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BBEJIEHUE

HeBo3MoxHO mpencTaBuTh ce0€ COBPEMEHHYIO HayKy
0e3 LIMPOKOro MPHUMEHEHHsS MaTeMaTH4eCKOro MOJAEIMpOBa-
Hus. CyIIHOCTh 3TOM METOJ0JIOTUU COCTOUT B 3aMEHE HCXOJI-
HOTO 00BEKTa ero «00pazom» — MaTeMaTUYeCKON MOJEIbIO — U
JaJbHENUIIEM U3yYeHUH MOJENH C IOMOIIBI0 PeaTu3yeMbIX Ha
KOMIIBIOTEPE BBIYUCIUTEIBHO-IOTHYECKUX aIropuTMoB. Pabo-
Ta HE C CaMUM OOBEKTOM (SIBJIEHUEM, MPOIIECCOM), a C €r0 MO-
JIeTIbI0 JTaeT BO3MOXHOCTh OTHOCHUTENIBHO OBICTPO U 0€3 cyliie-
CTBEHHBIX 3aTpaT HCCJEN0BaTh €ro CBOWCTBA U IMOBEACHUE B
TMOOBIX CUTyalusiX. B TO jxe BpeMs BHIYHMCIUTENbHBIE (KOMITb-
IOTEPHBbIC, UMHTAIIMOHHBIE) SKCIIEPUMEHTHI C MOJEISIMUA O0B-
€KTOB TO3BOJISIIOT, OMUPAsACh Ha COBPEMEHHBIC BBIYHCIHUTENb-
HBIE METOJIbl U TEXHUYECKHE WHCTPYMEHTHI HH()OPMATHKH, TT0-
IpoOHO M TITyOOKO M3y4aTh OOBEKTHI B JOCTATOYHOM MOJHOTE,
HEJOCTYIHON YMCTO TEOPETUYECKUM IM0AX01aM. MeTo10710T s
MaTeMaTHYECKOro MOJETUPOBaHMs OypHO pa3BUBAETCs, OXBa-
ThIBasi BCE HOBBIE Cepbl — OT pa3pabOTKU TEXHUYECKUX CHU-
CTEM U YNPABJICHUS UMHU J0 aHAIU3a CIOKHEHIINX HKOHOMHU-
YEeCKUX U COLIMATIBHBIX MPOIIECCOB.
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MartemMaTuueckoe MOACIIMPOBAHUC YCIOBHO MOXHO
p336I/ITB Ha TpH dTala: MoAd€eIb — AJITOPHTM — IIPOrpamMma.

Mporpamma <

Ha nepso arie BbIOMpaeTcs u
JIEHT» 00bEKTa, OTPAKAIOIINN B MaTeMaTHYECKOM (hopMe BaK-
HEWIIME €ro CBOMCTBA — 3aKOHbI, KOTOPBIM OH NOAYHHSETCH,
CBA3M, IPUCYIIUE COCTABIISIIOUIMM €ro 4acTsM U T.1. Marema-
THYECKasi MOJIENb HCCIEIYETCd TEOPETUYECKUMH METOJIAMM,
YTO MO3BOJISIET MOJIYYUTh Ba)KHbIE IPEIBAPUTEIbHBIC 3HAHUS
00 00BeKTeE.

Bropoii aTanm — BbIOOp MK pa3zpaboTka anropuTMa Juis
peanu3anuy MOJICNIM Ha KOMITbIoTepe. MoJienb nmpeicTaBisieTcst
B ¢opme, ymoOHON Uisi MPUMEHEHUS YHCICHHBIX METOJIOB,
ONPEAEISIETCS TOCIEA0BATENIbHOCTh BEIYMCIUTENBHBIX U JIOTH-
YEeCKUX OIepalfii, KOTopble HYKHO MPOU3BECTH, YTOOBI HANTH
HWCKOMBIE BEJIMYMHBI C 3aJJaHHON TOYHOCTBIO.

Ha tperbem stane co3naroTcs UM UCIOIB3YHOTCS MPO-
rpamMMBbl ISl peain3aliy MOJEIN Ha KOMIIBIOTEPE.

[locne ompeneneHusi aAeKBaTHOCTU (JIOCTATOYHOE CO-
OTBETCTBHUE) MOJIENH, C HEW MPOBOAITCS Pa3HOOOpa3HbIE U
MOAPOOHBIE «OMBITHI», JAIOININE BCE TPeOyeMble KaYeCTBEHHbBIS
U KOJIMYECTBEHHBIE CBOWCTBA M XapaKTEPUCTHKU OOBEKTA.
[Ipouiecc MopenupoBaHHs COMPOBOXKIACTCS YIYYIICHHEM M
YTOYHEHHEM, TI0 Mepe HeOOXOAMMOCTH.

Anroputm




W3noxeHHbl MaTepuan B MOHOTpadUH COAEPIKUT
00JIb1II0€ KOJIMYECTBO MIUTIOCTPALUI U 3a/1a4, KOTOPBIA MOXET
OBITH HCIIOJIB30BaH JJIsi (POPMHUPOBAHUS Y4EOHBIX KYpCOB IO
pPa3IMYHBIM KOHKPETHBIM HAIIPaBJICHUAM MaTeMaTUYECKOrO
MOJIETITMPOBaHUSL.

1. MATEMATUYECKOE MOJAEJIMPOBAHNE
©OPMbI Y1 ITPUHINIIBL IPENICTABJIEHWUA MA-
TEMATNYECKUX MOZIEJIEN

§ 1. OcHOBHBIE HOHATHA MOJETHPOBAHHI

MOJEJIb [model] — mormgeckoe mim MmaremMaTu-
YecKoe OIMCAHHE KOMIIOHEHTOB M (PYHKIIHM, oToOpa-
SKAIOIINX CYIIEeCTBEHHBIE CBOMCTBA MOJIEJIMPYEMOrO
o0BbexTa MU Iporiecca (00bIYHO PaCCMaTPUBACMBIX KaK CH-
CTEMBI HJIH 3JIEMEHTBI CHCTEMbI). MOJIeNb MCIOIb3yeTCs Kak
YCIIOBHBIM 00pa3, CKOHCTPYUPOBAaHHBIM Ji YNPOILIEHUS HX
uccaenoBanus. [Ipupoaa Mojiesnieit MOXKeT ObITh Pa3IMYHOM.

MOJEJINPOBAHUE [modelling, model-
building] — 1. HccmenoBanne o6BEKTOB MO3HAHUS Ha
mogesax. 2. Ilocrpoenne u naydyenne Mojeseil peajabHO
CYIIIECTBYIOIIMX IIPEIMETOB 1 SABJIEHUM, a TaKyKe IIpej-
moJiaraeMbIX (KOHCTPYHPYEMBIX HJIM IPOEKTHPYEMBIX)
00BEKTOB.

MoenupoBaHue B 000MX YKa3aHHBIX CMBICIIAX SIBISCTCSI
MOIIIHBIM OpYAMEM HAYYHOI'O IMO3HAHUA W PCUHICHUA IIPaKTHU4YC-


http://slovari.yandex.ru/~книги/Лопатников/Существенные%20параметры/
http://slovari.yandex.ru/~книги/Лопатников/Объект/
http://slovari.yandex.ru/~книги/Лопатников/Процесс/

CKHX 33/1a4 ¥ IIHPOKO UCIOJIB3YETCs KaK B HAyKe, TaK U BO MHO-
T'UX 00JIaCTSIX MTPOM3BOICTBEHHOM /ICSTEIILHOCTH YeIOBEKa.

C TeopeTHUeCKOW TOYKH 3pPEHHUs, MOJIEIb — TOMOMOPd-
Hoe! 0TOBpaKEHHE MOIEIHPYEMOro 0OBEKTa JCHCTBHTEIBHO-
cTu. Psij aBTOpOB, cTpeMsach Iy0ke MPOHUKHYTHh B HPOIECC
06pa30BAHKS MOJICIH, YTBEPXK/IAIOT, YTO OHA M30MophHa’ 1o
OTHOIIEHHIO K HEKOTOPOMY aOCTpakTHOMY 0Opa3y, IpeicTaB-
JEHUIO0 00 OOBEKTEe, KOTOpPOE B CBOIO OYEpEe.b SBISETCS €ro
rOMOMOP(HHBIM 0TOOpaKEHHEM.

MopenupoBaHHe OCHOBBIBACTCS Ha MPUHIMIE aHAJIO-
MM ¥ TIO3BOJISIET (TIPU OMPEAETICHHBIX YCIOBHSX M C YYE€TOM
Hen30e)KHOW OTHOCHTEIFHOCTH AaHAJIOTMH) HU3y4aTh OOBEKT,
MoYeMy-JIn00 TPYAHO AOCTYIHBIH Al W3YydeHUs, HE HEIo-
CPEIICTBEHHO, a Yepe3 pacCMOTPEHHE IPYroro, NOJ0OHOTO eMy
u Oosiee noctynHoro oowvekra — mojenu. [lo cBoiictBam mMoje-
JIM OKa3bIBACTCsl BO3MOXKHBIM CYJHUTh O CBOMCTBAX M3y4aeMOTrO
00BeKTa: He 000 BCEX, a JIUIIb O TeX, KOTOPbIe aHAIIOTUYHEI U B
MOJIETIH, U B OOBEKTE M IPU ITOM BaKHBI UISI UCCIICTOBAHUS
(Takue CBOWCTBA HA3bIBAIOTCS CVIECTBEHHBIMH).

Paznuuaerca monoOue Mexay MOAETHPYEMBIM OOBEK-
TOM W MOJENbBIO: PH3HIECKOe — KOTAa OOBEKT W MOJEINb
UMEIOT OJMHAKOBYIO WJIM CXOJHYIO (DU3HUYECKYIO TPHPOLY;
CTPYKRTYPHOE — NIPU CXOJICTBE MEXYy CTPYKTYpOi 0OBEKTa U
CTPYKTYpOl MOIeNnu; YHKI[HOHATBHOE — C TOYKH 3PCHUS
BBITOJIHEHUS] O0BEKTOM U MOJETBbI0 CXOIHBIX (QYHKIUI mpu
COOTBETCTBYIOIINX BO3ICUCTBUSX; JHHAMHYIECKOE — MEXIY
MOCJIeIOBATENbHO M3MEHSIOIUMUCS COCTOSIHUSIMM OOBEKTa U
MOJIETIN; BEPOATHOCTHOE — MEXKIy NPOIeccaMi BEPOSITHOCT-

! TomomopdHas mopenb - ecnu cyllecTByeT COOTBET-

CTBUE, nNnilb Mexay Hamnbonee 3Ha4YnUTENbHbIMU COCTAaBHbIMU
yactamm obbekTa u Moaenn.

2 N3omopdHas Moaenb - ecnn Mexay Hew U peanbHbIM
06bEeKTOM, MpoLeccoM WM CUCTEMOM CyLLeCTBYET MOJIHoe
No37eMeHTHOE COOTBETCTBME.



HOTO XapakTepa B OOBEKTE M MOJCNIU; I'eOMETPHYECKoe —
MEXIYy MPOCTPAHCTBEHHBIMU XapaKTEPUCTHKAMU OOBEKTa H
Mozienu. COOTBETCTBEHHO PA3JIMYAOTCS TUIIBI MOJEIIEH.

B 3aBUCUMOCTH OT JIOTMYECKUX CBOWCTB M CBSI3€H MO-
neneit ¢ oToOpaXkaeMbIMH SIBJICHUSMHU MOKHO BCE MOJEIH pas3-
IeNMUTh Ha TPH THIA: H300pa3uTe/ILHEIE, aHAJIOT'OBEIE 1
MareMaTHYIEeCKHe.

H3o6paszuresrsras MogeIp OTpakacT BHEIIHHUE Xa-
PaKTEepUCTHUKH SIBJICHUS U 1MOA00HA OpUrHHATY. JTO Hanboiee
MpoCTasi U KOHKPETHAas MOJIEIb. SIBIssACH B 00IIeM OmucaTemb-
HOM MOJIeNbl0, OHA, KaK MPaBUJIO, HE 1aeT BO3MOXHOCTH yCTa-
HOBUTbH IPUYUHHBIE CBSA3U SIBJICHUS U COOTBETCTBEHHO OIIpEie-
JUTh WM TIpelcKa3aTh MOCIEACTBHS M3MEHEHUN PpazTUuYHBIX
napaMeTpoB SIBIICHUS. XapakTepHass 0COOEHHOCTh TaKOW MO-
nenu — OIU3Koe COBIAJIeHUE €€ CBOMCTB CO CBOMCTBAMHU OTOO-
paxkaeMoro o0beKkTa. DTH CBOICTBa OOBIYHO IOJIBEPIatOTCs
METPUUYECKOMY MPeoOpa30BaHUIO, T.€. OEpeTcs OMpe/esIeHHbIN
MmacmTao.

B amasroroBerx mMoze igx cBONCTBO NAaHHOTO SBJIE-
HUSI 0TOOpa)KkaeTcsi MOCPEICTBOM CBOMCTB IPYroro sBJEHHUS.
Tak, Hanpumep, nr00as AMarpamMma MpeicTaBiIseT aHaloro-
BYIO MOJI€JIb HEKOTOpOro siBjaeHus. K aHaaoroBsIM Mojensm
OTHOCSITCS TaK)K€ MOPCKHE KapThl, HA KOTOPBIX COBOKYITHO-
CTBIO YCIIOBHBIX 0003HaYEHUW OTOOpakaeTcsi COBOKYIHOCTh
CBOWCTB TOW WJIM MHOM akBaropuu. IIpemmymecTBo anamno-
roBOil Mojenu mepea U300pa3uTeNbHOW COCTOUT B TOM, YTO
OHa TO3BOJsIET OTOOpa)kaTh MUHAMHKY SBIeHHS. Jpyrum
MPEUMYIIECTBOM SIBJsieTCSl OOJbIlIass YHUBEPCATbHOCTh 3TOM
MOJIENIU: MYTeM €€ M3MEHEHHUS MOKHO OTOOpa3uTh pa3ind-
HbI€ MIPOIIECCHI TAHHOTO SIBJICHUS.

Maremarmaecras MomesIb IBISIETCA CAMOU CIIOKHOU
1 HauOomee oO01Iei u abCTPaKTHON MO CPaBHEHUIO ¢ U300pa3u-
TETLHON W aHAJIOTOBOM. B HEM 111 0TOOpakeHUs CBOMCTB U3Y-
4aeMOro SIBJIEHHS UCIIOJIb3YIOTCS CHUMBOJIBI MaT€MaTHYECKOTO
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WIN JIOTUYECKOTO XapakTtepa. OcoOble TPYAHOCTH BO3HHKAIOT
IpHU pelIeHrr 3ajad ¢ OOJIbIIOI pa3MepHOCTHIO, PacIlIbIBYa-
TOW TTOCTaHOBKOM, HEONPEACTICHHOCTRI0 HH(pOpMAIuU U T.11. B
IIOCTAHOBKE TAaKMUX 3a7a4 MOSBISAIOTCS HEKJIACCHYECKUE MO-
MEHTBI, TaKMe, KaK ILI0Xas q)opManmyeMOCTLS, HECTaHJapT-
HOCTb, IPOTUBOPEUNBOCTh. MaTeMaTHYeCcKre MOJEIH CIy’KaT
OTPAXKEHUIO U aHAJIN3Y HEKOTOPBIX CBOWCTB JIEMCTBUTEIIBHBIX
00BbekTOB. PaccMoTpuM OAMH U3 BUIOB MaTeMaTHUYECKUX MO-
JieJIel, XapaKTEepU3yIOLUXCs IPOCTON CTPYKTYpPOH U ILMPOKO
MPUMEHSAIOIINXCA B MPUIIOKEHUSIX. MoJeln Takoro BUAA CO-
JepKaT CIEAYIOIIHE dJIEMEHTBI:
1. BekTOp X mMapameTpoB, M3MEPSIEMbIX Ha OOBEKTE:
X = [X1y «ees Xn] TIE Xi — 3HAYCHHE I-rO TIApaMeETpa,
KOTOPOE SIBJISIETCS Yallle BCEro BEUIECTBEHHBIM YU C-
oM. M0>XHO Ha3BaTh X BEKTOPOM COCTOSHUSL 00b-
exkta. Eciu u3yyaercs AMHaAMUKA MOJAEIUPYEMOTO
00BEKTa BO BPEMEHHU {, TO cUMTAETCs, YTO COCTOSI-
HUE B KaXJIOH MOMEHT ! ONHCHIBAE€TCA BEKTOPOM
X(t) = [Xa(t), «eey Xn(0)];
2. Bekrop Y(t) mapaMeTpoB, KOTOpbIE HE MOTYT OBITh
HEIOCPEICTBEHHO U3MEPEHHBIMU;
3. HEHU3BECTHBIE CBS3M MEXIY NMEePEeMEHHBIMU KOOP/IH-
HaTtamu BekTopoB X(t) u y(t);
4. cBSI3M MEXAY NEepEeMEHHBIMH, SBISIOIINECS HEU3-
BECTHBIMH;
5. MaTeMaTH4eCKUH ammapaT MCCIEOBaHUS COOTHO-
LIeHUH (CBsA3el).

§ 2. Kraccugpurarius MareMaTHdecKHx MOJeJTeH

3 ®opmanusaums - 370 3aMeHa peanbHOro obbekTa MM
npouecca ero ¢opManbHbIM ONNUCAHMEM, T. €. ero uHdopma-
LMOHHOW MOAENbIO.
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Kaxnas mMozmenb co3maercst Al KOHKPETHOM IIeNU W,
CIIeIOBaTeNIbHO, YHUKanbHa. OnHAaKo Hamuyue OOMmHUX dYepT
MO3BOJISIET CTPYNIIUPOBATh BCE UX MHOT000Opasue B OTJCIIbHBIC
KJIacChl, 4TO o0ieryaer ux pa3paboTky u u3ydeHue. B Teopun
paccMaTpUBaeTCs MHOTO NMPHU3HAKOB KIIACCH(PHKAINU, HO 00-
[IENPU3HAHHOW €IMHOW KiaccU(pHUKaIuU Mojeield B HAcTOs-
mee BpeMs He cyuiecTByeT. Tem He MeHee, Haubolee akTyalb-
HbI CIICAYIOUINE IPHIHAKH KJIACCHQHKAIIH.

=  XapakxTep MOOEeJUPYEMOI CTOPOHHBI 00BEKTA;

» XapaKTep IIPOIIeCCOB, IIPOTEKAIOIINX B 00BEKTe;

» crroco0 peayim3alii MOJeJIH.

KRraccagpuranmsa Mogeres mo Dpu3HARY
«xaparTep MOQeIAPYEeMOH CTOPOHEI 00EEeKTa»

B cooTBeTCTBUM C 3TUM NPU3HAKOM MOJIEIIU MOT'YT OBITh:

»  QyHEOHOHATIEHEIMH (KHOEPHEeTHIeCKHM),

*  CTPYRTYPHEIMH,

»  HHQOPMAI[HOHHBIMH.

OyHKIIMOHAJIFHEIE MOOEJIM OTOOPaKarT TOJBKO
noBeieHNe, (YHKLUHIO MoJeaupyeMoro oobekta. B 3Tom
cllyyae MOJIEIUPYEMBIl 00BEKT paccMaTpUBaeTcsl Kak "yep-
HBIN AIIUK", UMEIOIINI BXObl ¥ BeIXoAbl. Du3nueckas cyiu-
HOCTh 00BEKTa, MpUpOAa MPOTEKAIOIIUX B HEM IPOIECCOB,
CTPYKTypa 00BEKTa OCTalOTCsl BHE BHUMAaHHUS HCCllel0BaTe-
75, XOTd OBl MOTOMY, UTO Heu3BecTHHI. [Ipu QpyHKIMOHANTB-
HOM MOJIETUPOBAHUM HKCIIEPUMEHT COCTOUT B HaOJIOJIEHUU
3a BBIXOJOM MOJAEIHPYEMOro 0OBbeKTa MPH HCKYCCTBEHHOM
UM €CTECTBEHHOM HW3MEHEHMM BXOAHBIX Bo3aeicTBuil. Ilo
STUM JTaHHBIM M CTPOUTCS MOJENb MOBEJEHUS B BHJE HEKO-
TOPOM MaTeMaTUYECKON (YHKIIUU.
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KommbloTepHasi maxmarHasi mporpamma — (QyHKIHO-
HaJIbHAs MOJIeb PabOThI YEJIOBEYECKOr0 MO3ra IMpH UTpe B
IaXMaThl.

CrpyxTypHOE MOAEIMPOBAHUE STO CO3aHHUE U HC-
CJIEIOBAHUE MOJIENIH, CTPYKTypa KOTOPOH (IJIEMEHTHI U CBSI3U)
noo0Ha CTPYKType MoaenupyemMoro oobekTa. Kak Mbl BbIsic-
HWIN paHee, MoJj00ue yCTaHABIMBACTCSA HE BOOOIIE, a OTHOCH-
TEJNBHO 1IeNU ucciienoBanus. [103ToMy oHa MOKET OBITh OIHU-
caHa Ha pa3HBIX YPOBHAX paccMmoTpeHus. HambGonee oOmiee
OIMCaHHUE CTPYKTYPBI — 3TO TOIOJIOTUYECKOE OIMUCAHUE C TO-
MOIIBIO Teopun rpados.

VYueHue BOICK — CTPYKTypHash MOJENb BHIa OOEBBIX
JIEACTBUU.

NuadOopMammorHass MoOIeab — MOJeib O00BEKTa,
MpEJICTaBICHHAs] B BHJE WH(OpPMAIMK, ONMUCHIBAIOLICH CY-
IIECTBEHHBIC JIJISl JJAHHOTO PAaCCMOTPCHHSI MapaMeTphbl U Tie-
pEMEHHBIC BETMYUHBI 00BEKTA, CBSA3H MEXKIYy HUMH, BXOJIbI U
BBIXOJBI OOBEKTA.

WNHdopMaimoHHbIE MOJETU MPEACTABISIOT OOBEKTH U
MIPOLIECCHI B 0Opa3zHou (HanpuMep, pUCYHKH, (poTorpapuu) uiu
3HaKo6olu (HampuUMep, NEPUOAMYECKON TaOIHIBI SJIEMEHTOB
J.. Menneneesa) ghopme.

KRraccagpruranmsa Mogesres 0o IpA3HAKY
«xaparTrep IIPOLieCccOB, IPOTEKAIINHUX B 00EEKTe)

[To sTomMy mpu3HaKy MOJAEIU MOTYT OBITh JEeTepMH-
HHPOBAHHBIMH WV CTOXACTHYECKHMH, CTATHIYECKHMHI
WIN JHHAMHYECKHMH, JHCKPETHBIMH WA HEIIPEPBIBHBI"
MH W JHCKPETHO HEeIIPEPBHIBHEIML.

JleTepMUHUPOBAHHBIE MOJEIHW OTOOpaXKaroT MpPoO-
I[ECChl, B KOTOPBIX OTCYTCTBYIOT CIIydailHbI€ BO3ICHCTBUS.
CroxacThdecKkrme MOZEJTH OTOOPAXAKOT BEPOATHOCTHEIE
MPOIIECCHI U COOBITHA.
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CraTudecKkme MOIEJIH CIIyKAT JUIsl ONMHMCAaHUS CO-
CTOSIHMSL 00BbeKTa B Kakoi-nubo MomeHT Bpemenu. JlumHa-
MHUYECKHEe MOLEJIH OTOOpakaloT IMOBEIACHHE OOBEKTa BO
BPEMEHH.

JluckpeTHEIe MOZEJH OTOOpaKaroT IOBEIACHHE CH-
CTEM C JHMCKPETHBIMH cocTossHusIMU. HelmpeprIBHEIE MOIeIH
[PEICTABIISIOT CHCTEMBI C HEMPEPBIBHBIMU Tporeccamu. Jlme-
KpEeTHO-HEIIPEPEIBHEIE MOJEIN CTPOATCS TOrja, Korja Hc-
CJIeIOBaTeNIsl MHTEPECYIOT 00a 3TH THIIA MTPOLIECCOB.

Ou4eBUIHO, KOHKpPETHAs MOJIEIb MOXKET OBITh CTOXa-
CTHYECKOHM, CTaTHUYECKOM, NUCKPETHOW WU KaKoW-mubo Ipy-
rOif, B COOTBETCTBUHU CO CBS3SIMHU, TOKa3aHHBIMH HA puc. 1.1.

Moaenu n mogennposaHue

e

[JeTepMMHUPOBaHHOE

CroxacTu4yeckoe

OduHamuuyeckoe

Crartuyeckoe

AuckpeTtHoe

[AuWckpeTHo-
HenpepbiBHOE

Puc. 1.1. Kraccugrrarma Mogesres u Moge THPOBAHHA
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Kraccagpurarma Mogesres mo mpu3HAEY
«cIrocob peaIH3aI[HH MOJe./TH»

CornmacHo 3TOMY MpPHU3HAKy MOJETU MCNATCS Ha JBa
OOIIMPHBIX KJacca:

» abcrparTHEIe (MBICTEHHBIE) MOTEIH,

»  MaTepHaJIbHbIE MOJEJIH.

Hepenaxo B mpakTuke MOACIUPOBAHUS MPUCYTCTBYIOT
CMeIIaHHbIe, a0CTPAaKTHO-MATEPHAILHBIC MOJICITH.

AGCTpaKkTHEIE MOZEIH IPEACTABIAIOT COOOM oIpe-
JIeJIeHHbIe KOHCTPYKIIUU U3 OOLENPUHATHIX 3HAKOB Ha Oymare
WIM JAPYroM MaTepUaTbHOM HOCHUTEIIC WJIU B BHUJEC KOMIIBIO-
TEPHOM IPOrPAMMBI.

AOCTpaKTHEIE MOIEJIM, HE BIABAsACh B H3JIHMIIHIOK
JeTaTN3aINI0, MOKHO Pa3/IeINTh Ha:

*  CHMBOJ/IHYECKHE,

»  MaTeMaTHYeCKHe.

CHMBO/IHYECK A MOJEJIB — JTO JIOTHYECKUN 00BEKT,
3aMEMIAONINN peabHbId MPOLIECC U BBIPAXKAIOIINI OCHOBHBIE
CBOMCTBA €ro OTHOIIEHUI C MOMOIIBIO OMPEEICHHON CHcTe-
MBI 3HAKOB MJIM CUMBOJIOB. ODTO JIMOO CJIOBA €CTECTBEHHOTO
S3bIKa, TMOO CJIOBa COOTBETCTBYIONUIETO Te3aypyca, rpaduku,
JTUarpamMMel U T. 11

CuMBoIIMYecKass MOACIb MOXKET MMETh CAMOCTOSTENb-
HOC 3HA4YCHHWE, HO, KaK TMPaBUJIO, €€ TOCTPOCHUE SIBIISCTCS
HaYyalbHBIM TAllOM JIF000T0 JPYTroro MOJETHPOBAHUS.

Maremarayecroe MogeTHpOBaHHE — 3TO TIPOIECC
YCTAHOBJICHUSI COOTBETCTBHS MOJICIIUPYEMOMY OOBEKTY HEKO-
TOPOW MaTeMaTHUYeCKOW KOHCTPYKIIMH, HA3bIBAEMOW MaTeMaTu-
YEeCKOM MOJICIIBIO, M HCCIISIOBAHNE ITOM MOACIH, IO3BOJISIOIICE
MONYYUTh XapaKTEPUCTHKH MOJICTUPYEMOTO O0BEKTA.

MaremaTndeckoe MOJICIIMPOBAHUE — TJIABHAS IETb H
OCHOBHOE COJIEp)KaHNE N3YYaeMOU TUCIUTIITHHBIL.
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MaTtemaTuydeckue MOJIETTA MOTYT ObITh:

»  AHAJIHTHYECKHMH,

*  HMHTAI[HOHHBIM,

»  cymerraHHBIMA (AHATUTAKO-UMUTALIMOHHBIMU ).

AHasrarayeckne MogesiH — 3T0 (DYyHKIHOHAIbHBIE
COOTHOILIGHUS: CHCTeMBbl anreOpanyeckux, auddepeHnnans-
HBIX, JIOTHYCCKUX YCJIOBHM. YpaBHEeHHs MakcBeiia — aHalu-
TUYECKast MOJIEIb 3JIEKTPOMArHUTHOTO moJig. 3akoH Oma — Mo-
JCJTb IEKTPUYCCKOM LIS .

[IpeoOpa3oBanre MaTeMaTHYECKUX MOJCIICH IO W3-
BECTHBIM 3aKOHaM W IIpaBHJIaM MOKHO pacCMaTpHBATh Kak
IKCIIEPUMEHTHI. PernieHne Ha OCHOBE aHAIIMTHYECKUX MOJIe-
Jed MOXeT OBITh IMOJYYEHO B pE3yJIbTaTe OJIHOKPATHOIO
nmpocyeTa OC30THOCHUTEIBHO K KOHKPETHBIM 3HAYCHHUSM Xa-
pPaKTEepUCTUK («B 00OIIeM BUIE»). DTO HATJIAAHO M yIOOHO
JUIS BBISBIICHHUS 3aKOHOMepHOCTed. OIHAKO IS CIIOKHBIX
CUCTEM TIOCTPOHUTHh AHATUTUYCCKYID MOJICIb, JIOCTATOYHO
MOJTHO OTPaXKAMOIIYI0 PEATbHBIA MPOIECC, yIaceTCs HE BCe-
raa. Tem He MeHee, eCTh MPOIECCHl, HalpUMEep, MapKOBCKHE,
aKTyaJbHOCTh MOJICIIMPOBAHKS KOTOPBIX AHATHTHYCCKUMHU
MOJIEJISIMU JTOKa3aHa MPaKTUKOM.

HmrrammmorrHoe moneapoBadme. CO3JaHHE BBI-
YUCIUTEBHBIX MAIIMH OOYCJIIOBUJIO Pa3BUTHE HOBOTO TIOJ-
KJacca MaTeMaTHYECKUX Moeleld — MMHTAIMOHHBIX. MMmuTa-
IIMOHHOE MOJCIMPOBAHUE TPEANOIaraeT MpeJICcTaBIeHUEe MO-
JIeNd B BUJE HEKOTOPOTO alropuTMa — KOMIBIOTEPHOH MPO-
IpaMMBbI, — BBITIOJIHEHHE KOTOPOTO HWMHUTHPYET IOCIIEI0Ba-
TENBHOCTh CMEHBI COCTOSHUH B CHUCTEME M TaKUM 0O0pa3oM
MpeJICTaBIsAeT COOOH TOBEICHUE MOJICITUPYEMOI CHCTEMBI.

[Ipouiecc co3maHus W UCHBITAaHUS TaKUX MoOJeNen
HA3bIBACTCS MMHTAIIMOHHBIM MOJICTUPOBAHUEM, a CaM ajro-
PUTM — UMUTAIIHOHHOW MOJIETIBIO.

B uem 3akiarouaercst OTINYNE UMHTAIMOHHBIX U aHaAJIU-
THYCCKUX MOJICIICH?
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B cnyuae ananutnyeckoro mojaenuponanus OBM sB-
JSeTCS MOUIHBIM KalbKYJISTOPOM. AHAIUTHYECKash MOJIENb
pemtaercst Ha OBM.

B cnyuae ke MMHUTAalIMOHHOTO MOJIEJIMPOBAHUS UMHUTA-
LIMOHHAsI MOJIENIb — ITpOrpaMMa — peaninzyercs Ha OBM.

NmMutanuoHHble MOAEIH AOCTATOYHO MPOCTO YUYUTHI-
BaIOT BJIMSHUE CIy4dailHBIX (hakTopoB. i1 aHATUTUYECKUX
MOJIeNIe ATO cepbe3Has mpobsiema. [lpu Hamwmumum ciydaii-
HBIX (PAKTOPOB HEOOXOAMMBIC XapaKTEPUCTHKU MOJICIHUPYE-
MBIX MPOIECCOB MOJY4alOTCs] MHOTOKPATHBIMH IMPOTOHAMHU
(peanuzanusiMi) HMMHUTALMOHHOW MOJENW W JajbHEHIen
CTATUCTUYECKON 00paboTKON HaKOIJIEHHOW HWHQOpMaILHH.
[TosTOMYy 4acTO MMHUTALMOHHOE MOJIEIUPOBAHUE MPOLECCOB
co ciy4alHbIMH (aKTOpaMH Ha3bIBAIOT CTATHCTHIECKUM
MOIEJINPOBAHUEM.

Ecnu uccnenoBanne o0beKTa 3aTpyJHEHO HCIOJIb30-
BAHMEM TOJIBKO aHAJUTHYECKOTO WJIM UMUTALMOHHOTO MO-
JeNUPOBaHUsA, TO HPUMEHSIOT cMeIrnaHHoe (KOMOWHUPO-
BAaHHOC), AHAJHTHKO HMHTAI[HOHHOE MOJIeJIUPOBAHUE.
IIpu mocTpoeHun Takux Mojeseil mpouecchl GyHKIUOHUPO-
BaHUS O0BEKTA JEKOMIIO3UPYIOTCS Ha COCTABIISIONIME TOJ-
IpoLecchl U JIJI1 KOTOPBIX BO3MOXHO HCIOJIb3YIOT aHAJIUTH-
YeCcKHe MOJENIU, a JJIsI OCTaJbHbIX MOAMNPOLIECCOB CTPOST
MMUTALMOHHBIE MOJIEIIH.

MarepmasnbHOE MOOEJIMPOBAHWE OCHOBAHO Ha
NPUMEHEHUH MOJEeJel, MpeICTaBIsAIoNMX co00i peasibHbIe
TEXHUYECKHE KOHCTPYKIIMH. JTO MOXKET OBITh caM OOBEKT WUIIU
€ro HJIEMEHTH (HATypHOE MOJeJIMPOBaHME). JTO MOXKET
OBITH CIIEIIUAIEHOE YCTPOHCTBO — MO/IENb, UMEIOIIast 100 pu-
3UYecKoe, MO0 TEOMETPHUYECKOe IMOA00Hue OpUTHHATY. ITO
MOXET OBITh YCTPOHCTBO MHOM (PU3UYECKOH MPHUPOJBI, HYeM
OpUTHMHAJI, HO TPOIIECChI, B KOTOPOM OIMCHIBAIOTCSI aHAJIOTHY-
HBIMH MaTeMaTHYECKUMH COOTHOLICHUSMHU. DTO TaK HazbIBae-
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MO€ aHaJOroBoe MojenupoBanue. Takas aHamorusi HaOnoa-
eTcs, HallpuMep, MeXy KOJIeOAaHUsIMU aHTEHHbBI CITyTHUKOBOM
CBSI3U T10J1 BETPOBOM HArpy3Kod M KOJIEOAHUEM HIIEKTPHUYECKO-
IO TOKa B CIIELUAIIBHO OJOOPAHHON 3JIEKTPUUECKON LIEeTIH.

Hepenko co3naoorcs MaTepHaTbHO-a0CTPAKTHEIE
MoneaH. Ta yacTe onepannu, KOTopas HE MOAJACTCS MaTeMa-
TUYECKOMY OIMCAHMIO, MOZAEIUPYETCS MAaTEPHAIBHO, OCTaJIb-
Hasi — aOCTPaKTHO.

Knaccugukanus no paccMOTpeHHOMY MPU3HAKY — CIIO-
co0y peanu3anuu MOZENIH — IMoKazaHa Ha puc. 1.2.

Mogenu n mopenuposaHne

/ AN

MarepuaneHo- »
ABCTpaKTHbIe ?|  aBcTpakTHble < MarepuansHble
CumsonbHble Maremaruyeckue
AHanuTuyeckwe

MmuTaumnoHHble

CmelwaHHble

Puc. 1.2. Krraccugrrarrs mmo criocoby
PeaTH3AI[HH MOJEJTH
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§ 3. Oramsr mogesrmpoBarHa

IlepBrrit aTam: yscHenue meneil MogenupoBanus. Bo-
00I11e-TO 3TO TIABHBIN dTan JIF000H AestenbHOCTH. Llens cyme-
CTBEHHBIM 00pa3oM ONIpeJeNseT COAep KaHUue OCTAJIbHbBIX ITa-
[I0B MOJIEJIUPOBaHUs. 3aMETUM, YTO PA3IUUUE MEXKIY IIPOCTOMN
CHCTEMOH M CIIOKHOW IOPOKIAETCS HE CTOJIBKO MX CYIIHO-
CTbIO, HO U LIEJIIMU, KOTOPbIE CTABUT HUCCIIEI0BATENbD.

OOBIUHO LEJIAMU MOAETUPOBAHUS ABIISFOTCS:

- IPOTHO3 IOBEJEHUS OOBEKTA IPU HOBBIX pEXKUMAX,

coyeTaHusX (pakTOpOB U T. I1.;

- mog0o0p coveTaHus U 3HaYCHUU (PaKTOpoB, oOecreyn-
BAIOIIMX ONTHMAJIbHOE 3HAUYEHHUE MoKa3aTene 3¢-
(EeKTUBHOCTH TIpOIIeCcCa;

- aHaJM3 YYyBCTBUTEIBHOCTH CHCTEMBbl Ha HM3MEHEHHE

T€X WU UHBIX (PAKTOPOB;
HpOBEpKa Pa3IMuHOrO POJia TUIOTE3 O XapaKTepUCTH-
Kax CIy4alHbIX IapaMeTPOB UCCIIEyEMOT0 MPOLecca;

- onpenieneHue QyHKIMOHAIBHBIX CBA3€H MEXIy MOBe-
J€HUEM («peaKI1eil») CUCTEMBl U BIUSIOLMMU (aK-
TOpaMHM, YTO MOXKET CIIOCOOCTBOBATh MPOTHO3Y MOBE-
JICHUS WJIM aHaJIM3Y YyBCTBUTEIbHOCTH;

- YSCHEHHE CYIIHOCTH, JIyylllee MOHMMaHHE OOBEKTa
UCCIIEIOBaHMsI, a Takke (OPMHUpPOBAHUE MEPBBIX
HAaBBIKOB JUIsI OKCIUTyaTallud MOJEINPYEMOM WU
JIEUCTBYIOIIEH CUCTEMBI.

Bropoii aTam: moctpoeHne KOHIENTYalbHOH MOe-
mu. KoHuenrtyansHas Mojens (0T jaT. conception) — MOJENb
Ha YpOBHE OIpEeNsIONnero 3aMpicia, KOTOPbI popMupyeT-
csl MIpU M3YYEHUH MojenupyeMoro oonekra. Ha stom stame
uccienyercss OOBEKT, YCTaHABIMBAIOTCA HEOOXOJHMBIE
YOPOILIEHHUSI W aNlNpOKCUMalMH. BBISBIAIOTCA CyLIECTBEH-
HbI€ aCMeKThl, UCKJIIOYAIOTCA BTOPOCTENEHHbIE. Y CTaHABIH-
BAIOTCA €IMHMIIBI U3MEPEHUs U JMala3oHbl U3MEHEHHUs Iie-
peMeHHBIX Mojenu. Eciu BO3MOXHO, TO KOHLENTyalbHAas
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MOICJIb HpGI[CTaBJISICTCSI B BUJAC U3BCCTHBIX U XOpOI_HO pa3-
pabOTaHHBIX CHCTEM: MAacCOBOTO OOCITY>KMBaHUS, yIpaBiie-
HUSI, aBTOPETYJIMPOBAHUS, PA3HOrO0 poOJa aBTOMATOB U T. I.
KonnenryanpHass MOZENIb MOJHOCTBHIO TMOJBOJUT HUTOT H3Y-
YCHUIO HpOGKTHOf/’I ,HOKYMGHTaI_[I/II/I nIIn 3KCHepI/IMeHTaJIbHO-
My 00CJIeIOBaHUIO MOJICTTUPYEMOTO 00BEKTA.

Pesynprarom BTOpOro JTama SBISETCS 000OIIEHHAs
cxeMa MOJENH, OJIHOCTRIO ITOArOTOBJIEHHAs IJI MaTeMaThuye-
CKOT'0 OIMCAHUS — NOCTPOCHUSI MAaTEMATUYECKON MOJIEIIH.

Tpetuit aram: BEIOOp sA3bIKA IPOrPAMMHUPOBAHUS MU
MOJICJIMPOBAHUS, pa3paboTKa aNropuT™Ma U MPOrpaMMbl MOJIE-
1. Monenb MOKET ObITh aHAITUTHYECKON MJIM UMHTALMOHHOM,
WK UX COYeTaHWeM. B ciryyae aHaIMTHYECKON MOJENN UCcie-
JIOBATENb JIOJDKCH BJIAJICTh METOJaMU PEILICHHS.

PesynbTaTom TpeThero sTama MOJACIUPOBAHHUS SIBJISICTCS
nporpamMMa, COCTaBJICHHas Ha HambOosiee YZOOHOM JuIs Moje-
JUPOBAHUS W HCCIICIAOBAaHUS SI3bIKE — YHHUBEPCAJIHHOM HIIU
CTIEIUATBHOM.

YeTBepTHIL IJTam: I[UIAHUPOBAHHE OKCIIEPUMEHTA.
Matematuueckass MOJIENb SBISETCS OOBbEKTOM JKCIEPHUMEHTA.
SKCHGPI/IMCHT JOJI’KEH OBITH B MAaKCHUMaJILHO BO3MOJKHOM CTe-
neHu MHGOPMATUBHBIM, YIOBJIETBOPATh OTPAaHUUYEHUSIM, O0ec-
MEYMBATh ITOJYUYCHUC OAaHHBIX C HCO6XO)1HMOi/JI TOYHOCTBIO U
JOCTOBEPHOCTHIO.

Pesynbrar 4eTBepTOTO 3TaIa — IJIaH SKCIIEPUMEHTA.

IIaTeIit aTam: BHINONHEHHE SKCIIEPUMEHTA C MOIETIBIO.
Ecnu mopens aHanuTUyecKkas, TO SKCIEPUMEHT CBOJIUTCSA K
BBIITOJTHCHHIO PACUCTOB ITPU BaAPbUPYEMBIX UCXOJHBIX JaHHBIX.
[Ipy UMUTAITMOHHOM MOJAETUPOBAHUU MOJIENh PEATU3yeTcsl Ha
OBM c ¢duxkcanuei u mocaeayomen o0padoTKON MoTydaeMbIX
JAHHBIX. DKCIEPUMEHTHI IPOBOASTCS B COOTBETCTBUU C ILIa-
HOM, KOTOpBII\/II MOYKET OBITH BKJIIOYEH B AJITOPUTM MOICIIHN. B
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COBPEMEHHBIX CHUCTEMaxX MOJEIHPOBAHUS TaKas BO3MOXKHOCTH
€CTb.

ITecToit aram: 006paboOTKa, aHAIHM3 M WUHTEPIPETAIIUS
JAHHBIX SKCHEpUMEHTa. B cOOTBETCTBUHU € LIENIbI0O MOAEIUPO-
BaHUS MPHUMEHSIOTCS PAa3HOOOpa3HbIE METOAbl 00pabOTKH:
OIIpeJIeJIEHUE Pa3HOro Pojia XapaKTEPUCTHK CIydalHbIX BEIH-
YMH U TPOILIECCOB, BBIOJHEHHE aHAM30B — JUCIIEPCUOHHOTO,
PErpeccCuoHHOro, GakTOpHOro U ap. MHOrMe U3 3TUX METOJI0B
BXOJISIT B CHCTEMBbl MOACTUPOBAHUA U MOTYT IPUMEHSTHCS aB-
TomMarudecku. He mckiroueHo, 4To B X0Jl€ aHaJIM3a MOJIyYeH-
HBIX PE3YJIbTaTOB MOJIEIbh MOXET OBITh YTOYHEHA, JOIOJIHEHA
WIN JaKe TOJIHOCTBIO IEPEeCMOTpPEHA.

ITocne anamm3a pe3ynbTaTOB MOJCIUPOBAHUS OCY-
LIECTBIISIETCS. UX HMHTEpHpeTalus, TO eCThb IEepeBOJ pe3yJibTa-
TOB B TEPMHHBI IPEAMETHOH 00JIACTH. DTO HEOOXOAMMO, TaK
Kak OOBIYHO CIIELHUAUCT MpeAMETHONH obiacTu (TOT, KOMY
HY)KHBI pPe3yJIbTaThl UCCIIEI0BAaHUI) HE 001alaeT TEPMUHOIO-
rueidl MaTeMaTHMKH W MOJAEIMPOBAHUS U MOXKET BBIIOIHSITH
CBOU 33/1a4H, ONEPUPYS JHIIb XOPOIIO 3HAKOMBIMU €My TOHSI-
TUSAMHU.

B 3akiroueHHMM OTMETHM, YTO, BO-TIEPBBIX, MOJIEIHPO-
BaHUE MPOLIECC UTEPATUBHBIN, TO €CTh C KAXKJA0T0 ATaIa MOKET
OCYIIECTBIISITHCSI BO3BPAT Ha JIOO0H M3 MPEIBIAYIINX STAroB
JUIs YTOYHEHUs1 MHPOpMaLMU, HE0OX0IMMOW Ha 3TOM JTare, a
JTOKYMEHTAIMSI MOXKET COXPAaHHUTh PE3YJIbTaThl, TOTyYeHHBIC Ha
IpebIayIIel UTeparui.

Bo-BTOpBIX, B cilydae HCCIEIOBAaHUS CIIOXHOH CH-
CTEMBl B HEM Yy4YacCTBYIOT OOJbIlIME KOJUIEKTUBBI pa3paboT-
YUKOB, NMPUYEM pa3JIMYHbIC ITANbl BBHINOJIHSIIOTCA pPa3iny-
HBIMH KOJUIEKTHBaMH. [103TOMy pe3ynbTaThbl, MOJy4YCHHBIC
Ha KaXXJOM 3Tare, JTOJDKHBI ObITh EPEHOCUMBI Ha MOCIeaY-
IOIME JTalbl, TO €CTh MMETh YHHU(PUUHUPOBAHHYIO (popMy
NPEACTABICHUST M MOHATHOE JPYrUM 3auHTEPECOBAHHBIM
CIEIMAIINCTaM COJepPKaHHE.
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B-Tpetbux, pe3ynbpTaT KaXKIOTO M3 ITAlOB JIOKCH
SBJISITBCSL CAMOIIEHHBIM TPOJAyKTOM. Hampumep, KoHIenTy-
anbHAs MOJEIh MOXET U HE HCIOJIb30BaThCS ISl JAJIbHEM-
Iero npeoOpa3oBaHUss B MAaTEMAaTHYECKYIO MOJENb, a SIB-
JIATBCA ONHUCAHHUCM, XpPaHAIIUM I/IH(i)OpMaI_II/IIO O CUCTEMC,
KOTOpPO€ MOXXET HCIIOJIbh30BAThCS KaK apXuB, B Ka4yeCTBE
cpeacTBa OOy4YeHHUsS U T. .

§ 4. AgerxBarHOCTE MOgEIH

Urak, moaens npenHazHavyeHa I 3aMEHbI OPUTHHa-
Jla TpU MCCIEI0BaHUAX, KOTOPBIM NOABEPrarb OpPUTHMHAI
HeJb3sl WIKM Herenecooopa3no. Ho 3aMeHa opuruHama mMoJe-
JIbI0 BO3MOKHA, €CJIM OHHM B JOCTATOYHOU CTENEHU MOXOXKHU
WJIA aJICKBATHBI.

AnexBatHocTe [naT. adaequatus — mpupaBHeH-
HEIH| 03HAYaeT, JOCTATOYHO U XOPOIIO C TOYKU 3PEHHMS Ie-
JIel McCIe0BaHUs PE3yNbTaThl, OJIYYEHHbIE B XOJE MOJEIHU-
pOBaHUsA, OTPAKAIOT UCTUHHOE TOJIOKEHHUE Ae. ['0BOpsT, 4TO
MOJI€NIb a/ICKBATHA OpPUTHHAILY, €CIM MpPU €€ HHTEepIpeTanuu
BO3HHUKAET HOBBLIH OOBEKT, B BLICOKOHM CTEIEHH CXOMHBIA C
OpPUTHHAJIOM.

Jlo Tex mop, MoKa HE peuieH BOIMPOC, MPaBUILHO JIU
0TOOpakaeT MOJIENb HCCIIEyeMYI0 CUCTEMY (TO €CTh aJeKBaT-
Ha JIU OHa), IEHHOCTh MOJIENIN HyJieBas!

TepMHH «aJAeKBATHOCTb» KaK BHJIHO HOCHT BeChbMa
pacruibiBUaThiii cMbIC. [IOHSATHO, YTO PE3yNbTATHBHOCTH MO-
JIETMPOBAHUS 3HAYUTEIIBHO BO3PACTET, €CJIM MPU MOCTPOCHUHN
MOJICJIA ¥ TIEPEHOCE Pe3yJbTaTOB C MOJIETTH Ha CUCTEMY — OpH-
TUHAJI MOXET BOCIIOJIb30BaThCSI HEKOTOPOU TEOpUEU, YTOUHS-
IOIIEH MICI0 TTO00MS, CBA3aHHYIO C HUCIIOJIB3YEMOU TMPOIEeay-
POl MOJIETMPOBAHMSL.

K coxanennio Teopuu, MO3BOJISIONICH OIEHUTH, aJICK-
BATHOCTh MaTe€MaTH4YE€CKON MOJIENU U MOJEIUPYEMOI CUCTEMBI
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HET, B OTVIMYHE OT XOpOLIO pa3pabOoTaHHOW TEOpUHU IMOa00us
SIBJICHUH OJTHOM M TOM ke (PU3NUECKOU MPUPOIBI.

[IpoBepKy aeKBaTHOCTH MPOBOASAT HA BCEX ATarax Io-
CTPOEHHUSI MOJEJM, HauWHas ¢ CaMoro IepBOro 3Tana — KOH-
HenTyaqpHOro aHanu3a. Ecnu omnmcaHue cuctemsl Oyner co-
CTaBJICHO HE aJIeKBaTHO pEaJlbHOW CHCTEME, TO U MOJElb, KaK
Obl TOYHO OHa HE OTOOpakana ONMUCAHWE CUCTEMBI, HE OynaeT
aJIeKBaTHOW OpUIMHATY. 3/1€Ch CKa3aHO «KakK Obl TOYHOY», TaK
KaK MUMeeTcs B BUAY, UTO BOOOIE HE CYIIECTBYIOT MaTeMaTH-
YeCKHe MOJIeNIN, a0COIIOTHO TOYHO OTOOPaKAIOIIHE ITPOLECCHI,
CYLIECTBYIOIIME B PEAJTbHOCTH.

