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I'maBa 1

A3bIKN 1 rpaMMaTUKU

C 1osiBIeHUEM 3JIEKTPOHHBIX BBIYUCIUTEHbHBIX MAIUH BO3HUKJIA
TOTPEOHOCTH B OOIEHNN € TOIOOHBIMU ycTpoiicTBamu. B cBazm ¢
THUM [OSIBUJIKCH CIIEI[HAJIbHBIE SI3bIKU, KOTOPBIE CTAJIM HA3BIBATH-
Csl UICKYCCTBEHHBIMU B OTJIUNYNE OT €CTECTBEHHBIX sI3bIKOB OOIIEHUsT
sogeit. VIckyccTBeHHBIE SI3BIKU NOJIXKHBI OBITH, C OJIHON CTOPOHBI,
YIOOHBIMA U TIOHATHBIME JIJI I€JIOBEKa, a C JIPYTO# — JIOJI2KHBI
BOCIIpUHUMATHCsT yerpoitctBamu. CoBMelrieHne 3Tux TpeboBaHmi
B OJHOM 43BbIKE 0Ka3aJI0Ch TPYJAHON 3a/iadeil, I103TOMY IOABUINCH
CPEJICTBA /Il IPeoOPA30BAHUS TEKCTOB C SI3bIKA, [IOHATHOT'O Y€JI0-
BEKY, Ha SI3bIK yCTPOiicTBa. Takue cpecTBa HA3bIBAIOTCS MPAHC-
AAMOPAMU.

TpamcasTop MOXKeT OLITh UHMEPNPEMAMOPOM U  KOM-
nuaamopom. llnrepriperaTop nocjaes0BaTeIbHO YUTAET IPEII0-
JKEHUsI BXOJIHOT'O sI3bIKa, AHAJU3UPYET UX U CPa3y ¥Ke BBIIMOJIHSI-
€T, a KOMITWJISITOP He BBIIOJIHSIET MTPEJJIOYKEHUST A3bIKa, & CTPOUT
MIpOrpaMMy, KOTOpasl B JaJbHEUIIIEM MOXKET ObITh 3aIlyIleHa JJIst
oJIydeHnsl pesysabrara. Ha BX0 KOMIMIATOPA MOIAETCA TEKCT,
HAINCAHHBIN HA BXOJHOM $I3bIKE — SI3bIKE, IIOHSITHOM YeJIOBEKY, &
pe3yIbTaToOM PabOThI KOMIIMJISATOPA SBJIAETCS TEKCT HA S3bIKE, I10-
HSITHOM yCTpOiicTBY. [lJIist TOCTpOEHUST KOMIUJISITOPa HEOOXOIMMO
OJIHO3HAYHOE W TOYHOE 3aJIaHUE BXOJHOTO U BBIXOJIHOTO SI3BIKOB.
Takoe 3amaHue MpeaIIOAraeT OIPEIEEHNE IPABUII TOCTPOCHUST
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JIOIYCTUMBIX KOHCTDYKIWIi (BbIpazkenwuii) sa3bika. MHOXKeCTBO Ta-
KUX IPABUJI HA3bIBAIOT CUHMAKCUCOM s3bIKa. Kpome Toro, 3a-
JIaHWUEe JIOJI?KHO BKJIIOYATh OIMCAaHNEe Ha3HAYEHUs] W CMBbICJIA KarK-
JIOM KOHCTPYKITUU sI3bIKa. TaKoe ONMMCcaHue HA3BIBAIOT CEMAHMU-
K0l s3bIKa. [ OCTPOEHNsT TOYHBIX U HEJBYCMBICJIEHHBIX OIU-
CaHMil TMPUMEHSIIOT MeTOJ abCTPaKIUil, KOTOPBIA IIPEIIIoIaraeT
BbIJIeJIEHNE HANOOJIee CYIIECTBEHHBIX CBOHCTB PaCCMATPUBAEMOIO
00beKTa U OYyCKAHUE CBOWCTB, MEHEe 3HAUYUMBIX JIJI PACCMATPU-
BaeMoro ciydas. Hampumep, npu MOCTPOSHUU MOJEIH BXOJHBIX
A3BIKOB MOXKHO PaCCMaTpPHUBATh BXOJHOI TEKCT KaK IOCIIeN0Ba-
TEJIbHOCTb CUMBOJIOB, IIOCTPOEHHYIO I10 OIIPENeJICHHBIM IIPABUAJIAM,
OTBJIEKAadACh OT XapakKTepa HadyepTaHUs CUMBOJIOB U UX PaCIIOJIO-
2KeHud Ha JucTe. MareMaTnyecKue MOJEH, UCIIOIb3YIOIINe IPel-
CTaBJIEHNE TEKCTOB B BHJIE IENIOUEK CUMBOJIOB (CJIOB), HA3BIBAIOT
POPMANLHOMY A3DIKAMU T 2DAMMEMUKAMU.

1.1. OcHoBHbIE OITpeeIeHns

Byxea — 310 nmpocToit HepazaeauMbIil 3uaK. MuoxkecTBO 6YKB 00-
pasyer aagasum.

ITpumep 1.1. O6brunbiit andasur, obbraHbe OYyKBB: A =
{a,b,c,...}. Bunapupiii andasur B = {0,1}. Komangp! s3bka
nporpammuposanust C = {got to, stop, ...}, B arom andasure Gyx-
BBI COCTOSIT U3 HECKOJIbKUX cuMBOsIoB. Andasur D = {a, b, c,+,!}
conepxkut 5 6ykB. Andasur E = {00,01, 10,11} cogepxur 4 6yxk-
BBI, KaXKJ1asl M3 KOTOPBIX COCTOUT U3 JIBYX CHMBOJIOB.

Eciim A C B, to A HazsiBatoT nodaagasumom B wim B —
pacwuperuem ajipasura A.

[TocreoBarepHOCTs OYKB asiaBUTa HA3BIBACTCH CAOBOM
win yenoywkol B 3ToM ajdasure. Hucao O6YKB, BXOISIIUX B CJIO-
BO (v, HA3BIBAETCs ero dauroll u obosnadaercs |«| wium [(a).

ITpumep 1.2. CioBo @ = ab++c B aspasure D umeer iy
() = 5, a cioso S = 00110010 B andasure E umeer njumy

1(3) = 4.



1.1. OcHOBHBIE OIpEEIeHHs 5

1t IOJTHOTHI KAPTUHBI IIPUBEJIEM TAK HA3BIBAEMBIN aJIbTep-
HATUBHBII HAOOP TEPMUHOB:

1) «cmoBo» < «BykBay,

2) «cioBapby < «ajudaBuTy,

3) «IpeJIoKeHNe» («CTPOKa» ) < «CJIOBO» (<«IIEIOYKa» ).

Crestyer cieuTh 3a KOHTEKCTOM, YTOOBI He JOIMYCTUTH CMe-
LICHUE [TOHATUN.

[Iycts 3a7an andasur A. MHOKECTBO BCEBO3MOMKHBIX CJIOB,
KOTOPBIE MOTYT OBITH TMOCTPOEHBI U3 OyKB ajidasura A, 0603HA-
qum A*. Ilpu aT0M mpepmosaraercst, 9To «IyCToe» CJIOBO € TAKMKE
[IPpUHAJIEXKUT MHOXKecTBy A*. BosHukaer Bompoc, Kak obpasyer-
Cs1 MHOYKECTBO BeeX csioB? OTBeT Ha HEro J1aeT CJIeyIoNnas CXeMa.

A' =g, (1.1)

Al = A, (1.2)

A2 = A x A, (1.3)

A* =AU At UAPU.. = UAY (1.4)
At = A" —c. (1.5)

O/iHa W3 OCHOBHBIX OIEpaIUil HaJl CJIOBAMU — 9TO OMHADPHAS
orepanus KOHKamMeHauus:

()@ B) = af (1.6)

MozkHO pacuupuTh Onpesesienne KOHKATEHAIIH:

(), B), (B,7) — aBpy (1.7)

Oneparnps (.) He KOMMYTATHBHA.
Bynem rosoputs, uro § ecth nodcao8o ciioBa «, ecin o =
vBd, vae v u & — ITO TakXKe cjoBa u3 A*.

IIpumep 1.3. Ilycrs @ = abac, Torma €, a, b, ab, ba, bac, ac, c —
nozcsioBa. Keraru, o — mozcioBo camomy cebe.
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Jpyrasi ecTecTBeHHAsI OIEPAIUS — ITO 3AMEHA OIHOTO IIOI-
cyoBa ApyruM. Fe MOKHO IIpeicTaBuTh Kak MYHKITIIO, BEPHEe KaK
COOTBETCTBHUE, TAK KaK Pe3yJIbTaT JeHCTBUS 3aBUCUT OT IIOPSJIKA
npuMeHeHns. EcTecTBEHHO BBECTH MPABUJIO, IO KOTOPOMY OTIepa-
s 3aMEHBI TPOBOIUTCS CAEBG HANPABO.

IIpumep 1.4. Bamena f(ab) = baa, To ecTh moOsICIOBO ab 3a-
MeHsIeTCsI Ha IIOJCJIOBO baa.

SH3bix L — 9T0 IOAMHOXKECTBO BCEX CJIOB:
L C A" (1.8)

,ZLJ'IH A3BIKOB CIIpaBEIJINBbI OTHOIIICHMA:

LiLj ={aBla € L;, B € L;}, (1.10)
L"=L""'L,neN. (1.11)

Bozuukator cieyrornime 0CHOBHBIE 3aa9H:

1. Kak mopouTh sI3bIK, CJI0BA KOTOPOrO OYIYT CEMAHTUIECKH
OCMBICJIEHHBI! JI7IST 3TOr0 BBOJAWUTCS TOHSITHE 2PAMMAMUKY WA
nopoHcAaIoWet CUCEMbL.

2. TlonsiTHe TpaMMATHKM MOXKET CIIOCODCTBOBATH PEIIEHUIO
JIBYX TIpOOIeM:

2.1. Kax mopozk/1aTh HOBBIE CJI0BA, TPUHAIEIKAIIAE 38, TaHHO-
My s3bIKy L7

2.2. Kak 110 3ajaHHOMY sI3bIKY L ¥ CJIOBY (v BBISICHUTD, IIPUHA/I-
JIEZKUT JIM 3TO CJIOBO JaHHOMYy st3biKy? Ilociiennsist 3aiava Ha3bI-
BaeTcs 3adavets 2pamMmamuseckozo pazbopa (npobaemoti paspewsu-
MOCTNU UAL PACTIOZHABAHULA), TO €CTh, €CJU ObITh OJIMKe K IIPAK-
THKE, 9TO IPOBEPKA TOr'0, YTO IPEJCTABIEHHOE CJIOBO ITOCTPOEHHO
110 IIpaBUJIaM f3bIKA.

1.2. TI'pammaruka

Muoxkecrso I' = {N, T, P, S} HasbiBaercst 2pammamuros, eciiu
€T'0 JIEMEHTHBI OIIPEAC/IAIOTCA II0 CJICAYIOINM IIPpaBUJIaM:
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1) N — andaBur HemepMuHaAbHBLT CUMBOJIOB; GYKBbBI 9TOI0
aspaBUTa MOT'YT BXOJINTH B IPOMEXKYTOUYHBIE CJIOBA, HO HE JIOJIK-
HBI BXOJIUTb B Npodyxm 0elicmeus 2pamMMemuKy, WIn B Pe3yab-
mam noposicderus (TO €CTb B CA06G, NOPOAHCAAEMBIE 2PAMMATIU-
Kot);

2) T — andaBuT MePMUHAALHBLL CUMBOJIOB, ipudeM NNT =
@; 9TO B HEKOTOPOM CMBICJIE 3aBEPIIAIOIIAE CUMBOJIBI, TO €CTh Te,
U3 KOTOPBIX OYAET COCTOATH Npodyxm Jeticmeus 2pammamuku;

3) P — KOHEYHOE MHOIHCECTNBO NPOOYKUUTLL:

PC(NUT)T x (NUT)*. (1.12)

[MosicarM, 9TO MOJIPAa3yMeBAETCs O, MHOXKECTBOM POIYKITHI.
DTO HE YTO MHOE KaK MHOXKECTBO NPABUA 8bl800a M NOPOIHC-
darnouwuxr npasus, KOTOPbIEe PErJIAMEHTUPYIOT 3aMEHY CJIOB, CO-
JIepKAIUX HeTEPMUHAJIBHBIE U TEPMUHAJIBHBIE CUMBOJIBLI, HA, JIPY-
rue cjoBa. [IpudaeM mmycToe CJIOBO HeJIb3sl 3aMEHsITh Ha HEILYCTOE,
a HaobopoT — MOKHO. Kak mpaBmiio, 3;/eMeHT MHOYKecTBa P mpe/i-
cTaBJisieT coOOl apy CJIOB, Pa3/IeJIeHHBIX 3HAKOM «—»: @ — [3;

4) S — HaUaABLHBIT CUMB0A. 3aMETUM, 9TO HAYAJLHBINA CUM-
BOJI IPUHA/JIEKUT aiaBUTy HETEPMUHAJIBHBIX CHMBOJIOB.

Kpome Toro, maoxkectBo V= N UT — 310 cr08apb rpamma-
Tukn I

IIycts o — 3 — npasmiio rpammaruu I' u € = y1ay2 — €10BoO,
npudeM v1,v2 € V*. Torma cioBo ¢ = 71072 MOXkeT ObITH HO-
JIYYEHO M3 CJIOBa £ IyTeM IIpHUMEHeHHs npaBuwia o — [3 (To ecrb
3aMeHolt B £ nojicaoBa « Ha ). B 9TOM ci1yuae roBopsiT, UTO CJI0-
BO 1) HenocpedcmeerHo 8vi8edeno u3 CjioBa £ U 0003HAYAIOT
¢ = ¢ (nenocpedcmeernoili 661600).

Eciu 3aman wabop cios = (wg, w1, .. .,w,) TAKAX, 9TO CYy-
IIECTBYET IIOCJI€JOBATEJIbHOCTD HEIIOCPEJACTBEHHBIX BBHIBOIOB!

Wo = W1, W1 = W, ..., Wno1 = Wn, (1.13)

TO TAKyIO [OCJIEJOBATEILHOCTD HA3BIBAIOT 8b18000M Wy, U3 Wy B
rpammatuke ' u obo3Haga0T Wy = Wy, .
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MHOXKeCcTBO KOHEYHBIX CJIOB TepMUHAIbHOrO ajdasura 1
rpaMMaTuKy [', BBIBOAMMBIX M3 HAYAJIBLHOTO CHMBOJIA S, HA3bIBA-
eTCsl A3BIKOM, NOPOHCIGEMBIM 2pammamuroti I', u 0b6ozHa-
qaerca L(I'): !

L) ={w e T*|S =" w}. (1.14)

Ucxos 3 ompeiesiennst, OJydaeM, 9TO CPeJii MHOXKECTBa pa-
BUJI TPaMMATUKHU JTOJIZKHO ITPUCYTCTBOBaTb XOTs 6bI O/THO ITPpaBUJIO
Busia S — «, e S — HavasbHBIA cumBoiL, @ € V* = (NUT)* —
[IPOU3BOJILHOE CJIOBO.

IBe rpammatuku 'y u I's HA3BIBAIOTCS 9K8UBAAEHMHBLMU,
ecM OHM TOPOXKJAIOT OJIMH M TOT Ke si3blk, To ectb L(T'y) =
L(Ty).

IIpumep 1.5.

1. N = { (upemioxenue), (nomyexaiiee), (apTukib), (cyuie-
cTBUTENBHOE), (cKasyeMoe), (nomosHenue)}.

2. T = {the, dog, bit, me}.

3. P = { (upemnoxkenne) — (momyiexkaee) (ckazyemoe) (mo-
HOJIHEHUE),

(momyiexkaiee) — (apTUKIL) (CyIIECTBUTENBHOE),

(apTukib) — the,

(cymecrBurenbuoe) — dog,

(ckazyemoe) — bit,

(momostHeHne) — me}

4. S = (npemyoxkenue).

OmpenesuM s3bIK, TOPOXKIAEMBIi [IPE/ICTABICHHOI IpaMMAaTH-
koit I' = {N, T, P, S}. Ilnst 3T0r0 IOCTPOUM BBIBOZ, B 3TOH IpaM-
MaTHKe:

(mpemioxkenne) = (momyexainee) (ckazyemoe) (J0moJIHEHNE)
= (aprukib) (cymecrsurenbioe) (ckazyemoe) (monosHeHue) =
the (cymecrsurenbroe) (ckasyemoe) (monosneHuwe) = the dog
(ckazyemoe) (momosnmenune) = the dog bit (nomonmenne) = the
dog bit me.

Takum obpaszom L(I") = { the dog bit me }.

!B HEKOTOpBIX CTyvasx JAJis OGO3HAYMEHHs A3BIKA YIOGHO HCIONB30BATH
sanuch L(S), rne S — HaYa/IbHBIA CUMBOJI IDAMMATHKH.
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st Toro, 9To0OBI HEe MyTaThCA B ODO3HATEHUAX W ABTOMATH-
3UPOBATH MPOIEECC NPOJYUUPOSAHUSA CJIOB A3BIKA, TIPUMEHSITECS
cuMBosinka DBskyca-Haypa wnin, wHade, 3anmuch BeleTcad B HOP-
Mmaavroti popme Baxyca-Haypa (BHD):

1. «<» (mema-omxpoimsv), «>» (MeMa-3aKPLIMb) — TAKUME
CHMBOJIAMH BBIJIEJISIOTCS 3JIEMEHTHI 13 N, 9TOOBI HE CITyTaTh WX
¢ snemenTamu u3 1.

2. «i:=» (mema-npuceoums). Mera-npucBouTh MOXKHO HHTED-
IPeTUPOBaTh KaK OTOOpasKeHNe OJIHOrO CJIOBA B JIPYTO€ WJIH, UHA-
Je, 3aMeHy (9TO aJbTEPHATHBA CUMBOJIA <—» ).

3. «|» (mema-uau). Ecoim B P umerorcst siemeHTHl (v —
B8), (a — =), T0 3TOT paKT MOKHO 3anmcaTh KaK « ::= [3|7,.

