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BBEAEHHUE

Jlannoe yueObHOe nocobue npeacTaBisieT cO00N KOHCIEKTUBHBIN yu4eOHUK
0 JMCKPETHOW MaTeMaTHKe, BKIIOYAIOUN B ceOsl OMUCAHUs BaKHEUIUX ajl-
TOPUTMOB HaJ OOBEKTaMU JUCKPETHOM MaTeMaTHKW. Y4eOHHWK OpUEHTHUPOBAH
Ha CTYJCHTOB KOMITBIOTEPHBIX CIELHHAIBHOCTEN U CTYJAEHTOB BY30B, KOTOPHIM
10 POJIy UX 3aHITUN MPUXOIUTCS UMETh JICJIO C KOHCTPYUPOBAHUEM U aHATU30M
HETPUBHUAIBHBIX AJITOPUTMOB.

B HacTosimee BpeMsi UMeeTcsl Macca JNOCTYIMHOM JIUTEPATYPHI, OTPaKaro-
el 1aHHyro temaTuky. C OJHON CTOPOHBI, CYIIECTBYIOT JIECSITKU JOCTOMHBIX
KHUT TI0 JUCKPETHOHW MaTeMaTWKe, HadyWHas C DJIEMEHTAPHBIX Y4YEeOHUKOB
JUIS HAYMHAIOMIMX U KOHYasi MCUEPIBIBAIONIMMU CIIPABOYHUKAMU [IJIsl CIIeIHa-
muctoB. C Ipyroit CTOpoHBI, 0OJIBIIOE KOJTUYECTBO MOHOTpaduil, MHOTHE U3 KO-
TOPBIX CTAJIA KJIACCHYECKHUMH, TTOCBAIIECHBI BOIIPOCAM TEOPUH MPOTPaMMHUPOBa-
Hus. Kak mpaBuio, Takue MOHOTpaduu coJiep)kKar JIeTaJbHOE ONMUCAaHUe U aHa-
JU3 BaXHEHIINX U U3BECTHEUIINX anropuTMoB. JlaHHOE yueOHOe mocoOue mpu-
HAJJICKUT K MaTeMaTU4YeCKOW JUTEpaType, B KOTOPOl MaTEMaTUYECKOE H3J10-
KEHHUE JIOBOJUTCA 10 YPOBHS MPAKTUYECKU UCIIOTHUMBIX MPOrPaAMM.

Y4yeOHUK OCHOBaH Ha JICKIIMOHHOM KypCE, KOTOPbIA aBTOPHI B TCUCHHUE
psla JeT YUTaIoT cTyJaeHTaM Kadeapsl « M HTemeKTyaabHbIe CUCTEMbI IPUHSITHUS
peuieHuit» JloHOacckol TOCyAapCTBEHHOM MAIIMHOCTPOUTEILHOM akKaJIeMuu,
YTO HAJIOKHUJIIO ONPEACIIEHHBIA OTIIEYaTOK HA COCTAB MaTepHaJIa.

VYyebHoe mocoOue 0XBaThIBAE€T MOYTH BCE OCHOBHBIC pa3lieibl TUCKPET-
HOM MaTeMaTUKH, BKJIOYasl TEOPUI0O MHOXKECTB, KOMOMHATOPUKY, TEOPUIO T'pa-
¢doB, Teoputo OyJNEeBbIX (PYHKIHM, TCOPUIO KOIUPOBAHUS, HEOOXOAUMBIC JIS
nporpammucta. Taxke BKIIOUEHBI OoJiee CHelUalbHbIe pa3/eibl, TAaKUE Kak
Teopust PopMaIbHBIX TPAMMATHUK U TEOPHUSI KOHEYHBIX aBTOMATOB.

B nenom yue6HOe mocoOue mpecienyeT CleyroIIie OCHOBHBIE TSN

1. ChopmupoBath y CTyJieHTa TEPMUHOJIOTHUECKUI 3amac, HEOOX0IUMBbII
JUISl CAMOCTOSITEIIBHOTO M3YYEHHUs CIEUUATbHOW MaTEeMaTUYECKON JTUTEPaTypHl,
03HAKOMHUB €r0 C MaKCUMAJIbHO IIMPOKHUM KPYTrOM MOHATHI AUCKPETHOW MaTe-
MAaTHKU;

2. JloBecTH 10 CTyJeHTa HEOOXOJUMbIE KOHKPETHBIE CBEICHUS U3 JIHUC-
KpETHON MaTeMaTUKH, MPEAYCMOTPEHHbIE 00pa30BaTeIbHO-TPOPECCUOHATBHON
MPOTPaMMOM MOJTOTOBKU OaKalaBpoOB,;

3. N3y4nTh anropuTMbl PEIICHUS] TUTIOBBIX 3aJ]1a4 JUCKPETHOM MaTeMaTH-
KM ¥ ClIOCOOOB MPEJICTABICHUSI MATEMaTUHYECKUX 00BEKTOB B IPOrpaMMax.



MOAYJIb 1. TEOPUA MHOKECTB, I'PA®bI,
KOMBUHATOPHBIN AHAJIN3, BYJEBA JIOTUKA

1 MHO’KECTBA

1.1 OcHOBHBIE TOHATHS TCOPUHA MHOZKECTB

Boinenenrie 00bEKTOB U MX COBOKYITHOCTEH SIBIISIETCS €CTECTBEHHBIM CITO-
co0OM OpraHm3aIiy Y4eI0BEYeCKOTO MbIIUIeHUs. [[oHATHEe MHOXKECTBa TTPUHAI-
JSKUT K YUCITy (PYyHIAMEHTAIBHBIX HEOMpPEACISIEMbIX MOHITHI MaTeMaTHKU.
O MHOXECTBE M3BECTHO KaK MUHUMYM, YTO OHO COCTOHUT U3 DJIEMCHTOB.

MHmnoscecmeom Ha3BIBACTCA COBOKYITHOCTh KaKUX-THOO 0OBEKTOB, 00Ja-
naromas OOImUM JJIT BCEX XapaKTePUCTUYECKUM CBOMCTBOM. DTO OIpPECICHHE
HEJIb3s CUMTATh CTPOTUM, TaK KaK IMOHATHE MHOXKECTBA SIBJISIETCA HCXOIHBIM
MOHSATHEM MATEMATHKH U HE MOXKET OBITh OIPENICIICHO Yepe3 APYyTrue MaTeMaTHh-
YeCKHUe 0ObEKTHI.

Ilpumep 1.1. Cnenyrouiye COBOKYITHOCTU OOBEKTOB SIBJISIIOTCS MHOXKE-
CTBaMU: MHOKECTBO JEPEBBHEB B JIECY, MHOXKECTBO IEJIBIX YHCEN, MHOXXECTBO
KOpHel ypaBHenus €°-sin(x) = 0,5.

Bcsikoe MHOXKECTBO COCTOUT U3 d1eMenmod. MHOXecTBa 0003HAYaroT
OonpmMu OykBamu, Hanpumep A, B, C, a 31eMEeHTbl — MaJ€eHbKUMHU OyKBaMH,
Harpumep, a, b, c.

MHO0XeCTBO U €ro 3JIEMEHThl 0003HAYAIOTCS CIAEAYIOITUM 00pa3oM:

A ={ay, a,, a3} — MHOXXECTBO, COCTOSIIIEE U3 TPEX DIIEMEHTOB;

A={ay, a, ...} — MHOXKECTBO, COCTOSIIIEE U3 OECKOHEYHOTO YHCIIa HIICMEHTOB.

B mepBom ciiydae MHOXKECTBO HAa3bIBACTCS KOHEYHBIM, TIOCKOJBKY CO-
JEP)KAT KOHEYHOE MHOXKECTBO 3JIEMEHTOB. Bo BTOpOM citydae — deckoHeuHbim,
MTOCKOJIBKY COJIEP’KUT HEOTPAaHUYEHHOE KOJIMYECTBO DJIEMEHTOB.

Cnocoout 3a0anus MHoMcecme

1. MHOKeCTBO MOXKET OBITH 33JJaHO MPOCTHIM MEPEUUCICHUEM DJICMEHTOB.

Ilpumep 1.2. A = {2, 4, 6, 8, 10} — xoHneunoe MHOkecTBO; B = {1, 2, ...,
n, ...} — 6ECKOHEYHOE MHOKECTBO.



2. Yka3aHueM CBOWCTB JIEMEHTOB MHOeCTBa. J[J1s 3TOr0 crmocob6a moJib-
3yroTcs cneayrommM popmarom 3ammcu: A = {a |YKaSaHI/Ie CBOMCTBa 3JIEMEH-
TOB}. 3/1eCh @ SBJISICTCS AJIEMEHTOM MHOXKeCTBa A, a €4.

IlIpumep 1.3. A = {a la— MIPOCTOE YUCIIO} — MHOXKECTBO MPOCTHIX YUCET;
B=4{bl|b?—1=0,b— ngeiicrBurenpHOE YNCIO} — MHOXECTBO, COCTOSIICE
u3 AByX anemenTos, B = {-1, 1}.

3. MHOXECTBO MOXET OBITh 3aJaHO PEKYPCHUBHBIM yKa3aHHEM CIoco0a
MOCJICIOBATEILHOTO TTOPOKICHUS €T0 PJIEMEHTOB.

Ilpumep 1.4. MHOXECTBO 3HAYEHHH PEKYPCUBHOW (YHKIIUU SBIACTCS
PEKypPCHUBHO-3aJaHHBIM MHOXKECTBOM F = {1, 05, @3, ...}, tne i e N, 1 =1, 2, 3,
... llyctb @1 = 1, ¢ = 2, a Kax10€ CIAEAYIONIEE YUCIIO 3aBUCUT OT ABYX IpPE/bI-
AYIIUX TaKUM 00pa3oM: ¢n= @n2 + ¢, N =3, 4,... . Torma p3=¢p1+ ¢, =1+
+2=3,04= @+ p3=2+3=5.

MHOX€ECTBO MOXET COCTOSTh M3 JIEMEHTOB, KOTOPHIE CaMH SIBJISIIOTCS
MHOXecTBaMu. HyXHO pazauyaTh 3JE€MEHT 8 U MHOXECTBO, COCTOSIIEE
U3 €IMHCTBEHHOIO 3JIEMEHTA a.

Ilpumep 1.5. MuoxectBo A = {1, 2} cOCTOUT U3 IBYX JIEMEHTOB 1, 2; HO
MHOKeCTBO {A} COCTOMT U3 OJHOTO dJIeMeHTa A.

Ecnu s5emMeHT @ mpuHAIIC)KUT MHOKECTBY A, 3TO 3alMCBIBACTCS CIEAY-
IOIIUM 00pa3oM: & € A. Eciiu 25ieMeHT a He NPUHAJIC)KUT MHOXKECTBY A4, TO 3a-
MUACHIBAIOT TaK: a & A.

Ilpumep 1.6. Tlycts A; — MHOXKECTBO TMPOCTHIX YnCe, A, — MHOXKECTBO
YyeTHBIX uncen, a = 5. Torma a € A1, a ¢ A,.

Ecnu Bce anemMeHThl MHOXKECTBa A SABJISIOTCS AJIEMEHTaMH MHOXECTBa B
¥ Ha0OOpOT, T. €. MHOKECTBa A U B COBIAAIOT, TO TOBOPSAT, 4TO A = B.

Ecnu xaxapIil piieMeHT MHOKeCTBA A ABIAETCSA DJIEMEHTOM MHOXKECTBA B,
TOBOPSIT, YTO MHOXECTBO A SIBISICTCSI HOOMHOMCECHB80M MHOXKECTBA B, U 3anu-
ceiBatoT A € B unu B D A. OTMeTHM, 4TO MO ONPEACICHUI0 CaMO MHOXKECTBO A
SIBJIIIETCS CBOMM IOJMHOKECTBOM, T. €. A < A.

Ecnmu A < Bu B < A, TO 110 paHee BBEICHHOMY OIPEIEICHUI0 A = B.

Ecrm A c Bu A # B, To A ecTb coocmeennoe noomuodxcecmseo B, A < B.
Ecnu A ne sBiseTcss COOCTBEHHBIM IMOJIMHOKECTBOM B, TO 3anuchiBaloT A & B.

Ilpumep 1.7. Ilycth A — MHOXKECTBO YETHBIX YUCEN, B — MHOXKECTBO Iie-
ne1X yucenn, C — MHOKeCTBO HedeTHBIX uucell. Torna A < B, C < B, A ¢ C,
Bz A.



HeoOxoaumo pasnudarh omuowenue npunaoiexcnocmu (€) U omuoue-
Hue exaiouenus (C).

Ilpumep 1.8. Ilycte A = {1} — MHOKECTBO, COCTOsAIIECE U3 OAHOIO dJie-
menta, B = {{1}, {3}} — MHOXecTBO, cocrosIIee U3 BYX IJIEMECHTOB, KaXI0e
U3 KOTOPBIX SIBJISCTCS OJIHOAJIEMCHTHBIM MHOXECTBOM. Torja MMEHT MECTO
CJIEIYIONTHE COOTHOIICHHS:

1e{l}

{1} = {{1}, {33}

1e {{1}, {3}}.

MHOXECTBO, HE coJiepKalliee HU OJHOTO 3JIEMCHTA, Ha3bIBACTCS HYCHbIM

MHOICecmeom U 0o0o3HavaeTcsa . HpI/IHSITO CUHUTATh, UYTO ITYCTOC MHOXKCCTBO

SIBIISIETCS TTOJIMHOKECTBOM JIFO0OOTO MHOXECTBa, & < A4, rne A — modoe MHOXKe-
cTBO. Takum 00pa3zoM, BCAKOE MHOMECTBO COJIEPKUT B KAUECTBE CBOMX IOJI-
MHO>KECTB ITyCTOE MHOKECTBO U CaMO CeO4.

Ipumep 1.9. MHOXecTBO KOpHEH ypaBHEHUS SiN(X) = 2 SBISETCS MyCTHIM.

Ynueepcanvnvim HazpiBaeTCI MHOXKECTBO, KOTOPOE COJIEPKUT BCE BO3-
MOKHBIE€ JIEMEHTHI, KOTOPbIE BCTPEUAIOTCSI B OMPECICHHON 3ajaue. Y HUBEp-
CaJlbHOE€ MHOXECTBO 0003HayaeTcsi cumBosioM U.

MHOXeCTBO BCEX IMOJMHOXKECTB JaHHOTO MHOXKeCTBa A Ha3bIBaeTCA
MHOMcecmeom-cmenenvio 1 obo3Hadaetcs P(A). MuoxectBo P(A) cocrout
u3 2" 31eMEHTOB.

Ilpumep 1.10. Ilycts MHOXECTBO 4 = {1, 2} COCTOUT U3 IBYX dJIEMEHTOB
1, 2. Torma mHOoXxecTBO P(A) BKIIFOYaeT B ce0s MyCTOE MHOXKECTBO J, JIBa OJTHO-
SJIEMEHTHBIX MHOXKeCTBa {1} u {2} u camo mMHOXecTBO 4 = {1, 2}, T. e. P(A) =
{2, {1}, {2}, {1, 2}}. MuoxectBo P(A) COCTOUT U3 YETHIPEX 3JIEMEHTOB (4 =
29).

1.2 Teomerpuuyeckasi WHTepnperamusi MHoOxecTB. Onepauuun
HaJl MHOKeCTBAMU

[uarpammbl Oiisiepa-BeHHa — TreoMETpUYECKHE MNPENCTABIEHUS MHO-
xecTB. [locTpoeHne quarpaMMbl 3aKII04YAeTCA B M300pa)KeHUH OOJIBLIOTO TMps-
MOYTOJIbHHMKA, TPECTABISAIONIET0 YHUBEPCATIbHOE MHOKECTBO U, a BHYTpH €ro
— KpyroB (WIHM KakuX-HUOYIb IPYTHUX 3aMKHYTBIX (UTYp), MPEACTaBISIOIINX
MHOkecTBa. DUrypbl AOKHBI IEpecekaTtbcsi B Haubosee oOuieMm ciydae,
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TpeOyeMOM B 3a/1aue, U JIOJDKHBI ObITh COOTBETCTBYIOUIMM 00Opa3oM 0OO3Haue-
Hbl. Touku, jexaliue BHYTPU Pa3IMYHBIX 00JIaCTEH IuUarpaMMbl, MOTYT pac-
CMaTPUBATHCA KaK AJIEMEHThI COOTBETCTBYIONIUX MHOXeCTB. MIMes mocTtpoeH-
HYIO JUarpamMmy, MOXKHO 3allITPUXOBATh OIpeJeiIeHHbIE 00JacTh sl 0003Ha-
YeHUSI BHOBb 00pa30BaHHBIX MHOXKECTB.

Omnepanuu HaJ MHOKECTBAMHU PAaCcCMATPUBAIOTCS JUIS MOJYUYCHHUS HOBBIX
MHOXECTB W3 YXE€ CYIIECTBYIONUX. PaccMOTpUM OCHOBHBIE —OmEpariiu
HaJl MHOXKECTBaMU € IMTOMOIIBIO TUarpaMm Diepa-BenHa.

Oo6veounenuem MHOXKeCTB A M B Ha3zbIBaeTCsI MHOXKECTBO, COCTOSIIEE
13 BCEX TEX AJIEMEHTOB, KOTOPHIC IPUHAJICKAT XOTsI ObI OHOMY M3 MHOXKECTB

A, B (puc. 1.1, a): AUB={x|Xxe€ A um X € B}. 3 onpenenenus cieayer, 4ro

AcAuUBuBcAUB.
Ilpumep 1.11. Ilycts A ={4,5,6}, B={2,4,6}. Tormad U B={2,4,5, 6}.
Ilepeceuenuem MHOXeCTB A M B HasbIBacTCs MHOXKECTBO, COCTOSIICE
U3 BCEX TE€X M TOJBKO TEX 3JCMCHTOB, KOTOPBIC NMPUHAIICKAT OJHOBPEMEHHO

KaK MHOXeCTBY A, Tak u MHOkecTBY B (puc. 1.1, 6): ANB={X|Xe A u xe B}

N3 onpenenenns cnenyer, yto A "NBc A, AN BcBuAdnNBcAUB.
ITpumep 1.12. Tlyct A = {4, 5,6}, B={2,4,6}.Tornad N B = {4, 6}.
MoxeT oka3aTbCsl, UTO MHOXECTBa HE UMEIOT HU OJHOTO OOIEro 3Je-

MeHTa. Toraa roBopsiT, 4TO MHOXKECTBA HE TIEPECEKAIOTCS WUITU MX TIEPECeUCHUE

— IIyCTOE MHOECTBO.

OmHnocumensvHbvim 00OnoJIHeHUEeM MHOXECTBA B 10 MHOXKecTBa A (pa3Ho-
CThIO MHOXKECTB A 1 B) Ha3bIBaCTCSI MHOXKECTBO BCEX TEX M TOJBKO TE€X AJIEMEH-
TOB A, KOTOpBIE HE comepxkarcs B B (puc. 1.1, B): A\B={Xx|xe A u x¢B}.

ITpumep 1.13. Paccmorpum nanubie u3 npumepa 1.11. 4 = {4, 5, 6}, B =
{2,4,6}, Torma A\ B ={5}, B\ A= {2}.

Cummempuueckoil paznocmupro MHOXECTB A U B Ha3biBaeTca MHO-
’KECTBO JJIEMEHTOB 3THX MHOXECTB, KOTOPBIC MPHUHAIJICKAT JIMOO TOJBKO
MHOXECTBY A, 1ub0  TOJBKO MHOXecTBY B (puc. 1.1, 1):
A+B=((A\B)U(B\ A)) ={x| mbo xe A, mbo x € B}.

Ilpumep 1.14. Paccmotpum nanusie u3 npumepa 1.13. 4 = {4, 5, 6}, B =
{2,4,6}. A\B={5}, B\4={2}, A + B={2, 5}.

Abconomuvim 0onoHeHUeM MHOXKECTBA A Ha3bIBa€TCS MHOXKECTBO
BCEX TEX DJIEMCHTOB, KOTOpBIC HE MpHHAIICKAT MHOXecTBY A (puc. 1.1, n):
A=U\A

Ipumep 1.15. I1yctb A — MHOXKECTBO TMOJI0KUTEIBHBIX HEUETHBIX YUCET,



TOoraa U — MHOXeCTBO Bcex HaTypaJIbHbIX YHUCCI U A — MHO>XECTBO IT0JIOXKHU-
TCJIbHBIX YCTHBIX YMCCII

ap | @B

U U U

a) 6) 2)

Q- o

v [i]

8) 0)

a— AUB; 06— ANB;6— A\B;2— A+B,; 0— A

Pucynox 1.1 — ['eomempuueckas unmepnpemayus onepayui
HAO MHOJMCeCmeamu

1.3 Aareopa mHoxkecTB. OCHOBHBIE TOKAECTBA aJre0pbl MHOMKECTB

MHoecTBa BMeCTe C ONPEACIICHHBIMA Ha HUX OIEpaIisMu o0pa3yroT
aneeopy muoxcecms. IlocienoBaTenbHOCTh BBIIOJIHEHUS OMEpalldii 3a/1aeTcs
C MIOMOIIBIO Gopmyabl aneedpwvl mroxcecms. Hanpumep, AN (B U C), (A \ B) +
C — ¢popmybl anreGpbsl MHOKECTB.

OcHoBHbBIE TOK/IeCTBA aJredpbl MHOMKECTB

s mro6be1x MHOXKECTB A, B, C cripaBeiJTUBBI ClIeyIONINE TOXKICCTBA:

1. Kommymamusernocmy:

a) AUB = BUA (1151 oObeiuHeHus );

0) AnB = BNA (nnst mepecedenus).

2. Accoyuamuenocmey.

a) AU (BUC) = (AUB) UC (a1 00beTUHEHNS);

0) An (BNC) = (AnB) NC (nns nmepeceucHus).

3. lucmpubymusnocms:

a) Au (BNC) = (AUB) N (AUC) (s oOBeIMHEHHS] OTHOCHUTEIIBHO
MepeceveHus);

10



0) An(BUC) (ANB)U(ANC) (a1 mepecedeHHss OTHOCUTEIIBHO

00bEeTMHEHUS ).

4. 3akon oe Mopeana:

a) AUB = ANB (nonomHeHHe K OOBEIMHEHUIO €CTh INEpPeceyeHUe
JTOTIOTHEHM );

6) ANB = AUB(nononHeHNe K MEPEeceueHHI0 eCTh O0beIHMHEHHE
JOTIOJTHEHMIA ).

5. Hoemnomenmuocmy:

a) AUA = A (n1s1 oObeTMHEHUS);

0) AnA = A (1 mepecedeHus).

6. Ilocnowenue (3aKoH dIUMUHAYUU):

a) AU (ANB) = A;

0) An (AUB) = A,

7. Pacwennenue (ckneusanue):

a) (AUB) N (AUB) = A;

0) (AnB) U (AnB) = A

8. [sotinoe oononnenue (3aK0H UHBOTIOYUL):

A=A

9. 3akon ucknouenHo2o mpemuve2o:

AU A= U,

10. 3axon npomueopeuus:

Ana=4J

11. Onepayuu c nycmolm u yHUBEPCANLHBIM MHONCECMBAMU

a)AuU=U;

0)Au T=A;

B)AnU=A;

r)An I=

n) @ =U;

e)U =&

12.A\B=ANB.

ITpumep 1.16. Jlokazats cienyroiiee TOXIESCTBO (AmB)u(A ml_i): A.

JlokaxeM 5TO TOXKIECTBO JIBYMs CIOCOOAMH: aHATUTUYECKU (HCIIONB3YS
PAaBHOCWJIBHOCTH aJIreOpbl MHOXKECTB) U KOHCTPYKTHUBHO (MCIOJIBb3Yys AHArpaM-
MbI Diinepa — Benna).

1. (AmB)u(A 01_3): (Au(AmE))m(Bu(Aml_i)): Am((BuA)m(Bul_i)): AN
m((BuA)mU):Am(BuA)zA.
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2. [TocTponM COOTBETCTBYIOIINE TUarpaMmbl Ditiepa — Benna (puc. 1.2).

U U U

ANB ANB (4nB)U(4nB)=4

Pucynox 1.2 — JJokasamenbcmeo modcoecmea ¢ npumMeHeHuem ouazpamm
Diinepa — Benna

HpI/I BBIIIOJIHCHHHU AaHAJIMTHYCCKHUX npeo6pasoBaHHﬁ CHa4daJla BBIIIOJIHA-
IOTCA oIcpanuu AJOIIOJHCHHA, 3aTCM IICPCCCUCHUA, O6’b€I[I/IHeHI/I$I H Pa3sHOCTH,
KOTOPBIC UMCIOT OI[HHaKOBBIfI IIPUOPHUTCT.

1.4 DKBUBAJIEHTHOCTH MHOKECTB

Ecnu kaxaomy 3JeMEHTY MHOXKECTBa A CONOCTAaBJICH €IUHCTBEHHBIN
AJIEMEHT MHOECTBA B 1 mpu 3TOM BCSKHI 37IeMEHT MHOXXeCTBa B oka3biBaeTcs
COTIOCTaBJIEHHBIM OJTHOMY U TOJIbKO OJHOMY 3JIEMEHTY MHOeCTBa A, TO TOBO-
PAT, UTO MEX]y MHOKecTBaMu A u B cymiecTByeT 83aummno o0Ho3HauHoe coom-
semcmeue. MHoxectBa A 1 B B 3TOM cilydae Ha3bIBAIOT 2KEUBAIECHMHbBIMU
UU PABHOMOUHBIMU.

DKBUBAJIEHTHOCTh MHOKECTB 0003HayaeTcs cienyomumM oopazom: A ~ B.

DOKBUBAJIGHTHOCTh MHOXECTB O00JIaZaeT CIEAYIOIIUM CBOWCTBOM MpPAH-
sumuenocmu: ecii A~BuB~C, o A~C.

JlokaxkeMm 310 cBOMCTBO. Tak kak A ~ B, To ms Beskoro simemenTa a € A
CYIIECTBYET eIMHCTBEHHBIN 37eMeHT b € B. Ho Tak kak B ~ C, To a1 BCSKOTO
anemerTa b € B cymectByeT enuHcTBeHHBIH 351eMeHT C € C. ComocTaBUM 3TOT
AJIEMEHT 3JIEMEHTY a € A. 3HAuuT, AJi1 BCAKOTO 3JIEMEHTa & € A CyIIECTBYET
eIUHCTBEHHBIN 21eMeHT C € C u jus Beskoro sjaeMeHTa C € C cymecTByer

€IMHCTBEHHBIN 351eMeHnT a € A. CnenoBarenbHo, A ~ C.

12



OdeBHIHO, YTO JIBA KOHEYHBIX MHOYKECTBA SKBHBAJICHTHBI TOTJA M TOJIBKO
TOTJIa, KOTJ]a KOJIMYECTBO 3JIEMEHTOB B HUX OJMHAKOBO. Hampumep, MHOXKeCTBa
A=1{4,5,6} uB={X,Y, 2} skBuBancHtHbl, A~B. B3auMHO 01HO3HAYHOE COOT-
BETCTBUE MOXET ObITh YCTAHOBIICHO MEXIY dJieMeHTaMu 4 U X, Su Y, 6 u Z.

MOLIHOCTBIO KOHeqHOro MHOXecTBa A (oGosHauaercs | Al ) HasbiBaercs
YHCIIO 3JIEMEHTOB 3TOT0 MHOXKecTBa. Hampumep, MomHocTh MHOXecTBa A = {1,
2, 3} paBHa |4l =3.

Panee paccmaTpuBazoch MHOXECTBO BCEX IMOIMHOXKECTB JaHHOTO MHO-
XecTBa A, KOTOPOE HA3bIBACTCS MHOXKECTBOM-CTEIICHBbIO M 0003Ha4yaeTcs P(A).
Muosxkectso P(A) cocrout u3 2" snementos. Takum oGpasom, | P(A) = 2"

PaccmoTpum 3aauy onpeaeneHrus MOIHOCTA 00beIMHEHUSI N KOHEUHBIX
MHOKECTB.

IIycte N = 2 u A u B — nBa mepecekaromuxcsi MHOXecTBa. Jlokaxem
C IOMOLIBIO TMarpaMmsl Diliiepa — BeHHa ciietytoniee COOTHOIICHHE:

| 4uBl =14 +|B|-|4nB|. (1.1)

N3 puc. 1.3 BugHO, 4TO
|A ) B| =Nn;+ Ny + Ng,

|4l = N1+ Ny,
|Bl=n,+ ng;
|AF\B| =N,.

U

Pucynox 1.3 — I'pagpuueckas unmepnpemayus memooa
BKIIOYEHUL — UCKAIOYEHULL 0151 2-X MHOJICECME

OueBuHO, 9TO N+ Ny + N3 = (N1 + Ny) + (Ny+ N3) — Ny, 94TO U JOKA3BIBACT
bopmyny (1.1).

®opmyna (1.1) copaBemiuBa u Ayl ciayyas, eciii MHOxkectBa A u B
HE nepecekaroTcs. B aTom cinydae lAuUB|l =|4] +]8].
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[Tycte N =3 u A, B u C — Tpu nepecekaromuxcsa MHOXecTBa. B aTom ciy-
Yyae CIpaBeaIMBO CIEIYIOUIEE COOTHOIICHUE:

lauBuUd =4 +]Bl +]cl —=|4nBl =l 4nC| —=|BNCl +|4 B~ Cl (1.2)

N3 puc. 1.4 BugHO, 4TO

|AUB U d=n+ N+ N3+ ng+ N+ N+ ny;

|41 =ny+ny+ g+ ng;

|B| =ny+nz+ns+ng;

| Cl=ny+ns+ng+ny;

|4~ Bl=ny+ns;

|4~ Cl=n,+ns;

IBNCl=ns+ng;

|lANBANCl=ns

OueBuaHO, 4YTO Ni+Ny+ns+ng+ns+ng+n=(ng+ny+ns+ng) +
+ (N2 + N3+ N5+ Ng) + (Ng+ Ns + N + Ny) — (N2 + Ns) — (Ng + Ns) — (N5 + Ng) + N5, uTO
1 nokasbiBaet Gopmyiny (1.2).

®opmyna (1.2) crpaBemiuBa u s ciydas, ecia MHOxectBa A, B u C

MIOIMApHO HE IepecekaroTcs. B aToMm cityuae lAuBuUd=]4] +|B| +|C]|.

Pucynox 1.4 — I paghuueckas unmepnpemayus memooa
BKIFOYECHUU — UCKIIOYECHUU OIS 3-X MHOMCECma

B o6miem ciiydae MOIIHOCTh OOBEAMHEHHS N MHOXECTB OINPEesIeTCs
o ¢opmyiie:

A1 AU .. oAy =1 A +1 Al +. 4] — (A 4yl +1 411 A4l +
o tldnin A +lAnBACl +(Aindan A + ...+ Ay A (L.3)
NA) =+ ()" HAin Ay ... 4.
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Ota (dopmyna BBIBOAUTCS HHAYKIMEH MO N M Ha3bIBaeTcs @opmynoll
BKNIOUCHUL — UCKTTOYECHUIL.

Ecnu MHOMXECTBa 4; TOMapHO HE TIEPEeCceKaroTcs, T. €.

Ain 4; =, 1 # ], To NOXy4nM 4acTHBIN ciay4ail popmyist (1.3):

| Ayudy U Udl = A +14d + L+ 4

B o6miem ciydae cripaBeyTiBO HEPABEHCTBO

(A0 A, U U A <l Al ++ 4] + .+ 4

[ToHsiTHE SKBUBAJICHTHOCTH CIPABEIIMBO U JIJIT OECKOHEYHBIX MHOKECTB.
[Tyctb, Hanpumep, A= {1,2,3,...,n,...},B={-1,-2,...,—n, ...}, Torma A ~ B.
B3anmMHO 0/1HO3HAYHOE COOTBETCTBUE YCTAHABIMBACTCS IO MPABUIY: DJIEMEHTY
N € A COOTBETCTBYET dJIeMEeHT — N € B, 1.e. N <> —n.

Ilpumep 1.17. A= {1,2,3, ...,n,...},B={2,4, ...,2n, ...}. Torma A ~ B.
B3anMHO 0/THO3HaYHOE COOTBETCTBUE YCTAHABIMBACTCS IO MPABIITY: N <> 2.

1.5 beckoHeuHble MHOKeCTBA

MHOKeCTBO, SKBUBAJICHTHOE MHOXKECTBY HaTypanbHbIX uncer N = {1, 2,
3,...,N,...}, HA3BIBACTCS CUEHIHbBIM.

MoOXHO CKa3aTh TaKXe, 4TO MHOXXECTBO CUETHO, €CIU €r0 DJIEMCHTHI
MOKHO TTIEPEHYMEPOBATh.

Ilpumep 1.18. Cnenyroirie MHOXXECTBA SBIISIIOTCS CYCTHBIMMU:

LA ={1-2,...,—n,..};

2.A,={2,2% ...,2"..};

3. A3=1{2,4,...,2n,...}.

UT00OBI YyCTAaHOBUTD, SIBJISICTCS JITM MHOXKECTBO CUCTHBIM, JOCTATOYHO yKa-
3aTh B3aMMHO OJTHO3HAYHOE COOTBETCTBHE MEXAY AJIEMEHTAMH JTaHHOTO MHO-
’KE€CTBa U MHOXKECTBA HaTypalbHBIX umcell. (s mpumepa 1.18 B3auMHO 0o7HO-
3HAYHOE COOTBETCTBUE YCTAHABIMBAETCS IO CJICAYIONIUM IPABHUIIAM: JIJIT MHO-
’xecTBa Aj. —N <> N; g MHOKecTBa A,: 2" <> N; st MHOKecTBa Ag: 2N <> N.

Y CTaHOBHUTE, SBIISETCA JIU MHOXXECTBO CUETHBIM MOXKHO TaKiKe, MCIOJIb-
3y CICYIOIINUE Meopembl O CHEMHbIX MHONCECMBAX.

Teopema 1. Beskoe O0€CKOHEUHOE MOAMHOMKECTBO CUCTHOTO MHOKECTBA
CYETHO.

Teopema 2. O0benMHEHNE KOHEYHOW WJIM CUCTHOH COBOKYITHOCTH CYECT-
HBIX MHO’KECTB CUCTHO.
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Teopema 3. MHOXECTBO BCEX pallMOHAIBHBIX YHCEN, T. €. YUCEN BHUIA

B, rae P u ( — gejbI€ 4ynucia, CYETHO.
q

Teopema 4. Ecom A = {ay, @, ...} u B = {by, by, ...} — cueTHBIC MHOXE-
cTBa, To MHOXkecTBO Beex map C = {(ay, by), k=1,2,...;n=1,2, ...} cuerHo.

Teopema 5. MHOXeCTBO Bcex MHOrowiIeHOB P(X) = ap + a;x + Xt + ...+
+ a,X" MOOKIX CTENEHEH ¢ paMOHANTBLHBIMU KOd()(QUIUEHTaMU 8y, 8, 8y, ..., an
CYETHO.

Teopema 6. MHOXECTBO BCEX KOpPHEW MHOI'OUYJICHOB JIFOOBIX CTEICHEH
C pallMOHATBHBIMU KOA((QULIMEHTAMHU CUETHO.

CymiecTByIOT O€CKOHEUHBIE MHOXKECTBA, DJIEMEHTbl KOTOPBIX HEJb3sl Te-
peHyMmepoBaTh. Takue MHOXKECTBAa HA3BIBAIOTCA HECUemHbIM, a UX MOIIHOCTh
cuntaercs Oousbiei, yem |[N|. Tak, mHOXkecTBO Touek otpeska [0, 1] =
={Xx €R; 0<x <1} —mnecuerno (reopema Kanropa). Ero MOIIHOCTh Ha3bIBaCT-
csl KOHTHHYYM U obo3Hadaetcs c. |[0,1]| = ¢. Camo MHOXeCTBO H J1H000€ KBH-
BaJICHTHOE €My MHOECTBO HA3bIBAIOTCS KOHMUHYATbHbBIMU.

YCTaHOBUTH MOITHOCTh KOHTHHYyMa MOXXHO, HCIOJB3YS CIICIYIOITHE
meopembl 0 MHOMCECMEax MOWHOCMU KOHMUHYYMA.

Teopema 1. MHOXECTBO BCEX MOIMHOKECTB CYETHOIO MHOMKECTBA CUETHO.

Teopema 2. MHOX€ECTBO UPPALMOHAIBHBIX YACET UMEET MOIIHOCTh KOH-
TUHYYyMa.

Teopema 3. MHOXECTBO BCEX TOYEK N-MEPHOrO MPOCTPAHCTBA MPH JIFO-
O0M N UMEEeT MOIIIHOCTh KOHTUHYYMA.

Teopema 4. MHOXECTBO BCEX KOMIUIEKCHBIX YHUCEJI MUMEET MOUIIHOCTH
KOHTHUHYYMa.

Teopema 5. MHOX)eCTBO BCEX HENPEPHIBHBIX (DYHKIIMMA, OMpeaesIeHHbIX
Ha oTpe3ke [a, b], uMeeT MOIIHOCTH KOHTHHYYMa.

HTak, MOIITHOCTH OECKOHEYHBIX MHOKECTB MOTYT Pa3InNdaThCs. MOITHOCTh
KOHTHHYyMa OOJIbIIIE, YEM MOITHOCTh CYETHOTO MHOXecTBa. OTBET Ha BOIPOC,
CYIIECTBYIOT JIU MHOKECTBA 00Jiee BHICOKOW MOIIIHOCTH, Y€M MOIIHOCTh KOHTH-
HyyMa, J1aeT CIeAyIolas TeopeMa (MPUBOAUTCS O€3 T0Ka3aTeIbCTBA).

Teopema o mnuoixncecmeax evicuieit mougpocmu. MHOXECTBO BCEX MOJ-
MHOECTB JIAaHHOTO MHOKECTBA UMeeT 00Jiee BHICOKYIO MOITHOCTh, YeM JTAHHOE
MHOECTBO.

W3 sTOl TEopeMbl ClemyeT, 9TO MHOXKECTB C MaKCUMaJIbHO OOJBIION
MOIIIHOCTBIO HE CYIIECTBYET.
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KouTpoabHbie Bonpocsl k pazaeny 1

1. Yto Takoe MHOXkecTBO? [IprBeCTH MpUMeEpPbl MHOXKECTB.

2. B xakux ciayyasx MHOKECTBA CUUTAIOTCSI PABHBIMU ?

3. Uto Takoe Mo IMHOKECTBO?

4. Jltoboe 1M MHOXKECTBO COJEPKUT IYCTO€ MOAMHOXecTBO? OTBeT
000CHOBATb.

5. CymiecTByeT M pa3nuuue MEXAy MOHSITHSIMHU BKIIOUEHUS W MPUHAJ-
JIEKHOCTHU?

6. UTo Takoe MHOXECTBO-CTETICHb?

7. UTto Takoe yHUBEpPCAIbHOE MHOXECTBO (YHUBEPCYM)?

8. Kakue cymecTBytoT criocoOsl 3a1anust MHOkecTB? [IpuBectu mpumep.

9. Kak onpenenuTs MOIITHOCTh MHOKECTBA?

10. Jlatp cnemyromue orpeaesieHus: 0ECKOHEUHOE MHOXKECTBO, CUETHOE
MHOXECTBO, MHOYKECTBO KOHTHHYYMa.
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2 TEOPUA TPADOB
2.1 OcHOBHBIE XapaKTepucTHKH rpadoB

3apoxaeHue Teopuu rpadoB Kak MaTeMaTHYECKON IUCIMILTUHBI CBSI3bI-
BaroT ¢ padoroit JI. Ditnepa (1736 r.). Buauasne sta Teopus Obliia cCBsi3aHa ¢ Ma-
TEMaTUYCCKHUMH TOJOBOJOMKaMH W wurpamu. OJHAKO BIOCIEACTBHH TEOPHS
rpadoB cTana MCIOJIb30BaThC B TOMOJIOTHH, anredpe, Teopuu uucen. B HacTo-
Aiee Bpemsi Teopus rpadoB HAXOJUT MPUMEHEHHE B CaMbIX Pa3HOOOPA3HBIX
00JacTSIX HayKd, TEXHUKH U MPAKTHUYECKON NesTeNbHOCTH. OHa MCHOIB3yeTCs
NpU TPOCKTUPOBAHUU DIIEKTPUYCCKHX CETeH, TUIAHUPOBAHWUU TPAHCIOPTHHIX
NIEPEBO30K, TMOCTPOSHUH MOJICKYJSIpHBIX cxeM. [Ipumensiercss teopus rpados
Tak)Ke B 9KOHOMHUKE, TICUXOJIOTHH, COIIUOJIOTHH, OMOJIOTHH.

I'pagp G — 510 MaTemaTuuecKuil 0OOBEKT, COCTOSALINN U3 MHOXKECTBA Gep-
wun X = {X1, X2, ..., Xn} ¥ MHOXeCTBa pebep A = {ay, ay,..., a,}. Takum oOpazom,
rpad MOJIHOCTHIO OMPEIEIACTCS COBOKYIMTHOCTRIO MHOKECTB X, A: G = (X, A).

Ecnu pebpam rpada npugansl HanpaBieHUs: OT OJJHOW BEPUINHBI K IPYTOM,
TO TakoW rpad) Ha3bIBAETCS OpUEHmMUPOaHHbIM. PeOpa OpUEHTUPOBAHHOTO Tpa-
¢a HazpiBaroTcs dyzamu. COOTBETCTBYIOIINE BEPIIUHBI OPUEHTUPOBAHHOTO Tpa-
¢a Ha3pIBAIOT Hauanom u KoHyom. Ecnu HanpaBneHus pedep HE yKa3bIBaIOTCH,
TO rpad Ha3bIBACTCS HEOPUEHMUPOBAHHbIM (VITA TIPOCTO Tpadom).

Ilpumep 2.1. Ha puc. 2.1 wu3oOpakeH HEOPUEHTHUPOBAHHBIA Tpad
G = (X A).

X= {Xl, X2, X3, X4},

A= {al = (Xl, Xz), adr, = (Xz, X3), ds = (Xl, X3), s = (Xg, X4)}.

X1
az

X2

Pucynok 2.1 — Heopuenmuposanmuwlii epagh

Ilpumep 2.2. Ha puc. 2.2. u3obpaxxeH opueHTHpoBaHHbIH rpad G = (X,
A). X ={X1, X2, X3, Xa}, A = {a1= (X1, X2), 82= (X1, X3), a3 = (X3, Xa), A4 = (X3, X2) }.

X2 as X3

@ :az as

X1 X4

Pucynox 2.2 — Opuenmuposannwiii epag

['pad, umeromuii kKak OPUCHTUPOBAHHBIE, TAK U HEOPUCHTUPOBAHHBIC Pe-
Opa, Ha3BIBACTCS CMEUIAHHDBIM.

Paznmuunbie pebpa MOTYT COEAMHATH OJHY M Ty e mapy BepiiuH. Takue
pebpa Ha3bIBaOT Kpamuvimu. I'pad, conepxammii KpaTHble pedpa, Ha3bIBACTCS
Mynvmuzpaghom.
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HeopuentupoBannoe pedbpo rpada SKBUBAJIECHTHO ABYM MPOTHUBOIIOIOXK-
HO HAMPAaBJICHHBIM JyTraM, COCIUHSIONINM T€ K€ CaMbIe BEPIIIUHEI.

Pebpo MOXeT coeMHATh BEpIIMHY caMmy ¢ coboid. Takoe peObpo Ha3bIBaeT-
cst nemaei. I'pad ¢ kpaTHRIMH peOpamMu U NETISIMU Ha3bIBACTCS ncesoozpaghom.

MHuoxecTBO pebep Tpada MOXKET OBITh MyCThIM. MHOXECTBO BEpIIHH
rpada He MOXKET OBITh ITyCTHIM.

Kak B ciydae opueHTHPOBAHHOTO, TaK U B Cllydae HEOPUEHTHPOBAHHOTO
pedpa TOBOPSIT, UTO BEPIIUHBI X U Y UHUUOeHmHbl PEOPY @, €CIIM 3TH BEPITUHBI
COETMHEHHI a.

JIBe BEpIIMHBI HA3BIBAIOTCS CMEMCHBIMU, €CIT OHU MHIIMICHTHBI OJTHOMY
u ToMy xe peOpy. JIBa peOpa HA3BIBAIOTCS CMEMCHBIMU, €CIIM OHU UMEIOT 00-
IIYIO BEPIINHY.

Cmenenvlo BeplvHBI Tpada Ha3bIBACTCA YUCIO pedep, WHIUACHTHBIX
aTOM BepmmHe. Bepmmnaa, nMmeromas creneHb 0, Ha3bIBACTCA U30J1UPOGAHHOIL,
a cTereHb | — eucaueil.

Jl711 OpreHTHUPOBAaHHOTO Tpada MHOXKECTBO BEPIINH, B KOTOPBIE BEAYT Y-
T'H, UCXOJIAIINE U3 BepIInHbI X, o0o3HadaroT G(x), To ects G(x) = {y: (x,y) € G}.
MuosxectBo G(X) Ha3bIBAIOT ofpazom Bepmmubl X. CootBeTcTBeHHO, G () —
MHOKECTBO BEpIIHH, U3 KOTOPBIX HCXOIST AYTH, BEAYIIHe B Bepmuny y, G (y) =
{x: (X,y) e G}. MuoxxectBo G™'(y) Ha3BIBAIOT NPOOGPA3OM BEPIIHHBI Y.

Ilpumep 2.3. B rpade, nzo6pakeHHOM Ha puc. 2.1, KoHIIaMu pedpa a; siB-
JISTIOTCSI BEPIIMHEI X1, Xp; BEPIIMHA X, HHIIMICHTHA peOpaM aj, a,; CTEICHb Bep-
IIMHBI X3 paBHA 3; BEPILIUHBI X; U X3 CMEKHBIE; peOpa a; ¥ 8, CMEKHbIE; BEpIIMHA
X4 BUCSUas. B opuenTHpoBaHHOM Tpade, n300paKeHHOM Ha pHC. 2.2, Ha4aJlIoM
JyTU a; SIBJSIETCS BEpPIIMHA X1, & €€ KOHIIOM — BEpIIUHA Xp; BEPIIMHA X; UHIU-
JIIEHTHA JIyraM a; # 8y, G(X1) = {Xz, X3}, G(X2) = &, G™(X3) = {X.}, G (x) = .

Ioozpaghom neopuentupoBanHoro rpada G HazpiBaercs rpad, Bce Bep-
IIIUHBI 1 pedpa KOTOPOTo conepkaTcs cpean BepinruH U pedep rpada G. Anano-
TUYHO omnpenensiercs noarpad opueHTupoBanHoro rpada. [loarpad nassiBaetcs
cob6CcmBeHHbIM, €CIIA OH OTIIMYEH OT caMoro rpada.

I'pad G = (X, A) — noansui, ecan anst mo0oil mapsl BEPIINH XU Xj Cy-
mecTByeT peopo (X, X;).

I'pad G = (X, A) — cummempuueckuit, eciu aius modoit gyru (X, Xj) cy-
I[ECTBYET MPOTUBOIIOJIOAKHO OPUCHTHPOBAHHAS TyTa(X;, Xi).

I'pap G = (X, A) — maanapuelii, ecni oH MOXET OBITh H300paXKeH
Ha TUIOCKOCTH TakK, 4TO HE OyJIeT MepeceKaromuxcst IyT.

Heopuentuposauusiii rpad G = (X, A) — 08y0otbHblil, €Cli MHOKECTBO
€ro BEpIIMH X MOXXHO pa30uTh Ha JBa TaKue MOJAMHOXKeCTBa X; U Xp, YTO Kaxk-
70€ pedpo UMEeT OJIMH KOHEll B X1, a Ipyroit — B Xo.

I'padsr Gy = (Xq, A1) u G, = (Xo, Az) uzomopghuet (puc. 2.3), eciu cyiie-
CTBYET B3aMMHO OJTHO3HAYHOE COOTBETCTBHE MEXIY MHOXKECTBAMU BEPIIUH X; U
X, Takoe, 4To JIto0bIe IBE BEPIITMHBI OJHOTO Tpada COeAMHEHBI TOTJA M TOJIHKO
TOTJIa, KOT/Ia COOTBETCTBYIOIINE BEPIIMHBI COSAMHEHBI B IPYTOM rpade.

N3omopdubie rpadsl OTIIMYAIOTCS TOJIBKO HyMepanuel BepiiuH. Marpu-
IIbI CMEXHOCTHU JIBYX H30MOP(DHBIX TpadoB MOTYT OBITH MOTYUYEHBI OJTHA U3 JIPY-
roil epecTaHOBKON CTPOK U CTOJIOIOB. UTOOBI y3HATH, SIBISIOTCS JIM JBa Tpada
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U30MOP(HBIMH, HYXKHO TPOU3BECTH BCE BO3MOXKHBIE IEPECTAHOBKU CTPOK
U CTOJIOLIOB MAaTpHUIlbl CMEXHOCTH OonHOro u3 rpados. Ecinm mocne kakom-
HUOY/b NEPECTAHOBKU IMOJIYUYUTCSl MaTpULla CMEKHOCTH BTOPOTO rpada, To 3TH
rpadsr u3oMoppHBL. UTOOBI yOenuThcs, 4to rpadpl HEM30MOpP(hHBI, HAJO BBI-
HOJIHUTH BCE N! BO3MOXKHBIX NEPECTAHOBOK CTPOK U CTOJIOLIOB.

Pucynox 2.3 — Uzomopghuvie epagoi
2.2 MaTtpu4Hble cnnoco0bl 3aanusi rpagos

Jns anrebpanueckoro 3aaaHusi rpad)oB HUCMOJb3YIOTCS MATPHUII CMEXK-
HOCTH ¥l MHIIMJICHTHOCTH.

Mampuya cmexncnocmu A = (a;;) onpenensercss OANHAKOBO ISl OpHEH-
TUPOBAHHOTO W HEOPHUEHTHPOBAHHOTO rpadoB. DTO KBaapaTHAs MaTpuiia Io-
psaKa N, TIe N — 9UCII0 BEPIIWH, Y KOTOPOU

1, ecmu (X X;) € A,
%= 10, ecn (XiX;) & A

Ilpumep 2.4. Matpunia cMexxHOCTH Tpada, n300pakeHHOTO Ha puc. 2.1,

OHOO

01

10
nMmeer BuI: A =

11

00

Ilpumep 2.5. Matpuiia CMEXHOCTH OpPUEHTHPOBAHHOTO Tpada, m3o0pa-
0110

0 0O

1 01

0 0O

MaTtpuiia CMEXXHOCTH TOJIHOCTBIO 33/1a€T rpad.

YKEHHOT'0 Ha puc. 2.2, uMeeT BUI: A =

o O O

Mampuyeit unyuoenmnocmu B = (bjj) opuentTupoBanHoro rpada Ha3bl-
BaeTCs MPSIMOYTOJIbHAs MaTpHIia (N x M), rae N — YUCII0 BEPIIKH, M — YUCIIO pe-

1, ecnu BepILMHA X; SIBJISICTCS HAYAIOM Iy THA ;;
6ep, y koTopoii b; = —1, ecin Bep MHa X; ABJISIETCS KOHIIOM Iy THA ;;
0, ecriv Bep1IMHA X;HE UHIMIEHTHA JIyTea ;.
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Jlnst HeopueHTHpoBaHHOTO Tpada maTpulla MHIMAECHTHOCTH B 3amaercs

1, ecru BepLIMHA X; HHIMJICHTHA pebpya,;
cienyromuM odpasom: b = ‘
0, ecri BepIIMHA X, HE MHIMIEHTHA PEOPYa; .
Ilpumep 2.6. Marpuna UHIUIEGHTHOCTH Trpada, H300paKEHHOTO
1010
1100

Ha puc. 2.1, umeer Bua: B =
P 8 0111

000 1)

Ilpumep 2.7. Matpuiia HHIHJICHTHOCTH OPUEHTHPOBAHHOTO Tpada, n300-
0110
.n—|-10 -10
paXeHHOTO Ha puc. 2.2, umeeT BUL: B=| 7 [ 57 1
0 0-10

Matpuiia HHIIUIEHTHOCTH, TaKXKe KaK U MaTpUIla CMEKHOCTH, TTOJIHOCTHIO
3aaaeT rpad.

Martpuibl CMEXHOCTH M WHIMACHTHOCTH yJOOHBI JUIs 3aJaHusl rpad)oB
Ha DBM.

OcHogéHble ce0licmea Mampuy CMEICHOCIMU U UHYUOEHIMHOCIMU

1. Matpuiia cMEXHOCTH HEOPUEHTHPOBAHHOTO Tpada SIBISETCS CHMMETPUYHOM.

2. CyMMa 3JIeMEHTOB -0l CTPOKH HIIH I-I'0 CTOJIOIA MaTPHIIBI CMEKHOCTH
HEOPUEHTUPOBAHHOIO Tpad)a paBHa CTENIEHU BEPIIUHBI X;.

3. CymMa 3JIEMEHTOB I-Off CTPOKM MATPUIIBI CMEXHOCTH OPUCHTUPO-
BaHHOTO rpada paBHa YUCITY AYT, UCXOIAIIMX U3 X;.

4. CymMMa 3JIEMEHTOB I-TO CTOJIOI[A MAaTPHIlBI CMEXKHOCTH OPUEHTHUPO-
BaHHOTO rpada paBHa YUCITY AYT, BXOAAIIUX B BEPIIHHY X;.

5. CyMMa CcTpOK MaTpHIlbl HHIIIEHTHOCTH OPUEHTUPOBAHHOTO Tpada sB-
JIAETCS HYJIEBOM CTPOKOM.

Takum 00pazom, cnoco0amu 3aanust rpada sIBIASIOTCS:

a) rpaduyeckoe N300paKeHue;

0) yKa3aHue MHOKECTBA BEPILMH U MHOXKECTBa pedep (1IyT);

B) MaTpUIla CMEXKHOCTH;

I') MaTpULa UHIIUJIEHTHOCTH.

2.3 MapumipyThl, HMKJIbI B HEOPHEHTHPOBAHHOM rpade

[Tycte G — HeopueHTHpOBaHHBIN Tpad. Mapupymom wnu yenvio B G
Ha3bIBAETCS TaKasl MOCJICI0BATEILHOCTh (KOHEUHAs MJIM OeCKOoHeuHast) pebep ay,
ay, ..., @y, YTO KaXKJbIE COCETHUE JIBa peOpa a; v 8j+1 UMCIOT OOIIYI0 WHITUCHT-
Hy10 BepuuHy. OTHO U TO K€ peOpO MOXKET BCTPEUYaThCsl B MAPIIPYTE HECKOb-
Ko pa3. B koneunom mapmpyte (@i, 8, ..., d,) UMEETCS TEpBoe pedpo a;
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U nocienHee pedpo a,. Bepmmua X;, nHIMAEHTHAsA peOpy @;, HO HE MHIUACHT-
Hasi peOpy ap, Ha3bIBAa€TCsl HAYaJIOM MaplLIpyTa, a BEpLIMHA X,, WHIMIECHTHas
pedpy an, HO HE UHIUIEHTHAs peOpy an.1, HA3BIBAETCA KOHIIOM MapIIpyTa.

Jnunoii (M1 mMouwgHOCMbI0) MaplIpyTa Ha3bIBaeTCs 4HUCIO pedep, BXO-
ISAIIAX B MapLIpyT, NPUYEM KaxXJ0€ pedpo CUUTAETCS CTOJIBKO Pa3, CKOJBKO
OHO BXOJUT B JaHHBIA MapLIpyT.

3aMKHYTBIN MapIIpyT HA3BIBACTCS YUKIOM.

MapupyT (LUMKI), B KOTOPOH BCe pedpa pa3ivyHbl, HA3bIBAECTCA NPOCHM Ol
yensvro (LUKIOM). MapmipyT (LHKI), B KOTOPOM BCE BEPIIMHBI, (KPOME MEPBOM
Y TIOCTI/THEN ), pa3NIUYHbI, Ha3bIBACTCS 2/1eMEeHMAaPHOil envio (LIUKIOM).

Ilpumep 2.8. B npuBenenHom Ha puc. 2.4 rpade BbIIECTUM CIEIYIOIINE
MapIIPYTHI:

(a1, as, a4) — mpocras 3IeMEHTapHas Ielb JUIMHBI 3, T. K. Bce pebpa
Y BEPILIUHBI [IOMIAPHO Pa3INyHBbl;

(82, 4, @3) — MPOCTOI AIIEMEHTAPHBIN MUKJ, T. K. 3TO 3aMKHYTBIH MapI-
PYT, Y KOTOPOro Bce pedpa 1 BEpLUINHBI, KPOME NIEPBON U MOCIEIHEN, pa3InUHbI;

(a1, a2, a4, 83) — 1ETB, KOTOPAs SBISIETCS MMPOCTOM, HO HE AIEMEHTAPHOM,
T. K. Bce pedpa pa3nuyHbl, HO BEPIINHA X, BCTPEUAETCS JBAXKIbI;

(a1, @z, @) — MapuIPyT JUUHBI 3, HE SIBISIONIMNACS HHU MPOCTOM, HU dJie-
MEHTApPHOM LIETbI0, T. K. peOpo @, M BEPIIIMHA X, BCTPEUYAIOTCS TBAXKIBI.

