[bookmark: _GoBack][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
image6.png
TeopHs HEYETKHX MHOKECTB CTHMYIHPOBAHA THOHEPCKOM
pabotoii JI. 3ame ( Lotfy Zadeh ) «Fuzzy Sets» B 1965 romy u
PasBUBANAch B IBYX HANPABICHHAX: MATEMATHYECKOM H
TIPHKIIATHOM.

MaTeMaTHYecKOE HAPABIEHHE NOIEPKUBATIOCH COSTAHHEM
M pasBUTHEM GYHIAMEHTAIbHBIX IOOKEHHH, CTPOTHX IoKas3a-
TeITbCTB TEOPEM H YCIOBHIA CyIIeCTBOBAHMUS.

TlpukmanHoe HANpaBIeHHE MOANEPKUBATIOCh CO3NAHUEM U
PasBHTHEM PA3ITHYHBEIX METONOB PEIEHHS MPAKTHYECKUX 3amad.

JlmuTenbHOe BpeMs MEX/IY STHMH HANPABICH HIMH CYLIECTBO-
Balla HHILA H3-33 00PA3OBATENbHBIX H IPATMATHYECKHX PASIH-
4Yuit HOCHTeNeH HANPABIeHUIT ( MATEMATHKAMH H HHIKEHEPaMH ).

MaccoBoe npousBoncTeo II9BM crenano akTyambHbIM
3aIONHEHHE TAHHON HHIIH BHYHCTHTETbHBIMH TEXHOOTHAMH
PellleHHs TPHKIAIHBIX 33/1a4 METONAMH TEOPHH HEYETKHX
MHOJKECTB, T.€. HEYeTKHMMH TeXHOMOTHAMH. [[1I CO3MAHHS HOBBIX
TEXHOIOTHH TpeGyeTcs sHaHHE (YHIAMEHTATbHBIX MOTOXKEHH
TEOPHH HEYETKHX MHOMKECTB, e¢ MATEMATH YeCKOTO aNnapaTa i
YMEHHE HCTIONMb30BATD CYILECTBYIOIIHE HEYETKHE TEXHOMOTHH.

PaccmoTpuM GyHIaMEHTAb HbIE MOTOKEHHS TEOPHH HEYETKHX
MHOKECTB.

B 60-x romax B CBS3H C HAYATOM MACCOBOTO MPOH3BONCTBA H
BHEIPEHHS BEIYHCTUTEIBHOR TEXHUKH H POCTOM YHCIIA IPHMEPOB
PeanbHOR MPHGBLIBHOCTH KOMITBIOTEPH3AIMH CHCTEMHbIE
AHATHTHKH aKTHBHO HCCIETOBANH H CO3/IABANH PAsIH YHEIE
cnocoGsl GpopMaIM3aMK NpeaMeTHbIX obmacreii. [lem wecTkuii
nporecc 0T6OPa M MOMCKA ONTHMATBHOTO ( 10 PASTHYHEIM
NMPH3HAKAM ) C10c0o6a GOpMAIM3AMH B YCIOBHIX KOHKYPEHTHOH
Cpenbl.

JIro6as popmamusanus o6bekTa no Moppucy npexycMaT-
PHBAET [BA 3TAla: CEMAHTHKA, T.¢. [IEPeXOM OT GH3HIECKOTO
06BeKTa K €ro ONHCAHUIO, HIM co3NaHue Gaskl 3HAHUi; mparma-
THKA, T.€. HCIOMb30BaAHNE ONHCAHHS 06 beKTa, HIl o6paboTka
Gasbl sHAHUH.
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B TakoM NpeICTABIEHHH AHAINTHKY JIMTETbHOE BPEMS LUTH
TPAIMIHOHHEIM [yTEM: CHCTEMBl YPABHEHHIl B CeMAHTHKE H
PA3MHYHBIE METOMbI PELICHHS ITHX CHCTEM B NPATMATHKE CO
3HAYHTETBHBIM IEPEBECOM YCHIHI B MOMB3Y MOCTE e 0 Tex
0P, OKA POCT YHCIA MEPEMEHHBIX B CEMAHTHKE CIETAT HEBO3-
MOJKHBIM BHITOIHEHHE BbIYHCIHTEIbHBIX MPOLEAYP B PArMa-
THKE 32 ONPENETeHHOE BPEMs ¢ 3aTaHHON TOYHOCTHIO.

TTokaskeM MPOTHBOPEYHE HEOTIPENETEHHOCTEH B CEMAHTHKE H
NparMaTHKe Ha CIEAYIOIIEM PHMEDE.

ITycTh uMeeTcs 06BEKT, COCTOAIIMMA U3 3aJAHHOTO YHCITA 3JTe-
MEHTOB C H3BECTHBIMHU CBASSAMH MEXTy HUMH. Kpome csseid,
JTIEMEHTHI ONIpeNeleHbl HAGOPOM MOKA3aTeNel, IAPaMeTPOB,
XapPaKTEPHCTHK M MX 3HAYCHHH, TOIyYeHHBIX MO PASTHIHBIM
LIKATAM: OTHOLLEHHH, HHTEPBATOB, MOPAAKOBOH, HOMHHAIBHOM.
Taxum o6pasoM, CTPYKTypa 00beKTa 3a1aHa cO CIEAY IO MH
orpanuvenusmu {1, 2, 3 }:

"1 KOHEYHOCTb YHCIIA STEMEHTOB H CBS3eH MEXILYy HUMH;

"> 2 KOHeYHOCTh Habopa MoKasaTelel, NapaMeTPOB, XapaKTepH-
CTHK;

>3 owubKY NPH MOy YeHHH 3HAYEHHH oKasaTelel, NapaMeTpPoB,
XapPaKTEPHCTHK.

DTH OTPAHHYEHHS B IPOLECce CO3TAHUS CeMAHTHKH CyMMH-
DYIOTCA B HEKOTOPYIO OIHOKY Ocen , KOTOpas GIYKHT KOIH-
4eCTBEHHOH XapaKTEPHCTHKOM HEONPEIeIeHHOCTH.

PaspaboTka NParMaTHKH U ee KOMIBIOTEPHAS PEATH3aALHs
uMeer crefyomne orpannyenns {1, 2, 3 }:

1 AHUCKPeTH3ALHH MoKasaTeleil, 1apaMeTpoB, XapaKTePHCTHK;
~>2 KOHEYHOCTb UTepalHii B NPOUeAypax;
>3 3amaHHas OIINOKA B ATOPHTMAX.

DTH OrPAHHYEHHS B IPOLECce COSTAHUS IPATMATHKH CYMMH-
PYIOTCS B HEKOTOPYIO OWHGKY S ppar , KOTOPAst Gy KHT KOTH-
YeCTBEHHOMH XapaKTepHCTHKOMH HeONPeTeIeHHOCTH. YueT
HECKOIbKHX OTPAHHYEHHIl B HEONPENETEHHOCTSX CeMAHTHKH
Sce M NPATMATHKH Sppar COOTBETCTBYeT camoMy obieMy

cIyyan popMaTH3alHl O6beKTa.
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PaccmoTpum mpocreiiiunii cnygaii.

CEMAHTHKA IIPATMATHKA
S ¢en 3ABHCHT OT gHCIA 8 ppar 32BHCHT OT 3a/1aHHOH
napaMerpoB n oLHGKH anroputMa O aur

Saur

n

PaccMoTpHM Telepb 3aBHCHMOCTb BpeMeHH 06paboTku
HCXOJIHBIX JAHHBIX B IPATMaTHKE tog, OT YHCIA IAPAMETPOB B
CEMAHTHKE N TPH BapHAIHH OIIMGKH ANTOPHTMA B IParMaTHKe:

8,2 8am 2 8,. Harpaduxe
BHJIHO, YTO IPH MOCTOSHHOM N

const
YMEHBUINTE  tog, MOKHO

TOILKO 3a CYET YBENHUeHHs Sanr,
a IPH MOCTOSHHOM toSP
yBemudYeHHe n TpeGyer
yBemuueHust Oanr.

i<ty
t

const m; < my
YeTaHOBHM THIIHYHOE OTPAaHHYEHHE Ha togp— He Gomee Bpe-
MEHH LHKTA 06paGoTKH MaHHBIX tymera: to6p € tmmera . Torma
JUISL IPENENBHOTO ClIydas tofp = tymena = const, oGbeTHHUB GYHK-
wuH Scew (1), Supar (Sanr), tosp (M) 1O HeSBHBIM MepeMeH-
HBIM N M Sanr, NONYYHM 3aBHCHMOCTb MEXAY Ocem H Ompar.
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Takum 06pPa3oM, YMEHbLICHHE HEOMPEAETCHHOCTH B CEMAHTHKE
MPHUBEIET K POCTY HEOIPENEIeHHOCTH B IPArMaTHKe H HA0GOPOT.
ABTOD TeOPHH HedeTKHX MHOxKecTB JI. 3a/e OtHHM H3 IIEPBBIX
0GpaTHI BAMMAaHHE HA TaHHOE IPOTHBOPEUHE H chOPMYITHPO-
BAI CIIEAYIOLIHE MOTOXKeHus cBoeil Teopun {1, 2, 3 ):
—>1 B CeMaHTHKe [ ONHCAHHS 06BEKTa HeOGXOMHMO HCIOMB30-
BaTh XaPAKTEPHCTHKY «HEOTIP eEIEHHOCTB;
—> 2 TpafalHsIMH HeONPEeTeIeHHOCTH MOTYT CIIYKHTb OGLIeyIoT-
PeGHTeTb bl IOHSTHS, TAKHE KaK MAIO, CPEHE, MHOTO;
D 3 KaxIoii rpagaui HeoOXOMHMO 3aIaTh KONHYECTBEHHOE
3HAYEHHe.
BBOAS XapaKTePHCTHKY «HEONpPefeIeHHOCTh», JI. 3ame
[OM4EPKUBAT IPHHIMTHAIBHO CYGheKTHBHYIO PHPOIY
3TOM XaPAKTEPHCTHKH, CYUTAS, YTO HA OCHOBE CyOBEKTHBHOI
CEMAHTHKH MOYKHO PaspaboTaTh 0GhEKTHBHYIO IPATMATHKY
IyTeM CO3TAHMS M PASBHTHS MATEMATHYECKOTO aNNapaTa.
MaTeMaTHYeCKHH ANNAPAT TEOPHH HEYETKHX MHOXKECTB
COCTABISIOT pasfelbl GyHaaMeHTanbHbIX pabor I'. Kanropa,
J1. 3ame, dx. Torena, M. Cymxeno, [I. ro6yau A. IIpana,
A. Kengena, I'. IlTepepa, P. Srepa, X. [lummepmana u ap.
B mucuunmiHEe pasgensl MePeYHCIeHHBIX PAGOT MPHBEXEHE!
B AaKCHOMATHYECKOM MPeICTABIEHHH IS TalbHERIIEro ux
HCIOIb30BAHHS B HEYETKHX TEXHOIOTHSIX.
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Jlexums Ne 3. Merponorus u Mepa.

OyHKIHS PACTPETETEHNS MTAPAMETPa ECTh MEPa ero
HEOTPENETEHHOCTH ( TepMOIMHAMHYECKOH, METPOIOTHYECKOH,
craTucTHdeckol ). IlapaMerp Ha 3aTaHHOM THANA30HE B
OKPECTHOCTH HOMHHATA XAPAKTEPH3YETCs TOTPELIHOCTHIO C
MPEETTOM — 3HAYeHHE GYHKIHH PACTIPETeTIeH s B HOMUHATE.
OyHKIHH PacnpeeleH s THTH3HPOBAHBI: CTAllHOHAPHEIE
( TORIECTBEHHOCTb GYHKIHH PACIPENeTICHHS B 3aTaHHBIX
OTCYeTax BPEMEHH ), HECTALHOHAPHBIE ( OTCYTCTBUE
TOMIECTBEHHOCTH (GYHKIMH PACIPETENeH s B 3aTaHHbIX OTCYETaX
BPEMEHH ).