Ecnu u3ydyeHue cuCTeMbl MPOBEACHO KAueCTBEHHO U
KOHIIETITyaJIbHAsE MOJIENIb JJOCTATOYHO TOYHO OTPAXKAeT peab-
HOE TOJIOKEHHUE JeJ, TO Jajee Iepesa pa3padoTUYMKaMH CTOUT
JUIIB TpoOJieMa SKBHBAJICHTHOTO NpeoOpa3oBaHUS OJHOTO
OIMCaHMs B JAPYroe.

Wtak, MOXXHO TOBOPUTH OO aJleKBaTHOCTH MOJEIH B

m0060# ee hopMe U OpUTHHAIIA, €CITH:

e ONUCaHWE TOBEJCHUS, CO3/JaHHOE Ha KaKoM-JTHOO
aTane, JOCTaTOYHO TOYHO COBIAIAET C MOBEICHUEM
MOJIETTUPYEMOM CUCTEMBI B OJIMHAKOBBIX CUTYAIIHAX;

e oOmmcaHUe yOeIUTENbHO MPEJICTAaBUTEIHLHO OTHOCH-
TEJbHO CBOMCTB CHUCTEMBI, KOTOpPbIE JOJKHBI MpPO-
THO3UPOBATHCS C TIOMOIIBIO MOJIEITH.

[TpenBapuTenbHO MCXOAHBIM BapUaHT MaTeMaTUYECKON

MO/IENIN TIOJIBEPTaeTCs CIEAYIOIINM IPOBEPKaM:

e BCEJIU CYIIECTBEHHBIE TapaMeTphl BKIIFOUEHBI B MOJIEb;

e HET JIU B MOJICJIH HECYIIECTBEHHBIX TTApaMETPOB;

e MPaBWJIBHO JIU OTPAXEeHbI (YHKIMOHAJIBHBIE CBA3H
MEXy TapaMeTpamu;

e TMPaBUJIBHO JH ONpEIENCHbl OTPaHUYEHUS Ha 3Ha-
YEeHUS TapaMeTPOB;
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e HE JaeT JIU MOJIeNb a0Cyp/AHbIE OTBETHI, €CIIH €€ Ia-
paMeTpbl IPUHUMAIOT Ipe/IeIbHbIC 3HAUCHMS,;

Taxas npenBapuTeNbHas OLIEHKA aJ€KBaTHOCTH MOJAENIN
MO3BOJISICT BBISIBUTH B HEMl HanboJiee TpyObie OmnOKH.

OxoHUaTenbHOE CYXICHHE 00 aJeKBaTHOCTH MOJECIH
MOJKET JaTh JHILIb MPaKTHKa, TO €CTb CPaBHEHHE MOJEIHU C
OpPUTMHAJIOM HAa OCHOBE SKCIIEPUMEHTOB C OOBEKTOM M MOje-
ab0. Mojenb 1 00bEKT MOJBEpPraroTCs OAMHAKOBBIM BO3JEH-
CTBUSIM U CPaBHMBAIOTCS MX peakuuu. Eciu peakiuu oguHaKo-
BbI (B IIpejiesiax JOMYCTUMOM TOYHOCTH), TO JIEIAETCsl BBIBOJ,
YTO MOJIeNb aJieKBaTHA opuruHainy. OJHaKO HaJ0 UMETh B BU-
1y clleayrolee:

e BO3JEUCTBUA Ha OOBEKT HOCAT OTrPAaHUYCHHBIA Xa-
paKTep H3-3a BO3MOXKHOI'O pa3pylIeHUs OOBEKTa,
HEJOCTYIHOCTH K 3JIEMEHTaM CUCTEMBI U T. [1.;

e BO3/EHCTBUSA HAa OOBEKT UMEIOT (PU3UYECKYIO NpH-
polly (M3MEHEHHE MUTAIOIIMX TOKOB U HAIIPSLKEHUH,
TeMIepaTypbl, CKOPOCTH BpallleHHsI BaJIOB U T. [1.), &
Ha MaTEeMaTHUYECKYI0 MOJEIb — 3TO YHMCJIOBBIE aHa-
noru GU3NYECKUX BO3ICHCTBUM.

JInst OLIEHKH CTENeHU MoA00us CTPYKTYp OOBEKTOB
(pu3nueckux MM MaTEMaTUYECKHUX) CYLIECTBYET IOHSITHE
nzomop¢usmMa (130 — OJJMHAKOBBIH, paBHBINA, Mopde — pop-
Ma, Ipey.).

JIBe cuctembl U30MOP(HBI, €CIU CYHIECTBYET B3aUMHO
OJIHO3HAYHOE COOTBETCTBHE MEXK]Y JIEMEHTaMU U OTHOLIEHU-
SIMU (CBSI3SIMH ) 9TUX CHUCTEM.

[Ipn MonenupoBaHUM CIOKHBIX CHCTEM JOCTUTHYTh
TaKO€ MOJIHOE COOTBETCTBHE TPYAHO, Ja U HellelecooOpas3Ho.
[Ipu MmonenupoBanuu abCOMOTHOE 1MOJI00ME HE UMEET MECTa.
CrpemsTcs JIHIIb K TOMY, YTOOBI MOJI€Nb JOCTaTOYHO XOPO-
10 OTpakaja HCCIeNyeMYyI CTOPOHY (YHKIIMOHHPOBAHUS
oObekTa. Mojienb 1Mo CI0KHOCTH MOXKET CTaTh aHAJIOTMYHOM

24



HCCIIEAYeMON CUCTEME M HUKAKOTO YIPOIICHUS HUCCIEI0Ba-
HUS HE OyJeT.

Jiis oneHkH moo0ust B moBeaeHUH ((yHKIIMOHUPOBA-
HUU) CUCTEM CYUIECTBYET NOHATHE N30 YyHKIIMOHATIN3MA.

JIBe cucTtembl MPOU3BOJBHOW, a MOAYAaC HEU3BECTHOM
CTPYKTYphl H30(DYHKIMOHANBHBI, €CIM MPH OJAMHAKOBBIX BO3-
JIEHUCTBUSIX OHU MPOSIBISIIOT OJIMHAKOBBIE peakiuu. Takoe Mo-
JIeIMPOBaHKUE HA3bIBACTCA (PYHKIMOHAIBHBIM WM KUOEpHETHU-
YECKUM M B TOCJIEITHUE TOJIbI TOJIy4aeT BCE OOJIbIIEE paclpo-
CTpaHEHHUe, HampuMep, MPU MOJAETUPOBAHUU YEIOBEUECKOIO
WHTEJUICKTa (Mrpa B IIaXMAaThl, JI0KAa3aTEIbCTBO TEOPEM, pac-
no3HaBaHue o0pa3oB U T. A.). OyHKIMOHAIBHBIE MOJEIU HE
KOMHUPYIOT CTPYKTYphl. Ho Komupyst moBeaeHue, uccienoBare-
JU TOCJEIOBATENIbHO «IOJAOUPAIOTCS» K MO3HAHUIO CTPYKTYP
00BEKTOB (YesoBedyeckoro mosra, ConHIa, u ap.).

§ 5. Tpeboparms, npesbABIAEMEIE K MOJEJIAM

Oo6mue TpedoBaHUS K MOJIEIISAM:

1. Monens nomkHa OBITh AKTYAJIBHOH. ITO 3HAUWT,
YTO MOJIEIb JIOJDKHA OBITh HalleJIeHa Ha BaXKHBIC IS
JIHILL, IPUHUMAIOIINX PEIICHHS, TPOOIEMBI.

2. Mogens nomkHA OBITh PE3VIBTATHBHOH. ITO
3HAYHT, 4TO MOJTyYeHHBIC pe3yabTaThI
MOJETMPOBAaHUS ~ MOTYT  HAlTH  yCHelHoe
npuMeHenue. Jlannoe tpeboBaHre MOXKET ObITH pe-
QIIM30BaHO TOJILKO B CIIy4ae MPaBUIBHOU (opmy-
JUPOBKU TPEOYEMOTO pe3ynbTaTa.

3. Mogenb AomKHA OBITh JOCTOBEPHOH. DTO 3HAYWT,
9TO pe3yibTaThl MOJCIUPOBAHHS HE BBI3OBYT
coMHeHMs. J[aHHOe TpeboBaHHE TECHO CBSA3aHO C
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MIOHATHEM aJIEKBaTHOCTH, TO €CTh, €CJIM MOJICNb He-
aJiekBaTHA, TO OHAa HE MOXKET JaBaTh JOCTOBEPHBIX
pe3yabTATOB.

4, Mopens NOIKHA OBITh IKOHOMHYHOK. JTO 3HA-
9T, YTO 3(P(PEKT OT HCIOJIB30BAHUS PE3YJIbTATOB
MOJIETTMPOBAHUS MIPEBBIIIAET PACXO/Ibl PECYPCOB Ha
€€ CO3JIJaHUE U UCCIICIOBAHUE.

Ot TpeboBaHMA (OOBIYHO WX HA3BIBAIOT BHEIIHHMH)
BBITIOJTHUMBI TIPU YCIIOBUU O0JIaJaHUSI MOJICTBI0O BHYTPCHHUMU
CBOWCTBaMH.

Monens 1oJKHA OBITh:

1. CympecTtBeHHOH, T.e. TO3BOJIAIONIEH BCKPBITH

CYUIHOCTh TOBEJIEHUSI CHCTEMBI, BCKpPBHITH HeEOUe-
BHUJIHBIC, HETPUBHAIBHBIC JICTAIH.

2. MomrroH, T.€. O3BOJSIONICH TMOTYYUTh IIHPOKHMA
Ha0Op CYIIECTBEHHBIX CBEICHHIA.

3. [Ilpocrori B w3ydyeHWM W UCIOJIB30BaHUH, JIETKO
IIPOCUNUTHIBAEMOM Ha KOMIIBIOTEPE.

4. OTEpEITOH, T.€. TTO3BOJISIONIEH ee MOU(DHUKAIIHIO.

TpynHO OrpaHUYUTH OOJIACTH MPUMEHEHUS MaTeMaTH-
yeckoro MoaenupoBanus. [Ipu n3ydeHun U Co3TaHUU pa3iny-
HBIX CHCTEM IPAKTUYECCKH BCETJAa MOXKHO OTPEICIUTH IIEIH,
OTPaHUYEHUS U TPETyCMOTPETh, UTOOBI KOHCTPYKLHSA WU
MPOIIECC TOYHHSITUCh €CTECTBEHHBIM, TEXHHUSCKUM U (HITH)
SKOHOMHYECKUM 3aKOHaM.

B nocnennue necaTwiieTHs MOSBUIIACH TPOOJIEMBI ¢ He-
SICHBIMH ¥ TIPOTHUBOPEUYHMBBIMU ENSIMH, TUKTYEMBIMU MOIUTHU-
YECKUMHU M COIMAIBHBIMHU (akTopaMu. MaTeMaTudeckoe Mo-
JIeNMpPOBaHKE B ATOM 00JIacTH TOKa emle npodiaemMaruyHo. Yo
9TO 3a MpoOIeMbI? 3aluTa OT 3arpsA3HEHUsT OKPYKAroIIeH cpe-
IIbI; TIpelICKa3aHWil HM3BEP)KEHUN BYIKAHOB, 3EMIICTPSICEHUH,
I[yHAMH; POCT TOPOJIOB; PYKOBOJICTBO OOEBBIMU JICHCTBUSAMHU H
psan apyrux. Ho, TeM He MeHee, mpoOJIeMbl MOJIETHPOBAHUS
TaKMX CBEPXCJIOXHBIX CHCTEM IOCTOSHHO HAaXOSAT CBOE pa3-
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pelieHne. 3/1ech CIeyeT OTMETUTD JIUAUPYIOILYIO POJIb OTEUE-
CTBEHHBIX y4Y€HBIX U, B IEpPBYIO ouepenb, akajgemuka H.H.
MouceeBa, €ro y4eHUKOB U IOCIIEI0BATEIICH.

2. CHCTEMHBIN AHAJIN3

Jlist TOro 4yToOB! MOAYYUTh UH(POPMALMOHHYIO MOJEITh
000r0 peanbHOro 00beKTa WM Mpolecca, He0OXOIUMO pac-
CMOTpETh €r0 C CHUCTEMHOM TOYKH 3pEHHs — BBIOJHHUTH CH-
CTEMHEIH aHaMM3 O0BEKTa. 3ajaya CUCTEMHOrO aHajH3a,
KOTOpBI TMPOBOAMT HCCIENOBaTEdb, — YIOPAJOYUTH CBOM
IpesicTaBiIeHus 00 u3ydaeMoM o0BEKTE Ui TOro, 4YTOObI OTpa-
3UTh MX B MH(opManmoHHOW Mozenu. Takum obpa3zom, Hpo-
CMaTpHUBAETCS CICIYIONINI MOPSIOK JTANoOB Tepexona OT pe-
aJIbHOTO 00BEKTa K MH(OPMAIIMOHHON MOIEIH:

PEAJIBHBI OBBEKT = CUCTEMHBIN AHAJIN3
= CHCTEMA OJAHHBIX, CYIDECTBEHHBIX JJIfA
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MOJIEJIUPOBAHUS = WH®OPMAIIMOHHAS
MOJIEJIb

§ 1. llomsarme cucrempr

ITox CHCTEMOM IOHUMAaEeTCsl JIF000M OOBEKT, COCTO-
AINANA W3 MHOKECTBA B3aMMOCBSA3aHHBIX YacTeld U Cy-
HIEeCTBYIOIINHN KaK eJIUHOoe I1eJioe.

JIx000i1 peanbHBI 0OBEKT — 3TO CIOXKHAS CHCTEMa, KO-
Topass o0namaeT OECKOHEYHBIM MHOXECTBOM  Pa3IMIHBIX
CBOMCTB M XapakTepHUCTUK. BakHeimuM 3TanomMm mMoaenupoBa-
HUS SIBJISIETCSI pa3/ieJICHUE IapaMeTpPOB, XapaKTEPU3YIOLIUX
MOJIETTUPYEMBIA OOBEKT HIJIM MPOIECC, MO CTENEHH Ba)KHOCTH
BIIMSIHUS UX U3MEHEHHI Ha MOBeJIeHHE 00BhEKTa UK MPOIlecca,
— TO TMOBEACHHE, KOTOPOE MPEICTABIACTCS BAXKHBIM C TOYKH
3peHUsl JNOCTHXKEHUS 1LeJel MOJenupoBaHus. Takoil mpouecc
Ha3bIBACTCs paHKApPOBAHMEM. Yaile Bcero HEBO3MOXKHO (Aa
Y HE HY)KHO) YYUTBIBATh BCE (PAKTOPBI, KOTOPHIE MOTYT ITOBIIH-
ATh Ha MOBEJACHUE 00BEKTa WIIH Mpolecca, — HY>KHO BBIICTUTh
BakHelre u3 HuX. OT TOT0, HACKOJIBKO y/Ia4yHO Ha JTare Cu-
CTEMHOTO aHaju3a OyayT BBIAEIEHBI BakHEimne (GaxTopsl,
3aBUCHUT yCIIEX MOJEIMPOBAHUSA, ObICTPOTa U 3PPEKTUBHOCTH
JOCTH>KEHHUS 1IEJIH.

Hayka o cucremax Ha3biBaeTcs cmcremMoJoruei. Cu-
CTEeMBbl OBIBAIOT MAaTepHAaJIbHBIE, HeMAaTepHAaJ/JIbHbIE W
cmerragHbpIe. [IpuMepsl MaTepUaIbHBIX CHCTEM: JIEPEBO, 3/1a-
HUeE, YesoBeK, mianera 3emiisa, ConHeunas cucreMa. [Ipumepst
HEMAaTepUaIbHBIX CHUCTEM: UYEJOBEYECKUU S3bIK, MAaTEMATHKA.
[Ipumep cmemraHHBIX cUCTEM — ydeOHoe 3aBeneHue. OHO
BKJIIOYAET B ce0sl KaKk MaTepHalIbHbIE YacTH (3aHue, 000py10-
BaHUE, YUeOHUKHM U Mp.), TaK U HemaTepuajabHble (yueOHbIe
TUTaHBI, IPOTPAMMBI, PACITUCAHUS 3aHATHIA).

Bce pasnooOpasue CyImecTBYIONMIUX CHUCTEM MOYKHO
pa3ienuTh Ha JBE KaT€rOpUU: HAa €CTECTBEHHbIE CUCTEMBI, T.€.
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CYLIECTBYIOILIME B IPUPOJIE, U UCKYCCTBEHHBIE CUCTEMBI — CO-
3naHHble yenoBekoM. Hanpumep, ConmHedHas cuctema — ecre-
CTBEHHasl, a KOMIIBIOTEpP — MUCKYCCTBEHHas cucrema. s Bes-
KOH MCKYCCTBEHHOI CHCTEMBI CYIIECTBYET I€JIb €€ CO3/aHUs
YeJIOBEKOM: aBTOMOOMIIb — IEPEBO3UTH JIIOAEH U I'Py3bl, KOM-
nploTep — pabortaTh ¢ MHPOpMAIUEH, 3aBOJ — MPOU3BOJIUTH
IPOAYKIMIO. B CHCTEMOJIOrUN HCKYCCTBEHHYIO CUCTEMY OIIpe-
JeNIAIOT KaK «CPEACTBO JIOCTHKEHUs Lenu». IMEeHHO 1ereco-
00pPa3HOCTBIO CUCTEMBI ONPEAETISIETCS €€ COCTaB M CTPYKTYpa.

$§ 2. CocraB H CTPYETYPa CHCTEMBI

CocTaB CHCTEMBI — 9TO MHOKECTBO BXOJSIIUX B
Hee YacTeu.

B kauectBe mpuMepa pacCMOTPUM OOBEKT — IIEPCO-
HAJIBHBIN KOMITBIOTED.

Camoe nosepxHocTHoe onucanue [IK Ttakoe: 310 Ccu-
CTEMa, COCTABHBIMM YaCTAMHM KOTOPOM SBISAIOTCS CUCTEMHBIN
0JI0K, KJIaBUATypa, MOHUTOP, MbIlIb. Kaxkaast U3 3Tux yacreit —
9TO TOXE CHUCTEMA, COCTOSIIAs U3 MHOKECTBA B3aUMOCBSA3aH-
HBIX YacTeil. B cocTaB cucreMHOro Gy0Ka BXOZAT: LIEHTPaIb-
HBII IIPOILIECCOp, ONEpPaTHBHAS NaMATh, HAKOIIUTEIN Ha JKECT-
KUX M TUOKMX MarHuTHbIX auckax, CD-ROM, koHTposiepsl
BHEIIHUX YCTPOMCTB M Mp. B CBOKO odepenb, KaKI0€ U3 3TUX
YCTPOMCTB — TaKXKe CJIOXHas cucrema. Hanmpumep, LeHTpansb-
HBIH MpOIecCOp COCTOMT U3  apU(PMETHUKO-JIOTHYECKOTO
YCTPOWCTBA, YCTPOWCTBA YIPABIECHUS, PETUCTPOB. Tak MOXKHO
NPOAOIDKATh U Jajblile, Bce Ooiee yriyomssich B MOJAPOOHOCTH
YCTPOKCTBA KOMIIBIOTEPA.

Cucremy, BXOOAIIYI0O B COCTAB KAKOM-TO IPYTOM,
0oJIee KPYITHOM CHCTEMBI, HA3BIBAIOT IIOJICICTEMOM.

W3 nmaHHOrO omnpenencHus CIeayeT, 4YTO CUCTEMHBIN
OJIOK SIBISIETCSI TOACUCTEMOM MEPCOHAIBLHOTO KOMIIbIOTEpaA, a
IPOIECCOp — MOJCHCTEMON CHCTEMHOI0 OJI0Ka.
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A MOXHO JIM CKa3aTh, YTO KaKas-TO MpocTenias je-
Tallb KOMIIbIOTEpa, HAl[pUMeEp raiika, CHCTEeMOU HeE SBIISIETCS?
Bce 3aBucuT OT TOYKM 3peHus. B ycTpolicTBe KOMIBIOTEpa
raiika — mpocras JeTajb, I0CKOJIbKY Ha 0ojiee MelKUe 4acTu
oHa He paszbupaercs. Ho ¢ TOukM 3peHHs] CTpOEHUs Belle-
CTBa, U3 KOTOPOrO clejlaHa raiika, 3To He Tak. Meramn co-
CTOUT U3 MOJIEKYJ, 00pa3yloIuX KPUCTAIIIMYECKYIO CTPYK-
TYpY, MOJEKYJIbl — U3 aTOMOB, aTOMbI — U3 SIAPa U IJIEKTPO-
HOB. UeM riy0ke Hayka MPOHHMKAET B BEIIECTBO, TEM OOJb-
me yOekIaercs, 4yTo HEeT aOCONIOTHO MPOCTBIX OOBEKTOB.
JIro0oit peanbHbIl 00BEKT OeCKOHEUHO cloxkeH. OnucaHue
€ro COCTaBa M CTPYKTYPHI BCETJa HOCHUT MOJCIbHBIA Xapak-
Tep, T.e. sABIAETCS NpUOIMKeHHBbIM. CTeneHb MoApOOHOCTH
TaKOTO OMHMCAHMS 3aBUCHUT OT €ro Ha3HaueHus. OHa U Ta ke
4acTh CHCTEMBbI B OJHHMX CIIy4asXx MOXET paccMaTpUBAThCS
KaK ee MPOCTOH 3JIEMEHT, B APYrHX CIydasx — Kak IMOJCH-
cTeMa, UMEIoIIasi CBO COCTaB M CTPYKTYDY.

CTpykTypa CHCTEMEI

Bcesikas cuctema ompezaensercs He TOJIbKO COCTaBOM
CBOUX YacTeW, HO Tak)Ke MOPAJKOM U CIOcOO0OM 00beaMHe-
HUS 3TUX YacTeil B eauHoe 1enoe. Bece yactu (31eMeHTHI)
CUCTEMBI HAXOASATCS B ONPEACICHHBIX OTHONICHUSIX WIJIH CBS-
351X IpYT C APYTOM.

CTpyKTypa — 9TO COBOKYIIHOCTH CBSI3€H MEIKIY
dJIeMeHTaMU CHUCTEMHBI.

MoXHO emie OmpeAenuTh Tak: CTPYKTypa — 3TO
BHYTPEHHAS OpraHU3aIdsd cUCTeMbl. MHOTHE OTKPBITUS B
HayKe CBSA3aHbl MMEHHO C BBIICHEHHEM CTPYKTYPBI IPUPOIHBIX
cucreM. Besikas cuctema 001aaeT onpeielIeHHBIM COCTaBOM U
cTpyKTypoil. CBOICTBa CHCTEMBI 3aBUCAT OT TOT'O M OT APYTro-
ro. Jlaxxe mpu 0OTMHAKOBOM COCTaBE CHCTEMBI C Pa3HOW CTPYK-
Typoil 00JaJaloT pa3HbIMH CBOMCTBAMH, MOTYT UMETh pa3zHOe
Ha3HAYCHUE.

TwumEl cBsI3eit B cucTeMax
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CBsi3M B cucTeMax ObIBAIOT MAaTEepPHAJJIbHBIMH U HH-
dopmarHoHHRIMH. B eCTeCTBEHHBIX CHCTEMAaxX HEXHBOMN
MPUPOIBI (KOCMUYECKUE CHCTEMBI, aTOMbl MU MOJICKYJIBI, MPHU-
pOJIHbIE CHCTEMBI Ha 3eMJIE U IIp.) CBS3U HOCAT TOJIBKO Mare-
PHAIBHBIA XapakTep, a B CUCTEMax >KMBOW HPUPOJIBI CYIIe-
CTBYIOT CBSI3U MAaTepHAJIbHBIE U HHPOPMAI[HOHHEIE.

HNudopMarmonssie cBI3HM — 9T0 00MeH HH@OP-
Manueil MeKIy YacTAMU CHUCTE€MBI, IOIeP:KUBAIOIITII
ee IIeJIOCTHOCTb U (DYHKITHOHAJIBHOCTb.

OueBUIHO CYIIECTBOBaHUE MH(POPMAIIMOHHBIX CBSI3€H B
KMBOTHOM MHpE, B 4eJOBEYECKOM 00IIecTBe. B TeXHUUECKHUX
crCTeMax, UCIOJIb3YeMbIX B MH(OPMAIIMOHHON cdepe (pamuo,
TEJIEBU/ICHUE, KOMITBIOTEPHBIC CETH), TAK)KE JACHCTBYIOT CBSI3U
nH()OPMALMOHHOTO THMA. B HUX MHOpMaIHI — 3TO CEMaHTH-
YEeCKOe cojepkaHhe (PU3UYECKHX CHUTHAJIOB, IEepPEIaBacMbIX
MEX/y YaCTIMHU CUCTEMBI.

O6mecrBenHbe (COIMANILHEIE) CHUCTEMEI — 9TO
pasyimyHble 00beIuHEeHU JToaeit. KoHeuHo, MeKay HUMH
TOKE €CTh ONpECICHHbIC MaTepHalbHBIC CBS3H (HAmpumep,
o01Iee MoMeIeHne, SdKOHOMUYECKasi 3aBUCHMOCTb, POJICTBEH-
HO-TEHETHYECKUE CBSI3M), HO OYCHb BAXKHBI MHPOPMAIHOHHBIC
cBsi3u. HU 0/IMH KOJUIEKTHB, OT CEMBH JI0 TOCYIapCcTBa, HE MO-
JKET CYIEeCTBOBATh 0€3 HH(POPMAIIMOHHOTO OOMEHa.

[TosiBNEeHUE HOBOTO KAa4yeCTBA y CHCTEMbI HA3bIBACTCS
CHCTEMHBIM 3(eKTOM. DTO BAKHOE IOJOKEHUE CHCTE-
MOJIOTHH (DOPMYTUPYETCS TaK: BCAKAA CHCTEMA IIPHOOpe-
TaeT HOBEIE€ KAa4YecTBa, He IPHCYIHE €€ COCTABHBIM
JaCTAM.

§ 3. Mogestn cucrem

Hamm MNpEaACTaBJIICHHUA O PCAJbHBIX CHCTEMAaX HOCAT
MpUOIKEHHBIN, MOJENbHBIN XapakTtep. OnuchkiBas B KaKou-
60 hopme peanbHyI0 CHCTEMY, MBI CO37]aeM €€ MH(opMaIu-
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OHHYIO MOJeNb. PaccMoTpuM Tpu pa3HOBHIHOCTH HH(pOpMa-
LIMOHHBIX MOJIETIEH cuCTeM:

— MOJIEJIb «4ePHOT0 AITHUKA»;
— MOJeJIb COCTaBa,
— CTPYKTYypPHAad MOJelIb.

Moges «4epHOro AMUKA». Beskas cucrema — 310
HEUTO LIEJIbHOE U BBIACIEHHOE U3 OKpyxatouel cpeapl. Cu-
CTeMa M Cpela B3auMOJEHCTBYIOT Mexay coboil. B cucre-
MOJIOTUH HCIOJB3YIOTCS NPEACTABIEHUSI O BXOJaX U BBIXO-
1ax cUCTeMbl. BXOoH CHCTEMBI — 3TO BO3JCHCTBHE Ha CH-
CTEMY CO CTOPOHBI BHEIIHEHN CpeJbl, a BBIXOL — 3TO BO3JEH-
CTBHE, OKa3bIBAEMOE CUCTEMOM HAa OKpYyXawllyw cpeny. Ta-
KO€ MPEACTaBICHUE O CUCTEME HAa3bIBAETCS MOJEIbI0 «4ep-
HOTO siukay (puc. 2.1).

CPEJA
—> —>
Bxosl » CUCTEMA | 5 Brxonw
—>

Puc. 2.1. Mogess «aepHOIro Armra»

Mopenb «4epHOTo SIIMKa» UCIOIb3YETCs B TEX CIyda-
sIX, KOTJJa BHYTPEHHEE YCTPOMCTBO CHCTEMBI HEJOCTYITHO HJIN
HE IPEJCTAaBIIsAET MHTEpPECa, HO BAXKHO OIMUCATh €€ BHEIIHUE
B3aumoJeiictBus. Hampumep, B 11000 HHCTPYKIMM IO HC-
MOJIb30BaHUIO OBITOBOM TEXHHUKH (TEIEeBU30P, MarHuTodoH,
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CTHpajbHasl MalllMHA U IIp.) JAETCs ONKucaHue padoThl ¢ HEH Ha
YPOBHE BXOJIOB U BBIXOJIOB: KaK BKJIIOUUTb, KaK PEryJIMpOBaTh
paboTy, 4TO MOJYy4YHM Ha BbIXoJe. Takoro mpeacTaBiIeHUs] MO-
KET OBITh BIOJHE JOCTATOYHO JUIS MOJIb30BaTENsl JAHHON TeX-
HUKOH, HO HE IOCTATOYHO JUJISl CIIELIMAIIUCTA 110 €€ PEMOHTY.

Mopenb «4epHOro SIIMKa» OTPaXKaeT JIMIIb B3aWMO-
JICHCTBUE CUCTEMbI C OKpYyXKarouien cpenou. Takoi moaxon K
CIIOKHBIM cHcTeMaM Obul BBeleH B kubOepHeTuke. Kazamock
ObI, 3TO MpocTeiimas MoaeNnb, KOTopas He yriyOJsercs BO
BHYTPEHHEE YCTPOUCTBO cucTeMbl. OJIHAKO U BHEUIHUE B3au-
MOJICHCTBUSA pPEATbHOM CHCTEMBbI OKa3bIBAIOTCS OECKOHEUHO
cloxHbIMU. [103TOMY MOJIENb «YEPHOTO SALINKa», KaK U JIH00as
Ipyras, CTPOUTCSI B COOTBETCTBHM C LIEIbIO0 MOJEIMPOBAHMUS,
YUUTBHIBAS JIMIIb T€ BXOJbl U BBIXOAbl CUCTEMBI, KOTOpPHIE CY-
IIECTBEHHBI C TOUKM 3PEHHUS LEIU MOJEIUPOBAHUS, Ha3HAue-
HUS CO3/1aBa€MOU MOJIENH.

Ecnu onucare KOMIOBIOTEP Kak “depHBIM AMIMK’, Y4H-
ThIBas TOJIbKO €ro WHGOPMAIlMOHHOE B3aUMOJICHCTBHE C
BHEUIHEN CPEOi, TO MOJIEIIb MOJYYUTCS CIAETYIOLICH:

AHHbIC
A Hrorosasa
—  »
»| Hommmiorep >
uadopManus

IIPOTrPaMMBI

Puc. 2.2. Mogess «gepHOIro gmara» KOMIIBIOTEDA

Ecnu, xpome MH(POPMALMOHHOTO, YYHUTHIBATH €lIE U
(bu3MYecKoe B3aMMOJICHCTBHE KOMITBIOTEpA C BHEIIHEH cpe-
JI0M, TO Ha BXOJIe Ha/l0 T0OOABUTh: «AJIEKTPOMTUTAHUEY, «TEMIIe-
paTypHOe BO3ZeicTBHE», «BHOpallMOHHOE BO3jehcTBUE». Ha
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BBIXOJIC: «H3JIyYEHHUE JKpPaHA», «IIIYM BEHTHIATOPA», «HArpeB
OT MOHHTOpay». B TakoM pacIIMpEeHHOM CIHCKE BXOIOB M BbI-
XOJIOB CIIEAYET BBIACIUTH OCHOBHBIC IMapaMeTphl U MOOOYHBIE.
OCHOBHBIE — 3TO T€, KOTOPBIC CBSI3aHBI C TJIABHOW (hYHKIIHEH
cuctemsl: pabota ¢ uHpopmarmeit. Cpenu MOOOYHBIX, MOKHO
BBIJICJIUTh HEOOXOAUMBIE (JICKTPONUTAHNE) U HEXKEIaTeIIbHbIC
(U311y4eHHe FKpaHa, IIyM BEHTUIISITOPA).

Mojenb MOXHO pacIIUpUTh, JOOABUB B HEE DKOHO-
MHUYECKHE MapaMeTphl, CBsA3aHHbIE ¢ (PUHAHCOBBIMH PACXO-
JaMH Ha BXoje (MCXOJHas IIeHa, OIliaTa 3JEKTPOIHEPIHuH,
oruiaTa 3a mosib3oBaHue MHTEpHETOM) W BO3MOXXHBIMHU J10-
XOJaMHU Ha BBIXOJE, €CJIIM KOMIBIOTEp SBJISIETCS paboyuM
WHCTPYMEHTOM, B PE3yJbTaTe MCIOJIb30BAHUS KOTOPOTO He-
JIOBEK 3apabaThIBaeT JICHBIU.

Mopesnp cocTaBa CHCTEMBI JACT ONUCAHUE BXOIAIINX
B HEE AJIEMEHTOB U IOJCUCTEM, HO HE PacCMaTPUBAET CBS3CH
Mexay HUMH. OYeBUAHO, UTO U MOJIe]b COCTaBa KOMITbIOTEpa
MOXET MMETh Pa3HbIe BAPUAHTHI B 3aBUCUMOCTH OT OTpakae-
MOW B HEM TOYKHU 3peHUs Ha cucteMy. Hanpumep:

Bapuanm 1: cuctemMHBI 070K, KJIaBUaTypa, MOHHU-
TOp, MBIIIb.

Bapuanm 2: onepatuBHasi MaMsTh, BHEIHSIS IAMSITh, 11€H-
TpaJIbHBIN MPOLIECCOP, YCTPOMCTBA BBOJA, YCTPOMCTBA BBIBOAA.

Bapuanm 3: unentpanbnbiii nponeccop, O3V, 113V,
KECTKUM JUCK, MH(OpPMAIIMOHHAS MarucTpaib, KIaBHaTypa,
MOHHTOP, KOHTPOJIEPHl BHEIIHUX YCTPOUCTB U TIP.

CTpyKTypHYI0O MOIEJIb CHCTEMEI CIl¢ Ha3bIBAIOT
CTPYKTYPHOIM cxeMOM. Ha cTpykTypHOU cxeMme oTpaska-
eTCsI COCTAB CHUCTEMBI U ee BHYTpPeHHUe CBsA3U. Hapsay
C TEPMHUHOM «CBSI3b)» HEPEIKO YHOTPEOISIOT TEPMUH «OT-
HOIIIEHUE.
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Harnsaaaeiv criocoOoM onucaHusi CTPYKTYPHOH Mozenu
cucTeMsl sBisitoTCA rpadsl. Ha pucynke 2.3 B BUJie OpUEHTUPO-
BaHHOTO Tpada NpuBeieHa CTPYKTYpPHAsE MOAEIb KOMITBIOTEPA.

Bremussg maMaTh

A

A 4

VYerpoiictBa Buytpennsis .| YcrpoiictBa
BBOJa naMAThb " BbIBOJa

A 4

\ 4

Bremusg maMaTe

Puc. 2.3. Crpyrrypras mogesns rommpoTepa
¢ HHQOPMAITHOHHBIMH CBA3SIMH

3nech cTpenku 0003Ha4yaroT MH(OPMALMOHHBIE CBSI3U
MEXIy dJIeMEHTaMHu cucTeMbl. HampaBieHne cTpenok yKasbl-
BaeT Ha HallpaBJIeHHUE Nepesayn nHOpMaluH.

OnHako ecay Hac MHTEPECYIOT CBSI3U IO YIPaBIICHUIO,
TO MOJYYHUTCS CIEAYIOIasi MOJENb KOMIBIOTEpA:

ITponeccop
/ VerpoiicTa
YcrpoiicTea BBIBOJIA
BBOJA 35




Puc. 2.4. CrpyrrypHas moneib koMIberOTEPA
CO CBA3AMHE IT0 YIIPABJICHHIO

3aech cTpesika 0003HAYaeT HalpaBJICHUE YIpPaBIIsio-
mero Bo3aencTBUs. CMBICH CXEMbl 3aKJI0YAETCA B TOM, YTO
MPOLIECCOp YMpaBIIsIeT pabOTONW BCEX OCTAIBHBIX YCTPOMCTB
KOMIIBIOTEDA.

CrnenoBaTebHO, CTPYKTYpPHasi MOJIEIb OJHON U TOU Ke
CHCTEMBI MOXET ObITh pa3Hoil. Bee ompenensiercs uensiMu Mo-
JEIUPOBAHMUSL.

3. JUHEMHOE ITPOTPAMMWPOBAHUE

JIuHeitHOe NPOrpaMMHUPOBAHHUE SABISETCA COCTABHOM
yacTbio Oojiee oOIIero Merojia — MaTeMaTH4YeCKoro Mporpam-
MHUpPOBaHUA. MaTreMaTn4eckoe MporpaMMHpPOBAaHUE MO3BOJISET
HaXOJIUTh HAWIYYIIHNE IJIaHbl PACIpPENETICHHUs] OrpaHUYEHHBIX
pecypcoB Ui AOCTHXKEHHs TpeOyeMOM 1eJN — pelleHus 3a1a-
yn. JIuHeitHOe mporpaMMUpPOBaHNE MOKET OBITh UCTIOIB30BaHO
KaK OAWH W3 METOJOB ONTHUMM3AUMM pemeHus. Hanmyummii
pe3yabTaT 3/1€Ch TOCTUTAECTCS HE 3a CUET BBIJICICHUS JONOJHHU-
TENBbHBIX CHJI U CPEJICTB WIN MHBIX PECYPCOB, a 3a CUET UX pa-
LHAOHAJIBHOT'O PACIIPEEIICHHUS.
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§ 1. Obmmas 3a1a9a JTHHEHHOTO IPOrPaMMHPOBAHHS

3ajaud ONTHUMAJIBHOIO IUJIAHUPOBAHUS, CBSI3aHHBIC C
OTBICKAaHUEM ONTHUMYyMa 3aJJaHHOU 1eJeBOi (YHKIMU (JIUHEH-
HOUM (HOPMBI) TPYU HATUYUU OTPAHUYCHHUA B BHJE JTUHEHHBIX
yYpaBHEHUN WM JTMHEHHBIX HEPABEHCTB OTHOCATCS K 3aJadyaM
JIMHEUHOTO MTPOTrPaMMHUPOBAHUSI.

OOmmeit 3amadeil IAHEHHOr0 IPOrpaMMHPOBAHUS
Ha3bIBAETCS 3aJladya, KOTOpas COCTOMT B OMpENeTICHUH MaKCH-
MajJbHOIO0 (MHUHUMAJIBHOIO) 3HAYEHMsI JIMHEHHOW 1eJeBOM
byHKIUU:

n
Z = ¢;x; > max(min)
=1
MIPH yCIOBUSAX:

>
Zn:aijxj:Bi,(izl:m)
=1 <
X; 20,(j=1:n)

rae  j — HoMep NepeMeHHOM;

N — YUCJIO TIEPEMEHHBIX;

| — HOMep OrpaHUYCHUIT;

M — YKUCII0 OTPAaHUYEHUN;

Xj — IEpeMEHHBbIE (HEU3BECTHBIE);

ajj — TEXHUKO-9)KOHOMHYECKHE KOd(PPHUIIUEHTHI MPH Te-
PEMEHHBIX;

Cj — OLIEHKU 11eJIeBOH (PyHKIINY;

Bj — 06beMBI OrpaHUYEHHI.

IIpn sTOM cucTeMa JIMHEWHBIX YpaBHEHUMH U Hepa-
BEHCTB, ONPEEIISIoNIas J0MYyCTUMOE MHOXKECTBO PEIIeHU 3a-
7laud, HAa3blBACTCS CHCTEMOH OIPAHWYIEHWH 337491 JIH-
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HEHHOIo IporpaMMupOBAaHHA, a NuHeitHas (ynxmms Z(x)
Ha3bIBACTCH I[EJEBOH (QYHKIIHEH, Wl KDPHTEPHEM OIITH-
MaJIbHOCTH.

CosokynHocth umcen X = (X, X,,...,X,), ymaoBie-

TBOPSIIOIIMX OrPAaHUYCHUSAM 3a7aud, Ha3bIBACTCS JOIYCTH-
MEIM perrreHAeM (U TIaHOM).

Mnan X = (X, X5,...,X,), TpH KOTOPOM IiejieBast
GyHKIUS 3224 PUHUMACT MaKCHMajibHOE (MHHUMAJBHOE)
3HAYCHUE HA3BIBACTCS OIITHMAJIBHBIM.

3amaun JIMHEHHOTO MPOrPaMMHUPOBAHHS MOTYT OBITh 3a-
MUCaHbI B TpeX (hopMax B 3aBUCHMOCTH OT TIOCTAHOBKH 33/1a4H.

1. Cmanoapmnas (cummempuunasn) gpopma 3anucu.

Z =Y c;x; - max Z =Y c;x; > min
i [

D ax (i=1:m) WIH Za =1:m)

j=1

X; 20,(j=1:n) X; 20,(j=1:n)

2. Ocnoenas (kanonuueckasn) ¢popma 3anucu:
Z = cx — max(min)
ax=B, x>0
3. Obwaa ¢popma 3anucu: B HEW UIsI OTACIBHBIX
OTpaHWYEHUN MOTYT TIPUCYTCTBOBAaTh KaK 3HAKU
paBEHCTBA, TaK U 3HAKU HEPABEHCTBA.
JIro6as popma 3amucu MPUBOIUT K JTFOOOM IPYyTOii.
Hanpumep, 4To0bI TIEpEUTH OT CTAaHAAPTHOW 3a/Ja4u K
KaHOHUYECKOW HEOOXOMMO BBECTH HOBBIC IIEPEMEHHEIC, a 3a-
TEM B 3aBUCHMOCTH OT 3HaKa HEpaBEHCTBA JIMOO MPUOABUTH,
00 BBIUECTh MX U3 KKJIOTO0 HEPABCHCTBA.
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§ 2. IlocrpoerHme sKOHOMHEO-MaTeMaTHYECKHX
MonesIeH 3agad JIMHEHHOT0 IPOorpaMMHPOBAHHSI

PaccMOTpHM IIPOIIECC HOCTPOSHUS MATEMAaTHYECKOM
MOJIEIH 3324 JTUHEHHOTO [IPOrPaMMHUPOBAHKS Ha IPUMEDE.

3amada 00 BCII0JIL30BAHHM PECYPCOB

TpeOyercs onpeneanTh, B KAKOM KOJIMYECTBE HAJ0 BbI-
IIYCKATh MPOAYKIIMIO YETHIPEX BUJIOB, /IS H3TOTOBIECHUS KOTO-
poii TpeOyIOTCA pecypChl: TPYHOBBIE, CHIPhE M MAaTEpUAIBHO-
JeHeXHbIe 3aTparhl. KoJIM4ecTBO pecypca Kakaoro BHIa, He-
O6XO[[I/IMO€ AJIg BBITYCKAa €AWMHUIBI MPOAYKIKWH, HA3bIBACTCA
HOpMO# pacxona. HopMsl pacxoja, o0liee KOJIMIECTBO peCyp-
COB, @ TAK)Ke MPUOBLIb, MOJyYaeMas OT Peaau3aliy €IUHUIIbI
Ka)KJI0T0 BHJIA IPOIYKIIMH, YKa3aHbl B Ta0IHIE 1.

CocTaBUTh Tako#l IUIaH BBIIYCKa MPOAYKLHUHU, NPU KO-
TOPOM NPHOBLIL NPEANPUATHS OT PEANU3alMU BCEX M3ICIIUi
OyJeT MaKCHMAaJIbHOM.

Tab6mua 3.1. Hexonsere jaHHBIE

OOmee
Pecypcel IIpoxl IIpon2 IIpox3 | Ilpon4 | kommdecTBO
pecypcoB
TpynoBsie 1 1 1 1 16
Chripne 6 5 4 3 110
M3 4 6 10 13 100
[TpuOkLIb 60 70 120 130 -

OKOHOMHKO-MaTeMaTHYECKAS MOIEJIb
3a1avum JIMHEUHOT0 TPOTrpaMMUPOBAHUA
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Cucrema 1mmepeMeHHBIX:

X1 — KOIIMYECTBO BBIITYCKaeMOM MPOAYKIHMH | Buia
X2 — KOJIMYECTBO BBIITYCKAEMOI MPOAYyKIMHU 2 BUJA
X3 — KOJIMYECTBO BBIITYCKAEMOM MPOAYKIMH 3 BUIa
X4— KOJIMYECTBO BBITYCKAEMOW MPOAYKIMH 4 BHUJIA

Cucrema orpaHUYeHUIA:
1) no ucnonwvzoeanuio mpyooevix pecypcos

x1+xy+x3+x2<16
2) no UCNONIL306AHUIO CLIPbSL
6x1+ 5xo+ 4x3+ 3x4, < 110
3) no ucnoNb306aHUIO MAMEPUATLHO-OEHENHCHBIX 3AMPAN
4x1+ 6xp+ 10x3+ 13x,< 100
Vcnosue neompuyamenvornocmu x1, X2, X3, X4=> 0

[leneBas QyHKIIMSI — MAKCUMYM HPHUOBLIN OT pe-
AJTU3AIAH ITPOIYKITHH.

Z=60x1 + 70x,+ 120x3 + 130x4s — max

§ 3. Pemrenme 3a1a4 JIHHEHHOIO IPOIrpaMMHPO-
BaH#g ¢ nomoesr [loncka pemrernms B MS Excel
1. Cospats popmy i BBOJIA YCIOBHI 3a7au, BBECTU

UCXOJHBIC JaHHBbIE W (POPMYJBI Uil BBIYMCICHHHA
(puc. 3.1).
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cvmmneouss + X [
A

=CYMMIIP O3B ($B$4:3E $4;B5:E5)
B € D E F [ G H

3apa4a 06 MCNoNb30BaHNN PeCYPCOB

1

2

3 TepemoHHbIe 1 %2 2 e | |

ETE |3HaqsHHs 7 |

5 [MpuBLns 60 70 120 130 |=CVWMIPOMAB(EB34 SESAB5ES) |

6

7 | OrpaHnyeHns Koz thimuneHTEl Pacxon pecypca 3HaK Hanwyue pecypca
8 Tpynoeele pecypckl |1 1 1 1 =CYMMNPOMZB($B$4.$E$4.B8.E8) = 16

9 Coipbe 6 5 4 3 =CYMMIPOM3B($B$4 $E$4.B9EY) <= 110

10 M3 4 5] 10 13 =CYMMOPOMSBI$ES4 $ES$4.B10.E10) | <= 100

AprymenTul fryHKLpH .
CYHMTPOME
Maccuel | $5§4:5E54 | = {050,000
Macche? |BS:ES Tes = {60;705120;130}
MaccHe3 l{ =
=0
BO3ERALEET CYIMY MPOMSESAEHNH COOTESTETEYIOLLI 3NEHEHTOE MaCCHEDS HIM AMSNS30HCE,

Maccu2: wactned;naccheZ;. . oT 2 A0 30 MACCHEOE, UsH KOMMOHETEN HYkHO
a 3aTem CROMMTE
HMACCHE! AOMEHe! HHETS DAHY H TY X PE3MEPHOCTS

Cnpaeica no 310/ diyricunn Sraerme: ) oK OTHera

Puc. 3.1. Texnorormusa perresnus 3agauyn B Excel

YcraHoBUTh Kypcop B siueiiky F5 u B MeHIo
CepBuc BoiOpats Ilouck peuwﬂnﬂ{ B or-
KpbIBIIEMCS AUanoroBoM okHe Ilouck pemenus
(puc. 3.2) mone YCTaHOBUTH IEJEBYIO AYEHKY
OyIeT comepKarh aapec meneBoi sueiku $F$5.
YcraHoBUTH nepekimodatens PaBHoii: BEIOpaTh Bapu-
AHT MOMCKA PEIICHUN — MAKCHMAIBHOMY 3HAYEHMIO.
B nosie U3Mensist AYEKHM yKa3aTh IUAINIa30H SYECK
JUISL TIOJIyYEHHsI ONTHMAJIBHOIO pe3ynbTaTa, s
9TOTO CIIeAyeT BbIICNUTh Auana3oH ssueek B4:E4.
Jlnst BBOJ1a OrpaHU4EeHUH IENKHYTh 110 KHOnKe Jlo-
0aBUTb U B OTKPBIBLIEMCS TUAJIOrOBOM OKHE (pHC.

* Ecnn B MeHio CepBmucC oTcyTCTBYeT KoMaHzaa Mowmck pe-
WEeHUA, B 3TOM C/lyyae Heo6XOAMMO BbIMNOMHUTL KOMaHay

CepBuc -

HapcTpoiku. OTKpoeTcs AuanoroBoe OKHO CO

CMNUCKOM AOCTYMHbIX HaACTpoek. B 3TOM cnucke cneayet ak-

TUBU3NPOB

aTtb sneMeHT MNMouck peweHuna 1N LWEeNKHYTb Mno

KHonke Ok.
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3.3) BBecTH Bce orpanumyenus. llocie BBoma mo-
CIIEZIHETO OTpaHHYEeHUs B AuanoroBoM okse Jlo-
0aBJieHHe OrpaHWYeHUH METKHYTH 10 KHonke OK.
[Tocne Haxatusi kHonku OK 3ajmaHHBIC OrpaHHyYe-
HUsl OyayT OTpaxkeHbl B auaioroBom okHe Ilomck
pemenus (puc. 3.2).

[ Momck pPEWEHH A

YETAHOBHTE LENEEYHD AYERKY:

3MEHAR A4EHkH:
$E54$EF4

DrpaHH-EeHHA:

PagHOI: HMSKTHMANEHOMY SHEHEHHHD

() MMHMMANEHOMY 3HAHEHHHD

() sHadeHii: |0

$F$10 <= $HEL0
§F$6 <= $HEG
$F59 <= $H§D

MpeAnono#®HTE
e——

anTE

B3EHTE
= |

MzheHHTE
|

e |

BbINonHHTE:

3AKPEITE

DapareTpel

BoccTaHoEMTE
1

CNpaska

Puc. 3.2. /{ua.morosoe ok

Illoncrk perrerms

I JoGagneHHe orpaHHUeHH s

CCBINKS Ha AYerky!

COrpaHHHeHHe:
$Fia EA NS - | |$H$E Y
9.8 | OTHEHA | A0BaEHTE | | CNpaeka

Puc. 3.3. /{ua.rorooe orro /[obaB ieHme orpaHHYEHHA

6. UTtoObl ynanuTh OrpaHUYEHHUE, BBIJCIHUTH €ro B
cnucke OrpaHMYeHus U IIEIKHYTh IO KHOIKE
Ynanurtse. g U3MEHEHUs OTpaHUYEHUs Cleny-
eT ucnonp3oBark KHONKy WM3menurs. Ilocie
3TOrO MOSBUTCA Auanorosoe okHo M3menenue
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OrpaHu4YeHus, aHaIornYHOe OKHY JloOaBiaeHmne
OrpaHUYEHMUSI.