PaccMoTpyM JBa MapiipyTa U3 BEpIIMHBI X1 B BEPIIUHY X4: My = (a4, 8y, a4)
u M, = (ay, az). Jlnmmua mapmpyra M; paBHa 3, a ynHa Mapmpyta M, paBHa 2.

X3

az
a

X Xo
az

X4

Pucynox 2.4 — [Ipumep mapupymos, yuxkios 8 HeOpueHmupo8aHHoM page

[ens (1ukn) B rpade G HA3BIBACTCS 2AMUTbIMOHOGOU (2AMUIbIOHOBLIMUL),
eclii OoHa (OH) MPOXOAUT TI0 OJTHOMY pa3y uepe3 KaAylo BEpIIuHY TiceBrorpada
G. I'pad sBsgeTCS 2amunbmono6vim, €CIM OH COJIEPKUT FaMIJIBTOHOB LIUKIL.

Hens (uuki) B G Ha3wpIBaeTCs 2il1eposoul (Ii1eposvim), eciii oHa (OH)
MPOXOJUT MO OJTHOMY pasy uepe3 kaxaoe pedpo ncesaorpada G. I'pad sBisiet-
Csl 2UNEPOBHIM, ECITU OH COACPIKUT DIIEPOB IIUKIL.

["aMUIIBTOHOBBI U AUIEPOBHI MUKJIBI COEPKATCS Kak B HCOPHCHTHPOBAH-
HOM, TaK ¥ B OPUEHTUPOBAHHOM Trpade.

2.4 TlyTu, KOHTYPbI B OPMEHTHPOBAHHOM rpade

[ToHsiTUS MyTH, KOHTYpa B OPUEHTUPOBAHHOM Tpade aHAIOTUYHbI MOHSI-
TUAM MapuIpyTa, [IUKJIa B HEOPUEHTUPOBAHHOM rpade.
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Ilymem OpueHTHPOBAHHOTO rpada Ha3bIBAETCS MOCIENOBATEIBHOCTD AYT,
B KOTOPOW KOHEUYHAs BEPILIMHA BCAKOM AYI'H, OTJIMYHON OT NOCIEIHEN, ABIACTCSA
HAYaJIbHOW BEPIIMHOW CIEAYIOIIEH TYTH.

Yucno ayr myTy Ha3bIBACTCs OJIUHOU TTYTH.

[IyTe Ha3bIBaCTCS KOHMYpPOM, €CIU €0 HadaJlbHAs BEPIIMHA COBIIAJACT
C KOHEYHOM BEPIIUHOM.

[IyTh (KOHTYp), B KOTOPOM BCE JIyTH Pa3JINYHBI, HA3bIBACTCS HPOCHLHIM.

[IyTs (KOHTYp), B KOTOPOM BCE€ BEPIIHHBI, KPOME MEPBOM M MOCIIETHEH,
Pa3INYHbL, HA3bIBACTCA I71EMEHMAPHBIM.

Crnenyer ycBOWUTb, UTO MOHATHAM pedpa, MapuipyTa, LENH, [UKIa B He-
OpUEHTHUPOBAHHOM Tpad)e COOTBETCTBYIOT MOHATHUS IyTH, IyTH, OPUEHTUPOBAH-
HOM 11eTIH, KOHTYpa B OPUEHTUPOBAHHOM rpade.

Ilpumep 2.9. B npuBenenHoMm Ha puc 2.5 rpade BBIICIUM CIEIYIOIIHNE
yTH:

(X1, X2, X3, X4) — IPOCTOH DIIEMEHTApHBIA MyTh, T. K. KaKAas BEpIIUHA
U KaXk/1as Jyra MCTIONb3YyIOTCs He 0oJiee OHOro pasa;

(X2, Xs, Xy X7, Xp) — TIPOCTOM 3IEMEHTAPHBIN KOHTYP, T. K. 3TO 3aMKHYTBIN
yTh, B KOTOPOM BCE IyTH U BEPILMHBI, KPOME IIEPBOM U MOCIEAHEN, PA3INUHBI.

Pucynoxk 2.5 — Ilpumep nymu, konmypa 6 opuenmupo8anHom paghe

2.5 CBsi3HOCTH rpagda

HeopueHTrpoBaHHbI Ipad HA3bIBACTCS CEA3HBIM, €CIM KaxkIas Mapa
pa3IMYHBIX BEPIIMH MOXKET ObITh COEIMHEHA XOTsI OBl OJTHOM LEMBIO.

OpueHTHUPOBaHHBIN Ipad HA3BIBAETCS CUIBHO C8A3HBIM, €CIIN JUISl JTFOOBIX
ABYX €r0 BEPILUHH X; U Xj CyLIECTBYET XOTs Obl OUH IIyTh, COSAUHSAIONINN X; C X;.

OpueHTupoBaHHBIN Irpad) Ha3bIBACTCS OOHOCH OPOHHE C8A3HBIM, SCITU IS
TOOBIX IBYX €T0 BEPIIWH XOT ObI OJJHA JOCTHKUMA U3 IPYTOM.

Komnonenmoii céaznocmu HEOPUESHTUPOBAHHOTO rpada Ha3bIBAECTCS €ro
CBSI3HBIM TIOATpad, HE SBISIFONTUNACS COOCTBEHHBIM MOATPadOM HHUKAKOTO JIPY-
roro cBsi3HOTO noxArpada qaHHoro rpada (MakKCUMalIbHO CBS3HBIN moarpad).

Komnonenmoii cunvhoii ceaznocmu OpUEHTUPOBAHHOTO Ipada Ha3bIBa-
€TCsl €r0 CUJILHO CBSI3HBIN MoArpad, He SBISAIOMIMICSI COOCTBEHHBIM NOArpagom
HUKAKOT'0 JPYroro CWJIbHO CBsI3HOTO moArpada gaHHoro rpada (MakCUMaJIbHO
CUJIBHO CBSI3HBIN noarpad).
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Komnonenmoit 00nocmoponneil céA3Hocmu HEOPUEHTUPOBAHHOTO Tpa-
(da Ha3bIBaeTCs €ro OJHOCTOPOHHE CBS3HBIM MoArpad, He SBISAIOMIHICS COO-
CTBEHHBIM MOATPaOM HUKAKOTO IPYroro OJHOCTOPOHHE CBS3HOTO moAarpada
naHHoro rpada (MakCMMaJIbHO OJHOCTOPOHHE CBS3HBIN Moarpad).

[Tycte G = (X, A) HEOpUEHTHPOBAHHKIA T'pad ¢ MHOKECTBOM BEPIIUH
X ={Xy, ..., Xn}. KBampatnas matpuna S = (S;;) nopsaka N, y KOTOpoi

_ {1, ©CITM BEPIUMHBI  X; M X; P MHA/ICKAT OIHOM KOMIIOHCHTE CBSI3HOCTH,
ij

~ |0 B mpotuBHOM cityuae.
Ha3bIBaeTCS Mampuuyeii ceésasnocmu rpada G.
Jns opuenTrpoBaHHOrO rpada kBaaparHas matpuna T = (1jj) nopsaka n,
y KOTOPO#
t = {%), eBcnr? CYLIECTBY €T Iy ThH3 X; B X,
, B TIPOTUBHOM CJTy Yae.
HA3bIBACTCS Mampuyeii 00HOCHOPOHHEIl C6A3ZHOCMU (00CMUNCUMOCHLU).
KBanparnas matpuna S = (Sj)) nopsiaka N, y KOTOpoi
s, = {]6 e;nn CYIIECTBY €T MyTh U3 X; B X; M M3 X; B X|,
, B TIPOTHBHOM CITy Yae.
Ha3bIBACTCS Mampuyeil CUIbHOU C6A3ZHOCHLU.
Ilpumep 2.10. VY HeEOpUEHTHUPOBAHHOTO Tpada, W300PAKESHHOTO
Ha puc. 2.6, J1Be KOMIIOHEHTHI CBSI3HOCTU. [lepBas KOMIIOHEHTa CBSI3HOCTH
BKJTFOYACT BEPIIUHEI X1, Xz, X4, X5, @ BTOpPAsk COCTOUT W3 OJHOU BEPIITUHBI X3.

Qx3

X2 X4

X X5

Pucynok 2.6 — Heopuenmuposanmwlii epagh ¢ 08yms KOMNOHEHMAMU CE53HOCU

Martpuiia CBSI3HOCTH 3TOT0 rpada uMeeT BUA: S =

=
S
o o, oo
=
P P o PP

1-s1, 2-as, 4-ast u 5-ast CTPOKH MATPHUIIBI S OJMHAKOBBI.

Ilpumep 2.11. Y opuentupoBanHoro rpada, n300paxeHHOro Ha puc. 2.7,
JIBE KOMIIOHEHTHI CHJIbHOU CBSI3HOCTH. [lepBas KOMIOHEHTA CBSI3HOCTH BKJIIOYA-
€T BEPIIUHBI X1, Xp, X3, X5, @ BTOpasi COCTOUT U3 OJHOW BEPIIUHBI X4. [[eMCTBU-
TEJIBHO, /IS 000 mapbl BEPIIMH W3 MHOXKECTBA {Xi, X2, X3, X5} CYHIECTBYET
XOTs OBl OJIMH MYTh, COSTUHSIONMUNA dTH BepmnHbl. Hampumep, myTh (X1, X2, Xs,
X3, X1) COEAMHSET BCE OTU BEPIIMHBI. VI3 BEpIIUHBI X, HET MYTHU HU B OJHY BEp-
HY rpada.
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x3

X2 X4

X1 X5

Pucynok 2.7 — Opuenmupogannbwiti epagh ¢ 08yms KOMHOHEHMAMU CUTILHOUL

c8sA3HOCMU
11101
11101
Marpuriia cuiabHOM CBA3HOCTH 3TOrO Tpada umeerBua: S=|1 1 1 0 1
00010
1110 1),

1-s1, 2-as1, 3-ast ¥ 5-asg CTPOKHU MATPHIIBI S OJIMHAKOBEI.

2.6 DkcTpeMajibHble NYTH B HArPY:K€HHbIX OPHEHTHMPOBAHHBIX
rpadgax. Anroputm ®opaa — bejuiMaHa HaX0KIeHUSI MUHUMAJIBHOTO MYTH

OpueHTHPOBaHHBIN Tpad HA3BIBACTCS HAZPYHCEHHBIM, €CIIA TyTaM 3TOTO
rpacga IoCTaBJICHbI B COOTBETCTBUE Beca, TaK YTO Ayre (Xi, Xj) COMOCTaBICHO He-
KOTOpoe 4ucio C(X;, Xj) = Cjj, Ha3pIBaeMoe OnuHou (WM gecom, NI CHIOUMO-
cmoto nyry). nunoi (WM @ecom, WIA CHOUMOCHIBIO) TIYTH S, COCTOSIIETO
13 HEKOTOPOH MOCIen0BaTeIBbHOCTH OYT (Xi, Xj), Ha3piBaeTcs uucio I(S), paBHoe
CyMMe€ JUIMH YT, BXOASIIUX B 3TOT IyTh, T.€. |(S) = ) Cjj, mpudem cymMupoBa-
HME BefleTcs 10 BceM ayraM (X;, X;) e S.

Marpuua C = (Cjj) Ha3bIBaeTCS Mampuyeii Onun oy2 Ui Mampuyeii 6ecoe.

Pucynok 2.8 — Haepyoicennwiii opuenmupo8aumwiii epagh

Jlst rpada, nzobpaxkenHoro Ha puc. 2.8, matpunia C umeer BU/I:
o 1l 2 4 o

o o o 5

3

8§ 8 8 8
8 8 8
8 8 8
8 8 8

0
6
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JmunHa yTH (X, X2, Xs, X4) paBHa 1 +5 + 6 = 12.

Jliis HeHarpy»KeHHOTO rpada BBEIEM MOHATUE Kpamuaiiuiezo nymu. 10
MyTh ¢ MUHUMAJIBHBIM OOIIMM YHCIOM YT, MPUYEM KaKas Iyra CYUTACTCs
CTOJIBKO Pa3, CKOJIbKO OHA COJICPIKUTCS B STOM ITYTH.

JI7i HaXOXKJICHUS MHUHUMAIILHOTO IMYTH MEXIY JBYMS TPOHM3BOJIbHBIMU
BEpIIMHAMH AJIS CIydasi, Koraa Bce Cj > 0 mpuMeHSoT anroput™ JleHKcTphl.
B o6mem ciyuae 3amada pemaercs ¢ momoinsio anroputmo dnoriga, Dopra,
bemnmvana.

AJTOPUTMBI HaX0XKJICHUSI MUHUMAJIBHOTO ITyTH MOTYT OBITh MCIIOJIb30Ba-
HBI JIJIS TIOMCKA KPATYAWIMX MyTeH B OPUEHTHPOBAHHOM Tpade 0e3 KOHTYpPOB.
JIJ1s1 5TOTO HY)KHO KaXKIOH JIyre MPUIKCATh BEC, PABHBIN SIMHHMIIC.

Paccmotpum anroputm dopna — berimana s HaX0XKJICHHS MUHUMAIb-
HOT'O MyTH B OpHEHTUpOBaHHOM rpade. [Ipeamonaraercs, 4T0 OpUEHTHPOBAH-
HBIN Tpad HE COACPKUT KOHTYPOB OTPUIIATCILHOMN JIJTHHBI.

OCHOBHBIMU BBIYHCISIEMBIMH BEJIMYMHAMU 3TOTO AITOPUTMA SBIISFOTCS
Bermuuunsbl lj(K), rae i =1, 2, ..., n (n — uncno BepmuH rpada); k=1,2,...,n-1.
Jnsa ¢uxcupoBannbix i ¥ K BenuunHa lj(K) paBHa 1uHe MMHMMAaIbHOTO IIyTH,
BEAYIICTO U3 33/IaHHOW HAYaIbHOW BEPIIUHBI X; B BEPIIMHY X; U COACPIKAIIECTO
He Oosee K myr.

1. YcraHoBKka HadalbHBIX ycCJIOBUWA. BBecTw uumciao BepmmH rpada N
1 matpuily Becos C = (Cj)).

2. ITonoxxuts K = 0. ITomoxurts |; (0) = oo 1151 BceX BEpIINH, KPOME X1; IO~
noxuth 11(0) = 0.

3. B mukie o Kk, k = 1,..., n — 1, kaxxaoii BepmuHe X; Ha K-oM I1are npu-
nucathb uHaekce li(k) mo crenyromemy npasuiy:

(k) =min{l;(k-1)+c;} (2.1)

I<j<n

TS BCEX BEPIINH, KpoMe X1, onoxutsh 13 (K) = 0.

B pesysbrare pabotsl anroputMa dopmupyercs Tadauma uaaekcon li(k),
I=1,2,...,n,k=0,1,2,...,n— 1. I[Ipu atom lj(K) onpenensier 1IuHy MHHH-
MaJILHOTO ITyTH U3 TICPBOM BEPILUHBI B I-YI0, copepikamiero He 6oiee K ayr.

4. BoccTraHOBIEHUE MHUHUMANbHOrO myTd. Jlns mi000i BEpIIMHBI X
MPE/IIIECTBYIOMIAs €l BEPIIUHA X, ONPEICIIICTCS U3 COOTHOIICHUS:

-1
| (n-2)+c, =1.(n-1), x e G (x), (2.2)
rae G™(Xs) — mpoo6pa3 BepIIHHBI Xs.
JUig HaliIeHHOW BEPIIMHBI X, IPEALIECTBYIOIAs €l BEPLIMHA Xq ONpeEe-
JIAE€TCA U3 COOTHOLICHMUS:
-1
l,(h-3)+c, =1 (n-2), x,€G (xr)’ (2.3)
rae G™(X,) — mpoo6pas BepLIMHBI X, 1 T. 1.
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[TocnenoBaTenpbHO MPUMEHSSI 3TO COOTHOUIEHUE, HAYMHAS OT MOCIEIHEN
BEPLUMHBI Xj, HAHJEM MUHUMAJIbHBIN ITyTh.

Ilpumep 2.12. C nomompto anroputma dopaa — bennmmana HaljgeM Mu-
HUMaJbHBIM TyTh W3 BEPIIMHBI X; B BEpPUIMHY X3 B rpade, n3o0paxeHHOM
Ha puc. 2.9.

Pucynok 2.9 — Ilpumep epaga 0ns HaxodircoeHus MUHUMATbHO20 Nymu
U3 6EPUIUHDBL X1 8 6EPUIUHY X3

PaccmoTpum paboty anroputma ®opna — beiimana uis 3Toro mpumepa.
3nauenus uHaekcoB li(K) Oymem 3aHOCHTH B TaOauIly MHIASKCOB (Tab. 2.1).

1. BeeneM umcio Bepmud rpada N = 5. Marpuiia BecoB 3Toro rpaga ume-
oo 1 o oo 3

oo o 8 7 1

eTBUI:C=|0 o o 1 -5
0 o 2 oo
o oo o 4 o©

2. Ionoxum Kk = 0, 11(0) = 0, 15(0) = 13(0) = 14(0) = I5(0) = c0. OTH 3HAYE-
HUS 3aHECeM B IepBbIi cTonber Tadm. 2.1.

3. k=1.

1,(2) =0.

PasenctBo (2.1) mist K = 1 umeer Bua:

1i(1) = min {I;(0) + c;i}

I2(1) = min{l1(0) + c12; 12(0) + Ca2; 13(0) + Cs2; 14(0) + Caz; 15(0) + Cs25} =
min{0 + 1; co + o0; 00 + 00; 00 + 00; 00 + 00} =1,

13(1) = min{l3(0) + cu3; 12(0) + Ca3; 13(0) + Ca3; 14(0) + Cus; I5(0) + Cs3;} =
min{0 + o0 ; 00 + 8; 00 + 0] 00 + 2; 00 + 0} =00 .

14(1) = min{l1(0) + c14; 12(0) + Co4; 13(0) + Ca4; 14(0) + Ca4; 15(0) + Cs45} =
min{0 + oo ;o0 +7,0+1,0+w,0+4}=00,

I5(1) = min{ly(0) + c1s5; 15(0) + Cys; 13(0) + Css; 14(0) + Cas; 15(0) + Cs50} =
min{0 + 3; 0+ 1; 0 —5; 00 + 00; 00 + 00} = 3,

[Tonyuennsie 3HaueHus li(1) 3aHecem Bo BTOpoM cronber; Tabm. 2.1.
Yoexaaemcsi, 4TO BTOPOM CTOJI0€I, HAYWHAs CO BTOPOrO 3JIEMEHTa, COBIAIacT
C MEePBOI CTPOKOW MaTPHUIIbI BECOB, UTO JIETKO OOBSICHSICTCS CMBICIIOM BEIMYUH
li(1), koTOpBIC paBHBI JIMHE MHHUMAJIBHOTO MYTH U3 MEPBOM BEPIIUHBI B I-yiO,
coJieprKaIiero He 0ojee OaHON JTyTH.
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k=2

1,(2) = 0.

PaBenctBo (2.1) mist K = 2 umeer Bu:

li(2) = min {;@) + ¢}

1,(2) = min{0+1; 1+ o0; 00+ w;0+0w0;3+w}=1,

13(2) =min{0 + o0 ;1+8;00+w;00+2;3+w}=09.

142)=min{f0+o00;1+7,0+1,00+00;3+4}=7.

I52) =min{0+3; 1+1;,0-5;0+®0;3+w}=2

[Tonyuennsie 3HaucHus |i(2) 3anecem B Tpernii crosder Tabda. 2.1. Benu-
gyuHbI 1i(2) paBHBI JJIMHE MUHUMAIBHOTO ITYyTH U3 NIEPBOM BEPIIUHBI B I-yI0, CO-
JepoKaIliero He 0oyee IByX JyT.

k=3.

1,(3) = 0.

PaBenctBo (2.1) ms kK = 3 umeer Bu:

1i(3) = min {1j(2) + c;i}

LB)= min{0+1; 1+00;9+00;7+w0;2+w}=1.

3(3)=min{0 +00;1+8;9+00;7+2;2+00}=09.

483)=min{0+o00;1+7;9+1;7+w;2+4}=6.

I5(3)=min{0+3; 1+1,9-5;7+w;2+x0}=2.

[Tonyuennsie 3uauenus li(3) 3aHeceM B deTBepThI crosOer Tadm. 2.1.
Benwuunst 1j(3) paBHbI AJIMHE MUHUMAJIBHOTO MTyTH U3 TIEPBOI BEPIIKHBI B i-yi0,
coJiepKaliero He 0oyee Tpex Iyr.

k=4.

1,(4) = 0.

PaBenctBo (2.1) st K = 4 umeer Bu:

li(4) = min {1;(3) + ¢;i}-

L(4)=min{0+1; 1+0;9+w0;6+0m0;2+w}=1.

3(4) =min{0 +00; 1 +8;9+00;6+2;2+0}=8.

4(4)=min{0 +o0; 1+7;9+1;,6+0;2+4}=6.

I5(4)=min{0+3;1+1;9-5;6+ ;2 +w}=2,

[Mony4yennsie 3Hauenus li(4) 3anecem B nsThIi cronoen tadn. 2.1. Benu-
ynHHI |;(4) paBHBI JUIMHE MUHUMAIILHOTO IyTH U3 TIEPBOM BEPIIMHEI B I-YI0O, CO-
JeprKallero He 0oJee YeTbIpex AyT.

Tabnuya 2.1 — Unoexcot li(K) 015 onpedenenus munumanvriozo nymu

| (HOMep BepIINHbI) i(0) | (D) |2 |[LAB) |1i(4)
1 0 0 0 0 0
2 o 1 1 1 1
3 00 00 9 9 8
4 00 00 7 6 6
5 0 3 2 2 2
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4. BoccTaHOBIICHHE MUHIUMAIBLHOTO Ty TH.

Jlns mocnegHen BEPIIMHBI X3 MPEAIIESCTBYIONIAsA €M BEPLIMHA X, OIpele-
nsieTcs u3 cootHomeHus (2.2), mosydaennoro mpu S =3: 1(3) + ¢z = 13(4), X, € G
Y(x3), G™(Xs) — mpoobpas BepmmHb! X3. G (Xs)= {Xo, X«}. [ToxcTaBuM mOCIEIOBA-
TENBHO I = 2 U I = 4, 4TOOBI ONMPEACIUTH, JUTSI KAKOTO I 3TO PAaBEHCTBO BBITIOJI-
HSCTCS: |2(3) +Cp3=1+8=# |3(4) =8, |4(3) +Ci3=6+2= |3(4) = 8.

Takum 00pa3oM, BEpIIMHOW, NPEIIIECTBYIOLIEH BEpPIIMHE X3, SBISETCA
BEPIIIMHA Xj.

JIns BepmmHBI X4 MPEIIIECTBYIOMAs €M BEPIINHA X, OIPEAEISIETCS U3 CO-
otrommeHust (2.2), momyueHHoro mpu S =4: 1(2) +Cr = 14(3), X, €G(Xq), G™(Xs) —
pooGpa3 BepmHHEL Xs. G (Xs)= {X2, X3, Xs}. [IOCTABHM IOCIEOBATEIBHO I =
2, r=3ur=>5,9ro0bl ONPeAETUTH, A1 KAKOTO I 3TO paBEHCTBO BBHITIOIHICTCS:
|2(2) +Cy=1+7=# |4(3) =0, |3(2) +Cyy=1+1=# |4(3) =6, |5(2)+C54 =2+4=
14(3) = 6.

Takum 00pa3oM, BEpIIMHOW, MPEIIIECTBYIOIIEH BEpPIIUHE X4, SBISETCA
BEpIIIMHA Xs.

JIns BepmIMHBI X5 MPEAIECTBYIOMIAs € BEPIINHA X, OIPEACISIETCS U3 CO-
otHommenwst (2.2) monydennoro mpu S =5: (1) +¢is = 15(2), X, € G™(xs), G™(Xs) —
pooGpa3 BepmHHbL Xs. G (Xs)= {X1,X.}. [ToxcTaBuM mocienoBaTenbHo I = 1
U= 2, 9T00BI ONPEAEINTh, ISl KAKOTO I 3TO paBeHCTBO BhIOHsAETCS: |1(1)
+Ci5=0+3=15(2) =2, 1,(1) +Cs=1+1=152) =2,

Takum 00pa3oMm, BEepIIMHOW, MPEIIIECTBYIONIEH BEpIIUHE Xs, SBISETCS
BEpIIUHA X».

JUisl BEpUIMHBI X, IPEANISCTBYIONIAs €l BepIIMHA X, OTPENEIseTCs U3 CO-
otrommenust (2.2), momydennoro mpu S = 2: 1,(0) +Cp = 1x(1), Xr e GH(X2), G™(X2)
— mpoobpa3 BepiHHEL Xo. G (Xp) = {X.}. IloxcraBum r = 1, 4TOGI ONPENEINTD,
BBITTOJTHACTCS 7K 3TO paBeHCTBO: |1(0) +Cip =0+ 1 =1(1) = 1.

Takum 00pa3oM, BEpIIMHOW, MPEIIIECTBYIOIICH BEpIIUHE Xp, SBISETCA
BEPIUHA X;.

Nrak, HailieH MUHUMAJIBHBIN ITyTh — X1, X2, X5, Xs, X3, €70 JJIMHA paBHa 8.

2.7 JlepeBbsi. MUHMMAJIbHBIE OCTOBHBIE JIePeBbsl HATPYKEHHBIX rpadoB

Heopuenmuposannuvim oepeeom (W TIPOCTO Oepeeom) Ha3bIBACTCS
CBSI3HBIM Tpad 0€3 IUKIOB. ITOMY ONPENEICHUI0 SKBUBAJICHTHBI CIICTYIOIIHE
OTIpEJICIICHHUS:

a) IepeBO €CTh CBSI3HBIN Tpad, comeprkaniuii N BepuiuH u N-1 pedep;

0) nepeBo ecTh rpad, M0ObIC IBE BEPIIMHBI KOTOPOTO MOKHO COCIHMHUTD
MIPOCTOM LIETBIO.

Ilpumep 2.13. I'padbl, uzo0paxkeHHbie Ha puc. 2.10, SIBISIOTCS TepEeBhIMHU.
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VA

Pucynok 2.10 — /lepesvs

Ecnu rpad HecBsI3HBINM U HE UMEET ITUKJIOB, TO Ka)/asi €ro CBs3HAs KOM-
noHeHTa OyneT AepeBoM. Takoii rpad Ha3bIBaeTCs Jiecom. MOKHO MHTEPIIPETH-
poBath puc. 2.10 kak jec, COCTOSIIMN U3 TpeX ACPEBHEB.

Ocmoenvim Oepesom cBsizHOro rpada G HazbiBaeTcs JIOOOW €ro mo/-
rpad, coaepkamuii Bce BepiuHbI rpada G u ABISIOMIUNACS TEPEBOM.

Ilpumep 2.14. [Ins rpada, nzo0paxkennoro Ha puc. 2.11, a, rpadsl Ha puc.
2.11,6 u 2.11, B ABNIAIOTCSI OCTOBHBIMU JICPEBBSIMHU.

o

a) HeopueHmuposauuwlil epagh; 6), 8) 0cmMmosHvie Oepesbsl
Pucynok 2.11 — I'pagh u ocmosmwvie Oepeswsi

[Tycts rpad G mmeer n BepmmH u M pebep. [TockonbKy BCSIKOE AEpEBO
C N BepIIMHAMH TI0 OTpeiesieHuIo uMeeT N — 1 pedep, To Mr000e OCTOBHOE Aepe-
BO rpada G nmomydaercs u3 3Toro rpada B pedyabTare yaaneHus m—(n—1) =m
—n + 1 pebep. Unucno y = m — n + 1 Ha3bIBACTCS UUKIOMAMUYECKUM YUCTOM
rpada.

I'pad G = (X, A) Ha3bIBACTCS HAZPYIHCEHHbIM, CCITA JUTS KaXI0ro pedpa
(Xi, Xj) onmpeneneHa ero anuHa (unu Bec) Cjj. Ilycts G — cBsA3HBINA HarpyKeHHbIN
rpad. 3amaga TOCTPOCHUS MUHUMAILHOZ0 OCHIO6HOZ20 Oepesd 3aKITI0YaeTCs
B TOM, YTOOBI M3 MHOXKECTBA OCTOBHBIX JIEPEBHEB HAWTH JEPEBO, Y KOTOPOTO
CyMMa JIJIiH pebep MUHUMAJbHA.

3amauy MOCTPOEHUS! MUHMMAJIBHOTO OCTOBHOTO JIepeBa MOXKHO PEUIUTh
¢ momoIeto anroputma Kpackaia.

1. YcranoBka HadallbHBIX 3HaUYeHHMM. BBoguTcs Marpuma miuH pebdep C
rpada G.

2. BriOpath B rpade G pedbpo munumansHoU anunbl. [loctpouts rpad G,
COCTOSIINN U3 JAaHHOTO pedpa M MHIUACHTHBIX eMy BepIiuH. [1010XuTh | = 2,
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3. Ecau 1 = n, e n — gucio pedep rpada, To 3aKOHIUTH paboTy (3a1aua
pelieHa), B MPOTUBHOM ClIydae MEPEUTH K IMyHKTY 4.

4. Tloctpouts rpad Gij.; noGasisas k rpady G; HoBoe peOpo MHUHU-
MaJIbHOH JITMHBI, BEIOpaHHOE cpeau Bcex pedep rpada G, kaxmoe U3 KOTOPBIX
MHITMICHTHO KaKoh-HUOyap BepmuHe rpada Gij 1 0OMHOBPEMEHHO WHITUICHTHO
Kakoh-HUOYy b BepiinuHe rpada G, He coaepxkameiics B Gi. Bmecre ¢ atum pe6-
poM BkJtouaeM B Gj .11 HHIIMJEHTHYIO €My BEpILIUHY, HE coaepxairytocs B G;.
[TpucBanBaem i: =i + 1 u mepexoIuM K IyHKTY 3.

Ilpumep 2.15. Halinem MuHMMabHOE OCTOBHOE AepeBo mis rpada G,
n300paxxeHHoro Ha puc. 2.12.

X=

2 4
X2 1 Xa
1 3
1
X1 5 Xs

Pucynok 2.12 — Haepyacennwuii epagp G

1. YcraHoBKa HauaabHBIX 3HaYeHUN. BBenem maTpuity niauH pedep C:
o 1 o 1 5

8 » B

1
C=|x
1

R NS

2 3
o0 o0 |.
4 3

5 3 o 3 o

2. Breibepem peOpo MUHUMAaNBbHON ANUHBL. MUHHMaNbHAs AJIWHA pedpa
paBHa equnMIe. Takux pedep Tpu: (X1, X2), (X1, X4), (X2, X4). B 3TOM citydae mox-
HO B34Th Jt00oe. BozbmeM (Xy, X;). [loctponm rpad G,, cocrosmuii U3 1aHHOTO
peOpa U MHIUACHTHBIX €My BEPIIHH X1 U Xp. [Tomoxkum 1 = 2.

3. Tak kak N =5, TO | # N, TOTOMY MEPEXOIUM K MYHKTY 4.

4. Ctpoum rpad Gz nobasnss k rpady G, HOBoe peOpO MUHUMAILHOMN
JUTMHBI, BBIOpaHHOE cpeau Bcex pedep rpada G, xaxaoe w3 KOTOPHIX WHIH-
JICHTHO OJTHOM W3 BEPIIUH X;, X; U OJHOBPEMEHHO WHIIMJICHTHO KaKOW-HUOYIh
BepmmHe Tpada G, He comepxareiics B Gy, T. €. OAHOW W3 BEPIIUH X3, Xz, Xs.
Takum 00pa3om, HY)KHO BbIOpaTh PeOPO MHHUMAIBHOM UTHHBI U3 pedep (X1, Xg),
(X1, Xs5), (X2, X3), (X2, X4), (X2, X5). Takux pedep AIUHBI eAUHKIA 1Ba: (X1, X4) ¥ (Xp,
X4). MoxHO BeIOpaTh JI000€. Bo3pMeM (X1, X4). BMecTe ¢ atum pebpom BKITIOUa-
em B Gz BepiimHy X4, He copepikairytocs B Gy. Ilomaraem i =3 u nepexoaum
K MIYHKTY 3.

3. Tak kak I # N, MO3TOMY MEPEXOIUM K MyHKTY 4.
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4. Ctpoum rpad G4, nobasmuss k rpady Gz HOBoe peOpo MUHUMATbHON
UIAHBI U3 pedep (X1, Xs), (X2, X3), (X2, Xs), (X4, X5). Takoe peOpo AITUHBI [Ba OJTHO:
(X2, X3). BmecTe ¢ 3Tum pebpom BritouaeMm B G4 BEPIIMHY X3, HE COJICPIKAIIYFOCS
B Gg3. [Tomaraem i = 4 u mepexoauM K MyHKTY 3.

3. Tak kak | # N, MO3TOMY MEPEXOIUM K IMyHKTY 4.

4, Ctpoum rpad Gs, no6asinss k rpady Gz HOBoe peOpO MUHHUMAIBHOM
ITUHBL U3 pedep (X1, Xs), (X2, Xs), (X4, Xs). Takux pebep, UMEIOMUX JITUHY TPH, —
aBa: (X, Xs) ¥ (X4, X5). BozeMeM (Xp, Xs5). BmecTe ¢ atM pebpom BkittouaeM B Gg
BEPIIUHY X5, HE coneprkaiyrocs B G4. [Tomaraem | = 5 1 mepexoum K IMyHKTY 3.

3. Tak kak I = n, To rpad Gs — HCKOMOE MUHHMAJILHOE OCTOBHOE JICPEBO.
CymmapHnas jymHa pedbep pappa 1 +1+2 +3 =7,

[Tporiecc mocTpoeHUs] MHUHMMAJIBLHOTO OCTOBHOTO JepeBa H300pa)keH
Ha puc. 2.13.

X3 X3
2 2
2 Xz Xa Xz X2 X2 Xa
1 1
O
X1 X1 X1 X X5
i {F3 iy s

Pucynok 2.13 — IIpoyecc nocmpoenus ocmosnozo oepesa

KoHTpoabHBIE BONIPOCHI K pa3jeiy 2.

1. IlepeuncnuTe OCHOBHBIE CITOCOOBI TIpeCTaBIICHHS TpadoB.

2. Yemy paBHa cymMMa CTeNeHel BceX BEPIIMH HEOPUEHTUPOBAHHOTO Tpada’?

3. B uem oTauuns MaTpUYHOTO MPEACTABICHUS OPUECHTHPOBAHHBIX U He-
OpUEHTHUPOBAHHBIX IpadoB?

4. B 4em OCOOEHHOCTM MNpeAcTaBieHUs rpada MaTpHUIEl CMEKHOCTH,
MaTpUIIed HHIIUJACHTHOCTH?

5. B yeM ocobenHocTu npeacrasieHus rpada?

6. [laifte onpesenenue myTH, MapIIpyTa, Ienl, KOHTYypa.

7. Kaxoii rpad Ha3pIBaeTCst HAarpyKECHHBIM?

8. ANTOpUTM HaXOXICHUS KpaTJyaiIiero myTy Ha rpade.

9. [aiiTe omnpeseneHre 1epeBa; OpUCHTUPOBAHHOTO JIepeBa.

10. Kakoe nepeBo Ha3bIBa€TCSI OCTOBHBIM?
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3 9JIEMEHTBI KOMBUHATOPHOI'O AHAJIM3A

3.1 OcHOBHBIEC NOHATHA U TeOPeMbl KOMOMHATOPUKHU

Kombunamopuka — 310 pa3gen MaTEMATHKH, TOCBSIIECHHBIA 3a/1a4€ BbI-
00opa U pacmoIOKEHHUsI FJIEMEHTOB HEKOTOPOTO0 KOHEYHOTO0 MHOXKECTBA B COOT-
BETCTBUM C 3a/IaHHBIMU NpaBwiaMu. Kaxmoe Takoe MpaBHIIO ONpPENENseT CIO-
co0 TMOCTPOCHUS HEKOTOPON KOHCTPYKIMU W3 DJIEMEHTOB HMCXOJHOTO MHOXKE-
CTBa, Ha3pIBaeMOW KOMOHMHATOpPHON KOoHGurypauuen. Llenpro KoMOHMHATOPUKH
ABJISIETCSI U3YYEHUE KOMOMHATOPHBIX KOH(pUrypauuid. OTHON U3 OCHOBHBIX 3a-
1a4 KOMOWHATOPHOTO aHanu3a (KOMOMHATOPUKHU) SBJIAETCS MOJCUET YUCHA dJie-
MEHTOB KOHEYHBIX MHOXECTB, 33JIaHHBIX KaKUM-JIHOO ONUCATEIbHBIM YCIOBU-
eM. [{nst aToro pazpaboransl pa3ziauuHble GOPMYIIbI U paBUIa.

[Tycth umeercst K rpynn Ay, Ay, ..., Ay, IpU4eM i-ast TpyIIa COACPKUT N
a7eMeHTOB. Tornaa crpaBeUIMBEI CIEAYIOIINE TPABUJIA.

Teopema ymuoowcenun (ocnosnasn gpopmyna komounamopuku). OOuiee
guciio N crnoco6oB, KOTOPHIMU MOXHO MOJYYUTh YHOPSAOUYEHHYIO COBOKYII-
HOCTb (81, @y, ..., &), T1€ 8 € Aj, T. €. BBIOPATh IO OJTHOMY DJIEMEHTY U3 KaXI0u
IPYIIbI U PACCTABUTh UX B ONPEAEICHHOM MOPSAKE, PaBHO

N=n-n,-.n,. (3.1)

DTO MpPaBWIO PACTIPOCTPAHSETCS M HA CUTYyallud, KOTJa HOBBIE T'PYIIIbI
00pa3yroTcs B MpOllecCe BBHIOOpA JIEMEHTOB, €CJIU YHMCICHHOCTH ATUX TPYIII
HE 3aBUCST OT TOT'0, KAKME UMEHHO 3JIEMEHThI ObLITU BHIOPAHBI.

Ilpumep 3.1. B rpynne 30 crynentoB. HeoOxoaumo BbIOpaTh CTapoCTy,
3aMeCTHUTelN cTapocThl U mpodopra. CKOJIBKO CYIIECTBYET CIIOCOOOB 3TO cle-
nath? CTtapocToit MOXKET OBbITh BhIOpaH J1t000i u3 30 CTyACHTOB, 3aMECTUTEIIEM
— M1000# n3 ocTaBuxcs 29, a npogoprom — 000N U3 OCTABIIUXCS 28 CTYEH-
TOoB, T. €. n; = 30, N, = 29, n3 = 28. [lo mpaBwIy yMHOXEHUS OOIIEE YHCIIO
N cmoco60oB BbIOOpa CTapoCThI, €ro 3amecturenss W mpodopra paBHO
N=n;-n,-n3=30-29 28 =24360.

Teopema cnoscenun. Eciii 0uH 37€MEHT U3 TpynHnbl Aj MOXKHO BBIOpaTh
Ni croco0amu, U MPH STOM JIH0ObIE JBe rpynmsl Aj 1 Aj HE UMEIOT O0IIUX dile-
MEHTOB, TO BBIOOP OJHOTO 3JEMEHTA WK U3 Aj, Win U3 Ay, ..., Wik U3 Ay MOXKXHO
ocymectBuTh N criocobamu:

N=n+n,+..+n. (3.2)
Ilpumep 3.2. B suuke 100 neraneit, u3z nux 30 aeranei 1-ro copra, 50 —
2-10, ocTanbHble — 3-T0. CKOJIBKO CYIIECTBYET CIIOCOOOB U3BJICUCHUS U3 SIIUKA

oaHOM aetanm 1-ro unm 2-ro copta? [erans 1-ro copra MOKeT ObITh U3BJICUCHA
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n; = 30 cnocobamu, 2-ro copta — N, = 50 criocobamu. [1o mpaBuily CyMMBI Cy-
miectByeT N = n; + N, = 30 + 50 = 80 crocoOoB M3BIEYEHUS OJTHOM JieTanu 1-ro
WJIU 2-TO COpTa.

3.2 YnopsiioueHHbIe COBOKYNHOCTH (I0CJIeI0BATEILHbIH BHIOOP)

[TycTh mMeeTcss HEeKOTOpasi KOHEYHAs] COBOKYITHOCTh 3JIEMEHTOB {a;, ay,
..., @n}, Ha3pIBaeMasi FreHePaATbHOM COBOKYITHOCTBIO, i N — 00BEM 3TOH COBOKYTI-
HOCTH. [IyCcTh 3KCIIEPUMEHT COCTOUT B TOM, YTO U3 TCHEPATLHON COBOKYITHOCTH
MOCJICZI0BATEILHO BRIOMPAIOT K JIeMEHTOB M pacrojararoT X B HOPSAKE BHIOO-
pa. BO3MOXHBI 1BE CUTyalUu.

Pazmewenusn 6e3 noemopenuii. OToOpaHHBIA 3JIEMEHT IEepes] 0TOOPOM
CIICIYIONIETO HE BO3BpAIlacTCs B T'CHEPAIbHYIO COBOKYIHOCTh. Takoil BBIOOD
Ha3bIBACTCS pazmewjeruem k snemenmos uz n (WM nociedo8amenbHbiM 8b100-
pom 6e3 6038paeHUs).

Paszmewenusa — 310 yNopsimOYEHHBIC COBOKYIMHOCTH K 3J¢MEHTOB U3 N,
OTJIMYAIOIITUECS IPYT OT Apyra JIMOO0 COCTAaBOM, JTUOO TOPSIIKOM IJIEMEHTOB.

ITpumep 3.3. Tlycts umeercs MHOXKecTBO {@, b, C} U3 Tpex 3JIEMEHTOB.
Torma Bce pa3MmelieHrs IBYX 3JIEMEHTOB M3 TpeX TakoBhI: ab, ba, ac, ca, bc, cb.

Yuciio pa3muyHbIX CIOCOOOB, KOTOPHIMHA MOKHO TMPOU3BECTH MOCIIECI0BA-
TEJBHBIN BEIOOP O€3 BO3BpaIeHUs K 2JIeMEHTOB U3 reHepaibHOW COBOKYITHOCTH
o0beMa N, paBHO

‘ n!
A = m (3.3)

B 4dactHOM ciydae, Korja BbIOMPAIOTCS BCE AJIIEMEHTBl T€HEPATIbHOM CO-
BOKYITHOCTH, T. €. KOTa K = N, pa3MenieHns: Ha3bIBAIOTCS Hepecmanoskamu. Vix

grcno o6o3Hagaercs P, .

Ilepecmanogéku — 3T0 yHOPSAJOYECHHBIE COBOKYITHOCTH, OTJIMYAOIIAECS
JIPYT OT Jpyra TOJbKO MOPSIAKOM 3JEMEHTOB. UHCIIO BCEX MEPECTaHOBOK MHO-
KEeCTBa U3 N JJIEMEHTOB PAaBHO

P=nl (3.4)

ITpumep 3.4. Bce nepecranoBku MHOKecTBa {a, b, C} u3 Tpex smemeHTOB
ycrpoens! Tak: abc,bac, cba, acb, cab, bca u P, =3!=6.

Pazmewenua ¢ noesmopenuamu. Ecnvu kaxnpli 0TOOpaHHBIA 3JEMEHT
nepes 0TOOpOM CIIEAYIOIIEro BO3BPAIIACTCS B TI'€HEPAIbHYIO COBOKYITHOCTD,
TO TaKOW BBIOOP HA3BIBACTCA pazmeujeHuem ¢ nogmopenusmu (A nociedosa-
MENbHBIM 8b100POM C 8036PAUYEHUEM).
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OO11ee YnciIo pa3IuyHbIX CIOCOO0B, KOTOPHIMUA MOYKHO MTPOU3BECTH BHIOOP
C BO3BpaIlicHHEM K 2JIEMEHTOB 13 TeHepaIbHOM COBOKYITHOCTH 00beMa N, PaBHO

A =n" (3.5)

Ipumep 3.5. Bce pasMenieHus ¢ IOBTOPEHHSIMH IBYX DSJEMEHTOB
13 MHOXKECTBa ¢ Tpems siemenTamu {a, b, c}: aa, ab, ac, ba, bb, bc, ca, cb, cc.

Ilpumep 3.6. I'pynna u3 15 yenoBek BuMTpalia 3 pa3IUYHBIX KHUTH.
CKOJIBKMMU €cIIOCOOAMH MOKHO PaclpeAesIuTh 3TH KHUTU cpeau rpynnbsi? Mme-
em: A, =1 =15.14.13 = 2730,

12!

Ilpumep 3.7. B KoHKypCEe MO 5 HOMUHAIMAM y4acTBYIOT 10 kuHOGUIIB-
MOB. CKOJIBKO CYLIECTBYET BAPUAHTOB PACIPEICICHUS MPU30B, €CIIU M0 KaXKI0U
HOMHWHAILIMM YCTAHOBJIEHBI pa3ju4Hble npemuun? Kaxaplii U3 BapuaHTOB pac-
HpeJeeHns PU30B IpeCcTaBiIsieT coboit koMOuHanuwo 5 guisMoB u3 10, ot-
JUYAIOUIYIOCs OT APYTHMX KOMOMHAIMK KaK COCTaBOM, TaK M UX MOpSAKOM. Tak
KaK KaXJbld (UIBM MOXKET MOJTYYUTh MPHU3bI KaK MO OJHOM, TaK U MO HECKOIb-
KHUM HOMMHAIMSIM, TO OJHU U T€ ke (PUIbMbI MOTYT HOBTOpAThCS. [loaTomy
YUCJIO TaKUX KOMOMHALIMKM PaBHO YUCIY pa3MElIeHUu ¢ moBTOpeHusamH u3 10

sementos 1o 5: N = 45 =10°= 100000.

3.3 HeynopsiioueHHbIe COBOKYITHOCTH (0JHOBpPEMEHHbIH BHIOOP)

Couemanusa 6e3 noemopenuii. B pe3yiabTate 00HOBPEMEHHO20 HEYNOpsi-
Oouenno2o evlbopa K 311eMeHTOB 13 TeHepalTbHOM COBOKYITHOCTH 00beMa N ToITy-
YaI0TCS KOMOMHAIIMY, KOTOPBIC HA3BIBAIOT COUCHAHUSMU U3 N DTIeMeHmog no K.

Couemanus — >TO HEYNOPSAJOUYEHHBICE COBOKYMHOCTH, OTIMYAIOIIAECS
APYT OT ApyTa TOJBKO COCTaBOM DJIEMEHTOB.

Ilpumep 3.8. Bce coueranus 6e3 MOBTOPEHMI IBYX JIEMEHTOB M3 MHO-

sxectsa {a, b, c}: {a, b}, {a, ¢, {b,c}.

Ywucmo coueTanuii U3 N 3J€MEHTOB 110 K paBHO:

e WL (36)
"kl (n=Kk)!-k! '
CBoIiCTBa YKCJia COYETAHHUI:
1.C)=C' =1,
2.Cl=C";

3.C,+C"*=CS;
4.C°+C +C*+..+C =2";
5.A‘=P -C/.
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k
Yucna C; Ha3bIBAIOT TAKKE OUHOMUATBHBIMU KOIDGuYyUeHmamu, TOCKOIb-
n
k k -k
Ky OHH y4acTBYIOT B pasnoskeHun 6unoma Hetotona: (@+b)" =) Cr-a“-b™™" .
k=0

Couemanus ¢ nosmopenuamu. Eciy B coueTaHusIX U3 N 3IEMEHTOB 110 K
HEKOTOpPBIE M3 AJIEMEHTOB WJIM BCE MOTYT OKa3aTbCsA OJMHAKOBBIMM, TO TaKHE
COUYETaHMsI Ha3bIBAOTCS COUETMAHUAMU C NOSMOPEHUAMU U3 1l 2]IeMEHMO8 no k.

Yuciio coueTaHuit ¢ TOBTOPEHUSIME U3 N 3JIEMEHTOB 110 K paBHO

Cn = P(k,n-l):%:l?f:c;k_l. (3.7)

Ilpumep 3.9. Bce coueranusi ¢ MOBTOPEHUSIMHU JBYX 3JIEMEHTOB U3 MHO-

kecTBa {a,b,c}: {a, a}, {a,b}, {a, C}, {b,b}, {b,C}, {C,C}.

Ilpumep 3.10. B maxMaTHOM TypHHUpE y4acTBYIOT 16 yenoBek. CKOJIBKO
MapTUH JAOJKHO OBITH CHITPAHO B TYPHUPE, €CIU MEXAY JIIOOBIMU YYaCTHUKAMU
JOJDKHA OBITH ChirpaHa ojHa naptus? Kaxnas mapTtusi urpaeTcsi IByMsl ydacT-
HUKaMHU 13 16 1 oTiIMYaeTcst OT APYTrUX TOJBKO COCTABOM Map yYaCTHUKOB, T. €.
npeacTaBiser coboi couyetanuss u3 16 snemeHToB nmo 2. Mx 4uciao paBHO

, 161 15.16
s =—=——=120.
1421 1.2

Ilpumep 3.11. B ycioBusix npumepa 3.7 ONpenenTb, CKOJIBKO CYIIECTBY-
€T BapUaHTOB PACHPENEIICHHs MPU30B, €CIU MO KaXKJA0W HOMHUHAIIMM YCTaHOB-
JIEHBI OIUHAKOBBIE NpH3bl? Eciiy o Ka)X10i1 HOMUHAIIUU YCTAHOBJICHBI OJUHA-
KOBBIE MpPHU3bI, TO TOPAIOK (PUIHBMOB B KOMOMHAIIMM S5 TPHU30B 3HAUCHUS
HE UMEET, ¥ YUCJIO BapUAHTOB IMPEACTABISET COOOM YMCIIO COYETAaHUM C MOBTO-
peaussmu  u3 10 nsmemeHToB 1O 5, ompenensemMoe 1o (opMmye
Cio=C:, =C’= 10 1112 ' 132 '4135' 14 _ 2002

3.4 Pa30ueHne MHOKeCTBA HA IPYyNIIbI

[TycTh MHOXKECTBO M3 N pa3jIMUHBIX 3JIEMEHTOB pa30MBacTCs Ha K rpymim
TaK, YTO B MEPBYIO I'PYIIILY IMONAAAOT Ny JIEMEHTOB, BO BTOPYIO — Ny JIEMEHTOB,
B K-y1o rpyriny — Ny aieMeHTOB, mpudeM Ny + N, + ... + Ny = n. Takyro cuTyaruio
Ha3bIBAIOT pa3zbueHuem MHOdHCecmea Ha 2pynnvl. 3aMETUM, YTO TMOPSIOK dJie-
MEHTOB TIpHW pa3OMEHUU Ha TPYMIbl HE BAXXEH, a BOT MOPSAOK TPy (KaKyro
CUMTATh IEPBOM, KAKYIO — BTOPOU U T. JI.) CYyIIECTBEHEH.

Uwucno pazbueHnit paccunThIBaETCS MO (GopMyIie:

N, (M) 1y o) = — (3.8)
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Ilpumep 3.12. Tlepeunicaum pa30OUCHHS MHOXKECTBA U3 4 3JIEMEHTOB 4, b,
¢, d ma 2 rpynmnsl mo 2 snementa (6 mryk): [{a, b},{c, d}], [{a, c}.{b, d}], [{a,
d}.{b, c}], [{c, d}{a, b}], [{b, d}.{a, c}], [{b, c}{a, d}].

Ilpumep 3.13.CKOTBbKUMH CIIOCOOAMU MOXHO pa30oUTh Ipynmy u3 25 cTy-
JICHTOB Ha TPpU MOArpynIbl 1o 6, 9 u 10 yenoBek, COOTBETCTBEHHO? B nanHOM
npumepe N =25, k=3, n; =6, n; =9, n3 = 10. CornacHo Gpopmyie, YMCI0 TAKUX

25!

pa36HeHHﬁ PaBHO N25(6, 9, 10) = m

3.5 PexkyppeHTHBIE COOTHOLICHUS

B nmpeapiaymmx myHKTax ObLTH pacCMOTPEHBI OCHOBHBIE (DOPMYIIBI KOM-
OuHaTOpuKH. BbUIM 3aTPOHYTHI JBa JIOTUYECKUX MPaBUJIA: MPABUIO CYMMBI
Y IpaBWiIO Mpou3BeneHus. BbeiBoag (GopMya KOMOMHATOPUKH OCYIIECTBHM
C IPUMEHEHUEM METOJa PEKYPPEHTHBIX COOTHOILIECHHW. METO pEKyppPEHTHBIX
COOTHOIIEHHI COCTOUT B TOM, YTO PEIIEHHEe KOMOMHATOPHOMU 3aJa4yu ¢ N mpen-
METAMU BBIPAXKAETCS YEPE3 PEIICHUE aHAJIOTUYHON 33J1a4i C MEHBIIIUM KOJIUYe-
CTBOM IIPEAMETOB C IOMOIIBIO HEKOTOPOTO COOTHOWIEHUS, KOTOPOE HA3bIBACTCS
PEKYpPpPEHTHBIM. PaccMOTpUM METOI PEKYPPEHTHBIX COOTHOILIEHUM Ha IPUMEPE
COYETAHUH C IOBTOPEHUSAMH.

OO003HAaYMM KOJMYECTBO COYCTaHWH U3 N mpenmeToB {aj, ... , 8y} mo K

k )
¢ moBTopenusiMu 4epes f °. Jll060e M3 coYeTaHMIt UMM CONEPIKUT, MU HE CO-

o k
ACPIKUT Aay. KoauaectBo COYCTAHHNH, KOTOPBIC HC COACPIKAT a1, COCTABJISCT fn71

(3TO codeTaHUs U3 MPEIMETOB d, ... , @, o K). Kaxkmoe coderanue, KoTopoe
COJICPKUT @3 KAaK MUHHUMYM OJIMH Pa3, MOXKET OBITh MOJYyYEHO PUCOSTUHEHUEM
K @1 HEKOTOpOro coderanust u3 N npeameroB 1o (K — 1) (konnyecTBO Takux co-

) k-1
yeranuii cocrapsier f . Takum oGpaszom,

k k k-1
fo=f+f". (3.9)
[TocnenoBaTenbHO NPUMEHSS 3TO PEKYPPEHTHOE COOTHOILLIEHUE, ITOJTYYHM:
k k-1 k k-1 k-1 k k-1 k-1 k-1 k
fi=f"+f =f"+(f +f)==F"+f +. .+ +1° (3.10)

1 k
[ounsrro, yro f =n, ' =1. Yuuresas, uro k = 2, umeem:

n-(n+1)

fP=n+(n-D+..+2+1= =C’ . (3.11)

Ecmu k = 3, Torna nmeem:
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f°=C +C’+..+C;+C; =C’,. (3.12)
Ha (k-1)-om miare moayunm:

fk=C*  =P(k,n-1), (3.13)

n+k-1
YTO COIIacyeTcs ¢ mpeabiayinei Gopmynoit (3.7).

KoHTpoJibHBIE BONPOCHI K pa3aeny 3

1. CkoapKO TpEeX3HAYHBIX YHCENI MOXKHO COCTaBUTH W3 mudp 1; 3; 5; 7,
UCITIOJIb3YS B 3alUCH YHCIIa KAXKIYIO U3 HUX HE 00jiee OJTHOTO pasa?

2. CKOJIBKO TIATH3HAYHBIX YHCEN, JEJSAIIMXCS Ha TPHU, MOXKHO COCTaBUTH
u3 mudp 3; 4; 6; 7; 9, ecnum Kaxa0€ YUCIO HE COMCPKUT OAUHAKOBBIX IU(p?

3. Y posns 88 kmaBuml. CKOJBKUMH CTIOCOOAMU MOKHO H3BII€Yb TOCTE-
JI0BaTenbHO 4 3ByKa?

4. Ha tapenxke nexar 10 516510k u 6 anenbcnHoB. CKOJBKUMHU CIOCOOaMU
MOYHO BbIOpATh OJIUH ILJIOA?

5. CKOMBKAMH PA3IUYHBIMU CIIOCO0AMH MOXHO PACTIpPEETUTh MEKITY
IIECTHIO JIMIIAMU JIBE Pa3JIMYHbBIC ITyTEBKH B CAHATOPUIA?

6. IIaTh pa3HBIX MPEIMETOB pa3aaroT § JIOSAM, IPUUYEM MOXKET CIIYIUThCS
TaK, YTO HEKOTOPHIC IMOJIydYaT IO HECKOIbKO MpeaMeToB. CKOJBKUMHU criocoba-
MH MOKET OBITh ITPOU3BEACHO pa3jcieHue?

7. B cemecTpe uzyvaercs 7 AUCHUIUIMH. B moHenenpHUK 3 mapel, Mpu-
yeM Bce pasHble. CKOJIBKMMH CIIOCOOAMHU MOYXHO COCTAaBUTH pacIUCaHUE
Ha MOHEAECJIHLHUK?

8. CKOIBKO pa3sIMIHBIX KOPTEKEH MOTYyUUTCS, CCIIA TIEPECTABISITH OYKBBI
CJIOBa «MaTeMaTHKa»?

9. CKoOJBKUMU CTIOCOOaMH MOKHO pa3MecTuTh 10 pa3HBIX MIApOB B TPEX
pa3HbIX ypHax?
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4 BYJIEBbBI ®YHKIIUU

4.1 OcHOBHbBIE MOHSTHS U oNIpeaeSIeHUsl

Byneesou gpynxyueii T(Xy, Xo, ... , X) Ha3pIBaCTCS MPOU3BOJIbHAS PYHKIIUSA
N TIEPEMEHHBIX, aPI'YMEHTBI KOTOPOH X1, X, ... , Xy M cama (yHkius f npunHm-
maroT 3HadeHus 0 win 1, T. e. Xje {0, 1}, 1 =1, 2, ..., n; f(Xy, X2, ..., Xn) < {0, 1}.

