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BBEAEHHUE

Jucunmmba «CHCTEMHBIA aHajlvu3 W YNPaBJICHHE)» CTABUT CBOEHU
1eJbI0 (POpMUpPOBAHUE CIEAYIONIMX KOMIIETEHIIUN OyTyIero 0akanaBpa
10 HampapjeHUIO0 MoArotoBku 15.03.04 — ApromMaruzanusi TEXHOJIOTH-

YECKUX IMPOLCCCOB U TPOU3BOACTB.

Kon DopMyIUpPOBKA

N/I-1yk-1  |BeiaenseT npoOJIeMHYIO CUTYaIMIO, OCYIIECTBIISIET €€ aHa-
73 Y TUAarHOCTUKY HAa OCHOBE CUCTEMHOIO I01X01a

N/1-3yk1 |OmnpenensieT U OIeHUBAeT PUCKHA BO3MOYKHBIX BApHAHTOB
penieHuii mpoOJIEMHON CUTYallUK, BBIOUPAET ONTUMAJIbHbBIN
BAPUAHT €€ PELICHUA

N /I-1onk-11 [Imanupyet HaydHbIE SKCIIEPUMEHTHI 110 U3YUYCHUIO XapaK-
TEPUCTUK CPEJICTB U CUCTEM aBTOMATHU3ALUN

N 1-20mk-11 (Opranu3yeT v MPOBOIUT HAYYHBIC SKCIIEPUMEHTHI 10 U3Y-
YECHUIO XapaKTEPUCTUK CPEJICTB U CUCTEM aBTOMATU3ALUU

N 1-3ornk-11 [[IpoBOIUT MaTEMAaTHUECKYIO U CTATUCTUYECKYIO0 00padOTKyY
OTBITHBIX JAHHBIX O XapaKTEPUCTHKAX CPEACTB U CHCTEM

aBTOMAaTHU3alluun.

['MaBHBIMU 3a7ja4aMU AUCITUIUIMHBI SBJISIIOTCS: PUOOPETEHUE U CO-
BEPILEHCTBOBAHME HABBIKOB CHCTEMHOTO IOAXOJa K PELIEHUIO MpH-
KJIQJHBIX 3a/1a4, (opMHUpOBaHME B3TJIAa HA OOBEKTHI PEaJTbHOrO0 MUpa
KaK Ha CIIOKHbIE MHOTOKOMITOHEHTHBIE CUCTEMBI, JOITYCKAIOIIKE MOIIa-
TOBYIO J€KOMITO3ULIMIO U TIOCJIEI0BATEIBHOE YCIOKHEHNE METOIOB aHa-
Jn3a.

B pesynbraTre 0OCBOSHHS JUCIUIUIMHBI CTYJACHT JOJDKEH:

® 3HaTh OOIIME MPUHIUIBI CUCTEMHOr0 MOAXOJa K aHaJIU3y CH-
CTE€M; OCHOBHBIE TTOHSITHUS W 3aKOHOMEPHOCTA CUCTEMHOI'0 aHaJn3a; OC-

HOBHBIE CITOCOOBI OITMCAHHUS CII0KHBIX MHOIOKOMITOHECHTHBIX CHUCTCM,



® yYMETh COCTaBJISATH MaTEMaTHUYECKUE MOJCIIH CHCTEM; (HOPMYITH-
pOBaTh M pemaTh ¢ moMoibio 9BM TumoBbie 3a1a4n MaTeMaTHUYECKOTO
MOJICTMPOBAHMS;

® BJIAJICTh METOJAUKOW HCIHOJb30BaHUS (PUIOCOPCKUX 3HAHUU B
podeCCHOHATLHON JEATEIbHOCTH; HABBIKAMU CHCTEMHOT'O MOJX0/a K
pelIeHNI0 TPUKIAIHBIX 3a/1ad; HaBbIKAMU (POPMaTM30BaHHOTO M HeE-
dbopManr30BaHHOTO OMUCAHUS CUCTEM.

Meroandeckue ykazaHus MpeAHA3HAYCHBI U1 JaOOpaTOPHBIX pa-
0ot mo nucuuiuinHe «CUCTEMHBIM aHAIU3 W YOPABJICHUE» C YYETOM
tpeboBanuiit ®I'OC BO nnsa nanpasnenus noarorosku 15.03.04 — As-
TOMaTH3aIUsl TEXHOJIOTHYECKUX TMPOIECCOB U MPOou3BOACTB. OHM CIHO-
COOCTBYIOT JIyYIIIEMY YCBOCHHIO CTyJCHTaMH OCHOB TEOPUU CHUCTEM H
OCHOB OIICHKH CJIOKHBIX CHCTEM; 00€CIEeUMBAIOT MPUOOPETCHUE MPAK-
TUYECKUX HABBIKOB HCIIOJIL30BaHUS MATEMAaTUUECKUX METOOB HCCIIC-
JIOBAHUS CIIOKHBIX CUCTEM, METOJOB CUCTEMHOTO aHaju3a, MOCTPOCHUS
MOJIJIEN OCHOBHBIX (DYHKITMH yIpaBICHUSI.

Brinoanenre 1abopaTOpHBIX pabOT MO3BOJISIET 3aKPETUTh TEOPETH-
YECKHUE 3HAHMS O TIOCTAHOBKE 3aJad CUCTEMHOI'0 aHaIN3a, MOCTPOCHUHU
MOJICJIEN CHCTEM U OIICHKE UX MapaMeTpOB.

K nmaGopatopHbiM paboTam CTYACHT JOKEH MOATOTOBUTHCS CaMO-
CTOSITEIHHO: M3YYHUTh COOTBETCTBYIOIIHUE Pa3feibl Kypca U BBHITIOJHHUTH
peABAPUTEIBHBIC PACUETHI.

[IpoBepka MOATOTOBJICHHOCTH CTYJIEHTa K OYEPEIHOU J1abopatop-
HOM paboTe OCYyIIECTBISETCA MpenojaaBaTeeM B HHAUBUIyaTbHOU Oe-
ceae. Ecnu cTyieHT He 3HAeT cofepKaHus MPEJCTOSIIEH Ta00paTOpHOM
paboThI, TO OH MOXKET OBITh HE JIOMYIIEH K €€ BHIMOJHEHUIO.



JIABOPATOPHAS PABOTA Nel. MOAEJIMPOBAHUE
OJHONMOTOYHbLIX CUCTEM

[enp pabOThl — YCBOEHHE OCHOBHBIX MPABUJ MOCTPOEHUS UMUTA-
AOHHBIX JUHAMUYECKUX MOJEJEN CUCTEM.

Conepxxanue pabOThl — MOJIy4YEHUE OJHOYPOBHEBOW HMMHTAIIMOH-
HOU MOJIeNIU, IPEJCTABICHUE MMOJYyUYECHHBIX PE3yIbTaTOB B (popMe oTueTa

N 10Ka3aTCJIbCTBO UX IIPABHUJIBHOCTHU.

1 TEOPETHYECKASA YACTb

1.1  OcHOBHBbIe MOJIOKEHHSI TEOPUU  HUMHUTAIMOHHOIO
MO/IeJTUPOBAHMS

ITpu mocTpoeHMH UMUATALIMOHHON MOJEIA CUCTEMA IIPEICTABISACTCS
B BUJE CIIOKHOM CTPYKTYpBI, JJIEMEHTbI KOTOPON B3aMMOCBS3aHbI U
IIOJIBEPKEHBI B3aMMHOMY BIIMAHUIO. XapakKTep BHYTPEHHErO B3aWMO-
JNEUCTBUSA DJIEMEHTOB OIPEAEISCT PEAKIMI0 CUCTEMBl HAa BHEIIIHUE BO3-
JNEUCTBUSA U TPACKTOPUIO €€ BEPOSITHOI'O ABUKECHHUS.

CBsI3M 3J€EMEHTOB MOT'YT OBITh NMPOCTHIMU WJIM KOHTYpHBbIMU. [Ipu
HaJINYUU KOHTYPHBIX CBSA3€U NEPBUYHBIE U3MEHEHHUS B JJIEMEHTAX BIIU-
SIOT HAa UX COOCTBEHHOE MOBEICHUE.

CBsi3u 3JIEMEHTOB 00JIaIat0T MOJAPHOCTHIO. [Ipu MONOKUTENHHON
CBSI3U U3MEHEHUS OJHOTO AJIEMEHTA CTUMYJIUPYIOT U3MEHEHUS IPYIroro,
a IpU OTPULIATEIIBHOU — MPOTUBOAECUCTBYIOT 3TUM U3MeHeHusM. [lo-
JIIPHOCTB CBSI3U JABYX DJIEMEHTOB OIPEAEIAETCS TOIBKO XapaKTEPOM UX
COOCTBEHHOTO B3aMMOJICHCTBUS U HE 3aBUCHUT OT WX CBSI3€U C IPYyTUMHU
DJIEMEHTaMHU.

IToAPHOCTH CIOXKHBIX CBA3EU OINPENENACTCS KOJIUYECTBOM BXOJS-
IMX B UX COCTAaB OTPULIATEIIBHBIX CBA3EH.

o 4 1
Honapuocme cnoscnoii ceazu = (— 1)7e omrwamems comer (1 1)
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Pucynok 1.1 — I1oJsIpHOCTB CJIOKHBIX CBSI3€M U KOHTYPOB

Ecnu mmuTHpyeTCcs peanbHas CHUCTEMA, TO B MOJENb JOJIKHBI
BKJIFOYATHCA 3JIEMEHTHI, 00aatonme unepyuonnocmoio. IX nopenenue
OnpeAeIsieT 3ana3AbIBaHUE MEPEAAUM YIPABICHUS IO KOHTYpPaM CBSI3H.

[Ipu mocTpoeHMM MOAEIM HEOOXOAUMO ONPEACIIUTH CIEAYIOIIHNE
IIapaMeTpBHl.

1. YpoBuu LEV (ot anrn. level — ypoBenn) — mokasarenu, xa-
PaKTEPU3YIOLIME HAKOIUICHUE HEKOTOpPBIX MapameTpoB. KosmuecTBo
YPOBHEU ONpeeNseT NOPALOK UMUTALIMOHHON TUHAMUYECKON MOJIEIH.

[lycth uMeeTcs Tpu JUCKpeTHbIX MOMeHTa BpeMend |, J u K (coot-
BETCTBEHHO NPOIIEIINN, HAacToAWMNA U Oyaymumid). Kaxaomy u3 Hux
OyZeT COOTBETCTBOBATh CBOE 3HAYEHUE YPOBHS (CM. PHUCYHOK 1.2).
Mexnay at00bIMU ABYMSI MOMEHTAMH BPEMEHHM YPOBHU CUHUTAIOTCS MO-

CTOSSHHBIMH.
0 I J K Bpems
® * * . '

LEV.l LEV.J LEV.K Yposnu
i RT.1J i RT.JK i Temnoi

Pucynok 1.2 — YpoBHH U TeMIIbI B JUCKPETHBIE MOMEHTBI BpEME-
HU

N3MeHeHne ypOBHSI TPOUCXOJUT CKAYKOOOPa3HO B JIHUCKPETHHIC
MOMEHTHI BpemMeHu. HoBoe 3HaueHHe ypOBHS OINpENesieTCs Yepe3 ero

BEJIMYMHY B IIPEALIECTBYOLIMY MOMEHT BPEMEHU U MPUPALLCHUE



LEV.J=LEV.I£LEV.1J. (1.2)

2. IToToku — (paxTopsl, ONpeAesIoNe U3MEHEHUE ypoBHE. OHuU

OBIBAIOT IBYX BUJIOB:

— MAaTCPHUAJIbHBIC IIOTOKHU,

— uHGPOPMAIMOHHBIE MOTOKH, CIY>KAIUe JJIsl TPUHSATHUS
pELICHHS.

Kaxnapiii motok xapakrepusyercss temrnoM RT (oT anriu. rate —
TE€MI), KOTOPBIM ONMpPEAEIAETCS KOJIUYECTBOM MMapameTpa, MepeHOCUMO-
ro B €JIMHUITY BPEMEHH.

Mexny 1ByMs TIOOBIMH MOMEHTAMH BPEMEHHU TEMIIbI IOTOKOB CUH-
TAlOTCSd HEU3MEHHBbIMHU. VM3MEHEHUs TEeMIOB B JIUCKPETHHIE MOMEHTHI
BPEMEHU MPOUCXOIUT CKAYKOOOPa3HO.

3. BcnomoraresbHbIe 3J1eMEeHTbl — OTAC/IbHbBIC TTapaMeTphl WU
K02 (HUITMEHTHI, BIUSIONIUX HA TTOBEJCHUE MOJICIIH.

1.2 MeToguka MMUTALMOHHOTO MO/ICJIMPOBAHUSA

PaznuuaroT npsimoe u obpatHoe MojenupoBanue. IlpsaimMoe moje-
JIMPOBaHMe BEJIETCS OT 33IaHHOTO COCTOSIHMS B HACTOSIIEM K OyyIiie-
My. [Ipu 3TOM MOXXHO OmNpeaeauTh, Kakue OyayT MmokazaTeiau (yHKIHO-
HUPOBAHUS CHUCTEMBI MPU 3aJaHHBIX HaYaJIbHBIX yCIOBUsIX. OOpaTHOE
MOJleJIMPOBAHME BEACTCA OT 3aJaHHOTO COCTOSHHUS B OyaylieM K
HacTosmemy. Mcmonb3yss ero, MOXKHO OINPEIeIUTh, KAaKUMHU JTOJKHBI
OBITH MOKazaTeau (YHKIMOHUPOBAHUSA CUCTEMBI ceidac JJIsl TOCTHUXKE-
HUSI 33JTAaHHOTO COCTOSIHUS B OyIyIIIeM.

NMuTalinoOHHOE MOJCIUPOBAHUE TMPEAYyCMATPHUBACT BBIMOJHEHUE
CIEIYIOIIUX JCUCTBUN.

1. AHasm3 cJj10BeCHOro (Bep0aJbHOI0) ONMCAHUS CUCTEMBI C 11e-
JIbIO BBHISIBJICHUS MPABUJI B3aUMOJICHCTBHS €€ 3JIEMEHTOB.

2. TlocTpoenue auarpaMMbl NPUYHMHHO-CJIEICTBEHHBIX CBsI3eil
— rpau4eckoro oToOpaxeHus OTHOIICHUN MEXIY OTISIbHBIMH dJie-
MEHTaMM KaK MEXy IPUYMHAMU U CIICICTBHUSIMU.



3. IlocTpoeHue nMarpaMmMbl NOTOKOB U YPOBHeil — rpaduuecko-
ro U300pa)K€HUs MOJIETU B BUJIE YPOBHEW U CBS3BIBAIOIIUX UX ITOTOKOB.

4. IlepeBox auarpamMmbl MOTOKOB M YPOBHell B MaTeMaTHye-
CKYI0 (pOpMY — IOJTyUYEHHE CUCTEMbI YPABHEHUN MOJEIIH.

5. Bepudukanusi MogeJ I — MPUBEJACHUE MOJIEIN B COOTBETCTBUE
C MOJICITUPYEMON CUCTEMOM.

Jlist opraHuzaiuu npoiecca MOACIUPOBAHUS HEOOXOIUMO 3a1aTh
napameTp DT — wae moodenuposanus. Im cuutaeTcs UHTEPBAT MEXKITY
JTUCKPETHBIMA MOMEHTaMHU BPEMEHH.

Buvibop napamempa DT cywecmeenno énusem na pe3yibmamsl Mo-
oenuposanusi. Ha pucynke 1.3 cxeMaTUYHO MOKa3aHO, KaK YBEJIMYCHUE
JUITMHBI 11ara MOJEIUPOBaHUs C 7 0 27 UCKa)KaeT 3aBUCUMOCTb YPOBHS

oT BpeMeHH (Oosiee rpy0as xapakTepUCTUKa M300pakeHa IMyHKTHUPHOM

JTUHHUCH).

RT| I L
| | | | |
| : | | :
A R R S R N

O | | | | | | | t
LEV T
T
L L
' l [ boe=d
| | poccqec=c |
— ' ' '

O ! ! | | ! ! ! t

27 4t 67T
Pucynok 1.3 — BiusH#He BeIMYMHBI IIara MOJICIHPOBAaHHS Ha

TOYHOCTH MO/JICIMPOBAHUS
1.3 MoaequpoBaHue 0JJHONOTOYHBIX CHCTEM
JlnarpamMmMa OpPUYHMHHO-CJIEACTBEHHBIX CBS3€M M JUarpamMma IoTo-

KOB U ypOBHefI JJIA OI[HHOTO‘IHOﬁ CUCTCMbI C HCYIIPABJIICMBIM BXOA0OM
N HCYIIPABJIACMBIM BbBIXOIOM IIOKA3aHbl HA PUCYHKC 1.4.



Pucynok 1.4 — JluarpamMmMa OpPUYMHHO-CIIECICTBEHHBIX CBSI3€N U

JrarpaMma OTOKOB M YPOBHEH ISl OJHOTIOTOYHOW CUCTEMBI

Bxoasuuii moToK ¢ MoJIOKUTEIbHBIM TemiioM RT1 mpuBogut k
YBEIIMUYCHUIO YPOBHS, a UCXOJAIIAN MOTOK C OTPULIATEIBHBIM TEMIIOM
RT1 — K ero yMeHbIICHHUIO.

CucreMa ypaBHEHH TEMIIOB U YPOBHEN UMEET BU/I

LEV .K = LEV .J + DT -(RT1.JK — RT 2.JK),
RT1.JK =VARL, (1.3)
RT2JK =VAR2,

rae VAR1 u VAR2 — nepemeHHbIE BETUYUHBI.
AHQJINTUYECKOE PELIEHUE CUCTEMBI YPABHEHUI MMOTOKOB M YPOBHEN

MOJTy4YaeTCs CIASTYIOIMNM 00pa3oM

LEV .K —LEV .J = DT -(RT1.JK — RT 2.JK),
d[LEV (t)] = [RT1(t)- RT 2(t)]dt,

LEf(t) LEV (r)dz = j[RT 1(z)- RT 2(z)|d~, (1.4)

LEV(0)

LEV (1) = LEv(o)+j[RT 1(zr)- RT2(z)ld.
0
Ecmm RT1(t)= RT1=CONST , RT2(t)= RT2=CONST, 10
LEV(t)= LEV(0)+(RT1-RT2)-t. (1.5)

IToBenenune cucrtembl 3aBUCUT OT cooTHomieHus RT1 u RT2 (310
MOKa3aHO Ha pUCYHKeE 1.5).



RT RT1 RT RT1

LEV

LEV(0)
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Pucynok 1.4 — IloBeneHne oqHOYpOBHEBOW CUCTEMBI, KOIJa BXO/I-

HOMW MOTOK MHTEHCUBHEW BBIXOJHOTO (@), M KOrJla BHIXOJHOM MOTOK WH-

TEHCHUBHEH BXOIHOIO (0)

2 ITOPAJOK BBIITIOJIHEHUA PABOTDI

I[O BBITIOJIHCHUA pa6OTBI HCO6XOI[I/IMO CaMOCTOATCIbHO H3YYHTDb

OCHOBHBIC ITIOJIOKCHUA TCOPHUHU HMMHUTALIMOHHOI'O JUHAMHWYCCKOI'O MOJIC-

JIMPOBaHUA M IIpaBWJIa ITOCTPOCHHUA HMHUTAIIUMOHHBIX MOI[GJ'ICI\/’I OOHO-

YPOBHCBBIX CUCTCM C 3aIld3IbIBAHHUCM.

[Ipu BBITIOTHEHUU PAOOTHI HEOOXOIUMO:

IMOCTPOUTHL UMHUTAIMOHHYIO JUHAMHUYCCKYIO MOICIIb OAHOYPOB-
HEBOM CHCTEMBI C HCYIIPABJISICMBIM BXOJ0M, HCYIIPABJISICMbBIM
BbBIXOJO0M M 3alla3bIBAHHUECM

HCCICAOBATH ITOBCACHUEC CUCTCMbI B ITUHAMUKC.

Cogeprxanue oTdeTa o JabopaTopHOl padoTe:

00I11asT TOCTaHOBKA 3a1a4H;

qyarpaMMa IpUIMHHO-CIICICTBEHHBIX CBSI3EH;
IarpamMMa oTOKOB U YPOBHEM;

CUCTEMA YPABHEHU TEMIIOB U YPOBHEM;

pE3yJIbTaThl MOACIIMPOBAHUSA CUCTCMBI.

BapuanTtsl 3aganuii npusenensl B Tadbuuie 1. [Ipu popmupoBannu

MOJEJIM HEOOXOJUMO MPEyCMOTPETh pa3yMHbIe OTPaHUYEHUS HA Tapa-



METpBI CUCTEMBI. Bpemsi MozienupoBaHus JOJKHO ObITh BBIOPAHO Tak,

YTOOBI IMPOABUIIMCH OCHOBHBLIC 3dKOHOMCPHOCTH IMOBCACHHA CHUCTCMBI.

[ITar MmoaenupoBaHus JOJKEH OBITh MOJO0paH TaK, YTOOBI HE MCKaXKa-

JIUCh PE3yJIbTaThl MOJACITUPOBAHHUS.

Tabnuna 1 — BapuaHTsl 3aaHUM 7151 BBITIOJIHEHUS J1aDOpaTOPHOI

paboTHI
No RT1 RT2 DEL | M RT1 RT2 DEL
1 | sin(t) cos(t) 1 | 11 | sin(t) | exp(-t) | 1
2 | cos(t) sin(t) 2 | 12 | cos(t) | exp(t) | 2
3 | exp(t) | exp(-t) | 3 | 13 | exp(t) | cos(t) | 3
4 | exp(-t) t? 4 | 14 | exp(-t) | sin(t) | 4
5 t? exp(t) | 5 | 15 t? sin(t) | 5
6 | sin(t) | exp(t) 1 | 16 | sin(t) t? 5
7 | cos(t) t? 2 | 17 | cos(t) | exp(-t) | 4
8 | exp(t) sin(t) 3 | 18 | exp(t) t? 3
9 | exp(-=t) | cos(t) 4 | 19 | exp(-t) | exp(t) | 2
10 t? exp(-t) | 5 | 20 t? cos(t) | 1
KOHTPOJIBHBIE BOITPOCbBI
1. KakoB o0Ouuii moaxoJ K IOCTPOEHHIO KMHTAIHOHHOM JTUHAMM-

YECKOU MOJEIA CUCTEMBI?

2. KakoBbI OCHOBHBIE DJIEMEHTHI TUHAMUYECKOI MOIEITN?

3. [Ilo kakoii MCTOJUKE BBIIIOJIHACTCA MMHUTAIIMOHHOC JHMHAMHNYC-

CKO€ MOJICTUPOBaHUE?

4. Kak Mozenupyercs OHHOYPOBHEBBIN OOBEKT C HEYIPABIISIEMBIM

BXOAOM U HCYIIPABIAACMbIM BBIXO,Z[OM?

5. Kak Mmonenupyetcst 00BEKT ¢ 3ana3ablBaHueM?




JIABOPATOPHAS PABOTA Ne2. MOIAEJIMPOBAHUE CUCTEM
C CAMOBBIPABHUBAHUEM

[lenb pabOTHI — HUCCIIEIOBAaHUE TTOBEJICHUSI CUCTEMBbI, 00J1a1atoIiei
CBONCTBOM CaMOBBIPAaBHUBAHMSI.

Conepxanue pabOThI — IMOJIYyYCHHE WMHTAIMOHHOW MOJEIN CH-
CTEMBI, TPEACTaBICHNE IOJYUYCHHBIX PE3ynbTaTOB B (popMe oruera H

A0Ka3aTCJIbCTBO UX IMPABUJIBHOCTH.

1 TEOPETUYECKASA YACTDb

CamoBbIpaBHMBaHME — CBOMCTBO CUCTEMBbI IPUXOJUTH B COCTOS-
HHUE PABHOBECHS, TIOJIHOCTHIO OIPEICIIIEMOE €€ CBOMCTBAMY U BHEIITHU-
MU BO3JEUCTBUIMHU.

JlnarpamMmma NpUYMHHO-CIIEJACTBEHHBIX CBSI3€M M JAuarpaMma I0TO-
KOB U YPOBHEW Il CUCTEMBI C CAMOBBIPABHUBAHUEM IOKA3aHbl HA pU-

cynke 1.1.
RTL — LEV X—»| LEV =
©) @
\\\ //l
C —» RT2% “.@_ c
Pucynok 1.1 — Jlmarpamma NpWUYMHHO-CIICACTBEHHBIX CBSI3€H W

JuarpamMma IoToKoOB U ypOBHeﬁ AJ1s1 CUCTCMBI C CAMOBBIPABHUBAHNUCM

[Torok ¢ noctostHubIM TeMioM RT1 Bxogut B ypoBens LEV. Otpu-
IaTeIBHBIM TEMIT MCXOAIIEro moToka RT2 OyaeT mpsMo MpomopIimo-
HajieH ypoBHIO (C — ko3¢ unreHT nponopuronanbHoctu). Harpysou-
Has XapaKTepUCTHUKA CUCTEMbI NTOKa3aHa Ha pucyHke 1.2.



RT RT1
....... .4;.?C
0 E Ej ...... LEV
RT2
Pucynok 1.2 — Harpy3ouHasd XapakTepUCTUKAa CHUCTEMBI C

CaMOBbIPpaBHHUBAHHUCM

Touka mepecedyeHrusi CyMMapHON Harpy304HOW XapaKTEPUCTUKU C
TOPU3OHTAIBLHON OCBIO OIPENENSAECT KOOPAUHATHI PABHOBECHOI'O COCTOSI-
HUs cucteMsl EQ.

Cucrema ypaBHEHUH TEMIIOB U YPOBHEW UMEET BUJL

LEV K = LEV .J + DT -(RT1.JK — RT 2.JK),
RT1.JK = RT1=CONST, (1.1)
RT2JK =C-LEV.J.

AHalMTHYECKOE OIMCAaHUE CHUCTEMBI C CaAMOBBLIPABHHUBAHUCM I10JIY-

qacTCiAa CJ'IGJIYIOHIHM 06p2130M
LEV K = LEV.J+ DT -(RT1JK - RT2JK)=

=LEV.J+DT-(RT1-C-LEV.J),

LEVK-LEVJ _ - dlLEV()]
RT1I-C-LEVJ ' RT1-C-LEV()
d[RT1-C-LEV(H)] _ _ct (1.2)
RT1-C-LEV(t) |
~C.LEV (1) _C.
RT1-C:LEV(t d[RTl C LEV(T)]=—C-jdr,
RT1-C-LEV(0) RTl—C-LEV(Z’) 0

LEV (t)= LEV(0)+[RT1-T - LEV(0)]- {1— exp(%)},




rne T =1/C — mocrosHHas BPEMEHU CUCTEMEI (32 3TOT MHTEPBAI
ypOBeHb n3MeHsercs Ha 100 1—1/e ~# 0,632 or pasHOCTH MEXKIY PaB-

HOBECHBIM U JJOCTUTHYTHIM 3HAYEHUEM YPOBHSI)..
[ToBeneHuEe CUCTEMBI C CAMOBBIPABHUBAHUEM B 3aBUCUMOCTH OT CO-
otHomeHnus TemMnoB RT1 n RT2 nokazano Ha pucyske 1.3.

RT RT1 RT RT1

0 ———oeeeer t

LEV LEV
EQ
LEV(Q)
0 t 0 t
%) 0)
Pucynok 1.3 — I3meHeHue Temna W YpPOBHS B CHCTEME C

CaMOBBIPABHUBAHKEM, KOT/Ia Ha4YaJIbHBIN YPOBEHb HUXE (a) U BbIiIe (0)
TOYKH PaBHOBECHS

Ecim RT1>RT2, to ypoBeHbp HaumHaeT pactu. OJHOBPEMEHHO
BO3PACTAET TEMIT UCXOSIIErO OTOKA, YTO MPUBOJUT CUCTEMY B PaBHO-
Becue npu RT1 = RT2. Ecniu RT1 < RT2, To oqHOBpeMEHHO CO CHMXe-
HUEM YpOBHsI yMeHblaercs temn RT2, u cucrema Takke MpPUXOAUT B
PaBHOBECHOE COCTOSIHHE.

2 ITOPAAOK BbIITOJHEHUSA PABOTDI

I[O BBITIOJIHEHUA pa6OTBI HGO6XOI[I/IMO CaMOCTOATCIIBHO HU3YYUTH
IMpaBuJia MOCTPOCHUA HMHUTAITUMOHHBIX MOI[GHCﬁ CUCTCM C CaMOBbIpaB-
HHUBAaHUEM.



[Ipu BBIMOJIHEHUU PAOOTHI HEOOXOIUMO:

® [IOCTPOUTHh UMUTAIIMOHHYIO JTUHAMUYECKYIO MOJEIb CUCTEMBI C
CaMOBBIPABHUBAHUEM,;

® 1CCIIeIOBaTh MOBEJACHUE CUCTEMBI B INHAMUKE;

® DOKCIEPUMEHTAIBHO OMNpeaeauTh 3HaueHue koddpdunuenta C,
Py KOTOPOM CHUCTEMA MEPEXOAUT B PABHOBECHOE COCTOSIHUE 3a
BpeMs tp.

Coneprxkanue otuera o J1abopaTopHOU padoTe:

e (00II1ag ITOCTAaHOBKA 3aJa4H,

® JuarpaMMa IPUYMHHO-CJIEJCTBEHHBIX CBSI3EH;

® JuarpaMMa IOTOKOB M YPOBHE;

® CHUCTEMa yPaBHEHHUU TEMIIOB U YPOBHEH;

® PE3yJbTAaThl MOJICIUPOBAHUS CUCTEMBI.

BapuanTtsl 3aganuii npusenensl B Tabnuie 1. [Ipu popmupoBanuu
MOJEJIM HEOOXO0JUMO MPEeyCMOTPETh pa3yMHbI€ OTPAaHUYCHUS HA Tapa-
METpBI CUCTEMBI. Bpemsi MozienupoBaHus JOJKHO ObITH BHIOPaHO Tak,
4YTOOBI MPOSIBUJIUCH OCHOBHBIE 3aKOHOMEPHOCTH MOBEACHUS CUCTEMBI.
[lar MonenupoBaHusl TOJKEH OBITh MOJ00paH Tak, 4TOOBI HE MCKaXka-
JIUCh PE3YyJIbTAaThl MOACIUPOBAHUSI.

KOHTPOJIBHBIE BOITPOCHI

1. Yrto noHUMaETCA MoJ| CaMOBBIPABHUBAHUEM CUCTEMBI?

2. Kak ctpoutcs quarpamma NpUYMHHO-CIIECCTBEHHBIX CBSA3EH s
CUCTEMBI C CAMOBBIPABHUBAHUEM ?

3. Kak cTpoutrcst nuarpamMma MOTOKOB M YPOBHEU JJIsl CUCTEMBI C
CaMOBBIPAaBHUBAHUEM?

4. Kakoll BuJ MMEET cucTeMa YpaBHEHHU TEMIIOB U YPOBHEU IJis
CUCTEMBI C CAMOBBIPABHUBAHUEM ?

5. Kak aHaquTHYECKH OIHUCHIBACTCS MOBEACHUE CUCTEMBI C CaMO-

BBIPABHUBAHUEM ?



Tabmuua 1 — BapuaHTbl 3ajaHuid U1l BBIIIOJHEHUS Ta00paTOPHOM

paboTHI
M| RTL |LEV(Q)| t |M| RTL |LEV(D)]| tr
1 1 2 10 [11] 5 1 9
2 2 4 12 [12| 4 3 8
3 3 6 14 [13] 3 5 7
4 4 8 16 |14 2 7 6
5 5 0 18 [15] 1 9 5
6 5 1 20 |16 1 2 5
7 4 3 19 [17] 2 4 6
8 3 5 17 [18] 3 6 7
9 2 7 15 [19| 4 8 8
10| 1 9 11 |20 5 0 9




JIABOPATOPHAS PABOTA Ne3. MOAEJIMPOBAHUE CUCTEM
C DJIEMEHTAPHBIMU KOHTYPAMUM OBPATHOM CBA3U

[enp paboOThl — HCCIIEIOBAaHUE NOBEACHUS CUCTEM C KOHTYpaMu
MOJIOKUTETLHON U OTPULIATENIHLHON 00paTHOM CBA3H.

Conepxxanue pabOThl — MOJIYyYEHHE HWMHUTAIMOHHOW MOJEIU CH-
CTEMBI, MPEACTaBICHUE MOJIYYEHHBIX PE3yJbTaTOB B (popMe oTuera H
JI0Ka3aTeIbCTBO UX IPABUJIBHOCTH.

1 TEOPETUYECKASA YACTDb

JlnarpamMma OPUYMHHO-CJIEACTBEHHBIX CBS3€M U Auarpamma IOTO-
KOB M YPOBHEH MJIsI CUCTEMbI C BJIEMEHTapHBIM KOHTYpPOM OOpaTHOM
CBSI3U TIOKa3aHbl Ha pUCyHKe 1.1 (3HaK «IUIHOC» COOTBETCTBYET MOJIOKHU-
TEJIbHOW 0OpaTHOM CBSI3H, 3HAK «MUHYC» — OTPUIATEIBHOMN).

t eV sz 5| LEV
() "

/
N s

C—> RT¥, c-@-

Pucynok 1.1 — JIlmarpamma NpUYMHHO-CIICICTBEHHBIX CBS3EU M

JdarpaMMa IIOTOKOB M YPOBHEH [JIS CHUCTEMBI C 3JIEMEHTApHBIM
KOHTYPOM OOpaTHOM CBSI3U

B yposens LEV BxoauT enquHcTBEeHHBIN NOTOK. By/ieM cuuTath, 4To
ero temn RT mponopuuonanen ypoBHio (C — koadduiiuent mpormop-
UOHAJIBHOCTH). Harpy3ouyHas XapakTE€pUCTHKAa CUCTEMbI HUMEET BUJ
NpsSIMOM JIMHUU (CM. PUCYHOK 1.2).



RT RT| ,’ LEV
L C>0 ' C<0
0 ' LEV

|
7) 0)

Pucynoxk 1.2 — Harpy3ouHas XapakTepHCTHKa CHUCTEMBI C

MOJIOKUTEIBHOM (a) U oTpHUIIaTeSIbHOM (0) 0OpaTHOM CBSI3BIO

Cucrema ypaBHCHI/Iﬁ TEMIIOB " yp0BHeI>'I HUMECT BU

LEV K = LEV.J+DT-RT.JK, (L.1)
RT.JK=C-LEV.J. '

AHalMTHYeCKOEe ONMHMCAaHHE CUCTEMBI C KOHTYPOM 06paTHOﬁ CBA3HU
moJryqacTcia CJIacayrounum 06pa30M

LEV .K =LEV.J+DT -RTJK =LEV.J+C-DT-LEV.J,
LEVK-LEVJ - o d[LEV(t)] _
LEV .J LEV(t)

v d[LEV (7)]

Cdt,

(1.2)

LE\J;(O) LEV(T) =C'_([d‘l',
LEV(t)= LEV(0)-exp(C - t) = LEV(0)- exp(_li_).

YtoObl B cHcTeME HAOJIIOJAI0Ch W3MEHEHUE YPOBHS, 3HAUCHUE
LEV (O) TOJDKHO OBITh OTJIWYHO OT HYJIA.
OCHOBHBIE XapaKTEPUCTUKU KPUBOM HKCHOHEHIMAIBHOTO POCTa
(3aTyxaHus) cleayroue:
e T=1/C — nocrosHHas BpeMeHH (3a DTOT MHTEPBAI YPOBEHD
U3MEHSETCS B € pa3);
o T,=T- In(2) — BpeMs yJIBauBaHUS YPOBHS Uil CHCTEM C IIO-
JIOXKUTEIILHOW 00paTHOW cBsi3bto (0T aHmI. double — ymaBocH-
HBIH);
e T, =T In(2) — BpeMs YMEHBIIEHUS YPOBHS BABOE IJIs1 CUCTEM

C OTpHUIIaTeIbHOM 0O0paTHOU cBsA3bi0 (0T aHri. half — momoBu-



HA).
[ToBeaeHUE CUCTEMBI C TOJIOKUTEIBHON W OTPHUIATEIbHON 00part-
HOW CBA3bBIO IMOKA3aHO Ha pUCyHKeE 1.3.

0 t
LEV LEV
LEV(0)
LEV (0)
0 t 0 t
a) 0)
Pucynox 1.3 — MN3MeHeHne TeMma W ypOBHSI B CHCTEME C

MOJIOKUTENLHOM (a) M oTpullaTeabHOM (0) 00paTHOM CBSA3BIO

JIro0boe BHENIHEE BO3MYIIEHUE BBIBOJUT CUCTEMY C TMOJIOKUTEIIb-
HBIMU OOpPaTHBIMM CBSI3SIMU M3 PABHOBECHSI, YTO JEJAET €€ HEYyCTONYu-
BOM. UTOOBI yNpaBATh CUCTEMOM, HEOOXOAUMO YCUJIUTh B HEW BIUSHUE
OTPUIATEIBHBIX (KOHTPOJUPYIOMINX) OOPATHBIX CBS3EH, MOJIABISIONINX
AKCIIOHEHIMAJIbHBIN POCT.

