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BBEJAEHUE

Teopuss HEYETKOM MAaTEMAaTHKU IO3BOJISIET OIMCHIBATH KAYECTBEHHBIC, HETOYHBIC
MOHSATHS U HAIIM 3HAHUSI 00 OKPY’KAIOIIEM MUPE, a TAK)KE ONEpUPOBATh ITUMH 3HAHUAMMU
C LENbI0 MOJNIy4eHUs: HOBOM HHGpopManmu. OCHOBaHHbIE Ha ITOW TEOPUU  METOAbBI
MOCTPOEHUSI MH(POPMALMOHHBIX MOJENIEH CYIIECTBEHHO PACIIUPSAIOT TPAAULMOHHbIE
o0iacTi TPUMEHEHHUS KOMITBPIOTEPOB U O0pa3yloT CaMOCTOSTENbHOE HalpaBlICHUE
Hay4YHO-TIPUKJIAJHBIX MCCIENOBAHUM, KOTOPOE IIONYYMJIO CIIEHHAIIBHOE Ha3BaHUE -
Heuemkoe Mmooenupoganue. HeueTkoe MoOIENMPOBAHUE OKa3bIBA€TCS OCOOEHHO
MOJIE3HBIM, KOTJJa B OMMCAHUN TEXHUYECKUX CUCTEM M OM3HEC-TIPOLIECCOB MPUCYTCTBYET
HEONPEAEIECHHOCTh, KOTOpas 3aTPyAHSIET WM JaXe HMCKIYaeT NPUMEHEHHE TOYHBIX

KOJINYCCTBCHHBIX MCTOA0B U ITIOAXOA0B.

B ob6nactu ympaBieHUSI TEXHUYECKHUMH CUCTEMaMH HEYETKOE MOJCIMPOBAHUE
MO3BOJIIET MOJIyyaTh OoJiee aJleKBaTHbIE PE3yJIbTaThl MO CPAaBHEHHUIO C PE3yJIbTaTaMU,
KOTOpBI€ OCHOBBIBAIOTCS HA UCIOJIb30BAHUU TPAAULMOHHBIX AaHATUTUYECKUX MOZEIEH U
aNropuTMOB yrpasiieHus. Hederkas joruka, Koropas CIy)KUT OCHOBOM IS peajin3aluu
METO/IOB  HEYETKOTO  YIpaBieHHUs, O0Jee €CTECTBEHHO OINUCHIBAET  XapakTep
YEJIOBEYECKOI'0 MBIIIUICHUSI U XOJ[ €r0 PAaCCYXKJICHUM, YeM TpaJauIlMOHHBIE (opMalibHO-
JIOTUYECKUE CUCTEMBbI. IMEHHO MO3TOMY M3y4YE€HUE U UCIOJIb30BAHME MATEMATUYECKHUX
CPEICTB ISl MPEJCTABICHUS HEYETKOM HMCXOIHOW HH(OpMAIMU TIO3BOJSET CTPOUTH
MOJENM, KOTOpble  Haumbojee  aJeKBAaTHO  OTPaXalT  pa3IMYHbIe  ACIEKThI

HEONPEEICHHOCTH, MOCTOSTHHO MTPUCYTCTBYIOIIEH B OKPY>KAIOIIEH HAC pEeaTbHOCTH.



TEMA 1. UCTOPHUS PAZBUTHUS TEOPUU U TPUJIOKEHU
HEUETKOU MATEMATUKHU

YuyeOHbIEe BOIIPOCHI:
1. Uctopus 3apoxKaeHUs U pa3BUTHS HEUETKOM MAaTEMATUKH.
2. [lpompblliuieHHBIE TPUIIOKEHUST HEUETKON MaTemaTuku B Sinonnu, EBpore,
Amepuku.
3. OcobeHHOCTH pa3BUTHS U NPUMEHEHHUs] HeUE€TKOM MaremaTtuku B Poccun.
N3yuuB JaHHYIO TeMY, CTYACHT J0JI2KCH 3HATh:
® MICTOPHUIO 3apPOKICHUS HEYETKON MaTEMaTUKU;
® IMEHA OCHOBATEJIEU TEOPUU HEUETKUX MHOKECTB U HEYETKOM JIOTUKHY,
® IPUJIOKEHUS HEYETKOM MAaTEMAaTUKH B IIPOMBILUIEHHOCTHU U Pa3JIMYHbIX
o0nacTsX 3HaAHUS;
® JJOCTHKEHHS OT€YECTBEHHBIX YYEHBIX B Pa3BUTUU U IPUMEHEHUU HEUYETKON
MAaTEMATHUKH.
MeToanveckue peKOMEHIALMHU 110 U3YYCHUIO TeMbI:
[Ipu ocBOEHHUU TEMBI HEOOXOIUMO:
e m3yunth conepxkanue §1.1 «Mcropus pa3BUTHA TEOPUU U NTPUITOKEHUN
HEYETKOM MATEMATUKHY,;
® AKICHTUPOBATh BHUMAHUE HA CBA3b MEKIY KJIACCUUYECKON U HEUETKOM
MaTEeMaTUKOW: Ha OCOOEHHOCTH Pa3BUTHUS U MPUMEHEHUSI HEUETKON MaTeMaTUKU
B Slnonnun, Amepuke, B crpanax EBponsl u Poccuu;

® OTBETUTh Ha KOHTPOJIbHBIE BOMPOCHKI TOcIie maparpada.

§ 1 UCTOPHUSI PASBUTHUA TEOPUM U TPUJIOKEHUNA HEUETKOMN
MATEMATHUKHA
[TepBoii myOiMKaIMed MO TEOPUU HEUETKUX MHOXKECTB MPUHATO CUUTATH pabOTy
npodeccopa uz Yuusepcurera bepxiu (mr. Kanudopuus, CIIA) Jlordu 3ane, kotopas

otHocutcsa K 1965 r. IloHaTue HEUETKOro MHOXKECTBa B cMbIcie JI. 3&,[[6 ITOJIOKHUIIO



Ha4yaJlo HOBOMY MMITYJIbCY B 00JIaCTH MaTEMaTUYECKUX U MPUKIAJIHBIX UCCIEIOBAHUM, B
paMKax KOTOpBIX 3a KOPOTKHW CpPOK OBUIM MPEJIOKEHbl HEYEeTKHEe O00O0OLIEHUS BCEX

OCHOBHBIX TCOPCTUKO-MHOKCCTBCHHBIX U (I)OpMaJIBHO-J'IOFI/I‘-IeCKI/IX TMOHSITHH.

OcHoBaHueM Jyis CO37aHusl HOBOM Teopuu mocitykui crop npodeccopa JI. 3ane co
CBOMM JIPyTOM O TOM, Ybsl U3 >KE€H mNpuBiiekareabHee. COrjlacHO UCTOPUH, K €IUHOMY
MHEHUI0O OHH TaK W HE MPUIUIM. A 3TO, B CBOK OY€pelb, BBIHYAWIO YYEHOTO
chopMupoBaTh  KOHLEMIMIO, KOTOpas  BBIpAXKA€T HEUETKUE TOHSITUS  THUMA

«ITPUBJIEKATEILHOCTH)» B UUCIOBOU (hopme.

B orauume OT CcTaHAapTHOM JIOTMKH, KOTOpas CBOJAUTCS K JBYM OWHApHBIM
cocrossHusiM  (1/0, Jla/Her, Wctuna/Jloxs u T. 1.), Heuemxas J102uka TIO3BOJSET
OTIPEACIIATh MPOMEKYTOUHBIC 3HAUCHHUS MEXIY CTaHIAPTHBIMU OIleHKaMH. K HedeTkuMm
OII€HKaM (B OTIMYME OT CTaHJAPTHBIX OIEHOK «IpPHUBJICKATCIbHAS» WU
«HETIpUBJICKATEIIbHAS», «BIPABO» WIN «BJICBO», «Ia» WM «HET»), MOXXHO OTHECTHU
OILICHKU THIIa «00Jiee TPHUBJICKATEIbHAS», «MEHEE MPHUBJICKATEIbHASN», «CKOpEe N1a, 4eM
HET», «HABEpPHOE, Ja», «HEMHOT'0 BIPaBO», «pe3ko BieBo». C  TOMOIIKIO
COOTBETCTBYIOIIETO MAaTEMAaTHYECKOrO ammapara CTajo BO3MOXHBIM  BBIPa3UTh
MePEYNCIICHHBIC OIIEHKM MaTEeMaTHYEeCKH M BIIOCJICICTBHM 00paboOTaTh C ITOMOIIBIO
OBM. Takum o0Opa3oM, ydaloch MaKCHMAaJbHO MPUOJIM3UTh MEXaHU3M KOMITBIOTEPHOU

00pabOTKM U aHAJIM3a JJAHHBIX K YEJIOBEYECKOMY MBIIIICHHUIO.

BaXHBIM JOCTHKEHUEM TEOPUM HEYETKOH MaTeMaTHKU SBISECTCS BBEACHHE
HA3BIBAEMBIX HeYemKUx uucesl - HEUETKUX TOIMHOXECTB CICIUATU3UPOBAHHOTO BHUA,
COOTBETCTBYIOIIUX BHICKA3bIBAHUSAM THUIIA «3HAYCHUE TIEPEMEHHON MPUMEPHO PAaBHO ay.
B pa6orax 1. Jrobya (Dubois D.) u X. Ilpagmom (Prade H.) 6b11 mpemioxxen Habop
orepanuii HaJ HEYETKUMH YMCIaMH, KOTOPBIE CBOATCS K alreOpandecKuM OIeparusim ¢
OOBIYHBIMH YWCJIAMH TIPW 33JIaHUU OMPEACIIEHHOTr0 MHTEpBaja JOCTOBEPHOCTH (YPOBHS
MIPUHAJICKHOCTH ), IOTYYHBIIHE BIIOCICACTBUN Ha3BaHUE «MSATKUE BBIYUCICHUS.

[TapanmnensHO ¢ pa3pabOTKON TEOPETUIECKNX OCHOB HOBOHM Hayku, JIothu A. 3ame
npopadaThIBaJl Pa3IuvYHBIC BO3MOXXHOCTH €€ MpaKkTHYecKkoro npuMeHenus. B 1973 roay

CMY yAaJIOCh IIOKAa3aTb, YTO HCUCTKAA JIOTHKAa MOKCT OBITH IIOJIOJKCHA B OCHOBY HOBOTI'O



MOKOJICHUS MUHTEIIEKTYaJIbHBIX CUCTEM yrpaBiieHus. Hanbonee 3HaunMbpiMu U3 padoT B
3TO obOsactu cieayer orMmeTuth myOnukaruu JI. 3ane, J[. Hrwobya (D. Dubois) u A.
[Ipaga (H. Prade) mo teopum HedeTkoil Mepsl u Mepbl BO3MOXHOCTH, M.Cyreno (M.
Sugeno) 1Mo HEYETKOMY BBIBOJY M HeueTkomy uHTerpaiy, Jx. bexaeka (J. Bezdek) mo
HEYETKOM KJIacTepu3allii M pacro3HaBaHuio oopasos, P. fArepa (R. Yager) mo Heuerkoi
JIOTHKE.

OpnHako, HECMOTps Ha OOJBIIOE KOJIWYECTBO TEOPETUYECKUX PadoT, MPUKIATHOE

3HAa4YCHUEC HCUCTKHUX MO}ICHeﬁ A0JIro€ BpEMA CTAaBUJIOCH IO COMHCHHC.

[lepBbie peanmu3anuy HEYETKUX MOJIETIEH B MPOMBIINIJICHHOCTH OTHOCSTCS K
cepenune 1970-x rr. Umenno B 3ToT mepuoj B Bemumkobpuranuu D0paxum Mammanu
(Ebrahim  Mamdani)  wucmonbp30Bam  HEUETKYIO  JIOTUKY IS yIpaBIEHUS
naporeHeparopom. Perienue 3Tol 3aayu OOBIYHBIMM METOJAMHU OBLJIO COMPSIKEHO C
[ENBIM PSAIOM TPYAHOCTEH BBIUMCIHTEIBHOTO Xapakrepa. [Ipennmoxkennsiii D. Mamaaau
QIITOPUTM, OCHOBAaHHBI Ha HeuemKOM JIO2U4eCKOM 6bleode, TIO3BOIHMI W30eXKaTh
Ype3MEpHO OOJBIIOr0 00beMa BBIYUCICHHH HW OBUT 1O JOCTOWHCTBY OIICHCH
crenuanucTaMu. B 3TOT ke mepuoa HeOombas npennpuumMuuBas pupma u3 Jlanum
MPUMEHWIA PUHITATIEI HEYETKOTO MOJIETUPOBAHUS ISl YCOBEPIICHCTBOBAHUSI CUCTEMBI

YIPABJICHMSI TOMEHHOM MEYbI0 I 00KUTra [IEMEHTA.

B nauasie 1980-x rr. HeueTkass MaTeMaTHKa MOJIyYuia CBOE JlajibHEWIIIee pa3BUTHE B
IIEJIOM Psifie POTPAMMHBIX CPEACTB MOJJIEPKKU MPUHSATUS PEIICHUH U B SKCHEPTHBIX
CHUCTEMaX aHaJIu3a JaHHBIX. XOTS MHOTHE U3 3TUX MPOrPAMMHBIX HHCTPYMEHTAPUEB TaK
M HE BBIIUIM 32 Mpe/esibl HAYYHO-UCCIEI0BATEIbCKUX J1abOpaTOpuil U MHCTUTYTOB, B
X0JIe WX pa3pabOTKu ObUIM TMOJYYEHbl BaXKHBIE HSMIMPUUECKUE PE3YNbTAThl IO
MOJIEJTMPOBAHUIO C TIOMOIIbIO HEYETKON JIOTUKH IMPOLIECCOB YEIOBEUECKUX PACCYKICHUM

Y IPUHSATHS PELIEHUN.

B xonme 80-x romoB bapromomeem Kocko Oblna jgokazaHa Teopema O HEYETKOH
anmpokcumaiuu (Fuzzy Approximation Theorem), moaTBepauBIasi MOJTHOTY HEUYETKON
JIOTHKH, COrJIaCHO KOTOpOW Jiro0as MareMaThdeckas CHCTEeMa MOXKET ObITh

anIpOKCUMHUPOBAHA CHCTEMOM, OCHOBAHHOW Ha HEUYETKOW joruke. bepurta mcciemoBaHa



B3aMMOCBSI3b HEYETKOW JIOTMKH WM TEOPUHM HEUPOHHBIX ceTel. l3BecTHass KHHra
bapronomes Kocko «Fuzzy Thinking» («HeueTkoe MbllUIeHHE») HAYUHAETCS CO CIIOB:
«OnHaXapl YTPOM sI IPOCHYJICA WM MOHSJI, YTO Hayka WAET He Tyna». Jlamee aBTop
MOKa3bIBaCT, YTO JIBa THICSUENETHUS HA3aJ YEIOBEUYECTBO CAENAN0 POKOBYIO OIIMOKY,
3aJI0KUB B (DyHIZAMEHT HayKd HE 3BIOKYIO MOAITHKY PaHHUX BOCTOUYHBIX (uiocoduii, a
BBIXOJIOIICHHYIO JIBOWYHYIO JOTUKY Apuctorens. M ¢ Tex mop kiaccuueckas «4epHo-
Oenas» OWHapHas JIOTMKA, 3a)kKaTash MIOpaMU 3aKOHAa «UCKIIOUEHHOI'O TPEThEro», BCE
0osee oTAANAETCA OT PealbHOIO0 MHOI'OLIBETHOTO MUPA, IIe HET HUYEro abCoIOTHOTO, a
BCE CaMO€ MHTEPECHOE IPOUCXOIUT B TYMAHHOM 00JaCTH MEXY «J1a» U «HET».

B paborax M. 3emankoBoii (Maria Zemankova-Leech) u A. Kanpena (Abraham
Kandel) ObumM 3a0K€HBI OCHOBBI TEOPUM HEYETKUX CHUCTEM YHpaBieHus Oazamu
JAHHBIX, CIIOCOOHBIX OMNEPUPOBATH HETOUYHBIMU JAHHBIMH, 00pabaThHIBaTh HEYETKO
3a/laHHbBIE 3aMpOChl, a TAKXE HCIOJb30BaTh KAYECTBEHHbIEC IapaMeTpbl Hapsay C
KOJIMYeCTBEHHbIMU. bblma pa3paboTaHa HeueTkas anrebpa - HeOObIYHAS HaykKa,
MO3BOJISAIONIAsl MCIIOIBb30BaTh MPU BBIUMCICHUAX KaK TOYHbIC, TaK U MPUOJIM3UTEIbHBIC
3HaueHus nepeMeHHbIX. [llupokoe pacnpocTpanenue noinyunian uzooperernnsie b. Kocko
HeyeTkue KoruutuBHbie Moxaenu (Fuzzy Cognitive Maps), Ha KOTOpbIX Oa3zupyercs
OOJIBIIMHCTBO COBPEMEHHBIX CHCTEM JMHAMHYECKOrO MOJIETMPOBaHUs B 00J1acTu
(MHAHCOB, NOJUTUKH U OU3HEcA.

Ilocne mepBBIX NPOMBINUIEHHBIX MNPUIOKEHUN B EBporie SnoHMs 3a KOPOTKHUM
MEepUOJ, BPEMEHM BBINJIA HA IEPBOE MECTO B MHUPE MO KOJIMYECTBY YCTPOMCTB H
MEXaHU3MOB, B KOTOPBIX OBUIM pealu30BaHbl HeYeTKHe TexHojoruu. llosBienue
MUKpPOINPOLIECCOPOB M MHUKPOKOHTPOJUIEPOB HHULMHMPOBAIO PE3KOE YBEIUUYECHUE
OBITOBBIX NPUOOPOB M TMPOMBIIUIEHHBIX YCTAHOBOK C aJFOPUTMaMH YIpPaBIEHHUS Ha
OCHOBE HeueTKoM Jsoruku. CeroiHs HMX MOXHO HAaWTH B CTHPAJIbHBIX MAalllMHaX U
BUJICcOKaMepax, IiexaX 3aBOJIOB, MOTOPHBIX OTCEKaX aBTOMOOWJIEH, B CHCTEMax

YHpaBJICHUA CKIIAACKUMU pO6OTaMI/I 1 0OEBBIMH BCPTOJICTAMMU.

K 90-my roay nosisusiock 0kojo 40 maTeHToB, OTHOCSIIMXCS K HEUETKOM JIOTUKE (U3
Hux 30 snoHckux). COpok BOCEMb SIMOHCKUX KOMIAHUM 00pa3oBajid COBMECTHYIO

na6opatoputo LIFE (Laboratory for International Fuzzy Engineering - MexayHapoaHas
Z



naboparopusi pa3padOTOK, OCHOBAHHBIX Ha HEUETKOH JIOTHKE), SMIOHCKOE IPABUTEILCTBO
(MHAHCHUPOBAJIO MATUJIETHIO MNPOrpaMMy IO HEYETKOM JIOTMKe, BKJoHarolyr 19
pa3IMYHBIX MPOEKTOB - OT CHUCTEM OLEHKHU TJI00aNbHOIO 3arps3HEHHs] aTMOCc(epbl U
IIPEICKa3aHus  3EMIIETPSACEHHA 10 aBTOMAaTU3UPOBAHHBIX CHCTEM  YIPABJICHMUS

3aBOACKHMMH II€XaMH U CKJIaJaMH.

Nmeercss uenbii psifi 0OCTOSTENBCTB, KOTOpPHIE OOBSCHAIOT MPUYUHBI CTOJIb
BIEYATISAIONICH TMOIMYJIPHOCTH HEUETKOM JOTWMKM B SAnoHun. Bo-mnepBbiX, HedeTKas
JIOTHUKA TOACPKUBAET Pa3pabOTKy OBICTPOro MPOTOTHUIIA TEXHHUYECKOTO YCTPOMCTBA C
MOCJICYIONIUM YCIO)KHEHUEM €ro (YHKIIMOHAJIBHOCTH, YTO XapaKTePHO I CTHJIS
paboTHI ATMMOHCKUX WHXKEHEPOB. Bo-BTOPBIX, HEUETKAsI JTIOTHYECKass MOJIeTh 0oJjiee mpocTa
Ul TIOHMMaHWs, YE€M aHAJIOTHUYHAs MaTreMaThdeckass MOJENIb Ha  OCHOBE
muddepeHManbHbIX WM PA3HOCTHBIX YypaBHEHUN. B-TpeTbux, HeEUeTKHe MoJenu
OKa3bIBAIOTCs 00Jee MPOCTHIMU JUIsl CBOEHM amnmapaTHOM peaiu3aliu MO CPAaBHEHUIO C

KIACCUYCCKUMHU AJIT'OPUTMAMU YIIPABJICHUA TCXHUYCCKUMH CUCTCMAaMU.

[lnonepoM B TMpPUMEHEHUH HEYETKOH JIOTMKH B OBITOBBIX W3ENUAX BBICTYIWIA
¢bupma Matsushita. B ¢depae 1991 roma onHa aHOHCHpOBaja  MEPBYIO
«MHTEJUIEKTYAJIbHYI0» CTUPAJIbHYI0 MAIIMHY, B CHCTEME YINPaBIEHUS KOTOPOM
COYETAINCh HEYETKasl JOTMKa U HEMpOHHAsi CeTh. ABTOMATHYECKU OMpEEssi HEUETKUE
BXOJIHBbIE (haKTOPBI (00HEM U KaueCTBO O€Jbs, YPOBEHb 3arPsI3HEHHOCTH, TUII MTOPOIIIKA U
T. 1.), CTUpaJibHasi MaluHa 0e301MO0YHO BBHIOMpalIa ONTUMAIbHBIA PEKUM CTHUPKHU M3
3800 BO3MOXHBIX BapHaHTOB. A CIIyCTs Iapy JIET HUCIOJIb30BAaHUE MPUEMOB HEUYETKON
JIOTUKHY B IPOU3BOICTBE SITOHCKOW OBITOBOI TEXHUKH CTall0 TOBCeMeCTHhIM. Hampumep,
komnanuu Fishel n Sanyo nmpou3BoasT HeueTkHe JIOTMYECKHE BUIEOKaMEPhl, B KOTOPBIX

PUMEHSETCS HeueTKask (POKYCHPOBKA U CTaOMIN3aLUs N300PAKEHHUS.

Komnanus Mitsubishi BeImycTHIIa TIEpBBIM B MHpPE aBTOMOOWIIb, TJI€ yIPaBICHUE
KaXJIOW CHCTEMOM OCHOBAaHO Ha HedeTkod joruke. [Ipu stom Mitsubishi Takxke
MIPOU3BOJUT «HEUETKHIN» KOHIUITMOHED, KOTOPHIN yNpaBiseT N3MEHEHHUEM TeMIIepaTyphl
Y BJIAJKHOCTH B TIOMEIICHUH COTJIACHO YEJIOBEYCCKOMY BOCTIPHSTHIO CTEIICHH KoM(opTa.

Kommanust Nissan paspaborana «HEYETKYH» aBTOMATHUECKYH) TPAaHCMHCCUIO |



CHCUYCTKYIO» IMPOTUBOCKOJB3AIIYIO TOPMO3HYIO CUCTEMY M pPC€aIM30Bajla UX B OJHOM H3

CBOMX IOCJIETHUX aBTOMOOWJIEH MOBBIIIEHHON KOM(OPTHOCTH.

Anonckuit ropon CeHpall MMeEeT METPONOJUTEH € 16 CTaHIUMAMH, KOTOPBIM
YOPaBIISIETCd HEYETKUM KOMMBIOTEpOM. [Ipr 3TOM HEUETKHIl KOMIBIOTEP PETyIUPYET
MIPOIIECCHI YCKOPEHUSI U TOPMOXKEHHUsSI TIO€3/10B MeTpo, nenas Ha 70% MeHblle omuooK,

YeM COOTBETCTBYIOILIUI YEJIOBEK-OMEPaTop.

Ha ¢ongoBom pbiHke TOKHO HUCHONB3YeTCS HECKOJIBKO TPEHIEPHBIX CHUCTEM,
OCHOBAHHBIX HAa HEUYETKOW JIOTMKE, KOTOpbIE NIPEBOCXOMAT IO CKOPOCTHBIM H
JUHAMUYECKUM XapaKTepUCTUKAM TPAJUIMOHHbIE HMH(POPMAIMOHHBIE CHUCTEMBbI. B
SNOHMM UMEIOTCA TaKXKE «HEUYETKHE» CHUCTEMbl YIIPABICHHUS YJIWYHBIM JABUKECHHUEM,
«HEYETKHE» TOCTEPBI, «HEUETKHE» PHUCOBBIE IEUH, «HEUETKHE» IbUIECOCHI U MHOTHE

Apyrue ObITOBbIE U TEXHUYECKUE YCTPOUCTBA.

Tonbko B Havwasie 1990-x rr. Beayine eBpoNelcKue KOpropauu MOHSIU, YTO OHU
NPAaKTUYECKU YCTYNUIU SMOHUU OIHY M3 KIIOYEBBIX COBPEMEHHBIX TexHoioruil. C
ATOr0 BPEMEHH OBbUIM TPEANPUHATHI CEpbE3HbIE YCHIIMS HaBEpCTaTh YIYIEHHbIE
BO3MOXXHOCTH B 3TOM obOnactu. MimenHo B »ToT nepuoj B EBpone nosisuiiocs 6omnee 200
BUIOB MPOMBITIINICHHBIX U3JICTUI U yCTPOUCTB, B KOTOPBIX OBLIN peali30BaHbl HEUCTKUE
Moznenu. IJTo  ObUIM, TJaBHBIM  o0Opa3oM, ObITOBble  HpUOOPBI,  KOTOPHIE
XapakTepu3oBaIUCh  Oojee  A(PGHEKTUBHOM  HKOHOMHEH  BJIEKTPOIHEPTHU U
BOAONOTpeOaeHUsT 0€3 JOMOJTHUTENIBHOIO0 yBEJIWYEHUs ILeHbl wusfaenus. pyrue
MPOMBIIUICHHBIE TPUIOKEHUSI OTHOCHIUCH K aBTOMAaTH3allMU MPOM3BOJACTBA, BKIIOYAs
ylpaBieHUE XUMUYECKUMH U OMOJOTMUECKMMHM IPOLIECCAaMU, YIpPaBJIeHUE CTaHKaMH U

cOOpPOYHBIMU KOHBEWEpaMU, a TAKXKE Pa3IMuHbIC UHTEIJICKTYaIbHbIC JATYHKH.

IToCKONIBKY 3TUM NPUIIOKEHUSAM CONYTCTBOBAJ KOMMEPUYECKHUM yCIIEX, B HACTOSIIIEE
BpEMsI HEYETKas JIOTWKA PAacCMATPUBAETCA KAaK CTaHIAPTHBIA METOJ MPOEKTUPOBAHUS U
MOJIyynyia IIMPOKOE IPU3HAHUE CPEAN WHXKEHEPOB M INPOCKTUPOBIIMKOB. M3BECTHBI
NPWIOKEHUS U3 00JaCTH Tele- U PaJIHOCBSA3M, HANIPABICHHbIE HA YCTPAHEHUE BIIMSHHUS
OTpaXeHHbIX TB-curHamoB w paauocurHanoB. IlpemnokeHsl W peann30BaHbI

MMPOTPAMMHBIE AJITOPUTMBI JJIi CETEBOM MapLIPyTU3alMM W PACHO3HABAHHUS pPEYd Ha



OCHOBE HeweTkoW Joruku. B Hacrosmee Bpems B CIIA pa3BepHYTHl CepbE3HBIE
VCCIICOBAHNS IO HEUPO-CETEBBIM TEXHOJOTMAM. Bce 3KCIEpPThl COIIAIIAOTCA C TEM,
YTO KOMOMHALMSI HEMPOHHBIX CETE€H U HEUETKOW JIOTUKH OYJEeT CIEAYIOUIUM CEpbEe3HbIM

IaroM B JAJIBHEUIIIEM IIPOTrPECCE BBICOKUX TEXHOJIOTHM.

Jlume B koHUE 90-X IT. CO CTOPOHBI POCCHUWCKON HAYYHOM DJIUTHI IOSBHIICS
MHTEPEC K UCCIEIOBAHUSAM B 00JIACTH SKOHOMUKH, OM3HEca U (DUHAHCOB, MOCTPOEHHBIM
Ha NPUHLMNAX HEYETKUX MHOXeCTB. HaunHas ¢ 1995 r., Ha pOCCUICKOM pBIHKE CTalu
MOSIBIIATHCS IPOTrPAaMMHBIE IIPOIYKTHI JUIsl IEPCOHAIIBHBIX KOMIIBIOTEPOB, PACCUUTAHHBIC
HA KX MaccoBO€ WHCIONIb30BaHME. VIMEHHO ¢ 3TOro MOMEHTa OOJIBIIMHCTBO
MOBCEIHEBHBIX 3a/1a4, B KOTOPHIX BO3HHKAET HEOOXOAMMOCTh MPUOIMKEHHOTO 3aaHuUs
YCIIOBUIM U, COOTBETCTBEHHO, MOJIYUEHUS CTOJb K€ NPUOIMKEHHBIX PE3yIbTaTOB, CTAJIO
BO3MOKHBIM OBICTPO M C NpUEMIIEMOM TOYHOCTBIO peulaTh, HE MpuoOeras K MOMOIIU
IIPOrpaMMHUCTOB. MaTemMaTH4eCKUI ammapar, MpeIoCTaBIsIOMUNA TaKue BO3MOYKHOCTH,
JETAIBHO OMMUCAHHBIM B CIIELUAIBHON JINTEpAType U B IIOJHOM MEpe pealln30BAHHBIN B
MIPOrpaMMHBIX MAKETaxX, COPSITaH «3a KaJApOM», YTO JENaeT IPOLIECC OCBOEHUS 3TUX

HHCTPYMCHTOB Ooxee AOCTYIIHBIM 1 UHTYUTHBHO ITOHATHBIM IJIA JIFOOOT0 MOJIL30BaTEIIS.

