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Metoanyeckrue yKa3aHHS COCTaBJICHBI B COOTBETCTBHHU C TpeOoBa-
HusiMu OI'O BO o nanpasnenuro nmoaroroBku 09.03.02 — Nudopma-
IIHOHHBIC CHCTEMBI U TEXHOJIOJITHH.

Metoanyeckre yKazaHUsS 3HAKOMSAT CTYACHTOB C MaTeMaTHYCCKHUM
anmapaToM (opMaM3alliyd MPOIECCOB B CIOKHBIX CHCTEMaxX, C OCHO-
BaMH OIICHKH CIIOKHBIX CHCTEM, MOJACIISIMH OCHOBHBIX (DYHKITUH yIIpaB-
neHnst. OHU MO3BOJISIOT 3aKPEIHUTh N3y9aeMbIC TEOPETHUSCKHE BOTIPOCHI
MOCTAaHOBKHM 3a7[a4 CHCTEMHOTO aHajIu3a, MOCTPOCHUS MOJICIICH CUCTEM H
OIICHOK HX ITApaMeTPOB.
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BBEJAEHHUE

JucimmuinHa « CHCTEMHBIN aHalli3 W YIPABJICHUE» CTABUT CBOECH
1171610 (POPMHUPOBAHME CICIYIONIUX KOMIETEHIUI Oy 1yIiero 0akaiaBpa
no HanpasiaeHuto noarotoBku 09.03.02 — MudopmarimonHbie CUCTEMBbI
Y TEXHOJIOTHH.

Kon dopMynHpoBKa

[MK-1 Crnoco0OeH opraHu3oBaTh KOHIENTYalbHOE, PYHKIIMOHAIBHOE U JIOTH-
YECKOE€ MPOECKTUPOBAHUE CUCTEM CPEAHETO M KPYIMHOIO MaciuTada u

CJIOKHOCTH

['maBHBIMHM 3a/layaMH JTUCIUIUTMHBI SBJISIOTCS: NPHOOpPETECHHUE W
COBEPIIICHCTBOBAHUE HABBIKOB CHCTEMHOI'O ITOJX0JIa K PEIICHUIO TPH-
KJIQHBIX 3a71a4, (opMHUpOBaHHUE B3TJIAAa HA OOBEKTHI PEaTbHOTO MHpA
KaK Ha CJIOKHBIE MHOTOKOMITOHEHTHBIE CHCTEMBI, JIOIYyCKAIOIIUue II0-
IIarOBYI0 JIEKOMITO3UIIUIO W TOCJIEI0OBATEIbHOE YCI0KHEHUE METO0B
aHasu3a.

B pe3ynbrare 0CBOCHMS TUCIUTUTMHBI CTYJEHT JOJDKEH:

e 3HaTh OOIIME MPUHIMIBI CUCTEMHOI'O TOAXOAa K aHAIHW3y CH-
CTEM; OCHOBHBIC IMOHATHS M 3aKOHOMEPHOCTH CUCTEMHOI'0 aHaJln3a; OC-
HOBHBIE CITOCOOBI OTIMCAHUS CJIOKHBIX MHOT'OKOMITOHEHTHBIX CHCTEM;

® YMETh COCTABJISATh MaTEeMaTHUYCCKHE MOJICI CUCTEM; (hOPMYIIH-
pOBaTh M pelIaTh ¢ MOMoIsI0 IBM THMOBBIE 3a/1au MAaTEMATUYECKOTO
MOJICIUPOBAHMS,

® BJIAJCTh METOIWKOW HCIIOIB30BaHUS (PUIOCO(DCKUX 3HAHUU B
podeCcCHOHATBLHON AESITEIHLHOCTH; HAaBBIKAMU CHCTEMHOIO TMOJX0/a K
pEIIeHUI0 TPUKIATHBIX 3a/1ay; HaBbIKaMH (POpMamn30BaHHOTO W He-
(dhopManM30BaHHOTO OMUCAHUS CUCTEM.

MeTtoandeckre ykazaHus TpeAHA3HAYCHBI NJIs MPOBEICHUS TpaK-
TUYECKHUX 3aHATUHN 10 TucHUIunHE « CHCTEMHBIN aHATU3 U yIIPABICHUE
¢ yuerom TtpeboBanuii ®I'OC BO nna HampaBieHUs HOATOTOBKHU
09.03.02 — HNudopManioHHbIE CUCTEMBI U TeXHOJIOTHU.. OHU CITOCO0-




CTBYIOT JIyUIlIEMY YCBOCHHIO CTYJICHTAMU OCHOB TE€OPUU CUCTEM U OCHOB
OIICHKH CJIO’KHBIX CUCTEM; 00ECIIEUHUBAIOT MIPUOOPETEHNE MPAKTUUECKUX
HaBBIKOB HCIIOJIb30BaHUSA MaTEMATUYECKUX METOJ0B HCCIIECIOBaHUS
CJIOHBIX CUCTEM, METOJOB CUCTEMHOTO aHaJIN3a, IOCTPOEHUS MOJEIIEH
OCHOBHBIX (DYHKIIUN YIIpaBJICHUS.

[IpakTyeckue 3aHATUS TO3BOJISIIOT 3aKPEHUTh TEOPETUUYECKUE
3HAHMS O MOCTAHOBKE 33/1a4 CUCTEMHOTO aHaJIN3a, IOCTPOCHUU MOJENEH
CHUCTEM U OIICHKE UX MapaMeTpOB.

K nmpakTuyeckuM 3aHATHSAM CTYACHT JOJKEH MOJATOTOBUTHCS CaMo-
CTOSITEJIbHO: U3YUYUTh COOTBETCTBYIOIIME pa3ieiibl Kypca U BBINOJHUTH
MpEBAPUTEIIHLHBIE PACUETHI.

[IpoBepka MOATOTOBICHHOCTH CTYAEHTAa K OUYEPEIHOMY IMpaKTHYE-
CKOMY 3aHSITUIO OCYIIECTBIISIETCS TMpEnojiaBaTeieM B WHIWBUIYIbHON
oecene. Ecnu CTyZeHT HE 3HAET COJEpKaHUA MPEICTOSAIEMY IPAKTU-
YECKOMY 3aHSITHIO, TO OH MOXET OBbITh HE JIOMYIIEH K €ro MpOBEACHUIO.



IIpakTnyeckoe 3ansitue Nel. Pacnpenenenme pecypcoB u
ylnpasJieHHe 3anacamu

Heab 3aHATHS: U3YUYCHHUE MPABUJ MOCTAHOBKHU THUIIOBBIX 3ajlay CH-
CTEMHOI'0 aHajiu3a — 3aJia4 PaClpe/IeICHUs] PeCypCOB M yIIPaBJICHUS
3amacami.

AKTYaJIbHOCTh Te€MbI 3aHATHSI: YMEHHUE MPaBWIbHO (OpMaIU30-
BaTh 3aJjlauyy — OOsI3aTENIbHBIN ATal CUCTEMHOT0 aHajiu3a, ¢ KOTOPOIo
JIOJDKHA HAYMHATHCS MPOILEeypa CO3/IaHUsl CUCTEMY YMpPaBJICHUS C 3a-
JTAHHBIMHM XapaKTEPUCTUKAMHU.

1. TEOPETUYECKASA YACTb

1.1. 3apaya pacnpeaesieHHsi pecypcoB

Bcesikyro 3amady pacripenesieHus MOXKHO C(OpMYJIMPOBATh KakK OIl-
TUMHU3ALMOHHYI0, TIPU PELICHUN KOTOPOH TpeOyeTcs:

a) 1100 MaKCHUMHU3HUPOBaTh YIKOHOMUYECKUM pe3yiabTaT MpU 3aJaH-
HBIX pecypcax;

0) 1100 MUHUMM3HUPOBATHh HUCIOJIB3YEMbIE PECYPChl MPHU (PUKCUPO-
BAHHOM 3KOHOMHYECKOM pe3yJbTaTe.

OO01ast MaTeMaTU4eCcKasi MOJIEIb 3aJla4l pacipeaeICHUs PECypPCOB C
YUCJIOM TIEPEMEHHBIX N1 U OTPAHUYCHHUN M UMEET CIICAYIOITUN BU

f(xlixll xn) = _7]'1—1 C'xj - ma.X(miTl), (11)

IIPY OTPAHUYCHUSX

n [ —
j=1 al-jxj < bi, i=1--m

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



rae ¢j — Ko3()UUUEHThI LENeBOM QyHKIMH, 4;; — HOPMa pacxoja -ro
pecypca ISl BBIIyCKa €UHULIBI - TPOIYKIUH, b; — 00beM uMerole-
rocst i-ro pecypca, Xj — HEM3BECTHAs NEPEMEHHAs, ONPEIEIIAIONIas Be-
IMYHUHY (00BEM) BBIITYCKA |-i IPOIYKITUH.

B monenu (1.1) — (1.2) Heu3BecTHbIC MEPEMEHHBIE BHICTYIAIOT B
IIEPBOU CTEIIEHU, XapaKTEPU3ys JUHEWHYIO 3aBUCUMOCTh. [loaTOMy 3Ty
MOJEJIb HA3bIBAIOT 3aJ[a4€d JIMHEWHOIO IporpaMMupoBaHusa. s pe-
IICHUS 3a]1a4 JIMHEWHOTO TPOrpaMMUPOBaHUS pa3pab0TaH CreluaaIbHbINA
METO/I, Ha3bIBAEMbI CUMILIEKC-METOIOM.

[Iporecc moCTpOCHUSI MATEMATUYECKOW MOJEIN ONTUMHU3AIMOHHBIX
3a/lay pacnpesiesieHuss pecypcoB JOJMKEH OTBETUTh Ha CIEAYHOLIUE BO-
MIPOCHI:

o Jlns onpenenieHus KaKuxX BEJTUUHUH CTPOST MOJICIIb?

e Kakue orpaHnueHus clienyeT HaJlOKUTh HA CTPYKTYpPy MHOXKe-
CTBa JOMYCTUMBIX PEIICHHUM?

e Jlns HOCTHKEHHUSI KaKOMl IIENM BBIOMpPAIOTCS 3HAYEHUS JOIy-
CTUMBIX TIEPEMEHHBIX, COOTBETCTBYIOIIME ONTUMAILHOMY PEHICHUIO
3amaya’?

PaccMOTpUM KOHKPETHBIM MpUMEp M HAa €ro OCHOBE cAenaeM 0000-
IIAIOIINE BBHIBOJBI O MPUHIIUIAX MOCTPOCHUS MOJCIH U METOJUKE €€

HCCIICAOBAHUA.

Ilpumep

Dupma uzeomosnsiem 08a euoa uzdeauui. F u H. Ilpodykyus oboux
81008 Nocmynaem 8 onmosyio npooaxicy. /s npouzsoocmea npooyKyuu
ucnonvzyromes 0éa muna colpvsi — A u B. Maxcumanvrho 603modicHble
CYMOUHble 3anacwvl (pecypcvl) dmux npooyKkmos cocmasaiiom 6 u 8 m
coomeemcmeenHo. Pacxoovlt A u B Ha 00Hy moHHy coomeemcmayrouell

npooyKyuu npueedenvl 8 maobauye 1.



Tabmuna 1

Buo coippss | Pacxoo cvipbs Ha MOHHY nPOOyKYuU Pecypc coipos,
Hzo0enue H, m Hzoenue F,m MOHHbL

A 1 2 6

B 2 1 8

U3 ananuza pvinka covima cmano u3eecmuo cieoyouee:

® cymounblli cnpoc Ha usdenue F ne npesviwiaem cnpoca Ha u3-
Oenue H bonee uem Ha 00OHy MOHHY;

e cnpoc Ha uzodenue H Huxozcoa me npegviuiaem 08¢ MOHHbLL 8
CYMKU.

® 0nmosvle YeHubl 0OHOU MOHHBL NPOOYKYUU pasHbl: 3 mulc. pyo.
ons uzdenus H, 2 moic. py6. ona uzoenus F.

Kakoe xonuuecmeo uzdenuii kaxcooeo 6uda 00HCHA NPOU3BOOUMD
Gabpuka, umobsl 00x00 om peanuzayuu NPOOYKYuu Obll MAKCUMALL-
HbIM?

Mamemamuueckas gopmynuposka 3adavu c600uUmcs K onpeoeie-
HUI0O 00beM08 NPOU3BOOCMBA KANCOO20 U3 U008 NPOOYKYUU, MAKCUMU-
3UPYIOUUX 00X00 OM Peanu3ayuu npyu 02panudeHusx Ha CNpocC U pacxoo
CblpbL.

Ilocmpoenue modenu Hayunaemcs ¢ UOEHMUPUKAYUU NePEMEHHBIX C
nOCNeOYIOUWUM POPMUPOBAHUEM YelUu U O2PAHUYEHUU 8 8Uude MameMa-
Mmu4ecKux QyHKyutl.

3aoaua HaxodxcoeHus onmuMaIbHbIX 00bEMO8 NPoUu3B00cmaa Gop-
MANU3YEMCSL C NOMOUDBIO CLeOVIOWUX NEPEMEHHBIX U DYHKYULL.

Heuszsecmuvie nepemernnvle: X1 — CymouHwlll 00bem npou3zeo0cmada
uzoenuti H, x, — cymounulii 06vem npouzsoocmaea uzoenuii F.

Llenesasn ynxyus onpedensiem obwuil 00X00 om peanu3ayuu u3-

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

OzpaHuyenusi Ha pacxoo Cobipbs




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

Ozepanuyenusi Ha CNPoc NPOOYKYUU

Xl—xZS1,
XZSZ

Kpome moco, o6vembl npouzsoocmea npooyKyuu X1 U X, He MO2ym

npuHumams ompuyuamelbHble SHA4Y€eHUA

x1 =0,
Xy > 0.
Heobxo0umo onpederums obvemvl npouzeoocmea X1 U X, , nNpu
KOMOPbIX 00CmMu2aemcs MakCuMaibHoe 3Hadenue yeneeol yHKyuu

f(xq,x,) = 3x1 + 2x, - max.
npuU 02PAHUYCHUSIX

(X1 + 2%, < 6,

2x1 +x, <8,

X1 — Xy <1,
X, < 2,
x1 =0,

\  x, =0.

.

Hannas mooenb — 5mo 3a0aua MUHENHO20 NPOSPAMMUPOBAHUSL C
08YMSI HEU3BECTHBIMU NEPEMEHHBIMU U YeMblPbMSL 02PAHUYEHUAMU 00-
ue2o suoaq.



1.2. 3apaya ynpaBJjieHUus 3anacaMmu

3agaya ynpaBieHUs 3amacaMyd BO3HUKAET, KOrjla HEOOXOAUMO CO-
3/1aTh 3amac MaTepUANIbHBIX PECYpPCOB WJIM MPEIMETOB MOTPEOJICHUS C
LETbI0 YJIOBJIETBOPEHUS CIIPOCa HA 3aJJaHHOM MHTEpBajie BpeMeHu. s
obOecrnieyeHusl HEMPEPHIBHOTO U 3PHEKTUBHOTO PYHKIIMOHUPOBAHUS OP-
raHu3anuu HeoOXoMMbI 3amnachl. B 3amade ynpaBieHus 3amacaMu Tpe-
OyeTcsi OmNpeNeauTh KOJWYECTBO 3aKa3bIBAEMOW MPOAYKIMH U CPOKHU
pa3MeIICHUS 3aKa30B.

Cnpoc MOXKHO yIAOBJIETBOPHUT:

® IIyT€M OJHOKPATHOTO CO3JaHHUs 3amaca Ha BECh paccMaTpuBae-
MBI TIEpUO]T BPEMEHU;

® TIOCPEJCTBOM CO3JaHUs 3armaca JJjIsl KaKJI0W €IUHUIIBI BPEMEHHU
3TOTO MEPUO/IA.

OTH J1Ba ciay4dasi COOTBETCTBYIOT u30bimouHOMy 3amacy (10 OTHO-
HIEHUIO K €IMHUIIE BPEMEHU) U Hedocmamounomy 3anacy (1o OTHOIIIE-
HUIO K MOJTHOMY [EPUO]Iy BPEMEHHU).

[Ipu uzbetmounom 3amace TpeOyrOTCs 00Jiee BBICOKHE YACIbHbBIC
(OTHECEHHbIE K €AMHUIIC BPEMEHH ) KAl TaIbHBIE BIOKEHUS, HO AE(DUITUT
BO3HUKAET PEXKE U YACTOTA Pa3MEUICHUS 3aKa30B MEHBIIIE.

[Ipu neoocmamounom 3amace yJelabHbIE KANUTAJIbHBIE BIOKEHUS
CHUIKAIOTCS, HO 4acTOTa pPa3MEICHUSI 3aKa30B U PUCK AedUIuTa BO3-
pacraror.

JInst 3TUX cllyyaeB XapaKTEpPHbI 3HAYUTEIIbHBIE SKOHOMUYECKHUE TTO0-
Tepu. Takum oOpa3om, peleHus: OTHOCUTEIBHO pa3Mepa 3aKa3a U MO-
MEHTa €ro pa3MelIeHUs MOTYT OCHOBBIBATHCSA HA MUHHUMM3AIUU COOT-
BETCTBYIOIICH (PYyHKIMK OOIIMX 3aTpaT, BKIIOYAIOIIUX 3aTpaThl, 00Yy-
CJIOBJIEHHBIE TTOTEPAMH OT U30BITOYHOTO 3araca v aepuimTa.

Mogens ynpaBieHHs 3anacaMy IO KHA JaTh OTBET Ha JBa BOMPOCA:

1. Kakoe KoJIM4eCcTBO MPOAYKIIMHU 3aKa3bIBATh?

2. Korpa 3aka3biBath?

OTBeT Ha MEPBBII BOPOC BBIPAKAETCS YEpe3 pa3Mep 3akasa, omnpe-
JEJSIOMIEr0 ONTUMAIBHOE KOJIMYECTBO PECYPCOB, KOTOPOE HEOOXOIUMO



IIOCTABJISITh BCAKUU pa3, KOrJa MPOUCXOAUT pa3MeElleHUE 3aka3a. B 3a-
BUCUMOCTHU OT PacCMaTPUBAECMOM CUTYAllMU Pa3MeEp 3aKa3a MOXKET Me-
HSTHCS BO BDEMECHHU.

OTBeT Ha BTOPOM BOIPOC 3aBUCUT OT THUMNA CUCTEMBI YNpPaBJICHUS
3amacamMu. Ecii cuctema npeaycMaTpruBacT MEPUOAUYECKUN KOHTPOJIb
COCTOSIHUS 3araca 4epe3 paBHBIC MPOMEXKYTKH BpEeMEHHU (E€KEHEIEIbHO
UM €KEMECSIYHO), MOMEHT ITOCTYIUICHHS HOBOI'O 3aKa3a OOBIYHO COB-
MMagacT ¢ HAYaJlOM KaXXJ0ro MHTEpBaja BpeMeHU. ECiau Xe B CHUCTEME
MIPEAYCMOTPEH HEMTPEPHIBHBIM KOHTPOJIb COCTOSIHUSA 3aI1aca, TOUYKa 3aKasa
OTIPENCIISIETCS Ypo8HeM 3anacd, TIPU KOTOPOM HEOOXOJIUMO pa3MeliaTh
HOBBIH 3aKas3.

Takum 06pa3zoM, pelieHre 000OIIEHHON 3a/1aun YIpaBJICHUS 3ara-
cCaMH OIpeIeIIAEeTCS CASTYIOMMUM 00pa3oM:

1. B cnyuae nepuoouiecko2o KOHMpPOJisi COCMOSAHUS 3anacad CIeayeT
oOecrnieynBaTh MOCTAaBKY HOBOTO KOJIMUECTBA PECYPCOB B 00OBEME pa3-
Mepa 3aKa3a 4yepe3 PaBHbBIE IPOMEKYTKH BPEMEHU.

2. B cnyuae nenpepwvigno2co KoHmpoas cocmosnus 3anaca Heo0xo-
TMMO pa3MelllaTh HOBBIM 3aka3 B pa3Mepe odvema 3anacad, KOrja ero
YPOBEHB JOCTUTAET MOYKU 3AKA3A.

Pa3Mep u Touka 3aka3a OOBIYHO ONPENEIAIOTCS U3 YCIOBUN MUHHU-
MU3AlUU CYMMAapHBIX 3aTpaT CUCTEMBbI YIIPABJIECHUS 3alacamu, KOTOPbIE
MOXHO BBIPa3UTh B BUJE (DYHKIIUH 3TUX JBYX MEPEMEHHBIX.

CymMapHbI€ 3aTpaThl CUCTEMBI YITPABJICHUS 3allaCaMH BbIPAXKAIOTCS
B BUJIE€ (DYHKIIUU UX OCHOBHBIX KOMIIOHEHT

CymmapHhbie
yIMAp 3ampa- 3ampamul 3ampa-
3ampamol Ilomepu
_  muvl Ha Ha mul HA
cucmemvl, = + + +  om Oe-
npuoo- ogopmie- XpaHeHue
VNPAGIeHUS. duyuma
pemeHue HUe 3aKa3a 3axkaza
3anacamu

3aTpaThl Ha IPUOOPETEHUE CTAHOBATCA BAXKHBIM (PakTOpOM, KOTAa
[IEHA €JUHUIBI MPOAYKIHMH 3aBHUCUT OT pa3Mepa 3aka3a, 4To OOBIYHO



BBIPQKACTCS B BUJIE ONMOBHIX CKUOOK, KOTJIa IIeHa SAMHUIIBI TIPOTYKITHH
yOBIBaCT C BO3pacTaHWEM pa3Mepa 3akasa.

3atparel Ha oopMIIEHHE 3aKa3a MPEACTABISAIOT IMOCTOSHHBIE pac-
XO/JIbl, CBSI3aHHBIE C €ro pasMmenieHueM. [Ipu yaoBiaeTBOpeHHr cpoca B
TE€YEHHUE 3aJaHHOTO IMeproja BPEMEHH IyTeM pa3MelleHus: 0oyiee Me-
KMX 3aka3oB (0Oojiee 4acTo) 3aTpaThl BO3pPACTAIOT MO CPABHEHHUIO CO
ClydaeM, KOTrJa CIIPOC YJIOBJIETBOPSETCS IOCPEICTBOM pa3MeEIICHUS
0oJiee KPYIMHBIX 3aKa30B (M, CJIEA0BATEIBHO, PEXKE).

3aTpaThl Ha XpaHCHHE 3armaca MPEACTaBIISIOT PacXoJbl HA COJIEP-
JKaHWe 3armaca Ha CcKiaje (3aTparhl Ha MmepepadoTKy, aMOPTHU3AIMOHHBIC
pacxoJibl, SKCIUTyaTallMOHHBIC PAcXOJbl) U OOBIYHO BO3PACTAIOT C yBE-
JUYCHUEM yPOBHS 3araca.

[ToTrepu oT aedummMTa TPEACTABIAIOT COOOW pacxoabl, 00YyCIIOB-
JICHHBIC OTCYTCTBHEM 3aImaca HeoOX0IMMOM MPOAYKITHH.

OnTuManbHBIA ypOBEHBb 3araca COOTBETCTBYET MHHHUMYMY CYM-
MapHBIX 3aTpar.

Moenb ynpaBlieHHs 3amacaMy He 00s3aTeIbHO BKIIFOYACT BCE Ue-
TBIPE BHJIA 3aTpaT, TaK KaK HEKOTOPhIE M3 HUX MOTYT OBITh HE3HAYH-
TEJIBHBIMH, a YYeT BCEX BUOB 3aTPaT YCIOKHICT QYyHKIIMIO CYMMapHBIX
3arpar.

PasnooOpasue Mojeneli 3Toro kjacca OMpenessseTcs XapaKTepoM
CIpoca, KOTOPBIA MOXKET OBbITh JIETCPMHUHHPOBAHHBIM (JJOCTOBEPHO H3-
BECTHBIM) I BEPOSTHOCTHBIM (3a7aBa€MbIM IIJIOTHOCTBIO BEPOSTHO-
CTH).

JlemepmunuposarnHoliti CIpoC MOXKET OBITh CTAaTHYCCKHM, B TOM
CMBICJIE, UTO HMHTCHCHUBHOCTDH HOTp€6J'ICHH$I OCTaeTcs HEW3MEHHOUH BO
BPEMCHH, WM JTUHAMHYECKUM, KOTJa CIIPOC M3BECTCH JOCTOBEPHO, HO
HU3MCHACTCA OT BPCMCHH.

Beposmnocmuwiii  cipoc  MOXKET OBITh  CTAIlMOHAPHBIM, KOT/Ia
(GyHKIMS TJIOTHOCTH BEPOSITHOCTH CIIpoca HEM3MEHHA BO BPEMEHH, U
HCCTAlMOHAPHBIM, KOI'I4d (1)YHKI_II/I$[ INIOTHOCTHU BCPOATHOCTHU CIIPpOCa

HN3MCHACTCA BO BPCMCHHU.



B peasbHBIX YCIOBHUAX XapaKTep CIOPOCA MOXKET ObITh ONMUCAH MO-
CPEACTBOM BEPOSITHOCTHBIX HECTALMOHAPHBIX PACTIPEACICHUN.

XO0Ts XapakTep crpoca sIBJIIETCS OJHUM U3 OCHOBHBIX (PAaKTOPOB MpHU
NOCTPOCHUH MOJIENIM YIIPAaBJIEHUS 3allaCaMt, UMEIOTCS IpyTrue GaKkTophl,
BIIMSIOIIME Ha BEIOOP THITA MOJIEIH.

