MUHHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3BOBAHU S POCCUMCKOM ®EJIEPALINN
denepanabHOE TOCYJaPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIETO 00pa30BaHus
«Kazanckuii (ITpuBomkckuil) GeaepanbHbIii YHUBEPCUTET»
HaGepexxHoue THUHCKUN WHCTUTYT ((uiran)

Kadeapa IxoHoMuKa npeanpusasTHii 1 OPraHu3annin

HeueTkas JJoruka

YueOHo-Memoouyeckoe nocooue

Habepexubie YemHbl

2019



VIIK 004.451.9
BBK 32.973.26-018

[ledaTaercss mo  pemeHHI0O  y4eOHO-METOAMYECKOH  KOMHCCHHM  SKOHOMHYECKOTO  OTACICHUS
HabGepe:xxnouemnmackoro wmHCTUTYTa ((dmimana) ¢eaepalrbHOTO  TOCYJAapCTBEHHOTO  ABTOHOMHOTO
00pa30BaTeIbHOTO YyUpeXAeHHs Bbicmiero ooOpasoBanusi «Kazanckuit (IIpuBomkckuil) denepanbHbIiI
yHUBEpCUTET», OT « 16 » 04 2019 r. (mpoTokon Ne §)

PenienseHThI:
JlokTop 3koHOMHYECKHX HayK, mpodeccop A.C. Ilypses
JlokTop SKOHOMHYECKHX HayK, mpodeccop A.H. Makapos

I'puropsea [I.P., 'apeesa ['.A. HeueTkas noruka: yae6HO-MeToamueckoe mocobue / JI.P. I'puropbesa, I'.A.
I'apeeBa. — HaGepexxnbie Yennsr: UIIL Habepexxnouennunckoro uncturyra KOY, 2019. —43 c.

B  y4eOHO-METOIMYECKOM TOCOOMH H3JI0KEHBI OCHOBBI TEOPUM HEYETKUX MHOXKECTB, OIHCAHBI
OIlepaliy Hall HUMH, a TAKXKE METOABI BHINOJHEHUS apu(PMETHUSCKUX ONepauuii Hal HEYETKUMHU YHCIaMHU.
3aTparuBaercsi BONPOC NPHUMEHEHUS MHCTPYMEHTAJIBHBIX CPEACTB MOMIAEPKKH TPOSKTHUPOBAHHUA U
MOCTpOCHHUsI HelipoceTel. YueOHO-MeToarnuecKoe MmocoOue COACPKUT MPUMEPHI pEIlIeHHUsT THITOBBIX 3ajad,
CIPaBOYHBIM MaTepHai ISl peIleHus 3aa4, 3aJaHus A5l CAMOCTOSATELHOTO BBIIOIHEHHS.

© I'puropwesa JI.P., 'apeeBa I'.A.,2019
© HYU KDY, 2019
© Kadenpa JxoHOMUKaA MpeANpUATUN U opranuzanmii, 2019 r.



Conepxkanue

332131 (<) 502 (T 4
MatemaTtnueckrue ocHOBbI. HedueTkas anreOpa U HEYETKUE MHOMKECTBA ....c.vvevveeneennne 4
Jlornyeckre onepanuy HaJl HEYETKUMU MHOMKECTBAMU .....c.vvveereernreerreesnesssneeessneesnnes 6

Heuertkas u nuHrBHCTHYECKHE TIepeMeHHbIe. DOpPMBI TPeICTaBICHHS (PYHKIINN

MPUHAIJICHKHOCTH M HEUCTKHIM BBIBOJT .. .vvvveessreeesssrreesssrnesssssesssssessssssesssnssssssnssnssssssessnnes 6
HEUETKII JTOTUECKII BBIBOIL +.vvueerniesussssnsesasesssssnsssssssnsesssssnsessssessesnssesnsesmeenrennee 9
AJITOPUTMBI HEUETKOTO BBIBOJIA ..vveeeuvveeuteeesuseeessseasssseesassseessnssessssssessssssessssnsessnssees 10
HedeTknii 1OrmYeCKUN BBIBO MAMITAHI ......cccvveniiiiiiiieieiieriiseesserin e e ssabiesessssbanseesens 11
HeueTknii 1OrndeCKUN BBIBOIL CYTEHO ....oviiiiiiiiiriieiiiieesnree s 15
RS 1101807 (RN 200 (0):) 8 b, Qe T: i €2 - (HR 18
3amadns JUIT CAMOCTOSTEIIEHOTO BBITTOTHEHIS . .vvvvvevreseeirnssessnsesssssssssessssssssnsessnnss 37
CITHCOK JTATEPATYPBL 1. veeeureeesseeesnneessseessseessesassesessneessseessseesssesanessssesesnneessneesnnessnsessnns 42



BBeaeHue

Marematruyeckasi T€OpUs HEUYETKUX MHOMXECTB M HEYETKas JIOTHUKA SBISICTCS
0000IIEHNEM KJIACCHYECKON TEOpHH MHOXECTB M (opManbHOW Jorukd. [laHHBIE
NOHATUS OBUIM MpeIoKEHbl amepukaHckuMm yu€HbiM 3.Jlotdu B 1965 romy.
OCHOBHOI TPUYMHOW TOSIBJICHUS HOBOM TEOpPUM CTOWIJIO HaJU4he HEYETKUX U
npUOMIKEHHBIX PACCYXJACHUNA TNPU OMHCAHUM YEJIOBEKOM IMPOILIECCOB, CHUCTEM,
00OBEKTOB.

CrekTp NpuIOKEHUN HEYETKUX MOJENEH U METOJOB IIMPOK M OT YIPaBICHUS
MIPOLIECCOM  OTIPAaBICHUS W OCTAHOBKH TI0€3[a METPONOJUTEHA YIpaBJICHUE
Ipy30BBIMHU JIU(PTaMU M JOMEHHOM MEYbI0 JO CTUPAJIbHBIX MAIIWH, MbUIECOCOB U
neuet CBY.

IIpu 3TOM HEYETKHE CUCTEMBI IO3BOJIAIOT IMOBBICUTH Ka4€CTBO NPOLYKIUU IIPU
YMEHBILIEHUU pecypca U DSHEpro3arpar M 00ecrneyuBaloT 0ojiee BBICOKYIO
YCTOMYMBOCTD K BO3JIEUCTBUIO MEIIAIOIMKX (DAKTOPOB.

Marematnyeckasi TEOpHUsl HEYETKUX MHOYKECTB MIO3BOJISIET ONMCHIBATh HEUYETKUE
MOHSTUS ¥ 3HAHUSI, ONIEPUPYS ITUMU 3HAHUSMHU, U JIeJaTh HEUETKUE BbIBOJIBI.

Heuetkass noruka oOecneunBaer 3(P(QEKTUBHBIE CpeACTBA OTOOpaKEeHHS,

HEOIPENEIEHHOCTEN U HETOYHOCTEN peaIbHOro0 MUpa.

MaTemaTuyeckue oCHOBbI. HeueTKas am'e6pa 1 HE4YEeTKHEe MHOXKeCTBa

IIycte E — yHuBepcanpbHOe MHOXecTBO, X-3imemeHT E, a R — Hekoropoe
cBOMCTBO. OOBIYHOE (YETKOE) MOAMHOKECTBO A YHHMBEPCAJIIBHOIO MHOXecTBa E,
AJIEMEHTBI KOTOPOI'O YIOBJIETBOPSIOT CBOMCTBY R, ompeznensiercss kak MHOXECTBO
yrnopspoueHubix map A = {uy(x)/x}, rae pa(X) —xapakrepucrudeckas (yHKIUS
NPUHAJISKHOCTH (WM  TPOCTO (PYHKUMS TNPUHAAJIEKHOCTH), MPUHUMAOILIAs
3HAYEHHS B HEKOTOPOM BIIOJIHE YIOPSIOYEHHOM MHOXecTBe M (Hampumep,
M=[0,1]). ®ynkuus NPUHAUIKHOCTH YyKa3bIBaCT CTENCHb (WM YPOBCHB)

MPUHAJIC)KHOCTU JJICMCHTA X IMOAMHOKCCTBY A. MmnoxectBo M Ha3bIBaIOT
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MHOKECTBOM MPUHAIIICKHOCTEH. Ecmm M={0,1}, TO HEUYETKOE
MOJIMHOKECTBOAMOKET pacCMaTPUBATHCS KaK OOBIYHOE HIIA YETKOE MHOKECTBO.

HeueTkoe MHOXECTBO OTJIMYAETCA OT OOBIYHOTO TEM, YTO JIJISl 3JIEMEHTOB X U3
MoJMHOKeCTBa E HeT 0/lHO3HAYHOI0 OTBETA (J1a - HET) OTHOCUTEIBLHO CBOMCTBA R.

B cBs3u ¢ 3TUM HedeTKoe MOJAMHOXKECTBO A YHHMBEPCAJIBHOIO MHOXecTBa E
OTpeesieTcsl Kak MHOXKECTBO YIOPSA0UYEHHBIX Map.

OyHKIMSA ~ OPUHAISKHOCTH  Ha(X)  yKa3plBaeT  cTerneHb  (YpOBEHB)
NPUHAIIICKHOCTH dJIEMEHTa X TTOJIMHOXKECTBY A.

Ipumep:

IMycrs B= {X; X, X5 X4 X5}, M=[0; 1]

A — HEUYeTKOE MHOXECTBO, JIJIsi KOTOPOTO 3aJ1aHbl (YHKIIUU TPUHAIIICKHOCTH.

Ma(X1) = 0,3 5ua(X2) = 05 pa(X3) = 1;ua(Xy) = 0,55 pa(Xs) = 0,9.

Torpa

A =1{0,3/x4;0/x,;1/x3;0,5/x4;0,9/X5} nu

A=0,3/x; +0/x5;1/x3;0,5/%4;0,9/x5

OcCHOBHBIE XapaKTEPUCTUKHA HEYETKUX MHOKECTB:

Benuuuna supp, (x) Ha3bpIBaeTCS BBICOTOM HEUETKOTO MHOXKECTBA A.

Heuetkoe MHOXECTBO A — HOPMAaJIbHO, €CITU €r0 BHICOTA PABHO | , T.e. BEpXHss
IpaHUIa ero PYHKIUU NPUHAJIEKHOCTH paBHa 1.

[Tpu suppy (x) < 1 — HEUETKOE MHOKECTBO CyOHOpMaJIBHOE.

Ecnu pynkuums npuHaaiiexxHocTd = 0, TO HEYETKOE MHOKECTBO ITYCTO.

Ecmun dynkums npunamnexHoctn paBHa 1, pa(x) = 1 Tombko it OZHOTO
siieMeHTa X, TO HEYEeTKOe MHOKECTBO YHUMOAAIBHO.

Eciu moaMHOXKECTBO CONEPKUT (PYHKIMHM TpHUHAuIe)kHOCTH > 0, TO OHO
Ha3bIBaeTCsl A —HOCHUTEJIEM HEYETKOTO MOAMHOXKECTBA.

