(2/3)'(4+1-4-2/3)
3.3 (1-2/3)

7. CpegHee BpeMsi OKUaHUS 00CITY>KUBAHUS, THEH:

fon = 0,548 _ 0,09.
6

Lo. .0,12 =0,548.

8. CpenHee 4nciio MallliH B Mara3uHe:
z=0,548+1,944 =2,492 .
9. Cpennee Bpems peObIBaHUS MAIIIMHBI B Mara3uHe:

ECMO = 2,4692 = 0,415 aH.

Omeem
EMKOCTb MOJICOOHBIX MOMEIIEHUI Mara3uHa JOJKHA BMEIIaTh
TOBAp, NPUBE3CHHBIN 4 aBTOMAIIMHAMH (M = 4), IpU 3TOM BEPOST-

HOCTH TIOJIHOM 00paboTkm ToBapa Oyaet Pose = 0,972.
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w o=

4.

Bonpocwt u 3a0anun onsa camokonmpona

[IpuBenuTEe MOHATHE CUCTEMBI MACCOBOTO OOCITY)KUBAHUS.
HazoBute ocHOBHBIC iteMenThl CMO.

[TpuBenute knaccudukaruo CMO.

OxapakTepu3yiTe CBOMNCTBA MPOCTEMIIEr0 MOTOKA 3asiBOK: CTALO-

HapHOCTb, OpANHAPHOCTDb, OTCYTCTBUC HOCHeﬂeﬁCTBHH.

5.

[TpuBenute Gpopmyy onpenenacHus Yrcia 3asBOK, MOCTYNUBIINX Ha

oOCITy>KMBaHHE 32 ONPEEICHHBINA MPOMEKYTOK BPEMEHHU.

6.

[IpencraBpTe hopMybl pacueTa BpEMEHU MEXTY ABYMS 3asBKaMU

H OKUJTaHUA B OUCPCIH.

7.
8.

[IpuBeauTEe XapaKTEpUCTUKH BBIXOAIIETO MOTOKA.
Oxapakrepusyiite CMO ¢ oTkazamuu npuBeautre (GopMysibl AJis

pacuera ux noka3aresei.

9.

Oxapakrepuszyiite CMO ¢ 0XuJaHHMEM U OTPAHUYECHHOW JIIMHOM

ouepeaH U NpuBeauTe GOpMYIIbI Ul pacyeTa uX MoKa3aTele.
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S. TEOPUA MATPUYHbBIX UT'P

5.1 IIOHATHUSI U TEOPEMbBI TEOPUM UT'P

3amauu BEIOOpA PEIICHUS, KOT/1a KaXX101 albTepHaTUBE (Bapu-
aHTy BBIOOpPA) COOTBETCTBYET OIMPEACIICHHBIN MCXO/, SIBIITIOTCS 3a-
JadyaMH BBIOOpA B YCIIOBUSX OMPEACICHHOCTH.

B peanpHbIX 3a/1a4ax 4acTO OPUXOJUTCI UMETH JIEJO C CUTYya-
HEN, KOT/1a aJIbTEPHATUBA HEOTHO3HAYHO OINPEAEIACT MOCIEACTBUA
CACIaHHOTO BBIOOpa. JIpyrumu cioBamu, UMeeTcs Habop BO3MOK-
HBIX UCXOJIOB V €Y, M3 KOTOPBIX OJIMH OKAXKETCSI COBMEILIECHHBIM C BbI-
OpaHHOU aJbTEPHATHUBOMN, HO C KAKOW MMEHHO — B MOMEHT BBIOOpA
HEU3BECTHO, HO CTaHET SCHO TOJILKO TOTJa, KOT/1a BBIOOP YK€ clie-
JIaH, 1 HUYETO U3MEHUTH HEJbB3s1. XOTS C Pa3HOM aIbTEPHATUBOM X €X
CBSI3aHO OJHO U TO € MHOXKECTBO UCXOJIOB Y, JIJIsl pa3HbIX allbTep-
HATHUB PA3HBIE UCXObl UMEIOT HEOJUHAKOBOE 3HAUCHUE.

3adanue HeonpeodeleHHOCMU C NOMOWbIO MAMPUYbI

B ciydae auckpeTrHoro Habopa aJbTEpHATUB M UCXOJO0B OIH-

CaAHHYIO BbIIIC CHUTyallUIO MOXXHO IPCACTABUTbL B BHUJAC MATPHUIIbI

(Tabnuia 6).
Tabnuya 6
ManI/IHa AJIbTCPHATUB U UCXOJ0B
X Y Vi V2 Vi Vm
X1 ajl a2 ajj Alm
X2 azl a2 az A2m
Xi ail a2 aij Aim
Xn anl an2 anj Anm

Bexrop y(yi, ., ym) — 3TO BCE€ BO3MOXKHBIE UCXOAbI. Uncna a;i
BBIPAXKAIOT OIIEHKY CHUTYyalliu, KOTJla CclieJlaH BHIOOP ajJbTepHATHUBHI
X; 1 peanu3oBajCs MCXOX ;. B pa3HbIX cilydasx 4uWclia @ MOTYT
UMETh Pa3JIUYHbIA CMBICIT — BBIMTPHIII, MOTEPH, TIIATEK.

Bo3mMoxHbI 1Ba BapuaHTa:
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1) Bce cTpoku aj(aiy, ...,aim) OMMHAKOBBI U TIPOOJIEMBI BbIOOpA
MEXK]ly aJbT€pPHATUBAMU HET;

2) CTpPOKHM pa3JIMuHbI, CIEJOBATEIHLHO, BOZHUKAET MpoliIemMa
BBIOOpA aTbTEPHATHUBHI.

B ciydyae HenmpephIBHBIX MHOKECTB X U Y CUTyaIysi ONUChIBa-
€TCS AHAJIOTHMYHO C MOMONIBIO 3aJ1aBA€MbIX HA ATUX MHOKECTBAX
byukuax a(x,y), xeX, yeY.