OnHOM U3 BaXXHEHIIMX MHTEpHpETauil Teopun OyneBbIX QYHKIUN SIBIIS-
eTCsl Teopusl nepexuouamenvuvlx @yHxkyui. [lepBoHadabHO MaTeMaTUYECKU
anmapat Teopuu OyleBbIX (QYHKIUI ObLT MPUMEHEH AJI aHallu3a U CUHTE3a pe-
JICITHO-KOHTAKTHBIX CXEM C OMNepalusIMU MOCIEI0BATEIBHOTO U MapaJIeIbHOTO
COETMHEHUS] KOHTAKTOB.

JIrobast OynmeBa (GyHKIIUS MOXET OBITH MPEJCTaBICHA TAOJUIICH, B JICBOU
YacTH KOTOPOM HepeunciIeHnl Bee Habopsl epeMeHHbIxX (ux 2"), a B mpaBoii 4a-
cTH — 3HaueHus pyHkiuu. [Ipumep Takoro 3amanus npeacTasieH B Tabm. 4.1.

Tabnuya 4.1 — Tabauunsiil cnocob 3adanus 6y1esou yHKyuu

X
i

X
)

X
w

(X1, X2, X3)
0

RPIRPRFRPRP O OO O

Rk |Oololr koo
===
i E==)

Jnst hopmupoBaHus CTOJIONA 3HAYEHHN NEPEMEHHBIX YAOOEH J1eKCcuKo-
epaghuyeckuil nops0oK, B COOTBETCTBUU C KOTOPBIM Ka)Ibld MOCIEIYIOUIUN
HA0Op 3HAYECHUM IOJIy4aeTCS U3 NPEABIAYILEr0 NpuOaBIeHuEM 1 B ABOMYHOM
cucTeMe cuncienns, Hanpumep, 100 =011 + 1. Beero cymectByer 2°  pasimd-
HBIX OyJeBbIX (PYHKIMI N nepeMeHHbIX. DyHKIIUNA oHON TepemeHHon — 4. U3
HUX BbIICIUM (DYHKIUIO «OTpuilanue X» (oOo3HawaeTcs X ). OTa (QyHKUMS
TpecTaBiIeHa B Ta0. 4.2.

Tabnuya 4.2 — Bynesa (pyHKyusi 00HOU NepemMeHHOU

X

0
1

O (X |

n
. 2
ByneBbix ¢yHKIMIA OBYX nepeMeHHbIX — 16 (2° mpu n = 2). Te u3 Hux,
KOTOpbIE UMEIOT CIIeIIUaIbHbIC Ha3BaHMUsI, IPEACTABICHBI B Ta0I. 4.3.

39



Tabnuya 4.3 — Bynesa @pyHKyusi 08X nepemeHHblxX

X1 (X2 [XovXo [Xa™a [ X1—X2 [Xi~Xp [Xe ®Xp [X1lXa  [Xq|Xo
0 (0 |0 0 1 1 0 1 1
0 (1 |1 0 1 0 1 0 1
1 |0 |1 0 0 0 1 0 1
1 |1 |1 1 1 1 0 0 0

B tabm. 4.3 npeacrapieHsl caeayronue GyHKIUN IBYX EPEMEHHBIX:

X1V Xo — OUBBIOHKYUS,

X1 Xo — KOHBIOHKYUS,

X1 — Xo — UMNAUKAYUS,

X1~ X — 9K8UBANEHMHOCND;,

X1 X, — cnoorcenue no mooynio 2;

X1 | Xo — cmpenxa Iupca;

X1 | % — wmpux Llleghgepa.

OcranbHple QYHKIIMH CIEIUAIbLHBIX HAa3BaHUM HE UMEIOT U MOTYT OBITh

BBIPA’XCHBI 4CPC3 IICPCUUCIICHHBIC BBIIIC CI)YHKHI/II/I

Dopmyna no2uku Oynegvlx GyHKyull ONPEAEISIeTCs] HHIYKTUBHO CIEAYIO-

UM 00pa3oM:

1. JTroGast mepemenHast, a Takxke kKoHcTaHThl 0 1 1 ecTh hopmyia.

2. Ecou A u B — ¢popmyuiisl, TO K, AvB, A"B, A —B, A ~B ectb popmyibl.
3. Huuto, KpoMe yka3aHHOTro B MyHKTax 1—2, He ecTh hopMya.

Hpumep 4.1. Boipaxenne ((X v y) A ((y = z)~ X) sBastercst popMyIoii.

Bripaxxenne X Ny —z ~ X He sBIgeTcs GOpMyJIOn.
Yactb GopMyinbl, KoTOpas cama siBisieTcs: (OpMyJioi, Ha3bIBa€TCS MOO-

¢opmynoil.

Ilpumep 4.2. X ™ (y — 2) — popmyna; y —z — ee noadpopmyia.
Oynkrus f ects cynepnosuyus byakumii fy, f, ..., f,, ecim f momyuaercs

C TIOMOIIBI0 TOACTAHOBOK 3TUX (OpMYN IIPyr B JApyra U IMEepeuMEHOBAHUEM
IIEPEMEHHBIX.

ITpumep 4.3. f; = X,"X, (kouBIOHKIHUA). T = X (oTpunanue).

Bo03MOXHBI IB€ CyNepHO3ULIUHN:

1. f = f,(f;) = (X1)N(X2) — KOHBIOHKIIKS OTPHILIAHHMIA;

2. f=1,(f) = (X, A X,) — OTpHIIaHHE KOHBIOHKIIHH.

[Topsiok moACTaHOBKH 3a/1aeTcsi (hOPMYJION.

Bcesikas popmyna 3amgaet crocod BbIYMCICHUS (YHKIIMH, €CJIU U3BECTHBI

3HA4YCHHUA IICPCMCHHBIX.

Ilpumep 4.4. Tloctpoum Tabmuiy 3HaueHuid QyHKuu f(X1, Xp, X3) =

(X2 —))_(3)~ (ZV Xz)'
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Tabnuya 4.4 — Boruucnenue @ynxyuu f(X1, X2, X3) = (x, — xa) ~ (X v X,)

X1 [ X2 [ X3 | X3 | X2 —>)_(3 (x, —))_(3) gl )_(1\/ X2 f(Xl, Xo, X3)

R ooookrooo
ook
o = =] S
ROoOkRkFkFoo

RO
RRRookrkFoo
RokrRokroko
ok okrokrok
OR kR OokkEF

Takum o6pazom, hopmyrna KaxaoMy HaOOpPy apryMEHTOB CTaBHUT B COOT-
BeTcTBUE 3HaueHue PpyHkiuu. CienoBarenbHo, PopMylia Tak e, Kak U Taliau-
11a, MOXET CIY>KUTh CIocoOoM 3aianus GpyHkiuu. B nanpHelimem dopmyny Oy-
€M OTOXIECTBIATH ¢ (YHKIMEH, KOTOpYI0 OHa peanusyer. IlociegoBaTerns-
HOCTb BBIYMCJICHUN (PYHKIIMH 3aa€TC CKOOKaMu. YTPOIIEHHUE 3anucu GopmMyIa
OCYUIECTBJISIETCSL B COOTBETCTBUU CO CIAEAYIOIIUMHU 3TAIAMH:

1. BHemHue CKOOKH MOKHO OTITYCKAaTh;

2. [IpuopuTteT MpUMEHEHHS CBSI30K BO3pACTaeT B CIACAYIOIIEM MOPSAKE: ~,
-, v,\N7;

3. CBsi3ka ~ — HaJ OJTHOM MEPEeMEHHOMN CHUJIbHEE BCEX CBS30K;

4. Ecnu cBsizka — CTOUT Haj (OpMYJIOi, TO CHayasa BhIOJHAETCS Gop-
MyJIa, 3aT€M OTPULIAHUE;

5. Ecnn Het ckoOOK, TO onepanyu ~ U — BBIIOJHSIOTCA B MOCIIEIHIOI0
odepenp.

4.2 PaBHocWJIbHBbIE mpeoOpazoBanusi ¢opmyia. byaeBa aaredpa
(anredpa sorukmn). IloaHbie cucreMsbl OyJieBbIX QyHKIUIT

B oTnmume oT TaGaMYHOTrO 3aaHus, peacTaBiacHue GyHKIMU (HOpMyIon
He eauHCTBeHHO. Hampumep, nBe pasmuunbie Gopmyisl (Xi) v (Xz2) 1 (X, A X,)
peanusyroT onHy ¢yHkiuo — mwtpux Hleddepa.

JIBe dhopmyIibl, peanu3yomie OaHy U Ty e (QyHKIINIO, HA3bIBAIOTCS PaA6-
HocunbHbimu. PaBHOCWIBHOCTE Popmys A u B Oynem 00603HayaTh Clieayronmum
obpazom: A= B.

Jlnst Toro 9TO0BI YCTAHOBHUTH PABHOCHIBHOCTH (DOPMYJ, MOXKHO COCTa-
BUTH TAOJMIIBI 3HaYCHUN QYHKIUU JUTSI KQKI0W (GOpMYJIbl U CPaBHUTH UX. JlJis
PaBHOCWJIBHBIX (DOPMYJT ATH TaOIUIIBI COBManaroT. [[pyroit cmocod ycraHoBIie-
HUS PABHOCWJIBHOCTH (OPMYJ 3aKITIOYACTCS B HCIOJIB30BAHUU HEKOTOPHIX
YCTaHOBJICHHBIX PaBHOCHILHOCTEH OyIeBbIX (HopMyII.

OcnogHule pasnocunvnocmu 0yneewvix popmyn

Jlst moObix Gpopmyit A, B, C cipaBesiiBbI ClieIyIONHMe PaBHOCHIBHOCTH:
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11707

1. Kommymamugnocmo:

a) A"B = B"A (117151 KOHBIOHKITUH);

0) AvB = BVA (151 AM3BIOHKIINN).

2. Accoyuamuenocmey.

a) ANB"C) = (A*B)*C (111 KOHBIOHKIIAH);

0) Av(BvC) = (AvB)vC (s nU3bIOHKIINN ).

3. lucmpubymusnocme.

a) AABvC) = AABVAC (1151 KOHBIOHKIIUH OTHOCHTEIbHO JU3BIOHKIINHN);
0) Av(B"C) = (AvB)MAVC) (1 TU3BIOHKIIUN OTHOCHUTEIPHO KOHBIOHK-

4. 3axon 0e Mopeana:

a) (AAB)=Av B (oTpuITaHKE KOHBIOHKIIUHM €CTh U3BIOHKIINS OTPHUILIAHHH );

0) (Av B) = A" B (orpriianue qU3bIOHKIME €CTh KOHBIOHKIIMS OTPHIIAHHIA).
5. Hoemnomenmnocmo:.

a) A*A = A (1711 KOHBIOHKIIUHN);

0) AVA = A (17151 TU3BIOHKITUN ).

6. [locnowenue:

a) A*(AvB) = A (1-ii 3aKOH TIOTJIOIICHHMS );

0) Av(A"B) = A (2-i1 3aKOH TIOTJIOLICHHUS ).

7. Pacwennenue (ckneusarue):

a) A"B v A" (B) = A (1-ii 3aK0H pacIleIIcHHs);
0) (AvB) ™ (Av B) = A (2-ii 3aK0H pacIeIIcHHs).
8. /[sotinoe ompuyanue:

A=A

9. Ceoticmea koncmanm:
a) AN1=A,

0)AN0=0;

B)Av1=1;

r)AvO0=A;

) 0= I;

e)1=0.

10. 3axon npomusopeuus.
AN A=0.

11. 3akon «ucknoueHHo20 mpemove2oy:
Av A=1.

Kaxxnass u3 nepedyuclieHHbIX PAaBHOCHIIBHOCTEH MOXKET OBITh JI0Ka3aHa

C IOMOIIIBIO TAOJUIl 3HAYEHUN (PYHKIMM, COCTABICHHBIX JJI BBIPAKECHHM, CTO-
AIIUX CJIEBA U CIpaBa OT CUMBOJIA « = ». CleAyroniue BaxKHbIe PaBHOCUIIbHOCTH
MOKa3bIBAIOT, YTO BCE JIOTUYECKHE OIMEpallud MOTYT OBITh BBIPKECHBI 4epe3
Olepalny KOHBIOHKIMH, TU3bIOHKIIUU U OTPULIAHUSA

12.A—>B = AvB = (AAB);
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13.A~B = (A—»B)"(B—A) = (A"B) v (A"B)=(Av B ) AvB);

14.A @ B = (AvB)v(A"B);

15.A{B = AvB = (A"B);

16.A| B = AAB = (AVB).

Hcnonb3yst paBHOCWIBHOCTH 3a ¥ 30 U METOJ MaTeMaTUYE€CKOW HHIYK-
WU, HETPYAHO MOJYYUTh TAKXKE CICAYIOIIUE PABHOCUIBLHOCTH (0OOOIICHHBIC
3aKOHBI JUCTPUOYTUBHOCTH ):

17. (A]_\/ A2V VvV An) A (Bl\/ BQV VBm) = A]_A B]_V A]_A Bg\/ e VvV A]_A
ABnVv ... VALKABiVAABy v ... v AN B,

18. (AL AN NMNA) V(BB MBp) = (ArvB) A (ArvB) ML A
N(Arv Bp) M A (Anv By) M (Agv Bo) MLl M (Anv Br).

Hcnonb3yst paBHOCWIBHOCTH 4a ¥ 40 U METOJ MaTeMaTUYE€CKOW HHAYK-
[IUU, MOXKHO TOJYYHUTh TAKXKE CIEAYIOUINE PABHOCUIBHOCTH (00OOIICHHBIE 3a-
KOHBI e Moprana):

19. (ALAA ALAA )= AVA VLLVAG

20. (A,VA,V.VA )=A AA A..AA .

B paBHocuibHOCTSIX 1...20 B kauecTBe A, B, Aj, Bj MOoTryT OBITH MOJICTAB-
JeHbl Jo0ble (OpMYyJIbl U, B YACTHOCTH, NepeMeHHble. [IpuBegem mnpasuio,
C TIOMOIIBIO KOTOPOT'0 MOXKHO MEPEXOJIUThH OT OJTHUX PABHOCHIILHOCTEU K JPYTHM.

IIpasuno pasnocunvhvix npeobpazosaHull

[Tycts nns dopmyn A u B cipasenimBo ytBepxkaenue A = B. ITycts Cp —
dopmyna, comepxkamias A B kauecTBe cBoeit moadopmyisl. [lycts Cg momydaert-
csa u3 C, 3amenoit A Ha B. Torma Ca= Ca.

Ilpumep 4.5. llyctb A=X—Yy,B= X vY.

PaBHOCHIIBHOCTE 12 O3BOMISIET YTBEpAKAATh, uTO A = B.

CuMBOJIBI 7, V HA3BIBAIOTCS. 080U CMECHHBIMU.

®opmyna A~ HasbBaeTCs dgoticmeenHot hopMyiIe A, eciIi OHa MOTydeHa
13 A 0THOBpEMEHHOM 3aMEHOM BCEX CUMBOJIOB *, V Ha JIBOMCTBeHHbIE. OTCIO/Ia,
ectu A=B, To A =B".

[TpuHIIMTT ABOMCTBEHHOCTH MOKHO HCIOJIb30BaTh JJII HAXOXKJICHUS HO-
BbIX paBHOCWIbHOCTeW. Hampumep, nas 1-ro 3akoHa norsomeHus (paBHOCUIIb-
HOCTh 6a) nmeem: A (A v B) = A. Crieayst NpHHIIUAITY JTBOHCTBEHHOCTH, TOJY-
YMM HOBYIO PaBHOCHJIBLHOCTE: A v AN B = A (2-ii 3aKOH MOTJIOIICHH ).

Kak u3BecTHO, aneebpoti Ha3bIBAIOT CUCTEMY, BKIIOYAONIYIO B ¢€0s1 HEKO-
TOpOE HEMYCTOE MHOXKECTBO OOBEKTOB C 3aJaHHBIMH Ha HEM (YHKIUAMH (OTie-
panusiMu), pe3yibTaTaMu MPUMEHEHHUSI KOTOPBIX K 0OBbEKTaM JaHHOTO MHOXE-
CTBA SIBJISIIOTCSI OOBEKTHI TOTO K€ MHOMKECTBA.

bynesoti aneebpoii nim aneebpoii no2uxku Ha3bIBACTCS IBYXJIEMEHTHOE MHO-
xectBo B = {0, 1} BMecTe ¢ onepanysMyi KOHbIOHKIINH, TU3BIOHKIIMH U OTPUIIAHUSL.

Cucrema OyneBbix pynkmmii {fi, f, ... , f,} Ha3sIBaeTcs mosHOM, eciu
mobast OyneBa (PyHKITUST MOXKET OBITh BBIpAXKEHA B BUJE CYMEPIIO3HIINH ITUX
¢ynkuuid. M3 paBHOcuibHOCTEM 12...16 cinemyer, 4TO Bce JIOTMYECKUE Omepa-
M MOTYT OBITh BBIPAXKEHBI YePe3 ONEPANH KOHBIOHKIUHU, TU3BIOHKIIUA U OT-
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putianus. [loatomy cucrema ¢ynkumii {, A, v} sBiseTcs nmoiaHou. Takxe moJ-
HBIMH SIBIITIOTCS cieayronue cucremsl pynkmuid: {-, v} {7, "} {7, —}.
[Tonuora cucrem {7, v} u {7, *} cieayer U3 MOJIHOTHI CUCTEMBI { , /, vV},
a TaK)Ke 3aKOHOB JiIe MopraHa W JBOWHOTO OTPHUIIAHUSA, CICIACTBHEM KOTOPBIX
SIBJISICTCSI BO3MOYKHOCTh BBIPA3UTh KOHBIOHKIIMIO Y€pe3 MU3BIOHKIINIO U HA000-

por: AAB= (AvB);AvB= (AAB).
[TosTomy cuctema {~, *, v} MOXKeT OBITh COKpaIlleHa Ha OJIHY (DYHKITHIO:

[TonHOTa cucTteMsl {, —} cleayeT U3 MOTHOTHI CUCTEMBI { , V} U paBHO-
CUJIBHOCTH 12, TO3BOJAIONIEH BBIPA3UTh HWMIUIMKALAIO 4YEPE3 OTPULIAHHE

v mu3bloHKIuio: A —-B = A v B.
4.3 HopmaJjibHble (hopMbI H300pakeHusi 0yaeBbIX GyHKINH

dnemenmapHnoil KOHBIOHKYUeENl HA3bIBACTCSd KOHBIOHKIMS (BO3MOXKHO
OJIHOWJICHHAs ), COCTABJICHHAS] U3 IEPEMEHHBIX WJIM OTPHULIAHUI IIEPEMEHHBIX.

IIpumep 4.6. X, Y, X Y, X1 M X, N (X3) — 2eMeHTapHbIlE KOHBIOHKIINH,
pumep 4.( p
axvy, X Xav X1 X, — HE dJIeMEHTapHbIC KOHBIOHKITHH.

Jluzvronkmuenoii nopmanvhoi gpopmou (/IH®) naspiBactcs hopmya,
MMEIOIAs BUJ JTU3BIOHKIMU SJIEMEHTApHBIX KOHBIOHKIUU (B BBIPOXKICHHOM
CJIy4ae 3TO MOXKET ObITh OJJHA KOHBIOHKIIHS).

Ipumep 4.7. JlaHHbIC dhopmyIibl HaXOJATCS B JHD

XAY; X, AX, AX;; anbvaabacvanc, Xvxay.

Cosepuwennou ouzvloHKmuenou Hopmanvroi gpopmoii (CTH®D) Hazbl-
BaeTCs Takas NU3BIOHKTHBHAS HOpMalibHas (opma, KaKIblH KOHBIOHKTHBHBIM
YJIeH KOTOPOU COAEPIKUT 8Ce IEPEMEHHbIE JTUOO0 UX OTPUIIAHUS.

Ilpumep 4.8. Xy, X"y v Xy — CAH® dpyHKUMM IBYX IEPEMEHHBIX.

dnemenmapnoit Ou3vblOHKYUeNH HA3bIBACTCS AUIBIOHKIUSA (BO3MOXKHO
OJIHOYJICHHAsI), COCTABJICHHAs U3 MIEPEMEHHBIX WJIM OTPUIIAHUNA TEPEMEHHBIX.

IIpumep 4.9.X, Yy, X V'Y, X1 V XpV X3 — DIIEMEHTAPHBIC AN3bIOHKIIHHL.

Konvionkmuenoit nopmanwvnou popmoit (KH®) nasviBaercs hopmyia,
UMEIOIasi BUJ KOHBIOHKIIMH JJIEMEHTAPHBIX TU3BIOHKIHKA (B BBIPOXKICHHOM
CJIlydae 3TO MOKET ObITh OJJHA TU3bIOHKIIHS).

Ilpumep 4.10. Cnepyroum dbopmynsl  HaxomsTcss B KHO®:
XV Y; (Xv y)/\(X\/ y v Z)/\(X\/ yvz

Cosepuiennoit KonviOHKmMueHou Hopmanvrou popmon (CKH®) nazpl-
BaeTCsl Takash KOHBIOHKTHBHAS HOpMalibHas (opMa, KaKIbIi TU3HIOHKTHBHBIN
YJIEH KOTOPOU COEPKUT 8ce MEPEMEHHbIE, JIN00 UX OTPULIAHHUS.

IIpumep 4.11. x vy, (X v y) N (X vy — CKHO dpyHkuuun asyx

MIEPEMEHHBIX.
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Jns xkaxaoit popMynbl OyneBoi GyHKIMKH A MMEETCsl paBHOCHIIbHAs €i
JTU3BIOHKTUBHAsT HOpMasibHast (opma (JJH®D) v KOHBIOHKTHBHAS HOpMAaJIbHAS
dbopma (KHD).

Hns kaxaon ¢opmyasl A uMeercss OeckoHeuHoe MHokecTBO JIH®D
u KH®, Ho nis peienus 3aiad, B KOTOPBIX 3TU (DOPMBI HYKHBI, TpeOyeTcs, Kak
paBUJIO, HAUTHU XOTA OBl OJHY U3 HUX.

Anzopumm npuseoenusn gpopmyn oyneevix ¢pynkyuit k IH® (KH®D)

Llae 1. Bee nondopmynst A Buga B — C (1. e. cogepikariye UMILUTUKAIIHIO)

3amensieM Ha B v C wm Ha (B A C) (B COOTBETCTBUH C PABHOCHILHOCTBIO 12).

Illaz 2. Bece moadopmynbel A Buga B~C (1. e. comeprkamiue SKBUBAJICHT-
HocTh) 3ameHsieM Ha (A B) v (A A~ B) mm (4 v B) * (Av B) (B coorBer-
CTBUU C PABHOCHJIBHOCTBIO 13).

Illaz 3. Bce oTpuiianus, CTOSAIINE HAJT CIIOKHBIMU TOI()OPMYJIaMH, OITyC-
KaeM I10 3aKOHaM Jie MopraHa (B COOTBETCTBHH ¢ paBHOCHIbHOCTsIMU 4, 19, 20).

lllaz 4. YcTtpansem Bce JBOMHBIE OTpHIlaHUs Hana (opmyiaamu (B COOT-
BETCTBUU C PAaBHOCWJIBHOCTBIO §).

Lllae 5. Ocy1iecTBisieM pacKphITHE BCEX CKOOOK IO 3aKOHY TUCTPUOYTHUBHO-
CTU KOHBIOHKIIMU OTHOCUTEIBHO Mu3bioHKIMH it JIH®D (B cooTBEeTCTBUM C paBHO-
CHJIBHOCTSAMHU 3a U 17) WK 1o 3aKOHY JUCTPUOYTUBHOCTH JU3BIOHKIIMK OTHOCHU-
TenbHO KoHbroHKIMH 1151 KH® (B cootBeTCTBUM € paBHOCKIIbHOCTSIME 30 1 18).

llae 6. Jlns nonydyeHust 6oJiee mpocTor GopMyssl 1eaecooOpa3Ho uc-
MOJIb30BaTh PaBHOCWIBHOCTH 5, 6, 7, 9, 10, 11.

Ou4eBUIHO, UTO B pPe3yJIbTaTE BCEX YKAa3aHHBIX omnepanuid Gopmysia uMeeT
Bua JIH® win KH®. Yka3zannsie onepaiuu, BOOOIe TOBOPs, MOT'YT OCYIIECTB-
JATHCS B JIIOOOM TOPSIJIKE, OJHAKO 11€JIeCO00pa3HO MPUACPKUBATHCS U3JIOKEH-
HOT'O BBIIIE, 32 UCKIIOYEHUEM CHSTHSI IBOMHBIX OTpullaHuil (miar 4), oT KOTo-
PBIX clieyeT N30aBIISITHCS 110 MEPEe UX TOSIBJICHUSI.

Ilpumep 4.12. Tlpusectu x JJTH® dbopmymny (X Vv y) N (X v ;1)
Pemmenmue: (X v Y) A (X \ 9)5 X.
Ipusectu k KH® popmyny (X — Y)AXAY.

PemeHI/Ie:(X—> y)/\X/\yE(Xv y)/\X/\y_

[TpuBenenue Hexkotopoit ¢popmynsl k JH® u KH® He sBasercs omHo-
3HayHbIM. KonmdecTBo paBHOCcWIbHBIX JIH® 1 KH®, B npuHuune, 6€CKOHEUHO.
OnHako, COBEPIICHHBIE AU3BIOHKTUBHBIE M KOHBIOHKTHBHBIE HOPMAJIbHBIC
dbopmel (CAH® u CKH®) unu He CymecTBYIOT, WIH €IMHCTBEHHBI.

Kaxmas ¢hopmyna A, He paBHasi TOXKIACCTBEHHO HYJIIO, MOXET OBITh MIPHU-
BeneHa Kk CJIH®, koTopast sBISIETCA €IUHCTBEHHON C TOYHOCTBIO JI0 TEepecTa-
HOBKH JIU3bIOHKTUBHBIX YJICHOB.

Kaxnas ¢opmymna A, He paBHAs TOXKICCTBEHHO CIMHHIIC, MOXKET OBITh
npuBeneHa k CKH®, kotopast sBisieTcs €IMHCTBEHHOW C TOYHOCTBHIO J0 mepe-
CTaHOBKHM KOHBIOHKTHUBHBIX YICHOB.

JlokaszaTtenbCTBO ATUX TEOPEM COCTOHUT B yKa3aHUU alITrOpUTMa MpHUBEe-
uus popmynsl 4 k CAH® u CKHO.
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Anzopumm npusedenus popmynot oyneeoit pynkuyuu k C/IH®

Hlae 1. Ucnonw3ysa anroput™m noctpoenust [JIH®, naxoaum dopmyny B,
spisttorytocs JIH® dhopmyisl A.

Illaz 2. BeruepkuBaeM B B Bce anemeHTapHble KOHBIOHKIIUU, B KOTOPBIE
OJIHOBPEMEHHO BXOJSIT KaKas-HUOY/lb MepEMEHHas U ee OTpullaHue. ITo 00oc-
HOBBIBaeTcs paBHocwibHOCTsIMH: AN A=0,B~0=0,Cv0=C.

llaz 3. Ecnu B 3neMeHTapHON KOHBIOHKINH (Gopmyisl B HexoTopas me-
pPEMEHHas UK €€ OTPUIIAHUE BCTPEUYACTCSI HECKOJIBKO Pa3, TO OCTaBIsIEM TOJBKO
OJIHO €€ BXOXJIEHHE. JTO OOOCHOBBIBAETCS 3aKOHOM HJEMIIOTEHTHOCTH JJIf
KOHBIOHKIHHU: A™MA = A,

lllaz 4. Ecnu B snemeHTapHyo KoHbIOHKIHIO C dopmynsl B He BxoauT
HU TepEeMEHHas X, HU €€ OTpUIlaHhe X, TO Ha OCHOBaHWM 1-TO 3aKOHa pacuien-
nenus (paBHOCHIBHOCTH 7a) 3aMensieM C Ha (C * x) v (C N X).

llaz 5. B xaxmoit s1eMeHTapHON KOHBIOHKINH (opMyibl B nmepectasis-
€M KOHBIOHKTHBHBIC YICHBI TaK, 4TOOKI 1 Kaxkaoro | (i =1, ..., N) Ha i-oM Me-
cte ObuTa MO0 MepeMeHHas X, TM00 ee OTpUllaHue Xi.

llaz 6. YctpaHsieM BO3MOXHBIE MOBTOPEHHS! KOHBIOHKTHBHBIX YJICHOB
COIJIACHO 3aKOHY WJIEMIIOTEHTHOCTH Juisl nu3bloHKmu: C v C = C.

Ilpumep 4.13. Ilpusectu k CAAHD popmyy (X v y)/\ (X Vv ;1)
PemeHHe:(Xv y)/\(X\/gl)E X= X/\(yvgl)z XAYV X/\S/_
Ipusectu kK CKH® popmyny (X — Y)AXA Y.
Pemenue:
x> Y)AxAy=(xvy)axay=(xvy)alxvyay)alyvxax)=
E(Xv y)/\(XV y)/\(XV y)/\(yv x)/\(yv X)EE(XV y)/\(X\/ y)/\(X\/ y)

—

4.4 Pa3znoxenue 0yJieBoil (PYHKIMHU M0 NepeMeHHbIM

[Tycts S mpunnmact 3HaueHus 0 wim 1, T. €. S € {0, 1}. Beenem 00603Ha-

genne: X°= X, ecma s =0, X =x,ecu s = 1, T. e. X° = X, X* = X. OueBHIHO, YTO
X*=1,ecmuX=sux>=0, ecnu X#$S.

Kaxnas Oynesa pynkims f(Xy, X, ... , X,) MOXKeET OBITh TIPE/ICTaBIICHA B BU-
e:

f(X1, X2, vov y Xn) = (X1, X2, cov ) Xiny X1y ooe » Xn) =

=V (XN XN A N (51,50, -, SmiXet s -0 Xn)), MEN, (4.1)

T7ie IU3BIOHKIUS OepeTcs 1Mo BceM HabopaM (Sy, S, ..., Sm) (mx 2M).

46



Beskas OyneBa dyukumst f(Xy, Xp, ... , X,), He paBHast TOXaecTBeHHO O,
MOXKeET ObITh npescTaBiieHa Gopmynoit B CJIHD, koTopas onpeaensieTcs oaHO-
3HAYHO C TOYHOCTBHIO 0 MEPECTAHOBKU AU3BIOHKTUBHBIX UJICHOB.

Anzopumm npeocmaenenus 0yneeou (yukuyuu, 3a0aHHoil maoauyeil,
¢opmynoi ¢ C/IH®

Illae 1. BeiOupaeM B Tabiuile Bce HAOOPHI MEPEMEHHBIX Sy, Sy, ... , Sp, IS
koTopeix 3HadeHue f pasuo 1, T. e. f (S1, Sy, ..., Sp) = 1.

Hlae 2. ]Jlna xaxaoro Takoro Habopa (CTpOKH TaOJMIBI) COCTaBIISIEM
KOHBIOHKIIUIO X°m A X, 1 X
1=1,2,...,n.

llaz 3. CocraBisieM IU3BIOHKLIUIO BCEX IMOMYYEHHBIX KOHBIOHKIIHM.
B pesynbrate noxyuutcs popmyna nannoit pyunkuuu B CJHO.

Ilpumep 4.14. Haiinem dopmyny B CIH® mis dyakumn f(Xq, X, X3), 3a-
JaHHOM Tabnuei 4.4.

1. Beioepem B Tabimiie ctpoku, rae f(Xy, Xo, X3) =1. D10 4-1, 5-4. 6-5 1 8-
CTPOKH.

2. JIns xaxao0i BEIOPaHHOM CTPOKH COCTaBJISIEM KOHBIOHKIUU MO MpaBH-
7y, ykazaHHoMy B 1miare 2. [ToixyduMm, COOTBETCTBEHHO, JUIsl YEThIPEX BHIOpaH-
HBIX CTPOK:

X0 Xt A Xal = X0 A X ™ Xa.

Xlll\ XZOA X3O = XlA )_(2 A ;3 .

Xlll\ XZOA X31 = X]_A ;2 A X3.

XA %o A Xt = X X X

3. CocraBisieM AU3BIOHKITUIO BCEX MOTYYECHHBIX KOHBIOHKIIMA ¥ HAXOIUM
CAH®:

f(Xl, Xo, X3) = X1 M Xo M Xav X1 M X2 M Xs v XM X Mg XN Xo N X

Beskas OyneBa dyukmmst f(Xq, Xp, ... , X,), HE paBHas TOXJIECTBEHHO 1,
MOXKeT ObITh mpeacTaBieHa ¢popmynoid B CKH®, koTopas onpenensiercss 0IHO-
3HAYHO C TOYHOCTHIO J0 MEPECTAHOBKU JU3HIOHKTUBHBIX UJICHOB.

s nmonydenust popmyisl OyneBor ¢yHkuu f(Xg, Xz, ... , X5) B CKH®
CJIEIyEeT BOCTIONB30BAThCS CIICIYIOIIUM aJITOPUTMOM.

Anzopumm npeocmaenenusn 0Oyneeoii pynkyuu, 3a0anHHou maodauyeil,
¢dopmynoin ¢ CKH®

Illaz 1. BeiOupaeM B Tabiuiie Bce HAOOPHI MEPEMEHHBIX Sy, Sy, ... , Sp, IS
KOTOpbIX 3HaueHue f (Sy, Sy, ..., Sp) = 0.

llaz 2. Jlna xaxaoro Takoro HaOopa (CTPOKH TaOJHUIIbI) COCTaBIIIEM

LA, e X = X, ecmu Sj= 1w XY = Xi, ecm S = 0,

JUM3BIOHKIMI0 X' Vv X2 v v X =X ", rae X =X, ecmu ;=01 X' =Xi, €Clu §;
=1i=12,..,n

a2z 3. CoctaBiisieM KOHBIOHKIHMIO BCEX IMOJYYEHHBIX IU3BIOHKIIHM.
B pesynbprare nonyuntcas CKHO.

ITpumep 4.15. Haiinem dpopmyny 8 CKH® ms ¢pynakuun f(Xq, Xp, X3), 3a-
aHHOU Tabnurei 4.4.

1. Beibepem B Tabnuie ctpoku, riae f(Xg, Xz, X3) = 0. D10 1-s1, 2-51 u 3-s
U /-5l CTPOKHU.
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2. Jlns Kaxmol BHIOPAHHOM CTPOKU COCTABJISIEM JU3BIOHKIUH 110 MPaBU-
1y, yKa3aHHOMy B mmare 2. ITolydmM, COOTBETCTBEHHO, Ul TPEX BBIOPAHHBIX
CTPOK:

Xll\/ X21\/ X31 = X1V X2V Xs.

Xll\/ X21 \Y X30 = X1 VvXo Vv )_(3 .

Xll\/ Xzo\/ X31 = X1V )_(2 V Xs3.

X]_O\/ Xzo\/ X31 = ;1 \ ;2 V Xs.

3. CocraBisieM KOHBIOHKIWIO BCCX IMOJYYCHHBIX I[H3'BIOHKHHI>1 1 HAaXO0aAum
CKH®:

f(Xl, X, X3) = (X1V XoV X3) A (X1V XoV X3) A (X1V X2 Vv X3) N (Xl VvV X2 V X3).

Tax, nns pyHKIIMU, paccMoTpeHHOU B ipuMepax 4.14 u 4.15,n = 3, p = 4,
q=4,p+q=8=2°

4.5 Munnmuzanusi popmyJ 0yJieBbIX (PYHKIHMH B Kjacce JU3BIOHK-
THBHBIX HOPMAJIBHBIX (pOPM

[IpousBonbHas OyneBa (QyHKIMS MOXKET OBITH MpeAcTaBieHa (hopmyioi
B JJH® u KH®, npuuem Takoe nmpeAcTaBlIeHUE HEOIHO3HAYHO. PaBHOCHIIBHBIMU
peoOpa3zoBaHUSIMU MOXKHO MOJYYUTh (DOPMYITY, COJIEPIKAIIYI0O MEHBIIIEE YUCIIO
BXOXKJCHHH MepeMeHHbIX. Hanpumep, nBe pazmuunbie opmyisl: fi(Xg, Xp) = Xv
X1 M X v Xz 1 fy(Xg, X2) = X; V X2 paBHOCHIJIBHBI, TaK KaK B CHJIy 2-TO 3aKOHA I10-
TIOMIEHHUS X1 V X1 ™ Xo = X1.

Ho B dopmyie fi(X;, X2) comepKUTCS YeThIpe BXOXICHUN TEPEMEHHBIX,
a B popmyie fo(X1, Xp) — 11Ba.

JIH® Ha3bIBaeTCS MUHUMANbHOU, €CIIA OHA COJICPKUT HAMMEHbIIee 00-
11€€ YUCIIO BXOKIECHNUN IEPEMEHHBIX CPEIN BCEX PaBHOCWIbHBIX eil JJHD.

Hmnauxkaumom 6ynesoit pynkumu (X1, Xp, ... , X;) Ha3bIBaCTCS JICMCH-
TapHas KOHbIOHKIUS C, He paBHas ToxaecTBeHHO 0, Takas, uto C v f = f. Or-
METHUM, YTO Jt00ast KOHbIOHKIKA Jt000# JIHD B crity 3aKkoHa MAEMIIOTEHTHOCTH
SBJISIETCS] UMIUTMKAHTOM 3TOH (yHKIIUH.

Nmmukant C dynkiuu f Ha3pIBaeTCS MPOCMbBIM UMHIAUKAHMOM, €CITU
mocie otrOpachkiBaHHUs JH000# mepemMeHHON n3 C momydaeTcss dJaeMeHTapHas
KOHBIOHKIIWS, HE SIBJISIOIIASICS UMIUTMKAaHTOM (QyHKIUH f.

Ilpumep 4.16. [{nsg bysximuu X Ny v X2 v XAy N2 =X (Y Vv Z) KOHB-
IOHKITUU X N Y U X °Z — POCThIe UMIUIMKAHTHI, a X Y  Z — UMIUTMKAHT, HO HE
MPOCTOM.

JIM3BIOHKIMS BCEX MPOCTHIX UMIUTMKAHTOB OyiieBoi (yHkIuu f Ha3piBa-
ercsa cokpawennoii /IH® ¢ynkyuu f.

i maxoxnenus cokpameHHor JIH® ucnonb3yercs Caeayrolmun aiaro-
PUTM, B OCHOBE KOTOPOTrO JIe:KUT MeTo KBaliHa.

Anzopumm Keaitha nocmpoenus coxkpawennoii /[H®
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Illaz 1. Haxomum muis nanHoi OyneBoit gyukuuu f ee hopmyny F, Haxo-
namytoca B CJIITHO.

Ilae 2. Haxoaum Bce mpocThie MMITIMKaHThI GyHkiuu f. [{ns aToro Bce
AIIEMEHTApHbIE KOHBIOHKIUHU (opMyJibl F momapHO CpaBHHBaeM MEXIy COOOH.

Ecnu 1Be anemeHTapHble KOHBIOHKIIMM TaKOBBI, YTO OHU UMEIoT Bua C M X u C ™ Xi,
TO BBIIMCBHIBAEM KOHBIOHKINIO C. DTO SABJISETCS CIEACTBUEM 1-TO 3aKOHA paciiern-
nenus (ckneuBanust). KonbroHkimst C conepKuT N — 1 BXOXKIIEHUE NEPEMEHHBIX.
DneMeHTapHble KOHBIOHKIIMY, JUI KOTOPBIX MPOU30ILIO CKIEUBAHUE, IOMEYAEM.
[Tocne mocTpoeHus BceX KOHBIOHKLMM, BKIIOYAIOUIMX N — 1 BXOXKJIEHUE mepe-
MEHHBIX, BHOBb CPAaBHMBAEM HX IONAPHO, IPOU3BOIUM, €CIU BO3MOXHO, CKJIE-
MBaHUE, BHIMICHIBAEM MOJTYYCHHbIE KOHBIOHKIIMA U3 N — 2 YICHOB, TOMEYaeM
CKJICMBAIOIIMECS KOHBIOHKIMU U3 N — 1 wieHoB u T. 1. [Ipouecc 3akaHunBaercs,
KOI/la JaJIbHEWIee CKIEMBAaHUE HEBO3MOXHO. Bce HemoMeueHHbIe 3JIeMEeHTap-
HbI€ KOHBIOHKIIUU SIBJISIFOTCSI MPOCTHIMU MUMITTUKaHTaMU. VX TU3BIOHKIUS JacT
HaM ¢opmyny Fi, paBHocwibHyto F, Haxondmytocs B JIH® u cocrosuyo u3
IIPOCTBIX UMIUIMKAHTOB, T. €. COKpameHHyo JJTHD.

ITpumep 4.17. Haiinem coxpamennyto JJHD® dynkiun f(Xy, X, X3) =
= (e > xa)~ (4 V%),

1. Hlar 1 6b1 BEIMONTHEH paHee (pumep 4.14).

CIAH® dopmymnsr f(X;, X, X3) sBasiercst popmymna F(Xy, Xz, X3) = X1 M X °

AXaVv X1 ™M Xo M Xs VXN X2 M X3 v X M Xo v Xa.

2. IlonapHo cpaBHUBAaEM Bce 4 TPEXWICHHbIE KOHBIOHKIIUH (BCEX CpaBHE-
uuii C; = 6) u mpUMeHsIeM, 1€ 3TO BO3MOXHO, 3aKOH CKJICUBAHHS:

X1 Xo M X3V X1 Mo N X3 = Xo M X3,

X1 M X v Xy N X2 Mg = X1 M X,

Xl/\ X2 N X3V Xl/\ Xg/\ X3 = Xl/\ Xs.

Ha nepBom 3tane nony4yuinu 3 ABYy4YJI€HHbIE KOHBIOHKIIMHU:

Xo AX3, X1 NXa, X1 A Xs.

Bce TpexusnieHHble KOHbIOHKIIMH OKa3aJIMCh TOMEYEHHBIMHU.

[TonapHo cpaBHMBaeM Bce 3 JABYUYJIEHHbIE KOHBIOHKIMU (BCEX CPABHEHUM
3) u 3aMeyaeM, 4TO CKIICHBaHHE HEBO3MOXKHO.

B pesynbrate nmoyunm cokpaieHnyto JJTHD dpopmyssr f:

Fl(Xl, Xo, X3) = XZA X3V XlAX2 \Y% Xl/\ Xs.

Ha npaktuke nis noctpoenus: cokpaiieHHot [JH® ynobGHee mosib30BaTh-
cs1 MmonupurpoBanHbiM MeToJoM KBaiina — Mak-Knacku. CyTs MeToz1a cocro-
UT B aBTOMATHU3ALIMU IIPOLIecca CKICUBAHUSI.

Anzopumm Keaitna — Mak-Knacku nocmpoenus coxkpawiennou /[H®

laz 1. CoctaBuM Tabnuily 3HadeHuit OyneBoi ¢yHkuuu. s npumepa
BOCIIOJIb3YEeMCsI TaHHBIMU Ta0uIIbI 4.4,

OueBugHO, B cuity anroputMa 4. 3 (cM. Takke mpumep 4.15), ata pyHK-
s uMeeT caenytomtyto popmyrny B CAHO:

f(X1, X2, X3) = Xe M XM Xav X1 M X2 MXs v XN X M Xav X M Xo N Xa.
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llaz 2. Beimuiem HAOOpHI MEPEMEHHBIX, HA KOTOPBIX (YHKITUS TTPUHU-
MaeT 3HadyeHue |, mpuueM 3TH HAOOpHI YHNOPSAIOYUM IO TpyHIaMm TakK, 4ToO
B KQXIIYIO TPYIITY BXOAAT HAOOPHI C OJMHAKOBBIM YMCIOM eauHuIl. [lycts Aj —
rpyIna HabOpoOB MEPEMEHHBIX, TAKUX, YTO KX HAOOP COACPIKUT | CIUHMII, U
GyHKIMS Ha 3TOM HabOpe IepeMEHHBIX TPUHUMAET 3HAYCHHUE, PABHOE CIUHUIIC.

['pyrmst Ag (T1€ BCe TIepeMeHHbIEe HYIIH, a 3HaUeHHe ()YHKIIMU paBHO 1) HET.

['pynma A; (rie onHa mepeMeHHasi IMHULA, OCTATbHbIC HYJIN, U 3HAYCHUE
¢byHKIuu paBHo 1):

1 0 0.
['pynna Ay:
o 1 1;
1 0 1
['pynna As:
1 1 1

Illaz 3. Tlpou3BoauM TNoMapHOE CpaBHEHHE HAOOPOB MEPEMEHHBIX, BXO-
ISAIKMX B cocenHue rpynnbl. Eciim mpu 3TOM CcpaBHEHHMH OOHapy»KaTcsl ABa
Habopa, KOTOpPbIE OTJIMYAIOTCS TOJIBKO B OJJHOM pa3psijie, TO BMECTO HUX 3aIlH-
CBIBA€TCS OJUH HA0Op, B KOTOPOM BMECTO HECOBIAJAIOUIMX Pa3psAI0B CTaBUTCS
« — » (mpouepk). [locie Bcex BO3MOXKHBIX CPAaBHEHUH W3 MPEIIIECTBYIOIIETO
CIIMCKA BBIUEPKUBAIOTCS BCE HAOOPHI, KOTOPbIE YYACTBOBAIM B 00PAa30BAHUH XO-
T8 Obl OJIHOrO Habopa c mpoyepkoM. POpMHUPYIOTCA JBa MacCMBa HaOOPOB:
HaOopkI ¢ npouepkamu (MaccuB P) n He BbIYepKHYThIE (MaccuB R).

OTH JEUCTBUS COOTBETCTBYIOT CKJIIEMBAHWIO KOHBIOHKIIMM W yMEHBIIIE-
HUIO YMCJIa BXOXKICHUN EePEMEHHBIX.

Jlnst Hatiero npuMepa npu cpaBHeHuH rpyni A u Ay:

BMecTo (1 00) u (1 0 1) momyqum (1 0 ).

[Tpu cpaBHeHuu rpymm A, u Ag:

BMecTo (0 1 1) m (1 1 1) momyuum (— 1 1);

BMecTo (1 0 1) m (1 1 1) momyumm (1 —1).

[Tocne aToro srama maccuB R mycT, T. K. Bce HAOOPHI y4acTBOBAJIA B 00-
pazoBaHuM HaOOPOB ¢ mpouepkamu, a maccuB P = P(1) BkitouaeT cienyromnue
Hatoper: (1 0-); (—11); (1-1).

Jlanee paccMoTpuM HabophI ¢ npodyepkamu. OHU BHOBb MOMApHO CPaBHHU-
BalOTCS Mexay coOoil. [Ipm 3TOM uMeeT CMBICI CpaBHUBAThH JIMILIb HAOOPHI,
B KOTOPBIX IPOYEPK CTOUT B COBHAJAIOLIMX pa3psiaax. Ecinu cpaBHHBaeMble
Ha0OpbI OTJIMYAIOTCS IPYT OT ApPyra TOJBKO B OAHOM pa3psje, TO BBINHCHIBAEM
Ha0op C AByMs MpoyepkaMu (CTapbiM U HOBBIM). [lociie Bcex momapHbIX cpaB-
HEHUU U3 MHOKECTBa HA0OOPOB C OJHUM MPOUYEPKOM BBIUEPKUBAIOTCS BCE HAOO-
PBI, UMEIOIIME OJUH MPOYEPK M YUACTBOBABILIKE B 00pa30oBaHUU HAObOpa C ABYMs
npoyepkamu. Habopbl ¢ 0JHUM MPOYEpKOM, HE Y4acTBOBABIIKE B 00pa30BaHUU
HaOOPOB ¢ ABYMs MIPOUYEPKaMH, TOMEIIAIOTCS B MaccuB R.

Jlis mpumepa mnomapHoe CpaBHEHHE HAOOPOB C OAHMM IPOUYEPKOM
HE IPUBOJIUT K 00pa30BaHUI0 HAOOPOB C ABYMS MPOUYEPKAMHU.

Jlanee paccmotpuM HaOOpPHI ¢ ABYMs Tipouepkamu u T. 1. [Iporecc mpe-
KpallaeTcs, €Clid Ha OYEPETHOM IIare Bce paccMaTpuBaeMble HAOOPHI MOMAAa0T
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B R. HeTpynHo yOenuTthcesi, 4TO KaxJ10My HaA0Opy U3 R COOTBETCTBYET MPOCTOM
UMILUTMKAHT, IPUYEM €MHUIIE COOTBETCTBYET MEepeMeHHas1, B3sTas 0e3 oTpulia-
HUSI, HYJIIO — IEPEMEHHAsI, B34Tasi C OTPULIAHUEM, & TIPOYEPKY — OTCYTCTBUE CO-
oTBeTcTBYIONIEH mepemeHHo. CokpamieHHass JIH® ectb IU3BIOHKIUS 3TUX
MPOCTHIX UMIUIMKAHTOB.

s mpuMepa, mporieaypa CpaBHEHHS 3aKaHYMBaeTCs Tocie hopMUpoBa-
HUsI HAOOPOB ¢ OAHUM IpouepkoM. MaccuB R mociie 3Toro BkitouaeT HaOOPHI:
(10-);(-11);(1-1). -

Coxkpamennas JTH® umeet Bum: f(Xg, Xo, X3) = X2 Xz Vv X1 X2V X1 ™ Xa.

Hanee npouecc HaxoxaeHus MuHuMansHoi JJH® cBoautcs x oTOpachi-
BAHUIO HEKOTOPBIX MPOCTHIX UMILJIUKAHTOB.

[IpocTOli MMIUIMKAHT Ha3bIBACTCS CYU{ECHIGEHHBIM (A0POBLIM) UMNIU-
Kaumom, ecii ero ypaaieHue u3 cokpamenHoil JJH® ¢ynkuum mpuBogut
K JJH®, xoTopas He paBHOCWIBHA UcxonHou JJH.

[Toctpoenne munumanbHoi JIH® cBomuTcss K OTOpachIBaHUIO HECYIIE-
CTBCHHBIX UMIUIMKAHTOB U3 cokpatmieHHon [JHO.

DneMeHTapHasi KOHBIOHKIUSA A nokpouléaem dJIEMEHTAPHYI0 KOHBIOHKITHIO
B, ecnu oHa sBJs€TCS YACThIO 3TOM KOHBIOHKIIUU, T. €. LIEJIMKOM BXOJUT B HEE.

Ilpumep 4.18. DneMeHTapHass KOHBIOHKIMS X; ©* X2 TMOKpPBIBAET dJIEMEH-

TapHbIe KOHBIOHKIMH X1 X2 N X3 U X1 X2 N X3, HO HE IOKPBIBAET AJIEMEHTAp-

HBIE KOHBIOHKIIHHU X1 oM Xz 1 X1 N X2 N Xs.

Haxoxnenune munumansHoil JITH® cocTtoutr B BBIOOpE TaKMX MPOCTHIX
MMIUIMKAHTOB W3 cokpameHHou [[H®, koTopeie B COBOKYIIHOCTH MOKPBIBAIOT
BCcEe dJeMeHTapHble KOHBIOHKIMU C/IH® wm coxmepkaT MUHHMalbHOE YHCIIO
BXOoxaeHul nepemeHHbIX. Takas JIH® paBrocuwibra CIH®, mockonbky ee
3HAUYEHHUS Ha HEKOTOPOM HAOOpe NEepPEeMEHHBIX COBIAJAIOT CO 3HAYECHUSAMH
CIH®.

PaccmoTpum cienyroniuii anropuTM HaxoxX1eHuss MuHuMaibHou JIHO.

Anzopumm nocmpoenun munumanvhou [JH® ¢ nomowpto madauywl
NOKpbImui

Illaz 1. CoctaBneHue TaOIUIIbI TOKPBITHA.

Jns nanHOM hyHKITUN

K m
f(X1, X2, ..., Xn) =\ Ai=V Bj, m<Kk, (4.2)
i=1 j=1
rae Aj — aleMeHTapHble KOHbIOHKINHY, Bxosmme B CJIHD, i =1, 2, ..., K,
k<n, a Bj — mpocTble uMmIMKaHThl cokpamieHnoi JJHD, j =1, 2, ... , m, m<Kk,

MOCTPOUM TaOJIUIY MOKPBITUH, YUCIIO CTPOK KOTOPOW PABHO YHUCIY IMOTy4YCH-
HBIX TIPOCTHIX UMIUIMKAHTOB, & YHCJIO CTOJOIIOB — YUCITY DJIEMEHTAPHBIX KOHB-
oHkmii B CIIH®. Eciu B HEKOTOPYIO 3JIEMEHTAPHYI0 KOHBIOHKIUIO BXOIHUT
KaKoM-MM00 TPOCTON WMIUIMKAHT, TO HAa TEPECEUCHHH COOTBETCTBYIOIIETO
CTOJI0LIA U CTPOKHU CTABUTCS METKA (HAIIPUMED, «*»).

Illae 2. Beinenenue CTOJI0I0B, COIEPKAILTUX OJIHY METKY.
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Ecmu B xakux-HUOY/b CTOJOLAX COCTaBJICHHOW TAOJIUIIBI UMEETCS TOJIBKO
OJIHa METKAa, TO CTPOKH, B KOTOPBIX CTOAT 3TH METKH, ONPEACIISIOT MPOCTHIE UM-
TUTMKAHTBI, KOTOPBIE HE MOTYT ObITh UCKIIIOUEHBI M3 cokpaiieHHor JTHD, 1. k. 6e3
HUX HE MOXET OBITh MOJYYEHO IMOKPHITHE BCEX AJIEMEHTAPHBIX KOHBIOHKIIHUIMA
CAH®. OHu sBIsItOTCS CYIIECTBEHHBIMU U 0053aTEIbHO BXOJUT B MUHUMAIIbHYIO
JIH®. [TosTomMy U3 TaOIUIlbl TOKPHITUH HUCKITFOYAIOTCS CTPOKH, COOTBETCTBYIO-
[IUEe CYUIECTBEHHBIM HMIUIMKAHTAM, U CTOJOIIbI 3JIEMEHTAPHBIX KOHBIOHKIIUMA
C/IH®, nokpbiBa€MbI€ ITUMHU CYIIECTBEHHBIMU UMILTUKAHTAMU.

Lllaz 3. BeluepKUBaHUE JIMITHUX CTOJIOLIOB.

Ecnmu B Tabnwmiie ecTh CTOJOIBI, B KOTOPHIX MMEIOTCS METKH B OJUHAKO-
BBIX CTPOKax, TO OCTABJSIEM TOJBKO OJIMH U3 HUX (BCE pPaBHO, KAKOM), TaK Kak
MOKPBITUE 3JIEMEHTAPHBIX KOHBIOHKIUN, COOTBETCTBYIOIIMX BBIOPOIICHHBIM
CTOJIO1IaM, OCYIIECTBIISIETCS 32 CUET MPOCTOr0 UMIUIMKAHTA, COOTBETCTBYIOIIETO
OCTaBIIEMYCS CTOJOILY.

Lllae 4. BeluepKHBaHUE JIMIIHUX CYIIECTBEHHBIX UMILUIUKAHTOB.

Ecnu nocne BhIOpachiBaHUsSI HEKOTOPBIX CTOJIOLIOB B pe3yJibTaTe Iara 3,
B Ta0JIMIIE TOSIBJISIOTCA CTPOKU, B KOTOPBIX HET HU OJHOW METKH, TO MPOCTHIC
MMILUIAKAHTBI, COOTBETCTBYIOIIME STUM CTPOKaM, UCKIIKOYAIOTCS U3 JAJIbHEHNIIE-
IO pacCMOTPEHHUS, T. K. OHU HE MOKPBIBAIOT OCTABIIMECS B PACCMOTPEHUU dJie-
MeHTapHble KOHbIOHKIMN CIIH®.

Lllaz 5. BeIOOp MUHUMAJILHOTO OKPBITHS CYIIECTBEHHBIMA UMIUIMKAHTAMM.

BriOupaercs Takas COBOKYITHOCTh CTPOK (T. €. CYIIECTBEHHBIX WMIUIMKAH-
TOB), YTOOBI OHU TIOKPBIBAJIM BCE OCTABIIMECS CTOJIOLBI (3JIEMEHTAPHBIE KOHBIOHK-
uun CIH®). IIpn HeCKOIBKUX BO3MOKHBIX BapUaHTAaX MPEANOYTEHUE OTIAETCS Ba-
PHAHTY MOKPHITUSI ¢ MUHUMAJIBLHBIM OOIIMM YHCIIOM BXOXICHHUS IEPEMEHHBIX.

Ilpumep 4.19. llponomxum npumep 4.18.