Ormernm, aro Biepbie BH® Obia ycmenrHo npuMeHeHa JIjist
OTIpe/JiesIeHns CHHTAKCHUCa a3bIKa AJrosi-60.

IIpumep 1.6.
N={<A><8>}
T ={a,b,c,d},

P={<S>—>a<A>d,
<A>—b<A>ble<A>|c}.
Dra rpamMmaTHKa OyJeT MOpoXKJaTh Bee cioba suga: a{b,c}td.
3/ech 3HAK IUIIOC O3HAYAET MOBTODP OJWH mau OGojiee pas, U Ha
KasKJI0l UTepanuyu BLIONPAETCS 3JIEMEHT U3 (PUTYPHBIX CKOGOK.

IIpumep 1.7.

N={< 5>},

T={()}
P={<S>><S><S>|(<S>)|0}
Beisenenm cioso ()(()()):

0000) =< 5> (00) =< 5> (< 5> () =

E<S>(KS><8>) <S> (<85>«

IS >< S >E< 85>
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1.3. HMepapxusa XoMCKOro

Ipammaruka I' = {N,T, P, S} 6e3 BCAKUX OrpaHUYeHUil HA3BI-
BaeTcs 2pammamurot Xomckozo muna 0 niu rpaMMaTHKON
obwez0 suda. I'pavmvaruku Tuna 0 HEe UMEIOT HUKAKUX OIDAHU-
YeHuii Ha IIpaBUsa BHBOAA. JI1060e MpaBUIO MOKET OBITH OCTPO-
€HO C HCIIOJIb30BAHUEM MPOU3BOJBHBIX CJIOB.

Ecsu npoaykimn rpaMMaTHKA UMEIOT BUJL
a—fB, a=yAy, B=md, (1-15)

V1,2 €V =(NUT)*, A€N, 5€V+:(NUT)+, (1.16)

TO TrpaMMaTHKa | Ha3blBaeTcs KOHMEKCMHO-3a8UCUMOT
(K3T') wiu epammamuroti Xomerozo muna 1. Herepmunasib-
HBII cuMBOJI A 3aMeHsiTCsS Ha Hemycroe cjioBo d. CioBa 1 1 ¥
OCTAIOTCsl HEU3MEHHBIMU B X0JI€ IPUMEHEHUsI [IPABUIIA BBIBOJIA, O~
9TOMY UX HA3BIBAIOT KOHMEKCMAMU (COOTBETCTBEHHO, JIEBBIM U
upaBbiM). AusibrepHaruBnoe onpeeienne K3I' naer coemyromas
Teopema [8].

Teopema 1.1. I'pammamuxa T aeasemca xoumexcmmo-
3a6UCUMOTL 0204 U TOAYKO Mo2da, k0204 dis A1060T ee NPodyk-
YU ¢ — 3 6HINOAHERO YCAOBUE

1< o] < 18- (1.17)

Nubmvu ciioavu, K3I' e ykopauunsaer ciiosa.

I'pammaruku Tuna 1 3HAYNTENTBHO yA00HEE HA MPAKTUKE, €M
rpaMMaTuKy THNa (), TOCKOIBKY B JIEBOI YaCTH MPOIYKIINH BCETIA
3aMeHsIeTCsI OJIH HETEPMUHAJIBHBIN CHMBOJI, KOTOPBII MOXKHO CBSI-
3aTb C HEKOTOPbIM CHUHTAKCHYIECKUM ITOHATHEM, B TO BpeMd KaK B
rpamMmaTuKe Tumna (0 MO2KHO 3aMEHSIThH CPa3y HECKOJILKO CUMBOJIOB,
B TOM YHCJI€ U TEPMUHAJILHBIX.

IIpumep 1.8. I'pammaruka I' = {N, T, P, S}, B koropoit N =
{SaA7B}a T = {aab7c>d}7 P= {P17P2aP37P47P57P6}3 rae

P =5 —aAS,
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P, =AS — AAS,
P; = AAA — ABA,
P,=A—0b,

Ps; =bBA — bedA,
Ps =bS — ba,

SBJISIETCS] KOHTEKCTHO-3aBUCHMOM, IMMOCKOJIbKY BTOPOE U IIEeCTOe
OpaBUjia UMEIOT HEeIyCTOH JIeBbII KOHTEKCT, TPeThe U IATOe Ipa-
BHJIa, COJIEPXKAT 00a KOHTEKCTa. BBIBOJ B TAKOil IrpaMMaTUKe MO-
2KET UMETH BUJIL:

S = aAS = aAAS = abAS = abbS = abba.

IIpumep 1.9. Pacemorpum K3It N = {S, Y, Z}, T =
{x,y,z}7P:{P1,...7P7}, rae

P=5S—25YZ

Po=S—2YZ
P;=2Y — zy
Py=yY —yy
Ps=yZ — yz

Ps=2Y -YZ
Pr =27 — zz

3amMerum, 9TO NpaBuio Ps B JaHHON (DOPMYJIMPOBKE HE YKJIAIbI-
Baerca B onpenenenne K3I', HO OHO 0YeBHIHBIM 0OPA30M MOXKET
OBITH 3aMEHEHO CJIEJYIOMIEH TETOYKON TTPABILIT:

7Y - ZA ZJA—-YA YA—-YZ

DTa rpaMMaTHKa MPOAyIupyeT cjoBa Buma: z"y"z", n > 0.
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CileyomuM THIOM B KJIACCU(DUKAIMA XOMCKOIO SIBJISIETCSI
mun 2, Wi KoHmexrcmHo-ceobodnvie rpavmmvaruku (KCT).
IIpasuia seiBoga just KCI' umeror B

A= a, (1.18)

AeN, acV* (1.19)

OTHU MpaBUa TOJIYYalOTCs W3 TPABUJI TPaMMATUKN Tuna 1 mpu
yeiaoBun ¥, = o = € u 0 € V*. OueBugHO, 9TO 3TO HOJIEE CHJIB-
HOE OTpaHUYeHNe Ha TPAMMATHKY, HO 00JIACTh TPUJIOKEHUIT TaKOH
rpammaTuku yke. To ecth, ecTb si3biku, npeacraBumbie K3T, HO
ne KCI.

Bamerum, aro umerHo KCI' ucrnonb3yorest /st OMuCaHus s3bI-
KOB IIPOI'PaMMHUPOBAHUSI.

ITpumep 1.10. S — aSh, S — e.
OTa rpaMMaTHKa [IPOyIUpyeT BbipaXkeHus: Buja a’*b™, n > 0.

ITpumep 1.11. S — aSa, S — bSb, S — aa, S — bb.
DTa rpaMMaTHKa HOPOKIAET S3bIK, KaXKJI0€e CJIOBO KOTOPOIO CO-
crouT U3 AByX vacreil: cioBa o € T 1 3epKaJbHOrO OTOOpasKe-
must sToro ciosa o : L = {aa’|a € TT}. C nomornpio mpasmt 31oit
IPaMMATHKH MOXKeT OBITH OCTPOEHO CJIEYIOLIEe CJI0BO:

S = aSa = abSba = abaSaba = ababbaba.

Aemomamnoli zpammamuroy (rpamMMmaTHKoil muna 3
wm  A-zpammamuroti) Ha3bIBAETCA KOHTEKCTHO-CBODOIHAS
I'paMMaTHKa C IIpaBUJIaMH BHOa.:

A — aB (wmu A — Ba), A—e¢, (1.20)

ABEN, acT. (1.21)

A—I‘paMMaTI/IKa MOXKeT MMEThb TOJIBKO IIpaBHJIa BHUJIa A — G,B -
NPABOCMOPOHHUE NPABUAQG, TUOO TOJLKO IpaBuia Buga A —
Ba — aesocmoponHue npasuaa.
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IIpumep 1.12. [IpaBocToponHsis A-rpaMMaTHKa:
S—aS, S—aA, A—bA, A—-bZ 7 —c¢
U JIEBOCTOPOHHssT A-rpaMMaTuka;
S— Ab, A— Ab, A— Za, 7 — Za, Z —e.

OTH rpaMMaTHKH SBJISIIOTCS SKBHBAJEHTHBIMH U I[TOPOKJIAIOT
a3pik L={a...ab...bn,m > 0}.
N~

n m

MuozkecTBa A3BIKOB Pa3J/IMYHbIX THUIIOB (HOpO}K,ZLeHHI:IX I'paM-
MaTUKaMU Pa3JIMNIHBIX TI/IHOB) coeMHeHbl OTHOIIIEHUEM BKJIIOYE-
HUA:

LTHHa 3 C LTI/I]‘Ia 2 C LTMHa 1 C LTMHa 0- (122)

MoxkHO 1MOKa3aTh, YTO JAHHbIE BKJIIOUEHUS SIBJISTFOTCS CTPOTUMU.
OrmeruM, 9T0 HaMbOJIbIIEe IIPAKTUIECKOE IIPUMEHEHNE HAaXOIAT
rpaMMaTHKN U SA3BIKW THIA 2 U TUIA 3.

1.4. TIlocTtpoeHme BBIBOAA

1.4.1. CuHTakcu4eckoe JepeBo

Kaxknplit s3bIK, 3ajaBaeMblil U IIOMOIIM I'PAMMATHKH, IIPE/I-
crapJisieT co00it MHOYKECTBO CJIOB, IIOCTPOEHHBIX I10 OIIPE e/ IEHHBIM
npaBumwiiaM. HammoMHUM, 9TO IpOIEcC MOCTPOEHUS KaXKI0r0 CJIOBa
Ha3BIBAETCS 8b18000M. UTOOBI clie/1aTh BBIBOL OOJIee HATIS THBIM,
ero m300pazkaloT B BUJE JIEPEBa, KOTOPOE HA3BIBAETCS CUHMAK-
cuyeckum depesom uiu depesom 6bv.80da.

YuuThiBast, YTO BBIBOJ, JIFOOOTO CJIOBA S3bIKA, IIOPOKIAEMOIO
3aTAHHOM TPAMMATHUKOMN, TOJIKEH HAUMHATHCSA ¢ HAYATHLHOIO CUM-
BOJIA, NPAGUAG NOCPOEHUSA Jepesa MOXKHO CHOPMYIUPOBATH TaK:

1) HavYasbHAs BEPIINHA WM KOPEHb JlepeBa 0003HAUAETCST Ha-
9aJbHBIM CHMBOJIOM T'PaMMaTHKHU S; 9Ta BeplinHa obpa3yer Hy-
JIEBOIl ApyC HepeBa;
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2) ecJiu TIpM BBIBOJIE CJIOBA HA OYEPEJIHOM IIare UCIOJIb3yeTcs
IpaBUJIO TpaMMaTUK A — o M BepIIMHa, OTMeYeHHas HeTepMHU-
HAJIbHBIM CHMBOJIOM A, pacIojioykeHa Ha sipyce ¢ HomepoM (k—1),
TO K IIOCTPOEHHOMY JIepeBy HY?KHO J00ABUTH CTOJLKO BEPIIHH,
CKOJIBKO COJIEP?KUTCH CUMBOJIOB B CJIOBE (v, PACIIOJOXKUTD 3TH Bep-
MIMHBI Ha apyce k, 0G03HAYUTDh WX CHMBOJIAMH CJIOBA (¢ U COEIIH-
HUTDb 9TH BEPUIMHBI JyTaMH C BEepIIMHOH A.

Pesyavmamom 6vui600a SBASETCS MHOKECTBO KOHEIHBIX y3JI0B
— AUCMBEE, KOTOPBIE BLIUCHIBAIOTCS IIPU 00XOJIE JIepeBa CieBa —
BHU3 — HaIpaBO — BBEPX.

BameTnM, 9TO IyHKT 2 cPOPMYJIUPOBAH I IPAMMATUK THIIA,

2 n 3.

IIpumep 1.13. PaccmorpuM rpaMMaTHKy
S — aSb, S — ab,

KoTOpas mnopoxaaer sa3bik L = {aa...abb...b}, roe a u b nosrops-
oTcd o n pa3, n = 1,2,... JlepeBo BbIBOsA 7151 caoBa aaabbb
IIpe/ICTaBJIeHO Ha pHUCYHKe 1.1

S

TN

Puc. 1.1. IIpumep cHHTAKCHYECKOrO aepeBa (JepeBa BbIBOJIA)

1.4.2. CuHTakcuyeckmuii pa3dop

Paccmorpum mpyroit criocod 3aganust BuIBOAa caoBa. st aToro
[IPOHYMepYeM BCe 3JIEMEHTBI MHOYKECTBA TPOAYKITUI WU, YTO TO-
2Ke caMoe, BCe MPaBUJIa IPAMMATUKY.

ITocnenoBarebHOCT HOMEPOB MPABUJ I'DAMMATHKH, IIPUMe-
HEHIE KOTOPBIX MTO3BOJISIET TOCTPOUTH BBIBOJ, 3aJAHHOTO CJIOBA (v
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U3 HAYAJIHHOIO CHMBOJIA TPAMMATHUKHU, HA3BIBAETCH CUHIMAKCU-
weckum pa3bopom o.

IIpumep 1.14. Bozspamasich Kk rpamMmaTuke npumepa 1.13:
(1) S — aSh, (2) S — ab,
TOJTydaeM, ITO BBIBOJL

S = aSb = aaSbb = aaabbb

nMeeT CHHTaKCHIecKuil pastop [1,1,2].

SaMeTnM, 9TO B XOJI€ MTOCTPOEHUS BBIBO/A MOTYT IOSABJISTHCS
MIOJICJIOBA, COJIEpPIKAIIe HECKOJIBKO HETEPMUHAIHHBIX CHMBOJIOB.
B stom ciiyuaae, 9T00OBI IPOTOIKUTE BBHIBOJ, MOYKHO BBIOPATD JIJIsT
3aMeHbI JII000i 3 Hux. Takum 06pa30oM, IPU BBIBOJIE CJIOBA OJIHU
7 Te JKe IPABUJIA MOTYT OBITh MCIIOJIb30BAHBI B PA3HOM IIOPSIJIKE.

IIpumep 1.15. Ilycts N = {S,T,M}, T = {i,+,%,(,)}, P
COCTOWUT W3 NMPABUJL:

(1) S—=S+7T, (2 S—T, ) T—-TxM,

4) T—-M, OB M—(S), (6) M—i.

O uH U3 BapUaHTOB BBIBOZA CJIOBA i + 1 * i ¥ COOTBETCTBYIOIIUIA
CUHTAKCUIECKUH pa300p UMEIOT CJIeIYIONuit BUT;:

S=S+T=T+T=>=M+T=i+T=i+T*xM =
=1+ M«xM=i+ixM=1+17%3;
[1,2,4,6,3,4,6,6].

O“IeBI/I)J,HO7 Y9TO CyHIeCTBYIOT U JAPYyIrue€ BbIBO/bI, a 3HAYUT U CHUH-
TaKCUYIEeCKUe pa360pbl 9TOI'0 CJIOBA.

YopaxkHeHue 1.1. BeiBegure cjIoBO ¢+ ¢ B 9TOil »Ke rpaMMa-
TUKE IECSITHIO PA3INIHBIMEA CIIOCOOAMI.



16 I'maBa 1. f3bIku 1 rpamMMaTuKn

1.4.3. XapaKTepHuCTHKHU BbIBOIA

BriBon HazbiBaeTcs A€68bIM WU AEB0CTMOPOHHUM, €CJIH TIPU
KazKJIOM IIPIMEHEHNH IPaBUJIa BBIBOA 3aMEHACTCA CAMBIIl JIeBbI
HETEPMUHAJIBHBII CMBOJI. BBIBOJ Ha3bIBAETCA NPABHIM WA NPA-
60CTMOPOHHUM, €CJIA IIPUA €T0 IOCTPOCHNN BCerla 3aMeHAeTC A Ca-
MBIl IpaBbIil HETEPMUHAJIBLHDBII CUMBOJI IPOMEXKYTOYHOI'O CJIOBA.

3aMeTHM, 9TO JIEBOCTOPOHHUE U IIPABOCTOPOHHIE TPABUJIA BbI-
BOJa yzKe YIIOMUHAJIUCL IIPU OIIPEIEesICHUN aBTOMATHON IpaMMa-
TUKU.

ITpuBenennsrit Boime mpumep 1.15 BeIBOgA cjioBa © + @ * i siB-
JISI€TCsI JIEBOCTOPOHHUM BBIBOJIOM.

IIycrs B rpammaruke I' cymiecTByeT HECKOJIBKO BBIBOJIOB (&
3HAYUT ¥ HECKOJIbKO CUHTAKCUIECKUX PAa360pOB) HEKOTOPOIO CJIO-
Ba . B 3aBucumoctn ot v u I mmeer mecTo jiBa cirydas:

— Pa3JIMYHBIM CHHTAKCUYECKHM pa30dopaM CJI0Ba (¢ COOTBET-
CTBYET OJIHO U TO K€ CHHTAaKCUYECKOE JIEPEBO;

— CHHTaKCHYECKHE JIePEeBbsI TaKxKe PA3JIIMIHBI.

VYupaxnenue 1.2. [lokakute, 9T0 pa3IuIHBIM BapHAHTAM
BBIBO/IA CJIOBA ¢ +%%% COOTBETCTBYET OJTHO CHHTAKCUYECKOE JIEPEBO.
[IpoBepbre, 9TO aHAJIOTUYIHAS CUTYAIAST UMEET MECTO U JIJIs CJIOBA
1+ 1.

IIpumep 1.16. B rpammaruke

S—AB, A—a, A—ac, B—b, B —cb
CJIOBO ach MOYXKHO BBIBECTH JIBYMsI CIIOCODAMM:

S = AB = Ab = acb

43R03
S = AB = Acb = acb.

VYupaxkxnenue 1.3. IIpoBepbTe, 9TO CHHTAKCUYIECKUE Jepe-
Bbsl, COOTBETCTBYIOIINE STUM BBIBOJIAM, TaKKe PA3JIMIHBI.
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CnoBo « s3bika L(I') HasbiBaeTcs HEOOHOZHAUHBLM, €CIIH
JUIsl €r0 BBIBOJA CYIIECTBYeT (GOJIee OJHOIO CHHTAKCHIECKOIrO Jie-
peBa. B arom ciayuae rpammaruka I’ Takike siBisiercsi HeoOHO-
3HaAYHOU.

