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HosicHuTeabHASA 3aNMCKa

Meronudeckue yka3zaHUsSI MO BBIMOJHEHUIO MPAKTHYECKUX M JIA0OPATOPHBIX PAabOT 1O
MJIK 02.03 Maremarndeckoe MOJCIMPOBAHHUE pa3padOTaHbl B COOTBETCTBHH C pabouei
pOTpaMMOil MPo(ecCHOHATBHOTO MOYJISI M TIPEAHA3HAYEHBI ISl TPUOOPETECHUST HEOOX OTMMBIX
MPAKTUYECKUX HABBIKOB M 3aKPEIUICHUSI TEOPETHUUECKUX 3HAHUH, MOJYYCHHBIX O0yYarOIIMMHUCS
Opyd M3yYCHUH TPOPECCHOHATBHOTO MOAYJS, OOOOIIEHHS M CHCTEMAaTHU3allud 3HAHWUK Tepen
9K3aMEHOM.

Metoanueckue ykasaHus MpeaHazHaueHsl Juisi oOydaronmuxcsi cnenuansHoctu 09.02.07
HudopmalinoHHbIE CUCTEMBI U IPOTPAMMUPOBAHHE.

MJIK 02.03 MareMaTu4eckoe MOJCIMPOBAHUE OTHOCHTCS K MPOQEeCcCHOHATBHOMY
UKy, M3y4yaeTcsi Ha 2 Kypce M IpH €ro H3YyYeHHH OTBOIUTCS 3HAYUTEIBHOE MECTO
BBITOJIHEHUIO TIPAKTHUECKUX PadoT.

OcBoenue coxaepxkanuss MJIK 02.03 MaremaTtuueckoe MOJIETUPOBAHUE BO BpeEMs
BBITIOJIHEHUS TPAKTHUECKUX paboT 00ecneumBaeT JOCTH)KEHUE OOYYAIOIUMHUCS CIETYIOLIHX

pe3y/1bTaTOB:

Kon HaunmeHoBaHue 00X KOMIIETEHIINHA

OK 1. BoiOupate  crnocoObl  pemieHus  3a7ad  NPOQPECCHOHAIBHOM  JIEATEIbHOCTH,
IPHUMEHUTEIBHO K Pa3JIMYHbIM KOHTEKCTaM

OK 2. OcymiecTBIATh TOUCK, aHAJIM3 M MHTEPIPETALNI0 HHDOpMAIK, HEOOXOJMMOM 115t
BBINOJIHEHUSI 3a]1a4 IPOdECCHOHATBHOMN 1A TEIIbHOCTH.

OK 3 [ImanupoBaTh W peayn30BBIBATH COOCTBEHHOE MPO(ECCHOHATBFHOE M JIMYHOCTHOE
pa3BUTHE.

OK 4 [lmanupoBaTh M pealm30BBIBATH COOCTBEHHOE NMPO(ECCHOHAIBHOE W JMYHOCTHOE
pa3BUTHE.

OK 5 [TmanupoBaTh M pealm30BBIBATH COOCTBEHHOE MPO(ECCHOHAIBHOE W JMYHOCTHOE
pa3BUTHE.

OK 6 [TposiBnsATH IPaXx/1aHCKO-IaTPUOTHYECKYIO MO3ULHIO, JEMOHCTPUPOBATh

OCO3HaHHOE MOBEJICHUE Ha OCHOBE TPAIUIMOHHBIX O0IEYETOBEUECKUX LIEHHOCTEH,
IIPUMEHSATH CTaHJAPTa AHTUKOPPYILIMOHHOTO IIOBEICHHUS.

OK 7 CopeiicTBOBaTh  COXPAaHEHHWIO  OKPYXKAIOIIEH  Cpellbl, pecypcocOepekeHuIo,
3 PEKTUBHO IEHCTBOBATh B YPE3BbIYAHHBIX CUTYALUSX.
OK 8 Hcnonp3oBath cpeacTBa (U3NYECKON KYJIbTYpbl JUISl COXPAHEHUS M YKPEIJICHUS

3I0pOBbSl B Tpoliecce MPOPECCHOHANBHON AESITENbHOCTH U MOJAEePKAHUS
HE0OXOIMMOTr0 YpOBHS (PU3UYECKOMN MOJITOTOBIEHHOCTH

OK9 Hcnonb3oBate  MHGOPMALMOHHBIE  TEXHOJOTMM B MpodhecCHOHATbHOU
JIeSITEJIbHOCTH.

OK 10 [Tonp3oBaTbess MpoecCHOHATBHOW —JOKYMEHTalUMel Ha TrocylapcTBEHHOM U
MHOCTPAHHOM $I3bIKax

OK 11 Hcnonb3oBath  3HaHUS 1O  (UHAHCOBOH  IPaMOTHOCTH,  IJIAHUPOBATH
MPEANPUHUMATEIIBCKYIO ACSITENILHOCTH B MPOo(deCcCHOHAIBHOM cdepe

B/ 2 Ocy1ecTBIeHHE HHTETPALIMKM IPOTPAMMHBIX MOAYJIEH

I1K 2.1. Pa3pabaTbiBaTh TpeboBaHMSI K MPOrpaMMHBIM MOAYJISIM Ha OCHOBE aHalu3a
IIPOEKTHOM W TEXHMYECKOM JOKYMEHTalluM Ha MpeIMeT B3auMOJCHCTBHSA
KOMITOHEHT

I[IK 2.4 OcymiecTBISITh  pa3pabOTKy TECTOBBIX HAOOPOB M TECTOBBIX CIICHAPHUEB IS
IPOTPaMMHOT0 00eCTIeUeHHSL.

IIK 2.5. [Tpon3BOaUTE MHCIEKTHPOBAHME KOMIIOHEHT MPOTpaMMHOI0 oOecnedyeHus Ha

npeaAMCT COOTBCTCTBHUA CTAHAAPTAM KOJAUPOBAHUA

B pe3ynbrare ocBoeHUs MPO(PECCHOHATBHOTO MOLYJIsl O0yUYArOIUICS TOJKEH:

Nwmets Mogenu mporecca pa3pabOTKH IMPOrpaMMHOTO OOECI€YeHUs; OCHOBHBIE
MPAKTUYECKUH | MPUHIMIIBI Tpolecca pa3pabOoTKH MPOrpaMMHOTO OOECleueHusl; OCHOBHbIE
OIBIT MOJIXO/bI K MHTETPUPOBAHMIO MPOIPAMMHBIX MOJyJIei; OCHOBBI BepH(pHKAIUU
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U aTTECTALMU MPOTrPaMMHOI0 00eCTIeYeHHUsI

YMmerb Hcnonb30BaTh BEIOpaHHYIO CUCTEMY KOHTPOJISI BEPCHIA; MCIIOIB30BAaTh METO/IbI
JUIsL TOJYYEHUs KOJIa C 3aJaHHOH (PYHKIIMOHAJIIBHOCTBIO M CTENICHBIO KaUeCTBa
3HaTh Mopnenun mpouecca pa3paOOTKUM MPOTrPaMMHOIO oOecredeHusl; OCHOBHBIE

IIPUHLMIIBI IIpoLecca pa3padOTKM IPOrpaMMHOrO OOECIEeUeHUsl; OCHOBHbIE
MOAXO0JIbI K UHTETPUPOBAHUIO MPOrPAMMHBIX MOJIYyJIEH; OCHOBBI BepU(PHUKAIIUU
U aTTeCTallui IPOrPaMMHOI0 00eCIIeUEHUS

B coorBerctBUM C pabouerd mporpammoirt [IM.02. OcyliecTBieHHE HHTETpaIun
OpOTpaMMHBIX ~ Moaylieii mpaktuueckue paborer mo MK 02.03 MaremaTtnueckoe
MOJIeJIMpOBAaHUE pa30MTHl HAa JBa CeMecTpa — TpPEeTUH U  UYETBEPThIA CEMECTpHI.
[lenecooOpa3HOCTh JaHHOW TPYNIHUPOBKK OOYCIOBJIIEHA HEOOXOIUMOCTBIO 0000IIeHUs U
CUCTEeMaTH3alllK 3HAaHUH [epe]l IK3aMEHOM.

Pabouas mnporpamma mpoecCHOHATBFHOTO MOAYJIS TPEAyCMAaTPUBAET IPOBEICHUE
MPaKTUYECKUX padboT B 00beme 26 Jacos.

IMopsinoK BHINOJIHEHHS MPAKTHYECKOH padoThI

e 3amucaTh Ha3BaHHE PaOOTHI, €€ LeNb B TETPAlb;

®  BBINOJIHUTH OCHOBHBIC 33/IaHUSI B COOTBETCTBHH C XOJIOM PabOTHI,

®  BBINIOJHUThH UHIUBHIYAJIbHBIC 3a/IaHUS.

PexoMennaunuu no opopmMiIeHUI0 NPAKTHYECKOI padoThI

3amaHus  BBIMNOJHSIOTCS — oOydaromuMmucs 1o  maram. Heob6xoaumo — cTporo
MPUIEPKUBATHCA MTOPAJIKA ACMCTBUIA, OMIMCAHHOTO B MPAKTUYECKON paboTe

Pe3ynbTaThl BBIOTHEHHUS MPAKTHYECKUX PaOOT HEOOXOAWMO BBIOIHITH B OTICIBHON
TETpaau WM COXPaHATh B CBoeW mnamke Ha kommbioTepe win USB — nakonurtene (ecnu
HeoOxoauMmo mnosb3oBatbes [1K).

B cnywyae mpomycka 3aHsATHII 0OydaroUIUIiCs OCBaMBaeT MaTepHall CaMOCTOSTEIbHO B
CBOOOJTHOE OT 3aHATHIA BpeMs U CJAaeT IPAKTUYECKYIO padOTy C MOSICHEHUSIMH O BBIITOJTHEHHH.

Kpurepum oueHkn npakTuyecKoi padoTbl

e HaJgM4YMe LIETH BBHINOJIHSAEMOU pabOThl, BBIOJHEHHE O0oJiee MOJOBUHBI OCHOBHBIX

3a/1aHui (YIOBIETBOPUTENIBHO);

® HaIMYME LEJNU BBINOJHAEMONH pPabOThl, BBINOJHEHHE BCEX OCHOBHBIX M Ooljee

MIOJIOBUHBI JIOTIOJIHUTENBHBIX 3a/1aHUH (XOPOILIO);
¢ HaIMYMe IeNIM  BBIIOMHSAEMOH paboTHI, BBINIOJHEHHWE BCEX OCHOBHBIX W
WHIUBUAYAIbHBIX 33/1aHU# (OTIMYHO).




IlepeyeHb NpakTHYECKHUX padoOT

Ne | HaumeHnoBaHue
pa3mzenoB W TeM . Ob6Bvem
HanmenoBanue 1a00paTOpHBIX paboOT M MPAKTUUECKHUX 3aHATHI
PO ECCHOHATTELHOTO JacoB
monyis (I1IM)
Pa3nea 3. MopeanpoBanue B IPOrpaMMHBIX CHCTEMAX
MJK.2.3 MaTtemMaTH4ecKOe MOJIeJIUPOBAHHE
1 Jlaboparopnass pabora Ne26 «lloctpoenue mpocTedmux | 2
MAaTeMaTHYECKUX MoOJIeseH. Tloctpoenue MPOCTEUIITUX
CTaTUCTHYECKUX MOJICIICH»
2 Jlaboparopnass  pabora  Ne27  «Pemenwe  mpocTedmux | 2
OJTHOKPUTEPHAIBHBIX 3aa1W»
3 JlaboparopHast pabora Ne28 «3amawa Komm s ypaBHenus | 2
TEIIOTNPOBOTHOCTH
4 [Ipaktuueckass pabora NoS «CBenmeHue mnpow3BONbHOW 3amaum | 1
JMHEHHOTO MPOrPaMMHPOBAaHHUS K OCHOBHOH 3alade JIMHEHHOTO
Tema 2.3.1. OcHoBBI | TPOTPAMMHUPOBAHISD)
MOJCIUPOBAHNUS. Jlaboparopnast pabora Ne29 «Pemenwe 3amau suHeiHOTO | 1
JleTepMUHUPOBAHHBIC | IPOrpPaMMHUPOBAHHS CHMIICKC—METOIOM»
5 3a1a4u Jlaboparopnas pabota Ne30 «HaxoxmeHne Ha4ampHOTO pelIeHus | 2
TPAaHCIOPTHOH 3anauu. Pemenue TpaHCHOPTHOM 3aJaul METOIOM
IIOTCHIIAJIOB»
6 Jlaboparophas padora Ne31 «[IpuMeHeHue MeToaa CTpesbObI is | 2
penieHus IMHEHHON KpaeBou 3aaaum»
7 Jlaboparopnas paborta Ne32 «3amaua o pacrpenenenuu cpeacts | 1
MEXY IPSAIPULTUIMUY
Jlaboparophas pabora Ne33 «3amaya o 3aMeHe 000pYI0BaAHUS 1
8 Jlaboparophas padora Ne34 «Haxoxaenue kpardaimmx myteit B | 2
rpade. Pemenne 3a1aum 0 MaKCHMaJIbHOM TIOTOKE)»
9 [IpakTnueckas pabora Ne6 «CocraBrneHHe cucteM ypaBHeHu# | 1
KommoropoBa.  Haxokaenue — QuHAmbBHBIX — BEpOSITHOCTEH.
HaxoxJeHue XapakTEepUCTHK IPOCTEHINIUX CUCTEM MAaCCOBOIO
00CITy)KHBaHHUS
Tema 2.3.2 3agaun B | [Ipaktuueckas pabota No7 «Pemenme 3amaga MaccoBoro | 1
YCIIOBUSX 00CITy)KMBaHHMsI METOIaMH IMUTAIIMOHHOTO MOJICIIUPOBAHHSD)
10 | mneonpenenennoctu | [Ipaktuueckas pabora Ne§ «IlocTpoeHre mporuHo3oB» 2
11 [Mpaktudeckas padora Ne9 «Penienue MaTpuyHON UTPbl METOIOM | 2
uTepanuin
12 JlaGoparopnast pabora Ne35 «MonenupoBaHue NporHo3a 2
13 JlaGoparophas padota Ne36 «Bpibop onTHManbHOTO pemeHus ¢ | 2
ITOMOILBIO JIEPEBA PELLICHUI
Hroro 26




JladopaTopHasi pa6ora Ne26 «IlocTpoeHue MPoCTeHIIUX MATEMATHYECKUX MOJeJIeil.
IlocTpoeHne MpocTeHIIUX CTATHCTHYECKHUX MOJIeJIeiD)

Hean padoTbl: 3aKpenuTh MPAKTHUECKHE HABBIKU M0 TMOCTPOEHUIO MPOCTEHIINX
MaTEeMaTUYECKUX U MPOCTEHUIIINX CTATUCTUYECKUX MOJIEICH.

Kparkas Teopust

[locTpoeHne maTemMaTHyecKOW MONENH TpOIecca, SABIEHUS WM OOBEKTa HAYMHAETCH C
MOCTPOEHUST YIPOIICHHOTO BapHaHTa MOJIEIH, B KOTOPOM VUMUTHIBAIOTCS TOJBKO OCHOBHBIE uepThl. B
pe3ynpTaTe MPOCIEKUBAIOTCS OCHOBHBIE CBS3M MEXKAY BXOJHBIMH MapaMeTpaMd, OTPaHUYCHHUAMH W
nokazaresreM 3¢ dekTuBHOCTH. OO0IIEro Mmoaxoaa K IMOCTPOSHHUIO MOACIH HET. B KakaoM KOHKPETHOM
Clly4ae TpHU MOCTPOCHUM MAaTEMATHYECKON MOJETH YYHTHIBACTCS OOJBIIOE KOJTUUECTBO (DaKTOPOB: IICIb
MOCTPOEHUSI MOJIEIH, KPYT pPEIIaeMbIX 3a7a4, TOUHOCTh OMUCAHUS MOJIEIN U TOYHOCTH BBHIMIOJHEHUS
BBIUMCIICHHN. MaTeMaTHIecKas MOJIeNb JTOJKHA OTPakaTh BCE CYIIECTBEHHBIE (PAKTOPBI, OMIPEIEIAIONINE
ec TMOBEACHHWE, W TpPH 3TOM OBITh MPOCTOH M YAOOHOW JUIsi BOCHPUATHS pe3yibTaToB. Kaxmas
MaTeMaTH4yecKasi MOJEIb IPOIecca, SBICHUs WM OOBEKTa B CBOCH OCHOBE HMMEET MAaTeMaTHUYECKUH
KOJIMYECTBEHHBII METO/I.

[IpumeneHne MaTeMaTHYECKUX KOJIMYECTBEHHBIX METOIOB JJIsi 0OOCHOBAaHHUS BBHIOOpA TOTO HIIH
WHOTO YHOPAaBISIONICTO pPEIICHUS BO BCeX O00JAaCTAX YEIOBEYCCKOW JCSATEILHOCTH HAa3bIBACTCS
uccnedosanuem onepayuii. llenpro ucciieoBaHns oneparuil ABIsSeTCS HaXOXKICHUE C HCIIONb30BaHUEM
CIEIMAFHOTO MaTEMaTHUYECKOTO ammapara pelIeHus, yIOBIETBOPSIONIETO 3aJaHHBIM ycioBusaM. Ha
caMoOM JIeJie TIPY PEUICHUH MTPAKTHUECKH JIF000# 3a1au UMEETCS HeOTPaHMUECHHOE KOJIMYECTBO PEIICHUM.
MHOKECTBO peIleHH, YIOBIETBOPSIOMNX 3aJaHHBIM YCIOBUSM (OrpaHHYCHHUSIM), HAa3bIBACTCS
JIOTTYCTHMBIM MHO>KECTBOM pellieHHeM. BbI0op M3 MHOXeCTBa JOMyCTUMBIX PEIICHUH OJHOTO PElICHHUS,
HAWIy4IIero B KaKOM-JIMOO CMBICIIC, Ha3bIBAGMOTO ONMUMAIbHLIM PEIICHUEM, W €CTh 3ajada
HCCIIE0BAaHUS OIIEPALIUIA.

Mooenb — 3mo mamepuanbHblil ULU UOEATbHBIU 00bEKM, 3AMEHAIWUL OPUSUHAT, HAOETIeHHbLU
OCHOBHBIMU ~ XAPAKMEPUCUKAMU  (Yepmamiy) OpucuHala U npeoHA3HAYeHHblll Ol  NpPOGeOeHUs.
HEeKOMOopbIX 0eticmeuti Ha0 HUM C Yeabl0 NOTYYeHUs HOBbIX C8e0eHUll 00 opusunare.

I Mogemm ]
I MarepHarsHEie | | PeannHele |
| Dusnyeckue ] [Ananoroxue | ]Ha’repamuanme] l 3HaKoBbiE I

Puc. 1. Knaccudukanus mosenei

MaTreMaTH42eCcKHE MOAENH
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MHorokpuTepuaIbHEES

Pucynok 1. Knmaccudukarus MaTeMaTH4eCKUX MOIEIen

[Ipu mocTpoeHnn MaTeMaTHYECKOH MOJETH HEOOXOAUMO 00ECHeUUTh O0CMAmMOYHYI0 TOYHOCTh
BBIYUCIICHHH (TOYHOCTh pEUICHUS) U HeoOX00uMyro TOoApoOHOCTh Monenu. Jlobas maremarudeckas
MOJENIb BKJIOYaeT B ceOs ONMUCaHWE OCHOBHBIX, T. €. He0OX0OUMblX IJIi MCCIENOBaHUS CBOICTB U
3aKOHOB (PYHKIIMOHMPOBAHHS MCCIETYEMOTO 00BEKTa, Mpoliecca WK sIBIeHUs. B cBoeit ocHOBe Kakias
MaTeMaThyeckas MOJiellb HMeeT IIeNeBYI0 (DYHKIUIO, KOTOpas OIUCHIBAeT (QYHKIMOHHUPOBAaHUE
peanbHOro O0BEKTa, IMpolecca WM SBICHUS. B 3aBHCMMOCTH OT HCCIEAYeMOro (MOAEIHPYEMOro)
00BeKTa, SBJICHUS WK NIpOLiecca yeaeas GyHKyus MOXKeT ObITh IpecTaBlIeHa OAHON (PYHKIMOHATBEHON
3aBUCHMOCTbBIO, CUCTEMOH ypaBHEHUM (JIMHEHHBIX, HEJIMHEHHBIX, MU (epeHIInaTbHBIX U T. J.), HA0OPOM
CTaTUCTUYECKUX JaHHBIX U T. 1. IIpu pabote c neneBoil pyHKUMEH MccieaoBaTeNb BO3ACHCTBYET Ha Hee
4yepe3 Hadop 6xo0HbIX napamempos (puc. 2).



Bxonnoit mapametp 1 Brixoanoit mapamerp 1
Bxomanoii mapametp 2 BeixoaHoi mapamerp 2
Bxoxanoii mapameTp 3 Mopenb cHCTEMBI BrixonHoit mapametp 3
Bxomgnoii mapametp n- 1 (oOBexTa nm mporiecca) |BeixogHoi mapametp m - 1
BxonHo# mapametp n BrixoaHoit napamerp m

Pucynok 2. O600mienHas cxema MaTeMaTHIecKOi MOAeT!

o cnocoOy peann3anuu MaTeMaTUYECKHE MOAETIN MOXHO Pa3feUTh CIEAYIOIUM 00pa3oM.

1. JIuneliHoe MporpaMMUpOBaHUE.

MaremaTtuyeckass MoIenb LEJUKOM (uesneBass GYHKUIUS M OrpaHMYEHMs) OIMCHIBACTCA
YPaBHEHUSIMH NIEPBOro Hopsiaka. JIuHelHoe MporpaMMHUpPOBAHUE BKIIOYAET B €0 HECKOJIBKO METOHOB
pelieHus (3a1a4):

*  CHMIUICKCHBIN;

*  rpadHIEeCKHUi;

*  TpaHCIIOPTHAs 3a/a4a;

*  IEJIOYHCICHHOE MPOrpaMMUpPOBaHUE.

2. Henunelinoe nporpaMMupoBaHHeE.

LeneBast QyHKIMS U OrpaHUYEHUS, COCTABIIAIOLINE MAaTEMAaTUIECKYIO MOJIENb, COEPKAT XOTs Obl
OJIHO HeJMHEeHHOoe ypaBHEeHHue (ypaBHEHHE BTOPOTOo Mopsijika U Bbllle). HenuueltHoe nporpaMMupoBaHue
COJICPKUT HECKOJILKO METO/IOB PEIICHUS (3a/1a4):

*  TpadUYeCKHii;

*  pEeryjasipHOTrO CUMILIEKCa;

* aedopmupyemoro mHororpannuka (Hennepa - Mupa);

* TpaJHCHTHBIN.

3. JuHamuueckoe NporpaMMHPOBaHHE.

OpHeHTHUpOBAaHO Ha pelIeHHe 3ajad NpPOKIaJKM MarucTpaieid KpaTdalliuM myTeM H
nepepacnpeAeiIeHus pa3InIHbIX BUIOB PECYPCOB.

4. CereBoe IIaHUIPOBAHHE.

Pemaer  mpoOnmemy  moctpoeHus — rpaduka  BBINOJIHEHUS ~ paboOT,  pacupeicsieHUs
MPOU3BOJICTBEHHBIX, QMHAHCOBBIX U JIIOJICKHX PECYPCOB.

5. [IpuHsiTHE pelIeHU 1 3JIeMEHTHI IJIAaHUPOBAHMS.

B aToM ciryuae m kauecTBe 1eNieBol (DYHKIMU BBICTYHAeT HAOOp CTATUCTHYECKHUX JAHHBIX WIIH
HEKOTOpHIE JaHHBIE MpPOTHO3a. PemieHneM 3agaun SBISIOTCS PEKOMEHJAIMH O CIoco0ax MOBEIEHUS
(cTpaternmn). PemieHme HOCHUT peKOMEHIATENbHBIA Xapakrep (MpUOIM3UTENHHOE pelieHne). Bridop
CTpaTEeTHH LETMKOM OCTAETCsl 32 YEJIOBEKOM — OTBETCTBEHHBIM JIMLIOM, IPHHUMAIOIIUM pemenue. s
TIPUHATHUS pelIeHNns pa3paboTaHbl CIEAYIONINE TEOPUH:

*  TEopHus Urp;

*  CHCTEMBI MacCOBOI'0 0OCITyKHBaHHUS.

Iopsiiok BBINOJHEHHUS 3aaHUI

3ananue 1. CocTaBUTh MaTeMaTHUECKYIO MOJIENb CleAyromen 3aaaun. Ha ckinamge umeercs 300
KT cbIpbsi. Hamo u3roroButh 1Ba BuAa npoxykuuu. Ha u3roroBineHue nepBoro usaeius tpedyercs 2 Kr
CBIPbsI, @ HA U3TOTOBJICHHE BTOPOTO M3aenus — 5 Kr. OnpeAenuTs IIaH BhIITyCcKa ABYX U3ICIHH.

Pemenue.

O6o03HaunM, X1 — eAMHUIA IEPBOTO HU3JENUs, X2 — AUHHULA BTOpOro uzaenus. Torga coctaBum
MaTeMaTudeckas Mojelb: 2x1+5x2=300.

3ananue 2. CoCcTaBUTh MAaTEMATHYECKYIO MOJIENb CICAYIOMEeH 3aaaun. [Ipenmonoxum, 9ro ais
MPOM3BOJICTBA MPOAYKIMH BHUIa A W B MOXHO HCIIONB30BaTh MaTepuan 3-X coptoB. Ilpm sTom Ha
W3rOTOBJIEHNE €AVHHULBI U31eTus Buaa A pacxoayercs 14 xr nepBoro copta, 12 Kr BTOporo copTta v 8 Kr
TpeThero copra. Ha m3rotoBnenne mpoaykiuu Bumaa B pacxomgyercst 8 Kr mepBoro copra, 4 KT BTOPOTO
copta, 2 Kr TpeThero copra. Ha ckmane ¢GpaOpukud MMeeTCs BCEro MaTepuaia nepBoro copra 624 kr,
BTOpOro copra 541 xr, Tperbero copra 376 xr. OT peanusanuy €IUHUIBI TOTOBOM MPOAYKLIMHU Buaa A
¢abpuka umeet npuObLIL BUa 7 pyo., a OT peanus3auny eAMHUIBI TOTOBOK MpoAyKuuu Buaa B dhabpuka
uMmeeT npuObLIL Bua 3 py0. OmnpenenuTs MakCUMalbHYIO NMPHOBUIH OT peaNTU3alMd BCEH MPOAYKIUH
BUJIOB A 1 B.

Pemenne.



CocTaBuM MaTeMaTHYECKYIO MOJETH 3aa4H:
ITycth X1 — eMHMUIIA TOTOBOM MPOAYKIIMU BUAA A,
X2 - €IMHUIIA TOTOBOM NMPOAYKINH Buaa B,
Lenb padpuku moryanTh MAKCUMAITLHYIO IPUOBLTL OT peaiu3alii BCeH MPOTyKIMH BUIOB
A u B, Toraa:

F=7-x +3-X, > max
Cucrema orpaHuyueHui:
14x, +8x, <624
12x, +4x, <541
8x, +2x, <376
X, 20, Xx,20 ycrosue neompuyamenvHocmu
3ampanmne 3. CocTaBUTh MaTeMaTUYECKYyl0 MOJENb ciledyrolel 3amaun. MmeroTcst Tpu MyHKTa

MOCTaBKM ogHOpoaHOro rpy3a Al, A2, A3 u nars nmyaktoB Bl, B2, B3, B4, B5 norpebnenus storo
rpy3a. Ha mynkrax Al, A2 u A3 maxonutcs Tpy3 coorBeTcTBeHHO B Kommdectse 200, 450, 250 Tonn. B
nyHktel B1, B2, B3, B4, B5 tpebyercst nocrtaButh cootBeTcTBeHHO 100, 125, 325, 250, 100 ToHH rpy3a.
PaccTosiHre M)y TyHKTaMU IOCTaBKH M TYHKTaMU MOTPEOJICHUS IPUBEJCHO B Ta0IHIIE:

ITyHKTBI IIyHkTBI HOTpEOIeHUs

NOCTABKH B1 B2 B3 B4 B3

A2 4 2 2 5

A3 7 3 5 9 2
Pemenue:

1. TlpoBepka cOallaHCUPOBAHHOCTH MOENH 3a7adn. MOAeIs SBIsieTCS COATaHCUPOBAHHOM, T.K.

CYMMapHBI! 00bEM 3aI1acoB CHIPHS PABEH CYMMapHOMY 00beMy OTPEOHOCTH B HEW:
200+450+250=100+125+325+250+100.

2. TlocTtpoeHue MaTeMaTHYECKOW MOJICIM — HEM3BECTHBIMH B 3TOH 3alauM SBJISCTCS 00BbEeM

X; . .

nepeBo3ok. Ilycte - 00beM mepeBo30K ¢ i-ro HNpeanpusThs B j-TO MYHKT MOTPEOJICHHS.

CyMMapHble TPaHCIOPTHBIE Pacxolbl - 3TO0 (YHKUHMOHAN KadecTBa (KpUTEPHH ILIEJH):
n m

F=22CX

i=1 j=1
1

C. . ‘.
Ine " - croMMOCTb MEPEBO3KM CIUHHUIIBI MPOAYKIUH C I-r0 HPEANpPHUSITHS B j-il MyHKTaxX

MoTpeOIeHMS.

HewusBecTHbIE B 3TOM 331241 TOJKHBI yIOBIETBOPATH CIEAYIOIIMM OIPaHUUCHUSM:
e OO0BEeM NepeBO30K HE MOTYT OBITh OTPHUIIATENILHBIMH;
e [lockonbky Mojenb cOaTaHCUpPOBaHA, TO BCS HPOAYKIMS MOJDKHA OBITh BBIBE3CHA C
NpeANpPUATHS,, a TOTPEOHOCTH BCEX ITyHKTOB IOTPEOJICHUS IOJDKHA OBITH ITOJHOCTBIO
yJOBJIETBOPEHBI.

Wrak, nmeeM clieyromnyro 3a1aqy:
4 5

F= ZZCUXU —> min,

e Haiitn MUHEMYM (QyHKIIMOHANA! i1 j=1
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3aganusi A1 CAMOCTOSITEIbHON PadoThI

1 BapunanT.

3agaua 1. CocTtaBUTh MaTeMaTHYECKYI0 MOJAENH cilenyromed 3amadu. [Ipemmonoxxum, 910 IS
IPOM3BOJACTBA MPOAYKIMK BuAa A M B MOXHO HCHonp30BaTh MaTepuai Tpex copToB. IIpu sTtom Ha
M3rOTOBJIEHUE eTMHUIIBI U3eNus Buaa A pacxoayercs al KT IepBoro copra, a2 Kr BTOporo copra u a3 Kr
TpeTbero copra. Ha usrotoBnenue npoaykuuu Buaa B pacxomyercs bl kr nepBoro copra, b2 xr Broporo
copra, b3 kr Tperbero copra. Ha ckmame ¢abpuku mmeercss Bcero marepuaia nepBoro copra ¢l xr,
BTOPOro copTa ¢2 KI, TpeTrbero copra ¢3 kr. OT peanu3aluy €JUHULBI TOTOBOM MPOIYKUUU BHIA A
(habpuka uMeeT NpudBLIL BUAA @ PyO., a OT pealnu3aluy eIUHHUIIBI TOTOBOM NMpoAyKiuu Buaa B ¢abpuka
umeeT npuObLIs Buaa f py0. Onpenenuts MakCHUMalbHYIO NPUOBLUIL OT PEAIM3alMy BCEH MPOLYKLUHU
BUI0B A u B.

al=19, a2= 16, a3= 19, bl= 26, b2= 17, b3= 8, c1= 868, c2= 638, c3= 853,

a=5, f=4.

3anaua 2. MeroTcst Tpu IMyHKTa NOCTABKU OAHOPOAHOro rpy3a Al, A2, A3 u nsate nyHkToB Bl,
B2, B3, B4, BS norpebnenus storo rpysa. Ha mynkrax Al, A2 u A3 HaxoAUTCS TPY3 COOTBETCTBEHHO B
konmuecte al, a2 u a3 roun. B nmyuktel B1, B2, B3, B4, B5 TpeOyercst 10CTaBUTH COOTBETCTBEHHO b1,
b2, b3, b4, b5 tomu rpysa. PaccrosHue Mexay HyHKTaMH IOCTaBKA M IYHKTaMH MOTPEOICHUS
MIPHUBEJICHO B TaOIHIIE:

MyHKTBI IIyHkTHI HOTpEOIEHUS

NOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitu Takoil maH 3akpernsieHus: moTpeOuTeNnel 3a MoCTaBIIMKaMi OJHOPOJHOTO TPy3a, YTOOBI
oO111e 3aTpaThl 0 NepeBo3KaM ObUTH MUHUMAJIbHBIMU.

al=300, a2=250, a3=200, 4 8 13 2 7
b1=210, b2=150, b3=120, b4=135 D_lg 4 11 9 17

b5=135. 316 10 1 4
2 BapHUAHT.

3apaya 1. CocTaBuTh MaTEMaTUYECKYI0 MOJENb cienyromei 3agaud. [lpenmnonoxum, 4yto s
MIPOM3BOCTBA MPOIYKINH BHAa A W B MOXHO HCIIONB30BaTh MaTepuan Tpex coprToB. IIpm sToM Ha
W3rOTOBJIEHUE €IMHUIIBI U3AENUs BUAa A pacxomyercs al KT IepBOro copra, a2 Kr BTOporo copra u a3 Kr
TpeTbero copra. Ha n3roroBnenue npoaykuuu Buaa B pacxomyercs bl xr neporo copra, b2 xr BToporo
copra, b3 kr Tperbero copra. Ha ckimame ¢abpuku nmeercs Bcero marepuaia nepBoro coptra cl xr,
BTOPOTO copTa c2 KI, TpeThero copra ¢3 kr. OT peaju3aluy €IUHHUIBI TOTOBOM MPOIYKIUMH BHAa A
¢abpuka uMeeT NpUOBLIH BUAA @ PYO., a OT pealn3aluy eAUHUIBI TOTOBOW MpoAyKIuK Buaa B dabpuka
uMmeeT npuObLUIL Buaa f py6. OnpeaenuTh MakKCUMAIBHYIO MPUOBLIL OT PEAIM3aIlid BCEH TPOIYKIIUU
BUIOB A 1 B.

al= 14, a2= 15, a3= 20, b1= 40, b2= 27, b3= 4, c1= 1200, c2= 993, c3= 1097,

a=5, p=I3.
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3amaua 2. IMeroTcs Tpy IMyHKTa TOCTaBKU OAHOPOAHOTO Tpy3a Al, A2, A3 u niats myHkToB Bl,
B2, B3, B4, B5 notpe6iienns 3toro rpy3a. Ha myakrax Al, A2 m A3 HaXOIUTCS TPy3 COOTBETCTBEHHO B
konmuecte al, a2 u a3 toun. B nmyuktel B1, B2, B3, B4, B5 TpeOyercs 10CTaBUTh COOTBETCTBEHHO b1,
b2, b3, b4, b5 Tomn rpysa. PaccrosHue Mexay NyHKTaMH MOCTaBKA M IYHKTaMH MOTPEOJICHUs
TIPUBEACHO B TAOJIHIIC:

IyHKTBI IynkTbl noTpedieHust

NoCTaBKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HatiTi Takoi miaH 3akperuieHus MOTPeOUTENCH 3a MOCTaBIIMKAME OJTHOPOTHOTO TPy3a, YTOObI
o01re 3aTpaThl o epeBO3KaM ObLTH MUHIMAaIEHBIMHU.
al=350, a2=200, a3=300,
b1=170, b2=140, Db3=200, b4=195,
b5=145.

22 14 16 28 30
D={19 17 26 36 36
37 30 31 39 41

3 BapuaHr.

3apauya 1. CocTaBuTh MaTEMAaTHYECKYIO MOZENb cienyrouleil 3aaaun. Ilpeanonoxum, 4to Ans
NPOM3BOACTBA MPOAYKIMK BuAa A M B MOXHO HCHOnp30BaTh MaTepuai Tpex copToB. IIpu sToM Ha
M3rOTOBJIEHUE €IMHUIIBI U3eNus Buaa A pacxoayercs al KT IepBoro copra, a2 Kr BTOporo copra u a3 Kr
TpeThero copta. Ha usrorosienue npoxykimu Buaa B pacxomyercs bl kr nepsoro copra, b2 kr Broporo
copra, b3 kr Tperbero copra. Ha ckmame ¢abpuku mmeercss Bcero marepuaia nepBoro copra ¢l xr,
BTOPOIro copTa ¢2 KT, TpeThero copra ¢3 kr. OT peanu3allid €IUHUIBI TOTOBOM MPOIYKIIMK BHIA A
(abpuka uMeeT NpudbLIL BUAA @ PYO., a OT pealu3aliy eUHHUIIBI TOTOBOM MpoAyKIuu Buaa B ¢abpuka
umeeT npuObLIs Buaa f py0. Onpenenuts MakCUMalbHYIO NPUOBUIL OT PEAIM3alMy BCEH MPOLYKLUHU
BUIOB A 1 B.

al=9, a2= 15, a3= 15, bl= 27, b2= 15, b3= 3, c1= 606, c2= 802, c3= 840,

a=11, p=6.

3anaua 2. MeroTcst Tpu IMyHKTa NOCTABKU OAHOPOAHOrO rpy3a Al, A2, A3 u nsate nyHkToB Bl,
B2, B3, B4, BS notpe6nenus storo rpysa. Ha mynkrax Al, A2 m A3 HaXoIuTCs TPy3 COOTBETCTBEHHO B
konmuectse al, a2 u a3 touu. B nyuktel B1, B2, B3, B4, B5 tpeGyercs 1ocTaBuTh COOTBETCTBEHHO b1,
b2, b3, b4, b5 touu rpysa. PaccrosHue Mexay IyHKTaMH [OCTaBKA M IYHKTaMH IOTPEOICHUs
MIPUBEJICHO B TAOJIHIIC:

MyHKTBI IynkTe! norpedaenus

nocTaBKu B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haiitu Takoil maH 3akpernsieHus: moTpeOuTeNnel 3a MoCTaBIIMKaMi OJHOPOJHOTO TPy3a, YTOOBI
oO111e 3aTpaThl 0 NepeBo3KaM ObUIH MUHHUMAJIbHBIMHU.
al=200, a2=250, a3=200,
b1=190, b2=100, Db3=120, b4=110,
b5=130.

28 27 18 27 24
D=(18 26 27 32 21
27 33 23 31 #

4 BapuaHT.

3agauya 1. CocTaBuTh MaTeMaTUYECKYI0 MOJENb cienyiomei 3agaud. [lpenmnonoxum, 4yto s
MIPOM3BOCTBA MPOIYKINK BHAa A W B MOXHO HCIIONB30BaTh MaTepuan Tpex coprToB. IIpm »ToM Ha
M3TOTOBJICHNE €IMHUIIBI U3eNns Buaa A pacxomyercs al KT mepBoro copra, a2 Kr BTOpOro coprta u a3 Kr
TpeTbero copra. Ha n3roroBnenue npoaykuuu Buaa B pacxomyercs bl xr neporo copra, b2 xr BToporo
copra, b3 kr Tperbero copra. Ha ckimane ¢abpuku mmeercs Bcero marepuaia nepBoro copra cl xr,
BTOPOTrO copTa c¢2 KT, TpeThero copra ¢3 kr. OT peanu3alnud €IUHUIEI TOTOBOW MPOMYKIMH BHAa A
¢abpuka umeet nNpuOBLIL BUAA @ PYO., a OT pealn3aliy eUHULBI TOTOBOM MpoAyKUuK Buaa B dhabpuka
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uMeeT npuObLIs BUAa f py0. Onpeaenuts MakKCUMaibHYIO MPHOBLIL OT peajd3allid BCEH MPOAYKIIUU
BUIOB A u B.

al=13, a2=13, a3=11, b1=23,b2=11, b3=1, c1= 608, c2= 614, c3= 575,

a=5, p=7.

3agauya 2. MimeroTcs Tpu IMyHKTa TOCTaBKH OOHOPOAHOTO Tpy3a Al, A2, A3 u nsaTh myHKTOB B1,
B2, B3, B4, BS notpe6nenus storo rpy3a. Ha mynakrax Al, A2 u A3 HaXoIUTCs TPy3 COOTBETCTBEHHO B
konmuectBe al, a2 u a3 roun. B nmyuktel Bl, B2, B3, B4, B5 TpeOyercs 10CTaBUTh COOTBETCTBEHHO b1,
b2, b3, b4, b5 tomu rpysa. PaccrosHue Mexay MYHKTaMH IMOCTABKM M IMYHKTAMH MOTPEOJICHUS
TIPUBEACHO B TaOJIHIIC:

TIyHKTBI IlynkTbl norpedieHus

nocrasku B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HaiiTi Takoil miaH 3akperuieHus moTpeduTeNel 3a MOCTaBIIUKaAMH OJTHOPOTHOTO TPy3a, YTOObI
o01ue 3aTpaThl o epeBO3KaM ObBLTH MUHIUMAIEHBIMHU.
al=230, a2=250, a3=170,
b1=140, b2=90, b3=160, b4=110, b5=150.

40 19 25 25 35
D=149 26 27 18 38
46 27 36 40 45

5 BapuanT.

3apauya 1. CocTaBuTh MaTEMaTHYECKYIO MOZENb cienyrouleil 3aaaun. IIpeanonoxum, 4to Ans
NPOM3BOACTBA MPOAYKIMU BuAa A M B MOXHO HCHONp30BaTh MaTepuai Tpex copToB. IIpu sTom Ha
M3rOTOBJIEHUE €IMHUIIBI U3eNus Buaa A pacxoayercs al KT IepBoro copra, a2 Kr BTOporo copra u a3 Kr
TpeTbero copra. Ha usrotoBnenue npoaykuuu Buaa B pacxomyercs bl kr nepBoro copra, b2 xr Broporo
copra, b3 kr Tperbero copra. Ha ckmame ¢abpuku mmeercss Bcero marepuaia nepBoro copra ¢l xr,
BTOPOIro copTa ¢2 KT, TpeTbero copra ¢3 kr. OT peanu3allid €IUHUIBI TOTOBOW MPOIYKIIMK BHIA A
(habpuka uMeeT NpudBLIL BUAA @ PyO., a OT peanu3aluy eIUHHUIIBI TOTOBOM MpoAyKiuu Buaa B ¢abpuka
umeeT npuObLIs Buaa f py0. Onpenenuts MakCUMalbHYIO NPUOBUIL OT PEAIM3alUy BCEH MPOLYKLUHU
BUI0OB A u B.

al=19, a2= 16, a3= 19, b1=31, b2=9, b3=1, c1= 1121, c2= 706, c3= 1066,

a=16, p=19.

3agaya 2. MmeroTcs Tpu MyHKTa MOCTaBKH OAHOPOAHOro rpys3a Al, A2, A3 u narts nyHkToB Bl1,
B2, B3, B4, BS notpe6nenus storo rpysa. Ha mynkrax Al, A2 m A3 HaXoIuTCs TPy3 COOTBETCTBEHHO B
konmuectBe al, a2 u a3 troun. B nmyuktel B1, B2, B3, B4, B5 Tpebyercst J0CTaBUTh COOTBETCTBEHHO b1,
b2, b3, b4, b5 touu rpysa. PaccrosHue Mexay MMyHKTaMH [OCTaBKA M IYHKTaMH MOTPEOICHUs
MIPUBEJICHO B TAOJIHIIC:

MyHKTBI IIyHkTHI HOTpEOIEHUS

TOCTABKH B1 B2 B3 B4 B5
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

HatiTi Takoi miaH 3akperuieHus moTpeOuTeNel 3a MOCTaBIIMKaMK OJTHOPOTHOTO TPy3a, YTOObI
001IIre 3aTpaTh 10 TepeBO3KaM OBLITH MUHUMATHHBIMHU.
al=200, a2=300, a3=250,
b1=210, b2=150, b3=120, b4=135,
b5=135.

20 10 13 13 18
D=27 19 20 16 22
26 17 19 21 23

KoHTpoJibHbIE BONPOCHI
1. Yro takoe moxens? [IpuBenute kinaccudukanuio mojeneii. Kakue BBl 3HaeTe BUIBI MaTEMAaTHYECKUX
Mozeei? Jlaite onpeeneHue HeaeBo QyHKIUH.
2. Yto Takoe 007acTh JOMYCTUMBIX pelieHuii? YTo Ha3bIBaeTCsl IOMyCTUMBIM PEIIEHUEM, OITUMATbHBIM
pemennem? Kakue crmocoObl peanu3aiii MaTeMaTHYECKUX MOJICIICH BbI 3HaeTe?
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JladopaTtopHasi pa6oTa Ne27 «Penienune npocTeiilinx OTHOKPUTEPUATBHBIX 3a1a49»

Henp  paGoTbl:  ompefenuTh  ONTHMAJbHOE  pEIIeHHe  OJHOKPUTEpUANbHBIX U
MHOTOKpPUTEPHUANIBHBIX 33/1a4 B IPOCTEHIIINX CITydasx.

KpaTtkas Teopust

B 3aBrcumoctr oT Buaa mokaszatens 3 ()EeKTHBHOCTH pa3UYaloT 33/1a4l MPUHATHUS PEIIeHUH 1Mo
CKaJISIPHOMY IIOKAa3aTeNio (OJHOKPUTEPHAIBHBIC 3a/1a4H) U 3a/Ia4H IPUHSATHS PEIICHUN 10 BEKTOPHOMY
MoKa3arento (MHOTOKpUTEpHAJIbHbIC 3aa4uH).

3amagyamMu MaTeMaTH4YeCKOro MpPOrpaMMHPOBAHMA HAa3bIBAIOT OJHOKPHTEpPUATIbHbIE 3a/1a4H
onTUMM3alUM. MeTonbl WX pelIeHds ONEPUPYIOT C JAETePMHHHPOBAHHBIMH MAaT€MaTHIeCKHMHU
MOJEISIMHU. B STHUX MOJENAX OTpakKeHbI Pa3HOOOpa3HbIC MPOOJIEMBI PacCIpPENeICHHUS OrPaHUYCHHBIX
PECYPCOB B SKOHOMHUKE, BOCHHOM JIeJie, CO3JaHUN HOBOW TEXHUKHU W T.X. [lyTH pemieHus 3Tux mpooiem,
TaK WM WHA4Ye, CBSI3aHBI C IUIAHWPOBAHWEM IIeJICHANPABICHHON AESITEIHHOCTH, T.€. C pa3paboTKon
OTIpeJIeIEHHBIX YCTAaHOBOK Ha Oyayliee.

3agaya MaTeMaTHYE€CKOr0 MPOrpaMMHUpPOBaHus (OPMYITUPYETCS CICIYIOIIMM_00pa3oM: HalTH

X Kyl X

3HAUCHUA TICPCMEHHBIX ¥ JIOCTaBJIAIOLIIHE MaKCUMyM (MI/IHI/IMyM) BBHaHHOﬁ LICJICBOM

= fix,.x,.. .x
y=JE ... ?‘)npn YCIIOBHSIX:
g (% Xyon Xy ) 2 (2200, (= 1w,
PasnuyaroT 1Ba BUjIa 3a/1a4 MATEMAaTHIECKOTO IIPOrPaMMHUPOBAHHUSI:

1. 3agaum MMHEHHOTO MPOTPAMMUPOBAHMSL.
2. 3aja4yd HEMMHEWHOTO MPOTPAMMHUPOBAHMUSL.

¢byHKIIIH

B nepBrix 3amadax GyHKIHs Y OTrpaHUYCHHUS £/ IMHEIHEI OTHOCHTENBHO MepeMeHHBIX . Bo

BTOPBIX 3ajauax 1esneBas QyHKIUSI Y (nnn) ycnoBust £i umeror Pa3HOro poja HEJIMHEWHOCTH.
I'padoanannTnyecKkuii MeTo] pelIeHUus 321249 ONTHMU3ALUH
OTUM METOAOM BPYYHYIO PELIatOTCsl MPOCTHIE 3aaull ONTUMH3aUUU. MaremaTnieckue MOJAenu
B OTHX 3a/1a4ax He JIOJDKHBI OBITh CIIOKHBIMH, T.K. B IPOTHBHOM Cllyyae TpeOyeTcsi MHOTO BPEMEHH ISt
ux pemeHus. Jnsg Hayama paccMOTpUM —OJHOMAPaMETPUYECKYI0 OJHOKPUTEPUATbHYIO 3aaady
ONTUMM3ALIUY.

IlocranoBka 3agaum: JlaH OIWH KpHUTEPH Y OGbekT (mpomiecc) omucaH ypaBHEHHEM
(ypaBHEHMSIMU), BKJITIOYAIOITUMH OJWH NCKOMBIN TTapameTp y=Jx) . Imeetcst cucteMa orpaHU4eHUN:

Dxza;

2, =x Zh

U T.[1.

H i A~ Xogr
©00X0IUMO HATH ONTHMAIbHOE 3HAYCHHE IapaMeTpa , oOpalaromiee LeIeByr0

byHKLIUIO S (x) B MaKCHMYM WJIH MUHUMYM.

3anaya pemaeTcs B J[Ba dTara:

1. Tocrpoenue obnactu gonyctumsbix pemenuit (OP).

2. Haxoxnenue B npenenax OJIP ontumanpHOTO perieHus.

[Ipu noctpoernn OJIP Ha mnepBOoM 3Tame paccMaTpUBaeTcs cucTeMa orpaHuudeHuil. Bce
OTpaHMYEHHS JTOJKHBI OBITH BBIMOJHEHBI. BBIMONHEHNE TEPBOTO OrpaHUYEHHS B MPUBEICHHOW BBIIIE
MOCTaHOBKE 3a[ayll ONTHMHU3AIMKN O3HAYAET, YTO MCKOMOE 3HAYCHHE MapaMeTpa * JOJDKHO HAXOIUThCS

o s o
npasee !, mpudeM, !B pa3pelieHHbIH MHTEpBal BXOAUT (puc.l). BolnonHeHre BTOPOro orpaHuueHUs

b ]
03HAYAET, YTO UCKOMOE 3HAYEHHUE IapaMeTpa - J0JHDKHO HAXOAWUTHCS B MHTEpBale (Ha OTPE3KE) [ 21l
ClIelyeT MMETh B By, YTO FPAHMUIILI HHTEPBAJIa B MHTEPBA BXOJIAT.
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£(x)

fzs)
fiz1) y=f(x)

fiza)
£(x2)

fizs)

L 3

F
k.
Fy
¥

(azlx1 =2 Z3 x4 xs5ib1)

Puc.1. T'paduueckas wumOCTpalyisi PEIICHUS OJHOMAPAMETPHUUCCKON OJHOKPUTCPUAIBHOM
3aJa4u OIITUMH3allUU

Korna onmHomapamerpuueckas OJHOKPUTEpUANbHAs —3ajladya ONTUMH3AIMU  pemaercs ¢
NpUMEHEHUEeM Trpad0aHANTUTHYECKOTO METO/a BPYYHYIO, TO Ha BTOPOM JTane MPUMEHSIOT METOJ
nepedopa. CyTh ero 3akimodaercs B cienyromeMm. B npexenax OJIP uepes ompeneneHHblii HHTEpBa) h
BBIOHpAETCs psi 3HaueHHWM mapamerpa . B paccmarpuBaemom Hamu ciyuae OJIP paszdurta Ha deTwIpe
OTpe3Ka, U BHIOPAHO MATh 3HAYCHUU mapaMetpa & . J[J1s 9THX 3HAYCHUH mapaMeTpa & pacCUUTBIBAIOTCS
COOTBETCTBYIOIINE 3HaueHHs leneBol (yHKuuu. Cpelu HUX HAXOIAT MHHUMAaJbHOE (MaKCHMAaIbHOE)

X
3HaUeHWe. 3Ha4YeHHWE TapaMerpa !, oOpammaiomiee IeNeByl0 (YHKIHIO B MUHUMYM (MakCHUMYyM),

SIBIISICTCS ONTHUMAalbHBIM. Ecim B paccMaTpuBacMOM HaMu CJiiydac f(x) CTPEMUTCA K MUHUMYMY, TO

Xogr =X Xogr =X
©IT %3 ecnad K MAKCUMyMYy, TO - OET T A

[Ipu pemeHuM NOpakTUUECKUX 3aJad ONTHUMHU3ALMMU BCErAa CIEAyeT UMETh B BHUAY, KaKOBa
1eneBast pyHKIUA. ITO 3HAYUTEIBHO YIPOIIAET paboTy KaK MPH PEIICHUH 3a/1a4 ONTUMH3AIMHA BPYYHYIO
C MPUMEHEHHEM TPaOaHATUTHICCKOr0 METO/a, TaK U MPU PEHICHUM TaKUX 3ajJad C UCIOJIb30BaHUEM
KOMITBIOTEPHBIX IIporpaMm. [Ipuyem, 3T0O OTHOCUTCS U K CITy4ar0 UCIOJIb30BAHUS FTOTOBBIX IIPOrpaMM, U,
YTO 0COOCHHO BaXKHO, K Pa3padOTKe COOCTBEHHBIX ITPOrPamMM.

Paccmotpum, Hampumep, CIICAYIONIMN YacTHBIA Ciydaid, Korja iesieBas (YHKIMS JIMHEHHas

(puc.2.).
Fa)

Flaz)

fib1)

L4

|
0 an b b
Puc.2. T'paduueckas wumocTpanms pEHICHUS OAHOMAPAMETPUYECKOW OJHOKPHTEPUAIBLHON
3aJa4u ONTUMHU3ALHMN AJIS CIy4dast JIMHEHHOW 1eNieBON (QyHKIHH

B nmanHOM cimydae Ha BTOPOM JTame BBIYUCIAIOT 3HAYEHHS I€JIEBOM (PYHKIIMM TOJNBKO Ha
rpanunax OJIP. DTy 3HaueHHs cpaBHHUBAIOT W BHIOMPAIOT HAMMEHbIIee WM HanOobiee. /s mpuMepa,

NPUBEIEHHOIO Ha PHC. 2, €CIH J (%) —>rmin ,To 0T T E}l, ecn J (X) > max ,To 0T T %2,
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B 3apgadax, xak mpaBuiO, TMPUCYTCTBYET HE OIMH, a HECKOJIHKO NMPU3HAKOB MPEIMOYTEHIS
(kputepueB). Takue 3amaduM Ha3BIBAIOTCS MHOTOKPHTEPHAJBLHBIMHU. Kputepum MoOryT okaszaTbes
MPOTHBOPEYMBBIMH, T.€. PELICHHUE, ydlliee TI0 ONpeeIEHHOMY MIPU3HAKY, MOKET 0Ka3aThCsl XyALIUM IO
JpyroMy MpHU3HAKY.

Hampumep, MuHUMH3am#ss CTOMMOCTH ¥ MaKCHMH3AIMs KadecTBa TOBapa IIOYTH BCETAA
MPOTHUBOPEYHBEL. B 3TOM ciydae 3a7jaua OTBHICKAHUS PEIIeHUs, IPEAIOYTHTEIHHOTO IO BCEM IIPU3HAKAM,
Oyznet HekoppekmHoil, T.e. He OyJeT UMETh HH OJJHOTO PEIICHHS.

B cayuyae npoTruBOpeYHMBBIX KPUTEPHEB WMEIOTCS CIEAYIONIHME IMOAXOAbl K OTHICKAHHIO
MOIXOJISIIIIETO PEIICHHS.

1) 3ameHa HeKOTOPBHIX KPUTEPHEB OrPAaHUYEHUAME BUa < win > . Hanmpumep, MUHUMH3ALHS
croumoctH f (X) — min, MokeT ObITh 3aMeHeHa orpanndenueM Buaa f (X) < A, rae A HekoTopas BEpXHssS
OIIEHKAa CTOMMOCTH, T.€. MAKCUMAIIbHO JOITyCTHMAasi CTOMMOCTb.

2)CBepTKa kputepueB. Co3aaeTcs OIUH INI00ATbHBINA CKAISPHBIN KpUTEPUH, 1eneBast GpyHKIUSI
KOTOPOTO SIBJISIETCSI HEKOTOPOH (hyHKUMEH OT MCXOMHBIX HeneBblX (GyHkuui. Hanbonee ynorpeOumbiMu
SBJISIIOTCS JTHHEiHbIe cBepTkH BuAa of(X) + BY(X) (B cimyyae nByx kputepues). HerpuBuanbHOU sSBIISETCS
3a/a4a OTHICKAHMS aJE€KBATHBIX 3HAYEHWUH KOX(PQHUIMEHTOB O W [ , OTPaKAOMIUX OTHOCHTEIHHYIO
Ba)KHOCTB 1ies1eBbIX (yHkiwmid f (X) u g (X).

3) PankupoBanue KpuTepueB. Kpurepun pamKUpyOTCS 10 CTEIICHH BAKHOCTH.

4) OTpicKaHHue pelleHHuil, TyYIIHX X0Ts Obl 10 OHOMY KPHTEPHIO.

[Honxonael 1) u 2) npuBOAAT K OAHOKPHUTEPUATIBLHOM 3a1a4e.

[Toaxox 3) IpUBOIUT K 3adaue ¢ ynopaooueHHbIMU KPUMEPUAMU.

[lonxon 4) NpUBOAUT K 3adaue ¢ Hezagucumbimu Kpumepuamu. B 3amade ¢ yrmopsaodeHHBIMU
KPUTEPHAMHU KPUTEPUH YIOPSIIOYMBAIOTCS TI0 BAXKHOCTH, U TpeOyeTcsl HATH ONTHMAIBHOE PEeLICHUE IS
HaMMCHEC BAXXHOI'O KpUTEpHA HAa MHOXCCTBEC pemeHHI‘/i, OIITUMAJIBHBIX IJIA 60.]'[66 BaXXHOI'0O KpUTCpUA
(cm. puc 3). Camoe 60oTBIIIOE MHOYKECTBO

/ N |
/_,—_\ A
OnTuMaisHBIe IO Y
CAMOMY HEBAXKHOMY
KPHTEPHID
P J

OnrraManbHEIE IO CAMOMY

\Qa‘fl{m}.\ly KPHTEPHI) //

\ Bee JUINVCTHMBIE DENTEHN A /

Puc 3. MHOXecTBO perieHuit.

BCEX JOMYCTHUMBIX PEIICHHH, B HETO BIOXKEHO MHOXKECTBO PELICHHUI, ONTUMAaJIbHBIX IO CAMOMY
BAXHOMY KpPUTEpHIO, Jlajiee BJIOXKEHO MHOXKECTBO ONTHMAJIBHBIX PEMICHUH MO BTOPOMY IO Ba)KHOCTH
KpUTEPHIO, U T.1.

B 3amaue c He3aBUCHUMBIMHM KPUTEPHUSAMHU TpeOyeTcsi HaWTH MHOXKECTBO HEOOMUHUDYEMbIX
(Oppexmuenvix) pewenuii. HenoMuHupyemoe pemieHue Jydile JIIO0Oro APyroro J0mMyCTHMOIO
pelieHus X0T ObI MO0 OTHOMY KPUTEPHIO JIN00 He Xy:Ke 10 BceM KpPUTepPHsM.

MHO0X€eCTBO HEJOMUHUPYEMBIX PEIICHUN TaK)KE HA3bIBACTCS MHOMcecmeom Ilapemo.

