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[locobue BKiIIOYaET OCHOBHBIE MOHATHS TEOPUHM HEUYETKUX MHO-
JKECTB, OITUCAHKE ONEepalui HaJl HCUCTKUMH MHOYKECTBAMH H 2JIEMEHTBI
HedyeTkoH joruku. [IpuBeneHo onucanue kinaccu(prKaIUOHHON CXEMBI
BBIBOJA. J[aHbI OollpeieeHus s13bIKa IEPBOTO MOPSAIKA U CEMAHTUKU S3bI-
Ka IIEpBOro MOpsiAKa.

1. HEHETKHME MHOKECTBA U HEYETKHUE
BBICKA3BIBAHUSA

[Ipu paccmoTpeHHH MPHUKIAAHBIX 3a7a4, COAEPXKAIUX HEeompenae-
JICHHOCTb, UCIIONB3YETCsI allliapar TCOPUU HEUSTKUX MHOXKECTB. B oT-
JIMYUE OT IPYTHX MAaTEeMAaTHYECKUX CPEIICTB OH MO3BOJISIET (hOPMATTU30-
BaTh CIIOBECHYIO MH(POPMAIIMIO SKCIIEPTOB O 3a/ade W M3BJIEeYb U3 Hee
TIOJIE3HBIE CIECTBUS IS MOCTPOCHUS PEIICHUS.

1.1. IlonsiTHE NPUHALJIEKHOCTH

[TpuHAUIEKHOCTL 3JEMEHTa & MHOXKECTBY X 3allUCHIBACTCS Kak
z € X.IlogMHOXecTBOM A MHOXkecTBa X Ha3bIBAETCS MHOXKECTBO, Ka-
JKIBIM 2JIEMEHT KOTOPOTO SABJISIETCS dJeMeHTOM MHOKkecTBa X, A C X.
CumBon () 0603HaYaET IIyCTOE MHOKECTBO.

MHuoxecTBo X Ha3bIBaeTCs 0A30BLIM.

Husa muoxectBa A C X omnpeaensercs IOMOIHEHHE 0 MHOXE-
ctBa X

reAe (zeX)A(z ¢ A)
— 9JIEMEHT & NPUHAUICKHT JONOIHEHUIO TOT/A U TOJIBKO TOT/a, KOT/Ia
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OH NPUHAJICKUT 0a30BOMY MHOXKECTBY X M HE NPUHAJICKUT MHOXKE-
cTBY A.

Jnst niByx MHOo)kectB A, B C X onpenensitorcs OMHApHBIE onepa-
[[1H, IMEHYyeMble 00bETUHEHUEM, TTEPECEUCHHEM H Pa3HOCTHIO:

xeC=AUB <+ (x€ A)V(x € B)

— DJIEMEHT ¥ MPHUHAICKUT OOBENMHEHHUIO JABYX MHOXKECTB TOTJA U
TOJIBKO TOIZA, KOIJa OH NPUHAIJIEKUT IEPBOMY WM BTOPOMY MHO-
JKECTBY;

zxe€C=ANB <+ (x € A)A(x € B)

— DJJIEMEHT T TPUHAIICKUT MMEPECEUCHUIO JIByX MHOXECTB TOTNAa U
TOJILKO TOTJA, KOTJAa OH IPHHAIUICKUAT U MEPBOMY, H BTOPOMY MHO-
JKECTBaM,

zreC=A\B+ (rcA)N(x¢B)

— 3JIEMEHT T NPUHAIICKUT Pa3HOCTH JBYX MHOKECTB TOT/IA U TOJIBKO
TOT/a, KOT/Ia OH MPUHA/UICKHUT HEPBOMY MHOXXECTBY M HE TIPHHAIICKUT
BTOPOMY.

CRoiicTBa omnepanuii HaJ MHOXXECTBaMH paccMaTpuBaroTes B [1, 2].

[TprHaTIEKHOCTD JIEMEHTa - MHOXKECTBY A BBIpaXXaeTcsl TAKKE C
HIOMOIIBIO XapaKTePUCTHUCCKON DYHKIIMU

_ |1, ecmzc A,

Ha@) = { 0, ecmmzx ¢ A.

XapakTepuctuueckast QyHKIUS TO3BOJISET 3aMucaTh MHOXKecTBO A
B BHJIE MHO)KECTBA YIIOPSIIOYCHHBIX Tap:

A= {{z;pa(z)) |z € X, pa(z) €{0,1}},

TJIe TIEPBBIM 3JIEMEHTOM ITaphl SBIISETCS SIEMEHT 0a30BOTO MHOXECTBA,
BTOPBHIM — 3HaYEHHE XapaKTEPUCTUUECKOIM PyHKLINHU HA 3TOM >JIEMEHTE.
XapakrepucTudeckne GyHKITUH JOMOTHEHUS, 00beTMHEeHNS, TTIepecede-
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HHUSI M PAa3HOCTHU PaBHBI COOTBCTCTBCHHO:

pz(®) = 1—pa(z);
paug(r) = pa(z)V pp(r) = max{pa(z), pp(z)};
panp(®) = pa(z) A pp(z) = min{pa (), pp(r)}
(z) ),

BBeeHHbBIE Olepaliy COOTBETCTBYIOT ONepalusaM OUHapHOi Oyiie-
BO anrebpst [2, 3].

I[Ipumep 1. [ano 6a3oBoe MHOKeCTBO X = {1, T2, X3, T4, T3} U
JIBa TIOJMHOKECTBA:

A= {<$1; 1>7 <:E2; 0>7 <:L’3; O>7 <Z’4; 1>’ (375; 1>}7
B = {(z1;1), (22; 1), (235 0), (245 0), (55 1) }.

Haiitu AU B, AN B, B\ A.
P emienue. [l 21eMeHTOB 6a30BOT0 MHOXKECTBA HIMEEM 3HAYCHUS
XapaKTePUCTUYCCKUX (DYHKIIUI:
pa(r1) =1, pa(re) =0, pa(zs) =0, pa(rs) =1, pa(zs) = 1;
pp(x1) =1, pp(x2) =1, pp(x3) =0, pp(xs) =0, pp(zs) = 1.

BrruncnuB 3Ha4eHNsI XapaKTePUCTHYECKUX (DYHKIMN 00beANHEHUS, TIe-
peceueHus U pa3HOCTH, TOIY4YUM

AUB = {<x1;1),(x2;1>,<:1:3;O>,<3:4;1),(x5;1)};
ANB = {<$1;1>,<:172;0>,<:E3;O>,<.T4;0>,<.’175;1>};
B\A = {(21;0), (22;1), (235 0), (243 0), (25; 0) }.

3angaua 1.Jlano muoxectBo X = {1, 29, 3, T4, T5, L6, L7 } ¥ €TO
HIOIMHOYKECTBA!

A= {<$1§O>7 <$2§ 1)7 <$3; 0>’ <$4§ 1>7 <:E5; 1>7 <$6; 0>7 <$7; 1>}7
B = {(21;0), (22 1), (235 1), (243 0), (255 0), (265 1), (27; 0) }.

Haiitu A, AU B, AN B, A\B.



3anaua 2.Jloka3aTs paBeHCTBA!
a) A\(B N C) = (4\B) U(A\0);
6) A\(A\B) = AN B;

B) A\B = A\(AN B);

r) AUB =AU (B\A);,

n) AN (B\A) = 0;

%) ANB=AUB.

1.2. HeyeTkue MHOKeCTBA U ONePAIMH HA/I HUMU

Onpenenenue 1. X — 6azoBoe MHOXKeCTBO. HedeTkum 1mom-
MHOKeCTBOM A MHOKecTBa X HA3BIBACTCS MHOKECTBO YIIOPSATOUCHHBIX
mnap

A= {(z;pa(z)) |z € X, pa(z) €[0,1]}.

®yukumio pg(x) : X — [0, 1], Ha3piBaroT GyHKUMEH IPHHAUICKHOCTH
mHoxecTBa A. MuoxectBo {x € X | pa(z) > 0} Ha3pBatoT HocHUTe-
JTIeM HEYeTKOTO MHOXECTBA.

DyHKIMS IPUHAUICKHOCTH 0000IIaeT MOHATHE XapaKTepucTuye-
CKOM (DYHKIIMH; CYUTACTCS, YTO YHCIIO [14(Z) ONPEAEIseT CTCHeHb PH-
HAJJIKHOCTH 3IE€MEHTa & MHOXeCTBY A. DYHKIMS MPUHAIICKHOCTH
3a/14eTCs [IEPEUNCIICHUEM IEMEHTOB MHOXKeCTBa A M (yHKIIHOHAIb-
HBIM 3aKOHOM.

Mpumep 2. X = {1,2,3,4,5,6,7}. Heuerkoe muoxecTBOo A
3aJaeTCs BBICKA3bIBAHUEM «Z — MAaJIO€ HaTyPAIbHOE YHCII0», [I0JIaraeM

A ={(1;1),(2;1),(3;0,9),(4,0,7), (5;0,4), (6;0,2), (7;0,1) }.