HacTtpouTs mapaMeTpsl pelieHus 3a1a4u, st 3TOTO
ClIleyeT IEeNKHYTh 10 kHonke [lapamerpsl, B OT-
KpBIBIIEMCsl TuaioroBoM okHe [lapamerpsl mouc-
ka pemenusi (puc. 3.4) yctaHoBUThH (hiaxox JIu-
HeliHAsi MoJeJIb /I YCKOPCHHS TTOWCKA PEIICHUS
JMHEWHOW 3a/1a4yM 3a CUeT NMPUMEHEHUE CHUMILICKC-
METOJIa M TMOJYYCHHs] CTaHIAPTHOTO OTYeTa IO
YCTOMYMBOCTH, YCTaHOBHUTH (iaxkok Heorpuma-
TeJIbHbIE€ 3HAYEHHS U BBITIOJHEHUS OTpaHHYe-
HUSI HEOTPHUIIATEIIBHOCTH NICPEMECHHBIX.

# NWHeriHan Mogens

# HeoTpHUATENEHEIE SHAYEHHA'

[ToATBEPIUTh YCTAHOBJIEHHBIC IIApaMETPhl Ha)KaTHEM
kHonku OK.

8.

9.

3anycTuTh 3a/7a4y Ha BBIIOJIHEHUE MICTYKOM II0
KHOTIKE BBINOTHUTB.

B ciryuae ycriemHoro 3aBepiieHus peeHns 3a1aun
Ha 9KpaHe MOSBUTCS JAMANOroBoe okHO Pe3yibra-
Thl MOMCKa pemeHus (puc. 3.5), B KOTOPOM c000-
IaeTCsl O HaWJAEHHOM pelleHHM 3ajadyd. BriOparthb
nepexmoyaresns Coxpanums naidenHoe peuienue u
HIENKHYTH 10 KHOTKe OK.
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|

[MapameTpbi novcka pe wenns vy

MaKCHManEHOE BREMA: 100 CEEYHA, | O |
MpeaeneHoe YMcno MTepaumi: | 100 | OTHEHA |
OTHOCMTENEHAA NOrpewHocTE: | 0,000001 | 3ATPY3HTb MOAEME... |
AONYCTHMOE OTEAOHEHHE: 5 o | COXPAHMTE MOAENE. .. |
CXOAHMOCTE: 0,0001 | Cnpaekxa |
¥ MnHerHan noaens [[] ABTOMATHYECKOE MACWTaBHPOEaHHE
Il HeoTpruaTeneHele sHaqetka; (] MNokasblEaTe pEsyNETATE HTEPAUMA
CILEHEH PazHoOCTH MeTo4 noxcka

(@) nMHeRHan () ppAmkie (@) HetaToHa

() KBaApaTHYHEA () WeHTPanEHEE (") CcONpA%EHHBD FRaAMEHTOR

Puc. 3.4. /[masrorosoe orxHO
Ilapamerprr morcka perreHus

f Pe3ynbTaTel NOMCKA peWIEHHA Caa

PelIEHHE HaHAEHD, BCE OrPaHHYEHHA K YCNOEMA
ONTHMANEHOCTH BEINONHEHEL. TN oTHeTa

(8) CoxpaHHTL HaHABHHDS palEHHEe

\_J BOCCTAHOBHTE HCXOAHBIE SHAHEHHA

Cnpagka

| 60,8 | | OTHEHA | | COXPAHHTE CUEHAPHH. .. | |

Puc. 3.5. Coobimerre 06 ycmerrHoM perreHun 3a3a9H

Ilpumeuanue:

» OCHOBHBIC T1APAMETPBI, KOTOPHIC 3a[AK0TCS B AMAIOrOBOM
okue IapameTpbl noncka pemenus (puc. 3.4):

— MakcuMaJILHoOe BpeMH — MAaKCUMaJIbHOC BpPEMs, B
CEeKYHJ1aX, OTBEJICHHOE Ha MMOUCK peIIeHus 3a1aun. B
ImoJi€ MOXHO BBECTH BpPEMA, HC IPCBLIIIAIONICC
32 767 cexyna (9 gacoB). 3nadenue 100, ucrnonssy-
€MOC€ II0 YMOJIYaHHUIO, IOAXOOAUT [Jid PCHICHUA
OOJIBIIIMHCTBA 3a/1a4.
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IIpenenbHoe 4YMCI0 UTepalUil — MaKCUMAJIbHOE
KOJINYECCTBO HTepaHHﬁ, BO3MOJXHBIX B TCUCHHC I10-
HCKa KOHEYHOTO pe3ysIbTaTa.

OTtHocureabHast NOrpemHoOCTb — TOYHOCTH peE-
3yJjibTaTta. YeM menbute KOIUYECTBO AECATHUHBIX
3HAaKOB BO BBCICHHOM 4YUCJIC, TEM HUICe TOUHOCTD.

JlomycTHMoO€e OTKJIOHeHHe — BeJIMYMHA JIONyCcKa Ha
OTKJIOHEHHE OT ONTHMAJIbHOIO pEIICHUS B LEJO-
quCcIIeHHbIX 3ana4ax. [Ipu ykasanum Gombliero mo-
IIyCKa MOUCK PELIeHUs 3aKaHYMBaeTCs ObICTpee.

CxoauMocTh — 3HAYEHHE OTHOCHUTEIBHOIO H3-
MEHEHUs, NIPU JOCTUKEHUU KOTOPOro B IOCIEM-
HUX TISTH UTEPALUAX MOMCK PEUIEHHUs NpeKpamia-
ercs. JlaHHBIM mapamMeTrp NPUMEHSETCA IPHU pe-

IICHUHU HEJIMHEHUHBIX 3aaay.

> Bo3MosKHbBIE coobmienusa Ilouck He MOKeT HAWTH MOAX0-
ASINIEro pelleHusl Wi 3HAYeHHUsl LeJIeBOil siYeliku He
CXOISITCH B JAMAJIOTOBOM OKHE puC. 3.5 CBUIETEIHCTBYIOT
0 TOM, YTO MPHU BBOJIC YCIOBUN 3a7jaui OBUIH JTOTIYIICHBI
ommOKH, He no3ponsmonue Excel maiitn onrumansHOE
pelieHrue, KoTopoe B AEHCTBUTEIBHOCTH CYIIECTBYET.

o

W m o e W =

€

F

3apava 06 McMonb30BaHUU pecypcoB

MepemeHrHels

%1

%2

%3

#4

3Ha4eHnA

0

6

3HaveHHs £

Mprbkine

70

120

130

1320

OrpaHuyerna

Pacxon pecypca

Hanuyue pecypca

Tpynossle pecypckl

KoadthHUMeHTE
1

1

16

16

Chbipee

5

4

84

110

M3

g

10

100

100

Puc. 3.6. Pesyrerater morcra perieHus 3aa9H
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Anam3 oOTEMAJIBHOTO PEITeHHsT
AHanu3 oNTUMaIILHOTO petieHus (puc. 3.6) Moka3bIBaeT,
9TO MPEANPHUATHE TOTYIUT MAKCUMATBHYIO IPUOBLIH B pazMepe
1320 meHeXHBIX €IMHMII, €CIM OYIET BBIMYCKAaTh MPOAYKIIHIO
nepBoro Buzaa B oobeme 10 equHuI U IpOIyKIHUIO TPEThErO BU-
na — 6 eIuHUIIbI, TPOAYKILUIO BTOPOTO U YETBEPTOrO BHJIA MIPO-
W3BOANTH HE BBITOAHO. TakuMm 00pa3om, TPYIOBBIE PECYpChl U
MaTepUaIbHO-ACHEKHBIE 3aTPaThl UCHOIb3YIOTCS MOJTHOCTHIO, a
CBIPbE — HEIOUCIIONB3YETCS B 00BheMe 26 eTUHMUIIL.
C moMomipio JUaoroBoro okHa Pe3yjbTaThl nmoucka
peumienns (puc. 3.5) MOXXHO CO3/1aTh OTYETHI TPEX TUIIOB:
v’ pe3yibTaThl;
v\ yCTONYMBOCTH;
v Ipenensl.
JIy1st TOro 4TOOBI COXPAHUTDH PE3YNIBTATHI PAOOTHI MPOIIE-
Jypbl TIOUCKA PEllIeHHs B BUAE OTUeTa, HEOOXOAUMO THII OTYETa
BBIOpaTh W3 CNHCKA B JUAJIOTOBOM OKHE Pe3yiabTaThl momcka
pemenus. Kaxaplii oTueT co3aaercs Ha OTAETLHOM JIUCTE.
OTuer IO pe3yJIBTATAM COCTOMT W3 TPeX TaOJIHI[ U
npescTaBieH Ha puc. 3.7.
mabauya 1. TPUBOIUT CBEICHUS O LENEeBON (PYHKIIHH.
B cron6ue NcxonHoe 3HaueHune mpuBee-
HBI 3HAUEHUS 1eeBOM (YHKIMH 10 Hayda-
J1a BBIYUCIICHUM.

mabauya 2. TPUBOAUT 3HAYEHUS UCKOMBIX IEpEMEH-
HBIX, TIOJyYCHHBIC B PE3yJbTaTe PEIICHUS
3a/1auH.

mabauya 3. TIOKa3blBa€T pe3yJbTaThl ONTHUMAaIbHOIO

pelIeHus JIsl OTPaHUYEHUN M TPaHUYHBIX
YCIIOBHUH.

Hnsa Oepanuuenuti B ctonbue DopmyJbl (Tadbm. 3)
MIPUBE/ICHBI OTPAaHWYCHUS, KOTOPBIC OBLTH BBEJICHBI B TUAIOTO-
BoM okHe Ilouck pemienusi, B ctonoie 3HaueHne MPUBEICHbI
3HAYEHHS MCTOJIB30BAaHHOTO pecypca; B ctosbie Pazuuua ot-
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paKEHO KOJHMYECTBO HEUCIOJIb30BaHHOTO pecypca. Ecim pe-
CYpC HCIIOJIb3YETCsl TIOJTHOCThIO, TO B cTONO1E CTaTyc yKa3bl-
BaeTCA C@A3aHHOe, TP HEMOIHOM HCIIOIB30BaHUU pecypca

YKa3bIBACTCA — He C8A3AH.
A B T D E F G i el

Microsoft Excel 11.0 Ot4eT no pezyneTatam

1

2 Patounid nuct: [Kuura1]Mucri

3 Ort4er cospan: 18.01.2011 18:50:00

4

5

B Lleneean Aveika (Makcumym)

7 HAueiika Wma WcxopHoe 3aHavyenne  Pesynbrar
3 ki) Mpubene 3Havenns 7 1] 1320
g

10

11 | Mamenaembie avelici =
12 Aveitka Wna HcxonHoe 3Havenne  Pesynbrar
13| $B6%4  3SHavewAa x1 0 10
14 $CH4  3HavenuA x2 0 0
15| $0%4  3HauenmA x3 i} 5}
16| $EF4  SHavenmA xd 0 0

19 OrpaHyeHda

20 Hveiika Wma 3Ha4eHHe ®opmyna Cratyc  PasHuua

21 $F$8  Tpyamoese pecypcsl Pacxon pecypca 16 §F$E<=$HFS  ceazaHHoe 1]

22 §F§8 Cripee Pacxop pecypca 84 §F$9<=§H$I  He ceAzaH 25 B
23 BFHI0 MOS Pacxog pecypca 100 $F$10<=3HF10 ceazanHos 1]

24 -
4 4 » W\ OTuer no pesynbratam 1,/ OTUST N0 yoToMMMeocTd 1 4 OTuetr |4 | n | v
FoToED HUM

Puc. 3.7. Oruer mo pesyibraram

OT4eT IO YCTONIMBOCTH COCTOUT 3 JABYX TaOIHIL.
B tabmune 1 npuBoasTcs cienyromiye 3HAYEHUs JUIs
MePEMEHHBIX

— pe3ynbTaT pelleHus 3ajjauy;

— HOPMHpPOBaHHas CTOMMOCTb, T.€. JIOTIOJIHUTEIbHbIE
NIEpEMEHHbIE, KOTOpbI€ TOKa3bIBAIOT, HACKOJIBKO
M3MEHsIeTCs 1eneBas (QYHKIUS TpU TPUHYIUTETb-
HOM BKJIFOUEHHH €IMHHIIBI 3TOT0 BUA MPOIYKIUU
B ONITUMAIILHOE PEIICHNE;

— K03 duIMeHTsI eneBoil GpyHKIMY;

— TpelenbHble 3HAUYEHUs NpUpalleHus KodppuimeH-
TOB II€TIeBON ()YHKIIMH, IPU KOTOPBIX COXPAHSIETCS
HabOp NEepEeMEHHBIX, BXOJAIIMX B ONTUMAJIbHOE
pelIeHue.
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A B c D E F G H | 'S

1 |Microsoft Excel 11.0 OT4eT no ycToliuHBoOCTH R
2 PaGounit nuct: [Knura1]Nucr1

3 Oryer cosnax: 18.01.2011 18:50:00

4

5

B MzMenaemsle AYefkl

7 Peayner. Hopmup. LleneBoi Donycrumoee [Henycrumoe

8 Aveiika Hus 2Ha4veHue ctoumoctt Koadppmument Yeennuenne YumeHowenune

g $E54  Swauenma x1 10 1] 80 40 12 =
10 CHd 3HaveHuA x2 1] -10 70 10 1E+30

11 Df4  SHavenmwa x3 g i 120 30 13,33333333

12 Ef4  3Hauenma xd ] -20 130 20 1E+30

13

14 | Orpanuyexma

15 PeayneT. TeHeran Orpauudenue [Jonyctumoe [onyctumoe

16 HAueiika Hun THAMEHHE Lena Mpagan 4acte YBenuienne YueHnswenne

17 | $F$8  Tpymoswe pecypeel Pacxon pecypea 18 20 16 3545454545 5]

18 $F§9 Chipee Pacxop pecypca 84 1} 110 1E+30 s Tl
19 5$F$10  MAS Pacxog pecypca 100 10 100 B0 36

20 -
4 4 ¢ M 0TUeT Mo yrToRuvBorTA 1/ OTHeT no npegenam 1 4 Tietd £ mact2 4| 4| n | vl
ToToso MUK

Puc. 3.8. Oruer no ycrosiumsocta

B taGnune 2 npuBoasATCS 3HAUCHUS 1711 OTPAHUUYCHUM:
— BEJMYUHA UCIIOJIb30BAaHHBIX PECYPCOB;

— TEHEBas LICHA, T.€. IBOMCTBEHHBIE OLICHKH, KOTOPBIE
MOKa3bIBAIOT, KaK M3MEHUTCS LeneBas (QyHKUUA
IIPY U3MEHEHHUH PECYPCOB HA €IMHULLY;

— 3HaAueHMsl NPUPALICHUS PECYpCOB, MPU KOTOPBIX
COXpaHsieTcs ONTUMAJIbHBIH HAa0Op MEpPEeMEHHBIX,
BXOJISIIIIUX B ONITUMAIIEHOE PEIICHHUE.
OTuer o peaesIaM npe/crasieH Ha puc. 3.9.
B Hem mokasaHo, B KaKHX IpezeniaX MOKET H3MEHSAThCS
BBIITYCK NMPOJIYKIIMH, BOLIEIIINNA B ONITUMAIIBHOE PELICHUE, ITPH
COXpaHEHHHU CTPYKTYPbI ONTHMAaJIBHOTO PEIICHUS:

— IIPpUBOJAATCA 3HAYCHHA Xj B ONITUMAJIbHOM PCIICHUH,

— TMPUBOJATCS HUKHUE Mpenesibl U3MEHEHHS 3Ha-
YEHUH Xj.
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A B © D E F G H J < g
1 |Microsoft Excel 11.0 OT4eT no npegenam |
2 |Pabdoumnii nucr: [Kuura1]OT4er no npepenam 1
3 Otuyert cozpan: 18.01.2011 18:50:00
4
5
5] Lenesoe
7 HAyeiika Wua 3HaueHne L
g FF§5 MpubBeine 3HaveHue 7 1320 3
9
10
11 HameHaemoe Hwxnuit Llenesoi Bepxuuit Lenegoi
12 Hyeiika Wua 3HaueHne npefen peaynbTar npeaen peiynbtart
13 $B%4  Znauenua x1 10 0 720 10 1320
14| $CH4  3navenua x2 0 0 1320 1] 1320 e
15 $D%4  3nauenwa x3 4] 0 600 G 1320
16 $E%4  Znavenua xd 0 0 1320 0 1320
17 -
M 4 » »}0T4er no npegenam 1/ Mictl £ Mact2 £ Mucta /| 4] mn | vl

FoToso MM
Puc. 3.9. Oruer no npeneram

Kpome storo, B oryere yka3aHbl 3HAYCHHS IIEJIEBOM
(YHKIIUY TIPU BBITYCKE JAHHOTO BHJA MPOIYKIIUH HA HIKHEM
npezene.

Tak, npu 3nayeHuu 720 BuAHO, 4TO Z = C1X1 + C3X3 =
60-0 + 120-6 = 720. Jlanee nmpuBOAATCS BEPXHUE MPEACIbI U3-
MEHEHHs Xj U 3HAYCHUS 11e€1€BOH (QYHKIUU MIPU BBIIYCKE MPO-
JOYKIIMH, BOIICIIICH B ONTHMAaJIbHOE PEIICHHE Ha BEPXHUX
npenenax.

[Toatomy Bezne Z = 60-10 + 120-6 = 1320.

§ 4. J[BoricrBeHHBIC 3ama4YH JIHHEHHOIO IIPO-
rpaMMHPOBAHHA

Kaxnoit 3agaue TMHEMHOTO MPOrpaMMHUPOBAHUS COOT-
BETCTBYET Apyras 3ajayda, Ha3plBacMas JBOUCTBEHHOM 3aa-
YeH 110 OTHOIIEHUIO K UCXOIHOMH.

Teoprs JBOWCTBEHHOCTH OKas3andach IOJE3HOW JUIs
IIPOBEJIEHUS] KAaYE€CTBEHHBIX MCCIEN0BAaHUM 3a7ay JIMHEHHOIO
MIPOrpaMMHUPOBAHHUS.

49



IIpaBuiia cocraB/ieHUs 331241, IBOMCTBEHHOM HCXOIHOM:

1.

[IpuBecTn Bce HEPABEHCTBA CUCTEMBbI OTPaHMYEHUUN
HCXOJHOM 33/1a4u K OJJHOMY BUJY, @ UMEHHO: €CJI1 B
HUCXOJHOW 3a/laye MIIETCS MaKCUMyM JIMHEHHOM
¢dopmbl (Z), TO Bce HEPAaBEHCTBA CHCTEMBI OIpaHU-
YEHHI MPUBECTH K BUAY <, a €CJIM MUHUMYM — TO K
BUIy >. Jlnsi 3TOro HepaBeHCTBa, B KOTOPBIX 3TO
TpeOOBaHKE HE BBIIOIHACTCS, YMHOKUTH Ha (—1).
Uucno nepeMeHHbIX B IBOMCTBEHHOM 3a/1a4e paBHO
YUCITy OTPAaHUYEHUH B NIPSMOM 3a11ay4e.

Matpuna k03(pPHUIHEHTOB CUCTEMBI OTPaHUYCHHM
JIBOMCTBEHHOM 337]a4M MOJIy4aeTCsl U3 MaTPHUILbI KO-
3G PUIMEHTOB CHCTEMBl OTPAaHUYCHUN TPSAMON 3a-
Ja4yM IIyTE€M TPAaHCIIOHUPOBAHMUSI.

Cucrema orpaHu4eHUi ABOWCTBEHHOM 3anayu 3a-
MHACHIBAETCS B BUJE HEPABEHCTB MPOTHUBOMOJI0KHO-
ro CMbICIIa HEPABEHCTBAM CHUCTEMBI OTpPaHUYCHHI
MpAMOM 3a/1auu.

CBOOOAHBIMM WICHAMH CHUCTEMBl OTPAHUYCHHI
JBOMCTBEHHON 3a7aud SBISAIOTCS KOI(DPUIIMEHTHI
1eneBoi GyHKIUU MPSMOU 3a1a4H.

Ha xaxnyro nepeMeHHyr IBOMCTBEHHOM 3a1auu
HAaKJIaJIbIBAETCSl YCIIOBUE HEOTPHUIIATEILHOCTH.
JIBoliCTBEHHAs 3a/1aya peuIaeTcsi HA MUHUMYM, €CIH
neneBas PyHKIUS TIPSIMOM 3a7aud 3aJIaeTCs Ha Mak-
CUMYM, U Hao0OpoT. BaxkHoe CBOICTBO /1BOWCTBEH-
HOM 3a/1a4M 3aKJIF0YAETCS B TOM, UTO Zmax = Frmin.
Kosdurnmenrtamu 1meneBoit (QpyHKIIMU IBONCTBEH-
HOM 3a7auu ciayXaT CBOOOJHBIC HYIEHBI CHCTEMBI
OTpaHUYCHUH MPAMON 3a7a4u.

Ilpmyrep. CocraBuM IBOMCTBEHHYIO 3a7auy K MPSMOH 3aj1ade,
KOTOpasi pacCMOTpeHa B §2.
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X +x,+ X% +X, <16
6x, +5x, +4%; + 3%, <110
4x, +6x, +10x, +13x, <100

X, Xy, %X3,%, 20

Z = 60x;1 + 70X, + 120x3+ 130x4 — max

Uucno mepeMeHHBIX B JABOMCTBEHHON 3amaye OyneT
PaBHO YUCIly OTpaHUYEHUH B IpsAMOIL 3a1aue, T.€. 3 — 1, 12, V.

Marpunia kKod3(PHUIIMEHTOB CUCTEMBbI OTpaHUYCHHI
IIPSAIMOM 3aJa4HU:

111 1
A=l6 5 4 3
4 6 10 13

Matpuna Ko3(p(UIMEHTOB CHUCTEMBI OTpPaHUYCHUN
JIBOMCTBEHHOH 3a1a4U:

16 4
, |15 6
A° =

1 4 10

1 3 13

CBOOOAHBIMH WIEHAMH CHUCTEMBbl OTPAHHUYCHHM JBOM-
CTBEHHOU 3a7aud SIBISIFOTCS KOA((UIMEHTHI 1eneBoi (pyHK-
1y pssMoi 3aaun — 60, 70, 120, 130.

Koapduurentamu 1neneBoil (yHKIMHM JBOHCTBEHHOM
3aJla4l CIIy’)KaT CBOOOJHBIE WICHBI CHUCTEMBl OTPaHWYCHHM
npsmoii 3anaun — 16, 110, 100.
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CdopmMmyanpyeM OBOMCTBEHHYIO 3a/1a4y:
Onpenenutb ¥V = (y1, V2, V3), KOTOPBIA YIOBIECTBOPSCT
OTrpaHUYCHUSIM:

1y, +6y, +4y, >60
1y, +5y, +6y, =270
1y, +4y, +10y, 2120
1y, +3y, +13y, 2130

Y1, Y2, Y520

U o0ecrieuyrBaeT MHHUMAILHOE 3HAUCHHUE [[EJICBOH (DYHKIINU:
F =16y, + 110y, + 100y; — min

OKOHOMHYIECKAA MHTEePIIPETAIIAA
JIBOMCTBEHHOHX 3aJa9K

B nmreparype mo ontuMmu3anMM JIBOWCTBEHHBIE IEpe-
MEHHbIE IPUHATO HA3bIBaTh JBOHCTBEHHEIMH OLl€HRKaMH. B
otdeTe 1Mo ycroiumBocTu EXcel mBoiicTBeHHast OlleHKa Ha3bi-
BaeTCsl T@HEBOH I[€HOH.

WUtak, IBOWCTBEHHBIC OIIEHKH BBITEKAIOT W3 JIBOM-
CTBEHHOCTH 3a/1a4 JTUHEIHOro mporpammupoBanusi. OHU ObUTH
OTKpbITHI akageMukoM JI.B. KanTopoBuueM u Ha3BaHbI 00bEK-
TUBHO 00ycioBieHHbIMU. OH k€ BIIEPBBIE OXapaKTePHU30BaI
HUX YKOHOMHYECKOE COJIEPKAHUE U OCHOBHBIE CBOMCTBA. J[BOii-
CTBEHHBIC OIIEHKU SIBJISIOTCS ONTUMAalIbHBIM 0a3ucoM JIBOM-
CTBEHHOU 3amauu. M3 Teopun M3BECTHO, YTO OJJHOBPEMEHHO C
peLIEHHEM NPsIMOM 3aJayd JIMHEHHOIO IPOTPAMMHUPOBAHUS
pemaercs 3a1a4a, B KOTOPOH HCKOMBIMH BEJTMYMHAMU SBJISFOT-
Cs JIBOVICTBEHHBIE OLICHKU. /[BOWICTBEHHBIE OLICHKH SIBIISFOTCS
BOXHBIM HMHCTPYMEHTOM aHAJIN3a ONTHUMAIBHOTO PEIICHUS.
Onu xapaktepusyroT 3()(PEeKTUBHOCTH PEeCcypcoB, MPOIYKIIHH,
CIOCOOOB HCIOJIB30BAHUS PECYPCOB C TO3HIMN TPUHSITOTO
KPUTEPHUS ONTHUMAJIBHOCTA B YCJIOBHUSAX KOHKPETHOM 3aJauH.
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DKOHOMHUYECKOE COJEpKAHNUE OLEHOK OIMpPEeessieTcs coJepxa-
HUEM KpUTEpUS ONITUMAIBHOCTH U TOTO YCJIOBHSI, KOTOPOE OHU
OLIEHUBAIOT. EnuHMIy W3MepeHHs [BOMCTBEHHBIC OIICHKU
UMEIOT TY K€, YTO U 1iesieBast (QyHKIHUS.

OrpanuyeHus TUNIa «KMEHBIIE WK PABHO» MOTYT UMETh
HEHyJIeBble U HYyJIeBble JIBONCTBEHHbIC OlLIeHKH. HenyneBas
OLIEHKA CBHJICTEILCTBYET O BBIOJHEHUH OTPAHUYEHUS B IOJI-
HOM 00beMe U XapakTepusyeT >PQPEKTUBHOCTh €IWHUIBI pe-
cypca, nponykiuu. OHa MOKa3bIBaET, HACKOJIBKO YBEINYHMBA-
ercst (yMmeHblaeTcs) GyHKIMOHAN MPU YBEIMYEHUU (YMEHb-
meHun) o0beMa orpaHuyeHusi Ha eauHuily. HyneBas orenka
CBUJCTEIHCTBYET O HEMOJIHOM HCIOIb30BAaHUH pecypca.

OrpanuueHus TUNa «OOJbIIEe WK PABHO» MOTYT TaKKe
MMETh KaK HEHYJEBbI€ OLICHKH, TaK W HyleBble. HeHyneBbie
OLIEHKH CBUJETENBCTBYIOT O IEeCO00Pa3HOCTH CMSATYCHUS
OTpaHUYEHUS], TaK KaK MPHU YBEIMUYEHUU 00bEMa OrpaHUUYCHHS
Ha eIWHUIY (QYHKIHMOHAJ yXYJIIUTCS HAa BEIUYHMHY OICHKH.
HyneBas onieHka yka3bpIBaeT Ha TO, YTO ycloBUE 3PPEKTUBHO U
9TO U3MEHEHHE 00beMa OrpaHMUYCHHS HE OKaXKET BIIMSHHS HA
BEITMYHHY (PYHKIIHOHATA.

OdeHb CYIIECTBEHHO, YTO JUISI HAaXOXICHUS JIBOW-
CTBEHHBIX OIICHOK JIBOMCTBEHHYIO 3a/auy peliath He TpedyeT-
csi. VIX 3HaYeHUs] MPEACTaBJICHBI B OTYETE MO YCTOHYHMBOCTHU
cronber — TeHeBas neHa (puc. 3.8 ctp. 47).

[poananm3upyeM KOHKPETHOE COIEPKAHHUE TTOyIeHHBIX
JIBOMCTBEHHBIX OLIEHOK M UX BIMSHHE Ha LIEJIEBYIO (DYHKLIHIO.

Taonuna 3.2. /[BoricTBeHHEIE OL[CHKH OTrpaHHICHHIH

OrpannueHus 3HaK ¥ 00bEM 3HaueHus ABOH-
OTpaHWYEHUSI | CTBEHHBIX OIEHOK
v)
TpynoBsie pecypchl <16 20
CoIpbe <110 0
MatepuraabHO- <100 10
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JICHEXHbIE 3aTpaThl \ \ \
HenyneBble 1BONCTBEHHBIE OLICHKU B OTPaHUYEHUSX 110
UCIOJb30BAHUIO  TPYJIOBBIX PECYpPCOB M  MaTepUAIbHO-
JICHE)KHBIX 3aTpaT CBUJETEIBCTBYIOT O BBIIIOJIHEHUS OrpaHU-
YeHUs B IIOJHOM OOBEME M XapakTepu3yloT 3((eKTHBHOCTH
eAMHULBI pecypca. Tak npu yBenMueHUU (YMEHBIIEHUU) TPY-
JIOBBIX PECYpCOB Ha €OUHUILY IieieBas (yHKius (IpuObLIb)
yBenmuuTcs (yMeHbImuTcest) Ha 20 feH. e, u OyIeT paBHa:

npu yBenmuennn Z = 1320 + 20-1 = 1340
npu ymensinenun Z = 1320 — 20-1 = 1300

AHajoruyHo OOCTOMT JIeI0 M C MaTepHaIbHO-
JICHSX)KHBIMH 3aTpaTaMy, MPU yBEIWYCHUH (YMEHBIICHHUH) WX
Ha eIMHULLY IPUOBLIH Bo3pacTeT (ymMeHbInuTcs) Ha 10 neH. en.

HyneBas olleHka B OrpaHUYEHHUH 110 HCIOJIb30BAHUIO
CBIPBSI CBUJIETENILCTBYET O HETIOJIHOM HCIIOJIb30BAHUU pecypca,
13 BO3MOXHBIX 110 enunuil ucmonbzyercss 84, HEOUCTIONB3Y-
€TCsl ChIpbe B 00beMe 26 eIMHHIL.
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4. TPAHCIIOPTHAS BAJIAYA
JIMHEMHOT'O ITPOTPAMMMPOBAHUS

B cenbckoM Xx03s1iicTBE 3HAYMTENBHYIO YacTh OOIIMX
3aTpar Ha IPOU3BOACTBO MPOAYKLUUU COCTABIIAIOT TPAHCIOPT-
Hble u3JepKkU. [loaToMy panmoHanbHOE COKpPALEHHE 3TOrO
polia 3arpar SBJISETCS OJHUM U3 IMyTel MoBbIleHUus 3ddek-
TUBHOCTH CE€JIbCKOXO035HCTBEHHOI'O POU3BOJICTBA.

TpancnopTHas 3ajaya OPUHAMICKUT K Kiaccy 3aaady
JIMHENHOr0 MpOrpaMMHMPOBAaHUs, KOTOpask UMEET crenuduyie-
CKYI0O 3KOHOMHKO-MAaT€MAaTHYECKYI0 MOJENb M peliaeTcs, Kak
[IpaBWJIO, HE YHUBEPCATIbHBIM CUMILIEKCHBIM METOJIOM, a C I10-
MOILBIO TaK Ha3bIBAEMOr0 paCIpeiesIUTEILHOI0 MeTona U
€ro pa3IuYHbIX MOAU(PUKAIIUH.

§ 1. Barprrrag Moge s TPaAHCIIOPTHOH 380490

IlocraroBra 3anaqm. VI3 HECKONBKUX ITYHKTOB OT-
NpaBJIeHUs TpedyeTcs MepeBe3TH ONpPENEICHHOE KOJIUYECTBO
rpy3a B HECKOJIbKO ITyHKTOB Ha3HaueHUs. V3BecTHO mMmerole-
€csl KOJINYECTBO I'py3a B KaKJOM ITyHKTE OTIIPAaBJICHUS U Tpe-
OyeMoe KOJIMYECTBO Ipy3a B IYHKTaX Ha3HAYEHUS, a TaKKe
paccrosiHuE (ce0ecCTOMMOCTb) MEPEBO3KM EIUHMIBI TI'py3a.
Tpebyercst onpenenuTh IIaH NEPEBO30K Ipy3a U3 MyHKTOB OT-
NpaBJICHUs B MYHKTHl Ha3HAYEHHUs TaK, YTOOBI: BBIBE3TU BECH
Ipy3 OT IOCTaBIIMKOB, YJOBJIETBOPUTH 3afBKH KaXJOro IO-
TpebuTess 1 o0ecrednTh MUHUMAaIbHbIE TPAHCIIOPTHBIE 3aTpa-
ThI Ha IEPEBO3KY Ipy3a.

MaremaTu4ecKkasi IOCTAHOBKA TPAHCHOPTHOM 3a1a4M
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m n
Z =YX —>min
i-1 j=1
NIPU OrPaHUYCHUSIX

inj =b;(j=1n)
i1

Zn:xij =a,(i=1m)

X; 20, rne (i=1,m; j=1,n)

rjie:

| — HOMep TMOCTaBIINKA,;

M — 41 CJI0 NOCTAaBIIUKOB,;

] — HOMEp TOTpeOUTEIS,;

N — 9UCII0 MOTPEOUTEINEH;

Xijj — KOJIMYECTBO Ipy3a, PacIpeAessieMoro oT i-ro Io-
CTaBIIMKA J-MYy MTOTPEOUTEITIO;

Cij — 3aTpaThl Ha €MHHILY PACIIPEAEIAEMOro Ipy3a;

aj — HaJIM4YKe Ipy3a y i-20 MOCTABIIHUKA,;

bj — moTpeOGHOCTB B Tpy3e j-ro moTpeGuTeIs.

Ecnm o6miast moTpeOHOCTh B rpy3e B IMMyHKTaX Ha3Haue-
HUS paBHA 3aracy rpy3a B yHKTax OTHPAaBJICHUS, T.€.

n

m
D =)b

i=1 j=1
TO MOJIeJIb TAaKOM TPAaHCIOPTHOM 3a/1a4M HAa3bIBAETCS 3AKPHITOI.

ITocTpoenue 3aKpEITON MOIIEIIH
TPAHCIIOPTHOM 3aJ1a4YH

Bangada. C AByX XpaHWIHUII XO3sHCTBa TpeOyeTcs me-
peBe3TH KopMma Ha Tpu (epmbl. [Ipu 3ToM Ha 1-oM XpaHuIHILIE
— 180 T xopmoB, Ha 2-om — 260 T. Ha nepByro dpepmy HE0OXO0-
numo nepese3td 100 1, Ha 2-yro — 120 T, Ha 3-10 — 220 T. Pac-
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CTOSIHUS (KM) OT XpaHwiunl 10 ¢epM npuBefeHbl B Tabdm. 1.
TpeOyeTcs cocTaBUTh TakOW IJIaH MEPEBO30K, MPHU KOTOPOM
TPAHCIIOPTHBIC 3aTPaThl OYAYT MUHUMAIBHBIMH.

Taomuna 4.1. Paccrogrre or XxpaHHJIHII 70 hepM, KM

®epma
1 2 3
XpaHnwiuiie
1 2 2 3
2 3 4 2

CocTaBUM BCIIOMOTATENIbHYIO TAOJIUIlYy JJIs MOCTPO-
CHHUS MaTEMATHYECKOM MOJEIN W PElIEeHHUS TPaHCIOPTHOU
3anaun B Excel.

Taonuma 4.2. Hexoneere qaHHBIE
JIJIA IIOCTPOCHHA MOJEJTH

®epma Hanuuue
X 1 2 3 KOPMOB
PaHUIIUIN
1 2 2 3
X11 X12 X13 180
2 3 4 2
X21 X22 X23 260
[ToTpebHOCTH bananc
B KOpMax 100 120 220 440=440

B nanHOW 3amaye BBIMONHSAETCA YCJIOBHE OajnaHca
(Hamu4re KOPMOB Ha XPaHWIMILAX XO3SHCTBA PaBHO cymMMap-
HBIM TTOTPEOHOCTSIM depMm).

OKOHOMHKO-MAaTEMATHYECKAS MOAEJIb 3aKPEITOM
TPAHCOOPTHOM 3aJavuH
Cucrema mmepeMeHHBIX-
X11 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
ma Ha 1 dhepmy;
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X12 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
ma Ha 2 dhepmy;

X13 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
ma Ha 3 depmy;

X1 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB C 2 XpaHWIH-
ma Ha 1 dhepmy;

X2 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB C 2 XpaHWIH-
ma Ha 2 depmy;

X3 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB C 2 XpaHWIH-
ma Ha 3 pepmy.

Cucrema orpaHUYeHUIHA:

1. Ozpanuuenus no nanuuuio KOpmos

x11+ x12 + x13= 180
X21 + X202+ x23 = 260

2. Ozpanuyenust no NOMpPedHOCMU 8 KOPMAX
x11+ x21 =100

X12+ x22=120
x13+ x3=220

Yenosue HeompuyamejlbHOCnUu X11, X12, X13, X21, X22, X23 >0

Llenesas ¢yurmua (Z) — MEHEMYM TPAHCIOPT-
HEIX 3aTpaT Ha IepeBo3Ky KOpMoB (TKM).

Z = 2Xq1 + 2X12+ 3X13+ 3Xo1 + 4Xoo + 2Xo3 —> min

§ 2. Perrerne TpaHCIIOPTHOH 387a9H C ITOMOIIBI0
Iloncra perrernmnsa B MS Excel
1. Cospats popmy aJig BBOJIAa YCIOBHI 3a7auu, BBECTU

UCXOJHBIC JaHHBIE W (OPMYJBI JUIS BBIYHCICHUIH
(puc. 4.1).
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2. YcranoBuTb Kypcop B sueiiky E15 u B meHio
Cepsuc BoiOpath Ilouck pemenusi. B oTKpbIB-
meMmcs auanorosom okHe Ilouck pemenus (puc.
4.2) mone YCTaHOBHUTD IleJIeBYI0 siUeiiKy Oyjaer
cojiepkath ajapec 1eneBoit sueriku $ES15.

3. YcranoBuTh nepekirouarens PaBHoii: BRIOpaTh Bapu-

AaHT IIOMCKa peH_IeHI/Iﬁ — MUHUMAJIbHOMY 3HAYCHHUIO.
B C D E

A

WUcxonHble aaHHbIe
Motpeburens
Depma 1 DepMa 2 DepMa 3

MocTaBlmK

HanHume KopMoB

1
2
3
4 Xpanunuwe 1 2 2 3 180
5 Xpanunuwe 2 3 4 2 260
(]
7
&
a

MoTpebHOCTE B KopMan 100 120 220 440

PeweHwre sagaun

MoTpebuTens
depma 1 depma 2 depma 3

MocTasipk Hanuume kopmoB

1

1

12 ApaHunuue 1 1 1 1 =CYMM(B12:D12)

13 | Xpanundwe 2 1 1 1 =CYMM{B13:D13)

14 NoTpefHOCTE B KopMa =CYMWI(B12B13) [=CYMM(C12:C13) =CYMWI(D12:D13)

15 \MwHwMyM 3aTpar =CYMMMPOW3B(B4:D5;B812:D13)

Puc. 4.1. Texmo.rormusa perreHusa TpaHCIIOPTHOH
zanayum B Excel

4. B none U3meHss suelKH yKa3aTh JUala3oH sUEEK
JUISL TIOJIyYEHHUsI ONTHUMAJIBHOIO pe3ynbTaTa, s
3TOTO CJEMYET BBIACIUTH Juarna3oH ssueek B12:D13.

5. Jlns BBoJa orpaHMYEHUN MIENKHYTh MO KHomke [lo-
0aBMTb U B OTKPBIBIIEMCS JUAIOTOBOM OKHE (pHC.
4.3) BBectu Bce orpanuueHus. Ilocme BBoma mo-
CJIEIHETO OTpaHWYEHUs B JIuUamoroBoM okHe Jlo-
0aBJieHHe OrpaHUYeHHUH METKHYTh Mo KHomke OK.
[Tocne naxkarus kHomku OK 3amaHHBIC OrpaHHue-
HUs OyAyT OTpakeHbl B AuanoroBom okHe Ilomck
pemenus (puc. 4.2).

6. YcranoBuTh mapameTpbl uHCTpymeHta Ilouck pe-
IIEeHHUA:

[ MMHelnas Mogens

[ HeoTpHUATENEHEIE SHAYEHHA
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IlogTBEpAUTH YCTAaHOBJICHHBIE IIApaMETPbl HaKATHEM

kHonku OK.
7. 3amycTuTh 3ajadyy Ha BBIIIOJIHEHHE ILIEIYKOM IO
KHONKE BBINOIHUTBL U COXPAaHUTh ONTHUMAIBHOE

peuIcHucC.
8. Pemenue 3amauu npencraBieHo Ha puc. 4.4.
Mowck pemenna =
YCTAHOEMTE LENEEYHY SHEHKY: [EE$15 ‘l, EeInonH1TE
=" 1
PaEHOR: () MakcMMankHOMy 3HadeHmo () sHauenmio: |0 E—
—— 1
(8) MMHHMANEHOMY SHAYSHHHD
zMEHAR AHEHEH:
$E§1240413 |%-| | MpeanonowmmTs
OrpakIeHHa: OapameTpe!
$B§14 = $B%6 foGaBHTE
$C$14 = $C46
30414 = $036 EHHTE
$E$}§ = $E$g BOCCTAHOEHTE
$EF13 = $ES ¥AAMHTE
CrpaBka

Puc. 4.2. /[ua.rorooe orxeO

Illoncrk perreHmsa

Hobag enne orpaHMUeHHa

CCeINKa Ha E‘-IEﬁKY: QFDaHH‘-IEHHE:
$E$14 5 = - | | $B46 B
(0],4 OTHEHS | | AoBaEHTE | | Crpagka

Prc. 4.3. /[naroropoe oxHo /[obaB/ieHne orpa HHIYEHHA
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A ] C 5] E
1 WcxopHble gaHHbIE
2 MoTpebnTens
g MocTaBLWWK epwa 1 Dopmia 2 bepva d Hannuwe Kopmoe
4 | XpaHunawe 1 2 2 3 180
5 | Xpanwnuue 2 3 4 2 260
6 |MoTpebHoCTL B KOpMEX 100 120 220 440
7
3
9 PeweHue sagavm
10 MoTpebuTens
11 [NocTaBWwmK Depwa 1 Depma 2 Dopua 2 Hanwuwe kopwoe
12 | XpaHunuue 1 60 120 0 180
13 | XpaHunuue 2 40 0 220 260
14 | MoTpefHOCTE B KOpMaX 100 120 220
15 | MMHUMYM 3aTRaT 920

Puc. 4.4. Peaysiprater perreHus
TPAHCIIOPTHOH 3a7a9H

§ 8. OTEphITas MogeIb TPAHCIOPTHOH 3a7a9YH

Ecnu o6mrast moTpeGHOCTh B Tpy3e B MMyHKTaX Ha3Hade-
HUS HE paBHa 3a1acy rpy3a B IyHKTaX OTIpPAaBJICHHUS, T.€.

m n
2% b
i1 1
TO MOJIeJIb TAaKOM TPAHCIIOPTHOM 3a/1a4M Ha3bIBACTCSA OTKPBITOIA.
B Takux 3amauax Zai > ij U Zai < ij :
i j i j
Ecmmn Zai > Zb ;» TO BBOOUTCS (UKTHBHBIA (N+1)
i i

noTpeduTens Dpyg. JIJ1st 3TOr0 B MaTpUIly 3a7a4i BBOJIAT OJUH
cronber, sl KOTOPOro MOTPeOHOCTh PaBHA Pa3HOCTH MEXTY
CYMMapHOW MOIIIHOCTbIO MOCTAaBKH M (PAKTUYECKHM CIIPOCOM

norpeOuTenei:
bn+1 = Z ai
i

Bce Tapudsl Ha A0CTaBKy rpys3a 3TOMY HOTPEOUTEIIO
paBHBI HYJII0. DTUM CaMbIM OTKPBITasi MOJIENb 3aJaud Mpeod-
pasyercs B 3aKpBITYIO.
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AHaIIOTU4YHO U1 ciydas Zai < Zb ; BBOJIAT (PMKTHB-
i i
HOT'O ITOCTaBUIUKA Am+1,

IlocTpoeHnme oTKPEITOM MogeH
TPaHCIOPTHOM 3a1aYH

PaccmoTpuMm mporecc HOCTPOSHHS MaTeMaTHYeCKOM
MOJIETI TPAHCIIOPTHOM 33/1a4él OTKPBITOTO THIIA Ha IIPHEMeEpE.
JlJisg 3TOr0 M3MEHUM YCIIOBUE MPEeAbIayLIeil 3a1aun TakuM 00-
pa3oM, 4ToOBI 3armackl KOPMOB MPEBBIIATN TOTPEOHOCTH B HUX
depm. [lycts moTpebHOCTH Tpex (epM MOMEHSIUCh H CO-
crapisitoT coorBercrBenno: 100, 100, 200 1. B aTom ciyyae
cyMMapHas MOTpeOHOCTh bepm Oyner paBHa
100+100+200=400 T. CymmMmapHbIii 3a1ac KOPMOB B XpaHHU-
JMiax He Medsercsa u cocrasiser: 180+260=440 .

Takum o00pa3om, HM3IUIIEK KOPMOB B XPaHWJIHIIAX
COCTaBHUT:

440-400=40 T — 3agaya HecOAJAHCHPOBAHHA, T.C.
SIBIISIETCS OTKPBITOM TPAaHCIOPTHOM 3a1ayeit.

[lepen pemieHHEM OmMKpbIMOU MPAHCHOPMHOU 3a0a4U
ee HeoOXOJUMO MPHUBECTH K 3aKpbITOMY THILY, IyTeM BBOJA
¢ukTHBHOrO Notpedburens (pepmy), koropas Oyner ¢popmanib-
HO TOTPEOIATh M3JIUIIEK KOPMOB ((UKTHUBHAs MOTPEOHOCTD
sToi gepmbl coctaBuT 40 T). PaccTosHus OT XpaHWIMIL 10
(dbepM B TaHHOM cily4ae puHUMaeTcs paBHbie 0.

Tabnuma 4.3. HcexomHbre 7aHHEIE JJISA ITOCTPOCHHA
MOJeJTH OTKPBITOH TPAHCIOPTHOH 3a4a9H

depma Hannuue
< 1 2 3 | pukTHBHaAN KOPMOB
paHIH
1 2 2 3 0
X1 | X2 | X3 X14 180
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5 3 4 2 0
Xo1 | X2 | X23 X24 260
[ToTrpebHOCTH bananc
B KOpMax 100 | 100 | 200 40 440=440

OKOHOMHKO-MaTeMaTHYECKAasS MOJEJIb OTKEPHITOM
TPaHCIOPTHOM 3a1aYuH

Cucrema mmepeMeHHBIX:
X11 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
ma Ha 1 dpepmy;
X12 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
a Ha 2 depmy;
X13 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
ma Ha 3 depmy;
X14 — KOJIMYECTBO MEPEBO3UMBIX KOPMOB ¢ | XpaHWIH-
a Ha (UKTUBHYIO (epmy;
X24 — KOJIMYECTBO TIEPEBO3MMBIX KOPMOB C 2 XpaHHIIU-
11a Ha (PUKTUBHYIO (hepMmy.
Cucrema orpaHHYEeHUIA:
1. Ozpanuuenus no Hanuuuio KOpMos
x11+ x12+ x13+ x14 = 180
X1+ X220+ X3+ Xx24 = 260
2. Oepanuyenus no NOMpeoHOCMU 8 KOPMAX
x11+ x21 =100
x12+ x20 =100
x13+ x03= 200
x14+ x24= 40
Ycnosue neompuyamenornocmu

X11, X12, X13, X14, X21, X22, X23, X24> 0

IleneBas ynrmusa (Z) — MEHEMYM TPaHCIOPT-
HEIX 3aTpaT Ha IepeBO3Ky KOpMOB (TKM).
Z = 2X11 + 2X12 + 3X13+ OXq4 + 3Xo1 + 4Xop + 2X93 + OX24 — MinN
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JlanbHenee Hax0KICHUE PEIEHNs MOJEIN OTKPBITON
TPaHCIIOPTHOM 3aJaydl IPOU3BOAUTCS AHAJOTMYHO PaCCMOT-
pEHHOM BbIIIe MeTOIUKE B §2. Pe3ynbTarhl penieHus: OTKpbITON
TPAHCHOPTHOH 3a/1a4uM IIPEJCTaBICHbI Ha pUcC. 4.5.

[lonyueHHOE pelleHuE MO3BOJSET OLEHUTh, CKOJBKO
KOPMOB HEOOXOJMMO OCTaBUTh B XpPAaHWIMILAX, YIOBJIETBOPUB
IpU 3TOM MOTPEOHOCTH BCEX ()epM U BBINOJHUB MEPEBO3KH C
MUHUMAaJIbHBIMU 3aTPATaAMHU.

A B c 1] E F

McxonHble AaHHble
NoTpebTens

MocTaBlyi Hannune kopmos

depma 1 |Pepma 2 Pepma 3 chUKTHEHER
Hpannuwe 1 2 2 3 0 180
Hpannnduwe 2 3 4 2 0 260
MoTReCHOCTE B KOpMEX 100 100 200 40 440

@ o ~m ;e —

Pewerue 3aaa4n

10 MoTpetuTtens
1" Pepva 1 [PepMaZ  |PepMa3d | bUKTHEHSA
12 XpaHunuwe 1 80 100 0 0 180
13 XpaHuniwe 2 20 0 200 40 260
14 [MNoTpefHOCTE B KOpMaX 100 100 200 40
18 MUHAMYM 38TPET 820

Puc. 4.5. Pe3yiprartsr perreHusa
OMKPBLIMOU MPAHCHOPMHOU 3A0a4U
5. MHOT'OKPUTEPUAJIbBHASI OITUMHU3ALIUA

MocTaBlyi Hannune kopmos

$§ 1. IlocraroBra 3amauyn

3anau, B KOTOPHIX ONTHUMH3AIMIO0 IPOBOASIT IO He-
CKOJIbKUM TapaMeTpaM, Ha3blBalOT 3aladyaMi MHOI'OKPHTE-
DPHAIEHOH UV BEKTOPHOH OOTHAMH3AIHAHA. MHOTOKpUTE-
pUabHas ONTUMH3ALUS MPEJICTABISIET COOON MOMBITKY HAWUTH
HEKOTOPBI KOMIIPOMUCC MEXy TEMH MapaMeTpamMu, Mo KOTo-
pBIM TpeOyeTcss ONTUMHU3UPOBAThH PEILICHUE.