1. Cocrapnsiem Tabnuily mokpbITUid. st popmMyibl, OyneBoit (QyHKIIMH
C CI[Hq) f(Xl, X, X3) =x N X2A X3V XlA X2 N Xsv XlA X, N X3V XlA le\ X3 ObLIa
noJiyueHa paBHOCWIIbHAs el cokpamenHas JJTH®D: Fi(Xy, Xp, X3) = XXX X2 v
X1 X3. )

Kak10ii SIeMEHTApHOI KOHBIOHKIIA X;* Xp 2/ . A X", (X = X;, ecitut S
=0ux"=xX,ecmmsi=1,i=1,2, ..,n), Bxoxaueii B CJJTHD, MOkKHO comocra-
BUTH HAOOp MEPEMEHHBIX U3 HYyJIeH U eAUHUIl. ITOT HAOOPHI UICHTU(DULIUPYIOT
ctonbmel. Kaxkmomy mpoctoMy UMMIUTMKAHTY U3 cokpamieHHou JIH® Takke
MOKHO COTOCTaBUTh HA0Op M3 HyJeH, €IWHUIl U MPOYEepKoB, rae 0 o3HAYaeT,
YTO TIEpeMeHHasi OepeTcs ¢ oTpullaHueM, | — nepeMeHHas o6epercs 6e3 oTpulla-
HUSI, «—» — MEpEeMeHHasi OTCYTCTByeT. Jls mpumepa moiaydyaem CIEIyIOIIYIO
tabnauiy (tabm. 4.5) u3 4 cTonOIOB, COOTBETCTBYIOIIUX 4 3JIEMEHTAPHBIM
koHbIOHKIMIM CJIHD F(X1, X5, X3, X4) ¥ 3 CTPOK, COOTBETCTBYIONIUX 3 MPOCTHIM
uMIUIHKaHTaM cokpainenHoi JIHD Fi(Xq, Xo, X3, X4).

Tabnuya 4.5 — Ipumep nocmpoenus mabauyvl NOKpLIMULL

011 [100 [101 [111
11 | * =
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10— * ] =
1_1 * *

2. Beigensiem cTonoIp, coAepKaIue OHy METKY — 3TO 1-i U 2-i1 CTONOITHI.
NMrumukaHt X, ™ X3 (eMy cooTBETCTBYET 1-51 cTpOKa) sIBIIsI€TCs CyllecTBEHHbIM. OH

MOKPBIBAET JIBE dJieMeHTapHble KOHBIOHKIMH CJIHD: Xi: N Xo ™ X3 1 X1 ™o ™ X3

(MM cOOTBETCTBYIOT 1-ii u 4-ii cTosO1bI). UIMIukanT X; N X2 (eMy COOTBETCTBY-
€T 2-1 CTPOKA) TOXKE SIBISETCS CylnleCTBEHHBIM. OH MOKPBIBAET JIBE JIEMEHTap-
Hble KOHBIOHKIHU C/IH®: X, A X2 N Xz U XN X2 M Xg (MM COOTBETCTBYIOT 2-U U
3-# CTOJIOIE).

Bce ykazannpie ctpoku (1-10 u 2-10) u ctonoisl (1-i, 2-i, 3-i u 4-if) BbI-
YepKuBaeM M3 TaOJUIBI TOKPBITUN. [locie 3Toro Bce 37eMeHThI TabauIhl OKa-
KYTCS BBIYEPKHYThIMU. ClieIOoBaTENbHO, JBAa CYLIECTBEHHBIX MMIUIMKAHTA
Xo ™ X3 ¥ X1 X3 MOKPBIBAIOT BCE dlieMeHTapHble KoHbIoOHKIMU C/IHO.

Wtak, MunumanbHast JJH® st Hameld GyHKIMY UMEET BUA:

F2(X1, Xo, X3) =X M X3V X1 M Xa.

PaccMmoTpum elie oAuH npuMep HaxoxaAeHus MuHuMaibHoi JIH® Oyne-
BOM (DyHKIIHH.

Ilpumep 4.20. Ilycts OyneBa GpyHKIIMA 3a1aHa Ta0nuiei (tadm. 4.6).

[Ipumenum BHauane anroputMm KsaitHa — Mak-Knacku nis HaxoxaeHUs
cokpamenHou JIHD.

Tabnuya 4.6 — IIpeocmasnenue 6ynesou gyuxyuu 4-x nepemerHvix 8 guoe
maobauybl
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[IpencraBnenHas B Tabiuie OyjieBa (QyHKIUS UMEET CIEAYIOUIyr (hop-

myiy B CAH®: F(X1, X2, X3, Xg) = (X2 N X, X3 Xg) vV (Xa M X Xa ™ Xa )v (X
X2 Xa™M Xg) V (XA X M3 A X)) Vv (X N xe M xs AXg) v (XN X, A Xs M)V XM Xg
N Xz N Xa)V (XN XN X N Xy).

Brimuiiem HaOOpBl IEPEMEHHBIX, HA KOTOPBIX (YHKIUS MPUHUMAET 3Ha-
yeHue 1, mpudem 3Th HAOOpbl YNOPSAOYMM IO TpymnmnaMm Tak, YTO B KaXKIYIO

TPYMITY BXOJAT HAOOPHI C OJIMHAKOBBIM YHCIIOM €MHHIL.
['pynmer Ay HeT.

['pynmna A;:

o 1 0 O
['pynma Ay:

o 0 1 1,
o 1 0 1,
1 0 0 1;
1 1 0 O
['pynmna As:

o 1 1 1,
1 0 1 1,
1 1 0 1L

['pynmst Ay HET.

[IponsBoauM moOmMapHOE CpaBHEHHWE HAOOPOB MEPEMEHHBIX, BXOISIINX
B COCEIHHE TPYIIIHI.

[Ipu cpaBHeHuu rpymnm A; u Ay:

BMecTo (0 100)u (010 1) momyunm (0 1 0 -);

BMecTo (01 00) u (110 0) momyumm (— 1 0 0).

[Tpu cpaBHenuu rpynmn A, u As:

BMecTo (001 1)u (101 1) momyunm (0 — 1 1);

BMecTo (001 1)u (1 01 1) momyunm (— 0 1 1);

BMecTo (010 1)u (01 1 1) momyunm (0 1 —1);

BMecto (010 1)u (110 1) monyuum (— 10 1);

BMecto (100 1)u (101 1) momyuum (1 0 —1);

BMecTo (100 1) u (1 10 1) momyunm (1 —0 1);

BMecTo (1 100)u (110 1) momyunm (1 10 -).

[Tocne aToro srana maccuB R myct, T. K. Bce HaOOPBI y4aCTBOBAIA B 00-
pazoBaHuU HAOOPOB C Mpouepkamu, a maccuB P = P(1) Bkito4aeT cieayromniue
Ha0OPBHI:

010-);

(-100);

(0-11);

(-011)

(01-1)

(-101)

(10-1);
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(1-01);

(110-).

Teneps momapHO CpPaBHUBAIOTCS MEXIY COOON HAaOOpBHI C MPOYEPKAMHU.
HabGopsl ¢ ogHMM MpOYEpKOM, HE y4YacTBOBABIIME B OOpa3oBaHMM HaOOPOB
C IBYMsI pOYepKaMu, MOMEIIAI0TCs B MaccuB R.

Jiis mpumepa, BMecto (01 0 —) u (1 1 0 —) moyunm (—1 0 -);

BMecTo (—100)u (=10 1) moayuum (—1 0 -).

[Tocne sToro srama B MaccuB R momagaroT HaOOpHI, HE y4acTBOBABIIUE
B 00pa3oBaHUM HAOOPOB C JBYMS TPOUYEPKAMHU:

(0-11);

(-011);

(01-1);

(10-1);

(1-01).

Maccus P(2) coctout u3 Habopa ¢ AByMsI TPOUYEPKAMHU:

~10-).

Hab6op ¢ nBymMs mpodepkamMu OJIMH U MPOIICAypa CPAaBHEHUS 3aKaHINBACT-
cs. [loatomy Bce Habopwl u3 P(2) monagatoT B MaccuB R, KOTOPBIH mocie 3TOro
BKJIFOYAET HaOOPHI:

(0-11);

(-011)

(01-1);

(10-1);

(1-01);

-10-).

Coxpamennas JTH® umeer Bua: Fi(Xy, X2, X3, Xg) = X1 X3 Xg v X, X3
AXgV X1 M Xo M Xa v XD X, AXa Vv XN X3™g Vv X MXs.

Haiinem tenepr muauManbHyto JJH® ¢ momMoripio TaOauIlbl TOKPBITHH.
CocrapinsieM TaOIHITy TOKPBITUH.

Jns mpumepa 4.20 monyyum ciaeayromnyto taduiy (tabm. 4.7) u3 8 crond-
I[OB, COOTBETCTBYIOIIHNX 8 3neMeHTapHbIM KOHBIOHKIMAM CIIH®D F(X1, X5, X3, X4)
1 6 CTPOK, COOTBETCTBYIOUIMX O MPOCTBIM MMIUIMKAHTaM cokpamieHHou J[HD
F1(X1, X2, X3, Xa).

Tabnuya 4.1 — Tabauya noxkpvimuti Haxoxcoenus Mmunumaivhou [[HD
(00 npeobpazosaruii)

0011 (0100 |0101 |0O111 (1001 |1011 |1100 [1101
o-11 | * *
011 | * *
01-1 * *
10-1 * *
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1-01 * *

~10— * * * *

Brinensiem ctonOiipl, coaepkaiiue oqHy METKy — 3TO 2-M U 7-# CTOJIOIBI.

O6a 3Tux cTonbIa ONpEeAeNAOT OJUH U TOT K€ UMIUIUKAHT Xp Xs (emy cooTt-

BETCTBYET 6-51 CTPOKa), KOTOPBIi SBISCTCS CYIICCTBEHHBIM. OH MOKPBIBACT CJIe-

I[YIOH_II/IG 4eTBIPe NeMeHTapHbIe KOHBIOHKIMH CIH®D: X1 " X2 Xs ™ X4, Xa " X "

NXay Xp M X ™ X N Xa, Xg ™ XM X3 X4 (MM COOTBETCTBYIOT 2-#, 3-H, /-1l u 8-i

CTOJI6HBI). Bce ykazaHHBIE CTPOKH M CTOJIOIBI BBIYEPKHUBACM U3 TAOJHIIBI TO-
KkpbiTuid. [Tocie aToro Tabnuia npumet Buf (Tadm. 4.8):

Tabnuya 4.8 — Tabauya nokpvimutl Haxoxcoenus munumanvrou J[HD
(nocae npeobpaszosanuii)

0011 | 0111 [1001 | 1011
0-11 * *
—011 * *
01-1 *
10-1 * *
1-01 *

B mnonyudeHHolt TabnMile OTCYTCTBYIOT OJMHAKOBBIE CTOJOIBI, OTCYT-
CTBYIOT OJMHAKOBBIE CTPOKH. BRIOMpaeTcs Takasi COBOKYITHOCTD CYIIECTBEHHBIX
MMILTUKAHTOB, KOTOpast MMOKPHIBAET BCE CTOJIOIBI M COACPKAT HAUMEHBIIIEE KO-
JIMYECTBO OYKB. DTO MMILTMKAHTEI X *X3™X4 U X3 X, ™ X4 (1-1 1 4-51 cTpoKu TaoI.
4.8), T. K. OHU TIOKPBIBAIOT BCE OCTABIIIHECS CTOJIOIIBI.

Takum oOpazom, munuManbHas [IH® s GyHKuu, npeacTaBieHHOU

B Ta0J1. 46, HUMCECT BU: Fz(Xl, Xo, X3, X4) = )_(1/\ X3A Xq VvV XlA ;2 A X4V Xo N Xs.

KoHTpoubHbIE BONIPOCHI K pa3jaeny 4
. Uro Takoe OyneBa GyHKIM?
. HazoBuTe cnocoOsl npeacraBienus OyneBo PyHKIUU.
. KakoBbl 0coOeHHOCTH OYyJieBBbIX (DYHKIHIA?
. Hatb onpenenenue GopMyIibl B alredpe JIOTUKH.
. Uto Takoe paBHOCUILHOCTh (hopMy?
. Uto takoe JITH®, KH®, CIH®, CKH®.
. PackpeiTh anroput™ HaxoxaeHus: JJH® (KH®) 6yneBoit GpyHKIuu.
. PackpoiTh anroputm Haxoxaenus CIH® (CKH®) 6yneBoit hyHKIMH.
. AITOpUTMBI HaxoXieHus cokpareHHoi JJH® dbynkmmm.
10. Aaroput™m moctpoeHuss MuHuManbHOM JIH® ¢ momMornipio TabauIbl
MTOKPBITUH.

OO NO O~ WN P
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MOAYJIb 2. OCHOBbBI TEOPUU KOJAUPOBAHUSA, POPMAJIBHBIE
A3BIKU U TPAMMATHUKHU, ABTOMATDI

5 OCHOBHBIE ITOHATHUA TEOPUU KOANPOBAHUA

5.1 AuipaBuTHOE U pAaBHOMEPHOE KOJAMPOBAHHE

Teopus Koouposanus — 3TO pa3jei TEOPUH MHPOPMAIUH, W3YUAFOIIAN
CIIOCOOBI OTOXKJIECTBICHUS COOOIICHUN ¢ OTOOpaXKalIMIMMU UX CUTHaJIaMu. 3a-
Jadell TEOpUH KOJWPOBAHUS SBJISCTCS COTIACOBAaHWE MCTOYHHKA WH(POpMAITUU
C KaHAJIOM CBsi3u. Hampumep, 3T0 MokeT OBbITh 0OecliedeHHe 3a/JaHHbIX 3Haue-
HUI TIOMEXOYCTOWYMBOCTH TPH 3aJaHHBIX XapaKTEPUCTUKAX TOMEX B KaHaje
CBSI3M, JOCTIDKEHHE MAaKCUMAJIBHONH CKOPOCTH TIEepepadOTKH HH(OPMAIIH
IIPY BBITIOJTHEHUH HEKOTOPBIX apu(PMETHUECKUX TCHCTBUH.

PaccMoTpuM OCHOBHBIC MTOHSTHS TEOPUH KoaupoBaHus. [TycTh 3amansl 18a
andaButa 4 U B, COCTOSIIME U3 KOHEYHOTO YKciaa CUMBOJIOB: A = {ay, &y, ..., an}
u B = {by,b,, ..., bn}. Koprex B andasure 4 Ha3oBeM CIIOBOM & = @y, @y, ..., di,
rae | € [1, n], 9rcio N oKa3eIBaeT dauHy c10éa oy obo3Hadaercs N = |(a):

(o) = |of = [ay, ..., as] = . (5.1)

[Tyctoe cioBo o6o3navaercs A: I(A) = |A| = 0. [dus cioBa oo = o, ..., O
OykBa oy Ha3bIBACTCS HAYaJIOM, WA HpeguKkcom, cioBa o, a OykBa o — OKOH-
YaHWeM, WIH hocm@hukcom, cioBa ¢. CrioBa, Kak U KOPTEXKH, MOKHO COEIH-
HATB. J{71s1 3TOTO TIpepriKC BTOPOTO CIIOBA JODKEH CIIEIOBAThH Cpasy 3a MOCTPUK-
COM IIEPBOTO, MPU 3TOM B HOBOM CJIOBE OHH, €CTECTBEHHO, YTPAauyWBAIOT CBOU
CTaTyC, €CIIi TOJIKO OJTHO U3 CJIOB HE ObLI0 MycThiM. COeTUHEHHE CIIOB o U Q)
0003HA4YaETCA OlL10ly, COEAMHEHHE N OJMHAKOBBIX CIOB O 00O03Hauaerca o,
npudem o’ = A,

MHOXECTBO BCEX HeMycThIX cioB anbasuta A o6osnaunmm A : A™ = {a|
() > 0}. MHOXkecTBO A Ha3bIBaiOT ain)aBUTOM COOOIIEHHUI, a MHOXKECTBO B —
KonupytomumM andaButoM. MHOXECTBO CJIOB, COCTaBJIEHHBIX B ayipaBure B,
0003HaunM B*. O0BEeKTOM KOIUPOBAHUS CIYKUT KaK JIUCKPETHAs, TaK U HEIpe-
pBIBHASE HHPOPMAITUs, KOTOpas MOCTYIAET K OTPEOUTENIO Yepe3 UCTOYHUK WH-
dopmanuu. [lonsiTre koduposanue o3HadaeT TpeoOpa3zoBaHuE HHQPOPMAIIUU
B hopMy, YIOOHYIO JUIS TIEPEIayH 1O ONPEACIICHHOMY KaHATY CBSI3H.

OOpatHas omnepariusi — 0eKoOuposaHue — 3aKI0UaeTCs B BOCCTAHOBIICHUU
MIPUHSITOTO COOOIICHHS U3 3aKOJMPOBAHHOTO BHJIAa B OOMICTIPUHSATHIA, JTOCTYII-
HBII 17151 TOTPEOUTENS.

[IpaBuna oOpabOTKKM COOOIIEHUI MOTYT OBITh PAa3TUUYHBIMU: TTOAJIEMEHTHOE
KOJMPOBAaHUE, C TOMOIIBIO aITrOpUTMa, KOJUPOBAHHWE C TIOMOIIBIO PAa3IMIHBIX
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BUI0B rpaduku u 1ip. Tak kak ajst 1r000ro KoJUpOBaHMs A0JKHA BITOIHSATHCS OTle-
parus 1eKOIUpOBaHus, TO OTOOpaKEHHE JOHKHO OBITh OOPaTUMBIM (OHEKIIHS).

Ecnu Bce KoJ0BbI€ CJI0BA UMEIOT OJIMHAKOBYIO JJIMHY, TO KOJI Ha3bIBAETCS
PABHOMEPHBIM, VITH OIOYHBIM.

Angpasummnoe koouposanue. I1yctb 3a1aHpl KOHEUHBIN andaBuT A = {a,
..., Gn} ¥ MHOXECTBO CJI0B Haj andasutoM 4 — A . HazoBeM sneMeHTapHO# a-
CTBIO COOOIICHHSI Ty €r0 MUHUMAJIbHYIO YacTh, KOTOPOH CTAaBUTCS B COOTBET-
CTBHE CHMMBOJ M3 MHOXecTBa B. byaem paccmaTpuBarh NPOCTEUIINNA CIydau,
KOT'JIa 2JIEMEHTapHOM YacThI0 COOOIICHHUS sBIsieTCs 0Ha OykBa ajdaButa A.

AndasutHOE, T. €. TOOYKBEHHOE, KOJUPOBAHUE MOXKHO 3a/1aTh TabIuUIEi
K0J10B. DaKTUYECKH KOJIOM, KoAupyromel GpyHKiuei, OyaeT Ciy)kKuTh HEKOTO-

pas noxcramoska o. Torma oo (& —o(@), ...a, > o(a,)) = (B,,..8,) wm

I
o . a,
o= , e aj< A, ff € B . Takoe moOykBeHHOE KOIMpoBaHUEe 0003HA-

B B
gaerca Kjg'. MHOxkecTBO KOJI0B OyKkB {/f} Ha3bIBACTCS MHOMHCECHIEOM INICMEH-

mapuuvix K0006. AnpaBUTHOE KOJUPOBAHKE MOXKHO HCIIOJIB30BaTh JJISI JIFOOOTO
MHOKECTBa COOOIIESHUM.

Takum o06pa3om, aipaBUTHOE KOJMPOBAHHUE SIBIISIETCS CaMbIM ITPOCTBIM,
€ro BCEr/ia MOYKHO BBECTH Ha HEIYCTHIX a(aBUTaX.

[IycTs, HanmpuMep, 3aaanbl andaButel A U B, cocrosiuiye, COOTBETCTBEH-
Ho, u3 {0, 1,2,3,4,5,6,7,8,9} u {0, 1}. Torna tabnuiia KoAUPOBAHUS MOXKET
OBITh TTOJCTAHOBKOM:

0123 4 5 6 7 8 9
_(O 110 11 100 101 110 111 1000 1001)

OTO JIBOMYHO-AECATHUYHOE KOJIHMPOBAHUE, OHO SBJISETCA B3aMMHO-
OTHO3HAYHBIM U OTOMY JIOITYCKA€T IE€KOAHUPOBAHUE.
01 10 11 100 101 110 111 1000 1001

HEC ABJIISICTCS
01 2 3 4 5 6 7 8 9}

B3aMMHO-OJHO3HauHOW. Hanpumep, koptex u3 mectd eauHun 111111 moxer
COOTBETCTBOBATH Kak cioBy 333, tak u 77, 111111, a taxxke 137, 3311 nim 7111
TLTIOC JIF00as IepecTaHOBKa.

[Iycts 3amana HekoTopas cxema an(paBUTHOTO  KOJIUPOBAHHS

OnHako cxemMa o :(

al an a, - Oy

o= . Torpa mobast cxema, o'= , TJI€ KOPTEX €CTh Ie-

B ... B, £ .. B
pecraHoBka koprexa (f,,...,[3,), Takke GyIeT 3a/1aBaTh HEKOE KOJMPOBAHUE.

B Takom Cly4dac, €CJIr IJIWHBI OJICMCHTAPHBIX KOJOB paBHLBI, TO UX IIEpECTa-
HOBKa B CXCMC€ HC BJIMACT HA JJIMHY 3aKOJUPOBAHHOTIO COO6H_ICHI/I$I. B tom
Cly4dac, €CJIM AJIWHBbI OJICMCHTAPHBIX KOJOB pa3/JIMUHbI, TO AJIMHA KOJ4a c000-
ICHUA HAIPAMYIO 3aBUCUT U OT TOI'O, KaKUC 3JICMCHTAPHBIC KOJAbl KAKHUM 6YK-
BaM IIOCTaBJICHBI B COOTBETCTBHC, 1 OT TOI'O, KAKOB COCTAaB 6YKB B COO6HICHI/II/I.
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HazoBeM cxeMy G mpegpukchoit, eciv 3JI€eMEHTApHBIA KOJ OJTHOU OYyK-
BBl HE sIBJIETCS MpeduKCOM Kojaa aApyrou OykBbl. Cxema G Ha3bIBaeTCs pa3-
0eaumoil, eCiy Ir00€e CI0BO, COCTABIEHHOE U3 AIEMEHTAPHBIX KOJIOB, pa3iia-
raeTcsi Ha 3JIEMEHTAapHbIE KOAbl €AMHCTBEHHBIM 00pa3oM. An(aBUTHOE KOJU-
pOBaHUE C Pa3ACIMMON CXEMOU AOMYCKAeT NEKOIUPOBAHUE.

B 3aBrcuMoOcCTH OT Liene KOAUPOBAHNS, PA3INYalOT CIEAYIOLINE €r0 BUIbL:

- KOJMpPOBaHUE MO 00pa3lly UCHOJIb3YETCs BCAKUW pa3 MpU BBOJE WH-
dopmaIru B KOMIBIOTEP sl €€ BHYTPEHHETO MPEICTaBICHHUS;

- Kpunrorpapuyeckoe KoJupoBaHue, WK MUPpOBaHUE, UCIIOJIb3YETCH,
KOTJia HY’KHO 3aIlIUTUTh UHHOPMAIIUIO OT HECAHKIIMOHUPOBAHHOTO JIOCTYTA;

- 3¢ pexTUBHOE, UM ONTHUMAIbHOE, KOJUPOBAHHUE HCIIOIB3YETCS IS
yCcTpaHeHus U30bITOUHOCTH HHGOPMAIUH, T. €. CHI)KEeHUs ee 00beMa, Halpu-
Mep, B apXHBaTOpax;

- MIOMEXO03aIIUTHOE, WIN IIOMEXOYCTOMYUBOE, KOAUPOBAHUE HUCIIOJIB3YETCS
JUIA 00ecrieueHusl 3aJaHHOM JOCTOBEPHOCTH B CIy4yae, KOTrJa Ha CUTHAJI HAKJIa-
JBIBAaETCsI IOMEXa, HalpuMep, Ipu nepeaade nHopMaIHK Mo KaHajdaM CBS3H.

5.2 CucTeMbl HCYHCJIEHUSI KAK OCHOBA Pa3HbIX KOJA0B

KoaupoBanue nHpopmManuu 0 YUCIEHHOCTH YEro-Iu00 MPUBEJIO K CO3/a-
HUIO CUCTEM UCUUCIICHHUS.

JecatudHas cucTemMa HMCUYUCICHUSI — COCO0 KOAMPOBAHUS HATypajbHbBIX
4yucesl, MPUYEM OCHOBAHHE CUCTEMbI CUHCIICHHS MPOUCTEKAIO OT KOJUYECTBA
najbplieB Ha pykax. McTopusi 3HaeT M JIpPyrue CUCTEMbl — JBAJLIATCPUYHAS —
10 YKCITy MajbleB Ha pykax U Horax. C momomibio OykB 00O3Ha4Yasid U(DPHI
U TPEKH, U PYCCKUE, U TPy3uHbl. UHAMIIBI 1 apabbl MpUAyMaiyd HYJb U MO3U-
LUOHHYIO CUCTEMY UCUUCIICHUS.

OcHOBHOM eMHUIICH KOAMPOBaHUS MHGOPMAIIMH B HACTOSIIEE BPEMS SIB-
nsieTcss OUT — OJMH JIBOUYHBIN pas3psisi, KOTOPbI MOXeET ObITh MO0 Hysem (0),
6o eaunuieit (1). bonsmmuacTBo 9BM HCHONB3YIOT ABOMYHOE MpE/ICTaBIIC-
Hue uHpopManuu. B Haudame sphl KOMIBIOTEPOB OMTaMH KOJIWPOBAIM YHCIIA
1 KoMaHpl. OKa3anock, YTO TaKOE KOJUPOBAHUE MPUTOIHO I 3alIUCH, XpaHe-
HUS U TIepepadOTKU MPaKTUYECKU JIF000i nHbopManmu: n300paxeHuit (Buaeo-
uH(bopMaIum), 3ByKa, My3bIKd, (PUIBMOB U T. II.

['pynmbl B Tpu OMTa HA3bIBAIOT TPUAJIaMH, TPYIIIBI U3 YEThIpeX OUTOB —
teTpanamu. Hambosee yacto ceiiuac roBopsT o 0alTax — rpymmax U3 BOCHBMHU
6uros. J[Ba Gaiita — 310 yKe cioBo. Kuobaiit — sto 2'%aiit —1024 Gaiita. Me-
rabaiit — 9o 2°°6aiir. Turabaiit — ato 2°%aiit. Tepabaiit — 1o 2*° Gaitr.

Heouunan cucmema ucuucnenusn. B 1BONYHON CUCTEME UCUUCIICHUS OC-
HOBaHME — 2, COOTBETCTBEHHO, MCIIOJB3YeTCs TOJbKO JBa cumBoia: 0, 1. Ilo-
sTOMy apudmernka odenp mpoctas: 0+0=0,0+1=1,1+0-1,1+1=10(0
U nepeHoc B ciaenyromuid paspsia). 3amuch 11011,101 HexkoToporo 1BOMYHOrO
YHUCJIa COOTBETCTBYET CIECAYIOLIEMY ACCATUYHOMY YHUCIY: 1.2 +1. 22+ 1.2 +
128 +1.2° 1.2 + 1. 2%+ 1.2° = 27,625.
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Takoe mpejacTaBieHHE YMCla HA3bIBAE€TCA MPEACTaBICHUEM C (UKCUPO-
BaHHOM 3amgTod. 3amsTas (UKCHpOBaHA B COOTBETCTBYIOLIEH ammaparype

(apudmeTHKO-IOrUUECcKOM ycTpoiicTBe — AJIY). PaccMOTpyM, Kak BBIMOIHACT-
Csl IBOMYHOE CYMMHUPOBAHHE.

Ilpumep 5.1. TlycTh HEOOXOOUMO CIIOKHUTH JIBa MBOWYHBIX umcia 110
n11:110+ 11 =1001.

Ilpumep 5.2. JIsouuHoe BbluMTaHue, Hanpumep, (10 — 5 B gecaTuuHOM
Koje) BeIIAnT ciemytonum oopazom: 1010 — 0101 = 0101. [{ns BeITOTHEHUS
TaKOW OIepaliyd BBIUUTAHUE 3aMCHSIOT CIOKCHHEM YHCJIa B TaK HA3bIBAEMOM
o0paTHOM KoJie, Korjia C pa3ps/iaMi BbIYMTAEMOT0 MIPOBOJISAT OINEpaIiio HHBEP-
tupoBanus. 1010 + 1010 = 1 0100. IIpu s3Tom obpa3zyeTcst mepeHoc 1, KOTophIi
HEOOXOJUMO CJIOKHTh C MpoMexyTouHbiM pesyiabrarom 0100: 0100 + 1 =
0101.Takum ob6pazom, momydaem orBetr 0101 (10 — 5 =5 B mecaTuunom Koze).

[lepeBoa yrcen U3 1eCATUYHON B ABOMYHYIO CUCTEMY CUHCIICHUS BBITIOJ-
HSIOT, HAIIPUMED, IyTEM JIEJICHUS] HA OCHOBAaHUE CUCTEMbl CUMCIICHUS — 2 U 3a-
MMACHIBAIOT COOTBETCTBYIOIIME OCTAaTKH JIMOO IMOAOMPAIOT COOTBETCTBYIOIIHEC
CTETIEHU Ynciia 2.

Ilpumep 5.3. Jlano necstuanoe yncio 38, OimmKkaiias cTeneHpb yucia 2 —
3TO yuciao 32, T. €. 25, ocTacTcs eme 6, OmmKaiias CTeneHb ynucna 2 — 310 4,
T. €. 22, ocTraercsa 2, 9TO 2 Takum o0Opazom: 02" +0- 2° + 1.2° + 0-2°
+0.2°+0:2* + 1. 2"+ 0-2° = 100110.

Bocomepuunas cucmema cuucnenusn. B BocbMepuiaHOM KOZIE BOCEMb CHM-
BoJioB: 0 (000 nBouunoe), 1 (001 nBouunoe), 2 (010 nBouunoe), 3 (011 nBouuHOE),
4 (100 aBomunoe), 5 (101 mBomuHOE), 6 (110 TBOWUHOE), 7 (111 ABOMYHOE).

J1yist mepeBo/ia 4Mciia U3 BOCbMEPUYHOTO KOJIa B IBOMYHBIM HEOOXOMMO KasK-
1yto 1py BOCBMEPUYHOTO KOJIa 3aMEHUTh Ha TpUady (TpU CUMBOJIA) IBOUYHOTO.

Ilpumep 5.4. 3543 = 11 101 100,. 3nech TBOMYHOE YHCIIO MPEICTABICHO
B OaliToBOM (popmare, mosTOMy cTapiias Tpuaaa HeronHas. Hao6opoT, u3 nBo-
WYHOTO KoJia B BochMepuuHbIi: 10 111 101, = 275g.

Hlecmuaoyamepuunaa cucmema cuucieHusn. B mecTHaAaTEpUIHOM
koze mectHaanare cuMBosioB: 0 (0000 aeomunoe), 1 (0001 nBomunoe), 2 (0010
asonyHoe), 3 (0011 aowmunoe), 4 (0100 nBowmunoe), 5 (0101 aBomuHOE),
6 (0110 aBomunoe), 7 (0111 aBomunoe), 8 (1000 aBomunoe), 9 (1001 gBOMUY-
Hoe), A (1010 mBomunoe), B (1011 gBomunoe), C (1100 gouunoe), D (1101
nsonuHoe), E (1110 neonunoe), F (1111 gsonunoe).

Jlst mepeBoa ynciia U3 ABOMYHONW CHCTEMBI CUHCIICHUS B IIECTHAAIATE-
PUYHYIO HEOOXOJMMO 3aMEHUTh KXY TeTpanay (Y4eThIpe CMMBOJIA) COOTBET-
CTBYIOIIUM IIECTHAAIIATEPUIHBIM CUMBOJIOM.

Ilpumep 5.5. 1010 1101, = ADys. HaoGopor, U3 miecTHaAIIaTepUIHOTO
kona B nBonuHbii: 7BAF =111 1011 1010 1111,. B BocbMEpHYHOM M IIECT-
HAJIIATEPUYHOM KOJaX MOKHO CTPOUTH COOTBETCTBYIOIINE apU(PMETHUKH.

Ilpumep 5.6. B mectHaanarepuunoM koje: EFg + AC = 19B (F+ C =
1B, 1 nepenocurcs B cienyroumii paspsan; E + A = 18, u +1 u3 npenpiayiiero
paspsna = 19). B BoceMepuuHoMm koge: 37g + 21g = 60g.
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5.3 KogupoBanue ¢ MUHUMAJILHON M30BITOYHOCTHIO

OnTuMaabHBIM SIBJISETCS KOAUPOBAHKE, MPU KOTOPOM COOOIICHHE UMEET
HAaMMEHBIIYIO, U3 BO3MOXKHBIX, JUIMHY. HO 111 BBISIBIICHHS] HAWIy4dlIEro U3 Ba-
pUAHTOB HEOOXOMMa JToNoJIHUTeNbHas nHbopmanms. Hanpumep, st cooOrre-
HHM, MPEICTABIICHHBIX HA €CTECTBEHHOM S3BIKE, TAKOW JIOMOJHUTEIBHOM HH-
dbopmarmeit MoKeT OBITh pacIpeielICHUe BEPOSTHOCTH TOSIBJICHHUS OYKB B HEKO-
TopoM Tekcte. Toraa 3amaya MOCTPOCHHS ONTHUMAIBLHOIO KOJa MPUOOpETaeT
TOYHYIO MAaTEeMAaTHIECKYIO ()OPMYITHUPOBKY U CTPOTOE PEIICHUE.

[TepBas Teopema lllenHona o nepenave nudpopmanmu, KOTopasi Ha3bIBACT-
Csl TAK)KE OCHOBHOU TEOPEMOU O KOAMPOBAHUH NIPH OTCYTCTBUU TMOMEX, (popmy-
aupyercs cieayromuM obpazoM: «IIpu OTCyTCTBHM MOMEX mepenadyd Bceraa
BO3MOXEH TaKOW BapHaHT KOJUPOBAHUS COOOUICHUS, MPU KOTOPOM CpeaHee
YKCJIO 3HAKOB KOJa, MPUXOASAIIMXCSA Ha OJMH 3HAK KOJUpyeMmoro andaBura, Oy-
JIET CKOJIb YTOAHO OJM3KO K OTHOIICHHWIO CPEIHMX MH(OpMalMii Ha 3HaK mep-
BUYHOTO ¥ BTOPUYHOTO aJIPaBUTOBY.

Hcnonb3yst TOHATHE U30BITOYHOCTU KOJIa, MOKHO JIaTh 00Jiee KOPOTKYIO
dbopmynupoBKy Teopembl: «IIpu oTCyTCTBUU MTOMEX Mepeadu BCEria BO3MOKEH
TaKOW BapUaHT KOJUPOBAHUS COOOIIEHUS, TPU KOTOPOM H3OBITOYHOCTH KOJA
OyJleT CKOJIb YTOJAHO OJIM3KOM K HYJIIO».

DTa TeopeMa OTKPHIBAET MPUHIUIIUAIIBHYIO BO3MOXHOCTh ONTUMAIBLHOTO
KoJIupoBaHus. PaccMarpuBasi cucteMy JBOMYHBIX KOJOB (M = 2) U TO, 4TO TIpHU
PaBHBIX JUTUTEIBHOCTSX U BEPOSITHOCTAX KaXKbINA dJIeMeHTapHbIN curHai (0 wiu
1) Hecér B cebe 1 out madopmarmu (log,m = 1), onupasice Ha Teopemy IlleHHO-
Ha, UMEeM:

M <K®, (5.2)

rae | Y — cpennss nupopMauoHHas EeMKOCTh HCXOIHOIO COOOIEHMS;
K® — nmuHa koma (JutMHA KOJOBOI IIETIOUKH).

Torna nepBas teopema llleHHOHa mosywaeT CIENYIONIYHO HWHTEPIpETA-
nuto: «IIpu oTCyTCTBUU MOMEX TepeAadu CpeliHss JJIMHA IBOMYHOTO KOAa MO-
XKEeT OBITh CKOJIb YrOJHO OJU3KON K cpelHer uHbopMauuu, Mpuxoisuiencs
Ha 3HaK MEPBUYHOTO aniaBUTa.

B nBon4HOI cucTemMe KOMPOBaHUSI OTHOCUTENbHAS U30BITOYHOCTh KOJIa!

Q=1-1_ (5.3)

rae Q — oTHocUTeNNbHAS H30BITOYHOCTH KOAA.

Omnpenenenue KoIMYeCTBa MepeJaHHON MHPOpPMaLUK MPU IBOUMYHOM KO-
JUPOBAHUM CBOJMUTCS K MPOCTOMY MOJICUETY YKCIIA UMITYJILCOB (€IMHUIL) U May3
(myneit). Ilpu 3TOM BO3HMKaeT MpoOJjemMa BBIJIEIEHUS M3 TOTOKA CUTHAJIOB
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(mocneaoBaTeIbHOCTH HMMITYJIBCOB M Tay3) OTAENbHBIX KoOJIOB. Ilpuemnoe
YCTPOUCTBO (PUKCHUPYET MHTEHCUBHOCTh U JJIMTEIBHOCTh CUTHAJIOB. DJIEMEH-
TapHbie curHaibl (0 u 1) MOryT UMETh OJMHAKOBBIE WU Pa3HbIE JUIMTEIbHOCTH.
Nx xonuuectBO B KoJie (AJIMHA KOJIOBOM IIEMOYKH), KOTOPBIA CTAaBUTCS B COOT-
BETCTBHE 3HAKY IEPBUYHOrO andaBHuTa, TaKXKE€ MOMXKET ObITh OJMHAKOBBIM
(B 2TOM cily4yae KOJ Ha3bIBAE€TCSI PABHOMEPHBIM) MJIM PA3HBIM (HEPaBHOMEPHBIi
ko1). HakoHer, Kogpl MOTYT CTPOMTHCS JJIA KX I0T0 3HAKA HCXOAHOTO alipaBu-
Ta (andaBUTHOE KOAUPOBAHNE) WU JJII UX KOMOMHAIUK (KOAMpOBaHKUE OJIOKOB,
CJIOB).

Cnocoovt koouposanus | dexoouposanus ungopmayuu

Ippexkmusnoe Koouposanue VCTIONB3YETCS NI YMEHBIICHUS 00HEMOB
nH(OpMAITMK Ha HOCUTENE — curHaie. it KogupoBaHUsI CHMBOJIOB MCXOHOTO
angaBuTa UCIIOIB3YIOT TBOWYHBIC KOJIBI MMEPEMEHHOMN JJIMHBI: YeM OoJIbIe Ja-
CTOTa CUMBOJIa, TEM KOPOYE €r0 KOJI.

Ipdhexmuenocmsb Kooa onpenenseTcs: CPpeIHUM YHUCIOM JIBOMYHBIX pa3-
PAIOB I KOJUPOBAHUS OAHOTO cuMBoia — |, (LleHa WK [UIMHA KOJUPOBAHMSA)
o ¢popmyiie

Icp :Z(pi'ni)1 (54)

riae K — auciio cuMBOIIOB HCXOHOTO an(haBuTa;
Ng — YUCIIO ABOMYHBIX Pa3psIIOB JIJIsi KOJIUPOBAHUSI CUMBOJIA S;

k
Ps — BEPOATHOCTD MOSBIICHUs CUMBOJIA S, TIPHYEM »_ p, =1
i=1

CymiecTByIOT JIBa KJIacCMYECKHX MeToja 3((HEKTUBHOTO KOAMPOBAHUS:
Meton Pano u Meron Xaddmana. BXoaHBIMH TaHHBIMHU JJisI OOOUX METOJ/OB
SIBJISIETCSA 3aJJaHHOE€ MHOKECTBO MCXOJHBIX CUMBOJIOB JJIsl KOJUPOBAHUSI C UX
4acTOTaMH (BEPOSITHOCTSIMU); pe3YyIbTaT — 3(PPEKTUBHBIE KOJIBI.

[IpocTast uaess mOCTpOCHUS KOAA, OJIU3KOTO K ONTUMAJILHOMY, MpUHAJIe-
KUT aMepUKaHCKOMY MatemaTuky P. @ano. ChopmynupyemM aliropuTM KOJAUpPO-
BaHUsl memooom Dano. ITOT MeTO TpeOYeT yNOpsI0YEHUS UCXOIHOTO MHO-
’KECTBa CUMBOJIOB 0 YOBIBAHWIO UX YACTOT. 3aT€M BBIMOJIHSIIOTCS CJICAYIOIINE
maru:

Llae 1. CnuCOK CUMBOJIOB JEJNHUTCS Ha JIBE 4acTH (HA30BEM UX MEPBOM
Y BTOPOM YaCTAMH) TaK, YTOOBI CyMMBI YacTOT 00euXx udactel (Ha3zoBeM ux X1
1 X2) ObUTH TOYHO WJIM IPUMEPHO paBHBI. B ciydae, Korja TOYHOTO paBEHCTBA
JIOCTUYb HE yJIaeTCs, Pa3HUIIa MKy CYMMaMHU JOJKHA ObITh MUHUMAJIBHOM;

Illae 2. KomoBeIM KOMOMHAITUSAM TIepBOM YacTH gomnuckiBaeTcs 0, Komo-
BbIM KOMOMHAIIUSIM BTOPOM YacTH IONUCHIBaeTCs 1;

Llaz 3. AHATU3UPYIOT MEPBYIO YACTh: €CIM OHA COJIEPKUT TOJIBKO OJWH
CHUMBOJI, paboTa ¢ HEW 3aKaHYMBAETCS. CUUTACTCS, YTO KOJ JJIsi €€ CUMBOJIOB
MOCTPOCH U BBITIOIHACTCS MEepexo/ K mary 4 sl MoCTpOeHUs KoJla BTOPOM ya-
ctu. Ecnu cuMBOJIOB 60JIBIIIE OJTHOTO, NMEPEXOT K mary 1 u nporeaypa moBTo-
pSAETCsI C IEPBOM YACThIO KAK C CAMOCTOSITEIbHBIM YIOPSI0YEHHBIM CITHUCKOM;
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lllaz 4. AHanU3UPYIOT BTOPYIO YacTh: €CJIM OHA COJEPIKUT TOJIBKO OJIMH
CHUMBOJI, paboTa ¢ Hel 3aKaHUYMBACTCS M BBITIOTHICTCS 0OpalIeHue K OCTaBIIEMY-
cs crnucky (mar 5). Ecnmu cumBoJIOB Oosbllie OJHOTO, MEpexoisaT K Imary 1
Y TIPOLIEAYPa MTOBTOPSIETCS CO BTOPOM YaCThIO KaK C CAMOCTOSTEIBHBIM CITUCKOM;

laz 5. AHanmu3upyeTrcsi OCTABIIUICS CIHMCOK: €CIM OH IMYCT — KOJ TIO-
CTpOeH, paboTa 3aKaHIMBACTCsI; €CITM HET — BBIMTOJIHSETCs Tar 1.

Ilpumep 5.5. Jlansl cuMBOJIBI @, D, C, d ¢ BeposTHOocTamu p(a) = 0,45;
p(b) = 0,25; p(c) = 0,2; p(d) = 0,1. IToctpouth 3PHEKTUBHBIA KOJ METOIOM
dano. CBeneM MCXOJHBIC JaHHBIC B TAOJIUITy, YIOPSJIOYUB WX 10 YOBIBAHUIO
BeposiTHOCTEeH (Tab:. 5.1).

Tabnuya 5.1 — Ucxoouvle oannvie 07151 KOOupogauusi no memooy Pano

I/ICXOIIHBIC CHUMBOJIbI BEPOHTHOCTL CUMBOJIOB
a 0,45
b 0,25
c 0,2
d 0,1

[lepBas nuHUS AENCHUS MPOXOAMUT TOJ CHMBOJIOM a: COOTBETCTBYIOIIME
cyMMbl 21 1 X2 npuOau3UTeIbHO PaBHBI MEXTy co0oit u coctasisitot 0,45 u 0,55.
Torna dbopMupyemMbIM KOJOBBIM KOMOHMHAIUSAM JomnuchkiBaeTcss 0 it BepxXHEH
(mepBoii) yactu u 1 U1 HUOKHEN (BTOpoil) dacT. [TocKONbKY 3TO MEpBBIN IIar
dbopmMupoBaHUs KoJa, TBOMYHBIC ITUGPHI HE JTOMHUCHIBAIOTCS, @ TOJIBKO HAYMHAIOT
dbopmupoBath koj (Tadm. 5.2).

Tabnuya 5.2 — @opmuposarue 3¢hghexmusrozo kooa memooom Dano (>man 1)

Hcxoanbie CMMBOJIBI BepositTHOCTH cMMBOJIOB | PopMUpYeMbIil KO
a 0,45 0
b 0,25 1
c 0,2 1
d 0,1 1

B cuiy Toro, 4to BEpXHsIS 4acTh CHMCKA COJICPKUT TOJIBKO OJUH DJIEMEHT
(cuMBOI a), paboTa ¢ Hel 3akaHYMBaeTCs, a YQPEKTUBHBIN KO IS 3TOTO CUM-
BOJIa cUMTACTCsl COOPMUPOBAHHBIM (B TaOIHIlE, MPUBEASHHOMN BHIIIE, 3Ta YacCTh
CITMCKa YaCTOT CMMBOJIOB BBIICJICHA 3aJUBKOI). BTOpOe neieHne BBITOTHACTCS
1o cuMBoJIoM b: cymmbl yacToT X1 1 £2 BHOBb paBHBI MEKAY COO0# U paBHbBI
0,25. Torna ko0BOM KOMOMHAIIMK CHMBOJIOB BEpPXHEU yacTtu nomnuchiBaetcs 0,
a HwkHer yactu — 1. Takum oOpaszom, K MOJy4YEHHBIM Ha MEpBOM Iiare ¢par-
MEHTaM KOla, paBHBIM 1, T00aBISIOTCS HOBbIE CUMBOJIBI (Ta0J1. 5.3).

[TockoJsibKy BEpXHsiS 4acTh HOBOTO CIMCKA COJEPKUT TOJBKO OJUH CHUM-
BoJ1 (D), bopmupoBaHue Koma ISl HETO 3aKOHYCHO (COOTBETCTBYIOIAS CTPOKA
Ta0JIUIbI BHOBH BBIICJICHA 3AJIUBKOM). TpeThe JejeHrue MPOXOIUT MEXIAY CUM-
BoJIaMu C 1 0: K KOJIOBOW KOMOMHAIIMKM CUMBOJIA C IpUITUChIBaeTCs 0, KOy CUM-
Bosa d mpunuceiBaercs 1 (tabi. 5.4).
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Tabnuya 5.3 — @opmuposarue 3¢hgpexmusrozo kooa memooom Dano (>man 2)

HNcxoanbie cuMBOJIbI | BeposiTHOCTH CHMBOJIOB | DopMuUpyeMbIil KO
a 0,45 0
b 0,25 10
C 0,2 11
d 0,1 11

Tabnuya 5.4 — @opmuposarue 3¢hgpexmusrozo kooa memooom Dano (3man 3)

HMcxoanbie cuMBOJIbI | BeposATHOCTH CHMBOJIOB DopMuUpyeMbIid KO
a 0,45 0
b 0,25 10
C 0,2 110
d 0,1 111

[Tockonpky 00€ ocTaBIIMECS MOJIOBHHBI MCXOAHOIO CIMCKA COAEpX aT
10 OZAHOMY 3JIEMEHTY, paboTa CO CHUCKOM B LI€JIOM 3aKaHYUBAETCH.

Taxum oOpa3oM, MOTYyUUIIH KOJIBIL:

a—0,b-10,c-110,d-111.

Omnpenenum 3¢ (HEKTUBHOCTD MOCTPOSHHOTO Koza o hopmyie (5.4):

l(;,=045-1+025-2+0,2-3+0,1-3=1,85.

[TockonbKy NMpU KOAUPOBAHUM YETHIPEX CHMBOJIOB KOJOM IOCTOSIHHOM
JUTMHBI TpeOyeTcs J1Ba ABOMYHBIX pa3psna, cdkoHomieHo 0,15 nBouyHOro pas-
psna B CPETHEM Ha OJIMH CHUMBOJL.

B 1952 r. amepukanckuii matematuk J[. Xaddman npeaioxun MeTo] Ko-
JIUPOBaHUS, CyTh KOTOPOTO 3aK/II0Yajach B MOCIEAOBATEIBLHOM CKaTuU anda-
BUTA A 10 Nody4deHus andaBuTa U3 AByX OykB. OnTUManbHas cXxeMa KOJUpoBa-
HUS MOJIYYEHHOTO ajdaBUTa OYEBH/IHA: NIEPBYIO OYKBY KOJIUPYIOT CUMBOJIOM 0,
BTOPYIO — CHUMBOJIOM |. 3aTeéM MOCIEA0BATENIBHO PACIIEIUISIOT MOJYYEHHYIO
cxeMy. [IpemyioskeHHbIN METOI MOJY4YUsI Ha3BaHUE memood Xaggmana. Meron
Xaddmana umeeT ABa MPEUMYILECTBa, MO CpaBHEHUIO ¢ MeTonoM daHo: OH
YCTPaHSIET HEOJHO3HAYHOCTh KOJWPOBAHUS, BOZHUKAIOIIYIO M3-32 MPUMEPHOTO
pPaBEHCTBAa CyMM YacTOT MPHU pa3JeiIeHUH CIUCKa Ha JBE YacTU (JIMHUS JEICHUS
MIPOBOJIUTCS HEOJHO3HAYHO) U MMEET, B 00IIEeM ciydae, 00Jblryto 3hexTus-
HOCTh Ko/1a. MICX0[THO€ MHOKECTBO CUMBOJIOB YHOPSI0YMUBAETCS MO yOBIBAHUIO
BEPOSITHOCTEM, U BBITIOJIHSIOTCS CIEAYIOIINE IATru:

llaz 1. O0bearHEHNE BEPOSTHOCTEN: 1BE MOCIETHUE BEPOATHOCTH CIIHC-
Ka CKJIAJIBIBAIOTCS, & COOTBETCTBYIOIIHME CHMBOJIBI HUCKJIFOYAKOTCS U3 CIIMCKAa;
OCTABIIMICS TIOCIIE UCKIIFOYEHHS] CAUMBOJIOB CIIMCOK IOMOJHAETCS CYMMOM BEpO-
ATHOCTEH M BHOBB YIOPSAOYMBAETCS; NMPEABIIYIINE [Iarkd MOBTOPSIOTCS 0 TEX
Iop, MOKAa HU MOJIYYUTCS €AWHMIA B pE3yJbTaTe€ CYMMHUPOBAHUS U CIIHCOK
HU YMEHBIIUTCS 10 OJHOI'O CUMBOJIA,;

Lllaz 2. TlocTpoeHue KOAOBOTO JepeBa: CTPOUTCS JBOMYHOE KOJOBOE Jiepe-
BO: KOPHEM €r0 SIBJISIETCS] BEpIIMHA, MOJyYEHHas! B pe3yjbTaTe 0ObeIUHEHHS Be-
POSITHOCTEM, paBHas 1; JTUCThSIMM — HCXOJHBIE BEPIIMHBI; OCTAIbHbIE BEPUIMHBI
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COOTBETCTBYIOT JINOO CYMMApHBIM, JINOO UCXOAHBIM BEPOSITHOCTSIM, IPUYEM JJIS
KaKJ0M BEpUIMHBI JieBas MOJYMHEHHAs BEPIIMHA COOTBETCTBYET OOJbIIEMY
claraeMoMy, a TpaBasi — MeEHblleMy; peOpa JepeBa CBSA3BIBAIOT BEPIIUHbI-
CYMMBI C BepIIMHaMHU-ciaraeMbiMu. CTpyKTypa JepeBa MOKa3bIBaeT, KaK Mpo-
UCXOJUII0 00beIMHEHNE BEPOATHOCTEN; pedpa JiepeBa KOIUPYIOTCS: Kaxaoe Je-
BOE KOAUPYETCS HYJIEM, KaXK10€ MPaBOE — €IMHULICH;

lae 3. ®opMupoBaHue KOAA: JIJIsl MOJYYCHUSI KOJAOB JTUCTHEB (MCXOAHBIX
KOJUPYEMBIX CUMBOJIOB) MPOJABUTAIOTCS OT KOPHS K HYKHOUW BEPIIMHE U «COOU-
paroT» Beca MPOXOIUMBIX pEoep.

Ilpumep 5.6. Ilansl cumBonbl @, b, ¢, d ¢ BepostHocTsamu p(a) = 0,5;
p(b) = 0,25; p(c) = 0,125; p(d) = 0,125. I[TocTpouTtsh 3HPEKTUBHBINA KO METOIOM
Xadpdwmana.

1. O6beauHEeHUEe BEPOATHOCTEN (pe3yiabTaT OObEIMHEHUSI ABYX IMOCIE]I-
HUX BEPOATHOCTEH B CIIMCKE BBIJIEJICH B MIPABOM COCETHEM CTOJIOIE 3aJIMBKOIN)
(Tabum. 5.5):

Tabauya 5.5 — Dopmuposanue s¢ppexmusrnozo kooa memooom Xaggmarna

HUcxoaubie | BeposiTHOCTH dranbl 00beINHEHUA
CHMBOJIBI Ps NepBbIH BTOPOii TPeTHil
a 0,5 0,5 0,5 1
b 0,25 0,25 0,5
Cc 0,125 0,25
d 0,125

2. I[Toctpoenue kooBoro jepena (puc. 5.1):

1 1
0 )

05

™~ 025

0 \.
A 1
a, 05 .‘/
b, 0,25 0 7

/
¢ 0125 d, 0125

Pucynox 5.1 — Ilocmpoernue k0006020 depesa

3. ®opmuposanue koxa: a—0; b —10; ¢ —110; d — 111.

OnpenenuM 3¢ (HeKTUBHOCTh MOCTPOEHHOTO KoJa 1o (opmyie (5.4): lgp =
=05-1+0,25-2+0,125-3+0,125-3=1,75.

IHogvrtuenue r¢pghekmusnocmu Koouposanus

[ToBbICUTH 3 (PEKTUBHOCTH KOJUPOBAHUS MOXKHO, CTPOSI KOJI HE ISl CUM-
BOJIa, a JJis OJIOKOB M3 N CHMBOJIOB, IPUYEM YacTOTa OJIOKa PacCUUTHIBACTCS
KaK TPOU3BEJCHHE YacTOT CHUMBOJIOB, BXOIAIIMX B OyIoK. PaccMoTpum 5To
Ha TIpUMeEDE.
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Ilpumep 5.7. Jlanpl cuMBOJIBI & ¥ D ¢ BEepOATHOCTSIMH, COOTBETCTBEHHO,
0,9 u 0,1. Iloctpouts >dexTuBHbIN Ko MeTogoM DaHo 1 OJIOKOB U3 IBYX
cuMBoJioB (N = 2). ChopmMupyeM CIHUCOK BO3MOKHBIX OJIOKOB U UX BEPOSITHO-
creii. IIpu 3TOM BEpOATHOCTH OJIOKa OyJIeM pacCUMTHIBATh KakK MPOU3BEIACHHUE
BEPOSITHOCTEH CUMBOJIOB, BXOJAIMUX B 0J10K. Torna numeem (taodi. 5.6):

Tabauya 5.6 — UcxooHvle Oannble 015 nocmpoerus 3¢ pexmusrnoz2o xooa
memooom Darno 0ns 610K08

Biaoxn HCXOJAHbIX CHUMBOJIOB BEPOHTHOCTI/I 6JIOKOB
Aa 0,81
Ab 0,09
Ba 0,09
Bb 0,01

[TocTpoenue koaa ceAém B Tabuity (Tadia. 5.7).

Tabnuya 5.7 — @opmuposarnue 3¢pgpekmuernozo kooa memooom Daro 0
O10K08

biaoxku ucxon- | BepositHocTH JTanbl NOCTPOCHHUS KOAA

HBIX CHMBOJIOB 0J10KOB nepBbIi BTOPOH \ TPEeTHH
Aa 0,81 0 KOJI TIOCTPOCH
Ab 0,09 1 0 KOJI IIOCTPOCH
Ba 0,09 1 1 0
Bb 0,01 1 1 1

Takum 00pa3om, MOITyYEHBI KOJIBI:

Aa—0; Ab—10; Ba—110; Bb — 111.

Omnpenenum 3P GHEeKTUBHOCTH MTOCTPOEHHOTO Koja. /st aToro paccunraem
CHauaja mnokasarens >(¢exTuBHOocTH 11t Gnoka cumBonos: |, = 0,811 +
+0,09-2 + 0,09-3 + 0,01-3 = 1,28. Ilockonbky B 610ke 2 cumBoja (N = 2), s
oxHoro cumsona I, = |,0moka / 2 = 1,28 / 2 = 0,64. IIpn mOCMMBOIBHOM KO-
poBanuu s 3Q(PEKTUBHOTO KOJa MOTPEOYETCs MO OJJHOMY JBOUYHOMY pa3psi-

ny. [Ipumenenune meroga dano ma€t pe3ysbTar, MPEACTABICHHBIA B TaOIHIlC
(Tabum. 5.8):

Tabnuya 5.8 — Dopmuposarnue 3¢hghexmusnoco xooa memooom Dano
0J151 CUMBOJI08 a U b nosnemenmuo

HUcxoanbie BepositHocTH IMocTpoenne
CHMBOJIBI CHMBOJIOB KO/1a

a 0,9 0

b 0,1 1

Takum o6pazom, npu OJOYHOM KOJIWPOBAHUU BBIMTPHIII COCTaBHI | —
0,64 = 0,36 TBOMYHBIX Pa3psIOB HA OJMH KOAUPYEMBI CUMBOJ B CPEAHEM.
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D¢ HEeKTUBHOCTH OJI0YHOTO KOAUPOBAHUS TEM BbIIIE, YeM OO0JIbIIIE CHMBO-
JIOB BKJTFOYAETCs B OJIOK.