Teopusi uecp OTHOCHUTCS K pa3jielly MPUKIATHOW MaTEMaTHUKH,
VCCIIEAYIOIIE MAaTeMaTU4YECKUE MOJICNIM TNPUHATUS PEIICHUU B
YCJIOBHSAX KOH(MIUKTA, MPOTUBOPEUNHN U HEOTIPEICICHHOCTH.

3agayed TEOpUM WIP ABJISAECTCA HAXOXKAECHHUE ONTUMAIbHOU
CTpaTeruu MOBEJACHUS B YCJIOBUAX KOH(MIUKTA, HEOMPEICICHHOCTH
WJIY IPOTUBOJEUCTBUS KAKOM-TO CTOPOHBI, HE3aBUCHUMO OT TOTO, CO-
3HATEJIbHO MJIM HEOCO3HAHHO 3TO MPOUCXOJIUT.

UrpoBbie MaTeMaTH4YECKUE MOJEIM IO3BOJSIOT HE TOJIBKO
HAaWTU ONTUMAIBHYIO CTPATETHMIO, KOTOpas HE BCETAA OJHO3HA4YHA,
HO U OLICHUTbH KaXIbI BAPUAHT PELMICHUS C PA3JINYHbBIX, MHOTIA ITPO-
TUBOPEUMBBIX TOUEK 3PEHUS, a TaK K€ TIIy0xe pa3o0paThCcsi BO BCEX
CIOKHOCTSIX U HEONPEAEICHHOCTSX PEATbHON CUTYalNU ISl IPUHS-
THS O KOHIIA TPOJYMAHHOTO PEIICHUS.

Havanom Teopum urp kak MociieqoBaTeIbHOW MaTeMaThye-
CKOW TEOPHU MOBEACHUSA MOKHO CUMUTATh OMyOJIMKOBaHHYIO S0 et
Hazag MoHorpadwuto J[x. pon Helimana u O. Moprenmrepaa. @paH-
IY3CKUM MaTeMaThk O. MyJeH XapakTepu3yeT 3HaUCHUE TEOPUH UTP
KaK HaOOp MHCTPYMEHTOB JIJIsi TIOCTPOCHUS MOJIeJIE B SKOHOMUYE-
CKHUX U MOJUTUYECKUX TCOPHUSIX.

OcHosHbie onpeoenenus

Kongnuxm — 370 mpoTUBOpEYNE, BEI3BAHHOE MPOTUBOOJIOK-
HBIMHU MHTEPECAMU CTOPOH.

Konpnuxmuas cumyayus — cutyaiys, B KOTOPOH y4acCTBYIOT
CTOPOHBI HHTEPECHI KOTOPBIX MOJHOCTHIO HJIM YaCTUYHO MPOTUBOIIO-

JIOXKHBI.
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Hzepa — 310 NEeWCTBUTEIBHBIN WM (GOpMaIbHBIM KOHMIUKT, B
KOTOPOM UMEETCA N0 KPaHEW Mepe IBa YYACTHUKA, KAXIbIA U3 KO-
TOPBIX CTPEMUTCS K JIOCTUKEHUIO COOCTBEHHBIX LieIeh

IIpasunamu uecpvl Ha3BIBAIOT JIOMYCTUMBIE IEUCTBHS KaXKIOTO
W3 UTPOKOB, HANIPABJICHHBIE HA TOCTUKEHUE HEKOTOPOU LIEIIH.

[ Inameosrcom Ha3bIBAETCS KOJIMUECTBEHHAS OLICHKA PE3YJIbTATOB
UTPBL.

llapnasa uepa — urpa, B KOTOPOM y4acCTBYIOT TOJIBKO JBE CTO-
POHBI (JIBa UTPOKA).

Hzpa ¢ nynegoii cymmou — nmapHas urpa, npu KOTOPOU CyMMa
IJIaTeXka paBHa HYJIIO, T.€. KOT/ia MPOUTPHIII OJTHOTO UTPOKa PaBEH
BBIUTPBIILY JIPYTOrO.

Cmpamezusi UTPOKa — 3TO OJHO3HAYHBIN BHIOOP UTPOKA B KaX-
IO U3 BO3MOXHBIX CHTYyalldl, KOTJa 3TOT UIPOK JIOJDKEH CHEIATh
JIMYHBIA XO/I.

Onmumanvhas cmpamezus — 3TO TaKas CTPATErusi UTPOKa, KO-
TOpasi MPY MHOTOKPATHOM IOBTOPEHUM HUTPHI 00ECTICUMBAET €My
MAaKCHUMaJIbHO BO3MOKHBIM CPEIHUI BBIUTPHIII UM MUHUMAJIbLHO
BO3MOHBIW CPETHUN [POUTPBHILLL.

ITycTh MBI UIMEEM NAPHYIO UTPY C HYJIEBON CYMMOM, OJUH WI-
POK MOXET BBIOpATH MPU TAHHOM XOJI€ 1 -}0 CTPATETUIO U3 M CBOUX
BO3MOXHBIX (I = [,..., m), a BTOpOil, HE 3Hasi BLIOOpA MIEPBOTO | -1O
CTpaTeruio U3 #n CBOMX BO3MOXKHBIX cTpaTteruit (j = I, ..., n). B pe-

3yJIbTaTE MEPBBIM UTPOK BBIUTPHIBAET BEJIUYUHY ., @ BTOPOU IPO-

l'j 2
I/IFpBIBaeT 3Ty BGJII/I‘II/IHy. I/IB 9THUX BCIINYHNH COCTaBUM ManI/ILIy A.‘

a a a

11
A= (a;)=|

a

12 In

N

Sy eee Ay

a a

ml m2 ccc mn

Inameoscnas mampuya — TaK Ha3bIBACTCA MaTpHUlla A nnm Mart-

puILa UTPHL.
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Koneunoii uepoii pazmepnocmu (mxn) Ha3pIBaeTCs UIpa, ONpe-
JeJICHHAs MaTpuIieil A, UMEIOIIeH m CTPOK U 7 CTOJIOIOB.
Maxcumunom unu HudMCHeU YeHou ucpbl HA3BIBAETCS YHCIO

o =max(min a; )» @ COOTBETCTBYIOIIAsi €My CTpATETHs (cTpoka)
i J

MAKCUMUHHOIL.