Onpenenenue 2.Ilycts a € [0, 1]. [ToAMHOXECTBOM (-ypOBHS
HEYETKOr0 MHOXKECTBa A Ha3bIBaeTCS MHOXKECTBO

Ay ={z € A| pa(z) > a}.
[MIpumep 3.[aHo HEYETKOE MHOXKECTBO

A= {(.7,‘1; 0, 3), <£C2; 0, 7), <$3; 1>, <.%'4; 0>, <.’£5; 0,4>}.



Omnpenenuts MHOXKeCTBO A, ipu o = 0, 3; 0, 8.
Pemenue. [lonyuaem

Aoz = {(z1;1), (223 1), (w33 1), (245 0), (z5; 1) }5
A078 = {<.721; 0), <£CQ; 0), <.’L‘3; 1>, <.’L‘4; 0>, <JI5;O>}.

Omeparuy Hajl HEYETKMMH MHOKECTBAMH ompeneisiores [4, 5] ¢
MOMOIIBI0 (QYHKIUH TPHHAIIEKHOCTH:
JIOTIOJIHEHHE HEYETKOTO MHOKECTBA

A= X\A 6 pg(z) = 1 - pa(o);
00beIMHEHNE HEYETKUX MHOKECTB
C=AUB ¢ pc(z) = pa(@) vV pp(r) = max{ua(z), pp(z)};
nepeceyeHne HEYETKUX MHOXKECTB
C=ANB ¢ pc(x) = pa(@) A pp(z) = min{pa(z), ps(@)};
Pa3sHOCTh HEYETKUX MHOKECTB
C = A\B > jic() = pa(@) A i) = min{pua(e), 1 - (@)},
[Tpuwmep 4.Jano muoxectBo X = {x1,z2,Ts3,Tq,T5} U ABA
HEYETKUX MOIMHOKECTBA!
A = {(x1;0,3), (£2;0,7), (x3; 1), (x4;0), (x5;0,4) };
B = {(21;0,5), (x2;0,1), (z3; 1), (x4; 0, 1), (x5;0,4) }.

Haiitu HeueTkue muoxkectsa A, AU B, AN B.
P e e uue. s smeMeHTOB 6230BOr0 MHOKECTBA UMEEM

pa(r1) = 0,3, pa(r2) = 0,7, pa(rs) =1,
pa(zs) =0, pa(zs) = 0,4;

pp(z1) = 0,5, pp(z2) = 0,1, pp(zs) =1,
up(zq) = 0,1, up(zs) =0,4.



BrruncnuBs 3HaueHUst QyHKUUH TPUHAIICKHOCTH OTPULIAHUS, 00BEIH-
HEHUS U IIEPECEUEHMs], TOJTyYUM

A= {<x1§ 0, 7)? <m2§ 0, 3>7 <x3§ 0>7 <374§ 1>7 <$5§ O’6>}§
AUB = {(xl; 0, 5), <$2; 0, 7), <.’E3; 1>, <LE4; 0, 1>, <$5; 0,4>};
ANB= {(:cl; 0, 3), <x2; 0, 1), <LE3; 1>, <LE4; 0>, <33‘5; O,4>}.

3a Jada 3. OHpC,I[GJ'H/ITL IMOAMHOKECTBO (x-ypPOBH HCYCTKOI'O
MHO>XKCCTBaA

A= {<IL’1;0, 3>7 <$2; 07 2>7 <£l?3; 07 5>’ <:L'4; 07 7)7 <1’5; Oa 2>7 <l’6; 079>}

B cryvasx « = 0;0,3;0,6;0,7;1,0.
3anmaua 4. Jlns maoxkecrBa X = {1, 2,3, T4, Ts5,T6} U €TO
HEYETKHX MOAMHOKECTB

A= {<$1; 07 2>7 <$2; Ov 7)7 <$3; 1>v <‘T4; 07 1>7 <$5; 074>’ <x6§ 079>}7
B = {{x1;0,5), (x2;0,1), (x3;0), (x4;0,7), (x5;0,2), (x6;0,9) }

waiitu B, AU B, AN B, A\B,Zﬂ B.
3angaya 5. [/loka3arh 1 HEUETKUX MHOXKECTB CIEIYIOILIUE pa-
BEHCTBA!
a) AU(ANB)
6) AN(AUB)

4
A

1.3. HeueTKkune OTHOLICHUSHA

Jlanbl 6a30BbIec MHOXKECTBA X, Y M HEUCTKHE MHOXKECTBA

A={(z;pa(z)) |z e X} B={({yusy) lyeY}

IMpsiMbIM TIpou3BeieHneM MHOXKeCTB A 1 B Ha3bIBalOT HEYETKOE MHO-
JKECTBO

Ax B = {<($,y); MAXB(x7y)> ’ reXye Y}:

e paxp(,y) = pa(z) A pp(y) = min{pa(z), pe(y)}-
8



bazosrie MHOXecTBa X, Y, Z,... MOXHO CUMTaTh HOAMHOXKECTBA-
MU YHUBEPCAIEHOTO MHOXeCTBa U ; n-apHBIM OTHOIIICHUEM Ha3bIBACTCS
MOAMHOKECTBO MPSIMOTO MPOU3BEACHUS YHUBEPCATBHBIX MHOKECTB!

Ut=UxUx...xU=
={(z1,22,...,2p) | x1 €U,z € U,... 2z, € U}.

HeueTkuM m-apHBIM OTHOIICHHEM HA3BIBACTCS HEUETKOE MOJMHO-
sKecTBO MHOXecTBa U™:

A= {<(x17332a"'a$n);
paA(y, o, .. xn)) | (21,22, ..., 2n) € U™},

tne pa(zy, x2,...,x,) € [0,1] — dynkuus npuxamiexuoctu. Omne-
paIyy HaJ OTHOIICHUSIMH €CTh OTICPAITiH Hal QYHKIIUAMH MPUHAIICHK-
HOCTH.

Onpenenenue 3.Ilycte Ry, Ry — HEYCTKHE OTHONICHUS
Ha MHOXKecTBaX X X Y u'Y X Z coorBercTtBeHo. Kommno3umueii oTHO-
mennii R; u Ry Ha3pIBaeTca HeueTkoe oTHoumreHne R = Ry *x Ry Ha
MHOXecTBe X X Z, GyHKIHS NIPHUHAAIICKHOCTH KOTOPOTO ONpeaesieT-
Csl PABEHCTBOM

PR(T,2) = pRyers (1,2) =\ pry (2, 9) A iy (v, 2)-

yey
ITpuwvep 5 [Hdausl mHOKecTBAa X = {27,29,23}, Y =
= {y1,92,Y3,ya}, Z = {z1, 22, 23}. Hederkne ornomenus Ry, Ro

Ha MHOXecTBaX X X Y uY X Z 3ajganbl Marpuniamu. Haiitu kommno3u-
LIMIO OTHOIIEHUH R * Ro.

Ro| z1 | 20 | 23
Rilyr | y2 | ys | va y10,7]/0,6]0,5
r1]0,1/0,2/0,4(0,8 yo | 0 [0,4]0,8
z2| 0 10,5[0,7(0,3 ys | 0 | 0 |0,1
x3(0,8/0,6/0,4| 0 v 10,3]0,6|0,3




P e m e 1 u e. [lo onpenenenuto, marpuiia oTHotneHus Ry * Ry BbI-
YHUCIIAETCS KaK MAaKCUMUHHOE Tpou3Benenue mMarpuil (1 = 1,2,3; j =
=1,2,3),

pr(x;, zj) =max{min{pp, (z:,y1), LR, (Y1,%j) }
min{ug, (i,y2), R, (¥2,25) }
min{up, (;, ys

min{pr, (z, ya

HR,y y3,2’j)},

)5 KRy (
)7,“R2(3/47 Zj)}}‘

Ri*xRg| z1 | 29 | 23
x1 0,310,610,3
T2 0,310,410,5
T3 0,7/0,6|0,6

3amaua 6./laHel MHOXKECTBA

X = {ﬂ?l,fEQ,l‘g}, Y = {ylay27y37y47y5}7 Z = {21522723}'

HaiiTi KOMIIO3UIIHIO HeYeTKNX OTHOIIeHUH R 1 R, 3aJaHHBIX HA MHO-
xectBax X XY nY x Z.

RQ z21 z9 z3
v 10,7/0,6]0,5

Rijwyi | v2|ys | ya| ys y2| 0 ]0,4]0,8
x110,1{0,2{0,4]|0,8]0,3 ys | O 0 1]0,1
z2| 0 10,5/0,7(0,3/0,7 vs4 10,3]0,6(0,3
r3]0,8/0,6/0,4| 0 |0,4 y5 [0,1]0,7]0,8

1.4. HeueTkne U JTMHTBHCTHYECKHE NMEPEMECHHBIC.
PacnibiBuaThbie BbICKA3bIBAHUS

OnpeneneHnue 4. Heuerkas mepeMeHHas XapaKTePU3yeTCs
Habopom (A, U, R(A,u)), e A — Ha3Banue nepemenoit; U — yHu-

10



BepcaibHOe MHOXKeCTBO; R(A, u) — HeueTkoe MoIMHOKECTBO MHOXeE-
ctBa U.

