[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®WO: banammp3oes Hasum JinopnHoBMY P .
[lomxHocTb: PexTop 7
[ata nognucawnus: 17.07.2025 17:34:03
YHUKanbHbI MPOrpaMMHbIA KIKOY:
5cf0d6f89e80f49a334f6a4ba58e91f3326b9926

®T'BOY BO «JATECTAHCKHI1 TOCYIAPCTBEHHBI
TEXHUYECKU YHUBEPCUTET»

KA®EJIPA UH®OPMAIIMOHHBIX TEXHOJIOT M
N IMMPUKIAJHOU UTHOPOPMATHUKHAU B SdKOHOMUKE

Adnpyaraaumo A.M., Axmenxanosa C.T.
YYEBHOE ITOCOBHE

110 JUCIOHUIIIIMHEC

«TEOPHUSI CUCTEM U CUCTEMHBIA AHAJIU3»

JJI51 CTYJIEHTOB HAIpaBJIEeHUs] MOJATO0TOBKHU 0aKaJIaBpPOB
090303 — IMpukaagnas uupopMaTuKa

MaxaukaJuaa — 2020



VIIK 658.149.3
BBK 65.9.A39

Y4ebHoe mocobue mo IUCHUILTNHE « Teopusl CUCTEM U CHCTEMHBIM aHAIU3)!
VY4ebHOoe mocobue s CTYJASHTOB HampaBieHUs MoAroToBku OakanaBpo 090303 —
[Tpuknagnas uapopmaruka. // Maxaukana, UL AI'TY, 2020 r., 141c.

PaCCManI/IBaIOTCH OCHOBHBIC IMOHATHA TCOPHUU CUCTCM W CUCTCMHOI'O aHaJIM3a,
OIIpCACIICHO HUX MCCTO CpCAHW APYIHX HAYYHBIX HaHpaBHeHHﬁ. Ocob0oe BHHUMaHUE
YACIICHO OICHKC CHUCTCM HAd OCHOBC KAYCCTBCHHBLIX M KOJHMYCCTBCHHBIX HIKAJI B JIC-
TCPMHUHHUPOBAHHBIX, BCPOATHOCTHBIX H HCOIIPCACICHHLIX YCJIIOBHAX, YIIPABJICHHUIO B
I/IH(i)OpMaHI/IOHHBIX CHCTCMax. HpHBCIIGHI:I OCHOBHBIC ITOJIOKCHUA CHUCTCMHOI'O aHa-
Jn3a, MOACIUPOBAHNA SKOHOMHUYCCKHUX CUCTEM C UCIIOJIb30BAHUEM MAPKOBCKUX CIIY-
YalHBIX MpouecCcoB, MOACIINPOBAHUSA CUCTCM MACCOBOI'O O6CJ’Iy)KI/IBaHI/IH, OIITUMH3a-
IMUOHHBIC MCTOJbI U MOJCJIMU B YIIPABJICHHU 3KOHOMHWYCCKHMMH CHUCTCMaMH, TCOPHUU
UI'p U IPHHATHHU pemeHHﬁ. ITokazano IIPUMCHCHHNC MAaTCMATHYCCKHUX MOIIGJ'ICI?I B
YIIPAaBJICHUHU S9KOHOMHUYCCKHUMHU IIPOHCCCaMU B YCIIOBHAX PUCKaA.
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BBenenue

OOmrast Teopusi CUCTEM — CIENUATBLHO-HAYYHAsI M JIOTUKO-METOAO0JOTHYECKAS
KOHIIETIIMS HCCIIEOBAaHUNA OOBEKTOB, MPEACTABISIONIMX cO00il cuctembl. OO6mias
TEOpUSI CUCTEM TECHO CBSI3aHA C CUCTEMHBIM MOJXOAOM U SIBIIIETCSI KOHKpPETU3aluen
U JIOTUKO-METOJI0JIOTUYECKUM BBIPAYXKEHUEM €ro MPUHIIUIOB U MeTO10B. IlepBhIii Ba-
puaHT o61el Teopun cucrteMm ObUT BhLABUHYT JI. hon bepranandu, omHako y Hero
OBLJIO MHOTO MIPEAIIECTBEHHUKOB (B yacTHOCTH, A.A. bormanon). O06mas Teopus cu-
CTeM BO3HUKIIA y bepranandu B pycie 3alMiaeMoro uM «OpPraHu3MUIECKOTO0» MU-
pOBO33peHUs Kak 00001IeHre pazpadoranHo UM B 1930-X IT. «TE€OPUU OTKPBITHIX
CHUCTEM», B paMKax KOTOPOW >KUBBIE OPraHU3MbI PACCMATPUBAIUCh KaK CHCTEM BI,
ITOCTOSTHHO OOMEHHMBAIOIIMECS CO CPEeIoi BemmecTBOM U dHeprueid. [1o 3ambiciy bep-
Tanan@u oO11ast TEOpUs CUCTEM JOJKHA ObLTa OTPA3UTh CYIIECTBEHHbIC U3MEHEHUS B
MTOHATUMHON KapTHUHE MHUPA, KOTOpble puHec 20 B. lJIsi COBPEMEHHOM HAyKH Xapak-
TepHO: 1) ee mpenMeT — opraHu3aius; 2) s aHaJlh3a 3TOTO MpeaMeTa He00X0 MO
HaTH CpeACTBa pelieHus MNpo0JIeM CO MHOTMMU MNEPEMEHHBIMHU (KJIacCHYecKast
HayKa 3Haja MpoO0JIeMbl JIUIIL C JBYMS, B JIYUIIIEM ClIydae — C HECKOJbKUMU Iepe-
MEHHBIMH); 3) MECTO MEXaHUIIM3Ma 3aHUMAET MMOHUMaHUEe MHUpa KaK MHOXECTBA pa3-
HOPOJIHBIX U HECBOJIUMBIX OJHA K IPYToi cpep peaibHOCTH, CBS3h MEKIY KOTOPHIMU
MPOSIBIISIETCS B U30MOPGU3ME ICUCTBYIOIIMX B HUX 3aKOHOB; 4) KOHIIENIHNIO (pr3uKa-
JUCTCKOTO PENYyKIIMOHU3MA, CBOJSIIETO BCAKOE 3HAHME K (PU3MYECKOMY, CMEHSET
uJes MepPCIeKTUBU3MA — BO3MOKHOCTh TIOCTPOCHHUS €IMHON HayKu Ha 0a3ze h30Mop-
¢ur3Ma 3aKOHOB B pazNU4HBIX oOnacTsax. B pamkax obmieit Teopun cuctem bepra-
JmaH(u U ero CoTpyJHUKaMU pa3paboTaH CHENHaTbHBIN anmapat ONUCaHUsS «IIOBEJIe-
HUS» OTKPBITBIX CHCTEM, OMNHUpAIOIIMICI Ha (QopmManu3M TEepMOAUHAMUKU
HEOOpaTUMBIX MPOLIECCOB, B YACTHOCTH Ha ammapaT OMUCaHUs T.H. SKBU(PUHATBHBIX
cUCTeM (COCOOHBIX JOCTUTaTh 3apaHee ONMPEICIEHHOIN0 KOHEYHOTO COCTOSIHUS He3a-
BHCUMO OT U3MEHEHUs HayaldbHbIX ycioBuil). [loBeeHrne TakKMX CUCTEM OMUCHIBACT-
Csl T.H. TEJICOJOTMUYECKUMH YPAaBHEHUSMHU, BBIPKAIOIIUMU XapaKTEPUCTUKY TOBEEe-
HUSI CUCTEMbl B KaXIblii MOMEHT BpPEMEHM KAaK OTKIOHEHHE OT KOHEYHOIO

COCTOSHMA, K KOTOPOMY CUCTEMA KaK OBI (CTPECMHUTCD.
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http://iph.ras.ru/elib/2745.html
http://iph.ras.ru/elib/0437.html

I'/IABA 1. HOHATHUE «CJIOKHAA CUCTEMA».
OCHOBHBIE CBOMCTBA, XAPAKTEPUCTHUKHU
CJIOKHBIX CUCTEM

1.1. ITousiTHE CJA0KHOM CHCTEMBI

OyHIaMEHTATLHBIM TOHATHEM COBPEMEHHOTO CHCTEMHOTO aHajn3a SBIISACTCS
MOHSTHE «CJIOKHOM CHCTEMbD». B COBpeMEHHOM TUTEpaType O «CI0KHBIX CHCTEMAaX)
CYIIECTBYET UpPE3BbIYATHOE MHOYKECTBO OMPEICIICHUI MOHATHS «CJI0KHAS CHCTEMay.
Ectb onpeneneHue «CioxKHON CHCTEMbD» KaK HEKOTOPBIX KJIACCOB MaTEMaTHUYECKUX
MOJICJICH; €CTh OIpeJeiCHNUE Yepe3 IMOHITHE «IJIEMEHT», «OTHOIICHUEY», «IIEJI0e;
€CTh OIPECIICHUE MOCPEIACTBOM TMOHSATHUS «BXO», «BBIXOI», «YMPaBICHUE» H T.H.
«CucreMa, .— yTBepXKIaeT OJWH W3 OCHOBOIOJIOKHHUKOB COBPEMEHHOM 0O0IIel Teo-
puu cucreM JI. bepranangu, — ecTh KOMIUIEKC JIEMEHTOB, HAXOASIIMXCA BO B3aHUMO-
nerictuny. «CucremMa — €CTh MHOXKECTBO JIEMEHTOB BMECTE C OTHOIICHUSAMHU MEXKTY
HUMMY - ToBopuT M. Mumiep. «Cucrema — 3T0 €CTh CeTh B3aMMOCBSI3aHHBIX JJIEMEH-
TOB JIFOOOT0 THIA, KOHUEMINH, 00BEKTOB, JIOJeH», - yIBepkaaeT P. Akodd. Yacto
CJIO)KHBIMM CHCTEMaMH Ha3bIBAIOT CHCTEMBI, KOTOPBIC HEJb35 KOHKPETHO OIHUCATh
MaTeMaTHYECKH OO MOTOMY YTO B CHCTEME MMEETCS OYCHBb OOJIBIIIOE YHCIIO dJjie-
MEHTOB, HEU3BECTHBIM 00pa3oM CBSI3aHHBIX JAPYT C APYroM, OO HEU3BECTHA TPU-
poJia SIBJICHUM, TTPOTEKAIOIITUX B CHCTEME.

[TepeuriciieHHBIE BBITIE OMPEACICHHS SBISIOTCS CIHMIIKOM IMAPOKAMU U a0-
ctpakTHeIMH. OHHM HE JAIOT SCHOTO IMPEJCTaBICHUS 00 OMpPENeIsIONIUX MpHU3HaKax
CJIIO’KHBIX CHCTEM, BBIJICISIONIMX UX CPEAN APYTUX CUCTEMHBIX M HECUCTEMHBIX (hop-
MupoBanuii. [loaToMy, npekae yeM OnpeacIUTh MOHATHE «CIIOXKHAS CHCTEMay, BBE-
JIEM HECKOJIBKO IMOHATUM, CBI3aHHBIX C IIOHSATHEM «CJIOKHAS CHCTEMa.

1.2. OcHOBHBIC XaPAKTEPUCTUKH CJIOKHBIX CHCTEM

DJIeMEeHT — HEKOTOPBI 00BEKT (MaTepUaIbHbBINA, SHEPTeTUUECKHH, HHGOpMAITHU-
OHHBIN), 00JIATAIOIIMI PSAIOM BaXKHBIX JIJISI CHCTEMBI CBOMCTB, BHYTPEHHEE CTPOCHHUE
(conmeprkaHue) KOTOPOro 0€30THOCUTEILHO K IEIM PACCMOTPEHHUS. DJIEMEHTHI OyaemM
06o03HayaTh yepe3 M, a BCIO paccMaTprUBaeMyk0 COBOKYITHOCTH { M, }.

ITon 3;1eMEHTOM MPUHITO MOHUMATh MPOCTEUITYIO HEACTUMYIO YacTh CUCTEMBI.
DJIEMEHT — 3TO MpelieNl YJICHEHHUS! CUCTEMbI C TOYKHU 3PEHUSl JAHHOTO acleKTa pac-
CMOTPEHUS CUCTEMbI, PEIICHUSI CUCTEMOW KOHKPETHBIX 3a7a4 pajid JOCTHKEHUS IO-
cTaBlieHHOU 1eu. CUCTEMY MOKHO PAcUJICHUTh Ha 3JIEMEHThI Pa3IMYHBIMHU CIIOCO-
0amMu B 3aBUCUMOCTH OT (DOPMYJIMPOBKHU 3aJiad, IEJIM U UX YTOUHEHHUS B Mpoliecce
cucTeMHoro aHaiauza. [Ipu HEOOXOAMMOCTH MOXXHO M3MEHHUTH MPHUHIUI pacujieHe-
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HUS, BBIACHATH APYIHE JIEMEHTBbl CHUCTEM M MOJy4YaTh C MOMOIIBIO 3TOrO HOBOIO
pacusneHeHust 0oJiee aleKBaTHOE PECTaBICHNUE O pacCMaTpUBAaEMOM cUcTEME.

IMoacucreMa - COBOKYITHOCTh B3aMMOCBSI3aHHBIX dyieMeHTOB V = {M;}, cioco0-
Hasl BBITIOJIHUTH OTHOCUTENBHO HE3aBUCUMbIC (DYHKIIMH, TTOALIECTH, HAIIPaBJICHHbIC HA
JIOCTHKEHHE 001el 1ienu cuctembl. HazBaHue nmojacucreMa Nog4epKUBaeT, YTO OHA
o0jazaeT HEKOTOPHIMU CBOMCTBAMHU CHCTEMBI (B YaCTHOCTH, CBOWCTBOM LIEJIOCTHO-
ctH). Pacunensas cucreMy Ha MOJCUCTEMBI, CIETYET UMETh B BUY, UTO TaK XK€, KaKk U
IPU PacUJICHEHUH HA DJIEMEHTHI, BbIIEICHUE MOACUCTEM 3aBUCHUT OT LEIU U MOXKET
MEHSTHCS TI0O MEpe €€ YTOUHEHUS U Pa3BUTHUS MIPEJICTaBICHUN 00 aHaTU3UpyeMOil cu-
CTEME.

CBs3b (OTHOIIIEHUE) - BaXKHBIN s QYHKIIMOHUPOBAHUS CUCTEMBI OOMEH MEX-
Ay 3J€MEHTAaMM CHUCTEMbI BEILIECTBOM, dHEprue u mHpopmanueil. EnnHuYHBIM ax-
TOM CBSI3U BBICTYyIaeT Bo3zzeiicTBue. O003HAUMB BCE BO3ACUCTBUS deMeHTa M;Ha
sanemeHtT M,uepe3 Y;,, a snemenra M, Ha M; yepe3 Y,;, MOXKHO H300pa3uTh CBA3b
rpaduuecku (puc.l.1).

Y12

My M,

Y21

Puc. 1.1.CBs13b IByX 2JIEMEHTOB
Y — (aHeprus, BemecTBo, HHMOpMarLus).

CB43b — 3TO TO, YTO COCIMHSET JIEMEHTHI U CBOMCTBA B CHCTEMHOM IPOILIECCE B
nesoe. [IoHsITHE «CBSA3BY» BXOMUT B JIFOOOE OMpEneNieHue CHCTEMBbl M 00eCIIeunBacT
BO3HUKHOBEHHE U COXPAHEHUE €€ LIEJIOCTHBIX CBOMCTB. BMecTe ¢ TeM CBSI3b B KaKOM-
TO MEpe XapaKTePHU3yeTCs KaK OrpaHUYCHHE CTEIEHU CBOOOIBI AJIEMEHTOB, BXOIS-
IITUX B CUCTEMY, MO0, BCTyIas B CBSA3b JIPYT C APYTOM 3JIEMEHTHI yTPAYMBAIOT 4acTh
CBOHX CBOMCTB, KOTOPHIMH OHHU MOTEHIIMAIBHO 00J1aiaii ObI B CBOOOJHOM COCTOSI-
Huu. CBSI3b MOXKHO XapaKTEPU30BaATh HANpasieHuem, Cuiol (MOUHOCMbIo) U Xapak-
mepom (6uoam). 1lo HanpaBIEHUIO CBA3U JACIST HA HANPAGIEHHble N HeHANPAG/IeH-
nole. [1o cune cBsa3u Ha cunbhble (MowHble) U crabvle (Manomownwle). I1o TpeTbeMy
MPHU3HAKY Pa3JIMYalOT CBI3U nopodicoenus (eememuueckue), pasnonpashule (be3pas-
auynele), ynpaeienus. CBA3M MOKHO Pas[CIMTh TAKXKe M0 MECTY IPHIOKEHUS:
BHYmMpeHHUe U 8Helu e, TI0 HAIPaBICHHOCTH IPOIIECCOB B CUCTEME B IICJIOM WJIU B
OTJ/ICNIBHBIX €€ MOJACUCTEMAX: npsimbvle U 0Opammovle.

Baxnyto posb B (yHKIIMOHUPOBAHUU M MOJICTUPOBAHUM CHCTEM UTPAET MOHS-
THe oopamuoti ceazu. OOpaTHas CBSI3b MOXKET OBITh NOJIONCUMENbHOLL, KOTIa COXpa-
HSICTCS TCHJICHIINS MPOUCXOAAIINX B CHCTEME M3MEHECHHUU TOTO WJIM BBIXOJHOTO ITa-
paMeTpa, U ompuyamenbHoli, KOTJja OHa MPOTUBOJACHCTBYET TEHACHIIMHU U3MEHEHUS
BBIXOJIHOTO TIapaMeTpa, T.C., KOTJIa CBsA3b HAmpaBjcHAa HA COXPAHECHHE BBIXOJIHOTO



napaMmeTpa, T.. KOrJa CBs3b HalpaBlieHa HAa COXpaHEHHE TPeOyeMOoro 3HaueHus 3TO-
ro napamerpa. OOpaTHasi CBsI3b SIBJIIETCSI OCHOBOM CaMOPETyJIMPOBaHUS, Pa3BUTHS
CUCTEM, TMPHUCIOCOOJICHUSI MX K MEHSIOMIMMCS YCIOBUSIM cyliecTBoBaHusl. OOmas
KJaccudukanus cBsi3el B cucTeMe MpecTaBieHa Ha puc. 1.2.

| CBs13H (OTHOIIIECHHUS) CUCTEM |

ITo coxepxanuro ITo HampaBiIeHUIO ITo xapakrepy
')I/IHCI)OpMaLII/IOHHBIC( _) HalpaBJICHHbIE (
) TIOPOXKIACHUS <
| oHereTueckue |4 [y HeHANPABICHHbIC >a (reneruye-
) BEIIICCTBECHHEIE { ) IpsSAMBIC (- PaBHOIIPABHBIC
P neitrpamsusre €] > obparHbie — < II04MHEHHS
TOJIOXKUTETbHBIE
HH(OPMAITUOHHO- z
_) dop pa 0GpaTHbIC OTpHIIA- MOTYUHEHHBIE
SHEPreTHYECKHE > <
TEJIbHBIC (-
B3aUMOJICH-
> WHPOPMAIIOHHO- < D> BHYTpCHHHC |
BCILICCTBCHHBIE
> BCLICCTBCHHO- )
| HelfTpanbHbIe
SHEpro-
> | undopmanmonto- |
BEIICCTBEHHBIC

Puc. 1.2. O0mag xkinaccudukanus CBI3ei CI0KHBIX CUCTEM

CBOMCTBO — KayeCTBO, XapAKTEPU3YIOIIIEE MAPAMETPHI AIEMEHTA U COBOKYITHO-
CTH 3JIeMeHTOB. KauecTBO €cTh BHEITHEE MPOSBICHUE BHYTPEHHETO COCTOSIHUS U ap-
XUTEKTYPhI JIEMEHTa UJIM COBOKYIHOCTH 3JIEMEHTOB. Kpome TOoro, KaueCcTBO BKJIIO-
yaeT B ce0s TakKe BHEILHEE MPOSIBJIEHUE TOro0 Crocoda, ¢ MOMOIIbIO KOTOPOIO
MOJIy4arOT 3HAaHHE 00 D3JIEMEHTE€ WM COBOKYIMHOCTU 3JEMEHTOB, BEAYT 3a HUM
HaOJII0ICHUE WK C TIOMOIIBIO AJIEMEHTa BBOJAT B mporiecc. CBONCTBO JaeT BO3ZMOXK-
HOCTbH OIKCBIBATh 3JIEMEHTBHI CUCTEMbI WM COBOKYITHOCTH 3JIEMEHTOB CHUCTEMBI KO-
JIMYECTBEHHO, BBIPAXKAaTh MX B €AMHUIIAX, UMEIOIINX OMNPEACICHHYIO Pa3MEPHOCTb.
O6mas kinaccuduKaiys CBOMCTB CIOKHBIX CUCTEM TpeicTaBlieHa Ha puc. 1.3.

CBolicTBa CHCTEMBI

/1

Ilo crenenu camocTo-
ATCIBHOCTHU

N

ITo crenenu criery- Ilo nuHAMHYECKOMY
IU3aluu Xapakrepy

Ilo conepxanuto

TpOrpaMMHBIE OJIHOTHUITHBIE | )I HETIPEPHIBHBIE



CTpyKTYypa CHCTEMBI — 3TO YCTOHYMBAS M yIOPSIOUYCHHAS BO BPEMEHH H TIPO-
CTPaHCTBE COBOKYITHOCTb €€ AJIEMEHTOB M CBs3ei. [lopsiok BXOKICHUS SJIEMEHTOB
MTOJICUCTEMBI, TIOCJIEIOBATEIIBHOCTh OOBETUHECHHS TIOJICUCTEM B IIEJIOCTHYIO CUCTEMY
BMECTE C CaMHUMHM d3JIeMEHTaMu 00pa3yeT CTPYKTypy cuctembl. CTPYKTYpPBhl CHUCTEM
MOTYT OBITh CAMOTO PA3HOTO THUIA W BKIIOYATH Pa3IMYHbIE KOMOWHAIIUYA B3aMMOCBSI-
3aHHBIX JIEMEHTOB (puc.1.4).
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Puc. 4.4. Turbl BO3MOXXHBIX CTPYKTYP CJIOXKHBIX CUCTEM

CrpykTypa OTpa)kaeT OINpEJEICHHbIE B3aUMOCBS3H, B3aMMOPACIION0XKEHUE CO-
CTaBHBIX YacTEeW CUCTEMBI, €¢ YCTPOUCTBO (CTpoeHue). B cloXHBIX cucTeMax CTpyK-
Typa OTpa)kaeT JIUIIb HanboJIee CYIIIEeCTBEHHbIE KOMIIOHEHTHI U CBSI3U, KOTOPHIE MAJIO
MEHSIOTCS TPU TEKyIeM (PYHKIIMOHUPOBAHUM CUCTEMBI U 00ECTICUMBAIOT CYIIECTBO-
BaHUE CHCTEMBI U €€ OCHOBHBIX CBOWCTB, T.€. CTPYKTypa XapaKTepHU3yeT OpPTraHu30-
BAHHOCTh CHUCTEMBbI, YCTOMUHMBYIO YIOPSIAOUYEHHOCTh €€ 3JIEMEHTOB M CBA3EH. CTPYK-
Typa MOXET OBbITh TMpeJCTaBlieHa B BUE Tpaduueckoro OTOOpakKeHHs, MATPUUHOU



dbopme, hopMe TEOPETUKO-MHOKECTBEHHBIX OMUCAHUM, C TMIOMOIIBIO S3BIKA TOTIOJIO-
YU, aNreOpbl U IPYTUX CPEACTB MOICIUPOBAHUS CUCTEM.

@dyHKkuus — ACCTBUE, TOBEACHHUE, NIEATEIbHOCTh HEKOTOPOrO O00BEKTa BO
BpeMeHU. DyHKIUS 3JIEeMEHTa BO3HUKAET KaK peaju3alus €ro CUCTEeMOOIpenesiio-
IIUX CBOWCTB Mpu (HOPMHUPOBAHUM DJIEMEHTA CUCTEMBI M €r0 CBSI3EH B CHCTEME.
DyHKIMS CUCTEMBI (B MHOTO(DYHKITMOHAIBHBIX CUCTEMAX — COBOKYITHOCTh (DYHKITHIN)
BO3HHMKAET KaK CHenuduIecKoe sl KaXA0W CUCTEMbI TTIOPOKICHUE BCETO KOMITIIEKCA
bynkiuii. JIro6o# snemMeHT o0nanaeT OONBIINM pa3HooOpa3ueM cBOMCTB. OaHU U3
HUX TpU (GOPMUPOBAHUU CBSI3€U B CHUCTEME MOAABISIOTCA, IPYrUe, HAPOTUB, MPH-
oOpeTtatoT Oosiee OTUETIUBOE BbhIpakeHHe. OHAKO CTENEHb MOIaBlIEHUs CUCTEMOHE-
3HAUYMMBIX CBOMCTB 3JIeMEHTa HEe OBbIBAeT, Kak MPaBUIIO, IOJHOM. B cBsi3u ¢ 3TUM npu
(GhOpMHUPOBAHUM CHUCTEMBI BOSHUKAIOT HE TOJBKO «IOJE3HBIE» (DYHKIIMH, HO U JMC-
(yHKIIMU, HETaTUBHO BJIMSIONINE Ha (PYHKIIMOHUPOBAaHKUE CUCTEMbl. OCHOBHBIMU CH-
CTEMHBIMH XapaKTepUCTUKaMU (DYHKIUN SBISIOTCA UX B3aWMOCBSI3aHHOCThH Ha 3Jjie-
MEHTHOM YPOBHE, H3MEHYMBOCTH (MOOMJIBHOCThH), WHTECHCUBHOCTh (QYHKIHH U
CTEIEHb IETEPMUHUPOBAHHOCTHU.

QOYHKIMU CUCTEMBI HE SIBIIIETCS] MMPOCTOM CYMMOW CBOMCTB COCTAaBIISIOLIUX €€
OTJICTLHBIX DJIEMEHTOB, a B TIEPBYIO OYepe/lb, ONPEACIAIOTCS HATMYUEM crerupuye-
CKHMX BEIIIECTBEHHO-PHEPTeTUUECKUX, MH(OOPMALIMOHHO-YIPABIEHYECKUX U IHEPTO-
MH(POPMAITMOHHBIX CBSI3€M M OTHOIIEHUM MEXIY AJIEMEHTaMH M MOJICUCTEMaMu, T.€.
MPOSIBIIAIOTCS UHTETPATUBHBIE CBOMCTBA CUCTEMBI Kak 11eJ0T0. B ciiokHOU cucTeme
YKa3aHHbIC CBSI3M U OTHOIICHHUS MEX]Yy KOMIIOHEHTaMH, MOJCUCTEMaMHU JOJKHBI
OBITh HACTOJIHLKO TECHBIMHU M OPTaHUYHBIMHU, YTO U3MEHEHNE OJHON U3 HUX C HEOOXO-
JUMOCTBIO BBI3BIBAET TO WUJIM MHOE U3MEHEHHUE CBOMCTB APYTUX, @ HEPEIKO U CBOICTB
CaMOM CHCTEMbI B LeJIOM. Hanmnuue CToJib TECHOrO B3aMMOAECHCTBUS OPraHUYHOU
CBSI3U MEXIy KOMIIOHEHTaMH, MOJICHCTeMaMu O0YyCIIOBIMBAET TOT (haKT, 4TO B pas-
JMYHOTO POJIa IPOLIECCaX, BO B3aMMOJEHCTBUU C BHELIHENW CPEAOU U C IPYTUMU CH-
CTEMaMH JaHHas CJIOXKHAas CHUCTEMa BCErjia BBICTYMAET KakK €IUHOE I1IeJI0CTHOE (op-
MUPOBAHHUE.

[To MHEHHMIO aBTOpa, MOHITHE «CJIOXHAs CUCTeMay» (Tak ke, KaK M IMOHSTHE
YKca, MHOXKECTBA, (DYHKIIMM B MaTEMaTHKE) IeJIecO00pa3HO CUYMTATh HadalbHBIM
MOHATHUEM, T.€. TAKUM MOHATHEM, KOTOPOE MOKHO OMUCATh, HO HEJIb35l CTPOrO OIpe-
JeNMUTh, 100 JII000e CTPOroe OMpeeICHUE JAaHHOTO MOHSATHS HEU30€KHO NPUBEACT
Hac K 3aMEHE JTaHHOTO MOHATHS SKBUBAJICHTHBIM €My MOHsATHEM. BmecTte ¢ TeM aBToO-
Py TPEACTaBIACTCS, YTO CYIIECTBYIOT HEKOTOPBIE CUCTEMHBIE CBOMCTBA, KOTOPHIMU
OJDKEH 00J1aaTh OOBEKT, YTOOBI HaA3bIBAaTHCA CJIOKHOM CHCTEMOH. DTHMHM CBOM-
CTBAMHU SIBJIIIOTCA CIEIYIOLINE MSITh CBOMCTB.



1.3. CucreMHBIE CBOIICTBA

IIepBoe CBOMCTBO — HEJOCTHOCTb. CHCTEMA, MPEXK]IE BCETO, LIEIOCTHAs COBO-
KYITHOCTh B3aUMOJECHCTBYIOIIMX 3JIEMEHTOB. [[151 HE€ IEPBUYHBIM SIBJIAETCS MMPU3HAK
LIEJIOCTHOCTH, T.€. OHA PACCMATPUBAETCA KaK €IMHOE ILIEJI0e, COCTOSAIIEE U3 B3aNMO-
NEUCTBYIOUIMX YacTeil, OTAEJIbHBIX YacTO PAa3HOKAYECTBEHHBIX, HO OJIHOBPEMEHHO
coBMecTUMBIX. C OJTHOM CTOPOHBI, CHCTEMA €CTh IIEJIOCTHOE 00pa30BaHuUE, a C IPYTou
— B €€ COCTaBE€ OTYETIUBO MOTYT OBITh BBIJECJICHBI IIEIOCTHBIE OOBEKTHI (ITOICHUCTE-
MBI, 9aCTH).

Bropoe cBolCTBO — HaJIMuMe yCTOWYUBBIX cBsi3eil (oTHOIIeHHI). OHO Xapak-
TEpU3YETCS HAJUYUEM CYIIECTBEHHBIX YCTOMYMBBIX CBS3EH MEXKIY 3JIEMEHTaMH,
MIPEBOCXOSIIMX MO MOUIHOCTH (CHJIE) CBS3M 3THX 3JIEMEHTOB C 3JEMEHTaMH, HE
BXOJSIIIMMH B JaHHYIO0 cucteMmy. CHcTeMa CyHIECTBYET KaK HEKOTOPOE LIEJIOCTHOE
00pa3oBaHME TOT/IA U TOJBKO TOT/IA, KOTJAa MOIIHOCTh CYIIECTBEHHBIX CBSI3€M MEXIY
AJIEMEHTaMU CUCTEMBI OOJIbIIIE, YEM MOUIHOCTH CBSI3€M 3THUX K€ JJIEMEHTOB C OKpY-
Karollen cpeoil u ap. cucteMamu 00pa3oBaHUsl.

MOIIHOCTh BEIIECTBEHHBIX W JHEPreTUYECKHX CBA3EH CPAaBHUTEIBHO IIPOCTO
MO>KHO OLICHUTh 110 HHTEHCUBHOCTH OOMEHHUBAIOILErOCs MEK/Y 3JIEMEHTaMH MOTOKa
BEILIECTBA U dHEpruu. YTo ke KacaeTcs MHPOPMALMOHHBIX CBA3€H, TO B O0ILIEM CIIy-
Yae Mpu OLEHKE MOIIHOCTA MH(OPMALIMOHHBIX CBSI3€H 3JIEMEHTOB CUCTEMBI HEOOXO-
JUMO YYHUTBIBaTh, C OJHOW CTOPOHBI, €€ NOTEHIHMAIBHYIO MOIIHOCTh — MPOITYCKHYIO
CIIOCOOHOCTh — M PEaJbHYI0 MOIIHOCTh — JE€HCTBUTEIBHYIO BEJIMYUHY UHTEHCUBHO-
CTH MOTOKa MH(POpMAILIUU, a C APYroi — (Jake B MEPBYIO OUYepe/b) — KAUYECTBEHHBIC
XapaKTEPUCTUKHU TepeaBaeMor MHGOpMAaINK, HalpuMep, IEHHOCTH, MOJIE3HOCTH,
JOCTOBEPHOCTH U HaJICKHOCTHU TepeiaBaeMoil nHopmaluu.

Tpetbe CBONCTBO — (PYHKIMOHAJIBLHOCTb. DTO CBOMCTBO XapakTEPU3YET TO 00-
CTOSITEJIbCTBO, YTO BCSIKAasi CHCTEMa UMEET U BBIMOJHSAET CBOM CHUCTEMHbIE (DYHKIIHH,
T.€. MPOCTO (YHKIIMOHUPYET (CYIIECTBYET, OCYIIECTBISCT CHCTEMHBbIC (DYHKIIHH),
MOXET CIIY>KUTh 00JIaCThIO WJIU CPEJoil CyIIeCTBOBaHUS (OOUTAHUSI) APYrOM CUCTe-
MBI, OOCITy’)KHBAa€T CUCTEMBI 00JIee BBICOKOTO MOPSAAKA, CIY)KUT CPEACTBOM MJIU HC-
XOJHBIM MaTEepUaIOM JUIsl CO3JaHus 0oJiee COBEPILIEHHOW CUCTEMBI U T.1. DYyHKIHO-
HaJbHOCTh CHUCTEMBI BBINOJHAETCS, T.€. CHCTEMa YCHEIIHO OCYIIECTBIISIET CBOU
CUCTEMHBIC (DYHKIIMH, B ONPEACIICHHBIX TIpeieiaX, Koraa napaMmeTpbl CUCTEMBI U CU-
CTEMHBIE MPOLECCHl OIPAHUYEHBI OMPEACIEHHBIMU TIPeieNiaMy, BHE KOTOPBIX CUCTE-
Ma 1100 pazpyiaercs, JM00 paJuKaIbHO MEHSAET CBOM KauecTRa.

YeTBepToe CBOWCTBO - HAJWYHE OPraHU30BAHHOCTH M YCTOMYHBOCTH. DTO
CBOMCTBO XapaKTE€PU3YETCS HAJUYUEM ONPENICICHHOW OpraHu3alliu, 4TO ONpeaes-
eTCs B CHIDKECHHM SHTpONHH (MEpbl HeompeaenreHHocTH) cuctembl H(S) mo cpaBhe-
HUIO C HEONpEeNeIeHHOCThI0 cucteModopmupytomux (akropo H(F), ompenensto-



IIIUX BO3MOXKHOCTh co3faHusi cuctembl. K cuctemodopmupyrommm ¢Gpakropam OTHO-
CUTCS: YUCJIO DJIIEMEHTOB CHCTEMBI 1; YHCIIO CUCTEMO3HAYHBIX CBOMCTB AJIEMEHTA (]
YHCJIO CYIIECTBEHHBIX CBS3EH Y, KOTOPBIMU MOXET 00JIalaTh dJIEMEHT; YHUCIIO0 CUCTe-
MO3HAYHBIX CBOMCTB CcBs3ell b. MimeeT mecto HepaBeHcTBo H(S) < H(F), U3 Koto-
pOTro CIENyeT, YTO BOBHUKHOBEHUE OPraHU3AIMH B CUCTEME €CTh, IO CyTH, popMu-
pOBaHUE CYIIECCTBEHHBIX CBSI3€H DJIEMEHTOB, YIOPSIA0YEHHOE pacipeiesieHue CBs3ei
U DJIEMEHTOB, YNOPSAOYEHHOE pacIpe/ielieHue CBSI3€d M 3JIEMEHTOB BO BPEMEHH U
npoctpaHcTBe. Opranu3aiiys OXBaThIBAET TOJIbKO TaKWe CBOMCTBA 3JIEMEHTOB, KOTO-
phIE CBSA3aHBI C IPOIIECCAMU COXPAHEHUS U PA3BUTHUS CUCTEMBI KaK I[€JI0OCTHOCTH.

[Tpu GopmMupoBaHUM CBsI3EH CKIAABIBACTCS OMpPENCICHHAS CTPYKTypa CUCTEMBI,
a CBOMCTBA 3JIEMEHTOB B COBOKYITHOCTH TpaHC(HOPMUPYIOTCA B (GYHKIMH (ACHCTBUA,
MOBEJICHHUE), CBSI3AHHBIC C BaYKHEHIIIMM CBONCTBOM CHUCTEMBbI — €€ MHTErPATUBHBIMU
kauecTBaMu. CBOMCTBO OPraHM30BAHHOCTU (DYHKIIMOHAJIBHO 3aBHCHUT OT (DYHKIIHM,
BBITIOJIHSEMBIX CUCTEMOM, KOTOPhIE OTPAaHUYMBAIOT MPOCTPAHCTBO JEHUCTBUN CUCTE-
MBI, KOJIMYECTBO WJIM YKCIJIO CTENEHEH CBOOOJIbI, YUCIO B3auMoJieicTBUil. B »TOM
CMBICJIE JJaHHOE CBOMCTBO fBJsieTCA cucTeModopMmupyromuM (pakropom. Bapbupo-
BaHUE CTPYKTYPOU CUCTEMBI WUJIM €€ YaCThIO SABJISIETCSA pelIaloniuM (pakTopom B Mo-
BBIIIICHUH YPOBHS €€ OPraHU30BaHHOCTH.

Haubonee oOmieit xapakTepuCTUKON JaHHOTO CBOMCTBA, T.€. HAJTUYHE OpPraHU-
30BAHHOCTU U CUCTEMHOM YCTONYMBOCTH, SBJIAECTCS (pU3MUECKask YSHTPOIUS CUCTEMBI
(umn ee WHGPOPMAIIMOHHBIE ASKBUBAJICHT) — XapaKTEPUCTHKAa HEOIMPEaeSIEHHOCTH,
HEYTOPSIOYEHHOCTH CUCTEMBI KaK IeJ0r0. (PU3UUeCKasi SHTPOMHS CUCTEMbl 3aBUCUT
HE TOJIKO OT DHEPreTHUYECKUX, HO U OT MH(POPMAIIMOHHBIX MPOIIECCOB U SIBISETCS
MepOi OpraHU30BaHHOCTU U YIIOPSJOUYCHHOCTH CUCTEMBI.

bnarogaps Hanuuuio opranuzanuu (OpraHM30BaHHOCTH) COBOKYITHOCTh B3aUMO-
CBSI3aHHBIX JIEMEHTOB COXPAHSET CBOIO CTPYKTYpPY, 3alIOMUHAET BO3JIECICTBUE OKPY-
JKAIoIEen Cpelibl M B3aUMOJICHCTBYET C HEM U IPYTUMU CUCTEMHBIMU 00pa30BaHUSMH.

IIssiToe CBOMCTBO — HAJIMYUEe UHTErPATUBHBIX Ka4yecTB. lHTerpatuBHbIC Ka-
YecTBa — ATO TAaKHE KayecTBa, KOTOpPbIE MPUCYIIM CUCTEME B 1IEJIOM, HO HE CBOM-
CTBEHHBI HM OJIHOMY U3 3JIEMEHTOB. Hanuuue MHTErpaTUBHBIX Ka4ye€CTB IMO3BOJISIET
caenaTh BaKHBIN BBIBOJI:

®CHICTEMA HE CBOJIUTCS K MPOCTON COBOKYITHOCTH AJIEMEHTOB;

epacuJieHssl CUCTEMY Ha OTAEIbHBIE MOJCUCTEMbI U YaCTH, U3y4asi KOKIYI0 U3 HUX
B OT/ICJIBHOCTH HEJIb35 MTO3HABATh CUCTEMY B 1IEJIOM, T.€. HEJb3sl I03HABATh CBOM-
CTBa CUCTEMBI B IIEJIOM.

JIro0oit 00beKT, 00Iagaromuii BCEMU MSAThIO MPUBEICHHBIMU CBOMCTBAMHU, OT-
HOCHTCS K CJII0KHOM CUCTEME.
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1.4. Kinaccupukanusi CJIOKHBIX CHCTEM

CnosxHbI€ CUCTEMBI MOYKHO KJIaCCU(PUIIMPOBATH MO CIACAYIOIIUM MMPU3HAKAM:

- POUCXOKACHUIO (€CTECTBEHHBIE U UCKYCCTBEHHBIE);

- CTETICHH OOBEKTUBHOCTH CYIIIECTBOBAHMS (MaTepUaAIbHBIC U A0OCTPAKTHBIC);

- collepKaHMIo (COIMabHBIC, (PU3NYECKUE, YKOHOMUYECKHAE, TEXHUUYECKUE H
T.IL.);

- CTETICHU B3aMMOCBSI3H C OKPYXEHUEM (OTKPBITHIE, 3aKPBIThIE, OTHOCUTEIIHLHO
000c00JICHHBIC);

- COCTOSIHUIO BO BpEMEHU (CTaTUYHbIC U JUHAMUYHbIC);

- 00yCIOBJIEHHOCTU (h)YHKIIMOHAJIBLHOTO JIEUCTBUS (IE€TEPMUHUPOBAHHBIE U Be-
POSITHOCTHBIE);

- 00yCIIOBJIEHHOCTH MPOLIECCOB yHpaBieHUs (YIpaBJISIEMbIE U CaMOYIIPaBJIsie-
MbIE);

- YPOBHIO CJIO)KHOCTHU CTPYKTYPHI (CYyNEPCIOKHbBIE, OOJIBIINE U CIIOXKHBIE, MO/I-
CUCTEMBI, DJIEMEHTHI);

- CTETNICHU BHYTPEHHEH opraHu3aluu (XOpOIIO OpraHu30BaHHBIC, TU(Qy3HBIE
¥ CaMOOPTraHU30BaHHEIC);

- MeTogaM (popMaIM30BAHHOTO OMMCAaHMS 0OBEKTA B KAUECTBE CUCTEMBI (aJICK-
BAaTHOE, TEOPETUKO-MHOKECTBEHHOE MpEACTaBlICeHUE, WHPOPMAIMOHHOE OIKCAaHUE,
MMUTAIMOHHO-TMHAMUYECKOE, CTPYKTYPHO-IMHTBUCTUYECKOE TMPEJCTABICHUE U
T.IL.);

- METOJIaM MOJICTTUPOBAHMIO TIpoliecca pa3BUTHS (yIpaBisieMble, aJaliTUBHbIC,
camoo0ydaeMble, CAMOBOCCTaHABIMBAIOIIINE, CAMOBOCIPOU3BOIAIINE U T.11.).

B Teopuu cucteMm NpUHATO BCE HUCCIEIYEMBIE CUCTEMBI IEJIUTh HA TPU OCHOB-
HBIX KJlacca: a0CTpPaKTHbIe, eCTECTBEHHbIe M HCKYCCTBeHHbIe. Takoe JeneHue
MMEET BAXKHOE METOJ0JIOTUUECKOE 3HAUCHUE [T UCCleIoBaHus cuctem. [lepBrie cu-
CTEMBI SBJISIFOTCS OCHOBOM ISl BOJIIOLIMM HAYYHBIX TEOPUW MO3HaHUs. BTopsie - oc-
HOBOM JIJIsl BBISBJICHUS 3aKOHOMEPHOCTEH W (POpMyIMpPOBaHUS 3aKOHOB MPHUPOIBI
BCEX SABJICHUU. TpeThH - 1JIsl pa3BUTHS OTPACIIEBBIX HAYYHBIX 3HAHUM.

Abcmpakmmubsie cucmempl - 3T0O CUCTEMbI TEOPETUKO-METOAOJIOTMYECKOTO Xa-
pakTepa, MO3BOJIAIONINE OMUCHIBATH OOIIME M CIENU(PUIECKOE CBOWCTBA OpraHM3a-
IIMOHHOM CTPYKTYPHI 2JICMEHTOB, CBSI3€H M OTHOIICHUN B IICJIOCTHOM OOpa30BaHUH
JUISl TIO3HAHUSI, U3YUYEHHS M MPOSKTUPOBAHUS COCTOSTHUS, TTOBEJICHUS] U PA3BUTHUS HC-
CJIEAYEMOT0 CJIIOKHOTO 0OBEKTa B KAUeCTBE CUCTEMbl. AOCTpPaKTHBIC CUCTEMbI HEOO0-
XOJIUMBI JIJISI Pa3padO0TKU JIOTUYECKUX MOJIeNIeH MPeICTaBICHUs O MaTepUaIbHbBIX CH-
cTEeMax.

K ecmecmeennvim cucmemam TPUHATO OTHOCUTH TE€ CHUCTEMBI, KOTOPBIE
HMMEIOT €CTECTBEHHO-TIPUPOJAHOE IpoucxoxaeHue. Hanmpumep, npupoaHbie pecypchl
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YKOHOMUKH, YETIOBEK, KaK CUCTEMHBIN 0OBEKT MCCIEAOBAHNS B COIMAIBHBIX U 00pa-
30BaTEJIbHBIX CUCTEMAaX, MIPUPOHBIC SIBJICHUS, KAK CUCTEMHBIN 00BEKT B UCCIIEI0BA-
HUU (DU3NYECKUX, XUMUYECKUX, OMOIOTUYECKUX U JIPYruX Haykax. EcTecTBeHHBbIE
CUCTEMBbI M3y4alOTCsl HA OCHOBE 3aKOHOB M 3aKOHOMEPHOCTEH €CTECTBEHHBIX OTpac-
JIEBBIX HayK (M3UKU, XUMUH, OMosiorud | T.11. VIX popmanapHOE onrcanmne ocymecTB-
nsieTcsi Ha 0a3e eCTeCTBEHHO-MaTeMaTHYECKMX METOJ0B MojaenupoBanus. Ecte-
CTBEHHBIE CHUCTEMBI - 3TO CHCTEMBI, B KOTOPBIX KOMITOHCHTAMHU SIBJISIOTCS T€ WA
WHBIC IPUPOJIHBIE SJIEMEHTHI SBJICHUMA, CTPYKTYP WX IPOIECCOB MPUPOTHOTO OKPY-
xeHus. JItobast ecrecTBEeHHAs] CUCTEMA BCET/a SIBJIIETCS IOCTATOYHO CIOXKHOM 1Jid ee
U3YYEHUIO C TOUYKHU 3PEHUSI CHCTEMHOIO MOAXO0Ja. DTO OOBSACHSAETCS TEM, YTO B paM-
Kax MPEeJIMETHOr0 MCCIEIOBAaHUS OY€Hb CIIOHO BBIJICIUTH YHCIIO JUCKPETHBIX AJie-
MEHTOB M OIMCATh JOCTATOYHO aJCKBATHO CBS3M MEXIy HuMH. Hampumep, marema-
tuk ['.H. [loBapoB J1eUT BCE CUCTEMBI B 3aBUCMMOCTH OT YHCJIA 3JIEMEHTOB, B HEE
BXO/ISIIIINAX, HA YETHIPE KIIacca;

- mastsie (10 - 10° semenToB);

- CJIOKHBIE (103 -TO’ 51eMeHTOB);

- yaprpacioxusie (10 - 10°° snementoB);

- cynepcnoxasie (10%°- 10 snementos).

K uckyccmeennvim cucmemam OTHOCSTCS BCE OCTaIbHBIE, KOTOPBIE OBLIN CO-
3aHbl CAMUM YEJIOBEKOM JIsl 0O0ECIeueHUsl BCeX MOTPEOHOCTEM CBOErO CYIIECTBO-
BaHusl Ha 3emsie. Bce cyiiecTByroiue OOIIECTBEHHO-OPraHW3alMOHHBIE CHUCTEMBbI
MOXHO CYHTaTh HMCKYCCTBEHHBIMH. Hampwmmep, Takue CHCTEMBI KaK COIHMAIBHO-
KyJIbTYpHBIE, 00pa3oBaTeIbHbIC, JKOHOMHUUECKHE, TEXHUUECKUE, TEXHOJIOTHUECKUE U
T.Jl. MOXKHO OTIPEIEIUTh B KA4eCTBE MCKYCCTBEHHBIX. KaXkas u3 HUX UMEEeT CHelu-
aIbHOE II€JIEBOC HAa3HAYCHHE JJI OPTaHU3allMy OOIIECTBEHHOW JKU3HU YEJIOBEKa Ha
3emie.

KoHTpoJsbHBIE BONIPOCHI

1. Yto moHMMAaeTCs 110JT CIOKHON CUCTEMOI?

2. HazoBHUTE OCHOBHBIC XapaKTECPUCTUKH CIIOKHBIX CHCTEM?
3. Kakue paznmnyaroT CTpYKTYPhI CIIOKHBIX CUCTEM?

4. Kakumu cBoicTBamMu 00JIaaeT CIOKHAs cucTteMa?

5. Kak knaccuduimpyrorcs cioskHble CUCTEMBI?

12



I'JTIABA 2. CJIOKHBIE CUCTEMBI
NCKYCCTBEHHOI'O ITPOUCXOXIEHUSA

2.1. Cii0:kHbBIE OpraHu3anuoOHHO-TexHuYeckne cucrembl (COTC)

Cpenu CrnoXHBIX CUCTEM Ba)XXKHYIO POJIb B MPOTPECCE YETOBEUECTBA UTPAIOT HC-
KYCCTBEHHBIC CHCTEMBI, CO3/IaHHBIC WM CO3/1aBaeMble TpyAoMm uyenoBeka. Cyiile-
CTBYIOT pa3jiU4HbIe BApUAHTHI KiacCU(DUKAIIUU (PU3NUECKUX UCKYCCTBEHHBIX CHUCTEM.
PaccmarpuBaroTcsi TEXHUUECKH CUCTEMbl U KOMIUIEKCHI (Cya, CTAaHKU, aBTOMOOWJIH,
CaMOJIETBl U [Ip.), SKOJOTUYECKHE M MPHUPOIAOOXPAHHBIE CHUCTEMBI U KOMILICKCHI,
HSHEPreTUYECKUE CUCTEMbl U KOMIUIEKCHI C UX Pa3BUTOW MHPPACTPYKTYpoH, uHpOp-
MAIIMOHHBIE CUCTEMBbI MPOMBIIIUICHHOCTH, S)KOHOMHUKH, SKOJIOTHH, OPraHUu3al[MOHHBIC
M 4YEJOBEKO-MAalllMHHBIE CUCTEMbl U T.M. B 1eisIX OONIHOCTH ISl XapaKTEPUCTUKHU
(bU3NYECKUX HUCKYCCTBEHHBIX CHUCTEM Pa3UYHOTO (PYHKIIMOHAIIBHOTO Ha3HAYEHUS
BBEJIEM TMOHATHUE «CII0KHASI OPTaHU3AIMOHHO-TEXHUYECKAsl CUCTEMAY).

B o6mem cnydae nousitue COTC Bkitouaet B ce0si OpraHU3allMOHHbIE, TEXHU-
YECKHUE, COLMATbHO-3KOHOMUYECKHE CUCTEMBI, COCTABISIOIIME MEPAPXUUECKYIO CO-
BOKYITHOCTh B3aMMOCBSI3aHHBIX 3JIEMEHTOB U MOJICUCTEM, JOMOJHSIIOMINX APYT Apyra
MIPU PEIICHUM OCHOBHBIX 3ajiay, JJIsl PEIICHUS KOTOPBIX CO3/JaBajuCh ITHU HCKYC-
CTBEHHBIE CUCTEMBI.

OnHolt W3 XapaKTepHBIX TEHACHIMA pa3BUTHUS OOLIECTBA M SKOHOMHUKH Ha
HACTOAIIEM JTare sBJsieTcs mnospieHue upesBbiuaitHo Oonpimux COTC. D10 00y-
CJIOBJIEHO:

® HEIMPEPHIBHO YBEIMUYUBAIOIIEHCS CIOKHOCTHIO 0OBEKTOB, PUMEHSEMBIX B pa3-
JINYHBIX OTPACISAX XO3SIMCTBEHHOU JIESITETbHOCTH;

® pacHMpAIONIeHcs crnenuai3alnueid 1 KOOepupoBaHUEM MPEANPUITHI, 00bEK-
TOB PA3JIMYHOTO (DYHKIIMOHATEHOTO HA3HAYCHUS;

® TOsIBICHHEM Bce 00Jjiee CIOKHBIX aBTOHOMHO JCHCTBYIOIIMX CHUCTEM, pOOOTH-
3UPOBAHHBIX, ABTOMATU3WPOBAHHBIX KOMIUJIEKCOB, TMOKHUX aBTOMATHU3UPOBAaH-

HBIX TPOU3BOJICTB.

[Ipu ocyliecTBICHUU CTPYKTYPHBIX MPeoOpa3oBaHUil, HEOOXOIUMBIX Ha OIpe-
JEJICHHBIX ATanax pa3BUTHUs 00IIecTBa, HeKoTopble 3 cymecTByromux COTC moryt
MPEKPaTUTh CBOE (PYHKIIMOHUPOBAHME, JAPYTHE - MepenporimpoBaThCs U 00pa3o-
BaTh HOBble COTC ¢ mHbIMU (DYHKIIMOHATHLHBIMU Ha3HAYEHUSMU; Ha 0a3e HECKOJb-
kux (MHorux) cymectByromux COTC MOryT nosBUTHCS IPUHIIUIUATIBLHO HOBBIE TH-
bl COTC ¢ coBepilIeHHO MHBIMU LIEJISIMU U 33/1a4aMH.
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2.2. CBoiicTBa CJIOKHBIX OPTAaHM3ALNOHHO-TEXHUYECKUX CHCTEM

COTC, sBasisicb OJTHOM M3 pa3HOBUAHOCTEN CIOXKHBIX CUCTEM, 00Ja1aeT BCEMU
CBOMCTBaMHU, XapaKTEPHBIMHU sl HUX. B TO jke BpeMsi HICKyCCTBEHHBIN XapakTep Mo-
aBieHus, crenrduka ucnonas3oBanusa U pynkunonupoBanusi COTC, cnocoOcTByeT
MPOSIBJICHUIO Y HUX OTJIMYUTEIbHBIX CBOWCTB, CBSI3AHHBIX C HEMOCPEIACTBEHHBIM UX
Ha3HAYEHUEM U PUMEHEHUEM.

1. Hanuuue yeneii pynxyuonuposanus COTC — 3TU 1€ ONpeneisitoT OCHOB-
Hoe HazHaueHue COTC u xapaktep ee pynkiumonupoBanusa. Kaxmas mojcucrema
COTC umeer cBoto crienuduueckyro 1enb (o/1eb) U B TO K€ BpeMsl OHa TIPOEKTH-
pyeTcs TakuM 00pa3oM, 4yToObl paboTana paau JTOCTHIXKEHMs eIUHON 1enu (1enei),
crosiedt mepen COTC B nenom. COTC co3naroTcst AJisi yIOBIECTBOPEHUS TEX WM
WHBIX MOTpPEOHOCTEN O0O0IIecTBa, OTACNIBHBIX €ro rpymm, cioeB. CTpemiieHHE K
HauOoJsiee TOJHOMY YAOBJIETBOPEHUIO 3TUX MOTpeOHOcTel siBisiercs menbio COTC
nimm ee neneBblM HazHadeHueM. COTC gBASAIOTCS LEIeHaNpaBIeHHBIMU CUCTEMAMU,
T.€. 00JaJarONIMMU CBOMCTBOM IIEJICHANIPABICHHOCTH, IMOJ KOTOPHIM MOHUMAETCS
CIOCOOHOCTH K BBIOOPY IOBEIEHHUS B 3aBUCUMOCTH OT CBOEH Lienu (BHYTpEHHEH Iie-
Tn).

2. Hanuuue ynpaenenus — mporecca, KOTOPBIA BKIIIOYAET MOJIyYeHHE HEOOXO-
aumoit nHpopmaruu o camoid COTC, ee mojcucTeMax M 3JI€MEHTaX, OKPYKAIOIIeH
cpene (uHdopMaims 0 COCTOSIHUM), BBIpAOOTKY pelieHus (rmpeodpazoBanue uHOOpP-
Malli¥, ¥ IPUHATHE PEIICHUM Ha ee OCHOBE), mocTaHOBKY 3anau nepeg COTC u ee
MIOCUCTEMAaMU U KOHTPOJIb UCIIOJHEHHUS. 3AECh MO/ YIPaBJICHUEM MOHUMAIOTCS MPO-
1ecc neneHamnpapineHHoro ¢popmupoBanus noseneanss COTC u ee moacucrem. Camo
YIPABJIEHUE MOKET HEMOCPEACTBEHHO OCYIIECTBIISITHCS YEIOBEKOM C UCIIOJIb30BAHU-
€M aBTOMaTU3HPOBAHHBIX CUCTEM.

Oynkunonupoanue COTC HeBO3MOXHO 0e3 oOMeHa uHpOpMaLUeH MEXTY
anemeHtamu COTC, mexny snementamu u noacucteMamu COTC ¢ okpyxkaronien
Cpenoi U APYruMU CUCTEMHBIMU OOPa30BaHUSIMHU, YTO MPUBOJIUT K OOHOBJIEHHUIO, TTO-
MOJIHEHUIO WJIK €€ M3MEHEHHI0. IMEHHO Takue MmpoIecchl M3MeHeHus1 HHGOpMaIIiH,
WHTEHCUBHOCTU U COJEPKaHUSI TIpoliecca MmpeoOpa3oBaHusl SHEPTUU, CBOMCTBEHHBIC
UIsl ycTonumBoro cymiectBoBanusi u ¢ynknuonuposanus COTC, opranusyrorcs,
YHOOPSIAOUUBAIOTCS MPOLECCAMU YIPABICHUS. YTPABICHUE HCXOIUT U3 LEIEBOIO
HazHaueHus COTC.

3. COTC umeem onpedenennyio uepapxuveckyio cmpykmypy. OCHOBHBIM IpH-
3HAKOM MEPapXUUYECKOTO BBIJICICHUS MOJACUCTEM JOJIKHO OBITh MX 11€JIEBOE Ha3HaYe-
HUE.
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COTC

DJIeMEHTHI CHCTEMBI

Puc. 2.1. Uepapxuueckas crpykrypa ynpasienuss COTC

COTC, ee moacucteMbl W HJIEMEHTHl MOTYT OBITH TPEICTABICHBI B BHUJIC
HMepapXUYECKON CTPYKTYpPBI WM CTPYKTypHOrO Tpada (puc. 2.1). Bepmunsl rpada
M300paXkaroT yIpasisiionue U ucnoauutenbubie d5eMenTel COTC, pebpa — Te BUABI
cBA3€H (OTHOIICHMI), KOTOpbIE cloXuInCch Mexay anemenTamu COTC. Ynpasisio-
IIUI 3J€MEHT, HAXOIALIUICS Ha BEPIIMHE Uepapxuu, Oy/ieM Ha3bIBaTh BHICIIUM 3Be-
HoM COTC. DneMeHTHI, ynpasisieMble BBICIIMM 3BEHOM — JJIEMEHTBI 1-TO ypOBHS
uepapxuu: 1.1., ..., 1.i, ..., 1.n(1), rme n(1l) — oOIiee YUCIIO FIEMEHTOB 1-TO YPOBHS
Uepapxuu. JJEMEHTHI, YIPABISEMbIE HEMOCPEACTBEHHO 3JEMEHTaMHU |-ro ypOBHS
uepapxuu, OyJeM Has3bIBaTh JCMEHTAMHU 2-TO YPOBHS uepapxuu s 1.1-i mojacu-
CTeMbl 1-TO ypoBHS (i = 1,n(1)): 21.1., 2.2, ..., 2.1}, ..., 2.i.ni(2), e ni(2) — o6-
€€ YMCJIO DJIEMEHTOB 2 YPOBHS MEPAPXHH, BXOAANIUX B MojacucteMy 1.1-i mojcu-
cteMbl 1 — ro ypoBHa U T.n. T.0., IpU MOpPENCTABICHUU CHUCTEMBI YIPaBICHUS
uepapxudeckuM CTpykTypHbIM rpadom COTC mM0XHO paccMaTpuBaTh Kak COBOKYTI-
HOCTb BCEX BEpILUH CTPYKTYpHOTO rpada ¢ UX CBA3SIMH MEXIy coOOH M OKpyKaro-
e cpenoil; i — A nmoacucremMa d — ro ypoBHSI MPEICTABIAET COBOKYIHOCTH BCEX
Tex BepiuH cTpykrypHoro rpada COTC, y koToporo Ha BTOPOM MECTE CTOWT WH-
aekc i:1.i;2.0.1; ...; 2.1.j; ... ; 2. 1. 1m;(2).
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OcHoBa anst moctpoenust crpykrypHoro rpaga COTC 3akmtouaeTcst B onpene-
JIEHUU TeX CBsi3ed (OTHOIIEHMIT), KOTOpPbIE CYIIECTBYIOT MEXAY YHPABISIONIUMU U
ucnionHutenbHbiMu 35eMeHTaMu COTC. PacemarpuBas COTC kak nepapXudecKkyro
CUCTEMY YIIpaBJICHUS, CIIETyEeT BBIICTUTh TPU OCHOBHBIX BUJIA CBS3EH:

- OTHOIIICHUE TTOAYNHEHHUS — CIUIONTHAS CTPEJIKa Ha CTPYKTYypHOM Tpade;

- OTHOIIICHUE TTOAYMHEHHOCTH — IITPUXOBAS JIUHUS HA CTPYKTYPHOM Tpade;

- OTHOIIICHHE B3aUMOJICUCTBUS — IITPUXITYHKTUPHAsI CTPEJIKA Ha CTPYKTYPHOM
rpade.

OTHollIeHHE TOTYMHEHUSI XapaKTEePU3yeTCsl TE€M, YTO YNPABISIOMIMA 3JIEMEHT
MOJKET BO3/IEHCTBOBATH ITyTEM Pa3JIMYHOTO POJia YIPaBICHUN HA HIXKECTOAIIUN dJie-
MEHT U IIeJICHANPABIEHHO U3MEHUTh €r0 COCTOSTHUE.

OTHOlIEHHE TOJYMHEHHOCTH XapaKTepU3yeTcsi TeM, 4YTO JaHHBIA BJIEMEHT
«MOJIIaETCS YIPABICHUIO CO CTOPOHBI TOTO 3JIEMEHTA, Ky/la HampaBjeHa MyHKTUP-
Has CTpEJIKa.

OTHoOlIEHHE B3aMMOJICUCTBUSL XapAKTEPU3YETCS TE€M, YTO MEXKAY IBYMs 3Jie-
MEHTaMHu (110 HAIMpPaBJICHUIO MTPUXITYHKTUPHON CTPENKHU) OCYIIECTBIISIETCS Ompe/e-
JICHHBIM OOMEH BEUIECTBEHHBIMHU, YSHEPTEeTUUECKUMHU UM UH(POPMAIIMOHHBIMHU TOTO-
KaMmu JIN0O OJJHOBPEMEHHO BCEMH UMM, JINOO UX COUETAHUSIMH.

4. HenpepvigHoe usmeneHue cOCMosHUs dNeMeHmo8 u noocucmem 0e3 usmeme-
Hust cmpykmyprozo cocmosanus COTC.

[lepeuncnennsie Bbe ocHOBHBIE cBovicTBa COTC cimenyer paccmaTpuBarh B
WX JUAJEKTUYEeCKOM CBs3U. [lombITKa pacuieHeHUs 3TUX MPU3HAKOB U PACCMOTPEHHUS
KXKJIOTO U3 HUX OTAEIBbHO 0€3 CBA3U C JIPYTMMHU MPUBEAET K TOMY, YTO Mpodjema
uccaenoBanus u npoektupoBanuss COTC Oyaer paccmMaTpuBaThCs MOAPOOHO JIMIIIb
C KaKoW-1100 OJTHOM MO3WIIMH, YTO MOXKET MPUBECTH K OJIHOOOKOCTH PE3yJIbTaTOB
uccnenoBanus u npoektupoBanuss COTC, a tem cambiM — K coznannto COTC, koto-
pble HE OYAyT B COCTOSIHUM ONTUMAJbHBIM 00pa30M peIIaTh MOCTABJICHHBIE MEPE]
HUMM 3a]1a4Hu.

3.Taxum oopazom, COTC senaemcs UCKYCCMBEHHbIM 00PA308aAHUEM, KOMOPOe
npedcmasisiem cobot T0KATUZ08AHHYIO 8 NPOCMPAHCMEE COBOKYNHOCHb CAMOCMO -
MeNbHbIX OUHAMUYECKUX 00BEKMO8, HAX00AUWUXC MeHCOY CODOl 8 HCeCmKoM elye-
CMBEHHO-IHEP2EMUYECKOM U UHPOPMAYUOHHO-YNPABIEHUECKOM 83AUMOOeLiCMEUl,
BLICMIYNAIOWUX 8 NpoYyecce C80e20 (YYHKYUOHUPOBAHUS NO OMHOULEHUIO K OpPY2UM CU-
CMeMHbIM POPMUPOBAHUAM U OKpYIHCatowell cpede KaK eOUuHasi OuHamuieckoe yeioe,
DYHKYUOHUPYIOWAS 8 NPOCMPAHCIEe U 8PEeMeHU Paodu OOCMUNCEHUsT 0Ouecucmem-

HbIX Yyeslell U NOAYYeHUs KaUeCMBEHHbIX 00UeCUCMEMHBLX Pe3YIbmMamos.

[Tpumep. OnpenenuM CIOKHOCTh MEPAPXUUCSCKONH CHCTEMBI KaK YUCIIO YPOBHEH HepapXuu.
VYBenuueHue CI0KHOCTH MPHU ITOM TpeOyeT OONIBIINX PECypcoB IS JOCTHXEeHHs nenu. Onpene-
JIUM CJIOHOCTb JINHEHHOW CTPYKTYPhI KaK KOJIWYECTBO MOJICUCTEM CHCTeMbl. Ompenenum Cliox-
HOCTb CETE€BOW CTPYKTYPBI KaK MAKCUMAJBHYI0 M3 CIIOXKHOCTEM BCEX JIMHEWHBIX CTPYKTYp, COOT-
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BETCTBYIOIIMUX PAa3JIMYHBIM CTPATETUSAM JOCTHXKEHUS Lienu (IyTeld, BeAYIIUX OT HadyaJbHOW MOJCH-
CTEMBI K KOHEUHOM). CJI0)KHOCTh CUCTEMBI C MATPUYHOMN CTPYKTYPOH MOXHO OINpPEAEIUTH KOJIHYe-
CTBOM ITOZICUCTEM CUCTEMBI. Y CIIOKHEHUE HEKOTOPOU IOJICUCTEMBI CUCTEMBI IIPUBEIET K YCIOKHE-
HUIO BCEH CHUCTEMBI B CiIy4ae JIMHEWHOW CTPYKTYpPBI, ¥, BO3MOXKHO, B Clly4ac HEpapXU4ECKOM,
CETEBOM U MAaTPUYHOHN CTPYKTYD.

ITpumep. IloBenenue psaa pa3nUUHBIX peaIbHBIX CUCTEM (HAapUMeEp, COCJUHEHHBIX MEXIY
co00# MPOBOJAHUKOB C CONPOTUBICHUSAMHU X1, X2, ... , XN WIK XUMHUYECKUX COEJAMHEHHH C KOHIICH-
Tpauusamu x1, X2, ..., Xn, y4acTBYIOIIUX B peaKkM¥ XUMUYECKUX PEAreHTOB) ONUCHIBAETCS CUCTE-
MO JIMHEHHBIX anre0pandecKux ypaBHEHUH, 3aMMChIBAEMBIX B MATPUYHOM BHjie: X=AX+B.