B oxTa6pe 2002 r. cocrosuiack MexayHapoaHas kKoHpepeHuus B MuHCKe, Tne
nenas cekuus Obula TIOCBSIIIEHA HEYETKO-MHOKECTBEHHBIM — HCCIIEIOBAaHUSM B
skoHomuke. C 17 mo 20 wutons 2004 1. B Cankr-lIletepOypre mnpoBoauIach
MEKIYHApO/IHAsl HAyYHO-TIpaKTUdeckas KoH(pepeHuus «Heuerkne MHOXKECTBA U MATKHE
BBIYUCJICHUS B DKOHOMHUKE M (MHAHCAX», Ha KOTOPOH OBLIO MpelcTaBieHO CBbIe 60
JIOKJIaJIOB y4eHbIX Oosee yem u3 20 cTpaH mupa. Pe3ynbrarsl KOH(pepeHInn nokasaiu,
YTO B MHUPOBOM HAyYHOM COOOIIECTBE HAKOIUIEH OrPOMHBIM 3amac 3HaHUW 10
MPUMEHEHUIO HEUETKUX MHOXECTB M MSITKUX BBIUHUCICHUM B JKOHOMUYECKUX H
(¢buHaHCOBBIX 3amadax. OqHAKO CTEMEeHb peaanu3aliy dTUX 3HAHUM HEBEIUKA, MMOCKOJIbKY
B TJa3ax OONBIIMHCTBA JUI, MNPUHUMAIOIMIUX pemieHus o (UHAHCUPOBAHHUH
COOTBETCTBYIOIIMX MPOSKTOB, OHU OBLIN M OCTAIOTCS HEKOTOPOH SK30THKOM. bonee Toro,
B CUJTy OTHOCUTEJIHLHOM HOBU3HBI HAIIPABJICHUS MHOTHE PA0OOTHUKH, OT KOTOPHIX 3aBHUCHUT
Cyab0a COOTBETCTBYIOUIMX MPOEKTOB, HE UMEIOT JaKe CJIad0ro MpeCTaBICHUS O TOM,

YTO TaKOC HCUCTKUC MHOXKCCTBA N MATKHUC BBIYHNCIICHUS.
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bonmpmmm  mocTwkennem s Poccum B 007aCTH HEUETKO-MHOYKECTBEHHOTO
aHAM3a W MOJCIUPOBAHUS MOXKHO CYHMTATh TO, YTO MPOTPaAaMMHBIC TPOIYKTHI,
COJIepIKaIIUe AIEMEHTHl HEYETKOW JIOTUKH, CO3/IJaHHBIE OTEYECTBEHHBIMH YUCHBIMH, yIKE
Havayu nponasathes. Tak, [lencuonnsiit poun PO npruobpen peieHre no onTuMU3auu
donmoBoro moptdens or Siemens Business Services Russia. Hayunyio ocHOBy 3TOrO
pElIeHHs] COCTaBUJIM pa3pabOTKU JOKTOpa sKoHomMudeckux Hayk A.O. Hemocekuna,
SBIISIONIETOCS  TJIaBHBIM  KOHCYJIBTAHTOM U OWM3HEC-aHAJUTHKOM JeTapTaMeHTa

MIPOrpaMMHBIX ITPOEKTOB BBIIIEYKa3aHHOW OPTaHU3ALNH.

CTOUT OTMETUTh POCCUNCKHUX YYEHBIX, BHECIIMX OIrPOMHBIA BKJIaJl B Pa3BUTHE
JAHHOTO HAay4yHOro HampaBiieHusi B nociegnue ronapl: A.O. Hemocekun , A. OBCSHKO,

K.N. Boponos, O.b. Makcumos, I".C. I1aBnos, C.H ®poos.

Baxubpim mns Poccum maroMm B pa3BUTUM JAHHOM HAyKA MOXKHO CYMUTATh
PErucTpaIui0 POCCUMCKOro MPEJACTaBUTENLCTBA B J1a0OPATOPUM MEXKIYHAPOIHBIX
HEYETKO-MHOKECTBEHHBIX uccienoBannii B obmactu skonomukn [FEL Rus (International
Fuzzy Economics Lab) co mTa0-kBapTupoit B MockBe U peructpaiuio jadboparopuen
CBOETO COOCTBEHHOTO IMEYATHOTO W3/IaHUS HAYyYHO-TIPAKTUYECKON HAIMpPaBICHHOCTH -
xKypHana «banku u Pucku». [lepBbiii HoMep xkypHal «baHku U pucku» Bbimena B 2005
rony. XKypHau npocyiiecTBoBaji 3 roga, 0110 BeIMyiieHo 10 HOMepoB.

B mae 2002 roga Uuctutyt [Ipodnem Ympasnenus PAH u komnanus Softline npu
yuactuu komnanuu MathWorks mposenu nepByto oTKkpsiTyi0 Beepoccuiickyio HAy4yHYyO
koHpepeHiuto «lIpoekTupoBaHre HAYUYHBIX U UHXKCHEPHBIX MPUIOKEHUHN B cpefie
MATLAB»Y. Pa6ora KoH(pepeHIHH MPOXOAUIa MO CAEAYIOIINM HapaBJICHUSIM:

« MATLAB - cucremMa HH)XEHEPHBIX U HAYYHBIX PACUETOB,
o IIpumeHeHne MaKkeTOB NPUKIAAHBIX MPOTPAMM JJIsl pEIICHUS IPAKTUUECKUX 3aj1ad,
o MonenupoBaHue U UCCIIEIOBAHUE ATUHAMUYECKUX CUCTEM,
o HelipoHHble ceTH 1 UX NPUIOKEHUS,
o Hmuranmmonnoe moaenupoBanue. Simulink u Stateflow,
« MATLAB B UnTeprere u oOpa3oBaHu.
Bbu10 IpUHATO pelieHre NPOBOAUTH KOH(pepeHIuto perynspHo. Kondbepenius

«ITpoekTupoBaHKE HAYYHBIX U MHKEHEPHBIX NpuioxeHuil B cpeae MATLABY.
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npooawiack B 2004, B 2007, 8 2009 u 2011 r. B HacTosmmiee BpeMsi MPaKTUYECKH
Ka)KJasl Hay4YHas KOH(EpeHLHs 10 MaTeMaTUKe U HH(POPMATUKE UMEET CEKIUIO, Ha
KOTOPOM OCBEIIAOTCS BONPOCHI pa3BUTHS U IPUMEHEHUS HEUETKON MaTEMAaTHKH.
OnHako HEKOTOPBIE COBPEMEHHBIE YUEHBIE J0 CUX ITOP CUUTAKOT TEOPUIO HEYETKOU
JIOTUKY IIaMaHCTBOM M JDKEHAayKoOl, a ee aBTOpOB - OajlaMyTaMd U BO3MYTUTEISMHU

CIIOKOMCTBUAL. ..

KOHTPOJIBHBIE BOITPOCHI:

1 Yro Bl paHbliie cablIany WK YUTAIA O HEUETKOW MaTeMaTuke?

2 Kak cootHOCsTCS MEX Ty cO00# KiTaccuyeckasi M Heu€TKasi MaTeMaThka?

3. B uém npuHIMNManbHOE OTIIMYME HEYETKON MAaTEMaTUKH OT KIACCUYECKON?

4 KaxoBsI chepbl mpumokeHuit HeYETKON MaTEMaTUKH ?

) Kakue CHHOHMMBI UCIIONIB3YIOTCS JUIsl IPUJIAraTeNIbHOIO «HEYETKUI» B KOHTEKCTE
U3y4aeMOU TUCLHUIIIINHBI.

6. Paszpnensere nu Bel MmHeHue bapranamest Kocko, 0 TOM, 4TO «aBa ThICSYEIETUS
Ha3a]l YeJIOBEYECTBO CJ/IeNIal0 POKOBYIO OLIMOKY, 3a7105KMB B (PYH/IAMEHT HAyKU HE
3bIOKYIO MTO3THKY PAHHUX BOCTOYHBIX (PrstocO(uii, a BBIXOJIOMIEHHYIO IBOUYHYIO JIOTHKY
Apucrorensa»?

7. B uém Bbl BUguTE IPUUKUHBI TOTO, YTO HEKOTOPbIE COBPEMEHHBIE YUEHBIE JI0 CHX
[IOp CYUTAIOT HEYETKYI0 MATEMATUKY IAMAaHCTBOM U JDKEHAayKOH, a €€ aBTOPOB -
OamaMyTaMu ¥ BO3MYTUTEISIMH CTIOKOMCTBUS?

8. [Touemy Poccust orcrana oT meperoBbIX CTPaH MUpPa B Pa3BUTHUU U IPHIIOKEHUIX
HEYETKOM MaTeMaTUKU ?

9. B kakux o0nacTsaX JesTeNbHOCTH IPUMEHSFOTCS IPUIIOKEHUS HEUETKON

MaTemaTtuku B Poccun?
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TEMA 2. HEUETKME MHOXXECTBA

Y4eOHble BONIPOCHI:

1.
2.

5
6.
7

8.

OnpeniesieHUE HEUETKOTO MHOYKECTBA.

[IpsiMble ¥ KOCBEHHBIE CIIOCOOBI 3aaHusl (PYHKIIMM MPUHAIIICKHOCTH.

OCHOBHBIE XapaKTEPUCTUKU HEYETKOTO MHOKECTBA: HOCUTEIIb, BBICOTA, S/IPO,
TOYKH NIEPEX0/1a, TPAHULIBI HEYETKOIO MHOKECTBA, MHOKECTBO O-YPOBHS,
OmmKaiiee 4€TKOe MHOKECTBO.

Bunapl QyHKIIMM MPpUHAICKHOCTH: TPEYTOJbHbBIC, TpallelIueBUAHbIE, S-00pa3HbIe
u Z-o0pa3HbIe.

CpaBHEHHE HEUETKUX MHOXKECTB.

Onepanuu HaJ HEYETKUMHU MHOXECTBAMM.

Paccrosinue Mexxay HEUETKMMU MHOKECTBAMM.

MNHnekcel HEUETKOCTH.

N3y4yuB NaHHYI0 TeMy, CTYJAEHT JO0JIKEH:

3HAThb:

1. onpeneneHre HEYETKOTO MHOKECTBA;

CITOCOOBI 3aJaHNUS HEUETKOIO MHOKECTBA,
OMPEICIICHUS XapaKTEPUCTUK HEYETKOTO MHOXKECTBA;
BUJIbI (DYHKITUH TTPUHAIICKHOCTH;

ONpCacCJICHUC PAaBCHCTBA U BKIIFOUCHHUA HEYETKHUX MHOKCCTB,

o 0~ w D

OTpe/IeIeHe MAKCMUHHBIX OTepaluii 00beAMHEHUs, IEPECEUCHHUS, Pa3HOCTH,
CHUMMETPUYECKON Pa3HOCTHU, JIOTIOJTHEHUSI HEUETKUX MHOKECTB;

7. bopMyIbl 7151 ONpeieNICHH s TMHEHHOTO U KBAJIPATUYHOTO PACCTOSTHUSI MEXKIY
MHOXECTBaMU, (hOPMYJIbI OTHOCUTEIBHOTO PACCTOSHUS MEXIY MHOXKECTBAMU;

8. hopMymBI 117151 BEIYUCTICHUSI UHICKCOB HEYETKOCTH.

yMeThb:

1. 3aJaBaTb KOHCYHBIC 1 OCCKOHEYHBIC HEUETKIE MHOJKCCTBA, UCIIOJIB3Y: IIPAMBIC U
KOCBCHHBIC MCTOHI,

2. HaXOIUTh XapaKTEPUCTUKH HEUETKOTO MHOKECTBA,
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3. 3a/aBaTh aHAIUTUYECKH U TpadUuecKy HEYETKHE MHOXKECTBA, XapaKTepH3yeMbIe
pa3IMYHBIMUA BUIAMH (DYHKIIMH PUHAJICKHOCTH;
4. cpaBHMBaTh HEUETKHE MHOKECTBA,
5. YMETh JA0Ka3bIBaTh CBOMCTBA ONEpPALMi HAaJl HEYETKUMU MHOXKECTBAMH;
6. yMeTh HaXOAUTH PACCTOSHUE MEKY MHOKECTBAMU U MH/IEKCHI HEUETKOCTH.
NOHUMATH:
1. cwmblica onepanuii Hai HEYETKUMU MHOXKECTBAMU;
2. CMBICI MOHATUNA PACCTOSIHUE MEXKY MHOKECTBAMH, OTHOCUTENIbHOE
PACCTOSIHME MEX]ly MHOKECTBaMH, MHJIEKC HEUETKOCTH.
MeToanuyeckue peKOMEHIALUH 10 U3YyYeHHIO TeMbl
[Ipu ocBOEHHUU TEMBI HEOOXOUMO:
o U3Yy4UTh y4eOHbIN MaTepuain o teme 2 «Heuérkue MHOXKECTBaY,
o aKLIEHTUPOBAaTh BHUMAaHHUE Ha OCOOCHHOCTH OIpPEEIeHHs] HEUETKOr0O MHOXKECTBA,
€ro OCHOBHBIX XapaKTEPUCTHUK, ONIEpaIHil 10 CPAaBHEHHUIO C COOTBETCTBYIOIIUMU
OIPEACIICHUSIMU J11 OOBIYHBIX MHOKECTB;
® [I0CJI€ U3YYEHHUS KaxKAoro rnaparpada Temsl 2 BbIIOJIHUTh YIPAKHEHNUS;

® OTBETUTHh HAa KOHTPOJIbHBIE BOMPOCHI MOCJE KaXKI0ro naparpada.

§ 2.1 OITPEAEJEHHME 1 OCHOBHBIE XAPAKTEPUCTUKHA
HEYETKOI'O MHOXKECTBA

[Iycte X yHHBEpCaJIbHOE MHOXECTBO (YHHUBEPCYM), TO €CTh MHOXECTBO, W3
AJIEMEHTOB KOTOPOTo 00pa3oBaHBl BCE OCTAIBLHBIE MHOXECTBA, pacCMaTpPHUBAEMbIC B
JaHHOM  Kjacce 3amady, A — moaMHoXecTBO  MHoxkectBa X  (AEX).
Xapaxmepucmuyeckas @yHKyus 00bluHO20 MHONcecméa A — 310 GYHKIUS Ua(X),
3HAYCHHST KOTOPOM YKa3bIBAIOT, SBJISICTCS JIM X € X DAJIEMEHTOM MHOKECTBa A

lxeAd

1 (X) :{0,)6% 4

Oc00EeHHOCTBIO ATOM (QYHKIIUU SIBISIETCA OMHAPHBINA XapaKTep €€ 3HAaUCHUI.
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C Touku 3peHusi XapaKTEepPUCTUYECKOW (YHKIIMU, HEUETKHE MHOXECTBAa €CTh
€CTECTBEHHOE 000011IeHre OOBIYHBIX MHOKECTB, KOTJIa MbI OTKAa3bIBA€MCSl OT OMHAPHOTO
XapakTepa A3TOW (YHKIIMM W TPEArnojaraeM, 49To OHAa MOXKET MPUHUMATH JOOBIC
3HaueHuss Ha otpeske [0,1]. B Teopum HeYeTKHX MHOMKECTB XapaKTEPUCTHUECKas
(YHKIUS HA3BIBACTCH (hyHKYUel NPUHAOIEHCHOCMU, a €€ 3HAUYCHUE UA(X) cmeneHnvio
NPUHAONEHCHOCMU DNIeMeHma X Heuemkomy mMHoxcecmgy A. OyHKIUSA NMPUHAIICKHOCTH
yKa3bIBAET CTEIEHb (WJIM YPOBEHB) MPUHAJICKHOCTH JIEMEHTA X MHOXKECTBY A.

JanuMm cTporoe onpeneneHue He4ETKOro MHOXKECTBA.

Onpenenenue 2.1

[Tycte X — yHUBEpCAIbHOE MHOXKECTBO, MHOXKECTBO A — MOAMHOXECTBO X (A S
X). HedeTkuM MHOXKECTBOM A Ha3bIBAECTCSI COBOKYIMHOCTh YIMOPSIOYEHHBIX Map BUIA:<X,
na(x) >, rme x€X, a pa(x) - GyHKIUS OPUHAMJICKHOCTH, KOTOpask  CTaBUT B
COOTBETCTBHE KAXKJIOMY OJJEMEHTYy X €X HEKOTOpOe JACHCTBUTENIBHOE YHCIO U3
orpe3ka[0,1]. TIpu stoM 3HaueHue pa(x) =1 ans HekoToporo X € X O3HAYaAET, YTO
AJIEMEHT X OMNPEAENEHHO MPUHAMNICKUT HEUETKOMY MHOKECTBY A, a 3HaueHue pa(x) =0
O3HAYaeT, 4YTO DJIEMEHT X OMNpEeNeNEHHO HE MPUHAIJICKHUT HEYETKOMY MHOMXKECTBY A.
Ocranbuble 3HaueHUs QyHKIUU pa(X) u3 uHTepBaia (0,1) o3HayaroT, 4TO JIEMEHT X
MIPUHAJJICKUT MHOKECTBY A B TOW WJIM UHOU CTETICHHU.

Heuérkrue MHOXECTBa, KaKk U OObIYHBIE MHOXKECTBA, OyZieM 0003Ha4YaTh OOJIBIIMMHU
OykBamu jaTuHCKOTO andasura: A, B, C, D,...

YT100HkI 3a7aTh HEUETKOE MHOKECTBO HEOOXOIUMO:

1. 3agaTh yHUBEpCAIbHOE MHOXKECTBO X;
2. 3a1aTh (YHKIHUIO TPUHAUISKHOCTH Ha(X)  KaXIOro sJeMeHTta xe€X
HEYETKOMY MHOXECTBY A.
Ipumep 2.1

Iycte X={a, b, ¢, d, e}, A={<a; 0>,<b; 0,1>,<c; 0,5>, <d;0,9>, <e, 1>}.

Bynem roBopuTh, YTO 3JIEMEHT & HE NPHHAICKUT MHOXKECTBY A, 3JeMeHT b
NPUHAAJCKUT €My B MaJIOM CTENEeHM, DJIEMEHT C Oojee WM MEHee NPUHAIJICHKUT,

sneMeHT d IMPHUHAIJIICIKUT B 3HAYUTEIbHOU CTCIICHU, € SABJIACTCS DJICMCHTOM MHOXKCCTBA

A.
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Ipumep 2.2
[lycts yHuBepcyM X €CTh MHOXKECTBO JACHCTBUTENBbHBIX uHcell (X=R), HeueTkoe
MHOXKECTBO A  0003HA4aeT «MHOXECTBO umcen Ommkux K 10». DyHKIUO

MPUHATICKHOCTH [La(X) MOXKHO 334aTh CIEAYOIIeH popMyIioi:
(%) |
Ha :(1+|x—10| ) ,rme me N (puc.1.1).

[loka3zaTenp cTeneHn m BBHIOMPAETCS B 3aBUCUMOCTH OT CTeNneHu Oiam3ocTH umcen K 10.
Hamnpumep, 1u1s1 onucanus «MHOXKECTBA YKCEN OYeHb OJM3KUX K 10%», MOXKHO MOJIIOKUTH
M=4 (Ha pHUCYHKE COOTBETCTBYIOLIMI Trpaduk n300paxEH MyHKTHUPHON JHMHUEN); NI
«MHOKECTBAa YHUCEN HE O4eHb Jaiekux oT 10», M=1(Ha pUCyHKE COOTBETCTBYIOILIHIA

rpaduk n300pakEH CIUIONTHOMN JIMHUEH).

Puc.2.1 ®yHKIUH IPUHANTIEKHOCTH HEUETKUX MHOXKECTB
«4auciaa oueHs om3kue K 10» u «uncna He oueHb ganékue ot 10».

Ipumep 2. 3

I[Iycte X = {0,1,2,..,10}. HedeTkoe MHOXKECTBO A — «HECKOJBKO» MOXXHO
OTPEJICTUTD CIICTYIONIUM 00pa3oM:
A = {<3;0,5>, <4; 0,8>, <5; 1>, <6; 1>, <7, 0,8>,<8;0,5>}.
Ipumep 2.4

IIyctb X = [1,100] cOOTBETCTBYeT MOHATHIO «BO3pAcT», TOIJa HEUYETKOEC
MHOXXECTBO A «MOJIOAOW», MOXKET OBITh ONpPENeIeHO ¢ TOMOIIBI0 (QYHKIIHH

MPUHAICKHOCTH Ua(X):

1,x e [1,25]

1
(X)) =] ————— x>25

1+(x—525]2’ -
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N3 Bcex HEUETKMX MHOXKECTB BBIICIMM  JBA YaCTHBIX Cllyyas — Hycmoe
MHOHCECBO U YEMKOE MHOMICECMNEO.
Ipumep 2.5

Heuétkoe  MHOXECTBO A Ha3bIBaeTCs IyCTBIM, €CIM  BCE 3JEMEHTBHI 3TOro
MHOKECTBAa MMEIOT 3HAa4YeHHs (DYHKUMU NPUHAAJIEKHOCTH paBHble 0, TO €CTh MyCTOE
MHOXECTBO — 3TO MHOXECTBO HE coaepxamiee 3yemMeHToB. Ilycroe MHOXkeCTBO
0003HayaeTcsi CHMBOJIOM (.

Ipumep 2.6

VYuuBepcym X (4€TKO€ MHOXECTBO) SIBJISETCS YACTHBIM CIlydaeM HEYETKOro
MHOXecTBa. Kaxxplil aieMeHT XEX nMeeT 3HaueHue (PyHKIHMHU NPUHAJICKHOCTH PAaBHOE
1.

OmnumiemM crocoObl 3aJJaHUsl HEYETKUX MHOXKECTB. DYHKITUS PUHAJICKHOCTH A(X)
AJIEMEHTa X HEYETKOMY MHOXECTBY A — 3TO CYOBEKTHMBHAs Mepa TOTO, HACKOJIBKO X
COOTBETCTBYET MOHATUIO, CMBICI KOTOPOTO (PopManu3yeTcsi HEUETKUM MHOMXECTBOM A.
[Ton cyObeKTHBHOM Mepoil MOHMMAETCs OlpejeisieMas OIMpPOCOM 3KCIEPTOB CTENEHb
COOTBETCTBHUSI DJIEMEHTA X MOHATHIO, (POPMATU3YEMOMY HEUETKHM MHOKECTBOM A.

B npuBeneHHBIX BbIIIE IPUMEPAX UCIOJIB30BAHBI NpsMble Menmoobl, KOTAA SKCIEPT
00 MPOCTO 3aJaeT IS KaXAoro x € X 3HadeHue Ua(x), aubo ompenensier QyHKIUIO
NPUHAJUIKHOCTA B BHJE rpaduka win aHanuTHdecku. Kak mpaBuiio, mpsiMble METObI
3ajaHus (QYHKIUU TPHUHAUISKHOCTH HCIONB3YIOTCS AJI U3MEPUMBIX IMOHSITHHA, TaKUX
KaK CKOPOCTb, BPEMsl, paCCTOSHUE, NaBICHUE, TEMIIEpATypa U T.J.

Bo MHorumx 3amauax mpu XapakT€pUCTUKE OOBEKTa MOXKHO BBLACIUTH HAOOp
IIPU3HAKOB U JUISI KAXKJIOI'0 U3 HUX OINPENEIIUTh IOJISIPHbIC 3HAYEHUsI, COOTBETCTBYIOLINE
3HAYEHUSIM byHKIIUN IIPUHAJICKHOCTH 0 U 1.
Ipumep 2.7

Paccmorpum 3amauy pacnosHaBaHus Jidil JiroAed. B tabnuie 2.1 mpeacraBiieHb
IIPU3HAKH [T ONIMCAHMSI JIMIA YEJIOBEKA M COOTBETCTBYIOIINE UM IOJISIPHBIE 3HaYEHUs. B
JAHHOM IIpUMEpPE B KauyeCTBE YHHUBEPCAIBHOTO MHOXKECTBA BBICTYIIAET MHOYKECTBO

npuszHakoB X={x1, x2, X3, x4, X5, X6, X7, X8, X9}. /i1 KOHKpETHOro JHIa A 3KCHepT,
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UCXOJI U3 MPUBEIECHHOMN LIKaJbl, 33JaeT IS KaXKA0ro x €X 3HaueHue Pa(x), hGopMupys

HEYETKOE MHOMXKECTBO:

A={<XLpp(X) >, <X2; pp (%) >0, <X9; 1, (%) >}

Tabmuma 2.1
P pp— NOJIAAPHOE 3HAYeHUue, COOMmEemcmayrujee
MHONCCCTEA npusHax SBHAYEHUIO DYHKYUU NPUHAONEHCHOCTU
X 0 1
X1 BBICOTA JIOA Huzxun [Tupokwnii
X2 npoduiie Hoca KypHocsiit ["opOatbrit
X3 JIUIMHA HOoca Koporkuu JUTMHHBIN
Xa paspes rias VY3kue [Tupoxkue
X5 IIBET TIJ1a3 CaeTiibie TemHbIC
X6 dbopma nmondopoika | OCTpOKOHEUHBIN KBanpaTHsiit
X7 TOJIIIMHA T'YO Tonkue Tomncteie
Xs IIBET JIMIIa Temubii Caetbrit
Xg ouepTaHue Ul OBanpHOE KBanparHoe

[Ipu mpsMBIX METOJaX UCHONB3YIOTCS TAKXKE 2pynnosvie npsmvie mMemoobl, KOra,
HanpuMep, TPYIIe U3 M 3KCHEPTOB HAJ0 PEIIUTh BOMPOC O MPUHAMICHKHOCTH AJIEMEHTa
X € X Heu€TKoMy MHOKeCTBY A. O003HaUUM depe3 Ny YUCIIO SKCIEPTOB, PEIIMBIITUX ITOT
BOIIPOC YTBEPJIUTENIbHO, a 4epe3 Ny — oTpuimarenbHo (Ni+ Ny =m). Torga 3HaueHue

(GyHKUMY PUHAMAJIEKHOCTH JJIs1 AJIEMEHTA X HaXOJUTCA 10 (GopMyIie:

n (2.2)

n, +n,

Hp(X) =

DT0 cxeMa camas IMpocCTas, HO U CaMasid FPY68§I.

Koceennvie memoOv: onpeneieHuss 3HAYEHUH (QYHKIMM PHUHAJIEKHOCTH

HCIIOJB3YHOTCA B ClIydasaX, KOraa HCET JJICMCHTAPHBIX MWM3MCPHUMBIX CBOﬁCTB, qcpe3

KOTOPBIC ONpCACIIACTCA MHTCPCCYIOIICC HAC HCYCTKOC MHOKCCTBO. Kaxk ImpaBujIo, 3TO
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METOJIbl KOIUYECMBEHHbIX NAPHBIX CPAGHEHUll cmenenell npunaonexchocmu. Takas
CXeMa JIOMyCKaeT U OTHOTrO IKCIIepTa.

PesynbraTtom ompoca 3kcriepra siBisiercss Matpunia Mpxq =(a) (1.3), 1, j=1, 2,...n,
r7e N YHCIIO TOYEK, B KOTOPBIX CPAaBHUBAIOTCS 3HAYCHHS CTCIIEHU IPUHAIICKHOCTH.

all al2 al3 .. aln
a2l a22 a23 .. a2n
M:=| a31 a32 a33 .. a3n

anl an2 an3 .. ann (2_3)
Uucimo ajj NOKa3blBAET BO CKOJIBKO pa3, IO MHEHHIO DJKCIIEPTa, CTEIECHb
NPUHAMTIEKHOCTH 11, (X;) Oombmie x,(x;). Ilpu 3TOM 5KCHEPT ONEPUPYET MOHATUSAMH,

MIPEICTaBIICHHBIMU B Tabnwie 2.2.

Tabanma 2.2
Cmoicn cpasnenus p, (X)) u 1, (X;) mij

Ha(X;) paBHA u, (x;)

1, (X;) HEMHOTrO OONBIIE 12, (X;)

1,(%) GorBILE 41, (X))

1, (X;) HaMHOrO GOMbIIE 11, (X;)

1
3
5
1,(X;) 3aMeTHO GombIe ,(X;) 7
9
2

3Ha4YCHUS TTPOMEKYTOUHBIE IO CTEIIEHN MEX/y TIepeurcieHHbIMu | 2, 4, 6, 8

SHCMCHTBI, CUMMCTPUYHBIC OTHOCHUTCJIBHO JuaroHain MaTpulbl, JOJIDKHBI

YAOBJIETBOPSATH TPEOOBAHUIO:
a; j: —. (24)

910 YCJIIOBHEC O3HAYaCT, 4YTO CCJIM CTCIICHb IHNPHUHAIIC)KHOCTHU 3JICMCHTA X B al-j pas

CHUJIBHEC 3JICMCHTA CTCIICHU IMPUHAIJIC)KHOCTHU DJICMCHTA Xj, TO CTCIICHDb IIPUHAJIC)KHOCTHU

1
3JICMCHTA Xj AOJIKHA OBITH B a_ pa3 CWIBHEC CTCIICHU IIPHHAICKHOCTHU JJICMCHTA Xi.
ij

3amaua mocTpoeHus: (PYHKIINN MPUHAIIECKHOCTH CBOJUTCS K HAXO0XKICHUIO COOCTBEHHOTO
BekTopa B maTpuiibl Myx,, COOTBETCTBYIOIIEr0 HAaUOOJIBbIIEMY COOCTBEHHOMY 3HAYEHUIO

MaTpuIbl, TO €CTb BCKTOpPA, KOTOpBIﬁ SABIIACTCA PCIICHUEM YPABHCHUA
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Mpxn *B= B-Amax, (2.5)
I71€ Amax - HanOoOJbIlIee COOCTBEHHOE 3HAUCHHE MATPUIIBI.

Omuimem noctpoeHue BekTopa B. ChHauana HalinéM KOMIOHEHTHI BekTopa B' 1o
dopmyinie 1.6, To ecTh Kaxkaas komroHeHTa D1,b2,....bn BekTtopa B' BhIunciIsercs u3
3JIEMEHTOB COOTBETCTBYIOIIEH CTPOKM MAaTpULbl Mpxn KaKk CpeIHEe T'€OMETPUUYECKOE
3JIEMEHTOB CTPOKHM MATPHIIbI: TI0 NIEPBOI CTPOKE MATPHUIIBI HAXOAUTCS KOMIIOHEHTa D1, mo

BTOPO# CTPOKE HAXOAUTCS KOMITOHEeHTa D2 ,..., 0 N cTpoke HaXxoauM KOMIOHEHTY bn.

bi=Vail - ai2 - - ain, rae i=1,...,n (2.6)

3arem Bektop B'={bl,b2,....bn} nHopmammsyercs mo dopmyne 2.7. [ns sToro
BBIYMCIIAETCS CyMMa KOMITOHGHT BeKTOpa ),;—, bi.3areM Kaxmas KOMIIOHEHTa
bl,b2,....on nenwrcs Ha HaligeHHyr cymmy. Takum oOpa3zom, moiydaeM BeKTop B

Martpuubl M:

(b1 b2 bn
B‘{zz;lbi'z%;lm’""z&lbi} 2.7)

KomnonenTtsl BekTOpa B ¥ ecTh HUCKOMble 3HaueHUs (YHKIUU NOPUHAMJICKHOCTH
AJIEMEHTOB HEUETKOTO MHOXKECTBA.
Ipumep 2.8
[Tycts Ha MHOXKecTBe X={x1,x2,x3} 3amano HeuéTkoe oTHOmIeHne A. B pesynbrare
omnpoca 3KCIEPTOB MOCTPOCHA MaTpHUILla TAPHBIX CpaBHEHUN M:
1 01 0.7
M=109 1 0.2
03 04 1

1) Haiiném kommnoHeHTHI BekTopa B' mo hopmyie 2.6:

b1=V1-0.1-0.7=0.000343; b2=3/0.9 - 1 - 0.2=0.562642;
b3=3/0.3 - 0.4 - 0.2=0.288449. B'={0.000343, 0.562642, 0.288449}.