Onpenencuue 5 JIMHrBUCTHYECKAs IEPEMEHHAsA — MEPEMEH-
Hasl, 3HAYCHUSIMH KOTOPO#l SBIISIOTCS HEYETKHE TIEPEMEHHBIE.

IMpumep 6.<«PocT» — JIUHIBUCTHYECKAS NepeMeHHast. «Bbi-
COKHUI», «CPEeTHUI», «HU3KAW» — HEUCTKHUE IMePEeMEHHBIE ¢ 0a30BBIM
mHOxectBoM U = [1;2,5] (MeTpa).

HeuetkuMm (pacruibiBUaThiM) BBICKA3bIBAHHEM HA3bIBAIOT BBICKA-
3bIBaHHE, O CTENICHH MCTUHHOCTH KOTOPOTO MOYKHO CYIAUTh B JAHHBIN
MOMEHT.

SI3bIK L TEOpHH HEYSTKUX BBICKA3bIBAHUT BKITIOUACT:

1) mponozurronanshsie 6ykset A, B, C, . . .;

2) TOrUYeCKHe CBSI3KH: OTPUIIaHKE — (YUTACTCS KHEY); TH3BIOHKITHSI
V (Y4UTACTCS KUITU»); KOHBIOHKIMSA A (YUTACTCS «H»); UMILTHKAITAS —>
(4MTaeTCS «ECHH ..., TO ...»); SKBUBAJEHIMS <> (YUTAETCS «TOTHA W
TOJIBKO TOTHA»);

3) ckobku ().

®dopMynaMH HCYHCICHHS HEYETKHX BBICKAa3bIBAHHN HA3BIBAIOTCS
BBIP)KCHUS s13bIKa L, IOCTPOCHHBIE O CIACAYIOIIMM ITPAaBUIIAM:

1) nporno3UIHOHAIbHBIC IEPEMEHHBIC €CTh POPMYJIbI s3bIKa L;

2)ecmn A, B— dopmyisr, o —A, AVB, ANB,A — B, A+ B—
(hopMyITBI.

JIiIsl HeYeTKOTO BBICKa3bIBaHHS A BBOJHUTCS CTENEHb MCTUHHOCTH
s(A) — umcno u3 mpomexytka [0; 1]. Hedetrkoe BBICKa3bIBaHHE, HME-
Iolee HCTUHHOCTHOE 3HadeHue 0, 5, Ha3pIBalOT HHAN((EPEHTHOCTEIO.
CreneHb HCTUHHOCTH (HOPMYJT BEIYHCIISIOT 110 CIICIYOIINM HPaBUIIaM:

S(AA) = 1 s(A);
s(AV B) = max{s(A4),s(B)};

s(AA B) = min{s(A), s(B)};
s(A — B) = max{1l —s(A),s(B)};
$(A <> B) = min{max{l — s(A), s(B)}, max{s(A),1 — s(B)}}.
I[Ipumep 7.J/laHbl HEYETKOE BHICKA3bIBAHHE
D=((AANB)V(mAAB))—-(ANC)
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¥ CTEICHN MCTHHHOCTH BbIcKasbiBaHuii s(A) = 0,8, s(B) = 0,5,
s(C) = 0, 7. Onpenenuts creneHb UCTUHHOCTH S(D).

Pemenue. O6o3naunm E = (AAB)V(-AAB), F = =(ANC);
toraa s(D) = max{l — s(E), s(F)}. Umeem

s(F) =max{s(AAB),s(~AAB)} =
= max{min{s(A), s(B)}, min{s(—A)s(B)}} =
= max{min{0, 8;0,5}, min{1 — 0,8;0,5}} =
— max{0,5;0,2} = 0, 5.

JHaee,

s(F)=1—s(ANC)=1—min{s(A),s(C)} =
=1—min{0,8;0,7} =0, 3.

OKOHYATENLHO TOIYYUM, 9TO
s(D) = max{1 —0,5;0,5} =0, 5.

Onpenenenue 6.BoickassiBanvs A u B HEUETKO OMM3KH, €CITH
s(A <> B) > 0,5. BoickassiBauusi A u B HeueTKo HHAU(PHEPEHTHBI,
ecmn s(A <» B) =0, 5.

[ponosunmonansueie OykBel A, B, C, ..., 001acTh 3HAYEHUH KO-
TOPBIX COCTOHMT M3 BCEBO3MOXKHBIX HEUETKUX BBICKA3BIBAHWM, HA3bI-
BAIOT HEYETKHMH MPOIMO3UIIMOHAILHBIMU MEepeMeHHbIMU. Ecin A —
tdopmyna, Py, ..., P, — HedeTKre MPONO3UIINOHAIbHBIC TIEPEMEHHbIE,
U3 KOTOPBIX MOCTpoeHa (GopMyina A, TO MOXKHO 3amucaTh BBIPAXKCHUE
A(Pr, ..., Pp).

Onpenenenuc [.CreneHpio paBHOCWIHLHOCTH (HOPMYI
Ai(Py,...,P,) nu As(Py,...,P,) or HeYeTKuX mepeMeHHbIX P, ...
..., Py, Ha3BIBAIOT YUCIIO

p(Ax, Ag) = /\ s(A1 < Ay),
$(P1)yeeys(Pr)

IJIe KOHBIOHKIIUS OepeTcs 10 BceM HabopaM 3HAYeHH UCTUHHOCTH He-
YETKUX MEePEMEHHBIX P, ..., P,.
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HDpumep 8.Hdns popmyn
A1(Py, Py) = Py — Py A(P1,Py) = P\ Py

Haiiti crenens paBHocuibHOCTH (A1, A2) ipu s(Py) = {0,7;0,5},
s(P2) = {0,2;0,8}.
P em e nue. Ilo onpenenenuto,

AL A) = N\ s((PL— P) o (PLAP)).
s(P1),s(P2)

IIpu s(Py) = 0,7 u s(Py) = 0,2 Beraucisiem
s(P1 — Py) = max{l — s(Py),s(P»)} = max{1 —0,7;0,2} =0, 3,
s(P1 A Py) = min{s(P1), s(P)} = min{0,7;0,2} = 0,2,
S((Pl — PQ) x4 (Pl A PQ)) =
= min{max{1 — 0, 3;0, 2}, max{0,3;1 —0,2}} =0, 7.
Ipu s(Py) = 0,7 u s(Py) = 0, 8 nonyuaem
s(P; — Py) = max{1—0,7;0,8} = 0,8,
s(Py A P;) = min{0,7;0,8} = 0,7,
S((Pl — PQ) 4 (P1 A Pg)) =
= min{max{1 — 0,8;0,7}, max{0,8;1—-0,7}} =0, 7.
IIpu s(Py) = 0,5 u s(P) = 0,2 Haxomum
s(P; — Py) = max{l1 —0,5;0,2} = 0,5,
s(P1 A Py) = min{0,5;0,2} = 0,2,
S((Pl — PQ) <~ (Pl A Pz)) =
= min{max{1 — 0, 5; 0,2}, max{0,5;1 — 0,2}} = 0, 5.
IIpu s(Py) = 0,5 u s(P) = 0, 8 Beraucisiem

s(P, — P,) = max{1 — 0,5;0,8} = 0,8,
s(Py A P3) = min{0, 5;0,8} = 0,5,
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S((Pl — P2) <~ (Pl VAN PQ)) =
= min{max{1 — 0,8;0,5}, max{0,8;1 —0,5}} =0, 5.

OxoHYaTeNTBHO TOTyYaeM
wu(Aq, A2) = min{0,7;0,7;0,5;0,5} =0, 5.

Ounpeneneunue 8. HedeTknMu TaBTOIOIHSIMH Ha3bIBAIOT HOpMY-
net Ay, Ag, Takue, uto u(Ay(Py, ..., B,), As(Py,..., Py)) > 0,5 npu
mo0bIX 3HaueHusX S(Py), ..., s(Py,). Just HuX mpUHATO 0003HAYCHHE
A1 ~ AQ.

3ajgaua 7.BbpudcIuTh CTENEHb PABHOCHIBHOCTH (Hopmyst
Ay = P - -Pobu Ay = PV P, ipu S(Pl) = {0, 2;0, 5},
s(Py) = {0,3;0,5;0,9}.

3amada 8. YcTaHOBUTH HEYCTKHE TABTOIOTHH:

a) ~(-P) = P,

0) P\P =~ P;

B) PV P=P,

rnPAN(PVQ)=P;

1) ~(PAQ) ~ PV Q.