Munumaxcom unu eepxueu yYeHou ucpbl HA3BIBACTCS YHCIO

[=min(maxa, ),a cooTBETCTBYIOMAs €My CTPATETHs (CTOIOEL) MiL-
J i ’

HUMAKCHOU.

Teopema 1. HuxHssl 11IeHa UTPBI BCETIa HE MPEBOCXOUT BEPX-
HIOIO LIEHY UTPHI.

Hzepoul ¢ ceonosoii mouxkou Ha3bIBaETCA UTpa, ISl KOTOPOM
o= [3.

L]enoti uepvl Ha3pIBa€TCS BEIMUUHA V , €CIIUA V=0=f3.

B citydae urpsl ¢ ceiioBOM TOYKOU UTPOKAM BBITOJIHO IIPULIED-
YKUBAThCSI MAKCUMUHHOW U1 MUHUMAKCHOW CTPATErMi U HE BBITOJIHO
OTKJIOHATBHCS OT HUX. B Takux ciryyasx po Urpy roBopsT, YTO B HEU
UMEET MECTO PABHOBECUE 6 YUCTbIX CIPAMEUSIX.

Bo3mokHa urpa v ¢ HECKOJIbKMMH CEIJIOBBIMU TOUYKamMu. Toraa
Ur'pa UMEET HECKOJIBKO ONTUMAJIBHBIX PELICHUH, HO C OJIMHAKOBOU
LIEHOU UTPBHI.

Yaie BcTpeyaroTcsi MaTpuyHbIe UTPbI 0€3 CEeITIOBOM TOUKH, KO-
rma o <[ uTorna s HaXOXKICHHS €€ PEIICHHs] UCIOJIb3YIOTCS
CMEILIaHHbIE CTPATETUH.

Cmewannoi cmpameeueli ATPOKa HA3bIBAETCS BEKTOP, KaXK1asl
13 KOMIIOHEHT KOTOPOTO ITOKAa3bIBAET OTHOCUTENIBHYIO YaCTOTY HC-
IIOJIb30BAHUSA UTPOKOM COOTBETCTBYIOLIEN YNCTOM CTPATETUU.

Teopema 2. (OcHOBHas TeOpeMa TEOPUU MAaTPUUHBIX UTp). Bes-
Kas MaTpU4Hasi Urpa ¢ HyJI€BOU CYMMOU UMEET PELIEHUE B CMEIIAH-

HBIX CTPATCTUAX.
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Teopema 3. Eciu 01MH U3 UTPOKOB IPUMEHSET ONTUMAIbHYIO
CMEIIaHHYI0 CTPATETHUI0, TO €r0 BBIUTPHIII PABEH LIEHE UTPHI V BHE
3aBUCUMOCTHU OT TOTO, C KAKUMHU YaCcTOTaMU OyJeT MPUMEHATh BTO-
POM UTPOK CBOM CTPATErWU (B TOM YHCIIE U YACTHIE CTPATETHH ).

Ilpumepot pewienus 3a0au npu RAPHOUL UZpe ¢ HY1€60U CYMMOU
llpumep 1
HaiiTu pemenue urpel, 3aJlaHHON MaTpuLen A:

33

IIpoBepuM HaM4uMe CEAJIOBOM TOYKH B JaHHOW MaTpuie. s

Pewenue

ATOTO HAWJEM HUKHIOIO U BEPXHIOIO [IEHY UTPBI.

MuHuManbHbIE 3JIEMEHTHI MO CTpOKaM paBHbI (2 u 3) Torna
HIDKHSIS 1IeHa Urpbl o = max (2; 3) = 3. MakcuMalbHbI€ 2JIEMEHTbI
I10 CTOJI01IaM paBHBI (3 1 6) TOrJaa BEPXHSS IeHa UTPhI B
= min (3; 6) = 3. OTcro1a BUJIHO, YTO O = 3 =3 ¥ MBI UMEEM CEJI0-
BYIO TOYKY d,;= 3, T.C. 3aJla4a HMEET PEUICHUE B YMCTBIX CTpare-
TUSIX.

OnTumanbHbIE YUCTBIE CTPATETUH JJIsl IEPBOTO U BTOPOTO MT-
pokoB pasHbI cootBercTBeHHo U™ = (0; 1), Z* = (1; 0), a meHa urpsl
v =3.

IIpumep 2

Haitu pemenue urpsl, 3aJaHHON MaTpuLen A

)

IIpex e Bcero mpoBEpUM HAJIWYUE CEIJIOBOM TOUYKHU B JAHHOM

Pewenue

MaTpHulIE.
JI1s1 3TOr0 HaAEM HUKHIOKO U BEPXHIOIO LIEHY WUIPHI.
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MuHuManbHbIE 3JIEMEHTHI MO CTPOKaM paBHbI (2 U 3) Toraa
HIWDKHSIS 1IeHa Urpbl o = max (2; 3) = 3. MakcuMalbHbI€ 3JIEMEHTbI
1o cToJIONaM paBHbI (4 1 6) Tor1a BEpXHsis IIeHa Urpsl 3 = min (4; 6)
= 4. OTcroga BUJIHO, YTO O < B U MBI UME€EM UTPY, KOTOpas UMEET
pelIeHNE B CMEIIaHHBIX CTpAaTErusix, a ieHa urpbl o < v < 3.

IIpennonoxum, 4To AJIsi IEPBOTO UTPOKA CMELIAHHAS CTpaTe-
rus 3aaaercs BekropoM U = (ur; uz). [lepBbiil Urpok, ecinu npuaep-
KVBACTCSI CBOEU ONTUMAIBHOW CTPATETWH, HE3ABUCUMO OT CTpare-
MY BTOPOTO UTPOKA MOIYyYaeT LIEHY UTPHI V:

4u;” + 3w = v;

2u;" +6uy = V.

