OCHOBHbIE NMOHATUA U orpegerieHnd
TEOPUN HEHETKNX MHOXECTB

TepMnH «He4YeTKoe MHOXeCTBO» (fuzzy set) Dbl
BBeaeH B pabote J1.A. 3age.

OonycTnum, 4To 0O BLEKTOM NCCNEeaOoBaHUS
ABIMAETCH MHOXXECTBO «B3POCIIbIX NOOEN», K
KOTopoMy dpoopmarnbHO MOXHO OTHECTU BCEX
nogen, 0OCTUrLLIKMX coBepLleHHoneTus (18 ner).
[TycTb X (0ObEKTHAA NepeMeHHas) «Bo3pacT
yenoBeka», a PyHKUUS



[Tpumep

PaccMoTpmM MHOXECTBO «B3POCTIbIX NOAEN», K
KOTOPOMY MO>XHO OTHECTU BCEX NI0OEN,
OOCTUTLLMX coBepLueHHoneTusa (18 ner).

[TycTb X (0ObEKTHAA NepeMeHHasa) «Bo3pacT
yenoseka», a PyHKUNA(x)

1, ecmux=>18;

0, ecmux <18,

H(x)= {

TO MHOXECTBO «B3POCIbIX NIOAEN» A MOXET ObITb
3a1aHO C NOMOLLbIO BbIpaXXeHMus

A:{x|u(x):1,xeX}



[Tpumep

A={x| p(x)=Lx e X}

rae X — MHOJXKEeCTBO BCeX BO3MOJKHBIX 3HadueHHN X. MHOXkecTBO 4 00pa3yroT Takue
«OOBEKTE» («IJTeMeHTBI»), IS KOTOPHIX (yHKHuA u(x), Ha3piBaemas QyHKIHeH
NpHHANJIEXKHOCTH (membership function), npuauMaeT 3HaueHne 1. Te 3HaueHHs 00BEKTHOIT
IepeMeHHOM x € X , 711 KOTOPHIX x(x) =0, He IpHHA,JIeKaT MHOKECTBY A.

H(X )4
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MHO0XECTBO /
B3POCIBIX /
moaen
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JIBy3HaUHas JIOTHKa (THIA «Ja» — «HET»), onpeaensdeMas GyHKIHUEH IpHHAIeKHOCTH
4#(x): X —{0;1}, He YUUTHIBaeT BO3MOKHOTO pa30poca MHeHHIl pa3IHIHBIX CyObEeKTOB OTHO-

CHTCJIbBHO I'paHHIl HCCIICAYCMOI'O MHOXKECTBA A, BJIMSHHS YHCTO OHOJOTHMYECKHX (baKTOPOB,
HallHOHAJIBHBIX 0CcOOeHHOCTEI 1 T.MO.



[Tpumep

* [1pn nOMOLLM HEYETKNX MHOXECTB MOXXHO (popManbHO
onpenennTb HETOYHbIE U MHOFO3HAaYHbIe MOHATUSA, TaKMe Kak
«BblCOKaga TemMmneparypa», «MOJSI040N YernoBeK», «CPEeaHUN POCT»
nnbo «bONbLLION ropoay.

 Heobxooumo 3agaTb obrnacTb paccyXxXaeHuu (universe of
discourse). B cny4yae HeogHO3HA4YHOro MOHATUA « MHOIO AEHEr»
bonbLuon byaeT npusHaBaTbCs ogHa CyMMa, eCinm orpaHNyYnMCs
auanasoHom [0, 1000 py6] n coscem apyrad — B ananasoHe [0,
1000000 py0]. ObnacTtb paccyXgeHunn, HasblBaemas
rpocmpaHcmeoM Nnn MHoxxecmeom, byaeTt obo3HavaTbCH
CUMBOJSOM X, rae X — YeTKOE MHOXECTBO.



basoBble onpeneneHns

Omnpenenenne 1.1
HeueTkuM MHOXeCTBOM 4 B HEKOTOPOM (HEIyCTOM) IIPOCTpaHCTBe X, UTO 0003HAaUa-
eTcs Kak 4 C X, Ha3pIBaeTCs MHOXKECTBO Iap