1.5. PacnibsIBUaThIe MOJEIN HA OCHOBE
KJIACCH(PUKALMOHHOH CXeMBbI BbIBOAA

Jnis ympaBiieHUs CIIOKHBIMU TEXHHYECKUMHU O0ObEKTaMH paspada-
TBHIBAIOTCS CHCTEMBI, TPEAHA3HAYCHHBIE IS IPUHATHS YIPABICHIECKIX
pellIeH B YCIOBHIX HEONPENEICHHOCTH — COBETYIOIUE U IKCIEePT-
HbIe CUCTeMBl. CIIOKHBIE OOBEKTHI YIPABICHUS HWMEIOT CIIEIAYIOIINe
YepTHI:

— He BCe L[eJIM BBIOOpa yNPaBIISIOUINX PEIIEHUH U YCIOBUS, BIHSIO-
i€ Ha 3TOT BBIOOP, MOTYT OBITH BEIP@XKEHBI B BHJIE KOJMYECTBEHHBIX
COOTHOIIICHUH,

— ¢dopManr30BaHHOE ONMHCaHNE OOBEKTa YIPABICHUS OTCYTCTBYET
100 SABISETCS HEPUEMIIEMO CIOKHBIM;

— 9acTh MHPOPMAITIH, HEOOXOMUMAs JIJISI MAaTEeMaTHIECKOTO OITHCa-
HUS 00beKTa, UMeeT (OpMy NPEACTABICHUN U TIOXKEITAHUH CIIeIIUAIIHC-
TOB-3KCTIEPTOB, 00TaJAIOIINX OTBITOM pabOThI C JAHHBIM 0OBEKTOM.
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[To yxa3zaHHBIM MPUYHHAM OCTPOCHHUE TOUHBIX MOJIEICH TeXHUYE-
CKOH CHCTEMBI Kak O0beKTa yIpaBIeHUs, IPUTONHBIX IS pealn3anuu
U 3KCcIuTyatanuu Ha DBM, 3aTpyaaurensHo. TouHas Moaenb, YIUTHIBA-
formas Bce (DakTophl, IEHCTBYIOIMNE Ha OOBEKT YIIpaBIeHuUs, OyIeT Ipo-
MO3KOH 1 HEMPUEMIIEMOM ISl MPaKTHYECKOTO UCIIOJIb30BaHHUs IO IKO-
HOMHYECKHM YCIIOBHSIM JTUOO M3-3a CJIMIIKOM OOJBIIOTO BPEMEHHU pac-
yeTta Ha DBM.

LenecooOpa3HBIM SBISIETCSI IOCTPOCHUE HE MOJIETTN 00bEKTa yIpa-
BJICHUS, a MOJENH YIpaBlieHUss o0beKTOoM. Takas MOJeNb BKIIIOYAeT
ONMCaHue ACUCTBUH JIWLIA, TPUHUMAIOILIETO PEIICHUS B ITPOLIECCE YIIpa-
BJIeHUs1 00bekTOM. Hampumep, B ciydae ynpaBieHUs TpEANPHITHEM
PYKOBOIUTENb TPEATIPUSTUS YaCTO HCIIONB3YET KaueCTBEHHBIC OICH-
KA. «Majio», <«MHOTO», IOBOJBHO OJHM3KO», <«CIHUIIKOM MEJIEHHO»
u T. 1. EcTecTBEHHBIM OKa3bIBACTCSI HUCIOIB30BAHHUE HEYCTKUX IMOHSI-
TUH U SKCIEPTHBIX OLEHOK B MOJENHU yrpaBiaeHUs. CUCTEMBI IPUHSTHS
YIPaBIEHYECKUX PEIICHUH C HCIIOIb30BaHUEM HEUETKOM TIOTUKH UMEIOT
OJIOYHBIN BUT;

1) G110K IPUHATHS PEILICHUIA;

2) OJIOK OLIEHKH COCTOSHHIA;

3) 6J10K BbITA4M YIIPABICHYSCKUX PEILICHUIA.

OCHOBHBIM OJIOKOM HEYETKOW MOJEIH YIPABICHUS SIBISETCS OJIOK
NPUHATHS PEIIEHUN. BIOK OLIEHKH COCTOSHUI Ha OCHOBE MOCTYyAIOIIEH
rH(popManru gaet GopMaln30BaHHOE OITMCAHHUE CUTYaIlNH, BOZHUKIIIEH
Ha 00bEKTe ympaBlieHUs. [ OleHKH CeMaHTHYEeCKH HEYSTKUX IMOHS-
TUH UCIONB3YIOTCS JIUHIBUCTUYECKUE NIEPEMEHHBIE, KOTOPBIE SIBISIOT-
csl cennanbsHON opMoit opraHu3anuy SKCepTHO nHpopmannu. s
TIPUHATHS PEIICHAN B CHCTEME YIIPaBJICHUS (OPMUPYETCS peIIaroas
TabnuIa, T. €. TaOJHIa, YCTAaHABIMBAIONIAS COOTBETCTBHE MEXKIY BO3-
MOXKHBIMH CUTYaITUsSIMHA ¥ HEKOTOPHIM Ha0OPOM YTIPABIISIONTIX BO3IICH -
cTBUi. Peanu3zanus Moenu T KCUTyaluss—AeUCTBUE» OCYIIECTBIIS-
€TCsl Ha OCHOBE HCIIOJIb30BaHMSI HEUETKUX KIaCCH(UKAIIMOHHBIX CXEM
BBIBOJIA, B KOTOPBIX CUTYaIlMX Pa30MBAIOTCS HA KJIACCHI HEYETKUX MHO-
KECTB, KaX/IOMY M3 KOTOPBIX COOTBETCTBYET YIIPAaBIEHUECKOE PEIICHHE.

OnuieM KIacCU(PUKAIMOHHYIO CXeMY BBIBOJA.

MHoromMepHOe TPOCTPAHCTBO TNPHU3HAKOB, BIUSIOMIMX Ha BHIOOP
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YIpaBJICHYECKOTO PEUICHUs, Pa3OMBalOT Ha PACIUIBIBYATHIC KIIACCHI
(sTasoHHBIC 0OIACTH), COOTBETCTBYIONIHE ITUM PELICHHUSM. AJTOPHTM
MPUHATHS YIPaABIEHYECKOTO PEIICHUS 3aKJII0YaeTcsl B ONpENeNeHUI
JUTS TAHHOMW CUTYaInu (XapakTepru3yeMoil TOYKOH B MHOTOMEPHOM ITPO-
CTPaHCTBE MPH3HAKOB) HauOoJiee OIM3KOr0 ATATOHHOIO Kilacca B Mpo-
CTPAHCTBE MPHU3HAKOB U BHIPAOOTKE COOTBETCTBYIOIIETO PEIICHHUS.

PacrutbiBuaroii kaccu(puKamoOHHOW MOJENbI0 Ha3bIBaeTCs Habop
(U, P,WW), B xotopoit U = {X,Y, ..., Z} — MHOrOMepHOE pOCTpaH-
CTBO NPU3HAKOB, onpeaessitonmx cutyauuto, P = {Py, Pa, ..., Py} —
pasOuenue npocTpaHcTBa U Ha paciuibIBUaThie STAJIOHHBIE KIACCHI,
W = {w1,w2,...,Wm} — MHOKECTBO YIPABICHUYCCKUX PEIICHHIA,
COOTBETCTBYIOIIHMX TAIOHHBIM KiiaccaM. [locTpoenue KiaccupuKarm-
OHHOU MOJIeNH pa30MBarOT HA STAIBI.

1. Ucxonsa u3 aHanmu3a LETU YNPaBICHHS BBIICISIIOT MHOXECTBO
MIPU3HAKOB, 3HAYECHUSI KOTOPBIX XapaKTEPU3YIOT CUTYALUIO.

2. C KaXIbIM U3 BBIJCIICHHBIX TIPU3HAKOB CBS3BIBAIOT JIMHTBUCTH-
YeCKyIo nepeMeHHyto. Hanpumep, mpu OlieHKe AESITeIbHOCTH OpTaHH-
3alMd OJHMM M3 TaKUX IPU3HAKOB A SIBISETCS «OPraHU3allHOHHBIN
COCTaB OpraHM3allid U €ro CTPYKTypa», C KOTOPBIM CBS3aHa JIMHTBH-
CTUYECKAs TMepeMEHHAs «CTETIEHh ONTHMAIEHOCTH OPTraHU3alMOHHOTO
COCTaBa» CO 3HAUYEHHUSIMH (] = «OINTHMAJLHBIN», iy = «OIM3KHUH K OII-
TAMAaJBFHOMY», (3 = «HEONTUMAIBHEIN» U T. 1. CUTyanusM, OICHIBac-
MBIM BCEM KOMIUIEKCOM JIMHTBUCTHYECKUX MEPEMEHHBIX, COOTBETCTBY-
I0T YMPaBICHUECKHUE PEIICHUS: W] = «COXPAHUTh OPTraHU3aIMOHHBIN
COCTaB», Wy = «IIPOBECTH PEOPraHU3AIMI0 YaCTH OPTraHU3aIMOHHOTO
COCTaBa», w3 = «PCOPTaHU30BATH BCIO CTPYKTYPY OPTraHMU3aIMOHHOTO

cocTaBa» H T. [I.
3. [l 3HaueHWH THHTBUCTUYCCKON TTEPEMEHHOHN 1, (o, '3, . . . HA
0a30BbIX IIKaIaX OMPEACISIOMNX cuTyaruio npusHakoB { X, Y, ..., Z}
CTPOST (YHKIMH IPUHAICKHOCTH g, (), ¢ € X, pio; (¥), y €Y, ...
e (2),2€ Z,tiei =1,2,3, ...