Kpome 3T1oro, OTHOCUTENBHBIE YACTOTHI CBSI3aHBI YCIOBUEM:

utu =1

Pemium mony4eHHYI0 CUCTEMY TPEX JIMHEHMHBIX YPaBHEHUM C
TpeMsI HEU3BECTHBIMU. [10TydMM ONITUMAIIBHYIO CTPATETHIO IIEPBOTO
WUTPOKA U LICHY UTPBHI:

U'=(u"; w')=(3/5;2/5), v=18/5.

CocTaBuM ypaBHEHUS ISl HAXOXKICHUS ONTUMAIbHOW CTpaTe-
MU BTOPOTO UTPOKA, €CIIU MPH JIF0OON YUCTOM CTpAaTeruu MepBoro,
BTOPOW MPOUTPHIBAET LICHY UTPHI:

47," + 2z,  =v =18/5;

3z + 62" =v=18/5.

Peminm nony4eHHy0 CUCTEMY ABYX JIMHEWHBIX YPABHEHUU C
JIBYMSI HEU3BECTHBIMU. [ [0TydnM ONTUMAaIBHYIO CTPATETUIO BTOPOTO
UrpoKa:

72°=(z"; z2") = (4/5; 1/5).

PaccmoTpruM reoMeTpUUECKY 0 HHTEPITPETALIUIO 3TON 3aa4U B
CMEIIaHHBIX CTpaTeruax. JlJIst 3TOro B MIOCKOCTH BBEJIEM CHCTEMY
KOOpPJIMHAT U HAa TOPU30HTAIBHOU OCH Ou OTIOXKHUM BEPOSITHOCTH

MIPUMEHEHUS MIEPBBIM UTPOKOM €TI0 IBYX CTPATErrii, CyMMa 3THX Be-
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pOsITHOCTEHN paBHa 1, MO3TOMY BeCh rpaduK pacHoOOKUTCSA HA OT-
pe3ke eauHuyHOM niuHbl. B Toukax O crparerus (1; 0), a B 1 cTpa-
terus (0; 1) (pucynok 13).

0 2/5 1

Pucynok 13. I'eomeTprueckas HHTEPIPETALUSA PELIEHUS UTPBI
B CMEIIAHHBIX CTPATErUsAX

ITo ocu opanHat B Touke 0 OTIIOKUM BBIUTPBIIIN HEPBOTO UT-
pOKa 10 TIEPBOM €0 CTPATETHH MPU 00EUX CTPATETUSX BTOPOTO, a B
TOYKe | mpu BTOpOM cTpareruu nepBoro urpoka. CoelnuHUM 3TH
IJIATEXKU MO CTOJIONAM, TOrJa IEPECEUEHHE MPAMBIX JaIyT PEIICHUE
CHUCTEMBI YPABHECHUW, A OPAWHATA 3TOM TOYKHU LIEHY UTPHI V.

AHAJIOTUYHO MOHO MOCTPOUTH TpauK JJIsl HAXOXKIECHUS OIl-
TUMAJILHOW CTPATErMU BTOPOTO UTPOKA.

MBI pacCMOTpEIIH TOIBKO CaMbIil POCTOW BapUAHT ITAPHOU MaT-
PUYHOU UTPBI C HYJIEBOM CYMMOM, HO OHA IOCTaTOYHO HATJISAHO IMOKa-
3bIBAET, UTO MHOTA MOYXHO KOJIMYECTBEHHO OLICHUTh U BHIOpATH OI-
TUMAaJIbHBII BapUaHT MOBEJICHUS B KOHPJIMKTHON CUTYalIUU.

5.2 UTPBI C IPUPOIOM

B paccMOTpeHHBIX BBIIIE MATPUYHBIX UTPAX MPUHAMAJHU y4a-
CTH€ JIBA UTPOKA, HHTEPECHI KOTOPBIX MPOTUBOMNONOXKHBI. [loaTOMYy
JNEUCTBUS Ka)KIO0TO UTPOKA HAIPABJICHBI HA YBEJINYCHUE BBIUTPHIIIA
(ymeHblieHue npourpsiia). OqHako B HEKOTOPBIX 3a/1a4ax, IPUBO-
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JSIIAXCS K UTPOBBIM, UMEETCSI HEOIPEICIICHHOCTh, BbI3BAHHAS OT-
CyTCTBUEM MH(POpPMAIUU 00 YCIOBHSIX, B KOTOPBIX OCYIIECTBISETCA
nercTBue (1morojaa, NOKynaTeJIbCKUil CIpocC U T.A.). DTH YCIOBUS 3a-
BUCSIT HE OT CO3HATENbHBIX JEUCTBUHN JIPYyTrOro UrpokKa, a OT 00BHEK-
TUBHOU JEUCTBUTEIBHOCTH. TaKkue Urpbl Ha3bIBAKOTCS USPAMU C NPU-
pooou.

YenoBek B Urpax ¢ NpupoaoOM CTapaeTcsa JEUCTBOBATh OCMOT-
pPUTEIIBHO, BTOPOM UIpoOK (IIpUpoja, MOKYNATEIbCKUN CIPOC) JIEH-
CTBYET CIIy4alHO.

YcnoBus HUI'PBI 3a4al0TCA MATPULICH (aij )mxn .

Nmeetcs psia kpumepues, KOTOPBIE UCTIONB3YIOTCS MPU BHIOOPE
OINITUMAJIbHOW CTpaTeruu. PacCMOTpUM HEKOTOPHIE U3 HUX.
1. Kputepuit Banbne. PekomeHayeTcs npuMEHSITh MAKCUMUH-

Hy!o crpaTeruto. OHa JOCTUraeTcsi U3 yCIOBUsL MAXmMind, u coBla-

JaeT C HW)KHEW LIEHOW Wrpbl. Kputepun sABIsSETCA MECCUMUCTUYE-
CKHUM, CUYHUTAETCS, YTO Mpupoa OyJeT AeMCTBOBATh HAMXYIIITUM JJIsI
4eJI0BeKa 00pa3oMm.