2) Hopmanuzyem Bektop B' mo ¢popmyse 2.7:
b1+b2+b3= 0.851434; B={0, 0.66, 0.34}.
Takum 00pa3oM HEUETKOE MHOXKECTBO A UMEET BUI:

A={<x1;0>, <x2; 0.66>, <x3; 0.34>}.
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Paccmompum  ocobennocmu  nocmpoenue  ymkyuu  npuUHAONEHCHOCMU — HA

HenpepviHOM MHodcecmee. BbiOOp BUa (PYHKIIMM MPUHALJIEKHOCTH U €€ MapamMeTpoB

orpezensercss B OONbIeH CTENEeHU OMBITOM W MHTYWUIUEH 3KcmepToB. B Tabmuie 2.3

MpPUBEACHBI HEKOTOpPBIE TpocTerIe GyHKIUU, KOTOPhIE MOYXKHO MPEIIOKUTH IKCIEPTY

TSt 3a7aHusT QYHKIIAW TPUHAIICKHOCTH MHOYKECTBA A «CPEIHSIS BETUIHHAY.

Tabanma 2.3
" [D__—:c <x<—a
] nxl= dl-a<x<a
|_D_.r2 < X oo
- a X
K=1
[0 < x =
g | —wm X ]
uey=1° -
| T0=x <o,
X
[0— < x £ —ay
I_" F s )
L 2z —dy S X%
ue =/ @ -
l—aj=sx=a
» =3 _
- 0 @ e x m_q.-'a]ﬁx{‘r
u
1 1
Wx) = 5 1
) P
o X

B Tabnune 2.4 mpuBeaeHbI HEKOTOpBIE MpoCTeHue (QYHKIHUH, KOTOPHIE MOKHO

MPEMJIOKATh OKCHEPTy M 3amaHus (DYHKIIMU TPUHAIICSKHOCTH MHOXKECTBA A
«0O0JIBIIIAs BEIMYUHAY).

Tabmauma 2.4

u [li—oo < x < —a
1 T+ .
) ———L 0, < x<-a
=] dy — h °
wixy = dl—ax =
al? al 0 al a2 x 274 g 2x<a,
fy — iy
Lay 2x<m
M= = x =&
[
1 -1—1',:i.1:| ] _\_+ﬂ—£“l_
|2 27 b-a” : -
i—'p_ =-a
Wx)={-a=x=a
B o-a 0 5
£ T U a o x l_l,m m [.\._ﬂ_ﬁ‘l.
|27 27 b-a” 2 -
aZx=h
bex«w
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B psne caydaeB uccienoBaTenb MOXKET 3a7aTh CAMOCTOSATEILHO (DYHKITUIO, UCXO/S
W3 JIMYHOTO OmbIiTa. B 0Ooyiee CIOXKHBIX W OTBETCTBEHHBIX CIydasX 3ajlaHue (YyHKIIUU
MPUHAICKHOCTA HEUETKMX MHOXECTB BBINOJIHACTCA C MPUBJICUCHUEM TPYIIIIbI
AKCIIEPTOB C MOCeayIoNed 00paboTKOM X OIEHOK.

BBeném onpeneneHust 0CHO8HbIX XapaKkmepucmuk He4eémrKux MHOMICECma.
[TycTh A - HEYETKOE MHOXKECTBO C DJIEMEHTaMU U3 YHUBEPCATILHOI0 MHOXKeCTBa X.
Onpenenenue 2.2

Bennunna h= sup 4, (X) HasbIBaeTcs 6bicomoil Heuemrko20 MHodcecmea A.

xeX

Onpenenenue 2.3

HedeTkoe MHOXKECTBO A HOpMabHO, €CTH €r0 BbICOTA paBHA 1, T.e. Sup u,(X) =1.

xeX

Onpenenenne 2.4

Ecau sup ,uA(X) < 1, To HEUETKOE MHOKECTBO Ha3bIBACTCS cy6H0pMaﬂbe1M.
xeX

Henycroe cyOHOpManbHOE MHOXECTBO MOKHO HOPMaJIM30BaTh 10 (GOpMyIie:

Onpenenenue 2.5

Heuerkoe MHOXKECTBO A YyHUMOOAIbHO, €CITH UA(X)=] TOJBKO Ha OJTHOM DJIEMEHTE X
€X. OTOT 3JIEMEHT X Ha3bIBalOT MOJAJIbHBIM 3HAYEHUEM WM MOJOW HEYETKOro
MHOXECTBA.
Onpenenenue 2.6

Hocumenem mneuemxoco mmooicecmeéa A sBIETCS OOBIYHOE TOAMHOXKECTBO A,
MHOXeCTBa X, KOTOPOE COAEPKUT T€ U TOJIBKO T€ JIEMEHThI X, JJISI KOTOPBIX 3HAUYCHHUS
GYHKIMM TIPUHAISKHOCTH HEYETKOro MHOxectBa A He paBHbl 0, T.e. As={X| X€X,
ua(x)>0}.
Onpenenenue 2.7

Heuérkoe MHOXECTBO Ha3bIBACTCS KOHEYHbIM, €CIM €ro HOCHUTEIh KOHEUHOE

MHOeCTBO. B IIPOTHUBHOM CJIY4a€ MHOXXCCTBO HA3bIBACTCS OecKoHeuHbIM.
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Onpenenenue 2.8

MnuoxectBO Ta, cocrosimee u3 3JeMEHTOB X €X , I KOTOPBIX Ha(X) =0.5
Ha3BIBAIOTCS MOUKAMU Nepexo0a HeuémKo2o MHoxcecmea A, m.e.
TA:{Xl xeX ﬂA(X):0.5}.
Onpenenenue 2.9

Fpammcmu GA HeuémKo20 MHodcecmed A Ha3bIBAIOTCS TaKHWE DJIEMEHTHI

yHHBepcyMa X, ISl KOTOPBIX 3HaueHHsT (DYHKIIUH TPHHAIICKHOCTH A ) ormansr ot 0
1 1, T.e. Ga={xfxe X,0< Ha(X) <1}

Onpenenenne 2.10

AHopom neuémroco mnodxcecmea A Ha3bIBAIOT OOBIYHOEC MHOXECTBO Aj, JIEMEHTHI
KOTOPOTO Y/IOBIETBOPSIOT yeinoBuio: A1 ={xx € X |ua(x)=1}.
Onpenenenune 2.11

Mnooicecmeom yposns a(a- cpesom) Heuemrxoco mHOMCecmeéa A Ha3bIBaeTCA
YETKOE TIOJIMHOKECTBO YHHBEPCATLHOTO MHOXeECTBa X, ompeaenseMoe mo dhopmyie A,

={xx e X [ua(x)=a} , rae a [01].
Mnooicecmeo cmpozozo a - ypoens onpenensiercs B Bune A, ={x[x € X |ua(x)>a}. B

JaCTHOCTH, HOCUTEIIEM HEYETKOTO MHOXKECTBA A SBIISIETCSI MHOXKECTBO DJIEMEHTOB, IS
KOTOpBIX pa(X)>0.
Onpenesienne 2.12

Yemkoe muoocecmeo A', brudxcaiiuiee K He4uemKomy MHodxcecmsy A, COCTOUT U3 TE€X
AJIEMEHTOB YHHBEPCYMA, ISl KOTOPBIX 3HaUYCHUS (QYHKIIUU MPUHAIISKHOCTH Pa(X)>0.5,
a DJIEMEHTHI, Y KOTOPBIX Ua(X)=0.5 MOryT nmpuHaaiIekaTh WIKM MOTYT HE MPUHAJICKATD

MHOXECTBY A" TO €CTb XapaKTepUCTHUEeCKass (PyHKIMS MHOMKECTBA A’ OIpENessieTcs

CIIeYIOIHIM 00pa3oMm:

0,ecnu pA(x) < 0.5
Uax(X)= 1, ecau pA(x) > 0.5
0 miu 1, ecau pA(x) = 0.5
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Ipumep 2.9

a. Haiiném XxapakTepUCTUKH HEYETKOIO MHOKECTBA U3 pUMepa 3:

gvicoma MHOKecTBa h=1;
—  MHOJHCeCme80 HOPMAJIbHO;

— MHOXECTBO He S61emcsl YHUMOOAIbHbIM,
— nocumenv A,={3, 4,5, 6,7, 8};

— mouku nepexooa Ta ={3, 8};
— epanuyvt Ga={3, 4,7, 8}; A1 ={5, 6};
— MHOKECTBO KOHEYHOE.
b. Haiiném muO)ecTBO ypoBHS 0,6 (2=0,6): Ao ={4, 5, 6, 7}.
Cc. Haiiném uétkoe MHOKECTBO A*, Ommkaiiiiee k A: A'= {4, 5, 6, 7}.
3aMeTuM, U4TO B KauecTBe A" MOXHO B3sATh MHOXecTBO A = {3, 4,5, 6, 7, 8}.
YIIPA’KHEHUSA
1. 3anaiite ciaeayromue HEYETKHE MHOXKECTBA!
a) «onucanue 1uYa 3HAKOMOo20 YeloseKay, ucnoavsys maoauyy 2.1 (npumep 2.7);
b) «oeticmeumenvnvle uucna, npubnudxcénno pasuvie 0» na ynusepcyme
X={-2,-1,0,1,2}, ucnonwsys memoo koauuecmeeHHbIX NAPHLIX CPABHEHUL (MaAdIUYA
1.2)
C) «CpeoHsist CKOPOCMb A8MOMOOUTISLY,
d) «eopsiuuti nanumoky,

) «BbICOKULL YPOBEHb D0X0008).

2. Haiinute 0OCHOBHBIE XapaKTEPUCTUKU MHOKECTB U3 YIpPaKHEHHS 1.
3. [IpuBenuTe 5 npuMepoB HEUETKUX MHOKECTB, 00JIaIAI0IIHNX CIIETYIOUIUMU
XapaKTEPUCTUKAMU

a) A1 cybnopmanvho,

b) A, ynumooanvno u beckoneuno;

C) A3z He coOdepoicum mouek nepexood u HOPpMAaIbHOe;
d) Asxoneuno u ne cooepoicum s10po;

) As OeckoHeuHO U He COOepHCUM SPAHUYbL.
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4. Jlns Kaxaoro He4€TKOro MHOXKECTBA U3 YIIPaXKHEHUs | MOCTpONTE MHOXKECTBA
ypoBas 0,4.
5. s xaxxaoro HEYETKOT0 MHOKECTBA U3 YIPaKHEHHsI | mocTpoiiTe Onmmxaiiiiee
YETKOE MHOXECTBO.
KOHTPOJIBHBIE BOITPOCHI:
1. B uém npuHIMNMAIbHAS pa3HUIA MEXAY OOBIYHBIM MHOXECTBOM U
HEYETKUM MHOKECTBOM?
2.  MoxHO ¥ 3a1aTh OOBIMHOE MHOKECTBO KaK HEUETKOE?
3. B uém pazHuia Mmexay onvcaHueM KOHEYHOT0 U OECKOHEYHOr0 HEUETKOTrO
MHOXECTBA?
4. Kakue XapakTepUCTUKH HEYETKUX MHOKECTB UMEIOT CMBICIT JIsl OOBIYHBIX

MHOkeCTB? OTBET apryMeHTUPYUTE.

§ 2.2 BUJIbl ® YHKIIU NPUHA JJIEXKHOCTH
QopMaIbHOE OIIPEACICHUE HEYETKOIO MHOXKECTBA HE HAKIAAbIBAET HUKAKUX

OFpaHWYEHUM Ha BBIOOP KOHKPETHOM (YHKIMM TNPUHAAJIEKHOCTH IS €ro
npenacrabienus. OJIHAKO Ha MpakTHKE YJOOHO HCIOJIb30BaTh T€ M3 HUX, KOTOPHIE
NPEACTABISAIOT  AHAJIUTUYECKOE IIPEICTAaBICHUE B  BUJIE HEKOTOPOM  IIPOCTOM
MaTeMaTU4YECKOU GyHKUIHU. Paccmorpum KYCOYHO-JIMHEHHbIE byHKUIMAN
NPUHAAJIEKHOCTH. B KauecTBe yHHBEpcyMa BbIOEpEM MHOMKECTBO JAEHCTBUTEIIBHBIX
gucen (X=R).

Tpeyeonvras @yHKkyus TPUHAIIICKHOCTH B OOLIEM cllydae MOXET OBITh 3aJaHa
AHAIUNTUYECKUM BBIPAKCHUEM:

( 0,eciux<a
XxX—a
T, recua <x<b
fA(x;a,b,c) =1 /[~ : (2.8)
L_ ,ecemub <x<c
c-b
0,ecruc <x
rae a, D, C — HEKOTOpbIE YHCIOBBIC MMApPaMeTPhl, MPUHUMAOIIKAE IPOU3BOJIbHBIC

JeWCTBUTEIbHBIC 3HAUCHHS U YIIOPSA0OYCHBI OTHOIIEHHEM: a < b < c.
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Puc.2.2 I'paduiku GyHKINIH MPUHAICKHOCTH TPEYrobHOM (a), TpanenueBuaHou (b)

[TapameTpsl a ¥ C XapaKTepU3yIOT OCHOBAaHUE TPEYrojbHHKa, a Tapamerp b — ero
BepIMHY. OJTa (QYHKIUS TPUHAUIOKHOCTH TOPOKIACT HOPMAJIBLHOE BBIMYKIIOE
YHUMOJIAJIbHOE HEYETKOE MHOXKECTBO C HOCHTEJIEM — HHTEpBajIoM (a,C), TpaHUIlaMHU
(a,c)\{b}, sapom {b} u momoii b.

Tpaneyuesuonas ynxkyus npurnaoiexrcHocmu B o0IIEM Cllydae MOXKET ObITh 3a/1aHa

CIICAYIOUM aHAJIUTUICCKHUM BBIPAKCHUCM:

( 0,ecrux < a
—-a
— jecoua<x<b>b

(2.9)

Qo R
% Q

fm(x;a,b,c,d) = 4
I —c
k 0,ecrud < x

,ecuc < x<d

QU

rae a, b, ¢, d — HekoTophie YHCIOBBIE MapaMeTphbl, MPUHUMAIONINE MPOU3BOIHHBIC
JICUCTBUTENBHBIC 3HAUCHUS U YIIOPSIOYEHBI OTHOIIeHneM: a < b < ¢ < d.

[Tapamerpsl a 1 d XapakTepu3yrOT HIKHEE OCHOBAHME Tparlelldu, a mapameTpbl b u ¢
BEpXHEE OCHOBAaHUE Tparnenuu. Jta QyHKIU NPUHAIICKHOCTH TTOPOKIAET HOPMAIBLHOE
BBINYKJIOE HEYETKOE MHOXKECTBO C HOCHTElIeM — uHTepBajioM (a,d), rpaHumaMu
(a,b)u(c,d) u sapom [b, c].

OTi QYHKIMH HCHOJB3YIOTCS ISl 3aJlaHusl TaKMX CBOMCTB MHOKECTB, KOTOPBIE
XapaKTEPU3yIOTCS HEONPENeIEHHOCTbIO THMA: «IPUOIU3UTEIBLHO PABHOY», «CpEAHEe
3HAUEHUE», «PACIIOJIONKEH B MHTEPBAIIEY», «I1OJOOCH OOBEKTY», «IIOX0X Ha MPEAMET» U
np. OHHM TakKe CIIy)KaT ISl IPEACTaBJICHUS HEYETKUX YKMCEN U UHTEPBAJIOB, KOTOPHIC

OyAyT pacCMOTpPEHBI HUXKE.
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Z-obpasHvle u S-0opaszHvle yHKyuy TPUHATISKHOCTH TAK)KE IMOTYIUIH CBOE

Ha3BaHHC 110 BUAY KPHUBBIX, KOTOPBIC IPECACTABIISAIOT UX Fpa(i)I/IKI/I.

Puc.2.3 I'paduku nmuneitHO#M Z-00pa3Hoii (a) u S-odpasznoii (b) pynkumit
NPUHATISKHOCTH.

[lepBas u3 QyHKIUI 3TOW TPYNIBI HA3BIBACTCSH Z-00pa3HOU KPUBOU WU CHIALUH-
QyHKyueti U B OOIIEM Ciy4ae aHAJUTUYECKH MOXKET OBITh 3aJaHa CIEIYIOIUM
BBIPAKECHUEM

1,eciux <a
fz(x;a,b) ={7=,ecua < x <b, (2.10)
0, b<x

rie & U b — HEeKOTOpbIC YHUCIIOBBIE HapaMeTpPhl, NPUHUMAIONIUE POU3BOJIBHBIC
JCUCTBUTENBHBIC 3HAYCHUS W yHOpsAodeHHble oTHomeHneMm a< b. ['paduk srtoit
(GYHKIUH 11 HEKOTOPOT0 HEUETKOro MHOXKECTBa A M300pakéH Ha pucyHke 2.3 ().

Jluneitnpie Z-o0pa3zHble (QYHKIIMU MCHONB3YIOTCS JJIS TPEICTABICHUS TaKHX
HEUYETKUX MHOXKECTB, KOTOPBIE XapaKTEPU3YIOTCS HEOMPEACIEHHOCThIO THUIA «HU3KOE
KaueCTBO», «HE3HAUMUTENIbHAs BEJIUYMHAY», «HU3KUW YpPOBEHb JOXOJOB WIH IIEH»,
«HM3Kasi IPOIICHTHAS CTaBKay.

Bropas u3 stux ¢yHkuuii B 00mieM ciaydae MOXET ObITh 3a/laHa aHaJTUTHYECKU
CJIEIYIOIINM BBIPAKEHUEM:

0,eciux <a
fs(x;a,b) = g,emua <x<b, (2.11)
1, b<x

27



rie & U b — HEeKOTOpbIC YHUCIIOBBIE MapaMeTpPbl, MPUHUMAIONIUE POU3BOJIBHBIC
JCUCTBUTENBHBIC 3HAYEHUS W YIOPSIOYCHHBbIC OTHOmIeHWeM: a< b. I'paduk sToi
GYHKIUH 711 HEKOTOPOI'o HEUETKOro MHOXKeCTBa A m300pakén Ha pucynke 2.4 (b).

JlanHbie (YHKITUY TPUHAJJICKHOCTH TTOPOKIAIOT HOPMAJIbHBIC BBHIMTYKJIbIC HEUETKHE
MHOJKECTBA C rpaHuIiaMu (a,b).

Jluneitapie S-oOpa3Hbie (YHKIMA HWCIONB3YIOTCS IS TMPEACTABICHHUS TaKUX
HEUYETKUX MHOYKECTB, KOTOPBIE XapaKTEPU3YIOTCS HEOMPEACTEHHOCTHIO TUIA «OTIMYHOE
Ka4eCTBOY», «3HAYMTEIIbHASI BEIMYMHAY», «BBICOKAN YPOBEHBb JI0XOJOB U LIEH», «BBICOKAs

HOpMa HpI/I6I)IJ'II/I», «BBICOKOC Ka4YCCTBO YCIIYI'».

YIHPAXKHEHUS
1. 3anaiiTe HeUETKME MHOXKECTBA, XapaKTEPU3YIOIINECS HEONPEeAeTIEHHOCTHIO THIIA:
a) «omauuHOe Kauecmaeoy,
b) «evicoxuil yposenvb 00x0008 u yeny,
C) «8blCOKAsL HOPMA NPUOBLLILY,
d) «npubruzumenvho pasno,
) «pacnonodicen 6 uHmepsaiey,
f)  «nuskoe kauecmeoy,
Q) «He3HauUmMenbHAasl BeNUYUHAY
h) «snauumenvnas senuyunay,
1) «cpednutl yposensb 00X0006 U YeHy.
3anaiite popmynbl GyHKIUN TPUHAAJIEKHOCTH, IIOCTPOUTE TpaduKy.
2. Haiinnre OCHOBHBIE XapaKTEPUCTHKU MHOXECTB, IOCTPOCHHBIX B YIPaKHEHUH 1.
KOHTPOJIBHBIE BOITPOCHI
1. Kak u3amMeHuTbCst GopMyIibl U TpaUKu KyCOUHO-ITMHEUHBIX (QYHKINN
MPUHAJIEKHOCTH, €CIIM UX pacCMaTpUBaTh Ha MHOKecTBe N HaTypalbHBIX YuCen?
Ha MHOXecTBe Z 1enbix yucen?
2. K kakoMy BuAy NpUHAIIEKUT rpaduk GyHKIUU NPUHAAIECKHOCTH YHUBEpCYyMa?

ITycToro MmHoxectBa?
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3. IlpuBenurte mpuMepsl HEYETKOTO MHOKECTBA, (DYHKIIUH MIPUHAITICKHOCTH
KOTOPBIX HE OTHOCATCSI K TPEYTOJIbHBIM, TPANCIIMEBUIHBIM, S-00pa3HbIM U Z-

o0pa3HbIM (QYHKIUSM MPUHAIC)KHOCTH.

§2.3 CPABHEHUE HEUETKUX MHOKECTB, OIIEPALIMY HAJT
HEYETKUMU MHOXECTBAMMU
To wmm uHOe HEYETKOE MHOXKECTBO sBIseTcd O00O0OIIEHHEM KJIaCCHYECKOro

MHOXKecTBa. [loaToMy nr060€e ompeneneHrne TOM WM MHOW Olepaluy HaJ HeYETKUMU
MHOXXECTBAMHU JOJDKHO OBITh CHpPaBEIIMBO M B TOM CJydae, KOTJa 9TH OMepaluu
MIPUMEHSIOTCS] K OOBIYHBIM MHOXKECTBAM.

CpaBHEHUE HEUETKUX MHOKECTB WJIM BBIMIOJHEHHE HAJlI HUMH OIEepalfii BO3MOXHO
TOJIBKO B TOM CJIy4ae, KOrJla 3TH HEUETKME MHOKECTBA ONPEAECIEHbI HA OJTHOM U TOM K€
yHUBepcyme X.

[Tycts HeuéTkne MHOXKecTBa A U B 3aganbl Ha yHuBepcyme X.

Onpenenenne 2.13

I'oBopsT, umo A codepacumcs 6 B, ecnu 11 BCeX 3JEMEHTOB X € X BBINOIHAETCS
yenoue: Aa(X)=#s(X) OGosmauemme: A < B. HHorza HCIONIB3YIOT TEPMHH
«O0omMuHuposanuey, T.€. B ciaydae, korga A < B, rosopsr, yto B nomunupyer A.
Onpenenenue 2.14

A u B pasnui, ecim  1ns BceX DJIEMEHTOB X € X  BBINOJHACTCS YCJIOBUE:
1, (X) = 5 (x) . OO03HAUEHHE: A = B.

[Tycts Heuérkue MHOXKeCTBa A 1 B 3aganbl Ha yHuBepcyme X.

Onpenenenne 2.15

MHOXECTBO A SABISETCA 0ONOAHEHUeM MHOXKECTBA A, €Ciau Ul BCEX DIEMEHTOB
X € X BBITIOJIHSIETCS YCIIOBUE: M3 (X)=1-u,(X).
Onpenenenne 2.16

Obveounenuem neuémrkux mmoxcecmeé A n B HaspIBaeTcsi HEYETKOE MHOMKECTBO
AU B, QyHKIHS IPUHAUIEKHOCTH KOTOPOTO UMEET BUIL: 11, 5 (X) = max{z, (X), 125 (X)}

(maxcmunnoe obwveounenue).
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Onpenenenue 2.17

HepeceqeﬂueM Heuémkux muoxcecme A u B Ha3pIBaeTCsd HEUETKOE MHOXKECTBO

ANB, GQYHKIUS TNPUHAUIEKHOCTH KOTOPOIO MMEET BHI: 1, . (X) = min{z, (X), 1 (X)}

(MaxkcmMuHHOe nepeceuenue).

IMpumep 2.10

[Iycte HeueTkne MHOXkECTBA A: «OT 5 10 8» U B: «okono 4» , 3a1aHHBI CBOUMU

(GYHKITUSMY TIPUHAIICKHOCTH HA MHOXKECTBE JICHCTBUTENBHBIX rcen R (puc.2.4).

7z K,

A

0 5 8 T 0 4 T
Puc. 2.4

Torz[a, HCIIOJIb3YysT MAKCHMMHUHHBIC OIlCpalu IMCPECCUHCHUA U O6T)€I[I/IHGHI/I$I u

OIICpanurro A0IMOJIHCHUA, MbI IIOJTYYUM MHOXKCCTBA, I/I306pa)KeHHBIe Ha pI/IC25

B oo i
1 A J.——jlx 1 1‘_Y_ —— }{—
:"l A i1 . [ 7  — N \ -
0 45 8 T 0 45 8 = 0 5 8 T
Puc.2.5

Onpenenenue 2.13

Pasnocmoeio HEYETKUX MHOXKECTB A UM B HasbiBaercss HeuéTkoe MHO)KecTBO A\B,

(QYHKIMS MPUHAUIEKHOCTH KOTOPOTO UMEET BUI: £, ,(X) = min{ s, (X).1— 15 (X) }.

Onpenenenue 2.14

Cummempuyeckou pasHocmvplo HEUETKUX MHOXKECTB A M B Ha3bIBaeTcs HEU€TKOE

MHOXXecTBO A AB,  dyHKuMS  NOpUHAVIEKHOCTH  KOTOPOrO  MMEET  BUJ:

Feans (X) = max{min {2, ()1 — s () s Min{l— 125 (%), 2, ()} }-
PaccMmoTpuM cBOICTBa MAaKCMHHHBIX ONepaluii 00beIMHEHUS U TIEPECEUECHHUS.

I[Iycts A, B, C Heuerkue MHOXKECTBAa 3aJaHHbl Ha yHUBepcyme X. Toraa

BBITOJIHSIOTCS CIIEYIOIINE CBOMCTRA:
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AuUB=BUA
ANB=BAA KOMMYMAamueHOCMb ONIEpaIil O0bETMHEHUS U TIEPECCUCHUS;
NB=Bn

(AnB)nC=AN(BNC)

accoyuamueHoOCm ornepauun 00bEUHEHUS 1
Au(BuC):(AuB)uC} 4 batt A
IIEpECEYECHNS,

AUA=A
AnAz A UOeMNOMEHMHOCMb  Ollepalluii OOBEAUHEHUs] W TepeceueHus (s
M =

I'PaHUYHBIX onepauﬂﬁ HC BI)IHOJ'IHHGTCH);

(AUB)NC =(ANC)U(BNC) 5 5 )
AU(BNC)=(AUB)N(AUC) ucmpuOymusHocms ~ ONEPAllUM  ICPECCYCHUS

OTHOCHUTEIIbHO OO0BEAMHEHUS] U OOBEAUHEHUS] OTHOCUTENIbHO MepeceueHus (s
IPAHUYHBIX OTNEPAIUN HE BBIOTHSAETCS).
AU(ANB)=AN(AUB)=A - no2ioujenue OJHOTO U3 HEUETKUX MHOXKECTB IPHU
orepanusx oObeIUHEHUS U TIepeCceUCHUS.
AUO=A; ANOD=0; AUX=X; ANX=A — YHUGepcaibHas BepXHAL U HUIICHAA

2paHuybl oNepanyii O0bETUHECHHSI M TIEPECEUCHUSI.
A= A- 060UHOE 00NnoNHeHUe HEYETKOTO MHOKECTBA.

ANB=AUB

___ _  _} 3aKOHbI Oe Mopeaﬂa
AuB=AnNB

Oco0eHHOCTh paccMaTpUBAEMBbIX OIepaIuii HaJl HEUETKIMHU MHOKECTBAMHU COCTOHT

B TOM, 4YTO JJd HHX HC BBIIIOJIHAIOTCA 3aKOH HCKJIFOYEHHOT' O TPCTHCIO M 3aKOH

TOXIECTBA, TO €CTh B OOIIEM CTydae HMEIOT MecTo HepaBeHcTBa: AUA # X, AN A # Q.

PaccmoTpenHbie ornepanuu HaJ HEYETKUMH MHOXXECTBAMU TMOJIYYWIM HauOoJbIIIee

PacipoCTPpaHCHUC IIPU PCIICHHUH IIPAKTHYCCKHUX 3aJad HEYETKOI O MOACIUPOBAHUA, TAK

KaK 3TH OIICpalnu HauOoJIee EeCTECTBCHHBI I UHTYUTUBHOI'O IIPCACTABIICHUA

HCOHpC,ZleJIéHHOCTI/I, CBSI3aHHOW C HCIIOJIb30BAHUEM COOTBCTCTBYIOIIUM HM JIOTHYCCKHUX

CBSI30K «H», «UIN», «HEe» (CM. Tabj.2.5), a TaKKe YJOBIECTBOPSIOT CBOMCTBaM 1-8, uTO B

MaKCUMaJIbHOW CTENEHU MNPUONIMKAET CTPYKTYpY HEUYETKUX MHOXECTB K OyieBoit

anreope.
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Tabmuna 2.5

Onepayus Ceoticmea HeYemKUX MHONCECM8, NOJYYEHHBIX 8 Pe3Vibmame
onepayuti
AUB=C DneMeHThl HeUETKOro MHOXKecTBa C 001a1af0T CBOMCTBAMU

AIIEMEHTOB HEYETKOI0 MHOKECTBA A WJIM CBOMCTBAMHU DJIEMEHTOB
HEYETKOr0 MHOXKECTBa B.

ANB=]] DJIeMEHTHI HEUETKOro MHOXKecTBa J| 001a7at0T CBOMCTBAMHU
DJIEMEHTOB HEUETKOI'0 MHOYKECTBA A M CBOMCTBAMHU DJIEMEHTOB
HEe4YETKOro MHO>KecTBa B.