Heonnoznaunocrs xapakrepsa st KCI' u moxer nmers me-
CTO HE TOJBKO B WCKYCCTBEHHBIX $3bIKaX. lIpuMepaMu HEOHO-
3HAYHOCTU B €CTECTBEHHBIX SI3BIKAX SIBJISIIOTCS TIPEJJIOKEHUST, J0-
MyCKAIOIIye HeOHO3HATHYIO ceMaHTuKy. Bo dpasze «Ilaabro mc-
[MavKaj0 OKHO» HE SICHO, YTO SsIBJIETCs IIOJJIEXKAIWM, a 9TO
JomnoJiHeHreM. JIpyruM mpuMepoM CJIyKUT aHrIuiickas dpasa:
«They are flying planes», koTopass MOXKeT OBITH IOHSATA JIBOS-
k0: «Onu mutorupyior camosier» («are flyings — ckazyemoe) uiu
«Jro sersamue camosersl» («flying planess — gomnosnenue).

1.5. Iloctpoenue KC- u A-rpammaruk

Pemraemyio B aTom maparpade 3a/1ad1y MOXKHO IOCTABUTH TAK: 3a-
IaH BUJI CJIOB si3bIKa, TPeOyeTCs ONUCATh S3BIK C IIOMOIIBIO N0-
pooicdarowedi TpAMMATHKI. DTa 33Ja9a OTHOCHTCS K KJIacCy 9B-
PUCTHYECKUX 3aJa4, He UMEIOIUX OOIUX AJITOPUTMOB DEIeHUsI.

Bosee neranpHO, 3a7a9a MOCTPOEHHS I'PaMMATHK COCTOUT B
TOM, YTO JJI 38JJaHHOTO B BIJIE OIINCAHUA HA €CTECTBEHHOM A3bIKe
MHOXKECTBA KOHEYHBIX CJIOB, TPEOYETCH MOCTPOUTH I'DAMMATHKY,
ITOPOXKIAIONLYIO0 3TO MHOXKECTBO CJIOB. TepMUHAJIBHBINA CJIOBAPb
rpaMMaTHKH BKJIIOUYAeT BCE CUMBOJIBI, NCIOJIb3yeMBbIE JIJIsl IIOCTPO-
€HHUS CJIOB, BXOJIAINNNX B 33/ JAHHOE MHOXKECTBO. Pe3ybraToMm perre-
HUA 3aJ1a9U JOJIKHBI IBUTHCSI HETEPMUHAJIBHBIN CJIOBaph U IIpa-
Busa rpammaTuru. IlocTpoenne 3Tux OOBEKTOB IMPE/ICTABIISETCS
BECbMAa CJIO?KHBIM, ITOCKOJIBKY OHO JIOJI2KHO BBIIIOJIHATHCA HEPOP-
MaJIbHO U TPeOYeT MBICIEHHOI'O OXBAaTa BCEBO3MOXKHBIX BADUAHTOB
ITIOCTPOEHNUI CJIOB 33JJaHHOTO MHOXKecTBa. IlocTpoeHne yciaoxkHs-
eTcd ellle W TeM, YTO OHO, KaK M BCgKad Apyrad 3aJada CAHTE3a,
uMeeT MHOT'O PelleHuit.
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1.5.1. CTpykTypa CJIOB U IpaBUJjia TpaMMaTUKN

Yr006bI IOKA3aTh, KAKIM 00pPa30M CTPYKTYPa CJIOB 0TOOPaXKAETCsT
B TIPABUJIA TPAMMATHKHN, PACCMOTPHM CJIEIYIOIIUE TTPAMEPHI:

1. CnoBy, cocrosmeMy u3 3aJJaHHBIX CUMBOJIOB abC, COOTBET-
CTByeT mpaBmwio S — abc.

2. CJ10By, HAUMHAIOIIEMYCS C 3aJJAHHOTO CUMBOJIA (1, COOTBET-
crByer npasuiio S — aA.

3. CnoBy, 3aKaHIMBAIOIIEMYCsl 38/ JaHHBIM CUMBOJIOM @, COOT-
BETCTBYET NpaBujio S — Aa.

4. CJi0By, HAQUMHAIOMIEMYCH U 3aKAHIABAIONIEMYCS 38 IAHHBIMA
cUMBOJIAME @, b, cooTBeTcTBYeT mpaBmwio S — aAb.

5. Cy0BYy, cofiepKallleMy B CEPEJIIHE CHMBOJI 4, COOTBETCTBYET
npasmio S — AaB.

6. CstoBy 3a/1aHHOI JUIUHBI | = 2 COOTBETCTBYIOT IIPABUIIA
S—aAuA—a.

7. CJ10BY, COCTOSIIEMY U3 TIOBTOPSIOLIMXCS CUMBOJIOB ¢ (CTPYK-
Typa TaKuX CJIOB Xapakrepusyercss (ppas3oil «OWH WM MHOTO» ),
COOTBETCTBYIOT IIPABUJIA, COIEPIKAIINE PEKYPCUIO:

A — aAla (IpaBOCTOPOHHSIS PEKYPCHUS) U
A — Aala (1€BOCTOPOHHSIS PEKYPCHS) UK
A — AAla (1ByCTOPOHHSISI PEKYDCHS ).

8. CyoBy, coCTOsAIIEMY U3 Y€PE Ly IONIXCsS CHMBOJIOE @ U b, CO-

orBercrByIoT npasuia A — aBla u B — bA|b.

1.5.2. Omnucanue CunckoB

PaccmoTpum mocTpoeHme rpaMMaTHK JIJIS TTOCTEI0BATEIHHOCTEH
CAMBOJIOB U TIOCJIEJIOBATEJILHOCTE CHUMBOJIOB C Pa3/ICJIUTEIISMU.
Takue moC/I€I0BATEIBHOCTH YACTO HA3BIBAIOT CNUCKAMU.

1. O6o3HAYNM 3JIEMEHT MOCIEJIOBATEILHOCTH CUMBOJIOM (.
[Ipocreiimast 1moCcIe10BATEILHOCTD MOYXKET COCTOSITH U3 OJHOIO
anemeHTa a. Bce apyrue mocsenoBaTebHOCTH MOTYT OBITH IIO-
JIy4eHBbI TIyTEM MPHUIINACBIBAHUS K YK€ IOCTPOEHHOU IIOCJIeI0Ba-
TEJIBHOCTH €Ille OJTHOTO 3JjieMeHTa. FKcm 0003HaYnTh OCTaBIITYIOCS
JaCTh TOCJIEIOBATETbHOCTH HETEPMUHAJIBHBIM CUMBOJIOM R, a BCIO
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[I0CJIEI0BATEILHOCTD CUMBOJIOM L, TO TIOJIyYUM IIpaBUJIA TPaMMa-
TUKHU B BHU/IE:

L —aR, R— aR|e.

3amMeTHM, 9TO ITOT XKe CIUCOK Hopoxkaaior npasuia L — alal.

2. B npeapiayieit 3aj1aue mpeanoarajioch, 9To Cucok L mo-
2KE€H COJIEPXKATH XOTs ObI OJUH 3j1eMeHT. Eciun xKe TOomyCcTuTh, 910
MHOYKECTBO CJIOB, IOPOYKIEHHBIX MPABUJIAMU TPAMMATUKI, MOYKET
BKJIIOYATH IIyCTONH CHMBOJI, TO K ITOCTPOEHHBIM IIPABUJIAM HYZKHO
106aBUTH elle OJHO npaBuyio L — &.

3. Paccmorpum mocTpoenme cnmcka, MKy SJ€MEHTAMM KO-
TOPOrO JIOJIZKHBI CTOSITH pa3zeanTesin. BeibepeM B KadecTBe pas-
JiesiuTess 3Be3/1049Ky. [Ipocreiiimit CliucoK, Kak 1 B IIPEIbIILy IIEM
cJIydae, COCTOMT M3 OJHOTO JIEMEHTa, a IIOCTPOEHMEe CIIUCKa U3
HECKOJIBKUMX JIEMEHTOB MOYKET OBbITH BBIIIOJIHEHO ITPUITUCHIBAHIEM
K y2Ke IIOCTPOEHHOMY CIIMCKY PAa3/IEJUTEIsI C SJIEMEHTOM CIIACKA.
[IpaBuiia, COOTBETCTBYIOIIHE ITOMY TOCTPOEHUIO, UMEIOT BUJI:

L —aR, R — *aR|e.

Crout 3aMeTUTh, 9TO B CJIyUae CIICKA C Pa3JjiejureaeM, 000HTHCH
OJTHUM HETEPMHUHAJIOM HEJIb3.

4. Ecan cumcok ¢ pas/iesinTess M MOXKET OBITH IIYCTBIM, TO
[IPUBEJIEHHBII BbIIIIe HAOOP IPABHUJ HY2KHO JIOIIOJIHUTD €IIe OJHUM
IIPaBUJIOM C IIyCTO# mpaBoii YacThio: L — €.

B obriem cyuae, eciin onmcaHo MHOYXKECTBO CJIOB, TIPE/ICTaBIISI-
IOIUX CODOOI HEKOTOPBIA S3bIK, U TPEOYeTCsi MIOCTPOUTH IPAMMAa-
THKY, TIOPOXKIAIOIILY IO 9TO MHOYKECTBO CJIOB, TO CJIE/IyeT IOCTYIATh
TaK:

1. Beimucarh HECKOJIBKO MPUMEPOB U3 33 JAHHOTO MHOXKECTBA
CJIOB.

2. IIpoanam3upoBaTh CTPYKTYPY CJIOB, BBLIEJsS HAYAIO0, KO-
HEIl, TOBTOPSIIOIINECS] CUMBOJIbI HJIM T'PYIIIBI CHMBOJIOB.

3. Beectu 0603HaUeHUs JJIsT CJIOXKHBIX CTPYKTYP, COCTOSIIAX
W3 I'PYIIIT CUMBOJIOB. Takue 0003HaYeHUsT SIBJISIIOTCST HETEPMUHAJb-
HBIMH CUMBOJIAME UCKOMOIl TPaMMATHUKH.
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4. TlocrpouThb TpaBWIa JJisi KaXKJI0W U3 BBLIEJIEHHBIX CTPYK-
TYD, UCHOJIB3Ysl JJIs 3aJ[aHUsT TIOBTOPSIONINXCST CTPYKTYD PEKYp-
CUBHbBIE TIPABUJIA.

5. O6beuHUTD BCe MTpABUIIA.

6. [IpoBepuTh ¢ MOMOIIBIO BBIBOJIOB BO3MOYKHOCTD MOJTY I€HUST
CJIOB C Pa3HOU CTPYKTYPOH.

IIpumep 1.17. Ilpumenenue TPUBEIEHHBIX PEKOMEH AN
pacCMOTpUM Ha CcJeayionieM mpumepe. Tpebyercss TOCTPOUTD
rPpaMMATHUKY i s3bIKa L, TePMUHAJIBHBIN CJI0BApb KOTOPOI'O
T = {x,+}, a cioBa, oOpasyionye s3blK, UMEIOT CJIEILYIOLYIO
CTPYKTYDY:

a) KaxKJ0e CJIOBO HAYMHAETCs 3BE3I0YKON U 3aKAHINBACTCSH
JIBYMsI 3BE3JI0UKAMU;

6) MeXKJy HAYAJIOM U KOHIOM CJIOBA MOTYT OBITH JIMOO HEILy-
cTasl OCJIEeI0BATEIbHOCTD IJIIOCOB, JIUOO HECKOJIBKO TAKUX TOCJIe-
JIOBATEJIbHOCTEN, Pa3/IeJIEHHBIX CUMBOJIAMU *.

1. BragaJie TOCTPOUM HECKOJIBKO CJIOB 3aJaHHOTO S3BIKA, KO-
TOPBIE MOTYT OBITH MPEJICTABIEHBI B CJEIYIONIEM BUJIE:

* 4 + o ok,

* o ok ok ok

x4+ ok + 4+ + +x+ + + + F ok

s e el e i ol e i e il i ol

2. PaccmaTpuBasi IpUBeJIeHHBIE CJIOBA, MOXKHO BBIJIEIUTH CJe-

JYIOIEe X CTPYKTYPHBIE KOMIIOHEHTHI:

— Havaso cyuosa (cumBos * ),

— KOHeIl ¢JIoBa (cuMBOJIBL ** ),

— HEIyCTas TPYTIIa IIIOCOB,

— [OCJIEIOBATEJIBHOCTD TPYII ILTIOCOB, PAa3/IeJIEHHBIX 3BE3/I0UKA~
MU.

3. O6o3HaYMM T'PYIITY TIIOCOB CUMBOJIOM A, a Tocjie1oBaresb-
HOCTB I'PYIIII IIFOCOB cuMBoJiom C'.

4. BoljesieHHbIE CTPYKTYPBI MOYKHO PACCMATPUBATD KaK CITHC-
ku. Tak rpymnmna mIocoB IpejcTaBiseT co0oi CIucoK 0e3 pasje-
smresieii. [IpaBuia rpaMMaTHKH, 38JIAF0IIEN TAKO CIIUCOK, UMEIOT
Bug; A — +B, B — +Ble. IlocieaoBarelbHOCTh IPYIIL ILIIOCOB,
pa3e/IeHHBIX 3BE3JI0YKOI, IPEICTaBIsAeT CODOI CIUCOK C pasie-



1.5. ITocrpoenne KC- u A-rpammarnk 21

JINTEJIEM, 3JIEMEHTOM TAaKOI'O CITUCKA SIBJISIETCS TPYIIIA TIIOCOB A,
a paszJiesmTesieM — 3Be3/109Ka. [IpaBuiia rpaMMaTHKH, 33 1af0Mei
TAKOM CIMCOK, MOXKHO 3amucarh tak: C — AFE, E — xAE|e. Yuu-
TBIBas, YTO KaXKJ0€ CJIOBO SI3bIKA JIOJI)KHO WMETh HAYAJIO U KO-
HEIl, ¥ , BBIOMpPasi B KAYECTBE HAYAJIBHOIO CHMBOJIA T'DAMMATHKH
CUMBOJI S, TIOJTy9aeM IIPABUIIO, OIPEIEIISIONee 00N BU CJIOBA:
S — xC * *.

5. O6beIuHSIST TTOCTPOEHHBIE MTPABIIIA, OKOHYIATEJIHHO MOJIyda-
€M CXeMy MCKOMOI rpaMMaTUKU:

S—xCxx, C— AE, FE — xAEFE|e,

A— +B, B—>+B|5.

6. C moMOIIBLI0 IPaBUJI IIOCTPOEHHOI IPAMMATHUKYA MOYKET ObITh
[IOJIYYEHO, HAIIPUMED, CIIeIyIoINee cJIoBo: S = *Cxx = xAF xx =
*Ax AE xx = xAx Ax AE =
*Ax Ax Axx =>xAx Ax+Bxx = s Ax Ax+ 5% = xAx+Bx+*%x =
$ A%+ %+ ok k= k+ B4 %+ %k = % 4k + %+ s,

1.5.3. OcHOBHBIE KOHCTPYKIIMM SI3BIKOB IIPO-
rpaMMUPOBAaHUS

O 1HOIt U3 OCHOBHBIX OOJIACTEN TPUMEHEHUs] TPAMMATHK SIBJISETCS
OINMCAaHUE S3bIKOB ITPOTPAMMUPOBAHUs. Y YUTHIBAs IMHUPOKOE WC-
MMOJIb30BAHME TIOJO0OHBIX OIUCAHWI B JIATEpAType W UX BaXKHOE
3HaYEHHE JIJI8 CO3/IaHUS KOMIIMIATOPOB, PACCMOTPUM IIOCTPOEHUE
rpaMMaTHUK /IS OCHOBHBIX KOHCTPYKIMI A3BIKOB IIPOIrPaMMUPO-
BaHusd. YTOOBI COKPATUTH PasMepbl I'PaMMaTUK, HA PacCMaTpH-
BaeMble KOHCTPYKIIUH HAKJIaIbIBAIOTCS HEKOTOPbIE, NHOT/IA CYIIle-
CTBEHHBIE, OI'DAHUYEHU.

I'pammamuru, onucwearouue ueavie wucaa 6e3 3Ha-
xa u udenmugduramopust. Lenbie dncia mpegacTaBiIsgoT coboi
[IOCJIe/IOBATEILHOCTD UMD, MOITOMY UX MOXKHO PaCCMATPUBATH
KaK CIIMCKU, JIEMEHTAMU KOTOPBIX SIBJISIOTCS udpbl. Vcmosb3yst
B Ka4eCTBE aHAJIOTAa I'PAMMATHKY, 3aJAIOIIyI0 CIUCOK 0e3 pase-
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JIITesIel, oIy IaeM CXeMy TPAMMATHKH JJIS Ueavll “uces B BUE:
N — DR, R-— DRle, D—0|1]...]9.

CrpykTypy udenmu@uramopa MOXKHO IPEJICTABUTh B BUIE
JBYX KOMIIOHEHT: HaJaJia W OCHOBHO# dwactu. Hadamom moxker
OBITH JTI00ast 13 OYKB, & OCHOBHAS JACTh MIPEICTABIISIET CODOI CITH-
CcOK 0e3 pazaenuTteseil, sJeMeHTaAMI KOTOPOTO MOTYT OBITH JIHOO
OyKBbI, 00 1udpbl. Vcrmoab3ys BbIIeICHHbIE KOMIIOHEHTBI, 10~
JIydaeM CXeMy IPaMMaTHKU BUJIA:

I — CRl, Rl — OR1|DR1|€,
D —0[1]...|19, C —ald|]...]|.

Ecau Hajlo>KuTh orpaHMYeHust Ha JJIMHY HJeHTH(UKATOpa, Ha-
IpUMEp, JOIMYCTHTh HUCIOJb30BAHUE HICHTU(MHUKATOPOB, COCTOSI-
X TOJBKO W3 TPEX CHMBOJIOB, TO CXEM& TPAMMATHKHU IOJIYyYa-
ercd 1pore (OTCYyTCTBYeT PEKYPCHUs ):

11 — CAl, A1 — CAQlDAQ,
As - C|D, D —0[1]...19, C —ald|]...]z.