X1

X2

Xn

an an din

a dz A2

o

3anonHeHre MaTpuibl A (ee CTpyKTypa) OyIeT OoTpakaTh CIOKHOCTh OINMCHIBAEMON CHUCTe-
Mbl. Ecnu, Hanpumep, mMaTpuiia A - BEpXHETPEyroyibHas MaTpulla (JIEMEHT, PacloiIOKEHHBIA Ha
MepeceyeHny i-oi CTPOKHU U j-To cTobOIa Beeraa paseH 0 mpu i>j), TO HE3aBUCUMO OT n (pa3MepHO-
CTH CHCTEMBI) OHA JIETKO HCCIIENyeTCS Ha pa3peliuMocTb. JlJig 3TOro 1OCTaTOYHO BBIOJHUTH 00-
patHbIil xon metona [Maycca. Eciu ke matpunia A - o61iero Buja (He SIBISIETCS HU CUMMETPUYHOM,
HU JICHTOYHOW, HU Pa3peKEHHOW W T.XI.), TO CUCTEMY CIJIO)KHEE HMCCIEA0BaTh (TaK Kak MpPU ITOM
HEO0OXOIMMO BBHITIOTHUTH 0OJiee CIOKHYIO BBIYMCIUTEIHHO M JTUHAMHYCCKH MPOIEAYPY MPSIMOTO
xona merona ["aycca). CrnenoBaTenbHO, cucTeMa OyneT 00J1aiaTh CTPYKTYPHOU CIIOKHOCTBIO (KO-
TOpast YK€ MOXKET IOBJICYb 32 COOOW M BRIYMCIUTEIBHYIO CII0XKHOCTh, HAIPUMEP, TIPU HAXOXKICHUN
peuienus). Eciau 4yuciio n 10CTaTOYHO BEIUKO, TO HEPA3PEIIMMOCTh 33/1a4i XPaHEHUS MaTPULIBI A
BEPXHETPEYTOJIHHOTO BHJIa B ONIEPATUBHOM MaMSITH KOMITbIOTEpA MOKET CTaTh MPUYMHON BBIUNCITH-
TeIbHOU M JUHAMUYECKOU CII0KHOCTH MCXOJHOMU 3a1auu. [lombITka UCTIONB30BaTh ATH JAaHHBIE MY-
TE€M CUHTHIBAHUS C JUCKA MPUBEAECT K MHOTOKPATHOMY YBEJIMUEHHUIO BpeMEHHU cdeTa (YBEIUYUT AU-
HaMHUYECKYIO CIIOKHOCTD - 100aBATCS (haKTOPBI pabOTHI C AUCKOM).

KoHTpoJibHBIE BONIPOCHI

1. [aiite onpeaeneHue CI0KHOW OpraHu3allMOHHO-TEXHUYECKON cucTeme?
2. Kaxumu csoiictBamu oonamgaer COTC?

3. Pacckaxute 00 uepapxuueckoit ctpykrype COTC?

4. Tlpusenute npumep uepapxudeckoit COTC?
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5. Kakwue cyniecTByroT oTHOLIEHUS B uepapxuueckoit crpykrype COTC?

I'/TABA 3. OCHOBHBIE HOJIOXKEHUSA
CUCTEMHOI'O AHAJIM3A

3.1. BBeaenue B NOHATHE CUCTEMHOI'0 AHAJINU3A

OmneiT npoektupoBanud U cozganuss COTC yOexaaeT, 4To TpaAULIMOHHBIN MO/~
X0/, OCHOBAHHBIM Ha BBIJIEJIEHUU OTIEIBHO B3ATHIX MOJACHCTEM, HE3aBUCUMO H3y4a-
€MBIX U MPOEKTUPYEMBIX, IOPOKIAET MHOTOUHUCIEHHBIE U TPYAHOPA3PEIIUMBIE MPO-
OsiemMbl. MeXy ydyacTHHKaMH Ipoliecca MPOECKTUPOBAHMSI, 3aHATHIMA HE3aBUCUMOMU
pPa3pabOTKON OTHENBHBIX TMOJICUCTEM IO CBOMM JIOKAJIBHBIM KPUTEPUSIM, 3a4aCTYIO
BO3HUKAIOT MpoTuBOpeunsi. Crnadas CTHIKyeMOCTh U HEJOCTAaTOYHAs MpopaboTKa Ma-
TEMAaTUYECKUX MOJENIECH, UCIONb3YEMBIX Ha OTACNIBHBIX CTAIUAX MPOCKTUPOBAHMS,
Y3KOCTIeLMAIbHBIN MOAXO0/ K Tpo0IeMaM UCIOIb30BaHUs cucTeM 0e3 yuyeTa Beex (a3
WJIM ATAlOB UX <GKM3HEHHOT0» IIMKJIA MOTYT IPUBECTH K HEMPABWIBHON OLIEHKE TEX-
HUKO-3KOHOMUKO-3KoJorndeckor adgdextuBHoct COTC, xk HenmpaBuibHOMY (op-
MHUPOBAHUIO UX ONTUMAJILHOTO 00JIMKA.

B omimMuuu OoT TpaaiMIMOHHON MPAaKTUKU MNPOEKTUPOBAHUS TpPHU pa3pabOTKe
COTC u ux moacHucTeM Halle BCETO BO3HUKAIOT MPOOJIEMbI, MEHBIIIE CBS3aHHBIE C
PAaCCMOTPEHHUEM CBOMCTB M 3aKOHOB ()YHKLIIHMOHHUPOBAHHS 3JIEMEHTOB M IMOACHCTEM,
0oJplIe — C BBIOOPOM HAMIYUIIeH CTPYKTYpbI, ONTUMAJIbHBIX OpraHU3aliy B3auMO-
NEHUCTBUA DJIEMEHTOB, ONPEIEICHUEM ONTUMAIBHBIX PEXKUMOB (DYHKIIMOHUPOBAHUS B
YCIIOBHUSIX aKTMBHOTO BJIMSIHUSI BHEIIHEW Cpellbl U aKTUBHOTO B3aUMOJECUCTBUS 3Je-
MeHTOB ¢ apyrumu COTC.

['maBHBIN BONpOC CUCTEMHOrO aHalIM3a B 3ajladyax MPOEKTUPOBAHUS U CUHTE3a
COTC nexut B obmactu BHenrHero npoektupoBanusi COTC u kacaercs Kak mpue-
MOB (DOPMUPOBAHKS KPUTEPUEB ONTUMAILHOCTH M IMyTEH MOMCKAa ONTUMAIbHBIX pe-
IIEHUM, TaK 1 000CHOBAaHUSI ONTUMAILHOTO cocTaBa U cTpykTypbsl COTC, opranuza-
MM U CO3/IaHUs PAlMOHAJIBHBIX METOJOB aBTOMATHU3MPOBAHHOTO MPOEKTUPOBAHUS.
O¢ddextuBHOCTh cucTeMHOM MeTonosnoruu mnpoektupoBanuss COTC onpenensiercs
MOJIHOTOM M 0OOCHOBAaHHOCTHIO (POPMYJIUPYEMBIX 3aJaHUN U TpeOOBaHUM, a TaK¥Ke
COBEPIIICHCTBOM Pa3paboTaHHBIX METOJIOB BbIOOPa d(PPEKTUBHBIX MPOEKTHHIX perlie-
HHM.

Coepemennulii cucmemnblii aHanu3 — METOAOJIOTHS pEIeHHsI TPOOJIeM, OCHO-
BaHHAsl Ha CTPYKTYpPHU3allUM CUCTEM M KOJUYECTBEHHOM CPAaBHEHHMM aJbTEPHATHUB,
T.€., CHCTEMHBI/ aHAJIN3 €CTh HAyYHOE HAlpaBJICHUE CUCTEMHBIX HCCIEIOBaHUH, 3a-
HUMaroleecs: mpodjaeMamMu aHanuza, uccienoBanus u cuHtea COTC paznuuHOro
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(YHKIIMOHATHLHOTO HA3HAYCHUS, a TAKXKE PAIMOHAIBHON OpTraHU3aIiy MPOIECCOB UX
s dexTuBHOrO PyHKIIMOHUpPOBaHUsA. MHaue roBopsi, CUCTEMHBIM aHAJIM30M Ha3bIBa-
€TCs JIOTUYECKH CBA3aHHASI COBOKYITHOCTh TEOPETUUECKUX M IMIIUPUYECKUX TOJIOHKE-
HUM U3 00JaCTH MaTeMaTHUKU, €CTECTBEHHBIX HAYK U OIbITa pa3pabOTKU CIOMKHBIX
CUCTEM, 00€CTIeUNBAIOIIIAs] TTOBBIIIIEHNE OOOCHOBAHHOCTH PEIICHUS] KOHKPETHOM MPO-
OJIeMBlI.

B cuctemHOM aHanmm3e MCMONB3YIOTCS KaK MaTeMaTHYECKHH ammapar oOiiei
TEOPHH CHCTEM, TaK U APYTHE KAYECTBEHHBIC M KOJIMYECTBEHHBIC METOBI U3 00JIaCTH
MaTEMaTUYECKON JIOTMKW, TEOPUU NPUHSITHS peuieHud, Teopur 3PQGEeKTUBHOCTH,
Teopuu MHMOPMAIUH, CTPYKTYPHON JTUHTBUCTUKU, TEOPUU HEUETKUX MHOXKECTB, Me-
TOJOB UCKYCCTBEHHOI'O MHTEJIEKTA, METOA0B MOAECIUPOBAHUS.

CucteMHBII aHAIM3 TIPEACTABISIET COOOW OMPEACIICHHBIH THUII HAy4YHO-
TEXHUYECKOMN JIEITEIbHOCTH, HAMPABICHHBIN HA WCCIENOBAHUE U KOHCTPYHPOBAHUE
CJIO’KHBIX OOBEKTOB Pa3IMYHOr0 (PYHKIMOHAIBHOTO HazHaueHus. OH XapaKTepu3y-
€TCs KaK METOOJIOTHS PEIICHUS KPYMHBIX MPOoOJIeM, OCHOBAHHBIX Ha KOHIEIIIUY CH-
CTEMBI KaK I[eJIOCTHOTO 00pa3oBaHusi. TeopeTnueckas Wik MpaKTUYeCKass HEBO3MOXK-
HOCTh TIOCTPOCHUS aHAIMTUYECKUX PEIICHUI TaKuX, HapuMep, mpoodsieM kak 0opbOa
C 3arpsi3HEHUEM OKPY’KaIoIIeH cpejpl, 0OecrieueHre HaceleHUs MUpa JOCTaTOYHBIM
KOJINYECTBOM MPOJOBOJILCTBUSI, MOJICIMPOBAHKUE MPOIIECCOB II100ATBHOTO Pa3BUTHS,
panuoHanbHas opraHu3anus 3(pQGeKTUBHON WHHOBAIMOHHON AESATEILHOCTH, MPOCK-
TUPOBAaHUE W OPraHU3alMs IMPOW3BOJICTBA CIIOKHBIX TEXHUYECKUX KOMIUJIEKCOB H
T.I1., IPUBOJUT K TOMY, YTO ATH MPOOJIEMbI pacCMaTPUBAIOTCS KaK CJIOXKHBIE CHUCTE-
MBI, JIJISi aHaJIK3a KOTOPHIX HEOOXOAMMO BOCIIOJIB30BATHCS BCEM apCEHAJIOM CyIIle-
CTBYIOIIUX CIOCOOOB CHCTEMHBIX UCCJIEIOBAHUM, BKIIOUAs PA3IMYHOTO POJia dBPH-
CTUYECKHUE METO/IbI U IIPUEMBI.

B Takom moHMMaHWM CUCTEMHBIM aHAJIM3 — 3TO OCOOBIN THI HCKYCCTBA, IIPUBO-
JAIIAN B pyKax TBOPYECKOW JIMYHOCTHU K 3HAUUTEJBHBIM pE3yJIbTaTaM, U MPAKTHYE-
CKH 0€CMOJIEe3HOTO MIPHU €r0 YUCTO MEXaHUYECKOM, HETBOPUECKOM ITPUMEHECHUH.

['maBHBIMU 3aayaMM CHUCTEMHOIO aHalii3a MPU NPOCKTUPOBAHUM W CHUHTE3E
COTC B obnacTu BHENTHETO (MCCIIEI0BATEIBCKOTO) MPOCKTUPOBAHMUS SIBIISIOTCS:

1. bopmupoBaHre KpUTEPUEB ONTUMAIBLHOCTH M MyTEW MOUCKA ONMTUMAaJbHBIX
pELICHUH,

2. 000CHOBaHKE ONTUMAIBHOTO cocTaBa u cTpyKTypsl COTC,

3. opraHuzaius ¥ CO3JaHUE PAIMOHAIBHBIX METOJ0B aBTOMATHU3UPOBAHHOIO
MIPOEKTUPOBAHMUSL.

3.2. OcHOBHBIE MOAXO/bI K ONITUMAJIBLHOMY IIPOEKTHPOBAHUIO
CJIOKHBIX OPTaHM3AIHOHHO-TeXHUYECKHUX CHCTEM
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CucteMHbIN aHaIU3 MPUMEHUTENBHO K NpoekTupoBanuto COTC BbIABUTAET psin
NOAXOJ0B, IPUMEHEHUE KOTOPHIX B KOMIUIEKCE M B3aUMOCBSI3M Ja€T BEPHOE HANPAB-
neHue npu ontumanbHoM mnpoektupoBanun COTC. Dtumu noaxoaamu SIBISIFOTCS
CIEAYIOUIHE:

Cucmemno — Komnonenmuwlii nooxod otpaxaer uccinenoanue COTC nns
BBIJICJICHUS] €€ OCHOBHBIX 3JIEMEHTOB M TMOJICUCTEM, B3aMMOJICHCTBIE KOTOPBIX 0Oec-
neunBaeT npucymme Tobko COTC HOBBIE KadeCTBEHHBIE 0COOSHHOCTH. [IpUHITUTIBI
BBIJICJICHHSI OCHOBHBIX 3JIEMEHTOB U MOJICUCTEM ONPENEISAIOTCS CaMOM CTPYKTYpOu
COTC u 3amaueil ucciieIOBaHUS M MPOECKTUPOBAHUA, & TAKKE OXBATOM YUHUTHIBAE-
MBIX (pPaKTOPOB.

Cucmemno — cmpyKkmypHuwlii n00X00, KOTOPbIA PEANOJIATaeT U3yUYEHUE BHYT-
peHHHX CBsized M B3aummojeicTBuil anemenToB u noacuctem COTC. Ompenenenue
ceszert aseMeHToB COTC 1 ux u3ydeHue SBJISIIOTCS OAHUM W3 LEHTPAIBHBIX BOMPO-
coB 1ipu npoektupoBann COTC, Tak KaK Ha 3TOM OCHOBE OMNPEIEIISIIOTCS TEXHUY E-
CKHE€ PEIICHUS MO CUCTEMHOM YBSI3KE AJIEMEHTOB U MOJCUCTEM. DTO 00ECIEUMBAET
YCTOMYMBOCTH CTPYKTYPhI CaMOI CUCTEMBI U €€ YCTOMUMBOTO (DYHKIIMOHUPOBAHUS BO
BPEMEHHU U B IIPOCTPAHCTBE.

3. CucreMHO — (PYHKUMOHAJIBHBIA MNOAXOM, INPEAYCMAaTPUBAECT H3yUEHUE
(YHKLIHMOHAJIBHBIX 3aBUCHUMOCTEH Mexay anemeHTamu u mnojcucreMamu COTC,
MPEJCTABIAIONIUX COOO0M MHTETPUPOBAHHBIA PE3ynbTaT (PYHKIIMOHUpPOBaHUS oOpa-
syromux COTC koMnoHeHTOB. DyHKIIMOHANBHAS 3aBUCUMOCTD MOKET UMETh MOYKET
MMETh MECTO MEXIY MOJCUCTEMAMU CHCTEMbI, MKy MOJCUCTEMAMH U CAMOW CH-
CTEMOM, MEXJly MOJCUCTEMaMU U OKpy»Karouied BHemHen cpenoil, mexny COTC u
JIPYTUMH CUCTEMAMHU.

CoBpeMeHHBIN CUCTEMHBIN aHau3, SIBISAACH METONO0JIOTUEN HAYYHOTO IMO3HAHUS
U COLIMAJILHOM MPAKTHUKH, B OCHOBE KOTOPOM JIEKHUT paccMOTpEeHUE OOBEKTOB Kak Iie-
JIOCTHBIX (POPMHUPOBAHUM, UCXOAUT U3 TOTO MOJOKEHHMSI, YTO KaXKAasl CIOKHAas CHU-
CTeMa BCErja €CTb KOMIIOHEHT JIpYyrou, 0osiee BBICOKOTO YPOBHS CIOXKHOCTH CHUCTE-
MBbI; caMa, B CBOIO 04Yepe/ib, 00pa3oBaHa U3 KOMIIOHEHTOB, OJICUCTEM 00JIee HU3KOTO
YPOBHSI.

3.3. OCHOBHbIE NPUHIUAIILI CHUCTEMHOI'0 AHAJIHU3A

HNmerommiicst OnbIT CUCTEMHBIX HCCIEIOBAHUM IMOKA3bIBAET, YTO KpPOME IMepe-
YHCJICHHBIX OCHOBHBIX MOJIXOJI0OB CUCTEMHOTO aHaIHM3a CYIIECTBYET psia GhyHIaMeH-
TAJIBHBIX CUCTEMHBIX MPUHLMIIOB, KOTOPBIE IOIOJHAKT METOAOJIOTHIO CUCTEMHOTO
aHaau3a.
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1. Ipunyun ¢puzuunocmu

2. IIpunyun modenupyemocmu

3. lIpunyun yenenanpagieHHocmu

PaccmoTpum KaxkIbIil U3 3TUX MPUHLIUIIOB:

1. IIpunyun ¢uzuunocmu — Besxoit COTC npucymu (QuU3MYecKue 3aKOHBI,
OTpENEIIAIONMEe BHYTPEHHHUE TMPUYUHHO-CIICICTBEHHBIE CBSA3U CYIIECTBOBAHUS U
¢bynkmonupoBanuss COTC. OgauM U3 OCHOBHBIX MOCTYJIATOB MPUHLUIA GUZNIHO-
CTH SIBIIIETCS hocmyaam yeaocmuocmu. Ero CyllHOCTh 3aKIII0YAETCS B PACKPHITUU
Y HaKOIUIEHUM cBeAeHur o cucteMHbIX cBoiicTBax COTC m ux mojacucTemM Ha BCEX
ATamax MCCIENOBAaHUS U MPOEKTUPOBaHUS, 0000IIEHHEe UX B IMOHATHA, a 3aTEM B
IPUMEHEHUH 3TUX MOHITUH K MOJCHUCTEMAaM IPU HUCCIEIOBAHUU U MPOEKTUPOBAHUU
UX TIOPO3HB Mocie JeKkoMno3uliuu. [Ipu 3ToM noTepsi Kakux-1mu0o0 MOHITUN UM CY-
IIECTBYIOIINX CBSI3EH HE JOMYCKAETCSl HE MPU KOMITO3UIIUH, T.€. O0BEIUHEHUH MO-
cucteM B COTC, uu nipu nexkommnoszunnu, wieHeHne COTC Ha moACcuCTEMBI.

2. Ilpunyun mooenupyemocmu — nmodass COTC MoxeT OBITH TPEACTaBICHA
KOHEUYHBIM MHOXECTBOM MOJIEJNIEH, Kaxaasi U3 KOTOPBIX OTPAXaeT OMNPECICHHYIO
rpaHb (CTOPOHY) €€ CYIIHOCTH.

[Ton MoaenrpoBaHMEM MOHUMAETCS MIPOLECC UCCIETOBAHUS PEAIbBHON CUCTEMBI,
BKJTIOUYAIOIINN MOCTPOEHUE MOJIEIH, U3YYCHUE €€ CBOMCTB M MEPEHOC MOTYyUYECHHBIX
CBEJICHUI HA MOJICIUPYEMYIO CUCTEMY.

O6muMu  PyHKUUSIMHA MOJEIUPOBAHUS SBJISIIOTCS ONMKUCaHUE, OOBSICHEHUE WU
MIPOTHO3UPOBAHUE MMOBEJACHUS peabHOM CUCTEMBI. lensiMu MoieTupoBaHus SIBJISIFOT-
Cs: TIOMCK ONTHMAbHBIX WM OJIM3KUX K ONTHMAJIBHBIM pelIeHUM, orieHKa 3¢ dek-
TUBHOCTHU PELICHUMN, ONPENECICHUE CBOMCTB CUCTEMBI, YCTAHOBICHUE B3aWMOCBA3ECU
MEXy XapaKTePUCTUKAMU CUCTEMBbI, IEPEHOC HH(GOPMAITIH BO BPEMEHH.

Mopaenb — 3TO 00BEKT, KOTOPBIM UMEET CXOJICTBO B HEKOTOPBIX OTHOIICHUSX C
MPOTOTUIIOM U CITY>KUT CPEJCTBOM OMHUCAHUS WM OOBSICHEHMS, a TaKXKE MPOTHO3HU-
pOBaHUsI OBEACHUS MPOTOTUIIA.

[TpuHIIMTT MOAECTUPOBAHUSI OMUPACTCS HA HOCHIY1Ambl OONOJTHUMETbHOCIU U
oeiicmeusn. COTC, HaxonsCh B Pa3JIMUHBIX CUTYAIUSAX, MOXKET MPOSBIATH Pa3Iny-
HbI€ CUCTEMHBIE CBOMCTBA, B TOM YHCII€ aIbTEPHATUBHBIE, T.€. HECCOBMECTHUMBIE HU C
OJHOM U3 CUTyallul B OTAECIBHOCTH. B cCuCTEMHOM aHain3e MOCTynaT JONOJIHUTEIb-
HOCTHU TIO3BOJIIET MCKATh B Pa3HBIX CUTYalUSIX COOTBETCTBYIOIIME UM IPOSIBICHUS
cymHoct COTC, 1.e. COTC BO B3ammogerictBum co cpenoi ninm apyrumu COTC
MOTYT MPOSBJISITh Pa3UYHbIE CBOWCTBA B PA3JIMUHBIX CUTYAIUSX, HECOBMECTHUMBIC
HU ¢ ogHOM u3 HuX. [locTynaT nelcTBUS XapaKkTepu3yeT TO 0OCTOSITEILCTBO, UTO pe-
aKIHsl CUCTEMBbI HA BHEIIHWE BO3ACUCTBHUSI MMEET MOPOTrOBbIA xapakrtep. [Ipupoct
BO3JICHCTBHSI, MPEBOCXO AN HEKOTOPOE IMMOPOTOBOE 3HAUCHHUE, BEJIET 3a COO0M U3-
Menenue nosenenust COTC.
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3. Ilpunyun yenenanpasieHHocmu — B CHCTEMHOM aHAJIH3€ TIOHITHE II€JICHA-
NpaBIIEHHOCTh TTOHUMAETCS KaK (DYHKIIMOHANbHAS TCHCHITHS, HAIIpaBJICHHAs Ha J[0-
ctikenne COTC HeKOTOpOil KOHEYHOH 11eIH, HEKOTOPOTO COCTOSIHUSA, TNOO HA YCH-
JICHWE WU COXpaHeHHe HekoToporo mporecca.(mpu 3tom COTC momkHa oKa3aThCs
CIIOCOOHOM MPOTUBOCTOSATH BHEIITHEMY BO3JICHCTBUIO: aKTUBHOMY WJIU TTACCUBHOMY).

CrnencTBreM TPUHIAIA IICJICHANPABICHHOCTH SIBIISICTCS HOCHLyam 6vloopa.
COTC o6mnamaer crmocoOHOCTBIO K BBIOOPY TMOBEIEHUWSA, M, CICIOBATEIHHO, OJIHO-
3HAYHO TPEeNCcKa3aTh CIOCOo0 MEHCTBUS M AKCTPAIMOIMPOBATH WX COCTOSHHUE HEBO3-
MO>KHO HH NPHU KakoM anpuopHoM 3HaHuu cBOMCTB COTC u cuTyanuii, B KOTOPBIX
ona neiictByer. COTC cTpouT cBOE MOBEICHUE B CYIIIECTBEHHOH CBSI3H C CUTYAIIHCH,
T.e. COTC obnagaer 001acThi0 BEIOOpA U CITIOCOOHOCTBIO BHIOMPATH MOBEACHUE, pe-
aKIIMIO0 Ha BHEIIHEE BO3JICHCTBHE B HUKAKOE allPUOPHOE 3HAHHE HE IMO3BOJUT HU
noacucrteme Hu camoit COTC ogHO3HAUHO TIpeACcKa3aTh BHIOOD.

3.4. MeToabl CHCTEMHOI0 AaHAJIN3A

B y4eOHol nuTeparype CylecTBYIOT pa3HOOOpa3Hble MOAXO0bI K Kilaccuduka-
MM METOJIOB CUCTEMHOr0 aHaiu3a. Takoe pazHooOpasue OOBSICHAETCS HaIUMYheM
MHOTro0oOpasus 1eJied UCIOJIb30BaHUSI METOJIOB CHCTEMHOTr0 aHanuza. Yaie Bcero
KJ1accuuKalys UMeeT HayqyHO-TIPEAMETHYIO HampaBiIeHHOCTh. Hampumep, MeTObI,
WCMOJIb3YEMbBIE B TEXHUKE, IKOHOMHUKE, IICUXOJIOTUH, TUHTBUCTUKE U T.II. Tem He Me-
Hee, cCuuTaeM, 4to Kiaccudukaius, caenanHas B padore FO.M. YepHska Haubonee
YHHUBEPCAJIIBHO PA3JECISAECT METOAbI HA YEThIPE OCHOBHBIC I'PYMIIBI 10 NPUHLMUIY HUX
MIPUMEHEHUSI B CUCTEMHBIX HCCIIEOBAaHUAK: HeopMallbHbIE, Tpaduueckue, Koauye-
CTBEHHBIEC U MOJICJIMPOBAHUS.

Takas xnaccuduKkamus COOTBETCTBYET JIOTUKE CaMOTO CHCTEMHOTO HCCIeA0Ba-
HUSI — OT ONMUCAHUS UaeH (TUIOTE3bl) 0 €€ pean3aluy pa3IudyHbIMUA (HOpMaIUu30-
BaHHBIMHU CIIOCOOAMM, BKJIIOUas pa3pabOTKy MaTEMAaTHUYECKUX M UMHUTAIMOHHBIX MO-
nenen.

B ydeOHuke «OCHOBBI TEOpHUHM CHUCTEM M CHCTEMHOTO aHaiu3a» aBTopoB B.H.
BonkoBoit 1 A.A. JleHncoBa BBOJIUTCS TEPMHH «METOJBI (DOPMaIM30BAaHHOIO MPE/I-
ctaBieHusi cucrem» (M®IIC), koTopbie MO3BOJIAIOT MPEACTABUTH €IUHYIO CUCTEMY
METOJIOB CUCTEMHOI'O aHaJIN3a.

AHAJIUTHYECKHE METO/bl, KOTOPbIC MO3BOJISIIOT OMUCATh PSAJl CBOMCTB MHOTO-
MEpPHOM W MHOTOCBSI3HOM CHCTEMBI OTOOpa)kaeMoOW B BUJIE€ OJHON €IMHCTBEHHOM
TOYKH, COBEpIIAIOIIEH ABUXKEHHE B N-MEPHOM MPOCTPAHCTBE. DTO OTOOpakeHUe
OCYIIECTBIIAETCS ¢ momolbio ¢yHkuu f(S) wiu mocpeacrsom oneparopa (pyHKIHO-
nana) F(S). Taxke BO3MOKHO OTOOpa3UTh TOYKAMH JIBE WM 0OJiee CHCTEM HIIM UX
YaCTH M PacCMaTpUBaTh B3aMMOAECHUCTBUE 3TUX ToueK. Kaxxmas u3 3TMX TOUeK Co-
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BEpIIaeT ABUKEHHE U UMEET CBOE MOBEJCHUE B N-MEPHOM MPOCTPAHCTBE. ITO MOBE-
J€HNE TOYEK B MPOCTPAHCTBE U MX B3aWMOJICUCTBUE ONUCHIBACTCS aHATUTHYECKHUMU
3aKOHOMEPHOCTSIMHU, U MOKET OBITh MPEACTABICHO B BUJIC BEJIMYMH, PYHKIUH, ypaB-
HEHUW WJIM CUCTEMBI YPaBHECHUN. AHATUTUYECKUE METO/IBI SIBJISIFOTCS OCHOBOM Kiac-
CUYECKON MaTeMaTWKu (METOIbl MHTETPATbHOTO W Au(GEepEeHIINATLHOTO UCYUCTIe-
HUS, TIONCKA 3KCTpeMyMa (yHKIIMH, BApUAITMOHHOTO WCYUCIICHUS U MHOTHE JPYTHE)
1 MaTeMaTU4YeCKOro MporpaMMHUpPOBaHus (METObI TEOPUU AITOPUTMOM, TEOPUU UTP
U T.M.) AHAUIUTHYECKUE METOJbI IPUMEHSIOTCS JIMIIb B TOM Clly4ae, KOT/la CBOMCTBA
CUCTEMBI MOT'YT OBITh MPEJICTABIICHBI B JETEPMUHUPOBAHHBIX MapaMeTpax WU 3aBU-
CUMOCTE MEeXAy HUMH. ISl CIOKHBIX MHOTOKOMIOHEHTHBIX, MHOTOKPUTEPHAIb-
HBIX CHCTEM MOJYy4YEHUE TaKUX aHAJTUTUYECKUX 3aBUCHMOCTEN HE BCEr/a BO3MOXKHO,
MOATOMY TpeOyeTcs MpeIBapUTEILHOEC YCTAHOBJICHHE CTEIIEHU aJIeKBATHOCTH OIHCA-
HUSI TAKOW CUCTEMBbI aHAIMTUYECKUMU MeTofamMu. [loaTomy, B 1aHHOM ciiydae HEOO-
XOJIUMO CO3/1aBaTh MPOMEKYTOUHBIE, A0CTPAKTHBIE MOJIENIU, KOTOPhIE B OINpE/ENICH-
HOM CTEMEHUM MOTYT OBITh UCCIEIOBAaHbl AHAIMTUYECKUMHU METOJAMHU WU
pa3zpabaThiBaTh HOBbIE METO/Ibl CHCTEMHOTO aHAIN3a.

CraTtucrtuyeckne MeTOAbI MO3BOJISIOT OTOOPA3UTh CUCTEMY C MOMOIIBIO CIIy-
YailHBIX (CTOXACTUYECKUX) COOBITUI, MPOIIECCOB, KOTOPHIE OMUCHIBAIOTCS COOTBET-
CTBYIOIIIMMHU BEPOSITHOCTHBIMU (CTATUCTUYECKUMM) XapaKTEPUCTUKAMU U CTATUCTHU-
YECKMMM 3aKOHOMEPHOCTAMHU. B JTaHHOM cilyyae cucTema NpEeACTaBISIETCA B BHUIE
«pa3MbITOI» TOUKHU (00J1acTH) B N-MEPHOM IMPOCTPAHCTBE, B KOTOPYIO MEPEBOIUTCS
CHUCTEMa, C YICTOM €€ CBOMCTB, TIOCPEICTBOM orepaTtopa D[S,].

Cratuctuyeckre METOAbl SBISIOTCS OCHOBOM CIEAYIOIINX TEOPUid: BEPOSITHO-
CTH, MATEMATUYECKON CTATUCTHKHU, UCCIIEIOBAHUS OINEpaIii, CTATUCTUYECKOTO UMU-
TAlMOHHOTO0 MOJAENUPOBaHus. [IpUMEHSIOTCA CTaTUCTUUECKUE METOMBI JJIsl UCCIEN0-
BaHUS CJIOKHBIX HEJIETEPMUHUPOBAHHBIX (camopa3BUBAIOIIMXCS,
caMooOyuaromuxcs) cucteM. CTaTUCTUYECKUE METO/IbI IPUMEHSIIOTCS B TIPUKJIIATHOM
nHpopMaTUKE JJIsI CO3/IaHUs TPOTPAMM MOJICTUPOBAHUS PA3TUYHBIX CUCTEM. IDTO -
MpEeXJEe BCEro METOAbl TEOPUM: pacro3HaBaHUs 0OpPa30B, CTOXACTUUECKOTO MPO-
IrPaMMHUPOBAHUS, MAaCCOBOTO OOCITYKMBAHUS U CTATUCTUYECKOTO aHAIIU3A.

TeopeTuKo-MHOKECTBEHHbIE METOAbI IPEICTABICHUS CUCTEM SIBIIIKOTCS OC-
HOBOU MOCTpoeHust o01ieit Teopuu cuctem mo M. MecapoBudy. MeTojbl, KOTOpBIC
MO3BOJISIIOT OMUCHIBATh CUCTEMY B YHUBEPCAIBHBIX OOIIUX TMOHITHSIX «MHOXe-
CTBO», «3JIEMEHT MHOXECTBa» U «OTHOIICHUS HA MHOXECTBax». MHOXeCTBa MOTYT
3a/1aBaThCs JBYMs CIIOCOOAMU: MEPEUNCICHUEM AJIIEMEHTOB ( al d®,.a") v HasBauus
XapaKTePUCTUUECKOTO CBOMCTBA (MMs, OTpa)Karolee 3TO CBOMCTBO) - Hampumep A,
B. IIpu ucnonb30BaHUM TaKUX METOJIOB JOMYCKAETCS BBEACHHE JIFOOBIX OTHOIICHUN
MEXK]ly AJIEMEHTaMH, HA OCHOBE MaTeMaTUYECKOW JIOTMKU. MaTemaTuueckasi JOTuKa
SABJISIETCST (POPMATIBHBIM SI3bIKOM OIMHMCAHMSI OTHONIICHWM MEXKIY dJeMEHTaMHU, OTHO-
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CAUIMMHU K Pa3HbIM MHOXECTBaM. TeOpeTUKO-MHOKECTBEHHBIE METObI MO3BOJISIOT
OIUCHIBATh CJIOKHBIE CUCTEMBI B (POPMAIBHOM SI3bIKE MOJECIUPOBAHMSI. DTU METObI
UCIOJIB3YIOTCS B TOM Cilydae, Korja Oonblllas U CJI0KHAs CUCTEMa HE MOXKET OBbITh
IpeCTaBICHA JIUIIb METOAAMH OJHOW MpEeAMETHON o0jacTH, a TpeOyeT B3auMOIO-
HAMaHUE MEXAY CHECHHAINCTAMHU Pa3HBIX HAyK. Te€OpETHKO-MHOXKECTBEHHBIE METO-
Il CUCTEMHOT'O aHAJIM3a CTAHOBATCS OCHOBOW Pa3BUTHUS HOBBIX SI3BIKOB IIPOTpPaAMMHU-
pOBaHUS M ABTOMATU3ALMHM MPOEKTUPOBAHUS CUCTEM, KOTOpBIE MNPUMEHSIOTCA B
MPUKIATHON HH(OPMATHKE.

Jloruyeckue MeTObl SIBISIOTCS SI3bIKOM ONMCAHUS CUCTEM B MOHATHSX alreo-
pBI JIOTUKH, KOTOpasi JIEKUT B OCHOBE (DYHKLIMOHUPOBAHUS MUKPOIJIEMEHTOB JIFOOOTO
KomnbioTepa. Hanbomplee pacnpocTpaHEHHE JOTHYECKHE METObl MOJIYYHUIIU MOJ
Ha3BaHueM byneBoil anrebpsl kKak OMHAPHOTO MPEJCTABICHUS O COCTOSIHUU 3JIEMEH-
TapHbIX cxeM DBM. OCHOBHBIMU NOHATHSAMHU aJITr€Opbl JJOTUKH ABIISIOTCS TaKUE KaK:
8bICKA3bIBAHUS, npeoukam, aocudeckue onepayuu (QyHKIUU COUYETAaHUs, JIOTUYECKO-
IO CIIO)KEHHUS, BBIYUTAHUS, YMHOXEHHs, OTpULAHUs U T.1.). Jlormueckue MeToibl
MO3BOJIAIOT ONUCHIBATH CUCTEMY B BUJIE O0JIee MPOCTHIX CTPYKTYP Ha OCHOBE 3aKOHOB
MaTeMaTH4ecKor Joruku. Kaxmoe cOoCTOsiHME 3JIEMEHTa pacCMaTpUBAEeTCs B Kade-
ctBe 1 mnm 0. Ha 6a3e Takux METOAOB pa3BUBAIOTCA HOBBbIE TEOpUU (HOPMAIBHOIO
ONMCAHUs CUCTEM B TEOPHSAX JOTUUECKOTO aHAIN3a, TEOPUH aBTOMATOB. Bee atn Me-
TOZBI PACIIUPSAIOT BO3MOKHOCTB IPUMEHEHUSI CHCTEMHOTO AHAJIN3a U CUHTE3A B IIPH-
KJIaJHOW MH(pOpMATUKE. DTU METOABI UCIIONB3YIOTCA ISl CO3/IaHUsA MOJEIEH CII0XK-
HbIX CHCTEM, aJCKBAaTHBIX 3aKOHOM MAaTE€MaTUYeCKOW JIOTUKH IIOCTPOCHHUS
YCTOWUYMBBIX CTPYKTYD.

JIMHrBHCTHYECKHE, CEMHMOTHYECKHE METOABI MPEIHA3HAYEHBI I CO3AaHUS
CIIEHHAJIBHBIX S3BIKOB OINMCAHUS CHUCTEM B BUJIE NOHATUU me3aypyca MHOKECTBA
CMBICJIOBBIPAKAIOIINX AJIEMEHTOB SI3bIKa C 33JIaHHBIMU CMBICIIOBBIMU OTHOLIEHUSIMU
U CBA3AMU. JIMHIBUCTUYECKME METO/bI UCIOJIb3YIOTCS B MPUKIAAHONW MH(POpMATUKE
it (popManbHOTO MPEACTABICHUS MpaBUil (IpaMMaTHKK) COECIUHEHUS TOHSTHH B
COJIep’KaHue CMBICIIOBBIX BbIpaykeHU. CeMHuoTHKa 0a3upyeTcsi Ha MOHATUSAX CUMBOII
(3HaK), 3HaKOBasi CUCTEMa, 3HAKOBasi CUTyalus, T.€. JIsl CUMBOJIMYECKOTO ONMMCAHUS
coJiepKaHUsl B BBIYUCIIUTEIILHON TeXHUKe. B mpukiagHoii nHGopMaTHKe BBIICISIOT-
csl Takue 00J1acTh pabOThl B 3HAKOBOM CUCTEME, KaK:

- npazmamuxa - 3TO OLIEHKA U CPABHEHHME PA3IMYHBIX SA3bIKOB IPOrPAMMUPO-
BaHMSI, MPOTPAMM M CUCTEM IO KPUTEPUSM TMOJE3HOCTH, BHITOJHOCTH U 3P (HEKTUBHO-
CTH MX HUCTIOIb30BaHUS;

- ceMaHmuKa Kak COCTaBHAsl 4aCTh HAyKH 00 si3bIKe (JIMHIBUCTHKA), U3ydalo-
11asi BONPOCHl COOTHOLIEHUSI MEXY 3JIEMEHTAMHU SI3bIKa M UX CMBICJIOBBIM 3HAUCHU-
€M, OIIPEEIISIET CMBICIOBBIE KOHCTPYKIMU SI3bIKA IPOTPAMMHUPOBAHUS;
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- CHHTAKTHKa pa3lie]l CEMUOTHKH, NU3yYarolell BHYTPEHHIO 3HAaKOBYIO CTPYK-
Typy COYETaHMs 3HAKOB U 3aKOHBI 00pa30BaHus U MpeoOpa30BaHMs OPraHU30BaHHBIX
TEKCTOB;

- CUHMAaKCcUc TPaMMaTUYECKHUE MPAaBUIIA PACCTAHOBKY 3HAKOB B TEKCTE. JIMHIBU-
CTUYECKHE M CEMHUOTHYECKHME METOJbI CTAaIM LIMPOKO NPUMEHSATHCA B TOM, CIllydae,
KOrJla JAJisi MEepBOro dTama KCCIeIOBAaHUS HEBO3MOXKHO (OpManIn30BaTh MPHUHITHE
pelIeHri B MI0X0 (POpMaAIU3yEeMbIX CUTYaIllUsIX U HEJIb3sl UCIIOJIb30BaTh aHAIUTHYE-
CKHE U CTaTUCTUYECKUE METOJIbI. DTH METObI SBIIIFOTCSI OCHOBOM pa3BUTHUS SI3BIKOB
IpPOrpaMMHPOBAHUS, MOJCIMPOBAHUS, ABTOMATHU3ALUHA MPOEKTUPOBAHUS CUCTEM
Pa3HOM CIIOKHOCTH.

I'paduyeckne MeToabl MO3BOJSIOT HATJSIHO OTOOpa)XkaTh OOBEKT B BHJIE 00-
pasa CUCTEMEI, €€ CTPYKTYPBI U CBs3el B 0000menHoM Buae. ['padudeckre MeToabl
MOTYT OBITh JIMHEWHO — IJIOCKOCTHBIMU U 0O0BheMHbIMHU. Hanbonee ynorpebiisiembie
METO/Ibl U300paKeHHsI CUCTEMBI B BHJIe rpaduku ['aHTa, AuarpaMm, rucTorpamm, pu-
CYHKOB M CTPYKTYpPHBIX cxeM. ['paduueckue mnpeacTtaBieHHs HanOojee HarisaHO
IIO3BOJISIIOT OIUCATh CUTYALMIO WM MPOLIECC JUIS NPHUHITHUS PELIEHUS B JUHAMUYHO
MEHSAIOUIMXCA  yCIOBUAX. Takue MeToApl NPUMEHSIOTCS Uil CTPYKTYpPHO-
(YHKIIMOHAJIBHOTO aHAJIM3a CJIOXHBIX CHCTEM M MPOUCXOAIIMX B HUX IpoLeccax,
0COOEHHO MPHU MOJIETUPOBAHUH MH(YOPMALMOHHO — YNPABISAIOMIUX CUCTEM. B Takux
cUCTEMaxX HEOOXOJMMO YUUTHIBATh B3aUMOJCICTBUE YEIOBEKA U CTPYKTYPHBIX Opra-
HU3alMI, TEXHUYECKUX YCTPOUCTB. I'padrueckre MeTo1bl IIMPOKO MPUMEHSIOTCS Ha
MPaKTUKE IS TOJIYUYEHUs YIPABISIOMINX PEIIEHUI Ha OCHOBE CETEBOTO IJIAaHUPOBa-
HUS.

B cructeMHOM UCCIe0BaHUH, KaK MPAaBHUIIO, UCIOJIB3YIOTCS BCE THUIIBI METOJOB.
Ha kaxxnom sTame uccieoBaHUs aBTOP BBHIOMpAET T€ WM UHbIE METOMAbI, KOTOpHIE
IIPM HAWJIy4YIIEM COYETAHWM I103BOJIIIOT CO3/1aTh apryMEHTHPOBAHHYIO M JOKa3a-
TeNabHYI0 m1aTopmy ucciaenaoBanus. [1o03ToMy npuMeHEHHE TE€X WU UHBIX METOOB
CUCTEMHOTO aHaju3a SBJIIETCS JEJIOM HAy4yHOIO TBOPYECTBA JJII HOBBIX HAyUYHBIX
OTKPBITUH.

KoHTpoJibHBIE BONIPOCHI

Packpoiite coaepxaHue NOHSATHUS CHCTEMHOIO aHain3a?

Packpoiite coaepxaHre OCHOBHBIX MTOAX0/I0B CUCTEMHOIO aHau3a’?
Ha3zoBuTe 0CHOBHBIE TPUHIIUITBI CACTEMHOTO aHAIN3a?

Kakwue noctynaTel BiaedeT 3a COO0M Kax bl MPUHITUT?

arwbdE

Kakue MeTompl CHCTEMHOTO aHaJIM3a Pa3INIal0T B COBPEMEHHON yueOHOM JTn-
Tepatype?
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I'/TABA 4. OHEHKA CJIOKHbBIX
OPTAHMUBAIIMOHHO-TEXHUYECKUX CUCTEM

4.1. OcHoBHBIE TUIIBI MIKAJ U3Mepenns. [loHsaTHE IKAIBI

[ITkanoi Ha3bIBAaE€TCS KOPTEXK M3 Tpex aneMeHToB < X, ¢, Y >, rae X —310 pe-
aJbHBIN 00BEKT, Y — 3TO 1mIKaa, ¢ - romoMopdHoe oToOpakenue X Ha Y.

X = {x1, %3, ., X, e, Xp. R} — DMIIMpHYECKast CHCTEMA C OTHOIIEHUEM, BKITIO-
Yarolasi MHOKECTBO CBOMCTB X; , HA KOTOPBIX B COOTBETCTBUU C LICJISIMU U3MEPECHUS
3aJlaH0 HEKOTOopoe oTHolleHue R,. B mponecce u3mepeHuss HE0OOXOAUMO KaXKIOMY
CBOMCTBY X; € X MOCTaBUTh B COOTBETCTBUE MPU3HAK WJIM YUCIIO, €r0 XapaKTepu3y-
IOLIIEE.

Y = {go(xl),cp(xz), o)), ...,<p(xn).Ry} — 3HaKOBasg CHUCTEMa C OTHOIIIE-
HUEM, SIBIISIONIASICS OTOOpa)KEHUEM SMITMPUYECKON CHCTEMBbI B BHJIE HEKOTOPOW 00-
Pa3HOM WJIM YHCIIOBOU CHUCTEMBI, COOTBETCTBYIOIIEH U3MEPSAEMOU SMIIUPUUYECKON CU-
CTEME.

@ € ® - romomoppHoe oroOpaxenue XHa Y, yCTaHABIMBAIOIIEE COOTBET-
cTBUE Mexay XHa Y Tak, uTo {(p(xl),<p(x2), e, (%), e, 0(xy) € Ry}TOJ'IBKO TO-
raa, koraa {X;, X, .., Xj, .., Xp € Ry}

Tun mwkansl onpenensercs 1o ® = {4, ..., ¢, JMHOKECTBY JIOMYCTUMBIX IIpe-
oOpa3oBanuii x; = ;.

4.2. KauecTBeHHbIE HIKAJbI: HOMHHAJbHAA IIKAaJIa, HIKAaJIa
NOpsAKA

Paznuyaror cienyronye TUIbI KaYeCTBEHHBIX LKA

1. Illkana HaMMEeHOBAHMII WJIM HOMHMHAJIbHAS IIKAJIAa — 3TO IIKaJja, 0 KOTO-
poii 00beKTaM X; WIM UX TPYIIaM MPUCBAUBACTCSI HEKOTOPbIM npu3Hak. OCHOBHBIM
CBOMCTBOM JTHX IIKaJ SABJIAETCSA COXPAHECHUE HEU3MEHHBIMHM OTHOILIECHHWM pPaBEHCTBA
MEXKy 3JIEMEHTAMU DMIIMPUYECKOM CUCTEMBI B JKBUBAJCHTHBIX IIKanax. [IIkabr
HOMHUHAJIBHOTO THIIA 33aJAaK0TCd MHOXECTBOM B3aMMHO OJHO3HAYHBIX JIOIIYCTUMBIX
npeoOpa30BaHUil IIKAIBbHBIX 3HaueHui. [Ipumepamu nusmMepeHuii B HOMUHAIBHOM TH-
Te 1IKaJ SBJSETCS HOMEpPa aBTOMAIIMH, TeJle(OHOB, KOJbI TOPOIOB U T.1.

2. lllkajna nmopsiika WM PaHIoOBasi MIKAJa — €CTh MHOXecTBO O, KOTOpOe CO-
CTOUT U3 BCEX MOHOTOHHO BO3PACTAIOIIMX JAOMYCTUMBIX MpeoOpa3z0oBaHM MIKaTIbHBIX
3HaYeHN. MOHOTOHHO BO3PACTAIOIIMMHU HA3bIBAIOTCSA TaKue MpeoOpa3oBaHUsA@ (X),
KOTOPOE YIOBIETBOPSICT YCIOBHIO: €CIIU X1>Xp, TO U @ (X 1)> @(x) s JTHOOBIX
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IIKAJTBHBIX 3HAYEHUN X;>X, U3 ob0nactu onpeneneHust @ (x). [TopsiAKoBBIA THTT TIKaT
JOIYCKAeT HE TOJIbKO Pa3iuyue OObEKTOB, KAK HOMUHAIBHBIN THII, HO U MO3BOJIIET
YHOPAIOYUTh OOBEKTHI MO M3MEpSEMbIM CBOKcTBaM. I[Ipumepamu mIKanbl MOpsaKa
ABJISIFOTCS [IKaJIa TBEPAOCTH MHUHEPANIOB, pemoxkeHHas B 1811 r. Hemenkum yue-
HeIM @.MoocoMm, WM 1IKajga CUJbl BETPA, CHIIBI 3€MIIETPSCEHHsI, COPTHOCTH TOBapOB
U T.J.

4.3. KosinyecTBeHHbIE IIKAJbI: IIKAJbI MOPAAKA, HIKAJIbI
HHTEPBAJIOB, HIKAJbI OTHOIIEHNH, NIKAJIbI PA3HOCTEN,
20COJIIOTHBIE IIKAJIBI

PasznuyaroT cremyromniye THITH KOJIMYECTBEHHBIX MK
1. lllkanbl MHTEPBAJIOB — OJMH U3 HanboJee BaKHBIX TUIOB Imikai. [Ipencras-
JISIOT COOOM IMIKaNbl, €AMHCTBEHHBIE C TOYHOCTBHIO 10 MHOXKECTBA MOJIOKUTEIbHBIX
JMHEHWHBIX JIOMYCTUMBIX TpeoOpa3oBanuii Buga @(x) =ax+b, rme x €Y —
HIKaJIbHBIC 3HAYCHUS U3 00sacTu onpeneicHus Y; a>0; b moboe 3nauenue. OcHOB-
HBIM CBOWCTBOM 3THX IIKAJI SBJISCTCS COXPAHCHHE HEM3MCHHBIMU OTHOIICHUN WH-
TEPBAJIOB B DKBUBAJICHTHBIX IIIKAJIAX:
X1 =X _ @(x1) —p(x3) _
x3— Xy @(x3) — @(x4)
[IpumepoM IIKan UHTEPBAIOB CIYKHUT IIKaIbl Temneparyp. [lepexos oT ogHOM 1miKa-
JIbI K DKBUBAJICHTHOM, Hanpumep, ot mkainsl Llenbcus k mkane dapenreiiTa, 3aaaercs

const.

JIMHEHHBIM PeoOpa30BaHueM MIKaIbHbIX 3HaueHuil: t°F = 1,8t°C +32. Ipyrum mnpu-
MepoM sBisieTca ['peropuanckuii 1 MyCyIbMaHCKUN KaJ€HIApU — JIBE€ KOHKpETHU3a-
UM IIKaJI UHTEPBAOB. T.0., MpU Mepexoje K SKBUBAICHTHBIM IIKajaM C MOMOIIbIO
JUHEUHBIX TMPeoOpa3oBaHUM MPOUCXOAUT M3MEHEHHWE KaK Hadajla OTCuYeTa, Tak M
MacmTadba U3MEpeHHil.

X1—X2
o Ko3nauaert, yTo paccrosiHue MexAyXi1M XoB K pa3 0osbIe pacCTOSHUS MEX-
oy Xs¥ X4 U B JIOOON SKBUBAJEHTHOW IIKaje 3TO COOTHOUIEHUE coxpansercs. [lpu
ATOM OTHOILIEHUE CAMHUX OLIEHOK HE COXPAHSETCH.

2. llIxkanbl oTHOIIEHUH (MOx00MsI) — HA3BIBACTCS ITKaNIa, eclid ACOCTOUT U3
npeoOpa3oBanuii moaoous @ (X) = ax, a>0, rae x € Y - mkanbHble 3HaUYCHHs U3 00J1a-
CTU ormpejencHuss Y, a—JIeHCTBUTENbHBIE YKucia. B mikamax OTHOIIEHUH OCTaroTCs
HEM3MEHHBIMH OTHOIIIEHUSI YUCJICHHBIX OIEHOK 00BekTOB. IlycTh B OmHOW mIKaie
00BEKTaM a;u A, COOTBETCTBYIOT IIKAJIbHBIC 3HAYCHUSA X1 Xp, a B Apyrou @ (x;) =
ax;u @(x,) = ax,, rae a>0 — mpou3BOIBHBIC AECHCTBUTEIbHBIC Yncia. Torma Mel

X X ax
IMeeM cooTHomeH e & = £&1) _ 8%
X2 @(x2) axs;
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[Ipumepamu n3MEpPEHNH B IIKadaX OTHOLICHUM SBIISIOTCS U3MEPEHUsI MACChl U
UIMHBI 00beKkTOB. Hanpumep, nsmepeHue B KI' JaeT OAHO YMCIEHHOE 3HA4YEHHE, B
¢yHTax — apyroe u 1.4. OgHaKo, B Kakoi-Obl CUCTEME €IMHUIL HE MPOU3BOIUIIOCH
MU3MEPEHHE MACChl, OTHOLIEHHE MACC JHOOBIX 0OBEKTOB OJMHAKOBO U MPU MEPEX0JIE
OT OJHOM YMCIIOBOM CHUCTEMBI K IPYrOW, SKBUBAJICHTHOU, HE MEHsEeTCA. T.0., IIKaJbI
OTHOIIEHUHN OTPakarOT OTHOIICHHUS CBOWCTB OOBEKTOB, T.€., BO CKOJHKO pa3 CBOM-
CTBO OJIHOTO 0OBEKTa MPEBOCXOAUT ITO KE CBOWCTBO JIPYroro 00bEKTa.

3 IIkajabl pa3HocTell — ompeenseTcs Kak MIKajibl, eAUHCTBEHHBIE C TOYHO-
CTBIO J10 TipeoOpa3oBanuii capura @(x) = x + b, rae x € Y - mkanbHble 3HAYCHHS U3
oOmactu onpeneneHus Y; D - neiicTBUTENbHBIC YNCIa. DTO 03HAYAET, YTO MIPHU TIepe-
X0J1€ OT OJTHOM YHCIJIOBOM CUCTEMBI K APYTrOM MEHSETC JIMIIb Hayano orcuera. [lka-
JIbl PA3HOCTEN NMPUMEHSIOTCS B TEX CIydasix, KOrjaa HE00X0AUMO U3MEPUTh, HACKOJIb-
KO OJIMH OOBEKT IMPEBOCXOAUT IO OIpPENEICHHOMY CBOWCTBY Apyroil oOwvekT. B
LIKAJIaX Pa3HOCTEH HEU3MEHHBIMU OCTAIOTCS PA3HOCTU YUCIICHHBIX OLIEHOK CBOWCTB.
Ecimu Xiu X,0lIEHKH OOBEKTOB ajM a; B OQHOM IiKaie, a @ (X1)= Xi+be(X2)= X,+bs
Apyroi mikane, To umeeM: @(Xy) - @(X2) = (X1+h) — (Xo+b) = X3- X, [Ipumepamu us-
MEpPEHHU B IIKAJIAX PAa3HOCTEM SIBISACTCS M3MEPEHUS IPUPOCTA MPOAYKIIUU MPEAIPH-
ATHH (B aOCOJIFOTHBIX €IMHUIIAX) B TEKYILIEM IOy [0 CPABHEHUIO C MPOLLIBIM U T.J.

4. AGCOTIOTHBIMHM Ha3bIBAKT WMIKAJbI, B KOTOPBIX €IMHCTBEHHBIMHU JOITY-
CTUMBIMU  TpeoOpa3zoBaHUSIMU  ASBISIIOTCS  TOXJIECTBEHHBIE IPeoOpa3oBaHUs
@(x) = {e}, rae e(X) = X. DT 03HAYAET, YTO CYHIECTBYET TOJIBKO OJHO OTOOpAKCHHUE
AMITUPUYECKUX OOBEKTOB B UMCIOBYIO CHUCTEMY. B KauecTBe HIKaNbHBIX 3HAUCHHI
IpU U3MEPEHUHU KOJIMYeCTBa 0OBEKTOB MCIOJB3YIOTCS HaTypasibHble uucna. [Tpume-
pamH SIBJISIFOTCS] U3MEPEHHUE KOJIMUECTBAa 00BEKTOB, MPEAMETOB, COOBITUM, PELLICHUH U
T.IL

KounTpoJsbHbIe BONIPOCHI

YT0 moHMMAaETCS MO/, IIKajIaMu?

Kakue paznuuaror kaueCTBEHHBIE IIKAJIBI?

Kakue paznuyaroT KOJTUYECTBEHHBIC IIKAJIbI?

JlaiiTe onpeeiieHUe IIKajlaM HAMMEHOBAaHHH U TIOpsIIKa?

Ok wnE

JlaiiTe onpeaeneHre MKajgaM NOpsiAKa, HHTEPBAJIOB, OTHOIIEHUN, PA3HOCTEM,
aOCOJIIOTHBIM TITKajam?
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I'/IABA 5. COAEP’KAHUE I'J/TABHBIX
HAIIPABJIEHUHA CUCTEMHOI'O AHAJIU3A

5.1. IlonsiTHe e IM U KBAHTH(PUKALMS 1eJTH

Lenb — 3TO cuTyanus Uiau 001acThb CUTYaluid, KOTOpas AOJKHA OBITh JJOCTUTHY-
Ta Npu (PYHKUHMOHUPOBAHUM CHUCTEMBI 32 ONPENEICHHBIM MPOMEXKYTOK BPEMEHHU.
Lens MoXxeT 3afaBaThCs TPeOOBAHUAMM K MOKa3aTeNisIM PE3yJbTaTUBHOCTU, PECyp-
COEMKOCTH, ONEPATUBHOCTH (DYHKIIMOHUPOBAHUS CUCTEMBI JTUOO K TPACKTOPUU JO-
CTH>KEHHS 33JJAaHHOTO pe3yJbTaTa.

B cucremMHOM aHanu3e BBIACISIOT BA TUIIA IIEJICH:

- KaYECTBEHHOM HAa3bIBAIOT 1I€JIb, TOCTUKEHUE KOTOPOW BBIPAXKAETCS B HOMHU-
HaJbHOMW IIKaJIe WU B IIKaJe MOPAIKA;

- KOJIMYECTBEHHOW HA3bIBAIOT 1I€JIb, TOCTUKEHUE KOTOPOU BBIPAYKAETCA B KOJIU-
YECTBEHHBIX LIKaJaX.

Pazouenue o6meit e COTC Ha psin 6ojiee 4acTHBIX, HO U 00Jiee MPOCTHIX U
KOHKPETHBIX MOJLENe Ha3biBaeTcs KBaHTH(ukanueil wmeam. I[locienoBarenbHo
OCYILIECTBIISASL KBAHTU(UKAILIMIO, [TOJIyYUM MHOTOYPOBHEBOE HEPAPXUUYECKOE JEPEBO

o
© © @\@

B
OO

Puc. 1. JlepeBo neJieil B 3a1aue NpOeKTHPOBAHUS ABUraTe el

B kadectBe mpuMepa pacCMOTPHM CIEAYIOIIYIO IIeib: pa3paboTaTh Ooiee co-
BPEMCHHBIN, YeM CYIIECTBYIONINE, aBTOMOOMIIbHBIN JABUTATENb C 3aJaHHOM MOIIHO-
cThi0 N, OTy 1enp o6o3Haunm uepe3 L. [IpuBenennas dhopmynupoBka menu 1,
HOCHUT OOIIMI XapakTep U HE MO3BOJISIET CYAUTh 00 OCHOBHBIX HAIpPaBJICHUSX, B KO-
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TOPBIX CIIEYET BECTH PabOTHI IO MPOSKTUPOBAHUIO 00JIEE COBEPIIICHHOTO JIBUTATETIS.
[ToaTOMy mpoBeseM MEpBbIA 3Tan KBaHTU(UKAWU. BhIMONMHUB ee, MOJyduM TIpu-
MepHbiid HaOop nenei L, Lz 1, konkpeTusupyoomux ncxoanyto meins L. [ycts L,
— TIOBBIIICHUE SKOHOMUYHOCTU aBuratensd, L3 — obecneunth Oosblne ymoOCTBa
JKCIUTyaTauuu, Ll — yMeHbIINTG CoAepKaHUE BPEAHBIX KOMIIOHEHTOB B BBIXJIOMHBIX
ra3ax. BeimonmHeHHas KBaHTU(UKAIUS TAaK)KE HE TTO3BOJISET C IOCTATOYHOM CTETIEHBIO
YBEPEHHOCTH BBIOMPATh KOHKPETHBIC HAIPaBJICHHUS MPOCKTUPOBAHHUS HOBOTO THIIA
neuratens. [loaTomy mpoBeneM BTOPO# 3Tar KBaHTH(UKAITUH.

Ha BTopom stane kBantudunupytorces nenu L, [z L. [Ipeanonoxum, uro L,

= {H5'H6}9 ]—I3 = {Hzl[gi Ugr UIO}’ U4:{U11'H12}9rrne H6 - YMeHI)IHI/ITI) CTOUMOCTb
rOPIOYECMa304HbIX MATEPUATIOB; /], - YBEIMYUTh HAPAOOTKY ABUraTells Ha OTKa3; [],
- TIOBBICHTH JIOJITOBEYHOCTH JBUTATEIS; [y — YBEINYUTh MHTEPBAJIBI MKy IJIAHO-
BO-IIPEYNPEUTENBHBIMUA O0CITY)KUBAHUSMH; [, ; - YMEHBIIUTH YUCIIO PYYHBIX pe-
TymIpoBoK; ], I, - YMEHBIIHTh MNPOIEHTHOE COJCPKAHME OKHCH YIJIepojaa H

CBHYHIIA B BBIXJIOIIHBIX I'a3ax . IIOCKOJIBKY LECJIN ]_I5 — le KOJIMYCCTBCHHO U3MCPUMBI U
HCXOOHYIO ICIIb lll KOHKPCTHU3HUPYIOT, TO IIPOLCCC KBaHTI/I(i)I/IKaHI/II/I MO>XHO CUMTATb

3aBEPIICHHBIM.
5.2. OcHOBHOE CBOMCTBO LeJIH — U3MEPUMOCTD

st cpaBHenus paznuuHbix TUunoB COTC HeoOxomuMo, yToOb! 1eu GyHKIIHO-
HupoBaHusi COTC Obutn u3mepumbIMHA. TOJIBKO M3MEPUMBIE LEIN MO3BOJIAIOT CpaB-
HuBath COTC mo cTeneHu mpeanoyTUTEIbHOCTH, U, CIEI0BATEIBLHO, OCYIIECTBIISTh
IIOMCK ONTUMAIIBHOW CTPYKTYpbl miau ontumanbHoro nosefeHus COTC. Iloaromy
M3MEPUMOCTb SBJIICTCS BaXKHEHIMM cBoiicTBOM 1ieneit pynkumnonupoanusi COTC.

UTo moHUMAETCS MOJ U3MEPUMOCTBIO LIEJIH?

[Tycthb S - MuoxecTBo COTC, nMeromux 1ieneBoe HazHauenue L (mim MHOMXKe-
cTBO anbTepHaTuBHBIX pemeHnit COTC). AHanu3upys COOTBETCTBUE CUCTEM S1ES U
S,€S nenu 1, MOXHO YCTaHOBUTH CJIEIYIONINE COOTHOIICHHUS:

1. §; > S,; rie cCUMBOJ > O3HAYaeT: MPEANOYTUTENIbHA 0 OTHOIIEHHUIO K LIEJIH
L.

2. 51 <S,; e cuMBOJI < O3HAYAET: MEHEE MPEANOUYTUTENIbHA IO OTHOIIEHUIO
K nenu L.

3. 51 = S,; rae CUMBOJ = 03HAYaeT: PKBUBAJICHTHA MO OTHOIIEHUIO K 1enu L.

4. §; © S,; TJe CUMBOJI 00 03HA4YaeT Oe3pa3Inyue.

[lenb Ha3BIBACTCSA uMepuMoil, €Ciiu Jis 11000 CUCTEMBbI S U S, BBITIOJHICTCS
OJIHO U3 OTHOLIEeHMM 01 1-3 1 He cymiecTByeT S; € S U S, € S Takux, 4yTto S; © S,.
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Llenp Ha3bIBAECTCS KOJIUYECHBEHHO U3MEPUMOIL, ECITH HA MHOKECTBE CPABHUBA-
eMBIX S CYIECTBYeT BeliecTBeHHass QyHkmus J(S), coxpaHsomas yrnopsaodeHHe,
KOTOPOE€ NOHUMAETCS B CJIEIYIOLIEM CMBICIIE:

S1 >S5, © O(5) > 3(S,),

IJIe CHMBOIJI < - «TOTJIa ¥ TOJIBKO TOT/[a KOT/1ay.

[TperMyIIecTBOM KOJUYECTBEHHO WM3MEPUMBIX IIEJICH SBISCTCS TO, YTO €CIIH
WU3MEpPUMbBIC IICJIH TIO3BOJISIOT BBIACIUTEL JIYUIIYIO CHCTEMY Sp TOJBKO HEIOCpPE/I-
CTBEHHBIM aHAJIM30M YCTAHOBJICHHBIX HA MHOXKECTBE S OTHOIICHUH MPEAITOYTHTEI b
HOCTH, TO I KOJIMYECTBEHHO M3MEPUMBIX eI MOXKHO MPEATIOKHATD APYTOi
MIOJTXO/T, IPY KOTOPOM Sy pacCUUTHIBACTCS KaK CHCTEMa, 00ecreunBaroniasi 3SHa4YeHHe:

3(S,) = max 3(S),

rae 3(S,) — Ha3bIBaeTCs IEJIeBOM (PYHKITMEH WM KPUTEPUEM ONTUMAaIbHOCTH
(opdextuBHOCTH). TaKkol MOIXOA CBOAMT KaXKIBIHA MPOIECC OTHICKAHUS JIYUIIeH CH-
CTeMBI S K PEIICHHUIO 3a/1a4M OTHICKAHHSI SKCTPEMYMa BEIIESCTBEHHON (DYHKITUH.

5.3. ®opMupoBaHue HeJIeBbIX (PYHKIUI, KPUTEPUEB ONTUMAJIBLHOCTH

dopMUpOBaHUE LENEBbIX (PYHKUUN (KPUTEPUEB ONTUMAJIBHOCTH) SIBIISETCA
CIOKHOW 3aJayey, pe3yJpTaT PEIICHHS KOTOPOM MOXKET OKas3aTh OIpPEIEISIOIIee
BiusiHuEe Ha ycnex npoektupoBanuss COTC. Omunbku, AONyIIeHHbIE Ha Tane BbIOO-
pa KpUTEPHUEB ONTHUMAIBHOCTH, IMPUBEAYT K CO3JAHMI0 HEONTHUMAJIBHBIX WIHA JAXE
HepaboTocnocoOHbIx cucteM. [loaTomy 3amaua [Ipoexkranta COTC cBoamMTCS K Mpo-
BEJICHUIO  HEOOXOAMMOIrO  aHajiu3a BO3MOXHBIX  OTPaHMYEHUH  MPOEKTHO-
TEXHOJIOTHYECKOT0, 3KOHOMHYECKOT0, 3KOJIOTMYECKOT0 XapaKTepa, HEOIPEAEIEHHO-
CTEH €CTECTBEHHOT'0 M HCKYCCTBEHHOTO MPOUCXOXKIEHUSA U CHOPMYIUPOBaTh LU
¢ynkunonupoBanuss COTC Ha popmanbHOM si3bIke. 3[€Ch ClIelyeT HauMHATh C Ie-
PEUMCIIEHUS] BOBMOXHBIX KPUTEPUEB ONTUMAIBHOCTU U Jjajiee TPOU3BECTU UX BHIOOD
1 000CHOBaHue, ucxoas u3 1eneoro HazsHaueHust COTC.