Eciu ¢ynkuusa npunamnexxnoctu paBHa 0, 0 = p,, TO smemeHtsl X, s

KOTOPOI'O BBIITOJHACTCA 3TO YCJIOBHUEC HA3BIBACTCA TOUYKAMU IIEPEXOJA.



Jlornyeckue onepanvMm Haa HECYETKHMHU MHOKEeCTBaAaMU

1) Bxmtouenune: A coxmepxkutcss B B, eciu QyHKUMS TpUHAIICKHOCTH

SIeMEHTOBU , (X) < p, (X)

BB

A C B — BKJIIOYEHHE

B nomunupyer Hag A

2) PaBenctro: A = B

A =B, ecu (x) = u, (x)

3) JlomostHeHUE

A u B nonomusior apyr apyra, ecnm u,(x) =1 — u, (x)
B=Aumm A =B

4) [Tepeceuenue: A N B

A nepecekaer B — HeueTkoe MOAMHOKECTBO, CoZIepKallee OJHOBPEMEHHO B A U

405 00) = NGt (), 11, )
5) O6benunenue (nam B A, uiu B B)
HeueTkoe mogMHOKECTBO, BKIIIOYaromiee Kak A, Tak u B
A U B - O0beannenue

Haup (X)) = max(u, (x), upy (x))
6) Pasnoct: A— B =ANB

asp () = Hpnp() = min(u, /%1 - g /%)
7) Jle3bIOHKTHBHAS CyMMa.
A+B=(A-B)uUB-4)=AnB)U(AnB)

OyHKIMS TPUHAIICKHOCTH

p_p(0) = max(min(p, ()1 — py(0); min(L— p, (), 1y (x)))

He4yeTKass M IMHIBUCTHYECKHE NnepeMeHHbIC. q)OprI npeacraBJI€HUA

GYHKIIMM IPUHAAJIE2KHOCTA U HEYETKUU BbIBOJ,
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JUIsT HEYEeTKHX MHOXXHTENIEH BBOJIUTE IOHSITHE HEUYETKO JIMHIBHCTHYECKHUX
nepeMeHHbIX. HeueTkas mnepeMeHHas omnwuceiBaerca HabopoMm (o, %, A),rae o-
Ha3BaHUE TMEPEMEHHOM, Y-yHHBEpCAJIIbHOE MHOXECTBO (00yacTh o), A-HEeueTKHe
MHO)KECTBAa Ha X,ONHChIBaronue orpannyeHue ( M, (X) Ha 3HaUY€HHE HEYETKOM
IIEPEMEHHOM o).

3HaueHUE HEYETHOM JIMHTBUCTHUYECKOW TEPEMEHHOW MOTYT OBITb HEUETKHE
nepeMeHHble, omuckiBacTcss Hadoopom (B,T,X,G,P) B- munrsucruueckoe, T-
MHOXXECTBA €€ 3HaYeHUM, TMPEJCTABIAIOMUX COOOW HAMMEHOBAHUE HEUYETKUX
MepeMEHHBIX-X,00J1aCThI0 OMPEACIICHUS KaXI0M U3 KOTOPBIX SIBISETCS MHOMXKECTBO-
X.MHuoxectBo  THa3piBaeTcs  0a30BbIM  JIMHTBUCTHYECKOW  mepeMeHHOU.G-
CHUHTaKCHYECKas MpoLeaypa, NO3BOJISAIONIAs ONEpUPOBaTh AeMeHTaMu- 1 (Hanpumep
reHEepUpOBaTh HOBBIE 3HauyeHUs1),M- CHHTaKcHMYecKas MpoUEeaypa, IMO3BOJIAIOMIAS
IPEBPATUTh KakJJ0€ HOBOE 3HAUEHHE JIMHTBHUCTUYECKON NMEpPEeMEHHO, oOpa3yromas
npouenypoid G B HEUYETKOr0 MEPEMEHHOro, T.€. CPOPMHUPOBATH COOTBETCTBYIOIIHE
HEYETKHUE MHOXKECTBO.

CymiecTBylOT ~MHOXXECTBAa  THUMOBBIX  ¢GopM I 3agaHusi  (QyHKIMIA
npuHajyiexHocTd. Haumbosee  pacnpocTpaHeHHOe — moiayuuiaud  TpeyronbHas,
Tpaneueunnansuas u ['aycCoBa QyHKIHS TPUHAIICKHOCTH.

M ¢yHKIMS TPUHAIJICKHOCTH ONpeAeaseTcs Tpohkor uucen (a,b,C)u ee
3HAYEHHUS B TOUKE X BBIUUCISETCS COTJIACHO BBIPAKEHUIO.

TpeyronpHas QyHKIHMS TPUHAIICKHOCTH.

b —x
1—b_,anSb

MF(x) = x—b
1—C_b,bSXSc

0, BOCTaJIbHBIXCITyYasIXX
[Ipu b-a=c-b wumeer ciaydail CHUMMETPUYHOM TPEYroNbHOW  (QYHKIHH
MIPUHAJJICKHOCTH, MOKET OBITH OJJHO3HAUHO 33/1aHa JBYMsI TapaMeTpaMu U3 TPeEX.
Jna 3amaHus TpamnernewpanbHas — QYHKIMW TPUHAIJICKHOCTH HaAMOOJbIIAas
yeTBepKa uucen (a,b,c,d).
TpanenennansHas GyHKIUS TPUHAIICHKHOCTH.
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MF(x) = <

b —x

1,b<x<c
X—C
— ,c<x<d

\0, B OCTaJIbHBIX CIy4Yaax

1) TpeyronbHas 2)TparnenennaibHas

MF

0

[
»

OyHKIMA TPUHALIEKHOCTH ['ayccoBa Tumna:

MF = exp [— (X (_p C)Zl

OnepupyeT AByMsI TapaMeTPaMHU.

[Tapamerp C o0o03HayaeT IMEHTP HEYETKOTO MHOXKECTBA, a (P OTBEYAET 3a

GyHKIHH.

3) TI'ayccoBa

MF

v

Sigma=4 X



CoBOKYMHOCTh (YHKIIUM TPHUHAUICKHOCTU ISl KAXIOTO TEpMHUHA 0a30BOTO
MHOkecTBa T 0OBIUHO H300paxkaroTcss BMecTe Ha onHoM Tpaduke. KomnuecTBo

TCPMHUHOB B JIMHTBUCTUYECKOM HGpGMCHHOﬁ PCAKO IIPCBLIIACT.

HeuyeTKni Jioru4ecKui BbIBO/,

OcCHOBOM 1JIs1 TPOBEAEHUS ONEPALIMU HEUYETKOTO JIOTHUYECKOTO BBIBOAA SIBJISIETCS
0a3a mpaBuII, coiepKalias HeYeTKHE BhICKa3bIBaHUS B OpME «eciu To» U (PyHKIUs
OPUHAJJIEKHOCTH [JIsl COOTBETCTBYIOIIMXJIMHIBUCTUUYECKUX TEPMHUHOB. [lpu »TOM
JOJIKHBI COOJIIOAATHCS CIIEYIONINE YCIOBUSL:

1)CymectByeT XOTS Obl OJHO MPABUIO JUISl KaXIO0M JIMHTBUCTUYECKOU
BBIXOJIHOU IIEPEMEHHOM.

2)[1ns mo0oro TepMa BBIXOAHOW MEPEMEHHOW UMEETCS XOTsI Obl OJTHO MPABUIIO,
B KOTOPOM 3TOT TEPMHMH MCIOJIb3YETCS B KadecTBE LEJIEBOM YacTH IpaBuia. B
IPOTUBHOM CIIyyae UMEET MeCTO 0a3a HEUETKHUX IPaBUJL.

ITycts 0 B 0a3e nmpaBuil UMeEETCs MO IpaBUIaM BUJA Iy, I'y

R;:EcnmuX; 310 Aqq ... ¥ ... X, 3TO Ay, TO Y 3TO B4

Ri:Ecnux, 910 Ajq ... ¥ ... X970 Aj,,T0 y 910 B;

Ry : Eciuxy 910A4,; .. ¥ ... X, 970 Ap, TO Y 9TO By

Xkk=1..n ,THC

Xk-BXOJHBIC IEPEMCHHBIC

Y -BbIXOJHBIC IICPCMCHHEIC

Aj1-3a,uaHHI>Ie HEYETKHE MHOXKECTBA C (PYHKITUSIMHU MPUHAIJICKHOCTH.

PCBYJ'IBTaTOM HEYETKOT'O BBIBOJA SABJIACTCA UETKOC 3HAYCHUC HepeMeHHoﬁy* Ha
OCHOBC 3aJaHHBIX YETKHUX 3HAYCHUU Xk-

B o0mem ciayyae MexXaHM3M HEYETKOro JIOTUYECKOIO0 BBIBOAA BKIKOYAET
CIIEAYIOIIUE ITAIBI:

1)BBenenue HEYeTKOCTH.



2)HeueTkuil BBIBOA.
3)Kommno3zuiusi.

4)IIpuBeneHne K 4eTKOCTU

baza npasun

[IpuBenenue k
IIpuBenenue k
HEYETKOCTH -

YCTKOCTH

Heuerkuit
JIOTUYECKUN

BBIBOJ]

PHCYHOK 1. DTansl MexaHW3Ma HEYETKOTO JIOTUYECKOTO BbIBOJA

AJ'IFOpI/ITMI)I HCYCTKOI'O BbIBOJAA PA3JIMYAIOT TIJIaBHBIM 06pa30M BHUaaM
HCIIOJIB3YCMBIX  IIPaBHII JIOTHYECKOM orncpanmui W PpPasHOBHIHOCTBKO MCTOJA

nuBepcudukanuu. Pa3zpabotanbl Mmoxaenu HedeTkoro Buma: Mamupanu,CyreHo,

Jlapcena, Llykamoto.

AJII‘Op HUTMbI HEYETKOI'O BbIBO/AA

OObIuHBIN, OyNeBbId JIOTUYECKUN BBIBOJA Oa3WpyeTcss Ha  CIEIYIOIINX
TaBTOJIOTHUSX:

moayc norenc:; (A*(A = B)) = B;

moayc ToiieHe: (A = B)"B = A;

cumtormaM: ((A= B)*(B= (C)) = (A= ();

koutpanosunus: (A = B) = (B = A);
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B yetkoM noruueckom BBIBOJAC Hanbosee 4acTo IMPUMCHSCTCS IIPABHUIJIO MOAYC

ITOHCHC, KOTOPOC MOKHO 3aIINCaTh TaK:

IToceika A ecTb UICTUHHO
Nmnnukanus Ecau A, To B

Jlornueckuii BeIBO | B ecTh HCTUHHO

Monyc NOHEHC BBIBOAMT 3aKJIIO4YeHHUE "B €CTh MCTUHHO'", €CIIM U3BECTHO, YTO
"A ectb uUCTMHHO" M cymecTByeT npaBuio "Eciu A, To B" (A u B - yerkue
Joruyeckue yTBepkAaeHUs). OJHako, €ClIM MPEeleleHT OTCYTCTBYET, TO MOJYC
ITOHEHC HE CMOXKET BBIBECTU HUKAKOIO0, JaXe MPUOJIMKEHHOTO 3akitoueHus. [laxe B
clly4yae, KOrja M3BECTHO, YTO OJM3KOe K A yTBEpKJIeHHE A' ABISAETCS HUCTHHHBIM,
MOJYC IOHEHC HE MOXeT ObIThb HpuMeHeH. OIHUM U3 BO3MOXKHBIX CIOCOOOB
NPUHATUS PELICHUN MpPU HEONpPEAeNICHHOM HH(OpMauuu SBISETCS NPUMEHEHUE
HEYETKOT'O JJOTHYECKOTO BBIBOJA.