Jlekoouposanue 3¢hghekmugnvix k0008

Oco06eHHOCThIO A((DEKTUBHBIX KOJOB SIBJIETCS MEPEMEHHOE YHCIIO JIBO-
WYHBIX Pa3psAI0B B MMOTYYaEMbIX KOJAOBBIX KOMOMHAIMSAX. DTO 3aTPYIHSET MPO-
IIeCC IEKOAMPOBAHHSL.

PaccmoTpum BHavase, Kak MPOMCXOJIUT ACKOJIMPOBAHUE COOOIICHHUS, eC-
JIY UCTIOJTb30BAJIUCH KOJIBI TIOCTOSTHHOM JIJTUHBI.

[TycTth KOOBast TabuIa mMeeT Bu (Tadm. 5.9):

Tabnuya 5.9 — Kooosas mabauya 05 0eKoouposaHus

I/ICXOIIHBIC CUMBOJIbI I[BOI/I‘IHLIe KO/AbI
a 00
b 01
C 10
d 11

Ilpumep 5.8. Ilyctb 3akonupoBanHoe cooomenue — 001000011101.

[TockoJsbKy IJIMHA KOAA paBHA IBYM CUMBOJIaM, B 3TOM COOOIIICHUU CJIEBa
HaIpaBo BBIICISIOTCS 1O JIBAa JIBOMUHBIX CUMBOJIA U COMTOCTABIISIOTCS C KOJOBOM
tabnunei. Torna umeem:

001000101101

a c a b d b

Takum 00pa3oM, B KICXOJTHOM COOOIIEHUH COAepKUTCS TekeT acabdb. Jle-
KOJIUPOBAHUE BBITIOJIHEHO.

J{ns nekoarpoBaHusl KOAOB MEPEMEHHOMN JIIMHBI PACCMOTPEHHBIN MOIXO0M
He noaxonut. Ho 3akogupoBaHHbIe COOOIIEHUSI MOTYT JEKOAUPOBATHCA Oiaro-
napsi CBOMCTBY npedurcHOCTH 3P(HEKTUBHBIX KOJOB: HU OJHA 00Jiee KOPOTKas
KOJIOBasI KOMOMHAIIMA HE ABIISIETCS HayaJloM OoJiee UIMHHON KOIOBOW KOMOU-
Hauuu. /(s pacKpbITUSL JaHHOTO TE3UCA BOCIOJIb3YEMCS MOCTPOECHHBIMU pPaHEe
sbdexruBabiMU Komamu: a — 0; b —10; ¢ —110; d — 111.

3/1ech caMbIM KOPOTKHM KOJIOM SIBJISIETCSI KOJI JJIsl CHMBOJIA & CO 3HAaYeHU-
em 0. Kak BuaHO, HU OJIMH Apyrou koj (OoJiee JIMHHBIA) HE UMEET B Hayaye
cumBoJ 0. Bropoii mo aiuHe ko it cumBodia b umeer 3Havyenue 10 u, kak moka-
3pIBACT aHAJIN3, HE ABJISICTCSA HadajgoM HU it koga 110, au g xkoxga 111. Takum
o0pa3oMm, JaHHbIN KOJ sBJsieTcs MpepuKCHbIM. CBOKWCTBO NMPE(UKCHOCTH MMO3BO-
JSIET NEKOJUPOBATH COOOILEHUS, 3aKOAUPOBaHHbIE A(P(HEKTUBHBIMU KOJIAMH.

[Tycts momyueno coobmenue 0101101110, coctaBnennoe u3 koaoB a — 0;
b —10; ¢ —110; d — 111. B cooOriieHnu cieBa HaIpaBO BBIACISICTCS MO OJHOMY
JBOMYHOMY CHUMBOJIy W JI€NIA€TCSl TMOMBITKA JEKOJMPOBAHUS B COOTBETCTBUU
C 3aJlaHHOM Tabnuueil koaoB. Ecnu nomneiTka ycnenrHa, 1BOMYHBIA CUMBOJ (I
CHUMBOJIbI) UCKIIFOUAETCS U3 MCXOJHON IIEMOYKUA U 3aMEHSETCS COOTBETCTBYIO-
MM UCXOJIHBIM CHMBOJIOM. EC/M MOMNBITKA HE yIaeTcsi, BO BXOAHOM LIETIOYKE
BBIJICISIETCA CJEAYIOIINI JBOUYHBIA CHUMBOJ U YK€ C JBYMSI JBOWYHBIMU
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CUMBOJIaMH JIEJaeTCsl MOMbBITKA UX JIEKOJAMPOBAHUS MO Tabyuie kKojaoB. Eciu
MOMBITKA U TOT/Ia HEY/IauHa, BBIJEISIOT CJICIYIOIIUM TPETUH U T.1I.

Wtak, nMeeM (HarpaBieHUE MIPOCMOTPA LIETIOYKHU CIeBa HAIPABO):
0101101110

R EEREEEE RS

Takum oOpa3om, Tpyu IEKOAUPOBAHUH MTOJTyYHIIA CTPOKyY abcda.

5.4 llonsaTHe moMexoycTOHYMBOTr0 KoaupoBanus. Kog Xemmunra

Htak, kak OBUIO pacCMOTPEHO paHee, KOJ MPEeICTaBsieT cOO0H COBOKYII-
HOCTh CHUMBOJIOB B TpeicTaBicHUU WHpopmaruu. KaxmaoMy 3HaKy COOTBET-
CTBYET OIpe/ielIeHHass KOMOMHALMS HyJieH U eAUHUI] (OMHApHOE KOJIUPOBAHUE).

ITyctb {A1, Az, As, ... As } — HEKOTOpPOE KOHEYHOE IO JMHOKECTBO II0Iap-
HO Pa3IMYHBIX CJIOB B andasure |, uMeromux oauHakoByro auuHy m (s = 2M).
[Ipeanonoxkum, 4TO B KaHaJE CBSI3M JIEUCTBYET HUCTOYHUK IMOMEX, KOTOPBIi
B cioBax u3 {Aj, Az, As ... As }, IMEIOIITUX JIJIMHY IPUMEPHO M, MOXKET BBI3bI-
BaTh OIIMOKHU HE 0oJiee YeEM B p CUMBOJIAX. DTO 3HAYUT, YTO JBOUYHAS MOCIEI0-
BaTEILHOCTh, MTOJTyYCHHAs! Ha BBIXOJE KaHAJIa, OTINYACTCS OT JBOMYHON MOCTIe-
JOBATEIBHOCTH, TIOCTYNUBIIEH HA BXOJ 3TOT0 KaHayla, HEe O0jee 4eM B p TO3H-
nusax. Ecnu mepenaBate UCXOAHOE COOOIIEHHE O ... Oy O€3 MpenBapUTEIHHOTO
KOJMPOBAHHUSA, TO Ha BBIXOJIE KaHAia HEBO3MOXKHO OYIET YCTaHOBUTH, KAKOE CO-
obmienue (axkruyecku ObUTO TiepenaHo. st Toro 4ToObl OJTHO3HAYHO BOCCTAHO-
BUTH KOJI ¥ TIOJTYYUTh UCXOJTHOE COOOIIEHHUE, CYIIECTBYIOT CAMOKOPPEKTUPYIOIIN-
ecst Kozl (momexoyctolunBbie Kozpbl). P. Xemvunr npemioxuna B 1950 r. koabt
JUISL BBISIBJICHUSL U UCTIPABIICHUS! OITMOOK B CITy4yae, KOT/Ia HICTOYHUK ITOMEX MOXKET
BHECTH He 0oJiee OIHOM OIIMOKY MHBEPTUPOBAHMS B AJIEMEHTAPHBIN KO B;.

PaccMmoTpum crieyroniyro cxemy paBHOMEPHOTO KOJIUPOBAHUS:

A;— B,
A,— B,
As;— Bs (5.5)
As— B,

rae Bi= f 3 [Bs... [ — dleMeHTapHbIE IBOUYHBIE KOJIBI.

DneMeHTapHbIe TBOMYHBIE KOABI [ ...[4 HWMEIOT OIMHAKOBYIO IJUHY
| =m + k. IIpu HanMYUK UCTOYHUKA TIOMEX BO3MOXKHBI CIICAYIOIINE BapUAHTHI
| +1 crioco0OoB MoTy4eHus: KOJ0B Ha BeIxoje (MpaBWIbHBIN U | ITYK ¢ HHBEPTH-
poBaHuEM ff Ha KaKI0¥ mo3uIK). {151 TOro 4ToObI AOMOTHUTENBHBIX Pa3psI0B
B Kojie /4 ... xBatajio s konupoBanus | +1 ciydaeB, HEOOXOIMMO BBITIOJTHE-
HUE CIIEAYIOLIEr0 yCIOBUS:
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|

et (5.6)
l+1

N3 3Tx cooOpakeHuil BeIOMpaeM | kak HaMMEHBIIEe [eI0e YHCII0, Y10~
BJICTBOpSIIOIICE HepaBeHCTBY (5.6).

JlanpHeiiiee nocTpoeHre kojia XeMMHUHTa OYJIET COCTOSITh U3 TPEX ATAIOB:

1. ITocTpoeHue kKo10B XeMMUHra (OMUCaHUE AITOPUTMA KOJUPOBAHUS);

2. O6Hapy>xeHue omMnOOK B KoJIaXx XeMMHUHTa,

3. JlexoaupoBaHue.

Ilocmpoenue k0006 Xemmunza (onucanue anicopumma KoOOUpPOGaHus)

Paz00beM MHOXeECTBO HaTypanbHbIX uucen {1, 2, 3, ..., | } na cnenyro-
M€ MOJMHOKECTBA!

noaMHokectBo {1, 3, 5, 7, 9, ....} BkIoyaeT Bce 4KCla, Y KOTOPBIX MPH
MEPEBO/IC B IBOMUHYIO 3aMKCh B IOCIEAHEM pa3psie Coaep K uTcs 1;

HOJMHOXeCTBO {2, 3, 6, 7, 10, ...} BK/IIOYAET BCe YHMCIA, Y KOTOPBIX MPH
NEPEBO/IC B IBOMYHYIO 3aIKChH B MPENOCICTHEM pa3psiae COAEpKUTCs 1;

MTOAMHOKECTBO {2“, 2t 41, ....} BKJIOYAET BCE YMCIIA, Y KOTOPBIX MPHU
MIePEBO/JIC B IBOMUHYIO 3aMUCh B K-O0M, cunTas crpasa, pa3psjie coaepxurcs 1.

HanMenpmmMu dieHaMU 3TUX MMOAMHOMKECTB SIBJISIOTCS YMCiIa CO CTele-
v 21 1=2%2=2%4=2%  npuuem 2! <, a 2> + 1.

Unens! £ HaOopa fi ... , y KOTOPBIX UHIEKC | IPUHAJICHKHUT ITOMHOKE-
ctBy {1, 2, 4,... 2“}, HAa3bIBAIOTCSI KOHMPOAbHLIMU YIeHAMU, OCTAIbHBIC —
ungopmayuonnvimu. Takum 00pa3oM, KOHTPOJBHBIX 4YICHOB OyneT K, a WH-
dopmanmonssix | — k = m. Chopmynupyem npaBusio nmoctpoeHust Habopa f... 4
o Habopy L1 0Ly Ol3. ....0lm.

Cnauana onpeaensirorcsi ”HHOPMAIMOHHbBIE YJICHBI:

Bz = oy,
s = a,

,36 = O3,

Takum oOpazoM, Ha0Op WHGOOPMAIIMOHHBIX YJIEHOB, PACIOJIOKEHHBIX
B €CTECTBEHHOM MOPSIKE, COBNAJAET C HAOOPOM O3 Oy O3...0lm. 3aTEM OIpesie-
JISTFOTCSI KOHTPOJIHHBIC YWICHBI:

b= G+ G5+ + ...(mod 2),
=K+ L+ B+ ...(mod 2), (5.7)
ﬂ4 = ﬁ5+ﬁe+ ﬁ7 + ...(mOd 2),
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B atux dopmynax mpaBbie 4acTH COCTOAT M3 HH(POPMAIIMOHHBIX dJIEMEH-
TOB, ONPE/EICHHBIX paHee. KOHTpOJIbHBIC AJIEMEHTHI MPUHUMAIOT 3HaueHUs 0
Wi 1 ¥ MOMeIarTcs Ha COOTBETCTBYIOIINX MECTaxX B AJIEMEHTapHBIX Koaax B
KonwmuecTBo equHUI] B MO3UIUAX SJIEMEHTAPHOTO KOJIa, OMPEISISIeMbIX HHICK-
camu, 4YETHO.

Oonapyscenue omuook ¢ kooax Xemmunea. Ilycte npu nepenaye Koja
S ... mpousonuia ommOKka B S-oM uieHe. Torga Ha BBIXOJE KaHAJIa MPUHATO
ci0BO f31... 31, B kotopoM fS1...31 = fr...Bs... B Tlyets S = Sy...S; — 3amuch
qrclia B JBOMYHOM HCYHCICHUU. OMNpeneauTh HOMEp IMO3UIUKA S TO KOAy
B1...) MoxHO ciemyrommmmM odpazoM. Pacemorpum urcino S = S...S'1, rae

S1=f1+ fa+ fs+ fr+...
Sy=pot Pt fet frt... (5.8)
Sz3=pat fs+ Lt fr+..

Eciu npy nepeade cOObmeH s omuOKky He npowusonnio, To S = 0. Eciu
OmHOKa MPOHM3O0ILIA, YACIO S MO3BOJT Y3HATH HOMEp WICHA COOOIMICHHS, KO-
TOPBI WCKa3WiICca TOMeXod. B mocnemHem ciydae MPOM3BOIAT KOPPEKITHIO
OIIMOKH IyTEM UHBEPTUPOBaHUS, T. €. 0 3aMeHs0T Ha 1 1 HA0OOPOT.

/Jlekooupoesanue. 10 11ar COCTOUT B MOCTPOEHUU UCXOTHOTO COOOIICHUS
& ...0n 1O Kony fi ..M. s 3Toro mocTtaroyHoO yJaauTh BCE KOHTPOJILHBIE
YJICHBI U B3STh TOJIBKO WH(OPMAIIMOHHBIE.

[Tpumeuanue. PaccMoTpeHo mocTpoeHUe KOJI0B XeMMUHTa Jjisi OUHAPHO-
ro KOJUPOBAHUS U YHUCIA OUIMOOK B AJIEMEHTAPHBIX KOJax He Oojee OJHOM.
CymiecTByeT TeopHs I TIOCTPOCHHS TaKMX KOJOB JJISI PaBHOMEPHOTO KOJIUPO-
BaHUS 000N pa3MEpHOCTU U YKciie OMMOOK He Ootiee 2, 3,... U T. 1.

ITpumep 5.8. Tloctpouts koa Xa>mmuHra uisi cumBoia ¢(110) u3 npumepa
5.6. Koxg XammuHTa OymeT cocTosITh U3 6 4iaeHOB (m = 6), KOTOPHIC BKIIFOYAIOT 3
nHpopManmoHHbIX wieHa (I = 3 ) u Tpu xoHTpoNBHEIX (K = 3). MHpOpMaImoH-
Hele wieHsl: 3 = 1, s = 1, s = 0. Boconszyemcs dhopmynamu (5.7) u ompe-
JICTAM KOHTPOJIbHBIC JIeMeHThl: 1= i+ =1+ 1=0(mod 2), & = s+ s =
1+0=1(mod 2), = S+ fs=1+0=1(mod 2). Takum o6pazom, koa XdM-
muHra cocrasisiet: 011110.

Ilpumep 5.9. Ilycts Ha Bxoa kaHama cBs3u moctynui kox 001011 (t. e.
3akoaupoBano **1*01 (mo3. 1, 2, 4 — KOHTPOJIbHBIE YWICHHI 3aMCHECHBI HA CHM-
Bo «*»). Ha Beixome momydeno 001001 (uckaxkeH 5-1 4jieH 3J€MEHTapHOTO
ko). Beraucaum S:

Si=p+ Kt =0+1+1=1(mod2),
S; =6+ K+ F=0+1+1=0(mod 2),
83=ﬂ4+ﬂ5+ﬂ620+0+1=1(m0d2).
S=1 0 1=5 (8 decamuunoui cucmeme).
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KoHTpoJibHbIE BOPOCHI K pa3aeny 5
1. JlaTh ompezeneHue CIEAYIOMUX MOHATHN: KOAUPOBAHKE, JCKOINPOBa-
HUE, KOJI, MpeUKC CI0Ba &, MOCT(HUKC CIIOBaA Q.
. Uto Takoe paBHOMepHOE (0J104YHOE) KOAUPOBaHUE?
. Urto Takoe andaBuUTHOE KOAUpOBaHUE?
. KakoBbl jocTaTo4yHbIE YCIOBHS OAHO3HAYHOTO JEKOAUPOBAHHUS?
. [lepeuncnure u oxapakTepu3yiTe OCHOBHBIE CHCTEMbI HCUUCIICHUS.
. Chopmynupyiite nepByto reopemy lllenHoHa.
. Uto Ttakoe 3¢ eKTHBHOCTH Koja U d(hPekTUBHOE KOaUpOBaHUE?
. Packpotiite anroputm moctpoeHus 3pPeKTUBHOTO Ko/1a MeToaoM DaHo.
. Packpoiite airopurm noctpoerus 3hheKTUBHOTO Koia MeToioM Xaddmana.
10. Packpoiite anroputM X>MMHUHTA.

©O© 0O ~NO Ol W
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6 OCHOBbBI TEOPUU ®OPMAJIbHBIX A3BIKOB U ITPAMMATHUK

6.1 OcHOBHBIC MOHATHSA TeOPHH (POPMAIBLHBIX TPAMMATHK

Teopusa popmanvhuix cpammamuk — pazaen JUCKPETHON MAaTEMAaTHKH,
M3YYaloNui CIOCOOBl OMHUCAHMS 3aKOHOMEPHOCTEH, XapaKTEPHU3YIOIINX BCIO
COBOKYITHOCTh TPABWJIBHBIX TEKCTOB TOTO WM WHOTO s3biKa. DopmanvHole
2pamMmamuKu — 3T0 aOCTPAKTHBIC CUCTEMBI, TTO3BOJISIONINE ¢ TIOMOIILIO EAMHO-
oOpa3HBIX MPOIEAYP MOJydaTh MPABWIBHBIE TEKCThI JAHHOTO S3bIKA BMECTE
C OMMMCAHWEM UX CTPYKTYpHL. Teopus (popManabHBIX TpaMMaTHK 3aHUMAET IICH-
TpPaJTbHOE MECTO B MaTEMAaTHUECKON JIMHTBUCTUKE, TTIOCKOJIBKY IMEHHO OHA T103-
BOJISIET MOJEIMPOBAThH HaubOoJee CYHIECTBEHHBIM acreKT (PYHKIIMOHMpPOBAHUS
A3bIKa — MEePepadOTKy CMBICIOB B TEKCTHI U 00paTHO. BMmecTe ¢ TeM oHa Bbijie-
JSIETCS CPeu APYTUX pa3iesioB MAaTEMAaTUUECKON JIMHTBUCTUKH OOJIBIIEH CIOXK-
HOCTBIO MAaT€MaTUYECKOro ammapara (CXOJHOTO C anmaparoM TEOPHUH aJIrOPUT-
MOB U 00IIIel TEeOpUH aBTOMATOB) U BO3HUKAIOIIMMU B HEW MaTeMaTHUYECKUMU
3amayamu. PopManbHble TpaMMaTUKU HauOosiee pa3paOOTaHHBIX TUIIOB IPE/I-
CTaBJISIIOT COOOW CHUCTEMBI, KOTOPBIE TIO3BOJISIFOT TIOPO’KIATh WIIM PACIIO3HABATH
MHOKECTBAa KOHEUYHBIX IOCIICIOBATEIBHOCTEH (IIETIOYEK), MHTEPIPETUPYEMBIE
OOBIYHO KaK MHOXXECTBA MPABWIBHBIX TPEIOKEHUN, a TAK)KE COMOCTaBIATH
BXOJISIIIIAM B OTH MHOXECTBA IIETIOYKAM OIMMCAHUS X CHHTAKCUYCCKOU CTPYK-
Typbl B TEPMHUHAX CHCTEM COCTABJISIOMIUX WM JIEPEBHEB MOAYMHECHHS. Pac-
CMOTPHUM OCHOBHBIC IIOHATHS TCOPHH (POPMATTLHBIX TPaMMAaTHK.

Anghaeum — 3170 KOHEUHOE MHOKECTBO CUMBOJIOB.

Ilenoukoit cumeonoe 6 anghasume V HazpiBaeTcs r00asi KOHEYHAsS TI0-
CJIEI0BATEILHOCTH CUMBOJIOB 3TOTO adaBuTa.

[lerouka, KOTOpasi HE COACPKUT HU OJTHOTO CHMBOJIA, Ha3bIBACTCS HY-
cmoit yenoukoi. J{ns ee o603HadeHUs1 OyJeM HCTIOIB30BaTh IPEUECKYI0 OYKBY
L. Ilpeamnonaraercs, yto cama OykBa A B andaBuT V HE BXOJUT; OHA JIUIIb TO-
MOTaeT 0003HAYUTh IMYCTYIO TOCIE0BATEIHPHOCTh CHMBOJIOB.

Ecnu a u f — uenouku, To nenoyka off (pe3ynbTaT NpUINHCHIBAHUS LENOY-
KW [} B KOHEII IICTIOYKH 0,) Ha3bIBACTCS KOHKameHayueil (W1 cuenjieHuem) 1e-
nmouek o u . KoHkaTeHauo MOKHO CUMTATh JIBYMECTHOM OIepanueld Haj Iie-
noykamu: o.ff = ap.

ITpumep 6.1. Ecnu o = ab u f = cd, To a-f = abcd.

Jnst mr000i 1enoYKy o CrpaBeJIMBLI PABEHCTBA: A = A-a = a.

Jlns mr00bIX Henouex a, ff, y cupaBeuBo (a-f)y = a<fy) = a-f-y (cBoii-
CTBO aCCOIIMATUBHOCTH OTIEPAIMK KOHKATECHAIINH ).

Oobpawenuem (Wnu peeepcom) NETIOUKH 0. Ha3bIBACTCS 1EMOYKA, CUMBO-
JIbI KOTOPOU 3amucaHbl B 00paTHOM TOPSIJIKE.

O6parieHue HenoyKy a 6yaeM 0003HauaTh o .

Ipumep 6.2. ecnu o = abcdef, o off = fedcba.
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. R_ .
JInst myCcTOM 1EenouKu: A- = A;
N-oii cTeneHklo 1enouku o (OyneM 0603HauaTh o) Ha3bIBAETCS KOHKATE-
HaIMs N IENoYeK o o' = 0. ... 0o .

n

CgoiicTea crenenn: ° =1 "= ad" 1= o" la.

Jlnuna yenouku — 5TO YHUCIIO COCTABJISIONIUX €€ CHUMBOJIOB (WM JTHHA
MOCJIETIOBATEILHOCTH CUMBOJIOB).

Ilpumep 6.3. Ecnu o = abbcaad, To qymHa a paBHa 7.

Jlnmuny nienovku o 6yaem o6o3HayaTh | a |. Jlnuna A paBHa 0.

Yepes |of° 0603HAYAIOT YKCIIO BXOKIECHHN CHMBOJIA S B IIEIOUKY 0.

Ilpumep 6.4. |babb|, = 1, |babb]|, = 3, |babb|.= 0.

OGo3HaunM depes V' MHOKECTBO, COIEPIKAIIEE BCE IEMOYKU B andaBHTe
V, BKIJIIOYAs MyCTYIO LETOUKY A.

Ilpumep 6.5. Ecm V = {0, 1}, T0 V= {\, 0, 1, 00, 11, 01, 10, 000, 001,
011, ... }.

O603HauMM yepe3 V' MHOKECTBO, cojiepikaliee Bce 1IeNouKH B andaBure
V, HcKiTouast myctyio uenouky A. Ciegosarensro, V. = VU {1},

Bxoscoenue cnosa x € \' B cioBo y € V' — 310 yHOpPSIOUCHHAS TPOHKa
cioB (U, X, V), Takasi, 4TO ) = uxv.

[Tpu 3TOM CNOBO U HA3BIBAIOT J1€6bIM, & CIIOBO V — HPAGBIM KPbLIOM YKa-
3aHHOTO 6x0McO0eHusn. CI0BO X HA3BIBAIOT OCHOBOU 6x0xcOeHusn. CIOBO X BXO-
JUT B CIIOBO y, €CJIM CYIIECTBYET BXOXKACHHE X B ). [Ipm 3TOM Taxke cinoBo (11e-
MOYKY) X HA3bIBAIOT HOOC1060M (U nOOUenoukout) ciosa (uemnouku) y. [lon-
IIETIOYKY X IICTIOYKH Y HA3bIBAIOT Haua1om (VI npeghukcom) 1ETOUKH ), eCIu
Yy = Xz IJI1 HEKOTOPOW HEMYCTOM LIEMOYKHU Z; €CJIM K€ JJIsl HEKOTOPOM HEMyCTOU
IIEMOYKH Z UMEET MECTO ) = zX, TO IEMOYKY X HA3bIBAIOT KOHYoM (WA HOCHI-
¢ukcom) eNIOUKH ).

Bxoosrcoenusn (U, x, v) u (S, Z, t) CIIOB X ¥ Z B OZJHO U TO K€ CJIOBO ) He ne-
pecekaromces, €Clii CylIeCTBYIOT Takue (MOXKET ObITh, U MYCThIC) CJIOBa p U (,
9TO ) = UXPZt (1 Torma vV = pzt, a s = uxp) wim y = szgxv (1 Torma U = szg, at =
gxv) (puc. 6.1). B mpoTuBHOM ciy4ae TOBOPAT, UYTO YKA3aHHBIC 6XOMCOCHUS
nepecekaromcs.
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Pucynox 6.1 — IIpumep 6xooicoenus ciog
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Hmepauueﬁ a3vika L Ha3BIBAIOT O6’I>C,Z[I/IH€HI/IC BCEX €ro CTCICHEM:

L =UL”. PaccmarpuBas oObeMHEHHE BCEX CTEMeHEeHW s3bika L, HadmHas
n=0

¢ TIEPBOIA, TOMyYNM MO3UTHBHYIO HTeparmio L = JL".
-1

Cdhopmynupyem OCHOBHOE anreOpanyeckoe CBOMCTBO MHOKECTBAa BCEX
SI3bIKOB B andaBute V.

A3vik 6 angpaeume ) — 3T0 MOJAMHOKECTBO MHOXKECTBA BCEX LEMOYEK
B oToM andasure. [t m060ro s3bika L crpaBemmBo L SV . U3BecTHBI pas-
JIMYHBIE CTIOCOOBI OMUCAHUS SI3BIKOB. KOHEUHBIH SI3bIK MOKHO OMUCATh MPOCTHIM
NepevrciiecHneM ero nemnodyek. [lockonbky (opManbHBIA S3bIK MOXKET OBITH
1 OECKOHEUYHBIM, TPEOYIOTCS MEXaHW3MBbI, MO3BOJISIIOIIME KOHEUYHBIM 00pazom
MPEACTABIATh OECKOHEUYHBIE SI3bIKM. MOKHO BBIJEINUTH JBa OCHOBHBIX MOAXO0AA
JUISL TAKOTO MPEACTABICHUS: MEXAHU3M PACIIO3HABAHUSA U MEXAHHM3M IMOPOXKIE-
Hus (reHepanun). MexaHu3M pacrnio3HaBaHMsl (pacro3HaBaTenb), 10 CyTH, SBIIA-
€TCSl MPOLEAYPOU CIIEHHAIBHOTO BUA, KOTOPAsl 10 3aJaHHOM LIEMOYKE OIpese-
JSeT, NPUHAJIEKUT JU OHA A3BIKY. ECIM NpUHAIUIEKNT, TO MpoLEeaypa OCTa-
HABJIMBAETCS C OTBETOM «J1a», T. €. JOIYCKAET LIETNOYKY; MHA4Y€ — OCTaHABJIMBa-
€TCS1 C OTBETOM «HET» WM 3alUKINBacTCs. S3bIK, onpenenasieMplil paclio3HaBa-
TEJIEM, — 3TO MHOXECTBO BCEX LIEMOYEK, KOTOPBIE OH JomyckaeT. IIpumepsl pac-
ITIO3HABATEJICH:

1. Mammna Teropunra (MT). S3bIK, KOTOPBIA MOXHO 33JaTh C IOMOUIBIO
MT, Ha3bIBaeTCA PEKYPCUBHO MEPEUYUCITUMBIM. TEPMUH «PEKYPCUBHO NEPEUMC-
JUMBII» MPOUCXOAUT U3 TEOPUH PEKYPCUBHBIX (PYHKIUH, SBISIOIICHUCS, TAKXKe
kak HAM u MT, oaHoli u3 popmanuzanuii NOHATUS BBIYUCIUMOCTHU (JITOPUT-
Ma). Bmecto MT MOXHO MCIIOJIB30BaTh SKBUBAJICHTHBIE aITOPUTMUUECKUE CXE-
MbI: HOpMaJbHbIN anroput™ MapkoBa (HAM), mamuny Ilocra u ap.;

2. Jluneitno orpannuennbiii apTomar (JIOA). Ilpencrasnser coboit MT,
B KOTOPOU JieHTa HEe OECKOHEYHa, a OTpaHUYeHa JNIMHOM BXoaHOoro cioBa. JIOA
ABJISIETCA HEIETEPMUHUPOBAHHOM MAIIMHOM: B KAKOM-TO MOMEHT BBIYMCIICHUSA
(Bo Bpems pabotsl JIOA Han 3agaHHON IEMOYKOW) MOXKET BOSHUKHYTH CUTYa-
s, KOrja ecTh JBe WM 0oJiee MOAXOASIINE AJI1 UCIOJHEHUS KOMaHJbI, TO
€CTb BbIOOp MCIIOJNIHAEMON KOMaHIbl HE JeTepMUHUpOBaH. C 3TOro MOMEHTa
BO3HMKAIOT JBe WK Oosiee konuu JIOA, cCOOTBETCTBYIOUIUE KAXKIOMY BO3MOXK-
HOMY BBIOOPY; 3TH KOIUHU MPOAOJIKAIOT BHIYMCICHHS] HE3aBUCUMO (Iapaljiesb-
HOo). OTBeT «aa» JIOA maet, eciiv XOTs1 Obl OJTHO M3 BBIUYMCICHUM YCIEIIHO 3a-
BepuiaetTcs. M3BecTeH aiaroput™, MO3BOJSIOIIMNA MO JTHO00M HEAETEPMHUHHUPO-
BaHHOM MT NOCTpOUTH SKBUBAJIEHTHYIO AeTepMUHHPOBaHHYI0 MT. Onpenensi-
€T KOHTEKCTHO-3aBUCUMBbIE SI3BIKH;

3. ABTomar ¢ Mara3uHHOH (BHemiHel) namsteio (MII-aBTomar). B oTiu-
gue ot JIOA, rojioBka HE MOKET MU3MEHSATh BXOJHOE CJIIOBO U HE MOXKET CIBU-
ratbCsl BJIEBO; UMEETCSl JOIMOJIHUTENIbHAsA OeCKOHEUHasl MaMsTh (MarasuH, WU
cTek), paboraromas mno guctummae LIFO. OnpenenseTr KOHTEKCTHO-
CBOOOHBIE SI3BIKH,
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4. Koneunsiit apTomat (KA). Otnnuaercs ot MII-aBTomaTta oTCyTCTBHEM
MaraszuHa. OnpenensieT peryiasipHble sS3bIKH.

OcHOBHOI croco0 peanu3aly MeXaHu3Ma MOPOKIEHUS — HUCIOJIb30Ba-
HUE MOPOXKIAIIUX TPaMMaTUK, KOTOPbIE WMHOT/AA Ha3bIBAIOT IPpaMMAaTHKaMH
Xomckoro. He kaxpiii (popManibHBIN SI3bIK MOXKHO 33/1aTh C MOMOIIbIO KOHEY-
HOTO OmnucaHus. JIeHCTBUTENBHO, CAMO ONKMCAaHUE MOYKHO PacCMaTpuBaTh Kak
LEMOYKY B HEKOTOpOM paciiupeHHoM andasute. CrenoBaTenbHO, MHOKECTBO
OMMCAHUI S3bIKOB CUETHO, TAK KAK MHO>KECTBO BCEX LIEMOYEK B 3aJJaHHOM asia-
Bute cuétHO. Kaxkpiii hopmanpHblid 361K B andaBute V sBISETCS MOJAMHOXKE-
CTBOM CYETHOr0 MHOXecTBa V. I3 T€OpHH MHOKECTB M3BECTHO, UTO MHOMKE-
CTBO BCEX MOJMHOKECTB CUETHOTO MHOXECTBA SIBISETCS HECUETHBIM. Takum
o0pa3oM, MOITHOCTh MHOXXECTBa (DOPMATBHBIX S3BIKOB OOJIBIIE MOITHOCTH
MHO>KECTBA KOHEUHBIX ONMHMCAHUI U, CIEA0BATEIBHO, HE KAXIbIM SI3bIK MPECTa-
BHUM B BHJI€ KOHEYHOT'O OIMCAHUA.

HexaptoBeiM npousBeneHreM A x B mHOkecTB A u B HazbiBaeTcsi MHO-
xectBo { (a,b)|a €A, b €B}.

6.2 @opmasibHbIe MOPOKAAIOIIHE TPAMMATUKHI

[Topoxnaroras rpammatuka G — ato werBepka (T, N, P, S ), rae

T — TepmuHanbHbIl andaBut, OYKBbI ATOro andaBUTa HA3BIBAIOTCS TEp-
MUHQJIBHBIMU CUMBOJIaMU (TEpPMHHAJIAMH), U3 HUX CTPOSATCS IIETIOYKH, TTOPOK-
JaeMble TpaMMaTHKOM, AJii 0003HAueHHs OYKB TEPMHUHAJIBHOTO CIIOBaps HcC-
HOJIB3YIOT CTPOYHBIE JJATUHCKUE OYKBBI;

N — HeTepMHHAIBLHBINA, BCTIOMOTATEIbHBIN ali(haBUT (CIOBAph) HETEPMHU-
HaJIbHBIX CHMBOJIOB (HETEPMHUHAJIOB) MCHOJB3YETCS MPU MOCTPOCHUM LIETIOYEK.
OHM MOTYT BXOJUTH B MPOMEKYTOUHBIE ENOYKH, HO HE JIOJKHBI BXOJIUTH B pe-
3ynbTaTa MOCTPOSHUS, Ui 0003HAYCHHUS OYKB HETEPMUHAIHHOTO CIIOBaps McC-
MOJIb3YIOT MPOIKUCHBIE JIaTuHCKUE OykBbL, T N N = g;

P — koneunoe moamuOxecTBo MHOKecTBa (T UN)™ x (TUN)'; koreuroe
MHOKECTBO NMPaBWJI BHIBOJAA WJIM NMPOayKuwmii; s1emeHt (a, ) MHoxkecTBa P
HA3BIBAETCS MPABHUIIOM BBIBOJIA U 3aMUCHIBACTCS B BUAC 0. — f5; 0. HAa3bIBAETCS
JIEBOM 4acThlO MpaBuia, f — MpaBoil 4acThIO; JEBas YacTh JO00ro npasuia u3 P
o0s13aHa colep KaTh XOTs OBl OJJUH HETEPMHUHAI;

S — HavanbHBIN CUMBOI (11€7Th, aKCMOMa) rpamMMaTuku, S € N.

JIJist 3amUCH TIPaBHUJI BBIBOJIA C OJMHAKOBBIMH JICBBIMH YacTAMHU 0. — [,
a— [, ..., & — P, 0yIeM NOIb30BaTHCS COKPAIICHHOM 3anuchio o — S | B2 |...| fo.

Kaxmoe £ (1 =1, 2, ..., n) Oyaem Ha3bIBaTh aIbTCPHATUBOM MpPaBUIIA BbI-
BOJIa U3 LIETIOYKH Q.

Hpumep 6.6. Jana rpammatuka G0, = ({0, 1}, {A, S}, P, S), e P co-
CTOUT U3 TIPaBHII:

S — 0Al

04 — 00A1

A— A
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Ienouka f € (T UN) nenocpedcmeenno év1600uma 13 UEoUKy o €
(TUN )" B rpammaruke G = (T, N, P, S) (o603HauaeTcst o — ¢f), ecnu a =
=&yé, f = 60&, e &, &, 0 €(TYUN )*, y € (T UN)" u npasuno BeiBoaa y —
o cogepxutcs B P. Unnekc G B 0003HaUeHUN — OOBIYHO OMYCKAIOT, €CJIH T0-
HSTHO, O KaKOW rpaMMaTHKE UJET PEUb.

Ilpumep 6.7. llenouka O0AI1l nemocpeacTBeHHo BeIBoamMa u3 0Al
B rpaMMatke G0 0A1 — 00A11. 3neck nenouka OA, momgyepkHyTas 1BOM-
HOI 4epTOM, UTpaeT pojb MOALEIOYKH Y U3 onpenenenus, uenouka 00Al urpa-
€T pOJIh MOIIENOYKH J, {1 = 4, 2 = 1.

Azvikom, noporcoaemovim epammamurou G = (T, N, P, S), Ha3zpiBaeTcs
muoxectBo L(G) = {a € T | S= a}. pyrumu ciosamu, L(G) — 310 Bce me-
MOYKH B ajdaBute T, KOTOPHIE BRIBOJUMEI U3 S ¢ TTOMOIIk0 TipaBui P. Hampu-
MEp, L(anuMep) = {Onlnl n= O}

Iemouka a € (TUN)’, amst koTopoit S = o, HA3BIBACTCS CEHMEHUUATb-
Hotl ¢hopmoi B rpammatuke G = (T, N, P, S).

Takum o0pa3oMm, S3bIK, TOPOKIAEMbIN IPAMMATHKOM, MOKHO OIPEIETUTh
KaK MHO>XECTBO TEPMUHAJIBHBIX CEHTEHIIUATBHBIX (POpM.

TI'pammamuxu G1 u G2 naswiBaroTCs IK6usanenmuvimu, cciu L(Gl) =
L(G2).

ITpumep 6.8. I'pammatuxu G1 = ({0, 1}, {A, S}, P1, S) u G2 = ({0, 1},
{S}, P2, S ) c npaBuiamu

P1: P2:

S — 0Al S—0S1]01
04 — 00A1l

A— A

SKBUBAJICHTHEL, T. K. 00€e moposxaaror a3eik L(G1) = L(G2) = {0"1" | n > 0}.
Ipammamuxu G1 u G2 noumu 3xeusanenmnot, eciu L(Gl)U{l} =
=L(G2) VY {i}. [Jpyrumu cioBaMu, IpaMMATHKH TOYTH DKBHBAJCHTHBI, €CJIH
SI3BIKU, UMH TIOPOXKAAEMBbIE, OTJIMYAIOTCS HE 0oJiee ueM Ha A.
Ilpumep 6.9. TlouTr SKBUBAICHTHBIMH SIBJITIOTCS CIICIYIOIIME TPAMMATHKH

Gl =({0,1} {A, S}, P1, S Yu G2 = ({0, 1}, {S}, P2, S ) ¢ mpaBmiamu

P1: A=,
S — 0A1 P2:
0A — 00A1 S —0S1 |2,

tak kak L(G1) = {0"1"|n >0}, a L(G2) = {0"1"| n > 0}, T. e. L(G2) cocrour
u3 Bcex nenovek sibika L(G1) u mycroit nenouku, koropas B L(G1) He BxoauT.

6.3 Kinaccudgukauus rpaMMaTHK U A3LIKOB 10 XOMCKOMY

OnpenenuM ¢ MOMOIIBI0O OFpaHUYEHUN Ha BUJ MPaBUJ BHIBOJA YETHIPE
tuna rpamMmatuk: tan 0, tun 1, tun 2, tun 3. KaxxaoMmy Ty TpaMMaTHK COOT-
BETCTBYET CBOW KJIACC S3BIKOB. ECIM SI3bIK MOPOXKTAETCS TPAaMMATHUKON THMA |
(ms11=0, 1, 2, 3), TO OH SIBIIAETCS SA3BIKOM THIIA .
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Tun 0

JIrobass moposknparomiasi rpaMmaTuka siBJsieTcs Trpammatukoil tuma 0.
Ha Buj mpaBuii rpaMMaTHK 3TOTO THUIA HE HAKJIAJBIBAETCS HUKAKUX JOMOJIHU-
TeIbHBIX orpanuueHui. Kiacce si3p1k0B Tumna 0 coBmajaeT ¢ KJIaccoM peKypCcHB-
HO MEPEYNCIUMBIX SI3bIKOB.

I'pammamuku c ocpanuuenuamu Ha 6U0 NPAGUII 6b1600A

Tun 1

I'pammaruxa G = (T, N, P, S) Ha3piBaeTcss HEyKOpauynBarOIICH, €CITH TIpa-
Basl 4acTh KaXkJ0ro npaBwia U3 P He kopode JeBoil yactu (T. €. AJid Jr00ro
npaBuwia o — f € P BeimonHseTrcs HepaBeHCTBO |a| < |f]). B Buae uckimoueHus
B HEYKOpauMBaIOLIEH I'paMMAaTHKE JOIYCKAeTCsl HaJIM4YMe MpaBujia S — A, IpH
yCIIOBUHU, YTO S (HAYaJIbHBIA CHUMBOJI, aKCHOMa) HE BCTPEUYAETCs B MPABBIX Ya-
cTsax mpaBwil. ['pammarukoil Tuma 1 Oynem Ha3bIBaTh HEYKOPAYMBAIOIIYIO
rpaMmaTtuky. Tum 1 B HEKOTOPBIX MCTOYHUKAX OMPENETSIOT C MOMOIIbIO TaK
HA3bIBAEMbIX KOHTEKCTHO-3aBUCUMBIX TPaMMAaTHK.

I'pammaruka G = (T, N, P, S) Ha3bIBacTCsS KOHMEKCHMHO-3A8UCUMOlL
(K3), ecmu xaxaoe npaBuio u3 P umeer Bux a — f, tae o = SAS, f = &yd,
AeN,y e(TYN)", &, &e(T VUNY.

B Buge uckmouenus B K3-rpaMmaTHike JTOIMycKaeTcs HAJMYKME TpaBUiia C
MyCTOW TpaBOMl YacTelo S — A, MpW YCIOBUM, YTO S (HAYaJIbHBI CHMBOII)
HE BCTpEYaeTcs B MPaBbIX YaCTIX MpaBuil. Llenouky &; Ha3bIBAIOT J1€6bIM KOHMEK-
CcMoMm, LETIOUKY &, HA3bIBAIOT NPAGLIM KOHMEKCHOM. SI3bIK, IOPOKIAEMBI KOH-
TEKCTHO-3aBUCUMOW T'PaMMaTUKOM, Ha3bIBAE€TCSI KOHTEKCTHO-3aBUCHUMBIM SI3bIKOM.

Tun 2

I'pammatuka G = (T, N, P, S) Ha3pIBaeTCsZ KOHMEKCHIHO-C800O00HOI
(KC), ecin kaxxnoe mpasuio u3 P uveer Bug A — S, rae A €N, f €(T U N).
3ameruMm, yTo B KC-rpaMmarukax AOIyCKarOTCs NpaBUjla C IIyCTBIMU ITPABBIMU
4acTsMU. S3bIK, TOPOKIaeMbIii KOHTEKCTHO-CBOOOHON TpaMMAaTHUKOM, Ha3bIBa-
€TCSl KOHTEKCTHO-CBOOOTHBIM SI3BIKOM.

['pammaruxoit Tuna 2 Oyaem Ha3bIBaTh KOHTEKCTHO-CBOOOHYIO TpaMMa-
TuKy. KC-rpamMmaTuka MOXET SIBISTbCSI HEYKOPAYMBAIOUIEH, T. €. YIOBJIETBO-
PATH OTPAHUYCHUSM HEYKOPAYMBAIOIIEH rpaMMaTHKH.

Tun 3

I'pammaruka G = (T, N, P, S) Ha3bIBaeTCs npasonunenoil, €Ciu Kaxaoe
npaBuiio u3 P umeetr Bug A — WB mubo A — w, tne A, B N, w € T

I'pammaruxa G = (T, N, P, S) Ha3bIBaeTCs /1€601UHEIIHOI, €CITA KAXKTOE
npaBuiio u3 P umeer Bug A — Bw mu6o A - w, tne A, B N, w € T.

JleBosIMHEVHBIE U IPABOJIMHEWHBIE TPAMMATUKH OINPEIEIISIIOT OAWH U TOT
&Ke Kiacc s3bIKOB. Takue A3b1Kku Ha3bIBAIOTCS pezyaapuvimu. 1lpaBo- u neBosu-
HEWHbIe TPAMMATUKHU TaK)Xe OyJIeM Ha3bIBATh PeyiAPHbIMU.

PerynsipHast rpamMmMaTtuka siBJISIETCS TpaMMaTHUKOM Tuma 3.

Aemomamnon TpaMMaTUKONW Ha3bIBACTCS Takas NpaBOJIMHEHHas (JIEBO-
JUHENHas) TpaMMaTHKa, YTO KaXJ0€ MPABUIIO C HEMYyCTOW MPAaBON YACThIO UMe-
et Bual: A — a mubo A — aB (s neBonmHeHHOM, COOTBETCTBEHHO, A — @ 60
A—Ba),rne A,B eN,a €T.
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ABTOMaTHasi rpaMMaTHKa sIBJsieTCsl 6oJiee mpocToil GopMoi peryssipHon
rpammaTikd. CyIIECTBYET alrOpUTM, MO3BOJISIIOLUIMN IO PEryisipHON (IpaBo-
WIHM JIEBOJIMHEIHOM) rpaMMaTHKe MOCTPOUTh COOTBETCTBYIOIIYIO aBTOMATHYIO
rpamMmatuky. Takum oOpa3om, JIF0O0W pEryJsipHbIM SI3bIK MOKET OBITh MOPOXK-
JIeH aBTOMaTHOM rpammartukoil. KpoMe Toro, cymecTByer ajaropuT™, MO3BOJIs-
IOUMHA YCTPAaHUTh M3 PETYJIApHON (aBTOMATHOM) rpaMMaTHKHU BCe A-TIpaBuia
(xpoMe S — /A B ciiydae, eclii MmycTasi eTnovKa MPUHAAICKUT S3bIKY; IPH 3TOM
S He OyAeT BcTpevaThes B MPABBIX YaCTAX IMPABHII).

Jlst mo0oit perymsipHoit (aBTOMaTHOM) TpamMMaTHKi G CyIecTBYeT Takas
HEYKOpadMBaloIias peryisipHas (aBromarHas) rpammaruka G, aro L(G) = L(G).

Hepapxua Xomckozo

CripaBeIIMBBI CIIETYIOIINE COOTHOLLICHHUS:

1) mo0bas peryispHas rpammaTrka sBisiercss KC-rpaMMaTHKOI;

2) mobast HeykopaunBatorias KC-rpamMaTrka siBisiercst K3-rpamMmmaTukoii;

3) mobas HeyKOpaYMBaroIas rpaMMaTHKa SBJIIETCS rpaMMaTukoi tuma 0.

Kaxnpiii perynsipasiii s3bIk siBisieTca KC-sa3pikoM, HO cymiectByroT KC-
A3BIKM, KOTOpBIE HE SABIAIOTCS perynspHeivMu, Hanpumep: L = {a"0"| n > 0};
kaxapii KC-a3b1k aBisiercs: K3-s3b1koM, HO cymiecTBy0T K3-s3bIKH, KOTOpBIE
He spisorcs KC-a3pikamu, Hanpumep: L = {a"b"c"| n >0}; xaxnapni K3-a3p1x
aBisieTcs A3bIKoM THHA 0 (T. €. peKYpCUBHO MEPEUYUCIUMBIM SI3bIKOM), HO CyLIe-
CTBYIOT sA3bIKM Tuma 0, KoTopele He ABILIOTCA K3-s3bIKamu, Hanpumep: s3bIK,
COCTOAILIMHI U3 3alKUceil aIropuTMOB MapKkoBa B HEKOTOPOM aJi(haBUTE.

Takum 00pa3om, nepapxus KJ1acCoB S3bIKOB:

Tun 3 (Perymsapusie) C Tun 2 (KC) C Tun 1 (K3) C Tumn 0.

Ha puc. 6.1 nepapxus X0MCKOTO JIJIsl KJIAaCCOB SI3BIKOB M300pakeHA B BH-
ne nuarpamMMsl Benna. Kimaceel BknaasiBatotest apyr B apyra. Camplil IAPOKAN
KJ1acc s3bIKOB (TUMa 0) cofepKUT B cede BCe OCTAIbHBIE KIIACCHI.

/ / / Wwy‘\ \ \
. \f;::;::;iiii / Y

e ‘:’thl ——
e KK l.-"h'l
——THna 0 ( ul:lrc,rp-"ua..-u:n |IFD*""" <

Pucynox 6.1 — Hepapxus knaccos a3b1ko6

B mpumepax u 3amavax il KPaTKOCTM BMECTO IIOJHOM YETBEPKHU
G = (T, N, P, S) 6yaem uHOr/1a BBINUCHIBATh TOJIBKO TAaK HA3bIBAEMYIO «CXEMY»
rpaMMaTUK{d — TpaBWiIa BbIBOAA P, cuuTasi, 9YTO OOJBIINE JIATUHCKHAE OYKBEHI
0003HAYAOT HETEPMHUHAIBHBIC CUMBOJIbI, HAYAJIbHBIM CUMBOJ (I€J1b) TpaMMa-
TUKH 00513aTEIHHO CTOUT B JIEBOH YacTH MEPBOTO MpaBuia, A — MycTas [enouka,
BCE€ OCTaJIbHbIE CUMBOJIBI — TEPMUHAHHBIE.
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Ilpumep 6.10. [lanbl rpammatuku Gl u G2:

Gl1: G2:

S — 0Al S —aSh |\
A — 0A0

A— A

(1) Kakoro tuma si3eik L(G1)?  (2) Kakoro tumna si3eik L(G2)?

1. IpaBwna rpammatrkd Gl yqoBIETBOPSIOT OTpaHUYEHUSIM Ha TIPaBHIIA
KC-rpamMmmatuk, HO HE YAOBJICTBOPSET OTPAHUYCHUSIM PETYISIPHBIX TPAMMATHK,
T. €. 9TO TpamMartuka Tuma 2, u nodtomy L(G1) sBisiercs s3pikoM tuna 2 (cire-
JIOBATENILHO, 3TO A3bIK U Tumna 1, u tuna 0). 3ametum, uro L(G1) = {00"0"1 | n >
0} = {0 * Y1 | n> 0} u 5TOT A3BIK SBILETCS TAKKE S3BIKOM THIIA 3, IIOCKOJIBKY
ONKMCBHIBAETCS CIEAYIOLIEH PETYISIPHON IPAMMATHUKOM:

S — 0A

A—0B|1

B — 0A.

Wrak, makcumanbsHoe K, mis kotoporo L(G1) sBnsercs sizbikoM THma K,
paBHoO 3.

2. ITo Buny mpaBun G2 sBIsSeTCS TpaMMATHKOW THTA 2 U HE SBISCTCS
rpammatukoi tuma 3. CrnenoBatenbHo, L(G2) sBasiercs s3pikoM Thma 2. SI3bIK
L(G2) He sBisieTcs A3bIKOM THITA 3, TaK KaK HE CYIIECTBYET PEryJISPHOMN rpam-
MaTHKH (T.e. rpaMMaTHKU Tuna 3), nopoxaaromei a3k L(G2) = {a"h"| n > 0}.
Wrak, makcumaibHoe K, st koroporo L(G2) seisercs s3pikoM Tuna K, paBHo 2.

Ilpumeput pammamux u A361K08

[Ipumepsl TpaMMaTHUK W SI3BIKOB, WILTIOCTPUPYIOIMINE KIACCHI HepapXuu
XOMCKOro, IpUBEJEM B OPSJIKE, OOPATHOM KJIacCU(PHUKALIUU.

Pecynapnvie

1. 'pammatuka S — aS | a sABAsSCTCS MPABOJUHEHHON (HEyKOpaYHBaro-
mei) rpammaTukoil. OHa NOPOXKIAET PETyIAPHbIN A3bIK {a@"| N > 0}. DTOT A3bIK
MOYET OBITh MOPOXKACH U JICBOJIMHEHHOW rpammarukoii: S — Sa | a. Obe »tn
IpaMMaTHUKH SBIISIOTCS aBTOMATHBIMH.

2. 'pammaruka S — aS | A sBisieTcst MPaBOJIMHEHHON U MTOPOXKIAET PEry-
napHbI a3k {@" | N > 0). g mo60oro peryiaspHOro s3blKa CyHIeCTBYET He-
yKOpauuBaronias peryiasipHas TpammaThka. HeykopauuBaromas peryisipHas
rpaMMaTHKa JJI JAHHOTO S3bIKA:

S—ad|al|A

A—a|ad.

[IpaBwiIO ¢ MyCTOM MPaBOM YaCThIO MOXKET IPUMEHATHCS TOJIBKO OJUH Pa3
¥ TOJIBKO Ha TIEPBOM IIIare BBIBOJIA; OCTAIBHBIC MPABHUJIA TAKOBBI, YTO MX MpaBas
9acTh HE KOpO4e JICBOM, T. €. TpaMMaTHKa HEYKOPauynBaOIIasl.

3. I'pammaruka:

S—A4L1|BL

A —a| Ba

B — b | Bb | Ab — neBonuHelHas; OHA TMOPOXKIAET PETYJSPHBIN S3BIK,
COCTOSIIMI U3 BCEX HEMYyCTHIX Iemouek B ajdasure {a, b}, 3akanunBarommxcs
cumBoJIoM -1 (Mapkep KOHIIA) M HE COJEpKalMX TMOIENoYKy aa. To ecTh
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B IIEMIOYKAX 3TOTO SI3bIKa CUMBOJI 8 HE MOXET BCTPEYaThCs JIBa pa3a MO, XO-
Ts1 ObI OJTUH CUMBOJ D 00s3aTeIbHO MPHUCYTCTBYET MEXKIY JIFOOBIMU JIByMsl a.
C moMOIIIbI0 TEOPETUKO-MHOKECTBEHHON (DOPMYITBI TaHHBIN S3BIK OMHUCHIBACTCSI
Tak: {o 1| w €{a, b} ,aa zw }.

Konumekcmmno-ceob6o0nvie

4, I'paMmMaTHKa:

S — aQb | accb

Q — cSc sBuseTcs KOHTEKCTHO-CBOOOJHOW (HEyKOpauyMBarollei) U Mo-
poxaaer KC-a3p1x {(ac)'(cb)" | n > 0}, koTopbIii, KaK ¥ BCTPEUABLIMICS PAHEE
s3pik {a'b"| n > 0}, He ABIAETCA PETYNAPHBIM, T. €. HE MOXKET OBITH MOPOKIEH
HU OJHOM PETyJSIPHOW TPaMMATUKOM.

5. I'pammaruxka:

S — aSa | bSh | /. mopoxaaer KC-s3b1k {XX", X€ {a, b}} . JlanHblit A3bIK
HE SIBISICTCS PETYJSApHBIM. [ paMMaTHKa HE YIOBIIETBOPSET OMPEICIICHUIO He-
yKOpa4YMBAIOMICH, HO I HEe CYIIECTBYET AKBHBAJICHTHAS HEYKOpayMBAIOIIas
rpamMmMatuka. [IpuBenemM Takyr rpaMMaTHKY:

S—A414

A — aAa | bAb | aa | bb.

Heykopauuearoujue u KOHMEKCMHO-3A8UCUMDbLE

6. 'pammatuka:

S — aSBC | abC

CB — BC

bB — bb

bC — bc

cC — cc HeyKOpaunBaromas 1 IopokaaeT a3bk {a'h'c"| n > 0}, koTopkii
SBJISICTCS SI3bIKOM THNA 1, HO HE SIBJISIETCS SI3bIKOM THTIA 2.

[IpaBuno CB — BC ne ynosnerBopsier onpenenenuto K3-rpammaTuku.
Onmnako, 3aMEHHB ATO MpaBuiio Tpemst HoBeimu CB— CD, CD — BD, BD — BC
(mo6aBmnsieM HOBBIN cuMBOJI D B MHOXecTBO HeTepMuHaioB N), OJIy4rM SKBU-
BaJICHTHYIO CEpUI0 KOHTEKCTHO-3aBUCUMBIX MPaBUJI, KOTOPbIE MEHSIOT MECTaMU
cumBosibl C u B. Takum 06paszom, momydaem s3xkBuBaieHTHY0 K3-rpammatuky:

S —aSBC | abC

CB—CD

CD —BD

BD — BC

bB — bb

bC — bc

cC — cc.

be3 ocpanuuenuii na eéuo npasun (mun ()

7. B rpammatuke tuna 0

S—SS

S§ — 4

BTOpPOE MPABWIJIO HE YIOBJIECTBOPSET OTPAHUUYCHHUSIM HEYKOpauMBaroOIIeH
rpammatuky. CymiecTByeT O€CKOHEYHO MHOTO BBIBOJOB B JJAHHOW I'paMMaTHKe,
OJTHAKO TOPOKIAEMBIH SI3bIK KOHEYCH M COCTOUT U3 €IMHCTBEHHOM IIeTIOYuKu: {A}.