A:{(x,ﬂd(x));xeX} (1.1)
91 (=
ﬂ.é : X _)[031]

— (pyHKIOHS NPUHALIEKHOCTH HEUeTKOTO MHOKeCcTBa 4. DTa (YHKIIUA CTaBUT B CO-
OTBETCTBHE KaXKJIOMY 3JIeMeHTy x€ X CTelleHb ero IPHHAIEKHOCTH K HEUEeTKOMY MHOXKe-
CTBY A, IIpH 3TOM MOKHO BBIJEIUTEH TPH CIydas:

l. x,(x)=1 — nonHas NpHUHAJIEKHOCTH 3JIeMeHTa X K HEYeTKOMY MHOMKECTBY A, x € 4

2. u,(x)=1 — OTCYTCTBHE MPHHAIJIEIKHOCTH 3JIeMeHTa X K He4eTKOMY MHOXECTBY A,

xg A
3. 0< 1 ,(x) <1 —yacTHYHAas IPHHAIEKHOCTE 3JIEMEHTa X K HEUETKOMY MHOXKECTBY A.



CnMmBONbHOE onMcaHue HevyeTKux
MHOXecTB. KoHe4YHoe KOnm4ecTBO
3J1IeMEeHTOB

1. Ecmin X — 3T0 IpOoCTpaHCTBO C KOHEYHBIM KOJIHUECTBOM 3JIeMeHTOB X ={x,,....X,},
TO HEUETKOe MHOXKEeCTBO A = X
X X, X " X.
1 4( 1)+ﬂ.4( *)+...+‘u‘4( ”)ZZ’U“"( ) (1.3)
=n

X X, X

y n

A=

H
i

3HaK «/» He O3HauaeT JleJIeHHs, a O3HauaeT NPUINCHIBaHHEe KOHKPETHHIM 3JIeMeHTaM
X...., X, CTelleHeH MPHHAIEKHOCTH x,(X,),..., 1 ,(x,). 3aNHCh

M i=1,..,n
Xi (1.4)
O3Ha4dacT I1apy
(Xis (X)) 1=1,..., 0 (1.5)

3HaK «+» B BBIpaKCHHH (1.3) HC O3HAQYacT OIICpalHIO CIOXKECHUA, a HHTEPIIPETHPYETCA
KaK MHOKC€CTBE€HHOC CYMMHPOBAHHEC 3JICMCHTOB (1.5).
HOIIO6HBIM 06paBOM MOJXHO 3aIllHCBIBAThE H YECTKHE MHOXECTBA. Hanpnmep, MHOXKE-
CTBO IIKOJIBHBIX OII€HOK MOKHO CHMBOJIHYECKH IIpEACTABHTH, KAK
D=2+3+4+5, (1.6)
4dTO PAaBHO3HAYHO 3aIIlHCH
D= {2, 3.4,5}. (1.7)



CnMmBONbHOE onMcaHue HevyeTKux
MHOXecCTB. beckoHe4yHoe KONMM4YecTBO
3J1IeMEeHTOB

2. Ecmu X — 310 IIPOCTPAHCTBO C 0eCKOHEeUYHBIM KOJIHYECTBOM JIEMCHTOB, TO HEUECT-
KO€ MHOKECTBO A C X CHMBOJIHUECKH 3aIIHCBIBAETCA B BUJIE

A- J‘“-"—(X-)-dx.
! X

(1.8)



CnMmBONbHOE onMcaHue HevyeTKux
MHOXEeCTB

IIpamep 1.1
Homyctum, yto X = N — MHOKeCTBO HaTypalbHEIX yncen. Onpeaennm IOHATHE MHO-
’KeCTBa HaTypalbHBIX UHCeN, «OIH3KuX guciay 7». Onpenenum HedeTKOe MHOKECTBO A C X :

02 05 08 1,08 05 02

2 T B R 7 Be. 9e90

A=

(1.9)

IIpumep 1.2
Ecmm X = R, rae R - MHOXecTBO JelCTBHTEIBHBIX UHCEJ, TO MHOXKECTBO JIeHCTBU-
TEJIBHBIX UHCell, «OIM3KUX YHCTY 7», MOKHO ONIpeeUTh (PYHKITHEH IPHHAIEXKHOCTH BHUIA

