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BBEJAEHUE

Jucnuumummaa «OO01mast Teopusi TMHAMAYECKUX CUCTEMY CTaBUT CBOECH IIEJIbIO
dbopMHpOBaHUE CIEAYIOMNX KOMIIETECHITNH OyIymiero 6akaiaBpa 1o HampaBJICHUIO
noaroroBku 15.04.04 — ABtomMatu3zanus TEXHOJOTHYECKUX MPOIECCOB U MPOU3-

BOJICTB.
Kon dopMynupoBKa
[MK-1 CrnocobeH y4acTBOBaTh B pab0Tax Mo pacueTy U MPOEKTUPOBAHUIO

CpeacTB U CUCTCM aBTOMATHU3allMKU C UCIIOJIb30BAHUCM COBPECMCHHBIX

I/IH(bOpMaI_[HOHHBIX TGXHOJ’IOFHVI, MCTOAOB U CPCACTB IIPOCKTUPOBAHUA

['maBHBIMU 3a/lauaMu JUCIUIUIMHBI SIBJSIOTCSA: MPUOOpPETEHUE U
COBEPIIICHCTBOBAHME HABBIKOB CUCTEMHOI'0 MOAXOJAa K PEIICHUIO MPH-
KJIaJIHBIX 3aj7ia4, opMuUpoOBaHUE B3IUIsiAa HA OOBEKTHI PEaIbHOTO MHUpa
KaK Ha CJIOXHbIE MHOTOKOMIIOHEHTHBIE CHUCTEMBI, JOMYCKAIOIIUE IO-
IarOBYI0 JIEKOMIIO3UIUIO Y MOCJIEA0BATEIBLHOE YCIOKHEHHE METOHO0B
aHaJn3a.

B pe3ynbraTe 0CBOEHHUS JUCIUIUIUHBI CTYACHT JIOJIKEH:

® 3HaATh OOIIWE MPHUHIUIBI CUCTEMHOTO MOJAXO0Ja K aHAJIU3y CH-
CTE€M; OCHOBHBIE TTOHATHUS U 3aKOHOMEPHOCTH CHCTEMHOI'O aHAJU3a; OC-
HOBHBIE CIOCOOBI OMTMCAHUS CIIOKHBIX MHOTOKOMITOHEHTHBIX CUCTEM;

® yMETh COCTaBJIATh MAaTeMaTUYECKUE MOJICNIH CUCTEM; (POPMYIIH-
pOBaTh M peuIaTh ¢ MOMOILK IBM TUIOBBIE 3a/1a4 MATEMATUYECKOTO
MO/JICJIMPOBAHHS;

® BIIAJIETh METOJMKOW HCIOIB30BaHUS (PUIOCOPCKUX 3HAHUUN B
npodeCCUOHATBHON JEATEeIbHOCTH; HABBIKAMU CHCTEMHOIO MOJXO0Aa K
pPELICHUIO TPUKIAJHBIX 3aJlay; HaBbIKaMU (POpMaIM30BaHHOTO U He-
(GhopManM30BaHHOTO OTIMCAHUS CUCTEM.

Mertonuueckue ykazaHus NPEIHA3HAYEHBI ISl MPOBEIACHUS Mpak-
TUYECKHUX 3aHITUN 10 nuciuiinae «OO01asi Teopus JUHAMUYECKUX CH-
ctem» ¢ yderoM Tpedoanuit ®I'OC BO st HampaBieHUs] OATOTOBKHU
15.04.04 — ABTOoMaTH3aIUsl TEXHOJIOTHUYECKUX MPOILECCOB U MPOU3-



BOACTB. OHU CHOCOOCTBYIOT JIy4IIEMY YCBOCHHMIO CTYJE€HTAMH OCHOB
TEOPUU CHUCTEM U OCHOB OIIEHKH CIIOKHBIX CHCTEM; OOECICUUBAIOT
NpUOOpETEHNE MPAKTUYECKUX HABBIKOB MCIIOJIB30BaHUSI MaTeMaTH4e-
CKHUX METOJIOB MCCJEIOBAHUS CJIOXKHBIX CUCTEM, METOJOB CUCTEMHOIO
aHaju3a, IOCTPOCHUS MOJIeJIe OCHOBHBIX (DYHKITUN YIIPaBIICHUS.

[IpakTnueckue 3aHATHAS TO3BOJISIIOT 3aKPEIUTh TEOPETUUECKUE
3HAHUS O NOCTAHOBKE 3aJ1a4 CUCTEMHOI'0 aHAJIN3a, [IOCTPOCHUU MOJEIIECH
CHUCTEM U OLIEHKE UX NapamMeTpPOB.

K nmpakTh4ecKuM 3aHATUAM CTYJIEHT JOJKEH HOATOTOBUTHCS CaAMO-
CTOATEIIBHO: U3YYUTh COOTBETCTBYIOIIKUE PA3JEIbl KypCa U BBINOJIHUTH
MIPEABAPUTEIIBHBIE PACUYETHI.

[IpoBepka MOATOTOBIEHHOCTH CTYAEHTA K OYEPEIHOMY IPAKTHYE-
CKOMY 3aHSTHIO OCYILIECTBJISICTCS MPEINOAABATEIEM B UHIAUBUIYAJIbHOU
oecene. Ecnu CTyAeHT HE 3HAET COJEpXKaHUA MPEICTOSIIEMY IPAKTHU-
YECKOMY 3aHSITHIO, TO OH MOXET OBbITh HE JIOMYIIEH K €ro MPOBECHUIO.



Ipaktuyeckoe 3anaTue Nel. PacnpeaeneHue pecypcoB H
yIpaBJieHHe 3a1iacaMu

Heab 3aHATHS: U3YyUCHHUE MPABUI MOCTAHOBKHU THUIIOBBIX 3ajlay CH-
CTEMHOTO aHAJIN3a — 3aJay PaCHpEJCICHUsI PECYpPCOB M YIIPABJICHHUS
3amacamu.

AKTYaJIbHOCTh TE€MbI 3aHATHSI: YMEHHUE MPaBWIbHO (OpMaIU30-
BaTh 3aJlauyy — OO0sI3aTENIbHBIN 3Tall CUCTEMHOTO aHajiu3a, ¢ KOTOPOIo
JOKHA HAYMHATHCS TPOLEAypa CO3JaHHUSI CUCTEMY YINPABICHUS C 3a-
JTAHHBIMH XapaKTEPUCTUKAMHU.

1. TEOPETUYECKASA YACTb

1.1. 3apauya pacnpeaesieHusi pecypcoB

Bcesikyro 3amady pacripenesieHus MOXKHO C(hOpMYJIMPOBATh Kak OIl-
TUMHU3ALMOHHYI0, IIPU PEIICHUH KOTOPOM TpeOyeTcs:

a) 1100 MaKCHUMHU3HUPOBATh YIKOHOMUYECKUM pe3ynbTaT MpU 3aJaH-
HBIX pecypcax;

0) 1100 MUHUMM3UPOBATH HUCIOJIB3YEMbIE PECYPChI MPHU (PUKCUPO-
BAHHOM KOHOMHYECKOM pe3yibTaTe.

OO01ast MaTeMaTUdeCcKasi MOJIEIb 3aJIa4i pacipeaeIeHUs pECypPCOB C
YUCJIOM MEPEMEHHBIX 1 ¥ OTPAaHUYCHUM M UMEET CIASIYIOIIUA BU/T

f(xq, %1, %) = Xj_1 ¢jxj > max(min), (1.1)

IIPY OTPAHUYCHUSX

n
j=1

X =0,j=1-n (1.2)

a;jxj <b,i=1--m



e ¢j — Ko3()HUIHUEHTHI LENEBOM (PYHKIMH, a;j — HOPMa pacxoja -ro
pecypca IS BhIITyCKa €AUMHULIBI j-U MPOAYKIUHU, b; — 00beM UMerole-
rocst [-T0 pecypca, Xj — HEM3BECTHAs NCPEMEHHAs, ONPEIEIIAIONIas Be-
AMYrUHY (00BEM) BBIITYCKA |-i IPOIYKITUH.

B moaenu (1.1) — (1.2) HeusBecTHbIE IIEPEMEHHbBIE BBICTYIIAIOT B
IIEPBOU CTEIIEHU, XapaKTEPU3ys JUHENHYIO 3aBUCUMOCTh. [1oaTOMY 3Ty
MOJIEJIb HA3bIBAIOT 3aJ[a4€d JIMHEWHOIO IporpaMMupoBaHusa. s pe-
IICHUS 3a]1a4 JIMHEWHOTO TPOrpaMMUPOBaHUS pa3pab0TaH CreluaaIbHbINA
METO/I, Ha3bIBAEMbIN CUMILIEKC-METOIOM.

[Iporecc mocTpoeHUsI MaTEMAaTUYECKOW MOACIN ONTUMHU3AIIMOHHBIX
3a7a4 pacHpeesIiCHUsI PECYPCOB JIOJKEH OTBETUTh Ha CIEAYIOIIUE BO-
MIPOCHI:

o Jlns onpenenieHus KaKuxX BEJIMYMUH CTPOST MOJICIIb?

e Kakue orpaHnueHus clienyeT HaJlOKUTh HAa CTPYKTYpPy MHOKE-
CTBa JIONMYCTUMBIX PEIICHUMN?

o Jlns MOCTMKEHHUSI KaKOW 1€MW BBIOMPAIOTCS 3HAYEHUS JOMy-
CTUMBIX TIEPEMEHHBIX, COOTBETCTBYIOIIHME ONTUMAIBLHOMY PEIICHUIO
3aaayq?

PaccMOTpUM KOHKPETHBIM MPUMEp M Ha €ro OCHOBE cenaeM 0000-
IIAIOIINE BBHIBOJBI O MPUHIIAIAX MOCTPOCHUS MOJCIM W METOJUKE €€

HCCIICOOBAHUA.

Ilpumep

Dupma uzeomosnsem 08a euoa uzoeaut: F u H. [Ipooykyus oboux
81008 nocmynaem 8 onmosyio npooaxcy. /s npouzsoocmea npooyKyuu
ucnoavzyromest 08a muna coipbss — A u B. Makcumanvno 603modicHbie
CYMOUHble 3anacwvl (pecypcvl) dmux npooyKkmos cocmaeaiiom 6 u 8 m
coomeemcmeenHo. Pacxoovlt A u B na 00Hy mouny coomeemcmayouell
npooyKyuu npueedervl 8 maobauye 1.



Tabnura 1

Buo cvipvs | Pacxo0 colpbsi Ha monny npooyKkyuu Pecypc coipos,
H30enue H, m Hzoenue F,m MOHHbL

A 1 2 6

B 2 1 8

U3 ananuza pvinka coblma cmasio u3eecmHo cieoyruee:

® Ccymoumbslil cnpoc Ha uszodenue F He npesviiaem cnpoca HaA u3-
oenue H 6onee wem na oOny monny,

e cnpoc Ha uzodenue H Huxozoa He npegviuiaem 08¢ MOHHbLL 8
CYMKU.

® 0onmosvle yeHvl 0OHOU MOHHbL NPOOYKYUU PABGHLL: 3 mulC. pYo.
ons uzoenusi H, 2 moic. pyo. ona uzoenus F.

Kakoe xonuwecmeo uzdenuti kaxcooeo 6uda 00HCHA NPOU3BOOUMD
Gabpuxa, umobvl 00x00 om peanuzayuu NPOOYKYuu Obll MAKCUMALL-
HbIM?

Mamemamuueckas gopmynuposxka 3a0aqu c600UMcs K onpeoeje-
HUIO 00beMO08 NPOU3B00CMBA KAHCO020 U3 U008 NPOOYKYUU, MAKCUMU-
3UPYIOUUX 00X00 OM Peanus3ayuu NPy 02panuyeHusix Ha CHpocC U pacxoo
CblpbL.

Ilocmpoenue modenu Hauunaemcst ¢ UOeHMUBUKAYUU NePEMEHHBIX C
nOCNe0YIOWUM POPpMUPOBAHUEM Yelu U 0ZPAHUYEHUU 8 8ude Mamema-
mu4eckux QyHKyutl.

3aoaua Haxodscoenus onmMuUMAaIbHbIX 00bEMO8 NPOU3B00Ccmaa Gop-
MAIU3yemcs ¢ NOMOWbIO C1eOVIOUUX NePEMEHHBIX U QYHKYULL.

Heuzsecmuvie nepemennvie: x4 — CymouHwlli 06veM NPoU3800Cmad
usdenutt H, x, — cymounuwiti o6vem npouzsoocmea uzoenuii F.

Llenesasn ynxyus onpedensiem obwuil 00X00 om peanu3ayuu u3-

oenutl X1 U Xy
f(xl, xz) = 3x1 + 2x2.

OzepaHuyenusi Ha pacxoo cobipbs




{xl + 2x, <6,
le + Xy < 8.

Ozepanuyenusi Ha CnPoc NPOOYKYUU

Xl—xZS1,
.X'ZSZ

Kpome moeo, o6vemvl npouzsoocmea npooykyuu x, U Xy He MO2ym
NPUHUMAMb OMPUYAMeEIbHblE 3HAYEHUS

{xl >0,
Xy > 0.

Heobxooumo onpedenums obvemvl npouzeoocmea X, U X, , Hpu
KOMOPbIX 00CmMu2aemcs MakCUMaibHoe 3Hadenue yeneeol yHKyuu

f(xq,%x5) = 3x1 + 2x, » max.
npU 02PAHUYCHUAX

(X1 + 2%, < 6,

2x1 +x, <8,

X1 — Xy, <1,
Xy, < 2,
x1 =0,

\  x, =0.

—

Hannas mooenb — 5mo 3a0aua IUHEUHO20 NPOSPAMMUPOBAHUSL C
08YMSI HEeU3BECHBIMU NEPEMEHHbIMU U YeMblPbMsL 02PAHUYEHUAMU 00-
ue2o suodq.



1.2. 3agaya ynpaBJjieHUus 3aniacaMu

3agaya ynpaBieHUs 3amacaMyd BO3HHMKAET, KOTJa HEOOXOJIUMO CO-
3/1aTh 3amac MaTepUAIbHBIX PECYpPCOB WJIU MPEIMETOB MOTPEOJICHUS C
LETbI0 YJIOBJIETBOPEHUS CIIPOCa Ha 3aJJaHHOM MHTEpBajie BpeMeHu. s
obOecrnieyeHusi HEMPEPHIBHOTO U 3PHEKTUBHOTO PYHKIIMOHUPOBAHUS OP-
raHu3anuu HeoOXoMMbI 3amnachl. B 3ajade ynpaBiaeHus 3anacaMmu Tpe-
OyeTcsi OmNpeNenuTh KOJWYECTBO 3aKa3bIBAEMOW MPOAYKIMH U CPOKHU
pa3MeIIeHUS 3aKa30B.

Cnpoc MOXKHO yAOBJIETBOPHUT:

® IIyTeM OJHOKPATHOIO CO3JaHHUs 3amaca Ha BECh paccMaTpuBae-
MBI TIE€pUO]T BPEMEHU;

® TIOCPEJCTBOM CO3JIaHUs 3araca JJjIsl KaKJI0W €IUHUIIBI BPEMEHHU
3TOTO MEPUO/IA.

OTH J1Ba ciay4dasi COOTBETCTBYIOT u30bimouHOMy 3amacy (10 OTHO-
IIEHUIO K €IMHUIIE BPEMEHU) U Hedocmamounomy 3amnacy (1o OTHOIIIe-
HUIO K MIOJTHOMY MEPUO]Iy BPEMEHHU).

[Ipu uzbetmounom 3amace TpeOyrOTCs 0oJiee BBICOKHE YACIbHbBIC
(OTHECEHHbIE K €AMHUIIC BPEMEHH ) KalIUTaIbHbIE BIOKEHUS, HO Je(DUIIUT
BO3HUKAET PEXKE U YACTOTA Pa3MENICHUS 3aKa30B MEHBIIIE.

[Ipu neoocmamounom 3amace yJelabHbIE KANUTAJIbHBIC BIOKEHUS
CHUIKAIOTCS, HO 4acTOTa pPa3MEICHUSI 3aKa30B U PUCK AedUIUTa BO3-
pacTaror.

JInst 3 TUX Clly4aeB XapaKTEpPHbI 3HAUYUTEIIbHbIE SKOHOMUYECKHUE T0-
Tepu. Takum oOpa3om, pelieHus: OTHOCUTEIBHO pa3Mepa 3aKa3a U Mo-
MEHTa €ro pa3MelIeHUs MOTYT OCHOBBIBATHCS Ha MHUHUMHU3ALMUHU COOT-
BETCTBYIOIICH (PYyHKIIMM OOIIMX 3aTpaT, BKIIOYAIOIIUX 3aTpaThl, 00Yy-
CJIOBJIEHHBIE TTOTEPSAMU OT U30BITOYHOTO 3araca v aepuimTa.

Mopens ynpaBiieHHs 3anacaMy JI0JKHA 1aTh OTBET Ha JiBa BOIIPoca:

1. Kakoe KoJIM4eCcTBO MPOAYKIINU 3aKa3bIBATh?

2. Korpna 3aka3biBath?

OTBeT Ha MEPBBII BONMPOC BBIPAKACTCS YEPE3 pa3Mep 3akasa, ompe-
JEJSIOIIET0 ONTUMAIBHOE KOJIMYECTBO PECYPCOB, KOTOPOE HEOOXOIUMO



IOCTABJIAITh BCAKUW pa3, KOrJa MPOUCXOAUT pa3MeElIcHUE 3aka3a. B 3a-
BUCUMOCTHU OT PacCMaTPUBAECMOM CUTYAIlMU Pa3MeEp 3aKa3a MOXKET Me-
HSTHCS BO BDEMECHHU.

OTBeT Ha BTOPOM BOIPOC 3aBUCUT OT THUMNA CUCTEMBI YIPaBJICHUS
3amacamMu. Ecii cuctema npeaycMaTpruBacT MEPUOAUYECKUN KOHTPOJIb
COCTOSIHHMS 3araca 4epe3 paBHBIC MPOMEXKYTKH BpeMEHHU (€KEHEIEIbHO
UM €KEMECSIYHO), MOMEHT ITOCTYIUICHHS HOBOI'O 3aKa3a OOBIYHO COB-
MMagacT ¢ HAYaJlOM KaXXJ0ro MHTEpBaja BpeMeHU. EcCiu Xe B CHUCTEME
MPENYCMOTPEH HENPEPBIBHBIA KOHTPOJIb COCTOSIHUSA 3aI1aca, TOYKa 3aKa3a
OTIPENICIISIETCSA YPOB8HeM 3anacd, TIPU KOTOPOM HEOOXOAMMO pa3MeliaTh
HOBBIH 3aKas3.

Takum 06pazoM, pelreHre 000OIIEHHOW 3a/laun YIpaBJeHUS 3ara-
cCaMH OIpeIeIAeTCS CASTYIOMMUM 00pa3oM:

1. B cnyuae nepuoouiecko2o KOHMpPOJisi COCMOSAHUS 3anaca CIeayeT
oOecrnieynBaTh MOCTAaBKY HOBOTO KOJIUYECTBA PECYPCOB B O00BEME pa3-
Mepa 3aKa3a yepe3 paBHbBIE IPOMEKYTKH BPEMEHHU.

2. B cnyuae nenpepwviéno2o KoHmpoas cocmosnus 3anaca Heo0xo-
JTMMO pa3MelllaTh HOBBIM 3aKa3 B pa3Mepe odvema 3anacd, KOrja ero
YPOBEHb JOCTUTAET MOUYKU 3AKA3A.

Pa3Mep u Touka 3aka3a OOBIYHO ONPENEIAIOTCS U3 YCIOBUN MUHHU-
MH3alUU CYMMAapHBIX 3aTpaT CUCTEMbI YIIPABJICHUS 3alacamMmu, KOTOPbIE
MOXHO BBIPa3UTh B BUJE (DYHKIIUM 3TUX JIBYX MEPEMEHHBIX.

CymMapHbI€ 3aTpaThl CUCTEMBI YITPABJICHUS 3allaCaMM BBIPAXKAIOTCS

B BU/IC (bYHK]_II/II/I X OCHOBHBIX KOMIIOHCHT

Cymmapnvle
yIMAp 3ampa- 3ampamui 3ampa-
3ampanul Ilomepu
_ mbl Ha Ha mul Ha
cucmemvl, = + + +  om Oe-
npuoo- ogopme- Xpauenue
VIPa8IeHUs. duyuma
pemenue Hue 3aKasa 3aKasa
3anacamu

3aTpaTbl Ha TPUOOPETEHUE CTAHOBATCS BaXXKHBIM (haKTOpPOM, KOTJia
IIeHa €JVHUIILI MPOJYKIUM 3aBUCUT OT pa3Mepa 3aKa3a, 4To OOBIYHO



BBIPAXKAETCS B BUJIC ONMOBLIX CKUOOK, KOTJA 1I€HA €IMHUIIBI TPOTYKIIUU
yOBIBa€T C BO3pacTaHUEM pa3zMepa 3aKasa.

3aTpaThl Ha oopmIICHUE 3aKa3a MPEJCTABISIOT MOCTOSHHBIC pac-
XOJIbl, CBA3aHHBIE C €ro pazMmenieHneM. [Ipu ynoBineTBopeHun crnpoca B
TEUEHHE 3aJIaHHOTO TIEPUOJa BPEMEHU MyTEM pa3MeIleHusi 0ojee Me-
KMX 3aka3oB (0Oojiee 4acTo) 3aTpaThl BO3PACTAIOT MO CPABHEHHUIO CO
CIy4aeM, KOrJa CHpoC YAOBIETBOPSAETCA MNOCPEACTBOM pPA3MEIICHHUS
0oJiee KPYITHBIX 3aKa30B (M, CJIEA0OBATEIBHO, PEXKE).

3aTpaThl HA XpaHEHUE 3araca MPEACTaBISIOT PacxXoJibl HA COJNEp-
YKaHME 3araca Ha CKJaje (3aTparhl Ha MepepadoTKy, aMOPTU3aALIMOHHbBIC
pacxoibl, PKCIUTyaTallMOHHBIC PAcXojibl) U OOBIYHO BO3PACTalOT C yBe-
JMYECHUEM YPOBHS 3araca.

[Totepu ot pedummTa OpeaACTaBIIIOT COOOW pacxojibl, 00yCIOB-
JIEHHBIE OTCYTCTBHEM 3araca He0OXOUMON MPOTYKIIUH.

OnTumanbHBIA yPOBEHb 3aliaca COOTBETCTBYET MHUHHUMYMY CyM-
MapHBIX 3aTpar.

Mogens yrpaBiieHUs 3amacaMyd HE 00s13aTeIbHO BKJIIOYAET BCE Ye-
THIPE BHJIa 3aTpaT, TaK KaK HEKOTOpbIe W3 HUX MOTYT ObITh HE3HAUM-
TEJIbHBIMH, a YUET BCEX BUJOB 3aTPaT YCIOKHSIET (DYHKIIUIO CYMMapHBIX
3aTpar.

Pa3HnooOpa3ue Mojeneil 3Toro kjacca OINPENeNsieTCS XapaKTepoM
CIIpoca, KOTOPBIM MOXKET OBITh JETEPMUHHPOBAHHBIM (JOCTOBEPHO H3-
BECTHBIM) WJIM BEPOSITHOCTHBIM (3a/1aBa€MbIM ILIOTHOCTHIO BEPOSTHO-
CTH).

Jlemepmunupogannsiii CIPOC MOXKET OBITh CTAaTHUYECKUM, B TOM
CMBICJIE, YTO MHTEHCHUBHOCTH TMOTPEOJIEHUSI OCTACTCSd HEU3MEHHON BO
BPEMEHH, WIM TUHAMHUYECKHUM, KOTJa CIPOC U3BECTEH JOCTOBEPHO, HO
U3MEHSETCS OT BPEMEHH.

Beposmnocmuwiii  cipoc  MOXKET OBITh  CTAIlMOHAPHBIM, KOTJIa
GyHKIMS TJIOTHOCTH BEPOSITHOCTH CIIpoca HEM3MEHHA BO BPEMEHU, U
HECTallMOHAPHBIM, Korja (YHKIUS TMJIOTHOCTH BEPOATHOCTU CHpOCa
U3MEHSETCS BO BPEMEHH.



B peasbHBIX YCIOBHUAX XapaKTep CIOPOCAa MOXKET ObITh ONMUCAH MO-
CPEACTBOM BEPOSITHOCTHBIX HECTALIMOHAPHBIX PACTIPEACICHUN.

XO0Ts XapakTep crpoca sIBJISIETCS OJHUM U3 OCHOBHBIX (PaKTOPOB MpHU
MOCTPOCHUH MOJIENIN YIIPABJIEHUS 3a1acaMU, UMEIOTCA Ipyrue GakTopsl,
BIIMSIOIIME Ha BEIOOP THITA MOJIEIIH.

1. 3anaszovieanusi nOCMAOK Ul CPOKU 8binoaHeHus 3akazos. 1locne
pa3MelIeHusl 3aKa3a OH MOXET ObITh MOCTaBJIEH HEMEIJIEHHO WM MO-
TpeOyeTcsl HEKOTOPOE BpeMsl Ha €ro BhINOJHEHHE. HTepBasl BpeMeHH
MEXKJly MOMEHTOM pa3MEIICHHS 3aKa3a M €ro IOCTAaBKOM Ha3bIBAETCS
3ama3/blBAHMEM TIOCTABKA WJIM CPOKOM BBINOJHEHHUS 3aka3a. JTa
BEJIMYMHA MOXKET ObITh IETEPMUHUPOBAHHON WUITU CIy4alHOM.

2. Ilononanenue 3anaca. XOTs CUCTEMA YIIPABJICHUS 3alacamMy MoO-
XeT (PYHKIMOHUPOBATH MPHU 3ama3IbIBAHUMU MOCTAaBOK, MPOLECC MOIMOI-
HEHHMS 3aIaca OCYIIECTBISIETCS MTHOBEHHO WJIM PABHOMEPHO BO BpEMeE-
HUA. MTHOBEHHOE MOMOJIHEHUE 3amaca MOXET MPOUCXOAUTh IIPU YCIO-
BHM, KOT/Ia 3aKa3bl MOCTYNAIOT OT BHEIIHETO UCTOYHMKA. PaBHOMEpHOE
MOTOJIHEHHE OyIeT TorJa, Korja 3amnacaemasi mpoAyKIrs MPOU3BOIUTCS
camoil opranuszanueit. B obuiem ciydae cucrema (GyHKIIMOHUPYET MpU
MTOJIOKUTEIBHOM 3alla3gbIBAHUN TOCTABKA U PABHOMEPHOM MOMNOJHEHUN
3amaca.

3. Ilepuoo epemenu ompenenser WHTEPBAJ, B TEUEHHE KOTOPOTO
OCYILECTBJISIETCSl PETYJIMPOBAHUE YPOBHS 3araca. B 3aBUCHMOCTH OT
OTpe3Ka BPEMEHU, HA KOTOPOM MOKHO HAJI€KHO MPOTHO3UPOBATH, pac-
CMaTpUBaEeMbIi IEPUO] TPUHUMAETCS KOHEUHBIM WJIN O€CKOHEUHBIM.