HeueTknM JIOrM4eCKMM BBIBOJIOM HA3BIBACTCS IOIYYEHUE 3AKIIOUEHUS B BUJC
HEYETKOTO MHOKECTBA, COOTBETCTBYIOILETO TEKYIIMM 3HAYEHHUSX BXOJIOB, C
MICTIOJIb30BAaHMEM HEUETKOM 6a3hl 3HAHUH U HeueTKux onepanuii. B'=At o (A — B)

OCHOBY HEYETKOro JIOTMYECKOTO BBIBOJA COCTABIISET KOMIIO3UIIMOHHOE
MpaBUIIoO 3aje.

KoMmno3suinmonnoe mnpaBuiao BbiBoja 3azne (GopMynupyercs CIeayOLIUM
00pa3oM: eciii U3BECTHO HEYETKOE OTHOIIICHHE MEXY BXOJHOMU (X) U BBIXOJHOM (Y)
TIepeMEHHBIMH, TO PU HEUYETKOM 3HAUEHMH BXOJHON MepeMeHHoM X = A HeueTkoe

3HAYEHUE BBIXOIHOW IMEPEMEHHOM ONPENEIAETCS TaK:

y = A o Rrjie =- MakCUMUHHAsi KOMITO3UIIHUSI.

HeueTkuii jorunyeckuii BLIBoJ MaMaaHu

HeueTkuit norndeckuil BbIBOA MO alroputMy MaMaaHu BBINOJHIETCS IO

HEYEeTKOM 0a3e 3HAHUM:

11



kj n
U ﬂxi = aj jp C BECOM Wj,, | =y = d;
p=1 \i=1
B KOTOPOM 3HAYEHMSI BXOJIHBIX M BBIXOJAHOM IMEPEMEHHOW 3a/1aHbl HEYECTKUMH
MHOXecTBaMu. BBeaem creayroriue o003HaueHUs, HEOOXOAUMBIE JJI JadbHEHUIIero

N3JIOKCHUA MaTCpuajia:

Wp (Xi) - QyHKUMA DNPHHALIEKHOCTH BXOAA HEYETKOMY TEPMY 3 jp |
Xj
T.C.,.dj jp= f& Hjp (x; )\xi

Xj e|x; Xil

Maj(y) - yHKIMS NPHHAMIEKHOCTH BBIXOAA KHEYETKOMY Tepmy d; T.e.dj =
y
J; nd; M\

CreneHu TPUHAUIKHOCTH BXOJHOTO BeKTOpa X' = (X],X5 ...,Xp) HEUYETKUM

TepMaM d;ju3 6a3bl 3HAHUK PACCUMTHIBAETCS CIENYIOIMM 00pasoM:
Maj (X") =V_11c Wip *Aiin [ XD

orepanus U3 S-HOpMbI (t-HOPMBI), T.€. U3 MHOXKECTBA peajn3aliil JJOrHyecKoi
oneparuit UJIN (N). Hanbosnee 4acTo UCHONB3YIOTCS CICAYIONINE PeaTU3aluu; IJIs
onepanuu MJIM - HaxoxaeHue MakcumyMa W it ornepauuu WM - HaxoxIeHue
MUHUMYMA.

B pesynprate moslydaeM Takoe HEYETKOE MHOMXECTBO Y, COOTBETCTBYIOIIEE

BXOJTHOMY BEKTOPYX

ud, x? UdZ(x*) Hdm(x+
+ + ves + - >
d, d, d,,

OCOOEHHOCTBIO ATOTO HEYETKOTO MHOKECTBA SIBJIETCS TO, YTO YHUBEPCAIBHBIM
MHOKECTBOM JIJI1 HETO SIBJSIETCS TEPM-MHOKECTBO BBIXOJHOM mepeMeHHou Y. Takue
HEUETKHE MHOYKECTBA HA3bIBAIOTCSI HEUETKUMHU MHOKECTBAMU BTOPOTO MOPSJIKA.

JIns mepexoia OT HEYSTKOro MHOMKECTBA, 3aJJaHHOTO HA YHHBEPCAJIHHOM
MHOKECTBE HEYETKUX TEPMOB {dl dy g }K HCUCTKOMY MHOXKECTBY Ha HWHTEpBaJic
’ »-Um
ly. y|[Heob6xomumo:
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1) "cpesats" GynKImK mpuHagIexKHOCTH P Ha ypOBHE; ud; x»

2) OoOBeOWHUTH (arperupoBaTh) TIOJTYYCHHBIE HEUETKHE  MHOXKECTBA.

MareMaTH4eckd 3TO 3alUCHIBAETCS CIEMYIOIMM 00pa3oM:
y
Y = aggj-tm f min(ug; (X*), ugj(y)
y

rje - agg arperupoBaHHE HEUETKHMX MHOXECTB, KOTOpO€ HamboJjiee YacTo
peanusyercs onepanueil HaxoKICHUSI MaKCUMyMa.

UeTkoe 3HAYeHUWE BBIXOAA, Y COOTBETCTBYIOLIEE BXOJHOMY BEKTOPY
X*onpenensiercsa B pe3ynbrare Aedaszzuduxanuu HedeTkoro MHoxecTBay. Haunbomee

4acCTO IIPUMCHACTCA I[e(ba33I/I(I)HKaHI/IH IO METOAY LCHTpPA TAKCCTH:
[] vy * wy(dy
J; wy()dy

re [- 3meck cuMBOT HHTErpaa.

BrinosHeHHE HEUYETKOro JIOTMYECKOrO0 BbIBOJA IIPU 3HAYEHHUSX BXOJHOM
nepeMeHHoN X = 28u X = crapslifliokazaHoHa pucyHke 2.0mepaiys arperupoBaHUs
OCYIIECTBIISUIACh HaxOoXKJAeHueM Makcumyma. Jledassudukanus npoBOAMIACH IO

METOJY LIEHTPA TSKECTH.
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PI/ICYHOK 2.BrInoiaHeHne HEYSTKOrO JIOTHYSCKOTO BbIBOJa

HeuyeTKui jiornyeckui BoIBoJ, CyreHo

Heuetknii normueckuid BeiBoA 1o aiaroputmy Cyreno (anroputM Takaru-

CyreHo) BBITIOJIHAETCS 110 HEYETKOM 0a3e 3HaHUM:

kj n
U ﬂ X; = aj jp CBeCOM Wj,, | =y =d;j, 0+ bjo + bj1 * Xy *Xp+... +bjp * Xy
p=1 \i=1

rzie djj- HEKOTOpbIE YHUCIIA.
baza 3nanmii Cyreno ananornyHa 0a3e 3HaHMM MamaaHu 3a UCKIIOUEHHUEM
3aKJIIOYEHUH TpaBuil, d; KOTOPBIE 3aal0TCS HE HEYETKMMH TEPMaMH, a JIMHEHHON
¢yukumeit ot Bxo108: d; = b; o + ij'i_ b % X
- Y j,0 i=T,n il T A1
[IpaBuna B 6aze 3HaHuil CyreHO SIBISIOTCS CBOETO POJA MEPEKITIOUYATEISIMU C
OJHOTO JIMHEWMHOTO 3aKOHA "BXOJIbI - BBIXO' Ha APYroM, TOKE JTUHEHHBIN. [ paHuLbl
nojo0iacTeil pa3MbIThIe, CIEAOBATEIBHO, OJHOBPEMEHHO MOTYT BBITIOJHSATHCS
HECKOJIBKO JIMHEWHBIX 3aKOHOB, HO C pa3Iu4yHbIMUA cTeneHsMu. (CreneHu
* * * * _
NPUHA/JIE)XHOCTH BXOIHOTO BEKTOpa X' = (Xi,X3 ..., Xp) K 3HaueHusM d; = bjo +
b],l
Zi=1,_n bj; * X1 pacCUMTHIBAETCS CIIENYIOIMM 00pasoM:
15



e (X =V, 35 Wip *Aiczz [p (X))
orepaiusi U3 S-HOpMbI (t-HOPMBI), T.€. U3 MHOXECTBA Peau3alil JOTHYeCKOM
onepauuii UJIN (M). B Heuerkom nornueckoMm BbiBoJe CyreHo HamOoliee 4acTo
WCTOJIB3YIOTCS CIICAYIOUIME pealn3alu TPEYTOJbHBIX HOpM: BeposiTHOCcTHOE WMJIU
KaK S-HOpMa M NPOU3BEICHUE KaK t-HOpMA.
B pesymprare momydaem Takoe HEYETKOE MHOXKECTBO, Y COOTBETCTBYIOILIECE

BXOJIHOMY BEKTOPYX”*

d, (X* d, (X* d.,.(X*
udy ( )_I_llz( )_l_m_l_um( )
d4 d, dm

B otnuume ot pe3yjibTaTa BbIBOJA MaMIIaHI/I, IMPUBCACHHOC BBLIINIC HCUYCTKOC

}7:

MHOKECTBO SIBJISIETCSI OOBIYHBIM HEUETKUM MHOXECTBOM IiepBoro mnopsiaka. OHO
3alaH0 Ha MHOXECTBE YETKHUX 4Hcel. Pe3ynbTHpyloniee 3HAYE€HUE BBIXOJA
y OTpEeNeNsaeTcsl KakK CYNEepHo3UIUsl JIMHEWHBIX 3aBUCHUMOCTEH, BBIMIOJHSIEMBIX B
naHHOM Touke X® , n— MepHOro (QakTopHOro mpocTpaHcTBa. g 53TOro

nedaz3uduirpyeT HeYeTKOe MHOXKECTBO ¥, HAXO/Is1 B3BEIIICHHOE CPE/IHEE

Yj=1,m Maj(X*) * d;
Yj=1,m Maj(X*)

M3BecTHA HEeueTkad 0a3a 3HAHUK:

Ecnu x=Hu3kuii, Toy = 3x

Ecnu x=BbIcOKMH, TOY = 3 — X

Heo06xo1uMo BBIMOJIHUTE HEYETKUIM JTOTUYECKUN BBIBOJI TIPU 3HAYEHUHN BXOIHOM
nepeMenHonx = 0,4.