2 ITIOPAAOK BbIIIOJHEHUS PABOTDI

Jlo BbIMoOMHEHUST pabOTHl HEOOXOJUMO CAMOCTOATEIBHO H3YyYHUTh
MpaBUjia MOCTPOCHUS MMUTAIIMOHHBIX MOJIEIIEM CUCTEM C 3JIEMEHTap-
HBIMU KOHTypaMu 0OpaTHOM CBSI3H.

[Ipu BBIMOJIHEHUU PAOOTHI HEOOXOIUMO:

® [IOCTPOUTHh UMUTALNUOHHYIO JTUHAMUYECKYIO MOJEJb CUCTEMBI C

CUCTEM C KOHTYPOM OTpHULIATEIbHOW OOpaTHOMU CBSI3H;

® HCCIICAO0BATh ITIOBCACHUEC CUCTCMBI B JTMHAMUKE,;



KCIIEPUMEHTAILHO ONpEeAeIuTh 3HaueHue koddduimenta C,

IIPA KOTOPOM MO UCTEUYCHUHU BPEMEHHU lx 3HAUYCHUE YPOBHS HE

Gyner mpesbimath 5% or LEV (0).

Conepxanue otuera o jabopaTopHO padoTe:

001112 MOCTAaHOBKA 3aa4H;

AarpaMMa NPUYMHHO-CIEACTBEHHBIX CBA3ECH;
JrarpaMma roToOKOB U YPOBHEW;

CHUCTEMA YPABHEHUN TEMIIOB U YPOBHEW;

pPE3yJbTaTbl MOACIIUPOBAHUSA CUCTCMBI.

BapuanTtsl 3aganuii npusenensl B Tabnuie 1. [Ipu popmupoBanuu

MOJEJIM HEOOXO0JMMO MPEeyCMOTPETh pa3yMHbIe OTPAaHUYCHUS HA Tapa-

METpBI CUCTEMBI. Bpemsi MozienupoBaHus JOJKHO ObITH BHIOPAHO Tak,

YTOOBI IMPOABWJIINCH OCHOBHBIC 3dKOHOMCPHOCTHU ITOBCACHHA CHUCTCMBI.

[ITar moaenupoBaHus AOJDKEH OBITH MOJ00paH Tak, YTOOBI HE MCKaXKa-

JIMCh PE3YJIBTAThl MOJICIIMPOBAHMUS.

Tabnuna 1 — BapuaHThl 3a7aHU 71 BBITIOJIHEHHS J1aOOpaTOPHOI

paboThI
No LEV(0) tk Ne LEV(0) ti
1 2 10 11 1 9
2 4 12 12 3 8
3 6 14 13 5 7
4 8 16 14 7 6
5 10 18 15 9 5
6 1 20 16 2 5
7 3 19 17 4 6
8 5 17 18 6 7
9 7 15 19 8 8
10 9 11 20 10 9
KOHTPOJIBHBIE BOITPOCHI

1. Kak cTpoutcs nuarpaMmma OpUYMHHO-CJIEACTBEHHBIX CBS3EH IS




CUCTEMBI C KOHTYPOM OOpaTHOM CBSA3U?

2. Kak cTtpoutcs nuarpamma MOTOKOB M YPOBHEW JJISI CUCTEMBI C
KOHTYPOM OOpaTHOi CBA3U?

3. Kakoll BuJ MMeEeT cucTemMa ypaBHEHU TEMIIOB U YPOBHEW s
CUCTEMBI C KOHTYPOM OOpaTHOM CBSA3U?

4. Kak aHaIUTUYECKU OMUCHIBAETCA MOBEJACHUE CUCTEMBI C KOHTY-
pOM 00OpaTHOM CBSI3U?

5. B ueM nmpuHUMNIHAIBHOE OTJIMYME B MOBEJACHUU CUCTEM C IMOJIO-
AKUTEJIHLHON U OTPULIATEIIBHOW OOPATHBIMU CBSA3SIMU?



JIABOPATOPHAS PABOTA Ned. MOIAEJIMPOBAHUE
CUCTEM, CTPEMALINXCA K HEJIN

[lenb pabOThl — HCCIEAOBAHUE TOBEIACHUSI CUCTEM, ISl KOTOPHIX
3a/1aHa 11efb PYHKIIMOHUPOBAHMSL.

Conepxanne pabOThl — TOJIYyYEHUE UMHUTAIMOHHOW MO CH-
CTEMBbI, MPEACTABJICHUE IMOJYYEHHBIX pe3yJbTaTOB B ¢dopMe oTdeTa U
JI0KA3aTeIbCTBO UX MPABUIIBHOCTH.

1 TEOPETUYECKASA YACTD
1.1 MoaenupoBaHue CUCTEM, CTPEMAIINXCS K LeJIH

JIJ1st TakuX CUCTEM M3BHE 3ajaeTcs riobanbHas 1enb pa3Butus GL.,
UeM nanpliiie cuctema OT LeJid, TeM OOJIbIITNE 3aTpaThl HEOOXOAUMBI JIJIs
ee nocTmkeHus. PazHuily Mexny pakTUueCKuM M 5KeJIaeMbIM COCTOSIHU-
eM cucteMbl onpenaensier nuckpumuHanT DISC. J[luarpamma npudmHHO-
CJICICTBEHHBIX CBSI3€M M IUarpaMMa MOTOKOB U YPOBHEM ISl CUCTEMBI,
CTPEMSILIEHCS K LEH, ITOKa3aHbl HA puUCyHKe 1.1.

o -

C—»RT DISC «— GL

GL

Pucynok 1.1 — JluarpamMmMa NpPUYMHHO-CIIEJICTBEHHBIX CBS3€H U
auarpaMMa OTOKOB M YPOBHEM JJIsI CUCTEMBI, CTPEMSILEUCS K LIEJIH

Harpy3ouHnas xapakTepucTuka CUCTEMbBI UMEET BUJ NIPSAMOMN JTUHUU



(cm. pucyHok 1.2).

RT

\Kco “““

Pucynox 1.2 — Harpy3ouHas XapakTEpUCTHKa CHUCTEMBI,

CTPEMSAIIEUCS K LIEIIN

Ecan LEV < GL, T0O uMeeT MeCTO MOTOK C ITOJIOKUTEILHBIM TEM-
oM, Bxosmuii B ypoBeHb. Eciiu LEV > GL, To Temn ucxopsiiero u3
YPOBHS TOTOKA OTpHUIIATeNbHBIN. Ero abcomroTHas BeIMYMHA MPOIIOP-
IIMOHAJIbHA yAaleHU0 cuctembl oT 1enn (C — xoddummeHT mporop-
MoHaIbHOCTH). PaBHOBecue nocturaercs npu yciaosuu LEV = GL.,

CucreMa ypaBHEHH TEMIIOB U YPOBHEN UMEET BU/I

LEV K = LEV.J + DT -RT JK,
RT.JK =C-DISC.J, (1.1)
DISC.J =GL - LEV J.

AHanUTHYECKOS OMHCAaHUE CHUCTCMBI, CTpeMHH_ICI\/’ICH K OCJiv, II0JIy-

qaeTcs CIeAYIONMM 00pa3om

LEV K = LEV.J+DT-RT.JK = LEV.J +C-DT -(GL-LEV J),
LEVK-LEV.J . oo d[LEV()] _

GL-LEV.J ' GL-LEV()
_ V() _
d[GL LEV(t)]=_Cdt’ oL LIEVt d[GL LEV(r)]=_C-idT, (1.2)
GL-LEV(t) oL-tev(o) GL—LEV(7) 2

LEV (t)= LEV(0)+[GL - LEV(0)]- {1- exp(%)}.

3necs T =1/C — nocrosHHas BpeMeHH (3a 3TOT MHTEpPBAll ypO-



BEHb M3MeHseTCs Ha 10110 1—1/e = 0,632 or pasHOCTH MEXIY LEIBIO U
JTOCTUTHYTHIM 3HAYCHUEM YPOBHS).

[loBenenne cucrembl mus ciaydas LEV <GL w gma cioydas
LEV > GL mokazano Ha pucynke 1.3.

RT RT t
0 t
LEV LEV
GL
LEV()
0 t 0 t
) 0)
Pucynox 1.3 — MU3MeHeHune Ttemma ©W YpOBHSI B CHCTEME,

CTpeMSIIeHCcsa K IIeHM, KOT/la HadadbHbIH ypOBEHb HUXE Ieiu (a) u
HavyaJbHbIA YPOBEHb BhINIE 11U (0)

1.2 MoaenupoBaHHe CHCTEM CO CTPYKTYPOii S-o0pa3Horo pocra

B Takux cucreMax 3HaK OoOpaTHOM CBSI3M MeHseTcs. B HadaabHBIM
MEPUOJ] BPEMEHU OH TOJIOKUTENIbHBIN, U YPOBEHb AKCIOHEHIHAIBHO
HapacTaer. [Ipy TOCTHKEHUH CHCTEMOM HEKOTOporo yposus LEV™ 3nak
OOpaTHOM CBSI3U CTAHOBUTCS OTPUIIATEIBHBIM, U YPOBEHb ACUMIITOTHYE-
ckH mipuoOmmkaerces K memn GL.

Harpy3o4Hol XxapakTepUCTUKOU SIBISIETCS JIOMaHasl JUHUS (CM. pH-
cyHok 1.4). Cucrema ypaBHEHUN TEMIIOB U YPOBHEW UMEET BUJ

LEV K = LEV .J + DT - RT .JK,
RTJK=C-LEV.J, LEVJ<LEV", (1.3)
RTJK =C-[GL-LEV J], LEVJ > LEV".



RT
¢ C2<0
\|C1 :
0 (EV GL\ LEV
Pucynox 1.4 — Harpy3ouHass XapakTepHCTHKa CHUCTEMBI CO

CTPYKTYypO#l S-00pa3HOTro pocta

N3-3a cnenuduyueckoil GopMbl 3aBUCUMOCTh YPOBHS OT BPEMEHHU
Ha3bIBACTCS CUTMOJAILHON WIIM JIOTUCTUYECKOM (CM. pUCYHOK 1.5).

RT RT

0 0
LEV LEV
GL GL
LEV” LEV”
LEV(Q) LEV(Q)
0 0

Pucynok 1.5 — IloBemenne cucTemMbl CO CTPYKTYpOit S-00pa3HOTO
pocTa MpHU OTCYTCTBUM TI€pEpEryJIMpoBaHus (a) W TpU HAITUYUU

nepeperynupoBanusi (0)

2 ITIOPAAOK BBIIIOJTHEHUSA PABOTHI

]_—[O BBIIIOJIHCHUA pa6OTI)I HCO6XOZ[I/IMO CaMOCTOATCIIBHO H3YYUTH
npaBujia MMOCTPOCHUA UMUTALITMOHHBIX MOHCHCfI CUCTCM, CTPCMAILIUXCS K



uenu. [Ipu BeimosHeHU paboThl HEOOXOAUMO:

¢ [IOCTPOUTH UMHUTAIIMOHHYIO JTUHAMHWYCCKYIO MOACIb CHCTCMBI CO

CTPYKTYpPO# S-00pa3HOTro pocTa, CTPEMSIICHCS K IICNH,

® HCCIECA0BATh ITIOBEACHHUEC CUCTCMBI B JTMHAMUKE,;

® DOKCIEPUMEHTAIHHO OMpeAeNuTh 3HaueHus kodpduiumento Cl

u C2, mpu KOTOPOM CHUCTEeMa JOCTHUTAET IeIU 3a BpeMs Lp.

Conepxanue otuera o jabopaTopHO padoTe:

e (00II1ag ITOCTAaHOBKA 3a1a4H;

¢ JMarpamMma npu9ruHHO-CJIICACTBCHHbIX CBSIBCI;'I;

e JMarpaMMa NOTOKOB U YPOBHEH;

® CHUCTEMA YPAaBHECHUU TEMIIOB U YPOBHEW;

¢ DPC3yJbTaTbl MOACIUPOBAHUA CUCTCMBI.

BapuanTtsl 3aganuii npusenensl B Tabnuie 1. [Ipu popmupoBanuu

MOJEJIM HEOOXO0JMMO MPEyCMOTPETh pa3yMHbI€ OTPAaHUYCHUS HA Tlapa-

METpBI CUCTEMBI. Bpemsi MozenupoBaHus JTOJDKHO OBITh BBIOPAHO Tak,

YTOOBI IMPOABWJIINCH OCHOBHBIC 3dKOHOMCPHOCTHU ITOBCACHHA CHUCTCMBI.

[ITar moaenupoBaHus AOJDKEH OBITH MOJ00paH Tak, YTOOBI HE HCKaXKa-

JIMCh PE3YJIBTATHI MOJICIIMPOBAHUSL.

Tabnumna 1 — BapuaHThl 3aaHUM J71s BBITIOJIHEHHS J1aOOpaTOpPHOI

paboTHI

M| LEV(0) |[LEV'| GL | tp |M | LEV(0) |[LEV"| GL | tp
1 1 3 7 | 10 |11 1 4 7 9
2 2 4 6 | 12 [12] 3 5 8 8
3 3 5 8 | 14 [13] 5 6 8 7
4 4 6 9 | 16 |14| 7 11 | 15 | 6
5 5 7 | 12 | 18 |15] 9 12 | 17 | 5
6 5 7 | 11 | 20 [16] 2 4 6 5
7 4 8 | 10 | 19 [17] 4 5 9 6
8 3 7 | 12 | 17 [18] 6 8 | 11 | 7
9 2 6 | 14 | 15 |19| 8 10 | 14 | 8
10 1 5 8 | 11 [20] 0O 2 5 9




KOHTPOJIBHBIE BOITPOCHI

1. Kak crpoutcs aumarpamMma NpUYMHHO-CIEACTBEHHBIX CBS3EH IS
CUCTEMBI, CTpEMSIIEHCS K 1ETH?

2. Kak cTtpoutcs nuarpamma MOTOKOB M YPOBHEH JiI CHUCTEMBI,
CTpeMSIIEHCS K e ?

3. Kako#l Bug MMeeT cucremMa ypaBHEHHUM TEMIIOB U YPOBHEU IS
CUCTEMBI, CTpeMSIIEHCS K 1ETH?

4. Kak aHaIUTHYECKU OMHUCHIBAECTCS MOBEJIECHUE CUCTEMBI, CTPEMSI-
ieics K 1enn?

5. Kak momenupyercst cuctema co CTpyKTypoil S-o0pasHoro pocra?

6. Kak mpousBoauTcs 00paTHOE MOJEIUPOBAHUE CUCTEM?



JIABOPATOPHAS PABOTA NeS5. MOIAEJIMPOBAHUE CUCTEM
C BOBMYIIEHUSMHA

[{enb pabOThI — HCCIIEAOBAHUE MOBEJCHUS CUCTEM, TIOABEPKEHHBIX
BJIMSIHUIO BHEIIIHUX BO3MYIIICHUH.

Conepxanne pabOThl — TOJIYyYEHUE UMHUTAIMOHHOW MO CH-
CTEMBbI, MPEACTABJICHUE IMOJYYEHHBIX pe3yJbTaTOB B ¢dopMe oTdeTa U

A0Ka3aTCJIbCTBO UX IMPABUJIBHOCTH.

1 TEOPETUYECKASA YACTDb

I[HarpaMMa MPUYINHHO-CIICACTBCHHBIX CBsI3eH U AuarpamMma I10To-
KOB U ypOBHeﬁ I CUCTEMbI ¢ BHCIIIHUM BO3MYHICHUCM ITOKA3dHbI HA

pucysnke 1.1.

SZ SZ
+ LEV\ RT?2 @

)
C —»RTl DISC<— GL

GL

Pucynok 1.1 — JIlmarpamma NpUYMHHO-CIICICTBEHHBIX CBS3EU M
JrarpaMma OTOKOB U YPOBHEU JIJIsI CUCTEMBI C BO3MYILIEHUEM

Ha motok ¢ Temnom RT1 cucrtema MOKET OKa3bIBaTh BO3CHCTBHE
10 KOHTYPY OTPHUIIaTEeIbHOM 00paTHOM CBsI3U. Ha JOmOMHUTEILHBIN T10-
TOK ¢ TeMnoM RT2, KOTOpsIil MOKET OBITh KaK BXOJSIINM, TaK U UCXO-
JAIIUM, CUCTEMa BIIUATH HE MOXET, MO3TOMY OH WIpPaeT poJib HEKOH-
TPOJIUPYEMOTO BO3MYIIICHHUS.

Harpy3ouHast xapakTeprucTiKa CUCTEMBI ITOKa3aHa Ha pucyHke 1.2.



Pucynok 1.2 — Harpy3ouHasi XapakTEpUCTHKa CHUCTEeMbI (a) C

MOJIOKUTEIBHBIM U (0) OTpUIIATEIbHBIM BO3MYIIICHUEM

ITycTh B Ha4YQJIbHBI MOMEHT BPEMEHU CUCTEMA HAXOJIUTCS B COCTO-
sanK paBHOBecust GL (TeMnm cymMapHOTO MOTOKa MpHU 3TOM PaBEH HY-
o). Ilycte 3a O€CKOHEYHO Mayiblii MPOMEXKYTOK BPEMEHH HAYMHAET
IeWCTBOBATh BO3MYyIeHHEe — IMOTOK ¢ TemiioM RT2. Eciu RT2 > 0, To
TEMIT CYMMapHOT0 TIOTOKa Bo3pacTtaet, a eciiu RT2 <0, To ymeHbIaeT-
csi. KomnencupoBaTh 3TO M3MEHEHHE MOXKHO TOJIBKO ITyT€M COOTBET-
cTByroniero n3Menenus temna RT1. B nmobom ciydae cucrema nepexo-
JUT B HOBOE COCTOSIHHE PABHOBECHS

NGL=GLi%2=GLi RT2-T. (1.1)

Cucrema ypaBHEHHM TEMIIOB U YPOBHEW UMEET BUJ

(LEV K = LEV.J + DT -(RT1.JK = RT2.JK),
RT1JK =C-DISC.J,

DISC.J =GL-LEV .J
|RT2JK = RT2=CONST.

(1.2)

AHaIMTHYECKOE OIMMCAHUE CUCTEMBI IMOJIY4acTCA TaK KC, KaK U JJIA

CHUCTEMBI, CTpeMFIHIGfICSI K Oejiaun
LEV(t)= LEV(0)+[GL£RT2.T - LEV(0)]- {1— exp(%)}. (1.3)

Ecin RT2 >0, To ypoBeHb HaUMHAET PacTU. ITO BBI3BIBAET UCXO-
namuii motok ¢ temnoM RT1 <0, koTopblid yBeauyuBaeTcs Mo adco-



JIOTHOW BenuuuHe ¢ poctom napamerpa LEV. Cucrema npuxoaut B co-
cTossHre paBHOBecus, korma RT1 = —RT2 (cm. pucynok 1.3 (a)).

RT RT2 QT RT1

= t

N RTL L RT?

LEV
NGL
GL
0 t 0 t
7)) 5
Pucynok 1.3 — MW3MeHeHue cymMMapHOro TemIlia U YpPOBHS B

CHCTEME TIIpU IMOJIOKHUTEIbHOM (a) M Tpu oTpuuareJbHoM (0)
BO3MYIIIEHUU

Ecin RT2 <0, To yMeHbIIIEHUE CYMMApHOIO IMOTOKA KOMIIEHCHPY-
etcs yBenmueHueM temmna RT1 (ecm. pucyHok 1.3 (a)).

2 ITOPAAOK BbIITOJHEHUS PABOTDI

Jlo BbITIOJIHEHUST pabOThI HEOOXOAMMO CAMOCTOSITEILHO H3YYHTh
npaBujia TOCTPOEHUS WMHTAIIMOHHBIX MOJENICH CHUCTEeM C HEeympaBiisie-
MBIMHU BO3MYIIICHUSIMHU.
[Ipu BBITIOTHEHUN PAOOTHI HEOOXOIUMO:
® TIOCTPOUTHh UMHUTAIIMOHHYIO JTUHAMHUYECKYIO MOJICNIb CUCTEMBI C
HEYTPaBJIsIEMbIM MTOCTOSTHHBIM BO3MYILICHHUEM,

® uccle0BaTh MOBEJCHNUE CUCTEMBI B IMHAMUKE;

® DOKCIEPUMEHTAJILHO OIpeaeNuTh 3HaueHue koddduiuenta C,
IIpU KOTOPOM OTKJIOHEHHE HOBOTO cocTosiHUsA paBHOBecust NGL
OT cTaporo coctosiuus paBHoBecus GL He nipeBsbimaeT 5%.



Coneprkanue oTdeTa o JJabopaTopHOM padoTe:

e 00II1asg ITIOCTAaHOBKA 3aa4H,

® JuarpaMMa NPUYMHHO-CIIEJCTBEHHBIX CBSI3EH;

® JuarpaMMa OTOKOB M YPOBHE;

® CHUCTEMa yPaBHEHUU TEMIIOB U YPOBHEHN;

® DPE3yJbTAaThl MOJICIUPOBAHUS CUCTEMBI.

BapuanTsl 3aganuii npuBenensl B Tadnuie 1. Ilpu hopmupoBanuu
MOJIETIM HEOOXOIUMO MPETyCMOTPETh Pa3yMHbIE OrpaHUUYCHUS Ha mapa-
METpBbl CUCTEMBI. BpeMs MoJieiupoBaHus JOJHKHO ObITh BHIOPAHO Tak,
4TOOBI MPOSIBUJINCH OCHOBHBIE 3aKOHOMEPHOCTU ITOBEJCHUS CHUCTEMBI.
[ITar MmogenupoBaHus JOJKEH OBITh MOJ00paH TaK, YTOOBI HE MCKaXKa-
JIUCh PE3yJIbTaThl MOJACTUPOBAHMUS.

Tabnuua 1 — BapuanTsl 3aaHuil 7151 BBITIOJIHEHUS JIa0OPATOPHOI

padoThI
Ne LEV(0) RT2 No LEV(0) RT2
1 2 1 11 1 1
2 4 —1 12 3 —1
3 6 2 13 5 2
4 8 —2 14 7 —2
5 0 3 15 9 3
6 1 —3 16 2 —3
7 3 2 17 4 2
8 5 —2 18 6 —2
9 7 1 19 8 1
10 9 —1 20 0 —1

KOHTPOJIBHBIE BOITPOCHI

1. Kak crpoutcs aAnarpamMma MpUYMHHO-CIEACTBEHHBIX CBS3EH IS
CUCTEMBI C BO3MYLLIEHUEM ?

2. Kak cTtpoutcs auarpamma MOTOKOB M YPOBHEW JJISI CUCTEMBI C
BO3MYILIEHHEM ?




3. Kakoll BuJ MMeEeT cucTemMa ypaBHEHU TEMIIOB U YPOBHEW Jid
CUCTEMBI C BO3MYILIEHUEM?

4. Kak aHaMTUYECKHU OMHUCHIBAETCS MOBEJICHUE CUCTEMBI C BO3MY-
HIeHUuEM?

5. Kak Bener cebst cuctema noj| BIMSIHUEM BO3MYILEHHUM Pa3HOToO
3HaKa?



JIABOPATOPHAS PABOTA Ne6. MOAEJIMPOBAHUE CUCTEM
C 3AITIA3IBIBAHUEM

[lenb pabOThl — HCCIEAOBAHUE MOBEJACHUSI CUCTEM, 00JIaJarolnx
TPAHCIIOPTHBIM 3alla3bIBAaHUEM.

Conepxanue pabOThl — IMOJIYYCHHE WMHTAITMOHHOW MOJEIN CH-
CTEMBI, TIPEACTaBICHNE TOJYYCHHBIX PE3yJbTaTOB B (hopMe OTyeTa H

A0Ka3aTCJIbCTBO UX IMPABUJIBHOCTH.

1 TEOPETUYECKASA YACTDb

3anma3abIBaHUe — CBOICTBO PEaIbHBIX CUCTEM, KOTOPOE MPOSIBIIS-
€TCA B TOM, UTO BJIMSHHE JIFOOOTO BXOJSIIEr0o MOTOKA CKa3bIBACTCS HA
BBIXOJIE HE Cpa3y, a uepe3 HEKOTOpOoe Bpemsi, HeOOXoAuMOeE ISl TPo-
XO0XKJICHUSI CUTHaJIa Yepe3 cucteMy. /[narpaMma moToOKOB U YPOBHEU IS
00BbEKTa C 3ala3bIBAaHUEM MIEPBOTO MOPsJIKa TOKa3aHa Ha pucyHke 1.1.

V: » LEV !
Seon

Pucynok 1.1 — JluarpamMma NOTOKOB M YpPOBHEW isi OOBEKTa C

3alra3ibIBAaHUCM

Ha pucynke 1.1 00603Ha4YeHBI: MOTOK, BXOISIINI B 3ara3AblBaHUE C
temnioMm IN; moTok, BeIXomsmui u3 3ana3aeiBanusa ¢ TeMnoM OUT; 006-
1iee KOJIMYeCTBO MapaMmeTpa, Haxojdiieecs B 3ana3asiBanuu LEV; Bpe-
Ms 3anazaeiBanug DEL, 3a koTopoe TeMIbl BXOAIIETO M BBIXOSIIETO
MIOTOKOB CpaBHMBAIOTCH, a 3HaueHue LEV cranoBuTCcsa mocTossHHBIM.

CucreMa ypaBHEHH TEMIIOB U YPOBHEN UMEET BU/I



LEV K = LEV.J + DT - (IN .JK —OUT .JK),
IN.JK = IN = CONST, (1.1)
OUT JK = LEV .J/DEL.

Jns mosydeHus 3amasfplBaHUs MOpsiAKa N IMOCIENOBATENIBHO CO-
SAUHSIOT N 3ara3AblBaHUN MEPBOro MOPSIKa U COOTBETCTBEHHO (HOPMHU-
PYIOT CUCTEMY U3 N YPABHEHUN.

2 ITOPAJOK BBIITIOJIHEHUA PABOTDBI

Jlo BbIMOJHEHUST pabOTHl HEOOXOIWMO CaMOCTOATEIHLHO H3YyYHUTh
OCHOBHBIC TOJIOKCHHUSI TEOPUH MUMHUTAIIMOHHOTO JUHAMHYECKOTO MOJIe-
JUPOBAHMUS W TIpaBWIA MOCTPOCHUS HWMHTAIMOHHBIX MOJEIEH OJHO-
YPOBHEBBIX CUCTEM C 3ama3AbIBAHUEM.

[Ipu BBIMOJIHEHUH PA0OTHI HEOOXOIUMO:

® I[IOCTPOUTHh MMHUTAIMOHHYIO JUHAMHYECKYIO MOJENIb OJTHOYPOB-

HEBOW CUCTEMBI C 3aIa3/IbIBAHUEM;

® HCClIeIoBaTh MTOBEJICHUE CUCTEMBI B IUHAMUKE.

Cogneprxanue oTdeTa o JJabopaTopHOMl padbote:

e (00II1asg IIOCTAaHOBKA 3a1a4H,

® JuarpaMMa NPUYMHHO-CIIEICTBEHHBIX CBSI3EH;

® JuarpaMma IOTOKOB M YPOBHEM;

® CHCTeMa ypaBHCHUI TEMIIOB U YPOBHEH;

® PE3yJbTAThl MOJICIUPOBAHUS CUCTEMBI.

BapuanTel 3aganuil ipuBesieHsl B Tabmuie 1. Ilpu popmupoBannun
MOJIETTM HEOOXOIUMO MPETyCMOTPETh Pa3yMHbIE OTpaHUYCHUS Ha mapa-
METpBI CUCTEMBI. BpeMs MoJieupoBaHus JOJKHO OBITh BBIOPAHO Tak,
4TOOBI MPOSIBUJINCH OCHOBHBIE 3aKOHOMEPHOCTHU IOBEJICHUS CHUCTEMBI.
[ITar MmogenupoBaHus JOJKEH OBITh MOJIO0paH TaK, YTOOBI HE MCKaXKa-
JIUCh PE3yJIbTAThl MOJACITUPOBAHHS.



Tabmuua 1 — BapuaHTbl 3ajaHuid U1l BBIIIOJHEHUS Ta00paTOPHOM

paboTHI

No RT1 RT2 DEL | MNe RT1 RT2 DEL
1 | sin(t) cos(t) 1 | 11 | sin(t) | exp(-t) | 1
2 | cos(t) sin(t) 2 | 12 | cos(t) | exp(t) | 2
3 | exp(t) | exp(-t) | 3 | 13 | exp(t) | cos(t) | 3
4 | exp(-t) t? 4 | 14 | exp(-t) | sin(t) | 4
5 t? exp(t) | 5 | 15 t? sin(t) | 5
6 | sin(t) | exp(t) 1 | 16 | sin(t) t? 5
7 | cos(t) t? 2 | 17 | cos(t) | exp(-t) | 4
8 | exp(t) sin(t) 3 | 18 | exp(t) t? 3
9 | exp(-=t) | cos(t) 4 | 19 | exp(-t) | exp(t) | 2
10 t? exp(-t) | 5 | 20 t? cos(t) | 1

KOHTPOJIBHBIE BOITPOCHI

1. KakoB oOmwuii moaxo K NOCTPOSHUI0O UMUTAIIMOHHOW JUHAMU-

YECKOU MOJEIU CUCTEMBI?

2. KakoBBI OCHOBHEBIE 3JI€MEHTEI I[HH&MH‘IGCKOI?I MOI[GJ'II/I?

3. Ilo kakoii MCTOJUKE BBIITOJHACTCA HMMHTAILIMOHHOC JHHAMHNYC-

CKO€ MOJICJIMPOBaHUE?

4. Kak mogenupyeTcsi 0ObEKT C 3ama3/IbiIBAaHuEM?




JIABOPATOPHAS PABOTA Ne7. OBPATHOE
MOAEJIUMPOBAHUE CUCTEM

[lenb paOOThI — HCCIEAOBAHUE TOBEJICHUSI CUCTEM TOTEEeM 00part-
HOTO MOJICITUPOBAHUS.

Conepxanue pabOThl — IMOJIYYCHHE WMHTAITMOHHOW MOJEIN CH-
CTEMBI, TPEACTaBICHNE IOJYUYCHHBIX PE3ynbTaTOB B (popMe oruera H

A0Ka3aTCJIbCTBO UX IMPABUJIBHOCTH.

1 TEOPETUYECKASA YACTDb

B cucremax ¢ orpuiiatebHOM 00paTHOM CBSI3bI0 MOXKHO OPTraHH30-
BaTh MPOLIECC OOPATHOIO MOJICIUPOBAHUS, KOTOPOE MO3BOJISET JaTh OT-
BET Ha BONPOC: KAKUMU JOJKHBI OBITh TEKYIIME MOKa3aTelIu PyHKINO-
HUPOBAHUSI CUCTEMBI, YTOOBI B OYyJyIlleM OHA JOCTHUIJIA 3aJaHHOIO CO-
CTOSIHUA.

Jlns monmydeHus CXEMbl OOpaTHOrO MOJACIUPOBAHUS H3MEHUM
HAIPaBJICHUE OTCUYETA BPEMEHU

LEV .J = LEV K - DT - RT .KJ,
RT .KJ=C-DISCJ, (1.1)
DISC.J =GL - LEV J.

YToOBbl MONYUYUTHh TPACKTOPHUIO JBUKEHUS U3 OyAYIIETrO B HACTOS-
mee Heooxoaumo, yToOsl LEV.K #GL. D10 BooiaHe BO3MOXKHO, TaK Kak
TEOPETUUECKH YPOBEHD JIUIIIb CTPEMUTCS K 11€JIM, HO HE IOCTUTAET €€.

N3 (1.1) moxHO HaiTH

RT.KJ=C-[GL-LEV.J]=C-[GL-(LEV K -DT-RT.KJ)]
C-[GL-LEV.K] GL-LEVK (1.2)
1-C.DT ~ T-DT

RT .KJ =

VYpaBuenue (1.2) onpenenser KpUTEpHUl yCTOMYUBOCTH MOJAEIH OT-
HOCHUTEIBHO I11ara MOJEIUPOBaHUS.



[Ipu DT <T TtpaekTopust 0OpaTHOro JBUKEHHS — HENPEpPHIBHAS
MOHOTOHHas crpemsimasca Kk uenu kpusad. [Ipu T < DT < 2T mopuens,
HECMOTPsI Ha OOJIBIITYIO0 YYBCTBUTEIBHOCTD, ABISECTCS yCTOWUUBOM. [Ipu
DT = 2T monens HeycToluuBa B qoctkeHuu uenu. [pu DT > 2T mo-
JIeIb HEyCTOMYMBA B TTOJTHOM CMBICIIE.

[Ipu DT = T o6parHoe MoAeIUpPOBaHKE HEBO3MOKHO 0€3 MpUMeEHe-
HUS CIELMAIbHBIX METOO0B, & TPACKTOPHUS OOPATHOTO JABUKEHUS MPE/I-
CTaBJIsieT COOOM CTyneH4YaTyo (PyHKIUIO0, COOTBETCTBYIOIIYI0 MIHOBEH-
HOMY JIOCTHKEHUIO 1EJH.

Pa3nuunble  BapuaHThl  OOpAaTHBIX  TPACKTOPUHA  CHUCTEMBI,
COOTBETCTBYIOILIME pA3JIMYHBIM 3HAYEHUSIM IIara MOJCIUPOBAHUS,

noKa3aHbl Ha pucyHke 1.1.

LEV T<DT<2T LEV
GL GL
O J
0 t
a)
Pucynok 1.1 — BiusHue BeIWYMHBI IIara MOJCIMPOBAHUSA Ha

TPaeKTOPUIO OOpPATHOTO JABUKEHUS CUCTEMBI [JIi YCTOWYMBBHIX (a) U
HEYCTONYMBBIX (0) Moenen

2 ITIOPAAOK BbBIITOJTHEHUSA PABOTHI

Jlo BbIMOJHEHUST pabOTHl HEOOXOJIWMO CaMOCTOATEIIHLHO H3YYHUTh
MpaBUJia NOCTPOEHUSI UMUTAIMOHHBIX MOJETCH CUCTEM, CTPEMSIIIIUXCS K
nienu. [Ipu BeIMOIHEHUN PabOTHl HEOOXOIUMO:

® TIOCTPOUTH OOPATHYH) HMMHTAIIMOHHYIO JTUHAMUYECKYI0 MOJCIb

CHUCTEMBI, CTPEMSILIEHCA K LIEJIH;

® HCCIEAO0BATh ITIOBEACHUC CUCTEMbBI B IMHAMUKE.



Coneprkanue oTdeTa o JJabopaTopHOM padoTe:

e 00II1asg ITIOCTAaHOBKA 3aa4H,

¢ JuarpamMma npu4ruHHO-CIICACTBCHHbIX CBHBCﬁ;

e JHarpamMMa OTOKOB U YPOBHEM;

® CHUCTEMa yPAaBHEHHUMN TEMIIOB U YPOBHEW;

¢ DPE3yJibTaTbl MOIACIIMPOBAHUA CUCTCMBI.

BapuanTtsl 3aganuii npuBenensl B Taduuie 1. [Ipu popmupoBanuu

MOJIETIM HEOOXOIUMO MPETyCMOTPETh Pa3yMHbIE OrpaHUUYCHUS Ha mapa-

METpBbl CUCTEMBI. BpeMs MoJieiupoBaHus JOJHKHO ObITh BHIOPAHO Tak,

YTOOBI MPOABUIMCH OCHOBHBIC 3daKOHOMCPHOCTHU ITIOBCACHHA CHUCTCMBI.

[ITar MmogenupoBaHus JOJKEH OBITh MOJO0paH TaK, YTOOBI HE MCKaKa-

JIUCh PE3yJIbTaThl MOJACTUPOBAHMUS.

Tabnuua 1 — BapuanTsl 3aaHuil 7151 BBITIOJIHEHUS JIa0OPATOPHOI

padoThI

M| LEV() |[LEV'| GL | tr |[M | LEV(0) |[LEV'| GL | tr
1 1 3 7 | 10 J11] 1 4 7 9
2 2 4 6 | 12 [12] 3 5 8 8
3 3 5 8 | 14 13| 5 6 8 7
4 4 6 9 | 16 [14] 7 11 | 15 | 6
5 5 7 | 12 | 18 |15] 9 12 | 17 | 5
6 5 7 | 11 | 20 [16] 2 4 6 5
7 4 8 | 10 | 19 |17 4 5 9 6
8 3 7 | 12 | 17 [18] 6 8 | 11 | 7
9 2 6 | 14 | 15 |19 8 10 | 14 | 8
10 1 5 8 | 11 [20] 0O 2 5 9

KOHTPOJIBHBIE BOITPOCHI

1. Kak ctpouTtcs nuarpaMmMa NpHUYMHHO-CIIECTBEHHBIX CBS3€H MPHU

00OpaTHOM MOJAECITUPOBAHUU CUCTEM?