2. Kpurepuit Makcumyma. OH BBIOMpaeTcsi U3 YCJIOBUSA

max max aij . KpI/ITCpI/If/’I ABJISACTCA OIITUMUCTUYCCKUM, CHHUTACTCs, YTO

npupoja 0yner Hanbosee OJlaronpusiTHA AJIs YeJTOBEKa.
3. Kpurepuii I'ypBunia. Kpurepuii peKOMEHIYET CTPATETHIO,
onpenensieMyro no gpopmyie:
max{a mina, + (1 — a)max a, }, (5.1)
IJIe 0L — CTENEHb ONITUMU3Ma — U3MEHseTcs B quana3one [0, 1].
Kpurepuil npuiepkuBaeTcss HEKOTOPOU MPOMEKYTOUYHOU TO-
3ULMH, YYUTBHIBAIOIIEH BO3MOXKHOCTh KaK HauXyJLIETO, TAK U Hau-
JYYIIEro JJIs YEJIOBEKA MoBeaeHus: mpupobl. [Ilpu o = 1 kpurepuit
npeBpamaercs B kpurepu Banene, npu o = 0 — B KpuTepu Makcu-
MyMa. Ha o oka3pIBaeT BJIMSAHUE CTEIEHb OTBETCTBEHHOCTHU JIMIIA,
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MPUHUMAIOIIIETO PEIICHUE IO BEIOOPY cTpaTteruu. Yem Xyxe Mmocie/i-
CTBUSA OIIMOOYHBIX PEIICHUM, OOJIbIIE >KEJaHUsl 3aCTPaxoBaThCH,
TeM a OJIKe K eAMHUIIE.

4. Kputepuit CaBumxa. CyTb KpUTEpHUsi COCTOUT B BHIOOpE Ta-
KO CTpaTeruu, YToObI HE JOMYCTUTh YPE3MEPHO BHICOKUX TOTEPD, K
KOTOPBIM OHa MOXET MpuBecTU. Haxoaurces maTpuua puckos, 3je-
MEHTBI KOTOpPOW TMOKa3bIBAIOT, KaKOW YOBITOK IOHECET YeIOBEK
(pupma), ecnu AJIg KaKIAOTO COCTOSTHUS MPHUPOJBI OH HE BhIOEpET
HAWJIY4IlIeN CTPATETUH.

DneMeHT MaTpHUllbl PUCKOB (7;7) HAXOAUTCS 1O (HopMyJIe:

v, =maxa, —a, (5.2)

ij o
II€ Max a; — MAKCUMAJbHBIM AJIEMEHT B CTOJIOLE MCXOAHOU
MaTpPUIBI.
OnTuManbHas CTpaTerusi HaXOUTCSA U3 BBIPAKECHUS:

: ( j (5:3)
minsmax| maxa.. —a.. |
7 y

Onpedenenue npou3e00CmMeeHHON NPOZPAMMBL RPEONPUAMUS
8 YC108UAX PUCKA U HEONPeOeNeHHOCmU
C UCNOIb308AHUECM MAMPUYHBIX UZD

®upma «DapmaneBT» — NPOU3BOIUTENIH MEIUKAMEHTOB U OHO-
MEIULIMHCKUX U3/IEJIUN B peruoHe. MI3BECTHO, 4TO MUK CIIpOCa HA He-
KOTOpPBIE JIEKAPCTBECHHBIC IIpenaparbl NMPUXOAUTCS Ha JIETHUM IIe-
puon (rpenapaThl CEpCUYHO-COCYIUCTON TPYIIIIbl, AHATBIETUKH ), Ha
JIpyrue — Ha OCEHHUW U BECEHHUU Neprojbl (AHTUMH(EKIIMOHHbIE,
MPOTUBOKAIIIEBHIC).

B cBs3M ¢ BO3MOKHBIMU U3MEHEHHUSIMU MOTOJbl CTABUTCS 3a-
Jlaya — ONPEJIeNIUTh CTPATETHUIO PUPMBI B BBIITYCKE MPOTYKIINHU, 00eC-

MIEYMBAIOIIYI0 MAKCUMAJIBHBIN JOXOJ OT peann3anuu (Tadauma 7).
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Tabnuya 7
Hcxonnbie faHHBIC IS PEIICHUS UTPBI C MPUPOIOHN

IToka3arenn | rpynna npenapaTos 2 rpynna npenaparon
Crpoc npu TeIon noroje, €. 3050 1100
Cnpoc rpu X0J10/1HOM IIOT0JIE, €]1. 1525 3690
IleHa, pyo. 40 30
3aTpatel Ha | en. NpoAYKIIHH 32
20 15
CEHTSAOpb— OKTSOPB, PYO.

Pewenue

®dupma pacronaraer JByMs CTpaTErUsMHU:

A1— B3TOM rogy OyAeT Temiasi Horoja;

A>—noroga OyeT XoJoaHasl.

VY moroapl Takke JBE CTPATETUU:

B;—noroaa Temnnasi;

B> — 1morona xosoaHasl.

Paccuutaem 10x07 GUpMBI IpU pa3IMYHBIX COUETAHUIX CTpa-
TEeruid PUPMBI U TTOTO/IBI.

1) Al, Bl —ecnau ¢pupma npuMeT CTpaTeruto A; u B 1€UCTBU-
TEJILHOCTH OyJEeT Terias rmorojaa (cTparerusi mpupoisl B), TO BIMY-
mieHHas npoaykuusa (3050 en. npenaparoB nepBoi rpymmst 1 1100
€/1. BTOpPO rpyIibl) OyJeT NOJHOCTHIO peaanu30BaHa U I0X0/]l COCTa-
BUT:

3050-(40—-20)+1100-(30—15)=77500;

2) Al, B2 —BycnoBUAX OPOXJIaTHOMN MOTOAbI (CTpaTErus MpHu-
poasl B>) mpenapaThkl BTOPOM rpynibl OyayT MPOJaHbl TOJTHOCTHIO, a
MIEPBOM I'PYMIIBI TOJBKO B KOJIMUECTBE 1525 €. n yacTh npenapaTos
OCTaHETCs HepeaaTu3oBaHHOM). JloX0o1 cOCTaBUT:

1525-(40—20)+1100-(30—15)—20-(3050—1525)= 16500,

3) A2, B2 —ecnu ¢pupMa NpUMET CTPATETUIO A2 U B ACHUCTBU-
TEJIBLHOCTHU OYJIET XOJIOAHAS TOTO/Ia, TO I0X0Jl COCTABUT

1525-(40—-20)+3690-(30—15)= 85850,

4) A2, Bl — ipu Terioi moroje 10xo4 GUpMbl COCTABUT:

1525-(40—-20)+1100-(30—15)—(3690—1100)-15=8150.
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PaccmatpuBas pupmy u morogy B Ka4ecTBe ABYX UTPOKOB, TO-
JyYUM IUIATEKHYEO MATPUILY:

BI BZ
A,(77500 16500
A\ 8150 85850

o = max(16500,8150 ) = 16500;

B =min(77500,85850)=77500.