4. ©opMHUPYIOT KaUYeCTBEHHYIO CTPYKTYPY MOJEIH YIPaBICHHS B
BHJIE€ PEIIAOIIeH TaOIUIIbI, IMEIOIIEH YUCIIO CTOJIONOB, PABHOE YHCITY
IPHU3HAKOB, U YKCIIO CTPOK, PABHOE YHCIY CHTYyaIlHil, ONPEICsieMbIX
BCEBO3MOXHBIMU HA0OpaMU 3HAYCHU IMHTBUCTHYECKHUX MTEPEMEHHBIX.

16



[epBbie 1 cTONOLOB TAOMUIIBI COACPKAT OAMH U3 BO3MOKHBIX HA0OPOB
3HAYEHUM JMHTBUCTUYECKOW NEPEMEHHOH, HalpuMmep, «OopraHu3alu-
OHHBII COCTaB U €ro CTPYKTypa» IO BCEM NpU3HaKaM. B mociennem
CTOJIOIIE 3alMCHIBAIOT YIIPABICHUECKOE PEIIeHHE wj, COOTBETCTBYIO-
mee Habopy 3HaUE€HWH JTUHTBUCTUYECKON MEPEMEHHOM, HaXOAAIINXCS
B OJHOU ¢ HUM CcTpoke. [locTpoeHne pemaronieii TaOUIbI SBISETCS
MIPEPOraTUBON CIIELUATINCTOB-IKCIIEPTOB.

Ecmu A, B, ...,C — Habop TUHIBUCTHYECKUX NIEPEMEHHBIX, OITHU-
CHIBAIOIINX CHUTYaUMIO NPHUHATHSA peweHus, (aq,...,0p), (Bi,...

. Bq), -+, (71,...,7) — HabOPBI COOTBETCTBYIOLINX HEYETKHX

nepeMeHHbIX, X, Y, ..., Z — IIKajbl, B KOTOPHIX HU3MEPSIOTCS 3Ha4e-
HUS TPU3HAKOB, COOTBETCTBYIOIIUX JMHIBUCTUYECKUM IE€PEMEHHBIM,
TO KakoMy Habopy (c,[3;,...,7Vk) COOTBETCTBYET YIpPaBICHYECKOE
pelIeHre w; u3 Habopa ynpaBieHYeCKHX peuieHuil. Bce Habopsl HeueT-
KX TIEPEMEHHBIX, KOTOPBIM COOTBETCTBYET YIPABICHUIECKOE PEIICHNE
w1, COCTaBJISIIOT 3TAaJOHHBIN Kiacc L. Tak ke onpenensrorcs KiIacchl
Lo,...,Ly,.

5. [lnst cuTyarmu, XapakTepusyemMoit Toukoit (g, Yo, - - - , 20), CTPO-
AT pacIUIBIBYATYIO Kiaccupukarmonnyto mozaens (U, P, W). Pacruisis-
YaThId ATaJOHHBIN Kiacc P, [ = 1, ..., m, Xapakrepusyercs QyHKITHCH
MPUHAAIEKHOCTH

/’LPl(x()ayOu"’)ZO) = \/ Maz(xO)/\MﬁJ(yO)/\/\u’yk(ZO)
(,85 -7k ELy

Bribuparot ynpaBieH9ecKoe perieHue wi«, I KOTOporo (QyHKIUs
NPUHAUICKHOCTH MaKCUMaJIbHA:

K Py (x07y07 B ZO) =
= max{upl (m()ay()a sy Z()), s 7,“Pm(3307y07 sy ZO)}

[MIpumep 9.PaccMoTpuM TEXHOIOTHYECKUN MPOIIECC, B KOTOPOM
YIPABIAIONIEe PEHICHNE 3aKITI0YaeTCs B PeryJIMpOBaHUN 00beMa 3aro-
TOBOK, TT0/IaBA€MbIX Ha TEXHOJIOTHYECKYIO TUHHIO.

@DaxTOpHI, BIMSIONINE HA THIT YIPABIAIONIETO pemeHus: X — Ko-
JIMYECTBO 3aIacoB; Y — Kjlacc KauecTBa, Z — IUIaH BhIMTycka. dak-
topaM X, Y, Z B pe3ynbprare 3KCIIEpUMEHTa COIIOCTABICHBI JIMHBUCTH-
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4yeCKHe MepeMeHHbIe. A — «KOIMYeCTBO»; B — «Kiacc KauecTBa»;
C — «nan». JIMHTBUCTHYECKON TepeMEeHHOH A COOTBETCTBYIOT He-
YETKUE TICPEMEHHBIC (€€ 3HAYCHUS). oy — «MaJo», (g — KMHOTO».
IlepemenHoii B COOTBETCTBYIOT (31 — «HU3KHUN», [Jo — <«BBICOKUN».
IMepementoit C' COOTBETCTBYIOT 7y; — «HOPMAJIbHBIN», Yo — «0O0JIb-
LI0K».

QDyHKIMN NPUHAAIICKHOCTH, COOTBETCTBYIOIIUE YKa3aHHBIM 3Ha-
YECHUSIM JIMHTBUCTHYECKHUX MEPEMEHHBIX, IMEIOT BUJ, TIOKa3aHHBIA Ha
puc. 1-3.

Nai(x) /‘Lﬂi(x)
18N 1
0,8 2 0,8
0,6 0,6
0,4F — — | 0,41
0,2 [ 0,2
I
01 2 3 4 5 6 A, Teic. wr. 012345 B
Puc. 1 Puc.2
N‘Yi(m)
1l M
0L8F/~--\/ "
0,6,/ I
0,4 |
0,2 I
|

0 10 20 30 (), TeIC. mIT.
Puc.3

B ynpaBneHUM TEXHOJIOTMYECKHM IPOLIECCOM HCIOJB3YIOTCS TPU
PELICHHUS: W1 — KIPEKPATUTH TEXHOIOTMUECKUI IPOIECC»; wo — KIPO-
JOJKUTh TEXHOJIOTHYECKHUU IIPOLECCY»; W3 — KYBEIUYUTH MOAATY 3aro-
TOBOK». B pesynbrare skcnepTHOTo oIpoca MojydeHa pemaromas tab-
nuIa.

Haittu ynpasisitoniiee penieHue B CUTyalluu, XapakTepu3yemMoi ciie-
JYIOIMMH apaMeTpaMu: 00beM 3amnacoB (o) — 3 ThIC. IIT.; KJIACC Ka-
gectBa (yo) — 3; waH Beimycka (zo) — 20 ThiC. T
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Komnuectso |Kinacc kauecrsa |[lnan anaBnﬂ}oH_[ee peuieHue
ag B M w1
aj B V2 w1
aj B2 M )
aq B2 V2 w2
o B M w1
as B V2 w1
as B2 M )
a2 B2 V2 w3

P e mre uue. MHOXeCTBAa HAOOPOB 3HAUCHUI HEUETKUX MEPEMEH-
HBIX, KOTOPHIM B TAOJIHIIE COOTBETCTBYIOT YNPABJISIIOLINE PELICHUS w1,
w9, W3, UIMCIOT BU]]

Ly = {(a1,B1,7), (a1, B1,72), (a2, B1, M), (a2, B1,72) };

Ly = {(a1, B2,m), (a1, B2,72), (a2, B2,m)}; Lz = {(a2,B2,72)}

CrneoBarenbHO, UL CUTYALH, XapaKTepu3yeMoil Toukoit (g, Yo, 20),
(GYHKIMA TPUHAIEKHOCTH 9TOW TOYKH PACILIBLIBYATHIM (ITATOHHBIM)
kimaccaM Pp, Po, P3, COOTBETCTBYIOIIMM YTPABJISIONINM PEIICHUSM
w1, W, W3, BEIYUCIIAIOTCS 1O HopMyIam
Hpy (J"Oa Yo, ZO) =
= (Ko (x0) A i (Y0) A iy (20)) V (g (0) A g, (Y0) A iz (20))V
V (Has (20) A py (Y0) A tiyy (20)) V (Kaz (o) A s, (Y0) A 1y (20));
1Py (%0, Y0, 20) = (tay (%0) A 18, (Y0) A piyy (20))V
V (ko (0) A 1y (Y0) N bra (20)) V (Baz (0) A 18y (Y0) A by (20));
1P (0, Y0, 20) = bz (0) A 1, (Y0) A pra (20)-
PaccMoTpenue rpagukoB GpyHKIIMI MPUHAUIEKHOCTH Ja€T IS TOY-
ki (20, Yo, 20) = (3000; 3;20000):
Loy (3000) = 0,4, oy (3000) = 0, 5;
Ky (3) = 0,6, HBa (3) = 0,4;
114, (20000) = 0,8, 11,,(20000) = 0, 5.
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Takum 00pazom,

117, (3000; 3; 20000) = max{min{0, 4; 0, 6; 0,8}, min{0, 4; 0, 6; 0, 5},
min{0, 5;0, 6;0, 8}, min{0, 5;0,6;0,5}} =
= max{0,4;0,4;0,5} =0, 5;

1P, (3000; 3; 20000) = max{min{0, 4; 0, 4; 0, 8}, min{0, 4; 0,4; 0,5},
min{0, 5;0,4;0,8}} = 0,4;

11p, (3000; 3; 20000) = min{0, 5; 0, 4; 0,5} = 0, 4.