DNEMEHTBI HEYETKOr0 MHOKECTBA

A
A He 00J1a1af0T CBOMCTBAMHM 3JIEMEHTOB HEUETKOTO0 MHOXKECTBA A.

A\B=F DneMeHThl HeUETKOr0 MHOXKECTBa F 0051aatoT cBOMCTBAMH
9JIEMEHTOB HEUETKOI'O MHOKECTBA A, HO He 00J1aJal0T CBOMCTBaMU
9JIEMEHTOB HEUETKOI0 MHOXKECTBa B.

AAB=G DieMeHTHI HeU€TKOro MHOKecTBa G 00J1a/1a10T CBOMCTBAMHU

3JIEMEHTOB HEYETKOrO0 MHOXKECTBA A, HO He 00/1a1al0T CBOMCTBAMU
2JIEMEHTOB HEYETKOrO0 MHOXKECTBA B My 001a1ar0T cBOMCTBaAMU
9JIEMEHTOB HEUYETKOro MHOKeCTBa B, HO He 00J1a/1a10T CBOMCTBAMH
3JIEMEHTOB HEYETKOIO0 MHOXKECTBA A.

MakcMUHHBIE Omepaluu OOBEAUHEHHS] U TIepeceYeHUs HEYETKUX MHOXKECTB HeE
SBJISIIOTCSL €IMHCTBEHHBIMU. PaccMoTpuM anbTepHATUBHBIC OINEpalMM TEepeceyeHus U
00bETMHEHHUS.

Onpenenenne 2.15

Aneebpauueckum oboveouHenuem HEIETKUX MHOXKECTB A u B Ha3zbIBaeTcs HEUETKOE
MHOXXecTBO D=A+B, 3amannoe Ha ToM ke yHUBepcyMe X, (PYHKIMS MPUHAICKHOCTH
KOTOPOTO UMEET BUJL: 11, (X) = 12, (X) + a1 (X) — 22, (X) 225 (X) -

Onpenenenne 2.16

Aneebpauueckum nepeceuenHuem HEUETKUX MHOKECTB A M B Ha3bpiBaeTcs HeuéTKOE
MHOkecTBo C=A‘B, 3ajaHHOe Ha TOM € yHUBepcyMe X, (PYHKIIMS MPUHAIICKHOCTH
KOTOPOTO UMEET BUM: K. (X) = 14, (X) 145 (X)

Ipumep 2.17
ITycth Ha yHuBepcyme X={1, 2, 3,4, 5, 6, 7, 8, 9} 3amanbl HeUETKNE MHOXKEeCTBa A

u B: A - «aebonbiioe HarypansHOe unciaon, A={<l1, 1>,<2, 1>, <3, 0.9>,
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<4, 0.8>, <5, 0.6>, <6, 0.5>, <7, 0.4>, <8, 0.2>, <9, 0.1> }, B — «HaTypajgpbHOE YHUCIIO,
npubnmxEHHO paBHOE 2», B={<1, 0.5>,<2, 1>, <3, 0.6>, <4, 0.4>, <5, 0.2>,

<6, 0>, <7, 0>, <8, 0>, <9, 0> }. Haiiném muOxecTBo D, Kak pesymbrar omepanuu
anredOpanyeckoro oO0beAWHEHHs W MHOXKecTBO C, Kak pe3yapTar aiareOpandecKkoro
nepeceuenns. D= {<1, 1>,<2, 1>, <3, 0.96>, <4, 0.88>, <5, 0.68>, <6, 0.5>,

<7, 0.4>, <8, 0.2>, <9, 0.1>}; C= {<1, 0.5>,<2, 1>, <3, 0.54>, <4, 0.32>, <5, 0.12>, <6,
0>, <7, 0>, <8, 0>, <9, 0> }.

Jlist omepanuii anredpandeckoro o0ObEIMHCHUS U IMEPECCUCHUST UMECIOT MECTO JIUIIIh
HEKOTOpbIE W3 CBOWCTB, AaHAJIOTMYHBIC CBOWCTBAM TEOPETHKO-MHOKECTBECHHBIX
Oneparyu.

IIycte A, B, C  Heuerkne MHOXKECTBA, 3aJaHHble Ha yHuBepcyMe X. Torma
BBINOJTHSIOTCS CJIECIYIOIINE CBOMCTBA!

A+B=B+A

9. A.B—B.A } KOMMYMAamugHoCmb orepaluii anredpanyecKoro

OOBEAMHEHUS U TIEPECEUCHNS,

(A+B)+C=A+(B+C)

10. A-(B-C)=(A-B).C }accoquamuenocmb orepanuii  aredpanvdeckoro

O00BEIMHEHUS U TIepeCceUeHUs;
11.  A+O=A; A-O=0; A+X=X; A-X=A — yHusepcaivbHas 6epXHss U HUIICHIS

epanuybl onieparuii 00beTUHEHUS U MePECCUCHUs.

A+B=A

12. _
A-B=A.

| +

B
} 3axoHbl 0e Mopeana

OcTalbHbIC 3aKOHBI B O6H_ICM CJIy4ac HC BBIITOJHAKOTCA.

A+ A=A

A A A }udeﬂmomenmnocmb orepaiuii anredpandeckux onepauuit 00beIUHEHUs U

nepeceueHus;

(A+B)-C=(A-C)+(B-C)

A+(B-C)x(A+B) (A C)} oucCmpubymusHoCcms aIreOpPandecKux onepaui nepeceucHus

OTHOCHUTCIIBHO O6’bCI[I/IHeHI/I$I u O6T>€I[I/IHGHI/IH OTHOCHUTCJIIbHO IICPECCUCHMUA.
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A+(A-B)=A - no2ioweHue OIHOTO W3 HEYETKUX MHOXKECTB IIPU OIEpaALUAX
anreOpandyeckoro oObEeIMHEHUS U TiepecedeHus A-(A+B) = A.
A-A= @, A+ A= X - 3aKOH UCKIFOUEHHOIO TPETHETO M 3aKOH TOKIECTBA.
Omnpenenenne 2.18

I panuunvim obveounenuem HEUETKMX MHOXKeCTB A u B Ha3zwpiBaeTcs HeuéTkoe
MHOxkecTBo D=A @ B, 3amanHoe Ha ToM e yHuUBepcyMe X, (DYHKIUS MPUHAISKHOCTU
KOTOPOI'0 UMEET BUM: 11, (X) = min{l, sz, (X) + 225 (X)}-
Onpenesienne 2.19

I'paHnuHBIM IEepeceueHHEM HEYETKUX MHOXKECTB A W B HasbiBaeTcs HEYETKOE
MHOxkecTBoO C=A ® B, 3amanHoe Ha ToM ke yHuBepcyMe X, QYHKIUS MPUHAIICKHOCTH
KOTOPOTo uMeeT BH: . (X) = max{0, 1, (X) + 5 (X) -1}
Ipumep 2.11

Jns Heuétkux MHOXecTB A m B u3 mpumepa 3.2 Haiaém MHOXecTBO D, kak
pe3yapTar ornepanud TpaHudHoro ooOwveauHeHuss D=A®B u wmuoxkectBo C, kak
pe3ynbTaT rpanudHoro nepeceueHus C=A®B. D= {<1, 1>,<2, 1>, <3, 1>, <4, 1>, <5,
0.8>, <6, 0.5>, <7, 0.4>, <8, 0.2>, <9, 0.1>}; C= {<1, 0.5>,<2, 1>, <3, 0.5>,
<4, 0.2>, <5, 0>, <6, 0>, <7, 0>, <8, 0>, <9, 0>}.
3ameuanue: B Ciy4yae TPaHUYHBIX olepanuii He OyayT BBITIOTHATHCS CBOWCTBA
UJEMIIOTEHTHOCTH U TUCTPUOYTHUBHOCTH.

Onpenenum JONOJHUTENbHBIE ONEpAllUU HAJl HEUETKUMU MHOKECTBAMU
Onpenenenne 2.20

Ha ocHoBe omepainuu aiaredpandyeckoro Mpou3BENCHUSI OINPEENsieTCs] Onepalus
6036€0€HUsl 8 cCmeneHb o HEYETKOr0 MHOXKECTBAa A, T/ie a - MOJOXKHUTEIbLHOE YHCIIO.

Heuerkoe MHOXeCTBO A” onpenensercd QyHKIMEH NPUHAIIEKHOCTH 4, (X) = 1 a(X)

Omnepamnio  BO3BEACHUS  MHOXecTBa A B CTENEHb  0=2  Ha3bIBAIOT
konyenmpuposanuem n ooo3nagaror CON(A). Onepariuio Bo3BecHUSI MHOXKECTBA A B

1
CTENICHb 0~ Ha3bIBAKT PpACMANCEHUEM U 0003HaYarOT DIL(A). Ha pwuc.2.5

npencrasiensl rpadpuku pyakiuii muoxectsa A, CON(A)=A2 DIL(A)=A%>,
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b
T uw

v

Puc. 2.5

[IpumeHenune onepanuu KOHLEHTPUPOBAHUS K HEUETKOMY MHOXKECTBY O3HA4yaeT

YMCHBIICHUC HCUYETKOCTU WU HCOHpGI{GJ’IéHHOCTH B 3aJaHUM OTOI'0 MHOXKCCTBA. 210

MOJKET OBITh CICACTBHUCM TIIOCTYIIJIICHUA ﬂOHOHHHTCHBHOﬁ I/IH(i)OpMaHI/II/I, KOoTOpas

YTOYHSIET HEKOTOpBIE aCMeKThl COOTBETCTBYIOIIEW mpeaMeTrHoill obnactu. Hamportus,

MIPUMEHEHUE ONEpallii PACTSKEHHUsI 03HAYaeT YCWJIEHUE HEONpPeneNEHHOCTH B 3alaHUU

HEUYETKOr0 MHOXECTBa, YTO MOXKET CJIEeACTBUEM JMOO mnorepu uHbopmaiuu, Jrdo

MOCTYILICHUSA I/IHCI)OpMaL[I/II/I O JAOIIOJHHUTCIIbHBIX (baKTOan, HC Y4YHUTBIBACMbIX B

UCXOTHOM HEYETKOU MOJIEITH.

Onepaum[ BO3BCACHHA B CTCIICHD HEYETKOIO0 MHOXKECTBA ITIOMOXKET 3aJ1aTb (I)YHI(I_[I/IH

MMPpUHAIIC)KHOCTH IJIA HCUETKMX MHOXKECTB B ONHCAHUU KOTOPBIX HCIIOJBb3YIOTCA

MOJU(HUKATOPHI THIIA «OYEHBY, «CIIerKa» U T.1. (Tabmuma 2.6).

Tabmnuna 2.6
Pesynomam Ceoticmea HeuémKUX MHONCECMS, NOLYYeHHbIX 8 Pe3)ibmame
onepayuu onepayuii
A", tmen> 1 DeMeHThl HEYETKOro MHOXecTBa A" 00J1agarT cBOMCTBAMA

AJIEMEHTOB HEYETKOTO MHOXKECTBA A B MEHBIIEH CTENCHU
(«cmerkay», «yMepeHHO» T.1I.)

At tne0<n<1

DyeMeHThl HEYETKOro MHoXkecTBa A™00anaroT cBOMCTBAMHA
3JIEMEHTOB HEYETKOr0 MHOXECTBa A B  IPEBOCXOIHOM
CTENEeHU («OUEHBY, «CIUIIKOM» U T.1.).

Onpenenenue 2.20

Ymuoowcenue mnooicecmea na uucno: €Cid o - NOIOKUTEIBHOE qucCja0, TAaKOC, 4YTO

amax u,(x)<1, TO HEYETKOE MHOXECTBO « A uMeeT (YHKIMIO TPUHAIICKHOCTH:
xeX

o () = s, ().
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Omnpenenenne 2.21

[Iycts A, A,,...,A, - HEUETKHE MHOXECTBA, 3aJaHHbIE HAa YHHUBEPCAJIHbHOM
MHOXecTBe X, a ,,Q,,..0,- HEOTPULATEIbHBIE 4YHUCIA, CyMMa KOTOPBIX paBHa I:
a+a,+..+a,=1. Bweinyknoi kombunayueti A, A,,..,A, Ha3bIBa€TCd HEUETKOE
MHOKECTBO A c byHKIIIEH IIPUHAJIC)KHOCTH
Ha(Xys Xy X)) = a Hp (X)) + oy, (X,) +...+ OnHp, (x,) .

YIIPAXKHEHUSA
1. Ha muoxectBe X=[0; 45] 3amaiite 0eCKOHEUHbIE HEUETKUE MHOMXECTBA

A: «8vicokas memnepamypa 6030yxa», B: «nHopmanvnas memnepamypa 6030yxay,
C: «Huzkas memnepamypa 6030yxa». Haiimure:
f) MakcmuHHOE 00BbEeqUHEHIE MHOKECTB: AUB, AUC,CUB;
g) MakcMuHHOE ITepecedeHne MHOXKeCTB: AnB,ANC,CNB;
h) Pasnocts MuokecTB:A\B, A\C, C\B;
i) JlomonHeHHe MHOXKECTB: A, B,C;
J) Cummerpuueckyto pasHocTh MHOXKECTB: AAB, CAB, AAC;
K) AnreOpandeckoe oobenuuenne MHOkecTB: A+B, A+C, C+B;
I) AnreOpanueckoe nepeceuenne MmHoxecTB: A'B, C-B, A-C;
m) I'parnyHoe 00beauHEeHHE MHOXKECTB: A® B, COB, A®C;
n) I'pannunoe nepecedenne MHOKecTB: A®B, C®B, A®C.
0) A2 A%,
p) 0.5A+0.3B+0.1C.
2. Joxaxure coiicTBa 1-8 onepaumii U 1 () HEYETKMX MHOKECTB;
3. JIoKa)XuTe, 9TO I MAKCMUHHBIX OIepaluii OObCIUHEHUS W TIEPECCUCHHsS B
oOIeM ciiydae HE BBITIOJMHSIOTCS 3aKOH HUCKIIOYEHHOTO TPEThEr0 W 3aKOH
TOXKIECTBA: AUA= X, AnA= .
4.,  JlokaxuTte cBoiictBa 9-12 omepammii anreOpandeckoro OOBEAWHEHUS U

NepeCccUCHUA HEUETKUX MHOXKECTB.
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5. JlokakuTe, 4TO ISl ajareOpandecKux orepanuil 00beAUHEHUS W MEePECCUCHUs B
obmeM  ciydae HE  BBINOJHSIOTCA  3aKOHBI:  UOeMNOMEHmMHOCHU,
OUCMpuUOYMUBHOCMU, NO2NOWEHUS, UCKTIOUEHHO20 MPEembe20, MoHCOecmad.

6. JlokakuTe, 4TO IJisi TPAHUYHBIX OMepannii 00bEeAUHEHUS U TIepeceUeHus B 001eM
CJIy4ae He BBIIOIHSIOTCA CBOWCTBA UOEMNOMEHMHOCMU U OUCTPUOYIMUBHOCTIU.

KOHTPOJIBHBIE BOITPOCBI

1. Kak Bbl cuuTaere, 3a4eM BBOJSTCS aJbTEPHATHBHBIE OIEpAllMU HAJ| HEYETKUMHU
MHO)KECTBaMH.

2. OOBIYHOE MHOKECTBO SIBJISICTCS YACTHBIM CIydaeM HEUETKOro MHOXKecTBa. HeT u
MPOTUBOPEYHMsI B TOM, YTO TIPHM MAaKCMHUHHBIX OIEparusaX OOBCAMHCHHS W
MEepPeCeUCHnsT HEYETKUX MHOXKECTB HE BBITIOJNHSACTCS 3aKOHBI TOXKIECTBA H
HCKITFOUEHHOTO TPEThET0, KOTOPhIE UMEIOT MECTO TIPH OTEPANUsIX O0BETUHEHUS U
MepPeCeUCHNsI OOBIYHBIX MHOXKECTB?

3. IlpuBenuTe mpuMep HEUETKOrO MHOXKECTBAa A, NJii KOTOPOTrO HMEIOT MECTO

HepaBeHCTBA A U A+X. ANA+0.

§ 2.4 PACCTOSTHUE MEXJY HEYETKMMU MHOKECTBAMU. UHJIEKCHI
HEYETKOCTH
IIycts A u B - HeueTkre MHOKECTBA, 3a/IaHHbIE HA YHHUBEpcyMe X. Benem

noHsitue paccrosauus p (A, B) mexxny HeueTkumu MHOKecTBamu. [1pu BBeaeHun
PacCTOSIHUS OOBIYHO MPEIBSBIISIOTCS CIEYIOUUE TPEOOBAHMS:
1. p(A, B) >0 - HeOTpHIIATEIHHOCTH;
2. p(A, B) =p(B, A) - cHMMETpUYHOCTB;
3. p(A, B) <p(A, C)+p(C, B).
4. p(A, A)=0.
Omnpenenum paccTOSTHUSA MEXAY HEUETKUMU MHOKECTBAMU, UCIIOIb3YsI Pa3HbIE
MTOAXOBI.
o Paccmosinue Xemmunea (WA JUHEUHOE PACCMOSHUE).
p(AB)=X1L lna (xi) — up(xi)l, p(A, B)e[0, n]. (2.1)

o [Lgrnu0060 unu keaopamuyHoe paccmosHue:
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e(A B) = IL,(ua(x) — up(xD)?, (A, B)e[0, ¥7]. (22)

o  Omuocumenvhoe paccmosinue Xemmunea:

p(A, B) == B Iy (i) — np(xD)| , p(A, B)e[0,1]. (23)
o Omnocumenvroe Esxnuooso paccmosnue:
&(A, B)== I, (maGe) — 1 GD)? , &(A, B)e[0,1]. (2.4)

Paccrossnne XemMmuHra u KBagpaTu4HOE pacCTOSHUE, B Ciiydae, koraa X
OECKOHEUHO, OIPEeEAIOTCS aHAIOTUYHO C YCIOBHEM CXOJMMOCTH COOTBETCTBYIOIINUX
CyMM, & UMEHHO:

ecClId X CUETHOE, TO

P(AB)=XZ1lua (xD) — pg (xi)l, (2.5)
&(A, B) = Z7,GaGeD) — g (KD))? (2.6)
ecciii X = R (MHOXECTBO JICHCTBUTEIBHBIX YUCEIT), TO
P(A, B) = [ lua (xi) — pp(xi)ldx, (2.7)
&(A, B) = \/ [y (kD) — Ly (x0)) 20X, (2.8)

31ech MPUBEIEHBI JIBa HAUOO0JIEE YACTO BCTPEUAIOIIUXCS OMPEEICHUS PacCTOSHUS
MEXKy HEUYETKUMHU MHOKECTBaMU. Pazymeercs, 11 HEYETKMX MHOKECTB MOKHO BBECTH
U IPYTUE ONPEACICHUS PACCTOSHUSI.

[lepeitnem k unOexkcam Heuemkocmu WU NOKA3AMENAM PA3ZMbIMOCMUY HEYETKUX
MHOKECTB.

[TycTh 25meMenThl XE X HEUETKOTO MHOXKECTBA A 00J1a1al0T 00IIIUM
XapaKTEPUCTUUECKUM CBOMCTBOM S 3TOr0 HEUETKOI0 MHOKECTBA B TOM WJIU UHOMN
CTEIICHH, YTO MPOSIBISACTCS B 3HAYCHUN (YHKIIMU TpuHaIeKHOCTH UaA(X). Ecu
AJIEMEHT X 00J1aJlaeT XapaKTepUCTUUECKUM CBOMCTBOM S JIMIIIb B YaCTHOU Mepe, T.€.
O<pa(X)<1, TO BHYTpEHHSS HEONPEACICHHOCTb, IBYCMBICJICHHOCTh O0OBEKTA X B
OTHOIIEHUH CBOMCTBA S MPOSBIISIETCS B TOM, YTO OH, XOTSI M B Pa3HOM CTETEeHH,
MIPUHAJICKUT Cpa3y ABYM HEUETKMM MHOMXKECTBAM: HEUETKOMY MHOXKECTBY A, DJIEMEHTHI

KOTOpOTo O6HaI[aI-OT CBOMCTBOM S, )41 HeqéTKOMy MHOXCCTBY A 3I1eMEHTBI KOTOpPOTO HC
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00J1a/1af0T CBOMCTBOM S. DTa ABYCMBICIEHHOCTh MAKCUMaJIbHA, KOT/1a CTCIICHU

NPUHAIISKHOCTH 3JIEMEHTA X 000MM MHOYKECTBAM DaBHBI, T.C. 4 (X) ol (X)=0,5,u

MHUHHMMAaJIbHA, KOT1a 00BEKT MPUHAICKHUT TOJIBKO OJHOMY Kiaccy, T.e. oo py (X) = 1
u “K(X) =0, muoo py (X)=0wn Mx (x) = 1.

B o0miem cirydae mokazaTenb pa3MbITOCTH HEYETKOTO MHOKECTBA MOXKHO OIPEICIUTh B
Bujae Gpyukmuu d(A) co 3HAUSHUSIMU BO MHOKECTBE ITOJIOKHTEIbHBIX JICHCTBUTEIBHBIX
yrcen R+, yIOBIETBOPSIIOIICTO YCIIOBUSIM:
1. d(A) = 0 Toraa u TOJIBKO TOT/IA, KOrjaa A - 00bIYHOE MHOXKECTBO;
2. d(A) MakcuMalIbHO TOT/Ia U TOJIBKO Toraa, koraa pa(X) = 0.5 misg Bcex X X.
3. d(A) =d(B), ecu A siBisiercst saocmpenuem B, T.e.
a(X)<ps(X) mpu pg(x) < 0,5;
Ha(X)Zps(X) mpu pe(x) > 0,5;
ua(x)- moboe mpu pus(x) = 0,5.
4. d(A) = d(A) - cHMMETPUYHOCTB 110 OTHOMIEHHIO K 0,5.
5. d(AuB)+d(AnB) = d(A)+d(B).
3ameuanue. TlpuBeneHHass cHUCTEMa aKCUOM TIPH BBEACHUHM KOHKPETHBIX
nokasaTelied  pa3MBITOCTH  YacTO  HWCHOJB3YeTCs  YacTH4YHO, T.€., HAlpuMep,
OrpaHUYMBaIOTCA cBOMCTBaMH 1, 2 u 3, MO0 HEKOTOPHIE CBOMCTBA yCHJIMBAIOTCS WU
OCIa0MAIOTCS B 3aBUCHMOCTH oT peraeMoit 3aJIaYH.
PaccMoTpuM WHAEKCHI HEYETKOCTH (TOKa3aTeNd Pa3MBITOCTH), KOTOPBIE MOXKHO
OIpPENEIUTh, UCTIONB3YSI TIOHATHE paccTosTHUSL.
[Iycte A - HeweTkoe MHOXeCTBO. QoOwbiunoe mHodcecmeo ACX sesnsemcs
onudcatiwum Kk A, T.e. HAXOJWTCS HAa HAWUMCHBIIEM EBKJIMJOBOM pPACCTOSHUU OT
HEYETKOTO MHOXKeCTBa A, eclii QYyHKIHS MPUHAUISKHOCTH A 3amaércst hOpMyInoid:

0,ecau py(x) < 0,5
ua(x)= 1, ecan py(x) > 0,5 (2.9)
0 mm 1, ecnu py(x) = 0,5
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OO0b1yHO TipuHUMAIOT Ua(Xi) = 0, eciu pa(Xi) = 0,5.
Hcrionb3ys MOHATHE 00BIYHOT0 MHOYKECTBA, OJIMYKANIIIEr0 K HEYETKOMY, BBEIEM
CIICTYOIIME UHIEKCH HEYETKOCTH HEYETKOrO MHOXKECTBA A.

o JlunetiHblll UHOEKC HeYemKOCmU:
d(A)= p(A, A), (2.10)
rae p(A, A) nmurelinoe (XeMMUHTOBO) pacCTOsSHUE,
MHOKHUTEIb % obecrieunBaet BoinonHeHue yemoBus 0<d(A)<1.
o Keaopamuunwili UHOEKC HEYemMKOCIU:
ol(A)zj—ﬁ g(A, A), 0<d(A)<L, (2.11)

riae €(A, A) - kBaapatuunoe (EBKIHI0BO) paccTosiHUE.

Mpb1 BBENM JIMHEWHBIM U KBAAPATUYHBIA UHIAECKCHl HEUETKOCTH, UCIIONb3Ysl TTOHATHE
pPacCTOSIHUSI U TOHSTHE OOBIYHOIO MHOXKECTBA, OJIMKAWIIIEr0 K HEYETKOMY. OTH IKE
VWHJIEKCBI MOXHO OIPENEINTh, HCIOJIb3YyS ONEPalUi0 JOMOJHEHUS, CICIYIOIIUM
obOpazom:

o Jluneunuvlii uHOeKC HeUEMKOCMU.
2 : : :
d(A)=2 B2y min(ua(xi), p 5 (x)) (2.12)
o Keaopamuunvlil uHOeKC HEUEMKOCU:

d(A)== JZ?=1min(uA2(xi>, u52)) (2.13)

OTMeTuM CBOMCTBA, CBSI3aHHBIC C OIIDKANIITIM OOBIYHBIM MHOKECTBOM:
1) AnB=ANB,
2)AUB=AUB;

3) VxeX: | MA(Xi)'MA(Xi)FUAn 5 (xi), oTKys s JMHEHHOT 0 MHIeKCa HEYETKOCTH
AMEEM: d(A)=% | W, & (Xi) T-. B ITOM MPE/CTABICHHH CTAHOBHTCS OUEBH/IHBIM,

gro d(A) = d(4).

YIIPA’KHEHUA
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Ha muoxectee X={1, 2, 3, 4, 5, 6, 7, 8, 9,10} 3anaiite Heu€TKOC MHOKECTBO A
«HeOOTbIINE HATYpaAIbHBIE YHCIa» U HEUETKOE MHOXKECTBO B «HaTypanpHbIC YHCa
okou1o 5». Haupure:

1. Paccrosinue Mexay HEeYETKUMU MHOXKECTBAMU, UCTIONB3Ys (OPMYIIbI:
d) JIMHEWHOTO PaCCTOSHUS;
b) kBaapaTHYHOIO PACCTOSHUS,
C) OTHOCHUTEILHOTO XEMHHIOBA PACCTOSIHHUS;
d) orHocuTenbHOrO EBKIIMIIOBA pacCTOSHHS.
2. bawmxaiimune yétkue MHOXKecTBa U1 A u B.
3. JlunelHbIi ¥ KBapaTUUHbIN UHAECKCH HeUETKoCTH 1t A u B (popmyibr 5.10 —
5.13).
4. Jloka3aTh CBOHCTBA, CBS3aHHBIC C OJIMDKAMIIMM OOBIYHBIM MHOXKECTBOM.
KOHTPOJIBHBIE BOITPOCHI

1. B uém npuHIUNUAIbHAS pa3HULIA MEXAY JIMHEHHBIM pacCTOSIHUEM XEMMUHTa U
OTHOCHUTEJIbHBIM PACCTOSTHUEM XEMMUHTa ( KBaJPaTUUYHBIM PACCTOSHUEM U
OTHOCHUTEJIbHBIM KBaJIPATUUHBIM PACCTOSIHUEM )?

2. O0OmwsacHuTE, TOUueMy B popmyie 2.1 3naueHue p(A, B)npunaanexur orpesky [0,
n]? [Mouemy B hopmyne 2.2 3nauenue £(A, B) npuHrmaer 3HaueHue u3
orpeska [0, % ]? TloueMy BelMYMHA OTHOCHTEIHLHONO PAaCCTOSHUS B (hopMyIIax
2.3 u 2.4 npuHuMaeT 3HaueHus u3 orpeska [0, 1] ?

3. B uyém cMbICII NOHATHSA MHACKC HEuE€TKOoCTU»? YUTO MOKHO CKa3aTh 0 HEUETKOM

MHOXECTBE, Y KOTOPOTo UHEKC Heu€TKOCTH paBeH 07 paBen 1?7 pasen 0.5?
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TEMA 3. HEUETKUE BEJIUMYUHBI, YUCJA U UHTEPBAJIBI

Y4eOHbIEe BONPOCHI:

1. Onpenenenuie HEUETKON BETUYUHBI.

2. OmpeneneHne TPEyroibHOT0 HEYETKOTO YUCIA.

3. Ompepenenne TpanenueBUIHOIO HEUYETKOTO HHTEpBaa.

4. TlpaBwia apupMeTHUIECKUX ACUCTBUN HAJ TPEYTOJIbHBIMU HEUETKUMU YHCIIAMHU.

5. IlpaBuna apudpMeTHUIECKUX JESHCTBUIN HAJ TpaNCIMeBUAHBIMU HEYETKUMHU

UHTEPBAJIAMH.
N3yuynB JaHHYIO TeMY, CTYACHT JI0JI2KEH:
3HATH:
1. onpenenenne HEYETKUX BEIMUUH, YUCENl U UHTEPBAJIOB;
2. ipaBWiIa apu(PMETHIECKUX TEHCTBUIA HAJl HEUYETKUMU YHMCIIAMHA U HHTEPBaJIaMHU.

yMeTh:

1. 3amaBaTh TPEYroOJbHBIE YHCIIA U TPANCIIUEBUIHBIC NUHTEPBAJIbI;

2. CKJIaJbIBaTh, BRIYUTATh, YMHOXKATh U ICTTUTH TPEYTOJbHBIC YHCIIA U

TpaIeueBUIHbIE UHTEPBAJIbI.

MeToanyeckue peKOMEHIALUMH 110 U3YYEHUI0 TeMbI:
[Ipu ocBO€HUU TEMBI HEOOXOUMO:
o U3Y4YUTh y4eOHbIN MaTepuan no teme 3 «Heuérkue BeTu4uHbI, YUClia U
MHTEPBAJIBDY;
® TI0CJI€ U3YYEHHUSI KaXKIO0ro rnaparpadoB TeMbl 3 BBIMOIHUTH yIIPAXKHEHUS;

¢ OTBCTUTH HAa KOHTPOJIbHBIC BOIIPOCHKI.