4. Yucno nynkmoe naxonaeuusi 3anacos. B cucremy ynpaBieHHS
3amacaMy BXOJMUT HECKOJIBKO ITYHKTOB XpaHEHUs 3araca. B HEeKOTOphIX
Clly4asix 3TH MYHKThl OPraHU30BaHbl TAKUM 00pa3oM, YTO OJUH BBHICTY-
MaeT B Ka4yeCTBE MOCTABIIMKA JUIA APYroro. JTa CXe€Ma WHOTAAa pealv-
3yeTcs Ha Pa3IMYHBIX YPOBHSX, TaK YTO IYHKT-IOTPEOUTENH OJHOTO
YPOBHSI MOXET CTaTh IMYHKTOM-IIOCTABIIMKOM Ha JIPyrom ypoBHe. B ta-
KOM CJIy4ae rOBOPAT O CUCTEME yIPABJICHHUS 3allacaMU C Pa3BETBIECHHOM

CTPYKTYPOHU.



5. Yucno eudos mnpodykyuu. B cucreme ympaBlIeHUs 3amacamu
MOXXeT (urypupoBaTh 0ojiee OAHOTO BHAA MPOAYKIUU. DTOT (HaKTOp
YYHUTHIBACTCS MPU YCIOBUU HAIWYUS HEKOTOPOW 3aBUCHUMOCTH MEXITY
pPa3IMYHBIMU BUJAMU TPOIYKIHMH. Tak, sl pa3IWYHbIX W3ICIUNA HC-
MOJIB3YETCSI OJHO M TO K€ CKJIAJCKOE MOMEIIECHUE WA K€ WX TPOHU3-
BOJICTBO OCYIIECTBIJISICTCS TIPH OTPAaHWYEHUSX Ha OOIIHME MPOU3BOJ-
CTBEHHBIE (DOH/IBI.

Upes3BbIuaitHO TPYJIHO MOCTPOUTH OOOOIIEHHYIO MOJEIbL yIpaBlie-
HUS 3amacaMM, KOTOpas Y4YWThIBajia Obl BCE PAa3HOBUAHOCTH YCIIOBHM,
HaOIOJaeMBIX B PEAIbHBIX CHCTeMaX. PaccMoTpuM MoJienu, COOTBET-
CTBYIOIIIE HEKOTOPHIM CHCTEMaM YIIPABIICHHS 3allacamu.

JleTepMUHUPOBAHHBbIE MO/I€eJIH

OoHonpodyKkmosas cmamuieckas Mooeb

Mogaenb ynpaBieHusl 3amacam MPOCTEHIIEro TUMa XapaKTepusy-
€TCsl TIOCTOSIHHBIM BO BPEMEHH CIPOCOM, MTHOBEHHBIM ITOIMOJTHEHHEM
3armaca U OTCyTCTBUEM jAeduiurta. Takyio MOaeTs MOKHO IPUMEHSTH B
CJIEIYIOIINX CUTYalUSX:

1. Hcnonb3oBaHHE OCBETUTEIHHBIX JIAMII B 37aHUH.

2. Hcnonb3oBaHuWe KaHIENSPCKUX TOBapoB (Oymara, OJIOKHOTHI,
KapaHJlallin) KPymHOU (pUpMBI.

3. Hcnonb3oBaHWe HEKOTOPHIX MPOMBIIUICHHBIX HW3JIEIUH, TaKuX
KaK FaliKu U OOJITHI.

4. TloTpeGneHre OCHOBHBIX MPOAYKTOB MUTAHMS (HampuMmep, xjeda
1 MOJIOKA).

Ha puc. 1 noka3zano u3mMeHeHre ypoBHS 3amaca BO BpEMEHH.
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PucyHok 1 — 3aBUCUMOCTb U3BMEHEHUS YPOBHS 3aliaca OT BpEMEHU

[Ipenmnonaraercs, 4YTO MHTEHCUBHOCTH CIIpoca (B €IUHUILY BPEMEHH )
paBHa . HauBbIciiero ypoBHs 3amac JIOCTUTaeT B MOMEHT ITOCTaBKHU
3aKaza pa3MepoM Y (Mpearonaraercs, YTo 3amna3JblBaHUE MOCTaBKH SB-
JSI€TCS 3aIaHHOM KOHCTAHTOM). Y POBEHb 3amaca JJOCTUTaeT HYJIS CITyCTS
y/[ enuHUIl BpeMEeHH TIOCie TOIydYeHHUs 3aka3a pasmepoM y. C oIHOM
CTOPOHBI, YEM MEHBIIE pa3Mep 3aKa3a y, TEM Yalle HYKHO pa3MellaTh
3aka3bl. OHAKO TMpU 3TOM CpPEIHHUI ypOBEHb 3amaca OyJIeT YMEHb-
matbesi. C gpyroil CTOPOHBI, ¢ YBEIMYEHUEM pa3Mepa 3aKa30B YPOBEHb
3amaca IMOBBIIIAETCS, HO 3aKa3bl pasMmeniatorcs pexe. Takas cuTyauus
npejcTaBjieHa Ha puc. 2.

Huszkasa 9acToTa
pa:sluemenna 33AKa30B

/

Bricokaa gacToTa
PasMel[EHHA 3aKa20E

NN N

Bpewms

popRMM ToHomoT

Pucynok 2 — Pa3nuuHble 4acTOThI pa3MEIICHHS 3aKa30B

Tak kak 3aTparhl 3aBUCAT OT YaCTOTHI pa3MEIICHUs 3aKa3a U o0beMa
XpaHUMOTO 3araca, TO BeJIWYMHa Y BhIOMpaeTcsl U3 yCJIOBUSl obecrieye-
HUs cOalaHCUPOBAHHOCTU MEXIY JIBYMsI BUJAMHU 3aTpaT. ITO JIEKUT B
OCHOBE IIOCTPOEHMS COOTBETCTBYIOIIEN MOJIENIN YIIPABIICHHUS 3a1aCaAMMU.



Ilycte K — 3arpatrsl Ha odopmiieHUE 3aKaza, UMEIOIIUE MECTO
BCSIKMI pa3 MpH €ro pa3MmelieHuu, h — 3aTpaThl HA XpaHEHUE €IUHUIIbI
3aKa3a B €IuHHIYy BpeMeHH. ClegoBaTellbHO, CyMMapHBIE 3aTpaThl B
€IMHULY BPEMEHU MOKHO MPEACTABUTH B BUJIE

3aTtpaThl Ha 0OpMIICHUE 3aKa3a,

€. BpEMEHHU \s
3aTpaThl Ha XpaHEHHUE 3araca,
eJl. BpEMEHHU

[IpoomIKUTENBHOCTh LUKJIA JBUXKCHUS 3aKa3a COCTABIACT to =
y/B; cpeanuii ypoBeHb 3amaca paBeH y/2.

OnTumanbHOE 3HAYCHUE Y MOJIYYaeTCs B PE3YJIbTATE MUHUMU3ALUU
C(y) o y. Takum 00pa3oM, B MPEATOIOKEHUH, YTO Y — HEMPEPLIBHAS
MEpEMEHHAs, UMEEM

dcy) _ KB | h _
F=—rt;=0, (1.3)

OTKYI[a OIITUMAJIBHOC BI)Ipa}KeHI/IC 3aKa3a OHpCI[CHﬂeTCH BI)Ipa}KCHI/ICM
2Kp
*
y'= |—. (1.4)

MoOKHO 0Ka3aTh, 4YTO Y™ cocTaBiaseT MHHUMYM C(y), MOKa3aBs, 4To
BTOpas MPOU3BOIHAS B TOYKE Y~ CTPOTO MOJ0KUTEIbHA.

Bripaxxenue (1.4) Ha3zpiBaloT (opMysioll SKOHOMHUYHOIO pa3mepa
3aKa3a YMJICOHA.

OntumanbHas CTpaTerds MOJEIH IpeAycMaTphUBacT 3aka3 Y™ eau-
HUII IPOIYKIIUHU Yepe3 Kaxable to = y*/f eInHUI] BpEMEHH.



Onrumanbhbie 3atpatbl C(y*) = /2Kfh noaydeHsl myTeM HEIo-
CPEACTBEHHOM IOJICTAHOBKHM.

JInst peanbHBIX CUTyaluid CYIIECTBYET (TIOJIOKUTENbHBIN) CPOK BbI-
MOJIHEHUSI 3aKa3a (BpEMEHHOE 3ama3/iblBaHue) L oT MOMEHTa pa3Mellie-
HHUS 3aKa3a JI0 €ro JIEMCTBUTEIBHOM MOCTaBKU. CTparerust pa3MeeHus
3aKa30B B MPUBEJCHHON MOJENIU JOJKHA OMPEACNSITh TOUKY BO30OHOB-
JICHHS 3aKa3a.

Ha puc. 3 mokazaH ciywai, Korjla ToO4uka BO30OHOBJICHMS 3aKa3a
JOJKHA OIEpexaTh Ha L eOuHHUI] BPEMEHH OXKHUIAEMYIO IOCTaBKy. B
MPaKTUYECKUX LENAX 3Ty MH(OpPMAIUI0 MOXKHO MpeoOpa3oBaTh, OIpe-
JIETMB TOYKY BO30OHOBJICHMs 3aKa3a 4epe3 ypOBEHb 3amaca, COOTBET-
CTBYIOIIMA MOMEHTY BO300OHOBJICHHUIO.

TodkH B0s0OHOBNEHRA SaKa% 0B

Moo Womad
~
*
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Pucynok 3 — Touka BO300HOBIICHHS 3aKa3a ONePekKaeT 0KUIAEMYIO
MMOCTaBKY

Ha mnpaktuke 3TO pean3yercsi MyTeM HENPEPBIBHOIO KOHTPOJIS
YPOBHS 3amaca 10 MOMEHTa JOCTHIKCHHSI OuepeTHOM TOYKH BO30OHOB-
JeHusa 3akasa. [lo 3Tou mpuyrHE TaKyr0 MOJIEIb HA3bIBAIOT MOJICIIBIO
HETPEPHIBHOIO KOHTPOJSL COCTOSIHMS 3akaza. CieayeT 3aMeTUTbh, 4TO
CPOK BBINOJHEHUS 3aKa3za L MOXHO HPUHSITH MEHBIIE MPOJOJIKUTEIb-

HOCTH LKA t.



IHpumep

Eoiceonesnwiii cnpoc na mosap b cocmaensiem 100 eo. 3ampamul Ha
pazmewenue Kaxcoozo 3anaca K nocmosamusr u pasuvrt 100 Oen. eo.
Eoiceonesnvie 3ampamul Ha xpanenue edunuysvl 3anaca h cocmaensiom
0,02 den. eo. Onpedenumsv 3KOHOMUYHBIU pazmep NAPMUU U MOYKY 3a-
Ka3a npu cpoxe 8blNOJHEHUs 3aKa3a, pagHom 12 owHsm.

U3 ghopmynwr Yuncona nonyuaem

y* = /—2“(‘)"(’;2‘100 = 1000 ep.

OnmUMaJZbHa}l I’ZpO()OJZDiCMmeﬂbHOC'mb YUKiIa cocmaejisiien
t; =vy*/B = 1000/100 = 10 ax.

Tax kak cpok 6vlnoaHeHus 3akaza pasen 12 OHam u npooodHcu-
menvHocmb Yyukia cocmasnsiem 10 OHeti, 60300H08NIeHUEe 3aKA3A NPOUC-
xXooum, K020a YpO8eHb 3anaca o0ocmamoueH O YO0O061emEopeHUs
cnpoca Ha 12 — 10 = 2 gH. Taxum obpaszom, 3axa3 pazmepom y* =
1000 en., ko2oa yposens 3anaca docmuzcaem 2 X 100 = 200 en,

Mooicno cuumamo, umo 3¢hghexkmuenvlil CpoK BLINOIHEHUS 3AKA3A
pasen L — tg npu L >ty u pasen L 6 npomusnom cinyuae (30eco L —
3a0aHHbILL CPOK BbINOJIHEHUS 3aKA3A).

s paccmampueaemoco npumepa onpeoeiums MOYKY 3aKaA3d 8
CRedylouux cayyasax: a) cpok ewvinoanenus saxasa L = 15 gH. (omeem
500 eo.); 6) cpox evinoanenus 3axaza L = 23 gH. (omsem 300 eo.); 8)
cpox evinonnenus 3axaza L = 8 gH. (omeem 800 ed.); 2) cpox ewinoi-
nenus 3axaza L = 10 gH. (omeem 0 e0.).



2. NIPAKTUYECKAS YACTbH

3agaua 1. CymecTBytoT aBe (GUPMBI 110 U3rOTOBJICHUIO IIJIACTUKO-
BbIX OKOH. @upma A moxer 3a mecal] u3roroButsh 1000 kB. M cTekna X ¢
TpexkaMepHbIM mpodumieM u 600 KB. M cTeKiIa Y ¢ MNATHUKaMEpPHBIM
npoduneMm. ®upma B 3a TOT ke nepuoa BpeMeHru u3roroBut 700 kB. M
crexia X u 1500 kB. M crekna Y. Ilpogaxuas croumocts npoduiis X
coctasisieT 300 pyO. 3a kB. M, ctoumocTh npoduis Y cocrasmser 500
py0. 3a kB. M. Ctekina X u Y M3roTaBiauBaroT U3 OJHOTO U TOTO KE ChIPbS.
Jlns m3rotoBieHus 1 kB. M cTeksia X TpeOyeTcss 5 KB. M ChIPbS, A
ctekiyia Y — 8 kB. M cbipbs. KomuecTBo coipbst y hupmbl A paBao 5000
KB. M, Yy hupmel B — 8000 kB. M. OnipeienuTh MaKCUMAIbHOE 3HAUCHUE
npuosTn GupM A U B Tipu yCIIOBUU MTOCTOSTHHOTO YCTOMYMBOTO CIIPOCa
Ha IUIACTUKOBBIE OKHA.

3agaua 2. TpeOyercs omnpeaenuTh IUIaH (palMOHAIBHYIO IIPO-
rpamMMy) BBIITYyCKa YE€ThIpEX BHUIOB mpoaykuuu Py, P, Pz u P, nns wus-
TOTOBJICHUSI KOTOPBIX HEOOXOAUMBI PECYPCHI TPEX TUIIOB

Tum pecypca Bug nponykunmn Pacnonaraemsrii
Py P, Py P, pecypc b;

1 1,5 3,0 4,5 6,0 60

2 9,0 7,5 6,0 4,5 165

3 6,0 9,0 12,0 18,0 |150

I'pannmia BeITyCKa, 1/8 (0/— |2/— [3/3 |—

HUKHSS / BEpXHSS

[TpuObLIH, 100 |110 |120 |130 |—

JIEH. €]1. 32 €. NPOAYKIUU

[Iporpamma, X4 Xy X3 Xy —

KOJI-BO €]I. IPOAYKIIUU

3a1at0TCs KOHKPETHBIE 3HAYEHMSA A;; ¥ b; (CM. TalbJHMIy) ¢ yd4eToM
MPOTPAaMMBI BBHIITYCKa HMPOAYKLIUH Xj U BO3MOXHON MPUOBLIM OT peaiu-

3alliM MPOAYKIMH (B JEHEKHBIX eauHMUIax). TakuMm oOpa3oM, I TOTO
4TOOBI BBIYCTUTh €IUHHUILY Tpoaykiuu P, Tpebyercs 3,0 eIuHUIIBI




MEepBOTO THUIA pecypca, 7,5 — Broporo u 9,0 — tperwvero. Mckomas

palMoHalIbHAs MpOrpaMMa B KOJUYECTBE €AUHUI] MPOAYKIMH (ILITYK)

0003HaYaCTCH X1, Xy, X3 U X, COOTBETCTBEHHO.

3agaum 3-13.

Tun Bug nponykummn Pacnomaraem | I'panuna [TpuObLIb

pecypca | P, P, blif pecypc b; | (min/max) | P,
P, P,
P,

3agaua 3

1 1,5 6,0 21,0 1/— 4,5

2 4,5 6,0 27,0 0/— 8,2

3 9,0 3,0 40,5

3agaua 4

1 12,0 13,0 90,0 1/— 6,0

2 1,2 3,0 18,0 0/— 4,6

3 6,0 2,5 30,0

3agaua 5

1 2,0 6,0 37,0 0/0,7 23,5

2 8,0 4,0 40,0 0/2,3 14,0

3 30,0 26,0 180,0

3agaua 6

1 38,0 55,0 450,0 0/— 7,0

2 9,0 20,0 140,0 1/3,4 16,0

3 16,5 13,5 180,0

3amaua 7

1 39,0 12,0 240,0 1/— 5,5

2 27,0 26,0 210,0 0/— 6,5

3 6,0 20,0 120,0

3amaua 8

1 30,0 50,0 375,0 1,3/ — 16,2

2 21,0 15,0 120,0 0/— 8,8

3 2,0 0,5 10,0

3amaua 9

1 15,0 5,0 50,0 0/— 11,2

2 2,0 4,5 17,5 0,8/— 4,9

3 32,0 35,0 160,0




3agaua 10

1 3,5 3,0 18,5 0/— 4,2
2 8,0 20,0 90,0 0/— 3,8
3 24,0 10,0 100,0

3amaua 11

1 4,0 21,4 94,0 0,7/3,4 6,6
2 55 9,6 48,0 0/— 4,3
3 3,6 2,2 24,0

3amaua 12

1 12,5 25,0 137,0 0/— 9,3
2 3,5 4,7 35,0 0/4 4,6
3 3,0 9,0 45,0

3. KOHTPOJIBHBIE BOITPOCHI

B ueM cMmbIch 3aJ1aun ynpaBieHus 3anacamu’?
Kakumu MeTosiamMu peraercs 3ajava yrpaBJeHHs 3armacamu?
B ueM 3akmtouaercs 3ajaya pacupeiesieHust pecypcoB?

B w e

Kakue cymiecTByroT METOJbl pEelieHHs 3a7ayu pachpeaesieHus
pecypcoB?

o

Kakue ObIBalOT MOJI€NM ypaBieHUs 3anacamu’?
6. Kak xmaccuduimpoBars onucanue cupoca’?

JINTEPATYPA
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http ://www.iprbookshop.ru/52188. — 3BC «IPRbooksy, o maposo.

2. Teopust nuHOOPMAITMOHHBIX MPOIIECCOB U cucTeM : YueOHuk / [1ox

pen. b.4. CoeroBa. — M. : Akanemus, 2011.
3. Cmomnenne B.II. VYmopasinenue cucremamu W mOporeccamu :
VYuyebnuk. — M. : Axkanemus, 2010.
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IIpakTnueckoe 3ansTHe Ne2. AHaJu3 puUcCKa U 0€30lACHOCTH
HCII0JIb30BAHUSA HOBBIX TEXHOJIOIMH

Leap 3aHATHA: WM3YyYEHUE NPABWI MOCTAHOBKU THUIIOBOW 3a/1a4d
CUCTEMHOI'0 aHaju3a — 3aJa4d aHalh3a pucka U OEe30MacHOCTH HC-
MOJIb30BAHUS HOBBIX TEXHOJIOTUHU.

AKTYaJIbHOCTh TE€MbI 3aHATHSI: YMEHHUE MPaBWIbHO (OpMaIU30-
BaTh 3a/lauy — 00s3aTEeNbHBIN 3Tall CUCTEMHOIO aHalu3a, ¢ KOTOPOro
JOJDKHA HAYMHATBCS MPOLENypa CO3/IaHUSl CHCTEMY YNPABJIEHHUS C 3a-
JAHHBIMU XapAKTEPUCTUKAMMU.

1. TEOPETUYECKASA YACTb

AHanu3 HUHPOPMAIIMOHHBIX PHUCKOB TO03BOJsAET 3(P()EKTUBHO
yOpaBasTh UHPOPMAITMOHHON 0€30MacHOCThIO Npeanpusatus. g 3Toro
B Havalie pabOT MO aHaIW3y PHUCKOB HEOOXOJUMO OMPEAEIHUTb, YTO
VMEHHO NOJJICKUT 3AIIUTE HA MPEANPHUSITUN, BO3JCUCTBUIO KAKUX YIPO3
3TO MOJIBEP’KEHO, U BHIPAOOTAaTh PEKOMEHAAIMU IO MPAKTUKE 3aLIUTHI.
AHaIN3 PUCKOB MPOU3BOJMTCS UCXOJ U3 HEMOCPEACTBEHHBIX LENEH U
3aJlay Mo 3allUTe KOHKPETHOTO BUAa HHGOpMAIMK KOHPUIECHIIUATBHOTO
xapakrepa. OqHa U3 BaXXHEHIINX 3a/1ad B paMKax 3alluThl HH(popMauu
— obecredyeHue ee 1eJIOCTHOCTU U JOCTYMHOCTH. YacTo 3a0bIBaETCs, UTO
HapylI€HUE LEJIOCTHOCTH MOYKET IMPOU30MTHU HE TOJIBKO BCIIEICTBUE
npeAHaMEPEHHBIX ACHCTBUM, HO W MO PsAy APYIHMX HPUYMH: cOOEB
000pyI0BaHMs, BEAYIIMX K MOTEPE WM UCKaKEHUI0 UHpopmaruu; dhu-
3MYECKUX BO3ACHCTBUM, B TOM YHUCJIE B pe3yJbTaTe CTUXUHHBIX Oen-
CTBUI; OIIMOOK B MPOTPAaMMHOM OOecrieyeHUd (B TOM YHCJIE HEIOKY-
MEHTHUPOBAHHBIX BO3MOKHOCTEH). [lo3TOMY TOJ TEPMHUHOM «aTaka»
OyJIeM MOHMMAaTh HE TOJIbKO YEJIOBEYECKHUE BO3JICUCTBUS Ha MH(OpMa-
IMOHHBIE PECYPCHI, HO U BO3IAEUCTBUSA OKPYKAIOIIEU CPEJBI, B KOTOPOU
(GYHKIIMOHUPYET cUcTeMa 00paboTKU MHGOPMALIMH TTPEATPUSTHS.



AHaJIN3 pUCKa MOYXHO MPOBOJIUTH MO CIEHAPUIO, U300paKEHHOMY Ha
pucyHke 1 (Kaxaplii W3 IIECTH 3TAoOB aHAJIM3a PUCKA JIOJKEH OBITh

KOHKPETU3UPOBAH).
M3 Teperirs HudopMalHOHHDI
S (bolfecsgc; :
MecTa XpaHeHHA HHOPMaLIHI
ADXHTERTVDE :I/I\ ¥3ner popManeHoit 05padoTKH
P ACOI'i P ¥3ne1 nepepaloTKH HHPOpMALHH
Kanamer repenayll JaHHELX
Kaname:
Vrposst S — JOCTYIA, YTEMKH HIIH BOSIEHCTEHA
HA HHOpPMALHIO
BepoarHbie Cnocobel H cpencTBa odecnevueHHs
VABHMOCTH (¢ :— HHPOPMAMHOHHOH §e30MacHOCTH
i B 060]301‘[6 (B COOTBETCTBHH € HE/THAMA 3A1MHT l:l)
YA3BUMOCTH
TI0 KAKI0H <: CnocobrI H CPeIcTBA NPeOIOICHHA
¥rpose SALIHTEL
Pawampo-
BAHHBIH cﬁnm]-\' <:: Yinepl oT HePaBOMEPHOTO M0CTY A
yrpos K HHOOPMALHOHHBIM PECYpcaM

Pucynok 1 — Dranbl aHanusa pucka

Ha nepsom u emopom smanax onpenensrOTCs CBEACHUS, COCTaB-
JSOIIUE JJISI IPEANPUSTUASI KOMMEPUECKYIO TailHy, KOTOPBIE MPEICTOUT
3aIIUILIATb.

Takue cBefeHUs] XpaHATCS B OIPEJEICHHBIX MECTaX M Ha KOH-
KPETHBIX HOCUTEIISIX, IEPEIAI0TCS MO KaHAJIaM CBSI3U U 00padaThIBAIOTCS
B COOTBETCTBUU C OIpeEJIeNICHHBIM periamenToM. [Ipu sToM onpenens-
I0IUM (DAaKTOPOM B TEXHOJOTHHM OOpallleHus: ¢ UHGOpMaLKeil SBISIETCA
apxuTeKkTypa KopropatuBHbix HH(popmanmoHHbix cucrem (KUC), ko-
TOpasi BO MHOTOM OMPEEIISIET 3alUIIEHHOCTh UH(GOPMAIIMOHHBIX pe-
CYpCOB IIPEAIPUSATHS.



B cBsi3u ¢ 3TUM HEOOXOIUMO €lIe pa3 MOJAYEPKHYTh, UTO CTEICHb
nH(pOpMaIMOHHONW O0€30MacCHOCTU OMpPEEsAeTCs HE TOJBKO (2 MOXET
OBITh U HE CTOJBKO) CPEACTBAMHU U CIIOCOOAMU 3alllUThI, HO U OCOOCH-
HocTsimu nioctpoeHuss KUC. U koraa rosopsat o KUC B 3anmuienHoM
UCIIOJTHEHUH, peUb UJET, MPEXKIE BCETO, O BHIOOPE TaKOW apXUTEKTYpbl
(TomoJyioruun) cucTeMbl 00padbOTKK MH(POpPMAIUU, TAKOTO PACTIOJIOKECHUS
CpeaCTB 00pabOTKH KOH(PHUACHIIMAIbHON HH(OpMaIIMK, BHIOOpPA CIIOCO-
OOB €€ XpaHEHHUs U Iepe/laul, KOTOPhIE CYIIECTBEHHO YMEHbIIAT YUCIIO
BO3MOXKHBIX TOUEK JOCTyNa K HHGOpMaIIu.

Tpemuii >man aHanu3a puUcka — IOCTPOCHUE CXEM KaHaJOB JI0-
CTymna, yTE€YKU WJIM BO3ACHCTBUS Ha MHGOPMALMOHHBIE PECYpPChl OC-
HOBHBIX y3710B KUC. Kaxnpii kaHan JOCTyIa XapakKTEPU3YETCd MHO-
KECTBOM TOYEK, C KOTOPBIX MOXKHO “CHATH” uHbopmanuto. UMeHHO oHU
U TIPEJCTABIISIOT YSI3BUMOCTH M TPEOYIOT NMPUMEHEHUs] CPEACTB HEO-
MyIIECHUS HEXETaTeIbHbIX BO3JACHCTBUN Ha HHGOPMALIHIO.

AHan3 crocoOOB 3aIUTHl BCEX BO3MOXKHBIX TOUYEK aTaK COOTBET-
CTBYET IIEJISIM 3aIUThI U €70 PE3yJIhTaTOM J0JKHA OBITh XapaKTEPUCTUKA
BO3MOXKHBIX «Operieii B 000poHe», B TOM YKCIIE U 32 CUET HeOIaromnpu-
SATHOT'O CT€UEHHS 00CTOATEALCTB (4-11 oman).