1. 3anaszovieanusi nOCMABOK Ul CPOKU 8bInoIHeHUs 3akazos. 1locne
pa3MelIeHusl 3aKa3a OH MOXET ObITh MOCTaBJIE€H HEMEIJIEHHO WIH IO-
TpeOyeTCcsl HEKOTOPOE BpEMsl Ha €ro BhINOJHEHHE. IHTepBasl BpeMeHH
MEXKJly MOMEHTOM pa3MEILICHMS 3aKa3a M €ro IOCTAaBKOM Ha3bIBAECTCS
3ama3/blBAHMEM TIOCTABKA WJIM CPOKOM BBINOJHEHUS 3aka3a. JTa
BEJIMYMHA MOXKET ObITh IETEPMUHUPOBAHHOM WJIH CITy4aHOM.

2. Ilononanenue 3anaca. XOTs CUCTEMA YIIPABJICHUS 3alacamy MoO-
&eT (PYHKIMOHUPOBATH MPHU 3aMa3/IbIBAHUMU MOCTAaBOK, MPOLECC MOIMOI-
HEHHMS 3aIaca OCYIIECTBIISETCS MTHOBEHHO WJIM PABHOMEPHO BO BpEMeE-
HUA. MTHOBEHHOE NOMOJIHEHUE 3amaca MOXET MPOUCXOAUTh IIPU YCIO-
BHM, KOT/Ia 3aKa3bl MOCTYNAIOT OT BHEIIHETO UCTOYHMKA. PaBHOMEpHOE
MOMOJIHEHHE OyIeT Torja, Korja 3amnacaemasi mpoAyKIus TPOU3BOIUTCS
camoil opranuzanueit. B obmiem cinydae cucreMa (GyHKIIMOHUPYET MpU
MTOJIOKUTEIBHOM 3aIa3gbIBAHUN TOCTABKA U PABHOMEPHOM MONOJHEHUN
3araca.

3. Ilepuoo epemeHnu ompenenser WHTEPBAJ, B TEUEHHE KOTOPOTO
OCYILECTBJISIETCSl PETYJIUPOBAHUE YPOBHS 3armaca. B 3aBUCHMOCTH OT
OTpe3Ka BPEMEHU, HA KOTOPOM MOHO HaJI€)KHO MPOTHO3UPOBATh, pac-
CMaTpUBAaEMbIi IEPUO] TPUHUMAETCS KOHEUHBIM WJIN O€CKOHEUHBIM.

4. Yucno nynkmoe Hakonienus 3anacos. B cucremy ynpaBiCHHS
3amacaMy BXOJMUT HECKOJIBKO ITYHKTOB XpaHEHUs 3araca. B HEeKoTOphIxX
CJly4asix 3TH MYHKTHI OPraHU30BaHbl TAKUM 00pa3oM, YTO OJAUH BBICTY-
MaeT B KayeCcTBE MOCTABIIMKA JUIA APYroro. JTa CXeMa WHOTAAa pealv-
3yeTcs Ha Pa3IMYHBIX YPOBHSX, TaK UYTO MYHKT-OTPEOUTENH OJHOTO
YPOBHS MOXET CTaTh IMYHKTOM-IIOCTABIIMKOM Ha JIPyrom ypoBHe. B ta-
KOM CJIy4ae rOBOPAT O CUCTEME YNPABJICHHUS 3allacaMU C Pa3BETBICHHON

CTPYKTYPOM.



5. Yucno eudos mnpoodykyuu. B cucteme ympaBlIeHUs 3amacamu
MOXeT (urypupoBaTh Oojiee OAHOTO BHAA MPOAYKIHMU. ITOT (hakTop
YUYHUTBIBACTCS MPU YCIOBUU HAIWYUS HEKOTOPOW 3aBUCHMOCTH MEXIY
pPa3IMYHBIMU BUJAMU TPOAYKIHMH. Tak, sl pa3IWYHbIX W3IEIUNA HC-
MOJIB3YETCS OJHO U TO K€ CKJIAJCKOE MOMEIIEHUE WM K€ UX MPOHU3-
BOJICTBO OCYIIECTBIJISICTCS TIPU OTPAaHWYEHUSX Ha OOIIHME MPOU3BOJ-
CTBEHHBIE (DOH/IBI.

Upe3BbIuaitHO TPYJIHO MOCTPOUTH OOOOIIEHHYIO MOJEIbL yIpaBiie-
HUS 3amacaMM, KOTOpas Y4YWThIBajia Obl BCE PAa3HOBUIAHOCTH YCIIOBHUM,
HaOJI0JJaeMBIX B PEAbHBIX CHCTeMaX. PaccMoTpuMm Mojiend, COOTBET-

CTBYHOIIMUEC HCKOTOPBIM CUCTCMAM YIIPABJICHUSA 3alldaCaMHU.

JleTepMHUHUPOBAHHBIE MO/I€JIH

OoHonpoOdyKmosas cmamuieckas Mooeb

Monens ynpaBieHHs 3amacamM MPOCTEUIIEro THUIA XapaKTepu3y-
€TCsl TIOCTOSIHHBIM BO BPEMEHH CIPOCOM, MTHOBEHHBIM ITOMOJTHEHHEM
3amaca U OTCyTCTBUEM Aeduiura. Takyio Moaens MOKHO IPUMEHSTH B
CJICTYIOIINX CUTYaIUsIX:

1. Hcnonb3oBaHHE OCBETUTEIHHBIX JIAMII B 3JaHUH.

2. Hcnonb3oBaHuWe KaHIENSPCKUX TOBapoB (Oymara, OJOKHOTHI,
KapaHJlallin) KpynHOM (pUpMBI.

3. Hcnonb3oBaHue HEKOTOPHIX MPOMBIIUICHHBIX W3JIEINH, TaKUX
KaK TaliKu ¥ OOJITHI.

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

Ha puc. 1 moka3zano u3MeHEHHEe yPOBHS 3araca BO BpEMEHH.
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PucyHok 1 — 3aBUCUMOCTb U3BMEHEHUS YPOBHS 3aliaca OT BpEMEHHU

[Ipenmnonaraercs, 4YTO UHTEHCUBHOCTH CIIpoca (B €IUHUILY BPEMEHH )
paBHa . HawuBeicmiero ypoBHs 3amac JOCTUTA€T B MOMEHT TOCTAaBKH
3aKaza pazMepoM y (IIpeAnoiaraeTcs, 4ro 3amna3/IbIBAHUE MOCTABKU SIB-
JSI€TCS 3aIaHHOM KOHCTAHTOM). YPOBEHb 3amaca JJOCTUTaeT HYJIS CITyCTS
y/ B envHUIl BpEMEHHU IMOCie MOaydYeHHs 3akasza pasmepoMm y. C oxHoM
CTOPOHBI, YEM MEHBILIE pa3Mep 3aKasza Yy, TEM Halle HYKHO pa3MellaTh
3aka3bl. OJHAKO TMpU 3TOM CPEIHUI ypOBEHb 3amaca OyJIeT yMEHb-
matbes. C Apyroil CTOPOHBI, ¢ YBEIMYEHUEM pa3Mepa 3aKa30B YPOBEHb
3amaca MOBBIIIAETCA, HO 3aKa3bl pasMmeniatorcs pexe. Takas cuTyauus
npejcTaBieHa Ha puc. 2.

Huszkasa 9actoTa
pa:sluemenna 3dKa30B

/

Bricokaa gacTtoTa
PasMel[EHHA 3aKa20E

AANAW A

Bpewms

popRAM ToHomoT

Pucynok 2 — Pa3nuuHbie 4acTOThI pa3MEIICHHS 3aKa30B

Tak kak 3aTparbl 3aBUCAT OT YaCTOTHI Pa3MEILICHHS 3aKaza U 00bema
XpPaHUMOTO 3araca, TO BEJIMYMHA Y BhIOMpaeTcs U3 yCIOBUS oOecrieye-
HUs cOalaHCUPOBAHHOCTU MEXIY JBYMsI BUJAMHU 3aTpaT. DTO JIEKUT B
OCHOBE IIOCTPOEHUS COOTBETCTBYIOIIEN MOJIENIN YIIPABIICHUS 3al1aCAMMU.



Ilycte K — 3arpatel Ha odopmiieHHE 3aKa3a, UMEIOIINE MECTO
BCSKUU pa3 MpH €ro pa3MeleHnn, h — 3aTpaThl Ha XpaHEHUE €IUHUIIBI
3aKa3a B €IuHHIYy BpeMeHH. CleqoBaTesIbHO, CyMMapHBIE 3aTpaThl B
€IMHUILY BPEMEHU MOYHO MPEACTABUTH B BUJIE

3aTpaThl Ha 0OpMIICHUE 3aKa3a,
e/l. BpEMEHHU \’
3arpaThl Ha XpaHEHHE 3araca,

e/l. BpEMEHHU

[IpoAOmKUTEIBHOCTS IUKIA ABMKEHHMS 3aKa3a COCTAaBISIET t, =
y/[; cpenHuii ypoBeHb 3amaca paBeH y /2.

OnruManbHOE 3HAaYE€HUE Y MOIyYaeTCs B Pe3yIbTaTe MUHUMH3ALMH
C(y) no y. Takum 00pa3oM, B IPEATOIOKEHUH, YTO Y — HENPEPLIBHAS

MNepeMCHHAA, UMCCM

acly) _ KB , h _
S, y2+2—0, (1.3)

OTKYyJa OIITUMAJIbHOC BBIPAKCHUC 3daKa3a OIIPCACIIACTCA BbIPAKCHUCM

. _ |2Kp
= (1.4)

Mo3KHO A0Ka3aTh, 4TO Y™ cocTaBisieT MunuMyM C (), IOKa3aB, 4To
BTOpasi IPOU3BOIHAS B TOYKE Y~ CTPOTO MOJOKHUTEIbHA.

Bripaxkenue (1.4) Ha3zpiBalOT (OpMyJIOH SKOHOMHUYHOIO pa3Mmepa
3aKa3a YMJICOHA.

OnTuManbHas CTpaTerusi MOJEIH MpeIycMaTpruBacT 3aKa3 Y™ eau-

HUI[ IPOAYKIUHU Yepe3 Kaxapie ty, = y* /[ eIuHHL] BpEMEHH.



OnrumanbHbie 3atpathl C(y*) = /2Kfh noayyeHsl IMyTeM HEIO-
CPEACTBEHHOM IOJICTAHOBKHM.

JInst peanbHBIX CUTyaldid CYIIECTBYET (MOJIOKUTENbHBIN) CPOK BbI-
MOJTHEHUSI 3aKa3a (BpeMEHHOE 3ama3/iblBaHue) L oT MOMEHTa pa3Mellie-
HHUS 3aKa3a JI0 €ro JICMCTBUTEIbHOM MOCTaBKU. CTparerust pa3MeeHus
3aKa30B B MPUBEICHHON MOJCIH JOJDKHA OMPEACIISTh TOUKY BO30OHOB-
JICHHS 3aKas3a.

Ha puc. 3 mokazaH ciywai, Korjla TO4Yka BO30OHOBJICHHS 3aKa3a
JIOJKHA OIepexaTh Ha L equHHI] BPEMEHH OXHUIAEMYIO0 IMOCTaBKy. B
MPaKTUYECKUX LEAX 3Ty MH(OpPMALUI0 MOXKHO MpeoOpa3oBaTh, OIpe-
JIETMB TOYKY BO30OHOBJICHMSI 3aKa3a 4epe3 ypPOBEHb 3amaca, COOTBET-
CTBYIOIIMH MOMEHTY BO30OHOBIICHUIO.

TouKH B0 0OHOBJNEHHT SAKa%0B
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Pucynok 3 — Touka BO30OHOBJICHHUS 3aKa3a ONEPEKACT 0KUIAEMYIO
IOCTaBKY

Ha mpakTuke 3TO peanusyercsi MyTEM HENPEPBIBHOTO KOHTPOJIS
YPOBHS 3amaca /10 MOMEHTa JOCTUXKEHHUSI OUepeTHOM TOUYKHA BO30OHOB-
neHns 3akasza. [lo 3ToM mpuymHE TaKkyr0 MOJEIb HAa3bIBAKOT MOJIEINIBIO
HETPEPBIBHOTO KOHTPOJS COCTOSIHHS 3aka3za. Cieayer 3aMeTHTh, 4TO
CPOK BBITIOJIHEHUS 3aKa3a L MOXXHO TPHHSITh MEHBIIE MPOIOIKUTEIb-

HOCTH LUK1IA L.



Ipumep

Eosrceonesnviii cnpoc na mosap b cocmasnsiem 100 eo. 3ampamsi Ha
pasmewjenue kadxcooz2o zanaca K nocmosmuer u pasuer 100 Oen. eo.
Eosceonesnvle 3ampamul Ha xpaumenue edunuysl 3anaca h cocmagusaom
0,02 oen. eo. Onpeodenumsv d3K0HOMUUHBLU paA3Mep NAPMUU U MOYKY 3d-
Ka3a npu cpoxe 8blNOJHeHUs 3aKa3a, pagHom 12 ousm.

U3 ghopmynwr Yuncona nonyuaem

y* = /—2“3‘(’):100 = 1000 ey,

OnmUMaJZbHa}l I’ZpO()OJZDfCMme.]leOCWlb YUuKia cocmaejisien
té =y*/B = 1000/100 = 10 zH.

Tax xax cpok 6blnoNHeHUs 3aKa3a pagen 12 OHAM U NpoOoHCU-
menvHocms Yyukia cocmasisiem 10 Ownetl, 60300H08IEHUE 3aKA3A NPOUC-
xXooum, K020a YpOo8eHb 3anaca o0ocmamoueH O YO0O081emE0opeHUs
cnpoca na 12 — 10 = 2 aH. Taxum obpaszom, 3aka3z pazmepom y* =
1000 ex., kozoa yposenwv 3anaca oocmueaem 2 X 100 = 200 ep,.

Moowcno cyumamo, umo 3¢hghekmusHblll CPOK 8bINOIHEHUS] 3aKA3A
pasen L — tg npu L >ty u pasen L 6 npomusnom cinyuae (30eco L —
3A0AHHBLU CPOK BbINOJHEHUS 3aKA3A).

s paccmampusaemozo npumepa onpedeiumv MOYKY 3AKA3A 8
CREOVIOWUX CIyYasx. a) cpox ewvinonnenus zaxaza L = 15 gH. (omeem
500 e0.); 6) cpox swinonnenus 3axaza L = 23 gH. (omeem 300 €0.); 6)
cpok evinoanenus: zakasa L = 8 nH. (omeem 800 eo.); 2) cpox 6vino-
nenusi 3akasa L = 10 aH. (omseem 0 e0.).



2. IPAKTUYECKAS YACTH

3agaua 1. CymecTByioT aBe (GUPMBI 110 U3rOTOBJICHUIO IIJIACTHUKO-
BbIX OKOH. @upma A moxert 3a mecal u3roroButsb 1000 kB. M cTekna X ¢
TpexkaMmepHbiM mnpodusieM U 600 kB. M crekna Y ¢ MsSTUKaMEpPHBIM
npobusiem. Gupma B 3a TOT ke nepuoa BpeMeHH U3rotoBuT 700 KB. M
crekia X u 1500 xB. m crekna Y. Ilpogaxuas ctoumocts mpoduist X
coctapisier 300 py0. 3a kB. M, ctoumMocTh npoduis Y coctaBimser 500
py0. 3a kB. M. Ctekyna X u Y M3roTaBauBaioOT U3 OJHOTO U TOTO K€ CBHIPHSL.
Jlns m3roroBnenus 1 kB. M ctekia X TpeOyeTrcst 5 KB. M CHIPbS, JIS
cTeksa Y — 8 kB. M ChIpbsi. KonudecTBo chipbsi y ¢pupmbl A paao 5000
KB. M, Yy hupmbl B — 8000 kB. M. OnipeienuTh MaKCUMaJIbHOE 3HAYEHUE
npuOsu GupM A 1 B nipu yCIIOBUHM MOCTOSTHHOTO YCTOMYMBOIO CIIPOCa
Ha IUIACTUKOBBIE OKHA.

3agaua 2. TpeOyercs ompeaenuTh IJaH (PalMOHAIBHYIO IIPO-
rpamMMy) BBIITyCKa YE€ThIpeX BHUJOB mpoaykuuu Py, P, Pz u P, nns usz-
TOTOBJICHUSI KOTOPBIX HEOOXOAUMBI PECYPCHI TPEX TUIIOB

Tun pecypca Bun npoaykuuu Pacrnionaraemslii
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 9,0 120 [18,0 |150

['paHuIa BBITTyCKa, 1/8 |0/— |2/— |3/3 |—

HUXKHSIS / BEpXHSs

[TpuObLIb, 100 110 |120 |130 |—

JICH. €] 32 €JI. MPOAYKIIUU

IIporpamma, X1 Xy X3 Xy —

KOJI-BO €JI. IPOAYKIIUU

3a1ar0TCs KOHKPETHBIE 3HAYEHHMSA A;; ¥ b; (CM. TalbJHMIy) ¢ y4eToM
IPOTPaMMBI BBIITYyCKa IMPOAYKLIUH X; U BO3MOXHON MPUOBLIM OT peaiu-

3allii MPOAYKIMH (B JEHEKHBIX eauHMUIAx). TakuMm oOpa3oM, I TOTO
qTOOBI BBINTYCTUTH €AWHUIY Tpoaykiuu P, Tpedyercs 3,0 eauHUIIBI




IEepBOTO THUIA pecypca, 7,5 — Broporo u 9,0 — tperbero. Mckomas

palMoHalIbHAs MPOrpaMMa B KOJUYECTBE €AUHUI] MPOAYKIHUHU (ILITYK)

0003Ha4YaeTCs X1, Xy, X3 U X4 COOTBETCTBEHHO.

3agaunm 3-13.

Tun Bun npoaykiuu Pacnomaraem | I'panuna [TpuObLIH

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

3agaua 3

1 15 6,0 21,0 1/— 4,5

2 45 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

3agava 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

3agaua 7

1 39,0 12,0 240,0 1/— 55

2 27,0 26,0 210,0 0/— 6,5

3 6,0 20,0 120,0

3agaua 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

3agaya 9

1 15,0 50 50,0 0/— 11,2

2 2,0 45 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

3agaua 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 cMbIcn 3aJ1aun ynpaBieHus 3anacamu’?
Kaknmu MeToiamMmu peraercs 3ajada yrpaBieHUs 3aracamu?
B ueM 3akitouaercs 3ajaua pacipeiesieHusl pecypcoB?

B w e

Kakue cymecTByroT METOJbl pEelIeHHs 3a7a4u pachpeaesiCHus
pecypcoB?

5. Kakwue ObIBatOT MOJIE M yIIPaBICHUS 3arlacaMu?

6. Kak xnaccuduuupoBaTh onricaHue crpoca?

JIMTEPATYPA

1. Kazue B.M. BBenenne B aHanu3, CHHTE3 U MOJECIMPOBAHUE CH-
CTEM. — OIJIEKTPOH. TeKCT. JaH. — M. : MHrepHeT-YHuBepcurer Un-
dbopmanmonnsix Texnonoruit (MHTYUT), 2016. — Pexxum nocrtymna :
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. Ymopasinenue cucremamu W mOporeccamu :
Vuyebnuk. — M. : Axkanemus, 2010.
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IIpakTuueckoe 3ansiTue Ne2. AHa/M3 pUCKa U 0€30MACHOCTH
HCII0JIb30BAHUSA HOBBIX TEXHOJIOTHH

Heab 3aHATHA: M3YUCHHE NpPaBUJI MOCTAHOBKH THUIIOBOM 3ajayu
CUCTEMHOTO aHaliu3a — 3aJa4d aHaju3a pUcKa U O0e30MacHOCTU HC-
MOJIb30BaHUSI HOBBIX TEXHOJOTUH.

AKTYaJIbHOCTh Te€MbI 3aHATHSI: YMEHHUE MPaBWIbHO (OpMaIU30-
BaTh 3aJjlauyy — OOsI3aTeNIbHBIN 3Tall CUCTEMHOTO aHajiu3a, ¢ KOTOPOIo
JOJKHA HAYMHATHCS MPOLEAypa CO3JaHHUSI CUCTEMY YNPABICHUS C 3a-
JTAHHBIMHM XapaKTEPUCTUKAMHU.

1. TEOPETUYECKASA YACTb

AHanu3 HUHPOPMAIIMOHHBIX PHUCKOB TO03BOJsAET 3P ()EKTUBHO
yOpaBiIssTh UHPOPMAIMOHHON 0€30MacHOCThIO Npeanpusatus. s 3Toro
B Hadajie pabOT MO aHaIM3y PHUCKOB HEOOXOJUMO OMPEAENIHUTb, YTO
VMEHHO IOJICKUT 3aLUATE HA NPEAIPUATUN, BO3IEHCTBUIO KAKUX yIPO3
3TO MOJIBEP>KEHO, U BHIPAOOTATh PEKOMEHAAIUU IO MPAKTUKE 3aLIUTHI.
AHaIN3 PUCKOB MPOU3BOJMUTCS UCXOJ U3 HEMOCPEACTBEHHBIX LENEH U
3aJ1ay Mo 3allUTe KOHKPETHOTO BUAa HHGOpMAIIMK KOHPUIECHIIUATBHOTO
xapakrepa. OqHa U3 BaXXHEHIINX 3a/1ad B paMKax 3alluThl HH(popMauu
— obecredeHue ee 1eOCTHOCTU U JOCTYMHOCTH. YacTo 3a0bIBaeTCs, UTO
HapyLICHUE LEJIOCTHOCTA MOXKET IPOM3ONUTHU HE TOJIBKO BCIEIACTBUE
npeAHaMEPEHHBbIX ACHCTBUM, HO W MO PsAy APYrUX HPUYMH: cOOEB
00Opy1I0BaHMs, BEAYIIUX K MOTEPE WM UCKAKEHUI0 UHPpopmalnu; Ghu-
3MYECKUX BO3ACHCTBUM, B TOM YHUCJIE B pe3yJbTaTe CTUXUHHBIX Oen-
CTBUI; OIIMOOK B MPOTPAaMMHOM OOecrieyeHUU (B TOM YHCJIE HEIOKY-
MEHTHUPOBAHHBIX BO3MOKHOCTEH). [lo3TOMY TOJ TEPMHUHOM «aTaka»
OyJeM MOHMMAaTh HE TOJIbKO YEJIOBEYECKHUE BO3JICUCTBUS Ha MHPOpMa-
LIUOHHBIE PECYPCHI, HO U BO3JCHUCTBUS OKPYKAKOILIEHW CpEbl, B KOTOPOU
(GYHKIMOHUPYET cucTeMa o0paboTku HHGOPMALUU MPETIPUSATHUS.



AHaJIN3 pUCKa MOXHO MPOBOJIUTH MO CIIEHAPUIO, U300paKEHHOMY Ha
pucyHke 1 (Kaxaplii M3 IIECTH 3TAloOB aHAJIM3a PUCKA JIOJKEH OBITh

KOHKPETU3UPOBAH).
H3 lNepeuns 141
. H M HOHHBI
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 OGOPOHC (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 CBEAEHUS, COCTaB-
JSIOIIUE JJISI TPEANPUSTASI KOMMEPUECKYIO TailHy, KOTOPBIE MPEICTOUT
3aIIUILIATb.

Takue cBefeHUs] XpaHATCS B OIPEJEICHHBIX MECTaX M Ha KOH-
KPETHBIX HOCUTEIISIX, IEPEIAI0OTCS MO KaHaJIlaM CBSI3U U 00padaThIBAIOTCS
B COOTBETCTBUU C OIpeEJIeNICHHBIM periamenToM. [Ipu sToM onpenens-
I0IUM (PAKTOPOM B TEXHOJOTHHM OOpallieHusi ¢ UHPOpPMaLUEH SBIISIETCA
apXuTeKTypa KopropaTtuBHbiXx HH(opmanumoHHbix cucrem (KHC), ko-
TOpasi BO MHOTOM OMNPEAEIISIET 3alIUIIEHHOCTh UH(OPMALIMOHHBIX pe-
CYpCOB IIPEANPUSATHS.



B cBs3u ¢ 3TUM HEOOXOAMMO elle pa3 MOAYEPKHYTh, UTO CTEIEHb
nH(pOpMaIMOHHONW 0€30MacCHOCTHU 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
CpeACcTB 00pabOTKH KOH(UICHIIMATLHON UH(OpPMaIIMKU, BRIOOpa CIOCO-
OOB €€ XpaHEHHUs U NepPeaun, KOTOPbIE CYIIECTBEHHO YMEHbIIAT YHCIIO
BO3MOXHBIX TOUEK JOCTyNa K HH(GOpMaIuu.

Tpemuii >man aHanu3a pucka — IMOCTPOCHUE CXEM KaHaJOB JI0-
CTymna, yTE€YKU WJIM BO3JACHCTBUS Ha MHGOPMAIIMOHHBIE PECYpPChI OC-
HOBHBIX y3710B KMC. Kaxnpii kaHan JOCTyIa XapakKTEPU3YETCSI MHO-
KECTBOM TOYEK, C KOTOPBIX MOXKHO “‘CHATH” uHbopmanuto. UMeHHO oHU
U TIPEJCTABIISIOT YSI3BUMOCTH U TPEOYIOT MPUMEHEHUs] CPEACTB HEMO0-
MyIIEHUS HEXETaTeIbHbIX BO3JACHCTBUN Ha HH(GOPMALIHIO.

AHanu3 crnocoOOB 3aIUTHl BCEX BO3MOXKHBIX TOUYEK aTaK COOTBET-
CTBYET LIEJISIM 3aILUTHI U €r0 Pe3yJIbTATOM JO0JKHA ObITh XapaKTePUCTHKA
BO3MOJKHBIX «Opelieid B 000poHe», B TOM YKCIIE U 3a CUeT HeOJaronpu-
ATHOT'O CT€UEHHS 00CTOATEALCTB (4-11 oman).

Ha namom smane, ucxonid U3 U3BECTHBIX HA JIAaHHBIA MOMEHT CIO-
coOOB U CPEJCTB MPEOI0JCHUs OOOPOHUTENBHBIX PyOexkel, onpenens-
I0TCSI BEPOSITHOCTH peau3allii yrpo3 M0 KaKJI0OM U3 BO3MOXKHBIX TOUYEK
aTax.