Touka (3000; 3; 20000) obmagaet HanbGOIIBLICH TPUHAUISKHOCTHIO
Kiaccy Pp, KOTOpOMY COOTBETCTBYET w1 .

PekoMeHyeTCsl yIIPaBIISIOIIEe PEIIEHNE «IIPEKPATUTH TEXHOJIOTU-
YECKHUI MPOLIeCcC».

2. ®DOPMAJIBHBIE SA3bIKHA

[IpenmeToM MaTeMaTHUECKOW JIOTUKHU SBISIOTCS MPEXKIE BCEro Ma-
TeMaTuyeckue Teopuu. [Ipu 3ToM CII0BO «TeOpHs» MOHUMAETCS B HEKO-
TOpPOM CIleHHAJIBHOM cMbIcie. 1o Teopueil B MaTeMaTu4eCcKon JIOTH-
K€ TOHUMAIOT (hOpMaTM30BAHHEIH 361K L BMECTe ¢ HEKOTOPHIM MHOXKE-
cTBOM mpetoxkenuit (Gpopmyn) atoro s3bika. YTOOBI rpaMMaTHUCCKHUiT
aHaM3 SA3bIKa OBUT OJTHO3HAYEH, TIPABHIIA €TO 00PA30BAHUS JTOJDKHEI HO-
CUTh YETKUH XapaKTep.

DJNeMEHTaMH S3bIKA SBJISIOTCSI CUMBOIBI (OYKBBI) M pa3invHbIC Ha-
0OOpPBI CHMBOJIOB, KOTOPHIE HA3BIBAIOT BRIpaKEHUAMU. [[paBMIIBHO cocTa-
BJIEHHBIE BEIPAKECHUSI, KOTOPHIM B TAHHOM S3BIKE IPUIACTCS ONPE/ICTICH-
HEII CMBICII, HA3bIBAIOT OTMECUCHHBIMU BhIpaXCHUSIME. CHMBOJIBI SI3HI-
Ka — OyKBBbI — 00Pa3y0T MHOXKECTBO MUHHUMAJIbHBIX BhIPasKCHUM (11O
MHUHHMAJIBHBIMUA TIOHUMAIOTCSI BBIPAXKEHUS, HE Pa3IOKUMbIE Ha COCTa-
BJISTIONIHE) — al(aBUT B IIMPOKOM CMBICIIE, TaK KaK B HETO BKJIIOYEHEI
CKOOKH, 3HAKH TIPEIUHAHUS, TIPOOCIIBI U T. 1.

[lycTh HEKOTOPOE MHOXKECTBO S SIBIISETCS MHOKECTBOM CHMBOJIOB
si3pika L. Kaxxmoe BeIpakeHHE sI3bIKa €CTh KOHEYHAs MOCIIeI0BATENb-
HOCTh CHUMBOJIOB, € = S1,S82,...,Sy. BBIpOXKEHUE € MOXHO TMpea-
CTaBUTh Kak (ByHKIMIO, ONPENeNCHHYI0 Ha MHOXectBe {1,2,...,n}
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co 3HayeHmsiMu B S, e(1) = s1,e(2) = s2,...,e(n) = Sy,. Bomon-
HACTCSI CBOHCTBO €AMHCTBEHHOCTH Pa3JIOKEHHSI BRIPAKCHHUS, T. €. €CIIH
e =81,82,..., 8, ue =11,ta,..., T, TON =MHUS] =1T1,...,8, =
= tp.

I'paMmarnyeckuii aHanW3 OCHOBaH Ha PACIIO3HABAHUHU CIIOKHOTO
BBIPAKECHUS KaK pe3ysibTara COIMpPsDKEHHs 00Jiee MPOCTHIX BhIpake-
Huil. Ha MHOXXECTBe BcexX BbIpakeHUI F BBeeM OMHAPHYIO OTEpaIiiio
(ymMHOXEHHE), OTPE/IEUB MPOU3BEACHUE BRIPAKEHUH € = S, So, ...
ceySp A f =1t1,t9,.. .ty KaK e X f = 51,82,...,8n,t1,t2, ..., tm.
BBe/ieHHast omepanysi MOIYHHSACTCS aCCOLMATUBHOMY 3aKkoHy (ef)g =
= e(fg). Kpome Toro, eciu BBECTH BBIpaKEHHE HYJICBOM JUTHHBI €(), TO
ep X € = e X eg = e, ey UTPACT POJIb EAUHUIIBI, © MHOXECTBO F ¢
BBEJICHHOW oTlepaIliieii 00pa3yeT MOIyTpyIIy ¢ CIUHUTICH.

2.1. Knaccupukauusi 0oTMe4eHHbIX BbIpasKeHHit

Krnaccudukarnus BeipakeHMd aOCTPaKTHOTO SI3bIKa HAYMHAETCS C
CHMBOJIOB $13bIKa. B 00Immem ciyuae aOCTpakTHBIM SA3BIK BKIIIOYAET Jie-
BATh KAaTeropHil CUMBOJIOB — 4YeThIpe CUETHBIX KJlacca: KJlacc Iepe-
MEHHBIX; KJIACC KOHCTAHT; KJIacc (PyHKIMOHAIBHBIX CHMBOJIOB; KJIacc
CHUMBOJIOB OTHOUIEHUH — M MATh KaTeropuil, BKIIOYAIOLINX 10 OJHOMY
CHUMBOJIy — JIOTHYECKHE CBA3KH. CHMBOJ OTPUIAHHSA; CUMBOJI IU3b-
IOHKIIMH; CUMBOJI KOHBIOHKIMH; CUMBOJI KBAHTOpa OOIIHOCTH; CUMBOJI
KBAaHTOpA CyIECTBOBAHUS.

Kaxxnomy GyHKIIMOHATBHOMY CUMBOJY U KKAOMY CUMBOIY OTHO-
[ICHHS CTABUTCA B COOTBETCTBHE HATYPAIHHOE YHCIIO — PaHT JAHHOTO
CHUMBOJIA.

2.2. SI3bIKkM MEePBOTo MOPSAIAKA

OIHOCOPTHBIIT A3BIK MEPBOTO MOPSIIKA SBISIETCS HAOOPOM U3 YEThI-
pex mHOXecTB [6, 7]:

L = (V,Const, Fn, Pr),

KOTOPBIM Ha3bIBAETCSI CUTHATYPOU SI3bIKA.
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V' — HemycToe MHOXECTBO, SJIEMEHTHI KOTOPOTO HAa3bIBAIOTCS TIepe-
MEHHBIMHU.

Const — MHOXECTBO KOHCTAHT (MOXKET OBITh IIyCTOE).

Fn — MHOXeCTBO, 3JIEMEHTHl KOTOPOTO HAa3bIBAIOTCS (DYHKLIHO-
HaJIbHBIMH CUMBOJaMu (OykBamu) si3bika L (MoxkeT ObiTh myctoe). C
KaXJIoi (YHKIMOHAIBHON OYKBOH f OMHO3HAYHO CBsI3aH HEKOTOPBIH
00BEKT — BHJI JaHHOH (yHKIIMOHATBHOM OyKBHI. B ciyuyae omHOCOpT-
HOTO sI3bIKa JUISl 331aHHs BUAA (QYyHKIIMOHAIBHOTO CUMBOJIA IOCTATOYHO
yKa3aTh KOJHYECTBO €T0 apI'yMEHTOB.

Pr — HenycToe MHOXXECTBO, DJIEMEHTHI KOTOPOT'O HAa3bIBAIOTCS Mpe-
JIUKaTHBIMA cuMBoJamu (OykBamu) si3bika L. C KaxI0l mpemuKaTHON
OykBoil P cBsi3aHO 4MCIO K, KOTOPOE HA3bIBACTCS KOJIMYECTBOM apry-
MEHTHBIX MeCT CUMBOJIa P.

