MUHNCTEPCTBO OBPA3BOBAHISA 1 HAYKI
POCCHUICKOI ®EJIEPAIINN

DenepasibHOE TOCYIAPCTBEHHOE AaBTOHOMHOE
obpa3oBaTejIbHOE y4YperXK/IeHUe BBICIIIero oopa3oBaHUs
HanyoHayibHBIN MCCc/I€10BaTEIbCKUNI
Huxkeropoackuii rocy1apCTBEHHbBINT YHUBEPCUTET
um. H. U. JlobayeBckoro

J.C. MaunbiieB
/1.B. MokeeB

HeKOTOpre QJIEMEHTbI HEKJ/IaCCNYEeCKUX JIOTUK
n JIHM6,Z[&-I/IC“II/ICJ'IGHI/ISI

Yuebro-memoduueckoe nocobue

PexomenmoBaHO MeTOIMYIECKON KOMHUCCHEHN
I/IHCTI/ITyTa I/IHCbOpl\/IaL[I/IOHH])IX TeXHO.HOl"I/II'./’I7 MaTeMaTUKN U MEXaHUKN
ans crymearoB HHIY, obygaronuxcst 1o HalpaB/JIeHUSM OANOTOBKH
01.03.02 «IIpuksagnass MmaTeMaTUKa U UHQOPMATUKAY U
02.03.02 «®yugamenTagsbaas HHPOPMATHKA U THPOPMAIIMOHHBIE TEXHOJIOTHI»

Hwuxuuit Hosropog, 2017



VIIK 510.64
BBK B22.12

M-20

M-20 Massimes J1.C., Mokees JI.B. Hekoropbie 371eMeHTHI HEKJIACCHIECKUX JIOTUK ¥ JISTMOIA-CINCICHUST:
y4ueOHO-MeToIecKoe rocobue. — [ssekTpornsblii pecype| — Hizxuanit Hosropox: Huzkeropojckuii rocynusep-
curet, 2017. — 32 c.

QDo 3IEKTPOHHBIX 00pa3oBaTesbHbIX pecypcoB HHIY

Penenzent: 1. d.-m. H., npod. . B. Bananauu

B nmacrosimem y4ueOHO-METOIMYIECKOM TOCOOMM TIPE/ICTABIIEH HEOOXOIUMBINH TEOPETUYIECKHUIl MaTepuasl Jjisi pelleHust
psa 3a/1ad U3 PA3JIMIHBIX Pa3/1eJI0B HEKJIACCHIECKUX JIOTHK. J[Jisi caMoCTOsATeIbHON PaboThI CTYJEHTOB B HETO BKJIIOYEHO
MHOYKECTBO 33JI[aHUil Pa3HBIX TUIIOB U YPOBHS CJIOKHOCTH, & TaK K€ MPUMEPHI PEIIeHNit OCHOBHBIX THUIIOB 3a/1a4.

Hacrosiimee yuebHO-MeTOIMYIecKoe TOCOOME MPEIHAZHAYEHO JIjIsI CTY/IeHTOB-0aKaJIaBPOB, O0yYAIOMINXCs IO HAIPaB-
JIEHUSIM TIOJICOTOBKU <IIPUKJIAHAS MAaTEeMATHKa U MHMOPMATHKa» U «(PyHIaMeHTaIbHasi NHMOPMATHKA U UHMOPMAIU-
OHHBIE TEXHOJIOTHU». PEKOMEH/IyeTCsI P U3y I€HUN JUCIUATLINHBI «MATEMATHIECKAsT JIOTUKA U TEOPUsST aJITOPUTMOB>.

VIIK 510.64
BBK B22.12

© A.C. Mausbmues, /.B. Mokees, 2017
(© Huxkeropomackuii rocy1apCTBeHHbBII
yuuBepcuter uMm. H.U. Jlobauesckoro, 2017



OrJyiaBjieHue

1 Mopensr Kpunke Ajisi MHTYUIIMOHUCTCKOI JIOTUKU BbICKa3bIBaHMUIA

2 Mopgeas Kpunke ajist MOJaJIbHOM JIOTUKU BbICKa3bIBaHUMI

3 Yucroe A-ucymciieHue

4 KomOuHaTOpHAasA JIOTUKA

5 Peanuzaiiusi apupMeTnIecKUX U JOTHYECKUX (PYHKIUHA B YUCTOM A-HUCUUCJIEHUU
6 DamMuHaIusa A-abcTpakTopa

7 JIurepartypa

10

15

19

23

27

31



1. Moaennp Kpuinke g
MHTYUINOHNCTCKOI JIOTNKU
BBICKA3bIBAHUI

OsiHolt M3 MoOjiesieil IPONOBUIMOHAJILHOIO si3blKa L (T.e. si3blKa BBICKA3BIBAHWI) WHTYUIIMOHUCT-
CKOIi JIOPMKH CO MHOXKeCTBOM CBsi30K {V, A, —, 7} saBiagercs mojenb Kpunke. Pasymeercs, mis
MHTYUIIUOHUCTCKOTO CJIydas CMBICI omepanuit V, A, —, - OTJIHYeH OT KJjaccumdeckoro. lys Toro,
9TOOBI TOHATL CMBICJT MOJIENH, OOpaTHMCa K CJSAYIONIEeMY cojepKareabHoMy mpumepy. Vmeercs
COBOKYITHOCTH MOMEHTOB BPEMEHU, KaXKIbINl I3 KOTOPBIX XapaKTepu3yeTcs cocTosnneM 3Hanuit. Korma
MBI HaXOJUMCsI B MOMEHTE BPEMEHHU X, TO MOYXKEM CKa3aTh, KaK1Ue 3HAHUs ceifiuac u3BecTHbI. Bmecte ¢
TeM, eCTECTBEHHO IIpeJIiosiaraTb, 4YTo Ha CJIeAYIONeM MOMEHTEe BPEMEHU Y BCe 3HAHUs, U3BECTHBIE JJIsd
X, OCTAIOTCsT TaKOBBIMU U it Y. OJIHAKO, e/l KaKoi-To pe3ysbraT He JI0Ka3aH (He U3BEeCTeH) JJIs X,
TO €ro HeJIb3sl BOCHPUHUMATDH KakK JIOZKHBIH, IIOCKOJIBKY €ro MOI'YT JI0Ka3aTh Ha CJICYIONINX MOMEHTaX
Bpemenu. llosToMy «BpeMeHnHasi MIKajas, BOOOINE TOBOPs, HE SBJSETCH JIUHEWHO YIOPSIOUIeHHBIM
MHOKECTBOM, n00 B OyJIyIeM pa3BUTHE 3HAHUN MOXKET HOUTH PA3HBIMU ITyTIMU.

Nuryunpmonncrckum dpeiimom (mkasnoit) Kpunke nasviBaercst napa F' = (W, R), rne R —
JaCcTUIHBIN MOPSIIOK Ha HEILyCTOM MHOxKecTBe W . DjeMeHTHI MHOXKecTBa W Ha3bIBAIOTCA TOYKAMU B
dpeiive F', xRy unTaercd Kak «y JOCTYHEH U3 T» UIN «T BUIUT Y>.

ITommuozkectBo A C W HasbiBaeTcss 3aMKHYTBIM CBEPXY, e€Clu JJjid JioObx £ € Auy € W
BBITIOJTHSIETCST UMILTAKaIusg tRy — y € A.



ITpumep 1.1. Ilycte W ={A,B,C,D,E,F}, R = {(A, A), (A,B), (A,C), (A, D), (A E), (B,B),
(B,C), (B, D), (C,C), (C,D), (D, D), (E,E), (F,E), (F,F)}.

Junarpamma Xacce Jj1s1 33/IaHHOTO MTOPsJIKA N300pakeHa Ha pucyHke 1.

puc. 1

BaMKHYTHIMI MHOYKECTBAMHU 3J1eCh SIBJIAIOTCs, Hanpumep, Muoxkectsa X1 = {C, D, E} u X9 = {F, E}.
MuoxkecrBo X3 = {A, E} He siBjsieTcsi 3aMKHYTBIM, TakK Kak, HanpumMep, D sBJIseTcst MOTOMKOM A,

HO He BxouT B X3. Ero 3ambikanuewm siBsisiercst muoxecrso {4, B,C, D, E'}

OszHaunBanueMm si3bika L Bo (dpeiime F' HazbiBaeTcsi orobpakenue D), KoTopoe Joboil aTomap-
HOIl epeMeHHOi p s3blka L cONOCTaBIIsieT HEKOTOPOE 3aMKHYTOE CBEPXY MOJMHOXKECTBO (BO3MOXKHO,
nycroe) D(p) C W.

Nuaryunmonucrckast moaeab Kpunke sisbika L — napa M = (F, D), rue F — dpeitm Kpurke,
a D — o3naunBanue L.