Ha namom smane, ucxons U3 W3BECTHBIX HA JTaHHBIH MOMEHT CIIO-
COOOB U CPEICTB MPEOJ0JICHUSI 0OOPOHUTENBHBIX pyOekel, ompeaes-
IOTCSI BEPOSITHOCTH peaIM3allMU YIPO3 MO KaKJIOW U3 BO3MOXKHBIX TOUEK
aTax.

Ha sakntouumenvnom smane mpou3BOAUTCS OlLIEHKA yiiepba opra-
HU3AIMM B Clly4ae peajau3aluyd KaXJAoW M3 aTak, KOTOPBIM BMECTE C
OIICHKaMHU YSA3BHUMOCTH IO3BOJISICT MOJYYUTh PAHKUPOBAHHBIN CIHCOK
yIpo3 HHPOPMAILIMOHHBIM pecypcam.

Pe3ynbpTaThl pabOThl MPEACTABISAIOTCS B BHUAC, YA0OHOM [JIs HMX
BOCIIPUSITUS U BBIPAOOTKHU PEIICHUN MO KOPPEKIIUH CYIIECTBYIOIICH CH-
cTeMbl 3amuThl uHGopManuu. [Ipu 3ToM Kaxkabii WH(POPMAITMOHHBIN
pecypc MOXKET OBbIThb MOABEPKEH BO3JCUCTBUIO HECKOJbKUX MOTEHIU-
anbHbIX yrpo3. [IpUHIMNIUAIBHOE K€ 3HAYEHUE MMEET CyMMapHas Be-
POSITHOCTH JI0CTyNa K MH(MOPMAIIMOHHBIM pecypcam, KOTopasi CKJIabl-



BAETCA U3 BJIEMEHTAPHBIX BEPOSATHOCTEU JIOCTyMA K OTJEIbHBIM TOYKaM
MPOXOKJICHUS HHPOpMAITUH.

BennunHa MHPOPMAIMOHHOTO PHUCKA MO KAXKIOMY PECYpCy OIpe-
JENSAETCsl KaK MPOU3BEAECHUE BEPOSITHOCTH HAIIAICHUSI HA PECYPC, BEPO-
ATHOCTH peali3allui yTrpo3bl U yiiepOa oT MHPOPMAIMOHHOTO BTOP-
*KeHus. B 3TOM mpou3BeeHNN MOTYT MCIOJIb30BaThCS PA3JIUYHBIE CIIO-
cOOBI B3BEIIMBAHUS COCTABJISIONIUX.

OOBbenMHEeHNE PUCKOB IO BCEM pecypcam JaeT OOy BEJIUYUHY
pucka npu npuHaTon apxutekrype KMC u BHEAPEHHON B HEE CUCTEMBI
3aIUThl HTHHOPMALTUH.

Bapbupys BapuaHThI IOCTPOSHUSI CUCTEMBI 3aIlIUTHI HHPOpMAIUU U
apxutekTypbsl KUC, BO3MOKHO NTPEICTaBUTh PA3JIUYHBIE 3HAYCHUS PUCKA
3a CYET WM3MEHEHMSI BEPOSITHOCTH pEaAU3allMU Yrpo3. 3JI€Ch BaKHBIM
II1aroM SIBJISIETCS BHIOOP OJHOTO M3 BAPUAHTOB B COOTBETCTBUHU C BbI-
OpaHHBIM KpUTEPHUEM MPHUHITHUS pelieHus. Takum KpUTEPUEM MOXKET
OBITH OMyCTHMAas BEJIMYMHA PUCKA WJIM OTHOIIEHHWE 3aTpaT Ha oOecrie-
yeHrne HGOPMAIIMOHHOM 0€30MaCHOCTH K OCTAaTOUHOMY PUCKY.

[Ipu mocTpoeHun cucrem obOecrnedeHuss UHGOPMALMOHHON 0e3-
OMACHOCTH TaK)XE€ HYKHO ONPEAECTUTHh CTPATETHUI0 YIPABICHUS PUCKAMU
Ha MPEeANPUITHUHN.

Ha cerogns n3BeCTHO HECKOJIBKO MOJAXOJO0B K YIPABJICHUIO PUCKA-
mu. OnuH U3 HanboJjiee paclpoOCTPAHEHHBIX — yYMEHBIIICHUE pUCKa MY-
TEM HCIOJIb30BAHUS KOMIUIEKCHOW CHUCTEMBI KOHTPMEP, BKIIKOYAIOIICH
MPOrPaMMHO-TEXHUYECKUE M OPraHU3alMOHHBIC MEPbI 3alIUTHI. biin3-
KUM SIBJISIETCSI TIOAXOJI, CBSI3AHHBIM C YKJIOHEHHUEM OT pucka. OT HEKO-
TOPBIX KJACCOB PHUCKOB MOXXHO YKJIOHUTBHCS: HaNpUMEpP, BHIHECEHUE
Web-cepBepa opranm3aruivi 3a MpeAeibl JIOKAJTBHOW CETH ITO3BOJISICT
n30€eKaTh prUcKa HECAHKIIMOHUPOBAHHOTO JOCTYIIA B JIOKAJIbHYIO CETh CO
croponsl Web-kineHToB.

B HEKOTOpBIX cily4asix IOMYCTHUMO MPUHATHE PUCKA. 3]IECh BaXXHO
ONPENECIUTHCA CO CIEAYIOLIEN TWIEMMOW: YTO JUIS NPEANPUATUS BbI-
rojinee — OOPOTHCA C PUCKAMM WM K€ C UX MOCIEACTBUAMHU. B 3TOM
CIIy4ae MPUXOIUTCS PELIATh ONTUMHU3ALUOHHYIO 3a/1a4y.



[locne Toro Kak ompejereHa CTpaTerus yHpaBJICHUS PUCKaAMU,
MPOU3BOJAUTCS OKOHYATENbHAsI OlICHKA MEPOINPUSITUN TTO 0OECIICUCHUIO
nH(pOpMaIMOHHONW 0€30MaCHOCTHU C MOJTOTOBKOM 3KCIEPTHOTO 3aKIIO-
YEHHUs O 3alUIIEHHOCTH WH(POPMAIMOHHBIX pecypcoB. B skcrmepTHoe
3aKJII0YEHHE BKJIIOYAIOT BCE MaTepHUalbl aHAJIU3a PUCKOB U PEKOMEHAa-
IIUU 110 UX CHYXKEHUIO.

IIpumep oLleHKH PUCKOB 110 ABYM (paKTOpaM

B Matpuiie uinu Tabiuie MOKHO HarJIsiTHO OTPa3UTh CBSI3b (DAKTOPOB
HETaTUBHOTO BO3JEHCTBHUS (ITOKAa3aTelieil pecypcoB) U BEPOSTHOCTEH
peanu3anny yrpo3bl C y4€TOM NOKA3aTENIeH YSI3BUMOCTEM.

Ha nepBom 11are olneHMBaeTCsl HEraTUBHOE BO3JCHCTBHUE (TMOKa3a-
TeJIb pecypca) Mo 3apaHee ONpe/IeICHHON 1Kane, HampuMmep ot 1 10 5,

JUIS KaKJ0ro pecypca, KOTOPOMY YrpoKaeT ONMacHOCTh (KOJOHKa B B
Tabm. 1).

Ta6nuna 1

Heckpunrop ITokazarens Bo3moxnoctes | [lokazarens Panr pucka
YTPO3bI HETaTHBHOTO | peayin3aIiiu pucKa

BO3JCUCTBHSL | YIPO3BI

(pecypca) B (cyObexkTuBHas

orieHka) C

Yrposa A 5 2 10 2
Yrpoza B 2 4 8 3
Yrposa C 3 5 15 1
Yrpoza D 1 3 3 5
Yrposza E 4 1 4 4
Yrposa F 2 4 8 3

Ha BTOpoM miare no 3apaHee 3a1aHHOM LIKaJie, Harpumep ot 1 1o 35,
OLICHUBAETCS BEPOSATHOCTDh PEATU3ANN KAXKIOU YTPO3BI.

Ha TpeTpeM miare BBIUMCIISIETCSA MOKA3aTelb PUCKA. B mpocreniiem
clIydae 9TO jaeliaercs myreM ymHoxkeHus (B X ). OnHako HEOOXO0IHMO
IIOMHUTB, YTO OINEpalnsi YMHOKEHHS ONPEACICHA I KOJIMYECTBEHHBIX
mkan. JlJisi paHroBbIX (KAYECTBEHHBIX) IIKaJl W3MEPEHUS, KaKOBBIMU




SIBJISIFOTCS TIOKA3aTeJIb HETaTUBHOT'O BO3JIEHCTBHUS U BEPOSITHOCTH pea-
JU3aluy yrpo3bl, K IPUMEPY, COBCEM HE 00s13aTEIbHO MOKa3aTeb PUCKa,
COOTBETCTBYIOIIUM citydaro B = 1; C = 3, OyJeT 5KBUBAJICHTEH CIIy4Yar0
B = 3; C = 1. CooTBETCTBEHHO JOJKHA OBITH pa3zpaboTaHa METOJUKA
OIICHUBAHMsI TOKa3aTeJIeii PUCKOB NMPUMEHUTEIBHO K KOHKPETHOH Op-
raHU3alHH.

Ha geTBepTOoM 1miare yrpo3bl paH>KUPYIOTCS 110 3HAYCHHUSAM UX (ak-
TOpa puUcKa.

B paccmarpuBaemMoMm mpuMepe IS HAaWMEHBIIETO HETaTHBHOTO
BO3JICCTBUS M HAMMEHBIIEH BO3MOKHOCTH PeaInu3aiii Yrpo3bl BEIOpaH
roKasatenb 1.

JlanHas polierypa Mo3BoJIsIeT CpaBHUBATh M PAHKHUPOBATH YTIPO3bI C
Pa3IUYHBIMUA HETaTUBHBIMHU BO3JCHCTBUSIMU U BEPOSITHOCTSIMHU peaju-
3anuu. B onpeneneHHbIX ciydasx JAOMOTHUTEILHO MOTYT MPUHUMAThCS
BO BHUMaHUE CTOMMOCTHBIEC TIOKA3aTeIIH.

Pa3jesienne puCKOB HAa MpUeMJIeMble M HelpUeMJeMble

Hpyroii cnoco® OIIEHWBAHUSI PUCKOB COCTOUT B PA3JEICHUHM HUX
TOJILKO Ha NpuemiieMble U Hernpuemsemble. [1oaxon ocHOBBIBaeTCA Ha
TOM, YTO KOJIMYECTBEHHBIE MOKA3aTEIM PUCKOB HUCHOJIB3YIOTCS TOIBKO
JUIsL TOTO, 4YTOOBI WX YHOPSIAOYUTH M OINPENENIUTh, KaKue IEHUCTBUSA
HEOOXOMMBI B MEpBYyI0 ouepeab. Ho 3Toro MoxkHO JOCTUYDL U C MEHB-
IIUMH 3aTpaTamu.

Marpuiia, ucrionb3yemasi B JaHHOM TOJX0/I€, COJICPKUT HE YKcIa, a
TOJIBKO cUMBOJIBI J[ (puck nqonyctuM) u H (puck HeomycTum).

Bonpoc 0 ToM, kKak MpPOBECTH TPaHUIy MEXKIY NPUEMIIEMbIMU U
HEMPUEMJIEMBIMUA PUCKAMHM OCTA€TCSd Ha YCMOTPEHUE aHAIMTHKA, MOJI-
rOTABJIMBAIOIIETO JIAHHYIO TAOJHUIy U PYKOBOJAIIMX CIEHHAIUCTOB B
o0Jstacti UH(OOPMAITMOHHOM O€30MaCHOCTH.



2. MIPAKTHYECKASA YACTb

3anaua 1. PazpaboTarh npeiiosKeHHBIN MJ1aH IMIPOEKTa U MOJICUUTATh

€TI0 IMOJIHYIO CTOUMOCTD U pa3sMCp OTBJICYHCHHBIX CPCIACTB!

CozaaTh cucTeMy AUCTAHIIMOHHOTO OOYy4E€HUS B BY3€.
CozaaTh cucTeMy yNPaBIECHYECKOTO yUYeTa Ha MPEANPUITHUH.

Co3nath CHCTEMY MEHEIKMEHTa KAadyeCTBa HA IMPOM3BOJICTBEH-
HOM NPEAIPUITHH.

Co3paaTh cucTeEMY MacCOBOr0o 00CITyKUBaHUS (KJIMEHT-CEPBEPHON
aApXUTEKTYPHI).

Co3gaTh cUCTEMY HKOJOTMYECKOTO MEHEKMEHTA MPOU3BO/I-
CTBEHHOTO MPEINPUSITHUSI.

3amaya 2. 3anoaHUTh TAOJIMILY MO MPEAJIOKESHHOM BBIIIIE METOJIUKE.

Bapuanr 1
Heckpunrop | [lokaszarens Bo3moxHOCTB [Tokazarenb Panr pucka
yYTPO3bl HETATUBHOTO | peajau3aiuu puckKa
BO3JICUCTBUS | yTPO3HbI (CyOB-
(pecypca) B EKTHUBHAS OLICH-
ka) C
Yrposa A 1 8
Yrposza B 2 6
Yrposa C 9 9
Yrpoza D 6 4
Yrpoza E 4 1
Yrposza F 7 2
Yrpoza G 3 3
Yrpoza H 5 7
Yrposza I 7 5
Bapuanr 2
Jeckpurnrop IToka3zarens Bo3moxHOCTB IToxa3zarens Panr pucka
yYIpO3bl HETaTUBHOTO | peanu3aiuu puckKa
BO3JICHCTBUS | YIpO3bl (CyOB-
(pecypca) B €KTUBHAs OLICH-
ka) C




Yrpoza A

Yrposa B

Yrpoza C

Yrposza D

Yrpoza E

Yrposza F

Yrpoza G

Yrpo3a H

Yrposa I
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Bapuant

3

Heckpunrop
YIPO3bl

Ilokazarenno
HETaTUBHOI'O
BO3AEHCTBUS

(pecypca) B

Bo3MmoxxHOCTE
peanu3anuu

yrpo3bl (CyOb-
CKTUBHAs OIICH-

~

o
—

o

Iloka3arenno
pHUCKa

Panr pucka

Yrpoza A

Yrposa B

Yrpoza C

Yrpoza D

Yrposa E

Yrpoza F

Yrposa G

Yrpo3a H

Yrpoza I
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Bapmuanr 4

Heckpunrop
YTPO3bl

Iloka3arennb
HETaTUBHOTO
BO3JIEUCTBUS

(pecypca) B

Bo3MoxHOCTE
peanuzaiuu

yrpo3bl (CyOb-
CKTUBHAs OIICH-

=~

o
—

o

Ilokazarennb
pHUCKa

Panr pucka

Yrpoza A

Yrpo3a B

VYrpoza C

Yrpoza D

Yrposa E

Yrpoza F

Yrposa G

Yrpoza H

Yrpoza I
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Bapuant 5
Jeckpurnrop IToxa3zarens Bo3moxHOCTB IToxa3zarens Panr pucka
yTPO3bI HEraTUBHOTO | peaju3aiuu pucka
BO3JICKCTBUS | yTPpO3bl (CyOB-
(pecypca) B €KTUBHAs OLICH-
Ka) C
Yrpoza A 9 1
Yrpoza B 1 6
Yrpoza C 8 8
Yrpoza D 7 4
Yrpoza E 6 9
Yrpoza F 5 5
Yrposa G 2 3
Yrpo3za H 3 7
VYrpo3za I 4 2

3. KOHTPOJIBHBIE BOITPOCHI

e

Kakue cymiecTByoT ypoBHU PUCKOB?

Kakue cymiecTByoT ypoBHU yS3BUMOCTEN?

Uto Takoe TabJUYHBIE METO/Ibl OLICHKH PUCKOB?

Kakue cymecTByrOT 3Tanbl aHaln3a PUCKOB?

JIMTEPATYPA

1. Kasuer B.M. BBenenue B aHanus, CUHTE3 U MOJICIIMPOBAHUE CH-

CTeM. — OIJIEKTPOH. TEeKCT. MaH. — M. : MHTepHer-YHuBepcurer M-

dbopmanmonnsix Texnonoruit (MHTYUT), 2016. — Pexxum nocryna :
http ://www.iprbookshop.ru/52188. — DBC «IPRbooksy, o nmaposio.

2. Teopust nuHGOPMAIIMOHHBIX MPOIIECCOB U cUCTeM : YueOHuk / [1ox

pexn. b.4. CoeroBa. — M. : Akanemus, 2011.

3. Cwmomnenne B.II. Ynopasinenue cucremamMu HW mOporeccamu
VYuyebnuk. — M. : Axkanemus, 2010.
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IIpakTuyeckoe 3anaTue Ne3. [IpoBepka ageKBaTHOCTH Mo/ieJiei
CJIO’KHBIX CHCTEM

Hean 3aHATHS: U3YYECHUE MPABUJ MPOBEPKHU aJICKBATHOCTH MOJE-
JIEW, aHaIM3a HEONPEAEICHHOCTH U YYBCTBUTEIbHOCTH.

AKTYQJIBHOCTb TE€MbI 3aHSATHUSI: YMCHHE NPABUIBHO OICHUTH
a7IeKBaTHOCTD ITOJTYYEHHBIX MOJIeNIe — 00s3aTeIbHbBIN ATall CHCTEMHOTO
aHaJIN3a, C KOTOPOTO JIOJKHA HAYMHATHCS NPOLEAYyPa CO3JaHUS CUCTEMY
YIIPaBJIEHUS C 3aJJaHHBIMU XapaKTEPUCTUKAMM.

1. TEOPETUYECKASA YACTb

JIrobast maTemaTuyeckasi MOJICTb HE SIBJISIETCS TOYHOM, BCerja Cy-
IIIECTBYET BEPOSITHOCTh BOBHUKHOBEHHUSI OIMIMOKU MPU MPOBEIACHUU pac-
4eTOB. MOryT BO3HUKHYTh OIIMOKW MPU OKPYIJIIECHUU, UCTIOJIH30BAHUU
HETOYHBIX WJIM MPOTUBOPEUYUBBLIX JAHHBIX U T. M. I TOro 4TOOBI Olle-
HUTh, HACKOJIBKO XOPOIIO WM IIJIOXO MOJIENIb MPEJICTABIISIET PEATbHBIN
IIPOLECC, UCTIOJIB3YIOT KPUTEPUM OLCHKU. B maHHOM pazneiie paccmar-
PHUBAIOTCS TPOBEPKHU HA aJIEKBATHOCTh PETPECCUOHHBIX MOJEIEH.

Cpennsisi ommOKa annpoKCMMANUM (21€KBATHOCTh MOJICIIN)

A=23n, |yy;y| 100%, (1.1)

r7ie y — peajibHble JaHHbIe, Y — JAaHHbIE, PACCYUTAHHBIC 10 MOJICIIH.
JonmycTuMblid ypOBEHB 3TOTO Kputepuss — oT 5 10 10%. Ecnu 3Ha-
YeHHUE KPUTEPHUS BBIILIE, TO MOJIEIIb HE CJIEIyET MPUMEHSITh IIPU pacyeTax.

KosdppumueHT 31acTHaIHOCTH

!/

3=9'% (1.2)

<R



IJe X Uy — CpeAHMe 3HadeHus (1js JIMHEHHON Mozenn); ' — mpous-
BOJIHasl (PYHKITUHU MOJICIIH.

Ilpumeuanue. B cnyuae nuHeuHou MoOeniu Npou3BO00HAs pPABHA
KOHCmaHme npu axmopHou nepemeHHou. J[aHHblil Kpumeputi noKa3wl-
8aem, Ha CKOJIbKO NPOYEHMO8 8 CPpeOHeM NO 8Cell COBOKYNHOCMU U3Me-
PeHutl U3SMEeHUmcs pe3yibmam y Om c8oeli CpeoHell 8eUYUHbL NPU U3-
MeneHuu gaxmopa x Ha 1% om ceoez2o cpeone2o 3uaueHus, m. e. uyg-
CMEUmMeNbHOCHb MOOEIU.

Cpennee o:xkujgaemMoe 3HaUeHHUeE TIPECTABISAECT COO0H 0000IIEHHY IO
KOJMYECTBEHHYIO XapakTepucTtuky. Ero paccuuteiBaror mo Qopmyse
cpeaHei apupMeTHIeCKOr B3BEIIICHHON

X = Z—i:1xini, (13)

n .
=11

re X; — OXHUJIaeMO€ 3HAUCHHUE ISl KOKA0TO ciydas; n; — YUCIO CiIy-
yaeB HaOJoAeHUS (4acToTa).

Takxe He0OXO0UMO ONPEACTUTh MEPY KOJIEOIEMOCTH BO3MOKHOTO
pesyibrata. Konebaemocms MpencTaBisieT cOOOM CTENEHb OTKIOHEHUS
0KHJIAeMOTO 3HA4ye€HUsI OT cpenaHero. J[Jisi ee OLEHKHM Ha IPaKTHUKE
0OBIYHO MIPHUMEHSIOT JABa OJIM3KO CBSI3aHHBIX KPUTEPUS — AUCIIEPCHUIO U
CcpeaHee KBaJpaTUYHOE OTKIIOHEHUE.

Jlucnepcusi eCTh CPEHEB3BEIICHHOE 3HAUYCHUE KBaJApaTOB OTKIIO-
HEHUH JEUCTBUTEIBbHBIX PE3YIbTATOB OT CPEIHUX 0KUIAEMBIX

N )2
G2 — iz (xi—X) ni (1.4)

n .
=11

CpenHee kKBaIpaTUHYHOE OTKJIOHEHHE S €CTh KOPEHb U3 YKA3aHHOU
BennunHbl. CpellHee KBaJpaTUYHOE OTKIOHEHWE — WMEHOBAHHAas Be-
JMYMHA; YKa3bIBAETCS B TEX )K€ €AMHUIIAX, B KAKUX U3MEPSETCS BaApPbU-



pylomui npusHak. Jlucnepcuss u cpeaHee KBAAPATUYHOE OTKJIOHECHUE
SBJISIFOTCSL MEpaMU a0COJTFOTHOM KOJIEOJIEMOCTH.

Ko3¢gpuuueHT nerepMuHANNM TTOKA3bIBACT, KaKas JOJS JUCIEP-
CUU pPEe3yJIbTATUBHOTO MpPHU3HAKA OOBSICHAETCS BJIMSHUEM HE3aBUCHUMBbIX
MIEPEMEHHBIX

2 _ 4 Zisai—f)?
ke=1 S =92 (1.5

r7i€ y; — BBIOOPOYHbIC JAHHBIC, a f; — COOTBETCTBYIOIIME UM 3HAUYCHUS
MOJEIIH.

Ilpumep. Boviuucnenue o0oepumenbHO20 UHMEPBALA C YPOBHEM
suayumocmu 0,05

Buvibopxa 3nauenuii uzmepsiemoul senuuurvl X umeem HOPMATbHBIU
3aKOH pacnpeoeiieHus eeposimuocmeu. x4 = 2,55 x, = 2,32 ; x3 =
2,39; x4 = 2,15; x5 = 2,54; x¢ = 2,44; x;, = 2,25, xg = 2,28.

Pasmepnocmo evibopku: n = 8.

3aoanue yposus suauumocmu. a = 0,05.

Cmenenw oosepusi: 1 — a = 0,95.

Buviuucnenue cpeaﬂeeo SHAY€eHUA 6bl60p7<1/l M3M€pﬂ€]l/l07/7 6EIUYUHDbI

% =YL, x; = 2,365.

lefeHKCl SHAYEHUA cpeOHekeadpamuQHoeo OMKIJIOHEHUA

n )2
S, = /% = 0,141.

Onpeoenenue 008epumelbHO20 UHMEPEAId
Kosgppuyuenm Cmwrooenma
t(a,n) = 2,365.

Abconromuas cayyatiHas no2peunHocms
_ Sx _
Ax. = t(a, n)ﬁ = 0,118.

Bepxusas epanuuya oosepumenvrnoco unmepasaia
Xeg = X + Ax,.



Huoicnas epanuya 0oeepumenvho2o unmepsana
Xey = X — Ax,..

Yuem npubopnuvix nocpewinocmeii
lIpubopnas noepewinocmo

Ax, = 0,1.

Abconromuas noepewHocms

Ax = /(Ax)? + (Ax.)? = 0,191.

Ommnocumenvuas noecpeutHocnlo

sx =2 = 0,081.
X

Bepxuss epanuya dosepumenvrozo unmepsana
Xg = X + Ax.
Huoichssn epanuya dosepumenvrhoco unmepasana

Jliist ananu3a pe3ynabTaTOB MOJEIUPOBAHUS, KAK ITPABUIIO, UCIIOJIb-
3y10T KO3((punmeHT Bapuamuu. OH Tpe/ICTaBIIsSIET CO00M OTHOIIICHUE
CpPEJHEr0 KBaJPATUYHOI'O OTKJIOHEHHUS K CpeIHEMY apu(PMETHUECCKOMY
3HAYEHUIO M TIOKA3BIBAET CTENEHb OTKJIOHEHUS IMOJYYECHHBIX 3HAYCHUM
OT peajbHBIX

1S

vV =—
x

100%. (1.6)

Koadduiment moxer uzmensarbcsi oT 0 go 100%. Yem Oonbiie
ko3P dulMeHT, TeM cuibHee kosiebsemocTh. [IpunsiTa crnemyromas ka-
YECTBEHHAsI OIICHKA Pa3JIMYHBIX 3HAUCHHUHN KOd(PuIimeHTa Bapuaiuu. 10
10% — cnabas xomebiaemocth, 10-25 % — ymepenHas, cBoime 25% —
BbIcOKad. [IpennourerHue oTaaeTcss TeM MOJIEISAM, TI0 KOTOPBIM 3HaYEHUE
ko3 duiireHTa sBiseTcs 00Jjiee HU3KUM.

HecmoTpsi Ha HECTO0KHOCTH BBIMOJHEHUSI MaTEMAaTUUECKUX pacye-
TOB, JJIsl UCIIOJIb30BaHUS JAHHOTO METOAa HEOOXOUMO OOJIBIIIOE KOJIU-
4eCTBO MH(OpPMAIMU U JaHHBIX 3a JJIUTEIBHBIN MEPUO]] BPEMEHH, YTO
SBJISIETCSI €70 OCHOBHBIM HEJJOCTATKOM.



Kpome Toro, onucanHeIe BbIIIE XapaKTEPUCTUKH MOKHO MPUMEHSThH
K HOPMaJbHOMY 3aKOHY pacupefeieHusi BeposTHOCTe. OH IIMPOKO
UCIIOJB3YETCS, TaK KaK €ro Ba)KHEHIUE CBONCTBA (CUMMETPUYHOCTH
pacrpeneseHuss OTHOCUTEIBbHO CpPEAHEH, HUYTOXKHAS BEPOSATHOCTH
OOJIBIINX OTKJIOHEHUM CIy4ailHOM BEJIMYUHBI OT IIEHTpa €€ pacrpesie-
JICHUSI, TTPABWJIO TPEX CUTM) MO3BOJISIIOT CYIIECTBEHHO YIPOCTUTH aHa-
nu3. OIHAKO HE BCErjga pe3ysbTaTbl MOACIUPOBAHUS MOAUUHSIIOTCS
HOPMAaJIbHOMY 3aKOHY, IIO3TOMY HCHOJIB3YIOT HOIOJHUTEIbHbBIE Mapa-
METphI, Takue, HampuMep, Kak KodhUIMEeHT acumMMmeTpuu (CKoca),
9KCIecC (BEpIIMHHOCTD) U T. .