IIpuMeHeHHe MEeTPOIOTHIECKUX LKA { OTHOLIEHHH,
HHTEPBATOB, PAHIOBAs, HOMHHATOB } MPEANIOIATAET HACTPOHKY
HM3MEPHTENbHON annaparypsl ( HHTepdeicoB ) — TOKAECTBO
(yHKUHI pacpeneneHns NapaMeTpoB B 3aaHHBIX OTCYETaX
Bpemenn. [1o nuanasony napamerpa GpyHKLHS PACHPENETeHHT
HMEEeT MEeTPOIOTHYECKYI0 OCOGEHHOCTh — ACCHMETPHS 110 KPasM
JManasoHa.
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Jlexuus 4. Merpomorus U Mepa

TIonsaTHe Mepbl BBeeHO I YacTHHIX cayyaes K. ZKopranom,
3. Bopenem u A.JleGerom. B coBpeMeHHOI TeOpHH Mepbl OHO
GOPMYIHPYeTCs CIenyIoLIuM 05pasoM.
3amaHbl OGIACTH: ONpPeNeeH s — A[UTHTHBHBII KIacc X3
npocrpancTBe X Ha YHHBEPCAIBHOM MHOMKeECTBE X; 3HAYCHHS —
MHOYKECTBO eHCTBHTENbHBIX YHcel R.
OYHKIHS MHOXECTBA HA3BIBACTCS MepOl m
m:2X >R
eci BHIONHAIOTCH yonosus {1, 2, 3 }:
> 1 orpanudeHHocTh—m (&) = 05
> 2 HeoTpHLATeNbHOCTh—AC X <=>m (A) > 0;
—> 3 ammuBHOcTh—aI1 A, B € 2X m (A(JB) =m (A) +m (B)-
-m(A[)B).
B TeopHH HEYETKHX MHOKECTB HCIONB3YETCS OHATHE «HEdeT-
Kas Mepa», HA OCHOBE KOTOPOH onpereneHa GYHKIHS TOBEPHS.
IlycTs Tenepb 3aKaHbl OGTACTH ONpeNeIeHNs — A THTHBHBIH
xmace 24 B MPOCTPAHCTBE A HA YHHBEPCATIBHOM MHOXKecTBe X;
3HAYeHHs —OTPpesoK [ 0, 1] Ha MHOXKeCTBe HeHCTBUTEIb HBIX YHCEL.
OYHKIHS MHOKECTBA HA3BIBACTCS HEYETKOH Mepold g
g:2410,1]
ecou BuinonHstores yenosus {1, 2, 3 %:
—> 1 orpanndeHHocTh—g (B) =0, g(X) =1;
D 2 MOHOTOHHOCTB —1TA Aj, Aj € 28 nAic Aj g(A) sg(4y)
—" 3 HENpPEePLIBHOCTh — IS Ay € 2A U MOHOTOHHOI MOCIENOBATEb-
HOoCTH { Ap} (T.e. AiC AyC...C Ay) lim g (Ay) =g (lim Ap).
nw n-oo

Tpoiika (X, ZA, &) Ha3BIBAETCH NPOCTPAHCTBOM C HEYETKOH Mepoii.

PaccMoTpuM Temeps 3amauy MOCTPOEHHS HEYETKHX Mep.

B pesyibTaTe HEKOTOPOTO HAGITIONEHHS M IKCIIEPHMEHTA B
(X, ZA, g) mus Aj, Aj € 24 uspecTHBL ( M3MepeHBl ) SHAYeHHS
¢byuxnmn g (Aj) u g (Aj). 3amaya nocTpoeHHe HEYETKOH MephI
3aKmoYaercs B TOM, 4ToGwI 1o g ( Aj) u g (Aj) ¢ momomisio
KaKOro - THGO NMPaBHIa ONpPeneTuTs g ( Aj U Aj).
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B oTuuuMe OT Mephl I HEYETKAs Mepa g IO ONPENeTeHHI0
He SBISIETCs alAUTHBHOM, T.e. g (Aj U Aj)) = g(Ai)+g(4y).
TTosTomy M. CymkeHO OCTYIHPOBAI A - IPABHIIO IS TOCT-
POCHHS HEYETKHX Mep ¢ IAPAMETPOM HOPMHPOBKH A
e(AUAD = 2(A) +g(A)-g(Ai[1AD +2g(A) g (4)

i i) =
L+ag(Ai14)

B yacTHOM cinyuae, NpH Aj n Aj =, A - IpaBHIO 3aNHITEM

CHenyIoIHM 06paszoM:
g(AUAD =g (A) +g(A) +Ag(A) g (4)

Ecmu Teneps Tak 3amaTh Aj H Aj, 9ToGH Aj U Aj=X,T0C

yuerom g ( Aj U Aj) =g (X) =1 nonyuum BLIPAXKEHHE IS Mapa-

MeTpa HOPMHPOBKH A
1-g(A)-2g(-4A)
g (Ai) g (= A)

HanbHeliiee paccMOTpeHHE NPOLECCA TOCTPOEHHS HEYETKHX
Mep TpebyeT uX annpokcuManuu ¢ npumenenueM (L - R) dynk-
uuii no J. Jro6ya u A. IIpagy. DTo MOXeT GBITh BHINOIHEHO
IUISl KOHKPETHBIX HE4ETKHX Mep H3 HX KITACCH QHKALMH.

Jamum kraccugukamuio HedeTkux Mep o JIx. BeHony.

HEUETKUWE MEPEI

A=

DyHKIHSL Mepst
IOBEPHS npaBRoONoOmoGHs
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Jlexuus 5. HeveTkue MHOKECTBA

MuoxectBo no I'. KaHTopy ecTh COBOKYIHOCTb OMHOPOIHBIX
CYIHOCTeH, HA3HIBAEMBIX ITEMEHTAMH.

Hanpumep, eciii MHOKECTBO A COCTOHT H3 3IEMEHTOB a1,
ay, a3 umm: a1 €A, a3 € A, a3€ A, To A={a, ap,a3}.

UHCIO 3MEMEHTOB MHOXKECTBA A HASHIBAETCS MOLIHOCTBIO
MIIH KapAHHATLHBIM YHCIOM H oGosHavaeTcs #A. Hanpumep,
ecmi A={ag, a3 a3}, o HA=3.

TIomMHOKECTBO MHOKeCTBA A —TI060€ MHOXKECTBO, KAXIbIH
3MEeMeHT KOToporo npuHamuexuT A. Hanpumep, ecnu A =
={ay, a3,a3}, TO MOAMHOMKecTBAMHU A sBmstfoTcst {a1}, {4y},
{a3}, fap ), fa, a3}, {ag, a3} u{ag, a3, a3 }. Kawmoeus
HHX BIIOJKEHO B MHOXECTBO A, HalpuMep, { a3, a3 } BIOXEHO B
Awm {ay, a3} C A,

Axcnoma 1.
Ilycroe MHOKeCTBO, 0Go3HAYaeMoe § } HIIH &, HMeeT CBOHCTBA:
> §{ } € A# D (IycTOoe MHOKECTBO €CTh IOMHOKECTBO BCIKOTO
He IIyCTOTO MHOKECTBA );
> {3} # O ( MHOXECTBO, COCTOsIIIEE XOTS Obl H3 OIHOTO 31Ie-
MEHTA J, He SBISETCH MyCTHIM ).

TIpocTPaHCTBO — MHOKECTBO BCEX 3MEMEHTOB, KOTOPBIE MOTYT
BCTPETHTHCS B HAILIEM HCCIETOBAHHH.

‘VHHBep cambHOE MHOKECTBO ( IOMHOE IPOCTPAHCTBO ) Gymem
3AMUCHIBATD TAK: X = { X1, X2, vee 5 Xip ee 5 Xn o i= 15N
MHOoxecTBO el CTBUTEIbHBIX Yncel Gymem oGosHauaTs R: reR.

XapakTepucTHieckas QyHKIHSI MHOKECTBA A

0 mpu x5 ¢ A

xa(x) = 1]

1 mpu x; € A

Crenennoe MHORKeCTBO 2X €CTh MHOKECTBO BCEX MOZ-
MHOJKECTB YHHBEPCATbHOTO MHOecTBa X. Hanpumep, ecnn

X={x1, %3, %3}, 02X ={{x1}, {xa}, {x3}, {x, 32}, £ 30, 333,
{x,x3}, {x, x5, x3} }.
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MHOKeCTBA THIH3HPOBAHMI KAK CYETHEIE H HECUeTHbIE, KOHEd-
Hele 1 GeckoHeunble. He ocTaHaBIMBasich HA ONPETETEHHH ITHX
THIIOB, TATHM AKCHOMY H YKaKeM CIO0cOG YCTAHOBIIEHHS THIIA.

Axcnoma 2.

MHOKecTBO HATypalbHbIX ncen § 1,2, 3, ..., N } aBusercs
CUETHBIM H HA3BIBAETCS AKCHOMATHYECKHM ITATOHOM.

CHETHOCTh HEKOTOPOTO MHOKECTBA ONPENEIAeTCs MyTeM
YCTaHOBJEHHS €TO B3AHMHOTO H OJTHO3HAYHOTO COOTBETCTBHUS ©
JTAIOHOM, A [PH HAPYIUEHHH ITOTO COOTBETCTBHS MHOKECTBO-
HECUEeTHOE.

KoHedHOCTh HEKOTOPOTO MHOYKECTBA ONPENelsIeTcs 1o ero
KOHEYHOI MOILIHOCTH; YCTAHOBIeHHe GeckOHedHOCTH Tpebyer
CTPOTHX IOKA3aTeNbCTB ¢ NpHBJIedeHueM Teopun . Kanropa.

Ilepedens 6as3oBbIX onepaunii Hax MHosxkecrBamu {1, 2, 3, 4):

—>1 momonHenne — ArecmnX = {x1 X3 X3} HA={x1,x2},T0
—A={x}
—>2 pasHocTh A\Biecmn A = {x,x3}uB =§{x3,x3}, TO
A\B={x1};
> 3 nepeceveHue ( IPOU3BeNeHHE ) A n BiecnA={x;,x2}u
B={x,mproAllB={x})
> 4 obwemunenue (cymma) Al Brecmu A= {x1,x3} u
B={xpx}r0AUB={x1,m, 533
Ha yHuBepcanbHOM MHOXECTBE X = § X1, X2, vee » Xip oee » Xn }
mo60oe MHOXKECTBO A MOKeT GBITh 3aNIHCAHO TaK:
A={lJix3} 2]
Jedcil, 2, .. n}
T7€ j IPHHHMAET BCE SHAYCHHS H3 IOIMHOXKeCTBA J MHOXKECTBA
HATyPalbHbIX yncel {1, 2, ...,n} uau J— MHOKECTBO HOMEPOB
JMEMEHTOB A.
Hanpumep: X ={ x1,
MOJKHO 3aIlHCaTh:

,X10} i=1510 M A = {X1,X4, X6},

T7e j NpUHUMaeT sHaveHus: 1, 4, 6.
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IIycrs 3a1aHO YHUBEPCATBHOE MHOIKECTBO, B HEM OIPEIEIeHO
HEKOTOPOE IPOCTPAHCTBO, B KOTOPOM HMEETCS KITACC MHOYKECTB.
Axcnoma 3.
Kirace MHOKECTB NPOCTPAHCTBA HASHIBAETCH A[UIHTHBHBIM, ECIIH:
CO ) Bce NPOCTPAHCTBO NPHHAUIEKHUT KIACCY;
C> 6) WIS MOCTENOBATETbHOCTH BIIOKEHHBIX MHOKECTB H3 3TOTO
KIACCA MX CYMMA U NPOHM3BECHHE NPHHAIIERAT KIACCY;
C> B) TS MHOXECTBA U €TO MOZIMHOMKECTBA U3 ITOTO KIACCA MX
PA3HOCTb MPHUHAIIEKUT KIACCY.