I'pammamury 0das apupmemuneckur wvipadrcerud.
YcaoBuMcest paccMaTPUBAThL apUMOMETUYIECKNE BBIPAXKEHUS, WC-
MIOJIB3YIOIINAE MOALKO 3HAKY CAOIHCEHUA U YMHOHCEHUA. BHaIaTE
IIOCTPOMM TPAMMATHUKY IJIsi 8upasiceruti be3 crxobox. Takue BbI-
pakeHus MPEJCTABIAIOT CODOI CI0Ba, KOTOPhIE MOXKHO PACCMAT-
pUBaTh KaK CIHCKH C Pa3JeJInTeNIIMU, IJle POJIb Pas3jiesuTesiei
BBITIOJTHSIOT 3HAKM ollepariuii. B cooTBercTBUM € 3TOI aHaIOrHEi
[OJIyYaeM CXeMy I'PaMMAaTHKH, B KOTOPOil cuMmBoJs I 0bo3HadIaeT
WJIeHTUMOUKATOD, OMPEJeIeHHbIN paHee:

H — IRy, Ry— WIRsle, W — +|x.

YT006BI TOCTPOUTH TPAMMATHUKY, JTOIIYCKAIONLYIO MCIIOJIL30BAHUE B
apudMeTHIECKIX BBIPAXKEHUSIX CKOOOK 6€3 BA0MNCENHOCTIU, TIPE/I-
CTaBUM CTPYKTYDPY TaKHUX BbIPaXKEHUIl B BUJIE CIIMCKA C Pa3JeJin-
TeJISIMHU, JIEMEHTaMU KOTOPOTO SBJISIOTCS BbIpaXkeHus 6€3 CKOOOK
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TN BBIpasKeHUsT 6€3 CKOOOK, 3aKJIIOYEHHbIEe B CKOOKHU. Pa3aennTre-
JISIMH 9TOTO CIUCKA SIBJISTIOTCS 3HAKH oneparuii. Takoit cTpyKType
COOTBETCTBYET CJIEJIYIONIAsl CXeMa I'DAMMATUKHN:

G—>HR3|(H)R3, R3—>WG|€

11 moCTpoeHus IpaMMaTHKK apudMEeTUIECKUX BhIPazKeHM, 10-
[IYCKAIOIIMX IIPUMEHEHUE GAOHCEHHLIT CKOOOK, CJIeIlyeT Ipeiy-
CMOTPETh BO3MOXKHOCTDL MCIOJbL30BAHUS B KadeCTBE 3JIEMEHTA,
CIIICKA HE TOJILKO BBIpayKeHus 6e3 CKOOOK, HO W BBLIPAXKEHUS, B
KOTOPOM MOTYT OBITh HCIIOJIB30BaHbl CKOOKH. (Cxema rpamMmari-
KI, YYATBIBAIOMIASA 3TY BO3MOXKHOCTb, MOYKET OBITH 3aIlCaHa B
BUJIE:

E—>HR4‘(E)R4, R4—>WE|E

I'pammamuxa das onucaruti. Ilycrs Tpebyercst HOCTPOUTH
IPAMMATHKY JIJIsl OIIMCAHUS [IEJIbIX ¥ BEIeCTBEHHBIX IEPEMEHHBIX.
Ornucanne iepeMeHHbIX OIPEIEJIEHHOIO THIIA, JIOJIPKHO HAIUHATHCSI
ykazaresem Tuna "real"wm "int". B mosmHOM TekcTe onucanus me-
PEMEHHBIX OIPEIEJIEHHOrO THIIA MOI'YT HOBTOPsAThCHA. Hampumep,
[TOJTHOE OITMCAHUE MOXKET BKJIIOYATH TPU PA3HBIX OMUCAHUS Hepe-
MEHHBIX I1eJI0T0 Tumia. [losiHoe onucanme JOMKHO 3aKAHIUBATHCS
TOUKOI. B KadecTBe pasienre/isi OMUCAHUN TEPEMEHHBIX PA3HBIX
THUIOB IIPUMEM TOYKY C 3alTO, & B KAYeCTBE PA3IeIUTE/Isl [Iepe-
MEHHBIX OJHOrO THIa — 3anaTyi0. CTPYKTYpPY IOJIHOTO OIMMCAHWS
MOKHO IPEJICTABUTH B BUJE JIBYX BJIOXKEHHBIX CIIMCKOB C pa3jie-
JmresisiMu. BHYTpEeHHUI CIIMCOK, PACCMATPUBAEMBIH KaK JIEMEHT
BHEIITHET'O CIIMCKA, IIPEJICTaBJIAeT COOOM OIUCaHNE TIePEMEHHBIX OJI-
moro tuna. OH MMeeT 3aroJI0BOK B BUJIE yKazaress Tuna (¢ Ipo-
6es10M), 3a KOTOPBIM CJIEIyeT HOCJIeI0BATEIHbHOCTD UaeHTU(hUKA-
TOPOB, PA3/IEJIEHHBIX 3aUATHIMA. BHEIHMI CIIMCOK UCIIOJIb3yeT B
KadeCcTBe pas3jie/InTelist TOUKY ¢ 3anaroii. CxeMa rpaMMaTHKH Pac-
CMATPUBAEMOI'0 BHJIa MOXKET OBITh 3alMCAHA TaK:

Z — Z1Rs;  Rs —;Z1Rsle

Zy —real Llint L L — IRs Rg —,IRgle
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I'pammamura, 3adarowas nocaedosamesbHOCMb one-
pamopos npucsausarus. JlomycTuM, 9TO B IPaBOil YacTH Olle-
paTopa IMPUCBaUBAHUSI MOTYT OBITH HUCIOJb30BAHbI TOJHKO BhIPa-
»KeHns 6e3 cKoOoK. B kauecTBe paziesnresis onepaTopoB B IOCIIe-
JIOBATETLHOCTH IIPUMEM TOUKY C 3aISITONH. Y UATHIBas, YTO MOCTe-
JIOBATEILHOCTH OIIEPATOPOB COOTBETCTBYET CIUCKY C pa3JeInTe-
JIEM B BHJIe TOUKH C 3aIIATOH, U, UCIOJIB3Ys OIpeJeJIeHHble DaHee
KOHCTPYKIIMY UJACHTH(MUKATOPA U BbIpaXKeHus 6e3 CKOOOK, TOJIy-
JaeM UCKOMYIO CXeMy I'PaMMaTUKU B BHUJIE:

U—UR;, R; —;UiR7e,

U —1:=H.

I'pammamuru, onucsiearouLue Ycao8Hble ONEPATMOPHL U
onepamopsvt UuKrAa. JlomycTuM, ITO PacCMATPUBAIOTCS YCA0G-
HDLE ONEPAMOPDL, AHATIOTUIHBIE UCIIOIb3YeMbIM B s3bike [lackab,
¢ pazmenurensimu "if", "then", "else". B kauecrse ycioBust B Ta-
KX OIlEpaToOpax Pa3pelraeTcs UCIOJIb30BaTh OTHOIIEHUS, COCTO-
AIAEe U3 JBYX HACHTH(PUKATOPOB, COCINHEHHBIX 3HAKAMU <«=»
n «<». CIpyKTypa TaKoro oleparopa OIPeHesseTCs II0C/IeI0Ba-
TEJLHOCTAMU (DUKCUPOBAHHON JITUHBI, JJIST OMUCAHUS KOTOPBIX
MOXKHO BOCIIOJIb30BATHCSA IIPOCTHIM IIEPEYUCICHUEM KOMIIOHEHT.
OpHa mocae0BATEIBHOCTD OMPEIEIsIeT MOMHBIA U COKPAIIEHHBIH
YCJIOBHBIE OIIEPATOPBI, & Jpyras — KOHCTPYKIUIO <«OTHOIECHUE>.
CxeMma rpaMMaTHKHI, 380aI0as 3TH IOCAeI0BATEIbHOCTH, MOMXKET
OBITH M300paKeHa TaK:

V —if Vo then UiVy, Vi — else Ulle,

VZHIV37 ‘/34)<I|:[

B sroit rpammaTuke Uy onpeiensiercs: CXeMOi IpeIbIIy el rpaM-
MATHKH.

PaccmorpuM omnmcanue onepamopos yuk.aa, TTOTOOHBIX UCTIOJb-
3yembiM B s3bike llackasnb, ¢ pasmenmrensimu "while", "do",
"repeat", "until". Kaxxapiii orrepaTop MoXKeT ObIThH OIKMCAH B BUIE
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IPOCTOHR MOCJIEIOBATEAbHOCTH OIPAHUYEHHON JNJIMHBI, B KOTOPOX
HUCHOJIb3YIOTCA JIB€ II0C/IeJHIe I'PAMMAaTUKA:

W — while Vo do Uy

W1 — repeat Uy until V.

1.5.4. Pazauunsa MEXK/Ty KC- u A-
rpaMMaTUKaMu

B ocHoBe co3maHusi TpaBUI IPAMMATHKH JIEXKUAT CIIOCOD BBIZEe-
HUS CTPYKTYPBI 33 JaHHOTO MHOXKECTBA CJIOB.

KonTekcTHO-cBOOOAHYIO TPAMMATHKY CTPOUTDH IIPOIIE, OOIITHii
[IOJIXOJT €e TIOCTPOEHHsT COCTOUT B TIOIIATOBON JleTaian3ammn. Pas-
OuBaeM CJIOBO HA KOMIIOHEHTHI ¥ BBOJIUM HETEPMHHAJIbI, OTPaXKar-
foIre X CyTh. KaxK1yto KOMIIOHEHTY, [TOJIyYeHHYI0 Ha, IPEIbLITY-
eM mare, pa3duBaeM Ha TMOJKOMIIOHEHTHI ¥ TaK JIO TeX HOp, MOKa
HE JIOWIEM JI0 TEPMUHAJIOB.

IIpumep 1.18. Paccmorpum KC-rpamMmarTuky naccastcupcro-
20 noesaa:

<1oe3> — <JIOKOMOTUB> < BarOHBbI >

<JIOKOMOTHB> — NAPOBO3 | TEIJIOBO3 | 3JIEKTPOBO3

< BaroHbI> — < BarOH>> | < BArOH>< BAIOHbBI>

<BaroH> — KyIeiHblil | miankaprasiii | oomuit | CB | pectopan

BILGCI) TepMHUHaJIaMU Mbl CHUTaeM 0OBEKThI THIIA, «JIEKTPO-
BO3», «peCTOpaH» U T. II., XOTsA MOIJIA CIIYCTUTBHCA U 10 CTOII-KpaHa
1 KOJIECHBIX IIap.

IIpumep 1.19. Tlocrpoum KC-epammamury deticmeument-
H020 YUCAG, TO €CTh TPAMMATHUKY CJIOB OT IIOJIHOTO IIPE/ICTABICHUS
uncia, Haupumep —123.567E — 21, 1o Boipoxkaensbix: 0. wim .1 (B
9TOM dUHnC/e 06s13aTe/IbHA TOUKA U XOTs ObI ojiHa 1udpa B IesIoH
nm apobGHOl vacTn).

TepMuHaaMu 37eCh SIBJISIOTCS 3HAKU «+» U «—», ITUQPHI
ot «0» 1m0 «9», mecarmdnast ToUKa «.» U cuMBoa «F». To ecTnb
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T ={+,-,0,1,2,3,4,5,6,7,8,9,., E}. B cioBe <4uciao> M0OxK-
HO BBIJIEJIATH CJIEIYIONIIE OCHOBHBIE KOMIIOHEHTBI: < 3HAK THCJIA >,
<IeJiasi IacThb>, «.», <JIpOOHas 4acTh>, «F», <3Hak mopsmaka>
u <ITOPSIJIOK >.

OretbHBIE KOMITOHEHTBI WJIM WX TPYIIBI MOTYT OTCYTCTBO-
BaTh. [Ipm TakoMm pasioxkenun «.» u «E» — TepMuHabl, a Bee
OCTaJIbHOE — HETEPMUHAJIBI, TPEOYIOIIre JaIbHENIIEH JTeKOMITO3H-
nun. Tak <uesast 9acTh> — 9T0 OdHA UM Pa MK HECKOJILKO 1P,
a <3HaK 9ucja> — «+» wian «—». HerpyaHo Bujgersb, 410 <3HAK
quciia> U <3HAK MOPSIKa™> HUYEM He OTJIMIAIOTCS JIPYT OT JPy-
ra v Jjisi HUX MOXKHO OTDAHUYIUTHCS OJTHUM MOHSATHEM — < 3HAK >.
C TouYKM 3peHusi CHHTAKCHCa HET PA3HUIIBI U MEXY <IIeJIOi Ja-
CTBIO™>, <JAPOOHON YACTHIO™> M <ITOPSIAKOM >, U UX BIIOJIHE MOYKHO
OIIPEJIEJIUTH OIHO Yepe3 JApyTroe.

IIpu mocrpoenun rpammvaTuru ucrnoiabsyeM BH® u kBampart-
HbIe CKOOKY JIJISI CJIOB, KOTOPbIE HEODSI3aTeIbHbL. 3aMETHM, UTO B
9TOM CJIytae mpasuia Buga A — ale MoxkHO onucars kak A — [al.

<IHCII0> — [<3HAK>|<Iesas 9acTb>.
|<apobras wacrs>|[E|<3naK >|<m0psgok>||
[<3HaK>||<nemas gacTb>|.

<apobHas dactb>|E|<3HaK>|<HOpAI0K>|
<uesast 9acTh> — <uudpa>|<uenas dacts>|
<ApobHast 4acTb> — <IeJjast 4acTh >
<HOPATOK > — <TeJIast 9acTh>
<muappa> — 0 [1|2[3[4[5[6]7[8]9
<BHAK> — + | —

TexHUKA MOCTPOEHUsT A-TPaMMATHK OIPEIEIAETCS BUJOM WX
IPABUI, T/l B PABOH YACTU MEPBBIM JIOJPKEH CTOSTH TePMUHAI 2.
st bopMHUPOBaHUST TAKAX IPABAJI HPOCMATPUBAIOTCS UCXOJHBIE
CJIOBA, BBIIHCBHIBAIOTCS TEPMUHAJIBI, KOTOPbIE MOXKHO BCTPETHTD B
KadecTBe IePBOro CHMBOJIA, U BBOJIATCS HETEPMHUHAJIbI, OIMUCHIBA-
fo1He OCcTaToK cy1oBa. CO3/JaHHbIE HETEPMUHAJIBI JIETATU3APYIOTCST

2lMeercsa BBUIY MpaBOCTOpPOHHAS A-rpamMaruka. Jljs eBocTOpOHHEH —
JaJIbHEHIe PpacCy>KJICHNAsI aHAJIOTUYHBI, HO BMECTO OCTaTKa CJIOBa pacCcMaT-
puBaeTCd ero HavdaJlbHasd 4acTh.
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TOYHO TaK¥Ke KaK U MUCXOJIHBINA, TO €eCTh IPOCMATPUBAETCA OCTATOK
cJaoBa U T. .

IIpumep. 1.20. Ilocrponm asmomamuyro epammamury oet-
CMBUMENLHO20 YUCAG. < THACTI0> MOXKET HAYMHATHCH C «+» WU
«—» ¥ TOTJIa OCTABIIYIOCS YaCTh YMCJIA PE30HHO HA3BATH < IUCJIOM
6e3 3HaKa>. <Ywucsio> TakKe MOKET HaYaThCs JII000H 1udpoii or
0 10 9 u ocTaToK cyioBa Oy/eT TeM Ke <4uucjoM 6e3 3uaka>. Ha-
KOHEIT YUCJI0 MOYKET HAYATHCS JECATUIHON TOUKON «.», I OCTATOK
TaKOro CJjoBa yxke wHO. Ecim <gmcio 6e3 3HaKa™> MOXKET B Ka-
9eCcTBe TMPOJIOJIKEHUS COIAEPKATDH MUMPHI U JOJZKHO 3aBEPIIATHCH
TOM K€ TOYKOM, TO TOCJIe TOYKK UJIeT (PpArMeHT CJIOBa, KOTOPDIi
TOYKHU yKe He COJMepKUT. ECTh CMBICT HAa3BATHh 3TOT (hparMeHT
<JIpOOHOM YaCThIO W MOPSAKOM>. PaccyKiasi aHaJOrHIHBIM 00-
Pa30M MBI TOJIYYUM A-TpaMMATHKY, TJI€ UCIOJIb30BAHBI CJIEYIO-
Iye COKpAIeHUs /I IMeH HETEPMHUHAJIOB: < 9HC> — < IUCJI0™>,
<463> — <uucjo 6e3 3HaKa>, <JIUM> — <JPOOHAS YaCTb U IIO-
PAIOK >, <IOp> — <IOPAIOK >, <I103> — <IIOPsJIOK 0e3 3HaKa >:

<IuC> — +<u63> | —<ab3> | 0<ubz> | 1<a63> | ... | 9<ub3>
| .<gam>

<963> — 0<963> | 1<963> | ... | 9<ubz> | .<gum> | .

<marn> — 0<gan> | 1<mam> | ... | 9<gun> |0 1]... |9
| E<nop>

<nop> — +<n63> | —<u63> | 0<u6z> | 1<n6s> | ... | 9<nbz>
[0]1]...]9

<n63> — 0<u63> | l<ubz> | ... | 9<u6z> |0 1]...]9

JlaxHast TpaMMaTHKa JOMYCKAET TOPOXKIEHNE COBCEM YK BbI-
POKJICHHBIX CJIOB, BUJa «—.» Wi «.E1», T. e. coB 6e3 memnoit u
npobroit "acreii. Ha gaHHOM 3Tame mpourHopupyeM 3TOT (DakT,
9TOOBI HE YCJIOKHATH TPAMMATHKY.