HynbMecTHBIC TpEIMKaTHBIE CUMBOJIBI HAa3bIBAIOTCS TPOIO3HIIUO-
HAJBHBIMH NIepEeMEHHBIMA. OTMEUEHHBIMH BBIPAXEHHSAMH S3bIKA TIEp-
BOTO MOPS/KA SIBISIOTCS TepMbl U (opMmynbl. TepMbl — 3TO MMeHa
npeaMeToB, (OPMYITBI — BBICKa3bIBAHUS O MpeaMeTax. B hopmaibHbIX
SI3bIKAaX BBIPKCHUSI CTPOSITCS MO ONPEICICHHBIM MpaBHiaM. TepMbl B
OZTHOCOPTHOM SI3BIKE CTPOSITCS MHIYKTUBHO C ITOMOIIBIO CIIETYIOIINX
npasui [6—8].

1. Bce nepeMeHHBIE SBIISIOTCS TEPMaMHU.

2. Bce KOHCTaHTHBIE CHMBOJIBI SIBJISIFOTCS] TEPMaMHU.

3. Ecu f — n-MecTHBIA (YHKIMOHAIBHBIA CUMBOI H t1,to,. ..

.y tn, —tepMmsl, TO f(t1,t2,. .., t,) — TEpM.

IMpu moctpoeHnn QGopMys KpoMe MEpedUCICHHBIX HCIOIb3YIOT-
Csl CHMBOJIBI, KOTOpPBIC Ha3bIBAIOT JIOTHYECKUMH CHMBOJIAMHU S3bIKA.
DTH CUMBOJIBI ESITCS HA CBSI3KM M KBAaHTOPHI. B (opmanbHOM s3bI-
K€ MPUMEHSIOT JIOTHYECKUE CBSI3KH —, V, A, —. Mcronbp3yIoT KBaHTOp
BCEOOIIHOCTH V (YUTACTCS LISl BCEX») M KBAHTOP CYLICCTBOBAHHS J
(uMTaeTCS «CYIIECTBYET»).

Onpenenenue 9. Boipaxenue Buna P(ty,to,...,t,), me P —
N-MECTHBIN NPEMKATHBIH CUMBOI, a t1, ta, . .., t;, — TEPMBbI, Ha3bIBALCT-
csl aroMapHo (opMyoit. @opMyaaMy SBISAIOTCS BBIPaXKEHHS, TOCTPO-
€HHBIC I10 CJICIYIONIUM MpaBuiaMm [6, 7].

1. Bce atomapHBbIe GOpPMYIIBI SBISIOTCS (POPMYIIaMH.
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2.Eciu A — dopmyina, To = A — dopmyra.

3.Ecmu A u B — dopmynsl, To AV B — dopmyna.

4.Ecmu Au B — dopmyinsl, To A A B — dopmyrna.

5.Ecmu A u B — ¢opmynsl, To A — B — dopmyna.

6.Ecimu A — dopmyna u x — npou3BoONIbHAS IEPEMEHHas S3bIKa, TO
Yz A — dopmyna.

7.Ecim A — dopmyna n x — npou3BOJIbHAS IEPEMEHHas S3bIKa, TO
Jx A — dopmymna.

Tepm, He comeprKamuii IepeMEHHBIX, HA3bIBACTCS 3aMKHYTHIM.

Onpenenenue 10.Bxoxnenue nepeMeHHOH = B popMyIy Ha-
3BIBACTCS CBA3AHHBIM, €CJIU CyIIecTByeT GopMyna B, sBisromascs 4a-
CTBIO UCXOJHOU (pOpPMYIIBI M comeprKalias x, Takas, 4To B umeer BH[
Jx A unu Vx A.

dopmyrna, He copepkalias CBOOOIHBIX BXOXKIICHUH TEPEMEHHBIX,
Ha3bIBACTCS 3aMKHYTOU (OPMYJIOi MITH BBICKA3bIBAHHEM.

I[Tpumep 10.Beiaenuts cBI3aHHBIC U CBOOOTHBIC TIEPEMEHHBIC B
dopmyne Jx(P(y) V F(x) VVzQ(zx, z) — JzR(x,y)) A Q(z,y).

Pemenwue. 3amuck V(J) =« 03HAYaeT KBAHTOP JACHCTBYET Ha

——

MEPEMEHHYIO X», 3HaK = OTMEYaeT CBOOOTHYIO IIEPEMEHHYIO:

Jz(P(y) VvV F(x) VV2Q(x, 2) — JzR(x,9)) AN Q(2, 7).
——

Onpenenenue 1l OyHKIMOHANBHON CIOXKHOCTBIO TepMa
¢ Ha3BIBAIOT 3HAUCHUE (YHKIMN [, 3aJ[aHHOM HA MHOXECTBE TCPMOB B
COOTBETCTBUH CO CIEYIOIIUMH PABUIAMH.

1. Eci & nepemenas, 1o [(z) = 0.

2. Ecim x koHcTanTa, 10 [() = 0.
3. Ecnu Tepm umeeT BUI f(t1~, ceoytpn), THC 1, . . ., by — TEPMBI, TO
W(f(te, ... tn) =1Ut1) + ...+ 1(tn) + 1.

Mpumep 11.[Tnstepma f(z, g(z,y), h(z)) HaiiTn GpyHKIIHOHATB-
HYIO CIIOKHOCTb.

Pemenue. [Tonyuaem

T(f(w,gfm,y), h(2)) = 1) + g(w,y) + UA() +1 =

=0+ 1(z) +1y)+1+1(z) +1+1=3.
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Onpenenenuec 12. Jlorndyeckoil CIoKHOCTEIO hopmynbl A
Ha3BIBAIOT 3HaUeHUE (DYHKITUH [, OTIPEIeIICHHON Ha MHOXECTBE (popMyIr
B COOTBETCTBHH CO CICAYIOMINMH NPaBHIaMH.

1.Ecmu A — aTOMapHasI dbopmyia, To [(A) = 0.

2 I(-A)=1(A) +

. I(AANB)=1(A ) I(B)+1
4.1(AVB)=I1(A)+1(B)+1
50(A—B)=1(A)+1B)+1
6.1(3zA) = 1(A) + 1
7.1(VzA) = 1(A) +

H pumep 12. BI)I‘II/ICJ'II/ITL JIOTHYECKYTO CIOKHOCTH (POPMYITHI
= ((QV R) = (R— ~P)),

rae P, ), R — atomapHbie GOpMyIIBL.
Pem e nue. [lonyuaem

(P = ((QVR) — (R— —P))) =
=I(P)+1((QVR) = (R— —P)) +1=
—I(QVR)+I(R— -P)+1+1=
—UQ)+UR)+1+I(R)+1(~-P)+1+1+1=
=1+IP)+1+14+1+1=5.

3angauva 9.Bremucars Bce moapopmyasl GopMyir:

2) Q(f (@), g(z,)) — P(z,y);

6) ~(PA(QVR)) = (PAQ)V R);

B) Vz(P(f(z)) A 32Q(z,y) — JyR(z,y)) V Q(z,y);

r)(R— P)— (-(QVR)— P),

1) (P = Q) = (P — Q) — ~P).

3apngaua 10.Beienurs cBA3aHHBIE U CBOOOIHBIC BXOXKICHHUS T1€-
PEMEHHBIX B popMysax:

a) Vz(A(x) — —B(z)) = —(3zA(x) AVzB(z));

6) 3avy((F(y, ) — Flx,2)) = (F(w,2) — F(y,2));

B) (Fz(A(z) V (B = C(y)) — Vz(A(z) = Q(zx,2))) V P(x).

3amaua 11.J[oka3ark, yTo QyHKIMOHAIBHAS CIOKHOCTh TEpMa
paBHa YHCITy BXOXK/ICHHI B HEr0 ()yHKIIMOHATIBHBIX CHMBOJIOB.
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3agadva 12. BeMUCIUTH JOTHYECKYIO CIOKHOCTD (hOPMYII:
a) (~(PA(QVR))) = (PAQ)VR);

6) (P —= Q) = (R — —~P)) = (-Q = —R);

B) —E|Q(LU,:E) A R(f(y,il?)),

) (P = (PVQ)) = (P (P—(PVQ));

m) Vz(P(z) A 32Q(z,z) — JyR(z,y)) V Q(z, x).

3. CEMAHTHUKA ®OPMAJIBHOI'O A3bIKA
HEPBOI'O IOPAAKA U EI'O MHTEPITPETALIUSL.
OIEHKA TEPMOB 1 ®OPMYJI

Jlns mpupanus cMbicia Gopmynam (OPMANBHOTO S3bIKA OIpe-
JIeISICTCS. MHOXKECTBO, DJIEMEHTBI KOTOPOTO COIOCTABIISIOTCS Mepe-
MEHHBIM si3bIKa. [lycTh L — OJHOCOPTHBINH fA3bIK MEPBOTO MOPSIKA,
L = (V,Const, Fn, Pr). MHOXeCTBO, 3IEMEHTbI KOTOPOTO COMOCTa-
BJISIFOTCSI TIEPEMEHHBIM s13bIKa L, BBOAUTCS CICAYIOIIAM OTPEICICHUEM.