BaxHBIM 3JIEMEHTOM MPHU TaKOW ONTUMU3ALNU SBIISICT-
csl Ha3HaYeHHe KO3(PPHUIIMEHTOB Beca KaXkJI0ro ONTUMHU3HpYe-
MOro napaMmerpa. PacnpocTpaHeHHBII METOJA — OINpeAcieHUue
K02(pPUIIMEHTOB Beca C MOMOIILI0 IKCIIEPTOB, KOTOPHIN MpeI-
CTaBIsIET COOOM, MO CYyIIECTBY, OOBIUHOE OOCYXJEeHHEe, C TOU
JUIIb Pa3HUIIEH, YTO CBOE MHEHME SKCIEPTHl BBIPAXKAIOT HE
cloBaMH, a nudpamu.
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HenocpencreerHoe HazHAYeHHE
Ko3ghcburrieHTOB Beca

[Tpu HemoCpeJCTBEHHOM Ha3HAYCHHU KOAP(PHUIIUSHTOB
BeCa KaXIbId JKCIEPT OICHUBACT CPAaBHHUTEIILHYIO Ba)KHOCTB
paccMaTpUBacMbIX [MapaMeTpoB, KOTOpbIE OYAyT BXOIUTH B
LIEJIEBYIO PYHKIIMIO. B 3TOM MeTo/1e KaXKIbIi I-bIi KCTIIEPT IS
Kaxaoro k-ro mapamerpa JOJDKEH Ha3HAYMTh KOI(D(DHUIIMEHT
Beca djx TaKUM 00pa3oM, 4ToObI cyMMa BceX KO3(PPHUIMEHTOB
BeCa, HA3HAYCHHBIX OJHHM JKCIIEPTOM JUIsS Pa3jIMYHBIX Mapa-
METPOB, PaBHAJIACH €AUHHUIIE. DTO TpeOOBaAaHUE MOKHO 3allv-
carh TakK:

a, =1 1=1Ln

=
I MX
UN

rae N — 9ucjio 3KCIepToOB.

AutropaTM HaszHaYeHHAI KO3QhHIIHEeHTOB Beca
1. Onpenenutp ynciao napamerpoB K, kotopsie OynyT

BKJIFOUEHBI B LIEJIEBYIO (PYHKIIMIO.

2. Co3parp 6a3oByro Tabmuiy mo ¢opme, Mpencras-

JICHHOM Ha puc. 5.1.

— Bgectu ¢ynkuun Excel, onpenenstomue cpen-
Hee 3Ha4yeHue, CpeHee KBaJApaTHUueCKoe OTKIIO-
HEHHE, JUCTIEPCHI0, KaK ATO MOKa3aHO Ha pHLC.
5.1 B sueiikax B12:E14.

— B sueiiku B15:E15 BBectn dopmyisl i omnpe-
neneHus KodphunueHTa BApuadUIbHOCTH.

3. 3HaueHus Ko3()(UIMEHTOB Beca, Ha3HAYaeMble

Ka)KIbIM DKCIIEPTOM, BBECTH B stueliku B4:E11.
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A E € D E F
Basosas Tabnuua

MapameTpbl
Jkcnept 1 2 X

1 10

Cymma

10
10
10
10
0 10
11 n 10
12 KO3 MLMEHT Beca =CP3HAHBAB11) =CP3HAH(CA.C11) =CP3HAHEAET)
CpeaHee KBaAPATHIECKos
13 OTKIOHENHE =CTAHOOTKNCH(B4:B11) |=CTAHAOTKNOH(CA:C11) =CTAHAOTKIOHE4.E11)
14 ouenepeua =AMCNE4B11) =ANCN(C4.C11) =AMNCNE4ETT)
15 | KO SQHLAEHT HOCTH |=B13/812 =C13/C12 =E13/E12

LICIESEIS

Puc. 5.1. basopasg rab.mma 419 HA3HAYCHHA
KO3(hpHITHEHTOB Beca

3navyenne kodpdunumentra BapuabuiabHOCTH (V) TOKa-
3bIBaeT BEJIMYMHY pa30poca 3KcrepTHhIX oneHok. [Ipu v < 0,2
OLIGHKH SKCIEPTOB MOXHO CUUTAaTh COIVIACOBaHHBIMU. B ciy-
gae V > 0,2 nenecooOpa3HO MPOBECTH € IKCIEPTAMH CoJiepKa-
TeNbHOE OOCYKIEHHE BaKHOCTH OLIEHWBAEMBIX IapaMeTpOB,
1I0CJI€ YEeTO MOBTOPUTH 3KCIIEPTU3Y.

Paccmotpum mpumep, B KOTOPOM NPUHATO YHUCIIO TIa-
pametrpoB Tpu: A, B, C u uucno skcnepros 8 (n = §). 3amoin-
HUM 0a30BYIO TAOJIUIY U BBIIIOJIHUM BBIYUCIICHUS.

A B € D E
1 BasoBasa Tabnuua
g SKcnepT A I'IapaBmeprl C Cymma
4 1 05 02 0,3 1.0
5 2 05 03 072 1.0
6 3 02 04 04 1.0
7 4 072 03 05 1.0
g 5 04 02 04 1.0
g 6 03 04 03 1.0
10 7 03 03 04 1.0
11 8 05 02 03 1.0
12 KoaduuneHT Beca 0,36 0,29 0,35

Kak moka3piBaeT OIBIT, yIOBIETBOPEHHE IKCIEPTAMU
TpeOoBaHUs
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npu K > 3, BeI3bIBaCT 3aTpyIHEHHE.

Jlst Toro 4ToOBl M30€KaTh BBITIOJIHEHHS dTOTO Tpebo-
BaHUs, MOXXHO KOA()(UIIMEHTHI Beca ONPEACTATh U IPYTHMH
METOIAMK";

" OLCHKAa Ba)XHOCTH I1apaMETPOB B 6annax;

®  METOJ IapHBIX CPABHEHUM.

§ 2. Oboobrirermaa jeJieBasd Yy HKIIHS

Bo3MoxHON peann3annieil MHOTOKPUTEPHAIBHOM OIl-
TUMU3ALUU SBIsSeTCS 00001eHHas 1eneBast GyHKIus Zys, KO-
TOpAst 3aIMMUCHIBACTCS CIEAYIOIUM 00Pa3oM:

S Z
Z = Zak o ';m —> max
k

k=1
rae Zx— K-as neneBas GpyHKIwms,

HOpM . .
Z k  — HOpMHpYIOIIee 3Ha4YeHHe K-0ii 11eNieBoi (hyHKIWH,
S — 4KCI0 COCTABMNAIOMIMX HETEBBIX (DYHKIIHIA,

> Kypuukuii 5.4. Monck onTUManbHbIX PeLleHnii cpeacTBamMm
Excel 7.0. - CI6.: BHV - CaHkT-lMNeTepbypr, 1997. - C.240
- 243.
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O — xoadpdurment Beca K-oif nenesoit GyHKIUM.

[Tpu 3TOM mepen COCTaBISIOIMIMMU 1ENEeBO (YHKIINH,
KOTOpbIE MAaKCUMHU3UPYIOTCS, CTABUTCS 3HAK ILIIOC, TIEpE]] MU-
HUMH3YPYEMBIMU — MUHYC.

s hopmupoBanus 0000IICHHON mHeneBo (GyHKIUU

HOpM HOpM
Heob6xoaumo 3Hath Xy u Zk . 3HaueHus Zk MPUHU-

MalOTCs MPH MaKCUMHU3aluK K-Of COCTaBISIONIEH IC/IEBOM
byHKIMH:

Hopm __ =7 max
Zk _ Zk ,
IIpnu €€ MUHUMHU3AllUA
HopM __ =z Min
Zk - Zk .

PaccmoTpuM perieHne 3agaud mo oO0OOIIEHHOU Iele-
BOM (yHKIIMH.

Orruamu3armsa mo 0606IMeHHOH 1Te/IeBOH
QyEEIIT
1. Bgectu ycnoBus 3amaun u OpMyIbl, KaK YKa3aHO
Ha puc. 5.2.

E F G H I J K
MepemenHtie Koadguuent eeca

1
2 [Bua [ e x Lienesan hyHua [w=_ Jors

4 [Flwoke rpanwia [ i i =CYMMIPON3EE3.E3B1ZE12) min

5 [Bepx.rpannua TpnBeun OBobuyenHan yenesan PyHkA
B Llenesan gy |60 |70 [120 130 |=CYMMNPOWSB(B3.E3,B5.E6) max

7

i

Orpanuenua
9 Bua ko3t nupeHT! [nesan vacte e Npagan uacts
10 3atapare tpyaa |1 T T I [=CyMMNPOW3B(3ES3: §ES3, B10:E1D) [<=

11 Ceipee 6 |5 & |E] [=CYMMNPOM3B(§B53: $E3,B11:E11) [<= 110
12 MO3 4 3 [0 13 [=CYMMNPOW3B(3B53: §E53.B12E12) |<= 100

Puc. 5.2. Onramusanma mo 06001e HHOH 1je/1eBOH
QGyHKITHH
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2.

Onpe;[enmb, Kaku€  COCTaBJIAIOIIMEC  LICICBBIC

¢dbyHKIMKM OyayT BXOAUTH B 0000meHHbIe. [IpuHIMaem:

Z; (UD1) — makcuMu3anus MpUObLIH,

Zy (1d2) — MUHUMU3ANKS MaTEPUATBHO-ICHEKHBIX 3a-
tpat (M/I3).

3.

HpI/I MHWHUMU3AIIUN XOTA OBl JIA OHHOﬁ COCTaBJIA-

IOIel HEOOXOAMMO BBECTH HIDKHUE TPAHUIIBI 3HAUCHUH Tiepe-
MEHHBIX. BBECTH HWKHIOIO TpaHUIly, paBHYIO | B JIuana3oH
ssiueek B4:EA4.

4.

Pemuts 3ala4y Ha MaKCUMyM HpI/I6BIJ'II/II

YCTaHOBUTH Kypcop B siueiiky F6 u B meHio CepBuc
BbIOpaTh [louck penieHus;

YCTaHOBUTH IepeKiovyaTenh PaBHoil: BbIOpaTh Bapu-
AHT MTOKUCKA PEIIEHUI — MAKCUMAJIbHOMY 3HAYEHUIO;
B nosic U3mMeHss A4eHKHM yKa3aTh AUANa3oH sSYeeK
JUISL TIOJYY€HHUS ONTUMAIBHOTO pe3yibTara, s
3TOTO CJeNyeT BBIACIUTH Auamna3oH siueek B3:E3;
JUIS BBOJIA OTPAaHUYEHUN IIEIKHYTh 10 KHOmnke [lo-
0aBMTbH U B OTKPBIBUIEMCSl IUAJIOTOBOM OKHE BBE-
CTH BCE OTPAHUYECHUS:

v’ $F$10 <= $H$10

v $F$11 <= $H$11

v $F$12 <= $H$12

v’ $B$3: $E$3 >= $B$4:$ES4
IIOCJIC HaXaTHusJd KHOIIKHU Ok 3a1aHHBIC OFpaHI/I‘Ie-
HUg OyayT oTpakeHbl B auaimoroBoM okHe Ilo-
HCK pelIeHNsd;

YCTaHOBUTH MapameTpbl uHcTpymMeHTa Ilomck
peleHus:

¥ Nuueiinas mogens

[¥ HeoTpuuaTensHuie 3HauaHUs
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— TIOATBEPJAUTH YCTAaHOBJIEHHBIE IapaMeTpbl HaXaTH-
em kuomnku OK.
— 3alyCTUTh 33Jauyy Ha BHIIOJHEHUE LIEIUYKOM I10
KHONIKE BBINOJHUTB U COXPAaHUTH ONTUMANb-
HOE pelLIeHHUE;

— Ha DKpaHe pe3ynapTar pemeHus 3amaud Z; = 1290
(I®1 — max mpudsuim).

5. Peumts 3amady Ha MuHUMYM MJI3 — ycTaHOBHUTH
Kypcop B siueiiky F4 u B menio CepBuc BoiOpats Ilonck pemre-
HusA — Bemosnnts. Coxpanuth HaiiienHoe perienne. Ha sxpane
pe3ysbTar perrenus 3anaun Zp; = 33 (D2 — min M/13).

6. IlposecTH >KCIEPTU3Y U ONpPENEIUTh KO(QPULEEH-
Tbl Beca. [Ipunumaem a3=0,75; 0,=0,25. BBectu 3T AaHHBIE,
KaK IMOKa3aHo Ha puc. 1, B stueiikum J2:J3.

7. ChopmynupoBaTh 0000LICHHYIO LEIeBYI0 (ByHK-
IIUIO ¥ BBECTH (POPMYITY JUIS €€ BBIYHUCICHUS B STUCHKY J6

=J2*F6/1290-J3*F4/33

Pemnte 3amauy nmo o000mEeHHON 11€1€BOM (PYHKIIMK Ha
MaKCUMYM, IIPY 3TOM YCTaHOBHUTb Kypcop B siUeiKy J6 u B Me-
Hi0o CepBuc BoiOpath [ouck pemenus — BoImoJHUTD.

Pe3ynpTaThl pemieHus MO TpeM LEeJIeBbIM (DYHKIUAM
npenacraBuM B Tabmuie 5.1.

Taoauna 5.1. Pe3ymbrarer perrreHusa MogeTH
OnrumMu3araAa 110 0000IIeHHOH 1[eJICBOH (QYVHKIIHH

O0600mennas
Benanna IIpuodbLIBL — MIL_? - D
max min i
(11—0,75,
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a2=0,25

[TpuGbLIH 1290 380 1100
M3 100 33 81
[Mponykumsil (x1) 9.8 1.0 13.0
IMponykiusa2 (x2) 1.0 1.0 1.0
[ponykums3 (x3) 4.2 1.0 1.0
[ponykuus4 (Xa) 1.0 1.0 1.0

W3 510 Tabnuiibl BUTHO CIIEAYyIOIIee:

v' Tlpu pemennn 1o 000OUIEHHON IENIEBOM QYHKIMHU
BEJIMYMHBI IPUOBLIM U MaTepHaIbHO-ICHEKHbIX 3a-
TpaT UMEIOT MPOMEKYTOUHbIE 3HAUYEHUS IO CpaB-
HEHHMIO C PEIIEHUEM IO COCTAaBJISIOLIUM IIEJIEBBIM

GbYHKIISM.
v' Takoe MOJIOKEHUE HE PACIPOCTPAHSICTCS Ha 3HaYe-

HHUA IICPEMCHHBIX.
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6. HEJIMHEMHOE ITPOTPAMMUPOBAHUE

§ 1. OcHOBHBIC MOHATHA HEJHHEHHOr0 IMpo-
rpaMMHPOBAHHA

Heuturediroe nporpaMMupoBaHHe — pasJiei Mate-
MaTHU4ECKOr0 IPOrpaMMHUPOBAHHUA, M3y4alOUIMl METOIBI pe-
IICHUs] SKCTPEMaJbHBIX 33734 C HETMHEWHOU IeneBoil (yHK-
nueil n (uam) o0aacThi0 JAOMYCTHUMBIX PELIEHUH, OIpesesieH-
HOM HEJIMHEWHBIMHA OTPaHUYCHUSAMHU. B 3KOHOMMKE 3TO COOT-
BETCTBYET TOMY, YTO pe3yabTaThl (3(EeKTUBHOCTH) BO3pacTa-
10T WIK yOBIBalOT HENPONOPLMOHAIBHO U3MEHEHHIO MAaCILTa-
00B HCMOJIb30BAHUS PECYpPCOB (WM, YTO TO K€ caMoe, Mac-
mTa00B MPOU3BOJACTBA): HANpPUMEp, U3-3a JEJIECHUS U3JIEPIKEK
IIPOU3BOJICTBA HA NPEANPUATUAX HA MEPEMEHHBIE U YCIOBHO-
IIOCTOSIHHBIE; M3-3a HACBIIEHUS CIIpOCa Ha TOBAaphbl, KOrja
KOKIYIO CIENYIOIYIO €IUHULlY IPOAATh TPYIHEE, YEM IIPEIbI-
JYILYIO U T.1.

B kpatkoii ¢popme 3aauy HETMHEHHOTO IPOTrpaMMHUPO-
BAHMS MOKHO 3aIKMCaTh TAK:

Z (x) — max (min) pu ycoBuax g (x) <b, x > 0,

I X — BEKTOP HCKOMBIX MIEPEMEHHBIX;

Z (X) — ueneBast GyHKIHS;

g (X) — GyHKIMS orpaHUueHH (HENPEPHIBHO T (-
bepenpyemas);

b — BekTOp KOHCTaHT OrpaHHUYCHUH (BBIOOP 3HAKA <
B MIEPBOM YCIIOBUH 37€Ch MPOM3BOJIEH, €r0 BCErJa MOXKHO M3-
MEHUTh Ha OOPATHBIN).

3aaya HENMHEHHOTO MPOTPaMMHPOBAHUSI COCTOHMT B

BBIOOpPE TaKWX HEOTPHIATEIbHBIX 3HAYCHHH TEPEMCHHBIX,
MOJJYMHECHHBIX CHCTEME OrpaHMYCHUIl B (hopMe HEpaBEHCTB,
MPU KOTOPBIX TOCTHTAETCSl MAKCUMYM (I MUHAMYM) TaHHOM
¢ynknuu. [Ipu s3ToM He oroBapuBaroTCs (HOPMBI HU ILIEIEBOU
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(GyHKINU, HU HEPABEHCTB. MOTYT OBITh pa3HbIC CIIydau: Lieye-
Bas (DyHKLUs HEJIMHENHA, a OrpaHUYEHUs JIMHEHHBI; LieneBas
GbyHKIMS TUHEWHA, a OrpaHUYeHHS (XOTs OBl OJTHO U3 HHX) He-
JMHEWHBL; U 1eneBast QyHKIUS, 1 OrpaHUYEHUs HEeIMHEHHBI.

3ana4yu, B KOTOPBIX YUCIIO IEPEMEHHBIX U (WIJIN) YUCIIO
OrpaHUYeHUIl OECKOHEYHO, Ha3bIBAlOTCA 3ajayaMu OECKOHEeY-
HOMEPHOT'0 HEJIMHEHHOro IMpOrpaMMHUpPOBAaHUA. 3ajladyH, B KO-
TOPBIX lieneBas QyHKIUA U (W) QYHKIIMHU OrpaHUYEHUN CO-
JiepKaT CilydaiiHble 3JIEMEHTBI, Ha3bIBalOTCS 3a/a4yaMM CTOXa-
CTMYECKOI'0 HEJIMHEHHOTO MPOrpaMMHUPOBAHUS.

Henuneninple 3amaun CIOXKHBI, 4acTO HMX YIPOILIAIOT
TEM, YTO HNPUBOAAT K JUHEHHBIM. [lJI1 3TOr0 YCIOBHO MpPHUHHU-
MAaloT, YTO Ha TOM WJIM MHOM y4acTKe IeneBas (pyHKIHUS BO3-
pactaeT UM yObIBaeT MPONOPLMOHAIBHO U3MEHEHUIO HE3aBU-
CHMBIX IEPEMEHHBIX.

Takoif moaxox Ha3bplBaeTCsl METOJOM  KYCOYHO-
JUHEWHBIX MPHOIMKEHUH, OH TPUMEHHUM, OJHAKO, JIUIIb K He-
KOTOPBIM BHJIaM HeJIMHEHHbIX 3a1ad. HenuHeilHple 3amaun B
OTIPEJICICHHBIX YCIOBUSAX PEHIAIOTCA C TOMOUIbI0 (DYHKIMU
Jlarpanka, Haiis ee CeJUIOBYIO TOUKY, TEM CaMbIM HaXoJAT U
pelIeHre 3aJauH.

Cpenu BBIYUCIUTENBHBIX AJITOPUTMOB HETUHEHHOTO
[IPOrpaMMHUPOBaHUsI OOJIBIIOE MECTO 3aHMMAIOT I'PaJUEHTHbIE
METO/bl. YHUBEPCAIILHOTO K€ METO/AA JJIsl HEJIMHEHHBIX 3a/1a4
HET U, MO-BUANMOMY, MOKET HE ObITh, IOCKOJBKY OHHU UpE3-
BbIUaitHO pa3Ho0Opa3Hbl. OCOOEHHO TPYIHO PELIalTCsl MHOTO-
JKCTpeMalibHbIe 3a/auu. J[Ji1 HEKOTOpBIX THUIIOB 3aj]ay BbIMYK-
JIOTO TPOTpaMMHUpPOBaHMs (BUJA HEJIMHEHHOro) pa3paboTaHbl
3¢ (heKTUBHbBIE YUCICHHBIE METObl ONITUMU3AIINH.

§ 2. Pemrenme 3amad HeJIHHEHHOI'O IIPOrpam-
MHPOBaHHA

3angaua. [lo miany npeanpusTHIO HEOOXOIUMO U3TOTO-
BUTh 180 m3menumit. DTH W3AEIUS MOTYT OBITh H3TOTOBJICHBI
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JIBYMsI TEXHOJIOTHUECKUMU criocobamu. [lpu mpousBoacTBe X
W3JIeJNi MepBBIM CHOCOOOM 3aTpaThl PaBHBI 4X1+X12py6., a
MIPY U3TOTOBJICHUU X U3JICIHIA BTOPBIM CIIOCOOOM OHH COCTaB-
asroT 8X2 + X22 py0. Onpenenutb, CKOJbKO U3AETUN KaXKIbIM

crmocodom CJICOAYCT U3rOTOBUTH, TAK, YTOOBI O6HII/IC 3aTpaTbl Ha
MPOU3BOJACTBO NPOAYKIIUHA OBUIH MUHHUMAaJILHBIMH.

Pemenne. MareMaTndeckas ITOCTAaHOBKA 3aJadyu Co-
CTOUT B OHNPCACICHUH MHUHUMAJIIBHOTO 3HAYCHUS (1)YHKI_[I/II/I

Z =4X, + X2 +8X, + X. IIpH yCIOBHSIX

X, + X, =180
X, X, =20
D4 i B =CYMMIPOW3E(B4:C4,B83:C3)+B3°2+C3<2

A B © D E F
1 MepemMeHHEIE
2 1 iz
3 | ZHaqeHuA MUMHHMY M
4 |3an aTel 4 =8 1]
)
B [ KoagduuneHTs [Meean yacTe  |3Hak [Mpaeas yacTe |
7 Konu4ecTeo uagenui | 1| 1| D|= | 1BD|
g
J Monck pewenna s |
10
11 YCTEHOEMTE WENEEYHD AYEHKY! BEINoAHHTE
::g PagHoM: () MAKCHMANBHOMY SHAYEHHHD ;|0 R
14 (8) MMHHMANEHOMY SHAHEHHHD
15 VzMEHAR A4EHKH:
:II ? $B$3:$C43 |%:| | MpeanonoumTs
18 OrpaHHHEHHA: MNapameTpel
19

$BE3$CE3 == 10 £

20 $D47 = $F47 I&l
21 MISMEHHTE
22 BOCCTAHOEMTE
23 ¥AANMTE
24 (e
25

B pesynbrate pemenus momydum: x1=91; x,=89.

DTO O3HAYaeT, 4TO €ClIU MPEeANpUITHE HU3TOTOBUT 91
W3/IeNIie TIEPBBIM TEXHOJIOTHYECKUM CTIOCOOOM U 89 m3menuit
BTOPBIM CIIOCOOOM, TO OOIIME 3aTpaThl OyAyT MUHUMAIbHBIMHU
u coctasst 17 278 pyo.
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7. BEPOATHOCTHO-CTATUCTUYECKHNE
METOJbI AHAJIN3A
N MOOEJIMPOBAHUA CUCTEM

§ 1. OcHOBHBIE ITOHATHA TEOPHH BEPOATHOCTEH

Omerr (3KCrIeprHMeHT, HCIEITAHHE) — CUTYalus C
Oosiee 4YeM OJHHMM BO3MOKHBIM HCXOJAOM, M3 KOTOPBIX BCErza
MMEEeT MECTO TOYHO OJHO TaK Ha3bIBAEMOE IJIEMEHTAPHOE
cobrrrae. VIcXo0M OIbITa MOXET OBITh PE3yabTaT HaOIIOIe-
HUS WM U3MEPECHHUS.

EnvHUYHBINA, OTAENbHBIM MCXOJl SKCIIEPUMEHTa Ha3bl-
BaeTcs 3JIeMeHTapHbIM coObiTeM. Habop Bcex aneMeHTapHbIX
COOBITUH — MPOCTPAHCTBO COOBITUH (MHOXKECTRBO).

[TonHomy HaOOpy CcOOBITHII COOTBETCTBYET IOJIHOE
MHOXECTBO X, OTHOCALIeeCs K 3aJaHHOMY HKCIEPUMEHTY.
[TonubIil HaObOp coObITUI — HAOOP BCEX BO3MOXKHBIX HCXOJIOB
HKCHEPUMEHTA. JEMEHTapHOMY COOBITUIO COOTBETCTBYET
TOJIBKO OJ[HA TOYKA MPOCTPAHCTBAa COOBITHI. AHamorom sie-
MEHTAPHOT'O COOBITHS SBISIETCS HJIEMEHT MHOXKECTBA.

Cremyer 3aMETUTh, YTO TEOPHUS BEPOSITHOCTEH H3ydaeT
He JII00bIe COOBITHS, a CITy4alHbIE.

CiryyaBiHEIM COOBITHEM Ha3bIBacTCs COOBITHE, KOTO-
poO€ MOXKET NMPOU30HTH MU HE NMPOU30HTU B pe3ybTaTe HEKO-
TOPOTO HKCIIEPUMEHTA.

Cobrrrae — 510 M1060€ MOIMHOXECTBO MPOCTPAHCTBA
COOBITHH. ITO HAOOP ANIEMEHTAPHBIX UCXOJIOB.

JlocroBeprHo€e cobrrTHEe — 510 COOLITHE, KOTOPOE 005-
3aTEeNIbHO MPOU30MIIET B PE3YIIHTATE HCITBITAHHS.

HeBosamosxxe0e cobrrrere — 510 cOObITHE, KOTOPOE HE
MOKET IPOU30UTH B pe3yJIbTaTe JAHHOTO OMbITA (UCIIBITAHUS).

JlocToBepHblE U HEBO3MOXHbBIE COOBITUSI HE SBISIOTCS
CIIy4YalHBbIMHU.
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CoBmecrHEIe cobBRrrHEA. HeckobKO COOBITHH Ha3bl-
BAalOT COBMECTHBIMH, €CJIM B pe3yJbTaTe IKCIEPUMEHTA
HAaCTYIUICHUC OJHOI'0 M3 HUX HEC HCKIIOYACT IMOABJIICHHUA APY-
THX.

Hecoemecrarre cobrrraa. Heckoinbko  COOBITHIA
Ha3bIBAlOT HCCOBMCCTHBIMHU B JAaHHOM OIIBITC, €CJIN ITIOABJICHHUC
OJTHOTO M3 HUX UCKJIFOYAET MOSBICHHS APYTHX.

CoObITHS HA3BIBAIOT EJHHCTBEHHO BO3MORHBIMH,
CCJIM B PE3YyJIbTATC HUCIBITAHUA XOTA 6131 OAHO U3 HUX 0651321-
TEJILHO TIPOU30MICT.

Heckoabko cOOBITHI Ha3BIBAIOT PABHOBO3MOMKHEI-
MH, €CIIM B pe3yiabTaTC HCILITAHHWA HU OAHO HU3 HHUX HEC
UMeeT OOBEKTHBHO OOJIBIIYID BO3MOXKHOCTH IOSBICHUS,
YeM Jpyrue.

JIBa €IMHCTBEHHO BO3MOYKHBIX M HECOBMECTHBIX CO-
OBITHSI HA3BIBAIOTCS IPOTHBODOJIOMNRKHEIMH (KyIJIsi W TIPO-
Jaka OIPEIEIEHHOTO BHJA TOBapa €CTh COOBITHS IPOTHBO-
MTOJIOXKHBIE).

Ilosrmaas rpymma coOBITHES — COBOKYIHOCTH BCEX
CANHCTBCHHO BO3MOXHBIX 1 HCCOBMCCTHBIX CO6I)ITI/II\/II.

Kiaccmueckoe ompenesieHne BEpOATHOCTH

BeposarHaocrs moaBiaeHES coOrrmag A HasbiBaioT
OTHOIICHUEC YHnCJila UCXOOA0B, 6HaFOHpI/I5[TCTBy10HII/IX HaCTYyILIC-
HUIO 3TOTO COOBITHS, K OOIIIEMY YHCITY BCEX €AWHCTBEHHO BO3-
MOKHBIX 1 HCCOBMCCTHBIX 3JICMCHTAPHBIX UCXOI0B.

O0603HauUM 4HCIO0 ONAroNpHUATCTBYIOLMX COOBITHIO A
HCXOJIOB Yepe3 M, a YMCII0 BCEX MCXOI0B — N, TOrIa

P(A) =%

rae m — oenioe HeOTpI/IHaTeJ'IBHOG YHUCIIO,
0<m<n.
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$§ 2. YrerioBrie XxapaKkTepHCTHEH C/TyYAHHBIX BETHYHEH

IIpu pemeHnH MHOTMX NPAaKTHUYECKUX 3a4ad 4acTo J0-
CTAaTOYHO YKa3aTb OTACIBHBIC YHCIIOBBIC XapPaKTCPHUCTUKHU,
oIpeiesIAoNe 0COOEHHOCTH TOIO MIIM MHOTO paclpe/leeHus
CIIy4allHON BENUWYUHBI. JTO, IPEK]IE BCETrO, CPEgHEEe 3HATE"
HHe, KOTOpOe IIPUHAJICKUT K XAPAKTEPUCTUKAM I10JI0KECHUSA
CJIy‘I&fIHOﬁ BCJIMYHHBI, TO €CTh NPCACTABIIACT TAKYIO BCIIWYU-
HY, OTHOCUTEJILHO KOTOPOM KaKUM-TO 00pa3oM IpynIiupyroTcs,
pacCenBarOTCsl BCEBO3MOXKHBIE 3HAYEHUS CIy4allHOW BEJIMYM-
HBI.

CpenHee 3Haue€HHE, WM MaTEMaTHUECKOE OXKHUJAHUE
JMCKPETHOM CITy4aiiHOM BEIMYUHBI, BBIYUCIISIETCS IO hopMyIie

n
M[X]=m, =a=> xp,
i-1
i€ Xj — BO3MOXKHbIE 3HAYCHHUsI CIy4ailHON BEJIMYUHBI X,
Pi — BEPOSITHOCTh MOSIBJICHUSI I1-TO BO3MOXKHOTO 3HAUCHHS
CIIy4alHOM BEIUYHHBI X.
Maremarngecroe OxHEFAHHE SBISCTCS TEOpETHYE-
CKOM XapaKTEPUCTUKOM CIIy4aliHOW BEJIMYUHBI.
OMIOMPUYECKON XapaKTEPUCTUKON CITy4allHOW BEJINYMHBI
SBJIAETCS SMIMPUYECKask CPEIHss, BEIYUCIIeMast 1o popMmyiie

X = M'[X]= xlmlerzm:\lJr...+xnmn 3% %
i=1

m; .
rae —- — yacTtora 3HaueHuH X; mpu N HaOFOeHMSIX (MCTIBITAHHSX );

.
i=1

M;j — KOJIMYECTBO TMOSIBICHUH 3HaueHu# X; pu N HaOIIOICHUSX.
OMnupuueckas CpeiHss Cay4yalHOM BEJIMYMHBI IO Me-
pe yBeIMYeHUS! UCTIbITAaHUN (HaOMIOEeHU) MpHOOpeTaeT TeH-
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JCHLMIO CTa0WJIN3UPOBATHCSI OTHOCHTEIBHO ITOCTOSHHOM Be-
JIMYHMHBI — MATEMATHYECKOTO OXKUAAHHUS.

JI1st HenpepbIBHOM CIIy4allHOW BEIMYMHBI X MaTEeMaTH-
4ECKOE 0’KHJAHUE OIIPENEISIETCS HHTErpaioM

M[X]=a= Txf(x)dx

KpoMe MareMaTH4ecKoro OXHIAHUS Ha MPAKTHKE UHO-
I71a IPUMEHSIOTCA U JIPYIHMe€ XapaKTEPUCTUKHU IOJIOKEHUS, B
YACTHOCTH MEIMaHa U MOJIA CIIyYaifHON BETMYMHBI.

Megmarmori Me ciydaiinoii BeJIMYHMHBI Ha3bIBAE€TCS
Takas BEJIWYMHA, OTHOCUTEIBHO KOTOPOW PaBHOBEPOATHO
nojydyeHue GOJBLIErO WM MEHBLIErO 3HAYEHHs CIy4alHOM
BCJIMYUHBI:

P(X > Me) = P(X < Me)

Menuany NpUMEHSIIOT B KQUe€CTBE XapaKTEPUCTUKU Ps-
Jla paclpeleneHuss B TeX CilydasxX, KOIZa HMMEIOTCS O4YEHb
0oJbIIKe KoneOaHus ClydaifHOM BETUYHHBI.

Mozno#i Mo nuckpeTHON Cy4ailHOW BEIUYUHBI HAa3bI-
BaeTcs ee 3HaueHue, oOiajaromiee HauOoOJbIIEH BEPOSITHO-
CThIO. /{7151 HEMpEepBhIBHOM CIIy4yallHOW BEJTMYMHBI MOJIA €CTh Ta-
KO€ 3HAu€HUe, KOTOPOE OTBEYAECT MAKCUMAJIbHOW IUIOTHOCTH
pacrpeneneHus.

B o0uiem ciaydyae MaTeMaTuiyeckoe OXHJIaHue, MeIhaHa
U MOJIa HE COBIAAal0T. B yacTHOM citydae npu CUMMETPUYHOM
pacnpe/iesieHnu BCe TPU XapaKTEPUCTUKU TOJIOKEHUS CIlydai-
HOM BEJTMYHMHBI COBIAAIOT.

J1j1g OlleHKH CTerneHu pa3zdpoca, pacceMBaHMs 3HAUCHH
CIIy4alilHOM BEJIMYMHBI OTHOCHUTEIBHO CPEIHErO, BBIYMUCISAIOT
CJIEIYIOINE XapAKTEPUCTUKH:

e JIHCIIEPCHIO;
® Cpe/Hee KBaJpaTHUECKOE OTKIIOHCHHE;
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¢ K03 PHUIMEHT BapHaLUH.

Jlacoeperesi Ha3biBaeTCsi MATEMAaTHYCCKOE OXKUIaHHE
KBaJpaTa OTKJIOHEHUH CIIy4alHOM BEIMYMHBI OT CBOETO MaTe-
MaTHU4ECKOr0 0KHJaHUS:

D, =0y =M[(X —m,)’]

Yem Ooublie aucrepcus, TeM B CpeiHeM OoJbIIe OT-
KJIOHCHHE 3HAYEHUH CIlydallHOW BEJIMYHMHBI OTHOCHUTEIBHO Ma-
TEMATHYECKOTO OXUIAHMsI, TO €CTh OyaeT OoJblle paccenBa-
HUE CIIy4YalHOU BEJIMYMHBI.

Hapsiny ¢ nucnepcueii ciry4ailHOM BEJIMYMHBI, B Kaye-
CTBE XapaKTEPUCTUKHU PACCEUBAHMS CIy4yalHOW BEIMYMHBI HC-
NIOJIB3YETCSl CPEJHEEe KBAAPATHIECKOe OTKIOHEHHE, KOTO-
pO€ paBHO IMOJIOKUTEILHOMY 3HAaUEHHUIO KOPHS KBaJpaTHOTO U3
JUCIIEPCUMU.

CpenHee KBaJjapaTUYeCKOE€ OTKIOHEHHE MMEET OJMHa-
KOBYIO Pa3MEpPHOCTb CO CIIy4allHOW BEJIMYMHOM, B 3TOM COCTO-
UT €€ MPEUMYLIECTBO OTHOCUTENIBHO IUCIIEPCHUH.

OMIIMpUYECKHE 3HAYEHUS] XapaKTEPUCTUK PacCEMBaHUS
BBIYUCIISIIOT 10 hopMyIiam:

e jqucnepcus

oy = Z(Xi -X)? ull
= N

® CpCAHCC KBAAPATUYICCKOC OTKIIOHCHUC

JI1st MasTeIX BBIOOPOK, €CJIM YHCIIO UCTIBITAHUN (HaOIt0-
nennii) He mpesbimaeT N <30, To XapakTepUCTUKU paccerBa-
HUS BBIYUCIISIFOTCS TI0 (hOpMYyJIaM:

® JHCTIepCHUS
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R § e M,
o2 =Y (x —x)?——
=30

® CpCAHCC KBaAAPATUICCKOC OTKIIOHCHUC

3 V)2 rni
(o3 Xi—X) ——
AT

=
OTHOCUTENBHOM XapaKTEPUCTUKOW pacCEMBAHUS SBIIS-
eTC KO3(DDHI[HEHT BapHAIIHH, BHLIUUCIAEMBIA KaK OTHO-
IICHUEC CPCAHCIO KBAAPATUUYCCKOIO OTKJIOHCHHA WU SMIIMPHYC-
CKOM CpelHei:
V =22100% nm V = 2*
X X
Koaddunment Bapuanmuu MOXKET HCIOIB30BATHCS IS
CpaBHEHHSI MeEphl paccerBaHus (KOJEOIEMOCTH) CIydalHBIX
BEJINYUH, UMEIOLIUX PA3JIMYHYIO PA3MEPHOCTD.

HopmassHEIA 3aK0H pacrpeneIeHus
CIIyIaHON BeJIMINHBI

CiryuadiHosi Be/IAYHHOH Ha3bIBAOT BEIMYKMHY 3HA-
YEHUS UCCIIEyEMOro NPU3HAKa, U3MEPEHHYIO 110 pe3ysbTaTaM
HCXO0/1a HCIIBITAHUM, KOTOpas MOXKET NPHUHATh TO WM HHOE
3Ha4YEHUE, 3aPAHEEC HEU3BECTHOE.

ITox ciyyallHOM BEIWYMHOM NPUHATO NOHUMATh YHUC-
JIOBYIO (DYHKIHMIO, ONPEIETICHHYI0 Ha MHOXECTBE UCXOJIOB HC-
nbITaHui. Eciin Bce BO3MOXKHBIE HCXOJBl UCIBITAHUN TIpea-

CTaBIISIIOT CO00M MHOXECTBO {X1, X2, ..., Xn}, TO JIFOOAST YUCIIO-
Bas ynkius F(X) sBasercs Takke CAy4alHOW BEIUYHHOM.
CoBOKyMHOCTh 3HaueHUuil X={Xi, X2, ..., Xn}, KOTOpbIE MOXET

IIPUHUMATh CIydaliHas BEJIMYMHA X, U BEPOSITHOCTEH, C KOTO-
pPBIMHM OHA UX IPUHUMACT, HA3bIBAIOT PACHOPESEIeHUEM CJIY-
YarHOH BeTHIaHET X.
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Pacnpenenenue cinydailHOM BEJIIMYMHBI OINPEACTACTCS
3aKOHOM pacHpe/IeIeHUs.

[lon 3aroHOM pacopeneseHEA TOHUMAIOT BCAKOE
COOTHOIICHNE, YCTAHABJINBAIOIIEE CBA3b MEKAY BO3ZMOKHBIMH
3HAYECHUSIMU CITy4ailHON BETMYMHBI U COOTBETCTBYIOIIUMHU MM
BEPOSITHOCTSIMH.

3akoH MOXKeT OBbIThb 3a7aH B BHAE TaONHUL, IpaduKoB
WIN aHAIMTHYECKUX BbIpakeHWH. Hampumep, 3a1aHHbIA B BU-
7ie TaOJINIBI 3aKOH pacIpeieIeHUs] UMEET BUJ] TaK Ha3bIBAEMO-
IO pAJa pacrapeneIeHus,d.

3HaueHHE CIy4yallHOW BEJIMYUHBI, X X1 Xo Xn

BeposiTHOCTh TOSIBIICHHST Xi B HC-
neITaHusx, P(X;) P(x1) | P(x2) | ... | P(xn)

3aKOHOB paCIpeNeleH s TMPEIOKEHO JIOCTATOYHO
mHOro. Ha mpakTrke HauboJbIIee pacipoCTPAHCHUE MOTYYHIT
HOpMaJIBHEIH 3aKO0H pacrpenejeHnd. Kak u Bce 3aKOHbBI
pacrpe/eneHusi, HOpMaJIbHBINA 3aKOH UMeeT JBe (GOpMBI mpej-
CTaBIICHUS:

v' mwiotHOCTh pactpenenenus f(X);

V' dyskumio pactpenenerns F(X).

OTu HOPMBI BBRIYUCISIOTCS MO CIEAYIOIUM 3aBUCH-
MOCTSIM:

v\ IUIOTHOCTH Paclpeie/icHuUs!

_(em)?

e 202

1
f(X)=—=—
o~N2r1
riae M= M[x] —maTemMaTHIecKOe OYKHIAHHE CTyIARHON BEJINUKHEL,
o = o[X} — cpeaHeKBaIPaTHIECKOE OTKIIOHCHHE;

V' (yHKIHSA pacrpeieeHusI

F(Mzzjf(@dx
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KOTOpasi MHOT/1a HAa3bIBACTCSI MHTETPAJIbHON (yHKIHEH, HMeeT
00JbI1I0€ TPAKTHYECKOE 3HAYEHHE, T.K. C IIOMOIIBIO0 3aBUCUMO-
ctu P(X < @) = F(X) maeT BO3MOKHOCTh ONPEACTUTH BEPOSIT-
HOCTb TOSIBJICHUS clydyailHOM BenuuuHbl X < a. ['paduk miot-
HOCTH paclpeleeHusl MOKa3bIBaeT, KaKUe 3HAYCHUs CIydai-
HOM BENMYMHBI HanOoJIee BEPOATHBI. TeopeTUyecKku cirydaiHas
BEJIMYMHA X MOYKET U3MEHATHCA B Mpeaenax — o < X < oo,
OpaHaKko ¢ TOYHOCTBIO JI0 JOJIEH MPOLIEHTA ClyyaliHas BEJINYH-
Ha HaxOJIUTCS B MHTEpBAJIE

M[x]—3o[x] < x < M[x]+30o[X]

YTO M MPUHUMACTCS 3 TIPEJICITHI I3MEHEHHUS CITy9aifHON BEJTIUHMHBL.
B Excel 3t 06e hopMbI HAXOIATCSI ¢ TOMOIIIBIO (DYHKITMH

HOPMPACII (a; cpsHady; cTaHAOTKI; HHTETPaIbHA),

I7Ie & — 337aBaeMO€ 3HAYCHHUE CIy4YalHOW BEJIMYUHBI, I KO-
Topoii HaxoasTcs 3HaueHus f(a) wiu F(a),
CP3HA4Y; CTAHIOTKJI — BEJINYMHBI, CPEIHEE 3HAUYCHUE U
CTaHJJApTHOE OTKJIOHEHHE MO BBIOOPKE,
HHTerpaJbHAad — onpenenser Gopmy, Ui KOTOPOU ompe-
JEJISIETCS] 3HAYEHUE.
IIpu nuTerpansuas — MCTUHA onpenensercs 3Haue-
HUE WHTETpaJbHOW GYHKIWH, T.e. QVHKIHH pacrperesie-
Husg F(a). Tlpu unterpanphas — JIOXKb onpenensiercst 3Haue-
HUE ILTOTHOCTH paciperesseHus f(a).
OnpenesieHne IJIOTHOCTH U (PYHKITUH
pacIpeneJeH:Ad O HOpMaJILHOI'O 3aK0OHA
1. BblYMCIUTH  KOJMYECTBEHHbBIE  XapaKTEPUCTHKHU
cnydaiiHol BenmumHbl. B EXcel maremarmueckoe
oxuganne M[X] onpenensercs ¢ moMomp (HyHK-
min CP3HAY (3nauenuss gmcen) B KaTeropuu
Cratuctuyeckue, cpeiHee KBaIpaTHYECKOE OT-
kiaoHenne, obosnauaemoe ofX] — CTAHIOT-
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KJIOH (3nauenus uucern) u TpeTbeil BaXKHOI KO-
YECTBEHHOM XapaKTEPUCTUKON CIIy4allHOW BeIWYH-
HBI, SABISCTCS KO3HIIHEHT BapHAOHIbFHOCTH,
KOTOPBIM IIOKa3bIBAET OTHOCUTEIbHYIO BEJIUYUHY
pa3bpoca ciyyaiiHbIX BenuuuH. Dopmysbl A BbI-
YUCIIEHNUS KOJIMYECTBEHHBIX XapaKTEPUCTUK CITydai-
Hol BeamuuHbI B EXCel npencraBnens! Ha puc. 7.1.

2. Haiiti npenensl UI3MEHEHUsI CITy4aifHOM BEITMUHMHBI X:
Xmin = M[X] — 3 o[x] =110 — 3-23.9 ~ 38
Xmax = M[X] — 3 o[x] = 110 + 3-23.9 ~ 182

3. Jlnst nonyyenus riaBHbix kpuBbix f(X) u F(X) B uH-
TepBajie M3MEHEHUS CIyYailHONH BENMYMHBI MEXIY
Xmin ¥ Xmax LI€JIECOO0pa3HO MPHUHATH mpuMepHO 20
MIPOMEKYTOUYHBIX 3HAYEHUH.

[ A B ¢© 0 | E F1 & 3 K| L|M][N[O][PIalR § [ T U VW |
1 Ko< CTEEHHEIE xapaKTEpHETHIN

N (N N T A (< Y S Y|
& noce | 1@ __Ti0] 85 0| 7| 1| . 10 g3g] 02—k
=

=CPIHAU(E GA) ™ =CTAHOOTKNOHEA:G4)

Lakkbie frmnocposuun made nEl)JmF 0

36 a5] 57 53] &b 73 )
000 0pO1| 0p02| 0003 0,005 0.008)

67 7] real 431 58] [ I IS 173] RET) 182]
o011 :us\ ou nm 0pie| opia] oo uuns oun 0p04| opoz] 0001] 0poi| 0poo| 000
0,005 0016 0,053 0061|0104 0,163 0351 0.353] 0500] Q65| 0721 0510 0pe| 0923] 0961 0960] 0991 099 0am| 03|

Puc. 7.1. Onpegesrerre miroregocTa o hyHKIIHH
pacrapenesieHusa

4. TlpuHsATble 3HAYEHUS A1 KOTOPBIX OYyAyT ompeje-
nstees T(X) u F(X), BBecTH B stueiiku B9:WO.

5. VYcranouts Kypcop B stuetiky B10 u BBectu hopmyiy:

— OTKpbITh Mactep pyHKUMIL;

— KaTreropus Cratuctuueckue — byHKIUA
HOPMPACTI,

— Ha 3KpaHe JUAI0roBoe OKHO ApryMeHThI (yHKIINH,
3aIOJIHUTH TEKCTOBBIE TOJIS:
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7.

AprymenT! ByHRIBM —
HOPMPACTT
B [EAEE]
Cpeanee | §Hi+ [Tz = 110
CranaapThoe_ovkn | §144 || = 23,87467277
WHTerpanbHas [O¥b | Tea| = nodis

= 0,000177042
BOSEPAILAET HODMAMEHYH (BYHIEUMID PACMREASAEHH.

X 3HAUEHME, ANA KOTOPOMD CTPOHTCA PACPEACNEHME.

CnpaeKa no 370 dvkkuin Snauerive: 0,000 ok OTmena

L eEns |

CxonmpoBath dopmyny u3 sueriku B10 B sueiiky
B11, otkpsiTe Mactep ¢yHKIMI U B CTPOKE BBOAA
B nuainoroBoM okHe nm3mMeHUTh JIOJXKDb na UICTHUHA
U menkHyTh o kHomke OK. dopmyna B sueiike
Bl11 Oyner UMETh BUJ
=HOPMPACII(B$9;$H$4;$1$4; ICTUHA)
Boinenuts suetiku B10:B11 u ckonupoBats ¢op-
My1sl 10 ssueek W10:W11.

ITocTpoentie rpadHKOB ILTIOTHOCTH B PYHKIIMH pacipe-

1.

w

JeJIeHUs OJI1 HOPMAaJIbHOI'0 3aK0HA

Beigenute amamazon saeexk A10:WI11 u OTKpBHITH
Macrep nuarpamm.

BoeiOpate Bknaaky HecranmaptHeie — I'paduxu
(2ocwm), menkHyTH MO KHOTKE Jlanee.

Ha Bropom miare Bo Bkiagke Psin nogmucars och X.
Ha Tperbem mare Macrepa auarpamMM BBECTH
Ha3BaHUE JUarpaMMbl U OCEH.

[TomecTuTh qUarpaMMmy Ha JIMCTE: UMEIOLEMCH.
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F'padmkm f(x) n F(x)

—— f(x)
—— F(x)

0,018 1,200
0,016 -
t 1,000
0,014
0012+ [ ] oo 0,800

0,010

f(x)

=
10,600 &
0,008
0,006 1 0,400
0,004
1 0,200
0,002

0,000 -

0,000
38 52 66 80 94 110 124 138 152 166 180

I'paduk maotHoctu pacnpeneneHus f(X) mokassiBaet
BEPOATHOCTH IMOSBJIICHUS KaXJOr0 3HAUEHUs CIIyYalHOW BEJU-
yrHbl. M3 mOCTpoeHHOro rpaduka BUIHO, YTO Hauboee Bepo-
STHO TMOSIBJICHUE ClydaiiHoW BenmuuHbl it M[X] = 110, 4to
COBEpIIEHHO 3aKOHOMEPHO, T.K. Hanboyiee BEpOSTHBIM 3HAYE-
HHEM CIIy4YallHOW BEJIMYMHBI SIBJISIETCS €€ MaTeMaTU4eCcKoe
OKHUJAHUE.

Jns onpeneneHnss BEPOATHOCTH MOSABJIEHUS CIy4alHOU
BEeJIMYMHBI B HEKOTOPOM HHTEpBAJE HCIOIB3yeTcs Tpaduk
¢bynkuun pacrpenenenus. C ero mMoOMOIIbI0 MOXXHO peENIaTh
IBE 3a/Ja4u: MpAMYI0 U oOpaTHywo. Pemienue mpsmoil 3amayu
JIa€T OTBET HAa BOMPOC: KAKOBA BEPOSATHOCTh TOTO, YTO CIIy4aii-
Hasl BeIMYMHA X OyJIeT HE MEHee a.

W3 noctpoernoro rpaduka BuaHo, uto P(x < 110) = 0,5.