Vmest B BUTy MHTEPIIPETAIINIO TOYEK Ha (ppeliMe KaK CTa il HAKOIJIeHNsT WH(pOPMAaIInn, eCTECTBEH-
HBIM 00Pa30M IMOJIOKUTD, UTO HEKOTOPOE ATOMAPHOE TIPeJIJIOXKeHne p UCTUHHO Ha & B M, ecyiiu € D(p).
Uubivu cioBamu, D(p) — MHOXKECTBO TOYEK MCTHHHOCTH p B Mojenu M. B obiem Buze, uykipei
10 TIocTpoeHuto hopMyJibl ¢ € L onpejensiercst orHomienue (M, ) E ¢, KOTOpOe YUTAETCsl «@ UCTHUHHO
Ha T B M»:

1. (M,x)E p, ecoim x € D(p),
2. (M,x)E @AY, ecim (M,z)Epu (M,z)E 1,

3. (M,z)E oV, ecm (M,x)FE ¢ um (M, z) E 1,



4. (M,z) E ¢ — 1, ecim aust Beex y € W, BuAUMBIX 13 x, nMeer mecto nvimkanus ((M,y) F
p) = ((M,y) F ),

5. (M,x) L, tne L — rToxxaecTBenHo joxkuast dhopmya, s Koropoit D( L) momaraercss paBHBIM

Bynem o6o3nadaTh MHOXKECTBO TOUYEK HCTHHHOCTU HEKOTOPOI (DOPMyYJIBI TaK Ke, KaK O3HAYHBAHIE
[IEPEMEHHBIX, TO €CThb it HeKoTopoiil dhopmyist ¢ D(p) = {z : (M,z) E ¢}
Dopmyia 1 10 OILPeIeJIEHHIO HoJIaraeTcst paBHoil dopmyite ¢ — L.

Dopwmysia p HA3BIBAETCS BBIIIOJIHUMOMN B Mozeaun M, eciin Jijisi HEKOTOPOW TOYKU & Ha dpeiime
umeer mecro orHomienue (M, x) F ¢. @opmysa HasbiBaeTcst obIe3HaYMMOi B Mogenu M, eciu
YKa3aHHOE OTHOIIIEHUE UMEEeT MECTO JIjisi Jiioboi Touku Ha gpeiime.

Dopmysia HA3BIBAETCsT BBIIIOJIHUMOM Ha dpeiime F'| eciin OHA BBITIOJHAMA, JIJIsi HEKOTOPOI MOjIe-
JIV, OCHOBAHHOI Ha JaHHOM Qpeiime.

dopmysia ¢ HasbBaeTCs UCTUHHOM B Toudke z dpeiima F', eciu ornomenue (M, x) E ¢ umeer
MeCTO JJIst JTioboit momenn M, ocHoBaHHOM Ha F'.

®opwmysa Ha3bIBaeTCs obmie3HaYnmMoii Ha dpeiiMme F', eciin 0OHA ABJISIETCS OOIIE3HAMUMON B JIIO-
0ol Mojeii, OCHOBAaHHOU Ha ganHoM (dpeiime. Jlis obie3Haunmoil Ha jaoboM dpeiive HGopMyJibl BBe-
néM obosnavenne T (nepesépryroe L). To ects B moboit monenmn M = ((W, R), D) mna seex v € W
(M,z)ET.

Be bopMyJibl HA3BIBAIOTCSH PABHOCUJIBHBIMU B MOJEJIN, €CJIM MHOYXKECTBA UX TOUYEK UCTHHHOCTU
COBIIA/IAIOT.

JlBe bopMysibl HA3BIBAIOTCS PABHOCUJIBHBIMU Ha dpeiiMe, eciii MHOXKECTBA UX TOYEK UCTUHHO-
CTH COBIIQJIAIOT B JIIOOOI MOJIE/IM, OCHOBAHHOM Ha 3TOM dpeiime.

Ilpumep 1.2. Ha dpeitme, onpenenéarom B npumepe 1.1, paccMOTPpUM HHTYUIIMOHUCTCKYIO MO/IE/H
M = ((VV, R), D), rne D — o3HauMBaHMe sI3bIKA, 3aJAHHOE JJIsI IEPEMEHHBIX P1, P2, P3 COOTHOIIEHUS-
MH:

D(pl) = {CaD’E}aD(p2) = {F,E},D(p3) = {B707D3E}'

Ilyere 1 = p1 A p2, 92 = p3 = D1, ¥3 = ~P2, P4 = 7P3, Y5 = TP3, TOLJA JAHHbIE HPEJJIOKEHUs]
OyyT UCTUHHLI B CJIELYIONINX TOYKAX JTAHHON MOJIEJIN:
D (1) =D (p1) N D (p2) = {E}
D(p2) ={x e W:Vy e W[zRy & [(M,y) F ps] = [(M,y) E pi]]} = {C, D, E, F}
<p3) {zeW: VyeW [zRy & [(M,y) ¥ p2]]} = {B,C,D}
) {xEW Yy e W [ny& (M, y) #pg}} @
D {xEW VyGW[:L‘Ry&[(My #904]}
TaKI/IM obpa3oM, B JaHHON Moies i (POPMYIIBI (01, (02, (03, (05 BBITOJTHUMBI, (DOPMYJIa ¢4 HEBBIIOIHAMA,
a opMysta 5 SIBJISIETCS ODIE3HAYNMOT.




3AJIAYN

1.1. s 3agaraoro wactuauoro nopsiyyika (W, R) u306pasuTh auarpaMMy HEIIOCPEICTBEHHBIX MPE/I-
[IecTBOBaHUi (IuarpaMmy Xacce), HATH HECKOJIBKO MHOYKECTB, SIBJISIONIIXCS 3aMKHY THIMU CBEP-
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, (4,B), (A,C),

A)
(A, E), (A,G), (A,N), (B,B), (B,E), (B,G), (C,C), (C,N), (E,E), (E,G), (G,G), (H,E),
(H,G), (H,H), (H,K), (K,E), (K,G), (K,K), (N,N), (Q,N), (Q,Q), (@,5), (5,5)}) n306-
Pa3uTh JuarpaMmMy HEIOCPEICTBEHHBIX HpeﬂmeCTBOBaHHﬁ (,HHanaMMy Xacce). Apngiorcs an
3a/IaHHbIE MHOXKECTBa 3aMKHYTHIMU CBepxy?

1.
2.
3.

{N}; 4. {E,G,K}; 7. {B,C,E,G,K,N};
{4,8}; 5. {C,H,S}; 8. {A,B,C,E,G,N,Q,S}.
{A.B,C} 6. {B,C,K,Q};

1.3. s 9acTUIHOTO MOpsiaKa U3 3ada49n 1.2 HANTH BepXHME 3aMBIKAHUST MHOYKECTB:

1.
2.

{B}; 3. {E,G,K}; 5. {B,E,K}; 7. {A,B,C,E,G, H}.
{A, S} 4. {C,H,S}; 6. {B,C,K,Q};



1.4.

1.5.

1.6.

1.7.

Pacecmorpum momens M = ((VV,R),D), rne W = {A,B,C,D,E,F}, R = {A A),
(4,B), (4,0), (A, D), (A, E), (B,B), (B,C), (B,D), (C,C), (D, D), (E,E), (F,E), (F,F },
D — osHauumBanue s3bIKa, 3aJ@HHOE JJIs MEPEeMEHHLIX pi, P2, p3 coorHomerusimu: D (p1)

{C,D},D(p2) ={E,F}, D(p3) ={B,C,D, E}. Haittu D(p), rue:

1. ¢ =p1 Aps; 4. o =-p1 Vp1; 7. ¢ = —p2 — p1 A p3.
2. o ="p2Vps; 5. ¢ = —p3 V p3;
3. ¢ =p1 — P2 ADp3; 6. ¢ =p1 Ap3 — p2;

Pacemorpny mogens M = (W, R), D), tne W = {A,B,C,D,E,F, G}, R = {( A A ), (A4,C),
(A,E). (B,B), (B.C), (B.D), (B.G). (C.C), (D,D). (D,G). (.E), (F.E), (F.F), (G,G }
D — o3HaumBaHue s3bIKa, 3aJaHHOE IS IEPEMEHHBIX Pi,P2,P3 COOTHOIICHHUSIMU: D(p1

{G},D (p2) ={E,F}, D(p3s) ={B, D, E,G}. Haittu D(yp), rze:

L. ¢ =p1Vps; 3. @ =pi Ap2 A ps; 5. ¢ = (p1 — p2) = p3;
2. ¢ =p1 Vp2Vps; 4. ¢ =py — p3; 6. » = (—p2Vp2) = p1.

Pacemorpum mozens M = ((VV, R),D), rne W ={A,B,C,D,E,F, G}, R = {(A, A), (A E),
(B7B)7 (B7C)7 (B7D)7 (B7E)7 (B7G)7 (C7C)7 (C7G)7 (‘D7‘D)7 (D7E)7 (E7E)7 <F7A)7 (F?E)7
(F,F), (F,G), (G, G)}, D — o3HaunBaHue sI3bIKA, 3aJJ@HHOE JIJIsI TIEPEMEHHBIX D1, P2, P3 COOTHO-

menusivu: D (p1) = {A,E}, D (p2) = {C,E,G}, D (p3) = {A, E, F,G}. Haiitu D(yp), tze:

L @ =—p1Vps; 5. ¢ =p3 = p1;

2. ¢ =p1 Aps; 6. o= (=p1Vp1)V(=p2Vp2)V (=psVps);

3. p=p2Vps; 7. ¢ =p1 A\ p2 = p3;

4. ¢ =p2 = p3; 8. ¢ = —p1 A "p2 A ps.
Paccmorpum momens M = ((VV,R),D), e W ={A,B,C,E,G, H K,N,Q,S},R = {(A,A),
(4,). (4,0) (4,5) (4,0) (A1), (5.5). (5,E) (B.G), (C,C), (C.N), (E,E), (E.G),
(G,G), (H,E), (H,G), (H,H), (H,K), (K,E), (K,G), (K,K), (N,N), (Q,N), (Q,Q), (@,5),
(S,S } D O3HAYMBAHME SI3bIKA, 33 IAHHOE JIJIST IIEPEMEHHBIX P1, P2, p3 cooTHOIeHusAMI: D (p1) =
{B,C,E,N,G,K},D(p2) ={A,B,C,E,N,G,Q,S}, D(p3s) ={E,G, K}. Haiitu D(p), rue

L o=p1Vps; 5. ¢ = "p3; 9. ¢ ="p2Vpay

2. ¢ =p1Ap; 6. ¢ = p3 — p1; 10. ¢ = —p3 V ps.