Iopsiiok BbINOJIHEHHUS 3a1aHUI

3aganue 1. Pemmnth rpadgmyeckum cmocodom 3amavy. s Mpou3BOACTBAa JIBYX BHJIOB,

S,.S

P P S
u3aeaud 1 u 2 HCIIOJIB3YCTCA, TPU BHUJA ChIPbA 2173 , 3aI1aCbl KOTOPOTO COOTBETCTBCHHO PABHBI

100, 60, 180 emgwaM. st mpow3BOACTBA OMHON €IWHUIIBI TPOIYKITHH P 1 mcmonmp3yeTcss 2 €IUHUIIBI

S S,us, o P
ChIpbsi “! W mo 1 emuHUIE CHIPHS . Jlis mpou3BoOJCTBA OJHOM €IMHUIBI MPOAYKUHH ~ 2

S,uS

S
HCITOJIB3YETCS 10 1 eTUHUIIE CHIPHS 2 y 4 equHUIE! CHIPBs o . [IprOBLTB OT peanu3aiu | eaMHUIIBI

Py P

KaXXJ10M OpOTyKIIMU Hu cootBeTcTBeHHO paBHa 30 u 20 exmanir. HeoOXoaMMO COCTaBUTH TaKOU

IJIaH BBIITYCKa IPOIYKLIMHU P lmu P 2, Ipy KOTOPOM CyMMapHasi MPUOBLTE OyAeT HauOOJIbIIEH.
Pemenue.
CocTaBUM MaTeMaTHIECKYIO MOJIEIT 33 1a4H:
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[TycThb X1 — eMHMIIA TOTOBOH MPOTYKITUH BHUA Py ,
X2 - €IMHUIIA TOTOBOM MPOAYKIIUHU BUAA b, ,
Lenp Gabpuku mOTyInTh MAaKCUMATBHYIO IPHOBLIH OT pear3aliy Bceld MPOAYKIINN BUIO0B Py Hu

P 2 Torpa:
F =30-x, +20-x, - max
Cucrema orpaHuyueHuil:
2%, + X, <100
X, + X, <60
X, +4x, <180
X, 20, X,20 ycrosue HeompuyamenvHocmu

AJITOPUTM peleHus:
1. Hcmomp3ys cucTeMy OTpaHMYEHHH W YCJIOBHS HEOTPHUIATEIBHOCTH, CTPOMM 00JacTb
JTIOTTYCTUMBIX PEIICHUM.

2. Crpoum JHHHUIO YPOBHS F =0 Junueii YpoBHS (QYHKIMM [BYX IEPEMEHHBIX HAa3bIBAeTCS
JIMHUS, BJIOJb KOTOPOH (DYHKIMS COXpaHSET CBOE MMOCTOSIHOE 3HAUCHHE.

3. CrpouMm rpamueHT 1eneBoi GyHKIWH. ['paguedT (QyHKIHHA - 3TO BEKTOpP, WUMEIOUINA CBOMMU
KOOpIMHATAMHM  YacTHbIE€ IPOU3BOAHBIC (YHKUMM ¥  TOKA3bIBAIOLIMHA  HAIpaBJICHUE
HaUCKopeHIero pocra 3HaueHus PyHkiuu. Tak kak 1eneBas ¢pyakius 3JII1 nuHelHas, TO JIUHUN

gradF =n

YPOBHS 1eNIeBON (YHKILUH - IPSIMbIE U , - BEKTOP HOPMaJIH K 3TUM NPSIMBIM.

4. TlepememniaeM JHHUIO YPOBHS F=0 BAoib rpagueHTa Qynkuun. Ecnu 3J1I1 Ha MuHUMYM, TO
ONTHMAaJbHOE pElIeHHe HaXOAUTCS B IepBoi Touke, mpuHaanexameit OJIP; ecmm 3JII1 Ha
MaKCUMYM, TO ONTUMAJIbHOE PELICHUS HAXOAUTCS B MOCIEAHEN Touke, npuHapexanieit OJ[P.
3ameuanue.

[Ipu noctpoennu OJIP BO3MOXHBI CiTydau:

1. OIP okazamace mycThIM MHOXecTBOM. B a3tom ciywdae 3JIII He wmmeeT pemieHus u3-3a

HECOBMECTHOCTH CUCTEMBI OTPaHUYEHHI.

2. OIP okazanach 7100 BBITYKJIBIM MHOTOYTOJIBHUKOM, JIMOO HE OrpaHUYEHHOH BBIMYKION

MHOTOYrojibHON 00sacThio. Torma 3JII1 uMeeT onTUMaIbHOE pElIEHUE, KOTOPOE COBMAJIACT IO

KpaiHeil Mepe ¢ ogHoM n3 BepmuH O/IP.

Hcnonp3yst anropuT™M peuieHus M CHCTEMY OTPaHMYEHHH M YCJIOBUS HEOTPHUIATEIHHOCTH,
moctpoum OJIP. Jng »3TOro BO BCEX HEpaBEHCTBaX CHCTEMbl OrpaHHMYEHUN U YCIIOBUS
HEOTPULATEIbHOCTH 3HAK HEPaBEHCTBA 3aMEHMM Ha 3HAK paBeHCTBAa. B pesynbraTe OyaeM HMETh
YpaBHEHUS NPSAMBIX:

F, :2x, + X, =100

F, :X, +Xx, =60

F; :x, +4x, =180

X =0, Xx,=0
X,0X

B cucreme koopauHar 2 mocTpouM 3T TipsiMble. B pesynbrate Oyaem umers O/IP. B

gradF =n

3TOM K€ CHCTEME KOOPAMHAT CTPOUM JIMHUIO YPOBHS F=0y BEKTOP
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F=0

Tak xak 3amaga Ha MakcUMyM, OyeM IepeMenaTs JHHNI0 YpoBHA F=0 Boombs BekTOpa N A0 Tex
mop, moka oHa He mepeceder OJIP B camom KkpaifiHEeM CBOeM IIOJIOKCHHH, T.€. TPH JadbHEHIIeM
nepeMenicHny oHa He oyaer ¢ OJIP umeTh o0Omue Touku. Takoil TOUKON OKa3anach TOYKA IMEPECCUCHUS

MIPSIMBIX F 5 FZ.
Brruncnum ee KOOpAHHATEL
2%, + X, =100
— X, =40, X,=20, F_ =30-40+20-20 =1600
X, + X, =60

Taxum 06pa3om, eciau npeanpusTue OyaeT BbIITyCKaTh IPOTYKIHIO BUA Py u P, , B KOJINYECTBE
40 n 20 equHUI] COOTBETCTBEHHO, TO IMOJIYYAT MaKCUMAIIbHYO PUOBLTE B pazmepe 1600 equHMII.
3aganne 2. Gupme HEOOXOAMMO BHIOpATh HAMJIYYIIHMH BAPHAHT 3aKYNKH OOOPYAOBaHHSA, €CIU
3a/1aHa 3aKyINOYHas [IeHa Ka)XJ0ro U3 BApHAHTOB 000PYLOBAaHMS U BpeMsl H3rOTOBJIEHUS U TO0CTaBKHU. [lof
HaWIy4IIIM BapUaHTOM MOHUMAETCs] BApUAHT C MUHUMAIbHBIMU 3aKYHOYHOH CTOMMOCTBIO U BPEMEHEM
JOCTaBKH.
OGo3HAUUM, COOTBETCTBEHHO, Yepes X, - Homep, F,(x, ) - Bpems nsrorosie-
uus 1 nocrasku, Fy(x,) - 3aKynounyio cronMocTs BapuaHTa 3aKyIkH 06opy 10Ba-
uus. 3uauenns pyukunii Fy(x,) u Fy(x,) sanaust raGnuueit:

x, 112]3]4[5]6]7]8
Filx)|212(2]3[3]4]4]5
F(x,)]|6|7]8[s5]6]6]|7]s

3ajava oTbickaHusa MHOxecTBa [lapeTo B ciydae ABYX KpHTEpPHEB BHJA
Fy(x)—> minu F,(x)— min Mox)eT ObITh pelueHa rpapuuecky caeayoumm oo-
pazom. Haxoaum Bce TOYKH ¢ HAHMEHbLIUM 3HadeHuem F(x).

3
81 o
7L e e
6L e e
5L .
2345 13
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Eciii HX HECKONLKO. BLIGHPAEM M3 HUX TOUKY ¢ HAMMEHLLUMM 3Hadenuem Fy(x).
Brinouaem ee B muoxkecrso [Napero. Orcekaem To4KH ¢ O0JILIIMMH JTHOO paBHBIMU
FHAYCHUAMH Fl(x) H Fg(x) (ceBepo-BOCTOMHBIN VIO ¢ BepWHHOH B BoIOpaHHOH
Touke). [Mosropsem npoueaypy s ocragweiics 4acTu J10NnycTHMoil oduacTu.

M3  pucydka BUIHO, 4TO JUIS  HAC [PCACTABISIOT  MHTEPEC  [aphl
(FL.F‘_,)&{(Z._G)._(S._E))} H COOTBETCTBYIOLUIHE PELLCHUS (xl.xﬁ)e{(zﬁ].(lﬂ)}._ KOTO-
pble SBASKOTCH HEAOMHUHHPYEMBIMH M 00pa3yioT MHoxkecTBO [lapero paccmarpusae-
MOI 33124 1.

3amanusi 11l CAMOCTOSITEIbHO PadoThI

1 BapuanT.

3agauya 1. CocTaBuTh MaTeMaTHUECKYI0 MOAENb CleAyromed 3agauu. [lpeamnonoxum, 4To 1is
MPOM3BOJCTBA MPOAYKIMK BuAa A W B MOXHO MCHoONb30BaTh MaTepuall Tpex copToB. IIpm sToM Ha
M3rOTOBJICHUE €MHULIBI U3eMs Buaa A pacxoayercs al Kr IIepBOro copra, @2 Kr BTOPOro copTa U a3 Kr
TpeTbero copra. Ha usroroBnenue npoaykuuu Buaa B pacxomyercs bl xr nepBoro copra, b2 xr Broporo
copra, b3 kr Tperbero copra. Ha ckmane ¢abpuku mmeercs Bcero marepuaia nepBoro copra cl xr,
BTOPOro copTa ¢2 KI, TpeTbero copra ¢3 kr. OT peanu3aluy €JUHULBI TOTOBOM MPOIYKUUU BHIA A
(abpuka nMeeT IprUOBLTH BUAA @ PyO., a OT peann3aluy eIUHUIB TOTOBOW MPOAyKIuu Buaa B ¢gabpuka
uMmeeT npuObLUIL Buaa f py0. OnpeaenuTs MakCHUMalbHYIO NPUOBLIL OT PEAIM3allK BCEH MPOIYKINU
BUIOB A u B.

al=19, a2= 16, a3= 19, b1= 26, b2= 17, b3=8, c1= 868, c2= 638, c3= 853,

a=5, f=4.

3agauya 2. Gupme HeoOXOAMMO BBHIOpATh HAWIYYIIMH BapHaHT 3aKyNKA OOOPYIOBaHUS, €CIU
3aJaHa 3aKylo4Has IeHa Ka)KA0T0 U3 BapHaHTOB 00OPYIOBAaHUS U BpeMs U3rOTOBJICHUS U JocTaBku. [log
HaWIy4lIMM BapUaHTOM INOHUMACTCA BAapHUAHT C MUHUMAJIbHBIMU 3aKy1'[O‘-IHOI71 CTOUMOCTBIO 1 BPEMCHEM
JIOCTaBKH.

A) [lns 3amaHHO ABYXKPUTEPHANBFHOW 3a/1a4M, 33aBIINCh Kod(dumnmeHTamu o U f MpoBecTH

JUHEWHYIO CBEPTKY KPUTEPHEB F () u F, (%) U OIIPEIETUTh MUHIMAIIBHOE PELICHHE.
b) Jlnsa 3agaHHOM NBYXKpUTEpUaNbHON 3ajadu HalWTH MHO)XKecTBO Ilapero B ciyuae ABYX

F.(X) > min F,(x) > min
F(x) , Fo(x)

KpUTEpPHUEB BUA

3HayeHus 3a1aHbl TAOJIMIIEH:
e 1 2 3 4 5 6 7 8
F(x) 2 2 2 3 3 4 4
F,(x) 4 5 6 3 4 4 5 3

2 BapHUAHT.

3apaya 1. CocTaBuTh MaTEMaTUYECKYI0 MOJENb cienyromei 3agaud. [lpenmnonoxum, 4yto s
MIPOM3BO/ICTBA MPOIYKINH BHAa A U B MOXHO McIonp30BaTh MaTepuan Tpex coprToB. [Ipum 3ToM Ha
M3rOTOBJICHUE €MHULBI U3/1eHs BUuaa A pacxoayercs al Kr IepBOro copra, @2 Kr BTOPOro copra U a3 Kr
TpeThero copta. Ha usrorosienue npoxaykimu Buga B pacxomyercs bl kr nepsoro copra, b2 kr Broporo
copra, b3 kr Tperbero copra. Ha ckimane ¢abpuku mmeercs Bcero marepuaia nepBoro copra cl xr,
BTOPOTrO copTa ¢2 KT, TpeThero copra ¢3 kr. OT peanw3alliyd €IUHUIGI TOTOBOW MPOIYKIIMK BHIa A
(abpuka nMeeT NpuOBLTH BUAA @ PyO., a OT peann3aluy eIUHHUIIB TOTOBOK MpoAyKunu Buaa B ¢gabpuka
uMmeeT npuObLUIL Buaa f py6. OnpeaenuTs MakCUMAIBHYIO MPUOBLIL OT pEATM3aIld BCEH MPOIYKIIMU
BUIOB A 1 B.

al= 14, a2= 15, a3= 20, b1= 40, b2= 27, b3= 4, c1= 1200, c2= 993, c3= 1097,

a=5, p=I3.

3agauya 2. Gupme HEOOXOMMO BBHIOpATh HAWIYUIIWMH BapHaHT 3aKyNKH OOOpPYIOBaHUS, €CIU
3a/1aHa 3aKyMoYHas IeHa KaXXI0T0 M3 BapUaHTOB 000pyIOBaHUS U BPEMS M3TOTOBIECHUS U JocTaBKH. [lox
HaWIy4lINM BapHaHTOM NOHMMAETCS BapUAHT ¢ MUHMMAJIbHBIMU 3aKyNIOYHON CTOMMOCTBIO U BPEMEHEM
JTIOCTaBKH.
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A) Jlns 3agaHHON ABYXKPHUTEPHATBLHOHN 3a/1a4d, 3aMaBIIMCHh Kod(dUIEeHTaMu o U 3 TPOBECTH

JIMHEHHYIO CBEPTKY KPUTEPUECB F.(x) u F,(X) Y OTPEJICIUTh MUHUMAJIEHOE PELICHUE.
b) Jns 3aganHOl NBYXKpHUTEpHANbHON 3aJadil HaWTH MHOXecTBO llapeTto B ciydae ABYX

F.(X) > min F,(x) —> min
ACOINACH

KpUTEepHeB BUAA

3HaueHUs 3aJIaHbl TAOIHIICH:
X, 1 2 3 4 5 6 7 8
F (%) 3 3 3 4 4 5 5
F, () 5 6 7 4 5 5 6 4
3 BapuaHr.

3agaua 1. CocTtaBUTh MaTeMaTHUECKYI0 MOJAENH cilenyromen 3amadu. [Ipemmonoxxum, 910 IS
MPOM3BOJCTBA MPOAYKIHMK BuAa A W B MOXHO HCHONB30BaTh MaTepwal Tpex copToB. Ilpu sTOoM Ha
M3TOTOBJICHUE SMHUIBI U3AeIHs BUaa A pacxoayercs al KT IepBOro copra, a2 Kr BTOPOro copTa U a3 Kr
TpeThero copta. Ha usrorosienue npoxykiuu Buaa B pacxomyercs bl kr nepsoro copra, b2 kr Broporo
copra, b3 kr Tperbero copra. Ha ckmane ¢abpuku mmeercs Bcero marepuaia nepBoro copra cl xr,
BTOPOIro copTa ¢2 KT, TpeThero copra ¢3 kr. OT peanu3allid €IUHUIBI TOTOBOW MPOIYKIIMK BHIA A
(abpuka nMeeT IpuOBLTH BUAA @ PYO., 2 OT peann3alnuy eIUHHUIIB TOTOBOK MpoAyKunu Buaa B ¢gabpuka
umeeT npuObLIs Buaa f py0. Onpenenuts MakCHUMalbHYIO NPUOBUIL OT PEaIM3aly BCEH MPOLYKLUHU
BUIOB A 1 B.

al=9, a2= 15, a3= 15, bl= 27, b2= 15, b3= 3, c1= 606, c2= 802, c3= 840,

a=11, p=6.

3agauya 2. Qupme HeoOXOAMMO BBHIOpATh HAWIIYUINIWH BapHaHT 3aKyNKH OOOpYIOBaHUS, €CIU
3aJlaHa 3aKyMoyHasl [leHa Ka)XI0T0 U3 BapUaHTOB 000pYIOBaHUS U BpeMsl U3TOTOBJICHUS U AocTaBKH. [lox
HaWIy4IIIM BapUaHTOM MOHUMAETCsl BApDUAHT C MUHUMAJIBbHBIMU 3aKYNOYHOH CTOMMOCTBIO U BPEMEHEM
JOCTaBKH.

A) [lns 3a1aHHON ABYXKPUTEPHAIBHOW 3a/1a4yH, 3a7aBIINCh KOA(D(QUIMCHTAMU O U [3 TIPOBECTH

JINHEWHYIO CBEPTKY KPUTEPUEB Fl(x) U FZ (X) U OIIPENIEINTh MUHUMAJIBHOE PEIIECHUE.
b) Jlns 3amanHOl NBYXKpHUTEpHUANBHON 3ajadil HaWTH MHOXecTBO llapeTto B ciydae AByX

F.(X) > min F,(x) —> min
F(x) , F(%)

KpUTCPHUCB BUA

3HaueHusa 3aJaHbl TAOJIULIEI:
X; 1 2 3 4 5 6 7 8
F (Xi ) 4 4 4 5 5 6 6 7
F, ()(i ) 6 7 8 5 6 6 7 5
4 BapuaHT.

3apauya 1. CocTaBuTh MaTEMaTUYECKYI0 MOJENb cienyromei 3agaud. [lpenmnonoxum, uyto s
MIPOM3BO/ICTBA MPOMYKINK BHIa A W B MOXHO HCIIONB30BaTh MaTepuan Tpex coproB. lIpm sTom Ha
M3rOTOBJIEHUE €IMHUIIBI U3eNus Buaa A pacxoayercs al KT mepBoro copra, a2 Kr BTOporo copra u a3 Kr
TpeThero copra. Ha usrotosienue nmpoaykuuu Buaa B pacxomyercs bl xr mepsoro copra, b2 xr Broporo
copra, b3 kr Tperbero copra. Ha ckimame ¢abpuku nmeercss Bcero marepuaia nepBoro copra ¢l xr,
BTOPOTrO copTa ¢2 KT, TpeThero copra ¢3 kr. OT peanw3alliyd €IUHUIBI TOTOBOW MPOIYKIIMK BHIA A
(dabpuka uMeeT NpudLLIL BUAA @ PyO., a OT pealrn3aliy eUHHUIIBI TOTOBOM MpOAyKIiuU Buaa B dabpuka
uMeeT mpuObLTh BUAa f py0. Onpenenuts MakCUMaIbHYIO MPHOBLUTH OT pealin3allii BCeH MPOAYKIIUU
BUJIOB A 1 B.

al=13, a2= 13, a3= 11, b1= 23, b2=11, b3=1, c1= 608, c2= 614, c3= 575,

a=5, p=7.

3agaua 2. ®upme HEOOXOIMMO BBHIOPATh HAWIYYIIHA BapUAHT 3aKyNKH OOOPY/IOBAHHS, CCIH
3a/1aHa 3aKyMoYHas IeHa KaKI0T0 U3 BApHAHTOB 000PYIOBAaHUS U BpEMs MU3TOTOBJICHHS B TOCTaBKH. [lox
HaWJIy4IIM BapUaHTOM TIOHHMAETCS BapUAHT ¢ MUHUMAJBLHBIMHU 3aKYIIOYHON CTOMMOCTBIO M BPEMEHEM
JIOCTaBKH.
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A) Jlns 3agaHHON ABYXKPHUTEPHATBLHOHN 3a/1a4d, 3aMaBIIMCHh Kod(dUIEeHTaMu o U 3 TPOBECTH

JIMHEHHYIO CBEPTKY KPUTEPUECB F.(x) u F,(X) Y OTPEJICIUTh MUHUMAJIEHOE PELICHUE.
b) Jns 3aganHOl NBYXKpHUTEpHANbHON 3amadll HaWTH MHOXKecTBO Ilapero B ciydae AByX

F.(X) > min F,(x) —> min
ACOINACH

KpUTEepHeB BUAA

3HavYeHUS 3aJIaHbl TAOIHIICH:
X; 1 2 3 4 5 6 7 8
F (%) 2 2 2 3 3 4 5 5
F,(X) 6 4 7 2 4 4 6 5
5 BapuaHT.

3agaua 1. CocTtaBUTh MaTeMaTHUECKYI0 MOJAENH cilenyromen 3amadu. [Ipemmonoxxum, 910 IS
MPOM3BOJCTBA MPOAYKIHMK BuAa A W B MOXHO HCHONB30BaTh MaTepwal Tpex copToB. Ilpu sTOoM Ha
M3TOTOBJICHUE SMHUIBI U3AeIHs BUaa A pacxoayercs al KT IepBOro copra, a2 Kr BTOPOro copTa U a3 Kr
TpeThero copta. Ha usrorosienue npoxykiuu Buaa B pacxomyercs bl kr nepsoro copra, b2 kr Broporo
copra, b3 kr Tperbero copra. Ha ckmane ¢abpuku mmeercs Bcero marepuaia nepBoro copra cl xr,
BTOPOIro copTa c¢2 KT, TpeThero copra ¢3 kr. OT peanu3allid €IUHUIBI TOTOBOM MPOIYKIIMK BHIA A
(abpuka nMeeT IpuOBLTH BUAA @ PYO., 2 OT peann3alnuy eIUHHUIIB TOTOBOK MpoAyKunu Buaa B ¢gabpuka
umeeT npuObLIs Buaa f py0. Onpenenuts MakCHUMalbHYIO NPUOBUIL OT PEaIM3aly BCEH MPOLYKLUHU
BUIOB A 1 B.

al=19, a2= 16, a3= 19, b1= 31, b2=9, b3=1, c1= 1121, c2= 706, c3= 1066,

a=16, p=19.

3agauya 2. Qupme HeoOXOAMMO BBHIOpATh HAWIIYUINIWH BapHaHT 3aKyNKH OOOpYIOBaHUS, €CIU
3aJlaHa 3aKyMoyHasl [leHa Ka)XI0T0 U3 BapUaHTOB 000pYIOBaHUS U BpeMsl U3TOTOBJICHUS U AocTaBKH. [lox
HaWIy4IIIM BapUaHTOM MOHHUMAETCsl BApUAHT C MUHUMAIBbHBIMU 3aKYHNOYHOH CTOMMOCTBIO U BPEMEHEM
JOCTaBKH.

A) [lns 3a1aHHON ABYXKPUTEPHAIBHOW 3a/1a4yH, 3a7aBIINCh KOA(D(QUIMCHTAMU O U [3 TIPOBECTH

JINHEWHYIO CBEPTKY KPUTEPUEB Fl(x) U FZ (X) U OIIPENIEINTh MUHUMAJIBHOE PELIECHUE.
b) Jlns 3amanHOl NBYXKpHUTEpHANBHON 3amadll HaWTH MHOXKecTBO Ilapero B ciydae HABYX

F.(X) > min F,(x) —> min
F(x) , F(%)

KpUTCPHUCB BUA

3HaueHusa 3aJaHbl TAOJIULIEI:
X; 1 2 3 4 5 6 7 8
|Zl (xi ) 5 5 5 6 6 7 7 8
|:2 (Xi ) 7 8 9 6 7 7 8 6

KoHTpo/bHBbIE BONPOCHI
1. Kakue 331241 Ha3bIBAIOTCS OTHOKPUTEPHUATBHBIMU?
2. Kakwue 3agaun Ha3pIBalOTCSI MHOTOKPUTEPHAIbHBIMU ?
3. Kakwue criocoOsbl perieHus OTHOKPUTEPHATIbHBIX 3a/1a4 BbI 3HaeTe?
4. Kaxue moaxoasl K OTHICKAaHUIO MOAXOJAIIETO PELICHHUsS Bbl 3HAETE y MPOTHBOPEUMBBIX
KpUTEpHEB?
5. Kakoe MHOXXECTBO Ha3bIBaeTCsI MHOKeCTBOM [lapeTo?
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JlaGopaTopHasi padoTa Ne28 «3agaua Koy a1 ypaBHeHHsI TeIJIONMPOBOIHOCTH»
Henp  paGoTbl:  ompefenuTh  ONTHMAJbHOE  pEIIeHHe  OJHOKPUTEpUANbHBIX U
MHOTOKPHTEPUAIBHBIX 33]a4 B IPOCTEUIINX CITydasX.
KpaTtkas Teopust
MHorue 3amaun HAyKd ¥ TEXHUKH CBOJATCS K PEIICHHIO OOBIKHOBEHHBIX nu(depeHInambHbIX
ypaBaenuit (O1Y). OlY Ha3pIBaroTCs TakWe ypaBHEHUS, KOTOpPBIE COAEP)KaT OJHY WM HECKOJBKO
MPOM3BOJHBIX OT HCKOMOH pyHKImU. B 0obmem Buae O/1Y MoKHO 3anmcaTh CIEAYIOMNUM 00pa3oM:

P il _ @
a3y 0 ey )_0, Il X — HEe3aBHCHMAs IEpPeMEHHas, © - i-as TPOM3BOXHAS OT
UCKOMOW (YHKIHMHA. n - TOpsANoK ypaBHeHus. OOmee pemenne OJY n-ro mopsiaka COIEpKUT n
¥ = RO Oy

MIPOU3BOJIbHBIX ITOCTOSHHBIX R , T.€. 00lIIlee pelleHne NMEET BU

Jnist BBIAETICHNUS €AUHCTBEHHOI'O PEIIeHUs] HE00X0IMMO 3a1aTh N JOMOJIHUTEIbHBIX YCIOBUH. B
3aBUCHMOCTH OT CHOCO0a 3a1aHus AONOJTHUTENBHBIX YCIOBHI CYIIECTBYIOT /IBa Pa3iIMYHBIX THMA 3a7ay:
3agadya Komm u kpaeBas 3amauya. Eciin 1OMONHUTENBHBIE YCIOBHS 33Jal0TCSl B OAHOM TOYKE, TO Takas
3amada HaseiBaeTcs 3amaded Komm. JlomomHuTensHBIE YyCIOBUS B 3azade Komm Ha3bIBarOTCSA
HaydaJIbHBIMU yCIOBUSMH. Eciu jxe nonoJHUTENbHBIE YCIOBUS 3aJal0Tcsa B Ooiee yeM OJHOH TO4YKe, T.€.
MIPU pa3iIMyYHBIX 3HAYEHHMAX HE3aBUCHUMON MEPEeMEHHOW, TO Takas 3ajada Ha3blBaeTcsl KpaeBod. Camu
JIOTIOJTHATENBHBIE YCIIOBUS HAa3bIBAIOTCS KPACBBIMU WM TPAHHUYHBIMHU.

ScHo, yTo pu n=1 MO>XHO TOBOPUTH TOJBKO O 3a1ayu Komn.

IIpumeps! nocTanoBku 3aga4u Kommn:

ot
o2y, yl)=1
ax

diy v a ;
_ . 1 :1, n=0
dr®  dx v y() y)

IIpumepsI KpaeBbIX 32124

dy _dy .

—+ 22— —v=znix], M=1 wh=0

—T ey (x), w0 =1 1)

a:‘3y djy ey '

— L =x4rx— - wl=0 =0 y3H=2
-3 PR y1j=0, y{1)=0, »(3)

Perute Takue 3aqaud aHATUTHYECKH YIAETCS JIMIIL JUIT HEKOTOPBIX CIEIMATIbHBIX THIIOB
YpaBHEHUI.

EnuncTBeHHOCTH pemteHusi 3anauyu Komm 1Jisi ypaBHeHHMs TEeIUIONMPOBOIHOCTH B KJjlacce
OrpaHMYEHHBIX QyHKIUIA.

Teopema 1.

ITycte D - orpannuenHas o6macte B RN, Ecnm  pernenue U(X,t) cMermannoi  3agaun  Juis
YpaBHEHUS TEIJIONPOBOAHOCTH

ut(x,t)—a2(x,t) Axu(x,t)=f(x,t), (x,t) eG=Dx(0;T)

C HAYaJIbHBIMH YCIOBUSIMHU

u(x,0)=u0(x), u(0)eC(D )

C TPAaHUYHBIMHU YCJIOBHSMHU TIEPBOT0 pojia

u(x,t)[xeaD=v(x,t), v(x,t)eC(oDx[0;T])

cymectByer B kiacce ¢ynkmui C2,1x,t(G)NC(G ), To OHO €IMHCTBEHHO B JTOM KJlacce M
HENPEPHIBHO 3aBUCHUT OT HAYaJIbHBIX M I'PAHUYHBIX JIAHHBIX (B PABHOMEPHON METPHKE).

JokazarensctBo Teopembl 1. EnunctBeHHOCTh. IlycTh U~ 1 UM - pemieHue 3agaun. Toraa ux
pa3HOCTh U=U~—U" yJTOBIIETBOPSIET OJHOPOJHOMY VPaBHEHHUIO TEIIOMPOBOJAHOCTH C OJIHOPOJHBIMU
HAYaJbHBIMU U TPAHUYHBIMH YCIIOBUSIMHU:

ut(x,t)=a2(x,t)Axux(x,t), (x,t)eG,

u(x,0)=0,

u(x,t)|xeoD=0.

CoryiacHO IPUHIUITY MAKCUMyMa B OIPaHUYEHHOM 00J1aCTH BBIMOIHSIOTCS HEPABEHCTBA

O<u(x,)<0 (x,t)eG

Cnenosarensio U~=U"B G .

HenpepwiBaast 3aBucumocth. Ilycth Temeph U~ u UM - pemenne 3aaaun Komm orBedaromiue
pa3IMyYHbBIM Ha4aabHO-KpaeBbIiM JdaHHbIM: UO~,U0™ u vV~ V" COOTBETCTBEHHO.
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Torna pa3HocTs U=U~—U" sIBIIsI€TCA PELLICHUEM CMEIIaHHOMN 3a1a4y I OJHOPOIHOTO YpPaBHEHUS
TEIUIONPOBOIHOCTH

ut(x,t)=a2(x,t)Axu(x,t), (x,t)eG

C HaYaJIbHBIMU YCIIOBUSIMHU

u(x,0)=u0”~u0~

U TPAHUYHBIMU YCJIOBHSIMU

u(x,t)[xeoD=v~(x,t)—v (x,t).

Bocnonezyemces amnst pyHKIMN U IPUHIMIOM MaKCHUMYMa, ITOJy4aeM OLECHKY

[u~(x,t)—u”(x,t)|<max{supD [u0~—u0",supoDx[0; T]v~—Vv"[}, (x,t)eG ,

YTO O03HAYaeT HEMPEPBHIBHYIO 3aBUCHMOCTh PEIICHHS OT HayalbHBIX M KPaeBBIX IAaHHBIX B
paBHOMEpHOH MeTpuke. M3 mpuHLOUNA €IWHCTBEHHOCTH MaKCHMyMa B HEOTpaHMYCHHOW O0JacTu
BBITEKAET CIIEAYIOLIEe

Teopema 2.

Ecnu pemenne 3amaun Komm

ut(x,t)—a2(x,t) Axu(x,t)=f(x,t), (x,t) eG=Rnx(0;T),

u(x,0)=u0(x), u0OeC(Rn)

c OTpaHMYCHHBIMU HavaIbHBIMU nmanHeiMy UO cymecTByeT B KJacce
¢ynkumii C2,1x,t(G)NC(G )NB(G ), TO OHO €AUHCTBEHHO B HEM U HETPEPHIBHO 3aBUCUT OT HAYAIBHBIX
JaHHBIX.

3ananus A1 CaMOCTOSAATEJIbHON PadoThI

Pemenne 00bikHOBEHHBIX nuddepeHnmanbHbX ypasaenuit (O1Y)

B npuBenénHom npumepe pemaercs 3amada Komm, TO ecTh, HIIETCS  pellIEHHE
i depeHnnanbHOr0 ypaBHeHus nepsoro mopsaka Buaa dy/dx = f(X,y) na uaTepBane X € [Xo,Xn] mpu
ycioBud Y(Xo)=Yo ¥ pPABHOMEPHOM IIIare CETKH I10 X.

Pemenne  BeITIONIHAETCS ~— MeTojgaMu  Didnepa, "MpeANKTOP-KOPPEKTOp" (om  xe
Monu(UIIMPOBaHHBIA MeTox Ditnepa) U MeronoMm Pynre-Kyrra 4 mopsiaka tounHoctu. IIpumep mosxer
CIIy’)XUTh O0OpasuoM [y Bammx pemenuii, mnpaBna, (QYHKIUIO OPUAETCS IEpPENpOrpaMMHUPOBATDH
HECKOJIBKO pa3 MpHU Pa3InYHbIX 3HAYEHHUSX apryMeHTa - MOCKOJNbKY 0e3 MpUMEeHEHHUs] MakpocoB Ha VBA
Excel He mo3BonseT co3aaTh MOMHOICHHYIO (DYHKITHIO, KOTOPYIO OBLIO OBl YIOOHO BBI3EIBATH C Pa3HBIMHU
3HAYCHUSIMH apPTYMEHTOB.

3nech pemaerca ypasHenue dy/dx = 2X-y+x? na untepsane [0,2], nauansnoe 3nauenue Yy(0)=0,
JUIS OLIEHKH TOYHOCTH 33/[aHO TAKKe TOYHOE pelieHue B Buae GpyHkimu U(X)=X2. OleHKa MOrpemHoCcTH
nenaercs B HopMme L1, Kak ¥ IpUHATO B JaHHOM CiIydae.

A B © D E F €] H | d K L
1 X | Jinep ‘ i~ ‘ hgohil';ﬁ ‘ k1 | k2 ‘ k3 ‘ kd PyHre-EyTra | Touwoe
2 0 0 0 0 0 0 =[0
3 0z 1] ] 0,044 1] 021 0,189 04022 0040006667 004 =|2
4 04 0083 01232 016728 0399933 0p09994 0,588994| 0802195 0,160012125 0,16 =[10
5 0F 02624 0325824 036997 0799933 1009989 0988939 120219 0360016594 036 =[0.2
3 08 052192 0B07976 0652175 1,199983 1409985 1,388985 1602186 0640020252 054
7 1 D8E5535 096574 1013384 150003 1809982 1788982 2002183 1000023248 1
g 1,2 1292429 1411187 1 455467 1999977 2209979 2188979 24021581 1440025701 144
9 1.4 1801943 1932373 1976683 2399974 2509977 2588977 2802179 1960027709 195
10 16| 2393554 2533346 2 577EE 2799972 3009975 25988975 3202177 2560029353 256
11 18] 3066844 3214144 3258497 3199971 3409974 3388973 3 B02176 32400306599 324
12 2 3E2M475 3974795 4019168 3599965 3809972 3788972 4002175 4000031301 4
| 13 [Morpewn. | 0,175525 0019168 I 3 1BDD?E-DS!
14
15
15 45
17 4 i
18 <,
19 35 ,//
20 3 /r:/ =
9 —— Jinep
2 25 e —=— Moaud. JAnep
gi 2 /// PyHre-KyTTa
25 15 TovHoe
20 Z4
57 1 =
28 A
29 05 i
30 0 +— = T T T T T T T
31 » 0 02040608 1 1214 16 18
32
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IIpakTuyeckas padora NeS «CBeneHue mpou3BoJIbLHOI 3a1a4 JUHEHHOT0
IPOrpaMMMPOBAHMS K OCHOBHOI 3aaye JIMHEHHOr0 NPOrpaMMHPOBAHMS»

Hean padorbi: HayuuTbesi CBOAUTH MPOU3BOJBHYIO 3a/1a4y JTHMHEHHOTO MPOrpaMMHUPOBAHUS
K OCHOBHOH 3a/1a4e JMHEHHOTO MpOorpaMMHUPOBaHus. PemuTs 3a1aqy TMHEHHOTO IPOrpaMMHUPOBaHUS
CHUMIIJIEKC-METOIOM.

Kparkas Teopust

3agaun ONTHMANBHOTO IUIAHUPOBAHUS, CBA3aHHBIE C OTHICKAHWEM ONTHMYyMa 3aJaHHON
meneBol QyHKIWUW (JTMHEHHOH (HOpMBI) NP HATMYMHA OTPAaHWYCHWH B BHJIE JIMHEHHBIX ypaBHEHHH
WM JINHEWHBIX HEPABEHCTB OTHOCATCS K 3aJadaM JIMHEHHOT O IPOrpaMMUPOBaHHUS.

Juneiinoe npozpammuposanue — 3To HapaBlIeHHE MaTEMaTHYECKOTO MPOrPaMMHUPOBAHHS,
U3yyarollee METOAbl pelleHHS SKCTPEMAalbHBIX 3a/1a4, KOTOPble XapaKTepH3YIOTCS JHUHEHHOM
3aBHCUMOCTBIO MEXIY IIEPEMEHHBIMH 1 JINHEHHBIM KPUTEPUEM.

CyIHOCTD TUHEHHOTO MPOrPaMMHUPOBAHUS COCTOUT B HAXOXKJICHUN TOYEK HAUOOJIBLIETO WITH
HAaMEHBIIEr0 3HAYCHUS HEKOTOpOH (YHKUMH TpHU ONpEICTCHHOM Ha0ope OrpaHHuYCHHH,
HaJIaraeMbIX Ha apryMEHTHl M OOpa3yIOIIUX CHCHEMY 0ZPAHUYEHUI, KOTOPas UMEEeT, KaK IIPaBUIIo,
0EeCKOHEYHOe MHOXKECTBO pelneHui. Kaxknas cOBOKYMHOCTh 3HAYEHHH IIEPEMEHHBIX (apryMEHTOB
¢ynkunu F), KoTopble yIOBIETBOPAIOT CHCTEME OTPaHUUCHHUN, HA3bIBACTCS OONYCHIUMBIM HIAAHOM
3ajauyd  JUHEHHOro mnporpamMupoBanusa. DyHkuus F, MakcuMyM WIM MHHUMYM KOTOPOM
OTIpeneNsieTCs, Ha3bIBACTCS Heneoul ¢hynkyuen 3anaud. [lomycTHUMBbIM IUIaH, Ha KOTOPOM
AOCTUT'aCTCA MAKCUMYM WJIM MUHHUMYM (I)YHKHI/II/I F, Ha3bIBACTCA ORMUMAIbHBIM RJIAHOM 3a1a4l.

Cucrema OFpaHHqCHHﬁ, onpeacidromasds MHOXECTBO IUIaHOB, AUKTYCTCA YCIOBUAMU
MPOM3BOACTBA. 3amadeil nuHeiHoro mporpammupoBanus (3JIII) sBisercs BBHIOOP W3 MHOXKECTBA
JIOITYCTUMBIX TUTAHOB HAU0O0JIee BHITOAHOTO (ONTHMAIBHOTO).

Oobmas hopma 3a7auu TMHEHHOTO MPOrPaMMHUPOBAHKS (OPMYIHUPYIOT CICAYIOLUIHUM 00pa3oM:

. )
ay Xy Fa X+ e X 152, =0k

i .
g X Ty Xy + g, X, 5, 2,:}3
1)

; B
Ep Xy iy Xyt i, X 1 52, =)

=10

=0, =10, ..,
) Hy oy 2)

Fo=cxteax, to.+o,x, %mmg)

Koaddurmentsr aij, bi, ¢, j =1, 2, ..., n, i =1, 2, ... , m — q00bIe AeHCTBUTEILHEIE YHCITA
(Bo3MoxHO 0).

Wrak, pemeHusi, yaoBIeTBOpSIONINEe cucTeMe orpanuueHuit (1) ycmoBuit 3amaum u
TpeOOBaHUAM HEOTPHULATENBHOCTH (2), Ha3bIBAIOTCS AONMYCTUMBIMH, a PEIICHHUS, YIOBIETBOPSIONINE
OTHOBPEMEHHO U TpeOOBaHWSIM MUHUMH3ANWMK (Makcumanusanuu) (3) meneBod QyHKOHHU, -
ONTHUMATbHBIMH.

Brimme omumcannas 3amada nuHeiHOTOo mporpammupoBanus (3JII1) mpeacraBiena B oOmieit
¢opme, HO ongHa u Ta ke (3JIII) moxer ObITh cHoOpMyIUpOBaHA B Pa3IUUYHBIX 3KBHBAJCHTHBIX
¢opmax. Hambomee BakHBIMH QopMaMH 3aJadd JWHEHHOTO IPOTPAMMHUPOBAHUS SIBISIOTCS
KAHOHMYECKAsl U CTAHJAPTHAsI.

B kanonuueckoii popme 3amava sBiIseTCA 3amadeii Ha MaKCUMyM (MHHHUMYM) HEKOTOPOM
nuHeHoN (QyHKIMM F, ee cucrema orpaHWMYEHHW COCTOWUT TOJILKO M3 paBeHCTB (ypaBHeHHi). [Ipu
9TOM MEPEMEHHBIE 33]]AUU X1, X2, «..y Xn IBISIFOTCS HEOTPHUIIATEILHBIMU:

@yX, gkt ta,x, =5,
ok Faga kg e, X, =8y,
4)

By Xy T Xyt e, X, =5,

=10

¥, 20,2, 20,...,%
1 ] X 5)
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F=emteon to.te,x, — max[:mmj 6)

K kanonuueckxoii  ¢opme  MmooicHO  npeobpazosamv  00yI0  3a0awy  JUHEUHO20
nPOSPaAMMUPOBAHUSL.

IIpasuno npusenenns 3JIII k kaHOHN4YeCKOMY BHAY:

1. Ecnm B wMCXOmHOHM 3amaue HEKOTOPOE OrpaHUueHHE (HAmpHMep, ITepBoe) ObLIO
HEPaBEHCTBOM, TO OHO IPeoOpa3yeTcsi B PaBEHCTBO, BBEJCHHEM B JICBYIO 4YacTh HEKOTOPOW
HCOTPHIIATEIBHON MMEPEMEHHOW, MpPU YeM B HEPABEHCTBA «<» BBOIHUTCS JOIOJHHUTEIbHAS
HEOTpHLATEIbHAS IEPEMEHHAs! CO 3HAKOM «+»; B CIIy4au HEPABCHCTBA «» - CO 3HAKOM «-»

Ay + @t oo+ ﬂ'm?7) (
BBojuM nepeMeHHYO Fal = O AuE ~ @kt Fota
Torma HepaBeHCTBO (7) 3aNMIIETCS B BHIIE:

@+ dyaXy v+ d X, 4 xxg)

B kaxnmoe w3 HEpaBEeHCTB BBOJIUTCS CBOS ‘ypaBHHUBawIIasi”® IEPEMEHHAs, IMOCJIE YEro
CUCTEMA OTPaHUYECHUN CTAHOBUTCS] CUCTEMON ypaBHEHHM.

2. Ecam B wucxomHOM 3adaue HEKOTOpas TIepeMEeHHas He IIOJAYMHEHa YCIIOBHUIO
HEOTPULATEIBHOCTH, TO €€ 3aMEHSIOT (B 1eJeBOM (PYHKIMU M BO BCEX OIPaHMYEHHUSAX) Pa3HOCTHIO
HEOTPHULATEIbHBIX IEPEMEHHBIX

Xp =X —
, | - cBOOOIHEBIN HHAEKC
x, =20, x

3. Ecam B orpaHMyeHHsX TIpaBas dYacTh OTpUIATENbHA, TO CJEIyeT YMHOXHUTb 3TO
orpannveHue Ha (-1)

4. Hakonen, ecnu wWcxojHas 3amada OblTa 3a7adeii HA MUHUMYM, TO BBEJICHHEM HOBOW
ueneBoit pynkumu Fi = -F MBI mpeobpasyem Hamy 3agady Ha MUHUMYM (yHKumu F B 3amady Ha
MakcumyM pyHKInu Fi.

Takum  00pa3oM, 6CAKylo  3a0auy  JIUHENHO20  RPOZPAMMUPOGCAHUA  MONCHO
chopmynuposams ¢ KaHOHUUECKOU Popme.

B crangapTtHO#t (dopme 3ajaua JTHMHEHHOTO NPOTPAMMHUPOBAHHS SIBISETCS 3aqadedl Ha
MakCUMyM (MHHMMYM) JIMHEHHOW 1eneBol ¢yHkumu. CucTeMa OrpaHHYeHHH €€ COCTOMT M3 OIJHMX
JIUHEMHBIX HEPABEHCTB THIA « <= » UJIH « >= ». Bce nepeMeHHbIe 331a4i HEOTPUIIATEIbHBI.

IR M A MG P e D
G EGr X SISWWEE . X HEEN |
9

oy Xy tTipa X+t x, b .
F=cmteux +o.+e,x, —»ma

w2l e, 20, x, 21

Bcesikyro 3ajauy JIMHEWHOTO MPOTpaMMHUPOBAHHUS MOXKHO C(OPMYJIMPOBATH B CTAHAAPTHO#
¢opme. IIpeoOpazoBanue 3a1auv Ha MUHUMYM B 33/1ady Ha MakCUMYyM, a Takke oOeclieueHHE He
OTPHULATEIBLHOCTH MEPEMEHHBIX MTPOU3BOAUTCA TaK ke, KaK M paHblle. Beskoe paBeHCTBO B CUCTEME
OTpaHUYECHUM PABHOCUIIBHO CUCTEME B3aMMOIIPOTHBOIIOIOXKHBIX HEPABEHCTB!

X X, e x, =5 S
%) tag o tax, 28,

Cy1iecTByeT U Ipyrue Crioco0bl MpeoOpa3oBaHUs CUCTEMbI pAaBEHCTB B CUCTEMY HEPABEHCTB,
T.€. 6CAKYIO 3a0ayy JUHEHHO20 NPOZPAMMUPOBAHUA MOMHCHO CHOPMYTUPOSAMb 8 CHAHOAPMHOLL

dopme.
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Pemmenne 3a1a4 TMHEHHOT0 MPOrPAMMHPOBAHUS CHMILIEKC-METOI0OM.

Unest cuMIniekc-MeTo/ia 3aKiIFoYaeTcsl B MOCIEA0BaTeIbHOM YIYUIICHHN TTEPBOHAYAIBHOTO
IUIaHa MyTeM YHOPSIOYEHHOrO Tepexo/a OT OJHOIrO0 OMOPHOro IUIaHa K APYrOMYy W 3aBepILIAeTCs
HAXO0XJICHUEM ONTHMAIBHOTO TaHa. CUMILIEKC-METOIOM PEIIAOTCSl TOJIbKO KAHOHUYESCKHE 3a]auH
JUHEWHOTO MPOrpaMMHPOBaHMS. PellieHre KaHOHHMYECKOH 33]]aui CUMILIEKC-METOJIOM CYIIECTBEHHO
obervaercs MpUMEHEHHEM  Tak Ha3bIBAEMBIX CHUMITICKCHBIX  TaOJIHII. Besikyro
KaHOHMYECKYI0  3aJadyy  MOXKHO  3ammcaTb  yCIOBHO B Buae  TaOmuipl.  TaOmuia
3aloNHsIeTCsT  CIENYIomMM  00pa3oM:  TepBble  m  CTPOK  COJAEpXKAar B YCJIOBHOH
(opMe ypaBHEHUS] CHCTEMbI OTPAaHUYCHH, pa3pelICHHBIC OTHOCUTEIBHO 0a3MCHBIX MEepeMEHHbBIX. B
MOCJIC/IHEeH CTPOKE 3amMcaHa LeneBas (YHKIMsS, 3Ta CTpoka HasbiBaeTcs F -ctpokoit. B cronbiax
3alKCaHbl CBOOO/IHBIC IEPEMEHHBIC 1 CBOOOIHBIC YJICHBI.

Yenosue onmumanvnocmu naana: eciv 3J1I1 Ha MakcuMyM, TO B F-CTpoke He TOTDKHO OBITH
OTpHUIIATeNbHBIX 3JeMeHToB; ecau 3JIII Ha MuHEMYM, To B F-cTpoke He MODKHO OBITh
MOJIOKUTENBHBIX DJICMEHTOB.

Anzopumm pewienus:

1. Mcxomuyro 3ajady JUHEWHOTO MPOTPaMMHPOBAaHUS MPUBOJIUM K KAHOHHYECKOMY BHIY ITyTeM
BBEJ/ICHHsI 0Q3UCHBIX IEPEMCHHBIX.

2. baszucHble epeMeHHbIe BBRIpakaeM yepe3 CBOOOHbIC TICPEMEHHBIE.

3. Ctpoum HaYaTbHBIH TUTaH, noJnaras CBOOOTHBIC MepEeMEHHBIC PaBHBIMH
HYJII0, TOT/1a 0a3MCHBIE IEPEMEHHBIE OYAyT PaBHBI CBOOOTHBIM UJICHAM.

4. CTpouM NEepBYIO CUMILICKC-TA0IHILY.

5. TIpoBepsieM 1IaH HA ONTHUMANTBHOCTh. ECITU MJ1aH HE ONTHUMAJICH, TO €r0 YITydIlIaeM.

6. Ynyumenue ninana.

a) BBIOOp pa3pelaroiero cTojaona: st 3Toro B F- crpoke BbIOMpaeM MaKCHUMAaJIbHBINA 110
aOCONIOTHOM BENMYMHE W3 OTPHUIATENBHBIX 3JCMEHTOB, €CIHM 3a7adya Ha MaKCHUMYM, WIIH,
MaKCUMAJIbHBIA W3 TMOJIOXKHUTEIBHBIX JJIEMEHTOB, €CIM 3aJada Ha MHUHHMYM. IlycTh 3TO Oyner
CTOJIOCI] C HOMEPOM S;

0) BBIOOp paspemiaromiedi CTPOKH: BHIOMpPAeM CTPOKY C MHHHUMAJBHBIM CHUMIUICKCHBIM
otHonIeHneM. CHMIUIEKCHBIC OTHOIICHUS - 3TO OTHOIICHUE CBOOOHBIX YICHOB K MOJIOKUTECIHHBIM
aNIeMEHTaM paspematoniero cronoua. [TycTs 3To OyneT cTpoka ¢ HOMEepoM .

B) BBIOOp pa3pelIAIOIIEro 3JEMEHTAa: DJIEMEHT, CTOSIIMHA Ha TEePECCUCHHUH pPa3perIarolInx

ars
cTpok u cronbua. [Tycts 310 OyneT anemeHT .

X .
T) IEpEMEHHYIO ~ ° BBOJIUM B 0a31c BMECTO MEPEMEHHOM X

1) SIIEMEHTBI HOBOM CHMIUICKC-Ta0MHIBI ' TIEPECUUTHIBAEM TI0 CIEAYIOIHM (HOpMyTam:
b, =
pa3penaroninil 3eMeHT s,
is 3
b, =——",1#r
a
3JIEMEHTHI Pa3peIaroIero cToaona rs ,

a, .
by =—",j#s

3JIEMEHTHI pa3peliaonieil CTPOKU rs )
OCTaJbHBIE JIEMEHTHI CUMIUIEKC-TA0IUIIBI IO MIPABIITY MIPSIMOYTOJIEHUKA:
b. = aij C _arj " Qs

1]

a

rs
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7. BHOBB MOYYCHHBIH IIJ1aH TPOBEPSIEM HA ONITUMAIILHOCTb.
Iopsinok BeIMOTHEHHUS 32 aHUIH
3aganue 1. a) [IpuBectn K KaHOHWYECKOH opMme 3a1ady JIMHEHHOTO MTPOTPaMMHUPOBAHHSL.

2%, — X, +3X; <5

X, +2X; =8

—-X, — 2%, 21
X, 20,X,>20,%, 20
F =x,—X, +3x; > min
0) Hanummute 3ama4yy B cTangapTHOM opMme.
Pemenue:
a) BeneMm nomoiHUTENbHBIE NEPEMEHHBIE Xs4, Xs5. [IpudeM B mepBoe HEpPaBEHCTBO BBEIEM

MIEPEMEHHYIO X4 CO 3HaKOM ILIIOC, @ B TPEThE — HEOTPULIATEIbHYIO IEPEMEHHYIO, X5 CO 3HAKOM MHUHYC
3aIlUILIeM 3a/1a4y B BUJE:

2X, — X, +3X; + X, =5
X, +2X;, =8
X, —2X, =X =1
X, >20,%X,>20,%;20,x, 20,%;, 20
ITepeBeaeM Min Ha Max, JOMHOXHUB IIeIeBY0 GyHKIHIO Ha (-1)
F=-x +X%,-3X+0-X, +0-X; > max
YTO U JJaeT SKBUBAJICHTHYIO 3371a4y B KAHOHHYECKOU (opme.
0) Besikyto  3ajauy  JIMHEWHOrO TMPOTPAaMMHPOBAaHHS MOXKHO CHOPMYJIMpOBATH B
cranaapTHoii ¢opme. [IpeoOpasoBanue 3ajaun Ha MHUHUMYM B 33j1aqy Ha MaKCUMyM, a TaKkKe
obecrieyeHne HE OTPHUIATEIBHOCTH TEPEMEHHBIX TPOM3BOAMTCS TaK K€, KaK W paHblle. Bceskoe

PaBEHCTBO B CHCTEMC OFpaHI/IHeHI/Iﬁ PaBHOCUJIBHO CUCTEME B3aMMOIIPOTHBOIIOJJIOKHBIX HEPABCHCTB,
TOorJa moJIyumnm:

2X, — X, +3X; <5
X, +2X; <8
— X, —2X; <8
-X, —2%, 21
X =0,X,>20,X, =20
F =—x, +X, —3X; > max
Pl

P
3apanme 2. JIysi mpou3BOACTBA ABYX BUIOB, H3ICITHH U ~ 2 UCHONBb3YyETCs, TPU BUIA

S,,S,,S
CBIpbst 1’72’73 3amackl KOTOpPOro cooTBercTBeHHO paBHbl 100, 60, 180 emunwmi. Jls
TIPOW3BOJICTBA OJTHON €TUHUITHI TIPOIYKITHHI Py HCTIONB3YETCS 2 AMHUIIBI CHIPhSI Sl u o 1 equaUIE
S,us, o P
CBIPbSI . JlJIs TpoM3BOMICTBAa OHOM €MWHUIGI TPOAYKIIMH ~ 2 HCIOJIb3yeTcs 1o 1 exumHuIe
SluSz 53 . Pl
CBIPBS 1 4 enuHUIBI CHIphst  °. [IpuOBLIE OT peanu3anuu | eTUHUIBI KOKI0H MPOAYKIIUU
Hu P2 cootBeTcTBeHHO paBHa 30 u 20 exuHun. HeoOXoauMo COCTaBUTH CHUMILIEKC-METOAOM TaKOM

IUTaH BBITYCKA MPOIYKLIUHU Py u Py , IPH KOTOPOM CyMMapHasi IpuObLIb OyAeT HanOOJIbIICH.
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Pemenne.
1. CocTaBuM MaTeMaTHIECKYIO MOJIENb 3a/1a4H:

IIycTp X1 — eAMHMLA TOTOBOM MPOAYKLIMU BHIA P 4

X2 - €JMHULIA TOTOBOM MPOAYKIIMU BUA P, :
Llens ¢aOpuky MOIy4UTh MAKCUMAIbHYIO IPUOBUIb OT pealu3allid BCe MPOLyKIMU BUIOB
Py Hu P2,TOFI[3:
F =30-x, +20-x, - max
Cucrema orpaHU4EHUN:
2X, + X, <100
X, + X, <60
X, +4x, <180
X, 20, Xx,20  ycroseue  neompuyamenvHocmu
2. 3ajauy NpUBOJUM K KAHOHHUYECKOMY BUJY:
F=30-x +20-Xx, - max
2%, + X, + X, =100
X, + X, +X, =60
X, +4X, + X, =180
X, =0, X, 20 Xx,20, X, 20, x>0
3. basucHbIe mepeMeHHbIE BhIpaXkaeM depe3 CBOOOTHBIE:
X; =100 — 2%, — X,
X, =60 —-X, =X,
Xs =180 — x, —4Xx,

X, =(0; 0; 100; 60; 180).

4. 3anuceIBacM HaYyaJbHBIN IUIAH:
5. CrpouM NepByO CHMILICKC-TA0JIUILY:
Tabmuma 1. [lepas cuvexkc-radbmumna
CBO00O: M. - X, - X, CB00OOIHBIE CHUMIIEKCHBIE
bazuc. nepem. YJIEHBI OTHOUIEHUSA
100 .
X3 2 1 100 —— =50min
> 2
60
X, 1 1 60 — =60
1
180
Xg 1 4 180 — =180
1
F-ctpoka -30 -20 0

6. HauanbHEIN IIJ1aH HE OIITUMAJICH, TaK KaK B F-CTpOKe €CTb OTPHULATCIILHBIC 3JICMCHTBI.

7. Yinydamenwue rmiana. CTpOUM BTOPYIO CUMILICKC-TaOHITY, 3JIEMEHTHI KOTOPOH MepeCUnThIBAEM 10
COOTBETCTBYIOIIUM (OPMYJIaM.
Ta6mmia 2. Bropas cuMimexc-tabauia

BOO: M. — X, - X, CBoOoiHBIC CumriekcHbIe
basuc. nepem. YJICHBI OTHOILIEHUS
1 1
X — — 50 100
2 2
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7N
> | X 1 1 10 20 min
2 2
X5 — l ! 130 ~ 3714
2 2
F-ctpoka 15 -5 1500

8. [IlnaH, cOOTBETCTBYIONIMI TabnHIIE 2, Xl = (50’ 0 0 10; 130)‘
F-cTpoke ecTh OTpHUIIATENBLHBIC JIEMEHTHI. Y TyUIlIaeM ero.
9. Vayumenue mana. CTpOUM TPETHIO CHMILICKC-Ta0NHUILY, SIEMEHTBI KOTOPOH MEePEeCUUTHIBAEM I10
COOTBETCTBYIOIINM (popMyIiam.
Tabmuia 3. TpeTbs cuMILIeKkc-Ta0bnuIAa

HC OIITHMAJICH, TaK KaK B

BOO: M. —X, - X, Crobomgnbie CuMILUTeKCHBIC
Bazuc. mepem. YJICHBI OTHOIICHUS
X 1 -1 40
X, -1 2 20
Xs 3 -7 60
F-ctpoka 10 10 1600

10. IlnaH, cooTBeTCTBYIOMMI TabmuIe 3, X, = (40’ 20, 0. 0 60)‘
CTPOKC HET OTPHUIATCIIbHBIX 3JICMCHTOB.

OINTHMAaJIEH, TaK KaK B F-

OtBeT: ecu npeanpusTHe OyJeT BBITYCKATh MPOIYKIUIO BUIA Py 5 P, B KonmuecTBe 40 u
20 egWHUII COOTBETCTBEHHO, TO TMOIYYHUT MaKCHUMaJbHYIO NpHOBLIH B pazMepe 1600 emxmHuUI, mpu

SuS

3TOM ChIpbE 2 OyzmeT M3pacxOIOBAaHO IOJIHOCTBIO, a CBHIPbE S ocra”ercsi B Konuuectse 60
€JINHULI.
3agaHust VI CaMOCTOSITEIbHOI padoThI
1 BapuaHnr.
3anaua 1. a) [IpuBecTu K KaHOHHYECKOH (popMe 3a/1ady JTMHEHHOTO MPOrpaMMUPOBAHHSI.
-2+ a4
N+x -3 =0

n+3r+ 2, =10
w2lr,20x 20

F=1in+x -1, —1ax

0) Hanmmmmre 3amauy B cTangapTHOM hopme.