80



Crnenyroliasi rpaMMaTHKa Tak)Ke HE SIBJSIETCS HEYKOPAYMBAOIIECH U TTOPOIK-
JIaeT MyCTOM SI3bIK, TaK KaK HU OJHAa TEPMHUHAIbHAS 1IETIOYKA HE BBIBOIUTCS U3 S
(17151 0003HAYEHHUS MTYCTOTO SA3bIKA UCTIOIB3YETCS @ — 3HAK ITyCTOr0 MHOYKECTBA):

S—S8S

SS — Sa | S.

3ametum, uto s3biku L; = {1} u L, = o (mycTol SA3bIK) MOTYT OBITH OITH-
canbl rpamMmmatukamu tuna 3. Kpome toro, otmerum, uto L, # L,, Tak kak L,
HE COJEPKUT IenoYeKk BooOIe, a L; — A3bIK, COCTOSAIIMNA U3 OJHON IEMNOYKH
(mycras 1enodka A 1Mo OMpPENeTICHUI0 PaBHOINPABHA C OCTAIIBLHBIMU IETIOYKAMH
B an(aBuTe).

8. CopepxarenbHble MPUMEPHl TPAMMATHK, IMOPOXKIAIONMIUX S3BIKH,
HE TIPUHAJICKAIINE KJIACCy KOHTEKCTHO-3aBUCHMBIX (THUM 1), HE TPHUBOAATCS
M3-3a UX TPOMO3JIKOCTH.

6.4 JlepeBbsi BLIBO/IOB

[lenouka B andasure T NMPUHAIICKUT S3BIKY, TOPOKIAEMOMY TpaMMaTH-
koit (T, N, P, S), TombkO B TOM CiTy4ae, €CiiH CYIIECTBYET €€ BBIBOJI U3 HaYaIbHO-
ro CHMBOJIa S 3TOM rpaMMatuku. [Iporiecc mocTpoeHus Takoro BeIBOAA (A Clieno-
BaTeJIbHO, M OMPECIICHUS TPUHAJICKHOCTH IIETIOYKH S3bIKY) Ha3bIBACTCS Pa300-
pom (pa30opoM TakKe HA3BIBAIOT M PE3yJbTAT 3TOTO IMpoIiecca, T. €. BBIBOJ Iie-
TIOYKH, TIPE/ICTABICHHBIH (3a(UKCUPOBAHHBII ) KAKUM-HUOY b CIIOCOOOM).

[TocTpoenue BbIBOJIa MOKHO OCYIIECTBIISATh U B OOPATHOM TOPSIJIKE: B UC-
XOJTHOM I[EMOYKE UIIeM BXOXKJIEHUE MPaBOil YaCTH HEKOTOPOTO IMpaBuja U 3ame-
HSIEM €rO Ha JIEBYIO YacTh (3TO HA3bIBAETCS CBEPTKOM), B PE3YJIbTATE MCXOIHAS
[IEM0YKa «CBOPAUMBACTCS» K HEKOTOPOW CEHTEHIIMAIbHOW (opMe, 3aTeM HJIET
clemyromnas cBepTka u T. 1., ToKa He TpUAeM K menu rpammaTtuku — S. [Iporecc
pazdopa Ha3BIBAIOT TAKKE AHATUZOM.

C nmpakTU4ecKoi TOUKH 3pEHHUs HAauOOJIBIINIA UHTEPEC MPEACTABISAET pazoop
M0 KOHTEKCTHO-CBOOOJHBIM I'paMMaTukaM. VX moposkiaroiieit MOIHOCTH J10CTa-
TOYHO JIJISl OTIMICAHUsI OOJIbIICH YaCTH CHHTAKCHYECKOW CTPYKTYPBI S3BIKOB ITPO-
TpPaMMHUPOBAHMS, TSI Pa3IMIHBIX ToaKiIaccoB KC-rpaMMaTHk MMEIOTCS XOPOIIIO
pa3zpaboTaHHbIEC IPAKTUUECKU ITPUEMIIEMBIE CTIOCOOBI PEIICHHUS 3a]1a4u pazoopa.

PaccMOoTpuM OCHOBHBIC TIOHSTHUSI M ONIPEICTICHUS, CBSI3aHHbBIE C Pa30opom
no KC-rpammaruke.

BriBon niernmouku f €T mw S eNB KC-rpammatuxe G = (T, N, P, S),
HA3bIBACTCS J1€8bIM (71€60CMOPOHHUM), €CIT B 3TOM BBIBOJIE KaXK/1asi ouepeIHast
CEeHTCHIMaIbHasl (popMa MOTydaeTcsl U3 MPeAbIayIIel 3aMEeHON caMoro JIeBOTro
HEeTepMUHAJIA.

BriBon nenouku f eT u3S eNs KC-rpammatuxe G = (T, N, P, S),
HAa3bIBACTCSI MPAGbIM (NPAGOCMOPOHHUM), €CIIA B 3TOM BBIBOJAC Ka)xias oue-
penHasi ceHTeHIMaabHas (opma MoJydaeTcsi U3 MpeAbIayIeld 3aMeHO caMoro
MPaBOTO HETEPMHUHAIIA.
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B rpammatuke 115t OTHOM U TOM )K€ LIETOYKU MOXKET ObITh HECKOJIBKO BBbI-
BOJIOB, PKBUBAJIEHTHBIX B TOM CMBICII€, YTO B HMX B OJIHUX M T€X K€ MECTax
NPUMEHSIOTCS OJTHU U T€ K€ MpaBuia BbIBOJIA, HO B PA3JIMYHOM MOPSIAKE.

Ilpumep 6.11. JIns nenouku a + b + a B rpaMmaruke:

G=({ab +},{S,TL{S—>T|T+S;T—al|b}S)

MO>KHO TTOCTPOUTH BBIBOJIBI:

1.S>T+S>T+T+S—>T+T+T—-a+T+T—-a+b+T—a
+b+a;

28S—->T+S—a+S—a+T+S—a+b+S—a+b+T—a+b+a;
38S=>T+S—>T+T+S—>T+T+T->T+T+a—->T+b+a—a
+b+a.

3nech 2 — 1EBOCTOPOHHUH BBIBOJI, 3 — MPABOCTOPOHHUM, a 1 He sBIseTCA
HU JICBOCTOPOHHUM, HH MIPABOCTOPOHHUM, HO BCE€ 3TU BBIBOJIBI SIBJISIIOTCS DKBU-
BaJICHTHBIMH B YKa3aHHOM BBIIIIE CMBICIIE.

s KC-rpamMmaTuK MOKHO BBECTH yIOOHOE Ipaduyueckoe IMpeicTaBie-
HUE BBIBOJIA, HA3BIBAEMOE 0€pPe6oM 6bl600d, TIPUUEM ]ISl BCEX IKBUBAJICHTHBIX
BBIBOJIOB JIEPEBbSI BHIBOJIA COBIAIAIOT.

OpueHTHPOBAHHOE YIIOPSIOYCHHOE JEPEBO HA3BIBACTCS JIEPEBOM BBIBOJIA
(umu nepeBom pazdbopa) B KC-rpammaruke G = ( T, N, P, S ), ecnu BoImomnHe-
HBI CIICIYOIIHNE YCIOBHS:

1) kaxnas BeplIMHA JepeBa IOMEUEHAa CHMBOJIOM M3 MHOXKECTBA
N UTU {A}, npu 3T0M KOpPEHb JepeBa MOMEUYECH CUMBOJIOM S; JIUCThSI — CHM-
Bosiamu u3 TU{A};

2) eciy BepIlIMHA JIepeBa MOMEYCHA CUMBOJIOM A, a €€ HEIIOCPEICTBCHHBIC
IMOTOMKH — CUMBOJIAMH a1, ay, ..., &y, TO€ Kaxkgoe ;€T U N, To A — ayay...a—
MPaBUJIO BHIBOJIA B ATOU IPAMMATHKE;

3) ecnu BeplIMHA JiepeBa MOMEUeHa CMMBOJIOM A, a ee HermoCpe/ICTBEH-
HBIM TTOTOMOK TTIOMEYEH CUMBOJIOM €, TO ATOT MOTOMOK €IMHCTBEHHBIA U A — 4
— TIPaBUJIO BBIBOJA B 3TOM I'paMMAaTHKE.

Ha puc. 6.2 uzo0OpakeH npumMep aepeBa Juis 1enodyku a + b + a B rpam-
Mmatuke G.

Pucynox 6.2 — I[Ipumep oepesa 8vigooa 6 epammamuxe G
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KC-rpammatuka G Ha3bIBaeTCs HEOOHO3HAUHOU, €CIIU CYIIECTBYET XOTSI
Obl oaHa 1enouka a € L(G), a1 KoTopoi MOXKET ObITh MMOCTPOCHO J1Ba MIIA 00-
Jiee pa3JInuHbIX JIEPEBhEB BHIBOJIA.

B npoTuBHOM ciiydae rpaMMaTHKa Ha3bIBaeTCS 0O0HO3HauHnou. Hanudue
JBYX WM 00Jiee JIEPEeBhEB BHIBOJIA SKBUBAJICHTHO TOMY, UTO IIETIOYKA O UMEET
JIBa WJIK 00JIee pa3HbIX JIEBOCTOPOHHUX (MJIM MPABOCTOPOHHUX) BHIBOAA.

SI3BIK, TOPOXKAAEMBIN IPAMMATHUKOM, HA3bIBACTCA HEOOHO3ZHAYHbBIM, €CIIU
OH HE MOET OBbITh MOPOXKIECH HUKAKON OJTHO3HAYHON IrpaMMaTHKOM.

Ilpumep 6.12. HeonHO3HAYHOM TPaMMATHKOM SIBJISIETCS] TPaMMaTUKa
Gif-then = ( {if, then, else, a, b}, {S}, P,S ), tme P={S — if bthen Selse S |
if bthen S | a}.

B stoii rpammaruke mig nenouku if b then if b then a else a moxHo 10-
CTPOMTH JIBa Pa3IMYHBIX JIepeBa BbIBOIA, M300paXKEHHBIX Ha puc. 6.3, a; 0.

Opmnako 3710 He 03Ha4aeT, u4TO SA3BIK L(Gitthen) 00513aTEIBHO HEOTHO3HAY-
HbIil. OOHapykeHHas B Gif.then HEOJTHO3HAYHOCTh — ATO CBOMCTBO T'PaMMAaTHKH,
a He s3bIKa. J[JIT HEKOTOPBIX HEOJHO3HAYHBIX I'PAMMATHK CYIIECTBYIOT SKBHBa-
JIEHTHBIC UM OJ{HO3HAYHBIC TPAMMATHKH.

Ecnu rpaMmatiika ucnosb3yercst sl ONpeeeHUs S3bIKa MpOorpaMMUpO-
BaHMS, TO OHA JOJDKHA OBITh OJHO3HAYHOM.

B npuBeaeHHOM BbIIIE MPUMEPE pa3HbIC IE€PEBbS BbIBOAA MPEANOIAraroT
cootBeTcTBUC €lse pasubiM then. Ecim moroBoputhes, uro €lse momkHO cooT-
BETCTBOBaTh OJvKaimemMy K Hemy then, u moanpaButh rpaMMatuky Gif.ien, TO
HEOJHO3HAYHOCTh OyAET yCTpaHeHa:

S—ifbthenS|ifbthenS'elseS|a

S'— ifbthen S'else S' | a.

—

=
a|

T Ta Taart
ijthen |} a || else !
W SR iy IV § S— §

a) 0)

Pucynox 6.3 — Jlepeswst 6vi600a
ons «if b ifthen b then a elsey 6 epammamure Gi.en

JlepeBo BBIBOJIa MOKHO CTPOUTH HUCXO0OAU UM THOO 60CX00AUUM CTIO-
cooom. [lpu Hucxooawem pazoope nepeBo BbIBOJa (POPMHUPYETCS OT KOPHS
K JIUCThSM;, Ha KXKIOM IIare JJjis BEPIIMHBI, MOMEYEHHOW HETEPMUHAIHHBIM
CUMBOJIOM, TBITAIOTCS HAMTH TaKOE TIPABWIIO BBIBOJIA, YTOOBI UMEIOIINECS B HEM
TEPMHUHAIBHBIC CHMBOJIBI IPOCIIMPOBATUCH HA CUMBOJIBI HCXOHOMN (aHATU3HUPY-
€MOM) IIEMTOYKH.
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Meton éocxodsauezo pazdopa ocHOBaH Ha 0OPaTHOM MOCTPOSHUH BHIBO-
Ja C TIOMOINBIO CBEPTOK OT MCXOJHOW IETOYKH K Iedu rpammaTtuku S. [lpu
ATOM JIEPEBO PACTET CHU3Y BBEPX — OT JIMCTHEB (CHMBOJIOB aHATTU3UPYEMOH 11e-
MOYKH) K KOpHIO S. Eciu rpaMMarrka oJHO3Ha4yHas, TO MPHU JOOOM criocode
MIOCTPOCHUS OYJIET MOJIYICHO OJTHO U TO XKe JIEpeBO pa3dopa.

6.5 IIpeoOpa3oBaHus TPAMMATHK

OnpeneneHue HEOJHO3HAUYHA WM OJHO3HAYHA 3a/JlaHHAs rpaMMaTHKa —
ATO MCKYCCTBO IMOMCKA IIEMOYKHU C ABYMS Pa3IMUHBIMU JAEPEBbSIMU BBIBOJA WU
JI0OKa3aTEIbCTBO TOTO, UYTO TAaKUX IEMIOYEK HE CYIIECTBYET. YHUBEPCAIBHOTO
croco0a peleHus 3Toi 3a7a4un HeT.

OpHako MOXKHO yKa3aTh HEKOTOPbIE€ BUJIbI TPaBUJI BBIBOJIA, KOTOPHIE MPHU-
BOJISIT K HEOTHO3HAYHOCTH (IIPU YCIIOBUM, YTO ST MPABUJIA HE SBISIOTCS TYMU-
KOBBIMH, T. €. JIEUCTBUTEILHO HCIOJIB3YIOTCA HAa KaKOM-HHUOYIb IIare BHIBOJA
TEpPMHUHAIBHOW IEMOYKHU U3 HAYAJIbBHOTO CUMBOJIA).

B nHexotoprix ciayyasx KC-rpaMMatrka MOXKET cojep,aTh OECIoJIe3HbIe
CHUMBOJIbI, KOTOPbIE HE YYAaCTBYIOT B MOPOXKIEHUU IETIOYEK SI3bIKA U MOITOMY
MOTYT OBbITh yAQJICHBI U3 TPAMMATHUKH.

CumBon X € T U N HazbiBaetcst Hedocmudcumbim B Tpammaruke G = ( T, N,
P, S ), eci OH He TOSABIISIETCS HU B OTHOM CEHTEHIIMAIBLHOM (popme 3TOi rpaMmaTH-
KU.

Ecnn HeTrepmuHanm B JIEBOM 4YacTH MpaBwia P SBISIETCS AOCTHKHMBIM,
TO JOCTH>KUMBbI BCE HETEPMHUHAJIBI, CTOSIIIUE B MPABOM YaCTH 3TOTO MPaBUIIA.

Anzopumm yoanenus HedOCMUNCUMBIX CUMBOJI08

Hana KC-rpammatuka G = ( T,N, P, S ).

Illae 1. O6pa3oBaTh OJTHOAJIEMEHTHBIA CIHCOK U3 HAYaJbHOI'O HETEPMHU-
Haya rpammartuku: Vo = {S}; i = 1.

Illaz 2. Ecnu B MHOXecTBe P HalifIeHO MpaBWIIO, JIEBasi 4aCTh KOTOPOTO
yK€ B CIHUCKE, TO BKIIOUUTh B CIIMCOK BCE HETEPMUHAJIBI U3 €r0 MPaBOM YacTH:
Vi=Vi U{X|Xx €ETUN, 4> axf €P,A €V, 4,0, (T UN)}.

Hlae 3. Eciu Vi# V,;_ 1, T0 1 =1+ 1 1 nepexouM K mary 2, iHa4e mojay4eH
MCYEPNBIBAIOIINN CIUCOK BCEX JOCTHKUMBIX HETEPMHUHAJIOB U HA MPEIbIIYIIEM

mare crnucok He monosasgercs: N' = VN N; T'= V;N T ; P' cocrout u3 npaBui
MHOXecTBa P, copepxammux Toiapko cumBoibl u3 Vi; G'= ( T, N, P, S ).
HerepmuHnanpl TpaMMaTHKH, HE TIOMABIIME B CIMCOK, ITOCTPOCHHBIN
10 MIPUBEICHHOMY BBIIIIE aJITOPUTMY, SBIISIOTCS HEIOCTHIKMUMBIMU M, HE Hapy-
1m1asi S5KBUBAJICHTHOCTH, U3 MHOYKECTBA TIPaBWJI P MOXKHO yJIaduTh BCE MPABHIIA,
cozepkalme Takue HeTepMmuHabl. B pesynbrare momydaem KC-rpammatuxy
G'=( T,N,P',S ), He cogepxkaIiasi HETOCTUKUMBIX CUMBOJIOB JUIsl KOTOPOU

L(G) = L(G).
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Cumboin A € N nHazbiBaetcs fecnioonvim B rpammatrike G = ( T,N, P, S )

, ecau MHOXecTBO {a €T | A = a} mycro.

Anzopumm yoanenusn 6ecnioOHbIX CUMBO108

Hana KC-rpammatuxka G = ( T,N, P, S ).

Illae 1. CocTaBUTh CIIUCOK HETEPMHUHAJIOB, JIJIi KOTOPBIX HAWAETCS XOTS
OBl OJTHO TIPABUJIO, IPABAsl YACTh KOTOPOTO COCTOUT TOJIBKO U3 TEPMUHAIIOB.

Illaz 2. Ecnun Halifercs Takoe MpaBWIIO, YTO BCE HETEPMHUHAIIBI, CTOSIIINE
B €r0 MpaBOM YaCTH, YXKE 3aHECEHbI B CITUCOK, TO I0OABUTH B CIIUCOK HETEPMHU-
HaJl, CTOSIIIIMM B €r0 JIEBOM YacTH.

Illaz 3. Ecny Ha ipeIbIAYIIEM IIare CIMCOK He MOMOJIHAETCS, TO MOJy4eH
MCYEPIIBIBAIOIINMA CITUCOK BCEX MPOTYKTUBHBIX HETEPMUHAIIOB.

Herepmunanbl rpaMMaTvK{, HE TOMABIIME B CIHMCOK, MOCTPOCHHBIN
0 MPUBEJCHHOMY BBIIIE AITOPUTMY, SIBJISIFOTCSL OECIUIOAHBIMU M, HE HapyIIas K-
BUBAJICHTHOCTH, U3 MHOXECTBA MpaBWl P MOXHO yAaduTh BCE MpaBUIIA, COACP-
JKalye Takue HerepmuHansl. B pesynbrare nomygaem KC-rpammaruky G'= ( T, N/,
P',S ), He coneprkarnas GeCIUIONHBIX CUMBOJIOB, 1t Kotopoit L(G) = L(G).

KC-rpammatuka G Ha3bIBaeTCS nMpuseoeHHOIl, €CII B HEH HET HEIOCTHU-
KUMBIX ¥ O€CIUIOTHBIX CUMBOJIOB.

Ilpumep 6.12. Jlana KOHTEKCTHO-CBOOOAHASI rpaMMaTrka G ¢ ipaBUiIaMu

S—U|Vz

T — aa | bb;

U — aUa | bUb;

V — aTb | bTa;

W — YZY | aab;

Z— W]|h.

VY nanuB ueTbipe mpaBuiia, cojeprkaiiue 0ecIioaHbIi cuMBo U, momyunm
rpammatuky G1 ¢ mpaBunamu:

S —-VZ;

T — aa | bb;

V — aTb | bTa;

W — YZY | aab;

Y > YY|4;

Z—W]|h.

B nonydeHHoit rpaMmaTHKe CUMBOJI X SBIISICTCS HEIOCTHKUMBIM. Y TaJIUB
TPH MpaBuiIa, coaepxkaime X, moryanum rpammatuky G2 ¢ mpaBuiaMu:

S > VZ;

T — aa | bb;

V — aTb | bTa;

W — YZY | aab;

Y > YY |4

Z—W]|h.
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B pesynbprate L (G) = L (G2) u rpammatrika G2 He COIEPKUT OECILION-
HBIX U HEJOCTUKUMBIX CHMBOJIOB.

Anzopumm npueedenusn 2pammamuxu

Ilaz 1. OGHApY)UBAIOTCS U YIAISIOTCS BCE OCCIUIONHBIC HETEPMHUHAJIBI.

[lae 2. O0HAPYKUBAOTCS U YIAISIOTCS BCE HEJJOCTH)KUMBIC CUMBOJIBI.

VYianeHue CHMBOJIOB CONPOBOXKIACTCS YAaJCHHUEM IPaBHUJ BBIBOJA, CO-
JepIKaIX 3TH CHMBOJIBI (€CIIM HAYaIbHBIA CHUMBOJ S — OECIIONIC3HbIH B rpaM-
MaTHKE, TO IpaMMaTHKa TOPOXKIAeT IMyCTOH sI3bIK. MHOKecTBO P mocie nmpuse-
JICHHsI TAKOW TpaMMaTUKK OyAeT MyCThIM, OJHAKO S He cieayeT yaamsath u3 N,
Tak Kak anpaBuT N He MOXeET OBbITh ITyCTHIM U Ha MOCJIETHEM MECTE B YETBEPKE,
3aj1aroIeill TpaMMaTHKY, JOJDKEH CTOSITh HETEPMHUHA — Hava bHbBIH CHMBOII).

Eciu B 3TOM aaropuTMme NMpHBEACHHUS IMOMCHATH MECTaMu Imard 1 u 2,
TO HE BCETra Pe3y/IbTaToM OYICT MPUBEICHHAS IpaMMaTHKa.

JInst OmHMCcaHUsl CHHTAKCHCa SI3BIKOB MPOTPAMMHUPOBAHUS CTAPAIOTCS HC-
0JIb30BaTh OJTHO3HAYHbIE MpUBeaeHHbIe KC-rpaMMaThKHy.

KoHTpoubHbIE BONPOCHI K pa3aey 6.

1. Yro Takoe dopmanbHas rpammaTuka? KakoBo IMpakThyeckoe Mmpume-
HEHHEe Teopuu (PopMaNTbHBIX TPAMMATHUK?

2. [late ompeneneHUE CIACAYIOMNUX IOHSATHN: KOHKATEHAITUS ICTIOYCK,
MycTas 1ernoyka, ooOpamieHre emoYKy, IJIMHA [ETOYKH.

3. st andasutos A = {a, b, ¢}, B = {0,1} cocrasuts A", B', A*, B".

4. Jlate onpeneneHue GopMaIbHOTO S3bIKa.

5. KakoBbI OIX0/1bI K MPE/ICTABICHUIO (POPMATBHOTO SI3bIKA?

6. Uto Takoe pacno3HaBatenu? [IpuBecTn mpuMep pacmo3HaBaTEICH.

7. Jlath onpeneneHue rpaMMaTUKY U €€ KOMIIOHEHTOB.

8. Ha3zBarp TuUIIBI TpaMMaTHKH COTJIACHO Kiaccu(dukanuu XOMCKOTO.
Onucath Kax b1 U3 TUNOB. [IpuBecTH MpuUMepsI.

9. Uro takoe BbIBOJ B rpamMatuke? Kakue BHIBOJIbI HA3bIBAIOTCS DKBUBA-
JICHTHBIMU?

10. Kakune KC-rpammaTiKy Ha3bIBatOTCS IPUBEACHHBIMU?
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7 OCHOBBI TEOPUU KOHEYHBIX ABTOMATOB
7.1 O0masi XxapakTepucTUKa aBTOMAaTOB

[lon aemomamom npuHATO MOHUMATH A0OCTPAKTHYIO MOJIENb YCTPOICTBA,
(YHKIIMOHUPYIOLIETO B TUCKPETHOM BPEMEHHU, KOTOpas mepepadaTbIBacT IMo-
CJIEI0BATEIbHOCTh BXOJHBIX CUTHAJIOB U MPEBPAIIAET UX B MOCIEI0BATEIBHOCTD
BBIXOJIHBIX CUTHAJIOB. B mpouecce paboThl aBTOMara MPOUCXOJUT MOCIIEI0BA-
TEJIbHAs CMEHA €ro BHYTPEHHHX COCTOSIHUM, NPHYEM COCTOSIHUE aBTOMAaTa
B ONIPE/ICJICHHBIII MOMEHT BPEMEHHU OJIHO3HAYHO OIPEAEIAECTCS BXOJAHBIM U BbI-
XOJHbIM curHanamu. [IpuMeHeHHne aBTOMATOB IO3BOJISIET MOJEIUPOBATH JIIO-
OyI0 MalllMHy, BKJIOYasi KOMIIOHEHTBbl KOMIbIOTEpA. ABTOMAThl IMPEICTABISIOT
co00i1 OCHOBY BCell COBPEMEHHOW BBIUYMCIUTEIbHOW TEXHUKH U BCEBO3MOMXKHBIX
JUCKPETHBIX CUCTEM aBTOMAaTUYECKOTO KOHTPOJIS U YIIPABIICHUS.

Hcrnonb3ysl Takue BBIYUCINUTEIBHBIE MOJIEIN, KaK aBTOMAThl, MOYKHO HC-
CJIEI0OBATh BONPOC PEIICHMS M CI0KHOCTH pas3HbIX 3a1ad. Kak u rpamMmaruky,
aBTOMAThl TAK)XE HCIIOJIB3YIOTCSA BO BpPEMs HCCIECNOBAaHUS I'PAMMATHYECKOU
CTPYKTYPBI S3BIKOB.

ABTOMAT MOXHO M300pa3HTh B BUE CXeMbI (puc. 7.1).

Bxoagunasa neuta

[

Tonoska aBTOMaTa

Baox
yIIpaBJIeHusa Buyrpennsas
[IaMATH
asTOMaTa

Pucynox 7.1 — Cmpykmypa asmomama

ABTOMAaT COCTOMT W3 TpPEX 4YacTed — 6XOOHOU JIEHMbl, YNPAGIAIOULEC0
YCMPOUCMea ¢ KOHEeUHOU NAMAMbBIO U OONOSTHUMETbHOU WU PAdoYell namsamu.

Bxoouyto nenmy MOXHO paccMaTpUBaTh Kak JUHEUHYIO MOCIEI0BATEIb-
HOCTbH KJIETOK, WJIA STYEEK, PUYEM KaxJas STYEHUKa CONEPKUT TOYHO OAUH BXOM-
HOM CHMBOJI U3 HEKOTOPOTO KOHEYHOTO BXOJAHOTO anihaBuTa. JIeByto u mpaByro
SYEUKN MOTYT 3aHMMaTh OCOOCHHBIE KOHEUHbIE MapKephl, 0003Ha4uM ux A (L ).
[TycTeie stueiiku 0603HaunM €. C MOMOIIIBIO BXOHOM JIEHTHI NU300pakaeTcs WH-
dbopmarius, KoTopas MocTynaeT Ha BXOJ aBTOMara.

Bxoounaa zonoéka B Kaxnbpli MOMEHT YWTAET OAHY BXOJHYIO SUYEHKY.
3a oguH 1mar paboThl aBTOMaTa BXOIHASI TOJIOBKA MOYKET MEPEMECTUTHCS TOIBKO
HA OJHY SYEHKY BJIEBO, OCTaThCS HEIOJBUKHOW WJIA MEPEMECTUTHCA HA OIHY
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SYeiKy BIpaBO. ABTOMAT, KOTOPHIM HUKOT/a HE MEpEeMeIaeT CBOIO BXOIHYIO
TOJIOBKY BJIEBO, Ha3bIBACTCsI 0OHOCHOpoHHuM. CXemMa BXOJHOU JICHTH M BXOJI-
HOU TOJIOBKHM M300pakeHa Ha puc. /.2.

i !i‘[l n,,l,u:]la, -:1,,_

FTele] ==

,i\‘ =
-
BxopHas ronoeea Bxoopeagz-nmegral

Pucynok 7.2 — Bxonnas neHTa U BXOJIHas TOJIOBKa

BxonHas rojoBka MOeT ObITh TOJILKO YHTAIOIIEH, €CITU BO BpeMsi, pabOThI
aBTOMAatT He o0pa3yeT CTpOKy — pe3yibTar. CylllecTBYIOT TaKhe aBTOMATHI, BXO/I-
Has TOJIOBKA KOTOPBIX YMTAIONIAs M NUIIynas. Takue aBTOMaThl MOTYT 3aIHChI-
BaTh PE3YIbTUPYIOILYIO CTPOKY WJIA U3MEHSATH CUMBOJIBI HA BXOJHOM JIEHTE.

XapakTepHoil OCOOCHHOCTHIO KOHEYHOTO aBTOMAaTa SIBISIETCA HaJIM4We
MaMSATH, KOTOpas ONPEAECIAECT COCTOSHUE AaBTOMATa B 3aBUCUMOCTH OT BPEMEHH.
Ilamamb agmomama — 3TO0 CTPYKTYpa, B KOTOPOU 3aMMCHIBAIOTCS, COXPAHSIOT-
CSl M CUMTBHIBAIOTCA JOMOJHUTENIbHBIC JaHHBIE, KOTOPBIE UCTIOIB3YIOTCS aBTOMa-
TOM npu padote. [ Kaxaoro Bujia aBTOMATOB CTPOrO OMNPENEICHHOTO THII
namsTi, QYHKIIMU JOCTYIA K MaMsITH U MPEBPAILCHUIO MTaMsITH. ABTOMAT MOXKET
HE UMETh NaMsITh. TUI TaMATH YacTO ONpeAesieT Ha3BaHUE aBTOMATA.

PaGoTa aBTOMaTa COCTOUT U3 MOCIIEIOBATEIBHOCTU Mmakmog. TakT pado-
Thl aBTOMaTa COCTOMT B TOM, YTO B 3aBUCHUMOCTH OT COJIEPKMMOTO 0003peBae-
MOU STYEHKH, COCTOSTHUS S, a TAaKXKe COACP>KUMOT0 BHYTPEHHEH MaMsITH aBTOMAT
CABUTAET TOJOBKY BIIPAaBO WJIM BJIEBO Ha OJIHY SYEHKY JMOO OCTaBIsET €e
Ha MIPEKHEM MeCTe, ero OJIOK yMpaBJICHUs MEPEXOJUT B HEKOTOPOE HOBOE CO-
CTOsIHME (BO3MOYKHO, YTO 3TO COCTOSIHUE COBMAJET C MCXOJHBIM COCTOSTHUEM S,
a CoJIepKMMO€E BHYTPEHHEH MaMsITH OIPEJICIICHHBIM 00pa3oM MOIUDUITUPYETCS.
Texyuuii BXOJJHOM CUMBOJ ¥ MH(OpMAaILIKsI, KOTOpasi BLITSAHYTA U3 TaMSITH, BMe-
CT€ C TEKYLIUM COCTOSHHUEM YIPABJISIONIETO YCTPOMCTBA OMPEAENSAIOT, KAKUM
JOJKEH OBITh ATOT TaKT.

TakuMm o0pa3oM, Ha KaXXJOM TaKTe ONpENeNseTCs] TeKyllas KoH@puzypa-
Yusa aBTOMAaTa, B KOTOPYIO BXOJIAT:

- TEKYILIEE COCTOSTHUE YMPABIISAIOLIETO YCTPOMCTBA;

- TEKYIIEE COAECPKAHUE BXOTHOMU JICHTHI;

- TeKyIIee coiepKaHue padodeil maMsITH.

Koudurypamms aBromata n3MeHsIETCS Ha KaKJIOM TaKTe MO BO3CHCTBH-
€M YIIPaBJISIOLIETO YCTPOUCTBA.

Ynpaenarowee ycmpoiicmeo coctout U3 KOHEUHOIO MHOYKECTBA COCTOSI-
Huit S = {So, ..., Sp} ¥ 0TOOpakeHHUil, KOTOPhIE B 3aBUCUMOCTH OT MPEIbIAYIICH
KOH(UTYpallMi TIO3BOJISIIOT OMNpPESIUTh HOBYHO KOH(MUIypaluio aBToMara,
HaIpaBJICHUE TIEPEMEIICHUS BXOIHOW TOJIOBKH (€CJIM OHA HE OJHOCTOPOHHSIS),
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uH(popManMio Ha mevat (eciM B aBTOMAaTe MpeaycMoTpeHa (PyHKIUs medaTH),
uH(pOpPMAIINIO, KOTOPYIO 3aHOCST B MaMsTh U U3BJIEKAIOT U3 NaMsTH (€CIU aBTO-
MaT UMeeT pabovyro NaMsITh).

ABTOMAT Ha4yMHAeT paboTy ¢ HauanvHou Kouguypayuu. [Ipu Havab-
HOM KOH(UTypalluy YIPaBIISAIONIEe YCTPONCTBO HAXOAUTCA B 3aJaHHOM Havallb-
HOM COCTOSIHMM, BXOJIHasl TOJIOBKAa OCMAaTPUBAET JIEBbI CUMBOJI Ha BXOIHOM JICH-
T€ W MaMATh MMEET MPEABAPUTEIHHO YCTAHOBJIEHHOE HAdYaJIbHOE COJCPIKAHHE.
Kondwuryparus, mpu KOTOpoil aBTOMAT MpeEKpaIiaeT padoTy, Ha3bIBACTCS 3aAKI0-
yumenbHoll. ABTOMAT TIpEKpanacT padoTy, nepeiias B OHO U3 COCTOSIHUN Mpe/I-
BapUTEIILHO BBIJICJICHHOTO MHOXECTBA 3aKJIFOUUTENBHBIX COCTOSHUM WA TOT/IA,
KOT/Ia TIEPECMOTP BXOJHBIX JAHHBIX 3aBEPIICH. Y CIOBHS MPEKpAIICHUsS padOThI
YETKO OIPEIENAIOTCS ISl KaKI0T0 KOHKPETHOTO aBTOMATa.

Ynpasisioniee yCTPOUCTBO SIBISICTCS HeOemePpMUHUPOBAHHBIM, €CITU TS
KaXKJI0M KOH(PUTYpallMy CYIIECTBYET KOHEUHOE MHOKECTBO BO3MOKHBIX KOH(PU-
rypanuii (0oJbie 0JJHOM), TaKyl0, YTO B JIFOOYIO M3 HUX aBTOMAT MOXKET Mepeit-
TH Ha CIEAYIOIIEM Iare. YTpaBJisiollee YCTPOMUCTBO HA3bIBACTCS demepMUuHu-
POBAHHBIM, €CITU JIJI1 KKJI0M KOHPUTYpaAIMU CYIIECTBYET HE OO0JbIle OJHOU
BO3MOXHOM cienytomeit konguryparuu. COOTBETCTBEHHO aBTOMAT HA3bIBACTCS
0emepMUHUPOBAHHBIM VI HEOeMEePMUHUPOBAHHBIM B 3aBUCUMOCTH OT 6u0d
YRpaenaueco ycmpoicmea.

[Tpu paccMoTpeHMH TpaMMAaTHK OBLIO OMPEIEICHO JBa CIIoco0a 3aJaHus
SI3BIKOB: PACIIO3HABAHUEM CTPOK M MMOPOXKICHUEM CTpOK. JIJIsi rpaMMaTHK B OC-
HOBHOM TPUMEHSETCS BTOPOH CIIOCO0. ABTOMATHI, KOTOPHIE UCIIOIB3YIOTCS IS
oTIpeeICHUS SA3bIKa, Yallle SIBISIOTCS TeMH, KOTOPhIe Pacrlo3HAIOT, X Ha3bIBa-
10T pacno3nasamenamu. C TIOMOIIBIO pacro3HaBaTeNel, Takke KaK M ¢ TIOMO-
B0 TPAMMATHK, MOKHO OJHO3HAYHO OMPEIETUTH s3bIK. OOBIYHO OMyCKaeTCs,
YTO BXOJ/IHAs TOJIOBKA PACIO3HABATENS TOJIBKO YUTAET.

PaccMmoTpum HEKOTOpYIO CTPOKY ®. Pacmo3HaBartesb JOMyCKaeT BXOHYIO
CTPOKY (®, €CJIM, HAUWHAs C HAYaJIbHOW KOH(PUTYpAIluU, B KOTOPOM CTPOKa ® 3a-
NUcaHa Ha BXOJHOM JICHTE, paclo3HaBaTelb MOXKET CIENaTh MOCIEI0BATEb-
HOCTh I1IaroB, KOTOpasi 3aKaHYMBAETCS 3aBepinaroiiei koHpurypamueit. Creny-
€T yKa3aTh, 4TO, HAUMHAs C JJAHHOW HadalbHOW KOH(UTYpaIuu, HeJeTePMUHU-
POBAHHBIA PACIIO3HABATEIF MOYKET BBITTOJIHUTH MHOTO Pa3HBIX IMOCJIEIOBATEIb-
HOCTe# maroB. Ecimu XoTs OBl 0JTHAa M3 ATUX MOCIEAOBATEIILHOCTEH 3aKaHIMBA-
eTcs 3aBeplaroniei KoHdUrypamuen, To HadajJibHash BXOJIHAs 1IeTOYKa OyneT
JOIyTIIeHA.

S3bIK, KOTOPBIM OMpeaeseH pacrno3HaBaTeiaeM, H300paXaeT MHOMKECTBO
BXOJIHBIX IIETIOYEK, KOTOPBhIE OHA JOMycKaeT. (s KakIoro kimacca rpaMMaTHK
U3 uepapxuu XOMCKOTO CYIIECTBYET KJIacC pacro3HaBaTelled, 4To OINpeaemseT
TOT K€ KJIacC SI3bIKOB. TOUHEE SI3BIKU U3 UEPAPXUU XOMCKOTO MOYKHO OXapaKTe-
pHU30BaTh TaK:

1. S3biIk perynspHblid (MPaBOJMHEWHBIM WM JIEBOJUHEWHBIN) TOrAa
Y TOJIBKO TOT/Ia, KOT/Ia OH OTPEACISICTCS] KOHEYHBIM aBTOMATOM,;

2. SI3BIK KOHTEKCTHO-CBOOOIHBIN TOT/Ia M TOJBKO TOTJa, KOTJAa OH OIpe-
JIEJSIETCSl aBTOMATOM C Mara3uHHOW MaMAThHIO,
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3. S3BIKKOHTEKCTHO-3aBUCUMBIN TOTJ]a M TOJIBKO TOT/a, KOTJa OH OImpe-
JeNseTCs IMHEMHO OrpaHMYeHHBIM aBTOMATOM;

4, SI3pIK ompenensercs rpaMMaTUKON OOIIEro BHjia TOTJa M TOJBKO TO-
r71a, KOT/1a OH ONpeaesieTCs MalMHOW ThIopUHTa.

7.2 KoHeuHble aBTOMATDI

Kak paccmarpuBasioch BbIIIE, KOHEYHBIE ABTOMATHl — 3TO AHAJIU3UPYIO-
e MOJEIU ISl PEryJspHBIX S3bIKOB. KOHEUHBI aBTOMAT COCTOUT TOJBKO
U3 BXOJIHOM JICHTHI U YHIPABJISAIONIETO YCTPOWCTBA C KOHEYHOM MaMsThiO (pHC.
7.3). KoHeunblii aBTOMAT HE UMEET BHYTPEHHEH MaMATH, TOJOBKa JBUKCTCS 110
JICHTE TOJILKO BIIPABO — HA OJHY SYEWUKY 3a TaKT U, COOTBETCTBEHHO, SIBJIACTCS
oaHocTopoHHEN. C JIEHTBHI MOXHO TOJIbKO YMTaTh. Kpome TOro, aBToMat MOXKET
MEPEXOAUTh «CIIOHTAHHO» M3 OJHOTO COCTOSHHUS B JIPYro€, HE 4YMuTas JICHTY
Y HE MPOJIBUTras TOJOBKY. TakOW TaKT MOYKHO pacCMaTpUBaTh Kak MEPEXo
W3 COCTOSIHUSL B COCTOSIHUE TI0 MYCTOM 1enoyke. Ero Ha3pBatoT €-TakToM. Yuc-
JI0O €r0 COCTOSIHMM KOHEYHO, YTO U ONPEAECIACT €ro Ha3BaHUE. Y PABIIAIOIICE
YCTPOMCTBO MOXKET OBITh JICTEPMHUHUPOBAHHBIM WJIU HEJETCPMUHUPOBAHHBIM.

iua a, | s a | Bxogmaz nemTa

Exogmazronoem
{oIHOCTODOHEER)

VropaEnmomes veTPOHCTED ©

EOHSWHOH SHCI0M &0 CT 0EHEIT

Pucynox 7.3 — Cxema xoneunoeo asmomama

Onpenenum KOHEYHBIN aBTOMAT, 3a/1aB KOHEYHOE MHOKECTBO €TI0 COCTO-
STHUW, JOIYCTUMBIC BXOJHBIE CHUMBOJIbI, JOMYCTUMbBIE BBIXOAHBIE CHUMBOJIBI,
HAYAJIbHOE COCTOSIHME M MHOKECTBO 3aBEPIIAIOIINX COCTOSHUN. 3aJal0TCS TaK-
*e (PYHKIHS TIepexo/IoB, KOTOpas MO JJAaHHOMY TEKYIIEMY COCTOSHUIO U TEKY-
IEMY BXOJIHOMY CHMBOJIY YKa3bIBA€T BCE BO3MOXHBIC TMOCIEIYIOIIME COCTOS-
HUsI, U QYHKIMS TIeYaTH.

Koneunwtii asmomam — smo cmpykmypa euoa

M={S, 1,0, fg,so, F), (7.1)

r7e S — KOHEYHOE MHOKECTBO COCTOSTHHIA;
| — KoHEUHOE MHOKECTBO AOIMYCTUMBIX BXOJHBIX CHMBOJIOB;

90



O — KOHEYHOE MHOKECTBO JOMYCTUMBIX BBIXOJIHBIX CUMBOJIOB;

f — oToOpaxkenne MHOKecTBa S X | BO MHOXECTBE S, KOTOpOE onpeesser
BBIOOD ciiemyromiero coctossuus (GhyHkiuio f Ha3pIBaIOT (QyHKIMEH Tepexo10B);

g — oroOpaxkeHrue MHokecTBa S X | Bo MHOXkecTBe O, KOTOpOE ONpenes-
€T BBIXOJIHOM cUMBOJ ((PYHKIIMIO  HA3BIBAIOT (DYHKIIMEH BBIXOOB);

Sp € S — HaYaJIbHOE COCTOSTHUE YNPABIISAIONIETO YCTPOUCTBA;

F < S — MHOXECTBO 3aBepIIaloIIUX COCTOSHUM.

ABTOMAT MOXET HE UMETh (PyHKIHIO § U MHOXKECTBO (), €CH HE Mpemy-
CMOTPEHBI BBIJJa4¥ BBIXOAHOW MH(pOpMariu. B 3ToM cirydae cumraercsi, 9To aB-
tomat 0e3 Beixona. Ecnu aBToMat conepkut pyHKIHIO J, TOTJA CUYUTAETCS, YTO
OH C BBIX0JIOM. MHOeCTBO F MOKeT OBITh HE OTPEICTICHHBIM.

KoHeuHbIM aBTOMAT MOXKHO 33J1aTh C IIOMOIIBIO madauysl. B 310l Tabnu-
e IS K10 KOMOMHAIIMU COCTOSIHMM aBTOMaTa M BXOJHOTO CHMBOJIA YKa3bl-
BAETCs CJEYyIOIIee COCTOSHUE U BBIXOJHOM cUMBOJI. Kpome Toro, koHeUHbIi aB-
TOMAT MOKHO 33J1aTh C MOMOIIBIO OPUEHTUPOBAHHOTO Ipada, KOTOPHIA Ha3bIBA-
€TCsl TarpaMMoi coctostHui. B aToM rpade BepimHbl H300paxaroT COCTOSTHUS
aBTOMata, IyTu — MEePEeX0/Ibl U3 OJIHOTO COCTOsIHUSA B Jpyron. Kaxmas gyra o6o-
3HauY€Ha BXOJAHBIM U UCXOJHBIM CUMBOJIOM, KOTOPBI OTBEYAET ITOMY MEPEXOY.

Ilpumep 7.1. TlocTpouTh KOHEUHBIN aBTOMAT, OCYIIECTBIISIIONIUN CIIOKE-
HUE ABYX HATypaJIbHBIX YUCEN, UCTIONb3Ys UX OMHAPHOE U300paKeHUeE.

[TosicanM miporieypy mopaspsiaHoro OmHapHOTO ciokeHus. IlycTh ecTb
7IBA YKCJa, 3aMMCAaHHBIE C TTOMOMIBIO N-Pa3psiIHOTO ABOMYHOTO KOAA: Xy ... XpX1
U )y ... ¥oy1. CHauana CKIaapIBatOTCs X1 M Y1, B PE3yAbTATE YETrO MOIydaeTcs pe-
3ynbTaT Z; M mepeHocc;. [locme aToro memaercs CloKeHUe X, y; U €1, B UTOTE
MOJTy4aeTCsl Z, U TIEPEHOC C,p. JTa MpoIeypa MPOA0IDKASTCs 10 mara N, Ha KO-
TOpPOM TpU JOOABICHUU Xp, Vn U Cp1 BBIXOJUT Z, U ¢n. [locnmeaHsiss cymma Zpeg
PaBHSETCS MIEPEHOCY Cp:

¢, Cy

Xn...X4 X3X2 Xl
yn... y4 y3 y2 yl

1 - C4C,C,

Zn+lzn...z4232221

KoHeuHbIli aBTOMAT, KOTOPBIA BBIMOJHSAET 3TO CJIOXKEHHUE, MOXHO MO-
CTPOUTH, HCIIOJIB3YA TOJIBKO JBA COCTOSTHHUSI.

Paccmotpennsiii aBromatr M = {S, |, O, f, ¢, So} ©IMeeT MHOKECTBO COCTO-
sauit S = {So, S1}, MHOXKecTBO BxoaHbIX cuMBoioB | = {00, 01, 10, 11}, muOXe-
CTBO BbIXOAHBIX cuMBOJOoB O={0, 1}, HauanpHOEe cocTosiHMe — So€S. Bymem
CUHMTaTh, YTO ABTOMAT MPEKpaiaeT padoTy, KOT/a 3aKOHUUIIOCH MOCTYIUICHHUE
BXOJIHBIX JAHHBIX, 3TO 3HAYHUT, YTO CJIIOKEHHE 3aBEPIICHO.

BxomHBpIMHM TaHHBIMH Ha OJHOM TaKTeE SIBISETCS JBa OUTAa — COOTBET-
CTBYIOIIIHUE OWTHI CIaraeMbiX, MOTOMY BO3MOYKHbIC BAapUAHThI BXOJHOW HMH-
dbopmanuu ans oxnoro takta — 00, 01, 10, 11. Ilepexoasl MOCTPOCHBI
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B COOTBETCTBUHU C MOJy4aeMOW CYMMOM, KOTOpas M300pakeHa BBIXOAHBIM Ou-
TOM, U MIEPEHOCOM, KOTOPOE U300pakKEHO COCTOSTHUEM (So — MEPEHOC PaBHSETCS
0, s;— mepeHoc paseH 1).

Oroopaxkenne f:Sx| — S(pynkmus mnepexomoB) u ¢: SxI — O
(byHKIIMS BBIXOJOB) MOKa3aHbl B Tabswmie 7.1. B Tabnuie n3obpaxxeHo, 4To ec-
U OuThl, KOTOphie ckiaabiBaloTcss — 00 U Tekyliee cocTosiHue So (MepeHoca
HET), TO aBTOMAaT OCTAE€TCsl B COCTOSIHUU Sy (MIEPEHOCA HET) U BBIJACT PE3yJIbTaT
0. Ecniu 6uThl, KoTOphIE cKaaabiBatoTcs, — 00 u Tekyiiee cocTosiHue Sy (IepeHoc
— 1), To aBTOMAT OCTaeTCsI B COCTOSIHUM Sy (IIE€pEHOCA HET) U BBIJIACT PE3YIbTAT
1. Ecnu, 6uThl, KOTOpBIE CKIIa/ibIBatOTCA, — 10 U TeKylllee COCTOSHUE S; (IEPEHOC
— 1), To aBTOMAT OCTaeTcsi B cOCTOSTHUUS; (TiepeHoc 1) u BeiaaeT pe3ynbrart 0.

Tabnuya 7.1 — @ynxyuu nepexo0os [ u 6bIx0008 g KOHEUHO20 ABMOMAama
0151 CLOJICEHUS

f g
CocTostHus S -1 00 lo1l10111100To1 110111
So So So |[So |S1 |0 |1 |1 |0
S So S 181 [ |1 |0 0 |1

JlmarpaMMa COCTOSIHHI, KOTOpasi OTBEYaeT 3TOMY aBTOMATy, IIPEICTaBIIC-
Ha Ha puc /.4.

OKO0JI0 KaXJIOM CTPENIKM Mepexojia yKa3aHa BXOJHas WH(OpMaIus U Bbl-
xonHo# curHan. K npumepy, 3anuchk 01.0 0k010 METIN B COCTOSIHUM S; 3HAUWT,
YTO €CIIM Ha BXOJ aBTOMAaTa C COCTOSIHMEM S; mocTtynaeT mapa outoB 01, To
Ha BbIXOJ] HeoOxoaumo BeIaTh 0 M ciemyronuM cocrtosiHueM Oyaer S;. Pac-
cMoTpuM paboty aBromarta. Ecnm, Hampumep, TeEKyllee COCTOSIHUE — S;
u Ha BxoJ noctymaet 01, cienytomiee coctosiHre OyAeT Sy, a Boixon — 0. Ilpouc-
xoaut cioxenue 0 + 1 + 1 = (10),. [ToaTomy BbIxoHOM curdai — 0, a mepeHoc
1 onpenenser ciemyromiee COCTOSHUE S;.

01.1 ) 01.0
start

So \4 1 81

00.1 11.1

00.0

10.1 10.0

Pucynox 1.4 — Koneunwiti agmomam OJisi CLONCEHUS

B paccmoTpeHHOM aBTOMaTe BBIXOJIHAs WH(OpMAIMs OTBEYAET MEPEeXo-
JlaM, OJTHaKO CYIIECTBYIOT aBTOMATHI, B KOTOPBIX BBIXOJHAsT WH(MOPMAITUS 3aBU-
CUT TOJIBKO OT COCTOSIHUA, B KOTOpPOE€ MEPEXOAUT aBTOMaT. B 3aBUCMMOCTH
OT 3TOTO Pa3INYalOT JBA BUJa KOHEYHBIX aBTOMATOB.
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KoHeuHbIIT aBTOMAaT, B KOTOPOM BBIXOJHAs HWH(pOpMAIUs TOCTaBICHA
B COOTBETCTBHE TIEPEX0JiaM, Ha3bIBaeTCs agmomamom Muau. ABToMatsl Mun
— 3TO aBTOMATHI MIEPBOTO POJIa, B KOTOPBIX BBHIXOAHOM curHain Y(t) oJHO3HAYHO
ompenaensercs BxoaHbiM curHanoM X(t) u cocrosHmem ((t — 1) aBTOMara
B MPEANISCTBYIONIMIA MOMEHT Bpemenu (t — 1). MaremaTrueckoi MOJebIo Ta-

a)=s@t-0, <) _
yO=A@e-D.x)

B aemomamax Mypa (aBToOMaThl BTOPOro poza) BeixomHo# curaain Y(t)
OJTHO3HAYHO OIpeesieTcss BXoaHbIM curHaioM X(t) u cocrosauem ((t) B maH-
HbII1 MOMEHT BpeMeHH t. MaTeMaTnueckoi MOJEIbI0 TAKUX aBTOMATOB SIBJISIETCA

q(t) =4(q(t-1), x(1))

cucrema: v = A(q(®)) t=1,2,...

B Takux aBTOMarax ()yHKIHMS BBIXO/A 3aBHCUT TOJBKO OT COCTOSIHUM aBTO-
MaTa B JJAHHBII MOMEHT BPEMEHH U HE 3aBHCUT OT BXOJHOrO curHaia. Takum o0-
pa3oM, BXOJIHasl CTPOKA TaKOr'0 aBTOMATa OJHOKPATHO CUMTHIBACTCS CJIEBA HaIlpa-
BO, OCYILECTBIISASI TOOYEPEAHBIM IPOCMOTP CUMBOJIOB. B onpeneneHHblii MOMEHT
BPEMEHU KOHEUYHBIM aBTOMAT HAXOJIUTCS B HEKOTOPOM BHYTPEHHEM COCTOSIHUH,
KOTOpPOE M3MEHSIETCA TIOCIIE CYMTBIBAHUS OYEPETHOTO cuMBOiIa. HoBoe cocrosiHue
MO’KHO OXapaKTepU30BaTh CYUUTAHHBIM CUMBOJIOM U TEKYILUM COCTOSTHUEM.

Takum oOpa3om, B aBToMarax Muiu (QyHKIMS BBIXOJOB — 3TO 3aBUCH-
MOCTh BBIXOAHOW MH(OpPMAIMU OT TEKYLIEro COCTOSHUSA M TEKYIIEH BXOIHOM
uHpopMaluy, a B aBToMatax Mypa QyHKIMS BBIXOJOB — 3TO 3aBUCUMOCTH BBI-
XOJTHOM MH(POPMALIMH TOJIBKO OT TEKYILIEr0 COCTOSIHUS.

KoHeuHsIil aBTOMAT JUIsl CJI0KEHUS U3 pACCMOTPEHHOIO IPUMEPA SBISACT-
¢ aBTomaToM Muu. PacemorpuM npumep aBromara Mypa.

Ilpumep 7.2. Tloctpoum aBTOMaT Mypa, KOTOpPBI Ha BBIXOJE IEYaTaeT
«1», ecnmu KONMMYECTBO €AWHMI], KOTOPbIE NPOYUTAHBl ABTOMATOM BO BXOJHOM
CTpOKe, nenuTcs Ha 3, u nevyaTtaeT «0» B MPOTHUBOMOJOXHOM cilydyae (aBTOMAT
Takke rnedaraer 0, eciii He MPOYUTAHO HU OJAHOW €IMHHULIBI B HAYaJIbHOM COCTO-
siHUY So. BxoaHo# andasut aBromara | = {0, 1}. HazoBeMm 30T aBTOMAT As3.

Onpenenum COCTOSHUS aBTOMATA: Sg — HAYaIbHOE COCTOSIHUE, S1 — IPOYH-
TAHO YMCJIO €IMHMI], KOTOPOE JaeT MpHU AEJEHNU Ha 3 B ocTaTke 1, S; — nmpouu-
TaHO YHUCJIO €AWHUIL], KOTOPOE JAeT MpHU JAECICHUHU Ha 3 B OCTATKE 2, S3 — MPOYH-
TAaHO YMCIIO eauHMI], kpaTHoe 3. KoHeyHO ke, BBIXOAHYIO MH(OpMAIHIO B Ta-
KOM aBTOMaTe€ MOXHO IOCTaBUTh B COOTBETCTBHE cOCTOSHUAM. [locTpoum Tad-
JIMITY TIEpex0JI0B ¥ rpad aBTomaTa (Tadi. 7.2, puc. 7.5).

KHNX aBTOMATOB CIYXHUT CUCTCMaA ypaBHCHI/Iﬁi

Tabnuya 7.2 — @ynxyuu nepexooos f u svixooos g asmomama Mypa A

I f
S 0 1 g
So So $1 0
Sy Sy S, 0
S2 Sz S3 0
S3 S3 S 1
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Pucynok 1.5 — Asmomam Mypa A3

Ilpumep 7.3. JlomycTuM, Ha BXOJ aBTOMara IOCTYIWJIA CTpPOKa
«0001010100». PaccMoTpuM, KaKyrO BBIXOJHYIO HMH(OPMAIMIO BBIIACT aBTO-
Mat. [TocTponuM COOTBETCTBYIONTYIO Ta0MIy (Tadm. 7.3).

Tabauya 7.3 — Obpabomxa e6xoonot unpopmayuu «0001010100»
asmomamom As

[IpounTtanHas cTpoKa f g
0 So 0
00 So 0
000 So 0
0001 S 0
00010 S 0
000101 S 0
0001010 S 0
00010101 S3 1
000101010 S3 1
0001010100 S3 1

[Tocne mpoutenust crpoku «0001010100» aBromar nevaraet «1», TO eCTh KO-
JIMYECTBO €IUHULL, KOTOPBIE IPOYNTAII aBTOMAT BO BXOJHOM CTPOKE, IENUTCS Ha 3.

C momoIpl0 KOHEYHBIX aBTOMATOB MOXHO pAacO3HaBaTh CTPOKHU SI3bIKOB.
ABTOMAT A3, KOTOPBII MOCTPOEH B MPEABLIYIIEM IPUMEPE, MOKHO pacCMaTpUBaTh
KaK pacro3HaBaTesb A3bIKa, KOTOPbIM COCTOUT U3 CTPOK OUTOB, KOTOpPBIE COAEpKAT
yuciio eauHuil, kpatHoe 3. HazoBem »T1oT si3bIk L3 S3biky L3 mpunHamnexar,
HarpuMmep, cTpoku «111», «01000110001010100», «0101010101010101010»
¥ ToMy nojnoOHoe. Jlnsi pacrno3HaBaHUS si3bIKa OOBIYHO HE HYXXHO HaJU4Me
y aBTOMAaTa BBIXOJHBIX CHUTHAJIOB, HO OINPENESAETCS MHOYXKECTBO KOHEUYHBIX
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COCTOSIHMM aBTOMaTa. EciiM cUMThIBAaHME BXOJHOM CTPOKM aBTOMAT 3aBEp-
II1JI, HAXOA5ICh B KOHEYHOM COCTOSIHUM, TO CTPOKA CUUTAETCS PACIO3HAHHOM.
B npuMepe MHOXKECTBO KOHEUHBIX COCTOSIHUN COCTOMUT U3 €AUHCTBEHHOIO CO-
CTOSIHHS S3.