3. ¢ =1 7. ¢ ="p3Vp1;

4. ¢ = p2; 8. ¢ ="p1Vpy



1.8. Paccmorpum momens M = ((VV7 R), D), rie W ={As, As,..., Ap,...}, R= {(Ai, Aj)li ]}
D — osnaumBanue si3blKa, 3aJ@HHOE JIJIs TIEPEMEHHBIX P1, P2, P3, P4 COOTHOIICHUSIMIE:

D (p1) = {A2, A3, A4, As, Ag, A12, Ais}, D (p2) = {A; |1 < 10},
D (p3) = {A;|i — mpocroe uncno}, D (ps) = {A;|i /15}. Haittu D(yp), te:

1. ¢ =—pr; 5. ¢ =2 Vp1; 9. p="p1Vp1;
2. @ = —pa; 6. o =p3 — p1; 10. ¢ = —p2 V po;
4. ¢ = —p4; 8. ¢ = (p2 = p1) = P4 12. ¢ = —ps V py.

1.9. Jna 3agannoro dppeiima ({A,B,C’,D,E}, {(A, A), (A, B), (A, C), (A E), (B,B), (C,C), (C,E),
(D,D), (D,E), (E, E’)}) HaWTH BCE TOYKU UCTUHHOCTU (POPMYJIBI p V —p.

1.10. ms dpeiima, 3agannoro auarpammoii Xacce Ha MHOXKecTBe 3nementos {A, B,C, D, E} ¢ MHO-
skectBoM pebep {(A4, B), (B,C), (A, D), (D,C), (C, E)}, naiiTu Bce TOUKH UCTUHHOCTU (DOPMYJIBI
pV p.

1.11. [dns dpeiima, 3aganaoro quarpammoii Xacce na muoxecrse ssementos { A, B,C, D, E, F'} ¢ muo-
s)kecrtBoM pebep {(A, B), (B,C), (B, F), (D,E), (D, F)}, HaiiTu Bce TOYKH HCTUHHOCTH (GDOPMYJIBI
pV p.

1.12. dsaserca au dpopmysa  obie3HaInMoil Jijis JiIoboro dgpeiima, rie:

1. ¢ =—==(pV —p); 4. p=——p—p; 7. op=—1—>T;
2. p=-pV-p; 5. ¢ =—=—p — p; 8. ¢=-(pV-p —L;
3. p=p— —p; 6. p=—-1—=p; 9. ¢ =T = pVp.

1.13. CyrmectBytoT Jiu (DOPMYJIBI, JJist JTIOOOTO (bpeiiMa He SIBIISIFOINTUECS] BHITOJTHUMBIME !



2. Moaeanr Kpunke ajs MoaaJJabHOI
JIOTUKN BbICKa3bIBAHUIA

B a3bike Kiraccm4ecKoil Uin UHTYHUIIMOHUCTCKON JIOTUKU IIPEJIJIOZKEHUST BUJA «BO3MOXKHO, YTO BOJIA
kurt upu 70°%», «HeoOX0aUMO, ITO Bojga KunuT mpu 70°», HeJb3s MPEJICTABUTHL B BUJIE KOMOWMHAIIUN
MEHBINNX pejioykerunii. Kak n npejyioskenue «Boja KunuT upu 70°» X MOKHO BOCIIPUHUMATH TOJIBKO
KaK aToMapHbie. ITOT 3hDEKT aHHYJIUPYETCA MPU IePEeX0o/ie K MOJIAIbHBIM JIOTUKAM.

Ilycts L — 3BIK KJIACCHMYECKOW WMJIM MHTYHUIIMOHUCTCKO JIoruku. MomasJbHbIl DPONO3uIno-
HAJIbHBIN s13bIK M L mosrydaeTrcst BBeJIeHHEM B sI3bIK L. HOBBIX CBsI30K [ m (), Ha3bIBAeMBIX Ome-
paTopamMu HeOOXOAMMOCTHU U BO3MOXKHOCTHU COOTBETCTBEHHO. [Ipr 5TOM K IIpaBmiaM IOCTPOEHUS
dopmyn mobasisieTcst HoBoe TpaBuio: ecin ¢ — M L-cbopmyna, To Oy u Q¢ Toxke M L-dopmymsr. Ome-
paTop BO3MOXKHOCTH SIBJISIETCSI JBOMCTBEHHBIM K OIIEPATOPY HEOOXOJIUMOCTH, T.€. JjIst JTF0O0H hOopMyJIbI
@ s3pika M L cupasemuso paBerctBo QO = —[-p. Oba omepaTopa WMEOT OJWHAKOBBIN MTPHOPUTET
C OTpUIIAHMEM W CHJIbHee CBsi30K u3 {A,V,—}. Mnrepuperanun O n ¢ (T.H. THIBI MOJAIBHOCTH)
MOT'yT OBITH BECbMa PA3HOOODPA3HBIMU.

Ilepen crporum ommcanumem ceMaHTUKKA KpHUIIKE OCTAHOBUMCS Ha CJEIYIOIIEM COJEPXKATETHHOM
pruMepe, ee WLIIOCTPUPYIOMEM. 3ajlaHa CUCTeMa MUPOB, JUIS KaXXIO0r0 M3 KOTOPBIX MMEeTCs] MHO-
JKECTBO MHUPOB (BO3MOXKHO, IIyCTOE), eMy aJibTepHATUBHBIX. IIpemnoxkenne [y siBiisieTcss MCTUHHBIM
JUIST MUpa &, €CJIM (o UCTUHHO Ha BCEX MUPaX, aJbTEPHATHBHBIX [Jist x. lIpenioxenne (¢ sIBjsieTCs
UCTUHHBIM /[IJIsi MUDPA T, €CJU (© UCTUHHO XOTs Obl HA OJHOM MHUpE, aJbTepHATUBHOM Jjisd x. Takoe
IIOHUMAHUE OIEPATOPOB HEOOXOIUMOCTH U BO3MOXKHOCTU ujeT oT Jlefibuua.

Mopasnbabim (dpeiimom Kpunke naseisaercst napa F' = (W, R), rue R — upoussosibaoe 6u-
HapHOEe OTHOIIIEHNE Ha HEIYyCTOM MHOXKecTBe W . DiieMenThl MHOXKecTBa W HA3BIBAIOTCS MUPaMU WX
ToukKaMu, R Ha3bIBaeTCs OTHOIIEHUEM aJIbT€PHATUBHOCTU MUPOB.

OsunaunBanuem si3bika ML Bo dpeiime F' HazbiBaeTcst oTobparkerne [, KoTopoe 1000l mepe-
MEHHOI p U3 s3bIKa COIOCTABJISIET HEKOTOPOE MOJMHOXKECTBO (BO3MOXKHO, mycroe) D(p) € W. Kak
U B MHTYUIMOHUCTCKOM ciiydae, D(p) — MHOXKECTBO TOUYEK, Ha KOTOPBIX aTOMAapHOe IPeJJIOKEHUe P
UCTUHHO.

Mopens Kpunke sisika ML — napa M = (F, D), rne F' — monanbhbiit dpeiim Kpunke, a D —
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osnauusBanue M L.

Wupyknumeii mo nocrpoennto dopmyisl ¢ € ML oupejensiercs oraomenne (M, xz) E ¢, koropoe
YUTAETCs «@ UCTUHHO Ha (Mupe) x B Mogean M »:

1.

2.

7.

8.

(M, z) E p, ecnu © € D(p),

(M,z) E oA, ecu (M,x) Epu (M,x)E 1,

(M,z) E oV, ecn (M,x) F ¢ wm (M, z) E 1,

(M, x) E —p, ecnu (M, x) ¥ o,

(M,x) E @ — 1, ecim (M, x) ¥ ¢ wmu (M, z) E 1,

(M,z) L, rne L — ToxaecrBerno joxkHas (opmyia, jiist Kotopoit D( L) mosaraercsi paBHbIM
0,

(M, x) E Op, eciu st Beex y € W, BuauMbIxX u3 z, umeer Mecto orHomenue (M, y) E o.

(M, z) E Qp, ecu jiyist Hekoroporo y € W, Buaumoro us x, umeer mecto ornorterne (M, y) E .