3agaya 2. [lpeamonoxuMm, 4YTO MAis NPOU3BOACTBA MNpoAykKuuu Buaa A u B MoxHO
HCIONB30BaTh MaTepual Tpex cOpToB. lIpu 3TOM Ha M3rOTOBICHHME EAMHHULBI M3IeNus BUAa A
pacxonyetcst @l Kr epBOro copTa, a2 Kr BTOPOTro copTa U a3 Kr TpeTbero copta. Ha usrorosnenue
npoaykiu Buaa B pacxomayercs bl kr mepsoro copra, b2 kr Broporo copra, b3 kr tperbero copra.
Ha cknane ¢abpukn nmeercst Bcero Matepuala nepBoro copta ¢l Kr, BTOporo copra ¢2 Kr, TPETbero
copra ¢3 kr. OT peain3alyy €AUMHUILBI TOTOBOM NMPOAYKUMH BUa A (abpuka uMeeT mpuObUIb BUAA o
pyO., a OT peanuzanuy eIMHULBI TOTOBOM NpoayKiuu Buaa B ¢adbpuka nmeer npubsuis Buna f pyo.
OmpenennuTs MakCUMaJIbHYIO MPHOBUIH OT peanu3aiuy BCed MpoayKnuu BUIoB A m B cumiiekc-
METOJIOM.

al=19, a2= 16, a3= 19, b1=31, b2=9, b3=1, c1= 1121, c2= 706, c3= 1066,

a=16, p=19.

2 BapUaHT.
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3anaua 1. a) [IpuBecTr K KAHOHUYECKOH (hopMe 3a1ady JTUHEHHOTO MPOTPaMMHUPOBAHUS.
4 + 2% + 55 212,

B — 3w, + 4x, =18
g+ 3 — 2 =14

walx,20x 20

F==inm+x+5% >max

0) Hanumute 3amauyy B cTangapTHOM Gopme.

3agaua 2. [IpeamonoxkuMm, 4YTO s MPOM3BOJACTBA NPOAYKIMM Buaa A u B MoxHO
WCTIONB30BaTh MaTepual Tpex cOpToB. [IpH 3TOM Ha H3rOTOBICHUE CIWHWILI W3ICTUS BHIa A
pacxoayetcst al Kr TepBOTO cOpTa, @2 KT BTOPOTO COpTa M a3 KT TpeTbhero copTa. Ha miroroBnenne
nponaykiu Buaa B pacxomyercs bl kr mepsoro copra, b2 kr Broporo copra, b3 kr TpeTbero copra.
Ha ckname ¢pabprku nMeeTcst BCero MaTepuala mepBoro copra ¢l Kr, BTOPOro copTa ¢2 Kr, TPEThero
copta ¢3 xr. OT peanu3anuy eInHUIBI TOTOBOH MPOAYKINY BuAa A (habprka nMeeT MpruObLTh BHIA o
pyO., a OT peanu3anuu eIUHULBI TOTOBOM NMpoaykiuu Buaa B dhabpuka umeer npudbuib Buaa f pyo.
Omnpenenuts MakCUMalbHYIO MPHOBLIL OT pealn3allid BCe MPOMYKIHMW BHAOB A M B cumruiekc-
METOJIOM.

al= 14, a2= 15, a3= 20, b1= 40, b2= 27, b3= 4, c1= 1200, c2= 993, c3= 1097,

a=5, p=I3.

3 BapuaHT.

3anaua 1. a) [IpuBecTu K KaHOHHYECKOH popMe 3a1ady TMHEHHOTO MPOrPaMMUPOBAHHSI.
dn —x +ox =12,
3+ 5y —1dx, =14
—3n +0x, +4r;, =18

n2le,=20x 20

F=—im-—X +% —mn

0) Hanmmmmre 3amauy B cTanmapTHOM hopme.

3agaya 2. [lpeamonoxuMm, 4YTO A NPOU3BOACTBA MNpoAyKuuu Buaa A u B MoxHO
UCIIONIb30BaTh Marepuall TpeX copToB. lIpy 3TOM Ha M3rOTOBICHHME CIMHUIBI W3AEIHsS BHIa A
pacxomyercs al Kr mepBoro copra, @2 Kr BTOPOro copTa U a3 Kr TpeTbero copta. Ha m3roroBnenue
npoaykiu Buaa B pacxomyercs bl kr nepsoro copra, b2 kr Broporo copra, b3 kr tpeTbero copra.
Ha cknane ¢abpukn nmeercs: Bcero Matepuala nepBoro copta ¢l Kr, BTOporo copta ¢2 Kr, TPETbEro
copra ¢3 kr. OT peanu3aly eJUHUIBI TOTOBOH MPOAYKINY Buaa A ¢adprka nmeeT npuObLIb BUAA a
pyO0., a OT peanu3anuu eIUHUIIBI TOTOBOM NMpoayKimy Buia B dhabpuka umeer npuObuts Buaa f pyo.
Omnpenenuts MakCUMaIbHYIO MPHOBLIL OT peaM3allii BCe MPOMYKIHMH BHIOB A W B cummiexc-
METOJIOM.

al= 14, a2= 15, a3= 20, b1= 40, b2= 27, b3= 4, c1= 1200, c¢2= 993, c¢3= 1097,

a=5, p=I3.

4 BapuaHrT.
3anaua 1. a) [IpuBecTu K KaHOHHYECKOH popMe 3a/1ady JTHHEHHOTO MPOrpaMMUPOBAHHSI.
—n+ 4 24,

dn -t +rn21d
g +r 4 218
nalr=0x =0

F=1x-5%,-3x —mn
0) Hanmiure 3amayy B cTangapTHOM opMme.
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3apaua 2. llpenmonoxuMm, 9TO JUIsI TPOW3BOACTBA MPOAYKIHMH BHIa A m B MoxHO
WCTIONB30BaTh MaTepuall TpeX COpPTOB. [Ipw 3TOM Ha HM3TOTOBICHHE CIWHUIILI M3JeNus BUIa A
pacxopayetcst @l KT MEpBOTO copTa, a2 Kr BTOPOTO copTa M a3 Kr TpeTbero copta. Ha usrorosneHue
npoaykiu Buaa B pacxomyercs bl kr mepBoro copra, b2 kr Broporo copra, b3 kr TpeTbero copra.
Ha ckname ¢pabprku nMeeTcst BCero MaTepualia mepBoro copra ¢l Xr, BTOpOro copTa ¢2 Kr, TPEThero
copta ¢3 xr. OT peanu3anuy eIUHUIBI TOTOBOH MPOAYKINHY Buaa A (abprka nMeeT MpruObLTh BHIA o
pyO., a OT peanu3anuy eIUHULBI TOTOBOM NMpoayKiuu Buaa B ¢adpuka nmeer npubsuts Buna f pyo.
Omnpenenuts MakCUMaIbHYIO MPHOBLIH OT pealn3allii BCeH MPOMYKIMK BHIOB A W B cummiekc-
METOIOM.

al=9, a2= 15, a3= 15, b1= 27, b2= 15, b3= 3, c1= 606, c2= 802, c3= 840,

a=11, p=6.

5 BapuaHT.

3anaua 1. a) [IpuBecTu K KaHOHHYECKOH (popMe 3a1a4y JTMHEHHOTO MPOrPaMMHUPOBAHHS.

=4+ 3 +8x, 215,

2m+5r,—Tx =12
I — day+ 10x, =17

n2lx,20x 20

F=-3x-5x—6x —mn

0) Hanmmmmre 3ama4uy B cTaHmapTHOM hopme.

3agaya 2. IlpeamonoxuM, 4YTO AJs NPOU3BOACTBA MNpoAykKuuu Buaa A u B MoxHO
WCIIONIb30BaTh Marepuall Tpex copToB. Ilpu 3ToM Ha H3roTOBJICHHME EIUHMIBI HM3AETUS BuUAa A
pacxonyetcst al Kr IepBoro copra, a2 Kr BTOpOro copta u a3 Kr TpeTbero copra. Ha nsrotosnenue
npoaykuuu Buaa B pacxoayercs bl kr mepBoro copra, b2 xr Broporo copra, b3 kr Tperbero copra.
Ha cxmane gabpuku nmeercs: Bcero Matepuala nepBoro copta ¢l Kr, BTOporo copta ¢2 Kr, TPETbEro
copta ¢3 kr. OT peanu3anuy eIUHUIBI TOTOBOH MPOAYKIMY Buaa A (adprka nMeeT MpruObLTh BUIA o
py0., @ OT peanu3aIiy eIUHUIBI TOTOBOW NpoaAyKIuu Buaa B dabpuka nmeer pudbuts Buna f pyo.
Omnpenenuts MakCUMalbHYIO MPHOBLIL OT pealn3alii BCed MPOMyKIHMW BHAOB A M B cumruiekc-
METOJIOM.

al=13, a2=13, a3=11, bl= 23, b2=11, b3=1, c1= 608, c2= 614, c3= 575,

a=5, p=7.

KoHnTpoabHble Bonpockl
Kakue 3a1aun MOXHO OTHECTH K 3a7jadaM JIMHEHHOT0 MPOrpaMMUpPOBaHUs?
KakoBa ocHOBHast uzest IMHEHHOTO NPOrPaMMHUPOBaHUS?
Urto o6pa3yeT cucteM OrpaHUueHUi?
Uro Ha3pIBa€TCs JOMYCTUMBIM TUIAHOM ?
Uro Ha3bIBaeTCs 1eNeBoi (hyHKITHeH?
Kak 3amuceiBaercst o0mas opma 3a1auu THHEWHOTO MPOTPaMMHPOBAHUS?
Kak crpoutcs kanonndeckast popma 3JII1?
Kak nepesectu 3JII1 B crannapthyto hopmy?
KaxkoBa nnes cumiuiekc-meroa?
0. B yeM cyTh ycnoBHsI ONTUMAaIBHOCTH TLIaHA?
11. U3 kakux MyHKTOB cOCTOUT anroputm perrenus 3JII1 cumruiekc-meronom?
12. Yto Takoe CUMIUIEKC-OTHOIICHNE?

Boo~Nour~wE

30



JlabopaTopHas padora Ne29 «PemeHue 3a1a4 JUHEHOT0 MPOrpaMMIPOBAHUA
CHMILJIEKC—METOA0M

Henn padoThl: HayuuThCs peIIaTh 3a7aYd FEOMETPUYECKUM METOJIOM, HAYUHUTHCS peIlaTh
3a/laud CHMIIJIEKCHBIM METOJIOM, 3aKpPENHUTh HABBIKM 3alMCH B3aUMOCBS3HM IOKa3aTeled 3aJadd B
BHJIE MATEMaTHIECKON MOJIEIIH.

Kparkas Teopust

JInHeiiHOe MpOrpaMMHpoBaHMe — 3TO HANPaBJIEHNE MAaTEMAaTHYECKOTO IPOrpaMMHUPOBAHHUA,
M3ydYaroliee MEeTOJbl PEIICeHHS 3KCTPEMAIbHBIX 3aJa4, KOTOpPbhIE XapakTepU3YIOTCS JHHEHHOU
3aBHICHMOCTBIO MEXIY TIEPEMEHHBIMU M JTMHEHHBIM KPUTEPUEM.

JluneliHoe MpOrpaMMHUpPOBAaHHE COCTOMT B HAXOXKJEHUM OSKCTPEMAJIbHOIO 3HAYEHUS
JTUHEHHON (YHKUMM MHOTHX HEPEMEHHBIX NMPH HAIMYWW JIMHEWHBIX OTpaHMYCHUH, CBA3BIBAIOIINX
9TH IIEpEMEHHEIE.

HeoGxonumpIiM yclioBHEM TOCTaHOBKH 3aJaud JIMHEHHOTO NPOTPaMMHPOBAHUS SIBISIFOTCS
OTpaHUYEHMSI Ha HAJIMYKME PECYPCOB, BEIMYNHY CIIPOCA, IPONU3BOICTBEHHYIO MOIIIHOCTD MPEANIPUITUS
Y ApyTHUE TIPOU3BOJCTBEHHBIE (PAKTOPHI.

Marematndeckass MOJEINb JTI000H 3a1aud THHEHHOTO MTPOTrPaMMHUPOBAHHS BKITIOYACT B ceOs:

¢ MaKCHMYM HJIM MUHUMYM LieNeBO (yHKINHU (KPUTEPUH ONTHMAIBHOCTH);
e CHCTEMY OTpaHHUYCHHUH B OopMe TUHEHHBIX ypaBHEHU U HEPABEHCTB;
e TpeOOBaHME HEOTPHULIATEIEHOCTH IEPEMEHHBIX.

Takum 00pa3oM, SKOHOMHKO-MaTeMaTHdeckass (OpMyIHpOBKa M MOJENb OOIIeH 3amadu
JIMHEMHOT O MTPOrpaMMUPOBAHUS UMEIOT CIAEAYIOIIUN BUI:

HalTH MakcUMalbHOE (MIHUMAIIbHOE) 3HAYCHNE JIMHEHHOH 11eN1eBoi (pyHKIINu

- n

F(X)=>c;-Xx; — max(min) )
=

IPH YCIOBHAX-OTPaHUICHHSX !

>a;-x<b, i=1k (2)
i=1
Zaij-szbi, i=k+1Lm, k<m; (3

x;20, j=1l; I<n, (4)

rae aij, bi, Cj — 3aJjaHHbBIC TOCTOSHHBIC BEJTMYHUHbI.

CrangapTHOH 3aJa4ell TMHEHHOTO MPOrpaMMUPOBAaHNUS Ha3bIBaeTCA 33/1a4a, KOTOpast COCTOUT
B OIIpE/IeNIEHIH MaKCHMAIbHOTO (MUHUMAJIBLHOTO0) 3HaUeHH 1esieBor pyHKIuH (1) MpH BHITOTHEHUH
ycnoBuii (2) u (4).

Kanonwnueckoil (WM OCHOBHOHM) 3amadell JIMHEHHOTO NPOTPAMMUPOBAHUS HA3bIBACTCS
3aja4a, KOTOpasi COCTOMT B OINpEIeICHMM MaKCHMaJbHOrO (MHUHHUMAJIbHOIO) 3HAYEHMsS LIEJIEBOIl
¢ynkuwnu (1) npu BeimonHeHnn ycnoBuii (3) u (4).

I'paduyecknii Meron peuieHuss ABYMEpPHO#H 3aJayM JIMHEHHOr0 INPOrpaMMHpPOBAHUS
(MakcuMu3anus neyieBoil GyHKIMN)

JBymepHas  3ajmada  JIMHEWHOrO  IPOrpaMMHMpOBaHUsl  —  3ajada  JIMHEHHOro
MIPOrpaMMHUPOBAHUS, KOJMUECTBO MEPEMEHHBIX KOTOPOI paBHO 2.

B ofbmem Buzme OByMEpHYIO 3a7ady JIMHEHHOTO NPOrpaMMHMPOBAHHUS MOXXHO IPEACTaBHTH
CIIEIyIOLIUM 00Pa3oM.

Onpenennuts 3HaUYEHUE TIEPEMEHHBIX X1 M X2, IIPH KOTOPBIX JIMHEHHas neneBas ¢yHkuus F
JOCTUraeT MakCUMyMa (MUHHUMYMa).

F = C1X1+C2X2 — max(min) npu orpaHUYEHUsIX Ha IepEMEHHBIE

appiy a1z £ (=20 by
Appf g + Aaz¥ o 2(=,2) by

A1y + e S(=,2)bm
¥y 20, 8,20
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Cpenu orpaHMYEHHUI MOTYT OZHOBPEMEHHO BCTPEUaThCs 3HAKH >, < U =. KoadpumenTs! ajj,
bi, ¢j (i = 1..m, j = 1,2) - mo0Oble AefcTBUTENbHBIC YKCia (BO3MOXKHO U 0).

JByMepHBIE 3a7a4M JHHEHHOTO MPOrpaMMHUPOBaHMS OOBIYHO peIIAlTCd TpapUuecKu u
pelIeHne CBS3aHO CO CBOMCTBAMM BBIMYKJIBIX MHOKECTB.

MHOXeCTBO TOYEK HAa3bIBAETCS BBIIYKJIBIM, €CIIM OHO BMECTE C JIIOOBIMHU IIByMs TOYKaMH
COIEP)KUT U UX IPOU3BOJIBHYIO BBIITYKIIYIO KOMOWHALIUIO.

T'eomempuueckuii cmbici STOTO ONPEJEIIEHUS COCTOUT B TOM, YTO MHOYKECTBY BMECTE C €T0
MIPOU3BOJIBHBIMHU TOYKAMH MTOJIHOCTBIO IPUHAUIEKUT U MPSIMOIMHEWHBIH OTPE30K, UX COCIVHSIIOIINI.
IIprMepamu BBITYKIIBIX MHOXKECTB SIBIISIIOTCS IPSIMOJIMHENHBIN OTPE30K, MOIYIIIOCKOCTh, KPYT, Iap,
KyO, OIyIpOCTPaHCTBO U JIP.

MHO€eCTBO IUTAaHOB OCHOBHOMW 33Jjaul TMHEWHOTO MPOrpaMMHUPOBAHUS ABISAETCS BBITYKIIBIM
(ecnmu oHo He mycto). Hemycroe MHOXXECTBO IJIAHOB HA3bIBAETCSI MHOI'OIPDAaHHUKOM pEIICHHUH, a
BCAKasl yrioBasi TOUKa MHOTOTPAHHUKA PELIEHUH - BEPILIMHOM.

Ecin ocHoBHas 3amada JMHEHHOrO IMPOrpPaMMHUPOBAaHUS HMMEET ONTHUMAJBHBIA IUIAH, TO
nesieBast GyHKUUS 3a7a4yl IPUHUMAET MAaKCUMaJIbHOE 3HAUCHUE B OAHOM U3 BEPIINH MHOTOTPAHHHUKA
pemenuii. Ecam MakcuManpbHOE 3HAa4YCHHE JOCTHTAeTCs Oojiee YyeM B OJIHOM BEpINUHE, TO IeieBas
(YHKLIUST TPUHUMAET €ro BO BCSKOW TOYKE, SBJSIONICHCS BBIMYKION JTMHEHHONH KOMOMHAIMEH 3THX
BEpILHH.

AJITOpPUTM pelieHHsl IBYMEPHOM 321a4M JTUHEHHOI0 POrPAMMUPOBAHUSA IPadUuYecKUM
MeTOoA0M

Pewenue 3a0auu auHeuHO020 NPOPAMMUPOBAHUA 2PAPUUECKUM MemOOOM BKIIoUaem
cnedyrouue smanbl.

1. Ha mnockoctu X10X2 cTposIT MpsiMbIE, YPaBHEHUS KOTOPBIX IOMY4YaIOTCS B PE3YNIbTATe
3aMEHbI B OTPaHUUYEHUSIX 3HAKOB HEPABEHCTB HAa 3HAKH TOUHBIX PABEHCTB.

2. Haxonar nonymiaocKocTH, ONpeAeseMble KaXKIbIM U3 OTPaHUYEHUN 3aJauH.

3. CTposIT MHOTOYT'OJIbHUK PEIICHUM.

4. Crpost BekTtopN(c1, C2), KOTOpBIM YyKa3bIBACT HAIIPAaBJICHUE BO3pPACTaHUS LEICBOU
(GyHKINY.

5. CTposT HavaNnbHYIO MPSAMYIO IeNeBOH GYHKIHMH C1X1 + C2X2 =0 M 3aTeM MEepeBUTaloT ee B
HanpaBieHun BekTopa N 10 KpaiiHel yrJoBOW TOYKM MHOTOYTOJbHHMKA pemieHud. B pesyibrate
HaXOJST TOUKY, B KOTOpOH 1ieieBast QyHKIUS MPUHAMAET MaKCUMAIbHOE 3HaUeHHe, THOO MHOXKECTBO
TOYEK C OJUHAKOBBIM MAaKCHMAJIbHBIM 3HAYCHHEM LENEeBOM (YHKUMH, €CIIM HadajbHas IpsMas
CJIUBAETCS C OHOM M3 CTOPOH MHOTOYTOJIbHUKA PEILCHHM, TM00 YyCTaHABINBAIOT HEOTPAHUYEHHOCTD
cBepXy QYHKIIMH Ha MHOXECTBE IJIaHOB.

6. OnpenensioT KOOPAWHATHl TOYKH MAaKCUMyM (PYHKLHMH M BBIYMCIISIOT 3HAYCHUE LIEJTIEBOIl
(yHKLINH B 3TOH TOUKE.

MuHrManbHOE 3HAYeHHWE JUHEWHOW (QYHKIUHM UeTd HAXOAUTCS MyTeM MepeBHKCHUS
HAYaIIbHOM NPSAMOit C1X1 + C2X2 = () B HanpaBIICHUH, TIPOTHBOIOI0KHOM BekTopy N(C1,C2).

3ameuanue 1: B ancopumme pewieHusi nyHKmuvl 4-0 MOJCHO GbINOIHAMb CAEOVIOWUM
obpazom:

4. HaiitTi 3Ha4eHHUE 11e1eBOi (YHKIIMU B YIIIOBBIX TOUYKAX MHOTOTPaHHUKA PEIICHHH.

5. Touka, B KOTOpO# (YHKIMS MPUHUMAET HauOOJIbLIEEe 3HAUYCHHE M SIBISIETCS TOUYKOM
MaKCHMyMa.

Ipumep 1

Ha npennpusitun umeercsa coipse BunoB I, II, 1II. Y3 HEro MoXHO M3roTaBIMBATh U3JCIUS
tirnoB A u B. Ilycth 3amacel BHIOB CBIpbSl Ha Opeanpustud coctaBimsior bl, b2 | b3 en.
COOTBETCTBEHHO, M3jeiue Tuia 4 gaet npuObuis Cl ieH. ex., a usnenue tuna B — €2 neH. exn. Pacxon
CBIPBSl Ha M3TOTOBJIEHUE OJTHOTO M3/ENNS 33/IaH B YCIOBHBIX eAMHMIAX Tabmurei. CocTaBUThH IUIaH
BBIITyCKAa M3ACIHHA, IPU KOTOPOM IPEANpUATHE HMMEET HauOOJNBIIyI0 NpuObUTh. Pemuth 3amauy
rpadUuecKy U CHMIUIEKCHBIM METOJIOM.

Wsnenme Fmpbe - - b, b, b3 C1 C2
A 3 4 3 150 260 300 6 3
B 1 3 4

Pemenue. CocTaBuM MaTeMaTHUECKyl0 Mojnenb 3amaun. OO003HAYMM: Xi — KOJUYECTBO
BBIITYCKAaC€MbIX I/I3)16.HI/II\/’I TUIIa A, X2 - KOJIMYECTBO BBIITYCKAa€MbIX I/ISJICJ'II/Iﬁ THma B . Torna C y4€TOM
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PacxooB ChIPbS HAa M3TOTOBJICHUC M3ACJIHA KaXKAO0I0 THIIA IOJYYHM CJICAYIOIIME OrPAaHUYCHUS Ha X1
M X2 , YYMTBIBAIOIIME 3aI1aChl CHIPbs KaXXA0Tr0 BUA:

3%, + X, <150
4x, +3x, <260
3x, +4x, <300 (1)
IIo cmeIcTy 3a0aun

X =20,%x, >0

[Tpubsu1s F mpeanpusTys npu miaHe Xi, X2 paBHa
F=6x,+3%, ®)

Urak, maremaTtndeckas MOJENb 3aJauM IOJydyeHA: HEOOXOAMMO HAaWTH 3HAYCHMA X1, X2 ,
ynoBneTBopstonpe HepaBeHcTBaM (1), (2), 1ma xotopbix QyHKOus (3) gocTHraeT HaUOOJBIIETO
3HaueHus. [lomyueHHas 3anada — craHngapTHas 3a1a4a JMHEHHOTO MPOrpaMMUPOBaHUSI.

PeminMm noJsry4eHHy1o 3agauy rpapuyeck.

Hns sToro BBemeM cuctemy koopamHaT X10X2 m m300pa3suM B HEH MHOXKECTBO peIICHHIN
cucteMm HepaBeHCTB (1), (2) (oOmacth nomycTuMbix perienuid - O/[P) B BHJE MHOXECTBA TOYCK
IIOCKOCTH.

VYcnosuto (2) yIOBIETBOPSIOT TOYKH MEPBOW 4eTBEepPTH. Il MONMy4YEeHHS MOIYIIOCKOCTEH,
COOTBETCTBYIOUINX HEpPaBEHCTBaM cHUCTEMHI (1), MOCTPOMM MX T'paHUIIB], T.€. IPSMbIE JIUHUU:

Nms npsamMoit YpaBHeHUE IPSIMOiL Tabnuua 11 HOCTPOCHUS! MPSIMOi
_ X1 0 50
(2) 3%, + X, =150 i 156 3
_ X1 0 65
(©) 4x, +3x, =260 o 603 0
_ X1 0 100
(B) 3x, +4x, =300 o 75 0
 x2
150 -
/
75 N B
grad F !,
0 Sﬁ\\ﬁs 100 x1
(@) ©) (=)
IlepeceueHne mNOCTPOEHHBIX MONYIUIOCKOCTEH C TEpBOM ueTBepTh0 — uckomas O/P

(Muoroyronsauk OABCD, puc.1.1.).
Wiiem xooparaaThl BepivH O//P v 3Ha4eHUsI 11esieBoi GyHKIMHU F B 3THX BeplInHax:

O(0; 0): F(0)=6*0+3*0=0%
A(0;75): F(A)=6*0+3*75=225;
o 4x, + 3%, =260 X, =20
B: ():> v = = B(20;60)
(8) 3X, +4x, =300 X
F(B)=6*20+3*60=300




(@) 4x, +3x, =260 X, =38
. = =
) 3X, + X, =150 X, =36

F(C)=6*38+3*36=336

D(50;0)

F(D)=6*50+3*0=300.

Otcrona

Frax= F(C): F(38,36):336

BbiBoA: ipeNpUATHIO BHITOIHO BBITYCTUTH 38 m3nenmid tTuna A(x1=38) u 36 nznenus tuna B
(x2=36). ITpu 3TOM ero pHOBLTL OyIeT HAUOObIIAS K COCTABUT 336 NeH. €.

CHMILUTIEKC-METO METO/I PelIeHHUsI 321a41 JHHEHHOT0 MPOrpaMMHUPOBAHUS

Jns pereHus 3agad JTUHEWHOTO MPOTPAMMHPOBAHHS TPEJIOKEHO HEMAJIO Pa3JIMYHBIX
anroputMoB. Hambonee »¢hhekTuBHBIM cpeyt HUX SBISETCS alTOPUTM, W3BECTHBIA MO/ HAa3BaHHEM
CUMNJIEKCHBLIL MEM OO, U MEM OO NOCTIE006AMENbHOZ0 YIIYUULICHUS HIIAHA.

BrepBbie cUMIUIEKCHBIN METOJT OBUT TIPEUIOKEH aMepUKaHCKUM yueHbIM J[k. [laHiimHroM B
1949 1., ognako eme B 1939 1. maen Meroma ObLIM pa3paboTaHBl POCCHUCKHM MaTeMaTtukoM JI.B.
KanTopoBuuem.

Cumnnexkcholit mMemoo - 3TO UTEPALMOHHBIM TMpoOIEeCcC, KOTOPBIH HAuYMHAETCS C OJHOTO
pelIeHrsT W B TOMCKaX Iy4IIer0 BapHaHTa IBMKETCS IO YIJIIOBBIM TOYKAaM OOJACTH BO3MOXKHBIX
pelIeHni o TeX IMOop, MOKa HEe JOCTHTHET ONTHMAIBHOTO 3HAYEHHWS, B YACTHOCTH IO YTIIOBBIM
TOYKaM MHOI'OyrojbHUKa pCH_[CHI/II\/'I, IMMOJIY4YCHHOT'O I'COMETPUICCKHUM METOJ0M.

CHUMIUICKCHBIN METOJT OCHOBaH Ha IMOCJICIOBATEIBHOM MEPEX0JIe OT OJTHOIO OIOPHOTO TUIaHa
3a/layd JTUHEWHOTO TPOTPAaMMHPOBAHHUS K JAPYroMy, MPH 3TOM 3HAa4YCHHE MENeBOH (YHKIUH
WM3MEHSIETCSI.

C — ((38;36)

AJITOPUTM CUMILIEKCHOI0 METOa BKJIIOYAET cjedyIoliye 3Talbl:

1. CocraBnenue nepBoro omopHoro miaHa. CucTeMa OrpaHMYEHUN 3aladyu, peraeMoil
CUMIUICKCHBIM ME€TOO0OM, 3aJjaHa B BUAC CUCTEMbl HCPABCHCTB CMbICJIa «<)), IMpaBbIC YaCTH KOTOPBIX
bi > 0. [TepeiizeM OT cUCTEMbI HEPABEHCTB K CHCTEME YPAaBHEHHIA ITyTeM BBEICHHUS HEOTPUIATEILHBIX
JOTIOJIHUTENIBHBIX HEPEMEHHBIX. BEeKTOPBI-CTONONBI MPHU 3THUX NEPEMEHHBIX MPEICTABISIOT COOOM
CANHUYHBIC BCKTOPbBI U O6p33}/IOT 6213I/IC, a COOTBETCTBYIOIIMC WM IICPECMCHHBIC HA3bIBAIOTCA
0a3uCHBIMU:

n —
jzla,-j-xj +Xpi=b, i=lm,

rge x,,,; — GasucHEle mepemMeHHble, i = 1,m,
x; = cBoboHEIE TTepeMeHHkle, j = 1, n.

PemmMm 9Ty CUCTEMY OTHOCHUTCIIBHO 0a3UCHBIX NEPEMCHHBIX:

n —
xn+i=bi“za.j'xj, (i=1,m),
L=

a QYHKIIUIO IIEJTH NIEPETIUIIeM B BUIE YPABHCHHUS
o n
F(X)=0-(-Xc;-x;).
J=1

ITonarast, 4T0 OCHOBHBIE IEPEMEHHBIE X1 =... =X, =0, MOJyYUM TEPBbIil ONMOPHBINA MIaH X1 =
0, 0, ...,0, by, by, ..., by); F(X1) = 0, xoTOpBIH 3aHOCHM B CHMIUIEKCHYIO Tabi. OHa COCTOWT M3
KO3(QQULIMEHTOB CUCTEMBI OrpaHMYEHMH M CBOOOJHBIX wWieHOB. llocnenHsst cTpoka TaOJIHIIbI
Ha3bIBACTCSI WHIEKCHOW M 3amoiHsAeTcs KoddduuueHtamMu (YHKUMH LENH, B3STHIMH C IIPOTHBO-
MTOJIO’KHBIM 3HAKOM.

2. IlpoBepka muaHa Ha ONTUMAaIbHOCTb. Eciu Bce KOA(QQHUUIMEHTHI WHIEKCHOH CTPOKH
CHUMIUIEKCHOW TaOMUIBl NPU PELICHWH 3aJadd Ha MaKCMMyM HeoTpuuarenbHel (> 0), TO miaH
SIBJISIETCSl ONTHMANBHBIM. Eciu HaiineTcst XoTs Obl 0IMH KO GUIIMEHT WHACKCHOW CTPOKH MEHBIIE
HYJISl, TO TUIaH HE ONTUMAJIbHBIA M €r0 MOYKHO YJIy4YUIUTh. B 3TOM ciydae nmepexoaum K CiaeayoieMy
JTary aJropuTMa.

3. OmnpeneneHue BeOyNUMX CTOJAOHA M CTPOKUA. M3 oTpuuarenbHbix KO3 (UIIMESHTOB
WHJIEKCHOW CTPOKH BBIOMpaeM HauOOJBIINN 10 aOCONIOTHOW BEJIMYUHE, YTO U ONPEJEIISET BELYIHMA
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CTOJIOCI, KOTOPBHIN ITOKa3bIBACT, Kakas IIEPEMEHHAs Ha CICAYIOMECH WTepaluud IeperaeTr u3
CBOOOJHBIX B Oa3UCHBIE.

3areM 3JeMEHTHI CTOJIONA CBOOOJHBIX WICHOB CHMIUIEKCHOW TaOJMIBI JCTUM HA 3JIEMEHTHI
Toro ke 3Haka (*/+; "/-) Bemymiero crosnbia. Pe3ynpTaThl 3aHOCHM B OTIEIBHBIN cTos0e1 di, KoTopbIe
OyayT Bceraa nojoxutenpHble. CTpoKa CUMIIEKCHOW TaOJIMIBI, COOTBETCTBYIOIIAs MUHUMAIbHOMY
3HayeHuto i, sBisiercs Benymied. OHa ONpeAenseT NEPeMEHHYIO X, KOTOpas Ha CleIyrolel
UTepaluy BeIAAET U3 0a3uca U CTaHEeT CBOOOIHOM.

OJeMEHT CUMIUIEKCHOM TaONMIbl, HAaXOAALIMHICA Ha IEPecedeHHH BEOyLIMX cTojlna Hu
CTPOKH, Ha3bIBAIOT PA3PEILAIOIINM U BBIIEIIAIOT KPYKKOM.

4. TlocTpoeHue HOBOTO OmopHOro miana. [lepexon kK HOBOMY IJIaHy OCYIIECTBISICTCS B
pe3yibTaTe mepecuyera CHMIUIEKCHOW Tabmuipl MetonoM JKopmana - [aycca. CHavama 3aMeHMM
IEpeMEHHBIE B 0a3uce, T. €. BMECTO Xi , B 0a3UC BOWIET NEpPEMEHHAsI Xj, COOTBETCTBYIOILAS BEAYLLIEMY
CTOJIOIY.

Pazmenum Bce sneMeHTHl BeAylledl CTPOKM MpeAblAylledl CHMIUIEKCHOW TaOimumbl Ha
paspeliaromuil 3JIEMEHT U Pe3yJbTaThl JEIEHUS 3aHECEM B CTPOKY CICAYIOIIEH CHUMILICKCHON
TaOJIAIBI, COOTBETCTBYIOIIYIO BBEACHHOI B 0a3uc mepeMeHHOH Xj. B pe3ymprare sToro Ha mecrte
pa3pelIaonero IeMeHTa B CIeAyIoled CUMIUIeKCHOH TaOmmie OyneM uMeTh 1, a B OCTaJbHBIX
KJIETKaxX j cToJOIa, BKIIOUYAs KJIETKY CTOJOLA WHICKCHOW CTPOKH, 3amichiBaeM Hylu. OcTaibHbIC
HOBBIE JIEMEHTHI HOBOTO IUTaHA HAXOJATCS IO MpaBmiry mpsmoyronsauka: HO=CT3-A - B/PD, tne
CTD - snemeHT cTaporo miaHa, PO - pa3pemaromuii seMeHT, A u B - alieMeHTHI cTaporo IJiaHa,
oOpa3yoliue npsaMoyroibHUK ¢ ateMenTamu CTO u PO.

[anee Bo3BpalaeMcsi KO BTOPOMY 3Tally alropuTMa — IPOBEpKE IJIaHa Ha ONTUMAaIbHOCTb.

[Mpu pemennn 3agayvl JTUHEWHOTO MPOTPAMMHUPOBAHWS HA MHHHUMYM I[elIeBOW (QyHKIHMU
MMPU3HAKOM OITUMAJIBHOCTU IlJIaHA SABJIAIOTCA OTPHULATCILHBIC 3HAUCHHUA BCCX KOE)(b(l)I/IHI/ICHTOB
WHAEKCHOW CTPOKH CHUMIUIEKCHOHN TaOJHIIBI.

Ipumep 2.

[Mpeanpusitue BeimyckaeT Tpu Buna u3gennid (N1, N2, N3), ucnone3ys Tpu Buzma pecypcos
(P1, P2, P3). 3amace! pecypcoB (3) orpanuuensl. [Ipuosuts ot peanuzanuu (I1) equHANBI W3nenus u
HOPMBI PacXofa pecypcoB IpeAcTaBieHsl B Tabnume. OnpeaeanTb acCOPTUMEHT U 0OBEMBI BBIITyCKa
MPOJYKIIMH, TMOJy4aeMyl0 MPUOBLIb, BEJIUYHMHY OCTAaTKOB. HaliTh pelieHHe 3a1adyu CHUMILICKCHBIM
MCTOAOM C MPEACTABICHUEM BCCX CUMINICKCHBIX T36HI/IH U IMPpOaHAIM3UPOBATHL IIOJYUYCHHBIC
pe3ybTaThI.

N1 N2 N3 3
P1 1 3 4 42
P2 4 2 2 54
P3 3 2 2 80
I 2 1 3

Pemenue: 3anuiieM MaTeMaTHIECKYIO MOICIH 3aaUH.

Onpenenum BEKTOP X =0, %, %)

X, +3X, +4X, <42,

4X, +2X, +2X; <54,

3X, + 2X, +2X, <80,

X, 20, x,20,x%;20
1 o0ecrieunBaeT MaKCHMaJIbHOE 3HAUYEHHE 1eNIeBON (QYHKITH
F(X) = 2X, + X, +3X, — max

I[J'IH MOCTPOCHHA MEPBOro OINOPHOI'O IUIaHa CUCTEMY HCPABCHCTB IIPUBCACM K CHCTECMC
ypaBHeHI/Iﬁ IIyTEM BBECJICHHUS JOIOJHUTEIILHBIX ICPEMECHHBIX X4, X5, X6:

, KOTOPBIH yIOBIETBOPSET YCIOBHIM
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X, +3X, + 2%, + x, =42,
4%, + 2X, + 2X; + x5 =54,
3X, + 2X, + 2%, + x5 =80,
[MTonaras, uto cBOOOAHBIE MepeMeHHble X1=0, X»=0, Xz=0, Mmosy4yuM MepBbIi ONOPHLIHA MIaH
X1= (0’ 0,0, 42, 54, 80)’ F(X1) = 0, B KOTOpPOM OasuCHbIC MepeMeHHble X4=39, X5=89,

Xe=59. CnemoBaTenbHO, W3JENUA HE TNPOU3BOJATCS, JOXOJ pPaBEH HYJIIO, a pecypcsl He
rcnonb3ytoTes. [lorydeHHbIN IepBEIi OMOPHBIN TUIAH 3aNHUIIEM B CHMILIEKCHYTO TaOIHUITy.

3HaveHre KO3(PPUITUESHTOR TPH S
IInan C3 BII 3bI1 '
X1 X2 X3 Xa Xs Xe min
0 X4 42/4=10,5
0 Xs 42 1 3 4 1 0 0 54/2=27
0 X6 54 4 2 2 0 1 0 80/2=40
80 3 2 2 0 0 1
WNupekcuas v
cTpoka F(X1) -0 -2 -1 -3t 0 0 0

IlepBblil OMOpHBIM IUIAH HEONTUMAJIBHBIM, TaK Kak B HHIEKCHOM CTPOKE HaXOIATCA
oTpHuIarenbHble K03 pummeHTs: -2, -1, -3.

3a Bemymmii cTonOen BeIOEpEM CTOJOEI, COOTBETCTBYIONIMH TEPEMEHHOW X3, TaK Kak,
cpaBHHUBas 0 MoayJIr0, umeeM: |-3[>{|-1/,|-2|}.

3511
i X3
BI)I‘II/ICIII/IM 3HAYCHUA 110 CTpOKaM KaK 4aCTHO€ OT ACJICHUSA U U3 HUX BBI6epCM
HaNMCHBIIICC:
. . [ 3BI1 . |42 54 80
min o; = min =min| —; —; — | =10.5.
Xq 2

CrnenoBaTenbHO, BeayIas CTPOKa- X4.

Pazpemaromuii 3nemenT paBeH PO=4 u HaxoauTCs Ha MEpPECeUeHUM BEIYyIIEro CTONOIA U
BeIyIICH CTPOKH U BBIJIEJICH B Ta0IHIIE.

dopMupyeM CICIYIOIIYIO YacTh CUMILICKCHOW Tabiuie. BMecTo nepeMenHoi Xs B 1wiaH |l
Boiiier mepemeHHass Xs3. CTpoka, COOTBETCTBYIOIIAs NepeMeHHOW Xz B Iwiane ll, momydena B
pe3yibTaTe AENICHUs BCeX JIEMEHTOB CTPOKH X4 TUTaHa | Ha paspermmaromiuii anement PO=4. Ha mecte
paspematoniero sjnemMenta B Iwiane |l momywaem 1. B ocranbHbIX KieTkax croiba Xz tuiaHa |l
3aIrChIBaeM HYJITH.

Takum oOpazoMm, B HOBoM ruiaHe |l 3amomHEHBI CTpOKM X3 M cronder] X3. Bce ocrambHble
3JIEeMEHTHhI HOBOrO iaHa |, BKOYas 3jeMEHTBl MHACKCHON CTPOKH, ONPEIEISIOTCS MO MPaBHITy
MPSIMOYTONIbHUKA. J[J1s1 3TOTO BRIOMpAEM M3 CTaporo IUTaHa YEThIPe YHCIa, KOTOPhIE PACIIONIOKEHBI B
BEpIIMHAX MTPSIMOYTOJIIEHUKA M BCET/Ia BKIIIOYAIOT pa3pelnaronuii aneMent PO=4.

A, F3
c3
H3 B
3HavyeHue HOBOT'O 3J1eMeHTa B Iiane || HaxoauTcst U3 BIpaKeHUsL:
=y A8
PO
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Bce nieMeHTHI, pacloOKEHHbIE Ha IEPECEYCHHHM CTPOK M CTOJIOIOB, COOTBETCTBYIOIIMX
OJTHOMMEHHBIM 0a3MCHBIM JJIEMEHTaM, paBHBI 1, OCTAILHEBIC IIEMEHTHI CTOJIONA B Oa3ucax BEKTOPOB,
BKJIOYasi WHJCKCHYIO CTPOKY, paBHbI (. AHAJIOTMYHO MPOBOASTCS PacyeThl 1O BCEM CTPOKaM
Ta0JIUIIbI, BKITIOYAs HHICKCHYIO.

[TocTponM BTOPYIO CHMILIEKC-TA0JIUILY:

3unavyenne K03pPUIUEHTOB MPH S
IInan C3 BIT 3bI1 '
X1 X2 X3 X4 Xs Xs min
3 X3 42
0 —Xs5 10,5 0,25 0,75 1 0,25 0 0 9,43
0 X6 33 35 0,5 0 -0,5 1 0 118
59 0,5 0,5 0 -0,5 0 1
WNHpexcHas v
CcTpoKa F(X2) =3-105=315 |-1.25T |125 |0 075 |0 0

BTopoil omopHBI MaH HEONTUMAIbHBIM, TaK KaK B HHICKCHOH CTPOKE HAXOAITCS
oTpunareiabHble KodhdunueHTs!: -1,25.
3a Bexymuii ctosber BeiOepeM cTonbern, COOTBETCTBYIOMINN IIEPEeMEHHOM Xi.

3bBI1
BrrunciuMm 3HaueHus i MO0 CTpOKaM KakK 4aCTHOC OT ACJICHUA 1 U U3 HUX BLI6epeM
HaANMCHBIICC:
min &, = min I _ [ 102,33 99 1 iy [42; 9,43; 118] = 9,43.
X, 0,25 35 05

CrnenoBaTenbHO, BeayIasi CTpoKa- Xs.

Pazpermaromuii anemenT paBeH PO=3,5 u HaxoauTCs Ha TepeceYeHnr BEAYIIETO CTONONa U
BE/yIIEH CTPOKHU | BBIJEIICH B TAOIHUIIE.

dopMupyeM CIEAYIONIYIO YacTh CUMIUIEKCHOM Tabyumiie. BMecto nmepemennoit Xs B mias |1
Boiner mepemeHHas Xi. CTpoka, coOTBeTCTByioulas nepeMeHHoil X: B miade lll, momydena B
pe3yibTaTe AEJeHUs BCEX JIEMEHTOB CTPOKM Xs IuaHa |l Ha paspemaromuii anement P2=3.5. Ha
MecTe paspernaromiero sieMenta B mwiaHe |l momyuaem 1. B ocraibHBIX KjeTKax CTOJOA Xi IUIaHa
Il 3aruceiBaeM HyIH.

Takum oOpaszom, B HoBoM muiaHe ||l 3amomHeHBI cTpoku X1 W cronber) Xi. Bce ocrtampHbIC
aneMeHTHl HoBoro Iutana lll, Bkitouas snmeMeHTHI MHAEKCHOW CTPOKH, OMPENEINSIOTCS MO MPaBHITY
MPSIMOYTOJIbHUKA.

Bce aneMeHTBI, pacnoio)XeHHbIE Ha NEPECEYeHWH CTPOK U CTOJOLOB, COOTBETCTBYIOLIMX
OJHOMMEHHBIM Oa3MCHBIM JIEMEHTaM, PaBHBI 1, OCTaNbHBIE 3IEMEHTHI CTOJIONA B Oa3ucax BEKTOPOB,
BKJIIOYAs MHAEKCHYIO CTPOKY, paBHbI (. AHaJIOTHYHO MPOBOAATCA pacyeThl MO BCEM CTPOKaM
TaOJUIIBI, BKIIFOYAsl HHACKCHYIO.

ITocTpouM TPETHIO CUMIIIEKC-Ta0IHILY:

3HavyeHue KodQPUIUEHTOB MIPH S
[Inan C3 BII 3BI1 '
X1 X X3 X Xs Xs min
3 X3
2 X1 8,143 1 0,714 |1 0,286 -0,071 |0
0 Xs 9,429 0 0,143 |0 -0,143 | 0,286 0
35429 |0 0,143 |0 -0,143 |-0,714 |1
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WnpexcHas F (YS) =
CTpoKa 3*8,143+2*9,429= 0 0,357 |0 0571 |0357 |0
=43,286
[lomyyaem mnan Ill, xoTopelii sBIsieTCS ONTUMAIbHBIM, TaK Kak Bce KOI((HUIMEHTH B

HHIEKCHOIT cTpoke 2 0.
OnTuManbHBIN TJIaH MOYKHO 3aMucaTh Tak:

— -

X =(9,429, 0, 8143, 0, 0, 35,429), F =43,286

BeiBoa: /lns monydeHms MakcmMmaibHOTO noxona 43,286 y.e. mpeanpuATHIO HEOOXOIMMO
MPOU3BOANUTH U3eNui meporo Buna 9,429 en., tpersero Buna — 8,143 en., u3aenus BTOPOro BUaa
HE TIPOU3BOJISATCS.

IIpu 3TOM pecypchl IEpPBOTO W BTOPOTO BUAOB PACXOAYIOTCS TIOJTHOCTBIO, PECYPCHI TPETHETO
ocTaroTcs B KomuecTBe 35,429en.

3ananmne 1

Ha npenmpustun umeercs ceipse BumoB |, I, 111, VI3 HEro MOXHO M3roTaBIMBAaTh W3ICITHS
tunoB A u B. Ilycte 3amacel BHIOB ChIpbs Ha mpeanpustuu coctaBmsiior bl, b2, b3 en.
COOTBETCTBEHHO, U3JIeNIMe TUIAa A maeT npuObUIb ¢l JeH.ex., a u3aenue tuna B - ¢2 aen.en. Pacxon
CBIPBSl HA U3TOTOBJICHUE OJTHOTO U3JICNIUS 3a[aH B CJIOBHBIX CIMHHUIIAX TaOTHUIICH.

CocTaBUTh IUTaH BBITYCKA W3MEIHHA, TPH KOTOPOM MPEANPHUATHE HMEET HaWOOJBIIYIO
npuObLTE. Pemmth 3a1ady rpadu4eckuM METOZIOM.

1 BapuanTt

ChIpbe bl b2 b3 cl c2
N3nenue I T m
A 6 3 2 102 |91 105 |5 9
B 3 4 5
2BapUAHT

Coipbe bl b2 b3 cl c2
N3nenue I T m
A 1 1 3 20 36 40 2 5
B 3 2 1
3 BapuaHT

CsIpbe bl b2 b3 cl c2
N3nenue I T m
A 2 1 3 40 34 46 1 2
B 2 2 1
4 BapuaHT

CsIpbe bl b2 b3 cl c2
N3nenue I T m
A 3 4 3 300 | 520 |600 |6 3
B 1 3 4

3aganue 2

[Ipenmpusarue Beimyckaet Tpu Buna msgenuit (N1, N2, N3), ucrmons3ys Tpu BuIa pecypcoB
(P1, P2, P3). 3amace! pecypcoB (3) orpannuensl. [IpuObsuis ot peanusanuu (I1) ennHuIBl n3genus u
HOPMBI Pacxojia pecypcoB IpeacTaBieHbl B Tadnuie. OnpeaenuTh aCCOPTUMEHT U 0OBEMBI BBIITyCKa
NPOIYKIMH, TTOJy4aeMylo TNPHOBUIb, BEIMYMHY OCTaTKOB. HaliTu pemieHue 3agadu CHMIUICKCHBIM
METOZIOM C TPENCTABICHUEM BCEX CHMIUICKCHBIX TaONUIl W IPOAHAIM3UPOBATh TONTyYEHHBIE

pe3yibTaThl.
Bapuanr 1
N1 |N2 | N3 |3
P1 |1 8 5 43
P2 |4 1 6 74
P3 |5 2 2 35
II ) 7 6
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Bapuant 2

N1 |N2 |[N3 |3
P1 3 5 4 81
P2 6 1 3 74
P3 1 5 2 33
II 4 8 7
BapuanTt 3

N1 |[N2 |N3 |3
Pl |6 7 2 57
P2 |6 6 1 97
P3 |3 7 8 63
II 5 6 8
Bapuant 4

N1 [N2 | N3 |3
P1 |7 8 3 81
P2 |4 1 6 68
P3 |5 1 7 54
II 2 5 6

KouTtpoabHbie Bonpochl:

NSNS

© N ;O

Kaxkue 3amaun OTHOCSTCS K 33a4aM JIMHEHHOTO OpOrpaMMUpPOBaHUs?

Kak onpenensieTcs 001acTh JOMYCTHMBIX pellieHHH (MHOTOYTOIBHHUK PEIICHUH)?

Kak ctpounTcst HayabHBIM BEKTOP U YTO OH MOKAa3bIBAeT?

Kakue 3agaum JMHEHHOTO NPOrpaMMHPOBAHUS MOXKHO pELIaTh T['€OMETPHYECKUM
MeTo0M?

KaxoB mpusHak oNTUMaJIbHOCTH B CUMITJIEKCHOM MeTozie?

Kax cTpoutcs onopHslii muas?

Kak onpenensercst Bexymuii cTon0er 1 Beaymas CTpoka CUMIUIEKCHOHN Taduie?

Kak ocymecTBiisieTcs nepepacyer 3JIEMEHTOB CUMILICKCHOM TaOIUIIbI?

OneHuTe Mo PalMOHAILHOCTH METO/A U CIIOXKHOCTH METoAbI pemenus 3aaad JIII.
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JlabopaTopHas padora Ne30 «HaxoxkneHne Ha4aJbLHOI0 pelieHUus] TPAHCIIOPTHOIM
3agaun. Pemienne TpaHcnopTHO# 3a1aUu MeTOAOM MOTEHIIHAJIOBY

Hens padoThi: HalitTh HayanbHOE pEIICHWE TPAHCIIOPTHOW 3aJaydl ABYMS METOJaMU:
METOJIOM CEBEpO-3alaJHOTO yrja M METOJOM HaWMEHbIIEH cromMocTH. HaiTh onTumalibHOe
pelIeHre TPaHCTIOPTHOMH 3a/1a4H METOJIOM MTOTEHIIHAIOB.

Kparkas Teopust

CHUMITICKCHBI METOJ Il pEIICHUs 3a7ady JWHEHHOTO TMpPOrpaMMUPOBAHUS SIBIISCTCS
YHUBEpPCATbHBIM, OH IO3BOJISIET PEIINTh JIIOOYI0 3a/ady, HO pelIeHWe WHBIX 3a7ad CBSI3aHO C
TPYJOEMKHMH pacdeTaMi. MOXKHO BBIIENHTH KIACC 33/Jad, KOTOPBIE peIIaroTcs 0oiiee MPOCTHIMHU
CHelUaTbHBIMU MeTonaMu. K duciy Takux 3agad OTHOCSTCS TaK Ha3bIBaCMbIC TPAHCHOPTHBIE
3ajavm.

Kaaccuueckass TpaHcmopTHasi 3ajada - O HanOojJee JKOHOMHOM IUTaHE MEPEBO30K
OJTHOPOJIHOTO TMPOJYKTAa WM B3aUMO3aMEHSEMBIX MPOJYKTOB M3 ITYHKTOB OTHPABICHHS B ITYHKTHI
Ha3HAYCHMSL.

Kmaccudeckas TpancmopTHast 3amada (cokpameHHo T13) dopMynupyeTcss Claeayronm
obpazom.

4,4,

v A
B nyHkTax oTmnpaBieHUs "M xoTOopele OyAeM Has3bIBaTh TAaK)Ke ITOCTABIUKAMH,

..., a
COCPENOTOYEHBI 3anachkl OAHOPOIHOTO I'Py3a B KOJIMYECTBAX 88 8 COOTBETCTBEHHO. B MyHKTHI

B,,B,....

Ha3HAa4YCHUA

b.b, .. b

B
"N WMeHyeMble TOTpPeOUTEeNsIMU, HAJUICKHUT JOCTABUTH COOTBETCTBEHHO
" eMHUL| Ipy3a.
y Ci A
W3BecTeH TpaHCHOPTHBIN Tapud - CTOUMOCTbH IIE€PEBO3KHU €AUHUIILI IPy3a U3 IIyHKTa ' B

MYHKT B, ! =12,...m,] =]"2""’n. TpeOyeTcss cocTaBUTh TaKoW IUIaH TIEPEBO3OK Ipy3a, TPH
KOTOpPOM 00111asi CTOUMOCTh F BceX mepeBo30k ObuTa Obl HAMMEHBIIICH, TPH TOM BCE 3asSBKH OBLIH ObI
BBITIOJTHEHBI.

B tepmur "TpaHcmopTHBIN Tapud" BKIAIBBaeTCS YCIOBHOE IIOHNMAaHHWE CTOMMOCTHU
eIVHUIIBI  Tpy3a -  3T0O  MOXET  ObITh  ce0ecTOMMOCTb,  PacCTOsHHUE,  Tapud,
BpEMsI, pacXo/]l TOTUTUBA WM DIIEKTPOIHEPTHU U JP.

[lycte  cymmapHble  3amackl  TIPy30B y  IIOCTAaBIIMKOB  pPaBHBI  CYyMMapHBIM
MOTPEeOHOCTSIM TIOTpeOHTEIEH:

234=20,
i=1 j=1

OTo0 ycloBUe HasbIBaeTcs ycnosueM OanaHca. Ecnu mis T3 ycrmoBue OanaHca BBITIOTHSETCH,
To Mojens T3 Ha3piBaeTcs 3aKpHITOH, €ClM yCIIOBHE OanaHca He BBITIOJHEHO, TO Mojens 13 -
oTKpbITast. COCTaBUM MaTeMaTU4IeCcKyto Moaens T3,

X.. A .
[Tycts ''- kommduecTBO Tpy3a, KOTOpOE MOCTABHIMK ~ ' oOTHpaBiser morpedutemo 1 (
i = i = C
1=12,..,m, ] 1'2""’n) CO CTOMMOCTBIO MEpPeBO30K . JlaHHBIE 3a7a4l MOXKHO TPEJICTaBHThH B
BuJie TabImIb! 1.
Tabimna 1.
[lotpeburenn
ITocTaBmuku 3amnacel
B, B, B,
Ci1 Cio C,
A4 " a,
X11 X12 Xin
Co Cyr C,
A, " a,
X1 X2 Xon
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le Cm2 mn
Am an
Xml Xm2 an
[ToTpebHOCTH w 3
bl b2 b, Zl:ai =3 1b]
i= j=

X; 20

n  JOJKHBI

IIo CMBICJIY CBOEMY BCJIMYMHBI
OIrpaHUYCHUAM:

YAOBJICTBOPATH  CIACAYHOIIUM

e I3 nyHKTa

D x;=a,(i=12..,m)
1 :

i BCe 3amachl JOJUKHBI ObITh BBIBE3EHBI (OrpaHMYEHUs 110 pecypcam):

e 3asBKH TMOTpeOUTENICH J OBITH

D x;=b;(j=12...,n)

noTpeOHOCTsIM): =L

JOJIXKHBI BBIITOJTHCHBI (Ol"paHI/I‘ICHI/IH 110

X . :
3aTpathl Ha MEPEBO3KY ' €IMHUII 'Py3a U3 MyHKTA MIOCTABKM ~ ' B MYHKT MOTpeOiacHus

Cij - Xij Xij
COCTaABJIAOT paBHa CyMMe BCCX TAKHUX
m n

F=>>c-x; = min

i=1 j=1

pyOueii; obmas ke CTOMMOCTh BCEX TMEPEBO30K

3arpar:
Maremarnueckas nocTaHOBKa T3 COCTOUT B CEAYIOLIEM:

X..
COCTaBUTb IIAH MIEPEBO30K ", YJIOBJICTBOPSIOIINX CUCTEME OTPaHUYCHHU:

> x;=b;,(j=12...n)
i=1

> x;=a,(i=12...,m)

=
m n

2.8 =b
=1

i=1 j

X; 20 i=12..mj=12..,n

YCJIOBHUIO HEOTPHUIATCIIbLHOCTH:
q)YHKI_II/IH AOCTUTACT CBOCIO MUHUMYMaA:

m n
F=>>c;-x; > min
i=1 j=L
N3 maremaTudeckoil Mozenu BHIHO, 4TO T3 SBJISETCS YaCTHBIM CliydaeM OOIICH 3amauu
JUHEHHOTO NPOrpaMMHpOBaHMs. B o0mell Teopuu IMHEHHOTO NPOrpaMMHPOBAHMS JOKa3aHbI
CIIETYIOIINE TEOPEMBI:
Teopema 1. Tpancnopmnas 3adaua npu 6bINOIHEHUU YCA0BUA Oananca ecez0qa umeem
pewienue.
Teopema 2. Cucmema ozpanuyenuii mpaHcnoOpmuol 3a0ayu cooeprycum m+n-1 auneiino-
He3a6uUCUMbIX YPAGHEHUL.
[Ipn pemennn 3ama4 MPaKTUYECKUHA CMBICT TEOPEMBI 2 3aKIIOYAETCS B CIEAYIOMIEM: YHCIO
Ha3HAUYCHHBIX TIEPEBO30K paBHO m+n-1.
[Ipouenypa pemenust T3 6ymeT cOCTOATH B MOCIIEAOBATENIHHOM YIIYUIIEHUH OMOPHBIX IJIAHOB
Y TIPOBEPKH MX HA ONITHMAIBHOCTD.
MeToabl MOCTPOECHHUS HAYATBHOTO TJIAHA.
Cy1mecTByeT HECKOJIBKO METOJOB IOCTPOEHHS MEPBOHAYaIbHOIO OMOpHOro miaHa T3
(oTIOpHBII JIaH - TUTaH, YIOBIETBOPSIONINI CHCTEME OTPAaHUYCHHN U YCIIOBHIO HEOTPHULIATEIEHOCTH).
PaccMoTpuM TONBKO /1Ba U3 HUX: METOJI CEBEPO-3a1a{HOTO YTIJIa U METOJ HAUMEHBILIEH CTOUMOCTH.