2. IPAKTUYECKASA YACTDb

3agaua 1. HekoTopsiil mpouecc MpeaCcTaBlI€H PErpeCcCHOHHBIMU

MOJIEISIMHU
~ 1,
a)y—a+bx,
0)y = a + bx;
B) Y = a+ xP;
r)y =a+ b~

Paccuuraths B O6HICM BHU]IC KOS(l)q)I/II_[I/IGHT QJIACTUYHOCTHU JIA KaxX-

I{Oﬁ MOACJIN, €CJIN U3BCCTHO CPCAHCC 3HAUCHUC Cl)aKTOpa X.

3apaua 2. Ha tepputopusix pernona Owiia coOpaHa CTaTUCTHKA T10
nByM ¢akTopaM: 1 — pacxopl Ha MOKYIKY MPOJAOBOJILCTBEHHBIX TOBA-
pOB, 2 — cpellHeTHEBHAS 3apabOTHAs TJ1aTa OJHOTO pabOTaOIIETO.

Teppuropust 1 2 3 4 5 6
daxTop 1 68,8 61,2 59,9 56,7 55 54,3
daxTop 2 45,1 59 57,2 61,8 58,8 47,2

[IpoBepuTh, YTO aHHBIA MPOLIECC OMUCHIBACTCS YpaBHEHUEM Yy =

76,88 — 0,35x. Onennts 3Hauenus Gaxktopos (1) u (2) 17151 3TOM MOETH.

Mo>xHO 11 JAaHHYIO MOJCJIb UCII0JIb30BaTh IJIA HpOI‘HOBI/IpOBaHI/ISI?




3agaua 3. /[ 3agaHHOrO psAla ONPEAECIUTh €r0 JTOBEPUTEIBHBIN
WHTEPBAJI ¢ ypoBHEM 3HauuMocTH (,05.

Bapuanrt X1 Xy X3 Xq X X X7

1 1003,4 |1000,0 |1000,67 |1005,2 |1004,2 |1003,7 |1001,6
2 0,432 0,5632 |0,843 0,245 0,4647 10,9634 |1,34

3 67 54 58 60 65 95 62

4 68,8 61,2 59,9 56,7 55 54,3 49,3

5 15,59 13,91 14,06 8,16 11,18 12,69 15,84
6 9,74 9,34 6,37 10,38 10,78 8,17 14,21
7 13,06 14,02 7,75 12,79 27,17 6,46 25,56
8 45,1 59 57,2 61,8 58,8 47,2 55,2

3. KOHTPOJIBHBIE BOITPOCHI

KakyuMu MeTolaMu MOKHO ONPEIENUTh aIEKBATHOCTh MOJIEIH?
Kak BBINONHAETCS aHAN3 YyBCTBUTEILHOCTH MOJCIIN?

Yro Takoe paboTocnocoOHas MOJEb?

KakoBbI KpuTEepuu peaiuCTUIHOCTA MOJIETH?

Yro Takoe HCONPCACIICHHOCTb MOACIN U YCM OHA BBIpa)KaeTCSI?

A

Yro Takoe k03 PUITMEHT 3JTACTUYHOCTH U B YEM €ro (PU3NUECKU
CMBICIT?
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IIpakTnueckoe 3anaTne Ne4. ArperupoBanue

Heab 3aHATHSI: U3YUYCHUE OCHOBHBIX BHUJOB arperatoB: KOH(UTY-
paTopoB, ONEPATOPOB, CTPYKTYP, CIAyUAHHBIX MPOIIECCOB.

AKTYaJIbHOCTh TeMbI 3aHSITHSI: arPETUPOBAHUE — 00sI3aTEIbHBIN
3Tan CUCTEMHOTO CUHTE3a, KOTOPBIM JIOJIKHA 3aKaHYMBATHCS MPOLIEAYypa
CO3/IaHUS CUCTEMY YIIPABJIEHUS C 3aJJaHHBIMU XapAKTEPUCTUKAMMU.

1. TEOPETUYECKASA YACTb

ATrperupoBaHHEM Ha3bIBACTCS IMPOIIECC, OOPATHBIN JACKOMITO3HUIINH,
KOTOPBIN TIpeaycMaTpPUBAcT yCTAHOBJICHHE OTHOIICHHHA Ha 3aJaHHOM
MHOJKECTBE 2JIEMEHTOB. [IpH arperupoBaHUH JIEMEHTHI 00 THHSIOTCS B
eIMHOE TIeTI0e.

BakHeliee CBONCTBO arperMpoBaHHBIX CHCTEM — 3MEPAKeHT-
HOCTb, T. €. BO3HUKHOBEHHE B pe3yjbTaTe OOBECIMHCHHUS HOBBIX Kade-
CTBECHHBIX CBOMCTB, KOTOPHIMH HE 00JIajial HA OJHMH W3 MCXOJHBIX dJic-
MEHTOB (HaIpHMep, aBTOMOOMIIb MOXKET MPHOOPECTH KadyecTBO CaMo-
CTOSATEIBLHOTO TICPEBIKCHUS JIMIID ITOCJIE IOJHOM COOPKH BCEX €ro
y3JI0B).

B 3aBHCHMOCTH OT IieJIeld arperupoBaHUsS BO3MOXKHBI Pa3IMUHBIC
BapUaHTBI PEIICHUs 3ajad arperupoBaHus. JIJIsl CHCTEMHOIO aHallu3a

LIUPOKO MPUMEHUMBI CIIEAYIOLINE arperarsl.

Arperatbl-KOH(pUTrypaTopsbl

B psize ciayyaeB [uisi MOAECIMPOBAHUS CIIOKHBIX SIBIEHUN TpeOyeTcs
Pa3HOCTOPOHHEE arperHpOBAHHOE OMUCAHUE CUCTEMBI C PA3JIMYHBIX TO-
YeK 3peHHus. ArperaroM-KoH(GUTypaToOpoM Ha3bIBAE€TCS HEKOTOpas ar-
peratHasi MOJIeNb, KOTOpasi BKJIIOYAeT B ce0 MUHUMAaJbHYIO COBOKYII-
HOCTb KaUE€CTBEHHO Pa3JIMYHBIX S3BIKOB, TOCTATOYHYIO I MOJAEIIUPO-

BaHUA CUCTCMBI.



Ilpumep. Koucuecypamop ons gopmuposarus moodenu npubopa
BKIOUAE MPU NPeOCMABIeHUA!

® 0OJ10K-cXemy;

®  NPUHYUNUATLHYIO CXEMY,

®  MOHMAINCHYIO CXEM) .

Ilpumep. Kongueypamop o0nsa 3a0anus mouku 8 -MepHOM NpO-
cmpancmee — COBOKYNHOCHb ee KoopouHam. Baowxnvl sxeusanenm-
HOCMb PA3HbIX CUCMeEM KOOPOUHam (PasHulX KOH@GUeypamopos) u Ha
NPeonoYmMumenbHOCMsb OPMO2OHANbHBIX CUCTNEM, OAIOWUX HE3A8UCUMOE
ONUCAHUEe HA KAHCOOM «5A3blKe» KOHpueypamopa.

Ilpumep. Kongueypamop o0na onucanus nosepxHocmu a06020
MpexmepHo20 meia Ha «NJI0CKOCHHBIX)» A3bIKAX — COB0KYNHOCHb Mpex
OPMO2OHANILHBLIX NPOEKYUl, NPUHAMASL 8 MEXHUYECKOM YepuyeHuu u
HayepmamenbHoUu 2eomempuu. BadcHvim s615emcsi He803MONCHOCHb
VMEHbUIeHUSL YUCAA NPOeKyull U HA U30LIMOYHOCMb 001bUie20 YUCIHd
«MOYeK 3PeHUs».

Arperartsi-0nepaTopsl

Ha npakTuke J0CTaTOYHO YacThl CUTYAIMU, KOTAa HEOOXO0IUMOCTh
arperaiid BO3HUKAET M0 IPUYMHE YPE3MEPHOW MHOTOYHUCICHHOCTH
JAHHBIX, CYILECTBEHHO 3aTPyJHSIONIECH WX 0030p W aHanu3. B Takom
Cay4yae TPUMEHHUMBI arperarbl-oneparopbl. ATperaTroM-orepaTopom
HAa3bIBAECTCS arperar, B pamMKax KOTOPOTO W3 YacTel WIIA 3JIEMEHTOB
bopMUPYIOTCS 00BEIMHEHUS JJIs1 YMEHBIIICHUS pa3MEPHOCTH.

[Ipocreiiuii cnoco0 arperupoBaHus COCTOUT B YCTAHOBJICHUM OT-
HOIIICHUS] SKBUBAJICHTHOCTH MEXJY arperupyeMbIMHU 3JIEMEHTAMH, T. €.
oOpazoBaHus KjaaccoB. C MPaKTUUYECKOW TOYKH 3pEHHUS OJHOM M3 Bax-
HEUIINX SIBISICTCS MPpo0OsieMa OnpeieeHuUs], K KAKOMY KJIaCCy OTHOCHUTCS
JIAHHBI KOHKPETHBIM 3JIEeMEHT. ArperupoBaHue B Kjacchl — 3¢ dek-
THBHAs,, HO JAaJIEKO HE TpUBHANIbHAs mpoueaypa. Ecim npencraBuTh



KJIaCC KaK Pe3yJIbTaT JCHCTBUS arperara-oneparopa, To TaKol onepaTop
UMEET BU/T

«ECJIM <ycnoBug Ha arperupyemsie pusHaku>, TO <ums knacca>.

Ilpumep. Aepecuposanue OaHHbIX NPU CMAMUCMUYECKOM AHATU3E.
Cpeou pa3nuunvix azpe2amos, HA3bleAeMblX 8 MOM CaAydae CMAamu-
cmuKamu, m. e. QYHKYusamMu 6bl00pPOYHbIX 3HAYEHUU, 0c0b0e Mecmo 3a-
HUMAaOm 00CMAamouHble CMAamucmuKy, m. e. maxkue azpe2amsi, KOmo-
pble U361eKarom 6Cro NoJesHylo uHgopmayuo 06 unmepecyrouem Hac
napamempe u3 co08OKynHocmu Haonoodenuti. OOHAKo npu azpeupo8aruu
nomepu uHgopmayuu 00bIYHO HeuzbexCcHvl. Badichbl onmumanvHule
CMAMUCMUKY, KOMopble NO380JAIOM C8eCMU HeU30eHCHble 6 IMUX
YCA08UAX Nomepu K MUHUMYMY 6 HEKOMOpPOM 3A0AHHOM CMbICIe.
Haenaouwiii npumep cmamucmuueckozo azpecuposanusi npeocmasisem
co00U (haxmopmwvill aHaIU3, 8 KOMOPOM HECKOJIbKO NEPEeMEeHHbIX C8O0-
0sIMCsl 8 00UH Pakmop.

Arperatrbl-CTpYKTYpbI

Baxkneitmeit popmoii arperupoBaHusi IpU CUHTE3€ CUCTEM SBIISIETCS
oOpazoBanue cTpykTyp. [Ipu cuHTe3€e pazpaboTUrK CUCTEMbI HABA3bIBAET
CTPYKTYPY HPOEKTUPYEMOW CHCTEME, UCXOAA M3 ILEJIe, COCTABHBIX
AJIEMEHTOB U CBs3€U. B KadyecTBe TUIIOB CTPYKTYDP, Ha3bIBAEMBIX arpe-
raTaMy- CTPyKTypamu, IPUMEHUMBI CETH, MaTPHULbI, IEPEBbS U JIP.

[Ipy MpOEKTUPOBAHUM CHUCTEMBI BaXKHO 3a1aTh €€ CTPYKTYpPHI BO
BCEX CYLIECTBEHHBIX OTHOWICHUSAX. COBOKYITHOCTh BCEX CYIIECTBEHHBIX
OTHOLIEHUW OMpeaensieTcss KOHPUTYpaTOpOM CUCTEMBI, U OTCIOJIa BbI-
TEKaeT, YTO MPOEKT 000N CHUCTEMBbl JTOJKEH COJAEpKaTh pa3pabOTKy
CTOJIBKUX CTPYKTYP, CKOJIBKO SI3BIKOB BKJIIOUEHO B €€ KOH(PUTypaTop.

Ipumep. I[Ipoekm opeanuzayuoHHOU cucmemvl OO0JINCEH COooep-
JHCamov CIMpPYKMypol:

® pacnpeodeneHus 81acmu;



® pacnpeoeyieHus OMmeemcmeeHHOCMU,
® pacnpeoelieHus: UHGOPMaAyUL.
dmu cmpykmypvl Mo2ym 00CMAMOYHO CUTLHO OMJIUYAMbCS MONO-

J02UYECKU.

B COBpEMEHHBIX CHCTEMHBIX HMCCJIEIOBAHUSAX IIMPOKOE BHUMAHUE
YICISAECTCS CEMAHTHUYECKMM  CETSM, HA3bIBAEMBIM TaKXE  JIOTH-
KO-JIMHI'BUCTHYECKUMHU MoAeaIMU. OHM HaXOoAT 00JIbIIOE IPUMEHECHUE
B CUTYallHOHHOM YIIPABJICHUMU, CUCTEMAX UCKYCCTBEHHOTO MHTEJIEKTA.
VYKazaHHbIE MOJEIHU OTOOPAKAIOT CTPYKTYPY UEIOBEUECKUX 3HAHUMU,
BBIPKAEMBIX HA €CTECTBEHHOM S3bIKE, IPUYEM 3TO OTOOPAKEHUE MOKET
OBITh OCYILECTBJIEHO cpeAacTBaMu DBM.

JlJ1st ipeacraBieHusl CUCTEM C Pa3jIUYHBIMU [UKIMYECKUMU Olepa-
usmMu 3G pexTuBHO TpuMeHeHne cerer Iletpu. DTo oauH M3 MHCTPY-
MEHTOB MOJECIUPOBAHUSA JTUCKPETHBIX MPOLECCOB. B Hacrosiee Bpems
HCTIOJIB3YIOTCS MX pa3InuHble MOAUDUKAIIUM, BKJIIOUAsi BDEMEHHbBIE CETH
ITetpu, usetnsie cetu Ilerpu, E-cetn u 1. 1. Maremarnueckas MOJAEIb
OIMCHIBAEMOTO CeThO lleTpu mporecca HOCTATOYHO HATJISAAHA, JIETKO
alropuTMU3MpyeMa sl MojaenupoBaHus Ha DBM, He TpeOyer 00Jib-
IIIOT'0 JIOTIOJHUTEILHOTO 00beMa 3HAHUM OT MCCIICIOBATEIIS.

Arperar-ciay4auHblil mpouece

Ecnu npouecc QyHKITMOHUPOBAHUS PEATbHOM CI0KHOM CUCTEMBI 110
CBOEMY CYILIECTBY HOCHUT XapakTep CIYyYanHOro Mpolecca, s arperara
KaK MAaT€MAaTUYECKOW MOJEIU CUCTEMBI HCIOIB3YIOTCS OCHOBHBIE IO-
HATUS TEOPUM CIIy4alHbIX nporeccoB. Cay4alHbIM IPOLECC, MPOTEKA-
IOIIMI B JT1000M (PU3NUYECKOU crCTEME, IPEACTABIISIET COOOM CllyyaliHbIe
MEPEXOJIBl CUCTEMBI M3 COCTOSIHUASL B COCTOAHUE. COCTOSIHUE CHUCTEMBI
MOXET OBITh 0XapPAKTEPU30BAHO C MOMOIIBIO YHCICHHBIX IEPEMEHHBIX: B
MPOCTEUIIIEM CiTydyae — OJIHOM, B 00JIe€ CIIOKHBIX — HECKOJIbKUMHU.



2. MIPAKTHYECKASA YACTb

3amaya 1. CocTaBUTh OJIOK-CXEMY:

1) MOCTYIUICHUSI B YHUBEPCUTET;

2) TOJATOTOBKH K JTJa0OPaTOPHBIM 3aHSITUSIM;

3) moxojia B MarasuH 3a MOKYIKaMu;

4) TOATOTOBKH B 3KCHEUIIMIO;

5) pa3pabOTKH MPOrpaMMHOIr0 00eCTICUEHUSI;

6) MOATOTOBKM TEXHHYECKOUN JOKYMEHTAIWH;

7) YCTaHOBKHU omnepainmoHHOM cuctemsbl Ha I1K;

8) mony4eHMs 3apIuiaThl B KACCE OPraHU3AlUU;

9) pa3paboTKH MPOILECCHON MOJIeNI TPOU3BO/JICTBA;
10) 3aIMTHI BBIMYCKHOM KBaTM(UKAIIMOHHON PabOTHI.

3agaya 2. Omnwmcate COCTaBIEHHYIO CXEMY OIIEpaTOPaMH
«Ecnn...Toy, «Iloka...Ilukm» u T. 1.

3. KOHTPOJIBHBIE BOITPOCHI

1. YTo moHMMaeTcs Mo arperupoOBaHUEM U SMEPKEHTHOCTHIO?

2. KakoBbl BapuaHTBI 3a/a4 arperupoBaHHs] NPH HCCIEAOBAHHUU
CUCTEM YIIPABJIECHUS?

3. KakoBo Ha3zHaueHue arperaroB-KOH(UIypaTopoB IpPH HCCIENO0-
BAHUU CHUCTEM YNIPaBJICHHUS?

4, KakoBO Ha3HAUYEHUE arperatoB-oNepaToOpOB MPU UCCIECTOBAHUU
CUCTEM YIIPABJIEHUS?

5. KakoBo Ha3zHaueHHWE arperaToB-CTPYKTYp IpPH HCCIEAOBAHHUU
CUCTEM YIIPABJIEHUS?

6. KakoBo HazHaueHHWE arperatoB-CIIy4alHbIX MPOIECCOB IMPU MC-
CJIEIOBAHUU CUCTEM yIIPaBJIECHUA?
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IpakTuyeckoe 3aHsiTHe NeS. MeToaAbl IKCIIEPTHBIX OLEHOK

Heanb 3aHSATHSA: U3YYCHUE OCHOBHBIX BHUIOB AKCHEPTHBIX OILICHOK:
MIAPHOT'O0 CPABHEHUS, MHOKECTBEHHOT'O CPaBHEHMS, MOCJIEI0BATEILHOTO
CpaBHCHHUSI.

AKTYaJIbHOCTb T€MbI 3aHATHS: dKCIEPTHOE OlLICHHBAHHE — d(-
(hEeKTUBHBIM METOJ MCCJIEOBAaHUS CUCTEM, OCHOBAHHBIN HAa MHTYULIUU U
ONBITE CIECIUAIMCTOB. BiajeHrne TEXHOJIOTHMEH 3KCHEePTHOIO OlCHHBA-
HUS 00s3aTENbHO JIJIs CTICIMAIMCTa B 00JIaCTH aBTOMATH3AIUH.

1. TEOPETUYECKASA YACTb

['pynmna MeToA0B 3KCHEPTHBIX OLEHOK HauboJiee YacTO MCIOJIb3Y-
eTCsl B MPAKTHKE OICHUBAHUS CIIOKHBIX CHUCTEM Ha Ka4eCTBEHHOM
ypoBHE. TepMUH «3KCHEPT» NPOUCXOAUT OT JATHHCKOTO CJIOBa EXPErtus
— onbITHBIN. [IpH MCTIOIB30BaHUN SKCTIEPTHBIX OIEHOK OOBIYHO TMPE-
1oJlaraeTcsi, YTO MHEHHUE TPYIIBI SKCIEPTOB HAJEKHEE, YeM MHEHUE
OTZIETILHOT'O SKCIEPTA.

DKCHepTHbIE OLIEHKU HECYT B ce0e KaK y3KOCYOBEKTHUBHBIE YEPTHI,
NPUCYIINE KAXKIOMY KCIEPTY, TaK U KOJUIEKTUBHO-CYOBEKTUBBIE, PU-
CyILIM€ KOJIJIETMH 3KCIepToB. M eciau mepBbie YCTPaHSAIOTCS B MPOIECCce
00pabOTKH WHIUBUIYAIbHBIX OKCIEPTHBIX OIICHOK, TO BTOpBIC He-
YCTPAHUMBI, Kakre Obl CIIOCOObI 00pa0OTKH HE MPUMEHSIIUCH.

DTanbl SKCIEPTU3HI CeAytomue: GopMupoBaHue 1eiu, pa3padboTka
POLEYPhl AKCIEPTU3bl, (HOPMHUPOBAHWE TPYIIIBI AKCIIEPTOB, OMPOC,
aHanu3 1 00padoTka UHpOpMAIUH.

[Ipu dhopmynupoBKe LETU SKCHEPTU3bI Pa3pabOTYUK JTOJKEH BbI-
paboTaTh YETKOE MPEACTaBICHUE O TOM, KEM U JJIA Kakux leneil OyayT
UCIIOJIb30BAaHbI PE3YIIbTATHI.

[Ipu o6paboTke MaTepuasoB KOJUICKTMBHOW SKCIIEPTHOW OIICHKH
UCIOJIb3YIOTCSI METOJbl TEOPUHM PaHTOBOM Koppeisuuu. [ns konnye-
CTBEHHOM OIIEHKU CTENEHH COTJIACOBAHHOCTHM MHEHMH HKCIEPTOB IMpH-

MeHsieTcs KodpdumueHT koukopaanuu W, KOTOpIi T03BOJISET OIICHUTD,



HACKOJIKO COTJIACOBAHBI MEXIY COOOM psabl MPEANOYTUTEILHOCTH,
MOCTPOEHHBIE KaXKIbIM dKciepToM. Ero 3HaueHne HaXxoIUTCs B peiesiax
0<W <1, rne W = 0 o3HauaeT noOJHYIO NPOTUBOIIOJOKHOCTh, & W =
1 — monHOe coBmajeHHe pPaHKUPOBOK. [IpakTUuecKku JOCTOBEPHOCTH
cuuraercs xopoureut, ecmm W = 0,7 --- 0,8,

JIns HarJIsIAHOCTH TPEACTABICHHUS O CTENEHH COINIACOBAHHOCTH
MHEHHU JBYX SKCIIEPTOB A U B ciiykuT KO3 PUITMEHT mapHOM paHTOBOM
KOppemsiiuu p, OoH npuHuMaeT 3HaueHus —1 < p < +1. 3HadeHue p =
+1 COOTBETCTBYET MOJHOMY COBIIQJICHUIO OLICHOK B paHrax JBYX JKC-
nepToB (MoJTHAsE COTIaCOBAHHOCTh MHEHHH JABYX DKCIIEPTOB), a 3HAUCHHUE
p = —1 — nByM B3aUMHO IMPOTUBOIOJIOKHBIM PaHKUPOBKAM BaKHOCTHU
CBOMCTB (MHEHHUE OJHOIO AKCIEPTa MPOTHUBOIMOJIOKHO MHEHUIO JIPYTO-
ro).

Tun wucnosb3yeMbIX MPOUEAYpP SKCIEPTHU3bl 3aBUCHUT OT 3a/1a4d
OLICHUBAHUSI.

K nanbonee ynorpeOUTENbHBIM MPOLIEAYpPaM IKCHEPTHBIX U3MEpe-
HUMN OTHOCSTCS:

® PaHXUPOBAHUE;

® [IapHOE CPABHEHUE;

® MHO>XECTBEHHbBIC CPABHCHUS;

® HEMOCPE/ICTBEHHAS OICHKA;

o wmeroa Uepumena-Akodda (mociieroBaTebHOE CPAaBHEHUE).

[{emecooOpa3HOCTh MPUMEHEHUS TOTO WJIM HHOTO METO/1a BO MHOT'OM
OMPEICISIETCA XapaKTEPOM aHAIU3UPYEMOM UH(POPMALIHH.

Pan:xupoBanue

Metoa npeacTaBisier coO0M MpoUEnypY YINOPSAAOUYECHHUS OOBEKTOB,
BBITIOJIHSIEMYIO 3KcniepToM. IIycTh cpenn OOBEKTOB HET SKBUBAJICHTHBIX.
B aTOM cityyae MeX 1y HUMHU CYILLECTBYET OTHOLLIEHUE CTPOrOro MOPsIIKA.
B pesynbrare cpaBHEHUs BCEX OOBEKTOB MO OTHOUIEHUIO CTPOroOro Imo-
psiiKa COCTaBIISIETCS  yHOPSAAOYEHHaAs IIOCIENOBATEIbHOCTH (g >
a, >+ >ay, rAe O0OBEKT C NEPBbIM HOMEPOM SBIISIETCA HauOojee



PEANOUYTUTEIILHBIM U3 BCEX, CO BTOPHIM HOMEPOM MEHEE MPEeIOYTH-
TEJICH, YeM TEPBBIM 0OBEKT, HO MPEANOYTHTEIHHEE BCEX OCTAIBHBIX U
T. A. [TonyuenHas cucrteMa 0OBEKTOB 00pa3yeT MOJIHBIM CTPOTUd MOpsi-
oK. [l 9TOro OTHOIIEHUS AOKa3aHO CYIIECTBOBAHWE YHMCIIOBOW CH-
CTEMBI, JICMEHTAMHU KOTOPOU SIBJISIOTCS JCHCTBUTEIbHBIC YUCIA, CBSI-
3aHHBIC MKy COOOI OTHOIIICHHEM HEPaBEHCTBA «OoJbIe» (>).

B mpakTtuke paHXuUpOBaHUS dYallle BCETO MPUMEHSETCS YHMCIOBOE
IPEICTaBICHUE TTOCIIEI0BATSIPHOCTH B BUJIE HATYyPaJIbHBIX YHCEI, T. €.
UCITOJIB3YETCS YHCIIOBAs IOCIEAOBATEIbHOCT. [IpuMeHeHne CTporux
YHCJICHHBIX OTHOIICHUM «OobIe» (>), «MeHbie» (<) WK «paBHO» (=)
HE BCETJa M03BOJISICT YCTAHOBUTD MOPSAIOK MKy oObekTamu. [ToaTomy
HapsAy ¢ HUMH MCIOJIb3YIOTCS OTHOIICHUS JJIs ONpeeIeHUsT OOJbIIeH
VI MEHBIIICH CTETIEHN KaKOT'0-TO KAYe€CTBEHHOTO MPpH3HaKa (OTHOIICHHUSI
JACTUYHOTO TOPSI/IKA, HAIIPUMEP TOJIC3HOCTH ), OTHOIIICHHS TUTIA «0oJee
IPEAMOYTHTEILHO» (>), «MEHEee MPEATIOUTUTEIBHOY (<), «PaBHOIICHHOY
(=) nu «O6e3paznuanoy (~).