Ha sakntouumenvbnom smane nmpou3BOAUTCS OLIEHKA yiiepba opra-
HU3AIMU B Clly4yae peav3alluy KaXJIO0H M3 aTak, KOTOPbId BMECTE C
OIICHKaMHU YS3BUMOCTH TO3BOJISIET MOJYYUTh PAHKUPOBAHHBIN CIMCOK
yIpo3 HHPOPMALIMOHHBIM pecypcam.

Pe3ynbrarel pabOThl MPEACTABISIOTCS B BHUAEC, YAOOHOM sl HMX
BOCIIPUSITUS U BBIPAOOTKHU PEIICHUN MO KOPPEKIIUH CYIIECTBYIOMICH CH-
cTeMbl 3amuThl MHGopManuu. [lpu 3ToM Kaxablii MHPOPMALIMOHHBIN
pecypc MOKET ObITh MOJIBEP>KEH BO3JIEUCTBUIO HECKOJIBKUX MOTEHIIU-
anbHBIX yrpo3. IIpuHIUNUANbHOE XK€ 3HAYCHUE MMEET CyMMapHas Be-
POSITHOCTH J1OCTyNa K MH(OPMALMOHHBIM pecypcaM, KOTopas CKJIaJbl-



BACTCSl U3 DJIEMEHTAPHBIX BEPOSITHOCTEM JIOCTYyIA K OT/ICJIbHBIM TOUKaM
MPOXOKJICHUS HHPOpMAIUH.

Benuunna MHPOPMAIIMOHHOTO pPUCKA MO KAXKIOMY pecypcy orpe-
JIESIeTCsl KaK MPOU3BEACHNE BEPOSITHOCTH HAIaIeHUsI Ha PECypc, BEpo-
ATHOCTH pealii3allui yTrpo3bl U yiiepOa oT MHPOPMAIMOHHOTO BTOP-
*KeHUs. B 3TOM Mpou3BeIeHUN MOTYT MCIOJb30BATHCS PA3JIMUHBIEC CIIO-
cOOBI B3BEIITUBAHUS COCTABJISIOIIUX.

OO0benMHEHNE PUCKOB MO BCEM pecypcaMm AaeT OOIIYI0 BEIMYUHY
pucka npu npuHaTon apxutekrype KNC u BHEAPEHHON B HEE CUCTEMBI
3aIUThl HTHHOPMALTUH.

Bapbupyst BapraHThI TOCTPOEHUSI CUCTEMBI 3aIUThI HHPOpMAIUU U
apxutektypbl KUC, BO3MOXXHO IPEACTABUTh pPa3IUYHbIC 3HAUCHUS PHUCKa
32 CUET M3MEHEHUs] BEPOSTHOCTH pEaIM3allMU Yrpo3. 371eCh BaKHBIM
II1aroM SIBJISIETCS BHIOOP OJHOTO M3 BAPUAHTOB B COOTBETCTBUHU C BbI-
OpaHHBIM KpUTEPHUEM MPUHITHUS pelieHus. Takum KpUTEPUEM MOXKET
OBITH JIOMYyCTHMAas BEJIMYMHA PUCKA WJIM OTHOIICHHUE 3aTpaT Ha oOecrie-
yeHrue nHGOPMALIMOHHOM 0€30MMaCHOCTH K OCTATOYHOMY PHUCKY.

[Ipu mocTpoeHun cucrem obOecrnedeHuss UHGOPMALIMOHHON Oe3-
OTMACHOCTHU TaK)Xe HY>KHO OMNPEACIIUTh CTPATErHI0 YIIPaBICHUS pPUCKAMU
Ha MPENPUSITHH.

Ha cerojHst M3B€CTHO HECKOJILKO MOJXOJ0B K YIPAaBICHUIO PUCKa-
Mu. OnuH U3 HanboJjiee paclpoOCTPAHEHHBIX — yYMEHBIIICHUE pUCKa My-
TE€M HCIIOJIb30BaHUS KOMIUJIEKCHON CHCTEMBI KOHTPMEpP, BKIIOYAIOIICH
MPOTPAMMHO-TEXHUYECKHNE W OPTraHU3aIllMOHHBIE MEpbhl 3alluThl. biu3-
KUM SIBJIIETCSl TIOJIXOJI, CBSI3aHHBIA C YKJIOHEHHEM OT pucka. OT HEKO-
TOPBIX KJIACCOB PHUCKOB MOXXHO YKJIOHHUTBHCS: HAIpUMEp, BBIHECEHUE
Web-cepBepa opranuzanum 3a Npeacibl JOKAJIbHOW CETH IO3BOJISET
n30exaTh pUCKa HECAHKIIMOHUPOBAHHOTO JOCTYTA B JJOKAJBHYIO CETh CO
croponsl Web-kineHToB.

B HekoTOphIX ciydasx IOMYyCTUMO MPHUHSITHE PUCKA. 371€Ch BaXKHO
OTPEACIUTLCA CO CIASAYIOMIEH TUIEMMOW: YTO JJIs TPEANPHUSATUS BbI-
rojiHee — OOpPOTHCS C PUCKAMH WJIM K€ C WX IMOCIEACTBUAMHU. B aTOM
ClIy4dae MPUXOUTCS PeriaTh ONTUMHU3AIMOHHYIO 3a/1a4y.



[locne TOro kKak ompejereHa CTpaTerus YyHpaBJICHUS PHUCKaAMU,
MPOU3BOJAUTCS OKOHYATENbHAsI OlICHKA MEPOINPUSITUN TIO 0OECIEUCHUIO
nH(pOpMaIMOHHONW 0€30MaCHOCTHU C MOJTOTOBKOM 3KCIEPTHOTO 3aKIIO-
YEHHUs O 3alUIIEHHOCTH WH(POPMALMOHHBIX pecypcoB. B skcrnepTHoe
3aKJII0YEHME BKJIIOYAIOT BCE MaTepHUalbl aHAJIU3a PUCKOB M PEKOMEHAA-
[IUU 110 UX CHIXKEHUIO.

IIpumMep ouieHKU PUCKOB 10 ABYM (pakTOopam

B Martpuiie uinu Tabiuie MOKHO HarJIsiTHO OTPa3UTh CBSI3b (DAKTOPOB
HETaTUBHOTO BO3JEHCTBHUS (ITOKAa3aTelieil pecypcoB) U BEPOSTHOCTEH
pean3anyu yrpos3sl C y4eTOM IT0Ka3aTeNIeu YsI3BUMOCTEN.

Ha nepBom 11are olneHMBaeTCsl HEraTUBHOE BO3JCHCTBHE (TMOKa3a-
TEJIb PEcypca) IO 3apaHee ONPENEIICHHOMN IIKalle, Hanpumep ot 1 1o 5,

JUISL Ka)KJIOTO0 pecypca, KOTOPOMY YIPOXKaeT OIMacHOCTh (KOJIOHKA B B
Tabm. 1).

Tabauma 1

Jeckpurnrop IToxa3zarens Bo3smoxuocte | [lokazarens Panr pucka
yYIpO3bl HETaTUBHOTO | peaju3aluu pucKa

BO3JCUCTBUS | YTPO3bI

(pecypca) B (cyObekTHuBHAs

oreHka) C

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

Ha BTOpoM miare no 3apaHee 3alaHHOM LIKaJie, Harpumep ot 1 1o 35,
OLICHUBACTCS BEPOSATHOCTD PEATU3ALNU KAXKI0N YIPO3bI.

Ha TpeTpeM miare BBIUMCIISIETCA MOKA3aTeb pUCKA. B mpocreniem
cllydae 3To jeliaeTcs myTeM ymMHoxxeHus (B X C). OgHako HEOOX0IUMO
IIOMHUTB, YTO ONEpalisl YMHOXKEHUS ONpeaeiieHa A KOJIMYECTBEHHbBIX
mkan. JlJisi paHroBbIX (KAYECTBEHHBIX) IIKal W3MEPEHUS, KaKOBBIMU




SBJISIFOTCSL TOKA3aTeb HETaTUBHOTO BO3JICUCTBUSA M BEPOSITHOCTH pea-
JU3aluy yTpo3bl, K IPUMEPY, COBCEM HE 00513aTEIHLHO MOKa3aTelb PUCKa,
COOTBETCTBYIOIIUHI ciiydato B = 1; C = 3, OyJeT SKBUBAJICHTEH CIIy4alo
B = 3; C = 1. CooTBEeTCTBEHHO N0OJKHA OBITH pa3paboTaHa METOAMKA
OIICHMBAaHUS TOKa3aTeliel PUCKOB MPUMEHUTEIBHO K KOHKPETHOU Op-
raHu3aluu.

Ha yeTBepTOM 11are yrpo3bl paH>XUPYIOTCS MO 3HAYEHUSIM UX (hak-
TOpa puUckKa.

B paccmarpuBaemMoM mnpuMepe Il HAUMEHBIIETO HETaTUBHOTO
BO3JICHCTBUS 1 HAMMEHBIIIEH BO3MOXKHOCTU pealiu3allii YTpo3bl BHIOpaH
rokasarenp 1.

JlaHHas npolieypa mo3BoJIsI€T CPAaBHUBATH U PAaHKUPOBATH YTIPO3BI C
pPa3IMYHBIMU HETATUBHBIMU BO3JECHUCTBUAMHU U BEPOSTHOCTSIMH Peasu-
3a1uu. B onpeneneHHbIx ciiydasix JOMOJTHUTEIbHO MOTYT MPUHUMATHCS
BO BHUMAHHUE CTOMMOCTHBIE MOKA3aTENH.

Pa3nesienne pucKOB HA MpUeMJIeMble M HelpUeMJIeMble

Hpyroii cnoco® OIIEHWBAHUSI PUCKOB COCTOUT B PA3JEICHUM HUX
TOJILKO Ha NpuemiieMble U Hernpuemsemble. [1oaxon ocHOBBIBaeTCA Ha
TOM, YTO KOJIMYECTBEHHBIE MOKA3aTEIM PUCKOB HUCIOJIB3YIOTCA TOIBKO
JUIsL TOTO, YTOOBI WX YHOPSIAOYUTH M OINPENENIUTh, KaKue JIEUCTBUS
HEOOXOMMBI B MEpBYyI0 ouepeab. Ho 3Toro MoxHO JOCTUYBL U C MEHb-
IIMMH 3aTpaTaMu.

Marpuiia, ucriosnbzyemasi B JaHHOM MOJXO0/€E, COJICPKUT HE YKcIa, a
TOJIBKO cUMBOJIBI J[ (puck gqonmyctuM) u H (puck HeomycTum).

Bonpoc 0 ToM, kKak MpPOBECTH TPaHUIy MEXKIYy NPUEMIIEMBbIMU U
HEMPUEMJIEMBIMUA PUCKAMHM OCTA€TCAd Ha YCMOTPEHUE aHAJIMTHKA, MOJI-
rOTAaBJIMBAIOIIETO JIAHHYIO TAOJMUIy U PYKOBOJIAIIMX CIEHHATUCTOB B
o0stacti UH(OOPMAITMOHHOMN O€30MaCHOCTH.



2. IPAKTUYECKAA YACTb

3anaua 1. PazpaboTarh npei0oKeHHBIN MJ1aH MIPOEKTa U MOJICUUTATh

CT0 IMOJIHYIO CTOUMOCTD U pa3MCpP OTBJICYCHHLIX CPCACTB!

Co3nath CUCTEMY JUCTAaHIIMOHHOI'O 00YYE€HHS B BY3e.

CozaaTh cUCTEMY YIPaBICHYECKOTO yueTa Ha MPEeANPUSTUH.
Co3naTh cuUCTEMY MEHEIKMEHTa KayecTBa Ha MPOU3BOJICTBEH-
HOM MPENPHUSITUH.

Co3nath cucTeMy MacCOBOTO OOCTYKUBaHUS (KJIUEHT-CEPBEPHOIN
aApXUTEKTYPHI).

Co3gate cUCTEMY HKOJOTMYECKOTO MEHEKMEHTA MPOU3BO/I-
CTBEHHOTO MPENPUSITHSI.

3amaya 2. 3anoaHUTh TAOJIUILY MO MPEAJIOKESHHOM BBIIIIE METOIUKE.

Bapuanr 1
Heckpunrop | Ilokaszarens Bo3Mo)HOCTB [Tokazarenp Panr pucka
yIpO3bI HETaTUBHOIO | peayiu3aiuu pHUcKa
BO3JICUCTBUS | yTPpo3bl (CyOb-
(pecypca) B €KTUBHAasI OLICH-
ka) C
Yrposza A 1 8
Yrpo3a B 2 6
VYrpoza C 9 9
Yrpoza D 6 4
Yrpoza E 4 1
Yrposa F 7 2
Yrposa G 3 3
Yrposza H 5 7
Yrposa I 7 &)
Bapuant 2
Jeckpurnrop IToka3zarenp Bo3moxHOCTB IToxa3zarens Panr pucka
yIpO3bl HETaTUBHOTO | peaju3aiuu pHucKa

BO3JIEUCTBUSL | yTpO3bl (CyOb-
(pecypca) B €KTHUBHAs OLIEH-
ka) C




Yrpoza A 9 8
Yrpoza B 7 3
Yrposa C 8 5
Yrpoza D 6 7
Yrposa E 2 9
Yrpoza F 4 2
Yrposa G 3 1
Yrpoza H 5 4
Yrpo3za I 1 6
BapuanTt 3
Heckpunrop | [Tokaszarenb Bo3moxHOCTB ITokazarens Panr pucka
YTPO3bI HETaTHUBHOTO | pean3aIiiu pHucKa
BO3JICUCTBUS | yTPpO3bI (CyOB-
(pecypca) B CKTHUBHAs OLICH-
Ka) C
VYrpoza A 7 4
Yrpo3a B 4 9
VYrpoza C 8 6
Yrposa D 5 8
Yrpoza E 6 7
Yrposa F 1 3
Yrposza G 3 1
Yrposza H 2 5
Yrposa I 9 2
Bapuanr 4
Heckpunrop | [Tokaszarenb Bo3moxHOCTB ITokazarens Panr pucka
yYIPO3bI HETaTHUBHOTO | peasu3aliuu pucKa
BO3JICUCTBUSI | yTPpO3bI (CyOB-
(pecypca) B CKTHUBHAS OLICH-
ka) C
Yrposza A 3 7
Yrposa B 2 6
Yrpoza C 6 1
Yrpoza D 9 8
Yrposza E 7 9
Yrpoza F 3) 3
Yrposa G 4 5
Yrpoza H 1 2
Yrpoza I 8 4




BapuanTt 5
Heckpunitop | [lokaszarenb Bo3moxHOCTB IToka3arens Panr pucka
yTPO3bI HETaTUBHOTO | peaju3aluu pucKa
BO3JIEUCTBHS | yrpo3bl (CyOB-
(pecypca) B EKTUBHAs OLICH-
ka) C
Yrposza A 9 1
Yrposza B 1 6
Yrposa C 8 8
Yrpoza D 7 4
Yrposza E 6 9
VYrpoza F 3 3)
Yrposa G 2 3
Yrposza H 3 7
Yrposa I 4 2

3. KOHTPOJIBHBIE BOITPOCHI

e

Kakue cymiecTByoT ypoBHU PUCKOB?

Kakue cymiecTByoT ypoBHU yS3BUMOCTEN?

Uto Takoe TaOIUYHBIE METOJIBI OIEHKH PUCKOB?

Kakue cyIecTByrOT 3Tansl aHaln3a PUCKOB?
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Yuebuuk. — M. : Akagemus, 2010.
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IIpakTnueckoe 3ansatue Ne3. IlpoBepka agekBaTHOCTH Mojiejlei
CJIOKHBIX CHCTEM

Hean 3aHATHS: U3YYCHUE MPABUJ MPOBEPKHU aJICKBATHOCTH MOJE-
JIeW, aHaIM3a HEOMPEAEICHHOCTH U YYBCTBUTEIbHOCTH.

AKTYQJIBHOCTh Te€Mbl 3aHSATHSI: YMCHHE NPABUIIBHO OICHUTH
aJIeKBaTHOCTD ITOJYYEHHBIX MOJIeNIe — 00s3aTeIbHbIN ATall CHCTEMHOTO
aHaJIN3a, C KOTOPOTO JIOJKHA HAYMHATHCS POLEypa CO3AaHUS CUCTEMY
YIIPABJICHUS C 3aJJaHHBIMHU XapaKTEPHUCTUKAMU.

1. TEOPETUYECKASA YACTb

JIrobast maTemaTuyeckasi MOJIETb HE SIBJISIETCS TOYHOM, BCerja Cy-
IIECTBYET BEPOSITHOCTh BOBHUKHOBEHHUS OIIMOKU MPU MPOBEJICHUM pacC-
4eTOB. MOryT BO3HUKHYTh OIIMOKW MPU OKPYTJIECHUU, UCIOJIH30BaHUU
HETOYHBIX WJIM MPOTUBOPEUYUBBIX JAHHBIX U T. M. 1 TOrO 4TOOBI Olle-
HUTh, HACKOJIBKO XOPOIIO WM IJI0OXO MOJIENIb MPEJICTABIISIET PEATbHBIN
IIPOLECC, UCTIOJIB3YIOT KPUTEPUHU OLEHKU. B maHHOM paszgene paccMar-
PUBAIOTCS TPOBEPKHU HA aJIEKBATHOCTh PETPECCUOHHBIX MOJEIIEH.

Cpennsisi omnOKa annpoKCMMANUN (21€KBATHOCTh MOJICIIN)

A=>3n, |yy;y| 100%, (1.1)

r7ie y — peajbHble JaHHbIE, Y — NaHHbIE, PACCYUTAHHBIE 110 MOJIETIH.
JlonycTuMblid ypoBEHB 3TOT0 Kputepus — oT 5 10 10%. Ecnu 3Ha-
YeHUE KPUTEPHUS BBIIIE, TO MOJICIIb HE CJIEIyET MPUMEHSTH IIPH pacyeTax.

KoadppunueHnT r1acTUHIHOCTH

!

3=9'Z (1.2)

[ R



IJe X U y — CpeAHHe 3HaYeHus (IJIs JIMHEHHON Mozenn); ' — mpous-
BOJIHasl (PYHKITUHU MOJICIIH.

Ilpumeuanue. B cnyuae nuHeuHou MoOeniu Npou3BO0HAs pPABHA
KOHCmaHme npu axmopHou nepemerHHou. J[aHHblil Kpumeputli noKa3ol-
8aem, Ha CKOJIbKO NPOYEHMO8 8 CpeOHeM NO 8Cell COBOKYNHOCMU U3Me-
PpeHutl U3SMeHUmcs pes3yiomam y om ceoeli cpeoHell 8elUdUHbl NPU U3-
Mmenenuu gaxmopa x va 1% om ceoezo cpeoneco 3unauenus, m. e. uyg-

CMBUMENbHOCIb MOOEIU.

Cpennee o:kujgaemMoe 3HaUeHHUeE TIPECTABIsAECT COO0H 0000IIEHHY IO
KOJMYECTBEHHYIO XapakTepucTuky. Ero paccuuthiBaror mo (opmyie
cpeaHei apupMeTHIeCKON B3BEIIICHHON

__ Yhaxiny
x — l?.’l—rl.’ (1.3)
1=1"%
rac xX; — OXHUAACMOC 3HAYCHUC IS KAXKIOTO Cliydasd, n; — 4YUCIIO CIIy-

yaeB HaOJoAeHUS (4acToTa).

Taxxe He0OX0UMO ONMPEACTUTh MEPY KOJIEOIEMOCTH BO3MOKHOTO
pesynbraTta. Konebiemocms MpencTaBisieT cOOOM CTENEHb OTKIOHEHUS
0KHJIAeMOTO 3HAa4ye€HUsI OT cpenaHero. sl ee OLEHKHM Ha NPaKTHUKE
OOBIYHO MIPHUMEHSIOT JABa OJIM3KO CBSI3aHHBIX KPUTEPUS — AUCIIEPCHUIO U
CpeJHee KBaJpaTUYHOE OTKJIIOHEHHUE.

Jlucnepcusi €CTh CPEHEB3BEIICHHOE 3HAUYCHUE KBAJApaTOB OTKIIO-
HEHUH JEUCTBUTEIBbHBIX PE3YIbTATOB OT CPEIHUX 0KHAEMBIX

n . )2n .
Sz — Zl:l(:l x) nl, (1.4)
=111

CpenHee KBaApaTHYHOE OTKJIOHEHHE S €CTh KOPEHb U3 YKa3aHHOM
BenuuuHbl. CpenHee KBaJpaTUYHOE OTKIOHEHHWE — HMMEHOBaHHas Be-

JIMYWHA, YKa3bIBACTCA B TCX KC CAWMHHUIAX, B KAKUX HU3MCPACTCA BAPbHU-



pyrommi npusHak. Jlucnepcuss u cpeaHee KBAAPATUYHOE OTKJIOHECHUE
SBJISIFOTCSL MEpaMU a0COJTIFOTHOM KOJIEOJIEMOCTH.

Ko3ppuuueHT nerepMuHANNM MTOKA3bIBACT, KaKas JOJS JUCIEP-
CUU PE3yJIbTATUBHOTO MPU3HAKA OOBSICHAETCS BIUSHUEM HE3aBUCHUMBIX
MIEPEMEHHBIX

1— Yic1 i—f1)?

R? =
Z?:l(yi_y)z ,

(1.5)

I7Ie y; — BBIOOPOYHBIC JAHHBIC, a f; — COOTBETCTBYIOIIHE UM 3HAYCHUS
MO/IEJIH.

Ilpumep. Boviuucnenue o0oepumenbHO20 UHMEPBALA C YPOBHEM
sHauumocmu 0,05

Buvibopxa 3nauenuit usmepsiemou enuuunvl X umeem HOPMATbHBIU
3aKOH pacnpeoeiieHus eeposimuocmeil: x; = 2,55 x, = 2,32 ; x3 =
2,39; x4 = 2,15; x5 = 2,54; x¢ = 2,44; x;, = 2,25, xg = 2,28.

Paszmepnocmo evibopru: n = 8.

3aoanue yposus suauumocmu. a = 0,05.

Cmenenw dosepus: 1 — a = 0,95.

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

% =YL, x; = 2,365.

Ouyenka 3Hayenus: CpeOHeK8aopamuyH020 OMKIOHEHUS
S, = [ERS 0141,

Onpeodenenue 0oeepumenbHo20 UHmMeEPLANA
Kosgppuyuenm Cmwrooenma

t(a,n) = 2,365.

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

Bepxusas epanuya dosepumenvrozo unmepsana
Xeg = X + Ax,.



Huorcrnas cpaHuya 006€pumefle020 unmepeana
Xeyg = X — Ax,.

Yuem npubopnvix nozpeuwinocmeii
lIpubopnas noepewtnocmo

Ax, = 0,1.

A6COJZ%0WZHCL‘I nocpeutHocmos

Ax = /(Ax)? + (Ax.)? = 0,191.
OWlHOCZ/lme]lea}l noecpeutHocnlo

sx =2 = 0,081.
X

Bepxusas epanuya dosepumenvroco unmepsana
Xg = X + Ax.
Huoicnsas epanuya 0osepumenvro2o unmepsana
Xy =X — Ax.

Jlmg aHanu3a pe3yJIbTaTOB MOACIUPOBAHUS, KaK MPABUIIO, UCTIOb-
3y10T KO3(puumenT Bapuamuu. OH Ipe/CcTaBIsSIET COO0M OTHOIIICHUE
CpEJHEro KBaJPAaTUYHOI'O OTKJIOHEHHUS K CpeIHEMY apu(PMETHYESCKOMY
3HAYCHUIO W TIOKA3bIBACT CTEIECHb OTKJIOHCHUS IOJYYCHHBIX 3HAYCHUU
OT peaAJIbHBIX

tS

vV =—
x

100%. (1.6)

Koapduument moxer uameHarbcss oT 0 g0 100%. Yem Oombiie
K03hPUIMEHT, TeM cUiibHee KojeOaeMocTh. IIpuHsTa cienyromas Ka-
YeCTBEHHAs OIICHKA Pa3IMYHbIX 3HaUCHUN KOA(pdUIMeHTa Bapualuu. 10
10% — cnabas xonebnemoctsh, 10-25 % — ymepennas, cBbiie 25% —
BbIcOKas. [Ipeanourenue oTaaeTcs TeM MOJIEIISIM, TI0 KOTOPBIM 3HaUYCHHUE
ko3 uiireHTa sBiseTcs 00Jjiee HU3KUM.

HecMoTpss Ha HECJIO)KHOCTh BBIMIOJTHEHHS MaTEMAaTHYECKUX pacue-
TOB, JIJIS UCTOJIb30BAHUS JAHHOTO METO/1a HE0OOXO0AMMO OOJIBIIIOE KOJIH-
4ecTBO MHGOpPMAIUM U JAHHBIX 3a JJIUTEIbHBIA MEPUO BPEMEHH, UTO
SBJISICTCSI €70 OCHOBHBIM HEJOCTATKOM.



Kpome Toro, onucanHble BbIIIE XapaKTEPUCTUKH MOKHO MPUMEHSThH
K HOPMaJbHOMY 3aKOHY pacmpeieieHuss BeposTHOCTe. OH IIMPOKO
UCIIOJB3YETCS, TaK KaK €ro Ba)KHEHIIME CBONCTBA (CUMMETPUYHOCTH
pacupeneneHusi OTHOCHUTEIBHO CPEHEH, HUYTOXHAasi BEPOSTHOCTH
OOJIBIINX OTKJIOHCHUM CIy4ailHOM BEJIWYUHBI OT IIEHTpa €€ pacrpesie-
JICHUSI, TTPABWJIO TPEX CUTM) MO3BOJISIIOT CYIIECTBEHHO YIIPOCTUTH aHa-
au3. OIHAKO HE BCErjga pe3yabTaTbl MOACIUPOBAHUS NOAUUHSIOTCA
HOPMAJIBHOMY 3aKOHY, IMO3TOMY HCIOJb3YIOT JOMOJHUTEIbHBIE TNapa-
METphI, Takue, HampuMep, Kak KodhPUIMEHT acumMMmeTpuu (CKoca),
9KCIeCC (BEpIIMHHOCTD) U T. .