U3z 7 cnenyer, aro (M, z) E —p, ecin (M, x) ¥ .

HHH MOJAJIBHOI'O CJIyvasd OIIpe/ieJICHUA TTOHATHUN BBITIOJTHUMOCTH, UCTUHHOCTH, O6H_Le3Ha“II/IMOCTI/I n
PaBHOCHUJIBHOCTH B MO/ICJIAX U Ha (bpeﬁMax COBIIa/[aXOT C MHTYUITUOHUCTCKHM.
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ITpumep 2.1. Mopasusnsiii dpeiim F' = (W, R) 3anaercs cienyomum obpasom: W = {A, B,C, D},
R = {(A,B),(B,B),(B,C),(C,A),(C,D),(D,D)}. I'pad mannoro ornomrenns n300paykeH Ha PH-

CYHKE 2.

GGy
o

puc. 2

Pacemorpum M = (F, D) — Mojens Ha JaHHOM (bpeiime, rie D — o3HaunBaHue sI3bIKA, 3a/laHHOE JIJIsT
HepeMeHHbIX p1, P2, p3 coornomenusvu: D (p1) = {C, D}, D (p2) = {A}, D (p3s) = {A, B, D}. Ilycts
1 = p2 ADp3, 2 = p1 — p3, Y3 = "2, pa = Up1, p5 = Ops, Torna nannele npeyioxenus OyayT
HNCTUHHBI B CJIEIYIOIMNX TOYKAX JAHHON MOJIECIIH:

D (¢1) = D (p2) N D (p3) = {4}

D (p2) =D (p1) UD (ps) = {A, B, D}

D (p3) = D (p2) ={B,C, D}

D (p4) = {$ eW: VYyeW [asRy—> [(M,y) |=p1]]} ={C,D}

D (p5) = {xe W: JyeWw [:URy—) [(M,y) |=p3]]} =W

Taxum 06pa3oM, B JAHHOM MOJIEJIH BCE TepedncieHHble (POPMYJIbI BBITOJHUMBIL, a GOPMYyJIa 5, KpOMe

TOI'0, SIBJISIETCS OOIIE3HATUMOIA.

3AJIAYUU

2.1. Pacemorpum momens M = ((W,R), D), tne W = {4, B, C}, R = {(A,B), (B,C)}, D(p) =
{A, B}. Bepuo s, uro (M, A) E Op — OOp?

2.2. Paccmorpum mozens M = ((W,R), D), tne W = {4, B, C}, R = {(4,B), (B,C), (4,0)},
D(p) = {A, B}. Bepuo s, uro (M, A) E Op — OOp?

2.3. Pacemorpum mopens M = ((VV, R),D), rie W ={A, B}, R={(4,4), (A,B), (B,A), (B,B)},
D(p) = {A}. deasiercst mu dbopmysna OOp — O0p BeinONIHUMO B 1aHHON MOjesn?
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2.4. Mopnanbubiii dbpeiim F' = (W, R) 3anaercs cieaytomum obpasom: W = {A, B, C, D, E}, R =
{(A,B), (A,C), (A,E), (B,B), (B, D), (C,C)}. Paccmorpum M = (F, D) — MozieJIb Ha JaHHOM
dpeiime, Tiae D — o3HaUMBaHUE SI3bIKA, 3aJJAHHOE JIJISI IEPEMEHHBIX P1, P2, P3 COOTHOIIECHUSIMHU:
D (p1) = {C}, D(p2) = {A,C,D,E}, D(p3) = {A,B,C,D}. Uzobpasurs dhpeiim F' B BHIE
opuenTuposannoro rpada. Haittu D(y), tae:

1. ¢ =p1 Apa Aps3; 3. ¢ =p1 — P2 5. ¢ =0(p1 = —p2).
2. p=p1Vps; 4. ¢ = Op1;

2.5. Monamnbubiii dhpeiim F' = (W, R) 3amaercs caeayromum obpazom: W = {A, B, C, D, E}, R =
{(4,B), (4,C), (A,E), (B,B), (C,D), (D,C), (D, D), (E,A)}. Paccxorpun M = (F,D) -
MOJIeJIb Ha JaHHOM dpeiime, Tie D — o3HaUYMBaHUE si3bIKA, 33JIAHHOE JIJIs [IEPEMEHHBIX P1, P2, P3
coornomrennsimu: D (p1) = {A,B,D}, D (p2) = {A,D,E}, D(p3) = {B,C,D}. U3o6pasurs
dpeitm F' B Bugie opuentuposantuoro rpada. Haiitu D(p), rue:

L. ¢ = p1 A ps; 5. ¢ =p3 — p2; 9. ¢ ="Upy; 13. o = U0p2;

2. ¢ =paVps; 6. ¢ =Op1; 10. ¢ = Ops; 14. ¢ = O0py — OOpy;
3. @ = p1; 7. ¢ =Up; 11. ¢ = Ups; 15. ¢ = O0p2 — OUpa.
4. ¢ =p2 = p1; 8. ¢ = Op2; 12. ¢ = OUp2;

2.6. dsisttorest in popmyiet @ = QUps — HOps u ¥ = LOpe — OUpo paBHOCHIBHBIMEU B Mojiean M
u3 3amaqn 2.57

2.7. dpasiorca s caenyromre hOPMYIIbI 00Ie3HaInMbIMU B Moaean M wu3 3amgaqan 2.57

L. ¢ =Up1; 3. ¢ = Ops; 5. ¢ = Olps; 7. = OUp2 — UOp2;
2. ¢ =0Op2; 4. ¢ =U0pr; 6. ¢ = OlUps; 8. ¢ = Udp2 — OUpa.
2.8. Moganbubiii dpeiim F = (W, R) 3amaercst ciepyromum obpasom: W = {4y, Ag, ..., Ay,.

R = {(4,4;) : i < j}. Paccmorpum M = (F, D) — Mozens na nannom peiive, rie D(p) = 0
Asnsiercst s bopmyna (Op — p) — Op BeioaHUMOR B 1aHHON Mojesm?

)

2.9. dasierca mm dopmyna H(p A q) < (Op A Ogq) obuesnadumoit B jir060it Mojesu?

2.10. dsnsiercst in popmyna O(p — q) — (Op — Oq) obuiesnaunmoii B jiroboit Mojgesm?
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2.11. Kakue u3 ciaemyomux GOPMYJT SIBJIAIOTCS OOIIE3HAYUMBIMU B JIIOOO# MOJIE/IN:

1. OOp — Op; 3. O(pVq) < (OpV Oq); 5. 0p — (0g — O(p N q)).
2. Op — Op; 4. O(p — Oq) — (Op — 09);

2.12. Jdokaxwure, aro dhopmyaa O (Op — p) — (O0p — Up) saBasiercs: obriesnadnmoit Ha dpeiime,
KOTOPLIH 3aman oTHorernneM "<" Ha muoxkecrBe N. fBistercst jim sTa dpopmysia obIe3HAYNMOI
Ha dpeitmax (Z, <) n (Q,<)?

2.13. Hoxkaxkwure, aro dhopmyna (O (p — Op) — p) — (OOp — Op) siBasiercst obuiesnaunmoii Ha
dpeiime, koTopsiii 3ajan orHomerneMm "<" mHa mHOXKecTBe N. fBisierca s aTa dopmysia 06-
me3HaanMoil Ha dpeiivax (Z, <) u (Q, <)?
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3. Hucroe \-mcumciieHue

OCHOBHOIT CHHTAKCUYIECKUN OOBEKT B A-HCUUCICHUU 3TO \-TepM. AJIaBUT s MOCTPOCHUS N -
TEPMOB COCTOUT W3

® CUMBOJIA A, HA3BIBAEMOI'O A -abDCTPAKTOPOM,
® CUeTHOrO HAbOPa CUMBOJIOB, HA3LIBAEMBIX IEPEMEHHBIMU,
® mMapbl KPYIVIBIX CKODOK M TOYKH.

B kadecTBe mepeMeHHBIX OyIeM HCIIOJIb30BaTh MAJIbIe JIATUHCKHE OYKBBI, BO3MOXKHO C HHIEKCAM.
JIaMb6/1a-TepMOM HA3BIBACTCS

® BLIpAaXKECHUE, COCTOLAIIeEe U3 OJHON NEePEMEHHOIT,
e Boipazkenue Buja (M N), HasbiBaemoe amtukamueit, riae M u N — A\-TepMbl,
e Boipakenue Buja (A x.N), HazpiBaemoe A-abcrpaknueii, rjge N — A\-TepM, T — epeMeHHasl.

EcrecrBennbiM 06pa3oM BBOIUTCS MOHATHE MOATEPMA, UMEIONIEr0 BXOXKIEHNs B JTaHHBIA TEPM.
B repme Buga (Az.N) repm N Ha3biBaeTCs OBJIACTHIO JeICTBUS A-abCTPaKTOpa 110 IePEeMEHHOI

Bxox ienue nepeMeHHoi B TepM HA3BIBAETCsI CBODOIHBIM B PACCMATPUBAEMOM TEpPMe, eCJIA OHO He
HaXOIUTCS B 00JacTH meificTBUsT A-abCTpakTopa II0 TOH ITepeMeHHOM.