BrInmosiHeHHE HEYETKOro JIOTMYECKOIO BBIBOJA IOKAa3aHO Ha PHUCYHKAX
Huxe.Jlepazzudpukaus nTpoBoaMIACE MO METOAY LIEHTPa TAXKECTH (B3BEIICHHOIO

CpEIHET0).
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PemeHve TUNOBLIX 3a4a4
Ipumep 1. IlocTpouth QYHKIMH NPUHAIIECKHOCTH TEPMOB '"HUBKHIA",

"cpennuit", "BBICOKMI", UCMONB3YEMBIX VISl IMHTBUCTUYECKOU OIIEHKHU MEPEMEHHOU
"pocT MyXuuHBI". Pe3ysbTaThl Onpoca msATH SKCIEPTOB IPUBEICHBI B Ta0. 1.
Cnpasounvlli mamepuan 0as peuleHus 3a0adu
[IpakTH4YeCKOE€ HCMOIB30BAHUE TEOPUM HEUETKUX MHOXKECTB IMPEIOIaracT
Halnuue (QYHKIUNA MPUHAIJICKHOCTEH, KOTOPHIMU OIMUCHIBAIOTCS JIMHTBUCTUYECKUE
TepMbl "Hu3kui", "cpenHuid", "BeicOkM" M T.m. 3agadya MoOCTpoeHUs (QYHKIUN
MPUHAJIEKHOCTH CTAaBUTCS  CJEAYIOIMM 00pa3oM: JlaHbl JiIBA MHOKECTBA:

muoxectBo TepmoB L ={l ,1,,....| } u ynusepcansnoe muoxectso U ={u,,u,,...,u_}.

HeueTrkoe MHOXKECTBO Ij , KOTOPBIM OIIMCBIBACTCA JIMHTBUCTUYECKUU TCPM Ij )

j = 1, M , Ha YHHUBEPCAJIbBHOM MHOXCCTBC U NpcaAcCTaBICTCA B BHIC!

T EACY ﬂ.;(uz)  (u,)
i = 4 ) J yeens .

2 n

HeoOxogumo  ompeaenuth  CTENEHH
1

HpHH&I[HC)I(HOCTCI)'I 7JIEMEHTOB MHOKecTBa U Kk sjeMeHTaM M3 MHOXKECTBA L, T.C.

Haiith g, (U)mwisBcex j=1mui=1n.

PaccmarpuBaroTcsi gBa MeTOja TMOCTPOSHUS (PYHKIUN MPUHAJICKHOCTH.
[TepBblif METOJ OCHOBAH Ha CTATUCTUYECKONW 00pabOTKE MHEHUN TPYIIIBI SKCIEPTOB.
Btopoit Meton Oasupyercsi Ha TMapHBIX CPaBHEHMSX, BBIMOJHSIEMBIX OJHUM
DKCIIEPTOM.

Memoo cmamucmuueckoti 06pabomxu SKcnepmHol undopmayuu

K&)K)IBII\/'I OKCIICPT 3alOJHACT OIMPOCHHUK, B KOTOPOM YKA3bIBA€CT CBOC MHCHHC O

HAJMYUK Y 3jeMeHTOB U , 1=1n CBOWCTB HeyeTKOro MHOeCTBA | J. (j=1Lm).

OnpocHUK UMEET CIEAYIOIIUNA BU/L;

18



Brenem crnenyromue o6o3HaueHus: K - KOMHMYIECTBO IKCIIEPTOB; bjkyi - MHEHHE k-

ro 3KCHepTa O HAJIWYUU Yy 3JeMEHTa U CBOMCTB HEYETKOIO MHOXKECTBA |j , k=1K,

j=1mu i=1n . ByaemM cuutath, 4YTO O3KCIEPTHBIC OIICHKH OHHAPHBIC, T.C.:

b;(,i €{0,1}, rne 1 (0) yxa3piBaeT Ha Hanuuue (OTCYTCTBHUE) Yy DJIEMEHTa U, CBONCTB

Hedyetkoro MHoxectBa |, . Tlo pesynbTaramM ompoca 3KCHEPTOB, CTENEHH

TMPMHA/IJIEKHOCTH HEYETKOMY MHOXKECTBY |, ( j=1,m) paccuMThIBAIOTCS CIEIyIOMMM

obpazom:
1 b* i—in
ﬂlj(ui)_Ek% ji? I_1l . (1)
Pemenne:

Tab6nuua 1. - PesynbTathl onpoca 3KCNepToB

K Tepmer | [160, 165) | [165, 170) | [170, 175) | [175, 180) | [180, 185) | [185,190) | [190, 195) | [195, 200)
HU3KHI 1 1 1 0 0 0 0 0
Okcnepm 1 | cpenuuit | O 0 1 1 1 0 0 0
BBICOKHI | O 0 0 0 0 1 1 1
HU3KUU 1 1 1 0 0 0 0 0
Oxcnepm 2
cpenumii | O 0 1 1 0 0 0 0

19



Oxcnepm 3

Oxcnepm 4

Oxcnepm 5

BBICOKHH

HU3KUUN

cpenHui

BBICOKHH

HHU3KHI

cpenHui

BBICOKHH

HHU3KHI

cpenHui

BBICOKHH

PesynbTaThl 00paOOTKH SKCHEPTHBIX MHEHHUM MpeACTaBiICHbl B TaOiwuile 2.

Yucna HaI JMHUENA

IIPpUHAOJICKHOCTD

HCUYCTKOMY

3TO KOJIHUYCCTBO TOJIOCOB,

MHOJKXCCTBY

COOTBCTCTBYIOLICTO

OTJAaHHBIX OJSKCIICPpTAMH 34

OJICMCHTA

YHUBCPCAJIIBHOI'O MHOZKCCTBA. Ywucna monq JIMHUEH - CTENEeHU IIPpUHAIJICKHOCTHU,

paccuntansbie o popmyne (1). 'padpuku pyHKUMN pUHAIIEKHOCTEN TOKA3aHbI HA

puc. 1.

Tabnuna 2 - PesynbTaTsl 00pab0TKM MHEHHIA SKCIIEPTOB

TepMbI

HU3BKULL

cpeoHuil

BbICOKUU

[160, 165) | [165, 170) | [170, 175) | [175, 180) | [180, 185) | [185, 190) | [190, 195) | [195, 200)

4

0.8

0.4

3

0.6

0.8

0

0.2

20
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160 165 170 175 180 185 1580 195 200
PocT My HHEI

PI/ICYHOK 5. (DYHK]_II/II/I IMPpUHAAJICKKHOCTHU HCUCTKUX MHOKCCTB

Ipumep 2. Iloctpoutrh QYHKIUU TPUHAAJICKHOCTH HAa OCHOBE MAPHBIX
cpaBHEHHU TepMOB 'Hu3kui'"', "cpenHui", "BBICOKHMI', WCHOJB3YEMBIX IS
JIMHTBUCTUYECKON OLICHKH IEPEMEHHOMN "pOCT MyKuuHBI". Pe3ynbpTaThl onpoca nsatu
HKCIIEPTOB PUBENIEHBI B Ta0MI. 1.

Cnpasounwiti mamepuan 0ns peulenust 3a0a4u

Ucxonnoit wunHdopManuend misg MOCTPOCHHUS (DYHKIUN TPUHAIICKHOCTH
ABJISIFOTCSL  DKCIIEPTHBIE MapHbIEe CpaBHEHUA. [l KakIOM mapbl DJIEMEHTOB
YHUBEPCAIBHOTO MHOKECTBA DKCIEPT OLEHUBAET NMPEUMYIIECTBO OJHOTO JJIEMEHTA
HaJ JPYTUM [0 OTHOLIEHMIO K CBOMCTBY HEUETKOrO MHOXkecTBa. [lapHble cpaBHEHUS

yA00HO MPECTABIATh CIEAYIOENH MaTPHUILIEH:

all a12 aln
A a, 4d,, ... a,
[y a, ... a4
rie @, - ypoBeHb IIpeMMymlecTBa siemeHTa U, Hag U, ( i,j=1n ),

oTpeeIIeMbIN 10 JIeBATHOAIbHOM 1mKane CaaTu:

1 - ecniu omcymemeyem npeumywecmso djeMenTa U, Hajl SJIEMEHTOM U ;

3 - eciu umeercs craboe npeumyuecmeo U, Haza U i
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5 - ecnu nMmeeTcs cyujecmeseHHoe npeumyujecmso U, Haz Uj ,

7 - eclli UMEETCA A8HOe npeumyujecmso U. Haa U 0

9 - eciu umeetcs abconromuoe npeumyujecmso U, Haa U I

2,4,6,8 - npomesicymounwvie cpaBHUTEIbHBIE OLICHKH.

Marpuiia mapHbIX CpaBHEHH sBisercss auaroHanbHOM (&, =1,1=1n) u

00paTHO CHMMETPHYHOI (&, =

ji

L oii=1n).

CreneHu NPpUHAAJIC)KHOCTH IIPUHUMAKOTCA  PABHBIMH  COOTBCTCTBYIOIIIUM

KoopanHaTaM COOCTBEHHOTO

CpPaBHEHUM:

p(u)=w,, i

1n.

Bektopa W =(W,,W,,...,.W ) MaTpuibl MapHBIX

(2)

CoOCTBEHHBII BEKTOP HAXOAUTCS U3 CIEIYIONIEH CUCTEMbI YPaBHEHUH:

{A-W =AW

W, +W, +..+W =1

(3)

rne A . - MakCUMaJbHOE COOCTBEHHOE 3HAUEHUE MATPHIILI A.

Pemenmne:

[Tapnbie cpaBHEHUS 3a[1aIUM CIEAYIOIIEH MAaTPULIEH:

170 175 180 185 190 195

170 (1 12 174
175 143
A =180
185
190
195

"D 0 o, k= b2
oo o~ L —
1 b b —

176
175
174
1

1/
17
1/4
1/3

149
1/8
1/5
1/3

CoOcTBEHHbIE 3HAYEHUS ATOW MATPHUIII MAPHBIX CPABHEHUN PABHBI:

6.2494;

0.0318 + 1.2230i;
0.0318 - 1.2230i;
- 0.1567 + 0.2392i;
- 0.1567 - 0.2392i;
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0.0004.

CnenoBarenbHo, A, =6.2494 . Crenenu mNpHUHAIICKHOCTH, HaMIEHHBIE IO

dopmynam (3) u (2), npuBeaeHsl B Tabn. 3. HeueTkoe MHOXKECTBO MOIYYUIIOCH
cyOHOpMalIbHBIM. J{J11 HOpMaiu3aluu pas3ieliuM BCe CTENEHU MPUHAIJICKHOCTH Ha
MakcuManbHOe 3HaueHue, T.e. Ha (0.3494. I'paduku QyHKUMN TPUHAIICKHOCTU
CyOHOPMAJIBHOTO W HOPMaJbHOI'O HEYETKOIO0 MHOXKECTBa 'BBICOKMI MyK4uHA'"
pUBEACHBI HA pHC. 2.