OOparHast 3a7a4a CTaBHTCS TaK: YeMy JOJDKHA OBITh
paBHa ciy4aifHas BeTMYHMHA X, YTOOBI BEPOSTHOCTh €€ TOsBIIC-
HUS paBHsUIach OblI 3aJjaHHOMY 3Ha4YeHHIO a. M3 rpaduka Bu-
HO, 4TO BepossTHOCTh @ = 0,8 OyJeT crnpaBennanBa s caydai-
noit BenmmuuHb X < 130, T.e. P(Xx < 130) = 0,8.
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§ 8 Meroger uw Momesrm KOPPEJIAI[HOHHO-
DErpeccHOHHOIr0 aHAaJIH3a

BOJIBIIMHCTBO SIBJICHUH U IPOLIECCOB HAXOIATCS B I1O-
CTOSIHHOM B3aMMHOW M OOBEKTHBHOI BCEOXBATHIBAIOLICH CBs-
3u. MccnenoBanue 3aBUCHMOCTEN U B3aUMOCBSI3el MEXy 00b-
€KTUBHO CYILECTBYIOIIUMH SBJICHUSIMHU U MPOLIECCAMH UTPAET
0O0JIBIIYIO POJIb B KOHOMHUKE. OHO J1aeT BO3MOXKHOCTh TITyOXKe
MOHATh CJIOKHBIA MEXAHU3M INPUUYUHHO-CIIEICTBEHHBIX OTHO-
LHIEHUH MEXIy sIBIeHUAMHU. [[1s1 ucciieoBaHUs MHTEHCUBHO-
CTH, BUJAa U (POPMBI 3aBUCUMOCTEH LIUPOKO MPUMEHSIETCS
KOpPEIAIIAOHHO PETPECCHOHHEBIH 4HAJIAS3, KOTOPbI sBIIS-
€TCsl METOJMYECKUM HHCTPYMEHTapueM IpU pELIeHUH 3aj]ad
MIPOTHO3UPOBAHUS, IJIAHUPOBAHUS U AaHAJIM3a XO3SICTBEHHOU
NEeSTEIbHOCTH MIPEANPUATHH.

PaznuuaroT 1Ba BHIa 3aBUCUMOCTEM MEX]y SKOHOMH-
YECKUMHU SIBJICHUSIMH U IPOLIECCAMMU:

¢ (hYHKIIMOHATILHYIO;

® CTOXaCTHYECKYIO (BEPOSITHOCTHYIO, CTATUCTUYECKYIO).

B cnyuae @yHEI[HOHAJIPHOH 3aBUCHMOCTH HUMEETCS
OJIHO3HAYHOE OTOOpakKeHHE MHOXXECTBa A Ha MHOXECTBO B.
MHoxecTBO A Ha3bIBAIOT 00JACThIO OmpeeneHuss PyHKINH, a
MHOKECTBO B — MHOkeCTBOM 3HaUeHUN (QYHKIUH.

OyHKIMOHAIbHAS 3aBUCUMOCTb BCTPEUAETCS PEAKO.

CrarucTHyeckor Ha3bIBACTCS 3aBUCHMOCTD MEXKIY
CIIy4allHbIMH BEJIMYMHAMH, IIPU KOTOPON M3MEHEHUE OJTHOM U3
BEJIMYMH BJIEYET 32 cOO0I M3MEHEHHE 3aKOHa pacrpeeNeHHs
JIPYroy BEJINYUHBI.

B vactHOM ciydae cTaTucTudeckas 3aBUCUMOCTb IPO-
SIBJIAETCS B TOM, YTO NPU U3MEHEHUHU OJHOM U3 BEIMYHH U3Me-
HSIETCS MAaTeMaTU4eCKOe OKUJAHUE Npyrod. B Takom ciydae
TOBOPST O KOPPETALIHH VI KOPPETSIIMOHHONW 3aBUCUMOCTH.

OAHOCTOPOHHSISI BEPOSTHOCTHAS 3aBUCHUMOCTb MEXIY
CIIy4yallHBIMHM BEJIMYMHAMU €CTh perpeccr:. OHa ycTaHaBIU-
BA€T COOTBETCTBUE MEXKIY STUMHU BEIIMUMHAMU.
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OAHOCTOPOHHSISI CTOXacCTUYECKasi 3aBUCUMOCTh BbIpaXka-

€TCs C MIOMOIITBI0 (PYHKIIMU, KOTOpasi HA3bIBACTCS PETPECCHEH.

Bungsr perpeccun:

1. Perpeccust OTHOCUTENBHO YUCIA IEPEMEHHBIX.
Ilpocras perpeccrs — perpeccusi MEX1y 3aBHUCH-
MOH IEpEeMEHHOU y U OAHUM (HaKTOPOM — X.
Mro:xxecTBeHHAS perpeccHs — 3TO perpeccus
MEX]y 3aBUCHUMOIN MEPEMEHHOW ) M HECKOJbKUMH
OOBSICHSIIOLIIUMU MIEPEMEHHBIMHA X1, X2, ..., Xn.

2. Perpeccust oTHOCHUTEIBHO (POPMBI 3aBUCHMOCTH
— JIMHEWHas perpeccusi, BblpakaeMas JIMHEWHOMN

dynxumei;

— HEJIMHEHHasl perpeccusi, BbIpakaeMas HEJUHEH-
HOM QyHKIIHEH.

3. B 3aBucHMMOCTH OT XapakTepa perpeccud pasinda-
10T CIIEAYIOIINE €€ BUbL:

— TIOJIOKUTEIBHYIO perpeccuto. OHa UMEET MECTO,
€ClIi C YBEIMYEeHHEM (yMEHbLIEHUEM) O00bsC-
HSIOLLEH MEPEMEHHOM 3HAYEHUE 3aBUCUMOU Iie-
PEMEHHON Tak)Ke€ COOTBETCTBEHHO YBEJIWYHBA-
eTcsi (YMEeHbIIIaeTcs);

— OTpHULATENBHYIO perpeccuto. B sTtom cimydae ¢
YBEJIIMYCHUEM WUJIM YMEHBIIICHUEM OOBSICHSIOIICH
MEPEMEHHON 3aBHUCUMasl MEPEMEHHAasi yMEHbIa-
€TCS WM yBEJTMUMBACTCSL.

4. OTHOCHUTENBHO THIIA COSMHEHHS SIBTIEHUI Pa3INyatoT:
— HENOCPEICTBEHHYIO perpeccuto. B aTom ciydae

3aBUCHMMAs M OOBSICHSIONIAS TIEPEMEHHBIC CBSI-
3aHbl HETIOCPEACTBEHHO JIPYT C IPYTOM;

— KOCBEHHYIO perpeccuro. B aTom cimydae oObsic-
HSOIIAs IEpEMEHHas JCHCTBYET Ha 3aBUCUMYIO
yepe3 psil ApYrux NepeMEeHHbBIX;

— JoxHyto perpeccuto. OHa Bo3HHKaeT mpu ¢Gop-
MaJbHOM TIOJIXO/I€ K MCCIEAYyEMbIM SIBIICHUSIM
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0e3 ysCHEHHUsl TOro, Kakue MPUYMHBI 00yciaB-
JMBAIOT JAHHYIO CBSI3b.
Perpeccus TecHO cBsi3aHa ¢ KOppeEIALMEH.
Roppesranma o3navaer CBs3b, COOTHOIICHHE MEXIY
OOBEKTHBHO CYIIECTBYIOIIMMH SIBJICHUAMHU. CBS3H MEXIY SB-
JICHUSMU MOT'YT OBITh Pa3JIMYHBIMU I10 CHJIE.
B koppensiMoHHOM aHaIu3€ OLIEHHWBAETCS CHUJIA CBSI3H,
a B perpecCUOHHOM aHallu3e uccienyercs ee popma.
Ropperars, kak v perpeccusi, IMEeT Pa3IIHbIC BUJIBL:
1. OTHOCHUTEIBHO XapaKTepa KOPPEISIIIUU PA3IUIAIOT:
— TOJIOKUTENBHYIO;
— OTpULATENBHYIO.
2. OTHOCHUTENIBHO YHciIa IEPEMEHHBIX:
— IPOCTYIO;
— MHOKECTBEHHYIO;
— YaCTHYIO.

3. OtHocuTensHO (HOPMBI CBSI3U:
— JIMHENHYIO;
— HEJIUHEHHYIO.
4. OTHOCUTENHHO THUIA COSTUHEHUS:
— HETOCPE/ICTBEHHYIO;
— KOCBEHHYIO;
— JIOXKHYIO.
Koppensmonnas 3aBHCUMOCTh MEXIY (akTopaMu
CUHTACTCS:
chabasn, ecia r < 0,3
cpeonsnsn, ecmm 0,3<r <0,7
cunbnasn, ecm r > 0,7

Ui
Bennuuna koapdunrenta
b XapakTep cBA3U
KOppeIsiiu
Jo £0,3 OTCYTCTBYET
+0,3 —+0,5 ciabas
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+0,5 —+0,7 cpenHsis
+0,7 —+0,9 CHJIbHAS
+0,9 —£1,0 nosHasi QyHKIMOHAJIbHAS

KBagpar koaddunmenta Koppensuuu Ha3bIBalOT KO-
adpduimmenTOoM merepmuHAaH. OH [TOKA3LIBAET, Kakas J10-
751 o01Iel Bapuanuy pe3ysbTaTUBHOTO MPU3HAKA ONpeaesiseT-
sl U3y4aeMbIM (DaKTOPOM.

JIroboe MpUUMHHOE BIMSHUE MOXKET BBIpAXKAThCS MO0
(hyHKIMOHATBHOM, MO0 KOpPpEIAIMOHHOW cBs3plo. Ho He
Kaxx1asi QYHKIUS WM KOPPEISIUS COOTBETCTBYET PUIMHHON
3aBHUCHUMOCTH MEXAy sBieHusMH. [losTomy TpebyeTcst 0bsi3a-
TEJNBHOE MCCIIEI0BAaHNE TPUYMHHO-CIICICTBEHHBIX CBSI3EH.

HccnenoBanne KOppENsSIMOHHBIX CBS3€il Ha3bIBaeTCS
KOpPEJIAIIAOHHEIM AHAJIH30M, A WCCIEJI0BaHUE OJIHOCTO-
POHHUX CTOXAaCTHYECKUX 3aBHCUMOCTEH — perpecCHOHHBIM
4HAaJIA30M.

KoppensimoHHbIiI U perpecCMOHHBIN aHaau3 HMEeT
CBOU 3a7a4M.

3amauy KOppeIAIMOHHOIO aHAIN3A.:

1. U3mepeHue cremeHH TeCHOTHI (Cuibl), GOpPMBI U
HaNpaBJICHUsT B3aUMOCBSI3U MEXAY IBYMs M Ooiee
¢bakTopamu (SIBICHUSMH).

2. Ot60p (akTOpoB, OKa3bIBAIOIIMX Hawmbolee cyiie-
CTBEHHOE BIIMSHME Ha DPE3yNbTAaTHUBHBINM NpHU3HAK,
Ha OCHOBAaHHMHM HM3MEPEHHS TECHOTHI CBS3H MEXIY
SIBIICHUSIMU.

3. OOHapyxeHHEe HEW3BECTHBIX NPUYUHHBIX CBSI3CH.
Koppensus HernmocpeacTBEHHO HE BBIABISET INpH-
YHHHBIX CBS3€H MEXIy SBICHHSIMHU, HO yCTaHABIIH-
BaeT CTENEeHb HEOOXOJIUMOCTH 3THUX CBSI3€M M J0-
CTOBEPHOCTh CYXJICHHH 00 mx Hamumuwmu. [IpudamH-
HBIA XapakTep CBsA3ei BBIACHSAETCS ¢ MOMOIIBIO JIO-
THYECKU-TIPO(PECCHOHANIBHBIX  PaCCY)XKJICHHUM, pac-
KPBIBAIOILIX MEXAaHU3M CBSI3€H.
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3amadm perpeccCHOHHOr0 aHAJINA3A!:

1. VYcranoBnenne ¢GoOpMbl 3aBUCUMOCTH (JIMHEHHAS
WIM HeIWHeWHas; TOJO0XKHUTENbHAs WM OTpHUIla-
TeIbHAS U T.1.).

2. Ompenenenue pyHKIIUN PETPECCUU M YCTAaHOBIICHUE
BIUSIHUS (PAKTOPOB HAa 3aBUCHUMYIO MEPEMEHHYIO.
BaxHo HEe TONBKO ompeAenuTh (HopMy perpeccud,
yKa3aTh O0IIYI0 TEHACHIIUIO U3MEHEHUS 3aBUCUMOI
MEPEeMEHHON, HO W BBISICHUTH, KaKOBO OBUIO OBI
JCICTBIE HA 3aBUCHUMYI0 MEPEMEHHYIO TJIaBHBIX
(bakxTopoB, ecinu OBl MPOYNE HE U3MEHSIINCH M €CIU
Obl OBUTM MCKIIIOUEHBI ClydailHble 37eMeHThl. J{is
3TOTO AENA0T (PYHKIMIO perpeccuy B BUIE MaTeMa-
TUYECKOTO YPaBHEHHUSI TOTO WJIM MHOTO TUIIA.

3. OrmeHKka HEW3BECTHBIX 3HAYCHUU 3aBUCHMOH Iepe-
MEHHOH, TO €CTh pellIeHHe 3a7ay AKCTPANOSAINN U
UHTEpHONSAIMUA. B Xome SKCTpamossinuy  pacrpo-
CTpaHSIOTCS TEHACHIUU, YCTaHOBIIEHHBIE B TIPO-
[IJIOM, Ha OyAyIuii eproA. DKCTPATONSILIUS HIAPO-
KO HCMOJIb3YyeTCsl B MPOTHO3MpOBaHUU. B Xxone uH-
TEPIOJSIIUAN ONPEACISIOT HEIOCTAIOIINE 3HAYCHHS,
COOTBETCTBYIOIIIIE MOMEHTaM BpPEMEHH MEXIy W3-
BECTHBIMH MOMEHTAaMH, TO €CTh OINpPEAEISIFOT 3Haue-
HUS 3aBUCHMOI TMEPEMEHHON BHYTpU MHTEpBaJa 3a-
JTAHHBIX 3HAYECHUN (HaKTOPOB.

KoppensuoHHble CBA3M BBIPAXKAIOT ONPECTICHHBIMU
MaTeMaTHYeCKUMHU ypaBHeHUsMH. DyHKIMS, oTOOpakaromas
CTaTHUCTUYECKYIO CBSA3b MEXAY Ppa3NUYHBIMU BEIUYHMHAMH,
Ha3bIBACTCS YPABHEHHAEM PETPECCHH.

B sToM cnyuae pyHkuus npeactasisieT coboil MmaTema-
THYECKYI0 MOJeNIb MHOTO(AaKTOPHOTO THpoliecca, KOTopas
YCTaHABJIMBAET CBS3b MEXKAY H3Yy4aeMBIMHU SIBICHHUSMH, UTO
MO3BOJISIET ONPEICTUTh 0XKHIaeMOE 3HAaU€HUE pe3yJsibTaTa Mpo-
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W3BOJICTBA B 3aBUCUMOCTU OT JCUCTBYIONIMX Ha HEro (hakTo-
POB.

VpasHeHme JHHEHON MHOMKECTBEHHOM perpec-
CHM BBIpaXaeT CBSA3b MEXIY (aKTopaMu U Pe3yJIbTaTUBHBIM
MPU3HAKOM M UMEET CJICYFOIIHHA BH/I:

Y = atbixi1+boxo+...+bnxn

Y — 3aBucHMas lepeMeHHast (pe3yIbTaTUBHBINA IPU3HAK);

X1, X2, ... Xn— HE3aBUCHUMBIE TIEpeMeHHBIC ((haKTOpPHI);
a — CBOOO/IHBIN YWICH YPaBHCHHSI PETPECCHH,
by, by, ..., by — KO3 GHUIHEHTEI perpeccuu;

N — 4ucio (1)aKTOpOB, BKIIFOYaCMbIX B MOJACJIb.

KoadduumenT perpeccun 1mokasbiBacT, Ha KaKylO BeEJIH-
YUHY B CpPEIHEM H3MEHHUTCA Y MpU KaKIOM H3MEHEHHH X Ha
eIIMHUILY, TIPH TIOCTOSIHHOM 3HaYeHUH OCTAIBHBIX TIEPEMEHHBIX.

Koaddurmentsr perpeccun umMeroT 3HaKk Ko3pduimen-
Ta KOPPEISIIHH.

YeMm Onmrke 3HaueHUE KOAPHUIMEHTA KOPpeIsy K 1,
TEM CHJIbHEE CBS3b MEXIy NpPU3HAKAMH, TEM JIy4YIle ypaBHe-
HUE PErpeccuy ONUCHIBAET B3aUMOCBSI3b MEX 1Y PU3HAKAMHU.

Tak kak HaIEKHOCTHb PE3YJIbTATOB aHAJN3a B 3HAYH-
TEJIbHOW CTEMEeHU 3aBUCUT OT KOJIMYECTBA COIMOCTABIISIEMBIX
JTAHHBIX, HEOOXOAUMO U3MEPATH CYIIECTBEHHOCTh MOTYYEHHO-
IO ypaBHEHMs perpeccuu u KoddduimeHTa Koppensuuu, KoTo-
pasi MOKeT OBITh OIIEHEHA C IMIOMOUIBI0 METOJIOB ITUCIIEPCHOH-
HOTO aHalu3a corjacHo F-kputeputo @umepa.

[lonyyenHoe 3HaueHue F-kpuTepus CpaBHUBAIOT C
TaOJIUYHBIM.

Jlst hakTOpHOM TUCTIEPCHU YHUCIIO CTETICHEH CBOOOIBI

Bapuanuu coctasnser v, =k—1, uis ocratounoid vV, =N— k

(k — gmco mapamMeTpoB B ypaBHEHHH PErpecCHH, N — YHUCIICH-
HOCTH BEIOOPOYHOH COBOKYITHOCTH).
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Ecmu daktrdeckoe 3Hauenue F-kpurepust 6omplie Tabminy-
HOTO, CBSI3b MEXJ1y ITPU3HAKaMU JJOCTOBEpHA U YpaBHEHHUE perpec-
CHH B IIOJITHOM Mepe OTpakacT ee. B IPOTUBHOM Cilydae CUMTaeTCs,
YTO CBSI3b MEXY PU3HAKAMK HOCUT CITy4daifHbIN XapakTep.

JInst OLIEHKH 3HAYUMOCTH KO3 PHIMEHTa KOPPEIALUHA U
YpaBHEHUsI PErPECCUU UCIIONb3YIOT TaKke t-kpurepuii CThrosieH-
Ta. PaKTUYeCKoe 3HaueHHe t-KpuTepusi CpaBHUBAIOT C TAOJIM4-

HBIM C yYETOM 4YHMCIIa CTETeHEer CBOOOABI Bapuaru V = N — k.
Ecmu ¢aktuyeckoe 3HaveHue t-kputepus OojbIe TaOIMYHOTO,
CBSI3b JIOCTOBEPHA, €CIIM MEHbIIIE — HECYIIIECTBEHHA.

§ 4. MHaoromepHbIH aHAIH3

@aKTOPHLIA aHATHN3

IIpyn ananu3e HPKOHOMHYECKUX SBJICHUM U IPOLECCOB
4acTO MPUXOJUTCS CTAJIKUBATHCS C MHOTOMEPHOCTBIO MX OIU-
CaHMUsA, TO €CTh C HEOOXOUMOCTBIO YUUTHIBATH OOJIBIIIOE YHCIIO
npu3HakoB. IIpu MHOrooOpaszum NpuU3HAKOB HE Bcerja mnpe-
CTaBJIIETCS BO3MOXHBIM Cpa3y BBbIIEIUTH Haubosee cyllle-
CTBEHHbIE, TJaBHbIE U3 HUX. [103TOMY €CTEeCTBEHHOM MOIBIT-
KOH SBJIIETCS BO3MOXKHOCTh CKOHIIEHTPUPOBATh HH(OPMAILINIO,
BbIpa3uTh OOJIBIIIOE YUCIIO MCXOJHBIX KOCBEHHBIX MPHU3HAKOB
OJIHUM WJIM HECKOJBKMMHU Haubolsiee eMKHUMH, UH(POpMaIMOH-
HBIMU Tpu3HaKaMu. Ha30BeM nX OCHOBHBIM IpHU3HAKAMHU.

OCHOBHBIE TIPU3HAKH KOHCTPYHUPYIOTCS TIO ONpPE/IEIIeH-
HBIM aJTOPUTMaM Ha OCHOBE MCXOJHBIX, €AMHUYHBIX MPHU3HA-
KOoB. OCHOBHbBIE ITPU3HAKH JOJKHBI OBITH HanOOJIEe CYIIECTBEH-
HBIMH, OTPENENAIONMMHU. VIMEHHO 111 TAKOr0 MHTErPUPOBAHUS
uHbopMalMKd U HcToNb3yeTcs (akTopHbId aHamu3. CyIIHOCTb
€ro 3aKJIK0YaeTCsl B ONMCAHUM U 3aTEM B IIEPEXO/IE OT ONUCAHUS
00beKTa OONBIIMM HAOOPOM EIUHUYHBIX, HEMOCPEIACTBEHHO
U3MEpSEMbIX MPU3HAKOB K ONMUCAHUIO MX MEHBLIMM YHCIOM
CKOHCTPYHPOBAHHBIX WHTETPAJbHBIX TEPEMEHHBIX, OTPaXKaro-
IIMX HanOoJiee CyIECTBEHHBIE YEPThI UCCIETYEMOTO OOBEKTA.
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DaKTOPEL — OCHOBHBIC MPU3HAKH, SBIISIOIINCCS HEKO-
TOPBIMU (YHKLUSAMYU €IUHUYHBIX UCXOAHBIX PU3HAKOB.

O6masa cxeMa JHUCIIEPCHOHHOI0 aHAJIHN3A

B sKxoHOMUMKE YacTO BCTpe4aroTCsi 0OBEKTHl UCCIIEI0Ba-
HUsI, COCTOSIHAE KOTOPBIX ompeaensercs (pakTopaMu, HE UMEro-
IIMMH KOJIMYECTBEHHOH oOueHKH. Takumu ¢akTopamu MOTyT
OBbITb HEyIpaBisieMble U YIpaBIsieMble NIEPEMEHHbIE, KOTOpbIE
M0 KaKUM-TTHOO MPUYMHAM HE TO3BOJISIIOT MPOU3BOIUTH UX U3-
MEpPEHUE B TAHHOM JKCIIEPUMEHTE, a TAKXKE TE€ HEKOHTPOJIUPYe-
MbI€ IIEPEMEHHBIE, YPOBHU BapbHpPOBAHUS KOTOPBIX MOXKHO
IIPOM3BOJIHO BBIOMpPATh M (PUKCUPOBATH BO BPEMEHHU.

HccnenoBanue (pakTopoB MO MX AUCHEPCUSIM Ha3BIBAIOT
JVCIIEPCUOHHBIM aHAJIM30M. J[UcriepCHOHHBINA aHaau3 ObLI
npeIoxken P. ®umepom u pa3sut A. Heiitcom.

OcHoBHas ujes OUCIEPCHOHHOI'0 aHAJM3a 3aKIIo-
YaeTcs B PA3JIOKCHUU OLICHKU OOIIEro paccessHust GyHKIHH Y
Ha COCTaBJIAIOUINE, 3aBUCSILNE OT:

CIIy4alHBbIX IPUYMH;

KaX/10T0 U3 pacCMaTpUBaeMbIX (PaKTOpOB;
B3aMMOJICHCTBUS (PaKTOPOB;

OLICHMBAHMS CTaTUCTUYECKON 3HAYMMOCTH JTUCIED-
cuit (aKTOPOB C y4e€TOM OIIMOKH BOCIPOM3BOIM-
MOCTH OIIBITA.

JlMcriepCMOHHBIN aHaIN3 MPUMEHSIOT Ui 00paboTKu
JAHHBIX MHOTO(AKTOPHBIX arpOHOMHYECKHUX U 300TE€XHHUYE-
CKHX OIBITOB, KOI/Ia OINpEAENseTCs] BIUSHUE OJHOIO WIH He-
CKOJIbKUX (PaKTOPOB Ha H3MEHEHHE KaKOro-Jnbo MpH3HAKa.
JlycriepcuOHHBIN aHallu3 OCHOBAaH HA MPUMEHeHUH F-kpurepus
@umepa u HCP (HaumeHblast CyniecTBeHHasi pa3HOCTh) IS
OLIEHKH pa3Iu4uil MeX/1y HCTOYHUKaMH Bapyalllu.

Jliist IpOBEPKU TMIIOTE3Bl O PAaBEHCTBE JUCIEPCHid (ak-
TUYECKOE 3HaYeHHe F cpaBHUBAIOT C TEOPETHUECKUM (Tabnuy-
HBIM) TIPU ONPEAEICHHOM YPOBHE 3HAYMMOCTH (BEPOSITHOCTU
CYXKICHHS).

AN NI NN
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I'umore3a o paBeHCTBE JUCHEPCUM NpU 3aJaHHOM
YPOBHE 3HAUUMOCTH IPUHUMAETCS, €CIU Fgaer < Fragn, B 3TOM
Cllydyae CUMTAETCs, YTO OOIIas Bapualus ONpeIeseTcs Ciy-
YallHBIMM NPUYMHAMH U HE 3aBUCUT OT JIEUCTBHS TPYNIIHUPO-
BOYHOTO (PaKTOpa, TO €CTh PA3IUUUS MEXIY CPEIHUMH HECY-
mecTBeHHbl. Eciau ke Fyar > Fragn JaHHAA TUIIOTE3a OTBEpra-
€TCSl U Pa3sInyusl MEXAY AUCIEPCUSIMH CUUTAIOTCSI CTaTUCTH-
YECKU 3HAYMMBIMH.

Kpome oOmieil OLEHKH pPa3iIuyuil MEXAYy CpPEIHHUMH,
JUCIIEPCUOHHBIA aHAIW3 MO3BOJISIET JaTh OLIEHKY pa3iuduil
MEX/1y apaMu CpEHUX.

Haumensmias cymectBennas pasnocts (HCP) — Benu-
YiHa, yKa3bIBaloLlasi TPAaHMIly BO3MOXKHBIX CIIy4alHbBIX OTKJIO-
HEHUU B 3KCHEPUMEHTE, KOTOPAsl B JAHHOM OIIbITE MPU3HAETCS
cymectBeHHoi mpu 5%-aom (HCPgs) wmu 1%-nHom (HCPy;)
YPOBHE 3HAUMMOCTH.

Knacrepusrit anaans

HrracrepHbprFi aHa/m3 TpencTaBiseT coOOW MeTo[
JIeNIeHUs] CTaTUCTUYECKOW COBOKYMHOCTH Ha 4acTu (TPYIIIHI,
KJIaCChl, KJIacTepbl) OJHOBPEMEHHO IO BceM Haubosee cylie-
CTBEHHBIM IIPU3HAKAM.

Knacrepnpiii aHanu3 mo3BOJIIET BHA4aje IO ONpeie-
JICHHBIM KOJMYECTBEHHBIM KPHUTEPHUSM BBLACTUTH TPYIIHI O
KOMIUIEKCY MPU3HAKOB, a 3aT€M TEOPETUYECKH 000CHOBAThH Ka-
YECTBEHHOE CBOCOOpa3ne BBIJICICHHBIX YaCTeH COBOKYITHOCTH.

Haubonee cyimiecTBeHHBIM ¢ METOJOIOTHYECKONW TOUKH
3peHHUsI IPU KJIACTEPHOM aHAJIU3€E SBJISETCS CISAYIOIIEE:

a) oOpa3oBaHHME €IMHON Mephl, OXBATHIBAIOIIEH BCE

IIpU3HAKY;

0) YKCTO KOTMYECTBEHHOE OMpeACTICHUE TPAHUI] TPYIIIL.

OTH MOAXOABl HAXOMAT OTPAXKEHUE B CICAYIOIIEM all-
TOPUTME KJIaCCU(UKAIINU:
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1. Ilycts umeercs 1, 2, ..., J, ..., M 00BEKTOB KaXKIbI
U3 KOTOPBIX Xapakrepusyeres 1, 2, ..., 1, ..., K mpu-
3Hakamu. Torjga 3HadeHue I-ro mpu3HaKa 1o J-My
00BbEKTy MOXKHO 3anucaTh Kak Xjj. CtaBuTCs 3a1a4a
MIPOBECTH KJIACCU(PHUKAIMIO EAUHUI] OJHOBPEMEHHO
1o BceM K mpu3Hakam.

2. TlockonbKy KaxIblii W3 MPHU3HAKOB HMEET CBOIO
pasMEpHOCTh U EIUHMIY H3MEpEeHMs], NPU3HAKU
ClIleyeT IPUBECTU B CONOCTaBUMBIA BHJ, YTO MO-
KeT OBITh C/IENaHO 4Yepe3 HOPMHUPOBAHHOE OTKIIO-
Henue tjj. C 5Tol 1enbIo cllenyer:

— HaifTH X; — Cpe[Hee 3HaYeHHEe MO KaxaoMy u3 K
[IPU3HAKOB,

— HaliTH Oj — cpeiHee KBaJpaTHUYeCKoe OTKJIOHe-
HHE 110 KXJ0MY U3 K pr3HaKoB;

X =X

of
OcymiecTBuB mepexo oT Xjj K tjj, MOIyduM equHu-
IIbI CBOOOJIHBIC OT COJIEPKAaHUS, UMEIOIINE C BBICO-
KOW CTEIMEHBI0 HAJICKHOCTU TPAHMIIBI B TIpEesiax
1+30. C HOPMUPOBAHHBIMU OTKJIOHEHUSMU MOKHO
MPOBOJIUTH JIFOOBIEC alreOpanyecKkue orneparuu, ye-
O HeNb3sl ObUIO JeNath C Xij.

3. BriOupaercst GyHKIHS COCTOSIHUS MEXTy OOBEKTa-
MU (€IUHUIIAMU HaOIr0IeHns). B KauecTBe TakoBOM
MOJKET BBICTYIIATh €BKJIMIOBO PACCTOSTHUC

— MPOHOPMHPOBATS Xjj Kak t; =

4. Ecnu yucno KiaccoB (KJIACTEPOB) M3BECTHO 3apa-
Hee, TO YCTAaHABJIMBAIOTCS THIMYHBIE MX TIPEJICTAa-
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BUTEIIM, TO €CTh ONPEACISAIOTCS 3HAYECHUsS MpH3Ha-
KOB I10 TUITUYHBIM MPECTABUTEIISM.

Ecnu yncno xinacTepoB 3apaHee HE 3a/1laHO M HEU3BECT-
Hbl UX TUIHUYHBIC MPEACTABUTEIH, TO MX YHUCJIO MPUHHUMAeM
ycnoBHO paBHBIM C. Kaxkapiii 13 0OBEKTOB CIIEyeT OTHECTH K
tomy u3 C-KjaccoB, ¢ KOTOPbIM OH MMEET MUHUMAaJIbHYIO (IO
CPaBHEHHIO C JIPYTMMH KJIACCAMM) BENUYMHY (YHKIMU OJIH30-
CTH (paccTosHUsA).

Tak xak Bo BTopoM ciy4ae yucio C HEHM3BECTHO, OHO
rmoaOupaeTcss METOA0M Iepedopa.

8. MATEMATUYECKHNE METOBI AHAJIN3A XO-
SANCTBEHHOU NEATEJIBHOCTHU

§ 1. IloraTHE MPOH3BOJCTBEHHBIX (OYHKITHE

JIBr>KeHUE ¥ M3MEHEHUE Pa3IMYHBIX MPOLIECCOB BCEraa
MPUYMHHO 00YCOBIeHO. Uepe3 BIMsIHHE MPUYMHHBIX OTHO-
IIEHUI MO3HAETCS CBS3b MEXKY SBICHUAMMU.

CBsi3u, KOTOpBIC BBISBISIOTCA MPHU OOJBIIOM YHCIIE
HaOTIOJICHUH W TIPOSIBISIFOTCS B TOM, YTO U3MEHEHHUE 3HAUYCHHUS
oJIHOTO (haKTOpa MPUBOIUT K U3MEHEHUIO CPEIHET0 3HAYCHHUS
JIPYroro, Ha3bIBAOT CTATHCTHYECKHMH, WIH KOPPEJIALH"
OHHBIMH CBA3IME.

BoJBIIMHCTBO MPOLECCOB M SIBICHUN CBSI3aHBI MEXIY
cO00# KOPPETSAIUOHHBIMU 3aBUCUMOCTSIMU, KOTOPBIE OOBIYHO
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BBIP)XAIOT B BHUJIE ONpeaeieHHor QyHKuuu. DyHKIMs, 0T00-
pakarolias CTATUCTHYECKYIO CBSI3b MEXIY Pa3IHYHBIMU BEJIH-
YMHAMU, HAa3bIBACTCS YPABHEHHEM PErpecCHH.

B srom ciywae ¢yHKIMs npejacraBiser codoil Mmarema-
THYECKYIO MOJIeNTb MHOTO()aKTOpHOTrO Tmporecca (WiIH OTAEb-
HBIX €r0 CTOPOH), KOTOpas yCTAaHABIMBAECT CBS3b MEXKIY H3Y-
YaeMBbIMHU SIBJICHUSIMH, YTO MO3BOJISIET ONPEACIUTD 0KUJAeMOe
3HA4YCHUE pPEe3yJibTaTa MPOU3BOJICTBA B 3aBHCUMOCTH OT JICH-
CTBYIOIIIUX HA HETO (DaKTOPOB.

MareMaTHYeCKOe BBIPAKECHHE dKOHOMUYECKHX U TEeX-
HOJIOTHYECKUX 3aBHCUMOCTEH M3y4aeMoro oObeKTa Ha3bIBaeT-
Csl IPOH3BOSCTBEHHOH QYHKIIACH.

IIponsBoncTBeHHEIE (DYHKIIMK BBIPAKAIOT B3aHMO-
CBsi3b (DAaKTOPOB C pe3ysibTaTaMu MPOM3BOJCTBa. VX 3amaveit
SBIISICTCS MICCIICIOBAHUE KOJMYECTBEHHOW MEpBI BIMSHUS MPO-
W3BOJICTBEHHBIX (PAKTOPOB Ha KOHEYHBIC PE3YNIbTaThl, TO €CTh
BBISICHEHHE KOJIMYECTBEHHBIX XapaKTEPUCTUK CBA3H MEXKIY 3a-
TpaTraMH MPOU3BOACTBEHHBIX PECYPCOB U BBITYCKOM MPOIYK-
UH.

[TpouzBosacTBEeHHBIE (DYHKIIMU MOTYT OBITh BBIPAXKEHbI
B BUIC TAOJHI], TPAHKOB N AHAJTHTHYECKHX YPABHE-
Hur. Hanbonee pacnpoCTpaHEHHBIM CcHoco0  BBIpRXKEHUS
MIPOU3BOJICTBEHHBIX (YHKIMN — aHAIUTHYECKUH, T. €. B BUJE
anredpandeckux Gopmy.

B oTnuune OoT AKOHOMHKO-MaTeMaTHUECKUX MOJIENEH,
MOJIeJIb NPOU3BOACTBEHHONH (DYHKIMM ONUCHIBAIOT OJHUM
yYpaBHEHHEM, B KOTOPOM pe3yJbTaT MPOM3BOJICTBA IPEICTaB-
JSIOT KaK QYHKIUIO N HE3aBUCHMBIX BEIMYHH-()AKTOPOB.

B obmem cityuae KOHEUHBIH pe3yabTaTUBHBINA MOKa3a-
Teslb 0003HavaeTcs y, a (PakTopbl MPOU3BOACTBA — X1, X2, ..., Xn
u uccaenyercs pyukmus Y=F(x1, X2, «.., Xp).

Jlist MaTeMaTU4ecKoro BBIPAKEHHUs TPOU3BOICTBEHHOM
(GYHKIMU B KaXXJA0M KOHKPETHOM Cllyyae HaxoJAT BHJ anreo-
pamyecKoro ypaBHEHHs, KOTOPBIH COOTBETCTBOBaJI ObI MCCIIe-
JyeMBIM B3aUMO3aBHCHMOCTSIM.
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B cBsi3u ¢ TeM, 4TO MPOU3BOACTBEHHBIC (PYHKIIMH MPE/I-
CTaBJISIIOT KOPPEJALMOHHBIE 3aBUCUMOCTH, U3YYEHHE KOJINYe-
CTBEHHOTO BJIUSHUS PA3IUYHBIX (AKTOPOB Ha PE3yIbTAThI
MPOU3BOACTBA MPOBOJMUTCS HA OCHOBE METOJIOB MaTeMaTH4e-
CKOM CTaTUCTUKHU M, B YaCTHOCTHU, METOAOB KOPPEIALHOHHO-
PErpecCUOHHOIO aHaIu3a.

KoppensaumonHelii aHanu3 KOJIUYECTBEHHO OLIEHHUBAET
CBA3b MEXY JBYMS WM HECKOJIbKHUMH B3aUMOJIEHCTBYIOIIMMHU
sBiIeHUAMU. Ero npuMeHeHue 1mo3BoJsieT ONpeieanTh HaTNInue
U TECHOTY CBSI3U MEXIY ABJICHUAMHU. PerpecCMOHHBIN aHaAIU3
JTa€T BO3MOKHOCTh YCTaHOBUTb, KaK B CPEIHEM H3MEHSETCA
pe3yJAbTAaTUBHBIA MPU3HAK O] BJIMUSHUEM OJHOIO WM He-
CKOJIBKUX (haKTOPOB.

C MoMOIIBIO MTPOU3BOJICTBEHHBIX (PDYHKITHIA HCCIIETYIOTCS
TaKue Ba)KHbIE IKOHOMHUYECKHE MOKa3aTenu, Kak 3pHeKTUBHOCTh
WCIIOJIb30BAHUSI TPYJOBBIX PECYPCOB, MPOU3BOACTBEHHBIX (DOH-
JIOB, BONPOCHI BIIMSIHUSL HAYYHO-TEXHUYECKOIO MPOrpecca Ha Ko-
HEYHBIE PE3yJIbTaThl IPOM3BO/ICTBA, TEMIIBI U MTPONOPLMH SKOHO-
MHUYECKOI'0 pa3BUTHS U JIp.

$§ 2. Buasr mpor3BONCTBEHHEBIX QYHKITHE

Bun mpousBojcTBeHHON (yHKIMU Ompenensercs BH-
JIOM aNreOpandecKkoro ypaBHEHHS, C MTOMOIILI0 KOTOPOTO OIH-
CBIBAETCS €€ MaTeMaTH4YecKasi MOJIEINb.

Haubonee mpocroit (QpyHKIIMOHAIBHONW 3aBUCHUMOCTHIO
SBIIAETCS JIMHEWHas, Tpaduvecku u3o0pakaemasi MpsIMOi Ju-
Hueli. Ee oOmmii Bua;:

y=a+bx

re y — 3aBUCHMast TepeMeHHast (Pe3ybTaT MPOU3BOICTBA);
X — He3aBUCUMasl TepeMeHHast ((hakTop MPOU3BOJICTBA);
au b — mapameTpsl ypaBHEHHUS.

[TapameTp a XapakTepu3yeT HAYaJ0 OTCYETa pPacyeT-
HBIX 3HAYEHUH y TpU ONpEeIeNICHUH MPOU3BOJICTBEHHON (DyHK-
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iun. [Tapametp b HaspiBaercs ko3 dunnenrom perpeccun. OH
MIOKA3bIBAET, HA CKOJBKO BO3PACTAET BEJIMUMHA Y TIPU U3MEHE-
HUM (akTopa X Ha enuHUILy. Takoi BUJ (QYHKIIMHM TPUMEHSIOT
B TOM Clly4ae, KOTJa C BO3pacTaHHEM IPOM3BOJCTBEHHOIO
(dakTopa X pe3ynbTaT MPOU3BOACTBA Y H3MEHSETCS MPOMOPIIH-
OHAJIBHO.

Yame HSKOHOMHYECKHE 3aBHCHUMOCTH OIMCBIBAIOTCS
YPaBHEHUSIMH KPHBBIX: B BUJAC KBAJPATHYHOH QVHKI[HH
apaboJIHIecKoro THIA sl BBIPAKCHUS 3aBHCHMOCTH
MEXIy (pakTopaMu MPOU3BOJCTBA M PE3yJIbTaTaMH, KOTIa yBe-
andeHne (akTopa HIST paBHOMEPHO, a Pe3yNbTaT IMPOU3BOJ-
CTBa PE3KO BO3PACTACT WM yOBIBAET:

y=a+bix+box?2

YpbaBHEHHA PHH€p60JI£I — i1 BBIPAKCHUA O6p8.THO IIpo-
HOpL[I/IOHaHBHOﬁ 3aBUCHMMOCTH:

b
y=a+—
X
31ech MpeanoiaraeTcs, YTo 4acTh pacxoAoB (&) pacrer
MIPOTIOPIIMOHAIBHO BBIXOY MPOIYKIIUM, @ OCTaTbHAsA YacTh UX
(b) ocTaeTcst MOCTOAHHOIA.
Jns BBIpaKEHUS SKOHOMHUYECKUX B3aMMOCBSA3EH MC-

NOJIB3YeTCSl CTEITeHHAS Oy HKI[HA BUA:
rae b — koadduiment perpeccun. OH MOKa3bIBACT, HA CKOJIBKO
MIPOIIEHTOB M3MEHHUTCS pe3yJbTaT MPOU3BOJICTBA y NMPHU U3Me-

HEHHUH OJHOTI'0 U3 €TI0 (baKTOpOB Ha OJWH HNPOLUCHT IIpHU HCHU3-
MCHHOM 3HaA4YCHHUHN OCTAJIbHBIX (I)aI(TOpOB.

3aBUCHUMOCTh pe3yJbTaTa MPOU3BOJICTBA OT ABYX M 0O-
nee (aKTOpOB Ha3bIBa€TCS MHOXKECTBEHHOW perpeccuei, a
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YpaBHEHUE, BBbIPAXAloOIIee HMX CBSI3b — YPaBHEHUEM MHOKE-
CTBEHHOU perpeccuu. MHorodakTopHoe JIMHEHHOE ypaBHEHUE
perpeccuu UMeeT BU:

y=a+bi1xi+baoXo+...+bnXn

rJie Y — Pe3y/IbTaT MPOU3BOJICTBA;
X1 X2,..., Xn — (PAKTOPBI IPOU3BOICTBA;
by, by, ..., by — KO3 GHULIHEHTHI perpeccHu.

KoaddunmenTs! perpeccuu MoKa3bIBalOT, HA CKOJIBKO B
CpeIHeM yBEIHUYWICA OBl Pe3yNbTaT, MPOU3BOJCTBA Y MPH H3-
MEHEHHUHU COOTBETCTBYIOIIETO (pakTopa MpOU3BOJICTBA X HA OJI-
HY €IWHUILY, eclii Obl BIHMAHUE OPYruX (PaKTOPOB, BKIIOUYCH-
HBIX B JJAHHYIO MOJIEJIb, OCTABAIOCh ObI HCH3MEHHBIM.

Jisi MaTeMaTH4ecKOro BBIPAKEHUS SKOHOMHUYECKHUX
B3aMMOCBSI3€H UCTONB3YIOTCS U HEKOTOPBIC IPYTHUe MPOU3BO/I-
CTBEHHBIE ()yHKIIHH.

UtoObI mpaBUIILHO MOA00paTh BHUI alreOpandeckoro
ypaBHEHHsI, HEOOXOAUMO B KKIOM KOHKPETHOM CiIydae Mpo-
BOAWTH TIIATEIbHBIA KAaueCTBEHHBIM aHAIU3 MOAECTUPYEMOTO
mporecca ¢ IebI0 BBISIBJICHUS XapaKTepa €ro B3anMOCBS3EH.
ITpu 5TOM Ha OCHOBE JIOTUYECKOTO aHallu3a BHIOMpAIOTCS pe-
3yJIbTATHBHBIN TOKa3aTeldb W (PaKTOpbl MPOU3BOJCTBA, OIpE-
JEJSIOIME ATOT OKa3aTelb.

Cpemun MHOXecTBa (haKTOPOB, BIHMSIONIMX Ha TPOH3-
BOJICTBO BBIOMPAIOT IJIaBHBIE, KOTOPHIE CYIIECTBEHHO BIHSIOT
Ha pe3yJabTaThl MPOU3BOJICTBA H MOTYT OBITh U3MEPEHBI KOJIH-
4YeCTBEHHO BimsiHME e BTOPOCTENEHHBIX (aKTOPOB B MPOIIEC-
Cce OTIpeIeTICHUsT IPON3BOJICTBEHHBIX (DYHKIINH YCPEIHSIETCS.

B kauectBe undopmanmu s onpeaeneHus mMponu3Bo/I-
CTBEHHBIX (PYHKIIMM MOTYT OBITH PE3yJIbTaThl MPOBOJIAMBIX
OTIBITOB, CIEIUATBHBIX HAOTIOACHUH WM CTAaTHCTUYECKUE
JaHHBIE O TIPOU3BOACTBEHHOH IEATEILHOCTH HA TIPEATPUSITHH.
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§ 3 Pacuer mapaMerpoB MPOH3BOJCTBEHHBIX
QDyHKIHIE

Pemennie npou3BOJACTBEHHOW (YHKIIMM COCTOUT B
OTBICKaHUU €€ MapaMeTpoB: a, by, b, ..., by.

PaccmoTpuM nipuMep JMHEMHON 3aBUCMMOCTH BajlOBOM
npoAyKu# (y) OT ABYX HPOHM3BOJCTBEHHBIX (DaKTOPOB: CTOM-
MOCTH TPOU3BOJICTBEHHBIX OCHOBHBIX (OHIIOB (X1) M 3arpar
Tpyaa (X2):

y=a+bixi1+baxs

3HAYCHHUS Y, X1, X2 ONPEICIISAIOT 10 OTYETHBIM JaHHBIM
COBOKYITHOCTHU MPEIIPUATHH, 2 HICKOMBIMH XapaKTePUCTUKAMHU
SBISIOTCS @, D1, D2, KOTOpBIE pacCYMTHIBAIOT METOJIOM
HaMMEHbBIINX KBaapaTtoB ucnoib3ys Excel (Cepsuc — Ananus
naHHbIX — Perpeccus).

Tabnuna 8.1. Hexogebre gqaHHBIE I OIPEgeIeHHA
IIPOH3BOICTBOHHOH (DY HKIIHH

IIpousBoACTBEHHBIE 3arpatsl Basnosas
Ho1:/[ep OCHOBHbIE (DOH[IBI, Tpyaa, MIPOAYKIIHS,
X03AHCTBA
MJIH. pPy0. MJTH. Yell.-4. MJTH. pyO.
X1 X2 y
1 9,5 0,75 5,6
2 6,4 0,63 3,7
3 7,5 0,60 4,0
4 8,0 0,71 4,7
5 91 0,65 51
6 6,5 0,50 3,2
7 9,0 0,70 5,3
8 7,1 0,62 4,1
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9 5,9 0,47 3,0

10 6,3 0,58 3,9

B cpennem 7,53 0,621

B pesynbrare BBINONHEHHSI PErPECCMOHHOIO aHalIU3a
IIOJTyYEHBI CIIeYIOIME 3HAaUeHHsI 1apaMeTpOB:

a=—1,4036,b1=0,4226, b2 = 3,9961
CrenoBatTenbHO, MPOM3BOICTBEHHAS (DYHKITUSI UMEET BHI:
=—1,4036 + 0,4226x1 + 3,9961x2

Haunbonee BakHOW XapaKTEPHCTUKOW MPOU3BOACTBEH-
HOW (DyHKIMM sBISETCA MOKa3aTelb CpeAHEH MPOU3BOJUTENb-
HOCTH (MM 3PPEKTUBHOCTH) PECYPCHBIX (DAaKTOPOB X1 U X2.

CpenHsisi MPOU3BOAMTENBHOCTh IEPBOro pecypca (oc-
HOBHBIX (DOHJIOB — X1), paBHast KO3(GQHUIUMCHTY MPH X1, MTOKa-
3bIBA€T, HA CKOJIBKO €MHUI] YBEJIMYUTCS BAJIOBas MPOIYKINS B
CpeIHEM IIpU YBETMYEHUN OCHOBHBIX (DOHIIOB HA €MHHILY, T.C.
IPUPOCT OCHOBHBIX (POHAOB Ha | MIIH. pyO. cOnpoBOXKIaeTCS
MPUPOCTOM NPOAYKINHU B cpenHeM Ha 0,4226 miH. pyO.

CpenHsis NpOU3BOJUTEIBHOCTh BTOPOTO pecypca (3a-
TpaT Tpy/Aa) MOKa3bIBAET, YTO YBEIMYEHHUE 3aTpaT Tpyna Ha |
MJIH. 4eJl.-4. 00ecreunBaeT NPUPOCT NPOAYKIMH B CPEAHEM Ha
3,9961 muH. pyoO.

B skoHOMMYECKOM aHanu3e BaKHBIM SBIISETCS COIO-
CTaBJICHHE TEMIIOB MPHPOCTA PECYPCOB C TEMIIAMHU IMPHPOCTA
NPOAYKIUH, TO €CTh TOTO, HAa CKOJIBKO MPOLIEHTOB YBEINUUTCS
BBIITYCK TPOAYKIMH TP YBEIHMUSHUH JTAaHHOTO pecypca Ha 1%.
Takue moka3areny TMONYYWId Ha3BaHUC KOIQDDHIIHEHTOB
JIACTHYHOCTH.

KoaddunmenTt snactuyHOCTH BBITYCKa HMPOAYKIMH IO
¢doHmam (X1) paccuuThIBaeTCS 1Mo GopmyIie:
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b,x1 0,4226-7,53 3182178

E = el = = ~0,75%
a+boxi+b,x, —14036+0,4226-7,53+39961-0,621 4,2601561

Takum oOpasom, Ha 1% mnpupocTa XiMPUXOIUTCS
0,75% npupocrta npoLyKLIHH.

B dopmyne 3HaueHuss X3 W Xz B3SATBI HAa CPEIHEM
ypoBHe. B obmem ciydae k03hGUIHEHT 3J1aCTUYHOCTH H3MeE-
HSIETCS C U3MEHEHUEM YPOBHS caMoro (hakropa.

KoaddunmeHnTt smacTuyHOCTH BBITYCKa MPOAYKIIMH IO
BTOpOMY (hakTopy (X2) ONpenensieTcs: aHaJOTUIHO:

O 3,9961-0,621 _ 2,4815781

=2 = = ~0,58%
a+bxi+b,x, —14036+0,4226-7,53+3,9961-0,621 4,2601561

Ha 1% mnpupocra 3aTpar Tpyna npupocT HpOAYKLUHU
cocrtaBurt 0,58%.