§ 3.1 OIPEJIEJIEHUA HEUETKOHN BEJIMYUHBI, HEUETKOI'O UUCJIA U
HEYETKOI'O UHTEPBAJIA

[Iporiecc HEUETKOrO MOJEIMPOBAHUS OCHOBBIBAETCS HA  KOJIMYECTBEHHOM
MPEACTABICHHH BXOJHBIX M BBIXOJHBIX IIEPEMEHHBIX CHCTEMBI B (opMe HEUETKHX
MHOKECTB. Takoe MpeJCTaBICHUE CBS3aHO C PACCMOTPEHHEM CHEIUATBHBIX HEUYETKHUX

MHOKCCTB, KOTOPBIC 3aJar0TCA HAa MHOKCCTBC I[GﬁCTBHTGJILHBIX ypucell R u 06J'IaI[aIOT
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HEKOTOPHIMU  JIOTIOJTHUTENIbHBIMU CBOMcTBamMu. Hanbonee oOmMUM MOHSTHEM B 3TOM
KOHTEKCTE SIBJISICTCS TOHATUE HEUETKOM BEINYMUHEL.
Onpenenenue 3.1

Heuémxou  enuyurnoli Ha3bIBA€TCS MPOU3ZBOJBHOE HEUETKOE MHOXKECTBO A,
3aJJaHHO€ Ha MHOXXECTBE JICMCTBUTEIBHBIX yuceN R, T.e. 1JIsI KOTOPOro YHUBEPCYMOM X
CIy’)KUT Bc€ MHOXecTBO R. Ecim B KkauecTBe yHHMBEpCyMa B3STh ITOJAMHOKECTBO
HEOTPUIATEIbHBIX  JEHCTBUTENBHBIX yucedl R+, To moaydum  omnpeneneHue
HeoOmpuyamenbHou He4émKou GeIUYUHDI.
Haubonbmuit uHaTEpeC 1 HEYETKOrO MOJCIUPOBAHUS TPEACTABIACT KOHKPETHU3AIUs
HEYETKOM BEJIMYUHBI B BUJIE€ HEUETKUX YUCEIl U HUHTEPBAJIOB.
Onpenenenue 3.2

Heuémxum uucnom Ha3bpiBaeTcsl HEUETKas BENMWYWHA, (YHKIMS TPUHAIICKHOCTH
KOTOPOW SIBJISIETCS BBITYKIOW U YHUMOJAJIBHOM.

Ha pucynke 3.1 npuBenén rpaduk HEYETKOTO YKCIA CIIPUMEPHO 9».

[ENES]

o 9 1‘8 x

Puc. 3.1
Heuerkoe uucio A monoxurensio, ecnmu u(x) = 0 mist Bcex x < 0. Heuerkoe
uncio A orpuniarensHo, ecmm u(x) =0 mut Bcex x> 0. Ha pucynke 3.2
npencTaBieHbl rpaduku QYHKIHA  MOMOKHUTEIFHOTO M OTPHUIIATEIBHOTO HEYETKUX
YHCEI, a TAK)KE TAKOTO HEYETKOTO YUCIa, KOTOPOE HE SIBISICTCS HU MOJOKUTEIbHBIM, HU

OTpULATCIIbHBIM.
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Onpenenenue 3.3

Heuémkum unmepeanom Ha3bIBaeTCs HEUETKas BEJIMYMHA C BBINYKJIOW (QyHKUIHEH
IIPUHAIIEKHOCTH.
Ha pucynke 3. 3 npezncrasiex rpaduk GyHKIIMHN HEYETKOTO HHTEpBAIa «B Mpeaenax oT 3

110 6 ».

Ka(x)

m, =3
Puc.3.3
Onpenenenue 3.4
Tpeyeonvuvim newémrxum yuciom (THY) HazpiBaeTcs HeU€TKOE YnCIO0 AA, QyHKITHS
MPUHAUISKHOCTH KOTOPOrO HMMEET TpeyroibHbld BUA  fA(x;a,b,c). THY ymo6HO
NpPEJCTaBUTh B BHJIE YIOPSI0YECHHOr0 MHOXecTBa AA=< d, o, f>, rae d — MoganbHOe
sHaueHne THY, o - neBbli kKod(phUIMEHT HEUYETKOCTH M B — mpaBbiii KOd(DPUIIMEHT
Heuérkoctu: d=b, a=b-a, p=c-b. Ha puc. 4.4 npusenén npumep THU AA=< 3, 1, 2>,

KOTOpPOE€ COOTBETCTBYET «HEUYETKOU TPOUKEM.

Puc.3.4
Onpenenenue 3.5
Tpaneyuesuonvim neuémrkum unmepeanrom (THN) HazpiBaeTcss HEUETKUM MHTEPBAI
AT ¢ TpaneuueBuaHON GyHKIMeH npuHamaexHoctu fT. THU ynobno npencraBisirs B

BU/JIE YIIOPSIIOYEHHOTO MHOXecTBa AT=< a, B, 0, >, IIe¢ a ¥ B COOTBETCTBEHHO BEPXHEE
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U HWKHee MojainbHoe 3HaueHue THU, o - neBblil koadduumreHt Hed€rkoctd U B —

npaBblii K03 puuuent Heuérkoctn THU.

&n

7 4 7

=l B
Puc.3.5

Kak HerpynHo 3aMeTUTh, TpeyroibHOEe HEUETKOe uncio AA= < d, a, > sBusercs

YACTHBIM CJIy4aeM TparnelyueBUIHOTO HEUETKOro nurepsana At=< a, B, o, 3> npu a=s.

Ha puc.3.5 uzobpaxén nmpumep THU <4, 6, 2, 1>, KOTOpO€ COOTBETCTBYET «HEYETKOMY

MHTEpBAILY OT 4 110 6».

§3.2 OIIEPAIIMU HA/I THY U THHU

Onpenenum HEKOTOpbIE TIpocTeiiue onepannn Hajax THY, aHamoruuHble OOBIYHBIM
apruPpMETUYECKUM ONepalsIM HaJl OOBIYHBIMH YUCIIAMU U UHTEPBATaMHU.
[lycts AA= < al, al, B1> u BA < a2, a2, 2> - nBa NpPOU3BOJIBHBIX TPEYTOJIbHBIX

HEYETKUX YHCIIA.

Onpenenenue 3.6

Cnooicenue: orneparusi CJIOKEHUS HEUETKHX 4yucen o0o3HaydaeTcss uepe3 AA+ BA=
CA, neuérkoe uncio CA =< a, a, B> uMeeT napamerpsl a, o U §, KOTOpbIe ONPEAETAI0TCA
CJIEAYIOIIUM 00pa3oM:

a=al+a2, o= al+a2, p= p1+p2. (3.1)

Onpenenenue 3.7

Buiuumanue: onepauys BeIYMTaHUS HEUETKUX YMcell o0o3Havaercs: uepe3 AA- BA=
CA, veuérkoe uncio CA =< a, o, > uMeer napaMeTpsl a, o U 3, KOTOPbIE ONMPENEISIIOTCS
CJIeYIOIMUM 00pa3oM:
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a=al-a2, o= al+p2, p=Pl1+a2. (3.2)
OnpezneneHue omnepanydd YMHOXKEHHUS W JIETICHUS HEYETKUX YHCENl 3aBUCAT OT 3HaKa
MOJAJbHBIX 3HAYCHUHM HEUETKUX YMCEIL.
Onpenenenue 3.8
Ymnoowcenue nonoosrcumenvroix Heuémxux yucen AA u BA | T.e. HOCUTENN KOTOPBIX
ecTh moaMHOXkecTBa R+, momanbHbie 3HaueHus al>0, a2>0. Omnepanus yMHOXCHHS
TakuX HEUETKUX uncen obo3Hauvaercs uepe3 AA-BA= CA, neu€rkoe uncio CA =< a, q,

> nmeer napamerTpsl a, o ¥ 3, KOTOpPbIE ONPEIEIAIOTCS CIEAYIOIMNUM 00pa3oM:

a=ala2, o=alo2+ a2al, f=alp2+a2p1. (3.3)

Onpenenenue 3.9
Ymuoorcenue mneueémxux uucen AA m BA s KOTOPBIX MOJAJIbHbIE 3HAUYCHUS
UMErOT pasHele 3Haku: al<0 u a2>0. Onepauuss yMHOXKEHUS TAKMX HEYETKHUX YHCEII
obo3Hauaercsi uepe3 AA-BA= CA, Heuérkoe uucino CA =< a, a, B> nMeer nmapaMmerpsl a,
o ¥ 3, KOTOpPBIE OMPEAEISIOTCS CICTYIONTUM 00pa3oM:
a=ala2, a=a2al- alB2, p=a2B1-ala2. (3.4)
Omnpenenenne 3.10
Ymuoorcenue mneuémrux uucen AA m BA s KOTOPBIX MOJAJIbHbIE 3HAYCHUS
UMEIOT oTpuuarenbHbie 3Haku: al<0, a2<0. Onepanuss yMHOKEHUS TaKMX HEYETKHX
yucen obozHavaercs uepe3 AA'BA= CA, neuérkoe umcio CA =< a, a, B> umeer
napaMeTphl a, o U 3, KOTOpbIE ONPEESIOTCS CAEAYIOIIUM 00pa3oMm:
a=ala2, a=-a2B1- alB2, p=-a2al-ala2. (3.5)
Onpenenenne 3.11
Jlenenue nonosxcumenvuvix Heuémkux yucer AA 1 BA , T.e. HOCUTEIN KOTOPBIX €CTh
noaMHOXXecTBa R+, monmanbhHble 3HaueHus al>0, a2>0. Omnepanus naeleHHUs TaKHX
HEeUYETKUX uncen ooo3Hayaercsa uyepe3 AA+BA= CA, Heu€Tkoe uncio
CA =< a, o, B> uMeer mapaMeTpsl a, 00 U [} , KOTOPHIE OMPEACTAIOTCS CIEAYIOIIUM

obOpazom:

al alf2+a2al ala2+a2f1
a: — R a: pu—

a2 (az2)z '’ p (a2)2

(3.6)
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Omnpenenenune 3.12

Obpamnoe Heuémkoe uucao: sl TOJOXKUTEIBHOTO HEYETKOro umcia AA , T.e.
HOCHUTEIIb KOTOPOTO €CTh MoAMHOXkecTBa R+, momanpHoe 3HaueHue al>0 obpatHoe
gycno obosHauaercss yepes AA™! =< a, a, B> uMeer mapameTpsl a, o M B , KOTOpBIE

OTIPECIISIIOTCS CIASAYIOIUM 00pa3oM:

_ 1 B ,  al
= (;;11)2’B (a1)?’

(3.7)

Hanpumep nns xonkpernsix THY AA= < 3, 1, 2> u BA < 2, 2, 1> pe3ynbTarhl
apudMeTHIeCKUX omnepaluii paBHel: AA+ BA=<5, 3, 3>, AA - BA=<1, 2, 4>, AA-BA=<
6,8, 7>, AA*BA=< 15, 1.25,2.5> AA" =< -, 2, =>

Onpenenum apudmeruaeckue ornepanuu Haa THH.

IIycte AT= < al, Bl, al, 1> u Br < a2, B2, a2, 2> - aBa MPOU3BOJBHBIX
TpaIelUeBUIHbIX HEUETKHUX MHTEpBaJa.

Onpenenenne 3.13

Cnoowcenue: onepanys CJI0XKEHUS HEUETKUX HHTEPBAJIOB 0003HAYaeTCs yepes
At + Br= Cr, neuérkuii unrepan Ct =< a, B, d, > uMeeT nmapamMerTpsl a, B, o 1 f3 ,
KOTOPBIE ONPEEISAIOTCS CISAYIOIIUM 00pa3oMm:

a=al+a2, B=B1+B2, 0= al+a2, f= f1+p2. (3.8)
Onpenenenne 3.14

Bviuumanue: onepauus Beiuntanus THU oOo3nauvaercs uepe3 Ar- Br= Cr,
HeuéTtkoe yncno Ct =< a, B, o, > UMeeT napaMeTpsl a, B, 0. U 3, KOTOPbIE ONPEAEISIIOTCS
ClenyomuM 00pa3om:

a=al-a2, B=B1-B2, o= al+f2, p= fl1+a2. (3.9)

OrmpeneneHue onepau YMHOKECHHS U JIeJIeHUS HEUETKUX YHCEN 3aBUCSIT OT 3HaKa

MOJIaIbHBIX 3HAUE€HUN HEUETKUX YHCEIL.
Onpenenenne 3.15
Ymnoowcenue nonoowcumenvuvix THH At u BT, T.e. HOCHUTENM KOTOPBIX €CTh

IIOAMHOXKECTBA R+, a BCC MOJAJIbHBIC 3HAYCHUA ITO0JIOXUTCIIbHHEI. Onepaunﬂ YMHOXCHHA
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takux THU o6o3nauaercs vepes AT-Bt=Ct =< a, B, 0, f> umeeT napaMeTpsl a, B, 0 U 3,
KOTOPBIE OMPEAEISAIOTCS CIASAYIONIUM 00pa3oMm:
a=ala2, B=B1B2, a=ala2+ a2al, f=B1p2+B2P1. (3.10)
Onpenenenne 3.16
lenenue nonoocumenvnvix THU At u BT, T.e. HOCUTENM KOTOPBIX €CTh
noaMHoxkecTBa R+, monanbHbie 3HaueHus al >0, a2>0. Onepanus nenenust Takux THU
o0o3Hauaercsi uepe3 AT+BT=Cr, Heuétkoe uncio Ct =< a, B, a, }> UMeeT mapameTpsl a,

B, 0. ¥ 3, KOTOpBIE ONPEAEIIAIOTCS CIEIYIOIUM 00pa3oM:

L a1f2+s2al , Bla2+a2f1

B2’ a2’ o (82)2 ’ B (a2)2

(3.11)

Hanpumep, ans koukperasix THU A1= < 3, 5, 1, 2> - «Heuyérkuit uaTepBai ot 3 A0
5»u Br <1, 2,1, 1> - «"euérkuii uHTEpBaI OT 1 10 2» pe3ynabTaThl apuhMETUIECKUX
ornepauui paBHbL:

A1+ Br=<4,7, 2, 3>, AT1-B1=<2, 3, 2, 3>.

YIIPA’KHEHUA
1. TIpoBepbTe BBHINOJIHEHUE CAEAYIOMMX CBOMCTB onepaumii Hax THY u THU:

a) KOMMYTAaTHBHOCTH OIEPAINH CIOXKCHHUS M YMHOKCHUS;
b) AUCTPUOYTUBHOCTH YMHOXEHHUS OTHOCHTEIBHO CIIOKCHHS W BHIYUTAHUS.

2. 3amaiite B BHJE HEYETKUX YHCET WM HEYETKUX HWHTEPBAJIOB CICAYIOIIHE
BEJIMYHHBI:

a) «npumepHoe 8pemst 8bINOIHEHUS OOMAWHEN PADOMbLY,

b) «monoooii uenosexy,

C) «oorcudaemvlii 00X00»,;

d) «so3zmoorchbie pacxoowiy;

e) «npeononazaemas memnepamypay.

Pemnre 3a7a4um, B KOTOPBIX U3BECTHBI HEUETKUE HAYaIbHBIC TaHHBIE.

3. TpeOyercs paccuutarh BO3MOXKHYK) CTOMMOCTh MaTEpHalOB ISl 3aJIUBKU
OCTOHOM  TUIONIAJKH, HUMEIONMECH MPSAMOYTOJIbHYI0O (GOpMy CO CTOPOHAMH
MPUMEPHO paBHBIMU A M 1 B M, npubnusurensHas rinyouHa 3anuBku H m. beron
COCTOMT M3 IeCKa W ILieMeHTa, B npomopuuu 2 Kk 1. Cmech mecka ¢ LEMEHTOM
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pasBoauTcs Bonoii: Ha 1 wacTh cMecu Gepércsa 2 wacth Boabl llena 1 M3 mecka
npumepro pasHa N py6., 1 m® nemenra M py6. Bemmuunsr A, B, H, N, M 3anans
HEUYETKUMU TPEYTOJIbHBIMU YUCIIaMU:

A =<4,0.1,0.1>, B=<5,0.1,0.1>, H=<2,0.1,0.1>, N=<100,10,10> , M=<400, 10,
10>.

Ha ogHOoM M TOM K€ MOJYTOPAaTOHHOM T'PY30BHKE IIPOBEPEHHBIN OMBITOM
BOAUTENL MMEET HOpMYy pacxoja OensmHa A=<16,1,1> autpoB Ha 100 KM, a
MOJIOJION, MEHEee OMBITHBIM Bogutenb, B=<19,20,1,2> nutpoB Ha 100 kM. 3a geHb
BoauTenb npoesxkaer C=<1000, 50, 50> kM, croumMocTh OeH3uHA paBHa D=<24, 1,
1> py0. KakoBa pa3Huiia B IieHE 3a O€H3MH 3a J€Hb Yy OIBITHOTO U MEHee
ONBITHOTO BOAUTEIIS?

[IpunymaiiTe u pemuTe 3a1a4y ¢ HEYETKUMU HAYalbHBIMU JJAHHBIMU.
KOHTPOJIBHBIE BOITPOCBHI

Kakumu 0coO€HHOCTSIMH JOIKHO 00J1a4aTh HEUETKOE MHOKECTBO, YTOOBI €T0O
MOKHO OBLJIO Ha3BaTh HEYETKON BEITMUMHON ?

[IpuBeauTe npuMep HEUETKOIO MHOXKECTBA, KOTOPOE HE SBIIAETCA HEUETKOM
BEJIMYHNHOM.

[TosicauTe, MouyemMy HEUETKUA UHTEPBAIL SIBJISIETCS HEUETKUM YUCIOM. BepHO
oOpaTHOE yTBEpXKICHHE.

MoxHO JI1 0OBIYHOE YUCIIO MPE/ICTABUTh KaK HEUETKOE YHUCIIO0, @ OOBIYHBIN
YUCJIIOBOW MHTEPBAJ NPEACTABUTH KaK HEUETKN UHTEPBA?

[IpuBenute npumMepsl U3 KU3HU, TJI€ MbI UCIIOJI3YEM HEUETKHE YUCia U

HHTCPBAJIbI JJIs1 OIIMCAHU A HpI/I6J'II/I3I/ITeJ'H)HBIX YHUCJIOBbBIX BCIWYHH.
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TEMA 4. HEYETKHE OTHOIIEHUSA

Y4eOHbIe BONIPOCHI:

1. Onpenenenne HEUETKOTO OTHOILIEHUSI.

2. bunapHble HEUETKUE OTHOLIEHUSI.

3. XapaKTepucTUKH OMHAPHBIX HEYETKUX OTHOIICHU.

4, CpaBHeHUS HEUETKUX OTHOIICHUM, ONlepallui HaJl HEUETKUMHU

OTHOIIICHUAMM.

o

KoMmmo3unust Heu€TKMX OMHAPHBIX OTHOIIEHUIA.
6. CaolicTBa OMHAPHBIX HEYETKUX OTHOIICHH, 3aJaHHBIX HA MHOXKECTBE

XXX,

N3yunB JaHHYIO TeMy, CTYACHT J0JIKEH

3HaThb:

ornpejiesIieHre N — apHOro HEYETKOr0 OTHOLICHUSI 1 OMHAPHOTO HEYETKOTO
OTHOILICHUS,

CIOCOO0BI 331aHKsI HEUETKMX MHOKECTB: aHAIUTHYECKUH, TpaduyecKuid,
TaOJTNYHEBIH;

OIPEAEIICHHUS] OCHOBHBIX XapaKTEPUCTUK OMHAPHBIX OTHOIIEHHI: HOCUTENb, SAPO,
TOYKU II€peX0/a, IPAHULIBI OTHOLICHHUS

oIpezeNieHusl onepauui HaJ HeUETKUMU OMHAPHBIMU OTHOIIEHUSIMU;
OIpezeNieHrEe Onepalii KOMIO3ULM OMHAPHBIX HEYETKUX OTHOILICHMUIA;
CBOMCTBa OMHAPHBIX HEUETKUX OTHOILLIEHUH, 3aJaHHBIX HA MHOXKECTBE X X X:
pedIeKCUBHOCTh, aHTHPEPIEKCUBHOCTh, CHMMETPUYHOCTD,

AHTUCUMMCTPHUIHOCTD, TPAH3UTHUBHOCTb, IIOJIHOTA.

yMeThb:

3a/1aBaTh HEUETKHUE OTHOIICHUS PA3HBIMU CITOCOOAMH;

ONPENEIIATh OCHOBHBIE XapaKTEPUCTUKU HEUETKOTO OTHOLLICHHUS ;

HaXOJUTh PE3YJIbTATHI ONEPALMI HAJl HEUETKUMHU OTHOLICHUSIMU;

HAaXOJUTh KOMIIO3ULIUIO HEYETKUX OTHOLICHUMN;

ONpeAENATh CBOMCTBA HEUETKUX OTHOLICHUH, 3aJaHHBIX HA MHOXKECTBE XX X.
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NMOHUMATD:
® CMBICJ ONepaluil HaJl HEYUETKUMU OTHOLIECHUIMUY;
® CMBICJ ONlepallii KOMIIO3UIMS,
® CMBbICJI CBOMCTB OMHAPHBIX HEYETKMUX OTHOIICHHM, 3aJaHHBIX HA MHOXKeCTBE X X X:
pedIeKCUBHOCTh, aHTHPEPIEKCUBHOCTD, CHMMETPUYHOCTD,
AHTUCUMMETPUYHOCTD, TPAH3UTUBHOCTD, IIOJIHOTA.
MeToauyeckue peKOMEeHIA UM 110 U3YYEHHIO TeMbI:
[Ipu ocBOE€HUU TEMBI HEOOXOUMO:
® U3YyYUTh CoJeprKaHue naparpagos;
® AKIIEHTUPOBATh BHUMAHUE HA CMBICI Olepannii 00beANHEHNE, TIEPEeCEeUCHHUE,
pa3HOCTh, CHMMETpPUYECKAs! pa3HOCTh, IOMOJIHEHHE OMHAPHBIX OTHOLLIEHUH U
olepaluy KOMIIO3ULINS,
® BBINOJIHUTG YIPaXXHEHUS ITociie naparpados;

® OTBETHUTH Ha KOHTPOJIbHBIEC BOIIPOCHI TIOCTe Taparpados.

§4.1 ONMPEJEJEHUE HEUETKOI'O OTHOIIEHUS

[Tycth X = X1xXox ...xX, - IpsiMoe (AeKapTOBO) MPOU3BEACHUE YHUBEPCATbHBIX
MHOYECTB.
Onpenenenue 4.1

Heuemxum n-apnvim omnowienuem Ha3bIBaeTCsl HEUETKOE MHOXKecTBO Q,
3aaHHoE Ha yHHUBepcyMe X. CUMBOJIMYECKH ONPENEICHNE HEUETKOTO OTHOLICHUS
3aIIMCBHIBAETCS B BUJIE:
Q={<<xl1, x2,..., Xn>, no<xl, x2,...,xn>> [ X1€ Xj, x2€ Xs,..., XNE Xp, uo€[0,1]}.

Ilycmoe neuémkoe omuouienue — 3T0 HEUETKOE OTHOLICHUE, B KOTOPOM KaXKJIbIN
aneMeHT yHuBepcyMa X = X1xXoX ...xX, UMEeT 3HaueHue PyHKIMHU MPUHAATICKHOCTH
paBHoe 0. [lyctoe oTHOLIEHNE 0003HAYAETCS .

Ilonnoe neuémkoe omuowenue — 310 HEUETKOE OTHOLLIEHUE, B KOTOPOM KaKJIbIN

aneMeHT yHuBepcyma X = X3xXoX ...xX, HUMeeT 3HaueHHe PYHKIUU TPUHAIIECHKHOCTH
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paBHOE 1, TO €CcTh MOJIHOE HEYETKOE OTHOIIEHUE COBIMAIAET ¢ YHUBEPCYMOM X = X3xXoX
XX,

B ciygae n=2, HeueTknm oTHOmeHHEM Q Mexmy MHOXKecTBaMu X U Y OyaeT
Ha3biBaThcs GyHKIMs R:( X,Y)— [0,1], koTOpas CTaBUT B COOTBETCTBUE KAXJIOH Mape
ANIEeMEHTOB <X,y>e€ XxY Bennmuuny Lo(X,y) €[0,1]. Takoe oTHOIICHUE Ha3vblgaemcs
ounaprvim. CUMBOJINYECKOE OIpeeieHue HeYETKOro OMHAPHOTO OTHOIICHHUS:
Q={<<x1, x2>, po<xl1, x2>> | x1€ Xi, x2€ Xy, no€[0,1]}

B ciyuae, xorma X =Y, 1.e. X 1 Y coBmaaaroT, He4eTKoe oTHoIeHne Q:
XxX—[0,1] Ha3pIBaeTCsA HEUETKUM OTHOIIIEHUEM Ha MHOXKeCTBE X.

Paccmotpum mopo6HO criocoObl 3a/1aHusi OMHAPHBIX OTHOIICHUH.

Ecnu muoxxectBa X 11 Y MHOXKECTBA OECKOHEUHbIE, TO (YHKIIUIO MPUHAIIICKHOCTH
MO>KHO 33]1aTh AHATUMUYECKU.

Ipumep 4.1
ITycts X = Y=R, T.e. MHOKECTBO BCEX NEHCTBUTEIBHBIX YUCENL. OTHOLIEHUE X>>Y :

«X HAMHO20 OONbULE YHYMOXKHO 3a1aTh (PYHKITUEH TIPUHAITICKHOCTH

0, ecmm x4y
1
L
(% - v)

Bp(x.y) = BECTH ¥ < X.

I[pumep 4.2
Orrowmenue Q, s koToporo po(X,y) = e*¥2 npu nocrarouno Gonpmmx k
MO>XHO HHTEPIPETUPOBATH TaK: «X U Y OJU3KHUE APYT K APYTY YUCTIAN.

Ecnmu muHoxectBa X M Y KOHEUHBIE, TO OMHApHOE OTHOIIEHHE MOXKHO 3aJ]1aTh
MePEYUCIIEHUEM BCEX PJIEMEHTOB. Y J0OHEE 3TO JieNiaTh B BUJIE maO.uybl (MATPHULIbI).
Ipumep 4.3

ITycts X = {X1,X2,X3}, Y = {VY1,¥2,¥3,Y4}. Heuerkoe orHOIIEHHE Q MOXKET OBITH

3a/1aHo, K IPUMEpPY, TaOIuIEeH:
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Y1 Y2 | Ys | Yya

oo o103
o llog]1 lo7
)1 [[o5]0,6!1

|

B ciyuae KOHEUHBIX WIIM CUETHBIX YHHBEPCATbLHBIX MHOKECTB HECUETKHUE
OTHOIIICHHSI MOYXHO MPECTABUTH B BUJIC Heuémko2o epagha. Eciu Heu€TKoe OTHOIIICHHE
Q 3amano Ha XxX mapa BepIIHH (X;,Xj) COeAHHsAETCS peOpoM ¢ BecoM L(Xi,X;)-
IIpumep 4.4

[TycTh Ha MHOXECTBE X={X1,X2,X3} 3a8J]aHO HEYCTKOE OTHOIICHNE R:

XxX— [0,1], npencraBumoe rpadom, uzoopaxEéHHbIM Ha puc.4.1.

Puc. 4.1. Heuérkuii rpad otHomeHuss R Ha XxX.
Ecnn neuérkoe otHomenue Q 3agano Ha XXY, TO nmapa BEpUIMH (Xi,Yj) COEAUHIETCA
pedpom ¢ Becom Ur(Xi,Yj)-

Ilpumep 4. 5

[Tycte X={x1,X2} 1 Y={y1,Y2,Y3}, Toraa HeueTKkui rpad, n3o0paxE€HHbIN Ha puc.4.2

3a1a€T HeU€TKOEe OoTHOMIEeHHE Q.

Puc.4.2 Heuérkuii rpad orHomenus Q na XxY.
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Tak Kak HEUYETKHE OTHOIICHMUS SIBISIOTCS YaCTHBIMU clIy4dasiMu HEUYETKUX
MHOKCECTB, TO BCC OIIPCACICHNUA OCHOBHBLIX XaPAKTCPUCTUK AJIA HCUYETKUX MHOXKECTB U

orcpanru Haa HEUYETKMMH MHOKECTBAMHM OCTAIOTCS B CUJIC U pInIb | HEUYETKHUX OTHOIICHUH.

YIIPAYKHEHUS
1. Cdopmynupyiite onpeneneHue Hocumens, A0pa, 2paHuy, modex nepexood

HEYETKOTO OMHApHOTO OTHOMIEHU Q, 3aJaHHOT0 HA MHOXKECTBE XX Y.

2. s Heu€rkux otHomeHu Q; 1 Q2, 3a1aHHBIX HA MHOXKecTBe XX Y,
chopMyITHpYHTE OMpPECIICHUE ONEPAIN 00beOUHeHUs, nepeceyeHus, pa3HOCmu,
CUMMEMPUYECKOU PA3ZHOCMU, OONOJIHEHUSL.

3. Ha muoxectBe XxY, X=Y={1,2,3,4,} 3anaiire orHomenue Q «xi npumepno pasen

Xj» ¥ oTHOIIEHUE R «X] HemHO20 MeHbute X]» B BUJEC MATPUIl OTHOIICHUH Mg U Mg.

Hawnure:
a. Hocumens, s0po, epanuysl, mouxku nepexooa omuowienusi Q v OTHOIICHUS
R.
b. Obveounenue Qu R, nepeceuenue Q u R, paznocms Q u R,

cummempuueckyio pasnocmo Q u R | oononnenue Q u dononnenue R.
4, [IpuBenuTe mpuMepsl HEUETKUX oTHOMIeHHH Q U R, 3a7aHHBIC HA MHOXKECTBE
XxY,ecnu:
a. MHOkecTBa X U Y OCCKOHEUHBIC;
b. MaHOkecTBa X B Y KOHEUHEBIE;
C. MHOXKeCTBO X KOHEUHOe, Y — OECKOHEYHOE.
KOHTPOJIBHBIE BOITPOCHI
1. IlpuBeaute npumepsl OUHAPHBIX OTHOLICHUM U3 MMOBCEIHEBHOM KU3HMU.
2. OOBsICHUTE CMBICH onepanuii 00beTHHCHUS, TIePECCUSHNUs, Pa3HOCTH,

CUMMETPHUUECKON PA3HOCTH, JOMOJIHEHHS HEUETKMX OMHAPHBIX OTHOIICHHI.