BamMeTnM, 9TO MOCTPOEHHAS IPAMMATHUKA BKJIIOYAET IMPABUIIA
B dopme A — b (<pun> — 0, <ub3> — 0 u xup.). Beegem gomosr-
HUTEJIbHBI HeTepMUHAJ F U IMOMOJHUM TPAMMATHKY PaBUJIOM
F — ¢, a npaBuya Buja A — b 3amenum Ha A — bF. Tlocie Ta-
KOT0 IIpeobpa3oBaHust Bee TpebOBaHUs aBTOMATHON rpaMMATHKH
Oy/lyT BBITIOJTHEHBI.
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B panbreiimenM GyjeM JOIMyCKaTh HaJndue B A-rpammaruke
npasBu Buga A — b.

1.6. IlIpencraBienue A-rpaMMaTuUKu B
BuJie rpada cocTogHMIA

HaFﬂHﬂHbIM CIIOCO6OI\I npeacTaB/JI€HU g A—FpaMl\IaTI/IKI/I ABJILAETCA
e2pag cocmosnut (nmm epagd mepexodos). Bepmmmbr 3TOr0
rpada cooTBETCTBYIOT HeTepMuHajaM. 13 Bepimnbl A B Bepiiuny
B npoBoiuTCs Jyra, OTMEYEHHAs TEDMUHAJIOM @, €CJIU B TPaMMa-
THKE CyIlecTByer npasmwio A — aB.

JlobaBuM ere OJHY JOTOJHHUTEIBHYIO 3AKANOUUMEADLHYIO
sepwuny F u nposenem nayru uz A B F', oTMedeHHbIE CUMBOJIOM
b, mna kaxkmoro mpasmia Buga A — b, Kaxkmoe Takoe mpaBmiio
zamenuM Ha A — bF. Tem caMbiM TOYydInM MOOUBUUUPOBAHHYIO
A-rpammaTuky. 3aMeTuM, 9TO KayKJIOMY BBIBOIY B A-TpamMMaTHKe
Oy/1eT COOTBETCTBOBATD ITyTh MO Tpady COCTOSTHUI U3 HAYAIBHOM
BepmHbL S B Bepmuny F. O4eBUIHO, 9YTO 3aKJIIOYUTEILHBIX BEp-
IITUH MOKET OBITh HECKOJIBKO.

IIpumep 1.21. I'pad A-rpaMMaTvKy J1eACTBUTEILHOIO JUCIA
(cm. mpumep 1.20) npejcrasien Ha pucyHke 1.2.

A-rpammMaTriKa Ha3bBIBACTCH HEJEMePMUHUPOBAHHOU, eCITn
B Hell HaiigyTcs nHerepMuHan A ¥ TEPMUHAI @, JJIsT KOTOPBIX Cy-
I[ECTBYET HECKOJILKO HETEPMUHAIOB B TaKuX, 4TO BBIIOIHAIOTCS
npasuia A — aB. DTo HeXKeNaTeJbHO ¢ TOYKU 3PEeHHsl ITOCTPO-
eHHsl IPOrPAMM CHHTAKCUYECKOIO aHaJu3a (BCJEJCTBUHE HEOJHO-
3HAYHOCTH ).

IIpumep 1.22. A-rpammarnka AefiCTBUTENLHOTO Yncaa (cM.
npumep 1.21) HemeTepMUHUPOBAHHAS, TAK KAK COJEPIKUT, B 4aCT-
HOCTH, IPaBUIA!

<463> — .<gun> u <463> — . F
i

<gan> — 0<gun> u <jgurn> — 0F.

A-rpammaruka  Ha3bIBaeTCs  0emMepMUHUPOBAHHOU, eClin



1.6. IlpeacraBienne A-rpaMMaTUKH B BHJie rpada COCTOSTHUN 29

Puc. 1.2. I'pad A-rpaMmaTuku 1efiCTBUTEILHOIO YNC/IA

st oboro Herepmunasna A (A # F) u jo6oro TepMuHaia a
cymiecTByeT He 6ojiee OJIHOTO HEeTepMHUHAIA B, /1T KOTOPOTo BbI-
noJiHsiercst mpasmwio A — aB.

A-rpammaTiKa HA3BIBACTCS 8NOAHE 0EMEPMUHUPOBAHHOU,
ecs st Jjioboro nerepmunaia A (A # F') u moboro tepmuna-
Jla @ CYIIECTBYeT €JIWHCTBEHHBI HeTepMHHAJ B, JijIsi KOTOPOro
BhbINIOJIHsIeTC TipaBuio A — aB.

st IpaKTHYeCKUX MPUJIOYKEHUH BAXKHBIM SIBJISIETCS CJIELYIO-
it pakr.

VYrBepxkaeuue 1.1. Jhobywo nedemepmunuposarryio A-
2PAMMATNUKY B03MONCHO CBeCU K demepmunuposanhot [18].

OTrMeruM, 4TO Ha MIPAKTUKE WHOTIA OTKA3BIBAIOTCS OT MOCTPO-
€HUsI JIeTePMUHAPOBAHHON A-rpaMMaTHKU, SKBUBAJIEHTHON UCXO/I-
HON HeJeTepMUHUPOBAHHOK. BMecTo 3TOTO, ITOOBI JOOUTHCS Jie-
TEPMUHUPOBAHHOCTH, PACIIUPSIOT TEPMUHAJBHBIN ajidaBuT, Ha-
[IpUMeEp, UCIOJIb3YIOT CIIENNAIbHBI CUMBOJI — OTPAHUIUTEb CJIO-
Ba.

IIpumep 1.23. Eciu cuanrarhb, 9TO AEHCTBUTEIHHOE YUCIO U3
npuMepa 1.21 3aBeprmaeTcss CHMBOJIOM «;», TO JIETEPMUHUPOBAH-
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Hast A-rpaMMaTiKa cTpoUTCs jeMenTapHo. ['pad cocrosuuit s
3TOTO CJIydas NpeJCcTaBIeH Ha pucynke 1.3.

Puc. 1.3. I'pad merepmunnpoBannoit A-rpaMMaTuKy JefCTBATEILHOIO
quciIa

Herepyunamgsr <4631 >, <4y >, <1631 > 100aBJIEHBI 15 TO-
ro, IYTOOBI UCKIIOYUTH BO3MOXKHOCTL (OpMUpOBaHUSA Yucaa 6e3
1eJioft U poOHOM HacTelt W uncia 6e3 MOpsaKa IMOCTe CUMBOJIA
«E>».

Bronme merepmunmpoBanaast popMa JOIKHA BKIIOYATH, KPO-
M€ TOTrO, <«OIMUOOYHBINY HETEPMHUHAJ < OINI> W MMPABUIA BUIA
<463> — +<om> WIMm <J4I> — .<OIMI> U T. II.

B obmem ciyuae jia HerepmunasnoB A (A # F) u repmu-
HAJIOB @ TAaKWUX, YTO B MOIUMUIIMPOBAHHON JI€T€PMUHUPOBAHHON
A-rpammaruke Her npaBui A — aB, HeoOX0aUMO i (GOpMU-
POBaHWS BIIOJIHE JETEPMUHUPOBAHHON (POPMBI I0O0ABUTH IIPABUIIA
A — a < Error >, rie < Error > — «omubo4HbIil» HETEPMUHAI.
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1.7. IIpeobpazoBanne KC-rpammaruk

U3 dersipex THUIIOB rpaMMaTHK KOHTEKCTHO-CBOOOJHBIE TDaMMa-
TUKU SBJISIFOTCS HamboJlee BaXKHBIMU C TOYKU 3PEHHs PUJIOZKE-
HUIT K SI3bIKAM ITPOrPAMMUPOBaHUsT U KOMIUISIU. C ITOMOIIBIO
KC-rpaMMaTuku MOXKHO OIIPENEINTh OOJIBIITYIO YaCTh CTPYKTYPbI
SI3BIKA [IPOrpaMMUpOBanus. [Ipu mocTpoeHnn rpaMMaTHK, 3a/a10-
[UX KOHCTPYKIUU SI3BIKOB MIPOTPAMMUPOBAHUSI, IACTO TPUXOJIUT-
csI IpuberaTh K UX Mpeodpa3oBAHUIO, ITOOBI TOPOKIAEMBIH SI3BIK
puoOpesI HyKHYI0 CTPYKTYDPY.

Onpedenerue HENPOUIBOOAULUL CUMBOAOE.

Herepmunasibabiii cumBosi X Ha3bIBAETCS  HENPOU3B00si-
WUM, €CJII U3 HEro He MOXKET OBbITh BBIBEJIEHO KOHEYHOE Tep-
MUHAJIbHOE CJIOBO. PaccMarpuBasi paBujia TpaMMaTUKU, MOXKHO
CJIEJIATH BBIBOJI, UTO ECAU 6CE CUMBOADBL NPAGOT “YaACTU ABAAOMCA
NPOUGOOAUUMU, MO NPOU3BOOAULUM ABAAENCA U CUMBOA, CIMO-
awut 8 seeot wacmu. IlocienHee yTBepKIeHUE TIO3BOJISIET Ha-
[IUCATH IPOIE/yPy OOHAPYKEHUsI HEIIPOU3BOISIINX CUMBOJIOB B
CJIE/IYIOIIEM BHUJIE:

1. CocraBuTh CIIUCOK HETEPMUHAJIOB, JIJIsi KOTOPBIX HAMIeT-
cs1 XOTsT OBl OHO MPABUJIO, TpaBasi YacTh KOTOPOTO HE COIIEPIKUT
HETEPMUHAJIOB.

2. Ecmm HaiijileHo Takoe IPaBWIO, 9TO BCe HETEPMUHAJIBI, CTO-
SIIIIIE B €10 [PaBOil YacTH, y»Ke 3aHeCeHbl B CIIMCOK, TO J00ABUTH
B CIIUCOK HETEPMUHAJI, CTOSIINNA B €r0 JIEBO JaCTH.

3. Ecim ma mmare 2 cnmcok 0oJibIlie HE MOMOJIHSIETCH, TO IO-
JIy9eH CIHUCOK BCEX MPOU3BOIANINX HETEPMUHAJIOB IPAMMATHKHY, a
BCE HETEPMUHAJIBI, HE TIONABIINE B HErO, SIBJISIOTCS HEIIPOM3BOJIs-
M.

ITpumep 1.24. Ananusupyst B COOTBETCTBUY C IPUBEJIEHHBIMI
MIPaBUJIAMU CJIEIYIONLYI0 TPAMMATUKY:

I — ala|bAd|c, A — c¢BdlaAd, B — dAf,

HAXOJIUM, UTO 3JIeCh HEIIPOU3BOJANIUMU SIBJISTFOTCS CUMBOJIBI A U
B. Ilocne ymamenust TpaBmJI, COJAEPKAINUX HEITPOU3BOJIAIIAE CUM-
Bouibl, osiydaem: I — alale.
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Onpedenerue HEAOCTNUNHCUMDBIT CUMBONAOE.

Cumson X € T'U N naswpiBaercss Hedocmustcumovim B KC-
rpaMMaTuKe, e X He IOSBJISeTCS HA B OJHOM BBIBOJIUMOM CJIO-
Be. PaccmarpuBas npaBuia rpaMMaTHKH, MOXKHO 3aMETUTh, 9TO
ECAU HEMEPMURAA 6 AeB0T UACTIU NPABUAG ABAAEMCA OOCTIUNCU-
MDBILM, O U 8CE CUMBOABL NPABOTE YACTU ABAAIOMCA QOCTIUHCUMDL-
MU. DTO CBONCTBO IPABUJI SIBJISIETCS OCHOBOI IIPOLELYPhI BBIsSIB-
JIEHUSI HEJOCTUXKUMBIX CUMBOJIOB, KOTOPYIO MOXKHO 3aIlACATh TaK:

1. O6pasoBaTh OJHOIJIEMEHTHBIH CIIMCOK, COCTOSINUNA M3 Ha-
YaJIbLHOTO CUMBOJIA.

2. Eciin HaiimeHo npaBuiio, jgeBas 4aCTh KOTOPOT'O Y2Ke UMEeTCs
B CIIMCKE, TO BKJIOYUTH B CIIMCOK BCE CUMBOJIbI, COJIEPIKAIIUEC B
€ro 1IpaBoil yacru.

3. Ecau ma mare 2 HOBBIe CUMBOJIBI B CIIICOK OOJIbIIIe He 100aB-
JISIOTCSL, TO TIOJIYY€H CIIUCOK BCEX JOCTUKUMBIX CUMBOJIOB. CrM-
BOJIBI, He IIOIIABIINE B CIIMCOK, ABJIAIOTCA HEJOCTUXKUMBIMHU.

IIpumep 1.25. [Ipumensist npuBeJeHHbIE TPABUIIA, K CJIETYIO-
el rpaMMaTuKe:

I — alble, A — blla,

HaXO/JUM, 9TO A aBisiercs HEJJOCTU2KUMBIM CUMBOJIOM.

Onpedenerue 6eCNONEIHBIT CUMBONAOE.

CumBon X € T U N naseBacrca becnoaedmvim B KC-
IrpaMMATHUKE, €CJIU OH SABJIACTCS HEJOCTUKUMBIM UJIM HEIPOU3BO-
AsuM. VICKIIIOUU T GECIIOIe3HbIe CUMBOJIBL U3 TPAMMATUKI MOXK-
HO yJIaJisisl BHAYAJIE IPABUJIA, COIEPIKAIIUE HEITPOUZBOJISIINE CUM-
BOJIBL, & 3aTe€M — IPABUJIA C HEIOCTUKUMBIMU CHUMBOJIAMIU.

IIpnmep 1.26. B kauecTBe miumiocTpanuy NpUMEHEHUS IIPH-
BE/ICHHBIX [IPABUJI BBIIIOJIHIM [IPe0Opa30BaHue CJIe/IyIONeil rpam-
MaTHUKU:

I — aclbA, A — ¢BC,
B —alA, C — bcld.

Buauasie naxoauMm, 9o A 1 B SBJISIOTCS HEIPOU3BOISAIIUMU CAM-
BOJIAaMU W, UCKJIIOYAas MPaBUJIa C HEITPOUIBOAANINMI CHMBOJIAMU,
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HOJTy daeM:
I —ac, C — bed.

B HOqueHHOﬁ cxeme cuMBoJI C' ABJsIeTCst HEJOCTU2KUMBIM CUMBO-
Jgom. Mckiogast IIpaBuJjia, COoZAepzKalllie 3TOT CUMBOJI, IIOJIyYIaeM:

I — ac.

KC-rpammaruka HasbiBaeTcss npusederHodl, ecau oHa He Co-
JEP2KUT 66CHOH63HBIX CHUMBOJIOB.

Hcxarouenue Ae80peKYyPCUSHBLT NPASUL.

Hanomuum, uro npasuio Buga A — oA ,rne A € N, a €
(T U N)*, nasbiBaercd npasopexypCcueHbiM, a IPABUJIO BHUIA
A — Aa — snesoperkypcusHviM.

YrBepxkaeuune 1.2. Jlaa xaoicdotit KC-epammamuru T') co-
deporcauseli NEGOPERYPCUBHBIE NPABUAG, MOHCHO NOCTNPOUMD FKEU-
sanenmuyio zpammamury I, ne codeporcauyyio ae6operypeusno:
nPasUA.

JokazateabcTtBo. Crocod6 mTOCTPOEHUS IKBUBAJEHTHOM
rpaMMATUKK  3aKJII0YaeTCs B ciaeayiomem. JlomycTum, d9TO
uCXO/iHAs rpammaTuka [' comep:KuT npasuia;

A — Aaq|...|Aam|B1] .- |Bns (1.23)

Ile HUA ONHO CJIOBO [3; He HaumHaercsa ¢ A, u oj,3; € (T'U N)*.
’
Beenem HoBBI HeTepMuHAT A 1 MpeobpasyeM TIPaBUJIa TaK:

A= Bl |BalB A |8 A (1.24)

A = aq]. . Jom|og AT o A (1.25)

SaMeHsis Bce IpaBUIa ¢ JIeBOil pekypcueii B I onucanubiM crio-

co6OM, TIOJTyIuM rpaMMaTuky [, mprem L) = L(Fl), TOCKOJTb-

Ky Ka2KJI0€ CJIOBO, BHIBEJECHHOE B IpaMMaTHKe [, MOXKeT OBITH I10-

CTPOEHO B TPAMMATUKE r. st mokazaTenbCTBa 9TOro haKkTa pac-

CMOTPHUM IIOCTPOEHHE BBIBOJOB B I' 1 I'.B rpammaruke I' BbIBOI
CJIOBA UMEET BU/I:

A= AOél = AOqOél = AOqOélOél = ﬂloqoqozl,
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!’
B rpaMMaTHUKe F 9TO K€ CJIOBO BBIBOJAUTCA TaK:
’7 ! ’
A= ﬂ1A = 6104114 = 510&10&1/1 = ﬂlaloqoq.

Bamerum, 4ro mjis1 6osiee CTPOroro JOKa3aTeabCTBa (hakTa PABeH-
’
crea s1361K0B L(I') u L(I') cieayer npuMeHUTH UHJLYKIUIO.

IIpumep 1.27. Tpebyercs mpeobpa3oBaTh IpaMMATUAKY
E—-E+T|T, T—TxF|F, F— (FE)a.

Cirenys ommcanHOMY crioco0y, paBuiia ais F npeobpasyem B mpa-
BUJIA

E—-T|TE', E —+T|+TF,

a npasuia i T peobpa3yeM B IIpaBUia
T — F|FT', T — *F|*FT'.

B pesymprare momgydaeM IpaMMAaTHKY, He COIEPXKAIILYIO JIEBODe-
KYPCUBHBIX ITPABUJI.

Hcxarovuenue Uennur npasgua.

IIpasuso rpammaruku Bujga A — B, tne A, B € N, na3oiBa-
eTcs UENHBLM.

VYrBepxkaenne 1.2. Jlaa KC-epammamuru, codeporcawed
UENHBIE NPABUAG, MOHCHO NOCTPOUMD IKEUBALACHMMHYIW €l 2PaM-
MAMUKY, He codepacawyyto yennux npasua [18].

ITpeobpasosarue Heyropawu8aOUUT 2pamMMaImMUK.

[IpaBusio rpamMMaTuky Buja A — € HA3BIBAETCH GHHYAUDPY-
0ULUM TTPABUIJIOM.