2.  Kak cTtpoutcs nuarpaMma MOTOKOB UM YPOBHEW MPU 0OpaTHOM

MOJEIUPOBAHUU CUCTEM?




3. Kakoii Bug uMeer cucrema ypaBHEHUN TEMIIOB U YPOBHEW Mpu
00paTHOM MOJAECITUPOBAHUM CUCTEM?

4. Kak aHaJIUTUYECKU OIMCHIBAECTCS IOBEICHUE CHUCTEMBI MPH
00paTHOM MOJACIUPOBAHUM CUCTEM?

5. Kak npousBoauTcsi 00paTHOE MOJETUPOBAHUE CUCTEM?



PEKOMEHIYEMAS JIUTEPATYPA

OcHoBHas JuTEpaTypAa:

1. Bnosun B.M. Teopus cucteM M CUCTEMHBIM aHalW3 : yYCOHUK
st 6akanaspoB / Baosun B.M., Cypkosa JI.E., Banentunos B.A.. —
Mockaa : JlamkoB u K, 2019. — 644 c. — ISBN 978-5-394-03252-3. —
Tekct : oanektponusii // IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/85234.html (gata oopamenus: 23.04.2022).
— PexxuMm nmoctyna: 11 aBTOpU3UP. MOJIb30BaTEIICH.

2. MarBeeB A.B. CucteMHbIi aHau3 : yueOHoe mocobdue / Martge-

eB A.B.. — Omck : U3patensctBo OMCKOTO TOCYIapCTBEHHOTO YHUBED-
curera, 2019. — 56 ¢. — ISBN 978-5-7779-2381-3. — TekcT : 3yeK-
TPOHHBIN // IPR SMART ; [cailT]. — URL.:
https://www.iprbookshop.ru/108137.html (mara oOpalleHus:

23.04.2022). — Pexxum moctyna: I aBTOPU3UP. MOJIb30BATEIICH.

3. HussutauHoBa A.P. O6mias Teopusi CUCTEM U CUCTEMHBIM aHa-
mu3 / Qussutaunosa A.P., Kopaonckas 1U.b.. — Camapa : [loBoinkckuit
rOCYy/IapCTBEHHBI YHUBEPCUTET TEICKOMMYHHUKAIMH UM HH(DOpMATUKH,
2017. — 125 c. — Texkcr : anektponssni // IPR SMART : [caiT]. —
URL: https://www.iprbookshop.ru/75394.html  (mata oOparmenus:
23.04.2022). — Pexxum moctyma: ISl aBTOPU3UP. MOJIb30BaTEICH.

JlomoiHUTE/IbHASA JIUTEpaTypa:

4. JloBuoB JI.A. Cucremusbiii ananus. Y. 1. TeopeTnueckre OCHOBBI
: yuebHoe nocooue / JloBuoB [[.A.. — Mocksa : Poccuiickuii rocyaap-
CTBEHHBI YHHUBepcHUTET npaBocyausi, 2018. — 224 ¢. — ISBN 978-5-
93916-701-7. — Texkct : snekrponHsiii / IPR SMART : [cailT]. —
URL: https://www.iprbookshop.ru/116687.html (mata oOGpamenus:
23.04.2022). — Pexxum moctyma: I aBTOPU3UP. MOJIE30BATEIICH.

5. Kopones B.T. Cucrtemusbiii ananuz. Jlorndeckue Metoabl. YacThb
BTOpas : yueoHoe mocoome / Koponer B.T., Jloenos JI.A., Pagnonos
B.B.. — Mocksa : Poccuiickui rocy1apCTBEHHBI YHUBEPCUTET IIPABO-
cyaus, 2017. — 164 ¢. — ISBN 978-5-93916-638-6. — TekcT : smek-
TPOHHBIN // IPR SMART : [caitT]. — URL:


https://www.iprbookshop.ru/85234.html
https://www.iprbookshop.ru/108137.html
https://www.iprbookshop.ru/75394.html
https://www.iprbookshop.ru/116687.html

https://www.iprbookshop.ru/74181.html (mara obpamenus: 23.04.2022).
— PexxumM noctyna: ajist aBTOpU3UP. MOJIb30BATEIIEH.

6. Cexneroa H.H. CucremHblii aHaiu3 W NPUHITHE PELICHUN :
yuebHoe nocobue / CexneroBa H.H., TyukoBa A.C.. — Camapa : Ilo-
BOJDKCKUW TOCYJIAPCTBEHHBIA YHUBEPCUTET TEIECKOMMYHUKAIUUA U WH-
dbopmaruku, 2017. — 83 ¢. — Texkcr : snexkrponnsi / IPR SMART :
[caiiT]. — URL.: https://www.iprbookshop.ru/75407.html (mata oGpa-
meHus: 23.04.2022). — PexxuM JgocTyma: Il aBTOPU3UP. I0JIb30BaTe-

JIEN.


https://www.iprbookshop.ru/74181.html
https://www.iprbookshop.ru/75407.html

MuHuCcTEepCTBO HAyKHU U BhIcIIEro oOpa3zoBanus Poccuiickoit denepannu
denepanbHOE rOCYJaPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE
YUpEKJECHUE BBICILIETO 00Opa30BaAHUS
«CEBEPO-KABKA3CKUWI ®EJEPAJILHBIN YHUBEPCUTET»

HeBUHHOMBICCKUI TEXHOJIOTUYECKUN UHCTUTYT ((ruan)

Kadenpa nadopmManmoHHbIX CUCTEM, 3JIEKTPONPHUBOJIa U aBTOMATUKU

CUCTEMHBIN AHAJIN3
U YIIPABJIEHUE

METOJIMYECKHE YKa3aHUs K TPAKTUYECKUM 3aHSATHUIM T10 JUCHIUTLTIHE
JUTSl CTYICHTOB HAalpaBJIeHUs TOATOTOBKU
15.03.04 — ABToMatu3aIus TEXHOJOTUYECKUX MPOIIECCOB U
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Metonuueckre yka3zaHUsi COCTaBJICHbl B COOTBETCTBUU C TPeOOBa-
HusiMu OI'O BO no nanpasnenuto noaroropku 15.03.04 — Asromaru-
3alysl TEXHOJOTMYECKUX MPOILIECCOB U MTPOU3BO/ICTB.

MeTtoanyeckre yka3zaHus 3HAKOMST CTYJEHTOB C MAaT€MaTHYECKUM
anmnapaToM (GopMaln3aldyd MPOLECCOB B CIOXKHBIX CUCTEMax, C OCHO-
BaMU OILICHKH CJIOXKHBIX CHUCTEM, MOJEISIMH OCHOBHBIX (DYHKIIUM yIIpaB-
nenusi. OHU MO3BOJISIIOT 3aKPENUTh U3YyYaEMbI€ TEOPETUUECKUE BOMPOCHI
MTOCTAHOBKH 33J]a4 CUCTEMHOTO aHAJIN3a, TOCTPOEHUS MOJIEJIEN CUCTEM U

OLICHOK MX MapaMeTpOB.
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BBEAEHUE

JHucunmmHa «CHCTEMHBIM aHAlIW3 W YIPABJIEHUE» CTABUT CBOEH
1enb0 (opMHUpPOBaHKE CICAYIONIUX KOMIETCHIIMN Oyayiiero 0akaaaBpa
o HamnpasjaeHuto moaArotoBku 15.03.04 — ABToMaTu3anus TEXHOJO-

I'MYCCKUX IMPOHECCOB U ITPOU3BOJACTB.

Kon DopMyIUpPOBKA

N-1yka BrinenseT npo0IeMHYI0 CUTYaIlMIO, OCYIIECTBIISIET €€
aHaJU3 U TMATHOCTHKY HA OCHOBE CHUCTEMHOTO MOIX0/1a

N-3yx-1 Onpenensier v OIIEHUBAECT PUCKU BO3MOKHBIX BAPHUAHTOB
pelieHni mpoOJIEeMHOM CUTYalluK, BEIOMPAET ONTUMAITb-
HbI BAPUAHT €€ PELICHUS

N/-lonk-11  [IlnanupyeT Hay4dHbIE SKCIEPUMEHTHI 110 U3YYEHUIO Xa-
PAKTEPUCTUK CPEIICTB U CUCTEM aBTOMAaTHU3AIUU

N-20nk-11  |[OpraHu3yeT ¥ MpOBOIUT HAYYHBIC SKCIIEPUMEHTHI 110
VM3YYCHUIO XapaKTEPUCTUK CPEJICTB U CUCTEM aBTOMATH-
3aluu

N/-3onk-11  [IIpoBOAMT MaTeMaTHYECKYIO U CTAaTUCTUYECKYIO 00Opa-
OOTKY OMBITHBIX JTAHHBIX O XapaKTEPUCTUKAX CPEJICTB U
CHCTEM aBTOMATHU3AIINH.

['MaBHBIMHM 3alayaMu JTUCHUIUIMHBL SIBJISIFOTCA: MPUOOPETEHUE U
COBEPIICHCTBOBAHNE HABBIKOB CUCTEMHOI0 MOAXOJA K PEIICHUIO IPH-
KJIAJIHBIX 3aJ]1a4, (OpMUPOBAHKE B3MJIsJIa HA OOBEKTHI PEATLHOIO MHUpPA
KaK Ha CJIO)HBIE MHOTOKOMITOHEHTHBIE CUCTEMBI, JOIYCKAKOIIUE IO-
IArOBYK0 JIEKOMIO3HUIMIO U TOCJIEIOBATEIBHOE YCIO0KHEHUE METOJIOB
aHamns3a.

B pe3ynbraTe 0CBOCHHS TUCIUIUIMHBI CTYJCHT JOJDKEH:

® 3HaTh OOIIME MPUHLMIBI CUCTEMHOTO MOAXO0Ja K aHAJIU3y CH-
CTE€M; OCHOBHBIE TTOHATUA U 3aKOHOMEPHOCTH CHCTEMHOTO aHAJIU3a; OC-
HOBHBIE CITOCOOBI OMTUCAHUS CIIOKHBIX MHOTOKOMITOHEHTHBIX CUCTEM;



® yMETh COCTAaBJIATh MAaTEMaTUYECKUE MOJIENIA CUCTEM; (POPMYIIH-
pOBaTh M peuaTh ¢ MOMONIEK IBM TUIOBEIE 3a/1aul MATEMATUYECKOTO
MO/JICJIMPOBAHUS;

® BJIAJICTh METOJAMKOW HCIOJb30BaHUS (PUIOCOPCKUX 3HAHUI B
poQeCCUOHATBLHON NESITEIHPHOCTH; HAaBBIKAMU CHUCTEMHOTO IMOJX0Ja K
pEIIeHNI0 TPUKIAIHBIX 3a/1ad; HaBbIKAaMU (POPMaTM30BAHHOTO M HeE-
(dbopManr30BaHHOTO OMUCAHUS CUCTEM.

Metoanueckre yka3zaHus IPEIHA3HAYEHBI JJIsl MPOBEICHUS ITPaK-
THUYECKUX 3aHATUU N0 TUCUUIUINHE « CHCTEMHBIN aHAJIN3 U YIIPABICHUEY
c yderom TpeboBanmit PI'OC BO misg HampaBieHHUS IOATOTOBKH
15.03.04 — ABTOoMaTH3anus TEXHOJOTHYECKUX MPOIECCOB U MPOMU3-
BOACTB. OHU CIOCOOCTBYIOT JIYUIIIEMY YCBOCHHMIO CTYJCHTAMHU OCHOB
TEOPUU CHCTEM M OCHOB OIEHKH CIIOXKHBIX CHUCTEM; OOECIECUHUBAIOT
MPUOOPETEHNUE MPAKTUYECKUX HABBIKOB MCIIOJIb30BaHUS MaTeMaTH4e-
CKMX METOJIOB MCCIIEJOBAHUS CIIOKHBIX CUCTEM, METOJOB CHUCTEMHOTO
aHau3a, IOCTPOCHUS MOJIeJIe OCHOBHBIX (DYHKIIMIA YIIPABICHUS.

[IpakTryeckue 3aHATHS TIO3BOJSAIOT 3aKPENUTh TEOPETUUECKUE
3HAHUS O IMTOCTAHOBKE 33J1a4 CUCTEMHOI'0 aHAJIN3a, IOCTPOCHUH MOJEIICH
CHUCTEM U OLICHKE UX MMapaMeTPOB.

K npakTnuecknm 3aHATHSIM CTYJICHT JOJDKEH MOATOTOBUTHCSA CAMO-
CTOSITENIBHO: U3YYUTh COOTBETCTBYIOIIME PA3/EIbl KypCa Y BBITIOJHUTH
MIPEIBAPUTEIIBHBIEC PACUETHI.

[IpoBepka MOATOTOBIEHHOCTH CTYJIEHTAa K OYEPEAHOMY IPAKTHYE-
CKOMY 3aHSTHIO OCYIIECTBIISICTCS MPEINOIABATEIIEM B WHINBUIYAIBHOU
oecene. Ecnu cTyneHT He 3HAET COAep:KaHUs MPEACTOSIIEMY IMPAKTHU-
YECKOMY 3aHSTHIO, TO OH MOKET ObITh HE JOMYIIIEH K €r0 MPOBEACHUIO.



IIpakTtnueckoe 3ansaTue Nel. PacnpeneneHue pecypcoB u
ylpaBJ/ieHHE 3alIaCaAMU

Heab 3aHATUSA: W3yUYCHUE TPABUJI TOCTAHOBKU TUIIOBBIX 33/1a4 CH-
CTEMHOI'0 aHaJIM3a — 3aJlay pacIpeesieHUus] PECypCcOB U yIpaBJEHUs
3armacamu.

AKTYaJIbHOCTh TE€Mbl 3aHATHSI: YMEHHUE MPaBUWIbHO (POopMan3o-
BaTh 3a/lauy — O0sA3aTEIbHBIN 3Tall CUCTEMHOTO aHaJIU3a, C KOTOPOTro
JOJKHA HAYMHATHCSl MPOolieypa CO3JaHus CUCTEMY YIIPaBICHHUS C 3a-
JTAHHBIMH XapaKTePUCTUKAMU.

1. TEOPETUYECKASA YACTb

1.1. 3apaya pacnpeaesieHHsi pecypcoB

Bceskyro 3amady pacnpeneneHuss MOKHO CHOPMyIUpOBaTh Kak OIl-
THUMH3AIMOHHY0, IPH PEIICHUN KOTOPOH TpeOyeTcs:

a) 1100 MaKCUMHU3UPOBATh AYKOHOMHUYECKUN pe3ynbTaT MpH 3aJaH-
HBIX pecypcax;

0) 100 MUHUMM3HUPOBATH UCIOJIB3YEeMbIE PECYPChI TIPH (UKCHUPO-
BaHHOM PKOHOMHYECKOM pe3yibTarte.

OO6m1as MaTemMaTHIeCcKasi MOJICIb 3aa4 PaCTIPEACICHUS PECYPCOB C
YUCJIOM ITIEPEMEHHBIX 11 M OTPAHUYCHUN M UMEET CJICAYIOITUI BU

f(xq, %1, %) = X1 ¢jxj » max(min), (1.1)

IIPYA OTPAHUYEHUSIX

n

j=1 Clinj < bi, i=1--m

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



rae ¢j — KO3 UIMEHTHI LENEBOM QYHKIMH, a;; — HOPMa pacxoja -ro
pecypca ISl BBITyCKa €UHULIBI - TPOAYKINH, b; — 00beM HMEIoIIIe-
rocs i-ro pecypca, Xj — HEH3BECTHAs NEPEMEHHAs, ONpPEIEIAIoNIas Be-
TMIuHY (00BEM) BBIITYCKA |-H POy KIIHH.

B monenu (1.1) — (1.2) HeusBecTHbIE MEPEMEHHBIE BBICTYIAIOT B
MEPBOM CTENEHU, XapaKTEPU3ys JIUHEHHYIO 3aBUCUMOCTh. [loaTOMy 3Ty
MOJICJIb Ha3bIBAIOT 3aJa4eil JTUHEWHOro MporpaMmmupoBaHus. Jus pe-
IICHUS 3a/1a4 JTUMHEHHOTO MTPOTPaMMHPOBAHUS pa3pabOoTaH CreuaTbHBIHI
METO/I, Ha3bIBAEMbI CUMILIEKC-METO/IOM.

[Ipouecc mocTpoeHUsE MaTEMaTUHYECKON MOJIEIN ONTUMHU3AIMOHHBIX
3a/lay paclpeie]iCHuss PECYpCOB JOJKEH OTBETUTh Ha CIEAYIOLIUE BO-
IIPOCHI:

o Jlnsa onpeneneHuss KAaKUX BETUYUH CTPOSIT MOJIEIh?

o Kakue orpaHuyeHus CjleayeT HaJIOXKUTh Ha CTPYKTYpYy MHOXKeE-
CTBa JIONMYCTUMBIX PEIICHU?

o Jlng DOCTMKEHUS KAaKOW 1€ BBIOMPAIOTCS 3HAYEHUS JOMY-
CTUMBIX TEPEMEHHBIX, COOTBETCTBYIOIIUE ONTHMAJIBHOMY PEIICHUIO
3axaq’?

PaccMoTprM KOHKPETHBIN MPUMEP U Ha €r0 OCHOBE cjienaeM 0000-
HIAIOIIME BBIBOJABI O MPUHLMNAX MOCTPOEHUS MOJEIN M METOAUKE €€
UCCJIEOBAHUS.

Ipumep

Dupma uzeomosnsem o0ea euoa uzoenuti: F u H. I[Ipooykyus oboux
8UO08 nocmynaem 6 OnMmo8yo npooasicy. /s npouzeoocmaea npooyKyuu
ucnoavzyromess 06a muna colpbss — A u B. MakxcumanbHo 803MOJiCHbIe
CYMOUYHble 3anacvl (pecypcvl) Smux npooykmos cocmasisarom 6 u 8 m
coomeemcmeenHo. Pacxoovl A u B na oony mouny coomeemcmayowetl
npoOyKYUU npuedeHvl 8 maoauye 1.



Tab6muma 1

Buo coippst | Pacxo0 cvipbsi Ha mMOoHHY npoOyKyuu Pecypc coipos,
Hsz0enue H, m Hz0enue F,m MOHHbL

A 1 2 6

B 2 1 8

U3 ananuza pvinka cobima cmano u3gecmHo ciedyowee.

® cymouHblll cnpoc Ha uzdenue F ne npesviwuaem cnpoca na us-
Oenue H 6onee uem na oony momumy;

® cnpoc Ha uzderue H nuxozcoa e npesviuiaem 08e MOHHbL 8
CYMKU.

® onmogvle yeubl 0OHOU MOHHbI NPOOYKYUU pasHvl: 3 mvic. pyo.
ons uzoenus H, 2 moic. py6. ons uzoenus F.

Kakoe xonuuecmeo uzoenuii kaxcoo2o euda 00AHCHA NPOU3BOOUMD
¢abpuxa, umobsl 00x00 om peanuzayuu NPoOOYKYuu OblLl MAKCUMATb-
HbIM?

Mamemamuueckasn opmynuposxka 3adavu c600uUmcs K onpeoeje-
HUI0 005eM08 NPOU3BOOCMBA KAHNCOO20 U3 U008 NPOOVKYUU, MAKCUMU-
3UpYIOWUX 00X00 OM peanu3ayuu npu 02PaHUYeHUs X Ha CNpoc U pacxoo
CbIPbAL.

TIlocmpoenue modenu HauuHaemcst ¢ UOeHMUDUKAYUU NEPEMEHHBIX C
nocneoyiowumM Qopmuposanuem yeau U 02paHudeHutl 8 eude mamema-
muyeckux QyHKyutl.

3aoaua Haxoodicoenus ONMUMANTbHBLIX 00bEM08 NPOU3B00Ccmea Gop-
MAIU3Yemcsi ¢ NOMOWbIO CLe0YIOUWUX NePEMEHHBIX U DYHKYUIL.

Heuszsecmuvle nepemerntvie: X1 — CYmMouHwlli 00vbeM NPou3800cmea
usdenutt H, x, — cymounwiii 06vem npouzsoocmea uzdenuti F.

Llenesas ynxyus onpeoensiem odbwUL 00X00 Oom peanu3ayuu U3-
oenuti X1 U X,

f(xl,xz) = 3x1 + 2x2.

Ozepanuuenus Ha pacxoo culpbs




{xl + sz < 6,
2x1 + Xy < 8.

OepaHruyenusi Ha Cnpoc NPOOYKYUU

xl—xZS].,
Xzsz

Kpome moeo, ob6vemvl npouzsoocmea npooykyuu X, U Xy He MO2ym

npuHumams ompuyameslbHble 3HAYEeHUA

{xl > 0,
Xy > 0.

Heobxooumo onpeodenums obwvemvr npouzsoocmea X, u X, , npu

KOMOPbIX 00CMU2Aemcs MaKCUMANIbHOE 3HAYCHUE Yelle6oll (DYHKYuU
f(xq,x5) = 3x1 + 2x, » max.
npU 02PAHUYEHUSX

(X1 +2x, <6,

2x1+x2$8,

X1 —xy, < 1,
X, < 2,
x1 =0,

\  x, =>0.

Jlaunas modenb — 5mo 3a0aua JMUHENHO20 NPOSPAMMUPOBAHUSL C
08YMsl HEU38eCMHbIMU NEPEMEHHbIMU U YembIPbMsL 02PAHUYEHUIMU 00-
we2o suoaq.



1.2. 3agaua ynpasJieHus 3a1acaMu

3agaya ynpaBJeHUs 3armacaMd BO3HHMKAET, KOTJa HEOOXOIUMO CO-
3/1aTh 3arac MaTepUAIbHBIX PECYpPCOB WM MPEIMETOB MOTPEOICHUS C
I[EJIbI0 YJIOBJIETBOPEHUS CIIpOCa Ha 3aJJaHHOM UHTEpBajie BpeMeHu. s
obOecrnieyeHusi HEMPEPHIBHOTO U 3P(HEKTUBHOTO (PYHKIIMOHUPOBAHUS OP-
raHu3alnuu HeoOXo MBI 3arackl. B 3ajade ynpaBiaeHus 3amacaMu Tpe-
OyeTcsi OmNpeNeNuTh KOJUYECTBO 3aKa3bIBAEMON MPOJYKIIMU U CPOKHU
pa3MeIIeHHs 3aKa30B.

Copoc MOKHO YJIOBJIETBOPHTS:

® IIyTeM OJHOKPATHOIO CO3JaHHUs 3alaca Ha BECh paccMaTpuBae-
MBI TIEPUOJ BPEMEHHU;

® TIOCPEJCTBOM CO3JaHUs 3amaca JJisl KaXKJI0W €IUHULIBI BPEMEHU
3TOTO MEPUO/IA.

OTu [Ba ciiydasi COOTBETCTBYIOT U30bImMOYHOMY 3amacy (Mo OTHO-
IICHUIO K €IMHUIIE BPEMEHH) U Hedocmamounomy 3anacy (1o OTHOIIIE-
HUIO K MOJIHOMY MEPUOJTy BPEMEHHU ).

IIpu uzbvimounom 3amace TpeOYHOTCS 0oJice BBICOKHE YICIbHBIC
(OTHECEHHbIE K €JMHUIIC BPEMEHHU ) KATMTAIbHbBIC BJI0XKEHUS, HO e(PUIUT
BO3HUKAET PEXKE U YACTOTA PA3MEIICHUS 3aKa30B MEHBIIIE.

[Ipu Hedoocmamounom 3amace yJeJbHBbIE KalWUTAJIbHBIE BIIOKECHUS
CHIIKAIOTCS, HO 4acTOTa Pa3MEICHUsI 3aKa30B M PUCK JePuuuTa BO3-
pacraror.

JI1st 3TUX clly4aeB XapaKTEpPHbI 3HAUYUTEIIbHBIE SKOHOMUYECKUE T10-
Tepu. Takum oOpa3om, pelieHus: OTHOCUTEIBLHO pa3Mepa 3aka3a U Mo-
MEHTa €ro pa3MelIeHUs] MOTYT OCHOBBIBAaThCS HA MHUHHUMH3ALUHU COOT-
BETCTBYIOIIEH (PYyHKIIMHM OOIIMX 3aTpaT, BKIIOYAIOIIUX 3aTparhl, 00y-
CJIOBJICHHBIC MOTEPSMHU OT U30BITOYHOTO 3araca u aeduimura.

Mopaensb yripaBiieHHs 3ariacaMu 10 KHA 1aTh OTBET Ha JiBa BOIIPOCaA:

1. Kakoe KoJIM4ecTBO MPOAYKIIUU 3aKa3bIBATH?

2. Korpa 3aka3eiBath?

OTBeT Ha MEpPBbII BONPOC BBIPAKAECTCS YEPE3 pa3Mep 3akaza, onpe-
JIEJISIONIETO ONTUMAIIBHOE KOJIMYECTBO PECYPCOB, KOTOPOE HEOOXOAMMO



IOCTABJIATh BCAKUM Pa3, KOrJa MPOUCXOAUT pa3MelleHUe 3akas3a. B 3a-
BUCHUMOCTH OT pacCMaTpUBAEMOMN CUTYAlLUU pa3Mep 3aKa3a MOMKET Me-
HSTHCSI BO BDEMEHHU.

OTBeT Ha BTOPOM BOMPOC 3aBUCUT OT THUIA CHUCTEMbI YNPABICHUS
3aracamu. Ecii cucteMa npeaycMaTpuBaET MEPUOAUUYECKUNA KOHTPOJIb
COCTOSIHUSI 3amaca 4yepe3 paBHbIC MPOMEKYTKH BpPEMEHH (€KEeHEeIeTbHO
WU €XKEMECSYHO), MOMEHT IOCTYIJICHHS HOBOT'O 3aKa3a OOBIYHO COB-
MaJacT C HAYaJIOM Ka)JO0ro MHTEpBaja BPEMEHU. ECiu Ke B CUCTEME
MPEAYCMOTPEH HENPEPBIBHBIA KOHTPOJIb COCTOSIHUS 3aI1aca, TOYKa 3aKa3a
OTIPECISIETCS Ypo8HeM 3anacd, TP KOTOPOM HEOOXOAMMO pa3MeliaTh
HOBBIM 3aKas3.

Takum oOpa3zoM, pelieHue 0000IIEHHON 3aa4M yIpaBJICHUS 3ara-
CaMHM OTPEICIISIETCS CIASTYIOIMINM 00pa3oM:

1. B cnyuae nepuoouuecko2o KOHMpPOJisi COCMOAHUS 3anaca CIeayeT
oOecrnieynBaTh MOCTABKY HOBOT'O KOJIMUECTBA PECYpPCOB B 00BEME pa3-
MeEpa 3aKa3a 4epe3 paBHBIE MPOMEKYTKH BPEMEHU.

2. B cnyuae nenpepwvignoco KoHmpos cocmosanus 3anaca Heooxo-
JMMO pa3MelllaTh HOBBIM 3aKa3 B pa3Mepe odvema 3anaca, KOrja €ro
YPOBEHb JOCTUTAET MOUKU 3AKA3A.

Pa3zMep 1 Touka 3aka3a OOBIYHO OMPEAEIISIIOTCS U3 YCJIOBUN MHUHU-
MU3alMU CYMMApPHBIX 3aTPaT CUCTEMBI YIIPABICHUS 3allacaMH, KOTOPbIE
MOYHO BBIPA3UTh B BUJIC (PYHKIIMU ITUX JABYX MEPEMECHHBIX.

CymMapHbI€ 3aTpaThbl CUCTEMBI YIIPABJICHHUS 3al1aCaMH BBIPAXKAIOTCS
B BUJIE (DYHKIIUM UX OCHOBHBIX KOMIIOHEHT

Cymmapnole
yIMAp 3ampa- 3ampameul 3ampa-
3ampamol Ilomepu
_ mul Ha Ha mul HA
cucmemvbl. = + + +  om Oe-
npuoo- ogopmie- XpaHeHue
VNPAGIeHUs. Quyuma
pemeHue HUe 3aKa3a 3aKasa
3anacamu

3arparbl Ha TPUOOPETEHHE CTAHOBATCS BAXXHBIM (DAKTOPOM, KOT/a
IIEHA ©IWHUIIBI MPOIYKIIMK 3aBUCHUT OT pa3Mepa 3akaza, YTO OOBIYHO



BBIPAXKACTCS B BUJIE ONMOBLIX CKUOOK, KOTJIa IIeHa ¢IMHUIIBI TIPO Ty KITHH
yOBIBaeT C BO3pacTaHUEM pa3Mepa 3aKasa.

3arpaThl Ha opoOpMIICHUE 3aKa3a MPEJCTABJISIOT MOCTOSHHBIE pac-
XO/JIbl, CBSI3aHHBIE C €ro pasMenieHueM. [Ipu yaoBiIeTBOpeHHH cpoca B
TEYCHHUE 3aJJaHHOTO TEePHOJIa BPEMEHHU IyTeM pa3MelleHus Oosiee Mel-
KUX 3aKa3oB (0Ooyiee 4YacTo) 3aTpaThl BO3PACTAIOT MO CPAaBHEHHUIO CO
cllydaeM, KOTJa CIPOC YAOBIETBOPSIETCS MOCPEJICTBOM pa3MeEIICHUs
0oJiee KpYIHBIX 3aKa30B (M, CJI€A0BATEIBLHO, PEXKE).

3arpaThl Ha XpaHEHHE 3amaca MPEACTaBISIOT PAcXoAbl Ha COep-
’KaHUE 3amaca Ha CKJaje (3aTpaThl Ha epepadoTKy, aMOPTU3AI[MOHHBIS
pacxobl, SKCIUTyaTallMOHHBIE PACcXO0/bl) U OOBIYHO BO3PACTAIOT C YBE-
JUYEHUEM YPOBHS 3araca.

[Totepu oT nedunuTa MPEACTABISAIOT COOOM pacxojbl, 00YCIIOB-
JICHHBIE OTCYTCTBHEM 3araca He0OX0AUMOM TIPOTyKITHH.

OnTUMalbHBIM yPOBEHBb 3armaca COOTBETCTBYET MHHUMYMY CYyM-
MapHBIX 3aTpart.

Monens ynpaBiieHHs 3amacaMyd He 00s3aTebHO BKIIFOUAET BCE ue-
TBIPE BHJA 3aTpaT, TaK KaK HEKOTOPbIE M3 HUX MOTYT OBITH HE3HAYH-
TEJIBHBIMH, a YYET BCEX BUIOB 3aTPaT YCIOKHICT (PYHKITUIO CYMMAapPHBIX
3arpar.

Pa3HooOpa3ue Mojeneit 3Toro kiacca OMpeneNsieTcss XapaKTepoMm
CIpoca, KOTOPBIA MOKET OBbITh JIETEPMHUHUPOBAHHBIM (JIOCTOBEPHO H3-
BECTHBIM) WJIM BEPOSTHOCTHBIM (3aJ]aBa€MbIM ILIOTHOCTBIO BEPOSTHO-
CTH).

Jemepmunupogannwlii CIPOC MOXKET OBITh CTATHUYECKUM, B TOM
CMBICJIE, YTO MHTCHCHUBHOCTH TOTPEOJICHUs] OCTAeTCs] HEM3MEHHOW BO
BPEMCHH, WM JTUHAMUYECKUM, KOTJa CIPOC M3BECTEH JOCTOBEPHO, HO
U3MEHSETCS OT BPEMEHH.

Beposamnocmubiti  cipoc  MOXKET OBITh CTallMOHAPHBIM, KOT/Ia
GYHKIUSA TIOTHOCTH BEPOSTHOCTH CIpOca HEM3MEHHA BO BPEMEHU, U
HECTallMOHAPHBIM, Korja (PYHKIMS TUIOTHOCTH BEPOSTHOCTH CIIpoca
U3MEHSETCS BO BPEMEHHU.



B peanbHBIX YCIOBUAX XapaKTep CIpoca MOXKET ObITh OMHUCAH TO-
CPEACTBOM BEPOSTHOCTHBIX HECTALIMOHAPHBIX PACITPEACIICHUM.

XOTs XapakTep crpoca ABISIETCS OJJHUM U3 OCHOBHBIX (DaKTOPOB IIPH
MOCTPOCHUH MOJIENIM YIIPaBJIEHUA 3alacaMu, UMEIOTCS IpyTrre GaKkTophl,
BIIMSIONIME HA BEIOOP TUIIA MOJEIH.

1. 3anaszoviéanus nOCMABOK Ul CPOKU 8bINOIHEeHUs 3aka3os. 1locne
pa3MeIleHus] 3aKa3a OH MOXXET ObITh MOCTaBJIEH HEMEJJICHHO WJIH MO-
TpeOyeTcsl HEKOTOpOE BpeMsi Ha €ro BbINoJIHeHHE. VHTepBan BpeMeHH
ME¥XKJly MOMEHTOM pPa3MEIICHUS 3aKa3a M €ro MOCTaBKOM Ha3bIBACTCS
3ama3/IblBAHUEM TIOCTABKM WJIM CPOKOM BBINOJIHEHUS 3aKa3za. JTa
BEJIMYMHA MOXET OBITh IETEPMUHUPOBAHHON WIIM CITy4ailHOM.

2. Ilononnenue 3anaca. X0Ts CUCTEMA YIIPABJICHUA 3allacamMy MO-
KeT (PYHKUMOHUPOBATH MPHU 3ama3JblBAHUU MMOCTABOK, MPOLIECC MOMOJI-
HEHHMS 3araca OCYIIECTBISIETCS MTHOBEHHO WJIM PAaBHOMEPHO BO BpEMe-
HUA. MTHOBEHHOE NONOJIHEHUE 3allaca MOYKET MPOUCXOIAUTH MPHU YCIO-
BHM, KOT/Ia 3aKa3bl MOCTYNAIOT OT BHEIIHETO MCTOYHUKA. PaBHOMEpHOE
NOMOJIHEHHE OyIeT TOrja, Korja 3amnacaemMasi IpoyKIHs MPOU3BOIUTCS
caMoil opranuzauueii. B obmem cimydae cucrema (GyHKIIMOHUPYET MpPHU
MTOJIOKUTEIBHOM 3aIla3bIBAHUHU TOCTABKA U PABHOMEPHOM IOTIOJIHEHUN
3anaca.

3. Ilepuoo eépemenu ompeneynseT WHTEPBAN, B TEUEHUE KOTOPOIO
OCYILIECTBIISIETCSl PEryJIMPOBAaHUE YPOBHS 3armaca. B 3aBUCHMOCTH OT
OTpe3Ka BPEMEHU, HA KOTOPOM MOXHO HAJIE)KHO IMPOTHO3UPOBATH, pac-
CMaTPUBAEMBbIN MEPUOJ TPUHUMAETCS KOHEYHBIM WM O€CKOHEUHBIM.

4. Yucno nynkmoe naxkonienus 3anacos. B cucTeMy ynpaBiICHUS
3amacaMy BXOAUT HECKOJIBKO MMYHKTOB XpaHEHUs 3araca. B HEKOTOPBIX
CIIy4yasix 3TH IMyHKTHl OPraHW30BaHbl TAKUM O0pa3oM, YTO OJUH BBICTY-
NaeT B Ka4€CTBE MOCTABIIMKA JJISI APYTroro. JTa cXeMa MHOTJA peau-
3yeTcs Ha Pa3IUYHbIX YPOBHAX, TaK YTO MYHKT-NIOTPEOUTENH OFAHOTO
YPOBHSI MOXET CTaTh IIYHKTOM-IIOCTABIIMKOM Ha JIPyrom ypoBHe. B ta-
KOM CJIy4ae TOBOPST O CUCTEME YIIPABIICHUS 3aIlacaMy C Pa3BETBICHHOM

CTPYKTYPOWM.



5. Hucno e6udoeé npodykyuu. B cucrteme ymnpaBieHHUsS 3amacamu
MOXeT (UTypupoBaTh 0oJiee OAHOTO BUJA MPOAYKIMH. ITOT (HaKTOp
YUYUTHIBACTCS TPU YCJIOBUM HAIWYUS HEKOTOPOW 3aBUCUMOCTH MEXIY
pPa3IUYHBIMUA BUJAMHU MPOAYKIMH. Tak, JUisl pa3IudHbIX W3ACTUN HC-
MOJIb3YETCS OJHO W TO K€ CKJIAACKOE MOMEIIEHUE WIM K€ UX MPOU3-
BOJICTBO OCYIIECTBIISICTCA TPHU OrPAHUYCHUSX Ha OOIIUE TMPOU3BO/I-
CTBEHHBIC (POH/IBI.