BaxHpIM MOMEHTOM IpHU BbIOOpE KPUTEPHUEB ONTUMAIBHOCTH, SIBISETCS HC-
CJIEIOBaHUE XapaKTepa OrpaHU4YeHHU Ha HUX. OrpaHUYeHHUsl IEATCA Ha JIBE TPYIIIbL:
¢usnueckue U COOCTBEHHO KpurepHasibHble. DU3nueckue OrpaHUyYeHHs SBISIOTCS
ciencTBreM (PU3MUECKUX 3aKOHOB COXPAHEHHUSI, U HU NIPU KAKUX OOCTOSITENIbCTBAX HE
MOTYT ObITh HapyiieHbl. COOCTBEHHO KpUTEpHUATIbHbIE OTPAaHUYECHHS OMPEIEISIOTCS
TpeboBanusiMu K KOHCTpYKUMU COTC u ycroBUsMH UX MPOU3BOJCTBA U JKCILTyaTa-
117078

OnHUM U3 OIpeNeNSIONINX MOMEHTOB MPH (HOPMUPOBAHUM LENIEBBIX (HYHKIUI
ABIISIETCS PEIlIeHUE MPOOJIEM, CBSI3aHHBIX C MPEOOJIECHIUEM HEOIpeleIeHHOCTEH, BO3-
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Hukaroumx npu npoexkrupoBanun COTC. Ilpu 3TOM Ba)XHOE MECTO 3aHUMAIOT OLICH-
ku BapuaHToB COTC, COOTBETCTBYIOIIME TIapaHTUPOBAHHOMY pe3yibTaTy (MHUHU-
MaKCHOM cTpaTeruu) Ha OCHOBaHUU COOTBETCTBYIOLIUX KPUTEPUEB ONTUMAIBHOCTH.

[Tpu uccnenoBanuu u npoekrupoBanud COTC BO3HUKAIOT BONpPOCHI, CBSA3AH-
Hble ¢ MHOroueneBbiM HazHayeHueM COTC, pa3paOOTKO KOHCTPYKTUBHBIX METO/I0B
MIPOEKTUPOBAHUS U TMOJYYECHHE HAWIYUIIMX 3HAYEHUM JJI1 HECKOJIBKUX XapaKTepu-
ctuk npoektupyeMoit COTC, 4yTo mpuBOAUT K MpoOIEME MHOTOKPUTEPHUAIBLHOCTH,
T.e. kK mpobimeme omeHku 3¢dekTuBHOCTH COTC M 000CHOBaHHS ONTUMAIBLHOM
CTPYKTYpBhl IO MHOTUM KpuTepusiM. HeoOX0oIMMOCTh HCIOJIb30BAHUS HECKOJIBKUX
KpUTEpUEB BO3HUKaeT, Korga aepeBo neneil COTC Ha HM)KHEM ypOBHE HEpapXuu
COJEPKUT HE OJHY Liedb, a HA0Op KOJMYECTBEHHO M3M €pPUMBIX IeJied, WIN €CllU
KaKJ1asl LeJb He0O0A3aTENbHO XapaKTEPU3YETCsl €IMHCTBEHHBIM KPUTEPUEM.

D¢ PeKTUBHBIM METOIOM HaXO0KJIEHHUSI Pa3yMHBIX KOMIIPOMHUCCHBIX PEIIeHUH B
MHOTOKpUTEpPUAIBHBIX 3ajadyax sBIsIeTCA NpUHUUI KommpomuccoB Ilaperto. s
orieHkH 3P dextuBHOCTH COTC HEOOX0IUMO PEUIUTD CIAEAYIONINE 3adauH:

1. Hopmanu3anuss KpuTepHeB ONTHUMAJIBHOCTH — 3TO OIEpalus MNpPUBEICHUS
MacIITa0OB JIOKAJIbHBIX KPUTEPUEB K €IMHOMY MacIITady U3MEPEHHUSL.

2. Bb160p NmpHHLIMIIA ONTUMATBHOCTH — MPUHIUI ONTUMAJIBHOCTH — 3TO OCHOB-
Has npobieMa obocHoBaHusA ontuMaibHOU cTpykTypbl COTC. Ha nmpaktuke BbIOOp
MPUHIMIIA ONTUMATBHOCTH UMEHYETCS MPOOJIEeMON CKalspu3aluu, BBUAY TOTO, YTO
BBIOOp MPHUHIMIA ONTUMAIBHOCTH MPUBOAUT K HEKOTOPOMY OOOOIIEHHOMY CKajsp-
HOMY KPHUTEPHIO, ABIIAIONIEMYCS (YHKIMEN JTOKAIbHBIX KPUTEPHEB.

3. Yyer mpuopUTeTa KPUTEPUEB — JIOKAIbHBIE KPUTEPUH HMEIOT DPA3IUYHYIO
BOXHOCTH Tpu pemiennn Bo3Hukawmmx nepen COTC 3amau. Dtot dakt cremxyer
YUUTHIBaTh MPHU BBHIOOpPE MPHUHLMIIA ONTUMAIBHOCTH, OTJAaBasl MpEANoYTeHue Oosee
BaXXHBIM KpUTepusM. [l 3TUX 1eneil BBOJUTCS BEKTOP paclpeiesieHus BaXKHOCTH
kpurepueB A = {11, 45, ..., A, e, A}

5.4. Buabl u ¢popmbl peACTABICHUS CTPYKTYP 1eJIeii: ceTeBast
CTPYKTYPA WIH CeTh, HePapXUUYeCKHe CTPYKTYPbl, CTPAThI U

IIICJIOHBbI

B uccrnenoBaHusx MPUHITO pa3jiinuaTh pa3Hble BHABI CTPYKTYP Kak CPEICTBa
orcanusi cucteMbl. CTPYKTypa MOXET OBITh MpejCTaBiieHa B rpaduueckoi, mart-
puuHOii hopme, B hopme

1. CeTeBast cTpyKTypa IPEACTABISIET IEKOMITO3UITUIO 3JIEMEHTOB, MPECTABIICH-
HBIX BO BpeMeHHU. [Ipu ceTeBOM MpeACTaBACHUM CTPYKTYpPbl CUCTEMBbI MPUHATO HC-
MIOJIb30BATh TAKUE MOHATHS KaK: gepuuuna, pebpo, nymov, Kpumuieckuil nyms.
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Puc.2. CereBast CTpyKTypa CUCTEMBI

CeTteBble CTPYKTYPBI CUCTEM OTOOPAKAIOT MOPSIOK ONEepaluii WK ACHUCTBUM B
cucteMe. Hanpumep, ¢ MOMOIIBIO CETEBOrO Ipaduka OMUCHIBAIOTCS MPOU3BOICTBEH-
HbIE ATambl JESITEILHOCTH, TP MPOECKTUPOBAHUHM CUCTEM OTOOpa)kaeTcsl ee ceTeBas
MOJIENb, NIPU CO3JAHUU IUIaHA IPOU3BOJACTBEHHOU JESATEIBHOCTU - CETEBOM IIIaH.
CeteBble MOJIENIM MOTYT OBITH MPEACTaBICHBI OJHOHANPABICHHBIMU, OOPATHBIMHU U
LUKINYECKUMHU CBA3SIMHU MEKY JJIEMEHTAMU CUCTEMBI. Takue CBA3U OIUCHIBAIOTCA B
BUJIE IIyTU WA KPUTUUECKOTO IIYTU MEXKAY DJIEMEHTAMU

[Ipn cucTeMHOM aHanM3e CETEBBIX CTPYKTYP HMCHOJIB3YIOTCS MaTEMAaTHYECKUN
anmapar TeopuH rpadoB, a TaKKe TEOpHUs CETEBOIr0 IUIAHUPOBAHUSA U YIPABIICHUSA,
KOTOpasi UMEET NPUKIATHON XapaKTep.

2. Hepapxuueckasi CTpyKTypa MPEACTaBISIET COOOU JEKOMIIO3ULIUIO CUCTEMBI
B IIPOCTPAHCTBE, YCTaHABJIMBAasl YPOBHEBbIE CBSI3U (OTHOLICHMSI) MEXY 3JI€MEHTaMU
(mogcucremMaMu) B 1IEJIOM 00pa30BaHUU.

Puc.3. [Ipocreiimas nepapxudeckasi CTpyKTypa CUCTEMBI

DJIEMEHTBHl WJIM KOMIIOHEHTBI CHCTEMBI NPEACTABISIOTCS B BUJE BEPIIUH HIH
Y3JI0B, & CBA3U MEXIY 3JIEMEHTAMHU - B BUJE yI'M WU COCAUHEHUS y3II0B. Mepapxu-
YECKUE CTPYKTYpPBI IPUHATO HA3BIBATh APEBOBUIHBIMU CTPYKTypaMu. Takue CTpyk-
Typbl Ha3bIBAKOTCA THUIA «J€peBO». Halle BCEro ¢ mOMOIIbIO TaKUX CTPYKTYp Npen-
CTaBJIAOTCA LIEJIETIOJNIOTaHUs U LIEJIM YIIPABICHUSI CUCTEMOM, O KOTOPBIX PacCKa3aHO
BBILIE.

3. MHOroypoBHEBBIE HEPAPXUUECKHE CTPYKTYpPbl MPUHATO M300pa)xkaTh B BHUJIE
CTparT, CJIOEB, SLIEJIOHOB.
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CtpaTtsl - 3T0 coco0 OMMCaHUS CIOXKHBIX CTPYKTYpP C TIOMOIIBIO 3aMEHBI UX
HauOosiee MpocTeiMU MojensMu. Ilpu 3ToM cnocobe, kakaass cTpaTa ONUCHIBAET
CBOM ypOBEHb aOCTpaKIUU, COXPAHSISI OCOOCHHOCTH BXOJHBIX U BBIXOJHBIX ITapaMeT-
pOB.

CTpYKTYpa CUCTEMHbIX UCCea0BaHUIA 06beKTa-CUCTEMbI

cTpaTa 5
dunocodckoe nan TeopUTUKO-NO3HaABATEIbHOE
onucaHue o6bEKTa-CUCTEMBI

cTpaTa 4
CuctemHbIV Nnoaxos, BbI6op Hay4yHOro A3blKa
onucaHna ob6beKTa-cUCTEMBI

1

|

|

1

|

|

1

|

|

: L
I A
I cTpaTa 3
1

|

|

1

|

|

1

|

|

1

|

O6LU,VIe NONOXeHNA TeEOPUN CUCTEM, CO34aHNE KOH-
LI,eI'ITya/'IbHOVI moaenu obbeKTa-cucTembl

Y
cTpaTa 2
MpegmeTHble acnekTbl TEOPUKU CUCTEM, ONUCAHUE
cneunduKm cogeprkaHma obbeKTa-cucTembl

y
cTpaTa 1
CucTeMHbIV aHanus, GopmManm3aumns CTPyKTypHO-
dYHKLUMOHANbHbBIX NapameTpoB

Puc.4. Hpe,[[CTaBJ'IeHI/Ie CUCTEMBI B BUIC CTPATOB
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Caom - 310 croco6 onmucaHus MOCIeIOBATEIbHOCTH PElIaeMbIX MpobieM C 1ie-
JBIO TOMCKAa HAWTYYIIero MeTojia ux pemieHus. [IpuueM npu perieHre MHOTOCION-
HBIX MPOOJIEM MPEeAyCMaTPUBAETCA y4Y€T JOMYCTUMBIX OTpaHUYCHHI Ha MOJAEIUpPO-

BaHUE HIDKENEKANMX OOBEKTOB, 0€3 yTepH OOIero 3ampICiia PEIICHUs B €ayIei
pOOJIEMBL.

\ 4

MpuHATHE pelue- | ¢
HU

box,, .

| x.

MpuHATHe pewe-
HUI

v

S

\ 4 X,l
MpuHATHE pele- | 4

HUWN

\ 4

Cnocob ¢ Aencrsmnz

> MpuHATUE peLleHnit
—
1 vpoBEHb

n
>

Puc. 5. MHOrocnomHas CTpyKTypa cUCTEMbI MPUHATUA peLleHui

JUIeJI0OH - 9TO CIOCO0 OMHCaHUSI UePAPXUUECKOU CTPYKTYphl B BUIE OTHOCH-
TEJIbHO 3aBUCUMBIX, B3aUMOJICHCTBYIOIINX MEXKIY c000i nmojacucrteMm (0ObEKTOB), Ta-
KHE MHOTOJIIEIOHHBIC CTPYKTYPhI OMUCHIBAIOT OTHOCUTEIHHO HE3aBUCHMBIE YPOBHH
ynpasierus. Ha kaxaoM ypoBHE yMpaBIICHHUS MOJACHCTEMBI UMEIOT OMPEICICHHYIO
CTEIEeHb CBOOO/IbI BEIOOPA YIIPABIEHUYECKOTO PEIICHUS.

AN
N\ TN
i
S —

Puc. 6. Uepapxudeckasi CTpyKTypa CUCTEMBI YIIPABICHUS,
MIpe/ICTaBICHHAs B BUJIE AILIEJIOHOB
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Ha puc.6 npencraBiena CTpyKkTypa HOJCUCTEM YIPABIEHHUS, KOTOPasl BBINOJ-
HEHa B BUje d11enoHoB. Kax bl a111eyoH npeacTaBiser co00i onpeesieHHbI ypo-
BEHb IIOJICUCTEMBI yIpaBiieHus. CBsI3b MEXAY YPOBHSIMHU YIIPABICHUS IIPEICTABIICHA
B BHJI€ KOOPAMHALMHU NPOLECCA NMPUHIATUSA PEIICHUM B KaXIOW noacucreMe. Takas
CTPYKTYypHAsi OpTraHU3alMs CBA3EH MEXKIy IIOJCHCTEMAaMHU YIIPABICHUS IIPHUHSITO
HA3bIBATh MHOTOLIEJIEBOM MEPAPXUUYECKON CTPYKTYpou ympasieHus. [loatomy MHO-
TO3IIEIIOHHBIE CTPYKTYPHI YaCTO HA3bIBAKOT MHOTOLIEJIEBBIMU.

4. MaTtpuuHbI€ CTPYKTYpPBbI MPEACTABIISIIOT B3aUMOOTHOIICHUSI MEXIY YPOBHSI-
MU HEpApXUUECKON CTpyKTypbl. OHM MOTYT OBITH ONHUCAHBl B BUJE JAPEBOBUIAHOMN
UEPAPXUYECKON CTPYKTYpHI CBSI3€H, ABYMEPHON MAaTPUIIBI CO «CIAOBIMI» U «CHUIIb-
HBIMI» CBSI3IMU U MHOTOMEPHOU MATPHIIBIL.

1 1 + +
1.
1.1. + +
1.
ApeBoBuaHaA Uepapxu- MaTpu4Haa CTPYK- ABYMepHaa maT-

Puc.7. Ilpumepbl MAaTpUYHBIX CTPYKTYP CUCTEMBI

5. CMelllaHHBIE HUEPAPXUUECKHE CTPYKTYPhl C BEPTUKAIbHBIMU U TOPU30HTAJIb-
HBIMU CBS3sIMU. [IpmMepom Takol CUCTEMBI MOYKET MOCIYKUTh T'OCYIaApCTBEHHAS CH-
CTEMa YIIPaBIICHHUS.

6. CTpyKTypbl ¢ TPOU3BOJBHBIMU CBSI3IMH HCIOJB3YIOTCS, KaK MPaBUJIO, HA
HAYaJIbHOM 3Tareé UCCIIEIOBAHUS CUCTEMBI, /U ONpPEIEICHNUs BaKHBIX U HEOOXOu-
MBIX JJIEMEHTOB U YCTAHOBJICHUE JIMIIb TE€X CBA3€W M OTHOLICHWH, KOTOPBIE OKa3bl-
BalOT HauOOJbIlIeE BIUSHUE HAa IPUHATHE YIIPABICHUECKUX PELICHUH.

Puc.8. CTpyKTypa cUCTEMBI C POU3BOJILHBIMU CBSI3SIMU
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Ha puc.8 npezacrasiena cuctema, coctosiiasi u3 4 3JI€MEHTOB, KOTOpasi Mpeji-
CTaBJICHA MPOU3BOJILHBIMU CBA3SIMU MEXAYy HUMHU. Takoe rpaduueckoe mnpeacranie-
HUE CHUCTEMBbI, KaK MPaBUJIO, UCIIOJIB3YETCs] HA MEPBOM 3Tare MCCIIeI0BaHus, Koraa
elle HE YCTAHOBJICHbl 3aKOHOMEPHOCTHU CBSI3€M M OTHOIICHUN MEXIY 3JIEMEHTAMHU.
Onucanue cUCTEM B BUJIE CTPYKTYpPbl C MPOU3BOIBHBIMU CBSI3IMH Yallle BCETO KC-
MOJIB3YETCsl HAa YPOBHE (DOPMHUPOBAHUS aBTOPCKOW KOHIIETIITUN CHCTEMHOTO HCCIIEO0-
BaHUS BBIJEISIEMOr0 00BEKTA U3 OKPYKAIOIIEH CPEIbI.

KoHTpoJibHBIE BONPOCHI

Jalite onpeaeneHue ueau?

[IpuBeauTe npuMep KBaHTU(UKALUY 1IETH?

Kakas nenb Ha3bIBa€TCs U3MEPUMON?

Kakas nenb Ha3bpIBaeTCsl KOJIMYECTBEHHO U3MEPUMON?

O s W e

Kax dhopmupyrorcs Kputepun onTUMAIbHOCTH TTPU MPOEKTUPOBAHUHU
COTC?
6. HazoBute dopMbl npesicTaBieHUsI CTPYKTYP 1eNeit?

I'/IABA 6. HPUHIIUIIBI ®OPMUPOBAHMUA
KPUTEPUEB OIITUMAJIBHOCTHU

6.1. IIpob1ema BbIOOpa KpUTEPHUEB ONTUMAJIBLHOCTH MPH
NMPOEKTUPOBAHUM CJI0KHBIX OPTraHU3ANHOHHO-TEXHUYECKUX
cUcTeM

Pelienrie onTUMHU3AIMOHHBIX 3a/1a4 UTPAET 0COOYIO0 POJb U COCTaBIACT (yH-
JAMEHT MAaTeMaTHYeCKOro 0OeCleyeHus: CHCTEMHOW METOJO0JIOTMH MPOEKTUPOBAHUS
COTC. Metoabl penieHus: ONTUMU3ALMOHHBIX 33/1a4 MHOTOYMCIIEHHBI, OJJHAKO CPEIr
HUX OTCYTCTBYET €IMHCTBEHHBIN METOJI, KOTOPBI OKa3ajics Obl HAMTYYILIUM BO BCEX
npaktuyeckux ciydasx npoektupoBaHusi COTC. OcoGeHHOCThIO 3a/1a4 ONTUMHU3A-
LIUNA SBJISAETCA BBICOKAs CTEIEHb HEONPEIEICHHOCTH YCIOBUN BO3MOXKHOTO IIPUMeE-
Henusa u Qpynkuuonuposanuss COTC, a Takxke 00JIbIIOE YUCIO CPABHUMBIX allbTep-
HaTUBHBIX BapuaHToB mnpoektupyembix COTC. OO6ocHOBaHME ONTUMAJILHOU
CTPYKTYPBI CBSI3aHO C PEILIEHUEM 33a/1a4 10 BHIOOPY pallMOHAIbHBIX MapaMeTpOB MPo-
ektupyeMbIx nemeHToB COTC. B cucremHoi texHonoruu npoektupoBanus COTC
OJIHUM M3 OCHOBHBIX HAalpaBJICHUI SBIISETCS HANpaBJICHHUE, CBI3aHHOE C BHIOOPOM U
000CHOBaHUEM KPHUTEPUEB ONTUMAIBHOCTH. OT MPaBUIBLHOTO PEIICHUs TOU 3ajauu
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3apucut ycrnex cozfganus COTC u ee skcmnyaranuu. [Ipu BeiOope KpuTepusi onTu-

MaJbHOCTH CIIEYEeT MCXOAUTHh U3 CIEAYIOIIEr0 MPHUHIMMA: JAOHKHO OBITh CTPOroe

COOTBETCTBHE MEX]y II€JIbl0, KOTOpas JOJDKHA OBITh JIOCTUTHYTa B pPeE3yJibTare

¢bynkunonupoBanusi, COTC u BeiOupaembiM nokazareieM 3(G(HEKTUBHOCTH, SBISIO-

IIMMCSI COCTaBHOM YacThI0 KpUTepHs onTuMaibHOCTH. [lokazatens sdpdexTuBHOCTH

JOJDKEH HEMOCPEACTBEHHO OTBEYATh HA BOIPOC O CTENEHHW PELIEHUs 3a/ay, NOCTaB-

nennbix nepex COTC. Ilpu npoektupoBannn COTC crnenyeTr yuuTblBaTh HE TOJIBKO

nmokazaresb 3P GEeKTUBHOCTH, SIBISIIONTUICS dkBUBajieHTOM Tiemu co3aanust COTC, Ho

Takke u 3atpatbl, U cpoku co3ganuss COTC. B Takom ciyyae KpuTepuii onTuMaib-

HocTH D(S) COTC MoxeT ObITh MpeACTaBICH B BUE (DyHKIIMOHAJA MoKa3aTess 3¢-

¢dextuBHoctu W, ctroumoctu Cy u cpokos coznanus T, T.e. I(S)=D(W,C,T).

Kpurtepuem onTuMaIbHOCTH Ha3bIBAECTCS KOJWYECTBEHHAS MEPA, YCTAHABIIN-
BAIOIIAsl COOTBETCTBUE MEX]y CTEIECHbIO TIOCTHKEHUS LIeJIM B pe3yibTaTe (PyHKIMO-
HupoBanus npoektupyemort COTC u 3aTpaTaMu Ha TOCTUKEHHUE dTOU LEIIH.

TpeboBaHus, KOTOPHIM JOJDKHBI OTBEYATh KPUTEPUU ONTHUMAIBLHOCTH B 3aja-
yax npoektupoBanus COTC:

1. Kputepuil onTUMaNIbHOCTU JIOJDKEH OBITH KOJMYECTBEHHON MEpOMl M JTOMyCKaTh
O00BEKTUBHYIO OLIEHKY. OH JOKeH o001alaTh CBOMCTBOM IOJYyYEHHUS TOYHOIO
MAaTeMaTUYECKOTO BhIPAXKEHUSI U BO3MOKHOCTH BHIYMCIICHUS.

2. Kpurepuii ONnTUMaIbHOCTH IOJDKEH OBITh TPEICTAaBUTEIBHBIM, T.C. 3HAYCHUS
KPUTEPHUS ONTUMAIBHOCTA U WX U3MEHCHHS JODKHBI OTPaKaTh CTEMEHb BBIMTOJI-
HEHUS MMOCTABIICHHBIX Hesel u 3aaay npoexktupyemon COTC.

3. Hemp npoektupoBanus COTC momkHa HaAXOJHWTh CBOE MPSIMOE OTOOpaKEHHUE B
KpUTEPUH ONTUMaIbHOCTU. KpuTepuii omKeH BRIOUPAThCS C y4€TOM CHCTEMHO-
ro Nojaxoja, T.€. pacCMaTpUBaTh BCE OCHOBHBIE 3Tamnbl npoektupoBanus COTC,
ee (QYyHKIIMOHUPOBAHUS U B3aMMOJICUCTBHS BO BPEMEHHU U MPOCTPAHCTBE C OKPY-
YKAIOLIEH CPEeON U IPYTUMH CUCTEMaMHM.

4, Kpurepuil ONTUMaIbHOCTH JOJDKEH OBITh UYBCTBUTEIBHBIM K HM3MEHEHHIO OC-
HOBHBIX nTapameTpoB npoektupyemon COTC.

5. Benuuuna kputepus ONTUMAIBHOCTH JOJDKHA HATJISIIHO OTOOPaXKaTh pe3yabTaThl
JOCTHKEHUS LIEJIEH.

6. Kpurtepuii onTUManbHOCTH IOJKEH OBITh, 10 BO3MOXHOCTH, TTPOCTHIM.

T.o., B KauecTBe KpUTEPHUsI ONTUMAIBHOCTU CJIEAYyeT BHIOMpPATh TakoW (PyHKIIHO-
HaJl, KOTOPBIA MOKHO:
® BBIPA3UTh KOJIUUYECTBEHHO;
® ONpENETUTh TOUHBIMU HAYYHBIMU METOJIAMU;
® V3MEPUTHh WM BBIUMCIUTH MMEIONUMUCA B pacmnopsikeHuu lIpoextanrta
CpelcTBamu;
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® CBs3aTh C (HU3UYECKUMU, TTPOU3BOJICTBEHHBIMH, YKOJOTUUECKUMH (PaKTO-
pamu, BIMSIOIIMMU Ha co3fanue u pyHkiuuonuporanue COTC.

6.2. OCHOBHOM KpUTEPHAJIbHBIN MOCTYJIAT

JIr00y10 CIOXKHYIO CHCTEMY MOXKHO pacCMaTpuBaTh KaK CHCTEMY, COCTOAIILYIO
U3 MOJICUCTEM, U OJJHOBPEMEHHO, KaK IIOJICUCTEMY BBIILIECTOSIIECH IO HEPAPXUIECKO-
My ypoBHIO cucteMsl. Mcxons u3 storo, mobas COTC xapakrepusyercs: HaTu4ueM
UEPAPXUYECKON CEpUH KPUTEPUEB ONTHUMAIBHOCTH, C ITOMOIIBIO KOTOPBIX CIEAYET
OLIEHUTh 3(PPEKTUBHOCTh (PYHKIMOHMPOBAHUS CaMOMl CUCTEMBI U €€ MoJcucTeM. B
CBSA3M C 3TUM pa3nyaroT OOLIMiA, YACTHBIA U OCHOBHOM KPUTEPUHU ONTUMAIBHOCTH.

OO0mmii KpuTepuii ONTUMAJIBHOCTH XapakTepusyeT 3P(GEeKTUBHOCTh (YyHK-
unonupoBanuss COTC kak cHUCTEMBI B LETOM, UCXO/ISI U3 YCIOBUW JTOCTUXEHHUS II€-
neu, crosiuux nepen COTC.

YacTHbIH KpPUTEPHil ONTHMAJBHOCTH CBUJCTEIBCTBYET JIMIIb O TOM,
HACKOJIbK XOpOUIO (PYyHKIHMOHUPYIOT OTIENbHBIE IMOJCUCTEMBI, UCXOAS U3 LEJeH,
CTOSIIIMX NIEPE]T PaCCMaTPUBAEMBIMH ITOJICUCTEMAMH.

OcCHOBHOM KpHUTepHil ONTHUMAJBLHOCTH OLICHMBAET HACKOJBKO 3()(PEeKTUBEH
BKJIaJl pacCCMaTpUBAEMON MOJICUCTEMBI HAa NMOBBIIEHUE 3(P(HEKTUBHOCTH MOACUCTEMBI
00J1e€ BBICOKOTO YPOBHS WJIM JIaXKE€ CaMOM CHCTEMBI B LIETIOM.

O60061eHHOM hopMOil 0011IeTO KPUTEPUSI ONTUMATILHOCTH SIBJISIETCS OCHOBHOM
KPUTEPHAJIbHBII MOCTYJIAT CUCTEMHOI'0 AHAJIM3a, KOTOPBI MOXET ObITh CHOpMY-
JTUpPOBaH B 2-X GopMax:

1. OnTUManbHBIM IPOEKTHBIM PELICHUEM SIBJISIETCS TO, KOTOpOE 0OecreunBaeT
BBINIOJIHEHUE TOCTABJICHHOW LENM MPU MUHUMAIbHBIX MaTEpHUANbHBIX, YHEpreTuye-
CKHX M TPYAOBBIX 3aTpaTax:

3(Sp) = minC , npu W = Wy, T =Ty, a; < Qjpon

rae Sy — ONTUMAJIbHBIN BapHaHT, KOTOPHIA BHIOMpAETCS W3 YCJIOBUS MUHU-
MaJIbHBIX 3aTpaT MPHU 33JJaHHOM (ITOPOTOBOM) 3HAYEHUHM TOKa3aTess 3G (PEeKTUBHOCTH
W, 1 moporoBoM 3Haue€HUH BpeMEeHHU T a; — MOKa3aTelb JOTOJHUTEIbHBIX OIPaHU-
YCHUU.

2. ONTUMAJIBHBIM TIPOCKTHBIM PEIIEHUEM SIBIIIETCS TaKoe, KOTOpPoe Mpu (HUK-
CUPOBAHHBIX 3aTpaTax JOCTUTAET BHIIIOJTHEHUS TOCTABICHHOM LIeNIM ¢ MaKCUMAaIbHOM
3¢ ()EKTUBHOCTHIO:

3(S,) = max W, npu C = Cy, T =Ty, b; < bjpoy
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rae W —noka3zatens 3¢p¢GeKTUBHOCTH, ONTUMAaIbHBIA BapHaHT BbIOMpaeTcs u3
YCIIOBUSL JOCTHKEHHUS] MaKCHMaJbHOTO 3HA4Y€HHUs MoKaszaTens 3(()EeKTUBHOCTH MpPH
3anaHHbIX 3aTpartax Co u Bpemenu To;

S — MHOXECTBO aJIbTEpPHATUBHBIX BapuaHTOB npoektupyemoit COTC;

Si — | —i1 anpTepHATHBHEIN BapuaHT npoekTupyemoit COTC;

Co — 3a1aHHbIE 3aTpaThl (IOPOTOBBIEC 3HAYECHMUS);

T, — npenenpHbIN (3anansblil) cpok coznanusa COTC.

JIroObie npyrue GopMbl MpeACTaBICHUS KPUTEPUEB ONTUMATBHOCTH SIBJISIFOTCS
YaCTHBIMH CITy4assMH OCHOBHOTO KpUTEPHAIBHOIO MOCTYJIATA.

6.3. Kpurepuii «cTouMoCTb-3pPEeKTHUBHOCTD)

BakHbIM clIeICTBUEM OCHOBHOTO KPUTEPUAIBLHOIO MOCTYJIaTa CUCTEMHOTO aHa-
JU3a SBISIETCA TaK Ha3bIBAEMbIN KpUTEPUN CTOMMOCTH —3()PEKTUBHOCTD, HAIICIITUI
IIMPOKOE MPUMEHEHUE B DKOHOMHUYECKUX HccheqoBaHUsIX. CyTb KpPUTEPHUS CTOH-
MOCTbh - 3()PEKTUBHOCTh 3aKJIOYAECTCS B BHIOOpE (ONTHUMHU3AIMK) TAaKOrO0 BapuaHTa
COTC, nmns KOTOpOro mpu 3aJaHHOM 3HAYEHHM IOKa3areis 3QQPEeKTUBHOCTH CTOM-
MOCTb HMMEET ONTHUMAajbHYIO0 BennuuHy. Hambolsiee pacnpocTpaHEHHBIM CIIOCOOOM
pelieHus 3a7a4d BbIOOpa ONTUMAIbHON KOHCTpYKIuH npoektupyemoir COTC siBns-
€TCs JIOTUKO-BapHaHTHBIA MeToA. OH COCTOUT B OIICHKE MO BHIOPAHHBIM KPUTEPHUSIM
ONTUMAJILHOCTA HEKOTOPOro MHOKecTBa BapuaHTOB moctpoeHuss COTC, 3arem Ha
OCHOBE KPUTEPHUSI «CTOUMOCTh-3((EKTUBHOCTHY» CPaBHUBASI U COMOCTaBIsisA 3 dek-
TUBHOCTH paccMmaTtpuBaemoro Bapuanta COTC ¢ ero cTouMOCTbIO, NIPUHATH OINTH-
MaJIbHOE pelIeHue.

JIs OSICHEHUSI CYTH KPUTEPUSI «CTOUMOCTh — 3((DEKTUBHOCTBY) PACCMOTPUM
cnenytouuii mpumep. [lycte X1 X,— 1Ba yrpaBisieMbIX KOHCTPYKTHUBHBIX MapameT-
pa COTC, xapakrepusyroiiye KauecTBo ¢ (HyHKIIMOHUPOBAHUS U MyCTh, IPUMEHSS
JIOTUKO-BApUAHTHBIN METO/I MOCTpoeHus: ontuMaibHoi KoHCTpyKinu COTC ynanoch
MOJIYYUTh HEKOTOpbIe 3HaUeHus nmokazarens sdpdexruBnoctu W u 3atpar C it KOH-
KPETHBIX BEJIMUMH MapaMeTpoB X1 X,. ITO MO3BOJSET MOJYUUTh TUCKPETHBIE TOUKU
B ipoctpancTBax (Wi X1 X;) u (Cy X1 Xy):
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a) CA

6) B) WA

X,
Puc.1. Jloruko-BapraHTHBIA METO BRIOOPA ONTUMAIBLHON KOH-
crpykuuu COTC

B 3aBucuMocTH OT TOro, Kakoil XapakTep — JAUCKPETHBIM WM HENPEPBIBHBINA —
HocAT JaHHble B mpocTpancTBax (Wi X1 X;) u (Cy X1 X;) B mockoctu (C, W) — o6ua-
CTU MPUHATHUS ONTUMAIBHBIX MPOEKTHBIX PEIICHUN, MOJYYUM TUCKPETHBIE WU He-
npepbiBHbIe 3HaUeHus1 W B 3aBucumoctu oT C — cM. puc. 3. AHaIU3upys JaHHbBIE
rpaduka, MokHO BbIOpaTh Takod BapuaHT COTC, KOTOpBIN IPU PaBHBIX 3HAYEHUSIX
addexktuBHOCTH W 00samaer MeHbIel crouMocThio C wim BeIOpaTh CMEIIaHHBIN
BApUAHT.

[Tockonbky B 3amadax BbIOOpa onTuMaibHbIX mapamerpoB COTC cTpemsiTcs k
yBennueHnio AW u k ymensiiernio AC, ToO IpeacTaBisieTcs 11eJIeCO00pa3HbIM BbI-

OpaTh B KAUECTBE OCHOBHOT'O KpUTEPHS ONTUMAJIBHOCTH (QYHKLHUIO:

W AW

95 = F || = F (Ko T2).

— _ wHi-w® — PO
e AW =———— AC = :
we co

W,
K.y = C—O - HEKOTOpAsi TOCTOSIHHAS BEJIMYMHA.
0

AW — ocHOBHOI nokasatens ddpdexktusHocTH COTC;

W — 3Hauenme mokasaTes s dextuBHOCTH COTC npu CyiecTByrIIeM Ba-
puanre paccmatpuBaemoni COTC;

W" — 3nauenne nokasatens dppexruBaoctd COTC npu BKIIOYCHHH B €€ CO-
CTaB HOBBIX TOJICHCTEM;

AC - 0CHOBHO} OKa3aTeINb 3aTPAaT;
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0
C” u CP — 3HayeHHUs moKasarels 3aTpar mpu cyiecTtByromeM Bapuanre COTC
Y TIPY BKITFOUEHUH B €€ COCTAB HOBBIX TIOJICUCTEM.

KoHTpoJibHBIE BONIPOCHI

1. Tlepeuncnute npobaeMbl, BOZHUKAIOIIKE IPU BBIOOpE KPUTEPUEB ONTUMATb-
HOCTH npu nipoektupoannu COTC?

[IpuBenuTe KIacCUPUKAUIO KPUTEPUEB ONTUMAITBEHOCTH?

HazoBute n1Be popMBI OCHOBHOTO KPUTEPHAIBHOTO MOCTYJIaTa?

Packpoiite conepxannue KpuTepus: «CTOUMOCTb-3()(hEKTUBHOCTE)?
Pacckaxkute 0 JTOrMKo-BapuaHTHOM METOJIE BBIOOpA ONTUMAIbHONW KOHCTPYK-
mun COTC?

bk wn

I'/TABA 7. HIOKA3SATEJIM U KPUTEPUHU ONEHKH
CJIOKHbBIX OPTAHU3AIIMOHHO-TEXHUYECKHUX
CUCTEM

7.1. MeToabl OLICHUBAHUA CUCTEM

MeTonbl OLIEHUBAaHMS CUCTEM Pa3JEISIOTCS HA KAYECTBEHHBIE U KOJUYECTBEH-
HBIE.

KauecTBeHHBIE METO/IBI MCIIOJIB3YIOTCS HA HAYAJIBHBIX 3TAIlax MOJEINPOBaHUS,
€CJIM peaibHas CHUCTeMa HE MOXET OBbITh BBHIPAXKEHA B KOJMYECTBEHHBIX XapaKTEpu-
CTUKAX, OTCYTCTBYIOT ONHCAHMSI 3aKOHOMEPHOCTEH CUCTEM B BUJE AHAIUTUYECKHX
3aBUCUMOCTel. B pe3ynbrare Takoro MoaenupoBaHus pa3padaTbIBaeTCs KOHLEMTY-
anbHasi MOJIENIb CUCTEMBI.

KosmyecTBeHHBIE METOABI UCIOJB3YIOTCS HA MOCIEAYIOUIMX ATanax MOJEIH-
POBaHUSA I KOJIMYECTBEHHOTO aHAIN3a BAPUAHTOB CUCTEMBI.

Bo Bcex Meropax CMBbICI 33JauM OLIEHUBAaHUS COCTOMUT B COIIOCTABJIEHUM pac-
cMaTpUBaeMOll cucteMe (aJbTEepHATUBE) BEKTOpa U3 KPUTEPUAIBHOIO IPOCTPAHCTBA
K, KOOpAMHATBI TOYEK KOTOPOTO PACCMAaTPUBAIOTCS KaK OLIEHKHU 10 COOTBETCTBYIO-
M kputepusM. [Ipocreiimeii popMoii 3a1aum OlLICHUBAHKS SBIIIETCS OOBIYHAS 3a-
Jaya U3MEpPEHUs, KOr/la OLICHUBAHUE €CTh CPAaBHEHHUE C 3TAJIOHOM, a PEIICHHE 3aa4H
HaXOJIUTCS TOJICYETOM YHCIIA HTAJIOHHBIX €IMHMI] B U3MepsieMoM oObekte. Hampu-
Mep, MyCTh X — OTPE30K, JJIMHY KOTOPOro HaJ0 MU3MEpuTh. B 3TOM ciyyae oTpe3ky
COMOCTABISICTCS JISHCTBUTENBbHOE YKo @ (x) — ero JummHa. bojee clioHbIe 3a1a4un
OLICHUBAHUS Pa3JEJSIIOTCS Ha 3aJayM: MapHOIO CPaBHUBAHMSI, PAHKUPOBAHMS, Kilac-
cuUKalliy, YUCICHHON OLIEHKH. 3a/aya MapHOTO CPAaBHEHHUS 3aKJIIOYAETCs B BbISB-
JICHUM JIyYIIETO U3 JIByX MMEIOIIUXCSI 00BbEKTOB, 00pa3ymolux CUCTEMY, 10 yObIBa-
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HUIO (BO3paCTaHUIO) 3HAUYEHHUs HEKOTOPOro MpH3HaKa. 3ajaya Kiaccuukaluu — B
OTHECEHUH 3aJIaHHOTO JJIEMEHTa K OJHOMY W3 TMOJMHOXKECTB. 3ajada YHUCICHHON
OILICHKH — B COITOCTABIICHUU CHUCTEME OJIHOTO WJIM HECKOJIbKHMX YHCET.

JlaHHBIE 3a/a4ll MOTYT OBITh PEUICHBI HEMOCPEICTBEHHO JUIIOM, MPUHUMAIO-
MM pEIIeHHEe, WIH C MOMOIIBIO 3KCIIEPTOB — CIELHUATNCTOB B HUCCIeIyeMon oba-
ctu. Bo BTOpOM ciyyae pelieHue 3agaun OleHUBAaHUS Ha3bIBaeTcs dKcnepTu3oi. Ka-
YECTBEHHBIE METOABbl HW3MEPEHHs] U OICHUBAHMS  XapaKTEPUCTHK CHCTEM,
UCIIOJIb3YEMbIE B CHCTEMHOM aHAJIM3€, TOCTATOYHO MHOTOYHCIECHHBI U pa3HO0Opa3-
HBI.

K 0CHOBHBIM MeTOJ]aM Ka4€CTBEHHOTO OIIEHUBAHUS CUCTEM OTHOCHT:

1. MeTOoBI THTIA «MO3TOBas aTaKa» WU «KOJUICKTHBHAS TeHEpaIns UICH»;

2. TUTIA CIICHAPHEB;

3. AKCHEPTHBIX OICHOK;

4. tuna [envdu;

5. TUMa Aepena leneu;

6. MopdosoruuecKrue MeTOIbI.

7.2. MeToabl Ka4eCTBEHHOI0 OLICHUBAHUSA CHCTEM

Metoabl THIIA «MO3I0Basi ATaKa» WM «KOJUICKTHBHAasl IeHepauus Haei»
MOJy4YWJI pacnpocTpaHeHue ¢ Hayana 50-X IT. KaKk METOJI TPEHUPOBKHU MBIIUICHUS,
HAIICJICHHBIA HA OTKPBITUE HOBBIX UIEH M JOCTHKECHHUE COTJIACHS TPYIIBI JIFOACH Ha
OCHOBE UHTYUTHUBHOI'O MBIIUICHHUS.

Metoabl THIIA CHEHAPHEB — OTO METObl NOATOTOBKU U COIJIACOBAHMS IIpEJ-
CTaBJICHUN O MpoOJIeMe UM aHATU3UPYEMOM OOBEKTE, U3JI0KEHHbIE B TUCHbMEHHOM
BUJIE, MOJIYYWIN Ha3BaHue clieHapueB. ClieHapueM HazbIBaeTcs JII0OOH JTOKYMEHT,
coJiepKallliii aHaJIM3 paccMaTpUBaeMOW MPOOJIEMbI WM NPEJIOKEHU 110 €€ pelie-
HUIO HE3aBHCHMO OT TOTO, B Kakoi Qopme oH mpexacrasieH. CreHapuil sBisercs
MpeBapuTeNIbHONM HH(pOpMaIueld, Ha OCHOBE KOTOPOM MPOBOAMUTCS AajbHEHIas pa-
00Ta MO NPOrHO3UPOBAHMIO WJIM pa3padOTKe BAPUAHTOB MIPOEKTA.

MeTtoabl IKCHEPTHBIX OLEHOK HaumOOJee 4YacTO HCIONb3yeTCsd B IMPAKTHKE
OLICHUBAHMSA CJIOKHBIX CUCTEM HA KAUECTBEHHOM YPOBHE. TEpMHUH «OKCIIEPT» IIPOUC-
XOAMUT OT JIATUHCKOTO CJI0Ba EXPErt — «OonbITHBINY. [Ipy UCITOIB30BaHUN SKCIIEPTHBIX
OLICHOK OOBIYHO MPEAINojaraercs, YTo MHEHHE TPYMIbl SKCIIEPTOB HAJIEKHEE, YeM
MHEHHE OTJEJIBHOTO SKCIIEPTA.

K nHauboiiee ynorpeOUTENbHBIM OpOLEAYpaM IKCIEPTHBIX U3MEPEHUN OTHOCST-
col:

1. paHxxupoBaHuUE;

2. napHO€ CPaBHUBAHMUE;
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. MHOYK€CTBEHHOE CPaBHUBAHUE;
. HEMOCPEJICTBEHHASI OLICHKA;

. MeTonbl YepumeHna-Akkoda;

. Meron TepcToyHa;

N N DN B~ W

. MetoJ (hoH Heiimana-MopreHirepHa.

[{emecooOpa3HOCTh MPUMEHEHHUS TOTO UM MHOTO METOAa BO MHOTOM OIpEes-
€TCsl XapaKTepOM aHAIM3UPyeMon nH(OopMaIuu.

Metoabl Tuna [deab¢u — Ha3BaHME METOJIOB YKCHEPTHOM OLECHKU ThNa Jlenb-
¢u cBs3aHO ¢ apeBHerpedeckuMm ropoaom [enbdu. B oTimumm oT TpaaMIIMOHHBIX
METOJIOB KCIEPTHOM OlleHKH MeToJ Jlenbdu mpennonaraer moiaHblid 0TKa3 OT KOJ-
JIEKTUBHBIX OOCYKJIEHHUM. DTO JenaeTcst sl TOro, YTOObl YMEHBIIUTD BIUSIHUE TAKUX
MICUXOJIOTUYECKUX (PAKTOPOB, KaK MPUCOCTMHEHHE K MHCHHIO HanOoJiee aBTOPUTET-
HOTO CHEIHUANIUCTa, HEXKEJIaHHE OTKAa3aThCAd OT IMyOJIMYHO BBIPAXKEHHOTO MHEHWS,
CJIeIOBaHUS 32 MHEHHEM OOJIBIIIMHCTBRA.

[Tponenypa Jdenbdu — MeTO1a 3aKITIOYAETCS B CIETYIOLIEM:

1) opranu3yeTcs MOCIe0BaTEIBHOCTD IUKIIOB «MO3TOBOM aTakny;

2) pa3pabaTbIBaeTCs MporpamMma MmocJie/I0BaTeIbHbIX WHIAUBHYaTbHBIX OIPOCOB
C MOMOUIBIO BOITPOCHUKOB, UCKIIFOYAIOIIAsi KOHTAKThI MEXKIY IKCIEPTAMH, HO MPENY-
CMaTpuBaroilasi 03HaKOMJICHUE UX C MHEHUSIMH JPYT Ipyra MEXKIy Typamu; BOIPOC-
HUKH OT Typa K TYpy MOTYT YTOUHSTHCS;

3) B HanOoJjIee pa3BUTHIX METOJUKAX JKCIEpTaM IPHUCBAWBAIOTCS BECOBHIC KO-
3O PUIUEHTHI 3HAYMMOCTH UX MHEHUM, BEIYUCIISIEMbIE HA OCHOBE MPEAIIECTBYIOIIUX
OMPOCOB, YTOYHSIEMBIE OT Typa K Typy U YUUTHIBAEMbIC TIPHU MOJIYYCHUH 000OIICH-
HBIX PE3YyJIbTATOB OLIEHOK.

MeTtoabl THIIA JepeBa HeJied — WAes METOAa BIIEPBbIC IpemioxkeHa Yepume-
HOM B CBSI3M C IIpOOJIEeMaMu MPUHSATHS PEIICHUI B MPOMBINIICHHOCTH. TepMuH «1e-
PEBO Lieiel» MoApa3yMeBaeT UCIOJIB30BAHUE UEPAPXUUECKON CTPYKTYpPHI, MOJIyYEH-
HOH IMyTeM pasjesieHusi 0OIIell 1eu Ha MOJIeNd, a UX, B CBOIO o4Yepe/b, Ha Ooiee
netanbHble coctapisitonie. Cymuocts Metoga PATTERN 3akmouaercs B ciienyto-
mem. Mcxonsa u3 chopmynupoBaHHBIX 1ienied MoTpeOuTeneit mpoayKiuu GupMbl Ha
MPOTHO3UPYEMOM MEPUOJ OCYIIECTBIIIETCS pa3BEePThIBAHUE JepeBa 1enen. nsa kax-
JIOTO YPOBHS JIepeBa 1eJiel BBOJUTCS PsiJl KpUTEPUEB U KOIPDUITMEHTH 3HAYUMOCTH,
XapaKTepU3yIOIIHe BaKHOCTh BKJI/Ia 1eJei B o0ecredeHue KpUuTepueB. 3HAYMMOCTh
HEKOTOPOU IIeJIN OMpeAestoTcss KOADPUIIMEHTOM CBSI3U, MPEACTABISIONIUM CyMMY
MPOU3BEACHUN BCEX KPUTEPUEB HA COOTBETCTBYHONIUE KOI(PDUIIMEHTH 3HAUUMOCTb.
OO6muit kod(PpGUIMEHT CBA3M HEKOTOPOH Iedu (OTHOCHUTENIBHO JTOCTHUXKEHUS IIEIH
BBICITIETO YPOBHSI) ONPEACIISICTCS] TyTeM NIEPEMHOKEHHUS COOTBETCTBYIOMUX KOd(hPu-
[IUEHTOB C BSI3U B HAIPABJIICHUU BEPUINHBI I€pEBa.
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KonTpoabHbIe BONIPOCHI

Kaxkne paznu4aroT METOIbI OLIEHUBAHMS CUCTEM?

Kak knaccuuuupyrorcst METo/1bl Ka4€CTBEHHOM OLIEHKU CUCTEM?
Pa3bsicHUTE «KOJUIEKTUBHOU METOJI TEHEpaluU Ueh»?
Packpoiite conepkaHue METO/1a IKCIIEPTHBIX OLIEHOK?
Pacckaxute o metone Jdenpdpu?

s wnNdE

I'/TIABA 8. METO/AbI KOJIMYECTBEHHOI'O
OLHEHUBAHUA CUCTEM

8.1. MeToanl KOJITHYECTBEHHOI0 OLICHUBAHUSA CHCTEM

[lepBoHauanbHO 3a/a4a KOJIUUYECTBEHHOTO OLICHUBAHUSI CUCTEM (popMynupoBa-

J1ach B TEPMUHAX KPUTEPHUS NMPEBOCXOACTBA B OpMeE:
K7 > maxy;, i=1n

OnHako TOCKOJBKY OOJIBIIMHCTBO YACTHBIX IOKa3aTesied KauecTBa CBSI3aHBI
MEXKly COOOM Tak, YTO MOBBIINICHUE KAa4eCTBA CUCTEMBI MO OJJHOMY IMOKa3aTE0 Be-
JeT K MOHWKECHUIO Ka4eCTBa IO JIPyromMy, Takas MOCTAaHOBKA IMPU3HAHA HEKOPPEKT-
HOM. Hanuume HEONHOPOAHBIX CBA3EH MEXIy OTAeabHbIMU Tokazareimsimu COTC
MPUBOJUT K MpoOjieMe KOPPEKTHOCTU KPUTEPHS MPEBOCXOJICTBA K HEOOXOAMMOCTU
UITH Ha KOMIIPOMHUCC M BBIOUpATH JJIA KaXKJOM XapaKTEPUCTUKU HE ONTHUMAJILHOE
3HaUYCHHE, a MEHbIIEE, HO TaKoe, MPU KOTOPOM U JIpyryue MoKaszaTelu ToxKe OyayT
MMETH MPUEMJIIEMbIC 3HAUYCHUSL.

K Metomam KonmMyecTBEHHOM OLIEHKU OTHOCSTCS:

1. MeTOIBI TEOPHUU MOJIE3HOCTH;

2. METO/Ibl BEKTOPHOUN ONMTUMUBAIUK; . ... eneeeeennnaeannnen.

3. METOJIbl CUTYallHOHHOI'O YIIPABJICHHUS.

Memoowr meopuu none3Hocmu OCHOBaHBI HA AKCHOMATUYECKOM HCIIOIb30BaHUU
OTHOULIEHHUS IIPEAIIOYTEHHUSI MHOKECTBA BEKTOPHBIX OLIEHOK CHUCTEM.

Memoowvl eexmopnoti onmumusayuyu 0a3UPYIOTCS HA 3BPUCTUYECKOM HCIOJIB30-
BAHUU TOHATUSI BEKTOPHOT'O KPUTEPHUSI KAUECTBA CUCTEM (MHO2OKpUMEPUATIbHbIE 3a-
dayu) W BKJIIOYAIOT METOMAbI IJIaBHOTO KPUTEpHUs, JIGKCUKOTpahUueCKol ONnTUMHU3a-
[IMM, TIOCIIEIOBATEIbHBIX YCTYIOK, CKAJISPU3AIMU, YEJIOBEKO-MAIIMHHBIE U APYTHE
Metoabl. [Ipu pemeHnn 3aa4 BEKTOPHON ONTHUMU3AIMK BEKTOPHBIN KpuUTepuit d¢-
(EeKTUBHOCTH, 3aMEHSIOT CKAISIPHBIM Ha OCHOBE KaKOH-TMO0 ()YHKIIUU CBEPTKH.

Memoowl cumyayuonnozo ynpaeienusi OCHOBaHBI Ha MOCTPOCHUU CEMHOTHYE-
CKMX MOJEJICW OLEHKH cucTeM. B Takux mojmensx cucrema npeanoureHuud JIIP
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dbopManuzyercsa B BuAe HabOpa JOTHUYECKUX MPABUI, IO KOTOPHIM MOET OBITh OCY-
IIECTBJIEH BBIOOP albTEPHATHB.

PaccMoTpenue yka3aHHBIX MOAXOA0B B CUCTEMHOM aHaJIM3€ OCHOBAHO HAa TPEX
O0COOEHHOCTSIX:

1. Cumuraercs, 4TO HE CYIIECTBYET CHCTEMbI, HAWIy4dlleil B HE3aBUCALIEM OT
JIITP cmbicne. Beerga cucrema MOKET ObITh HawIydlled JiMib s ganHoro JITTP.
Hpyroe JIIIP B 1aHHBIX yCIOBUAX MOKET MPEANOYECTD AIbTEPHATUBHYIO CUCTEMY.

2. CuuTaercs, 4YTO HE CYUIECTBYET ONTHUMAJIbHOW CHUCTEMBI JIi BCEX LieNiel u
BO37eiicTBUi BHewHEN cpeabl. Cucrtema MOXET ObITh 3()()EKTUBHON TOJBKO IS
KOHKPETHOM LIEIM U B KOHKPETHBIX YCIOBUSX. B Ipyrux ycnoBusx u Juist ApyTUX Iie-
Jel cuctema MOXKeT ObITh Hed(dekTuBHA. Hampumep, KkoHBepcus: TaHKOB Hedddek-
THUBHA TI0 MTOKA3aTeJsIM PeCypCOEMKOCTH.

3. Metoas! ucciaenoBanus oneparuii (TuHEHHOE, HEJTMHEHHOE) HE YIOBJICTBO-
PAIOT TpeOOBAHUAM, MPEIBIBISIEMBIM K 33/1a4aM OLICHUBAHUS CIIOKHBIX OpraHU3alld-
OHHBIX CHCTEM, IMOCKOJBbKY BUJ IENeBON (PYHKIIMHM WJIM HEW3BECTEH, WM HE 3aJlaH
aHAJIMTUYECKH, UM JUIsI HE€ OTCYTCTBYIOT CPE/ICTBA PELLICHUS.

OO1IHOCTh OJXOJ0B COCTOUT B TOM, YTO OLICHMBAHHE CHCTEM IO KPUTEPHUSIM
MPOU3BOJUTCS C MOMOUIBIO IIKAJI.

8.2. OueHKa CJI0)KHBIX OPraHU3alMOHHO-TEXHUYECKUX CHCTEM HA OCHOBE
TEOPHUH T0JIE3HOCTH

[Ipy akCMOMaTHYECKOM MOAXO0/E K OLICHKE CHCTEM Ha OCHOBE TEOPHUU IOJIE3HO-
CTH HCIMOJIb3YEeTCSI METOJI CBEPTHIBAHUS BEKTOPHOI'O KPUTEPHUS B CKAISApHBIA. OTiIH-
Yye JAHHOTO MOJX0/a OT IPYTUX COCTOUT B TOM, YTO CBEPTHIBAHUE MTPOU3BOIUTCS HA
OCHOBE akcuoMatuzauuu npeanourenuii JITIP. B Teopuu mosie3HOCTH UCXOOAT U3 TO-
ro, 4YTO KpuTepuil 3pPeKTUBHOCTH MpEAHA3HAYEH JJIs1 BBISBJICHUS MOPsIKa MPEaIo-
YTEeHUI Ha albTepHATUBAX (MCXOMAX OIepaluii), 4To MOo3BOJIIeT 00ecneyuTh 00oc-
HOBAHHBIU BHIOOP PEILICHMUS.

[Tone3HoCcTh MCXOAA ONEPALMM 3TO JEWCTBUTEIBHOE YHCIIO, MPUIIMCBIBAEMOE
MCXOJly ONEPALMH U XapaKTEPU3YIOLIEE €ro NPEeANOYTUTEIBHOCTh 110 CPABHEHHIO C
IPYTUMH JIbTEPHATUBAMH OTHOCUTENIBHO LIEIIH.

3Hasi BO3MOKHbBIE aJbTEPHATUBBI C UX MOKA3aTEJSIMU MOJIE3HOCTH, MOYKHO IIO-
CTpOUTh (QYHKLHUIO NMOJE3HOCTH, KOTOPAsi Ja€T OCHOBY JIJIsl CPaBHEHUS U BbIOOpa pe-
meHnid. DOyHKIUS MOJE3HOCTH MPEICTABISET COOOM YMCIOBYIO OrpaHUYEHHYIO
dbyukiuio F(a), onpenenennyio Ha MHOXkecTBe anbrepHatuBA = {a,}, k = 1,2,...,1,
Tak uto F(a;) = F(a;), Korna anbTepHATHMBBI @; U 4 HEPA3IMIUMBL (a;~d; ), T.€.

HENb3s OTAATh NMPENIOYTEHHS HU TOMY, HU Apyromy ucxony u F(a;) = F(a;), xorna
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aIbTEPHATUBA (;IPEANIOYTUTENBHEE ABTEPHATHBEI @, (a; - A;), KaK MOKa3aHO Ha PH-

cynke 1
: Flaw) ,
i F5) Leooooo |
7 I E
i F(2)=F(3) |-- i i

Puc. 8.1. ®yHkIUs 110JI€3HOCTH

PaccMoTprM OCHOBHBIE aKCHOMBI TEOPUU TTOJIE3HOCTH.

Akcuoma 1. Hzmepumocmp — KaXIOMYy AIBTEPHATUBHOMY HCXOY d; MOXKET
OBITh TIOCTABJICHO B COOTBETCTBUE HEOTPHUIIATEIILHOE JIEUCTBUTEILHOE YHUCIIO Pj, pac-
CMaTpUBaEMOE KaKk M€pa OTHOCHUTEIBLHOM MOJIE3HOCTH UCXodad;, [ = 1.n, 0< pi <
1.

Axcuoma 2. Cpagrnumocmsb — o0bIe JIBE AILTEPHATUBBI (;MA; CPABHUMBI: JIMOO
OJIUH UCXOJ] MPEANOUYTUTEIbHEE IPYTOro; JTUOO0 UCXOIbI OJMHAKOBO MPEATOYTUTEb-
HbI (3KBUBAJICHTHBI), T.€. IPH CPABHEHUH JIBYX AJIbTEPHATHBA;A;BO3MOXKEH OJMH M3
Tpex BBIBOJIOB: MPEANOYTUTENBHEE anbTEpHATUBA a MEXKTY
MHQ; M@ HET TPEANOYTUTEILHOCTH; IPEIITIOYTUTENILHEE alIbTEPHATHBA @ .

Akcuoma 3. Tpanzumuernocms — COOTHONIECHUS TPEAIIOYTEHNUS U YKBUBAJICHT-
HOCTH UCXOJIOB TPAH3UTHUBHBL. ECIIM HCXO/ @;TIPEANIOUTHTEIbHEE UCXO0/1a @, & UCXOJ
@ IPEAMOYTUTENILHEE UCXOMA Ay, TO MCXOI @;TIPEAMOYTUTEIbHEE UCXOMa Ay . AHa-
JIOTHYHO, €CJIM UCXOJ @;9KBUBAJICHTEH UCXOMY 4}, & (j OKBUBAJIECHTEH Ay, TO 4;9KBH-
BAJICHTECHA,

Axcuoma 4. Kommymamuenocms — NpeANOYTEHAE UCXO/1A A;UCXOy d,;HE 3a-
BHCHT OT MOPsJIKa, B KOTOPOM OHHU Ha3BaHbI U MPEJICTABICHBI.

Axcuoma 5. Hezasucumocms — otHomeHue Oe3paznuuus (MPEAMOYTSHUS)
MEXKJTy IBYMs AlIbTEPHATUBAMH (;Vd;HE HAPYIIAETCS HATMIUEM TPETHETO .

B 3aBucumocTH OT THMa oKaszarenel UCX0A0B ornepanuu (PyHKITUS MOJIE3HOCTH
MOXET OBITh HETIPEPHIBHOM WJIM TUCKPETHON. DYHKIIUIO TTOJIE3HOCTH HA3bIBAIOT TP Si-
MOM, eclii, 4eM OO0JIbIlle 3HAUCHHE MTOKA3aTeNs HCXO0/1a OTlepaliii, TeM OH IoJIe3Hee, U
oOpaTHOM, eciii, 4eM OO0JIbIlle 3HAaUEHHE MOKa3aTelsd UCX0/Ia OTiepallui, TEM OH MEHEe
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ITOJIC3CH. CDYHKI_II/IH IMOJICBHOCTHU ABJICTCA YHUBCPCAJIBHBIM H y,[[O6HBIM CpeacTBoOM
MAaTeMaTUYCCKOI'O BhIPAXKCHUA HpC,Z[HO‘ITCHI/Iﬁ Ha MHOXXCCTBEC UCXO/0B OIICpaluu.

8.3. IIpunuun komnpomuccos Ilapero

[ycts K = (kq, k3, ..., ki) — BEKTOpHBIH KpUTEpHU, MPEACTABISIONIMNA COOOM
otobOpaxenue K:A — R! ; K(a) — BekTOpHas OIlCHKA allbTEPHATHUBHI a € A; Ri —
IIKaJa, YKCIIOBask CHCTEMA IPH yCIOBHMH, uTo R! — MHOecTBO TenpHEIX umcen. To-
raa oomas 3amada BEKTOPHOM ONTHMHU3ALMUA MOXKET ObITh CPOPMYyITUPOBaHA CIEIY-
IOIIUM 00pa3oMm:

K(a) - opt K(a), a € A, @)
rae Opt — onepaTop ONTUMHU3ALNH, ONPEACISIONIMNA CEMAHTUKY ONTUMAJIbHOCTH.
Pemenunem 3amnauu (1) siBIsieTCs MHOXKECTBO
D={a€A:a=1"'optK(a)]}, a€A (2)

Bcnencreue TOro, 4ro, Kak NpaBHII0, MHOXKECTBO D IyCTO, OLEHKA CIIOKHBIX
CHUCTEM B YCJIOBHUSX ONPEACICHHOCTH HA OCHOBE METOJOB BEKTOPHOM ONTHMH3ALINU
IIPOBOJUTCS B TpH 3Tana. Ha mepBoM 3Tame ¢ UCIONb30BaHUEM CUCTEMHOIO aHAIN3a
OTIpE/IEIISAI0TCA YaCTHBIE TIOKa3aTenu U Kputepuu 3¢ dextuBHoctu. Ha BTOpOM 3Tame
HaxoAuTcss MHOXecTBO Ilapero ¢opMynupyercs 3amada MHOTOKpUTEPUATIBLHOW OII-
tuMu3auuu B gopme (2). Ha TperbeM 3tane 3aaaua (2) pemaercs MyTeM cKajspusa-
LIUY KPUTEPUEB YCTPAHEHUS MHOTOKPUTEPUATIBHOCTH.

Hpunuun ITapero. [locTanoBKa 3a7a4M ONTUMU3AIMU KaK MOUCK PEIIEHUS 110
KPUTEPHUIO TPEBOCXOACTBA XOTA M OblIa NpH3HAHA HEKOPPEKTHOW, HO MOMOIJIA
chopMynupoBaTh MOHATHE MHOXecTBa Ilapero kak moamHoxecTBa A® MHOXKECTBa
anprepHaThB A. MHOXecTBO A” 3aaeTCcsl CBOMCTBOM €ro DJIEMEHTOB

(Va € A)(Ja* € A")(K(a") = K(a)), (3)

Cwmpbicn BelpaxkeHusa (Ne) ompeaenser npunuun [lapeto, KOTOpbIA COCTOUT B
cienyromeM. MuoxectBo [lapero A* (MHOXKECTBO KOMIIPOMKCCOB) BKIIIOUAET ajlb-
TEpPHATUBBI, KOTOPBIE Bceraa 0osiee MpeanoYTUTENbHbI 0 CPABHEHUIO C JIF0OOOM aib-
TepHaTuBOM U3 MHOXKecTBa A\A*. Ilpu sTOM mmoOBIe B adbTepHATUBBI U3 MHOXE-
ctBa [lapeTo 1o npearnovYTeHnI0 HECPABHUMBI.

HecpaBHUMBIMU Ha3bIBAlOTCS AJIbTEPHATUBBI, €CIIM AJBTEPHATHUBA A; PEBOCXO-
JIUT aJbTEPHATHBY Q; TI0 OJHMM I'PYM KPUTEPHEB, & AIBTEPHATHBA A; NPEBOCXOIUT
albTEPHATHBY @; 10 ApyruM rpymmnam. Beipaxkenune K(a*) = K(a) o3nauaert, 4To

ki(a*) = kqi(a); ky(a®) = ky(a); ..., ki(a”) = ki (a), 4)

U XOTsI OBl OJTHO U3 HEPABEHCTB (4) SABISETCS CTPOTHM.

[Tonstne mHoxkectBa [IapeTo MOXkHO MoscHUTH Ha npumepe. Ilycts nmeem 3a-
7ady ONTHUMH3AIMK 10 JBYM KpUTepusM - ki:y; — min(y;), k,: y, = min(y,),
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20e Y U Y, MOKa3aTeNn CBOMCTB CUCTEMBbI (IIapaMeTphl), 3HAUEHUSI KOTOPHIX MOXKEM
BBIONPATH. L{enbto sIBisieTCSt BHIOOP ONTHUMANIBHBIX (B TAHHOM CITy4ae MUHUMAJIbHBIX )
3HAYEHHI NTapaMeTPOB.

Hapucyem ob6nacte mapameTpoB W 00JIACTH KPUTEPHEB U OMPEICIUM MEXIY
STUMHM O0JIACTAMHU COOTBETCTBHE Gy, = Gk

Y1

(v, ke 2
@ 6
Puc. 8.2. O6aacrs napamerpos (7 (@) u obaacry kpurepues G, (4)

Cuuraem, 4TO TOYKA Y; ABIISIETCS CTPOrO MPEANOYTUTEIILHEE TOYKU Y, , €CIH
ki(yi) <ki(yz)u ky(y;) < ky(y,) , ipudem XoTsi ObI OJJTHO U3 HEPABEHCTB JIOJIK-
HO OBITh CTPOTUM, T.€. IEPEXO]] B MPEANOUTUTEIIBHYIO MOYTUTEIBHYIO TOUKY JOJIKEH
MPUBECTH K OJJHOBPEMEHHOMY YMEHBIIIEHUIO 3HAUYCHHUI MapaMeTpoB MO 000OUM KpH-
TEPUSIM.

[Tytem mepexomoB U3 OJHON MPEANOYTUTEIILHON TOUYKU B JPYTYIO TOOUBaeMCs
VIIY4IICHHUS] 3HAUYCHWM Tokazarened 1mo obouM kputepusiM. C BBIXOJAOM Ha «IOTO-
3anajiHyo» rpanuiy G, jgocturaeM MHoxectsa [lapero.