Ilena urpsel nexut B auanazone 16500 < v <77500.

N3 nnatexHoil MaTpHIlbl BUIHO, YTO MPU BCEX YCIOBUSAX T0XO
dbupmbl OyaeT He MeHbiie 16500 py0., HO €ciIu MOTOIHBIE YCIOBUS
COBNAYT C BEIOpAHHOW CTpAaTETHEH, TO 10X01 (UPMbI MOXKET COCTa-
BuThH 77500 pyo.

Havinem peuienue urpel. lIpumMeHUM ONTUMAanbHYI0 CMELIAH-
HYIO CTPATETHIO.

O0603HaYMM YaCTOTY MpUMEHEHU (GUPMOU cTpaTteruu A uepes
X, TOTJ]a YaCTOTa MPUMEHEHHUSI UM CTpaTteruu A, Oyaer paBHa (1- x).

Ecnu pupma npumeT onTUMaNIbHYIO CMEIIaHHYIO CTPaTEruio,
TO IPH JIFOOOI MOToJIe OHA JOJDKHA MOJYYUTh OJUHAKOBBIN JOXO/,
YTO OTPa’KEHO B PABEHCTRE:

77500x + 8150(1-x) = 16500x + 85850(1-x).

ITonyuum x = 0,56, (1-x) = 0,44 unu Xonr = (0,56; 0,44).

OntumanbHbBIN TJIaH TPOU3BOJCTBA JIEKAPCTBEHHBIX Ipenapa-
TOB COCTABUT:

0,56 - 3050 + 0,44 - 1525 =2379 en. 1 rpynmsr;

0,56 -1100 + 0,44 - 3690 =2239¢x. 2 rpynIbI.

Takum o6pazom, pupMme 11es1eco00pa3HO MPOU3BOIUTH B TEUE-
HUE CEHTSIOpst U OKTsIOpst 2379 en. mpenapaToB NEPBOW TPYIIbI U
2239,6 en. npenapaTtoB BTOPOU TPYMIIHL.

Tornma npu 11000 OTO/Ie OHA MOTYYUT JOXO/I;

npu Terioit moroae: 77500 - 0,56 + 8150 - 0,44 =46 986 pyo.;
npu xojoaHoM noroje: 16500 - 0,56 + 85850 - 0,44 = 46 986 pyoO.
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[Ipu aTOM 11eHa urpsl v =46 986 pyo.
Kpumepuu, ucnonv3yemvie npu neonpeoeieHnocmu

B ycoBusAX HEONPEIeIEHHOCTH, €CJIA HE TIPEACTABISCTCS BO3-
MOJKHBIM (PUPME HCIIOJIb30BaTh CMEIIAHHYIO CTPATErHIO (JIOrOBOPHI
C IPYTUMH OpPraHHU3ALMIMH ), 11 ONpPE/ICICHHS ONTUMAIbHOM cTpa-
Teruu (PUPMbI UCIIOJIB3YEM KPUTEPUH MPUPOIBL.

1. Kpurepuii Banbae:

max(mina,; ) = max(16500,8150) = 16500,

(dupme 1eaecooOpa3Ho UCTIOIB30BaTh CTPATETHIO A .
2. Kpurepuii MakCuMyma:

max(maxa, ) = max(77500,85850) = 85850,

11e71eco00pa3Ho UCIIOIB30BATh CTPATETUIO A->.
3. Kpurepuui ['ypBuna: mis onpenesneHHoctu npumeM o = 0,4,
TOTJ1a JJIsl CTpaTeruu PUPMBI A |
amina, +(l—a)maxa;, =04-16500+(1-0,4)-77500 = 53100,
IUIsL cTpaTteruu A,
amina; +(1—a)maxa, =04-8150+(1-0,4)-85850 = 54770,
max(53100,54770) = 54770,
dupme 1enecooOpa3HoO UCTIOIB30BaTh CTPATETHIO A».
4. Kpurepuit CaBumxa. MakCUMaabHBIN 3JEMEHT B MEPBOM
ctosidbiie — 77 500, Bo BTOpoM ctombdiie — 85 850.

Bl BZ
A4, (77500 16500
4, 8150 85850

o = max(16500,8150 ) = 16500,

B =min(77500,85850) = 77500.

BHCMGHTBI MaTpulbl pUCKOB HAXOAATCS U3 BBIPAKCHUS
v, =maxa, —a,

otkyna r;; = 77500 - 77500 = 0,
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ri2=385850-16 500 = 69 350,
r21=77500-8150 =69 350,
r22 =385850-85850 = 0.
Marpuua pucKkoB UMEET BUL:

0 69350
69350 0 J
minimax(max a, —a, )} = min(69350,69350 ) = 69350,

1es1eco00pa3Ho UCIIOIb30BaTh CTPATETHUIO A1 Win A.

CnenoBatensHo, pupme 1enecooOpa3sHO MPUMEHSTh CTpaTe-
U0 A1 wim As.