2. IPAKTUYECKAA YACTb

3agaua 1. HekoTopsiil mpouecc MpeCcTaBlI€H PErpeCcCHOHHBIMU

MOJICTISIMHU
~ 1,
a)y—a+bx,
0)y = a+ bx;

B) Y = a+ xP;
r)y =a+ b~

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

JI0OM MOJIEH, €CJIU U3BECTHO Cpe/IHEE 3HAUeHUE (pakTopa X.

3amaua 2. Ha teppurtopusax pervona Obljia coOpaHa CTaTUCTHUKA TIO
nByM (haktopaM: 1 — pacxoibl Ha MOKYIIKY MPOJOBOJIBCTBEHHBIX TOBA-
pOB, 2 — cpellHeTHEBHAS 3apabOTHAs IJIaTa OJHOTO pabOTaONIETO.

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

[IpoBepuTh, YTO MaHHBIA MPOIECC OMUCHIBACTCS ypaBHEHHUEM y =

76,88 — 0,35x. Onennts 3HaueHus Gaktopos (1) u (2) 17151 3TOM MOACTH.

MosxHO 11 JAaHHYIO MOJCJIb UCITI0JIb30BaTh MJIA HpOFHOBHpOBaHI/IH?




3agaya 3. /[i1s 3a7aHHOrO psjga ONPEACIUTh €r0 JIOBEPUTEIbHBIN
WHTEPBAJ ¢ ypoBHEM 3HaunMocTH (,05.

Bapuant X1 X X3 Xy Xg Xg 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 55 62

4 68,8 61,2 59,9 56,7 95 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 1421
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 95,2

3. KOHTPOJIBHBIE BOITPOCHI

Kakumu MeTo1aMu MOKHO OTPEACIUTh aJIeKBATHOCTh MOJIEHU ?
Kak BBINOJIHSIETCSA aHAIN3 YyBCTBUTEIHBHOCTH MOJIETHN ?

Urto Takoe paboTocriocoOHast MOJIEIb?

KakoBbl KpuTepru pealuCTUIHOCTH MOJIETN ?

Yro Takoe HCOIIPCACICHHOCTb MOJCIN U YCM OHA BBIpa)KaeTCSI?

A O

Yrto Takoe k03 PUITMEHT 3JTACTUYHOCTH U B YEM €ro (PU3NUEeCKUit
CMBICIT?

JIMTEPATYPA

1. KazueB B.M. BBeaenue B aHain3, CUHTE3 U MOAECIUPOBAHUE CH-
CTEM. — OJIEKTPOH. TEKCT. JaH. — M. : MHrepHeT-YHuBepcurer Un-
dbopmanmonnsix Texnonoruit (MHTYUT), 2016. — Pexxum nocrtymna :
http ://www.iprbookshop.ru/52188. — DBC «IPRbooksy, o maposo.

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

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

3. Cmomnenne B.II. VYmopasinenue cucremamu W mOporeccamu :
Yuebuuk. — M. : Akagemus, 2010.
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IIpakTnyeckoe 3ansaTue Ne4. ArperupoBaHue

Heab 3aHATHS: U3YUCHUE OCHOBHBIX BHJIOB arperaTtoB: KOH(pUTY-
paTopoB, ONEPATOPOB, CTPYKTYP, CIYYAUHBIX MPOIIECCOB.

AKTYaJIbHOCTh TeMbI 3aHATHSA: arPETUPOBAHUE — 00sI3aTEIbHBIN
ATan CUCTEMHOTO CUHTE3a, KOTOPBIM JIOJIKHA 3aKaHYMBATHCS MPOLIEAYypa
CO3/IaHUS CUCTEMY YITPABJIEHUS C 3aJaHHBIMU XapAKTEPUCTUKAMMU.

1. TEOPETUYECKASA YACTb

ArperupoBaHHEeM Ha3bIBACTCS IMPOIIECC, OOPATHBIN JACKOMITIO3HUIINH,
KOTOPBIN TIpeIyCMaTPHBAcT yCTAHOBJICHWE OTHOIICHHWNM Ha 3aJaHHOM
MHOJKECTBE 3JIEMEHTOB. [1py arperupoBaHUM JIEMEHTBI OOBEAUHSIIOTCS B
eIMHOE TIeTI0e.

BakHeliee CBONCTBO arperMpoBaHHBIX CHCTEM — 3MeEPAKeHT-
HOCTb, T. €. BO3BHUKHOBEHHE B pe3yjIbTaTe OOBEIMHCHUS HOBBIX Kade-
CTBEHHBIX CBOMCTB, KOTOPBIMH HE 00JIaJal HA OJHMH W3 MCXOJHBIX dJIc-
MEHTOB (HaImpHMep, aBTOMOOMIIb MOXKET MPHOOPECTH KadyeCTBO CaMo-
CTOSATEIBLHOTO TICPEBIKCHUS JIMIIB ITOCJIE IOJHOM COOPKH BCEX €ro
y3JI0B).

B 3aBHCHMOCTH OT IieJIel arperupoBaHUsS BO3MOXKHBI Pa3IMYHBIC
BapUaHThI PEIICHUS 3ajad arperupoBaHus. JIJIsl CHCTEMHOIO aHallu3a
IIHPOKO IPUMEHHMBI CJICYIONINE arperaThl.

Arperarbl-KOH(GUIYypaTOpbl

B psize ciayyaeB [uisi MOAECIMPOBAHUS CIIOKHBIX SIBIEHUN TpeOyeTcs
Pa3HOCTOPOHHEE arperMpOBAHHOE OIMMCAHUE CUCTEMBI C PA3JIMYHBIX TO-
4YeK 3peHus. ArperaroM-KoH(QUrypaTopoM Ha3bIBA€TCs HEKOTOpas ar-
peratHasi MOJIeNb, KOTOpasi BKJIIOYAeT B ce0 MUHUMAaJIbHYIO COBOKYII-
HOCTh KQUECTBEHHO PA3JIMYHBIX SA3BIKOB, TOCTATOYHYIO JJII MOIEIUPO-

BaHUsA CUCTCMBI.



Ilpumep. Koucuecypamop ons gopmuposarus moodenu npubopa
BKIOUAEm MPU NPEeOCABIeHUA!

® 0OJl0K-cXemy;

®  NPUHYUNUATLHYIO CXEMY),

® MOHMAINCHYIO CXEM) .

Ilpumep. Kongueypamop ona 3a0anus mouxku 8 -MepHOM Npo-
cmpancmee — COB0KYNHOCHMb ee KoopouHam. Badichwl sxeueanenm-
HOCMb PA3HBIX CUCMEM KOOPOUHAm (PAasHulX KOH@GUeypamopos) u Ha
npeonoymumenbHOCMs OPMO2OHAILHBIX CUCTNEM, 0AIOWUX HE3ABUCUMOE
onucanue Ha Kaxicoom «A3vlke» KoHguaypamopa.

Ilpumep. Kougueypamop ona onucaumusi nogepxmocmu 100020
MpexmepHo20 meia Ha «NJI0CKOCHHBIX)» A3bIKAX — COB0KYNHOCHb Mpex
OPMO2OHANILHBIX NPOEKYUU, NPUHAMAS 8 MEeXHUYECKOM YepuyeHuu u
HayepmamenbHou 2eomempuu. Badchvim sa615emcs He803MONCHOCHb
VMEHbUEeHUsL YUCIA NPOeKyUull U HA U30LIMOYHOCMb 00JbUle20 YUCLd
«MOYeK 3PEeHUs» .

Arperarbi-0nepaTopbl

Ha npakTuke J0CTaTOYHO YacThl CUTYAIlMU, KOTAa HEOOXO0IUMOCTh
arperaiid BO3HUKAET M0 IPUYMHE YPE3MEPHOW MHOTOYHUCICHHOCTH
JAHHBIX, CYILIECTBEHHO 3aTpPyJHSIONIEH WX 0030p M aHau3. B Takom
Cay4yae TPUMEHHUMBI arperarbl-oneparopbl. ATperaTroM-ornepaTopom
HA3bIBACTCA arperar, B paMKax KOTOPOTO M3 4YacTE€H WM 3JIEMEHTOB
dbopMUpYIOTCS 00bEAUHEHUS JJ1s1 YMEHbBIIICHUS Pa3MEPHOCTH.

[Ipocreiiunii cnoco0 arperupoBaHus COCTOUT B YCTAHOBJICHUM OT-
HOIIICHUS] SKBUBAJICHTHOCTU MEXKJY arperupyeMbIMHU 3JIEMEHTAMHU, T. €.
oOpazoBaHus KjaccoB. C MPaKTUUYECKOW TOYKH 3pEHHUS OJHOM M3 Bax-
HEWIINX SIBISIETCS MPpo0sieMa OnpeeeHUs], K KAKOMY KJIacCy OTHOCHUTCS
JTAHHBI KOHKPETHBIM 3JIEeMEHT. ArperupoBaHue B Kiacchl — 3¢ dek-
THBHas, HO JAJICKO HE TpUBHAJbHasA mporeaypa. Ecium mpenctaBuTh



KJIaCC KaK pPe3yJIbTaT JCHCTBUS arperara-oneparopa, To TaKol onepaTop
UMEET BU/T

«ECJIMA <ycnoBus Ha arperupyemsie npusHakn>, TO <ums knacca>.

Ilpumep. Aepecuposarue OaHHbIX NPU CMAMUCMUYECKOM AHANU3e.
Cpeou pasnuunvix acpe2amos, HA3bIBAEMbIX 8 IMOM Cayiae Cmamu-
cmukamu, m. e. QYHKYUAMU 8blOOPOUHBIX 3HAUEHUL, 0CODoe Mecmo 3a-
HUMAm 00CMAamoyHvle CMAMUCmMuKy, m. e. makue azpezamsl, KOMo-
pble U36IeKAOm 6CH0 NONE3HYI0 UHGOpMayuto 06 unmepecyouem Hac
napamempe u3 co8oKynHocmu Haomooenutl. OOHaKo npu azpecuposanu
nomepu ungopmayuu 00bIYHO Heu3bedcHbvl. Badicnbl onmumanbHbie
CMAamucmuKy, Komopvle HNO380JISI0M C8eCMU Heu30edldCHble 8 dMUX
YCI08USAX nomepu K MUHUMYMY 6 HEKOMOPOM 3A0AHHOM CMbICe.
Haeznsaonwviii npumep cmamucmuueckoeo azpeuposanusi npeocmasisien
o001l (hakmopHslil aHaIU3, 8 KOMOPOM HECKOIbKO NEePEeMEHHbIX C80-
osamcs 8 00UH paxkmop.

Arperartbsl-CTPYKTYpPbI

Baxkneitieit popmoii arperupoBaHusi IpU CUHTE3€ CUCTEM SBIISIETCS
oOpazoBanue cTpykTyp. [Ipu cuHTe3e pazpaboTurK CUCTEMbI HABA3bIBAET
CTPYKTYpPY HIPOEKTHPYEMOW CHUCTEME, MCXOAS W3 LEJIeW, COCTAaBHBIX
AJIEMEHTOB U CBsI3€il. B KauecTBe THNOB CTPYKTYp, Ha3bIBAEMBIX arpe-
raTaMy- CTPyKTypamu, IPUMEHUMBI CETH, MaTPULbI, IEPEBbS U JIP.

[Ipr mpOEKTUPOBAaHUHM CHCTEMBI BaXKHO 3aJaTh €€ CTPYKTYPBI BO
BCEX CYUIECTBEHHBIX OTHOLIEHUSAX. COBOKYIMHOCTh BCEX CYIIECTBEHHBIX
OTHOLIEHUU ONpeaensieTcss KOHPUTYpaTOPpOM CUCTEMBI, U OTCIOJIa BbI-
TEKaeT, YTO MPOEKT JH000N CHUCTEMBI JTOJKEH COJAEpKaTh pa3pabOTKy
CTOJIBKUX CTPYKTYP, CKOJIBKO SI3IKOB BKJIIOUEHO B €€ KOHPUTYypaTop.

Ipumep. I[Ipoekm opeanuzayuoHHOU cucmemvbl OO0JIHCEH COOep-
JHcamov CIMpPYKMmMypol:

® pacnpeodeneHus 81acmu;



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

J02UYECKU.

B COBpEMEHHBIX CHCTEMHBIX HMCCJIEIOBAHUAX IIMPOKOE BHUMAHUE
YICHSAECTCS CEMAHTHUYECKUMM  CETSAM, HA3bIBAEMBbIM TaKXKE€  JIOTH-
KO-JIMHI'BUCTUYECKUMHU MoAeaIMU. OHM HaXOoAT 00JIbIIOe IPUMEHECHUE
B CUTYAIl[MOHHOM YITPABJICHUHU, CUCTEMAX UCKYCCTBEHHOI'O MHTEJICKTA.
YKazaHHbIE MOJEIU OTOOPaKAIOT CTPYKTYPY YEIOBEUECKUX 3HAHUMU,
BBIPA)KaeMbIX Ha €CTECTBEHHOM SI3BIKE, IPUYEM 3TO OTOOPaKEHHE MOKET
OBITh OCYILIECTBJIEHO cpeAcTBaMu DBM.

i1t ipeacraBieHusl CUCTEM C Pa3JIMYHBIMU [UKIMYECKUMU Olepa-
My 3G exTuBHO TpuMeHeHne cerer Iletpu. DTo oauH M3 MHCTPY-
MEHTOB MOJECIMPOBAHUSA JTUCKPETHBIX MPOLECCOB. B Hacroslee Bpems
UCIIOJB3YIOTCS MX Pa3IMIHbIC MOIU(UKAIINH, BKIIOYas BPEMEHHBIE CETH
ITetpu, usetnsie cetu Iletpu, E-cetn u 1. 1. Maremarnueckas MOAEIb
OIMCHIBAEMOTrO CeThO lleTpu mporecca HOCTATOYHO HATJISAAHA, JIETKO
alropuTMU3MpyeMa sl MojaenupoBaHus Ha DBM, He TpeOyer 00Jib-
IIIOT'0 JIOTIOJHUTEILHOTO 00beMa 3HAHUM OT MCCISIOBATEIS.

Arperar-cjay4alHblil Ipouecce

Ecnu mporniecc GyHKIMOHUPOBAHUS PEATBHOM CIIOKHOW CUCTEMBI 110
CBOEMY CYILIECTBY HOCHUT XapakTep CIYy4YanHOro Mpolecca, I arperara
KaK MAaT€MaTUYECKOM MOJEIN CUCTEMBI HCIIOIB3YIOTCS OCHOBHBIE IO-
HATUS T€OPUM CIIy4alHbIX mporeccoB. Cily4alHBIM MPOILECC, MPOTEKa-
IOIIMI B JT1000M (PU3NUYECKOM crCTEME, IPEACTABIISIET COOOM cllyyaliHbIe
MEPEXOJIBI CUCTEMBI U3 COCTOSIHUSL B COCTOAHUE. COCTOSIHUE CHCTEMBI
MOXET OBITh 0XapPaAKTEPU30BAHO C MOMOIIBIO YHCJICHHBIX IEPEMEHHBIX: B
MPOCTEHUIIIEM ClTydyae — OJIHOM, B 00JIe€ CIOKHBIX — HECKOJIbKUMHU.



2. IPAKTUYECKAA YACTb

3agaua 1. CocTaBUTh OJIOK-CXEMY:

1)
2)
3)
4)
5)
6)
7)
8)
9)

MOCTYIUJICHUSI B YHUBEPCHUTET;

MOATOTOBKHU K JJaOOPAaTOPHBIM 3aHATHUSIM;
II0X0/1a B Mara3vH 3a MOKYyIIKaMu;
IOJITOTOBKYU B DKCIIEAULIUIO;

pa3pabOTKH MPOrpPaMMHOT0 00eCTIeUeHUS;
IOJITOTOBKY TEXHUYECKON IOKYMEHTALIUM;
YCTaHOBKH OIlepallMoOHHOMN cuctemsbl Ha [1K;
MOJIYYEHUS 3apIJIaThl B KACCE OPraHU3alNu;

pa3pabOTKH MPOIECCHON MOJIEIN TPOU3BOJICTBA;

10) 31U THI BBITYCKHOM KBATM(UKAIIMOHHON PabOTHI.

3amaya 2. Omnucate COCTaBIEHHYIO CXEMY OIIEpaTOpaMH

«Ecnu...Toy, «Iloka...Illukm» u T. 1.

3. KOHTPOJIBHBIE BOITPOCHI

1.
2.

Yrto noHumaercs Mo arpeCrupoOBaHUCM U C-)MepI[)KCHTHOCTBIO?
KakoBbl BapHWaHThbl 3ada4 arpCerupoBaHus IIpU HUCCIICAOBAHHUHA

CUCTEM YIIPABJIEHUS?

3.

KakoBo Ha3zHaueHUe arperaroB-KOH(QUTYpaTOpPOB MPU UCCIEH0-

BaHUHU CUCTEM praBHGHI/IH?

4.

KakoBo Ha3HayeHue arperaToB-oIrepaTopoB MMpu MUCCIICAOBAHUN

CUCTEM YIIPABJIEHUS?

5.

KakoBo Ha3HaueHHWE arperaToB-CTPYKTYp MpPH HCCIEIOBAaHUU

CUCTEM YIPABJIECHUS?

6.

KakoBo Ha3HaueHHE arperaToB-CIy4YalHBIX MPOLECCOB MPH HC-

CJIEZIOBAHUH CUCTEM YIIPABICHUSA?



JIMTEPATYPA
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2. Teopus nHhOpMaAITMOHHBIX IPOIECCOB U cUCTEM : YueOHUK / [lox

pen. b.4. CoeroBa. — M. : Akagemus, 2011.
3. Cwmomenne B.II. Ymopasnenue cucremamu W mOporeccamu :
Vyebunk. — M. : Axanemus, 2010.
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IIpakTuueckoe 3ansiTue NeS. MeToAbl IKCIIEPTHHIX OLIEHOK

eab 3aHATHSA: U3YYEHHE OCHOBHBIX BHJOB IKCIEPTHBIX OICHOK:
IIApHOTO CPaBHEHUS, MHOXKECTBEHHOI'O CPaBHEHHUS, TIOCIIEI0BATEIBHOTO
CpaBHEHHSL.

AKTYaJIbHOCTh T€MbI 3aHATHS: DKCIEPTHOE OlLICHHBAHHE — d(-
(hEeKTUBHBIM METOJ MCCJIEOBAHUS CUCTEM, OCHOBAHHBIN HA MHTYUIIUU U
ONBITE CIEIUAIMCTOB. BiajeHrne TEXHOIOTHEH SKCIIEPTHOI'O OICHHMBA-
HUS 0053aTENIbHO JIJIs CTIeIMaIuCcTa B 00JIaCTH aBTOMATHU3AIUH.

1. TEOPETUYECKASA YACTb

['pynmna MeToA0B 3KCHEPTHBIX OIIEHOK HamOoJiee 4acTO HUCMOJb3Y-
€TCSl B MpPAaKTUKE OLICHHBAHUSA CJIOKHBIX CHUCTEM Ha KayeCTBEHHOM
ypoBHE. TepMUH «3KCHEPT» MPOUCXOAUT OT JATHHCKOIO CJI0Ba EXPErtus
— onbITHBIA. [Tpy UCNIOIB30BaHUM SKCIIEPTHBIX OLIEHOK OOBIYHO MpE/I-
MOJIAraeTcsi, YTO MHEHHE TPYIIbl 3KCIEPTOB HAJCKHEE, YEM MHEHUE
OTJIETILHOTO AKCIEPTA.

DKCnepTHBIE OLICHKH HECYT B ce0e KaK y3KOCYObEKTHUBHBIE YEPTHI,
NPUCYIIHNE KKIOMY IKCIEPTY, TaK U KOJUIEKTUBHO-CyObEKTUBbBIC, TTPU-
CYILIM€ KOJIJIETMH 3KCIepToB. W ecnu mepBbie yCTPaHSAIOTCS B MPOIECCE
00pabOTKM WHIWBHUYAIBHBIX SKCIEPTHBIX OILICHOK, TO BTOPBIE HE-
YCTPaHUMBI, Kakre Obl CIIOCOObI 00pa0OTKH HE MPUMEHSIIUCH.

Otanbl 3KCNepTU3bl clieayromue: GopMUpoBaHuEe LEIH, pa3padoTKa
POLIeAYpPhl IKCIEPTU3bI, (GOPMHUPOBAHUE TPYMIBI 3KCIEPTOB, OMPOC,
aHanu3 1 00padoTka UHpOpMAIUK.

[Ipu dbopmynupoBke LEeTU 3KCHEPTU3bI Pa3padOTUUK JOJIKEH BbI-
paboTaTh YeTKOE MpEACTaBICHUE O TOM, KEM U JJId Kakux leneil OyayT
UCIIOJIb30BaHbI PE3YIIbTATHI.

[Ipu 00paboTke MaTepHaOB KOJUIEKTUBHOW SKCIEPTHOM OLICHKU
UCIIOJIB3YIOTCSI METOJbl TEOPUM PAHTOBOM Koppensuuu. s xonude-
CTBEHHOW OLIEHKHU CTEIEHU COIVIACOBAHHOCTU MHEHUU JKCIIEPTOB IIPH-

MeHsieTca Ko duimeHT koukopaanuu W, KOTopsblil 1O3BOJISET OLICHUTD,



HACKOJIKO COTJIACOBAHBI MEXIY COOOUM psabl MPEANOYTUTEILHOCTH,
MOCTPOEHHBIE KaXKJIbIM dKciepToM. Ero 3HaueHne HaxoIUTCs B Mpeiesiax
0<W <1, rne W = 0 o3Ha4aeT NoJHYIO NPOTUBOIOJIOKHOCTh, ad W =
1 — monHoe coBmajeHHe pPaHKUPOBOK. [IpakThueckn AOCTOBEPHOCTH
cuuraercs xopoueu, ecim W = 0,7 --- 0,8,

JIns HarJIsIAHOCTH TPEACTABICHHUS O CTENEHH COINIACOBAHHOCTH
MHEHUH ABYX SKCIEpTOB A U B ciykuT KOADPUIIUEHT NapHOIl paHTOBOM
KOppeJisiuu p, OH npuHuMaeT 3HadeHus —1 < p < +1. 3nauenue p =
+1 COOTBETCTBYET MOJHOMY COBIIAJICHUIO OLIEHOK B PAHrax JBYX JKC-
nepToB (MoJTHAsE COTIaCOBAHHOCTh MHEHHH JABYX 9KCIIEPTOB), a 3HAUCHUE
p = —1 — nByM B3aMMHO IMPOTUBOIOJIOKHBIM PAaHXKUPOBKAM BaXKHOCTHU
CBOMCTB (MHEHHUE OJHOI0 AKCHEPTa MPOTHUBOIOJIOKHO MHEHUIO JIPYTO-
ro).

Tun wucnosib3yeMbIX MPOUEAYpP SKCIEPTHU3bl 3aBUCHUT OT 3a/a4d
OLICHUBAHUSI.

K naunbonee ynorpeOUTENbHBIM MPOLIEAYPaM IKCHEPTHBIX U3MEpE-
HUN OTHOCSTCS:

® paHXUPOBAHUE;

® [IapHOE CPABHEHUE;

® MHO>XECTBEHHbBIC CPABHCHUS;

® HEMOCPE/ICTBEHHAS OICHKA;

o Meton Yepumena-Akodda (rmociaegoBaTeibHOE CpaBHEHUE).

[{emecooOpa3HOCTh MPUMEHEHUS TOTO WJIM MHOTO METO/1a BO MHOT'OM
ONPECISIETCA XapaKTEPOM aHATU3UPYEMON HH(POPMALIHH.

PanxkupoBanmue

Merton npencTtaBigeT coOoil mpouenypy yrnopsiaodeHus 0ObEKTOB,
BBITIOJTHAEMY1O KcriepToM. IIycTh cpe 00BEKTOB HET SKBUBAJICHTHBIX.
B 3TOM ciiyyae Mex 1y HUMHU CYLIECTBYET OTHOIIEHUE CTPOTOro MopsaKa.
B pe3ynbTare cpaBHEHHS] BCEX OOBEKTOB MO OTHOLICHUIO CTPOrOTO IMO-
psAIKa COCTAaBIISIETCS  YIIOPSAJOYEHHas IOCIEI0BATEIbHOCTh (g >

a, > -+ > ay, rae 00BEKT C IEPBBIM HOMEPOM SIBIISICTCS HanooJee



MPEANOUYTUTEIILHBIM U3 BCEX, CO BTOPHIM HOMEPOM MEHEE MPEeNOYTH-
TEJICH, YeM TEPBBI OOBEKT, HO MPEANOYTUTEIbHEE BCEX OCTAIBHBIX H
T. A. [TonyuenHas cuctemMa 0OBbEKTOB 00pa3yeT MOJIHBIM CTPOTU MOpsi-
noK. JlJis 3TOro OTHOIICHMsI JOKAa3aHO CYIIECTBOBAHHE YHCIIOBOM CH-
CTEMBI, JICMEHTAMHU KOTOPOU SIBJISIOTCS JCHCTBUTEIbHBIC YUCIA, CBSI-
3aHHBIC MEX]Ty COOOH OTHOIIICHHEM HEpaBEHCTBA «OoJbIe» (>).