Ypes3BblYailHO TPYJAHO MOCTPOUTH OOOOUIEHHYIO MOJIENb yIpaBiie-
HUSl 3amacamu, KOTopasi y4uThiBaja Obl BCE PA3HOBHJIHOCTH YCIIOBUH,
HAOJII0/IaeMbIX B peajbHBIX cHUcTeMax. PaccMoTpuM Mojenu, COOTBET-

CTBYHOIIMEC HCKOTOPBIM CUCTCMAM YIIPABJICHUSA 3allaCaMHU.

JleTepMUHUPOBAHHBIE MO/IeJIH

O0HONnpoOyKmosas cmamuieckas Mooeb

Mopenb ynpaBieHUsl 3amacamMu MPOCTEUINEro TUIA XapaKTepH3y-
€TCSl TMOCTOSIHHBIM BO BPEMEHHM CIIPOCOM, MTHOBEHHBIM IOIOJTHEHUEM
3amaca U OTCYTCTBHEM JAepuuuTa. TaKkyro MOJENIb MOKHO IPUMEHAThH B
CJIEIYIOIINX CUTYalUAX:

1. HMcnonb30BaHHE OCBETUTENBHBIX JAMII B 3JaHUU.

2. Hcnonp3oBaHue KaHUEISAPCKUX TOBapoB (Oymara, OJIOKHOTHI,
KapaHJallii) KpynHOH (PUPMBL.

3. Hcnonp30BaHME HEKOTOPBIX MNPOMBINUICHHBIX M3IENHM, TaKHX
KaK Faiiku U OOJTHI.

4. TloTpebiieHrEe OCHOBHBIX MPOAYKTOB MUTAHUS (HarpuMmep, xyieda
1 MOJIOKA).

Ha puc. 1 nokazaHo u3mMeHeHHne ypoBHs 3a1aca BO BPEMEHH.
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Pucynok 1 — 3aBUCHMOCTh U3BMEHEHUS YPOBHS 3a11aca OT BPEMEHHU

[Ipennonaraercsi, YTO MHTEHCUBHOCTH CIIpoca (B €IMHUILY BPEMEHHU )
paBHa . HauBbicuiero ypoBHs 3amac JAOCTUTaeT B MOMEHT IMOCTaBKHU
3aKasza pa3MepoM Y (Mpearonaraercs, YTo 3amna3/bIBaHUE MOCTaBKH SB-
JSI€TCS 3aIaHHOM KOHCTAHTOW). Y POBEHB 3amaca JOCTUTAET HYJIS CIyCTS
y/[ enuHuIl BpEMEHH T0CjIe TOJdydeHus 3aKa3za pasMepoM y. C oJHO#
CTOPOHBI, YEM MEHBILIE pa3Mep 3aKasza Yy, TEM Yalle Hy»KHO pa3MeIlaTh
3aka3bl. OIHAKO MpU 3TOM CpPEIHHMI ypOBEHb 3amaca OyJIeT yMEHb-
matbcsa. C Ipyroil CTOpPOHBI, C YBETUYEHUEM pa3Mepa 3aKa30B YPOBEHb
3amaca IMOBBIIIAETCS, HO 3aKa3bl pa3meniarorcs pexe. Takas cutyauus
IIPEACTaBJICHA Ha puUC. 2.

Huszkasa 9acToTa
pa:sluemenna 3AKa30B

/

Bricokaa gacToTa
PasMel[EHHA 3aKa20E

AANAW A

Bpewms

popRMM ToHomoT

PucyHnox 2 — PaznnuHbIe 4acTOTHI pa3MELICHHS 3aKa30B

Tak kak 3aTpaThl 3aBUCAT OT YaCTOTHI pa3MEIICHUS 3aKa3a U o0beMa
XpaHUMOI'O 3araca, TO BEeJIMYMHA Y BBIOMPAETCS U3 YCIOBUS oOecreye-
HUs cOATAaHCUPOBAHHOCTH MEXAY JIBYMsI BHJIAMH 3aTpaTr. DTO JIEKUT B
OCHOBE MOCTPOEHHS COOTBETCTBYIOIIEN MOAEIH YIPABJICHHUS 3allaCaMH.



Ilyctb K — 3arparhl Ha oQopMIICHHE 3aKa3a, MUMEIIIUE MEeCTO
BCSIKMI pa3 MpU €ro pasMenieHnu, h — 3aTpaThl HA XpaHCHUE €UHUIIBI
3aKa3a B eQuHUIly BpemeHH. CIieoBaTeIbHO, CyMMapHbIE 3aTpPaThl B
€IMHUILY BPEMEHHU MOYKHO MPEACTABUTH B BUJIEC

3aTpartsl Ha o) OpMIIEHUE 3aKa3a,

e/l. BpeMEHU \’
3aTparbl Ha XpaHEHUE 3araca,
e/l. BpeMEHU

[TpoAOKUTENLHOCTh IMKJIA JBM)KEHHS 3aKa3a COCTaBISET ty =
y/B; cpeanmii ypoBeHb 3amaca paBeH y/ 2.

OnrrManbHOE 3HAUYEHUE Y MOIYYaeTCs B Pe3yIbTaTe MUHUMH3ALMH
C(y) mmo y. Takum 00pa3oM, B IPEAIOIOKEHUH, YTO Y — HEMPEPLIBHAS
HepeMeHHast, UMEEM

acly) _ KB | h _
S =2 2—0, (1.3)

OTKYa OIITUMAJIbBHOC BBIPAKCHUC 3dKa3ad OIIPCACIIACTCA BbIPAKCHUCM

« _ [2KB
= |=£ (1.4)

MoO>HO [0Ka3aTh, 4T0 y* cocraBiser MunumyM C(y), oKas3as, 4To
BTOpasi IPOU3BOIHAS B TOUKE Y~ CTPOTO MOJOKHUTEIbHA.

Bripaxxenue (1.4) HazpiBalOT (PopMysiol 3KOHOMHYHOTO pa3mepa
3aKa3a YUJICOHA.

OnTuManibHasi CTpaTeruss MOJEIH MpeIycCMaTpuBaeT 3aKa3 Y~ eIu-
HUII TPOAYKIIMU Yepe3 Kaxkple ty = y* /B eAuHHUI] BpeMEHHU.



Onrumanbueie 3atpatel C(y*) = /2K[h monydeHsl MmyTeM HEIo-
CPEJICTBEHHOM I10JICTAHOBKH.

JI1st peanbHBIX CUTyalldid CYIIECTBYET (MOJIOKUTENbHBIN) CPOK BbI-
MOJTHEHHUSI 3aKa3za (BpEeMEHHOE 3amna3/blBaHue) L oT MOMEHTa pa3Mellie-
HUS 3aKasa JI0 €ro JEHUCTBUTEIbHOU MocTaBkU. CTparerusi pa3MeleHus
3aKa30B B MPUBEJICHHON MOJEIH JIOJKHA ONPEIEsTh TOUKY BO30OHOB-
JIEHUS 3aKa3a.

Ha puc. 3 moka3aH ciyyaid, Korja TOuka BO30OHOBJICHHMS 3aKa3a
JIOJDKHA OIepexkaTh Ha L euHUI] BPEMEHH OXUJIAEMYIO0 TOCTaBKy. B
MPaKTUYECKUX IEJISIX 3Ty MH(OpMAIMI0O MOXKHO IMpeodpa3oBaTh, OMpe-
JIEIMB TOYKY BO30OHOBJICHMS 3aKa3a 4epe3 ypOBEHb 3amaca, COOTBET-
CTBYIOIIUI MOMEHTY BO30OHOBJICHUIO.

TodkH B0300HOBNEHR A SAKAS0R

U"E‘I‘lwl:"dld
~
*

popHdp W

Bpems

Pucynoxk 3 — Touka BO30OHOBJICHUS 3aKa3a OMEPEIKACT 0KUTAEMYIO
IOCTaBKY

Ha npaktuke 3TO peanu3yercsi IMyTeM HENPEPHIBHOTO KOHTPOJIS
YPOBHS 3amaca 10 MOMEHTa JOCTHUXKEHUS OYEepPEIHON TOYKH BO30OHOB-
neHus 3akasza. [lo 3ToW mpuyMHE Takyr0 MOJEIb Ha3bIBAIOT MOJEIBIO
HEMPEPBIBHOTO KOHTPOJII COCTOSIHUA 3akasza. Crenyer 3aMeTHTh, 4TO
CPOK BBIIIOJIHEHUS 3aKa3a L MOKHO NPHUHATH MEHbBIIE IPOIOIKUTENb-

HOCTH IIMKJIA L.



Ilpumep

Exceonesnviii cnpoc na mosap b cocmasnsiem 100 eo. 3ampamwi Ha
pasmewenue Kaxcooz2o 3anaca K nocmosimnvl u pasuvr 100 Oen. eo.
Esceonesnvie 3ampamul Ha xpaneHue eounuysl 3anaca h cocmaensiom
0,02 oen. ed. Onpeodenumsv dK0OHOMUUHBIL pazmep NAPMUU U MOUK) 3d-
Ka3a npu cpoxe 8bINOJHEeHUs 3aKa3d, pagHom 12 ousam.

U3 ghopmyner Yuncona nonyuaem

y* = /—2“3‘(’2“’0 = 1000 eg.

OI’lmuMaJleaﬂ I/lPOaOJZJfCMmeJleOCI’Hb YuKia cocmaesisem
ts =y*/B = 1000/100 = 10 gn.

Tax kak cpok evinonHeHus 3akaza pasen 12 ouam u npooosdicu-
menvHocmy yukia cocmaesnsiem 10 OHell, 60300H08NIeHUe 3aKA3A NPOUC-
Xooum, K020a YpO8eHb 3andaca 0ocmamoueH OJisi YO081emME8OpeHUs]
cnpoca na 12 — 10 = 2 gH. Taxum obpaszom, 3axaz pazmepom y* =
1000 epn., koeoa yposenwv 3anaca oocmuzaem 2 X 100 = 200 ep.

Mooicno cuumamo, ymo 3¢)hexmusHbvIli CPOK BbINOIHEHUS 3aKA3A
pasen L —ty npu L >ty u pasen L 6 npomuenom ciayuae (30ecy L —
3A0AHHBLI CPOK 8bINOJIHEHUSL 3AKA3A).

s paccmampueaemoco npumepa onpeoerumv MOUK)Y 3aKa3ad 8
CLEOVIOWUX CAYYAAX: a) Cpok evinoanenus: 3axaza L = 15 nH. (omeem
500 eo.); 6) cpox svinonnenus 3axaza L = 23 gH. (omeem 300 e0.); 6)
cpok evinoanenus 3akaza L = 8 gH. (omseem 800 ed.); 2) cpox ewinoi-
nenus 3axaza L = 10 gH. (omeem 0 e0.).



2. IPAKTUYECKASA YACTbH

3amaya 1. CymecTByIOT AB€ (UPMBI [0 U3TOTOBJICHUIO TJIACTUKO-
BbIX OKOH. ®upma A Moxet 3a Mecsi u3roroButh 1000 kB. M cTekna X ¢
TpexkamepHbiM mnpoduiaeM u 600 kB. M cTekia Y ¢ MATHKaMEPHBIM
npoduineM. upma B 3a TOT ke nepuoj BpeMeHru u3roroBut 700 xB. M
crexina X u 1500 kB. M crekna Y. Ilpogaxuas croumocts npoduiis X
coctasisieT 300 py6. 3a kB. M, cTouMocTh npoduiis Y cocrasmisier 500
py0. 3a kB. M. Ctekiia X u Y M3roTaBanMBaloOT U3 OJTHOTO U TOTO KE ChIPHSI.
Jnst mzrotoBiaeHus 1 kB. M cTekyia X TpeOyeTcs 5 KB. M ChIpbs, IS
crekya Y — 8 kB. M chIpbsi. KonudecTBo chipbsi y ¢pupMmbl A paHo 5000
KB. M, y ¢upmbl B — 8000 xB. M. OnipeieiuTh MaKCUMaJIbHOE 3HAUCHHE
npuos GupM A U B Tipu yCIIOBUM MOCTOSIHHOTO YCTOMYMBOTO CIIpoca
Ha IJIACTUKOBBIE OKHA.

3amaya 2. TpeOyercs ompeAeiauTh IUIaH (pallMOHAILHYIO MPO-
rpaMMy) BBIITyCKa YEThIpEeX BUIIOB npoaykuuu P;, P,, P; u P, nns u3-

TOTOBJICHHS] KOTOPBIX HEOOXOAUMBI PECYPCHI TPEX TUIIOB

Tun pecypca Bun nmpoaykuuun Pacmionaraemerit
P P, Ps P, pecype b;

1 15 3,0 4,5 6,0 60

2 9,0 7,5 6,0 45 165

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

['panuIia BeIyCKa, 1/8 |0/— |2/— |3/3 |—

HWKHSS / BEpXHSs

[TpuOsLH, 100 110 120 |130 |—

JIeH. €. 3a €JI. TPOIYKIINU

IIporpamma, X1 Xy X3 Xy —

KOJI-BO €J1. IPOYKITUH

3a1arTCs KOHKPETHBIE 3HAYCHUS @;; ¥ b; (cM. TabaMiy) ¢ y4eToM
IPOTPAaMMBI BBHIITYCKa NPOAYKLUM X; U BO3MOXHON MPUOBLIM OT peaiu-

3aIuy MPOAYKIINM (B JACHEKHBIX eAUHUIAX). TakuM oOpa3oM, JJIs TOTO

YTOOBI BBIMYCTUTh CAWHUIYY TpoAyKumu P, Tpedyercs 3,0 eauHHITBI




IEpBOro TUIA pecypcea, 7,5 — Broporo u 9,0 — tperrero. Mckomas

pallMoHalIbHasi TIporpaMMa B KOJWYECTBE €AMHUIl MPOAYKUIHMH (IITYK)

0003HAYaeTCs X1, X5, X3 U X4 COOTBETCTBEHHO.

3agaum 3-13.

Tun Bun nponykuuu Pacnosmmaraem | I'panuna [TpuGbLIL

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

3agaua 3

1 15 6,0 21,0 1/— 4,5

2 4,5 6,0 27,0 0/— 8,2

3 9,0 3,0 40,5

3agaua 4

1 12,0 13,0 90,0 1/— 6,0

2 1,2 3,0 18,0 0/— 4,6

3 6,0 2,5 30,0

3agaua 5

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

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

3 30,0 26,0 180,0

3agaua 6

1 38,0 55,0 450,0 0/— 7,0

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

3 16,5 13,5 180,0

3amaua 7

1 39,0 12,0 240,0 1/— 55

2 27,0 26,0 210,0 0/— 6,5

3 6,0 20,0 120,0

3agmaua 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

3agaua 9

1 15,0 5,0 50,0 0/— 11,2

2 2,0 4,5 17,5 0,8/ — 4,9

3 32,0 35,0 160,0




3agaua 10

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

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

3agaua 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 dyem cMmbIch 3a1aum ynpaBiaeHUs 3aracaMu?
Kakumu MeToiamu periaercs 3ajada yrpaBJeHuUs 3amnacamu?
B uem 3akirouaeTcs 3a/1aua pacpeaesieHusl pecypcoB?

B whE

Kakue cymiecTByrOT METOJbI pelIeHUs 3aJadu pacupeacsieHus
pecypcoB?

5. Kakwue ObIBarOT MOJIE TN yIIpaBJICHUS 3arlacaMu?

6. Kak kimaccuduuupoBath OnMcanue cupoca?




IpakTuyeckoe 3ansitue Ne2. AHaJU3 PUCKA M 0€30IACHOCTH
HCNO0Jb30BAHUA HOBBIX TEXHOJIOTUH

Hesap 3aHATHA: M3YyYCHHE NPABUJI ITOCTAHOBKH THUIIOBOW 3aJa4yu
CUCTEMHOI0 aHaju3a — 3aJa4yd aHaju3a pPUCKa M 0e30MacHOCTH HC-
MOJIb30BaHUSI HOBBIX TEXHOJIOTHH.

AKTYaJbHOCTh TeMbl 3aHATHS: YMEHUE MPaBUIbHO (HOpMaIU30-
BaTh 3aJauy — OO0S3aTeNbHbII 3Tall CUCTEMHOTO aHajIu3a, ¢ KOTOPOIo
JOJDKHA HA4MHATBCS IPOLieaypa CO3JaHUs CHUCTEMY YIIPABIEHHUs C 3a-
JAHHBIMH XapPAKTEPUCTUKAMU.

1. TEOPETUYECKASA YACTb

AHanmu3 HMHPOPMAIMOHHBIX PHUCKOB TMO03BOJsIET 3(h(PEKTUBHO
yIpaBisiTh HHHOPMAIMOHHON 0€30MacHOCThIO Npeanpusatus. s 3Toro
B Havajie pabOT MO aHaIW3y PHUCKOB HEOOXOJUMO OINPEAECIUTh, UTO
MMEHHO MOJUICKUT 3alllUTE HA MPENPUITUH, BO3JECHCTBUIO KAaKUX YIPO3
3TO TOJBEPKEHO, U BhIPAOOTaTh PEKOMEHAAIMU IO MPAKTUKE 3alUTHI.
AHanM3 pUCKOB NPOU3BOAUTCS UCXOAS W3 HEMOCPEACTBEHHBIX IIEJIEH U
3aJ1a4 10 3alUTe KOHKPETHOTO BUAAa HHGOpMAMK KOHPUIECHIIUATBHOTO
xapakrepa. OHa U3 BaXXHEHIIUX 3a/1ad B paMKax 3alluThl HH(popMauu
— obecrieueHue ee EIOCTHOCTH U JOCTYIMHOCTH. YacTo 3a0bIBaeTCA, 4TO
HApYILICHUE LEJIOCTHOCTH MOMKET IMPOU30MTHU HE TOJBKO BCIIEICTBHE
npeaHaMEpPEHHbIX ACHCTBHUIM, HO W MO PsAy APYrUX NpUYUH: cOOEB
00OpyI0BaHMs, BEAYIIUX K MOTEPE WIH UCKAXKEHUIO HHpopManuu; pu-
3UYECKUX BO3JACHUCTBUM, B TOM UHCJIC B pE3yJibTaT€ CTUXUUHBIX O€-
CTBUI; OIIMOOK B MPOTPAMMHOM OOECIEYEHHUH (B TOM YHUCJE HEIOKY-
MEHTUPOBAHHBIX BO3MOXHOCTEW). [loaTOMy mHOa TEpMHHOM «aTakay
OyJeM OHMMAaTh HE TOJIbKO YEJIOBEYECKHE BO3JCUCTBUA HAa MH(pOpMa-
LIUOHHBIE PECYPCHI, HO U BO3ACHUCTBUS OKPYKAIOILIEHU Cpebl, B KOTOPOU
(GYHKIMOHUPYET cucTeMa o0padoTKu MH(pOpMaLMK NpeNnpUITHS.



AHaIN3 pucKa MOXHO MPOBOAUTH M0 CLIECHAPUIO, H300pa)KEHHOMY Ha
pucynke | (Kaxaplii U3 IIECTH 3TANOB aHAIN3a PUCKA JIOJDKEH OBIThH

KOHKPETU3UPOBAH).

H3 lNepeuns

coenomtii | |——="> NudopManHoHHBIE

pecypehbl
MecTa XpaHeHHA HHOPMaLIHI

ADXHTERTVDA :> Yanrer hopManeHoi 05padoTK

P ACOI'i P ¥3ne1 nepepaloTKH HHPOpMALHH

Kanamer repenayll JaHHELX
Kaname:
Vrposst S — JOCTYIA, YTEMKH HIIH BOSIEHCTEHA
HA HHOpPMALHIO

BepoarHbie Cnocofebl H cpeacTBa ofecnedeHHs
VASBHMOCTH  [& :— HHPOPMAMHOHHOH §e30MacHOCTH

i B OGOPOHC (B COOTBETCTEHH € HETAMH 38]].],1{'[‘]:[)
YA3BUMOCTH

o KAKIOH <: CriocoOBI H CPeacTBa NPeoa0NIeHHA

¥Ipose SALIHTHI
Pawampo-
BaHHLLI cﬁnml.\. Yimepd 0T HENMPaBOMEPHOTO AQCTYIIA
yrpos S K HHOOPMALHOHHBIM PECYpcaM

Pucynok 1 — Dtamnbl aHann3a pucka

Ha nepsom u emopom smanax onpenensiroTcs CBEICHUS, COCTaB-
JSAIOLINAE TSI TPEAIIPUITHS KOMMEPUYECKYIO TallHY, KOTOPBIE MPEACTOUT
3alUIIATD.

Takue cBeneHHUS XpAHATCS B ONPENCICHHBIX MECTaX M Ha KOH-
KPETHBIX HOCUTEIIAX, IEPEAA0OTCA 10 KaHaJIaM CBSI3U M 00pabaThIBatOTCS
B COOTBETCTBUHU C ONPEICICHHBIM periaMeHToM. llpu sToM ompenens-
I0IIUM (PAKTOPOM B TEXHOJIOTHH OOpaIieHus: ¢ nHpopManueit sBiasercs
apXUTEeKTypa KopropaTuBHbIX HH(popmanuoHHbix cucteM (KUC), xo-
TOpasi BO MHOTOM OIpEeNseT 3allUIIeHHOCTh WH(POPMAIIMOHHBIX pe-
CYypPCOB NPEATIPUATHS.



B cBs13u ¢ 3TUM HEOOXOAMMO €lle pa3 MOAYEPKHYTh, YTO CTEIEHb
MH()OPMALIMOHHON OE€30MaCHOCTU ONPEAENIAETCS HE TOJBKO (a4 MOXET
OBITh M HE CTOJBKO) CPEICTBAMHU M CHOCOOAMHU 3alIUThI, HO U OCOOEH-
HocTsimu noctpoeHusst KMC. U koraa roopst o KUC B 3amuiennoM
UCIIOJTHEHUH, PeUb UJIET, MPEXKIAE BCEro, O BEIOOPE TAKOW apXUTEKTYPHI
(TOmo0rMK) CUCTEMBI 00pabOTKN UHGOPMAIIMU, TAKOTO PACIOIOKEHUS
cpenctB 00paboTKku KOH(MUACHIIMANIBHON nH(OpMaluK, BbIOOpa CIOCO-
OOB €€ XpaHEeHMs U Nepeaadu, KOTOPbI€ CYIIECTBEHHO YMEHbBIIAT YUCIIO
BO3MOJKHBIX TOUYEK JI0CTyIa K UH(POpMAIIUH.

Ipemuu sman aHanu3a pUCKa — IMOCTPOCHUE CXEM KaHAJOB JIO-
CTyna, YT€YKH WJIM BO3JEHCTBHUS Ha WH(OpPMAlMOHHBIE PECYpPCHI OC-
HOBHBIX y35I0B KMC. Kaxnaplid kaHan J0CTynma XapaKTEepU3yeTcsl MHO-
KECTBOM TOYEK, C KOTOPBIX MOXHO “‘CHATH” MHpopmanuto. IMEHHO OHU
U TPEACTABISAIOT YA3BUMOCTH M TPeOyIOT NMPUMEHEHUsI CPEJCTB HENO-
NyIICHUS HeXeIaTeNbHbIX BO3ACHCTBUN Ha HHPOPMAITHIO.

AHanM3 crnocoOOB 3allMThl BCEX BO3MOXXHBIX TOYEK aTaK COOTBET-
CTBYET LIEJISIM 3AIUTHI K €r0 PEe3yJIbTaTOM JOJI)KHA ObITh XapaKTEPUCTUKA
BO3MOXKHBIX «Operieii B 000poHE», B TOM YHCIIE U 3a CUET HeOIaronpu-
STHOTO CTCUCHHS 00CTOATENbCTB (4-11 sman).

Ha namom smane, ncxons u3 M3BECTHBIX HA JAHHBIM MOMEHT CIIO-
coOOB U CpEJCTB MPEOAOJIEHU OOOPOHUTENBHBIX pyOekKeH, onpenens-
IOTCSI BEPOSITHOCTH PEANM3ALUU YTPO3 MO KAXKIOU U3 BO3MOXKHBIX TOYEK
aTakx.

Ha 3akniouumenvnom smane npou3BOAUTCS OLIEHKa yiiepba opra-
HU3AlHM B ClIydae peaju3alyyd KaXIOM M3 aTakK, KOTOPbIM BMECTE C
OLICHKaMHU YSA3BUMOCTHU IO3BOJSET IMOJYYUTh PAHKUPOBAHHBIN CIIHCOK
yIpo3 HHPOPMAIMOHHBIM PECYPCaM.

Pe3ynbrarel pabOThl MPEACTABISAIOTCS B BUJE, YAOOHOM I X
BOCIIPUATHUS U BBIPAOOTKH PEIICHUHN MO KOPPEKUUU CYIIECTBYIOLIEH CH-
cTteMbl 3amuThl MHPopManuu. [Ipu 3ToM Kaxablii MHPOPMALIMOHHBIN
pecypc MOKET ObITh MOJBEPKEH BO3JICUCTBUIO HECKOJbKUX MOTEHIU-
aNnbHBIX Yrpo3. [IpHHIMIIHAIIBHOE K€ 3HAYEHUE MMEET CyMMapHasl Be-
POSITHOCTh J1OCTyINa K MH(MOPMALMOHHBIM pECypcaMm, KOTOpas CKJIAJIbl-



BACTCS U3 DJIEMEHTAPHBIX BEPOSTHOCTEN JIOCTYIA K OTAEJIBHBIM TOYKaM
IPOXOXKACHUS HH(POpMALIHH.

Bennunna nHGOPMAMOHHOTO PUCKA MO KaXJAOMY pECypcy ompe-
JENSAETCS KaK MIPOU3BEAECHNUE BEPOSITHOCTH HAIAICHUSI HA PECYPC, BEPO-
ATHOCTU peajiu3alliyd Yrpo3bl W yuepdoa oT MH(POPMALMOHHOTO BTOP-
KEHHs. B 3TOM MpOM3BEIEHUN MOTYT HCHOJIb30BATHCA PA3JIMYHBIE CIIO-
cOOBI B3BEIIMBAHUS COCTABIISIOIIMX.

OObearMHEHNE PUCKOB MO BCEM pecypcaM JaeT OOIIYI0 BEIMYUHY
pucka npu npunsarord apxutekrype KMC u BHeIpeHHON B HEE CUCTEMBI
3alIUTHl HUH(POPMALIHH.

Bapbupys BapuaHThl IOCTPOEHUSI CUCTEMBI 3aIlIUThl HHPOPMAIUU U
apxutekTypbl KUC, BO3MOKHO TPEACTaBUTh pA3JINYHbIEC 3HAYCHUS PUCKA
3a CYET U3MEHEHHS BEPOSTHOCTH PEAIU3ALMUU YIPO3. 3]1€Ch BaKHBIM
1aroM SBJISIETCS BBIOOP OJHOTO M3 BapUaHTOB B COOTBETCTBUM C BbI-
OpaHHBIM KPUTEPUEM MPUHATUS pElICHUs. TakuMm KpUTEPHUEM MOKET
OBITH JOMyCTHMAasl BEJIMYMHA PUCKA WM OTHOIIEHHUE 3aTpaT Ha obecre-
yeHrue UHGOPMAIIMOHHOM O€30MMaCHOCTH K OCTAaTOUHOMY PUCKY.

[Ipu noctpoeHun cucrteM oOecnedeHUs: HHPOPMAMOHHON Oe3-
OMACHOCTH TaKX€ HYKHO ONPEAEIUTh CTPATETHIO YIIPABICHUS PUCKAMU
Ha MPEANPUSITUN.

Ha ceromHs m3BECTHO HECKOJIBKO MOAXOAOB K YNIPABJICHHUIO PUCKa-
Mu. OauH u3 Hanbosee pacnpoCTPaHEHHBIX — YMEHBIIEHUE PUCKA ITy-
TE€M HCIIOJb30BaHHUS KOMIUIEKCHOM CHCTEMBI KOHTPMEp, BKIIFOYAIOLIECH
IPOTPAMMHO-TEXHUYECKAE M OPTraHU3AIMOHHBIC MEPBI 3aIUTHI. biaus-
KUM SIBIIIETCS MOAXO[, CBA3AHHBIM C YKJIOHEHHEM OT pucka. OT Heko-
TOPBIX KIJIACCOB PHUCKOB MOHO YKJIOHHUTBHCS: HAIPUMED, BBIHECEHUE
Web-cepBepa opranm3zanuu 3a mpeaeibl JIOKaTbHOW CETH IO3BOJISCT
n30€KaTh pUCcKa HECAHKIIMOHUPOBAHHOTO JOCTYIIA B JIOKAIbHYIO CETh CO
croponsl Web-kieHToB.

B HEKOTOpBIX cilyyasx IOMYCTHMO IMPUHITHE PUCKA. 3/1€Ch BaXKHO
ONPEACIUTHCA CO CIEAYIOMIEN AUIEMMOM: YTO Il HPEANPUSATHS BbI-
rojinee — OOPOTHCSI C PUCKAMU WJIM K€ C MX MOCIEACTBUSIMU. B 3TOM
CJIy4ae NPUXOJIUTCS PelaTh ONTUMHU3ALMOHHYIO 3a/1a4y.



[Tocne Toro kak ompejaesieHa CTpaTerus yIpaBlICHUS PUCKAMM,
IPOU3BOJUTCA OKOHYATENbHAsI OLIEHKA MEPOINPHUATHI MO 00ECIEUEHUIO
MH()OpPMaLIMOHHON 0OE€30MaCHOCTH € MOATOTOBKOW AKCHEPTHOrO 3aKIIO-
YeHUs1 O 3alIUMIIEHHOCTH MH(POPMAIMOHHBIX pecypcoB. B skcnepTHoe
3aKJIFOYEHHME BKJIIOYAIOT BCE MaTepUalibl aHaJInu3a PUCKOB U PEKOMEH1a-
MU 10 UX CHUXKEHHUIO.

IIpumep oLeHKU PUCKOB 110 ABYM (pakTOpam

B mMatpuiie wiu Tadiniie MOXHO HarJISIIHO OTPA3UTh CBS3b (DAKTOPOB
HEraTUBHOI'O BO3ACHCTBUS (IIOKa3aTeNIed pPecypcoB) M BEPOATHOCTEM
peanusanyy yrpos3bl ¢ y4eTOM II0KA3aTeNIed YA3BUMOCTEN.

Ha mepBoM miare oneHHUBAaeTCs HEraTUBHOE BO3JEUCTBUE (TOKa3a-
TeNb pecypca) IO 3apaHee ONpeleeHHON 1Kane, HanpuMep ot 1 1o 5,

JUISL KaXKJIOT0 pecypca, KOTOPOMY YIPOXKaeT OIMAacHOCTh (KOJoHKa B B
Tabm. 1).

Tabauma 1

Heckpunrop [Toxa3zarens Bo3moxuocte | [lokazarenn Panr pucka
yYTPO3bI HETaTHBHOTO | peayin3aIiuu pucKa

BO3JICUCTBUSL | YTPO3BI

(pecypca) B (cyObekTuBHAs

orienka) C

Yrpoza A 3) 2 10 2
Yrpos3a B 2 4 8 3
Yrposa C 3 5 15 1
Yrposa D 1 3 3 5
Yrpoza E 4 1 4 4
VYrposza F 2 4 8 3

Ha BTOpOM m1are mo 3apaHee 3aJaHHOU LIKaJIe, Harpumep ot 1 1o 35,
OLICHUBAETCA BEPOATHOCTh pEANTU3ALAN KAXKION yTPO3BbI.

Ha tpeTpem mare BbIMHCHSETCS MTOKa3aTenb pucka. B mpocrenmem
ciIydae 3TO Aenaercs myreM ymMHoxkeHus (B X ). OnHako HE0OX0IHMO
MIOMHHTB, YTO OINEPALUS YMHOKEHHUS OMPEAETICHA ISl KOJIMYECTBEHHBIX
mkai. JlJist paHroBbIX (KAYECTBEHHBIX) KAl W3MEPEHHS, KaKOBBIMU




SIBJISIFOTCS TIOKa3aTeNlb HEraTUBHOTO BO3JICUCTBUSI U BEPOSITHOCTh pea-
JU3aliy yTPo3bl, K IPUMEPY, COBCEM HE 00513aTEIbHO MOKa3aTeb PUCKa,
COOTBETCTBYIOIMM ciydaro B = 1; C = 3, OyeT 3KBUBAJICHTEH CIy4alo
B = 3; C = 1. CooTBETCTBEHHO JOJDKHA OBITH pa3zpaboTaHa METOJIMKA
OLICHWBAHUS TOKA3aTeJIel PUCKOB MPUMEHUTEIBHO K KOHKPETHOWU Op-
TaHU3alHH.

Ha geTBepToM 1m1are yrpo3bl paHXKHPYIOTCS MO 3HAYCHHUSIM UX (ak-
TOpa pucka.

B paccmaTtpuBaeMoM mpuMepe Il HAUMEHBIIETO HEraTUBHOTO
BO3JICCTBUS U HAMMEHBIIIEH BO3MOXKHOCTH peaii3allui yTpo3bl BEIOpaH
roKasarensp 1.

JlaHHas nporenypa no3BOJsSE€T CPABHUBATH U PAHKUPOBATH YIPO3BI C
pPa3IMYHBIMU HETAaTUBHBIMU BO3JCUCTBUSMU U BEPOATHOCTSIMH PEasu-
3a1uu. B onpeneneHHbIixX ciydasx JOMOTHUTEIbHO MOTYT NPUHUMATHCS
BO BHUMAHHUE CTOMMOCTHBIC OKA3aTEH.

Pa3fiejieHne puCKOB Ha NIpUeMJIeMble U HepueMJIeMble

Jpyroil cmoco® OIEHMBAHUSI PHUCKOB COCTOUT B pa3ACiICHUH HX
TOJBKO Ha MpUEMIIEMble U HenpuemseMble. [101xon OCHOBBIBaETCS Ha
TOM, YTO KOJIMYECTBEHHBIE MOKA3aTEJIM PUCKOB HUCIOJIB3YIOTCS TOIBKO
JJI8 TOrO, 4YTOOBl MX YHOPSAOYUTb M ONPEACIUTh, KaKHUe ICHCTBUS
HEOOXOMMBI B MEpBYyt0 ouepeab. Ho 3Toro MokHO AJOCTUYDL U C MEHB-
IIUMH 3aTpaTamu.

Marpuiia, ucroiab3yemas B JaHHOM IOJIXOJ€E, COJACPKUT HE YUCTa, a
TOJbKO cUMBOJIBI [] (puck nomyctum) U H (puck HemomycTum).

Bomnpoc o TOM, Kak HMPOBECTH TPAHHUIY MEXKAYy MPUEMIIEMBIMH M
HEMPUEMJIEMBIMH PUCKAMHU OCTA€TCSl HA YCMOTPEHUE AHAIUTHKA, MOJ-
rOTaBJIMBAIOIIECTO JAHHYIO TaOJIUIy WM PYKOBOJISIIMX CIEIUATUCTOB B
o0nacTy MHPOPMAIIMOHHON 0€30MMacHOCTH.



2. TIPAKTUYECKASA YACTb

3agaya 1. PazpaboTaTh npeyioKeHHbIN MJIaH MPOEKTa U MOICUUTATh

CIro MMOJHYKO CTOMMOCTD U PasMCp OTBJICYHCHHBIX CPCIACTB:

CozaaTth cUCTEMY AUCTAHIIMOHHOTO O0yYEHUS B BY3€.

CozaaTh CUCTEMY YIPaBICHUECKOIO yueTa Ha MPEeAIPUSTUH.
Co3nath CHUCTEMY MEHEIKMEHTa KadyecTBa Ha IMPOU3BOJICTBEH-
HOM MOPEANPHUSITHH.

Co3nath cucTeMy MacCoBOTO OOCTYKUBaHUS (KJIMEHT-CEPBEPHOM
apXUTEKTYPHI).

Co3nmaTe cHUCTEMY SKOJOTUYECKOTO MEHEIKMEHTa MPOU3BO/I-
CTBEHHOTO TPEIIPUSITHUSI.

3amaya 2. 3anoJHUTH TAOIUILY IO TPEJIOKEHHOM BBIIIIE METOIUKE.