OTMeTHUM, 4TO KAl U3 PACCMOTPEHHBIX KPUTEPUEB HE MO-
KET OBITh IPU3HAH BIIOJIHE YIOBJIETBOPUTEILHBIM ISl OKOHYATEIh-
HOTO BhIOOpA pelIeHri, OJTHAKO WX COBMECTHBIN aHaIU3 MO3BOJISET
OoJee HarsIHO TIPEJCTABUTD MTOCJIEACTBUS MPUHITHUS TEX WJIU MHBIX
YIPaBICHYCCKUX PEIICHUH.

BO”pOCbl U 3040aHUA O]1 CAMOKOHRmMPOJIA

1. TlpeacraBbTe MaTpHIly AUCKPETHOTO HAOOpa albTEPHATHB U UCXO-
JIOB.

2. IlpuBeguTe MOHATHE U 3a4a4U TEOPUH HUTD.

3. Jlalite onpeneneHusi KOHPIUKTA, KOHQPIUKTHOW CUTYallUH, UTPHI,
IIPABUJI UTPBI U TIATEXKA.

4.  [laiiTe onpenesieHNs TApHOW UTPHI, UTPHI C HYJIEBOM CYMMOM, CTpa-
TETUN U ONTUMAJIBHOW CTPATETUH.

5. IlpuBenute ompeneneHus IJIATEKHOU MaTpPHULIbl, KOHEYHOU WUIPHI,
LICHBI, BEPXHEHU U HUKHEW LIEHBI UTPHI.

6. JlaliTe onpeneneHust UTpbl C CEAJIOBOM TOYKOM, pABHOBECHUS B UH-
CTBIX CTPATErusX, CMELIAHHOW CTPAaTErMU UTPOKa.

7. ChopmynupyiTe TEOpEMbl TEOPUH MATPUUHBIX UTP.

8.  JlaiiTe MOHSATHE UTPBI C IPUPOAOM.

9. Oxapakrepusyiite kputrepuu Banbne m makcumyMma Juisi BBIOOpa
ONTUMAJIbHOM CTPATETHH.

10. ITpuBegute XapakTepucTuky kputepus ['ypBuna u gopmyiy s
€ro pacyera.

11. IIpencraBbTe xapakTepUCTUKy Kputepusi CaBuxa u Gopmymy s
€ro pacyera.
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SAKVIIOYEHUE

{15 yCHEeMHOT0 UCTI0JIb30BaHUS MOJEJIEN U METOJIOB HCCIIEN0-
BaHUS OIEpalMil B NIPAKTUKE OOYYAIOIIMICS JOJKEH 3HATh OCHOB-
HbIE YKOHOMHUYECKUE MPOOIEMBI, PU PEIICHUH KOTOPHIX BO3HUKAET
HEOOXOAMMOCTh B MaT€MaTUYE€CKOM MHCTpyMeHTapuu. OH OKEeH
OPUEHTHUPOBATHCSI B SKOHOMHUYECKOW MOCTAHOBKE 3a/1a4U U OIpEJIe-
JIATH 1O HEW, B KAKOM Pa3/eiie UCCICA0BAHUS ONEPALMN CIENYET UC-
KaTh CPEJCTBA €€ PEIICHUs, TOHKEH YMETh (popMaan3oBaTh SKOHO-
MHYECKYIO 3a7a4dy, T.€. OMUCATh €€ C MOMOIIBIO U3BECTHOU MareMa-
THUYECKOU MOJIEIIH, IPOBECTU PACUETHI U MOJYUYNUTh KOJIMYECTBCHHBIE
pe3ynbrathl. OHAKO caMoe IMIABHOE — O0YUaIOIIHMICS TOKEH YMETh
aHAJIM3UPOBATH ITU PE3YNbTAThl U J€JIaTh BHIBOAbI, aICKBATHBIE TO-
CTABJICHHOW YKOHOMMWYECKOH 3a/1a4€e.

B pesynbrare nzyuenus nucuumuinibl «lMccnenopanue onepa-
W 00YUYarOITUNACS TOJKEH OBJAJEeTh OCHOBHBIMU KOHIICTIIIUSMH,
MPUHIMIIAMU, TEOPUAMH U (PaKkTaMu, CBSI3aHHBIMU C UCCIICIOBAHUEM
omepaluii, MpUOOPECTH HABBLIKM MOJCIMPOBAHUS, aHAIU3a U HC-
MOJIb30BaHUsI (POPMAJILHBIX METOJIOB JJISI PEIICHUS MPAKTUUYECKUX
3ajad.

B yueOHOM mocoOun pacCMOTPEHBI:

— OCHOBHBIC TOHATHUS W MPUHIMIIBI UCCIEAOBAHUS ONEPAIINil,
npuBecHa KiIacCU(pUKaIus METOIOB;

— TEOPETUUYECKHUE U MPAKTUYECKUE OCHOBBI MaTEMAaTUYECKOTO
MOJIETTUPOBAHUS YKOHOMHYECKUX O0BEKTOB, CUCTEM U MPOIIECCOB;

— MOJEIb U METOJIbl JJUHEHHOrO MPOrpaMMHUPOBAHUS, B TOM
YUCJIE JIBOMCTBEHHOCTh U YCTOMYMBOCTH ONTHUMAIbHBIX IJIAHOB;
IIPUBEJICH NIPUMEDP pelleHusa U aHainusa 3aaauu JIII ¢ ucnosnb3osa-
HUEM HCCJIEAOBAHUSA ONEepaliii 1 KOMIIbIOTEPA;

— OCHOBBI M METOJbl JTUHAMHYECKOTO MPOrpaMMHUPOBAHUSA;
PacCMOTPEH NPUMEDP 33a/1a4M ONPEICIICHUS ONTUMAJIBHON CTpaTeruu
3aMEeHbI 000PYI0BAHUS;
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— OCHOBBI CETEBOI0 MJIAHUPOBAHUS U YIPABJICHUS, IOCTPOCHUS
U pacyeTa BPEMEHHBIX MapaMeTpPOB CETEBBIX I'PaPUKOB, ONTUMHU3A-
MU KAICHIAPHBIX IJIAHOB;

— TEOPETUYECKUE U MPAKTUYECKHUE OCHOBBI CHCTEM MAacCOBOIO
oOcmyxuBaHus; moApooHo paccmoTpersl CMO c¢ otkazamu u CMO
C 0’KUJJAHUEM U OTPAHUYECHHOM JJIMHOWU OYEpPENIH;

— OCHOBHBIE MOHSTHS U TEOPEMBI TEOPUHU UTP; MOAPOOHO pac-
CMOTPEHBI UTPBI C KITPUPOJION».