, IIpAU KOTOPOM ILCJICBas
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Kax ye 0TMedasoch, B OTIOPHOM IUIaHe He Gonee I = M + N - 1 mepeMeHHBIX !, OTIMYHBIX
oT Hynsa. Eciu TakuX NEpPeMEHHBIX pPaBHO I, TO TaKOW IJIaH HA3bIBAIOT HEBBIPOXKICHHBIM, B
MIPOTUBHOM CITy4ae - BBIPOKACHHBIM.

Memoo cesepo-3anaonozo y2na. HaznaueHve nepeBo30K HAUMHAEM C JIEBOM BEPXHEU KIIETKU
(ceBepo-3amanubiii  yroy). CpaBHUBas peCypchl TOCTAaBIIMKA H IMOTPEOHOCTH MOTPEOUTEN,
Ha3Ha4aeM MaKCHMaJIbHO BO3MOXHYIO MEPEeBO3KYy. Eciu pecypcoB mocTaBIIMKa HETOCTATOYHO, TO
MEPEeX0IM K CJIeIyIOIIeMy MOCTaBIIUKY. ECin pecypcoB y MOCTaBIIMKA JOCTATOYHO, TO HA3HAYNB
HYXHYIO TIEPEeBO3KY MEpBOMY MOTPEOHMTENI0, MEPEeXOquM K cienyomeMy mnorpeourento. [lpu
Ha3HAUCHUM TIEPEBO3OK Ui yNOOCTBAa 3alUChIBAEM OCTaTOK pecypcoB (MOTpeOHOCTEH); eciu
pPeCypChl 3aKOHUMIINCHh WIIH TTOTPeOHOCTH YJOBIETBOPEHBI, TO cTaBUM OyKBY "K' (koHem). Eciu mpu
Ha3HAUCHUM TIEPEBO3KH OJHOBPEMEHHO 3aKOHYMJIMCh 3alachl PECypcoB Yy TIOCTaBIIUKA H
YIOBJICTBOPEHBI MOTPEOHOCTH TOTPEOUTENs, TO U3 "WrPhl" BBIBOAMM TOJBKO OJIHOTO YYACTHHKA,
JIPYTOMY OCTaBJIsieM HYIIb 3aI1acOB WU HYJb MOTPEOHOCTEN.

Memoo naumensuieii cmoumocmu. Beibupaem KIIeTKy ¢ HAaMEHbIIeH TapupHONU CTaBKON U
Ha3HauYaeM MAaKCHMalbHO BO3MOXKHYIO IMEpeBO3Ky. Ecnm 3amachl 3aKOHUMIMCH WKW MOTPEOHOCTH
YAOBJIETBOPEHBI, TO MOCTABIIMKA WM MOTpeOuTeNns nckimodaeMm. Cpean OCTaBIIMXCS KIETOK CHOBA
BEIOMpaeM KIIETKY ¢ HANMEHBIIIEH CTOMMOCTHIO M Ha3HaYaeM MaKCHMaJIbHO BO3MOXKHYIO TIEPEBO3KY.
Ecnmu B pesynbTare Ha3HaYeHUS! TEPEBO3KH 3aKOHYMIIMCH 3amachl MOCTABIIWKA WU YAOBICTBOPECHEI
MOTPeOHOCTH MOTPEOUTENIS, TO €r0 UCKII0YaeM U3 AalbHEUIIero pacCCMOTPEHHSI.

MeTtoa NOTeHIMAJIOB MOCTPOECHHS ONTUMAJIBHOIO TJIAHA.

Hawnbonee mpocteiMm MeTomom pemeHus T3 sABIsSeTCS METOJ MOTEHIMaNoB. [loTeHnnanamu

U, V,
Ha3BIBAIOTCS  YCIIOBHBIE YHCIA MIPUITACAHHBIE ONPEJeIEHHBIM 00pa3oM KaXIOMY
MOCTAaBIIUKY U TOTPEOUTEIIO.

Teopema 3( ycnosue onmumanvuocmu naauna). Cymma nomenuuanos noCMasujuka u
nompebumens pasHa mMapuHol cmaexke 07 3AHAMBIX KIEMOK; CYMMA HOMEHUUAN08
nocmaswiuKa U nompedumensn He npeevluiaen MapupHyIo Cmagky 0711 c60000HbBIX K1EeMOoK:

U +v; =¢;, Xx; 20,

U +V; <Gy, X =0.

3ameuanue. OTIOPHBIH IJIaH JOJHKEH OBITH HEBBIPOKICHHBIM.

Anzopumm pewieHus mpancnopmHoil 3a0a4u:
1. CtpouM HaYaIbHBIE IUIAHBI METOJOM CEBEPO-3aaJHOTO yriia M HAUMEHBIIICH CTOMMOCTH, U3 HHUX
BBEIOMpaEM JTyUIINH.
2. Haxomum mOTEHLMANBl IIOCTABIIMKOB M  MOTPeOMTENIeH, WUCIOJb3ysl IEPBOE  YCJIOBHE

U +Vv; =¢;
OIITUMAJIBHOCTHU I1JIaHA:

U, +Vv. <c
3. IIpoBepsieM BTOpOE yCIIOBHE ONTHMAJIBHOCTHU IUIAHA JUIsi CBOOOIHBIX KIIETOK ' ! Y. Ecmu

OHO BBIIIOJIHEHO, TO IUIaH ONTUMAJIEH. ECIIM HE BBIIIOJIIHEHO, TO YJIy4yllaeM IUIaH.

4. VYaydmieHue niaHa.

d) TpH HEBBIIOJHEHUH BTOPOrO YCIOBHS ONTHMAIBHOCTH IUIaHA B KJIETKY 3aHOCHM

LIi +Vj _CIJ nyn .

HapylIeHHe €0 3HaKkoM "+". Takue KJIIETKHM Ha3bIBAIOTCS IOTEHIIUAJIbHBIMU;
b) cpeamn Bcex MOTEHUMATBHBIX KJIETOK BHIOMPAEM KIIETKY ¢ HAUOOJIBIINM HAPYIICHUEM;
C) CTpOMM Uil BBIOPAHHOW KJIETKH 3aMKHYTBIH KOHTYp, COCTOSIIMH W3 BEPTHKAJIbHBIX H
FOPU30HTAJIBHBIX OTPE3KOB MPSAMOM, IPUYEM BEPUIMHBI KOHTYpa JIEXKAT B 3aHITHIX KIETKAX, 34
HCKIIIOYEHHEM TOH KJIETKH, JUUIsl KOTOPOH CTPOUTCSI KOHTYp. BHJIbI KOHTYpOB ITPUBEACHBI HA PUCYHKE
1;

Puc. 1 Bune! kd2rypoB



d) BepIIMHBI KOHTypa MOOYEpPETHO MoMedaeM, 3Hakamu "+","-", HayMHas ¢ KICTKH, IS KOTOPOW
MOCTPOCH KOHTYD;

€) cpean KIETOK, IIOMEUEHHBIX 3HAaKoM '"-", BbIOMpaecM HaMMEHbBIIYIO mepeBo3Ky. Ha oty
BETMYMHY YBEIIMYMBAEM IMIEPEBO3KH B KJIETKAX, [IOMEYEHHBIX 3HAKOM "+, M YMEHBIIIAeM B KJIETKaX,
MOMEYEHHBIX 3HaKoM "-". B pe3ynbTare nepeHazHaueHHs NepeBO30K OCBOOOKAAaETCS 0fHA KIETKA.

5.BHOBB NOJIyYEHHBIH JIaH IPOBEPSEM HAa ONTUMAIBHOCTD.

IMopsinok BbINOJIHEHM S 3aJaHUI

3aganue. IMeroTcs Tpu MyHKTa MOCTaBKU OJHOPOAHOTO rpy3a Al, A2, A3 U IATh MYHKTOB
B1, B2, B3, B4, B5 mnorpebnenus storo rpysa. Ha mynkrax Al, A2 m A3 Haxomutcs Tpy3
COOTBETCTBEHHO B KonmdectBe al, a2 u a3 tonmn. B mymktsr Bl, B2, B3, B4, B5 tpebyetcs
noctaBuTh cootTBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccTosiHne Mexay MmyHKTaMH OCTaBKU H
MYHKTaMH NOTpeOJIeHNsI TPUBEACHO B TAONIHUIIE:

n_n

IyHKTBI IIynkTe! moTpedenus

NoCTaBKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haliti Takoii 1uiaH 3akpervieHHs MOTpeOuTeNiel 3a MOCTaBIMKAMH OJHOPOJHOTO Tpy3a,
9T0OBI 00IIME 3aTPATHI 110 MEPEBO3KaM ObUTH MUHUMAITBHBIMH.
al=200, a2=250, a3=200, 28 27 18 27 24
b1=190, b2=100, b3=120, b4=110, D=/18 26 27 32 21

b5=130. 27 33 23 31 34

Pemenne.

1. [octpouM HavanbHBIA IUTAaH ABYMS METOJaMH: METOJOM CEBEpO-3alajHOro yria u
METOZOM HaMMEHBIIEH CTOMMOCTH, M BBIOEpEM TOT IUIAH, KOTOPBHIH OyAeT HAWITy4IllUM, TO €CTh
[TOJTyYUM MUHHMAJbHBIE 3aTPAThI 32 NEPEBO3KY OJHOPOJHOIO TPy3a.

A) CrpouM HayalbHBIH IUTaH METOJOM ceBepo-3amafgHoro yriaa. CocrtaBuM TaOmUIly

3HAYCHMI:
[MotpeOurenu Bl B2 B3 B4 BS 3amacel
ITocraBimku
Al 28 27 18 27 24 200, 10, k
190 10
A2 18 26 27 32 21 250, 160,
90 120 40 40, x
A3 27 33 23 31 34 200, 130, k
70 130
ITorpebnoctr | 190, k 100, 90, k 120, x 110, 70, k 130, 650=650

Uwrcno Ha3HAYEHHBIX TIepeB030K M+N-1=3+5-1=7, T0 ecTh HaYaIHHBIH IIAaH

X, =190, Xx;,=10, Xx,, =90, X,,=120, X,, =40, X3 =70, X;5 =130
HEBBIPOKJCHHBIN.

[Tpu TakoM MJIaHe CyMMapHbIE TPaHCTIOPTHBIE U3JIEPKKH PABHBL:

F =28-190+27-10+26-90+27-120+32- 40+ 31- 70+ 34130 = 5320+ 270 + 2340 + 3240-
+1280+ 2170+ 4420 = 19040(e0unuy)

b) Crpoum HavanmpHBIM IUIAaH METOJOM HawWMeEHbIEH cTomMocTH. CoCTaBUM TaOIHUITY

3HAYECHUH:
[Horpeburenu Bl B2 B3 B4 B5 3amacel
ITocTaBmukn
Al 28 27 18 27 24 200, 80, 10,
10 120 70 K
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A2 18 26 27 32 21 250, 60, x
190 60
A3 27 33 23 31 34 200, 90, x
90 110
IMorpebHocTH | 190, k 100, 90, x 120, k 110, k 130, 70, k 650=650
HavanpHbiii miaH:
X, =10, X,;=120, Xx,=70, X, =190, X, =60, X;, =90, Xx,;, =110

IIpu TakoM TIIaHEe TPAHCTIOPTHBIEC U3AEPKKU

CpaBHHBas

F =27-10+18-120+ 24-70+18-190+ 21-60 + 33-90+ 31-110 = 270+ 2160+ 1680 + 3420 +
+1260+ 2970+ 3410 = 15170(edunuy)

TPAHCIIOPTHBIE M3ACPKKH, BUANM, UYTO IUIAH, TIOCTPOCHHBI METOIOM

HAaUMEHBIIEH CTOUMOCTH, JTyYILIUN.
2. BolOupaem Jydmiuii miaaH W HaxXOJUM ITOTCHIMATBl MOCTABIIMKOB M IOTPEOMTENCH,

U +V. =C.
UCIIOJIb3Ysl IEPBOE YCIOBHE ONTUMAIBHOCTH Tlana: ' ! N
V. 21 27 18 25 24
[MToTpeOuT !
. B1 B2 B3 B4 BS5
ITocTaBmukn, !
28 27 18 27 24
0 Al 10 120 70
18 26 27 32 21
3 A2 190 60
27 33 23 31 34
6 A3 90 +1 110

Hcnonp3ysi mepBoe YCIOBHE ONTHMAIbHOCTH IUIaHa,

COCTaBUM CUCTEMY JIMHEHHBIX

YpaBHEHHH JIJIs1 OTIPEICIICHUS TOTCHITHAIOB;

u, +v, =27
u, +v, =18
U, +vs =24
u,+v, =18
u,+v, =21
U, +v, =33
u, +v, =31

Cucrema MMHEWHBIX ypaBHEHHUM COJAEPXKHUT 7 ypaBHEHUH M 8§ HEM3BECTHBIX, T.€. OHa HUMEET
MHOX€ECTBO pelleHni. Tak Kak Hy>KHO OJJHO pellieHHe, TO 000 N3 HeM3BECTHBIX 337aeM 3HAUCHHUE U
BBIYHCIISIEM OCTAJIbHBIE HEM3BECTHBIE.

|
ITyctb U, ZO,Torz[a
u,=-3, u;=6 v,=21, v,=27, v,=18, v, =25 v.=24
u, +v. <c;

3. [IpoBepsieM BTOpOE YCIIOBHE ONTUMAIBHOCTH ILIaHA JIJISI CBOOOIHBIX KJIETOK

: ) V' Ecmnn

€CThb HApYLIEHMs, TO 3aHOCUM HMX CO 3HaKoM «+». B pesynpraTe NpoBEpKH MNOIYyYUIH OAHY
MOTEHIMATBHYIO KJIETKy. TakuM 00pa3oM, HaualbHbIH IJIaH HE ONTHMAJIEH.

4. Yiydmenue miaHa. BpiOupaeM KieTKy ¢ MaKCHUMAaJbHBIM HapylIeHHEM W JIJIsl Hee CTPOUM
3aMKHYTBIH KOHTYD.

IToTpebut Vi
. B1 B2 B3 B4 B5

ITocTaBmukm, !
Al 28 27+ |18 - 27 24
10 120 70




18 26 27 2 21
A2 190 60

27 33 |23 31 34
A3 -0 41 110

CpeIlI/I KJICTOK, IOMCUYCHHBIX 3HAKOM «-», BI>I6I/IpaeM HaMMCHBIIYIO IICPEBO3KY:
g=min(90,120) =90
Ha 9Ty BCIIMYUHY YBCJIUWYHMBAEM IIE€PEBO3KHM B KIIETKaX, ITOMCUYCHHBIX 3HAKOM «+>>, n
YMCHBIIACM B KJICTKAX, IIOMCYCHHBIX 3HAKOM «-». B PE3YJIbTATC NEPCHA3ZHAYCHUS IIEPEBO30K NMEECM

IIaH:
21 27 18 26 24
[ToTpebut
. B1 B2 B3 B4 BS
IToctaBmuku, !
28 27 18 27 24
0 Al 100 30 70
18 26 27 32 21
3 A2 190 60
27 33 23 31 34
° A3 90 110
Ucnone3yss mepBoe ycIOBHE ONTUMAJbHOCTH IIIaHA, COCTaBUM CHCTEMY JIMHEHHBIX
ypaBHEHUI JUIs OIpe/ieNieH s TOTeHIINAJIOB:
Uy +v, =27
u; +v,; =18
U, +vs =24
u, +v; =18
Up, +vg =21
Uz +Vy =23
ug+v, =31
Cucrema MMHENWHBIX ypaBHEHHUM COAEpXKHUT 7 ypaBHEHUH U 8 HEM3BECTHBIX, T.€. OHA HMeEET
MHOX€ECTBO pelieHni. Tak Kak Hy>KHO OJTHO pelIeHHe, TO JI000H U3 HEM3BECTHBIX 3a]]aeM 3HaueHHE U
BBIYHCIISIEM OCTAIIbHBIE HEM3BECTHBIE.
IlycTh U = 0 , TOT1a
U, =-3, Uz3=5 v, =21 v,=27, v3=18 v, =26, vy=24
u. +v, <c.
ITpoBepsieM BTOpOE YCIOBHE ONTHMAIBHOCTH IIJIaHA I CBOOOJHBIX KJIETOK ! .
VYcioBue ONTUMANBLHOCTH  BBITIOJHEHBI, CJEAOBATENIbHO, IUIAH, COOTBETCTBYIOIIMK TabmwIle,
ONTUMAJIEH.
X1, =100, X;3=30, X;5=70, X, =190, Xy5=60, X53=90, X3, =110
F =27-100+18-30+24-70+18-190 + 21-60 + 23-90 + 31-110 = 2700 + 540 +1680 + 3420 +
+1260 + 2070 + 3410 =15080 (eounuy)
OtBet: CpaBHMBas TpU METOJa HAXOXKJEHHUS ONTHMAJIBHOIO IJIaHA, JETAEM BBIBOJ, YTO
METOJl TIOTEHIMAJIOB HAXOAWT ONTUMAJIBHBIM IUIAaH pEHIEHHWs TPAHCHOPTHOM 3aJadd, TaK Kak
MOJTyYMJIM MUHUMAJIbHBIE TPAHCTIOPTHBIE M3AepKKH paBHbIe 15080 equnu.
3agaHust VI CaMOCTOSITEIbHOI PadoThI
1 BapuaHnr.
3agaya. VimeroTcst Tpu MyHKTa MOCTaBKH OgHOpogHOro rpy3a Al, A2, A3 u nsaTh MyHKTOB
B1, B2, B3, B4, B5 morpebnenus storo rpysa. Ha mynktax Al, A2 u A3 Haxomutcs Tpy3
COOTBETCTBEHHO B KoymdectBe al, a2 u a3 tonn. B mynktsr Bl, B2, B3, B4, B5 tpebOyercs
JIOCTaBHUTH coOoTBeTCTBEeHHO b1, b2, b3, b4, b5 TonH rpy3a. PaccTosHue Mex Iy MyHKTaMH ITOCTABKH U
MMyHKTaMH MTOTPeOJICHNS MPUBEACHO B TAOJIHUIIE:
TTyHKTBI IIyHKTHI MOTpEdIeHus
HOCTABKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
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A2 D21

D22 D23 D24 D25

A3 D31

D32 D33 D34 D35

b5=110.

Haiitn Tako#l 1uraH 3akperuieHUs MOTpeOUTeNnel 3a MOCTABIMKAMHU OJHOPOJHOTO Tpy3a,
9TOOBI OOIIHE 3aTPATHI IO TIEPEBO3KAM OBLTH MUHUMATHHBIMH.
al=200, a2=350, a3=300,
b1=270, b2=130, b3=190,

24 50 55 27 16
D={50 47 23 17 21
3% 59 55 27 41

b4=150,

2 BapuaHT.

3agaya. MimeroTcs Tpu MyHKTa NMOCTaBKM OJHOpogHOro rpy3a Al, A2, A3 u nsaTh IMyHKTOB
B1, B2, B3, B4, B5 mnorpebnenus storo rpysa. Ha mynkrax Al, A2 m A3 Haxomutcs Tpy3
COOTBETCTBEHHO B KonmdectBe al, a2 u a3 tonmn. B mymktsr Bl, B2, B3, B4, B5 tpebyetcs

nocTaBuTh cooTBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccTosiHue Mexay mMyHKTaMH OCTaBKU H
MYHKTaMH NOTPeOJIeHNs IPUBEICHO B TA0JIHIIC:

IyHKTBI IlynkTe! moTpedenus

NoCTaBKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Hatiti Takoii 1uiaH 3akpervieHHs NMOTpeOuTeNiel 3a MOCTaBIIMKAMH OJHOPOJHOTO Tpy3a,
9T0OBI 00IIME 3aTPaTHI 110 NIEPEBO3KaM ObUTH MUHUMAITBHBIMH.

b5=135.

al=200, a2=300, a3=250,
b1=210, b2=150, b3=120,

20 10 13 13 18
D=27 19 20 16 22
26 17 19 21 23

b4=135,

3 BapuaHT.

3agaya. VimeroTcs Tpu MyHKTa MOCTaBKM OJHOpoaHOro rpy3a Al, A2, A3 u nsaTh IMyHKTOB
B1, B2, B3, B4, B5 norpebnenus sroro rpy3a. Ha mynkrax Al, A2 m A3 Haxomutcs rpy3
COOTBETCTBEHHO B KonmdectBe al, a2 u a3 tonn. B mymktsr B1l, B2, B3, B4, B5 tpebyetcs
J0CTaBUTH COOTBeTCTBEHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccrosiHre MexIy MyHKTaMU TOCTABKH U

ITYHKTaMHY IIOT

cOJICHHUS PUBEJICHO B TA0JIUIIE:

MyHKTBI IynkTe! norpedaenus

nocTaBKu B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Haliti Takoii 1uiaH 3akpervieHHs MOTpeOuTeNiel 3a MOCTaBIIMKAMH OJHOPOJIHOTO Tpy3a,
YTOOBI OOIIIME 3aTPATHI 110 MEPEBO3KaM ObLTH MUHUMAJIbHBIMU.

al=230, a2=250, a3=170,
b1=140, b2=90, b3=160, b4=110, b5=150.

40 19 25 25 35
D=149 26 27 18 38

46 27 36 40 45
4 BapuaHT.
3agaya. VimeroTcs Tpu MyHKTa NMOCTaBKM OJHOpoAHOro rpy3a Al, A2, A3 u nsaTh IMyHKTOB
B1, B2, B3, B4, B5 morpebnenus storo rpysa. Ha mynktax Al, A2 u A3 Haxomutcs Tpy3
COOTBETCTBEHHO B KoyimdectBe al, a2 u a3 tonn. B mynktsl Bl, B2, B3, B4, B5 tpebOyercs

nocTaBuTh cooTBeTcTBeHHO D1, b2, b3, b4, b5 ToHH rpy3a. PaccTosiHne Mexay myHKTaMH NOCTaBKU H
ITyHKTaMH MTOTPeOJICHNS MPUBEACHO B TAOJIUIIE:

MyHKTBI IynkTe! norpedenus
nocTaBku B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
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A2 D21 D22 D23 D24 D25

A3 D31 D32 D33 D34 D35

Haiitn Tako#l 1uraH 3akperuieHUs MOTpeOUTeNnel 3a MOCTABIMKAMHU OJHOPOJHOTO Tpy3a,
9TOOBI OOIIHE 3aTPATHI IO TIEPEBO3KAM OBLTH MUHUMATHHBIMH.
al=350, a2=200, a3=300,
b1=170, b2=140, b3=200,
b5=145.

2 14 16 28 30
D={19 17 26 36 36
37 30 31 39 41

b4=195,

5 BapuaHT.

3agaya. MimeroTcs Tpu MyHKTa NMOCTaBKM OJHOpogHOro rpy3a Al, A2, A3 u nsaTh IMyHKTOB
B1, B2, B3, B4, B5 mnorpebnenus storo rpysa. Ha mynkrax Al, A2 m A3 Haxomutcs Tpy3
COOTBETCTBEHHO B KonmdectBe al, a2 u a3 tonmn. B mymktsr Bl, B2, B3, B4, B5 tpebyetcs
nocTaBuTh cooTBeTcTBeHHO b1, b2, b3, b4, b5 ToHH rpy3a. PaccTosiHue Mexay mMyHKTaMH OCTaBKU H
MYHKTaMH OTpeOJIeHNsI TPUBEACHO B TAONIHUIIE:

IyHKTBI IynkTe! norpedaenus

NoCTaBKH B1 B2 B3 B4 BS
Al D11 D12 D13 D14 D15
A2 D21 D22 D23 D24 D25
A3 D31 D32 D33 D34 D35

Hatiti Takoii 1uiaH 3akpervieHHs NMOTpeOuTeNiel 3a MOCTaBIIMKAMH OJHOPOJHOTO Tpy3a,
9T0OBI 00IIME 3aTPaTHI 110 NIEPEBO3KaM ObUTH MUHUMAITBHBIMH.
al=300, a2=250, a3=200,
b1=210, b2=150, b3=120,
b5=135.

4 8 13 2 7
D={9 4 11 9 17
3 16 10 1 4

b4=135,

KouTposabHbie BOnpochl
1. Kaxkue 3a7aun Ha3bIBAOTCS TPAHCIIOPTHBHIMU?
2. B d4eM cyTh KIIaCCHUECKOM TPAHCIIOPTHOMU 3a1auun?
3. Uro o3Ha"aeT TEPMUH «TPAHCIIOPTHBIN Tapud»?
4. Kaxk 3anmceiBaeTcs ycioBue Oananca?
5. Kak BRITIAIUT MaTeMaTHIeCcKasi TOCTAHOBKA TPAHCIIOPTHOM 3a1aun’?
6. B dewm cyrp MeTOIa ceBepO-3aragHoOro yria?
7. OcHoBHas Uiesl METOIAa HANMEHBIIIEH CTOMMOCTH?
8. B uem cyTh MeTO/Ia MOTEHIATIOB?
9. Kakue KIeTKH Ha3bIBAIOTCS ITOTEHIUAILHBIMA?
10. Kakwne BuABI KOHTYPOB BBI 3HaeTe?
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JladopaTopHasi padora Ne31 «IIpumMeHeHre MeTOaA CTPEIbOBI sl pelleHust JINHEeHHOH
KpaeBoii 3agaumn»
Lenb padoThI: HAYYUTHCS TIPUMEHITH METOJT CTPENBOBI JUIS PEIICHUS IUHSHHON KpaeBoil 3a1aun
KpaTtkas Teopust
IIpumep KkpaeBoii 3a1a4u
[IpumepoM OBYXTOUEUHOI KpaeBoOil 3a1a4uu SBISIETCS 3aa4a:
o=y O<x<l,

F(0) =1, yli=1. ®.1)

0<xzl

C TpaHUYHBIMH YCJIOBHUAMH Ha oboux KOHIAaX OTpE3Ka * HAa KOTOpOM Haao HaWUTHU

pemenne ¢ =¥ (*) Ha s1om MPUMEPE MbI CXEMAaTHUYCCKH HW3JI0KHM HEKOTOPBIE CIIOCOOBI YHCIICHHOTO
pelIeHuns KpaeBbIX 3aad.

Ecmu ynknus RECI IR (8.1) numeitna mo aprymentam yu ¥ * To MBI HMeeM JIMHENHYIO
KpaeBylo 3a/1auy, HHaue — HEJIMHEHHYIO KPaeByIo 3a1auy.

Jluneiinas kpaeBasi 3aja4a

PaccMoTpuM yacTHYIO, HO TOBOJIBHO PaclpOCTPAHEHHYIO KPaeBYIo 3aJauy CIEeIyIOIIEro BUaa:

Ly =p"=pix)y=Fix), 0<x<l,

Fiy = I, yly=1. ®2)

Jiist 3TOM 3a7a4n POUILTIOCTPUPYEM JiBa crioco0a pelieHus: OAUH OCHOBAaH Ha WJce YHCICHHOTO
MIOCTPOCHUSI OOIEro pelleHus JUHeHHoro and@epeHIraibHOr0 YpaBHEHUs, APYrod (KOHEYHO-
PasHOCTHBIM) CBOIUT HCXOOHYI IU(GQPEpEeHUNANBHYI0 KpaeBYyl0 3aJady K CHCTEME JIMHEHHBIX
anreOpanvyecKkux ypaBHEHHUH, pelIeHne KOTOPOi HaXOIUTCS METOIOM MTPOTOHKH.

MeTtoa 4YHCJIEHHOT0 MOCTPOEHNS 001ero pemeHns

Juis HaxoXmeHus pelreHus KpaeBod 3amaud (8.2) MOXXHO YHCIIEHHO IIOCTPOHTH peIIeHUe
InQQepeHInansHOro YpaBHeHHs, IPEICTABUMOE B BHIIE

FUE) = Py () + Copa(x) + pg (),

rae ¥ 00 xakoe-mu6o pelICHHe HEOZHOPOIHOIO YPAaBHEHHUS

P px) = fx),

a sl () 2 (0 _ IBa JIFOOBIE JIMHEWHO HE3aBUCHUMBbIC perenus OZHOPOJHOI'O
YpaBHEHUSA Fr-pny=0 [HocTosiHHbBIE g " 2 HaXOJTCA U3 TPAaHUYHBIX YCIOBUH 3ama4u (8.2).

Tak kak pemieHUs Folx P10, ya(a) MIPOM3BOJIBHBI, TO WX MOXHO TOCTPOUTH Pa3TMYHBIMU
criocobamu. HanmpumMep, MOXKHO 3a/1aTh KaKHe-TO HadallbHbIE YCIOBHS M PEIINTh OAHY 3anaqy Komm st
HEOJHOPOJHOTO U ABE 3amaun Komm Jjisi OTHOPOIHOTO YpaBHEHUH. DTU YCIIOBUA, B YaCTHOCTH, MOTYT
OBITH TAKHUMH:

Foly=0,  palh=0__ JIJI. HEOJHOPOIHOTO YPAaBHEHHMS,
F=1, H(O=10;

ya) =0, Fa=1__ JUIS OTHOPOIHOTO yPABHEHMS.

=1
OpHako MpyW peanu3anuy 3Toro crnocoba, HarpuMep, B ciaydae pLx) JUId paccMaTpUBaeMoOro
YPaBHEHUS MOTYT BO3HHUKHYTb TPYJHOCTH, CBSI3aHHBIE C HEYCTOMUMBOCTHIO 3amaun Komm. B srtom

CITydae MOKHO MOIBITATECS MOCTPOMTE * 0Cx, a0, pa0a ¢ MOMOILIBI0 PELICHUs] OJHOH KpaeBOH
3aa4M JJI1 HEOJHOPOIAHOTO YpaBHEHMS M JBYX KpaeBBIX 3aJad JIJIs OJHOPOAHOro ypaBHEeHHsA. KpaeBbie
YCIIOBUS IS 3TUX 3aJ1a4 MOTYT OBITh, HAIIPUMED, CIEAYIOIIIMHU:

yo =0, phh=0__ IS HEOJHOPOJHOTO YPABHEHHS,
F=1 FMli=0;

F2® =0 rai=1_ ;14 onsopoanoro ypasHerms.
DTH 331294 MOTYT OBITH PENIEHbI METOIOM MPOTOHKH. Y CJIOBUS YCTOHYMBOCTH METO/a POrOHKH

npu P[iij' 0, KakK JICTKO IIPOBCPUTH, BBIIIOJIHCHBI. 10T Ioaxoa MOXET OKa3aTbCA IIOJIC3HBIM, €CJIU

KpaeBbIe YCIOBHS TAaKOBBL, UTO JIJIsI HCXOHOU 3a7a4u (8.2) METO/ MPOTOHKY IPUMEHEH OBITh HE MOXKET.
OTMeTHM, 4TO C Y4eTOM CHenn(UKN KPaeBbIX YCIOBHI UCXOJHON 3a/1a4M MOXHO CTPOUTH o0IIee
peleHue Buia
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FUx) = pplx) +Cpp i,

rae ¥ (= HEKOTOPOE pellIeHHe HEOTHOPOJHOTO ypaBHEHHs, a 1 G- HEKOTOpOE pelIeHne
OJIHOPOJIHOT'O YpaBHEHHUSI.

Kone4yHo-pa3HOCTHBINH MeTO (METO MPOrOHKH)

IIpu HaxoXkAeHUHU pelIeHUs JUHEHHON KpaeBOM 3a/1auu:

Fr-p(x)y=JFi2, D<x<l,
F() =1, Fly=1.

st ¥ () >>1 METOIOM TIOCTPOCHHS OOIIEro pEemIeHHs, €CIH OHO HAaXOJUTCS C TIOMOIIBIO
pemienus 3amady Ko, MOTYT BO3HUKHYTH TPYIHOCTH, CBSI3aHHBIE C  BBIYUCIHUTEIBHOM
HEYCTOMYMBOCTHIO 3a1ayu Komu.
s perieHus nmocTaBpieHHOM 3aJja4i MOXKHO BOCTIOJIb30BAThCSI Pa3HOCTHOM CXEMOi:
Fmd ~ 2 m TVl
¥ )
0<m=< M, Mh=1, Fo= 1o, Fu =1

Prm) Fm=Flzmh

" pEIIUTh Pa3SHOCTHYIO 3aJlady METOAOM IPOrOHKU. Vcnous IIPUMCHHUMOCTH ME€TOJa IPOTOHKHU

npu ¥ (% >0, kak nerxo MPOBEPUTH, BHIMONHEHEI. [logpoOHee o MeToae nporonku cm. B [1-4, 17, 31]. B

[17] paccMoTpeHbI pa3nTUYHBIE BAPHAHTHI METO/IA IIPOTOHKH.
HeauneitHasg kpaeBas 3aja4a
Kpaesas 3agaua

F=flx, r. 50, 0« x<l,
yilh =1n, Fily=1. ®.3)

SIBIIIETCS HEJMHEWHOW KpaeBOW 3amaveld, ecinu (PyHKIHSA S35 7. 7 yenumeiina xota 681 1O

OJTHOMY U3 apryMeHTOB Y uimu :

B nHacrosmieii paboTe pealn3oBaHbl ABa CIOCO0a peIeHHUs HEIMHEHHBIX KPAaeBbIX 3a7au: Memoo
cmpenvobi U Memoo nuneapuszayuu (MeToa Hpl0TOHA), KOTOPBIN CBOAMT PELICHUE HENMHEHHOW KpacBOl
3aJa4M K PEeLIeHUIO CepUH JTMHEWHBIX KpaeBbIX 3aJ]1ad.

2.6. MeTop cTpeb0bl ¥ WL
Meron cTpensObl s penieHus KpaeBod 3amaum  (8.3)
0asupyeTcs Ha TOM, YTO HMEIOTCS yIOOHBIE CIIOCOOBI YUCIEHHOTO pix, o)
pewenus 3aaaun Komw, T. €. 3agaun cieqyomero Buia 9
Fr=fxpr 0<x<l,
Lo, —n
7@ =1, (8.4) |
Fi0) = tga, Yo
rae o OpAMHATa TOYKU (0 30k s KOTOPOl  BBIXOAMT
VHTErpajbHasl KpUBas; || — yroj HAKJIOHA HWHTETPAJIBHOM KPUBOU K 0.0 1o x
OCH X IIPY BBIXOJE€ U3 TOYKH (0. I (puc. 8). TIpu puKCHPOBAHHOM T Fuc. §

pemenne  zamaun  (8.4)  umeer  Bug F = FLR S [y x =1
pemenue ¥ %) sapucur Tonbko ot
FCx, ) ymy = FCL 0. yihe) 1
Hcnonp3ys ykazaHHOE 3aMeuaHue O pemeHud 3amadu Kormm
(8.4), moxxHO 3amauy (8.3) mepeopMyIUpOBaTh CIEAYIOIUM 00pa3oM:

HalTH TakoM yromn =0, Ipd KOTOPOM HUHTErpaibHas KpHUBas,
BbIXOAdA1Iass U3 TOYKHU I:D’ IID) nong yriom [l Kk ocu a6cuncc, IIornaacTt B
TOYKY (L 3

Filoay=1.
(8.5) @ o

*
Pemrenne 3amaun (8.4) mpu stoM % =% CcoBmamaeT ¢ HMCKOMBIM Fue. 2
pemenueM 3amaun (8.3). Takum 00pa3oMm, J€0 CBOAWTCS K PEHICHHIO
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ypasaeHus (8.5) (puc. 9). Ypasaenue (8.5) — 3T0 ypaBHEHHE BHIA
Flo) =0,
rﬂe FI:D:J =..J'?[~:1F D:’)_}Ii

OHO oTIMYaeTcss OT TPUBBIYHBIX YPaBHCHUHM JIMIIb TeM, YTO (DYHKIUS Fle) 3ajiaHa  He
AHATUTUYECKUM BBIPAXXEHHUEM, a C TOMOIIIBIO AJITOPUTMA YKCIICHHOTO pelieHus 3aaauu (8.4).

Hnst pemenuss ypaBHeHHS (8.5) MOXXHO UCIOJB30BaTh JIFOOOH METOJ, MPHUTOMHBIN IS
YTOYHEHHUs KOpPHEW HEIMHEHHOTO ypaBHEHUS, HApHUMEp, METOJ JCJCHUS OTpe3Ka IOMojaM, METOJ
Hrrorona (kacarenbHbix) U ap. Meton HeloToHa 3/1ech npeanouTuTenbHee (ecia UMEeTCs TOCTATOYHO
XOpOIllee HAaYaJlbHOE NPUONMIKCHUE) M3-32 BBICOKOH CTOMMOCTH BBIYUCIICHHS OJHOT'O 3HAYCHUS
byukiun F(11) (HyxHO peruth 3amaqy Komu (8.4) ¢ manabiM [ ).

Merona cTpensOBI, CBOIAIIMI pelieHne KpacBor 3amaun (8.3) K BRIYMCIICHHIO PEIICHUN 3aadu

Komm (8.4), xopomo paGoTaeT B TOM Ciydae, €CIIM pereHue + (%) (He CIMMIKOM CHJIBHO» 3aBHCHT

oT | |. B mpoTUBHOM citydae OH CTAaHOBHUTCS BBIYHCIUTEIHHO HEYCTOWYNBBIM, JJaXKe €CITH PEeHICHHEe 3a/1a41
(8.3) 3aBHCHUT OT BXOAHBIX JAaHHBIX «KyMEPEHHO.

[Ipu pemenun ypaBHEHUMN oy =0, METOZIOM JIEIeHHs OTpe3Ka TomojaMm, Mbl 3agaeM ~0 p *1

TaK, 4To6BI pasHOCTH ¥ Gep -8y rhet-1 pyem pa3HbIe 3HAKU. 3aTeM IoJlaracM

DLD +DLl
By =—.
277
Bomncnsiem #0 20 3arem permcnsem 3 mo ogmoit w3 Gopmys:
2y = HLH02 ntog
2 HJIn 2

B 3aBUCHMOCTH OT TOTO, HMEIOT JIH pa3HocTu ¢ (Lag) =3 5 rle -1 coorpercrrenno pasHble

VITH OJIMHAKOBBIC 3HAKH. 3aTEM BBIYMCIISAEM & (L, &3). [ponecc mponomkaem A0 TeX Mop, MOKa He OyAeT

- <
JIOCTUTHYTa TpeOyemasi TOYHOCTh | rllen)-11 | =

B cnywyae ucnonb3oBaHUs A PELICHHS YpaBHEHHUS Fla)=0 Metona Herotona 3amaem - a

3aTeM HOCIEAYIOLIUE "1 BprumciseM mo peKyppeHTHO# hopmyIre
Flon
Cn4l =Cn -~ % ’
O n=0,1,...

[IpousBoanas Fiop) MOXXeT OBITh BBIYHCIEHAa 10 OAHOH w3 (QOPMYyJT UYUCICHHOTO
nud depeHIMPOBaHus, HAIPUMEP, IEPBOTO MOPsKA aPOKCHUMAIINH:
Filoty, +7) - Floy,)

. .

BoruucanrtenbHast HeycTOHYMBOCTH 3a1a4u Ko

[TosicHuM npUYMHY BO3HUKHOBEHHMSI BEIUMCIUTEIBHOM HEYCTOMUMBOCTH HA IPUMEPE CIAEAYIOIIEH
JIMHEHHOU KpaeBoU 3a1auu:

§'-pl
JO =1, =1 ©.6)

Filoy) =

¥=10 0D<x<l,

2 .
TIPY TIOCTOSIHHOM # * BBINMILIEM pellieHne 3ToM 3a1auu:

g~ P _g—pld-x) g~ Pl _ p—pilta)
I+

Fix) = H.

1-a—27 1-g—2r
Koadpdummentsr mpu Ty tlc POCTOM p OCTAIOTCSl OrPAaHMYEHHBIMM Ha OTpeske U =* =1
yHKIMAME; TpH Beex £ *0 onu ne npeBocxoAsaT eauHuly. [losromy HeOonblIMe OMMOKKM HpU

3a/laHuN HI! BEAYT K CTOJIb K€ HEOOJBIIMM MOTPEIIHOCTSIM B PELICHHWH, T. €. KpaeBas 3a1aya
SBIISICTCS «XOPOLIEH».
Paccmorpum teneps 3anagy Konu:

Fi-pd y=0, 0<x<l,
JrOy =1, FO) =tga. ®.7)
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Ee pemenue umeet BUI;
Fat+tzo Yo-tz o
FIOTIEE px (P08 px
dp
Ecau npu 3ananuun tg o JIOTIyIIEeHa TIOTPENIHOCTh | |, TO 3HaYeHHe pereHus npH * =1 momyunt
MpUpALLECHUE

Jix)=

g g
A =—egl ——z7F.
yil) o 2 68)

[Ipu Oompmux p BeIYMTacMoe B paBeHCTBE (8.8) mpeHeOpekMMo Maiio, HO Kod(pdHuImeHT B

MEPBOM CJIaraeMoM ¢P 2P craposures Gombrmm. [Toaromy Metom cTpenbOBl TpW pEIICHWH 3aJadd
(8.6), Oymyun QopMalbHO TpPUEMIIEMON MPOUEAYPOH, MpH OONBIIUX P CTAHOBUTCS NPAKTHYECKU
HenpuroaubM. [ToapodHee 0 BOBHUKHOBEHHH HEYCTOHUUBOCTEH cMm. [1, 2].

Metoa auneapusanuu (Metoa HoioToHa)

Meton HpioTOHa CBOIUT pellieHHE HENIMHEHHON KpaeBOM 3aJaud K PEHICHUIO CEPUH JTMHEHHBIX
KpaeBbIX 33/1a4 U COCTOUT B CIIETYIOLIEM.

[lycTh 1 HenuHeiHOH KpaeBoi 3amaum (8.3) m3BecTHa GyHKIHS? 0%, YZIOBJIETBOPSIOILAs

IPaHMYHBIM YCIOBHAM H IPy60 TIPHOTIKEHHO PaBHAS HCKOMOMY * (%) Momowmum
PO = po(D+v (R, (8.9)

rre ¥ %) nompaska  mynesomy mpubmmkermo F15% Tloncrasnm (8.9) B ypaserue (8.8) u
JNTMHEApH3yeM 33714y, HCTIONb3ys CIeIyIONIIe PABeHCTBA:

FUXY = pAC +v (),

S po+v, ph+v 0 = Fix po. o)+

N ﬂf'ix,.Pns.PhI'F +5'.f(x,.ﬂn=}'|:|ll
8y 8y

¥ O 2 4| 4

. dpppd y
OtOpaceiBasi OCTaTOYHBIN HIICH OF “+|v'[<). MOJIydUM JIMHEHHYIO KpaeBylo 3ajady uid

HAXO0XJICHUS TIOMPABKU ¥ (x):
Fr=p(AF + g0y +r0a,

vil=0, vl =0, (8.10)
riue
8 flx, 2o, o) 8 fix M. Jg)
p[:x) = #, q(:_x:] = &F
8y gy

rxy = FOx rg. 00 -rl

Perrast nmuneitnyro kpaeByto 3amaauy (8.10) kakuM-11u00 YMCICHHBIM METOJIOM, HalIeM TMOIPaBKy ¥
Y TIPUIMEM 32 [IePBOe MPUOIMKEHUE

F10x) = pp(x) +v.

Ananornuno, smas  mpuommwkenne T8 monowum PO S FI VL 4 pajinem  cnenyromee
npuGmmkenue. [TpoosmKas MpoIece 10 TeX Mop, TIoKa He Oy/IyT BHITIOTHEHb HEPaBEHCTBA
max [Fix)| e, e[l 1,

rae [ — tpebyemass TOYHOCTb, HalWIeM HPUOIIDKEHHOE pELICHWE HCXOAHOW HeIMHEHHON
3a/1a4H.

bubdanorpadguyeckas cnpaBka

Bonee nerampHyIO TEOpETHUYECKYIO CIIPABKY O METOJAaX PEHICHUS KPAeBBIX 3a/1a4 MOYKHO MOJTYYHUTh,
ucnone3ys kauru [1-4, 7, 27, 32]. IlonpoOHee 0 pa3iInyHbIX BapuaHTaX METo/ia MPOTOHKH cM. B [17].
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3anaHue

1. HaynuTe BBIIOMHEHNUE PAaOOTHI C TeMBI «/Iurelinas Kpaesas 3adaua». BrIOpaB ¢ TIOMOIIBIO
MEHIO OJMH W3 METOAOB pCIICHUS JMHCWHOW KpaeBOM 3ajaud, NEpeHaAuTe K IYHKTY MCHIO
«llapamempuor». Habepure cienyromyto KpaeByro 3a1aqy:

Fi-pp=-p, 0<x<l,

Filh =1, ply=1.

o = const> 0 pernenyen oroit samaum seasercs dynxmns £ = 1 Yeranosnre snauenne mara
cetrku h = 0,05.

1.1. Haiigure pemeHHe 3TOM 3amadyd METOAOM IIOCTPOCHHS OOIIEro pelieHHS W METOIO0M
HPOTOHKH ISl Pa3HBIX p, HAYMHAS C YMEPEHHBIX 3HAYCHHH M yBEIWYMBAsl WX JO BEIWYMHBI MOPSIKA
1200. CpaBHuUTE MOy4acMble PELICHHUS C TOYHBIM U 00bsCHHUTE HaOmonaeMbie 3¢ dekTrl. [TombiTaliTech
HAaWTH peIleHHe OTOM JKe 3aJauyd MeToJoM CTpeibObl. [IpoaHanu3upyiite, Kak BIHSCT UPHU
Pa3HBIX p TOYHOCTH 33/1aHHS HEJOCTAIONIETO HAYaJIbHOTO YCJIOBHS Ha JIEBOM KOHIIE WHTEpBala Ha
YCIEIIHOE PEIICHHE 3aJa4l METOJIOM CTPEITBOBI.

1.2. OObsicHUTE TONXyYEHHBIE PE3yNbTaThl. 3aMEHUTE JIEBOE KpaeBOE YCIOBHE (ITOJIOXKHTE,

Hanpumep, * D=0y MOCMOTPUTE, KAK M3MCHHUTCS XapaKTep PELICHHMS.
1.3. Bromomnaure . 1.1, 1.2 s 3agayn:

Firpr=p, D<x<l,
=1, POy =10.

Ee Tounoe pemenue ¥ = L. O6pscrure IIOJTy4eHHbIE pe3ynbTaTel. Halinure ycioBue yCTOMYMBOCTH
METO/a MPOTOHKH AJIs JAHHOH 33/1a4H.

2.  Tlomyuure yuCIECHHOE pELICHUE CIACAYIOUINX HEMMHEHHBIX KPAaeBbIX 3a1ayu:

21 P+ preosy =10, O« x<l,

F®=0 =0, p=1,4,7,25, 50, 100;
05
‘}?f_'_ L v =|:|,
22 1—'15}' D{. .x{.].,
yW=pg. ply=0,
Jo =025, 05 1, L5, 1§, 1.9; 1,95,
23 Fr4ainy =0, D<x<rg,

F=0,  plrg)=m,

Xp=051; 4 4 6

3. Paccmotpurte crnemyromiyie KpaeBble 3aJa4n:

31 F=et  0ax<y

Fir=1  yili=a

39 F'=-ef, Daxst

y=L  yl=a

[Tapamerp a mensercs ot 0 mo 2. Uro mpu 3TOM NPOUCXOIUT ¢ peuieHneM 3agad? [louemy B

3anmade 3.2 npu 3HavueHUsX a > 1,4999... He paboTaeT MeTo TUHEApU3AIUH?
3ameuaHue. 3agaya 3 noxpoOHO paccMoTpeHa B [29].

4. PaccMOTpeTh JIBe CHHIYISIPHO-BO3MYILNCHHBIC 3a1aud (C MajblM [apaMeTpoM TpH
CTapLHHX HpOI/I3BOHHBIX):

= pipe -1, exel,

F=1 =y =2

)48

= -p(pi-. -l<x<l,

y(-D=ply= 2.

=103 o
Cuntaem == 107" Kakue uncnenHble MeTO/bI MO3BONAT MOTYYMTh pEMICHHE KAXKIOH M3 HTHX
3anaq? [louemy?
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JlaGopaTopHasi padoTa Ne32 «3agaua o pacnpeaejeHUH CPeCTB MEKILY
MpeanpUuATHIMI

Hens padoTsl: PemuTh npocTeiiime 3a1a4u METOI0OM TUHAMUYECKOTO MPOTrPaMMHUPOBAHUSI.

Kparkas Teopust

JuHammgeckoe MmporpaMMUpOBaHUE — METOJ ONTHMH3AINY, IPUCIIOCOOICHHBIHN, K 3a/1a4aMm,
B KOTOPBIX MPOIIECC MPHHATHUS PEIICHUS MOXET OBITh Pa3OUT HA OTHEHbHBIC dTambl (maru). Takue
3aJla4¥ HA3BIBAIOTCSI MHOTOIIIarOBBIMH.

XapaxTepHbsle 0COOCHHOCTH 33719 AHHAMUYIECKOTO IPOTPAMMIPOBAHMS:

1) HeoaHO3HAYHOCTH PEIICHHS.
2) BO3MOXXHOCTH JICICHHUS BEIYUCITUTEIBHOTO MPOIIecca Ha STallbl.
3) OOmmit KpUTEPHUt — CyMMa YaCTHBIX KPUTEPHUEB HA JTarax.

JluHamuyeckoe mporpaMMUPOBAaHUE TO3BOJISIET OCYIICCTBISATh ONTUMAIBHOE TUIAHUPOBAHUE
MHOTOIIIATOBBIX MPOIECCOB, 3aBUCANIMX OT BpeMeHH. [Ipoliecc Ha3bIBaeTCs YIpPaBIIIEMbIM, €CIH
MOXXHO BIHWSATh Ha XOJA €ro pa3BUTHS. YTpaBIeHHEM HA3bIBACTCA COBOKYIHOCTh peEIICHHUH,
MPUHAMAEeMBIX Ha KaXIOM OJdTale Uil BIWSHUS Ha XoxA mporecca. Hadamom »stama (mmara)
YIPaBISIEMOTrO TMpoIecca CYUTACTCS MOMEHT TPUHATHS pemeHus. [lmaHupys MHOTOIIAroBBIH
MIPOIIECC, UCXOASAT W3 WHTEPECOB BCETO IpOIlecca B IEJIOM, BCETAa HEOOXOANMO HMETh B BHIY
KOHEYHYIO IIeITb.

MeTOIL JUHAMHUYCCKOr0o MnmporpaMMupoOBaHusaA COCTOUT B TOM, UTO OITUMAJIbHOC YIIPABJICHUC
CTPOUTCS MOCTCIICHHO. Ha KaXI0M 3Tari€e ONTUMHU3UPYETCA YIIPABJICHUE TOJIBKO 3TOI0 3Tala, mpuiyeM
yIpaBleHre BRIOUPAETCS ¢ YIETOM TOCIEICTBUH, T.€. ONTHUMAIBFHOE YIIPaBIIEHUE IS TaHHOTO dTara
JIOJDKHO YUHMTHIBATh BECh MOCIEAYIONINH X0 MPOIIecca, sl 4ero HeOOXO0IUMO 3HATh BCE YIIPABICHUS
Ha TIOCJIeAyIoIUX dTanax. [lockombKy mporecc 3aKkaH4YMBACTCs Ha TOCIEJHEM 3Tare, ONTUMAaIbHOE
pelieHre He JOJDKHO VYMTHIBATH IOCIEAYIOUIero ympaeieHus. TakuMm oOpaszom, mporecc
BBIYHCIICHHS MTPOTEKAET B 0OPATHOM HAIPaBJICHWH, OT KOHIIA K Hadaiy.

IMocTanoBKa 3a1a4M TMHAMAYECKOTO MPOTPAMMHUPOBaHMSI.

S,5,,S Uy, U, ,U

ITycte ~0'TK'™N - cocTOSHMS CHCTEMBI HA HaYadbHOM, K-om 1 KOHEe4HOM dTame, 0’ K'™n-

o u
YOpPaBICHHS CHCTEMOM Ha Ha4YalbHOM, K-oM W KOHEYHOM STamax. YIpaBICHHE X IEPEBOAUT

Sk—l Sk
CUCTEMY H3 COCTOAHUA B COCTOSHHC . Ilokazarenn 3(1)(1)CKTI/IBHOCTI/I Ha k-om srame

W, (S
0003HaunM uepe3 i) .

Tak kak onTUMHU3AIMIO TOKa3aress 3PpHEeKTHBHOCTH HAaYMHAEM C TIOCIIETHETO ATara, To, 3Has
MaKCUMYM IoKa3areist 3pPEeKTHBHOCTH HA 1-OM IIare

*

WS, 1) = e, .0,

n

HaiiJieM MaKCMMyM roka3aresisi 3pEeKTUBHOCTH Ha (n-1)- oM miare

Wn*—l (S n-2 ) = T&X (an—l (S n-21Un ) + Wn* (S n-1 ))

n-1
'

W (S, ,.u.,) y y
rage  "1A\TN-2' 701/ gaspiBaercs "CHIOMHHYTHOU" BBITO/IOM Ha (n-1)- oM mmare.
OcHOBHOE (YHKI[HOHAIILHOE ypaBHEHHE IHHAMHUYECKOrO MPOrpaMMUpPOBaHMs (ypaBHEHHE
Bennvana) umeer BUI:

* .
W, (Sk—l) = ”EX(Wk (Sk—l1 Uy )+Wk+l(sk ))

[MpuHnMn onTUMaabHOCTH beiMaHa MOXHO CHOPMYIHPOBATH CISAYIOUIMM 00pa3oM:
KaKoBBI ObI He ObLTH HAYaJIbHOE COCTOSHUE U HAaYalbHOE PEIlleHUe, MOCIeAYIONIee PEllieHNe JOIKHO
OBITh ONTHMAJHHBIM 110 OTHOIICHWIO K COCTOSHUIO, IMOJYYEHHOMY B pe3yJIbTaTeé Ha4YaabHOIO
pemeHI/m. Nusimun CJIOBaMH, HpI/IHHI/IH OIITUMAJIBHOCTHU yTBep)KnaeT, qTO €CJIn B H&HHBII:I MOMCHT
BBIOpAHO HE HaWJIydIllee PelIeHre, TO TIOCIEACTBHS STOTO HENb3s HCTIPAaBUTH B Oy TyIIEM.

3agaya onpenesieHnsl KpaTYaiilIMX PacCTOSIHUI 10 3aJaHHOI ceTH

IlycTh JaHO KOHEUHOE YHCIIO TOYEK Pl’ P2 " P“ , COEIMHEHHBIX BCEBO3MOKHBIMU OTPE3KAMH
JIMHUN, HA3bIBAEMBIX 3BCHBSIMHU WJIN CBS3SIMHU. 10T/a COBOKYITHOCTh TOUEK W MX CBS3CH HA3BIBAIOT
ceTpio. CeTh Ha3BIBACTCS IOCTATOYHO CBSI3aHHOM, €CIIH CYIIECTBYET ITyTh, COCTOSIINKA U3 3BEHHEB U
COCUHSIONINN JIIOOBIE JBE TOYKM ceTH. [lycTh KaxaoMmy 3BeHY IIOCTAaBIEHO B COOTBETCTBHC
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JCHCTBUTEIBHOE HeoTpHIaTeabHOe yncio ' - ero miauHa. HeoOxoauMo ompenenuTh KpaTdaiiiiee
pPAacCTOSTHUE M0 CETU OT KaXJIOW TOYKHU JI0 BCEX OCTaJIbHBIX U COOTBETCTBYIOIIUE MYyTH, IO KOTOPHIM,
oHH Tpoxoadar. IIpoHymMepyeM TOUKH ceTH B JIFOOOM MOPSIKE M YKaKeM JITHHY KaXIOTo 3BeHa. /[Be

TOYKH HA3BIBAIOTCS COCETHNMH, €CITH OHM HETOCPEICTBEHHO COeNMHEHBI cBa3bio. [Tomoxkum, 11,
Jns  pemieHWsl 3aJadd  HMCTIOJB3YyeM METOJ| JUHAMUYECKOTO MPOTrpaMMHpPOBAaHUS U
OTBICKUBaeM KpaTJaiiiee paccrosiHue HE oT (hUKCUPOBAaHHOM TOYKH
JO BCEX OCTAIBbHBIX, a OT BCEX OCTAIBHBIX JIO (UKCUPOBAHHOW 4Yepe3 COCETHHC
Touku. CBsI3b, Yepe3 KOTOPYIO MPOXOIUT KpaTdyauiiee pacCTOsSHUE, MOCe KaKOro Iara oTMeyacM
cTpenkoit. J[ns ynoOcTBa TOYKH ceTH 0003HAYNM KPY)KKaMy ¢ HOMEPaMH TOYEK.
Anzopumm pewienus:

P, . .
1. ®uxcupyeM KOHEYHYIO TOYKY '', 7O KOTOpOil HEOOXOAWMO pacCUHTaTh KpaTdaiiiee
paccTosHUE OT BCEX OCTAIBHBIX, M PSIIOM C 3TOM TOYKOH 3alMCBIBa€M HYJb, T.K.

P . .
pacCcToAHUC ' OT TOYKHU O HEW caMou paBHO 0.9T1o0 YHCJI0, OTIIMYHOEC OT HYJIA, OJIA
APYTrux TOYCK, Ha30BEM XapaKTepPICTPIKOﬁ TOYKH.

2. OmpenenumM cocegHUe TOYKH 10 Gopmyne ' ¥ Ha CBA3SX, COCAUHSIONIMX OSTH

P P
TOYKH, IIOCTAaBUM CTPEJIKH, HampasiieHHbIe B Touky '. Ilocne sToro Touky ' oTmeTnm
CHUMBOJIOM V, 0003HAYAOIIMIM, YTO OTIEPalluK HaJl HEH 3aKOHYCHBI.
3. Ilepexomum K mOOOW cocemHe TOYKe, IJII KOTOPOW XapaKTEPHCTHKA YyXe HaiieHa.

ITycts 310 Oymer Touka !. OmpemensieM coceiHue ¢ HEHW TOYKM M IOACUYHUTHIBACM

C,;=¢;+ly
XapaKTePUCTUKH 3THX TOYEK MO Popmylie .

C.. _
4. Tlpu ompenenenuu ' s cocemHux | MOMKET OKasaThCs, YTO JJISL HEKOTOPBIX M3 HHX
XapaKTEPUCTUKH y)KE€ H3BECTHBI. B 3TOM Ciyyae HOBYIO XapaKTEPHUCTHKY
. . Ci
CPaBHHMBAEM CO CTApO XapaKTEPUCTUKON 1 .
Cii > Cij .
Ecmn , TO CTapyt0 XapaKTEPUCTHKY OCTaBIIsiEM 03 H3MEHEHHIA.

C.<c.
Ecmm I ”, TO CTapyr XapakTCpUCTHUKY 3aMCHJACM Ha HOBYIO, COOTBCTCTBCHHO
IPOUCXOIUT UK HE IPOUCXOJIUT USMCHCHHUC HAIIPABJIICHUA.

Touky ! oTMedaeM CHMBOJNOM V, ecliM COCENHSA TOUKA, y KOTOPOH H3MEHHIIACH
XapaKTepUCTHKa, He ObuIa paHee oTMedeHa V. Eciu jke Touka paHee Obljla OTMEUEHA CUMBOJIOM V, TO
MIEPECYUTHIBAEM XapPAKTEPUCTUKH COCETHUX C HEH TOUEK.