Bapuanr 1
Heckpunrop | Iloka3zarenn Bo3moxHOCTB IToxa3zarens Paur pucka
YTPO3bI HETaTHBHOTO | pean3ariiu pucka
BO3JICUCTBUSL | yTpoO3bl (CyOB-
(pecypca) B EKTHBHAs OLICH-
ka) C
Yrpo3a A 1 8
Yrposza B 2 6
Yrpoza C 9 9
Yrposza D 6 4
Yrpoza E 4 1
Yrpoza F 7 2
Yrpoza G 3 3
Yrpoza H 5 7
Yrposza I 7 5
Bapuant 2
Heckpunrop | [lokazarenb Bo3moxHOCTB IToka3zarenp Panr pucka
YTPO3bI HETaTHBHOTO | pealu3aIuu pHucka
BO3JICUCTBUSA | yIpO3bl (CyOb-
(pecypca) B €KTHUBHAs OLICH-
ka) C




Yrpoza 4

Yrposza B

Yrpoza C

Yrposza D

Yrpoza E

Yrposza F

Yrpoza G

Yrpoza H

Yrposza I
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BapuanTt 3

Heckpunrop

yTPO3bI

Ilokazarens
HEraTUBHOI'O
BO3JENCTBUS

(pecypca) B

Bo3moxHOCTB
peanuzanuu
yIrpo3bl (CyOb-
SKTHBHAas OIICH-

=

o
N

o

Iloka3areinn
pHUcKa

Panr pucka

Yrpoza A

Yrpo3a B

Yrpoza C

Yrpoza D

Yrposa E

Yrposza F

Yrpoza G

Yrpoza H

Yrposa I
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Bapuanr 4

Heckpunrop

YIPO3bI

Ilokazarennb
HETaTUBHOTO
BO3JIEUCTBUS

(pecypca) B

Bo3moxHOCTB
peanuzanuu
yrpo3sl (CyOb-
SKTHBHAas OIICH-

=
o
N

Iloka3areinn
pHUcka

Panr pucka

Yrpoza A

Yrpo3a B

Yrpoza C

Yrpo3a D

Yrposa E

Yrpoza F

Yrpoza G

Yrpo3za H

Yrpo3za I
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BapuanTt 5
Heckpunitop | [Tokazarens Bo3moxxHOCTB [Toka3arenp Panr pucka
YTPO3bI HETaTUBHOTO | peanu3aliu pHcKa
BO3JICHCTBUS | YTpO3bl (CyOB-
(pecypca) B CKTUBHAs OIICH-
ka) C
Yrposa A 9 1
Yrposza B 1 6
Yrpoza C 8 8
Yrposza D 7 4
Yrpoza E 6 9
Yrpoza F 5 5
Yrposa G 2 3
Yrpoza H 3 7
Yrpoza I 4 2

3. KOHTPOJIBHBIE BOITPOCHI

B own e

Kaxkue cymecTByloT ypoOBHU PUCKOB?

Kakue cyecTByloT ypoBHU ySA3BUMOCTEN?

Yto Takoe TaOIMUHEIE MCTOAbI OIICHKH pI/ICKOB?

Kakue cymecTByIOT 3Tansl aHajau3a puckoB?




IpakTnueckoe 3ansitue Ne3. IlpoBepka ageKBaTHOCTH MojeJieil
CJIO’KHBIX CHCTEM

He.]'lb SAHATUA: U3YUCHUC IIPpaBHJI IIPOBCPKU AJICKBATHOCTHU MO/JIC-
Heﬁ, dHaJIN3a HCOIIPCACIICHHOCTHU U YYyBCTBHUTCIIbHOCTH.

AKTyaJ'II)HOCTB TEMbI 3aHATHS: YMCHHUC IIPABUJIBHO OLICHUTDH
AJACKBATHOCTD ITOJIYUYCHHBIX MOI[CJ'IGfI — 00s13aTeIILHBIN ATAll CUCTEMHOIO
dHaJIn3a, C KOTOpPOIo A0JKHA HAYMHATHCA IIpoucaAypa Co3aaHust CUCTCMY
YIpaBJICHUA C 3aJdAHHBIMU XaPAKTCPUCTUKAMMU.

1. TEOPETUYECKASA YACTb

Jrobast MmaTemaTuueckass MOJIeNIb HE SBJISICTCS TOYHOM, BCETa Cy-
IIIECTBYET BEPOSTHOCTh BOBHUKHOBEHMS OIIMOKU MPU MPOBEIACHUM pac-
4eTOB. MOTyT BO3HUKHYTh OIIMOKH MPU OKPYTJIECHUM, UCTIOJIHb30BaHUU
HETOYHBIX WJIM MPOTUBOPEUYUBHIX JAHHBIX U T. . [[J11 TOro 4ToOsI olle-
HUTh, HACKOJILKO XOPOIIIO WM TJIOXO0 MOJICNb MPEACTABIISIET peaabHbIN
IpoILIeCC, UCMONIB3YIOT KPUTEPUU OLIEHKU. B TaHHOM pasjene paccmar-
pHUBAIOTCS IPOBEPKU HA aJICKBATHOCTh PErPECCUOHHBIX MOJEIEH.

Cpennss ommoKka annpokcuMannu (a€KBaTHOCTh MOJICIIN)

A=2yn | 7| 100%, (1.1)

r7iec y — peaibHbIC TaHHBIC, Y — JaHHBIC, pACCYNTAHHBIC 110 MOJICIIH.
JlonmycTuMebIi ypoBEHb 3TOTO Kputepusa — oT 5 10 10%. Ecnu 3Ha-

YEHHME KPUTEPHS BBIIIE, TO MOJICIIb HE CIIeIyET MPUMEHSATH IIPU pacueTax.
Ko3dpuuueHT 3/1aCTHYHOCTH

!

3=9% (1.2)

LKL



rae X Uy — CpeaHue 3HadeHus (s JIMHEMHOM MOoJenn); ¥ — mpous-
BOJIHAsI PYHKIIUH MOJEIIH.

Ilpumeuanue. B cnyuae nunelunou mooeau HPOU3BOOHASI PABHA
KOHCmaHme npu (pakmopHou nepemeHHou. /{anHblil Kpumeputi noKka3bi-
8aem, Ha CKOJIbKO NPOYEHMOo8 8 CpeOHeM NO 8Cell COBOKYNHOCMU U3Me-
PeHutl U3SMeHUMmCcs pe3yibmam y Om c80el CpeoHel BelUdUHbl NPU U3-
MeneHuu ¢pakmopa x na 1% om ceoe2o cpeonezo 3HaueHus, m. e. 4)g-

CMBUMENbHOCHb MOOEU.

Cpennee o:xugaemMoe 3HaU€HHE MPECTABIAECT COO0M 0000IIEHHYIO
KOJJMYECTBEHHYIO XapakTepucTtuky. Ero paccuuthiBaror mo Qopmyse
cpeaHei apupMeTuIecKor B3BEIIICHHON

— anlxlnl
x = l‘].’L—Tl.’ (1-3)
1=1"%l
e X; — OKUIaEMO€E 3HAUYEHHUE YIS KaX<IOTo CIIydas; n; — YUCIO CIIy-

yaeB HaOJIOAeHMS (JacToTa).

Taxxe HEOOXOIUMO OTPESTUTH MEPY KOJISOJIEMOCTH BO3MOYKHOTO
pesynbTara. Konebremocms MpeICTaBISIET COOOHM CTENEHb OTKIOHCHHS
OKHMJIaeMOT0 3HaueHHUs OT cpeaHero. JIIsi ee OLCHKH Ha MpaKTHKE
OOBIYHO TIPUMEHSIOT JBa OJU3KO CBSI3aHHBIX KPUTEPHUSI — JHUCIICPCHIO U
CpeIHee KBaIpaTUYHOE OTKJIOHCHUE.

Jlucnepcusi eCTh CPETHEB3BEIICHHOE 3HAYCHUE KBAJAPAaTOB OTKIIO-
HEHUH JIEHCTBUTEIBHBIX PE3YIBTATOB OT CPEIHHUX OKHUIACMBIX

— Z?:ﬂxi_f)zni

§% = = , (1.4)

i=1 1

Cpennee kBagpaTu4HoOe OTKJIOHEHHE S €CTh KOPEHb U3 YKAa3aHHOU
BeJMYMHBL. CpelHee KBaJpaTUYHOE OTKJIOHEHHE — HMEHOBAaHHAas Be-
JIMYMHA; YKa3bIBACTCS B TEX K€ €IMHUIIAX, B KAKUX U3MEPSAETCS BapbU-



pyrolui npusHak. J{ucnepcus U cpenHee KBaApaTUYHOE OTKJIOHEHUE
ABJISIIOTCSI MEPaMU a0COJIFOTHOM KOJIEOJIEMOCTH.

Ko3dpuumeHnT nerepMUHALMM TOKA3bIBAECT, KaKas NOJS JUCIEP-
CUU PE3YyJbTATUBHOTO MPHU3HAKA OOBSCHSIETCS BIMSIHUEM HE3aBHUCUMBIX
MIEPEMEHHBIX

_ Zin = f)?

R =1
?:1(yi_37)2’

(1.5)

r7€ y; — BBIOOPOYHBIC TaHHBIE, a f; — COOTBETCTBYIOIINE UM 3HAUCHUS
MO/IEJIN.

Ilpumep. Bwviuucnenue o0ogepumenbHo20 UHMEPBALA C YPOBHEM
snauumocmu 0,05

Buvibopka 3nauenuti uzmepsiemou eeaudunvl X umeem HOPMALbHbLU
3aKOH pacnpeoeiienus eeposimuocmet. X1 = 2,55 x, = 2,32 ; x3 =
2,39; x4 = 2,15; x5 = 2,54; x; = 2,44; x;, = 2,25, xg = 2,28.

Pazmeprnocmo vibopxu: n = 8.

3aoanue yposus snavumocmu: o = 0,05.

Cmenenwv dosepus. 1 — a = 0,95.

Buviuucnenue cpebneeo SHAY€eHUA 6bl60pl{l/l MSMepﬂeMOﬁ 6eIUHUHDbI

_ 1
X =—Qi=1X = 2,365.

01/}€HKCI SHAYEHUA cpeanekeadpamulmoeo OMKJIIOHEHUA

n —5)2
S, = JHRE — 0,141,

Onpeoenenue 0oeepumenbHo20 UHMEPBAIQ
Kosgppuyuenm Cmwrooenma

t(a,n) = 2,365.

Abcontomuasn cay4ainas noepeuHocmy

Ax. = t(a, n)j—% = 0,118.

Bepxussa epanuya dosepumenvroeo unmepeana
Xeg = X + Ax..



Huoicnsas epanuya 0osepumenvrno2o unmepsana
Xy = X — Ax,.

Yuem npubopnuix nocpewinocmeit
IIpubopnas noecpeuwtnocms

Ax, = 0,1.

Abcontomuasn noepeutHocms

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

Omuocumenvras nocpeutHocnio

sx =2 = 0,081.
X

Bepxusas epanuya 0osepumenvroco unmepsana
Xg = X + Ax.
Huorcnsas epanuya 0osepumenvro2o unmepsana
Xy = X — Ax.

Jna aHanu3a pe3yJIbTaTOB MOJACIUPOBAHUS, KaK MPABUIIO, UCIIOJb-
3yI0T KO3(duument Bapuanuu. OH MpeacTaBiaseT cOO0OM OTHOIICHUE
CpeIHEro0 KBAaJPAaTHYHOTO OTKJIOHEHHS K CpeaHeMy apu(PpMETHYCCKOMY
3HAYECHUIO W TIOKA3bIBACT CTENECHb OTKJIOHECHUS IMOJYYCHHBIX 3HAYCHUU
OT pEAIbHBIX

tS

vV=—
x

100%. (1.6)

Koaddummment moxer msmenarscs oT 0 go 100%. Yem OGombiie
ko3 duImeHT, TeM cuiabHee KonediemocTs. [IpuHATa crnemyromias Ka-
YeCTBEHHAsI OI[EHKA Pa3IMYHBIX 3HAUYCHUH KOd(PhUIIMeHTa BapHalfH. 10
10% — cnabas konebiemocts, 10-25 % — ymepennasi, cBbiie 25% —
BbIcOKas. [Ipenmourenne oTaaeTcss TeM MOJETISAM, IO KOTOPHIM 3HAUCHUE
ko3 dummenTa sBaseTcs 0ojiee HU3KHUM.

HecmoTps Ha HECT0KHOCTh BBIMOJHEHUS MAaTEMAaTHUYCCKUX pacue-
TOB, JUISl KICIIOJIb30BaHUS JJAHHOTO METOJa HEOOXOIUMO OOJIBIIIOE KOJIH-
YeCTBO MH(OPMAIIUKM M JAaHHBIX 3a JJIUTEIbHBIM MEPHUOJ] BPEMEHH, UTO
SIBJISICTCS] €0 OCHOBHBIM HEJIOCTATKOM.



Kpome Toro, onmcanHbie BBIIIE XaPAKTEPUCTUKU MOKHO IPUMEHSIThH
K HOPMaJbHOMY 3aKOHY pacupeaciieHuss BeposATHOCTEH. OH MIMPOKO
UCIIOJIb3YETCsA, TaK KaK €ro Ba)KHEHIME CBONCTBA (CHMMETPHUYHOCTH
pacupeneneHuss OTHOCUTENBHO CPEIHEN, HUYTOXHAS BEPOATHOCTH
OOJBIINX OTKJIOHEHHMH CIy4ailHOM BEJIMYMHBI OT LIEHTpA €€ pacmpene-
JI€HUs, MPABWIO TPEX CUTM) MO3BOJISIIOT CYIIECTBEHHO YNPOCTUTH aHa-
mu3. OgHaKo HE BCEraa pe3ysbTaTbhl MOAECIUPOBAHMS IOTUUHAOTCS
HOPMAJIBHOMY 3aKOHY, IO3TOMY HCIIOJB3YIOT JOIOJHUTENbHBIE Iapa-
METpBI, Takue, Hampumep, Kak Ko3(PQPUIMEHT acuMMETpuu (CKoca),
9KCIeCC (BEPIIMHHOCTD) U T. 1.

2. TIPAKTUYECKASA YACTb

3agmaya 1. Hekortopeiii mponecc NpencTaBiI€H PErpecCHOHHBIMU

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

PaccuuTath B 001ieM Bujie KOAOPUUHUEHT STACTUUYHOCTH JJIST KaX-
JI0 MOJIENN, €CIIU U3BECTHO CpEe/IHEE 3HAUEHUE (DaKTopa X.

3apaua 2. Ha tepputopusix pernona Obpijia coOpaHa CTaTUCTHUKA MO
nByM dakTopaM: 1 — pacxopl Ha MOKYIKY MPOJAOBOJILCTBEHHBIX TOBA-
POB, 2 — CpelHeIHEeBHAs 3apaboTHas MjiaTa OJHOTO PabOTAOIIETO.

Tepputopus 1 2 3 4 5 6
daxrop 1 68,8 61,2 59,9 56,7 55 54,3
daxTop 2 451 59 57,2 61,8 58,8 47,2

[IpoBepuTh, YTO MaHHBIM MPOIECC OMUCHIBACTCS ypaBHEHHUEM ) =

76,88 — 0,35x. Onienuts 3Hauenus gpaktopos (1) u (2) a5 3TOM MOETH.

MoxHO 11 JaHHYIO MOJCJIb UCIIOJIb30BaTh JJIA HpOI‘HOBI/IpOBaHI/Iﬁ?




3agaua 3. Jlyis 3agaHHOrO psAna OONPEACTUTHh €ro JOBECPUTEIbHBIN
WHTEpBa ¢ ypoBHEM 3HauumoctH 0,05.

Bapuant X1 X X3 Xy Xg Xe 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 o4 58 60 65 55 62

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

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

3. KOHTPOJIBHBIE BOITPOCHI

Kaknmu MeTo1aMu MOKHO OTIPEICIUTh aJIeKBATHOCTDh MOJICIIH ?
Kak BbITIONTHSAETCS aHAIU3 YyYBCTBUTEILHOCTH MOJICITH?

UYto Takoe paboToCIocoOHass MOICHb?

KakoBbI KpUTEpHUM PEATMCTUYHOCTH MOJACIN?

UTo Takoe HEONPEAETICHHOCTh MOJICJIN U YEM OHA BBIPAXKAETCS?

2N o

Uto Takoe K03 PUIIUEHT 2JIACTUYHOCTH U B YEM €ro (PU3NIeCKuit
CMBICIT?




IpakTnueckoe 3ansitue Ned, ArperupoBaHue

Heab 3aHATHA: U3yUEHHUE OCHOBHBIX BUJOB arperaToB: KOH(UTY-
paTopoB, ONEPATOPOB, CTPYKTYP, CIIyHaWHBIX MPOLECCOB.

AKTYaJIbHOCTh TeMbI 3aHAATHS: arpErUPOBAHUE — 00SA3aTEIbHBIM
3TaIl CHCTEMHOTO CUHTE3a, KOTOPBIM JIOJKHA 3aKaHYMBATHCS MPOLIEAYpa
CO3/JIaHMS CUCTEMY YNPABJIEHHUS C 33JAHHBIMU XapaKTEPUCTUKAMH.

1. TEOPETUYECKASA YACTb

ArperupoBaHleM Ha3bIBACTCS MPOIIECC, OOPaTHBIN JEKOMITO3UIIUH,
KOTOPBIN MpeaycMaTpUBAaeT yCTAHOBJICHHWE OTHOILICHUN Ha 3aJaHHOM
MHOYKECTBE 2JIeMEHTOB. [Ipu arpernpoBaHuu 3J1€MEHThI 00bEIUHSIIOTCS B
eMHOE 1IeJI0E.

Baxxueiiiiee CBOWCTBO arperMpOBaHHBIX CHCTEM — JIMeEPAsKEHT-
HOCTh, T. €. BOSHUKHOBEHHE B PE3yjIbTaTe OOBEIMHECHHUS HOBBIX Kaue-
CTBEHHBIX CBONCTB, KOTOPHIMH HE 00JIaJlaJl HU OJIUH U3 UCXOIHBIX dJIe-
MEHTOB (HampuMmep, aBTOMOOMIbL MOXKET MPUOOPECTH KauyeCTBO CaMo-
CTOSITEJIbHOTO TEPEJBUKCHUS JIUIIb IOCE TOJHONW COOPKH BCEX €ro
y3JI0B).

B 3aBucuMoOcCTH OT Iie/iel arperupoBaHUs BO3MOXHBI PA3JIUYHBIC
BApUAHTHI PEIICHUS 3ajlady arperupoBaHus. /(s cUCTEMHOro aHajin3a
ITUPOKO MTPUMEHUMBI CIICTYIOIINE arperarhl.

Arperarbi-KOHQUIypaTopbl

B psiae ciaydaeB uisi MOAEIMPOBAHUS CIIOKHBIX SIBICHUN TpeOyercs
Pa3HOCTOPOHHEE arperupoBaHHOE ONMCAHUE CUCTEMBI C PA3JIMYHBIX TO-
YeK 3pEHHUs. ATrperaroM-KoH(QUIypaTopoM Ha3bIBa€TCs HEKOTOpas ar-
peratHasi MOJielib, KOTOpasi BKIIOYAET B c€0s] MUHUMAJIbHYIO COBOKYII-
HOCTh KAYECTBEHHO PA3JIMYHBIX SA3BIKOB, JOCTATOYHYIO I MOJIEIUPO-
BAHUS CHCTEMBI.



Ilpumep. Koughueypamop ons ¢hopmuposanus moodenu npubopa
gKIIOUAem mpu npeoCmagieHusl.

® 0Oj0K-Ccxemy;

® NPUHYUNUATLHYIO CXEMY),

® MOHMAINCHYIO CXEM) .

Ilpumep. Kongueypamop ons 3aoanus mouku 6 -MepHOM Npo-
CMpancmee — COBOKYNHOCMb ee KoopouHam. Baoicnvl sxeusanenm-
HOCMb PA3HBIX CUCMeEM KOOPOUHAm (PA3HbIX KOHDU2Ypamopos) u Ha
NpeonoYmumenbHOCMb OPMOCOHAIbHBIX CUCTNEM, OAIOWUX HE3ABUCUMOE
ONUCAHUEe HA KAXHCOOM «s3blKe» KOHpueypamopa.

Ilpumep. Konguecypamop Ona onucanusi nogepxHocmu 100020
MpexmeprHoco mena Ha «NJIOCKOCMHbBIX» A3bIKAX — COBOKYNHOCHb Mpex
OPMOCOHANbHBIX NPOEKYUL, NPUHAMAS 68 MEeXHUUYEeCKOM YepueHuu u
HauepmamenbHoU 2eomempuu. Baoichvim saenisemcs HeB03MOMCHOCHb
VMEHbUEHUsT YUCIA NPOeKYyUull U HA U30bIMOYHOCMb OO0NbUIE20 YUCIA

«(MOYEK 3PEHUA) .

Arperarsi-0nepaTopbl

Ha mpakTuke JOCTaTOYHO YacThl CUTYAIlMH, KOTJIa HEOOXOIUMOCTh
arperalii BO3HUKAET MO IPUYMHE YPE3MEPHOM MHOTIOYMCICHHOCTHU
JAHHBIX, CYIIECTBEHHO 3aTpyJHSAIONICH HUX 0030p M aHaimm3. B Takom
Cly4yae MPUMEHUMBI arperarbl-ONepaTopbl. ATrperaroM-oneparopom
HAa3bIBAETCS arperar, B paMKax KOTOPOTrO W3 YacTEW WM SJIEMEHTOB
bopMuUpyrOTCs 00bEIMHEHUS 11 YMEHBIIICHUS Pa3MEPHOCTH.

[IpocTeitmuii cnoco0 arperupoBaHusi COCTOUT B YCTAHOBJIECHUU OT-
HOIICHUS 3KBUBAJIECHTHOCTH MEX]Y arperUpyEMbIMHU DJIEMEHTAMHU, T. €.
oOpasoBaHus KjaaccoB. C MPaKTUYECKOW TOUKHU 3PEHHUSI OJHON M3 BaXK-
HEUIIUX SBIAETCS polieMa OnpeeieHus, K KAKOMY KJIacCy OTHOCUTCS
JAHHBIM KOHKPETHBIA 3JIEMEHT. ATperupoBaHue B Kiacchl — 3ddek-
THBHAasA, HO JAJE€KO HE TpHUBHAJIbHAs mpoleaypa. Eciaum npencraBuUTh



KJIaCC KaK pe3yJIbTaT JCHCTBUS arperara-omneparopa, TO TaKOW oreparop
UMEET BU]L

«ECJIN <ycnoBus Ha arperupyemsie npu3zHakn>, TO <ums knacca>.

Ilpumep. Aepecuposarnue OaHHBIX NPU CMAMUCMUYECKOM AHATU3E.
Cpeou pa3nuuubix azcpeeamos, HA3bIBAEMbIX 8 IMOM Clyydae Cmamu-
cmuxamu, m. e. QYHKYusMU 8b100OPOUHLIX 3HAYUEHULl, 0Cc0b0e Mecmo 3a-
HUMAOmM 00CMAmoyHble CIMAMUCmMuKy, m. e. makue azpe2amsl, KOMo-
pble U361eKaom 6CH0 NOAE3HYI0 UHGOpMayuo 06 unmepecyroujem Hac
napamempe u3 co8oKynHocmu Haoooenuti. OOHaKo npu azpecuposanuu
nomepu uHgopmayuu 00bIYHO HeuzbexCcHvl. Badichbl onmumanvHble
CMAMUCMUKU, KOmMopble MNO360JISIIOM C8eCMU HEeU30eHCHble 8 IMUX
YCI08UAX NOmMepu K MUHUMYMY 6 HeKOMOpPOM 3a0AHHOM CMbICTe.
Haenaouwtii npumep cmamucmuueckozo azpe2upo8anus npeocmasisem
co00U (PaxmopHbvill aHAIU3, 8 KOMOPOM HECKOJIbKO NEPEeMEeHHbIX CBO-
osmcs 8 00UH ghakmop.

Arperarbi-CTPYKTYPbI

Baxuneiimeit ¢opmoii arperupoBaHus TPy CUHTE3€ CUCTEM SIBIISIETCS
oOpazoBanue cTpykryp. [Ipu cunTe3e pa3paboTUUK CUCTEMBI HABSI3bIBACT
CTPYKTYPY HPOECKTHPYEMOW CHUCTEME, MCXOAS W3 LEJIEH, COCTaBHBIX
JJIEMEHTOB U CBA3€d. B KayecTBe TUIIOB CTPYKTYpP, Ha3bIBAEMBIX arpe-
raTaM- CTpyKTypaMu, IPUMEHUMBI CETH, MATPULBL, JEPEBbS U AP.

[Ipr pOEKTUPOBAHUM CUCTEMBI BAXKHO 331aTh €€ CTPYKTYPBI BO
BCEX CYLIECTBEHHBIX OTHOWIEHUAX. COBOKYITHOCTh BCEX CYIIECTBEHHBIX
OTHOLIEHUW OmpeaensieTca KOH(QUTypaTOpoOM CHUCTEMbI, U OTCIOAA BbI-
TEKAaeT, YTO MPOEKT JI000N CHUCTEMBI JOJKEH COAEPKATh Pa3pabOTKy
CTOJIBKUX CTPYKTYP, CKOJIBKO A3bIKOB BKJIIOUEHO B €€ KOH(PUTYpaTOp.

Ilpumep. I[Ipoekm opeanu3ayuoHHOU Ccucmemsbl OO0IHCEH COOep-
JHcamsv CMpyKmypbl.

Ll pacnpedejzeHuﬂ eaacmu,



® pacnpeoeieHuss OMmeemcmeeHHOCMU,

® pacnpeoeieHus: UHGOpMayUu.

dmu cmpykmypvi Mo2ym 00CMAMOYHO CUILHO OMIUYAMbCA MONO-
JIO2UYECKU.

B coBpeMEHHBIX CUCTEMHBIX HUCCIENOBAHUAX MIMPOKOE BHUMAHUE
VIACIAECTCA CEMAaHTHYECKUM CETSIM, Ha3bIBAEMBIM TaKXe JIOTH-
KO-JIMHTBUCTUYECKUMH MOJIeTsiMU. OHU HAXOJAT OOJIbIIIOE TPUMEHEHNE
B CUTYallMOHHOM YIIPABJIEHUH, CUCTEMAX UCKYCCTBEHHOT'O MHTEJJICKTA.
VYKazaHHbIE MOJEIN OTOOPAKAIT CTPYKTYPY UEIOBEUYECKHX 3HAHMHIA,
BBIpa)KaEMbIX Ha €CTECTBEHHOM SI3BIKE, IIPUUEM ATO OTOOPAKEHNUE MOKET
OBITH OCYILIECTBIEHO cpeacTBamMu DBM.

JIns pencTaBIeHUs] CUCTEM C PA3IMYHBIMU LUKINYECKUMHU OIepa-
M dppekTuBHO nMpuMeHeHue ceteit [letpu. D10 OUH U3 UHCTPY-
MEHTOB MOJEJIIMPOBAHUS NUCKPETHBIX MPOLECCOB. B HacTosliee Bpems
UCIIOJNIb3YIOTCS MX Pa3IMYHble MOAU(DUKALINY, BKIIFOYAsi BPEMEHHbBIE CETH
[TeTpu, usetHsie cetu Ilerpu, E-cetn u 1. 1. Maremarnuyeckass MOIEIb
onuceiBaeMoro certbto IleTpu mponecca QOCTATOYHO HATIISAAHA, JIETKO
alnropuTMu3npyema st mojaenupoBanus Ha OBM, He TpeOyer 00b-
II0TO JOMOJIHUTEIBHOTO 00beMa 3HAHUM OT UCCIIEI0BATETIS.

Arperar-cjiy4alHbIi Mpouecc

Ecnu nporiecc PyHKIIMOHUPOBAHUS PEaIbHON CII0KHOU CUCTEMBI 110
CBOEMY CYIIECTBY HOCHUT XapakTep CIy4alHOTO Mporecca, IJs arperara
KaK MAaTEMATUYECKOW MOJEIN CHUCTEMBI HCIIOJIb3YIOTCA OCHOBHBIE MO-
HATHUS TEOPHUM CIIy4alHbIX mporeccoB. CllyyallHbIA Mpouecc, MpoTeKa-
IOIIUNA B JII000M (PU3UYECKON cUCcTeME, MTPECTaBIsAeT COOOM ciydyaiiHbIe
Nepexoabl CUCTEMBbI U3 COCTOSIHUA B COCTOSIHUE. COCTOSIHHE CHUCTEMBI
MOKET OBITh OXapaKTEPU30BAHO C MTOMOIIIBIO YUCICHHBIX IEPEMEHHBIX: B
MIPOCTEHNIIIEM CiTydae — OJHOM, B 00JIee CIIOKHBIX — HECKOJIBKUMHU.



2. TIPAKTUYECKASA YACTb

3amaya 1. CocTaBUTh OJIOK-CXEMY:

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

MOCTYIUJICHUS B YHUBEPCUTET;
MOATOTOBKHU K J1a00OPAaTOPHBIM 3aHSITHSIM;
II0X0/1a B Mara3uH 3a NOKYyIKaMHu;

IIOJITOTOBKHU B KCIIEAULIUIO;

pa3pabOTKU MPOrPaMMHOT0 00ECTICUCHMUS;
IIOJITOTOBKU TEXHUYECKOMW JIOKYMEHTAIINU;
YCTaHOBKHM OIlepallMOHHON cucteMsl Ha 11K
IIOJIYYEHUs 3apIJIaThl B KACCE OPraHU3aluu;
pa3pabOTKU MPOLECCHON MOJENH NPOU3BOACTBA;

10) 3alIMTHI BBITYCKHON KBaTU(UKAIIMOHHON pabOTHI.

3agaya 2. Omnumcare COCTaBIEHHYIO CXEMYy OIIEpaToOpamu

«Ecnn...Toy, «Iloka...Ilukm» u T. 1.

3. KOHTPOJIBHBIE BOITPOCHI

1.
2.

YT0 noHMMAaETCs MO arpeTUPOBAHUEM U IMEPIKEHTHOCTBIO?
KakoBbl BapuaHThl 3ajad arperupoBaHus IPU HCCIECIOBAaHUU

CUCTEM YNPABJICHUS?

3.

KakoBo Ha3HaueHUE arperaroB-KOH(PUTYpaTOpPOB MPU UCCIEN0-

BaHUHN CUCTEM ynpaBJIeHI/IH?

4.

KakoBo Ha3HaueHHe arperaToB-ONEpPaTOPOB MPU HMCCIECTOBAHUN

CUCTEM YNPABJICHUS?

5.

KakoBo Ha3HaueHHE arperaToB-CTPYKTYp NPH HCCIEIOBAHUH

CUCTEM YNPABJICHUS?

6.

KakoBo Ha3HaueHHE arperaTtoB-CIyYalHbIX MPOLECCOB MPHU HC-

CJIEJOBAHUM CUCTEM YNPABJIECHUS?



IpakTuyeckoe 3ansaTue Ne5. Meroabl IKCIIEPTHBIX OLEHOK

Heab 3aHATHA: U3YYECHUE OCHOBHBIX BUJOB AKCIEPTHBIX OIEHOK:
MMAPHOTO CPABHEHUS, MHOXXECTBEHHOI'O CPaBHEHHUS, MTOCIEI0BATEIHHOTO
CpaBHEHUSI.

AKTYaJIbHOCTh T€Mbl 3aHATHS: JKCIIEPTHOE OIlEHMBAHHE — A(-
(EeKTUBHBIN METOJ UCCIICIOBAaHUS CUCTEM, OCHOBAaHHBIA HA MHTYUILIUM U
ONBITE CNENUAITUCTOB. BilajieHne TEXHOJIOTHEH SKCIEPTHOrO OICHUBA-
HUS 00513aTENIbHO VISl CIIEHUATIMCTA B 00JaCTH aBTOMATHU3AlIUU.

1. TEOPETUYECKASA YACTb

['pyna MEeToA0B 3KCHEPTHBIX OIEHOK HanboJiee 4acTO HCIOJIb3Y-
€TCsl B MPAKTHKE OICHUBAHUS CIIOKHBIX CHUCTEM Ha Ka4eCTBEHHOM
ypoBHE. TepMUH «3KCHEPT» NPOUCXOAUT OT JATUHCKOTO CJIoBa EXPErtus
— onbITHBIN. [Ipy HCTOIB30BaHUM SKCTIEPTHBIX OIEHOK OOBIYHO TPE/-
MoJlaraeTcsi, YTO MHEHHUE TPYIIBI SKCIEPTOB HAJEKHEe, YeM MHEHUE
OTZIENILHOTO KCIEPTAa.

DKCIEpTHBIE OLICHKH HECYT B c€0€ KaK y3KOCYOBbEKTHUBHBIEC UEPTHI,
IPUCYIIUE KAXKIOMY IKCIEPTY, TaK U KOJUIEKTUBHO-CYOBEKTUBBIC, TIPU-
CYILIHE KOJJIETUU 3KCIEepTOB. W ecnu mepBble YCTPaHSIOTCS B MPOLECCe
00pabOTKH WHIWBUIYAIbHBIX SKCIEPTHBIX OIICHOK, TO BTOpBIE He-
YCTPaHUMBI, KaKhe Obl CIIOCOObI 00paOOTKH HE MPUMEHSIUCH.

DTanbl SKCNEPTU3HI CAEAYIoOMNE: POpMUPOBAHUE 11E€JIH, pa3padoTKa
IpOLEyphl AKCIEPTU3bl, (HOPMUPOBAHHE TPYMIBI IKCIEPTOB, OMPOC,
aHanu3 u 00paboTka HHPOpPMAIUH.

[Ipu dopMynupoBKe €M SKCHEPTU3BI PA3PAOOTUUK JIOJDKEH BbI-
paboTaTh YETKOE MPEICTAaBICHUE O TOM, KEM U JJIA KakuX lened OyayT
UCIIOJIb30BaHbI PE3YJIbTATHI.

[Ipu 00paboTke MaTepuanoB KOJUIEKTUBHOW 3KCIEPTHOM OIIEHKH
UCIOJIB3YIOTCSI METOJIbI TEOPUH PAHTOBOM Koppemsiuu. Jns xommue-
CTBEHHOM OIICHKM CTEINEHU COTJIACOBAHHOCTU MHEHHI SKCIIEPTOB MpH-

MeHsieTcs KodduiueHT Koukopaaruu W, KOTopseIil MO3BOJISET OIICHUTb,



HACKOJIKO COTJIACOBAHBI MEXIY COOOM psiabl MPEANOYTUTEIHLHOCTH,
MOCTPOEHHBIE KKJIBIM AKCTIEpTOM. Ero 3HaUueHue HaxoAuTCs B Ipeaeiax
0<W <1, rne W = 0 o3Ha4aeT NOJHY OPOTHBOIOJIOKHOCTh, & W =
1 — monHOE COBMAJICHUE PAHXKHUPOBOK. [IpakTHMYECKH TOCTOBEPHOCTH
cuuraercs xopouei, ecimt W = 0,7 --- 0,8,

JIns HarJIsIAHOCTH MPEACTABICHHUS O CTEIEHW COrIaCOBAHHOCTH
MHEHHM IBYX 3KCIIEPTOB A U B City)uUT KOA()PUITMEHT TapHON paHTOBOM
KOppeJisiuuu p, OH npuHuMaeT 3HaueHus —1 < p < +1. 3nauenue p =
+1 COOTBETCTBYET MOJHOMY COBIIQJICHUIO OLICHOK B PaHrax ABYX JKC-
nepToB (IOoTHAs COrIaCOBAHHOCTh MHEHUH JABYX SKCIIEPTOB), a 3HAYCHUE
p = —1 — nByM B3aUMHO IIPOTUBOIIOJI0KHBIM PaHKUPOBKAM BaKHOCTH
CBOMCTB (MHEHHE OJHOIO AKCIEpPTa MPOTHUBOIOJIOKHO MHEHUIO JIPYTO-
ro).

Tun wucnonb3yeMmbIX MNPOLEAYP SKCIEPTU3bl 3aBUCHUT OT 3aJa4d
OLICHUBAHUSI.

K Hanbonee ynorpeOUTENBHBIM MpOLEAypaM IKCHEPTHBIX U3MEpe-
HUN OTHOCSTCS:

® PaHXXUPOBAHUE;

® [IapHOE CPABHEHUE;

® MHOXXECTBEHHBIC CPABHCHUS;

® HEMOCPEICTBECHHAS OIICHKA;

e Metoa Yepumena-Akodda (rmociaeoBaTesibHOE CPaBHEHUE).

[{enecooOpa3HOCTh MPUMEHEHUS TOTO UM MHOTO METO/Ia BO MHOT'OM
OTIpEeJIETIACTCS XapaKTepOM aHAIU3UPYEMOM HH(POpMAITUH.