BaxxHo 3aMeTHTh, UTO €ClIM BBIXOJ MPOAYKLUHU YBEIIH-
qyuBaeTcsi 6osee ObICTPHIMM TEMIIAMH, Ye€M HPUPOCT (akTopa,
TO KOA(P(QUIUEHT 3IaCTUYHOCTH OOJbIIE E€IUHUIIBI, €CIU XKe
IPUPOCT MPOIYKIIUU OTCTAET OT TEMIIOB MPUPOCTa PaKTopa, TO
E<1,0. IIpu ogHOBpEeMEHHOM PACCMOTPEHUHU HECKOJIBKUX (Pak-
TOPOB KO3 (UIIMEHTHI TACTUYHOCTH MOXKHO CJOXHTh U I10-
JYyYUTh CYMMAapHYIO 3JIaCTUYHOCTh Npou3BojacTBa ) Ei. Ecmu
Y'Ei >1,0, To BBIXOA MPOAYKIUH BO3pacTaeT 0ojiee BHICOKUMH
TeMIaMu, 4eM npupoct ¢akropos. B nHamem npumepe E1+E; =
0,75+0,58=1,33>1,0.

PaznnunbiM 00pa3zoM KOMOMHUPYS (aKTOpPBI-pPECYPCHI,
MOKHO OO€CNeUYuTh OJMHAKOBBIN ypOoBeHb Mpou3BojcTBa. U3
3TOTrO CIIEAyeT, YTO B OMNPEIENIEHHBIX MpeaesaXx MOXKHO T'OBO-
PUTH O BO3MOXHOCTH 3aMELIEHUS OAHOIO pecypca IpYrum
(HEIOCTaTOK TPYIOBBIX PECYpCOB MOKPHIBaTh OOJbIIEH OCHa-
IIEHHOCTHIO (DOHAAMU U T. 11.).
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Comnocrasiisis IOKa3aTenu CpeaHe MPOU3BOIUTEILHOCTH
Pa3IUYHBIX PECYPCOB, MOXKHO OLIEHUTH UX OTHOCHTEIBHYIO BaXK-
HOCTh C TOYKHM 3PCHUS 00ECIICUEHHSI BHIXO0/Ia TIPOTYKIIUU U OTIpe-
JeTIUTH CPeTHIE HOPMBI 3aMEILIEHUsI OHOTO Pecypca IpYTruM.

W3 namero mpumepa ciieiyeT, 4TO MPUPOCT €IUHHUIIBI
dhonmoB obecrieunBaet 0,4226 eaAMHUIBI BBITYCKA MPOIAYKIIHH,
a MpUPOCT eArHHIBI Tpyaa — 3,9961 equannsl. [loatomy ms
BBICBOOOXIeHUs 14 Tpyna HeoOxomumo 9,46 pyO. ¢dhoHAOB
(3,9961:0,4226). Ecnu mpeAnonaoxutb, 4TO B CPEIHEM OJIUH
pabotHMK 3a rTon otrpabarbiBaeT 1800 yenoBeko-4acoB, TO
¢dbon0BEI ananor paboTauka cocraBut 1800-9,46=17028 pyo.
DTy OLEHKY MOKHO HCIOJb30BaTh MPH OMpPEIEICHUH OO0IIero
PECypCHOTrO MOTEHIMAaa X035CTBA.

[IpousBocTBeHHBIE (YHKIIMHU MOMXHO HCIOJIb30BaTh
Kak Ui IUIAHUPOBAHMUS psAlla MOKa3aTelIed CebCKOXO03sM-
CTBEHHOT'O NPOU3BOJCTBA, TaK U MPH OOOCHOBAHUHU BXOJHOMU
nHOpMAUU TSI IKOHOMHUKO-MATEeMAaTUICCKUX MOJICICH JIH-
HEHHOTr0 MPOTrpaMMHUPOBAHHUSL.

9. MATEMATNYECKHUE METO/JBbI
B ITPO'HO3UNPOBAHUU

§ 1. I]estp, THIIBI H CIIOCOOBI IIPOrHO3HPOBAHHA

IIporso3 — HayuyHO 0GOCHOBAaHHOE CYXKIECHHE O BO3-
MOXXHBIX COCTOSTHHUSX OOBEKTa B OyIyIleM, albTepPHATHBHBIX
MYTSIX U CPOKAX UX OCYILIECTBIICHHUS.

Iless sSKOHOMMYIECKOTO IPOTHO3UPOBAHUS — MPE/I-
CKazaHue OymymuMX TMOCIEACTBUN XO3SUCTBEHHBIX PEIICHUH,
MIPUHUMAEMBIX B TEKYIIIM MOMEHT BPEMEHH.

KnaccnpuimpyioTr OpoOrHo3sl oo PpasIdIHBIM
OpU3HAKAM.

104



B cooTBeTcTBHUH C MPOOAEMHO-IIEAEBBIM ITPHU-
3HAKOM Pa3INYal0T ITOHCKOBBIH N HOPMATHBHBIH TIPOTHO3bI.

IlorcroBEIF mPOrHO3 — 3TO TPOTHO3 OIPEICICHHUS
BO3MOJKHBIX COCTOSIHUH SIBJICHHUS B OyIyIleM, OTBEUAOUIH Ha
BOIMIPOC: YTO BEPOSITHEE BCETO MPOU3OMIET MPHU YCIOBHH CO-
XpaHeHus JEeHCTByOIUX TeHAeHIMi? Ero merox — akcrTpa-
OJIAITHAS.

HopMmaTuBHBIF OPOrHO3 BBHIIOIHAETCA C  LENBIO
OTIpEJIeJICHUs] MyTel U CPOKOB JTOCTH)KCHHUS BO3MOXKHBIX CO-
CTOSIHUM 0OBEKTa MPOTHO3WPOBAHUS B OyIayIlleM, MpUHUMAE-
MBIX B KaudecTBe 1einu. OCHOBHOM METOJ MPOTHO3UPOBAHUS —
MHTEePIIOJISINAS.

[Io KpuTepuio HOPUPOALI OOBEKTA BBIACISIOT
MIPOTHO3BI:

" conmaJibHEIE (B TOM YHCie 1eMorpaduyecKue);

* pecypcHBIe (NPUPOAHbIE, MaTepUANbHbBIE, TPYAO-

Bbl€, PMHAHCOBHIC);

"  HAy9YHO TEXHHYIECKre (NIEPCIEKTUBBl Pa3BUTHI
HAaYKHM U TCXHUKU U BIUAHUC ITUX I[OCTI/I)KCHI/Iﬁ Ha
SKOHOMHUKY);

" 00IecTBeHHEIX H JHYHEIX [TOTPEOHOCTeH
(ctipoc, motpebneHue, noTpedbHOCTH B 0OOpa3oBa-
HUU, 3APaBOOXPAHECHUH, KyIbType U T.11.).

[To kpuTEpPHUIO BPEMEHHU BBIIEISIOT MPOTHO3HI:

* omeparuBHEIE (10 1 Mecaia);

*  EpaTrocpovHEIe (0T 2 MecsIeB 10 1 rona);

= cpegrecpogrsre (ot 1 1o 5 ner);

= gourocpoursie (ot 5 o 15 ner);

*  fgajibHecpodHEIe (cBbie 15 ner).

[To KPUTEPUIO CAOKHOCTH Pa3TUYAIOT IPOTHO3HI:

*  CBepXIOPOCTOH;

=  [IPOCTOH;

"  CJIO)KHBIH;
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"  CBEpXCJIOXKHFBIH.
OTH MPOTHO3BI OTIMYAIOTCS HAIWYMEM B3aUMOCBS3aH-
HBIX MIEPEMEHHBIX B UX ONHUCAHUH: B CBEPXIPOCTOM IPOTHO3E
OTCYTCTBYIOT B3aHMOCBSI3H, M CBEPXCIOXHOM — B3aMMOCBSI3H
TecHbIE (C KOA(PUITMEHTOM KOPPESAUH, OJIM3KUM K 1).
[Io creneHyn neTepMUHHUPOBAHHOCTH OOBEKTA
MPOTHO3BI MOTYT OBITh:
"  JeTepMHHHPOBAHHBIMH, TO €CTh 0€3 CyIIECTBEH-
HBIX [TOTEPh HH(POPMAIIMH B OIIMCAHUH YCIIOBUIA;
"  CTOXACTHIECKAMH, B KOTOPBIX TpeOyeTcsi ydeT
CITy4allHBIX BEJINYHH;
"  CMEINAHHEIMH, BKIIOYAIOIUMH XapaKTEepUCTUKU
JIBYX BBILICYKA3aHHBIX TPOTHO30B.
[To xkpuTepHuio xapakTepa pasBUTHUS OOBEKTa
BO BPEMEHU pa3lIM4aloT MPOTHO3bI:
" JJHCEPETHEIE, JUI1 KOTOPhIX XapaKTepeH TPEeH[ CO
CKAa4YKOOOPa3HBIMH H3MEHEHHSIMH B (PUKCHPOBAH-
HBIC TIEPUOJIBI BPEMEHU;
"  amepHoAHMYECKHe, KOTOpHIE NPE/ICTABICHBI B BU/IE
HETEePUOTUYCCKUX (PYHKIIMI BPEMEHHU;
"  IJHRJIAYECKHE, JUIsl KOTOPBIX XapaKTepHa Mepuo-
audeckast QyHKIHS BPEMEHH.
[To KpuTepHUio MacCIITa0HOCTH OOBEKTA pasiiu-
YarOT MPOTHO3BI:

" CyOIOKa/IBHEIE Jnst pupm,
® JIORaJIbHEIe OpraHu3aLMM,
» cymep.rokabHEIe (cyOrIoba sHEIe) TIpeANpPUSTHH

Hns crpan

u
IVI0bA.TEHETE } VI IPYIIIBL CTPaH

Bonpiioe 3HadueHWe B TPOTHO3MPOBAHHHM HMEET BBI-
OpaHHBI METOZ, 1 IIPHEM.

Ilpmem mporE03APOBAHAA — 3TO OJTHA WIIH HECKOJIb-
KO MAaTeMaTHUYCCKUX WJIN JIOTHYCCKHUX OHepaHHﬁ, HampaBJICH-
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HBIX Ha MOJYYCHHE KOHKPETHOTO pe3yibTara IpU HMpPOTrHO3U-
pOBaHUU (B KauecTBE IPUMEPOB MOKHO Ha3BaTh CIIIA)KUBAHUE
WIA BbIPaBHUBAHHE JMHAMHUYECKUX PSJIOB, pacueT CpeaHe-
B3BELLICHHOI'O 3HAU€HHsI BEJIMYUH U T.J.).

Meronq oporeo3upOBaHHAST — 310 CIOCO6 UCCIIC0BA-
HUS 00bEKTa MIPOrHO3UPOBAHMSI, HAIPABJICHHBIH Ha pa3paboT-
Ky IPOTHO3A.

CoOBOKYMHOCTb CHELMATIbHBIX IPaBUII, IPUEMOB U Me-
TOJIOB COCTaBJISIET METOAMKY IPOTHO3UPOBAHUSI.

K naunbosnee pacnpocTpaHEHHBIM METOJaM IPOrHO3U-
POBaHUSI OTHOCSTCS: DKCTPANOJISINSA, HOPMAaTUBHBIE PAcUETHI,
B TOM YHCJI€ MHTEPIOJISALUS, SKCIEPTHbIE OLEHKH, aHaJOIMs,
MaTeMaTHIeCKOE MOJICITUPOBAHUE.

OrcTpamoIanma — 510 MeToj1, IPH KOTOPOM TIPOTHO-
3UpyeMble IOKa3aTeld PacCUMTHIBAIOTCS KakK IPOAOJKEHHUE
JUHAMHYECKOIo psiia Ha Oynayliee MO BbIBIEHHOW 3aKOHO-
MEpPHOCTHU Pa3BUTUA. MeTO/] MO3BOJIIET HAWTH YPOBEHb psja 3a
ero mpeaenamMu B OyaymeM. DKCTpanosinus dpQGeKTHBHA I
KpPaTKOCPOYHBIX NMPOTHO30B, €CIIU JJAHHBIE TUHAMUYECKOTO psi-
71a BEIPQXKEHBI IPKO U yCTOWYHBO.

DKCTparosAus MOXKET OBIT B BHJIE TPEHIa, KOppess-
IIUOHHBIX W PETPECCHOHHBIX 3aBUCUMOCTEH, MOXET OBITh OC-
HOBaHa Ha (DaKTOPHOM aHaJU3e U JIp.

HopmaruBHEH MeTos NPOTHO3MPOBAHUS 3aKII0Ya-
€TCs B OTIPE/ICTICHUHN MTyTeH M CPOKOB JOCTIKEHHSI BO3MOKHBIX
COCTOSIHUHM SIBJICHHsI, IPUHUMAEMBIX B KayecTBE ILeTU. DTOT
METOJ| Yalle MPUMEHSETCS Ui MPOTPAMMHBIX WIIH IIETIEBBIX
MPOrHo30B. Mcnonb3yloTcs Kak KOJUYECTBEHHOE BBIPa)KEHHE
HOpMAaTHBa, TaK M OIpEeNIeHHAas IIKaia BO3MOXKHOCTEH, ore-
HOYHON (PYHKILIUH.

Meronq srcOepTHEIX OLEHOK WCIONb3yeTCs TMpe-
MMYIIECTBEHHO B JOJTOCPOYHBIX MPOTHO3aX. B kadecTBe JKc-
nepra BBICTYNAET KBAJU(UIMPOBAHHBIM cHENMAIUCT (Tpymma
CHEIHAMCTOB) M0 KOHKPETHON mpobiieMe, KOTOPBIH MOKET
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ClleNaTh JIOJITOCPOYHBIH M JIOCTOBEPHBIA BBIBOJ 00 OOBEKTE
MIPOTHO3UPOBAHUS. OTOT METOJ Yallle HCIOJIb3YETCS B TEX
Cly4asiX, KOrla TPYAHO KOJIUYECTBEHHO OLIEHUTH MPOTHO3HBIN
(GoH, ¥ crenUaNNCThl AENaloT 3TO Ha OCHOBE MOHMMAHHUS BO-
npoca. Ilo cymecTtBy, MHEHHE CIIEHHAINCTA — 3TO PE3yJIbTaT
MBICJIEHHOTO aHaJIu3a U 0000IIEeHNS TPOIECCOB, OTHOCAIIUXCS
K MPOIIIOMY, HACTOSAIIEMY U OyayleMy, Ha OCHOBaHUU CBOETO
COOCTBEHHOTO ONBITA, KBATU(PUKALNN U UHTYHUIIHH.

Merox agamorme npennonaraeT NepeHoc 3HaHUA 00
OJTHOM TIpenMeTe (SBIeHUH) Ha apyroil. Takoil mepeHoc BepeH
C ONpEeNeNIeHHON [0JIe JOCTOBEPHOCTH (BEPOATHOCTH), TaK
KaK CXOJICTBO MEX/y SIBIICHUSIMU PEIKO ObIBaeT MOJHBIM. Pa3-
JINYAOT HCTOPHYECKY) W MAaTeMATHYECKYK) aHAJOTHIO.
Hcropruecrkas aHatorus oCHOBaHA Ha YCTAHOBJICHUHU M HC-
MOJIb30BAaHUM AHAJIOTMH OOBEKTa MPOTHO3UPOBAHMS C OJIMHA-
KOBBIMHU 10 IPUPOJIE OOBEKTAMH.

Meron maremarwyeckor aHaJIOMHH OCHOBaH Ha
YCTAHOBJICHUM AHAJIOTMHA MAaTEMATUYECKHX OMMCAHUM IpOLEeC-
COB Pa3BUTHS Pa3IMYHBIX MO MPHUPOAE 00BEKTOB. Mojenupo-
BaHUE U SKCIEPUMEHT UCIOIB3YIOT METO aHAJIOTHH.

Maremarauecroe Moge/ THPOBaHHE O3HAYAET OIHCa-
HHE YKOHOMHUYECKOTO (MOJESIUPYEMOT0) SIBJICHUS TIOCPEICTBOM
MaTeMaTU4ecKux GopmyIl, ypaBHEHUI U HEPABEHCTB.

B nporHo3upoBaHuM paznUvaOT: MAKPOMOJETHPO"
BaHHeE, TO €CTh YKPYITHEHHOE MOJEIMPOBAHUE MOKa3aTeen
SKOHOMUKH PA3BUTHUS CTPAHbI B LIEJIOM; MHKPOMOJETHPOBA~
HHe, TO €CTh TIOCTPOEHUE MOJIETIEH NIl OTIAEIBHOTO OOBEKTa
(npeanpusAtvs, QUPMBI); MOJEIUPOBAHHE HKOHOMHUUYECKUX
MPOLECCOB PETUOHA, OTPACIIH.

Bo3moxknoctu DMM Becbma MIMPOKK — OT aHaIM3a 0
BBIPAOOTKM YMPABIEHYECKOTO PEIICHUs, BKIIOYas BOMPOCHI
MIPOTHO3UPOBAHUS Pa3BUTHS XO3WCTBEHHBIX MporeccoB. Mo-
JEUPOBaHUE OOBIYHO PEKOMEHJIYETCSl HCIO0JIb30BaTh Kak
«KOHCYJIBTUPYIOILEE CPEACTBO», HO OKOHYATEILHOE PEIICHUE
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JIOJDKHO OCTaBaThes 3a crenuancToM. CI0XKHOE HKOHOMHYE-
ckoe sBieHHe (Tmporecc) Tpedyer co3maHus (pa3pabOTKH)
CIIOKHBIX MAaTEMaTHYECKHX MOJICTICH, a OHH, B CBOIO OYepelib,
MPUBOMAT K TPYAHOCTSIM B pacderax. [Ipu ymnpouiernn Moaemnu
BO3MOKHO CHIDKEHHE €€ IOCTOBEPHOCTH.

§ 2. IlporHosmpopaHHe METOJOM CTATHCTHYECKO-
I'o aHAJIH34

[IporHo3upoBanue, OCHOBAaHHOE Ha HCIIOJIb30BAHUU
METOJIOB CTATHUCTUYECKOIO aHAJIN3a PETPOCIEKTUBHBIX JlaH-
HBIX, JOIYCTUMO B TOM CJIy4ae, Korja MeXay MpOoLUIbIM U Oy-
OyUIUM HMMEETCS OIpeAeleHHas NPUYMHHO-CIICICTBEHHAs
CBs3b. MOXKHO YTBEp)KIaTh, YTO AHAIMU3 PETPOCHEKTUBHBIX
JAHHBIX CIIY)KHT HaJ€KHOW OCHOBOMW JUIsl IPUHSATHS PELICHUN
OTHOCHUTENIbHO OyIyIIHUX XO3SIMCTBEHHBIX JEHCTBUM, OHAKO HE
cliefyeT 3a0bIBaTh, YTO MPOTHOCTUYECKHE OLICHKH, IMOJy4YeH-
HbI€ METOJOM CTAaTUCTHMYECKOI'O aHajau3a, MOJJIEKAT KOppeK-
TUPOBKE B Clly4yae, €CJIM M3BECTHbl T€ WM HHBIE (DAKTOPSI,
BJIUSIHUE KOTOPBIX C TOM MM MHOW BEPOATHOCTHIO OXKUAAETCS
B Oymyiem.

Haubonee xapaktepHoM 3amadyeil NpPOTHO3UPOBAHUSA,
KOTOpasl pelIaeTcst Ha KaXa0M npeanpusatiu (pupme, oprau-
3allMK) SIBJISIETCA 3ajjadya cipoca Ha TOBaphbl U yciyru. s pe-
LIEHUs 3TOM 3aJjaul HEOOXOUMO HpPEeBapUTENbHOE U3YyUeHHE
PBIHKOB COBITa MapKETUHTOBBIMU UCCIIEI0BAaHUSMU, KOTOPBIE U
MOCTaBJISIIOT HEOOXOAMMYIO CTAaTHCTUYECKYI HH(POpMAINIO
JUIs. IPUMEHEHUSI METOJ0B CTaTUCTUYECKOTO aHAIN3a MpHU pas3-
paboTKe MPOrHO30B.

AJTOpPUTM TOCTPOEHHS] MPOrHO3a METOAOM CTaTHUCTH-
YECKOr'0 aHaJIN3a COCTOUT U3 CIEAYIOLIMX ATAIOB:

e cTpouTcs rpaduk 3aBUCUMOCTH, HCTIONb3Yys Mactep

nuarpamm Excel;

® Ha OCHOBE BM3YaJIbHOTO M3y4eHMs rpaduka aenaet-

Csl IPEATNONIoKeHne 00 aHAIUTUYECKO (hopme KpH-
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BOI, KOTOpas HaWIydlIMM oOpa3oM criocoOHa am-
HPOKCUMHUPOBATH JIOMaHyIO Ha rpaduke;

¢ [IPUMCHACTCA MCTOJA HAMMCHBLIIMUX KBAaAPATOB IJIA
HOCTPOCHUSI TPOTHO3UPYIOILECH KPUBOH;

® OIIGHMBACTCS CpeIHee 3HAUCHUE IOTPEIIHOCTH I0-
JIYYCHHBIX ITPOTrHO3HBIX OLICHOK;

® [IPUHHUMAETCS pelieHHe 00 MCIOJIb30BaHUU WITH He-
UCIIOJIb30BAHUH BBIOPAHHOM KPUBOHM ISl MOCTpOE-
HUSI TPOTHO3A.

Jnst Oornee TiIyOOKOro aHaim3a TEHICHIMH DPa3BUTHUS
NPUMEHSIOT aHATMTUYECKOE BhIPABHUBAHUE, OCHOBAHHOE Ha TI0-
HCKE TaK Ha3bIBaeMOT0 YPaBHEHUSI PAa3BUTHS (TPEHA).

Haunbonee 3¢(ekTuBHBIM METOAOM IMOCTPOEHUS IPO-
THO3UpYIOIIeH (PYHKIIUU CUATACTCS METOJl HAMMEHBIIUX KBa/I-
patoB. CyThb €ro COCTOMT B MOAOOpE YpaBHEHHUS, KOTOPOE
Han0oJiee TOYHO OTPaXKaIo Obl TEHACHIIUIO PA3BUTHSI.

TpennoBast MosieNnb aJileKBaTHA U3yd4aeMOMY MIPOIIECCY U
OTpakaeT TEHJEHIUIO €ro pa3BUTUs BO BPEMEHU Npu 3HaUe-
Huu R-xBagpart OiuskuMm k 1.

CymiecTByeT mecTb pa3iWYHbIX BUIOB JMHHUN TpeH/a
(anmmpoKcHManus M CriaXHBaHUE), KOTOPbIE MOTYT OBITH JI0-
Oasnensl Ha auarpammy Microsoft Excel. Crioco0 cnenyer BbI-
Ouparth B 3aBUCUMOCTH OT THUIIA JaHHBIX.

Tunoe TuHEHA TpeHIOA

JInneiinas

Jlurerinas anmporcHMAaIHA — ATO TpsMas JIHHUS,
HaWIy4lIuM oOpa3oM omuchiBaromas HaOop nAaHHbIX. OHa
MPUMEHSIETCS B CaMbIX MPOCTBIX CIIydasX, KOTrJa TOYKH JaH-
HBIX PacrojoXeHbl ONHM3K0o K npsmMoil. JluHeitHas anmpokcu-
Malysi Xopola JUisi BeJIMYUHBI, KOTOpas YBEIMYUBACTCS WU
yOBIBa€T C MOCTOSTHHON CKOPOCTBIO.

Jlorapudmuaeckas
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Jlorapugpmuaecras anmpoKCHMAITHA TIOJIE3HA TS
OIMCAHMs BEIMYMHBI, KOTOpas BHAYajie OBICTPO pPACTET WU
yOBIBaeT, a 3aTeM IOCTENEHHO cTabmu3upyercs. Jlorapupmu-
YecKasl anmpoKCUMAIIHsI MCIIONIb3YeT KaK OTPHUIIATeIbHbBIE, TaK
U IMOJIOKHUTCIBbHBIC BEJIMYNHBI.

IlommBoMuanTbHAS

TosmHOMIAIEHASA AIITIPOKCHMAIIHA UCTIONb3yeTCs
JUIs ONTUCAHUS BEJIMYMH, MTOTIEPEMEHHO BO3PACTAIOIIUX U YObI-
Batonx. OHa TOJe3Ha, HampUMep, JUIA aHalin3a OOJBIIOrO
HaOopa TaHHBIX O HeCcTaOWIbHOW BenmyuHe. CTENeHb MOJIHHO-
Ma OnpeAeNsieTcs KOJINIECTBOM SKCTPEMYMOB (MaKCUMyMOB H
MUHUMYMOB) KpuBO#. [ToTMHOM BTOpOH CTENEHH MOKET OIU-
CaTb TOJIbKO OJAWH MAKCUMYM HJIM MUHHUMYM. ITonmunom TPETh-
€l CTETNeHN UMEET OJMH WM JBa dKCcTpeMyMma. [lonuHoM yeT-
BEPTOIl CTENIEHN MOXET UMETh He 00JIee TPeX IKCTPEMYMOB.

CrenenHas

CremeHHas ammpoKCHMAIIHA TOJE3HA JUIS OIUca-
HUSI MOHOTOHHO BO3PACTAOIIEH MO0 MOHOTOHHO YOBIBAIOIIEH
BeIMYMHBI. VICIONIb30BaHWE CTEMICHHOW anmpoOKCUMAaIUU He-
BO3MOJKHO, €CITM JJAaHHBIE CO/ICPKaT HYJIEBbIE WM OTPUIATEIb-
HBIC 3HAYCHUSI.

OKCIIOHEeHITNATHLHAST

OrcrioHEeHIIHATEHAS ANIIPOKCHMAIIHS TIOJE3HA B
TOM CITy4ae, €CIM CKOPOCTh M3MEHEHHs JTaHHBIX HETPEPBIBHO
Bo3pacraer. OTHAKO JUTsI TAaHHBIX, KOTOPBIE COJIEPIKAT HYJIEBhIC
WM OTPpULATCIIBbHBIC 3HAYCHUA, 3TOT BUA HpI/I6J'II/I)KeHI/I5[ HEC-
MPUMEHUM.

Cronnadmee cpensee

Hcnonn3oBaHue B KauecTBe HpH6J'IH)KeHI/I$I CKOJIB3AICTO
CpPEIIHETO TO3BOJISICT CIIIAINTh KOJICOAHHs TAHHBIX U TaKUM 00-
pa3om OoJiee HarJIsIHO MTOKA3aTh XapaKTep 3aBUCHMOCTH. Takast
JIMHUS TPEHJA CTPOUTCS MO ONPEIeTICHHOMY YHCITy TOYeK (OHO
3anmaetcs napamerpom HIar). DneMeHThI TaHHBIX YCPEIHSIIOTCS,
U TIOJYYCHHBIH pe3ysbTaT MCIOJIB3YeTCs B KAYECTBE CPEIHErO
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3HaueHus s npubmmxenus. Tak, ecnu Har pasen 2, nepsas
TOUKa CTJIaKUBAIOIIEH KPUBOM OMpeeNsieTcsl Kak cpeHee 3Ha-
YEHHE TMEPBBIX JIBYX 3JEMEHTOB JaHHBIX, BTOpasi TOUKA - Kak
CpeaHee CIeAYIOUINX JBYX JIEMEHTOB U TaK Jajee.

IIpumep. IlycTh M3BECTHA CTaTUCTHKA CTOMMOCTH Ba-
JIOBOT'O BBIIYCKA MPOAYKIUHU Y (ThIC. py0.) HEKOTOPOIO Ipe-

npusTys 3a 9 ner — taou. 9.1.

Taonuua 9.1. HexonHele qaHHBIE U1 IIOCTPOCHHA

TPEeHJOBOH MOJETH
Crou-
mocte BII, | Y| 22,4| 25,8 | 26,1 | 26,9 | 27,4 | 25,7 | 28,3 | 27,6 | 28,0
TBIC. pYO.
Tonet X 1 2 3 4 5 6 7 8 9

Heo06XxoauMo MpOBECTH CTAaTUCTHYECKUH aHaIHM3 HC-
XOJHBIX JaHHBIX B COOTBETCTBUU C AJITOPUTMOM, U3JI0KEHHBIM
BbIIIE. METOIOM HaMMEHBIIMX KBAAPATOB OIPEACIUTH Iapa-
METpBl AHAIIUTHUYECKOW KPUBOM JI JIMHEWHOM W KBaJpaTH4-
HOM annpoKCUMAallMM MCXOJHOM JIOMaHOU. B cooTBeTcTBHH CO
3HadeHneM R-kBazapar BeIOpaTh HaWaydryro (opMy HMpOTHO-
3upyromend QyHKIMHU, a 3aTeéM IOCTPOUTh MPOTHO3 Ha OJMH,
JIBA WJIN TPU BPEMEHHBIX HHTEpBAJIA.

TexHOJIOrHA TOCTPOEHHA TPEHJOBOH MOJEJIH.

1. Tlooctputs rpadpuk. Ha ocHoBe BH3yanbHOro aHa-
nu3a rpaduka Jenaercs BbIBOA O (opMe aHaIMTH-
YECKON KPHUBOM, CIIOCOOHON HaWITydITUM 00pa3om
anmnpoKCUMHUPOBaTh JOMaHyl Ha rpaguke. B nan-
HOM ciy4ae KBajapaTuuHas (QyHKUMs (IOJUHOM 2
nopsiaka). Ho a1 moaTBep KIeHUs HALIeTo BBIBOJA
IIOCTPOMM METOJIOM HAMMEHBIIMX KBaJpaTOB, KPO-
Me€ KBaJpaTUYHOM, €1lEe U JIMHEHHYIO.
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[MHaMuKa BanoBoro BbIMycka NpoAyKUWU

30

o e ————

25 e M F4 hopMaT PAACE A3HHBLX. ..
..';T/ THM AHATPEMME ..

n McxoaHele A3HHEIE. ..

J0G3EHTE MMHHH TREHAA. ..

15 OYHCTHTE

ThIC. py0.

roabl

2. s MOCTPOEHUS JIMHUKM TPEHJIa HEOOXOJMMO BBI-
JIeTUTh BPEMEHHOM psia U BbIOpAaTh B KOHTEKCTHOM
MeHIo koMaHy /lo6aBuTth auHuI0 Tpenaa. OTkpo-
ercsa auanoropoe okHo JImuusi Tpenaa (puc. 9.1),
KoTopoe coaepkut ase Bknaaku Tum u Ilapamer-
pel. Ha Briagke Tunm 3agaercs Tunm TpeHnaa, a
BKiIanka Ilapamerpsl IpenHasHadeHa UL 3aJaHus na-
paMeTpoB TpeHIa.
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[ Mana TpEeHda |

MapareTpel

MOCTPOEHHE MHMK TPEHAS (ANNPOKCHMAWLHA H CrIaXHESHHE)

. I

THHEfHan Norcapugmuueckas  [ONMHOMMANEHES

CTENEHHEA SKENoHEHUHaNEHaA  MHHERHEA DHNETPaLHA

MocTpoeH Ha paae:

| O | | GmmeHa

Puc. 9.1. J{marorosoe oxro Jluama tpesga —
Bryanra Twam

OnenuBas 3HaueHue R-KBajpaT MOXHO YTBEpXKAATh,
4TO0 KBajApaTHyHass (QyHKIUS (MOJMHOM 2 TOpsIKa) TOUYHEe,
4eM JIMHEHHAs, aNNPOKCHMHpPYET HCXommbie naHHble (R? =
0,62 nuHeiHo# QyHKIMH; R?=0,74 KBaJIpaTUYHOU (QYHKIIMHN).

JT0 K€ MOKHO BHJIETh U Ha TpaduKax annpoKCUuMaluu
(puc. 9.2, puc. 9.3).

Taxum oOpa3oM, IPOrHO3UPYIOIIEE YPaBHEHNE UMEET BU/I:

Y =-0,1x2+ 1,56167x +22,05

IIporHo3 ocymiecTBisieTcs Ha OCHOBE DJKCTPAIOISALUU
3HaueHU nporuosupymomeid pynkuuu. Hanpumep, mporeos
BRIIYCRA OpoAyRIuH Ha caegyomps 10-# romg npun
MIPENIOJIOKEHUH, YTO YCJIOBUSA (PYHKIIMOHUPOBAHUS MPEANPHU-
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aTusi OyIyT TaKUMH e, KaKk B MPEALICCTBYIOIINUX MEPHOAAX,
COCTaBHT.

Y =-0,1-102 + 1,5167-10 +22,05
Y =-10+ 15,167 +22,05 = 27,217 TrIC. PYO.

nVIHaMVIKa BanoBOro Bbinycka npoaykuum

30

2 M
; y =0,5167x + 23,883
R? = 0,6218
20
9
a 15 M
] TNuneitHbin (Y)
2
10
5
0
1 2 3 4 5 6 7 8 9

roab!

Puc. 9.2. Jlureriaeri TpeHT

[OnHamuka BanoBoro BbiNyCKa npoaykumu

»s W
/' y = -0,1x2 + 1,5167x + 22,05

R? = 0,7413

£
2 ——Y
g
3
F

—— MonnHommanbHblii (Y)

roapl

Puc. 9.3. [losrurOMHAIPHBIH TPEHT
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10. MATEMATNYECKHE METO/JbI
N MOJEJIAU IIJTAHNPOBAHUA

$§ 1. Buger b meJrn miaHHpOBAHHA

OnHOM M3 OCHOBHBIX (DYHKIMIA yIpaBiIeHUS TpPEATpHUsi-
THEM siBsieTcs IulanupoBanue. IlmanmpoBanme — nesrenb-
HOCTB I10 MIOATOTOBKE YIIPABJIECHYECKUX PELICHUN.

PasnnuaroT cineayroniye BUabI IJIAHUPOBAHUS.

IlepcmexrrBHOE MmTaHEPOBaHHE — TO Pa3pabOTKa
IJIAaHOB Pa3BUTHUS O0OBEKTA HA JUIUTEIbHBINA CPOK.

TexauR0-3KOHOMHYECKOE ILTAHHPOBAHHE — 3TO
IIPOU3BOJICTBEHHOE IUIAHUPOBAHME, KOTOPOE 3aKIIIOYACTCS B
pa3paboTKe IJIAHOB MO YKPYITHEHHBIM SKOHOMHYECKUM IOKa-
3arensaM. DTO MPEXIE BCETO IUIAHBI BBIIyCKa MPOAYKLUHU, Ma-
TEpUAIbHO-TEXHUUECKOI0 00ecreueHusi, 1o Tpyay U 3apador-
HOM 1u1aTe, ce0eCTOMMOCTH MPOILYKIIMU U (PUHAHCAM.

OnmepaTHBHO TIPOA3BONCTBEHHOE IIJTAHHAPOBAHHE
oTIMyaeTcs 0oliee JETaabHOM TPOPAaOOTKOM IIAHOB MO HO-
MEHKJIaType, MECTaM M CPOKaM BBIIIOJIHEHUS U3/1ETUH.

HaponroxossasicrBeHHOE, pErHoHAJIPHOE H OT-
pacimeBoe IIAHAPOBAHHE — 3T0 BUIbl IUIAHUPOBaHMUS,
npeJHa3sHaueHHbIE JUIs OOecreueHHsl palMoHAIbHOIO KOM-
IJIEKCHOTO Pa3BUTHSI COOTBETCTBYIOIIUX MaKpPOOOBEKTOB IKO-
HOMMKH.

Ha ypoBHe npeanpuatus MeTobl MJIaHUPOBAaHUS Kiac-
CUGUIUPYIOT MO PSIIy NPU3HAKOB, K YUCIY OCHOBHBIX U3 KO-
TOPBIX OTHOCSTCSL:

® BPEMEHHOU ITPU3HAK;
® HaIlpaBJICHUE XO35HMCTBEHHOM JCATEIBHOCTH;

® TEXHOJOTMYECKHUI ITall HpOHBBO,[[CTBCHHOfI ACA-
TCIBHOCTH.
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Ha puc. 10.1 ykazaHo coueraHue 3Ha4CHHI Mepeyuc-
JICHHBIX TPU3HAKOB, OOECIICUMBAIONIMX IPOIECC IUIAHUPOBA-
HHS HA NIPEAIPUATHH.

COBOKYIMTHOCTh 3TUX MPaBHJI IUIAHHPOBAHHUS YacTO
MpENCTaBIAIOT B (opMe ABYX TECHO B3aUMOYBSI3aHHBIX
MOJCUCTEM:

® [IJJaHUPOBAHUE PA3BUTHs NpeANpUATHs (Ou3Heca);

® [UIAHUPOBAHME JACHCTBYIOLIETO IPOU3BOACTBA.

Il rarmpoBaHme pazBATHA NPEAIPHATHA COCTOUT U3
Pa3pabOTKU CTpaTern4yecKoN KOHLCTILMKM Pa3BUTHS MPEIPUAITHS U
Pa3pabOTKH CTPATErmuecKoro’ IIaHa ero PasBHTHL.

Crparernyeckoe IUIAaHUPOBAaHUE NPEACTaBISIET OO0t
HaOoOp ACWCTBUI M pEIeHU, MPEANPHHATHIX PYKOBOJICTBOM,
KOTOpblE€ BEIYT K pa3paboTke crenupuuecKux CTpaTerui,
[IpeIHa3HAYEHHBIX JUJIS TOTO, YTOOBI TOMOYb OpPraHU3aLUU J10-
CTUYb CBOMX IIeJIeH.

[Ipouecc crpaTernyeckoro IUIaHUPOBAHUS SIBIISETCS
MHCTPYMEHTOM, MOMOTAIOLIMM B MPUHATHU YIPAaBICHYECKUX
pemenuii. Ero 3amaua — obecrieuynTh HOBOBBEJECHUS U U3MEHE-
HUS B OPraHU3aluu B HEOOXOJUMOI CTeNeHH.

Crparernueckuili IUlaH JOJDKEH pa3paldaThiBaThCsl C
TOUYKH 3PEHUS NEPCIIEKTUBBI KOPIIOPALIHH.

Crparerndeckuil IiaH JOJDKEH OOOCHOBBIBATHCSA
OOIIMPHBIMU HCCIEJOBAHUAMH U (PAKTHUECKUMHU JIaHHBI-
MU. UToOBI 3 (HEeKTUBHO KOHKYPUPOBATH B CETOJHSIIHEM
Mupe OusHeca, mnpennpustue (pupma, opraHuzanus)
JOJDKHO TOCTOSSHHO 3aHMMaThCs CcOOpOM M aHAJIU30M
OTPOMHOTO KOJIMYecTBa MH(pOpManu 00 OTpaciu, peIHKE,
KOHKYpPEHUMH U ApYrux ¢akropax.

® CrpaTerus [strategos - uckyccTBo reHepana] npeacrasnsi-
eT cobon peTanbHblli BCECTOPOHHUIM KOMMJIEKCHbLIA MJ/laH,
npegHasHadyeHHbIn Anasa Toro, 4ytobbl obecrneymTb OCyLLECTB-
NleHne MUCCUMMN opraHmM3aummn u OCTUXKEHME ee Lenen.
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Crparerunueckuil 1iaH MpuaaeT NPEANPUATHIO OINpee-
JICHHOCTb, MHAMBUAYAJIBHOCTb, YTO IO3BOJSET €My IpHBIIe-
KaTh OIpEe/eICHHbIC TUITBI PAOOTHUKOB.
Haxkonen, crparernueckue mjiaHbl JOJDKHBI ObITH pa3s-
paboTaHbl Tak, 4TOOBI HE TOJBKO OCTABAThCS LIEIOCTHBIMU B
TEYEHHUE JUINTENIbHBIX MEPUOJ0B BPEMEHM, HO M OBITh JOCTa-
TOYHO THOKMMH, YTOOBI MPH HEOOXOIMMOCTH MOXHO OBLIO
OCYILLECTBUTh UX MOJIUDUKALNIO U IEPEOPUEHTALHIO.
[lepBBIM 1, MOXKET OBITh, CAMBIM CYILIECTBEHHBIM pEIIe-
HUEM MpH [UTaHUPOBAHUM Oy/1eT BHIOOp Lienel OpraHu3alii.
OcHoBHast o0mIas 1eJib OpraHU3alUy — YETKO BbIpa-
KEHHasl NPUYMHA €€ CYLIEeCTBOBaHMSA — O0O3HAYaeTcsl Kak ee
muccusi. Llenu BbIpaOaThIBarOTCS 711 OCYILLECTBICHUS 3TOU
Muccud. Muccust eTanu3upyer cTaryc NpeanpusaTus u odec-
[I€YMBAET HAMPABJICHUE U OPUEHTUPBI ISl ONIPEACICHUs Liesei
U CTpaTeruil Ha pa3IMYHbIX OPraHU3aLMOHHBIX YPOBHSX.
[Ipouecc mmaHupoBaHus pa3BUTHS NPENIPUATHS 0Oec-
[I€YMBACT YTBEP)KJICHHON reHepalbHbIM JUPEKTOPOM CUCTEMON
npaBujl (METOIMK), ACHUCTBUE KOTOPBIX HE JOJDKHO IEepecMart-
pHUBATBHCS Ha MPOTSHKEHUHM JAOCTATOYHO JIOJITOrO MEpUoza Bpe-
MeHHU (ABa-TpH Tojia) U KOTOPbIE PETJIaMEHTHUPYIOT pelIeHHE
BOIIPOCOB:
— TPOTHO3UPOBAHMS MEPCIEKTUBHBIX YCIOBUN (PYHK-
LIMOHUPOBAHUS NMPEANPUATUS Kak Ou3Heca;

— OLEHKH U 11eJIecO00pa3HOCTH U3MEHEHUs NPaBOBOM
(bopMbI IpeAnpuUsATUS;

— OULEHKH CTOMMOCTU M 3(P(GEKTUBHOCTH MpeapHUs-
THS KaK OU3Heca;

— ompejaeneHusl ycjaoBUM TuBepcupUKauu (M3MEHe-
HUS HalpaBJIEHUs ) NeATEIbHOCTH MPEANPUATHUS;

— OmpeleNeHusl CTpaTernvyeckoil KoHienuuu (uelne-
MoJIaraHus) pa3BUTHS TPEANPHUATHS, BaKHEUIIEH
COCTAaBHOM 4YacTbi0 KOTOPOM JOJKHA SBIATHCA
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CTpaTernyeckas JOKTpUHA pa3BUTHUS JEUCTBYIOIIIE-
r'o IIPOU3BO/JICTBA;

— OLEHKH U BeIOOpa Hanbosee 3(h(HeKTUBHBIX OU3HEC-
IIPOEKTOB Pa3BUTHSA AEHCTBYIOLIETO TPOU3BO/ICTBA.

IlnarupoBarme gercTByomero mpor3BOACTBA, B
CBOIO OUYepe/b JEJINTCS Ha:

e KaJeHJapHOE IJIAaHWPOBAaHUE, KOTOPOE COCTOUT U3
pa3pabOTKK T'OJIOBBIX, CE30HHBIX, KBapTaJbHBIX U
MECSYHbIX IJIAHOB IPOU3BOJICTBA;

e OIEpaTUBHOE IJIAHUPOBAHUE, KOTOpOE o0OecreynBa-
eT pa3paboTKy IJIAHOBBIX 3alaHUM IPOU3BOJCTBEH-
HBIM [10/IpA3JIEIICHUSIM Ha HEJIETIO, IEHb, CMEHY.

Hcxons u3 cka3aHHOrO, CUCTEMY IUIaHUPOBAHMS IIpeli-
MIPUATHSI MOXKHO pacCMaTpUBaTh, TaK KakK 3TO MPEACTABICHO Ha
puc. 10.2.

Ha puc. 10.2 BbiaeneHs! nepeuncaeHHbIe BbIIIE YPOBHU
IUTAHUPOBAHMSL:

YpoBerp 1 — NNAaHUPOBAHUE PA3BUTHUS NPEANPUATHUS
Kak Ou3Heca;

YDboBeHB 2— KaneHaapHoe IJIaHUPOBaHKUE MPOU3BO/ICTBA;

YPpoBeHB 3— onepaTuBHOE IUTAHUPOBAHKUE IPOM3BOICTBA.

[IpsiMmoyronbHUKaMu Ha PUCYHKE OOO3HAUYEHBI OCHOB-
HbIE BBIXOJHBIE TOKYMEHTHI, PE3YJIbTUPYIOIINE KOMIUIEKC pa-
00T COOTBETCTBYIOIIETO YPOBHSI IJIAHUPOBAHUS.

CrpenkamMu — JIOTUKA U TOCJIEN0BATEIBbHOCTh B3aHMMO-
cBs3M paboT. B ocHOBe kiaccu(uKanuy BUI0B TJIAHUPOBAHUS
110 YpoBHsIM Ha puc. 10.2 nexuT BpeMeHHOH Ipa3HAaK. Ypo-
BEHb MEPBBIN — 3TO JOITOCPOUYHOE MIIaHUpPOBaHUE (0T 2-X — 3-X
JIET U CBBILIE). YPOBEHb BTOPOU — 3TO KaJeHIapHOE IJIaHUPO-
BaHUeE (TOA, C€30H, KBapTall, MeCs1]). YPOBEHb TPETUN — Omepa-
THBHOE IUTAaHUPOBaHME (CMEHa, JAeHb, Henensl). Ha Bcex aramax
IUIAHUPOBAHUS IIUPOKO NMPUMEHSIOTCS MaTEMaTUYECKUE METO-
JIbl, KOTOpbIE IPUBE/ICHBI B CIEAYIOUINX Maparpadax.
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Ywosers 1 *
[MporHo3mnpoBaHne BbipaboTka AHanus
W aHanus cTpaTernyeckomu 1 nepecMoTp
MepcnekTns 1 KOHLenuuun »  cTpaTtermuyeckoi
pasBuTUS pasBuTUSA KOHLenuuun
npeanpusaTus npeanpusaTus
A 4 A
CrpaTtermnyeckas
KoHUuenums
pasBuTUSA
npeanpusaTus
\ 4
PaspaboTka AHanus, KOHTpPOnb 1
crparermiecioro | | - Koppeimuponce
nnaaHa pasBuTus »
npeanpuaTusa nnava
Yposers 2 v 'y
CrpaTermnyeckas
I'IporH03V|pOBaHV|? [OKTPUHA pa3BuTHS
W aHanus ycrnoBui NpOM3BOACTBA
dYyHKUNOHMpOBa-
HMS NPOM3BOACTBA _ v
> PaspaboTka AHanus
roaoBOro njaaHa > BbINONTHEHUA
AHanus pecypcHbix - Npou3BOACTBA rogoBoOro nnaHa
BO3MOXHOCTEM v v
npoussoacTea KOHTpOsbHbIE
3aaHunsa KBap-
TanbHbIX N1aHOB
Npou3BOACTBa
A 4
KeapTansHoe PaspaboTka AHanus
(cesoHHoe) .| kBapTanbHoro .| pesynbTtaTtoB u
nporHosnposaHne i nnaHa "| xoppektuposka
Npou3BOACTBaA rofoBOro niaHa
h 4
MnaHoBble
3ajaHusa no mecs-
LuaM KBapTana AHanuz
pe3ynbTaToB U
A 4 KOPPEeKTUpPOBKa
PaspaboTka MecsuHbIX KBapTanbHOro niaHa
Yvosers 3 naaHoB NPOU3BOACTBA

\ 4

OnepaTtuBHOE NnaHUpoBaHue

NMpou3BOACTBA

Puc. 10.2. Cxema minarupoBaHusa IpeanpasaTHI
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$§ 2. Kasremmapeoe miaHupoBaHHE

JIrobast AeSITENPHOCTD IPOTEKAET BO BPEMEHU, TIO3TOMY
BO MHOTHX NPAKTUYECKUX BaXXHBIX CIydYasX OKa3bIBaeTcs He-
00XOAMMBIM ONPEAETUTh, KOTrJa 4TO JAeiaTh, TO €CTh COCTa-
BUTh RaJI€HAapHBIH IIT4H BbINONHEeHUs pador. Kamenmap-
HBIM IUIaH IIPOU3BOAMT YBSI3KY BO BPEMEHH BCEX JCUCTBUH,
HaIpPaBJIEHHBIX Ha JOCTM)KEHUE LEIH. DTO JOHKHO MPUBECTH K
YIAYULIEHUIO IUIaHA M COKPAILEHUIO CPOKOB €ro OCYILECTBIE-
Hus. Crnenuduka BO3HUKAIOUIMX 3a7ad KaJICHJAPHOIO IUIAHU-
poBaHUsl, UX 00bEM, CII0)KHOCTh MPUBEIH K PA3BUTHIO 0CO0O0M
TPYIIIBI MOJIENIEH U CIICIIMAIBHBIX METOJIOB PEIIEHUN, KOTOPbhIE
M3YYalOTCsl B pasjielie MCCIEeIOBAaHUS OIepalluii, Ha3bIBaeMO
TeopHeH paCIIHCAHAA.

Ecnu pasmepHocTh 3amaun (YMCIO TEPEMEHHBIX) HE
OYCHb BEJIMKA, TO MOTYT OBITh HCIIOJIB30BaHBI rpaduvecKkue
Wi TaOJIMYHbIE METOABI MTPEICTABICHHS KaJeHIapHOIO IJIaHa.
[lpu rpagpmaeckom Meroge HarisaHO H300paxaercs (¢ co-
OmozieHreM MacmTaba BPEMEHH) OUYEPEAHOCTh BBIIIOTHEHUS
paboT, WX B3aMMHOE DPACIONOKEHHE BO BpeMeHU. 1abawmd-
HBIH MeTo[ NPECTABICHNS KaJICHJAapPHBIX [JIaHOB, KaK BUJIHO
W3 €ro Ha3BaHMs, OCHOBAH Ha HMCIOJIb30BAHUH PA3HBIX TaOIHIL.
3adacTtyro He0OOXOAUMOCTh B TaOJMIAX TOSBISETCS YXKe MPOo-
CTO M3-3a 3HAUYUTEIBHOTO YHCJIa IEPEMEHHBIX B 3a7aye, Koraa
Ha rpaduke (Ha PUCYHKE) MPOUCXOAM CIIHMSHUE BCEX JIMHUU C
NoJIHOM moTepeit o6o3pumocTH rpapuka. Kpome toro, Tabnuma
MOXKET COJepKaTh 3HAUUTEIbHO OOJbIINKA 00BeM HH(pOpMa-
1uuu, yeM rpaduk. PaccMoTpum mpuMep COCTaBIE€HUS KalleH-
JAPHOTO TJIaHa.

3apaua. [lomyctuM ecthb /1Ba cTaHka A u B, kaxnas ne-
Tajdb JOJDKHA ObITh OOpaboTaHa aH craHke A (Ipu4yeM B
NEepBYIO o4yepesb) U Ha ctaHke B (Bo BTOpyto ouepens). Cun-
TAlOTCSl M3BECTHBIMH BpEMEHa OOpa0OTKM KaXKIIOM NIeTanu Ha
Ka)kJIOM CTaHKe:

tia — Bpemst 00pabOTKH i-i 1eTaid Ha CTaHKE A
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tis — Bpemst 00paboTKH I-# neTanu Ha cTaHke B.