B mpakTtuke paHXUpOBaHHUS dYallle BCEro MPUMEHSIETCS YHCIOBOC
IPEACTaBICHUE TTOCIIEI0BATSIPHOCTH B BUJE HATYPaJIbHBIX YHCEI, T. €.
UCITOJIB3YETCS YHCIIOBAs IOCIEA0BATEIbHOCTh. [IpuMeHeHne CcTporux
YHCJICHHBIX OTHOIICHUMN «OobIe» (>), «MeHble» (<) WK «paBHOY (=)
HE BCETJa MO03BOJISICT YCTAHOBUTH MOPSAIOK MeX Ty oObekTaMu. [ToaTomy
HapsAAy ¢ HUMHM HCIOJIb3YIOTCS OTHOIICHUS IS ONpeeIeHUsT OOJbIIeH
VI MEHBIIICH CTETICHN KaKOT'0-TO KA4E€CTBEHHOTO MPpH3HaKa (OTHOIICHHUSI
JACTUYHOTO TOPSI/IKA, HAIIPUMEP IOJIC3HOCTH ), OTHOIIICHUS THIIA «0oJee
NPEIIOYTUTEILHO» (>), «MEHee MPEAOUTUTENBHO» (<), «PaBHOIICHHOY
(=) wm «6e3paznuaao» (~).

JIJisi OTHOIIEHHSI HECTPOTOro JIMHEHHOTO MOpsiiKa JOKa3aHO CyIile-
CTBOBAaHHE YKCIIOBOM CHCTEMBbI C OTHOIICHUSMU HEPABEHCTBA M PaBCH-
CTBa MGy YMCIIaMH, ONMCHIBAIOIIIUMHU CBOMCTBA 00BekTOB. Hanboiee
IPEATIOYTUTEIILHOMY OOBEKTY NMPHUCBAMBACTCS PAHT, PaBHBIM CIUHHMIIC,
BTOPOMY I10 MPEANOYTHTESIPHOCTH — PaHT, paBHBINA ABYM, U T. A. Jlus
OKBUBAJICHTHBIX OOBEKTOB HA3HAYAIOTCS OJWHAKOBBIC DPAHTH, PaBHBIC
cpenHeapu(PpMETHUSCKOMY 3HAUYCHHIO PAaHTOB, NPHCBAWBAaEMBbIX OJIMHA-
KOBBIM 00BbeKTaM. Takue paHTH Ha3bIBAIOT CBSA3aHHBIMU PaHTaMHU.

CBsi3aHHBIC paHTH MOTYT OKa3aThCs APOOHBIMHU duciamu. [Ipeamo-
YTUTEBHEE UCIIOIH30BaTh CBA3AaHHBIC PAHTH, TaK Kak cymMma paHroB N
O0OBEKTOB paBHAa CyMME€ HaTypalbHBIX YHcesN OT eauHuipl 10 N. [lpu
ATOM JTH00bIC KOMOMHAITMHU CBS3aHHBIX PAHTOB HE U3MEHSIOT 3Ty CyMMY.
JlaHHO€ 0OCTOSITETLCTBO CYIIECTBEHHO YMPOIAaeT 00pabOTKy pe3yiib-
TaTOB PAHXKUPOBAHUS IIPU I'PYIIIIOBOU SKCIIEPTHOM OLIEHKE.

[Ipyu TpynnoBOM paHXKUPOBAHUM KAXKIBIW -1/ IKCIIEPT IIPUCBAUBAET

KaXKJIOMY j-My OOBEKTY PaHr 1js. B pesynbrare npoBeeH s dKCIEPTU3bI



MOJy4aeTcsl MaTpulla PaHroB ||r]S|| pasmepHoctu Ny, tae k — 4wucio

skcnepToB; N — uucio o0bekToB; S = 1--k, j = 1---N. Pe3synapTaTsl
IPYIIIOBOTO 3KCIEPTHOTO PAHXUPOBAHUS YA0OHO MPEICTaBUTh B BHUJIC
TaOIUIIBI.

JIOCTOMHCTBO paHXUPOBAHMS KaK METO/a DKCIIEPTHOTO M3MEPEHHS
— MPOCTOTA OCYIIECTBICHUS MPOIEAYyp, HE TpeOyroIas TPYI0eMKOTO
oOyueHns dKCmepToB. HegocTaTkoM paHXKUPOBAHMS SIBIISICTCS MPAKTH-
gecKasi HEBO3MOXKHOCTD YIIOPSA0YCHUS OOJIBIIOro yrcia 00bekToB. Kak
MOKA3bIBACT OIBIT, NMPU YHCIe 00BeKTOB, Ooybmem 10-15, axcmepTs
3aTPYIHSIOTCS B IIOCTPOCHUH paHXKupoBaHus. [Icnxomorus yTBepKaaer,
9TO TaMsITh YeJIOBEKa MO3BOJIIET OTIEPUPOBATH B CPEIHEM HE OoJiee dYeM
7 + 2 oObekTamMu ogHOBpeMeHHO. [loaToMy mpm paHXKUpOBaHUU OOJIb-
IIIOTO YHCIa OOBEKTOB SKCIEPTHI MOTYT JOMYCKaTh CYIIECTBECHHBIC
OIITNOKH.

ITapHoe cpaBHeHME

DTOT METO MPEACTaBIsSET COO0M MPOIEayPY YCTAaHOBIEHUS MPE/I-
MOYTEHUsSI 0OBEKTOB MPU CPABHEHHHU BCEX BO3MOXKHBIX map. [Ipu cpas-
HEHHUU Napbl 00BEKTOB BO3MOXKHO JIUOO OTHOIIEHUE CTPOTOrO MOPSIAKA,
aM00 OTHONIEHWE JKBUBAIEHTHOCTU. OTCIOIA CIEAyeT, YTO MapHOE
CPaBHEHUE TAK K€, KAK U PAHKUPOBAHUE, €CTh U3MEPEHUE T10 NOPSAIKO-
BOM 1IKAaJe.

B pesynbTaTe CpaBHEHUs Mapbl 00BEKTOB @, d; SKCIEPT YHOPSAIO-
YUBAET €€, BbICKA3bIBass MHEHHE 4TO JIMOO a; > a;, 11mbo a; < a;, I1M0o
ai~aj.

B npakTuke mapHOro CpaBHEHUsI MCIOIB3YIOTCSA CIEIYIOIINE YHC-
JIOBBIE TIPECTABIICHUS

{1, eciu a; > aj, (1.1)

0,ecnv a; < a;,

NN



2,ecnu a; > a;,
1, ecnu a;~a;j, (1.2)
0,eciu a; < q;

rae i,j = 1---N.

Pe3ynbTarhl cpaBHEHHS BCEX Map 0OBEKTOB YI0OHO MPECTABIATH B
BUjie MaTpulibl. [lycTh, HanpuMep, UMEIOTCS MATh 00BEKTOB A4, Ay, A3,
A4, 05 ¥ TIPOBEJICHO MapHOE CPaBHEHUE ITUX OOBEKTOB MO MPEANOYTH-
TenbHOCTH. Vcnonp3ys yuciaoBoe mnpeacrasieHue (2.1), coctaBuM Mart-
PHIly H3MEPECHHMS Pe3yJIbTaTOB MapHBIX CpaBHEeHMI (Tal. 1).

Tabmuna 1
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B Tabn. 1 mo amaronanu Bcerga OyayT paclojiOKEHbl €IWHUIBI,
MIOCKOJIBKY 0OBEKT 3KBHBAJICHTEH Ce0€.

[IpencraBnenue (1.2) xapakTepHO IJii OTOOpaXEHHsI PE3YyJIbTATOB
CHOPTUBHBIX COCTSA3aHUM. 3a BBIMTPHIII AAIOT JIBA OYKA, 32 HUYBIO —
OJIHO M 3a MPOUTPHIII — HOJIb 0YKOB ((pyTOO01, XOKKeH u T. 1.). [Ipen-
MOYTUTEILHOCTh OJIHOTO O0BEKTa Mepel IPYyTUM TPAKTYEeTCS B JAHHOM
CJIydyae Kak BBIMTPHIII OJIHOTO YYaCTHUKA TypHHUpa y npyroro. Tabmnuna
pe3yJIbTATOB U3MEPEHUS ITPU UCIIOIB30BAHUM YHUCIOBOTO MPEICTABICHUS
HE OTJIMYAETCA OT TaOJUI[ PE3YyJbTaTOB CIHOPTUBHBIX TYPHUPOB 3a HC-
KJIIFOUCHUEM DJIEMEHTOB JUaroHaju (OObIYHO B TYPHHUPHBIX TaOJMIIax
2JIEMEHTHI IMAaroHajy 3alllTPUXOBaHbl). B kadecTBe mpumepa B Tadi. 2
MPUBEICHBI PE3yIbTAaThl U3MEPEHUS MSITH OOBEKTOB C HCMOJb30BAHUEM
npeacrasieHus (1.2), coorsercTByromniue tadm. 1.



Tabauna 2
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Bwmecro mpencraBnenus (1.2) 4acto HCHOJIB3YIOT 3KBUBAJICHTHOE
€My IIPEACTaBICHUE

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

rae i,j = 1---N.

Eciu cpaBHeHue map OOBEKTOB MPOU3BOJIUTCS OTAEIBHO MO pas-
JUYHBIM MTOKA3aTeJIsIM WU CpaBHEHHE OCYIIECTBIISICT IPYIINa SKCIIEPTOB,
TO MO KaXXJOMY IMOKA3aTe0 WU IKCIEPTY COCTABIISIIOT CBOIO TaOIHUILY
PEe3yIbTAaTOB NapHBIX cpaBHeHNH. CpaBHEHHE BO BCEX BO3ZMOKHBIX ITapax
HE J1aeT MOJIHOTO YMOpsAoueHus: 00bEKTOB, TO3TOMY BO3HUKAET 3aja4ya
PaHXHUPOBaHUS 00OBEKTOB I10 Pe3yiIbTaTaM UX TAPHOTO CPaBHEHHUS.

OnHako, KaK MOKa3bIBACT OMBIT, SKCIEPT AAJIEKO HE BCETra Mmocle-
JIOBaTEJICH B CBOMX IMPEANOUYTCHUsIX. B pe3ynprare MCHoib30BaHUS Me-
TOJa TApPHBIX CPABHEHUM OJKCIEPT MOXKET YKaszaTh, YTO OOBEKT a4
NPEANOUTUTEIbHEE Ay, A, TMPESANOUTUTEILHEE A3 U B TO K€ BpPEMS dg3
PEATIOUTUTEIILHEE A .

B cnydae pa3oueHust 00beKTa Ha KJIACCHI IKCIIEPT MOXKET K OJHOMY
KJIAaCCy OTHECTH Taphl a4, U d,, A, U A3, HO B TO e BpeMs OOBEKTHI A1 U
3 OTHECTH K Pa3IMUHBIM KiiaccaM. Takas HEmocJen0BaTeIbHOCTh DKC-
nepra OOBSACHICTCA Pa3IWYHBIMU TPUYMHAMU: CIIOKHOCTBIO 3a/adH,
HEOYCBUIHOCTBIO MPEIMOYTUTEIIFHOCTH O0BEKTOB WIIH pa30MEHNs UX Ha
KJIacChl (B MPOTHBHOM CJIyyae, KOTJa BCE OYEBHIIHO, MTPOBEICHHUE DKC-
NEePTU3bI HE0O0A3aTEIBHO), HEIOCTATOYHOM KOMIIETCHTHOCTBIO KCIIEPTa,



HEJIOCTaTOYHO YETKOM MOCTAaHOBKOW 3a7a4M, MHOTOKPUTEPUATBLHOCTHIO
paccMaTpuBaeMbIX OOBEKTOB U T. ]I.

HemnocnenoBaTeabHOCTh SKCIIEPTa MPUBOJIUT K TOMY, UTO B PE3YyJlb-
TaTe MapHBIX CPAaBHEHUN NPU OMPEACICHUU CPABHUTEIBHOU MpEIo-
YTUTEIBHOCTH OOBEKTOB MBI HE MOJy4aeM PaHKUPOBAHUS U JaXKe OT-
HOIIICHWM YaCTUYHOI'O TOPSJKAa, HE BBIMOJIHEHO CBOMCTBO TPAH3UTHUB-
HOCTH.

Ecnu 1enbio sKCnepTy3bl IpU ONPEACICHUN CPABHUTEIBLHON TIpe/I-
MOYTUTEILHOCTH OOBEKTOB SIBIISIETCS MOJYYECHUE PAHKUPOBAHUS WIIU
YaCTUYHOTO YHOPSIAOUYCHUS, HEOOXO0uMa MX JOTOJHUTEIbHAS UJCHTH-
duxanusa. B aTux ciaydasx ©MEeT CMBICT B KaU4€CTBE PE3yIbTUPYIOIIETO
OTHOIIICHUSI BHIOMpATh OTHOIICHUE 3aJJaHHOTO THUIIA, OJIMbKaiiiee K Imo-
Jy4€HHOMY B DKCIIEPUMEHTE.

MHoOKeCTBEeHHbIE CPABHEHUA

JIaHHBIN Bl CPABHEHUM OTJIMYAETCA OT MTAPHBIX TEM, YTO IKCIIEPTaAM
MOCJIEAOBATEIIBHO TMPEABABISAIOTCS HE Iapbl, a TPOMKH, YETBEPKH, ...,
N-KA OOBEKTOB. DKCIEPT UX YMOPAIOUYMBAET MO BAXHOCTU WIM Pa3Ou-
BAET HA KJIACCHI B 3aBUCUMOCTH OT LEJIEN IKCIEPTU3bl. MHOKECTBEHHBIE
CPaBHEHUS 3aHUMAIOT IMPOMEKYTOUHOE IOJIOKEHUE MEXKIY MNaPHBIMU
CpaBHEHHUSIMH U paHkupoBaHueM. C OJHOW CTOPOHBI, OHU MO3BOJSIOT
UCIIOJIb30BaTh OOJBIINM, YeM NP MapHBIX CPABHEHUSAX, 00beM HUH)Op-
MalUu I ONPEACIICHUS] SKCIIEPTHOTO CYXKAECHUS B PE3YJIbTATE OJHO-
BPEMEHHOI'0 COOTHECEHUSI 00OBEKTAa HE C OJHUM, a C OOJIBIIUM YHUCIIOM
00beKkTOB. C Ipyroil CTOPOHBI, TPU PAHKUPOBAHUN OOBEKTOB UX MOXKET
OKa3aThCsl CIUIIKOM MHOT0, YTO 3aTPYyAHSET paboOTy dKCIEpTa U CKa3bl-
BAECTCA HA KA4YECTBE PE3YJbTATOB IKCIEPTU3Bl. B 3TOM Ciydyae MHOMXe-
CTBEHHBIE CPABHEHMUS IO3BOJIIFOT YMEHBIIUTH O PAa3yMHBIX MPEIECIIOB

00bEM MOCTYNAIOIIEH K IKCIEepTy MH(OPMAIIUU.

HenocpencrBeHHasi OLIEHKA
MGTOJI 3aKJII0O9aCTCA B IMPUCBANBAHUUA 00BEKTaM YHCIIOBBIX 3HaUe-
HUW Ha IIKaJle UHTEPBAJIOB. JKCIEPTY HEOOXOIUMO MOCTABUThH B COOT-



BETCTBUE KAXJOMY OOBEKTY TOUKY Ha OMPEACICHHOM OTPE3KE YUCIOBOM
ocu. IIpu 3ToM HEOOXOAUMO, YTOOBI APKBHUBAJICHTHBIM OOBEKTAM IPH-

[MHUCBhIBAJIMCh OJUHAKOBBIC YHCJIA.

Ilpumep. Oyenusanue namu 00bLEKMO8 (UCHONLIVEMC OMPE3OK

yucnoeou 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 cpasnenus namu 06veKkmos no wkane

llockonvky 3a Hauano omcuema 6vlOpaHa Hyn1e6as MouKa, mo 8
OaHHOM npumepe usmepeHue nPoU3800UMcs 6 WKajle OMmHoOuweHUul. IKc-
nepm coeounsiem Kaxdcovlli 00bekm JUHUell ¢ MOYKOU YUCIO080U OCU U

noiyuaem cieoyrowue yuciosvie npeocmasierus obwvexkmos. ®(a,) =
0,28; ®(a,) = ®(as) = 0,75; ®(a3) = 0,20; ®(a,) = 0,50.

W3MepeHns B IKaJIe UHTEPBAIOB MOTYT ObITh IOCTATOYHO TOUHBIMU
IpU MOJHOM MHPOPMUPOBAHHOCTU SKCIEPTOB O CBOMCTBaX OOBEKTOB.
OTH yCI0BUS HAa MPAKTUKE BCTPEUAIOTCS PEIKO, TOATOMY JJISI U3MEPEHUS
MPUMEHSIIOT OAJUIbHYIO OLEHKY. [Ipu 3TOM BMECTO HENpPEpBIBHOTO OT-
pe3Ka 4YMCIOBOM OCH pPacCMaTPUBAIOT YYACTKH, KOTOPBIM MPUIUCHIBA-
I0TCS1 OaJLIbI.

DKchepT, NpUMUChIBas 00BEKTY Oal, TEM CaMbIM U3MEPSIET €ro C
TOYHOCTBIO JI0 ONPEAEIIEHHOI0 OTPE3Ka YUCI0BOU ocu. [Ipumenstores S,
10 u 100-6anmpHBIC MIKAJIBI.



Metoa Uepumena-Axkodpda (mocsegoBarebHOEe CPABHEHHE)

Meton OTHOCUTCS K 4uCTy HauOojee MOMYJSIPHBIX MPU OICHKE
anbTEepHATUB. B HEM mnpennojaraercsi MOCIEA0BaTElIbHAS KOPPEKTHU-
POBKa OLIEHOK, YKa3aHHBIX dKcniepTaMu. OCHOBHBIEC IPEANOIOKECHUS, HA
KOTOPBIX OCHOBAH METO/I, COCTOSIT B CJICAYIOIIEM:

e kaxjon amprepHaTuBe a; (i = 1:-- N) CTaBUTCS B COOTBETCTBHE
JIEHCTBUTENBHOE HeoTpHIIaTeabHoe uncio P (a;);

¢ CCJIM aJIbTCpHATHUBA A; NPCAIIOYTUTCIIbHCC AJIbTCPHATHUBLI Clj, TO

®(a;) > CD(aj) , €CIH K€ aNbTEPHATHUBLI ; U (; PABHOLEHHBI, TO
(I)(Cli) = (I)(Cl]),,

o ccmu P(a;) u CID(aj) — OIIEHKM ajlbTepHaTuB a; u a;, o ®(a;) +
CD(aj) COOTBETCTBYET COBMECTHOU peanu3alluyl ajlbTePHATUB (; U ;.

Hanbosee CHUIBHBIM SIBISETCS MOCIEAHEE MPEAMOIOKEHHE 00 af-
JMTHBHOCTH OLIEHOK aJbTePHATHB.

Coracuo metony Yepumena-Axodda aapTepHaTUBLI A4, Ay, ..., Ay
PaAKUPYIOTCS 10 MPEAMOYTUTEILHOCTH. [IyCTh MIst ya00CTBa HU3/I0XKE-
HUSI aJIbTEPHATHBA A4, HanboJlee MPeIIOYTHTEIbHA, 3a HEH CIIEAYET d, U
T. 1. DKCIEPT yKa3bIBaeT NMpeaBapuTeNbHbIe YncieHHbIe oneHkn P (a;)
VIS KaXkKaoil w3 anbTepHaTHB. MHOTHAa Hambojee IMpearmoYTHTEILHON
albTEpHATHBE MPHUIMCHIBAETCS OIEHKA 1, OCTaabHBIEC OLIEHKH pacIioJia-
rarorcst Mexay 0 1 1 B COOTBETCTBUU € MX MPEIITOYTHTEILHOCTRIO. 3aTeM
SKCIEPT MPOMU3BOIUT CPABHEHHE AJbTEPHATUBBI A4 U CYMMBI albTEepHA-
THB dg, ..., Ay.

Eciu anpTepHaTHBa @, OKa3bIBAETCS MEHEE IMPEIIOYTHTENBHOM, TO
IUIS YTOYHEHUS OLIEHOK OHA CPAaBHHMBAETCS II0 MPEAMOYTCHHIO C CYMMO
albTEPHATHB d,, ..., Ay U T. A. Ilociie TOro Kak ajbTepHATHBA A, OKa-
3bIBAETCS IPEAMOYTUTEIIEHES CYMMBI allbTEPHATHB Ao, ..., Ay (kK > 2),
OHA MCKITI0YAeTCs U3 PACCMOTPEHHS, & BMECTO OIEHKHU allbTEPHATHBBI g
paccMaTpUBAETCS M KOPPEKTHPYETCS OLIEHKA albTEPHATHBEI d,. IIpo-
1IeCC MPOAOJIKACTCS 0 TEX IMOP, MOKa OTKOPPEKTHPOBAHHBIMU HE OKa-
’KYTCS OIICHKH BCEX allbTEPHATHB.



[Ipu nmocrarouno OonpiioM N TPUMEHEHHE METOJa CTaHOBUTCS
CIIMIIIKOM TPYJIO€MKHM. B 3TOM ciydae 1enecooOpa3HO pa3OUTh ajib-
TEPHATUBBI HAa TPYNIIbI, a OAHY U3 AIbTEPHATUB, HATTPUMEP MAKCUMAJIb-
HYI0, BKJIFOYUTHb BO BCE€ IPYMIIbl. DTO MO3BOJISIET MOJIYUYUTh YUCICHHbBIC
OIICHKM BCEX aJIbTEPHATHUB C IMOMOIIBIO OIICHWBAHUS BHYTPHU KaxIOH
IPYIIIIHL

Meton Yepumena-Akodda siBisieTcs OAHUM U3 caMbIX 3PHEKTUB-
HbIX. Ero MOKHO yCHENIHO HMCIOJIb30BaTh MPU H3MEPEHUAX B IIIKAJE
oTHoIlIeHUM. B aTOM cityuae onpezensiercst HauboJiee NpearnouTUuTeIbHas
anpTepHaTUBA 4. BN mpucBamBaeTcs MakcUMasibHas oueHka. /[y Bcex
OCTaJIbHBIX AIbTEPHATUB DKCIIEPT YKA3BIBAET, BO CKOJILKO Pa3 OHU MEHEE
NPEANOYTUTENbHBI, YeM (4. JJI1 KOPPEKTUPOBKM YHUCIEHHBIX OILIEHOK
albTEPHATUB MOXHO HCMOJIb30BAaTh KAaK CTaHAAPTHYIO MPOLEAYPY Me-
tona Yepumena-Axkodda, Tak U MOMapHOE CpaBHEHUE MPEATNOYTUTEb-
HOCTU albTepHATUB. ECIIM YMCIEHHBIE OLICHKU allbTEPHATUB HE COBIIA-
JAIOT C MPEICTABIECHUEM JKCIIepTa 00 UX MPEANOYTUTEIbHOCTH, TPOU3-
BOJIUTCSI KOPPEKTUPOBKA.

2. TIPAKTUYECKASA YACTb

PamxvpoBaTh ONMMCAHHBIMU BBIIIE METOAAMHU CIEIYIOIIUE albTEP-
HATUBBI 110 CTEIICHHU MpearodYTeHus (He MEHee ISATH BapUaHTOB ajabTep-
HATUB).

1. DK3aMEHBI [0 CAABAEMbIM MPEIMETAM.

[IpocMOTp pa3IUYHBIX PUIBMOB.

brITOBast TEXHNUKA U3BECTHBIX ITPOU3BOUTEIIECH.
KomrmbrotepHbIe Urphl.

IToroma B pa3inyHbIe BpEMEHA T'OJ1A.

OTabIX HA PA3JIMYHBIX KypOpPTax.
KoMIIpIoTEpBhI/HOYTOYKH Pa3IMYHBIX ITPOU3BOIUTEIICH.
PaznvuHbie My3bIKaJIbHBIE UCIIOJIHATEIIH.

© o N o gk w0

KomIbroTepHbIE aHTUBUPYCHI.
10. ITpogyKThI TUTAHUS.



3. KOHTPOJIBHBIE BOITPOCHI

=

Kakue MeToAbl 3KCIEPTHBIX OLIEHOK CYUTAIOTCSI OCHOBHBIMH?

2. B yewm 3akmro4aercs CyIHOCTh METO/Ia PAaHKUPOBAHHUS 7

3. Uto Takoe METOJ MOMAPHOTO CPABHEHUS U B UEM €r0 OTJIIMYUE OT
METOJ1a PaHXKUPOBAHHUS 7

4. B yeM 3aKJIF04aeTCsl METOJ] MHOXKECTBEHHOTO CPAaBHEHUS ?

5. UT0 Takoe HENMOCpPEACTBEHHAs OLICHKA?
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IpakTuueckoe 3ansaTHe Ne6. OuneHUBAHUE CJI0KHBIX CHCTEM B
YCJIOBHSIX ONPEAEIEHHOCTH

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

AKTYaJIbHOCTH T€MbI 3aHSATHA: ONTHMH3ANUSI — 005S3aTCIbHBIN
9TaIl CHHTE3a CHCTEM C 3aJJaHHBIMH XapaKTepHUCTHKaMu. Biajgenue Tex-
HOJIOTHEH ONTHMH3AIlMU 00s3aTCIIFHO JUIS CHEIUaINCTa B 00JIaCTHU aB-

TOMaTHU3ALUHU.
1. TEOPETUYECKAS YACTD

1.1. 3agaya  MHOrOKPUTEPHUAJIBHOIO0  MATEMATHYECKOIQ

NMPOrpaMMHUPOBAHUSA

3aI[a‘Ia MHOT'OKPpHUTCPHUAJIBHOI'O MATCMATHYCCKOI'O IIPOrpaMMHPO-

BaHUA (BCKTOpHOﬁ OHTI/IMI/I3aHI/II/I) HNMCCT BU/

extrifi(x) = Fi},
extrif;(x) = F,},

extr{fi(x) = Fi},

npu x € X,
rne X — MHOXKECTBO JOMYCTUMBIX 3HAYEHUU TEPEMEHHBIX X ; k —
YUCJIO NENEeBbIX (QPyHKIUN (KpuTepuen); F; — 3HaueHUE -TO KpUTEpuUs

(meneBoit hyHKIIUM); extr — O3HAYAET, UTO JAHHBIA KPUTEPHUM NOJKEH
MPUHATh IKCTPEMaIbHOE 3HaYeHUE (€ro HY>KHO MaKCUMH3UPOBATh WUIIH
MUHUMU3UPOBATH).