Tabmumna 3 - OyHKIMM TPUHAISKHOCTH HEYETKOTO MHOKECTBA "BBICOKHIA

My>kunHa"

Uj 170 175 180 185 190 195

esicokmi mysuHall )

0.0284 | 0.0399 | 0.0816 | 0.1754 1 0.3254 1 0.3494
(cyOHOpMallbHOE HEYETKOE MHOKECTBO)

HBHEUHHHMWHHa(Ui:‘

0.0813 | 0.1141 | 0.2335 | 0.5021 | 0.9314 | 1.0000
(HOpMalIbHOE HEYETKOE MHOYKECTBO)

I I T T
B 1 bl —— cyBHOpPMANEHOE HEVETKOE WMHOXECTBO r T
—5— HOpMaNuM30BaH0E HeveT KOe MHONECTEO |

s S R R SRR

] AN S D — Aol S

0 l
170 175 180 185 190 195
Foct, om

Pucynok 6. @yHKIIMY TPUHAJICKHOCTH HEYETKOTO MHOYKECTBA ""BEICOKUM
My>K4rHa'"

OtkiioHeHHE A . OT N MOXET CIYXHTh MEpPOW HECOIVIACOBAHHOCTH MAapPHBIX
cpaBHeHMI dkcriepta. B mpumepe 2 A =6.2494 ) a n=6. CriegoBarenbHo, Mepa

HecornacoBaHHocTh paBHa 0.2494. Ilpm corymacoBaHHBIX MapHBIX CPAaBHEHUSAX

MpoIieIypa MOCTPOCHUS (PYHKITUN TPUHAIICKHOCTH 3HAYUTEIIHHO YIPOIIAETCS.
23



[Ipu cornacoBaHHBIX MHEHHSIX IKCIIEPTAa MAaTPUIlA MMAPHBIX CPAaBHEHUI 00J1aaeT
CIEAYIOIINMHU CBOMCTBAMH:

e OHA MAaroHaNIbHAad, T. €. aji=1, 1=1..n;

e0oHAa OOpAaTHO CUMMETPUYHA, T. €. PJIEMEHThl, CHMMETPUYHBIE OTHOCHUTEIIHLHO
TJIAaBHOW JIMAarOHANN, CBsI3aHbI 3aBUCHMOCTHIO a;;=1/3;i , 1,j=1..n;

® OHA TPAH3UTHBHA, T. €. Ajkdkj=ajj , I,J,K=1..n .

Hannune 3Tux cBOKCTB MO3BOJISIET OMPEAEIUTD BCE SJIEMEHTBI MATPHILIBI TAPHBIX
CpaBHEHUM, €CIM HM3BECTHBI (n-1) HeaMaroHalbHBIX 3JIeMEHTOB. Hampumep, eciu
U3BECTHA K-Tasg CTpOKa, T. €. AJIEMEHTHI ayj , 1,)=1..n, TO MPOU3BOJIbHBIN JIEMEHT aij
ONPENEISAETCS TaK:

a.. JE—
a =—2,1j,k=,n
y= Q)

ki
ITocne OIIPCACIICHUA BCCX JJICMCHTOB MATPHUIBI ITAPHBIX CpaBHeHHﬁ, CTCIICHU
IMPUHAIJICKHOCTH HCYCTKOI'O MHOKCCTBA BBIYHUCIIAIOTCA I10 (bOpMYJ'IGI

1
w(u;) = (5)
611i + al2i +...+ am

@®opmyna (5), B ornumuue ot ¢gopmyn (2) - (3) He TpeOyeT BBINOJIHEHHUS
TPYAOEMKHUX BbIUUCIUTEIbHBIX MPOLEAYP, CBA3AHHBIX C HAX0XK/IEHUEM COOCTBEHHOTO

BEKTOpa MaTPUILbI A.

Ipumep 3. IloctpouTh (PYHKIUIO TPUHAMIECKHOCTH HEUYETKOTO MHOKECTBA
"BBICOKMI Myk4MHA'" Ha yHUBepcalbHOM MHOXecTBe {170, 175, 180, 185, 190, 195},
€CJIM U3BECTHBI TAKWE IKCIIEPTHBIC MAPHBIC CPABHEHHUS:

e abconromuoe npeumyujecmeo 195 nao 170;

e i6H0e npeumywecmeo 195 nao 175;

e cywyecmeennoe npeumywecmeo 195 nao 180,

e ciaboe npeumywecmeo 195 nao 185;

e omcymcmayem npeumywecmso 195 nao 190.

Pemenmne:
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HpI/IBeI[eHHBIM OKCIICPTHBIM BBICKA3bIBAHUSAM COOTBCTCTBYCT TaKasd MaTpula

ITApHBIX CPABHEHUN:
170 175 180 185 190 195
170 [1 7/9 5/89 1/3 1/9 1797
175 (947 1 507 3 O1UT O
A=180 [9/5 7/5 1 3/ 175 145
185 |3 7/3 573 1 173 173
190 |9 75 3 1 1
195 (9 I 5 3 1 1

[TomyxupHbIM HIPUPTOM BBIIEICHHBIE AJIEMEHTBI, COOTBETCTBYIOIINUE MAPHBIM
CpaBHEHUSIM U3 yciIoBHs npuMepa. OcTanbHbIe 2JIEMEHTHI HalIeHbI 110 hopmyre (4).
[Ipumensis Qopmyinbl (5) HaXoOUM CTENEHU MPUHAWICKHOCTH (Tabn. 4). Jlnd
HOPMAaJIM3alMi HEUYETKOTO MHOKECTBA PA3[EINM BCE CTENEHU NPUHAIJICKHOCTH Ha
MakcuMalibHO€ 3HaueHue, T.e. Ha 0.3588. I'paduku GyHKUMI TPUHAIICKHOCTH
CyOHOPMaJIBHOTO M HOPMAaJbHOTO HEYETKOTO MHOXKECTBa "BBICOKMHA MYyX4HHA'"
MIPUBE/ICHBI HA pUC. 3.

Tabmuna 4 - OyHKIUKW TPUHAICKHOCTH HEUETKOTO MHOKECTBA ''BBICOKUIA

My>kunHa'"

ui 170 175 180 185 190 195

WL BBICOKU# My»uuHa (U;)
0.0399 | 0.0513 | 0.0718 | 0.1196 | 0.3588 | 0.3588
(cyOHOpMaNTbHOE HEUETKOE MHOYKECTBO)

U BBICOKHH My)4nHa (U;)
0.1111 | 0.1429 | 0.2000 | 0.3333 | 1.0000 | 1.0000

((HOpMaTPHOE HEYETKOE MHOKECTBO)
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I I T
—H— cyEHopmaanue HEYETKDE MHOMECTED |77 777777 """ ="
—&— HOPMANWI0EBSHOE HEMETKOE MHOMECTED ||
| | '

170 175 180 185 190 195
PocT, cm

PucyHok /. @yHKIIUU TPUHAJJICKHOCTH HEYETKOTO MHOKECTBA ""BHICOKUIM

MyX4uHa"

INpumep 4. Ilycts A=0.1/1+0.3/2+0.4/5+0.7/6+0.8/9+1/10 wu

a €{0.1;0.3;0.5;0.7;0.9}. CocraBurh MHOXECTBA (-ypPOBHS [UIS BCEX BO3MOXKHBIX

3HAYEHUU Ool.

Cnpasoynwlii Mmamepuan 0ns peulenuss 3a0a4u

AOpom HEUETKOro MHOXECTBa A Ha3bIBaeTC YETKOE MOJIMHOXKECTBO

YHUBCPCAJIBHOI'O MHOXXCCTBaA U ) SJICMCHTBI KOTOpPOIo HUMCIOT CTCIICHU

npuHaiexHocti pasusie equauie: COre(A)={u: y, =1}. Sdnpo cyGHOpMAIBHOTO

HCYCTKOI'O MHOXKCCTBA IIYCTOC.

a-cevenuem (Uit MHONCECTEOM G-YPOGH)HETETKOTO MHOKECTBA AHA3BIBACTCS
YETKOE MOAMHOMKECTBO YHUBEPCAIBHOIO MHOKECTBA U, BIIEMEHTHI KOTOPOTO MMEOT
CTENEeHH TpUHaIekHocTH Gonbme uimn pasusie o A” ={U: 1, (U) > a}, a €[0/]].
3HaueHne 0 Ha3bIBAIOT O-yposHem. Hocurenb (SIp0) MOKHO pacCcMaTpUBATh KAk
CeueHHe HEUETKOr0 MHOKECTBA HA HyJIEBOM (€JMHUYHOM) O-YPOBHE.

PHCYHOK WILTIOCTPUPYET ONPEAEICHUS HOCUTENIS, IPa, 0-CEYEHHS U Oi-yPOBHS

HEYCTKOI'O MHOXKECTBA.
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HEMETEKOE MHOXECTED

ngr

g
- Y OB EHE

0.4k

n2r

ALpo

o-CEeYEHKR

HOCHTENE

Pucynoxk 8.MiumrocTpupanust onpeaeneHus HOCUTENS, apa, 0-CEYCHUS U O

YPOBHA HCUCTKOI'O MHOKCCTBA

Penienue:
A = {1,2,5,6,9,10}
A% = {2,5,6,9,10}

A% ={6,9,10}
A" ={6,9,10}
A% = {10}

Ipumep 5. Hocurenem HeweTkoro mMHoxecTtBa A sBisercs orpe3ok [1,3], a
1
GYHKIUS  TPUHAUICKHOCTH  UMEET  BUJ ﬂA(X):§(1+ cos(nx)) . 3amumcathb

PA3JI0KEHUE IO MHOYXKECTBAM (L.-YPOBHS.
Pemenne:

MHOXECTBOM  O-ypOBHsI SIBISIETCST  OTPE30K [X,,X,] , KOHIBI KOTOPOTO

1
OTIPENIENIAIOTCS M3 ypaBHeHHS L, (X) = > (I+cos(x))=a , xe[L,3] . Pemenuem
TaKOro ypaBHEHUS OyAyT 2 4yucla:
1
X, =2——arccos@Ra—-1) u X, =2+ larccos(Za -1).
T T
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Pa3noxenue MHOkKECTBa A 110 MHO>KECTBAM YPOBHSI IMEET BH/L:
! 1 1
A=]a|| 2——arccosa —1) |,| 2+ —arccosRa —1) | |.
0 T T
PazobreM otpe3ok [0,1] Ha pgecsaTh 4YacTel, MOJYYUM JUCKPETHBIM HaOOp
n

3HAYECHUU ae{O;O.l;O.Z;...;l}:E , (n=0,1,2,...,10). Torma npHOIMKEHHOE

Pa3JaI0KCHUC MHOKCECTBA A 110 MHOXECTBaM YPOBHA IPUMCT CJICI[YIOHIHﬁ BU:

Azf1 Z—Earcco n_—5 ,2+1arcco n_—5 .
=010 T 10 T 10

1 T T T T T T T T T
09} B
08} B
07 B
a

06T

05}

04r

03

02

0

0

L L L L L L L L
1 12 14 1.6 18 2 22 24 26 28 3
X1 X2

PucyHok 9. Paznoxenne MHOKECTBA A IO MHOKECTBAM YPOBHS

IIpumep 6.HeueTkue ymcna X, U X, 3aJ1aHbl CIACAYIOUIMMH TpaneuueBUIHBIMU

(GyHKUMSIMU TPUHAJIEKHOCTH:

JECAM X < T Uiy ¥ = 4 0, BCIM ¥ < 2 MOKM ® = O
¥x=1,  echW x<[1,2] ¥-2, BChM x e [2,3]

I-Lfal (}{:I = I'L}?E [}{:I =
1, BCAM ¥ = (2,3) 1, BCchiM ¥ = (3, 4)

4 -, ecnuxe[B,d]H 2-028%, ecnnxe [4,8]

HeoOxoauMo HaWTH HEUYeTKoe 4ucio - *1 %2

C WCIMOJIb30BAaHUEM TPUHITUIIA
000011IeH .