JIJ1s1 OTHOIIIGHHSI HECTPOTOI0 JIMHEHHOTO TMOpPAAKa JT0Ka3aHO CYIIe-
CTBOBAaHHE YHCIIOBOM CHCTEMBbI C OTHOIICHUSMU HEPABEHCTBA M PaBCH-
CTBa MGy YMCIIaMH, ONMCHIBAIOIIIMMHU CBOKCTBa 00bekTOB. Hanboiee
MPEANOYTUTEIILHOMY OOBEKTY NMPUCBAMBASTCS PaHT, PaBHBIM CIUHHMIIC,
BTOPOMY I10 MPEANOYTHTESIPHOCTH — PaHT, paBHBIN ABYM, U T. A. Jlus
OKBUBAJICHTHBIX OOBEKTOB HA3HAYAIOTCS OJWHAKOBBIC DPAHTH, PaBHBIC
cpenHeapuPpMETHISCKOMY 3HAUYCHHWIO PAaHTOB, NMPHUCBAaWBACMBIX OJIMHA-
KOBBIM 00beKTaM. Takue paHTH Ha3bIBAIOT CBSA3aHHBIMU PaHTaMHU.

CBsi3aHHBIC paHTM MOTYT OKa3aTbCs APOOHBIMHU duciaamu. [Ipeamo-
YTUTEIBHEE UCIIOIH30BaTh CBA3AHHBIC PAHTH, TaK Kak cymMmMma paHroB N
00OBEKTOB paBHAa CyMME HaTypallbHBIX YHceN OT eauHuIbl 10 N. Ilpwu
ATOM JTH00bIC KOMOMHAITMHU CBS3aHHBIX PAHTOB HE U3MEHSIOT 3Ty CyMMY.
JlaHHO€ 0OCTOSITETLCTBO CYIIECTBEHHO YMPOIIAeT 00paboOTKy pe3yiib-
TATOB PAHXKUPOBAHUS IIPU I'PYNIIOBON SKCIIEPTHOMN OLICHKE.

[Ipu rpynnoBOM paHKUPOBAHUU KaXIbIM -1 SKCIIEPT MPHUCBAUBACT

KaXJIOMY j-My OOBEKTY PaHr Tjs. B pesynbTare NpoBeneH s SKCIEPTU3EI



MOJy4aeTcsl MaTpulla PaHroB ||rjs|| pasmepHoctu Ny, tie k — uwucio

skcnepToB; N — uuncio o0bekToB; S = 1---k, j = 1--- N. Pe3ynbTaThl
IPYIIIOBOTI0 3KCIEPTHOIO PAHXKUPOBAHUS YAOOHO MPEJCTaBUTH B BUJIE
TaOJIUIIBL.

JIOCTOMHCTBO paHXHUPOBAHUS KaK METOJIA YKCIEPTHOTO M3MEPEHUS
— MPOCTOTAa OCYIIECTBJICHUS MPOIEAYp, HE TpeOyroas TPYI0EMKOTO
oOydeHusi dKCcnepToB. HemocTaTkoM paHXUPOBaHUS SBIISIETCS TTPAKTU-
YyecKasi HEBO3MOKHOCTD YIOPS0UECHHS OOJIBIIOTO unciia 00beKkToB. Kak
MOKA3bIBACT OIBIT, NMPU YHCIe 00BeKTOB, Ooybmiem 10-15, axcmepTs
3aTPYAHSIOTCS B IOCTPOEHUM paHKUPOBaHUs. [Icuxonorus yreepxkaaer,
YTO NaMSITh YEJIOBEKA MO3BOJIAET ONIEPUPOBATH B CPEAHEM HE OOJiee YEM
7 + 2 o0bekTamu ogHOBpeMeHHO. [loaToMy mpu paHxkupoBaHUU OOJIb-
IOTO 4YHuCJa OOBEKTOB DKCIEPThI MOTYT JOINYCKAaTh CYIICCTBEHHBIC
OIITMOKH.

IlapHoe cpaBHeHuUe

DTOT METOJI MPEACTABISACT COOOM MPOLEAYPY YCTAHOBJICHUS TPE/I-
MOYTEeHUsI OOBEKTOB MPHU CPABHEHUU BCEX BO3MOXKHBIX map. IIpu cpas-
HEHHUU Tapbl 00BEKTOB BO3MOKHO JTMOO OTHOIIIEHHUE CTPOTOro IMOPSJIKa,
a100 OTHOIIEHUE SKBHBaJICHTHOCTH. OTCloAa CIEAYyeT, YTO MapHOe
CpaBHEHHE TaK K€, KaK U paHXHPOBAHUE, €CTh U3MEPEHHUE MO MOPSIIKO-
BOM IIIKAJIE.

B pesynbrate cpaBHEHUS Mapel 00BEKTOB @;, A SKCIEPT YHOPSAJIO-
YUBaeT €€, BhICKa3bIiBasl MHEHHE 4YTO Jubo a; > a;, 6o a; < a;, R195(070)
a;~a;.

B npakTuke mapHOro CpaBHEHUsI MCIOIB3YIOTCSA CIEIYIOIINE YHC-
JIOBBIE TIPECTABIICHUS

1,ecnu a; > aj,
{0, eciu a; < aj, (1.1)

NN



2,ecnu a; > a;,
1, ecin a;~a;, (1.2)
0,ecnu a; < a;

rae i,j =1---N.

Pe3ynbTathl cpaBHEHHS BCEX Map 0OBEKTOB YJ0OHO MPECTABIATH B
BUJie Matpulibl. [1ycTh, HanpuMep, UMEIOTCS MATh OOBEKTOB A4, Ay, A3,
A4, 05 ¥ TIPOBEJICHO MAapHOE CPABHEHUE 3TUX OOBEKTOB MO MPEANOYTH-
TenbHOCTH. Vcnonp3ys yuciaoBoe mnpeacrasieHue (2.1), coctaBuM Mart-
PHIly H3MEPEHHMS Pe3yJIbTaTOB MapHBIX CpaBHEeHMI (Taoi. 1).

Tabnua 1
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B Tabn. 1 mo amaronanu Bcerga OyayT paclojOXEHbl €IMHUIIBI,
MIOCKOJIBKY OOBEKT SKBUBAJIEHTEH CEOE.

[IpencraBnenue (1.2) xapakTepHO i1 OTOOpaXEHHsI PE3YyJIbTATOB
CHIOPTUBHBIX COCTSA3aHUM. 3a BBIMTPHIII AAIOT JIBA OYKA, 33 HUYBIO —
OJIHO U 3a MPOUTPHIII — HOJIb 0YKOB ((hyTO01, XOKKEH U T. 1.). [Ipen-
MOYTUTEILHOCTh OJIHOTO O0BEKTa Mepel IPYyTUM TPAKTYeTCs B JaHHOM
CJIyyae Kak BBIMTPHIII OJHOTO YYacTHUKA TypHUpa y apyroro. Tabnuna
pe3yJIbTaTOB U3MEPEHUS ITPU UCIIOIB30BAHUM YHCIOBOTO MPEICTABICHUS
HE OTJIMYAETCA OT TaOJMI[ PE3yJbTaTOB CHOPTUBHBIX TYPHUPOB 3a HC-
KJIIFOUCHUEM DJIEMEHTOB JWaroHaju (OObBIYHO B TYPHHUPHBIX TaOJMIIax
AJIEMEHTHI IMaroHajy 3alllTpUXOBaHbl). B kadecTBe mpumepa B Tadi. 2
MPUBEICHBI PE3YIbTAThl U3MEPEHUS MSITH OOBEKTOB C HCMOJb30BAHUEM
npenacrasiieHus (1.2), cooTBeTcTByomue tadi. 1.



Tabnura 2
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Bwmecro mpencraBnenus (1.2) 4acto HCHOJIB3YIOT 3KBUBAJICHTHOE
€My IIPEICTaBICHUE

+1,ecau a; > a;,
0,ecnu a;~aj, (1.2)
—1,ecmm q; < g;

rae i,j =1---N.

Ecnu cpaBHeHme map OOBEKTOB MPOU3BOIAUTCS OTACIBHO IO pa3-
JUYHBIM ITOKA3aTeJIsIM WU CpaBHEHNE OCYIIECTBIISICT IPYIINa SKCIIEPTOB,
TO MO KaXKJOMY MOKA3aTe0 WU IKCIEPTY COCTABIISIIOT CBOIO TaOIHUILY
PEe3yIBTAaTOB MapHBIX cpaBHeHNH. CpaBHEHHE BO BCEX BO3ZMOKHBIX ITapax
HE JaeT MOJHOTO yHOPSI0YCHUs 00BEKTOB, TTO3TOMY BO3HHMKACT 3a/1a4a
PaHXHUPOBaHUS 00OBEKTOB I10 Pe3yIbTaTaM WX TTAPHOTO CPaBHEHHUS.

OpHako, KaK MOKa3bIBACT OMBIT, SKCIEPT JAJIEKO HE BCET/Ia Mmoce-
JIOBaTEJICH B CBOMX NMPEANOUYTCHUsIX. B pe3ynbrare MCIob30BaHUS Me-
TOJA TApPHBIX CPABHEHWM 3KCIIEPT MOXKET YKaszaTh, 4YTO OOBEKT a4
MPEeANOUTUTENIbHEE Ay, A, TMPEANOUTUTEIFHEE A3 U B TO XK€ BpPEMS a3
MPEATIOYTUTEILHEE A4 .

B cnydae pa3oueHust 00beKTa Ha KJIACCHI IKCIEPT MOXKET K OJHOMY
KJIACCY OTHECTH TIaphl A4 U Ay, A, U A3, HO B TO K€ BpeMs O0BEKTHI A1 H
3 OTHECTH K Pa3IMYHBIM Ki1accaMm. Takas HENoCJeI0BaTeIbHOCTh DKC-
nepra OOBSACHICTCA Pa3IMYHBIMU TPUYMHAMHU: CIIOKHOCTBIO 3a/adH,
HEOYEBHUIHOCTHIO MPEINOYTUTEIHLHOCTH OOBEKTOB WM pa30MEHUs UX Ha
KJIacChl (B MPOTUBHOM Clly4ae, KOrja BCE€ OYEBHUJHO, MPOBEICHUE DKC-
NEePTU3bl HE0OA3aTENbHO), HEIOCTATOYHOM KOMIIETEHTHOCTBIO AKCIEPTA,



HEJIOCTATOYHO YETKOM MOCTAaHOBKOW 3a7a4M, MHOTOKPUTEPUATHLHOCTHIO
paccMaTpuBaeMbIX OOBEKTOB U T. ]I.

HemnocnenoBaTeabHOCTh AKCIIEpTa TPUBOJIUT K TOMY, UTO B PE3yJib-
TaTe MapHBIX CPAaBHEHWUU NPU OMPEACICHUU CPABHUTEIBHOU MpeIo-
YTUTEIBHOCTH OOBEKTOB MBI HE MOJYy4aeM PaHKUPOBAHUS U JaXKeE OT-
HOIIICHUM YaCTUYHOT'O TMOPSJKAa, HE BBIMOJIHEHO CBOMCTBO TPAH3UTHUB-
HOCTH.

Ecnu 1ienbro sKCnepTy3bl Ipu ONPEACICHUNU CPABHUTEIBHON TIpe/I-
MOYTUTEILHOCTH OOBEKTOB SIBIISIETCS TMOJYYECHUE PAHKUPOBAHUS WIIU
YaCTUYHOTO YHOPSIAOUYCHHS, HEOOXO0uMa UX JOTOJHUTEIbHAS UJICHTH-
duxanus. B aTux ciaydasx ©MeeT CMBICT B KaU4€CTBE PE3yIbTUPYIOIIETO
OTHOIIICHUSI BHIOMpATh OTHOIIICHUE 3aJaHHOTO THUIIA, OJIMbKaiiiee K Imo-
Jy4€HHOMY B DKCIIEPUMEHTE.

MHoxkecTBeHHbIE CPABHEHUS

JlaHHBII BU CPaBHEHUH OTIIMYAETCS OT APHBIX TEM, YTO IKCIEPTaM
MOCJIEIOBATEIIBHO TPEABSBISIOTCS HE Taphbl, a TPOWUKH, YETBEPKH, ...,
N-KU 00BEKTOB. DKCHEPT UX YMOPSIOUUBAET MO BAXKHOCTU WA pa3ou-
BaeT Ha KJIACChI B 3aBUCUMOCTH OT 1I€JIeH dKCIepTU3bl. MHOKECTBEHHbIE
CpPaBHEHHUS 3aHUMAIOT MPOMEKYTOUYHOE MOJOKEHHE MEXAY MapHBIMU
CpaBHEHUSMHU U paHxkupoBaHuem. C OIHOW CTOPOHBI, OHHU IO3BOJISIIOT
UCIIOJIb30BaTh OOJIBIINHI, YEM MPU MAPHBIX CPABHEHUSX, 00beM HUH(OP-
Malldu JJIsl ONpeNeNICHUs SKCIEPTHOTO CYKJIEHUSI B pe3yJibTaTe OIHO-
BPEMEHHOI'0 COOTHECEHUS O0BEKTAa HE C OJJTHUM, a C OOJBIIUM YHCIOM
00bekTOB. C Ipyroil CTOPOHBI, MPU PAHKUPOBAHUN OOBEKTOB UX MOMKET
OKa3aThCs CIMUILIKOM MHOTO, YTO 3aTPYAHSET pabOTy AKCHEepTa U CKa3bl-
BaeTCs HAa KaYeCTBE pe3yJbTaTOB HKCIEPTU3bl. B 3TOM ciydyae MHOXKe-
CTBEHHBIC CPaBHEHHUSI MO3BOJISIIOT YMEHBIIUTH O Pa3yMHBIX MPENETOB

00bEM MOCTYNAIOIIEH K IKCIEepTy UH(OPMAIIUU.

HenocpeacrBeHHas OlleHKA
Merton 3akirodaeTcsl B MPUCBaMBAHUM OOBEKTaM YHCIIOBBIX 3HAYe-
HUW Ha IIKaJie HHTEPBAJIOB. DKCIEPTy HEOOXOAUMO TOCTABUTh B COOT-



BETCTBUE KAXJOMY OOBEKTY TOUKY Ha OMPEACICHHOM OTPE3KE YUCITOBOM
ocu. IIpu 3TOM HEOOXOAUMO, YTOOBI APKBHUBAJICHTHBIM OOBEKTAM IpH-

[MHUCBhIBAJIMCh OJUHAKOBBIC YHCJIA.

Ilpumep. Oyenusanue namu 00bLEKMO8 (UCHONILIVEMC OMPE3OK

yucnosoui ocu [0,1]).

OueHiBaeMble LLkana ‘
obbexTs! OTHOWeHWit 1.0
- 09
“ 0.8
a4 =07
- 0.6
» - 0.5
a2 -~ 0,4
0,3
ay \ 02
- 0,1
- 0,0

Pucynox 1 — Ilpumep cpasnenusi naimu 00bekmog no wikane

llockonvky 3a Hauano omcuema 6vlOpaHa Hyn1e6as MouKa, mo 8
OaHHOM npumepe usmepeHue nPoU3800UMcs 6 WKajle OMmHoOueHUul. IKc-
nepm coeounsiem Kaxdcovlli 00bekm JUHUel ¢ MOYKOU YUCIA080U OCU U

noiyuaem cieoyrouue yuciosvie npeocmasienus obwvexkmos. ®(a,) =
0,28; ®(a,) = ®(ag) = 0,75; ®(a3) = 0,20; P(a,) = 0,50.

N3Mepenus B IIKajie HHTEPBAJIOB MOTYT OBITh IOCTATOYHO TOYHBIMHU
IpU MOJHONM MHPOPMUPOBAHHOCTU SKCIEPTOB O CBOMCTBaX OOBEKTOB.
OTH yCI0BUSI HA PAKTUKE BCTPEUAIOTCS PEIKO, TOATOMY JIJISI U3MEPEHUS
MPUMEHSIIOT OAJUIbHYIO OLEHKY. [Ipu 3TOM BMECTO HENpPEphIBHOTO OT-
pe3Ka 4YMCJIOBOM OCH pPacCMaTPUBAIOT YYAaCTKH, KOTOPBIM MPUIUCHIBA-
I0TCS1 OaJLIbI.

DKCIepT, NpUMUChIBas 00BEKTY Oai, TEM CaMbIM U3MEPSIET €ro C
TOYHOCTBIO JIO0 ONPEACICHHOTO OTPE3Ka YUCIIOBOU OcH. [TpuMenstoTes J,
10 u 100-6annbHbIC IIKAIBI.



Metox Yepumena-Axkopda (mociaeaoBareibHOE CPABHEHUE)

Meton OoTHOCUTCS K 4uCTy HauOojee MOMYJSIPHBIX MPU OICHKE
anpTepHaTUB. B Hem mpenamnosiaraeTcs mociaenIoBaTelbHAsA KOPPEKTHU-
POBKa OIICHOK, YKa3aHHbBIX 3KcnepTaMu. OCHOBHBIE MPEANOI0XKEHUS, HA
KOTOPBIX OCHOBAH METO/I, COCTOST B CIEAYIOLIEM:

o kaxjoi anbrepHatuBe @; (i = 1:-- N) cTaBUTCS B COOTBETCTBHE
JEeWCTBUTEIbHOE HeoTpuuaTenbHoe yncio O (a;);

¢ CCJIM aJIbTCpHATHUBA A; NPCAIIOYTUTCIIBHCC AJIbTCPHATHUBBLI Clj, TO

®(a;) > CD(aj) , €CIM JK€ aJbTEPHATHUBBI A; ¥ A; PABHOIEHHBI, TO
(I)(Cli) = (I)(Cl]),,

o ccmu O(a;) u CID(aj) — OIIEHKM ajlbTepHaTuB a; u a;, o ®(a;) +
CD(aj) COOTBETCTBYCT COBMCCTHO# peanu3aliu albTePHATHB a; U 4.

Hanbonee CHIbHBIM SIBIISIETCA MOCIEAHEE MPEANONIOKEHUE 00 ai-
JTUTUBHOCTHU OLIEHOK aJbTEPHATHB.

CornacHo metony Yepumena-Akodda anbTepHaTUBBI A4, Ay, ..., Ay
PaHXXHUPYIOTCS MO MpeanouTutenbHocTu. [lycts aist ygoOcTBa U3inoxe-
HUS allbTepHATUBA A4, Hanbosee MPeANOYTUTEIbHA, 3a HEH CIEAYET d, U
T. 1. DKCIEPT yKa3bIBacT MpeABapuTeIbHbIe YMcieHHbIe onieHKU P (a;)
JUIST KaXJ0W u3 anbTepHaTuB. MHorma Hawbosiee MpeanodYTHUTEILHON
albTEpHATUBE MPUITUCHIBACTCS OlICHKA 1, OCTalbHBIE OIIEHKHU pacroJia-
ratotrcs Mexay O 1 1 B COOTBETCTBUY C X MPEANIOYTUTEIBHOCTHIO. 3aTeM
AKCTEPT MPOUBOAUT CPABHEHUE abTEPHATUBBI A4 U CYMMBI ajJbTepHa-
TUB A, ..., Ay.

Ecnu anbrepHaTuBa a; OKAa3bIBACTCS MEHEE MPEANOUYTUTEIIHLHOM, TO
JUIsl yTOYHEHHUS OIIEHOK OHA CPABHUBAETCS MO MPEANOYTEHUIO C CYMMOM
aNnbTEpHATUB Ay, ..., Ay U T. 1. [locme TOro kak ajapTepHATHBA A4 OKa-
3BIBACTCS MPEANOYTUTEIIBHEE CYMMBI allbTePHATHUB A, ..., dj (k > 2),
OHA UCKJII0YAETCA U3 PACCMOTPEHHUSI, a BMECTO OLICHKU aJbTEPHATUBHI (4
paccMaTpUBACTCS U KOPPEKTUPYETCSl OLIEHKA ajJbTePHATUBHI d,. Ilpo-
1[ECC MPOJIOTIKACTCS JO TEX MOP, MOKAa OTKOPPEKTUPOBAHHBIMU HE OKa-
KYTCS OLICHKU BCEX aJIbTEPHATHUB.



[Ipu nocrarouno OonbpiioM N TPUMEHEHUE METOJlda CTAaHOBUTCS
CIIMIIIKOM TPYJIOEeMKHUM. B 3TOM ciydae 1enecooOpa3HO pa3OUTh ajib-
TEpHATUBBI HAa TPYNIIbI, a OAHY U3 AIbTEPHATUB, HATPUMEP MAKCUMAJIb-
HYI0, BKJIFOYUTh BO BCE€ I'PYMIbl. ITO MO3BOJAET MOJIYUYUTh YUCICHHbBIC
OIICHKM BCEX aJIbTEPHATHUB C IMOMOIIBIO OIICHUBAHUS BHYTPHU KaxKJIOU
TPYIIIIBI.

Meton Yepumena-Akodda sBisieTcs 0OAHUM U3 caMbIX 3PDHEKTUB-
HbIX. Ero MOKHO yCHENIHO HMCIOJIb30BaTh MPU H3MEPEHUAX B IIIKaJE
oTHoleHuM. B aToM cityuae onpezensiercss HanboJiee mpearnoYTUTeIbHas
anbTEpHATHUBA 4. E¥l mpucBanBaeTcsi MakcuMmaibHas oleHka. J[jist Bcex
OCTaJIbHBIX AIbTEPHATUB DKCIIEPT YKA3BhIBAET, BO CKOJILKO Pa3 OHU MEHEE
MPEANOYTUTEIbHBI, YeM 4. JJIT KOPPEKTUPOBKM YHUCICHHBIX OIICHOK
albTEPHATUB MOXHO HCHOJIb30BaTh KaK CTAaHAAPTHYIO MPOLEAYPY Me-
tona Yepumena-Axodda, Tak 1 monapHoe CpaBHEHUE MPEANOYTUTEIb-
HOCTU albTepHATUB. ECIIM YMCIEHHBIE OLIEHKU allbTEPHATUB HE COBIIA-
JAI0T C MPECTABICHUEM JKCIIepTa 00 UX MPEANOYTUTEIbHOCTH, TPOU3-
BOJIUTCSI KOPPEKTUPOBKA.

2. TIPAKTUYECKASA YACTb

PanxunpoBaTh ONMHUCAaHHBIMU BBIIIE METOAAMH CIEAYIOIINE aIbTEp-
HATHUBHI 110 CTETICHH MPEANOYTCHUS (HE MEHEe TSTH BapHAHTOB albTep-
HATUB).

1. DK3aMEHBI [0 CIABAEMBIM MPEAMETAM.

[IpocMoTp pa3nuuHbIX (UIBMOB.

briTOBas TEXHUKA U3BECTHBIX IPOU3BOAUTEIIEH.
KomrmbrotepHsbIe Urphl.

IToroma B pa3inyHbie BpEMEHA T'OJIA.

OTIbIX HA pA3JIMYHBIX KypOpTax.
KoMnbloTephl/HOYTOYKH pa3IMuHbIX MPOU3BOUTEICH.
PaznuuHbie My3bIKAIBHBIE UCTIOJTHUTEIIH.

© o N o gk w0

KomIibroTepHbIE aHTUBUPYCHI.
10. ITpoayKThl IUTAHUS.



3. KOHTPOJIBHBIE BOITPOCHI

=

Kakue MeToAbl 3KCIEPTHBIX OLIEHOK CUUTAOTCSI OCHOBHBIMU?

2. B yewm 3akmro4aercs CyIHOCTh METO/Ia PAaHKUPOBAHHUS ?

3. UTo Takoe METOJ MOMAPHOTO CPABHEHUS U B UEM €r0 OTIUYHUE OT
METOJ1a PaHXKUPOBAHHUS 7

4. B 4eM 3aKJIF04aeTCsl METOJ] MHOXKECTBEHHOTO CPAaBHEHUSA ?

5. UTO Takoe HEenmoCpeACTBEHHAs! OLEHKA?

6. B uem 3akmrodaeTcs METOJ IMOCIEIOBATENBHOIO CPaBHEHUS, U
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Ipakruyeckoe 3anaTHe Ne6. OueHUBaHUE CI0KHBIX CHCTEM B
YCJIOBHSAX ONPeIeTeHHOCTH

Ieap 3aHATHA: W3yYCHHE OCHOBHBIX METOJIOB PEIICHUS 3a1ay
BEKTOPHOM ONTUMHU3ALINH.

AKTYaJIbHOCTH T€Mbl 3aHATHA: ONTHMH3ANUSI — 005S3aTCIbHBIN
9TaIl CUHTE3a CHCTEM C 3aJJaHHBIMH XapaKTepHUCTHKaMu. Biajgenune Tex-
HOJIOTHEH ONTHMH3AIMU 00s3aTCIIFHO JUIS CHEIHUaINCTa B 00JIaCTHU aB-

TOMATU3aLUH.
1. TEOPETUYECKASA YACTb

1.1. 3agaya  MHOrOKPUTEPHAJIBHOIO0  MATEMATH4YECKOI0
NMPOrpaMMHUPOBAHNS

3a1[a11a MHOT'OKPpUTCPHUAJIBHOTO MATCMATHYCCKOI'O IIPpOrpaMMupoO-

BaHU (BGKTOpHOﬁ OHTI/IMI/ISaHI/II/I) NMECT BU/

extrifi(x) = Fi},
extr{f;(x) = F,},

extr{fi(x) = F},

npu x € X,
rie X — MHOXECTBO JOMYCTUMBIX 3HAYEHUU MEPEMEHHBIX X ; k —
JUCJIO IeNeBhIX (QyHKIUN (KpuTepuen); F; — 3HaueHHUE -TO KpUTEpHUs

(neneBoit GyHKIMM); extr — O3HA4YaeT, YTO JAHHBIM KPUTEPHUN JOKEH
MPUHATH SKCTPEMAIIBHOE 3HAUY€HUE (€ro HYKHO MaKCHMMHU3UPOBATh WU
MUHUMU3UPOBATH).

MHorokputepualibHas 3ajiadya OTJIMYAECTCS OT OJHOKPUTEPUATIBHOM
3a/1a4¥ ONTUMHU3AIUKA HAJTMYUEM HECKOJIBKUX 1EEBbIX (DYHKIUNA BMECTO

OJHOM.



[Ipu HaMM4YMM B MHOTOKPUTEPUAIIBHOW 3a]1a4€ KPUTEPUEB C pa3HOMU
Pa3MEPHOCTBIO UCIOJIB3YIOT HOpMaiu3alui KpurepueB. CrnocoObl
HOpMaJu3alliy MpeICTaBIeHbI B Ta0. 1.