To ecTh MpPH3HAK AIMTHBHOCTH KJIACCA: CYETHOE YHCIO
OIepaNMii CIOKEHHS, YMHOKEHHS H BbIYNTAHNS HAJ JIEMeHTAMH
3ITOTO KIACCA MAIOT PE3YILTAT B TOM e Kiacce. Hanpumep, ectn
NPOCTPAHCTBO PABHO { X1, X }, TO KIACC BCEX €IO BOZMOKHBIX
MoAMHOXKeCTB ecTh § § X1}, { X2 }, { X1, X2 } } umm cTenensoe
MHOKECTBO B ITAHHOM NPOCTPAHCTBE.

TIpoBepHM ATTHTHBHOCTb 3TOTO KIACCA.

B cOOTBETCTBHH ¢ aKcHOMOH 3 [POBepsieM YCIOBHS:

> a) Bxmacce § { X1}, { X1}, { X1, X2 } } umeercs smement { X1, X2},
PABHBIN IPOCTPAHCTBY § X1, X} }, MOITOMY OHO IPHHAMIEKUT
wiacoy { {x1}, {2}, {x1, %2} };

> 6) Bxuacce { { X1 },{x1}, { X1, X3 } } HMeroTCa IBE NOCIEnOBa-
TeIbHOCTH BIIOJKEHHBIX MHOKECTB: § X1} C { X1,X2 },
{x2} C {x1,X3 }, B KakIOH U3 HUX CYMMa H IPOH3BENeHH e
MHOJKECTB JIAF0T PE3YILTAT B TOM K€ KITacce;

> B) BKmacce § { X1}, §{ X2}, { X1, X2 } } MMEIOTCSA maphl: MHOXKECTBO
M ero HOIMHOXKECTBO H3 TOTO ke Kmacea: { X1, X2 3 D {x1},

{x1,%x2} D { X3}, BKaxkmoi mape pasHOCTb MHOKECTBA H IONI-
MHOYECTBA TAET PESYITAT B TOM JKe KIIacce.

Takum o6pa3oM, yCIoBHS a), §) U B) COPABEIHBH, H KIACC
§i{x1} {x2}, { X1, X2 } } ABISIETCA QMIHTHBHBIM.
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Ha MHOMecTBe NeHCTBHTENBHBIX YiceI R ompememum
uHTepBalT KaK noamuoxectBo I ={rel: risr< rj}, e
Ti U I'j — TOYHAs H HETOYHAsS TPAHHILI HHTEPBANa COOTBETCT-
BEHHO! ri I rj R
C )

Kmacc Beex nnteppanos I Ha MHOxecTBe R He aBmsercs ammu-
THBHBIM, TAK KaK JUISl BIIOJKEHHOH MOGIENOBATEIBHOCTH MHO-
KECTB TGO MHOKECTBA H €r0 MOAMHOKECTBA PE3YIBTAT CyMMBL
GO PasHOCTH He Gy/IeT MPUHATEKATh HCXOTHOMY KIIAccy
( He BHINONHIETCS YCIOBHE §) MIM B) aKCHOMBI3 ).
Hanpumep, kmace { 11,1, I3 }:

I I I3 R
[ — — — — — ]
He ABJIAETCS AJUTHTHBHBIM, TaK KaK ero JeMEHTH He 06pasyroT
BIIOKEHHOH 10 CIETOBATENb HOCTH MHOYXKECTB, CYMMa KOTOPBIX
JACT pesyIbTaT B TOM ke Kmacce § I1, I, I3 .

BrImoHUM MPOLeNypy PACIIMPEHHS KIIAcca HHTEPBATOB
My TeM CYETHOTO MOBTOPEHHS ONEPALMH CIIOKEHHS, BHIYHTAHHS
H YMHOKEHHS! HaJ{ 3IeMeHTAMH KIIACCa O TeX NOp, MOKa Pac-
LIHPEHHbIH K1ace He GyeT yIOBIETBOPATD Y CIOBUAM aITHTH-
BHOCTH B COOTBETCTBHH ¢ aKkcHoMoii 3. Torna Best COBOKYIHOCTh
MONyYeHHbIX MPH PACIIMPEHHH MHOXECTB HASHIBACTCS KIACCOM
GopemeBckux MHOxecTB. Takol KIace ellle HashIBAKT GopelreBe-
KHM IIOIIEM MHOKECTB, MHOKECTBAMH, H3MEPHMEIME 110 Boperio
MM MHHHMaIbHOH o —amrebpoii MHoxecTB. Bymem o6o3HayaTh
sToT Kimacc B.

PaccMoTpuM HA MpUMepe MONYYeHHe GOPEIeBCKOTO KIACca.
ITycrs na R 3aman ucxonuelii knacc unteppanos { I1, I, I3 }:
I I, I3 R
[ — — — — — ]
BrinonsumM npouenypy paciuupenns xmacea § Iy, In, I3 } B xmace
{R1, Ry, R3, Ry, Rs, Rg, R7 } corenyrommm o6pazom:
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R=1 R

| —
Ri=I, R
Re=T UL R
Rs=LUUL R
[ ——————— — ]
Re=T1 U R
[ — —— —— — —)
Rr=LULUL R

Tenepb NPOBEPHM aUTHTHBHOCT IOy YEHHOTO KIIACCA.
ITo akcHoMe 3 yCIOBHS afIHTHBHOCTH:

> a) Bxmacce { Ry, Ry, R3, Ry, Rs, Rg, Ry } omenentst Ry, Ry u Ry
PaBHBI 3TeMeHTaM npocrpadcrsa I, I u I3 cooTBeTCTBEHHO,
nosToMy Bee npoctpanctso § It, I, I3} npuHammekuT knacey
{R1, Ry, R3, Ry, Rs, Re, R7 35

D> 6) B xmacce { Ry, Ry, R3, Ry, Rs, Rg, R7 } nmeercs mecrs mocie-
JIOBATENLHOCTEH BIIOKEHHBIX MHOXKECTB, B KAXKIOH H3 KOTOPBIX
CYMMa H NPOHU3BETEHHE MHOKECTB AT PE3YIBTAT B TOM e
xmacce: RICR¢CR7; R3cRgCR7; RicR4cRyr RycRy4cRy;
R3cRscR7; Ryc RscRy. Hanpumep: Ri|J Rs = R

—> B) B Kkaacce § Ri, Ry, R3, Ry, Rs, Rg, R7} umerorcs mapbi—
MHOJKECTBO H €TI0 IIOIMHOKECTBO H3 TOTO JKe KIACCA, B Kammoh
nape PasHOCTh MENJLY MHOMKECTBOM H IIOIMHOKECTBOM JAeT
pesynbTaT B ToM e kaacce: R4 DRi; Ryo Ry;; Rs D Ry
R55R3; R¢OR1; Re2R3; R7ORg; R7DORy; R7DRs;
R75R1; R7o Ry; Ry 5 R3. Hanpumep: R4\Ry =Ry,
Taxum o6pasoM, yCIOBHS AITITHBHOCTH BBITOIHIITCA, H
nomydenHbiii k1ace — Gopemenckuii: B = {R1, Ry, R3, R4, Rs, Rg, R7}.
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YenoBHAM aIINTHBHOCTH YAOBIETBOPSIIOT CTENEHHOE MHO-
secTBo 24 B HEKOTOPOM MPOCTPAHCTBE A M GOPEIeBCKUI KIace
B B NPOCTPAHCTBE HHTEPBANOB MHOKECTBA NeHCTBHTEIbHBIX
uncen R. II03TOMY B TEOPHH HEYETKHX MHOXKECTB CYILECTBYIOT
JMCKPETHAs U HellpepbiBHas obmnactu onpenenenns: {1,2 }.
—> 1 JTuckpeTHas 06IACTb ONpeTeNeHHs.
IIycTh 3aMaHO YHHBEPCAIbHOE MHOKECTBO X
X = X1, X5 wee 5 Xi 5 X } C@
i=1+n
B X onpenmeneHo NpocTpaHcTBO A
A={Utx}} 4]
jeJcil 2, .. n}
Ha mHoXecTBe J HOMEPOB IEMEHTOB IPOCTPAHCTBA A
obpasopano muokectso K =27, 1. e. crenennoe muoxectso.
Tem caMbIM, B A TOCTPOEH aIIUTHBHBII KIAcc 24
M=(is)} 5]
keK
Knace muoxecTB 24 sBstercs MHCKPeTHOH 06IacThio onmpeme-
JIeHHs PA3THYHBIX GYHKUHE B TEOPHH HEYETKHX MHOXecTB. B wacT-
HOM ciyuae, eciii A = X, o6IIacTbio ONpeeneHus IBISeTCs 2X,
—>2 HenpepblBHas 00IacTh ONpENETeH s,
Ilycrs 3amaHo yHHBepcambHoe MHOKecTBO R: r € R.
Ha R onpezeneno NpocTPaHCTBO HHTEPBATIOB A
A={{Jirel: risr<rya}} 8]
j=mzn-1
Tre Ij — HHTEpBAN ¢ TPAHMLAMH T'j H T'j+1; M, N—TPAHHUIL
NPOCTPAHCTBA HHTEPBATOB A.
B A nocrpoeH Gopenesckuii kaace B

B={Ry, ...,Ri_,.

7]

e R = UIk

keKcimmtl, .. n}
Kmacc B sBIsIeTcsl HeNpPepBIBHOM 06IACTHIO ONPEIeTeH s
PAsIHYHBIX GYHKIHH B TEOPHH HEYETKHX MHOMKECTB.
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Jlexuus 5. HeveTkue MHOKECTBA

3agaHbl TUCKPeTHAs oGIacTh ONpeelTeHns — AT IMTHBHbIi
xmace 2X B npocrpaHcTBe X Ha YHHBEPCATbHOM MHONeCTBe X;
obmacTh 3HAYeHH — oTpe3ok | 0, 1] Ha MHOKecTBe MeHCTBHTEND -
HEBIX YHCEIL.

Axcnoma 4.

DyHKUHSI MHOXKECTBA A Ha3bIBAeTCS QYHKLHEH IPHHAIIERK -
HOCTH L, €CITH IS MIOOBIX Xj € A C 2X ona oTobpaxaer o6IacTh
ONpeeneHns HA OGIACTD SHAYCHHS |

w2X>10,1]

KaxmoMy 3HaUeHHIO J(Xj ) JAeTcsl OHA U3 CIEAYIOIINX IOHS-

TuHHBIX uHTepnperauuii {1, 2, 3 }:

> { HEYETKOCTh CYXRIECHHS Xj € A;

—> 2 cyOBbeKTHBHAS COBMECTHMOCTb Xj H A;

> 3 Mepa HeYeTKOCTH Xj .
OGob1eHHe TaHHBIX CBOHCTB — IOHATHE «He4eTKocTh» (fuzzy )
HIIM IPHHAIEKHOCTD SMEMEHTA Xj MHOKECTBY A.

Axcnoma 5.

Heuerxoe mHo)ectBO HM ecTbh COBOKYIHOCTb YIIOPSTOYEH -
HBIX NIap —3I€MEHTOB MHOXECTBA A H COOTBETCTBYIOLIHX HM
3HAYEHHH QYHKIMH IPHHAIIEKHOCTH:

HERT C:@
me A={|J{xi}}ielc{l,2,..,n}
MHOKECTBO A HASHIBACTCS HOCHTEIEM HEYETKOTO MHOKECTBA.