§ 4.2 KOMIO3ULMSA JIBYX BUHAPHBIX HEUETKUX OTHOILIEHUI

[Tycth Q 1 R — xoHEeuHbIe WM OeCKOHEYHbIE HEUETKHUE OTHOIICHHUS, TPUIEM

HEYETKOE OTHOILICHUE
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Q ={<<xi, xJ>, ur<xi, xj>> | Xi€ X1, XJ€ X2, uo€[0,1]} 3amano Ha nexapToBOM
MPOU3BEACHUN YHUBEPCYMOB X1XX7, @ HEUETKOE OTHOIIEHUE
R ={<<x], xk>, ur<xj, xk>> | XJ€ Xo, XK€ X3, ur€[0,1]} 3amano Ha nekapTOBOM
MIPOU3BECHUU YHUBEPCYMOB XoxX3.
Onpenesenue 4.2

Komnosuyueii 08yx bunapnwix neuémxux omnowernuii Q u R Ha3piBaeTcs HEUETKOE
otHomenne QQR, 3amanHoe Ha MHOXKecTBe X1XX3, PYHKIIMS TIPUHAIKHOCTH
koToporo mia V <xi, xk> € X;xX3 omnpenensercs GopMyIIoii:

HQ®r(<Xi, xK>)=max {min {iq(<xi, Xj>), ur(<xj:xk>)}}
XJ

OmnpenenéHHy0 TaKUM 00pa30M KOMITO3UIUIO HEYETKMX OTHOIICHHUH HAa3bIBAIOT Max-min
KOMRo3uyueu Wil MaKkCMUHHOU CBEPTKOM HEUETKUX OTHOILLICHUM.
IIpumep 4.6

ITycth R; - HeueTkoe oTHOIIEHHEe Ha MHOXKecTBe XX Y, u Ry - HeueTkoe
orHomenue Ha MHOkecTBe Y XZ, X={x1, x2}, Y={y1, y2,y3}, Z={z1, 22, 23, z4}.
Otnomenus R; v Ry3anansl Matpuiiamu Mgri 1 Mgo. Komnosunineit HedeTkux
oTHoireHud R; u R, gBisgercst Hedy€TKOe OTHOIIECHHE R Ha MHOXKeCTBE X XZ

npeacTaBieHHoe Marpuiieii Mg (puc.4.3).

MRr1 Mr2 Mr
Y1 Y2 Y3 71 22 Z3 Z4 71 Z2 Z3 Z4
x1 01 07 04 yr 109 |0 1 /02 xx 03 06 01 |07
X2 |1 05 |0 y2 103 |06 |0 |09 x2 |09 05 |1 0,5

ys |01 |1 0 |05

Puc.4.3 Matpuiibl Heu€Tkux oTHomeHud Ry u Ry u ux xomnozunuu R

Ha puc.4.4 npuBenenst rpadsl, coorBeTcTBYOIIME R1 1 Ry, «ckiieennsien» mo Y. B
IIOJIy4YEHHOM rpade paccMaTpuBaeM IyTH OT X; K Zj U KaKAOMY CTaBUM B COOTBETCTBUE

MUHMMAaJILHBIN M3 «BECOBY €0 COCTABJISIOIIUX. 3aTem ornpeacisieM MaKCMMYM I10 BCEM
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IYTSIM U3 Xi B Zj, KOTOPBIH 1 TaeT HCKOMOE 3HauYeHHe (yHKIUHU MPUHAATISKHOCTH UR(Xi,Z))

otHomeHusa R.

Puc. 4.4 IlpeacraBienue onepayy KOMIO3UIIMU HEYETKUX oTHOIEeHU Ry 1 Ry B Bue
He4yETKOoro rpada.

Ha puc.4.5 npencrasied Heu€tkuii rpad oTHomeHus R.

Puc.4.5 Heuérkuii rpad orHomenus R.

W3 onpesenenus omnepanyuy KOMIIO3UIIUN OMHAPHBIX HEUETKUX OTHOIICHHUH CIISIYeT,
YTO OHA aCCOIMATUBHA, TUCTPHOYTHBHA, OTHOCUTEIILHO HEUETKOTO ITePECEUCHUS.
JIpyrumu ciioBaMHU, JIJIsl IPOM3BOJIEHBIX OMHAPHBIX HEUETKHUX oTHOmeHuH P, Q u R,
3a/IaHHBIX Ha JIEKapTOBBIX Mpou3BeAeHUsAX X1xXo, XoxX3 1 X1%X3 COOTBETCTBEHHO,
MMEET MECTO CBOWCTBO:

DPXR(QXR)= (PRQ) ®R — csoiicmso accoyuamusnocmu onepayuu KOMRO3UYUS.
Jlns OuHapHBIX oTHOMIeHUH P, Q 1 R, 3a1aHHBIX Ha JEKAPTOBBIX MPOU3BEICHHIX X1XXo,
XoxX3 1 X2%X3 COOTBETCTBEHHO, UMEIOT MECTO CJICIYIONINE CBOMCTBA:

2) PQ(QUR)=(PRQ) U (P ®R) — csoiicmeo oucmpubymusnocmu onepayuu

KOMRO3UYUSL OMHOCUMENLHO onepayuu 00beOUuHeHUsl,

3) PRQ(QNR)= (PRQ) N (P ®R) - csoticmeo oucmpubymusnocmu onepayuu

KOMRNOoO3Uuyusl OmHOCUMENbHO onepayuu nepecederusl .
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Kpowme Toro, st max-min KOMITO3UITUU MPOU3BOJIBHBIX OMHAPHBIX HEYETKUX
otHoueHuit P, Q u R, 3a/1aHHbIX Ha 1EKapPTOBBIX Mpou3BeAeHUAX X1XXz, XoxX3 U
XoxX3 COOTBETCTBEHHO, BBIIIOJIHSIETCSI CBOMCTBO:

4) eciim QCER, To (PRQ)S(P ®R) — csoticmso monomonnocmu.

YIIPA’KHEHUA

1. Heuémras modenwv «Bvibop npogheccuuy». PaccMOTpUM TUTIUYHYIO CUTYAIIHIO,
CBSI3aHHYIO C KOHCAJITUHTOM B 00J1aCTH BbIOOpa PO eCcCru JIJisi MOCIEAYIOIIErO
00yYeHUs U MOTy4YeHUs crienuaibHOCTH. C 3TOH 1ENbI0 MOCTPOUM HEUETKYIO MOJIEIb,
OCHOBAaHHYIO Ha IBYX OWHAPHBIX HEYETKUX OTHOMICHUSIX S u Z.

Ha muoxectBax X B Y 3a1aH0 HEUETKOE OTHOIICHUE S, HA MHOKecTBax Y u Z
3a71aHO HeuéTKkoe oTHomeHne G. MHOkecTBO X — MHOXKECTBO CITEIIUAJIbHOCTEH, 10
KOTOPBIM IIPOBOJUTCS HAOOp Ha 00ydeHue, Y — MHOKECTBO NICUXO(PHU3NOIOrHUECKUX
XapaKTEPUCTHUK crelaibHOCTeH. OTHOIIEHHE S COAEpPKATEIHHO OMUCHIBACT
ncuxoduznonoruiyeckoe npopuiIMpoBaHue crenuanbHocTel. MHo)kecTBO Z —
MHOXECTBO KaHAuAaTOB Ha 00yueHue. OTHomieHue G - coepKaTreabHO OMUCHIBACT
ncuxopU3noIOrn4ecKoe NpouIMpoOBaHUe KaHIU1aTOB Ha OO yUYEeHHE.

[Tycte MHOXECTBO X={ x1,x2,x3,x4,x5}, r1ie X1 — «MeHemKep», X2 — «IPOrpaMMHUCT,
X3 — «BoAUTENBY, X4 — «ceKkpeTapb-pedepeHT», X5 — «repeBoquuky. Y={yl, y2, y3, y4,
y5, y6, ¥7,¥8,y9, yl0}, rne yl — «ObIcTpOoTa ¥ THOKOCTH MBILUICHUS», Y2 -«yMEHHUE
OBICTPO MPUHUMATH PEIICHUEY, Y3-«YCTOMUYMBOCTh M KOHIICHTPAIMs BHUMAHUSI», Y4 —
(BpUTENbHAS TTAMSITHY, Y- «OBICTpas peakiusy», yo-«IBUraTeIbHas MamMsaThy, y7-
«(huznyeckasi BBIHOCIUBOCTBY, Y8 - «KOOPAMHAIMS IBIKCHHUIY, Y9 — «OMOIIMOHAIbHAS
YCTOMYUBOCTHY, Y10 — «OTBETCTBEHHOCTH.

Z={1z1,122,123, 74, 25}, rie sIeMeHTbI MHOKECTBA Z XOPOIIIO H3BECTHBIC BAM JIIOIH,
Hampumep Baiu apy3bs. OTHoueHue S 3aaano matpuieit Ms

/0.9 0.9 0.8 0.4 0.5 0.3 0.6 0.2 0.9 0.8 \

0.8 0.5 0.9 0.3 0.1 0.2 0.2 0.2 0.5 0.5

M=| 0309 0.6 0.5 09 0.8 0.9 0.8 0.6 0.3 |
0.5 0.4 0.5 0.5 0.2 0.2 0.3 0.3 0.9 0.8
0.7 0.8 0.8 0.2 0.6 0.2 0.2 0.3 0.3 0.2
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3anaiite Heuérkoe oTHomeHue G, mpu momonu MaTpuil Mg. TlocTpoiite max-min
koMmo3uiuio S ° G Heuérkux oTHomeHui S 1 G Ha MHOXkecTBax X u Z. Crienaiite
BBIBOJI O MPEIIMOYTUTEILHOM BBIOOpPE CHICIIUAILHOCTEH U3 MHOXKECTBA Y KaHIUJaTaMH
Ha 00y4JeHHE U3 MHOXeCTBa Z.

2. [TocTpoiiTe KOMITO3HITNIO HEUETKUX OTHOMEeHNH S 1 G Ha MHOKecTBax X U Z U3
3a1aHus 1, HCTIONB3YS AbMepHAMUBHYI0 ONepayuio KOMNO3UYUY 08yxX OUHAPHBIX
Heuémxux omuowenui S *G, QyHKIUS NPUHAIICKHOCTH KOTOPOU OINpeeseTcs
CIIeYIOIMUM 00pa3oM:

U s+ (<xi xk>) = g}g(us(< Xi,xj>) - W (< xj,xk >)), iV <xi ,xk>e XxZ

xjeY, TIe orepanus « » - onepanus anreopandecKoro yMHOXKCHUS MHOXKECTB.
CpaBHuUTE pe3yabTaT C Pe3yabTaToOM 3a7aHusd Nel.

3. [TocTpoiiTe HEUETKYIO MOJIEND «BBIOOP PYKOBOAUTENS (DUPMBI», «IMarHOCTHKA
3a00JIeBaHUIT» U JIFOOOW JPYrol CUTyaluu.

KOHTPOJIBHBIE BOITPOCBHI

1. Kaxkue ycnoBus 10KHBI ObITh BBIIOIHEHBI JIJIs1 OCYLIECTBICHUS Olepaluu
KOMIIO3UIIMS MEXKAY HEUETKUMH OTHOIIeHus MU P 1 Q?

2. OOBsICHUTE CMBICT OTepAlli KOMITO3HIIUS MEXy HEUETKUMU OTHOIIEHUsIMH P 1

Q.

§ 4.3 CBOMCTBA BUHAPHBIX HEUETKUX OTHOIIIEHUM, 3AJIAHHBIX HA
OJJHOM YHUBEPCYME

B koHTekcTe HEYETKOro MOJEIUpPOBAHMS HAWOOJBIIMK WHTEPEC MPEeACTaBIISIIOT
Takhe CBOMCTBA OMHAPHBIX HEYETKUX OTHOIIEHWH, KOTOpble O0O0OIIAIOT H3BECTHBIE
CBOMCTBAa OOBIYHBIX OTHOIICHWU, B YACTHOCTHU: Pe(IEKCHBHOCTb, CUMMETPUYHOCTH U
TPaH3UTUBHOCTb, TOCKOJIBKY 3TH CBOMCTBA MCIIOJIIB3YIOTCS B JIaJbHEUIIEM IpPH
OIPEACIICHUH HEKOTOPBIX CHEUUATbHBIX TUIIOB OMHAPHBIX HEYETKMX OTHOLIECHUI.

[Iycte Ha yHMBepcyme XXX ompezaeieHo Heuérkoe oTHomeHue Q ¢ yHkiuen
NPUHAISKHOCTH Uo(<xi, X]>).

Onpenenenne 4.3
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Peghnexcusnocmov. bunapaoe Heuérkoe oTHouieHne Q Ha3pIBaeTCs peICKCUBHBIM,
eciu V <xi, xi>€ XXX BHINOIHAETCS paBEHCTBO: Uo(<xi, xi>)=1.
Ipumep 4.7

Heuérroe orHomenne Q «xi MpUOIM3UTENBHO PaBeH X]», 3aJ]aHHOC HA MHOXECTBE
XXX, rne X — 11000€ 4MCI0BO€ MHOXKECTBO, SIBJSIETCS pe(PIICKCUBHBIM.
Onpenenenne 4.4

Aumupegnexcuenocmes.  bunapHoe Heu€Tkoe oTHomieHne Q  Ha3bIBaeTcs
aHTUpedICKCUBHBIM, ecii V <xi, XI>€ XXX BBINOJIHACTCS PABCHCTBO:

no(<xi, xi>)=0.
IMpumep 4.8

Heuérkoe orHomenne Q «xi HaMHOro OOJIBIIE X)», 3aMaHHOE Ha MHOKeCTBE X XX,
rae X—11000€ YUCI0BOE€ MHOXKECTBO, SIBJISIETCS] aHTUPE(DIEKCUBHBIM.
Onpenenenue 4.5

Cummempuunocms.  bunapHoe  HeuéTkoe  oTHomieHne Q  Ha3bIBaeTcs
CUMMETPUYHBIM, eclii V <xi, XJ>EXXX BBHINOIHACTCS PaBEHCTBO: Uo(<xI, X]>)= no(<x],
Xi>).
Heuérroe OuHapHOEe OTHOIIEHHE U3 TIpUMepa 1 SBISETCS CUMMETPUYHBIM.
Onpepnesenune 4.6

Anmucummempuunocms. buHapHoe Heu€Tkoe oTHomieHne (Q  HaspIBaeTcs
AHTHCHUMMETPHUUYHBIM, ecii V <xi, X]>€ XXX, npuuéM Xi#X|, BBIIOJIHICTCS YCIOBHUE:
min{po(<xi, xj>), po(<xj, xi>)}=0.

Heuérkoe oTHOIIEHNE U3 TTpUMEpaA 2 SBISETCS aHTUCUMMETPUYHBIM.

Onpeneaenue 4.7
Tpanszumuenocms. buHapHoe Heuérkoe oTHomeHne Q Ha3bpIBACTCS TPAH3UTHBHBIM,
ecnu V xl, X, XK € X, BBITIOJTHSACTCS YCIIOBHE:
po(<xi, xk>)= max yj €x {min{po(<xi, xj>), po(<xj, xk>)}}.
Heuérkoe oTHOIICHNE U3 TTpUMepa 2 SIBIISCTCS TPAH3UTHBHBIM.
3amMeuyaHue: HEIOCPEACTBCHHAS MPOBEPKA CBOMCTB TPAH3UTUBHOCTH JIJISi KOHKPETHBIX

HEYETKUX OTHOUIEHUN SABISETCA TPYAOEMKOM MpoueAypor. bonee KOHCTpyKTHMBHBIM
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SBJISIETCS  CIOCOO DMIIMPUYECKOrO YCTAHOBJICHUS JAHHOI'O CBOMCTBA Ha OCHOBE
BBINIOJIHEHUSL OMNEpallM HEYETKOTO TPAH3UTHMBHOTO 3aMBIKAHHS COOTBETCTBYIOIIETO
HEYETKOTO OTHOIIEHUS, O KOTOPOM MOMAET pedb B CIEAyIOeM naparpade.
Onpenenenne 4.8

CunvHas noanoma. buHapHoe Heu€rkoe oTHoOmeHHe (Q Ha3bIBa€TCA CUIIBHO
HOJHBIM, eclii V <xi, X]>€ XXX, BBIINOJIHIETCSA YCIOBHE:
max{po(<xi, xj>), po(<xj, xi>)}=L.

Onpenenenne 4.9

Cnabas nornoma. bunapaoe HeuéTkoe oTHomeHHe QQ Ha3bIBaeTCs CJIa0O0 ITOHBIM,
eciu V <xi, x]>€ XXX, npu4éM Xi#X], BBIIOTHICTCS yCIOBHE:

max{po(<xi, Xj>), no(<xj, xi>)}>0.

PaccmoTpum npounsBosibHOE KOHEYHOE OMHApHOE HEUETKOE oTHOIIeHHE Q,
3a7aHHOe Ha MHOXecTBe XXX, Mg — Marpuna orHomeHus. B ocHOBe onepauuu
TPAH3UTHUBHOT'O 3aMBIKAHHUS JICKHUT orepariis (IMax-min) —KoMIo3uIus OWHAPHBIX
HEYETKUX OTHOLLIEHUM.

Onpenenenne 4.10

Tpanzumuenvim 3amvikanuem HEYETKOro OWHapHOro oOTHouieHUs Q Ha3bpIBaeTcs
Heuérkoe OuHapHOe oTHomeHwe QT, 3ajaHHOE Ha TOM K€ YHHMBEPCyME, MaTpHUIA
KOTOporo Mg' Haxomurcs mo dgopmyie:

MQT =MqgU N[Q2 UMQEU...UMQKU... ) (4.1)
I'ne MgX = Mg® Mg*?! nis mo6oro narypanshoro k>1. (4.2)
IIpu 3TOM HMMeeT MECTO 3amMedaTesIbHOE CBOWCTBO, KOTOPOE CYIIECTBEHHO YIPOILIAET
YUCJICHHbIE PacU€Thl, CBSI3aHHBIC C BhIMOJHEHUEM onepaiuii (8.1) u (8.2), a umenHo, s
MOJIYYeHHUs] MATPUIbl TPAH3UTUBHOI'O 3aMbIKAHMSI OWHAPHOI'O HEYETKOTrO OTHOIIEHHUS
Mq" 10CTaTo4HO OrpaHUYMTCS OJHKMM U3 CIELYIOIIMM yCIOBHIA:

e Ecau mis Hekoroporo HarypambHoro K (1< k<n), rme N — MOIIHOCTh
MHOYECTBa X, BBINOJHEHO PaBeHCTBO Mg*= Mg, To manpHelimme pacuérsi
CTEIEHEN KOMIO3MIMK MAaTPULbl HEYETKOTO OTHOLICHUS MOYKHO MPEKPATHUTh, a
MaTpulia TPAH3UTUBHOTO 3aMBIKAHUSI PACCMATPUBAEMOI'0 HEUYETKOIO OTHOIIECHUS

Oyner paBHa:
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1\/IQT =MgpU NIQ2 U MQ3U ...UMQk (4.3)
e Bripaxkenue (4.3) Bcerjga uMeeT MecTo mpu K=n.

B kauectBe mnpuMepa HCIOJIB30BAHMS OIEpallMd TPAH3UTUBHOIO 3aMbIKaHUSA
HEYETKOro OTHOLIEHHS PacCMOTPHUM 3ajaudy aHaiau3a 3(QEeKTHBHOCTH KOMMYHUKAIUH,
U3BECTHYIO TaKkXKe Kak 3a7ady pAaclIpOCTPAHEHHs CIYXOB CPEAM XOpPOUIO 3HAKOMBIX
Mexay coboil mogeil. C 3TOH 1eNbl0 PacCCMOTPUM B KaueCTBE MCXOJHOTO YHUBEpPCyma
X={x1, x2, ..., XN} HEKOTOPYIO COBOKYITHOCTb JItojici. OmpeeuM Ha 3TOM YHHBEPCYME
OuHapHOE HEYETKOEe OTHOIIeHHE QQ «UeloBeK XI XOpOIIO 3HAKOM C YEIIOBEKOM X]». DTO
OTHOIIIEHUE Pe(pICKCUBHO U CUMMETPUYHO, HO B OOIEM Cllydae HE TPaH3UTHUBHO, TaK
Kak (akT 3HAKOMCTBAa HMEET MeCTO MexXAy napamu droaed. Ilpeamonoxkum, Hac
MHTEPECyeT BO3MOXKHOCTh TMepefadyd HHPOpMaluMHu (UM PaclpOCTPAHEHHUS CIYXOB)
MEXJy mapaMmu Jirojed. OTa 3a7adya MOXET ObITh pellleHa NMPUMEHEHHEM OIlepaluu

TPAaH3UTUBHOI'O 3aMBbIKAHUS JAaHHOI'O HEUYETKOI0 OTHOLICHHUSI.

YIIPAXKHEHUA
1. BeisicHuTe, KakUMH CBOMCTBaMU 00JIa/Iat0OT CIAEAYIONINE OMHAPHBIE OTHOIICHUS
a. Heuérkoe orHomeHHe Q «Xi IPYKHT ¢ X)», 3aJaHHOC Ha MHOXKeCTBe XXX, rie
X—MHO>KECTBO JIIOJICH;
b. Heurkoe otHomeHue Q «XI y4yuTCcs B OAHOH Tpymie ¢ Xj», 3aJaHHOE Ha
MHO)eCTBE XXX, rie X—MHOXKECTBO CTYJACHTOB YHUBEPCUTETA;
C. Heuérkoe oTHoIIeHHE Q «XI CHMIATU3HUPYET X]», 3aJaHHOE HAa MHOXKeCTBE XXX,
rae X— MHOXKECTBO CTYICHTOB TPYIIIIbI;
d. Heuérkoe orHomeHue Q «Xi W X] pacloJIOKEHbl HEJAIEKO OT 5», 3aJlaHHOe Ha
MHOXKeCcTBe XXX, rie X =Z (Z-MHOKECTBO IICNIBIX YHCEN);
e. Heuérkoe oTHomeHue Q «HeOoNbIIOEe paccTOsHHE XI W X)», 3aJaHHOE Ha
mHoxkecTBe XXX, riae X =R (R-MHOKeCTBO IENbIX YKCEN);
2. IlpuBenure mpuMepbl HEYETKUX OTHOIIECHWM, 3aJaHHBIX Ha MHOXECTBE XXX,
00J1a1aroNIMX CBOMCTBAMM:
a. pedIeKCUBHOCTH, CUMMETPUIHOCTH, TPAH3UTUBHOCTH;

b. aHTUPEe(IEKCUBHOCTU, CHMMETPUIHOCTH;
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C. pedICKCUBHOCTH, CHMMETPUYHOCTH;
d. CUJILHOM TOJIHOTEHIL;
e. c1aboit TOTHOTHI.

3. Ha wmuHoxecTBe M3 msatu yenoBek X={x1, x2, x3, x4, x5} 3agaiiTe HEUYETKOE
oTHomeHne Q «d4enoBeK Xi XOpOIIO 3HAKOM C YeJIOBEKOM XJ» B BUJIE MATPHUIIBI Mg
(cpenu sneMeHTOB MaTpHuIlbl 3ajaaiiTe Heckoibko 0, T.e. HE BCE JIIOIU 3HAKOMBI
Mexay coboii). Halimute TpaH3UTUBHOE 3aMbIKaHWE HEUYETKOrO0 OTHOIICHUS.
IIpoananusupyiire pelieHue.

KOHTPOJIBHBIE BOITPOCBI

1. Kakumu ocoOeHHOCTSIMU oOJagaeT Marpuiia pedIeKCUBHOIO OTHOIIEHUS?
aHTUPE(IICKCUBHOTO OTHOIIIECHUS?

2. Kakumu ocobeHHOCTAMH 00JaaeT MaTpuila CHUMMETPUYHOTO OTHOIICHWS?
AHTUCUMMETPUYHOTO OTHOIIICHUS?

3. Kakumu ocoOeHHOCTSIMU 00J1afjaeT MaTpulla CHIIBHO TTOJIHOTO OTHOIIEHUs1? ciabo
MIOJIHOTO OTHOILECHHUS ?

4. KakoB CMBICI OIICpali TPAH3UTUBHOI'O 3aMbIKaHUs ?
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TEMA 5. DJIEMEHTbBI HEUETKOMN JIOTUKHA

Y4eOHbIe BONIPOCHI:

1.

o 0~ w D

Heuérkue BbICKa3bIBaHUS U JJOTUYECKUE OIIEPALIMU HAJl HUMU.

Heuérkue nornueckue ¢hopmyIbl.

CreneHb paBHOCHIBLHOCTU HeU€TKUX dhopmyi. Heuérko Omuskue GopmMyibi.
Heuérko ucTuHHBIE U HEYETKO JIOKHBIE (DOPMYIIBI.

Heué€rkue npegukars!.

CrerneHp OOIIHOCTH CBOMCTB HEUETKOr 0 npenukaTa. KBaHtop HeuéTkon
OOLTHOCTH.

CrerneHp Cyl1eCTBOBaHUS CBOMCTB HEUETKOIO Npeankara. KBaHTOp HEUETKOrO
CYILIECTBOBAHH.

Heuérkas nepemenHas. Heu€rkas TMHIBUCTUYECKAS IIEPEMEHHAS.

Heu€Tkne TMHrBUCTUYECKME BBICKA3bIBAHUS.

N3yunB NaHHYIO TeMy, CTYI€HT HOJIAKEH:

3HaThb:

OMPEAEICHUE JIOTUYECKUX OIEepaliui HaJl HEUETKUMU BhICKA3bIBAaHUSIMU,
ornpeJieNIeHre HEUETKON JTOTHYeCcKou (hOpMyJIbI;

OIpEICIICHUE CTETIEHH PABHOCUIBHOCTH HEUETKUX (HOPMYIT;

orpezeieHrne HEeYETKO OJIM3KUX (GOPMYIT, HEUETKO UCTUHHBIX U HEYETKO JIOKHBIX
hopmysr;

OIpeJIeTIEHNE HEUETKOT O MTPEANKATA;

OIpeIeNICHUE CTETIEHE OOIIHOCTH U CYIECTBOBAHUS HEUETKUX MPEIUKATOB,;
OIpeIeTICHNE HEUETKON JTMHTBUCTUYECKON IEPEMEHHOM;

OIIpCACICHUC HEUYETKOTO JIMHTBUCTUYECKOI'O BHICKA3bIBAHMS.

YMeThb:

MIPUBOJIUTH MPUMEPHI HEYETKUX BbICKA3bIBAHU;
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® HaxXOJIUTh PE3YJIBTATHI JIOTHUYCCKUX OINEpaIuii HaJl HCUETKMMH BbICKA3bIBAHUSIMHU;
® HaxOJIUTh CTENEHb PABHOCWIBHOCTU HEUETKUX (POPMYII HA 3a/IaHHBIX 3HAYCHUSX
HUCTUHHOCTH HEUETKHUX BBICKA3bIBATCIIbHBIX IICPEMCHHBIX;
® BBISICHATD, SIBJISIFOTCS JTM JIAaHHBIC (POPMYITBI HEUETKO OJTU3KUMU TIPH 3aJaHHBIX
3HAYEHHUSAX UCTUHHOCTH HEUETKHUX BBHICKA3bIBATEIHHBIX TIEPEMCHHBIX;
® JI0Ka3bIBaTh HEUETKYIO OJIU30CTH POPMYIT;
® TIPUBOJWTH MPUMEPHI HEUETKUX MPEIUKATOB;
® HaxXOJUTh CTEIECHU OONTHOCTH M CYIIICCTBOBAHUS HEUETKUX MPEIUKATOB;
® TIPUBOJWTH MPUMEPHI HEUETKUX JTUHTBUCTUUYCCKUX IIEPEMEHHBIX M BBICKa3bIBAHUH.
MeToanueckue peKOMEHIANNH MO U3YyYEeHHIO TeMbI
[Ipu ocBOEHUM TEMBI HEOOXOIUMO:
® U3YYUTh COJIEpKaHME maparpadoB TEMBI;
® BBHITIOJIHUTH YIPAKHEHHS MOCTIE KaX0ro maparpada;

® OTBCTUTDb Ha KOHTPOJIBHBIC BOIIPOCHI IIOCJIC Haparpa(bOB.

§5.1 HEUETKHE BbICKA3BIBAHUS U JIOTMYECKUE OINEPAIIMA
Onpepenenne 5.1

Heuémxum evickazvieanuem A Ha3bIBaeTCs JIFOO0E YTBEPKICHUE, O KOTOPOM MMEET
CMBICII CYIUTh UCTUHHO OHO WJIM JIO)KHO B TOM WJIM MHOM CTETICHH.
Kaxmomy Heu€TkoMy BBICKa3bIBaHHIO A TIOCTaBUM B COOTBETCTBUE  (DYHKYUIO
ucmunnocmu MA), TpUHUMAIOIIYIO JH0Oble 3HaueHuss Ha otpeske [0; 1]. 3nauyeHue
(GYHKUMA UCTUHHOCTH HEYETKOTO BBICKA3bIBaHUSI A OyJeM TakkKe Ha3bIBaTh CMENneHblo
ucmunHocmu HE4E€TKoro BbicKaszbiBaHusa. 0 u 1 — mpenenbHble 3HaYeHUS (YHKIUH
MCTUHHOCTH, COBIAJIAIOIIME CO 3HAUCHUSIMU JIOKb U UCTUHA JJIs1 YETKUX BHICKA3bIBAHUIA.

Heuérkoe BhICKa3biBaHME, MpUHUMAIOIIEE 3HaYeHUE UCTUHHOCTH 0,5, Ha3bIBaeTCA
uHoughepenmunocmoio, TOCKOIBKY OHO UCTUHHO B TOM K€ MEpE, UTO U JIOKHO.