Jlnst pa3HBIX JeTalieil 3TH BpeMeHa, BOOOIe TOoBOpS,
pasnuuHble. BaXHBIME OTpaHUYCHUSMU (KPOME OTpaHUYCHUS
Ha TMOCJIEIOBATEIbHOCTh O0Pa0OTKU) SIBISIOTCS CIIEAYIOIINE
YCIIOBUSI:

— Ha KaXJIOM M3 CTaHKOB MOYKHO OJHOBPEMEHHO 00-

pabaThIBaTh TONBKO OHY JCTAIb;

— KaxJas JeTallb MOKET 00padaThIBaThCsl TOJIBKO Ha

OJTHOM CTaHKE;

— Tporiecc 00pabOTKH JIeTaT HE MOXKET IPEPHIBATHCSL.

Hano onpenenuts BapuaHT IJlaHa 3amycKa JeTalei,
IIpH KOTOPOM ob111ee Bpemsi 00padoTku OyneT MUHUMAIIbHBIM.

[TocnenoBarenbHOCTh 3amyCcKa JAETaJel B MNPOU3BOJI-
CTBO Ha JIFOOOM CTaHKE MOXET ObITh M3MCHEHA TaK, YTO OHa
COBIIAJIAET C MOCJIENOBATEIBHOCTHIO HA JIPYrOM CTaHKe, 0e3
YBEIIMYCHUSI BPEMCHH BBINOJIHEHUS I1aHa. [loaTomy B onTu-
MaJbHOM PEIICHUU TOPSIOK BBIMOJIHECHUS pa0dOT Ha CTaHKe A
COBIIAJIa€T C MOPSIKOM BBINOJHEHUs paboT Ha cranke B. Ilo-
CKOJIBKY Ha TIEPBOM CTaHKE ONEpPaIlid MOKHO BBITOJHITH 03
BCAKOW 3aJIep)KKU, ONTUMHU3ALMS 3aKI0YaeTcs B MHUHHUMH3a-
MY BPEMEHH MTPOCTOSI BTOPOTO CTAHKA.

Penrenue 3agaum:.
1. 3anuceiBaroTCa BpeMeHa padorT:

Howmep neranu 1 2 3 4 5
CraHok A 3 4 2 3 1
Cranok B 2 1 3 5 4

2. IlpocmarpuBarorcsi Bce BpeMeHa 00paboTKu, U Haxo-
JUTCS. MUHUMAaJIbHOE cpeid HUX — g = 1 m tsp = 1.

3. Ecim mMuHMManbHOE BpeMsi OTHOCHTCS K IEPBOMY
CTaHKY (TO €CTh 3TO BpeMs tja, B mpumepe tsp = 1),
TO JIeTajllb ¢ COOTBETCTBYIOLIMM HOMEPOM CTaBUTCS
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Ha 00paboTKy mepBoil (meranp No5 Oymer mepBoi
oOpabaThIBaThCs HA CTaHKE A, a 3HAYUT U Ha B).
4. Ecnu MUHUMAIbHOE BPEMSI OTHOCUTCS KO BTOPOMY
CTaHKy (TO ecTh 3TO Bpems tjg), TO IeTaib ¢ COOT-
BETCTBYIOIIIMM HOMEpPOM CTaBHUTCS Ha 0OpabOTKy
nocnenuen (peranb Nel Oyaer oOpabaThIBaThCs MO-
CJIeJIHEN).
«3a0bIBaIOT» BEIOPAHHYIO JI€Tab.
[ToBTOpSIIOT BCE CKa3aHHOE C OCTABIIMMHUCS JETATSAMH.

7. Ecnm Bpemsi 00paOOTKHM IBYX pa3HbIX JeTajied Ha

OJTHOM CTaHKE COBIIQJAaeT M 3TO BpPEMsSI MEHBIIE
BpPEMEHHU 00pabOTKU Ha JPYrOM CTaHKE, TO MOPSIOK
00pabOTKHU ATUX JEeTaJei TPOU3BOJICH.

Jlist MpUBEICHHOTO MTPUMEpPa ONTHMAJIbHAS ITOCIIEI0Ba-
TEIBHOCTH 00pabOTKH BRINIIAINT Tak: 5 —3 — 4 — 1 — 2, obmee
BpeMst 00paboTku — 16 eaunun BpemeHu. s cpaBHeHHs: 00-
pabotka B mocienoBarenbHocTH 1 —2 — 3 — 4 — 5 motpebyer 21
CIMHUILY BPEMECHH.

o o

§ 3. BaraHcoBEIH MeTO IJIaHHPOBAHHI

MexotpacneBoit 6ananc (MOB) npousBojicTBa U pac-
npeaeneHust TPOAYKIMH SBISETCS pe3yiabTaToM pa3BUTUS Oa-
JIAHCOBOT'O METOJa aHajlu3a U IJIaHUPOBAHUS HApOJHOTO XO-
351CTBA.

Jlia aHanu3a MIIaHUPOBAHUS CTPYKTYpPbI OOIIECTBEHHO-
ro npousBoacTtBa crpoar MOb mpousBoacTBa M pacrpenene-
HUS TPOAYKIIUU U YCIIYT.

Tabnuiy MOB cTposiT o AByM cxemam:

1) moctymeHue pecypcoB, UX UCTIONIb30BAHNE

2) TPOM3BOJACTBO TNPOIYKIMH, paclpelelieHHe Tpo-

JyKIHH

MexoTpacneBbie OanaHChl OBIBAIOT CTOMMOCTHBIC H

wtanoBsle. MOB ctpouTcs B BUJe TaOIUIIbL.
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Pacnipenenenue Texyiiee npou3BOJICTBO,
Basosas noTpebneHie Koneunas
fpOAYyI- c.- MPOMBIIIIICH- fpotHe MpOAYK=
st oTpac- st
X. HOCTH
M
[IpoussoacTeo
Cenbckoe  X03ii- Zy X1 X12 X13 A
CTBO 1
IIpoMbimieH- Z, Xo X22 X23 Vo
HOCTb 1
[Ipoune otpacnu Z3 X3 X32 X33 V3
1
Omata Tpyna Ky K> Ks
YyCTHIi 10X0.] Py P, Ps
BarnoBasg mpomyk- z Z; Z, Z3
st
ITokazaTenu cTpok Tabmumbl (X11, X12, ..., X33) BhIpa-

AT 3aTpaTbl NPOJAYKIMHM OTpacid, KOTopas HeoO0Xxoauma
BCEM JIPYTUM OTPACISAM ISl IPOU3BOACTBA CBOEH MPOIYKIUU.
CyMMa mokazarened KaxJaoW CTPOKHU XapaKTepU3yeT OOIIyIo
MOTPEOHOCTH BCEX OTpaACiel B MPOIYKIINHI KaX]I0i OTpaciu.

[Tokazarenn Kaxaoro croyidlja XapakTepU3yIOT Mare-
pHUaIbHBIE 3aTPAThI 10 OTPACIHM HA MPOAYKIHMIO BCEX OoTpaciei
IpU TPOU3BOACTBE cBoeil mponykuuu. Cymma mnoxazareneit
cToNO1a XapakTepu3yeT oO0IIrMe MaTepHallbHbIE 3aTpaThl Kaxk-
JIOW OTpaciIM Ha IPOU3BOJACTBO CBOEH MPOIYKIUH.

B kaxgom crombue tabaumnsl MOB mana He TOHBKO
CTPYKTypa MaTepHaJIbHBIX 3aTpaT COOTBETCTBYIOIIEH OTpaciH,
HO U 4YMCTasl MPOAYKLMS Kaxaou orpacid. OHa COCTOUT U3
cymmbl omuiatel Tpyna Kj m nmpuOsumn P manHO# oTpacim.
Ormutata Tpyna BKIIOYAET pa3lUYHbIE BUABI J0XOA0B PabOTHU-
KOB MaTepUajbHOTo Mpou3BOJCTBa. [IpuObUIL BKIIOYAET pas-
JIMYHBIE BUJIBI YHUCTOTO JIOXO/A.

BanoByro nmpoaykuuioo KaxaoW OoTpaciivi MOKHO Tpes-
CTaBUTH J1BOAKO. C OAHOW CTOPOHBI, ’TO CyMMa MaTepHaIbHBIX
3aTpaT KaxJ0i OTpaciyu Ha MPOU3BOACTBO CBOEH MPOIYKIIUU U
€€ YUCTOU IIPOYKLIUHU:
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L, =X + Xy + X + K+ P,
Ly = X5+ Xy +Xg3 + Ky + P
C npyroii CTOpPOHBI, IJIs1 JTFOOOM MPOM3BOJIAIIEH OTpac-
JIM 3TO CyMMa MaTepUAJIbHBIX 3aTpaT MOTPEOISIONUX ee Mpo-
IOYKIHIO OTpacieil 1 KOHeYHON MPOAYKIIMK OTPACIH:

2, =Xy +Xp + X +V,
Ly =Xq + Xgp + Xg3 +V,
YpaBHeHI/I}I CHUCTCMBI HA3bIBAKOTCA ypaBHeHI/I}IMI/I pacnpe—
JICJIEHUS TPOAYKIMHU OTPACIEH MaTepruabHOIO IPOU3BO/ICTBA.

3agaua. [lana tabnuua MODB, B KoTOpoil mpuBeneHBI
MOKa3aTeNy MPSAMBIX 3aTpaT U 00bEeMbl KOHEYHOH MPOLYKIHH
TpPEeX B3aUMOCBS3aHHBIX OTPACIEW: MPOMBIIUICHHOCTH, CEllb-
CKOT'O XO3SICTBA, POYHE OTPACIH.

[ToTpebnsronue oTpaciu
IIpoussonsuiue Koneunas
MIPOMBIIII- CEILCKOE npouune
OTpaciu . MPONYKLIUS
JICHHOCTh | XO3S#CTBO | OTpaciu
TTpOMBIIIICHHOCTH 0,1 0,12 0,125 100
CenbcKoe X03UCTBO 0,05 0,04 0,075 200
Ipouwne orpaciu 0,3 0,12 0,025 300

[Io >TMM HmaHHBIM pACCUMUTATh BAJIOBYIO IPOIYKIIMIO
KaXJI0M OTpAaCid, MEXOTPACIEBbIC IIOCTABKM M YHUCTYIO IIPO-

KLU0 OTPacIIe.

ManI/II_Iy MMOJIHBIX 3aTpaT OMNPCEACIIMM HUTCPALIMOHHBIM
MCTOOOM, OTPAaHUYMNBIINCH YCTBIPbMS YICHAMHU Pa3JI0KCHUA
ManI/II_Ia IMOJIHBIX 3aTpaT UMCCT BU

A=[I-Al" =1 + A+ A2+ .+ A"

Ilo YCJIOBUIO ITPUHHUMAEM, YTO MaTpHlla IMOJIHBIX 3aTpar

UMECT BU
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A=[I-Al" =1 + A+ A2+ A°
Marpuia A 1o yCclIOBHIO 3aJja4i UMEET BUJT

01 012 0125
A=[005 0,04 0,075
03 012 0,025

[ToaTomMy HEOOXOAMMO e€lle HaWTU BTOPYIO U TPETHIO
CTENEeHU MaTPULbI A:

01 012 0125 01 012 0125
A=4-4=005 0,04 0075|005 0,04 0,075 |=

03 012 0,025)\ 03 012 0,025
0,0535 0,0318 0,024625

=10,0295 0,0166 0,011125
0,0435 0,0438 0,047125

(271€MeHT a11 MPOU3BECHUS ITUX MATPULL PaBEH
0,1-0,1 +0,12.0,05 + 0,125-0,3 =0,0535 u 1. 1.)

Jlanee maiinem A® kak IIPOU3BEICHUE MATPULIBI A?Ha A:
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0,0535 0,0318 0,024625 01 012 0125
A®=A%*-4=|0,0295 0,0166 0,011125 |-| 0,05 0,04 0,075 |=
0,0435 10,0438 0,047125)( 0,3 012 0,025
0,01433 0,01065 0,00969
=|0,00712 0,00554 0,00521
0,02068 0,01263 0,00990

o dopmyre A=[l—Al'=1+A+A*+ A® npubu-
JKCHHO MaTpulia IOJHBIX 3aTpaT paBHA
1 00 01 012 0125 0,0535 10,0318 0,024625
A~|0 1 0[+|005 0,04 0,075]|+|0,0295 0,0166 0,0011125 |+

0 01 03 012 0,025 0,0435 0,0438 0,047125
0,01433 0,01065 0,00969 11678 01624 01593

+(0,00712 0,00554 0,00521 |=|0,0866 10621 0,0913
0,02068 0,01263 0,00990 0,3642 01764 1,0820

[Tonb3ysch MONy4eHHON MaTpUIEH MOJHBIX 3aTpaT, MO
popmyne Z=A- Y BbMHCIHM OOBEMBI BAaJIOBOH MPOMYKIMHU
paccmarpuBaembix otpaciieid mpu Y1 = 100, Y, =200 u Y3 =
300 kak Mpou3BeACHUE MATPHUIILI IOJHBIX 3aTPaT Ha MATPHUILY-
CTOJI0€1] TOTOBOM MPOIYKIUH:

Z,=1,1678-100 + 0,1624-200 + 0,1593-300 = 197,05
Z, =0,0866-100 + 1,0621-200 + 0,0913-300 = 248,47
Z3=0,3642-100 + 0,1764-200 + 1,0820-300 = 396,3

MC)KOTpaCJ'ICBLIC MMOCTaBKHU pacCcyuTacMm I10 (I)OpMy.He
Xij = a4 X;:
X11 = anXy1 = 0,1197,05 = 19,70
X12 = a12X2 = 0,12248,47 ~ 29,82

X13 = a13X3 = 0,125-396,3 ~ 49,54
X271 = a21X1 = 0,05197,05 ~ 9,85
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X292 = A22X2 — 0,04248,47 ~ 9,94
Xo23 = aA3X3 = 0,075396,3 ~ 29,72
X371 — az1X1 — 0,3-197,05 z 59,12
X32 = azxXy = 0,12248,47 = 29,82
X33 = az3X3 = 0,025396,3 ~ 9,91

[Tony4yeHHble MaHHBIE TTOMECTUM B CBOJHOM TaOIHIE
MEXOTpacieBoro OajgaHca, a TakXe paccuhTaeM OOBEMBbI UH-
CTOM MPOAYKIMH KaXJIOW OTpPAciau, KOTOPbIE€ HAWJICHBI Kak
pa3HOCTH OOBEMOB BAJIOBOW MPOAYKIMH U CYMM IPOU3BOJI-
CTBEHHBIX 3aTPaT COOTBETCTBYIOIIEH OTPACIIH.

MesxoTpacieBbie
Bano-
MOCTaBKHU Koneu-

[pousBomsmue Bas g
CEJIbCKOE HBIH

OTpaciu po- TIPOMBIIII- . | mpouue

XO03sH- MIPOIYKT
OyKUUsl | JICHHOCTH OoTpaciu

CTBO

[TpOMBIIIIIEHHOCTH 197,05 19,70 29,82 49,54 100

Cenbckoe

XO03SICTBO 248,47 9,85 9,94 29,72 200
IIpoune

oTpaciu 396,3 59,12 29,82 9,91 300
Yucras

MIPOAYKITUS 108,38 178,89 307,13 -

Banosas nponykuus | 841,82 197,05 248,47 | 396,3 -

§ 4. CereBoe mraHupoBaHHE

Hasmavernwme m obracTy IpAMEHEHHS CETEBOr0 ILTAHH"
DOBaHHA H yOPAaBICHUT
[Toucku 60see 3pheKTUBHBIX CTIOCOOOB MJIAHUPOBAHUS
CIIOKHBIX IPOLIECCOB IMPHUBEJIN K CO3/IaHUI0 NPUHLUINAIBHO
HOBBIX METOJIOB CETEBOT0 IMJIAHUPOBAHHUS U YIIPABICHHUS.
CereBoe nnanupoBanue u ynpasiaeHue (CIIY) — ato
METO/]I TUTAaHUPOBAHUS U YIPABJIEHUS, OCHOBAaHHBIM Ha MpUMe-
HeHnu OBM u ceTeBbIX rpaduKOB.
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CIIY ocHOBaHO Ha MOJENMPOBAHHMU TpoIEcca C MOMO-
IIbI0 CeTeBOro rpaduka M mpeAcTaBisieT coOOi COBOKYIHOCTh
pacyeTHBIX METOJIOB, OPraHU3AIMOHHBIX U KOHTPOJIBHBIX MEpO-
MIPUSATHIA O IJIAHUPOBAHUIO U YIIPABICHUIO KOMIUIEKCOM padorT.

Cucrema CI1Y no3Bousier:

* (opmupoBaTh KaJleHAAPHBIN IUIAH peau3aluu He-
KOTOPOT0 KOMILJIEKca padoT;

® BBIBIATH U MOOWIIM30BBIBAaTH PE3EPBbI BPEMEHH,
TPYAOBBIE, MATEPHAIILHBIC U JCHEKHBIC PECYPCHI;

"  OCYLIECTBISITH YIPABIEHHE KOMILUIEKCOM pPaboOT IO
MPUHLIMITY "BEIYIIEro 3BeHa" ¢ MPOrHO3MPOBAaHUEM U
MpeAyIPEkKICHUEM BO3MOKHBIX CPBIBOB B X071€ paloT;

" TOBBIIATh 3PPEKTHBHOCTH YIPABICHUS B IEIOM
P YETKOM paclpeielieHUd OTBETCTBEHHOCTH
MEXIY PYKOBOIHUTEISIMHA Pa3HBIX YpPOBHEW H WC-
MOJIHUTENSIMH PaboT.

Juanazon npumenenus: CITY Becbma mupok: oT 3ajad,
KacaloluXcs, ACSITETbHOCTH OTAENBHBIX JIUII, A0 MPOEKTOB, B
KOTOPBIX YYaCTBYIOT COTHU OpPTaHHW3alUil M JECATKH THICIY
moaeit (HampuMmep, pa3paboTka M CO3AaHHE KPYITHOTO TEppHU-
TOPUATEHO-TIPOMBIIITICHHOTO KOMIUIEKCA).

J51s Toro 4To0OBI COCTaBUTH TUIaH PabOT MO OCYIIECTB-
JICHUIO OOJIBIIUX M CIIOKHBIX MPOEKTOB, COCTOSIINUX M3 THICSY
OTJIENBbHBIX HCCIEIOBAHUMN U Olepaluii, HEOOXOJUMO OMHUCATh
€ro C MOMOIIbI0 HEKOTOPO MaTemMaTU4YeCKou Moaenu. Takum
CPEICTBOM OIMMCAHUS MPOEKTOB (KOMILIEKCOB) SBIISIECTCS ceme-
8as MOOeb.

CereBas MozeJIb H ee OCHOBHEIE 3JI€MEHTEI

CeTeBasi Mo/IeJIb TIPEICTABISET COOOU TUTAH BBIMOJTHE-
HUSI HEKOTOPOTO KOMILJIEKCa B3aMMOCBSI3aHHBIX paboT (omepa-
1uit), 3aJJaHHOTO B crierududeckoi popme ceTH, rpaduyueckoe
n300pakeHNe KOTOPOH HA3BIBACTCS CeMeBbiM CPAPUKOM.

['maBHBIMH 3JIEMEHTaMH CETEBOW MOJIENU SIBISIFOTCS CO-
Ovimus 1 pabomai.
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Tepmun paboma ucnons3dyerca B CIIY B mupoxkom
cMbiciie. Bo-nepBbIX, 3T0 delicmeumenvras paboma — NpoTs-
KEHHBII BO BPEMEHM IIpoLEecC, TpeOYIOMMI 3aTpaT pecypcoB
(Hanpumep, cOOpka H3CIUs, WCIBITAHWE TpuOopa W T.IL.).
Kaxnas neiicrButensHas padoTa JAODKHA OBITH KOHKPETHOM,
YETKO OIMCAHHOM U MMETh OTBETCTBEHHOI'O UCIIOHUTEIIS.

Bo-BTOpBIX, 3TO 0OdcUdaHUe — IPOTSHKEHHBIA BO BpeMe-
HU TIpoliecc, He TpeOyrolmil 3aTpar Tpyaa (Hampumep, Hpo-
LIECC CYLIKHM I10CJIE€ MOKPACKH, CTapEHUs MeTalja, TBEPACHUS
OCTOHA U T.I1.).

B-TpeThux, 3TO0 3a8ucumocms, WU QukmusHas pado-
ma — JIOTHYECKasl CBA3b MEXAY JABYMS WIM HECKOJIBKUMHM pa-
6otamu (COOBITHSIMU), HE TPEOYIOIIMMHU 3aTpaT Tpyda, MaTe-
pHaNbHBIX pPecypcoB MM BpeMeHu. OHa yKa3blBaeT, 4TO BO3-
MO>KHOCTb OJIHOM pabOThl HEMOCPEICTBEHHO 3aBUCUT OT pe-
3yNlbTaToOB Jpyroil. EcrecTBeHHO, YTO NPOMOJIKUTEIBHOCTD
(UKTUBHON pabOTHI IPUHUMAETCS] PABHOW HYJIIO.

CobpiTHE — 3TO MOMEHT 3aBEePIIeHHS KAKOI0-
JIEO0 Mmporecca, OTPaKAaIIHE OTJe/IbHBIH 3TAI BBIITOJI-
HEHHA IIPOCKTA.

Cpenu coObITUI CETEBOM MOJEIU BBIJEISIOT UCXOOHOE
u 3asepuwiarowee coObiTus. VcxomHoe coOObITHE HE HMEeT
MPEIECTBYIOIUX padOT U COOBITHI, OTHOCALIMXCS K Mpen-
CTaBJICHHOMY B MOJIENIM KOMILJIEKCY paboT. 3aBepIaroliee co-
ObITHE HE NMEET MOCIEeNYIOIHNX PadOT U COOBITUH.

CoObITHsl Ha ceTeBOM rpaduke H300paxkaroTcs KpyK-
KaMH, a pabOTBl CTPEIKaMH, MOKA3bIBAIOIIUMH CBSI3b MEXIY
paGotamu.

Jlst mocTpoeHus ceTeBOTo rpadrka He0OXOAUMO:

" COCTaBUTH ICPCUYCHD pa60T;
" OIIPCACIUTH IMOCICA0OBATCIPHOCTD 3TUX pa60T;
" yKazaTb IMIPOAOJIKHTCIBHOCT U CTOMMOCTH 3THX

paboT, a Takke HEOOXOAMMO OIpeNeIUuTh BPEMEH-
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HBIE TTapaMeTPbI COOBITHI U padoT.

Bo3sBenenue cren

\ 4

[Ipumep dparmenrta cereBoro rpaduxa

BpemeHzrpIE DapaMeTPEI CeTeBRIX TPAPHKOB

3agaua. Jlng noarotoBku (UHAHCOBOTO TJIaHA Ha Clie-
OYIOIUN To1 GUpMe HEOOXOIUMO MONTYIUTh JTaHHBIC OTACIOB
cObITa, MPOU3BOJCTBA, (hUHAHCOB U Oyxraiarepuu. B Tabnuie
YKa3aHbl COOTBETCTBYIOIIHME OIEPAMH U WX MPOJODKHTEIb-
HOCTb. [IOCTPOUTH CeTeBYI0 MOJIEb U OMPEICIIUTh BpeMEHHBIE
rapameTpbl COOBITHH.

Taonuma 10.1. Hexogabre gaHHEBIE

Onepa- IIpenwmectBy- IIponomxurens-
st Ornucanue IOIIIE OoTepa- HOCTh
§8050%0 (B THSX)
A Pa3pabotka - 12
IIPOrHO3a
cObITa
B N3yuenne - 9
KOHBIOHKTY-
PBI pPBIHKA
C IToaroroska
yepTexen A 7
U3JIENUs |
TEXHOJIOTUU
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€ro IMpou3-
BOACTBa

Pazpabotka
IUTAHOB TIPO-
W3BOJICTBA

Omnenka ce-
0eCTOMMOCTH
MIPOU3BOI-
CTBa

Ompenerne-
HUE  IICHBI
U3OCIIHS

B, E

Pazpabotka
¢buHaHCOBO-
o TIaHa

E,F

16

Pemienmne:
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Ds

[1yTe — nocaenoBaTenbHOCTh COOBITUH.

I1yTb, KOTOpBII COEOUHAET MCXOMHOE M 3aBEPIIAOIIECE
COOBITHS, Ha3bIBACTCS MOJIHBIM. [10JHBIA yTh, UMEIOLIMIA MaK-
CHUMAJIbHYIO IIPOAOJIKUTCIIBHOCTD, HA3BIBACTCSA KPUTUYCCKHUM.

l—2—4 —5 —06—7— 8 op=48 1nell

1—2—4 —5 —6—— 8 o, =44 ggen

1 3 7 —™ 8 o03=29 ggeit

o1 = 48 nHel — KpUTHUYECKNH ITyTh

Panuwmii cpok cBepmieHust coObitus ty(i) — 3T0 Makcu-
MaJIBHBIM 110 TPOAOIDKUTENLHOCTH yTh, BXOISAIINI B JIaHHOE
COOBITHE, CUMTas OT HAYaJbHOTO.

[To3auuit cpok cBepiieHus coObitHs (i) — onmpenens-
eTCsl KaK Pa3HOCTh MEXIY JJIMHON KPUTHYSCKOTO MYTH M MaK-
CHMAQJIHBIM M0 TIPOJOJDKHTEILHOCTH ITYyTE€M, BXOJSIIMM B
JIAHHOE COOBITHE, CUUTAs OT 3aBEPIIAFOIIETO.

Pe3epB BpeMeHU CBEpIICHHS COOBITHS

RG) = (1) - t()
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DTa BeJMYMHA MOKA3bIBACT, HA CKOJIBKO MOXKHO 3aJIep-
’KaTh HACTYIUICHHUE COOBITHS, HE YBEIUYMBAsl MIPU ITOM CPOK
BBITIOJTHEHUS padoT.

Tabauria 10.2. Pacuer pezepsa Bpemeru

. | Pannwii cpok | Ilo3muuii cpok Pe3eps
Cobprrne | L) i) | spewent R()
1 0 0 0
2 12 12 0
3 9 28 19
4 19 19 0
5 24 24 0
6 28 28 0
7 32 32 0
8 48 48 0

Peseps Bpemenu coObiTus 3 — R(3)=19 — o3nauaer, 4ro
BpeMsl CBEpIICHUS COOBITHSI 3 MOXET OBbITh 3ajepkaHo Ha 19
IHEel 0e3 yBennueHUus OO0Iero CpoKa BBIMOJHEHHUS MPOEKTa.
AHanusupys Tabnuiy 2, BUIUM, YTO HE UMEIOT PE3EpBOB Bpe-
MeHu cobbiTus 1, 2, 4, 5, 6, 7, 8. OTH coOBITUS U 00Pa3yIOT
KPUTHYECKUH ITyTh.

OoruMA3aImEg ceTeBoro rpagpuka

[Tocne HaxoXJIEHUS KPUTHYECKOTO TMYTH U PE3EPBOB
BpPEMEHHU pabOT M OIEHKH BEPOSITHOCTH BBITTOJHEHHSI TIPOCKTA B
3aJJaHHBII CPOK JOJDKEH OBITh MPOBEIEH BCECTOPOHHUIN aHAJH3
CeTeBOro rpaduka v MPUHSATHI MEPHI IT0 €T0 ONMTUMHU3AIUU. DTOT
BeChbMa BaXKHBIH dTan B pa3paboTKe CeTeBbIX TpaduKOB paCKPhI-
BaeT ocHoBHYyI0 mueto CIIY. On 3akmrodaercs B IPHUBEICHUHU
CeTeBOro rpaduka B COOTBETCTBHE C 3aJaHHBIMH CPOKaMHU H
BO3MOKHOCTSIMH OpPTaHHU3AINH, Pa3padaThIBAIOIICH MTPOCKT.

OnTtummzaiusi ceTeBoro rpaduka mpeacTaBiIseT MPo-
IeCC YIYUIICHUS OpTaHW3aI[uH BBITIOJTHEHHS KOMIUIEKca paboT
C YYETOM CpPOKa €ro BBITIOJIHEHHUS. ONTHUMHU3AIHS IPOBOIAUTCS C
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LETBI0 COKPAIICHUS JUIMHBI KPUTHUYECKOTO IYTH, BhIPABHHBA-
HUS KOO(PPUIMEHTOB HANPSHKEHHOCTU padoOT, paluoOHAIbHOTO
HCII0JIb30BAaHUS PECYPCOB.

KomruiekcHast onTuMu3anus 3akiouyaeTcsi B onpeerne-
HUMU ONTHUMAJBHOTO COOTHOIICHUS BEIUYUHBI CTOMMOCTH U
CpOKa BBIMOJIHEHHS padoT.

Taonuma 10.3. Hexogabre qaHHEBIE /I OIITHMH3AI[HH

ceTeBoro rpagrra
Ne | Pabo- [Iponomxurens- Koadpumm- Crou-
n/ | ta(i, | HOCTH paboT, qHEMH €HT 3aTpaT | MOCTb pa-
1} ), min max Ha yCKope- 0O0THI,
a(i,j) b(i,j) | HuepaborK | neH.en.
(i, j) C(ij)
(1, 2) 7 12 6 30
(1, 3) 5 9 3 25
(2, 4) 4 7 2 30
(4,5) 3 5 8 15
(5, 6) 2 4 3 10
(3,7) 2 4 2 20
(6, 7) 2 4 6 10
(6, 8) 9 16 4 50
(7, 8) 9 16 5 40
Htoro 230
Ilpumeuanue:
k(i,j):tga:CmaX(l’J) Cmin('!])

b(i, j) -a(i, j)

Bemnunna K (i, j), paBHa TaHreHCy yria o HaKJIOHA arl-
MTPOKCUMHUPYIOIIEH MPAMON, MOKa3bIBAET 3aTPaThl Ha YCKOpeE-
Hue paboTbl
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rae a (I, ) — MUHMMaJIbHO BO3MOYKHAsI (3KCTpEHHAas) MPOI0JI-
KHUTEILHOCTh paboThI (i, J), KOTOPYIO TOJIBKO MOKHO OCYIIIE-
CTBHTD B YCIIOBUSX Pa3pabOTKy;

b (i, ) — HOpMaIbHAsS TPOJOIKHTEIBHOCTD BBITOJHCHHS
pab6otsi (i, j).

Croumocts C (i, j) pabortsi (i, ) 3aKiIr04eHa B TpaHHIIAX

oT  Chin (i, J) (mpy HOpMaAJILHOH TPOIOIKUTEIBHOCTH PabOT)
10 Cmax (i, J) (Ipu 9KCTPEHHOM TPOAOIDKUTEIBLHOCTH PaboT).

Jlns ynoOcTBa AambHEMIINX PacyeToB MPEICTaBUM 3TH
myTH TpadUvecKkyd B BUJE LEMOYEK PadoOT, B KOTOPBIX HHU(PHI
HaJl CTPEJIKaMM MOKa3bIBalOT KOA(PGHUIMEHTH! 3aTpaT Ha YCKO-
peHne paboT, a MoJ CTPEeKaMH — MaKCUMAaJIbHO BO3MOXKHBIE
BEIMYMHBl  YMEHBUICHHUS  NPOJODKUTENBHOCTH  paloT

At(i, j) =b(i, ) —a(, j).

|—2 —4 —5 —6—7 — 8 «a; =48 gueit
|—2 —4 —5 — 6 —> 8 o, =44 gueni
| 3 7 — 8 o3=29 gHeil

CoxpatieHre npo10JKUTENbHOCTH PaboT IPOBOIUM 110
TeX IMOp, MOKa OHU He OYIyT CKaThl 10 MIN MPOJOIDKHTEIBHO-
CTH. YMEHBIIUTh MPOJOKUTETLHOCTh BBIMOJIHEHUS KOMIUIEK-
ca MOYKHO 3a CYET COKpAIleHHs MPOAODKUTEIHLHOCTH PadoT
KPUTHYECKOTO IMYTH {ip= t(ap)

| mar. 13 paGot kputuyeckoro myTH (02) HAUMEHbIINN
KO3 PUIMEHT 3aTpaT Ha yCKOpeHHue uMeeT padota (2, 4)

min (6, 2, 8, 3, 6, 5) = 2 cokparaem padoty (2, 4) He
6onee ueM Ha 3 THS

CrouMocCTh MPOEKTa 3a CUeT yCKOpeHHs paboTsl (2, 4)
Bo3pactaer C=230+2-3=236 neH. en.

Hosbie mymsb! mmyteid ay=44 -3 =41 a,=48-3=45 03=29
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Il mar. min (6, 8, 3, 6, 5) = 3 cokpaiaem padoty (5,
6) Ha 2 HA

CromMoCTh TIPOEKTA 32 CUET YCKOpEeHHs padoThI (5, 6)
Bo3pacTtaeT C=236+3-2=242 neH. e.

01=41-2=39 ap,=45-2=43 o03=29

Il mar. min (6, 8, 6, 5) =5 cokpariaem padotsr (7, 8)
u (6, 8) Ha 7 nHe#

CrouMOCTh TIPOEKTa 32 CUET YCKOpEeHHs paboT Bo3pac-
TaeT C=242+5-7+4-7=305 neH. en.

0=39-7=32 0,=43-7=36 03=29-7=22

IV mar. min (6, 8, 6) = 6 cokparaem padorty (1, 2) Ha
5 nHen

CroumocTh MpoeKTa 3a cueT yckopenus padotst (1, 2)
Bo3pacraer C=305+6-5=335 neH. ex.

0m=32-5=27 ;=36-5=31 oa3=22

V miar. min (6, 8) = 6 cokparaem padory (6, 7) Ha 2 1Hs

CTouMOCTb NMPOEKTa 3a CUeT yCKopeHus padboTsl (6, 7)
Bo3pacraer C=335+6-2=347 nex. ex.

o= 27 o= 31-2=29 O3= 22

VI mar. Cokpariaem pa6oty (4, 5) ¢ k=8 na 2 qust
CTouMOCTb NMPOEKTa 3a CUeT yCKOpeHus paboTsl (4, 5)
Bo3pactaer C=347+8-2=363 neH. ex.
o= 27 -2=25 Qo= 29 -2=27 o3= 22

C o
363 27
347 29
335 31
305 36
242 43
236 45
230 48
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I'paduk onTHManbHON 3aBUCUMOCTH CTOMMOCTH IpPO-
exta C(t) OT NPOJOKUTENILHOCTU €r0 BBIIOJIHEHUS IpeJcTa-
BUM Ha pucynke 10.3.

400

350 ==

300 \\\
250

200

150

CTOMMOCTb NnpoekTa, C

100

50

0

27 29 31 36 43 45 48

NPOAOIMKUTENNbHOCTb NpoekKTa, t

Puc. 10.3. I paghur onrrnmasbHOH 3aBHCHMOCTH CTOHMO-
cra npoerra C(t) oT MpoRoIKHTEIEHOCTH ero BBITO.T-
HEeHHA

C nomouipio 3T0r0 rpaduka, MOXKHO, C OJHOW CTOpO-
HBI, OIIEHUTh MUHUMAJIBHYIO CTOMMOCTH MPOEKTa MPH JHOO0M
BO3MOKHOM CPOKE€ €ro BBIIOJIHEHUS, a C JPYrod CTOPOHBI —
HaWTU MPEACTbHYIO MPOJOJDKUTEILHOCTh BBITIOJHEHUS MPOCK-
Ta MpU 3aJaHHOM ero ctoumoctu. Hanmpumep, npu npoaoinKu-
TETBHOCTHU MpoekTa t=45 nHel MUHUMAaNbHAs CTOMMOCTH BBI-
MOJIHEHUSI KOMILIEKCa COCTaBUT 236 ycil. IeH. €., a IPU CTOU-
MOCTH BBITIOJTHEHUSI KOMILUIEKca, Hanpumep, 340 yci. JaeH. en.
npeAesbHas MPOJOKUTEIbHOCTh MPOeKTa cocTaBUT 30 THEH.
C nmomompio (PyHKIIUU MOXKHO OIIEHUTH JIOMOJIHUTEIbHBIE 3a-
TpaThl, CBSI3aHHBIE C COKPAIIEHUEM CPOKOB 3aBEPIIEHUS KOM-
miekca. Tak cokpaileHre MpoJoKUTENBHOCTA MPOeKTa ¢ 45
naeit 1o 30 mHei moTpedyeT MOMONMHHUTENbHBIX 3aTtpaTr 340 —
236 = 104 ycu. neH. en.
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11. MATEMATUYECKUE METOIBl
ITPUHATHUA XO3AVNCTBEHHBIX PENIEHN
B YCJIOBUAX HEOIIPEAEJIEHHOCTHA

§ 1. Buger HeommpegeIe HHOCTH

CymectByeT 00JbIIOE KOJMYECTBO 3a/a4, B KOTOPBIX
HEBO3MO>KHO OJTHO3HAYHO OIIPEJIEIUTh OCHOBHBIE IAPAMETPHI U
IIEPEMEHHBIE MOJEIIM U3y4aeMOro Ipouecca Wiu siBjicHus. B
3TOM CIIy4ae TOBOPST, YTO IMPHUHIATHE XO3SIMCTBEHHBIX PEIICHUN
OCYILIECTBIISIETCS B YCIOBUSX HEONPENEICHHOCTH.

Pasnuuaror nBa Buaa HeompeneneHHOCTH. [lepBbiii —
9T0 CTOXACTHYECKad HeOonpeneIeHHOCTE, Ul Heolpege-
JIEHHOCTH IIEPBOI0 IIOPAAKA&, TO €CTb CUTyallMs, B KOTOPOU
IpeIoaraeTcs, YTo JUisl HEOINPEAEICHHBIX MapaMeTpoB MO-
XKeT ObITb YCTAaHOBJEHO BEpOATHOE pacmpezaencHue. B stom
Cllydyae 4acTo MPHUOEraroT K HM3Y4eHUIO (DYHKIUM IUIOTHOCTH
BEPOATHOCTEN, ONPEAEIAIOT CPEJHEE 3HAUCHUE CIy4alHOM Be-
JIUYMHBI, €€ AUCIEPCUIO U T.I., YTO B KOHEYHOM CYETE I103BO-
JISIET ClIeNaTh BBIBOJ O JOIIYCTMMOM BapHaHTE X031 CTBEHHOTO
pelIeHrs] 0 HEKOTOPOMY 3apaHee ONpPEeNIEHHOMY, Kak IIpa-
BUJIO, TIOPOrOBOMY KpurepHio. [IpumeHeHne BepOSITHOCTHBIX
METOJIOB MOJIEIMPOBAHUSI 3KOHOMHUYECKHX IPOLIECCOB OIpaB-
JBIBACT ce0s TOJBKO B TE€X CIydasx, KOIrJla €CTh BO3MOXKHOCTb
HaKONUTh M 00paboTaTh OOJBIIOE KOJMYECTBO CTAaTHUCTHYE-
cKo MH(poOpManuu, olecreynBaroNeil penpe3eHTaTuBHOCTD
aHAJIM3UPYEMBIX BBIOOPOK.

Bropoii BUI HEONpPEeNeIeHHOCTH — JTO HEOIPEAEIICH-
HOCTb, IIPU KOTOPOH HEU3BECTHO BEPOSTHOCTHOE pacrpesese-
HUE MHTEpeCyIoUlel BeJIMYMHBI, HO ONpejeieHa o0acTh ee
n3MeHeHus. HeompeneneHHOCTh Takoro BUAA Ha3bIBalOT HeE-
OIIpEeNeIeHHOCTHI0 BTOPOIO IOPAAKA. Bo3HuKaeT Heomnpe-
JIEJIEHHOCTh BTOPOTO MOpPSAKA MO JBYM MPUYMHAM: B CBSI3U C
JEICTBUEM JIOAEH, MpECIEAYOIUX UHBIE LIETU B HEKOTOPOH
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9KOHOMMYECKON CUTyalluu, WIA B CBS3HM C IIOBEJEHUEM HEKO-
TOPBIX HEMPEICKA3yEeMbIX IPUPOAHBIX (PaKTOPOB.

JUia npUHSTHS TOJOOHBIX PEIIEHUIN IpeUIaraTcs He-
KOTOpBIE JIOTMYECKHE KPUTEPUHM IPHHATHA XO3SMCTBEHHBIX
peuieHui.

OpHMM U3 TakUX NOAXONOB SABIACTCS HIPHHIIHII I'a-
DPAaHTHPOBAHHOIO pe3yJIbTara. Ero cMbICI COCTOUT B TOM,
9TO BBIOMpaeTcs Takod x-mapameTp (IUTaH WJIM YIpaBlICHUE),
OIIpeAEIAEMBI HAMH, IIPY KOTOPOM HEKOTOPBIM HHTEPECYIO-
muid  Hac mnokaszatenb W(X, Y) JOCTHUTraeT HaWIydIlero
(Han6GobIIero) 3HaYeHUs NP YCIOBHH, YTO Y, HEONpPEIeNeH-
HBIM MapaMeTp, IPUHUMAET Hauxyauee 3HadyeHue. Maremaru-
YECKU IPHUHLUI FapaHTUPOBAHHOIO PE3y/bTaTa ONpPEIEIIeTCs
10 CJIEIYIOLIEMY AJITOPUTMY.

1. Jlns kaxaoro ynpasJeHMs X HAXOJUTCS HauxXyjaulee

3HaueHue nokasaresst W(X, y):

W_(X)= miYnW(x, y),Xe X
ye

2. Tlocne ororo BEIOMpaeTCS TaKOE YIpPaBIICHUE
X€ X, mpu KOTOPOM JOCTHTAaeTCs HauOOoJbIIee
3nauerre Wn(X):

. . .
W* = TEXWm (x)= max ny1€|pW(x, y)
Bennuuna W* — s1o Takoe 3nadenue mokaszarenss W(X,
Y), KOTOpOE€ MOKHO TapaHTUPOBATh MPU HAMXYJIIEM I Hac
MOBEICHUU (3HAUEHUH) HEOIpPEAeIeHHOro mapameTpa y. TOT
KpUTEpHii BEIOOpA Ha3bIBacTCs KpHTEpHEM Basmga.

[TpOoTHBOMONOKHBIM NPUHIMITY TapaHTHUPOBAHHOTO pe-
3yJbTaTa MOJX0J] OCHOBAH HA ONTHUMHCTUYECKOM MPEAIoIokKe-
HUM, YTO HEM3BECTHBIM MapameTp y OyleT NpUHUMATh HAWITyd-
Me JJis Hac 3HadeHus. B 3Tom ciydae BBIOOp yNpaBIISIOLIETO
peleHust OCHOBBIBaeTcs Ha onpeaenenun W* no popmyse
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W*=maxmaxW (X, y)
xeX yeY

OpHako 3TOT KpUTEpUM CIUIIKOM ONTHUMHCTUYEH, TO-
ITOMY dHallle npuMeHsietTcsi kparepud 1ypBrra, cocrosumii B
BBIOOpE TAKOT'0 YIPaBIEHUS X, IPH KOTOPOM JOCTUTACTCA

W* = max(aman(x y)+ (- a)maxW(x y))

xeX

rae o npuHumaet 3Hadenue ot 0 go 1. [Ipu a = 1 nonydaercs
MECCUMHUCTHYECKUH MOAXO0/ K MPUHATUIO PEIICHUS] HA OCHOBE
MIPUHLMIIA TAPAHTUPOBAHHOIO pe3yibTaTa, npu o = 0 — onrtu-
MHUCTHYECKHH ITOIXO/I.

Kpwrepmii Jlammaca — >1o kputepuil onupaercs Ha
W3BECTHBIM MPUHIMII HEAO0CTaTOYHOro oOocHOBaHMSA. [lo-
CKOJIbKY BEPOSTHOCTH COCTOSIHUM X1, X2, ..., Xn HE M3BECTHBI,
HeoOXxoaumast HHGOpMaIHs JUIsl BBIBOAA, YTO 3TH BEPOSTHOCTH
pa3uyHbI, OTCYTCTBYET. B MpOTUBHOM cCilydae MOXKHO OBLIO
OBl ONpPENETUTh 3TU BEPOATHOCTH U CUTYAIUIO YK€ HE CIe0-
BaJIo paCCManI/IBaTB KakK HpI/IHSITI/Ie peIIICHI/Iﬂ B yCJ'IOBI/ISIX HEC-
onpeaeneHHOCTH. Tak Kak MPUHIUI HEJOCTATOYHOTO 0OOCHO-
BaHMS YTBEPHKJA€T MPOTHUBOIIOJOKHOE, TO COCTOSHHUSA X1, X2,

, Xn IMEIOT paBHbIE BEPOSATHOCTU. Eciu corimacutecs ¢ npu-
BEIECHHBIMU IOBOJAMHU, TO UCXOAHYIO 3aJa4y MOHO paccMar-
pUBATh KaK 3a7a4y MPUHATHS PEIICHUS B YCIOBUAX pUCKA, KO-
r/1a BEIOMpAETCsl JEHCTBUE aj, JAIOIIee HAWOOJBIIUNA OXKHIae-
MBI BBIMTPBIMIL. J[pyruMu ciioBaMu, HaXOAWTCS JelcTBUe a*j,
COOTBETCTBYIOIIIEE

max Zv(aI X

rae 1/n — BeposATHOCTH peanu3anuu coctostHuA Xj (J=1, 2,..., n).
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Wurepecen moxaxox, npemtoxennsii JI CaBramreM.
OH cocroutr B ciaeaylomeM. Jlusd KakXIOoro 3HAYEHUS
y €Y Haxomurcs QyHKIHS:

B(y) = maxW (x,y)

KOTOpast TIOKa3bIBACT, KAKOE HAMITy4lllee 3HAYCHUE TTOKa3aTes
W(X, Y) MOKHO MOJIy4UTh P 3HAYCHUH Y €Y .

DTO 3HAYEHUE MOKA3aTelNsl MOKHO OBbLIO OBbI MOJIIYYHUTH,
ecnu Obl OBUIO M3BECTHO 3HAUYEHHUE IapaMeTpa ) 3apaHee.
Crpoutcs HOBBIN IOKA3aTElb:

V() = B(Y) =W (x,y) = maxW (x,y) =W (x,)

[Tokasarens Ha3bIBacTCs @YHEIHEH pucka (GyHKiu-
eil motepp win QyHKuuen coxanenuit). OH MOKa3bIBaeT MOTe-
pH (OTKJIOHEHHS OT HAWJIy4YIIero 3HadeHus B())) s KaKaoro
yrpaBlieHuss X € X TpH BCeX 3HAYCHHSIX mHapamerpa yeY .

Kpurepuii CaBuaka cocTOMT B BbIOOpE pEIICHHsS Ha OCHOBE
¢bynkuuu pucka V(X, Y) ¢ HCHOIB30BaHUEM MPHUHIIMAIA TapaH-
TUPOBAaHHOTO PE3YJIbTaTa, TO €CTh HILETCS TAaKOE PpEIICHUE,
IIPY KOTOPOM JIOCTUTaeTCsl:

W* = min max(maxW (x, y) =W (x, y))

xeX yeY xeX

Hcnons3oBanue 3TOro Moaxo/1a Mmo3BOJISIET YMEHBIITUTh
PHUCK MpU IPUHSATUU PEILICHHUS.

Tem He MeHee, HEOOXOAMMO MTOMHUTH, YTO BCE MPHUBE-
JIEHHBIE KPUTEPUH UMEIOT BBICOKYIO CTENIEHb TPOU3BOIBHOCTH.

3agaya. OIHO U3 TPEANPUATHI TOJHKHO ONPEACIIUTh
YPOBEHB MPEIJIOKEHUS YCIYT TaK, YTOOBI YJOBIETBOPUTH I0O-
TpEOHOCTH KJIMEHTOB B TEUYCHHE MPEACTOSIIUX TMPa3THUKOB.
To4HO€ YMCII0 KIMEHTOB HE U3BECTHO, HO OKHMJIAETCS, YTO OHO
MOXET HPHUHATh OJHO M3 4eThlpex 3HadeHwii: 200, 250, 300
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mwi 350 KaueHToB. I KakIoro U3 3THX BO3MOXKHEIX 3HaYe-
HUH CYIIECTBYET HAWIYYIIUN YPOBEHb MPEUIOKEeHHS (C TOUKH
3peHusi BO3MOXHBIX 3aTpaT). OTKIOHEHHS OT ATHX YPOBHEU
MPUBOJIAT K JAOMOJHUTENIBHBIM 3aTpaTaM JIN0O U3-3a MpeBbIle-
HUS NPEAJIOKEHUS HaJ CIPOCOM, JUOO0 M3-3a HEMOJIHOIO yI0-
BJICTBOPEHUS CIIpOca.

Huxe npencrasiena matpuna A, onpezaensionias Io-
Tepu (YCi. IeH. e1.).

KIIMCHTHBI
X X X X,
5 10 18 25) a,
8 7 8 23|a,
Tlo1 18 12 21| a YPOPCHRTPOMIONCHEA
30 22 19 15) a

~

1) Kpwmrepmuri Babga — xputepuii MakCUMAaIbHON
HOJIE3HOCTH.

Tak xak maTpuua NpeAcTaBIsAeT MOTEPU, NMPUMEHSIEM
MHUHHMMAaKCHBIN KPUTEPHIA.

W = min (max x;) = min(25, 23, 21,30)=21

MuHUMaKCHOE 3HAuY€HHE pPaBHO 21 W COOTBETCTBYET
CTpaTeruu as.

2) Hpmrepmii Iyperija — npuHaTHE PELIEHHH OT
OITUMHUCTUYHOI'O 10 IECCUMHUCTUYHOTO.

3HaueHue o Mexay 0 u 1 MoxkeT onpenensaTbCs B 3aBH-
CUMOCTU OT CKJIOHHOCTH JIMLA, IIPUHHMMAIOILIErO pELICHHE, K
MIECCUMU3MY WJIM ONTUMM3MY. [Ipy OTCyTCTBHM SIPKO BBIpaKEH-
HOM CKJIOHHOCTH 0=1/2 mpesicTaBisieTcss Haubosee pa3yMHBIM.
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Pe3ynbTaThl BEIYUCICHUN:

roommcn | W | | W (ambw) -a)mewy)
1 5 25 | W*=0,5-5+0,5-25=15 — min
2 7 23 | W*=0,5.7+0,5-23=15 — min
3 12 21 | W*=0,5-12+0,5-21=16,5
4 15 30 | W*=0,5-15+0,5-30=22,5

OntuManbHOE pelIeHue 3aKIYaeTcsi B BbIOOpEe MEpBOTO WK
BTOPOTO YpOBHS (MUHHMaNbHOE 3Ha4eHHE 15 — Tak Kak mar-
puLa NPEACTABIISET OTEPH).

3) HRpwmrepmii Jlammaca — nosBieHHe DPa3IMuHBIX

CHUTYaIlii paBHOBEPOSITHO.