Ha npumepe HocuTems A = { X1, X2, X3 } H 3HAYeHHH QYHKUHH
TMPUHAIEKHOCTH JI(X1) =My, I(X2) = M2 H J(X3) = p3 NPHBEIEM
OCHOBHbIE (popMmbl samucH HM:

A={x1,x3,x3}
Ba= s, 13

p/xi+ml/xy+p3ixs

3
% mf s
1

AT

£(x1, m)s (x2, ), (x3, 13)
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Kaxmoe HM MOXeT HMeTh MHOTOYPOBHEBOE IIPEICTABICHHE
B BUJIe HA00Opa HOCHTENeH, ONpeIeTeHHbIX IS 3aJaHHbIX 3HAYe-

HHA B
A ={ xi/Mxi) za} C@

r7ie Ag — HOCHTENb YPOBHS O, T.€. MOAMHOMECTBO Ha 05IacTH
ONpeNeleH s, IS S IEMEeHTOB KOTOPoro p( Xj ) = &,
ie{1,2,..,n},/—cBaska cipm».

Hanpumep, ecu ams HM = { (x3, 0.2), (x3, 0.3), (x3,0.5) }
3amaHel YPOBHH NpefcTaBlenus & = 0.2 u a = 0.3, To

Aoy = {x1,%X2,X3 } H A3 = { X2, X3 . Takum o6pasom, maHHOe
HM na ypoBusx 0.2 u 0.3 npeIcTaBIeHo TBYMS HOCHTEIS MU
A= {xpxx3} u A3 ={x, x5}

K noGomy HM = § (xi, i) } cnocutenem A= {|J{xi }}u
ielc{l,2,..,n} MmoxHo 7o6aBuTk Napy BUAA (Xk, 0),
ke{l,2,..,n} u k=i Takas npouenypa HasbBaercs
MonmubHKalHell MOIHOCTH HOCHTEIS.

BasoBrle onepaluu HAT HEYETKMMH MHOXKECTBAMH C
MomuHUUpoBaHHbIMH HocuTemsimua HMy = { (xj, pi) } u
HM; = {(x3ni)},ie{l,2,..,n} cBOmITCH K BHIYHCICHHIO
GYHKIMH NPHHATERHOCTH pesymbTatay {1, 2, 3, 4}:

1 momomunenne - HMy, y=1- pj;

> 2 passocts HM1 \HM), y = MIN (i, 1- )3

> 3 nepecevenne ( npoussemenne ) HMy n HM,, y =MIN (i, ni);
= 4 o6nenunenne ( cymma ) HM | HMy, y = MAX (pi, ni)-
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OyHKLHS TOBEPHUS

3amaHbl O6IACTH: ONpPeNeeH s — A[UTHTHBHBII KIacce X3
npocrpancTBe X Ha YHHBEPCAIBHOM MHOMKeCTBE X; 3HAYCHHS
—orpe3ok [ 0, 1] Ha MHOKeCTBE TEHCTBUTEIbHBIX YHCEIL.
Axcnoma 6.

DyHKLIHSI MHOXKeCTBA HasbiBaercs: GyHKuHel noBepus Bel, ecmu
OHA BBIONHSET OTOOPAKEHHE X [0, 1] co cBoficTBaMHU:
> orpanndeHHOcTh—Bel (&) =0, Bel (X) =1;
D> CyNepamIuTHBHOCTh — U M MHOXecTB Ap C X
Bel(|JAy) >3 (-1)#+1Bel ([]4))
p=limijelciL?,..,m}jelcil?, ..,m}

IToustuiino Bel—s1o no I'. Illedepy Mepa moBepHs THMOTESE,
KOTOPOH COOTBETCTBYET MHOMKECTBO B APTYMEHTE QYHKIIHH.
Hanpumep, ecii HMeeTcs THIOTe3a: A ecThb § X1} MM §{ X3}, uiu
{x3h, o A= {x1}|J{x2} |J{x3} u mepa noBepus sT0i rHnOTEsE
paBHa Bel (A).

PaccmoTpum yacTHbll cryyail: Ha X = { X1, X3 } onpenmeneHs
Ar1={x1}u Ay ={xy}. Vs cynepamnuTHBHOCTH QYHKLHH
JOBEPHs NIPH I = 2 cIeyeT

Bel({xi}|J{x})>Bd({xi})) +Bd({xa}) - C15]

-Bel({x1}[1{x2})

U3 orpaHHYeHHOCTH QYHKLMH TOBEPHS CIENyeT:
Bel({x1}[){x2}) =Bel(B)=0 ._G
Bel({x1}|J{x2})=Bel(X) =1 ‘

Hcnomssys (15 ) B cayyae paBeHcrsa u ( 16 ), DOy IuM:

Bel({x1})+Bel({x2})=1 <17]

W3 (17) cygeTom { X3} = — { X1} BoITeKaeT:

Bel(—{x1}) =1-Bel ({x1})

CootHotuenue (18) HaspBaeTcss HOPMUPOBKOIi Bel .
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PaccMOTPHM NpHMeHeHHe HOPMHPOBAHHON (GYHKUHH TOBepHS
s o6paboOTKH TAHHBIX.

B2X maX= § X1, X2, wur 5 Xi5 o » Xn } ONpeTeneHa Bel, i
PE3YIBTATOM HEKOTOPOTO KCIIEPHMEHTA WM HAGIIONEHHS B
2X gpmaercs (axT, KOTOPBIH H3BECTEH B BU/E JMEMEHTA Xj H
€ro 3HaYeHHs QYHKIHH MPHHANIEKHOCTH i, T.€. KaK

HM = { (xi, i) } c HocuTemeM { x;}, i€ {1,2,..,n}.
Axcnoma 7.
OYHKIHA TOBEPHS C IPOCTBIM HOCHTETEM
0 mpu AD{xi}

Bel(A) = woopn AD{xi}

{ 1 mpu A=X
17e A — mHOXecTBO u3 Thnores {1, 2, 3}

> 1 A ectb mo6oii smement { xj }, kpome { xj };

> 2 A ectb { xj } unm m0601 ApyToit 3eMenT { Xj };

> 3 A ecTh YHHBePCAIbHOE MHOKECTBO X.

PaccMOTpHM Telepb NPOCTEHLIYIO THIIOTe3Y: A €CTh § Xj }.
JIOIOMHUTENbHO K CBOHCTBAM HEYETKOTO MHOKECTBA, 3TA THIIO-
Te3a HHTEPTPETHPYETCs KAk ONpeIeNeH e Mephl A0BepHs GaKTy
¢ momoupio cooTHomenus (19): Bel ({x3}) = pj.

IIycrs Tereps Bee IKCNEPHMEHTATBHbIE TAHHBIE COCPETOTOUEHbI
Ha HaGope, cocTosen u3 mByX dpaxro: HM = { (xi, 1i ), (xj, 1) }
¢ HOCHTEIEeM § Xi}U{Xi}, Ljef{l,2,..,n}

Axcnoma 8.

ITpasuno Jemncrepa ( komnosuuus Bel ({xi}) uBel ({x;}))
mpr {xi}|J{x} =X

(=) + i (1- 1)

Bel ({xi))@Bel (1x9)) = —— =

Beipasenne ( 20 ) onmpenensieT Mepy DOBEPHS ABYM GakTaM.
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Ecnu Bee aKcrepHMeHTATbHbIE IAHHBIE COCPEOTOUEHBI HA
HaGope, cocTosimenm u3 n daxroB—HM = §{ (x;, ) } ¢

HOCHTeJIeM{U{Xi}},iEIC{l,z ,n},n =#I, 10

(n-Dywm - PRI
Orel (1)) felcil,2, .. n} Lielcil .. n} iz
e Xj =
ielcit,2,...,ny (m=-Dxm — 055 mp;
felcil,lw,n} ijelcil 2 . ndin

Bripaxenue (21) onpexensier Mepy AOBepHs HAG0PY M3 N $PaKTOB.

HopuupoBka GYHKIUHIE B TEOPHH HEYETKHX MHOXKECTB

1+ n onpemeneHa

B 2Xua X = { X1, X2, e 5 Xis e 5 Xn b
¥ HopMupoBaHa Bel
LBel({xi}) =1
i=1+n
OmnbIT CHCTEMHBIX AHATHTHKOB: HCIOTb30BAHME TOMBKO HOP-
MHPOBAHHBIX GYHKUHH NPUBOIUT K TPUBHATLHEIM PESYIbTATAM.
Jlmst yCTpaHeHHs TPHBHATLHOCTH B TEOPHH HEYETKHX MHOXKECTB
H3HAYAIBHO 33I0KEHA HEHOPMHPOBAHHOCTh GYHKLHH IIPHHAT -

TEKHOCTH:
2 p(xi) =1
i=1+n

Takum 0GPa3OM, B HEYETKHX TEXHOIOTHSX HCIIOMB3YeTCs
HEHOPMHPOBAHHAsS BXOAHAS GYHKIMS W, 3 BHyTpeHHHe (HAmpH-
mep, Bel ) 1 BHIXO/IHBIE —HOPMHPOBAHBI. DTO IO3BOISET YYHTHIBATH
BCe OCOOEHHOCTH H NPOTHBOPEYHs BHEIUHETO ( PUBHIECKOTO ) MUPa,
2 Ha BBIXOJIE U3 TEXHOJIOTHH TONyYaTh PE3YITLTATH B IPHBEIYHOM
nuanasoue, Hanpumep, ot 0 1o 1 MM B NpoueHTax.
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Heuerkue OTHOIIEHHS: IPsAMas H 00paTHas 3a7a4l

B2XmaX= § X1y X2 ver » Xi» oo » Xn } Onpenenensr HMy = {(xi, pi)},
ielc{l,2,..,n}u HMy2 ={(xj,pj) }, je Jc{l,2,..,n}.
Axcnoma 9.
Heuerxoe oTHouenne HO JBYX HEYETKMX MHOMXKECTB €CTh COBO-
KYNHOCTb YIOPSTOYEHHEIX NAP § Xj, Xj} ¥ COOTBETCTBYIOIIHX HM
3HAYEHHH GYHKIMH MPHHAITEXKHOCTH Jjj

= MIN (pi, )

HO mesxmy HM1 u HM; ecTb 9acTHBIH cIlyyail HCIONb30BAHUS
KOMIIO3HLHOHHBIX IPABUI HeueTKoro BeiBoa: HMy = HMj.
IIycrs uMeroTCs nBa HaGopa daxro: HMy = { (xi, ) },
ielc{l,2,..,n}, HMa={(x5, ) }, je Jc{1,2,...n}u
YCTaHOBIIEHA 3aBHCHMOCTh MEXIY HHMH B BHIE NPABHIA
HM; = HMj, xotopomy cootsercrByer HO = { ({ xi, xj}, 1) }.
Teneps, ecu usBecren Habop dpaxroB HM1' = § (xi, ' ) },
ielc{l,2,..,n}, To MOKHO CIEIATh HEYECTKUH BHIBOL
HM;' = HM;' um no HM;' onpenemuts HM2' = { (xj., ') §,
HCIOMb3YS MPABHIO KOMIOSHLHH:
B =MAX [ MIN ( i, )|
jedcil,2,..,n} ielcil? ..,n}
Jamee, ecin nssecren Habop daxror HMy' = { (x5, ' ) },
jeJc{1,2,..,n}, TO MOXHO CHETATh HEYETKHil BEIBOI
HM;' = HM;"umu no HMy' onpenemuts HM1"= { (xi, i )3,
pels 0GpPaTHYIo 32124y MPABHITA KOMIIO3HIIHH:
u =MAX[MIN ( pi", pi) |
jeJcil, .. ,n} ielci1?,..,n}
nepeGopom py' umw, Hanpumep, meronxom C.10. Macrosa.
IIpubmikeHHOE pelieHne ( B CTOPOHY yMeHbLeHus Bel )
MAX [ MIN ( ', )|
ielci1?,..,n} jeJcil, .. ,n}
THe pji — MATPHIA, TPAHCTIOHHPOBAHHS OTHOCHTENBHO Jjj .
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Heuerkue TeXHOIOTHH

OGob1eHHas CXeMa HedeTKHX TEXHOIOTHIH ecTh npeoGpasoBaHue:

[ 98 | —o ( 3sasus |

Pesynbrarsl u3Mepenui
nomxkamam {1, 2, 3, 4}:

1 oTHOLIEHHH —H3MepeHuil

C HCTHHHBIM HyIIEM,
HaNpHMeD, TEMIEPaTypa

B rpanycax Kembsuna,

BEC, JUTHHA, BPEMS H T.11.;

2 HHTEPBAIOB—H3MEPEHHS
TeMIIepaTyphl B IPajycax
IMenscus nnn OapeHreiita

H QHATIOTHYHbIE C TOCTOSH-
HBIMH HHTEPBATAMH ;

3 nopsaxoBas ( paHroBas ) —
H3MEpEHHS C TPASTALUAMH 1O
OOBEKTHBHOMY HPH3HAKY,

HampHMep, OLeHHBaHHE O6BeKTa;

4 HOMMHAIIOB — H3MEPEHHS C
TPaaLHIMH 10 HEKOTOPOii
KIaccupUKaLMH, HAPHMED,

O, BO3PACT, MPOQECcHs U T. 1.