MHorokpuTepuanbHas 3ajada OTJINYaeTCsl OT OJHOKPUTECPUATBHOM
3a7a4d ONTUMHU3ALMN HAIMYMEM HECKOJIBKUX IEJIeBhIX (DYHKIIMI BMECTO

OJHOM.



[Ipu HamM4YMM B MHOTOKPUTEPUAIIBHOW 3a/1a4€ KPUTEPUEB C PA3HOMN
Pa3MEPHOCTBIO HCIOJIB3YIOT HOpMaiu3anui KpurepueB. CrocoObl
HOpMaJu3aluy MpeicTaBIeHbI B Ta0. 1.

Ta6nuna 1

Hopmasmsanus MaTeMaTH4eCKOe BhIPaKEHHE
Caenenme K GespasmepubiM BemmanHaMm | f(x|y)/p(f (x|y))
[Mpusenenrie k omHoM pasmepHoctH | f(x|y)/a(y)
plol plf (x|y)] = pla(¥)]ple]
CMeHa HHTpeIeHTa —f(x|y)

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

max(f (xly))-min(f (x1))
Hopmanusanys cpaBHEeHUs f(xly)/ max (f(xly))

X

Hopmanuzaius CaBumka max ( f(x| y)) — f(x|y)

X
HopManusauus ocpeaHeHus fx|y)/ 2yer f(x]y)

B nanno#i Tabnuiie y — 3J€MEHT mpocTpancTBa G, G — MpocTpaH-
CTBO D3JICMCHTOB IIPOM3BOJBHONW MPUPOIBI, HA3BIBACMBIX IIEJIEBBHIMU
TepMaMH (B KOHKPETHBIX HHTEPIPETALHIX 3TO COBOKYITHOCTD, IIEPCUCHb
WIIH HyMEpaIus KaueCTBEHHBIX CBOMCTB) 3JIEMEHTOB X € X.

CBepTKOM KOMIIOHEHT MHOTOIICIIEBOrO IMoKaszarens f € F Ha3bIBa-
eTcs otoopaxenue g € {F —» R}, kotopoe npeobpasyeT cOBOKYITHOCTh
KOMITOHCHT MHOTOIIEJICBOTO IMOKa3aTes f, COOTBETCTBYOIINX IIEICBBIM
TepMaM Yy €Y |, B cKamsApHBIA 1meneBod mokasatens g[f (x|y)] =
glf(x|y),y € Y] € R OcHoBHBIE BU/IBI CBEPTOK — JMHEHHbBIE, MUHH-
MH3AIMOHHBIC, MAKCHUMHU3AI[HOHHBIE, Mpou3BeacHus U (yHKIHH KoO-
0a-Jlyriaca cieayromiero Buaa




A

(9(f(x1Y)) = Zyey a(f(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 COCTABIISIOT OCHOBHOE HarpaB-

JeHue Teopuu mnosie3Hoctu. K HacrosieMy BpeMeHu cPOopMyTupOBaHbI

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

Tabmnumna 2

[Tpunumn BeIOOpa

YcinoBue onTUMAaIbHOCTH

JomunantHoctd R4©™ | f(x°|y) = f(x|y)Vx € X

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

JIOMAHAHTHOCTH

I[Tapeto R¥°™ Ix € X:{f(x]y) = f(x°|y)Vy €Y} n
N{3y° e Y: f(x°ly) > f(x°|y°)}

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

Co6cTBEHHO dx € X: {f(x|ly) = f(x°|y)Vy € Y}

s dexruBHOCTH IKeppu

F(xly)—f (x°ly)
. <
M > 0 =Gy =
Vy €Y,Vx € {x € X: f(x]y) > f(x°|y)}
vy e{y eY: f(xly) < f(x°ly)}

HecobcTBeHHO
s exruBHOCTH IXKeppu

Ax € X: {f(x|y) = f(x°|y)Vy € Y}

IM > 0,3x € {x € X: f(x|]y) > f(x°|y")}
fxlyr)—f(x°lyr) <M

fFxClyn—f(xlyr)

vy e{y €Y: f(xly) < f(x°|y)}

PaBeHcTBa fx°ly) = f(x°ly")vy,y" €Y

CymmapHoit 2yer f(X°lY) = XLyey f(xly) VX €X

2 PEeKTHBHOCTH

Homa [yer f(x°ly) = [Tyer f(xly) VX € X
Komnpomrcca Ja(y) € A: Lyey a(y)f (x°|y) = max a(y)f (xly)
JIOMHHHUPYOIIETO max f(x°|y) = max f(x|]y)Vx € X

pe3ynbraTa yeY yer

["apaHTHPOBAHHOI'O min f(x°|y) = min f(x|]y)Vx € X

pe3ysbraTa yer yev

Haumensbirero lf(x° =) <If(x—f)IvxeX




[TpunaIun BeIOOpA Y ciioBUE ONTUMAIBHOCTH

YKIOHCHHI fF =" Wler
f(y) =max f(xly)vy €Y
A-xkpurepus x° € Xypo: A° =max A|X; =1

X, ={x e X:2(x|)) = Avy e Y}

a-kputepus ['ypsuiia

RY(f)

o . ; (+0 (40
x° € X: [ar%pﬂl(x ly) +ny1ggc/1](x Iy)] >

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

MakcumyMma QyHKIHH x° € X:H[f(x,)] =2 H[f(x)]Vx € X
HEOIPEAEIIEHHOCTH

B 3amagax BbIOOpa perieHHs, (HOpPMaIM3YEMBIX B BHJE MOJICIH
BEKTOPHOM ONTHMH3AIIMH, IIEPBBIM IIIArOM CJICAYET CUYUTATh BBIJICICHHUC
00J1aCcTH KOMIIPOMHCCOB (HMJIM pEIICHUH, ONTHMalbHBIX 10 Ilapero).
BekTop Ha3pIBaeTCs ONTUMAaIbHBIM 110 IlapeTo perreHueM, eciau He Cy-
IIECTBYET TAKOI'0, YTO BHIMOIHIIOTCS HepaBeHcTBa [ (x|y) # f(x°|y) u
fxly) = f(x°|y)vy €Y.

O06nacTei0 KOMIOPOMHUCCOB ['x Ha3piBaeTCsi MOJAMHOKECTBO JOIY-
CTMMOT'0 MHOKECTBa peIlieHuid X, 00J1aar0Iero TeM CBOMCTBOM, 4TO BCE
NpPUHAISKAIINE €My PEIICHUsS HE MOTYT OBbITh YJIYYIICHBI OJHOBpE-
MEHHO TI0 BCEM JIOKQJIBHBIM KPHUTEPUSIM — KOMITOHEHTaM BeKTopa (-
dextuBHOCTH. ClleIOBATENBHO, TSI JIFOOBIX NBYX PEIICHUN, TPUHA/IJIC-
xanmx obnactu ['x(x', x" € T'x) 00s3aTeNbHO MMEET MECTO MPOTHBO-
peurie XoTsI Obl C OJHUM M3 JIOKAJIbHBIX KPUTEPHEB. ITO NMPUBOIUT K
HE0OXO0IMMOCTH TIPOBOUTH BBIOOD penieHust B ['x Ha OCHOBE HEKOTOPOH
CXEMBI KOMIIPOMHCCA, YTO U MOCITYKHJIO IPUIHHOMN JUISl HA3BaHMS 3TOTO
TIOJIMHOKECTBA 00JIaCThI0 KOMITPOMHUCCOB. ONTHMalbHOE pelIcHUE,
BBIOMpAaEMOE Ha OCHOBE MHOTOKPUTEPHAIILHOT'O T10J1X0/1a HE3aBUCUMO OT
nU30MpacMoro MPHHIIMIIA ONTUMAJIbHOCTH, BCErJa JOJDKHO IpUHAJIC-
’aTh 00JIACTH KOMIIPOMHUCCOB. MHadYe OHO MOXKET OBbITh YJIYYIICHO H,
CJICJIOBATCIIbHO, HE SBJSCTCSA ONTHUMAIbHBIM. TakuM o0pa3om, 00JacTh
KOMIIPOMHCCOB €CTh 0OJIACTh IMOTCHIIMAIBHO ONTHMAJIbHBIX KOMIIPO-
MuccoB. OTcrofa cleayeT, YTo MpPU BHIOOPE PEIICHUsI 0 BEKTOPHOMY

Kputeputo 3p(HEKTUBHOCTH MOXHO OTPAaHUYUTH MOUCK ONTHUMAJIBLHOIO




penieHus 00JacThi0 KOMIPOMHUCCOB ['x, KOoTOpasi, Kak IMpaBUjIO, 3HAYHU-

TEJIBHO YK€ BCEil 00J1aCTH BO3MOXKHBIX pPeIIeHu X.
1.2. MeToabl MHOTOKPUTEPUAJIbHONA ONTUMHU3 AU

[MpuHUMI cipaBeJIMBOr0 KOMIIPOMUCCA

[lycTh Bce JIOKalbHBIE KpUTEPUHU, 00pasyrolue BeKTop 3P heKTuB-
HOCTH, UMEIOT OJMHAKOBYIO0 BaXKHOCTb. Cnpasednusvim OyJIeM CUUTATh
TaKoi KOMIIPOMUCC, NMPU KOTOPOM OTHOCUTEIbHBIA YPOBEHb CHUKCHUS
Ka4yeCcTBa M0 OJHOMY WJIM HECKOJbKHUM KPUTEPHUAM HE MPEBOCXOIUT OT-
HOCHUTEJIbHOTO YPOBHSI MTOBBIIICHHS KAYECTBA MO OCTAIbHBIM KPUTEPUSIM
(MeHbIIIe WK paBeH). DTOMY MPUHIMITY MOXKHO JIaTh CIEAYIONIYIO Ma-
TeMaTU4eCKyro uHTeprnperanuto. [Iycte B obmactu xkommnpomuccoB ['x
JaHbl BA PEIICHHUS X M X', KAYECTBO KOTOPBIX OLIEHUBAETCS KPUTEPH-
avu F;(x) u F,(x). Pemenne x' npeBOCXOaUT pelieHue X' 10 KpUTe-
puto F;, HO ycTynaet no kputeputo F,. Heo0Xxonumo CpaBHUTH 3TH pe-
IIEHUSI U BBHIOpATh HAWIYYIIME€ HA OCHOBE IPHUHIIMIA CIPABEIJIUBOTO
KoMmmpomucca. J[Jisi cpaBHEHUsI peleHu BBEJIEM MEpPY OTHOCHUTEIHLHOTO
CHIDKEHMSI KauecTBa PEIICHUS IO KaXJIOMYy U3 KPUTEPUEB — IICHY

YCTYIIKA X

v = AFy (x'x") _ AR(x X
L™ maxx' x"Fi(x) 72 7 maxx' x"Fy(x)

(1.1)
rae AF; u AF, — a0CoJIIOTHbIE CHUKEHUSI YPOBHSI KPUTEPHUEB MpU Tie-
pexozie oT pelenus X' K pemenuro X' (uas kpurepus F;) u npu oOpart-
HOM mnepexone (s kputepusa F, ). Eciu OTHOCHTEIIBHOE CHUXEHUE
kputepus F; Oonbuie, yeM Kputepus F,, TO ciaeayeTr OTAaTh MPEaIo-
YTCHHE DEIICHHI0 X' . DTO ClleyeT W3 CPaBHEHHS LEHBI YCTYIKH IO
KKJIOMY KPUTEPHIO.

ANTOpUTM penieHus 3a1a4i BEKTOPHOM ONTUMU3alMK, OCHOBAHHBIN
Ha IPUHLUIIE CIPABEIJIMBOrO KOMIIPOMHMCCA, BKIIIOYAET CIIEIYIOLINE
IIary.



[Ilar 0. Beibupaem x' u x" € Dx.

[lar 1. Beraucnsem no ¢popmymam (1.1) x; u x,

Illar 2. Ecau x; > X,, TO BEIOMpaeM X', HHa4€e BHIOHpacM X'

[Ilar 3. Ecnm He cyliecTByeT BEKTOpa X€X MPEANOYTUTEIbHEE X WIIH
X5, TO PCIICHWE OCTAHABJIMBACTCS, WHA4YC BBIOMpPAEM HOBBIU

BEKTOP X3 U IIEPEXOAUM K mary 1.

Mogaenb omnpenesneHuss 00J1acTH KOMIIPOMHCCOB, a TaKXe MOJIEIh
CIIPaBEUTMBOTO KOMIIPOMHCCA WHBApPHUAHTHBI K MacIiTady H3MEpeHUs
KputepueB. Ues cripaBeisIiBOro KOMIIPOMKCCa MOKET OBITh OITpaB/iaHa
B Cllydae HOPMaJIM30BAaHHOTO MPOCTPAHCTBA KPUTEPHUEB, KOT/Ia BCE JIO-
KaJIbHBIC KPUTEPUH UMEIOT SIMHBIA MaciiTad n3mMepeHus. boabmmHCTBO
MPUHITMIIOB HOPMAJIM3aIllMd OCHOBBIBAETCS HA BBEICHHM HJICATBLHOTO
pelieHus, T. €. PeIIeHuUs, 00JIaIafoIIero UealbHBIM BEKTOPOM 3 (deK-
TUBHOCTU Fu. DTO HACAIBHOE PENICHUE MOKHO alpPUOPHO MPEJIOJIO-
KUTh UCXOAs W3 MHPopManuu 00 0O0bEKTE, a MOXKHO PEIIUTh 3a/Jady
ONTUMU3AIMNH JIJIS1 KAXKJOTO JIOKAJIbHOTO KPUTEPUS U COOTBETCTBYIOIIEE
ATUM pPEIICHUSIM 3HadeHHEe BEKTOpa 3(P(HEKTUBHOCTU MPUHSITH 33 HJIE-
abHBIN BeKTOp 3¢ dexTuBHOCTH Fu. Torga BeIOOpP ONTHMAaIBHOTO pe-
IICHUSI CTAaHOBUTCA PABHO3HAYHBIM HAWIYUIIEMy MPUOIHUKEHUIO K
3TOMY HacanbHOMY BekTopy Fu = (Fuy, - Fu,).

B sToM ciydae BMeCTO ACHCTBHUTEIIBHOTO 3HAYCHUS KPUTEPHUCB
paccMaTpUBAIOTCS WM UX OTKJIOHEHHUE OT UJICaTbHOT'O 3HAUCHUS

dF; = Fu; — F,

J i — I, (1.2)

NI UX 6€3p33MepHOC OTHOCHUTCIBbHOC 3HAUYCHUC



[Ipu pemeHun 1aHHOM 3a/laund UCTOJIB3YIOTCSA 00a criocoba HOpMa-
au3anuu. TakuMm 00pa3oMm, yCIICIIHOE pelleHue MpoOjeMbl HOpMalln3a-
M1 BO MHOT'OM 3aBUCHUT OT TOT'0, HACKOJIBKO TOYHO U OOBEKTUBHO Y]1a-
€TCs OMPEACIUTh UJeaIbHOE KauecTBO pelnieHus. [locne Hopmanuzauu
kputepueB 3p(PEKTUBHOCTH 3a/ada BbIOOpa pelieHus MpuoOpeTaeT sic-
HbII MAaT€MAaTUYECKUM CMBICI. B TE€OPETUKO-MHOKECTBEHHOM OTHOIIIE-
HUM OHA CTAHOBUTCS 3aJadyedl YMOpsAI0YMBAHUS OTPAHUYCHHBIX BEK-
TOPHBIX MHOKECTB, a C TOUKU 3PEHUSI TCOPUU MPUOTINKEHUN — 3a1aueit
MPUOIKEHUS B METPUUYECKOM KOHEUHOMEPHOM MPOCTPAHCTBE. ITO JaeT
BO3MOKHOCTb TPOBOJUTH OOOCHOBAHHBIM BBHIOOP MPHUHIIMIIOB OITH-
MaJIbHOCTH M BBISBJISITh UX JJOTMYECKUI CMBICT.

[Hpunnun ciadoi ontumaabHocTH o Ilaperto

Bektop x! € X HaspIBaeTcsi c1ab0 oNTHUMalbHBIM 10 Ilapero pe-
nieHueM (ontumaibHbIM 1o CleiTepy), €ciu He CyLIECTBYET BEKTOpa
x! € X takoro, uto f(x|y) = f(x|y)vy €Y.

[Tycts x7,i = 1+--m ecTh ONTHMAbHBIC PEIICHUS TSI OOBIYHBIX
CKQJISIPHBIX ONTUMM3AIMOHHBIX 33/1a4, KaXJas U3 KOTOPBIX MaKCHMU-
3upyeT kommoneHTy F;(x) Bexropa F(x)

max Fi(x),j=1--m. (1.4)

Eciu oHM SBISIOTCS MaKCHUMAJIbHBIMU PEHICHUSMHU JUIT KaKIOTO

3HAUEHMS j, TO CUYMUTAEM, UTO F}-(xf) > F; (xj),i =1--m, rue x]f) —
oNnTUMaJibHOE pemieHue 3anaun (1.4).

[Tosokum, 41O Sjo M300pakaeT MHOXKECTBO PEIICHUM, KaXJI0€ M3

KOTOPBIX COOTBETCTBYET KOMIIOHEHTY F, 1

S = {x|Fi(x;) « Fi(x) + a}, (1.5)



TI€ d; MPEACTABIAET JOIMYCTUMOE KOJUYECTBO OTPAHUYEHUH COOTBET-
CTBYIOIIEH 00JIACTH IO OTHOIICHHUIO K F} Torga omrumanpHOE JI0CTa-
TOYHOE PEIICHHE ATO TaKOE PEIICHHE, NP KOTOPOM MUHHMAabHBIH
KOMITOHEHT (HauXyAIIHNi KOMIIOHEHT) MAaKCUMHU3HPYETCS Ha MHOYKECTBE,
YIOBJICTBOPSIONIEM JOCTATOYHOMY YCIOBHIO X €E X U x € §7 X §F X
-+ X S, OHO MOXeT OBITh C(HOPMYJIHPOBAHO KaK

max z, (1.6)
X,Z

npu ycnosusx Fj(x) = z; Fi(x) = F}-(xjo) —aj,i=1-m;x€X.
3nech 3anaya (1.6) Hepaspemmma, €CliM @ HE HACTOJILKO BEJIMKO,
YTO MEPECCUYCHUE {Sjo} HEIyCTO. BETMYMHBI ; TOJDKHBI OBITH OIpee-
JIeHbI Ha OCHOBe 3HaueHuil F;(x°) unyu ananusa TOYHOCTH. MOKHO J0-
Ka3aTh, YTO ONTHMaJIbHOE pemicHue 3amaun (1.6) ecTh onTHUMaIbHOE

pewmenue o Ilapeto.

AJITOPUTM pENICHUS 3a7]a4l UMEET CIEAYIOIIUE IIar.

[ar 1. Tlomaraem [ =1 u pemaem 3agady max zZ TMPU YCIOBHUIX

Fi(x) 2 z, F;(x) =2 Fj(xjo) —aj,i=1--m;x€X.
BrI3piBaeM HCXOJHOE pENICHHE X; U OLEHUBAEM IIEJICBYIO
byukuuto F(xq).

Iar 2. Korma x; 3amaHo, packiaasiBaeMm F(x;) Ha YIOBIETBOPHUTEIb-
HbIE U HEYJOBJETBOPUTEIIbHBIE KOMIOHEHTHI. O0O03HAUNM HX
COOTBETCTBEHHO uepe3 S; U S;. Bcim S; = @, To »Ta 3amaya
cumTaeTcs Hepaspemumon. Ecou S; # @, To x;— omnTUMalb-
HOe, oTBeyarollee TpeboBaHuAM pemteHue. Ecmu S # Qu S; #
@, TO 14 j € S; onpeAenseTcs q; > 0, momycTuMo€ 1o OTHO-

menuto K F;(x;) (paBenctso a;; = 0 03Hayaer, uTo -A LejeBast

(ynxus fj(x) He MOXKET NPUHUMATHL 3HAYEHHE, OTIMYHOE OT

fj(xz))-



[lar 3. Pemaem 3agady maxz npu yciousix Fi(x) €z,j€S ;
X,z

Fi(x) = Fj(xf) —a;,j €S, x €X.

BrI3pIBacM HCXOAHOE PEMIEHUE X4 1. ECM X1 = X, TO 3a7a4a
OyJIeT Hepa3peuuMoi; MpU 3TOM aJTOPUTM 3aKaHYMBAeTCS.
Ecnu x;,1 # x;, 10 momaraeM [ = [+ 1 u Bo3Bpalmaemcs K
mary 2.

IlpyHuun npuodJMKeHUs] MO0 BCeM JOKAJbHBIM KPHUTEPHUAM K
U1eAJIbHOMY pellleHUI0

B 0CHOBY TaHHOTO MOJX0/a MOJIOKEHA UIEsl TPUOIUKEHHS IO BCEM
KPUTEPUSIM. [Tycthb naHa 3aja4a MHOTOKPUTEPUATBHOTO

MIPOrPaMMUPOBAHUS

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

max{f,(x) = F.}, x € X, (1.7)
IpU OrPaHUYEHUSAX

Ap1X1 + CgpXy + o+ ApnXxy = Lo (@ =1:--1), (1.8)
Ar+8,1X1 F AryppXy + 0+ ArypnXn = ,87”+B

B=1-m-—r), (1.9)

x1=0,%x,2>20,-- x, =0. (1.10)

Cpenu pemrennii cuctemsl (1.7)-(1.10) TpeOyercss OThICKAaTh Takoe
3HaYeHHE BekTopa x* = (X7,X5,**, Xy, ), IPH KOTOPOM JIOKAJIBHBIC KPH-
TEPUU MPHUMYT 10 BO3MOKHOCTH MakCHUMalbHOE (MHHHMAIIbHOE) 3Ha-
YEHHE OJHOBPEMEHHO.

PaccMOTpUM Kaxayto OTAeIbHYI0 GYHKIUIO f;(X) U TOMYCTHUM, YTO
JUISE KOKIO0TO (UKCHPOBAHHOTO i = 1---m pemreHa 3agaya MaKCUMHU3a-



uud. [IycTh COOTBETCTBYIONIME ONTUMAJIBHBIE MJIAHBI XapaKTEPU3YIOTCS
BEKTOpAMU

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

Ha »Tux onTtuMajabHBIX IJIaHaX onpecACiiMM 3HAYCHUA KPUTCPUCB
COOTBECTCTBCHHO

F = (FG9), Fi(xg), -~ Fi(e)) i =1-m,  (112)

EctectBeHHO, uT0 BekTOphI (1.11), onpeensroiime BEKTOPbI TOYKHU B
IPOCTPAHCTBE MEepeMEHHBIX (X1, Xy, **,X,) € (, OyAyT pa3sHbIMU: HE-
KOTOPBIC M3 HUX MOT'YT COBIAAaTh APYT C APYTOM.

Paccmorpum Bektop F(x) ¢ kommonentamu F (x)|F u3 (1.11) u co

CTaBUM KBaI[paT CBKHHﬂOBOﬁ HOpMBI
R(x) = |IF(x) — F°|I?, (1.13)

BekTopa F(x) — F°, onpeneneHHoro s Bcex x € ().

3ameruM, uTo F° Oyaer nmpeacTaBisaTh COOOW CIUHUYHBIA BEKTOP B
npocTpaHncTBe Bektopa F(x). HasoBem ero wuacaibHBIM 3HAYEHHEM
Bektopa F (x). IlocraBneHHas 3agada ternepb GOpMyIHpyeTcs Tak: JaHa
cuctema reneBblx ¢yHkiui (1.7) u mansr ycnoBus 3agaun (1.8)-(1.10).
Tpebyercs onpeneants TOUYKY X € (), B kKoTopoit ¢pyHkims R(x) moctu-
racT MUHUMYyMa.

Takum 00pazom, OTBICKAHUE BEKTOPHO-ONTUMAJIBHOIO IJIaHa X € ()
B JJAaHHOW 3ajJa4e CBEJICHO K onTumu3aiuu Beipaxkenus (1.13) na permre-
HUAX cucTembl JuHeHHbIX HepaBeHCTB (1.8)-(1.10). ITockonbky BbIpa-
xenne (1.13) mpexacraBiaser coOOM KBaapaTUYHYIO (PYHKIIHIO Iepe-
MEHHBIX X1, X3, ", Xy, TO 3ajlaua OTBICKAHHUS BEKTOPHO-ONTUMAIbHOTO

IJ1aHa CBCJIACH K 3a/1a49€ BBIITYKJIOTO ITPOrpaMMHUPOBaHUA].



3amana Beinykinas QyHkims R(x), onmpeneneHHas Ha MHOXKECTBE X €
). TpeOyercsa oThICKaTh TOUYKY X € (), 0OECIEUYMBAIONIYIO BBIMOJHEHUE
ycrmoBust R(x*) = min R(x),x € Q.