1
2
14 (x = 7) (1.10)

HOBTOMY HedeTKOE€ MHOXKECTBO JeHCTBHTEIBHBIX qHCEelI, «OJTH3KHUX qHCIIYy 7)), OIIHNCBEBI-
BA€TCi BBIPAXKECHHICM

Ha(X) =

211
A:J[u(x;n] P
> (1.11)



CnMmBONbHOE onMcaHue HevyeTKux
MHOXEeCTB

HeueTkne MHOXeCTBa HaTypalbHBIX WIH JEHCTBHTEIBHBIX UHCElN, «OIM3KHX YHCITY
7», MOXKHO 3aIHCcaTh pa3INYHBIMH crnocobamu. Hampumep, QyHKIIIO NTpHHAIIEKHOCTH
(1.10) MOxHO 3aMeHUTH BBIpaKeHHEM

| x-7]
1-— 4<x<10,
Ha(X)= 3 e ®
0 BNPOTUBHOM CNyvae (1.12)
a) ©)
A A
pa (x) Ha ()
1 1
e —=r=i . =t
7 X 4 10 X

OyHKIHH OPHHAIEKHOCTH HEUYeTKOIO0 MHOXKECTBa JelICTBHTEIBHBIX dHCes, «Omn3-
KHUX YUCITY 7»



CnMmBONbHOE onMcaHue HevyeTKux
MHOXEeCTB

IIpamep 1.3

@opMmannu3zyeM HETOYHOEe OIlpelelleHHe «IIOAXO0AlNas TeMIepaTrypa s KyIlaHHS B
Mope». 3aJaauM 00JIacTh pacCyKIeHHI B BHIe MHOXKecTBa X = [15°, ..., 25°]. Otapixaroniuii
I, 1ydimie Bcero 4yBCTBYIOIIHII ce0s IpU Temmeparype 21°, onpeaenna Ol a1 ceds HeueT-
KO€ MHO>KECTBO

e 0,1 03 05 08 095+1 Og 08 075 0,7

16 17 18 19 20 21 22 23 24 25

(1.13)
Otaeixaromuii I1, npeanounTtaroniiii TemmepaTtypy 20°, npemioxuia Os1 Ipyroe omnpe-
JleJIeHHe 3TOr0 MHOKeCTBa:

8:01 02 0.4 07 09 1 09 085 08 075 0,7
15 16 T 18 19 20 21 22 23 24 25 (1.14)

C moMoIIpr0 HEUETKHX MHOXKeCTB 4 U B MBI (bOpMaJIHE)OBaJIH HETOYHOE OIIPpCACIICHHE
[MIOHATHA «IIOAXOIAIIaA TEMIIEpaTypa I KYIIAHHA B MOPEH».




CTtaHoapTHble dopMbl QYHKL NN

NPUNHAOJ1EXHOCTH
|. ®yHKIOHSA DIPHHALTEKHOCTH KJIACCa S
| 0 ans x<a,
2
2(22) ona a<x<bh,
s(x;a, b, c)= 3 5
1 Z(X C) npna b<x<c,
c—a
1 na x2c¢
A ' (1.15)
i i
2
r(x)
1
0,5

0 a b ¢ N



CTtaHOoapTHbIe opPMbl QYHKLNN
NPMHaANEXHOCTU

2. PyHKIHA NPHHALJIEKHOCTH KJacca 7
s(x;c-b,c-bl2,c) pnax<c,
n(x; b, c)=

1-s(x;c,c+bl2 c+b naxza2c.
( t +b) pnax2c (1.16)

(%)

14

0,5

()



CTtaHoapTHble dopMbl QYHKL NN
NPUHaAEXHOCTU

3: (I)YHKIIHH HNPHHALAICAKHOCTH KJj1acca

0 ana x<a,

X-—-a
y(x; a, b)= 1 b-a
1 pna x2b.

ona a<x<b,

(1.17)



CTtaHoapTHble dopMbl QYHKL NN
NPUHaAEXHOCTU

4. dyHKNHAA NPHHALIEKHOCTH Kiacca t

0 nna x<a,
—1’5—'—-‘? ans a<x<b,
h—-a
t(x; a, b, c)= :
( )= 1 c=x ona b<x<c,
c-b
0 ong x2zcC.
A