Onpenenenue 13.Hocurenem si3pika L (nnu 00bekTHO# 0052~
CTBIO si3bIKa L)) HAa3bIBACTCS MHOXKECTBO [), SIEMEHTBI KOTOPOTO SIBJISI-
IOTCS 3HAYCHUSIMH TIEPEMEHHBIX M3 MHOXKecTBa V. DopMmyna s3bIKa, B
KOTOPOif BMECTO MapaMeTpPOB MOCTABICHBI AIEMEHThI HOCHTEIIS, Ha3bl-
BAeTCs OIICHEHHOM U 33]1aeT KOHKPETHOE BBICKA3bIBAHKE, HCTUHHOE UITH
JIOXKHOE TIPH JaHHBIX 3HAYCHHsIX (OIIEHKAX) MapamMeTpOB.

ITpu orenke GopMyis! (Tepma) KaxIyro TIEPEMEHHYIO T; dTOH hop-
MYITBI 3aMEHSIIOT Ha 3JIEMEHT HocuTens d;. Tak Kak MpH MOJACTAaHOBKE
Ka)K/Tyt0 IEPEMEHHYIO 3aMEHSIFOT Ha KOHKPETHBIH SJIEMEHT HOCHUTEJISI, TO
OLICHKA SIBJSIETCS] KOHCTAHTHOM ToficTaHOBKOM. Eciit T' — BhIpaskeHHE
s3bIKa L, TO OIIEHKY 0003HAYaI0T CHMBOJIOM | |, @ OLIEHEHHOE BBIpaXKe-
aue — |7'|. Kaxapiit 3aMKHYTBIN TepM B s13bIke L ¢ Hocutenem D ompe-
JIeIISIET HEKOTOPBIN 3JIEMEHT 3TOTO HOCHTENIsI, 8 Ka¥K/10€ BBICKAa3bIBAaHHE
SI3bIKA SIBISICTCS JIOKHBIM MIIA UCTHHHBIM YTBEPXKICHUEM 00 IIEMEHTax
HOCHTEJISI.

ITyctb t — 3aMKHYTBIH TepM si3bika L. 3HadeHue ||y Tepma, ore-
HEHHOTO B Mojienu M, onpesienseTcs HHIYKIUCH 0 TIOCTPOSHHIO Tep-
MOB [6, 7].
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1. Eciu ¢ — KoHcraHTa u3 MHOXectBa Const, 10 |c|pr = ¢, rae
¢ — 3JIEMEHT HOCHUTENSA [, COOTBETCTBYIOIIMIA KOHCTAHTHOMY CHMBOJTY
c s3bIKa L.

2. Ecmu t — mepeMeHHas s3b1ka L, KOTOPOW B MHTEPIIPETAIIH CO-
OTBETCTBYeT 3neMeHT d Hocutens D, 1o |t|yr = d.

3. Ecau tepm umeer Bunx f(t1, ..., ty), TO OLEHKA TEPMa OMPEICIIS-
ercst Kak |f(t1,...,tn)|ar = f(t1lary -, [tnlnr)-

4.Ecmu t — TepM si3b1Kka L, coepKariuii mapaMeTphl, TO IS BCSIKOH
OLICHKH 6 OLICHEHHBII TepM 0003Ha4YaeTcst t0, oLeHKa KOToporo |6,
T. €. TEpM € TapaMeTpamu ABisieTca QyHKINEH cBOeil OI[eHKH.

OrieHKyY (GOpMYJ1 OIPEAEIAIOT peKypcHei 1o aauae hopmyi [6].

Mpuwmep 13.1lycts 3aman Tepm

t=(z+y)-z+z-y,

rae (yHKIMOHAIBHBIM CUMBOJNAM & —+ Y, & - Y NPUOHMCAHBI GYHKIUN
(omepariuu) CIIOKEHHS 1 YMHOKEHHSI B MHOYKECTBE HATYPAJIbHBIX YHCEIT
N ={1,2,...}. Toraa Tepm ¢, OIICHEHHBIl TOCPEACTBOM OJCTAHOBKH

T Yy z
2 4 7))

3a/aeT oueHeHHbIH TepM (2 +4) - 7 + 2 - 4, koTopsIil umeet B N 3Hade-
Hue 64.

OrneneHnbIe HOPMYITHI sI3bIKA L pa3IeNsaroTcsl Ha HCTUHHBIC U JIOXK-
Hble. 3amuck M = A o3Hadaer, 4To oleHeHHas popmyna A UCTHHHA B
mozenu M . ICTHHHOCTH OIEHEHHBIX B MOZENH (POPMYJT OTIPEEIIIeTCs
UHIYKIUEHR [0 TOCTPOEHUIO (HOPMYIL:

M = P(ti,...,t,) Torma u Toiapko Toraa, korma P(|ti|a,. ..
contalar) =1

M = —A Toraa u TONBKO TOT/a, KOraa HeBepHo, uto M = A;

M = AV B Toraa u tonbko Toraa, korna M = A wmu M = B,

M = A A B Toraa u toneko Torza, korma M = Au M | B;

M = A — B Torma u tombko Torma, korma eciu M | A, to
M E B;

M = Vx A Ttorma u Toneko Torma, korma Vd € D, M = A(*y),
rne A(®y) o3HauaeT 3aMeHy mepeMeHHol = B GopMyne A Ha IEMEHT
HOCHTENS d;
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M = 3z A torna u Toneko Torna, korna dx A, M = A("4).

W cTHHHOCTD WITH JTOKHOCTE (DOPMYITBI, 3aBUCSIIICH OT ITapaMeTPOB,
3aBHCHT OT OLICHKH [TAPaMETPOB.

Hpuwmep 14.Ilycts M = (N, S3), tne N — HarypajbHble 4HuCIIa,
S3 — npesMKaTHBIE CUMBOJIBI OT TPEX MEPEMEHHBIX, TIPUYEM

53(-75’3/’ Z) = «HUCTUHHO» <> & + Y = 2.

Haiitu dbopmymny ¢ ogHO#H CBOOOMHOM MepeMeHHON Yy, UCTUHHYIO B M
TOT/a U TOJBKO TOTJA, KOTJa Y YETHO.

P e m e H u e. Hanuuue Tpex mepeMeHHBIX HE O3HAYAET, YTO BCE
TIepeMEHHbIE PA3JIHUHBI, T. €. CPEIH MEPEMEHHBIX B S° MOTYT OKa3aThCs
OJJMHAKOBBIE.

UeTHOCTH HATYpaJIBHOTO YHCIIa i 03HAYAET, YTO HalJeTCs Takoe Ha-
TypaJIbHOE YUCIIO X, JUI1 KOTOPOIrO Y SIBIAETCS PE3yabTaTOM CIIOXKEHHUS
3TOTO YHUCIIA C CaMUM c000i, T. €. ¥y = x + x. Takum oOpa3om, UMeeM

«y — 4eTHoe yucno» = JxS(z, x,y).

I[Tpuwmep 15./[okazars, urto popmyna ~IzA(x) — —VrA(z)
SIBJISIETCS] TABTOJIOTUEM.

P e m e v u e. HeoOxomumo mokasarh, 4TO HpH JHO0O0H OICHKE B
momemu M: M = -3z A(z) — —VzA(z).

A.IlepemeHHas x He BXOANUT CBOOOIHO B paccMaTpuBaeMyto hopmy-
Iy, TO3TOMY 00JIaCTh OIpeIeNIeHHsI OLIEHKH 6 He BKITFOYaeT MePeMEHHYI0
Z, XOTsI OHa MOKET BXOIUTH CBOOOIHO B hopmyny A.

b. B cBs13u ¢ 3THM HEOOXOIUMO J0Ka3aTh, YTO

M = ~32(A0) — —~Vz(Af),

rae Af — ouenennas B mozenu M dopmyna A.

B. JJommyctum, uro M ): —3Jz(A6). Otcrona ciemyer, 4To HEBEPHO
M = —3x(A0); takum obpa3zom, st JIFOOOTO IeMeHTa d HOCHUTEIIs
moznemu M nesepro M | (A6)(*4) u ciaemoBarenbHO, KaKOBO ObI HU
osuto d € D, M = —(Af)(*4) — 4TO B COOTBETCTBUH C HCTHHHOCTBIO
naet M |= —Vz—(A0) n, cnenosarensHo, M |= -V A(z).
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3anaua 13./loka3aTh TOXAECTBEHHYIO HCTUHHOCTH (POPMYIL:

a) VzA(x) — JzA(x);

0) JaVyA(z,y) — YydzA(z,y).

3angaua 14.[lokaszars, 4To eciid A HE COIEPKUT CBOOOIHO I, TO:

a) AANVzB(z) ~ Vz(A N B(x));

6) AANVzB(z) ~Vx(AV B(z));

B) AN JxB(x) ~ 3z(A N B(z));

r) ANJzB(z) ~ 3z(AV B(z));

n)VeB(z) - A ~ Va(B(z) — A).
3HaK ~ O3Ha4YaeT SKBUBAIEHTHOCTH POPMYIL.
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