Takum o6pazom, anroputm pemenus 3aaadu (1.7)-(1.10) cocrout u3
JIBYX OCHOBHBIX 3TAIIOB:

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

MeToa KBa3uONTHMH3ALUN JOKAJIBHBIX KpUTEpHeB (MeTox MOo-
CJIeI0BATEJbHBIX YCTYIOK)

B nmanHOM ciiydae OCyHIECTBIISIETCA IOWUCK HE €IWHCTBEHHOT'O OIl-
TUMyMa, & HEKOTOPOM 00JIaCTH pellIeHU, OJU3KUX K ONTUMAIBHOMY, —
KBa3MONTUMAIBHOTO MHOX€ECTBA. [Ipu 3TOM ypoBEeHB JOIIyCTUMOIO OT-
KJIOHEHUSI OT TOYHOTO ONTHMYyMa OIpPEIEISAETCS C YYETOM TOYHOCTHU
MOCTAaHOBKM 3aJlauyd (HampuMep, B 3aBUCUMOCTH OT TOYHOCTH BBbIUKC-
JIEHWsI BEJIMYMHBI KPUTEPUEB), & TAKKE HEKOTOPBIX MPAKTUYECKUX CO-
oOpaxeHuid (HarpuMep, TpeOOBaHUI TOUHOCTHU PEIICHUS 3a/1a4H).

BnHavane mnpou3BOOWTCS KAayeCTBEHHBIM AaHAJIW3 OTHOCUTEIIBHOU
BAKHOCTH KPUTEPHUEB; HA OCHOBAHUM TAKOT'0 aHaJW3a KPUTEPUH PACIIO-
JaratoTcd M HYMEpYIOTCS B MOpSAJKE yOBbIBaHUS BaXXHOCTH, TaK 4YTO
TJIaBHBIM CUYWTAETCS KpUTEPUU F;, MeHee BaxeH F,, 3aTeM CIEeAyroT
OCTaJIbHbIE JIOKaNbHbIE Kputepuu F3, F,, ..., E, . Makcumnsupyercs
NEPBBIN M0 BAXXHOCTH KpuTepui F; um ompepaensieTcss ero HauOoJibliee
3HaueHue M, . 3areM Ha3HayaeTcs JOMYyCTUMOE CHIKEHHE (YCTYyIKa)
d, = 0 kputepus F;. OnpeaenuM HOBYIO JomycTUMyr0 o0iacth X (1)
Kak noaoonacte X BUAa

X(1) = Xp{x|F(x) = My — d,}. (1.14)

Takol MOJIXOM TMO3BOJISIET CY3UTh INMEPBOHAYAIBHYIO JIOMYCTHUMYIO

obnacTh X, Korza nepexoaum K CIeIyoIEMY 10 BaXKHOCTH KPUTEPHUIO.



[Tocne »Toro HaxoauMm HamOoJblliee 3HaUYeHUE M, BTOPOTO KpHUTE-
pust F, Ha muoxecte X (1), T. €. IpH yCIOBHH, YTO 3HAYECHHUE ITEPBOTO
KpUTEpHUs JOJDKHO ObITh HEe MeHbIle, yeM M; — d,. CHOBa Ha3HaudaeTcs
3Ha4YeHUE YCTYHKH d, = 0, HO yXXe€ MO BTOPOMY KPHUTEPHUIO, KOTOPOE
BMECTE C IMEPBBIM HMCIIOIB3YETCS MPU HAXOXKIECHUH YCIOBHOIO MAaKCH-
MyMa TPEThEro Kputepus, u T. A. HakoHel, MakCUMHU3UPYETCS MOCIIEI-
HUM 110 BAXKHOCTU KpUTEpUU F, pu yClnoBHUM, YTO 3HAYCHUE KAXKJIOTO
kputepus F. 3 m — 1 npenplAymux IOKHO OBITh HE MEHBIIE COOT-
BETCTBYIOIIEH BeNMUUHBI M, — d,.; TIOlydyaeMble CTPATETUU CUUTAIOTCS
ONTUMAJIbHBIMU

Takum oO6pa3oM, ONTUMAIBHON CUMTACTCS CTPATETHsl, SIBISIOIIASICS
peLICHUEM TTOCIEIHEN 3a]a41 U3 MOCIEA0BATEIBHOCTH 3a/1a4

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

m) unaiitu M,, = sup E,,(x), x € X. (1.15)

Ecimu kpurepuid F,, Ha MHOXECTBE CTPATETHH, YIAOBIECTBOPSIOIIMUX
orpannycHusM 3afaun (m) u3 (1.15), He mocTHraeT cBOEro HauOOJIb-
mero 3HadeHuss Mm, To perieHrneM MHOTOKpUTEpHATBHON 3a7a4u CUU-
TAIOT MaKCHMU3HPYIOIIYIO IIOCIEIOBATEIBHOCTh {X)} M3 IOCiIEIOBa-
TEJIBHOCTH MHOXECTB X;,,_1 C X, C - C X; C X.

3HadyeHusl ycTymok d;, i = 1:--m mocliemoBaTeIbHO Ha3HAYAIOTCS
IIpY U3YYECHUHU B3aMMOCBSI3M YaCTHBIX KPUTEPHUEB.

Bnauase perraeTcs BOmpoc 0 Ha3HAYEHUHU JOMYCTUMOI'O CHUKECHUS
d, TIEpBOTO KpUTEpHUs OT HaubOoJblIero 3HayeHus M, . 3amamT He-
CKOJIbKO BEJIWYUH YCTYNOK dqq, dyq, d3q1,... ¥ TIyTEM pEIISHUs 3aJauu
(1.15) ompenensioT COOTBETCTBYIONIME MAaKCHMAaJIbHbIC 3HAUCHUS



M,(d{1), M,(d,1), M;(d31),... BTOporo kpurepusi. [anee paccMaTpu-
BalOT mapy kpurtepueB F, u F;. BHOBb HazHauyalOT MpOOHBIE 3HAYCHUS
yCTYynoK dq, , dy, , d35 ,... M OTBICKMBAIOT HAWOOJBIINE 3HAYCHUS
Ms(dy5), M3(dy,), M3(ds,),... TloaydeHHble OaHHBIC aHAIU3HPYIOT,
Ha3HayvaroT d,, IepexoJAT K Cleayollei nape kputepues F, u F3 U T. 1.
Hakoner, B pe3ysibTaTe aHaJin3a B3aMMHOTO BIMSIHUS KpUTEpUEB F,,_1 U
F,, BBIOMpAIOT 3HAYEHUE TOCJIEIHEN YCTYNKU d,y_q U OTHICKUBAIOT OTI-
TUMaJIbHBIE cTpareruu, pemias 3agady (m)u3s (1.15) (0ObIYHO OrpaHmu-
YUBAIOTCS HAXOXKJAECHUEM OJHOW TaKOW CTPATEruM).

JI71st penieHus MHOTOKPUTEPHATBHOM 3a/lauu HYKHO TaK paHKUPO-
BaTb KPUTEPUHU, YTOOBI MOTOM YyJ00HEE OBLIO BHIOMpATh 3HAYCHUS
YCTYTOK.

VY 100HBIM ABJISIETCS CITy4Yai, KOTAa B pe3yJIbTaTe MPeIBAPUTEILHOTO
aHajauM3a MHOTOKPUTEPUAIIbHOW 3aJa4 BBISICHSETCS, YTO MOYHO JIOIY-
CTUTh YCTYIKH JIMIb B MpeaeNax «MHKEeHepHoW» TouHocTH (5-10 % ot

HanOOJIbIIIeH BETUINHBI KPUTEPHS).

MeTtox cBepTbIBaHMSI BEKTOPHOI0 KPHUTEPUS B CKAJSAPHBIN
KpuTepui

OIHUM W3 PacIpOCTPAHEHHBIX METOJIOB PEIIEHHUS MHOTOKPUTEPH-
aJbHBIX 33/1a4 ABJISETCA METOJI CBEACHUS MHOTOKPUTEPUAIBHOM 3a1a4U K
OJHOKPUTEPUAIIBHOM ITyTEM CBEPTBHIBAHUS BEKTOPHOTO KPUTEPHS B CKa-
napHbId. [Ipy 3TOM KaXIabli KpUTEPUN YMHOKAETCSA HA COOTBETCTBYIO-
Ui eMy BecoBOM K03 PuiueHT (ko3 PUIHEeHT BaXKHOCTH)

CD(.X') = ?;1 al-Fi(x),ai > 0. (116)

[Ipu 3TOM BO3HUKAIOT TPYAHOCTH C MPABUIBHBIM ITOJ00OPOM BECO-
BbIX KO3(PduimeHToB «;. CylecTBYIOT pa3iudyHble CIOCOOBI BhIOOpA
ko3 duimenToB @. OIWH U3 HUX — HA3HAYCHHUE & B 3aBUCUMOCTHU OT
OTHOCUTEJIbHOW Ba)KHOCTH KpHUTEpHEB. [[OJDKHO BBITIOJHATHCS YCIOBHE

HOPMHPOBKH Y, a; = 1.



2. TIPAKTUYECKAA YACTb

3agaua 1. PemuTh onTUMU3aMOHHYIO 3a/1a49y
f1(X) = 43x; + 12x, - max

f2(X) =10x; — 5x, » min

X1+ x9 > 50

X1 —X2>0

x1>0,x,>0

3amaya 2. PemuTh ONTUMU3AIMOHHYIO 3a]1a4y
f1(X) =90x; + 54x, » max

f2(X) = 25x; — 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

xq1 +x, > 280

X1 — Xy > 125

x1>0,x,>0

3amaya 4. PemuTh ONTUMU3aMOHHYIO 33/1a49y
f1(X) = 34x; + 87x, - max

f2(X) =16x; — 32x, » min

X1 +x9 > 23

X1 —X2 <5

x1>0,x,>0

3amaya 5. PemuTh ONTUMU3aMOHHYIO 331249y



f1(X) = 32x4 + 6x, » max
f2(X) =56x; —52x, - min
X1+ x5 > 20

X1 — X <12

x1>0,x,>0

3agaua 6. PemiuTh OoNTUMU3AMOHHYIO 3a/1a4y
f1(X) = 432x, + 764x, - max

f2(X) =542x, — 232x, - min

X1 +x > 324

X1 — X <127

x1>0,x,>0

3agaya 7. PemmmuTh ONTUMU3AIMOHHYIO 3a]1a4y
f1(X) = 322x; + 46x, > max

f2(X) =132x; — 543x, > min

X1 +x, > 234

X1 — X2 <167

x1>0,x,>0

3. KOHTPOJIBHBIE BOITPOCHI

1. B uyem cyTh ontumu3aiuu no npuniuny Ilapero?

2. UTto Takoe CKaJSpHBbIA KPUTEpPUH, U KaKUM OOpa3oM B HETo
MO>HO CBEPHYTh BEKTOPHBII KpUTEPUI?

3. UTto Takoe METO]1 MOCIIeI0BATEIbHbBIX YCTYTOK?

4. B yeM coCTOUT NMPUHIUI OPUOIUKEHUS MO BCEM JIOKAIBHBIM
KPUTEPUAM K UAECATbHOMY PELICHHIO?

5. Uro Takoe npuHUMN cl1aboi onTuMaibHOCTH o [lapeTo?

6. B dem 3akirodaeTcs MPUHITUIT CIIPABETUBOTO KOMITIpOMHKCca?
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IpakTnyeckoe 3ansaTue Ne7. OueHUBaHue CJI0KHBIX CHCTEM Ha
OCHOBE TEOPHMH MOJIE3HOCTH

eab 3aHATHS: W3YUYCHHE OCHOBHBIX IMOJIOKECHUM TECOPUM IMOJIE3-
HOCTH M IIPUOOpETEHHE MPAKTUYECKUX HABBIKOB OIICHUBAHMS CJIOKHBIX
CHCTEM B YCJIOBHSIX PHCKAa Ha OCHOBE (PYHKIIUH MOJIE3HOCTH.

AKTYQJIBHOCTh TeMbl 3aHATHSI: TEOPHUS IOJIC3HOCTH IIIMPOKO
IIPUMEHSICTCA TPU AHAIU3E CHUCTEM B YCIOBUSAX HCUCTBUSA CIIyYaWHBIX
(haKTOpOB KaK OCHOBA JIJIs MPUHATHUS pelIeHu. Biagenue 3Toil TeXHO-
JoTuei 00s13aTeNbHO AJISI CIIENUAINCTA B 00J1aCTH aBTOMATHU3AIIUH.

1. TEOPETUYECKASA YACTb

Onepanyu, BBIMOJHSEMBIE B YCIOBHUSIX PHCKA, HA3bIBAIOTCA BEPO-
ATHOCTHBIMU. OJIHO3HAYHOCTHh COOTBETCTBHUSI MEXAY CUCTEMaMHu U HC-
XOJaMH B BEPOATHOCTHBIX OINEpAlUsIX HAPYIIACTCA. DTO O3HAYAET, UYTO
KaXJI0M cucTeMe (aIbTepHATHUBE) A CTABUTCS B COOTBETCTBUE HE OJIMH, a
MHOKECTBO HCXOIOB {V;} C U3BECTHBEIMH YCIOBHBIMU BEPOSTHOCTSIMU
nosBiieHus p(yyla;). OueBHOHO, OLIEHHWBATH CHCTEMBI B OIEpaIHsIX

JAaHHOTI'O THUIIAa TaK, KaK B ACTCPMHUHHUPOBAHHLIX OIICpAlUAX, HCIIb3.

Ilpumep. H3-3a ocpaHuyueHHOU HAOEHCHOCHMU Cemeso20 000py0o-
8aHUsL 8peMs nepeoadu coOOOWEeHUs MONHCen MEHAMbCS CAYYAUHBIM 00-
Dpa3zom no U38eCMHOMY 3AKOHY.

D¢hHEeKTUBHOCTh CHUCTEM B BEPOSATHOCTHBIX OIEpalvsIX HaXOJIUTCS
yepe3 MaTeMaTHUYeCKoe OXuIanue QYHKIMU MTOJIC3HOCTH Ha MHOYKECTBE
ucxonoB K(a) = M,[F(y)]. Ilpu ucxomax yi{k~1---m} ¢ muckper-
HBIMU 3HAYECHUSIMH TOKa3aTeled, KaKIbli M3 KOTOPBIX IMOSBISCTCS C
YCIIOBHOU BepOSTHOCTBIO P (Vi |a;) u umeer mone3Hocts F(yy), BbIpa-
JKCHHME U1 ONPEACICHUS MATEeMAaTHYCCKOTO OKHMIAHUS (DYHKIHMH I10-

JIC3HOCTHU 3aITUChIBACTCA B BUIC



K(a;) = Xx=1pkla)F(yg), i =1-n. (1.1)

N3 BeipakeHus (1.1) kak 4acTHBIN clyd4ail MOXKET OBITh MOJTy4YeHA
olieHKa 3(P(EeKTUBHOCTU CUCTEM [JIsi JIETEPMHUHHPOBAHHBIX OIEpallnid,
€CJIM MPHUHATH, YTO HCXOJ, COOTBETCTBYIOIIMM CHCTEME, HACTYIAET C
BEPOSITHOCTHIO, PABHOM €IMHUIIE, @ BEPOSTHOCTH OCTAIBHBIX HCXOJIOB
paBHBI HYJIO. YCIOBUS OIICHKM CHUCTEM B Ciydae, KOrja IMOKa3aTelu
UCX0J1a BEPOSITHOCTHOM Omepanuu SBISIOTCS TUCKPETHBIMU BEIMYHMHA-
MU, YI00HO 3aJ1aBaTh Ta0IMuHO (Tad:. 1).

Tabauma 7

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

a; V1 p(yilay) F(y;)
Y2 p(y.la;) F(y,)
Vi p(yvilay) F(y)

as V1 p(y1laz) F(y;)
V2 p(y2lay) F(y,)
Vi p(yilay) F(y)

Am V1 p(yilam) F(y,)
Y2 p(yzlam) F(y,)
Vi p(ilan) Fly)

[Ipn mcxomax ¢ HENPEPBHIBHBIMM 3HAYEHUSIMH TIOKAa3aTEJIE Mmare-

MATHU4YECKOEC OKHNJaHUEC (I)YHKHI/II/I IMOJIC3HOCTHU ONPCACIIACTCA KaK

K(a) = [, fOladF(©) dy,

rae f(y|a;) — MIOTHOCTH BEPOATHOCTEH HCXOA0B; R — momycTuMas

00J1aCTh BEKTOPHOTO POCTPAHCTBA UCXOO0B.




st onieHku 3¢ (PEKTUBHOCTH CUCTEM B BEPOSITHOCTHOW OIEpariuu
HE00XO0UMO:

® OIIPEACIUTHh UCXObI ONIEPALMU 110 KAXKIOU CUCTEME;

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

® HAUTHU PACIPEACICHUE BEPOATHOCTEW HA MHOXKECTBE HCXOJIOB
oIepanuy;

® paccuuTaTh MaTeMaTH4ecKoe OXXuaaHue (DYHKIIMU TOJIE3HOCTH
Ha MHOECTBE UCXOJ0B OIEPALUU JJI KaXKJI0U CUCTEMBI.

Kpurepuii oNTUMAIBHOCTHA JJI1 BEPOSITHOCTHBIX OINEPAlA HMEET
BU]I

K(a;) = maquai[F(y)], i=1--m.

B cooTBETCTBMM € ATUM KpPUTEPUEM ONTUMAJIBLHOM CUCTEMOM B
YCJOBUSIX PUCKA CUUTAETCS CHCTEMa C MAaKCHUMAaJbHbIM 3HAUEHUEM Ma-
TEMAaTUYECKOTO OXUJaHUA (YHKIMU MOJE3HOCTU HA MHOXKECTBE HCXO-
JIOB OIlEparyH.

OneHka CUCTEM B YCIOBUSX BEPOATHOCTHOM oOmNEpanud — 3TO
OLICHKa «B CpPEJHEM», MO3TOMY € INPUCYIIH BCE HEIOCTATKU TAKOIO
MOAXO0/a, TJIABHBIA M3 KOTOPBIX 3aKIIOYAETCS B TOM, YTO HE HCKIIOUEH
ciyyail BBIOOpa HEONTUMAIILHOM CUCTEMBI JJIsl KOHKPETHOM peain3aluu
onepauuu. OJIHAKO eciu onepaius OyJeT MHOTOKPATHO OBTOPSTHCS, TO
ONTUMaJbHasl B CPETHEM CHCTEMA IPUBEIET K HAMOOJIBIIEMY YCIIEXY.

CBeneHue 3aJayu OLICHKA CHUCTEM K BEPOSITHOCTHOM IMOCTaHOBKE
NPUMEHUMO JIJIsl OTlepalvid, UMEIOIIUX MAaCCOBBIM XapakTep, AJs KOTO-
PBIX HUMEETCSI BO3MOXKHOCTb OINpPEJEIUTh 00ObEKTUBHBIE MOKA3ATENIN HC-
X0JI0B, BEPOSITHOCTHBIE XapaKTEPUCTUKHU 1O MapaMeTpaM OOCTAaHOBKHU U
3aKOHBI pacIpe/iesieHns BEPOSITHOCTE Ha MHOXKECTBE MCXOJIOB Ollepa-
U U,

PaccmoTpuM mpuMep oneHKH 3(PPEKTUBHOCTH CUCTEM B BEPOAT-
HOCTHBIX ONEpalusix Mo NPUBEACHHOMY KPUTEPHIO.



IIpumep 1. Oyenxa sapuanmos Kougueypayuu cemepo2eHHol n0-

KAIbHOU BbIYUCAUMENbHOU Cemu 061/14620 noJjlb306AHUA. Hccvle@yejwaﬂ

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

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

xo0a onepayuu — YUCI0 NePeOaHHbIX COOOUWeHUl Ny, (OUCKDemHAs 8e-

auyuna). Yucnosvie danHvle 0151 OyeHKU npuseoetvl 8 maoi. 2.

Tabauma 2

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

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

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

Pacuem nokazameneti u oyenxa sgpghexmusnocmu no Kpumepuro

npeeocxoécmea nokKdassvlearom, 4mo 6 Kavecmee ONMUMANIbHOU CUCHEMbl

00.J19iceH Oblmb NPUSHAH 8aAPUAHM 2 KOHpuUIypayuu cemu

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

KpOMe ONITUMU3AIIUN «B CPCAHCM» B BCPOATHOCTHBLIX OIICPALIUAX

VCTIOJIB3YIOTCSI M APYTUE KPUTEPUH OLIEHKU CUCTEM:

MaKCHMYM BEPOSTHOCTH CIIY4alHOTO COOBITHS;

MAaKCUMyM CTCIICHU BepOHTHOCTHOﬁ rapanTun OJOCTUXKCHUA PC-
3yJbTaTa He HIKE TpeOyeMoro ypoBHS;

MUHAMYM CPEIHETO KBajJpara YKJIOHCHHUS pe3ysibTara OT Tpe-
oyemMoro;

MHUHHUMYM JUCTICPCUU PE3YJIbTaTa;

MAaKCUMYM BCPOATHOCTHO-TAPAHTUPOBAHHOI'O PC3YyJIbTaTa,



® MHUHUMYM cpenHero (0aiieCOBCKOT0) pucka (MUHUMYM CPEIHHUX
MOTEPB ).
PaccMoTpeHne 3TuX KPpUTEPUEB COCTABIISIET OJUH U3 Pa3JIeIOB TE€O-
PUM TIPUHATHUS PELICHUN.

2. TIPAKTUYECKAA YACTb

JInst mpeACTaBICHHBIX HUXKE BapUAHTOB PACCUUTATh MOKa3aTeld U
O1IEHKY 3(P(HEKTUBHOCTH MO KPUTEPUIO MPEBOCXOJICTBRA.

3agaua 1

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

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

BapuanT 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; ng p(ngla;) F(ny)

Bapuanr 1 120 0,7 0,6
80 0,1 0,6
60 0,2 0.3

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

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




3agaua 3

a; N p(nyla;) F(ny)
Bapuant 1 60 0,4 0,15
50 0,1 0,65
40 0,5 0,2
BapwuanT 2 60 0,2 0,6
50 0,3 0,6
40 0,5 0,3
BapuanT 2 60 0,6 0,2
50 0,15 0,45
40 0,25 0,6
3agaua 4
a; ng p(ngla;) F(ny)
BapuanT 1 60 0,4 0,4
50 0,1 0,45
40 0,5 0.4
BapwuanT 2 60 0,65 0,6
50 0,25 0,6
40 0,1 0,3
Bapuanr 2 60 0,8 0,2
50 0,05 0,45
40 0,15 0,6
3agaua S
a; ng p(ngla;) F(ny)
BapwuanT 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
BapuanT 2 85 0,5 0,15
65 0,25 0,65
45 0,25 0,2

3. KOHTPOJIBHBIE BOITPOCHI

1. Jlns kakux 1ened mpoBOJMUTCS OLEHKA CI0KHBIX CUCTEM?

2. KakoBbI OCHOBHBIE 3TAIbI O CHMBAHUA CIIOXKHBIX cucreM?




3. Kakoil Bus uMeeT KpUuTepuii ONTUMAIBHOCTH ?

4. Yto Takoe PyHKUMS MOJIE3HOCTH?

5. Kak ocymiecTBisieTcss OIlEHKa CJIOKHBIX CHCTEM B YCIOBHAX
pHCKa Ha OCHOBE ()yHKIIMH TIOJIE3HOCTH?

6. Kakum oOpa3oM orpeensieTcs MaTeMaTHYeCKOe OKUIAHUE TTPHU
MCXO0JIaX C HEMPEPBHIBHBIMHU 3HAUYCHUSIMU TTOKa3aTeICH?
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IIpakTnueckoe 3ansaiTue NeS. OueHMBaHUE CJI0KHBIX CHCTEM B
YCJIOBHUSIX HEOIPeAeJTeHHOCTH

eab 3aHATHSA: U3YYEHUE OCHOBHBIX ITOJIO)KEHUN TEOPUU TTPUSHTHUSA
PELIEHUH B YCIOBUAX HEOIPEAECICHHOCTH.

AKTYaJIbHOCTh TE€Mbl 3AHATHUSA: TCOPUS MPUSHTHUS PEUICHUMN IIU-
POKO IPUMEHSIETCS IIPU aHAJIU3€ CUCTEM B YCIIOBUAX HEOIPEICIEHHOCTH.
Brnanenue merojonuedl NMpUHATHUS YOPABICHUYECKUX pEIICHUN 00s3a-
TEJIBHO JIA CIIelanucTa B 00J1aCTU aBTOMAaTU3alIHH.

1. TEOPETUYECKASA YACTb

Crneuuduryeckue 4YepTbl OpPraHU3alUOHHO-TEXHUYECKUX CHUCTEM
4acTO HE MO3BOJIAIOT CBECTH ONIEPALIUH, IPOBOIUMbBIE STUMHU CUCTEMaMHU,
K JCTEPMUHHPOBAHHBIM WJIM BEPOATHOCTHBIM. K Takum wyepram
OTHOCSITCA:

1. Hanuuwue B ymnpaBiisieMOU CUCTEME B Kaue€CTBE 3JIEMEHTOB (MO/I-
CUCTEM) UEJECHANPABICHHBIX HWHAWUBHIYYMOB W HAJIWYHE B CHUCTEME
ynpasieHus auna npuaumatoiero pemenus (JIIP), ocymectsistonmx
yOpaBJI€HUE HA OCHOBE CYOBEKTHUBHBIX MOJEJIEH, YTO U MPUBOJIUT K
00JBIIOMY Pa3HOOOPa3UI0 OBEJAEHUS CUCTEMBI B IIEJIOM.

2. AJITOpUTM YNPABJIEHUS YACTO CTPOUT CaMa CUCTEMA yIIPABIICHHUS,
npecienys MOMHUMO TPEIbSABISEMBIX CTaplIed CUCTEMOW Leneld coo-
CTBEHHBIE IEJIM, HE BCET/1a COBIIAIAIOIIME C BHEIIHUMMU.

3. Ha srane oueHkn cuTyanuu B psA€ CIy4acB HUCXOIAT HE U3
(dakTU4eCKON CUTyalluu, a U3 TOM MojeNu, KoTopou nonb3yercs JIITP
P YTIPABICHUH OOBEKTOM.

4. B mporiecce NpuHATHS pelieHus: OOJIbIIYI0 POJIb UTPAIOT JIOTH-
yeckue paccyxnaenus JIIIP, He mognarommuecs GopManuzanuu KiacCu-
YECKUMHU METOJIAMU MATEMATHKHU.