5. Tlepexomum K myHKTY 3.
6. Ilpouecc mponomkaeMm A0 TeX IMOp, MOKa He OyAyT OTMEUYEHBI CUMBOJIOM V BCE TOUYKH
cetn. OTBET BHIMKCBHIBAEM B BUJE TAaOJMWIBI, I/Ie YKa3aHbl KpaTdaillee paccTOSHUE OT

BCEX TOYEK J0 KOHEYHOH U ITyHKTBHI, 4Yepe3 KOTOPbIE OHU IPOXOISIT.

Iopsok BbINOJIHEHHUS 32 JaHUI

=1000

3apaua 1. J[Bym npegnpustusm A u B Ha 4 kBapTana BBLIEICHO SO € IUHHUILL
cpenctB. Kaxxplii kBapTan npeanpusaTie A moiydyaeT X CpelCcTB, npeanpustiue B -y cpeacts. Ilpu
3TOM OT BBIAENIEHHBIX CPEACTB MNPEANPHUATHE A MOMydaeT 5X €IMHUI] M ocTaTok cpeacts 0,3x
eAVHUL, a npeanpuarue B - noxox 4y enuMHUIl M OCTAaTOK BBIAENEHHBIX cpencTB 0,5y enuHuL.
Heo0xomumo pacrpeienuTh cpeicTBa MEXIY IPEANPUATHSIMA TTOKBAPTAIbHO TAKUM 00pa3oM, 4TOObI
3a BeCh rofl 00a MPeanpUATHS MOTYIHIN MAKCUMAIBHBIA JOXO.

Pewmenne. [lepuon Bpemenu 1 ron pazgenum Ha 4 kBapTana (4 stana).

Xiv i y
Bgeznem 0603HaueHus: uepes 0003HaYMM BKJIaJ B pa3BUTHE NpeAnpusituii A u B B

W. . S, . .
l-om KBapTaJe, ' - noxojx 3a I-bIv KBapTal, I'- ocrarok CpE€ACTB HA KOHECI I-0ro KBaprania, | —
1,2,3,4.
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No CocrosiHue Bxnag Hoxon Ocratok
A B
1 So B Sl Xy Y1 W1 Sl
2 Sl — Sz Xz Y2 Wz Sz
3 S, —S; X3 Y3 W, S
4 Ss B 84 Xy Y4 W4 S4
C y4JeToM BBEJIeHHBIX 0003HAYEHUH COCTAaBUM MOAPOOHYIO TaOJIHITy IO dTalam.
IIpennpusrue 1 xBapTan 2 KBapTaa 3 kBapTaa 4 xBaprTan
S S g
s S = 5 | g 5 5 | ¢ 5 S S
2 g 3 S | g 5 S | 3 2 g
& St S & =4 S & St s} & =4
A X, 5%, | 03x, [ X, |5% |03x, | X3 |5% |03, | X, |D5Xx,
B Vi |4 |05y, |y, |4y, |05y, |ys | 4ys | 05y; |y, |4y,
= = =
— LQ. N LO. ™ LQ. =
I - R - = 3
= + < = Y 4 2% X = %
+ 5 ! & 5 ! L3 ) % S
X e =3 X Y = X W =3 <X W
i g I, i ~ 1, Iy o I8 i <
% = % %) = %) % = % %) =

OThICKaHNE ONITUMAJIBHOTO YIPaBJIeHNUs HauHEM C 4 KBapTaja.

. X, +Y, =39S,
W, = maxW, :max(5x4+4y4)={X —S4—y4 S iconst}zmaX(S(Ss_y4)+4y4)=
4 — V3 41%¥3

= max (583 - y4): (583 - Y4)‘ yoo = 955

0<y,<S;

3 KBapTal.
Xg+Y;=S,, X =S,-Y,, S;=03%+
W, = max(W, +W,) = max(5x, + 4y, +5S;) =1+ 0,5y, =03, — 0,3y, + 0,5y, =03S, +0,2y,, { =
S, =const
= 023%2(532 —5y, +4y, +15S, +y,)= 02‘3%2(6’552)2 6,5S,.
Tak kak MakCUMyM J10XOIa 3a 34 KBapTaJibl MMOCTOSIHCH IIpH JIF000M pacnpeaciacHnun CpeacTtB, TO

S S
X3 = _21 Y; = e
yCTh 2 2 .
2 KBapTal.

X2+y2281! X2=31—y2, SZZO,3X2+
W,y =max(W, +W,',) =max(5x, +4y, +65S,)=1+ 05y, =0,35, ~03y, +05y, =035, +0,2y,, =
S, =const

= max (58, -5y, + 4y, +1,95S, +1,3y, )= max (6,95S, + 0,3y, )=(6,95S, + 0,3y, g =758,

0<y,<S; 0<y,<8; y2 =9

1 xBapTai.
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X +Y, =S, X=S,-V¥, S5 =03+
W', =max(W, +W,,) =max(5x, + 4y, +7,255,)=11 05y, =0,3S, — 0,3y, + 0,5y, =0,35, +0,2y,,
S, =const
= max (5S, — 5y, + 4y, + 2175S, +1,45y, )= max (7,175S, + 0,45y, )=

0<y,<S, 0<y;<S§,

1 0

(71758, +0,45y,) g =628,

W,", = 7625

S, =1000
[To ycnoButo 3amauu €IUHUII,
CIIeyTOINE paclpeielieHHe CPEICTB 0 KBapTallaM:

CANHUL], IPpHU 3TOM 6y,E[CM HUMCThb

KBapTaJ'I PacnpenenﬁeMHe CpeacTBa BKJ'Ia)II)I

A B
1 S, =1000 X, =0 y, =1000
2 S, =03x +05y, =500 | x; =0 y, =500
3 S, =03x, +05y, =250 | x; =125 y, =125
4 S, =0,3x; +05y, =100 | x; =100 y, =0

3agaya 2. /lana cetpb, cocTosmas U3 7 TOYEK, U W3BECTHBI PACCTOSHUS MEXIY TOUYKAMHU.
Heobxoaumo onpenenuTts kpaTdyaiiiiee pacCTOSIHUE OT JF000H TOUKH JJO TOUKH 7.

Pemrenne.
R7V
© SABETENY
6

v

w

3
® IC
\&6V 3 3V

1. Paccmotpum Touky 7. Pagom ¢ kpyxkoMm ctaBuM () XapakTepUCTUKY TOM TOUKH.

2. CocemHuMH ¢ TOYKOH 7 sBISIIOTCS Touku 6,5,4. TlojcuntaeM XapakTEepUCTUKH 3THX
TOYEK U yKakeM HarpasieHus. Touky 7 oTMedaeM CUMBOJIOM V , T.K. Oepaiiu Ha Heil
3aKOHYEHBI.

3. Paccmorpum Touky 4. Cocemnumu ¢ Hei Oyayr Toukum 6,3,1,7, Haxomum
XapaKTePUCTUKHA KKIOW M3 HUX. XapakTepHUCTHUKU TO4YeK | u 3 — COOTBETCTBEHHO 9 U
12. Xapakrepuctuku Touek 6,7 octanuck 0e3 u3MeHeHwusl, Tak kak 7+4=11>5, 7+7=14>0.
Touky 4 ormerum cumBoioM V. Paccmorpum Touky 6. CoceaHUMH SIBISIIOTCS TOYKH
3,4,7. nsg Touku 3 HOBas XapaKTEepUCTHKA 5+2=7>12, mo3TOMy H3MEHSEM CTapyro
xapakTtepucTuky 12 Ha 7, W yka3piBaeM HOBoe HampasieHue. [[ms Touek 4,7 crapbie
XapaKTEPUCTUKH OCTAIOTCs 0€3 M3MEeHeHuH, T.K. 5+4=9>7, 5+5=10>0. Touky 6 oTMeuaeMm
3aakoM V. Paccmorpum touky 5. Cocemnsis ¢ Hedt Touka 1. HoBas xapaxtepuctuka
3+3=6<9, mosTOoMy H3MEHSEM XapaKTepUCTHKY W HampasiieHHe. Touky 5 oTMedaeM
CHUMBOJIOM V. Touka 1, XapaKTepUCTHKA
KOTOPOI M3MEHUIIACH, SBIISETCS cocenHell ¢ Toukoii 4. Touka 4 oTmeueHa cumMBoOIOM V,
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MO3TOMY TIEPECUHUTHIBAEM XApPAKTEPUCTUKY STOW TOYKH M IMPOBEPSIEM COCEIHUE C HEil:
7+5=12>7; 7+4=11>5; 7+7=14>0. Xapaktepuctukum TO4YeK 3,6,7 ocraroTcsa 0¢3
HU3MEHEHUM.

4. Paccmotpum Touky 3. Cocequumu sBisitoTcsl Touku 2,4,6. Xapakrepuctuka 2: 7+3=10,
3alAChIBAaeM 3Ty XapaKTePUCTUKY W YKa3blBaeM HalpaBlIeHHE. XapaKTepUCTHKH 6,4
octanuch 0e3 m3meHeHus. Touky 3 oTmMedaeM cuMBOJIOM V.

5. Paccmorpum Touky 2. CoceqHuMH SBISIFOTCS TOYKK 1 U 3. XapakTepUCTHUKU TOYEK HE
m3MeHsoTed, T.K. 10+5=15>6, 10+3=13>7. Touky 2 oTMe4aeM CHUMBOJIOM V.

6. Paccmorpum Touky 1. Cocemuumu siBisitoTcst TOUkd 2,4,5. XapakTepUCTUKU TOUYEK HE
M3MEHWINCh, T.K. 6+5=11>10, 6+2=8>4, 6+3=9>3. Omnepanuu Haa BCEMH TOUYKAMH
3akoH4YeHbl. OTBET 3aluIleM B BUJIC TaOJIUIIBL.

Howmepa TOYEK, Mexay | Kparuaiimee Mapuipyr, 0O KOTOPOMY
KOTOPBIMA  PaCCUYHMTHIBAETCS | PACCTOSHIE MIPOXOJIUT KpaTdaiiiee
paccTosiHue paccTosiHue

1-7 6 1-5-7

2-7 10 2-3-6-7

3-7 7 3-6-7

4-7 7 4-7

5-7 3 5-7

6-7 5 6-7

7-7 0

3ananus I CAaMOCTOSATEIbLHOI padoThI

1 Bapuanr.

3agaua 1. [Inaaupyercs pabora aByx oTpacineii mpomsBoacTBa A u B Ha 4 roma. KonmngectBo
X CpEICTB, BIIOKEHHBIX B OTpacib A, MO3BOJSET MOIYYUTH AOXOM 2X W yMeHbImaercs mo 0,6x.
KonmuecTBO y cpeAcTB, BIOKEHHBIX B OTpacis B, MO3BOMSET MOMYYUTH 1OXOA 3y U YMEHBIIAETCS 10

S, =850
0,2y. Heobx0amuMo pacrpeaeiiuTh BBIACICHHBIE PECYpPChl B KOJHUYECTBE  ° SIUHUI] MEXKTY
OTpacisIMU 10 TOJaM IUTaHUPYEMOTO TepHoJa IS TOIYYeHHS MaKCUMAalbHOW MPUOBUIH 32 BECh
TIEPHO/I.
3anaua 2. [lo 3amanHoil cxeme, coenunsitonieil 10 Touek, HAMUTU KpaTyaiiliee pacCTOSIHUE OT

1 Touku no 10.
10
3 7
/<> 12
@\7\3 8

11

4
18
10

2 BapuaHT.

3agaya 1. /Isym npeanpustuaMm A u B Ha 4 kBapTana BbIAEIECHO So =300 €JJUHUL| CPEJICTB.
Kaxxnprit kBapTan npeanpustue A moixy4aer X CpeacTB, npeanpusitiue B -y cpeacts. [lpu atom ot
BBIZICJICHHBIX CPEIICTB MPEANpHUATHE A ToiaydaeT 4X eOuHHI] U ocTaTok cpeactB 0,3X eawHUI], a
npennpusitue B - moxon Sy emunui u octatok BbLaeneHHBIX cpenctB 0,1y eaunun. HeoOxommmo
pacnpenenuTb CPEeACTBA MEXILY NPEANPHUATUSIMHA NOKBaPTaIbHO TaKUM 00pa3oM, 4TOOBI 3a BECh TOJ
00a IpeAnpuATHS MONTYININ MaKCUMAIbHBIN TIOXOI.
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3anaua 2. [lo 3amanHo# cxeme, coenuusronieii 10 Touek, HANTH KpaTJyaiIee pacCTOSIHUE OT

1 Touxu mo 10.
12
4 7
/O 1

@\\4 ;

4
19
12

w

8

3 BapuaHT.

3agaua 1. [Inmaaupyercst pabota aByx oTpacieii mpomsBoacTBa A u B Ha 4 roma. KonmngectBo
X CPEJICTB, BIIOKEHHBIX B OTpaciib A, TO3BOJSET MOJYYUTh A0XOJ S5SX W yMmenbmaetcs a0 0,1x.
KomnuectBo Y CpCACTB, BJIIOKCHHLIX B OTpacCiib B, TMMO3BOJIACT IMOJTYUYUTH JOXOO 3y U YMCHbLIIACTCA OO0

S, =1100
0,5y. HeobxoauMo pacrpelenuTh BBIJICICHHBIE PECYPChl B KOJIHYECTBE  ° eIMHUL] MEXLY
OTpPacisIMH IO TOJaM IUIAaHUPYEMOro IepHoJa U IMOJIyYeHHs MaKCHMalbHOH NMPHUOBUTH 3a BECh
HEPHUO.
3agaua 2. [lo 3aganHoit cxeme, coenuustonieit 10 Touek, HalTH KpaTyaiiliee paccTOsSHHE OT

1 Touxm no 10.
15
3 4 7
/O 12
@\\ :

11

20
0 ()
S, =750

3anaua 1. [Isym npenmnpusitusim A u B Ha 4 kxBapTaia BIICICHO €JIMHUIL CPEJICTB.
Kaxxnpiit kBapTan npeanpustue A moiyvaer X CpeacTs, npeanpusitiue B -y cpeacts. [lpu aToM ot
BBIETICHHBIX CPEACTB MpeanpusaTre A moiydaer 4X emawHUI] U octaTok cpenactB 0,3x emuHuUI, a
npennpustue B - noxon 3y eAMHMII M OCTaTOK BbLAeIeHHBIX cpenact 0,6y enunui. Heobxomumo
pacnpeneuTh CPENCTBa MEXY TPEIIPUATUIMHI MOKBAPTAILHO TAKUM 00pa3oM, YTOOBI 32 BECHh TOJ]
00a TpeAnpHUATHS MOTYIUIN MaKCUMAaIbHBIN TIOXOI.

3agaua 2. [lo 3aganHoit cxeme, coenuusiomniei 10 Touek, HalTH KpaTyaiiliee pacCTOSIHUE OT
1 Touku mo 10.

4 BapuaHT.
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5 BapuanT.

3apaua 1. [Tnanupyercst paboTa OBYX oTpacieil mpousBoacTsa A u B Ha 4 roga. Konuuecto
X CpEICTB, BJIOKEHHBIX B OTpacib A, MO3BOJSET MOIYYUTHh A0XO0J 5X M ymeHbwaeTcs ao 0,3x.
KonnuecTBo y cpeacTs, BIOXKEHHBIX B OTpacib B, M03BOIAET MOMYyYUTh A0X0A 6y U YMEHbBIIAETCS 10

0,1y. Heobxomumo pacripeenuTb BbIIECICHHBIE PECYPChl B KOJIHMUYECTBE So =800 €IMHHUL MEXAY
OTpacsiIMU IO TOJaM IUIAHHPYEMOTO Iepuojia AJsi MOJy4YeHUs MaKCHUMalbHOW MPHOBLIM 32 BECh
HEepUoI.

3apaua 2. [lo 3amanHoil cxeme, coequnsitonieil 10 Touek, HATH KpaTyaiilliee pacCTOSIHUE OT

1 Touku nmo 10.
13
4 7
/O 5

@\\4 ;

4
19
12

8

KonTpoabHble Bonpochl

1. Yo Ha3pIBaeTCs AMHAMUYECKHM MIPOrPaMMHUpPOBAHUEM?

2. Kakme xapakrepHble OCOOCHHOCTH 33/a4 JAMHAMHYECKOTO MPOTPAMMHUPOBAHUS BHI
3Haere?

Uro Ha3bIBaeTCS yrpaBieHHEM?

B yem cocTouT MeTO AMHAMUYECKOTO TPOrPaMMHUPOBAHHUS?

CdhopmynupyiiTe npuHIMI ONTUMaibHOCTH bennmana?

Yto Ha3bIBAaETCS CETHIO, 3BEHBSIMU?

Uro Takoe XapakTepUCTHKa TOUKH?

Onumure aaropuTM peleHHs 3aJadd ONpeAeNeHHs KpaTdailllero pacCcTOSHUS 110
3alaHHOI ceTnu?

N T~ W
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JlabopaTopHasi padoTa Ne33 «3agaua o 3aMeHe 000pPy10BaAHUSD)

Henu paGoTbl: HAyYUTHCS peIIaTh 33Ja4l JHHAMUYECKOTO MTPOrPaMMHUPOBAHUS, HAYIUTHCS
pa30uBaTh BECh MPOIIECC PEUICHMSI 3a/1a4H HA JTallbl, HAYYUThCS BEIOMPATh ONTUMAIBHYIO CTPATETHIO
MIOBEJICHUSI.

Kparkas Teopust

1. ITonsiTHe 321244 JMHAMUYECKOTO IPOTPAMMUPOBAHMS

PaccmaTtpuBaemble paHee 3alayd XapaKTEpU3YIOTCS TEM, YTO B HUX HE YUHUTHIBAIOTCS
W3MEHEHUS! ONTUMHU3MPYEMBIX MapaMeTpPOB BO BPEMEHH — TPOIECCHl CUUTAIOTCS CTATUIHBIMHU.
BriOupaeTcst HEKOTOPBI TEpHOJ BPEMEHH, W IS HETO ONPEAeNSIOTCS MPOCKTHPYEeMbIe WIIH
IUIAaHUPYEeMbIe 3HAYCHUs TMokasarened. [lpu 3TOM mpeamonaractTcs, YTO YOpPaBISEMbIE WM
HEYIpaBJIsSIeMbIe TTapaMETPbl CUCTEMBI B TEUCHHE BCETO IUIAHOBOTO BPEMECHH HE OyIyT U3MEHATHCS
WM, TI0 KpaifHel mepe, He MPEeTepIsiT CePhE3HBIX M3MEHEHHH, TPEOYIOINX MepecMoTpa MPHUHATHIX
peuieHui.

OpnHako B pealibHOW KHM3HHM €CTh 3aJaud, B KOTOPHIX HEOOXOJMMO YYUTBHIBATH U3MCHCHUS
MapaMeTpoB CUCTEM BO BPEMEHHU. JTH IMapaMeTpPhl MOTYT MEHSTHCS HETIPEPBIBHO WJIHM TUCKPETHO — OT
dTama K Jtamy. Hampumep, U3 rofa B ToA MEHSETCS BO3pAacT MAaIlMH M 000PYAOBaHUS, N3MEHSIETCS
MPOU3BOJCTBEHHAS MOIIHOCTh W TPOHM3BOJIUTEIILHOCTE TPyAa Ha NpeanpusaTHsX. O4YeBHIHO, 4TO
He00XO MO TPUHUMATh ONTHMANBHBIE PEIIeHUs Ha Tof (WK APYrod CpOK) W OJHOBPEMEHHO Ha
BECh pacCMaTpPUBAEMbBIN TMEPHOA B IEJIOM C YIETOM BO3MOXHBIX H3MEHEHHH mapameTpoB. Jlis
pEUICHUs TaKOro BHJA 3aJa4, KOTOpPhIC TOJIYYMJIM Ha3BaHWEC MHOTOIIATOBBIE, pa3padoTaH
COOTBETCTBYIOIIMM MAaTeMaTU4YECKUN aImapar, KOTOPbIA IOJy4YWJI HAa3BaHUE JAUHAMHYECKOe
NMporpaMMHpOBaHHeE.

3anmaya MoOKeT ObITh CHOPMYJTUPOBAHA CICAYIOIIUM 00pa3oM:

3ajaya TUHAMHYECKOTO MPOrPaMMHPOBAHUS — ompeaeiuTh W* (Ui* He TOJBKO YHCIOo, a
MOJKET OBITh BEKTOPOM, (DYHKIIHEH) Ha KaKIOM Iare, i =1, 2 ..., m, ¥ TeM caMbIM u* Bceil omepariu
B IEJIOM.

PaccMoTpuM moaxon K peLUIEHUIO JAHHOW 3ajadd. XapakTepHbIM Uil JUHAMHUYECKOIO
MPOTPaMMHUPOBAHMS  SIBJSIETCS TO, 4YTO IEPEeMEHHBIC pacCMaTPHUBAIOTCSI BMECTe, a HeE
MOCIIEZI0BATENBHO — OJTHA 32 APYTroi. IIpr 3TOM BRIUMCIUTENFHAS TEMa CTPOUTCS TAKUM 00pa3oM, 4To
BMECTO OJHOHM 3a7jayil C N NEPEMEHHBIMHU PELIAETCsl cepHs 3a/ad ¢ HEeOONBIINM YHCIIOM, a Yalle C
onHOM mepeMeHHOM. CaM K€ BBIYUCIMTEIBHBIN MPOIIECC IPOM3BOJIUTCS HA OCHOBE METOAA
MTOCIIEI0BATENBHBIX IPUOIMKEHHIA B B KpyTa:

1. Om nocneonezo waea x nepgomy.

2. Om nepgoeo waza K NOCICOHEMY WU dice HA0OOpOm, 8 3aBUCUMOCIU OM UCXOOHBIX

OAaHHbBIX.

Ha mepBoM kpyre wumiercs Tak Ha3bIBaeMOE€ YCIOBHOE ONTUMalbHOEe perieHne. OHO
BBIOMpaeTcs Tak, 4TOOBI Bce NpEABIAYIIME MIard OOecHeyusid MakcuMalbHylo 3(dekTuBHOCTD
nocneayromniero. OCHOBY TaKOTO MOIX0/a COCTABISAET MPUHIUI ONTUMaIbHOCTH bemiMana, KOTOpbIit
(hopMynupyeTCst CIeIyIOINUM 00pa3oM:

Henvss nonyuums onmumanvroe 3nauenue yenesou QyHKyuu i-uiaz08020 npoyecca, eciu 07
100020 Ui, 6bIOPAHHO2O HA wiaze i, 3HA4eHue yeredol GyHkyuu 011 ocmaswuxcs i-1 waeos ne
ABTAEMC ONMUMATLHBIM BPU IMOM 8bIOPAHHOM HA [-WUdee 3HAYEHUU Ui.

Takoit mporecc MPOAOIDKAETCS IO TeX IOp, MOKa pelleHne He MOTepseT CBON yCIOBHBIN
XapakTep, T. €. 10 TIepBOTO IIara Win rmocieaHero. J{ias Hero pemneHue npocto onTuMaibHo. [loatomy
BTOPO# Kpyr HAYMHAIOT UMEHHO C JTOrO IIara M IOCIEAOBAaTEIBHO IEPEXOMAT OT YCIOBHBIX K
ONTUMAJIBHBIM PEIICHUSM, TEM CaMbIM 00ECTIEYNBAETCS ONTHMAIBHOCTh OTIEPAIIAH B IIETIOM.

OnTumManbHOe pacnpeeseHue pecypcoB

IIpumep:

Kamuran 40 MutH.py0. HHBECTOP JOJDKEH BIIOKUTH B YETHIPE MHBECTUIIMOHHBIX MPOEKTa TakK,
YTOOBI MMOJIYYUTh MAKCUMAJIBHBIN 0X0/. JJOXOMHOCTh MPOEKTOB JlaHa B TaOJHIe (BIOXKCHHS KPATHBI
8 MitH. py0.)

u [pu6sLIL OT BHEAPEHUS

f4(u) f3(u) f2(u) f1(u)
8 55 39 35 32
16 58 53 76 68
24 90 80 120 115
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32

100 120 135 134

40

140 145 158 147

Pemenne:
3TO 3aa4a JUHAMHUYCCKOI'O HpOFpaMMI/IpOBaHI/ISI. PCHIGHI/IG COCTOHUT U3 I[ByX 3TaIlOB. Ha

mepBoM dTare (0T KOHIA K Havajdy) WIIEM yCIOBHOE ONTHMAIIBHOE pelIeHre, Ha BTOPOM (OT
Havaya K KOHILY) — MIIEM ONTUMAaJIbHOE PEIICHUE 321a9H.

1 3ram.
Pacrmipenensiem kanmuTanm MeXay YeTHIPbMS MPOEKTAMH M CYATAEM IOITy4aeMyl0 TIPUOBLIh

L(i), i=8,16,24,32,40.

1 mar: /lenexxHbie cpecTBa BKIAABIBAIOTCS B UETBEPTHINA MIPOECKT.

L(8)=55

L(16)=58

L(24)=90

L(32)=100

L(40)=140

2 mar: JIeHe)KHbIE CpeACTBA BKIIAIBIBAIOTCS B YCTBEPTHIN M TPETHI TPOCSKTHI.

y MpuOLLIL OT BHEIPEHUS
1 mar f3(u)
8 55 39
16 58 53
24 90 80
32 100 120
40 140 145

L(8) = max{85+50;§+98}= 55
L(16) = max, 5855 +39; 53 } = max {58;94;53} =94

L(24) = max(90; 58+39 55+ 53; 80} max {90;97;108;80 } = 108

4+0 16+8 8+16 0+2

L(32) = max {L00; 90 + 39; 58 + 53; 55 + 80; 120} max {100;129:111:135;120 } =135

2+0 24+8 16+16 8+24 0+32

L.(40) = max {L40;100 + 39;90 + 53;58 +80; 55 +120; 145} max {140;139:143:138;175;145 } =175

24+16 16+24 8+32

3 mar: JleHexxHbIe cpeicTBa BKIIAJBIBAIOTCS B YETBEPTHIA, TPETWH (2 IMar) u BTOPOH

MIPOEKTHI.

IpuobLIL 0T BHEAPEHHUS
u

2 mar f2(u)
8 55 35
16 94 76
24 108 120
32 135 135
40 175 158
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L(8) = max§§5;35 =55

L(16) = max 94 55+35; 76

8+8

L(24) = max 08 94 +35:55 + 76;120

24+0 16+8

L (32) = max 35,108 +35;04 + 76,55 +120;135

16+16

L(40) = max{

4 mar: JIeHe)XHBIE CPENCTBA BKIIAIBIBAIOTCS B UCTBEPTHIN, TpeTHH, BTOpoH (3 mrar) u

240

MEPBBIN TPOEKTHI.

2448

0+1

3248

8+16 0+2

24+16

8+24

0+3

16+24

} max {94;90;76} = 94
} max {108;129;131;120 } =131
} max {135;143;170;175;135 } = 175

175,135 +35;108 + 76;94 +120; 55 + 135,158

8+32

} max {175;170;184; 214;190;158 } = 214

u IIpudsLIbL OT BHEAPEeHNs
3 mar f1(u)
8 55 32
16 94 68
24 131 115
32 175 134
40 214 147

L(8):maxt55;32 |=55
L(16) = max (9455 + 32; 68} max {94;87;68} = 94

8+8 0+1

L(24) = max 31 94 +32;55 + 68; 115}_ max {131;126;123;115} =131

8+16 0+24

L(32) = max {L75; 131 +32;94 +68;55 +115;134 }_ max {175;163;162;170;134 } =175

16+16 8+24

L(40) = max{214 175+ 32; 131 + 68 94 4+115;55 +134; 147} max {m;207 ;199;209;189;147 } =214

20,0 3248 16+24 8+32  0+40

2 Tam:

Ha verBepromM 1mare BbIOMpaeM MaKCHMalbHOE W3 IOIYYEHHBIX 3HAYEHUH NpUObUIN
L(40)=214.

U Bo3Bparmiasce B 00OpaTHOM MOPSIKE OT TaOMHUIbl K Tabnuie (ot 4 miara K 1) BeIOupaeM
TaKue 3HaYeHHUs! T0XO0J0B, PH KOTOPHIX U MOJIYYEeHO 3HaueHue 214.

MaxkcuManbHbIi 10x01 214 MitH. py0. OT BIIOKEHHBIX CPEACTB MOXKET OBITh TIOJTYYEH MPU
CJIEJIYIOIIEM PaCIIPEIeNIEHUH CPECTB!

1 mpoekt — 0 muTH. pyo.

2 mpoeKT — 24 MiH. pyo.

3 mpoekT — 8 MJIH. pyo.

4 nipoexT — 8 MIIH. pyoO.

3ananue

3aganme 1. Pacmpenenute onTUManbHBIM 00pa3oM JEHEXKHBIE CPEACTBA HHBECTOpPA
BEJIMYMHOW 5 y.e. MEXKIY YCTBIPbMS NpPEANpHUITUSIMHA. J[0XOI KaXJOro TNPEANpUSATHS OT
BIIOXKEHHsI B HEro u Yy.e.ompezaensercss ynkuueit noxoxa f(u). Otu ¢yHKummM npuBeieHbl B
Taduie.

U [TpuObUTE OT BHEAPEHUS [0 NPEANPHUIATUSIM
f4(u) f3(u) f2(u) f1(u)

1 f4(1) 6 3 4

2 10 f3(2) 4 6

3 11 11 f2(3) 8

4 12 13 11 f1(4)

5 18 15 18 16
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BapuanTt
f4(1)
f3(2)
2(3)

f1(4)
3aganue 2. V3 nyHkTa A B MyHKT B HE0OXOAMMO MPONOXUTH aBTOMOOMJIBHYIO Tpaccy IO

CaMOMY 3KOHOMHUYHOMY ITYyTH.
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KonTpoabHbIle BONpoChI

1. Kakue 3ama4u MOXKHO pemiaTb METOAAMHU TUHAMUYECKOTO IPOrPaMMHUPOBAHUS?

2. B d4eM 3aKimo4aroTcs TOCTOMHCTBA U HEOCTATKH JUHAMUYECKOTO TPOrPaMMHUPOBAHHS?

3. OOBsICHUTE aNrOPUTM pelIeHHS 3a7ad TMHAMUYECKOro MPOTrPaMMHUPOBAHUSL.

4. YxaxuTe IPUHIHI BHIOOpA HAIIPABICHUS ABHKCHHS.
5. B gem 3axirouaeTcs MPUHIINAIT ONITUMATBHOCTH?
6. KakoB airopuTm pacnpeieicHus pecypcoB?
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JladopaTopHasi padora Ne34 «Haxo:kaeHue kpaTyaiimmux myteii B rpade. Pemenue
3a/1a4M 0 MAKCUMAJIHLHOM MOTOKE»

Hean padotsi: PemnTs 3anauy 0 HaXOXKICHUN KpaTyaliux myTed B rpade. Pemnts 3amaqy
0 HaXOKACHUH MaKCUMalIbHOTO MOTOKA.

Kparkas Teopust

I'pagh 5T0 MHOXKECTBO TOYEK WJIM BEPIIMH M MHOKECTBO JIMHUH WM pedep, COeANHSIOIUX
MeXIy co0O0i BCe WJIM 4acTh STHX TOYEK. Bepuiumnsl, IpUIETaoIie K OAHOMY U TOMY e peodpy,
Ha3bIBAIOTCS cmexchbiMu. Ecnu pebpa oprueHTHPOBaHbI, YTO OOBIYHO MOKA3BIBAIOT CMIPENIKAMU, TO
OHU Ha3bIBAIOTCA Oy2amu, U Tpad ¢ TAKMMHU peOdpaMy Ha3bIBACTCS OPUEHMUPOBAHHBIM 2pagom. Eciu
pebpa ne umerom opuenmayuu, Tpad Ha3bIBACTCSI HEOPUEHMUPOBAHHBIM.

I'padpr 00bIYHO M300paKalOTCsl B BUIIE TEOMETPUUECKUX (UTYp, TaK YTO BEPIUUHBI rpada
M300pakaroTCs TOUYKAMH, a pedpa - THHUSIMH, COSTUHIIONTUMHA TOUKH (pHc. 1).

Ilems 510 Ayra, Ha4YaJdbHAS U KOHEYHAs BEPLIMHA KOTOPOH COBHAAIOT.

IIpocmoii epagh - Tpad 6e3 KpaTHBIX pedep U MeTelb.

Cmenenv 6epuiunbl 3T0 yOBOCHHOE KOJIMYECTBO IETENb, HAXOMIIIUXCA Yy ITOH BEPLIMHBI
IUTIOC KOJIMYECTBO OCTAJIBHBIX IPHIICTAIONINX K Hell pedep.

Ilycmuim HaswiBaeTcs rpad 6e3 pedep. [lonnviv Has3bIBaeTcs rpad, B KOTOPOM KaxKbIe JBE
BEPILIMHbBI CME)XHBIE.

2 4
6
3
5 ® .'?
Puc. 1

Ilyms B OpHEHTHPOBaHHOM rpad)e — 3TO MOCIEIOBATEILHOCTh OYT, B KOTOPOH KOHEYHAs
BEpLINHA BCAKOU AYTH, OTIIMYHOM OT NOCIEIHEH, SIBISIETCS] HAYaJIbHOM BEPIIMHON CIeAYOIIEH.

Mapwpym B rpade myTh, OpUEHTAIIUEH YT KOTOPOTO MOXKHO MPEHEOPEYb.

I]ens MapmpyT, B KOTOPOM Bce pedpa MOmapHO Pa3IniHbI.

Hukn 3aMKHYTBIA MapLIPYT, SBISIOMIUNACS LETbIO.

MapupyT, B KOTOPOM 6ce @epuiliHbl HONAPHO pasiuiisl, HA3bIBAIOT npocmou yensvio. 1uki,
B KOTOPOM 6C€ Gepuiubl, Kpome nepeou U nociedHell, NONAapHo pasiuyiHbl, Ha3bIBAIOTCA NPOCHbIM
YUKIIOM.

Iloozpagh zpagpa >10 Tpad, ABIAIOUIMICS nOOMOOenbl0 UCXOAHOTO Tpada, T.e. moarpad
COJICP)KUT HEKOTOpbIe BEPUIMHBI UCXOJHOTO rpada W HEKOTOphle pedpa (TOmbKo Te, 00a KOHIA
KOTOPBIX BXOJIAT B moarpad).

IToarpad HaswiBaeTcs ocmosnbvim noarpadom, eciim MHOXKECTBO €ro BEPIUIMH COBIAAAET C
MHO€ECTBOM BEPLIMH camoro rpada.

I'padp  HaswiBaeTcs  ceéasmpim, ecnd  o0as mapa  e€ro  BEpUIMH  CBs3aHa.
Ceasnvimu Komnonenmamyu Tpada Ha3bIBalOTCS MoArpadsl JaHHOTO rpada, BEpIIMHBI KOTOPBIX
CBSI3aHBI.

/lepeso — 310 cBs3HbBIN Tpad O0e3 HUKIIOB. [lepeBbs 0COOCHHO YaCTO BO3HUKAIOT Ha ITPAKTHUKE
MpU U300paKEHUH PA3IMYHBIX Hepapxuil. HanpuMep, mOnyJsipHbI reHeanorn4ecKue JIepeBbsl.

I'pad Oe3 nukia Ha3pIBaeTCs Jiecom. BepmHbl cmenenu I B nepeBe Ha3bIBAIOTCS JAUCHIbAMU.
/Jlepeebsi - OYCHb YNOOHBIN MHCTPYMEHT MPENCTAaBICHUS WHQOPMAIMH CaMOTO pPa3HOTO BHUJA.
JlepeBbsi omauuaiomen ot MPOCTHIX TPadOB TEM, UTO HPU 00X00€ 0ePesa HeGO3MONHCHbL YUKIIbL. DTO
nenaet rpadpl oueHb ya00HOH GOpPMOIT OpraHn3aliy JaHHBIX IS Pa3IMYHbBIX aJlTOPUTMOB.

OueBuaHO, 4TO rpaduveckuii criocod npeacrasneHus rpagos HenpuronaeH 1 [1K. IToatomy
CYIIECTBYIOT JIDYTHE CIIOCOOBI MTPeJICTaBIeHuUs rpadoB.

B teopun rpadoB npuMeHsIOTCS

1. Marpuua HHIHIEHTHOCTH. DTO MaTpula A ¢ N CTPOKaMHu, COOTBETCTBYIOIIMMH BEPILINHAM,

U M cronbiamu, coOoTBeTCTBYIOIIero péopam. Jlis opueHTHpoBaHHoro rpada crosoerr,
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COOTBETCTBYIOIMUN AyTe (X,)) CONEPKUT - 1 B CTPOKE, COOTBETCTBYIOIICH BEpITMHE X U 1, B
CTPOKE, COOTBETCTBYIOIIEH BepiiuHe y. Bo Bcex ocranbHbix 0. [Tetiro, T.e. Ayry (X,X) MOKHO
MPENICTaBIISITh MHBIM 3HAYCHHEM B CTpOKe X, Hanpumep, 2. Eciu rpad HeopreHTUpOBaHHBIH,
TO CTOJOCI, COOTBETCTBYIOIIHI PeOpy (X,y) CONepKUT 1, COOTBETCTBYIOIIUE X U y U HYJIA BO
BCEX OCTAIBHBIX CTPOKAX.

2. Marpuua cMeXKHOCTH. DTO MaTpuiia mXm rae N - 4duciao BepuiuH, rae bij = 1, ecim
CYILECTBYET PeOpo, Hylllee U3 BEPIIMHBI X B BepUIHHY Y 1 Djj = 0 B mpoTHBHOM ciy4ae.
Haxo:kaeHue MUHUMAJIBLHOTO 0CTOBA B rpade

Anzopumm pewtenusn

1. Vuopsmouuth pedpa rpada 1mo BO3pacTaHUIO BECOB;

2. BpiOpath pebpo ¢ MHUHHUMAaIbHBIM BECOM, HE OOpasyrollee IHKI C paHee BHIOPaHHBIMHU
pebpamu. 3aHECTH BRIOpaHHOE PeOPO B CIIHCOK pedep CTPOSIIETOCS OCTOBA;

3. TIpoBeputs, Bce JH BepIIMHBI rpad)a BOLULUTH B IIOCTPOSHHBIN OCTOB. Eciy HET, TO BHITOTHUTH

ITyHKT 2.

HaxoxneHue kpaT4yaiiiero nytu B rpadge

[Tycts nan rpag, nyram KOTOpOro IpUIMCaHbI Beca. 3afada O HAXOXKICHUHU KpaTyaiIero myTu
COCTOUT B HAXOXKJCHUHU KpaTyaiIiero myTd OT 3aJaHHON HavaJlbHOM BEPIIMHBI 1O 33AaHHOW KOHEYHOM
BEPLIMHBI, IPU YCIOBHUHU, YTO TAKOH IyTh CYIIECTBYET.

Jannas 3amada MoxkeT ObITH pa3buTa Ha JBE:

1.

2.

JUIsl HA4aJbHOM 3aJaHHOM BEpIUMHBI HAaWTH BCE KpaTdaldllue IYTH OT 3TOH BEPILIMHBI K

IpyTUM;
HalTH KpaT4ailine myTu MEKAY BCEMH MapaMH BEPILUH.

Paccmompum anzopumm pewienus 01 3a0a4u nepeozo muna:
HeoOxomumo HalWTH MyTh OT S - HadajibHOW BepIIMHBI A0 t - KoHeyHOW BepIMHBI. Kaxmoil
BepinHe nprcBanBaeM mometku I(Xi).

1.

2.

4.
)

I(s) = 0, I(Xi) paBHO OECKOHEYHOCTH il BceX Xi HE PaBHBIX S M CUUTATh TH MMOMETKH
BpeMeHHBIMU. [10J10XUTE p ='§.

Jna Bcex Xi, npuHaiexxamux I'(p) 1 IOMETKH KOTOPBIX BPEMEHHBI, U3MEHUTh MIOMETKH 10
CIICAYIOIIEMY MIPaBUILY:
1(Xi) = min[I(Xi), I(p) + c(p, Xi)]

cpemu BCEX BEpUIMH C BPEMCHHBIMH TOMETKAMH HaWTH Takyro, misi koropoit |(Xi*) =
min[I1(Xi)]

CUUTATh MIOMETKY BEPIIMHBI Xi* OCTOSHHOMN U MOJOXKUTh p = Xi*.

ecnu p =t, 10 I(p) siBIsieTCs JUIMHHOM KpaTJaiIero MmyTH, €Clii HeT, IEPeHTH K 1mary 2.

Kak Toibko BCe NIOMETKM paccTaBieHBbl, KpaTdalline IyTH MOJIYy4aloT, HCIOJIb3Ys

cootrnomenne I(Xi") + c(Xi',Xi) = I(Xi) (1).

I[J'IS[ pelICHUA 3aJjladyyd BTOPOro THUIIA MOKHO IIPUMCHATH ,Z[aHHBII\/'I AITOPUTM  JIA Ka)I(,HOﬁ

BEPIITUHBL.
Iopsiiok BoINOJIHEHHUS 3a1aHUI
3agaya 1. CocTaBUTh MaTPUIILI MHIIUJICHTHOCTH U CMEXHOCTH Jyis rpada:

d

Pemenne.
Marpuiia THUKUIEHTHOCTU Martpuiia cCMEXHOCTH
u % w a b c d
a 1 0 0 a 0 0 1 0
b 0 0 1 b 0 0 1 0
C 1 1 1 C 1 1 0 1
d 0 1 0 d 0 0 1 0

I'nme u, v, W — pebpa nanaoro rpaguxa
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3agaua 2. Ha npexacrasiaeHHOM rpade HaiiauTe: a) MUHMMAaJIbHBIH OCTOB JepeBa, 0) HaWguTe
KpaTyaiuii myTh OT HaYaJIbHOM TOUKH X1 10 BCEX OCTaIbHBIX TOYEK.

X2 20 X3

23

X1 X4
36 X5 9

Pemenne. a) Halizem MUHNMAaNbHBIA OCTOB JIepeBa MPEICTABICHHOT0 Ha pucyHke. CocTaBUM
Ta0JIMIly 3HAYCHHUIH PACCTOSHHI MEXKTY TOYKAMH.

Xl X2 X3 X4 X5
X1 23 36
X2 23 20 1
X3 20 15 4
X4 15 9
X5 36 1 4 9

Jis perieHus JaHHOM 3a7a4y JOCTATOYHO PACCMOTPETH MIIM TOJIBKO JIEBYIO HJIH TOJIBKO IIPABYIO YacTh OT
TJIaBHOM JAWaroHajIl MaTpuIlsl. Bocmons3yeMcs J1eBoi 4acThIO TaONHUIBL. A TaKkKe U300pa3uM MCXOTHBIN
rpaguk 6e3 pedep, TOIBKO C TIOMOIIBIO OJHUX BEPIIUH.

X2 X3
X1 X2 X3 X4 X5
X1
X2 |23
X3 20
X4 15
X5 |36 |1 4 9
X1 X4
X5

U3 snemeHTOB Marpuibl BhIOMpacM MUHHMaNbHBIA - (X2,X5) = I. OOBojuM BBIOpaHHBIN
JIEMEHT KPY>KKOM U yKa3bIBa€M Ha PUCYHKE COOTBETCTBYIOIEE PeOpo.

Xl [X2 [X3 [X4 [X5 X2 X3
X1
X2 |23
X3 20
X4 15
X5 ]36 1) |4 9
X1 X4

X5
W3 ocTaBmIMXCS 3JEMEHTOB BBIOMpaeM MHUHUMaNbHBIA - (X3,X5) = 4. DiueMeHT 00BOIUM

KpPY>KKOM. UTOOBI BBIMTOJIHAIOCH YCIOBUE 2 MyHKTH X2 U X3 HE JIOJKHBI COSAMHATHCS, TIO3TOMY JIEMEHT
(X2,X3) 3auépkupaercs. U T.1.

X2 X3
Xl [xX2 [X3 [X4 [X5
X1
X2 |23
X3 26
X4 15
X5 [36 [1) (4 |9
~ X1 X4
X5

B urore nojrydacm:
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X2 X3

X1 X2 X3 X4 X5

X1
X2 [23)
X3 20
X4 33
X5 3¢ [1) [4 (9)
~ X X4
X5

Jnuna munuMansHoro ocrosa paBHa (X1,X2)+(X2,X5)+(X3,X5)+(X4,X5)=23+1+4+9=37
b) Haiinem kparwaimmii myTh OpeACTaBIEHHOrO rpada OT HadanbHOW TOUkM X1 10 Bcex
OCTaJIbHBIX TOYEK.

X2 20 X3

X1 X2 X3 X4 X5
X1 23 36
X2 |23 20 1 23
X3 20 15 4 1 4 15
X4 15 9
X5 |36 1 4 9

X1 X4
3 X5 9

Hauanbnoe paccrosaue 1(X1)=0%, I(Xi)=00, Xi#X1, p=X1.

HaxonmM MHOKECTBO TOUEK, COSTUHSIIOIIMNECS ¢ TOUKOM X 1:

I'{X1}={X2,X5}

HaxoauM MuHMMAanbHOE PacCTOSIHUE KaXA0W U3 3TUX TOUEK:

I(X2)=min[e0,0*+23]=23,

I(X5)=min[c0,0*+36]=36,

min[[(X2), [(X3), [(X4), [(X5)]=min[23, 36, «, 00]=23,

X2:1(X2)=23*, p=23, psiaom ¢ Toukoi X2 NOCTaBUM paccTosiHue 23.

Haxonum MHOXECTBO TOYEK, COEIUHSOIIUEC C TOUKOM X2, Touky X1 He Tporaem, Tak KaK Mbl
€€ YK€ pacCMOTPEIIH.

I'{X2}={X3,X5}

Haxonum MUHMMAaNIbHOE pacCTOSTHUE KaXI0U U3 3TUX TOUEK:

I(X3)=min[0,23*+20]=43,

1(X5)=min[36,23*+1]=24,

min[I(X3), [(X4), I(X5)]=min[43,0, 24]=24,

X5: 1(X5)=24*, p=24, psiaom ¢ TouKoi X5 MOCTaBUM paccTosiHue 24.

AHaJIOTUYHO HAXOJIUM BCE OCTAIBHBIC PACCTOSHUS JO OCTAIBHBIX TOYEK:

I'{X5}={X3,X4}

Haxonum MUHHMAaNIbHOE pacCTOSHUE KaXI0U U3 3TUX TOUEK:

1(X3)=min[43,24*+4]=28,

[(X4)=min[0,24*+9]=33,

min[I(X3), 1(X4)]=min[28, 33]=28,

X3:1(X3)=28*, p=28, psiaom ¢ TouKkoi X3 MOCTaBUM paccTosiHue 28.

I'{X3}={X4}

HaxoauM MUHMUMAanbHOE PacCTOSTHUE JI0 3TOU TOUKH:

1(X4)=min[33,28*+15]=33,

X4:  1(X4)=33%, p=33, psoomM ¢  TOoukoi X4  TOCTaBUM  pACCTOSIHUE

33.
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23+ 28+
X3

X2 20
23
1 4 15
OB(I X4
36 X5 9
24+ 33+

3amumieM OTBET B BHIE TAOMUIBI KpaTUaWIIMX PAacCTOSHUN OT TOYKH X1 0 BCEX OCTabHBIX
Touek rpada.

Kpatuaiimmii nyts 3HAYECHUE
X1-X2 23
X1-X2-X5-X3 28
X1-X2-X5-X4 33
X1-X2-X5 24

3ajanus 11 CAaMOCTOSAITEJIbHON PadoThI
1 BapuaHTt
3agaya 1. CocTaBUTh MaTPUIILI MHIIUICHTHOCTH M CMEXHOCTH JyIs rpada:

I e———— a4

-

1o 1y

3agaua 2. Ha mpencraBieHHoM rpade HaiianTe: a) MUHIMAaIbHBIA OCTOB JiepeBa, 0) HaiauTe
KpaTyailiuii myTh OT HAaYaJIbHOM TOYKH X1 10 BCEX OCTalIbHBIX TOYEK.

X2 17 X5
13
11 1 5
X1 X6

6 X3 8 X4 19

2 BapuaHT
3agaya 1. CocTaBUTh MaTPUIILI MHIIUJICHTHOCTH U CMEXHOCTH Jyis rpada:
le »?

N/

3agaua 2. Ha npezncraBineHHoM rpade HaliauTe: a) MUHMMAIBHBIA OCTOB JepeBa, 0) Haiaure
KpaT4alii MyTh OT Ha4aJdbHON TOYKM X1 70 BCEX OCTaNbHBIX TOYEK.



5 9 15 23 8
X 10 X 2 X
3 BapuaHT
3amaua 1. CocTaBUTh MaTPHITEI HHITMACHTHOCTH U CMEKHOCTH I rpada:
Je—eod o5

/ \
i N\

*

3agaua 2. Ha npezncraBinenHoM rpade HaliauTe: a) MUHUMANBHBIA OCTOB JepeBa, 0) Haiaute
KpaTJaluii MyTh OT Ha4aJIbHON TOYKM X1 70 BCeX OCTalbHbBIX TOYEK.

X 23 X
13
14
X X
15
7 19 21
X 17 X 3 X

4 BapuaHT
3agaya 1. CocTaBUTh MaTPUIILI MHIIUJICHTHOCTH U CMEXHOCTH Jyis rpada:
2 4

3agaua 2. Ha npezcraBieHHoM rpade HalauTe: a) MUHHMAIBHBIA OCTOB JiepeBa, 0) Haiaute
KpaTyailiui myTh OT HaYaJIbHOM TOUKH X1 10 BCEX OCTalbHBIX TOYEK.



X1

12 16
X3 X5

9
28

X6
19 X7

5 BapuaHT
3amaua 1. CocTaBUTh MaTPHITEI HHITMACHTHOCTH U CMEXHOCTH I rpada:

o

a b
3agaua 2. Ha npezncraBineHHoM rpade HaliauTe: a) MUHUMANBHBIA OCTOB JepeBa, 0) Haiaute
KpaTyailiuii myTh OT HAYaJIbHOM TOYKH X1 10 BCEX OCTalbHBIX TOYEK.

X

18 25

X 20 X

KoHTpoabHbIe BOpPOCHI

Haiite onpenencuue rpad.

B gem cocTouT oTIIMYME OPUEHTUPOBAHHOTO Tpada OT HEOPUEHTHPOBAHHOTO rpada?
B gem omimume mycroro rpada ot npocroro rpaga?

Kak onpenenuTs cTerneHs BepIInHbI?

Uewm oTiinyaercs 1ernb B rpad)e oT 1ukia?

Haiite monarue noarpad rpada.

B uem cyTh cBsi3aHHOTO Tpada?

Kak HaxomsiTcss MaTpHUIlbl HHIMACHTHOCTH M MaTPHIBl CMEKHOCTH?
Kak HaliTH MUHHMAaIILHBIH OCTOB JiepeBa’?

10 Kak naiitu xpaTtuaiiiee paccrosnue B rpage?

CoNoO~wWNE



IIpakTuyeckas padora Ne6 «CocraBiaenne cucteM ypaBHenuii Koamoroposa. Haxoxxaenue
(puHaNbHBIX BeposiTHOCTel. HaxokaeHne xapakTepucTHK MPOCTEHIIMX CHCTEM MAacCOBOT0
00Ccay:KNBAHUS»

Lens padoTbl: 0TpaboTaTh M 3aKPENHUTh YMEHHS COCTABJIATH CUCTEMBl ypaBHEHHIA
KommoropoBa, orpabotaTte M 3aKpenuTh YMEHUS HAXOIWUTh (UHAIBHBIE BEPOSTHOCTH, OTPabOTaTh U
3aKpENUTh YMEHUS OIpeienTe OCHOBHBIE mokazarenn CMO.

KpaTkas Teopust

MapkoBckuii cjiy4yaiHblil npouecc

[TocTpoeHne MaTeMaTHYECKUX MOJENIeH B YCIOBUSX HEONPEISNCHHOCTH - OYCHb CIIOXKHAs WIIN
HEBBIMOMHUMAs 33iava. JIMmib JUIs  HEKOTOPBIX — YHPOUICHHBIX CIy4aeB MOXHO THOCTPOHMTH
MaTeMaTHYECKYIO MOJIEIb.

Cremyet pa3nuyarh /1Ba BUIA HEONPEICICHHOCTH:

®  BEPOATHOCTHBIC XapaKTEPHUCTHUKH JINOO M3BECTHBI, THOO MOTYT OBITH MOJYYCHBI B PE3YJIbTATE

JKCIIepUMeHTa. Takas HeolnpeJeICHHOCTh Ha3bIBACTCSI CTOXACTHYECKOU, U JUIsl OOJIBIINHCTBA
O00OBEKTOB, COJCPIKAIMX TaKyl HEONPEACICHHOCTh, MOXHO MOCTPOUTH MAaTEeMaTHYCCKYIO
MOJIeJb, HAIPUMEP BBIXOJ U3 CTPOsi 000pYAOBAHMUS, IPUXO HOBOTO KIIMEHTA U T. 1.

® BEPOSATHOCTHBIC XapaKTEPHCTHKH ONPEIETUTh HEBO3MOXKHO. B 3TOM ciydae 3amaqy MOXKHO

MOMBITATBCS PEIINTh C TMOMOIIBIO 3KCIEPTHBIX OLCHOK, HO pe3yJabTaT OymeT BecbMa
MPUOIM3UTENHLHBIM, HAPUMEP, KAKOBBI Oy YT MOJEIH KEHCKOH OJICKIbI Yepes MATh JIeT?

CTporyro MaTeMaTH4ecKyl0 MOJENb C AHAINTHYECKUM BBIYHCICHHEM BCEX HHTEPECYIOUIHNX
BEJIMYMH MOYKHO IIOCTPOHMTH TOJIBKO B TOM CIIydae, €CJIM CIy4alHBIH IPOIeCC HOCHUT MapKOBCKHI
XapakTep.

Ciygaiinblii mporiecc OyneT MapKOBCKHM, €CIIH BEpPOSITHOCTHBIE XapaKTEPUCTHUKH IIpoIiecca B
MOMEHT BPEMEHHM ! 3aBHUCAT TOJBKO OT TEKYIIETO (HACTOSIIEr0) COCTOSIHHUS Mpolecca B 3TOT MOMEHT
BPEMEHHU 1 1 HE 3aBHCST OT TOTO, KaK (KaKUM CIIOCOOOM M KOT'Jia) pacCMaTPHBAEMBIii ITPOLIECC Mepelies B
TEKYIIee COCTOSIHUE.

W3 Bcero MHOrooOpas3usi MapKOBCKUX MPOLECCOB XOPOIIO W3YyYEHBI U MPEACTABIAIOT OOJBIION
IPAKTUUECKUH HHTEPEC MAPKOBCKUE CAYUAlHble RPOUEcchl ¢ OUCKPEMHBLIMU COCHOAHUAMU U
HenpepoviGHLIM 6PEMEHEM.

[Tox MUCKPETHBIM COCTOSIHUEM OyeM MOHHMATh, YTO MPOIECC MEPEXOIUT U3 OJHOTO COCTOSHHUS
B JPYroe CKaykooOpa3HO 3a OYCHb KOPOTKOE BpeMs (IMPAKTHYECKH MIHOBEHHO), M KOJWYECTBO 3THX
COCTOSIHUH N3BECTHO ((PUKCHPOBAHO).

[Tox HenpepbIBHBIM BpeMeHEM OyjaeM MOHMMATh TaKoe, MPU KOTOPOM IIEPEXOj M3 OJIHOTO
JOIYCTUMOTO COCTOSIHUSI B JIPyroe JOIMYCTUMOE COCTOSIHUE HPOUCXOIHMT B TPOU3BOJIBHBIE MOMEHTHI
BPEMEHH, T. €. 3apaHee He ONpe/Ie/ICHHbIE.

ITomoku coévimui. OIHOPOIHBIC COOBITHS, CIIEAYIOUIME JIPYr 3a IPYroM B MPOHM3BOJIbHBIC
MOMEHTBI BPEMEHHU (CJIydaifHO), Ha3bIBAIOTCS IOTOKOM COOBITHH (MJIM BXOJHBIM HOTOKOM 3asBOK).
[Ipumepamu MOTOKOB COOBITHH MOTYT OBITB: HMOTOK IAaCCa)XMPOB B aBHAKacce, MOTOK IMOCETUTENeH
NapUKMaxepcKol, MOTOK OTKa30B TEXHUYECKOrO YCTPOMCTBA M T.H. 37€Ch MO COOBITHEM MOHHMMACTCS
(akT mocTyruieHus 3asBOK Ha 00pabOTKy (IPHUXO/1 MOKyNaTelsl, HAINYNE 0TKa3a TEXHMYECKOTO CPEJICTBA,
NOCTYIUIEHHE TeJe(OHHOTO BHI30BA U T..I.), @ HE Pe3yJbTaT ero o0paboTKH (KaK 9TO paccMaTpUBACTCS B
Teopuu BeposTHocteil). I[loaToMy B cHCTeMax MacCOBOIO  OOCIYXKHMBaHHS BEPOSTHOCTHBIMH
XapakTepuUCTUKaMK OyeT 00J1aiaTh He OT/AEIBHOE COOBITHE, & HHTEPBAJl BPEMEHH.

VIHTEHCHBHOCTBIO 7  IOTOKA COOBITHII HA3BIBAETCS CpeIHee YHCIO COOBITHH 3a EIMHUILY

BpeMeHU. VIHTEHCHBHOCTh A MoKeT GBITb KaK 4HCIOM TOCTOSHHBIM (KOHCTaHTOM), TaK M BEJIUYHHOM,
3aBucsIei ot BpeMenu t. Hanpumep, KOIM4eCTBO MaccaXXMpPOB B TOPOJACKOM TPAHCIIOPTE B «UaChl MUK
PE3KO YBEITMUUBAETCS 110 CPABHEHUIO C IPYTHM BPEMEHEM CYTOK.

POuHANbHBIE BEPOATHOCTH COCTOSTHUI

BYZIGM paccMaTpuBaTh MapKOBCKHUE IMPOLECCHI C TJUCKPETHBIMU COCTOAHUSAMU H HEIIPEPBIBHBIM
BpPEMEHEM.

Ilpumep 1 : TexHUYECKOE YCTPOHCTBO COCTOUT M3 TPEX Y3J0B U B JIOOOH MOMEHT BPEMEHHU
MOKET HaXOJIUTHCS B OJHOM W3 BOCBMH COCTOSIHHH (pHcC. 1).



Puc. CocTrosHus TEXHHYECKOTO YCTpOHCTBa \

Bo3MokHBIE COCTOSIHUSL yCTPOMCTBA TAKOBBL:

So — Bce TpH y3J1a UCTIPaBHbI;

Si— TepBBIf y3€ HEeUCIIPaBeH, BTOPOU M TPETHI UCTIPaBHEI,

S> — BTOPOIi y3ei1 HeUCpaBeH, MePBhIA U TPETHI UCIIPABHEI;

Sz — TpeTuil y3en HeHCIIpaBeH, ePBHIN U BTOPOI UCITPABHEI;

S4 — TepBbId U TPETHH Y3716 HEUCTIPABHBI, BTOPOW HCIIPaBEH;

S5 — BTOPOI U TPETUH y311bl HEUCTIPABHBI, IEPBBIN UCIIPABEH;

Se — mepBbIil ¥ BTOPOH! y3J1bI HEMCIIPABHBI, TPETHI HCIIPABEH;

S7— Bce TpH y371a HEUCITPABHBI.