Bo3sBpaiarbest Ha3aa OT TPaHUIBI 3TOFO MHOKECTBA HET CMBICIIA, MOCKOJIBKY
MpEIbIAYIIME 3HAYEHUs 3aBEIOMO XYyKe. BbhIXoa 3a rpaHuIly MHOKECTBA 3allpeIlCH
10 YCJIOBHUSIM OTPAaHUYECHUN HA 3HAUYCHUS Y U 5.

JIBUTasich o rpaHUIIE MHOXECTBA, HETPYAHO BUJIETh, UTO B OINPECICHHON 00-
JACTH YJIy4llleHUe ToKa3aresnei mo k, BeJeT K OJIHOBPEMEHHOMY YXYIIICHUIO TTOKa-
3areneit 1o k.

MHOXECTBO TOYEK 3TOM 00JacTH M ecTh MHOXecTBO [lapero. OmHOBpEeMeHHas
MHUHUMU3AIMs BceX KpuTepueB B oOnactu Ilapero HeBo3MoxkHa. [louck perieHus
JOJIKEH OCYILIECTBIIATHCS HA OCHOBE KaKOM-TMOO CXE€Mbl KOMIIPOMHCCHOIO BbIOOpa
pelICHMUS.
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8.4. MeToab! cBepTHIBAaHUSI BEKTOPHOI'0 KPUTEPHUA B CKAJISIPHBII

B sTux mMeTonax nepBoHavyanbHas 3aja4ya 3aMeHsAeTCs 3a1auen
k(a) - extr, a € A, (6)

20e k(a) — ckanapmolii kpumepuil, npedcmasisiowull cob60t HeKOMopyio pyHK-
YUio om 3Ha4eHU KOMNOHEHMO8 6EKMOPHO20 KPUMEPUSL:

k(a) = f(ki(a), kz(a), ... kp)). (7)

OcHOBHOI1 TTPOOJIEMOI 3TOr0 MOJX0/Ia KaK pa3 U SABJISIETCS MOCTpoeHUEe (QyHK-
1uu f, Ha3bIBaeMoU cBepTKOH. JlaHHas mpobiieMa pacnagaeTcsl Ha YeThIpe 3a/1auu:

1.000ocHOBaHUE AOMYCTUMOCTH CBEPTKHU.

2.HopManu3zaiusi KpUTepueB JjIsl ©X COMOCTABIICHHUS.

3.Yder npuoputeToB (BaXHOCTH) KPUTEPHECB.

4. TToctpoeHune (HYHKIMHM CBEPTKH, MO3BOJIAIONICH PEIIUTHh 3a7ady ONTHMH3a-
117078

1.O6ocnosanue oonycmumocmu ceéepmru. TpeOyeT MOATBEPKICHUS, UTO pac-
cMaTpuBaeMble Tokazarenu 3()(PEKTUBHOCTH SBISIOTCS OJHOPOJIHBIMU. M3BecTHO,
4TO MoKazaTenu d(H(PEKTUBHOCTU Pa3ACIAIOTCS Ha TPU TPYMIIBL: MMOKA3aTEIN PE3YIIb-
TaTUBHOCTH, PECYPCOEMKOCTH U OINEpaTUBHOCTH. B o0mieM ciyuyae paspemniaercs
CBEpTKa MOKa3areyed, BXOAAIMNX B 00OOIIEHHBIM MOKA3aTeNlb IJs KaXJA0W IpyIIbl
otaenbHO. CBepTKa MmoKaszaresieil U3 pa3HbIX TPy MOXKET IPUBECTH K ToTepe hu3u-
YECKOTO CMBICIIa TAKOTO KPUTEPHSL.

2. Hopmanuzayus kpumepues. Ecin KpuTepund HE OTHOPOIHBI, TpeOyeTcs HOP-
Manu3anus kputepueB. [log HopManmuzanmeil MOHMMAETCsl Takasl MOCIEI0BATENb-
HOCTb IMPOLEAYP, C MOMOIIBI0 KOTOPOM BCE KPUTEPUU MPHUBOIATCSA K €AUHOMY, O€3-
pasMepHoMy MaciTady u3Mepenus. K HactosieMy BpeMeH: pa3paboTaHo 0oJibIoe
KOJIMUYECTBO CXEM HOpMalIM3aluu. PacCMOTpUM HEKOTOPHIE U3 HUX.

Onpeodenum MakCumym U MUHUMYM KAHCOO20 JIOKANbHO20 Kpumepusl, m.e.

a]-+ = max aj,i = 1, m; a; = mina,i=1,m;
Buvidenum epynny kpumepueg a;,j = 1,1, komopele Makcumusupyiomes npu. pe-
wienuy 3a0ayu, u Spynny Kpumepueg aj,j =L+ 1,n, Komopele MunuMuUPYIOMCS

npu peuwtenuu 3aoaqu. Toeoa 6 coomeemcmsuu ¢ NPUHYUNOM MAKCUMATbHOU ¢hghek-
MUBHOCMU HOPMATUZOBAHHbIE KPUMEPUU ONPeOensiomcs U3 Cledyiouux cOOmHoule-
HU:

_ aij—a-_

aij_ + ]_; j=ﬂ' (8)

B coomeemcmeuu c NPUHYUNOM MUHUMATIbHOTL nomepu HOpmMaiu306aHHble Kpu-

mepuu onpedeﬂﬂiomc;z U3 COOMHOULEHULL

+
A 7 1) o
aij — alf"—a]-_' ) = 1' L (9)
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Onmumanvhvim Oyoem mom eapuanm (cmpameeusi), KOmopbwili obecneyugaem
Makcumanvroe 3Havenue yenesou hyukyuu (10).
3. Yuem npuopumemos kpumepues. OcyuiecTBisieTcsi B OOJbIINHCTBE METOOB
CBEPTHIBAHUS IYTEM 3aJaHUS BEKTOpa KOIPPHUITMCHTOB BaXKHOCTH KPUTEPUEB
— I _
A={A1, 45 ..., 41}, X Ai=1 (10)

2o0e A; - koagppuyuenm saxcnocmu kpumepus k;, oo6viuno coenaoarouutll ¢ Ko-
P Puyuenmom 3HAYUMOCMU YACTHO20 NOKA3ameJisl Kauecmad.

Onpenenenne ko3(h(GUIMEHTOB BaXXHOCTH KPUTEPHUEB, KaK U B CIIy4ae ¢ MoKa3a-
TEJISIMH, CTAJIKUBAETCS C CEPhE3HBIMU TPYAHOCTSAMHU U CBOJTUTCS JIMOO K MCIIOTH30Ba-
HUIO (HOpPMaTBHBIX MPOIEIYP, JIUOO K MPUMEHEHHIO SKCIIEPTHBIX OLIEHOK.

B pesynbraTe HOpMaIM3aluu U y4yeTa MPUOPUTETOB KPUTEPUEB BMECTO HCXO]I-
HOI BEKTOpPHOU OolleHKH K'(a) anbTepHATUBBI @ 00pa3yeTcsl HOBasi BEKTOPHAs OLICHKA

k(@) = (Akq(a), Ak (@), ..., Ak (a), (11)

riae k;(a) — HOpMUPOBAHHBIH KPUTEPH — HAXOIUTCS AHAJIOTUYHO HOPMHPO-
BaHHOMY TTOKA3aTeINIo.

4. Tlony4yeHHass BEKTOpHAas OLIEHKA MOJUIEKUT NpeoOpa3oBaHUIO C UCIOJIb30Ba-
HueM (yHkuuu cBepTku. Crocod CBEPTKH 3aBHCHUT OT XapakTepa IoKas3aTeiel u 1ie-
Jeil olleHuBaHUs cUCTeMbl. VI3BeCTHBI HECKOJIBbKO BUAOB cBepTkH. Hanbonee vacto
WCTIONIB3YIOTCS AAINTUBHAS U MYJIbTUTUIMKATUBHAS CBEPTKA KOMIIOHEHTOB BEKTOPHO-
T'0 KPUTEPHSL.

AooumusHas ceepmrka KOMNOHEHMO8 GeKMOPHO20 Kpumepusi COCTOUT B TPEJ-
CTaBJICHUH OOOOIICHHOTO CKAISIPHOTO KPUTEPUS B BUAEC CyMMBI B3BEIICHHBIX HOD-
MHUPOBAHHBIX YaCTHBIX KPUTCPUCB:

K(a) = %i-1 A - @y, (12)

Takue kputepun 0Opa3yrOT TPYIITY aJAWTHBHBIX KpHTEpHEeB. B HUX cBepTka
OCHOBaHa Ha WCIOJH30BAaHUU MPUHIIMIA CIPABEATUBON KOMIIEHCAIUU a0COTIOTHBIX
3HAYCHUN HOPMHUPOBAHHBIX YaCTHBIX KputepueB. CHopMynupyem CyThb 3TOTO TPHH-
[IMIIa; CTPABEJIUBLIM CJIEAYeT CUYUTATh TAKOW KOMIIPOMHUCC, TP KOTOPOM CyMMap-
HBI YPOBEHb a0COJIIOTHOTO CHM)KEHHUSI 3HAUEHUH OJIHOTO WJIM HECKOJIBKUX TOKa3aTe-
Jeil He TPEeBHIIAeT CYMMapHOTO YpPOBHS aOCOJIOTHOTO YBEIMYEHHWS 3HAYCHHUN
OPYTUX MOKA3aTEeIeH.

O6o06menHas Gynkuus 1eau (10) MoxeT ObITh UCIOb30BaHA JIJIsl CBEPTHIBAHUS
YACTHBIX KPUTEPUEB ONTHUMAILHOCTH, €CIIH:

®YACTHBIE KPUTEPUH KOJUUYECTBEHHO COM3MEPUMBI MO BAKHOCTHU, T.€. KaXKIAOMY
U3 HUX MOKHO TOCTaBUTh B COOTBETCTBUE HEKOTOPOE YHCIO A;, KOTOPOE YHCIECHHO
XapaKTEPU3yeT €ro BAXKHOCTD MO OTHOIICHHIO K JPYTHUM KPUTEPHSIM;
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®JACTHBIC KPUTEPHUU SIBISIOTCS OJHOPOIHBIMU (MMEIOT OIMHAKOBYIO pa3Mmep-
HOCTB).

['maBHBIN HEOCTATOK AITUTHBHBIX KPUTEPHEB COCTOUT B TOM, YTO OHU HE BBI-
TEKaIOT U3 OOBEKTUBHOW POJIM YACTHBIX KPUTEPHEB B OMPEICICHNN KauyeCcTBa CUCTe-
MBI M BBICTYMAIOT MO3TOMY KakK ()OpMaJIbHBIN MaTeMaTHYECKUN MPUEM, TTPHIAFOIIHIA
3amaue ymoOHBIM BuA. Kpome TOro, HU3KHE OIEHKHA MO OJHUM KPUTEPHUSM MOTYT
KOMITEHCUPOBATHCSL BBICOKMMU OIIEHKAMH IO JIPYTUM KPUTEpUSIM. DTO 3HAYUT, YTO
YMEHBIIIEHUE OJHOTO M3 KPUTEPHEB BILIOTH JO HYJIEBOTO 3HAYCHHS MOXKET OBITh IO-
KPBITO BO3pAaCTaHUEM JIPYTOr0 KPUTEPHSI.

Mynemunauxamuuas c6epmka KOMHOHEHMO8 8eKMOPHO20 Kpumepusi COCTOUT
B MIPEACTABJICHUH 0000IIEHHOTO CKAISIPHOTO KPUTEPHUS B BUJIC MPON3BEICHUS

K(a) = [Ti=1 ki(@)*, (13)

MynbpTUIUIMKATUBHBIA KPUTEPUN 00pa3yercss MyTeM IPOCTOrO MEPEMHOKEHHUS
YaCTHBIX KpUTEpUeB k;, BO3BEIEHHBIX B CTeNEHU A;. Eciau Bce yacTHbIE KpUTEPUU
MMEIOT OJIMHAKOBYIO BaXXHOCTh, TO A; = 1. [Ipu pa3znoii BaxHOCTH KpuTepueB A; # 1.

B MyJnbTUIUIMKATUBHBIX KPUTEPUAX CXEMa KOMIIPOMHUCCA MPEAIOIAraeT ONepHu-
poBaHuE HE ¢ a0CONIOTHBIMH, @ C OTHOCUTEJIbHBIMU U3MEHEHHUSMH YacCTHBIX KpUTE-
pueB.

Ilpumep 8.1. Onnoli u3 pupm TpedyeTcst BIOpaTh ONTUMAIIBHYIO CTPATETHIO MO
00eCrevyeHrn0 HOBOTO MPOU3BOJACTBA 000pyAoBaHHeM. C MOMOUIbIO 3KCHEPUMEH-
TaJbHBIX HAOIIOACHUN OBLIM OIpeneeHbl 3HaUYCHHUS] YaCTHBIX KpUTepueB (HyHKLIUO-
HHUPOBAHMS COOTBETCTBYIOIIET0 000pynoBaHus (d;;), BHITYCKAEMOIO TPEMs 3aBOJA-
MU — U3TOTOBUTEISIMU. PaccMOTpUM aHHbIe A7l BBIOOpa ONTUMAJIbHOW CTpaTeruu B
YCIJIOBHSIX ITOJIHOW ONPEEIEHHOCTH:

BapuanTtsl o6opyno- YactHble kputepun 3pPpekTHBHOCTH 000pyI0BaAHUS.
BaHUs, (CTpaTeruyu, [IpousBo- Cron- Ouepro- | HagexxHoCTb,
pelieHus) TUTEIb- MOCTb €MKOCTb, y. €.
HOCTB, 1. €. | obopymo- y. €.
BaHWI, .
e.
OGopynoBaHue 3aBojia a1 =5 A, =7 a;3 =5 a4 =6
1, x;
OGopynoBanue 3aBojia a,; =3 a, =4 a3 =7 azs =3
2, X,
O6opynoBanue 3aBojia az, =4 az, =6 Q33 =2 Az, = 4
3, x3

1. Onpegenum Max ©MiN Ka)a0ro J0KaIbHOTO KPUTEPHS:




af =5, al =7 ai=7 af=6

2. Ilpu pemienuu 3agauu MaKCUMU3HPYETCS MEPBBIA U YETBEPTHIN, a MUHUMU-
3UpPYETCSl BTOPOM U TPETUH KPUTEPHUHU.

3. Mcxons u3 npuHIMNa MakCUMU3aluU 3PPEKTUBHOCTH, HOPMAIIU3YEM KpUTE-

puu:
A aj, A aj; _ 5 A az _ 3 A az, __ 4
a =g, =2=2-1.q,, =2=2-06a,, =2 =2=0g8
1 a; 11 ai— 5 y Y21 ai— 5 Yy U317 a-li— 5 g
A al'4, /\ a14_ 6 3 4' 2
Ay =—F . Qu=—7=-=1;0a,,==-=05,a3, ===,
4 ai— 14 aI 6 y U24 6 sy U334 6 3’
A aj;. A 7 A 4 3 A 6 1
ap=1——"Fa;,=1—--=0a,,=1—--=za3,=1—-=17,
i2 a;’ 12 7 y U22 7 71 432 7 7
A aiz, N 5 _ 2, A 7 A 2 _s,
ai3= _E.a13:1_7=;, a23=1_;=0,a33=1_;=;,

4. Onpenenrm 0000MeHHYIO (DYHKITHIO TSN 110 KaKI0OMY BapHUaHTY:

A A N A
F1 =/11*a11+/12*a12 +/13*a13 +/14*a14 =0,4‘*1+0,2*0+0,1*§+0,3*
1~0,729 FZ:4*821%*822+43*§23+14*§24=0,4*0,6+0,2*$+o,1*0+0,3*0,5z0,476F3 =, *

A A A A 1 5 2
a1 + A, * as, +/13*a33+)t4*a34=0,4*0,8+O,2*;+0,1*;+0,3*5z

0,603
OnTuManbHBIM SBIISETCS TIEPBBIN BapuaHT 000pyA0BaHus, T.K.F1,,,,

8.5. Onenka cucreM B yCJI0BHAX HEOIPEAeICHHOCTH

HeonpeneneHHOCTh SBISETCS XapaKTEPUCTUKON BHEITHEH Cpenbl (pUPOJIbI), B
KOTOpPOW MPUHUMAETCS YNPaBICHUECKOE PEIIEHUE O Pa3BUTHH (MU (QYHKIHUOHHUPO-
BaHUHU) YKOHOMUYECKOT0 00beKTa. 37ech OyleM paccMaTpuBaTh HEOMNPEICIEHHOCTD
«MPUPOJIBI», BBI3BAHHYIO OTCYTCTBHUEM, HEIOCTATKOM MH(POPMALMH O JCHCTBUTENb-
HBIX ycJIOBHsX ((pakTopax), IpU KOTOPBIX pa3BUBAETCA OOBEKT ymHpaBieHUs. BHem-
HAAA cpefa («IIpUpoaay) MOKET HAXOAUTCS B OAHOM M3 MHOKECTBA BO3MOXKHBIX CO-
CTOSTHUNA. DTO MHOXECTBO MOXKET OBITh KOHEUHBIM WM OeCKOHEYHBIM. bynem
CYUTATh, YTO MHOKECTBO COCTOSHUN KOHEUHO WJIM MOKHO IIPOHYMEPOBATh.

IIycTh S; — COCTOSHUE «IPUPOJLI», IPU 3TOM i = 1,71, Iie N — YUCIO BO3MOXK-
HBIX COCTOSIHMM. Bce BO3MOKHBIE COCTOSIHUSI N3BECTHBI, HE M3BECTHO TOJIBKO, KaKOE
COCTOSIHUE OYZET UMETh MECTO B YCJIOBHSX, KOT/Ia TUIAHUPYETCS peanu3anus NIpuHH-
MaeMOro YIpaBJIEHUYECKOTO penieHus. byieM cunTarb, 4YTO MHOKECTBO YIIPaBJICHYE-
CKUX pelieHui (TuaHoB) R; Takke KOHEYHO M paBHO M. Peanusanus R; nuaHa B

YCIOBUSIX, KOT/Ia «IIPUPOAA» HAXOAUTCA B S; COCTOSIHUM, IPUBOAUT K ONPENCIICHHO-
My pe€3yJIbTaTy, KOTOPBIM MOKHO OLICHUTH, BBEIs KOJMYECTBEHHYIO Mepy. B kaue-
CTBE 3TOM MEpPbI MOTYT CIY>KUTh BBIUTPBIINIM OT MPUHUMAEMOIO pellieHus (IUiaHa);
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MOTEpPU OT MPUHUMAEMOIO PEIICHUS, a TaK)KE MOJIE3HOCTh, PUCK U JIPYTHE KOJIUYe-
CTBEHHBIE KPUTEPUHU.

JlanHbie, HEOOXOIUMBbIE ISl TIPUHATUS PEIICHUS] B YCIOBHUSAX HEOIPEAEIIEHHO-
CTH, OOBIYHO 3aJar0Tcsi B (OpMe MaTpPHUIlbl, CTPOKH KOTOPOH COOTBETCTBYIOT BO3-
MOXKHBIM JIEUCTBUSIM (YNPaBIECHYECKUM pelIeHusiM) R;, a cTOoNOUbI — BO3MOXHBIM
COCTOSIHUSIM «TIPUPOIBD S;.

HomycTum, KakI0My Rj- My IEHCTBHIO M K&XI0MY BO3MOXHOMY S; -My COCTO-
SHUIO «IPUPOBD) COOTBETCTBYET PE3YJbTAT (MCXOJ), OMPEACSIOMUN pe3ylbTar
(BBIMTPBIIIL, TIOJIC3HOCTH) IIPH BBIOOPE | — IO IEHCTBUSA M peam3alisd | — To COCTOos-

HUs - V).
51 5 S Sn
Rl Vll V12 Vll Vln
Ry | Va1 Voo Vi Von
Ri 1 Vin V2 Vii Vin
Rm le sz Vmi an

CrnenoBarelibHO, MaTeMaTUUYECKasi MOJICTb 3aJa4l IPUHSATHS PEIICHUS OIpeie-

JSIETCS. MHOXKECTBOM COCTOSIHUH {S;}, MHOXECTBOM IUTaHOB (CTpaTeruii) {Rj} U Mart-

pHULEH BO3MOXHBIX PE3yJIbTATOB ||Vﬂ | B kauecTBe pe3ynapTaTOB B OTAEIBHBIX 3a/a-
yax paccCMaTpUBAETCSl MaTpUIla PUCKOB ||rjl- ||

Puck - Mepa HECOOTBETCTBHUS MEXAY PAa3HbIMU BO3MOKHBIMU PE3yJIbTaTaMu
MIPUHSTHUS OTMPE/ICTICHHBIX CTPATETUH (IEUCTBUIN).

DJIEMEHTbl MAaTPUIBI PUCKOB ||r]l|| CBSI3aHbI C JIEMEHTaMU MaTPUILbl MOJE3HO-
CTEH (BBIUTPHILICH) CIETYIOIINM COOTHOIIICHUEM:
1jii = Vi = Vji, (1)
rae V;; = maxVj; —MakCUMalbHbIi JJIEMEHT B CTOJIOLE [ MaTPHILI TOJIE3HO-
CTEH.
Ecmu mMarpuna BO3MOXKHBIX PE3yJIbTaTOB ||V]l|| MPEACTABISIET COO0M MaTpHILy
MOTEPH (3aTpaT), TO AIEMEHTHI MATPHIIBI PUCKOB CIIEAYET ONMPEILIISITh M0 (hopmyIie
1 =V =V )
rae V; = minVj; — MUHUMAaJBHBIA S]IEMEHT B CTONOLE | MaTpUlBl NOTEPh (pe-
3yJbTATOB).
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Takum 006pa3oM, pUCK - 3TO Pa3HOCTh MEXKIY PE3yJbTaTOM, KOTOPBIA MOKHO
NOJIyYUTh, €CIIU 3HATh JACHUCTBUTEIBHOE COCTOSIHUE «IIPUPOABDY, U PE3YJIbTATOM, KO-
TOPBIN OYJIET MOJIYYEH TPH J-i CTpaTETUH.

Martpuiia puckoB gaet 0oJiee HarJAIHYIO0 KapTUHY HEOIpeaeIeHHON CUTyalluHu,
YeM MaTpHIIA BBIUTPHILIEH (MIOJIE3HOCTEN).

HemocpenacTBeHHbIN aHaIM3 MAaTPUIl BBIATPHILICH ||V]l|| WA PUCKOB ||rﬂ|| HE
MO3BOJISIET B OOIIEM CIy4yae MPUHATH PEHICHUE 1O BHIOOPY ONTUMAIBHOM CTpaTeruu
(rutaHa), 3a MCKIIOUYEHHWEM TPUBHAIBHOIO CIIydasl, KOTJa BBIMIPBIMINA MPU OJHOU
CTpaTeruy BBIIIE, YeM MpH JHOO00W APYrod s KaXKIOTO COCTOSIHHSI «IPUPOJIBDY
(37eMeHTBl MaTPUIbl BBHIUTPHINICH B HEKOTOPOM CTpOKEe OoJblie, 4eM B JII000H H3
Apyrux). JpyrumMu cioBaMu, UMEETCSl B HAJTUYUH «JOMUHHUPYIOIIAs» CTPATETHUS.

8.6. Kpurepuu 11 NPUHATHSA PelIeHHH B yCI0BHAX
HEOIpPeIeIeHHOCTH

JInst IpUHATHS PELICHHS B YCIOBUAX HEONPEAEIICHHOCTH UCIIOJIB3YETCS PAL
KputepueB. PaccMOTprM HEKOTOpBIE U3 HUX. DTO KpuTepul Jlarmaca, kpurepui
Bansna, kpurepun CoBumka, kpurepui ['ypeuna.

1. Kpumepuu Jlannaca.

OTOT KPUTEPHUIA ONUPAETCS HA «IIPUHLUI HEJOCTATOYHOIO OCHOBaHMs» Jlara-
ca, COrJTacHO KOTOPOMY BCE COCTOSIHUS «IPUPObD» S;,i = 1,7 mojararorcsi paBHO-
BEPOATHBIMH. B COOTBETCTBUHM C 3TUM IPUHLUIIOM KaKIOMY COCTOSIHHUIO S; — CTa-

BUTCSI BEPOSTHOCTh (;, OTIpeiessiemas o popmyiie
1

qi = (3)

n
IIpr >TOM HCXOOHOM MOYKET pacCMaTpUBaTHCA 3aJada MPUHATHS PELICHUS B

YCIIOBHMSX PUCKA, KOrJa BBIOMpaeTcs JEWCTBUE R;, naroliee HaMOOJbLIMK OXuaae-
MBI BBIMTPBIN. [[JI1 TMPUHATUS PEIICHHUS IS Ka)KJIOro JIEMCTBUS R]- BBIUMCIISIIOT
cpenHee apu(pMeTUYECKOE 3HAUCHUE BBIUTPHIIIIA:
1¢n
K(R;) = X1 Vi (4)

Cpenu K (Rj) BBIOMPAIOT MaKCUMAaJIbHOE 3Hau€HHe, KOTOpoe OYyJeT COOTBET-
CTBOBAaTh ONTHMAJBHON CTpaTeruu R;. JIpyrumu cioBamu, HaXOIUTCS IEUCTBUE R;,
COOTBETCTBYIOILIEE

1 n
Konm = max {; i=1 Vji }l (5)
Ecnun B mcxomHOM 3amade mMaTpulla BO3MOXKHBIX PE3yJIbTATOB IPEICTaBICHA

MaTpULEn pI/ICKOB”Tji || TO KpuTepun Jlariaca npuHUMaeT CIeayrOInd BUI:

Ko = min {Z 3, 751 }, (6)
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IIpumep 8.2. OnHO W3 TPAaHCHOPTHBIX MNPEINPHUATUN JOJKHO ONPENETUTH
YPOBEHb CBOMX IIPOBO3HBIX BO3MOXKHOCTEHN TaK, 4YTOOBI YZOBJIETBOPUTD CIIPOC KIUEH-
TOB Ha TPAHCIIOPTHBIC YCIYTM Ha IUIaHUpPyeMbId nepuona. Crpoc Ha TPaHCIOPTHBIE
YCIIyTU HE U3BECTEH, HO OKUAAETCA (IPOTHO3UPYETCS), YTO OH MOYKET IPUHATH OJHO
u3 yeThipex 3HaueHui: 10, 15, 20 wim 25 Thic. T. )1 Ka’K10r0 YpOBHS CIIpoca Cylle-
CTBYET HAWIYyYIIHA YPOBEHb NPOBO3HBIX BO3MOXHOCTEW TPAHCIOPTHOIO MpEANpHUs-
THA (C TOYKHM 3pEHUSI BOBMOXHBIX 3aTpat). OTKIOHEHHS OT 3TUX YPOBHEH NPHUBOIAT K
JOTIOJIHUTENIBHBIM 3aTpaTaM JHOO M3-3a MPEBBIIICHUS MPOBO3HBIX BO3MOKHOCTEH
HaJl CIIPOCOM (M3-3a MPOCTOSI MOJIBUKHOTO COCTaBa), TMOO U3-3a HEIMOJIHOTO y/I0BJE-
TBOPEHHUsI CIpOca Ha TpaHCHOpTHbIE yciayru. Hwke npuBoautcs Tabnuia, omnpeze-
JAOIAst BO3MOKHBIE IIPOTHO3UPYEMBIE 3aTPaThl HA Pa3BUTHE ITPOBO3HBIX BO3MOKHO-

CTEH:
BapuaHThI IPOBO3HBIX BapuanThl cipoca Ha
BO3MOKHOCTEH TpaHc- TPaHCHIOPTHBIE YCJIYTH
NOPTHOT'O NpeANpPHUATHSA 1 2 3 4
1 6 12 20 24
2 9 7 9 28
3 23 18 15 19
4 27 24 21 15

Heo6xo1umo BeIOpaTh ONTUMAJIBHYIO CTPATETHIO.
Penienue

CornacHo yCIOBHIO 33Jadyd, UMEIOTCA YEThIPE BapuUaHTa CIIPOCAa HA TPAHC-
MOPTHBIE YCIYTH, YTO PABHO3HAYHO HAJTUYHUIO YETHIPEX COCTOSIHUMN «IIPUPOABIY: s,, S,
, Sy S,. VI3BBECTHBI TAK)KE YETBIPE CTPATETUM PA3BUTHS MPOBO3HBIX BO3MOXKHOCTEU
TPAHCIIOPTHOTO TPEANPUSITHUSA: R,, R,, R, R,. 3aTpaThl Ha Pa3BUTHE MPOBO3HBIX BO3-
MOYKHOCTEH TIPH KaKJIOM Tape S, M R, 3aJaHbl CICIYIONMICH MaTpuIleh (Ta0muiiei):

S, S, S S,
, 6 12 2o 24

9 7 9 28
23 1s 15 19
R, 27 24 21 15.

[Tpunnun Jlannaca npennosararOT, 4To S,, S,, S;, S, PABHOBEPOSITHBI. CJIEI0-
BaTEJIbHO, P{S =S,} == = i =025, i =1,2,3,4 U OXHMIAcMbIC 3aTpaThl MMPH Pa3INYHBIX
NEUCTBUSAX R,, R,, Ry, R, COCTaBJIAIOT:

W{R,}=0,25-(6 + 12 + 20 + 24) = 15,5;
W{R.}=0,25-(9 +7 + 9 + 28) = 13,25;
Wi{R.}=0,25-(23 + 18 + 15 + 19) = 18,75;
W{R,}=0,25-(27 + 24 + 21 + 15) = 21,75.
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Takxum oOpa3om, HanTydIlIel CTpaTerueil pa3BUTHsI MPOBO3HBIX BO3MOXKHOCTEN
B COOTBETCTBUM ¢ KpuTepueM Jlamnnaca Oyzer r,.

2. Kpumepuii Banvoa (MUHUMAaKCHBIA MJIM MaKCUMUHHBIA Kputepuid). I[IpumMene-
HHUE JTaHHOTO KpUTEpHsl HE TPeOyeT 3HaHUsI BEPOSTHOCTEH COCTOSIHUM S;. DTOT KpH-
TEpUl ONMMPAETCs] Ha MPUHLUI HauOOJIbIIEH OCTOPOKHOCTHU, MMOCKOIbKY OH OCHOBBI-
BAETCs Ha BHIOOPE HAMITYYINEN U3 HAUXYIIIMX CTPATErui R;.

Ecnu B ncxoqHoi Matpuie (10 yCIOBHIO 3a71auu) pe3ynbTar Vj; mpeacTaBiieT
MOTEPU JIMIA, IPUHUMAIOILIETO PEIICHHE, TO MPU BbIOOPE ONTHUMAIBHOW CTpaTeruu
UCIIONB3YETCS MUHUMAKCHBIU Kpumepuu. [Ins onpenenenus onTuManbHON CTpaTeruu
R; HEOOXOMMO B K&X0W CTPOKE MATPHUIIbl PE3YJIbTATOB HAWTH HanOOJIBLINA dIie-

MEHT max {Vji}, a 3aTeM BBIOMpaeTCs JiecTBHE R; (CTpOKa j), KOTOPOMY OyJIEeT COOT-
BETCTBOBATh HAMMEHBIIINH 3JIEMEHT U3 3TUX HaUOOJIBIINX 3JIEMEHTOB, T. €. IEUCTBHE,
ONPENEINSIONIEE PE3YJIbTAT, PABHBIN

K,,, = min max{Vji}, (7)

Ecmu ucxonHon Matpuie 1o yCioBHIO 3aa4d pe3ysbTar Vi; IpecTaBisieT Bbl-
UTPBII (TTOJIE3HOCTD) JUIIA, MPUHUMAIOIIETO PEIICHUE, TO IIPU BEIOOPE ONTUMAIBHOM
CTpPaTEruy UCIOIb3YETCI MAKCUMUHHBINA KPUTEPUU.

Jist onpesienieHust ONTUMANILHOW CTPATETHH R; B KaXKI0i CTPOKE MaTpHIIBI pe-
3yJbTAaTOB HAXOAAT HAUMEHBIIMM 3JIEMEHT Min {Vji}, a 3aTeM BbIOMpaeTCs JIelCTBUE
R; (cTpoka j), KOTOpOMY OyIyT COOTBETCTBOBATH HAaUOOJBIIME DIIEMEHTHI U3 ITUX
HaMMEHBIIINX 3JIEMEHTOB, T.€. IEHCTBUE, ONPEEIAIONIEE PE3YIbTaT, PABHBIM

K,,, = max mln{Vji}, 8)

MunrMakcHbIM KpuTepri Banbaa nHOraa NMpUBOIUT K HEJIOTMYHBIM BBIBOAAM HM3-32
CBOEW UpE3MEPHON «TIECCUMUCTUYHOCTI. «]leCCHMHUCTUYHOCTEY 3TOr0 KpUTEpHUsl UCTIPaB-
nsiet kpurepuit CaBrpKa.

Ilpumep 83. Paccmotpum mpumep 8.2. Tak Kak v, B 9TOM INpUMEpE MPEACTaB-
nseT motepu (3aTparbl), MPUMEHUM MHHHMAaKCHbIN Kputepuil. HeoOxomumbie pe-
3yJbTaThl BHIYUCIICHUS IPUBEICHBI B CIEAYIOLIEH TaOIHILIe:

COCTOS- 3aTparsl, 1.€. Imax{V] ;} W == minmax{V];}
HUS (V1)
5105, ]S, [S.[S.
Crparg-
rus Ry
R, 6 | 12| 20 | 24 24 -
R, 9 | 7 9 | 28 28 -
R, 23 118 |15 19 23 23
R, 27 | 24 | 21 | 15 27 -
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Takum oOpa3om, HanWTydIlel CTpaTerueil pa3BUTUS MPOBO3HBIX BO3MOXHOCTEH
B COOTBETCTBUU C MUHUMAKCHBIM KPUTEPHUEM (WIYYILUM U3 XYIIIUX» OyAeT TPeTbs,
T.C. R:

3. Kpumepuii Cr6udoica ACTIONB3YET MAaTPHITy PUCKOB ||rjl- || DOneMeHThI JaHHOW MaT-
PHLIBI MOYKHO OIPEACIUTS 10 (POpMyJiam:

max{ } ecauV — eblucposliu

Viis
rji =
Vi — mln{ } , ecauV — nomepu.

, ©)

DTO 03HAYAET, YTO 7" ;; €CTh PA3HOCTh MEXKIY HAWITYUIIIMM 3HA4YEHHEM B CTOJIOIE [ U

ji
SHa4YCHMSIMHA Vji IIpA TOM JKC L. OTMGTI/IM, YTO HC3aBHUCHUMO OT TOI'O, SABJIEACTCA JIU Vji JO0XO-

JIOM (BBIMIPBIILIEM) MM TIOTEPSAMU (3aTPATAMH), 7" j; B 00OMX CITy4asX ONPEAENSET BEIMYUHY

IOTCPhb JIMIA, IMPUHUMAIOIICTO PCIICHHC. CHCI[OB&TCJIBHO MOXXHO IPHUMEHATD K 7 j; TOJIBKO

Jji
MMHUMAKCHBIN KpI/ITepI/II/I. KpPITCpI/II/I CBBI/IIDKa PCKOMCHAYCT B YCJIOBHAX HCOIIPCACICHHO-

CTU BBIOMpATh Ty CTPATETHIO T j;, IPU KOTOPOW BEJIMUMHA PUCKA NMPUHUMAET HaMEHbIIIEE

Jir
3HAUYEHHE B CAMOW HEOJIAroNpUsITHON CUTYaIUH (KOT/ia, PUCK MaKCUMAJIEH).
K,,, = min max{Vji}, (10)

[Tpumenenue kputepusi CoaBUIKa MO3BOIIAET JIIOOBIMH MYTSIMH U30€XKaTh 0O0Jb-
IIOTO pUCKa IPU BEIOOpE CTpATETUH, a 3HAUUT, U30€KaTh OOJBIIEro NpoUrphiiia (1mo-
TEPB).

Ipumep 84. Paccmotpum npumep 8.2. 3agaHHas MaTpula ONpEaeseT OTEPU

(3aTpartsl). [To hopmyie (9.13) BeramcIMM d1eMEHTH MaTpULbl puckos [l
S5, 8. S5, S..
1 0 5 119
Irsill=R: 5 o o 13
s 17 11 6 4
R, 21 17 12 0.

[Tony4yeHHbIE pe3yNabTaThl BBHIYHCICHUS C UCIOJIB30BAHUEM KPUTEPUS MUHU-
MasibHOTO pucka CoaBuxa opopMuM B Cleayronien Tadaune:

COCTOSI- 3aTparsl, 1.€. Imax{V];}| IW == minmax{V] ;;}
HUs (V1)
S10 85,15, | S |S,

Crpar

rus Ry

R, O |11 11| 9 11 11

R. 3 0 0 |13 13 -

R, 17| 6 6 4 17 -

R, 21117 112 | 0 21 -
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Benenue BennuMHBI prcKa MpUBENO K BBIOOPY MEpBOM cTpareruu, R, odecme-
YMBaIOIed HaMMEHBIINE MOTEpU (3aTpaThl) B caMOM HEONAronpUSITHOW CHUTyalluu
(kKor/a pucK MakCUMaJieH).

4. Kpumepuui I ypsuya OCHOBaH Ha CIEAYIOIIUX JIBYX MPEANOI0KEHUAX: «IIPUPO-
71a» MOYKET HaXOJUThCS B CAMOM HEBBITOJIHOM COCTOSIHHH C BEPOSITHOCTBIO (1 — ) m
B CaMOM BBITOJIHOM COCTOSTHUU C BEPOSITHOCTBIO &, T7I€ & - KOA(DPUIIMEHT qoBepus.
Ecmu pesynbrar Vj; — npuObLIb, MOJNE3HOCTh, JOXOI M T; II., TO KpuTepuid I'ypeuia
3aMUCHIBACTCS TaK:

Kopr = max[a max Vj; + (1 — o) min V]l] (11)

Kozoa V;; npeocmasnsem szampamol (nomepu), mo evibupaiom oeti-

cmeue, daroujee
Ko = min[a min V;; + (1 — a) maiji]. (12)

Ecmu a = 0, noayyum neccumucmuueckuti kpumepuu Banvoa.

Eciu a=1, mo npuxooum K pewarnwemy npaguiy 6uoa
max max Vj; unu Kk maxk nHazeleaemou cmpame2uu «300p06020 ONMUMUCMAY,
m.e. Kpumepu TUMUKOM ONMUMUCMUYHBLLL.

Kpurepuit ['ypBuiia ycranaBiuBaeT 0ainaHC MEXIy CIydasMH KpailHETro meccu-
MH3Ma U KpalHETo ONTHMH3MAa ITyTEM B3BEIINBAHMS 000MX CITIOCOOOB MOBEACHUS CO-
orBercTBYIONMMH Becamu (1 — a) m a, tie 0 < a < 1. 3nauenue a ot 0 10 1 MOXKeT
OTPENENAThCS B 3aBUCUMOCTH OT CKJIOHHOCTU JIMIIA, MPUHUMAIOIIETO PEIICHHE, K
MeCCUMU3MY WIH K ONTUMU3MY. [Ipu OTCYTCTBUU SPKO BBIPAKEHHOW CKIIOHHOCTH X
=0,5 npeacTaBiseTcss HauboJiee pa3yMHOM.

IIpumep 8.5. Kputepuu I'ypBuna ucnons3yem B npumepe B npumepe 8.2. I1o-

noxum & = 0,5 PesynpTaTel HEOOXOAMMBIX BBIYUCICHHH IPHBEICHBI HUKE:

w; miin Vii max Vi a: miin Vi+(1 mjin W;
— a) max Vj;
4
74 6 24 15 15
w, 7 28 17,5 -
Wi 15 23 19 -
w, 15 27 21 -

OnTtumanbsHOE perieHue 3aKkirodaercs B Beioope W.

Takum 06pa3zoM, B mpuMepe MPeCTOUT clielaTh BbIOOp, KaKOe U3 BO3MOKHBIX
pELIEHNH NPEAIIOYTUTEIbHEE:

no kputeputo Jlammaca — BeIOOp cTpareruu Ry

o kputepuro Banbaa — Be10Op cTpareruu R

no kputepuro CaaBuka — BeIOOp cTpareruu Ry;
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no kpureputo ['ypsuna npu o = 0,5 - Be160p ctpareruu R, a, ecnu nuro, npu-
HUMaloIIee pelieHue, - neccuMuct (o = 0), To BeIOOp cTpateruu Rs.

Br160p kpuTepusi NpUHATHS PELICHUMN B YCIOBUSAX HEOIPEIEIECHHOCTH SIBISETCS
HauOoJsiee CIOXKHBIM M OTBETCTBEHHBIM 3TallOM B HccienoBaHUM onepauuid. [lpu
ATOM HE CYIIECTBYET KaKUX-JIHOO OOIIMX COBETOB MM peKoMeHaauui. Beibop kpu-
Tepus JOHKHO MPOU3BOIUTH JuUll0, TpuHuMaroniee pemenue (JIIIP), ¢ yuetom koH-
KpeTHOU creun(uKu perraeMor 3aladyd U B COOTBETCTBUU CO CBOMMH LEISIMH, a
TaK)Xe ONUPAsICh HA MPOUUIBIA OIBIT U COOCTBEHHYIO HHTYHUILUIO.

B gacTtHOCTH, €ci 1ake MUHUMAaJIbHBIA PUCK HEJIOIIYCTUM, TO CIIEAYET IIpUMeE-
HATh Kputepuil Banpaa. Ecin, Ha000poT, ONpeieIeHHbIN PUCK BIIOJIHE MPUEMIIEM U
JIITP HamepeHO BIOXKUTh B HEKOTOPOE MPEANPUATUE CTOJIBKO CPENICTB, YTOOBI IOTOM
OHO HE COKaJIENO0, YTO BJIOKEHO CIMILKOM MAaJIO, TO BEIOMpatOT kputepuid CaBumKa.

8.7. Ouenka cucreM B yCJI0BUAAX PUCKA

Omnepanuu, BBINONHIEMbIE B YCIOBUAX PUCKA, HA3bIBAIOTCS BEPOSATHOCTHBIMHU.
OnHO3HAYHOCTh COOTBETCTBHSI MEXAY CHCTEMaMU M UCXOJaMH B BEPOSTHOCTHBIX
orepanusax Hapymaercs. ITO O3HadaeT, YTO KaXKJIOW CUCTeME a;, CTaBUTCS B COOT-
BETCTBHE HE OJMH, & MHOKECTBO HMCXOJIOB {V} } C M3BECTHBIMH YCIOBHBIMU BEPOST-
HOoCTAMHU TosiBieHus p (V. /a;). Hanpumep, n3-3a orpaHMYEeHHON HAJEKHOCTH CeTe-
BOTO 00OpyJIOBaHMs BpeMsi Mepefaud COOOLIECHUS MOXKET MEHSThCS Cly4yailHbIM
o0pa3oM 1Mo W3BECTHOMY 3akoHYy. OIeHMBATh OMEpalUy TakK, Kak B JETCPMHUHHPO-
BaHHBIX OMEPaNUiX Helb3a. D(P(HEKTUBHOCTh CHCTEM B BEPOSTHOCTHBIX OIEpAIIHsIX
HAXOAHUTCS Yepe3 MaTeMaTHUeCKOe OKUAaHWE (PYHKIIMU MOJIE3HOCTH Ha MHOXKECTBO
ucxoznos K(a) = M,[F(y)].

[Mpn wucxomax yi(k =1,...,m) c AUCKPETHHIMH 3HAYCHHUSIMH TIOKa3aTeleH,
KQXKJIbI M3 KOTOPBIX MOSBIISIETCS C YCIOBHOM BEPOATHOCTHIO P (Vi /A;) U UMEET To-
1e3HOCTh F () ), BBIpaXEHUE JJI ONpPESICHUS MaTeMaTHYeCKOT0 OXUAAHUS (yHK-
[IUU TI0JI€3HOCTH IPUMET BUJI:

K(a;)) = Xke1pi/a)F (i), i = Ln (1)

N3 Beipakenust (13) moxker ObITh MoiydeHa OIeHKa 3(PGEKTUBHOCTH CUCTEM
U1 TeTePMUHUPOBAHHBIX ONEpaluil, €Clu MPUHATh, YTO MCXOJ, COOTBETCTBYIOIINM
CHUCTEME, HAaCTYyMaeT C BEPOSITHOCTHIO, PABHOW €IMHUIIE, @ BEPOSATHOCTU OCTAJIbHBIX
MCXOJIOB PAaBHBI HYJIO. Y CJIOBHSI OLIEHKH CHCTEM B CiIydae, KOT/Ia MoKa3aTeIu ucxoa
BEPOSATHOCTHON OTEpalliy SBISIOTCS AUCKPETHBIMHU BEIMYWHAMH, 33JaI0TCSI B BUJIC
Ta0auIbl (Tads.1):

Tabmuma 1
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YciaoBus OleHKU CHCTEM

al yk P(Vi/a:) F (k) K(ai)
al yl p(yl/al) F(y1)
y2 p(y,/al) F(y2)
ye p(ye‘z. }al) F(ye)
a2 yl p(yl/a2) F(y1)
y2 p(y,/ a2) F(y2)
ye p(ye;/. a2) F(ye)
ap yl p(y1l/am) F(y1)
y2 p(y, /am) F(y2)
ye p(ye. ./'am) F(ye)

HpI/I HCXO0daX C HCIPCPBIBHBIMHU 3HAYCHHUAMHU MoKazaTelied MaTeMaTUYECKOe
OXHNAaHHC (I)YHK]_II/II/I IMOJIC3HOCTH OIIPCACILICTCA KaK:

K@) =[,, fy/a)Fdy,  (2)
f(y/ ai)- mI0THOCTH BEPOSTHOCTEH MCXO/IOB;
R/[ - nonyctumas 06;1acTh BEKTOPHOT'O MPOCTPAHCTBA UCXO/IOB;

Kpurepunit onTuManbHOCTH U1l BEPOSITHOCTHBIX OIEpalliid UMEET BUL:
K(a) = mxMy[F®)] (=Tm)  (3)

B cooTBeTcTBUH € 3TUM KPUTEPUEM ONTUMAIBHONW CUCTEMOM B YCIIOBUSAX PUCKA
CUMTAETCS] CHUCTeMa C MAaKCHUMAaJIbHbIM 3HAYE€HUEM MAaTEMaTHYECKOTO OXKUJAHUS
(GyHKIIMM MTOJE3HOCTH HAa MHOYKECTBE UCXO0JI0OB OTIEPAIIHH.

OreHKa CUCTEM B YCJIOBHSIX BEPOSTHOCTHOW OMEpaIli — 3TO OIEHKa «B CpPE/l-
HEM», TTOATOMY €H TPHUCYIIN BCE HEAOCTATKH TAKOTO TMOJX0/1a, TJIaBHBIN U3 KOTOPHIX
3aKJTFOYACTCS B TOM, YTO HE HCKITFOUCH CIIydaid BEIOOpAa HEONMTUMATIBLHOW CHCTEMBI JISI
KOHKpETHOW peamm3anuu omneparuu. OmHAKO ecnu omeparusi OyIeT MHOTOKpPaTHO
MOBTOPATHCS, TO ONTUMAIbHAS B CPEHEM CHCTEMa MPHUBEACT K HauOOJbIIEMy yCIe-
Xy.

CeneHnie 3a7jaudl OLIGHKH CHUCTEM K BEPOSTHOCTHOW MOCTAHOBKE MPUMEHHMO
JUTS OTICpAIliid, MMEIOIITUX MACCOBBIA XapaKTep, I KOTOPBIX UMEETCS BO3MOKHOCTh
OTIpEIEINTh OOBCKTUBHBIC MMOKA3aTEIN HMCXOJO0B, BEPOSITHOCTHBIE XapaKTCPUCTUKH
0 TapamMeTpaM 0O0CTaHOBKH M 3aKOHBI PaclpeIe/ICHUS BEPOSATHOCTEH Ha MHOYKECTBE
MCXOIOB OTIepaIlny.

IIpumep 8.6. OnieHka BapuaHTOB KOHPUTYpAITUU TETEPOTCHHON JIOKATLHOM BbI-
YUCIUTENILHON ceTh 0o01Iero moyib3oBanus. Mccnenyemas onepamusi — 0OMeH co00-
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IMCHUAMKW MCKAY II0Jb30BATCIIAAMU, CHUCTCMA — BAPHAHTBI PA3MCHICHUA CCTCBOI'O

O60py,IIOBaHI/I}I, IMOKa3aTcJib UCXO0Ja OICpauu — YHCIO0 MMCPEAAHHBIX COO6IH€HHﬁ nk

(nucKkpeTHast BETUYNHA).
UYwcioBble TaHHBIC TS OIEHKY MPUBEICHBI B TA0II. 2.

ai yk p(yk / ai) F(yk) K(ai)
60 0,3 0,8

al 40 0,5 0,5 0,51
20 0,2 0,1
60 0,25 0,8

a2 40 0,6 0,5 0,515
20 0,15 0,1

K (a1) = 0,3*0,8+0,5*0,5+0,2*0,1=0,51
K (a2) = 0,25*0,8+0,6*0,5+0,15*0,1=0,515
Kont = max K (ai) = K (a2) = 0,515

Ta0muma 2

Pacuer noxkasareneit u oneHka 3PpGEKTUBHOCTH MO KPUTEPHUIO MPEBOCXOJICTBA

ITIOKAa3bIBACT, YTO B KAYCCTBC ONTUMAILHOU CUCTEMBI JOJDKCH OBITH IIpU3HAH BApHUAHT

2 KOH(pUTYpaluu CETH.

KpOMe OIITUMHU3AINHN «B CPCAHCM) B BCPOATHOCTHBIX OIICPANMAX HMCIIOJb3YIOT-

Cs U IPYTHE KPUTEPUU OLICHKH CUCTEM:

-.MaKCHUMYyM BEPOSITHOCTH CIy4ailHOTO COOBITHS;

- MUHHUMYM JIUCTIIEPCUHU PE3YJIbTATA;

-MHUHUMYM CPEJHEro KBaJpaTa OTKJIOHEHHsI pe3yIbTaTa OT TpeOyeMoro;

- MUHHUMYM CPEJIHETO PUCKA;
- MUHHUMYM CPEJIHUX MOTEPb.

o 0hswWwNE

o N

Hepe‘-II/ICHI/ITe MCTOABbI KOJIMYCCTBCHHOI'O OLICHUBAHU cucrem?

HazoBuTte akcuoMbl TEOpUH MOJIE3HOCTH?

N3o006pazute HyHKIHIO OJIE3HOCTH Ha Tpaduke?

KOHTpOJII)HLIe BOIIPOCHI U 3a1a49H

B yem 3akirouaercst mpuHIuUI kommnpomMuccoB [TapeTo?

N300pa3ure npuHIMnoB komnpomuccoB [lapeto rpapuuecku?

JlaliTe onpeneneHre METOA0B CBEPTHIBAHUSA BEKTOPHOT'O KPUTEPUS B CKa-

JISIPHBIN?

HazoBute KPpUTCPHUH OLICHUBAHUA CUCTCM B YCIIOBUAX HGOHpeI[eJIeHHOCTI/I?

. PacckaxuTe 00 OIIEHKE CUCTEM B yCIOBUAX PHCKA?
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9. I[JIH IEITU TPOCKTOB TCXHUYCCKUX CHUCTCM OIPCACICHBI OTHOCHUTCIBHBIC
CAMHHUYHBIC ITOKA3aTCIUW TCXHHUYCCKOIO COBCPHICHCTBA KOHCTPYKIHUHU H KO-
B(i)(l)I/IHI/ICHTI)I BCCOMOCTH CIMHHUYHBIX rnokazarejieid. YnuciaeHHbIe 3HAYCHUS
CANHNYHBIX MokKazarejien u KOB(I)(i)I/IHI/IeHTOB BCCOMOCTH IIPHUBCACHLI B Ta0-
JIULe:

BapuaHTsl OTHOCHTe/IbHbIE eTMHUYHbIE TOKA3ATEH
TeXHHYECKHX | CJIOKHOCTH | Beca BpeMeHH aBTOMA | MOLIHOCTH
cucTemM NOATOTOBKH | TH3ALMH

1 1.0 0.888 1.0 1.0 0.72

2 0.72 1.0 0.8 0.78 0.81

3 0.658 0.358 0.765 0.782 0.525

4 0.425 0.97 0.755 0.70 0.98

5 0.467 0.555 0.865 0.705 0.865
Koaddpumm- 0.157 0.124 0.210 0.195 0.174
€HTHI Beca

Onpenenure ONTUMAIBHBIM BapUAHT TEXHUYECKOW CHCTEMBI METOIOM
AJITMTUBHON OIITUMHU3ALINN.
10.PaccMoTpuM CIEAYIONIYIO TJIATEKHYIO MATPUILy (MAaTPUILY JOXOJI0B):

S1 S2 S3 S4 S5 S6
R1 15 12 1 -3 18 20
R2 2 15 9 7 1 3
R3 0 6 15 21 -2 5
R4 8 20 12 3 0 4

BepositHocT cocrosiHuil npuponsl (Sj) HeusBecTHbl. Onpenenure onTu-
MallbHYI0 cTpateruio Ri, ucmosnp3ys kputepuu Jlammaca M MaKCHMHHA.
CpaBHHTE MOTYyYEHHBIE PELICHUS.

11.Onpenenure TUI JIEKTPOCTAHIIUU, KOTOPYIO HEOOXOJIUMO MOCTPOUTH st
YAOBJIETBOPEHUSI JIHEPreTUYECKUX MOTPEOHOCTEH KOMILIEKCa KpPYIHBIX
IIPOMBIIUICHHBIX NPEANPUATHI. MHOKECTBO BO3MOXKHBIX CTPAaTErHil B 3a-
Jla4ye BKJIIOYAET CIIETYIOUIUE apaMETPBhI:
R1 — coopykaercs TUAPOCTAHITHUS;
R2 — coopyskaercst TerIoCTaHITHS;
R3 — coopyskaercst aTOMHast CTaHIIUS.
OxoHoMuuecKast 3P(HEKTUBHOCTh COOPYKEHUSI JIEKTPOCTAHIIUU 3aBUCUT OT
BIIMSIHUSL CIy4YalHBIX (PaKTOPOB, 00PA3YIOIIUX MHOKECTBO COCTOSTHUN MpH-
poasr Si(i=1,5).
Pe3ynbrarhl pacyera 5KOHOMHYECKON 3(PPEKTUBHOCTH MPHUBEACHBI B Clie-
YOI Ta0uIle:

Tun Cocrosinue npupoasbl
CTAHIUH S1 S2 S3 S4 S5
R1 40 70 30 25 45
R2 60 50 45 20 30
R3 50 30 40 35 60
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12.0nnoit u3 ¢upm TpedyeTcs BHIOpaTh ONTUMAIBHYIO CTPATErHio MO TEXHH-
4eCKOMY 00€CIIeUeHHUIO Ipolecca yrnpaBieHus npousBoacTBoM. C momo-
IIbI0 CTATUCTUYECKUX JTAaHHBIX U UH(POPMALIUU COOTBETCTBYIOIIUX 3aBO0OB-
M3rOTOBUTENEH OBLIN ONpE/IeIeHbI JOKaIbHbIE KPUTEPHH (YHKIIMOHUPOBA-
HUSL HeoOxonuMoro obGopyaoBanusa. McxonHble HaHHBIE TPEICTABICHBI B

cieayronien Tadauie:

Bapuantsbl JlokajbHbie KpuTepuu 3¢ GPeKTUBHOCTH 000PY10BAHMS
o6opynoBanus IpousBoam- CTOMMOCTH o0nLeM mna- HaXeXK-
TeJbHOCTb, odopynoBa- MATH, y.€. HOCTb, y.€.
a.e. HHA, 1.
1 140 3 S) 3
2 190 6 5 5
3 160 2 6,5 5
4 240 7 6 2
Koapdunnen- 0,25 0,20 0,32 0,23
ThI Beca

13.T1pu BeIOOpE cTparerun Rj(j=1,3) Kaka10My BO3MOKHOMY COCTOSTHHIO TIPH-
poasl Si(i=1,4) coorBercTBYeT omuH pesynbraT (ucxon) Vji(j=1,3;i=1,4).
DnemeHTHl Vi, SBISIONIMECS MEPOH IMOTEPh NPU MPUHATHU PEIICHUs, MPH-

BEJCHBI HIDKE B Ta0auIie (11.e.):

CocrosiHue npupoabl
Crparerun s1 S2 S3 sS4
R1 8 4 5 2
R2 5 8 3 8
R3 6 2 9 6

Bri6epuTe onTuManbHOE pelieHrue B COOTBETCTBUU ¢ KpuTepusimu Jlamaca,
Bansna, CaBumxka u I'ypBuna (ipu o = 0,5).
14 . Jlanwr aBa Bapuanta koHpurypanuu rereporenror JIBC oOmero mosns3o-
BaHus. Vccnenyemas onepanus — oOMEH COOOIEHUSIMU MEXIy MOJIb30Ba-
TEJISIMHM, CUCTEMA — BapUAHTBl pa3MELIeHHs CETEBOr0 000py10BaHUs, ITOKa-
3aTesb UCX0/1a OTepalluy — YUCIIO NepeJaHHbIX COOOIEHMH Ny (IUCKpeTHas
BenuuuHa). HaliTu onTuManbHBIA BapyuaHT KOH(UIypaluu TeTeporeHHON
JIBC ob6mero nons3zoBanusi? Jlanueie st ouenku JIBC npencraBieHsl B

tabauue:

a Nk p(ni/a;) F(ny) K(a)
Bapuant 1 60 0,3 0,8 ?
40 0,5 0,5
20 0,2 0,1
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Bapuanr 2 60 0,25 0,8 ?
40 0,6 0,5
20 0,15 0,1

15.0nn01 u3 pupm TpeOyeTcs BbIOpAaTh ONTHUMAIBHYIO CTPATETHUIO MO TEXHU-
yeckoMy 0OecTeueHHnI0 Tpoliecca yrpaBieHus: npousBoictBoM. C momo-
IIbIO CTATUCTUYECKUX JAHHBIX U UH(OPMAIIMN COOTBETCTBYIOIIUX 3aBOJIOB-
U3TOTOBUTEINICH ObUIM OMpPEeNiCHbl JOKaIbHbIE KPUTEPUH (DYHKIITMOHHPOBA-
HUSI HE0OXonuMoro obopyaoBaHus. VcxoaHble JaHHBIE MPEICTABICHBLI B
cieayronien Tadauie:

BapuaHrtbl JlokanbHble kpuTepnu 3pGeKTUHBHOCTH 000PYyH0-
o0opynoBa- BAHUSA
HHSA NPOM3BOAU- | CTOUMOCTh o0bem HaJlexK-
TeJIBbHOCTb, | 000pyAOBa- | NaMATH, HOCTb,
ja.e. HHHA, 1. y.e. y.e.
1 100 5 5 8
2 150 6 8 5
3 120 4 6,5 6
4 200 7 6 4
Koappuun- 0,25 0,20 0,32 0,23
eHTHI Beca

16.dupma paccMaTpuBaeT BOMPOC O CTPOUTEIHCTBE CTAHIIMUA TEXHHUYECKOTO
oocnyxuBanusi (CTO) aBromoOwneit. CocTaBieHa cMeTa pacxoJ0B Ha
CTPOUTEIBCTBO CTAHUUU C PA3TMYHBIM KOJIMYECTBOM OOCITYKMBAE€MbIX aB-
TOMOOUJIEH, a TAKKE PACCUUTAH OXKHUIAEMBIN TOXOJ B 3aBUCUMOCTH OT Y/10-
BJIETBOPEHMSI NMPOTHO3UPYEMOTO crpoca Ha mnpemiraraemele ycayru CTO
(TIporHO3UpyeMOE KOJIMYECTBO OOCITYKEHHBIX aBTOMOOWIIEH B JCHCTBU-
TEIBHOCTH). B 3aBHCUMOCTH OT NMPUHATOTO PEUIEHUS — MPOEKTHOTO KOJIM-
yecTBa o0CIyXrBaeMbix aBToMoOmWiIel B cytku (mpoekt CTO) Rj u Benu-
YuHBl TIporuosupyemoro cmpoca Ha yecayru CTO —  moctpoena
HIDKECIeyIoasi TabauIa eXeroHbIX (PUHAHCOBBIX PE3YyJbTAaTOB (J0XO,
a.e.):

IIporno3upyemas BeJJM4YMHA Y10BJ1eTBOPsieMO-
ng;lgbl CTH crpoca
0 10 20 30 40 50
20 -120 60 240 250 250 250
30 -160 15 190 380 390 390
40 -210 -30 150 330 500 500
50 -270 -80 100 280 470 680

Onpenenute Hamnyumuid npoekT CTO ¢ ucnosib30BaHHEM KPUTEPUEB (MpH
a=0,5).
I''IABA 9. MOAEJIUPOBAHHUE CJIOKHBIX

OPITAHU3AIUMOHHO-TEXHUYECKUX CUCTEM
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9.1. OcHOBHBbIE IOHSITUSI MO/IEJTUPOBAHMS CJI0KHBIX OPTAHU3AIMOHHO —
TEXHUYECKHUX CHCTEM

PazpaboTka u uccinegoBaHue Mojiene SBISIIOTCS OJJHUMH U3 OCHOBHBIX JTaroB
npu npoektupoBanuu COTC. Ha monenu mpoBepstoTcsi acnekThl (GyHKIIMOHUPOBa-
Huss COTC, ee yCcTOMYMBOCTH MO OTHOUICHHIO K BHEIIHUM (akTtopam, 3 eKkTus-
HOCTb B PA3JIMYHBIX YCIOBHIX (DYHKIIMOHHUPOBAHUS.

Monenbs — 3TO 00BEKT, KOTOPBI UMEET CXOJICTBO B HEKOTOPHIX OTHOUIEHMSIX C
IPOTOTUIIOM U CIYXKUT CPEICTBOM ONUCAHMS, OOBSICHEHUS U IMPOTHO3MPOBAHUS MO-
BEJICHMSI IPOTOTHIIA.

Mesxny opuruHasoM, 00beKTOM MOJEIUPOBAHUS U MOEIBIO, KaK MPaBUiIO, HET
TECHBIX, OPTAHUYECKUX CBA3EH, IPUUMHOMN MM T€HETUYECKON 3aBUCUMOCTH, OJHAKO,
o1001e, AaHAJIOTHS MEX1y HUMU JOJHKHBI OBITh 00513aTEIBHO.

[Tox MoaenpoBaHUEM MOHUMAETCA MPOLIECC UCCIIETOBAHUS PEATbHOM CUCTEMBI,
BKJIFOYAOUIEH IMOCTPOCHHE MOJEIIH, U3YYCHHE €€ CBOMCTB U NEPEHOC MOJYyYEHHBIX
CBEJCHUI Ha MOJEIHUpYEeMYI0 cucTeMy. T. 0., 0OIIUMHU QYHKIMSIMH MOAEITUPOBAHUS
ABJISIIOTCS ONMCaHKue, OOBSCHEHUE U NMPOTHO3UPOBAHUE TOBEIEHUS peajbHON CUCTe-
MBI.

LensMu MoenTUpOBaHUS SBISIIOTCA MOUCK ONTUMAJIbHBIX WA OJIM3KUX K ONTH-
MaJbHBIM pPEIIEHUM, OlleHKa 3(P()EKTUBHOCTH PELIECHUM, ONPEAECICHUE CBOWCTB CH-
CTEMBbI, YCTAHOBJIEHUE B3aMMOCBS3EH MEXIYy XapaKTEPUCTHKAMU CHUCTEMBbI, IEPEHOC
uH(dOpMAaIUU BO BPEMEHH.

CnoHble CUCTEMbI XapaKTEpU3YIOTCS BBIOJHIEMbIMU IpolueccaMu ((pyHKLIH-
SAMH), CTPYKTYpOH W IOBEJEHUEM BO BpEMEHH. /[ ageKBaTHOrO MOJEIMPOBAHMS
ATUX acCleKTOB B aBTOMAaTU3WPOBAHHBIX HMH(OPMAIIMOHHBIX CUCTEMAaxX pa3iHyaroT
(yHKUHOHAJIbHBIE, UH()OPMATMOHHBIE U TOBEACHUYECKUE MOJIETH.

QOyHKIMOHAIbHASL MOJIENb CHUCTEMbl OMUCHIBAET COBOKYIMHOCTH BBIMOJHSIEMBIX
cucTeMoil pyHKIIMI, XapakTepu3yeT MOP(OIOTHIO CUCTEMBI (€€ MTOCTPOEHUE) COCTaB
(YHKIIMOHAJIBHBIX MOJCUCTEM, X B3aUMOCBSI3U.

WNupopmaninoHHast MoJieb OTpa)kaeT OTHOILIEHUE MEXAY 3JI€MEHTAMU CHUCTEMBbI
B BU/JIE CTPYKTYP JIaHHBIX (COCTaB ¥ B3aUMOCBSI3H).

[ToBenenyeckas (coOBITHITHASI) MOJIENb — OIMUCHIBAET MH(POPMAIMOHHBIE TPO-
1ecchl (IMHAMUKY (PYHKIMOHUPOBAHMS), B HEH (QUTYPUPYIOT TaKUE KATErOpUH, Kak
COCTOSIHHE CHUCTEMBI, COOBITHE, MEPEX0]] U3 OJHOrO COCTOSIHUS B APYroe, yclOBUE
Mepexo/ia, MoCjIeI0BaTeIIbBHOCTh COOBITHIA. [..]

BaxxHoe 3HaueHHE MMEET MOJEIMPOBAHUE B CUCTEMAX, IJl€ HATYpaJIbHbIE 3KC-
IIEPUMEHTHl HEBO3MOXXHBI H3-3a CJIOKHOCTH, YHHKAJIbHOCTH, JIUTEIBHOCTU JKCIIE-
pUMEHTA.
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OO6nacThiO0 MPUMEHEHHUST MOJIETICH SBISIETCS 00yUEeHHE, HAYYHbIE UCCIIeI0BaHUS,
yIpaBJIEHUE.

[[Ipotiecc MoenupoBaHus B OOIIEM BUJIE BKIIOYACT TAKUE TAIbl KaK CO3/IaHUE
MojieNiel, TPOorpaMMUPOBaHKE, MPOBEECHUE HKCIIEPUMEHTOB C MOJIEIISIMU, 00pabOTKY
u

MHTEPHPETALNIO PE3YJIbTaTOB MOJIECINPOBAHUS. |

9.2. Knaccudukanus BUA0B MOJIEJTUPOBAHUS CJIOKHBIX
OPraHM3alMOHHO — TEXHHYECKNX CHCTEM

Mopaenu pynknuonupoBanuss COTC MOXKHO KiacCH(PHUITUPOBATh C Pa3IMYHBIX
TOYEK 3pPECHUSI.

ITo BO3MOXHBIM COCTOSIHUSIM Pa3JINyaroT:

1. neTepMUHUCTUYECKUE MOJIEIHN - OTOOPAXKaroT MPOIIECChI, B KOTOPBIX MPEAIo-
JIaraeTcs OTCYTCTBHE CIIyYalHBIX BO3ACHCTBUM.

2. BEPOSITHOCTHBIE (CTOXAaCTHYECKHE) MOJIENIH, — B KOTOPBIX OJTHO3HAYHO MOKHO
ONPEAETIUTD JIUIIb pacipeesenre BeposTHocTen i coctosinuii COTC.