(1.18)



CtaHpapTHble PopMbl PYHKLUN
npuHagnNeXHoCTu

5. DyHKIHA NPHHALIEKHOCTH Kiaacca L

1 ana x<a,

L(x; a, b)= 1 b-x pna a<x<b,

b-a
0 nna x2b

(1.19)

H(x)




CTtaHoapTHble dopMbl QYHKL NN
npuHagnexHocTu. [Npumep Npo AeHbrv

IIpamep 1.5

Ha punc. mokazaHa (yHKIHS IPHHAIEKHOCTH HEYETKOIO MHOXeCTBa «OOIbIHe
IeHbpIm». IT0 QyHKIHUA Ki1acca s, mpugeM X = [0, 100000 py®6.],

HA(X)

ks ciasiannwneneen

X
>

1000 10000 100000

a = 1000 py6., c = 10000 py6. CnemoBaTtenbHO, CyMMEBI, npeBrimaromie 10000 pyo.,
MOJKHO COBEpPIIEHHO OIIpe/IelIeHHO CUHTATh «OOIBIIHMNY», IMOCKOIBKY 3HaueHHA (YHKIHH
IIPUHAIEXHOCTH TPH 3TOM CTaHOBATCA paBHBIMH 1. Cymmebl, MeHbImue yeM 1000 pyO., He
OTHOCATCA K «OOJBIINM», TaK KaK COOTBETCTBYIOIIHE UM 3HaUeHHUA (YHKIIHH IIPHHA]IIeKHO-
ctu paBHHI 0. KoHeuHo, Takoe ompejiesieHIie HEUeTKOI0 MHOKeCTBA «00IbIINe JeHbI» HMe-

eT CyOBeKTHBHEBII XapaKTep. DTO IpelCTaBlIeHHe OyIeT OTpa)KaThbCs MHBIMH 3HAUeHHSAMH
IapaMeTpoB ¢ U ¢ pyHKIINHU KjIacca s.

e . e e e s s e -




Hocutenb n Bbicota HM

Onpeneienne 1.2
MHo0kecTBO 37IeMeHTOB IIPOCTpaHCTBa X, VI KOTOPBIX 4, (x) >0, Ha3pIBaeTCs HOCH-

TeJieM He4eTKOro MHOKeCcTBa A 1 o0o3HauaeTcs supp A (support). ©opManabHas ero 3aluch
nMeeT BH/I

A={xe X uy(x)> 0}.

Onpenenenne 1.3
BricoTa HeueTKOro MHOXkKecTBa A 0003HaUaeTcs /1(4) u onpeaenseTcs Kak

h(A) =max p,(x)

xe A
IIpumep 1.6
EcmX=1{1,2,3,4,5}n
o 0,2 » 0,4 % 0,7
1 2 4
TO supp A = {1, 2, 4}.
Ecm X ={1,2,3,4} n
A 0,3 & 0,8 : 0,5
2 3 4

to h(A)=0,8.



HopmanbHoe HM

Onpenenenne 1.4
HeueTkoe MHOXKeCTBO A Ha3BIBAETCA HOPMAIbH6IM TOT1a U TOIBKO TOTa, Korja /1(A)

= 1. Eciin HedyeTKkOe MHOKEeCTBO A He SIBIIIeTCS HOPMaJIbHBIM, TO €70 MOXKHO HOpMaIl30BaTh
IIpH IIOMOIIIH Ipeodpa3oBaHUs

Ha(X)
B AN )=
A=)
rjie /1(A) - BBICOTa 3TOr0 MHOJKeCTBa.
IIpamep 1.7
HeueTkoe MHOXKeECTBO
iy 0,1 < 0,5 & 0,3
2 o 6
h(4) = 0.5 nocie HOpMaIH3aIuy IPHHIMaeT BH]T
02 1 06
AN e e e K

Z &' 6



[Tyctoe HM un BkntoveHna HM

Onpeneaenune 1.5

HeueTkoe MHOKeCTBO 4 Ha3bIBaeTCsA MycmsiM U 0003HAUaeTCa 4 =2 TOTrJa U TOJIBKO
TOTJa, Korjga x,(x)=0 a1 Kaxaoro xe X .