OmpenenuM  HEUETKHE JIOTHYECKUE OMEpalliid Ha MHOXKECTBE  HEUYETKUX

BBICKA3bIBAHUM.
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I[Iyctb A u B — Heuérkue BbickaszbiBaHus, MA) u MB) — cooTBercTByMOIINE
3HAQYEHUS! CTEMEHU UCTUHHOCTH.
Onpenenenue 5.2

Ompuyanuem HEIETKOTO BHICKA3BbIBAHUSA A Ha3bIBAETCS HEUETKOE BHICKA3bIBaHME A,
CTEIeHb HCTUHHOCTH KOTOPOT0 onpefensiercs BeipaxkeHneM: A(A) =1-A(A).
Onpeneaenue 5.3

Kouvionxyueti HEYETKMX BBICKa3pBaHMM A w B HaseBaeTcs HEUYETKOE
BbICKa3blBaHUE AAB, cTeneHb UCTUHHOCTH KOTOPOTO COBHAJA€T CO CTEMEHbBIO
HUCTUHHOCTH HaMMEHee UCTHHHOTO BhicKasbiBaHus: M(AAB)=min{A(A); M(B)}.
Onpenenenue 5.4

J{uzvronkyuii HEUETKMX BbICKa3piBaHUM A u B Ha3eBaeTcs HEUETKOE
BbICKa3biBaHHe AVB, cTeneHb HMCTUHHOCTH KOTOPOrO COBHAAA€T CO CTEHNEHBIO
UCTUHHOCTH HanOoJiee HICTHHHOTO BhIcKa3biBaHMs: A(AVB)=max{iA(A); M(B)}.
Onpenenenne 5.5

HUmnnuxkayueii HEUETKUX BbICKa3biBaHMW A u B Ha3piBaeTcs Heu€Tkoe
BbICKa3biBaHHe A—B, cTerneHb HMCTUHHOCTH KOTOPOTO OIPENEseTcs] BhIPAKEHUEM:
MA-B)=max{1-MA); MB)}. CreneHb HCTHHHOCTH HMILIUKAIMA HE MEHBIIEC YeM
CTENEHb JIOXKHOCTH €€ MOCHUTKHU UM CTENEHb UCTUHHOCTH €€ CIIEICTBUSI.
Onpenenenue 5.6

IKeusanenyueti HEUECTKUX BBbICKa3biBaHUM A U B Ha3pIBaeTcsa HEYETKOE
BbICKa3biBaHUE A<B, cTeneHb UCTUHHOCTH KOTOPOTO OINPEETSACTCS BBIPAKECHUEM:
MAoB)=min{max{1-M(A); AMB)}; max{1-MB); AA)}}. Crenesb HUCTHHHOCTH
SKBUBAJICHIIMU COBMAJAE€T CO CTEMEHbI0 UCTUHHOCTH MEHEE MCTUHHOW W3 UMIUIMKAIUN
A-Bu B-A.

N3 Heu€TKHUX BBICKA3BIBAHUU MPU NOMOLIY JIOTHYECKUX ONEPALHUN MOMXKHO CTPOUTH
COCTaBHbIC HEUETKME BBICKA3bIBAHMS, CTEMEHb MCTUHHOCTH KOTOPBIX OMpEneNnsercs B
COOTBETCTBHM C BBEACHHBIMU OIpPENEICHUsIMU Jorudeckux omnepauuid. Ilopsmox

BBITIOJTHEHUSI OMNepaluid HajJ HEYETKUMH BBICKA3bIBAHUSIMU  CIICIYIOIIUI: CKOOKH,
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OTpHIIAHKME, KOHBIOHKIIMS, JTU3BIOHKITUS, 3aTeM UMIUTMKAIUS U SKBUBAJICHIIUS B MTOPSIKE
CJICZIOBAHMS.
Ipumep 5.1

ITycts MA)=0.4, MB)=0.7, MC)=0.5. Haiiném cTeneHb MCTUHHOCTH HEYETKOTO
BbIcka3biBaHus: (A—B)VC.
M(A-B)vC)=max{max{1-A(A); MB)}; MC)}= max{max{1-0.4; 0.7};0.5}=
=max{ 0.7;0.5}=0.7.

YIIPAXKEHUA
1. Jlokaxwure, 4TO BCE ONpENEICHHS JIOTHYECKUX ONepaluil HaJl HEYETKUMHU
BBICKa3bIBAHUSAMM HE IIPOTUBOPEYAT JIOTUYECKUM ONEpaLUsIM HaJl YETKUMU
BBICKA3bIBAHUSMMU.

2. HaiimuTe cTeneHh HCTUHHOCTH CISAYIOIINX BHICKA3bIBAHUM:

a) ((AAC) »B) o C), re (A)=0.9, A(B)=0.3, 1(C)=0.6;

b) AAC = B & C, rae (A)=0.2, M(B)=0.6, A(C)=0.8;
c) (A— C) —»B)) = A, rue (A)=0.7, MB)=0.6, A(C)=0.5.
KOHTPOJIBHBIE BOITPOCHI
1. B deMm npuHIUMNIUAIBHOE OTJIMYKME HEYETKOTO BBICKA3bIBAHUS OT OOBIYHOTO
BBICKa3bIBAHUS?
2. Kaxk cooTHOCSTCS MeX Ty COO0M HEUETKHE BBICKA3bIBAHUS M OOBIYHBIE
BBICKA3bIBAHMS ?
3. IlpuBenuTe mpumep yTBEPXKIIEHUS, KOTOPOE HE SIBIISIETCS BHICKA3bIBAHUEM.

4. BCHOMHI/ITG, KaKMMH CJIOBaMHU B pCYHU 3aMCHAKOTCA JIOTUYCCKUC OIICPALINN:

OTpUIIAaHHE BbICKa3bIBaHUs (; KOHBIOHKIUS BbICKa3bIBaHUN AAB; MU3bIOHKIMSA
BBICKa3bIBaHUU AVB; uMIuiukanus BeICKa3pIiBaHuil A —B; SxBUBaJICHINS

BbICKa3bIBaHuii A< B.

§5.2 HEUETKHUE JIOTUYECKHUE ®OPMY.JIbl U UX CBOMCTBA

Heuéemxkoti evickazvieamenbHoli nepemenHol Ha3bIBae€TCs JI00asi MEpPEMEHHas X

BMECCTO KOTOpOfI HUMECCT CMBICJII ITIOACTAaBUTDH HCUYETKOE BBICKA3BIBAHHUE.
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Onpeneaenue 5.7

Hanum unoykxmuegnoe onpeoenenue HeuémKou 102UYecKou )opmybl:

1. Jlrobast Heu€Tkash BBICKA3bIBATEIbHAS TIEPEMEHHAs SBISACTCS HEUYETKOU

JIOTHYECKOM (hopMyJIOit.

2. ecmu F1 u F2 — meuérkue normueckue popmymsr, To F1 ,FIAF2, F1VF2,

F1-F2, F1—F2 — neuérkue noruueckue GopmyIibl.

3. Hpyrux mnpaBun Juisi oOpa30BaHUs HEUETKUX JIOTUYECKHX (QopMyn He

CYIIECTBYET.

B wacTtHOCTH COCTaBHOE HEYETKOE BBICKA3BIBAHUE SIBISETCS HEYETKOW JIOTMUECKOU
(hOpMyII0ii, €CIT BMECTO HEUETKHMX BBICKA3bIBAHUH TOJICTABUTH HEUETKHE IEPEMEHHEIE.
Omnpenenennes.8

Cmenenv  pasnocunonocmu  gopmyn  Fl1(x1,x2,....xn) u F2(x1,x2,...,xn)
obo3navaercs d(F1(x1,x2,...,xn); F2(x1,x2,...,xN)) ¥ onpeae/sIeTcss BEIpaKSHUEM:
d(F1(x1,x2,...,xn);F2(x1,x2,...,xn))=A(F1(x1,x2,...,xn)e=F2(x1,x2,...,xN)), rae
omeparusi A Oep€rcsi MO BCEM ONpPENeNEHHbIM Ha0opaMm CTeneHed WCTUHHOCTU
BBICKA3bIBATEIIbHBIX MIEPEMEHHBIX.

Omnpenenenue 5.9

Ecnu creneHb paBHOCWIBHOCTH HEUYETKHX Jorudeckux Gopmyn F1(x1,x2,...,xn) u
F2(x1,x2,...,xn) Ha Bcex omnpeaenEHHbIX Habopax 3HAYCHUN MEPEMEHHBIX OOJIbIIEC WIIH
paBHa 0.5,T0 Takue GopmMynbl OyJaeM Ha3bIBaTh HeuémKO OAuU3KUMU HA dTUX HAOOpax U
obo3nauvath F1(x1,x2,...,xn)=F2(x1,x2,...,xn).

Ecmm d(F1(x1,x2,...,xn);F2(x1,x2,...,xn))<0.5, TO GpopMysbl HE SBISIOTCS HEUETKO
omuskumu: F1(x1,x2,...,xn)£F2(x1,x2,...,xn).

Ecnu d(F1(x1,x2,...,xn);F2(x1,x2,...,xn))=0.5,10 dopMyIbl OTHOBPEMCHHO
ABISAIOTCA W HE SBIAIOTCS HEYETKO Omm3kuMu. MX  Ha3pIBalOT  63aUMHO
uHougepenmuvimu.

PaBHOCHIBHOCTh UYETKUX JIOTHUYECKHX (OPMYT SBISETCS YACTHBIM CIIy9aeM
HEYETKOM OJIM30CTH.

Ecmu neuérkue popmynsr F1(x1,x2,...,xn) u F2(x1,x2,...,XN) Ha OAHHUX H TEX XKe

Ha60an 3HAYCHUU IICPCMCHHBIX IIPHMHUMAIOT OAWMHAKOBBIC 3HAYCHHA HCTHHHOCTH, TO
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3HAYEHWE HCTUHHOCTH 3KBUBAJICHIIMU 3TUX (GopMyn Bcerna Oonpuie wid paBHo 0.5,
CJIEIOBATENbHO 3TU (DOPMYJIBI SABISIIOTCA HEYETKO OJIM3KUMU.
Ipumep 5.2

Onpedenums ~ cmeneHvb  PAGHOCUILHOCMU — (DOPMYIT F1(x1,x2)=x1 —x2,
F2(x1,x2)=x1Ax2, ecm x1€{0.8, 0.6, 0.7} u x2€{0.3, 0.4}.
Pemrenme: d(F1(x1,x2);F2(x1,x2))=A(x1 - x2) <(x1A x2). Bribupas Bce BO3MOXKHBIE
HaOOpBI 3HAYEHU I IEPEMEHHBIX, 3aMUIIEM:
d(F1;F2)=((0.8 = 0.3) «(0.8A 03)) A((0.8 = 0.4) <(0.8A 04)) A
A ((0.6 - 0.3) <(0.6A 03)) A((0.6 - 0.4) <(0.6A 04)) A
A((0.7 = 0.3) «(0.7A 03)) A((0.7 = 0.4) <(0.7A 04))=(0.8<50.7) A(0.8+0.6)
(0.650.6) A (0.60.6) A (0.7<0.7)A(0.70.6)=0.7A0.6A0.6A0.6A0.7A0.6=0.6.
dopmynsr F1(x1,x2)=x1 —»x2 un F2(x1,x2)=x1A X2 HeuéTko ONM3KHE Ha 3aJaHHBIX
Habopax 3HAYEHU I ePEMEHHbIX.
Omnpenenenne 5.10

Ecim npu Bcex omnpenenéHHbIX Habopax 3HAUYEHUN MEpeMEHHbIX (opmyna
F1(x1,x2,...,xN) npuHUMaET 3HAYEHUE UCTUHHOCTH OoJbliiie unu pasuoe 0.5, To popmyna
HA3BIBACTCA HEUémKo UCMUHHOU HA JaHHBIX HA0Opax 3HAYEHUU TEPEeMEHHBIX |
o0o3nauvaercss M. Ecnu mpu Bcex omnpenenéHHbIX Habopax 3HAYEHUN IEepEeMEHHBIX
dbopmyna F1(x1,x2,...,XxN) npuHUMAET 3HAYCHUE MCTUHHOCTH MeHbIe Wiu paBHoe (.5,
TO opMyJia HA3bIBACTCA HEUEMKO JI0JHCHOU Ha JAHHBIX HAOOpax 3HAUYCHUN NEpPEeMEHHBIX
u obo3Havaercs JI.
Ipumep 5.3

[IpuBeném mnpuMep HEUETKO MCTUHHOM M HEYETKO JIOXKHOM (opMya Ha Bcex
HaOopax 3Ha4eHUil nepeMeHHbIX: M= xV X, JI= XA X.
Jloka)xeMm nepBoe paBEHCTBO:
eciu M(xX)< 0.5, To A(X)=0.5 u M(xV X)=max{ Mx); MX)}= MX)=0.5;
ec M(x)= 0.5, To M(X)<0.5 u A(xV X)=max{ Mx); MX)}= A(x)=0.5, 3Hauut, dopmya

XV X IBISETCA HEUETKO UCTUHHOM.
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PaccMOTpuM OCHOBHBIE cOOmMHOWEHUSA 01 HeYémKux ao2uveckux popmyn. Ilyctp
N1, N2, JI1, JI2 HekoTOpble HEYETKO UCTUHHBIE U HEUETKO JIOKHBIE (POPMYIIBI HA OJHUX
U TeX ke Habopax 3HaYeHHI MePEMEHHBIX, TOTAa UMEIOT MECTO COOTHOLICHHUS:
1. UIV2=U1=N2=U1AN2;
2. JIIVIR2=JI1=J12=JI1AJ12;
3. JJ1AU1=JI1;
4. JIIVA1=UAI.

Ecnu Flu F2 npousBosnbHbIe (HOpMYIIbI, ONIpeaeIEHHBIC HA TEX K€ Ha0opax 3HauYCHUN
nepemennbix yto u M1, N2, JI1, JI2, To.

5. F1v Ul1= F2v N2;

6. FIANJI1= F2A JI2.

[Tycts F, G u H — mpousBonbHBIC HEYETKHUE JIOTHIECKUE (DOPMYIIBI, TOTA!
1. ﬁzF;
8. FNF=F,FVF = F,
0. FAG=GAF,FVG=GVF,
100.(FAG)ANAH~=FA(GAH); (FVG)VH=FV(GV H);
11ILHV(FAG)~(HVF)AHVG), HAN(FVG)=~(HAF)V(HAG);
12.(FAG)~FVvG; (FVG)=FAG;
13. HV(FAH)~HA(FVH)~H
14. F»G=~ FVG;
15.F-»G=~ G - F;
16.F—G=~ (F - G) A (G - F);

Jlnst  nmokaszaTenbcTBa COOTHOmICHWA 1-16 HeoOXogmmo moka3aTh, 4TO (hopmyIbI,
CTOSIIIIE B MPABOM M JICBOH YaCTH COOTHOIICHHWS Ha OJWHAKOBBIX HAOOpax 3HAYCHHI
MEPEMEHHBIX MPUHUMAIOT 3HAYEHUS HCTUHHOCTH OJHOBPEMEHHO > 0.5 wm

onHoBpemeHHO < 0.5.
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YIIPAYKHEHUA

1.
a)
b)
c)

Haiinure creneHb paBHOCHIIBHOCTH CIICAYIONIMX HEUETKUX HOPMYIT:
F(X,y)= (x A y) u G(X,y)= x—vV, rae x€{0.1, 0.5}, ye{0.4, 0.7, 0.8};
F(x,y)=x & yu G(x,y)=Xx =y, rue x€{0.7, 0.9}, ye{0.5, 0.8},
F(X,y)=X A yu G(X,y)=xVy, rune x€{0.1, 0.3, 0.9}, ye{0.2, 0.8}.

Kakue u3 paHHbIX (QOpMyN SBIAIOTCS HEUYETKO ONM3KMMHM Ha 3aJlaHHBIX Habopax

3HAYEHU I NTEPEMEHHBIX ?

2.

BoisicHure, kakue u3 cienyomux (popmyia SBISIOTCA HEYETKO UCTUHHBIMH, a

KaKHE HEYETKO JIOKHBIMH Ha 3aJaHHBbIX Ha60an 3HAYCHUMN IMCPEMCHHBIX

a) F(x,y)= x—y)V (XAY), rne x€{0.1, 0.2}, ye{0.4, 0.7},
b)  F(Xy)=xA (x > ), rne x€{0.7, 0.9}, ye{0.5};
) GXxy)=(xAy)— (xVy), rae xe{0.1}, ye{0.2, 0.8}.
3. Jlokaxute HEeUETKYIO JJO)KHOCTh (POPMYII:
a) F(x1,x2) = (x1-x2)A—(x1-x2);
b) F(x1,x2) = (x1 =x2)A—(x1ex2).
4, JIOKa)KUTe HEUETKYIO HCTHHHOCTD (hOPMYJIBI
a) F(x1,x2) = (x1-x2)V—(x1-x2);
b) F(x1,x2) = (x1 &x2)V—(x1<x2).
d. Jlokaxkxute HeUETKYI0 OJIU30CTh HOpMyT
a) F(X, y=(xV—x)V(yA\—y) u G(X)=xV~x;
b) F(X, y)=xA—x)A(yV—y) nu G(X)=x\—x.
6. Jlokaxkute cooTHomenus 1-16.
KOHTPOJIBHBIE BOITPOCBHI

1. B uém nmpuHUIUNHAIBHOE OTJIWYUE OMpPEACTICHUs HEUETKON JTOoruuecko hopmyibl

OT OOBIYHOM JTOTUYECKON (HOPMYITHI?

. [louemy mnpu wu3ydeHUH HEUETKUX JIOTHUECKMX (OPMYJT HE BBOJUTCS B

paccMOTpeHre TaOJIUIIbl UCTUHHOCTH (popmyi?

. Kakue mormueckue 3aKOHBbI, UMCIOIIHUEC MCCTO JIA OOBIYHBIX JIOTHYECKUX q)OpMYJI,

HE BBINIOJIHSIOTCSI HA MHOXKECTBE HEUETKHUX JJOTMYECKUX Q)OPMYH?

. Kakue 3Hauenus Oyner npuHUMAaTh CTENEHb PABHOCHIIBHOCTH OOBIYHBIX (hopMy?
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§ 5.3. HEUETKHUE NNPEJUKATHI U KBAHTOPLI

Omnpenenenne 5.11 Ilyctes X1, X2,..., XN — yHUBEpCAJIbHbIE MHOXECTBA,
X1xX2X...XxXN — [1ekapToBO MPOU3BEACHUE MHOXECTB. N-MeCmHbIM HEUemKUM
npeouxkamom P(x1, x2, ..., xN), 3aJaHHBIM Ha MHOXecTBe X 1XX2X...XXN, Ha3bIBacTCS
IIEPEMEHHOE BhICKA3bIBaHUE, 3aBUCAIICE OT HEUETKUX MEpeMEHHbIX X1, Xx2,...,xN (X1EX1,
x1€X1,..., Xn€Xn), KOTOpOe MpeBpallaeTCcsi B HEUETKOEC BBICKA3bIBAHHWE, €CJIM BCEM
MePEMEHHBIM MPUJIATh KOHKPETHBIC 3HAYEHUS U3 COOTBETCTBYIOIIMX MHOXKECTB.
IIpumep 5.4

Ha muoxectBe X={1, 2, 3, 4, 5} 3agaguM oOmHOMECTHBIH mpeamkaT P(X): «x
IIpUMEPHO paBHO 4». Ecinm HE4ETKOM NEPEMEHHOW IPUAATh KOHKPETHOE 3HAYECHUE,
HalpuMep X=3, W TOJACTaBUTh B HEYETKUM MPEIUKAT, TO TMOJYYUM HEYETKOE
Bbicka3biBaHue P(3.5): «3.5 mpumepHo paBHO 4». [ KaxIOro KOHKPETHOTO XEX
MOXHO OIpPEJEIUTh CTENEHh MCTUHHOCTH HEYETKOro BBICKa3biBaHUs P(X), Hampumep
tak: MP(1))=0.1, A(P(2))=0.3, M(P(3))=0.6, M(P(4))=1, M(P(5))=0.6.
IIpumep 5.5

Ha muoxectBe XXX, rme X - MHOXKECTBO JIOJICH, 3a1a M HEUYETKUU 2-MECTHBIN
npenukat P(X1,x2): «x1 apyxur ¢ x2».
IIpumep 5.6

Ha wmuoxectB XIXX2XX3, rme XI1-mHOXecTBO mwojei, X2 — MHOXKECTBO
npodeccuii, X3 — MHOXKECTBO TOPOJIOB 3a/1aquM Heu€Ttkuit npeaukar P(x1, x2, x3): «x1
UMEET 3aMeyaTeNbHyI0 npodecchio X2 U )KUBET B KPACUBOM TOPOJIE X3».

PaccmoTrpum omHOMecTHbIE npeankatbl P(x), 3ajaHHbie HA KOHEYHOM MHOKECTBE.
[Tycte Ha X={x1, x2,...,xn} 3aman npeaumkar P(x). Qusg xaxmoro xi € X MOXHO
onpenenuTh 3HaueHue uctuHuoctu A(P(x1)), Tak kak P(xi) — HeuéTkoe BhICKa3bIBaHHE.
Onpenenenune 5.13

Bemnunaa  v(P)= A(P(x1))A A(P(x2))A...A A(P(XN))  Ha3BIBaeTCA  CMeneHvio
obwHocmu ceoticme npeouxama P(x) st a1eMeHToB MHOKeCTBa X.

Eciu v(P) = 0.5, To Ha mpenukatr P(x) MoxeT ObITh HaBELIaH K8AHMOp HEUEMKOU
obwHocmu ¥ (CUMBOIT ¥ YUTACTCS «BCAKHI», «KXKIBIN»). Boipaxkenue ¥ xP(x) unraercs

«JJIs1 BCEX X CTeNeHb UCTUHHOCTH P(X) Gompine wiu paBHa 0.5».
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Ipumep 5.6
Haiiném crenensr oOmHocTu cBOMCTB mpeaukara P(x) wu3 mnpumepa 1:
v(P)=AP(M)A APR)A A(PB))A A(P(4)A A(P(5))=min{0.1, 0.3, 0.6, 1, 0.6}=0.1. Tak
kak v(P) <0.5, To Ha Heuérkmii mpeaukaT P(X) Henmp3si HaBECUTh KBAHTOP HEUYETKOU
OOLTHOCTH.
Onpenenenne 5.14
Bemnunna — 7(P)= A(P(x1))A A(P(x2))A...A A(P(xn))  Ha3pBaeTcss  cmenenvio
cyujecmeosanus ceolicme npeouxama P(x) niis 31eMEHTOB MHOXKECTBA X.
Eciu 7(P) = 0.5, To Ha mpenukat P(x) MOXeT OBbITh HaBEIIaH K8AHMOP HEYEMKO20
cywecmeosanusi 1 (cUMBON I UYHUTAETCA «CYIIECTBYET», «HAUAETCs»). BbipakeHue
IxP(x) uuraercs «Hanércs X, TAKOM YTO, CTENEHb MCTUHHOCTU P(X) Oompiie wiu
paBHO 0.5» UM «JUIs1 HEKOTOPBIX X CTENEeHb UCTUHHOCTU P(X) Oosnbiie niaum paBaa 0.5».
IIpumep 5.7
Haiiném ctenens cymiecTBoBaHUs CBOMCTB Tmpeaukata P(x) u3 mnpumepa 1:
T(P)=A(P(D))VA(P2))V A(P(3))V A(P(4))v A(P(5))=max{0.1, 0.3, 0.6, 1, 0.6}=1. Tak
kak v(P) =0.5, To Ha Heuérkuil nmpenukat P(X) MOXXHO HAaBECHTh KBAHTOP HEUETKOIO
cymiectBoBanusa. Beipaxenne 3IxP(x) umraercs Tak: «Cpeau 3IEMEHTOB MHOMKECTBa
X={1, 2, 3, 4, 5} Haiinércs 2JIEMEHT X, TAKOH, YTO CTENEHb UCTHHHOCTH P(X) Oymer
6ombie unu pasHa 0.5».
YIIPAYXKHEHUSA
[IpuBeauTe mnpuMep HEYETKOrO OJHOMECTHOro  mpeaukara P(X), 3agaHHOro Ha
MHOXeCTBE X, Ha KOTOPBIM:
1. MO>XXHO HaBECUTh KBAaHTOP HEUETKOW OOIIHOCTH, HO HENb3 HABECUTh KBAHTOP
HEYETKOrO CYIIECTBOBAHUS;
2. MOXHO HaBECUTh KBAHTOP HEUETKOrO CYIIECTBOBAHHUS, HO HEJb3s HABECUTH
KBAHTOP HEUYETKON OOIIIHOCTH;
3. MOXHO HAaBECUTh U KBAHTOP HEUYETKOW OOIIHOCTH, M KBAHTOpP HEUYETKOTO
CYILECTBOBAHMSI;
4. Henmb3sh MOKHO HAaBECHTh KBAHTOP HEYETKOW OOIIHOCTH M KBAaHTOP HEUYETKOTO

CYIIIECTBOBAHHS.
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KOHTPOJIBHBIE BOITPOCHI

1. B 4uéM npuHIUIUAILHOE OTJIMYHE B ONPEACICHHH HEYETKOro IpeauKara M
OOBIYHOTO TIpearKaTa’?

2. MOXHO JIH BBECTH IOHSATHE CTEICHL OONIHOCTH CBOMCTB OOBIYHOIO IMpeauKaTa’?
MOXHO 71 ONpPEACIIUTh OIEpallii0 HABEIIMBAHUS KBAHTOpPAa BCEOOITHOCTH Ha
OOBIYHBIN TIPEIUKAT Yepe3 MOHATHE CTEIICHU OOIITHOCTH CBOWCTB MpeauKara?

3. MoXHO JIM BBECTH TIOHSITHE CTEINEHb CYIIECTBOBAHUS CBOWCTB OOBIYHOTO
npenukata? MOXHO JM  ONPEJCIHTh OINEpaldio HaBEIIMBAHUS KBaHTOPA
CYIIECTBOBAHMS Ha OOBIYHBIA MPEIUKAT Yepe3 MOHATHE CTEIICHU CYIeCTBOBAHHMS

CBOWCTB IIpeIuKaTa?

§ 5.4 HEUETKAS U JIUHI'BUCTUYECKASI IEPEMEHHBIE. HEUETKUE
JIMH'BUCTHYECKHUE BBICKA3BIBAHUA

[ToHsiTHE HEUETKOW W JMHIBUCTUYECKOW MEPEMEHHBIX HCIIONB3YETCS MPU OMUCAHUU
00BEKTOB u SIBJICHUIN c MTOMOIIIBIO HEYETKUX MHOECTB.
Onpenenenne 5.15

Heuemkas nepemennas Xapaxkrepusyerca Tpouikon <a, X, A>, rae a -
HAaUMEHOBAHUE MEPEMEHHOM, X - YHUBEPCAJIbHOE MHOKECTBO (00JaCTh ONpEEIeHUs o),
A - HedyeTkoe MHOXECTBO Ha X, ¢ (YHKIIUCH NMPHHAUICKHOCTH [ A(X), ONMHCHIBAIOIICH
BO3MOKHBIE 3HAYEHMS, KOTOpbIE NMPUHHMAET HE4ETKas INepeMeHHas o. B kaudecTBe
npuMepa HEYETKOM MEePEMEHON 0. MOYKHO NMPUBECTU HEUETKOE MHOXKECTBO A «CpemHss
CKOPOCTh aBTOMOOUJISI». B 3TOM ciiydae COOTBETCTBYIOIIAsI HEUETKAs TIEPEMEHHAST MOKET
OBITh TIpENCTaBIIEHA CIEAyIOIM o0pa3zom: <«CpelHsisi CKOPOCTh aBTOMOOWIs», X=[0,
400), A>, rie A — He4€TKoe MHOXECTBO C (pyHKIMell mpuHajexxHocTd B Buae THU
AT1=<40, 80, 10,10>.
Omnpenenenne 5.16

Heuémrotl runeeucmuueckoti nepemennou HazpiBaercs Hadop <, T, X ,G ,M>, raoe

B - HaMMeHOBaHUE JIMHTBUCTUYECKON TTEPEMEHHOM;

T - MHOXXECTBO €€ 3Ha4CeHU (TePM-MHOKECTBO), MPECTABISIOMIUX COO0H
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HAaUMEHOBAHUS HEUETKUX TIEPEMEHHBIX, 00JIaCThIO OMPEACTICHUS KaXKI0H U3 KOTOPBIX
sBisieTcss MHOKeCcTBO X. MHoxkecTBO T Ha3biBaeTcsi 6a30BBIM TEPM-MHOKECTBOM
JIMHTBUCTUYECKOU MEPEMEHHOI;

X- yHUBEpCaAIIbHOE MHOXKECTBO — 00JIACTh OMpeieSICHU] HEUETKUX TTePEMCHHBIX,
KOTOPBIC BXOJIAT B ONpECICHNE TUHIBUCTUICCKON ITEPEMEHHOM [3;

G - cuHTaKcHUYecKas MpoIeaypa, KOTopas OMKCHIBAET MPOIecC 00pa3oBaHUs HX
MHOecTBa T HOBBIX 3HAUCHUH (TEPMOB) JJIs IAaHHOW JTUHTBUCTHYECKON TTEPEMEHHOM,
HaIpuMep MPH MTOMOIIH JIOTHYECKUX ONEepallui «1», «AJINY», «HEY», MOIU(PUKATOPOB THUIIA
«OUYEHBY, «CIIETKa» U T.]I.

M - ceManTHUeCcKas NpolLeaypa, NO3BOJIAIONIAS TPEBPATUTH KAXKI0€ HOBOE
3HA4YCHUE JIMHTBUCTUYECKOUN MepeMeHHOM, o0pazyemoe npouenypoit G, B HEUETKYIO
MePEMEHHYIO0, T.€. C(HOPMHUPOBATH COOTBETCTBYIOIIEE HEUETKOEC MHOKECTBO.

IIpumep 5.8

[TycTp skcnepT onpenenser TONIMMHY BhIITYCKAaEMOTr0 U3JEIUs ¢ TOMOIIBIO
TIOHSATUM «MANasi MOAWUHAY, KCPEOHSS MOIUWUHA» T KOONbULASL MOTWUHAY, TIPH YTOM
MHUHUMAaJIbHaA TOJIIKMHA paBHa 10 MM, a MakcumaibHas - 80 M.
dopmanuzalys TaKoro OMMCaHus MOXKET OBITh MPOBEICHA C IIOMOIIIBIO CIISTYIOIIEH
nuHrBUCTHYECKOM niepemennoi <P, T, X, G, M>, rae
B - TonmuHA U3AETUS;

T - {«manas monwunay», «cpedHsisi moawunay, «OOILWASE MOTUWUHAN },

X - [10, 80];

G - mporenypa 00pa3oBaHUsI HOBBIX TEPMOB C TIOMOIIBIO CBA30K «U», «UIU» 1
MOAU(DHUKATOPOB THUIIA KOUEHbY, Hew, «caecka» N np. Hanpumep: «manas uiu cpeonsis
MOJIWUHAY, KOYEHb MANAs MOAWUHA» U JIP.;

M - nponenypa 3aganust Ha X = [10, 80] HEUETKUX MHOXKECTB A1= «Ma1as MmoawuHa,
Ay = «cpeonsis monwunay, Az= «boavwas morwuna» (puc.5.1), a Takike HEUETKUX
MHOKECTB 11 TEpMOB U3 G B COOTBETCTBUHU C MPABWJIAMHU TPAHCIISIIIUA HEYETKUX
JIOTUYECKUX OMEPALAN «U», «UTU», «He», N ONIepallui BO3BEJICHUS B CTEIICHb, B

YaCTHOCTH OIl€palivi KOHOCHTPAIWMKU U PACTSXKCHUSA «OUY€Hb», «CaezKa» U Ap. Oolcpaluun

HaJ HEUeTKUMH MHOMKECTBAMH BIa: AjNA,, A1 UA, A, A2 A%y zp.
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. ™~

10 80

Puc. 5.1 ®yHKIMH NPUHANIEKHOCTA HEUETKUX MHOKECTB:
«manas monwunay = Ay , «cpeonsas moawunan= Az, «boavuias monyunan= As.