MHoO>kecTBO BCEX A\-T€pPMOB IIPU HEKOTOPO# JIOrOBOPEHHOCTH O CUMBOJIAX JJIsI IEPEMEHHBIX 0003HAa-
auM OyKBOH .

FV (M) — 970 MHOYKECTBO [IEPEMEHHBIX, UMEIOIIUX CBOOOIHbIE BXOXKIEHU B A\-TepMm M.

Beipaxkenne M = N — sro cunrakcudeckoe (rpaduyeckoe) paBenctso A-tepmos M u N.

KoMm6uuaTop — 310 TepMm 6€3 ¢BOOOAHBIX IepeMeHHbIX. MHOXKeCTBO BCeX KOMOMHATOPOB 00O3Ha~
qUM 9epe3 A .

Boipaxkenne M = N o3nadaer cunTakcudeckoe (rpadudeckoe) papenctso A-repmos M u N. Jlist
COKPAIIIEHU U yI0O0UUTAEMOCTH MAaPHbIE CKOOKHM B T€PMAaX, COOTBETCTBYIONINE AIIIUIINPOBAHUIO, OY-
JIEM OIyCKAaTh, €CJIU TIePeJi OIIyCKAHUEM OHHU ObLIN CI'PYIIUPOBaHbI BIeBO. [lapHble ckoOKM B TepMax,
COOTBETCTBYIOIIHE abCTPAKIUU, OYIEM OIYCKATDH, €CJIM UX MOYXKHO BOCCTAHOBUTD I'PYIIIHPOBKOI BIIPABO.
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Beejiem Takzke ciiejiyronee COKpalieHme:

ANT1T9T3 ... Tp. M = (Axl. ()\CEQ. ()\xg oAz . M) . )))

M,[N] — pesyabrar nojcranoku tepma N B Tepm M BMecTo Beex cBOOOJHBIX B M BXOXKJIeHUi
HepEeMEeHHON .

Orromenne o = {(Az. M), (Ay.My[y]))|M € X,y ¢ FV (M)} cranzaprabiM 06pasoM IOPoK1aeT
OTHOIIIEHNE (-KOHBEpCUHU. HacTo a-KOHBEPTHPYEMBIE TEPMBI OTOKIECTBIISIOTCS HA CHHTAKCHIECKOM
YPOBHE, TO €CTh CYUTAETCS, YTO Q-KOHBEPTUPYEMbIE TEPMbI CHHTAKCUYECKH paBHBI. [IpeobpasoBanue
tepma (Ax.M) B repm (A y.My[y]), rne y € FV (M) naspisaercs 3aMeHOM CBSI3aHHOI MepeMeHHOM.

OrHomenue § = {(()\ :L‘M) N, M, [N]) IM,N € \,x ¢ FV(N)} CTAHJIAPTHBIM 00Pa30M MMOPOXKIaeT
OZIHOIIArOBYIO [3-PeyKImio (—3).

[Tpeobpazosanue tepma (Ax.M)N B Tepm M, [N], tne x € FV(N), Ha3biBaercs [3-CBEPTKOI,
npeobpa3yeMblil TEPM IIPU 9TOM HA3bIBAETCsl PeeKCOM (1in TouHee [-pesekcom). VIHTYyuTuBHO [3-
CBEPTKa MPEJICTABIIsIET OO0 TOACTAHOBKY apryMeHTa BMECTO COOTBETCTBYIONIEH MepeMEHHOI.

PenyKupyoHHas MeroYKa 9TO IIycTasl, KOHEIHAs W OECKOHEUHAs II0C/IEI0BATEILHOCTh TEPMOB,
MTOJIYIYEHHBIX C TIOMOIIBIO CBEPTHIBAHII U 3aMeH CBSI3aHHBIX MTEPEMEHHDIX.

Bripazkenne P —g (Q ozHadaet, uto TepMm P S-penynupyercs K Tepmy Q.

Tepm Haz30BeM [S-HOPMAJIBHBIM (MH 5-ITACCUBHBIM) TEPMOM €CJIA B HEM HET [-PeJIeKCOB.

Tepm @ nHasosem 3-HOpManbHOIT dopmoit repma P, eciu () — S-nopManbHbIl TepM u P — g Q.

Tepmun HOPMAJIBHBIN (ITACCHBHBII) OOBITHO HCHOIB3YIOT HE TOJIBKO B CBSI3W C OTHOIIEHUEM [3, HO
TaK¥Ke U B CBSA3U C JPYTUMHU OTHOINIEHUSMHU, TIOPOXKIAIONIMMY Pa3Hble BULI PEAYKIUU U KOHBEPCUN.

JleBbIM peneKCOM HA3BIBAETCS PEIIEKC, CHMBOJ A KOTOPOTO PACIOJIOXKEH JIEBee CUMBOJIOB A,
COOTBETCTBYIOIIUX BCEM JIPYTUM pPeJieKcaM. AHAJOTUYHO ONPEJIEISIETCST TIPABBIN PeIeKC.

BHemHIM peaeKCOM Ha3bIBAETCS PEIEKC, KOTOPBIA HE COAEPIKUTCS BHYTPU HUKAKOIO JPYIrOro
peseKca.

BHyTpeHHUM peaeKCOM Ha3bIBACTCS PEJIEKC, HE COIEPIKAIIUN JIPYTUX PEIEKCOB.

[IpuBeem mpuMep MOCTPOEHUST PEIYKITMOHHON TEMTOYKH.

IIpumep 3.1. Pacemorpum tepm (A . zx) (A . xx), KOTOPBIii caM sABJISIeTCs1 3-PeJIEKCOM, U IIPUMEHUM
K HEMy peJyKImoHHOe mpeobpazosanue. (Az.zx)(Az.2x) =g (Az.zx)(Az. zx) —45 . ... UMeem neso
¢ OECKOHEUHOM PeIyKIIMOHHON MEeOIKOM.

Paccmorpum Tereph mpumep, KoOTra BBIOOD peieKkca Jjis CBOPAYMBAHUS OIPEEJISIeTCsT HE OHO-
3HATHO.
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IIpumep 3.2. Paccmorpum Tepm ()\ z. (()\ y.:):y)u))()\ v.v), B KOTOPOM MMEIOTCsI JBa [3-pejleKca:
BO-TIEPBBIX, CaM TEPM SBJISIETCH [-PEIEKCOM U, BO-BTOPBIX, [-PEJIEKCOM SIBJISIETCS €ro IOJATEPM
((Ay.zy)u). Beibupast Jjisi CBepTKU pa3Hble PEIEKCHI, TIOJIyYUM PA3HbIE PEYKIIMOHHbBIE TIENOYKH.

L Az.((Ay.zy)u))(Av.v) =g (Ay.(Avw)y)u =5 (Av.o)u =g u

2. Az.(Ayay)u))(Avo) =5 Az.(zu))(Av.v) =5 (Avv)u =g u

Bamernm, a0 ncxomusiit TepM (A z.((Ay.zy)u))(Av.v) AByMs criocobaMu peLyIpOBAJICS K OJJHOMY
u ToMy 2Ke Tepmy u. C yJIOBJI€TBOPEHHEM OTMeYaeM, YTO MOJIYUIH/IM OJUH ¥ TOT »Ke oTBer. Beerja Ju
Tak Oyner? HawmBHass cTparerns mpuMeHeHNsT CBEPTOK 3aKJIIOYaeTca B caemyiomeM. [loka cymecTByer
XOTst OBl OJIH PEJIEKC, IPUMEHUTH K KAKOMY-HHUOY/Ib U3 HUX DEJYKIHIO.

IIpumep 3.3. Paccvmorpum tepm (Azy.y)((A2.22)(Az.22)). 3nech nBa pesekca: BHYTpeHHHIT —
(Az.22)(Az.22) u Bremmnit — (Az.(Ay.y)) (A z.22) (A 2.22)).

Bribpas BHyTpeHHUI peieKc, MOJIyInM ero 2kKe. Takum 00pa30oM, BHIOMpas KaXKIbIil pa3 BHYTPEHHUI
PeJIeKC, HOTyInM OECKOHETHYIO PeIyKIIMOHHYIO IENOUKY. BBIOpaB BHEIIHUIT PeIEKC 1JIs CBEPTHIBAHNS,
oIy MM 3a ofuH mar TepM 6e3 peaekcos. (Az.(Ay.y)) ((Az.22)(Az.22)) =5 (Ay.y)

3aMeTnM, 9TO BO BTOPOM CJIydae apryMeHT HaM PeylUpOBaThb HE MPUIILIOCH, PEAJHM30BaAIOCh TaK
Ha3bIBAEMOE JIEHUBOE BBITHCJ/IEHUE.

AnnummkatuBHbIi nopsaok peaykiumii (AIIP) npeanucsiBaeT Beeryia BHIONPATH CAMBIil JIEBBII
U3 BHYTPEHHUX PEJIEKCOB.

Hopwmanbubiit nopsiiok peaykuumii (HITP) upennucsiBaer Beerjia BBIOUPATh CaMBbIil JIEBbIH 13
BHEITHUX PEJIEKCOB.