PasmeuennbM rpadhom OyzeM cuuTath Takoi rpad, y KOTOPOTO CTpEeNKaMH YKa3aHbl MePEeX0Ibl
U3 OJHOTO COCTOSIHMA B JIpYroe, a psAJOM CO CTpENIKOM yKa3aHa MHTEHCHUBHOCTh Nepexoja. bynem

pas3InyaTh 1B€ HHTEHCUBHOCTH — HPSAMYIO An o6paruyio £ .
A
Torma Aoy U ~® — MHTEHCHBHOCTH MOTOKOB OTKa30B COOTBETCTBEHHO IEPBOT0, BTOPOTO M

TPEThEro y3IIOB, a MMy g M5 c00TBETCTBEHHO MHTEHCHBHOCTH TIOTOKOB BO3BPATOB (PEMOHTOR)
Y3JI0B.

Ecnmu 1yt peMOHTa KaJ0To y371a UMEETCsl OT/IENbHBIN CIIEIHAINCT, TO CpellHee BPEeMsl PEMOHTa
KaXJIOTO y3J1a €CTh BEIMYHMHA MOCTOSHHASL M HE UMEET 3HAYCHUS, OJIMH WM HECKOJIbKO Y3JI0B BBIILIH W3
CTpOS.

Ha ocHOBe mocTpoeHHOro pa3MedeHHOro rpada (cM. puc. 1) co3gaaguM MaTEeMaTHYECKYIO
MOJICTIb.

Hame TexHu4eckoe yCTpOWCTBO B COOTBETCTBHM C TNOCTPOSHHBIM rpadomM B JTHOOOH MOMEHT
BPEMCHU 6ylleT HaAXO0OUThCA B OJHOM M3 BOCBMH BO3MOXHBIX cocroganii. O003HAYNM BEPOATHOCTH
KaXmoro i-ro coctosaus Kak pi(t), Torma

>p0 =1,

Jna ompeneneHus BEPOATHOCTH KaXKAOTO COCTOSHUS TEXHHYECKOTO YCTPOWCTBA COCTaBHM
COOTBETCTBYIOIIKE UG PepeHIANbHBIE YPABHEHHS:



dpl(t)
T:%Po + Pyt o ps — (1 + A, + 4) Py
dpz(t)
T: 200+ M Ps + o5 — (1, + 24+ 25) P,
dps(t) :
T=ﬂgpo + 1y Ps + oy — (g + A4+ 4y) Ps;
dp4(t) .
T=ﬂ¢p3 + APy + 1y p; = (i + s + A,) Py
dps(t) .
T:/ulp7+/12p3+ﬂ’3p2_(ll+lu2+/u3)p5’
dpe(t) :
T:ﬂipz+/12p1+,u3p7_(,u1+/u2+2’s)p6'
d, () |
T:ﬂqps+ﬂzp4+ﬁ?p6_(ﬂ1+ﬂz+ﬂ3)p7’
dpo(t)

dt = Py + 1y Py + papy = (4 + 2, + 25) P

Ora cucremMa aud¢epeHIHaNbHBIX  YpaBHCHHH  Ha3bIBAeTCsS  CHCTEMON  ypaBHeHMii
KoumoropoBa. Meem cuctemy K3 BOCBMH JHHEHHBIX Aud(depeHINaIbHbIX YPaBHEHHH C BOCEMbBIO
HEW3BECTHBIMH. V3BECTHO, YTO CyMMa BCEX BEPOSTHOCTEH paBHA €MHUIIE, T. €.

Po +P1 +P2 +P3 +pa +ps+pe +p7 =1

Takum oOpazom, nr000e M3 ypaBHEHH, BXOJSIIEE B CHCTEMY YPaBHEHHH, MOXKHO 3allHCaTh,
UCTIONIBb3YS MOCIICAHEE yPaBHEHNE, U HATH 3HAUCHHS BEPOSTHOCTEH JUTS KaXKIOTO COOBITHSL.

[ns _obnerdenus mporecca cocraBieHHs AU GEepeHIHANGHBIX YPaBHEHHH MOKHO NPUMEHHUTH
clielyIolee MPaBuiIo:

B nesoti wacmu xasxcoozo ypasHnenus cnedyem 3anuUCamv HPOU3BOOHVIO BEPOSAMHOCHU 2-20
COCMOSAHUA YCMpolUcmaa.

B npasoii yvacmu cymma npouseedenuii nomoka cobvimuil, 6X00AWUX 6 meKyujee cocmosHue,
VMHOMNCEHHASI HA BEPOMHOCMb COCMOAHUSA, U3 KOMOPO20 UCXOOUM HOMOK, MUHYC CYMMAPHAS
UHMEHCUBHOCb  UCXOO0SUWUX  NOMOKO8 COObIMUL U3  TeKYWe20 COCMOSHUSL, ~VMHOJNCEHHASI HA
BEPOSAMHOCTb MEKYULe20 COCMOAHUSL.

lim Pi (t) =h

Ecnu ¢puHaIBHBIE BEPOSTHOCTH CYIIECTBYIOT: 2% npui=123, ..,n,

n
Z pi =1.

TO X cyMMa Oy/eT paBHa eIMHUIIE: i=1

DuHATBHBIE BEPOSTHOCTH MOKA3hIBAIOT, KAKOE CpelHEe BpeMsl YCTPOHCTBO OyJeT HaXOAUTHCS B
KaXI0OM cOCTOsIHUU. DHHABHBIE BEPOSITHOCTH HAaXOIATCA U3 cUcTeMbl AuddepeHnanbHbIX YpaBHEHNH,
€CJIM UX TpaBbI€ YaCTH NMPUPABHATH HYIIO.

Pemenne cucremns! ypaBHenuii Kosimoroposa

3amaauM YUCIICHHbIE 3HAYE€HHUsI MHTEHCUBHOCTHU IIOTOKOB COOBITHH 115 ipuMepa 1:

=1 Ao=2; As=1; ],l1=2; u2=4; ],l3=2.

[IpupaBHsieM JeBble YACTH YPABHEHUI CUCTEMBI HYJIIO .



0=APo+ 3Py + 11,05 — (py + 2, + 43) P
0=2,P0 + H3Ps + 1105 — (1, + A4 + 43) Py
0="2AP0 + 1y Ps + 115 = (13 + A4 + 4,) Ps;
0=Ap;+ 4P+ 107 — (1 + 13+ A5) P
0=y14p; + 4,03+ 40, — (4 + 1, + 143) Ps;
0=A4p, +4, P+ 130, — (14 + 1, + A5) Ps;
0=p4P,+ 1P, + t305 = (A + 4, + 23) Po;
P+ P, + P3+ Pyt Ps+ P+ P+ P =1

Bropoii (oTpHLaTENbHBIN) YIEH KaXKI0r0 BBIPAKEHHUS IIEPEHECEM B JIEBYIO YacCTh
Pu(ts + A, + A3) = A Po + 15 Py + 15

P, (16, + 4+ A5) = A, Pg + 13 Ps + 1406

Ps(tts + A+ 4,) = 43Py + 1, Ps + 14 P4

P (t + 1+ A)) = APy + APy + 175

Ps (A + 1y + 1) = thp7 + 2,03+ A3 055

Pe (4 + o + A3) = 4Py + A Py + 137

Po(A + A, + A5) = 14Dy + 14, P, + a5

P;=1-Po—P— P, — Ps— Py~ Ps— P

[ToxcraBuM KOHKpETHBIC 3HAUEHNS (YKa3aHHBIE BBIIIE) MPSMBIX M OOpAaTHBIX MHTEHCHBHOCTEH
p,(2+2+1) =1p, +2p, +4p,;

P,(4+1+1)=2p, +2p; +2p,;

P,(2+1+2)=1p, +4p; +2p,;
p,(2+2+2)=1p, +1p, +4p,;

Ps(1+2+4)=2p, +2p, +1p,;
Pe(2+4+1)=1p, +2p, +2p,;
Pol+2+1)=2p, +4p, +2p,;

P; =1-Py =Py =P, = P3s— Py — Ps — Pe-

[Nocne BeIMoNHEHNST ApUPMETUIECKUX ACUCTBUHA TOTYIHM:
5p,= Py +2p, +4ps;

6p,=2p, +2p5 +2p;;

5p,= P, +4p, +2p,;

6p,=py+ P, +4p;;

1Ps=2p; +2p3 4 Py,

1pg=P, +2p,+2p;;

4py=2p, +4p, +2p;;

Pr=1-Po—Pi=P,=Py—Ps—Ps— Ps.

1 2 4
Pr=—Po+—=Ps+—-Pg
W3 mepBoro ypaBHEHUS BBIpa3suM S S S U TOACTAaBUM €ro B OCTaJbHBIE
YpaBHEHHS:



6p2:2p0+2p5+2p6;
5[33: po+4p5+2p4;

28 1 4
FLGLR ALY

7p5= p2+2p3+2p7;

7 2 4 _
7pe=gpo+gp4+ p2+2p7’
48 4 8

Ep[):gpzl "’gpe +4p2 +2p3;

p_l_gp_p_p_zp_p_gp
7 5 P07 P TP PP e e

1 1 1
P2 :§p°+§ p5+§ Pe
AHaJIOTHYHO BBIPAKaeM Y MOJICTABJIIEM B OCTABIIMECS YPaBHEHHS U
HOJTyJaeM:

5p3= Py +4p5 +2p4;

28 1 4
Epf p3+4p7 +g Ro "‘gpel

20 1 1 )
?pszgpo +§ Ps +2p3+2p7,

79 11 4 1 )
Epszﬁpo"'*plt"'*ps"'zpw

5 3
%p0=2p3+ﬂp4 +ﬂ Ps +ﬂ Pss
15 5 37 15
P, =1_§po_ P.- ps_zp4_ip5_gp5'
15 53 1B

Py =Pt Pt o
Bripaxaem P50 570 57°

26 2 4 4
Ep4:gp0+gp6+4p7+gp5,
% U 1 4
Ep5=ﬁpo+§P6+2p7+gp4,
"1 1

56 15 3
20 8 44 M

%p0:§p4+ﬁp5+ﬁp6a

p =1—§p —gp —¥P —¥P-
771570 574 1575 1576

" IOACTAaBJIACM B OCTABIIMECS YPABHCHUA U MTOJTydacM:

4 20
p0+gp4+ p5+ p7l

1 2 2 10
Pa __p0+l_p5+_p6+_p7

N3 mepBoro BBIpaKEHHUS BBIPA3UM 13 3 13 13 U TOJACTaBUM B
ocrtapmuecs ypaBHeHus. [locnie BbmonHeHns mpeoOpa3oBaHu TIOTYUNM:



964 3l gl 18
13155 31370 "1+153 "6 ' 13
310 178 88
p6=ﬁpo+ﬁp5+ﬁp7:
15 15 60
pf@%*‘%p(ﬁ@p?,
BB % %
TR R

P

- SO

I/I3 nepBoro ypaBHCHI/IH BBIpa3I/IM '05 964 ° 964 ° 482 ! U nmoACTaBUM B OCTaBIIMECSA
ypaBHCHI/ISII
54405 1414042
Pe= 512671 P° " 814671 P
54405 33230
Po=gaa97 Pe " 9az07 P7
. 6266 42471 49491

P7 =7o172 57516 P° 57816 PO

W3 nepBoro ypaBHeHUs Ps g ocrasimecs YpaBHEHUS:
1737245367 0 _

Po= 3701203073 1 "

p, = 0,2845 —0,6927 p,.

W3 nepBoro ypaBHEHUs Po TOJACTAaBUM B OCTaBIINECS YPABHEHHUS:
p, = 22 0514,
p, =0,2845 +0,6927 *0,4697 p, 1,3254

OmnpenenuM OCTaJbHBIE BEPOSITHOCTH, IIOACTAaBIIAS MOJIYYEHHBIE PE3YJIbTaTbl B 0OpaTHOM
MopsAKe

Po= 0,46940 *0,21146=0,1007;

Ps=0,06678 *0,107 +0,1731 *0,2146=0,04387;

Ps= 0,1608*0,1007+0,09232*0,04387+0,2801*0,2146=0,08035;

P4=0,07692*0,1007+0,1538*0,08035+0,1538*0,04387+0,7692*0,2146=0,08035;

Ps=0,2*0,1007+0,8*0,080035+0,4*0,1853=0,1585;

P»=0,3333*0,1007+0,3333*0,08035+0,3333*0,04387=0,07498;

P,=0,2*0,1007+0,4*0,1853+0,8*0,04387=0,1294.

Brimonaum nposepky. CymMMa BEpOSITHOCTEH BCEX COOBITHH JTOJKHA OBITH paBHA €IUHUIIC.

Po+P1+patPst+patps+ps+pr=1

0,1294+0,07498+0,1585+0,1853+0,08035+0,043870+0,04387+0,1007+0,2146=0,9877

[lomyueHHbIN pe3ynbTaT MEHbIIE €IUHHUIBI, TaK Kak 3HAu€HHe KaxJ0i BEepOsSTHOCTH OBILIO
OKPYTJIEHHO.

CMO. OcHOBHBIC IOHATHS.

C cucremamu maccoBoro oocnyxuanusi (CMO) mpuxoauTcsi CTaIKUBATHCS 0UYEHb Y9acTo. DTO U
paboTa TeneOHHON CTaHIMH, M Pa3JIMYHbIE Ouepeau (Ha aBTO3alpPaBKe, B MOJMKIMHUKE, B OMJICTHOU
Kacce U T.J.), padoTa HEKOTOPBIX OpraHu3aluil (Mara3uHbl, MacTEpPCKHE, TaPUKMaxepCcKue u T. 11.).

Kaxngas CMO uMmeeT Kak MUHUMYM TpHU 3JIEMEHTa: OOCTYXHBAIOIIMA WHCTPYMEHT (CTaHOK,
Kacca, KaHall CBSI3W W T. JI.), KOTOPBIH B JaJIbHEWIIeM OyJieM Ha3bIBaTh KaHAJIOM OOCIYXKMBaHUS WIIH
NPOCTO KAHANOM; 6XOOHOU NOMOK, T.€. TIOTOK 3asiBOK, MOCTYMAIOIMIMX Ha OOCIY)KUBAHHE; BbIXOOHOU
nOmoK, T.e. 3asiBKH, BbimoHeHHbIe CMO (0o0ecniedeHHbIe yCIyTron).

Kaxnas mocrynuBmas 3asBka M mpuHATas Ha oOciyxuBanue BHyTpu CMO ob6pabartbiBaeTcs
HEKOTOpOE BpEMSsi, Ha3bIBaEMOE epemenem odcaycusanusi — tos. Bee 3aiBKM MOCTYNArOT CiydailHBIM
00pa3oM M He3aBUCHMO APYT OT Japyra. bynem paccmarpuBarh npocTeni ciayvail: B KaXXIblii MOMEHT
BpPEMEHH MOJKET MOCTYIHTh TOJBKO OjHA 3asBKa. Ciydau MOCTYIUICHUS JIByX W OoJiee 3asiBOK B OJMH H
TOT K€ MOMEHT BpEMEHH HE€ paccMaTpuBaloTcsi. Takum o0pa3om, B HEKOTOPHIE MOMEHTHI BPEMEHHU
MOCTYIUBILIKE 3asBKU OynyT ckarumBaThes Ha Bxoae CMO u oxxuaats cBoeil 00paboTku 1100 MOKUIATH




CMO neobcny)eHHbIME. B apyrue MmoMmeHTH BpemeHH CMO MOXET IpOCTanBaTh, T. €. HC HMEThH 3asBOK
Ha 00CITy)KMBaHHE.

I'padux pabotst CMO mpencrasisier coboi crymeHuaTylo (yHknmio, T. €. coctossane CMO
M3MEHSIETCS] CKauK00Opa3Ho.

[Ipu monmenmmpoBarmu padoTer CMO craBUTCS 3a/mada CBSA3aTh TEXHUYECKHE XapaKTePUCTHKH
CMO,

[To crioco0y dyrkironupoBanust CMO MOTYT OBITS:

® OTKPBITBIMH, T. €. TIOTOK 3aIBOK HE 3aBUCHUT OT BHyTpeHHero coctosans CMO;

* 3aKPBITBIMH, T.€. BXOJAHON ITOTOK 3aBHCHT OT cocTossHusl CMO (ogumH peMOHTHBIH pabounii
o0cCITy>KMBaeT BCe KaHAIIbI IO MEpPE UX BBIXOJA U3 CTPOS).

Onnokananbusie CMO ¢ oTkazamu

[pu m3yuennn CMO ucrionb3yeM CIIeAYIONUe MPEeAoI0KEeHHUS:

1. BxoaHO# MOTOK SIBIISIETCS ITyaCCOHOBCKUM C IAPaMETPOM A.

2. Bpewms obcimyXkuBaHUS TOTYUHSIETCS SKCTIOHEHINATLHOMY 3aKOHY € ITapaMeTpoM A:

0, ecnmt < 0;

F(t)= -At
l-g ,ecntz0
3. Bpewms oOciyxuBaHus TpeOOBaHUS HE 3aBUCUT OT KOJIMYECTBA TPEOOBAHUIA, MOCTYMUBIIUX B
CUCTEMY.

Takas cucteMa B 1000i1 MOMEHT BpeMEHHU t MOXKET HaXOAUTHCA B OJTHOM U3 JBYX COCTOSHUM:

Eo — B cucteme 0 TpeboBanmii (cucrema cBOOOIHA);

E1— B cucteme 1 TpeboBanue (cucTema 3aHATa).

Hanee Mbl Oy/1eM HaXOAUTh BEPOSITHOCTH:

Po — cuctema HaxoguTcs B cocTosSHUU Eo;

P; — cucrema Haxonutes B coctosHuu Eq.

HauwnHast ¢ HEKOTOpPOTr0 MOMEHTa BPEMEHH, BEPOSITHOCTh Po(t) mepectaeT 3aBrceTh OT BpEMEHH U
CTaHOBHTCS IIOCTOSHHOM; MOCTOSIHHOHM OyneT u P1(t). DTn BeMUUMHBI paBHBI COOTBETCTBEHHO

Po = WA+, P1 = 1-Pg = A/A+p.

B Takux ciydasx rOBOpST, YTO B CUCTEME YCTAHOBHJICS CTAIlMOHAPHBIN PeKUM paboThl. Byaem
HaXOJUTh KO3(Q(UIIMEHT 3arpy3Ku CUCTEMEI 110 hopmyIie

¢ = P1/Po =M.

HamomanM, 9to A — cpemHee dYmcino TpeOOBaHWM, MPHOBIBAIOIINX B CHUCTEMY 3a EIHHUILY
BpPEMEHH, |l — CpeTHEE YHUCIIO 00CTY)KEHHBIX TPeOOBaHUH.

BepositHOCTH 3acTaTh crucTeMy CBOOOIHOM 1 3aCTaTh €€ 3aHATON, COOTBETCTBEHHO PABHEI TETIEPh

Po=w(+p) = 1/(AMp-1) = 1/(9+1), P1= 0/(p+1).

ScHo, uTo Yem Gonblre K03)OUIMEHT 3arpy3Ku, TeM 0OJIbIIe BEPOSITHOCTh OTKa3a CUCTEMBL. JTO
HE BBITOJIHO MOTPEOHTENIO (HO BBIFOJAHO OPraHM3aTOPy CHUCTEMbI, HOO Maja BEpPOSITHOCTH MmpocTos Po).
Ecnn ymeHpIINTh KO3(GHUIUEHT 3arpy3KH, TO YMEHBIIUTCS BEpOSTHOCTH oTKaza CMO (3TO BBITOAHO
MOTPEOUTEINI0), HO YBEIIMYUTCS BEPOATHOCTH MPOCTOS (UTO HE BBITOJHO OPraHU3aTOpaM CHCTEMBI). MBI
HMEEM J€JI0 C IHPOTHUBOIIOJIOXHBIMHU TCHACHIUAMU H, CJICA0OBATCILHO, HCO6XOIII/IMO pelaTth 3aaavyu
ontuMH3anuy pexxuma padorst CMO.

Onnokananbubie CMO ¢ o:xxuaaHuemM

Takue cucTeMbl MPH yCIOBUH, YTO HET OTPAaHWUYCHHUN Ha JJIMHY OYepeld, UMEIOT OecUrCIeHHOEe
MHOKE€CTBO COCTOSIHUIA:

Eo, E1, Eo, Eg, ...

Eo — B cucteme 0 TpeboBanmii (cucrema cBo0OIHA);

E1— B cucteme 1 TpeboBaHue (CUCTEMa 3aHATA);

E> — B cucreme 1 TpeboBanue, u 0JTHO TpeOOBaHHUE OKUIAAET B OUEPEIH;

Es — B cucreme 1 TpeboBanue, u ABa TpeOOBaHMS OXKHUIAIOT B OUEPEAN U T. II.

J1a HaX 0K JIEHUS BEPOSITHOCTEW MCTIONIB3YETCs CleAyromas popmyna:

Po=1-¢, ¢ = M.

CnenoBateinbHO,

Pc=(1-9)0" k=1,2,....

Ycnosue ¢ > 0 sBiseTcss HEOOXOAMMBIM U JOCTATOYHBIM JIJIS HAJTMYUS CTAITMOHAPHOTO PEKUMA
paboThI CUCTEMBI.

NuTepecHo 3HaTh, TOYEMY CTAIMOHAPHBIN PEXXUM CYIIECTBYET TOIBKO MPH 3TOM yCIOBHU?

DTO yCIIOBHE O3HAYAET, YTO CpeAaHee duciio TpeboBaHuil, moctynuBmux B CMO, MeHbIne, 9eM
MHTEHCHBHOCTb CaMOT'0 OOCIYXKHBaHUS; IO3TOMY CHCTEMa yCIeBaeT pUTMUYHO paboTarh. Tenepsb sCHO,
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MoYeMy CUCTeMa He MOXET paboTaTh IPH YCIOBHH, KOTIa KO duImeHT 3arpy3ku 6omibie 1. Ho mouemy
HET YCTAaHOBHBIIIETOCS PeXUMa, Koraa kodddummenT 3arpy3ku paseH 1? Bems B 3TOM ciydae, CKOJIBKO B
cpeaneM TpeboBaHuii nmoctynaer B CMO, cTronbko B cpeiHeM U oOcimyxuBaercs. OqHako TpeOOBaHUS
MOCTYMAOT B CHCTEMY HEPaBHOMEPHO, W BpeMs HX OOCIyKMBaHHSA TOXKe KoJeOJeTcsi, TaK Y4TO MOTYT
OBITh W MPOCTOM, U MEperpy3ku. BOT Mo3ITOMY TpH TAaKOM YCIIOBUU HE MOJACPKUBACTCS CTAIHOHAPHBII
PEKUM.

Ioacuer cpeqHNX XapaKTEPUCTHK

[Ipu m3ydernn CMO BakHEHIINMU SBISIFOTCSI CpeIHUE 3HAUSHUS (MaTeMaTHYeCKUe OXKHUIaHS)
TaKUX CITyYaiHbIX BETUYWH:

N — KOJIMYECTBO TpeOOBAaHUI, HAXOSAIIUXCS B CUCTEME;

V — JUTMHA OYepe.iy;

W — BpeMsl OXKHUJIaHHS B OUCPE]IH.

Hwxe nx Gpopmymsr:

n = ¢/(1-9);

v =¢l(1-9);

w = [@/(1-@)]*[1/u].

ITpumep

HHTEHCHUBHOCTh TIOTOKA aBTOMOOMJICH, MOCTYMAIONIMX HA MOCUYHYIO CTAHIMIO (OJHOKaHATbHAS
CMO) — 4 aBTOMOOWISI B 4ac, a MHTEHCUBHOCTh OOCITyXHBaHHUA — 5 aBTOoMOOMIeH B yac. [Ipenmomnaras,
YTO CTaHIMs paboTaeT B CTAIMOHAPHOM PEXUME, HAUTH CpeHEe YUCIO aBTOMOOWIICH, HAXOSIIUXCS Ha
CTaHILUH, CPEAHIO0 JIHUHY OUYEPe U CpelHee BPeMsl OXKHUIAaHHUS 00CTYKUBAHUSI.

Pewenue

OnpenenseM KO3QQHUIMEHT 3arpy3KH CUCTEMBI:

¢=Mpn=0,8.

Jlanee, UCTIONB3ys U3yUYCHHBIC BhIIIE (hOPMYITBI, BEIYUCISEM BCE TPeOyeMbIe XapaKTePUCTHKH:

n=0,8/(1-0,8) = 4;

v=4*0,8 =3,2;

w=4/5=0,8.

Muorokanaiabusie CMO ¢ oTkazamu

Crenaem clieayroIIue NPeArnoa0KeHUS OTHOCUTEIFHO TAKIMX CUCTEM:

e  BXOJHOU MOTOK MYaCCOHOBCKU;

e  BpeMs 00CITY)KUBAHUS PACIPEIEIICHO 0 SKCIIOHEHIINATBHOMY 3aKOHY;

e  BpeMs 00CITYKMBAaHUS HE 3aBHCHUT OT BXOJHOTO ITOTOKA;

e  BCE JIMHUU OOCITY)KUBaHUS pa0OTAIOT HE3aBUCHMO.

Bynem cumraTh, 4TO CHCTEMa COAECPKUT HEKOTOPOE KOIWYECTBO JMHHMA 0OcmykuBaHUsS S. OHa
MOXET HaxoAUThCs B cocTosiHUAX Eo, E1, Eo, Es, ... Es. Pacu€T nepexoaHbix BEpoATHOCTEN MOKa3bIBACT,
YTO U3 KaXJI0T0 M3 CBOOOJHBIX COCTOSHHUM CHCTEMa MOXET MEPEXOJUTh B COCEIHEE COCTOSIHUE, JTUOO B
TaKoe e, B KakoM ObLa.

JIJi HaX 0K JIEHUS] BEPOSITHOCTEH UCTIOB3YETCs CIIeyromas popmya:

P =@ k!*Pg, g =M, tne k=1, 2, ...

5
>P pp-1
Tak Kak cymMMa BceX BEpOSITHOCTEH cocTaBisieT 1, To k=n k!
Otcrona cienyoT GopMyIIbL: .
pﬂ=ﬁj F‘n=%,r‘|—ﬂ,l,&
e ! Z e
k=n k! t=n k!

VBenuuenue kodhGUIMEeHTa 3arpy3KH CHCTEMBI BEIET K YBEIHYEHHIO BEPOSTHOCTH OTKa3a
CHUCTEMBI. DTO HE YCTpauWBaeT MOTpeOuTeNeil. Y MEHbIIEHHE BEPOSITHOCTH OTKa3a CHCTEMBI MOXKET OBITh
JIOCTUTHYTO 32 CYET YBEIUYCHUS KOJIMYESCTBA JTMHUN 00CITY)KHBaHUS.

OnHako pe3koe yBelIUYeHUE KOJINUeCTBa IMHUN HE yCTpauBaeT OpraHu3aropa, oTOMY 4TO BEeIET
K JIONOJHUTCIIBHBIM 3aTpaTaM Ha HpI/IO6peTeHI/Ie HOBBIX JHHHHI 06C.Hy>KI/IBaHI/I$I, U YBCIIMYUBACT
BEPOSATHOCTB MIPOCTOS JIMHUH. PacueT mokaspIBaeT, 4To CpeiHee YHCI0 CBOOOIHBIX IMHUIN 00CITYKUBAHUS

p = s-¢(1-Ps).

Tenepb SACHO, YTO IpHU CHIbHOM YBCIWYCHHU KOJIMYCCTBA JIMHUH OGCHy)KI/IBaHI/ISI, YBECJINYUTCA
CpeJIHEee YUCJII0 MPOCTaUBAIOIIMX JTUHUH.
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Takum 006pa3oM, Mbl UMEEM JIeJIO C JABYMsI IIPOTHBOIOJIOXKHBIMH TEHJICHIIUSAME. 3a/1a4a CBOIUTCS
K BBIOOPY ONTHMabHOrO BapuaHTa. C 3TOM 1eabio O0yaeM MUHUMHU3UPOBATh QyHKIHIO cTouMocTd CMO
— C(s). Ecniu yepe3 c1 Mbl 0003HAUUM CTOMMOCTH OJHOTO OTKa3a (OpraHu3aTop CHUCTEMBI IUIaTUT mTpad
3a KaXIbl OTKa3), a 4epe3 C2 — CTOMMOCTh MPOCTOSI OJHOW JIMHUM 32 €IUHHILY BPEMEHH, TO (QYHKIHS
CTOUMOCTH OY/IeT UMETh CIICIYIONIHNA BHI:

C(s) = C1APs+Cap.

Unu B pasBepHyTOM BHJe:

qg=qh—%gr+q@—mﬂ—&n
] Z—
k=0 k!

CHauana ¢ yBelWYeHHEM S OHa yObIBaeT, a 3aTeM pacTéT. Hama 3agaya coCTOMT B TOM, YTOOBI
HalTU €€ MUHUMYM.

IIpumep: Kakoe onTmManmpbHOE YHCIIO JHHUANA OOCTyXuBaHHS AobkHAa nMeTh CMO, ecnm
W3BECTHO, YTO

A=2,u=1,c1=5c=1.

Pewenue

¢=NMu=2,

C(S) = 5*2%25/s!(1+2+4/21+.. . +25/s1)+1*(s-2(1-Ps)),

P1 = o/(1+0) =2/3,

C(1) =5*2*2/1(1+2)+1(1-2(1-2/3)) = 7.

AHaJIOTMYHO UMEEM:

C(2) =4.8; C(3)=3,5; C) =31 C(5) = 3,44.

Takum o0Opa3zoMm, MUHUMYM (PYHKIMH CTOMMOCTH JOCTHUTAETCS TpH S = 4, T. €. ONTUMAIbHOE
YHCIIO0 TUHUN 00CTyKUBaHUS — 4.

Muorokanaiabubie CMO ¢ o:kuaanuemM

[IpenmonokeHus: OTHOCHUTEIIFHO CHCTEM, BBEJEHHBIE paHee, OCTalTcsi B cuie. l3ydenne
CHCTEMBI BEIETCS I10 OOBIYHON CXEME:

1. BBIICHAIOTCS BO3MOXKHBIC COCTOSTHHSI CUCTEMBI (316Ch X OECKOHEYHOE MHOKECTBO).

2. Haxopsrcs nepeMeHHBIE BEPOSTHOCTH.

3. CocraBnsieTcsi cUCTeMa YpaBHEHHWH UId HaxOXAeHWs Pk — BepoATHOCTeH mpeObIBaHUS
CHCTEMBI B KaK10M H3 CBOUX COCTOSTHUH.
Nzydaem cranmoHapHsIid peskum padotst CMO.
Haxopstcs Bce BepositHOCTH, yepe3 Po. Pesynbrar Takos:
s+1 T

o ks

2ok
Po = 1+kz=:1k! +5!{5—L|:-}|
6. Benércs mojcuer cpeHUX XapaKTEPUCTHK: j — CpeHee KOJWYECTBO 3aHSITHIX JTHHUN; q —
cpeaHee yucio cBoOOAHBIX MuHUI; P(W > 0) — BeposSTHOCTh OXXMIAHUS; V — CPEIHSS AJTUHA
ouepeu.

j=e; q=S-¢;

P(w > 0) = ¢**Po/s!(1-¢/s); v = ¢*Po/(s-1)!(s-¢)>.

IIpumep: OnpenenuTs 4YKCIO B3JIETHO-NOCANOYHBIX TOJOC I CaMOJETOB C yYETOM
TpeOOBaHUs, YTO BEPOSTHOCTh oxkuaaHusi P(w > 0) nomkHa ObiTh MeHbine, yeM 0,05. IHTEHCHBHOCTB
MOTOKA paBHA 27 TpeOOBaHHU B CYyTKH U HHTEHCUBHOCTH JIMHUHN 00cTykuBaHus — 30 caMOJNIETOB B CYTKH.

Pewenue

¢o=Mpn=0,9.

Hcnonb3ys npuBeeHHbIE BbIIIE (OPMYIIBI, UMEEM:

s = 1: Po = (1+0,9+0,81/(1(1-0,9)))* = 0,1, P(w > 0) = 0,9*0,1/(1-0,9) = 0,9;

s =2:Po=0,380, P(w > 0) = 0,276;

s =3: P, =0,403, P(w > 0) = 0,07,

s =4: Py =0,456, P(w > 0) = 0,015.

Taxum 00pa3om, HaI0 ycTpauBaTh 4 B3JIETHO-II0CAOYHBIE MOJIOCHL.

Bapuanr 1

1. TexHuveckoe YCTPOWCTBO COCTOMT U3 TPEX Y3JIOB M B JIOOOH MOMEHT BPEMEHU MOXKET

HaXOJIUTHCS B OJTHOM M3 BOCBMH COCTOSHUH (puc. 1).UucieHHble 3HaYeHUS] HHTEHCUBHOCTH
MMOTOKOB COOBITHI: M=2; Ao=2; A3=1; w1=4; u=4; us=2. Halinure QpuHambHbBIC BEPOSATHOCTH
COCOTOSIHUHM YCTpPOICTBA.
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NHTEeHCMBHOCTH  MOTOKAa  aBTOMOOWJIEH, IMOCTYMAlOIIMX HAa  MOEYHYIO  CTaHIIHIO
(omHokanampHass CMO) — 5 aBTOMOOMJIS B 4Yac, a MHTCHCHBHOCTH OOCIyXHBaHHI — 6
aBToMoOmieH B yac. [Ipeamonaras, 4To craHius pabOTacT B CTALIMOHAPHOM PEXKHUME, HAUTH
CpeIHEee 4YHCIIO aBTOMOOWIICH, HAaXOJMIIMXCS HA CTaHIMM, CPEAHIOI JUIMHY OYepeaud U
cpexHee BpeMs OXKHUIaHus 00CITyKHBaHUSI.

Kakoe ontumaiibHOE YMCIo JTHHUI 00cyxuBanus qomkHa nMeTb CMO, eciim A =3, =2, C1
= 4, C2=2.

OnpenenuTs 9rCiIo B3JIETHO-TIOCAIOYHBIX TOJIOC IS CAMOJIETOB C y4ETOM TpeOOBaHUS, UTO
BEpOSATHOCTH Okumanus P(w > 0) mommkHa ObITh MeHbIe, ueM (0,06. MTHTEHCUBHOCTH ITOTOKA
paBHa 28 TpeOOBaHUI B CYTKH W MHTCHCHBHOCTH JIMHUHN OOCITYyXMBaHHUS — 32 caMOJIETOB B
CYTKH.

Bapuant 2

1.

TexHUYECKOE YCTPOWCTBO COCTOMT W3 TPEX Y3J0B W B JIFOOOM MOMEHT BPEMEHU MOXKET
HaXOJUThCS B OJHOM M3 BOCBMHU cOCTOsHUIA (puc. 1).UuciieHHble 3HAYCHUS WHTCHCUBHOCTH
MMOTOKOB COOBITHIT: M=2; Ao=1; A3=1; w1=4; n=2; us=2. Halinure ¢puHambHbBIC BEPOATHOCTH
COCOTOSIHUI YCTPOUCTBA.

NHTEeHCMBHOCTH  TOTOKAa  aBTOMOOWIJIEH, IOCTYMAOIIMX HAa  MOCYHYIO  CTaHIIHIO
(omHokananpHass CMO) — 6 aBTOMOOWJIS B 4Yac, a WHTECHCUBHOCTh OOCIYXXUBaHHS — [
aBToMoOmieH B yac. [Ipeamnonaras, 4To cTaHIus pab0OTaeT B CTALlMOHAPHOM PEXKHUME, HAWTH
CpemHee YHCIIO aBTOMOOWIIEH, HaXOMIIMXCS HAa CTaHIMH, CPEAHIOI [UIMHY OYepend U
cpexHee BpeMs OXHUIaHUs 00CITy)KHUBaHWS.

Kakoe ontuManbpHOE YUCIIO JTUHUI 00cTyKuBaHus noinkHa uMetb CMO, ecmu A =4, u=2, c1
= 5, Co, = 2.

OnpenenuTs 9MCiIo B3JIETHO-TIOCAIOYHBIX TOJIOC IS CaMOJIETOB C y4eTOM TpeOOBaHUS, YTO
BEPOSTHOCTH Oxkuianusi P(w > 0) nomkHa ObITh MeHbIne, yeM 0,06. IHTeHCHBHOCTH MOTOKA
paBHa 30 TpeOOBaHMI B CYTKH M MHTCHCHBHOCTH JIMHUH OOCTyXHBaHHUsS — 34 CaMOJETOB B
CYTKH.

Bapuant 3

1.

TexHUYeCKOe YCTPOHMCTBO COCTOMT W3 TPEX Y3J0B W B JItOOOM MOMEHT BPEMEHU MOXKET
HaXOIWTHCA B OJHOM M3 BOCEMHU cocTosiHUM (puc. 1).UuncieHHbIe 3HaYCHUS WHTCHCUBHOCTH
MOTOKOB COOBITHI: M=1; Ao=2; A3=2; w1=4; u=4; us=4. Halinure QpuHambHBIC BEPOSTHOCTH
COCOTOSIHUH yCTpOMCTBA.

NHTEHCUBHOCT,  TOTOKAa  aBTOMOOWJIEH, TMOCTYMAIOIMIMX HAa  MOEYHYIO  CTaHIIHIO
(omHokananbHass CMO) — 4 aBTOMOOWJISI B 4Yac, a MHTCHCHBHOCTH OOCIYyXHBaHUI — D
aBTomoOwmneit B yac. IIpeanomnaras, 4to cranius paboTaeT B CTallMOHAPHOM pPEXHUME, HAUTH
CpeaHee YHCIIO aBTOMOOWIIEH, HAaXOMIIMXCS HA CTaHIUM, CPEAHIOI [UIMHY OYepelnd U
CpemHee BpeMs OKHIaHUs 00CTy>KUBaHWSI.

Kaxkoe onrtumanpHOE 9nciio MuHUE 00cmykuBaHus nommkHa nMets CMO, ecmu A =2, p=1, c1
= 3, Co, = 2.

OnpenenuTs YMCIO B3JIETHO-TIOCAOYHBIX TOJIOC ISl CaMOJIETOB C Y4ETOM TpeOOBaHUS, YTO
BEpOATHOCTb Oxkuaanus P(w > 0) gomkHa ObiTh MeHble, yeMm 0,08. IHTeHCUBHOCTB MOTOKA
paBHa 28 TpeOOBaHMI B CYTKH W WHTEHCHBHOCTH JIMHUH OOCTYyXHBaHHS — 32 CaMOJIETOB B
CYTKH.

Bapuanr 4

1.

TexHnyeckoe yCTPOHCTBO COCTOHWT W3 TPEX Y3J0B U B JIFOOOW MOMEHT BPEMEHHU MOXKET
HaXOJWUTHCS B OJHOM M3 BOCEMHU cocTOsHUM (puc. 1).UuciieHHble 3HaYeHUS WHTSHCUBHOCTH
MTOTOKOB COOBITHIT: M=2; Ao=2; A3=2; W1=2; n»=2; us=4. Halinure ¢puHambHbBIC BEPOSTHOCTH
COCOTOSIHUI YCTpOUCTBA.

VHTEHCHBHOCT,  TOTOKAa  aBTOMOOHWIJICH, TMOCTYMAOIMIMX HAa  MOEYHYI  CTAHIIHIO
(omHokananpHast CMO) — 8 aBTOMOOWJISI B 4Yac, a WHTEHCHBHOCTH OOCHyxkuBaHus — 9
aBTomoOwmieit B yac. [Ipeamnonaras, 4to cranius paboTaeT B CTAllMOHAPHOM pPEXHUME, HAWNTH
CpeHee YHCIO aBTOMOOMWIICH, HAaXOIAIIMXCS HA CTAHIMM, CPEAHIOK [UIMHY OYepead MU
CpeaHee BpeMsi OXHUIaHUs 00CITy)KHBaHUS.

Kakoe onrtumanbHOE YnCIIO TUHUE 00cTyKuBaHus noinkHa nMeth CMO, ecmu A =7, p= 8§, c1
=4, c= 2.

OnpeaeNnuTh YMCiI0 B3JETHO-IIOCAIOUHBIX TOJI0C JIJIsi CAaMOJIETOB ¢ YYETOM TpeOOBaHUs, YTO
BEpOATHOCTH Oxupanus P(w > 0) nomkHa ObiTh MeHbIe, yeM 0,06. THTeHCHBHOCTH TIOTOKA
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paBHa 18 TpeboBaHW B CYyTKHM W MHTCHCHBHOCTH JIMHUN OOCITY)KHBaHUSI — 22 CaMOJIETOB B
CYTKH.

KoHTpo/bHbIE BONIPOCHI:

[aiite onpeneneHne MapKoOBCKOMY ITPOLIECCY.

Kakue Tunbl HeonpeneaeHHOCTe BCTPEUarOTCA.

Jaiite onpenenenne MOTOKY COOBITHIA.

Kak cocraButh ypaBuenust Konmoroposa.

Kaxue sunsr CMO Brr 3naere?

[Ipu kakux MPeanoIOKEHHUIX U3ydaroTcs ogHokaHansHble CMO ¢ oTkazamu?

[Touemy crarioHapHBIN peXUM B OHOKaHAIBHBIX CMO ¢ 0XXHIIaHUEM CYIIECTBYET TOJBKO

pH ycioBuu ¢ > 0?7

8. Kakue cpennue xapakKTepUCTHKH MOXKHO paccuuTarh B ogHOKaHaIbHEIX CMO ¢ oxkuganueM?

NookrwdE
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IIpakTyeckas padora Ne7 «Pemenue 3aga4 MaccoBoro o0CJIy;kKMBaHUSI MeTOJAAMHU
HMHUTAIIHOHHOT0 MOJETUPOBAHHUS
Hens padoTbl: HayuyuThCS OIEHMBATH HAJAEKHOCTh MPOCTEMINMX cHcTeM MeTonoM MoHTe-
Kapno; Hayuntscs paccuntsiBath CMO ¢ oTkazamu MetogoM Monte-Kapio.
Kparkas Teopust

CyTh MMUTAIIHOHHOTO MO/IEJINPOBAHMSA

Hmumayuonnoe mooenuposanue — NoIyICHUE SKCIIEPUMEHTANBHON MHPOPMAIIMH O CIO0KHOM
00BbEKTe, KOTOpasi HE MOXKET ObITh IOJIyu€Ha MHBIM IIyT€M, KaK SKCIEPHUMEHTHPYS C €ro MOAEIbI0O Ha
[I9BM.

Kak octpoymHo mnoamerun IO. Amnep, coderaHue CIOB MMHUTAlUs M MOJAETUPOBAHHUE
HEIOIyCTUMO WU sBisAercs TaBrojorueid. Ho, paccmaTpuBas ucropuueckuil mporecc (HhOpMHPOBaHUS
9TOr0 TEPMHHA, MPHUIUIM K BBIBOLY, YTO 3TO CIIOBOCOYETAaHHE OIpPENENsIeT B MOIECIUPOBAHUU TaKyIO
001aCTh, KOTOpAsi OMHOCUMCA K NOJYHEHUIO IKCHEePUMEHMATbHOU UHPOPMAYUU O CTIOIHCHOM 0OveKme,
KOMOpAst He MOdicem Oblmb NOJYHUeHa UHbIM NYmeM, KaK SKChepumMenmupys ¢ e2o mooenvio Ha II3BM.

NmuTtanmoHHbIi  OOBEKT WMEET BEpOSITHOCTHBIM  Xapakrep (yHKIuMOHWpoBaHUS. Jlms
UCCJIEIOBATENS MPEACTABIIAIOT WHTEPEC BBIBOJBI, HOCSIIME XapaKTep CTaTHCTHYECKHUX IIOKa3aTelseH,
0QOpMIICHHBIX, MOKET OBITh, Ja’ke B BUAE TpaQHUKOB WM TalONHI, B KOTOPHIX KaKIOMY BapHaHTY
UCCIIeIyeMbIX MapaMETPOB IIOCTaBJIEHBl B COOTBETCTBUE OINPEICNICHHBIE CPEeIHHE 3HAYCHHS ¢ HaOOpOM
XapaKTePUCTUK UX paclpenesneHus, 0e3 MoaydeHus 3aBUCUMOCTH B aHAJTMTUYECKOM BUJIE.

OTta 0cOOEHHOCTD SIBISICTCS M JIOCTOMHCTBOM, U OJTHOBPEMEHHO, HEJIOCTATKOM HMHUTALUOHHBIM
Mmozeneil. JIocTOMHCTBO B TOM, YTO PE3KO PacLIMPSIETCs] KJAacC U3Y4aeMbIX OOBEKTOB, & HeJOCTATOK — B
OTCYTCTBHH TPOCTOTO YIPABJISAIOIIErO BBIPAXKEHUS, IO3BOJISIIOIIETO IMPOTHO3UPOBATH  PE3YNbTaT
MOBTOPHOTO dKcIepuMeHTa. Ho B peanbHON KU3HH Takke HEBO3MOXKHO JJISI CKOJIBKO-HUOYIb CIIOKHOTO
00BEKTa TMONyYUTh TOYHOE 3HAYCHHE SKOHOMHYECKOTO MOKa3aTelss, a TOJBKO JIMIIb €r0 OXHIAeMOe
3HAYEHHUE C BO3MOKHBIMU OTKJIOHEHUSIMHU.

I'naBHoil ¢yHKUMel HWMHUTALMOHHON MOJENH SBISICTCS BOCIHPOU3BEACHHE C 3aJaHHOU
CTCTIEHbI0 TOYHOCTH TPOTHO3UPYEMBIX MapaMeTpoB €€ (QYHKIHOHHPOBAHUS, MPEICTABISIONINX
uccienoBarenbckuil nHTepec. Kak 0OBEKT, Tak M €ro Mojenb, IOJDKHBI 00JIafaTh CUCTEMHBIMHU
MIPU3HAKAMH.

OyHKIMOHNPOBaHUE O0BEKTa XapaKTEPU3yeTCsl 3HAYMTENBbHBIM 4YUCIOM TapameTpoB. Ocoboe
MECTO CpeIM HUX 3aHMMAaeT BPEMEHHOH (akTop. B OOJBIIMHCTBE MOJENIed UMEETCS BO3MOXKHOCTD
MacIITaOMpPOBAHUSI WM BBEICHMS MAIIMHHOTO BPEMEHH, T. €. HHTEpBala, B KOTOPOM OCTaJbHbIE
napamMeTpbl CHCTEMBI COXPAaHSIOT CBOM 3HAYCHUS WU 3aMEHSAIOTCS HEKOTOPBIMH 0000IIEHHBIMU
BennunHamMH. Takum o0pa3om, 3a CUET 3THX JBYX MPOIECCOB — YKPYNHEHHUS €IUHHIBI BPEMEHHOI'O
MHTEpBajla M pacdyera COOBITUH 3TOro MHTEpBaja 3a 3aBHUCAIIMN OT MomHocTH [I9BM BpemenHOM
MIPOMEXKYTOK — M CO3IAETCS BO3MOKHOCTB IIPOTHO3a U pacueTa BAPUAHTOB YIIPABICHYECKUX AEHCTBUH.

Metox Monte-Kapao

Heomnpenenéunocts B mpeapliylMx TeMmax Obuta croxacTudeckoil. Ilostomy crpomnn
AHAJTUTUYECKYI0 MaTeMaTH4YeCKyl0 MOJETIb M TpeOoBaiH, YTOOBl B JTAaHHBIX 33jadyax, paccMaTpUBaeMble
nporecchl ObTM MapKOBCKUMH. Ha mpakTWke 3TO He Bceria BBINONHSETCS M TOorjaa TpeOyercs
MCIOJIb30BaTh METO/IbI UMUTAIIHOHHOTO MOJIEIMPOBaHUA. YTO 3TO TaKoe paccKa3blBajIOCh B MPEIBITYIIIEM
naparpade, a Tenepb MOrOBOPUM O CAaMUX METOJIaX UMUTALIMOHHOTO MOJICIIMPOBAHUSI.

Meton  Monre-Kapno  sBngercs  METOJOM  CTaTUCTHYECKOTO  MOJEIHMPOBAHUS WM
MMUTAIIMOHHOTO MOJIEIMPOBAHUSI.

Meton MonTe-Kapiio — 370 4ncCiaeHHBII METOA pelIeHus 3aAad IPH MOMOIIY MOAEITUPOBaHUS
CITy4alHBIX BEIMYHH.

Hartoit poxnenuss merona Monte-Kapno npunsto cumrate 1948 r. Cospmarensmu MmeTona
cuntatoT MmateMaTukoB JIxx. Helimana u C. Yiama.

Teoperuueckas ocHOBa MeTojia Obula M3BecTHa AaBHO. OHAKO 10 mosiBiieHHs: OBM 3ToT MeTon
HE MOT' HATH IIUPOKOTO MPUMEHEHHUS.

Camo Ha3BaHHE METOJIa TIPOUCXOIUT OT Ha3BaHUs Topoga Monrte-Kapio B kHskecTBE MOHAKO,
3HAMEHUTOTO0 CBOMMM HWIOPHBIMH JoMamH. J[eJ0 B TOM, YTO OJHHMM M3 NPOCTEHIINX MEXaHHYECKHX
npruOOpOB sl TTONYUYCHUS! CIyYalHBIX BEJIMUMH SABJSIETCS pyJieTKa. Bo3HHMKaeT BOIPOC: MOMOTAET JIH
meTtoq MonTe-Kapiio BeiurpeiBath B pysieTky? Her, He momoraer. M naxe He 3aHUMAaeTCa STHM.

Hnest MeTona 4pe3BBIYAHHO IPOCTA U COCTOUT B CIETYIOLIEM.

BMmecTo TOoro yToObI ONMUCHIBATH MPOLECC C MOMOLIBIO aHAJIMTUYECKOTO amrmapara, MPOBOIUTCS
PO3BITPHIII CITYIalHOTO SIBIIEHHUS C TIOMOIIBIO CIIEIHATFHO OPraHM30BAHHOM MPOLEAYPHI, BKIIOYAIOMIEH B
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ce0s1 CIIy9aifHOCTh M MAIOIIEH CIIyIalHBINA pe3ynpTaT. Peammsamus ciaydalfHOTO mporecca KakKIbIid pas
CKJIQ/IBIBAETCS TIO-Pa3HOMY, T. €. MBI IIOJIy4aeM pa3iIMyHbIe MCXOJIBI pacCMaTPUBAEMOTO Mporiecca. JTo
MHOJKECTBO pealin3alliii MOXHO MCIOJIb30BaTh KaK HEKUI MCKYCCTBEHHO TOJYYCHHBIH CTaTUCTHYCCKUN
MaTepuan, KOTOPbIA MOXKET ObITh 00pab0TaH OOBIYHBIMUA METOJIJAMH MaTeMaTHIECKO# ctaTuctuku. [locie
TaKoi 00pabOTKHA MOYKHO MOTYYUTh: BEPOSITHOCTH COOBITHS, MAaTEMAaTUIECKOE OKUIAHNE U T. 1.

IIpn momomu Metroga MoHTe-Kapino MoxeT OBITH pelneHa Jro0as BEPOSTHOCTHAS 3amada, HO
OTIPAaBJaHHBIM OH SIBJISIETCS TOTJIa, KOTJa IPOIleIypa PO3BITPHIIIA TPOIIE, a HE CIOKHEE aHATUTHYECKOTO
pacuera.

OueHka HaJIe:KHOCTH NpocTeidinx cucteM meroaom Monte-Kapiio

IIpumep: Cucrtema cocTOMT W3 JABYX OJIOKOB, COCOMHEHHBIX THOcCieaoBareinbHO. Cucrema
OKa3bIBaeT IMpH OTKaze XOTs Obl omHoro Onoka. [lepBeiii 010K comepkutT aBa snementa: A, B (oHm
COEMWHEHBI TMapajUIeTbHO) W OKa3blBaeT MpPH OJHOBPEMEHHOM OTKa3ze 000omX 3JeMeHTOB. Brtopoit
coaep kUt oAuH 3eMeHT C 1 OTKa3bIBaeT IPH OTKAa3e 3TOTO AIIEMEHTA.

a) Haiitu metomom Mounre-Kapio onenky P* HagesxHOCTH (BEPOATHOCTH G€30TKa3HOM paGOTHI)
CHCTEMBI, 3Has BEPOSATHOCTH Oe30TKa3HOM paboThl ameMeHTOB: P (A)=0,8, P (B)=0,85, P (C)=0,6; 0)
HAWTH aGCOMIOTHYIO morpemHocts | P-P* || rie P- HaIexHOCTb CHCTEMbI, BBIYUCICHHAs aHATHTHYCCKH.
IIpousBectn 50 UCITBITAHMIA.

Pewienue. a) BpiOupaem u3 TaOnUIBl MPUIOKEHUS (PABHOMEPHO pacnpedeieHHble Yucia) Tpu
cayvaitaeix uucna: 0,10, 0,09 u 0,73; mo mpaBuny ) (eciu cayuaiinoe wucio Meuviue 6eposmHoCHU
cobblmusi, mo coovlmue HACMYNUL0,; eciu CIyHaliHoe Yucio 6oabule Uil pagHo 8epoIMHOCIU COObLIMUS,
mo cobvimue He Hacmynuno) paseirpaeM cobObitms A, B, C, cocrosmmue B 0e30TKa3HOM pabote
COOTBETCTBEHHO dnieMeHTOB A, B, C. Pe3ynbrarsl uctbiTanus OyJeM 3alUChIBaTh B paCUCTHYIO TAOIHILY.

[ockomeky P (A)=0,8 u 0,10 <0,8, TO COOBITHE HACTYMHIIO, T.€. JIEMEHT A B 3TOM HCIBITAHUU
paboraer Oe3otkasHo. Tak kak P (B)=0,85 u 0,09< 0,85, To cobsitne B Hactymmio, T.e. memeHT B
paboTaeT 0€30TKa3HO.

Takum oOpa3oM, oba 3j7€MeHTa MEPBOro OJIOKAa PabOTAaIOT; CIICOBATEIBHO, paboTaeT U cam
nepBbIit 670K. B cooTBeTCTBYIOMMX KieTKax Tabi. CTaBUM 3HAK ILTIOC.

Tabnuna
o CrnyuaiiHble Uncna, 3akroueHue o pabore
omep
MOJICITUPYIOIIUE
HUCTIBITAHUS bnok 3JICMEHTOB
3JIEMEHTHI OJI0KOB CUCTEMBI
A B C A B C
1 Ieppwiii | 0,10 | 0,09 + + + i
Bropoii 0,73 - -
5 Iepssn | 0,25 | 0,33 + + + )
Bropotii 0,76 - -
3 Iepewiii | 0,52 | 0,01 + + + N
Bropoii 0,35 + +
4 Iepsrrii | 0,86 | 0,34 - + + i
Bropoii 0,67 - -

Tak xak P (C)=0,6 u 0,73< 0,6, To cobpTne C HE HACTYNWIO, T.€. JIEMEHT C MOJYYaeT OTKa3;
Hdpyrumu cinoBamu, BTOpOH OJIOK, a 3HaYMT U BCA CHCTEMa, MOJYYalOT OTKa3. B COOTBETCTBYIOMIMX
KJIETKaxX Tabil. 57 cTaBUM MHHYC.

AHAJIOTUYHO pa3bIlPHIBAIOTCS W OCTANbHBIE HCIBITAHWSA. B TaOll. MpHUBEACHBI peE3yIbTaThl
YeTbIpeX UCTIBITAHHUH.

[Ipomssens 50 wucmeITaHuii, momyduM, 4To B 28 W3 HHUX cucTeMa paborama Oe3oTkazHo. B
KayeCTBE OLEHKH MCKOMOM HaleKHOCTH P mpuMeM oTHOcUTenbHYO yactoTy P *“=28/50=0,56.

6) Haiinem HanexHOCTH cucteMbl P ananutndeckn. BepostHocTn 6€30TKa3HOM pabOTH TEPBOTO
Y BTOPOTro OJIOKOB COOTBETCTBEHHO PABHBI:

P =1-P(A)*P(B) =1-0.2%0.15=0.97,P, = P(C) = 0.6
BepositHOCTD 6€30TKa3HON pabOTHI CUCTEMBI
P=P1*P,=0,97*0,6=0,582

Hckomas abcomoTHas MOTPEITHOCTD | P-P7| =0,582-0,56=0,022.
Pacyer CMO c otkazamu MetogomM MonTe-Kapio
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Ilpumep: B TpexkaHampHYI0O CHCTEMY MAacCOBOTO OOCITY>KMBaHUS C OTKa30M IIOCTYIaeT
MMyaCCOHOBCKHMI IIOTOK 3asfBOK. Bpems MexXIy NOCTYIUICHHAMH [IByX IIOCIIEIOBATENBHBIX 3asSBOK
pacrpesiesieHo 10 ToKaszaTeabHoMy 3akoHy f(t)=5€°" . JlnuTensHOCTh 06CITYKMBAHMS KaXIOH 3aABKH
paBHa 0,5 mun. Haiftu meromom Monrte-Kapmo Marematmyeckoe OXHAAHWE a 9YHCIa OOCITYKEHHBIX
3as1BOK 3a BpeMs T=4 muH.

Pemenue:

IMycts T1=0- MOMEHT MOCTYIUICHUS MEPBOM 3asBKH. 3asBKa MOCTYIHT B MEPBBIA KaHAT U OyaeT
UM o0ciykeHa. MOMEHT OKOHUYaHUS OO0ciayxuBaHUs mepBod 3asBku 1110,5=0+0,5=0,5. B cueruux
00CITy>KEHHBIX 3asBOK 3aITUCHIBACM EANHHUILY.

MOMEHTBHI TOCTYIUIEHHUS TIOCIETYIOIINX 3asiBOK HaleM 1o (popmyie

T=Tuat1,

I71e T, - JUINTEIBHOCTh BPEMEHH MEXIY JBYMs IOCIIE0BATEIbHBIMH 3asBKaMU ¢ HOMepaMH 1-1 u

Bo3moxnbie 1, = - (1/A) Inri== (/A)(-Inr;).

VYuurteiBas, 4to, 1Mo yciaoBuoo, A=5, noxyuum 1,=0,2 (- Inr;).

Crydaiinble uncna I 6epeM u3 TabJHLBl MPUIOKEHUS, HAYMHAS C TIEPBOM CTPOKH cBepXxy. s
HaXOKACHUSI BPEMEHH MEXIy IMOCTYIJICHUSIMH IEPBOH M BTOPOH 3asJBOK BO3bMEM CIIydailHOE 4YHCIIO
r=0,10.

Torna 12=0,2*(-In 0,10)=0,2*2,30=0,460. ITepBas 3asiBka mocTymuia B MoMeHT T1=0.

CrnenoBaTelibHO, BTOpas 3asBKa MOCTymWjaa B MOMEHT 1.= T:+0,4600+0,460=0,460. B artor
MOMEHT IEPBBIi KaHaII ellle 3aHAT 00CITy)KUBAHUEM TEPBOH 3asIBKH, TOITOMY BTOpast 3asBKa MOCTYITUT BO
BTOpoi W Oyzger wuM oOcmyxeHa. MOMEHT OKOHYaHHMS OOCIY)XMBAaHUS BTOPOH  3asBKU
T,+05=0,460+0.5=0.960 . B cueT4unk o0OCcIy>KEHHBIX 3asIBOK TOOABISIEM CIMHHMILY.

ITo ouepennomy ciyuaitHomy uuciy =0.09 paspirpaeM BpeMs T3 MEXAY MOCTYINIEHUSIMU BTOPOM
U TPEThEU 3as1BOK:

13=0,2(-In 0,09)=0,2*2,41=0,482.