80

Puc. 5.2 OyHKIUS NTPUHAATIEKHOCTH:
HEYETKOE MHOXKECTBO «MaAIAsA UNU CPEOHAA MOTuUHa» = A1UA,.

3ameuanne. Hapsy ¢ pacCMOTpEHHBIMU BbIIIE Oa30BbIMU 3HAUEHUSMU
JUHTBUCTUYECKON nepeMeHHoN «monwuna» (T={«wmanas monwyuna», «cpeouss
MOAWUHAY, «OOIbULASL MOIUWUHAY } ) BO3MOXKHBI 3HAYEHUS, 3aBUCSIIINE OT 00JIacTH
onpenenenus X. Hanpumep 3HaueHUS TMHTBUCTUYECKOW MIEPEMEHHOMN «TOJIIINHA
U3JICIIHS» MOTYT OBITh ONPEACIICHBI KaK «0K010 20 Mm», «okono 50 mmy», «oxono 70
MM», «B Tipeaenax or 55 1o 60 Mm» T.€. B BUAE HEUETKUX YUCEI U MHTEPBAJIOB.
Omnpenenenne 5.17

Heuémkum nunesucmuueckum  gvickaszvlieanuem OyIeM Ha3blBaTh HEUETKHE
BBICKA3bIBAHUS CIEAYIOUIUX BUJIOB:

1. Boicka3biBanue «f ectb o», rae p — HaUMEHOBaHUE JIMHIBUCTUYECKOU
IIEPEMEHHON, O — €€ 3HadyeHue, KOTOPOMY COOTBETCTBYET OTAECIbHBIN
JUHTBUCTHYECKUI TepM U3 0a30BOr0 TEPM-MHOXECTBAa T JTUHIBUCTUYECKON
nepeMeHHou 3.

2. BrickaspiBanue «B ectb Vaw, rne V - momudukatrop, COOTBETCTBYIOIIUN
TaKUM CJIOBaM, KaK «O4Y€Hb», «Ooyiee uiu Oojee», «MHOro OoJblIe» |
JIPYTUM, KOTOPBhIE MOTYT OBITh TOJYYEHBI C MCIOJIb30BaHueM Tporeayp G u
M naHHOM JTUHTBUCTUYECKON MTEPEMEHHOM.
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3. CocraBHBIC BBICKa3bIBaHUS, 00pPa30BaHHBIC U3 BHICKA3bIBaHWN BHIOB | 1 2 1
HEUYETKUX JIOTUYECKUX ONepalurid KOHBIOHKIMS, JAU3BIOHKIHS, OTPULIAHUE,
MMIUIAKALYA.

IIpumep 5.9

Heuérkoe MMHrBUCTHYECKOE BBICKAa3bIBAHUE IIEPBOr0 BH/IA - CKOPOCTh aBTOMOOMJIS
BBICOKAsI», TJ€ JIMHTBUCTUYECKOM MEPEMEHHON «CKOPOCTh aBTOMOOWIIS)) MPHUCBAUBACTCS
3HAYEHUE «BBICOKAS».
Heuérkoe NMHTBHCTUYECKOE BBICKA3bIBAHHWE BTOPOrO BHJIA - «CKOPOCTh aBTOMOOWIIS
OUYCHb BBICOKAs» O3HAYAET, UTO JUHTBUCTHUECKON MEPEMEHHON «CKOPOCTh aBTOMOOHIIS
MIPUCBANBAETCS 3HAUYCHUE «BBICOKAS» C MOJIU(PUKATOPOM «OUECHBY.
Heuérkoe NMHIBUCTUYECKOE BBICKA3bIBAHUE TPETHErO0 THUIA «CKOPOCTh aBTOMOOWJIS
BBICOKAsi ¥ pacCTOsHME 10 cBerodopa Onm3Koe» O3HA4YaeT, uToO MepBOM
JUHTBUCTUYECKON TIEPEMEHHONW «CKOPOCTh AaBTOMOOWIISI» MPUCBAUBACTCS 3HAYCHUE
«BBICOKas», a BTOPOH JIMHTBHCTHYECKOM TNEPEMEHHON «paccTOsHUE 10 cBeTrodopa»
MIPUCBAMBACTCS] 3HAUCHUE <«OIU3KOE». OTH HEUYETKHE BBICKA3bIBAaHUS IIEPBOIO THIIA

COCANHCHBI JIOTUYECKOM onepauneﬁ HEUYETKAsd KOHBIOHKIIHSA.

YIIPAXKHEHMUS
1. 3anaiiTe HeUETKUE TUHTBUCTUUECKHUE TTIEPEMEHHBIC:
«CKOpOCTh aBTOMOOUIIS;

d
b. «Bo3spact denoBekay;

134

«Temmneparypa Bo3xyxay;
d. «Pa3mep 3apruiathiy.
2. llpunymaiite nmpuMep HEUETKOM JIMHTBUCTUYECKOU MEPEMEHHOM.
3. IlpuBemute npuMep HEYETKOTO JIMHTBUCTUUYECKOTO BBICKA3bIBAHMSI.
KOHTPOJIBHBIE BOITPOCHI
1. Kak BbI HOHUMAaETE CMBICH CJIOBOCOUYETAHUN «HEUETKAsI TUHTBUCTUYECKAS
MEPEMEHHAS» U «HEYETKOE JIMHIBUCTUYECKOE BBICKA3bIBAHUE)?
2. CymiecTBYIOT JIM aHAJIOTH HEUETKUX JTMHTBUCTHYECKUX IMEPEMEHHBIX U

BBICKA3bIBAHUUN B KJIACCUYECKOM JIOTHUKE?
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IJIOCCAPU

ArperupoBaHue ycJa0BHH 0a3bl MPABUJI - IPOLIEAYPA ONPEACICHUS CTENCHU
HMCTUHHOCTH YCJIOBUM MO KaXKIOMY W3 MPABUI CUCTEMbBI HEUETKOTO BHIBOAA.
AKKYMYJIMPOBaHHE 3aK/JIIOYEHUN HEYETKUX MPABUJI - IPOLIETYPa HAXOKICHUS
GYHKIUY TPUHAJIEKHOCTH JJIs1 KKI0M U3 BBIXOIHBIX JTMHTBUCTHUYECKUX MTEPEMEHHBIX.
AKTHBANMS NOA3aKJIIYEeHUIN 0a3bl MPAaBUJI — IPOLIEYpa HAXOXKICHUS CTENIEHU
UCTUHHOCTH Ka)J0r0 U3 MOA3AKIIOUYCHUIN NPaBUl HEYETKUX MPOAYKIUN U ONPENEIICHUS
(GYHKIIUY TPUHAUISKHOCTH BCEX MOA3AKITIOYEHUHN SISl KaXKI0Tr0 MpaBuiia B 6a3e
HEUYETKUX IMPaABUIL.

AHTHpedieKCHBHOE HEYéTKOe OTHOLIeHHWe - OWHApHOE HEYETKOe OTHOUIEHHE,
3aJJaHHOE Ha MHOXECTBE XXX, YIOBJIETBOPSIOIIEE YCIOBUIO:

V <xi, XI>€ XXX (QyHKIUS MPUHAUICHKHOCTH OTHOIIEHUS [o(<xi, Xi>)=0.
AHTHCMMMETPUYHOEe HEYETKOe OTHOIIeHHWe - OWHApHOE HEYETKOE OTHOIICHHUE,
3aJJaHHOE Ha MHOXKeCTBE XXX, yIOBJIETBOPSIOIIEE YCIOBHIO: V <xi, X]>E XXX, npuuém
XI1#X], BeIOIHsIETCs paBeHCTBO: MIN{uo(<xl, X]>), pno(<xj, xi>)}=0.

ba3a npaBui cucteMbl HEYETKOr0 BbIBO/IA - KOHEYHOE MHOXECTBO MPaBUJI BUA
«ECJIN..., TO...», cornacoBaHHbIX OTHOCUTEIbHO UCIIOJIb3YEMbIX B HUX
JMHTBUCTHYECKUX NTEPEMEHHBIX.

bunapHble HeuéTKHeE OTHOLIEHUS — N-apHOE HEUETKOE OTHOIIeHHe pu N=2. Q —
OuHapHOE Heu€TKOoe OTHOIIeHHe, eciau Q={<<x1, x2>, no<xl, x2>> | X1€ X3, x2€ Xy,
hoe[0, 11}

Banxkaiimee 4éTKoe MHOXKeCTBO A’ OTHOCUTEIHLHO HEUETKOIO MHOXECTBY A, COCTOUT
U3 TEX DJIEMEHTOB YHHBEPCYMa, ISl KOTOPBIX 3HAUYEHUA (PYHKIMU TPHUHAICKHOCTH
na(x)>0.5, a sIeMEeHThI, Y KOTOPBIX, MOTYT Wa(x)=0.5 npuHagiexaTh WIM MOTYT HE

MPUHAJJIE)KATh MHOXKECTBY A",
BbicoTa HeUETKOTr0 MHOKECTBA A 3TO YHCIIOBas XapaKTepucTrka h Heuérkoro

MHOYKECTBa, KOTOpas HaxoauTcs mo popmyie: h=sup u,(x) .

xeX
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I'panunbl HEYETKOr0 MHOXKECTBA A — 3TO0 MOAMHOKECTBO YHHBepcyma X,

obo3Hauaemoe Gp , codeporcawyee  Takue 3IEMEHTHl yHHMBepcyMa X, Ui KOTOPBIX

3HaueHHs (YHKIUH IPUHAIIEKHOCTH Ha (X) ormiums ot 0 1 I,

T.e. Ga={xfre X,0< #a(X) <1},

JlomoiHeHHEe HEYETKOr0 MHOKeCTBA A 13TO HEUYETKOE MHOXKECTBO A, IS BCEX

3JIEMEHTOB KOTOPOTO X € X BBINIOJIHSIETCS YCIOBHUE: Hy (X) =1- H (X) .

Hepapxusi (Mepapxuueckas cmpykmypa) — 3T0 TpaduvecKkoe IpeCTaBICHNE
po0JIeMBI B BUJIC TIEPEBEPHYTOTO JACPEBa, T/I€ KaX bl SJIEMEHT, 3a HCKIIFOUCHUEM
CaMOTI'0 BEPXHETr0, 3aBUCUT OT OJJHOT'O MJIK 0O0JIee DJIEMEHTOB, PACIIOI0KEHHBIX BBIIIIC
paccMaTpUBaeMOro deJIeMEeHTa.

Komno3unus He4éTkux OMHApHBIX oTHOmeHnH Q u R - 9T0 Heuérkoe oTHOIMIEHNE
Q®R, 3aganHoe Ha MHOXKECTBE X1X X3, PYHKIMS IPUHAJICKHOCTA KOTOPOro Juist V
<xi, xk> € X;xX3 onpenensiercs Gpopmynon:

HQ®R(<XI, xk>)=max {min{po(<xi, xJ>), pr(<x],xk>)}}.
Xj

MHO0KeCTBO O-YPOBHSI HEUETKOI0O MHOXKECTBAa A Ha3bIBAETCS YETKOE MOJMHOKECTBO
YHUBEPCAIbHOrO MHOXecTBa X, omnpenensemoe 1no dpopmyne A, ={xx e X [pa(x)=0} ,
rjie a € [0,1].

Heuyérkasi BeJiIMUMHA - TPOU3BOJIBHOE HEUETKOE MHOXKECTBO A, 3aIaHHOE Ha
MHOXECTBE IECTBUTEIBHBIX YKcel R, T.e. HEUETKOE MHOXKECTBO, JJIs1 KOTOPOTO
YHUBEPCYMOM X CITY>KUT BCE MHOXKECTBO R..

HeuéTkasi TMHrBUCTHYECKAS epeMeHHasi Ha3biBaeTcst Habop <P, T, X ,G ,M>, rxe, P
- HaUMEHOBAHME JIMHI'BUCTUYECKON NepeMeHHOW; T - MHOXECTBO ee 3HaueHHHl (TepMm-
MHOXXECTBO), TMPEACTABISAIOMUX COOOM HAMMEHOBAaHUSI HEUYETKUX IEPEMEHHBIX,
00JacCThIO OMNpEAENEeHHs] KaXIOH M3 KOTOPBIX SBJISETCS MHOXKECTBO X; X-
YHUBEPCAIbBHOE MHOXKECTBO — 00JIaCTh OMpEAETICHUsI HEUETKUX MEPEMEHHBIX, KOTOPhIC
BXOJSAT B OIPEICIICHUE JIUHTBUCTUYECKOMN MIEPEMEHHOU B;
G - cuHTakcWueckas MpOoIeaypa, KOTOpash OMUCBHIBAET MpPOIECC OOpa3oBaHUS  MX

MHOXecTBa T HOBBIX 3HAUEHUH (TEPMOB) JIA JAHHOW JIMHTBUCTUYECKON MEPEMEHHOM,
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HarpyuMcEp IpHr IMOMOIIH JOTHICCKHUX onepaunﬁ «HU», «HUIJIIN», «HE», MOI[I/I(l)I/IKaTOpOB THUIIa

«OYECHDBY,

«CIICTKa» u T.A.,

M - ceMaHTUUYeCKas mnmponocaypa, MHO3BOJAOIIAA IPCBPATUTh KaXXJI0C HOBOC 3HAUYCHHUC

JUHTBUCTHYECKON TIepeMeHHON, oOpa3yemoe mnporeaypoid G, B HEUETKYIO IIEPEMEHHYIO,

T.€. c(pOpMHUPOBATH COOTBETCTBYIOIICE HEUYCTKOE MHOKECTBO.

HeuéTkas nepeMeHHas1 — yIIOpsiAOUYCHHAS TPOMKA 3JIEMEHTOB <a, X, A>, rae o -

HauMEHOBaHUE NIepeMeHHOM, X - YHHBEpCaJIbHOE MHOXKECTBO (00J1aCTh ONpPEACIICHUS QU),

A - HedeTkoe MHOKECTBO Ha X, ¢ (PyHKIMEH MPUHAMICKHOCTU W A(X), OTMCHIBAOMICH

BO3MOKHBIC 3HAUYCHHA, KOTOPLIC IPUHUMACT HEUETKas InepEeMCHHaAd Q..

HeuéTkoe JUHIBHCTHUYECKOE BBICKa3bIBaAHHME - HEUETKOE BHICKA3bIBAHHEC OJHOI'O M3

CIEAYIOIINX BUOB:

1. BeickaspiBaHue «f ectb o», rae  — HaUMEHOBAaHUE JIMHIBUCTUYECKOMN

IIEPEMEHHON, 0 — €€ 3HAa4YeHHE, KOTOPOMY COOTBETCTBYET OTIEJIbHBIN
JMHTBUCTUYECKUNA TepM U3 0a30BOT0 TEPM-MHOXKECTBA T JIMHIBUCTUYECKOM
nepeMeHHoi 3.

BrickaszsiBanue «f ecte Vaw, tme V - moaudukaTop, COOTBETCTBYIOIIHIMA
TaKUM CJIOBaM, KaK «OYe€Hb», «0ojiee Wiau 0Oojee», «MHOro OOoJbIIey H
JIPYTUM, KOTOPBIE MOTYT OBITh MOJYYEHBI C UCIIONBb30BaHueM mporenyp G u
M naHHOI TUHTBUCTUYECKON MTEPEMEHHOM.

CocTtaBHbI€ BBICKa3bIBaHUsI, OOpa30BaHHBIE U3 BHICKA3bIBAaHUM BUA0B 1 U 2 U
HEYETKUX JIOTUYECKUX ONepanuil KOHBIOHKIUSA, JAUIBIOHKIIMS, OTPHULIAHUE,

UMIIIIUKays.

HeuéTrkas sormyeckasi ¢opmyJia omnpeaensercss HHAYKTUBHO —CIETYIOIIUM

o0Opazom:

1. mobas Heu€Tkass BbICKa3bIBaTENbHAsI [EPEMEHHAsI SIBIIAETCS HEUYETKOU

JIOTUYECKOU hopMyJIIoH;

2. ecmu F1 m F2 — neuérkue nmormueckue (HOpPMYIIBI, TO F1 ,FIAF2, F1VF2,

F1-F2, F1<F2 — neuérkue normueckue GopMyIibl.

3. Hpyrux mpaBun st oOpa3oBaHUS HEYETKUX JIOTMUECKUX (opmMyn He

CyILIECTBYET.
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Heuérkmnii N-mecTHbIii mpexumkatr P(x1, X2, ..., XN), 3aJaHHBIA Ha MHOXXECTBE
X1XxX2X...XXn, 3To NepeMEHHOE BbICKA3bIBAHHE, 3aBUCSIIECE OT HEUETKHUX MEPEMEHHBIX
x1, x2,...xn (X1€X1, x1eXl,..., xneXn), KOTOpoe IpeBpallaeTcs B HEYETKOE
BBICKA3bIBAHME, €CIA BCEM MEPEMEHHBIM TMPHUJIATh KOHKPETHBIE 3HAYEHUA U3
COOTBETCTBYIOIIUX MHOXECTB.

Heuérko OJm3kue d¢opMyabl — 3To HEYETKHE (OPMYJBI, y KOTOPBIX CTEICHb
PaBHOCWJIBHOCTH Ha BCEX OMpENENEHHBIX Ha0Opax 3HAYCHUU MEPEMEHHBIX OOJIbIIE WU
paBHa 0.5.

HeuéTko ucTuHHbIE (POPMYJIBI — OTO HEUETKHUE (POPMYIIBI, KOTOPHIE HA BCEX
ornpeAenEHHbIX HA0opaxX 3HAUCHUN MePEMEHHBIX PUHUMAIOT 3HAYeHUE UCTUHHOCTH
oonbie uiu pasaoe 0.5.

HeuéTko s0:xHBIE (POPMYJIBI - 5TO HEUETKUE POPMYJIBI, KOTOPHIE HA BCEX
ornpeieIEHHBIX HAa0opax 3HAUCHUH MEPEMEHHBIX MPUHUMAIOT 3HAYEHUE UCTUHHOCTH
MeHblIe uin paBHoe 0.5

HeuéTkoe BbicKa3bIBaHHE - JTI000€ YTBEPKICHUE, O KOTOPOM MUMEET CMBICI CYJTUTh
WCTUHHO OHO WJIM JIOKHO B TOM WJIM UHOM CTEIICHHU.

HeueTkoe MHOXKeCTBO. MycThb X — YHUBEpPCAIbHOE MHOMXECTBO, MHOXKECTBO A —
nonMHOXKeCcTBO X (A &X). Hederkum MHOXKECTBOM A Ha3bIBa€TCS COBOKYITHOCTb
YIOPSIOYEHHBIX Map BUAA:<X, UA(X) >, The X € X, a pa(X) - GYHKIUS TPUHAIICKHOCTH,
KOTOpasi CTaBUT B COOTBETCTBHE KAXKIOMY JJIEMEHTY X € X HEKOTOPOE JIEHCTBUTEIBLHOE
gyucio u3 orpes3ka[0,1]. IIpu sTom 3HaueHHEe Ha(X) =1 171 HEKOTOpOro X € X O3HA4aeT,
YTO JIEMEHT X ONpPEACTIEHHO MPUHAIICKUT HEUETKOMY MHOXKECTBY A, a 3HaUeHUE Wa(X)
=0 o3Hauaer, 4TO AEMEHT X OMpPENCIEHHO HE MPUHAMTICKHUT HEYETKOMY MHOXKECTBY A.
Ocranbuble 3HaueHus (GyHKIUU Pa(X) u3 uHTepBaia (0,1) o3HayaroT, 4YTO DJIEMEHT X
MPUHAICKUT MHOKECTBY A B TOW WJIM UHOW CTETICHHU.

Heuyérkoe OTHOLIEHHME: HEUETKUM N-apHBIM OTHOLIEHHEM HA3bIBAETCA HEYETKOE
MHOXKecTBO Q, 3amanHoe Ha yHuBepcymMe X. CUMBOTUYECKU OMpEeIeHIUE HEUETKOTO
OTHOILEHHUS 3alUCHIBAETCS B BUJE:

Q={<<x1, x2,..., xn>, po<xl, x2,...,xn>> | X1€ Xi, x2€ Xs,..., XNE Xp, uo€[0,1]}.
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Hocurtenb He4€TKOro MHoKecTBa A 5mo OOBIYHOE MOAMHOXKECTBO As MHOXecTBa X,
KOTOPO€ COAEPKUT T€ M TOJBKO T€ AJIEMEHThl X, JJIsi KOTOPHIX 3HAUYCHUS] (YHKIIUU
NPUHAIISKHOCTH Heu€TKoro MHOXecTBa A He paBHbI 0, T.e. As={X| X € X, nua(x)>0}.
O0bennHeHue HEYETKUX MHOXKeCTB A U B 3T0 HeuéTkoe MHOXKECTBO AU B, QyHKIHUS
INPUHAAIEKHOCTH KOTOPOTO UMEET BUIL: 4z, 5 (X) = Max{s, (X), 15 (X)} -

(makcmunnoe ob6vedunenue).

OTHOCHUTE/IbHOE PACCTOSTHHE MEKIY HeYETKMMHI MHOKeCTBAMHU HAXOAUTCS 110
dhopmynam:

OMmMHocumenbHoe paccmosiHue Xemmunea:
p(A. B) == X%, |y (xi) — pp ()] , p(A, B)<[0,1].
OMHOCUMENbHOE Eemudoeo paccmosnue.
&(A B)== I, (D) — n(D)? , &(A, B)e[0,1],

Ilepeceuenue HeYE TKMX MHOKeCTB A 1 B — 3T0 Heué€TKOE MHOXKECTBO A B, QYHKIIUS

NPUHAAIEKHOCTH ~ KOTOPOTO  MMEET  BHI! s, o (X) = mMin{u, (X), 115 (X)}  (Makcmunnoe
nepeceuetue).
Pa3HocTh He4€éTKHX MHOKeCTB A u B 310 Heuérkoe mHOkecTBO A\B, (yHKIHS
TIPHHAIEKHOCTH KOTOPOTO UMEET BUI: 11y, 5(X) = min{ 1,(X)1— 15(X) }.
Paccrosiaue mexny Hed€TkuMu MHOXecTBaMu A u B Haxoautcs mo hopmynam:
paccmosnue Xemmunea (WA JUHEUHOE PACCOSHUE).
P(AB)=2i1lna (x) — up (x|, p(A, B)€[0, n].

Esxnuoo60 unu keadpamuunoe paccmosuue:

6(A,B)= I (aCed) — s (xD))?, (A, B)e[0, 7],

PednexkcuBHOE HEUETKOE OTHOLLIEHUE

CummeTpHruyecKkasi pa3HOCTbh HEYETKUX MHOkeCTB A U B 3T0 HeuéTkoe MHOXKECTBO A

AB, byHKIIHSA MPUHALJIEKHOCTH KOTOpOr0 AMEET BHI:

Fepns (X) = Maximin{z, (x).1— 425 0y Min L — 44 (%), £ (¥} }-
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CuMMeTpUYHOEe HEeYETKOEe OTHOIIEHUE - OMHapHOEe Heu€Tkoe oTHomeHue Q, 3aaHHOe
Ha MHOXECTBE XXX, YIOBJIECTBOpSIONIee YCIOBHIO:Y <xi, X]>EXXX BBHIOITHICTCS
paBeHCTBO: Wo(<xI, XJ>)= no(<xj, Xi>).

CTeneHb 00IIHOCTH CBOHCTB HEYETKOro npeaukara P(X) 11 371IeMEHTOB MHOXECTBA
X mnaspiBaercs Benuunaa V(P)= A(P(x1))A A(P(x2))A...A A(P(xn)).

CTteneHb PaBHOCHJIBHOCTH He4éTkux dopmya FI1(x1,x2,....xn) u F2(x1,x2,...,xNn)
oboznavaercs d(F1(x1,x2,...,xn); F2(x1,x2,...,xN)) U oOmpeaesieTcs BbIPAXKCHUEM:
(F1(x1,x2,...,xn);F2(x1,x2,...,xn))=A(F1(x1,x2,...,xn)<=F2(x1,x2,...,xN)), rae orneparws
A Oepércs o BceM ompeelI€HHBIM HabopaM CTETICHEH MCTUHHOCTHU BBICKA3hIBATEITLHBIX
MepEMEHHBIX.

CTeneHb CylmecTBOBAHUSI CBOMCTB HEYETKOro mnpeaukara mpeaukara P(x) s
aieMeHTOB MHOkecTBa X HasbiBaercs — BeaumumHa V(P)=A(P(X1))A A(P(X2))A...A
A(P(xn)).

Toykn nepexoaa HEYETKOr0 MHOXKeCTBA A  3TO MHOXECTBO Ta, cocrosimiee U3

ANEMEHTOB X € X , JJISI KOTOPBIX #4(X)=0.5 HaspiBatoTcs Toukamu Mepexo/ia HEYETKOTo
MHOKecTBa A, T.e. Ta={X| X € X, ua(x)=0.5}.

Tpan3uTuBHOEe He4Y€éTKOe OTHOLIEHHWe - OWHApHOE HEY€TKoe oTHomeHne Q
yIOBJIETBOpsIONIee yeioButo: V xi, X], XK € X uMeeT MecTo paBeHCTBO:

to(<xi, xk>)= max 4 Ex {min{uo(<xi, xJ>), no(<xj, xk>)}}=0.

TpanenueBuanas GyHKIUS NPUHAIICHKHOCTH -

TpaneuueBUaHbBIN HEUETKU HHTEPBAI

TpeyrojqbHasi (YHKUMS TPUHALIEKHOCTH — O5TO (QYHKIUS MPUHAIICKHOCTH

HEYETKOI O MHOJKCCTBA, KOTOpasd 3a0a€TC aTUTHYIECKUM BBIPpAKCHHUCM

( 0,ecrux < a
X—a
S, ecua <x<b
fA(x;a,b,c) =1 [—%
|E,ec11ub£x£c
k 0,ecruc <x
rae a, D, C — HEKOTOpbIE YHCIOBBIE MApaMeTphl, MPUHUMAOIIKAE IPOU3BOJIbHBIC

JEeMCTBUTEIbHBIC 3HAUCHHS U YIIOPSA0YCHBI OTHOIIEHHEM: a < b < c.
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Tpeyroabnoe HeuéTkoe yucao (THY) sto Heuérkoe uncio AA, QyHKIIUS
MIPUHAJIEKHOCTH KOTOPOr0 UMEET TPEYroyibHbIA BUIL fA(x; a, b, c). THY ynobHO
MPEICTAaBUTh B BUC YIOPSI0YCHHOTO MHOXKecTBAa AA=<d, a, B>, rae d — MmoganbpHOE
sHauenrne THY, o - neBbiit koadpuireHT HeuE€TKOCTH U 3 — mpaBbIiil KOYPPUITUEHT
Heuérroctu: d=b, a=b-a, f=c-b.

YHuBepcym — 00bIYHOE MHOKECTBO, TO €CTh MHOXKECTBO, U3 DJIEMEHTOB KOTOPOTO
o0pa30BaHbl BCE OCTAIbHBIE MHOKECTBA.

da33upukanms BXOAHbIX epeMeHHbIX (BBEJCHUE HEUETKOCTH) - poLEAypa
HEUYETKOT0 JIOTUYECKOTO BBIBOAA, LIE€JIbI0 KOTOPOU SIBIIIETCSL YCTAHOBJICHUE
COOTBETCTBHSI MEXAY KOHKPETHBIM (OOBIYHO YUCJIICHHBIM) 3HAYCHUEM Xi U3 YHUBEpCYMa
Xi Kax01 BXOTHOM JTMHTBUCTUYCCKOW MTEPEMEHHOM I cHCTEMBbI HEYETKOrO BBIBO/IA U
3HaYeHUEM (DYHKIUN MPUHAIIECHKHOCTA TEPMOB BXOAHOM JIMHTBUCTUYECKOM
IIEPEMEHHOM.

@OyHKIus NPUHANIEKHOCTH HEYETKOTO MHOKECTBA A — 3TO (DyHKIHS, KOTOpas
KaXJIOMY 2JIEMEHTY X YHUBEpCyMa X CTaBUT B COOTBETCTBUE YHCIIO [a(X) U3 OTpE3Ka
[0,1], xoTopoe moka3sIBaeT, B KAaKOW CTEIICHH JaHHBIIM SJIEMEHT X 00J1aJaeT CBOUCTBAMH
HEYETKOIO MHOKECTBA.

Anpo HeYE€TKOro MHOKeCTBA A - 3TO OOBIYHOE MHOXKECTBO A1, 3JIEMEHTBI KOTOPOT'O

Y/IOBIETBOPSIIOT yciaoBHio: Aj ={x|x € X |ua(x)=1}.

S-o0pa3Has GpyHKUHMS NPUHANIEKHOCTH WIH CHIAUH-(YHKYUA U B 00IIEM CiTydae
AHATUTUYECKHU MOXET OBITh 3a/1aHa CIICIYIONUM BBIPAKCHHUEM:
1,eciux <a
fz(x;a,b) = ;’_;Z,ecvzua <x<b,
0, b<x
rie a u b — HekoTopkIe YKCIOBBIE MApaMeTPhl, MPUHUMAIOIINE TIPOU3BOJIbLHBIC
JICHCTBUTENBHBIC 3HAYCHHS M YIIOPSIOYCHHBIC OTHOIIIeHHEeM a< b.
S-o0pa3Has (yHKIUS NPUHAIJIEKHOCTH B OOIEM Cilaydae MOXKET ObITh 3ajaHa

AHAJIIMTUYCCKHU CIICAYIOIIHUM BBIPAKCHUCM !
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0,eciux <a
xX—a
fs(x;a,b) = E,eczzua<x<b,
1, b<x

rac a u b— HCKOTOPLIC YUCIIOBLIC ITAPaMETPhI, IPHUHUMAIOIIHUEC ITPONU3BOJILHBIC

JICUCTBUTENbHBIC 3HAUCHUS U YIIOPSIOYCHHBIC OTHOIIIEHUEM: a< b.
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