HamomumM, 9T0 B paccMOTpeHHOM BBINIE IpHUMeEpe 3 MEPBBIM cImocod BBIOOpa pemekca MPUBET K
3AIMK/IMBAHUIO, & BTOPOI 3a OJUH AT 3aBEPINUJI BBIYUC/IECHUS.

Tepm A z.(Ay.y) — Kiaaccudeckuii ipumep (DYHKIMH, KOTOpas orbpackiBaer cBoil apryment. Crpa-
terusi HIIP orkjia/ibiBaeT BoIMUCICHIE apTyMEHTa, 10 TEX 0P, IOKA OH JEeHCTBUTEILHO He TOTPedyeTcs.

Teopema Hepua-Poccepa (o pombuyeckom cBoiictse S-penykiun). Eciu P —3 M u P —3
N, To cymectByer Tepm 1', uto M —g T u N —gT.

CaencrBue. Ecim y TepMma cymecrByer [S-HopMaJjbHast (popMa, TO OHA €IUHCTBEHHA.

Teopema cranmapTusaiuu. Eciin TepMm peaynupyercs K HopMaJbHOi ¢popme, To crparerust HITP
rapaHTUPYeT JIOCTUXKEHUE 9TOH (DOPMBI ¢ TOYHOCTHIO JI0 KOHTPYSHITUH.
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3AJIAYN

3.1. Haiitu BCe TOATEPMBI, COIEPIKAIIIECS B 38 TAaHHOM A-TepMe. Y Ka3aTh, KaKKe 13 HUX NUMEIOT aKTHB-
HOE BXOXJIeHNE, & KaKue TacCCUBHOE. Y Ka3aTh, KaKue IlepeMeHHbIe UMEIOT CBA3aHHbIE BXOXKIEHUS,
a Kakue CBOOOIHBIE.

1. (Azy.xz2) 2. (A\z.yz) 3. (Az.zzy)(Az. x2Yy)

4. (A u. Az uzz)(Az.uzy)) (A y. y)
5. (Azuz.z(Az.2u)) (A z.u(zz)) (A 2. u(zz)))
6. Anfr.n((Agh.h(gf))Au.z)(Auw.w))(Az. z)(Azy. yz) (A zyz. 2(yz))
3.2. Ilpumensis crparernn AIIP u HIIP as cBeprku [S-pefiekcoB, MpUBECTH 3aaHHBIH A\-TepM K [3-

HOpPMaJIbHON (popMe WU JI0Ka3aTh, YTO 3TO HEBO3MOXKHO. J[aloT i yKa3aHHbIE CTPATErUU st
9TOr0 A-TE€pMa, OJNHAKOBBII KOHEUHBINA pe3yJIbTaT?

1.
2.
3.

Az.xx)(Ay.y) 4. Az Ay y)) (A2 22) (A 2. 22))
Ay zzy)u) (A z. z2)u) 5. (Az. (Ny.zyy)z) (N z. 22)
6

Ayy)((Az2)(Az.2)) CQzz)(Az2)(Az (Aw.x)z))

(

(A

(A

( xyz. x(yz )()\ :cyz.xzy) ()\ :cyz.xzy) ()\ :cyz.xzy)
8. (Az.z)(Az.y2)) ((A\z. zzu)(Az. z2u))

Az .z(Az. zu)) (A 2. u (z2)) (A z.u (z2)))
10. (A w. (A z.uz)(Az.zu))(Ay.y)
11, (( )\myz (A u.zuy)(Au. zuz)) (A z. )

12. Anfzn((Agh.h(gf))Auwz)Auw))(Az. 2)(Azy. yz) (A zyz. 2(yz))
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4. KomOunaropHad JIOrukKa

Hns repmos P u () 3amuce P = () oznagaer, uto P —g Q um ) —g P.

Hamomuamm, 910 KOMOMHATOPOM Ha3bIBaeTCs TePM 063 CBOOOIHBIX MEPEMEHHBIX U MHOXKECTBO
BCeX KOMOMHATOPOB 0OOO3Ha4daeM dYepe3 Ag. llpuBegemM HECKOJBKO TOJIE3HBIX KOMOWMHATOPOB C WX
CTAHIAPTHBIMUA ODO3HAUEHUSIMUA U HA3BAHUSIMHU:

Onpenesenue HazBanwue XapaKTepucTukKa
I=Mz.2 roxkaecrsennbiii | IX —g X

B = Axyz. z(yz) | xoMmo3uTop BFGX —3 F(GX)
C=Azyz. x2y [IEPMYTATOP CFXY =g FYX
K=Azy.x KaHIIEJISTOP KXY —5 X

S = Axyz.xz(yz) | KOHHEKTOD SFGX —3 FX(GX)
W = Azy.xyy JyIINKATOPD WFX -5 FXX

3aMeTnM, YTO BBEeIEeHHbIE KOMOMHATOPBI HAXOAATCSA B S-HOpMasIbHO (opme. COOTHOIIEHNUST B IIPa-
BOII KOJIOHKE Ha3bIBAIOTCsI KOMOMHATOPHBIMHU XapaKTEePUCTUKAMU COOTBETCTBYIOINX KOMOMHATO-
pOB.
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Ilpumep 4.1.
ITpuseném kombunarop B(SB(KI))(KI)(SB(SB(KI))) x S-nopmanbroii popwme:

B(SB(KI))(KI)(SB(SB(KI))) —3 SB(KI)(KI(SB(SB(KI))))

—3 B(KI(SB(SB(KI)))) (KI(KI(SB(SB(KI)))))

—3 BI (KI(KI(SB(SB(KI))))) —3 BII

= (Azyz.2(y2))(Az.z)(Az.z) =g Az (Az.2) (A 2. 2)2)
=g Az.(Az.x)z =2g Az 2 =1

Tepm X naspiBaeTcss HEMOABUXKHOM TOYKOI Tepma F', eciu Boinosiusiercst cootnorenne X = FX.

Kombunarop M masbiBaeTcssi KOMOMHATOPOM HEMOABUXKHOI TOYKM, €CIN JJIsT JIFOOOr0 TepMa
F somosnasiercst coornomenne MF = F(MF'). Ipyrumu ciioBamu: npuMensis Komounarop M K 1po-
U3BOJILHOMY TepMmy F', moJiydaeM HENOJIBUXKHYIO TOUKY TepMma F'.

OiHUM M3 BO3MOXKHBIX KOMOMHATOPOB HEIOJIBUYKHON TOUKU SIBJISETCS TAK HA3BIBAEMBIN HApaOK-
ca/ibHbBIN KoMbuHAaTOp Kappu:

Y =M. (A f(zz))(Az. f(z)).

HeitcTBUTEIBHO, Tt J1I0OOTO TepMma [ nmeem

BamMeTnM, 9TO IEepexof, OT TPEThell CTPOYKH K 9eTBEPTOil BBINOJHEH C IIOMOIIBI0 «00paTHO» [-
PeLyKIIH.

ITo 3Toit IpHUYUHE MOXKHO MPEANoYecTh KOMOMHATOD HEIOABUXKHON TOYKHU, MPEIIoKEeHHBIH Thio-
punrom: T = ()\ :L"yy(:cxy)) ()\ :L"yy(:cxy)) Hokaxem, uro TF —3 F(TF). Obosnaunm A =

(Azy.y(zzy)), Torma
T=AA= (/\ xy. y(mmy)) (/\ xy. y(mmy)) —5 Ay.y(AAy) = Ay.y(Ty)

TF —5 (Ay.y(Ty))F —5 F(TF), aro u TpeGoBaIoCh.
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IIpumep 4.2. Tpebyrecs mocTpouth KOMOUHATOP F' Takoit, 4TO /1151 TPOU3BOJIBHBIX A-TepMoB X, Y, Z
Boinosmsiercs FXY = F(FX(FY)).

IIycte M — xKoMOuHATOP HENMOJABUKHOM TouKH. BosbMméM Takoit F', uro F' = M N, Toraa, 110 CBOMCTBY
KoMOmHaTopa HemoBikHO Touku MN = N(MN), to ectb ' = NF. U3 sroro cremyer, 4ro
FXY = NFXY . Ho, no ycnosmo sagaan FXY = F(FX(FY)), 10 ectrb NFXY = F(FX(FY)).
st mpousBosibabIX F, XY Takmm cBoiicrBoM 0bstagaer kombunarop N = A fzy.f ( fa( fy)) Nraxk,

F=MN =M\ fzy.f(fz(fy)))

3AJIAYUU

4.1. Ilpusecrn 3amaHublil KOMOUHATOD K S-HOpMaJbHONM dopme:

1. BS 4. BCCC 7. SSSCCC 10. C(CI(KI))K
2. SW 5. CKK 8. KIBW 11. BCIKSW
3. CSI 6. SS(KI) 9. S(KI)KI 12. SBCWKII
13. B(SCKI)(SC)(WW) 16. WWI

14. B(BC)(CI K))(KS(S W)) 17. WWW

15. CI(SB)(SB(KI)) (SB(SB(KI))) 18. WWWWWWWW

4.2. ,B;OKaBaTI), 9TO CIIpaBEJINBbI COOTHOIIICHUA:

1. I=SKK 3. C = S((S(KSK)(S(KS)K)S)(KK).
2. B = S(KS)K; 4. W = SS(K(SKK)):

4.3. Spnsorcs 1M KOMOMHATOPAMHU HEHOIBUXKHON! TOUKH CJIeyIonie KOMOUHATOPDI:
- (Azy.y(zay));

Auv. v uuv)) ()\ TY. Y a:a:y))
)(/\ TYZ. Y :Eyz))
):

) (Azyz.y(zyy)) (A zyz. y(zyy));
) (A zyz.y(z2y)) (A wyz. y(z y))?