Onpenenenne 3.6

HeueTkoe MHOXECTBO A COJAEPKUTCSA B HEUETKOM MHOXeCTBe B, UTO 3ammnchIBaeTcs
Kak A C B, TorjJa H TOJBKO TOTa, Korja

NA(X) < Hg (X)

JUIS KaXKJaoro xe X .

IIpumep exnrouerus (CogepKaHus) HEUETKOIO MHOXKeCTBAa 4 B HEUEeTKOM MHOXKECTBe B
WLTIOCTpUpyeTcsa Ha puc. CTeneHb BKIIOUEHH HEUETKOTO MHOXKeCTBa 4 B HeUeTKOe MHOXKe-
CTBO B paBHa 1 (IIo1HOE BKIIOUEHHE).

A
(%)
Hg(X)

pa(x)

- e o




BknoyeHna HM. PaseHctBo HM

HeueTkoe MHOKecTBO 4 COICPKHUTCA B HCUETKOM MHOKECTBE B B cTeneHn
I(A c B)=min ug(x), (3.28)
xcT

e T={xe X, uy(x) < pg(x), uy(x) > 0}.

M () A

l Hp(X)

I(AcB)

Onpenenenne 1.7
HeueTkoe MHOKeCTBO 4 paBHO HEUETKOMY MHOJKECTBY B, UTO 3allICBIBaeTCsa Kak A =
B, Torma o TOJIBKO TOTrJa, Korja

Hp(X) = pg(X)

JJI KaKJa0ro xe X .



Onepaunn Ha HEYETKUX MHOXECTBAX.
[lepeceyeHmne

Onpenenenne 1.11
IIepeceueHneM He4eTKUX MHOXKECTB A,B C X Ha3bIBaeTCs HeueTKOe MHOXKEeCTBO AN B

¢ ¢dyHKIHel NpHHALIEKHOCTH
HanB(X) = Ha(X) A pp(X) =min (ua(X), pp(X))

JUIA KaKao0ro xe X .
Fpa(bnqecxaﬂ HHTepIIpeTalus 3TOH ollepaliuy IIpejicTaBlIeHa Ha pHC.

A
/ ’

X

H(x) (%) H15(%)

ITepeceueHnie HEUETKUX MHOXKECTB A, 4,,..., 4, olpenendercsa pyHKIUeH MpuHaIIeK-
HOCTH

pp (X)=min[pp (X), fa, (X), ...y tig (X)]



Onepauun Ha HEYETKMX MHOXKECTBaX.
CnoxeHune

Onpenenenne 1.12
CymMma HeueTKHX MHOXeCTB 4 U B - HeueTkoe MHOkecTBO C = 4 u B, onpeneneHHoe
¢yHKIHEH IpHHAIEKHOCTH

Haus(X) = pa(Xx) v ug(x)=max (us(x), ug(x))
JUIA KaxKaoroxe X .
A

pA(x) Hn(X)

>
p

OyHKIHS TPHHALIEKHOCTH CYMMBI HEUETKUX MHOXKECTB A, 4,,..., 4, BbIpa)kaeTcs 3a-
BHCHMOCTBIO

Haomu.oa, (X)= | 1a (X)=max(ug (X), g4, (X), .. g (X))

n
=1



Onepaunn Ha HEYETKUX MHOXECTBAX.
CnoxeHwne, nepeceyvyeHmne Ha npumepe

IIpumep 3.9
TomyctuM, ato X = {1,2, 3,4, 5, 6, 7}
A —Q'E + l + 9'_6.
< VIR nda
g=27 ;.92
3 5 6
ANnB-= 0.7 + %_
36
AUB 93+1+1+06



Onepaunn Ha HEYETKUX MHOXECTBAX.
[NononHeHne HM

Onpenenenne 1.3
JlomoTHEeHNeM HeUeTKOrO0 MHOJKeCTBa 4 C X Ha3bIBaeTCs HeueTKOe MHOXKECTBO A C
dyHKIHEH IpHHAIEKHOCTH

Ha(X) =1 =, (x)