5. Ilpu BBIOOpE ympaBistomiero Bo3aercteus JIIIP moxer onepu-

poBaTb HCYCTKUMHU IMOHATHAMU, OTHOIUICHUSAIMU U BBICKA3bIBAHUAMMU.



6. B OosplmioM Kiacce 3ajad  YNOPaBJICHUS OPraHU3alMOH-
HO-TEXHUYECKUMH CHUCTEMaMU OTCYTCTBYIOT OOBEKTHUBHBIC KPUTEPUU
OIICHMBAaHUS JIOCTHXKEHUS II€JIEBOIO M TEKYIIEr0 COCTOSIHUM OO0BEKTa
VIIPaBJICHHUS, & TAKXKE CTATHCTUKA, IOCTATOYHAsA JJISI IOCTPOCHUS COOT-
BETCTBYIOIIUX BEPOSTHOCTHBIX pacHpeacsieHuil (3aKOHOB pacrpesere-
HUS UCXOJIOB OTepaIiuil) Jjisi KOHKPETHOTO MPUHSATOIO PEIICHUS.

Takum 006pa3oM, HECBOJUMOCTh OIEpalUii, TPOBOAUMBIX CIIOKHBI-
MH OPraHU3aIMOHHO-TEXHUYECKUMU CUCTEMAMU K JIETCPMUHUPOBAHHBIM
WM BEPOSITHOCTHBIM, HE MO3BOJISIET MCIOJIB30BATh JIJIA UX OLEHKH Jie-
TEPMUHHUCTCKUE U BEPOSITHOCTHBIC KPUTEPUHU.

VYcenoBusi onieHKU 3G(PEKTUBHOCTH CHUCTEM [IJIi HEOMpPEIAEICHHBIX
orepaiuii MO>KHO MPEJICTaBUTh B BUJIE€ Ta0JI. 1, B KOTOpO 0003HAUYCHBI:
a;,i = 1:+m — BEKTOp YNpPaBISIEMBIX NAPAMETPOB, OMPEICIAIOIINI
CBOMCTBA CUCTEMBI; bj,j = 1::-1 — BEKTOp HEYNpPaBISAEMBIX MapaMeT-
POB, ONPENENAIOMMA COCTOIHUE O0CTaHOBKH; k;; — 3Ha4YeHHE dPPek-

TUBHOCTH CHCTEMBI @; IJIsI COCTOSIHUS 00CTaHOBKU b;; K (aj) — addek-

THUBHOCTb CUCTCMEI Q4;.

Tabnura 1
a; b] K(ai)
by b, b,
aq k14 ki, kin
a ko, ks, kon
am kml kmz kmn

Kaxxnast cTpoka TabauIlbl CoAepKUT 3HaUeHUs 3P (HEKTUBHOCTH OJI-

HOU CUCTEMBI JIJISI BCEX COCTOSAHUI OOCTAHOBKH bj, a KaXKIbIil cTOJIOEI] —

3HaueHUs 3P(PEKTUBHOCTH JJIsI BCEX CUCTEM (; NIPU OJHOM M TOM K€
COCTOSIHUM OOCTaHOBKM. B ciydae 3aianusi COCTOSIHMIT OOCTaHOBKU O/I-
HUM MapaMeTpoM maTpuiia 3pPEeKTUBHOCTH MOXKET ObITh MPECTaBICHA
auarpammoit (puc. 1).



0,0 — -
m n ny ny Ycnosua ny
Pucynok 1 — Jluarpamma 3¢p(}EKTUBHOCTH CHUCTEM @; ISl YCIIO-

BUI bj

B HeompeneneHHON omnepaniu MOTYT OBITh W3BECTHBI MHOXECTBO
COCTOSTHUM O0OCTaHOBKH U 3(P(HEKTUBHOCTb CUCTEM JJIsl KXKJAOW U3 HUX,
HO HET JIAHHBIX, C KAKOW BEPOSITHOCTHIO MOYKET MOSIBUTHCS TO WJIM UHOE
COCTOSIHUE.

B 3aBrCcMMOCTH OT XapakTepa HEONPEAECICHHOCTH ONEPALUN MOTYT
JEJINTHCS HA UIPOBBIC U CTATUCTUYECKU HEOIpPEAECIeHHbIE. B UrpoBhIX
OIepalysIX HEONPEAECICHHOCTh BHOCUT CBOMMHU CO3HATEJIbHBIMU JCH-
CTBUAMHU NPOTUBHUK. {1 UCCIIeNOBaHUS WUIPOBBIX OIEPALAN HCIIOJb-
3yETCS TEOPHUsI UTP. Y CIIOBUS CTaTUCTUYECKU HEOIPEAECICHHBIX Omepa-
MW 3aBUCAT OT OOBEKTUBHOUN JAEHCTBUTEIBHOCTH, HA3bIBAEMOW MPUPO-
noit. [Ipupona paccmaTpuBaeTcs Kak HE3aMHTEPECOBaHHAsA, Oe3pa3iiny-
Has K OIlepaluu CTOpoHa (OHA MacCMBHA MO OTHOUICHUIO K JIUILY, MPHU-
HUMAIOIIEMy pelleHue). Takue onepainu MOTYT UCCIIEIOBAThCS C MPHU-
MEHEHUEM TEOPUU CTATUCTUUYECKUX PEIICHUM.

Eciu omnepauus, npoBoauMasi CUCTEMOW, YHUKalIbHA, TO IJs pas3-
pelIeHNs] HEONPEAEIECHHOCTH MPU OLIEHKE CUCTEM HCHOJIb3YIOTCSl CyOh-
eKTUBHbIE nIpeanouyrenus JIIIP.

B 3aBucumocTu ot xapakrepa npeanourenuit JIIP nanbdosnee yacto
B HEOIPEAEICHHBIX ONEPALUAX UCIIOJIB3YIOTCS CIEAYIOLINUE KPUTEPUMU.



1. Kpurepuii cpeiHero BoIMIPhHIIIA
JIaHHBI KpUTEpUN NPEANoiaraeT 3aJaHue BEPOSTHOCTEM COCTOS-

HUH 00CTaHOBKH D).

DP(PEKTUBHOCTh CHUCTEM OIIEHMBAETCA KaK CpEIHEE OXKUJIaeMOe
3Ha4YeHUE (MaTEeMAaTHUYECKOE OXKHMJIaHUE) OIEHOK 3(PGEKTUBHOCTU MO
BCEM COCTOSTHUSIM OOCTaHOBKHU

— n N
K(ai) = j=1pjkij’l =1.-m.
OnTuManbHOU CUCTEME 6y,Z[€T COOTBCTCTBOBATH 3(1)(1)€KTI/IBHOCTI>

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

JIs mpuMEHEHUsI KPUTEPUsI CPEAHETO BBIMTPHINIA HEOOXOAUM, IO
CYILIECTBY, IIEPEBOJ ONEPALMU U3 HEONPEACICHHON B BEPOSTHOCTHYIO,
MPUYEM MPOU3BOJIBLHBIM 00Pa30M.

2. Kputepuii Jlanaaca
B ocHOBe KpuUTEpHs JIKUT MPEANOI0KEHHUE: TTOCKOIBKY O COCTOS-
HUSAX OOCTAHOBKM HUYETO HE M3BECTHO, TO MX MOXHO CUUTATh PaBHO-
BeposTHbIMU. Mcxons U3 3TOro
1vn
K(Cli) = nlj=1 k

ijs [ = 1m,

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

3. Kputepuii ocropo:kHoro Hadawaareasn (Baabaa)

OTO MAKCUMUHHBIY Kpumepuii, OH TAPAHTUPYET OIPEICICHHBIN
BBIUTPBIII IPU HAUXYIIUX yCIOBUsAX. KpuTepuii 0CHOBBIBAETCS HA TOM,
4TO, €CJIA COCTOSIHHE 00OCTAaHOBKHM HEM3BECTHO, HY>)KHO MOCTYTAaTh CAMBIM
OCTOPOXKHBIM 00pa3oM, OPUEHTHUPYSICh HA MUHUMAJIbHOE 3HAaYeHUe (-
(EKTUBHOCTHU KaXKJA0W CUCTEMBL.



B kaxmaoi crpoke maTpuilbl 3(QPEKTUBHOCTH HAXOAUTCS MUHU-
MaJibHasi U3 OIEHOK CHUCTEM IO Pa3JIMUYHBIM COCTOSIHUSIM OOCTAHOBKH.
OnTumManbHOM CUMTAETCA CUCTEMa U3 CTPOKU C MAaKCUMAaJIbHBIM 3Haye-
HUeM 3G (PEKTUBHOCTH

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

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

MakCUMUHHBIA KPUTEPUM OPUEHTUPYET HA PELICHUE, HE COJEPKa-
€€ 3JIEMEHTOB PUCKA: MPU JIFOOOM M3 BO3MOXKHBIX COCTOSIHMIM 00CTa-
HOBKM BBIOpaHHasi CHCTEMa MOKAXKET pe3yJbTaT OINepalud HE XyxkKe
HaWJICHHOTO MakCUMHHA. Takas OCTOPOKHOCTD SIBJISIETCA B PAJIE CIy4acB
HEJIOCTaTKOM KputTepud. pyroil HeJOCTaTOK — OH HE yAOBJIETBOPSET
TpeOOBaHUIO — M00ABIECHNE TTOCTOSIHHOTO YHCJIA K KaXIAOMY AJIEMEHTY
cToJio1a MaTpuibl 3G (HEKTUBHOCTH BIUSET HA BHIOOP CUCTEMBI.

4. Kputepuii MakcuMaKca

OTUM KpPUTEpPUEM TMPEANUCHIBACTCS OLICHUBATH CUCTEMbI IO MakK-
CUMAJIbHOMY 3Hau€HUIO 3(PPEKTUBHOCTU U BHIOMPATHh B KaU€CTBE ONTHU-
MaJIbHOTO peIIeHUus CcucTteMy, oOaanamuyo 3h(PEeKTUBHOCTBIO C
HauOOJBIINM U3 MAKCUMyMOB

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

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

Kpurepunii MakcuMakca — camblil ONITUMUACTUYECKAN KpUTEpUU. Te,
KTO NPEAINIOYUTAECT UM I10JIb30BATHCS, BCEra HAACIKOTCA Ha JIydllee CO-

CTOSTHUE 0OCTAHOBKHU U, €CTECTBEHHO, B OOJIBIION CTENEHN PUCKYIOT.

5. Kpurtepuii neccumusma-ontumusma (I'ypsuna)



D10 Kpumepuii 0606wenno2o maxkcumura. COTrJIacHO JaHHOMY
KPUTEPHUIO TIPU OIIEHKE W BBIOOPE CHCTEM HEpPa3yMHO MPOSBIATH Kak
OCTOPO’KHOCTh, TaK M a3apT, a CJIEAyeT, YUUTBhIBAsS CaMO€ BBICOKOE U
caMoe HHU3KOe 3HaueHUs A(PEHEKTUBHOCTH, 3aHUMATh MPOMEKYTOUHYIO
MO3UIIMIO (B3BEIIMBAIOTCS HAUXYAIIME W HAWIydIIHe ycioBus). Jis
3TOro BBOAMTCA Koadduiment ontummdma @ (0 < a < 1), xapakrepu-
3YIOIMA OTHOIIEHWE K PHUCKY JIHIA, TPUHUMAIOIIETO pemieHue. -
(EeKTUBHOCTh CHCTEM HAaxXOJMTCS KaK B3BEIICHHAs C IMOMOIIBI0 KOA(-
dbunreHTa a cyMMa MaKCUMaIbHON M1 MUHUMAJIbHOW OIEHOK

K(a;) = amaxk;j + (1 — a) mink;;,
J J

j=1-ni=1-m0<a<1.
VYci1oBrUe ONTUMAIBHOCTH 3aIIMCBIBAETCS B BUJIE

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

[Ipu a = 0 xpurepuii ['ypBuna cBOOUTCS K KPUTEPUKO MAKCUMHHA,
nmpu @ = 1 — K KpUTEpPUI0 MAKCHMAaKCca. 3JHAYEHUE A MOXET OIpelie-
JATBCA METOJOM SKCIEPTHBIX OIEHOK. OYeBUIHO, YTO, YEM OITACHEE
OLICHMBaeMasi CUTyalus, TeM OJIMKEe BEIWYMHA & JOJKHA OBITh K €IU-
HUIIE, KOTJ]a TapaHTUPYETCS] HAUOOJIBIIINN U3 MUHUMAJIbHBIX BBIUTPHIIIEH
WJIM HAUMEHBIINN U3 MAaKCUMAJIBHBIX PUCKOB. Ha mpakTuke moab3yroTces

3HaYeHUAMHU Kodddurmenta a B npeaenax 0,3-0,7.

6. Kputepuii MuHNMaJbHOro pucka (C3BH/IKA)

MunumMu3zupyeT norepu 3PGHEKTUBHOCTH MPU HAMXYIINX YCIOBU-
aXx. JlJs OIlEHKHM CHCTEM Ha OCHOBE JAHHOTO KPUTEpHUsS MaTpulia 3¢-
(heKTUBHOCTH JI0JI’KHA OBITH ITpeo0pa3oBaHa B MaTPHUILy IOTeph (pUCKa).
Kax b1t 271eMeHT MaTpHIIbl TIOTEPh ONMPEACIAETCS KaK pa3HOCTh MEXKTY
MaKCUMaJIbHBIM M TEKYIIUM 3HAa4Y€HUSIMU OLIEHOK A(P(OEKTUBHOCTH B
cToJIOIE



Akl} = miax kl] - kl]’] =1 e N, i=1--m.

[Tocne mpeoOGpa3zoBaHusi MaTPUIBI UCTHOJIB3YETCS KPUTEPUNH MUHHU-
MakKca

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

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

O kpurepun CiBUKAa MOXKHO CKas3aTh, YTO OH, KaK U KPUTEPUU
Banbga, OTHOCHTCS K YHCITYy OCTOPOXHBIX KpuTepueB. [1o cpaBHeHHIO
KputepreM Banbga B HEM NpUAAETCSd HECKOJILKO OOJblliee 3HAYCHUE
BBIUTPHIIILY, YEM MPOUTPHIIILY.

Ilpumep 1. Heobxo00umo oyenums 00uH U3 mpex pazpaboamvi8aemulx
NPOCSPAMMHBIX NPOOYKMOE 051 60pbObl ¢ OOHUM U3 Yemblpex Munos
npocpamMmubix 8o3odeticmeuti. Mampuya s3¢hpexmusnocmu npedocmas-
JneHa 6 maoauye. 30ecv a;, L =13 — (- npocpammubslil NPOOYKm,
b;,j = 1-+4 — j-e npocpammnoe 6ozoeiicmeue; k;; — oyenxa s¢ghex-
MUBHOCU NPUMEHEHUSL -20 NPOCPAMMHO20 NPOOYKMA NPU j-M Npo-
CPAMMHOM 8030€eliCMBUL.

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
a 0,1 0,4 0,4 0,3

Kpumepuii cpeonezo eviucpoiuia

3aoaoumcs  6eposAmMHOCMAMU  NPUMEHEHUsT NPOMUBHUKOM NpO-
epammuwblx 8ozdeticmeuil. p; = 0,4; p, = 0,2; p3 = 0,1; p, = 0,3. 1lo-
JYYUM credyroujue OYeHKU cucmem



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

Onmumanvroe peutenue — cucmema a,.

Kpumepuu Jlannaca
K(a,) = §(0,1 +0,5+ 0,14 0,2) = 0,225:

K(a,) = i(o,z +0,3+0,2+0,4) =0,275:
K(as) = §(0,1 +0,4+ 0,4+ 0,3) = 0,300.

OnmumanvHoe peutenue — cucmema Qag.

Kpumepuii ocmopoycnozo naonrooamensa (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.

OnmumanvHoe peutenue — cucmema Q.

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(as) = max(0,1; 0,4; 0,4; 0,3) = 0,4.
Onmumanvroe peuienue — cucmema a, .

Kpumepui neccumusma-onmumusma (I'ypeuya)
Kosgppuyuenm 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 peuleHue — cucmema Q.
Kpumepuiit munumanvnozo pucka (Creuoixca)
Mampuye s3¢hchexmusnocmu 6yoem coomeemcmeosams C1edyrouas

mampuya nomepo.

Tabnuya 2 — Mampuua nomepbs

b.
4 b, b, b, b,
a, 0,1 0,0 0.3 0,2
a, 0,0 0,0 0,2 0,0
a5 0.1 0.1 0,0 0,1

Toeoa

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(a3) = max(0,1; 0,1; 0,0; 0,1) = 0,1.

Onmumanvhoe pewenue — cucmema . Kpumepuii munumanvrozco
pucka ompasicaem codjicaieHue no nogoody moeo, 4mo 6blOPAHHAS CU-
cmema He OKA3A41ACb HAULydulell npu OnpeoeieHHOM COCMOSIHUU 00-
cmanosxku. Tax, eciu nmpouszsecmu 8bl100p cucmemvl Ay, A COCMOSHUE
0bcmanosku 6 oelicmseumenvHocmu bz, mo codcanenue, umo He blOPaAHa

Haunyywas uz cucmem (az), cocmasum 0, 3.

Taxkum o6pazom, 3PEKTUBHOCTH CUCTEM B HEOIPEICICHHBIX OIle-
palmsX MOXKET OIIEHUBATHLCS 110 1eJI0My psxy kputepueB. Ha BeIOOp TOTO
WJIM MHOTO KPUTEPHUs OKA3bIBACT BIHUSHUE Psii (aKTOPOB:

® [PHUPOJIa KOHKPETHOW OIEpaIUU U €€ 1Eb (B OJHUX ONEpaLMsIX
JIOITYCTUM PHUCK, B IPYTUX — HYKEH rapaHTUPOBAHHBIN PE3yJIbTaT);

® MPUYHMHBI HEOMNPEJECICHHOCTH (OJHO JIEJI0, KOTAa HEOoNpeaesieH-
HOCTb SBJISICTCSI CIIyYallHBIM PE3YJbTATOM JIEUCTBUS OOBEKTHBHBIX 3a-
KOHOB IIPUPO/IBI, U APYrO€, KOTJIa OHA BBI3BIBACTCS ICHUCTBUSIMU Pa3yM-
HOT'O MPOTUBHUKA, CTPEMSIIETOCS MOMENIATh B JOCTUKEHHUU 1IEJIN);



e XapakTep JHIa, MPUHUMAIOIIETO pereHne (OgHU JTI0IU CKIIOHHBI
K PHCKY B HaJeXJe TOOUTHCS OOJIBIIETO yCIIeXa, IPyTrue MpearmodyuTaroT
JeMCTBOBATh BCETJIa OCTOPOIKHO).

Br100p KaKkoro-To OgHOTO KPUTEPHUS MPHUBOAUT K MPHHSATHIO PEIIe-
HUS 10 OIICHKE CHCTEM, KOTOPOE MOYKET OBITh COBEPIIEHHO OTIIMYHBIM OT
peIIeHHH, TUKTYEMbBIX IPYTHMHU KPUTCPUSIMH.

Ilpumep 2. Csoonvie peszyromamvi oueHku dggexmusnocmu cu-
cmemvl Uz npumepa 1 no paccmompenHviM Kpumepusim npuseoeHvl 8

mabauye (8adesieHbl ONMUMAIbHBIE BAPUAHMBL CUCEMDbL).

Tabnuya 3 — Ceo0nble pe3yivmamol OYyeHKU 3P hexmusHocmu

b; K(a;) no kpumepusim

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

a, 0,1 0,5 |01 0,2 0,21 |10,225|0,1 |05 034 0,3

a, 0,2 0,3 0,2 04 1028 |0,2/5]0,2 0,4 0,32 10,2

as 0,1 o4 |04 |03 0,25 |0300/01 |04 [028 |01

Tun xputepus s BIOOpa pallMOHATILHOTO BapUaHTa JOJKEH ObITh
OTOBOPEH Ha JTalle aHaJIn3a CUCTEM, COTJIACOBaH C 3aKa3bIBAIOIICH Op-
raHu3alreil U B MOCJIEAYIOMMX 3ajadyax CHUHTe3a MH()OPMAIMOHHBIX U
IPYTUX CIOXKHBIX CHCTEM Ipemnoaraercs 3aaanabiM. [Iporecc Bribopa
BUJIa KpUTEpHUA [JIs ydeTa HEOINPEACICHHOCTH IOCTATOYHO CJIOKEH.
VY CTONYMBOCTS BHIOPAHHOTO PAIIMOHAIIBHOTO BapHaHTa MOXKHO OIEHUTH
Ha OCHOBE aHaJii3a MO HECKOJbKUM KpUTepHusiM. Eciu cyriecTByeT coB-
najieHue, TO UMeeTcsl 0oJbIas YBEPEHHOCTh B MPAaBHJIBHOCTH BBIOOpA
BapHUaHTA.

Oco0EHHOCThIO MaXOPUTAPHOU O0OPAOOTKH SIBISIETCS OIMACHOCTH
BBIOOpA CUCTEMBI, HE SIBJISIFOILICHCS JTydlllei, HA OCHOBE MHOTO3TAITHOTO
BBIOOpA TP TPYIIIIUPOBKE ATBTEPHATUB B KOAIUIINH.

Takas cutyanus oTpakeHa Ha puc. 2, r1ie 8 u3 27 CUCTEM MO pa3HbIM
KpUTEpHUsAM ObUIM OIleHEHBI Kak xyamue. OIHaKo MPU TPYIIUPOBKE B
KOAJUIIMA W OpTraHU3allMy JBYXATAlHOW MPOLEIAYpPhl Ma)KOPUTapHOU
00pa0OTKHU B Ka4eCTBE Jiyulliel Obl1a BEIOpaHa OJHA U3 XY/IIIHUX CUCTEM.
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Pucynok 2 — K yrpo3e MaxxopuTapHOIro BbIOOpa XyIIed CUCTEMBbI
HAa OCHOBE KOAJIMIMW: M — XyAlas - CUCTeMA; O — JIy4llas [-A

CHUCTCMa

B no0oM ciiyyae npu BbIIECIEHUM MHOXKECTBA MPEANOUYTUTETBHBIX
CHUCTEM I10 Pa3HbIM KPUTEPHUSIM OKOHUATEIbHBIN BEIOOP CUCTEMBI JTOTKEH
OCYIIECTBJISATHCS JIMIIOM, MPUHUMAIOMKUM perienue. Ilpu sToMm B orie-
panusx, KOTOPIM B 3aBUCUMOCTH OT XapakTepa COOTBETCTBYET JMOO
Moporosasi, TM00 MOHOTOHHAsI (DYHKIMS MOJE3HOCTH, d(PGHEKTUBHOCTH
CHUCTEM IIPAaBOMOYHO OIICHUBATh HEMOCPEICTBEHHO MO IOKAa3aTessiM
ucxod0B. JIJisi AeTepMUHUPOBAHHBIX omepanuil kpurepueM 3(pdexTrB-
HOCTU OyJeT CIyXUThb CaM TOKa3aTelb, /i1 BEPOSITHOCTHBIX — JIMOO
BEPOATHOCTH MOJYyYEHHUS AOMYCTUMOIO 3HAUEHUS TMoKazaress (Ipu IMo-
pOTrOBOM (DYHKIIMM TIOJE3HOCTH), JIMOO MaTeMaTH4YECKOe OXXHUIaHUE
3Ha4YEHUS MokaszaTess (Mpu JUHEUHOUN (HYHKIIMU MOJIE3HOCTH).

Onenka 3¢ (peKTUBHOCTH CUCTEM Ha OCHOBE MOKa3aTesield HCXOA0B B
JIPYTHUX CIydasix MOXKET MPUBOJIUTH K HEMPABUILHOMY BBIOOPY, TOITOMY
nepexo K oneHke 3(pheKTUBHOCTH cucTteM 0e3 BBeACHUS (DYHKIIUM T10-

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

B mnpenjioxkeHHOM BapuaHTE 3aJaHusl BHIOpaTh ONTUMAJIbLHOE pe-
HIEHUE TI0 BCEM BBILIETIEPEUUCICHHBIM KpuTepusiM. CocTaBUTh TaOIUILy,

no100HY0 Ta0d. 3, ¥ MIPUBECTH PUCYHOK, MOAOOHBIN puC. 2.



Bapuanr 1

b, b, b,
a, 060 |00 015 |05
a, 040 |00 005 |045
a; 020 /030 040 |0,10
Bapuant 2
4 b, b, b, b,
a; 035 |020 015 0,30
a, 055 |005 |015 |0,25
as 035 |030 020 |05
BapuanTt 3
% b, b, b, b,
a, 055 |005 |015 |0,25
a, 060 |010 015 |05
a; 040 |00 005 |045
Bapuanr 4
% b, b, b, b,
a 0,1 0,5 0,2 0,2
a, 0,2 0,2 0,4 0,2
as 0,3 0,4 0,1 0,2
BapuanTt 5
% b, b, b, b,
a, 020 |00 040 |0,20
a, 035 |030 020 |05
a; 060 |010 015 |05
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. KOHTPOJIBHBIE BOITPOCBHI

Kakue OCHOBHBIE KPUTEPHUU HCHOJB3YIOTCS JJIsI OLIEHKU CIIOXK-
HBIX CUCTEM B YCJIOBHSIX HEOIPEICICHHOCTH.

Uto onpenenseT KpuTeprii CPEAHETO BHIUTPHIIIA?

Yro onpenenser kpurepuii Jlamiaca?

Urto onpenenseT KpUTepuil OCTOPOKHOI0 HaOIOaTeNsA?

Uro onpenenseT KpuTeprii MakcCuMakca?

Uto onpenenseT KpUTepuii NeECCUMU3Ma-ONTUMHU3Ma?

Uro onpenenseT KpuTepruii MUHUMAJIBHOTO pUCKa?
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