Hcxons u3 cnocoba ganpHENIero n3y4eHus: pa3inJyaroT:

1. apamuTHYECKHE

2. UMHUTAIMOHHEIE.

JI1s aHAIUTUYECKOTO MOJCIUPOBAHUSI XapaKTEPHO TO, YTO B OCHOBHOM MOje-
JUPYeTCsl TOJIBKO (PYHKIIMOHATIBHBIN acneKT cucteMsbl. [Ipu 3ToMm rinobanbHbIe ypaB-
HEHHS CHCTEMbI, OITUCHIBAIOIINE aJITOpUTM €€ (YHKITMOHUPOBAHUS, 3aIMCHIBAIOTCS B
BHJIC HEKOTOPBIX AHAIIMTHYECCKHUX COOTHOIICHHWH (anreOpandyeckux, HHTETPO-
muddepeHITanbHBIX U T.J1.) WK JOTHYSCKUX YCIOBUN. AHAIUTHUECKAs] MOJICIb HUC-
CJIEyeTCsl HECKOJIBKMMU METOdAMU:

- QHAJTUTUYECKUM, KOTJIa CTPEMSITCS TOJIyYUTh B OOIIEM BUJIE SIBHBIE 3aBUCHUMO-
CTH, CBS3BIBAIOIINE UCKOMBIE XapaKTEPUCTUKU C HAYAIHLHBIMU YCIIOBUSIMU, MTApAMET-
paMU U IEPEMEHHBIMU COCTOSIHUSI CUCTEMBI;

- YHCJIEHHBIM, KOTJa, HE yMes pelllaTh YpaBHEHHS B OOIIEM BHUJE, CTPEMSTCS
MOJYYUTh YUCJIOBBIC PE3YJbTAaThl P KOHKPETHBIX HAYAJIBHBIX JAHHBIX (TaKUE MO-
JIeTU Ha3bIBAIOT IU(PPOBBIMH);

- KAQUYeCTBEHHBIM, KOT/1a, HE MMesI PEIICHUsI B SBHOM BHJIE, MOXKHO HAaWTH HEKO-
TOpBI€ CBOMCTBA pelieHus (HanpuMep, OLICHUTh YCTOMUUBOCTh PEIICHUS).

[Ipy UMUTALIMOHHOM MOJEIMPOBAHUU BOCIPOU3BOJIUTCS AITOPUTM (DYHKIIHO-
HUPOBAaHUS CUCTEMBl BO BPEMEHHM — IOBEJCHUE CUCTEMbI, IPUYEM HUMUTHPYIOTCS
3JIEMEHTApHbIC SBJICHUS, COCTABIISAIONIME MPOIECChI, C COXPAHEHHUEM HX JIOTUYECKOM
CTPYKTYpbI U MOCIEA0BATEILHOCTH MPOTEKAHUS, YTO MO3BOJIAET MO MUCXOIHBIM JaH-
HBIM MOJIYYUTh CBEJEHHUSI O COCTOSIHUSIX MPOIECCa B ONpPEAECICHHbIE MOMEHTHI Bpe-
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MEHH, JAIOIINE BO3MOKHOCTh OIEHUTh XapAaKTEPUCTUKU CUCTEMBbI. OCHOBHBIM Ipe-
UMYIIECTBOM UMHUTALIMOHHOTO MOJEIUPOBAHUS MO CPABHEHUIO C AHAJTUTUYECKUM SIB-
JISIeTCSL BO3MOKHOCTD PEIeHUs 0oJiee CIOXKHBIX 3a7a4. MIMuTanmoHHble MOJENH 03~
BOJISIFOT JJOCTaTOYHO MPOCTO YUUTHIBATH Takhe (GaKTOPbI, KaK HATMYUE TUCKPETHBIX U
HENPEPBIBHBIX JIEMEHTOB, HEJIMHENHBIC XapaKTEPUCTUKHU IJIEMEHTOB CUCTEMbI, MHO-
TOYHCIICHHBIEC CIIy4alHbIE BO3JEUCTBUS U JAPYIUE, KOTOPBIE YaCTO CO3AAI0T TPYAHO-
CTH IIPU AHAJTUTHUYECKUX UCCIEAOBAHUAX. B HacTosiee BpeMss UMHUTAlMOHHOE MO/IE-
aupoBaHue — Hawmbonee 3(P(GEeKTUBHBIM METOJ HCCIEAOBAHUS CHUCTEM, a 4YacTo H
€AMHCTBEHHBIN MPaKTUYECKU JOCTYIHBIM METO/ MOJIy4eHUs] HHPOpMalluU O TIOBejIe-
HUU CUCTEMBI, 0COOCHHO Ha 3Tare €€ MPOeKTUPOBAHUSI.

B uMUTaLlMOHHOM MOJEIMPOBAHUM PA3IHYAOT METOJ CTATUCTHUYECKUX HCIIbI-
tanuii (Monte-Kapio) u MeTo; CTaTUCTUYECKOTO MOACTUPOBAHUSL.

Meton MouTte-Kapno — 4nClneHHbId METOJ, KOTOPbIA MPUMEHSETCS I MOJE-
JUPOBAHUSI CIyYalHBIX BEJIWYMH U (YHKIMH, BEPOSITHOCTHBIE XapaKTEPUCTUKHU KO-
TOPBIX COBIIAJIAIOT C PEIICHUAMU AaHAUIUTUYECKUX 3a]a4.

CocTtouT B MHOTOKPaTHOM BOCHPOU3BEICHUH MPOLIECCOB, ABJISIOIIUXCA pEaIU-
3alMsIMU CITy4allHBIX BETUYUH U (PYHKIUH, C MOCIeayole oopadoTkoi nHbopma-
MU METOJIaMU MAaTEMaTU4YECKOU CTaTUCTUKU.

Ecnu 3T0T npueM npumeHseTcs il MAlIMHHOM UMUTAIMA B LEJISIX UCCIEA0BA-
HUSI XapaKTEPUCTUK MPOIECCOB (YHKIIMOHUPOBAHUS CUCTEM, MOJIBEPKEHHBIX CIIY-
YalHBIM BO3JCUCTBUSM, TO TAKOW METOJI HA3bIBAETCS METOAOM CTATUCTHYECKOTO MO-
JNETTPOBAHUA.

MeToa CTaTUCTUYECKOTO MOJEIIUPOBAHUS IIPUMEHSIETCA ISl OLIEHKU BapUAaHTOB
CTPYKTYpPBI CUCTEMBI, 3(D(PEKTUBHOCTH PA3IUUYHBIX AJITOPUTMOB YIIPABJICHUS CHCTE-
MOW, BIUSHUS U3MEHEHUSI PA3JIMYHBIX [TAPAMETPOB CUCTEMBI.

CyIIHOCTh UMUTALIMOHHBIX MOJIENICd COCTOMT B peanu3anud Ha OBM crnenu-
aJIBHOTO AJITOPUTMA, KOTOPBIM BOCIPOU3BOIUT (HhOpMaATU30BaHHBIN Mporecc (PyHK-
unonupoBanuss COTC. Moaenupyemplil aITOPUTM MO3BOJIAET MO HWCXOJIHBIM JaH-
HBIM, COAEPKAIIUM CBEJCHHS O HAYAJIbHOM COCTOSIHUHM IPOILIecca U €ro mapaMeTpax,
MOJIYYUTh CBEJIEHUSI O COCTOSHUSAX TporeccoB Gpynkimonuposanuss COTC, ux no-
CHUCTEM U JJIEMEHTOB B IIPOM3BOJIBHBIE MOMEHTHI BpeMEHU. MOJEIUPYIOIUN anro-
PUTM TPUOTMKEHHO BOCIIPOM3BOAUT CaM IPOIIECC — OPUTHHAT B CMBICIE €ro (QyHK-
LUMOHUPOBAHUS BO BPEMEHHU, IPUYEM HMUTHUPYIOTCA DJIEMEHTapHbBIC SIBJICHUS,
coctasysronue nporecc pynkimonuporanust COTC, ¢ coxpaHeHUEM UX JJOTUUECKON
CTPYKTYpbl M TIOCJIEAOBATEILHOCTH MPOSKTUPOBAHUS BO BpeMeHU. Takum obOpaszom,
MMUTAIMOHHON MOJIeNIbI0 OyJiIeM Ha3blBaTh JIOTHKO-MaTEMaTUYECKOE OIHCaHue
CJIO)KHOM CHUCTEMBI, KOTOPOE MOXKET OBITh MCCIEAOBAHO B XOJI¢ MPOBEACHUS JKCIIe-
puMmeHToB Ha OBM, u, clieoBaTelbHO, MOXET CUMUTATHCS BUPTYaJIbHOU Bepcuen
nmanuoit COTC.
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B 3aBHCHMOCTH OT CTeNeHM AETaTU3alUi PACCMOTPEHHBIX MPOLECCOB (DYHKIU-
onupoBanus COTC cnenyer paznuuats Mojenu COTC -Mukpo, -Makpo U METaypOB-
HSL.

Mogenbio Ha MUKPOYpPOBHE SBJISIETCSI, HAIPUMEp, cucTeMa IudQepeHinanibHbIX
YpaBHEHUI B YACTHBIX MPOU3BOHBIX, OMMCHIBAIONIAS MPOIECCHI B CIIOKHBIX CPEIax C
3a/IaHHBIMU KPAaeBbIMHU YCIOBUSIMU. (YypaBHEHUA Jlame 111 MEXaHUKHU , YIPYTUX CPEX
U T.1.)

B ocHOBe MoJenupoBaHHs HA MAaKpOYpPOBHE JIEKAT KOMIIOHEHTHBIE YPaBHEHUS
OTJEJIBHBIX 3JIEMEHTOB U TOMOJIOTMYECKUE YPABHEHMS, BUJ KOTOPBIX OINPEIEIAETCS
CBSI3MU MEXIY dJIEMEHTaMU.

[IpenMeToM MOJIETMPOBAaHUS HA METAYPOBHE SIBJISIFOTCSI CUCTEMBI, X COCTaBHBIC
YacTH M MX CBOKCTBA, MPOLIECCHI, TPOUCXOIAIINE B HUX U OKPYXAIOIEH cpeae, Ko-
TOpPBIE XAPAKTEPU3YIOT CUCTEMHbIE OCOOEHHOCTH OOBEKTOB, UX YCTOMYMBOCTb U JIU-
HaMUYHOCTh KaK LEJOCTHBIX oOpa3oBanuid. [IpuMepamMu SBISIFOTCS MOJEIN MacCOBO-
ro 00CIIy>KMBaHUs, MAPKOBCKHUE MPOLECCHl, UIMUTALIUOHHBIE MOJIENH.

MaremaTuyeckass MOJAENIb — 3TO OMUCAHUE MPOTEKAHUS MPOIECCOB, ONMUCAHUE
COCTOSIHUSI CHUCTEMBI, U3MEHEHUSI COCTOSIHUS CUCTEMBI Ha SI3bIKE aITOPUTMHUUYECKUX
JEUCTBUN ¢ MaTeMaTHYECKUMU (POPMYJIaMU U JTIOTUYECKUMHU MEPEX0/IaMHU.

OCHOBHOE OTJIMYME MAaTEMAaTUYECKUX MOJENEH OT OCTaNbHBIX COCTOUT B UX Ba-
PUATUBHOCTH, T.€. B KOJUPOBAHUHU OJIHUM 3HAKOBBIM ONKMCAHUEM OIPOMHOTO KOJUYe-
CTBa KOHKPETHBIX BAPUAHTOB MOBEJACHUS CUCTEMBI.

Taxk, nunelinple guddepeHnnanbHble YpaBHEHHS! ¢ TOCTOSIHHBIMUA KO3 (ULIHEeH-
TaMU OTNHUCHIBAIOT W JBUKCHUE MacChl Ha MPYXKWHE, U U3MEHEHHE TOKa B KojieOa-
TEJIbHOM KOHTYpE, U PAI APYTUX MPOLIECCOB. B KaXa0M U3 3THX ONUCAHUI OJIHU U TE€
KE ypaBHEHUSI B OYKBEHHOM BHJI€ COOTBETCTBYIOT OECKOHEYHOMY YHUCIY KOMOMHA-
UMM KOHKPETHBIX 3HAUYCHUM NapaMeTpoB. B Maremarnueckux MOJIENSIX BO3MOXKEH
JNEeTyKTUBHBIN BBIBOJI CBOMCTB.

KoHTpoJsbHBIE BONIPOCHI

Uto nonumaetcs noa moaenupoBanueM COTC?

Kaxk xknaccudunmpyrorcs mogenu COTC?

Kakwne Mmonenu Ha3pIBalOT UMUTAIIMOHHBIMU ?

Maiite onpeaenenue meroga Monre-Kapio?

UYTo moHMMAETCsI MaTEMaTUYECKUM I10]] MOJICTTUPOBAHHEM ?

Ok wnE

I'TIABA 10. MOAEJIMPOBAHUE DOKOHOMHNYECKHUX CHU-
CTEM C UCIIOJIbB3OBAHUEM MAPKOBCKHX
CJYYAMHBIX NPOIIECCOB
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10.1. OcHOBHBIE MOHSTHS MAPKOBCKUX MPOLIECCOB

Oyukunu X (t) Ha3bpIBaeTCs CJAy4YailHOM, eclu ee 3HAaYeHHE MPHU JI0O0OM  apry-
MEHTE ¢ ABJISAETCA CIIy4alHON BEJIMYMHOM.

Cayuaiinas ¢pynkuus X (t), apryMeHTOM KOTOPOH SIBIISIETCSI BpEMsi, Ha3bIBAETCS
CJIYYAHHBIM MIPOLECCOM.

MapkoBCcKue MpoLecchl SABIAIOTCS YacTHBIM BHJIOM CIyYalHBIX IMPOLIECCOB.
Oco0eHHOCTAMU MapKOBCKHX IPOLIECCOB SIBJSIETCS TO, YTO JUIsl MApPKOBCKHUX MPOILIEC-
COB pa3paboTaH MaTeMaTUYECKHUIl ammapar, MO3BOJISIFOIINN pellaTh MHOTHE MPAKTH-
yeckue 3a1aur; C MOMOIIBI0 MapKOBCKUX IPOLIECCOB MOXHO ONUCATh (TOYHO WM
npuOIMKEHHO) TOBEICHUE CIIOKHBIX CHCTEM.

Cny4aiiHbIil TIpoIlecC, MPOTEKAONIMH B KakoW-1nbo cucteme S, Ha3bIBACTCS
MapKOBCKUM (WJIM TpoleccoM Oe€3 MOCIENCTBUA), €CIU OH 00JIajaeT CIEAYIOIUM
CBOMCTBOM: ISl JIFOOOr0 MOMEHTa BpeMeHHU t0 BepOsITHOCTh JIF0OOr0 COCTOSIHUS CH-
cteMbl B Oyayuiem (mpu t > t0) 3aBUCUT TOJIBKO OT €€ COCTOSSHUM B HACTOSIIEM
(nput = t0) u He 3aBUCUT OT TOTO, KOTJa U KakuM 00pa3oM cucTema S Mpuiia B
3TO COCTOSIHUE.

Knaccudukanys MapKOBCKHX CIIy4alHBIX MPOIIECCOB MPOU3BOAUTHCS B 3aBUCHU-
MOCTH OT HEMPEPHIBHOCTU HIIM JAUCKPETHOCTH MHOXECTBA 3HaueHUU GyHKImu X (t),
u napamertpa t. PaznuuaroT cieayromuye BUAbl MApKOBCKUX CITyYalHBIX IPOLECCOB!

1. ¢ AMCKPETHBIM COCTOSIHUSIMU U IUCKPETHBIM BpeMeHeM (1ienb MapkoBa)

2. C HENpEePBHIBHBIMU COCTOSIHUSIMHM U TUCKPETHBIM BpeMeHeM (MapKkoBckue mo-
CJI€A0BATEIBLHOCTH).

3. C JIUCKPETHBIMU COCTOSIHUSIMM W HENPEPHIBHBIM BpeMeHeM (HempepbIBHas
uens Mapkosa

4. ¢ HenpepbIBHBIM COCTOSIHUEM M HETIPEPBIBHBIM BPEMEHEM.

B nanHoil pabore OyayT paccMaTpHBAaThCS TOJBKO MApKOBCKHE IMPOLIECCHI C
JTUCKPETHBIMU COCTOSIHUSIMU S1, S5, ...S,. MapkoBckue mpoueccsl ¢ JTUCKPETHBIMU
COCTOSIHUSIMU YJJOOHO WJUTIOCTPUPOBATh C MOMOLIBI0 rpada cocTosiHui (puc.), e
KpY>KOUKaMH 0003HAa4Y€HbI COCTOSIHUSA S1,S, ... CUCTEMBI S, a CTpPEJIKaMU — BO3MOXK-
HBIE MEPEX0/Ibl U3 COCTOSTHUS B cocTosiHue. Ha rpade oTmedaroTes TOIbKO HEMocpe -
CTBEHHO NEPEXO/bl, & HE NMEPEXOIbI UEPE3 APYTUe COCTOSAHUS. BO3MOXKHbBIE 3a1€pKKU
B MPEXKHEM COCTOSIHUM U300paKaloOT «IETIEi», T.€. CTPEJIKOM HApaBIEHHON U3 1aH-
HOTO COCTOSIHMSI B HETO k€. YUCII0 COCTOSIHMI CUCTEMBI MOKET ObITh KaK KOHEUHBIM,
Tak U OeckoHEeYHbIM (HecueTHbIM). [Ipumep rpada cocrosiHuil cucTeMBbl S peaCTaB-
neH Ha puc.10.1.
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Puc. 9.1. T'pad cocTosmoni cHeTeMsr 5

10.2. llenn MapkoBa

MapKOBCKHI CITy9aifHBIN TPOIECC C AUCKPETHBIMH COCTOSHHSIMH U JHCKPET-
HBIMH BPEMEHEM HAa3bIBAIOT MAapPKOBCKOM IIenblo. JIJis Takoro mporecca MOMEHTHI {j,
t,, Korga cucteMa S MOXKET MEHSITh CBOE COCTOSIHUE, PACCMaTPHUBAIOT KaK IMOCIeI0Ba-
TeJbHBIC IIaTW MpoIecca, a B Ka4ecTBe apryMeHTa, OT KOTOPOro 3aBUCHUT MPOIIECC,
BBICTYyITaeT He BpeMs t, a Homep mmiara /,2, ..., K, ... CiydaiiHbIi TIpoIiecc B 3TOM CIIy-
Jae xapaKkTepusyeTcs nocienoBaTenbHocThio coctostaui S(0), S(1), S(2), ..., S(K), ...,
riae S(0) — HavanbHOE COCTOSTHME CUCTEMBI (Tiepe/] mepBbIM 1arom); S(1) — coctosiHue
cucTeMbl nocie nepporo mara; S(K) — cocrosiHre cucteMsl mmocie K-ro imara. ..

CoObiTue {S5(k)=5i}, cocrosiimue B TOM, 4TO cpasy mocie K-ro mara cucrema
HAXOAUTCS B cocTosiHUU Si{l = 1,2, ..} sBnsieTcst ciy4aiiHbIM coObiTHeM. [locienoBa-
tenbHOCTh cocTostHuit S(0), S¢7), ..., S(K), MoOXHO paccMaTpHWBaTh Kak IOCJICIOBA-
TEJIBHOCTh CIy4YaillHbIX cOObITMH. Takas ciiydaiiHas MoCleOBaTEIbHOCTh COOBITHIA
HA3BIBACTCSI MAPKOBCKOM IENbIO, €CIH I KaXKIOTO IIara BEpOsSITHOCTh Mepexoaa u3
0000 COCTOSIHUI S: B JIF000E ) HE 3aBUCHT OT TOTO, KOIJIa M KaK CUCTEMa IPHUIIIa
B cocrostnue S:. HawanmeHoe cocrostare S(0) MokeT ObITH 3aJaHHBIM 3apaHee WM
CIIyYalHBIM.

BeposTHOCTSIMU cocTOsiHUNM e MapKoBa Ha3bIBa€TCsl BEPOATHOCTU TOTO,
yto mnocie K-ro mara (u g0 (k+1)-ro) cucrema S OyneT HaXOJUTHCA B COCTOSTHHH
S, =12, ..,n_ OugeBugHo, s M0boro K

1
Y Piky=1
= (1)

HavanbHbIM pacnpeneneHuemM BEPOATHOCTEW MApKOBCKOW LEMHM HA3bIBACTCS
pacnpeziesieHrne BEpOsTHOCTEN COCTOSTHUI B Havyale mporiecca:

P1(0), Py(0), ..., Pi(0), ..., Py(0). (2)

B gacTHOM citydae, eciii Ha4alIbHOE COCTOSIHUE CUCTEMBI S B TOYHOCTH H3-
sectHO S(0)=S;, TO HauambHasA BEPOATHOCTH £1{0) =1 a BCe OCTaIbHBIE PABHbI HYIIIO.
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BeposiTHOCTh Tepexoa (epexoaHON BEpOsSTHOCTHIO) Ha K-M Imare u3 cocros-
HUSL SjB COCTOSIHHME S;, HA3bIBAE€TCS YCJIOBHAsl BEPOSTHOCTh TOTO, YTO CHUCTEMa S Mo-
ciie K-ro mara oKakeTcsi B COCTOSIHUM ) TIPU YCJIOBHH, YTO HEIOCPEACTBEHHO Tepe]t
stuM (ociie K-1 mara) oHa HaxouJIaCh B COCTOSTHUH .

[TockonbKy crcTeMa MOXKET TIPeObIBaTh B OJTHOM M3 N COCTOSIHUU TO JIUIA KaXK-
J0T0 MOMEHTa BpeMeHH t HeoOXoIMMo 3a7aTh n* BeposATHOCTEH mepexona Fi, KoTo-
phie YAOOHO MPEICTABUTh B BHUJIC CICAYIONICH MAaTPHUIIHI:

P, P, Ps.. R,
P _ P21 I:)22 P23 I:>2n
"|P, P, P,. P,
1 2 3 ’ (3)
Pnl Pn2 Pn3"' Pnn

rac Pij—' BCPOATHOCTD IICPCXOJa 3a OAMH HIar’ U3 COCTOAHUA SiB COCTOAHHUC S]

P;;-BEpOSITHOCTD 3aIEPKKHA CUCTEMBI B COCTOSIHHE S;

Matpuua (3) Ha3pIBaeTCs NEPEXOJHON WM MATPHUIIEH NEPEXOTHBIX BEPOSTHO-
creil. Ecinu nepexoiHple BEPOSTHOCTH HE 3aBUCAT OT BPEMEHH, a 3aBUCAT TOJBKO OT
TOr'0, U3 KAKOI'O COCTOSIHHMS B KakO€ OCYIIECTBIAETCS NEpPEXod, TO menb Mapkosa
Ha3bpIBaeTCA OJHOPOAHOM. [IepexoaHbie BEPOSTHOCTH OAHOPOAHON MAapKOBCKOM LIEIIH
P;j_ 00pa3yroT KBaJpaTHyI MaTpuily pasmepa n X n. MaTpuia IepexoJHbIX BEpO-
ATHOCTEH pa3sMepHOCTBIONZ006/1a1aeT CIIeIYIOIHUMH 0COOEHHOCTMH:

1. Kaxxgast ctpoka XapakTepu3upyeT BEIOpaHHOE COCTOSTHUE CUCTEMBI, a €€ dJie-
MEHTBI PEJCTABISAIOT COOOM BEPOATHOCTH BCEX BO3MOKHBIX NIEPEXOA0B 32 OJIUH LIar
U3 BBIOPAHHOTO I-TO COCTOSIHUS, B TOM YHUCIIC U TIEPEX0]] B caMoe ceOsl.

2. DIeMEeHTHI CTOJIOIOB MOKA3bIBAIOT BEPOSITHOCTU BCEX BO3MOXKHBIX IIEPEXO/I0B
CHCTEMBI 32 OJIMH IIIar B 33/IaHHOE |-€ COCTOSTHHUE (MHA4Ye TOBOPS, CTPOKA XapaKTepH-
3yeT BEpOSITHOCTb NIEPEX0/Ia CUCTEMBI U3 COCTOSIHUS, CTOJIOEI — B COCTOSTHUE).

3. Cymma BepOSITHOCTEN Ka)KJ0Ml CTPOKHM paBHA €IUHUIIC, T.K. IEPEXOJIbI 00pa-
3YIOT MOJHYIO TPYIITY HECOBMECTHBIX COOBITHI:

ZPU =1,l= 1,Tl, (4)

4. Tlo rnaBHOM AMAroHAJIM MATPUILIbI IEPEXOIHBIX BEPOSITHOCTEN CTOSIT BEPOSIT-
HOCTH P;; TOr0, 4TO CUCTEMA HE BBIMET U3 COCTOSIHUA S;a OCTAHETCS B HEM.

Ecmu niigs omHOpOIHOW MapKOBCKOW LENH 3aJ1aHbl HAYaJbHOE PACHPENCICHUE
j| (3), TO BEepOATHOCTH
coctosiuii cuctemsl P;(k), (i = 1, ) onpenenstores o peKyppeHTHou Gopmyiie;

Pi(k) = X Pj(k—=1)*P; (i=1,n,j=1,n), (5)

IMpumep 10.1. Mara3un nponaet nBe mMapku aBromooOwmierr A u b. OnbIT sKc-

BEpPOSITHOCTEH (2) M MATpUILIbl TTEPEXOJHBIX BEPOSTHOCTEH |Pl-

Iryaraiyu 3TUX MapoK aBTOMOOMIIEH CBUACTCIILCTBYCT O TOM 4YTO AJII HUX HMMCCT
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MECTO Pa3IMYHbIE MATPUIIBI IEPEXOTHBIX BEPOATHOCTEH, COOTBETCTBYIOIINE COCTOSI-
HUSM «paboTaeT XopoIioy» (cocTossHue 1) U «TpedyeT peMoHTa» (CoCTosIHUE 2):

09 0.1 0.8 0.2
ABTo Mapku A P, = 06 04 B Py = |0_7 03
DJIeMEHTBI MaTPHUIIBI IIEPEX01a OTpeIesICHbI (Ha T0JI0BOM MEPUO/] IKCILTyaTalluH
aBTOMOOMIIS).
Tpebyercs:

1. HaifTu BepOSITHOCTH COCTOSHUUM il KaKJOW MapKd aBTOMOOWIISI TOCIHE
JABYXJIETHEU JKCIUTyaTalliH, €CJIM B Ha4aJbHOM COCTOSHUM aBTOMOOWIb «paboTaer
XOpOILIOY.

2. OnpenenuTb MapKy aBTOMOOWJIS, SIBJSIOIIYIOCA OoJiee NPEeanOYTUTENIBHOM
IUI IPUOOPETEHUS B JINYHOE OJIb30BAHUE.

[P = £js B = k), (= T < Tm)],P(0) =[] P1(0) = 1,P(0) =

0
Hcnionp3yst MaTpUIly MEPEeXOHBIX BEPOSTHOCTEH, ONpPEIeTUM BEPOSITHOCTU CO-
crostauit P; (k) mocne nepsoro roaa, P; (1) u P,(1) u nocne roga, P, (2) u P,(2).

T.o., mocnie AByxJieTHEN 3KCILTyaTallud aBTOMOOMIIb MapKi A HaXOAUTCS B XO-
pOILLEM COCTOSIHUM C BEPOSTHOCTHIO 0,87 U B COCTOSIHMM «TpeOyeT pEMOHTa» C BEpO-
atHocTbio 0,13. ABTOMOOMIb Mapku B HaxoIuTcs B XOpoIlleM COCTOSIHUM C BEpPOSIT-
HOCTBIO 0,78 ¥ B COCTOSIHUU «TpeOyeT peMOHTa» ¢ BepOsTHOCTHIO (0,22,

ABTOMOOMIIb Mapku A siBIisieTca 0OoJiee MpearnovYTUTeIbHee Mapku B, B cBsI3u C
TEM, YTO BEPOSITHOCTh COCTOSIHUS «TpeOyeT pEMOHTA» MEHBbIIIE.

10.3. HenpepbiBHbIe Henu MapkoBa

MapKOBCKHI CIy4alHbIN MPOLECC C TUCKPETHBIMU COCTOSIHUSMHU U HENIPEPHIB-
HBIM BPEMEHEM HA3bIBACTCSA HENPEPBIBHOM LIENbI0 MapkoBa npu yCiI0BHUM ,UTO IEpe-
XOJl CUCTEMbI U3 COCTOSIHUSI B COCTOSIHUE MPOUCXOIUT HE B (DUKCHPOBAHHBIC , a B
CJIy4ailHbIE MOMEHTHI BPEMEHH.

B sKOHOMMKE 4acTO BCTPEUYAKOTCS CUTyalluu , KOTOPBIE yKa3aTh 3apaHEe HEBO3-
MOHO . {751 onucanusi NOBEICHUS CIOKHBIX SKOHOMUYECKHUX CUCTEM B OTIEIIBHBIX
CIIy4asix MOXXHO HCHOJIb30BaTh MaTEMATUYECKUN anmnapar HENpepbIBHOM Lenu Map-
KOBA .

IIycth cucrema xapaktepusyercsi N COCTOSHUAMM Sy, Sy. .. Sy , & IEPEXOJT U3 CO-
CTOSIHUSI B COCTOSITHUE MOXET OCYIIECTBIATHCS B JIF000M MOMEHT BpemeHHu . O003Ha-
yuM uepe3 p;(t) BEeposSTHOCTH TOTO , YTO B MOMEHT BpeMeHu t cucrema S Oynet
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HaxoAuThes B coctosinuu S; (I = 0,1...7n) . TpeOyercsa onpenenuts ans aoodoro t Be-
POSITHOCTH COCTOSIHHH Po (1), p1 (1), ..., Pr(t). 2o 0i(t) =1

Jl5ia mpoiiecca ¢ HEMPEPHIBHBIM BPEMEHEM BMECTO NMEPEXOAHBIX BEPOSTHOCTEH
nepexona A;; K JUIMHE IPOMEXyTKa At

. pij(£4AL)
Aij(8) = lim == (6)

rae p;;(t; At) — BEPOATHOCTH TOTO , YTO CHCTEMa NPeObIBaBIIas B MOMEHT { B
COCTOSIHHH S; 3a BpeMs At MmepeiieT u3 Hero B COCTOSHUE S; (TIpH § # )

Ecmu A;; = const , T0 nponecc Ha3bIBAETCA OMXHOPOJHBIM , €CIIH IIIOTHOCTH Be-
POSATHOCTH 3aBUCAT OT BPEMEHHU A;; = A;(t) , TO MPOLECC — HEOJHOPOAHBIN .

[Ipn n3yyennn MapKOBCKUX CIydalHBIX MPOLECCOB C TUCKPETHBIMHA COCTOSIHU-
SAMH U HENPEPHIBHBIM BPEMEHEM B Ipade COCTOSAHMI HaJ CTPEIKAMU , BEIYIIHUMH U3
COCTOSHHA S; B S; IIPOCTABIAIOT COOTBETCTBYIOMINE UHTEHCUMBHOCTH A, ;. Takoii rpad
COCTOSIHUI Ha3bIBAIOT PA3MEUEHHBIM .

IlycTh cucrtema S MMEET KOHEYHOE YHCIIO COCTOSIHUM Sy, Sq, ... Sy. CilydanHbIi
MpolLIeCC , MPOTEKAIOUIUN B 3TOM CUCTEME , ONUCHIBAETCA BEPOATHOCTIMH COCTOSIHUN
Po(t), p1(t),...,pn(t) - BEpOATHOCTH TOTO , YTO CHCTEMa S B MOMEHT BpeMeHH 1
HAXOJUTCS B COCTOSIHUM S;. BeposTHOCTH cocTosiHuM p;(t) HAXOAST MyTeM peLIeHHUs
cucteMbl TudPepeHnaTbHbIX ypaBHEHUH ( ypaBHeHU Koamoroposa ) , UMEIOMIMX
CJICIYO IIAM BU] :

ap;(t ]
P — 3 A pi() = pi(8) - Xi Ay, i=0,.m, (7)

ot
Benuuuna )lij'pij (t) Ha3bIBACTC:A ITIOTOKOM BCPOATHOCTH IICPCXOda U3 COCTOAHUA

S; B S; YpaBHeHue (8) COCTABIAIOT 0 pa3MEYEHHOMY Tpady COCTOSHMH , TOJB3YACH
CJIEYIOIIMM MHEMOHHUYECKUM MpaBuioM :lIpou3BogHas BEpOSTHOCTH KaXKIOTO CO-
CTOSIHUSI paBHA CyMM€ BCE€X IOTOKOB BEPOSITHOCTHU , UAYLIUX U3 APYTUX COCTOSTHUM B
JAHHOE COCTOSIHUE , MUHYC CyMMa BCEX IOTOKOB BEPOSITHOCTH , MIAYIIUX U3 JAHHOTO
COCTOSIHUSI B IPYTHE .

Yto0bl pemuTh cucteMy Iu(PepeHIIMPOBaHHbIX YpaBHEHUN (8) HYXHO 3a1aTh
HavyabHOE pacmpesnencHue BeposTHocTeit py(0),p1(0),...,p;(0),...,0,(0). Cucre-
My auQdepeHINPOBAHHBIX YPaBHEHUH PEIIAIOT ¢ MPUMEHEHHWEM YHUCICHHBIX METO-
TIOB.

10.4. ®duHaJbHbIE BEPOATHOCTH COCTOSIHUM

Ecnm mipouecc, mpoTeKarmuili B CUCTEME, IJIUTCS JIOCTATOYHO JISI TOTO, TO
MMEET CMBICI TOBOPUTH O TMPEACIBHOM TOBEJACHUH BeposiTHocTen P;(t) mpu t — oo.
B HekoTophIX ciydasx CymecTBYIOT (hMHANBHBIE (MPEeTbHbIC) BEPOSITHOCTH COCTO-
0505056
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Py = limt—mopi(t),

rnei =0,1,...,n,
HE3aBUCALIUE OT TOr0, B KAKOM COCTOSTHUM CUCTEMa S HaXOJAWjach B HaYaJIbHBIN MO-
MeHT. ['0BOpAT, 4YTO B cUCTEME S yCTaHABIMBACTCS MPEACIbHBIM CTAallMOHAPHBIN pe-
UM, B X0JI€ KOTOPOTO OHA NEPEXOIUT U3 COCTOSHHS B COCTOSIHUE, HO BEPOATHOCTH
coctostHUM P; yke He MeHstoTcs. Cucrema, Ui KOTOPOM CYHIECTBYIOT (PMHAIBHBIC
BEPOSITHOCTH, Ha3bIBACTCS IProAMYECKO, a COOTBETCTBYIOIINN CIIy4alHbIN IIpoLece
— IProan4eCKuM.

duHanpHBIE BEPOSATHOCTH COCTOSIHHM (€CTM OHHU CYIIECTBYIOT) MOTYT OBITh
MOJTyYEHBI MyTeM PEIICHUS CUCTEMBbl JTUHEHHBIX aareOpanyecKux ypaBHEHHI, KOTO-
pble modyvaroTcs u3 auddepeHunanbHbpX ypaBHeHuit Koamoroposa, ecnu npupas-
HSTh MMPOM3BOJIHBIC K HYIIO, & BEPOSTHOCTHBIC PYHKIUU COCTOSHUM Py (t), ..., Pp(t)
B MPaBbIX YacTIX ypaBHEHUH (2.8) 3aMEHUTh COOTBETCTBEHHO HA HEU3BECTHbBIE (DU-
HaJIbHBIE BEPOATHOCTH Py, ..., Py,.

Takum o0Opazom, A cUCTEM S ¢ N COCTOSHUAMMU MOJydaeTcs cucrema N Ju-
1 Pn

KOTOPBIC MOKHO HaWTHU C TOYHOCTBIO A0 IMMPOU3BOJIbHOTO MHOXHTCIIA. I[H)I HaXO0Xac-

HEWHBIX OJTHOPOJHBIX are0OpandyecKuX ypaBHEHHI ¢ N HEU3BECTHBIMU Py, P

HUSA TOYHOTO 3HayeHus Py, P.,...,P, K ypaBHEHHSIM J00ABJISIIOT HOPMHUPOBOYHOE

1
ycnosue Py + P, + -+ + P, = 1, nonb3ysack KOTOPHIM MOKHO BBIPA3UTh JIHOOYIO 13
BEPOATHOCTEN P; uepe3 Ipyrue U OTOPOCUTh OJTHO U3 YPABHEHUI.

Ilpumep 10.3. NUmeetcst pazMeueHHBIN rpad COCTOSHUMN cucTteMbl S (puc. 2.4).
Heobxoaumo coctaBuTh cucteMmy nuddepeHnnanbabix ypaBHeHu KoiMoroposa u
3anycaTh HayalbHbIE YCIIOBUS JJISl PEIICHUs 3TOM CHCTEMBI, €ClIi MU3BECTHO, YTO B
HavyaJIbHbI MOMEHT CHCTEMa HaXO/nUjIach B COCTOSIHUU ;.

A

23

%
NGV Qs

Puc. 10.2. I'pa¢ cocrosHmii cHCTEMBI

CoryacHO NpUBEIEHHOMY MHEMOHHYECKOMY IpaBUily, cucteMa auddepeHiu-
anbHBIX ypaBHeHH KosiMoropoBa umeeT BUA
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— =31 P3t s Py — Az Pr—Ais - Py
%=/112'P1_/123'P2
<%=/123'Pz_(/131'1334‘/134'133‘|‘/135'P3)F (8)
%=/114'P1+/134'P3+)154‘P5_/141‘P4
\ %=/135'P3—/154'P5-

Hauanenble ycnoBust nipu t = 0:
P,=1,P,=P3;=P,=P;=0.

Paccmotpum, 4TO mpou3oitner ¢ cuCremMoi S, onuckiBaeMon auddepeHuans-
HbIMHU ypaBHeHHsIMU Konmoroposa, nipu t — oco. 3BeCTHO, 4TO B Cily4ae COOOIIA0-
muxcst coctossuuit pyukuuu Py (t), P,(t), ..., P (t) ctpemarcs k mpeaenbHbiM ((u-
HaJIbHBIM) BEPOATHOCTSIM COCTOSHUM cucTeMbl S. (DOUHaIbHBIE BEPOATHOCTH HE
3aBUCAT OT BpeMeHHU. [loaromy B cucreMe auddepeHunansHpix ypaBHeHui Konmo-
ropoBa BCE JIEBbIE YAaCTH YpPaBHEHHH (IPOU3BOAHbBIC) MPUHUMAIOT PAaBHBIMH HYIIIO.
[Ipu 3ToM cucreMa nudpepeHIanIbHbIX YPaBHEHUI TPEBPATUTCS B CUCTEMY JIMHE -
HBIX anreOpanvyecKkux ypaBHEHUU.

Jns namero npumepa cuctema (10.3) Oyner uMeTh BUJI

0=2A3; - P3+ A4y Po— (A2 P —Ai4 - P1)
0=2A1- Py =233 P,
0 =223 P — (31 P3+ 434 - P3 + A35 - P3) 9)
0=2A14 Pr+ 434 P3+ 454 Ps =441 - Py
0 = A35 - P3 — A5y " Ps.

Pewas ee, ¢ yuerom ycnosus P, + P, + P; + P, + Ps =1, nonydnum Bce
npeieibHbIe BEPOATHOCTH. DTH BEPOSITHOCTH MPEJCTABISAIOT COOO0M HE UTO MHOE, KaK
CpelHee OTHOCUTEIBHOE BpeMsl MPEObIBaHUS CUCTEMBI B JAHHOM COCTOSIHHH.

9.5. Heo0xoauMble U 10CTATOYHbIE YCJIOBUA

CYLIEeCTBOBAHNUS (PUHAJIBHBIX BEPOATHOCTEH

Jlnst - cyniecTBOBaHMS (DUHAIBHBIX BEPOATHOCTEH OIHOTO YCIOBHA A;j =
const HEAOCTATOUYHO, TPEOYETCs BBHINOJHEHUE €IIe HEKOTOPBIX YCIOBUM, IPOBEPUTH
KOTOpBIE MOXHO 10 Tpady COCTOSTHUM, BBIEINB B HEM TaK Ha3bIBa€MbI€ CYIIECTBEH-
HbIE M HECYLLIECTBEHHBIE COCTOSTHUS.

CocrosiHue S; Ha3bIBACTCS CYINECTBEHHBIM, €CIIM HET JPYroro COCTOSHHSA S;
T.€. TAKOI'0, YTO TEPEUIS OJHAKIBI KAKMUM-TO CIIOCOOOM S; B S; U3 CUCTEMA YKE HE
MOXET BEPHYTHCA B S;.

Bce cocrosiHusi, He oOamaromiye TakUM CBONCTBOM, HAa3bIBAIOTCS HeCyIlle-
CTBEHHBIMHU.
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Puc. 10.3. I'pad cocrosiHuii cucremsl S

PaccMmoTpum npumep, npencrasiennsiii Ha puc. 10.3.

Cocrosinne S;, S, u S - HECYIIECTBEHHBIE, TaK Kak M3 S; MOXHO YWTH,
HanpUMep, B COCTOSIHUU S, W HE BEPHYTHCS, a U3 COCTOSIHUS S, — B COCTOSIHUE S3
uini S, W HE BEPHYTHCS AHAJIOTHYHO U3 COCTOSIHUA S5 - B COCTOAHUE Sg U S,. Co-
CTOSHHE S3, Sy Sg U S7 - CYIUECTBEHHBIE COCTOSHUS.

Teopema. 1lpy KOHEUHOM YHUCIIE COCTOSHUN JIJISl CYIIECTBOBAHMS (PMHATIBHBIX
BEPOSITHOCTEH HE0OX00UMO U 0ocmamouHo, 4TOObl U3 KaXKJIOT0 CYIIECTBEHHOIO CO-
CTOSTHUSL MOXKHO OBLJIO (32 KAKOE-TO YMCJIO IIaroB) MEpPEerTH B KaXKI0€ APYroe cylie-
CTBEHHOE COCTOSIHHE.

I'pad u3 mpumepa puc. 10.5 3TOMy yCIOBHUIO HE yIOBIETBOPSIET, TaK KaK W3
CYILIECTBEHHOT'O COCTOSIHUS S, HEJb3sl MEPEUTH B CYHIECTBEHHOE cocTosiHuEe S,. Ec-
JIX CUCTEMA S UMEET KOHEYHOE YHUCIIO COCTOSIHUM Sq, S5, ..., S, TO U1l CYIIECTBOBA-
HUS (PUHAIBHBIX BEPOSITHOCTEM JOCTATOYHO, YTOOBI U3 JIFOOOTO COCTOSIHUSI CUCTEMBI
MOYHO OBLIIO (32 KaKOE-TO YKCJIO IIaroB) MEPEeUTH B JIFOOOE IPYTroe COCTOSHUE.

Ecnu yucno cocrosuuii Sy, Sy, ..., Sy, 0ECKOHEUHO, TO ATO YCIOBHUE NIEPECTALT
OBITH JJOCTATOYHBIM, U CYIIECTBOBaHNE (DUHAIBHBIX BEPOSITHOCTEH 3aBUCUT HE TOJIb-
KO OT rpaga COCTOSHUHI, HO ¥ HHTEHCUBHOCTH A;;.

[Tpu mccnenoBaHUM HEMPEPHIBHBIX MApPKOBCKHUX IIEMeEl, KaKk ObUIO yKe OTMe-
YEeHO, 4acTO ObIBAET yAOOHO MPEICTABUTH MEPEXO/ CUCTEMbI U3 COCTOSIHUSI B COCTOSI-
HUE KaK BO3JIEHCTBUE KAaKUX-TO MOTOKOB COOBITHI (ITOTOK 3asBOK Ha 0OCITy>KHBaHUE,
MOTOK aBTOMOOWJIEH, MOTOK JOKYMEHTOB T.I.). Pasauuarom ciredylowue OCHOBHble
C80UCMBA, KOMOPLIMU MO2YM ObIMb 001A0amb CLIy4atiHble NOMOKU COObIMULL:

® CTaIlMOHAPHOCTH;
® OpAUHAPHOCTH;
® OTCYTCTBHE MOCJIC/ICTBUSI.

Cmayuonapnocms. CBOUCTBO CTallMOHAPHOCTHU TPOSBISETCS B TOM, YTO Be-
POSITHOCTDH TIOTIA/IaHUS TOTO WJIM MHOTO YMCJia COOBITUI HAa y4aCTOK BPEMEHU T 3aBU-
CHUT TOJIbKO OT JUIMHBI yYacTKa U HE 3aBUCHUT OT PACIOJIOkKEHUs Ha ocu Ot. J[pyrumu
CJIOBaMH, CTAIIMOHAPHOCTh O3HAYAET HEU3MEHHOCTh BEPOSITHOCTHOTO PEXUMa MOTO-
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Ka coObITHil BOo BpemeHH. [loTok, obnagaromuii CBONCTBOM CTAllMOHAPHOCTH, Ha3bl-
BAIOT CTAl[MOHAPHBIM. J[JIs1 CTAIIMOHAPHOIO OTOKA CPEIHEE YHUCIIO COOBITUH, BO3/1EH-
CTBYIOLIMX HAa CHUCTEMY B TEUCHHE CIUHUIIBI BPEMEHM, OCTACTCS NOCTOSHHBIM. Pe-
QJIbHBIE TIOTOKU COOBITUN B SKOHOMUKE MPEATNPUATUH SABISIOTCS B AEUCTBUTEIBHOCTH
CTAllMOHAPHBIM JIMIIb HA OTPAHUYEHHBIX Y4aCTKaX BPEMEHH.

Opounaprnocms. CBONCTBO OPAMHAPHOCTU MOTOKA MPUCYTCTBYET, €CIU BEPO-
ATHOCTb Ha 3JIEMEHTApHBIN y4aCTOK BPEMEHH JIBYX U 00Jiee COOBITUI MTPEHEOPEKUMO
Maja Mo CPaBHEHHUIO C JUIMHOW 3TOro y4yactka. CBOMCTBO OpJAMHAPHOCTH O3HAYAET,
YTO 32 Majblii MPOMEXKYTOK BPEMEHHM IMPAKTUUYECKH HEBO3MOXKHO IOSIBJIEHHE OoJee
oJtHOro coowItTus. [loTokK, 0OagaronMii CBOWCTBOM OpJMHAPHOCTH, Ha3bIBAIOT OPIH-
HApPHBIM. PeasibHbIe TOTOKU COOBITHI B pa3iMUHbIX SKOHOMHUYECKHUX CUCTEMAaxX JIMOO
ABIIIIOTCS OPJUHAPHBIM, MO0 MOTYT OBITh IOCTATOYHO MPOCTO MPUBEICHBI K OpIH-
HapHBIM.

Omcymcmeue nocneoeiicmeus. JJaHHOE CBOMCTBO MTOTOKA COCTOUT B TOM, YTO
IUTSL TIOOBIX HENEPEeCEeKaIoIUXCsl TOTOKOB BPEMEHU KOJIMYECTBO COOBITHH, Momnaja-
IOLUX HAa OJUH U3 HUX, HE 3aBUCUT OT TOTO, CKOJIBKO COOBITUI MOMNaJlo Ha APYTue
yyacTku BpeMeHH. [loTok, oOnanaromuii CBOMCTBOM OTCYTCTBHUSI IMOCIEAEHCTBUS,
Ha3bIBAIOT MOTOKOM 0e3 mocJieaeiicrBus. [10Tok coObITHI, 0OTHOBPEMEHHO 00Jaza-
IOIIMM CBOMCTBOM CTallMOHAPHOCTH, OPJAWHAPHOCTH M OTCYTCTBHS ITOCIEACHCTBHS,
HAa3bIBACTCS MPOCTEHIIMM ITOTOKOM COOBITHM.

HOI[ HMHTCHCUBHOCTBIO ITIOTOKA ITOHUMAKT
m(t,t+1)

A(t) = lim,_,q — (10)

rae m(t, t + 1) - cpeaHee ynucno coowituii B (t,t + ).

Jlist mpocTeHIero moToka WHTEHCUBHOCTh A = const. Ecnu moTok coObITHi
HE UMEET MOCIIEJCTBUA, OPJAMHAPEH, HO HE CTAIlMOHAPEH, TO €r0 HAa3bIBAIOT HECTAIIH-
OHAPHBIM ITyaCCOHOBCKUM MOTOKOM, a €r0 MHTEHCHUBHOCTh 3aBHCHUT OT BPEMEHHU, T.€.
A= A(1).

B myaccoHOBCKOM MOTOKE COOBITHI (CTAIIMOHAPHOM U HECTAI[MOHAPHOM) YU C-
JI0 COOBITHM, TOMATAONINX Ha JIFOOOM ydacTok, pacmupenesicHo mo 3akoHy Ilyacco-
Ha:

Pm =a_m_e—a,m = 0,1,..., (11)

m!
riae P, — BEpOATHOCTH MOMA/IaHUus Ha Y9aCTOK M coObITUH (Tpusiokenue 7);
a — CpefiHee YUCIIO COOBITUH, MPUXOAIIeeCs Ha yIacTOK.
Jlis mpocTeiiiiero noroka @ = A+ T, a Il HECTAIMOHAPHOTO TyacCOHOBCKOTO

IIOTOKa
to +T
= to

rac 7 - JJinHa y4aCcTKa BpEMCHU,

A(t)dt, (12)

tp - HA4aJIO y4yacTKa T.
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OTmeTuM ere OJHO BaKHOE CBOWCTBO MPOCTEHIIETro MoTokKa coObiThid. [Ipo-
MEXYTOK BPEMEHU t MEXy COCETHUMHU COOBITUSIMU pacipesiesieH 1Mo MoKa3aTeabHo-
My 3aKOHy, a €ro cpelHee 3HaueHHe T U CpelHee KBaJpaTHUECKOEe OTKIOHEHUE O
PaBHBI, T.€.

T=0=- (13)

rje A — MHTCHCHBHOCTD TIOTOKA.

JIJis HEeCTallMOHAPHOTO IMyaCCOHOBCKOTO MOTOKA 3aKOH PACIpPEACICHHS IPO-
MEXyTKa t MEXTy HE SBIISCTCS TOKAa3aTCIIbHBIM, TaK KaK 3aBUCUT OT IOJIOXKCHHS Ha
ocu Ot u Buma 3aBucuMOoCTH A(t) €ro MOXHO MPUOIKEHHO CUNTATh IMOKA3aTEIhHBIM
C MHTEHCHBHOCTBIO A, paBHOM cpeaHeMy 3HaueHuto A(t).

Takum oOpa3om, I UCCIETYeMON CUCTEMBI S ¢ AUCKPETHBIMH COCTOSTHUSMU
Y HETPEPHIBHBIMU BPEMEHEM TIEPEXO/Ibl U3 COCTOSHHSI B COCTOSIHUE MTPOUCXOIUT O/
JICHUCTBUEM ITyaCCOHOBCKHX ITOTOKOB COOBITHI C OIpeNelieHHOW WHTCHCHBHOCTBIO

Al} .
PaccMoTpum elie 0JHYy TUIIMYHYIO CXEMY HENPEPBIBHBIX MAPKOBCKUX LENEU —
TaK Ha3bIBAEMYIO CXEMY M Pa3MHOKEHHS, YaCTO BCTPEUAIOUIUXCS B Pa3HOOOPA3HBIX
MIPAKTUYECKUX 3a7a4yax.
MapkOBCKHI MPOLIECC ¢ AUCKPETHBIMU COCTOSIHUSIMH S, S1, S5, ..., S, Ha3bIBaA-
€TCs MPOILIECCOM THlesId U Pa3MHOKEHHS, €CJIM BCE COCTOSIHUSI MOKHO BBITSIHYTH B
OJIHY IIETIOYKY, B KOTOPOU KaXJ0€ U3 CPeAHUX COCTOSHUM (S;, Sy, ..., Sp_1) MOXKET
MEPEXOJUTHh TOJBKO B COCEIHUE COCTOSIHUS, KOTOPBIE, B CBOKO OYEpE/lb, IEPEXOIAT
oOpaTHO, a KpaiiHue cocTosiHus (S, u S;,) IEPEXOAAT TOIBKO B COCEIHUE COCTOSHUS

(puc. 10.4).

Ao () MO AHO) A2(®) A (®)  A(®) An—2()  An1 (D)

p1 (1) () ps(t) -1 () pie(t) .uk+1(.;) Hn—1(t) pp(t)

Puc. 10.4. I'pad cocrostuuii ans nmpouiecca rudenu U pa3MHOXKe-

HasBanue B3ITO M3 OHOJOTMYECKHX 3adad, TAC COCTOSHUE IOMYJISIUU S
O3HAYaeT HAJIMYKME B Hel K eIMHUIT 0COOEH.

[Tepexo BIpaBo CBsI3aH ¢ pa3MHOKEHHUEM CIMHHIIL, @ BIIEBO C MX THOCIBIO.
Ao(t), A,(t),A,(t), ..., A,,_1(t) — MHTCHCUBHOCTH Pa3MHOKCHHUSI,
Uo(t), puy(t), u,(t), ..., Uy (t) - MHTEHCUBHOCTH THOEIIH

VY A ¥ [ HHIEKC TOTO COCTOSHUS, U3 KOTOPOT'O CTPENIKA BBHIXOIHUT.

C cocrosinreM Sj CBsA3aHA HeclydaliHas BeJHMUMHA X : €CIM cHcTeMa S B MO-
MEHT BpEeMEHH t HaXOIWTCS B COCTOSHUHU Sy, TO TUCKPETHAs CilydaiiHas BEJIMYHHA
X(t), cBa3anHas ¢ QYHKIMOHUPOBAHMEM CHUCTEMBI, MPUHUMAET 3HaueHue K. Taxum
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oOpa3om, mosryyaeM ciydaiHblil npouecc X (t), KOTOpBIN B CiIy4aiiHbIEe, 3apaHee He-
M3BECTHBIE MOMEHTHI BPEMEHHU CKaYKOM HU3MEHSIET CBOE COCTOSTHUE.

MapKoOBCKHM MPOIECCOM THOETH W PA3MHOXKEHHUS C HEMPEPHIBHBIM BPEMEHEM
HAa3bIBACTCSI TAKOM IMPOIIECC, KOTOPBIA MOXET NMPUHUMATH TOJIBKO IEIbIe HEOTpHIla-
TeJIbHBbIC 3HaYeHUs. VI3MEHEHHUs 3TOro mporiecca MOTYT IMPOMCXOANTh B JIIO0O0H MO-
MEHT BPEMECHH, T.€. B TIOOOH MOMEHT BPEMEHH OH MOXET JIMOO YBEIMYHUTHCS Ha €U~
HUITY, TU00 YMCHBIITUTHCS Ha CAMHUILY, JIHOO OCTaThCSI HCM3MCHHBIM.

B mpakTuke BCTpedaroTCs MPOIECChl YUCTOTO PAa3MHOKCHHS U YUCTOM THOECTH.
[IpormeccoM 4nMCTOTO Pa3MHOKEHUS HAa3bIBACTCS TAKOHM MPOIIECC THOSTN U Pa3MHOXKe-
HUS, Y KOTOPOTO MHTEHCUBHOCTH BCEX MOTOKOB T'MOEIN paBHBI HYJIO; aHAJOTUIHO
MIPOIIECCOM YHCTOM «THOETM» HA3bIBAETCS TAKOW MPOIECC THOCIN U Pa3MHOXKECHHUS, Y
KOTOPOTO MHTEHCUBHOCTH TIOTOKOB Pa3MHOKEHHUS PaBHBI HYJIIO.

Ilpumep 10.4. PaccMoTpuM HSKCIUTyaTalluI0 MOJCJIECH aBTOMOOWIICH OJIHOU
MapKy B KPYITHOW TpaHCHOPTHOM (dupme (Ha mpennpustuu). NHTEHCUBHOCTH I10-
CTYIUICHHsSI aBTOMOOWJCH Ha mpennpusaTre paBHa A(t). Kaxapli moCTymUBIINI Ha
MPENPUATHE aBTOMOOWMIIb CITMCHIBAaeTCs depe3 ciydaitnoe BpeMs T-. Cpok ciy>kObl
aBromoOusist T, pacmpeesieH 1Mo MoKa3aTeIbHOMY 3aKOHY C mmapameTpoM u. Ilpomecc
OKCILIyaTallii aBTOMOOMIIEH SBISETCS CIIydalHBIM IpoiieccoM. A(t) - maHHOM Map-
KM, HaXOJISIIIMXCS B AKCILTyaTaliuu B MoMeHT t. HalimeM omHOMepHBIN 3aKOH pacrpe-
nenenust ciaydaitnoro mpouecca P;(t) = P{A(t) = i}, ecau: 1) HeT orpaHn4eHuii Ha
YHCJIO IKCIUTyaTUPYEMbIX MAIIIWH, 2) Ha TPEINPUATAN MOXKET IKCILTyaTUPOBATHCS HE
0oJiee aBTOMOOUJIEH.

Pemenne
1. CnyualiHblil IpoLecC IKCIUTyaTallii aBTOMOOUJIEH €CTh Ipolecc rudenu u
pPa3MHOXKEHUs, pa3MeueHHBI rpad koToporo npezacTasieH Ha puc. 10.5.

Al A(H) A(E)
e _>
ee <_
H i (i+1)-u
Puc. 10.5. I'pa¢ cocrosiumii

Cucrema KommMoropoBa, COOTBETCTBYIOIIAsi STOMY Ipady, MeeT BUJ

GO 1Py () = AE) - Po(E)

S S S Sty SN
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rae i=1,2, ...

Ecnu HavanpHBIH MOMEHT BpeMeHHu t = (0 Ha MpeAnpUsSTAN He ObUIO HU OJHO-
r0 aBTOMOOWJISI, TO peIiaTh 3Ty CUCTEMY YPaBHEHUW HYKHO MPU HaYaJbHBIX YCIOBU-
1x Pp(0) =1, P;(0) =0 (i =1,2,...). Ecnmu nmpu t = 0 na npeanpustun Obu10 K aB-
tomobuneit (k = 1,2, ...), To Ha4aIbHBIE YCIOBUS OYIyT UMETh BU]]

P.(0)=1P0)=0(=12,..,i #k).

2. Ecnu Ha npeAnpUaTHA MOXKET KCILUTyaTUPOBAThCS HE Oojee N aBToMoOuien
MOJIEJIe OJTHOM MapKH, TO UMEET MECTO MPOIeCC THOETN U Pa3MHOXKEHHUS C OTPaHU-
YEHHBIM YHCJIO COCTOSTHUH N, pa3MeUeHHBIH rpad KOTOpOTro mpeAcTaBiieH Ha puc. 9.6.

10 MO~ A®
u

i-u (i+1D-u n-u

A(6)

Puc. 10.6. I'pac cocTostHmit

Cucrema ypaBuenuii Konmoroposa niist pazmedensnoro rpada (puc. 10.6) ume-
€T BUJI

dt
e o s |
PO =2 Poa® + G+ D - Poya () — A + i) - A1), i=Tn—1
........................... e
T = A(8) - Paca () = - - By (0),

(15)

DTy cucTeMy HaJ0 peliaTh NpU HAYaJIbHBIX YCIOBUSAX, PACCMOTPEHHBIX BBILIE.
Pemienust cucrem ypaBHenuit (15) u (16) gBAsIOTCS OJTHOMEPHBIMU 3aKOHAMH pac-
npenenenust P;(t). Otbickanue pemienuii cucreM (15) u (16) B oOiieM Buae mpu
npou3BoIbHOM Buze (yHkimu A(t) mpeacTaBiseT 3HAYUTEIbHBIC TPYIHOCTH U HE
MMEET NPAKTUYECKUX TPHUIIOKECHH.

[Tpu MOCTOSIHHBIX MHTEHCUBHOCTSIX MOTOKOB THOENN U pa3MHOXKEHHS U KOHEY-
HOM YHCJI€ COCTOSIHUU OYyJEeT CYIIeCTBOBAaTh CTallMOHAPHBIA pexkuM. Cucrema S
KOHCYHBIM YHCJIOM cocTosiHUHM (n + 1), B KOTOpOW MpOTEKaeT MPOIECC THOCIH |
Pa3MHOXKEHHUS C MOCTOSSHHBIMM MHTEHCUBHOCTSIMU MOTOKOB TMOETN U pa3MHOXKECHHUS,
ABJISIETCS] TPOCTEUILIEH IProgudecKoil cucteMoil. Pa3medeHnslit rpad cOCTOSIHUMN IS
TaKoW CUCTEMBI NpejicTaBiieH Ha puc. 10.7.

[IpenenbHble (prHATBHBIE) BEPOSATHOCTH COCTOSIHUM JI0JISI MPOCTEHILEro 3pro-
IUYECKOTO Mpoliecca THOen U pa3MHOXKEHHS, HaXOALIErocs B CTallMOHAPHOM pe-
KHUME, OTPEIEIISAIOTCS 10 CIEAYIOIUM (hopMyiaM:

p, =2ttioa p =12 n; (16)

HaHz Uk
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}Lo A i—1 Ai /171 -1
0=00=—0=O*O=0
Hq Hi Hiv1 Hn

Puc. 10.7. M'pad cocToAaHUM

lo . Aog:A Ao Aqroidp_1) 1
p0={1+_0+L+...+M} _
251 Hal2 Hqlz - Un

Ilpasuno. BepostHOCTB K-r0 cOCTOSIHUS B cXemMe THOETH U Pa3MHOXKECHUS PaB-
Ha JApoOH, B YUCIMUTENIE KOTOPOM CTOUT NMPOMU3BEIECHUE BCEX MHTEHCHUBHOCTEW pas-
MHOKECHMS, CTOSIIIUX JieBee Sy, a B 3HAMEHATEIIE - IPOM3BEICHUE BCEX UHTCHCUBHO-
cTell TH0enu, CTOSIIMX JieBee S, YMHOKEHHOW Ha BEPOSATHOCTh KpPAWHEro JIEBOIO
COCTOSIHUSI CUCTEMBI P.

B mpumepe 10.4 qns cranmoHapHOrO peKMMa €CiIM MHTEHCUBHOCTD MOCTYILIE-
HUs aBTOMOoOwMIIel nocrostuHas (A(t) = A = const), To pUHATBHBIC BEPOATHOCTH CO-
CTOSIHUI MPU YCJIOBHH, YTO HET OTPAaHUYEHHUI Ha YUCIO aBTOMOOWIIEH Ha MpeAnpusi-

THH, PABHBI
A
PO = e_ﬁ, (17)
@, -2
Pk = % e H, (18)

[Ipu 3TOM MaTEMaTUYECKOE OKHMIAHUE YUCIa IKCIUTYaTUPYEMbIX aBTOMOOUIIEH
PABHO €ro AUCIEPCHUU:

MIA(®)] = DIA(D)] =2 (19)

Ecnu cymiectByer orpaHudeHne 1o YUCIy aBTOMOOWIICH Ha TPEANnpusTuu (He

6onee N), To pUHAIBHBIE BEPOSITHOCTU PABHBI
e—a

- -/
R ake /K
k

Py = Po.o, (21)
roe k=0,1,2, .., n.

MaremaTudeckoe OXXHJIaHUE YHCIIa SKCIUTYaTUPYEMbIX aBTOMOOWIICH B CTaIlv-

OHAPHOM PEKUME
MIA(®)] = Spoo k- Py. (22)

Ilpumep 10.3. B coctaB DBM BXomsT 4YeThIpe HAKOMUTEIS HAa MarHUTHBIX
muckax (HM/]]). bpuraga B coctaBe 4eThIpeX YeIOBEK OOCTYKHBAIOIIETO IMEpCOHAIA
MPOBOJIUT MPOPIITAKTUIECKUN PEMOHT Kaxkaoro aucka. CymMMapHbBIA MOTOK MOMEH-
TOB OKOHYAHMsI PEMOHTA JJIsl BCe Opuraabl — MyacCOHOBCKHM C MHTEHCHBHOCTHIO
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A(t). Tlocnie okOHYaHUST PEMOHTA JIUCK MPOBEPSCTCS; C BEPOSTHOCTBIO P OH OKa3bl-
BaeTcsi paboTOCIOCOOHBIM (BpeMsi MPOBEPKHM Mallo, U UM MOXKHO IpeHeOpeub MO
CpPaBHEHHUIO CO BpeMeHeM mpodunakTtuku). Ecou auck okazancs HepaboTocmocoo-
HBIM, TO BHOBb IPOBOJUTCS €ro MpoduiiakTuka (BpeMs Ha KOTOPYIO HE 3aBHCUT OT
TOTO, IPOBOMIIACH JIX OHA paHee) U T.JI. B HavainbHbIA MOMeHT Bce H/IM Hyknatotcs
B podrutakTuueckom pemonte. Tpebyercs:

1. IToctpouTts rpad coctossHUA 17151 cuctemsl S (ueTsipe HMJI).

2. Hanucats nuddepennmnanbHoe ypaBHEHHE 1711 BEPOSITHOCTEH COCTOSTHUM.

3. Haiftm maTemaTH4ecKoe OKMIAaHWE YHCIIa TUCKOB M, YCIEITHO MPOIIe/-
KX TPOPUIAKTUKY K MOMEHTY T.

Pewenue.

1. I'pad coctostHuit mokaszad Ha puc. 2.10, B koTopoMm S, - Bce yeTbipe HMJ]
HY)KJIalOTCSl B MPOQPUIAKTUYECKOM peMoHTe; S; — omquH HMJI ycnemno mnpoinen
npopunaktuky, a Tpu HMJI HyXnaioTcs B NpoQUIAKTUYECKOM PEMOHTE; S, - /Ba
HM/] ycnemno npouutd npopuiaakTUKy, a JBa HYXJIAIOTCSI B NPO(HIAKTHYECKOM
pemonTe; S; - Tpu HM/I yenenHo nponut npo@uiakTUKy, OAUH HYXAaeTcs B Mpo-
(unakTUYECKOM peMOHTE; S, - Bce ueTbipe HM/] ycnemno npouuit npopuiakTuky.

Kaxaplii npo@uiakTHYecKuil pEMOHT YCIEIIHO 3aKaHYMBAETCS C BEPOSITHO-
CTBIO p, YTO PABHOCWJIBHO p-TIpe00pa30BaHUIO MMOTOKA OKOHYAHUN PEMOHTOB, MOCIIE
KOTOPOTO OH OCTaeTCsl MyaCCOHOBCKUM, HO C MHTEHCUBHOCTBIO pA(t). B atom mpu-
Mepe MBI UIMEEM JIEJI0 C IPOLIECCOM YUCTOTO Pa3MHOKEHHSI C OTPAaHUYECHHBIM YHCIIOM
COCTOSIHUM.

pA(t) PA(t) PA(t) pA(t)
paBHe OJIMOBa I/IM neny @ BU/]I

dPy(t)

Puc. 10.7.T pad)tCOCTOSIHI/Ig cncafg 21 PO (t)
D =120 - (Po(O) = PO
ap,(t)

—==p A1) - (P(t) — P,(D));

=P A0 - (B0 ~ Po(D);.