I'pammaruka Ha3bIBaeTCA Heykopawusarouwlel WIn rpaMMa-
TUKO} 0e3 aHHYJIMPYIONNX TPABUJI, €CJIN

1) su6o cxeMa rpaMMATUKK He COAEPXKUT AHHYJIUDPYOMIAX [IPa-
BUII,

2) ymbo cxema rpaMMATHKH COJEPIKUT TOJBKO OJHO MIPABUIIO
Buja S — &, rie S — HayaJIbHbBIM CUMBOJI IPAMMATUKY, U 9TOT CUM-
BOJI HE BCTPEYAETCH B IPABBIX YaCTAX OCTAJIbHBIX IIPABUJ I'DaM-
MAaTHUKH.
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VYrBepxkaeuune 1.3. Jas xaorcdot KC-epammamuru, codep-
HCAWET, AHHYAUPYOUWUE NPABUAL, MOHCHO NOCTPOUMb IKEUBA-
AEHMHYIO €l HeYKOPaHuUBarowyo epammamury [18].

1.8. PaspemmumMocTb

Emme pa3 nmoguepkuem, 9To Hanbosee yI00HBIME C TEOPETUIECKO
U TPAKTHYECKON TOUYEK 3peHust sABJSIIOTCs A-rpammaruku u A-
st3piku. Ho mx Kitacc cmmmikoM y30kK. Jlaxke s3bIK apudmeTnde-
CKUX BbIpazKeHWil He siBisiercs A-s3pikoM. Tem He MeHee, Teopust
ABTOMATHBIX S3BIKOB HMCIOIB3YETCS MPU HMOCTPOEHUH TPAHCIISATO-
pos. Kiacc g3pik0B THna 0, HAIPOTHUB, OYEHb MIUPOK, HO Hepaspe-
wum B OOIIEM CITydae.

SI3bIK HA3BIBAETCS PA3PEUWLUMBLM, €CIIH JIJISI HETO CYHIECTBY-
€T aJITOPUTM, OIPEICISIIONIAH 38 KOHETHOE UUCJIO IATOB ITPHHA/I-
JIEZKHOCTD UJIM HEIPUHAJJIEXKHOCTh CJIOBA 3bIKY (KOHEUYHBIH aJl-
FOPUTM 2pammaImnuyeckozo padbopa). Cama 3aj1a4a onpeese-
HUS [IPUHAJJIE’KHOCTH CJIOBA sI3BIKY Ha3bIBaeTcs 3adavell pac-
nosnasarus (Wm 3adaveti pa3peuwumocmu).

Aszpiku Tuna 1, 2 nau 3 6y/eM Ha3bIBATH KOHMEKCIIHBLMU.
st HUX CTIpaBEeJINBO CJIEYIONIEe YTBEPK ICHIE.

Teopema 1.2. Jho6ot xkonmexcmnoil azvik paspewum. (o-
Ka3aTeIbCTBO 9TOro hakTa cM., HanpuMep, B [18].)

SBajady pacro3HaBaHUsI TO3BOJIAIOT PEIIATh PACNO3HABGMENU,
0 KOTOPBIX MBI IIOTOBOPUM B CJIEIYIOIIEH TiaBe.
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Pacnoo3HaBaTean

2.1. ABTOMATBI KaK pacliO3HaBaTeJ I

Kpome rpaMmaTiK CyIIecTBYeT elle OJUH PACIPOCTPAHEHHBIN Me-
TOJI, 0BECIIeUNBAIOIINH 3a/IaHNE S3bIKA KOHEUHBIMU CPEJICTBAMU.
On 3aK/II09a€TCs B UCIIOJIL30BAHUU pacnodHnasamenet (asmo-
Mmamos). Pacrioznasaresib MOXKHO HHTEPIPETUPOBATH KAK CXEMar
TU3UPOBAHHBII aJICOPUTM, OUPEIEIILAIONIII HEKOTOPOE MHOYKECTBO.

PacriosHaBaresib cocTOUT U3 UeThIpex vyacreii (cM. puc. 2.1):

1) BXOJHOI JICHTHI,

2) ycrpoticTBa uTeHUsl /3amucy (MM yKA3ATesl ),

3) yIPaBJISIONIEro YCTPOHCTBA ¢ KOHEYHON HaMATHIO U

4) BuemHeil (BcroMoraTebHOl, paboueii) naMsTH.

Bxodnasa aenma — 310 auHeHAS TOCIEI0BATEILHOCTD KJile-
TOK (s1ueek). B KaxK 10l siyeiike MOKET COJepKaThCs TOIBKO OJIUH
BXO/IHOM CHMBOJI U3 HEKOTOPOIro KoHeuHoro ajipasura 1. Camyto
JIEBYIO M CaMyO IIPABYIO siY€fiKH MOTYT 3aHHMATh OCOOBIE CHM-
BOJIBI — KOHUEBBLE MAPKEPDHL; MAPKEP MOYKET CTOSTH TOJILKO Ha,
IPaBOM KOHITE JIEHTHI MJIM €0 MOYKET He OBITH COBCEM.

Yempoticmeo wmenus (Wi ykazamens) B KaxKIblil MO-
MeHT BpeMeHu dmrtaer (0603peBaeT) OHY BXOIHYIO d4elKy. 3a

36
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Bxognas nenra

[t ]e]  |®

Vkazarenn

| VYupagnstomee yCTpoiucTBO |

Buemusas naMate

Puc. 2.1. O6uwmii Buz pacnosHaparess (aBroMara)

oJiuH 1mar paboThl PACIIO3HABATEISI YKA3ATEb MOXKET CJABUHYTHCS
Ha d4eiiky BOpaBo — R, ocTaThbcs HEmomBUXKHBIM — N WM CJIBU-
HyThCs Ha sueiiky BiaeBo — L. Pacrnosmasarenb, KOTOPbI HUKO-
/I3 He [IEPEJIBUTAET YKA3ATENb BJIEBO, HA3BIBAETCA 00HOCTNOPOH-
HUM.

OOBITHO TPEIIOIAraeTCsl, YTO YKA3ATEIb TOJBKO UUTAET, TO
€CThb B X07le PabOThl PACIIO3HABATEJISI CUMBOJIBI HA, BXOJHON JIEHTE
HEe MEHATCA. HO MOXKHO pacCMaTpuBaTh U TAKUE PACIIO3HABATE-
J1 — npeobpa3osaments, yKazareab KOTOPBIX HE TOJIBKO YATAET,
HO U IHIIeT, HaupuMmep, mawura Tvropurea obwezo suda.

BHrewHsas namams PaCIO3HABATES XPAHUT UH(MOPMAIIIIO
(niu nannbie) onpenesnentoro tuna. Aagasum namasmu M ko-
HedeH 1 nHGOPMAIHS B TaMsITi 00pa3oBaHa TOJIHKO U3 CHMBOJIOB
sroro ajndasura. IIpenmoraraercs, 9To B 1000 MOMEHT BPEMEHHI
MOYKHO KOHEYHBIMHU CPEJICTBAMU OIACATH COJEPXKUMOE U CTPYK-
Typy NAMATH, XOTS C TEUYEHUEM BPEMEHH O0bEM MaMSATH MOXKET
CTAHOBUTBLCS CKOJIb YTOJIHO OOJIBIINAM.

[ToBenenne BHEITHEH TAMSITH JIJTsT 33 TAHHOTO KJIACCA PACIIO3HA~
BaTesiell XapakKTepu3yercs JByMsl OYHKIusMI: PGyHKUued Jdo-
cmyna ® namamu (OII) u Pynruyuet npeobpaszosanus
namsamu (PIIII).
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O/III — 370 OTOOpaAXKEHNE MHOXKECTBA COCMOAHULT NAMAMU B
KOHETHOE MHOYKECTBO UNPOPMAYUOHHDIT CUMBOA08, KOTOPOE, KaK
npasuiio, copnajaer ¢ andasurom namstu (PAIL: M* — M).

IIpumep 2.1. EguncrsBennass wHOpMaIns, JOCTyIHAS B
KaskKJIblil MOMEHT BpPEeMeHU B cmeke — BEPXHUII CUMBOJI cTeKa. Ta-
KM 00pa3oM, DYHKIUs JOCTYIIA K MAMSITH, [IPEICTABJISIONIENH CO-
6oit cTek, — 910 Takoe orobpaxkenue f w3z M* B M, garto

f(mlmg...mk) =m, (21)

rmem; € M (i=1,...,k).

QIIII — 370 0TOOparKeHUE, OIMUCHIBAIOIIECE U3MEHEHUE TAMSITH.
Ona 0T0OpazkaeT COCTOSTHUE MAMSITH U YNPABAAIOWEE CAOB0 B CO-

crosiame namgaru (OIIIL: M* x M* — M).

IIpumep 2.2. IlycTb omeparnus HaJl MAMATHIO, OPTAHU30BAH-
HOH KaK CTEK, 3aMEHsIeT BEPXHUI CHMBOJI CTEKA KOHETHBIM CJIOBOM
cuMBOJIOB TaMaTh. Torma coorBercrByiontyo PIIIT moxkmo ompe-
JIeINTh KaK Takoe oTobpaskenue g : M x M* — M*, uro

glmimg...my, T1Ta ... Tg) = T1Xg ... TsMa ... Mk, (2.2)

rae m;,x; € M. Ecau BepxHH#l CHMBOJI CTeKa 1M 3aMeHAeTCs
IyCTBIM CJIOBOM, TO 79 CTAHOBUTCSI BEPXHUM CHMBOJIOM CTEKA.

Sameuanne 2.1. menno mun snewned namamu onpedess-
em naseanue pacnodrnasamens. Hampumep, pacrosHasaresb, IIa-
MSTh KOTOPOTO OPraHM30BaHa KAK CTEK HJIM, YTO TOXKE CaMoe,
MarasnH, Ha3bIBACTCs PACIO3HABATEIEM C MAra3MHHONW MAMSTHIO.
(O6BI9HO €ro HA3BIBAIOT ABTOMATOM C MAra3WHHOI IMAMSATHIO NN
MII-asmomamonm.)

dAapoMm pacnozHaBarTels SABJILETCS YNPABAAIOULEE YCMPOTi-
CMB0 C KOHETHOKI IaMATbhIO, IO KOTOPBIM MO2KHO IIOHUMAaTDb IIPO-
rpaMMy, YIIPABJSIONIYIO TTOBEJIEHIEM PacIo3HaBaTe . Y IPaBJIs-
IOIIee YCTPOMCTBO MPEJICTABIISAET CODOH MHOMHCECTMBO COCINOsA-
Hul () BMecTe ¢ omobpasicenuem §, KOTOPOE OIMUCHLIBAET KaK
MEHAETCA COCTOAHHNE B COOTBETCTBHUHU C TEKYIUINM BXOJHBIM CHM-
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BOJIOM (TO €CThb HAXOZANIUMCS II0J] yKa3aTeJeM) U TeKylueil uH-
dopmartpeit, U3BIETEHHON U3 BHEITHEN TaMATH. YIIPABJISIONIEe
YCTPOMCTBO OIpeJesisieT TaKyKe B KaKOM HallpaBJIeHUM C/IIBUHYTH
yKazaTe b U KaKyl WH(POPMAIIAIO TOMECTUTD B MAMSITh.

O60061muM BhIIIECKa3anHOe. Pacmo3naBaresb paboTaer, mpojie-
JIBIBasi HEKOTOPYIO II0CJI€I0BATEILHOCTD [IAr0B U TAKTOB. B Ha-
qajie TaKTa YUTAETCsl TEKYIIUH BXOIHON CHMBOJI U C ITOMOIIBIO
OJII uccnemyercs maMsith. Bxomuoit cumBost n mHMOpMaIust u3
MaMsaTd BMECTe C TEKYIIMM COCTOSHHEM YIIPABJIAIONIErO YCTPOii-
CTBa OIPEENAI0T KAKUM JIOJI)KeH ObITh ciemyomuit TakT. [lpn
9TOM Ha KaKJIOM TaKTe:

1) ykaszaTesb CIBUraeTCsi Ha OJHY s9eiiKy BIIPABO, BJIEBO WM
COXPAHSIET UCXOHOE TIOJIOXKEHUE;

2) B namars npu nomornu DI nomeraercs: HeKoTOpas UH-
dopmarnus;

3) U3MEHSIETCsI COCTOSIHUE YIPABJISIIONIEr0 YCTPONHCTBA.

IToBeienne pacriosHaBaTesisi yIOOHO ONUCHIBATH B TEPMUHAX
KOHPU2YPaUUYU — MIHOBEHHOTO «CHUMKa» PACIIO3HABATEJISI, HA
KOTOPOM M300parKeHBbI:

1) cocrosiHue yupaBJsIOIIEro yCTpoicTBa,;

2) cozepzKUMoe BXOJHOM JIEHTBI BMECTe C HOJIOKEHHEM yKa3a-
TeJs;

3) colepKUMOe TIaMsITH.

Koudurypanus HazpiBaeTCss HA4AALHOU, €CJIA YIIPABJISIONIEE
YCTPOMCTBO HAXOIUTCS B 38JAHHOM HAYGALHOM COCMOAHUY ],
YKa3aTesIb PACIOJIOXKEH HAJ CAMBIM JIEBBIM BXOIHBIM CHUMBOJIOM HA
JIEHTE, a TIaMATh UMEET 3apaHee YCTAHOBJIEHHOE HAYAIHHOE COJED-
KHUMOE.

Koudurypanusi HasblBaeTcs  3GKANOUYUMEALHOU, €Cid
VIPABJISIONIEe YCTPOWCTBO HAXOAUTCSI B OIHOM W3 COCTOSHHUIA
3apaHee BBIIEJICHHOIO MHOMNCECTNEE  3AKANUYUINEADHBLT
cocmossnuti ' C (), a ykazaTejb PacCIOJIOXKEH HaJ IIPAaBbIM
KOHIIEBBIM MapKepoM. JacTo TpeOyIoT, YTOOBI MaMATh B 3aKJIIO-
YUTEIbHON KOH(MUI'YpAIluU TOXKE YIOBJIETBOPsIa HEKOTOPBIM
YCJIOBUSIM.

VYupagsisioniee yCTPONCTBO pacO3HABATEIsS SBJIsIETCS Hede-
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MEPMUHUPOBAHHDBLM, €CIIU JIJIs KaXKJI0H KOH(MDUTYyparun cyre-
CTBYeT KOHEYHOE MHOXKECTBO BCEBO3MOXKHBIX CJIE/IYIOIINX IMATOB,
J1I000#1 M3 KOTOPBIX PACIIO3HABATEb MOYKET CJIEJaTh, UCXOJs U3
9TOI KOHMUIYypanuu. YCTPONUCTBO HA3bIBAETCSI OeMEPMUHUPO-
8AHHBLM, €CJTU TS KaXKI0! KOH(MUTY DALMY CYIIECTBYeT He boJiee
OJTHOTO cJiefyomero mara. HeerepMIHUPOBAHHBIN pacO3HABA-
TesIb — yIo0Hast MaTeMaTudeckast abCTpaKIusl, HO ee TPYIHO MO-
JIeJINPOBaTh Ha IIPAKTUKE.

ToBopsaT, 4To pacnosnasareib donyckaem (pacnosHaem)
8xr00HOE CA0B0 (v, eCi HAYMHAS C HAYAJIBHON KOH(DUIYPAIWH,
B KOTOPOIi CJIOBO (v 3AIIMCAHO HA BXOJHOM JIEHTE, PACIIO3HABATEID
MOZKET MPOJIENIaTh OC/IEI0BATEILHOCTD MIAr0B, 3aBEPIIAIONLYIOC
3aKJIIOYATEIbHON KoHuryparueii. HejmerepMuHUpOBaHHbBIA pac-
MO3HABATEb MOYKET IIPU 9TOM MPOJEIAThH MHOIO TIOCJIEI0BATE b
HOCTEH IaroB W ecJid XOTsl Obl OJHA U3 HUX 3aKAHINBAETCS 3a-
KJIIOYUTEIHFHON KOH(MUTYpaIueil, TO MCXOIHOe BXOJIHOE CJIOBO Oy-
JIeT JIOIYIIEHO.

HA3wvik, onpedeasemuili pacno3nagamenem, — 310 MHOKe-
CTBO BXOJHBIX CJIOB, KOTOPBIE OH JIONYCKAET (PACIIO3HAET).

Jljist KaxKJ10ro Kjacca IpaMMaTUK B HEpapXud XOMCKOIO Cy-
LIECTBYET KJIaCC paclo3HaBaTeseil, olpenendomuil ToT e Kaacc
sa3b1K0B. ClpaBeyIuBbl CIeyiomue yreepKaenus [18].

Yrepxkaenue 2.1. fHsvix L agmomammsiti mozda u moav-
%0 moeada, Ko2da on onpedeasemcs 00HOCTOPOHHUM JeMmePMU-
HUPOBAHHBLM KOHEUHBIM GBMOMATILOM.

VYrBepxkaenune 2.2. fswk L KoHmexcmHo-c80600HbLT
mozda u MoAvko mozada, Koz2da oH ONPedeAAemcs 00HOCTNOPOH-
HUM HEJemMePMUHUPOBAHHBIM GB8MOMAIMNOM C MA203UH-
HOUT NAMAMBIO.

YrBepxkaeuue 2.3. fsvix L KoHmexcmmo-3asucumuvil
mozda u Mmoavko moezda, ko2da ox onpedessemcs 08YILCIMOPOH-
HUM  HEJEMEPMUHUPOBAHHBIM  AUHETUHO-02PAHUYEHHBLM
asmomMamonm.