Tabnuna 1

Hopmasmzarus MaremMaTn4ecKkoe BhIpaKeHHE
Ceenenue x 06e3pasmMepHbIM BennuuHam | f(x|y)/p ( f (x| y))
[lpuBenenne k oaHoW pasmepHoctH | f(x|y)/a(y)
plo] plf (x|y)] = pla(¥)]ple]
CMeHa HHTpeIMCHTa —f(x|y)

1/f(x]y)
EcrectBennast Hopmanusanus 4;(x|y) f (xly)-min(f (x1y))

max(f (x|y))-min(f x1y))
Hopmanm3amus cpaBHEHUs fxly)/ max ( f (x| y))

X

Hopmanusamus CaBumka max (f(xly)) — f(x|y)

X
Hopmanuzanus ocpenHenus fx|y)/ 2yey f(x]y)

B nanHO# TabmuIe y — 3JMeMEHT mpocTpaHcTBa G, G — TPOCTpaH-
CTBO 3JIEMEHTOB IPOM3BOJIBHOW TPHUPOJIBI, HA3BIBACMBIX I1EJICBBIMH
TepMaMu (B KOHKPETHBIX HHTEPIPETAIUAX 3TO COBOKYITHOCTb, IIEPEUCHb
WJIH HyMeparus Ka4eCTBEHHBIX CBOMCTB) DJICMEHTOB X € X.

CBepTKOl KOMIOHEHT MHOTOIIEIEBOTO Mokasatens f € F Ha3biBa-
ercs otoopaxenue g € {F » R'}, kotopoe nmpeobpasyeT cOBOKYITHOCTE
KOMIIOHEHT MHOTOIIEJIEBOTO ITOKa3aTes [, COOTBETCTBYIOIIMX IIEJICBBIM
TepMam y €Y , B CKasApHBIA 1neneBoi mokasarens g[f(x|y)] =
glf (x|y),y € Y] € R! OcHoBHBIE BUIBI CBEPTOK — JMHEHHBIE, MUHH-
MU3AIMOHHBIC, MaKCUMHU3alMOHHBIC, TTpon3BeacHuss u (pyHkmuu Koo-
0a-Jlyrmaca cieayromiero Buia




A

(9(f(x1Y)) = Zyey a(Mf(xly),
g(flxly) = min[a()f (1) + B)]

g(flxly) = maxla()f (xly) + B,

g(f&1y)) = Myey aOf (xly),
\g(f(x|y)) = Hyey[a(y)f(x|y)]ﬁ(y).

[IpobGneMbl 000CHOBaHUSI CBEPTOK COCTABJISIIOT OCHOBHOE HAIpaB-

JeHue Teopuu mnosie3Hoctu. K HacrosmeMy BpeMeHn cPopMyTupOBaHbI

OCHOBHBIE MPUHIIMIIBI BLIOOPA TUIA CBEPTKH, MPUBEJACHHBIEC B TA0JI. 2.

Tabmumna 2

[Tpuniun BeIOOpa

VYcinoBue onTUMaILHOCTH

JomuHantHOCTH RY“™ | f(x°|y) = f(x|y)Vx € X

YacTuyHOM Y, cY:f(x°y) = f(xly)vxeXyeY,

JOMHMHAHTHOCTH

[Tapeto R%°™ Ix € X:{f(x|y) = f(x°|y)Vy €Y} n
N{3y° eY: f(x°|y) > f(x°[y°)}

Cnelitepa dx € X: {f(x|ly) = f(x°|y)Vy € Y}

Co6CcTBEHHO dx € X: {f(x|ly) = f(x°|y)Vy € Y}

s dextuBHOCTH J[XKEeppH

fxly)—f(x°ly)
. <
M > O =y =
Vy €Y,Vx € {x € X: f(x]y) > f(x°|y)}
vy e{y €Y: f(xly) < f(x°|y)}

Hecob6cTBenHO
addextuBHOCTH [Keppu

Ax € X: {f(x|]y) = f(x°|y)vVy € Y}

aM > 0,3x € {x € X: f(x|y) > f(x°|y'")}
[Glym=falyn _ )

fxelyn—£ (xlyn)

vy'efy €Y: f(xly) < f(x°|y)}

PaBeHcTBa f(x°ly) =f(x°|ly'")Vy,y' €Y

CymmapHoi Yyer f(X°]y) 2 Xyey f(xly) VX € X
ahpekTUBHOCTH

Houra [yer f(X°ly) = Tyey f(xly) VX € X
Kommpommcca Ja(y) € A: Xyey a(W)f(x°y) = max a(y)f (x|y)
JIOMHHHMPYIOILETO max f(x°|y) = max f(x|y)vx € X

pe3yibraTa ey ey

["apaHTUPOBAHHOTO min f(x°|y) = min f(x|y)vx € X

pe3yabTaTa ey yer

Haumensbirero lf(x° =) <If(x—f)IvxeX




[Tpuniun BeIOOpa YcaoBue oNTUMAIBHOCTH

YKIOHCHHS =" Mler
f7(y) =max f(x|ly)vy € ¥
A-KpuTEpHs x° € X3o:A° =max A|X; =1

X, = {x € X: 4;(x|2) = Avy e Y}

a-xkpurepus ['ypBuna

RY(f)

o . ; (+0 (40
x° € X: [a‘rjr}glﬂ](x ly) +ny1ggc/1](x Iy)] >

> [a r;l(_:lplj(xly) +(1-a) nylggc/lj(xly)] Vx € X

Makcumyma QyHKITUH x° €€ X:H[f(x,)] = H[f(x)][vx € X
HEOTIPEICICHHOCTH

B 3amayax BeIOOpa perreHusi, (OpMaIU3yEMBIX B BHJE MOJIEIH
BEKTOPHOM ONTHMHM3AIUK, IIEPBBIM IIATOM CIIEAYET CUUTAThH BELIIECICHUE
00JIacTH KOMIIPOMHKCCOB (HIIM PEIIEHHH, ONTHMAILHBIX 1o Ilapero).
BekTop Ha3pIBae€TCs ONTHMAILHBIM 110 IlapeTo pelieHneM, eciau He Cy-
IIIECTBYET TAKOI'0, YTO BBIMOIHIIOTCSA HepaBeHcTBa f(x|y) # f(x°|y) u
fxly) = f(x°|y)vy €Y.

O061acTBI0 KOMIIPOMHUCCOB ['X Ha3BIBAE€TCS MOIMHOXECTBO JOITY-
CTUMOI'0 MHOKECTBA pelieHnid X, 001aJat0IIero TeM CBOMCTBOM, UTO BCE
HpUHAIJICKAIIME €My DELIEHHS HE MOIYT OLITh YJyYIIEHBI OJHOBpE-
MEHHO II0 BCEM JIOKAJIBHEIM KPUTEPHIM — KOMIIOHEHTaM BEKTOpa d(¢-
dexTuBHOCTH. ClIeH0BATENLHO, IS JIIOOLIX ABYX PEIICHU, TPUHALIIE-
xamux odnactu ['x(x', x"" € Tx) 00s3aTeIbHO MMEET MECTO MPOTUBO-
peure XOTd Obl ¢ OJHMM W3 JIOKAILHBIX KPUTEPUEB. DTO MPHUBOAUT K
HEOOXOIUMOCTH IIPOBOIUTE BEIOOp pelenus B ['X Ha OCHOBE HEKOTOPOI
CXEMBI KOMIIPOMHMCCA, YTO M ITOCITYKUJIO IPUYMHOM JIJIs Ha3BaHMs 9TOr0
HOJMHOYKECTBA 00J1aCTbI0 KOMIPOMHUCCOB. ONTHMajJIbHOE PEIIEHHE,
BBIOHMpPAaEMOE Ha OCHOBE MHOTOKPHUTEPHAILHOIO TIOX0/1a HE3ABUCHMO OT
MU30MpPAEMOro IPUHIMIIA ONTUMAILHOCTH, BCETAa IOJHKHO IIPHHAJIE-
’KaTh 00JIACTH KOMIIPOMHUCCOB. MHaue OHO MOXKET OBITh YIIyYIIEHO H,
CIICJIOBATENILHO, HE SABISETCS ONTHMAaIbHBIM. Takum 00pa3oM, 00JIacTh
KOMIIPOMHCCOB €CTh 00JacTh IMOTEHIHAILHO ONTHMAIbHBIX KOMIIPO-
muccoB. OTCIONa CIIEAyET, YTO MPH BHIOOPE PELICHHS [0 BEKTOPHOMY
KPUTEPHIO d(PPEKTUBHOCTH MOKHO OIPaHUYUTH IOUCK OINTHMAJILHOIO




pelieHust 001acThi0 KOMIIpoMuccoB ['x, KoTopas, Kak MpaBujIo, 3HAYU-

TEJILHO YK€ BCEil 00JIaCTH BO3MOKHBIX perieHui X.
1.2. MeToabl MHOTOKPUTEPHAJIBbHON ONTUMMU3ALUMN

TIpUHIKI CHPABEAIMBOr0 KOMIIPOMHUCCA

[lycTh Bce JIOKaldbHBIE KPUTEPUHU, 0Opasyromiue BeKTop 3P heKTuB-
HOCTH, UMEIOT OJMHAKOBYIO BaXXHOCTb. Cnpaseonusvim OyJeM CUUTATh
TaKOH KOMIIPOMKCC, IIPH KOTOPOM OTHOCHTENIBLHBIA YPOBEHL CHUKEHUS
KA4eCcTBa 10 OAHOMY MJIM HECKOJLKMM KPUTEPUSAM HE MPEBOCXOIHUT OT-
HOCHTEJILHOIO YPOBHSI ITOBBIIIEHUS KQUECTBA 10 OCTAJILHEIM KPUTEPHSIM
(MEHBIIE WK PaBeH). DTOMY NPHHIUIY MOXHO JaTh CIEIYIOLIYIO Ma-
TEMaTHYECKYI0 HMHTepIpeTanuio. IIycTh B 00gacTd KoMIpomuccoB I'x
JaHbl JIBa PEIICHHUS X M X', KAYECTBO KOTOPHIX OILEHUBAECTCS KPHUTEPH-
avu F; (x) u F,(x). Pemenne x' IpeBOCXOIUT peLIEHHE X' 10 KpUTeE-
puro F;, HO ycTymaeT mo Kpurepuio F,. Heo0XoauMo CpaBHUTE 3TH pe-
IIEHKMs ¥ BBHIOpATh HAWJIy4YlIME HA OCHOBE NPHHIMUIA CIPABEIHBOTO
KOMITpoMHKcca. J[j1s cpaBHEHUsS PENIEHUI BBEIEM MEPY OTHOCHTEILHOTO
CHIDKEHUS KauyeCTBA PEIICHUS 10 KaXIOMy U3 KPUTEPHEB — IIEHY

YCTYIIKH X

AFy (x'x") AR, (x'x'")

X1 = max x' x"Fy(x) 2 - max x' x"'F,(x)’ (1'1)
rne AF; u AF, — aOcodI0THbIE CHUKEHUSI YPOBHSA KPUTEPUEB TPU Iie-
pexoJie OT pelIeHus X' K peieHuo X (aus kputepus F;) u npu oopat-
HOM mnepexone (s kputepusa F,). Eciu OTHOCHUTENIBHOE CHUXEHUE
kputepus F; Oombliie, yem kputepus F,, To ciemyer oTAaTh IpeAIo-
YTEHHE PEINEHHUIO X . DTO CIEAyeT M3 CPAaBHEHMS ILIEHLI YCTYIKU IO
KaXJIOMY KPUTEPHIO.

AJITOpUTM pENICHUS 3aja4¥ BEKTOPHON ONTHUMU3ALNU, OCHOBAHHBIM
HAa NPUHLUIE CHPABEIMBOIO KOMIIPOMMUCCA, BKIIKOYAET CIIEAYIOIIUE
1Iary.



Ilar 0. Bribupaem x' u x'' € Dx.

[ar 1. Beruucisgem no opmynam (1.1) x; u x,

Ilar 2. Ecmu x; > X,, TO BEIOMpaeM X', HHa4€e BLIOHpaeM X'

[ITar 3. Ecnu HE CymecTByeT BEKTOpa XeX MPEANOYTUTENBHEE X WU
X5, TO PEIICHHE OCTAHABJIMBAETCS, WHAUYE BBHIOMpPAEM HOBBIU

BEKTOpP X3 U MEPEXOJIUM K 1mary 1.

Mopaenb omnpenenieHusi 001acCTH KOMIIPOMHUCCOB, a TaKXe MO/JIEIb
CIIPaBEIJIMBOTO KOMIIPOMHUCCA MHBAPUAHTHBI K MaciiTady H3MEpeHHs
Kputepuen. Mes cipaBeyIMBOro KOMIPOMHUCCA MOXKET OBITh OMpaBIaHa
B Clly4ya€ HOPMaJIM30BAHHOTO MPOCTPAHCTBA KPUTEPHUEB, KOTJa BCE JIO-
KaJIbHbIE KPUTEPUHU UMEIOT €IUHBIN MaciiTad u3MepeHus. bolbIMHCTBO
MPUHIMIIOB HOPMAaIu3allid OCHOBBIBAETCA Ha BBEJACHUM HJICATHHOTO
peuieHus, T. €. peuieHus, 00J1alalonero uaealibHbIM BEKTOPOM 3 dek-
TUBHOCTH Fu. DTO ujaecanbHOE pElICHHE MOXHO alpUOPHO MPEIoso-
KUTh UCXOAs M3 MHPopMmanuu 00 OOBEKTE, a MOXKHO PEIIUTh 3a7ady
ONTUMHU3ALNY JIJI1 KOKIOTO JIOKAIBHOTO KPUTEPUS U COOTBETCTBYIOIIEE
TUM PEIICHUSIM 3HAUY€HUE BEKTOpa 3(PGEKTUBHOCTU MPUHSATH 3a HJIE-
anbHbIA BekTOp 3 dexktuBHOCTH Fu. Torma BeIOOp ONTUMAIbHOIO pe-
IIEHUSI CTAHOBUTCS PABHO3HAYHBIM HAWIYUYIIEMY MPUOIUKEHHUIO K
3TOMY HJcaNbHOMY BekTOpYy Fu = (Fuy, - Fu,).

B »ToM ciydae BMecCTO ACHCTBUTEIBLHOTO 3HAYCHUS KPUTEPHEB
paccMaTpUBAIOTCS WIIM UX OTKJIOHEHUE OT MJIeaIbHOTO 3HAUCHUS

dF; = Fu; — F, (1.2)

]1

NI UX 6€3p33MepHOC OTHOCHUTCIBbHOC 3HAUYCHUC



[Ipu pemeHun 1aHHOM 3a/lauud UCTOJIB3YIOTCS 00a criocoba HOpMa-
au3anuu. TakuMm o0pa3oM, yCIEIIHOE pelleHue MpoOjeMbl HOpMalln3a-
IIMA BO MHOT'OM 3aBUCHUT OT TOI'0, HACKOJIbKO TOYHO U OOBEKTUBHO YJia-
€TCs OMPEACIUTh UJeaabHOE KauecTBO pelnieHus. [locne Hopmanuzauu
kputepueB 3p(PEKTUBHOCTU 3a/1a4ya BbIOOpa pelIeHUs] MPUOOpEeTaeT sic-
HbI MAaT€MAaTUYE€CKUM CMBICI. B TEOPETUKO-MHOKECTBEHHOM OTHOIIIE-
HUM OHA CTAHOBUTCS 3a7adyeidl YMOpsAIOYMBAHUS OTPAHUYCHHBIX BEK-
TOPHBIX MHOKECTB, a C TOUKU 3PEHUSI TEOPUU MPUOTIMKEHUIN — 3a1aueit
MPUOIMKEHUS B METPUYECKOM KOHEYHOMEPHOM MTPOCTPAHCTBE. DTO JIaeT
BO3MOKHOCTb TPOBOJUTH OOOCHOBAHHBLIM BHIOOP MPUHIIMIIOB OITH-
MaJIbHOCTH M BBISBJISITh UX JJOTUYECKHUI CMBICT.

Hpunuun ciadou ontumanabHocTu o Ilapero

Bektop x! € X HasbiBaeTcsl c1ab0 ONTHMAalbHBIM 1O IlapeTo pe-
meHueM (ontuMmainbHbiM 1o CrelTepy), €ciu He CYIIECTBYET BEKTOpa
x! € X Taxoro, uro f(x|y) = f(xl|y)vVy €Y.

[Tycts x7,i = 1:--m ecTh ONTHMAaJbHBIC PEIICHUS IS OOBIYHBIX
CKaJIAPHBIX ONTUMHU3ALMOHHBIX 3a7lad, KaxJas U3 KOTOPhIX MaKCHMHU-

3upyet komnoneHnty F;(x) Bexropa F(x)

Tg)?ch(x),j =1--m. (1.4)

Ecnu oHM SBISIOTCS MaKCUMAJIbHBIMH PEIICHUSMM I Ka)KJ0I'0

3HAUEHMS j, TO CUMUTAEM, UTO P}-(xjo) > F; (xj),i =1--m, rue x;’ —
ONTHMaJIbHOE pemieHue 3anaun (1.4).

ITonoxuMm, 4TO Sjo n300pakaeT MHOXKECTBO PEIICHUM, KaXJI0e M3

KOTOPBIX COOTBECTCTBYCT KOMIIOHCHTY F y A

S = {x|Fi(x;) « E(x) + a}, (1.5)



7€ a; TPEICTABIACT JOMYCTUMOE KOJIWYECTBO OTPAHUYECHHN COOTBET-
CTBYIOLIEN 00nacT 1Mo oTHOIIEHUIO K Fj. Torma onruMansHoe 10CTa-
TOYHOE PEHICHUE 3TO TAKOE PEUICHHUE, NP KOTOPOM MHUHUMAIbHBIN
KOMIOHEHT (HauXyIIuii KOMIIOHEHT) MAKCUMU3UPYETCSl HA MHOKECTBE,
yIOBIIETBOPSIIOIIEM JOCTATOYHOMY YCIIOBHIO X €E X M X € §Y X §7 X
-+ X S9.. OHO MOXET OBITh CHOPMYITUPOBAHO KaK

max z, (1.6)
X,z

npu ycnosusx Fj(x) = z; Fi(x) = F}-(xjo) —aj,i=1-m;x€X.
3nech 3amava (1.6) Hepaspemmma, €CliM @ HE HACTOJILKO BEJIMKO,
YTO IEPECCUCHUE {Sjo} HerycTo. BenuuuHbl a; NOJKHBI OBITH Ompee-

JIeHbl Ha OCHOBe 3HaueHuit Fj(x®) win ananusa TounocTu. MoxkHO 10-
Ka3aTh, YTO ONTHMaabHOE perieHue 3agaur (1.6) ecTh omTHMalbHOE
pewenue o Ilapero.

AJIFOpI/ITM peICHHUA 3a4a49 UMCCT CJIICAYIOMINC IIAaru.

[ar 1. Tlomaraem [ =1 u pemaem 3agady max zZ TMpPU YCIOBUIX
X

Fi(x) 2 z, F;(x) =2 Fj(xjo) —aj,i=1--m;x€X.
BpI3piBacM HMCXOJHOE€ PENICHUE X; W OLEHUBAEM LEIIEBYIO
bynkimio F(xq).

IIar 2. Korma x; 3amaHo, packianbiBaeM F(x;) Ha yIOBIECTBOPHTEIb-
HbIE U HEYJOBJETBOPUTEIIbHBIE KOMIOHEHTHI. O003HAUMM HX
COOTBETCTBEHHO uepe3 S; u S;. Ecim S; = @, To »Ta 3ajgaya
cautaercs Hepazpemumoin. Ecium S; # @, To x;— onTuMalib-
HOE, OTBeyarollee TpeOoBaHUsIM penieHue. Eciau S+@u S1 #F
@, To s j € §; onpenensercs a;; > 0, A0MYCTUMOE MO OTHO-
menuto K F;(x;) (paBenctso a;; = 0 03Hayaer, 4To -A LejleBast

(ynxnus f;(x) He MOXKET NPUHUMATHL 3HAYEHHE, OTIMYHOE OT

fj(xz))-



[ar 3. Pemaem 3agady maxz npu ycuaoBusix Fij(x) €z,j€ES ;
X,Z

Fi(x) = Fj(xf) —a;,j €S, x €X.

BrI3bIBaeM UCXOIHOE PEIICHHE X}, 1. Ecn X;, 1 = X;, TO 3a/1a4a
OyJIeT Hepa3penmMoi; MpU 3TOM aJTOPUTM 3aKaHYMBACTCS.
Ecmu x;,4 # x;, To monaraem [ =1+ 1 u Bo3BpamaemMcsi K
mary 2.

IpuHoun npuodJHKEeHHUS MO0 BCEM JIOKAJIbHBIM KPHUTEPUAM K
H/1eaJIbHOMY pelleHNI0

B 0CHOBY TaHHOTO MOJX0/a MOJIOKEHA UIesl TPUOIUKEHHS IO BCEM
KPUTEPHUSAM. [Iycth JlaHa 3a7aya MHOTOKPUTEPHATBHOTO

IPOrPaMMUPOBAHUS

max{f;(x) = Fi},
max{f,(x) = F},

max{fy(x) = Fy}, x € X, (1.7)
IIpY OIPAHUYEHUAX
Ag1X1 + AgaXz + -+ AgnXn = B (@ =1---7), (1.8)
AripiX1 + ArypaXo + o+ AripnXn = Brap
B=1--m-r), (1.9)
X1 = O,Xz = O, Xn > 0. (110)

Cpenu pemrennii cuctemsl (1.7)-(1.10) TpeOyercs OThICKAaTh Takoe
3HaYeHHE BekTopa x* = (X7,X5, ", Xy), IPH KOTOPOM JIOKAJIBHBIC KPH-
TEPUU MPHUMYT 10 BO3MOKHOCTH MakKCHUMalbHOE (MHHHMAlIbHOE) 3Ha-
YeHHE OJHOBPEMEHHO.

PaccMOTpUM KaXXayro OTAEIbHYI0 QYHKIUIO f;(X) M JOMyCTHM, YTO

JUIST KaKJI0r0 (pUKCHpOBaHHOTO [ = 1 ---m pellleHa 3ajaya MaKCHUMH3a-



uud. [IycTh COOTBETCTBYIOIIME ONTUMAJIBHBIE MJIAHBI XapaKTEPU3YIOTCS
BEKTOpAMU

x{ = (x9,x9,,x5),i =1--m. (1.11)

Ha »Tux onTtuMajabHBIX IIaHaX onpeACiiMM 3HAYCHUA KPUTCPUCB
COOTBCTCTBCHHO

Fio - (Fi(xf)'Fi(xZO)!'"IFi(xg))'i =1:--m, (112)

EcrectBenHo, uto BekTopsl (1.11), onpenensitoniue BEKTOPbl TOUKH B
IPOCTPAHCTBE MEPEMEHHBIX (X1, X5, ", X,) € (), OyAyT pa3HbIMHU: He-
KOTOPBIE U3 HUX MOTYT COBHAAAaTh APYT C IPYTOM.

Paccmotpum Bektop F(x) ¢ kommonentamu F (x)|F u3 (1.11) u co
CTaBUM KBaJIpaT €BKJIUI0BOM HOPMBI

R(x) = |IF(x) — F°|I?, (1.13)

BekTopa F(x) — F°, onpeaeeHHoro ajis Bcex x € (.

3amernM, uto F° OyAeT MpeacTaBiIATh COOON €IMHUYHBIA BEKTOp B
npoctpadHcTBe BekTopa F(x). HasoBeM ero wuacaibHbIM 3HAYCHHEM
BekTopa F(x). IlocraBiennas 3agaua Tenepb GOpPMYIUPYETCS TaK: JaHa
cuctema reneBblx GyHkiui (1.7) u gansr yenoBus 3agaun (1.8)-(1.10).
TpeOyetcs onpenenants TOUKy X € (), B koTopoi ¢yHkims R(x) moctu-
racT MUHHMYMa.

Takum 00pa3om, OThICKAHHWE BEKTOPHO-ONTUMAIBHOTO MIaHa X € ()
B JJaHHOW 3ajJa4e CBEJICHO K onTuMu3ainuu Beipakenus (1.13) na perre-
HUAX cucTeMmbl JuHeHHbIX HepaBeHCTB (1.8)-(1.10). ITockonbky BbIpa-
xenne (1.13) mpexacraBiaser coOOM KBaapaTUYHYIO (DYHKIIHIO IIepe-
MEHHBIX X1, Xp,***, Xy, TO 3aJlada OTBICKAHUS BEKTOPHO-ONTHMAJILHOTO
TUTaHA CBEJIACh K 3a7a4e BBITYKJIOTO MPOTPaMMHUPOBAHUS.



3amana Beinykiias Gyakuus R (x), onpeneacHHas HA MHOKECTBE X €
Q. Tpebyercs OTBICKATh TOUYKY X € (), 00ECIECUMBAIOIIYIO BBIIOIHCHHUE
ycrnoBust R(x*) = minR(x),x € Q.

Taxum ob6pazom, anroputm pemienus 3agadn (1.7)-(1.10) cocrout u3

ABYX OCHOBHBIX OTaIlOB:

Oran 1. max F;(x),i=1--m.
Oram 2. min R(x).

MeToa KBa3MONTHMH3ALUM JIOKAJBHBIX KpUTepHeB (MeTox Mo-
CJIeI0BATEJbHBIX YCTYIOK)

B nmanHOM ciiydae OCyHIECTBIISIETCSA MOWUCK HE €IWHCTBEHHOIO OIl-
TUMyMa, & HEKOTOPOM 00JIaCTH pelIeHU, OJU3KUX K ONTUMAIBHOMY, —
KBa3MONTUMAIBHOTO MHOeECTBA. [Ipy 3TOM ypoBEHBb JOIyCTUMOIO OT-
KJIOHEHUSI OT TOYHOTO ONTHMYyMa OIpPEIEISAETCS C YYETOM TOYHOCTHU
MOCTAHOBKM 3aJlayd (HampuMep, B 3aBUCUMOCTH OT TOYHOCTH BBIUHC-
JICHUSl BEJIIMYMHBI KPUTEPUEB), & TAK)KE HEKOTOPBIX MPAKTUYECKHUX CO-
oOpaxeHuil (HarpuMep, TpeOOBAHUI TOUHOCTH PEIICHUS 3a/1a4n).

BnHavane mnpou3BOOWTCS KAayeCTBEHHBIM AaHAJIW3 OTHOCUTEIIBHOU
BAKHOCTH KPUTEPHUEB; HA OCHOBAHUM TAKOT'0 aHaJu3a KPUTEPUH PaACIIO-
JaratoTcd M HYMEpYIOTCS B MOpAJIKE YOBIBaHUS BaKHOCTH, TAK YTO
IJIABHBIM CUHTAETCA KpuTepui F;, meHee BaxeH F,, 3areM cienyror
OCTaJIbHbIE JIOKanbHbIe Kputepuu F3, F,, ..., E, . Makcumusupyercs
NEPBbIA MO BAXKHOCTU KpuTepui F; U ompeaensiercss ero HanbOombliee
3HaueHue M, . 3areM Ha3HayaeTcs JOMYyCTUMOE CHUXKEHHE (YCTYIKa)
d, = 0 xpurepus F;. OnpenenuM HOBYIO aomycTumyto oosacth X (1)

Kak mojgoosacte X BUIA
X(1D) = Xp{x|Fi(x) = My —d4}. (1.14)

Takoll MoOAXOJ MO3BOJSAET CY3UTh MEPBOHAYAIBHYIO JIOIMYCTUMYIO
o0JyiacTh X, KOT/1a MEPEXO0JIUM K CIASIYIONIEMY 0 BaXKHOCTH KPUTEPUIO.