Cnpasounvlii mamepuan 0ns peuleHus 3a0a4u
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Heuemkum uuciom Ha3bIBACTCS BBIIIYKIOE HOPMAJIBHOE HEYETKOE MHOXKECTBO C
KyCOUYHO-HETIPEphIBHOW (YyHKIMEH NPUHAJICKHOCTH, 3aJaHHOE Ha MHOYECTBE

JNEeUCTBUTENBHBIX 4ucesl. Hampumep, HedeTkoe umciao "okosno 10" MOXHO 3a1aTh

creyromniei QyHKIUeH MPUHAUICKHOCTH: (U)=— .
1+ (u-10)?

Heuemkoe wucno A Ha3bIBACTCS NOAONCUMETbHBLM (ompuyamenvHbim) ecin
U#,(u)=0, Yu<0 (Vu<D0).
Ipunyun o0606wenus 3ade. Ecim y=f(X,X,,....X,) - QyHKIES OT n

HE3aBHCHUMBIX IICPEMCHHBIX M ApPryMCHThI X, X,,...,X 3aJaHbl HCUCTKMMHU YUCIIaMU

X,, X, ..., X, » COOTBETCTBEHHO, TO 3HaueHHeM QyHkuuu Yy = f (X, X,,...,X ) Ha3pIBaeTCA

HCYCTKOC YHCJIO Y C (1)YHKHHGI?I IMPpUHAOICKHOCTH:

u(y)= sup mm[u- (X )j.
y Y =104 XG0 X0) 1=l.n X
[Tpuniun 06001IeHNS TO3BOJISIET HANTH (QYHKIIUIO TPUHAIIICKHOCTH HEYETKOTO
chna, COOTBGTCTBYIOHICFO 3HAUCHUA quKOﬁ (bYHKIJ;I/II/I OT HCUCTKUX apFYMeHTOB.

Pemenmue:

3amaauM HeYETKHE apryMEHTHhI Ha YeThIpeX Toukax (auckperax): {1, 2, 34} mus

+1—+
3

-~ o 1
%= —+ Ko =—+—+—+
1 2 3

_-.ll:|
O
(N
| —
o o

t\_'l|—'~

oy {2,3,48} nus %2 . Torpma: U ITpouecc

BBITIOJTHEHUSI YMHOKEHMSI HaJ HEYETKHMMHU 4HCJIaMu cBeleH B TaoOiu. 4. Kaxapii
cToyber; TaOMUIbI COOTBETCTBYET OJHOM WTEpallid aJIropuTMa HEUYETKOTO
00001eHus. Pe3ynbpTupyromniee HeYEeTKOe MHOXKECTBO 3aJaHO TMEPBOM M MOCIEIHEH
CTpoukaMu TaOnuIel. B mepBoil CTpoke 3amucaHbl 3JEMEHThl YHUBEPCAIBHOTO

MHOXKECTBA, a4 B HOCJ'IGI[HCI;'I CTPOKC - CTCIICHU HX IMNPHUHAMJIC)KHOCTH K 3HA4YCHHIO

1 0
+—+—=
9 32 | TIpeamosioXuM, 4TO

~ ¥=

+
"1°%2 | B pesynbrate moyyyaem:

[
ol —

BBIPAKECHUS

~

TUN QYHKIUSA TPUHAIISKHOCTH Y OyIeT TakuM ke, Kak U apryMeHToB *lu 2, T, e.
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TpanmeuueBuaHOM. B 3ToM cioyyae (QyHKUMS TOPUHAIICKHOCTH — 3a7aeTcs

O, echu y< 2unm vz 32

(y=21/3, ecnnye[l2
pilyl =

1, ecnn v e (b, 59

BBIPAXKEHUEM: (32 -y)i23, ecnn ye [3, 4]

Ha puc.4 mnokaszaHbl pe3yibTaThl BBINOJIHEHHWs omeparuu ¥~ *1%2 ¢

IMPCACTABJICHUCM HCUCTKUX MHOKHTENCH Ha 4-X AUCKPCTAax. KpaCHLIMI/I 3BC310YKaMH

MIOKa3aHbI AJIEMEHTHI HEUYETKOTO MHOXECTBa ¥ U3 TaOJI. 4, a TOHKOW KpacHOU JIMHHUEH -
TpaneuueBuiHas QyHKIUS IPUHAIICKHOCTH.
UccnenyeM, kak U3BMEHUTCS pe3yJIbTaT HEUETKOTrO 000OIIEHHS TTPU YBEINYECHUN

qucCila TUCKPCT, HA KOTOPBIX 3aJdOTCA apIrYMCHTBI. HeueTtkoe uuncio 2'rl'IpI/I 3aJaHN

aprymeHToB “1um *2ma 30 muckperax mpuBeaeHo Ha puc. 4. CHHMMH TOYKaMH

[TOKAa3aHbl DJEMEHTHI HEYETKOIO0 MHOXKeCTBa , HaﬁIIGHHBIG II0 IIPHUHLMITY

0000IIIeHHs, a 3€JICHON JMHUEH - BEepXHss Oruodaronias 3TUX TOYEK - (YHKIHS
npuHauIekHOCTH ¥ . DYHKIMS TPUHAUICKHOCTH pe3yibTara wuMmeer (opmy
KPHUBOJIMHEMHOM Tpaneuuy, HEMHOTO BBITHYTOM BIIEBO.

Tabnuua 4 — K npumepy 6

¥ = %3 2 13 |4 |6 8 9012 |16  |24(32
K 1 |1 12213 |12 [af3|3 |4 |2 |4 |3 |4
%5 2 |3 ]42(3 ]2 |84 [2]3]4 |3 |8 |4 |8 |8
pﬁl[ﬁ] 0 [o Jof1]1 11 Jo |1 Jofafz o |1 Jo |1 |0
by (2 ) 0 |1 |1]of2 10 Jo |1 Jofrfz |1 |o |1 Jo |o
mirug, (>3 iy (>2]] 10 o |1 o |1 {0 Jo |1 Jofz|1 o o fo |o|o
wly ) 0 [0 |0 1 1 101 0 0|0
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K ' #  HEWYeTKOE NPOMEEREHME HA 4 OHUCKpETax
‘e PR, " — orvbatowan ceepxy gnAd guckper
\ HEYETKOE NPOWIEEdeHME Ha 30 nucipeTax
Jeeas R orMBamwan ceepry 4na 30 nuckper
0s8t+ frmsn mraa s v s memrmem -
0E /_.............. e aaaaa s amaaay -
04F %uﬁu o o ‘R -
Dz - Ilhﬂm“- 1 Mr1 r P4 4 F F a4 F FdENPFPFAdYET —
¥
D ot . —: . s s
1] g 10 15 a 248 30 34

Pucynok 4 - K npumepy6

[Tpumenenune mpuHIKIa 0000IIeHUS 3a7e CONPSHKEHO C IByMS TPYIHOCTSMH:
1. 00IBIION 00BEM BEIYUCIICHUM;
2. HEOOXOJUMOCTh  TMOCTPOSHHS  BEpXHEH  orudaromeld  AJIEMEHTOB

PE3YNBTUPYIOLIEr0 HEYETKOTO MHOKECTBA.

IMpumep 7. Pemuth 3amadyy u3 npumepa 6, MpUMEHSS O-yPOBHEBBIA MPUHITUI
0000111eHHUS.

Cnpaeounsiii mamepuan 015 peweHus 3a0a4u

bosiee mpakTUYHBIM  SABISAETCA NPUMEHEHUE O-YPOBHEBOI'O  IPUHLMIA

00001eHns. B aToM ciyuyae HedeTKHe uucia NPeACTABIAIOTCS B BUIE PA3JI0KEHUN

[0 0-yPOBHEBBEIM MHOXKECTBAM: X=aek[é_1](_a,xa), rae X, (Xo) - mumnManshoe

(MakcuManbHOE) 3HAUCHHE X HAa O-yPOBHE.

a -yposneswviti npunyun 0606wenus. Ecmm Yy = f(X,X,,...,X.) - GyHKIHSI OT n

HC3aBUCHUMBIX TICPCMCHHBIX W APTYMCHTBI Xi 3aJaHbl HCYCTKMMH YHUCJIaMHU

X= U (X Xa), I=1,n, to 3nauenueM ¢ynkuuu Y= f(X,X,,...,X ) Ha3bIBaeTCS
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HEYETKOE 4YHCIO Y = k[él]Qa,E/a), rne Y, = inf (f(xl,a’XZ,a""’Xn,a)) u

Xi,a e[li,ar Xia ]

i=l,n

y,= sup (F(X .. %0 %0)),

Xi o €[X 4 y;i,a]

X =

i=1,n
HpI/IMeHeHI/Ie 0-YPOBHCBOI'O IIPUHIIMIIA 0606H1€HI/I$I CBOJUTCA K PCHICHUIO IJIA
KaXXI0T0 Qa-ypOBHA cneﬂy}omeﬁ 3ala4y OIITUMHU3AllUN. HAUTU MAaKCUMAJILHOE U

MHUHUMaJIbHOE 3HaueHus QyHkuuu Y = f(X,X,,...,X ) IpH yCIOBUH, YTO apryMEHTHI

MOTYT TPUHUMATh 3HAYEHUSI U3 COOTBETCTBYIOIIMUX O-YPOBHEBBIX MHOXECTB.
KonuuecTBo a-ypoBHEH BRIOMPAIOT TakK, YTOOBI 00€CTICYUTh HEOOXO UMY TOYHOCTh
BBIYMCJICHHUH.