Yreepxkaenue 2.4. Hsux L 6e3 oeparunenuts (obwezo 6u-
da) mozda u moavko mozda, Ko2da 0H ONPEICAAECMCH MAUUHOTL
Tvropureaa obwezo suda.
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2.2. Koneunbie aBTOMATBHI n A-
rpaMMaTUKHI

Koneunwtli agmomam — 9TO YacCTHBIN ciIydail 0THOCTOPOHHETO
pacro3HaBaTesd, B KOTOPDOM yKa3aTesb JBHUKETCS BCErJa BIIPa-
BO Ha KaXKJIOM TaKTe pa,6OTI>I 1 OTCYTCTBYET BHEINIHAA ITaMATD.
Koneunniit aBromar R MOZKHO OIIpeAe/JINTh MHOXKECTBOM U3 IIATH
QJIEMEHTOB:

R = {Q7 T7 §a q0, F}7 (23)

rze () — KOHEYHOE MHOHCECTNBO COCMOAHUT aBToMaTa; T — Ko-
HEYHBI 8x0dHOT aagasum; d : Q X T — Q — Ppynryus nepe-
20008, 0TOOPAZKAIOIIAsT MHOYKECTBO COCTOSTHUN 1 BXOIHBIX CHUMBO-
JIOB B MHOKECTBO COCTOSIHHIA; ¢p € () — HAUAADHOE COCTMOAHUE;
F C Q — mnootcecmeo 3axarovumenvHvlr cocmoanut. Ode-
BHUIHO, ITO KOHEUHBIM aBTOMAT MOXKHO 33JaTh IIPH MOMOIIN Tab-
JINIIBI, B KOTOpOP’I CTO.H6UJ)I COOTBETCTBYIOT COCTOAHUAM, a CTPOKHU
— CHMBOJIaM BXOJIHOI'O a.)'[(baBI/ITa. B KJIeTKaXx Ta6.HI/ILU)I 3alIuChbI-
BAIOTCsT 3HaYeHUsi (PyHKIMU mepexonoB. CocrosiHusi, MpUHAIIE-
JKalye MHOXKeCTBY F', ormedarorcss cuMBoOJIoM «1». OcTaabHbIM
COCTOAHUAM IIPUIINCBIBACTCA CUMBOJI <<0>>.

SaMeTnM, 9TO ABMOMAMHYIO 2PAMMATNUKY MAKIHCE MOHCHO
npedcmasums 6 eude MabauYbl, TJIE CTPOKU COOTBETCTBYIOT TEP-
MHUHAJIaM, & CTOJIONBI — HeTepMuHaJaM. Ha mepecedennn CTpoOKu
a ¥ cToJIONa A 3aIUChIBAIOTCS HETEPMUHAJBI B, KOTOPhIE BXOISIT
B npasmwia A — aB. Crouben, A orMedaercs eIMHALEH, eCIn B
rpaMMaTHKe MPUCYTCTBYET MPaBuio A — £, U HyJleM — B TIPOTUB-
HOM CJIydae.

OquI/I,ZLHO, 9TO KOHEUHHIT ABMOMAM ABAAEMCA IKEUBANEH-
mom asmomamuoti epammamuru. COOCTBEHHO, TEPMUH <«aBTO-
MaTHad» TI'paMMaTHKa U CBA3aH C 9TOI IKBUBAJIEHTHOCTBIO. Ha
IIpaKTI/IKe I/ICHO.HI)SyIOTCH 066 MOJIEeJIN OIIMCaHUA A—HSI)IKOB7 TaK
KaK OJHU YTBEP2KJACHNA U TEOPEMBbI IIPOIIEe IMOATBEPAUTb U JJI0-
Ka3aTbhb, UCHOJIb3Yyd KOHCYHBIEC aBTOMATBI, APYyTUE€ — aBTOMaTHBIC
I'paMMaTHUKH.

OTl\leTI/IIVI7 q9To Ta6JII/IHa A—I‘paMl\laTHKI/I NI KOHEYHOI'O aBTO-
MaTa IIPEeICTaBsgeT cOO0il HI ITO MHOE, KAK OTMEYEHHYIO TAOJIHUILY
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IEPexXo/I0B HEKOTOPOro abCTPAKTHOTO HOCIEZ0BATEILHOIO aBTO-
MaTa, MpeJICTaBIEHHOro Mosiesibio Mypa [3].

IIpumep 2.3. B rabimne 2.1 3anucana A-rpammaTuka jeii-
CTBUTEJILHOTO 4ucja. JlanHast rpaMMaTUKa SIBJISETCS JT€TEPMUHU-
POBAHHOMN, B OTJIMYKME OT HEJETEPMUHUPOBAHHONW A-rpaMMaTuku
mpuMepa 1.20, 1 He CONEPKUT TEePMUHATBHBIN CHIMBOJI «;», KaK B
mpuMepe 1.23.

Tabsuia 2.1. A-rpamMmMaTuKa IeHCTBUTETLHOTO YUCTIA
\ | <ume> | <uz> | <guan> [ <mop> | <n6s> |
+ <4b3> <mb3>
- <963> <1mb3>
0 <463> | <4b63> | <gun> | <nb3> | <ubz>
.|| <963> | <ub3> | <mgum> | <mb3z> | <mb3>
9 <463> | <4b63> | <gun> | <nb3> | <ubz>
. <g4an> | <Jar>
E <mop>

Hedemepmuruposarmwvit koueunbiii apromar (HIKA) —
9TO aBTOMAT, TJe 3HaYeHue (DyHKIUK [IEePeXoIoB § — He OTIebHOe
COCTOSIHUE, KAK B 0€MePMUHUPOBAHHOM KOHEUHOM aBTOMATE
(OKA), a muoxkecrBo cocroguuii. B obmem ciayuae y HIKA mo-
JKeT ObITh TaKyKe He OJIHO, & MHOYKECTBO HAYAJIBHBIX COCTOSTHUIA.

Ha npakTuke mj1st 3aJaHHOTO MHOXKECTBA MHOTJIA JIerde HaiTh
HEJETePMUHUPOBaHHOE onmcanne. Ho Mo-pekHeMy CITpaBein-
BO YTBEPXKJEHHE O TOM, 4TO das kascdozo HIIKA cywecmeyem
axeusasenmuoili emy JKA (cm. § 1.6).

B zakmouennn maparpada NTpUBEIEM B COOTBETCTBHE JIaH-
Hble HAMW onpejenenns. Aemomamuas 2pammamura I =
{N,T, P,S} u koneunwli asmomam R = {Q,T,¥,qo, F} Ha-
3BIBAIOTCS COOMBEMCIMEYIOULUMU, €CIII

N =Q, (2.4)
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S = qo, (2.5)
(X —-aY) e Ps(X,a) =Y, (2.6)
(X—egePesXcel (2.7)

IIponosikast aHAJOTMIO € PAcCMOTpeHHBIM B [3]  ab-
CTPAKMHBLM n0CAe006GMEALHBILM asmomamom
S={A,Z,W,§,\ a1}, noaygaem:

NI‘paMMaTI/IKa = QKone'an?I aBTOMAT AHOCHE,&OBaTeJ‘ILIILIﬁ aBTOMAT
TI‘paMMaTI/IKa = Ll xomneunsrit aBromMmar — 4mnocienoBaTebHBIA aBTOMAT
Sr‘paMmaTI/IKa = 40 xoueunnrit apromar — A1 mociemoBaTebHLIH aBTOMAT

PI‘paMMaTI/IKa 6KOH6‘IHbIﬁ aBToMaT é 6HOCH8,HOBaTeHbeIﬁ aBToMaT

OTHOLIEHNE PUHAJIEXKHOCTH COCTOSHUsI (HETEPMUHAJIA) MHO-
KECTBY Floneunsii apromar MOXKHO PACCMATPUBATH KaK OMHAPHYIO
¢)yHKII‘I/IIO AI'IO().7'IE,ZLOBaTe.}'ILHLIIA/‘I aBToMaTtT rﬂﬂﬂ RIOVILGHI/I Mypa‘7 B 3TOM
CJIydae WHOCJ‘Ie,E[OBaTeJIbeIﬁ aBTOMaT — {07 1}

2.3. Marasunaable aBToMarbl um KC-
rpaMMaTUKNI

Asmomam c¢ mazasdunnoti namamvio (MII-aemomam)
~ 3TO OJHOCTOPOHHMII HEIeTEPMUHUPOBAHHBIA PACIIO3HABATEIb,
BHEIIHsIg NaMATh KOTOPOIO MpPeJCTaBJsieT co0Ooil CTeK WM, UTo
ToxKe camoe, mazadun ! (cm. puc. 2.2).

Bynem npejcraBisTh cTeK, KaK ¥ BXOJHYIO JIGHTY, B BUJE Lie-
[OYKHU CUMBOJIOB WJIU CJIOBA, IIPUYEM BEPXHHUM 3JIEMEHTOM CTEKA
OyJeM CYUTATh CAMBIii JIEBBI CUMBOJL.

Ucxons n3 yrBep:KJeHus 2.2, aBTOMAT C MAra3swHHON TaMsl-
TBIO — TO THII PACIO3HABATEJIs, IIPEJICTABIISIONIErO CODOH MOJIEIb

CUHTAKCHIECKNX aHaJIN3aTOPOB KOHTEKCTHO—CBO60,ZLHBIX SA3BIKOB.

1CT€K JaCTO Ha3bIBaIOT «MarasvmHOM» B CBA3U C TE€M, 9YTO IIaTPOHBI B Ma-
ra3mHe aBTOMAaTUYECKOI'O OPY2KUA XPaHATCA U HUCHOJIB3YIOTCA II0 IIpaBUJIaM
CTeKa, TO €CTb B Ka}K,ZLbeI MOMEHT JOCTYIIEH TOJIBKO BerHI/Iﬁ QJIEMEHT Mara-
3uHa.
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BxopHas ienTa
(TONBKO INTATH)

|t1|t2| |tn

m
my
anaanmmee Marasun
YCTPOMCTBO
¢ KOHEYHOM IaMSTBIO
my

Puc. 2.2. O6mmit Bu aBTOMaTa ¢ Mara3wHHON MaMsITHIO

Asmomam ¢ mMa2a3UuHHOT NAMAMBIO MOKHO OIIpeIeJINTh
MHOXKE€CTBOM U3 CEMU SJIEMEHTOB:

R:{Q7T7M757QO7WO,F}7 (28)

rjie () — KOHETHOE MHOHCECTMBO COCTMOAHUL YIPABIISIONIETO
ycrpoiicrBa; T’ — KoHeYHBI 8x0dH0T aagasum; M — KOHEUIHBI
aagasum cumsonos cmera; §: QX {TU{e}} x M — Q x M*
- ynruyus nepexodos; qy € @ — HAUAABHOE COCMOAHUE
VIIPABJISIONIEr0 yCTpoiicTBa; mg € M — CUMBOJI, HAXOIAITANCS
B CTEKE B HAYAJIBHBII MOMEHT (HAYAABHBIL CUMBOA CIMEKA);
F C Q — mHootcecmso 3aKAI0OUUMEALHBLT COCTNOAHUL.
Kongueypauyueti MII-apromara Ha3bIBAETCS TPOMKA

(¢,0,0) € Q X T" x M~, (2.9)

[Jie ¢ — TeKyIIee COCTOSTHUE YIIPABJIAIONIEro yCTPONCTBA; (v — HEHC-
[I0JI30BAHHASI 9aCTh BXOJHOI'O CJIOBA; IEPBBII CHMBOJI CJIOBA (v Ha-
XOIUTCS TOJ| YKA3ATEJIEeM; €CJIA (¢ = €, TO CIUTAETCsI, ITO BXOHAS
JIeHTa rpounTana; [ — COMEepKUMOE CTEKa; JIEBBI CHMBOJI CJIOBA
[ cauTaeTcs BEPXHUM CHMBOJIOM CTE€Ka; eciiu 3 = £, TO CTEK CUM-
TAETCSI ITYCTHIM.

TakT paboThl aBTOMAaTa — 9TO HBUHAPHOE OMHOWeHUe nepe-
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xoda (), oupenesnennoe Ha kKouburypanusax. Byzaem mucars:

(q.ac,cf) F (¢ o, 7), (2.10)

ecin MuOKeCTBO (¢, a,¢) comepxut (¢,7), toe ¢,¢ € Q, a €
Tu{e}t,aeT*, ce Muf,ye M.

Ecmun a # €, To roBopsar, aro MIl-aBromar R, Haxomsch B
COCTOSIHUM ¢ U UMesl G B KadecTBE TEKYIIEr0 BXOJHOTO CHMBO-
J1a, PACIOJIOYKEHHOTO TOJ| yKa3aTeJeM, & ¢ B KadeCTBe BEPXHEIO
CHMBOJIA CTEKa, MOXKET IEepeiiTi B HOBOE COCTOSIHHUE ¢ , CABUHYTD
yKazaTejb Ha sS9eiiKy BIIPABO M 3aMEHUTH BEPXHUII CHMBOJI CTEKA
CJIOBOM <Y CHMBOJIOB CT€Ka. JTO CJIOBO MOXKET COBIAJATH C 3aMe-
HsIeMBIM CUMBOJIOM ¢. Eciu 7 = &, TO BEpXHUIl CUMBOJI y/IaJIs1€TCs
W3 CTEKA, ¥ TeM CAMbBIM CIIUCOK CTEKa COKPAIIAETCSI.

Eciu a = €, Oyzmem Ha3bIBATH 9TOT TAKT £-TAKTOM. B e-TakTe
TEKYIIU BXOIHOW CHMBOJI HE IPUHUMAETCS BO BHUMAHIE U yKa3a-
Tesib He casuraercs. OJIHAKO COCTOsTHUE YIIPABJISIONIETO YCTPOU-
CTBa W CONIEPKUMOE CTEKA MOT'YT U3MEHUTbCs. 3aMETUM, UTO E-
TaKT MOYKET IPOUCXOJIUTH U TOTJIA, KOIJIa BCE BXOJHOE CJIOBO IIPO-
YUTAHO.

BakHO MOMHHTB, 9TO cAedyOUWUT MAKM HEBOZMONCEH, €CAU
cmex nycm.

Ornomterne H Tpa uIMoHHO 0603HAYUAET BBIIOJHEHHE i TaK-
To (i > 0), F* — pednekcusno-rpanzutusHoe (i > 0), a F+ —
rTpansuTuBHOE (i > 0) 3aMBIKAHHE OTHOIICHNUS I-.

HavwaavHhoti kongueypayueti MII-apromara R Ha3bIBaeTCs
koudurypanusa suna (g, @, mgp), rae « € T*, To ecTh yIpaBJIsio-
mee yCTPOMCTBO HAXOIUTCS B HAYATHLHOM COCTOSIHUU (g, BXOHASI
JIEHTA COJIEPXKUT CJIOBO (v, KOTOPOE HYKHO PACIIO3HATH, & B CTEKE
€CTh TOJIbKO HAYAJBHBIN CHMBOJI M.

3axarovuumenvras KonPueypauus — 310 KOHMUTyparus
Buga (q,e,0), rne g € Fu g€ M*.

ToopsT, uro ciioBo @ donyckaemcs Mll-aBromarom, eciin

(q07a7m0) = (q757ﬁ) (211)

JJIst HEKOTOPBIX ¢ € F u € M*.
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Hanomuum, aro sasvikom, onpedeasemvim (Mnu donycraemoim)
MII-aBromarom R (o6osnauaercs L(R)), HA3BIBAETCS MHOXKECTBO
CJIOB, JIOTIyCKAEMBIX aBTOMaTOM R.

IIpumep 2.4.2 Tloctpoum MII-aBTOMAT, OIIpeIEISIONTHIL
SI3BIK

L ={0"1"|n > 0}.

IlycTs

R = {{QO7Q1,(]2}7 {07 1}’ {270}7 57 q0, 2, {QO}}a

rae
(1) (5((]0, 0, Z) = {(qh 02)}7 (2) ) 5((]17 0, O) = {((hv OO)}7
(3) 0(q1,1,0) ={(g2,6)},  (4) 0(g2,1,0) = {(g2, )},
(5) 5((]23 & Z) = {(qu 5)}

Pabora MIl-aBromara R cocTomT B TOM, YTO OH KOIHDPYET B
CTeK HAYAJIBHYIO YaCTh BXOJHOIO CJIOBA, COCTOSIILYIO U3 HYJIEH, a
3aTeM yCTpaHsIeT U3 CTeKa 10 OJHOMY HYJIIO HA KaXKJIYIO €TUHUILY,
KOTOPYIO OH BHJUT Ha BXOJie. KpoMe TOro, 1mepexoJibl COCTOSTHUIR
rapaHTUPYIOT, UTO BCE HYJH MPEIIIEeCTBYIOT eamaurnam. Hampu-
Mep, a1t BxogHoro ciaosa 0011 aBromaT R mpojiesaeT caeayIontyio
[IOCJIE/IOBATEIHHOCTD TAKTOB:

(g0,0011,2) F (¢1,011,02) F (¢1,11,002) F

F (q2717oz) F (QQ,E,Z) F (q07€a5>'

Jlist cTpororo 10Ka3aTebCTBa HEOOXOANMO IOKA3aTh, UTO
1) L C L(R)u2) L O L(R), 10 eCTb, 4T0 R HOIyCKAET MOAbKO Lie-
mouku Buga 0™ 1". Bropas gacTb mokazaresnbcTBa Tpymaee. O6viy-
HO Ae2ue JoKa3amy, 4Mo MAKUe-mo Yenouky Pacnodnasament 0o-
nyckaem, u mak gce, Kax 0Af ePAMMAMUK, 20pasdo mpydnee 0o-
Ka3amov, 4mo oH JONYCKAEM UEenowky MOoAbKO ONPedescHno20 u-
da. J1oka3aTeNbCTBO ITUX JBYX BKJIIOUEHHUH OCTABUM B KAUECTBE
YIPasKHEHUS.