[locne atoro HaxoAuM HaumOoJIbllIee 3HaAUeHUE M, BTOpPOro KpHTe-
pus F, na maoxectBe X (1), T. €. IpH YCIOBHHU, YTO 3HAYCHHE MIEPBOTO
KpUTEPUS TOJKHO OBITh HE MEHbINE, ueM M; — d;. CHOBa Ha3Ha4aeTCs
3HaUYE€HHE YCTYNKU d, = 0, HO yKe€ MO0 BTOPOMY KPUTEPHIO, KOTOPOE
BMECTE C IMEPBBIM HUCIIOIB3YETCSI MPU HAXOXKIECHUH YCIOBHOIO MAaKCH-
MyMa TPEThEro KpuTepus, u T. A. HakoHen, MakCUMHU3UpyETCs MOCIIE -
HUAW 1O BaXXHOCTU KPUTEPUU [y, pU yCIOBHUM, UTO 3HAYECHHUE KAXKIOTO
kputepust F. u3 m — 1 npeapiAymmx JOJKHO OBITh HE MEHBIIE COOT-
BETCTBYIOIICH BeIWYUHbI M, — d,; MoJlydaeMble CTPATETUU CUUTAIOTCS
ONTUMAJIbHBIMU

XD = X( — 1) {x|F;(x) = M, — d,}. (1.14)

Takum oO6pa3zoM, ONTUMAIBHON CUMTACTCS CTPATETHsl, SIBISIOIIASICS
pELICHUEM TTOCIEIHEN 3a4a41 U3 MOCIIENOBATEIIbHOCTH 33a/1a4

1) maiitu M; = sup F;(x),x € X ;
sup F,(x),x € X;

2) Haiitu M,
m) Haiitu M,,, = sup F,,(x),x € X. (1.15)

Ecmu xpurepuii F,,, Ha MHOXECTBE CTPATETUH, YIOBJIECTBOPSIOIINX
orpanuuenusM 3agaur (m) u3 (1.15), He mocTHraer cBoero HamOOJb-
mero 3HadeHuss Mm, To pereHrneM MHOTOKpUTEPHATBHON 3a7a4u CUHU-
TAlOT MaKCHUMHU3HPYIOIIYIO IOCIEIOBATEIBHOCTE {X}} M3 IOCIeI0Ba-
TEJIbHOCTHU MHOX€ECTB X,,,_1 C X;p_» C - C X; C X.

3HavyeHust ycTymnok d;, i = 1:--m mocienoBaTeIbHO Ha3HAYAIOTCS
MIPU U3YUYECHUU B3aUMOCBSI3U YACTHBIX KPUTEPUEB.

Bnauvane peiiaercsi BOIpOC 0 HA3HAYEHUU JOMYCTUMOIO0 CHUKEHUS
d, TepBOro KpuTepus OT HamOoJbIero 3HaueHuss M, . 3amaroT He-
CKOJIbKO BEJIMYHH YCTYNOK dq1, dpq, d31,... U IIYTEM PEILICHUS 3aJauu
(1.15) omnpenensioT COOTBETCTBYIONIME MAaKCHMAabHbIE 3HAYCHUS



M,(d{1), M,(d»1), My(d31),... BTOpOrO Kputepus. Jlamee paccmarpu-
BaloT mapy kputepueB F, u F;. BHOBb Ha3zHauaroT mpoOHBIE 3HAYCHUS
yCTYNOK dq, , dyy , d3p ,... W OTHICKUBAIOT HAMOOJIBIINE 3HAYCHUS
M;(dy2), M3(d,,), M3(ds5),... TloaydeHHble AaHHBIE aHATU3UPYIOT,
HA3HA4aloT d,, MEPEXOAAT K Cleayromei nape kpurepues F, u F3 u T. 1.
Hakoser, B pe3ysibTaTe aHain3a B3aUMHOT'O BIMSIHUS KpUTEPUEB F,,_1 U
E,, BBIOMpAIOT 3HAUEHUE TOCICIHEH YCTYNKHU d,,_q ¥ OTHICKMBAIOT OTI-
TUMaJIbHBIC cTpareruu, perras 3agady (m)us (1.15) (oObluHO OrpaHu-
YUBAIOTCS HAXOXXJACHUEM OJHOW TaKOW CTpaTErum).

JIst perieHus MHOTOKPUTEPUATBHON 3a/laui HYKHO TaK paHKUPO-
BaTb KPUTEPUHU, YTOOBI MOTOM YJ00HEE OBLIO BHIOMpATh 3HAYECHUS
YCTYTIOK.

VY 100HBIM ABJISIETCS CTy4Yai, KOTAa B pe3yJIbTaTe MPeIBAPUTEILHOTO
aHaJM3a MHOTOKPUTEPHUAIBHONW 3a/1aud BBISICHSETCS, YTO MOYKHO JIOIY-
CTUTh YCTYIKH JIMIIb B MpeaeNax «MHKEeHepHoW» TouHocTH (5-10 % ot
HauOOJIbIICH BETMYUHBI KPUTEPHUSI).

Mertox cBepTbIBaHMSI BEKTOPHOIO KPHUTEPUSA B CKAJAPHBIN
KpUTEepUH

OnHrM U3 PacHpOCTPAHEHHBIX METOJOB PEIICHUS MHOTOKPUTEPH-
aJIbHBIX 3a/1a4 ABJISAECTCA METOJ CBEACHUSA MHOIOKPUTEPUAIBHOM 3a/1a4U K
OJHOKPUTEPUAIIBHOM IIyTEM CBEPTBHIBAHUSA BEKTOPHOTO KPUTEPUS B CKa-
JapHbIA. [Ipy 3TOM KaXIbld KPUTEPUN YMHOXKAETCS HA COOTBETCTBYIO-
i eMy BecoBor K03 PuuueHT (ko3P PUIHeHT BaXKHOCTH)

d(x) =Y a;iF(x),a; = 0. (1.16)

[Ipu 3TOM BO3HUKAIOT TPYAHOCTH C MPABUIBHBIM ITOJ00POM BECO-
BbIX KOd(ppummentoB «;. CyliecTBYIOT pa3iudHbIE CIOCOOBI BhIOOpA
ko3 punmenToB @. OIMH U3 HUX — HA3HA4YCHUE & B 3aBUCUMOCTHU OT
OTHOCUTEJILHOW Ba)KHOCTU KpHUTEpHEB. [[OJDKHO BBITIOJHATHCS YCIOBUE

HOPMHUPOBKH ), a; = 1.



2. MIPAKTHYECKASA YACTb

3agaua 1. PemuTh ONTUMU3AIMOHHYIO 33]1a4y
f1(X) = 43x; + 12x, - max

f2(X) =10x; — 5x, - min

X1+ x5 > 50

X1 —%x2>0

x1>0,x,>0

3amaya 2. PemuTh ONTUMU3aMOHHYIO 33/1a49y
f1(X) =90x; + 54x, - max

f2(X) = 25x1; — 34x, > min

X1+ X9 > 25

X1 — X, <12

x1>0,x,>0

3amayva 3. PemuTh ONTUMU3aMOHHYIO 331249y
f1(X) = 554x; + 643x, - max

f2(X) =765x; —432x, - min

x1 +x > 280

X1 — X9 > 125

x1>0,x,>0

3amaya 4. PemuTh ONTUMU3aMOHHYIO 331249y
f1(X) = 34x; + 87x, » max

f2(X) =16x; — 32x, » min

X1+ X9 > 23

X1 —X2 <5

x1>0,x,>0

3agaua S. PemuTh ONTUMU3AIMOHHYIO 3a]1a4y



f1(X) = 32x4 + 6x, - max
f2(X) =56x; —52x, - min
X1 +x2 > 20

X1 — X, <12

x1>0,x,>0

3agaua 6. PemuTh ONTUMU3AIMOHHYIO 33]1a4y
f1(X) = 432x, + 764x, - max

f2(X) =542x, — 232x, - min

X1 +x2 > 324

X1 — Xy, <127

x1>0,x,>0

3agaya 7. PemuTh ONTUMU3aMOHHYIO 331249y
f1(X) = 322x; + 46x, > max

f2(X) =132x; — 543x, - min

X1+ x> 234

X1 — Xy <167

x1>0,x,>0

3. KOHTPOJIBHBIE BOITPOCHI

1. B 4em cyth ontumMu3zanuu o npuHuuny Ilapero?

2. UTto Takoe CKaJSpHBIA KPUTEpPUH, U KaKUM OOpa3oM B HETo
MOYHO CBEPHYTbh BEKTOPHBIN KPUTEPHIA?

3. UTto Takoe MeTO]1 MOCIeI0BATEIbHbBIX YCTYIOK?

4. B yeM coCTOUT NPUHIUI OPUOIUKEHUS MO BCEM JIOKAIBHBIM
KPUTEPUSIM K UJEATBHOMY PEIICHUIO?

5. Uro Takoe npuHUMN cl1aboi onTuMaibHOCTH o [lapeTo?

6. B ueM 3akirouaeTcsi PUHIUI CIIPaBEJIMBOIO0 KOMIIpoMucca?
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IpakTnyeckoe 3ansaTue Ne7. OueHnBaHUE CJIO0KHBIX CHCTEM Ha
OCHOBE TEOPHH MOJIE3HOCTH

Heab 3aHATHSA: U3YYCHUE OCHOBHBIX MOJIOKECHUW TEOPUH TOJIE3-
HOCTU U MPUOOPETEHUE MPAKTUYECKUX HABBIKOB OIEHUBAHUS CIIOMKHBIX
CHUCTEM B yCJIOBHUAX PUCKA Ha OCHOBE (DYHKIIUU MOJIE3HOCTHU.

AKTYyaJIbHOCTh TeMbl 3aHATHHA: TEOPUS IOJE3HOCTH UIUPOKO
MPUMEHSIETCS MPU aHAJIN3€ CUCTEM B YCIOBUSX JICMCTBUS CIIyYalHBIX
(GhakTOpPOB KaK OCHOBa /IS MPUHSATUS pelieHui. BiageHue 3Toil TEXHO-
JIOTHEN 00513aTeNIbHO JIJIs1 CIIEHUANIMCTA B 001aCTH aBTOMATHU3AlUU.

1. TEOPETUYECKASA YACTb

Omepaluy, BBINOJHIEMBIC B YCIOBUSAX PHUCKA, HA3BIBAIOTCS BEPO-
ATHOCTHBIMH. OIHO3HAYHOCTH COOTBETCTBHUS MEKIY CHUCTEMaMH U HC-
XOJaMH B BEPOSATHOCTHBIX OIEPAIUAX HAPYIIACTCS. ITO O3HAYACT, UTO
KaXXI0i cucTeMe (albTepHATHBE) A CTABUTCSA B COOTBETCTBUE HE OJUH, a
MHOYECTBO HCXOMIO0B {y;} ¢ M3BECTHBIMU YCIIOBHBIMH BEPOSTHOCTSIMH
nosiBiieHus p(yila;). OueBHIHO, OLEHWBATH CHCTEMBbI B OIEpaIUsaX
JTAHHOT'O THIIA TaK, KaK B JICTCPMHUHUPOBAHHBIX OTCPAIIUAX, HEJIb3S.

Ilpumep. U3-3a ocpanuuenHOU HAOEHCHOCMU Ceme8oco 000pPy0o-
BAHUS 8peMsl nepeodadu COOOWeHUs MOIHCem MEHAMbCS CAYYAUHbIM 00-

Pa3om no U38eCmMHOMY 3aKOH).

Db (heKTUBHOCTh CHCTEM B BEPOSTHOCTHBIX OMEPALUSX HAXOMIHUTCS
yepe3 MaTeMaTHIeCKoe OKuAaHne (DYHKIMH ITOJIE3HOCTH Ha MHOYKECTBE
ucxonoB K(a) = M,[F(y)]. Ilpu ucxomax y,{k~1---m} ¢ muckper-
HBIMU 3HAYEHHSIMH IIOKA3aTelIed, KaXKIblii M3 KOTOPBIX MOSBIISETCS C
YCIOBHOU BepOSITHOCTBIO P (Vi |a;) u mmeer monesnocts F(y,), BoIpa-
JKEHHE I ONpEAEIeHUs] MAaTEMaTHUYECKOTO OXHMIAHHUS (PYHKIUH II0-

JIC3HOCTH 3aIIMChIBACTCA B BUJC



K(a;) = Xk=1prladF(yg), i = 1---n. (1.1)

N3 BeipakeHus (1.1) Kak 4acTHBIN clydail MOXKET OBITh MOJTy4YeHa
olieHKa 3(P(EKTUBHOCTU CUCTEM JJIsl JIETEPMHUHHPOBAHHBIX OIEpallnid,
€CJIM MPHUHATH, YTO HCXOJ, COOTBETCTBYIOIIMM CHCTEME, HACTYIMAET C
BEPOSITHOCTHIO, PABHOM €IMHUIIE, & BEPOSITHOCTH OCTAIBHBIX HCXOJIOB
paBHBI HYJIO. YCIOBUSA OIIEHKM CHUCTEM B Ciydae, KOrja IMoKa3aTeiau
UCX0J1a BEPOSITHOCTHOM Omepaluu SBISIOTCS TUCKPETHBIMU BEIMYMHA-
MU, YI00HO 3aJ1aBaTh Ta0IHuHO (Tad:. 1).

Tabmuna 7

a; Vi p(yla;) F(yy) K(a;)

a; V1 p(yilay) F(y;)
V2 p(y2lay) F(y,)
Vi p(yilay) F(y)

a, V1 p(yilay) F(y1)
V2 p(y2laz) F(y,)
Vi p(yilasz) Fly)

Am V1 p(yilan) F(y1)
V2 p(y2lam) F(y,)
Y p(yilan) F(y)

[Ipn mcxomax ¢ HENPEPHIBHBIMU 3HAYEHUSIMH IIOKA3aTEJIE Mare-
MaTHYECKOE OXUJaHue (YHKIUU MMOJIE3HOCTU OMPEAEIACTCS KaK

K(a) = [, fla)F(y)dy,

rae f(yla;) — maoTHOCTE BeposATHOCTEH HCXOA0B; R — AomycTHMas
00J1aCTh BEKTOPHOI'O IIPOCTPAHCTBA UCXOI0B.




st onieHku 3¢ PEKTUBHOCTH CUCTEM B BEPOSITHOCTHOW Olepaiivuu
HEO00XO0UMO:

® OIIPEACIUTHh UCXObI ONIEPALMU 11O KAXKIOU CUCTEME;

® [OCTPOUTHh (PYHKIIUIO MOJIE3HOCTH HAa MHOXKECTBE MCXOJIOB OIle-
panuu;

® HAUTHU PACIPEACICHUE BEPOATHOCTEM HA MHOXKECTBE HCXOJIOB
oIepanuy;

® paccuuTaTh MaTeMaTH4YecKoe OXXuaaHue (PYHKIIMU TOJIE3HOCTH
Ha MHOECTBE UCXOA0B OINEPALUHU IS KAXKIOU CUCTEMBL.

Kpurepuii oNTUMAIBHOCTHA JI1 BEPOSITHOCTHBIX OINEPAlA HMEET
BU]I

K(a;) = max Mg IF)],i=1--m.

B COOTBETCTBHHM C 3THUM KpPUTEPHUEM ONTUMAIBHOM CUCTEMOU B
YCJIOBUSIX PUCKA CUUTAETCS CHCTEMa C MaKCHUMaJlbHbIM 3HAUE€HUEM Ma-
TEMAaTHUYECKOTO OXUJAHUs (DYHKIIMU MOJE3HOCTH HA MHOXKECTBE MCXO-
JIOB OIEPaALIHH.

OneHka CUCTEM B YCIOBUSX BEPOATHOCTHOM oOmNEpanud — 3TO
OLICHKa «B CpEJHEM», MOATOMY €W MPUCYIIH BCE HEJOCTATKU TaKOIo
MOAXO0/a, TJIABHBIA M3 KOTOPBIX 3aKIIOYAETCS B TOM, YTO HE HCKIIOUEH
ciiy4yail BBIOOpa HEONTUMAIILHOM CUCTEMBI JJIsl KOHKPETHOM peasin3aluu
oneparu. OHAKO €CJIH oreparus OyAeT MHOTOKPATHO MOBTOPSATHCS, TO
ONTUMaJbHAsl B CPETHEM CHCTEMa IPUBEIET K HAMOOJBIIEMY YCIIEXY.

CBeneHue 3ajayu OLICHKU CHUCTEM K BEPOSITHOCTHOM IMOCTaHOBKE
NPUMEHUMO JIJIsl OTlepalvid, UMEIOIIUX MAaCCOBBIM XapakTep, AJs KOTO-
pPBIX HUMEETCSI BO3MOXKHOCTD OINpPEJEIUTh 0ObEKTUBHBIE MOKA3ATENIN HC-
X0JI0B, BEPOSITHOCTHBIE XapaKTEPUCTUKHU 10 MapaMeTpaM OOCTAaHOBKHU U
3aKOHBI PACHPEAEICHUS BEPOATHOCTEM HA MHOMXECTBE MCXOJIOB OIlepa-
105058

PaccmoTpum mipumep oneHkH 3P(HEKTUBHOCTH CHCTEM B BEPOST-
HOCTHBIX ONEpalUIX [0 MPUBEAECHHOMY KPUTEPHIO.



IIpumep 1. Oyenxa sapuanmos Kougueypayuu cemepo2eHHol n0-

KAIbHOU BbIYUCAUMENbHOU Cemiu 061/14620 noJjlb306AHUAL. Hccvze@yejwaﬂ

onepayusi — 0OMeH COO6W€HM}ZMM M@chay noJjivzoeameimu, cucmemda

— 6dApUAHNIbL PASMEULEHUA CEMEBO2O 060py00661H1/l}l, nokKkasameib Uuc-

xXo00a onepayuu — YUClio NepedarHHvlXx coooweHull Ny, (OUCKpemHas ee-

auyuna). Yucnosvie 0anHvle 0151 OyeHKU npuseoetvl 8 maoi. 2.

Tabauma 2

a; Ny p(yla;) | F(ny) K(a;)

BapuanT 1 | 60 0,3 0,8 0,51
40 0,5 0,5
20 0,2 0,1

BapuanTt 2 | 60 0,25 0,8 0,515
40 0,60 0,5
20 0,15 0,1

Pacuem nokazameneii u oyenxa s¢hgpexmusHocmu no Kpumepuio

npeeocxoécmea nokKdassvlearom, 4no 6 Kkavecmee ONMUMANLHOU CUCEMbl

00.J19icer Oblmb NPUHAH 8aApUAHM 2 KOHpuUeypayuu cemu

K(a;)=03x%x08+05x%x05+0,2%x0,1=0,51;
K(a,) =0,25%x0,8+ 0,6 x0,5+ 0,15 x 0,1 = 0,515;
K., = max K(a) =K(a,) = 0,515.

KpOMC OIITUMU3AIIUN «B CPCAHCM» B BCPOATHOCTHBIX OIICPALIUAX

VCTIOJIB3YIOTCS U APYTUE KPUTEPUH OLIEHKU CUCTEM:

MaKCHMYM BEPOSTHOCTH CIIY4alHOTO COOBITHS;

MAaKCUMyM CTCIICHU BGpOHTHOCTHOﬁ rapanTun JOCTHUIKCHUS PC-
3yJbTaTa He HIKE TpeOyeMoro ypoBHS,

MUHAMYM CPEIHETrO KBaJpaTa yKJIOHCHHUS pe3ysibTara OT Tpe-
oyemoro;

MHUHHUMYM JUCIICPCUU PE3YJIbTaTa;

MAaKCUMYM BCPOATHOCTHO-TAPAHTUPOBAHHOI'O PC3YyJIbTaTa,



® MHUHUMYM CpelHero (0aiieCOBCKOTo) pucka (MUHUMYM CPEIHHUX
MOTEPB).
PaccMoTpeHne 3TUX KPUTEPUEB COCTABIISIET OJUH U3 Pa3JIeoB TEO-
PUM TIPUHATHUS PELICHUN.

2. MIPAKTHYECKASA YACTb

I[J'ISI NpCACTABJICHHBIX HWKC BAPHUAHTOB PAaCCUHUTATL IMOKA3aTCIIN U
OLCHKY 3(1)(1)€KTI/IBHOCTI/I IIO KPUTCPHUIO ITPCBOCXOACTBA.

3agaua 1

a; N p(ngla;) F(ny)

Bapwuant 1 85 0,5 0,3
65 0,25 0,7
45 0,25 0,2

Bapuanr 2 85 0,65 0,2
65 0,25 0,45
45 0,1 0,6

BapwuanT 2 85 0,4 0,15
65 0,35 0,65
45 0,25 0,2

3agaua 2

a; Nk p(ngla;) F(ny)

Bapwuant 1 120 0,7 0,6
80 0,1 0,6
60 0,2 0,3

BapuanT 2 120 0,5 0,4
80 0,3 0,45
60 0,2 0,4

Bapuanr 2 120 0,8 0,35
80 0,05 0,5
60 0,15 0,3




3agaua 3

a; N p(nyla;) F(ny)
Bapuanr 1 60 0,4 0,15
50 0,1 0,65
40 0,5 0,2
BapuanT 2 60 0,2 0,6
50 0,3 0,6
40 0,5 0,3
Bapuanr 2 60 0,6 0,2
50 0,15 0,45
40 0,25 0,6
3agaua 4
a; Ny p(yla;) F(ny)
Bapuanr 1 60 0,4 0,4
50 0,1 0,45
40 0,5 0,4
BapuanT 2 60 0,65 0,6
50 0,25 0,6
40 0,1 0,3
BapwuanT 2 60 0,8 0,2
50 0,05 0,45
40 0,15 0,6
3agaua 5
a; ng p(ngla;) F(ny)
Bapuanr 1 85 0,65 0,3
65 0,25 0,7
45 0,1 0,2
Bapuanr 2 85 0,4 0,2
65 0,1 0,45
45 0,5 0,6
Bapuanr 2 85 0,5 0,15
65 0,25 0,65
45 0,25 0,2

3. KOHTPOJIBHBIE BOITPOCHI

1. JIns Kakux 1eJiel TpOBOJUTCS OLIEHKA CI0KHBIX CUCTEM?
2. KaxoBbI OCHOBHBIE dTanbl OLIEHUBAHUS CII0KHBIX CUCTEM?




3. Kakoil Bug uMeeT Kputepuii ONTUMAIbHOCTH ?

4. UYto Takoe PyHKIMS MOJIE3HOCTH?

5. Kak ocymecTBisieTcss OIEHKa CJIOKHBIX CHUCTEM B YCIOBHAX
pHCKa Ha OCHOBE (DYHKIIMH MOJIE3HOCTH?

6. Kakum oOpa3oM orpeensieTcs MaTeMaTHYeCKOe OKUIaHUE TTPHU
MCXO0JIaX C HEMPEPBHIBHBIMHU 3HAUYCHUSIMU TTOKa3aTeICH?
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IIpakTuyeckoe 3ansaTue NeS. OueHUBaHUE CJIOKHBIX CHCTEM B
YCJIOBHSAX HEOIPeAeJeHHOCTH

eab 3aHATHSA: U3YYEHUE OCHOBHBIX ITOJIOKEHUN TEOPUU TTPUSHTHUSA
PELIEHUH B YCIOBUAX HEOIPEAECICHHOCTH.

AKTYaJIbHOCTh TE€Mbl 3AHATHUA: TCOPUS MPUSHTHUS PEUICHUMN IIU-
POKO IPUMEHSIETCS IIPU aHAJIU3€ CUCTEM B YCIIOBUAX HEOIPEIECIICHHOCTH.
Brnanenue merojonuedl NMpUHATHUS YOPABICHUYECKUX pEIICHUN 00s3a-
TEJIbHO JJIA ClelranucTa B 00J1aCTU aBTOMAaTU3aLIUH.

1. TEOPETUYECKASA YACTb

Crneuuduryeckue 4YepTbl OPraHU3alUOHHO-TEXHUYECKUX CHUCTEM
4acTO HE MO3BOJIAIOT CBECTH ONIEPALIUH, IPOBOIUMbBIE STUMHU CUCTEMaMHU,
K JCTEPMUHHPOBAHHBIM WJIM BEPOATHOCTHBIM. K Takum wyepram
OTHOCSITCA:

1. Hanuuwue B ymnpaBiisieMO CHUCTEME B Kaue€CTBE 3JIEMEHTOB (MO/I-
CUCTEM) LEJCHANPABICHHBIX HWHAWUBUIYYMOB W HAJIWYHE B CUCTEME
ynpasieHus auna npuHumatoiero pemenus (JIIP), ocymectBiustonmx
yIpaBJI€HUE HA OCHOBE CYOBEKTHUBHBIX MOJEJIECH, YTO U MPUBOJIUT K
00JBIIOMY Pa3HOOOPa3HI0 MOBEAEHUS CUCTEMBI B IIEJIOM.

2. AJITOpPUTM YNPABJIEHHUS YACTO CTPOUT CaMa CUCTEMA yIIPABIICHMUS,
npecienys MOMHUMO TPEIbSABISIEMBIX CTaplIed CUCTeMOW Lenel coo-
CTBEHHBIE LIEJIM, HE BCET/1a COBIIAIAI0IIME C BHEIIHUMU.

3. Ha srane oueHku cuTyanuu B psA€ CIy4acB HUCXOIAT HE U3
(dakTU4YeCKON CUTyalluu, a U3 TOM MojeNu, KoTopou nonb3yercs JIITP
IIPH YTIPABICHUH OOBEKTOM.

4. B mporiecce NpuHATHS pelieHus: OOJIbIIYI0 POJIb UTPAIOT JIOTH-
yeckue paccyxnaenus JIIIP, ne mognarommuecs hopManuzanuu KiacCu-
YECKUMH METOIaMHU MAaTEMATHKHU.

5. Ilpu BBIOOpE ympaBistomero Bo3aercteus JIIIP moxer onepu-
POBAaTh HEUYETKUMU MTOHATHUAMH, OTHOLIEHUSMU U BBICKAa3bIBAHUSMMU.



6. B OonbpmioM Kkjacce 3ajady  yHOpaBJieHUsS OpPraHU3aIMOH-
HO-TEXHUYECKUMH CUCTEMaMU OTCYTCTBYIOT OOBEKTHUBHBIC KPUTEPUU
OIICHUWBAaHUS JIOCTHXKEHHUS II€JIEBOIO0 M TEKYIIEr0 COCTOSIHUNM OO0BEeKTa
YIIPaBJICHHUS, & TAKXKE CTATHCTHKA, IOCTATOYHAsA JJISI IOCTPOCHUS COOT-
BETCTBYIOIIUX BEPOSITHOCTHBIX paclpenesicHuil (3aKOHOB pacmpeesie-
HUS UICXOJIOB OTepaIuit) Jjisi KOHKPETHOTO MPUHSATOIO PEIICHUS.