4.4. Hokaszarb, uro X = WS(BWB) siBjisiercst KOMOUHATOPOM HENOJBUZKHOI TOUKH.

- :
()\ TYZ. Y :L‘yz)) ()\ xyz.y(ryz)
()\ TYZ. 2 :L‘yz)) ()\ xyz. z(xYz)
- )

S Ot = W N

(
Axyz.y(ryy
(A zyz. y(zzy)

4.5. Jlokasars, uro X = SI(SII(B(SI)(SII))) sBisiercs KOMGHHATOPOM HENOABUZKHON TOUKN.
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4.6. Ilycrn

X = X ab620e€xc3UtiKAMHONPCMYPTUMUUBOILII0A.
A(KOMOUHAMOPHENOISUNHCHOTMOUKUHYEOTMOHA)

TlokazaTh, uTO
Q= XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

— KOMOWHATOD HEITOABUKHONW TOYKH.

4.7. TToctpouts KOMOUHATOP F', 007aTAOINNH CIEIYIOMIIM CBOHCTBOM /ISl IPOU3BOJIBHBIX A-TEPMOB
XY Z:

1. FX = FXX; 4. FXY = F(FX)(FY);
2. FX = F(F(FX)); 5. FXYZ = F(FX)(FZ(FY));
3. FXY = F(FY X); 6. FXYZ = F(FX)(FXY)(FXYZ)?
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5. Peanm3amnus apudMerndecKnx n
JIorndecKuxX (PyHKINiIT B YUCTOM
A-MCUYNCJJICHUN

CyI1ecTByIOT pa3/imyHble CIIOCOObI IPEJICTABICHUS HATYPaJbHBIX YHCEJ] U apU(pPMETUIECKUX OIle-
paruit A-repmamu. s npeacrasienns uncen 0,1,2,...,n... OymgeM HCIOJB30BATH COOTBETCTBEHHO
KOMOMHATOPBI, Ha3blBaeMble HyMepaJjiamMu depda, KoTopble OyieM 0603HaYaTh TaK YK€ KaK U IHUCJIa
HO TIOJIY2KUPHBIM MIPUMTOM:

0=)\fz.x
1=)\fx.fx
2=\fz.f(fx)
3= /\facf(f(fx))
n=X\frfx

Buecs flo = feu ffa=f (f"flx)

Hymepasa n MoXXKHO paccMaTpuBaTh Kak (BYHKITHIO, KOTOpas MPUHIMAET Ha CBOM BXOJ (DYHKIUIO f
B KauecTBe apryMeHTa U BO3BPAIAeT N-KPATHYIO CYHepIo3uIuio DyHKImN f.

[Ipn 3ajaHHOM BBIIE OMpEIETeHIE HYMEPAJIOB MOXKHO OMpeaenunTbh KombmHatop Inc, KoTopbrit
Oy/lyun MPUMEHEHHBIM K HyMepaJly, IPEeJICTABIISIONIEMY YUCJIO N, JaeT B pe3ysbTare HyMepaJl, Ipe/l-
CTABJIAIONNI INCI0 N + 1 caemyronuM obpasoM:

Inc = Anfx.f(nfz).

OmpenennM Tak»Ke KOMOWMHATOPDI, MPEJICTABIISIONINE CIOKEHNE, YMHOXKEHIE W BO3BEIEHUE B CTe-
neHb. bynem oboznauars ux Add, Mult u Deg coorBercTBeHHO:

Add = Amnfz.nf(mfx)
Mult = Amnf.m(nf)
Deg = Amn.nm

Ormernm, uro kKoMOmHaTOp Deg coOTBETCTBYET TOJIBKO BO3BEIEHUIO B MOJIOKUTEIBHYIO (HEHYIIe-

BYIO) CTEIICHb.
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Kombunarop, Beraucssionuit n — 1 mpu n > 0 MOXKHO OIpeIeuTh CIeLyIoNuM 00pa30M:

Dec = Anfz.n(Agh. h(gf))(Au. z)(Au. u)
IIpumep 5.1. Ilposepum, uro Add 2 3 pexynupyercsa B 5.

Add 2 3 = (Amnfz.nf(mfz)) (A fizr. fi(fiz1)) (X foza. fo(f2(foz2)))
= A fo. (A fawa. fo(f2(f2r2))) (N frza. fi(frzn)) )

= /\ffc‘f(f(f((Aflxrfl(fll’l))fx))>
=X fz. f(f(f(f(fz)))) =Afz. fP2=5

C 1oMOIIBI0 KOMOMHATOPOB MOXKHO TaKKe MPEJICTABUTH JIOTHIECKUE KOHCTAHTHI U 3JIeMEeHTapHbIE
Jioruvdeckue QpyHKIUN.
st ipeicTaB/IeHNsT KOHCTAHT BBIOMPaeM KOMOUHATOPDHI:
True = \zy.x
False = A xy.y
Samernm, 9To onpejieneHne kombunaropa False skBuBaieHTHO OIIPeIe/IEHHOMY BBIIIE YEPIEBCKOMY
myMmepasty 0 «HOJby. Jist ipeicTaBieHnsT KOHBIOHKIUN, TU3bIOHKIIUA U OTPHUIAHUST BRIOUPAEM COOT-
BETCTBEHHO KOMOWHATOPBI:
And = \pq.pq False
Or = Apq.p True q
Not = A p.p False True

IIpumep 5.2. Ilposepum, uro And True False pexymupyerca B False.

And True False = ()\pq.pq()\ xyy))()\ x1y1.71) (A x2y2.92)

= (Az1y1.21) (A z2y2.92) (A TY.Y)
= A x2y2.y2 = False

Ucnonb3yemMblit B UMIIEPATUBHBIX MOJIEJISAX BbIYUCJeHU otepaTop «if-then-else» MoxkHO BBIpa3uTh
¢ nomombio kombunaropa IfThenElse = A pqr. pgr. Heiicreurensao, Tepm If ThenElseT' M N kos-
Beptupyerca B M, eciu T kouBepTupyercsd B True u B N B IIPOTUBHOM CJIyvae, 9YTO COOTBETCTBYET
TpajuimonHoii 3anucu «if T then M else N».
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3AJIAYN

5.1. TlpoBepuTh NpaBUJILHOCTL HYMEPAJJIOB U KOMOMHATOPOB JIjIsI BBIIOJIHEHUS apudMETHICCKUX OIle-
panuii Ha IpuMepe BBIYUCIICHUA CJIEIYIOMMNX BhIPAaKeHNH:

1. Add 4 2 3. Mult 2 3 5. Dec 3
2. Inc 5 4. Deg 2 3 6. Dec O

5.2. JlokazaTb, 9TO B KaIeCTBE HYMEPAJIOB U KOMOMHATOPOB JIjIsI BBIIOJTHEHUS apudMETHICCKUX OIle-
panuii MOXKHO UCIIOJIB30BaTh CJIEIYIONe KOMOUHATOPHI:
0=KI
1 = SB(KI)
2= SB(SB(KI))

n = SB(SB(... (SB(KI))...)) = (SB)"(KI) °

Inc = SB Add = CI(SB)
Mult =B Deg = CI
5.3. CocraBuTh KOMOMHATOPBI, KOTOPBIE IO HyMepayy Uépua ducia n BRIYUCISIOT HyMepajbl Jépua
qHCeJI:
1. n+2; 3. n—2; 5. 2™,
2. 2n +1; 4. n3; 6. n mod 3;

5.4. UcciemoBars komObuuaTop Deg njist cirydasi, Korma oquH win 06a apryMeHTa OIepPAIluU BO3BEIe-
HUA B cTeneHb paBHBI (.

5.5. IIpoBepuThb NMpaBUILHOCTH KOMOMHATOPOB JJIsi JIOTUYECKUX KOHCTAHT M OIEPAIlHii, COCTABUB CO-
OTBETCTBYIONINE TaOJIUITBI UICTUHHOCTH.

5.6. ,HOK&S&TI), Y9TO B KadeCTBe KOIVI6I/IHaTOpOB JJId JIOTUYIECKUX IIEPEMEHHBIX U Cl)YHKLLI/IfI MO2KHO HC-
IIOJIb30BAaTh CJIEAYIOIIHE KOM6I/IHaTOprZ

True = K False = KI
And = CC(KI) Or = CIK
Not = C(CI(KI))K IfThenElse =1
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5.7. CocraBuTh KOMOMHATOPHI CJIEIYIONIX OYJIEBBIX OIepaIluii:

5.8. CocTaBuTb KOMOMHATOPDI CJEAYIONNX OYIE€BLIX (OYHKITHI:

1.
2.