JUIA KaXI010 xe X .
A

Ha(X) Ha(x)




Onepaunn Ha HEYETKUX MHOXECTBAX.
[ononHeHne HM Ha npumepe

IIpumep 1.11
Homyctum, uto X = {1, 2, 3,4, 5, 6}, a Takxke

AR 1 OF 09

3 5% 6
B cootBeTCcTBHHE C OIIPpEACIICHHEM 1.13 momoiaHeHHeM MHOXKecTBa A CUHTaeTCs MHO-
KECTBO

a 1 07 1 03 01

y ER R L RS o R

T 2 & 5 6

O6paTHM BHHMAHHE, 9TO

Am/A\_Q:—S— 9§ 91#@
2 5 6




Onepaunn Ha HEYETKUX MHOXECTBAX.
[lononHeHne HM Ha npumepe - Kypbes

A
“A(x) “X(x)
“Ani\(x)
»
X
A
”Aw‘.(x)
\ >
X
AnA 20 ,
Aul =X
OyHKISA TPUHAIIEKHOCTH IepeceueHnsi HeUeTKIX MHOXKECTB 4 1 A oTBeuaer Hepa-

BEHCTBY

Hy A (X) = min(u,(x), pz(X) <

N =

AHAJIOTHYHO B ClIydae CYMMHPOBAHHA IIOJIydaeM

1
Ky (a(X) = max(u,(x), kz(0) 2 -



Onepaunn Ha HEYETKUX MHOXECTBAX.
KoHueHTpaunsa = «O4eHb»

Onpeneaenne 1.15
KonnenTpanus HeueTKOro MHOXKecTBa A X obo3nauaercsi CON(A4) u omnpenensercs
KakK

Heon (A)(X) = (l‘A(x))Z

JUIA KaXXJIoro xe X .

B ecTecTBeHHOM fA3BIKEe IPHMEHEHHEe 3TOH OIlepallui K TOMY HJIH HHOMY 3HAaUeHHIO
JIMHTBUCTHYECKOH IIepeMEHHOHIl COOTBETCTBYET HCIIOIB30BAHUIO YCHIJIMBAIOIIEIO TepMa
«OuYeHb» (HampHuMep, «OUeHb BBICOKHID, «0UeHb CTAapbIil» U T.1.).



Onepaunn Ha HEYETKUX MHOXECTBAX.
Pa3basneHne = «He o4yeHb»

Onpenenenne 1.16
Paz0aBieHne HEUETKOT0 MHOKeCTBa 4 C X obo3Hauaercs DIL(A) u onpenensercs Kak
= 0,5
Hpp (A)(X) = (4(x))
JIJIA KaXKI0ro xe X .

I[eﬁCTBHe Oolrepanuu IIPpOTHBOIIOIOXKHO JIEHCTBHIO OIl€paliHi KOHICHTpAanmHHu H COOT-
BETCTBYET HCOIIPECACIICHHOMY TEPpMY «IOBOJIBHO», BBIIIOJIHAOIICMY (bYHKLIHIO ocl1a0IeHHs

CICAYIOIICIO 3a HHUM (OCHOBHOTO) TepMa A «JIOBOJBHO BBICOKHII», «JOBOJIBHO CTapBIfI)) H
T.IL.



Onepaunn Ha HEYETKUX MHOXECTBAX.
KoHUeHTpauus - pasbdbaBrneHme

2 ]

TepM «0oJIee yeM» MOJKHO OIIpEACIINTE CICAYIOIIHM 06pa30M:

«oonee yeM A» = {(x, u(x)"*) | xeX},

COCTaBHOMH TEPM «OUYCHBL-OUYCHbB»:

«ouens oueb A» = CON(CON(A))={(x, 1’ 1(x)) | xeX},



Onepaunn Ha HEYETKUX MHOXKECTBAX
[Tpumep

PaccMoTpuM nmpuMeHeHHe yKa3aHHBIX Ollepaluil Ha cieqyromeM npuMepe. IIycts ne-
peMeHHas X XapaKTepH3yeT «CKOPOCTh aBTOMOOIIA», X - nHTepBai [0,100]. Torga HeueTkue
IIOJMHOJKECTBAa, OIIHChIBaeMble TepMaMH «HH3Kas» H «BBICOKas», MOKHO IIPeJICTaBUTh C II0-
MOIIBI0 (DYHKIIHIT IPUHAIIEKHOCTH:

H(X)
‘ AOBOJIBHO
HW3Kas BLICOKAs
1
O4Y€Hb
I Z BbICOKaA
51 \
HE O4YE€Hb
BbICOKAasA

: »
100  x, kM/u

0



Onepaunn Ha HEYETKUX MHOXKECTBAX
[Tpumep

1, wm0<x<25,

nmskasi\X S~ = 2 h
Fhesas(X) H(x 525) } , A 25 <x<100.

(0, s 0<x <50,

511
pricokaat X )~ - =
7 (x) I:H{x 550) } , s 50 < x <100.

0, mma0<x<50,

YE€Hb BBICOKHX X)= - = N
Ho () [H(x 550) } . A 50< x <100.

I, nma0<x<50,

p (x) = soy2 ]
HC OYCHB BBICOKAA |:|_(1+x_5 ] J , A 50<x<100,

I, mm0<x<25,

p ()= 25\
10BONBHO HUIKAA I:l +(x; j j| , Ja 25<x<100.



TpeyronbHble HOPMBI. S- N T-HOPMb

HepecequHe HEUYETKHX MHOXECTB MOXHO 3a/1aThb B Oolee 06]1[31\'1 BH/IC KaK
Hans(X) = TyX), kgX) .
rae ¢ysknusa T — 3To Tak HazeiBaemas T-Hopma. ITosTomy
min(;:A(x), NB(X)) = T(“A(X)' /JB(X))

MOKHO CUHTATh IIPHMEPOM JIeHCTBUSI T-HOpMI)I. AHaJIOI‘H‘IHO, CYMMY HC€UCTKHX MHO-
ZKECTB MOXKHO OIIPpEACINTh CIICAYHOITHM o6pa30M:

aop(X) = S(aX), ugx)) ,

rae GyHKOUA S — 3TO Tak Ha3piBaeMas S-HopMa.
B sToMm ciyugae _
max(i4(X), Lg(X)) = S(,(x), Hg(X))
MOJKHO CYHTaTh IPHMEPOM HelCTBHSA S-HOPMBI. T- U S-HOPMBEI OTHOCATCS K Kilaccy
TaK Ha3bIBaeMBIX TPEYIOIBHBIX HOpM. MBI OyjeM MHOTOKpPAaTHO HNPHUMEHSTh HX B IIOCIIENY-
IOIeM, IIpHYeM He TOJIBKO JJIs OIpejlelleHUs OIlepalldil nepecedeHnss H CyMMHpPOBAHUS He-
JeTKHX MHOKEeCTB.



TpeyronbHble HOPMBI. S- N T-HOPMb

Kaxoit T-HOpMe COOTBETCTBYeT CBOSI S-HOpMa. 3aBHCHMOCTH MeXJTy HHUMH BBIpaka-
eTCsl paBeHCTBOM

S ptg) =1-T(A—py, 1-p,),
IIO3TOMY S-HOPMY YacTO Ha3bIBAIOT -KOHOPMOTi, WITH JIOTIOTHAIOIIEN HOPMOII.
HexkoTopsle Hanbosiee pacupocTpaHeHHEIE CIIOCOORI 3aaHusd T- H S-HOpPM NpHBeIeHE
B Ta0II.

T-uopmMma S-HopMa
1. Munumym: min{z,, i, } Maxcumym: max {s,, i}
2. Anre6panyeckoe poOu3BEACHHE: Anrebpanyeckas cyMma:
HaHp Hat Hpg— HaHp
3. Hponssenenue Jlykacesuya: Cymwma JlykaceBuya:
max {0, u, + pt, — 1} min {1, 2, + g }
4. [Ipoussenenue DHHIITEHHA: Cymwma DHHIUTCHHA:
Moty /14 (1= )1 - )] L= (1= (1= pap) (14 g1y 125)
5. Hpousseacuuc I'amaxepa: CymMa I'amaxepa:
Hapty /1= (1= 1)1 — )] 1= (1= g, )1 - 1) I(1 = 120 105)