VYuebHoe mocodue MoMOoKeT 00yJarOIIIMCS

— OCBOUTH COBPEMEHHBIE METO/Ibl aHATIM3a U MOJIECIHPOBAHUS
CUCTEM, MPOLIECCOB U SABJICHUN MPHU UCCIETOBAHUU ONIEPALIUL;

— O3HAKOMUTBCS C PJIEMEHTAMH amiapara UCCICIOBAHUS DKO-
HOMUKH, HEOOXOUMOTO JIJIsl PEIICHUs] TEOPETUUECKUX U MpaKTHUIe-
CKHX 33]1a4;

— Pa3BUTh JOTMUYECKOE MBIIIJICHUE, HABBIKK MATEMATHYECKOTO
WCCIIEIOBAHUS SIBJIEHUI U MTPOLECCOB, CBSA3aHHBIX C MPOU3BOJICTBEH-
HOU JICSITECIbHOCTBIO;

— MPUMEHATh CUCTEMHBIM MOJIXOJ W METOJbl HCCIECIOBAHUS
onepanuii B GopMaau3alyy peiieHus MpUKIagHbIX 3a7ay;

— c(popMUPOBaTh HABBIKM CAMOCTOSITEILHOTO W3YUYEHUS CIie-
LUAJIbHOMN JIUTEPATYPHL.

YuebHoe mocodbre moAroTOBICHO sl 00YUYarOUIUXCsl HalpaB-
nenust noarotoBku 09.03.04 IIporpamMHas MHKEHEPUS, HO MOMKET
UCIIOJIL30BAThCS  OOYUYAIONIUMUCS JAPYTUX HaIpaBJICHUN TOATO-
TOBKH, aClIUPaHTaMH U CHEIUATIUCTAMU arpOMPOMBIIIIIECHHOTO KOM-
IJieKca.

JlanpHeuee pa3BUTUE 3HAHUW U YMEHUM 1O UCCIIEAOBAHUIO
orieparuii 00yJaronecs MOTyT MOJIYYUTh MPU U3YUYCHUH YUEeOHBIX
U3JaHUM C pacIIMPEHUEM METOIO0B UCCICIOBAHUS U UCTI0JIb30BaHUN

COBPEMEHHBIX IPOIPAMMHBIX CPEACTB HA KOMIIBIOTEPE.
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BOITPOCHI JIJISA MOJATOTOBKH K MIPOMEXKYTOUYHOM
ATTECTAIIMU

1. Ilpenmer u 3agauM HCCIENOBAHUS OMNEpalMi. DTamnbl ONEpPalOH-
HOT'O UCCJICIOBAHMS.

2. OCHOBHBIE ONPEJEIECHUS UCCIIEIOBAHNS ONIEPALIHIA.

3. dopmanusanus 1 MaTeMaTH4YeCKasi MOAENb OIEPALNH.

4. Knaccudukaius METOIOB UCCIIEOBaHUs onepanuidi. MaTemaTtuue-
CKO€ IMPOTPaMMHUPOBAHUE U €T0 PA3IEIbI.

5. Mogenb TMHENHOTO TIPOrpaMMUPOBAHUS.

6. OcHoBHBbIE onpeaeneHns u Teopemst JIIT.

7. JIBOWCTBEHHOCTbH B JIMHEMHOM MPOTPAMMHUPOBAHUU. AHAJIN3 ONTH-
MaJIbHBIX IIJIAHOB 10 JBOMCTBEHHBIM OLICHKaM.

8.  XapakTepHCTUKA TUHAMUYECKOTO IPOrPaMMHUPOBAHUS.

9. Moguenp onpeneneHus ONTUMAIBHON CTPATETUU 3aMEHBI 000PY/10-
BaHMS.

10. XapakTtepucTuka ceTeBOro INIAHUPOBAHUA U ynpasieHus. CereBast
MOJIETIb.

11. OcHoOBHBIE ONpeIEIEHUS] CETEBOW MOJEIH.

12. Kakue cymiecTByIOT NpaBuiia MOCTPOCHUS CETEBBIX MOJIETICH?

13. KakoBbl OCHOBHBIE BPEMEHHBIE MTapaMeTPhl CETeBOro rpaduka?

14. Tlpsmou mpoxon Mpu pacyere KPUTUYECKOTO Iy TH.

15. OOpaTHblif TPOXOJ MPH pacyeTe KPUTHUECKOTO MYyTH.

16. Tlomubiit u cBOOOIHBIN pe3epBbl BpeMeHu. VX pomb mpu paspa-
00TKe KaJeHIapHOTO TUTaHA.

17. TIoHsiTME U OCHOBHBIE 3JIEMEHTBI CUCTEMBI MAaCCOBOTO O0CITYKHUBa-
nus. Knaccuduxarmus CMO.

18. CpolicTBa NPOCTEUIIETO MOTOKA 3aBOK. XaPAKTEPUCTUKH BXOJS-
miero U Beixoadmiero nmoroka CMO.

19. Xapakrepuctuka CMO ¢ oTKa3aMu 1 pacyeT uxX NoKa3aTesei.

20. Xapakrtepuctuka CMO c 0XHJaHHUEM M OTPaHUYCHHOM IITMHOMN
OUYEpENM U pacyeT UX MOKa3aTeleH.

21. TloHsTHe U 3a7a4U TEOPHUHU UTP.

22. OCHOBHBIE ONPEICIICHUS] TEOPUU UTP.

23. TeopeMsl TeOpUM MAaTPUUHBIX UTD.

24. Tlonsitue urpsl ¢ npupoaoil. Kpurepuu BoiOopa anbTepHaTUB IPU
HEOIPEAECIECHHOCTH.
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