PesynbraThl pacyeToB ( KOCBEHHBIX
usMepeHHii ) co ceoiicrBamu {1, 2 }:
1 CBA3HOCTh—peanusaLHust
B3AHMOCBSI3H HECKOIBKHX
[apaMeTpoB, HAIPHMED,

sakon Oma U=RT;

2 aKTHBHOCTb—BO3MOXKHOCTh
MONyYeHHs] HOBHIX 3HAHHI,
HanpuMmep, 3akoH OMa Ipu

U = 0 ( TenmoBble TOKH );

I = Imax ( HACHIILIEHHE 11O TOKY ).

Taxoe npeoGpasoBaHHe HCTIOMb3YET MATEMATHYECKUI annapar
TEOPHH HEYETKHX MHOKECTB H MHHHMATbHYIO TEXHOIOTHIO,
COCTOSIILIYEO H3 CITEAYIOLIHX (ParMeHToB:

> CeMaHTHKA O0BEKTa;
> cospaHde 6asel SHAHHUIT,

D pacno3HaBaHHE OOBEKTOB;

D yIpaBIeHHe NPOLECCOM.
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Jlexuus 7. CemanTnka o6bexTa

IIpu onucaHuH PU3HYECKOTO OGBEKTA, TO €CTh IPH COSTAHHH
€ro CEMaHTHKH, PasTenum HaGop mokasaTemnel, mapaMeTpos,
XapaKTePHUCTHK 00beKTa Ha IBA MHOXKECTBA: HAOIIOMeHHH Ha
OBBEKTOM H COCTOSHHH NPHPOIBI 0OBbEKTA.

MHoxecTBO HabMIONeH i Hall OGBEKTOM —3TO COBOKYIHOCTh
MoKa3aTeNel, IAPaMeTPOB, XAPAKTEPHUCTHK W HX 3HAYEHHI,
MONYYEHHBIX B PE3yIbTATE H3MEPEHHH (IPAMBIX HITH KOCBEHHBIX)
IHGO HHBIM OGBEKTHBHBIM CIIOCOGOM, HAMPHMED OT 3K CIIEPTOB.

MHOX€eCTBO COCTOSHHIT TPHPOTIE 06BEKTa—3TO COBOKYIIHOCT
CyOBEKTHBHBIX OLIEHOK NMOKa3aTelNel, TapaMeTpoB, XapaKTePHCTHK
160 HHTerpanbHas ( CyMMapHasi ) OlleHKa 00'beKTa 10 HEKOTO-
POMy HAGOPY IAPaMeTPOB, IOKa3aTelel, XaPAaKTEPHCTHK.

MHoxecTBa HaGmoeHUI HA/l OGBEKTOM H COCTOSHME PHPOIBI
00BEKTA PABHBI COOTBETCTBEHHO

D= {di, dpy e dis s dn} C= {0,005 €5 s i}
TIPUYHHHO - CECTBEHHAsT CBSA3b MEXKIY HAOIIOMEHHSIMH H COC-
TOSIHUSIMH IIPHPOJIB OGBEKTA YIHTHIBACTCS MyTeM (OPMHPOBAHHS
YHHUBEPCATBHOTO MHOKECTBA X = { X1, wvv  Xea ve » Xnm §» Xe = § di5¢j},

i=1+n, j=1<+m, e=1-+nm.
Obmacts onpenenenus GYHKIUH B CEMaHTHKe OGBEKTa €CTh
anmurusnbii xmace 2X B X ma X

X ={|J{da}}
ke K
lel

e K=2102 -0} [ =212 m},
B 3TOM KIacce BEIGPAH HOCHTEIh HEYETKOTO MHOKECTBA

{Ufdisei3hielc{L,2,.,nhjeJc{l,2,..,m}ums
KAMJIOTO ero snmeMenTa { dj,¢ } MOmyYeHo sHaYeHHe GYHKIHH

TIPHHAUIEXRHOCTH Jjj-
CemanTuka 06bexTa—3T0 Habop HM no unciy ero coctosHuil

npupoasl #.J ¢ HocuTensIMH paBHOH MolHOCTH # 1 .
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Jlexuus 8. CemanTuka o6bexTa

CemaHTHKa 00BEKTA MOXKET ObITh OOLIEH, THIHYHOH H IPOCTOH.

Ob1mas cemaHTHKA

HM;={({di,eih, ) b i=1+m j=1+m.

TunuyHas ceMaHTHKA

HM; = § ({diseid,p) ielc{l,2,..,n}, je Jc{l,2,..,m}

IIpocTas ceMaHTHKA

HM; = { ({di,eid,p5) 3,i=1

njelc{l,2,.,m}, #J=2.

Takum 06pasoM, cO3TAHHE CEMAHTHKH 00BEKTA €CTh IIEPEXOT
U3 GU3MYECKOTO MUPA B CEMAHTHIECKHH MHD.

OGpaTHbIi Mepexos— OT HeYeTKHX MHOKECTB K OKA3aTelsIM,
NapaMeTpaM H XapaKTEePHCTHKAM 00heKTa HEOMHOSHAYEH H BHINION-
HSIETCs 110 CIeAyIoleii cxeme.

Hwmeercst o6mas cemanTuka oGbexra HMj ({diseid )iy
i=1+n, j=1+m. Ina xaxmoro cocrosuus je{1,2,..,m}
HAXOMHM YCIOBHE i max

MAX ({05} §= i max) 22|
mnei=1+mje{l,2,..,m}imxxe{l,2,..,0n};
/— cBs3KA CITpH».

CoorHouenne (22) ompenenseT HOMep TOTO HaGMOMeHHUs,
KOTOPOMY COOTBETCTBYET MAKCHMAILHOE SHAYCHHE GYHKLHH
TIPHHAUIEKHOCTH U3 BCEX HAOMIONEHUH TEKYILEro COCTOSHHS .

Hcxoms U3 cBOHCTB HEYETKOTO MHOKECTBA, MONIATAEM, YTO
OOBEKT HMEET COCTOSHUE IPUPOTIBL ¢ TPH HAGTIONEHHH diyyyy -

Ecmu cooTHoUIeHHe ( 22 ) HaeT HECKONbKO 3HAYEHHH i max » TO
HMEeT MECTO HEOIHOSHAYHOCTD NIePEXoa K HIMIECKOMY MHDY.

OHa HeyCTPaHUMA B PAMKAX CEMAHTHKH, HO IPATMATHKA TeX-
HOIOTHYECKOTO pparMenTa «YIpaBIeHHE IPOLECCOM» MO3BOIS-
€T YCTPaHHTh HEOTHO3HAYHOCTh HACTPONKOH HAYANBHEIX H TPa-
HHYHBIX YCIOBHIA.
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Jlexuus 9. Basel sHanui

Hmeercs 06BeKT cO CIeAYIOLIeH ceMaHTHKOMR
HM; = § (£ di,63, pijome ) 3
jefl2..,m} =1+n
xe— 3HAUCHHE GYHKINH TPHHAIIEKHOCTH, TIOMyYEeHHOE B
PesyIbTaTe IKCIePUMenTa; dj — HaGIIoIEeH He; ¢ — COCTOSHHE;
{ di,¢j} —ImeMenT HocHTeNs § U {diei}
l+n
Taxum oGpasom, 06beKTy ¢ cocTosHHEM ¢j cooTBeTcTByeT HM;!
U3 HecKOMBKHX OGBHEKTOB NIPH 3aJaHHON CeMaHTHKe MycToil

623kl SHAHMH B IPArMATHKE MOKHO IONYYHTb HEMyCTyIo Gasy
3HaHHH.

CemaHTHKA Iy CTOH 6a3bl 3HAHHH:
HM; = { ({di,e}, D)}

1-m

=1+n

THe J—OTCYTCTBHE 3HAYEHHS GYHKLUMH PHHALIEKHOCTH;
d; —HabIoNenue; ¢ — COCTOSHHE;

{ di,¢j} —smemenT HocHTeNs § U {diei}

l+n

i

Taxum oGpasom, nycras Gasa sHanuii—3ro m HMj, j=1+m
NIPH OTCYTCTBHH 3HAYEHHH GYHKIHH MPUHAIEKHOCTH.

CeMaHTHKA HelycTol 6asel SHAHUMH:

HM; = { ({dise}, ) }

j=1-m l+n
THoe Wjj—3HaueHHe GYHKIHH NPHHAIESHKHOCTH, HAXOIsIleecs B
Henycroi 6ase sHaHHUI.
Taxum o6pasom, HemycTas 6asa sHanuii—3T0 m HMj, j=
Kaxgroe HMj Gynem HasbiBaTh ITATOHOM C COCTOSIHHEM ¢j.
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Jlexuus 10. Baser sHanui

Iparmaruxa Gassl sHAHHI comepkuT aBe mpouenypst {1, 2}:
(opmupoBanue Gaspl 3HAHUI 1 0GHOBIEHHE GA3bl SHAHHH.
—>1 OopmupoBaHne 5asbl 3HAHHH —3TO [PHCO IUHEHHE IKCIIEPH-

MEHTATbHBIX JTAHHBIX, COMEPHKAIINXCA B CEMAHTHKE O6BeKTa, K
nycToii 6ase 3HAHUE.

—>2 O6HoBNeHue Ga3bl 3HAHMI —3TO 3aMeHa B HemycToii 6aze
3HAHUI OTHOTO, HECKONBKHX, THG0 BCEX ITATOHOB.
B mparmatike HenombsyeTes GpyHKuUus goBepus Bel, koTopas

SBIIETCS MepOl MOBEPHS IKCIIEPHMEHTABHBIM TaHHBIM ( hakTam ),
COMepKALIMMC B CeMAHTHKe 00bexTa. QakThl cYHTAIOTCS

NPHEMIEMBIMH, ECITH MePa TOBEPHS HM HE MeHee IOPOTOBOTO
sHaveHus Belyp, onpemenennoro Ha[0,1].