Pan:xxupoBanue

Meton npeacTaBisieT co00H MPONEAYPY YIMOPSIOYSHHUS O00BEKTOB,
BBITIOJTHAEMYIO0 3KcIepToM. [1ycTh cpein 00beKTOB HET SKBUBAICHTHBIX.
B sTOM cityuae Mex 1y HUMH CYIIECTBYET OTHOIIEHUE CTPOTOro MOPSAKA.
B pesynbpTate cpaBHEHHS BCEX OOBEKTOB IO OTHOIICHHIO CTPOTOIO TO-
pSIZIKa COCTaBJISIETCA  YIOPSAJIOYEHHAs MOCIEA0BATEIbHOCT (4 >
a, > -+ >ay, rae 00BEKT C IIEPBBIM HOMEPOM SIBIISICTCS HanooJee



MPEANOYTUTEIbHBIM U3 BCEX, CO BTOPHIM HOMEPOM MEHEE MpPEANOYuTH-
TEJICH, Y€M TMEPBbIA OOBEKT, HO MPEANOYTUTEILHEE BCEX OCTAIbHBIX U
T. A. [lomydyeHHast cucrema oObEKTOB 00pa3yeT MOJHBINA CTPOTU MOps-
oK. JIJIsl 3TOro OTHOIIEHHUS JOKa3aHO CYIIIECTBOBAHUE YHMCIIOBOM CH-
CTEMBbI, JIEMEHTAMU KOTOPOU SIBIIAIOTCS JACHCTBUTEIbHBIC UWCIIA, CBSI-
3aHHBIC MEX Ty COOOH OTHOIIICHUEM HEpaBeHCTBA «OoubIe» (>).

B npakThke paH)XKUpOBaHHUS 4Yallle BCEro MPUMEHSETCS YHUCIOBOE
MIpEJICTABJICHUE TOCEI0OBATEILHOCTH B BUJIE HATYpaJbHBIX YHUCE, T. €.
UCIIOJIb3YETCS YHUCIOBas IOCIEI0BATEIHHOCTh. [IpuMeHeHrne cTporux
YHCIICHHBIX OTHOIICHHUH «OosbIe» (>), «MeHbIIe» (<) Wik «paBHO» (=)
HE BCEr/ia MO3BOJISIET YCTAHOBUTH MOPSA0K MEX Ay o0bekTaMu. [ToaTomy
Hapsly ¢ HUMH UCIIOJIB3YIOTCSI OTHOILICHUS ISl ONpeAesieHUs OobIen
WJIUM MEHBIIIEH CTENEeHU KaKOT0-TO Kau€CTBEHHOTO MPU3HaKa (OTHOIICHUS
JaCTUYHOTO TIOPsIAKA, HAITPUMEDP MOJIE3HOCTH ), OTHOIICHUS TUIa «0oJjiee
IPEAMOYTHTEILHO» (>), «MEHEe MPEATIOUTUTEIBHOY (<), «paBHOIICHHOY»
(=) mn «0e3paznuaHoy (~).

JI71s1 OTHOIIIEHUSI HECTPOrOTO JIMHEHHOTO TOPSAKa JOKa3aHO CYIIE-
CTBOBaHHUE YMCJIOBOM CHUCTEMBI C OTHOIIICHUSIMU HEPABEHCTBA U PABCH-
CTBa MEX]y YMCIIaMH, ONMCHIBAIOIIMMHU CBOMicTBAa 00bekTOB. Hamboiee
MPEANOYTUTEILHOMY OOBEKTY MPUCBAMBAETCS PAHT, PABHBIN €IUHUIIC,
BTOPOMY IO MPENOYTUTEIIBHOCTH — PaHT, paBHbIA IBYM, U T. 1. [ns
SKBUBAJICHTHBIX OOBEKTOB HA3HAYAIOTCS OJIMHAKOBBIE PAHTH, PaBHbIC
cpeaHeapu(PMEeTUUeCKOMY 3HAUYCHUIO PAHrOB, NPUCBAMBACMBIX OJMHA-
KOBBIM 00beKTaM. Takue paHTu Ha3bIBAIOT CBSI3aHHBIMU PAHTaMH.

CBsi3aHHBIC paHTU MOTYT OKa3aThCs IPOOHBIMU uuciiaMmu. [Ipenrmo-
YTUTEJIbHEE UCIOJIb30BaTh CBSI3aHHBIC PAHTH, TaK Kak cCyMMa paHroB N
O0OBEKTOB paBHA CyMME HaTypaJIbHBIX uducel oT eauHuilbl 10 N. Ilpu
3TOM JIF0ObIE KOMOMHAIIMM CBSI3aHHBIX PAHTOB HE U3MEHSIIOT ATy CYMMY.
JlaHHO€ OOCTOSITENILCTBO CYILIECTBEHHO YMPOIIAeT 00pabOTKy pe3yJib-
TaTOB PAHXUPOBAHUS IIPU TPYHITIOBOM IKCIEPTHON OLICHKE.

[Ipu rpynmnoBoM paHXKUPOBAHUU KaXKJbIM -/ SKCIEPT MPHUCBAUBAET

KaKJIOMY j-My OOBEKTY paHr 7js. B pesynbrarte npoBeeH s SKCIEePTU3bI



MOJy4aeTcsi MaTpulila PaHTOB ||rjs|| pasmepHoct N, rae k — ducio

skcnepToB; N — uucio o0bekToB; S = 1---k, j = 1--- N. Pe3ynbTaTsl
IPYIIOBOr0 AKCIEPTHOTO PaHXUPOBAHUSI YOOHO MPEACTABUTH B BHUJC
TaOJIUIIBL.

JIOCTOMHCTBO pAaHXMPOBAHUS KaK METOJIa SKCIEPTHOIO U3MEPEHUS
— MOPOCTOTA OCYLIECTBJIEHUS MPOLENYp, HE TpeOyromas Tpya0€MKOTro
oOydeHusi skcnepToB. HemoctaTkoMm paHKUpOBaHUSI SIBISETCA MPAKTH-
YecKasi HEBO3MOXKHOCTh YIOPSAI0UYCHHUS O0JIBIIIOro YKciia 00beKToB. Kak
MMOKA3bIBACT OMBIT, MPHU YHCIIE 00BEeKTOB, OosbimeM 10-15, sxcmepTs
3aTPYAHSAIOTCS B IOCTPOEHUU PaHKUpOoBaHUs. [Icuxonorus yreepxaaer,
YTO MaMATh YEJIOBEKA MO3BOJISIET ONIEPUPOBATH B Cpe/IHEM HE OoJiee yeM
7 + 2 oObekTamMu OHOBpPEMEHHO. [1o3TOMY TIpM paHKUpPOBAaHUU OOJIb-
IOT0 4YHuCJa OOBEKTOB JKCIEPTHI MOTYT JOMYCKaTh CYIECTBEHHBIC
OILLIUOKH.

ITapHoe cpaBHeHuUe

DTOT MeTOoJ MPEACTaBIISIET CO0OM MpOoIEypy YCTAaHOBJICHUS TIpe/I-
MOYTEHUSI 0OBEKTOB MPH CPABHEHUHU BCEX BO3MOXHBIX Map. [Ipu cpas-
HEHHMH Tapbl 00BEKTOB BO3MOXXHO JIMOO OTHOIIEHHWE CTPOTOro MOpsaKa,
au00 OTHOIIEHUE OHKBUBaJeHTHOCTU. OTCrOAa CleayeT, 4YTO MapHoe
CpaBHEHHE TaK ke, KaK U paHKUPOBAHUE, €CTh U3MEPECHUE MO MOPSIAKO-
BOM IIKAaJIE.

B pesynbrare cpaBHEHUs Hapbl OOBEKTOB @;, (j DKCHEPT YIOPSIO-
YMBAET €€, BBICKa3bIBas MHEHUE YTO IMOO0 a; > a;, 1o a; < a;, 1o
a;,~a;.

B mpakTuke mapHOTO CpaBHEHMSI MCTOJB3YIOTCS CIASAYIOIIUE YHC-
JIOBBIE TPEJICTABIICHUS

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

0,ecnu aq; < a;,

nJIn



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

rnei,j=1---N.

Pe3ynbrarsl cpaBHEHUS BCEX Map 00BEKTOB YI00HO MPEACTABIIATh B
BUjie Matpullbl. [lycTh, HanpuMep, UMEIOTCS MATh OOBEKTOB A1, Ay, A3,
A4, Qg U TPOBEJICHO MApHOE CPAaBHEHHUE ITUX OOBEKTOB IO MPEANOYTH-
TeJbHOCTH. Vcnonb3ys yucioBoe npenacraBienue (2.1), cocraBuM mar-
PUITYy U3MEPEHHSI pe3y/IbTAaTOB IMApHBIX cpaBHEHMU (Taodi. 1).

Tab6muma 1
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B Ta6n. 1 nmo amaronanu Bcerga OyayT pacrojiOKEHbI €IUHUIIBI,
MOCKOJIbKY OOBEKT PKBUBAJICHTEH ceOe.

[IpencraBnenue (1.2) xapakTepHO Uisi OTOOpakKeHUsI pe3yJbTaToOB
CIIOPTUBHBIX COCTS3aHUM. 3a BBIMTPHINI JAIOT JIBa OYKA, 32 HUYBIO —
OJIHO Y 3a MPOUTPHIII — HOJIb OYKOB (PyTOOI, XOKKeH U T. 1.). [Ipen-
MOYTUTEJIBHOCTh OJTHOTO O0BEKTa Mepel IPYTUM TPAKTYETCS B TaHHOM
ClIyyae Kak BBIMTPBIII OJHOTO YYaCTHUKA TypHUpa Yy Apyroro. Tabnuia
pEe3yJIbTATOB U3MEPEHUS MTPU UCIIOJIB30BAHUH YHUCIIOBOTO MPEICTABICHHUS
HE OTJIMYAeTCAd OT TaOJWIl Pe3yIbTaTOB CHOPTUBHBIX TYPHUPOB 3a HC-
KIIFOUCHUEM DJIEMEHTOB JIUAaroHaidu (OOBIYHO B TYPHUPHBIX TaOIHIIAX
AJIEMEHTHI JMaroHaly 3alllTPUXOBaHbl). B kauecTBe mpumepa B Tad. 2
MIPUBEJICHBI PE3YIbTaThl U3MEPEHHUS TSATU OOBEKTOB C MCIOJIb30BAHUEM
npeactasienus (1.2), coorsercTByromue Tad. 1.



Tabmnura 2
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Bwmecro mpencraBinenus (1.2) 4acTo HCHONB3YHOT 3KBUBAJICHTHOE
€My MPEJCTaBIECHUE

+1,ecnu a; > a;,
0, ecsiu a;~a;, (1.2)
—l,ecmm a; < q;

rnei,j=1--N,

Ecnu cpaBHeHue map oObEKTOB MPOU3ZBOAUTCA OTACJIBHO IO pas-
JIMYHBIM MOKA3ATENSIM WIN CPABHEHUE OCYILECTBIISIET TPYIINa SKCIEPTOB,
TO MO KaXKJIOMY IMMOKAa3aTEeII0 WA SKCIEPTY COCTABISIOT CBOIO TaOJIMILY
PE3yIbTATOB NAPHBIX CpaBHEHUN. CpaBHEHUE BO BCEX BO3MOXKHBIX Mapax
HE JIa€T IMOJHOI0 YIOPSAI0YEHUsSI O0OBEKTOB, TOATOMY BO3HUKAET 3aj/1ayua
pPaHXXUPOBaHUS OOBEKTOB IO Pe3yJibTaTaM UX MapHOT0 CPAaBHEHUSI.

OnHako, Kak MOKa3bIBAET OMBIT, SKCIIEPT NAIEKO HE BCEraa Iociie-
JIOBATEJICH B CBOMX MPEJINOUYTCHUAX. B pe3ynbpTare ucnosib30BaHUs Me-
TOJa TMapHBIX CPaBHEHUU HJKCHEPT MOXKET yKa3aTh, 4YTO OOBEKT a4
MPENOYTUTENBHEE Ay, Ay MPEANOUYTUTEIBHEE A3 U B TO K€ BpPEMS d3
MPEATIOYTUTETIBHEE A1 .

B cnydae pa3bueHus 00beKTa Ha KJIACChl IKCIEPT MOXKET K OJHOMY
KJIACCY OTHECTH Maphl 4 U Ay, A, U A3, HO B TO K€ BpeMs OOBEKTHI A, H
(3 OTHECTH K PA3JIMYHBIM KjaccaM. Takas HeHmoCIeI0BATEIbHOCTh IKC-
nepra OOBSACHSAETCS Pa3IMYHBIMM IIPUYMHAMH: CIIO)KHOCTBIO 3ajiayu,
HEOUYEBHUIHOCTBIO MIPEANMOUYTUTEIBHOCTH O0OBEKTOB MM pa30MEeHUS UX Ha
KJIacChl (B MPOTUBHOM Clly4yae, KOrja BCE€ OUYEBHUHO, MPOBEIACHUE DKC-
MepTU3bl HEOO0S3aTENIHHO), HEIOCTATOYHOM KOMIIETEHTHOCTBIO AKCIIEpTa,



HEJOCTATOYHO YETKOW MOCTAHOBKOW 3aJlauyd, MHOTOKPUTEPUATBLHOCTHIO
paccMaTpuBaeMbIX OOBEKTOB U T. 1.

HenocnegoBaTeabHOCTh 3KCIIEpTa NPUBOAUT K TOMY, YTO B PE3yJib-
TaTe MapHbIX CPAaBHEHUN MpPHU ONPENEICHUU CPABHUTEIBHON Mpenarno-
YTUTEIBHOCTH OOBEKTOB MBI HE IMOJYy4YaeM PaHXUPOBAHUA U JIAXKE OT-
HOIIICHUH YaCTUYHOTO MOPSJKA, HE BBINOJIHEHO CBOWCTBO TPAH3WUTHUB-
HOCTH.

Ecnu nenpro sKkcnepTusbl MpU ONpPEIeSICHUH CPABHUTEIBLHOM TMpe-
MOYTUTEJIBHOCTH OOBEKTOB SIBIIAECTCS MOJYYEHHUE PAaHKUPOBAHUS WIIH
YaCTUYHOTO yHOPAI0YEHUs, HEO0X0IUMa UX JOMOJIHUTEIbHAS UACHTH-
¢dukanusa. B 3TUX ciaydasx UMEET CMBICI B KaUu€CTBE PE3YJIbTUPYIOLIETO
OTHOILIEHHUS BHIOMPATh OTHOILICHHWE 33JIaHHOTO THUIa, Oimkaiiiee K mo-

JIYYCHHOMY B OKCIICPHUMCHTC.

MHoKeCTBEHHbIE CPABHEHUA

JlaHHBIN BUJI CPAaBHEHUN OTJIMYAETCS OT MAPHBIX TEM, UTO DKCIIEpPTaM
MOCJIEIOBATEIIPHO TMPEIBABISIOTCS HE Taphbl, a TPOWKHU, YETBEPKH, ...,
N-K1 00BEKTOB. DKCIEPT UX YMHOPSAOUYMBAET MO BAXXHOCTHU WM pa3ou-
BAET HA KJIACCHI B 3aBUCUMOCTH OT LEJIEN dKCHEPTU3bl. MHOKECTBEHHBIE
CpPaBHEHHUSI 3aHUMAIOT MPOMEKYTOYHOE TMOJOKEHUE MEXKIAY MapHBIMU
CpaBHEHUSIMU U paHxupoBaHueM. C OJIHOW CTOPOHBI, OHM MO3BOJISIOT
UCIIOJIb30BaTh OOJBIINM, YEM MPH MAPHBIX CPABHEHUSIX, 00beM HUH(DOP-
Malu JJisl ONPEICIICHUsI SKCIEPTHOTO CYXKJICHUSI B pe3yJibTaTe€ OJHO-
BPEMEHHOI'O COOTHECEHUSI O0BEKTA HE C OJHUM, a C OOJIBIIMM YHUCIOM
00bekTOB. C Ipyroil CTOPOHBI, IPU PAHKUPOBAHUU OOBEKTOB UX MOMKET
OKa3aThCsl CIUIIKOM MHOIO, YTO 3aTPYAHSET pabOTy 3KCIEpTa U CKa3bl-
BACTCSl HA KAYECTBE PE3YyJIbTATOB 3KCIEPTU3bl. B 3TOM ciydyae MHOXe-
CTBEHHBIEC CPaBHEHUS IMO3BOJISIIOT YMEHBIIUTH 10 Pa3yMHBIX MPEJIEIOB
00bEeM MOCTYNAIOMIEH K 3KCIEPTY UHPOPMALIHH.

HenocpeacrBeHHas oleHKA
Merton 3akiioyaeTcs B IPUCBAMBAHUU OOBEKTaAM UYHCIIOBBIX 3HAUE-
HUW Ha IIKAJIE UHTEPBAJIOB. JKCIEPTY HEOOXOAMMO MOCTABUTh B COOT-



BETCTBUE KAXKJOMY OOBEKTY TOUKY Ha ONPEIEICHHOM OTPE3KE YUCIOBOM
ocu. ITpu 3TOM HEOOXOIMMO, YTOOBI 3KBUBAJIEHTHBIM OOBEKTaM MpPU-

NHUCBIBAJIMCh OANHAKOBLIC YK CJIA.

Ilpumep. Oyenusanue namu 00beKmMO8 (UCNONLIYEMCA OMPE30K

yucnosou ocu [0,1]).

OueHiBaemble LLkana ‘
obbexTH! OTHOWeHWit 1.0
- 09
“ 0.8
a4 - 0,7
- 0,6
» - 0.5
] -~ 0,4
0,3
ay \ 02
- 0,1
- 0,0

Pucynox 1 — Ilpumep cpasnenus namu 065eKmo8 no wKane

Ilockonvky 3a Hauano omcuyema 6vLIOPAHA HYNEBASI MOYKA, MO 8
OAHHOM NpuMmepe uzmMeperue nPouU3BoOUNCs 8 WKajie OmHouleHul. JKc-
nepm coeouHsiem Kadicovlli 00beKm JUHUel ¢ MOYKOU YUCIO080U OCU U

nonyuaem ciedyrowue 4uciosvle npeocmasienus oovekmos. ®(a,) =
0,28; ®(a,) = ®(as) = 0,75; ®(a3) = 0,20; ®(a,) = 0,50.

N3mepenus B 1Ikajie MHTEPBAJIOB MOTYT OBITh JIOCTATOYHO TOYHBIMHU
Py TIOJIHOW MH(POPMHUPOBAHHOCTH IKCIIEPTOB O CBOWMCTBaX OOBEKTOB.
DTHU yCJIOBUS Ha MPAKTUKE BCTPEUAIOTCS PEJIKO, TOITOMY JJIsl U3MEPEHUS
MPUMEHSIOT OJUTbHYIO OlLICHKY. [Ipm 3TOM BMECTO HENpephIBHOTO OT-
pe3Ka YUCIOBOM OCH paccMaTPUBAIOT YyYAaCTKH, KOTOPBHIM MPUIUCHIBA-
10TCsI OaJIBL.

DKcnepT, MPUIMUChIBasi 00BEKTY Oajll, TEM CaMbIM M3MEPSET €ro C
TOYHOCTBIO JI0 ONPEACICHHOTO OTPe3Ka YnuciaoBou ocu. [Ipumensitores S,

10 u 100-0ansipHBIE MIKATIBI.



Metoa Yepumena-Axopda (mocaenoBareibHOe CPABHEHUE)

MeTtol OTHOCHUTCSI K 4HCIy HaubOoJjiee MOMYJISIPHBIX MHPH OIEHKE
anbTepHAaTUB. B HeM mnpenmosiaraercsi MociaeoBaTelIbHAs KOPPEKTHU-
pPOBKa OIICHOK, YKa3aHHBIX 3KcrepTamMu. OCHOBHBIC TIPEATIONIOKEHUS, HA
KOTOPBIX OCHOBAH METO/I, COCTOSIT B CJICAYIOIIEM:

e kaxjou amprepHaTuBe a; (I = 1:-- N) cTaBUTCS B COOTBETCTBHC
IefCcTBUTENLHOE HeoTpulaTenbHoe uncio O (a;);

¢ CCJIM aJIbTCpHATUBA A; NMPCAIIOYTUTCIIbHCC AJIbTCPHATUBLI Clj, TO

d(a;) > CD(aj) , €CIM K€ aJbTEPHATHBBI (; M d; PABHOLEHHEI, TO
<I>(al-) = (I)(Cl]),,

o ccou @(a;) u Cb(aj) — OIIEHKM ajlbTepHaTuB a; u a;, 0 P(a;) +
CD(aj) COOTBETCTBYET COBMECTHOM pean3alyu albTEPHATUB a; U a;.

Haubonee cuibHBIM SBIISIETCS TOCJEIHEE MPEANoJIOKeHHe o0 aj-
JTUTHBHOCTH OIICHOK aJbTCPHATHB.

CornacHo Metony UepuMeHna-Akodda albTepHATUBHI A4, Ay, ..., Ay
PAHKHUPYIOTCS MO MpeANouTHTEIbHOCTH. [IycTh 1151 yao6cTBa M3moxkKe-
HUS aJlbTepPHATHBA a4, HanOoJee MPEAOYTUTEIbHA, 32 HEH CICAYET ad, U
T. 1. DKCIEPT yKa3bIBacT MpeABapHUTEIbHbIe YncIeHHble oneHkn O (a;)
JUISL KaXI0W u3 anbTepHaTuB. MHOrna HamboJiee MpearnoyYTUTEIbHOM
aJbTEpHATUBE MPUIUCHIBACTCS OllCHKAa 1, OCTallbHbIE OIIEHKHU pacroJia-
ratotcst Mexxy O u 1 B COOTBETCTBUU C UX MPEANOYTUTEIIBHOCTHIO. 3aTeM
IKCIIEPT MPOU3BOJNT CPAaBHEHHE AJIbTEPHATHBBI A1 M CYMMBI aJbTepHa-
TUB A, ..., Ay-.

Ecnu amprepHaTHBa @, OKAa3bIBACTCSA MEHEE MPEANOUYTHTEIHHOM, TO
JUISl yTOYHEHUS OIEHOK OHA CPABHUBAETCS T10 MPEAMOUYTCHUIO C CYMMOM
anbTEepHATHB Ay, ..., Ay U T. A. Ilocme Toro kak aabTepHATHBA A OKa-
3BIBACTCS MPESATIOUYTUTEIIPHEE CYMMBI allbTePHATUB A, ..., Ay (k > 2),
OHa MCKJIFOYAeTCs U3 PACCMOTPEHUS, & BMECTO OIIEHKH aJIbTePHATUBHI (4
paccMaTpUBACTCs U KOPPEKTUPYETCsl OlLIEHKA ajJbTepHATUBHI a,. IIpo-
IIeCC TPOJIOIKACTCS O TEX IMOP, MOKa OTKOPPEKTHPOBAHHBIMUA HE OKa-
KYTCS OLICHKH BCEX aJbTCPHATHB.



[Ipu nmocratrouno OombpiioM N TPUMEHEHHE METOJa CTAaHOBUTCS
CIIMIIIKOM TPYJIO€MKHUM. B 3TOM ciydae 1enecooopa3HO pa3OUTh ajib-
TEPHATUBBI HAa TPYIIIbI, 2 OAHY U3 AIBTEPHATUB, HAITPUMEP MAKCUMAIIb-
HYI0, BKJIFOYUTHh BO BCE€ IPYMIMbI. ITO MO3BOJSAET MOJIYUYUTh YUCICHHbBIC
OIICHKM BCEX aJbTEPHATHUB C IOMOIIBIO OIEHUBAHUS BHYTPU KaKJIOU
TPYIIIIHL.

Meton Uepumena-Akodda siBisieTcss oAHUM U3 caMbiX 3PHEKTUB-
HbIX. Ero MOXXHO yCHEIIHO HMCIIOJh30BaTh MPU HU3MEPEHUSX B IIKAJIE
OTHOIIIEHUM. B 3TOM cityuae onpeensieTcss HauboJiee MpeInouTUTeIbHas
anbTEepHATUBA 4. E¥l mpucBanBaeTcss MakcuMaibHas orieHka. JJist Bcex
OCTaJIbHBIX AJIbTEPHATUB IKCHEPT YKA3BIBAET, BO CKOJIBKO Pa3 OHU MEHEE
NPEANOYTUTENbHBI, YeM (4. JJI1 KOPPEKTUPOBKM YHUCIECHHBIX OIICHOK
albTEPHATHB MOYKHO HCHOJIb30BATh KaK CTAaHAAPTHYIO MPOLEAYPY Me-
toaa Yepumena-Akodda, Tak ¥ monapHoe CpaBHEHUE MPEANOYTUTEIb-
HOCTH aJbTE€pHATHUB. ECIIM YMCIEHHBIE OLIEHKU AJIbTEPHATHUB HE COBIIA-
JAI0T C MPEJICTaBICHUEM DKCIIepTa 00 UX MPEANOUYTUTEIIBHOCTH, TPOU3-
BOJIUTCSI KOPPEKTUPOBKA.

2. MIPAKTUYECKASA YACTb

PanxxupoBaTh ONMMCAHHBIMU BBIIIE METOJAMHU CIICAYIOIIME AIBTEP-
HATHUBHI [10 CTEIICHH MPEANOYTCHUs (HE MEHEe ISITH BapHAHTOB ajbTep-
HATHB).

1. DK3aMeHBbI 10 CIaBAEMbIM MPEAMETaM.

[IpocMOTp pa3nUUHBIX HHIHMOB.

brITOBast TEXHHKA U3BECTHBIX TPOU3BOAUTEIICH.
KomImbroTepHbIE UTPHI.

[Toroma B pa3nmu4HbIe BpEMEHA TO/A.

OTabIX HA PA3JIMYHBIX KypOpTax.
KoMneroTephl/HOYyTOYKH pa3IMIHBIX MTPOU3BOAUTEIICH.
PaznuuHbie My3bIKaabHBIE UCTIOJTHUTEIIH.

© 0 N o Ok~ DD

KoMmIbroTepHBIE aHTUBUPYCHI.
10. IIpotyKThI IUTAHUS.



3. KOHTPOJIBHBIE BOITPOCHI

1. Kakue MeTobl SKCIIEPTHBIX OIIEHOK CYUTAIOTCS OCHOBHBIMU?

2. B dem 3akiro4aeTcs CYIIHOCTh METOJIa PaHKUPOBAHUSA?

3. Urto Takoe METO/1 MOMapHOTr0 CPABHEHHUS U B YEM €T0 OTIIMYHE OT
METO/Ia paH>KUPOBAHUSA?

4. B yeM 3aKJII04aeTCs METOJ MHOXXECTBEHHOI'O CPAaBHEHUS ?

5. Uto Takoe HeMOCPEJACTBEHHAs OllCHKA?

6. B uem 3akmrodaeTcss METOJ IMOCJEI0BATEIHLHOTO CPaBHEHUS, U

KaKHe €r0 OCHOBHBIE OTJIMYHUTEIbHBIE 0COOCHHOCTH?



IIpakTnueckoe 3ansaTue Ne6. OueHMBaHUE CJIOKHBIX CHCTEM B
YCJIOBHUSIX ONPEAEIEHHOCTH

He.]'lb 3aHATUA: H3YUYCHUC OCHOBHBIX MCTOIOB PCHICHUA 3a1a4
BGKTOpHOfI OIITUMMH3AIIHH.

AKTyaJ'II)HOCTB TEMbI 3aHATUA: OIITUMU3ALIUA — 00s13aTeIbHbBIN
9Tall CUHTC3a4a CUCTCM C 3dIdHHBIMU XAPAKTCPHUCTUKAMU. BH&I{CHI/IC TCX-
HOJIOTHEH OIITUMH3allNHN 00s3aTeIbHO I CIICIaJInucCTa B 00JIaCTH aB-

TOMATU3aLAH.
1. TEOPETUYECKASA YACTb

1.1. 3agaya  MHOIOKPHUTEPHAJBLHOT0  MAaTEMATHYECKOIO

MPOrpaMMHUPOBAHMS

33213‘-13 MHOT'OKPpUTCPHUAJIBHOTO MATEMATHYCCKOIO IIpOrpaMmMupo-
BaHUA (BGKTOpHOﬁ OHTI/IMI/IBaI_II/II/I) NMECT BU

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

extr{fi(x) = F},

npu x € X,
rie X — MHOXECTBO JIONMYCTHUMBIX 3HAYCHHM TEPEMEHHBIX X ; k —
YUCJIO 1ENEBBhIX (QPYHKIUN (KpUTEpueB); F; — 3HAYEHUE -TO KPUTEPUS

(ueneBoil PyHKUMN); extr — O3HAYAET, YTO AAHHBIN KPUTEPHUIl TOJKEH
OPUHATH SKCTPEMAIbHOE 3HAUEHHE (€r0 HY>KHO MaKCUMHU3HPOBATh WUIIU
MUHUMHU3UPOBATH).

MHorokputepualibHas 3ajaya OTIMYaeTcsi OT OJHOKPUTEPHATIbHON
3aJla4l ONTUMU3AIUN HATMYMEM HECKOJIbKUX LENEeBBIX (YHKIHUNA BMECTO
OJTHOH.



IIpy HanMMYMKU B MHOTOKPUTEPUAIIBHOM 3aa4e KPUTEPUEB C PA3HOU
pPa3MEpPHOCTBIO MCHOJB3YIOT HOpMalM3aluio KputepueB. CrocoObl
HOpMaJIM3allU1 MpeICTaBlIeHbI B Ta0M. 1.

Tabmnura 1

Hopmanuzanus MaremaTndeckoe BBIpaKEHUE
Caenenne k Gespasmepubsv emmanaam | £ (x|y)/p(f (x|y))
[lpuBenenue Kk omHoi pasmepnoctd | f(x|y)/a(y)
plo] plf (xI»)] = pla()]ple]
CMeHa HHTpeIneHTa —f(x|y)

1/f(xly)
EcrectBenHast HopManuzaiust 4;(x|y) f (xly)-min(f (x1y))

mazx(f (x|y))-min(f (x1y))
HopManusanusi CpaBHEHUS fxly)/ max (f(xly))

X

Hopmanu3zarust CaBuka max (F(xly)) — f(xly)

X
Hopmanusanust ocpeHeHust fx1y)/ Zyer f(x]y)

B nanHoii Tabnuie y — 3ieMEHT npocTpaHcTBa G, G — MpocTpaH-
CTBO D3JIEMCHTOB IIPOM3BOJBHON IPUPOIBI, HA3BIBAEMBIX IEJIEBBIMU
TepMaMu (B KOHKPETHBIX HHTEPIPETAIMIX 3TO COBOKYITHOCTD, IIEpEUEHb
WITH HyMepallns KaueCTBEHHBIX CBOMCTB) 2JIEMEHTOB X € X.

CBepTKOll KOMIIOHEHT MHOTOIEJIEBOr0 Tokasarens f € F Ha3bIBa-
ercsa oroopaxenue g € {F —» R'}, xotopoe npeobpasyeTr cOBOKYIHOCTE
KOMITOHEHT MHOTOIIEJICBOTO MOKa3aTes f, COOTBETCTBYIONIUX LIEJICBBIM
TepMaM Yy €Y , B cKaspHBIA 1meneBoir mokasatenb g[f (x|y)] =
glf(x|y),y € Y] € R OcHOBHBIE BBl CBEPTOK — JIMHEHHbIE, MHHH-
MH3AIHOHHBIE, MAaKCUMU3AIHOHHBIE, MMpou3BeacHus U (QyHKIu Koo-
0a-Jlyriaca cieayromnero Buaa




A

(9(f(x|y) = Tyey a()f (x]y),
g(fxly)) = minla()f (xly) + 8],

9(F(xly)) = maxlaG)f (x1y) + BO)]

9(f (xly)) = [yer af (x1y),
G(F 1Y) = [yer[a G f (x]3)]FD .

HpO6JI€MBI 000CHOBaHUSA CBCPTOK COCTABJIAKOT OCHOBHOC HaIIpaB-

JeHue Teopur noje3Hoctu. K Hacrodiiemy BpeMeHu cPOpMyTUPOBAHBI

OCHOBHBIC ITPUHIUIIbI BBI60pa THIIA CBCPTKU, IIPUBCIACHHLIC B Ta0II. 2.

Tabmnuiia 2

[Tpuniun BeIOOpa

Yci1oBue onTUMaIbHOCTH

JomunantHOocTH R2°™ | f(x°|y) = f(x]y)vx € X

YacTUuHOMI Y, €YV f(x°ly) = f(x|]y)vx e Xy e Y,

JOMHHAHTHOCTHU

[Tapeto R4°™ dx € X:{f(x]y) = f(x°|y)Vy €Y} n
N{3y° € Y: f(x°ly) > f(x°|y°)}

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

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

s dextuBHOCTH JIXKeppHr

M > 0. Le—rely
f&xely)—f(xlyn)

Vy €Y, Vx € {x € X: f(x|y) > f(x°|y)}

vy e{y €Y: f(xly) < f(x°|y)}

HecobctBenHO
sabdexTuBHOCTH J[>KeppH

ax € X: {f(x|y) = f(x°|y)Vy € Y}

aM > 0,3x € {x € X: f(x|y) > f(x°|y'")}
f(xlyr)—f (x°lyrr) <M

f&xlyn—f(xlyr)

vy e{y eY:f(xly") < f(x°ly")}

Pasencraa f(x°ly) = f(x°|ly'")vVy,y"' €Y

CymmapHoii Zyer f(X°|y) = Xyey f(xly) VX € X

b PeKTUBHOCTH

Hoia Herf(xoly) = Herf(xly) VxeX
Kommnpomucca Ja(y) € A: Xyey a(y)f (x°|y) =maxa ) f (xly)
JIOMUHHPYFOIIETO max f(x°|y) = max f(x|y) Vx € X

pe3yabTaTa yer ye¥

CapaHTUPOBAHHOTO min f(x°|y) =2 min f(x|y)Vx € X

pe3ysbraTa ye¥ yey

Haumensiero lf(x° =) <If(x=f")|vxeX




[Tpunuun BeiOGOpa YcnoBue ONTUMAIBHOCTH

YKJIOHCHHUSI fF={rMler
fry) = rgg;cf(xly) VyeyY
A-KpuTepus x° € X30:A° =max AlX; =24

X, = {x € X: 2;(x|2) = vy € Y}

a-xpurepus ['ypsBuna

RY(f)

o . : (O (O
x° € X: [ar;%r/lll(x |y)+7§]lg;cll(x Iy)] >

> [amin 2,(xly) + (1 - @ymax A,(xly) | vx € X

Makcumyma QyHKITUH x° € X:H[f(x,)] = H[f(x)][Vvx € X
HEOIPEICICHHOCTH

B 3amauax BbIOOpa pemieHus, GopMaau3yeMbIX B BHIE MOJIECTU
BEKTOPHOM ONTUMU3AIINM, TIEPBBIM I11arOM CJIEAYET CUUTATh BBIACICHUE
00JIacTM KOMITPOMHUCCOB (WJIM pelIeHul, onTuMalbHbBIX 1o IlapeTo).
Bektop Ha3zbpIBaeTcsi onTUMaibHBIM 10 [lapeTo pelieHueM, eciu HE Cy-
IIECTBYET TAKOI'0, YTO BEINOIHAIOTCS HepaBeHcTBa f(x|y) # f(x°|y) u
flxly) = f(x°|y)Vy €Y.