SI3BIK SABNIAETCS PETYISPHBIM TOTJAa U TOJBKO TOTJa, KOTJa OH paclo3Ha-
€TCs1 C IOMOLIBI0 KOHEYHOTO aBTOMATa.

[TockONBKY CYIIECTBYET KOHEUHBIA aBTOMAT, KOTOPBIA PACMO3HAET SI3bIK,
TO, CJE€I0BATENbHO, L3 — peryisipHbId SI3bIK U €r0 MOHO 33JaTh C MOMOIIBIO
PEryJSIPHOTO BBIPAXKEHUS U PETyspHONA rpamMmMaTUKA. COCTaBUM COOTBETCTBY-
IOLLIEE PETYISIPHOE BhIpakeHHE. B cOCTOSIHUN S) aBTOMAT HaXOUTCA, IPOITyCKast
mo000€e KOJIMYECTBO HyJIEH, B Hauajie BXOJAHOU CTPOKU 3TO OTBEYAET PEryJISIPHO-
My Bbipaskennio 0. COCTOSIHHE S; JOIyCKaeT OAHy eIuHHIy (IIPH Mepexoie
U3 Sg BS1), IOTOM MOXET CIIEIOBATh JIF000E KOJIMYECTBO HYJICH, aBTOMAT OCTALT-
Csl B COCTOSIHMM S;. Takum 00pa3oM, COCTOSIHUE S; OTBEYAECT MPHUCOEIUHEHUIO
BhIpakeHus 107 . AHANOIHYHO MEPEeXO/Iy U3 Sy B COCTOSHHUE Sy, U3 S, — B S3 OTBE-
4yaeT ABYKPATHOE MPUCOCAUHEHUE CTPOKU BUIA 10", CocrosiHue s; SABISIETCS KO-
HeyHbIM. COCTaBMM BBIP@)KEHHE C IIOMOILIBIO OINEpalMy KOHKAaTEHAIWU:
0710710710 . ITOCKOIBKY M3 COCTOSHHS S3 ABTOMAT MOKET OIISATh MEPEiTH B CO-
CTOSIHUE S;, IPOYUTAB €AUHUILY, U TOTOM TaK»Ke€ MOCIEAOBATEIILHO MPOUTH Ciie-
IYIOIIME COCTOSIHUS CKOJIBKO YTOJHO pa3 U3 S; B S3, TO B (pOpME pEryJsipHOro
BBIpaXKEHHs 5T0 BEIIMT Tak: (10710107)". Takum 06pasoM, perysipHOe Bbl-
paxkeHue 1A sA3bIka L3 uMeert BU:

Ls:07107107107(10'10710) ",

Mo0OxHO NOCTPOUTH TPAaMMATHKY AJIS si3bIKa L3. DTO ecTh rpaMMaThkKa

G:;=({A B,C, S}, {0,1},P,S),

rae P coctout u3 Habopa mpoIyKIHii:

1. S—AB.

2. A—»CICICIC.

3. B—ICICICB| &

4. C—0C| &

JlericTBUTENBHO, MTPOAYKIMSA 4 OTBEYAET BBIPAKECHUIO 0", Torma MPOAYK-
nust 3 orBeuaer Bepaenmio (10107107, a mpomykumust 2 — BBIPAKEHHMIO
0*10*10*10*.

OnuH U3 Hanbosiee BAXKHBIX PE3YJIbTATOB TEOPUHU KOHEYHBIX aBTOMATOB
COCTOUT B TOM, YTO KJAacC SI3bIKOB, ONPEAEISIEMBIX HEIETEPMUHUPOBAHHBIMU
KOHEYHBIMHM aBTOMAaTaMH, COBIIAJIA€T C KJIACCOM SI3bIKOB, OIPEAEIIEMBIX AETeP-
MUHHPOBAHHBIMU KOHEYHBIMU aBTOMAaTaMHU.

DTO 03HAYaeT, 4To IS JH0OOro HEAETEPMUHUPOBAHHOIO KOHEUHOI'O aB-
tomara (HKA) Bceria MOXHO OCTPOUTH SKBUBAJIEHTHBIN JETEPMUHUPOBAHHBIM
KoHeuHbIl aBToMmat (JIKA), T. . onpenenstommii ToT xKe A3bIK.

JIBa Komeunwbix aemomama IKEUBATNEHMHBI, €CIU DKBUBAJICHTHBI
UX HayaJbHbIE COCTOSIHUSI.

Anzopumm nocmpoenusn /IKA no HKA
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Jlan HeaeTepMUHUPOBaHHBIN KoHeuHbld aBromatr M = {S, I, f, sy, F)
B pe3yJIbTaTe HeOOXOIUMO IMOJIYUUTh ACTEPMUHUPOBAHHBIN KOHCUHBIH aBTOMAT
M={S" I, f, s, F’), nomyckaromuii TOT ke 5A3bIK, 4YTO K aBTOMaT M.

Ilaz I. MHOX€ECTBO COCTOSIHHM S’ COCTOUT M3 BCEX IMOIMHOKECTB MHO-
xectBa S. Kaxoe cocrosuue us S oynem obo3Hauath (A1A,...Ay), tae A € S.

Illaz 2. Orobpaxenue f’ onpenenum kak f' (A1A;.. Ay, t) = (B1B>...By), rae
ast kaxgoro 1 <j <m, f(A;, t) = B; mna xakux-mu6o 1 <'i <n.

Illaz 3. HavanpbHOE COCTOSHHE YIIPABIISIOIIET0 YCTPOMCTBA OCTaeTCs
HEM3MEHHBIM: Sg = Sg .

Ilaz 4. llycts F = {F4, Fy, ..., Fy}, Torna F’— Bce coctostHus u3 S’, ume-
romue Bux (...Fi...). Fj € F mas xakoro-nmu6o 1 <i <p.

B MHOKECTBE S MOI'YT OKA3aThCS COCTOSIHHS, KOTOPBIC HEJOCTHKHMbI
W3 HAYaJbHOI'O COCTOSHUS, UX MOYKHO UCKJIIOUUTh.

IIpumep 7.4. Ilycts 3aman HKA M = ({H, A, B, S}, {0, 1}, F, {H}, {S}),
9IS

FH,1)=B F(B,0) =

F(A,1)=B F(A,1)=S
TOI'JIa COOTBETCTBYIOIINI ICTEPMUHUPOBAHHBINA KOHEYHBIIH aBTOMAT OYICT TAKKUM:

S'={H, 4, B S, HA, HB, HS, AB, AS, BS, HAB, HAS, ABS, HBS, HABS}

f(A1)= f(H,1)=

£ (B, 0) = A f(HA, 1) =
f(HB, 1) =B f (HB, 0) =
f(HS, 1) =B f (AB, 1) =

f (AB, 0) = A f'(AS, 1) =
f'(BS, 0) = A f (HAB, 0) = A
f (HAB, 1) = BS f (HAS, 1) =

f (ABS, 1) = s f (ABS, 0) =

f (HBS, 1) = f (HBS, 0) =

f (HABS, 1) = BS f (HABS, 0) =

F’=/{S, HS, AS, BS, HAS, ABS, HBS, HABS}.

JIOCTHKUMBIMU COCTOSIHUSIMU B TIOJTyuuBIIeMcs: KA sIBISIOTCS COCTOSIHUS
{H, B, A, BS}, moatomy ocTajbHbIC COCTOSHUS yIAISIOTCS.

Taxum obpazom, M’ = ({H, B, A, BS}, {0, 1}, F’, H, {BS}), rne

f (A, 1) =BS f(H 1=

f(B,0)=A f (BS, 0) =

JI1s KaxJI0ro KOHEYHOTO aBTOMAaTa MOJKET CYIIECTBOBaTh OECKOHEUHOE
MHOKECTBO JIPYTMX KBUBAJECHTHBIX €My KOHEUHBIX aBTOMATOB, PACIO3HAIOIINX
TaKOE K€ MHOYXECTBO I[ETIOYEK, OJTHAKO CYIIECTBYET €IMHCTBEHHBIN MUHUMAJIb-
HBIM KOHEYHBIA aBTOMaT.

MunumanbHbim KOHEUHBIM A6MOMAMOM HA3BIBACTCSI aBTOMAT, KOTO-
phIi, Oirarogapsi UCKIIOYCHUIO HEAOCTHXKMMBIX M 3KBHBAJICHTHBIX COCTOSHHH,
COACPKUT MUHUMAJIBHOE YMCII0 cocTosiHui. [Ipoliecc mpuBeaeHUs] TaHHOTO aB-
TOMara K MHMHUMAaJIbHOMY HAa3bIBACTCS peOyKuuen KOHEeUHO020 a6momamd.
DOrtanamMu peAayKIUU SIBISIOTCS:

1) ynaneHnue HeTOCTHIKUMBIX COCTOSTHUIA.
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2) 3aMeHa HECKOJIPKUX SKBUBAJICHTHBIX COCTOSIHHI KOHEYHOIO aBTOMATa Ha OJTHO.

Heoocmusicumole cocmoanus — 310 COCTOSIHUS, KOTOPHIE HE JOCTUTAeT-
CAd M3 HAYJIBHOTO HM ISl KaKOW BXOAHOM 1enouku. CTPOKM HEIOCTHKUMBIX
COCTOSTHUM TaOJIMIIBI TIEPEX0/I0B MOXKHO YJIalUTh, MOTy4Yast SKBUBAJICHTHBIN KO-
HEYHBIA aBTOMAT.

Anzopumm noucka HeOOCMUICUMBIX COCIOAHULL

Illac 1. HaliTh CIMCOK BCEX JOCTHXXUMBIX COCTOSIHUM:

- 3aHECTU B CIIMCOK HAYalIbHOE COCTOSTHUE;

- JUISl KaXKJIOTO COCTOSIHUSI U3 CIIHUCKA 3aHECTH B HETO BCE €ro COCTOSIHUS-
MIPEEMHUKHU, KOTOPBIE MOKA OTCYTCTBYIOT B CITUCKE.

[laz 2. Halitn pa3HOCTh BCETO MHOXECTBA COCTOSIHUMA M CIIMCKA JTOCTH-
KHUMBIX COCTOSTHUH.

PaccMoTpyM nipr3HaKy 3KBUBAJIECHTHOCTU COCTOSTHUI KOHEUHX aBTOMATOB.

CocTosiHUE S OJJHOTO KOHEUYHOr0 aBTOMAaTa, SKBUBAJICHTHO COCTOSHUIO (]
JIPYroro KOHEYHOTO aBTOMAaTa, €cjii 00a 3T aBToMaTa JOMyCKalT OJUHAKOBBIC
IIEMOYKH (S ¥ (| — HaYaJIbHBIE COCTOSTHUSI COOTBETCTBYIOIIETO aBTOMATA).

CocTosiHME S OJTHOTO KOHEYHOTO aBTOMAaTa SKBUBAJIEHTHO COCTOSHUIO (]
JIPYroro KOHEYHOr0 aBTOMATa, €CIM IJi S U ( HE CYHIECTBYET pa3lIMyaronieit
LEMOYKH, TOJA ACHCTBHEM KOTOPOM COCTOSIHHE S IMEPEXOJHUT B AOIYCKAIOIIEe
COCTOSIHUE, & COCTOSTHUE (] — B OTBEPTarolIee COCTOSIHUE (MU HA000pOT).

JIBa COCTOSIHUSI KOHEYHOI'O0 aBTOMAaTa SKBUBAJICHTHBI, €CJIM BBIMOJTHSIIOTCS
CIEAYIOIIUE YCIOBUS:

1) ycioBue mojoOuWs: COCTOSHHUS 00a JONycCKalomue Wid oba
OTBEpraroiue;

2) yCJIOBHE  TPEEMCTBEHHOCTH:  TPEEMHUKH  JIAHHBIX  COCTOSHHUH
AKBUBAJICHTHBI (IJ1s1 TIOOBIX BXOJIHBIX CUMBOJIOB JIaHHBIE COCTOSTHUS TIEPEXOJISIT
B SKBHUBAJICHTHBIE COCTOSIHUS).

OKBHUBAJIEHTHBIE COCTOSIHMS, MPUHAIJICKAIUE OJHOMY KOHEUYHOMY
aBTOMAaTy, HE HapylIas SKBUBAJIEHTHOCTH, MOKHO 3aMEHUTh OJHUM (B TabiuIIe
NEPEXO0JIOB OCTABUTh OJHY W3 CTPOK SKBUBAJICHTHBIX COCTOSIHHUM, YJajIuB
OCTaJbHblE, TMPU STOM  3aMEHHUTb HMEHA  YJAJCHHBIX  COCTOSIHHUM
Ha OCTaBJICHHOE).

Ilpumep 7.4. IIpeoOpazoseiBats HKA B sxBUBaneHtHbIii emy KA (puc. 7.6).

0,1

Start

Pucynok 7.6 — I’ pagh nedoemepmunupo8anHo2o KOHEYHO20 A8MomMama
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I[JISI 3aJaHHOT'0 KOHCYHOI'O aBTOMATa

S ={s0,s1,s2};
| ={0,1,1};
So=s1;

F = {s0}.

OyHKIUS TEPEX0J0B HEACTEPMUHUPOBAHHOTO KOHEYHOTO aBTOMaTa
npejicTaBieHa B Tabm. 7.4

Tabnuya 7.4 — @ynxyus nepexo0os f nedemepMuHUpoOBaHHO20 A8MOMAmMa

S 0 1 L
sl s2 sO omeepe
s2 sOs1 sO omeepe
sO sO s0s2 oonyck

Tabnuya 7.5 — [locmpoenue oemepmMuHupo8anHo20 KOHEUHO20 A8MomMama

S 0 1 1L |9
sl s2 sO omeepe | a
s2 sOs1 sO omeepe | b
sOsl s0s2 s0s2 oonyck | C
sO sO s0s2 oonyck | d
s0s2 sOsl s0s2 donyck | €

Tabnuya 7.6 — Dyuxyus nepexodos f 0emepMuHUpo8aHHo20 a8momama

S’ 0 1 L1

a b d omeepe
b C d omeepe
Cc e e 00NycK
d d e 00Ny CK
e Cc e 00NycK

Takum 00pa3om, MOCTPOEH JECTEPMUHUPOBAHHBIN KOHEYHBIN aBTOMAT.

{1 moCTpOeHU MUHUMAJIBHOTO KOHEYHOTO aBTOMATa CIIEIYET BBIACIUTh
HEJIOCTUKUMBIE M 3KBHUBAJIEHTHbIE cocTossHUs mnoiyueHHoro J[KA. Bo Bce co-
CTOSIHUSL MOKHO IIONACTh W3 HAYAIBHOTO, CJIEIOBATEIIbHO, BCE COCTOSAHUS J10-
CTWXKHUMBIL. [[poBeprM COCTOSIHUSI KOHEYHOTO aBTOMATa HA SKBUBAJICHTHOCT.

[To BXOTHOMY CUMBOITY L MOXHO BBIIETHTH BA TOJMHOXKECTBA!

{a, b}{c, d, e}.

ITo BxonHoMy cumBoiry 0

{a}.{b}.{c. d, e}.

[To BXOgHOMY cHMBOIY 1.
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Cocrostnusg C, d, € SKBHUBAJEHTHBI M MOKHO OCTaBHUTh OJHO M3 HUX,
Harpumep, c¢. ['padudeckoe mpencraBieHrne MUHUMHU3UPOBAHHOTO KOHEYHOTO
aBTOMaTa TPEJCTaBICHO HAa pUC. 7.7, PyHKIMA mepexonoB f” MPUHUMAET BHUJ
Tadi. 7.7.

Tabauya 7.6 — @ynxyus nepexo0os8 [~ MUHUMUSUPOBAHHO20 OemepMUHU-
POBAHHO20 A8MOMAMA

S 0 1 L
a b C omeepe
b C C omeepe
c c c oonyck
0 1
0.1

0,1

Pucynox 7.7 — I'pagh munumuzuposanHo2o KOHeuH020 a8momama

7.3 ABTOMATBI C MATAa3MHHOM NMAMSATHIO

ABTOMATHI U MpeoOpa3oBaTENN C MAra3uMHHOW NaMAThIO UTPAIOT BAKHYIO
pOJIb TpPHU TOCTPOCHUM ABTOMATHO-JTMHTBUCTUYECKUX MOJIENEH PpPa3IUuyHOTO
Ha3HAYECHMsI, CBSI3aHHBIX C MCIIOIb30BAaHHUEM OECKOHTEKCTHBIX (KOHTEKCTHO-
cBOOO/HBIX) SI3bIKOB. B "acTHOCTH, Takue ycTpoicTBa UCHOJB3YIOTCS B 0OJb-
IIMHCTBE PpadOTaAOIIUX MPOTpamMM JUIsl CMHTaKCMYECKOro aHalli3a Iporpamw,
HAIlMCAaHHBIX Ha Pa3jIU4HbIX SA3bIKAaX MPOrPAMMHUPOBAHMS, KOTOPHIE BO MHOTHX
CJIydasix MOKHO pacCMaTpuBaTh Kak OECKOHTEKCTHBIE.

B oTiinume OT KOHEYHBIX aBTOMATOB, PACCMOTPEHHBIX paHEE, aBTOMATHI
U TIpeoOpazoBaTeNd C Mara3MHHOMN MaMAThI0 CHAOXKEHBI TOTOJIHUTEIbHOM Mara-
3MHHOW NaMsThIO (paboucii neHrtoit) (puc. 7.8).

Aemomam ¢ Maza3uHHOU NAMAMBIO — YTO CTPYKTYypa

M=(S,1,0,2Zf,4g,5S, 2, F),

99



rae S — KOHeUHOEe MHOYKECTBO COCTOSTHHIA;

| — KOHEUHOE MHOKECTBEHHOE YHCIIO JOMyCTUMBIX BXOJHBIX CHMBOJIOB;

O — KOHEUYHOE MHO>KECTBO JIOMYyCTUMBIX BHIXOJAHBIX CHMBOJIOB;

Z — KOHEYHOE MHOKECTBO JIOIMYCTUMBIX CHMBOJIOB ITaMSTH;

f — dbyakHMsS TIEepexomoB — oToOpakeHue MHOKecTBa S X | X Z Bo MHOXKe-
CTBO S X Z, KOTOPOE OTpPEAEIISeT BEIOOP CIEAYIONMIEr0 COCTOSHUS U CHMBOJI, KO-
TOPBIA 3aHOCUTCS B TIAMSITH;

g — GyHKIMA BBIXOJOB — OTOOpakeHHEe MHOXkecTBa S X | X Z Bo MHOXe-
cTBO O, KOTOPOE OMpeAeIIsIeT BEIXOIHON CUMBOT,

So € S — HaYaIbHOE COCTOSTHUE YITPABJISIONIECTO YCTPOMCTBA;

Zo€Z — HAYaIbHBIA CHMBOJ — CHMBOJI, KOTOPBI HAaXOAUTCS B TaMSTH
(cTex) B HAYAJIbHBIM MOMEHT;

F< S — MHOXeCTBO KOHEUHBIX COCTOSTHHM.

) : (

Bxognan medTa I_l MarazuHHaA NauvATE
YIpapnAmIes q :l C
yoTpoiicTED
Brxognas neHTa | ——]

) : (

Pucynox 7.8 — Asmomam ¢ mazcazunnou namsamuoio

Koneunoe ympagistomee yctporcTBo (YY) cHaOXkaeTcs TONMOJTHUTEIb-
HOW YIIPABJISAIOLIECH TOJIOBKOM, BCETJa YKa3bIBAIOUIEH HA BEPXHIOK SUYEHKY Ma-
ra3uHHOM MaMsATH: 32 OJMH TaKT pabOThl aBTOMAaTa yIpaBJsiollas ToJOBKa MO-
KET MTPOU3BECTH CIEAYIOIIUE NECHCTBUA:

1) crepeTb CUMBOJ U3 BEpPXHEW SUYEMKU (IIPU 3TOM BCE CHMBOJIbI, HAXO-
JsTecs: Ha pabodeii JISHTe, MepeMeIaloTCs Ha OJHY STYEHKY BBEPX);

2) cTepeTh CUMBOJI U3 BEPXHEHW SUEUKH U 3amucaTh Ha pabodyro JIEHTY
HEIMYCTYIO LEMNOYKY CUMBOJIOB (IIPH 3TOM COAEPKUMOE padouel JIEHThI CBUTA-
€TCsl BHU3 POBHO HACTOJBKO, KAKOBA JIJIMHA 3aIMHCHIBAEMOM LIEMTOYKH ).

Takum 00pa3oM, YCTPOMCTBO Mara3dHHON MaMsITH MOXHO CpaBHHUTH
C YCTPOMCTBOM MarasuHa 0O€BOTO aBTOMAaTa, KOT/a B HEro BKJIAJILIBAETCS Ta-
TPOH: T€, KOTOPHIC YK€ ObUTH BHYTPH, MPOTATKUBAIOTCS BHH3; JOCTATh MOYHO
TOJIBKO MATPOH, BIOXKEHHBIN MOCIETHUM.

Ilpumep 7.5. PaccmoTpuM paboOTy aBTOMAara C Mara3uHHOW MaMSTHIO
Ha npumepe MII-pacriozHaBatesis, KOTOphIH gomyckaeT MEOXkecTBo {0"1" n =0,
1, 2 ...}. 3anuce 0"1" 03HaYaET MHOXKECTBO CTPOK, KOTOPBIE COCTOAT M3 PABHOTO
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KOJIMYECTBA HyJIeW u eaqunull, Hanpumep, «000111», «01», «0000011111». Dtot
s3Ik 0003HaYaeTcs yepe3 L, U ABIsIeTCS KOHTEKCTHO-CBOOOHBIM, HO HE SIBJIS-
€TCsl PEryJISIPHBIM.

Paccmotpennsiii astomar M = (S, I, Z, f, so, Zo, F) ©MeeT MHOXECTBO CO-
crostauit S = {S0,51,52}, MHOecTBO BXOAHBIX cuMBoJIOB | = {0,1}, MHOecTBO
cumBoJioB namsatu Z = {0,1}, HayaabHOE COCTOSIHHE Sy, KOHEUHOE COCTOSIHHE Sp,
CHavaja B MaMATh 3alMCaH CUMBOJ X = Zg. byJeM cuntarh, 4TO aBTOMAT JIOMYC-
KaeT BXOIHYIO CTPOKY di, dp, ....d, € |, €CIH TOCIE MPOYTEHHS 3TOM CTPOKH
(TO ecTh Moceno0BaTeIbHOIO 0030pa TOJOBKOM BCEX CHMBOJIOB &; CTPOKH) aB-
TOMAT MEPEXOAUT B KOHEUHOE COCTOSIHUE

®dynkuus mepexoaos f 3amaercs ciueayonmm oopa3oM:

f (So, 0, x) = {(51, 0x)};

f(s1,0,0) ={(s1, 00)};

f(s1,1, 0) = {(s2A)};

f(s2, 1, 0) = {(s2, )}

f(s2, 4, 0) = {(s0, 1)}

Crpoka A sBisercs mycroit crpokoid. Ilepexon f (o, 0, x) = {( s1, Ox)}
03HAYaET, YTO €CJIM aBTOMAT HaXOJUTCS B COCTOSIHUU Sy, MOJydaeT Ha Bxoxa 0
U JIOCTaeT U3 MaMATH TEKYIIHN CUMBOJI X, TO OH JIOJDKEH MEPEeUTH B COCTOSHHE
Sp BEpHYTh B ITaMATh CUMBOJI X U ITOMECTUTh B cTek cumBou 0. ITepexon f (S;, 1,
0) = {( s2, A)} 3HauMT, YTO €CITM AaBTOMAT HAXOJIUTCS B COCTOSHHH Sy, MOJydYacT
Ha BXOJI CUMBOJI | W JgocTaer u3 mamsATh TeKymuii cuMBoJ 0, TO OH JOJKEH
OCTaThCsl B COCTOSIHMM S, U B MaMsITh HUYEro HE 100aBisaTh. TakuMm oOpazom,
MOJTy9aeTCsl, 9TO Ha ATOM TaKTE M3 CTEKAa MaMSATH «BBITOJIKHYT» U YTEPSH CHUM-
BoJ 0. Koneunas xondurypanus aBromara — (So, A). [Ipu pabote aBTOMaT Cum-
THIBAET B MAMSTh MEPBYIO MOJOBUHY LIETIOYKU, KOTOPAsi COCTOUT U3 HYJIEH, a 3a-
TEM yJIaJsIeT W3 MaMsITH MO OJIHOMY HYJI0 Ha KXy €IUHUIlY, KOTopas Io-
CTymaet Ha BXoJ. Kpome Toro, mepexoibl COCTOSIHHIM TapaHTUPYIOT, UTO BCE HY-
JIM TIpeaecTBYOT equannam. Hanpumep, nns Bxoanou nenodku 0011 aBromar
OCYIIECTBUT TaKyl IMOCIEI0BATEILHOCTh TaKTOB: (Sp,0011,x)— (5,,011,0x) —
(51,11,00x) — (5,,1,0x) — (52,4,X) — (So, 4).

CuMBOII «—» O3Ha4YaeT MepPexo]| OT TaKTa K TakTy. /[ Kaxmoro takra
3anucaHa KOHQUTypalus, KoTopasi BKII0YaeT TEKYIIee COCTOSIHUE, YAaCTh BXO/I-
HOM 1IETIOYKH, KOTOpas oOCTajdach HEMPOYUTAHHOM, COACPKUMOE TMaMSITH.
Hanpumep, mist kondurypaiuu (s;,011,0X) Tekyiiee cocTosiHue — Sy, HEMPOYH-
TaHHAs 4acTh BXOAHOM 1enouku — 011, Tekymuii BXoJHONH CUMBOJ (pa3MelieH-
Heii ciaeBa) — 0. Cogepkumoe maMatu — 0X, CHMBOJI, KOTOPBIMAOCTAETCS (pas-
MelIeHHbIN cnea), — 0.

[TocpencTBoM aBTOMATOB C Mara3MHHOW MaMSATHI0 MOXHO Pacrlo3HaBaTh
CTPOKH si3bIKa ABYyMs criocoOamu. [lepBriif — cTpoka cunMTaeTcs pacrno3HaHHOM,
€CJIM TIOCJIe €ro MPOYTEHUs] aBTOMAT MEPEXOJUT B 3aBEpIAIOIee COCTOSHHUE.
BTtopoii — ecnu mocie mpodTeHusi CTPOKU CTEK MaMSITH OKa3bIBAETCS MTyCTHIM.
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KoHTpoabHBIE BONIPOCHI K pa3aenay 7

1. IlonsTue aBTomaTa. Busbl aBTOMaTOB.

2. Kak M0O>XHO oxapakTepu3oBaTh (hOpMabHbIE A3BIKH U3 UEpApXUU XOM-
CKOTO MCXO/ U3 TEOPUU KOHEUHBIX aBTOMAaTOB&

3. [aTp onpenenenune koHeyHOro aBromara. Onucarb €ro CTpyKkTypy.

4. Onucatp padboTy aBTomMara Muiu.

5. Onucate paboty aBToMara Mypa.

6. Kak mnpeoOpa3zoBaTh HEJECTEPMUHUPOBAHHBIN KOHEUHBIH aBTOMAT
B IETEPMUHUPOBAHHBIN 7

7. Kakue  cocrosiHusT ~ aBTOMara  Ha3bIBAIOTCS  3KBUBAJICHTHBIMU
A HEJTOCTYDKUMBIMHA?

8. ANTOpUTM MOCTPOCHHSI MUHUMU3UPOBAHHOTO KOHEYHOT'O aBTOMATA.

9. JlaTp onpeneneHne aBTomaTa ¢ Mara3uHHON MaMSTHIO.

10. Onucate paboTy aBTOMaTa ¢ Mara3uHHOM NMaMsThIO.
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8 JABOPATOPHBIA IPAKTUKYM

MOJYJb 1. TEOPUSI MHOXXECTB, T'PA®bl, KOMBUHATOPHBINI

AHAJIN3, BYJIEBA JIOTUKA

JlaGopaTopHnasi padora Ne 1 (ta6u. 8.1)
DJieMEeHThI TEOPHUU MHOKECTB

lleJlb paﬁombt — U3YUYCHUC OCHOBHBLIX 3JICMCHTOB TCOPHUH MHOKCCTB.

Tabauya 8.1 — Bapuanmul 3a0anuii k 1abopamoprou pabome No 1

Ne
BapHaHTAa

3ananue

1

2

1. ®upma umeer 100 npeanpuaTuil, IpuUeM KakJ0€ NPEANPUATUE BbITYyCKaeT
XoTs Obl ofHY nponykuuio Buaa A, B, C. IIpogykuuio Bcex Tpex BUAOB BbI-
nyckatotr 10 npeanpustuii, npoaykuuio A u B — 18 npeanpusituii, npoaykunio
A u C — 15 npegnpustuii, npoaykuuto B u C — 21 npeanpustue. Yucno npen-
IIPUATUH, BBITYCKAIOMUX IPOAYKIUIO A, paBHO 4YUCIy NPEAIPUATUH, BBIILYyC-
KAIOIIUX MPOAYKUUIO B, M paBHO uucily npeanpusTuii, BBITyCKaIOUIMX IPO-
aykuuto C. Haiitu yucno Bcex mnpennpustuil. CocTaBUTh KOMIIBIOTEPHYIO
IIpOrpamMmy.

2. Yapoctuth: (AUB) U AUB.

3. SBnsercs mum mHOxkectBO A = {1, 2, 3} NOIMHOXXECTBOM MHOXECTBA

B={{1},{2,3}}?

4. HapucoBate auarpammy Jiiepa — Benna juis MHoxxectBa (AW B) NC.

1. B rpynne cioprcMenoB 30 4yenoBek, u3 HUX 20 3aHUMAIOTCS IUIaBaHUEM, 18
— Jerkoit atierukoit u 10 — nepkamu. IlnaBanyreM U Jerkoil aTIeTHKON 3aHU-
MaroTcs 11 deloBek, IIaBaHUEM U JIBDKaMU — 8, JISTKOM aTJIETHKON M JIbDKaMU
— 6 yenoBek. CKOJIBKO CIIOPTCMEHOB 3aHMMAETCSl BCEMHU TPEMs BHAAMH CIOp-
ta? COCTaBUTH KOMIIBIOTEPHYIO TIPOTPamMMYy.

2. Yopoctuts: AN(AUB).

3. B xakom cnyqae 4 €4 NB?

4. HapucoBats muarpammy Diinepa — Benna s MHOkecTBa 4 U B .

1. B crynendeckoii rpymnme 20 yenoBek, U3 HuX 10 UMEIOT OLIEHKY «OTINYHO»
M0 aHTJUHCKOMY SI3BIKY, 8 — MO0 MareMaruke, 7 — 1no ¢usuke, 4 — M0 aHTJIHH-
CKOMY SI3bIKY M 110 MaTeMaTHKe, 5 — [0 aHIJIMHCKOMY S3bIKY M 10 (u3uke, 4 —
0 MaTeMmaTuke U 1o (usuke, 3 — MO AHIVIMHCKOMY S3bIKYy, MaTeMaTHKe
u Gusuke. CKONBKO CTYJEHTOB B IpyIIe HE UMEIOT OTIMYHBIX oueHok? Co-
CTaBUTh KOMIIBIOTEPHYIO IPOrpaMMy.

2. Yupoctuts: (A\B) U (A\B).

3. Haiitu Bce moamuoxkecTBa MHOkecTBa A = {1, 2, 3, 4).

4
4. Tlycts Ap = {0, 1/2"}. Haitru U Aln.
n=
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LIpooonsicenue madbauywi 8.1

1 2

1. B kmmacce 20 yenoBek. Ha sk3amMeHax 1Mo MCTOpHH, MAaTEMAaTHKE U JIUTEpAType
10 y4eHHUKOB HE MOIYYMIN HA OJHOW MATEPKU, 6 YUEHUKOB IOJIYYMIH 5 110 UCTO-
puu, 5 — 1o MaTeMaTUKe U 4 — MO JIUTEPATYPE; 2 — IO UICTOPUHU U MaTEMaTuKe, 2 —
110 UICTOPUH U JIUTepaType, 1 — o maremaruke u jureparype. CKOIbKO yUEHUKOB

4 noiy4yuiiy 5 no BceM npeameram? CocTaBUTh KOMITBIOTEPHYIO IPOrpamMmy.
2. Yapoctuts: (A N B) U (A NB).
3. SBnsercs nmu MHOXectBo A = {1, 2, 3} MOAMHOXECTBOM MHOXXECTBa

B={{1},12,3}}?

4. Hapucosats auarpammy Ditnepa — Benna aas muoxkectsa (A4 \ B) N C.

1. B cioptuBHoM narepe 100 yenoBek, 3aHUMAOIIMXCS IUIABaHUEM, JIETKOM aT-
JIeTUKON U nbbkamu. M3 Hux 10 3aHMMaloTCa W IIaBaHUEM, W JICTKOHM aTiIeTH-
KOH, M JIbDKaMH, 18 — I1aBaHWeM M JIETKOH aTJIETHKOM, 15 — mjaBaHUEM U JIbI-
KaMmu, 21 — Jerkoi aTiIeTHuKou u JbbkamMu. YUCao CiopTCMEHOB, 3aHUMAIOIUX -
C4 IIJIABaHUEM, PAaBHO YKCIIY CIOPTCMEHOB, 3aHUMAIOIIUXCS JIETKON aTJIETUKOM,
Y PaBHO YMCIly CIIOPTCMEHOB, 3aHUMaromuxcs Jpbkamu. Haiitu ato uncno. Co-
CTaBUTh KOMIIBIOTEPHYIO IPOrpamMmy.

2. Yapocruts: (A LU B) U (A U B).

3. Haiitu Bce moamHoxecTBa MHOKecTBa A= {1, 2, 3, 4).

4. Hapucosars auarpammy Ditiepa — Benna s muoxkectBa (4 \ B) U C

1. I'pynme cTyneHTOB NPEAokKEHO TPU CIELKypca: MO0 MYJIbTHUMEIHA, HCKYC-
CTBEHHOMY MHTEJUIEKTY U UMHUTAL[MOHHOMY MOJEIMPOBAHUIO. 22 CTYACHTA 3allu-
CaJIUCh Ha CHELKYpC IO MyJIbTUMeAWa, 18 — Ha creukypc Mo UCKyCCTBEHHOMY
UHTEIeKTy, 10 — Ha cHeukypc 1Mo MMHUTALMOHHOMY MOJEIMPOBAaHMIO, 8 — Ha
CIELIKYPChI [0 MYJIbTUMEIMA U UCKYCCTBEHHOMY MHTEIUIEKTY, 15 — Ha cnenkyp-
ChI 10 MYJIFTUMEANA U UMHUTALMOHHOMY MOJIETMPOBAHUIO, 7 — Ha CIIELIKYPCHI 10
6 UCKYCCTBEHHOMY MHTEJUIEKTY U MMUTALlMOHHOMY MOJIEIIMPOBAHUIO. 5 CTY/IEHTOB
3anucaiuch Ha Bce Tpu crenkypca. Ckonbko cryneHToB B rpymne? CocTtaBuTh
KOMITBIOTEPHYIO IPOrpamMMmy.

2. Bepno winn HeBepHO paBeHcTBo: (A \B) U (A N B) = A?

3. IlpuBectu mpumep MHOXKECTB A, B, C, Kax0e U3 KOTOPBIX NMEET MOIIHOCTh
KOHTHHYYMa, TaK, YTOOBbI BBIIIOJIHSIIOCH paBeHcTBO: 4 U B = C.

4. HapucoBats auarpammy Ditiepa — Benna st maoxectBa (4 \B) U (4 \ O).

1. Bo Bpemst ceccum 24 cTyneHTa TpyHIbl JODKHBI CaTh TPU 3adeTa: Mo (QU3MKe,
MaTeMaTHKe U IporpaMMHpoBaHuio. 20 CTyAEHTOB cllaiiM 3aueT 1o ¢usuke, 10 — no
MareMaTHke, 5 — 1o IporpaMMHUpPOBaHuI0, 7 — M0 (pu3KMKe U MaTeMaTuke, 3 — 1o ¢u-
3MKE€ U IPOrPaMMHUPOBAHUIO, 2 — [0 MaTeMaTHKe U MPpOrpaMMUpoBaHHio. CKOJIbKO
7 CTYJIEHTOB cIaX Bce TpH 3adeTa? COCTaBUTh KOMIIBIOTEPHYIO IPOrpPaMMy.

2. Yapoctuts: (A U B) U (A NB).

3. Jloka3arb, YTO MHOXKECTBA

A={(x,y):y= x*, 1<x<2} uB = {y: y = 3" 3< X < o0} SKBHBAJICHTHBI.

4. HapucoBats quarpammy Diiniepa — Benna it mHokectBa (4 \ B) U C.

B rpynne nepeBomuukoB 15 yenoBek BiaJAeeT aHTIUICKUM s3bIKOM, 19 — ¢dpan-
IIY3CKHM, 8 — HEMELKUM. 9 epeBOTYMKOB BIIAICIOT aHIIIMICKAM H (DPAHITy3CKUM
S3BIKOM, 7 — QHTJIMACKUM M HEMELKUM, 6 — (ppaHIy3cKUM 1 HeMeUKuM. 4 mepe-
BOJIYMKA BIIAJCIOT BCeMH TpeMms si3bikaMu. CKOJBKO MEPEBOMYUKOB B Tpyrirne?
8 CocTaBUTh KOMIBIOTEPHYIO IPOTPaMMY.

2. Tlonp3ysich paBHOCHIIbHBIMU TPEOOPa30BaHUSAMHK, YCTAHOBHUTH, BEPHO WA HE-
BepHO paBeHcTBO A\ (B U C) = (4\B) U C?

3. B xakom ciydae A S ANB?

4. HapucoBats nuarpammy Jitnepa — Benna s muoxkectsa (4 U B )\ (A U B).
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IIpooonsicenue madbauywi 8.1

1 2

1. Onpoc rpymiisl CTyAEHTOB Mokazal, 4to 70 % 13 HUX JTI00SIT X0AUTh B KUHO, 60 %0
— B tearp, 30 % — Ha koHuepThl. B kuHO 1 Teatp xoat 40 % CTy/neHTOB, B KMHO U Ha
koH1epThl — 20 %, B Teatp 1 Ha KoHIEPTH — 10 %. Croibko CTyaeHTOB (B %) XOAAT
B KMHO, T€aTp 1 Ha KOHLIEpThI? COCTaBUTh KOMITBIOTEPHYIO IIPOrpaMMy.

2. Bepuo uinun HeBepHo paserctso (A N B) N (A U B) = B?

3. SIpnsrorcs M MHOXkecTBa dKkBUBaTeHTHbIMU A = {y: y = 3% 0<x< oo} u B =
{y:y=3",n=1,2,...}?

4. HapucoBats auarpammy Ditepa — Benna aas muoskectBa 4 \ (B NC).

1. B rpymrie 20 yuenukoB. [Tocie MeaUIIMHCKOTO OCMOTpa Ha JOTIOJHUTEIBLHOE 00-
crnenoBanre 14 ydeHMKOB ObLIM HAIlpaBJICHBI K TEpareBTy, 6 — K OKYJIHUCTY, 5 —
K optornieny. K TepaneBTy u OKyIHCTY ObLIM HAIpaBJICHBI 3 YYEHHKA, K TEPAIeBTY
U opToneny —3, K OKYJIUCTYy U oproreny — 2. CKOJIbKO Y4eHHKOB ObLIIO HAalpPaBJICHO
K TE€paNeBTY, OKYJIUCTY U oproriey? COCTaBUTh KOMIIBIOTEPHYIO IIPOrpaMMy.

2. Vopoctuth (AU B)\ (AU B).

3. Hapucosath quarpammy Ditiepa — Berna myis maoxectsa (A N B) U (C\ (A U B)).
4. Haiitu Bce moaMHokecTBa MHOXecTBa A= {a, b, c, d}.

10

1. IIpu obcnenoBaHUM pPHIHKA CIpOCAa MHCIEKTOP yKa3zajdl B OMPOCHOM JIUCTE
cienyomue aannbie; u3 1000 onpomenHbix 811 mokymnaroT KeBaTeIbHYIO pe-
3uHKY «Jlupomny», 752 — «Opbury , 418 — «Ctumopon», 570 — «dupon» u «Op-
our», 356 — «Iupom» u «Ctumopon», 348 — «Opodur» u «Ctumopon», 297 —
BCE BH/IbI JKeBaTeIbHOU pe3uHkH. [lokazaTh, uro uHCHekTop omubdcs. Cocta-
BUTH KOMITBIOTEPHYIO ITPOTpaMMy.

2. Vopoctuts AU (B \ (A L B)).

3. [IpuBectn npumep MHOXKeCcTB 4, B, C, Tak, 4T0ObI BBHIIOJIHSIOCH PABEHCTBO
A U B = C, npu 3T0M A — KOHEYHOE MHOKECTBO, B 1 C — CUETHBIE MHOXKECTBA.
4. HapucoBath nmuarpammy Diinepa — Benna qis muoskectea A N (B U C).

11

1. Bcem yuacTHuKaM aBTOIpoOera He MmoBe3yo: 12 U3 HUX YBSA3JIU B MECKE —
IPUILUIOCH TOJIKATh MAallMHY, 8 MOHAaJ00MIIach 3aMeHa Kojeca, y LIecTepbIX
Meperpesicss MOTop, MATEPO W TOJKAIM MAIIUHY, ¥ MEHSUIM KOJIECO, YETBEPO
TOJIKQJIM MALIMHY U OCTYXaJld MOTOP, TPO€ MEHSUIH KOJIECO U OCTY)Kalh MO-
top. OIHOMY MPUIUIOCH HCIBITaTh BC€ BHJbI HemodaaoK. CKOIbKO ObLIO
12 y4acTHUKOB? COCTaBUTh KOMIBIOTEPHYIO IIPOTPAMMY.

2. Tonp3ysich paBHOCHJIBHBIMH TPEOOPA30BAHHUSIMHU, YCTAaHOBUTH, BEPHO HITU
HeBepHo paBeHCTBO A \ (B NC) = (4 \B) NC?

3. Jlokazats, uto MHOkecTBO Touek A= {y: y=2"n=1,2, ...} cueTHo.

4. HapucoBats nuarpammy Ditnepa — Benna st muosxectsa (A \ B) NLIC.

1. U3 10 yyacTHUKOB aHCamOJIsl IIECTEPO YMEIOT UrpaTh HA THTape, MATEpO —
Ha yIapHBIX WHCTPYMEHTax, MATEPO — Ha JAYXOBBIX. J[ByMs MHCTpyMEHTaMH
BJIAJICIOT: TUTAPOH U yIAPHBIMHU — TPOE, YIAPHBIMHU U JTYXOBBIMHU — JIBOC, THTa-
poi U qyXoBBIMH — YeTBepo. O/IMH YeJIOBEK UIpaeT Ha BCEX TPEX MHCTPYMEH-
taX. OcTalbHBIC YYaCTHUKU aHCAMOJIS TOJNBKO MOFOT. CKOJBKO IEBIOB B aH-
cam6O1e? CoCTaBUTh KOMITBIOTEPHYIO ITPOTPaMMY.

2. Bepro uinu HeBepHO paBeHctBo (AU B)NC)= ANCUBNC?

3. 3anucaTh peleHne CUCTEMBl HEPABEHCTB

13

Xx—2>0
B BUJC nepecequmI ,uByx MHOXECTB.
Xx-5<0

4. HapucoBats muarpammy Diinepa — Benna s maoxkectsa 4 N(BU C) .
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LIpooonsicenue mabauywi 8.1

2

14

1. B omHoit ctynenueckoii rpyme 10 genoBek MoryTt padorats Ha Jendwu, 10 —
Ha [lackane, 6 — Ha Cu. [lo nBa s3p1ka 3HAIOT: 6 yenoBek — Jlendu u [Tackaip,
4 — Tlackane u Cu, 3 — [endu u Cu. OguH 4YeIoBEK 3HACT BCE TPU SA3bIKA.
CKOJIBKO CTYJIEHTOB B Tpymiie?

2. Bepro unu HeBepHO cootHouienne A N B NC c AU B?

3. Ilpuaymate npumep MHOXECTB A, B, C, Tak, 4TOOBI BBITIOJIHSIOCH PAaBEH-
c¢tBo A U B = C, npuueM A, B, u C — c4eTHbIE MHOXECTBA.

4. HapucoBats auarpammy Ditnepa — Benna aas muoskecta (AW B) NC).

15

1. B nenp aBuanuu Ha a’popoMe BCEX JKEJAIOUIMX KaTalld Ha CaMOJIeTe, IJIaHe-
pe, nenprariane. Ha camonere mpokarwnuck 30 yenoBek, Ha mianepe — 20,
Ha genbTamiane — 15. W Ha camornere, U Ha 1iaHepe kaTtajioch 10 uenoBex,
Ha caMoJIeTe U JieNbTariane — 12, Ha ruianepe u aenbrariane — 5. J[Ba uenoBeka
MPOKAaTHJIMCh U Ha caMmoJIeTe, M Ha IJIaHepe, U Ha jenbramiane. CKoJIbKo ObLIO
KENAMMX NPoKaTuThesi? COCTaBUTh KOMIIBIOTEPHYIO IIPOrpaMMy.

2. BepHo uiu HeBepHO paBeHcTBO (A U B)\A=B\A?

3. IlpuBectu npumep ABYX MHOXKECTB A U B, TaKuX, 4TO MOIIIHOCTh MHO>KECTBA
A GombIlie MOITHOCTH MHOXKECTBA B.

4. HapucoBarte quarpammy Jiiniepa — BeHHa /111 MHOXKeCTBa 4 NnCcu B NC.

16

1. Bce rpubHHMKN BEpHYIUCH JOMOW C MOJHBIMUA KOpP3WHAMH. Y JECSTEPhIX H3
HUX B KOp3uHax ObLIM Oelible rpuldbl, y BOCEMHAIATH — I0JI0EPE30BUKH, Y JIBE-
HA/LATH — JIUCUYKH. benble u moadepe3oBuKy ObLTH B MIECTH KOP3UHAX, OeIbie
U JINCHYKU — B 4eThIpex, [1on0epe30BUKN U JTUCHYKH — B TSATH. Bee Tpu BHaa
rpruOOB ObUTH Y ABYX TPUOHHUKOB. CKOJILKO OBLIO TPUOHUKOB?

2. Bepno wim ueBepHo pasenctso (A UB)\(ANB)=A N B u4NB?

3. B xkakom cmyqae AU B =4 NB?

4. Hapucosars nuarpammy Jiinepa — Benna s maoxectsa 4 N (B U C).

17

1. Bee TypucThl B3stin B 110X0J KOHCEpBHI. lllecTh 4enoBek B3sUIM «TYIICHKYY,
MSATh — «CTYIICHKY», BOCEMb — Kamry (C MsicoM). Y TpOMX B PIOK3akax ObLia
«TYLLIEHKa» U «CTYIIEHKa», y JIBOMX — TYIIEHKA U Kallla, Y TPOUX — CTyILIEHKa
Y Kallla, ¥ TOJIBKO B OZHOM PIOK3aKe JIEKAIN BCE TPU BHUIa KOHCEPBOB. CKOJIBKO
66110 TypucTOB? COCTaBUTH KOMITBIOTEPHYIO IPOTPAMMY.

2. Bepro nmn HerepHo pasencteo (AU B) N C=C\(CN (AUB))?

3. [lycth A — MHOXXECTBO peIlIeHUN YpaBHEHUS x> — 3x + 2 = 0. 3anmcarb 310
MHO>KECTBO JIByMSI Pa3JIMYHBIMU CIIOCOOAMH.
4. HapucoBars quarpammy Diiiepa — Benna st maokecta (B NC) \ A .

18

1. bouto onpouero 70 yenoBek. B pe3ynbraTe onpoca BbIICHUIIM, UTO 45 4eno-
BEK 3HAIOT aHIVIMHCKUN S3bIK, 29 — HeMelkuid 1 9 — 00a s3bika. CKOJIBKO Yelo-
BEK U3 OIPOIICHHBIX HE 3HAET HU AHIJIMHCKOT0, HU HEMELIKOTO SI3bIKOB?

2. Bepno wim HeBepHo pasenctso: (A UB)\(ANB)=ANBuUANB?

3. Haiitu Bce mommHOecTBa MHOXKecTBa A= {X, Y, Z}.

4. Hapucosats quarpammy Diinepa — Benna s muoxectsa (AU B) NC.

19

1. B typuctuueckoit rpynmne 10 yenoBek 3HaIOT aHVIMHCKUM A3bIK, 10 — uTa-
JIbIHCKHUH, 6 — ncnanckuil. [1o nBa s3bIKa 3HAIOT: 6 YEIOBEK — AHTVIHMHCKUN U
ATANLIHCKUN, 4 — aHTJIMHACKAM M UCIIAHCKUM, 3 — HTAIbIHCKAM M HMCIIAHCKHH.
OnuH yenoBek 3HaeT Bce TpH si3bika. CKOJIBKO TYPUCTOB B Tpymie?

2. Yupocruts (AU B)N (AN B)

3. IIpuBecTn npumep ABYX MHOXKECTB A U B, TaKuX, 4TO MOITHOCTh MHOXECTBA
A GombIlie MOIITHOCTH MHOXKECTBA B.
4. HapucoBats nmuarpammy Ditniepa — Benna s maoskectea C\ (C N (A U B)).
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IIpooonsicenue madbauywi 8.1

1

2

20

1. Tlpeampustue 0O0bsABUIO HAOOpP pPabOYMX HA JODKHOCTH TOKaps, clecaps
u cBapiuuka. B otaen kanpos oOparuiuch 25 yenosek. 13 Hux 10 yenoBek Bnaaenu
npodeccueii Tokaps, 15 — ciecapsi, 12 — capmuka. [Ipodeccueii u Tokaps, u cie-
caps BiaJey 6 4eJIoBeK; M TOKapsi, U CBapILMKA — 5 YeJIOBEK; U cliecapsi U CBapILy-
ka — 3 yenoBeka. CKOJIbKO YeJIOBEK BIa/ICIOT BCEMH TpeMsi podeccusiMu?

2. Bepro i nesepo pasencrso C\ (AU B) = 4\ (BUC)?

3. IIpuBectu npumepbl MHOXECTB A, B u C, 111 KOTOPBIX OJHOBPEMEHHO BbI-
nosHsAoTea paBeHcTBa A U BU C=4uANBN C=C.

4. Hapucosath auarpammy Diinepa — Benna s maoxectsa C \ (AU B) .

Jl5ia BeIMOTHEHUA J1abopaTopHOM paboThl Ne 1 HEOOXOAMMO U3YUHUTH TEO-

peTudyeckuii MaTepual paszena | yue6Horo nocoous.

Ilpumep cocmaenenusi kKomnvlomepHou npocpammsi. B rpyrme TypucToB

15 wenoBek ObLH panbie Bo Opannuu, 19 — B Utamuu, 10 — B 'epmanun. 9 Ty-
puctoB OpuM Bo @panumu U B Utanuu, 7 — Bo @pannuu u B ['epmanun, 6 —
u B Utanuu, u B I'epmanun. 4 Typucra Obui BO Bcex Tpex crpaHax. CKOJIBKO
TYpHUCTOB OBLIO XOTS OB B OAHOW U3 TPEX CTpaH?

IIporpamma 1
Program mnog;

uses crt;

var N,A,B,C,AB,AC,BC,ABC,A1,B1,Cl:integer;

begin

writeln ('BBenure KonuuecTBO TypuCTOB, oceTunmux dpanimuo');

readIn(A);

writeln ('BBenurte KonuuecTBO TypUCTOB, oceTUBIIUX Mtanuio');

readIn(B);

writeln ('BBenuTe koanuecTBo TypucTOB, noceTuBIux I'epmanuio');

readin(C);

writeln ('BBenuTe konnuecTBoO TypucTOB, noceTuBmnx @pannuro u Uranmio');
readIn(AB);

writeln ('BBenute koianuecTBo TypucToB, nocetunmux Uramuto u ['epmanuio');
readin(BC);

writeln ('BBenuTe koiauuecTBo TypucTOoB, nocetunmux Opauniuio u ['epmanuio’);
readin(AC);

writeln ('BBenute KonmmMyecTBO TypHCTOB, moceTuBmMX M Ppanimio, u Hramuto,

u 'epmanuio');

readin(ABC);

writeln('Pe3ysbrat’);

N:=A+B+C-AB-AC-BC+ABC,;
writeln('O6ree konmmuecTBo TypuctoB = ',N);

Al:=A-AB-AC+ABC;
writeln('KonuuectBo TypucToB, NOOBIBaBIIKUX TOIbKO BO Ppaniuu =',Al);
B1:=B-AB-BC+ABC,;

writeln('KonuuectBo TypuctoB, no6siBaBmux Toibko0 B Utanuu =',B1);
C1:=C-BC-AC+ABC,;

writeln('KonuuectBo TyprctoB, no6siBaBmux Toibko0 B ['epmanun =',C1);
end.
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JlaGopaTopHas padora Ne 2
JyieMeHTHI Teopuu rpagos

Ifenv pabomobr — noTyUECHHE HABBIKOB UCCIIECOBaHUSA TPadoB.
3aoanue (Tabdm. 8.2)

1. Onucars rpad, 3aJaHHBIA MATPUIICH CMEKHOCTH, UCTIONB3YS KaK MOX-
HO OoJjblIe XapakTepucTuK. COCTaBUTh MATPUIy MHLIMJIEHTHOCTH U CBA3HOCTH
(CUIBHOM CBS3HOCTH).
2. Haiftn MUHMMaJIBHBIN TIyTh U3 X; B X7 B OPUCHTUPOBAHHOM rpade, 3a-
JAHHOM MaTpulEd BECOB, UCIONb3ys anroput™ dopaa — bemmana. CocTaBUTh

porpammy.

3. HaiiTu MuHMMansHOE€ OCTOBHOE JIepeBO I rpada, 3aJlaHHOTO0 MaTpu-
el = pedep, ucnonb3ys anroputMm Kpackana. CoctaBUTh IporpaMmy.

Tabauya 8.2 — Bapuanmul 3a0anuii K 1abopamopuou pabome No 2

BapJ:z(-:lna cr:;ﬁzgfn Marpuua Becos Marpuua aauH pedep
1 2 3 4
o 4 6 12 0
011011 w o o 13 7 o o o 12 6 20 14
100100 w o o 5 o 3 o 12 o 2 4 6
L 100010 w o oo o 10 9 oo 6 2 o 10 12
010010 0 00 O o o 8 20 4 10 o 6
101101 w o o o o oo 11|14 6 12 6 o
o 1 3 9 o o
0 00 O0O01 0 o o 0 o
001110 0 00 o 120 : 1 o oL A
0 00 O0O00DO ©w o o oo 1 6 o ezl
2 100001 © o o o o o 5 ®o2 e 1
4 oo 1 oo 3
101000 © o o o o o 8 5 1 1 3 o
101000 W 00 0 O 00 00 o
o 3 5 11 o o o
010100 © o o 12 6 o © o 6 3 10 7
1 00100 ©w o o 3 w 2 o 6 oo 1 2 3
3 0 00011 v o o o 9 8 w 3 1 o 5 6
110011 ® o o o0 o o [ 10 2 5 o 3
0 01100 ©w o o o o o 10 7 3 6 3 o
® 0 00 W 0 0 o
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IIpooonsicenue mabauyv 8.2

1 2 3 4
o 3 5 12 20 © oo
011011 ©w o o 13 8 o w|(w 1 6 5 14
1 00100 w o o 5 w 3 o 1 o 3 4 6
19 1 00111 w o o o 10 9 o 6 3 oo 10 12
011011 © o © w oo oo 8 5 4 10 o 6
101101 0 0 O o oo 11| \14 6 12 6 o
1 01110 0 00 00 00 00 00
o 1 5 7 9 o o
010010 0 0 o 0 ©
1 00100 5 3 o ]cfa) ;_1 o ® 08 A4S
1 00011 w o o w T 6 o ° o2 2 9
20 01 0001 o o o o o oo 4 2w L
001000 0 00 o0 o o oo 9 9L s
5 1 4 3 o
011000 0 W O O W O W

Jl71s1 BeIOSTHEHUS T1abopaTopHOit paboThl No 2 He00X0IUMO U3YUYHTh TE€O-
peThyYecKuil Matepuan pasjesna 2 yaeOHOTro mocoous.
[Ipumep cocTaBieHHs KOMIBIOTEPHOM TMPOTPAMMBI I HAXOXKICHHS
MHUHHAMAJIBHOTO OCTOBHOTO J€peBa, UCIOJIB3Yys anropuTM Kpackanma, mpeacrtas-

JieH B nporpamme 2. B mporpamme 2 NpUHSTHI CIEAyIONe 0003HAYCHHUS:
- nVertex —MakcuMaabHOE KOJIMYECTBO BEPIINH;
- NN — MakcuMalibHas AJIMHA CIIMCKa CMEXXHOCTH,
- NRib — KOJIMYECTBO BEPIIUH.