Bropas 3asBka noctynuna B MoMeHT 1,= 0,460 . [To3ToMy TpeTbhst 3asiBKa MOCTYIHIIa B MOMEHT
Ts= T,+0,482=0,460+0,482=0,942. B »TOT MOMEHT NEpBBIi KaHall YK€ CBOOOJECH M TPETbs 3asBKa
MIOCTYNHT B TIEPBEIi KaHall. MOMEHT OKOHYaHHS OOCTYKUBAHUSI TPETheH 3asBKH

T3+0,5=0,942+0,5=1,442.B cueTunk 00CITy>KCHHBIX 3asBOK J00ABJIIEM CIUHUILY.

JanpHeWmuii pacdeT MPOW3BOIAT aHAJOTH4YHO (Tabu. 59), mpuueM ecii MOMEHT MOCTYILICHHUS
3asBKM BC€ KaHAaJbl 3aHATHl (MOMEHT HOCTYIUICHHS 3asBKM MEHbIIE KaXIOr0 U3 MOMEHTOB OKOHYAHUS
00CITy>KUBaHHSA), TO B CYETYHK OTKA30B JOOABISIIOT €ANHUILY.

3ametuM, uto oOCHykuBaHue 20-i 3asBKM 3aKOHUYUTCS B MOMeHT 4 148>4, mnosromy 3Ta
3asBKa MOJy4aeT OTKa3.

HcnpiTanne npekpamaroT (B TabIHLIE 3aUCHIBAIOT «CTOI»), €CJIM MOMEHT HOCTYIUICHHS 3asiBKU

T>4.
Tabauma
MomMmeHT
Bpewms Ti+0,5
MEXIY MoMeHT OKOHYaHHUS CueTunk
HOMEp Crnyyaii TIBYMS 00CTyXKUBaHUS 3asIBKU
3asiBKM | HOE -Inri IOCJIEOBATE TOCTYILICH | o aom
1
: U 3a5IBKH
i YHUCIION; JTHEHBIMU Ob6cmy
Ti= Tiatti
3aABKaMH 1 5 3 JKEHHEI | OTKa3
1i=0,2(-In r7) X OB
3a9BOK
1 0 0,500 1
2 0,10 2,30 0,460 0,460 0,960 1
3 0,09 2,41 0,482 0,942 1,442 1
4 0,73 0,32 0,064 1,006 1,506 1
5 0,25 1,39 0,278 1,284 1,784 |1
6 0,33 1,11 0,222 1,506 2,006 1
7 0,76 0,27 0,054 1,560 2,060 1
8 0,52 0,65 0,130 1,690 1
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9 0,01 4,60 0,920 2,610 3,110 1
10 0,35 1,05 0,210 2,820 3,320 1
11 0,86 0,15 0,030 2,850 3,350 |1
12 0,34 1,08 0,216 3,066 1
13 0,67 0,40 0,080 3,146 3,646 1
14 0,35 1,05 0,210 3,356 3,856 1
15 0,48 0,73 0,146 3,502 4,002 1
16 0,76 0,27 0,054 3,556 1
17 0,80 0,22 0,044 3,600 1
18 0,95 0,05 0,010 3,610 1
19 0,90 00,10 0,020 3,630 1
20 0,91 0,09 0,018 3,648 4,148 1
21 0,17 1,77 0,354 4,002

(ctom) uroro | X;=12 | 8

W3 tabmuiel HaxoauM, 4To 32 4 MHH Bcero noctynuio 20 3asBOK; 00CITykeHOo X1=12.
BrImomHIM aHATIOTHYHO €IIe TATh UCTIBITAHAHN, oyanM X>=15, X3=14, X4=12, Xs=13, Xs=15.
B KkauecTBe OIECHKH HCKOMOTO MAaTEeMaTHYeCKOTO OXKUIAHUS a Yuclia OOCTYKCHHBIX 3asBOK

pUMeEM BEIOOPOYHYIO CpPETHIO0

a=>X =(2*12+13+14+2*15)/6=13,5.
3aganus
Bapuanr 1
1. Cucrema cocrouT M3 JIBYX OJIOKOB, COCIAMHCHHBIX IMOCIEHOBaTeNIbHO. IlepBhIii OJIOK
collepKuT Tpu anemenHTa: A, B, C, a Bropoii- aBa anemenTa: D, E. DnemeHTHI Kaxkmoro 610ka
COEIMHEHBI MapalJIeNbHO.
a) Haiitu meromom Monre-Kapino oueHky P" HagexHOCTH CHUCTEMBI, 3Hasl BEPOSITHOCTH
6e30TKa3Hoi paboThl aemenToB: P(A)=0,8; P(B)=0,9; P(C)=0,85; P(D)=0,7; P(E)=0,6;
6) Haiiti aGcomoTHy0 morpemHocts | P-P| | rae P- HaIeKHOCTb CHCTEMbI, BBIUHMCICHHAS
aHanutuuecku. [IpousBectu 15 ucnpiTanuid.

2. B JByXkaHaJbHYH0 CHUCTEMY MAaCCOBOI'O OOCHYXKHBaHMS C OTKa30M IIOCTYMaeT
ITyaCCOHOBCKHM ITOTOK 3asSBOK. BpeMss MeXAy MOCTYIUICHUSMH JBYX IIOCIIE€OBATEIbHBIX
3asBOK PacIIpeiesieHo 1o MokasareabHoMy 3akony f(t)=4e™ . JlnurenbHOCTh 06CTyKMBAHKS
Kax110# 3asBku paBHa | muH. Haiitu metrogom MonTte-Kapno Marematuueckoe oxugaHue a
YKclia 00CITy)KEHHBIX 3asBOK 3a BpeMst T=8 MuH.

Bapuanr 2

1. Cucrema cocrouT u3 JByX OJOKOB, COEIMHEHHBIX TocienoBaTensHo. llepBbiii Omox
COJIep’KUT nBa 3neMmeHTa: A, B, Bropoii- Tpu anemenrta: C, D, E. Dnements! nepBoro u
BTOPOTO OJIOKOB COCMHEHBI IMapalIeIbHO.

a) Haiitn meromom Monre-Kapno oneHky P* HameXHOCTH CHUCTEMBI, 3Has BEPOSITHOCTU
6e30Tka3Hoi paboThl atemenToB: P(A)=0,8; P(B)=0,9; P(C)=0,7; P(D)=0,75; P(E)=0,8;

0) HaliTH aOCONIOTHYIO TIOTPEUTHOCTh | P-P7| , rae P - Haae)KHOCTh CHUCTEMBI, BBIYMCIIEHHAS
aHanutudecku. [Ipoussectu 15 ucnsITaHmii.

2. B tpexkananpHyto CMO c oTka3aMu TOCTyIaeT IIyaCCOHOBCKMI IOTOK 3asBOK. Bpems
MEX/y MOMEHTaMH MOCTYIJIEHHS ABYX MOCIEI0BATENbHBIX 3aBOK PACHpPEAEICHO M0 3aKOHY
f(t)=0,8e0%; Bpemsa oGcmyxuBanus 3asBox 1,5 mun. Haiitu metonom Mownre-Kapio
MaTEeMaTHYECKOE OKUJaHNE @ YHCIia 00CITy)KEHHBIX 3asBOK 3a BpeMs T=10muH.

Bapuant 3

1. Cucrema coctouT H3 ABYX OJIOKOB, COEIMHEHHBIX TIOCIeAoOBaTeNbHO. llepBblii 050K
collepKuT Tpu 3nemeHTa: A, B, C, a BTopoii- aBa anementa: D, E. DnemeHTHI Kax1oro 0j10Ka
COEIMHEHBI MTapaIJIeNbHO.

a) Haiitu meTomom Monte-Kapno onenky P* Hafe)HOCTH CHCTEMBI, 3Has BEPOSTHOCTH
0e3oTkasHoi paboTel anementoB: P(A)=0,9; P(B)=0,5; P(C)=0,95; P(D)=0,8; P(E)=0,7;
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6) Haiitn aGcomoTHyIo morpemnocts | P-PY | rae P- Hame)HOCTb CHCTEMBI, BBIYHCIICHHAS
aHanutudeckd. [lpoussectu 15 ucnsITaHui.

2. B ByxKkaHampHYI0O CHCTEMY MAacCOBOTO OOCHY)XHBaHHS C OTKa3oM IIOCTYIaeT
IIyaCCOHOBCKMH IOTOK 3asBOK. BpeMsi MeXAy NOCTYIUICHHAMH JABYX IOCJIEIOBATENIbHBIX
3aBOK PACIIPENENCHO 110 MoKa3aTenbHoMy 3akony f(t)=5e°°. [lnmurensHoCTh 06CTy)KMBAHMS
Kax1o# 3asBku paBHa 1,5 mun. Halitu metomom Monte-Kapio MmaTeMaTudeckoe 0xKUAAHUE a
yrcia 00CITy>KeHHBIX 3asBOK 3a BpeMsi T=10 muH.

BapuanT 4

1. Cucrema cocronT u3 JBYyX OJOKOB, COEIMHEHHBIX TMociemoBaTensHO. llepBerii Omox
COJCpKUT n1Ba anemeHTa: A, B, Bropoii- Tpu snemenrta: C, D, E. DneMeHTHl mepBoro u
BTOPOr0 OJIOKOB COEIUHEHBI TapaJLIEIBHO.

a) Haiitu metomom Monte-Kapno onenky P* HameXHOCTM CHCTEMBI, 3Has BEPOSATHOCTH
6e3oTkasHoi paboThl anemenTor: P(A)=0,8; P(B)=0,7; P(C)=0,8; P(D)=0,85; P(E)=0,6;

0) HaliTH abCONIOTHYIO TOTPEUTHOCTh | P-P"l, rme P - HageHOCTD CHCTEMBI, BBIYHCICHHAS
aHanutudeckd. [lpoussectu 15 ucnsiTaHuii.

2. B tpexkananpnyto CMO c oTka3aMu TOCTYIaeT IyacCOHOBCKHI TOTOK 3asBOK. Bpems
MEXy MOMEHTaMH ITOCTYIUIEHUs ABYX IIOCIEIOBATENbHBIX 3asBOK PACIPEENCHO M0 3aKOHY
f(1)=8 eP; Bpems o6cmyxuBanus 3asBoxk ImuH. Haiitu mertomom Monte-Kapmo
MaTeMaTHYECKOe OXKHUaHUE @ YUCIia 00CITYy )KEHHBIX 3asBOK 3a Bpems T=8 MuH.

KonTpoabHble Bonpocs:

1. B yem 3akirodaeTcs CyTh UIMHUTALMOHHOT'O MOAEIUPOBAHUS?

2. B ueMm 3aki04ar0TCs JOCTOMHCTBA M HEAOCTATKU TAKOTO THIIA MOACIUPOBAHUS?

3. Kak npumensiercs meton Monre-Kapino?

4. Kakwue criocoObl OTyYeHHS CITyYaiHbIX BeHIuH Brl 3HaeTe?
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IIpakTuyeckas padora Ne§ «IlocTpoeHne MPOrHo30B»

Hean padoTel: HayuuThcs mpuMeHaTh MHK mis muHEHHOTO CritlaKWBaHUS JaHHBIC, HAYIUTHCS
CTJIXKHMBATh JJAHHBIC C TOMOIIBIO KBAAPATHYHON (DYHKITUH.

KpaTtkas Teopust

MeTtoa HauMeHbIIMX KBAJPaTOB — OJWH W3 METOIOB PETPECCHOHHOTO aHAIM3a JJIS OIEHKH
HEU3BECTHBIX BEJIMIHH IO Pe3yIbTaTaM U3MEPEHUH, COAECPIKAIUM CIyUYaiHbIe OIMIHOKH.

MeTo/T HaMMEHBIIMX KBaJPaTOB MPHMEHSAETCS TaKXkKe Ul HPUOTMKEHHOTO TNPEIACTABICHUS
3amaHHOW (YHKIHH IOpyruMu (Oojiee MPOCTHIMK) (QPYHKIMSMH M YacTO OKAa3bIBAeTCS MOJE3HBIM TpHU
00paboTke HAOIIOIEHHUT.

MeTo/1 HAUMEHBIIIUX KBAJAPATOB MPEAYCMATPUBACT HAXOXKJCHHUE IMapaMeTpOB (hYHKIIMOHATBLHOM
3aBUCUMOCTH U3 YCIOBUSI MUHUMYMAa CYMMBI KBaJIPaTOB OTKJIOHECHUM.

S :Zn:(axi +b-y, )
i=1

1. Eciu f (X) - HeiHas (QyHKIHS, T.€. Y= ax+b, T

a, b

(8} , HCU3BCCTHBIC

napameTphl
n 2 n n
ay xi +bY. x; =Y x;y;,
i=1 i=1 i=1

ay x;+nb=>yy;.
i=1 i=1 (1)

@opMmynsl, ciayXamue JUId aHAJIUTHYECKOTO TIIPE/CTaBIEHUS OIBITHBIX JaHHBIX, MOJYYHIN
Ha3BaHUE IMRUPUUECKUX POPMYIL.

OMpeACIAIOTCA U3 CUCTEMBL

Cucrtema (1) Ha3BIBaCTCS CUCHEMOU HOPMATILHBIX YPAGHEHUI.

n

S=Z(axi2+bxi +c—yi)2

2
y =ax +bx+c’T0 = ,

2. Ecmn F(x) KBajpaTHdHas GyHKIIHS, T.€.

HEU3BCCTHLIC MTapaMCTPhbI OMPEACIAIOTCA N3 CUCTEMbI HOPMAJIbHBIX ypaBHCHHﬁ:

azn: X +bzn: X +czn: X = Zn:xizyi,
i=1 i=1 i=1 i=1
4azn:xi3 +bZn:xi2 +(:Zn:xi =Zn:xiyi,
i=1 i=1 i=1 i=1
azn:xi2 +bzn:xi +nc:zn:yi.
i=1 i=1 i=1

)

Ipumep 1.

C nomompto MHK noo6path napaMeTpsl a u b nuHeliHo# dyHKIn
OITUCHIBAIOIIEH CIIETYIONIHE ONBITHBIC JAHHBIE.
[TocTpouTh MOTy4EHHYIO MPSIMYIO M UCXOIHBIE TOYKH B OJHOW CHCTEME KOOp/IHHAT.

y=ax+b , IPHOJIMKEHHO

X 0 1 15 2,1 3
y 2,9 6,3 7,9 10 13,2

Pemenue:

[TapameTpsl a y b HUCKOMOW ()yHKLIMHU HaiiieM U3 CUCTEMbl HOpMaJIbHBIX ypaBHEHHM. it sTOro
HEpPENHIIEM €€ B CIEIYIOIIEM BUJIE:
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n n n
azxiz +bY X =D X, Vi
i=1 i-1 i-1

n n
ay x;+nb=>y,.
i1 i1

I[J'I}l peuicHu 3aga9u COCTaBUM Ta6HI/IIIy.

Xi Yi X XY

1 0 2,9 0 0
2 1,0 6,3 1 6,3
3 15 7,9 2,25 11,85
4 2,1 10,0 4,41 21
5 3,0 13,2 9,0 39,6
> 7,6 40,3 16,66 78,75

Torna cucrema HOpMaJIBHBIX YPAaBHEHUI MPUMET BUL:

16,66a + 7,6b =78,75

{ 7,6a+5b=40,3

PewuMm cucremy.

st 3TOTO BBIpAa3UM b W3 BTOPOTO YpPaBHEHUSI:

5b=40,3-7,6

b=(40,3-7,6)/5

[ToacTaBuM B epBO€ ypaBHEHUE:

16,66a + %(40,3 —7,6a)=78,75

16,66a + 61,25b —11,552a = 78,75

5,108a=17,494

a= 3,42.

b 40,3-7,6-3,42 —286
OTtcroga
Hrak, a= 3’42, b = 2’86 , U, CJICJIOBATEIIbHO, HCKOMAasi ()YHKIIUS UMEET BH/I:

y =342x+2,86

ITocTporM NOJIy4EHHYIO PSIMYIO ¥ UCXOJHBIE TOUKH B OJTHOM CHCTEME KOOPIHUHAT.
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BroiBog:

Tak kak WCXOIHBIE NAHHBIE W TIONyYEHHAs TpsAMasl PacIoiOKEHBI OJM3KO APYyr K ApyTy, TO
annpoKcUMUpyoomas QyHKIUs HallieHa PaBIIILHO.

3aganmne

3ananne 1. C momonrsro MHK nomo6path mapameTpsl @ u b nuHeiHONW QyHKIMN y=ax +b,

MPUOIMKEHHO OIMCHIBAIOIIEH CIICAYIOIIME OIBITHbIC HaHHBIC. [1OCTPOUTH MOJNYUYECHHYIO TPSIMYIO U
HMCXOJHBIE TOUYKU B OJJTHOW CUCTEME KOOPANHAT.

BapuaHT

X; 1 3 4 5 6 8
1

¥; 6 4 4 2 3 2

X; 2 3 4 5 7 8
2

v, 1 3 4 6 6 9

X; 1 2 4 6 7 8
3

¥; 7 6 4 5 3 3

X; 2 3 4 5 7 8
4

v, 2 6 6 7 8 10

3amanme 2. C momompio MHK momobpare mapamerpsl & u b KBaapatuuHO#l (GyHKIMH
2
y=a"x+bx+c

5 HpI/I6J'II/I)KeHHO OHHCBIBaIOIHGﬁ CICAyroImure ONbITHBIC JaHHBIC. HOCTpOPITB

TMOJIYYCHHYIO JIMHUIO 1 UCXOOHBIC TOYKHU B OI[HOﬁ CUCTEMEC KOOpAMHAT.
BapuaHT

X; 2 2,5 3 35 4 45
' Vi 4,2 2,5 6,2 75 2,6 1

X; 1 15 2 2,6 2,9 3,1
i V; 2,6 5,6 43 16 2,6 3,4

X; 2 3 3,6 38 4,2 4,6
i Vi 0 2,3 2,5 2,9 1 45
4 X; 5 55 6 6,5 7 7,5
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Vi 4,5 4,6 8,5 2,6 4,5 6,7

KoHTpo/bHbIE BONIPOCHI:

1.
2.
3.

i

KakoBa 00111as mocTaHOBKA 3a7]a91 HAXOXKJACHHUS SMIUPUICCKUX (hopMy?

Kakxnm 006pazoM MOXKHO OIICHHBAThH KA4ECTBO MPUOIKECHUS?

KakuM 00pazom rpaduueckst MOXXHO MHTEPIPETHPOBATH IMOCTAHOBKY 3a/1a4d HAXOXJICHUS
AMIHUPUIECKUX HopMyi?

B 4em cxo01cTBO U paznuyne MOCTAHOBKH 3aJ]a4d METOJ/Ia HAMMEHBIINX KBAJAPATOB M 3aJa4u
HHTEPIOJIAIAN?

Kakue Bunbl mprOKaronmx GyHKIHM 00BIYHO TPUMEHSIOTCS?

B deMm cyTth MeToma mpuOIKEHUST TaOJUYHO 3aJaHHOW (PYHKIIMU 1O METOAY HAUMEHBIINX
KBa/IpaTOB JIMHEHHOU (DyHKITHEH?

Kak cBomuTcs 3a71a4a MOCTPOCHUS PA3ITHYHBIX SMIIUPUIECKUX (POPMYI K 3a/1aue HAXOMKICHHSI
TUHEHHON QyHKIH?
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IIpakTHyeckas padora Ne9 «Pemienue MATPUYHON UTPHI METOA0OM UTepaLHii»

Hean padoTei: HHayIuThCS BEIOMPATH ONTHMAIBEHYIO CTPATETHIO UTPHI

KpaTtkas Teopust

[Ba npeanpusTis TPOU3BOIAT MPOAYKIUIO U MOCTABNIAIOT €€ Ha PHIHOK peruoHa. OHU SBISIOTCA
€MHCTBEHHBIMH TTOCTABIIMKAMH MIPOIYKIIMH B PETHOH, TIO3TOMY ITOJTHOCTBIO ONPEEIISIOT PHIHOK JTAHHON
MPOAYKIINN B PETHOHE.

Kaxnoe u3 npeanpusatuii tMeeT BO3MOKHOCTh MPOU3BOAUTH MPOIYKIUIO C MPUMEHEHUEM OHOM
U3 TPEX pa3IMYHBIX TEXHOJOTHI. B 3aBHUCHUMOCTH OT KauecTBa MNPOAYKLHMH, MPOU3BEAEHHON MO KaXKIOU
TEXHOJIOTHH, TPEANPUATHS MOTYT YCTAHOBHUTH IEHY EIUHHIBI TPOAYKIWH Ha ypoBHe 12, 8 u 4
JICHEKHBIX EIUHUI[ COOTBETCTBEHHO. IIpW HSTOM NpEeANnpusATHS HMEIOT pPAa3IUYHBIE 3aTpaThl Ha
MPOU3BOICTBO CIUHUIIBI TPOAYKIIUY. (Tab. 1).

Tab6aunua 1

3aTpathl Ha €IMHULY NPOAYKIIMH, IPOU3BEJICHHON Ha MPEANPUATUIX PETHOHA (11.€.).

TexHosorus lena peanuzanuu | [lonnas ce0eCTONMOCTh
€MHULIBI €AMHULBI TPOAYKIINY, JI.€.
MPOAYKILINH, 1I.€.
IIpennpusarue | IIpennpusrue
A B
1 12 8 10
2 8 5 4
3 4 2 1

B pesynprare MapKEeTHHTOBOTO HCCIEIOBAHHS pPhIHKA MPOAYKIHWW pPEerHoHa Oblia ompeaenieHa
(GYHKIHS CITpoca Ha MPOAYKIIHIO:

Y =10-0,6*X,

rae Y — KONMYEeCTBO MPOIYKIMH, KOTOPOEe MPUOOPETET HaceleHHue pernoHa (ThIC. €1.), a X —
CpemHsis IleHa MPOAYKIINY IPEAIPUATHH, 11.€.

3HavyeHUsT JOJNEH TPONYKIUU TPEANpHATHS A, TpuoOpeTEeHHON HaceleHHeM, 3aBHCAT OT
COOTHOUIEHMSI IIeH Ha MPOAYKLHIO Hpeanpusatus A u npeanpusatus B. B pesynpraTe MapKeTHHrOBOro
WCCIIEIOBAHNUS 3Ta 3aBHCHMOCTh YCTAaHOBIICHA M 3HAUEHUS BHIYHCIICHBI (Ta0I. 2).

Taémmua 2./lons npoayKiuu Npeanpustus A, IpuoOpeTaeMoil HaceJIeHHEM B 3aBUCUMOCTH OT
COOTHOIIEHUS IEH HA MPOIYKIIUIO

Ilena peanmzanuu 1 ex. MpOAYKIIHH, Jons MPOTYKIIUH
ne. HpeInpHATHS A,
- KYIJIEHHOM
Apeﬂnpmme pexnpustae B HAaCeJICHHEM

o 12 0,31

12 8 0,33

12 4 0,18

8 12 0,7

. 3 03

. 4 0,2

. 12 0,92

4 8 0,85

4 4 0,72
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B 3agaue He0OX0AUMO OIIPEAETIHUTS!

1. CymecTByeT JId B [OaHHOW 3ajade CHUTyallMs pPaBHOBECHS IPH BBIOOPE TEXHOJIOTHUH
MPOM3BOICTBA MPOAYKINU 000MMU TPEATIPUATHSIMA?

2. CylecTBYIOT 1M TEXHOJIOTHH, KOTOpbIe MPEANPHUATUS 3aBEIOMO He OyAyT BBIOMpATh
BCJIEZICTBHE HEBBITOJHOCTH?

3. CxompKO TPOAYKIMH OyIeT pealn3oBaHO B cUTyannu paBHoBecusa? Kakoe mpenmpusitre
OKKETCS B BBIMTPBILIHOM HOJI0KEHUH?

Pemenne

OnHoM M3 IVIaBHBIX 3a7ad KaXKZOTo IPEANPUATHS SBSIETCS MAaKCUMM3auus NPHOBIIM OT
peanuzanuu npoAykuuu. Ho B maHHOM ciydae Ooniee BaXHOH MpoOieMoil sBiIsieTCs KOHKYpEHTHas
0oppba. B KOHKYpeHTHOM KOH(JIMKTE BBIMTPHIII OYAET OMpeAesiThbc HE pa3MepoM HPUOBLTH KasKAOTo
OPEANpHUsTUs, a Pa3sHOCTBIO WX MpHuObUIeH. [Ipy TakoM moaxone KOHQIIMKT MOXKHO paccMaTpUBaTh Kak
MaTPUYHYI0 HIPYy JBYX HWIPOKOB C HYJNEBOM CYMMOH, T.K. BBIMTPBIII OJHOTO NPEANPUSATHS PaBEH
MPOUTPHILLY APYTOTo.

dopMannuzyeM KOH(DIMKTHYIO CHTYyalMI0O — COCTaBUM IUIATEXHYI Marpumy. st 3toro
OIIPEICJINM CTPATETUH KaXI0Tr0 UTPOKa!

Al — mpennpusitue A BEIOUpaeT TEXHOIOTHIO |

A2 — npeanpusitie A BEIOMpaeT TEXHOJIOTHIO 2

A3 — npeanpusitie A BEIOMpaeT TEXHOJIOTHIO 3

B1 — nmpennpusitie B BeiOupaer Texnonoruto 1

B2 — npennpusitie B BeIOHpaeT TexHONOTHIO 2

B3 — mpennpusarre B BeIOupaeT TeXHOIOTHIO 3

DJeMeHTaMU MJIaTeKHON MaTpHIbl OyAET PasHOCTh MPUOBLIN MPEANPHUITHS A U ipeanpusTs B.

Haiinem all (BeiOpansl ctpateruu Al u Bl — o6a npeanpusitust peaqu3yloT NpOAYKIUIO o 12
I.e.)

[pudsuis = Jloxox — 3aTpaTsl

W noxom w 3aTpaThl 3aBUCAT OT KOJNMYECTBA KYIUICHHON HaceleHHeM NpPOIYKIIMH, KOTOPOe
onpeaensercs Gyukuuei cnpoca Y = 10 — 0,6*X.

Cpennsisi eHa Ha NPOAYKIHIO paBHa: X = (12 +12)/2 = 12.

3nauut, Y =10-0,6 *12=10-7,2 = 2,8 (ThIC. €11.)

U3 Tabmuuer 2 cnenyet, 4ro y mpennpusatas A KymaT 31% oT Bcell KyIUIGHHOH HaceleHHeM
NPOAYKIMH:

2,8 teic. ex. * 31% =2800 ex. * 0,31 = 868 ex.

Toraa y npeanpusitust B kynat 69% oT Beeil KyIuieHHOW HaceeHHUEeM PO TyKITHH:

2,8 ThIC. ex. * 69% =2800 ex. * 0,69 = 1932 exn.

i 2800 — 868 = 1932 (em.)

3HAYUT:

[MpuOsLTe A =868 * 12 — 868 * 8 = 868 * (12 — 8) = 868 * 4 = 3472 n.c.

[pubbue B=1932 * (12 -10)=1932 * 2 = 3864 n.e.

all =3472 — 3864 = —392 (en.) =— 0,392 (tbIC.C1.)

MO>HO HCIOIB30BATH CICAYIONTYI0 (OPMYITY JUIsl pacueTa JIEMEHTOB IUIaATE)KHONW MaTPHIIBL:

aij = (10-0,3* (p1 + p2)) * 1000 * (d * (p1 —s1) — (1 —d) * (p2 —s2)),

rae pl — croumMocTh peanu3alMy €AMHUIBI NPOAYKUUH NPEANpUATHEM A TpU BeIOOpE UM
cTpaTeruu Ai;

P2 — cTOMMOCTh pean3aluy eIUHULbBI TPOIYKINU NpeAnpusTueM B mpu BeIOOpe UM CTpaTeruu
BJ;

S1 — cebecTOMMOCTh EMHUIIBI POYKIIUY MPENPUATHS A TP BBIOOPE UM CTpaTeTuH Ali;

$2 — cebecTOMMOCTh SIMHHUIIBI TIPOYKIIMH NpenpusTus B pu Beidope M crpareruu Bj;

d — onst mpoIyKIMK NpenpusThs A, KyIUIGHHOH HaceleHHeM Ipy 1neHax pl u p2.

J11st IpoCTOTHI BHITIOJTHUM Bce pacueTsl B Excel/
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[IpoBens Bce pacdeTsl, MOTyYaeM IUIATEKHYI0 MaTpHUILy (B THIC. €11.):

Bl

B2

B3

Al

-0,392

5,44

-9,048

A2

6

-9,88

-11,52

A3

8,736

7,04

4,56
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1. TIpoBepuM HaJIMUKME CUTYyallMd PABHOBECUSA — CEUIOBOM TOUKH. J[Jisl 3TO HalaeM HUXHIOIO U
BEPXHIOIO IIEHBI UTPHI.
B kaxoli cTpouke onpeaeiM MUHUMAIIBHBIA AJIEMEHT W 3allUIlIeM €ro B HOBOM CTOJIOIE, a U3

HaliJIeHHBIX MHUHUMAJIbHBIX BbIOepeM Makcumanbubli: & = 4,56 — mmxHas nesa urpel. B kaxmom
CTOJIOIIE HaWIeM MAaKCHMAaIbHBIA DJIEMEHT W 3alliIIeM WX B HOBOH CTPOKE W W3 HHUX BBIOEpEM

MHUHUMAIBHBI & = 4,56 — BEPXHSIS [ICHA UTPBL.

B1 B2 B3 Mun
Al -0,392 |-5,44 -9,048  |-9,048
A2 6 -9,88 -11,52  |-11,52
A3 8,736 7,04 4,56 4,56
Makxkc 8,736 7,04 4,56

Tak kak @ = T = 4,56, T0 B KOH(IUKTHOIN CUTYaINH €CTh TOYKA PABHOBECHS — CEJIOBAs TOUKA,
KOTOpYI0 00pa3yroT crparernu (A3, B3).

Ecmm omHO mpeampusitie OyAeT NpUIAEpKUBATHCS CBOEH ONTUMAIBHON CTPAaTErwH, TO CaMoe
Jy4dliee IOBEJEHUE BTOPOro MPEANPUATHS — TaKKe INPUIAEPKUBATHCS CBOEH ONTUMAJIbHON cTpareruu. B
IMPUWJIIOKCHHUU K YCJIIOBUIO 3TO O3HAYacT, YTO MPCANPUATUAM HCO6XO}II/IMO HCIIOJIb30BaTh CBOU TPETbU
TEXHOJIOTHHM ¥ MUHHMaJIbHBIE [ICHbI Pealn3aLuy.

2. OmnpenenyM HaMUYUe 3aBeI0MO HEBBITOJIHBIX CTPATErHil y MPpeATPUATHHA.

Tak KaK >MeMEHTBl TPETbed CTPOKU OOJbIIE COOTBETCTBYIOIIUX DJIEMEHTOB TMEPBOM CTPOKH U
BTOPOU CTpPOKH, TO cTpateruu Al u A2 — 3aBeJOMO HEBBITOJHBIE, TAK KaK MPEANPUITHE A CTPEMUTCS
MaKCHMH3HPOBATh Pa3HULLY PUOBUICH.

AmnanoruyHo s npeanpusatus B. Bee aneMeHTs TpeThero ¢Toioa MeHbIIE COOTBETCTBYIOLIUX
AJIEMEHTOB MEPBOTO M BTOPOTO CTOJIOIOB, 3HAa4WT crTpaternu Bl m B2 — 3aBemomMo HEBBITOTHBIC
(moMuHMpYyeMBIE).

3. B cutyanuu paBHOBecus Oyner peanuzoBano 7600 exunwmi npoaykuuu (Y = 10 — 0,6 * (4 +
4)2 = 7,6). Y mnepBoro mnpennpusatus Kymar 7600%0,72=5472 en. mnpoaykuuu, a y BTOPOTO
7600*0,28=2128 en. mpoayKIuu. B BEIMTPHIIITHOM MOJI0KEHUH OYAET MpeanpusiTue A.

IIpoBeputs pemienue 3aga4 B Excel.

AJITOPUTM pelieHUs THIIOBOT0 MpUMepa

Hnst Toro 4ytoObl permaTth 3ajadd JTUHEHHOro mporpaMMupoBanusi, B Excel ecte HaacTpoiika,
KoTopasi HazpiBaeTcs «llonck pemenus». Jns Hayana Hao NpoBEpHUTH MOJAKIIOUEHA Jin oHA. Ecnu y Bac
Excel 2003, To unére B MeHto «CepBuc», nanbiie B «Hamcrpoiiku...». OTKpPOETCs CIIUCOK, TIIE PAJIOM C
«ITouckom penieHus» NOHKHA CTOATh TaJIOYKa, KaK Ha KapTHUHKE.

LocTynHble HaaCTPOMKK:
[ Analysis ToolPak - VBA

|”_|MacTep cymmmpoBatmna
| |NakeT aHanu3a

,—1 MepecyeT & e8po [W

ABTOMaTU3aALMSA. ..

| Movcx pewerins
|”"| MomMowH1K no MHTepHeTY

Mouck peweHus

VIHCTPYMEHT ANA NOWCKa PEWEeHNS YPaBHEHWIA 1 330384
ONTHMU3ALYM

Ecnu ramouku Het, TO ctaBute €€ camu U Haxkmere «OK» - HajmcTpoiika ycTaHOBHTCA cama.
ITocne storo, B MeHI0 «CepBuC» nosABIAeTCA NYHKT «[1oMCK peleHus», KOTOpbld HaM U Hy»keH. Ecnu y
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Bac Excel 2007, To HakmMére Ha KHOIIKY IJIABHOTO MEHIO BBEPXY CJIeBa, HAXXMETEC BHHM3Y KHOIIKY
«ITapametpsr Excel»,
T—

OmySavcossrs

-
Jspyte

2] Mapaperpe Excel X VBu-o,\ 3 Excel
™
crnpaBa BeIOHpaeTe 3aknaaKy «HancTpoitkm»

MAViivsiniciiony
Hacrpoiika

[, Hagcrpoitku I
LleHTp ynpaeneHna 6e30NacHOCTbIO

Pecypcul

U CMOTPUTE, KAKUE U3 HUX YK€ aKTUBHBI. Ecmn BCé, KakK Ha KapTHUHKE,

g u:l Ynpaeneuue Hasctpoikamu Microsoft Office,

Hagcrpoikmn

Wms Pacnonoxenne

AxTna

HAACTPORKM NPUAOKEHMR

Mowcx pewenus C\...fice\Office12\Libran\SOLVEI

TO HUYETrO AenaTh He Hano. Eciu ske HeT, To cHu3y Haxumaete «llepeitu...»,

¥Ynpaenenue: | Hagcrponku Excel |ZI

cTaBuTe rajouky HampoTuB «lloucka pemenus» u xmére «OK». [Tocne storo mynkr «Ilomck
pELIECHUSD) MOSIBIIICTCS] B MEHIO «J{aHHBIEY.

=

JaHHbie PeueH3npoBaHne Bug

a,i P ?;) Mouck peweHuns

Pa6ota ¢  Crpyktypa
AaHHBIMK ¥ v

AHanus

Teneppb HYKHO MOATOTOBUTH THUIIOBOH 3a1a4u Juist BctaBku B Excel.

Korna B marpuie ects amemeHThl <= 0, TO HaJ0 MPHOABUTH KO BCEH MAaTPHIIE OAHO TAKOE YHCIIO,
yTOOBI BCe 37eMeHThl ctanu > 0. [ HarmsgHocTH TokakeMm pemieHue mpumepa. Jlemaem B Excel
Ta0JINYKy, KyJa 3alUChiBa€M HAIllM OrPAaHUYCHUS, U OCTaBJISIeM SYCHKH JUIsl MKCOB, CYMMBbI UKCOB U
ONTHUMAJIBHON CTPATETruu JJis IEPBOro urpoka p*. MikcoB HaM HYXHO CTOJIbKO, CKOJIbKO Y HAC B MATPHUIIE
CTpPOK.

| -o202| o.au0] @ oas |
11.008| sssol 2080 |ineme
is,o00] 23120 o.aso | s.coo|.a.880-11.520]
o 2o.736] 19.040] 16,500 |e7z2s | 7.040 | a,s80 |
s Tt el SRss DT

e ea—

1 TANICER 1 SRS ) B2
O M MMCERE 1 S B E3)B A

Janbiie BcTaBiseM B SUYCHKHM HMKCOB HYNH, a JUIi WX CYMMBI IUIIEM B SYEHKY (GopMynTy
=CYMM(B1:B3), T.e. cymmupoBath Bce siueiiku B nuana3one ot Bl g0 B3. Ecinu y Bac Oosbliie HKCOB,
TO mpocTo 3ameHuTe B3 Ha s4eliky mocieaHero nkca (Hampumep, i 4eTeipéx ukcos =CYMM(B1:B4)).
YroObl aBTOMAaTHYECKH CUMTANACH ONITUMAaJIbHAS CTpATers p*, HAMIINTE B NIepBOi e€ suelike hopmyity
=(1/CYMM($B$1:$B$3))*B1 u pacTssHuTE €€ BHU3 Ha CTOJBKO SYEEK, CKOIBKO Y BaC MKCOB, He 3a0bIBas
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ucnpaisath $B$3 Ha HyXHYI0, eciii y Bac 0OJIbIIe ABYX MKCOB. SUeiika 3/1ech 3alMChIBACTCS CO 3HAKAMU
$, 4TOOBI pH pacTArMBaHUK OHA HE COMIACK, a OCTAIaCh Takoi xe. Excel Hamuier ommoOKy JeeHus Ha
0, HO BCE B OPsIIKE — MKCHI y HAC ITOKA U BIPABJy HYJICBBIC.

Teneps HaM HyXHO 3amucaTh (OpMyJbl orpaHudeHui. CTaBUM Kypcop B SUYEHKY IMOJ TMEPBHIM
cronoukoM orpanudeHuit u muiemM Tyaa =CYMMITPOU3B($B$1:$B$3;D1:D3), MeHsis, ecinu HyKHO,
ajZipeca s9eeK ¢ MKCaMH M aJipeca ¢ TepBbIM CTOJIOMKOM orpaHudeHuil. Takas dhopMmyna mpocyMMUpyeT
BCE TIPOU3BE/ICHHS MKCOB Ha HY)KHBIC YMCIIa U3 MaTpHUIlbl. Teneps konupyeM 3Ty (GopMyiTy BIpaBO Ha BCE
CTOJIOITHI.

Tenepr BCE TOTOBO, U MOXHO HCKaTh pelieHue. BpizpiBaeM MeHwo «llouck peweHus»
OTKPBIBACTCS TAKOE OKHO:

YCTE-08UTS USNEB Y0 AYSiy:

Pasrod: @) yaxos ¥ "0

MASMANSHOMY SHAEHITO
VIMEHRR Feeitn:

Orpasmenin:

LleneBoii siueiikoli ycTaHaBIMBaeTe SUCKy ¢ cymMoit nkcoB (y mens 3to $B$4). [lepexirouarens
HIDKE YCTaHAaBIMBAcTE HAa «PAaBHOM MHHUMAaJIbHOMY 3Ha4eHHIO». [loTOM HaXMETE KHOIKY
«IpeAnonoxuTb», U €cIy Bbl BIMCAIN B MKCHl HYJIH, TO B OKHE aBTOMaTH4ECKH IOSBHUTCS AWANA30H
s4yeeK MKCOB. Jlampllie BBOJAUM OTpaHUYEHMs], BCETO MX JABa: Bce MKCHl >= (0 M Bce orpaHuyeHus >=1.
MOoHO He BBIICTATh KOKAYIO KIETKY OTACIBHO, a 100ABUTh BECh JHANa30H Uil OTPaHUYEHUl cpasy,
BOT TaK:

A 0 o E F =) H [ Fl 3 L =
< -0,392(-5440| -9,048

a 11,608| 6,560| 2,952|vencnn -

2 Xz of 18,000| 2,120| 0,480 6,000 |-9,.880(-11,520

3 XKa ©0.080386473| 20,736[19,040[ 16,560 8,736 | 7,040 | a.580

4 Cymma A sa7s

= E a

- o

z 1

a

10

12

13

1s

17 [ 1

19

=)
e

Haxumaere «Jl00aBUTH», 3alKCHIBACTE IPYroe orpaHquHHe U HaOXMETE «OK» Ecnu BB BCé
caciiaim HpaBI/IJII)HO Bbl YBUAWUTC IPUMEPHO TaKOC 3aIIOJIHCHHOC OKHO!

[Ei®] Peuwenve na68.2 - Microseft Excel (COoi akmeaLin npoaykra) =@ R

lnaswan  Baaska  Pasmerka apammus  Gopwynsi | [aeese | Peuewsuposanie @@=

N #2 2 Novcx pewenun
& 2| Tefonexp

A i [l T e T e

Monuerne | 05, —
BHELLHIY JaHHEI ™ 3 ¥ fon £HO | cron6uam ay6uats P 0
MogKNKYeHNS CopTHpOEKa N PUALTR PaoTa ¢ AaHHEIMH Cpyktypa Arams
B4 - £ »
=
A B K L ~
X1 o 48
n o 2 Oveown Omewn Omews |
2 Xz o 20
3 X; 0,060386473] [ sms1:4m43 = PO
4 Cymma A} oososssars Besorsercrom ¢ rpesa
™
5 P8 0 98414843 >=0
D44 444 o= 1 Hobasmre
6 0
7 1
[}
o
1
12 SarDyBHTICONpaHTE
B < e s arpassnienil
1 BuffizpTs - ‘
" Voo peuerpm; | OMR DELLEHHR THHEFHX 30034 CHHMNERC HETOOH Y [i—
i MeTon pewssa
] o ’ ; T, —
18 ANA THEAHGIX 330,34 - NOACK PBLIBHHA AHHEFHIX 33434 CHMMNEKC-HET0A0H, & ANA HEMNAAKAX
o 23434 - 3ECTOUOHHEI TOHCK pellEH/R,
20
21 |l
WAr M w1l | ACB D Crpaeka HaiiTin pewerne Jakpeie | ¥
Y | M 100

i MYCK. B 3 Nposoare - faBuansHA 0. HbLX. . ¥ Ru R 2t0s



Bcé roToBo, HaxkMETe «BBRITTOIHUTEY. Ecin BCE 0K, TO TOSBUTCS TaKOE OKHO:

e |

Pewerne Hafiaeno. Bee orpaHmyenitg i yCnosus

ONTHMANEHOCTH BaNONHEHDI. Tun oTyeTa

PesynoTaTtel
1 YCToi180CTs
. H
CoxpannTs Hana peweHne;

' BOCCTEH0BYTE MCXOAHEE 3HUSHIR

ok || omema || cowpawmaeepsi.. || Cpasxa |

Moxno Haxate «OK» u Hacmaxnarbcsi pe3yiabTaToM — B siUEMKaxX MKCOB CTOSAT HY’KHBIE

3Ha4YEHUs, a B siueiikax p* Hac >KOET y)Ke MOCUMTAHHAsI ONTHUMAaJbHAs CTpaTerus AJsl IEepBOro UIpokal

Jto cTparerus 3

3HAYCHUIO», 4 OTPAHUYCHHUS JOJKHBI OBITh <=

e -

(5] 1 e

. Hozcrapsist B popmyiy nonydaem orser Y = 10 — 0,6 * (4 +4)/2 = 7,6 (1bIC.cx)

[orea | oman] woss
= ooo | o saa|-it.ams
seselossslis
:
L~ L =— = =)

= ) -

OnTumaneHyIO CTPAaTEryio AJsl BTOPOTO UIPOKA CYUTATh aOCOJIOTHO TaK JK€ — UTPOKOB JOJKHO
OBITh 1O KOJMYECTBY CTOJIOIIOB, B OKHE pEIICHHWsS HAA0 yKa3aTh YK€ «PaBHOM MaKCHMabHOMY

1. BeIrmsagut 5T0 IpUMEPHO TaK:

S/EVRMESESSISHERI) TES o1/ CYMM(SFBRISHSS) | 6s EV IR (1 CY MM (S B5BHES )

—o.z0z —=.aa0 —o.oas
Yenomse p—— . 11.608 s.55 2082 o
&.660 s.550 iiszo is 232 o, 5]
Soae ENCETs) LT o550 Soos iese 5]
I o] a] = | O “riError T wImEsval T SITEITo)r T sIteIro
=1 == 1T 5 | cortran~ |a~

[ ] 3| ocseaszl G.os0388] & 5] 1]
= =1 ~= vranan v o= [

~ [T HABSARGHRR NasiS,

[0 NecopaTopnes pano. .
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J1s1 BTOPOTo UI'POKa SIBJIAETCS ONTUMATIBLHOM TPEThs CTPATerysi, YTO COOTBETCTBYET OTBETY.

CamMmocTrosiTesibHAs1 padoTa

Bopr6a aByx mpeanpusTuii 3a peIHOK B pernone (N — HoMep BapuaHTa)

JlBe KOMITaHWHM, 3aHUMAIOLINECS MTPOU3BOJICTBOM aHTUBUPYCHOTO MPOTPAMMHOTO OOECIeueHHs,
NPAaKTUYECKH IIOJHOCTBIO JAEAT PBIHOK HEKOTOPOro peruoHa. Pa3pabaTeiBas HOBYIO BEpPCHIO
IPOrPaMMHOI0 NPOIYKTa Uil MOOMIBHBIX TeIe(OHOB, KaXKAasi U3 KOMIIAHUI MOXKET MCII0JIb30BaTh OJIUH
U3 YEThIPEX BAPUAHTOB IPOJBHKEHHUS HOBOTO MPOrPaMMHOTO MPOAYKTa Ha PBIHOK, KOTOPBIM BIUSET Ha
KOHEYHYIO0 CTOMMOCTb IPOIYKLIUH.

B 3aBucuMOCTH OT cIENaHHOrO BBHIOOpPAa KOMIIAHMM MOTYT YCTaHOBHUTH LIEHY pealu3aluu
€JMHULIBI IPOAYKIMHU Ha YpoBHE 25, 22, 19 1 16 yCIIOBHBIX €IMHUI] COOTBETCTBEHHO. COOTHOLIEHNE 1IEH
peanu3anyy 1 ce0ECTOMMOCTh NIPEACTABICHEI B TaOJIHIIE:

Ilena [Tonnas ce0eCTONMOCTh

Bapuant eaju3alii | €IUHUIIBI IPOAYKIIUH, V.€

NPOJABHKEHHUS p poLy Y
€JIMHUILIBI

HOBOTO

IpOIyKTa HpOAYKIHH, Komnanug A | Kommannsa B
y.e.

1 25 17 21-0,1*N

2 22 15 10+0,1*N

3 19 10+0,1*N 10

N — HOMep BapuaHTa, IPeI0KEHHBIH MPenoJaBaTeNeM.

B pesymprare MapKeTHHIOBOTO HCCIIEIOBAaHMS pPhIHKA ObLTAa ompeserneHa (QYHKIUSA crpoca Ha
MPOTPaMMHBIE TTPOTYKTHI:

Y =20-0,5*X,

rae Y — KOJHMYECTBO IMPOAYKIMH, KOTOpoe OyIeT peann30BaHO B peruoHe (ThIC. emd.), a X —
CpeaHsis LieHa MPOAYKIUHA KOMIIaHUH, y.€.

3HaveHHs JAOJCH MPOMYKIIUHU, PEAIM30BAHHON KOMITAaHMEH A, 3aBUCAT OT COOTHOIICHHS IIEH Ha
MPOIYKLUUIO KOMIAaHUM A ¥ KoMmmaHuu B. MapkeTHHroBoe HCClIeJOBAaHUE MO3BOJWIO YCTAHOBUTH ATY
3aBHCHMOCTb:

Hena peanuzauum 1 ea. npoaykuum, y.e. Hoast peaim3oBaHHOM
NPOAYKIUM KOMIIAHUHU

Komnanus A Komnanus B A

25 25 0,31

25 22 0,33

25 19 0,25

25 16 0,2

22 25 0,4

22 22 0,35

22 19 0,32

22 16 0,28

19 25 0,52

19 22 0,48

19 19 0,4

19 16 0,35

16 25 0,6
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16 22 0,58
16 19 0,55
16 16 05

1. CymiecTByeT 1 B JJAHHOU 3aJjaue CUTYyallusi paBHOBECHUS MPU BBIOOpE BapuaHTa MPOJBUKECHUS
MPOYKTa Ha PHIHOK 00OMMH KOMITAHUSMU?

2. CyIleCTBYIOT JIU BapUaHThl, KOTOPhIC KOMIIAHWUU 33aBEIOMO HE OyIyT BHIOMPATH BCIICACTBHC
HEBBITOAHOCTH?

3. CKOJIbKO TIPOAYKIMHU OYJEeT pealM30BaHO B CUTYaIlMK paBHOBecHs? Kakas KOMIaHUs MOTYYHT
Oonbllie MpUOBUTH B CUTyalluu paBHOBecus? Kakas xommaHus OyaeT UMETh OOJBIIYIO JIOJNIO PHIHKA B
cuTyanuu paBHOBecus? JlaliTe KpaTkyro SKOHOMHYECKYIO HWHTEPIPETAIHIO PE3YJIbTATOB PpEIICHUS

3aJavu.
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JlaGopaTopHasi padora Ne3S «MoaeaupoBaHue MPOrHo3a»

Henp pabGoThl: w3ydeHHE BO3MOXHOCTEH ¥ (OPMUPOBAHHME YMEHHUS HCIOJIB30BAHUS
YHHUBEPCAIbHOM KOMITBIOTEDHOM TEXHOJNOTMH  JAJS PEUICHUs] 3aJad BBISBICHHUS TEHIACHUUH U
MPOTHO3MPOBAHMS PAa3BHTHUSl IpOIEcCa HAa OCHOBE MOJCIMPOBAHHS PSIOB AMHAMHUKH (C ITOMOIIBIO
TabmmaHOTO TIporteccopa Excel)

Kparkas Teopust

Tpena — 370 (yHKOMS 33aJaHHOTO BHJA, C TIOMOIIBIO KOTOPOW MOYHO anlpOKCHMHUPOBAThH
MOCTPOCHHBIA 10 JAaHHBIM TaOmunbl Tpaduk. TpeHa CIyXUT A7 BBIIBICHHUS TEHACHIWNA Pa3BUTHS
mporiecca, IPeACTaBISHHOTO B BUAE JUarpaMMbl, 1 00ecriednBaeT MPOTHO3 Ha 3aJaHHbBIN ITEPUO/I.

B MS Excel mnpemycMOTpeHO HECKOIBKO CTaHAApTHBIX THUIIOB TPEHOA: JIMHEHHBIM,
norapu@MUYECKUii, CTEMEeHHOW, OSKCHOHEHIMANbHBIH, IOJUHOMHAIBLHBIM, CKOJB3SINEe CpeaHee.
Heobxomumble ycaoBHS 1T TOCTPOSHUS TPEH/IA:

— TMepuoJ BpPEMEHH, 3a KOTOPBIA H3y4daeTcs MCCIeAyeMBbId TpoIecc, IOJDKeH ObITh

JOCTaTOYHBIM IS BHISBJICHUSI 3aKOHOMEPHOCTH;

— TpeH[ B aHATU3UPYEMBIN TIEPHO/T TOJDKEH PAa3BUBATHCS IBOIIOIMOHHO;

—  TIpOIIECC, MPEACTABICHHBIN AHArpaMMOM, TOJDKEH 001a1aTh ONPEISICHHON HHEPTHOCTHIO.

— TpeHn MOXXHO CTPOWTH AJIS AUArpaMM THITA:

— JWHeW4aThIi rpaduk,

— THCTOTpamma,

— Juarpamma ¢ o0JacTsIMH,

— XY-toueHas AuarpaMma.

[Ipu ycraHOBiIeHWU HanOosee MOAXOIIETO THIIA PErPECCHOHHON 3aBUCUMOCTH JJIsi OTMCAHUS
mporiecca U3MEHEeHHsI ToKas3areneil Kakoh-THOO BENWYHMHBI WCTOJB3YIOT TOKa3aTelb JOCTOBEPHOCTH
omucaHuss (QYHKOUW. THUO pPErpecCHOHHOW IJWMHUHM CYHUTAETCS YCTAHOBIIEHHBIM, €CITHM BEIHYHHA
JIOCTOBEPHOCTH anmpokcumanun R?=1. Oanako, eciu anmnpokcumanuu R? <0,6 yMeCTHO FOBOPHTE O TOM,
YTO THI 3aBUCHUMOCTH JUIS OTIMCaHUS TPOoTiecca N3MEHEHHSI TOKA3aTeNs He TOIXOIUT.

Ecnmm HM B OmHOM W3 BapHMaHTOB HCCIEAYEMBIX THIIOB PETPECCHOHHBIX IMHHUHA (TPEHIOB)
BEJINYMHA JTOCTOBEPHOCTH amlpOKCUMAllMM HE paBHA €AMHUIIE, TO BBHIOMPAIOT TOT THIL, AJS KOTOPOTO
BEJIMYHMHA IOCTOBEPHOCTH ampoOKCUMAallii MaKCUMaJIbHA.

3ananue

Ha ocHoBaHuM MpHUBEICHHBIX JaHHBIX MIOCTPOUTH TPEHABI U MPOAHAM3UPOBATh, KAK OMHCHIBAIOT
npolecc JIWHAMUKKA TPOAaX JIMHeHHas, JjorapuMuuecKas, MOJMHOMUAIbHAS, CTEIeHHas WU
SKCIIOHEHITMANBHAS 3aBUCUMOCTH. PaccunTaTh MPOTHO3 HAa OCHOBE AaIMPOKCHUMHUPYIOIINX 3aBHCUMOCTEH,
a Take ¢ momomblo (ynkuuit [IPEJICKA3, POCT u TEHJAEHIIMSA. IlpoBectn aHanmu3 ¢ LENBIO
oTpeJiesIeH s, KaKOW U3 MPUMEHEHHBIX METOJIOB JaeT 00Jiee TOYHBIN Pe3yJIbTar.

IHocTranoBka 3axa4n.

Nmerorcss nBe HaOmomaeMble BEIMYWMHBI X W Y, Hampumep, 00beM peann3zanud (UPMEL,
TOPTYIOIIEH KOHIWTEPCKUMH H3JACIHAMH, 3a pA] JieT ee paboThl. HeoOXoanMo BBISCHUTH Kakas W3
HanboJiee PacIpOCTPAHEHHBIX (YHKIMOHAIBHBIX 3aBUCHMOCTEH TOJXOMUT JUIS OMHUCAHUS Mpoliecca
peal3anyy ToBapa, ¥ KaKoro pe3ylibraTa 1o 00beMaM MpoJak MOXHO OXHIATh B MOCIEAYIOUINE TOBI
pabotel pupmbl. st TOrO YTOOBI MOCTPOUTH MPOTHO3 Pa3BUTHSA KAaKOH-THMOO CUTyaldu Ha IMPaKTHUKE
3a4acTy0 HeOOXO0JMMO 3HATh 3aKOHOMEPHOCTh N3MEHEHHS UCCIIElyeMOW BEIMYUHBI MK OOBEKTA.

Jis BBISIBIIGHWS TEHISHIMA Pa3BUTHS Ipolecca MPoAak HEOOXOAWMO ITOCTPOUTH TPEHMBI H
ocymiecTBUTh WX aHanui. [locTponM u mpoaHanmu3upyeM, Kak OMUCHIBAIOT MPOIECC TUHAMHKH TPOIax
TUHEHHas, JJorapuMUUecKast, HOTHHOMUAIbHAS, CTETIEHHAS] M SKCIIOHEHIIMAIbHAS 3aBUCUMOCTH.

TexHoJsiorusi padoTbl

1. B MS Excel cozmaiite pabGouyto kuury c iucramu: I[IpornosupoBanme, Jluneiinasi,
Jlorapudmuueckasi, IMoaunommanbHasi, CreneHHas,, JKCIOHeHOHMATbHass ¥ oO(OpMHUTE JHUCT
IIporxHo3upoBaHue Kak 1Moka3aHo Ha puc. 1
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2 1 B | © I 5] I E I F I e A
|1 MporHoznpoeanne odbema nposax npeanpuATHA
2

| 3 | IMeTKM TPEHACE Ha AMWarpEMMaX
| 4 |
| 5 |
| & | Oftem npoaas

CTaTUCTHYE

CKe TSOWTH‘—ISCKPE A3HHER
| 7 | ASHHEE
I'O,.'J, OfLem nHeAHaA norapprMHecmﬂ NoNMHOMMaNEHaA CTeneHHaA 2ECNOHEHUMaNeEHaA
g npoa aNMPOKCUMALMA SNNPOKCUMALMA  aNNPOKCUMALWA 2 CTEMEHI | aNNpoKCUMAaLMA ANNPOKCMMALLA

| & | 1 1906 148
| 10 | 2 1887 145
|11 3 1888 168
| 12 ] 4 1888 148
| 13 | 5 2000 177
| 14 | 5] 2001 176
| 15 | T 2002 180
| 18 | g 2003 188
| 17 ] g 2004 178
| 18 10 2005 211
| 18 | 11 2006 170
| 20 |Konmponshsie cymmsl
| 21| MPOIHO3 na 2007 ron
| 22 | 12 2007
| 23 | 12 2007 NPEOCKAS
| 24 | 12 2007 POCT
| 25 | 12 2007 TEHAEHU KA
| 26 |
[ 27 |
[ 25 |
| 29 |
El
PR ' MpOrHosvpoBaHve § MAHeiian / Norapudimaueckas £ NomMHOMManeHas 4 CTenenHas £ : |

Puc. 1 OdopmiieHre nucTa ¢ UCXOAHBIMH JTAHHBIMHU

Jlis mpaBWIIBHOCTH TMOCHEAYIOMUX BhlYMciIeHUH B Excel HeoOxomumo, 4YTOOBI 3HAYCHHS
MEPUOI0B OBLTH MIPECTABIEHBI UX HOMepaMu, HaunHas ¢ 1 (sraeiiku A9:A19).

2. cXoaHBIM TyHKTOM MOJIETHPOBAHUS TPEH/IOB SIBIISIETCS TIOCTPOSHHE JHarpaMMEl.

Ha ocHOBe MCXOAHBIX NaHHBIX, MPEACTABICHHBIX B TA0JHIIC, IOCTPONUTE TOYCUHYIO JUATPAMMY
CO 3HAYCHUSIMH, COCTUHCHHBIMH CTJIAXKHBAIOIIUMU JIMHUSAMH 0€3 MapKepOB.

s mocTpoeHus HConib30BaTh Mactep auarpamm. Beibepure moarun auarpaMmel «TodedHyro
JMarpaMMmy CO 3HAYCHHUSMH, COCIMHECHHBIMU CTIAXKUBAIOIIMMY JIMHUAMU Oe3 MapkepoB». Eciu B ieBoM
HIOKHEM YIJIy JUaJIOTOBOrO0 OKHa MacTtep auarpaMM HakaTh W yIEpKuBaTh KHONKY «IIpocmotp
pe3ynbpTaTa», TO ClpaBa BMECTO Talieper BUIIOB BBl YBUANUTE oOpasel Oymymieil quarpamMMel. B kadectse
JIMANa30HOB 3HAYEHUH Ui MOCTPOEHUS! JuarpaMMbl B3sATh HECMEXHbIE NHana3oHbl gueek A8:Al9 u
C8:C19. B tperbem miare MacTtepa auarpaMm Ha BKJIaJIKe 3arojiOBKM 0003HAYbTE OCh X 3aroj0BKOM
«l"ome1», a ock Y — 3aronoBkoMm «O0beM mponax». Ha aTom ke mrare pacronoxure nereHay BHu3y. Ha
YETBEPTOM IIare MOMECTHTE ANarpaMMy Ha UMEIOIIEMCS JINCTE.