O6nacTbi0 KOMOPOMHUCCOB ['x Ha3bIBaeTCs MOJAMHOXKECTBO JIOMY-
CTUMOT'O MHOKECTBA perieHnid X, 001aar1iero TeM CBOMCTBOM, UTO BCE
MPUHAJICKAIINE €My PEIICHUs] HE MOTYT OBbITh YJIYYIIIEHBI OJIHOBpE-
MEHHO TI0 BCEM JIOKAIbHBIM KPUTEPHUAM — KOMIIOHEHTaM BeKTopa 3(-
dbextuBHOCTH. ClieqoBaTENbHO, JIJIs JIFOOBIX JIBYX pPEIICHUH, MPUHAJIC-
xanmx obnactu ['x(x', x" € T'x) 00g3aTeNBHO MMEET MECTO NPOTUBO-
peure XOTsA Obl C OJHUM M3 JIOKAJIBHBIX KPUTEPHUEB. DTO MPUBOIUT K
HEO0O0XO0MMOCTH MTPOBOJUTH BBIOOp perieHus B ['x Ha 0CHOBE HEKOTOPO
CXEMbI KOMITPOMUCCA, YTO U MTOCTY>KUJI0 TPUUMHOMN 11 HA3BAHUS ATOTO
MOJAMHOXECTBA O0JIACThI0O KOMIPOMHUCCOB. ONTUMAIbHOE pEIICHHUE,
BBIOMpaeMoe Ha OCHOBE MHOTOKPUTEPHUATIBLHOTO MOJIX04a HE3aBUCUMO OT
M30MpaeMoro MpUHIUNA ONTUMAIBHOCTH, BCErjaa JOJDKHO MpUHAJIC-
KaTh 00JACTH KOMIIPOMHCCOB. MITHaY€ OHO MOKET ObITh YJYYIICHO H,
CJIEJI0BATEIbHO, HE SIBJISETCS ONTUMabHBIM. Takum oOpa3oM, 00J1acTh
KOMIIPOMHUCCOB €CTh 00JIaCTh MOTEHIHUAIBHO ONTHUMAIBHBIX KOMIIPO-
MuccoB. OTcrofa cieAyeT, YTO MPU BBIOOPE PELICHUS IO BEKTOPHOMY
KpuTeprio 3(p(PEKTUBHOCTU MOYKHO OTPAHUYUTH MOMCK ONTHUMAJIbHOTO




penieHus o0JacThi0 KOMIPOMHUCCOB ['x, KoTopasi, Kak NpaBuiIoO, 3HAYU-

TEJBHO YK€ BCEl 00J1aCTH BO3MOXKHBIX PelIeHUH X.
1.2. MeToabl MHOTOKPUTEPUAIbHONA ONTUMHU3ALUU

IpUHIHUI CHPABENJINBOr0 KOMIIPOMHCCA

ITycTh BCe JIOKAIBLHBIE KPUTEPUH, 00pasyromue BeKTop dPPEKTHB-
HOCTH, UMEIOT OJUHAKOBYIO BaXHOCTh. Cnpaseonusbim OyIEM CUHTATH
TAKOM KOMIIPOMHMCC, IIPU KOTOPOM OTHOCUTENILHBIM YPOBEHb CHUKEHUS
Ka4yeCTBa 110 OAHOMY HIIM HECKOJBLKHM KPUTEPUSAM HE MPEBOCXOIUT OT-
HOCHUTEJIBHOTO YPOBHS IOBBIIEHUS KAYECTBA 110 OCTAILHBIM KPUTEPUSIM
(MEHBIIIE WM PaBeH). DTOMY MPHUHIMITY MOXKHO JaTh CIEAYIOLIYIO Ma-
TEMAaTUYECKYI0 MHTepHpeTanuio. IIycTh B 00JacTé KOMIPOMHUCCOB ['x
JaHbI 1B pEIICHUS X U X', KAYeCTBO KOTOPHIX OLIEHMBAETCS KPUTEPH-
avu Fy(x) u F,(x). Pemenne x' mpeBoCXOAUT PELIEHUE X' 1O KpUTe-
puro F;, HO ycTymaer mno kpurepuio F,. Heo0X01uMo CpaBHHUTEL OTH pe-
IIEHUsS. ¥ BHIOpATh HAWIYYIIME HAa OCHOBE IPUHIIMIIA CIPABEIIMBOIO
KOMITpoMHECca. JIJIsl CpaBHEHHUS PELIEHUI BBEIEM MEPY OTHOCUTEIBHOTO
CHIDKEHHUSI KayecTBa DEIUIEHUS 10 KaXKIOMY U3 KPUTEPHEB — IIEHY
YCTYIIKH X

X = AR (x"x'") . AR (x'x)
L™ maxx' x"Fi(x) "2 7 maxx' x"Fy(x)’

(1.1)
riae AF; u AF, — a0cCotoTHBIE CHIKCHHS! YPOBHS KPUTEPHUEB IPHU Tie-
pexojie OT pelIeHus X K pelneHuo X (aus kputepus F;) u npu oOpat-
HOM mnepexone (misi kputepus F,). Ecin OTHOCHUTEIIBHOE CHUXEHHUE
kputepusa F; Oombie, yeM Kputepus F,, TO cleayeT OTAaTh MPE.ro-
YTEHHE PENIEHHIO X' . DTO ClIeAyeT M3 CPaBHEHHs IIEHBI YCTYIKH IO
KOKJIOMY KPUTEPHIO.

AJNTOPUTM pelieHns 3aa4i BEKTOPHON ONTHUMU3AINH, OCHOBAHHBIM
Ha TNPUHLUIIE CIPABENJIMBOTO KOMIIPOMHUCCA, BKIIKOYAET CIEAYIOIIHE
TIar.



[Iar 0. BriOupaem x' u x'' € Dx.

[Iar 1. Beruucisgem mo dpopmyrnam (1.1) x; u x,

Ilar 2. Ecmu x; > X,, TO BEIOMpaeM X', HHa4Ye BLIOUpaeM X'

Ilar 3. Ecnu He CylmecTByeT BEKTOpa X€X MPEINOUYTUTEILHEE X, HIIH
X,, TO pEIIEHHE OCTAHABJIMBAETCS, MHAa4Ye BHIOMPAEM HOBBIM

BEKTOP X3 Y MEPEXOaUM K mary 1.

Mopenb onpeaeneHuss 00JaCTH KOMIIPOMHUCCOB, a TAKXKE MOJIEIb
CIPaBEJIMBOIO KOMIPOMHCCA MHBAPUAHTHBI K MacIUTady H3MEpEHUs
Kkputepues. Mies cripaBelsIuBOro KOMIIPOMUCCA MOXKET OBbITh OlpaBJaaHa
B ClIy4ya€ HOPMaJIM30BAHHOI'O MPOCTPAHCTBA KPUTEPHUEB, KOTJ1a BCE JIO-
KAJIbHbIE KPUTEPUH UMEIOT €IUHBIA MaciTad u3MepeHus. boJbIIMHCTBO
NPUHLHUIIOB HOPMAJIM3allUd OCHOBBIBAETCS HA BBEACHUM HJICATBHOTO
peuieHus, T. €. peuieHus, 00JIaIalolIero UealbHbIM BEKTOPOM 3 (Dek-
TUBHOCTH Fu. DTO HliealibHOE PEIICHUE MOXHO alpUOPHO MPEIIOJIO-
KUTh UCXOAS W3 MHPopmanuu 00 OOBEKTE, a MOXXHO PEIIUTh 3aJauy
ONTUMU3ALMH JIJIS1 KaKJOTO JIOKAIBHOTO KPUTEPUSI U COOTBETCTBYIOILIEE
TUM PELIEHUSIM 3HAY€HUE BEKTOpa 3(P()EKTUBHOCTH MPHUHATH 3a HAE-
anbHBIN BekTOp 3 dextuBHOCTH Fu. Torga BIOOp ONTUMAIBHOTO pe-
IICHUS] CTAHOBUTCS PABHO3HAUHBIM HaWJIydlleMy HOPUOIMKEHUIO K
3TOMY HaeaabHOMy BekTopy Fu = (Fuy, - Fu,).

B sToM cnydyae BMeCTO JEHCTBHUTEIBHOTO 3HAYEHUSI KPUTEPHUEB
paccMaTpUBaIOTCS WM UX OTKJIOHEHUE OT UACAIBHOTO 3HAYEHUS

Jo
NN UX 663paBM€pHOC OTHOCHUTCJIIBHOC 3HAYCHHC

F, = F;/Fu;. (1.3)



[Ipu pemieHnn TaHHOM 3a7a4M MCHOJB3YIOTCA 00a criocoba HOpMa-
au3anuu. TakuMm o0pa3oM, YCIEIIHOE pellieHue Mpo0JieMbl HOpMaIu3a-
IIUU BO MHOTOM 3aBUCHUT OT TOT'O, HACKOJIbKO TOYHO U OOBEKTUBHO Y/la-
eTCsl OIPENIeTTUTh UieabHOe KauecTBo perieHus. [locie Hopmanuzammu
KputepueB 3(QPEKTUBHOCTH 3a/adya BbIOOpa peuieHus npuoOpeTaer sic-
HBI MaTEeMaTUYECKUN CMBICI. B T€OpeTHKo-MHOXKECTBEHHOM OTHOIIIE-
HUU OHA CTAHOBUTCS 3a/Jauedl YMOPSIOYMBAHUS OTPAHUYEHHBIX BEK-
TOPHBIX MHOXKECTB, & C TOUKH 3PEHUSI TEOPUHU MPUOIIMIKEHUN — 3a7a4deid
pUOTHKEHUS B METPUIECKOM KOHEYHOMEPHOM MPOCTPAHCTBE. DTO JAET
BO3MOXHOCTh IPOBOJIUTh OOOCHOBAHHBIM BHIOOP MPUHIIUIIOB OITH-
MaJbHOCTH U BBISIBIISATh UX JIOTUUECKHUI CMBICI.

Hpunoun ciaadoi ontumaabHocTu no I[aperto

Bektop x! € X HaspiBaeTcsi c1abo onTUMaibHBEIM 10 IlapeTto pe-
neHueM (ontuManabHbiM o CrelTepy), €ciiu He CYIIECTBYET BEKTOpa
x! € X Taxoro, uro f(x|y) = f(xl|y)Vy €Y.

[Tycts x,i = 1+--m ecTh ONTUMAJBHBIC PEIICHUS IS OOBIYHBIX
CKaJISIPHBIX ONTUMM3AIMOHHBIX 3a/a4, Kaxjaas W3 KOTOPBIX MaKCHUMU-
supyer KommnoHenty F;(x) sBexropa F (x)

Tp’}gxij(x)’] =1--m. (1.4)

Eciay oHU SABISAIOTCA MaKCUMAJILHBIMU PELIEHUSAMH JJIS KaXI0ro
3HAUEHMS j, TO CUMUTAEM, YTO F}-(x]f’) > F; (xj),i =1---m, rue x;’ —
onTUMalbHOE pereHue 3aaaun (1.4).

[Tosoxkum, 4to Sjo M300pa’kaeT MHOXKECTBO PEIICHUM, KaXKI0€ U3

KOTOPBIX COOTBETCTBYET KOMIIOHEHTY F, 1

S = {x|Fi(x%;) « F(x?) + a}, (1.5)



TJ€ @ IPEJICTABISACT JIOIMyCTUMOE KOJIMYECTBO OTPaHMYECHHUM COOTBET-
CTBYIOIIIEH 00JIaCTH IO OTHOIIEHHUIO K F] Torma ontumalibHOE HOCTa-
TOYHOE PEHICHUE ATO TaKOE PEIICHHUE, NPU KOTOPOM MHHUMAJIbHBIN
KOMIOHEHT (HauXyJIIMiA KOMIIOHEHT ) MAaKCUMU3UPYETCSl HA MHOKECTBE,
yIOBJIETBOPSIOIIEM [OCTATOYHOMY YCIOBHIO X €E X M X € §7 X 57 X

-+ X S5, OHO MOXeT OBITH C(HOPMYITHPOBAHO KaK

max z, (1.6)
X,Z

npu ycnosusx Fi(x) = z; Fi(x) = P}-(xjo) —aj,i=1-m;x€X.
3neck 3amada (1.6) HepaspemMMa, €CIIM (1 HE HACTOJIBKO BEJHKO,
4TO IEpPECEUCHHE {Sjo} HEMyCcTo. Benuumus a; 10mKHBI OBITE Ompese-
JIeHBl Ha OCHOBE 3HaueHmi F;(x°) wnm aHamu3a TOYHOCTH. MOXHO JI0-
Ka3aTh, YTO ONTUMalbHOEe pemeHue 3amaun (1.6) ecTh omrumanbHOE

pewenue no Ilapero.

AHFOpI/ITM pelICHHUA 3aJa491 UMCCT CIICAYIOMINC IAru.

[ar 1. Tlomaraem [ =1 u pemaem 3amadyy max z TNpU YCIOBUIX
X

Fi(x) =2 z, F;(x) =2 Fj(x]f’) —aj,i=1--m;x€X.
BbI3bIBa€EM HCXOIHOE pELICHHE X; U OICHHBAEM IIEIEBYIO
dyukmuio F(x;).

[ar 2. Korma x; 3amaHo, packianbiBaeM F(x;) Ha yIOBIETBOPHUTEIIb-
HBIE U HEYIOBICTBOPHUTEIbHBIC KOMIIOHEHTH. O003HAYUM HX
COOTBETCTBEHHO uepe3 S; u S;. Ecim S; = @, To »Ta 3ajaya
cuuTaercs Hepaspemmmoil. Eciau S; # @, TO X;— ONTHMAaJlb-
HOe, OTBeuaroliee TpeboBanusaM pemenue. Eciu S = @ u S; #
@, To nns j € S; onpenensercs a;; > 0, I0IMyCTUMOE MO OTHO-
menuio K Fj(x;) (paBenctso a;; = 0 03Hayaer, uTo -1 LieeBas

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

fj(xz))-



Ilar 3. Pemaem 3amauy maxz npu yeanoBuwsix Fi(x) €z,jeS ;
X,Z

Fi(x) = Fj(xjo) —aj,j €S, x€X.

BrI3bpIBaeM MCXOTHOE penieHue X, 1. Ecinm x;,1 = X, To 3a/1aua
OyIeT Hepa3pelmIuMoi; IPH 3TOM aJTOPHUTM 3aKaHUYHMBACTC.
Ecmu x;,1 # x;, 10 monaraeM [ =1+ 1 u Bo3BpamaeMmcs K
mary 2.

IpyuHOMN NpUOJMIKEHUs MO0 BCEM JIOKAJIbHBIM KPUTEPUAM K
HUI€AJTbHOMY pPelleHHI0

B oCHOBY JJaHHOTO MOAX0/1a MOJIOKEHA U1 MPUOIMKEHHUS 110 BCEM
KPUTEPHUSIM. [lycTh JaHa 3aja4a MHOTOKPUTEPHATBHOTO
IPOTPaMMHUPOBAHUS

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

max{f,(x) = F.}, x € X, (1.7)
IpH OTPAaHHYEHUAX
A1 X1+ ApoXy + o+ AgnXy = Lo (@ =1:-1), (1.8)
Ar+p1X1 T ArypgoXy + 0+ ArypnXny = ﬂr+ﬁ
B=1--m-—r), (1.9)
X1 = O,Xz = 0, Xn > 0. (110)

Cpenn pemennii cuctemsl (1.7)-(1.10) TpeOyercss OThICKaTh Takoe
3HaueHue Bekropa x* = (X1, x5,**,Xy,), IPA KOTOPOM JIOKAJIbHBIC KPH-
TEPUU TPUMYT MO BO3MOXXHOCTH MaKCHMajabHOE (MHHHMMAaJbHOE) 3Ha-
YeHHE OHOBPEMEHHO.

PaccMOTpuM KaKayio OTaebHY0 QYHKIHIO f;(X) U JOMyCTHM, YTO

U1l Kakaoro ¢ukcupoBaHHOTO [ = 1---m pellleHa 3ajaya MaKCUMH3a-



uud. I[lycTh COOTBETCTBYIOIME ONTUMAIBHBIE TUIAHBI XaPAKTEPUZYIOTCA
BEKTOpPaMH

x{ = (x7,x3,,x3),i =1--m. (1.11)

Ha »tnx onTuMabHBIX IIaHaX onpcaACIMM 3HAUCHUA KPUTCPUCB
COOTBETCTBCHHO

Fio = (Fi(xf),Fi(xg),--~,Fi(xﬁ)),i =1 em, (112)

EcrectBeHHO, uto BekTopsl (1.11), onpenenstoniue BEKTOPbl TOUKU B
IPOCTPAHCTBE IEPEMEHHBIX (X1, X5, *,X,) € Q, OyAyT pa3sHbIMHU: He-
KOTOPBIC U3 HUX MOTYT COBMAaTh APYT C APYTOM.

Paccmotpum Bektop F(x) ¢ xommonentamu F (x)|F u3 (1.11) u co

CTaBHUM KBaJpar eBKJII/II[OBOfI HOPMBbI
R(x) = |IF(x) — F°lI?, (1.13)

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

3ametuM, uTo F° Oymer mpeAcTaBlIiATh COOON €MTUHUIHBINA BEKTOP B
npoctpancTBe BekTtopa F(x). HasoBeM ero wuacaabHbIM 3HAYEHHEM
BekTopa F(x). ITocraBiennas 3agada tenepb GopMyIupyeTCs Tak: AaHa
cuctema 1eneBblx ¢yHkuui (1.7) u mansl yeiaosus 3agaun (1.8)-(1.10).
TpeOyercs onpenenuts Touky x € (), B Kotopoi ¢pyHKIwus R(x) moctu-
racT MUHUMYyMa.

Taxkum 00pa3oM, OThICKaHHE BEKTOPHO-ONTUMAJILHOTO TjIaHa X € ()
B JAHHOU 3a7a4e CBEJICHO K onTmMu3aiuu Beipakenus (1.13) Ha pemre-
HUSAX CUCTeMbl JuHeHHbIX HepaBeHCTB (1.8)-(1.10). ITockonbpky BbIpa-
xenne (1.13) mpeacraBiaser coOOi KBaApaTHUHYIO (QYHKIHIO Iepe-
MEHHBIX X1, Xy, **,Xn, TO 3aJa4a OTBHICKAHUS BEKTOPHO-ONTHUMAIHHOTO

I1aHa CBCJIACHh K 3a1a4€C BBIITYKIIOT'O IIPOrpaMMHUPOBAHHU.



3agana BeinykiIas GyHKIusa R (x), onpenencHHas Ha MHOXKECTBE X €
Q). TpeOyercst OTBICKATh TOYKY X € (), 00E€CIIEYMBAIOIIYIO BBLIMOJIHEHUE
ycrmoBust R(x*) = min R(x),x € Q.

Takum o6pazom, anroputm pemmenus 3agaun (1.7)-(1.10) cocrout u3
IBYX OCHOBHBIX 3TAIlOB:

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

MeToa KBa3HONTUMH3AIUN JOKAJIBHBIX KPUTEPHEB (METOX MO-
CJIeI0BATEJbHBIX YCTYIOK)

B nmanHOM ciydae OCylIeCTBISICTCS MOUCK HE €IMHCTBEHHOI'O OIl-
TUMYyMa, & HEKOTOPOM 00JIACTH pellIeHH, OJM3KUX K ONTUMAIbHOMY, —
KBa3MONTUMAIBHOTO MHOXECTBA. [Ipy 3TOM ypOoBEHB JOIyCTUMOIO OT-
KJIOHEHUSI OT TOYHOTO ONTHMYyMa OIPEIEISAETCS C YYETOM TOYHOCTHU
NOCTAHOBKM 3aJlauyu (HalpuMep, B 3aBUCUMOCTH OT TOYHOCTH BBIYHC-
JICHUSI BEJIIMYMHBI KPUTEPUEB), a TAKKE HEKOTOPBIX MPAKTUYECKUX CO-
oOpakxeHul (Harmpumep, TpeOOBaHU TOYHOCTU PEILICHUS 3a1a4M ).

BHauane mnpou3BOAUTCA KAavyE€CTBEHHBIM aHAIU3 OTHOCUTEIIbHOU
BAKHOCTH KPUTEPHUEB; HA OCHOBAHMY TAaKOTO aHAJIN3a KPUTEPHUH PACIIO-
JaratoTcd M HYMEpYIOTCS B TOpSJKE YOBIBaHUS Ba)KHOCTH, TAK YTO
IJIABHBIM CUMTaeTcsd Kpurepuid F;, meHee BaxeH F,, 3areM cienyror
OCTaJIbHBIE JIOKalIbHbIE Kpurepuu F3, F,, ..., E, . Makcumusupyercs
NEPBbIN 0 BAXXHOCTH KpuTepui F; W ompenensieTcs ero HauOobIlIee
3HaueHue M, . 3aremM Ha3HaydaeTcsi JONMyCTUMOE CHWKEHHE (YCTyIKa)
d, = 0 xpurepus F;. OnpeaenuMm HOBYIO JOMycTHMYyIO o6macth X (1)

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

Takoil Moaxoa MO3BOJISIET CY3WUTh MEPBOHAYAIBHYIO JOMYCTUMYIO
oOnacTh X, KOT/1a MepexoIuM K CIEAYIOIIEMY MO BaXKHOCTH KPUTEPHIO.



[Tocne aToro HaxoauMm HamOoJsbIee 3HaYeHHUE M, BTOPOTO KpHUTE-
pus F, Ha MmHOXecTBe X (1), T. €. IpHU yCIIOBHMH, YTO 3HAUCHHUE ITEPBOTO
KpUTEpHUs JOJDKHO OBITH HE MEHbINe, yeM M; — d,. CHOBa Ha3HaudaeTcs
3HaUYCHHE YCTYNKU d, = 0, HO yXXe MO BTOPOMY KPUTEPUIO, KOTOPOE
BMECTE C IEPBBIM HCIOJB3YETCA MPU HAXOXKICHUU YCIOBHOIO MAaKCH-
MyMa TPETBETO KpUTEpHUs, U T. A. HakoHeN, MaKCUMHU3UPYETCS MOCIIE-
HAW MO BAaXXHOCTU KPUTEPUU Fy,, TP yCIOBHUM, UTO 3HAYCHUE KAXKIOTO
kputepus F. u3 m — 1 npenplAymux I0HKHO OBITh HE MEHBIIE COOT-
BETCTBYIOIIEH BENIMYUHBI M, — d,.; OIy4aeMble CTPATETUU CUUTAIOTCS
ONTUMAJIbHBIMU

X)) =X —1Dp{x|F;(x) = M; —d;}. (1.14)

Takum oOpa3oM, ONTUMAIBLHON CUMTAETCS CTpaTEerus, sBISIONIAsACS
pELIEHMEM TTOCIIEIHEN 3a]a41 U3 MTOCIIEOBATEIBLHOCTH 3a/1a4

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

2) Haiitu M,
m) "aiitu M,,, = sup E,,,(x),x € X. (1.15)

Ecimu xpurepuii F,,, Ha MHOXECTBE CTPATErUM, YIOBJIETBOPSAIOLINX
orpannyeHusM 3agaun (m) u3 (1.15), He mocTHraer cBOEro HamOOIb-
mero 3HadeHus Mm, To pereHrueM MHOTOKpUTEPHATLHOM 3aJlaud CUH-
TAIOT MaKCHMHU3HPYIOIIYIO IOCICAOBATEIBHOCTh {X}} M3 moOciemoBa-
TEJIBHOCTH MHOXKECTB X,,,_1 C Xpj_p C - C X; C X,

3HavyeHus1 yCTymnok d;, i = 1:--m mocienoBaTebHO Ha3HAYAIOTCS
IIPU U3YyUYEHUU B3aUMOCBS3U YaCTHBIX KPUTEPHUEB.

Bravase pemraercs BOIpoc 0 HA3HAYCHUU JOIYCTUMOIO CHUKECHUSA
d, TepBOrOo KpUTEpHsS OT HAWMOOJbBIIETro 3HaueHus M; . 3amaroT He-
CKOJIbKO BEJIWYHH YCTYIOK dqq, dyq, d31,... ¥ TMyTEM pEIICHHUS 3aJadu

(1.15) ompenenasoT COOTBETCTBYIONIME MAaKCHMAJbHBIC 3HAYCHHS



M,(dy1), M,(d51), M,(d34),... BTOpOro xputepus. Jlajgee paccmarpu-
BalOT mapy kputepues F, u F;. BHOBb Ha3HA4arOT MPOOHBIE 3HAYECHUS
yCTYynoK dq, , dpy, ,d3p ,... W OTBICKHBAIOT HAWOOJBIIHE 3HAYCHUS
Ms(dq3), M3(d,,), M3(dss,),... TlonydyeHHbIC JaHHBIC AHAIU3HPYIOT,
Ha3HA4aloT d,, IEPEXOIT K CIIeayIomIeH mape kpurepues F, u F3 u T. 1.
Hakoner, B pe3ynbTaTe aHaIN3a B3AUMHOIO BIUSHUSL KPUTEPUEB Fy,_1 U
E,, BBIOMpAIOT 3HaUYCHHUE MOCIEAHEN YCTYNKU d,,_1 U OTBICKMUBAIOT OII-
THUMalbHbIe cTpaTeruu, pemas 3amady (m)u3s (1.15) (00bIYHO OrpaHu-
YHBAIOTCA HAXOKJIECHUEM OJTHOW TaKOW CTPATETHH ).

s peuieHrnss MHOTOKPUTEPHUAIBbHON 3a1a4M HYKHO TaK PaHKUPO-
BaTb KPUTEPUHU, YTOOBI MOTOM YJ0OHEe ObUIO BBHIOMpATh 3HAYCHUS
YCTYIIOK.

VY 100OHBIM SBJISIETCS CITy4ai, KOT/ia B pe3yJIbTaTe MpeBaApUTEILHOTO
aHaav3a MHOTOKPUTEPUAILHOW 3aJa4M BBISICHSETCSA, YTO MOYHO JIOITY-
CTUTh YCTYIIKH JIMIIb B MPEAEIIaX «MHKEHEPHOI» ToUHOCTH (5-10 % ot
HaOOJIbIIIEH BETMYMHBI KPUTEPHSI).

MeToa CBepTHIBAHHSA BEKTOPHOI0 KPHUTEPHSI B CKAJSPHBIN
KpUTEpUH

OnHUM U3 pacpOCTPAHEHHBIX METOAOB PEIIEHUS MHOTOKPUTEPH-
aJbHBIX 33724 ABJISETCS METOJI CBEICHUS MHOTOKPUTEPHAIIBHOM 33]1a4U K
OJTHOKPUTEPUAIIBHON MyTEM CBEPTHIBAHUS BEKTOPHOI'O KPUTEPHUS B CKa-
JApHBIA. [Ipr 3TOM KaXXIbli KPUTEPUNA YMHOXKAETCSA HAa COOTBETCTBYIO-
i eMy BecoBor KodphuuueHT (kod3PpHUIMeHT BaXKHOCTH)

d(x) =X, a;F;(x),a; = 0. (1.16)

[Ipy 5TOM BO3HUKAIOT TPYIHOCTH C MPABUIBHBIM ITOJ00POM BECO-
BbIX K03 duimenToB ;. CylecTBYIOT pa3iu4HbIe CIOCOOBI BBIOOpA
kod(dduimenToB @. OIUH W3 HUX — Ha3HAYCHHUE & B 3aBUCUMOCTH OT
OTHOCUTEJIbHOW Ba)KHOCTH KPUTEPHUEB. JIOKHO BBIMOJIHITHCS YCIOBUE

HOPMUPOBKH ), a; = 1.



2. TIPAKTUYECKASA YACTb

3agava 1. PemuTe ONTHMU3aMOHHYIO 33/1a49y
f1(X) =43x; + 12x, - max

f2(X) =10x; — 5x, » min

x1+x3 > 50

X1 —X2>0

x1>0,x,>0

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

f2(X) = 25x1 — 34x, » min

X1+ x> 25

X1 — Xy <12

x1>0,x,>0

3amaya 3. PemuTh ONTUMU3aMOHHYIO 33/1a49y
f1(X) = 554x; + 643x, - max

f2(X) =765x; —432x, » min

xq +x, > 280

X1 — X9 > 125

x1>0,x,>0

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

f2(X) =16x; —32x, » min

X1 +x, > 23

X1 — X2 <5

x1>0,x,>0

3agava S. PemuTh ONTUMU3aMOHHYIO 33/1a49y



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

X1 — Xy <12

x1>0,x,>0

3agava 6. PemuTh ONTUMU3aMOHHYIO 33/1a49y
f1(X) = 432x, + 764x, - max

f2(X) =542x1 — 232x, - min

X1 +x2 > 324

X1 — X <127

x1>0,x,>0

3agaya 7. PemmuTh ONTUMU3aIMOHHYIO 33/1a49y
f1(X) = 322x4 + 46x, - max

f2(X) =132x; — 543x, - min

x4 +x, > 234

X1 — X2 <167

x1>0,x,>0

3. KOHTPOJIBHBIE BOITPOCHI

1. B yeM cyTh onTuMu3anuu no npuHiuny Ilapero?

2. Uro Takoe CKaJSIpHBIA KPUTEpPUM, U KAKUM OOpa3oM B HETO
MOYKHO CBEPHYTbh BEKTOPHBIN KPUTEPHIA?

3. UTto Takoe METO]1 MOCIEI0BATEIbHBIX YCTYTOK?

4. B yeM cOCTOUT HPUHIUIT NPUOIUAKEHHUS MO BCEM JIOKAJIBHBIM
KPUTEPUSAM K UJCATbHOMY PEIICHUIO?

5. Uro Takoe npuHLMN cJ1aboi onTUMaiabHOCTH 110 [lapeTo?

6. B dewm 3akitodaeTcs MPUHITUIT CTIPABEIIMBOrO KOMIpoMucca?



IHpakTuueckoe 3ansaiTue Ne7. QOueHMBaHUE CJOKHBIX CHCTEM HA
OCHOBE TEOPHUH I10JIe3HOCTH

He.m; 3aAHATUA: N3YUCHHUC OCHOBHBLIX MOJIOKCHU U TCOPHUHU TI0JIC3-
HOCTHU U HpI/IO6peTeHI/Ie IMPAKTHUYCCKUX HABBIKOB OLICHHBAHUA CJIOKHBIX
CUCTCM B YCJIOBUAX PUCKAa HAa OCHOBC q)YHKHI/II/I ITOJIC3HOCTHU.

AKTyaJ'II)HOCTB TEMbI 3aHATUNA: TCOPHUA IIOJIC3HOCTHU HIMPOKO
IMPpUMCHACTCA IIPU aHAJIN3C CUCTCM B YCJIIOBHAX ILGfICTBI/ISI CﬂyqaﬁHBIX
(I)aKTOpOB KaK OCHOBa IJIsI IPHUHATHUA pemeHHﬁ. Bnaz(eHHe 9TOM TEXHO-
JIOTHEl 00s13aTeILHO JJIA CIICIMaJInuCTa B o0JIacTu dBTOMaTHu3allnuu.

1. TEOPETUYECKASA YACTb

Onepanuu, BBIMOJHSAEMBIE B YCIOBHUSAX PHUCKA, HA3bIBAIOTCS BEPO-
ATHOCTHBIMU. OJTHO3HAYHOCTH COOTBETCTBHUSI MEXIYy CUCTEMaMHU U HC-
XOJaMH B BEPOSITHOCTHBIX OMNEpalUSAX HApyIIaeTcs. ITO 03HAYAET, YTO
KaXJI0M cucTeMe (aIbTepHATUBE) A CTABUTCS B COOTBETCTBUE HE OJIMH, a
MHOY€ECTBO HCXOMIOB {y),} ¢ M3BECTHBIMH YCIIOBHBIMH BEPOSTHOCTSIMHU
nosisieaust p(yy|a;) . Od4eBHIHO, OIECHMBATHL CHCTEMBI B OIEPAIMSIX

JAHHOT'O TUIIA TAK, KaK B ICTCPMHUHHUPOBAHHLIX OIICpalUAX, HCJIIb34.

Ilpumep. U3-3a oepanuyerHOl HAOEHCHOCMU Ceme8o2o 000pPY0o-
BaHuUsl 8pemMs nepeoadu CoOOOWEHUsT MOHCEM MEHAMbCA CYYAUHbIM 00-

pPa30omM no u36eCmHOMY 3QKOH) .

D¢ (HeKTHBHOCTh CHCTEM B BEPOSTHOCTHBIX OMEpaIMsIX HaXOIUTCS
yepe3 MaTeMaTHIecKoe OKuAaHne (QYHKIIUH TOJIE3HOCTH Ha MHOYXKECTBE
ucxonos K(a) = M [F(y)]. Ilpu ucxomax yi{k~1--m} ¢ muckper-
HBIMH 3HAYCHWSIMHU ITOKa3aTeiel, KaXIblii U3 KOTOPBIX IOSBIISIETCS C
YCIOBHO#M BepOSTHOCTBIO P (Vi |a;) u mmeer mone3Hocts F(yy), BbIpa-
JKEHHE IS ONpeAelCHHsT MAaTEMaTHYECKOrO OXHMIAHHUS (DYHKIUH I10-

JIC3HOCTHU 3aIIMChIBA€TCA B BUAC



K(a;) = Y1 pkla)F(yg), i = 1. (1.1)

N3 BeipaxkeHus (1.1) kak 4yacTHBIM CIydail MOXKET OBIThH IMOJy4YeHa
orieHKa 3(PGHEeKTUBHOCTH CUCTEM ISl JIETEPMUHUPOBAHHBIX OMEpaIvid,
€CJIM TPUHATH, YTO HMCXOJ, COOTBETCTBYIOIIMI CHUCTEME, HACTyIaeT C
BEPOATHOCTBIO, PABHOW €IMHUIIE, a BEPOSITHOCTU OCTAIBHBIX MCXOJIOB
paBHBI HYJIO. YCJIOBHUS OLIEHKM CHUCTEM B Ciydae, KOrJa IMOKa3aTeiau
HCXO0/Ja BEPOSTHOCTHOW OMEpalluy SBISIOTCS AUCKPETHBIMU BEJWYHHA-

MU, YJI0OHO 3a/1aBaTh Ta0IM4HO (Ta0:. 1).

Tabmnua 7

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

a; V1 p(yila;) F(y,)
Y2 p(y2la;) F(y,)
Vi p(ylay) F(y)

a; V1 p(yilay) F(y,)
Y2 p(y2laz) F(y,)
Vi p(ilay) F(y)

am V1 p(yilam) F(y,)
Y2 p(yalan) F(y,)
Vi p(yilan) F(y)

HpI/I HCXO0AaX € HCIPCPBIBHBIMU 3HAYCHHUAMU MokasaTenen marte-

MAaTH4YCCKOC OXXKUAaHUC (1)YHKL[I/II/I IMOJIC3HOCTH OIIPCACIIACTCA KaK

K(a) = [, fyla)F () dy,

rae f(y|a;) — mI0THOCTH BEPOSATHOCTEH HCXOIO0B; R — mOmycTHMas
00J1aCTh BEKTOPHOI'O MMPOCTPAHCTBA HCXOOB.




Jnst onieHku 3G (PEKTUBHOCTH CUCTEM B BEPOSITHOCTHOM Olepaiiuu
HEOOXOIUMO:

® ONPEJECIUTh UCXOJbI OTICPAILINU O KAXKJIOW CUCTEME;

® [OCTPOUTH (PYHKIMIO MOJIE3HOCTH HAa MHOKECTBE MCXOJIOB OIle-
panuu;

® HAWTU PACIpPEICIICHUE BEPOSATHOCTEHM HA MHOXKECTBE HCXOHOB
OIEpaLnH;

® paccyuTaTh MaTeMaTH4YecKoe OXuaaHue (DYHKIIUU TMOJIE3HOCTH
Ha MHOXECTBE UCXOJ0B OINEPAIUHU IS KAKION CUCTEMBL.

Kpurepnil onTUMaIBHOCTH IS BEPOSITHOCTHBIX OINEPAlMil UMEET
BU/]I

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

B cooTBeTCTBUM € 3TUM KPUTEPUEM ONTUMAIIBHOW CUCTEMOU B
YCJIOBUAX PUCKA CYUTAETCS CUCTEMA C MAaKCUMaJIbHbIM 3HAYEHHWEM Ma-
TEMATHYECKOTO OXKUJAHUS (DYHKIUHU MOJE3HOCTH HA MHOKECTBE HCXO-
JIOB OITEpaLVH.

Onenka cuUCTEM B YCIOBUAX BEPOSTHOCTHOW OIEPALUU — OTO
OLICHKA «B CPEIHEM», MOATOMY €M IMPHUCYIIH BCE HEAOCTATKU TAKOTO
MIOAX0/1a, TJABHBIM M3 KOTOPBIX 3aKJIKOYAETCS B TOM, YTO HE MCKIIKOYEH
cityyail BBIOOpa HEONTUMAIILHOW CUCTEMBI JUIsl KOHKPETHOM peain3aluu
onepanuu. OJIHAKO €CIu onepals 0yAeT MHOTOKPATHO TOBTOPSTHCS, TO
ONTUMAaJbHAs B CPETHEM CHCTEMA IPUBENIET K HAMOOJbIIEMY yCIIEXY.

CBeneHne 3a1adyd OLECHKHA CHCTEM K BEPOSITHOCTHOW IOCTAHOBKE
IIPUMEHUMO IS ONEpalvid, UMEIOIMUX MACCOBBIM XapakTep, I KOTO-
PBIX UMEETCS BO3MOKHOCTh ONPENEINUTh OOBEKTUBHBIE MTOKA3aTENN UC-
XOJI0B, BEPOSITHOCTHBIE XapaKTEPUCTUKHU IO MapaMeTpaM OOCTAaHOBKHU U
3aKOHBI PACIPEAEIEHUs BEPOSITHOCTEW HA MHOYKECTBE MCXOAOB Ollepa-
1005078

PaccmoTpuM npumep oueHKH 3((PEKTUBHOCTH CUCTEM B BEPOSIT-
HOCTHBIX OIEpalsX M0 PUBEICHHOMY KPUTEPHIO.



Ipumep 1. Oyenka sapuanmos KoHpueypayuu 2emepoceHHOU Jio-
KAIbHOU B8bIYUCTUMENbHOU cemu 0bwe20 noav3osanus. HMccredyemas
onepayusi — 00OMeH COOOWEHUAMU MeHCOY NONb308aAMeNIMU, CUCmeMA
— B8APUAHMbL PA3ZMeUjeHUsi cemeso2o 000pY008aHUs, NOKA3AMENb UC-
xo0a onepayuu — YUCI0 NepedaHHblX cOOOWeHUl Ny, (OUCKpemHas Ge-

nuyuna). Yucnosvie oannvle 01 oyeHKu npusedenvl 8 maoi. 2.