. CyMMa II0 MOJIYJIIO 2;
. AMILTUKAITHS;

1
2
3.
4
)

9KBUBaAJICHTHOCTDb;

. mrpux [leddepa (orpurianne KOHHIOHKINHK);

. crpesika [Tupca (oTpurianne IU3bIOHKINN).

x1VxoVxs; 3. (.CCl — 372) — I3;

T1x2 V 123 V T2I3; 4. 1 D x120 D T1T2X3;

5. 1V (22 @ x3);

6. 1V To1374.

5.9. Oupenenum kombunarop IsZero = An.n(Ax. False)True, KoTopblii pu IPpUMEHEHUN K HyMe-
pasiy 0 naer True, a npu npumenenuu K Jgobomy apyromy nymepasy jgaer False. 9ror npenukar
YaCTO UCIOJIB3YeTCs IIPU KOHCTPYUPOBAHUU YCJIOBHBIX BbIpaxkeHuil. /lokazars, 4To Takoe orpe-
JleJIeHre KOPPEKTHO.

5.10.

IIycte F = X fn. (IsZeron) 1 (Multn (f (Decn))). IIpumennm K HeMy KOMOUHATOP HEIIO/[BHZK-
Hoii Toukm Y = A f. ()\ T. f(xx)) ()\ :Cf(ajx)) Kakyio apundmerndeckyo (pyHKIUIO BbIPAXKACT
[TOJTy9eHHbII KoMOuHaTOp Y F'7
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6. DQIMMIHAIINSI \-abcTpaKTopa

JIr000i1 A\-TepM MOKHO MpeoOPa30BaTh B 9KBUBAJIEHTHBIN €My A-T€PM, COCTOSIINANA TOJIBKO U3 TIe-
peMeHHBIX 1 KoMOuHaTOopoB S n K, He mcnosb3yst abcrpakrTopos. Ciie10BATEIBHO, COTJIACHO TE3UCY
Yepua, jrobast BeraucauMasi (ByHKIMS MOXKeT ObITH IIpecTaB/ieHa KOMOMHATOPOM 0e3 abCTpaKTOPOB.
JokazaresibcTBO MOYKHO IIPOBECTH UCIIOJIB3Ysl IIPUBEJIEHHOe HuzKe npeobpazosanue T [F], KoTopoe mpe-
obpasyer 3aJ[aHHbIi A\-TepM B S5KBHBaJEHTHBIN eMy KOMOUHATOP.

1. Tzl ==

2. T[(Ey\E2)| = (T[EA|T[E,))

3. T[\z.E] = (KT[E]), ccm & ¢ FV(E)

4. T[Az.x] =1 =SKK

5. T\zy.E]| =T[Az.(\y.E)| = T[A2z.T[Ay.E]|, ecm z € FV(E)
6. T[Az.(E1Ep)] = (ST[Az.E1]T[Az.Ey))

7. T[\z.Ex] = T[E], ecm x ¢ FV(E)

DTOT IPOIECC Ha3bIBAeTCs TUMUHANME abcTpakTopa.
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IIpumep 6.1. Ilpeobpazyem A-Tepm A xy.yx B COOTBETCTBYIOIIUiT KOMOMHATOD:

T[Nz Ay.(yz)] = Tz T[Ay.(yz)]] (
=T[Az.(STA\yy|T[Ny.z])] (
=T[Az.(SIT[Ay.x])] (o mpasuity 4)

=T[Az.(SI(Kz))] (o mpasmtam 3, 1)

(
(
(

[0 IpaBuiLy 5)

1o npasuity 6)

= ST[Az.SI|T [\ z.Kzx]
= S(K(SI))T'[\ z.Kx]
— S(K(SI))K

1o mpasuity 6)
10 TIIpaBHILY 3)

10 IpaBuiLy 7)

[IpoBepky MmoIy4eHHOr0 KOMOMHATOPA MOXKHO IIPOU3BECTU, IPUMEHUB €r0 K TePMaM T U Y:

S(K(SI))Kzy —5 K(SI)z(Kx)y
— 3 SI(Kx)y
—p Ly(Kzy)
—p y(Kzy)
%5 yx

B ponosnnenue k kombunaropam S u K, [lelindunkesns paccmarpusan kombuuaropel B u C. On
oKa3aJ/I, KaK WX MOXKHO BbIpasuTh 1epe3 S u K. DTu KoMOMHATOPBI UCIOIB3YIOTCS, IPU TPAHCJISI-
IIUU JIOTUKYU TIPEINKATOB WIN A-MCUNCICHUST B KOMOMHATOPHBIE BhIpaxKeHus. VX Tak»Ke MCIOIL30BAT
Kappu u nosnree TropHep, KOTOPBI accONMUUPOBAI UX C BbIYUC/IeHUsIMEA. VICIIOIB3ys UX, MBI MOYXKEM
PaCIIIpUTD MpaBUIa TPAHCHOPMAIMH CJIEIYIOMIIM 00Pa30M:

1. Tz] =«

2. T[(E1E2)] = (T[EA]T[Ey])

3. T[\e.E] = (KT[E)), ecn « ¢ FV(E)

4. Thzo]=1

5. TAzy.E] = TAz.(Ay.E)] = T\ 2.T[\y.E]], ecn o € FV(E)

6. T[\x.(E1Es)] = (ST 2. Er|T[\2.Es)), ccom @ € FV(Ey) A FV (Es)

7. Tha.(E1Bs)] = (CT\a.E1|T[Es)), ecn @ € FV(Ey), no o ¢ FV (E»)
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8. T[Ax.(E1Es)] = (BT[E1|T[Az.Es)), ecnu x € FV (E2), no x ¢ FV(E)
9. T\z.Ex] = T[E], ecn « ¢ FV(E)

ITpumep 6.2. Ucnonwbsyst jgononuuTe/ibHo KombunaTtopel B u C, TpanchopMmupyem TepMm A-TepMm
A zy.yx ciaemyronmM oOpa3oM:

TAzAyyx) =T z.T[Ay.yz]] 10 IpaBuLy 5)

[ (
=T\z.CT[Ay.y|z] (o npasuity 7)
= T[Az.Clz] (o mpasuity 4)
=CI (o mpasuity 9)

1 B camom nene, Clzy pexynupyerca s yr: Cloy —g Iyx —g yx

3AJAYN

6.1. BoImostHUB /iMMUHAIUIO A-abCTpakTOpa, HalTH KOMOMHATOPBI, KOTOPBIE IIPEICTABIAIOT COOOI
cymepro3uIuio anmmkanuii kombuaaropos S, K g1 komouraropos B u C. BeimoaauTs mpo-
BepKYy IMMOJIYIEHHOI'O pe3yJIbTaTa, MPUBEIs ero K S-HopMaJsbHO dhopme.

6.2. BomosmHUB /mMuHAIII0 A-aOCTPAKTOpa, HAWTH KOMOWHATOPDLI, KOTOPBIE MPEICTABIIAIOT CcO00it
CyIEPIIO3UINIO alInKanuii kombraaropos S, K s ciaeayionmux KOMOMHATOPOB. BLIIOJIHUTH
[IPOBEPKY ITOJIYIEHHOI'O Pe3yJibTaTa, IPUBEIs ero K [S-HopMaJbHOI (opme.

1. Kombunarop W = Azy. z(yy);

2. Kombunarop IsZero (cm. 3amaay 5.9);

3. Azyz. xy(xz); 8. Azyz. zz(yz); 13. Azyzu. x(yu)(zu);

4. Awyz. zx(zy); 9. Awyz. z(yy)w; 14. Azyzuv. v(zyzu);

5. Azyz.yx(zx); 10. Azyz. z(z2)y; 15. Azyzuv. 2v(yv)(2v)(w).
6. Azyz. zy(zy); 11. A ay. xy(a:y()\z:cz(yz))),

7. Axyz.xz(yy); 12. Azyzu. z(yz)(yu);

6.3. s komOuHaTOpoB U3 3ajaHus 6.2 HAWTH KOMOMHATOPBI, KOTOPBIE IPEJCTABISIOT OO0 Cymep-
nozuruio anmmkaruit komounaropos B, C, I, K, S. BeimosiHUTE IPOBEPKY MOy I€HHOT'O PE3YJlhb-
TaTa, IPUBEIA €ro K J-HOpMaJIbHO# (hopme.
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6.4. BRIIOJIHUB SIUMUHAIIIO A-aOCTpPaKTOpa, HAWTH KOMOMHATOPBI, KOTOPBIE IPEICTABIISIOT CODOit
cynepriozuiuio ammukannii kombunaropo B, C,I,K,S mis cienyomux KoMOnHATOPOB. BoI-
[TOJTHUTD ITPOBEPKY ITOJIyUIEHHOI'O Pe3yJibTara, MPUBEs ero K S-HOpMaJibHOI (opme.

1. Azyzu. zuyz; 4. Azyzu. x(yzu); 7. Azyzuv. x(yzuv);
2. Azyzu. zy(yz)(zu); 5. Azyzuv. rzuvy; 8. )\xyzuv.a:(y(z(uv)));
3. Azyzu. zu(yu)(zu); 6. Azyzuv. xvyzu; 9. Xabedex. ax(bx)(cx)(dz)(ex);

10. Kombunarop Dec = Anfz.n(Agh.h(gf))(Au.z)(Au.u).
11. Kombunarop Teiopurra T = (Azy. y(zzy)) (Azy. y(zzy)).
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