Kpurepnit Jlamumaca npennosiaraer, 4ro Xxi, X2, X3, Xa
paBHOBeposATHHL. CienoBaTenbHO, BeposTHOCTh P(xj)=1/4 n
OKU/IaeMbIe TIOTEPH TPH PA3TUYHBIX JEHCTBUAX COCTABIIAIOT:

L(x1)=(1/4)-(5+10+18+25)=14,5

L(x2)=(1/4)-(8+7+8+23)=11,5

L(x3)=(1/4)-(21+18+12+21)=18,0

L(x1)=(1/4)-(30+22+19+15)=21,5

Taxkum 06pa3zoM, HAWIIYUIIMM YPOBHEM INPEJIOKEHUS B
COOTBETCTBUH ¢ KpuTepueM Jlamnaca Oynet BTopoit (ay).

4) KRpmrepmii Cepmmka — XynmuM OObABISETCA
MaKCHUMAaJILHBIA PHUCK, a HC MHUHHUMAaJIbHBIN BBIWMT'PBIIII.
OnpenensieM martpuily pucka AP (Tak kak marpuia A mpej-
CTaBJIICT MNOTEpHU, TO HAXOAUM MUHAMAIBHBIA DJJIEMEHT B
CTOJIOIE ¥ BBIYMTAEM €T0 U3 BCEX JIEMEHTOB CTOJIONA).

0 3 10 10
. |3 0 0 8
16 11 4 6
25 15 11 0

W* = min(max x; ) = min(10, 8,16, 25) = 8. [Ipumenenue kpure-

pust CeBuka NPUBOIUT K BEIOOPY BTOPOTO YPOBHSL.
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$§ 2. Moxgeur cracreM MaccoBOro 0OC/IVKHBAHHA

XapaKTepHBIM TPUMEPOM CTOXACTHYECKHX 3ajad SB-
JISFOTCS MOJIEH CHUCTEM MacCOBOTO OOCITY)KMUBaHHUSI.

CucteMbl MaccoBOro OOCITYKMBaHHS HMEIOT TIOBCe-
MECTHOE€ pacHpocTpaHeHue. ITo TesnedOoHHbIE CEeTH, KEJe3HO-
AOPOXKXKHBIC 1 aBUAIMOHHBIC KACChI, aBTO3aIIPABOYHbIC CTAHIITUN
1 T... OCHOBHBIM IPU3HAKOM CHCTEM MacCOBOTO OOCITYXHBa-
HHUS SIBJIAETCS HAJM4YUE HEKOTOPOH obcIy:RHEBaPOIMEH cacTe-
MBI, KOTOpasi MpeIHa3HAYEHa JUI OCYILIECTBICHHS JIEUCTBHI
COTJIaCHO TPeOOBAHUAM MOCTYIAIOIIUX B CUCTEMY 344BOK. 3a-
SIBKM TIOCTYTAIOT B CUCTEMY Cily4ailHbIM 00pa3oM. Ilockonbky
oOciyKHMBaroIIas CUCTEMa, KaK MPaBWUIIO, UMEET OTrpaHHYeH-
HYIO TIPOITYCKHYIO CIIOCOOHOCTB, a 3asiBKH MOCTYIAIOT HEPETY-
JISIPHO, TO MEPUOJUYECKH CO3/IAaeTCs OYepe/b 3asSBOK B OXKH/Ia-
HUM OOCITY’)KMBaHUS, a HHOT/Ia OOCITYKUBAOIIasi CUCTEMa Tpo-
CTaWBaeT B OKUJAHUM 3aiBOK. M TO, U Ipyroe B 3KOHOMHYE-
CKHUX CHUCTEMaAxX BJICHCT HCHIPOU3IBOJUTCIILHBIC HU3ACPIKKH (HO-
TEpH), MOATOMY IPU MPOSKTUPOBAHUU CHUCTEM MACCOBOTO 00-
CJIY’>KMBAaHUSI BO3HHMKACT 3ajjadya HaXOXIACHHA paHHOHaHBHOﬁ
MPOMYCKHOM CIIOCOOHOCTH CHUCTEMBI, IPU KOTOPOM JOCTUraeT-
cA HpI/IeMJ'IeMI)II\/JI KOMITPOMHUCC MCKAY U3ACPKKAMU OT MPOCTOA
B OYepessX B OXMJAHHM BBHIOJHEHMS 3asBKU M IPOCTOS CH-
CTEMBbl OT HEAOTrpy3KH. BrepBble 3ajauu Takoro Tuma ObUIN
pemensl B pabotax A.K. DpnaHra B Hayaje Mpouuioro Beka u
JIeTJIH B OCHOBY «TeoprH MaccoBOTO 0OCTYKHBAHHUS», KOTOPAs
YCIIEIIHO Pa3BUBACTCS B HACTOSIIEE BpeMs.

Takum o0pa3zom, cucTeMa MaccOBOrO OOCITYXUBaHUS
COCTOUT U3 OJIOKA OOC/IyRUBAHHUSA, IIOTOKA 3aABOK U 09€-
pbeqr B OXXUIaHUU O6CJ'Iy>KI/IBaHI/I$[.

Biiokm 00CIy:KMBaHUS B pa3IMYHBIX CHCTEMaX pas-
JMYAIOTCS MEXTy OO0 10 MHOTHM ITOKa3aTeIsIM.

Bo-nepBbix, 060K 0OCITYKUBaHUS MOXET COCTOSTH U3
OJTHOTO HMJIM HECKOJBKUX «IIpuOopoBy. Ilog mpubopoMm moHU-
MaeTcss YCTPOMCTBO WIIM YEJIOBEK, OOCTYKMBAIOIIUI 3asBKH.
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Hanpumep, B marasumHe MOXeT OBITh OJHA WM HECKOJIBKO
kKacc. B mepBom ciydae cucrema HasbIBaeTCsl OFHOKAHAJIb"
HOH, BO BTOPOM — MHOI'OK8HAIbHOH.

Bo-BTOpBIX, CHCTEMBI MACCOBOTO OOCITY>KUBAHHSI MOTYT
ObITh OQHOPAZHEIMHE U MHOTOa3HEIMH. B niepBoM ciiyyae
3asiBKa 00CTYKUBAETCS TOJIBKO OJTHUM IPUOOPOM, BO BTOPOM —
MOCJIeI0BaTeNbHOCThIO MpubopoB. Hampumep, kacca B mara-
3uHe — oaHodasHas cuctema, cOepkacca — aByxdaszHas, mo-
CKOJIbKY CHayajla KJIHMEHT OOCITY)XHMBaeTCsi KOHTPOJEpPOM, a
TOJIBKO 3aTe€M MOJTy4aeT ICHbI'H Y KacCupa.

Bropasi cocraBusiomas CHCTEM MacCOBOTO OOCITYKH-
BaHHMS — BXOOHOM IOTOK 3asIBOK. OOBIYHO MpeAroJiararor,
YTO BXOAHOW MOTOK MOAYMHSAETCS HEKOTOPOMY BEPOSTHOCTHO-
My 3aKOHY JUJISl JUTMTEILHOCTA MHTEPBAIOB MEXIY JIBYMS I10-
CIIEIOBATENbHO TMOCTYHAIONIMMH 3asiBKaMH, TMPUYEM 3aKOH
pacmpesielieHrsl CUUTACTCS HE M3MCHSIIONIMMCS B TCUCHHE He-
KOTOpPOTO JIOCTaTOYHO MPOJIOJDKUTENBHOrO BpeMmeHu. Mcrou-
HUK 325IBOK HCOTPaHUYCH.

TpeTss cocTaBnsomas — JUCIUIIAHA OYepequ. J1a
XapaKTePUCTHKA OIMCHIBACT MOPSIOK OOCTY)KUBAaHUS 3asBOK,
MOCTYMAIONINX Ha BXOJ CHUCTeMBI. Yale BCero MmpUMEHSeTCs
JTMCUUIUINHA: «ITEPBEIM IIPHIIE — ITEePBBIM OOCIVIKEHY.
Ho BO3MOXXHBI U JIpyTHe TOPSIKA OOCITY>)KUBAHUS: «IT€PBBIM
IPHIIIET — TOCTETHHUM O0C/TIVIKEHY, C/IVIaAHHBIH ITOPATOK
00C/TVKHBAHHA, O0CTIVKHBAHHE C IIPHOPHTETAMH.

B kadecTBe nmpuMepa IpUMEHEHHUsI CUCTEMBI MacCOBOTO
OOCITy’)KUBaHHsI PACCMOTPHUM 33/1a4y NMPOEKTUPOBAHMS aBTO3a-
npaBouHoi cranuuu (A3C).

[Tycts HE0OX0aMMO BHIOpATh OJWH W3 HECKOJBKUX Ba-
puantoB crpoutenbecTBa A3C. ABTOMOOMIM NpeObIBAIOT Ha
CTaHIIMIO CIy4YailHbIM 00pa3oM M, €CIM HE MOTYT ObITh 00CTy-
KEHBI cpa3y, CTAaHOBATCS B ouepenb. JucnuruimHa odepenu —
IIEPBEIM IIPHIIIEST — IIEPBBIM 00CTIV:KeHy. [Ipeanonoxum
JUIS TIPOCTOTHI, YTO BO BCEX BapUaHTaX pPacCMaTPHBACTCS
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TOJIBKO OJJHa OEH30KOJIOHKA, @ BAPUAHT OT BapUaHTa OTJINYAET-
Csl JINLIb €€ MOIIHOCTBIO.

IIpennonoxxumM, CTaTUCTUYECKHE HAOIIIOAEHUS IO3BOJIM-
T TOJYYUTh BEIWYMHY CPEHEro KOJMYECTBAa KIMEHTOB L, 00-
CIY’)KMBaeMbIX B eIMHMIYy BpemeHH. OOpaTHas BenuumHa 1/p
OlpeesieT CpeHee BpeMsl 00CITyKUBaHUS OJHOI'O KJIIMEHTA.

Janee nomyckaercsi CTaHIApTHOE IPEAIION0KEHUE, YTO
BEPOATHOCTb TOT'0, UTO OOCIYKMBAaHUE OJHOTO KJIMEHTA, HAXO-
ISIIIerocst B mpolecce o0CIy)KMBaHUS B MOMEHT 1, Oyzer 3a-
BEPIICHO B MAJIOM MPOMEXYTKe BpeMeHH [t, t + t], mpubin3zu-
TEeJbHO paBHa pt, rae p > 0.

BeposiTHOCTB TOTO, YTO 00CTY)KMBaHHUE HE 3aKOHUYMTCH,
cuMTaeTcs NpUOIU3UTENILHO paBHOM 1-UT, a BEPOSITHOCTH TOTO,
4T0 OyJeT 3aKOHYEHO O0CIyKMBaHHME ABYX WJIM 0ojiee KIIMEH-
TOB, — MpPEHEOpPEeKUMO Majlol Beau4YMHOM. Toraa MmiIoTHOCTh
pacripesielieHusi BpeMeHH OOCITY)KMBaHUS MMEET 3KCIIOHEHLIU-
QJIBHOE PaCIpPEEICHHE:

f)=pe™, t=0

Jlanee, UCXOJs U3 TOTO, YTO KJIMEHTHI NMPHOBIBAIOT Ha
A3C cnyuaiiHO, peAnoaaraeTcsi, 4YTo BEpPOSTHOCTb MPHUOBITHS
OJZIHOTO KJIMCHTA 3a JF0OOW Malblii MPOMEXYTOK BpeMeHH [t,
t+1], HAYMHAIOMIKICS B TPOU3BOJILHBIIT MOMEHT BpeMeHHU 1 U
UMEIOIINI JUIMHY T, C TOYHOCTBIO JI0 MPEHEOPEKUMO MAaJbIX
BEJIMYMH NPONOPLUOHATBHA T C HEKOTOPHIM KO3((UIIMEHTOM
nponopuuoHansHocTH A > 0. Bennuuna A MHTEpHpeTUpyercs
KaK CpelIHEee YMCIIO KJIMEHTOB, nosgpistomuxcs B A3C 3a enu-
HUIy BpeMeHHM, a oOpaTHas el BennumHa 1/A — Kak cpeqHee
BpeMs MOSBJICHHUS OJJHOTO KJIMEHTa. BeposTHOCTH TOro, 4To 3a
3TOT MPOMEXKYTOK BPEMEHHU He MpeOyJeT HU OAHOTO KIIMEHTA,
CUMTAeTCss NMPUOIU3UTENBHO paBHOW 1 — AT, a BEpOSTHOCTb
MPUOBITHS ABYX WM OoJiee KIMEHTOB — MPEHEOPEeKUMO MaJloit
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BEJIMYMHOMN 10 CPaBHEHHIO CO 3HaUeHHEeM AT. 13 BBIABHHYTHIX
MPEATNOI0KEHUI B TEOPUU BEPOSTHOCTEM NENAI0TCS CIEoYIO-
1I1€ BBIBOJIBI.

Bo-niepBbIX, NpOMEXYTKH BPEMEHU T MEXAY ABYMS MO-
CJIEI0BATEIbHOCTSIMU MOSBICHUSIMU KIIMEHTOB YIOBJIETBOPSIOT
9KCIIOHEHIIMAJILHOMY PacIpeleeHUIO:

pt) =", t>0

Bo-BTOpBIX, BEPOATHOCTH TOTO, UTO 3a JIIOOOH yKe He
Masblii Iepuoj BpeMeHu I npuOyAeT N KIUEHTOB, MOJCUUTHI-
Baetcs no opmyse

P(n)=

n ~—At
w, n=0,1 2, ..
n!

TO €CTh BXOJHOM MOTOK 3asBOK SIBJISCTCS ITyaCCOHOBCKUM.

OtmeTuM, 4TO, B OTJIMYME OT CPEAHETO KOJIUYECTBA aB-
TomMoOuIel, npuobIBaoMX B eauHully Bpemenu Ha A3C, To
€CTh BEJINYMHBI A, BEJIMUMHA |l 3aBUCUT OT BBIOPAHHOTO HAMHU
BapuaHTa crpoutensctBa A3C. [loaToMy mmeeTr cMmbica pac-
cmatpuBath Te MpoekThl A3C, A KOTOPBIX CpelHee Bpems
oOciy>kuBaHus 1/ MeHbIIE CPEeIHEro MPOMEKYTKa BPEMEHU
1/A mexny npuOBITHEM KIHMEHTOB, KOO B MPOTHBHOM Cllydae
ouepenb OyneT MOCTOSIHHO pacTH. B Tom ke ciaydae, korma
1/u<1/A, yepe3 HeKOTOpOE BpeMsl Mocie Havana paboThl CH-
CTeMa NepeNeT B CTAlMOHAPHBIM pEXHUM, TO €CTh €€ I0Ka3a-
TeIN He OYIyT 3aBUCETh OT BPEMEHHU.

O06o03Ha4yMB OTHOIIEHHE A/|L Yepe3 p, MOKHO TOKa3aTh,
YTO CTAl[MOHAPHBIA pEXUM ycTaHaBiuBaercs rnpu p < 1. Benu-
YUHY P Ha3blBAOT HAIPY3KOH CHCTEMEI. Toraa OCHOBHBIE
XapaKTePUCTUKH CUCTEMBI MacCOBOTO OOCITY)KUBaHUS OIperie-
JISTFIOTCS TI0 (popMyIam:

e KO3(hbmreHT IPOCTOA CACTEMET

149



E =1-p

® cCpengHee YucCJ10 KJIMeHTOB B cacreme

E,=2
1-p
* cpenHad JJIHHA 09epenH
,02
E3 =
1-p
e cpengHee BpeMsA MPeORIBAHHA KJIHEHTA B CH-
creme
1
E,=——
H—A
® BpeMA Hpe5HBaHHII RJIHeHTa B o9epengua
E =
H—A

Ha ocHoBe ananmn3a 3Ha4eHUN NPUBEACHHOW CHCTEMBI
nokaszaresei, XapakTepu3yoILIMX CUCTEMY MacCOBOTO 00Ciy-
YKUBaHMUsI, J€NIaeTCs BBIBOJ O 11€JIeCO00pa3HOCTU BBIOOpA Bapu-
anTa ctpoutenbcrBa A3C.

3anpauva. [lycts 1t 00MKX YCIOBHI MOCTAaHOBKH 3a]1a-
4y 110 npoektupoBaHuio A3C M3BECTHBI CIEAYIOUIME JaHHbIE:
CpEIHUI MHTEPBAJ MEX1y IPUOBITUSIMA aBTOMOOMIIEN COCTaB-
nset 4 muHyThl. Bapuantsl crpourensctBa A3C uUMEROT cie-
JIYIOIIME CPEeIHHE BpeMeHa OOCIY)XMBaHUS aBTOMOOWJEH: 5
MUH, 3,5 mMuH, 2 muH, | muH, 0,5 MuH. Pe3ynbrarsl pacueToB
10 UCCIIEOBAHUIO PA3IMYHBIX BAPUAHTOB cTpouTenbcTBa A3C
cBeneHbl B Ta0m. 11.1.

W3 ananu3a pe3ynbTaToB pacyeToB CIEAYeT:

IlepBeiii Bapuant ctpoutenscrsa A3C He TozieH U3-3a To-
TO, YTO OYepe/Ib B 3TOM CiIydae OyAeT pacTH 0 OECKOHEUHOCTH.

Tabmurtia 11.1. Pegysrerarsr pacgeTos
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Xapakrepuctuku CMO

B
ApUAHTBL [T T I " > E, | E, | Bs | B, | Es

1 4vun | 025 [Smun| 0,2 125 |-025| -5 |-625| -20 | -25

4vun | 0,25 (3,5mun 0,286 | 0,875 | 0,125| 7 |6,125|27,477|24,305

4vun | 025 [2mvun| 05 05 0,5 1 0,5 4 2

4vun | 0,25 |1 mun 1 0,25 | 0,75 |0,333|0,083|1,333|0,333

abhlwiN

4vun | 0,25 [0,5vuH 2 0,125 | 0,875 0,143 | 0,018 | 0,571 | 0,071

Bropoii BapuaHT Xopolll MO MOKa3aTesto 3arpy>KeHHo-
ctu obopynosanus p=0,875 u, ciegoBaTenbHO, MAION CpeHEH
nonu mpoctost obopynoanus E1=0,125, Ho npu 3TOM BapuaH-
T€ BO3HUKAIOT OOJBIINE OUeper U, CIeI0BATEIbHO, OONIbIINE
CpelHHE BpeMeHa NMpocTost aBTomoOuineit E4=27,477 mum.

Tperuii BapuaHT NMPUBOIUT K TOMY, YTO 0OOPY/IOBaHUE B
CpeIHEM IOJIOBUHY BPEMEHH MPOCTAUBAET, HO CPEIHEE YUCIIO aB-
TOMOOMJIEH B CHCTEME PAaBHO TOJBKO 1, a cpefHue moTepu BpeMe-
HU paBHBI 4 MHH [IPU CPETHEM BPEMEHN OOCITY>KUBAHHS 2 MHH.

B ocranpHBIX BapuaHTax oYepeau MPaKTUYECKU
HET, HO OOJIbIIYI0 YacTh BPEMEHHU 00OpyAOBaHUE MpPOCTa-
MBaeT, MOATOMY 3TU BapHaHTHI 1I€IECO00pPa3HO OTOPOCHUTH
Kak He3(p(PeKTUBHBIE.

OxoHuaTenbHBIN BbIOOp BapuaHnTta npoekra A3C, oue-
BUJHO, TPUHAJUICKUT JUIy, NPUHUMAIOLIEMY pELICHHE, HO
[IPEIBAPUTENIbHAS PEKOMEHJAIM 110 pe3ylbTaTaM aHalu3a
MOJKET COCTOSTh B IIPEJIOKEHUH TPETHEro BapuaHTa, €CIu Uc-
XOZMTh U3 TOTO, YTO HAOJIIOJAeTCsl MOCTOSIHHAS TEHACHIUS PO-
CTa aBTOMOOMJIBHOTO MTapKa B CTpaHe.

§ 3. Meroger reoprm urp

Ha mpakTuke 4acTo MpuUXOAUTCs CTAIKUBATHCS C 3aia-
JaM#, B KOTOPBIX HEOOXOJIUMO MPUHHMATH PEHICHUS B yCIIO-
BUSIX HEOIPENEICHHOCTH, T.€. BOSHUKAIOT CUTYaIlMU, B KOTO-
pbIX 1Be (wim 0osiee) CTOPOHBI MPECAEAYIOT Pa3INUHbIEC MIEIH,
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a pe3yJbTaThl JII0OOT0 ACHCTBUS KaXK/I0M U3 CTOPOH 3aBUCAT OT
MEPOIPUATHH NTapTHEPA.

B skoHOMUKE KOH(IMKTHBIE CUTYAIlMH BCTPEUYAIOTCS
OYEHb YaCTO U MMEIT MHOrooOpa3Hblii xapaktep. K Hum oT-
HOCSITCSI, HaIlpUMEpP, B3aUMOOTHOIIEHUS MEX1Y IOCTAaBLIMKOM
U TOTpeduTeneM, OKyMnaTeleM U NpoJaBloM, OAHKOM U KIIH-
eHToM. Bo Bcex 3TuX mpumepax KOH(IMKTHAs CUTyalHs IO-
pOoKIacTcs pa3MyueM MHTEPECOB IAPTHEPOB U CTPEMIICHUEM
Ka)KJ0T0 U3 HUX IPUHUMATh ONTHUMAJIbHBIE PELICHUS], KOTOPbIE
peanu3yoT NOCTaBJIeHHbIE L€ B HauOomblel crenenu. [lpu
3TOM KaXJI0My NPUXOIUTCSI CUUTATHCSA HE TOJIBKO CO CBOMMU
LEJISIMU, HO U C LEJISIMU NapTHEPA, U yYUTHIBATH HEU3BECTHBIC
3apaHee pelIeHUs, KOTOPbIE ITH MapTHEPHI OyAyT NPUHUMATh.

JU1st rpaMOTHOT'O pelIeHust 331a4 ¢ KOHQIMKTHBIMU CUTY-
alysMU HEoOXOAMMBbl HAay4HO OOOCHOBaHHbIE MeTOAbL. Takue
METO/Ibl Pa3pabOTaHbl MAaTEMAaTHUECKOW Teopueil KOH(IMKTHBIX
CUTYyallMid, KOTOpasi HOCUT Ha3BaHUE TEOPHA HTD.

MaremaTnueckasi MoJelb KOHQUIMKTHOW CUTyallH
Ha3bIBAETCSl HTPOH, CTOPOHBI, yUaCTBYIOIINE B KOH(IUKTE, —
HTPORAaMH, a NCX0]1 KOH(PJIUKTA — BRIATPEIITEM. JIJis Kaxaou
(opMann30BaHHOW WUIPhl BBOJATCSA IpaBWia, T.€. CUCTEMa
YCIIOBUH, OIIpenesonias:

1) BapuaHTBI IEHCTBUII HTPOKOB,;

2) 00beM HH(pOPMALUK KaXI0T0 UTPOKA O MOBEACHUU

MapTHEPOB;
3) BBIMIPHIN, K KOTOPOMY IMPHBOIHUT KaXk[as COBO-
KYITHOCTb J€UCTBUH.

Kak mpaBuiio, BEIMTPBIIT (MU TPOUTPHIIT) MOKET OBITH
3aJ1aH KOJMYECTBEHHO; HAIIPUMEP, MOKHO OLICHUTDH IPOUTPBILI
HYJIEM, BBIMIPBIII — SAUHUIICH, 8 HU4Ybi0 — 1/2.

Wrpa Ha3biBaeTCs ITAPHOH, €CIIU B HEN y4acTBYIOT J1Ba
UTpOKa, U MHOXKECTBEHHOH, €CIi YHCIO UTPOKOB OoJiblie
nByx. PaccmMoTpum napHble urpsl. B HUX y4acTByloT J1Ba UTpo-
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Ka A U B, uHTEpeCchl KOTOPBIX NIPOTHUBOIOJIOXKHBI, a M0 UTPOU
OyJieM MOHUMATh P NIEUCTBHUI CO CTOPOHBI A u B.

IIpaBria urper— nomnyctumele IEHCTBUS KaXIO0T0O U3
urpokoB. COBOKYITHOCTh XOJIOB UTPOKOB Ha3bIBACTCA CTpaTe-
T'HeH HTPOKOB.

Jlis Toro 4toObl PEeluTh WPy, WIK HAWTHU pelIeHHe
UIPBI, CIEAYET A KaKJOro UrpoKa BBIOpATh CTPATErHIO, KO-
TOpasi yIOBJETBOPSIET YCIOBUKO ONTHMAJIEHOCTH, T.€. OJIUH
U3 UT'POKOB JOJDKEH MOIy4aTb MAKCHMAJ/IbHBIH BEIHTPEIIII,
KOrJa BTOPOM IpPHUACPKUBACTCS CBOEH cTparernn. B T1o ke
BpeMsl BTOPOW UTPOK JOJKEH UMETb MHHHMAJIEHBIH IIPOUT”
PBIIII, €CIY TIEPBbIN NMPUAEPKUBAETCS CBOEH cTpaTeruu. Takue
CTpaTeruy Ha3blBATC ONTHMAJIBHEIMA. OUTUMAalbHbIC
CTpaTeruu JOJUKHBI TaKXKe YAOBJIETBOPATH YCIOBHUIO VCTOH -
YHBOCTH, T.€. IIOOOMY M3 MTPOKOB JIOJKHO OBITH HEBHITOHO
OTKAa3aTbCsl OT CBOEH CTPATErMU B 3TOU UIpe.

Ecnu urpa noBropsieTcsi 1OCTaTOYHO MHOIO pa3, TO HUI-
POKOB MO’KET MHTEPECOBATh HE BBHIUTPHILI U IPOUTPHILI B KaXK-
N0i KOHKPETHOH TapTwH, a cpemHHE BBHIHTPEIIT (IIPOHT-
[DBIIIT) BO BCEX MapTHSAX.

I]esrpr0 Teopum UTP SIBJISETCSA OIpeJieJIeHUe OII-
TAMAJIBHOU CTpaTeruu JJId KasKI0I0 UTPOKA.

[lycth umerotcs nBa urpoka. [lepBelii UTpok BeIOMpaeT
I—f0 CTpaTeruto u3 BceX BO3MOXHBIX M (i=1; M), a BTOpoOii, He
3Hasl BEIOOpA MEPBOTO, BHIOMPAET — J-FO CTPATETHIO U3 N CBOUX
BO3MOXKHBIX cTpaTeruii (j=1, n).

B pesynbTare nepBblii HTPOK BBIMTPBIBAECT BEINYHHY djj,
a BTOPOM CTOJBKO K€ IPOUrpbIBacT. M3 uncen ajj CTposAT MaT-
pHUIly A, KOTOPYIO Ha3bIBAIOT IJIATEKHOW MaTpUILIEH.
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Crtpoku Matpuibl A COOTBETCTBYIOT CTpaTerusiM Iep-
BOTO MT'POKa; CTOJOLBI — CTpAaTErusiM BTOPOro Mrpoka. Takue
CTpaTeruu Ha3bIBAIOTCSA YUCTHIMHU.

Yucno & = max(miin aij) , Ha3pIBaeTCs HHMKHEH I[e-
1 1

HOH HATPBE W1l MAKCHMHHOM, a COOTBETCTBYIOLIAs €My
cTpaterus (CTpoKa) — MAKCAMHHHOH.
£ = min(max a; )
Yucao ! b , Ha3bIBaCTCsl BEPXHEH I[€HOH
HTPBI WU MAHAMAKCOM, a COOTBETCTBYIOIIAs €MY CTpaTerHs

(cronben) — MEHHEMAKCHOH.

a=p=V

Ecimn , TO uncio V Ha3bIBaeTCs JEHOH HTPEL

Urpa, ans kotopoit & =P8 | maseiBaercs HTPOH ¢ cex-
JIOBOH TOYKOH.

JIns urpel ¢ ceIoBOM TOYKOM HAXOXKICHUS PELICHUS
COCTOWT B BBIOOPE MAaKCUMHHHOW U MHUHHMAKCHOW CTPATETHH,
KOTOpBIE ABISIOTCS ONTHMAIBHBIMH.

Ecnmu urpa He UMeeT CeTOBOM TOYKH, TO JUIS HAXOXIIe-
HUS €€ PEIIeHHUs UCTIOIb3YIOTCS CMEeITaHHEIE CTPATETHH.

Penrerre HrpEr B YHCTRIX CTPATETHAX

3agaua. [lIBeitHoe mpeanpuaTHe MIAHUPYET BBITYCK
HOBOU Mozenu ofexapl. CIpoc Ha 3Ty MOJENIb HE MOXKET OBITh
TOYHO ompeneneH. OAHAKO MOXKHO TPEINONIO0XKUTh, UYTO €ro
BEJIMYHMHA XapaKTePU3YEeTCS TPEMS BO3MOKHBIMH COCTOSTHHSIMH
(1, 1, ). C y4eroM 3THUX COCTOSIHUH aHATU3UPYIOTCS TpPU
BO3MOXXHBIX BapuaHTa Bblllycka naHHOW Mozaenu (A, B, C).
Kaxxapiii u3 3TUX BapraHTOB TpeOyeT CBOMX 3aTpar u obecrie-
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YMBAET B KOHEYHOM cYeTe paznuuHbiid 3QdexT. [Ipudsuib, Ko-
TOPYIO TOJIy4aeT MPEeANpPHUATHE NIPU JaHHOM 00beMe BBIITyCcKa
MOJIEJIN U COOTBETCTBYIOILIEM COCTOSIHUM CIPOCA, ONpEAeseT-
Cs MaTpPHUIIEH:

(I | I 1

22 22 22\ A
A=121 23 23| b
20 21 24) B

TpeOyeTcss HallTH 00BEM BBIITYCKAa MOJETH OICHKIbI,
o0ecrevnBalOIIUN CPETHIOI BEIUYUHBI TPUOBLIN TP JTHOO0M
COCTOSIHUHM CIIPOCa.

Pemenmue:

[Ipexxae Bcero, MpoBepUM, UMEET JIM UCXOHAS] MaTPH-
11a CEUIOBYIO TOUKY. [[J1s1 3TOr0 HaiiieM HIKHIOIO 1IEHY UTPBI

a =max(min a;) = max(22, 21, 20) = 22

Y BEPXHIOIO LIEHY UTPHI
p= mjin (m}ax a;) =min(22, 23, 24) =22
j
Taxum obpazom, & = B =22 yycno 22 sensercs uenoii ur-
pel. rpa umeer ceutoBy0 TOUYKY (a11), COOTBETCTBYONIYIO |
BapHUaHTY BBIITYCKa MOJENN 01Xk 1bl. OObeM BhIITycKa MOJEIH,
COOTBETCTBYIOIIEH [AHHOMY BapHaHTy, OOECIIEYMBAET MPH-
ObUIb B 22 JIeH. e/1. IpHu J1I000M COCTOSIHUH CIIpoca.
Permrerne arper B cMEITAHHBIX CTPATETHAX
3agauya. OOyBHast (QalOpuka MIAHUPYET BBIIYCK IBYX
Mmojeneit 00yBu A u B. Cripoc Ha 3TH MoJieny He OmpesesieH,
OJTHAKO MOYXHO TPEIIOJI0KHUTh, YTO OH MOXET TPUHUMATH OJI-
HO 3 ABYX coctosHui (1 u I1). B 3aBucumMocTH 0T 3THX cOCTO-
STHUW TIPUOBLIH TPEANPHUITHS pa3iMdHa U OTPENEeNIeTCs MaT-

52 22
22 49

puLei Halitn ontuMainHOE COOTHOIIEHHE
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MEXTy 00beMaMH BBITYCKa KaXI0H U3 MOJENeH, Mpr KOTOPOM
HOPEINPUATHIO TapaHTUPYETCS CPEIHssl BEIUYMHA HPUOBUIH
pu JTF000M COCTOSIHUH CIIPOCA.

Pemenue:

[IpoBepum, uMeeT 1M UCXOAHAs MaTpUlLAd CEIJIOBYIO
TOUKY. J{J1s1 3TOro HaiAeM: HHXKHIOIO LIEHY UIPbI

a =max(min a; ) = max(22, 22) = 22
BEPXHIOIO IICHY UTPHI

B =min(max a; ) = min (52, 49) = 49
i ] J J

J

V — nena urpsl

CemoBoii Touku Her. Llena urpsr 22 <V <49
[Tyctp anst pabpuku cTpaTerus BeITycka 0OyBH 3a/1aeT-
cst BekTopoM X (X1; X2). Torma
52x, +22x, =V
22X%, +49%x, =V
X +X =1

PemnB cucremy ypaBHEHUH C TpeMsl HEU3BECTHBIMHU,
MOJIYYUM:

x1=0,47; x,=0,53; V =36

B o6mem o6beme Bbimyckaemol mpoxaykiuu 47% co-
craBisitoT m3aenust A u 53% - m3nenus b. Beimyckas B Takom
oobeMe 00yBb, (paOpuke rapaHTHPYeTCS CpeIHssl BEIUYMHA
npuOBTH B pasMepe 36 ThIC. pyO. TpH JHOOOM COCTOSTHHH
crpoca.
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[JIOCCAPUM

BeposreocTs — mateMaTHuecKas, YACIOBas XapakTe-
PUCTHKA CTCIIEHU BO3MOYKHOCTU MOSIBJICHHS KaKOro-JIHOO CO-
OBITHS B TE€X WJIM UHBIX OMPEAEICHHBIX, MOT'YIIUX TOBTOPATHCS
HEOrPaHUYCHHOE YUCIIO pa3 yCIOBHUSX.

BepbaJsiproe monesrrpoBasmae — MOACIUPOBAHNE HA
OCHOBE HCIIOJIb30BAHUS Pa3rOBOPHOTO SI3BIKA.

BsaumozameHAeMOCTE PecypcoB — BO3MOKHOCTH
MCIIOJIb30BAHMUS PA3HBIX PECYPCOB JIJIS IOCTHKCHUS ONITUMYyMa.

Brr6opra — 1acth COBOKYITHOCTH 3JIEMEHTOB, KOTOpas
OXBAaTHIBACTCS HAOIOICHUEM.

Teomerpuyeckoe MogesHpPOBaHHE OCYIECTBISACTCS
Ha MakKeTaxX WM OOBEKTHBIX MOJCIAX. DTH MOJEIH IEPEJAr0T
MPOCTPAHCTBEHHBIC (OPMBI 00BEKTA, IPOITOPITUH U T.II.

l'uroreza — npennosioxeHue, TpeOyrolee HAYYHOTO
JI0Ka3aTe/IbCTBA; TOYHEE, HE BCAKOE MPEAIOIOKCHHE, a MPe-
BapHUTEIbHOEC OOBACHEHHE MPOOIEMbl, OCHOBAHHOE HA HMEIO-
IUXCSI 3HAHUSAX M OIIBITE.

JlerepmuHEpOBAHHBIC MOJE/IH — 3TO MOJEIH, B KO-
TOPBIX MPEAIOJIATalOTCS KECTKUE (DYHKIIMOHAIBHBIE CBSA3H.

Jarammaeckme MogesIm — 3T0 MOJICNH, Y KOTOPBIX
napaMeTpbl H3MEHSIOTCSI BO BPEMEHH.

JluckperHpre Momesrr — 3TO MOJEIU, B KOTOPBIX
BpeMsl KBAHTOBAHO.

/J{rcrepcrer Ha3pIBaeTCsS MAaTEMATHYECKOE OXKHIaHHE
KBaJpaTa OTKJIIOHEHUH CIIy4allHOM BEIMYMHBI OT CBOETO MaTe-
MaTHYECKOI'O OJKUIaHHS.

JlucriamaHa ogepeqd ONuCchIBaeT MOPSI0K 00CTy-
YKMBAHHUS 3a8BOK, MOCTYIAONINX HAa BXOJI CHCTEMBI.

Bamaya maccoBoro oOCIy:KHBAHHA — KJIacc 3aaad
HCCIIECIOBAHMSI OTIEPAIHii, 3aKITFOYAIOIINXCS B HAX0XKICHHH OII-
TUMAaJIbHBIX MTAPAMETPOB CUCTEM MACCOBOTO O0CITY)KHBaHUSI.
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BakoHOM pacrapenge/IleHHA Ha3bIBalOT COOTHOILIECHUE,
YCTaHABIIUBAIOIIEE CBSI3b MKy BO3MOKHBIMH 3HAUCHUSMH CITY-
YalHOM BEJIMYMHBI ¥ COOTBETCTBYIOIIMMHU UM BEPOSTHOCTSMH.

HUrpa — popmanuzoBanHass MOJE/Ib KOH(GIUKTHON CH-
Tyalldd, BKJIIOYAIOIIEH OIpeac/ICHHBIC TpaBUiia JICHCTBHIA
YYaCTHHUKOB, TOOMBAIOIINXCS BBIUTPHIIIA B PE3yJbTaTe MPUHS-
THS TOW WM UHOM CTpaTeruu.

Hupopmarmorroe momemupoparme umeer (yH-
JAMEHTAJIbHO 3HAYEHUE BO BCEX O0JIACTSIX HAYKH: CXEMBI, Tpa-
buku, yeprexu, GopMyIIbl, ypaBHEHHs, HEPABEHCTBA.

Hasternaproe miraHHpoBaHHe — IUIAaHUPOBaHHE,
KOTOPOE COCTOMUT W3 pa3pabOTKH TOJOBBIX, CE30HHBIX, KBap-
TaJIbHBIX ¥ MECSAYHBIX IUIAHOB IIPOM3BO/ICTBA.

Harar obcirysruBaHHA — 3TO €IUHHIA, 00CITYKUBA-
IOII[asi CHCTEMY MacCOBOT'O OOCITy)KUBAHUS.

Hoppestarasa — B MIMPOKOM CMBICIIE CJIOBA O3HAYaeT
CBSI3b, COOTHOIICHHE MEXKIY OOBEKTHBHO CYIICCTBYIOIIUMHU
SIBIICHUSIMH.

HoppestaraosHbIF aHATH3 — WCCIEI0BaHUE KOppe-
JIAIIMOHHELIX CBA3EH.

HoppesrarrmorHoe oTHOIIIeHHEe WCNOb3YeTCs s
OLIEHKU TECHOTHI CBSI3M MEXTY JBYMS SIBJICHUSIMH.

Kosgpgpurrmernr qerepMuHAIIHH CITY)KAT I OLIEHKH
TOYHOCTH PETPECCHH, TO €CThb COOTBETCTBHE IOJTYYEHHOTO
YpaBHEHHSI PETPECCUH UMEIOIIMMCS AIMITUPHUECKUM JTAHHBIM.

KRoaghgprirrreHT s/1acTHYHOCTH BBIIIYCKA ITO PECYP-
caM TIOKa3bIBaeT, Ha CKOJIbKO MPOILIEHTOB W3MEHHUTCS MPOU3-
BOJICTBO TIPU U3MEHEHHUHU 3aTpaT COOTBETCTBYIOIIETO MPOU3-
BOJICTBEHHOT'O pecypca Ha OJIMH MPOIICHT.

Hpurageckms myTs — 3T0 Hanbosiee MPOIOKUTENb-
HBIH MTOJTHBIN MyTh B CETEBOM IpaduKe.

JluHerirHOE mporpamMmMupoBaHue — 001acTh MaTeMa-
THUYECKOTO MPOTPAMMHUPOBAHHS, TOCBSILIEHHAS TCOPUH U METO-
JaM peIICHHs] SKCTPEMabHBIX 3a/ad, XapaKTePU3YIOIIUXCS
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JIMHEWHOM 3aBUCUMOCTBIO MEXAY IIEPEMEHHBIMU.

Maremaruuecroe nporpamMmuapoBaHHe — 00JacTh
MaTeMaTHKH, OOBEAMHSIOUIAS pAa3IMYHbIE MaTEeMaTUYEeCKHe
METOJIbl ¥ JUCUUIUIMHBL: JUHEHHOE U HEJIMHEHHOE Mporpam-
MHUpPOBAaHHE, IUHAMMUYECKOE IPOrPaMMHUPOBAHUE, BBIIYKIIOE
MIPOrpaMMHUPOBAHUE U JIP.

Mernmaror (Me) CIy4allHOM BEJIWYMUHBI HAa3bIBACTCS
Takas BEJIMYMHA, OTHOCUTEIBHO KOTOPOW pPaBHOBEPOSITHO
nojyyeHue OOJBbIIETO MJIM MEHBIIEro 3HA4YeHHS CIydalHOU
BEJINYMHBI.

Me:xorpaceBori 6a/iaHC OOMIECTBEHHOTO MPOIYKTa
(MOB) npencraBnsieT cob60i NPAMOYTOIBHYIO TaOIHILY YHCE,
COCTOSIIIIYIO U3 YeThIpeX pasienoB. Bce aneMeHTHI ee paccuu-
THIBAIOTCSI B CTOUMOCTHBIX €TUHUIIAX.

Meror /lesrbghrr ocHOBaH Ha 00pabOTKE CyOBEKTHB-
HBbIX MHEHUH — 3KCIEPTHBIX OILIEHOK CIEIMAIUCTOB, 3aHATHIX B
UHTEpecyIolIel chepe 1esaTenbHOCTH.

Merorq HamMeHbITHX KBagpaTOB TI03BOJISIET MO0~
OpaTb HEKOTOPYIO HENPEPHIBHYIO AaHAIUTHYECKYIO (DYHKIIHIO
JUIS allllPOKCUMAIIUU JUCKPETHOTO HA0Opa NCXOHBIX IaHHBIX.

Merorx crarucrmaecroro amasimsa Oa3upyeTcs Ha
HCIOJIb30BAHUN PETPOCTIEKTUBHBIX JJAHHBIX.

MHuosrecTBeHHAS perpeccrs — 3TO Perpeccusi Mex-
1y 3aBUCUMOM MEPEMEHHOM " M HECKOJIbKUMHU OOBSICHAIOIUMHU
NIEPEMEHHBIMH X7, X2, ..., Xn.

Monesrs — 510 ycnoBHBI 00pa3 peasbHOTO0 00BEKTa,
11t 60s1ee TIIy00KOT0o N3yUYeHHUs IEHCTBUTEITLHOCTH.

MonesrmpoBarme — 3T0 yHUBEPCAIBHBIN CIIOCOO H3Y-
YEHMsI IPOLIECCOB U SIBJIEHUH PEAILHOTO MUPA.

Momor Mo) JIUCKPETHOW CIIy4YalHOW BEJIMYUHBI
Ha3bIBACTCsS €€ 3HA4YeHHE, 00JIaarliee HauOoIbIIeH BEpOsT-
HOCTBIO. {11 HENPEPBIBHOM CIIy4alHOM BEIWYMHBI MOJA €CTh
Takoe 3HaueHue, KOTOpPOe OTBEYAET MaKCUMaIbHOW MIIOTHOCTH
pacnpeneseHus.
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My apTHROITHHEAPHOCTS — TIONAPHAsS KOPPEISIIH-
OHHasl 3aBUCHMOCTh MEXy (paKTOpaMH.

HenpepriBHEIe MOgE/IH — 3T0 MOJCIH, B KOTOPBIX
BpEeMsI pacCMaTpPUBACTCs KaK HEMPEPBIBHBIN (aKkTop.

HopmansHori kpusori (kpusori I'aycca) — nasbipa-
eTcs rpaduK TIOTHOCTH HOPMAJILHOTO pacIipe/Ie/ICHuU.

OneparuBHOe ILIAHHPOBAHHE — TUIAHUPOBAHKE, KO-
TOopoe obecreunBaeT pa3pabOTKy IJIAHOBBIX 3aJaHUIl TPOU3-
BOJICTBEHHBIM IOIpa3ICCHUSM Ha HECIIO, IcHb, CMCHY.

IlepcriekrrBHOE ILIAHHPOBAHHE — 3TO Ppa3paboTKa
UTAHOB Pa3BUTHsI SKOHOMHUYECKOTO 00BEKTa Ha JAJIUTEIBHBIN CPOK.

Il 1armpoBaHme — JNEATENBHOCTh 10 MOJATOTOBKE
YIIPABJICHYECKUX PELICHUM.

Ilostrpre 3aTpaTsr — 310 CyMMa IPSMBIX U KOCBEHHBIX
3aTpaT BCEX MOPSIKOB.

Ilpursragepre Mogesid AT BO3MOXKHOCThH OIpe/ie-
JISITh U OIICHUBATh TAPaMETPhI (O YHKITHOHUPOBAHHSI KOHKPETHBIX
HSKOHOMHUYECKUX OOBEKTOB M (POPMYIHUPOBATH PEKOMEHIAIUH
JUTSL TIPUHATHSL XO3HCTBEHHBIX MPAKTUYSCKUX PEIICHHI.

IIporrosupoBarue — 3T0 Hay4yHOE ONpE/CICHHUE Be-
POSITHBIX TYTEH M PE3YJIbTATOB MPEACTOSIIEIO Pa3BUTHSI KO-
HOMHYECKON CHCTEMBI, OICHKAa IOKa3aTelel, XapaKTepu3yro-
[IMX 3TO Pa3BUTHE B TEUEHHE 0O0Jiee WM MEHEE OTIAJICHHOTO
Oymymiero.

IIpom3BoncTBeHHOH QYHKI[HEH — Ha3bIBaeTCs aHa-
JUTHYECKOE COOTHOIICHHUE, CBS3BIBAIOIICE MEPEMEHHBIC BEJIH-
4uHbI 3aTpaT ((PaKTOpOB, PECypcoB) C BEIMYMHON BBITyCKa
MIPOAYKITHH.

Ilpocras perpeccrs — perpeccus MEKIY IBYMs Tie-
PEMEHHBIMHU.

PerpeccrorHEIH aHa/IH3 — WCCACIOBAHUE OJIHOCTO-
POHHHUX CTOXaCTHYECKUX 3aBHCUMOCTEHA.

CenstoBas TOYKA — SJEMEHT IUIATEKHOW MAaTpPHIBI,
KOTOPBIN SIBJISIETCS OJHOBPEMEHHO HAWOOJBIIUM B CBOEM
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CTOJNIOIIC ¥ HAMMEHBIIIUM B CBOCH CTPOKE.

Cerepas MomeJIp NPEACTABISCT COOOM IJIaH BBIMOJ-
HEHUsSI HEKOTOPOro KOMILJIEKCA B3aWMOCBSI3aHHBIX paboT (orme-
panuii), 3ajaHHOTO B crienuduaeckoit popme ceTu.

CereBbIM rpaguroM — Ha3bBaeTcs rpapuuecKoe
n300pakeHNe CeTeBOM MOIECIIH.

Cucrema MeTONQOB CETEBOr0 ILIAHHPOBAHHA H
yrpasaerrng (CIIY) — cuctema MeTO0B IIaHUPOBAHHUA U
yIIpaBJICHUs] Pa3pabOTKOW KPYIHBIX HApPOIHOXO3SIMCTBEHHBIX
KOMIUICKCOB, HAYYHBIMHU HCCIICIOBAHUSIMH, KOHCTPYKTOPCKOM
M TEXHOJIOTHYECKOW IMOJTOTOBKOW IMPOM3BOJICTBA, HOBBIX BH-
JIOB M3/ICIIUH, CTPOUTEIBLCTBOM U PEKOHCTPYKITUCH, KAITHTAb-
HBIM PEMOHTOM OCHOBHBIX ()OHJIOB IyTeM IPUMCHEHUS CeTe-
BbIX I'paUKOB.

Cucrema MaccoBoro o0C/Iy:KHBAHHA — 3TO CUCTEMA,
MpeHa3HauYeHHas IS MHOTOPA30BOT0 HCIOJIB30BAHUS IPH
peIICHUH OJTHOTUITHBIX 33j1au.

CryyadiHOH BeJIHYHHOK HAa3bIBAIOT BEIUYMHY 3HA-
YCHHSI UCCIICyeMOTO MPU3HAKA, U3MEPCHHYIO 110 pe3y/IbTaTaM
MCXOJa WCTBITAaHUM, KOTOpash MOXET MPUHATH TO WIM HHOE
3Ha4YeHNE, 3apaHee HEM3BECTHOE.

Craruyeckre MoOTeJIH — 3TO MOJICIH, B KOTOPBIX
3HAYEHUS BCEX MapaMeTPOB OTHOCATCA K OHOMY MOMEHTY WIIH
MIEPHOYy BPEMCHH.

Croxacruyeckme MogesIH — JONMYCKAIOT HAINYHAe
CIIy4aliHbIX BO3JICHCTBHI Ha HCCleAyeMble MOKa3aTeNnu U HC-
MOJIB3YKOT HHCTPYMEHTAPUI TEOPUH BEPOATHOCTEH M MaTeMa-
TUYECKOW CTATUCTHUKH.

Crtparerms npeacTaBisieT coOO# JIeTaabHBIA BCECTO-
POHHMII KOMIUIEKCHBIM TJIaH, TpeIHa3HAaYeHHBIA ISl TOTO,
9TOOBI 00ECMEeYUTh OCYIIECTBICHUE MHUCCHUU OpraHU3aIuu U
JOCTUKCHHE €€ LIeIIeH.

Tarrura npencraBiseT COO0H KOHKPETHBIC KpPaTKO-
CPOYHBIE CTPATEeTHH.
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Teoperuro-HrpoBEIE MOJEJIH YYUTHIBAIOT BO3JCH-
cTBue (pakTOpoB, 00aMaOIMKUX 00JiIee BHICOKOH CTEMEHBIO He-
ONPEACICHHOCTH, HEKEIIM CTOXACTUYECKAs.

Teoperuueckme Moge IH NpeAHA3HAYCHBI I H3yde-
HUS OOIIMX 3aKOHOMEPHOCTEH W CBOKMCTB paccMaTpHBaeMOM
SKOHOMHUYECKOIN CHCTEMEL.

QDuzuyeckoe MOJEJTHPOBAHHE TPUMEHSETCS IS
M3ydeHus (U3UKO-XUMHUYECKUX, TEXHOJOTHMUECKHX, OMOJIOTH-
YECKUX, F'€HHBIX MPOLIECCOB, MPOUCXOIAIIMX B opuruHaie. Ta-
KO€ MOJICJIMPOBAHUE HA3BIBAETCS AaHAJIOTOBBIM.

OroHOMHKO-MaTeMaTHYeCcKad MOoJgeJIb — dTO MaTe-
MAaTHUYECKOE ONUCAHUE HUCCIEAYEMOTO SKOHOMHUYECKOTO IpO-
1ecca WM 0ObEKTa. ITa MOJICIh BBIPAKAET 3aKOHOMEPHOCTH
SKOHOMHUYECKOT0 Tpolecca B abCTPAKTHOM BHJIE C MOMOIIBIO
MaTeMaTHYECKHUX COOTHOIICHHH.
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