B = p- A(8) - P5(0). (23)
Hauaneueie ycnosus Py(0) = 1; P,(0) = - = P,(0) = 0. IIpu mocTossHHO#
UHTEHCUBHOCTH A(t) = A U BEPOATHOCTH COCTOSIHHM OIPEAEIISAIOTCS IO CIIEAYIOIIUM
dhopmynam:
Py(t) = et P (t)=A1-p-t-e Pt

Pz(t)_(“’“ et Py(t) = LB oy (24)
P() = 1 - T, Pi(b). |
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3. Marematnueckue OKUJaHUE YHCIIa TUCKOB, YCIEITHO MPOMISAITUX MPOPUIAKTUKY
K MOMEHTY T, paBHO

M, = X155 i Pi(t) +n- Py(t), (25)
rae n=4.

Ilpumep 10.4. PaccMoTpuM NIpOU3BOJCTBO aBTOMOOMECH Ha 3aBoje. [loTok
POU3BOIUMBIX aBTOMOOWJIEH — HECTallMOHAPHBIA IMyaCCOHOBCKHI C MHTEHCHUBHO-
cThi0 A(t). Haiimem omHOMEpHBIN 3aKOH pacupeielcHus cirydaiiHoro mpouecca X (t)
- YUCJIO BBIMYIIEHHBIX aBTOMOOWJIEH K MOMEHTY BpemeHH i, eciiu B MomeHT t = 0
HayaT BBIITYCK aBTOMOOMJIEH.

Pewenue.

O4eBUHO, YTO 37ECh MPOIIECC YHUCTOTO Pa3MHOXKEHUsI O€3 OrpaHHuYeHUs Ha
YHCII0 COCTOSIHUM, MpH 3ToM A;(t) = A(t), Tak HHTCHCUBHOCTH BBIyCKa aBTOMOOU-
Jiel He 3aBUCHUT OT TOTO, CKOJIBKO MX YK€ BBIMYIIEHO. ['pad cocTosiHuii TakoTO Tpo-
1iecca rmokasas Ha puc. 9.8.

A(t)

O ORIO e O ORI O

Puc. 10.8. I'pac cocrosHmit

OpHOMEpHBIN 3aKOH paclpesiesieHus cirydaiiHoro mporecca X (t) ana rpada,
n3o0paxkenHoro Ha puc.10.8, onpenensiercs cienyromieil cucremon ypaBuenuii Koi-
MOTOpOBa

dPy(t)
de TR0
dP;(t)
= MO PO +AM) P (), =12

Tak kak 4uCIIO BBIMYIICHHBIX aBTOMOOMIEH X (t) Ha r000M (UKCHPOBAHHBIN
MOMeHT t pacnipeaeneHo mo 3akoHy Ilyaccona ¢ mapamerpom

a(t) = [, A(t)dt,
o P{X(t) =i} = P,(t) = @ ema® =012, ..
M[X(®)] = DIX(®)] = a(®).

PaccMoTpeHHBII B 5TOM npumepe mporiecc X (t) Ha3bIBacTCsS HEOTHOPOIHBIMHU
npoueccom Ilyaccona. Eciu unatencusnocts A(t) = A = const, TO MOIy4HUM OIHO-
poanbiii mpouecc Ilyaccona. [l takoro mpouecca npu Py(0) =1, P;(0) =0 (i >
0).

Xapakrepuctukamu mpoiiecca ITyaccona 0yyt

M[X()]=D[X()]=1"t.
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KonTposbHbIe BONPOCHI U 321a4M

1. Kakoli ciy4aiiHbIil poliecc Ha3bIBA€TCsl MAPKOBCKUM?

2. Kak xmaccuuuupyrotcst MaKpOBCKHE CITyYaiHbIe MPOIECChHI?

3. HazoBure cBoiicTBa MaTpHIIbl IEPEXOIHBIX BEPOSITHOCTEH?

4. Kak paccuuTaTh BEpOATHOCTU COCTOSIHHI CHCTEMBI?

5. JlaifTe onpeneneHrue HeNpepbIBHOU 1ienu MapkoBa?

6. Pacckaxkute 0 (pMHANBHBIX BEPOSITHOCTSIX CUCTEMBI?

/. HazoBuTE HOOXOAMMBIE U JOCTATOUHBIE YCIOBUS CYLLIECTBOBAHUS (PUHAIIb-
HBIX BEPOSITHOCTEN ?

8. Kakumu cBoiicTBamMu 00JagaeT CIIy9aifHbIe TOTOKH COOBITHIA?

9. Kakoit moTok cOOBITHI HA3BIBAOT MPOCTEHIITIIM?

10. Kakoit MapKOBCKHIA ITPOIIECC HA3BIBAIOT MPOIIECCOM THOEIN U pa3MHOXKe-
Hus?

11. 3anummure cucremy ypaBHeHui KoiMoroposa o pazmedeHHOMy rpady co-
CTOSIHUI CUCTEMBI HA OCHOBE MHEMOHHMYECKOTO MpaBuiia?

12. B MOMeHTHI BpeMeHH t, t,, t3 mpousBoautcs ocMoTp DBM. Bo3MOxKHBI
cienyromue coctossHus OBM: S - MOTHOCTBIO UCIIPaBHA; S - HE3HAYUTEIbHBIEC HE-
HCIIPABHOCTH, KOTOPBIE MTO3BOJIAIOT IKCIUTyaTupoBaTh OBM; S, - cylecTBeHHBIE He-
HCIIPAaBHOCTH, JTAIOIIKE BO3MOKHOCTh PEIIaTh OTPAHUYEHHOE YNCIIO 3a4a4; Sz —
OBM noiHOCTHIO BHIILIA U3 CTPOSL.

Marpuiibl nepexoaHbIX BEPOSATHOCTEN UMEET BU]L
05 03 02 0
”Pij” _ O 04 04 0,2
0 O 0,3 0,7
0 0 0 1
IToctpoiite rpad cocrossHuii. Halimure BeposiTHOCTH cocTossHui DBM mocie

OJTHOTO, JBYX, TPEX OCMOTpPOB, eciii B Hadane (npu t = 0) DBM Obu1a MOJHOCTHIO
HCIIpaBHa.

13. Mara3un mpomaer aBe Mapku aBTroMoOmneid 4 m B. OmbIT 3KCIUTyaTanuu
ATUX MApOK aBTOMOOWJIEH CBHIIETEILCTBYET O TOM, UTO /I HUX UMEIOT MECTO pas-
JUYHBIE MATPUILbI IEPEXOIHBIX BEPOSITHOCTEN, COOTBETCTBYIOIINE COCTOSIHUAM «pa-
6otaet xopotio» (coctostHue 1) 1 «TpedyeT peMoHTa» (cocTosHUE 2):

aBromMoOusb Mapku 4 P, = ”8’2 8'1 |,
aBTOMOOUIIb Mapku B Pg = ”8:3 8:;”
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DJIeMEHThI MaTPUIIbl MIEPEX0a ONPEEIEHBI Ha TOJIOBOM MEPHUO]T IKCILTyaTalluN
aBTOMOOUJIS.

Tpebyercs:

HaiiTu BeposITHOCTH COCTOSIHUM JUTsl KaKI0OM MapKd aBTOMOOMJISL TIOCIIE ABYX-
JIETHEH JKCIUTyaTallid, €CJIM B HAYaJIbHOM COCTOSIHHHM aBTOMOOWIIb «pab0OTaeT XOpo-
10,

OnpenenuTts MapKy aBTOMOOUJIS, SBJISIONIYIOCS 0oJiee PEANOUYTUTEIIBHOM ISt
npUOOpETEHUs B INYHOE TOJIb30BaHUE.

14. Cucrema S-aBTOMOOMIIb MOKET HaXOJUTHCS B OJHOM M3 MSITH BO3MO>KHBIX
COCTOSIHUM:

«HCTpaBIICH, pad0OTaeT;

«HEUCIIPABEH, 0KUIAET OCMOTpPay;

«OCMaTpPUBACTCS;

«PEMOHTHUPYETCSI»;

«CTIUCBHIBACTCSI.

[TocTpoiiTe rpad cocTOSIHUIT CUCTEMBI.

15.PaccmatpuBaeTcsi pouecc HAKOIJIEHUSI TEPMUHOB B IMHAMUYECKOM CIIOBApE
(Te3aypyce) npu QyHKIIMOHUPOBAHWK aBTOMATU3UPOBAHHOTO OaHka gaHHBIX (ABJI).
CyurHocTh mpoiiecca B TOM, UTO TEPMHUHBI 3aHOCSITCA B CJIOBaph M0 MEPE U3 MOSBIIEC-
HUA B TOM nH@opmanuu, kotopas BBoaurca B ABJl. Hanmpumep, B AB/l aBTomaTu3u-
POBaHHOW CUCTEMBbI ynpaBiaeHus: mpou3BoJacTBOM (ACVYII) MoryT B KauecTBe TepMHU-
HOB 3aHOCUTHLCS HAaUMEHOBAHUSI OpPTaHU3alMi, ¢ KOTOPHIMHU JaHHOE MPEINPUATHE
MOAACP/KUBAET MPOU3BOJACTBEHHBIE OTHOLICHUS. J[MHAMUYECKHII CIIOBaph HAUMEHO-
BaHMI Takux opraHuzanuii Oyaet HakarmuBatbes B ABJ[ ACYII mo mepe nosiBnenus
ATUX HAMMEHOBAHUM B eIMHUIIAX HHOpMannK, BBOAUMBIX B AB/I.

B xaxnoi enunanie nadopmanmu, nocrynaromeid B AbJI, B cpeaHeM BcTpeda-
€TCS X TEPMUHOB CJIOBapsi, @ UHTEHCUBHOCTh MOCTYIUICHUSI €IUHUI] MOTOKa UHMOP-
marmu B ABJ] paBHa A(t). ClienoBaTenbHO, HHTEHCHBHOCTD MOTOKA TEPMHHOB CJIO-
Baps nH(oOpMauuy, nocrynatomeil B ABJI, 61eth A(t) = x - A(t). Ipeanonaraercs,
YTO MOTOK TEPMHUHOB CJIOBAPS SBJISICTCS TyaCCOHOBCKUM. UHCIIO TEPMUHOB CIIOBapsi N
SABJISIETCA KOHYEHBIM M HECIIy4alHbIM, XOTSI, BO3MOYKHO, U HEM3BECTHBIM HaM 3apa-
Hee. Bce TepMuHBI crioBapsi MOTYT HAXOJUTHCS B €IMHUIE UH(DOPMAIIUU C OJAMHAKO-
BOU BEPOATHOCTHIO. B clioBaph 3aHOCATCS, €CTECTBEHHO, JIUIIb T€ TEPMHUHbBI, KOTOPBIE
JI0 CHX TIOp €IIle He BCTPEUYaInCh B IUHUIIAX UHGOPMAIIUH.

TpebyeTcst HaWTH MaTEeMAaTUYECKOE OXKUJAHUE W JUCIIEPCUIO YUCJIa TEPMUHOB,
HaKOTUICHHBIX B IMHAMUYECKOM CJIOBape.

16. Boautens Takcu OOHAPYXKUJI, YTO €CIM OH HAXOJMUTCS B ropojae A, TO B
cpeaHeM B 8 ciydasx u3 10 oH Be3eT clielyIollero naccaxupa B ropos b, B ocTaib-
HBIX CiTydasx OyJIeT moe3qKa Mo ropoay A. eciu ke OH HaxOJUuTcs B ropone b, To B
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cpeaHeM B 4 ciydasx u3 10 oH Be3eT clielyIollero naccaxupa B roposl A, B OCTajb-
HBIX K€ ClIydasx OyJieT moesaka mno ropoay b.
Tpebyercs:
1. [lepeunciuTh BO3MOXKHBIE COCTOSIHUS MPOLiecca U MPOCTPOUTH rpad cocTos-
HUM.
. 3amucaTh MaTPHILY IEPEXOTHBIX BEPOSITHOCTEH.
. HaliTi BEpOSATHOCTH COCTOSIHUM ITOCTIE JBYX IIAroB MPOLIECCA, €CIIH:
B HAYaJIbHOM COCTOSIHMM BOJUTEIH HAXOIUTCS B TOpOJIE 4;
. B HAYaJIbHOM COCTOSTHUU BOAMUTEIb HaXOAUTCS B ropoje b.

o wWN

. HaliTi BEpOSATHOCTH COCTOSIHUM B YCTAHOBUBIIEMCS PEKUME.

17. Cucrema S npencraBisieT co00M TEXHUYECKOE YCTPOMUCTBO, COCTOSIIEE U3 M
y3JI0B ¥ BpeMs OT BpeMEHH (B MOMEHTHI t;, t, ...., t;) MoaBepraromiee mpohuIaKkTh-
YEeCKOMY OCMOTpY U peMoHTy. [locie kaxaoro mara (MOMEHTa OCMOTpa U PEMOHTA)
CHUCTEMa MOJKET O0Ka3aTbCs B OJHOM M3 CIEAYIOUIUX COCTOSHHIL: Sj - BCE Y3Jbl UC-
MpaBHbI (HU OJAWH HE 3aMEHSJICSA HOBBIM); S; - OJIUH y3€J 3aMEHEH HOBBIM, OCTaJlb-
HbI€ UCIIPABHBL; S, - IBA y3J1a 3aMEHEHBI HOBBIMH, OCTAJbHBIC UCIPABHBI; S; — [ y3-
70B (i < m) 3aMeHEHbl HOBBIMH, OCTAJIbHBIE UCIIPABHBI; S, - BCE M Y3JI0B 3aMEHEHbI
HOBbIMU. CyMMapHbId NMOTOK MOMEHTOB OKOHYAaHHSI OCMOTPOB ISl BCEX Y3JIOB —
MTyaCCOHOBCKUN U MHTEHCUBHOCTHIO A = 4. BeposTHOCTH TOro, 4TO B MOMEHT IpO-
(bUIaKTUKY y3€] MPUIETCS 3aMEHUTh HOBBIM, paBHa P = 4.

PaccmarpuBas mpoiiecc mpo@UIakKTHUYECKOr0 0OCMOTpPa U PEMOHTA (3aMEHBI) Kak
MAapKOBCKHM IMPOLECC Pa3MHOKEHUS, BBIYUCIUTE BEPOSITHOCTA COCTOSHUM CUCTEMBI
(S) B cranmonapHom pexxkume (i1 m = 3), eClIM B HaYaJIbHBIH MOMCHT BPEMECHH BCE
Y3JIbI UCIIPABHBI.

18. TexHnueckoe yCTpOMCTBO UMEET JBA BO3MOXKHBIX COCTOSIHUSA: S; - «HUCTIPaB-

HO, paboTaer»; S, - «KHEHCTIPABHO, PEMOHTHPYETCs». MaTpuiia nmepexoHbIX BepOosT-
HOCTEN UMEET BUI:
_116,7 0,3
1P| =

0,8 0,2 |
[TocTpoiite rpad cocrosinuii. Haiiure BEpOSTHOCTH COCTOSIHUMN MOCJE TPETHETO

niara M B YCTAaHOBUBILEMCS PEKUME, €CIM B HAYAJIBHOM COCTOSIHUM TEXHHYECKOE
YCTPOMCTBO UCIIPABHO.

19. Cucrema S coctout u3 AByX y3710B — | u |, KaxapIit ©3 KOTOPBHIX MOXKET B
xoJle paboThl OTKa3aThCs (BBIMTH U3 cTposi). [lepeuncnnre BO3MOMKHBIE COCTOSHUSA
CUCTEMBI U MOCTPONTE Tpad COCTOSTHUMN AJIst ABYX CIY4YaeB:

a. PEMOHT Y3JIOB B Ipolecce paboThl CUCTEMBbI HE IPOU3BOAUTCS (UUCTHIN MPO-
1IECC «TUOENI» CUCTEMBI);

0. OTKa3aBIIUH y3eJl HEMEAJIEHHO HAYMHAET BOCCTAHABIINBATHCA.
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20. Pa3meuenHslii Tpad) COCTOSHUN CHUCTEMBI S UMEET BUJI, TOKA3aHHBIA HA PHC.

10.9.

Puc. 10.9. F'pad coctoaHum

3anumure cuctemy auddepeHnnanbubix ypaBHeHuit KoiMoropoBa u Havyaib-
HBIE YCIIOBUS JIJISl PEIICHUS] CUCTEMBI, €CJIM U3BECTHO, YTO B HAYAJIbHBIA MOMEHT CH-

CTCMa HaxXoAnjaacCb B COCTOSHHNHN Sl'

21. DxoHOMHUYECKasi CUCTEMA S MMEeT BO3MOXKHBIE COCTOSHHUS: S, Sy, S3,5, .

Pa3MeueHHbIi Tpad) COCTOSAHUI CUCTEMBI C YKa3aHUEM YUCJIECHHBIX 3HAUYCHUW MHTEH-

CHUBHOCTEH mepexo/ia noka3an Ha puc. 10.10.

Puc. 10.10. 'pad cocToaHM cnuctembl

Breraucnure BCPOATHOCTH COCTOSIHUU B CTAIMOHAPHOM PCIKHUMC.

22.
HOMHU-
JICHHBIX
cucre-

Puc. 10.11. N'pad cocTosHUI cnuctembl

Pa3meuenHslii rpad coCTOSHUN KO-
YECKOM CHUCTEMBI C YKa3aHUEM YHC-
3HAaYCHUM MHTEHCHUBHOCTEU IEpexonaa
MBI oka3aH Ha puc. 10.11.
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Hanummre anreOpanueckue ypaBHEHHs IJi BEPOSTHOCTEH COCTOSHUN B ycTa-
HOBHBILEMcA pexxuMe. Onpenenure GUHAIbHBIE BEPOSTHOCTU COCTOSIHUNM CUCTEMBI.

23. Haiinure BEepOSITHOCTH COCTOSTHUI B YCTAHOBUBILIEMCSI PEXKUME TSI TIPOIIEC-
ca rubenu 1 pa3MHOXKEeHHUsI, Tpad KoToporo mnpeactasieH Ha puc. 10.12.

5 1 3
0= 000

Puc. 10.12. I'pad cocToAHMIN cUCTEMDI

24. I'pad cocTosiHuil cCTEMBbI IMEET BH/I, TPUBEACHHBIN Ha puc. 10.13.

Puc. 10.13. I'pad cocToAaHUI cucTeMbI

Haitqure BEpOosSTHOCTH COCTOSIHUM B CTALIMOHAPHOM PEKHUME.
25. Pa3meueHHbIl rpad cocTtosiHUM npeacTanied Ha puc. 10.14. Haiinure Bepo-
SATHOCTH COCTOSIHUIA S; 1 Xapakrepuctuky M [X (t)] na MomeHT Bpemenu t = 4.

. 3 . : . : .
Puc. 10.14. T'pad cocToAaHMI cnUcTeMbI
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I'JIABA 11. MOAEJIMPOBAHUE CUCTEM MACCOBOT'O
OBCJIY/ KUBAHUA

11.1. Komnonentsl Mmoaeaeir CMO

MapKOBCKHI CIIy4allHbI TPOLIECC C AMCKPETHBIMU COCTOSIHUSMU U HEIpe-
PBIBHBIM BPEMEHEM MMEET MECTO B CHCTEMAax MacCOBOT'O OOCITYKUBAHMUS.

Cucmembl Macco8o20 006CIYHCUBAHUS — ITO TAKUE CUCTEMBI, B KOTOPBIE B CITY-
YyaiiHble MOMEHTHI BPEMEHHU TMOCTYIAIOT 3asiBKU Ha OOCITY>KHMBAaHHE, IIPU STOM IOCTY-
NUBLINE 3a5BKH OOCIY>KUBAIOTCS C MTOMOLIBI0 UMEIOLIUXCS B PAaCHOPSHKEHUU CUCTe-
MBI KaHaJIOB OOCITYKUBAHHUSI.

C mo3unuu MOAETUpPOBaHUs IpOLEcca MAacCOBOTO OOCIYKMBAHUS CUTYallUH,
Korjga oOpa3yroTcs odepenu 3asBOK (TpeOoBaHMiI) Ha OOCITYy>KHBaHUE, BO3HUKAIOT
cnenytomuM oOpaszoM. [loctynus B 00CITyKMBAIOILYIO CUCTEMY, TPEOOBAHHUE MPUCO-
eIUHACTCS K o4epeau Apyrux (paHee mocTynuBiiux) TpedboBaHuit. Kanan o0cmyxu-
BaHMsI BbIOMpaeT TpeOOBaHUE U3 HAXOAUIMXCS B OUYE€PEAH, C TEM, YTOOBI TPUCTYIIUTh
K ero oociyxuBanuto. Ilocie 3aBepiieHus npoueaypbl 00CIy)KUBaHUS OYEPETHOTO
TpeOOBaHMs KaHaj OOCITYXMBAHMS MPUCTYNAET K OOCITYKUBAHUIO CIEAYIOLIEro Tpe-
OoBaHMs, €CJIM Takoe uMeeTcs B 010ke oxkuanus. L{ukn GyHKIMOHUpOBaHUS CUCTe-
MBI MacCOBOTO OOCITyKMBaHHUSI MOJJOOHOTO pojia MOBTOPSETCS MHOTOKPAaTHO B Teye-
HUE BCero nepuoja paboTsl oOciyxuBatomiei cuctemsl. [lpu 3ToM npeanonaraercs,
YTO MEPEeXO0Jl CUCTEMbl Ha 0OCIyKMBAHHUE OYEPEAHOro TpeOOBaHUs IMOCIE 3aBepliie-
HUS OOCITYXKUBaHUS TIPEIBIIYIIETO TPEOOBAHUS MPOUCXOJAUT MTHOBEHHO, B CIIy4ail-
HbIE MOMEHTHI BPEMEHH.

[Tpumepamu cuCTeM MacCOBOTO OOCITYKUBAHUSI MOTYT CITY>KUTh:

* IOCThI TEXHUYECKOTO 00CITY>KMBaHUsI aBTOMOOMIIEH;

* IOCThI PEMOHTA aBTOMOOUJIEH;

* IEPCOHAIbHBIE KOMITBIOTEPHI, OOCTYKMBAIOIINE MOCTYNAIOLIUE 3aIBKU

WM TpeOOBaHUS Ha PELICHUE TE€X WM UHBIX 3a/1a4;

* CTaHIIMU TEXHUYECKOT0 00CITyKUBaHUSI aBTOMOOUIIEH;

* AyAUTOPCKUE (PUPMBIL;

* OTJICJIbI HAIOTOBBIX MHCIEKIMI, 3aHUMAIOIINECS MPUEMKOW U TTPOBEPKOM TE-
KYILIEH OTYETHOCTH NPEATPUATHM;

* Tenie()OHHBIC CTAHIIUU U T. [I.

OCHOBHBIMU KOMIIOHEHTaMH CHCTEMbI MacCOBOTO OOCITY>KHBAaHHUS JHOOOTO BH-
J1a SIBJISIFOTCS:

* BXOJIHOM MOTOK MOCTYMAOMIUX TPeOOBAHUN MM 3aSBOK HAa 00CITY)KBAHUE;

* TUCLUIUIMHA OYEPE/IH;

* MEXaHU3M OOCITYKUBAHMUS.
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Packpoem coneprkaHne KaX0ro U3 yKa3aHHBIX BbIIIE KOMIIOHEHTOB.

JI1st onucaHus 6x00H020 nomoxka mpedvosaHull Hy’ HO 3a1aThb BEPOSTHOCTHBIN
3aKOH, OMpPEACNSIIONINI MOCIe0BATEIbHOCTh MOMEHTOB MOCTYIUICHHS] TpeOOBaHUM
Ha OOCITy)KMBaHUE U yKa3aTh KOJMYECTBO TAKUX TPEOOBAHMM B KaXKJOM OUYEpPEIHOM
noctyrieHuu. [Ipu 3ToM, Kak MpaBUIIo, ONEPUPYIOT MOHITUEM «BEPOATHOCTHOE pac-
npeiereHue MOMEHTOB MOCTYIUICHUS TpeOOBaHMI». 31eCh MOTYT MOCTyNaTh Kak
€AMHUYHbIC, TaK U TPYNIOBbIE TpeOoBaHuUs (TpeOOBaHUS MOCTYIAIOT ITPyNIIaMHU B CU-
ctemy). B mocnenHem ciiydae 0OBIYHO pedb HJIET O CHCTEME 0OCITY>KUBAaHUSA C MMapal-
JIENBHO-TPYIIIOBBIM OOCITYKUBAHHEM.

Jlucyunnuna ouepeou — 3TO BaKHBIA KOMIIOHEHT CUCTEMbI MacCOBOTO OOCIY-
KUBaHUSA, OH ONPEIEISIET MPUHLMUII, B COOTBETCTBUU C KOTOPBIM MNOCTYIAOIINE Ha
BXOJT 00CTY»XKUBAIOIIEH CHUCTEMBbI TPeOOBaHMS MOIKIIOYAIOTCS M3 OYeped K Mpolie-
nype oOciykuBaHus. Yalie BCero UCHOIb3YIOTCS TUCHUIUIMHBI 0YepEeId, ONpeaes-
€MBbIE CIEAYIOIINMU MTPABUIIAMU:

* IEPBBIM IPUILIET — MEPBBIM 00CITYKUBACIILCS;

* MIPUILET MOCIETHUM — OOCITY)KMBACIIbCS EPBBIM;

* CITy4allHbIN 0TOOP 3asIBOK;

* 0TOOP 3asIBOK MO KPUTEPHUIO IPUOPUTETHOCTH;

* OTrpaHUYEHNE BPEMEHH 0’KUJIaHUSI MOMEHTA HACTYIUIEHUs 00CITyKUBaHUS

(MMeeT MecTo o4epeib C OrPaHUYCHHBIM BPEMEHEM 0KHJ1aHUsl 00CTYKUBaHUS,
YTO aCCOLMUPYETCA C MOHATUEM «JIOMyCTUMAs JJIMHA OUEPEN»).

Mexanuszm obcnysxcueanus onpenensercs XapakTepuCTUKaMu caMoOi MpoLey-
pBl 00CITy’)KMBaHUsI U CTPYKTYpoH oOciyxkuBaronieil cucrembl. K Xapakrepuctukam
MPOLIETYpbl 0OCITY’)KMBAaHUSA OTHOCATCSA: MPOJOJDKUTENBHOCTh MPOLETYpPhl 00CITYXU-
BaHMS M KOJMYECTBO TpeOOBAaHUM, YIOBJIETBOPSEMBIX B PE3YyJbTaTE BBINOJIHEHUS
Ka)XJIOW TaKoOM Npouexypsl. sl aHaIUTUYECKOrO ONMMCAaHUS XapAKTEPUCTUK IPOIIe-
Aypbl OOCITYKUBaHUSI ONEPUPYIOT MOHITHEM «BEPOSTHOCTHOE pacHpelesieHue Bpe-
MEHHU 00CITy>KHBaHUS TPEOOBAHMIN.

Crnenyer OTMETUTh, UTO BpeMsl OOCTYXUBAHUS 3asiBKU 3aBUCUT OT XapakTepa
caMoil 3asiBKM WJIM TPEOOBAHUI KIIMEHTA U OT COCTOSIHHSI M BOBMOXKHOCTEHN 00CITyKu-
BAIOIIEH CUCTEMBI. B pszie ciiyqaeB NPUXOIUTCS TAKKE YUUTHIBATH BEPOSITHOCTH BbI-
X0J1a 00CTYKUBAIOLIETr0 MPUOOpa MO UCTEYEHUH HEKOTOPOI0 OrPaHUYEHHOI'0 UHTEp-
BaJIa BPEMEHU.

CrpykTypa OOCITYXHUBAIOIIEH CUCTEMBI ONpPEAEISIETCS] KOJIMYECTBOM M B3auUM-
HBIM pacCIOJIOXKEHUEM KaHAJIOB OOCTY>KHMBaHUS (MEXaHHU3MOB, MPUOOPOB U T. II.).
[Ipexne Bcero cieayeT MOIYEPKHYTh, UTO CUCTEMA OOCITYKUBAHUS MOXKET UMETh HE
OJIMH KaHal 0O0CIYy>KMBAaHMS, @ HECKOJIBKO; CUCTEMa TaKOro pojJa CrocoOHa 00CITyKu-
BaTh OJHOBPEMEHHO HECKOJbKO TpeOoBaHUU. B 3TOM ciiydyae Bce kaHajbl 00CITyKU-
BAHUS NPENJIAral0T OJHU U T€ K€ YCIYTH, W, CIEAOBATEIbHO, MOKHO yTBEPKAATh,
YTO UMEET MECTO MapaljieIbHOE 00CITyKHUBaHHE.

Cucrema 00CITy>KUBaHUS MOXET COCTOSITh U3 HECKOJIBKUX Pa3HOTUITHBIX KaHa-
JIOB OOCITYKMBaHUS, 4epe3 KOTOPhIE JOJDKHO MPOUTH KaKJI0€ O0CIIy:KUBaeMoe Tpe-
OoBaHue, T. €. B 00CITY>KMBAIOIEH CHCTEME MPOLEAYPbl OOCTyKMBaHUsSI TPEOOBaHUMN
pealn3yloTCs MOCIe0BaTeNbHO. MexaHn3M OOCITyKHUBaHUs ONpEesieT XapaKTepu-
CTUKHU BBIXOJIAIIET0 (00CTyKEHHOT0) TTOTOKAa TpeOOBaHUH.
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PaccMoTpeB OCHOBHBIE KOMITIOHEHTHI CUCTEM OOCITYKHBaHHs, MOKHO KOHCTa-
TUPOBATh, YTO (YHKIMOHAJIbHBIE BO3MOKHOCTH JIFOOOM CHCTEMBI MacCOBOIO 0OCITy-
KUBAHUS OIPENEISAIOTCS CIEAYIOIMMU OCHOBHBIMU (PaKTOpamu:

* BEPOSTHOCTHBIM DPACIPEAEICHUEM MOMEHTOB IMOCTYIJICHUH 3asBOK Ha 00-
ClIy>)KMBaHH€ (€AMHUYHBIX WIN IPYNIOBbIX);

* BEPOSATHOCTHBIM PACIpeAeIEHUEM BPEMEHHN IPOAOLKUTEIBHOCTH OOCITYKHU-
BaHUS;

* KoH(Urypanuenn oOCTyKHBAIOUIEH CHCTEMbI (MapajieNbHOE, MOCIeI0Ba-
TENBbHOE WIN NapAJUIEIbHO-TIOCIIE0BATEIbHOE 00CIYKUBAHUE);

* KOJIMYECTBOM U IIPOU3BOAUTEIBHOCTHIO OOCITYKHBAIOIINX KaHAJIOB;

* IUCLUIUIMHON OYepeau;

* MOIIIHOCTBIO UCTOYHHKA TPEOOBAHU.

B kayecTBe OCHOBHBIX KpHUTEpHEB 3()(PEKTUBHOCTH (PYHKIIMOHUPOBAHUS CH-
CTEM MacCOBOTO OOCITYKMBaHUS B 3aBUCUMOCTH OT XapaKTepa pelaeMon 3a1aui Mo-
I'YT BBICTYNaTh:

* BEPOSITHOCTh HEMEJIJICHHOT'O OOCTYKMBAaHUS MOCTYNHBILEN 3asBKU;

* BEPOSITHOCTh OTKa3a B 00CIIy’)KUBaHUU MTOCTYIUBIIECH 3asBKU;

* OTHOCUTEJIbHASA U a0COIOTHASI IPOITYCKHAsl CHOCOOHOCTh CUCTEMBI;

* CpeIHU IPOLEHT 3asBOK, MOJIYYUBIINX OTKa3 B 0OOCITyKHBaHUH;

* CpeliHee BpeMsl OXKUIAHUS B OUEPENIH;

* CpeIHss IIMHA OYepeH;

* CpeHUM A0X0J OT GYHKIITMOHUPOBAHUS CUCTEMBI B €MHUILY OpeMEHH

U T. 1.

IIpeomemom meopuu macco6o2o o0OCAYHCUSAHUA SBISIETCS YCTAHOBJIEHHUE 3a-
BUCHMOCTH MEXAy (aKTOpaMu, OINPEACTSIONMMHI (PYHKIIMOHAIbHBIE BO3MOXKHOCTHU
CUCTEMBI MAcCOBOIO 00CITyKUBaHUs, U 3(PPEKTUBHOCTHIO €€ (PyHKIMOHUpPOBaHUs. B
OOJIBIIMHCTBE CIIy4aeB BCE MapaMeTpbl, ONMUCHIBAIOIINE CUCTEMbI MAacCOBOIO 00CIY-
KUBAHUS, SBISIOTCSA CIydYalHBIMHM BEJIMUYMHAMHU WM (QYHKUIUSAMH, [TO3TOMY 3TU CH-
CTEMBI OTHOCSITCSI K CTOXaCTUYECKUM CHCTEMaM.

11.2. Knaccupukanus moaesneit CMO

CrnyuyaliHBIN XapakTep MOTOKa 3asiBOK (TpeOOBaHMIl), a Takke, B OOIIEeM CIy-
yae, U JUIMTEIbHOCTU OOCIIY>)KMBaHUS MPUBOJIUT K TOMY, YTO B CUCTEME MAaCCOBOIO
o0CIy>)KMBaHUSI MPOUCXOAUT Ciay4dalHbIi mnporecc. [1o xapakTepy ciiydailHOro mpo-
1ecca, MpOMCXOASIIEr0o B cucteMe maccoBoro obciyxuanusi (CMO), paznuuaror
CUCTEMbI MApKOBCKHE U HEMApKOBCKHUE. B maproeckux cucmemax BXOAAIUN TOTOK
TpeOOBaHUI M BBIXOASAIIMI MOTOK OOCIYXEHHBIX TpeOOBaHUM (3asBOK) SIBISIOTCS
MyacCOHOBCKUMHU. [lyacCOHOBCKHE MOTOKHM MO3BOJISIOT JIETKO ONMUCATh U MOCTPOUTH
MaTEeMaTHYECKyI0 MOJENb CHUCTEMbl MAacCOBOro oOchmykuBaHus. JlaHHble Momenu
UMEIOT JIOCTAaTOYHO NMPOCThIE PEIICHUs, OATOMY OOJBIIMHCTBO U3BECTHBIX MPHUIIO-
KEHHUM TEOpHUH MacCOBOTO OOCITYKMBaHUS HCIIOJIb3YIOT MApKOBCKYIO0 cxeMy B ciy-
yae HeMapKoBCKUX npoyeccos 3ajaur UCCIeI0BaHUsl CUCTEM MacCOBOr0 OOCITyKHBa-
HUS 3HAQUUTEIBHO YCIOXKHSIOTCA M TpeOYyIOT NPUMEHEHUS CTaTUCTUYECKOrO
MOJEJINPOBAHUS, YHCIEHHBIX METOAOB C UCIIOIb30BaHnEM DBM.
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He3aBucumo OT xapakrtepa npouecca, NpOTEeKarIEero B CUCTEME MAacCOBOIO
oOcny>KUBaHUs, pa3InyaloT Ba OCHOBHBIX Bujia CMO:

* CUCTEMBI C OTKa3aMH, B KOTOPBIX 3asBKa, TIOCTYIUBIIAS B CHCTEMY B MOMEHT,
KOT/1a BCE KaHaJbl 3aHATHI, IOJIy4aeT OTKAa3 U Cpa3y K€ MOKUJAET OUEpPE/ib;

* CUCTEMBI C OKUJaHUEM (0Yepe/Ibl0), B KOTOPHIX 3asiBKA, MOCTYIHUBINASL B MO-
MEHT, KOTJla BCE KaHajbl OOCTY>KUBAHUS 3aHSThI, CTAHOBUTCS B OU€peab U KIET, MO-
Ka He OCBOOOJUTCS OJIUH U3 KAHAJIOB.

CucTeMbl MaccoBOTO OOCITYXMBaHUS C OXHUJAAHUEM JEISATCA Ha CHUCTEMBI C
OTPAaHUYCHHBIM OXKUJAHUEM U CUCTEMBI C HEOTPAHUYECHHBIM OKUJIAaHUEM.

B cucreMax ¢ oepanuuenuvim odcudanuem MOXKET OTPAaHUIUBATHCS:

* IJIMHA OYEPEaH;

* BpeMsl MpeObIBAHUS B OUECPEIH.

B cucremax ¢ meoepanuuenuvim odxcuoanuem 3asiBKa, CTOAIIAS B OYEPE.H,
KICT 00CITyKUBaHUS HEOTPAHUUYEHHO JI0JIT0, T.€. TOKa HE TOJIONAET OYepe/ib.

Bce cuctembpl MaccoBOro 0oO0CIy)KMBaHUSI pa3iuyaroT MO YMCIY KaHAJIOB 00-
CITY’KWBAHUA:

* OJTHOKAHAJIbHBIE CUCTEMBI;

* MHOTOKaHaJIbHBIE CUCTEMBI.

[TpuBenennas knaccudukanus CMO siBnsiercsa ycinoBHoW. Ha mpakTuke yaine
BCET0 CHUCTEMBbI MacCOBOTO OOCITY>KUBAHUS BBHICTYMAIOT B KAYECTBE CMEIIAHHBIX CH-
cteM. Hampumep, 3asBKM 0XKUJAIOT Hayajga OOCITYKMBaHUS JI0 OMPEICICHHOTO MO-
MEHTa, MOCJIC Yero CUCTEMa HaYMHAET padoTaTh KaK CUCTEMAa C OTKa3aMHu.

Bce CMO umMeroT onpeaeneHHyo CTpyKTypy.

X Y(t)
< S1 > S1i Sin S §
] e e :
T4 > S2 Sai Sam — )§
N H T e 1 xR
£ ' Zaipy E
& L — Sk Ski Skl —> 2

Puc. 11.1. CTpyKkTypHasi cxeMa CUCTeMbl MACCOBOI0 00C/TyKMBAHUSI
rne S={Si } - oOcnyxuBaromas cucTema;
Si - I-s1 caMocTOsITEIbHAS 06CJIy>KI/IBaIOH_Ia$I IMOACUCTEMA,
-
X (t)- BXOASIIHNIA TOTOK;

Y (t)- BBIXOOAIIMIA TOTOK;

11.3. OngnokanaabHass CMO ¢ myacCOHOBCKHM BXOJAHBIM MOTOKOM

IIpocreiimeit ogHokaHaabHOH CMO ¢ BEpOSITHOCTHBIMU BXOJHBIM TOTOKOM
U TIPOLIETypOH 0OCITYKMBAHUS SIBIIIETCS MOJIEb, XapaKTepuzyeMas MmoKa3aTeIbHbIM
pacnpeneneHneM Kak JITUTEILHOCTEH WHTEPBAJIOB MEXY MOCTYIUICHUSIMU TpeOoBa-
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HUHM, TaK ¥ JJIUTENbHOCTEN oOcmyxuBaHus. [Ipu 3TOM MIOTHOCTH pacmpeeeHus
JUTUTEIIbHOCTEN MHTEPBAIIOB MEXK/Y MOCTYIICHUSIMU TPEOOBaHUN UMEET BUJT
f,(t) =A-e M, (1)
r7ie A — MHTEHCUBHOCTH MOCTYIUICHUS 3aBOK B CUCTEMY.
[110THOCTB pacnpeneneHus JMTEeIbHOCTEH 00CITy)KUBAHUS:
f,(0) = p-e7™, (2)
TJI€ |L - HHTEHCUBHOCTH 0OCITY>KUBaHUS.
[ToToku 3asBOK M 00CITY>KMBaHHUH MPOCTEHUIIINE.
[lycth cuctema paboraer ¢ orkazamu. HeoOGxomumo ompenenutb abCoOIOT-
HYI0 U1 OTHOCUTENBHYIO MPOMYCKHYIO CTIOCOOHOCTH CUCTEMBI.
[IpeacTaBuM HaHHYIO CUCTEMY MacCOBOTO OOCITyXHBaHMs B Buje rpada (puc.
3.1), y KOTOpOTrO UMEIOTCSI IBa COCTOSTHUS:
Sy — KaHa cB0OOIeH (0KuaaHue);
S, - KaHay 3aHAT (MAET 0OCITY)KMBAHUE 3a5IBKH).

Puc. 11.1. F'pad cocToAaHUI ogHoKaHanbHbI CMO c oTKazamu

O003HaYMM BEPOATHOCTH COCTOSHUM:

Py (t) — BEposSITHOCTH COCTOSTHUS «KaHAT CBOOOICHY;

P; (t) - BEpOsITHOCTb COCTOSIHUSI «KaHaJ 3aHSAT.

[lo pa3smeuennomy rpady cocrossHuii (puc. 3.1.) coctaBuM cucrtemy nudde-
PEHIHAIBHBIX ypaBHEHH Konmoroposa 1uist BEpOSITHOCTEN COCTOSTHUM:

ol = X Ry(O) + 1 Pi(D)

3)
S = Py () + 2 By,

Cucrema nuHeWHbIX AuddepeHuanbHbIX ypaBHeHUH (3.3) uMeeT pelieHue ¢
y4eToM HOpMHpOBouHOro ycioBus Py(t) + P;(t) = 1. Pemrenne maHHON CHCTEMBI
HAa3bIBACTCSI HEYCTAHOBUBIIIMMCS, TTOCKOJIBKY OHO HETIOCPEACTBEHHO 3aBUCHUT OT t u
BBITJISIUT CJIEAYIOINM 00pa3oMm:

A
e —(}\+|.l)t —u -
P, (t) e + (4)

P =1-PF®. (5)
Herpynno yoeauthces, uro ayis ogHokaHanbHO CMO ¢ oTkazaMu BEpOSTHOCTh
P, (t) ecTh He UTO MHOE, KAK OTHOCHTEJIbHAS MPOIMYCKHAs CTIOCOOHOCTH CUCTEMBI (.
JeiicTBUTENBHO, Py - BEpOSITHOCTH TOTO, YTO B MOMEHT t, KaHan cBOOOJEH U
3asiBKa, MpUIeAIas K MOMeHTY t, OyaeT oOciyKeHa, a cleoBaTeNIbHO, ISl JAHHOTO
MOMEHTa BpeMeHHU { cpeHee OTHOIIEHHE YUCIa OOCTYKEHHBIX 3asBOK K YHCIY TO-
CTYIHBINHKX Takxke paBHO Py (1), T.c.
q = Py(). (6)
[To ucTeyeHnun OGOIBIIOTO MHTEPBAIA BpeMEeHH (TIpu t — 00) JOCTUTAETCS CTa-
IIUOHAPHBIN (YCTAHOBUBIIMICS PEXUM):
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q=P(® =L ™

3Hasi OTHOCUTENBHYIO MPOIYCKHYIO CIIOCOOHOCTD, JIETKO HAWTH a0COJIIOTHYIO.
AOGcComoTHas MPOITYCKHAsE CITOCOOHOCTh (A) — cpeaHee Yncio 3asBOK, KOTOPOE MO-
KET OOCITYKUTh CUCTEMA MacCOBOTO OOCTY>KUBaHUS B €MHUILY BPEMEHH:

Ap
A=Xrq=+ (8)

BeposiTHOCTh OTKa3a B 00CIy>)KMBaHUU 3asiBKU OYyJIeT paBHA BEPOATHOCTU CO-

CTOSIHUS «KaHAJ 3aHIT:
POTK=P1:1—PO=1—FHH:%H. ©)

Jlannas BenuuuHa P, MOXXeT OBITh MHTEPIpPETUPOBAHA KaK CPEIHSS OIS
HEOOCTY>KEHHBIX 3as5BOK CPEIU TOJIaHHBIX.

IMpumep 11.1. [lycts ognokanansHass CMO ¢ oTkazamu mpeacTaBisieT coOoi
OJIUH TOCT exeaHeBHoro oocnyxkuBanus (EO) nnsa Moliku aBTomoOwiieil. 3asiBka —
aBTOMOOMJIb, TPUOBIBIINIT B MOMEHT, KOTJIa MOCT 3aHST, - MOJIy4aeT OTKa3 B 00CIIy-
KUBaHWU. MHTEHCHBHOCTh MmOTOKa aBTOMOOMIcH A = 1,0 (aBTOMOOWIL B dYac).
Cpennsisi IpoI0JBKUTENLHOCT 00cTy>kuBaHus — 1,8 aca. [ToTok aBToMoOuIIeH U 10-
TOK 0OCITY>KMBaHUS SBIISIOTCS] IPOCTEHIITUMU.

TpeOyeTcst onpenenuTh B YCTAHOBUBIIIEMCS PEKUME TIPEICIIbHBIC 3HAYCHUS:

OTHOCHUTEJIHHOM MPOMYCKHOM CIIOCOOHOCTH (;

a0COJIFOTHOM MPOITYCKHOM CIIOCOOHOCTH A

BEpOSITHOCTU OTKa3a P

CpaBHuTe (haKTHYECKYI0 MPOMYCKHYIO crnocoOHocTh CMO ¢ HOMHUHAJIBHOM,
KoTopasi Obl1a Obl, €CJiM Obl KaXKJblii aBTOMOOWJIb OOCTyKUBajcs TouHO 1,8 yaca u
aBTOMOOWJIU CJIEI0OBAJIM OJIMH 3a APYTUM O€3 MepephiBa.

Pemenue.

1. OnpenenuM UHTEHCUBHOCTH TTOTOKA OOCITYKUBAHUS:
1 1

H=—==—=0,555,

te 18
2. BeIuucIMM OTHOCUTEIIBHYIO MPOIYCKHYIO CITIOCOOHOCTH:

m 0,555
= = = 0,356.
9 A+p 140,555

Benuuuna ( o3HadaeT, 4TO B YCTAHOBUBIIEMCS PEXHME cuUcTema OyaeT o00-
CIIy)KUBaTh npuMepHo 35% npudkiBatomux Ha moct EO aBTromoOurei.

3. AGCOJIFOTHYIO MPOMYCKHYIO CITOCOOHOCTH OMPEACIIAM I10 (hOpMYyJIe:

A=21-g=1-0,356 =0,356.

Ot1o o3Hauaet, yto cuctema (moct EO) crmocoOHa OCyIIECTBUTH B CpEHEM
0,356 oOcayxuBaHMS aBTOMOOMIICH B Yac.

4. BeposiTHOCTb OTKa3a:

P..=1—g=1-0,356 =0,644.

DT0 03HaYaeT, 4To okoJio 65% mnpudsIBIIMX aBTOMOOMIEH Ha noct EO mony-

YaroT 0TKa3 B OOCITYKUBAHUH.

5. OnpenenuM HOMUHAIBHYIO MMPOMYCKHYIO CIOCOOHOCTh CUCTEMBI:

1 1 .
Ayon = = = — = 0,555 (aBTOMOOUIIEH B Hac).
tos 1,8
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0,555
Oka3sbiBaercs, uto A,,, B 1,5 paza (— = 1,5) OombIrie, 4eMm (akTHIecKas
0,356

ITPOITyCKHasA CHOCO6HOCTI>, BBIYUCJICHHAA C YUYCTOM cnyqaﬁﬂoro XapaKTCpa II0OTOKa
3a4BOK U BPCMCHHU O6CJ'IY)KI/IB8,HI/IH.

11.4. OgnoxkanaapbHag CMO c o:xugaHueM

PaccmoTpum teneprs ogHokaHaabHYI0 CMO ¢ o:xxknaanuem. Cucrtema mMacco-
BOTO OOCTYXMBaHUS MMEET KaHall. BXomsmuii moTok 3asBOK Ha OOCITYXHUBaHUE —
MPOCTEHIINKA TMOTOK ¢ MHTEHCUBHOCTBHIO A. MIHTEHCHBHOCTH MOTOKAa OOCITY:KUBaHUS
paBHa U (T.€. B CpEIHEM HENPEPHIBHO 3aHATHIA KaHall OyAeT BblAaBaTh OOCITYXKEH-
HBIX 3asBOK). J[IMTEeNbHOCTh OOCITYKUBaHUS — CIIydailHas BEJIMYMHA, [TOJAYMHEHHAS
MoKa3aTeIbHOMY 3aKOHY pactpeneieHus. [loTok oOciayuBaHUM SIBISETCS MPOCTEH-
[IMM ITyaCCOHOBCKMM IOTOKOM COOBITH. 3asBKa, MOCTYNHBINAS B MOMEHT, KOIJa
KaHaJI 3aHST, CTAHOBUTCS B OYEPENIb U 0KUIAET 00CITY)KUBAHUS.

[Ipeanonoxum, 4TO0 HE3ABUCUMO OT TOTO, CKOJIBKO TPEOOBAaHUI MOCTYyHAEeT HA
BXOJ] 00CITY>KHBAIOILIE CUCTEMBI, TaHHAs cucTema (o4epelib + 00CTyKHUBaeMble KIIH-
€HTBI) HE MOXKeT BMecTuTh Oosiee N-TpeboBaHuii (3as8BOK), T.€. KIMEHTHI, HE NOMAaB-
1IMe B OKMJIaHUE, BBIHYXJCHBI 00CIyKUBaThCs B Apyrom Mecrte. Hakonen, ucrou-
HUK, [OpPOXJIAIOIMI 3asdBKM Ha OOCIy)KMBaHUWE, HUMEET HEOrPaHUYCHHYIO
(6ecKOHEUHO OOJIBIIYI0 EMKOCTH).

['pad cocTostruit CMO B 3TOM cilydae UMeeT BUJ, MOKa3aHHBIN Ha puc. 11.2.

A y) A y) A A
I I I U uoou

Puc. 11.2. I'pa¢ cocTosHMIM ogHOKaHanbHON CMO ¢ oxunaaHuem

(cxema rmbenn n pasmHoKeHua)

Cocrosinusgs CMO uMEroT CleAYIOUTYI0 HHTEPIPETALHIO:
So - «kaHaJ CBOOOJICHY;

S1 - «xaHan 3aHAT» (OYepenu HeT);

S, - «kaHan 3aHAT» (0JIHA 3asIBKA CTOUT B OUEPE/IN );

...............................................................

Sy - «xanan 3aHAT» (N — 1 3a9BOK CTOUT B OUEPEIN).
CranuoHapHbIid MPOIECC B JAHHON cHUcTeMe Oy/IeT OMUCHIBATHCS CIEAYIOIICH
CUCTEMOM alireOpanyecKnX ypaBHEHUI:
—p'P0+P1=O, n=0
—-1=-p) B, +Ppy1+p-Pp.;=0,0<n<N (10)

k —PN+,0'PN_1=0,n=N,
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A
rae p = ;; N —HOMEP COCTOSIHHUSI.

Pemenue nprBeneHHON Bhlle cucTeMbl ypaBHeHui (3.10) nns Hameld moaenu
CMO umeer Bug

( 1-p )-pn,p +#1,n=012,.. N

Pn _ 11_pN+1 (11)
(N+1)"D =1
0= 1_1p1\[1)+1' (11)
Torna
Py-p"p#+1,n=012,.., N
P, = 1

= =1
N+1)'”

A
Cne,uyeT OTMECTHUTD, YTO BBIIIOJJHCHHUE YCJIOBHA CTAIMOHAPHOCTH IJIA p = — <
u

1 nanHoii CMO He 00s13aTelIbHO, MOCKOJIBKY YHCIIO JIOIMYCKaeMbIX B OOCIIYyKHBaro-
IIyI0 CHUCTEMY 3asBOK KOHTPOJIMPYETCA IIyTE€M BBEICHHS OTPAaHUYECHHs HA JUIMHY
ouepenu (KOTopas He MOKeT npeBblath N — 1), a HE COOTHOLIEHUEM MEXAY MH-
TEHCUBHOCTSIMH BXOJIHOTO TIOTOKA, T.€. HE OTHOIIICHUEM A/ = p.

Onpenenum XapakTepucTUKY oJHOKaHaIbHOM CMO ¢ OXXuaaHuWEM U OTrpaHu-
YEHHOW JUTMHOW ouepenn, paBHo# (N — 1):

BEPOATHOCTH OTKa3a B 00CITY>KUBAHUU 3asBKU:

() P # 1,

POTK = PN = 1 (13)
P =1
(N+1)
OTHOCHUTEJIbHAS MPOMYCKHAsl CIOCOOHOCTh CUCTEMBI:
1- (1_1,,15+1) oM p 1,
q=1—Fux 1 (14)
Tw'P T L
abCOJIOTHASI TPOITYCKHAsl CHOCOOHOCTH!
A=A1-q; (15)
CpellHEE YMCIIO HAXOAUIUXCSI B CUCTEME 3asBOK:
p:[1-(N+1)-pN+N-pN+1]
Lg=YN_n-P, = (1-p)(1-pN*1)  ’ (16)
N/2, p=1;
cpeliHee BpeMs MpeObIBaHMS 3aBKU B CUCTEME;
Ls .
S = 2a-py)’ (17)
CpeIlHss MPOAOHKUTEIbHOCTh MPEObIBAHUS KIIMEHTA (3asIBKH) B OUEPEIU:
Wy = Ws — 1/u; (18)
CpeIHee YHCIIO 3asBOK (KJIMEHTOB) B 0YepeH (JJTMHA OYEPEIN):
L, = A(1 — Py)W,,. (19)

Paccmotpum npumep onHokananbHol CMO ¢ oxumgaHnuem.
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Ipumep 11.2. Cneunanu3upoBaHHbII MOCT AUATHOCTUKH MPEACTABISET COOOM
onHokaHabHY0 CMO. Yuncno cTOSIHOK JIUIs1 aBTOMOOMIIEH, 0XKUIAIOIINX POBEACHUS
JMATHOCTUKH, orpaHndeHHo u paBHO 3[(N — 1) = 3]. Eciu Bce CTOSHKH 3aHSTHI, T.C.
B OUYEpeIU YK€ HaXOAHUTCA TPU aBTOMOOWIIS, TO OYEPEIHON aBTOMOOWIb, MPUOBIB-
I Ha JUArHOCTUKY, B OYepelb Ha OOCIyKMBaHHE HE cTaHOBUTCA. [loTOK aBTOMO-
Ousnelt, mpuOBIBAIOIINX HA JUATHOCTHUKY, paclpesieneH no 3akony Ilyaccona u nmeer
uHTeHcuBHOCTh A = 0,85 (aBTOMOOWIIS B 4ac). Bpems mTuarHOCTHKH aBTOMOOWIIS
pacnpeziesieHo 10 MOKa3aTeIbHOMY 3aKOHY U B cpenHeM 1,05 yac.

Tpebyercs onpenenuTb BEPOSITHOCTHBIE XapaKTEPUCTUKH MTOCTA IUATHOCTUKH,
paboTaloNIero B CTAlMOHAPHOM PEXUME.

Pemenue.
1. [TapameTp moTOKa 0OCITYKUBAaHUN aBTOMOOUJIICH
1 1
=-=—=0,952.
=3 1,05 ’

2. HpI/IBGIIGHHaH WHTCHCUBHOCTh IIOTOKA aBTOMOOMJICH OIIpCACIATCA KaK OT-

HOIIICHNE UHTCHCUBHOCTEH A U U, T.C.
A 085

p=-=—=0,893.
{0,952
3. Beraucnnm ¢uHaIbHBIE BEPOSTHOCTH CHCTEMBI:
p - 1-p 1-0893 _ 0248
071 _pN+1 10,8935 T
P, =p-P,=0,893-0,248 = 0,221;
P, = p%?-P, =0,8932-0,248 = 0,198;
P; =p3-P,=0,8933-0,248 = 0,177;
P, = p*- P, =0,893*-0,248 = 0,158.
4. BepoATHOCTB OTKa3a B 0OCITYKUBAHUM aBTOMOOWIIS:
P.. =P, =p* P,=0,158.
5. OTHOCHUTENBHAS IPOITYCKHAS CTIOCOOHOCTH TTOCTA IMarHOCTHKHU:
q=1-P,=1-0,158 =0,842.
6. AGCOITFOTHAS TIPOIYCKHAsI CIIOCOOHOCTH TTOCTA TUAarHOCTUKHU
A=21-q=0,85-0,842 = 0,716 (aBTOMOOWMIICH B Hac).
7. CpenHee 4uciio aBTOMOOMIICH, HAXOIAITUXCS HAa OOCTY>KUBAHUH B OUepeIu
(T.€. B cUCTEME MacCOBOT0 0OCITyKMBaHU):
p'[l—(N+1)'pN+N'pN+1]
(1-p)A—-p"*H)
0,893-[1—(4+1)-0,893* + 4-0,893*+1]
B (1 —0,893)(1 — 0,8934+1)

8. Cpennee BpeMs npeObIBaHKUS aBTOMOOMIIS B CUCTEME:
L 1,77
Ws = — =~ 2,473 4yaca.
A(1-Py)  0,85(1-0,158)
9. CpenHsisi MPOIOJDKUTELHOCTHh TPEObIBAHUS 3aIBKU B O4epear Ha 00CITyKu-

BaHHC!

LS=

=1,77

W, =Ws—1/u=2473-1/0,952 = 1,423,
10. Cpennee yucio 3asBOK B 0YEpeaH (JIJTMHA OUEPEIN):
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Ly = A(1— Py) W, = 0,85(1 — 0,158) - 1,423 = 1,02.
Pa60Ty pPaCCMOTPEHHOI'0 1OCTa AMArHOCTUKKU MOXKHO CUHHUTATh YAOBJICTBOpPH-

TENBHOM, TaK KaK MOCT JUArHOCTHKH HE OOCIY>XMBAaeT aBTOMOOW/IM B CpPEIHEM B
15,8% ciyuaeB (P, = 0,158).

11.5. OgnokananbHass CMO c o:xugannemM 0e3 OrpaHUYeHUs] HA BMeCTH-
MOCTh 0JI0Ka O:kuAaHusA (T.¢. N — o0)

[lepelimem Tenepp K pacCMOTPEHUIO OAHOKaHAABHON CMO ¢ okuaaHuem
0e3 orpaHMYeHUs] HA BMECTHUMOCTb 0Jioka oxkuaaHus (T.e. N = o). OcTtajabHble
ycinoBust pyHKimonupoBanrnst CMO ocTaroTcs 6€3 U3MEHEHUH.

CranmoHapubli  pexuM (yHkunoHupoBanus ngaHHoi CMO cymiecTByeT
npu t - oo s moodoro n = 0,1,2,.... u xorna A < u. Cucrema anreOpandecKux
ypaBHEHHMH, onuchiBaromux padory CMO nipu miis moboro n = 0,1,2, ..., UMeeT BU

—APy+u-Pb=0n=0 5

{)L-Pn_1+,u-Pn+1=O,n>O. (20)
Pemienue nanHONM CUCTEMBI YPABHEHU UMEET BU/T

PL=(0-p)-p",n=012,.., (21)

rnep =A/u<1.

XapakTepuctuku ojgHokaHaiabHOH CMO c oxupanuem, 0€3 OrpaHHYCHHS Ha
JUIMHY OYE€pENH, CIEAYIOIIHNE:

® CpellHEee YKCIIO HAXOASIIMMCS B CUCTEME KJIMEHTOB (3asiBOK) Ha 0OCITYXU-
BaHUE:

— V'N ] _ _P .
Ls = 2n=on Py = 1—p’ (22)
P
® CpeaHsisa NPOAOJDKUTEIBHOCTh MPEObIBAHUS KIIMEHTA B CUCTEME:
Lg 1
ST wa-pl (23)
® CpeaHee YUCIIO KIMEHTOB B 0YEpeaU Ha OOCTYKUBAaHUH:
yl 2
Lg=Ls—2=L— (24)
w (1-p)
® CpeaHsisa NPOJOJDKUTEILHOCTh MPEObIBAHUS KIIMEHTA B OUEPEIU:
L P
Ww,=">1=—-—— 25
a 2 [w@-p)] (25)

IMpumep 11.3. BcnomHuMm o cutyanuu, pacCMOTpeHHOU B npumepe 11.2, rae
peub uaer o GyHKIMOHUPOBAHUHM TMOCTAa JUArHOCTUKH. [lycTh paccMaTpuBaeMbIii
MOCT JUarHOCTUKH PacIoyiaraeéT HEOrPaHUUYECHHBIM KOJIMYECTBOM IUIOMIAA0K JIJIsl CTO-
SHKY NPUOBIBAIOIIMX Ha 00CTY>KMBaHUE aBTOMOOWIIEH, T.€. JJIMHA OYepEeaH HE orpa-
HUYEHA.

TpeOyercst onpenenuTh (UHATBHBIE 3HAYEHUS CIEAYIOIIMX BEPOSTHOCTHBIX
XapaKTEPUCTHK:

®BEPOSITHOCTH COCTOSIHUM CUCTEMBI (ITOCTa JUATHOCTUKH);

eCpe/IHee YUCIIO aBTOMOOMIIEH, HaXOAIIMXCS B cucTeMe (Ha 0OCITyKUBAaHUU U
B Oo4epean);

® CPETHIOI0 TPOJIOIKUTEIBHOCTD NMPEOBbIBaHMS aBTOMOOUIIEH B cucTeMe (Ha 00-
CIIy’KUBaHUU U B OUEPE/IN);
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eCpe/iHee YHCIIO aBTOMOOMIIEH B ouepen Ha OOCTyKHUBAaHUHY;
® CPE/IHIOK0 IPOIOJIKUTENIBHOCTh IPEObIBaHUS aBTOMOOMIISL B OUEPEIH.

Pemenne

1. ITapameTp moTOKa OOCTYKMBaHUS [ U IPUBE/ICHHAS] UHTCHCUBHOCTh MTOTOKA

aBTomMoOusiel p onpenenaeHsl B mpumepe 3.2.
u=0,952; p =0,893.

2. Beraucnmm npenenbHbIe BEPOSTHOCTH CHCTEMBI TT0 (hopMyIiam

Ph=1-p=1-0,893=0,107;

PP=0-p)-p=(1-0,893)-0,893 = 0,096;

P,=(0-p)p?*=(1-0,893)-0,8932 = 0,085;

P;=(0-p)-p3>=(1-0,893):0,8933 = 0,076;

P,=(0-p) p*=(1-0,893)-0,893* = 0,068;

Ps=(1-p)-p°>=(1-10,893)-0,893> = 0,061 ur.x.

Cnenyer OTMETUTh, 4TO Py OnpeAensieT A0 BPEMEHHU, B TEUEHUE KOTOPOTO
MOCT JUArHOCTUKU BBIHYXKJIEHHO Oe3/leMCTByeT (mpoctauBaer). B Hamiem mpumepe
oHa cocrasisier 10,7%, tak kak P, = 0,107.

3. CpenHee 4KCIIO aBTOMOOMIIEH, HAXOSIIUXCS B CUCTEME (Ha 0OCTYKUBAHUH
1 B OUEpE/IN):

p 0,893
= = = 8,346 ex.
ST 1-p 1-0893 ’ A

4. Cpe,ZLHHH MPpOAOIZKUTCIbHOCTD Hpe6BIBaHI/I5[ KJIMCHTA B CUCTCMC!
Ls 1 1

Ws = 2 [w(i-p)]  [0952:(1-0,893)] 2,817 =ac.
5. CpenHee 4Kciio aBTOMOOMIIEH B ouepean Ha 0OCITyKHMBaHHE:
_ ¢ _A_ p* _ 0893%
Lq = Lg T o) (1-0893) 7,453.

6. CpenHsist IPOIOIKUTENILHOCTD MPEOBIBAHUS aBTOMOOMIIS B OUEPE/IH:
0,893

q= u(lp—p) - 0,952-(1-0,893) = 8,766 Hac.
7. OTHOCUTENBHAS POIYCKHAS CIIOCOOHOCTH CUCTEMBI:
q=1,
T.€. KaXKJ1asl 3asBKa, MPUILIE/IIAs B CUCTEMY, OyAeT 00CIyKeHa.
8. AGCoITFOTHAs TIPOITYCKHAsT CITOCOOHOCTH:
A=2-q=085-1=0,85.

Crnenyer OTMETUTh, YTO NPEANPUITHE, OCYIIECTBISAIONIEE JUATHOCTUKY aBTO-
MOOUJIEH, MPEX]Ie BCEro MHTEPECYET KOJUYECTBO KIMEHTOB, KOTOPOE MOCETUT MOCT
JUATHOCTUKHY MPU CHATUU OTPAHUYCHUS HA IJTUHY OYEPE]IU.

JlomycTuM, B IEpBOHAYAILHOM BapUaHTE KOJIMYECTBO MECT JIJISi CTOSIHKU TIPH-
OBIBAIOIIMX aBTOMOOMIIEH ObLII0 paBHO TpeM (cM. mpumep 11.2). YacTtora M BO3HHK-
HOBEHMSI CUTYyaIllui, KOTJa MPUOBIBAIOIIMK HAa TMOCT JAMArHOCTUKHA aBTOMOOWJIL HE
MMeEET BO3MOXKHOCTH MPUCOCEAUTHCS K OUepeIu:

m = A- Py.

B namem npumepe mpu N=3+1=4 u p=0,893 m=A-P,-p*=0,85"

0,248 -0,8934 = 0,134 aBTOMOOWJIA B 4ac.
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[Tpu 12-yacoBoM pexknMe pabOTHI OCTAa AUATHOCTUKHM 3TO 3KBUBAJIEHTHO TO-
MY, 4TO TIOCT JUArHOCTHKU B CPEIHEM 3a CMEHY (1eHb) Oyner teparh 12 -0,134 =
1,6 aBTOMOOMJIA.

CHsTHE OrpaHWYEHUHN Ha JIMHY OYEpEId MO3BOJIAET YBEIMYHUTHh KOJUYECTBO
00CITy’)KEHHBIX KJIMEHTOB B HAIlIEM MPUMEPE B CpeIHEM Ha 1,6 aBTOMOOWUIISL HA CMEHY
(12 yacoB paboThI) MOCTa IUATHOCTHKHU. SICHO, YTO pElIEHUE OTHOCUTEIHHO PacCIIu-
peHusl TUIOUIAAM JUIsl CTOSIHKM aBTOMOOWIIEH, MPHUOBIBIIUX Ha TOCT JUArHOCTUKH,
JIOJIKHO OCHOBBIBATHCSI HAa OIICHKE SKOHOMHUYECKOTO yiiepOa, KOTOpbIi 00yCIOBIICH
notepen KIIMEHTOB IIPU HAJIMYUU BCErO TPEX MECT JUIsl CTOSIHKU 3TUX aBTOMOOUIICH.

KonTposbHbIe BONPOCHI U 321a4K

1. JlaiiTe onpenencHre cuCTeMaM MacCOBOTO OOCTYKHUBaHUS?

2. HazoBute ocHOBHBIE KOMITOHEHTHI CMO?

3. Kak xnaccudunupyrorcs CMO?

4. N3obpasute cxemy CMO?

5. Pacckaxxute 00 npocrteiimeir oqgHokanaibHo CMO ¢ oTkazamu?

6. Pazbsicuute conepxanue onnokananbaoit CMO ¢ oxunanuem?

7. Packpoiite conepxkanue ogHokaHaibHo CMO ¢ oxuganueM 0e3 orpaHu-
YeHHsI HA BMECTUMOCTD OJIOKa OKUaHHS ?

8. OnnokananbHass CMO c oTka3amMu NpeacTaBisieT co00il OAHY TeIePOHHYIO
JTUHUIO. 3asBKa (BBI30OB), MPULIEAIIAs B MOMEHT, KOTJa JIMHUA 3aHsTa, MOJIy4YaeT OT-
ka3. Bce motoku coOwiTuit npocteiimue. MaTeHcuBHOCTH MoToka A = 0,95 BeI30Ba B
MuHYTY CpemHsst MPOIOKUTENBHOCTD pasroBopa t = 1 MUH.

Onpeodenume BepoSITHOCTHbIE XapakTepucTuku CMO B ycTaHOBHBILIEMCS pe-
AKUMeE paOOTHI.