Pemienne:

bynem wucnonb3oBate 2 cnenyrouuxe-ypoBHs:{0, 1}. Torma HedeTkue
apryMeHTBl 3aJar0TCs TakK: K= 00qUR3y ¥2=RE)UE N1 10 0-YPOBHEBOMY

MPUHLIUIY OOOOIIEHUS MOTYYaeM: ¥=23)gUE 1)1 pucC. 2 MOKa3aH pe3yibTaT

Y% ¥

YMHOKCHUS IBYX HCUCTKHUX YHCCII 2 KpaCHbIMH I'OPHU30HTAJIbHBIMHA JIMHUAMU

M300paKEHbl (-CEYEHHUs, a TOHKOM KpacHOW JIMHUEH - KyCOYHO-JIMHEWHAs

~—

anmpoKCcUMAaIus QYHKIINU MPHUHAIEKHOCTH HEYETKOTO Uyncia - .

UccnenyeM, Kak M3MEHHUTBhCA peE3yJbTaT HEUETKOrOo OOOOIIEHUs TpHU

~—

yBEJIMUYCHHUU YKcia o-ypoBHel. HeueTkoe uncino ¥ mpu 3aganuu aprymeHToB “1u *2
Ha 41 o-ypoBHe TmOKa3zaHO Ha puc.5. CHHUMH TOPU3OHTAIBLHBIMU JIMHUSIMU

M300paKEeHbl Oi-CEUCHUSI HEYETKOTO MHOXKECTBA, a KUPHOWU CUHEHN JTMHUEH -KyCOYHO-

JIMHEHAs anmpoKCUManus GYHKIIUH TPUHAIIEKHOCTH HedeTKoro uncna ¥ s 41 a-
ypoBHs. CpaBHuBass puc.4 W 5, BHAUM, YTO pe3yJbTaTbl OOOOIICHUS IO

onpeneeHusM 27 u 28 OJIU3KH.
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T
Ky C OYHO-NMHERHaA

annp oKCHMaLKMA
1 YHKLHH M MHE NE3HD CTH

no 41 aned a- ypoeHo

KYCOYHO- MK HefHanA

ANNpP OKC UMALMA
1 YH KWK NPMHALTERHD CTH

[l
f
i
nagr f
f
i
0G| i no 2 aned &y poEH AW
)
i
04t Ff .
i
[ i
0.2F ¥ A
K
f N
D l; L L L I I‘\\. y
0 5 10 15 20 > 1l 3
Pucynox 5 - K npumepy?/.

0-ypOBHEBOTO TNPHUHIMIIA OOOOIEHHUS] TMO3BOJISET TMOJTYYUTH

[Ipumenenune
[IpaBuna BbITONHEHUS apU(PMETUUECKUX OINEpaluui sl MOJOKUTEIbHBIX HEYETKUX

IIpaBHUJia BbIIIOJIHCHUA apI/I(bMeTHLIeCKI/IX OﬂepaI_II/Iﬁ Haag HCYCTKHMMH 4YHCIIaMU.
YHUCCJI ITPUBCACHLI B Tabn. 5. OTn IIpaBHJIa HCO6XOIII/IMO MNPUMCHATDb OJIA KaKI0Iro o-

YPOBHSL.
Tabmuua  5-IlpaBwiia  BBIMONHEHUS  apUPMETHUYECKUX  ONepauud s
MOJIOKUTEJbHBIX HEUETKUX YMCEN (JIJISI KaXKI0TO O-YPOBHS )
Apudmerndeckas onepauus | ¥ }
¥=T 4 Xy | K14x2
¥=%-% Hp- %2 | ¥1- g
=% Kg HiHa | %1-x2
~ ¥ # 1
'_lll' = = —_— —
X3 X2 X2

IMpumep 8. Jlanbl HeueTKHE ynciia A= «ripuMepHo 7», B= «mpumepro 10»:

A= J' X—_4/X_|_ I E/X,
xe[4;7] xe(7;9] 2
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X_6/x+ I 15— x
4

B =
j xe(lo:15] B

x€[6;10]

/X

Brimonuuth apudgmernyeckue oneparuy Haj STUMU YUCTIaMHU.
Pemenmue:
Hocurensmu HeueTkux MHOeCTB uucen A u B aBnstores orpesku: U, = [4;9],

U, =[6:15].

MHOXeCTBOM 0-ypoBHSI uucia A sBisiercs otpe3ok [a;a,] (4<a,a,<9),

a=4+3c,a,=9-2c.

MHoOXecTBOM 0-ypoBHs umcia B sBisiercst orpesok [b;b,] (6<a,a, <15),

b=6+4ca, b, =15-5.

A+B= U [4+3a+6+4a9-2a+15-5a]= U [10+7a,24-Tal;

ael0;1] ael0;1]

A-B= U [4+30-15+50,9— 20 —-6—4a]= u][—11+8a,3—6a];

ael0;1] ael0;1

A-B= U [(4+3a)-(6+4a),(9-2a)- (15-5a)]=

ael0;1]

= U [24+340 +120* 135 — 750 + 100

ael0;1]

A_ 9 4+3a 9-2a
B ac01]15-5a 6+ 4a |

MHoxecTBa YpOBHEN HEUETKHUX YHUCEI

a=0 a=0,2 a=0,4 a=0,6 a=0,8 a=1
A+B [10,24] [11.4;22.6] [12.8;21.2] [14.2;19.8] [15.6;18.4] [17]
A—B [-11;3] [-9.4;1.8] [-7.8;0.6] [-6.2;-0.6] [-4.6;-1.8] [-3]
A-B [24;135] [31.28;120.4] | [39.52;106.6] | [48.72;93.6] | [58.88;81.4] | [70]
A 4 9

E {15,16} =[0.31;1.26] | =[0.4;1.08] ~[0.48;0.93] | =[0.58;0.78] | [0.7]

IMpumep 9. Ilycts maoxectBo U=[1;10] otoOpaskaercst Bo mHOxkecTBO V=[0;1]

mo 3akoHy V=Igu. MuoxxectBo U sBsIeTCS HOCUTEIIEM HEUYSTKOTO MHOXKECTBA A:

x-1

| ——/x. Haiitu 06pa3 MHOKeCBTa ATIpH JAHHOM OTOOPaXKEHHUH.
xe[1,10]

A=

Pemenmne:
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A= U [9a+110]

ael0;1]

IgA= v [19(9 +1);1g10] = Mg(9cr +L1] = 3’5{5?3)1, +1)[v;l]

U3 pasenctBa V = Ig(9a +1) monyvaem o = 10 _1, v e[0:].
10" -1
Takum obpasom, I9A= [ ———/Vv,
ve[0;1] 9

n L L L L L L L L
0 01 02 03 04 05 06 07 08 09 1

IIpumep 10. Ilycts A u B — HeueTkue yncna ¢ GyHKIUSIMEU TPUHAIICKHOCTH

X=4 hex<7 x=6
3 ol 4
’ B
9-X 4 x<9 =X 10<x<15
4 5

Hy =

[TokazaTk, 4TO 3TH YUCIA SBISAIOTCA HEYETKUMH unciaamu L-R-tuna.

Cnpasounwiti Mmamepuan 0ns peulenust 3a0a4u

Heuetkoe umcno A HaspiBaeTca uucioM L-R-tuma, eciam oHO sBisSeTCS
HOPMaJIbHBIM YHUMOJIAJIbHBIM MHOKECTBOM, (YHKIIUS MPUHAIJIC)KHOCTU KOTOPOTO

HUMECT BHK

a—X
Ll —— |,ecim X<a,
a

:uA(X) =
R(ﬂ], eclim X = a,
p

npuyem dyrkiun L(t) u R(t) 061amaroT cieayromuMu CBOHCTBAMH:
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L(ﬂj _ L(X;aj R(ﬂj _ R(E]
a a B B
L(0)=R(0)=1

a—X
L| —— | HeyObIBaroIiast pyHKIHS CIeBa OT TOYKH X= O
a

X—a
R[—j - HeBO3pacTaroliasi PyHKIUs CIipaBa OT TOUKU X=0.

JIro6oe uncno L-R-tuma onpenensercs Tpoiikoi nmapamerpos A= (a,a, ), rae
a — MoJa uwucia, T.6. JCUCTBUTEIBHOE 4YHUCIO, JOCTaBislolmee (QyHKIUU
NPUHAICKHOCTH MAaKCUMYM, paBHbIi equnuie: 4,(a)=1; o u B (>0, p>0) — neBbrii
Y TIpaBbIi KO3 (UIMEHTHI HEUETKOCTH, 33/1aBAEMbIE SKCIIEPTOM.

Iycte A, =(a,,2,,04,) , Br=(a,,2,,5,) apubmernueckue neHCTBHUS IS
yucen L-R-Tuna BeIMOTHAIOTCA MO CASAYIONTUM MTPaBUIIAM:

(.o, B)w +(2,0,,8) e =@ + 8,00+, B+ )

(.o, 8)w = (8,2, 8,) = (@ —8,,0, + 5, f + @)

(a,0,0)k (a,,0,,8,), =@ a8 -a,+a,-a,a-F,+8, b)) (ecru
A<0,B>0)

(@0, 8) (80, 0,) 1 = (88,8, -, =8, - ,,8, - f, =8, - 1) (ecin
A>0,B>0)

(o, 8) (8,0, 0,) i ~(8,-8,,(-8,- B, —a,- 5,).(-8, -, —&, - @,) ; (ecn
A<0,B<0)

Pemenmne:

LA(EJ —1— [7=x] (X<7).
o 3

LA(%):MX—;?' (x>7), a=7,0=3,=2

CsoiicTBa:

L(ujzl_uzl_lx-7|:L(x—aj
a 3 3 a
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R(E:EJ—1—|7_XL4:JX_7|—R X—a
) 2 ~ 2 B

L(0)=1-0=1, R(0)=1-0=1

a—X Xx—4
LA( » jz 3 - HeyObIBaromass (QYHKIHMS ciaeBa OT TOodkd X=7 (

L, :(ﬂj :1>O).

a—-x) 9-x _
R, = > - HeBo3pacTaronias GyHKIU ClipaBa OT TOUKU X=7.

p

Hrak, yncio A sBnsercs unciaoMm L-R-tuma.

[To ananorum MoXkHO ToKa3ath, uto B, =(10,4,5).

Apudpmernueckue onepauu Haa A u B:

1. (7,3,2)+(10,4,5)=(17,7,7)

2. (7,3,2)-(10,4,5)=(-3,8,6)

3. (7,3,2)*(10,4,5)=(7*10,7*4+10*3,7*5+10*2)=(70,58,55)

3ajgaHuA AJI9 CaMOCTOSATE/IbHOTO BbIIOJTHEHUS

1. Ilycte U={moHenenbHUK, BTOPHUK, CpeAa, 4YeTBepr, MNsATHULA, cy00oTa,

n
BOCKpeceHbe}. BbicTynas B pomu skcmepra, 3anummure B popme A= u, (u;)/u; (
i=1

U; eU ) crenyromuye HEYETKHE MHOXECTBAa: A — Hayajo Henenu, B — cepennHa

Henenu, C — xoHel Henenu, D — He Havayio, HO U He KoHell Heaenu. EcTh nu cpenu
oTpeeIeHHBIX BaMU (DYHKIIMI MPUHAJICKHOCTH YHUMOIaTbHbIE?