O6beMm npogax

250

200
3 /\/\/ \
8 150 VAN
; —— O6beM npogax
g 100
38

50

0 T T
0 5 10 15
MNoabl

Puc.2. Bun odopmienus auarpaMMsl 0 00beMaM peain3alui ToBapa

Coxpanute pe3ysbTat paboTsl B (aiiie.

3. Hdns cBoOomHOro pasmelieHusi Ha rpaduke TEKCTOBBIX METOK TPEHAA, COAEPKAIIMX BH
ypaBHeHHsT W KO>Q(UIMEHT neTepMuMHAIMU (BEJIMYMHA JOCTOBEPHOCTH AanNpoOKcuMManuu R?),
npeIBApUTEIIHHO 3aHecuTe rpaduk B Oydep oOMeHa U CKONMUPYHTE €ro B HA4Yallo JPYTUX MSATH JHCTOB
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(JInneiinas, Jlorapupmuueckas, Ilonnnomuannbuas, CrenenHasi, JKcnonenunaabuas). Ecim y Bac
B KHUT'€ HEJOCTAET JIUCTOB, BBIIIOJHUTE UX BCTABKY.
4. [TocTpouTs MTUHEWHBIN TPEH I AUATPaMMBL. J{JIsl 5TOr0 He0OX0IUMO:
—  YCTaHOBUTH yKa3aTejb MBIILIY HA JUHUU AUATPAMMBI U IIENKHYTh JICBOM KHOIKON MBIIIH TakK,
YTOOBI Ha JIWHUM TTOSIBUIIUCH YEPHBIE METKH
— JUId BBIJETEHHON JuarpaMMbl BbI3BaTh KOHTEKCTHOE MEHIO, IIEJIKHYB INPABOM KHOIKOH
MBIIIIH;
—  BBINOJIHUTH KOMaHAy J00aBUTH JIMHUIO TPEH/A.
— B IMamoroBoM okHe JIMHHUsI TpeHaa Ha Bkiaake Tum BeiOpats okHo JInnetnas (puc.3 )

A | B | cn
1] |
2 OF
B ET AR T a
% 250 ioTHn MapameTpe!
6 200
T §: MOCTPOEHHE AMHKK TPEHAS [ANMPOKCHMALHA H CTNS#HBAHHE]
3 § 150 4}25&55 .
. fr/ /’\xf
10 o 100 ¥
T Lg MHHEfHAA Norapuimiueckas  (JonHOMHaNEHAA
=] © so .
14 0 T T T = = -
? o 2 4 5 CTenesHHan SKCNOHEHUMaNEHaA  MHerHas drnsTpaurA
16 Foawl | | MocTpoeH Ha paae:
17
18
19
20
21
22
23
124
25
58]
27
28
28
a0
31
32
a3
W 4 v M\ MporHosMpoeadie s vHedinan { Noraprdmiueckas { Nomano |2 | I

Puc.3. IloctpoeHue nuHuM TpeHaa

Ha BkJajke [IapaMeTpbl YCTaHOBUTH CICAYIONIME TTapaMeTphl (puc.4 ):

— Ha3BaHHUE alMPOKCUMUPYIOLIECH KPUBOU: aBTOMaTHUYECKOE

— TIPOTHO3: BIIEpe] Ha 2 TIepro/Ia;

— TIOKa3bIBaTh YpaBHEHHWE HA AWArpaMMe: YCTAHOBHUTE (IIaXKOK;

— TIOMECTUTH Ha TUarpaMMmy BEIIMYHHY JIOCTOBEPHOCTH ANIPOKCUMAIINH: YCTAHOBUTE (PIIakoK.
— MOOATBEPAUTDH NEHUCTBUA HaxaTueM KHonku “OK”

A [ E | c 1)
L1 |
2 6]
3 ET S HH RN PERE! ﬂ
% 250 Twn MNapar=Tpe!
5 £ 200
7 g . /5—5/ Hasgarme anmpoE TP OLE (cvrna»cennnm) KPHEOA
g 2 150 = = (&) aBToMaThdEcKoe:  NWHEHEI (Oftem npoaas)
=] E
19 = O apyroe:
10 @ 100
11 L'g MNporHos
1 e 50 enepea Ha: | EAMHHL,
12 HA347 Ha: 1] EAHHHLL
14 o] T T T
15 a 2 4 5

5 [] nepecesenme kpreoi c ockro ¥ & Touke: |0
— lopel NOKa3bESTE YPSEHEHHE Ha AMarpamte
ol MOMECTHTE HA AMAMPAMMY BEMHYHHY AOCTOESPHOCTH SNNPOKCHMALLKHK (RS2)

B

el
M4 v Py MporHospoesHie s Hednan ¢ Norapedagecikas { Nonaqo |

Puc 4. Br16op mapameTpoB TMHUYM TpeHAA
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[IpomsBecT HACTPOiKYy OhOpPMIICHHS BHIA IONYYCHHOTO TPEeHIAa B 00JIacTH pabodero JucTa

“Tpennsr”,

OTBEJICHHOW JUIS  TpejAcTaBieHUs auarpamm. Hror odopmieHus rpadudecku

MPpEACTABJICHHBIX JaHHBIX IPUBCICH Ha pI/ICS

AT B [ C [ 0D [ E [TmF T & [ H T T 7]

=

=

@

m (R
=&

]
s}

Ky
L]

[ AN
RS

o
[l

=

(ISR
o |~ | | h [ & o)

250

-

200
;f 150 —— OBBeM Npoaa
c
- ¥ = 4,4182x + 145 67 —— MHERHEIR (OB
2 R =05 npoass)
=]

50
o] T T
o] 5 10 15
Foabl
—

v Wi MporHosvpoeaHme S JiaHeidnan ¢ Norapideideckad  DondoManekas f Crensnnas /¢

Puc.5. Bug odopmienus auarpaMMsl U TMHEHHOTO TpeHIa

b

[epeiinute wa smct Jlorapudmuueckasi. [locTpoiiTe  aHaJOrHMYHBIM — 00pa3oM

Jorapu@MUIECKUil TPeH I U1 AUArPaMMBL.

250

200 A
: W
©
éf- 150 +—2 —— O6bem npoaax
[ =
= y = 19,959Ln(x) + 140,42 — JlorapudmMuueckuit
2 100
xg R* = 0,5459 (O6bem npopax)
(@]

50
0 T T
0 5 10 15
Foabl

Puc.6. Bun odopmieHus auarpaMMbl M JIMHEHHOTO TpeHaa6. [locTpoliTe MOIMHOMHUANIbHBIM
TPEH]I IS AUarpaMMel. J{71s 3Toro HeoOX0UMO:

YCTAaHOBUTD YKa3aTCJib MbIIIIN Ha JIMHUU AUArpaMMBbI U HICJIKHYTh JIEBOM KHOIIKOM MBIIIIH Tak,
YTOOBI HA JIMHUH HOSIBUJINCE YCPHBIC METKHN

JJIA BLIHGHGHHOﬁ AuarpaMmbl BbI3BATb KOHTEKCTHOC MCHIO, IICIIKHYB npaBoﬁ KHOITKOH
MBI

BBITIOJIHUTH KOMaH Ty Jl00aBUTHL JIMHUIO TPEHAA.
B IUAIOroBoM OkHe JIMHMs TpeHaa Ha BkiIagke Tum BBIOpAaTh OKHO MOJMHOMHAIBHAS,
YCTaHOBUTE 7151 IOJIMHOMA CTETICHb 2

Ha BKJIaaKE HapaMeTpLI YCTAHOBUTH CJICAYIOIINUEC MapaMETPhI:

Ha3BaHUE allIPOKCUMUPYIOLIEH KPUBOIl: aBTOMAaTHYECKOE

MIPOTHO3: BIIEpe] HA 2 MEepUOa;

MMOKAa3bIBaTh YPaBHEHUE HA AWArpaMMe:. YCTAHOBHUTE ()IaXKOK;

MTOMECTUTH Ha TUarpaMMy BEJIMYHHY IOCTOBEPHOCTH allIPOKCUMAIINH: YCTAHOBUTE (PIIAXKOK.
MOATBEPIIUTH AeHCTBUS HaxkaTueM KHonku “OK”.
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250

200 A
¥ Mpvuh
©
g 150 +—sem —— O6bem npogax
=4
3 100 4—Y¥=-0.5571x* + 11,103x + 131,19 — lNonuHommManbHbiif
§ R? = 0,5957 (O6bem npopax)

50
0 T T
0 5 10 15
Foabl

Puc.7. Bun oopmieHust tuarpaMmel ¥ IMOJIMHOMHUAIBHOTO TPEH A 110 JMHAMUKE 00beMa MPoJIaxK
TOBapa

7. AHanOTHYHBIM 00Pa30M OCTPOUTH CTETIEHHON U 3KCTIOHEHIIMAIHHBIN TPEH/IBI IS TUarpaMMbl
Ha COOTBETCTBYIOIIHUX JICcTax KHUrK EXCel.

250
200 VAN

X
5y W — 06
g_ 150 = 'beM npogax
(=
5 100 y = 141,811 —— Creneoit (OBbem
& R® = 0,5661 npoaax)
o

50

0 . '
0 5 10 15
FNoabl

Puc.8. Bun odopmiieHns nuarpaMMbl W CTENEHHOTO TpPEHAA IO JWHAMUKE O0BbeMa IMPOJax
TOBapa

250

200 Av——
E
5 M —

—— O6bem npogax
§_ 150 p
z ] y = 146,44¢%025 —— OKCMOHeHUManbHbIN
2 100 RZ = 0,5419 (OBbem npopax)
o
50
0 T T
0 5 10 15
FNoabl

Puc.9. Bun odopmieHus muarpamMmbl M SKCIIOHCHIMAIBHOTO TPEHJA MO IWHAMHUKE O0Bema
NpOoJIaXk TOBapa

AHanu3 noayueHHbIX MPeHO08 U NPOZHOIUPOBAHUE

KoHeuHbI1 pe3ynbTaT MOJEIHPOBAHUS JTOJKEH OLEHUBATHCS IIOJIH30BATEIEM C TOYKH 3PCHHS
3[JpaBOro CMbICTIAa Ha OCHOBE He(OpPMAaIbHOTO KOMIUIEKCA 3HAHUI 00 YCIOBHUSX pa3BUTHs Ipolecca, O
JOITYCTUMBIX TIPEIETbHBIX 3HAYEHUAX MOoKaszarens u T.1. B Excel mms ananmsa TpeHIOB aBTOMAaTHYeCKH
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BBIBOJHUTCA TONBKO Kod(puiment nerepmunamuu (R?). CTaTHCTHKU-TIPAKTHKH HPHMEHSIOT METOJ
CBEpPKH KOHTPOJBHBIX CYMM TEOPETUYECKOro (CTIIaXKEHHOTO MO TPEHAY) pAda MpH3HAKa C CyMMOit
3HAYCHHH MCXOMHOTO psina. OJHAKO AJIs MOJACYETa ATHX CyMM CHadajga HEOOXOAUMO MOCTPOHTH PSIbI
TEOPETUYCCKUX 3HAUCHUH MMOKa3aTes 10 HalJICHHBIM YPaBHEHUSM TPEHJIOB.

8. [lepeitnure Ha muct [Iporuo3upoBaHue.

CkomupyiiTe METKH TPEHIIOB C JAWarpaMM W BCTaBbTE MX B COOTBETCTBYIOIIHE SYEUKH Kak

nmokasaHo Ha puc.10.
AT B | C T ] I E I F I €] [ H

1| MporHoznpoBanne obbeMa NpoAax NpennpHATHA

2
| 3 | METKM TPEHADE Ha LUErEEMMaR
| 4 | y=4,4182x+ |y = 19,8500Ln(x) + 140,42 |y = 0,557 1x% + 11,103x + 131,18y = 141,51x"11¥ v = 146,44p"925%

5 R? = 0,53 RE = 0,5450 RE = 0,5057 R? =0,5661 R?=0,5418
z CEteM npoja

CratucTivec
TSOFETM\-IECKI/E AgHHER
7 K12 A2HHER
roa CBrem MHE AHER J'IOI"SFJIA‘DMW—IECKBH NONUHOMIANEHARA aNNPOKCUMEaLMA CTENEHHSR BECNOHeHUMANEHARA
SNNPOKE UMaLra SNNPOKC vMaLa 2 cTengHW ANNPOKCWME LWA SNNPOKC UMaLMA

| 8 | npoga
19 |1 1906 148 =4,4182°A0+ 145,67 =18,056"LN(AG 140,42 | =0 557 1°AD°Z+11, 103"AG+ 131,18 =141,81°A0°0, 1131 =146, 44" EX P (0,0256"A%)
102 1867 145
(113 1988 165
12 |a 1650 145
1135 2000 177
| 14 |6 2001 176
|15 |7 o002 190
[ 16 |3 2003 186
|17 |o o004 176
16|10 2005 211

19 (11 2006 170

| 20| KowmponbHble cymmb!

| 21| MNPOrHO3 na 2007 ropm

| 22 |12 2007

| 23 |12 2007 MPEACKAS

| 24 |12 2007 POCT

| 25 |12 2007 TEHAEHUWA
| 26 |
| 27 |
| 25 |
| 20 |
| 30 |

EY)
W 4 » ¥ \MporHospoBanme { NiHeliiaa { NorapucbMimuecias / NomMHoMManeHaa A CTenenHas £ ;|

Puc.10. Odopmienue nucra 11 aHaIH3a TPEHAOB

9. Bemute QopMynasl IS BBIYMCIEHHUS 3HAUYCHHWH alNpPOKCHUMHUPYIOIIMX (QYHKOWHA B
cootBetcTBytomue sueiiku D9, E9, F9, G9, HI (puc.10.).

CkonupyiiTe (opMyIBl BHU3 MO CTOJNOIAM.

10. IIpousBeauTe MocUYET KOHTPOIBHBIX CyMM B stueiikax C20:H20 (puc.11)

A | B ] C I D I E I F T E I H

1] MporHosuposaHne ofibeMa Npoaak NpeaNpUATHA
2
| 3 | MeTk TpeHAOR Ha A 1ErpaMMax,
|4 ¥ = 4,4182% + 145,67 |y = 19,850Ln(x) + 140,42 |y = 0,557 1x% + 11,108x + 181,19y = 141,811 |y = 145 440205
|5 | R? = 0,53 R® = 01,5450 R® = 0,5057 R® = 0,5661 R® = 0,5418
| 6 | OFLaM npoazs

CTaTieTUIeCKIe

TeopeTMiECKIE JaHHEE
AZHHEE
L7
Foa NHE AHER roraprbMteckan NOMWHOMUEITEHSA ANNPOKCUMELMA CTEMNEHHSR BKCTICHEHLWENEHE
& | Offtem nponz | ATPORCIMALIAR aNNpoKCUMaLMA 2 cTeneHu aNNPoKCHMMALMA |7 SNNpoKS MMaLMA
| 9 | 1 1996 149 150,0882 140,4200 141,7359 141,8100 150,2823
| 10| 2 1997 145 154,5064 154, 2545 151, 1676 153,9070 154, 2255
| 11| 3 1668 168 158,9245 62,3472 159,4851 161,4563 158,2721
| 12 | 4 1660 146 163,3428 168, 0860 166,5584 167,0360 162,4249
| 13 | 5 2000 177 167,7610 172,5428 1727775 17 1,4965 166, 6867
| 14 | 5] 2001 176 172, 1792 176, 1817 177,7524 175,2292 171,0802
1 15| 7 2002 190 15,5974 179, 2584 181,6131 178,4485 175,5486
| 16 | 8 2003 186 181,0156 1681,8236 184,3506 181,2850 180, 1547
| 17 | 2] 2004 176 185,4338 184,2744 185,9919 183,68243 184,8816
| 18 | 10 2005 21 186,8520 186,3773 186,5100 186, 1250 186, 7326
| 19 | 11 2006 170 194,2702 188, 2796 185,9139 188,2328 194,709
Konmponbxeie

| 20 | Cymme! 1894,0000 1893,9712 1893,0486 1863,85854 1888,8515 1887,9801
| 21| MPOMHO3 na 2007 ron

Ha ocose

SNNPOKEUMUPY IO
| 22 | 12 2007 |UWed Kp1eo 198,6884 190,0163 1842036 190, 1771 199, 6198
| 23 | 12 2007 NPEOCKAZ 198,6908
| 24 | 12 2007 POCT 196,8452
| 25 | 12 2007 TEHAEHUMA 195,6900
ol
4 4 » [y MporHoavposatve  MiHeinan / Norapudriseckan 4 MomMHoMmanckaa 4 Crenedqas £ ;|

Puc.11. Odopmienne mucTa 1j1s IPOBEACHUS aHATN3a

B pesynbraTe MONy4YMIM MHOXKECTBO YHWCIOBBIX DPSJIOB HCXOJHBIX JAHHBIX, CTIIQKEHHBIX IO
uccienyembiM Tpernam (D9:D19; E9:E19; F9:F19; G9:G19; H9:H19), MHOXkeCcTBO BCIIOMOTaTEIEHBIX
KOHTpONbHBIX cyMM (D20:H20) mis BbIsiBIEHMS HaWiIydIIero TPEeHJa IMyTEeM CBEPKM HX C TJIAaBHOM
KOHTpoJIbHOM cymmoit (C20).
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11. IlomecTuTe BEIBOJBI M3 aHATN3a TOJIYYCHHBIX PE3yIbTAaTOB MCCIICOBAHMUS JUHAMUKH MTPOJAK
C TIOMOIIBIO aIllIPOKCUMAIMKM B 3TOM ke jucte (puc.12.). IlpoaHamu3npoBaTh MOCTPOCHHBIC rpaduKu
MOJKHO, HAIIPUMEP CJICIYIOIIUM 00pa3oM:

Pe3yabTaThl M0 HCCAEAOBAHUIO TUHAMUKH MPOJIAK ¢ IOMOIIbI0 PErpecCHOHHOTO0 AHAJIN3A.

ITocKONBKY BENMYMHA JOCTOBEPHOCTH aNNpoKCHManuu R? MakcMMaibHa I PErPECCHOHHON
JMHUM, OIMCHIBAEMOI IOJMHOMHMAIBHONH 3aBHCHMOCTHIO BTOpoi cremenn R2?=0,5957, TO 3Ta
3aBHCHUMOCTD, OTIMChIBACMAsl YPaBHCHHUEM

y=-0,5571x2+11,103x+131,19,

T7Ie X - HOMep Toja,

y - 00beM pealn3aiyi 3a rof,

SIBIIICTCS] HAMOOJISE MOAXOIAICH 1T OTIMCAHUS TUHAMUKY MPOJIaK.

KonTposbHas cyMmMa 00beMOB MPOJaX 3a aHAIM3UPYEMBIH MEPHUOJ, BBIYMCICHHAS IO 3TOH
3aBUCHUMOCTH, Haubonee Onu3ka mo 3HaueHuro 1893,9954 Kk KOHTPOJIBHON CyMMeE CTaTHCTHYECKHX
JaHHBIX 00beMoB mpoaax 1894,0000.

BeiBoa. [ns mporHo3upoBaHusi 00BEMOB MPOAAXK CIEAYET BOCHOIB30BATHCS MOTHMHOMHUAIBHOMN

PezynuTaTel No HcocnenoBaHWIo AWHAMHKN NPOAAX 10 pery o
MOCKOMbKY BerAHIAHA AOCTOBEPHOCTIA ANMPOKCIAMALMA R MAKCUMANBHE AANA PErpecCHOHHORA
TAHAA, D NS BIESEMOT NOMMHOMMAMNEHOR 33BLCMMOCT IO BTOPO CTENEHW R*=0,5957,

TO 373 33EMGUMOCTE, ONVCEBSEMEA

y=10,5571%*+11,103x+131,19,

A2 X - HOMEP roAs, ¥ - O5EeM peanueaLMK1 23 o,

ABMFETCA HAE0NEe NOAX0ATWER AR ONHUCAHMA JUHIMMKA NPOAZM.

3aBHCUMOCTBIO.

A | B ] [ [ D [ E [ F | G [ H I
| 15 | i 2002 190 176,5874 179,2584 181,6131 178,4485 175,5486
| 16 | 8 2003 166 181,0156 161,9236 164,3596 181,2850 180, 1547
| 17 | g 2004 178 185,4338 184,2744 185,9819 183,8243 1848818
| 18 | 10 2005 211 189,8520 186,3773 186,5100 188, 1258 189,7326
| 18 | 11 2008 170 184,2702 188,2796 185,9139 188,2328 1847108

Konmponshusie
| 20 | CyMMbI 1894,0000 1893,9712 1883,9486 1883,9954 1888,8515 1887,9801
121 NMPOMHO3 na 2007 ron
Ha ocHoee
SNMPOKE UMURY 0

| 22 | 12 2007 wed kpueoi 188,6884 180,0183 184,2036 180,1771 189,58 198
| 23 | 12 2007 MPEOCKAZ 198,6908
| 24 | 12 2007 POCT 199,8452
| 25 | 12 2007 TEHAEHUMA 198,6908
| 26 |
| 27 |Pesynbmamsi no d d ipodak © 10 |
| 25 |
| 28 |
| 30 |

€

|

KoHTponbHas cymMa cOLeMOoB NEOAZNK 38 SHANMEUBYEMEIR NEpUoA,
BEIYMCNEHHAA NO 3TOM 2ABVCUMOCT W, HarBonee Bnikzka no sHadeHwo 1893,9954
K KOHTPOMNEHOM CYMME CTATUCTHUECKIY AEHHER o6temoe npogzck 1894,0000.
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BuiBoA. ANA NPOrHOZMPOEAHUA OBEEMOE NPOAZH CNEAYST EOCNONE3CEATECA YRAIAHHOA
33BACHMOCTER

o
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Puc.12. Odopmienue aucra Juis aHaIH3a TPEHIOB C BBIBOJIAMH.

12. Paccunraiite nporuo3 oovema npojax Ha ocHoBe ¢yHkuumii nporHosupoBanus [IPEJICKAS,
POCT, TEHAEHLIUA u pacmonoxkuTe pe3yabTaThl BBIYUCICHUH TPOTHO3a C MOMOIIBI (QYHKIHMHA B
COOTBETCTBYIOLIUX cToNONaX. [Ipy 3TOM ciiefyeT yuuThIBaTh ClIeayoliee.

Oyukuus TEHJAEHIIMA Bo3BpamjaeT 3HaYyeHUSI B COOTBETCTBUM C JIMHEWHBIM TPEHIOM.
AnnpokcuMupyer — OpsMOH  JiMHMEeW (0 MeToQy ~— HauMMEHBIIMX  KBaJpaTOB)  MAacCHBBI
HU3BeCTHbIC_3HAYeHHUs_y U M3BeCTHbIEe 3HadyeHUsl X. Bo3Bpalaer 3HaueHus Y, B COOTBETCTBUU C ITON
MPSIMOM 7S 33JaHHOTO MAacCUBa HOBbIEe 3HAa4YeHHs1_X. CHHTaKCuC:

TEHJAEHLIMSI(n3BecTHBIE 3HAYSHUS y;U3BECTHBIC 3HAYCHUS X;HOBBIC 3HAYEHHS X;KOHCT)

N3BecTHbIE 3HAa4YeHHA y — MHOXKECTBO 3HAYEHMH Y, KOTOpPbIE YK€ U3BECTHBI JJI1 COOTHOLICHHS
y=mx+Dh.

Oyukuuss POCT Bo3BpallaeT 3HAYEHUS B COOTBETCTBUM C SKCIOHEHUUAIbHBIM TPEHAOM.
PaccunThIiBaeT MPOTHOZUPYEMBIA OJKCHOHEHIMAIBHBIA POCT HAa OCHOBAHMM HMEIOIINXCS JIaHHBIX.
Oynkius POCT Bo3Bpamaer 3Ha4eHHS Y IS TTOCIIEOBATEILHOCTH HOBBIX 3HAYCHHH X, 33]]aBa€MBIX C
MOMOIIBIO CYHIECTBYIOUIMX X- M Y-3HaueHHid. PyHkius padodero jucrta POCT MokeT NpUMEHSATHCS
TaKKe ANA AN ANIpOKCUMAalMM CYIIECTBYIOIIUX X- M y-3HAUYEHUH SKCIIOHEHIHMAJIBHOW KpHUBOM.
CuHTakcuc:

POCT(u3BecTHblE 3HAUYEHUs Yy;U3BECTHBIC 3HAUYEHHs X;HOBBIE 3HAUYEHHS X;KOHCT)

W3BecTHBlE 3HAa4eHHA_Y —  3TO MHOXECTBO 3HAUEHUM Y, KOTOpBIE YK€ HW3BECTHBI B
COOTHOIIIEHHH y = b*m”X.

OyHKIUA [NPEACKA3 Bo3Bpamaer 3Ha4YeHHWE JMHEHHOTO TpeHnaa. Beraucnser wnu
npezcKa3bIBaeT Oyayliee 3HaueHHe 10 CYIECTBYIOIINM 3HaueHusAM. 1IpeackaspiBaeMoe 3HaYEHUE — 3TO
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y-3HaueHHE, COOTBETCTBYIOICE 3aJaHHOMY X-3HauCHHUIO. 3BeCTHBIC 3HAYEHHS — JTO X- U y-3HAUCHHUS, a
HOBOE 3HAYEHHE IPECKA3bIBACTCA C HMCHOJIB30BAHHEM JHMHEHHOW perpeccuu. OTy (QYHKIHIO MOXKHO
WCIIONIb30BaTh JJIsl TIpeicKa3aHus OyAyIIuX Mpojaax, MOTpeOHOcTed B 000pyJOBaHMHM WM TCHICHLUH
notpebyienust. CHHTaKCHUC:

MMPEJCKA3(x;u3BecTHBIC 3HAUYCHUS _y;U3BECTHBIC 3HAUYCHUS X)

X — 3TO TOYKA JaHHBIX, VI KOTOPOU MPECKa3bIBaETCs 3HAUECHHUE.
W3BecTHBIe 3Ha4YeHMs y — 3TO 3aBUCHUMBIN MACCHUB WM MHTEPBAJ JAaHHBIX.
W3BecTHBIE 3HAa4eHMA X — 3TO HE3aBHCHMBIM MAacCUB WM UHTEPBAJ JaHHBIX.

13. CuenaiiTe cpaBHUTENBHBIN aHAIH3 HCIIOIb3YEMBIX METOIOB TIPOTHO3UPOBAHHSL.
14. CoxpanuTte pe3ynbTaTsl paboThl B daiine.

NupuBuayanbHoe 3a1aHue

Coznaiite HOBYIO pabOUyrO KHHTY.

NoogkrwnE

o

9.

10.

11.
12.
13.

14.
15.
16.
17.
18.

19.
20.

Bri0epure Tabnuiy ¢ JaHHBIMH COTJIACHO CBOEMY MHIMBUIYaJIbHOMY BapHaHTY.

Coxpanute pe3yabTat paboThl B (baii.

B sueiixy Al BBequTe — OMUCaHUE IEPEMEHHOH X, B ssuciiky B1 — onucanue nepeMeHHO Y.
Ocy1ecTBuTe BBOJ UCCIIEAYEMBIX JaHHBIX B CTOJIOLBI A U B HIKe ONMCaHHBIX IEPEMEHHBIX.
OdopmuTe co3AaHHYIO PaCUETHYIO TaOIUILy

CoxpaHute pe3ysbTat paboThl B (aiii.

YcranoButh Kypcop B sueiiky C1 u mocTpoiite nuarpammy “O0beM peanu3aiyy MpoTyKIHH
3a HaJeIo” TI0 AWAana3oHy 3HadeHni cTonona B.

[IpousBenute oQopMiICHHE TOCTPOCHHON AHATPAMMEI

Coxpanwnre pe3yabTaT padoThI B (paii.

Bri6epute 3aBucuMocTh 1 cOTNacHO WHIWBUAYAIHbHOMY BapHWaHTy THII JJISl TIEPBOU JIMHUHU
TpeHa.

ITocTpoliTe nepBelid TPEHA IS IUArPAMMBI.

[IpousBenute HAacTPOIKY 0OpPMIICHHUS BUA [TOTYICHHOTO TPEHAA

Bribepute 3aBUCUMOCTD 2 COTJIACHO MHAMBUAYAJIILHOMY BapHaHTy THIT JUI BTOPOH JIMHUH
TpeHja.

ITocTpoiiTe BTOpo# TpeHA AJsl AUArpaMMBl.

[IpousBenute HACTPONKY OQOPMIICHHUS BUIA TIOCTPOCHHBIX TPEHOB

HpOHE}BGI{I/ITe AHAJIN3 MMOJYUCHHBIX PE3YyJIbTATOB.

Coxpanwnre pe3yabTaT padoThI B (paii.

[IpenpsaBute paboTy mpenogaBaTento.

3aKIIrouYnTENbHEIE TEHCTBHS

3aKpoiTe BCe OTKPBITHIC (aiiiibl AJIEKTPOHHOM TaOJIHUIIBL.
3akonunte padoty ¢ MS Excel.

Bapmuanr 1

Henn 1 2 3 4 5 |6 7 8

Komnuectso | 13 19 29 30 37 | 44 49 55
HPOJaHHBIX
SIIUKOB
JeTanei

Hccnenyemble 3aBUCMOCTH: JIMHEWHAs!, CTETIEHHAS.
Bapuant 2

Henens 1 2 3 4 5 6 7 8 9 |10

KomnnuectBo 9 16 |20 |27 |34 |39 |44 |52 |58 |64
HOCTYIHUBIIUX
YIaKOBOK

TIPOIYKIMH

Hccenemnyemble 3aBUCHMOCTH: SKCIIOHEHIINATIbHAS, JTorapru(Muaeckas.
Bapuanr 3

JeHb 1 2 3 4 |5 6 7 8 9

KonwuecTtso 7 17 |19 |28 |35 |42 |41 |52 |57
OTITYyIIICHHBIX
¢nakoHOB

NEHOTePMETHKA

40



I/ICCJICI[yeMHe 3aBUCUMOCTH: IIOJIMHOMHAJIbHAA, OKCIIOHCHIIUAaJIbHAas1.

BapuanT 4

JeHb

2

3

4

5

6

7

KoanuectBo
3aKa3aHHBIX
rnmavyex
MeINKaMEeHTa
C

12 |21

30

36

44

54

61 |70

Bapuant 5

Uccnemyemble 3aBucuMocTH: JorapudMudecKas, THHeHHAs

Mecsnn

2

3

4

5

6

7

8

11

KoanuectBo
3aKa30B  Ha
TIepPEIUICTHRIC
paboThI

12 | 17

23 | 32

35

40 | 48

54

72

Bapuanr 6

I/ICCHCILyCMBIC 3aBUCUMOCTHU: CTCIICHHAA, ITIOJIMHOMHAJIbHAA.

Yac 1

2

3

4

5

6

7

8 9

MPOJaHHBIX
OyTBUIOK
HanuTka K

Komnuectso | 10

18

22

28

34

39

46

51 | 54

Bapuant 7

I/Iccne,uyeMble 3aBUCUMOCTH: HHHeﬁHaH, OKCIIOHCHIMaJIbHAas.

Henens

2

3

4

5

6

7

8

KomnaectBo
MPOJaHHBIX
MOIeP>KAHHBIX
MallliH

12 | 18

25

32

40

46

53

60

Bapuant 8

I/Iccne,uyeMble 3aBUCUMOCTH . OKCIIOHCHIIWAaJIbHAas, JIMHEMHAS.

JleHpb

1 2

3

4

5

6

7

KoanaectBo
3aKa30B Ha
XJ1e000yI09HOe
n3aenue N

14 |2

3

30

39

45

54

63

I/ICCHGHyeMBIe 3aBUCUMOCTH . ITIOJITMHOMHUAJIbHAA, JIMHEHHAS.

Bapuant 9

Mecsn 1

11

MPOJaHHBIX
CYBEHHPOB
A

KomnuectBo | 15

40

78

HUccnemyeMble 3aBUCMOCTH: JIorapupMUUYecKas, SKCIIOHEHIHATbHASI.

Bapuant 10

Henens

2

3

4

5

6

7

8

KonmuectBo
3aKa3oB Ha
YCTaHOBKY
MAaIllMHHOMN
CUTHAJIM3AIlNH

15

24

29

38

46

52

58

Bapuanr 11

Hccnenyemble 3aBUCUMOCTH: CTEIICHHAS, JIOTapH(MIIecKasl.

Henens 1

6

7

9 |10

11

Komnuecrso | 9

36

40

54 | 65

76

41




3aKa30B  Ha
pPEMOHT
CTHPATbHBIX
MAaIluH

Bapuanr 12

I/Iccne/:[yeMHe 3aBUCUMOCTHU: HHHeﬁHaﬂ, TIOJIMHOMUAJIbHAsI.

JeHb

1

2

3

4 5

6

7 8

KonunuectBo
a0UTYypHUEHTOB

Z

HHTEPECYIOIUXCA
CIICIaJIbHOCTBIO

13

19

26

30 |37

44

49 |55

Bapuanr 13

I/ICCJ'IGI[YCMHG 3aBHUCUMOCTHU: OKCIIOHCHIIAJIbHAA, JIMHEHHASL.

Mecsn

1

2

3

4

5 6

7

8

KonuuectBo
3aKa30B  Ha

JUTEPATYPY
Trna X

12

18

25

32

40 | 46

53

60

Bapuanr 14

I/Iccne,uyeMble 3aBUCUMOCTHU . ITIOJIMHOMHAJIbHAA, DKCIIOHCHIIMaJIbHAas1.

Jlenp

[E=Y

2

3

4

5 6

7

8 9

Konnuectso
MPOJaHHBIX
(h1akoHOB

mamiyHs B

17

19

28

35 |42

41

52 |57

Bapuanr 15

HccnenyeMble 3aBUCUMOCTH: JIorapudMuyeckas, JMHeHHas!.

Henens

=

2

3

4

5 6

7

KonunuectBo
MIPOJIAHHBIX
SITITAKOB
KOHJIUTEPCKOI
MPOTYKITAN
Tuna 1

15

24

29

38 | 46

52

58

Hccnenyemble 3aBUCMOCTH: CTENICHHAS, TOJTMHOMHAJIbHAS.
KoHTpoabHbIe BOpPOCHI

Nogak~wdbE

rarpaMme.

©

OTITHMH3AITUN PECYPCOB H 3aI1acoB?

10. Onurure CUTyallud, B KOTOPBLIX MPAaBOMOYHO MNPCACTABJICHHUC HECKOJIBbKUX I‘pa(i)I/IKOB B

OJTHOM CHUCTEME KOOpMHAT.

42

UT0 oTpakaeT BEIMYUHA JOCTOBEPHOCTH AMMIPOKCUMAITIH ?
[aiiTe onpeaeneHue TpeHaa.
B kakux cirydasx HeoOXOIMMO UCIIONB30BaTh MIOCTPOCHUE TPEHIOB?

Ha ocHOBe kakux JaHHBIX BRIOUPACTCS HAWITYUIIash PETPECCUOHHAS TUHUS?
Kak u3meHuTthb (hopMaT npeacTaBICHHs PErPeCCUOHHOMN JTUHUK?
Kaxkue Tunsl perpeccnoHHbIX 3aBUCUMOCTEN BaM n3BeCTHBI?
OnumuTe AEUCTBUS HEOOXOMWMBIE I TOCTPOSHUS JIMHUH TPEHJa II0 TOCTPOCHHOM

Bosmoxen mm peTpOCHeKTHBHLIﬁ aHaJIM3 JaHHBIX C UCITIOJIB30BAHUEM JIMHUN TpeH,Z[a?
9. BO3MOXHO IIH WCIOJIE30BAaHHE PErpeCCUOHHBIX 3aBUCHUMOCTEH nopu peuICHUMU 3aJad II0




JladopaTtopHasi pa6oTa Ne36 «Bbi0op oNTHMAIBLHOIO pPellleH sl ¢ TOMOIIBIO IepeBa
pelieHuin

Leas pabdoTbl: OCBOCHHE OCHOBHBIX METONOB U CIIOCOOOB MOCTPOCHHS JAEPEBHEB DEIICHUI,
MPHOOPETEHIE MPAKTHUYECKUX HABBIKOB I10 MCIIOJIL30BaHUIO HHCTpyMeHTapus Deductor 4.

Kparkas Teopust

HepeBbst pemennii (decision trees) SBJISIOTCS OIHUM W3 CaMBIX MOIIHBIX CPEACTB PEIICHUS
3a7a4yil OTHECEHHUS KaKoro-mubo oObeKTa (CTpOUKHM Habopa JaHHBIX) K OJHOMY M3 3apaHee M3BECTHBIX
kimaccoB. JlepeBo pemeHHil — 3TO KiaccH(UKATOp, MOMYYEHHBIH M3 OOy4aromero MHOXKECTBa,
colleprKamiero OoOBeKTHl M WX XapaKTePUCTHKH, HAa OCHOBe OO0ydeHHs. JlepeBO COCTOMT M3 Yy3II0B
JIUCTHEB, YKA3BIBAIOIINX HAa Kjacc.

Pesynbrarom paboThl aropuT™Ma SBISETCS CIIMCOK HePapXUUSCKUX MPaBUWI 00pa3yomux IepeBo.
Kaxxmoe mpaBuiao — 3TO MHTYHTHBHO-TIOHSATHAs KOHCTPYKIWs Buma «Ecmu...To...» (if - then). lepeso
MOJKET UCTIOJIB30BAThCS JJIs Kiaccu(ukanuu 00bEKTOB, HE BOIISANINX B 00y4arolee MHOXKECTBO. UTOObI
MIPUHATH PEIICHUE, K KAKOMY KJIACCY CIEAYET OTHECTH HEKOTOPBIH OOBEKT MM CHUTYaIUI0, TPeOyeTCs
OTBETHUTH Ha BOIPOCHI, CTOSIINE B y3JIaX 3TOTO JIepeBa, HauWHAs C €ro KOpHsA. Bompockl mMeroT BUf
«3HaueHue mapamerpa A Oombire B?». Ecam OTBET MONOXUTENBHBIA, OCYIIECTBISIETCS MEPEXO] K
MIPaBOMY Y37y CJENYIOIIETO YpOBHS; 3aT€M CHOBA CIEAYET BOIPOC, CBA3aHHBIA C COOTBETCTBYIOLIUM
y3JI0M | T. [I.

Hacrpoiika HazHaueHUs noaei

HeoGxomumo ompenennTh, Kak OyayT MCIONB30BaThCs IMOJST UCXOJHOTO HAaOOpa NaHHBIX MpU
o0ydJeHUH iepeBa U JalibHEHIIeH MPakTHIeCKOH paboTe C HUM.

B neBoif wacTm OKHa TpENCTaBICH CIUCOK BCEX IOJIEW HWCXOMHOTO HabOopa naHHBIX. [lms
HACTPOMKH TOJISl CIENYeT BBIACTHUTh €ro B CIIMCKE, MPH 3TOM B MPaBOH YacTH OKHa OyAyT OTOOpaXKEeHHI
TEKYIIUe TapaMeTPhI OIS

1. Umsa monms — waeHTH(HUKATOp TOJSA, OINpPENETICHHBI /s HEr0 B HCTOYHHUKE JaHHBIX.
W3MeHuTh €ro 31ech Helb34l.

2. Twun gaHHBIX — THN JaHHBIX, COACPKALIUXCS B MOJie (BEIIECTBEHHBIN, CTPOKOBBIH, naTa). OH
TAaKXKEC 3a1a€TCs1 B UICTOYHUKE JaHHBIX U 31€Ch U3MCHCH 6I>ITI> HE MOXKCET.

3. Hasnauenme — 3mech HEOOXOIWMO BHIOPATH TOPSIIOK HCIIONB30BAaHUS AHHOTO TOJS TPH
o0yyeHnu u pabore JaepeBa peuicHWH. BpIOOp TPOM3BOAWUTCS C MOMOIIBIO CIHCKA,
OTKPBIBAEMOT'0 KHOTIKOW U COZAEPIKAILETO CIAEAYIOINE BapHAHTHI:

- BXOI[HOC — 3HaA4YCHHUA II0JIA 6yI[yT ABJIATBCA MCXOOHBIMHM OJAaHHBIMU [JII IOCTPOCHUA U
JaNbHEHIIe pakTHYecKod paboThl iepeBa pelIeHni, Ha UX OCHOBE OYJIeT MPOU3BOIUTHCS
KJIACCU(DUKAITHSL.

— Brixogaoe — Oyner conepaTh pe3yNbTaThl KiacCUpUKAMU. BrIxoqHOe mosie MOXKeT OBITh
TOJIBKO OJTHO U OHO JIOJIKHO OBITh TUCKPETHBIM.

— Hudopmamnronnoe — mosne He OyleT HCIOJIb30BaThCS NMPH OOyYeHHWH JepeBa, HO Oyaer
MTOMEIIEHO B PE3YIbTUPYIONIUI HA0OP B HCXOTHOM COCTOSIHHU.

— Heucnons3dyemoe — mojie He OyIeT HMCHOJB30BATHCS IPH MOCTPOCHWU W paboTe JepeBa
penieHni U OyJIeT UCKITFOUEHO U3 Pe3yIbTHPYOIIeH BEIOOPKH. B oTnudane oT HEnmpuromaHoro,
TaKoE MoJIe MOXKET OBITh UCIIOJIL30BAHO, €CJIH B 3TOM BO3HUKHET HEOOXOIUMOCTb.

— Henpuromaoe — mosie He MOXKET OBITH HCITONBF30BAHO TPH IMOCTPOCHUN U PadOTE ajIropuTMa,
HO OyZIeT IIOMEIIEHO B PE3YIbTUPYIOIINI HA0Op B HCXOHOM COCTOSTHHH.

4. Bun maHHBIX — yKa3bIBaeT HA XapaKTep JaHHBIX, COAEPIKAIINXCS B TIoJe (HETPephIBHBIN HITH
JTUCKPETHBIN). I3MEHUTh 3TO CBOWCTBO 3/1€Ch HENB3SL.

CTaTyc HEMIPUTOAHOI'O IMOJIA YCTaHAaBJIIMBACTCA TOJIBKO aBTOMATHYCCKH U B HaJIBHeﬁmeM MOXET

OBITh W3MEHEH TOJBKO Ha HeWcIoils3yemMoe win wuH(popmannonnoe. llone Oymer 3ampemieHo K
UCIIOJIb30BAHUIO €CIIH:

—  TIOJIE SIBJISIETCS JUCKPETHBIM U COACPIKHUT BCErO OJJHO YHUKATHLHOE 3HAYCHHUE;

—  HeNpephIBHOE MOJIE C HYJIEBON AUCIEPCUEH;

— TOJI€ COJACPKUT MPOIYIICHHbIEC 3HAYCHUSL.

B ciywae ecnm Texymiee mmosie COACPKHUT HETPEPHIBHBIE (YMCIIOBBIE) NaHHBIE, OTOOpa)KaeTcs
ceknus «CTaTUCTHUKAy», T/IE MMOKA3hIBAIOTCS MAaKCUMAIBHOE U MUHUMAIILHOE 3HAYEHUS II0JIS, €r0 CPEeIHee
3HaueHWE W CTaHJAapTHOE OTKJIOHEHHWE. Eciu BBIIEICHHOE TOJiE CONEPXKUT JTUCKPETHBIE (CTPOKOBHIC)
JIaHHBIE, TO JIJI1 HETO OTKPBIBACTCS CEKIMs «YHUKaJIbHbIC 3HAUCHHUS», B KOTOPOW OTOOpakaercsi oliiee
YXUCJIIO YHUKAJIBbHBIX 3HAYEHUI I10JIsA, a TaKKE CITMCOK CaMUX YHUKAJIbHBIX 3HAYCHUM.

Hopwmanuzamnus nonei
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[enpio HOpMaNM3aIMK 3HAYCHUH TOJIEH SIBIIETCS MpeoOpa3oBaHUE JAaHHBIX K BUAY, Hauboiee
moaxosmeMy il 00paboTku cpexactBamu mmakera Deductor. Jlms nmepeBa pelieHWi TaHHBIE,
MOCTYMAIOIIUE HA BXOJ, JODKHBI HMETh YHUCIOBOM THIN. B 3TOM ciyyae HOpMaIu3aTOp MOXET
peoOpa3oBaTh MUCKPETHHIC JaHHBIC K HA00PY YHUKAILHBIX MH]ICKCOB.

OKHO HAaCcTPOWKH HOpMAaJIW3allid II0JICH BBI3BIBACTCS C IIOMOIMBI0 KHOMKH «Hactpoiika
HOpMalu3aluu». B OKHE ciieBa NpHUBENEH MOIHBIA CIIHCOK BXOAHBIX M BBIXOAHBIX moisied. [Ipu sTtom
KXK0€ TI0JIe TOMEUSHO 3HAYKOM, 0003HAYAIONIUM BHJl HOPMAJIU3AIUN OIS

— IIMHEeWHas — JIMHEeWHAass HOpMallu3allusl UCXOIHBIX 3HAUCHUI;

—  YHHKQJIbHBIC 3HaYCHUSI — PEoOPa30BaHNE YHUKAIBHBIX 3HAUYCHUI B UX UHICKCHI.

Jnst  9ucimoBBIX  (HEMPEPHIBHBIX) TIOJIEH C JIMHEWHONH HOpPMalW3alue JIOMOIHATEILHBIC
napameTpbl HeIOCTYNHbI. B momsix «MuHuMymM» U «MakcuMym» ceKUud «/[namna3oH 3HaYCHUI» MOKHO
MOCMOTPETh MUHUMATHHOE U MAKCUMAJIbHOE 3HAYCHUS 3TOTO MOJIA.

st TUCKpeTHBIX MOJEeH clipaBa HAaXOAMUTCS CIHUCOK YHUKAIBHBIX 3HAUYEHUN MO, TAE A
KOKJIOTO 3HAYEHUsl YyKa3blBaeTCs KoinyecTBO ero mnosropeHuil. Ilome «KonnuecTBO 3HaYeHUi»
MOKa3bIBaeT 00IIEe YMCIIO YHUKAIBHBIX 3HAYCHUH, MPUHUMAEMBbIX TIOJICM.

Hactpoiika o0y4aronieii BRIOOpKU

OObyuaromass BEIOOpKa MOXET OBITh pa3buTa Ha TPU MHOXECTBA — OOydJaromiee, TeCTOBOE H
BaJIMIAIMOHHOE.

1. OoOyuarolee MHOKECTBO — BKJIFOUAET 3aMUCH (IPUMEPHI), KOTOPBIE OYAYT UCIIOJIL30BaThCS B

KaueCTBE BXOJIHBIX JIaHHBIX, a TAKXKE COOTBETCTBYIOIINE JKETaeMbI€ BHIXO/IHbIC 3HAYCHHISL.

2. TectoBoe MHOXECTBO — TaK)K€ BKIIOYAET 3aIlACH, CONCPKAIlMe BXOAHBIE U JKEIaeMbIe
BBIXOJIHBIC 3HAYCHHUs, HO HUCIOJb3yeMOe HE i1 OOYYCHHUsS MOJCIH, a JJIA MPOBEPKH €ro
pe3yIbTaTOB.

3. BanmpmanmnoHHOE MHOXECTBO — MHOXECTBO IPHMEPOB, HCIIONIB3yeMOe KaK ISl OLEHKU
pe3yJIbTaTOB 00YUCHUST MOJICIIH, TaK M ONPEACICHHS ¢ TTapaMeTPOB.

Jyis pa30ueHus UCXOIHOTO MHOXKECTBA Ha 00y4Yarollee, TECTOBOE U BAJIUAAIIMOHHOE HEOOXO0IUMO

HACTPOUTH HECKOIJIFKO TTapaMETPOB:

1. U3 cmucka «Crmoco0 pa3aeneHusi HCXOJHOTO MHOXKECTBA» BBIOMpAETCS TOPSIOK OTOOpa
3amucedl BO BCEe TPH MHOXKECTBA. Eciu BBIOpaH BapuaHT «II0 TMOPSIKY», TO MOPSIOK
CIIEIOBaHMS 3allCedl MPH WX pa3[elieHud He MeHseTcsa. MHOXKeCTBa MOCIeN0BaTeNFHO
(hopMHUPYIOTCS B COOTBETCTBUHU C OIIPENEICHHBIM /ISl HUX YHCIIOM 3amuceid. Ecnm BeIOpaH
BapHaHT «CIy4aiiHO», TO 0TOOP 3aMUCeil MPOUCXOAMUT CITy4aliHbIM 00pa3oM.

2. 3areM HEOOXOJIUMO yKa3aTh, KaKMe MHOXXECTBa OyIyT MCIONB30BaThCs. JIsi TOro 4TOOBI
MHOKECTBO OBLITO CPOPMHUPOBAHO, HYKHO YCTAHOBUTH ()IIAYKOK ClIeBa OT ero Ha3BaHus. Ecim
(bnaxxox cOpolIeH, TO MHOXKECTBO HCIONB30BaHO He Oymer. OOyuwaroiiee MHOMKECTBO
HCIIOJIB3YETCS BCET/Ia, IIOATOMY COPOCHUTH (DJIaXKOK JIJIsi HETO HEJb3I.

3. Jlms xaXkIoro u3 UCTHOJIb3yeMbIX MHOXKECTB HEOOXOAMMO 3aJlaTh ero pa3mep. Pasmep moxer
OBITh 337]aH HEMTOCPEICTBEHHO KOJIMYECTBOM 3aIMCEH MM B MPOIEHTaX OT 00beMa HCXOTHON
BBIOOPKH. JIJI51 3TOTO JJOCTATOYHO MBAXKIBI MIETKHYTH MBIIIBIO B COOTBETCTBYIOIIEH KIIETKE U
BBCCTH HYXHOC 3HAYCHUC C KJIaBUATYPBHI. HpI/I 9TOM pasMep, BBe):[eHHI)II\/'I B IIpONCHTAaXxX,
ABTOMAaTHUYECKH TEePECUNTHIBAETCS B KOJIMYECTBO CTPOK M HaoOopoT. B mone «KommuecTtBo
CTpOK (Bcero)» oroOpaxkaeTcsl o0Iee KOJIMYSCTBO 3alMCceid B UCXOAHON BBIOOPKE JaHHBIX,
KOTOpPOE MOXKET OBITh 3aJeHCTBOBAHO Uil (DOPMUPOBaHUS MHOXKECTB. Eciu cymmapHoe
YHCIIO CTPOK IS BCEX MCHOIB3yEeMbIX MHOKECTB MEHBIIIE TIOJHOTO YHCIa CTPOK MCXOHOM
BEIOOPKH, TO pa3Mepbl MHOXXECTB MOXXHO 3aJ[aBaTh IMPOHM3BOJIBHO. MOKHO, HampuMmep,
HCIIOIH30BATh HE BCE 3aIMCH, a TOJIBKO YacTh U3 HUX. Ecnu e cyMMapHOe yKa3aHHOE YHCIIO
CTPOK TIPEBBIMIAET MaKCUMANbHOE JUIS JaHHOW HWCXOMHON BBIOOPKH, TO aBTOMATHYECKU
BKJIFOUaeTcsl OalaHC MHOMKECTB, T.. NPU YKa3aHWU JJIsl OJTHOTO M3 MHOXECTB pa3Mepa, B
pe3ysbTaTe KOTOPOro OyJIeT MPEBBIICHO MaKCHMMajJbHOE YHCIO 3aluceii B HCXOIHOMN
BBIOOpPKE, pa3Mep OCTAIBHBIX MHOXKECTB OyAeT aBTOMATHYECKH YMEHBIIEH TakuM 00pa3om,
YTOOBI CYMMapHBII pa3Mep MHOXKECTB HE MPEBBINIA TOCTYITHOTO YUCIIa 3anuceid. B cTpoke
«toro» yka3pIBaeTCsS KOJHMYECTBO 3allMCed, 3aJCHCTBOBAaHHBIX BO BCEX HCIOJIB3YEMBIX
MHOJKECTBAaX, a TaKXKe MPOIEHT OT TOJHOTO YWCIa 3alHCed MCXOIHOW BBIOOPKH, KOTOPBIH
OHH COCTaBIISIIOT.

4. B cronbue «llopsmgok COPTUPOBKH» MOXKHO ONPEICIUTh IMOPSIOK CIICIOBAHUS 3alucen
BHYTPH KaXJ0T0 MHOXeCTBA. JIJIs1 3TOro HeoOX0IMMO JTBAXKIBI IEITKHYTH MBIIIBIO B CTOJIOIE
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«ITopsmoK COPTHUPOBKH» IS COOTBETCTBYIOIIEIO MHOXKECTBA U C IOMOIIBIO ITOSBUBIIICHCS
KHOTIKH BBIOOpa OTKPBITH CITUCOK, B KOTOPOM BRIOPATh OWH M3 BO3MOKHBIX BAPHAHTOB:

10 BO3PACTaHUIO — 3aMFCH B JAHHOM MHOXKECTBE OYAyT CIIe0BaTh B MOPSIKE BO3PACTAHUS;
10 YOBIBAaHUIO — 3aITMCH B TAHHOM MHOECTBE OyIyT CJIEIOBATH B MOPSAKE YOBIBAaHUS;
CIIy9aifHO — 3aI¥CH B JAHHOM MHO)KECTBE OYAyT CIIE0BATh B CIIyJailHOM TOPSIIKE.

Jyis Toro 4toObl 00ydYaroliee MHOXKECTBO OBLIO PENpPEe3CHTATHBHBIM HEOOXOAMMO, YTOOBI BCE
YVHHUKAJIbHBIC 3HAUECHUS BCEX JUCKPETHBIX CTOJIOIIOB COJCPKAIMCH B IAHHOM HA0OPE JaHHBIX.

Hacrtpoiika mapameTrpos oO6ydeHus

HeoOxomumo ycTaHOBHUTH MMapaMmeTpbl, B COOTBETCTBHH C KOTOPHIMH OyJeT TPOBOIUTHCS
oOyueHue nepena:

1. «MuHUManbHOE KOJMYECTBO HPUMEPOB, NPH KOTOPOM OYyIET CO34aH HOBBIM y3em» —
3aJaeTCsl MUHUMAJIbHOE KOJMYECTBO IPUMEPOB, KOTOPOE BO3MOKHO B y3ie. Eciu nmpumepos,
KOTOpbIC MOMAaJAI0T B AaHHBIA y3el, OyJeT MeHbLIEe 33JaHHOT0 — y3eJ CUHMTACTCS JTUCTOM
(T.e. nanmpHelilIee BETBICHUE MTPEKPAILACTCS).

2. «Ctpouth JiepeBo ¢ Ooiiee TOCTOBEPHBIMHU MPaBHIAMH B yHIepO CIOXHOCTH» — YCTaHOBKA
JaHHOTO (yakKa BKJIIOYACT CIEUUATbHBIA aNrOpPUTM, KOTOPBIH, YCIOXKHSSA CTPYKTYpY
JiepeBa, YBEIMUMBACT JOCTOBEPHOCTh Pe3yNbTaToB Kinaccudukanun. COpoc TaHHOTO (iakka
XOTSI W TPHUBOAUT K YIPOIICHUIO [epeBa, CHWXAET JOCTOBEPHOCTb PpE3yJIbTAaTOB
KJIACCU(DUKAITHH.

3. «YpoBeHb [OBepHs, HCIOIB3yeMbI TP OTCEUCHUH Y3JIOB JEpeBa». 3HAYCHHUE HSTOTO
napamMeTpa 3aJaeTcsl B OpOLEHTaX U AOJDKHO JexaTh B npegenax oT 0 go 100. Otu 3nHaueHus
BbIOMparoTCs U3 cnucka. Yem Oosble ypoBEeHb OBEPHS, TeM 0ojiee BETBUCTHIM IOIyYaeTCs
JIepeBO, M, COOTBETCTBEHHO, YeM MEHBIIEC YPOBEHb IOBEpHUs, TeM OoJiblie y3JI0B Oyner
OTCEYEHO TP €TI0 TOCTPOCHHH.

3aganue

1. Pa3paboraTh clieHaprH OCTPOCHUS iepeBa PEIICHUH U MPOBEICHHUS aHAIN3a «UTO - ECITN.

2. Tlo Tabmuue (Hampumep, MPOAaXx) CO3MaTh TaONUIy TpaH3aKIHMHA C TOISAMHU (HampUMep,
Menemxep, Opranuzanusi, Bug ToBapa). Tabmuily TOMyYHTH TyTEM  CIHSIHHS
COOTBETCTBYIOIIUX MOJIEH U3 pa3HbIX TAaOIMIL U MOCIECAYIOUICH IPYIIUPOBKH.

3. Pa3paboTtarh cuieHapuu HOCTPOCHUS JepeBa PELIeHUI ¢ MPEICTaBICHUEM MTPaBUII, HauboIee
MOMYJISIPHBIX HA0OPOB M aHANIM3a «UTO - €CIIM» C BXOAHBIMHU NOJSIMU (Hanmpumep, MeHemkep
n OpraHuzanysi) ¥ BEIXOJHBIM ToJieM (HanpuMmep, Bu ToBapa).

4. Co3naTth OTUYETHI 10 BCEM pa3pabOTaHHBIM CIICHAPHUSIM.

5. TIponemMoHCTpHpOBaTH MPOEKT TPENOAaBaTENI0 C HCIOJIb30BAHUEM TECTOBBIX HA0OPOB
JAHHBIX U 3aIIUTHTH paboTy.

KoHTposbHbIe BONIPOCHI

1. C xakoi 1enpro IPOBOANTCS HOPMAIH3AITUS 3HAYSCHUH MOJei?

2. [lns gero ucnons3yercst oOyuatomas BeIOopka? M3 Kakux MHOXKECTB OHA COCTOUT?

3. Kakue kputepun UCronb3yr0Tcs IS BEIOOpa napaMeTpoB 00ydeHus?

4. Kakme TpeOOBaHHS TPEIBSIBISIIOTCS K WCXOIHBIM JIaHHBIM TIpH TIOCTPOSHUH JIepeBa
perieHnii?

5. TlosicHuTE CMBICH PacYETHBIX MOJIEH NPU aHAIN3E «UTO - ECIIH.
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cucrem: ydebnoe mocoodue / JI. I'. I'arapuna. — MockBa: ®OPYM: UHDPA-M, 2021. —
384 ¢. — (Cpennee npodeccronanbHoe oopazoanue). - ISBN 978-5-8199-0735-1. - Tekcr:
anektponnbii. - URL: https://znanium.com/catalog/product/1214882 (mata oOGparieHus:
21.05.2021). — PexwumM HOCTYyIIA: 11O TOAIHKCKE.

. T'arapuna, JI. I'. Texnonorust pa3paboTKu MPOrpaMMHOTO oOecriedeHus: yueoHoe mocoodue /
JLI'. Tarapuna, E.B. Kokopesa, b.JI. CunopoBa-Bucnanyn; non pen. JL.I'. I'arapunoi. —
MockBa: ®OPYM: HMH®PA-M, 2021. — 400 c. — (Cpemnee mpodeccnoHamibHOE
obpaszoBanme). - ISBN 978-5-8199-0812-9. - Tekcr: oanmektponnsid. - URL:
https://znanium.com/catalog/product/1189951 (mara oOpamenus: 21.05.2021). — Pexum
JOCTYTA: 110 TOATHCKE.

. Hcauenko, O. B. IIporpammuoe obecrieueHre KOMIBIOTEPHBIX ceTeil: yueOHoe mocodue /
0O.B. Ucauenko. — 2-¢ u3n., ucnp. u gon. — MockBa: UHOPA-M, 2020. — 158 ¢. —
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. 1O. denopos. — Mocksa: U3 parennscTBO Opaiir, 2021. — 235¢c. —
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