9. B ognokananbHyro CMO ¢ 0oTKa3aMu OCTynaeT NpOCTEUIINN TOTOK 3asBOK
¢ uHTeHcHBHOCTHIO A = 0,5 3as1BKu B MUHYTY Bpemsi oOcimyXuBaHUS 3asiBKHU UMEET
1oKasaresibHOe pacnpesenenue ¢ t = 1,5 MuH.

Onpeodenume BepoSTHOCTHbIE XapakTepucTuku CMO B ycTaHOBUBILIEMCS pe-
KUME paOOTHI.

10. B BbIUMCIUTENHFHOM IIEHTPE paboTaeT 5 MepCOHATBHBIX KOMIIBIOTEPOB
(ITIK). IIpocreiimmii moTok 3amay, nmoctynaromux Ha BIL, uMeeT MHTEHCHBHOCTH
A = 10 3amau B yac. CpenHee BpeMs pelIeHHs 3a7a4u paBHO 12 MuH. 3asBKa IMOTy-
yaeT oTkas, eciau Bce 11K 3aHsaTEhI.

Haiioume BeposSTHOCTHBIC XapaKTEPUCTHKU CUCTEMBI 0OCTykuBanus (BII).

11. B ayauropckyto ¢pupMy noctynaer npocTeHIInil MOTOK 3asBOK Ha 00Ciy-
KUBaHUE C MHTEHCUBHOCTHIO A = 1,5 3asBKku B neHb. Bpems oOciyxuBanus pacrmpe-
JIEJIEHO M0 MOKAa3aTeIbHOMY 3aKOHY W PAaBHO B CPEJHEM TPEM JHSIM. AyIUTOPCKas
¢dupma pacrosiaraer miThbl0 HE3aBUCHUMBIMU OyXTalTepamH, BBIIOJHAIOIIMMHU ayau-
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TOpPCKHE MPOBEpKH (00cmykuBaHue 3asBoK). Ouepenp 3asBOK He orpanunyena. [uc-
LUIUIMHA OYEPEIN HE PETIIAMEHTHPOBAHa.

Onpeodenume BEPOSITHOCTHBIE XaPAKTEPUCTUKU ayJUTOPCKOM (PUPMBI KaK CH-
CTEMBI MAaCCOBOI'0 OOCITYKMBaHUs, padOTAIOLIE B CTALlMOHAPHOM PEXUME.

12. Ha myHKT T€XOCMOTpa MOCTYMAET MPOCTEUIIHNI MOTOK 3asBOK (aBTOMOOH-
Jiei) THTEHCUBHOCTH A = 4 MamuHbI B 9ac. Bpems ocMoTpa pacmpeseneHo mo moka-
3aTeJIbBHOMY 3aKOHY M PaBHO B cpefHeM 17 MUH., B o4epear MOKET HaXOIUThCS HE
Oosee 5 aBTOMOOUIIEH.

Onpedenume BEPOATHOCTHBIE XapaKTEPUCTUKU IMyHKTA TEXOCMOTpPA B YCTaHO-
BUBILIEMCS PEKUME.

13. Ha npOMBIIIIIEHHOM NPEANPUATHH PEMIAETCS BOIPOC O TOM, CKOJIBKO ITO-
TpeOyeTcsi MEXaHUKOB sl paboThl B peMOHTHOM 1iexe. IlycTe npeanpusitue umeer
10 mamuH, TpeOyOIUX PEMOHTA C YYETOM YMCciia peMOHTHpYromuxcs. OTka3bl Ma-
IIMH POUCXOJAT ¢ yacToToit A = 10 oTk/gac. Iy ycTpaHEeHUs] HEUCIIPABHOCTU Me-
XaHWKy TpeOyercst B cpeaHeM t = 3 MuH. PacrpeneneHrne MOMEHTOB BO3HHKHOBE-
HUS OTKAa30B SBIISIETCS IyaCCOHOBCKHM, a HPOJOJIKUTENBHOCTD BBIIIOJHEHUS
PEMOHTHBIX padOT paclpeesieHa FIKCIIOHEHIMaabHO. Bo3MoskHa opranuzanus 4 wiu
6 pabo4Yux MECT B 1I€X€ JIsl MEXaHUKOB MPEIPUATHUS.

Heobxooumo ewvibpams nHaubonee >(PpPeKkTUBHBIA BapuaHT oOecrieueHus pe-
MOHTHOTO IIeXa padOUYNMHU MECTaMH JIJIsl MEXaHUKOB.

14. B Oyxrantepuu npeanpusTHs UMEIOTCS 1Ba KacCUpa, KaKIbI U3 KOTOPBIX
MOKET 00CIyXUTh B cpeHeM 30 coTpyaHUKOB B yac. [IoTOK cOTpyIHUKOB, MOJIy4da-
IOIMX 3apa0OTHYIO IUIaTy, - MPOCTEHIINA, C UHTEHCUBHOCTBIO, paBHOU 40 coTpya-
HUKOB B yac. Ouepenp B Kacce HE OrpaHHyeHa. J{ucuuIiimHa oyepennd He perjiaMeH-
ThpoBaHa. Bpems o0cnyxkuBaHUS TMOJYMHEHO HSKCHNOHEHIMAIbHOMY 3aKOHY
pacnpeneneHusl.

Buvruuciume BeposTHOCTHBIE XapakTepucTHku CMO B cTallMOHApHOM PEXKHME
U ONpEeJIEINTE 11eJIeCO00pa3HOCTh MpUEMa TPEThETO Kaccupa Ha Mpeanpusitiue, pado-
TAIOILETO C TAKOW K€ IPOU3BOIUTEIBHOCTBIO, KAK U IIEPBBIE JBA.

15. bunerHas kacca pabotaeT 0e3 mepepsiBa. buieTsl mpojgaeT OUH Kaccup.
Cpennee BpeMsi 0OCTY>KUBaHUS — 2 MUH. Ha KaXA0ro 4yesnoBeka. CpeaHee Yyucio nac-
CaXUPOB, JKENAIIUX MPUoOpecTy OUJIEThI B Kacce B TEYEHHE OJHOrO Yaca, paBHO
A = 20 nacc/yac. Bce moToKu B cUucTEME MpOCTEUIIHE.

Onpedenume CpPeNHIOO JJIMHY O4YepPed, BEPOSITHOCTh MPOCTOS Kaccupa, Cpe-
Hee BpeMsl HaXOXKJICHMsI Maccakupa B OMJIETHOU Kacce (B oyepenr U Ha o0CTyKHBa-
HUW), CpeIHEEe BpEeMs OKUJIAaHUS B OUYEPEIU B YCIOBHUSAX CTAllMOHAPHOIO PEKUMA pa-
OOTBI KacChl.

I'JIABA 12. KOHCTPYKTHUBHOE OINPEJAEJIEHUE
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IKOHOMUMNYECKOI'O AHAJIU3A

12.1. Coaep:xaHue IKOHOMHYECKOT0 aHAJIM3A

DKOHOMUYECKHI aHAIM3 KaK HayKa MPEACTaBIseT COO0i CUCTEMY CIIELIHAIBHBIX
3HAHHM, CBSI3aHHYIO:

1) ¢ uccrnenoBaHNEM YKOHOMHUYECKUX TPOIIECCOB B MX B3aUMOCBSI3H, CKJIAJIbIBA-
IOIIUXCS TIOJT BO3JICUCTBHEM OOBEKTHBHBIX IKOHOMHYECKHX 3aKOHOB M (PaKTOpOB
CyOBEKTUBHOTO MOPSIKA;

2) ¢ HayYHBIM 00OCHOBaHHEM OM3HEC-TIJIAHOB, C OOBEKTUBHOW OIICHKOW HX BbI-
MOJIHEHUS;

3) ¢ BBISIBJICHHEM TIIOJIOXHUTEIBHBIX M OTPHUIATCIBHBIX (DAaKTOPOB M KOJIHYE-
CTBEHHBIM U3MEPEHHUEM UX JICUCTBUS;

4) ¢ pacKpbITHEM TEHICHIMIA U MPOIOPIUI XO3sIMCTBEHHOTO Pa3BUTHUS, C OTpe-
JIEJICHUEM HEHCI0JIb30BAHHBIX BHYTPUXO3SMCTBEHHBIX PE3E€PBOB;

5) ¢ 0000IIIeHHUEM TTEPEIOBOTO OMBITA, C IPUHATHEM ONTUMAJBHBIX yIIpaBJICHYE-
CKHUX PEIIECHUN;

[Ton mpenMeToM SKOHOMHUYECKOTO aHaIM3a MOHUMAKOTCS XO3SIMICTBEHHBIE IPO-
1ecchl MpeAnpusiTUid, oObeIUHEHUHN, acCOIMaIMi, COI[MaIbHO-dKOHOMHYECKas (-
(heKTUBHOCTh M KOHEUYHBIEC ()MHAHCOBBIC PE3YJbTAThl UX ACATEILHOCTH, CKIIJIbIBAIO-
1yecs Mmoj Bo3JeHCTBUEM OOBEKTUBHBIX U CYOBEKTHUBHBIX (DAKTOPOB, MOITYUYAIOIINE
OTpaKEHUE Yepe3 CUCTEMY SIKOHOMUYECKON NH(POPMALIUH.

K uncny BaxxHENIINX 33424 SKOHOMUYECKOTO aHAIN3a OTHOCUTCS':

1) moBbIIIIEHWE HAYYHO-DPKOHOMHYECKOW OOOCHOBAaHHOCTU OW3HEC-TUIAHOB H
HOPMATHBOB ( B MPOIIECCE UX Pa3pabOTKH);

2) OOBEKTUBHOE M BCECTOPOHHEE M3YYEHHE MO JAHHBIM y4€Ta U OTYETHOCTH
BBINIOJIHEHHSI, YCTAHOBJIEHHBIX OM3HEC TUIAHOB U COOJIIOICHUSI HOPMATUBOB MO KOJIU-
YECTBY, CTPYKTYpPE U KAayeCTBY BBIMYIICHHON MPOAYKIIMHU, BBIMOJHEHHBIX PadOT U
ycayr,

3) ompeneneHre SKOHOMUYECKON A(PPEKTUBHOCTU HCIOJIL30BAHUSI TPYIOBBIX,
MaTepHaIbHBIX U (PUHAHCOBBIX PECYPCOB;

4) KOHTPOJIb 32 OCYIIIECTBICHUEM TPeOOBAaHUN KOMMEPUYECKOTO pacyeTa U OICH-
Ka KOHEUHBIX (PMHAHCOBBIX PE3yJIbTATOB,;

5) BbIABIICHHE M U3MEPEHHE BHYTPECHHUX PECYpCOB Ha BCEX CTAIUAX MIPOU3BO/I-
CTBEHHOT'0 IIPOILIeCCa;

6) 000CHOBaHWE U HUCIBITAHUE ONITUMAIBHOCTH YIPABICHYECKUX PEIICHUN;

12.2. CucreMHBbIH MOAX0] K IKOHOMHUYECKOMY AHAJIU3Y
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DKOHOMUYECKHI aHAIN3 XO3SMCTBEHHOM NEATEIbHOCTH B YCIOBHSIX PHIHOYHOM
PKOHOMUKHU Bce Oosiee MpHOOpETaeT Xapakrep cucteMHoro aHanusa. [Ipu mposene-
HuU cuctemMHoro aHanu3a (CA) BbIAENSAIOT MIECTh 3TANoOB. PaccMOTpuM copepKaHus
ATUX 3TANlOB MPUMEHUTEIBHO K SKOHOMUYECKOMY aHaJIU3y XO3SMCTBEHHON JEATEIb-
HOCTH MIPEAIPUSATHUS.

Ha nepBom sTane o0BEKT MCCIEA0BaHUS MPEACTABISAETCS KaK CUCTEMa, TSl KO-
TOPOI OMPEAEIAIOT e U YCIOBUS (QYHKIIMOHUPOBAHUA. XO3SMCTBEHHYIO JIEATEb-
HOCTb IPEANPUITUSI MOKHO PACCMAaTPUBATh KaK CUCTEMY, COCTOAIIYIO U3 TPEX B3aH-
MOCBSI3aHHBIX JJIEMEHTOB: PECYpPCOB, IPOM3BOJCTBEHHOIO IMpOLECcCa U TOTOBOM
OPOAYKIMU. BXOIOM 3TOI CUCTEMBI SIBISIOTCS MAaTEPUATIbHO-BEIIECTBEHHBIE TOTOKU
PECYPCOB U MOTOKU TPYIOBBIX PECYPCOB; BBIXOJOM — MATEPUATBHO-BEIICCTBEHHbIC
IIOTOKHA F'OTOBOW MPOAYKIIHH.

IIpon3BOACTBEHHBIN MTPOLECC MTEPEBOINUT BXOJ CUCTEMBI B €€ BBIXO[, T.€. B pe-
3yJbTaTe MPOU3BOJCTBEHHOIO IPOLECCA MPOU3BOJACTBEHHBIE PECYPCHI, COEAUHSACH,
CTaHOBATCA TrOTOBOM mpoxykuuen. Llenpro paboThl MpeAnpuaTHs SBIAETCS PEHTa-
O€NbHOCTD, T.€. 10 BO3MOYKHOCTU BBICOKUN pEe3yNlbTaT B JEHEKHOM BBIPAKEHHUU 32
paccMaTpUBaeMblil NIEPUOJ BPEMEHM. 3ajladya CHCTEMHOIO AaHAIM3a — PACCMOTPETH
BCE€ YacTHbIE (PaKTOpbI, 0OecreunBaoue 0ojaee BBICOKUN YpOBEHb PEHTA0EIBHOCTH.
DOKOHOMUYECKHM MPUHLHUI AEATEIBHOCTH MPEANPUITHS — OOEcCreueHre JIubo Mak-
CUMAaJIbHOI'O BBIMYCKa NPOAYKIIMU NPU JAHHBIX 3aTpaTax pecypcoB, JIUOO anbTepHa-
THBHO 33JIaHHOTO BBITYCKA NPOIYKIIMU IPM MUHUMAJIBHOM pacxone pecypcoB. Cpen-
CTBOM XapaKTEPUCTHUKNA HDKOHOMHKHU NPEANPUATUSA SBISIETCS BEICHUE CUETOB H
JIPYTUX PEKBU3UTOB OyXTaJTepCKOro ydera. byXraaTepckuil ydeT Ha3bIBalOT B PhI-
HOYHOW 9KOHOMUKE SI3bIKOM Ou3Heca. JIeHeXHbBI 000pOT, OTpaXKaoMIUK peaTbHbIH
MPOLECC MPEANPUHUMATENBCKON NEATEIbHOCTH (PUKCUPYETCS] B KOMIUIEKCHOW CH-
cTeMe OyXTaJITepCKOro y4era, Oiarogapst Koropomy hopmupyercs nHGopMauoHHas
cUcTeMa npeanpusaTus — HeoOxoaumMast 0a3a CHCTEMHOIO 3KOHOMUYECKOIO aHaJIu3a.

JIist mpoBeAeHUs] CUCTEMHOI0 3KOHOMHUYECKOr0 aHajiu3a HeoOxoauma paspa-
00TKa KaueCTBEHHBIX XapaKTEPUCTUK IKOHOMHUKHU MPEANPUITUSI- CUCTEMbl CUHTETH-
YeCKUX M aHAJIWTUYECKUX Mokaszatened. OTOOp mokazaTenel, XapaKTepU3YHOIINX
IIPOM3BOJICTBEHHYIO JIEATEIBHOCTD MPEANPUATHSA, OCYILECTBIISIETCS HA BTOPOM JTalle
aHanu3a.

Ha tperbem stanme mpoBeaenus COA coctaBisercss oOmas cxema CHCTEMBI,
YCTaHABJIMBAIOTCS €€ IJIaBHbIE KOMIIOHEHThI, ()YHKIUU B3aUMOCBSI3HU, pa3padaThiBa-
€TCsA CXeMa IMOACUCTEM, MOKAa3bIBAKOIIAs CONMOAYMHEHUE UX dJIeMeHTOB. Ha ocHOBe
MH(POPMAITMOHHON MOJIETU XO3IUCTBEHHON AEATEILHOCTH, T.€ Mojelu (HopMUpoBa-
HUS DKOHOMHYECKUX (DAKTOpOB M TMOKa3aTeseil, cocTaBisieTcsi olrmas OJoK-cxema
KOMIUIEKCHOIO 3KOHOMUYECKOT0 aHaln3a, KIACCUPHUIMPYIOTCS (PaKTOphl U MOKa3a-
TeH, GOPMUPYIOTCSI CBSI3U MEX]Ty HUMHU.
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[Ipu cucremHOM aHann3e 0co00€ BHUMaHUE yNEISETCS MCCIEAOBAHUIO B3aUM-
HOW CBSA3M U OOYCIIOBJIEHHOCTH €r0 OTAEIbHBIX pa3JieoB, oKa3aTenel u GakTopoB
IPOU3BOACTBA. 3HaHUE (PAKTOPOB MPOU3BOJCTBA, X B3aUMOCBS3EH, YMEHHUE OIpee-
JIUTh UX BIMSHUE HA OTJEIBHBIEC ITOKA3aTEIN IPOU3BOJACTBEHHON ACATENBHOCTH I103-
BOJISIFOT B3aWMOJICHCTBOBAaTh HA YPOBEHBb IIOKA3ATENIEW ITOCPEACTBOM YIIPABIICHHUS
dakropamu. [TorTomMy Ha yeTBepToM 3Tane CA X035 HUCTBEHHON EATEIHLHOCTH OMpe-
JCNIAIOTCSI BCE OCHOBHBIE B3aMMOCBS3H U (DaKTOPBI JAIOIINEe KOJINYECTBEHHBIC XapaK-
TepucTukd. Hampumep, nokasareneM MCIOJIBb30BaHUSA TPYIOBBIX PECYPCOB SIBISETCS
cpenHsisi HopMa BeIpaOb0TKU. OHa 00yCIOBIEHA TEXHUYECKOW U YHEPreTUUECKOM BO-
OpY’KEHHOCTBIO TpyAa, KBaJu(uKanuei pabo4yero, ypoBHEM ClelIMaIN3aluu, KOOIe-
pUPOBaHMS, OPTaHU3aMEN IPOU3BOICTBA U TPYIa.

Ha nsiTom 3Tane cTpouTcs MOJENb CUCTEMBI HA OCHOBE MH(OpPMAaLIUU, ITOTYYEH-
HOI Ha MpeapIIylMX dTanax. B Hee BBOASIT KOHKPETHBIE JaHHBIE O pabOTE KaKoro-
100 NPEANPUATHS U MOTYYaIOT TapaMeTpbl MOAEIIH B YUCIOBOM BBIPAKEHUH.

3aBepHIaroluii MECTOM ATan aHain3a — padoTa ¢ MOJIEIbI0. JTOT dTall BKIIIOYa-
€T B ce0s1 OOBEKTUBHYIO OLIEHKY pE€3yJIbTaTOB XO3AWCTBEHHOW AESITEIBbHOCTU, KOM-
IJIEKCHOE BBISIBJICHHE PE3EPBOB ISl MOBBIIEHUS 3(P(HEKTUBHOCTH POU3BOJICTBA.

12.3. DxoHOMHMKO-MaTeMAaTH4YeCKOe MO/IeJINPOBaHue, KaK
CPeCTBO IKOHOMHYECKOI0 AHAJIH3A

MareMatrnyeckoe MOACIIUPOBAHUE SIKOHOMUYECKUX SIBJIEHUHN U MPOLIECCOB SIBIIS-
€TCA BAXKHBIM HMHCTPYMEHTOM 3KOHOMHMYECKOro aHaimm3a. OHO JaeT BO3MOKHOCTH
MOJIYYUTh YETKOE TPEJICTAaBIIEHHE 00 HUCCenyeMoM OOBEKTe, OXapaKTephu30BaTh U
KOJINYECTBEHHO OMKCAaTh €ro BHYTPEHHIOK CTPYKTYPY M BHEILIHHE CBA3U. Mopenb -
YCJIOBHBIN 00pa3 00bEKTa yIpaBICHUS.

B sxoHOMHUYECKOM aHaM3€e UCMOJIb3YIOTCS TJIaBHBIM 00pa3oM MaTeMaTUYeCKHe
MOJIEJIM, OMHCHIBAIOIINE M3YyYAaEMOE SIBJICHHE C MOMOLIbIO YpPaBHEHUH, HEPABEHCTB,
(GyHKUMIA U Jp. CPEACTB.

DKOHOMHUKO-MaTeMaThuiecKasi MOJIeNb JOJDKHA OBITh aIeKBaTHOM JCHCTBUTEIb-
HOCTH, OTPa)KaTh CYIIECTBEHHbIE CTOPOHBI U CBSI3U M3ydaeMoro oobekrta. IIporecc
MOJIETUPOBAHUSA MOKHO MOApPa3/eauTh Ha 33Tama: 1) aHaIu3 TEOPETUYECKUX 3aKO-
HOMEPHOCTEN, CBOMCTBEHHBIX HM3y4aeMOMY SIBIICHHIO HWJIM MPOLIECCY, U IMIIUpUYE-
CKHX JIAaHHBIX O €r0 CTPYKTYpe U OCOOCHHOCTSAX; 2) ONpeaeIeHue METOJ0B, C TIOMO-
b0 KOTOPBIX MOKHO PELIUTh 33/1a4y; 3) aHaJIU3 MOJYyYEHHBIX PE3yIbTaTOB.

DKOHOMUKO-MATEMAaTHYECKOE MOJEIUPOBAHUE PaOOThl MPEANPUSATHS HOJAKHO
OBITb OCHOBAHO Ha aHAJIM3E €r0 JEATEILHOCTH, B CBOIO OuYepe/b, 00Oramarb 3TOT
aHajau3 pe3yibTaTaMH W BBIBOJAMHU, MOJYUYEHHBIMH IOCJE PEUIEHUS COOTBETCTBYIO-
X 3a1a4. B MogenupoBanuu (hakTOPHBIX CHCTEM MOYKHO BBIJICIIUTD:
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l.anIuTUBHBIE MOAEIH: Yy =2 x =x + x4+ 4x,
2 MyJIbTUILTMKATHBHBIC MOJIENH: Y = [[1, X; = X1 * Xy * X3 *...% X,
3.KpaTHbIE MOJIENIU: Y = S
i=1 i
A€ Y - pe3yJIbTaTUBHBIN MMOKA3aTENb

X; - (haKTOpHBIC MMOKA3ATEIH.
KoHTpoJbHBIE BOIPOCHI

1. PacckaxuTte conepkaHre SJKOHOMHUECKOro aHayn3a?

2. PackpoiiTe OCHOBHBIE MOAXOAbI IKOHOMUYECKOTO aHaIn3a?

3. HazoBuTe MeTO b1 SKOHOMHUKO-MAaTEMATHUECKOTO MOJICTUPOBAHUS?
4. 3anumute GopMyy MyIbTUILTUKATUBHON Mozenn?

5. 3anumuTe GopMyy aJAUTUBHON U KpaTHON Moaenu?

I'JIABA 13. AHAJIN3 DKOHOMUNYECKHX
CUCTEM C IPUMEHEHHUEM 3KOHOMMHMKO-
MATEMATUYECKHX MOJIEJIEHA

13.1. CereBast MOI€JIb CUCTEMBI

Cemesoe nianupoeanue — 3TO METOJ TUIAHUPOBaHUS pabOT, ONepaluud B KOTO-
pBIX, KaKk IpaBUJIO, HE MOBTOPSIOTCS (HAampuMmep, pa3paboTKa HOBBIX IMPOIYKTOB,
CTPOMUTENBCTBO 3AaHUN, PEMOHT 000PY0BaHMsI, IPOEKTUPOBAHUE HOBBIX padoT).

Jlsis mpoBeAECHUs CETEBOrO IUIAHUPOBAaHUS BHauajge HEOOXOJUMO pPacuJIEHUTh
MPOEKT Ha PAJl OTACIBHBIX Pa0OT U COCTABUTH JJOTUUECKYIO cXeMy (ceTeBoi rpad).

Paboma — 310 1m00bIe NeHCTBUA, TPYIOBbIE TPOLIECCHI, COMPOBOXKIAIOIIMECS 3a-
TpaTamMH PECypcoB WM BPEMEHH U MPUBOMASAIINE K OMpPEIEICHHBIM pe3dynbrataM. Ha
ceTeBbIX Tpadax paboThl 0003HAYAIOTCS CTpenkaMu. [[s yka3aHus TOTrO, YTO OJIHA
paboTa HE MOKET BBIMIOJIHATHCS PaHbIIE IPYroi, BBOAAT (UKTHUBHBIE PaOOTHI, KOTO-
pble U300paXKaroTCs MyHKTUPHBIMU cTpenkaMu. [IpoaoiKuTenbHOCTh (PUKTUBHOM
paboThl MPUHUMAETCS PABHON HYJIIO.

Cobvimue — 310 (aKT OKOHYAHUS BCEX BXOJAIIMX B HEro padbor. Cuuraercs, 4To
OHO MPOUCXOAUT MrHOBeHHO. Ha ceTeBoM rpade coObITHS H300pakaroTCsl B BHUJC
BepuinH rpada. Hu onHa BeIXonsmias M3 JaHHOTO COOBITHS padoTa HE MOXKET
HAYaThCs JO OKOHYAHUS BCEX PabOT, BXOASIINX B 3TO COOBITHE.
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C ucxogHoro coObITUsl (KOTOPOE HE MMEET MPEAIIECTBYIONUX paboT) HAUMHA-
eTcs BBINOJIHEHHE TPOEKTa. 3agepuiaiowum coovimuem (KOTOPOE HE MMEET Ioce-
AYIOIIMX pab0T) 3aKaHYUBACTCS BHIMIOJIHEHUE MTPOEKTA.

[Tocne mocTpoenus cereBoro rpada He0OXOAUMO OLIEHUTH MPOJOIHKUTEIBHOCTD
BBITTOJIHEHUS KXKJOW pabOThI U BBIACIUTH PaOOTHI, KOTOPBIE OMPEICIISIOT 3aBepIIe-
HUE MPOeKTa B 1esioM. Hy)KHO OleHUTh MOTPEeOHOCTh KaXk/10il paboThl B pecypcax u
HEPEeCMOTPETH IUIAH C yUeTOM 00ECIeYeHUs pecypcami.

Yacrto ceteBoil rpad HA3bIBAIOT cemesbiM epaghuKoMm.

13.2. MeTo KPpUTUYECKOTO MMyTH

Meton kputnyeckoro mytu (Critical Path Method - CPM) ucnons3yercst st
yIpaBlIeHUS MPOCKTaMH ¢ (PUKCUPOBAHHBIM BPEMEHEM BBIMOJIHEHHs paboT. OH mo3-
BOJISIET OTBETHUThH Ha CIICTYIOIINE BOIPOCHL:

1. CkonbKkO BpeMeHH MOTPeOyeTCsl Ha BBINIOJHEHHE BCETO MpOeKTa?

2. B xakoe BpeMs JOJKHBI HAUMHATHCS U 3aKaHYUBATHCS OTACIbHBIE PA0OOTHI?

3. Kakue paGoThl SIBISIOTCA KPUTHUECKUMU U JIOJDKHBI OBITH BBITIOJHEHBI B TOY-
HO OIlpesieJIeHHOEe Ipa)KOM BpeMsi, YTOObl HE COPBATh YCTAaHOBJIECHHBIE CPOKH BbI-
MOJTHEHUS TIPOEKTA B LIEJ0M?

4. Ha xakoe BpeMsi MOXXHO OTJIOKUTH BBITIOTHEHHE HEKPUTHUECKHUX padboT, YTO-
OBl OHU HE MOBIUSUIA HA CPOKU BBITIOJTHEHHS IPOEKTa?

Camblii IPOAOIKUTENBHBIA MYTh CETEBOTO rpaduka OT UCXOJHOTO COOBITHUS K
3aBepuUIaloIIeMy Ha3bIBaeTCs kpumuieckum. IIpoaomKuTeIbHOCTh KPUTHUYECKOTO ITYy-
TH ¥ OIPENIEISIET CPOK BBIIOJIHEHUS IPOEKTA.

Kputnueckux nmyteit Ha ceTeBoM rpaduke MOKET ObITh HECKOJIBKO.

PaccMoTpuM OCHOBHBIE BpEMEHHbBIE TTApaMETPbl CETEBBIX IPAPHUKOB.

O603naunMm t(i,j) - TPOIOIDKUTEIHLHOCTh PA0OTHI ¢ HaYaJIbHBIM COOBITHEM [ M
KOHEYHBIM COOBITHEM J.

Pannuii cpok ty,(J) ceepuenust cobbimus j - 3T0 CaMblii pAHHUH MOMEHT, K KO-
TOpPOMY 3aBEpILAIOTCA BCe PabOThHI, MPEAIIECTBYIOUINE 3TOMY coObITHIO. [IpaBuio
BBIYHCIICHUS:

t,() = max{t,() +t(i,))}, Q)
r7e MakCUMyM OepeTcs 0 BCeM COOBITHUSAM I, HEMOCPEACTBEHHO MPEAIIECTBYIOIINM
COOBITUIO | (COEAMHEHBI CTPEIIKAMH).

To3zonuii cpoxk t,(j) ceepuenus cobdvimus i - 3T0 TaKOW MPENETbHBII MOMEHT,
MocJie KOTOPOTO OCTAeTCS POBHO CTOJIBKO BPEMEHH, CKOJIBKO HEOOXOAMMO JIJIsl BbI-
MOJIHEHUS BceX paboT, ClAenyIONIHii 3a 3TUM coObITHeM. [IpaBuiio BeIYMCIEHUS:

ta(j) = min{t,(j) —t(i,)N}, Q)
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r7Ie¢ MUHIMYM O€peTCsl TI0 BCEM COOBITHSIM), HEMTOCPEICTBEHHO CIIEAYIONUM 3a
COOBITHEM {.

PesepB R(i) coObITUs [ MTOKA3bIBACT, HA KaKOM MpEaeabHO JOMYyCTUMBIH CPOK
MOJKET 3aJIep’KaThCsl CBEPIICHUE COOBITHS [ O€3 HapyIIeHHUs] CpOKa HACTYIUICHHS 3a-
BEpLIAIOLIErO COOBITHS:

R({) =t,() - ¢t OF (3)

Kputnueckue coObITHS pE3€PBOB HE UMEIOT:

[Ipu pacuerax cereBoro rpadguka KaxIblil Kpyr, u3o0paxkarouii coobITue, Je-
JUM TMaMETPAMH Ha YETBIPE CEKTOPA;

N,
>

Ipumep 13.1. PaccmoTpuMm ceTh NpoeKTa, MPEACTABICHHYIO CIEAYIOIMIUMHU
nanHeiMH. Halitu kputrueckuil myTh. CKOJIBKO BpEMEHHU MOTpeOyeTcs s 3aBepiie-
HUA npoekTa? MOXKHO M OTJIOKUTH BBINOJIHEHHE paboThl D 6e3 oTcpouku 3aBepiiie-
HUS MpoekTa B 1ieroM? Ha ckosibko Heleh MOKHO OTJIOKHUTH BBIMOJIHEHUE paboThl C
0€3 OTCPOUYKM 3aBEpUICHUS ITPOEKTA B 1IEJIOM?

Pabora Henocpencreennsii npenme- | [IpogomkuTensHOCTH pa-
CTBEHHHMK OOTEI, HECIb
A - 5
B - 3
C A 7
D A 6
E B 7
F D, E 3
G D.E 10
H C,F 8

Pucyem cereBoii rpaduk.
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| sTan. Ilpu BeMuCIeHMH t),(j) NEpEMENMAETCA MO CETEBOMY IpaduKy OT Hc-
XOJTHOTO cOOBITHS 1 K 3aBepHIatonieMy coObITHIO 6.
t,(j) = 0.

B coObiTHe 2 BXOJUT TOJIBKO OfHa pabora: t,(2) = t,(1) +t(1,2) =0+ 5 =

5.
Amnanornuno t,(3) = t,(1) + t(1,3) =0+ 3 = 3.
B co0OriTHe 4 BXOIAT ABE pabOTHl =
t,(4) = max{t,(2) + t(24), t,(3) + t(3,4)} = max{5+6, 3+ 7} =11
t,(5) = max{t,(2) + t(2,5), t,(4) +t(4,5)} = max{5+7, 11+ 3} = 14
t,(6) = max{t,(4) + t(4,6), t,(5) + t(5,6)} = max{11 + 10, 14+ 8} =
22

>t KpumuquKoe

[l stan. [1pu Berauciennu t, (j) nepememaercss OT 3aBEPIIAIONIETO COOBITUS 6

K MCXOIHOMY COOBITHIO 1 1O ceTeBoMy rpadMKy IPOTHUB CTPENOK t,(6) = t,(6) =
22.

Jlanee paccMaTpuBaeM HEMOCPEACTBEHHO MPEAIIECTBYIOIIEe COObITHE S5, U3
KOTOPOTO BBIXOJIUT TOJBKO OfHa padota (5,6):

tp(5) = t,(5) — t(5,6) = 22 — 8 = 14.

N3 coOwiThst 4 BEIXOIAT ABE paboThl: (4,5) u (4,6). IlosTomy onpenensiem t,, (4)

0 KaXXJI0M U3 3TUX paboT:
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t,(4) = min{t,,(5) — t(4,5), t,,(6) — t(4,6)} = min{14 — 3, 22 — 10} =
min{11,12} = 11.

t,.3)=t,(4)—t(34)=11-7=4.

t,(2) = min{t,,(5) — t(2,5), t,(4) —t(2,4)} =min{14 -7, 11 — 6} =
min{7,5} = 5.

t,(1) = min{t,(2) — t(1,2), t,(3) —t(1,3)} = min{5 — 5, 4 — 3} = min{0,1}
=0
Il stan. Beraucisem R(i) = t, (i) — t,(i) - pe3epB BpeMeHH COOBITHSA i, TO

CCTb U3 YUCJIC, IIOJIYYCHHBIX Ha I 9TallC, BBIYUTACM 4YHCJId, IIOJIYUYCHHBIC HA | sTamne.

IV stan. ¥V kputnueckux coOBITHII pe3epB BPEMEHU paBEH HYJIIO, TAK KaK paH-
HUE U MO3HUE CPOKU UX CBEpIICHUS coBnaaaroT. Kputuueckue coobitus 1, 2,4, 5, 6
U OTPEEISIIOT KPUTHIECKUH MyTh 1-2-4-5-6, KOTOpBIN Ha ceTeBOM Trpaduke MbI TO0-
KaXeM JIByMs yepTamHu. Ternepb MOKHO OTBETUThH Ha BOMPOCHI 33/1a4H.

Jlst 3aBepiieHust mpoekrta notpedyercs 22 nenenu. Pabora D = (2,4) pacno-
JO’)KeHa Ha KpUTHueckoM myTu. [loaToMy ee Helb3sl OTJIOKUTh 03 OTCPOUKH 3aBep-
nieHus npoekra B uejaoM. Padora € = (2,5) He pacnofiokeHa Ha KpUTHUYECKOM ITYTH,
€€ MOXKHO 3a1epkarh Ha t, (5) — t,(2) — t(2,5) = 14 — 5 — 7 = 2 (nenemnm).

13.3. Moae/in KOppeJAMOHHO - PerpecCHOHHOI0 AHAJIN3a

Perpeccust OTHOCUTENBHO YUCIIA TIEPEMEHHBIX :
- IPOCTast — PErpeccust MKy IBYMs MEPEMEHHBIMU: ¥ = a + bx
- MHOKECTBEHHASI — PETPECCUs MEKIy 3aBUCHUMOMN MEPEMEHHON Y1 HECKOJIbKU-
MU OOBSICHSIONUMU IEPEMEHHBIMH X1 X5. . . Xop, -
y=ag+axy+ax,+...+a,,a,
r7ie y - QyHKIUS PErpeccuun
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X1X3... Xy —HE3aBUCUMBbIC IEPEMEHHbIEC

a10;y. .. Ay - KOOPPUIUEHTHI pErpeccuu

m - 9ucio (HakTopoB, BKIIOUYAEMbIX B MOJIETh

2. Perpeccust oTHOCUTENHHO (POPMBI 3aBUCUMOCTH:

- IMHEWHAs1, BeIpakaeMast IMHEMHOUW (yHKIMEeH

- HeJIMHEIHAs, BeIpaXkaeMasi HeTMHEHHON (hyHKITHEH.

3. B 3aBucHMOCTH OT XapakTepa perpeccuu:

- TIOJIOKUTENIbHYI0, €CJIH C YBEJIMYEHUEM OOBSCHAIONICH TepeMEHHON 3HaUCHUE
3aBHCUMOW MEPEMEHHOM TAKXKE YBEINUYNBACTCS

- OTPHIIATEIbHYIO, HA00OPOT.

4. OTHOCUTENBHO TUIIA COSUHEHUS SIBICHUM:

- HEIOCPEJICTBEHHYIO .

- KOCBEHHYIO

- JIOXKHYIO.

KOHTpOJIbHLIe BOIIPOCHI U 3a1a4YM

1. YTo moHUMAETCs MOJ] CETEBBIM IJIAHUPOBAHUEM ?

2. Packpoiite cogepkaHrue MeTo1a KPUTHUECKOTO ITyTH?

3. Kak paccuntbiBaeTcs pe3epB KpUTUUECKOTO MTyTH?

4. PacckakuTe 0 MOJEISIX KOPPEISIIMOHHO-PETPECCUOHHOTO aHanu3a’?

5.  IIpoekT myckoHanaJKu KOMIBIOTEPHON CHCTEMbI COCTOUT U3 BOCBMHU
paboT.
Pabora | HenocpenctBennslit | [IpogomkuTeabHOCTD
PeAIEeCTBEHHUK paboThI, HENIETh
A - 3
B - 6
C A 2
D B,C 3)
E D 4
F E 3
G B,C 9
H F,G 3

Haiitu xputndeckuit mytb. CKOJIBKO BpEMEHH MOTpeOyeTcs ISl 3aBEpIICHUS
npoekta? MOXHO JIU OTJIOXKUTDH BbITIOJIHEHUE paboThl C 0€3 OTCPOUKH 3aBEpILICHHUS
npoekTa B 1enom? Ha ckoibko Heleb MOKHO OTJIOKUTH BIMOJIHEHHE paboThl F 6e3
OTCPOYKH 3aBEPLIEHUS IPOEKTA B LIEIOM?

6. N3parens uMeeT KOHTPAKT ¢ aBTOPOM Ha M3JaHHUE ero KHUru. Huxe
IIpEJICTaBIECHA MOCIEI0BATENHOCTD (YIPOIIEHHAs) TPOLECCOB, MPUBOJAIIAS K pea-
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JU3anuy TpoeKTa u3nanus kauru. Heooxoaumo pa3paboTaTh CeTh JUIsl ATOTO MPOEK-

Ta.

Mponece [IpenmecTByromuit | JIIMTETBHOCTD
poIiecc (Henenn)
A: Ilpourenue pykomnu- i 3
CH PEAAKTOPOM
B: IlIpobGuas BepcTka
OTHEJILHBIX CTpaHuIl - 2
KHUTH
C: PazpaboTtka 00110%- i 4
KU KHUTH
D: IloaroroBka wuito- i 3
CTpaluii
E: TlpocmoTp aBTOpOM
PEIaKTOPCKUX MPaBOK U A, B 2
CBEPCTAHHBIX CTPAHUIL
F: Bepctka xuuru (co-
3J1aHUE MaKeTa KHUT) E 4
G: IIpomepka aBTOpOM = 5
MakKeTa KHUTH
H: IlpoBepka aBTOpOM D 1
WUTIOCTpAIUN
I: TlomroroBka meyart- G.H 9
HBIX (hOpM
J: Tlewatp u Oporro- Cl 4
pOBKa KHUT ’
1. B cnenytomeii Tabnuie npuBeaeHbl padOThl (TIPOLIECCHI), BHITOIHIEMbIE

MIpU CTPOMUTENIBCTBE HOBOTI'O KapkacHoro ngoma. PazpaboraiiTe ceTb 3TUX pabdoOT U

HAUJATE KPUTUYECKUH MYTh.

Jlnarens-
IIpenmecTBy-
[Tpomece . HOCTb (Heme-
IOILIHI Mporece
JI)
Ouncrka CTPOUTEIBHOTO 1
y4acTKa
3aB03 000pyAOBaHHUS 2
3emuisiHbIe PabOTHI 1
3anuBka QyHIaMeHTa 2
Hapyxnble BomomnpoBoaHo- D.C 6
KaHaJIM3alMOHHBIC PA0OTHI ’
Bo3sBenenne kapkaca joma 10
[Ipokanka BIEKTPONPOBOI- 3
KH
Co3paanue nepeKkpbITuii 1
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COBI[aHI/Ie KapKaca KpbIIIH

BHyTpeHnHue BOJONPOBOAHO-
KaHAJIM3aIIMOHHbBIE PA0OTHI

[TokpeITHE KPBIIH

HapyxHble  H30JSAIIUOHHBIC
paboTHI

= N O |-

BcTaBka OKOH M Hapy»KHBIX
JBEpE

OO6kJazika JoMa KUPIAYOM

[IIxaTynka CTEH ¥ OTOJIKOB

O6J'II/IHOBKa CTCH U IIOTOJIKOB

N3oisiiust Kpslm

OKoHYaHWE BHYTPEHHHUX OT-
JI€JIOYHBIX padoT

~N (RPN RN

OkoHYaHUE HaPYXHBIX BHYT-
peHHUX padoT

Jlanamadtable pabOTHI

8.

Pacmmpenue ywyactka goporu TpeOyeT mepeHoca BO3AYLIHON 3JEKTpO-

craniuu (ummHor 1700 ¢pyntoB). B cnenyromieit Tabiviie IpUBEACHBI 3TAIbBI BBITOJI-

HEHUsA paboOT MO 3aMeHe 3JEKTPOJMHUU. [locTpoiiTe COOTBETCTBYIOUIYIO CETh H

HAUAUTE KPUTUUECKUAN MYTh.

TMponece HpezuuueCTBon- JmuTenbHOCTh
U TIpoIiecc (Henenm)

A | Onpenenenue oObemMa POk - 1

B | U3Bemenue mnomnb3oBaTeneil o
BPEMEHHOM OTKJIIOUEHUHU DJICK- A 0,5
TPOCETH

C |IloaBo3 MarepualioB U 000pYy- 4 1
JIOBaHUS

D | [IpeaBapurenbHbie pabOTHI 1

E | 3aroToBka onop u marepuanoB D, C 3

F | locTaBka omop E 3,5

G | OnpeneneHue HOBOTO MECTOIIO- D 05
JI0KEHUS ONIOP ’

H | Pasmerka MECTOITOJIOKECHUS
orop G 0,5

I 3emenbpHbIe pabOThl [IJIsi yCTa- H 3
HOBKH HOBBIX OTIOD

J | YcTaHOBKA HOBBIX OMOP F, I
OrpaxaeHue ctapoi JUHUU = 1
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L | [Ipokmnanka HOBBIX IPOBOOB J, K 2
M | OGycTpOiCTBO HOBOM JTMHUU L 2
N Harsxka mpoBoioB L 2
O | [logpeska nepeBbeB D 2
P | OrkiroueHue ctapod 3IeKTpo- B.M.N. O 0.2
JTUHUU
Q | IloakmroueHne HOBOM 3JIEKTPO- p 05
JIMHUU ’
R | Y6opka tepputopuu Q 1
S | Bo3Bpar marepuajoB u 000py- I 9
JIOBaHUS

I'/IABA 14. AHAJIN3 UH®OPMAIIMOHHBIX PECYPCOB

14.1. OcHoBHBIE HANIPaBJIeHUsI HHPOPMAIMOHHOTO 00ecedeHnsl

Bce pa3HOBUAHOCTH CTPYKTYPHBIX MpeoOpa3oBaHUM M MHHOBAI[MOHHOM nes-
TEIbHOCTH TPEOYIOT KOMIUIEKCHOTO MH(pOpMaliMoHHOro obecneueHusi. OpraHusaiu-
AM U CIIEHMaIucTaM HeoOxoauMa MH(opmanus, KoTopas cojaepxkana Obl ynopsao-
YeHHBIE MAaTEPHAIIbl O HAYYHO-TEXHUYECKUX JOCTIKCHUAX U WHHOBAIUIX, TEXHUKO-
AKOHOMUYECKYIO, CTATUCTUYECKYI0O MH(OPMAIMIO O HOBOBBENEHHUSAX M T.I. TONBKO
0py HAIMYHH TaKOTO MHTETPHPOBAHHOTO HH(POPMAIIMOHHOTO pPecypca BO3MOMXKHO
s dexkTBHOE HHGOPMAIMOHHOE OOECIICUCHUE IMPOU3BOJACTBEHHO-3KOHOMHYECKUX
MPOLIECCOB B PETHOHE U Ha MPEIPUITHSIX.

B ycioBusix ppIHOYHON YKOHOMHKHU MPAKTHUYECKU HEBO3MOXKHO 0€3 Cepbe3HOM
MH()OPMAMOHHONW MOJAECPKKHU. BRIMIphII B KOHKYPEHTHOH O0opbOe BO MHOTOM Oy-
JET ONpenessaThCs TeM, KaKoe U3 MPEANpUsITHil OyAeT 00iagaTh BHICOKOKAYECTBEH-
HOI M MONHOU MH(pOpMaIMel, KTo ObicTpee Tiy0ke CMOXKET 00padoTaTh OrPOMHOE
KOJIMYECTBO JAHHBIX O TEHJACHIMSAX Pa3BUTHUS PBIHKA U ACSITEIHHOCTH OCHOBHBIX
KOHKYPEHTOB.

HNupopmarimonHoe obecrieueHre no3BoJIseT petaTh CIeaAyoe 3a1a4u:

- JIOCTH)KEHUE BBICOKOM KOHKYPEHTOCHOCOOHOCTH BBITYCKAa€MOM MPOIYyKIUHU
Ha BHEIIHEM U BHYTPEHHEM PBIHKAX;

- JIOCTIDKEHUE BBICOKOHM JOMM JKCIOPTa BBHICOKOKAUYECTBEHHOW MPOIYKIIUU B
o011eM 00BeMe IKCIIOPTA;

- TOCTHKEHHUE BHICOKOTO TEXHOJOTHIECKOTO YPOBHS IIPOU3BOICTBA;

- ONTUMAaJILHOE HCII0JIb30BaHUE BCEX BUJIOB PECYpPCOB.
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Cxema KOMILJIEKCHOTO u

Crnyx0a KOMIUIEKCHOTO MH(QOPMAIIMOHHOTO 00ecTIeYeHUs

\ 4

OTaensl

HayuHo-TexHnueckoif MapxkeTnnra, CTpyKTYpHBIX TIpe- Pexnambl u HOBOBBeIe-
HH(bOpMaL[PIPI OGpa?»OBaHHﬁ HHI
Amnanusz, 000011eHne N KonstokrypHsbie nc- \IHOBOBBeaeHI/m, HUP
I/IH(I)OpMaL[I/II/I CJICOOBAHUS
Pexnama
ABTOMAaTH3MPOBaH- TexHuko-
HOE ITOUCKOBOE U ~Sa 9KOHOMHMYECKUI aHa-
nH(OPMAIHOHHOE i3
\ bopwman Haydano-texamaeckas
obecrieueHne
mporarania
BuemneskoHoMuye-
CKUE CBSI3H
[ABTOpCKHE TTpaBa, PenakimonHo-
[MaTEHTEI, JTUIIEH3HH 6 HU3aaTelIbCKast nes-
" BIT, peaTU3alus TETBHOCTD
Hayueno-
Ny TEXHHUECKHE nepe-
BOZBI

UH()OPMAITMOHHOTO 00ECIICYEHUS ICSITEIIbHOCTH TIPEIPUSTHUS:

PaccmatpuBast cucremy MH(QOPMAIIMOHHOTO OOECTEUeHHUsI KaK IEIOCTHYIO CH-
CTEMY, CIIEAYeT BHIICIHUTD:

- KOHIIENITYaJIbHYIO COTJIAaCOBAHHOCTH BCeX (YHKIIUM, JIJIT aBTOMATH3aI[IH KOTO-
PBIX co3aaeTcsi HHGOPMAIIMOHHASI CUCTEMA,

- TEXHOJIOTMYECKYIO IIEJIOCTHOCTh MPOSBISIONIYIOCS B NMPUMEHEHUU COTJIACo-
BaHHOTO HaOopa MHGOPMAIMOHHBIX TEXHOJOTUW JJiA yMNpaBlieHUs WHOOpMaImoH-
HBIMU pecypcamu;

- ©IMHBIN PErIaMEHT JKCIUTyaTallid M OOCITY)KMBaHUS BCEX KOMITOHEHTOB CH-
CTEMbI HHPOPMAITMOHHOTO 00eCIICUSHUSI.

CoueTaHue TEPEYUCICHHBIX CBONCTB IO3BOJISET CHUCTEME WH(MOPMAIMOHHOTO
oOecrieueHnss yCIENIHO CIPaBUTHCS C KOMIUICKCOM MpOoOJieM, BO3HHUKAIONMIUX TPU
pPEIICHNN MHOBAIMOHHO-WHKUHUPUHTOBBIX 3a7]a4 Pa3BUTHUS PETHOHOB, OTpacieil u
MPEANPUITUN.

14.2. UndopMannoHHbie 1 HAYKOEMKHE TeXHOJIO0TUH

[Ton wHPOPMAIIMOHHBIMU TEXHOJOTUSAMH OyJeM TOHHUMAaTh COBOKYITHOCTB
dhopM, METOIOB, CLIOCOOOB M CPEACTB aBTOMATH3AIIMU MH()OPMAIIMOHHON JIeSITEIBHO-
CTH B Pa3IMYHBIX c(hepax, OXBATHIBAIOIINX CKBO3ZHOM IUKJI: OT MOJy4eHUs HHPopMa-
MM JI0 TIOATOTOBKM TOTO WJIM HWHOTO YIPABJICHUYECKOTO pPelIeHUs. TeXHUYECKUMH
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cpeacTBaMu MHGOPMAIIMOHHBIX TEXHOJOTHH SIBISIFOTCS COBOKYMHOCTH MPHUHIIMITH-
aJIbHO HOBBIX CPEJICTB U METOZ0B 00pabOTKH U IIpeoOpa3oBanus nHGoOpMaluu Ha Oa-
3¢ BBIYMCIUTEIHHON TEXHUKH H KOMMYHHUKAIIMOHHBIX CHUCTEM, O0ECHEUYMBAIOIINX
I[eJIeHaNpaBIeHHOE TOJydYeHHe, Mepeaady, XpaHeHue U oToOpaxkeHue MHGoOpMaIiu-
OHHOTO MPOJYyKTa. B cocTaBe MHPOPMAIIMOHHBIX TEXHOJIOTUI MOKHO BBIIETUTH ClIe-
Ayrolue 0a30Bble TEXHOJOTHH: MUKPOIJIEKTPOHHBIX KOMIIOHEHTOB, TEXHHYECKOTO,
MPOrPaMMHOT0, HH(GOPMALIMOHHOTO O0eCreueHus, TeJleKkoMMyHuKauid. Madopma-
IIMOHHBIE TEXHOJIOTUU OKAa3bIBAIOT CYIIECTBEHHOE BIUSHUE HAa (JOPMUPOBAHUE PHIHKA
UH(GOPMAIIMOHHONW TPOAYKIMU M YCIYT, CUCTEM aBTOMATU3UPOBAHHON 00paOTKu
JAHHBIX U TEJIEKOMMYHUKAIUH.

OCHOBHBIMM TEHACHIUSMU B Pa3BUTHH WH(OOPMAIIMOHHBIX TEXHOJIOTHH CleTyeT
CUUTATH:

- Pa3BUTHE HOBBIX KOMITBIOTEPHBIX TEXHOJIOTHIA, pa3BUTHE HOBBIX KOMITBIOTEP-
HBIX MJIaTQOPM U A3BIKOBBIX CPEJCTB, CHIKEHNE CTOMMOCTH MTPOU3BOJICTBA OBITOBOM
AIIEKTPOHHOW TEXHHUKU U TEIEKOMMYHHUKAIIHOHHBIX CHUCTEM; (OPMHUPOBAHUE IKOHO-
MUYECKOTO PETYJIUPOBAaHUS PHIHOYHBIX OTHOIIEHUH IO CO3JAAHUIO U paclpocTpaHe-
HUIO HOBBIX KOHKYPEHTHO-CIIOCOOHBIX TEXHOJIOTMI Ha OCHOBE pPa3BUTHs 0a30BbIX
TEXHOJIOTUH.

HaykoeMKkne TEXHOJOTHU — 3TO TEXHOJOTHMH OCHOBAHHBIE HA HOBBIX (DHM3HMKO-
XUMHUYECKUX TpUHIHUMIaX. [[pou3BOACTBO, MCIOIB30BAHNE M TOPTOBIS HAYKOEMKHUX
TEXHOJOTHH JIOJDKHA YYUTHIBATHCS MO OTPACISM MPOMBIILIEHHOCTH, MO MPOMBIIII-
JICHHBIM TPEINPUITHAM, UX pazMepam 1 (popmMaM cOOCTBEHHOCTH.

14.3. UudopMmanuoHHoe odecriedeHHe MAPKEeTHHTOBOM
AeSITeTbHOCTH NMPeANPUATHS

MapKeTUHT — KOMIUIEKC MEPONPHUITHI IO UCCIEAOBAHUIO BCEX BOMPOCOB, CBS-
3aHHBIX C MPOLECCOM peaTu3aliy MPOAYKIUU IPEANPUATHS; UCCIEN0BAaHUE MOTUBOB
MOBEJEHUS OTPEOUTENI HA PBIHKE; MCCIEA0BAHMS MPOAYKTA; aHanu3 (opM U KaHa-
JIOB peanu3alny; UCCIEI0BAHNE PEKIAMHON AESITEIBbHOCTH; U3YUEHHE «HUIIW) PhIH-
Ka — 00JIacTh TPOU3BOACTBEHHOW WM KOMMEPYECKOW MIESTEIHbHOCTU, B KOTOPOM
MPEANPUATHE UMEET HAWITYUIINE BO3MOXHOCTH IO PEAIM3ALMU CBOMX IIPEUMYIIECTB
IUI yBEJIMYEHUS] TOBAPOOOOPOTA U TajbHEHILIEr0 3aKpEeIICHHs Ha PhIHKE.

Oco0eHHOCThIO 00ecriedyeHUs MapKeTUHIOBOW MH(pOpMaLel NpeanpusTui sB-
JSIeTCS TOBEJIEHUE 10 BEIYIIHMX CHEIMAINCTOB NPEANPUATUN B aAalTUPOBAHHOM BU-
7€ TaKUX BHEIIHUX MapKETUHTOBBIX JIAHHBIX, KaK OOIee COCTOSHUE SKOHOMUKH,
HAyKH U TEXHUKHU B PETrHOHE, 3aKOHOAATENbCTBA, HH(POPMAIUs O KOHKYPEHTax U T.J.
[lepexon K ppIHOYHOM YKOHOMHUKE U CTPYKTYpHbIE MpeoOpazoBaHusi TpeOYyIOT U3Me-
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HEHUI 1 B UHGOPMAIIMOHHON CTPYKType MPEINpHUsITHIA, T.€. CBEIEHUS O IIeHaX, pe-
cypcax, pbIHKax cObITa U T.[.

OpHuM K3 BaKHBIX HAIIPaBICHUM MAapKETHHIA SIBISIETCS NPOJABM)KCHHE HA PBhI-
HOK HOBBIX HAYKOEMKHX TEXHOJIOTMi, K KOTOPBIM OTHOCSATCS IPOJaXka JIMLEH3UIN Ha
M300pEeTeHHs] U HOY-Xay W T.1. MapKeTUHIoBas AESTENbHOCTh JOJKHA OBITh CHUCTE-
MaTH4YECKOW paboTON M0 M3YYEHUIO CIpoca U TPeOOBAaHUM PbIHKA U pean3aluy pe-
3yJIbTaTOB 3TUX UCCIICIOBAHUM B IIPOU3BOICTBEHHON IPOTrpaMMe MPEINPUATHS.

14.4. MukpoypoBHeBasi MAPKETHHIOBasi HH(POPMAIIMOHHAS CCTEMA

DTa cucTEMa COCTOUT U3 YEThIPEX YACTEHU:

- BHYTPEHHSISI CUCTEMA y4eTa M OTYETHOCTH — MHMOpMaIUs 0 BHYTpUPUPMEH-
HBIX UH(OPMAIIMOHHBIX MOTOKAX;

- BHEIIHASI CUCTEMa MAapKETUHIOBOM MH(OpMaIMK, MO3BOJISIONIAS] CUCTEMATH-
YeCKHU HAOJII0JaTh 32 COCTOSIHUEM PBIHKA;

- MapKETUHTOBbIC HAOJIOACHUS U aHAJIN3, T.€. U3YUYEHHUE KOHKPETHBIX MpoOIieM
MAapKETUITA;

- CUCTEMA MOJJECPKKH MApPKETHHIOBBIX permeHui. CucremMa ONnmupaeTcsl Ha KO-
HOMHUKO-MaTEMaTUYECKUE METOAbl U MOJIENH, U JIPyTrue CIOCOObl YKOHOMUYECKOTO
aHanau3a.

BuayTpennssi cucteMa mHQOpMAIIMU XapaKTEPU3YET BEIMYUHY MPOU3BEACHHBIX
U pEAIM30BAHHBIX PA0OT YCIYTr, UTO SIBISETCS KJIIOYEBBIM TOKa3aTeIeM palOOThI
MPENPUSATHUS.

CBeneHus 0 MPOU3BOJICTBE U MPOJIAKE€ TOBAPOB COJEPKAThCS B PETUCTPAX Te-
KYIIETO y4eTa ¥ EPHOUIECKON OyXranTepckoi oT4eTHOCTU. byxrantepckas oTyert-
HOCTh COCTOUT U3 OyXTajiTepckoro OanaHca, oTuera 0 (PMHAHCOBBIX pe3yJibTaTax, OT-
YeTa O JBUKEHUU JICHE)KHBIX CPEACTB U MOSCHEHUH K HUM. BHYTpeHHssi cucrtema
nHpopMaIuu J1aeT BO3MOXKHOCTh BBICHIYIO M HU3IIYI0 TPaHUIbl MPOJAXKHBIX IICH,
YCTAHOBUTH 30HY KOMMEPUYECKOTO PUCKA, KPUTHYECKYIO TOUKY (DMHAHCOBOW YCTOM-
YUBOCTU. B CBsI3U ¢ 3TUM Bce 0oJiblliee 3HaUCHHE TPUOOpETAaeT onepaTUBHAsI HHPOP-
Mallusl.

KoHTpoJibHBIE BONIPOCHI

1. Ha3oBuTe OCHOBHbBIE HampaBieHUs] HHPOPMAIIMOHHOTO 0OecTieueHus?

2. Hapucyiite cxeMy nHGOpMAaIIMOHHOTO 00eCTIeUeHUs IeATEIbHOCTH MPEAIpHs-
TUS?

3. Urto monumaeTcs moa MHPOPMAITMOHHBIMA HAYKOEMKUMU TEXHOJIOTHUSAMU?

4. Pacckaxurte 00 nHGOPMAITMOHHOM 00ECTICUCHUH MAapKETHHTOBOM JESITEIIbHO-
cTH?
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5. U3 xakux yacTell COCTOUT MUKPOYPOBHEBAsI MAPKETHHTOBast HHPOpMaITMOHHAS
cucrema?

I'JTABA 15. OPTAHU3BAIIMUOHHBIE CTPYKTYPbBI
CUCTEM

15.1. IloHsAATHE OPraHU3AMHOHHBIX CTPYKTYP CHCTEM

YnopsiioueHHOE MHOXECTBO OTHOILIEHHM MEXIy 4YacTMU, HEOOXOIUMOE st
peannzanuu QyHKIUHU, 00pa3yeT CTPYKTYPY CUCTEMBI.

[Tpu npoBeaeHUH aHaIM3a CUCTEMBI MCIIOJIB3YIOTCS JIBa ONPEACISAIOIIUX MOHS-
THUSL CTPYKTYpPHI: popMalibHAs U MaTepUaIbHast CTPYKTYPHI.

[Ton dopmManbHON CTPYKTYpOl MOHMMAETCS COBOKYIMHOCTH (DYHKIIMOHAIBHBIX
AJIIEMEHTOB M MX OTHOIICHUH, HEOOXOMMWMBIX M JOCTATOUHBIX JJISI TOCTHKEHUS CH-
CTEMOM MOCTaBJIEHHBIX LIETEH.

MartepuanbHasi CTPyKTypa SBJISETCS HOCUTEIEM KOHKPETHBIX THIIOB M MapaMeT-
POB 3JIEMEHTOB CUCTEMBI U UX B3aUMOCBSI3EH.

DUKCUPOBAHHOM LIEJIU COOTBETCTBYET OJ[HA U TOJIBKO OJIHA (pOpMalibHAsA CTPYK-
Typa; OJHON (hOpMaNbHOU CTPYKTYpE MOKET COOTBETCTBOBATH MHOYKECTBO MaTepH-
QJIBHBIX CTPYKTYP.

[Ipu ommcanuu OpraHU3alMOHHO-DPKOHOMHUYECKUX, MPOU3BOJCTBEHHBIX M TEX-
HUYECKUX OOBEKTOB HCMOJB3YIOTCA CIEAYIOIINE TUIOBBIE CTPYKTYpPbl CUCTEM: JIU-
HelHas, KOJIbIEBasi, COTOBAsi, MHOIOCBSA3HAsI, H€papXHuecKasi, 3Be3Hasl, rpadoBasi.

JluneiiHas CTPYKTypa XapakTepu3yeTcsl TeM, YTO Ka)K[as BEepllMHa CBsi3aHa C
nByMsi coceqHuMU. [Ipu BbIXOA€ U3 CTPOs XOTS ObI OJHOTO AJIEMEHTa (CBS3HM) CTPYK-
Typa pa3pylaercs.

Konbuesas cTpykTypa OTJIMYAETCS 3aMKHYTOCTBIO, JIFOOBIE /IBa 3JIeMEHTa 00J1a-
AT ABYMSI HANpaBICHUSIMU CBA3U. OJTO MOBBIIIAET CKOPOCTh OOIIEHHUS, IENAeT
CTPYKTYpY OoJiee KUBYUEH.

CoToBasi XapakTepu3yeTcs HaJU4YUeM pPE3EpBHBIX CBsI3€H, UYTO MOBBIIIACT
HAJE)KHOCTH(KUBYUECTh) (PYHKIIMOHUPOBAHUS CTPYKTYphl, HO MPUBOJAUT K MOBBILIE-
HUIO €€ CTOUMOCTH.

MHorocBsi3Hasi CTpyKTypa HMeEET CTpPYKTypy mnojHoro rpacda. HamexHocTh
(YyHKIMOHUPOBAHUSI MaKCUMallbHasl, 3(PPEKTUBHOCTh (PYHKIIMOHMPOBAHUS BBICOKAs
3a CYeT HaJM4Ms KpaTdallnX myTeld, CTOMMOCTh MaKCUMalbHasl.

Hepapxuueckas CTpyKTypa MOJyduja HaubOojee IIMPOKOE pachpoCTpaHeHHUE
IIpU MPOEKTUPOBAHUM CUCTEM yIpaBiieHUs. B Hell Bce 37eMEeHThI KpOMe BEPXHETO U
HIDKHETO YpPOBHSL HMepapXu o01aJaloT Kak KOMaHAHBIMHU, TaK U TOAYMHEHHBIMU
GYHKIUSAMU YIIpaBJICHHUS.
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3Be3/1Hasg CTPYKTypa MMEET LIEHTPaIbHbIA y3€J, KOTOPbI UIPAaeT poJib LEHTpa,
BCE OCTAJIbHBIC AJIEMEHTHI CUCTEMBI ABJISIOTCS IOJAYUHEHHBIMMU.

I'padoBasi cTpykTypa MHBApUMAHTHA MO OTHOILIECHUIO K HEPApXMUECKON U HC-
MO0JIb3yeTCS OOBIYHO MPU OMUCAHUU MPOU3BOJICTBEHHO-TEXHOJIOTUYECKUX CUCTEM.

15.2. OcHOBHBIE XaPAKTEPUCTHUKHA OPraHU3alMOHHON CTPYKTYPbI

OpHUM 13 OCHOBHBIX MOHSATUN TEOPUH YIPABJICHHUS SBIIETCS OpraHU3alMOHHAsS
CTPYKTYpa CHCTEMBI YIIPABIICHUS, KOTOPAs ONPEAEIAETCS KaK COBOKYITHOCTD ITOJCHU-
CTeM, OOBEAMHEHHBIX UEPAPXUUECKUM B3aUMOCBS3IMHU, OOECIEUNBAIOIIMMU pacipe-
neneHue QyHKIUN ynpasieHus mexay JIIIP u nmogunHeHHBIMU yIIpaBleHLIIAMU AJIs
JOCTHKEHHUS LIETIN CUCTEMBI.

Opranu3zaimoHHas CTpyKTypa oOBbEAMHSAET YEIOBEYECKUE U MaTepHUalbHBIE pe-
CypCBI, 3aJICICTBOBAHHBIE B YIIPABJICHUH, YIOPSAOUYNBAET CBSI3b MEXKIYy HUMH, TOJIK-
Ha COOTBETCTBOBATH LIEJISIM, PEIIAEMBIM 33Ja4aM, COCTaBY U yCIOBUSIM (PYHKIIMOHU-
poBaHusi oObeKkTa ynpaBieHus. OpraHu3alMOHHYI0 CTPYKTYPY ONpPENEIsIOT
CIIEAYIOIINE XapAKTEPUCTUKMU:

- KOJIMYECTBO 3BEHBEB YIIPABJICHUS; 3BEHO — OTIEI.

- KOJIMYECTBO YPOBHEW UEPAPXUHU; YPOBEHb HEPAPXUU - IPYIIIIA 3BEHBEB.

- CTETEHb LIEHTpaIN3aluu (IeLeHTpaInu3alin) yIpaBICHUS;

- JIeJIETUPOBAHME MOJHOMOYMM; - Mepefadya 4yacTd (PyHKIUH W MaB MPUHSITHS
pELIEHNI HIKECTOSIIIIMM CUCTEMAM YIIPABJICHUS.

- HOpMa YIIPABIIIEMOCTH- YUCJIO HEMOCPEACTBEHHBIX IMOJYUHEHHBIX, KOTOPBIMH
HENOCPEACTBEHHO MOXKET 3()(PEKTUBHO YNPABIATH OJUH PYKOBOIUTENb.

OpraHu3alMoHHbIE CTPYKTYPHI JESATCS Ha MEXAHUCTUYECKHE U OPTaHUYECKHE.
Mexanuctuueckue (QyHKIMOHUPYIOT MOJIOOHO MEXaHU3MY, OPraHHMYECKHe MOJ00HO
KABOW MAaTEPUHU.

MexaHnncTrueckas CTpyKTypa XapaKTEpHU3yeTCsl BBICOKOW CTENEHBIO Pa3IeiICHUs
(GyHKUMIA, )KECTKUMU UEPAPXUUECKUMHU CBA3SIMU, PETIAMEHTHPOBAHHBIMU O0s3aHHO-
CTSIMHU, BBICOKOH CTEINEHbI0 (hopMann3anuu 0OMeHUBaeMol HH(pOpMalUY, LIEHTPaIu-
30BaHHBIM MPUHATHUEM PELICHUH, OTCYTCTBUEM JEJEeTrMpoBaHus mnojaHoMmouui. [lo-
JN0OHBIE CTPYKTYPBI IPUHATHI B CHJIOBBIX BEJIOMCTBAX PA3IMYHBIX CTpaH, KPYIHBIX
IIPOMBIIICHHBIX KOPIIOPALUAX.