Jms oB6BeKTa ¢ j-M COCTOSHHEM Mepa TOBEpHS:

(m-1)Y Mijme — 20 W axce Mk axe
Beljgtnenma = i=1+n ik=1<n,izk
jett2,.,myp (M-DXMime = 0.5 3P oxe Mjoxe

i=1+n Lk=1+n,izk

—>1 TIparmaTuka GbopMUpOBaHUS Ga3bl 3HAHUI
Beljosnexta = Belg => & 1= pjj oee
jefl?,..,m} i=1=n
B pesynpTaTe NpHMeHeH s Takol Ipolenyphl chopMUpoBaHa
Henycras Gasa 3HaHHi H3 m 3TATOHOB.
JIIms 9TamoHa ¢ j-M  COCTOSHHEM Mepa JOBEPHS
- 2 P M
iLk=1=n,izk

Bel; yranona
jeil2, . m}

Lk=1+nizk

HoBrIit 06BEKT MOKHO HCTONb30BATh T OGHOBITEHHS 5asbl
3HaHHH.

> 2 [IparMaruka oGHOBIIeHHS Gasbl 3HAHUH

Beljosnexta > Bely u Beljognenta > Belj sranoma = Mij = My axe
jeil2, .., m}

i=1+n
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Jlexuus 11. ConocraBnenne 06beKToB

Conocrasienue 06beKTOB 10 ATKMHCOHY OCHOBAHO Ha COMOC-
TaBIeHHH 0OPa30B LEHTPATbHON HEPBHOH CHCTEMOH YeloBeka,
BhInoNHsoweR onepauun {1, 2, 3 }:

—>1 3PHTETbHOE COBMELIEHHE HCXOMHBIX 0GPasoB;

—2 BHITETEHHE B COBMEILIIEHHOM obpase spa;

—3 CpaBHEeHHe COBMEILEHHOTo 00pasa H SIpa 10 H3BECTHEIM 1
yiKe anpOGHPOBAHHBIM PAHEe TeOMETPHYECKHM, SPKOCTHEIM H
LBETOBBIM MPH3HAKAM.

Hcxomsl 1o conocrasiennio obpaszos {1, 2, 3 ;:

—>1 OTCYTCTBHE CXOICTBAa— 00Paskl He IOXOXKHU APYT HA APYTa;

)2 MHOTO3HAYHOE CXOZICTBO— OTHH 05Pa3 MOXO%K HA HECKOTBKO
oBpasos;

>3 ONHO3HAYHOE CXOMCTBO— OMMH 06pas MOXOX Ha APYTOH U He
MOXO HA OCTAbHHIE.

Hmeercs cemanTuka mpyx o6bexron: HM;= { ({ diei}, mij) 15
HMg = { ({ disex}, i) 1, i=1+m, ke {1,2,....,m}.

ITo aHAIOTHH COMOCTABIEHHS OOPA3OB LIEHTPATbHOH HEPBHOH
CHCTEMOM B IPArMaTHKE COMOCTABICHHS 00BEKTOB BHIIOMHIIOTC
cenyrotue onepauuu Hax HMj u HMj:

1 cosmemenue o6paszos—HMj U HMy;

2 Boimenenue sapa—HM; (N HM;

D3 CpaBHEHHe COBMEIIEHHOTO 06pasa U SApa—BHYHCICHHE CTEIICHH
cxomersa L = Bel (HM; | HMy )/ Bel (HM; (1 HMy) nn

L =Bel [MAX (pjj> pikc) ]/ Bel [MIN ( psj> pic) |
i=l+n jke{1,2,..,m}
Bripaxenne L onpenemser crenens cxoncrsa HMju HMy.
Hmeercs cemanTHKa HAGOPA M ITATOHHBIX OGBEKTOB H OTHOTO
k-ro onbiTHOTO OGBekTa: HMj = { ({di,ej}, 1)}, i=1+n,
i=1+m; HMi={({disex}, pi)}, i=1+m, ke {1,2,...,m}.
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Jlexuus 12. Conocrapienne o6beKTOB

B nmparmaruke npoBelieM IKCIEPTH3Y ITATOHOB — CPABHUM
Mexgry coboil p-i u q-i sTamonsr — HMp = { ({ di.ep}, pip) }
w HMy = { ({ di,eq}s pig) }»
crenenu cxoncTBa Lpg

Lyq = Bel | MAX (pip, big) 1/ Bel [ MIN (1, big) |
pg=1+m i=1+n i=1+n

=1+n, pgqe{l,2,..,m} no

Bripaxenue Ly, ompenenser cTenens cXoncTsa p-To H q-TO
ITAIOHOB.

TTo marpune Ly, omnpemerum nopor crenenu cxoucrsa Ly
Lo =MIN (Lypy)

p=l+m-1
¢=(p+1)=m

B pesymbTaTe 3KCIEPTH3bI ITATOHOB ONpPEeNTeH MOPOT CTENeH
cxozicrBa Lo, PH KOTOPOM CXOCTBO He MPOTHBOPEYHT HCXOMHBIM
JTAHHBIM B HAGOPE ITAIIOHOB.

Teneps HMy cpaBHuM ¢ kaxabiM sTamoHoM HMj u nomyuum
Habop creneneii cxomersa { Lj}

{Lj} =Bel [ MAX (pik, i) | / Bel [ MIN (i, i) |
j=1-m i=len kefl2..,m}

Bripaxenne {Lj} onpememser crenens cxomcrsa HMy ¢
KaxkABIM 3TamoHoM 3 HaGopa HM, j = 1+ m. 3arem Haiimem
MaKCHMYMBI— TTO6AMbHEIHR Linax = MAX({ Lj }) u moxambHbii
Lmax2 = {{Lj}\ Liax }, = 1 +m. [To 3TuM pesymbTaTam omnpe-
JETIEHBbl YCITOBHS HCXOMOB 110 CXOJICTBY:

1 oTCyTCTBHE cxomcrBa—o0bekT HM) He moxok HH Ha OfHH
sranon u3 Habopa HM;: { Lj} <Lg, j=1+m;

2 MHOTO3HAYHOE CXOACTBO— 00bekT HMj MOX0K HAa HECKOIBKO
3TanonoB us HaGopa HM; : Lnax2 = Loy

—>8 onHO3HAYHOE CXOACTBO —00bekT HM) Moxosk Ha OHH H3
3Tanonos us HaGopa HM;: Limax 2 Lo, Lmax > Lmax2-

IIpemenbHO HOMycTHMAs OLIHOKA CXOACTBA A paBHA:
A =Lmax = MAX (Lmax2, Lo)
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Jlexuus 13. Pacnosnasanue 06beKkToB

HmeeTcs ceMaHTHKA OGBEKTA C HEM3BECTHBIM COCTOSHHEM IIPH
M3BECTHBIX HAOIIOMEHHAX:

HMye = § (£dieicd, pi) 3
kefl2,..,m} i=1+n
HmeeTcs TakIKe CeMAaHTHKA HEMyCTOH Gasbl 3HAHMUI, CO3TAHHOMR
1O MparMaTike GOPMHPOBAHHA/OCHOBICHHS:

HM; = { ({disej},ny) }
j=1+m i=1=n
PacnosnaBanne 0GbeKTa —3TO ONpPENETEHHE €TO COCTONHHUS €k
unn sHaveHus ke{l,2,..,m} BOparMaTHKe COMOCTABIEHUS

obbexTa 1 6aspl 3HaHUE. HcnombsyeM YacTHbIH cryvail mparma-
THKH CONOCTABIEHHS O6BEKTOB: HCXOM — OTHOSHAYHOE CXOMICTBO.
IIparMaTHKa pacnosHABAHHs COCTOSHHUS 0GbeKTa BHIIOTHSETCS

no cxeme: 1002003 EC>4EC>5EC>6EC>5EC>BEC>9EC> 3aBepurenue

3aBepuieHne




image33.png
Jlexuus 14. Pacnosnasanue 06beKToOB

CO>1 MO Wjj BBIMONHUM IKCHEPTH3Y 3TATOHOB U MONYYUM MATPULY
cTeneHeii CXOMCTBA MY ITATOHAMH Lypg

Lpq = Bel [MAX (pip; Mig) 1/ Bel [MIN (pip, pig) |
pg=1+m i=1=n i=1=n

CD2 no monydenHoi marpune Ly, ONpememiM IOpor cTerneH
cxomerBa Ly
Lo =MIN (Lypy)
p=l:m-1
¢=(p+1)+m
CO3 mo pik W pjj onpemenum HaGop cTenenn cxomersa § Lj}

{1} =Bel IMAX (pti, pij) 1/ Bel [MIN (pic, pis) |
j=l+m i=l=n i=1=n
kei1,2,..,m} kefl,2,..,m}
>4 no {Lj} onpenemum rmoGanbHblii MakcHMyM Lmax u3 3TOTO
HaGopa H ero yoIoBHE T

Liax = MAX({L;j})mpuj=r
j=1em re{t?,..,m}
05 1m0 {Lj} u Lmax ompemenum moxambHbli MakCHMYM Lmax2
H3 3TOTO HAGOpa:
Limaxy = MAX ({ { Lj } \ Lnax })
j=1+m
06 10 Lmax, Lo, Lmax2 MpoBepsieM yCIOBHS OMHOSHAYHOTO

CXOICTBA:
Lmax 2 Lo, Lmax > Lmax2

CO7 eciM YCIOBHS MyHKTA 6 He BEIMONHAIOTCS, 3aKII0YAEM, 4TO
OITHO3HAYHOE PACTIOSHABAHHE HEBO3MOKHO, H ETO 3aBEPILIAEM,
HHAYe 10 PE3YIbTATAM NYHKTA 4 ONpENeseM PaclosHaBaeMoe
cocrosinune k

k=
kreil,2,..,m}

08 10 Lmax, Lo, Lmax2 onmpenemnsieM npexenbHo TOMyCTHMYO
omubky cxomerBa A = Lpax — MAX (Lmax2, Lo )
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Jlexuus 15. YnpaBieHue mpoLeccoMm

B cemanTHKe 0GbeKTa MHOKECTBA HAGMOXeHUH H COCTOSHUIH
TIPHPOIHI CBA3aHB MEXKTY COOOH H 3aBHCAT OT BPEMEHH, T.€.
00pPasyioT IapaMeTPHIECKOe IPOCTPAHCTBO, B KOTOPOM OOBEKT
TEPEMEIAETCs IO CTAMOHAPHOH TPAEKTOPHH C HECTAIHOHAP-
HBEIMH BO3MYILeHHsMH. Takoe nepeMereH e HA3hIBAETCS PO-
LECCOM, A €TO PEATH3aLHs —TBHKEHHEM O0heKTa B 3aTaHHBIX
TPaHHIAX OTCYETA BPEMEHH.

‘YnpaBeHue NpoIeCcCOM O3HAYAET, YTO B OTBET HA BO3MYIIe-
HHe BHIPAOATHBACTCH TAKOE YIPABISIOIIEe BOSTEHCTBHE HA
0GBEKT, YTOGHI €I0 OTKIOHEHHE OT CTALMOHAPHOR TPAEKTOPHH
He NPEBILIATO 3ATAHHYI0 BETHYHHY IPH MOGHIX PeaTH3alHax
nporecca.