[Tporpamma 2 a:array[0..nn] of record
Program tree; X,y,rinteger;
uses CRT; end;
Const nVertex=50; s,r:array[1..nn] of integer;
nRib=1000; nn=100; n, m, i, p, g, ss:integer;
Type Procedure minDist(Var v :Integer);
TypeVertex=array[1..nVertex] of Integer; Var i,d :Integer;
TypeRib=array[1..nRib] of Integer; Begin v:=X[1]; d:=Dist[v];
TypeWeight=array[1..nVertex,1..nVertex] of for i:=2 to nX do if d>Dist[X[i]] then begin
Integer; v:=X{[i]; d:=Dist[V];
Var f:Text; nX :Integer; nXo :Integer; end;
nUo :Integer; end;
X :TypeVertex; Procedure newDist(v :Integer );
Xo :TypeVertex; Var i :Integer;
Uo :TypeRib; begin
Prev:TypeVertex ; for i:==1tonX do
Dist :TypeRib; if Dist[X[i]]>We[X[i],v] then begin
We : TypeWeight; Wt:Longlnt; Dist[ X[i]]:=We[X[i],v];
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Prev[X[i]]:=v; WriteIn('BBeaure HavaabHYI0O W KOHEUHYIO

end; end; BEpIIUHBI, BeC pedep');
Procedure Ostov; for i:=1 to m do readIn(a[i].x, a[i].y, a[i].r);
Var i,nStop,v :Integer; writeln('Anroputm Kpackana'),
begin Writeln('|-------- |-------- |-----1";
nStop:=nX; writeln(|Hauanpnast Bepmmua | Koneunas
for i:=1 to nX do X[i]:=i; v:=1,; BepmuHa | Bec [);
for i:=1 to nX do begin Writeln('|-------- |-------- |-----);
Dist[i]:=We[i,v]; Prev[i]:=v; sort(1,m);
end; fori:=1tondo
nXo0:=0; nU0:=0; nXo0:=nXo+1, begin
Xo[nXo]:=X[V] ; s[i]:=1;
X[v]:=X[nX]; nX:=nX-1, r[i]:=i;
Wt:=0; end;
while nXo<>nStop do begin for i:=1to mdo
minDist(v); nXo:=nXo+1; Xo[nXo]:=v; begin
for i:=1 to nX do if X[i]=Vv then p:=a[i].x;
begin g:=a[i].y;
X[i]:=X[nX]; break; end; while r[p]<>p do p:=r[p];
nX:=nX-1; while r[q]<>q do g:=r[q];
nUo:=nUo+1, if p<>q then begin
Uo[2*nUo-1]:=Prev[v]; writeln(| ‘a[il.x,” | ‘a[ily, | a[il.r, |);
Uo[2*nUo]:=v; writeln(’|----- -|-=--m - l-----");
Wt:=Wt+Dist[v]; ss:=ss+a[i].r;
newDist(v); if s[p]<s[q] then
end,; begin
end; rlpl:=q;
procedure sort(l,r: integer); s[q]:=s[p]+s[a];
var i,j: integer; x:real; end
begin else
i:=l; j:=r; x:=a[(I+r) DIV 2].r; begin
repeat r[al:=p;
while a[i].r<x do i:=i+1; s[p]:=s[a]+sl[pl;
while x<a[j].r do j:=j-1; end;
if i<=j then end;
begin end;
a[0]:=a[i]; a[i]:=a[j]; a[j]:=a[0]; writeln(");
i:=i+l; j:=j-1; writeln('Bec ocroBHoro nepesa=',ss);
end; writeln(");
until i>j; readln;
it I<j then sort(l,j); end.
if i<r then sort(i,r);
end;
Var j,c ,u,uu:lnteger;
begin
clrscr;
ss:=0;
writeln('Beeaure KoIu4ecTBO BEpIIHH');
readIn(n);
writeln('Beeaure xomudecTBo pedep');
readIn(m);
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JlaGopaTophnasi padora Ne 3 (Tab6u. 8.3)
KomOuHaTopHbIil aHa U3

Ilenv padbomer — n3yueHe OCHOBHBIX TEOPEM M IIPaBUJI KOMOMHATOPUKH,
MOJTy4YeHHE MPAKTUYECKUX HABBIKOB MMPUMEHEHUS KOMOMHATOPHBIX CXEM.

Tabauya 8.3 — Bapuanmul 3a0anuii kK 1abopamoprou pabome No 3

Ne
BapHaHTAa 3ananne

1 2

1 B smuke 5 kpacHbIX U 4 3eneHbIX s0710ka. CKOJBKUMH CIOCOOaMU MOYKHO
BBIOPATh TPH 100K U3 sIIuKa?

5 Momnety noaopocunu 3 pa3a. CKOJIBKO pa3IuYHBIX PE3YJIbTaTOB MOA0pachiBa-
HHUHA MOKHO 0KHJIATh?

3 CKOJBKUMH CTIOCOOaMU MOXHO BBITAIIUTH JBE KapThl MTUKOBOM MAacTH U3 KO-
JI0ABI, COCTOsAIIEH U3 36 KapT?

4 JlecsiTh 4eIoBEK MpHU BCTpeue 0OMEHUBAIOTCS pyKomnokaTusiMu. CKOJIBKO BCe-

r'0 PYKOIOXKaTui OyAeT caenano?

Hoctyn x aiiiry OTKpBIBAeTCS, TOJIBKO €CIIM BBEACH MPABHIIBHBIA MApOb —
5 OTIPENICJICHHBIN TPEX3HAUHBIH HOMEp W3 HedeTHhIX Imdp. KakoBo makcu-
MaJbHOE YHCIIO BO3MOXKHBIX MOMBITOK YTraaTh MapoJib?

CKOJIBKUMH CIIOCO0aMU MOKHO PacCIOJIOKHUTh Ha IMIaXMaTHOM JOCKE JIBE Jia-
bW TakK, 4TOOBI OJHA HE Morjia B3ATh Jpyryio? (OmHa J1agbs MOXKET B3SITh

6 JIPYTYIO, €CITH OHa HaXOJUTCS C HEW Ha OJIHOM TOPH3OHTAIU WM HA OJHOMN
BEPTUKAJINM NIaXMAaTHOU JJOCKH).

7 CKOJILKUMH CITOCOOaMH MOKHO PACIIONIOKHTH Ha TIoJIKe 10 TOMOB SHITMKIIOTICMN?

8 CKOJIBKUMH CIIOCOO0aMH MOYKHO PacIOJIOKHUTh Ha MMojke 10 TOMOB SHIMKIIO-
MUY TaK, YTOOBI IEBSITHINA U JECATHIN TOMA PSOM HE CTOSIIN?

9 CKOJIBKO CYIIECTBYET IIECTU3HAYHBIX YHCEN, B 3aIIMCH KOTOPHIX €CTh XOTSI ObI

oaHa uétHas nudpa?

['pynny u3 10 denoBek TpedyeTcss pa3OUTh Ha JIBE MOJTPYIIBI TaK, YTOOBI
10 B [IEpBOM rpyrine ObUIO 6 4YeJIoBEK, a BO BTOpod — 4 yenoBeka. CKOIBKUMHU
croco0amu 3TO MOYKHO C/IeNaTh?

['pynmy u3 16 yenoBek TpedyeTcst pa3dUTh Ha 3 MOATPYIIIBL, B IEPBOM U3 KO-
11 TOPBIX JTOJIKHO OBITH 5 YelloBEK, BO BTOPOM — 7 UeJoBEK, B TpeTbel — 4 ueno-
Beka. CKONBKHMHU CITIOCOOaMH 9TO MOXKHO CHENaTh?

CKONbKO CYLIECTBYET JBY3HAUHBIX YHCEN, KpaTHBIX b0 2, mubo 5, 1mbo
TOMY U IPyrOMY YUCIY OJHOBPEMEHHO?

W3 Opuransl u3 14 Bpadeil exelHEBHO B T€UCHHE /7 THEH Ha3HAYAIOT ABYX
13 JNEXYpHbIX Bpaueil. OmnpenenuTs KOJIMYECTBO Pa3IMYHBIX pPaclUCaHUIl je-
JKYpPCTBa, €CIIM KK/l YeTOBEK JEKYPUT OJHH pa3.

CKONBbKO YEeTBIPEX3HAUHBIX UYHCEN, COCTABJICHHBIX W3 HEUETHBIX HHU]p, CO-
nepkaT uudpy 3 (uudpel B Unciax He MOBTOPAIOTCS)?

[lects rpynn 3aHUMAIOTCS B 6 PACTIOIOKEHHBIX OAPAT ayAuTOpusix. CKoJb-
15 KO CYIIIECTBYET BapHAHTOB PACIMCaHUsI, TIPH KOTOPBIX Tpynmbl 1 U 2 Haxoau-
JUCH ObI B COCETHUX ayAUTOPHSIX?

BoceMb MENIKOB MOCTENLHOTO O€lbs TOCTABIAIOTCA Ha MATH 3TaXKEW TOCTH-
HUIbl. CKOJIBKMMHU CIOCO0aMU MOXKHO pacHpeeNiuTh MEMIKH IO dTaxam?
B ckonmbkux BapmaHTax Ha MATHIA ATaX JOCTaBlieH oauH Memok? (Memrku
CUMTAEM Pa3JIMYHbBIMU).

12

14

16
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IIpooonicenue mabnuyot 8.3

1 2

17 JIBa Habopumka nomkHbl HabpaTh 16 TekcToB. CKOIBKUMHE CIIOCOOAMU OHU
MOTYT paclpeesIuTh ATy paboTy MEKIy cO00M?

[Toesn merpo nemaer 16 OCTaHOBOK, Ha KOTOPBIX BBIXOAST HACCAKUPBHIL.
18 CKOJBKMUMH CIIOCO0AMH MOTYT PacHpeleUThCS MEXIY ATUMU OCTAaHOBKAMHU
100 maccaxxupoB, BOMIEAIINX B TOE3]T HA KOHEYHON OCTaHOBKE?
AKIroHepHOE coOpaHue KOMIaHWM BbIOMpaeT u3 50 dYenoBeK Mpe3uacHTa
19 KOMIIaHUM, TIpe/iceaaTessi coBeTa TupekTopoB U 10 wieHOB coBeTa TUPEKTO-
poB. CKOJILKHMH CITOCOOAMH MOYKHO ITO CIETaTh?

N3 ¢upmbl, B koTopoil pabortator 10 4enoBeK, 5 COTPYTHHUKOB IOJIKHBI
yexarb B KOMaHIUPOBKY. CKOJIBKO MOXET ObITh COCTABOB ATOU IPYIIIbI, €CIU
TUPEKTOp (UPMBI, €ro 3aMECTUTEIb U TJABHBIM OyXraiaTep OAHOBPEMEHHO
ye33KaTh HE JOJIKHBI?

20

Jlnst BeIMosHEHUS 1abopaTopHOil paboThl Ne 3 HE0OXO0AMMO U3YyUUTh TEO-
peTHuecKuil MaTepuai pasaena 3 yaeOHOTo mocoous.
Illpumep cocmasnenus komnviomepHou npocpavmsl. ['pynny n3 10 ge-
JIOBEK TpeOyeTcs pa30uTh Ha JIBE HEMycThle MoArpynmnbl. CKOJIBKUMU croco0a-
MU 3T0 MOXHO crenats? (Iloarpynmnel cuntaem pa3IuyHbIMH. )

IIporpamma 3
Program combinator;
Uses crt;
type mas=array[1..100] of real;
Var
a:mas;
s:real;
n,i:integer;
Function rek(n:integer):integer; {®ynkuus, peanusyromas Gakropua}
Begin
If (n<2)then rek:=1
Else rek:=n*rek(n-1);
End;
Begin {OcHoBHas nporpammMa. Pa3dorenne MHOKECTBA Ha TPYIIIHI
ClrScr;
WriteLn("Vvedite chislo n: ");
ReadIn(n);
for i:=1 to n-1 do begin
a[i]:=rek(n)/(rek(i)*rek(n-i));
WriteLn('a[',i,]: ",a[i]); end;

s:=0;

for i:=1 to n-1 do begin
s:=s+a[i];end;
writeln('Sum =",5:5:2);
End.
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JlaGopaTopHnasi padora Ne 4
HccaenoBanue JJOruyecKux (PyHKIMu

Ileny — u3ydeHue cyuiecTBYIOUUX (DOPM MPEACTABICHUS JIOTMYECKUX
(GyHKIMIA, TTOCTPOCHHE COBEPILIEHHBIX HOPMAJbHBIX (OPM JIOTUYECKHX (PYHK-
nuid. [locTtpoeHnre TaOIMI] UCTUHHOCTH M apU(METUUECKUX MOJCIICH JIOTHYC-
CKUX (YHKIIHA.

3aoanue (Tadm. 8.4)

Jna 3ananHoi popmyssl OyneBoi GyHKIUU:

1. Haittu IH®, KH®, CJH®, CKH® MeTo10M paBHOCUIIBHBIX IpeoOpa-
30BaHU;

2. Hatitu CIH®, CKH® TtabmuunbiM criocoooM (cpaBauth ¢ C/IHO,
CKH®, nony4eHHBIMH B ITyHKTE 1;

3. Pa3paboTarh KOMITBIOTEPHYIO IPOrPaMMy ITOCTPOCHUSI TAOJIUL] UCTUHHOCTH.

Tabnuya 8.4 — Bapuanmul 3a0arnuii Kk 1abopamopuou pabome Ne 4

Ne papuanTa DyHKUUA

1 (X~y)—(xvz)

2 XAY—(XAZ—(XVY))
3 (y—>x)~ (x> 2)

4 (XAYy—>2)>(X—>Y)
5 (x—>2)v(y~2)

6 XAy —>(z~V))

7 (xvy)—>2)vXAyAaz
: (XA (Y > (xv2)))

9 (x> (zA(y~2)
10 (X~y)—>(Xvz)

11 (x> y)v(y—>2)

12 (XAY) > ((XAZ)~X)
13 (y >x)~(Xx—>2)
14 (XAY) = ((XVZ)AY)
15 (XAY)>((xXvz)>Yy)
16 X—> (Y >(2>Yyn2))
17 (xAZ)>(xvZ)—>Yy
18 (XA (y > (x~2)))

19 (X—> (XA (Y Vv (X~ Y) VX))
20 (X—>2)v(y~2)
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Jlnst BeImosiHeHust 1abopaTopHoit paboThl Ne 4 He00X0AUMO U3YyUYUTh TEO-
peTudecKkuil mMarepuan paszjena 4 y4yeOHOro mocoOusi, a UMEHHO: aJlrOpUTMbI
BbiBoJIa JIH®O, KH®, CIH®, CKH®, ncnonas3ys paBHOCHIBHBIE MpeoOpa3oBa-
HUSI; aITOPUTMBI peJcTaBiIeHus: OyneBoil GyHKIMM, 3alaHHON Taduiel, Gop-

mynoit B CIH®, CKHO.
Ilpumep cocmasnenuss komnviomepnoul npoepammol. IlocTpouTsh TAOIUILY
UCTHHHOCTH, A JOTHMYECKUX QYHKLIUHA: fi = (x, Ax)v (X A X2) A (X A X,

f,= (X, AX,)V (X1 A Xz A Xs)

IIporpamma 4

uses crt;

type mas = array[1..8,1..5] of boolean;

var a:mas;

x1, x2, x3:boolean; i,j: byte;

al, a2, a3: string;

begin

for i:=1 to 8 do begin

if i<=4 then a [i,1]:=false else a [i,1]:=true;

if (i<=2) or (i=5) or (i=6) then a[i,2]:=false else a [i,2]:=true;
if (i mod 2>0) then a[i,3]:=false else a[i,3]:=true; end,;

for i:=1 to 8 do begin

x1:=a[i,1];

x2:=a[i,2];

x3:=a[i,3];

if (x2 and x3)or(not(x1)and not(x2)) or (x3 and not(x1)) then
a[i, 4]:=true else a[i,4]:=false;

if (x2 and x3) or (not(x1) and not(x2) and not(x3)) then a [i,5]:=true
else a [i,5]:=false; end,;

writeln(" x1 X2 x3 f1(x1,x2,x3) f2(x1,x2,x3)");
for i:=1 to 8 do begin

forj:=1to5do

write(a[i,jl:7," ");

writeln;

end;

end.
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JlabGopaTopHnasi padora Ne 5
N3y4yenue MeTO10B MUHUMHU3AIMH JIOTUIECKUX (PYHKIIUA

Ilens: n3ydyeHrne METOA0B MUHMMM3AIMM JOTMUECKUX (PYHKUIMN IS pe-
IICHUS] KOHKPETHBIX 3a]1a4.

3aoanue (Tabm.8.5)

1. ITpumenuts MeTon KBaliHa (HeueTHbIE BapuaHThl) Wiau MeTo KBaiiHa —
Mak-Knacku (4eTHble BapuaHThl) Ui IOCTPOEHUs cokpanieHHou JJH®;

2. MuHUMU3MPOBaTh (PYHKIIMIO C TOMOIIBIO KapT MOKPBITHUS;

3. Pa3paboTaTe KOMIIBIOTEPHYIO MPOrpaMMy, MO3BOJISIONIYI0 HAXOIUTh
MHUHUManbHY0 JJHO.

Tabauya 8.5 — Bapuanmul 3a0anuii kK 1abopamoprou pabome No 5

No
BapHaHTa
Ne
BapHaHTa

DOyHKUUA DyHKUMsA
Ll (x~y)>(xv2) Ll xoyvy—>2)
2 I xAy> XAz (XVY)) 12 1 (xAy) > ((xAZ)~X)
3 | (y>x)~(x—>12) 13 (y—>_x)~(>i—>z)
b XAy > ) > (X Y) Bl xay)>((xv)ay)
5 o) v(y~2) B (xay) = ((xvz)—>y)
6 16 | x> (y—>(@2—>yn2)

XAy =>(z~y)))

T I (XvVY) > Z)VXAYAZ I 1 (xr2) > (xv2) >y

8 (XA (Y = (Xv 2)) 18 (XA (Y = (x~12)))

9 | (x> (zA(y~2)) B (x> (xa(yv(x~y)vx)

0 | (x~y)—>(xv2) x> v(y~2)

Jlnst BeimosiHeHust 1abopaTopHOit paboThel Ne 5 He00X0AUMO U3yUYUTh TEO-
peTUdecKuil mMarepuan paszziena 4 y4eOHOro mocoOusi, a UMEHHO: aJrOPUTMBbI
noctpoenus: cokpaménnon JJH®, muanmansaon JIH® ¢ ucnonbs3oBaHuem kap-
ThI TIOKPBITUS. {7 peanm3anuu KOMIBIOTEPHON MporpaMMbl HEOOXOIMMO 3a
OCHOBY B3$5ITh IPOrpaMMy U3 JlabopaTtopHoi padboTs Ne 4,
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MOAYJIb 2. OCHOBbI TEOPUU KOJAUPOBAHUSA, POPMAJIbBHBIE
A3BIKU U T PAMMATHUKHU, ABTOMATDI

JlaGopaTopHasi padora Ne 6
KoaupoBanue ¢ MUHMMAJILHOM U30LITOYHOCTHIO (AJropuT™Mbl PaHo u
Xag¢pmana)

Ilenv — u3yuenue noctpoeHus: 3HHEKTUBHBIX AITOPUTMOB KOJUPOBAHUS
uH(popMaluu Ha ocHOBe MeT010B Pano u Xaddmana.

3aoanue ( 1a6:1.8.6)

1. /1514 3aAaHHBIX pacrlpeAeseHU BEpOsITHOCTEN MOsBICHUsI OYKB MOCTPO-
UTh 3aJJaHHBIN KOJ ¥ PACCUUTATh CPEIHIO UIMHY KoaupoBaHus (Tabdm. 8.6);

2. HamucaTte mporpammy, KoTopas OCYHIECTBIIET KoJgupoBaHue Barmeit
(amunuu, uMeHu U otuyecTBa, MetogoM Pano win XaddmaHa B 3aBUCUMOCTH
OT BapHaHTA.

Tabnuya 8.6 — Bapuanmul 3a0anuii kK 1abopamoprou pabome No 6

Ne .
BapHaHTa Pacnpenenenne BeposiTHOCTEl Metoa KOAUpPOBaHUA
1 P={0,1;0,6;0,09;0,08;0,07;0,06} Meton ®aHo
2 P={0,5;0,3;0,1;0,03;0,02;0,01;0,04} Meroxn Xabdmana
3 P={0,2;0,2;0,19;0,12;0,11;0,09;0,09} Meroxn Xabdmana
4 P={0,4;0,4;0,1;0,03;0,03;0,02;0,02} Meton ®@ano
5 P={0,4;0,18;0,1;0,1;0,07;0,06;0,05;0,04} Meron Xabdmana
6 P={0,2;0,3;0,2;0,1;0,1;0,05;0,05} Meton daHo
7 P={0,2;0,2;0,19;0,12;0,11;0,09;0,09} Meton daHo
8 P={0,25;0,2;0,15;0,15;0,15;0,1} Meroa Xabdmana
9 P={0,4;0,18;0,1;0,1;0,07;0,06;0,05;0,04} Meton daHo
10 P={0,6;0,1,0,06;0,08;0,07;0,09} Meton Xadhdmana
11 P={0,2;0,25;0,35;0,05;0,15} Mertoa ®ano
12 P={0,2;0,3;0,2;0,1;0,1;0,05;0,05} Meron Xabhdmana
13 P={0,35;0,14;0,19;0,17;0,15} Merox ®ano
14 P={0,22;0,17;0,21;0,05;0,2;0,15} Meton dano
15 P={0,02;0,35;0,31;0,13;0,19} Meron Xabhdmana
16 P={0,16;0,23;0,11;0,28;0,22} Meton Xahdmana
17 P={0,38;0,08;0,27;0,18;0,09} Merox ®ano
18 P={0,14;0,36;0,19;0,24;0,07} Meton Xadhdmana
19 P={0,41;0,16;0,07;0,3;0,06} Meton ®ano
20 P={0,26;0,12;0,06;0,19;0,08;0,15;0,14} Mertox Xahdmana

Jlnst BeImosiHeHUst 1abopaTopHOoit paboThl Ne 6 HE0OX0IUMO U3YyUYUTh TEO-
peTuueckuil Matepuai pasaena 5 ydeOHOTro mocoous.
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PaccmMoTpuMm peanu3anuio OCHOBHBIX TIpoleayp anroputMoB DaHo
n XaddmaHna B cpezie MPOrpaMMHUPOBAHHSL.

AnroputMm ®aHO SBISETCS PEKYPCUBHBIM alTOPUTMOM, KOTOPBIA CTPOUT
pa3naenuMyro peuKCHyI0 cxeMy andaBUTHOTO KOJWPOBAHUS, OJIM3KOTO K OTI-
TUMaJTbHOMY.

Ha Bxonx B anroputm PaHO MOJAETCS MAaCCUB BEPOSTHOCTEH IMOSBICHHUS
OyKB B COOOIIIEHUH, YIOPSAAOUYCHHBINH 10 yObiBaHuto p:array [1..n] of real. [{ns
pacueTa BEpOSITHOCTH TOSIBIICHUS Ka)XI0W OYKBBI B COOOIICHHH HEOOXOIMMO
YaCcTOTY MOSIBJICHUS 3TON OYKBBI pa3/eiuTh Ha OO0IIee KOJUYECTBO OYyKB B CO-
oomennu: p[i]:=a[i]/kol. B pesynprare peasmzanuu ajaroputMa IOJTydaeTCs
MacCHB dJIEMEHTapHbIX KoaoB c:array[1..50, 1..50] of 0..1.

OcHoBHast paboTa MO MOCTPOCHUIO SJIEMEHTAPHBIX KOJIOB BBIMOJIHSIETCS
pekypcuBHO# mporemypoit fano(b,e,k:byte), rne b — manexkc Hagama o6padarei-
BAaE€MOW YaCTH MacCHBa [, € — MHACKC KOHIIa 00pabaThIBaeMOil YaCTH MaccuBa ,
K — uMHA y’e MOCTPOSHHBIX KOJIOB B 00pabaThIBaeMOM YaCTH MacCHUBa C.

procedure fano(b,e k:byte);
var m,i:byte;
begin
if e>b then
begin
inc(K);
m:=delen(b,e);
fori:=btoedo
if i>m then begin c[i,k]:=1; inc(KI[i]); end
else begin c[i,k]:=0; inc(kl[i]); end;
fano(b,m,k);
fano(m+1,e,k);
end;
end;

®ynkus Delen naxomut cepeamHy ykasaHHO#M dactu maccuBa P[b..e],
T.c. onpexaenseT takod uuaekc M(b <m <e) , uro cymma smementoB P[b..m]
HauOosee OM3Ka K cyMMe aieMeHToB p[m+1..e].

function delen(b,e:byte):byte;
var i,m:byte;
sbh,se,d:real;
begin
sh:=0;
fori:=btoe-1do
sh:=sb+p[i];
se:=pl[e];
m:=e;
repeat
d:=sb-se;
m:=m-1;
sb:=sb-p[m];
se:=se+p[m];
until abs(sb-se)>=d;
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delen:=m;
end;
O (HEeKTUBHOCTH KOJUPOBAHUS PACCUUTHIBACTCS B MPOIIETYPE cena_kod.

procedure cena_kod;
var kod:real;
begin
kod:=0;
for i:=1 to n do kod:=kod+kI[i]*p[i] ;
writeln;
write('cena koda: ',kod:4:3);
end;

Anroputm Xad@maHa Tak K€ SBISETCS PEKYPCUBHBIM M CTPOUT CXEMY
ONTUMAJILHOTO MPEe(PUKCHOTO KOJUPOBAHMS ISl 33JITaHHOTO pacTpeieICHUs Be-
POSATHOCTEMN p.

procedure Huffmen;

var z,m:byte;

begin

2:=2;
kod[1,1]:=0;{mepBsIii s1eMeHT }
kod[2,1]:=1;{BTOpOI1 251IeMEHT }
for i:=n-2 downto 1 do
begin
=1
while kod[met[i],j] <> 2 do
begin
kod[z+1,j] := kod[met[i],j];
inc(j);
end;
for j:= met[i] to z do
begin
m:=1;
while kod[j+1,m] <> 2 do
begin
kod[j,m] := kod[j+1,m]; {cuBur xona}
inc(m); {u ero WIMHBI}
end;
end;
kod[j,m] :=0;
kod[j+1,m]:=1,;
kod[j,m+1]:=2;
inc(2);
end;
end;

Pacuer s@dexkTuBHOCTH KOAUPOBAHMS MPOUCXOAUT AHAJOTUYHO ajro-
putmy DaHo.
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JlabGopaTopHnasi padora Ne /7
ITomexoycroitunBoe koagupoBanue. Kog XemmuHra

Ilens — n3yuenue o01UX METOI0B (POPMHUPOBAHUS KOJIOB, MOTYUYEHUE TPaK-
TUYECKHUX HABBIKOB MO (POPMHUPOBAHUIO KOPPEKTUPYIOIIUX KOJIOB Ha MPUMEPE T0-
CTPOEHUS U JIEKOIMPOBAHUS CUCTEMATUYECKOTO KOJIa U U3YUYEHHUE €0 CBOWCTB.

3aoanue (tadm. 8.7)

OOHapy>KUTh U HCIPABUThH OLIMOKY B MPEACTABICHHOM KOJE, IEKOIUPO-
BaTh cooOuieHrue. CoCcTaBUTh NPOrpamMMy, peaIu3yIONIyI0 Ko X3MMUHTA.

Tabauya 8.7 — Bapuanmul 3a0arnuii kK 1abopamopuou pabome No 7

Ne 3aKoaUpoOBaHHOE COO0IIEHHE
BapHaHTAa AHp -

1 111010-010100000-0100111-110101111-0000012

5 1010011-0001110-111010-1000001-110010000-110011001-
-0101100010-110101111-001000

3 111111101-1000101-010010011-1110011111-001000-
011011100-111001-0110101-000001
0100010110110011010101212112221010001011-0010010-

4 111010-000001-011101000-000010-10110121021201211210112-
111001-1010011-001000

5 1011110-1010100-001011211-1011000-101110000-110000-
0001110-111001-010101100-1000111-100110100-000010-

6 010101001-0001011-0010111-001000-1000001-000010-

7 1001010-0100001-01111000010100111-1010011001-
0010111-111010-000001

8 1011011-1010111-0110101-110101010-111001-10001112-
000001

9 0011110101-0001100100-0011112111010-0010010-
10111000111-0100111-010101001

10 000010-1001010-1010001-100000111111001112-1010011-

11 0001011-001110011121-100100000-111001-000110112120-0012
000

12 0110101-10110000112111011-00011211001111121210-
111101011-0011111-100111000-001000

13 011011100-001000-1111012100-1010111010001011-

14 01111001110-0011100110-100110100-0111110000-000001

15 110000-0110101-111010-000010

16 1000010-0001110-111010-1000001-110010000-110011001-
-0101100010-110101111-001000

17 111111101-21000101-010010011-1110011111-001000-
111010-010100000-0100111-110101111-0000012

18 011000100-111001-0100111-000001-1111101110-0010100-

19 0001110-1110100010111-110011100-000010

20 1010011-001000-1011011-1010100-100110001-011110100
0-000010
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J51s BBITTOTHEHUS J1abopaTopHOU paboThl Ne 7 HEOOXOIUMO U3YYHUTh TE€O-
peTHUeCKuid MaTepuan pazzuena S5 yaeOHoro mocobus. B tabn. 8.8 comepxkutcs
pacmmdpoBKa KOAOB, TOJYYEHHBIX B pE3yJIbTaTe BBHITIOJHEHHs JTaOOpaTOpHOH
paboThr Ne 7.

Tabauya 8.8 — 3axoouposannwvie cumeo.Ibl

Kon CumBoJa Kon CumBo.a
000 _ 100 T
0011 U 0101 0
0111 c 1010 I
1101 p 1110 e
00100 B 00101 51
01000 i 01100 H
01101 y 10110 K
11110 I 11111 a
010010 b 010011 Bl
101110 r 101111 xK
110000 M 110001 1
110010 q 1100110 I
1100111 3 - -

B mporpamme Hemming mpencraBiieHa peanu3anus Kojga XOMMHUHTA.
CryaeHTy HEOOXOJIMMO CaMOCTOSITENIBHO pa3o0paTh MpUMEpP U 100aBUTH B MIPU-
MEp 3aMEHy MOJIYYEHHOr0 KOJia Ha CUMBOJI corjacHo Tadi. 8.8.

IIporpamma 5
Program Hemming;
uses crt;
const sumZl:array[1..7] of integer = (1, 3, 5, 7, 9, 11, 13);
sum2:array[1..7] of integer = (2, 3, 6, 7, 10, 11, 14);
sum3:array[1..5] of integer = (4, 5, 6, 7, 12);
sumd4:array[1..5] of integer = (8, 9, 10, 11, 12);
b:array[1..4] of integer = (1,2,4,8);
type errors = record cod, nomer:integer;
end;
kod = record code, bukv: string; end;
masl = array[1..100] of errors;
mas2 = array[1..100] of kod,;
slovo = array[1..100] of integer;
var arl:masl; ar2:mas2; a:slovo;
1,J,k,n,s1,s2,53,54,t,t1:integer;
st,st1,st2,st3:string; f,g:text;
Procedure input;
var st:string; kod:integer;
begin
assign(f,'errors.txt’);
rewrite(f);
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reset(f);
t:=0;
while not eof(f) do
begin
t=t+1;
readIn(f,st);
with arl[t] do
begin
val((st,1,pos(",st)-1),nomer,j);
delete(st,1,pos(",st));
val(st,cod,));
end;
end;
close(f);
assign(g,'kod.txt');
rewrite(Q);
reset(g);
t1:=0;
while not eof(g) do
begin
t1:=t1+1;
readIn(g,st);
with ar2[t1] do
begin
bukv:=copy(st,1,pos(",st)-1);
delete(st,1,pos(",st));
code:=copy(st,pos(",st)-1,15);
end;
end;
close(g);
end;
begin
input;
clrscr;
writeln('Chislo simvolov koda =);
readin(n);
writeln('Simvol koda nomer =");
for i:=1tondo
begin
write(i,":");
readIn(a[i]);
end;
clrscr;
writeln("VVvedennii kod: ");
fori:=1tondo
write(a[i]);
writeln;
if n>0 then
begin
i:=1; s1:=0;
while(suml[i]<=n) do
begin
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s1:=s1+a[sumd[i]];
inc(i);
end;

if s1 mod 2=0 then s1:=0 else s1:=1;

end;
i:=1; s2:=0;
while(sum2[i]<=n) do
begin
s2:=s2+a[sum2[i]];
inc(i);
end;

if s2 mod 2=0 then s2:=0 else s2:=1;

if n>=3 then

begin

i:=1; s3:=0;

while(sum3[i]<=n) do

begin
s3:=s3+a[sum3[i]];
inc(i);

end;

if s3 mod 2 =0 then s3:=0 else s3:=1;

if n>=5 then
begin
i:=1; s4:=0;
while(sum4[i]<=n) do
begin
s4:=s4+a[sumd4]i]];
inc(i);
end;

if s4 mod 2 =0 then s4:=0 else s4:=1;

str(s4,stl);
st:=st+stl;
str(s2,stl);
st:=st+stl;
str(sl,stl);
st:=st+stl;

writeln("Kod oshibki: ',st);

val(st,j,k);
fori:=1totdo
begin

if j=arl[i].cod then j:=arl[i].nomer;

end;

if j=0 then writeln('Oshibok v kode net! ") else

begin

writeln(‘Oshibka v ',j," simvole! ;
if a[j]=1 then a[j]:=0 else a[j]:=1;

end;

writeln(‘'Invertirovannii kod: *);

fori:=1tondo
write(a[i]);
writeln;
fori:=1tondo
begin
str(a[i],stl);
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St2:=st2+st1,
end;
fork:=1to 4 do
if b[k]<=n then st2[b[k]]:="2";
for i:=1 to length(st2) do
if st2[i]<>'2" then st3:=st3+st2[i];
writeln(‘1skomii kod: ',st3);
k:=0;
fori:=1totl do
begin

if st3=ar2[i].code then k:=i;
end;

end;
End.

JlaGopaTopnas padora Ne 8
Kuaaccudpuxanus GpopmMaJbHbIX TPAMMATHK

Ieny — hbopMHupOBaHUE YMEHW W MPAKTHYECKUX HABBIKOB PAacIO3HaBa-
HUS TUTIOB (JOPMATLHBIX S3BIKOB W TPaMMaTHK IO Kiaccudukanuu XOMCKOTo,
MOCTPOEHNE PKBUBAJICHTHBIX TPAMMATHK.

3aoanue (Tadm. 8.9)

1. OnpenenuTh. K KakoMy THUIY IO XOMCKOMY OTHOCHTCS 3aJlaHHas
rpaMMaTHKa, KaKo# S3bIK OHA TIOPOKIACT, KAKOB THII S3BIKA.

2. YKa3zaThb MaKCUMaJIbHO BO3MOXKHBIM HOMEP THUITa TPAMMAaTHKH U SI3bIKA.

3. PazpaboTaTe mporpaMMHOE CpPEJICTBO, ITO3BOJIIONIEE PpAaCIO3HATh
IpaMMaTHKY.

Tabauya 8.9 — Bapuanmul 3a0anuii Kk 1abopamoprou pabome No 8

Ne papuanrta Hponyxuuu Ne papuanTa Hponyxuuu
rpaMMaTHKH rpaMMaTHKH
1 2 3 4
S—APA S b
! Porti- 6 A—dalba
P—alb
S—A|SA|SB S—041|01
2 A—a 7 04—0041
B—b A—01
S—AB
3 S—IB 8 AB—BA
B—B0|1 A—a
B—b
S—A|B
4 S—’“%b"? 9 A—adb|0
Q—cbe B—aBbb] I
S—adc
S—a|Ba aA—aaBbClab
5 B—Bb 10 Bb—bb|abbbc|aDbbbcc
—Bb|b
C—c
D—ab
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Ilpooonocenue mabauywt 8.9

1 2 3 4
1.5—KF
2.K—KB|CB
3.C—CA|DA

Sy 041 4.DA—aAD
04—0B1|0 J.da—ad

11 BI—0C11|01 16 5-Dg_’bBD8

C—0D|00D1|0 7.Bb—bB
D01 8.Ab—bA
9DF—FE
10.BE—Eb
11.AE—Ea
12.bE—b
1.5—DC
2.D—aDA|bDB|aA|bB
3.AC—aC
S—0418|¢ 4.BC—bC
12 A—1A4|0B 17 5.Aa—aA
B—0S|1B 6.Ba—aB
7.Ab—bA
8.Bb—bB
9.C—¢
S—AB f:?‘(i”‘m
13 A—alcA 18
BshA cK—Kc
K—b
S—aBA|e S—aAB
14 B—bSA 19 A—Bb
AA—c B—¢
S—Ab|c S—bA
15 A—Ba 20 A—aB
B—cS B—abA

Jliis BeITONTHEHUS TabopaTopHO paboThl No 8 HE0OX0IMMO H3YYUTH TE€O-
peTHuecKuil MaTepuai pasaena 6 yaeOHoro mocoous.
[IpumMep cocTaBIIEHUs] KOMIIBIOTEPHOW MTPOTPAMMBI.

IIporpamma 6

Program grammar;
uses crt;
const N=['A'.'ZT;

T=[a..'21];

="
var s1,s2:string;
f.char; i,p1,p2,p3,v:integer;
u,z:boolean;
Begin
p1:=0;p2:=0;p3:=0; v:=0;
repeat
write(' Beequre neByro 4acTh npasuiia >>');
readIn(sl);
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write('BeeuTe mpaByro 4acTh mpasmia >>');
readin(s2);

z:=false; u:=false;

if length(s1)<=length(s2) then begin

for i:=1 to length(s1) do if (sl [i] in N) then u:=true; z:=true;
if s2[1]=I then z:=false;

if (u=true) and(z=true) then inc(pl); end;
z:=false;

u:=false;

if length(s1)=1

then if s1[1] in N then u:=true;

if (length(s2)=1) then z:=true;

if (length (s2) =0) then z:=true;

if (u=true) and(z=true) then inc(p2);

z:=false; u:=false;

if length(s1)=1

then if s1[1] in N

then u:=true;

if (length(s2)=2) then begin

if((s2[1] in T)and(s2[2] in N))

then z:=true;

if ((s2[1] in N)and(s2[2] in T)) then z:=true; end,;
if (length(s2)=1) then if (s2[1]in T) then z:=true;
if (u=true) and(z=true) then inc(p3);

inc(v);

writeln(' Tunl Tun2 Tun3 ');

writeln(sl,' ->', s2, p1:6,p2:6,p3:6);
write('IIponomkuts y/n: >>"); readln(f);
until(f="n");

if (p1<>V) or (pl=v) and(p2<>V) or (p2=v) and(p3=v)
then  writeln ('Tperuii Tun')

else

if (p1<>v) or (pl=v) and(p2=v) and (p3<>v)
then writeln (" Bropoii tun') else

if (p1=v) and(p2<>v) and(p3<>v) then

Writeln ('TlepBsrii Tum')

else writeln('"Tun 0');

End.

JlabopaTtopHnasi pa6ora Ne 9
IMocTpoeHne KOHEYHBIX ABTOMATOB

Ileny — n3ydeHne CTPYKTYPHI U pabOThl KOHEUHBIX aBTOMATOB, IMOJIy4Ye-
HUE TPAKTUYECKUX HABBIKOB IMOCTPOCHUS KOHEYHOTO aBTOMAaTa U Mpeodpa3oBa-
HUS HEJETEPMUHUPOBAHHOTO KOHEYHOTO aBTOMAaTa K JETEPMHUHUPOBAHHOMY
KOHEYHOMY aBTOMATYy.

3aoanue (Tabdi. 8.9)
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ITo HEnETEPMUHUPOBAHHOMY KOHEYHOMY aBTOMATY, IHMarpaMma KOTOpPOTO
NpEACTaBICHA B WHIWBUAYAJIBHOM 33/IaHUM, NOCTPOUTH AETEPMUHUPOBAHHBIN
KOHEUHBIN aBTOMAT, PACIO3HAOIINMN TOT ke A3BIK.

B xoze BeInoHEHUs 3aaHUs JOJKHBI ObITh BBITIOJIHEHBI U OTIMCAHbI Clie-
DYIOLIUE MOA3a/1a4uu:

1. 3anucate mapametpsl 3aganHoro HKA B Buge: M ={S, I, O, 1. ¢, So, F);

2. [Toctpouts Tabnuily mepexoaoB mis 3amannoro HKA;

4. TIpeoopaszoate HKA B JIKA;

5. IlpoBeputh coctosiHust ostydyeHHOro KA Ha JOCTHKUMOCTh U DKBUBA-
JIEHTHOCTb;

6. 3anmcarp mapamerpsl 3aganHoro KA B Buge: M ={S’, I’ g’, So, F);

7. IlocTpouTh quarpamMmy COCTOSIHHMM moiaydeHHoro KA;

8. [IpoBepuTsh, momyckaer au moydeHHbIH KA 11emouku, KOTophie ObLIH
nonymieHsl HKA;

9. CocTaBUTh MPOrPaMMy, PEAIM3YIOIIYI0 padoTy nosrydeHHoro KA.

Tabauya 8.10 — Bapuanmet 3a0anutl k 1abopamoprot pabome Ne 9

Ne 3amanue
BApPHAHTA
1 2
1
2
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Ne
BapHAaHTA

3aganue

1

130




Ne
BapHAaHTA

3amanue

1

Start

10
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3aganue

Start

Start

Ne
BapHAaHTA

11

12

13

14
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3amanue

Start

Ne
BapHAaHTA

15

16

17

18
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Ne
3aganue
BApPHAHTA
1 2
19
20

J51s BeIONTHEHUS TabopaTopHOi paboThl No 9 He0OX0IMMO H3YUUTh TEO-
peTuYecKuil MaTepuai pasjesna / yaeOHOro nocoous.

Jlis cocTaBieHUS KOMIBIOTEPHOM MPOTpaMMBbl MOXHO HCIHOJIb30BaTh
oreperaroriee 00bsBICHHE U omepaTop BbiOopa case of. Paccmorpum omepe-
’Karoriee o0bsBIIeHUE. B HEKOTOPBIX CUTYyalMsIX BOZHUKAET HEOOXOIUMOCTb BbI-
3BaTh MOJMNpPOrpaMMy, ONHMCAHHYIO Jajee Mo TeKCTy mporpammsel. Hampumep,
7Ta HEOOXOJAMMOCTh BO3HUKAET MPU KOCBEHHOM pekypcuu (moamporpamma A
BBI3bIBACT Mojmnporpammy B, a Ta, B cBOI0 o4epe/b, BBI3BIBAECT MOANPOTPAMMY
A). B 3ToM citydae ucrnosib3yercsi onepexxaroliee oObsABICHUE MOANPOTrpaMMBbl,
COCTOSIIIICE M3 €¢ 3aroJioBKa, 3a KOTOPBIM cieayeT ciayxeOHoe ciaoo forward.
B ciydyae moctpoeHus mporpaMMBbl sl paclio3HABaHUS [ENOYKA KOHEUHBIM aB-
TOMaTOM COCTOSIHUS aBTOMaTa 3a/1al0Tcs B MPOIeypax, HapuMep AJis COCTOsI-

Hul @ u b B GJ10Ke onMcaHus IEpEeMEHHBIX YKa)KeM
procedure a; forward,;
procedure b; forward;

U T. JI. B 3aBUCUMOCTH OT KOJIMYECTBA COCTOSHHIA.
B camoii niporierype uCosib3yercs orneparop BeIOopa, Halpumep:
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procedure a;
begin inc(i);
case s[i] of
‘0" b;

1" a;

#0: e

else k

end; end...

B npornenypax e u K cogepxutcst nHbOpMaIys: JONyIieHa Wik He JOIy-
[ICHA BBEJCHHAS LCTOYKa.
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procedure b;
begin inc(i);
case s[i] of
‘0" ¢;

"1 d;

#0: k

else k

end; end...



9 MOAYJBHO-TECTOBBIE 3AJAHUA 111 CAMOKOHTPOJIA

MOJYJb 1. TEOPUSI MHOXECTB, TPA®bl, KOMBUHATOPHBIN
AHAJIN3, BYJIEBA JIOTUKA

1. JIea mHokecTBa A u B paBnsl (A = B), eciu:
a) MOLIHOCTh MHOKECTBA A paBHa MOIIHOCTH MHOXeCTBa B;
0)Kax bl 3JIeMEHT A sIBIIIeTCs eMeHTOM B 1 Hao0opoT.

2. Ecrm Bce a1eMeHThI MHOMKECTBA A BXOIISIT B MHOKECTBO B, TO A Ha3bIBacTes:
a) OJIMHO>KECTBOM MHOXecCTBa B;
0) COOCTBEHHBIM MOIMHOKECTBOM B.

3. Onepanys 00beTMHEHNE MHOYKECTB OTIPEICIISETCS KaK:

a) {X| xeAuwmxeB};

0) {x| x€eAuxeB};

B) {X|X€Awu XeB};

r) {X| X€AuxgB)u (xeAuxeB)};

n) {X|xeA}.

4. Kak onpenensieTcsi onepaius pa3HOCTb MHOXKECTB?

a) {X | xe Awm xe B};

0) {x | xe AuxeB};

B) {X| xeAuxeB};

r) {X|(xeAuxeB)u(xzAuxeB)};

0 (x| xeA}.

5. Kak onpenensiercs omnepaiusi CHMMETpUYECKasi pa3HOCTh MHOYKECTB?

a) {X|xeAwmxeB};

0) {X| xeAuxeB},

B) {X|XxeAu xeB};

r) {X| Xx€eduxeB)u(xeAuxeB)};

m) {x | xe A}.

6.CKOJIbKUMHU CTIOCO0aMU MOYKHO COCTAaBUTh paclUCcaHue OJHOTO yueOHO-
r0 JTHS U3 5 pa3IMuHbIX YPOKOB?

a) 30;

6) 100;

B) 120;

r)5.

7. B rpynme 32 crynenta. CKOJIBKUMU CIIOCOOaMH MOKHO c(hOpMUPOBATH
KOMaHJy u3 4 4eJI0BEeK ISl y9acTHsl B MATEMaTUYECKON omMIinase?

a) 128,

6) 35960;

B) 36;

r) 46788.
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8.CKONBKO CYIIECTBYET Pa3IMUHBIX JBY3HAYHBIX YHCEN, B 3aIIUCH KOTO-
PBIX MOXKHO MCIIOJB30BaTh UDpHI 1; 2; 3; 4; 5; 6, ecau nudpbl B yncie J0JKHbBI
OBITH Pa3TUYHBIMU?

a) 10;

0) 60;

B) 20;

r) 30.

1

9. YpocTHUTh BBIpaKEHUE: — :
(n+)! (n+2)!

(n+1)!',
(n+2)!
6) N+l
(n+2)!
(n+2)!(n+1)!
r) 0.
10. I'pad, umeromuii Kak OpUEHTUPOBAHHBIC, TAK U HEOPUECHTHUPOBAHHBIC
pebpa, Ha3bIBAETCS:
a) MyJlbTUTpadoM;
0) cMelaHHbIM rpadom;
B) Harpy>kK€HHbIM rpagom.

a)

11.CymMMa 31€MEHTOB CTPOKHM MaTpPHUIIbI CMEKHOCTH HEOPUEHTHUPOBAHHO-
ro rpaga xapakTepHu3yer:
a) CTENEHb BEPUINHBI Xj;
0) 4nCcIIo AYT, UCXOSAIINUX U3 Xj;
B) YKCJIO YT, BXOASAIIHUX B X;;
12. psimoyrompHast Matpuima (N x M), rae N — YUCIIO BEPIIMH, M — YHUCIIO0
pebep Ha3bIBaeTCs:
a) MaTpuIla CMEKHOCTH;
0) MaTpuIa MHITUJEHTHOCTH;
B) MaTpuIla CBA3HOCTH.
13. CKkoJBKO CYIIECTBYET pa3InYHBIX OyleBbIX (PyHKINN N TEepeMEHHBIX?
a) 2,
6)2° ;
B) n’:
r)nl.
14. CKOJBKO CYIIECTBYET pa3IMYHbIX HA0OPOB MEPEMEHHBIX Jis1 OyJieBOU
(GYHKIMH N IepeMEHHBIX ?
a)2";
6)2° ;
B) n2;
r) nl.
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15. Bepno nu ytBepxkneHue: «llepemennbie OyneBoi (yHKIIMU U cama
OyneBa GyHKIMS TPUHUMAIOT 3HaYeHUs 0 wiu 1»7?

a) n1a;

0) HeT.

16. Bepno nu yrBepxknenue: «llepemennbie OysieBoil QpyHKIUU TPUHU-
MaroT 3HaueHust 0 wiam 1, a 3HaueHus camoil OyyieBoi ()YHKIIMH COBIAIAIOT C
MHOKECTBOM JICUCTBUTEIIBHBIX YHACETI?):

a) na;

0) HeT.

17. BepHo nu yTBepxkcHUE: «3HAUCHUS MEPEMEHHBIX OyleBoN (yHKUIUU
COBIAJAIOT C MHOECTBOM JICMCTBUTENBHBIX YHCEN, a caMma OyyieBa (yHKIUS
npuHUMaeT 3HaueHus 0 unu 1»?:

a) 11a;

0) HeT.

18. BepHo nu yTBeprkIeHHE: 3HAYCHHUS TIEpEMEHHBIX OyneBOi (pyHKIUN U
3HAYEHUS CaMOU (PYHKITUH COBIAAAIOT C MHOXKECTBOM JICHCTBUTEILHBIX YUCET,

a) na;

0) HeT.

19. Ckonbko moxeT 0bITh paznuuHbix JJH® (KH®) y 6yneBoit dyHkimm?

a) Honb nin oHa;

0) HOJIb WJIKM OECKOHEYHO MHOTO;

B) HOJIb WJIU OJTHA;

I') OJIHA;

1) OJTHA WJIK O€CKOHEYHO MHOTO.

20. Ckompko MmoxeT ObiTh pasmuuabix CIAH® (CKH®) y Oynesoit
byHkunn?

a) HOJIb WIIN OJIHA;

0) HOJIb WJIK OECKOHEYHO MHOTO;

B) HOJIb WJIM OJ1HA;

T) O/IHQ;

1) OJTHA WJIK O€CKOHEYHO MHOTO.

MOAYJIb 2. OCHOBbBI TEOPUHU KOJIUPOBAHUSA, ®OPMAJIBHBIE
A3BIKU U TPAMMATHUKHU, ABTOMATDI

1. JIBoWdHBII pa3psiil, 3HAUCHUEM KOTOPOTro MOKeT ObITh ) min 1, Ha3bIBaeTcs:
a) OailT;

0) our;

B) CJIOBO;

r) mudpa.
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2. OcymiecTBUTE NMEPEBOJI NECATUYHOTO Ynciia 256 B IBOMYHOE.
a) 25650 = 1000000005;

0) 25650 = 1000000,;

B) 25650 = 101010010;

F) 25610 = 1101002

3. OcylecTBHUTE NEPEBO JECATUYHOIO YnCia 256 B IIECTHAAATEPHIHOE.
a) 256410 = 10046;
6) 25640 = 10016:
B) 25649 = 10016:
F) 25610 = 10016-

4. PesynbraTom nepesoja yucaa 111000 u3 1BoM4HOrO KojAa B IMIECTHA-
JAATEpUUHbIA OyaeT:

a) 36;

0)37,;

B) 38.

5. Hucno pa3psaaoB, 0 KOTOPHIM OTJIMYAIOTCS JIBE KOJOBbIE KOMOMHAIWH,
Ha3bIBACTCS:

a) KOJJOBBIM PACCTOSTHUEM;

0) oUIMOKOIA;

B) CUHJIPOMOM OLIMOKH.

6. IIpu kogupoBaHUU MO0 XAMMHUHTY B COCTaB KOJIOBOTO CJIOBA BXOMST:

a) nH(OPMAIIMOHHBIE PA3PAIBI U KOHTPOIBHBIE Pa3PsIbL;

0) nHopMaIMOHHBIE Pa3PsAIbl U CUHIPOM OIINOKY;

B) UH()OPMAIIMOHHBIE U KOHTPOJIbHBIE Pa3psiIbl, CHHIPOM OIIHOKH.

7. SIBnsercst mu HaOop cuMBOJIOB baaba cioBom andasuta V = {a, b, ¢}?

a) na;

0) HeT.

8. IIponsBoyIbHOE HEMYCTOE KOHEYHOE MHOXKECTBO V = {ay, ..., ap}, dJe-
MEHTBI KOTOPOT'O Ha3bIBAlOT OYKBAMH MJIM CUMBOJIAMHU Ha3bIBACTCS

a) SI3BIKOM;

0) andaBuTom;
B) CJIOBOM (LICTTOYKOM).

9. Kakoit Habop ciioB Oyaet umeTh 36K Lol B pe3ynbTaTe BHIMOTHEHUS
KOHKaTeHaIuu si3pikoB Ly = {a, ac, cc} u L, = {bc, ca}?

a) L,L,; = {abc, aca, acbc, acca, ccbc, ccca};

0) L,L; = {abc, acca, cc};

B) L,L; = {bca, bcac, bcec, caa, caac, cacc};

r) L,L, = {aacccbcca}.

10. PaccraBbre coorBercTBHs. B mopoxkaaromeii rpammaruke G (T, N, P, S):

a) T 1) Ha4aJIbHBIM CUMBOJI

0) N €) TepMUHATBHBIN aihaBUT

B) P ’K) HETEpMUHAJIBHBIN an(aBuUT
r)S 3) MpaBuJjia BbIBOJA.
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11. JIucTesiMu B IepeBe BHIBOJA TPAMMATHKH MOTYT OBITh:
a) TEPMHUHAILHBIC CHMBOJIHI;

0) HETepMUHAIbHBIE CUMBOJIBI;

B) CHIMBOJI ITYCTOM II€TIOYKH;

T') HAa4aJIbHBIA CHMBOJL.

12. KoHeuHbIit aBTOMAT 3TO:
a) Kozep;

0) pacro3HaBarelib;

B) JIEKOJIEP.

13. Koneunsiit aBromat K = (Q, T, 0, (o, F) Bxi1t04yaeT B cedst:
a) anaBUT BXOJHBIX CHUMBOJIOB;

0) TepMHUHAJIbHBIE CUMBOJIBI,

B) HETEPMHUHAIHHBIC CHMBOJIBI,

') Ha4aJIbHBIM CUMBOJ;

1) Ha4yaJIbHOE COCTOSHHE;

€) KOHEYHOE MHOKECTBO COCTOSTHH;

’K) MHOKE€CTBO 3aKTIOYUTEIIbHBIX COCTOSTHUM;

3) MpaBuUJia BHIBOJIA;

1) QYHKIIMIO TIEPEXOJIOB.

14. HarnsgaeiM criocoOoM TMpeCTaBICHUS aBTOMATa SIBJISETCS
a) TMarpaMma COCTOSTHHM;

0) IepeBo BBIBOJIA;

B) [MarpamMMsbl Didiepa.

15. Jlana quarpamma COCTOSIHUA HEKOTOPOI'O aBTOMATa:

1

Hauano e
—>

byner mu nonymena uenouka 1111000 ganabiM aBTOMaTOM?

a) na;
0) HeT.

16. Ilepeuucnure Bce LEMOYKH, KOTOPbIE OyIyT JOIMYIIEHBI KOHEYHBIM
aBTOMATOM, 3aJaHHBIM CJIEAYIOLIEH JUArpaMMON COCTOSIHUN:
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Hayvaino

v

17. JlerepMUHUPOBAHHBIM Ha3bIBACTCSI aBTOMAT, Y KOTOPOTO:

a) JUIS KaXJOW Mapbl «COCTOSTHUE — BXOM» CYIIECTBYET €IMHCTBEHHOE
CIIeyIOIee COCTOSIHUE, 3aIaHHBIN (DYHKIIMEH MTepeX0I0B;

0) MOKET OBITh HECKOJIBKO BO3MOKHBIX CIICIYIOIINX COCTOSIHUM JIJIsT KaX-
JIOM mapbl «COCTOSTHUE — BXOJHOU CUMBOJI.

18. ABTOMAT, TMarpaMMa COCTOSTHUI KOTOPOTO IIPEJICTABICHA HA PUCYHKE,
SIBJISICTCSL:

a) 1€TePMUHUPOBAHHBIM;
0) HeTIeTepPMUHUPOBAHHBIM.

19. SI3pIKk KOHTEKCTHO-CBOOOIHBIN TOTJ]a U TOJIBKO TOT/Ia, KOTAa OH OIpe-
TeNsIeTCS:

a) MamuHou ThIOpUHTA;

0) aBTOMaTOM C Mara3uHHOM MaMsThIO;

B) JIMHEWHO OrpaHUYEHHBIM aBTOMATOM;

I') KOHCYHBIM aBTOMAaTOM.

20. S3pIKOM aBTOMATa HA3LIBAETCS:

a) MHOYKECTBO COCTOSIHUN 1 BXOJIHBIX CHMBOJIOB;

0) MHOXECTBA COCTOSIHUM, BXOJIHBIX CHMBOJIOB U KOHEYHBIX COCTOSHUI;
B) MHOYKECTBO IIETIOYCK, JOITYCKAeMbIX IAHHBIM aBTOMATOM.
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