Opranuueckasi CTpyKTypa sIBIII€TCS THOKOM, afanTUBHON (HOpMOMN yIpaBlIeHNUS,
XapaKTepU3yeTcsl HU3KOW CTENEHbIO pa3fiesieHus (DyHKIUH, HEOONbIIMM YHUCIOM
YIPaBIECHYECKUX YPOBHEW, NELEHTPAIIN30BAHHBIM IIPUHATUEM PELICHUN.

119



Hepapxuyeckue CUCTEMBI YIpaBleHUs 00JaJaloT CIEAYIOIMMUA OCOOEHHOCTS-
MU:

1. BO3MOXHOCTH pacrpejesieHuss (PYHKIUN YyNpaBlIeHUs MO Pa3INYHbIM ypOB-
HSM YIIPaBJICHUS

2. aBTOHOMHOCTH OPT'aHOB YIIPaBJICHUS TPOMEKYTOUHBIX U HU3IIIETO YPOBHEN;

3. HEeMoJHOTa MH(POPMAIUU B MOJCUCTEME BBICOKOTO YPOBHS O IIENISIX U Orpa-
HUYEHUSIX HUXKECTOSIIIMNX MOJCUCTEM.

15. 3. Buabl opraHu3aliMOHHBIX CTPYKTYP

ba3oBbIMH BUAAMU OPraHU3aLMOHHBIX CTPYKTYP CUMTAIOTCS:

- (pyHKIIMOHAJIbHAS

- IUBU3MOHAJIbHAS

- JINHEWHAas

- TMHEHHO-1ITa0Has

- MpoeKTHas (TpOorpaMMHO-1IeJIeBast)

- MaTpU4HAas

@DyHKIHOHAJIBHAA CTPYKTypa SBISETCS cTapeiieil u Hanbosee 4acTto uc-
nosib3yeMoil. Ee eme Ha3bIBalOT TPaJUIIMOHHOM, WM KJIACCHYECKOW. DTOT crocod
CTPYKTYpPUPOBAHUSA CUCTEMBI YIIPABJICHUS OCHOBAH HA CO3JaHUM 3BEHBEB, COOTBET-
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CTBYIOIIUX OJJHOMMEHHBIM (DYHKITUSIM YyTIpaBiieHUs (TUIAHUPOBAHUE, KOHTPOJIb, YUET,
aHaju3 " JIp.).

[IpeumyiiecTBa PyHKIIMOHAIBHON CTPYKTYPHI YIIPaBICHUU:

* yJIy4ylIeHUE KOOPAUHAIIMYU IO YPOBHIM HUEPAPXUU;

* HCKJIIOYEHUE NyOIMpOBaHUs PYHKIU.

Henoctatku (QyHKIIMOHAIBHON CTPYKTYPHI:

* yrpo3a OTX0jia OT OOIIEH IENH, YTO MOKET MPHUBECTH K KOH(PIUKTAM MEXKITY
OTJIEJIaMU;

* YBEJIMYCHUE JJIMTEILHOCTH LIUKJIA YIIPABICHHUS;

* OTCYTCTBUE OTBETCTBEHHOCTH 3a PE3yJIbTaThl (PYHKIIMOHUPOBAHUS B IIEJIOM.

JuBu3MOHAIBbHAS CTPYKTYypa. CIOBO «IMBU3HOHAIBHBIN) MPOUCXOAUT OT aH-
riuiickoro division, 94To O3HaYaeT «pasleliCHHe, 4acTh, OTIAC». JleleHue CUCTeMBI
yIpaBJIEHUs B ’TOM BUJIE CTPYKTYPbl MOXKET MPOUCXOIUTh 11O TPEM MPU3HAKAM:

* 110 MPOAYKTY;

* [0 IrpyIImam I0JIb30BaTEIIEH;

* 110 reorpau4ecKuM PEruoHaM.

B obOpasyemblie oTaenbl Aenerupyercss OOJBITMHCTBO MOTHOMOYMI U3 IIEHTpA, U
OHM JCHCTBYIOT KaK MIOYTH CAMOCTOSITEIbHBIE OPraHU3al1H.

JluneiiHast cTpykrtypa. PaccMoTpeHHbIe Bbillle (PYHKIIMOHANbHASI U JUBU3UO-
HaJIbHasl CTPYKTYPhl OCHOBAHBI Ha JICJICHUM IO TOPU3OHTAIbHBIM CBs3siM. [loHsiTHE
JUHEHHON CTPYKTYpPhl HOCHT TaKO€ Ha3BaHHWE MOTOMY, YTO BCE €€ 3JIEMEHThl HaXo-
JSATCS HAa MPSAMOU BEPTUKAIBbHOW, JUHUW TMOJAYMHEHUS, OT BEPXHETO J0 HUXKHETO
ypoBHs. Kaxplit ypoBeHb yIpaBICHUS MOYUHSIETCS BBIIIECTOSIIEMY.

JluneliHasi CTpYKTypa, B CBOIO 04epe/lb, UMEET JBE PA3HOBUIHOCTHU WM (POPMBI:
IOCKYH0 (0T aHrmiickoro flat - rrockuit) 1 MHOTOYPOBHEBYIO (B aHTITMACKOM SI3bI-
K€ OHa Ha3bIBaeTCs BHICOKOM OT cioBa tall).

JIuneliHas MIocKasg CTPYKTypa uUMeeT Majo (2-3) ypoBHEH M paccuuTaHa Ha
00JBII0OE YHCIIO PAOOTHUKOB, MOJUUHSIOIIMXCS OAHOMY pykoBoauTento. OHa mpo-
cta no opme. B rpaduueckux 1oOKyMeHTaX OpraHU3alMOHHOIO YIpPaBJICHUS Takas
CTPYKTYypa 4acTo MPEACTABIIAECTCS B BUJIE, IOKA3aHHOM Ha PUCYHKE.

JluneiiHasi MHOTOYpPOBHEBAS CTPYKTYpa UMEET HU3KYI0 HOPMY YIIPABIISIEMOCTH,
T.€. HEOOJBIIOE YHUCIO COTPYAHUKOB MOJUYMHSETCS OJHOMY PYKOBOJIUTENO. DKC-
TpEMaJIbHOM MOJIETBI0 TAKOM CTPYKTYpPBI SIBISIETCS NBOMYHOE (OMHApPHOE) JIEPEBO
(puc.15.1).

[Ipeumy1iecTBO MIOCKOM CTPYKTYpHI - ee mpoctoTa. OIHAKO MPU MHOTOYPOB-
HEBOH CTPYKTYype 3PEKTUBHOCTH TPYAA BBILIE.

JInneiiHo-mITA0HAs1 CTPYKTYPA. ITO COUCTAHUE JIMHEHHON U (DYHKIIMOHATLHOMN
ctpykryp. lIpu 3Tom B iuHenHOM cTpykType y JIIIP co3maercsa ogHa MM HECKOJIBKO
TPy MOJYMHEHHBIX YIPABJICHIICB OJHOTO YPOBHS MEpapXuH, OTBEYAIONIUX 3a OT-
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AelibHble (DYHKINUU yTpaBiIeHHs. DTO MOTYT OBITh 9KCIEPTHI - COBETHUKH, pedepeH-
Thl; FOPUJUYECKHUE CITYXOBbI, CITy’KOBI OXpaHbl TPYAd, KOHTPOJIbHBIE OPTaHbI

HeoOxoaumocThs B mTabax BO3HUKAET M3-3a YBEIUYMBAIOIIUXCS U (YHKIHO-
HAJIBHBIX CJIOXHOCTEH opraHu3auuu. Takum oOpa3oM, JTUHEHHOE PYKOBOJICTBO JO-
noJyiHsieTcsl MTaOHbIM. JIMHEHbIE PYKOBOAUTENN HECYT OTBETCTBEHHOCTH 3a JJOCTH-
KCHHE TEePBUYHBIX, TIJIABHBIX IIeJICH; IITaOHBIE OTBEUYAIOT 3a peEIIeHHE 3ajad,
MOTYMHEHHBIX TJIABHBIM IEJISIM.

IIpoexTHasi (MporpaMMHoO-Lie/ieBasi) CTPYKTYypa. DTO BpeMEHHasi CTPYKTYpa,
co3/aBaemMast JUis pelieHus KOHKpeTHOH 3aaauu. OHa oOpa3yercs BHYTpU (QyHKIUO-
HaJIBHOTO MoJpa3jeneHus. Ee wieHsl - 3TO BBICOKOKBAJIM()ULIMPOBAHHBIE CIIELUATH-
CTBl pa3JIM4YHBIX o0jacTel, coOpaHHbIE BMECTE JJIi OCYILIECTBIIEHUS CIOMXHOTO IPO-
exta. Korma mnpoekr 3aBepuieH, rpymnmna paciyckaercs. OCOOEHHOCTBIO TaKou
CTPYKTYPHBI SIBIISIETCS TO, YTO COTPYAHUKH MOTYUHSIIOTCS OJHOBPEMEHHO JBYM PYKO-
BOJUTENISIM - PYKOBOJIUTEIIO MTPOEKTAa U PYKOBOAUTENIO OTJENA, B paMKaX KOTOPOIO
sTa rpynna padoraet. CoBpeMeHHbIE TPOEKTHBIE CTPYKTYPhI, KaK IPABUIIO, ITOYTH HE
(dbopMann3oBaHbl, HE UMEIOT CTPOTrOM HEpapXUU MOAYMHEHHOCTH, OTIUYAIOTCS XO-
poleii alanTUBHOCTHIO K BO3ACHCTBUSIM U3BHE.

MartpuuyHasi cTpykTypa. Pa3BuTtueM NpOEKTHBIX CTPYKTYp SIBISICTCS MaTpH4-
Hasg cTpykTypa. OHa npeacTaBisieT coO00M KOMOMHALMIO JIBYX BUJOB ACJIECHHS: IO
(GyHKUMSIM U 10 OpoAyKTy (puc.15.2.). B MaTpu4yHOIl CTPYKType MMEETCsl JTBOMHOE
MOJYMHEHUE: PYKOBOAMUTENO OTAeNa ((PyHKIHOHANbHAA JUHUS) U PYKOBOIUTEIIO
poekTa. PyKoBOAUTENb MPOEKTA OMPEIEISIET, UTO U KOTJa JOJDKHO OBITh CIENAaHo, a
PYKOBOAMTENN MOJpa3fesieHui - KakuM 00pa3oM JOJDKHA OBITh BBINIOJIHEHA 3Ta pa-
6ota. MaTtpuuHasi CTpyKTypa UMeeT psii OYEBUAHBIX IpeumyinectB. OHa aeT BO3-
MOKHOCTbh OBICTPO aJaNTHUPOBATHCA K W3MEHSIOMIMMCS BHYTPEHHUM M BHEIIHUM
YCIIOBUSIM; CIIOCOOCTBYET KOOpAMHAIIMU (YHKIIUNA, TPSIMOMY JOCTYIy K HWH(pOpMa-
muu. HemoctaTkaMu MaTpU4YHOW CTPYKTYpBI SBISIOTCS CIOKHOCTh U BO3MOKHBIC
KOH(JIUKTBI LETEH.
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MpeaoctaBneHne Obecneuenue Undopmaumon-
YCAYT CBA3M 6e3onacHocTn Hoe oBecneye-
uHhonmanum
Yyet
KoHTponb
AHanus
MNnaHnpoBaHue | |

Puc. 15.2. MatpuuHas opraHu3aiiuoHHas CTPyKTypa
KoHTpobHbIE BONIPOCHI

Pacckaxute 00 oprannzaunoHHbIX cTpykTypax COTC?

Kakue xapakTepuCTHKH ONPENEISIIOT OpraHu3aiuoHHy 0 cTpykTypy COTC?
Kaxkue paznuyaroT BUAbl OpraHu3allMOHHBIX CTPYKTYp?

Kakast u3 Ha3BaHHBIX BHJIOB OPraHU3AIlMOHHBIX CTPYKTYp cTapeitmas?

Ok wnE

N3o06pa3ute rpaduuecku MaTpUIHYIO CTPYKTYPY?

I'/IABA 16. OPTAHU3ALUSA CJIOXKHBIX 3KCIIEPTU3

16.1. CTpykTypa npoBeeHHs IKCIEePTU3

1. ®opmynupoBaHue 1IEIN IKCIEPTU3BI U ONPeieNieHrne €€ O0BEKTOB.

2. DopMUPOBAHUE AaHATUTHYECKOM TPYIIIBI COMMPOBOKICHUS.

3. IloaroToBka NMpeIoKEHU O COCTaBE AKCIEPTHOM KOMHCCHU C YYETOM JIaH-
HBIX O MPO(ECCHOHATBHBIX 3HAHMIX JKCIEPTOB B 00JACTH OOBEKTA JKCIEPTHU3HI,
OTBITA UX y4acTUsI B paOOTE IKCIEPTHBIX KOMUCCUM, UX PEUTHHTA.

4. YTBepKIeHUE IKCIEPTHBIM COBETOM COCTaBa 3KCIEPTHOM KOMHUCCHUHU.

5. IlonroroBka HeoOxoauMoM UHpoOpMaIUu 00 00BEKTAX IKCIEPTU3BI MO CTICIH-
aJIbHO pa3paboTaHHBIM (popMaM U aHKeTaM, e€ aHaJIN3 U CUCTEMaTU3alIUA.

6. [IpenBapuTenbHOE 03HAKOMJICHHE IKCIIEPTOB ¢ MaTepuagaMu 00 00BEKTaX IKC-
MEePTHU3bI, a TAKXKE 00CYX)IACHUE padOT, MPEACTABICHHBIX HA DKCIIEPTHU3Y.

7. OnpeaeneHre OleHOYHOU CUCTEMBI.

8. OueHka 3KcnepTHOM KoMmuccuend padoT, MPOILEAIINX NpeaBapUTebHbIN 3Tar
AKCIIEPTHU3bl, B COOTBETCTBUM C MPUHITON MPOLEAYPO 1 BEIOPAHHOMN OLIEHOYHOM CH-
CTEMOM.
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9. OnpeneneHue pe3yabTHPYIOMIETO PAHXKUPOBAHUS OOBEKTOB JKCHEPTH3BI U
YCTAaHOBJICHUE UX TPUOPUTETHOCTH.

10. AHanu3 pe3yabTATOB SKCIEPTU3bI, OLIEHKA COIVIACOBAHHOCTU 3KCIIEPTHBIX
CYXKIIECHUM.

11. O6cyxnenue pe3ynbTaToB SKCIEPTU3BI U NMpUHATHE pemieHus. Eciu pe3ynbra-
ThI KCHEPTU3bI MPU3HAIOTCS SKCIEPTHBIM COBETOM HEIOCTATOYHO YOEAUTEIHHBIMHU,
MIPOBOJIUTCS MMOBTOPHASI SKCIEPTHU3A.

16.2. MeTobl OPraHu3aliu IKCIEpPTH3

K MeTonam opranuzaiy 3KCIepTHU3 OTHOCSTCS:

AHKeTHMpPOBaHMe - OJMH U3 OCHOBHBIX METOJOB OpraHu3ainuu 3kcneptus. Oc-
HOBHBIE THUIIBI aHKeT: DakTorpaduyeckue aHKeThl - 3TO aHKEThI, B KOTOPBIX 3alpa-
muBaeTcsd 0ObEeKTUBHAS HHPopMalns 00 00bEKTE 3KCIEPTH3bl. Takoro THIla aHKETHI
HCIIONB3YIOTCS, HaPUMED, KOT/Ia MPEANoiaraeTcsi CuCTeMaTh3alus JaHHbIX, pa3pa-
O0oTrka OaHkOB W 0a3 gaHHbIX. OHM MOTYT OBITH HCIIOJB30BAaHBI TaKXKe IS
MOJTYYEHHS CTATUCTUYECKUX JIAHHBIX 00 00BEKTaX SKCIEPTHU3HI.

* TemaTuueckue aHKETHI - 3TO AHKETHI, B KOTOPBIX OINPECACTCS MHEHUE DKC-
MEPTOB B KOHKPETHOM 00JIACTH MO ONPEJEICHHOMY KPYTY MPOOJIeM.

* [leneBble aHKETHI - 3TO AHKETHI, MPEIHa3HAYCHHBIC ISl aHAM3a yIpaBicHYe-
CKHMX TEXHOJIOTHH HJIA UX DJICMECHTOB.

* AHKETHI PEIICHUM - 3TO aHKEThI, B KOTOPHIX MPEACTABISIOTCS BapUAHTHI pe-
IIEHUH TE€X WJIU UHBIX YIIPABICHUECKUX MPOOJIEM.

TemaTnueckue, 1eJeBble W aHKEThI PEHICHU MOTYT MPUHAJJIEkKATh K KiIaccy
OIICHOYHBIX, €CIIM B HUX MPHUCYTCTBYIOT CIICMAIbHBIC Tpadbl, B KOTOPBIX JODKHA *
JaBaThCs OIICHKA 00BEKTA YIPABJICHUS 110 TOMY WJIM HHOMY KPUTEPHIO TI0 OTOBOPEH-
HOM B aHKETE IIKaJe.

Hanbonee pacnpocTpaHeHbl OLIEHOYHBIE AHKETHI, MO KOTOPHIM MPOU3BOIATCS
CpaBHUTEJIbHAS OLIEHKA Ba)KHOCTH OIICHMBAEMOTO aJIbTEPHATUBHOIO BapuaHTa pellie-
Hust. OIIeHOYHBIC aHKETHI MOTYT OBITh M HESIBHOTO THIIA, T.€. B HUX MOXKET TpeOOBaTh-
CA YKa3aHUE HE TOYHOW KOJMYECTBEHHOW OIICHKH, & KAUYECTBEHHOM OIIEHKH, IO KOTO-
poil mpu 00pabOTKE aHKEThl MOXET ObITh BOCCTAHOBJIEHAa HeoOXoauMas
KOJIMYECTBEHHAs OlleHKa. MlHOT/Ia BMECTO yKa3aHUsI TOYHOW KOJMYECTBEHHOM OIICH-
KM B aHKETE€ MOXKET TpeOOBaThCsl JIMIIL yKa3aHHWE Juana3oHa 3HAYeHUM, B KOTOPBIX
HaXOJUTCS OIICHKA.

AHKETBI OBIBAIOT OTKPBITOTO W 3aKpHITOTO THUIMA. B aHKeTe 3aKphITOro THUIA Ha
KaXXIbli BOIIPOC JIaHbl BAPUAHTHI OTBETA, & B AHKETE OTKPBITOTO TUIA OTBETHI MOTYT
OBITH BBIPAKECHBI B IPOU3BOJILHOMN (hopMme.
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MeTtoa KOMUCCHIT COCTOUT B OTKPHITON JTUCKYCCHU IO 00CYXAaeMon mpodieme
JUTSl BBIPAOOTKHU €AMHOTO MHEHUS HKCIepTOB. KOIEeKTUBHOE MHEHHE OTIPEENsIeTCs B
pe3ysbTaTe OTKPHITOTO WMJIM TaHOTO rOJIOCOBaHUS. B HEKOTOPHIX CllydasiX K TOJI0CO-
BaHUIO HE MPUOETaIOT, BRISIBIISS PE3YJIbTUPYIOIee MHEHUE B ITPOLIECCE AUCKYCCHH.

[TpenmyriecTBa MeToga KOMHUCCHIA: BO3MOXKEH POCT MH(DOPMHUPOBAHHOCTH SKC-
NEPTOB, OCKOJBKY MPU OOCYKICHUU SKCIEPTHl MPHUBOJAAT 0OOCHOBAHHUS OLIEHOK, U
oOpaTHasi CBSI3b - MOJ BO3JCHCTBUEM MOJYyYEHHON HMH(OpPMAIMU SKCHEPT MOXKET
M3MEHUTh NIEPBOHAYAIBHYIO TOUKY 3PEHUS.

Henocrarku Meroga komwuccuii: OTCYyTCTBHE aHOHMMHOCTU. DTO MPUBOJIUT K
NPUCOEMHEHUIO MHEHHUS HKCIIEpTa K MHEHUIO 00Jiee KOMIETEHTHBIX U aBTOPHUTET-
HBIX DKCIIEPTOB JIaXe MPU HAIMYUU MPOTUBOIOIOKHON COOCTBEHHOM TOYKU 3pEHMUS.
JIcKyccus 4acTo CBOJUTCS K MOJIEMUKE HAMOO0JIee aBTOPUTETHBIX 3KCIIEPTOB.

Mertoa cyna MCIONB3YIOTCS aHAJIOTUU € CyIeOHBIM IpoueccoM. HacTe sKkcnep-
TOB OOBSBISETCA CTOPOHHUKAMU paccMaTpUBAeMOW MHUIIMATUBBI U BBICTYIIAET B Ka-
YEeCTBE 3aIIUTHI, MPUBOAS TOBOJBI B IMOJIb3Yy paccMaTpUBAE€MOW WHUIMATUBBI U BbI-
CTYIIA€T B KAYECTBE 3ALIUTHI, IPUBOJS TOBOABI B I10JIb3Y 3AIIUTHI 3TOM MHUIIUATHBBIL.
YacTp 3KCcIepTOB OOBABISIETCS €€ MPOTUBHUKAMU U IBITAETCSl BBIABUTH OTPULATENb-
HbI€ CTOPOHBI. YacTb 3KCIIEPTOB PEryIUPYET XOJA IKCIEPTHU3bl U BBIHOCUT OKOHYa-
TEJIbHOE peleHue. B mpolecce 3KCnepTUsbl MO0 METOAY Cyna (DYHKIHMH SKCIIEPTOB
MOTYT MEHAThCA. MeToJ cyia 00JaaeT TEMH K€ MPEUMYIIECTBAMU U HEJOCTATKaMH,
YTO U METOJI KOMUCCHH.

Metoa mo3roBoii arakm, paspaboran B 50-60-x romax. Oama u3 Hamboiee
IIPUMEHSEMBIX METOJIOB ITPOBENEHUA dKcnepTu3. OCHOBHAsS 3a/laya - BBISIBICHHE HO-
BBIX HjcH. [[71s1 3TOM 1enu opraHu3aTophl SKCIEPTU3BI JOKHBI CO371aTh aTMocdepy,
HamOoJee OJIaroNpHUATCTBYIONIYI0 TE€HEPUPOBAHUIO WHJeH, aTMochepy Oaroxena-
TEIbHOCTH, TMOAJIEPKKH, OCBOOOXKIAIOLIYIO 3KCIEpTa OT M3JIUIIHEH CKOBAHHOCTH.
OO6cyxmaemas npoOsemMa J10kHa ObITh yeTKo chopmyupoBana. Jlro0as uaes 10JmK-
Ha ObITh OOCY’KJI€HA U HE JIOJKHA OBITh TPU3HAHHO JIOKHOM.

Metoa dendmu, pazpadboran O. Xenmepom u H. Jlendpu. B merone Hendu
IpelycCMaTpUBaETCsl CO3/1aHUE YCIOBHUH, oOecrneunBarolux Haubojiee MPOAYKTUB-
HYI0 padOTy 3KCIEPTHOM KOMHCCHUU. DTO JOCTUTAETCS aHOHHUMHOCTBIO IPOLEAYPHI, C
OJIHOM CTOPOHBI, 1 BO3MOKHOCTBIO MOMOJHUTH HH(OPMALIMIO O MPEAMETE IKCIEPTH-
3bl, C Ipyroi cTopoHsl. Emé o1HO BaxkHOE CBOMCTBO -00paTHask CBA3b, MO3BOJISIOIIAS
JKCIIEpTaM KOPPEKTUPOBATH CBOU CYXKICHHUS C YYETOM MPOMEKYTOUHBIX YCpPEIHEH-
HBbIX OLIEHOK M TOSCHEHWH SKCIEPTOB, BBICKA3BIBABIIMX KpAaWHHE TOYKHU 3PEHHUS.
Okcneptussl o merony Jendu npoBonagrcs yaiie Bcero B 4 Typa.

B nepBom Type skcriepTaM COOOIIAIOT LEib IKCIEPTU3bl U POPMYIUPYIOTCS BO-
IIPOCHI, OTBETHI Ha KOTOPBIE COCTABJISIOT OCHOBHOE COJEp>KaHHE 3KcnepTusbl. Bo-
IIPOCHI JJI 3KCHEpPTa MPEABSBISIIOTCS B BUAEC aHKEThI, MHOI/IA C MOSCHUTEIbHON 3a-
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nuckor. Mudopmarus, monydeHHass OT SKCHepTa, MOCTYNaeT B PaclopsHDKCHUE aHa-
JUTUYECKOMN TPYTIIIbL.

Bo BTOpOM Type 3KcniepTaM NpeabsBISIOTCS YCPEAHEHHAs OLIEHKA SKCIEPTHOM
KOMHUCCHUU M OOOCHOBAaHMS SKCIEPTOB, BBICKA3ABIIMX KpaWHUE OLICHKU. YKa3aHUS
MPE/ICTaBISIOTCS aHOHUMHO. [locie momydeHust TONOTHUTENbHON HH(POPMAIIUU IKC-
MePTHI, KaK MPaBUIIO0, KOPPEKTUPYIOT CBOM OIleHKH. CKOpPpEeKTHUpOBaHHAs WH(OpMa-
1[AsI BHOBB MMOCTYIAET B AHAJIMTUYECKYIO TPYIITY.

Tpetuit 1 yeTBEepTHIN TYphl HE OTIMYAIOTCS OT BTOPOTO. XapakTepHas 0cOOeH-
HOCTh MeToJia Jlendu - yMeHbIIAMUICS OT Typa K Typy pa3Opoc OIEHOK, UX BO3-
pacTaroias corjiacoBaHHOCTb. OCHOBHbIE OcoOeHHOCTH MeTrona [lendu: aHOHUM-
HOCTh CYKJIEHUM, 00OCHOBaHUE TOYEK 3PEHUS DKCIEPTOB, AABIIMX KpallHUE OLEHKH,
oOpaTHas CBA3b, peaiu3yeMas C MOMOILBIO MHOT'O TYPOBOM MPOLEAYPBHI.

MeToa pemammx MATPHI - OJWH W3 MEPBBIX METOJOB, UCIOIL3YEMbIX MPHU
OpraHM3allHd U MPOBEICHUH CJIOKHBIX dKCIepTus, npemioxkeH B 1966 r. I'. C. Ilo-
CIIEJIOBBIM.

Jlng perieHust mpoOJieMbl MPEAaraeTcsi BbIICIUTh OCHOBHBIC HAMPABICHUS HC-
CJIE€IOBAHUI U YKa3aTh UX OTHOCHUTEIIbHBIE BECA dy,..., Ay,

OTHOCHTENbHBIE Beca JOJKHBI OBITh MPOHOPMHUPOBAHBI:

a,*... +a,,=100

B merozne pemaronmx MaTtpul] SKCIEPT J0JDKEH yKa3aTh OTHOCUTEIbHBIA BKIIA[
KQKJI0M anbTEepHATHBBI 00JIe€ BBICOKOIO YPOBHS, HEMOCPEACTBEHHO MPEIIIECTBYIO-
IIEr0 YPOHIO JAHHOM aJlbTEPHATHUBBI.

Metoa cuenapueB. CleHapHUH MO3BOJISIOT C TEM WM UHBIM YPOBHEM JOCTO-
BEPHOCTH OIPEACIIUTh BO3MOKHBIE TEHICHIIMM Pa3BUTHS, B3AaUMOCBSI3U MEXIY IEH-
CTBYIOIIUMHU (pakTOpaMu, MOTy4aTh BO3MOIKHBIE COCTOSIHHSA, K KOTOPBIM MOXET
NPUNTH CUTYAIUA MOJ1 BIUSHUEM T€X WJIM UHBIX BO3IECHCTBUM.

MeTtoa crieHapueB MPEeanoiaraeT Co3IaHue TEXHOJOTui pa3paboTKU CLIEHApHU-
eB, o0ecreunBaromux 00jiee BHICOKYIO BEPOATHOCTh BBHIPAOOTKH 3(PGEKTUBHOTO pe-
IIEHUS B T€X CUTYaIMSIX, KOTJa 3TO BO3MOXKHO, U 00Jie€ BHICOKYIO BEPOSITHOCTh CBE-
NEHUS OXHUAAEMBbIX TMOTEPh K MHUHHUMYMY B TE€X CHUTyalUsX, KOTJa MOTEpH
Hen30exxHbl. B HacTosiee BpemMsi U3BECTHBI TaKKe BapUaHThl METO/A CIICHAPUEB, KaK
METO/I TIOTYYECHHsI COTJIACOBAHHOTO MHEHUSI, TOBTOPSIONIETOCS 00BEIMHEHHS HEe3aBU-
CUMBIX CIIEHAPHUEB.

MeToa IKCIIePTHBIX OLIEHOK

CyuHocTh METOJa SKCIEPTHBIX OIIEHOK 3aKJII0YaeTCsl B MIPOBEACHUH JKCIIEp-
TaMl MHTYUTHBHO-JIOTHYECKOTO aHajinu3a MpoOJieMbl C KOJWYECTBEHHOW OIICHKOMU
cyxjaeHuil u dopmanbHOi 00paboTkol pesynbraToB. [lomydaemoe B pesynbrare
00paboTKu 0000IIIEHHOE MHEHHE IKCIIEPTOB MPUHUMAETCS KaK PEIIeHUE TPOOIEMBI.
KomniekcHOoe UCIMOIb30BaHWE MHTYULUH (HEOCO3HAHHOTO MBIILICHUS), JOTUYe-

126



CKOTO MBIIUICHUS M KOJUYECTBEHHBIX OIEHOK C UX (opMmanabHOl 00paboTKOH
MO3BOJIAET MONYYHUTH 3P (HEeKTHBHOE pemieHue mpobdiemsl. [Ipu BbIMOIHEHUN CBOEH
pOJIM B IIpoIiecce YIPaBJICHUs SKCIEPThI IPOU3BOAAT IBE OCHOBHBIE (yHKIMU: Pop-
MHUPYIOT OOBEKTHI (aTbTePHATUBHBIE CUTYAllUH, LI€TH, PEIICHUS U T. 11.) U IPOU3BO-
JST U3MEPEHHUE UX XapaKTEPUCTHK (BEPOATHOCTH CBEPIICHHS COOBITHH, KOdhuiiu-
€HTBI 3HAUMMOCTH 1eJIeH, MPeANOYTeHUS PEIICHUI U T. 10.).

®opmupoBaHrue 00BEKTOB OCYIIECTBISETCSA IKCIEPTaMU Ha OCHOBE JIOTHYE-
CKOTO MBIIUICHUS W UHTYUIMH. [Ipu 3ToM OONBIIyI0O pOib UTPAIOT 3HAHUS U OIBIT
JKCTIepTa.

OCcoOEHHOCTAMHU METO/Ia IKCIEPTHBIX OLEHOK KaK SBJISIOTCS, BO-TIEPBBIX, HAY4-
HO 00OCHOBaHHAsI OpraHU3aIMs MPOBEJCHHS BCEX TANOB KCIEPTH3bI 0OecIeynBa-
fomas HanOoIbIIyio0 3(h(HEKTUBHOCTH paOOThI HAa KaXKIOM W3 3TAroB, BO-BTOPBIX,
MPUMEHEHNE KOJIMYECTBEHHBIX METOJOB, KaK MPH OPTraHU3aIllMi IKCIEPTU3bI, TaK H
IIPU OLEHKE CY>KJIEHUW AKCIEPTOB U (pOpMaNBbHOM I'pYINIIOBOM 00paboTKe pe3yiibTa-
TOB. DTH JBE€ 0COOCHHOCTH OTIUYAIOT METOJ] IKCIIEPTHBIX OIICHOK OT OOBIYHOM JaB-
HO M3BECTHOM IKCHEPTHU3bI, IIMPOKO NIPUMEHIEMOHN B pa3IM4YHbIX cpepax yesnoBeye-
CKOM 1€ TeIbHOCTH.

[Tpu ouleHMBaHUU KavyecTBa HKCIEPTU3 HEOOXOAUMO 0OpaTUTh BHUMAHUE Ha:

16.3. HeTOYHOCTH IKCIEPTHHIX OI[EHOK

OrnpeneneHre TOUHOCTH 3KCIIEPTHBIX OLEHOK BO3MOYKHO, KOTJIa 3TU OLEHKH HO-
CSIT TECTOBBIN xapakTep. Ho maxke B 3TOM citydae BaXKHO BbIOpaTh MPaBUIIbHBINA KPH-
TEpUM OLICHUBAHMS, TAK KaK PE3yJIbTAThl 3aBUCAT OT UCIIOJIb3YEMOIO KPUTEPUS OLICH-
KM TOYHOCTH OJKcrepTu3bl. OCHOBHBIE NPUYHMHBI, TMPUBOISAIINE K HETOYHOCTH
AKCIIEPTHBIX OLECHOK:

- HEJOCTATOYHYIO KOMIIETEHTHOCTh SKCIIEPTOB;

- HEJOCTATOYHYIO MOATOTOBJIEHHOCTh KCIIEPTHU3HI;

- HECOBEPILICHCTBO UCIOJIb3YEMbIX SKCIEPTHBIX TEXHOJIOTHMA:

- HCTIIOJIb30BAHUE  HEMOAXOMSIIMX METOAUK CPAaBHUTEIBHOIO  OLICHUBAHUSA
albTEPHATUBHBIX BapHUAHTOB:

- HECOBEPIIIEHCTBO HCMOJB3YEMbIX METOJ0B OOpaOOTKM SKCIEPTHOU HH(pOpMa-
1005058

2. IIpoTBOpPEYMBOCTH IKCIMEPTHBIX OLIEHOK

DKCNEPThl HE BCETIa MOCJIEA0BATEIbHbI B CBOUX OLICHOYHBIX CYXKIEeHUsX. NHO-
r/1a MPOTUBOPEYMBOCTD CYXKJICHUN MOXKHO YCTPAHUTh B pe3yJibTaTe MOBTOPHOTO, 060-
Jiee TOYHOT0, OLICHUBAHUS IKCIIEPTOM alIbTEPHATUBHBIX BapUAHTOB.

3. Hecor;iacoBaHHOCTb NIPH KOJVIEKTUBHOM IKCIIEPTU3E
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TpyaHO OAHO3HAYHO PELINTH, XOPOLIO WM IUIOXO TO, YTO DKCIEPTHBIE OLICHKH
COIJIACOBAHbI WJIM, HA00OpOT, HecoriaacoBaHHbl. COrIaCOBAHHOCTb MOYKET OBITH pe-
3ylbTaTOM (POPMaJIBHOTO MPOBEIEHUS 3KCIepTU3bl. HecornacoBaHHOCTh CyXACHUN
MOXET OTPAXKATh PA3IUYHOEC NTOHUMAHUE DKCIIEPTAMU LEJIEH IKCIEPTU3bI, IIPOTUBO-
ITOJIOKHOCTh HHTEPECOB 3KCIIEPTOB U T.1.

KoHTpoJibHbIE BOPOCHI
Ha3oBuTe 00 OCHOBHBIX 3Tarax NpOBEIEHUS CIOKHBIX dKCIEPTU3?
Kakue paznuuaroT METO/Ibl OpraHu3aluy IKCIepTu3?
B yem 3akitoyaeTcs CylHOCTb METO/ABI SKCIIEPTHBIX OLIEHOK?
Kewm pazpabotan merox Jlenbdu?

o e

[lepeuncnure OCHOBHBIEC TPUYUHBI, IPUBOISIINE K HETOYHOCTH IKCIIEPTHBIX
OIIEHOK?

T'JIABA 17. PAKTOPHBIU AHAJIU3
GUHAHCOBOM YCTOMYUBOCTHU HA OCHOBE
OPIUHAJBbHOM HIKAJIBI

17.1. BBenenue B noHsitue (PUHAHCOBOH YCTOHYHUBOCTH

OpnHolt U3 XapaKTEePUCTUK CTAOUIBLHOTO MOJIOKEHHUS MPEANPUSITUS CIY>KUT €ro
(MHaHCOBas yCTOMYHUBOCTb.

YcroitunBoe (hUHAHCOBOE MOJIOKEHUE MPEINPUSATHS — ITO PE3YJIbTAT YMEIOTO
VIPABJICHHS BCE COBOKYMHOCTHIO MPOU3BOJICTBEHHBIX U XO3SIMCTBEHHBIX (haKTOPOB,
ONPENEISAIOIIMX PE3yIbTaThl JACATENBHOCTH Mpeanpusatus. OuHaHCcOBasg yCTOWYH-
BOCTh OOYCJIOBJIEHA KaK CTAOUIIbHOCTBIO SKOHOMHUYECKOM Cpefibl, B paMKax KOTOPOM
OCYILECTBIISIETCS ACSATEIBbHOCTh MPEANPUSTHS, TaK U OT PE3yJIbTaTOB €ro (PyHKIHO-
HUPOBaHMUS, €r0 aKTUBHOTO U 3(P(HEKTUBHOTO pearnpoBaHUsl HAa U3BMEHEHUS] BHYTPEH-
HUX U BHEIIHHUX (DaKTOPOB.

OcHOBHOM 3amauell aHann3a (PUHAHCOBOM yCTOWYMBOCTH MPEIIPUSITHS SBIIS-
€TCs OllEHKa CTENEHN HE3aBUCHUMOCTU OT 3a€MHBIX MCTOUHHUKOB (priHaHCHpoOBaHus. B
Mpoliecce aHaIn3a HEOOXOAMMO JIaTh OTBETHI HA BOMPOCHI: HACKOJIBKO KOMIIAHUS He-
3aBUCUMA C (PUHAHCOBOW TOYKH 3PEHHUSI, paCTET WU CHHIKAETCA YPOBEHb ATOM He3a-
BUCHMOCTHU U OTBEYAET JIM COCTOSIHUE €r0 aKTHBOB M MACCUBOB 3a/1auaM €€ (PMHaAHCO-
BO-XO035IMCTBEHHOMU JIESITCILHOCTH.

B xmaccudeckolt Teopun aHanm3a (GUHAHCOBOM OTUYETHOCTU MO (PMHAHCOBOM
YCTOMYMBOCTHIO TIOHUMAIOT TAaKO€ COOTHOIIIEHNE aKTUBOB M 00s13aTEILCTB OPraHu3a-
1M1, KOTOPOE TapaHTUPYET ONPEACIICHHBIA YPOBEHb PUCKA HECOCTOSATEIBHOCTU OP-
raHu3anuu. TakuMm o0pa3oMm, B KauyecTBE IMOKa3aTelel (PMHAHCOBOW YCTOMYMBOCTU
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MOTYT OBbITh HCTIOb30BaHbl KO (ULIMEHTHI, XapaKTePU3YyIOIINUE CTPYKTYPY aKTHBA U
naccuBa OajaHca, a TAaKK€ COOTHOIICHUS MEXIY OTACIbHBIMU CTaThsIMM aKTHBAa U
[1aCCHBA.

17.2. OcHOBHBIE OKAa3aTeIH (PMHAHCOBOM YCTOMYMBOCTH NPEANPUATHS

dakTopHBI aHaTN3 (UHAHCOBOW YCTOWYHUBOCTH TMPEIyCMaTPUBAET MOCTPOE-
HUE TAaKOW IETIOYKH TTOKa3aTelield, Ha OCHOBE KOTOPBIX MOXHO CJieJlaTh BBIBOJ O (-
HAHCOBOM COCTOSIHMM OpraHu3anuu. J[Jis 3TOoro coOCTBEHHBINM KamuTald KOMIIAHUU
pPacKJIaIbIBAETCS HA OTACIIBHBIE AJIEMEHTHI, KaXKIbIA U3 KOTOPBIX MOYET OKa3bIBaTh
ONPENIECIICHHOE BIMSHUE HA PE3yJbTHUPYIOIIMI MOKa3aTelb, B 3TOM CIy4ae MOJIEIb
(haKTOpHOTO aHaJIM3a YCTOMYMBOCTH OyAET HMETh BU/I:

CK/M = (CK/Mye) * (Mye/3K) * (3K/N) = *CK/Myyng) * (Myyn9/H)

rae CK - BenmnunHa coOCcTBeHHOTO KamuTana;l - cymma akTMBOB KOMIIAHUHU
(BanroTa Oananca);

3K - cymMa NpuBIIEUEHHOTO KalUTAJIA;

W) - IMyIIECTBO B IEHEKHOM (pOopME (ACHEKHBIE CPEACTBA + KPATKOCPOYHBIE
(bUHAHCOBBIE BIOXKECHUSA);

Wypg - MMyIIECTBO B HEJCHEKHOW (opMe (BHEOOOPOTHBIE AKTUBBI + 3amachl +
HJC + nebutopckas 3aJ0JKEHHOCTh + IPOYUEe 00OPOTHBIE AKTUBBI).

Crnenyer OTMETUTh, YTO 3Ta LENOYKa [T0Ka3aTeJIed MOXKET UCIIOJIb30BAThCA IS
aHajM3a CTaTUKU W AuHamMuku. [loacTasmisis B maHHy0 QopMyIy JaHHBIE TOJBKO Ha
Hayajo WIH TOJbKO Ha KOHEI] OTYETHOIO MEPHOJIa, a TAKXKE UX NMPUPOCTHBIE 3HAYE-
HUS, MOKHO OyJZIeT MOJTy4aTh XapaKTEPUCTUKY COOCMBEHHOU COCMABaaouel umyue-
cmeéa Ha TOT Wi UHOU nepuoj BpeMmeHu. [lo1 coOCTBEHHOMN COCTaBIISIONIEH UMYIIe-
ctBa (CK/KAII) nonumaercst mojisi UMYIIECTBa, OOecCIeYeHHass COOCTBEHHBIM
KalUTaJIOM.

BaxxHOCTh COOCTBEHHOW COCTABJISIONIEH MMYIIECTBA OOBSICHSIETCS TEM, UTO
JaHHOE COOTHOILIEHHE OOBEKTUBHO XapaKTEpU3yeT IAOCTUTHYTHIA SKOHOMHUYECKUN
MOTEHUHAN [l JaJbHEWIIEero pa3BUTHUsS, YTO NPHU MPOYUX PABHBIX YCIIOBHSX HAET
OIICHKY ¥ WHJIUKATOPY a0COIIOTHOM TIATEKECTIOCOOHOCTH MpEAnpHsITHs, U (pUHAH-
COBOMY pblUary, Kak B CTPYKType Kalurasna, Tak U B CTPYKTYpe aKTHBOB.

[ToaBog UTOr MOXKHO CKa3zaTh 4TO, (PMHAHCOBAs YCTOMYMBOCTH SIBJISIETCS OT-
pakKeHUEM CTAOMJIBLHOTO MPEBBIIICHUS JOXOI0B KOMIAHUU HaJ ee pacxoaamu. Ou-
HAHCOBasl YCTOMYMBOCTH OOECIEUMBAET CBOOOJHOE MaHEBPUPOBAHUE JACHEKHBIMU
CPEICTBAMH U CIIOCOOCTBYET HENPEPHIBHOMY IPOLIECCY MPOU3BOACTBA U PeaTu3aluu
MPOAYKTOB UJIM YCIYT KOMITAHUEH.
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17.3. AGcoJiloTHBIE MOKAa3aTe/u (GUHAHCOBOM YCTOMYHBOCTH

AOcooTHBIE TIOKa3aTenu (PMHAHCOBOM YCTOMUMBOCTU XapaKTEPU3YIOT YpO-
BEHb 00ECIICUCHHOCTH OOOPOTHBIX aKTUBOB MCTOYHWKAMH WX (GopmupoBanus. [Ipu
ATOM JIsl OTNPEAeNICHUs YPOBHS (DMHAHCOBOW YCTOMYHMBOCTH TMPEANPUATHS HCIIONb-
3YIOT COBOKYITHOCTh OTHOCHUTEIHHBIX IMOKa3aTeneil. B cBoto odepens, gpaxkmopHhuviil
aHanu3 uHarHcosou ycmouyusocmu MPEIIoaraeT MOCTPOSHUE TETTOYKH MMOKa3aTe-
Jiel, Ha OCHOBAaHUU KOTOPOM MOXKHO CYAUTH O JOCTUTHYTOM 3KOHOMHYECKOM MOTEH-
uase JiJisl JaIbHEUIIero pa3BUTHS OpraHU3allUu.

AHanu3 (pUHAHCOBOW YCTOMYMBOCTH MPOBOJUTCS C LIETBIO BBISIBICHHS IjlaTe-
KECITOCOOHOCTH OpTaHU3aIMu JJIsi O0eCIeUeHUsT TpOoIlecca HEMPEPHIBHOTO TPOM3-
BOJICTBA U MPOJIAXKU MPOAYKIUH, T.€. CHOCOOHOCTU PACIIJIAYUBATHCS 32 CBOM JIOJTH.

[Ipu aHaIM3€ MOKHO BOCHOJIb30BATHCSI A0COIOTHBIMU M OTHOCUTEIBHBIMU T10-
kazarensamu. K aOCoMOTHBIM MOKa3aTeIsiM OTHOCSTCS MOKa3aTesin 00eCTIe4eHHOCTH
3armacoB WK OOOPOTHBIX aKTUBOB COOCTBEHHBIMH, 3A€MHBIMU U MPUBICYCHHBIMU K C-
TOYHHKAMU (HPOPMHUPOBAHHUSI.

B cooTBeTcTBUU ¢ 00€CTICUEHHOCTHIO 3aM1aCOB COOCTBEHHBIMH M 3a€MHBIMU U C-
TOYHUKaMU (DOPMUPOBAHMS PA3TUYAIOT CIIEIYIOIUE TUIhI (PMHAHCOBOM YCTOMYHBO-
CTH:

Tun dunancoBoro co-

®opmyna [Ipumeuanue
CTOSTHUS
AOGCOJIIOTHO ~ yCTOWYH- Xapaktepusyercs TOJHBIM obecre-
BO¢ (pHAHCOBOE COCTO- BA +3<CK |dyeHnmem 3amacoB COOCTBEHHBIMU
STHUE 00OPOTHBIMU CPEJICTBAMH.

. Xapakrtepuzyercsi  obecrieyeHHueM
HopmaneHo  ycTonum-
CK - BA + 3 <CK [3amacoB cOOCTBEeHHBIMH OOOPOTHBI-
BOo€ (PMHAHCOBOE COCTO-
+ 10 MU CpEICTBaMU U JIOJITOCPOYHBIMU
SIHHE
3a€MHBIMH HCTOYHUKAMH.

Xapaktepusyercs o0ecrieueHuemM
3aI1aCcoOB 34 CYET COOCTBEHHBIX 000-

» OTHBIX CPEJICTB, JIOJTOCPOYHBIX 3a-
HeycroitunBoe ¢unan-|CK +J10 - BA +3 = p p a p

C€MHBIX HCTOYHMKOB M KPaTKOCpPOY-
COBOE COCTOSIHHE CK + 10 + K3K P P

HBIX KPEAUTOB U 3aliMOB, T.€. 3a CUET
BCEX OCHOBHBIX HCTOYHHUKOB (Qop-
MHPOBAHHUS 3a11aCOB.

Kpuszucnoe ¢dunanco-| BA + 3> CK + /IO |3amacel He oOecrieunBaroTCsi UCTOY-
BO€ COCTOSIHUE + K3K HUKaMH UX (GOPMHUPOBAHUS;, OpTaHU-
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3alMsl HAXOJUTCS Ha TrpaHu OaHK-
poTCTBa.

rae, BA — BHeoOopoTHbIe akTuBbI; 3 — 3anackl + HIC no npruoOpeTeHHbIM LIEHHO-
ctsim; CK — kanuTan u pezepBbl (coOcTBeHHBIN KanuTtan); IO — nonrocpounsie
obsi3arenbcTBa; K3K — kpaTkocpouHbie 3aiiMbl U KPEAUTHI.

AOCONIOTHBIMU TTOKa3aTeIsIMU (DMHAHCOBOM YCTOMYMBOCTH SIBIISIIOTCS MOKa3a-
TEJM, XapaKTepU3yIolue ypOBEHb 00ECIEUEHHOCTH OOOPOTHBIX aKTHUBOB MCTOYHU-
KaMu uX popMupoBaHus. [|Jsi XapaKTepUCTUKN UCTOYHUKOB (DOPMUPOBAHMSI 3a11aCOB
OTIPE/ICTISIOT TPU OCHOBHBIX MOKA3aTesl:

1. Hammame cobctBeHHBIX 000poTHBIX cpeacTB (COC). Onpenenuth 3Ty BEH-
YUHY MOKHO KaK Pa3HOCTh MEXIY pPeabHBIM COOCTBEHHBIM KAITUTAJIOM M BEIUYH-
HaMU BHEOOOPOTHBIX aKTHUBOB (MTOT pazjien 1 GanaHca) U AOATOCPOUYHOM JAeOUTOP-
CKOM1 33/10J5KEHHOCTHU 10 popmysie:

COC=CK-BA+ 10

2. Hannuue cOOCTBEHHBIX M JOJITOCPOUYHBIX 3a€MHBIX UCTOYHUKOB (hOPMHPO-
BaHus 3anacoB u 3arpat (CJI1). PaccuuThiBaeTcst kak cymMmma COOCTBEHHBIX 000POT-
HBIX CPEJCTB, IOJITOCPOYHBIX KPEIUTOB U 3aiiMOB (pa3aen 4 OanaHca), LeneBoro gpu-
HAHCUPOBAHUS U MOCTYIUICHUH U ompeesercs mo Gpopmye:

CI1 =COC + 10 + LH®II

riae COC - cob6erBennbie obopoTHbIe cpenctBa; LIDII - neneBoe dpuHaHCHPO-
BaHHE U MOCTYIICHUS.

3. Tlokazarenp oOIIEH BEIMYMHBI OCHOBHBIX UCTOYHUKOB (DOPMHUPOBAHMS 3a-
nacoB u 3atpat (OBU). PaccuntbiBaercs kKak cymMma COOCTBEHHBIX U JOJTOCPOUYHBIX
3a€MHBIX HCTOYHHMKOB (DMHAHCUPOBAHHUS 3allacOB M KPATKOCPOUYHBIX 3aE€MHBIX
CPEICTB M ompeensiercs no Gopmyre:

OBU = CII1 + K3K

rne CIAU - coOGCTBEHHBIE U TOJTOCPOYHBIC 3a€MHbBIE UCTOYHUKHU (PHHAHCHPO-
BaHMsI 3aI1aCOB.

17.4. OTHOCHTEJIbHBbIE OKA3aTe U (PMHAHCOBOH YCTOMYHUBOCTH

HwxenpuBeeHHBIC MTOKa3aTENH, KOTOPBIE XapaKTepU3yIOT HE3aBUCUMOCTD 10
KKJIOMY DJIEMCHTY aKTHBOB W 0 MUMYIICCTBY B II€JIOM, JAfOT BO3MOYKHOCThH HM3Me-
PUTH, TOCTATOYHO JIM YCTOWYMBA KOMMAaHUS B (PMHAHCOBOM OTHOIIICHUMU.

Hau6Gonee mpocteie K03hOUITMEHTHI XapaKTEPU3YIOT COOTHOIICHUS MEXTY aK-
THBaMH M 0053aTE€bCTBAMH B II€JIOM, 0€3 yueTa UX CTPYKTyphl. Baxuelmum moka-
3aTesieM JaHHOMW TPpYMNIbl SBISETCS Kodppuyuenm asmornomuu (AU QUHAHCOBOU He-
3asucumMocmu, Wl KOHYeHmMpayuu coOOCMEeHH020 Kanumaid 6 aKkmueax).
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Koadpounuent asronomuu. (Equity Ratio) XapakTtepuszyeT HE3aBUCUMOCTD
NPEANpUsATHs OT 3a€MHBIX CPEJICTB U MOKA3bIBAET OO0 COOCTBEHHBIX CPEJCTB B 00-
e CTOMMOCTHU BCEX CPEACTB MpeaAnpuatus. Yem Bollle 3HaueHUE JaHHOTO Kodhdu-
[[MeHTa, TeM (MHAHCOBO yCTOWYMBEE, CTAOUIIbHEE U 00Jiee HE3aBUCUMO OT BHEIIHHUX
KPEAUTOPOB MPEINPUITHE:

Koaddumment aBronomun (He3aBucumoctr) = CoOCTBeHHBINM KamuTal / AK-
THBBI

Ka = (ctp. 490 + c1p. 640 + cTp.650)/cTp. 700 hopma Nel wim

Ka =ctp. 490 / cTp. 700

Ka = ctp. 1300 / ctp. 1600 dhopma Nel

HopmaTuBHBIM OOIICIPUHSTHIM 3HAYEHUEM I1OKa3aTessl CUMTAETCS 3HAYCHUE
kod(ddurmenta apronomuu Oosbire 0,5 Ho He Gonee 0,7. Ho HE0OX0AMMO YUYHUTHI-
BaTh TO YTO, KO3((PUUMEHT HE3aBUCHMOCTH 3HAUYUTEIBHO 3aBUCUT OT OTPaCIIeBOU
cnenu(pUKu (COOTHOIIEHUS! BHEOOOPOTHBIX M OOOPOTHBIX aKkTHMBOB). YeM BhIlIe Y
MPEANPUATHS 0JII BHEOOOPOTHBIX aKTUBOB (IIPOM3BOJCTBO TPeOYyET 3HAYUTEIBHOIO
KOJIMYECTBA OCHOBHBIX CPEACTB), TEM OOJIbIIE IOJITOCPOUYHBIX MCTOUYHUKOB HEOOXO-
IUMO U1 UX (PUHAHCHPOBAHMSI, @ 3TO O3HAYaeT 4TO, OOJIbLIE JTOJKHA OBITh J10JIs
cOOCTBEHHOT0 KanuTaia (Bbliie KO3(p(UIIUEHT aBTOHOMUH ).

JlocTaTo4HO BBICOKMM ypOBHEM Ko3(duiuenta HezaBucuMmoctu B CIIIA u eB-
pomneiickux crpaHax cuutaercs 0,5-0,6. Ilpu 3ToM cymma 0053aTenbCTB HE MPEBBI-
[IaeT BEJIMYHUHBI COOCTBEHHBIX CPEICTB, YTO OOECHEYMBAET KPEAUTOpPAM IpHUEMJIe-
MBIl ypoBeHb pucka. B crpanax Asum (fnonwms, FOxunas Kopes) nocrarouHbiM
cunurtaercs 3HaueHue 0,3. [Ipu oTcyTcTBUM 0OOOCHOBAaHHBIX HOPMATHBOB JaHHBIN MO-
Ka3aTellb OLIEHUBAETCS B JUHAMHKE. Y MEHBIICHUE 3HAaYEHHs CBUJETEIIbCTBYET O IO-
BBIIIICHUH PUCKA U CHIDKEHUU (UHAHCOBOM ycToiunBocTh. [Ipuuem, ¢ yBennueHnem
7071 0053aTeNIbCTB HE TOJBKO MOBBINIAETCS PUCK UX HEMOralleHusi, KpOMe TOro,
BO3pACTaIOT MPOLEHTHBIE PACXObl, U YCUIIMBAETCS 3aBUCUMOCTh KOMIAHUHU OT BO3-
MO>KHBIX U3MEHEHUH MPOIICHTHBIX CTABOK.

KoadduimenT cooTHoIlIeHUsT 3aeMHBIX M coOCTBeHHBIX cpenctB. (Gearing
Ratio) OtoT ko3 dunmeHT naer Hanbosee oOITyO ONCHKY (PMHAHCOBOM YCTOHYHBO-
ctu. [Ioka3pIBaeT, CKOJIBKO €AUHULL IPUBJICUEHHBIX CPEJICTB MPUXOAUTCS HA KAXKIYIO
€MHUIY COOCTBEHHBIX:

KoaddunmeHT cooTHOLIEHHS 3aeMHOTO U COOCTBEHHOTO KanuTana = 3aeMHbIN
kanutaj / CoOOCTBEHHBIN KanmuTal

Gearing Ratio = Total Debt / Total Equity

K3c = (ctp. 590 + c1p. 690 - c1p. 640 - cTp. 650)/(cTp. 490 + cTp. 640 + c1p.
650) dhopma Nel i

K3c = (c1p.590 + ¢1p.690) / cTp.490

K3c = (ctp. 1500 + c1p. 1400) / ctp. 1300 dhopma Nel
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AHanM3UpYyIOT U3MEHEHNE 3HAYCHHSI MTOKa3aTeNsl B quHaMuke. Poct mokasare-
751 B IMHAMUKE CBUAETENIbCTBYET 00 YCUIIEHUH 3aBUCUMOCTHU MPEAIPUSITHS OT BHEIII-
HUX MHBECTOPOB U KpeauTopoB. Pekomenayemoe 3naueHue Kzc <0,7. [IpeBbimienue
JAHHOTO 3HAYEHMs] CUTHAIM3UPYET O TOM, YTO (PMHAHCOBAsI YCTOMYMBOCTh MPEIPU-
STHSI BBI3BIBACT COMHEHHE.

Yewm BbIIIe 3HAUCHWE TTOKA3ATEIIs, TEM BHIIIE CTCTICHh PUCKA MHBECTOPOB, MO-
CKOJIBKY B CITydae HEBBITOJTHEHHUS 00s3aTENhCTB IO IUIATEKaM BO3PACTaeT BO3MOXK-
HOCTb OAHKPOTCTBA.

Koadduiment maneBpeHHocTH coOcTBeHHOro kamutana. (Current assets to
equity ratio) IlokaspiBaeT, kakas 4acTb COOCTBEHHOIO OOOpPOTHOTO KalMTajia Haxo-
mutces B obopote. KoadduimeHT nomkeH ObITh IOCTaTOYHO BBICOKHMM, YTOOBI 00€cC-
MEYUTh THOKOCTH B HCIIOJIb30BAHUH COOCTBEHHBIX CPE/ICTR:

Kosddurment maneBpeHHOCTH cOOCTBEHHOTro KanuTaia = CoOCTBEHHBbIE 000-
potHble cpenctBa / CoOCTBEHHBINA KamUTAall

Kwm = (ctp. 490 - ctp. 190)/ctp. 490 dhopma Nel

Kwm = (ctp. 1300 - ctp. 1100) / cTp. 1300 dhopma Nel

Pe3kuii poct nanHoro kosd@uiieHTa HE MOXET CBUIETEIHCTBOBATH O HOP-
MaJIbHOM JAESTENBHOCTU NMPEANPUITHS, T.K. YBEIMUYECHHUE ITOTO MMOKA3aTENs] BOZMOXKHO
100 MPHU pOCTE COOCTBEHHOTO 0OOPOTHOTO KalMTala, JIM0O MPU YMEHBIIEHUH COO-
CTBEHHBIX UCTOYHUKOB (pMHAHCHpOBaHUs. PekoMenmyeMoe 3HadeHrne ko3 huimenrta
0,2-0,5.

KoadduureHT cooTHomeHuss MOOWIBHBIX W HUMMOOWJIM30BaHHBIX aKTHUBOB.
[Toka3biBaeT CKOJIBKO BHEOOOPOTHBIX aKTHUBOB MPUXOIUTCS HA KaXAbld pyOsib 000-
POTHBIX aKTHUBOB:

KoadduumeHnt cooTHomeHuss MOOMIIBHBIX U MMMOOMIIM30BAHHBIX aAKTHBOB =
O6opoTHbIe akTHBBI / BHEOOOPOTHBIE aKTHUBBI

Kwm/u = (ctp. 190 + c1p. 230)/(cTp. 290 - c1p. 244 - cTp. 252) Ppopma Nel unu

Kwm/u = ctp. 190 / ctp. 290

Kwm/m = ctp. 1100 / cTp. 1200

JIJ1s1 maHHOTO TTOKAa3aTeisi HOPMATUBHBIX 3HAYCHHUI HE YCTAaHOBJICHO.

Koaddunment obecrieueHHOCTH 000POTHOTO KaluTalla COOCTBEHHBIMH HCTOY-
HUKamMu (puHaHcupoBaHus. [loka3piBaeT HamMuue y NPEANPUSATHS COOCTBEHHBIX
CPEIICTB, HEOOXOAUMBIX JJI €r0 (PMHAHCOBOM YCTOMYMBOCTH:

KoaddunmeHt obecrieueHHOCTH 000POTHOTO KanuTajla COOCTBEHHBIMH HCTOY-
HuKamu (uHancupoBaHus = (CoOCTBeHHbIN KanuTal — BHEOOOpPOTHBIE aKTHUBBI) /
O060opOTHBIE AaKTUBBI

Ko = (ctp. 490 - cTp. 190)/(ctp. 290 - cTp. 230) popma Nel

Ko = (ctp. 1300 - ctp. 1100) / cTp. 1200 popma Nel
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B meromuueckoi nmuTepaType yKas3bIBaeTCs UTO, MPEANpHITHE 00eCredeHo
COOCTBEHHBIMH MCTOYHUKaMU (PMHAHCUPOBaHUS OOOPOTHOTO KamuTaja MpU 3Hade-
HUU ko3 unmenTa >0,1.

KOHTpOJIBHLIe BOIIPOCHI

1. Yto moHumaercs noja (GUHAHCOBOU yCTONYHUBOCTHIO?

N

HazoBuTe ocHOBHBIE MTOKa3aTeNN (PUHAHCOBOM YCTOMYMBOCTU MPEATIPUITHS?

3. Packpolite conepskanne aOCOMIOTHBIX MOKazaTeneil ((MHAHCOBOM YCTOWYHBO-
ctu?

4. PackpoiiTe cojiepKaHue OTHOCUTEIbHBIX TTOKa3aTeael ((MHAHCOBOM yCTOMYH-
BOCTU?

5. HazoBuTe 0OCHOBHBIE TUIIBI PUHAHCOBOW YCTOMYMBOCTU IPEANIPUATUA?
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KPATKHWI CJIOBAPh TEPMHUHOB

AJIEKBATHOCTD — cooTBeTCTBHME MOAEIHN LIEJISIM UCCIEAO0BAHUS MO YPOBHIO
CJIO)KHOCTH M OpPTaHM3AIMH, a TAKKE COOTBETCTBUE PEabHON CUCTEME OTHOCUTEIBHO
BBIOpPAHHOTO MHOXKECTBA.

AJIBTEPHATUBA [13], -bI, k. (kHIWKH.). HeobxoaumMocTs BeIOOpa OAHOTO U3
IBYX (MJIM HECKOJIBKUX) BO3MOXKHBIX pelieHuid. HeT anpTepHATUBHI y KOrO-H., YeEMY-
H. (HET BO3MOKHOCTH BBIOMPATh). || MPHII. AIbTEPHATUBHBIH, -as,-0€.

AITPUOPU, napeu. (kamkH.). He onupasice Ha wu3ydeHue GakToB, 10 OIBITA,
HE3aBHCUMO OT OIIbITa; IPOTUBOIIL. alIOCTEPUOPH.

TOMOTI'EHHBIM, -as, -oe (cmer.). OJHOPOMHBIH 1O CBOEMY COCTaBY MW
MIPOUCXOKJICHHUIO; POTUBOIL. T€TEPOTCHHBIN.

JIEPEBO PEILIEHUI — rpaduueckoe H306pakeHHe TOCIEN0BATENEHOCTH Pe-
IIEHUI U COCTOSIHUM cpefibl C YKa3aHUEeM COOTBETCTBYIOIIMX BEPOSTHOCTEH U BBIUT-
pHIIIeH /TSt TF0ObIX KOMOMHAIIMM albTepHATUB U COCTOSIHUM CPEJIbI.

UHTEI'PUPOBATD [cT3], -pylo, -pyellib; -aHHBIA; COB. U HECOB., 4TO. 1.
OO0benuHUTH (-HIATH) B OAHO Iiesoe (crell.). 2. B maremaTuke: HaWTH (HAXOJIUTD)
WHTErpall TaHHOW (YHKUHUU. || CyII. MHTETPUPOBAHUE, -5, CP. U HMHTErpanus, -, x.
(x 1 3Hau.). DxoHOMMUecKas HHTerpanus (popMa HMHTEpHAUOHAIU3ALNUU XO-
3sICTBEHHOM ku3HM). HTerpamus s3bIk0B (0ObEIMHEHUE JAUAJIEKTOB B EIUHBIN
SI3BIK).

NHTEPIIOJIMPOBAHUME — npeacraBieHrne HEKOTOPOM (PYHKIIMM U3BECTHOTO
WJIM HEU3BECTHOI'O BHUJIA, Pl 3HAYEHUU KOTOPOU MPHU ONpEICTICHHBIX 3HAYEHUSX TIe-
PEMEHHOM 3aJ]aH C MOMOUIBIO APYToid, OoJiee MPOCTON PYyHKIUU.

JIIIP — JIMIO INPUHUMAIOIIEE PEII EHUE — wnauBuayym wnu rpynna
WHJIUBUAYYMOB, UMEIOIIUX MPaBO MPUHUMATh OKOHYATEIbHBIE PEIICHUS 110 BHIOOPY
OJHOTO U3 HECKOJIbKUX YIPABIISIOMINX BO3ICUCTBUM.

METO MOHTE-KAPJIO — uucieHHbIi METO, PUMEHSIEMBbIN 11711 MOJICIIU-
POBaHUS CIIyYallHBIX BEIMYMH U (YHKIHMA, BEPOSTHOCTHBIE XapaKTEPUCTUKH KOTO-
PBIX COBNAAAIOT PEUICHUAMU aHATUTUYECKUX 3aa4.

KOPTEX [13], -a, M. (kHIXH.). TOp>KeCTBEHHOE IIECTBUE, IPOLIECCHS, BBIC3I. ||
IIPUJI. KOPTEXKHBIN, -as, -0€.

CEMAHTUKA - (ot ap.-rped. ZNUovTiKOG — 0003HaYarOIIN) — pa3/ien JIMHT-
BUCTHUKH (B YACTHOCTH, CEMHUOTHKH ), U3yUYAIOIIUN CMBICTIOBOE 3HAUCHUE €IUHMUI] SI3bI-
Ka. B kauecTBe MHCTPYMEHTA U3YYCHUS NIPUMEHSIOT CEMaHTUUYECKUI aHan3. B KOH-
e XIX — nagange XX Beka ceMaHTHKA 9aCTO Ha3bIBAJIaCh TAK)KE ceMacHoJIoruei (oT
Ip.-Tped. Xnuacio — 3HaK, ykazaHue). YuéHble, 3aHUMAIOIIUECs CEMaHTUKOM, 10 CUX
Mop OOBIYHO HA3BIBAIOTCA CEMAcHOJIOTaMH. Takke «CEeMaHTHUKOW» MOXET 0003Ha-
4aThCsl caM KPYT 3HAYEHUM HEKOTOPOTO KJ1acca SI3bIKOBBIX €IMHMUII.

CEMUOTHUKA - nayka, uccieayrpomasi CBOMCTBa 3HAKOB M 3HAKOBBIX CHUCTEM
(ecTeCTBEHHBIX M UCKYCCTBEHHBIX SI3BIKOB).

OKCTPAIIOJIALNA — npoanenue B Oyayiiee TeHACHIIMH, HAOMI0JaBIICCS B
MPOIILIOM.
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