OBbexT XapaKkTepH3yeTcs CIEAYIOIIUMH TapaMeTPaMH:
t—BpeMs ¢ IIATOM KBAaHTOBaHU At, yncioM waroB T u yucmoMm
KBAHTOB 3aMa3/bIBAHAS T ;
¥ —BO3MYILEHHE C IIATOM KBAHTOBAHUS Ay, JHANAZ0HOM Ymax H
TPaHHYHBIM SHAYEHHEM Y0}
$—ympaBmsoliee BO3eH CTBHE ¢ LIATOM KBAHTOBaHHS A¢
IHATA30HOM fhmax «

Torma HedeTkoe HeCTAMOHAPHOE BO3MYILIeHHE ( HIIH IIPOCTO
BOsMylLieHHe ) onpenenum kak HMj, a HedyeTkoe ynpaBiIsolee
BosmelicTBie —kak HM)

HMy = {[di, s (VAL) ]} HMy= {[ej, 5 (VAL) ]}

i=1+n j=l+m
e di — HaGImoeH e, COOTBETCIBYIOLIee TEKYLLEMY SHAYCHHIO
OTHOCHTEIIBHOTO BOSMYLICHHS Y/AY; N = 2ymax/Ay +1;
i=ylAy+(n-1)2+1;
¢j — COCTOSHHE, COOTBETCTBYIOLIEE TEKYLIEMY 3HAYEHHIO
OTHOCHTEIBHOTO YIIPABISIOILETO BOSTEHCTBUS $/Ad;
m =2 ¢max /A +1; j=¢/A¢p+(m-1)/2+1;
pi (t/At) u py (t/At) — GYHKIHH NPHHATERHOCTH JUTA BOSMYILIEHHS
H YNIPABIIOIIETO BO3ACHCTBHA COOTBETCTBEHHO;
t/At — HOMep wiara xBaHToBaHus (1 € t/At<T).

OYHKUNH TPHHALIEKHOCTH OTPENENIIOTCS B IIPEINONOKEHHH
O Hepexofax Mexy OMmKaHIIHMU cocesIMH ( IepecedeHHs MU
nuHUE kBaHTOBaHUA ) pH t/At = 1 + T crenyiouum oGpasom:




image35.png
Wi (ALY =pi (At 1) + 1/ <€ pmax, pi(0) =po
iefl,2,..,n}

By (ALY =y (/AL =1) = Vin(n—1)] > puin, By (0)= po
p=1+np#i

15 (UAL) = py (AL —1) + 1/m < poax, i (0) =po
jefl,2,..,m}

1 (UAL) = pig (/At=1) = Vm(m —1)] > o, 1q(0) = po
g=1+m q#j

e i ( t/At)—yHKUMS NPUHAIE:KHOCTH s Habmomenus dj,

KOTOPOE COOTBETCTBYET TEKYLIEMY 3HaueHHIO Y/AY;

pp (t/At) — GYHKUMS NPHHAITERHOCTH IUIS OCTATbHBIX

HaGmomennil dy;

pj (t/At ) — GYHKIHS TPHHATIEKHOCTH IS COCTOSHUS ¢,

KOTOPOE COOTBETCTBYET TEKYLIEMY 3HaueHHIo $/Ad;

Pg (t/At ) — GYHKIMS MPUHANTERHOCTH JUT OCTATBHBIX

COCTOSIHHMIA ¢¢;

Pmax, 10, Pmin — MAKCHMATbHOE, HAYATBHOE H MHHHMATbHOE

3HAYeHHS! GYHKLUUH PHHAIEXKHOCTH COOTBETCTBEHHO.

Bsaumuas cBs3b BOSMYILEHHUS H YIPaBISIOLIETO BO3IEHCTBHS
npu Kaxkgom t/At ompenmenstercs HedeTkuM oTHowenuem HO =

={1{di, 5}, (HAL) |}, pi (HAL) = MIN [ ps (HAL ), py (HAL) ]

Jlexuus 16. YpaBieHue mpoLeccoM

Bsanmuas cBssk BosMyltennss HM; u ynpaBIsioniero Bos-
neiictBus HM) , yopenuenHas no t/At, onpenensieTcs HedeTKHM
orHowenneMm HOym = { ({di, e}, mij ) b wyj = S (YAt /T,
tiat=1-=T.

Eciu B pealusaluu IPOLEcca Ha HeKOTOpoM ware t/At
nosBuTcst Bosmyiuenne HMy oxe = § [ di, piaxe (t/At) | 3, TO C
TOMOIBI0 HedeTkoTo BbBoa HMj sxe = HM) pacy OTpememsiem
ynpasmiomee BosgeiicrBue HM) paey = { [ ¢, Wjpaca (At + 1) ] 3,
P pacy (At + 1) = MAX [ MIN ( pj oce ( /At ), p3) | . C nomormpzo
HeweTkoro BbuiBona HM) pacy = HMj pacy OTIpemensieM OTKIOHEHHE
or rpaexropun HMpacs = {[ ¢, Mipacs (VAL + 1) ]},

Mipacs (At + 1) = MAX { MIN [ pjpaeq (/AL + 1), pji | .
Marpuna i SBISETCS TPAHCTIOHHPOBAHHOH OTHOCHTENBHO Mjj .
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Jlexuus 17. CepTuduKarius nporpaMMHBIX CPEICTB

B cootBercruu ¢ 3axoHoM PO «O cepTHpUKaLNH IPOLYK LA
n yeyr», TOCT P560646-94 u MC HCO 8402 oGbexToM cep-
THGHUKALMH MOXKeT OBITh NPOTPAMMHAS MPOAYKLHS ( IPOrpaM-
MHbIE CDEJICTBA, HIIH IPOCTO IIPOTPAMMBI ).

CepTudUKAIHS IPOTPAMMEL—3TO YCTAHOBIEHHE €€ COOTBETCT-
BHS CYILIECTBYIOIINM HOPMAM TOTHOCTH H TEXHH YeCKUM TpeGo-
BaHHSIM.

HaunGomnee akTyalIbHbIM SBISETCA CEPTHOUKALHS YACTH IPOT-
PaMMEI— HHTepdelica OIb30BATENs, TAK KaK AIHTEIbHOE IPH-
MEHEHHE HECOOTBETCTBYIOLIEro HHTepdeiica MPHBOIUT K OTPH-
LATETbHOMY BIHSHHIO HA 3T0POBbE MOTb30BATENA.

HHTepdeiic u ero XapakTePHCTHKH €CTh IPEAMET CyObeKTHB-
HOTO OLIEHHBAHHS PA3PaGOTIHKAMH H IKCIEPTAMH, ITOITOMY
s cepTHUKALMHK HHTepdeiica LerecooSpasHO NPUMEHHTD
HEYETKYIO TeXHOTOTHIO PACIIO3HABAHMS OGBEKTOB.

«Cucrema cepruduxauun I'OCT P» ykasbiBaeT Ha CIeAyIoLIHe
Pe3YIBTATH CePTHOHKALHH B YACTH COOTBETCTBHS IPOAYKIHH
npexbsBuseMbiM TpeGoBanusam {1, 2, 3 }:

—>1 NOTHOE COOTBETCTBHE;
—> 2 YACTHYHOE COOTBETCTBHE;
—>3 OTCYTCTBHE COOTBETCTBHS.

JUmst TOCTHIKEHHs TAKHX Pe3yIbTATOB B TEXHOIOTHH PACIO3HA-
BaHHS 0OBEKTOB HEOGXOMMMO CO3TAT M HCMIOMB30OBATh TPH ITa-
mona {1,2,3}:

—>1 €1~ JOCTHKEHHUS Pe3yIbTaTa «[IOIHOE COOTBETCTBHEY;

~>2 ¢)— LIS IOCTHIKEHHS PE3YIbTATa «IACTHYHOE COOTBETCTBHEY
B €0 HAMIIYYLIEM CIyYae;

—> 3 ¢3— IS ZOCTHIKEHUS Pe3yIbTATA «YACTHYHOE COOTBETCTBHE»
B €TI0 HAHXY/ILIEM CIyYae.

PesymbTar «OTCYTCTBHE COOTBETCTBHS» B TEXHOTOTHH PACIIO3-
HaBaHH OGBEKTOB —3TO OTKA3 OT PACIIO3HABAHUSL.

3amamum yucTo HabmomeHHi n = 10 U A KAXIOTO 3MEMEHTA
MHOXecTBa Habmomennil { dy, dy, ..., dj, ..., d1o}, i=1 510
BEIGEpEM MOKA3ATENb, IAPAMETP, XAPAKTEPHCTHKY HHTepdeiica.
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Teneps HeoGXOMMMO IKCIEPTHHIM NMyTeM CGOPMUPOBATH Gasy
3HaHHH, T.€. I KakIOTO ITATOHA ONPENETHTh SHAYCHHS
GYHKIHMH TIPHHALTERHOCTH Iy, 1= 1+ 10, 1-+3. Qma
3ITOTO CIENYET PYKOBOACTBOBATHCA OTHOCHTENBHEIM YHCIIOM
( MHIMKATOPOM YacTOTEI § ) ITATIOHOB C COCTOSHHEM ¢ MPH
Habmonennu di B oblieM YHCIE MPOTPAMM, ¢ KOTOPHIMH
npuxomuIToch paboTark. IIpH 3TOM HCMONb3YeTcH paHTOBas
LIKATA ¢ THHIBHCTHYECKHMH H YHCITICHHEBIMH SHAYCHHSIMH S,
Hanpumep: yacro—s =0.8; oGbiuno—s=0.5; unorma—s=0.1.

Takum o6pazom, ITAIOHH {1, €2 c3 } obpasytoT 6asy sHaHui
=L ded ) b i= 1510, =153,

Jlexuus 18. CepTudukarius nporpaMMHBIX CPEICTB

ITo chpopMupoBaHHOil 5ase 3SHAHHH NOIYYHM GYHKIIHH JOBEPHS
{ Bel;, Bely, Bel3 } /u1s oTanoHoB { ¢1, ¢1, €3 } COOTBETCTBEHHO.

Corenyer HMeTh B BUAY, YTO COCTOSIHMS § €1, €1, €3 } — PE3YIBTATHI
COOTBETCTBMI { NOTHOE, YACTHYHOE B HAMIYYILUEM CIydae, 4acTH-
HOe B HAMXY/IIIEM CITydae )}, kaimoe sHavenne us { Bely, Bely, Bely }
—mepa moBepus Habopy U3 10 GakToB, H MENULY MEPaMH TOBEPHS
JTATOHOB MOIDKHO BBHIMONHATCA cooTHolleHHe Bel; < Bely <Bels.

IIpu ero HapyieHu# TpeGyercs MOMM(HIHPOBATh PAHTOBYIO
LIKAJY, HANPHMED, H3MEHHTD YK CICHHEIE SHAYCHHS Tpajalni 6o
ux KonuyectBo. IToporoBoe sHaueHne Belp=MIN( Bel;, Bely, Bel3 ).

HnTepdeiicy, nommexalieMy cepTHGUKALHH, B TEXHOIOTHH
PACTOSHABAHHS COOTBETCTBYET OGBEKT, IOMIEKALIME PACIIOs-
mapanuio: HMi={ ({ di,cx}, pik) 3,i=1+10, ke {1,2,3 }.

Teneps HeOOGXOTUMO 3KCIEPTHBIM IyTeM I 00BbEKTa onpere-
IHTh 3HAYEHHS GYHKLHH IPHHALIERHOCTH ik . [1Is1 9TOTO clefyeT
PYKOBOZCTBOBaThCs Mepoii moBepus Bel daxty ({ di,ex }, pik) no
PAHTOBOI IlIkale, MPUMeHeHHoH s Tanonos: §0.8,0.5,0.13 ¢
TIMHTBHCTHYECKHMH 3HAYEHHSIMHU: BeicOkoe—Bel=0.8; cpemmee-
Bel=0.5; nuskoe—Bel=0.1. Tanee npu k = const BhImOIHSETCS
PAcnosHABaHHE OGBEKTA, HMes B BHALY, 4TO KAKIOE SHAUCHHE
Belgsrexra ¥ Belkoyramona €cTh Mepa moBepust HaGopy u3 10 pakToB
H COOTHOIIIEHHE MEP TOBEPHS OGBEKTY H T0GOTO ITATOHA €CTh
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Belgsrexra < Belkaramona. I1pu ero HapyiueHun TpeGyercs
MOTH(HIMPOBATS PAHTOBYIO IIKANY, IPHMEHEHHYIO Ul STATOHOB
H 06beKTa, HANPHMED, H3MEHHTD YH CIICHHBIe SHAYCHHS TPagaluit
1o ux xomuyecTBo. CepTHOUKALHS 3aBePIIAETCS IPH TOM
PaHroBOIi IKkame ( YMCIO Tpajaluil U MX SHAYEHHS ), KOTOPas
oBecneyuBaer cobmonenue ycnoBuii Beli<Bely <Bel; u
Belggnexta < Belkyranona C HailimeHHbIM 3HAYeHHEM K.
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Texcus 1. Cricrema cepruducaumn suamuii (CKS ).