Takum 006pa3oM, HECBOJUMOCTh OIEpalUii, TPOBOAUMBIX CIIOXKHBI-
MH OPraHU3aIMOHHO-TEXHUYECKUMU CUCTEMAMU K JIETCPMUHUPOBAHHBIM
WM BEPOSITHOCTHBIM, HE TO3BOJISIET MCIOJIB30BATh I MX OLECHKH Jie-
TEPMUHHUCTCKUE U BEPOSITHOCTHBIC KPUTEPUHU.

VYcnoBusi onieHKU 3G(MEKTUBHOCTH CHUCTEM JIJIi HEOMpPEIAEICHHBIX
orepaluii MO>KHO MPEJICTaBUTh B BUJIE€ Ta0JI. 1, B KOTOpO 0003HAUYCHBI:
a;,i = 1--m — BEKTOp yHpaBJSIEMbIX NAPaAMETPOB, OMPEIACIAIOIINI
CBOMCTBA CUCTEMBI; b;,j = 1+ — BEKTOp HEYIPaBJISIEMbIX MapaMeT-

POB, ONpPEAENAIOMIMA COCTOAHUE OOCTAHOBKH; K;j — 3HayeHUe dpdek-

TUBHOCTH CHCTEMBI @; JIJII COCTOSIHUS 00CTaHOBKH b;; K (aj) — 3 dek-

TUBHOCTb CUCTCMBI ;.

Tabnura 1
a; b] K(ai)
by b, b,
aq kiq ki, kin
a, k2, k2, kon
am km1 km2 kmn

Kaxxnast cTpoka TabauIlbl CoAepKUT 3HaUeHUs 3P (HEKTUBHOCTH OJI-
HOU CUCTEMBI JIJId BCEX COCTOSTHUM OOCTAHOBKH b;, a KaXKIbIA CTOJIOEI] —
3Ha4YeHHUS A()(PEKTHUBHOCTH ISl BCEX CHUCTEM (; TIPH OJHOM M TOM JKE
COCTOSTHUHM OOCTaHOBKH. B ciaydae 3aiaHusl COCTOSTHHM 0OCTaHOBKH O/I-
HUM MapaMeTpoM maTpuiia 3PEeKTUBHOCTH MOXKET ObITh MPEJCTaBICHA
auarpammoit (puc. 1).



0,0 — -
m n: n3 ny Ycnosua
Pucynok 1 — Jluarpamma 3>¢p()EKTUBHOCTU CUCTEM a; JJISl YCIIO-

BUI bj

B HeompeneneHHON omnepaiud MOTYT OBITh U3BECTHBI MHOXKECTBO
COCTOSTHUM O0OCTaHOBKH U 3(P(HEKTUBHOCTb CUCTEM JJIsl KXKJAOW U3 HUX,
HO HET JIAHHBIX, C KAKOW BEPOSITHOCTHIO MOYKET MOSIBUTHCS TO WM UHOE
COCTOSIHUE.

B 3aBrcuMoOCTH OT XapakTepa HEONPEAEICHHOCTH ONEPAUA MOTYT
JEJINTHCS HAa UIPOBBIC U CTATUCTUUYECKU HEONpEAeSICHHbIE. B UrpoBBIX
OIepalsIX HEONPENECICHHOCTh BHOCUT CBOMMHU CO3HATEJIbHBIMU JCH-
CTBUAMHU NPOTUBHUK. s UCCiieNOBaHUS WUIPOBBIX OIEPALAN HCIOJb-
3yETCsSl TEOPHUsI UTP. Y CIIOBUS CTaTUCTUYECKHA HEOIPEAECICHHBIX Omepa-
MW 3aBUCAT OT OOBEKTUBHOMN JEHCTBUTEIBHOCTH, HAa3bIBAEMOUW MPUPO-
noit. [Ipupona paccmaTpuBaeTcs Kak HE3aMHTEPECOBaHHAsA, Oe3pa3iny-
Has K OIepaluu CTOpoHa (0OHA MacCMBHA MO OTHOIICHUIO K JIUILY, MPHU-
HUMAIOIIEMy pelieHue). Takue onepainuu MOTYT UCCIIEIOBAaThCS C MPHU-
MEHEHUEM TEOPUU CTATUCTUUYECKUX PEIICHUM.

Eciu omnepauus, npoBoAUMAs CUCTEMOW, YHUKAJIbHA, TO IS Pa3-
pelICHNs] HEONPEJAEICHHOCTH MPU OLIEHKE CUCTEM HCMOJIb3YIOTCSl CyOh-
eKTuBHbIE nIpeanoyrenus JIIIP.

B 3aBucumocTu ot xapakrepa npeanourenuit JIIP nanbdosnee yacto
B HEOIPEAECIICHHBIX ONEPALUAX UCIIOJIb3YIOTCS CIEAYIOIIUE KPUTEPUMU.



1. KpuTepmuii cpeiHero BIMTPhIIIA

JIaHHBI KpUTEpUU NPEANoiaracT 3aJaHue BEPOSTHOCTEM COCTOS-
HU 00CTaHOBKH P .

DP(PEKTUBHOCTh CHCTEM OIIEHMBAETCA KaK CpEIHEE OXKUJIaeMOe
3Ha4YeHUE (MaTEMAaTHUYECKOE OXKHMJaHUE) OIEHOK 3(PGEKTUBHOCTU MO
BCEM COCTOSTHUSIM OOCTaHOBKHU

— n L
K(Cli) = j=1pjkijil =1---m.
OnTtumanbHON cHUCTEME OYAET COOTBETCTBOBATH 3 (PEKTUBHOCTH

Kypr = maxK(a;),i=1:--m.
l

JInst npUMEHEHUsT KPUTEPHsl CPEIHETO BBIMTPhIIIA HEOOXOAUM, MO
CYILIECTBY, NIEPEBOJ] OINEpaAllMd U3 HEOMPEACICHHON B BEPOSTHOCTHYIO,
IPUYEM IPOU3BOIBHBIM 00pa30oM.

2. Kputepuii Jlanaaca

B ocHOBe kpuTepus JIEKUT MPEINOI0KEHHE: TTOCKOIbKY O COCTOS-
HUSAX OOCTAHOBKH HHMYETO HE M3BECTHO, TO MX MOXHO CUHTATh PaBHO-
BEepOSATHBIMU. Mcxoms U3 3TOTro

K., =maxK(a;),i=1--m.
l

ijs [ = 1m,

3. Kpurtepnii octopo:xxnoro nadaoaareas (Baanaa)

OTO MAKCUMUHHBIY Kpumepuii, OH TAPAHTUPYET OIPEICICHHBIN
BBIMTPBILI TPU HAUXYIINX YCIOBUAX. KpuTepuii OCHOBBIBAETCA HA TOM,
4TO, €CJIM COCTOSIHNE 0OCTAHOBKU HEU3BECTHO, HY’KHO MOCTYIATh CAMBIM
OCTOPOXXHBIM 00pa30M, OPUEHTHUPYSCh HA MUHUMAJIbHOE 3HAUEHUE 3(-
(PEKTUBHOCTHU KaXKJI0W CUCTEMBI.



B kaxnoi crpoke marpuilbl 3(QPEKTUBHOCTH HAXOAUTCS MHHU-
MaJibHasi U3 OIEHOK CHUCTEM IO Pa3JIMUYHBIM COCTOSIHUSIM OOCTAHOBKH.
OnTumanbHOM CUMTAETCA CUCTEMa U3 CTPOKU C MAaKCUMaJIbHBIM 3Haye-
HUEeM 3G (PEeKTUBHOCTH

K(a;) =mink;;,j=1--n,i=1--m,
J

Kypr = maxK(a;),i=1:-m.
l

MakCUMUHHBIA KPUTEPUN OPUEHTUPYET HA PEIICHUE, HE COJEpKa-
1Iee 3JIEMEHTOB PUCKA: MPU JIFOOOM M3 BO3MOXKHBIX COCTOSIHMM 00CTa-
HOBKM BBIOpaHHasi CHCTEMa MOKAXKET pe3yJIbTaT OIlepalud HE XyxkKe
HaWJICHHOTO MakCUMUHA. Takast OCTOPOKHOCTD SBJISIETCA B PAJIE CIyYacB
HEJIOCTaTKOM KputTepud. pyroil HeJOCTaTOK — OH HE yAOBJIETBOPSET
TpeOOBaHUIO — M00aBIECHNE TTOCTOSIHHOTO YKCJIA K KaXJAOMY AJIEMEHTY
cTOJIONA MaTpULIbl 3(PPEKTUBHOCTH BIUSET HA BHIOOP CUCTEMBI.

4. Kputepuii MakcuMakca

OTUM KpPUTEpPUEM TMPEANUCHIBACTCS OLICHUBATH CUCTEMBI IO MakK-
CUMAJIBHOMY 3Ha4€HUIO 3(PPEKTUBHOCTH U BHIOMPATHh B KAUE€CTBE ONTHU-
MaJIbHOTO peIIeHUs CcucTeMy, oOaanamiyo 3G(PEeKTUBHOCTBIO C
HauOOJBIINM U3 MAKCUMYMOB

K(a;) = maxk;;,j=1--n,i=1--m,
j

K., =maxK(a;),i=1--m.,
l

Kpurepnii MakcumMakca — camblil ONITUMUACTUYECKAN KpUTEpUU. Te,
KTO NPEANOYUTAET UM I0JIb30BATHCS, BCEra HAACIKOTCA Ha JIy4llee CO-

CTOSTHHE OOCTAaHOBKH M, €CTECTBEHHO, B OOJIBIIION CTETICHN PUCKYIOT.

5. Kpurepuii neccumusma-ontumusma (I'ypsumna)



D10 Kpumepuii 0606wenno2o maxkcumura. COTrIacHO JaHHOMY
KPUTEPUIO TIPU OLIEHKE M BBHIOOPE CUCTEM HEPA3yMHO MPOSBIATH KaK
OCTOPOXKHOCTb, TaK W a3apT, a CJIEAYET, YUUThIBAs CaMOE€ BBICOKOE U
caMO€ HHU3KOE€ 3HaueHUs d(PHEKTUBHOCTH, 3aHUMATh MPOMEKYTOUHYIO
MO3UIMIO (B3BEIIMBAIOTCA HAUXYAIIME W HAWIydlliue ycyioBus). [l
3TOoro BBojauTcsa kKodpdumument ontumusma a (0 < a < 1), xapakTepu-
3YIOIIUNA OTHOIIEHWE K PHUCKY JHIA, MPUHUMAIOUIEro peiieHue. I¢-
(EeKTUBHOCTh CUCTEM HAXOJMTCS KaK B3BEIICHHAsl C MOMOIIbI KO-
duirenTa a cyMmma MakCUMaabHONM 1 MUHUMAJIBHOM OIICHOK

K(a;) = amaxk;j + (1 — a) mink;;,
J J

j=1-ni=1-m0<a<l.
YcnoBue onTUMaNbLHOCTHU 3aITMCHIBAECTCA B BHUJIC

K., =maxK(a;),i=1--m.
l

[Ipn o = 0 xpurepnit ['ypBuia CBOIUTCSA K KPUTEPUIO MAKCUMHHA,
npu ¢ = 1 — K KpUTEpHI0 MAaKCMMakca. 3JHAYECHHE & MOXKET OmpeJe-
JATBCSI METOAOM DKCHEPTHBIX OLEHOK. OYeBUAHO, YTO, YEM ONAaCHEE
OlICHMBaeMasi CUTyallMsi, TeM OJIM>KEe BEJIMYMHA & NOJKHA OBITh K €AU-
HULE, KOTJ1a TapaHTUPYETCS HAMOOJIbIINN N3 MUHUMAJIbHBIX BBIUTPBILLICH
WJIM HAMMEHBIINM U3 MAaKCUMAJIBHBIX PUCKOB. Ha mpakTuke moiap3yrores

3HaueHUAMU Kodpdunnenta a B nmpeaenax 0,3-0,7.

6. Kputepuii MunumaabHoro pucka (Capuaka)

MunumuzupyeT notepu 3PpGHEeKTUBHOCTU MPU HAUMXYIIIUX YCIOBU-
ax. J[7s OIlEHKH CHCTEeM Ha OCHOBE JIAaHHOTO KpUTepus MmaTpuia 3¢-
(hEeKTHUBHOCTH JIOJI’KHA OBITh IIpeo0pa3oBaHa B MaTPHUIy IOTEPh (PHCKA).
Kaxxnp1ii 371eMEeHT MaTpHIlbl TIOTEPh OMPEACISIETCS, KaK Pa3HOCTh MEXKIY
MaKCUMaJbHbBIM M TEKYIIUM 3HAYCHUSIMU OIEHOK 3(()EKTUBHOCTH B
cTOJIOIIE



Akl} = max kl] — kl],] =1 e n, i=1:--m.
l

[locne mpeoOGpa3zoBaHusi MaTPUIBl UCTOJIB3YETCS KPUTEPUNH MUHHU-
MaKca

K(a;) = maxAk;j,j=1-n,i=1--m,
j

Ky = minK(a;),i =1--m.
l

O kpurepun CiBUIKAa MOXKHO CKas3aTh, YTO OH, KaK U KPUTEPUU
Banbga, OTHOCHTCS K YHCITYy OCTOPOXHBIX KpuTepueB. [1o cpaBHeHHUIO ¢
KputepreM Banbga B HeM NpuaaeTcs HECKOJIBKO OOJblliee 3HAYCHUE
BBIUTPHIIILY, YEM HPOUTPHIIILY.

Ipumep 1. Heobxo0umo oyenums 0OuH U3 mpex papadoamovléaemlx
NPOCPAMMHBIX NPOOYKMOB OJis1 O0pbObl ¢ OOHUM U3 Yemblpex MUunos
npocpamMmubix 8o3odeticmseuti. Mampuya s3¢hpexmusnocmu npedocmas-
neHa 6 mabauye. 30ecwb a;, L =13 — (-l npoepammusiii nPoOyKm,
bj,j = 1--4 — j-e npoepammnoe 6ozoeiicmsue; K;j — oyenxa sgpex-
MUBHOCMU NPUMEHEHUsI -20 NPOSPAMMHO20 NPOOYKMA NpU j-M Npo-
CPAMMHOM 8030€liCMBUMU.

Tabnuya 1 — Mampuya s¢pghexmusnocmu

b.
4 b, b, b, b,
a, 0,1 0,5 0.1 0,2
a, 0,2 0,3 0,2 0,4
as 0.1 0,4 0,4 0,3

Kpumepuii cpeonezo eévtuzpviuia
3aoaoumcsa  8epoAmMHOCMAMU NPUMEHEHUS. NPOMUBHUKOM NpPO-
epammuvlx gozdetcmeuu. p1 = 0,4; p, = 0,2; p3 = 0,1; p, = 0,3. llo-

JYYUM Cﬂedyiomue OYEHKU cucmem



K(a;)=04%x01+02x%x05+0,1x0,1+0,3x%x0,2=0,21;
K(a,)=04x%x02+02%x03+01x0,2+0,3%x0,4=0,28;
K(a;)=04x%x01+4+02%x04+01x04+0,3x0,3=0,25.

Onmumanvroe peutenue — cucmema Qa,.

Kpumepuu Jlannaca
K(a;) =7 (0,1+05+0,1+02) = 0,225;

K(az) =7(0.2+03 + 02+ 0,4) = 0,275;
K(az) =7 (0,14 04 + 0,4 +0,3) = 0,300.

Onmumanvroe peulenue — cucmema Aasg.

Kpumepuii ocmopoycnozo navarwoamensn (Banvoa)
K(a,) = min(0,1; 0,5; 0,1; 0,2) = 0,1;
K(a,) = min(0,2; 0,3; 0,2; 0,4) = 0,2;
K(a3;) = min(0,1; 0,4; 0,4; 0,3) = 0,1.

Onmumanvroe peuitenue — cucmema a,.

Kpumepuit maxcumaxca

K(a,) = max(0,1; 0,5; 0,1; 0,2) = 0,5;
K(a,) = max(0,2; 0,3; 0,2; 0,4) = 0,4;
K(a3;) = max(0,1; 0,4; 0,4; 0,3) = 0,4.

Onmumanvroe peulenue — cucmema QA .

Kpumepuii neccumuzma-onmumuszma (I'ypeuya)
Koagpuyuenm onmumuszma a = 0,6.
K(a,) = 0,6 x max(0,1; 0,5; 0,1; 0,2) +

+0,4 x min(0,1; 0,5; 0,1; 0,2) = 0,34;
K(a,) = 0,6 x max(0,2; 0,3; 0,2; 0,4) +

+0,4 x min(0,2; 0,3; 0,2; 0,4)=0,32;
K(a3) = 0,6 x max(0,1; 0,4; 0,4; 0,3) +

+0,4 x min(0,1; 0,4; 0,4; 0,3) = 0,28.



OnmumanvHoe peulenue — cucmema a, .
Kpumepuii munumanovnozo pucka (Creuosica)
Mampuye s3¢hchexmusnocmu 6yoem coomeemcmeosams Ciedyrouas

mampuya nomepo.

Tabnuya 2 — Mampuua nomepbs

b
% b, b, b, b,
a, 0,1 0,0 0,3 0,2
a, 0,0 0,0 0,2 0,0
a; 0,1 0,1 0,0 0,1

Tozoa

K(a,;) = max(0,1; 0,0; 0,3; 0,2) = 0,3;

K(a,) = max(0,0; 0,0; 0,2; 0,0) = 0,2;

K(as;) = max(0,1; 0,1; 0,0; 0,1) = 0,1.

Onmumanvroe pewenue — cucmema az. Kpumepuii MuHuUManbHo20
pucka ompasicaem codcaieHue no nogoody mozo, umo 6blOPaHHAs CU-
cmema He 0KA3anach HAuayduel npu OonpeoeieHHOM COCMOAHUU 00-
cmaHnosxku. Tax, eciu npouzgecmu 6v100p cucmemvl Ay, A COCMOSHUE
0O6Ccmano8Ku 6 deticmeumenvHocmu by, mo coscanenue, 4mo He 8blOpaHa
Haunyyuias uz cucmem (az), cocmasum 0, 3.

Takum oOpazom, 3(heKTUBHOCTb CUCTEM B HEONPEACIICHHBIX OIle-
panusx MOXKET OLIEHUBATHCS M0 1IeJIoMY psiay kputepueB. Ha Be1OOp TOTO
VI MTHOTO KPUTEPHUS OKA3bIBAET BIUSHUE Psifi PaKTOPOB:

® TIPUPOJAa KOHKPETHOM OIepaluy U €€ Lelb (B OJHUX ONepaiusix
JOMYCTUM PUCK, B JPYTUX — HY>KEH TApaHTUPOBAHHBINA PE3YJIbTAT);

® [IPUYUHBI HEOMPEAECIEHHOCTH (OJHO JAENO, KOTJa HEonpeeeH-
HOCTb SIBJIIETCSI CIIy4alHBIM pPE3yJbTaTOM JE€UCTBUA OOBEKTUBHBIX 3a-
KOHOB MIPUPO/IbI, U APYroe, KOrJa OHA BBI3BIBACTCS JICUCTBUSAMH Pa3yM-
HOT'O MTPOTUBHUKA, CTPEMSIIIETOCS TIOMEIIATh B JIOCTUKEHHUHU LIEIIH);



e XapakTep JHIa, IPUHUMAFOIIETO pereHue (OaH! JTI0IU CKIIOHHBI
K PHCKY B HaJeXJe TOOUTHCS OOJIBIIECTO yCIIeXa, IPyTrue MpearodruTaoT
JeMCTBOBATh BCETJIa OCTOPOIKHO).

Br100op Kakoro-To 0gHOTO KPUTEPHUS MPHUBOAUT K MPHHSATHIO PEIIe-
HUS 10 OIICHKE CHCTEM, KOTOPOE MOKET OBITh COBEPIICHHO OTIMYHBIM OT
peIIeHHH, TUKTYEMBIX IPYTHMHU KPUTCPHUSIMH.

Ilpumep 2. Csoonvie peszyrbmamvi oueHku 3¢gexmusnocmu cu-
cmemvl U3 npumepa 1 no paccmompenHviM Kpumepusim npuseoeHvl 8

mabauye (6adeieHvl ONMUMAlIbHbIE 8APUAHMBL CUCEMDbL).

Tabnuya 3 — Ceo0nble pe3yivmamuol OYeHKU I hexmusnocmu

b; K(a;) no xpumepusim

b, |b, |bs |b, |1 2 3 4 5 6

aq 0,1 0,5 0,1 0,2 0,21 10,225 |0,1 0,5 034 03

a, 0,2 0,3 |02 04 028 |0,2/5/02 04 0,32 |0,2

as 0,1 0,4 0,4 0,3 0,25 10,300 0,1 0,4 0,28 |01

Tun xkputepus 11 BpIOOpA pallMOHAIBFHOTO BapHaHTa JTOJKEH OBITh
OTOBOPEH Ha JTalle aHaJIn3a CUCTEM, COTJIACOBaH C 3aKa3bIBAIOIICH Op-
raHu3alreil U B MOCJIEAYIOMMX 3ajadyax CHUHTe3a WH()OPMAIMOHHBIX U
IPYTUX CIOXKHBIX CHCTEM Mpemnoaraercs 3aaanabiM. [Iporecc Bribopa
BUJIa KPUTEpHUA [JIsl ydeTa HEOINPEACICHHOCTH JOCTATOYHO CJIOXKEH.
Y CTONYMBOCTS BRIOPAHHOTO PAIIMOHAIIBHOTO BapHaHTa MOXKHO OIIEHUTH
Ha OCHOBE aHaJin3a MO0 HECKOJbKUM KpuUTepHusiM. Eciu cyriecTByeT coB-
najieHue, TO UMeeTcsl 0oJbIas YBEPEHHOCTh B MPaBHJIBHOCTH BBIOOpA
BapHUaHTA.

Oco0EHHOCThIO MaXOPUTAPHOU O0OPAOOTKH SIBISIETCS OIMACHOCTH
BBIOOpA CHUCTEMBI, HE SIBJISIONICHCS JIydIlei, HA OCHOBE MHOTOATAITHOTO
BBIOOpA TP TPYIIIUPOBKE ATBTEPHATUB B KOAJUIINH.

Takas cutyanus oTpakeHa Ha puc. 2, rae 8 u3 27 cucTeM Mo pa3HbIM
KpUTEpHUsAM ObUIM OIleHEHBI Kak xyamue. OIHaKo MpU TPYIIUPOBKE B
KOAJUIIMA W OpTraHU3allMu JBYXATAITHOW MPOLEIYPhl MaKOPUTapPHOU
00pa0OTKHU B Ka4eCTBE Jiyulliel Obl1a BEIOpaHa OJHA U3 XY/IIIUX CUCTEM.
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Pucynok 2 — K yrpo3e Ma)XopuTapHOTO BbIOOpa XY/IIEH CUCTEMBI
HAa OCHOBE KOQJIMIMW: W — Xyamas -f CUCTeMa; O — JIydllas [-o

CHUCTCMa

B no06oM cityyae mpu BBIIEIEHUH MHOXXECTBA MPEANOYTUTEIbHBIX
CUCTEM IO Pa3HbIM KPUTEPHUAM OKOHYATEIbHBIN BEIOOP CUCTEMBI JOJIKEH
OCYLIECTBIIATHCS JUIOM, pUHUMaronuM pemieHue. [Ipu stom B ome-
paluax, KOTOPbIM B 3aBUCUMOCTH OT XapaKTepa COOTBETCTBYET JMOO
oporoBas, TMO0 MOHOTOHHAsI (DYHKIUSI MOJE3HOCTH, 3P(HEKTUBHOCTD
CUCTEM MPAaBOMOYHO OLIEHMBATh HEMOCPEICTBEHHO IO IMOKa3aTessiM
ucxonoB. {1 AeTepMUHUPOBAHHBIX omepauuil kpurepuem 3¢ (exTrB-
HOCTH OYJET CIYXHTh caM MOKa3aTelb, JJI1 BEPOSITHOCTHBIX — JIUOO
BEPOSITHOCTh TMOJYyYEHHS JOMYCTUMOTO 3HAUYEHUs Mokasareins (Ipu mo-
pOTrOBOM (YHKIIMM TIOJE3HOCTH), JIMOO MaTeMaTH4YeCKOoe OXXHUIaHUE
3HAYEHMS TIoKazaTess (Mpy JTUHEHHON (DYHKIIUHU MTOJIE3HOCTH).

Ornenka 3(p(HEeKTUBHOCTH CUCTEM Ha OCHOBE TMOKa3aTeseil HCXOI0B B
JIPYTUX CIydasix MOKET MPUBOJUThH K HEMPABUILHOMY BBIOOPY, IOATOMY
nepexo K oneHke 3(pheKTUBHOCTH cucTeM 0e3 BBeACHUS (DYHKIIUM T10-

JI€3HOCTH JIOJKEH BCETJa COIPOBOKIATHCS 00OCHOBAHUEM.
2. TIPAKTUYECKASA YACTb

B mpennokeHHOM BapuaHTE 3aJaHUs BBIOpATh ONTUMAJILHOE pe-
HICHUE TI0 BCEM BBILIETIEPEUUCICHHBIM KpuTepusiM. CoCcTaBUTh TaOJIUILY,
noA00Hy0 Tab. 3, U MPUBECTH PUCYHOK, TOAO0OHBIN puC. 2.



Bapuanrt 1

by b, by
a, 0,60 0,10 0,15 0,15
a, 0,40 0,10 0,05 0,45
a; 0,20 0,30 0,40 0,10
Bapuant 2
@ b, b, b, b,
a, 0,35 0,20 0,15 0,30
a, 0,55 0,05 0,15 0,25
a; 0,35 0,30 0,20 0,15
Bapuant 3
M b b, by b
a, 0,55 0,05 0,15 0,25
a, 0,60 0,10 0,15 0,15
as; 0,40 0,10 0,05 0,45
Bapmuanr 4
@ b, b, b, b,
a, 0,1 0,5 0,2 0,2
a, 0,2 0,2 0,4 0,2
s 0,3 0,4 0,1 0,2
Bapuant 5
M b b, by b
a, 0,20 0,20 0,40 0,20
a, 0,35 0,30 0,20 0,15
as; 0,60 0,10 0,15 0,15




3. KOHTPOJIBHBIE BOITPOCHI

1. Kakue OCHOBHBIE KPUTEPUU HCIOJb3YIOTCS JJIsl OIEHKH CJIOX-
HBIX CHUCTEM B YCJIOBHSIX HEOIPEICICHHOCTH.

Uto onpenenseT KpuTeprii CPEAHETO BHIUTPHIIIA?

Yro onpenenser kpurepuii Jlamaca?

Urto onpenenseT KpUTepuil OCTOPOKHOI0 HAOIOaTeNsA?

Uro onpenenser KpuTepui Makcumakca?

Uto onpenenseT KpuTepuii NeECCUMU3Ma-ONTUMHU3Ma?

N o UA W

Uto onpenensaer KpuTepuii MUHUMAIBHOTO pUCKa?
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