2. Ilycts U={0,1,2,...120} — BO3MOXHBII BO3pacT ueIOBeKa. BrICTymas B
poJI BKCIiepTa, MNOCcTpouTe rpadukd (QYHKIUA NPUHAMICKHOCTH CIETYIOUIUX
HEUYETKUX MHOXKECTB C MOMOIIBI0O METOJAa MapHbIX CpaBHEHU: A- moionoil, B —
crapeii, C — odeHb Mojogoi, D — He crapbiii. 3anummTe 3TH MHOXKECTBA B
cTaHJapTHOU dopme.
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3. Pemmrtp 3amauy 2 ¢ TOMOIIBIO METOAAa CTAaTUCTUYECKOW 0O0pabOTKH
OKCIIEPTHOM  HMHQOpMAIMKM, B KayeCTBE OKCIIEPTOB  HCIOJIb30BaTh  CBOMX
OJTHOTPYIITHUKOB.

4. Tlyctb U — MHOXECTBO IUCHUIUIMH, H3y4aeMbIX B TEKYIIEM CEMECTpE.
[IpucBoiite HOMEp KaKIOW NIMCUUIUIMHE W, BBICTYIIAs B POJIM IKCIIEPTa,
3aMUIIUTE HEYETKUE MHOXKECTBA!

A — MHE HPaBUTCS 3Ta TUCHUIUIMHA

B — s HEe TOHUMAIO ATY AUCLHUIUINHY

C — MHe He HpaBUTCS 3Ta AUCIUILTAHA

D — 4 xoten Obl U3y4aTh 3Ty AUCLMIUIMHY TITy0OxKe

[IpencraBbTe pa3iuokeHUs KAKIOTO M3 HEYETKUX MHOMXECTB MO MHOXECTBAM
YPOBHSI.

5. U — MHOX€ECTBO HEOTPULATENIbHBIX JIEHCTBUTENIbHBIX YHCEIN. 3aAaHbl QYHKIUU
PUHAJJIEKHOCTH HEYETKIUX MHOKECTB:

1, ecm0<x<5;

X) =
#a(X) 0, ecmuXx>5;

ug(x)=1¢ 5 | ecrm 5<x<10;
0, eecm0<Xx<5wm X >5;

0, eecm0<Xx<ay;

X—a
ILIC(X): —1, eCJ]I/I8.1SXSaZ;
-

1, ecm X >a,;

1
X)=———, 0<x<ow,
:uD() 1 2X2

JIJ1s1 Ka)KI0TO0 HEYETKOTO MHOKECTBA:

v" Tloctpouts rpaduk GpyHKIUH IPUHAIIEKHOCTH;

v' 3anmcarh pasjioKeHHE M0 MHOKECTBAM YPOBHS;
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v’ 3anmcarh NpuOIMKEHHOE JTUCKPETHOE pPasjioKeHue, pa3ous orpe3ok [0;1] Ha
IISITh YaCTEM.

6. ITycts U — nensl aBromoOmier, 4 <uU <5000 (ycm.ex.). Beictynas B
pOJIM DKCIEpTa, MOCTpoTe Tpadukd GYHKIHA NPUHAICKHOCTH CIICTYIOITIX
HEUYETKUX MHOXECTB:

A — 11eHbl aBTOMOOMIIEH TSl CPETHETo Kilacca

B — 1ienp1 aBTOMOOUIIEH T OOTaThIX JHOCH

C- 11eHbl aBTOMOOMIIEH sl HEOOTraThIX JIIOAEH

JIist ka0 KpUBOM HAWAWTE MOIXOANIYI0 (OPMYITY M 3aluIIuTe (QYHKIIUH
MIPUHAJIJICKHOCTH aHATTUTUYECKH.

3anummTe Pa3IoKEHUE IO MHOXKECTBAM YPOBHS KaXJAOTO U3 HEYETKHX
MHOKECTB.

3anuimmTe TpPUOJIMKEHHOE JUCKPETHOE pasiioxkeHue, pazouB oTpe3ok [0;1] Ha
JECATHh PaBHBIX YACTEH.

1. JlaHbI HEUETKME MHOXKECTBA!

A=0,4/5+0,7/6+1/7+08/8+0,6/9 u B=0,8/1+0,8/3+0,5/4

Tpebyercs:

3ammcats MHOKecTBa CON(A), DIL(A), CON(B), DIL(B).

CnaenaTth J1Ba 4epTeka: Ha ofHOM H300pasuth MHOkecTBad, CON(A), DIL(A),
Ha BTopoM — MmHOkecTBa B, CON(B), DIL(B).

8. A — HEYeTKOe MHOXKECTBO, 33/ITaHHOE€ HAa MHOKECTBE HEOTPHUIATEIbHBIX

JNEUCTBUTEIBHBIX qyucel, c byHKIIHEH MIPUHAJIEKHOCTHU

1 1. «x
——=sin(—(x-1)), X<2
u(x)=12 2SNG XD eemx<2

0, ecm2<X
Bamucarh MHOkectBa CON(A), DIL(A). Iloctpouts rpaduku (GyHKIHIA
npunaanexuoctu MmHOXkecTBA, CON(A), DIL(A).

9. Ha ynuBepcansaom muoxkectse U ={a,b,c,d,e, f, g} 3amansr neuerkue

MHOJKECTBA.

A=0.3/b+0.7/c+1/d+0.2/ f +0.6/¢
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B=03/a+1/b+05/c+08/d+1/e+05/f +0.6/9g
C=1/a+05/b+0.2/d+0.2/f +0.9/¢

Haittu muoxectea ANB, AUB, AnB, (AUB)NC, (ANB)NC, u gars
reOMETPUUYECKYI0 HMHTEPIIPETALMIO BBIOJHEHHBIX onepauuid. Haiitu MHoecTBa:
0.8A% U0.5B? U0.3C?, 0.6(A-B)C?2.

10. Ha ynuBepcasibHoM MHOxecTBe U=[0;3] 3agaHbl HEUETKHE MHOKECTBA

u? u—23)>
A= J ?/u u B= JA%/ U . TpeOGyercs mnoctpouth Tpaduku GyHKIIHI
U U

NPUHAIEKHOCTH MHOXecTBA M B. 3amumcats mMHoxkecta ANB, AUB, ANB,

AuB | AnB | (ANA)-(BAB) u moctpouth rpaduku uX (PyHKIHMI
NPUHA]IC)KHOCTH.
11. Hycrs U ={a,b,c,d, e} - muoxectso Monoasix mogeit. Ha U 3amano

HEYETKOE MHOXECTBOA: A=MOJIOJION YEIOBEK XOPOIIO BIAJEET KOMIIBLIOTEPOM,
A=0,8/a+0.6/c+0.9/d+1/e. Vcnionb3ys onepannyd KOHIEHTPUPOBAHUS U PACTKEHUS,
3amucaTh MHOKECTBA:

B=CON(A)=M0J10/10¥1 YeI0BEK 0YEHb XOPOIIIO BIaICCT KOMITBIOTEPOM

C=DIL(A)=mom0/10i1 4eJIOBEK HE CIIUIIKOM XOPOIIIO BJIaICET KOMITBIOTECPOM.

12. JlaHbI HEYECTKHE YHCa: a= «HeMHOro Oojbiine 3» u b= «upumepno 3»,
ecimuA=1/4+0,5/5+0,2/6 u B=0,3/1+0,8/2+1/3+0,8/4+0,3/5. BrImtoTHUTH
apu(pMETHIECKAE OIepallid W CPaBHUTh HEUETKHE YHCIA C JIUCKPETHBIMU
HOCHUTEJISIMHU.

13. ITycte U={0,1,2,...,25} sBisieTCS HOCUTEIEM CIEIYIOIUX HEUETKUX
YHUCET:

a - «s ropozie N mpoe3 Ha METPO CTOUT MPHUOTUZUTEITHHO 8 Py0.»

b — «poe3 Ha MapIIpyTKe B 3TOM FOpoJie CTOUT He MeHee 15 py0.»

C — «MHE HaJI0 MPOoexaTh Ha METPO Pa3 MAThHY

d — «MHe Ha/I0 MpoexaTh Ha MAPIIPYTKE IO KpaiHEeH Mepe pasa Tpu»
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BricTynast B ponm SKcrieprta, 3amuiidTe HedeTkue ywcna a,b,c m d B dopme
OOBEIMHEHUSI TOYCYHBIX HEUCTKUX MHOXECTB. HaiiTm X= «mpuMepHas cymMma
pacxoJI0B Ha TpaHCIOPT B ropoje Ny». Pa3noxure HeweTkue yucia a,b,c, d u X mo
MHOKecTBaM o-ypoBHS, eciu a€{0;0.2;0.4;0.6;0.8;1}. [Toctpouts rpaduku QyHKImiA
PHUHAUICKHOCTH YKcen a,b,c, d u x.

14.Tlycth a= «HeMHOTO Ooblie 3» U b= «mpuMepHO 5», mpuyem
A= | E/x, B= | X—_?’/x+ ) u/x.
xe(3:6] 3 xe[3:5] 2 xe(5:7] 2

Paznoxuth HeueTkne uyucia a4 W D To MHOXecTBaM O-ypOBHS, €CIH

0€{0;0.2;0.4;0.6;0.8;1}. IToctpouts rpaduk GyHKIMI TPUHAIIECKHOCTH ITUX YUCEIL,

HCIIOJIBb3YAd IIOJIYYCHHBIC PA3JI0KCHHA. 3anucaTth q)YHKHI/II/I MMPUHAOJIC)KHOCTU U

MOCTPOMTH UX rpaduku s uncen a+b, a-b, a*b, a:b.

15. Jlokaszath, 4TO HedeTKHe uucia a u b seisrores uncinamu (L-R)-tuna,

eciu
X 6—X X—3 10— x
A= [ =Ix+ | —/IX,B= | =—/x+ | / X
xe[0:4] 4 xe(4:6] 2 xe[3:5] 2 xe(5:10] D
BrimonHuTh Haja v b Bce apuMeTHIECKUE ONICPaIIHH.
16. MuoxectBo U=[-1;1] sBisercs HOCHTEJIEM HEUETKOTO MHOMXECTBA
4-X

A=[——/x

u 8 . MuoxectBo U oToOpakaeTcst Bo MHOkecTBO V=[0;1].

[Ipumensss mpuHOMI OOOOIICHUS, HaWaUTe 00pa3bl CICAYIOMIUX HEYETKHUX

MHOXCCTB:
1) A=1-A
(2) A, = 2
3) A =sin 7| Al

[Toctpoiite rpaduku QyHKIMI TPUHAIIICKHOCTH MHOXKECTB A, A,, A;.
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