CKS npencTapmaeT co5oii MHOTOIEEBOE MOTYTLHOE POTPAMMHOE
CPEJICTR 0 LA 0 Gy deHHs 1 Cep THHHKALMH SHAHUH 110 JMCLIMIITHHAM
«Hidopmatikay, «YaebHa npaTika 2», JHTeTIEKTyam: HEIe
cHCTeMED Hanparenns «VHbOPMATHKA H BLIHCTHTHHAA TEXHHKAY .

B neprom ceanice CK'S moTpebyeTca perucIpaLia o3 0paTer —
CO37aHMe ero NepcoHambHOi sarmc. [Tocre mormydenye reps off oLieHKH
He MeHee 3 IepCOHATLHAT 3AIMCh P e06PAsYETC B STEKTPOHHYO IOAITCE.

B nocmenyromx cearicax CKS BHINOTHAETCA TIPOB EPKA COOTEETCTBUA
I1€pCOHATILHOI SAITCH 1 >TEKTp OHHOH TOATHCH. B CITy<ae HECOOTBETCTBHA
MoTpebyeTcs MOBTOPUTE PErHCTPALFTO H, TIPH Heo 5X0/HMOCTH, CeaHChI
CKS. TlepcoamHas sammich, 3eKTp OHHAA TIOJIICE 1 6232 TAHHLIX ¢
ouerKkamy xpanaTca b haiine Cks.qrt. Tpn HeobpaTUMBIX IOBPEKTEHIAX
>Toro daiima KomycTHMO ero BoccTanoemexe: Cks0.qrt & Cks.qrt 1
IorTopeHme Bcex ceancor CKS.

Perncpauns e CKS BBINOIHAETCA 10 CIIEYIOLLIE CXeMe: ITyHKT MeHEO
«Pernctpanms»; monck mo o6pasiy KoMaHmoi S - -'; mepeMernenue
Kypcopa B HIDKHee 0KHO KTapmmeii F8;  IIycTofl mepconam:Hoit sammcy
samena K008 20 Ha KOJbI HOMePa IPYIIILI, MOCTeHUX LEI(P oA IIpHeMa.
¥ (paMHTIN; BOSEpAILEHHE KyPCOPa B OKHO KOMAH KapHmedi FS;
coxpaHerHe haitma KomaroH W ¢ T0JTB epiTeHHem — Kmapmmeii Enter;
3aBepIIIeHHe PErHCTPaIkH — KoMaHmoi Quit.

PexomeHyeTcs B Ip oLlecce PErHCTPALIHE BBECTH JBYXITOSHLFIOHHBIT
xomHomepa Grera e 1 ( 3031 B ko708 0i cparmue CP 1251 ), KoTopriii
TIOHAI0 GHTECA IPH TPEHHP OBKH IeP e YK3AMEHOM.

JTom KOHTPOIA pesymbTaTa Tpebyerca nepesarpysurs CKS u p Hisxueii
92.CTH 9KpaHa BHUMATENEHO [P 0CMOTPET MOTydeHHYIO NIEpCOHATHLHYIO
sammch: gaMumA 1 rpyIma. Ipy THOGLIX HECO OTBETCTEMAX 06 A3aTEMEHO
TPOTOIBKUTH PETHCTIPALIHIO (P eAKTHPORAHUE NEPCOHATLHOM 3alicH ) ¢
ZpYTHMU obpasiaMu moucka. FanpHMep, pH HCKASKEHHH IPYTITHL 70
A07-07 nonck no o6pasiy — komamgoi S ,07-07".

CtezyeT y4ecTs, 9T0 B 3aIPY30UHOM haillie CO3IAIOTCA HECKOTEKO
K3 €eMITIPOR KaykA0r0 MACCHBA, B TOM YHCIIe H [IEPCOHATLHOI 3aIlcH,
HO TOTLKO Ha OJIH K3 eMITTIP HMeeTCs cChika. Takoi skseMmmp
DACIIOSHAETCA 11O CIPOLOMY COOTBETCTRHIO ITYCTOF IIep COHATBHOI
samHcH 6e3 CTOPOHHIX KOTOB.
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Kozxosas crparvma CP 1251
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SK3AMEH
Tlopszok ¢ sK3aMena

1. BLIMOMHMTE MyHKTHI BepxHero mermo: I Iporpanma-PacriosHapatues

M ¢ [OMOILBIO ZAHHOH ITPOIPaMMBI PelMTh 3amady ( Tema Ne 7 Gumera ).
PexoMenyeTCH sauKCHpORATE Ha GyMAKHOM HOCHIENE BCe BADHAHTEL

pemenus. Jlanee I0ATOTORNTE OTBETEL HA BOTIPOCHI 10 OCTATLHBIM TeMAM

6Grmera. OBIee Bpens MOATOTOBKH 1O BCeM TeMaM — 60 MUHYT.

2. BLINOTHUTE YHKTEI BepXHEro Merto «Bosepar-B MeHIo paboTsi»

UL BOSBPATA B MEHIO paGoThl. 3aTeM BBIIONHHTE IyHKT BEPXHETO MEHIO

«CepTnipyxaipa sHaHHiD», nocte gero CKS nepeiiner x cepTudrxam

SHAHHIT.

3. Ceprudrmarp suanmii.

B peiHMe cepTHAKALIAM SHAHM Ha YKPAH BEIBOUTCA BOTIDOCHI ¢ HX
I1epeGOPOM: VB E/yMEHEIEHHE HOMeDA EOTIDOCA — Tlebaparas
KITARMIIIA MBIIIH Ha KHOTIKe «BOIpocy. B KasIoM BOTIOCe UMEIOTCA
TIPOIIyI{eHHbIe MeCTa, KOTOPble Heo GXOMIMO 3ar0MHHTS Tepebopom
OTBETOR.: YB THYCHHE/yMEHEIIEHHE HOMEDA OTRETA — TeraA/Mparas
KImaRMIIa MEIIIH Ha KHomke «OTeet». B CKS 1711 Kasgroro Bompoca
3ATIOMHHAETCA TOT OTBET, KOTOPBI BIEOHTCA Ha YKpAH NpH repebope
EonpocoE.. IsMEHUTE 0TReT Ha T060i BOTPOC MOSKHO B IMD EIETAX THMHTA
BDEMeHH OTRETOR Ha Bee BOmpockl — 20 MumyT. Uneo Bompocos — 9.
UHcmo 0TReTOB Ha KaKIbIH BOMpoc — 0T 2 1o 5.

TlocTe OB ETOB Ha BCe BOMPOCET HEOBXOHMO POCMOTPETH BOTIPOCH] ¢
OTBETOM NepebopoM: TeraaAIpara KIKBHIIA MBIIIH Ha KHOTIKE (BoOMp 0.
TloCie 5aBepIIEHNT OTEETOR Ha BCE BOTIPOCH BBIIONHUTE YHKT BEDXHEr0
Merzo «3axmouertes. B CKS cocTapiiercs sakimosetie 0 pesymLIaTe 1
OLIEHKA COXPaHseTCcs B Gase JAHHBIX ¢ BBIBOTIOM HA SKPaH. 3aKIOYeH e
JOCTYIIHO TOTLKO TIOCTIE MepeGopa BeeX BOMPOCOB .

TIoCTe MOy eHIA SaKTHoY eHIA B IPAROF] HUGKHEH SaCTH YKpaHa
KasI0To BOTPOCA ¢ OTBETOM YCTAHOBTIEH (IASKOK: €TeHBIH/ KpacHEIH pH
COBIIaJIeHUH/HECORTIATIHHH OTBETA C YTATIOHOM ( IPABHITLHBIM OTBETOM ).
Tlepe6op EONPOCOR ¢ OTEETOM — TeRafpaRAd KIABMIIA MbIIH HA KHOTIKE
«OreeTy. Boipox sTamoHa — mepas KIABKIIA MBI HA KHOTIKe < JTATOHY.
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Jlexuus Ne 2. TIpencraBnenue sSHaHHH.

Monenu npencTaBIeHHs 3HAHUI: { CEeMAHTHYECKHE CETH,
NPETMKATH, NPOAYKIUHH, GPeiMbl, HefipOCeTH, BHIYHCIMTENbHAS,
HeYeTKas }.

1. CemanTHyeckue ceTd. CBSA3HBIH HAGOD Y3I0B H
MOMMEHOBAHHBIX JIyT.

XapakTepH3yercs IPOU3BOIbHOI HaBUTALHeH M0 y3IIaM.
CyIecTBeHHOE NPEHMYIIIECTBO MOIENH — YHHBEPCATHOCTD.
OrpaHHYeHHe TPHMEHHMOCTH — Halu YHe ainoBoi
MOACTPYKTYPbI ISl PEATH3ALUHH TOHMEHOBAHHBIX

JIyT B BHJE CCBLIOK.

2. Ipenukatsl. CBS3b NepeMeHHbIR B paMkax GopMaIbHOH
CHCTEMBI.

OrpanndeHue TPHMEHHMOCTH — KBATHQHKAMOHHOE: TOTHKA
NPETUKATOB M AITOPHTMH YeCKHi S3BIK Pealnsaiy Habopa
NPEIUKATHBIX GOPMYIL.

3. IIponyxuuu. Habop koHCTPYKUMIA: «eci... To». CyliecTBeHHOE
MPEMMYILECTBO MOMEIH — TeP MHHOIOTHYECKHH KOHQOPMHU3M.
OrpanndeHHe TPHMEHHMOCTH — CHCTEMEI CBOGOIHOTO BPEMEHH.
4. Opeiimbl. BroxkeHHOCTb CBOHCTB H 06beKkTOB. CyILIECTBEHHOE
NPEHMYILECTBO MOETH — GOPMATH3AIHS B BUITE KIIACCOB.

5. Heiipocers. ITocmoiiHas opraHU3aIius JETEKTOPHBIX COOPOK.
CyIecTBeHHOE NPEHMYIIIECTBO MOIENH — YHHKATbHAS
NpETHASHAYEHHOCTD 33/IaYH «MALIHHHOE 3peHHe». OTpaHuYeHHe
IPUMEHHMOCTH — GIOMIKET.

6. BoruncuTenshas Momens. HaGop ypaBHeHHIE HIIH MHBIX
onucanuii ( TeH30poB ). CYILIECTBEHHOE NPEUMYILECTBO MOIEIH —
YHHBEPCAIBHOCTD.

OrpaHndeHHe TPHMEHHMOCTH — CHCTEMEI CBOGOIHOTO BPEMEHH.
7. Heuerxas monmens. HeonpeneneHHOCTh B ONHUcaHHe 00bEKTOB
(9KCIepTHAs W/UIH METPOIIOTHYECKas ) ¢ 00 beKTHBH3ALHEH B
BH7IE TParMaTHKH. CYIIECTBEHHbIE TPEHMYIIIECTBA MOIEITH —
TEPMHHOIOTH YeCKH KOHGOPMH3M H IPArMaTHKA PEATbHOTO
BPEMEHH.

OrpanndeHHe IPHMEHHMOCTH — ABAPHH U KaTaCTPOQbI.