Ta0nuna 2

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

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

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

Pacuem noxazameneii u oyenxa s¢pgpexmusnocmu no xpumepuio
npesocxo0cmea NOKA3bl8aom, 4mo 8 Kayecmee ONMuMAaibHOU CUCTEeMbl
00J1iceH OblMb NPUIHAH 8apuanm 2 KOHpuaypayuu cemu

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

KpoMe ontumuzanmu «B cCpeaHEM» B BEPOSTHOCTHBIX OIEpaIIHIX
UCITOTB3YIOTCS M IPYTUE KPUTESPUHU OIICHKH CHCTEM:

® MaKCUMyM BEPOSTHOCTH CITY4allHOT'O COOBITHS;

® MaKCUMyM CTETICHU BEPOSTHOCTHOW TapaHTHHM JOCTHKCHUS pe-
3yJbTaTa HEe HIDKE TPeOyeMOTo ypOBHS;

® MHHHUMYM CPEIHEr0 KBajapaTa YKIOHEHHS pe3yibTara OT Tpe-
oyemoro;

¢ MHHUMYM JHUCICPCUU PE3YyJIbTaTa;

® MaKCUMYM BEPOSITHOCTHO-TAPAHTHUPOBAHHOTO PE3yJIbTATA;



® MHUHUMYM CpeaHero (0ailecoBCKOro) pucka (MUHUMYM CPEIHHUX
OTEPB ).
PaccMoTpeHne 3TUX KPUTEPUEB COCTABISAET OJIUH U3 Pa3/IENIOB TEO-
PUM TIPUHATHUS PELICHUN.

2. IPAKTUYECKAA YACTDb

JIns mpeACTaBICHHBIX HUXKE BapUAHTOB PACCUUTATh MOKA3aTelu U
O1IEHKY 3 (HEKTUBHOCTHU MO KPUTEPHUIO TPEBOCXOCTBA.

3agaua 1

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

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

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

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

3agaua 2

a; ng p(nyla;) F(ny)

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

Bapuanr 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(ngla;) F(ny)
Bapwuant 1 60 0,4 0,15
50 0,1 0,65
40 0,5 0,2
Bapwuanr 2 60 0,2 0,6
50 0,3 0,6
40 0,5 0,3
BapwuanT 2 60 0,6 0,2
50 0,15 0,45
40 0,25 0,6
3apaua 4
a Nk p(nyla;) F(ny)
Bapwuant 1 60 0,4 0,4
50 0,1 0,45
40 0,5 0,4
Bapwuanr 2 60 0,65 0,6
50 0,25 0,6
40 0,1 0,3
BapwuanT 2 60 0,8 0,2
50 0,05 0,45
40 0,15 0,6
3amaua S
a; ng p(nyla;) F(ny)
Bapwuant 1 85 0,65 0,3
65 0,25 0,7
45 0,1 0,2
Bapwuanr 2 85 0,4 0,2
65 0,1 0,45
45 0,5 0,6
BapwuanT 2 85 0,5 0,15
65 0,25 0,65
45 0,25 0,2

3. KOHTPOJIBHBIE BOITPOCHI

1. Jns Kakux 1eJied MPOBOJUTCS OLICHKA CIIOKHBIX CUCTEM?
2. KakoBbI OCHOBHBIE 3TAIlbl OLICHUBAHUS CIOKHBIX CUCTEM?




Kaxkoit BuJ1 uMeeT KpUTepHil ONTUMAIbHOCTH?

Uto Takoe pyHKIIMS MMOJIE3HOCTH?

Kak ocymectBisieTcsi OIlEHKa CJIO0XKHBIX CUCTEM B YCIOBHUSX
pHUCKa Ha OCHOBE ()YHKIIMH MOJIE3HOCTH?

Kakum 00pazom omnpenensieTcs MaTeMaTH4ecKoe OKUJaHUE TIPU
UCXO0JaX C HEMPEPHIBHBIMY 3HAYCHUSIMH TTOKa3aTeen?



IpakTnueckoe 3ansaTe NeS. OueHNBaHUE CI0KHBIX CHCTEM B
YCJIOBHAX HEONPeEAeJTeHHOCTH

He.m: 3AHATHUSA: U3YUCHHC OCHOBHbIX MOJIOKECHU U TCOPUH IIPUAHTUA
pemeHHﬁ B YCJIIOBUAX HCOIIPCACICHHOCTH.

AKTyaJ'II)HOCTB TEMbI 3aHATHSA: TCOPHUA IIPUAHTHA pCHICHI/Iﬁ -
POKO IPUMCHACTCH ITPHU AHAJIN3C CUCTCM B YCIIOBUAX HCOIIPCACIICHHOCTU.
BJIaI[eHI/IG MGTO)IOJIHefI IMPUHATHUA YHPABJICHYCCKUX pGHlCHI/Iﬁ 00s13a-
TCJIBHO IJIA CIICHHUAJINCTA B oOJracTu dBTOMaTHu3aluuu.

1. TEOPETUYECKASA YACTb

Cnenuduyueckue 4YepTbl OPraHU3aUOHHO-TEXHUUYECKUX CHUCTEM
4acCTO HE MO3BOJISIIOT CBECTU ONEPALIMH, IPOBOIUMBIE 3TUMU CUCTEMAMH,
K JCTEPMUHUPOBAHHBIM WM BEPOSTHOCTHBIM. K Takum yepram
OTHOCSITCSL:

1. Hanuuue B ynpaBiiieMOll cHUCTEME B Kaue€CTBE 3JIEMEHTOB (TO/I-
CUCTEM) ILIECJICHANPABICHHBIX WHAMBUIAYYMOB M HAJU4YUE B CHUCTEME
ynpasieHus auna npuHumaroniero peurenus (JIIP), ocymectBustomumx
yIpaBJI€HUE HA OCHOBE CYOBEKTHMBHBIX MOJENEH, YTO M MPUBOJHUT K
OOJIBIIIOMY Pa3HOOOPA3UIO TTOBEJICHUSI CUCTEMBI B 1I€JIOM.

2. AJITOpPUTM yHIPABJIEHHUS YaCTO CTPOUT CaMa CUCTEMA yIIPABIICHMUS,
npecienys MOMHUMO TPEIbSABISEMBIX CTapUIed CUCTEMOW Leneld coo-
CTBEHHBIE 1IEJIM, HE BCETa COBIIAIAOIINE C BHCIIHUMU.

3. Ha osrame ouenkum cutyanum B psAe CIy4aeB HMCXOIAT HE W3
(aKTUYECKOM CUTyalluu, a U3 TOW MOJAENH, KOTopou nonb3zyerca JIIIP
IPHU YIIPABICHUU OOBEKTOM.

4. B mpoiiecce NpuUHATHS peuieHus OOJIbUIYI0 POJib UTPAIOT JIOTH-
yeckue paccyxjaenusa JIIIP, He nmognaroniuecs GpopMmanuzanuu Kiaccu-
YECKMMH METOJAMU MATEMATHKHU.

5. Ilpu BbIOOpE ympasisitoiero Bo3aeicTBus JIIIP Moxer onepu-
pOBaTh HEYETKUMU MOHIATUSMM, OTHOLIEHUSIMU U BBICKA3bIBAHUSIMU.



6. B OomplmioM kiacce 3adad  yNOpaBJICHUS OpPraHU3alMOH-
HO-TEXHHUYECKUMU CHUCTEMaMU OTCYTCTBYIOT OOBEKTHUBHBIE KPHUTEPUH
OLICHUBAHMS JOCTHUKEHHS I1I€JIEBOTO M TEKYLIErO0 COCTOSIHUM OOBEKTa
yOpaBJ€HUs, a TAKXEe CTAaTUCTUKA, TOCTATOYHAs ISl IOCTPOEHHUS COOT-
BETCTBYIOIIUX BEPOSTHOCTHBIX paclpeiesieHuil (3aKOHOB pacrpesere-
HUS UCXOJ0B OINEpalnii) 111 KOHKPETHOTO IPUHSATOTO PEIICHUS.

Takum 00pa3om, HECBOAUMOCTh ONEpanuid, MPOBOAUMBIX CJIOKHBI-
MU OpraHU3aIMOHHO-TEXHUYECKUMHU CUCTEMAMHU K JIETEPMUHUPOBAHHBIM
WIM BEPOATHOCTHBIM, HE IMO3BOJISIET MCIOJIb30BaTh JJISl UX OLICHKU Je-
TEPMUHUCTCKUE U BEPOATHOCTHBIE KPUTEPHUHU.

VYcnoBus oueHkd 3PEGEKTUBHOCTH CUCTEM JIJIsi HEOINPEIETICHHBIX
OIepalnuii MOKHO MPEJACTABUTH B BUJIe Ta0d. 1, B KOTOPOil 0003HAUEHBL:
a;,i = 1:+m — BEKTOp yIpaBIsEMBIX IAPAMETPOB, OIPEACIISIOLINN
CBOMCTBA CUCTEMBL, bj,j = 1:--1 — BEKTOp HEYNpPaBIAEMbIX MapaMeT-
POB, ONPENENAIOMIMA COCTOSHIE 00CTaHOBKH; k;; — 3Ha4YeHHe dPdek-
TUBHOCTU CUCTEMBI @; JUIsl COCTOSIHUSA OOCTaHOBKU b;; K (aj) — 3 dek-

TUBHOCTb CUCTCMEI ;.

Tabmnura 1
a; b] K(ai)
by b, by
aq k14 kiz kin
a kg k2, kon
Am km1 kma kmn

Kaxpnast ctpoka TabIUIBI COAEPKUT 3HAUEHUS 3P(PEKTUBHOCTH O/I-

HOM CUCTEMBEI JIJI BCEX COCTOTHUN OOCTAaHOBKH bj, a KaXIbIH cTOIOEI —

3Ha4YCeHHUS A()PEKTUBHOCTH ISl BCEX CHCTEM (; IPH OJHOM M TOM JKe
COCTOSIHUM OOCTaHOBKHU. B ciydae 3agaHus cOCTOSTHUM 0OCTaHOBKH OJI-
HUM TlapaMeTpoM maTpuiia 3PGEeKTUBHOCTH MOXKET OBbITh MpE/ICTaBICHA

auarpammoi (puc. 1).
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Pucynok 1 — [Iuarpamma 3¢(HEeKTUBHOCTH CHUCTEM @; JJISl YCIIO-

BUI bj

B HeompeneneHHoW onepanuyd MOryT ObITh M3BECTHBI MHOYKECTBO
COCTOSIHMI 00CTaHOBKHU U 3(G()EKTUBHOCTH CUCTEM ISl KAXKI0W U3 HUX,
HO HET JAHHBIX, C KAKON BEPOATHOCTHIO MOYKET MOSIBUTHCS TO WU UHOE
COCTOSIHUE.

B 3aBucumocTH OT XapakTepa HEONPEACICHHOCTH OIEpallii MOTYT
JEJINTbCS HAa UTPOBBIC U CTATUCTUUYECKU HEONpPEIEIICHHbIE. B UIPOBBIX
OIepalsIX HEOIPEAECICHHOCTh BHOCUT CBOMMHU CO3HATEIbHBIMU JCH-
CTBUSIMHU IIPOTUBHUK. [l McCClieqOBaHUsT UTPOBBIX OIEPALUil UCIIOJIb-
3yETCSl TEOPpHUsSI UTP. Y CIIOBUSI CTATUCTUYECKUA HEOIPEAECICHHBIX OIepa-
U 3aBUCAT OT OOBEKTUBHOM JIEUCTBUTEIIBHOCTH, Ha3bIBAEMOU MPUPO-
noil. IIpupona paccMaTpuBaeTCs Kak HE3aMHTEPECOBaHHAsI, Oe3pa3iiny-
Has K Olepalu CTOpoHa (OHA MAacCUBHA MO OTHOIICHUIO K JIWILY, MPHU-
HUMaloleMy peirenue). Takue onepanuu MOTYT UCCIIEA0BAThCS C MPH-
MEHEHUEM TEOPUU CTATUCTUUYECKUX PEIICHUM.

Ecimu onepauusi, mpoBoauMasi CUCTEMOM, YHUKAJbHA, TO Ui pas-
pELICHUsT HEONPEJEIEHHOCTH MPU OLIEHKE CUCTEM HCHOJIb3YIOTCS CyOh-
eKTuBHbIE TIpeanoyrenus JIIP.

B 3aBucuMocTtu ot xapaktepa npennourenuit JIIP nanbosee yacro
B HEOIPEACIICHHBIX ONEPALUAX UCIIOJIB3YIOTCS CIEAYIOLINE KPUTEPUHU.



1. KpuTtepuii cpeHero BHIMrpbIiIa

JIaHHBIN KpUTEpUI MpeAnosaracT 3aJaHue BEPOATHOCTEN COCTOS-
HUH 0OCTaHOBKH P .

O(PhEeKTUBHOCTh CHUCTEM OIEHUBAETCS KaK CpPEIHEE OXKUJIaeMOe
3HaUYCHHE (MATEMaTUYECKOE OXKHJIaHHE) OLEHOK 3((PEKTUBHOCTH TIO
BCEM COCTOSIHUSIM 0OCTaHOBKHU

— n N
K(ai) = j=1pjkij1l =1--m.
OnrumanbHOU cHcTEME OyJIeT COOTBETCTBOBAThH A(D(PEKTUBHOCTH

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

JlJis IpUMEHEeHUs KpUTEpHsl CPETHEro BBIUTPHINIA HEOOXOAUM, T10
CYLIECTBY, MEPEBOJ OINEpali U3 HEOIPENEICHHON B BEPOSITHOCTHYIO,
IpUYEM IIPOU3BOIBHBIM 00pPa30M.

2. Kpurepuii Jlanuiaca

B ocHOBe xputepus JEKUT NPEAIIOI0KEHHUE: TIOCKOIBKY O COCTOs-
HUSAX OOCTaHOBKM HUYETO HE M3BECTHO, TO MX MOXHO CUUTaTh PABHO-
BEPOATHBIMU. HIcX0as U3 3TOTO

1 .
K(al-) = ; }:L=1kij, 1 = 1m,

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

3. KpuTepuii ocropo:kHoro Hat.oaarenas (Baabaa)

OTO MakCUMuHHbll Kpumepui, OH TAPAHTUPYET OIPEACICHHBINI
BBIUTPBIII TPU HAUXYIIIUX yCIOBUsAX. KpuTepuii OCHOBBIBAETCS HA TOM,
YTO, €CJIA COCTOSIHNE OOCTAHOBKU HEM3BECTHO, HYKHO MOCTYNaTh CAMbIM
OCTOPOXKHBIM 00pa3oM, OPUECHTUPYSICh HAa MUHUMAJIbHOE 3HaYeHUe 3(¢-
(EKTUBHOCTHU KaXk0il CUCTEMBI.



B kaxpoil crpoke Marpuilbl 3(()EKTUBHOCTH HAXOJUTCA MHUHHU-
MajbHasg U3 OLEHOK CHCTEM IO PA3JIUYHBIM COCTOSAHHUSAM OOCTaHOBKH.
OnTUMaIbHOW CUMTAETCS] CUCTEMA U3 CTPOKH C MAKCUMAaJbHBIM 3Haye-
HUEM 3(PPEKTUBHOCTU

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

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

MakCUMUHHBIA KPUTEPUN OPUEHTUPYET HA PEIICHUE, HE COAECpkKa-
iee SJIEMEHTOB PHUCKA: MPHU JIFOOOM W3 BO3MOXKHBIX COCTOSIHHM 00CTa-
HOBKHM BbIOpaHHAas CHUCTEMa IOKaXeT pe3yJIbTaT ONepaluu HE XYKe
HaWJIEHHOT0 MaKCUMHUHA. Takas OCTOPOKHOCTD SIBJISIETCS B PSI/I€ CIydacB
HEJIOCTAaTKOM KpuTepusi. [[pyroii HEIOCTaTOK — OH HE YIOBJICTBOPSIET
TpeOOBaHUIO — JT00ABIECHNE MTOCTOSHHOTO YHCJIA K KAXIOMY AJIEMEHTY
cToJi011a MaTpuIbl 3G (PEKTUBHOCTH BIUSET HA BHIOOP CUCTEMBI.

4. Kputepuii MakcuMaKca

OTUM KpUTEPUEM MPEINUCHIBACTCS OIEHUBATh CUCTEMBI MO MakK-
CUMaJIbHOMY 3HaueHUIO 3((HEKTUBHOCTH U BHIOMPATh B KAU€CTBE OMNTH-
MaJIbHOTO pEIICHUs CHUCTeMy, oOmamaromyo 3(PEGEeKTUBHOCTHIO C
HanOOJIBIIINM U3 MAKCUMYMOB

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

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

Kpurepuit Makcnmakca — camblii ONTUMHCTHYECKUIM KpuTepun. Te,
KTO MPEANOYUTACT UM I10JIb30BATHCA, BCErJa HAICIOTC Ha JIy4llee CO-
CTOSITHUE OOCTAHOBKHU U, €CTECTBEHHO, B OOJIBIION CTENEHU PUCKYIOT.



5. Kpurepuii neccumuzma-ontumuima (I'ypsuna)

D10 Kpumepuit 0606uennoco makcumuna. COTJacHO JTaHHOMY
KPUTEPHUIO TPU OIEHKE M BHIOOpPE CHUCTEM HEPA3yMHO MPOSBISITH KaK
OCTOPOXHOCTh, TaK W a3apT, a CIEAYyeT, YUYUTHIBAs CaMO€ BBICOKOE H
camoe HHU3Koe 3Ha4eHHS A(()EKTUBHOCTH, 3aHUMATh MPOMEKYTOUHYIO
MO3UIMIO0 (B3BEIIMBAIOTCS HAUXYMAIIWE W HaWIydliue ycioBwus). Jlms
9TOr0 BBOAMTCA Koadduiment ontumm3Ma @ (0 < a < 1), xapakrepu-
3YIOIMNA OTHOLIEHUE K PHUCKY JIMIIA, MPUHUMAIOIIEro perieHue. -
(EeKTUBHOCTh CHCTEM HaXOJUTCS KaK B3BEIICHHAs C MOMOIIBIO KO-
duimenTa a cyMMa MakCMMaJbHOM M MUHUMAJIBHON OIICHOK

K(a;) = amaxk;j + (1 — a) mink;;,
J J

j=1-ni=1-m0<a<1.
VY ci1oBrUe ONTUMAIBHOCTH 3aIIUCBIBAETCS B BUIIE

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

IIpu a = 0 xpurepuii I'ypBunia CBOIUTCA K KPUTEPUIO MAKCHUMUHA,
npu @ = 1 — K KpUTEpUI0 MAKCHUMAKCA. 3HAYCHUE X MOXKET OIpelie-
JATBCA METOJOM SKCIEPTHBIX OIEHOK. OYeBUIIHO, YTO, YEM OIACHEE
OIICHHWBAaeMasi CUTyallus, TeM OJMXKe BEJIIMYMHA & JOJDKHA ObITh K €/U-
HUIIE, KOT/1a TApaHTUPYETCS HAMOOJIbIINNA U3 MUHUMAJIBHBIX BBIMTPHIIICH
WJIA HAMMEHBIINN U3 MAaKCUMAJIbHBIX PUCKOB. Ha mpakTuKe moab3yroTces

3HauYeHUAMU KodpdunmenTa a B nmpeaenax 0,3-0,7.

6. Kputepuii MunumaabHoro pucka (Capuaka)

Munumuzupyet notepu 3p(PEKTUBHOCTH NPU HAUXYIIUX YCIOBH-
ax. [ OLlEHKM CHCTEM Ha OCHOBE JIaHHOTO KpUTEpUsl MaTpuua 3¢-
(EeKTUBHOCTH JIOJKHA OBITH ITpeoOpa3oBaHa B MaTPHILy MOTEPh (PUCKA).
Kaxxp1it 371eMEHT MaTpUIlbl IOTEPh OMPEACISIETCS KaK Pa3HOCTh MEXITY



MaKCUMaJbHBIM M TEKYIIMM 3HAYCHUSIMH OIEHOK A()(PEKTUBHOCTH B
CTOJIOLE

[Tocne nmpeoOGpa3zoBaHusi MaTPHUIbl UCHOJb3YETCS KPUTEPUA MUHHU-

Makca

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

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

O xpurepun CiBHIKa MOXKHO CKa3aTh, YTO OH, KaK U KPUTEPHUI
Banpma, OTHOCUTCA K YHCITYy OCTOPOXKHBIX KpuTepueB. [1o cpaBHEHMIO €
kputeprueM Banbjga B HEM NPUAAECTCS HECKOIBKO OoJiblliee 3HAYCHUE
BBIUTPBIIILY, YEM ITPOUTPHIIITY.

Ilpumep 1. Heobxo0umo oyenums 00uH U3 mpex papadbamoléaemlx
NPOCSPAMMHBIX NPOOYKMOB OJisi OOpbObl ¢ OOHUM U3 Yemblpex MUunos
npocpamMmHubix 8o30eticmsauti. Mampuya 3¢hpexmuenocmu npeocmas-
nena 6 mabauye. 30ecob a;, i = 13 — (-1 npoepammmubslil NPOOyKm,
bj,j = 1:-4 — j-e npocpammnoe 6ozoelicmeue; k;j — oyenxa sgpex-
MUBHOCMU NPUMEHEHUsT -20 NPOSPAMMHO20 NPOOYyKma npu j-m npo-
CPAMMHOM 8030€lCMBUL.

Tabnuya 1 — Mampuya 3¢pghexmusrnocmu

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

Kpumepuii cpeonezo évtuzpviuia



3aoaoumcs  6epoOSMHOCMAMU  NPUMEHEHUST NPOMUBHUKOM HPO-
epammubix eozdeticmeuti: p; = 0,4; p, = 0,2; p; = 0,1; p, = 0,3. Ilo-
JIYYUM Ce0yrouue OYeHKU CUcmem
K(a;)=04x%x01+0,2x%x05+0,1x%x01+0,3x%x0,2=0,21;
K(a,) =0,4%x0,2+0,2x%x03+0,1x%x02+0,3%0,4=0,28;
K(a;) =04%x01+02x%x0,4+0,1x%x04+0,3%x0,3=0,25.
OnmumanvHoe peuieHue — cucmema a.

Kpumepuu J/lannaca
K(a,) = %(0,1 +0,5+0,1+0,2) = 0,225;

K(a,) = i(o,z +0,340,2+0,4) = 0,275;
K(as) =5(0,1+ 0,4+ 0,4 +0,3) = 0,300.

OnmumanvHoe peulenue — cucmema ag.

Kpumepuii ocmopoosicnozo naoawoamens (Banrvoa)
K(a,) = min(0,1; 0,5; 0,1; 0,2) = 0,1;
K(a,) = min(0,2; 0,3; 0,2; 0,4) = 0,2;
K(a3;) = min(0,1; 0,4; 0,4; 0,3) = 0,1.

Onmumanvroe peuwernue — cucmema a,.

Kpumepuit maxcumaxca

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

Onmumanvroe peuwiernue — cucmema aq .

Kpumepuii neccumusma-onmumusma (I'ypsuya)
Kosgppuyuenm onmumuzma 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.
OnmumansvHoe peuleHue — cucmema a, .

Kpumepuii munumanovnozo pucka (Creuorxica)
Mampuye s3¢ghgpexmusnocmu 6yoem coomeemcmeosams c1edyiouas

mampuya nomepo.

Tabnuya 2 — Mampuya nomepo

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

Tozoa

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

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

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

Onmumanvroe peuienue — cucmema as. Kpumeputi MUHUMATLHOCO
pucka ompajicaem codxcanenue no nogoody moeo, 4mo blOPAHHAS CU-
cmema He 0Ka3aiacb HAuayduiell npu OnpeoeieHHOM COCMOAHUU 00-
cmanoexku. Tax, eciu npouszeecmu 6vl00p cucmemvl Ay, A COCMOSHUE
obcmanosku 6 oeticmaumenbHocmu by, mo codxcanenue, ymo He blOPaHa
Haunydwas uz cucmem (as), cocmasum 0, 3.

Takum o0pazom, 3¢ (HEKTUBHOCTh CUCTEM B HEOIPEICICHHBIX OIle-
paluraX MOKET OIIEHUBATHCS MO 1EJIoMY psiay Kputepues. Ha BiOOp TOTO
WJIM MHOTO KPUTEPHUS OKA3bIBAET BIUSHUE Psii PaKTOPOB:

® TIPUPOJAa KOHKPETHOM OIEpalvy U €€ Lelb (B OJHUX OINepalusax
JOMYCTUM PUCK, B IPYTUX — HYKEH FapaHTUPOBAHHBIN pe3yJIbTar);



® TIPUYMHBI HEOMPEAENECHHOCTH (OJTHO JeJI0, KOTJa HeompeIeseH-
HOCTh SIBJIACTCS CIy4aWHBIM PE3yJbTaTOM JEUCTBUA OOBEKTUBHBIX 3a-
KOHOB TIPUPO/IbI, U APYTO€, KOTJa OHA BBI3BIBACTCS JACHCTBUSIMU Pa3yM-
HOTO MIPOTHBHHUKA, CTPEMSIIETOCS IIOMEIIATh B TOCTH)KCHHUH TICIIH );

e XapakTep JuIla, IPUHUMAFOIIETO pelieHre (OaHHU IO CKIOHHBI
K PUCKY B HaJIeXkKJe JOOUTHCS OOJIBIIIETO yCreXa, IPyrue mpearnodnuTaroT
JEWCTBOBATH BCETJIa OCTOPOKHO).

Bp100p Kakoro-tTo 0JHOTO KPUTEPHUsS MPUBOIUT K MPUHSITHIO peEIlle-
HUS IO OIIEHKE CHCTEM, KOTOPOE MOXKET OBITh COBEPIIIEHHO OTJIMYHBIM OT
pelieHni, TUKTYEMbIX IPYTUMU KPUTECPUIMH.

Ilpumep 2. Ceoomvie pezyrvmamvl OYeHKU 3¢hhekmusHocmu cu-
cmembl U3 npumepa 1 no paccmompeHHvIM Kpumepusm npueeoeHvl 8

maobauye (8adesieHvbl ONMUMANbHbBIE 8APUAHMBL CUCIEMbL).

Tabnuya 3 — Ceoonvle pe3yibmamsl OYeHKU IghpekmusHocmu

b; K (a;) no xpumepusm

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

a, 0,1 0,5 0,1 0,2 0,21 |0,225|0,1 05 034 |03

a, 0,2 0,3 0,2 0,4 0,28 | 0,275 [0,2 0,4 0,32 0,2

asz 0,1 04 104 |03 0,25 10,300 0,1 04 1028 |01

Tun kpurepus ais BbIOOpa pallMOHAIIBHOTO BapUaHTa JIOJKEH ObITh
OTOBOPEH Ha ATalle aHalli3a CHCTEM, COTJIACOBAH C 3aKa3bIBAIOILIEH Op-
raHu3alueil U B MOCHEAYIOMMNX 3a/ladyax CHUHTEe3a MH()POPMALMOHHBIX U
JIPYTUX CIOXKHBIX CHUCTEM Mpernonaraercs 3aaaHHbeiM. [Iponecc BeiOopa
BHJIA KPUTEpHUs U1 y4y€Ta HEONPENCIIEHHOCTH IJOCTATOYHO CIIOKEH.
VY cToHYuBOCTh BHIOPAHHOTO PAIMOHAIBLHOTO BapUaHTAa MOXHO OLICHUTH
Ha OCHOBE aHAJIN3a I10 HECKOJBKUM KpuTepusiM. Eciu cymecTByer coB-
najieHue, TO UMeeTcs OoJblIasi YBEPEHHOCTh B MPaBUIBHOCTH BBIOOpA
BApUAHTA.

OCOOEHHOCTBI0O MaXOPUTAPHOW OOpPAOOTKH SBIISIETCS OMACHOCTH
BbIOOpA CUCTEMBI, HE SIBJISIOIICHCS JIyUIllei, HA OCHOBE MHOTO3TAIHOTO
BbIOOpA P TPYIIIUPOBKE AIBTEPHATUB B KOAJIUIIHH.




Takas cutyauus oTpakeHa Ha puc. 2, r1ie 8 u3 27 CUCTEM MO pa3HbIM
KpUTEpUAM ObUIM OLEHEHbl Kak xyAuue. OIHAKO MpPU TPYHIHUPOBKE B
KOAJUIMA W OpraHu3alluu JABYXATAIHOW MPOLEAYPhl MaKOPUTAPHOM
00pabOTKHM B Ka4eCTBE Jyullleld Obula BRIOpaHa OJHA U3 XYIIUX CUCTEM.
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Pucynok 2 — K yrpo3e MaxopuTapHOTO BIOOpA XYIIEH CUCTEMBI
Ha OCHOBE KOQJIWIMK: MW — XYyJIIas -i1 CUCTeMa; O — Jyyuias (-4

CHCTCMA

B nmr0o060M ciydae npu BBIICICHHUH MHOXECTBA MPEANOYTUTEIbHBIX
CUCTEM IO Pa3HBIM KPUTEPUSAM OKOHYATEIbHBIN BEIOOP CHCTEMBI JOJIKEH
OCYIIECTBIIATHCS JUIOM, MpUHUMaronuM peumenue. [Ipu stom B ome-
panuax, KOTOPbIM B 3aBUCHMOCTH OT XapaKTepa COOTBETCTBYET JIUOO
noporosasi, MO0 MOHOTOHHAs (PYHKIUS MOJE3HOCTH, 3P(HEKTUBHOCTH
CUCTEM MPABOMOYHO OLIEHMBATh HEMOCPEICTBEHHO IO IOKa3aTelsaM
UCXoM0B. {1 A€TEpMUHUPOBAHHBIX Olepauuii kpurepuem 3¢ (peKTrB-
HOCTH OYJIET CIYKHTh CaM IOKa3aTelb, AJISI BEPOSITHOCTHBIX — JIMOO
BEPOSITHOCTD MOJYYECHUS! JOMYCTUMOTO 3HAYEHUs Mokaszaress (Ipu mo-
pOTrOBOMl (DYHKIIMM TIOJE3HOCTH), JMOO MAaTeMaTUYECKOE OXKHUJAHUE
3HAYEHMS TIOKa3aTes (Mpy JTUHEUHON (DYHKIMHU MTOJIE3HOCTH).

Ouenka 3¢(heKTUBHOCTU CUCTEM Ha OCHOBE MOKa3aTeel UCXOI0B B
JIPYTUX CIIy4asix MOKET IMPUBOJIUTH K HEMPABUILHOMY BBIOOPY, IO3TOMY
nepexo K oneHke YPGHEeKTUBHOCTH cUCTeM 0€3 BBeACHUS (PYyHKIIMU TO-
JI€3HOCTHU JOJKEH BCEr/Ia COMPOBOXKAATHCS 00OOCHOBAHUEM.

2. TIPAKTUYECKASA YACTb



B mpenniokeHHOM BapuaHTE 3aJaHusi BbIOpaTh ONTHUMAJIbHOE pe-
IICHHE 110 BCEM BBINIENIEPEUNCICHHBIM KpuTepusiM. COCTaBUTH TAOJIHILY,
no00HY0 TabJ. 3, ¥ IPUBECTH PUCYHOK, MOJOOHBIN puC. 2.

Bapuanr 1
b
H b, b, b, b,
a; 060 |010 |015 |05
a, 0,40 |00 |005 |045
s 020 030 |040 |00
Bapuanr 2
b
4 b, b, b, b,
a; 035 |020 |015 030
a, 055 005 |015 |025
as 035 030 |020 |015
Bapmuanr 3
b
4 b, b, b b,
a; 055 |005 |015 |0.25
a, 060 |010 |015 |05
s 0,40 |00 |005 |045
Bapuanr 4
b
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
Bapuanrt 5
b
“ by b, b, b,
a; 020 020 |040 020
a, 035 030 |020 |015




| a, 060 [020 015 [015 |

3. KOHTPOJIBHBIE BOITPOCHI

1. Kakue OCHOBHBIE KPUTEPUU HCIOJB3YIOTCS ISl OLEHKHU CIOX-
HBIX CHUCTEM B YCJIOBHSAX HEONPEAECICHHOCTH.

Uro onpenenser KpuTepruii CPEAHETO BBIMTPHIIIA?

Uro onpenenser kpurepuit Jlammaca?

Urto onpenensieT KpUTepril OCTOPOKHOTO HAOIO1AaTEeIIs?

Uro onpenenser KpuTepruii MaKkCUMakca?

Uro onpenensaer KpuTepruii NeECCUMA3Ma-ONTUMHU3MA?

N o bk wn

Yro onpenensaer KpuTepruii MUHUMAIIBHOTO pUCKa?



PEKOMEHIAYEMAS JIUTEPATYPA

OcHoBHas JuTEpaTypa:

1. BnoBun B.M. Teopusi cucteM M CUCTEMHBIA aHAU3 : YYEOHUK
st O6akanaBpoB / Bnosun B.M., Cypkosa JI.LE., Banentunos B.A.. —
Mocksa : Jlamkos u K, 2019. — 644 c¢. — ISBN 978-5-394-03252-3. —
Texkct : omekrponnsi // IPR  SMART : [cait]. — URL:
https://www.iprbookshop.ru/85234.html (mata obpamenus: 23.04.2022).
— Pexxnm fgoctyna: 1y aBTOpU3HUP. TOJIH30BaTE/ICH.

2. MatseeB A.B. Cucremuslil ananus : yaeoHoe mocodue / MarBeeB

A.B.. — Owmck : U3parenscTBO OMCKOro rocyAapCTBEHHOTO YHUBEPCH-
teta, 2019. — 56 ¢. — ISBN 978-5-7779-2381-3. — TekcT : 3i€ek-
TPOHHBIN // IPR SMART : [cailT]. — URL.:
https://www.iprbookshop.ru/108137.html (marta oOpareHus:

23.04.2022). — Pexum ocTyna: Jjisl aBTOPU3UP. MTOJIB30BATEIICH.

3. HuszutraudoBa A.P. O0mas Teopusi CHCTEM U CUCTEMHBIN aHAU3
/ HMussutaudoBa A.P., Kopmonckas M.b.. — Camapa : IloBoipkckuii
TOCYJAapPCTBEHHBI YHHUBEPCHUTET TEICKOMMYHHUKAIIMA W WH(OPMATHKH,
2017. — 125 c¢. — Texkcr : anektponssiit / IPR SMART : [caift]. —
URL: https://www.iprbookshop.ru/75394.html  (mara  oOpamieHus:
23.04.2022). — Pexum ocTyna: Jjis aBTOPU3UP. MTOJIB30BATEICH.

JlonmoiHUTEIbHAA JIUTEpaTypa:

4. Jlouos J[.A. Cuctemusiii ananus. Y. 1. TeopeTndeckrie OCHOBHI :
yueoHoe mocodue / JlouoB J[.A.. — MockBa : Poccuiickuii rocyaap-
CTBEHHBI yHUBepcuTeT mnpaBocyaus, 2018. — 224 c¢. — ISBN
978-5-93916-701-7. — Texkcrt : anexktponnsiii // IPR SMART : [caiiT]. —
URL: https://www.iprbookshop.ru/116687.html (mara oOpamieHus:
23.04.2022). — Pexxum gocTtyna: i aBTOPH3UP. ITOTH30BATEIICH.

5. Kopones B.T. Cuctemublii ananu3. Jlornueckue Metoibl. HacThb
BTOpas : ydeobHoe mocooue / Koponer B.T., Jlopnos JI.A., Paguonos
B.B.. — Mockga : Pocculicknii TOCyJJapCTBEHHbIM YHUBEPCUTET MPABO-
cyaus, 2017. — 164 ¢c. — ISBN 978-5-93916-638-6. — TekcT : amek-
TPOHHBIN // IPR SMART : [caitT]. — URL.:


https://www.iprbookshop.ru/85234.html
https://www.iprbookshop.ru/108137.html
https://www.iprbookshop.ru/75394.html
https://www.iprbookshop.ru/116687.html

https://www.iprbookshop.ru/74181.html (mata obpamenus: 23.04.2022).
— PexxumM noctyna: ayist aBTOpU3UP. MOJIb30BATEIIEH.

6. CexneroBa H.H. CucremHblii aHanu3 U MPUHATHE PEUICHUHN :
yueoHoe mocobue / CekneroBa H.H., TyukoBa A.C.. — Camapa : Ilo-
BOJDKCKUU TOCYJIAPCTBEHHBIN YHUBEPCUTET TEJICKOMMYHUKAIUA U WH-
dbopmaruku, 2017. — 83 ¢. — Texkcr : anexrponnsiii / IPR SMART
[caiiT]. — URL.: https://www.iprbookshop.ru/75407.html (mata oGpa-
merus: 23.04.2022). — Pexum goctyna: Juisi aBTOPH3HUP. MOJIb30BaTe-

JIEN.


https://www.iprbookshop.ru/74181.html
https://www.iprbookshop.ru/75407.html