2TIpumep BadT u3 [18].
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IIpumep 2.5.3 ITocrpoum MII-aBTOMAT, ZOIYCKAIOMIMIA SI3BIK

L = {aaf|a € {a,b} T},

rie OZR - <<3€pKa.ﬂbHI)II‘/JI IIepeBePTHIII» CJIOBA (. HyCTb
R= {{q07 qi, q2}7 {av b}v {Za a, b}7 57 q0, Zv {qQ}}7

riue
(1) (Q(baa Z) = {(QQ7CLZ)}, (2) (q()aba Z) = {(qubZ)}7
(3) (q07 a, a) = {(QOa aa)7 (Q1,5)}7 (4) (q07a7 b) = {(q07 (Lb)}7
(5) (Q(), ba a) = {(q(lu ba)}, (6) (qu b7 b) = {(q07 bb)7 (qlv 5)}7
(7> (ql’aaa’> = {(ql,g)}, (8) (q17b7 b) = {(qlag)}’
9) (a1,¢,2) = {(g2,€)}-

MII-apromar R BHAYaje KOIUPYeT B CTEK KAaKYIO-TO YacTh
BXOJIHOTO cJioBa 110 pasuiaM (1), (2), (4) u (5) u nepBbIM agabrep-
HarusaMm npasui (3) u (6). Oxgnako R — HeJleTePMUHUPOBAHHBII
pacmo3HaBaTesb. B 000it MOMEHT, KOT/Ia TEKYIIIi BXOIHON CM-
BOJI COBIIAJIaeT C BEPXHUM CHMBOJIOM CTEKa, OH MOYKET IepeiiTu
B COCTOsIHUE (1 ¥ HAYATh CDABHUBATH CJIOBO B CTEKE C OCTABIIEIi-
Csl 9ACTHIO BXOJHOTO CJIOBA. DTOT BBIOOP OCYIIECTBIISIIOT BTOPHIE
anprepHaTHBbl paBui (3) u (6), a no npasuwiam (7) u (8) npouc-
xomauT cpaBHenue. Keim R obHapyKuBaeT HECOBIAIEHNE OUePe]l-
HBIX CUMBOJIOB, TO 9TOT 3k3eMiuisap MII-aBromara «ymMupaers, TO
eCcThb TepecTaeT padboraTh. Tak Kak aBToMaT R — HeIeTepMUHUPO-
BAHHBI, TO PA3HBIE €r0 IKIEMILISIPHI MOTYT JIATH BCE BO3MOXKHDIE
JIJISL HErO TAKThI. KC/im KAKOHW-TO BHIOOP TAKTOB IIPUBOJIUT K TOMY,
49TO Z CHOBA OKA3bIBAETCsH BEPXHUM (U €IUHCTBEHHBIM) CUMBOJIOM
creka, 10 1o upaswiy (9) R crupaer Z u nouajaer B 3aKJIOUU-
TeJIbHOE COCTOsSTHUE 2. VITak, R JOMycKaeT CJI0BO TOT/a U TOJHKO
TOT/Ia, KOTJIa BCe CPABHEHUsI OOHAPYKUJIN COBIAJEHNE CUMBOJIOB.

Hanpuwmep, miist Bxogaoro ciioBa abba aBromar R MoXKeT cpein
MIPOYHUX CAEJIATH CJIEAYIONNE MOCTEI0BATEILHOCTH TAKTOB:

(g0, abba, Z) + (qo,bba,aZ) F
F (g0, ba,baZ) F (qo,a,bbaZ) F (qo, €, abbaZ)

3TIpumep Baar us [18].
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njimn

(go, abba, Z) - (qo, bba,aZ) F (qo, ba,baZ) F
(C]17a7aZ) = (quaZ) F ((J27575)-

Tak Kak BTOpas IIOCJIEIOBATESBHOCTH OKAHYMBAETCHA 3AKJIIOUH-
TEJILHBIM COCTOSTHHEM @2, TO MII-aBTOoMaT R momyckaeT BXOHOE
cioBo abba.

B srom npumepe sicHo BumHA HEETEPMUHUPOBAHHAS IPUPOIA
MII-aBromara R. Hus so6oit koudurypanuu sBuia (go, ax, af3)
aBTOMaT R MOXKeT ClieJIaTh OJIUH U3 JABYX TAKTOB: JINOO IIOMECTUTH
B CTEK eIlle OJUH CUMBOJI @, JIUOO YCTPAHUTDL U3 CTEKa BEPXHUIL
CUMBOJI Q.

Moxkuo TmoOKa3aTh, UTO a3bIKH, onupenenasembre  MII-
apromatamMu — 310 B TouHOCTH KC-si3bikm [18], 06 sroMm, B
YaCTHOCTH, TOBOPWJIOCH B yTBep:xkieHuu 2.2. CrpasBeijiuBbl U
CJIEJYTOIINE Y TBEPKICHUS.

YrBepxkaenue 2.5. [lycmv I' — KC-epammamuxa. Ilo epam-
mamuke T' mootcno nocmpoums maxots MII-aemomam R, wmo
L(R) = L(I).

YrBepxkaenue 2.6. [lycmv R — MII-asmomam. Moowcro no-
cmpoums maxyro KC-epammamury T, wmo L(T) = L(R).

Taxum obpazom, s xkaxaoin KC-rpammarukn ' MoxkHO 110-
crpours MII-aBromar, pacnosuatonmii L(I'). Oxnako mocrpoe-
uble MII-aBTOMATBI MOTYT OKa3aThCs HEJIETEPMUHHUPOBAHHBIMU.
B mpakTuyeckux NnpusioKeHusix OOJIBIINII UHTEpPEeC IpeiCTaBIis-
orT jgerepmuHupoBanubie MII-aBTOMaThl, TO €CTh Takme, KOTO-
pble B KaxJio#l KOHMUIypanuu MOLYT Clejarh He GoJiee OHO-
ro ouepemnoro takra. K coxkanenuro, merepmunupoBanabie MII-
aBTOMOTBI HE TaK MOIIHBI 10 CBOEH pAaCIio3HABATEIHLHON CIIOCOOHO-
cru, Kak HejerepmuHupoBanHble MII-aBromarsl. Cywecmeyrom
KC-asviku, Komopole neav3s onpedesums 0emepmMunuposaHHbLMU
MII-asmomamamu.

B 3aKJII0OUEHIN maparpada  OIpeeTuM JIMHETHO-
OrpaHUYeHHbIE aBTOMATHI, WCIOJb3yeMble JJIsi I[IOCTPOEHUsI
K3-sa3b1k0B. ABTOMAaT HA3LIBACTCH AUMHETIHO-02PAHHUYEHHBIM
10 NAMAMU, eCJId Jisi 00PabOTKNA BXOHOTO CJIOBA JJIMHBL 1, OH
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WCIOJIb3YeT He GoJiee p - n sTueeK maMsTh. ABTOMAT Ha3bIBAETCsI
AUHETUHO-02PAHUNEHHBIM NO 8PEeMeHU, eCau s 00paboTKu
BXOJIHOTO CJIOBa JIJIMHBI 1 OH TpebyeT He oJiee ¢ - m IIAroB Io
BpeMeHU. 37eCh P, ¢ > 1 — HEKOTOPbIe KOHCTAHTHI.

U, makonerr, Kak ObLTO OTMEYEHO pamee, si3bIK 0€3 orpaHmde-
HUI ompejessiercss MamuHoi ThIOpUHTa, KOTOPOI MbI ITOCBATUM
CJIE/LYIOILYIO TJIaBY.



I'maBa 3

Mamuna TbwiopuHra

IIpexxne Bcero eme pas HAIIOMHHUM, 9TO Mmawuna Tbropunea He
ABJISAETCsT (DU3MIECKUM OOBEKTOM W MPUHAJJIEXKUAT 00JIaCTH ab-
CTpakTHOM Maremaruku. D10 noHsTue B 1935-1936 romax BBen
aHIVIMIiCKUil MaTeMaTuk u Kubepaernk AjaH ThropuHr.

Kak ormeuasiocs B § 2.1, mawurna Tvropunea obwezo suda —
9TO PaCIO3HABATEb, CIIOCOOHBINH HE TOJBKO YNTATH, HO U 3AITUCHI-
BaTh BXOJHbIE CUMBOJIBI. TaKOil paclo3HaBATE b HA3BIBAETCS TIPe-
obpazoBaTeseM. B 9Toit TytaBe MBI MOWAEM OT IPOCTOTO K CJIOXK-
HOMY ¥ TIOCTPOUM Mawuny Toropurnea Kax 0DOOIEHNE KOHUENUUL
Tvropurea, B OCHOBE KOTOPOIl JIE2KUT HMOHATHE AA20pUMMG. Takum
00pa3oM, K OIpeJeJIeHII0 MAIIuHbI ThIOPUHTa BO3MOXKEH IIOIXO/T
U CO CTOPOHBI TEOPUU (POPMAJIBHBIX SI3BIKOB, U CO CTOPOHBI TEOPUU

aJaropuTMOB' .

1Xorenocs 6ol erre pa3 06paTHTL BHUMAHIE YTATATE/IS HA, MO0GHOE «Iepe-
CedeHMe» Pas3JInIHbIX obsacrell MaTeMaTuku. Tak, HAIPUMED, KOHEUHBIH aB-
TOMAT MOXKHO PACCMaTPUBATh KaK MOJEJb PACIO3HABATEJsS, SKBUBAJIEHTHOIO
aBTOMaTHOI rpammaTuke (§ 2.2), min Kak abCTPAKTHBIA [OC/IEI0BATEIbHBII
aBTOMAT C KOHEYHBIMU MHOYKECTBAMH COCTOSIHHMI M CUI'HAJIOB [3].

50
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3.1. Konnennus ThiopuHra

B ocHoBe jormdecKux MOCTPOEHMI JAHHOU TIJIABBI JIE2KUT ITOHSI-
e aaropurma. [log aazopummom Mol OyieM IOHUMATH TOIHOE
MpEJIIIMCAHYE O BBITIOJHEHUN B ONPEJIEJIEHHOM MOPSIJIKE HEKOTOPOit
CHCTEMBI OIIePAIHil JIJIsI PEIIeHnsT BCEeX 3a/1a9 HEKOTOPOTO JIAHHOTO
tuma [16].

Teneps cdopmysupyem npobaemy as2opummuseckoti
pa3pewumocmu, Koropasi Obuia mocrasiena emie . I'minbep-
ToMm B 1928 . u Hay KOoTOpOit paborain A. Teopunr: cyuecmeyem
AU HEKAA YHUBEPCANOHAA GALOPUMMUYECKAA NPOUEIYPA, NO3GONA-
0WaA, 6 NPUHYUNE, PEWUMb 6CE MAMEMAMUNECKUE 3a0ayu (U3
HEKOMOP020 6NoAne onpedeaenozo kaacca) 00wy 3a dpyeot [11]7

Bcemen 3a Toropunrom, mombITaeMcsl MOCTPOUTH yCTPOHCTBO
JIJIsl BBITIOJIHEHUS 1TOJIOOHON aJrOPUTMUYIECKON Iporeaypol. o-
IYCTUM, YTO 3TO YCTPOMCTBO CITOCOOHO HAXOJUTHCS B OJHOM U3
BO3MOXKHBIX 8HYMPEHHUL COCTNOAHUL, KOTOPDbIE IPUHA/IJIEXKAT KO-
HewHOMY MHOXKECTBY {qo,q1,--.,qm . HoO, HeCMOTPsS HA KOHEY-
HOCTh YHUCJIa BHYTPEHHUX COCTOSIHUI, HAIIE YCTPOHCTBO JTOJI?KHO
UMETh BO3MOXKHOCTBH PADOTATH C HE0ZPAHUYEHHDIM 00BEMOM 8T00-
o dannwir. Kpome TOro, ycTpoficTBO JOJIKHO MMETh JIOCTYII
K GHEUWHET NAMAMU, MAKIHCE HEOZPAHUYEHH020 00B5eMA, U YMETh
BBIJIABATD PEULEHUE A106020 PA3MEPQ.

B cmty KoHeuHOCTH 4MCIIa BHYTPEHHUX COCTOSIHUI, YCTPOU-
CTBO MOXKET ODpPAIlaThbCs TOJBKO K TEeM JaHHBIM, C KOTOPBIMU
OHO HENOCPEJICTBEHHO paboTaeT B TEKyIIUil MOMEHT BpPEMEHU.
Han stumu BemmamHaMu yCTPOMCTBO MOXKET BBIMOJIHATH HEKOTO-
pbie omeparuu. lajee, OHO CIIOCOOHO 3ANMCHIBATH PE3YJILTATHI BO
BHEITHIO NaMsITh. Ha 9ToM oJinH mar paboThl yCTPONRCTBA 3aKaH-
YUBAETCS.

ThropuHT TPEIOKMIT N300PAKATH BXOJHBIE JTAHHBIE W BHEIII-
HIOIO MMAMSTH B BUJE <«JIEHTBI» C HAHECEHHBIMU HA HEE METKAMHU.
VeTpoiicTBO MOXKET «CUYUTBIBATEY C JIEHTHI MH(POPMAIIUIO, IIEpeMe-
ATHCS IO JIEHTE BIEPE]T WM HA3aJl B XOJIe BBIIOJTHEHUs Ollepa-
Wi, 8 TaKyKe CTABUTH HA JIEHTY HOBBIE METKH U CTUPATh CTAphIE.
Takum 06pazoM, OIHY U Ty Ke JIEHTY MOYKHO HCIIOJIh30BaTh U KaK
WCTOYHUK BXOIHBIX JAHHBIX, M KAaK BHEIHIOK mamsaTb. OOOCHO-
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BaHMEM TAKOT'O «OTOXKJIECTBJIEHUSI» TMOHSITHUHN sIBJISIETCST TOT (DaKT,
YTO BO MHOTUX OIEPAIUSX TPOMEKYTOUHBIE PE3YJIHTATHI BBITHC-
JIEHU# MOTYT UIPATh POJIb HOBBIX MCXOJIHBIX JAHHBIX.

YVeTpoiicTBO JIBUraeTcss 1O JIEHTE JI0 TeX IMOp, TOKa BBIMOJI-
HSIIOTCSI BbIYucjenHus. Korma BuUHACIEHUs 3aKOHYEHBI, YCTPOU-
CTBO OCTaHABJIMBAETCA. IIpu 9TOM pe3ysbTaT BBIYUCIEHUS JI0JI-
JKeH ObITh 0TOOParyKeH Ha YACTHU JIEHTHI, JIeXKaIleh 110 OJHy CTOPO-
Hy OT ycrpoiictBa. /Jas onpedesennocmu 6ydem cuumamov, wmo
6 HAUaLe PabOMbL BCE UCTOOHDBIE YUCAOBVLE DAHHBLE U YCAOBUSA 30~
AU PACIONOIHCEHBL HA YACTNY AEHMDL, HATOOAWEUCA CNPABa om
yempoticmea, a omeem (nocae 0CMaHOBKY) — HA “ACU ACHMbL,
PACTOAOIHCERHOT CACBAL OM HE20.

JlenTta mpezcraBisier coboit OECKOHEYHYIO B OOOMX HAIIPAaB-
JIEHUSIX TIOCJIeJIOBATEILHOCTD saeeK. Kaxkjas sdeiika subo 1ry-
cTa, OO0 TOMEYeHA CHUMBOJIOM U3 KOHEYHOTO BHewHe20 angda-
suma {si,...,8r}. HecMOTpst Ha TO, 9TO MBI JIOIIyCKaeM GeCKo-
HEYHOCTH JICHTBI, B KAyKJOM KOHKPETHOM CJIy9ae BXOJHBIE JAH-
HbIE, TPOMEKYTOYHBIE BHIYUCICHUS U OKOHUYATETHLHBIN PE3yJIbTAT
JIOJIZKHBI OBITH KOHETHBIMI — HA, OECKOHEYTHOH JIEHTE T0I?KHO OBITD
KOHETHOE JHCJIO IOMEYEHHBIX staeek. OTCIo/Ia CIIeJIyeT, ITO CJIeBa
U CIpaBa OT yCTPOHCTBaA HaMIyTCsA TUeKY, TOC/Ie KOTOPHIX JIEHTa
6ymer abcosorHo mycToil. OTMeTnM, 4TO y/I00HEe IyCTYIO sveii-
Ky TakyKe 0003HAYATH HEKOTOPBHIM CIIEIUAJBHBIM CAMBOJIOM Sq.
VeTpoiicTBO CIUTHIBAET IO OJHON SUeiiKe 3a pa3 U CMEIIAeTCs Ha
OJTHY sTYeliKy BJIEBO WJIN BIIPABO.

Urak, moBejieHne HAIIETO YCTPONCTBA MOJHOCTHIO OIPEIEIIs-
€TCsl €ro BHYTPEHHUM COCTOSTHUEM U BXOJHBIMU JAHHBIMU. [Ipu
3aIAHHOM HAYAJLHOM COCTOSIHUU YCTPOMCTBO paboTaeT CJeiyio-
M 006pa3oM:

— MEPEXOUT B HOBOE COCTOSTHUE UJIU OCTAETCS B IIPEXKHEM;

— 3aMeHsIeT CYUTAHHBII CHMBOJI TEM K€ WJIA JPYTUM CUMBOJIOM
BHEIHero asndasuTa (BKIIOYasl <IIyCTOH» CHMBOJI);

— MEPEJIBUraeTCs Ha OJHY STYefKy BIPABO UJIU BJIEBO;

— pelaer, MpoJI0JKUTh BBIYUCIIEHUST WU OCTAHOBUTHCS.

Onucannoe HAMU yCTPORCTBO, BKIIIOYAs OECKOHEYHYIO JICHTY,
HasbiBaerca mawunod Tovropurnea (MT).
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JI 7151 3819 H1ST HAIPABJICHHS JBUKEHNS YCTPOHCTBA BIOJIb JIEH-
TBI, BBEJIEM CJIEIyIONe O003HAMEHIS:

L — 1BUIKEHHE YCTPONCTBA, BIIEBO;

R - IBIIKEHHE YCTPOHCTBA, BIIPABO;

STOP - ocramoska 2
Ternepb KasK bl AT WK TAKT paboThl MAIIMHLL THIOPUHIa MOXK-
HO OIHCATH OIHON M3 CJACIYIOMMX KOMAHO:

qiSm — ¢;siL (3.1)
qism — q;SkR (3.2)
¢ism — qjsgSTOP (3.3)

3Jiech, CJileBa OT CTPEJIKW, 3alMCHIBAIOTCS TEKYIIee COCTOsTHUE
YCTPOMCTBa ¢; U CAMBOJI Ha JICHTE S,,, KOTOPBIA yCTPOMCTBO B
JAHHBIH MOMEHT cuuTbiBaeT. OHO 3aMEHSIET 3TOT CHMBOJI CUMBO-
JIOM S}, 1 TIEPEXOJINT B COCTOSTHUE ¢, PACIOJIOKEeHHBIe CITPaBa, OT
crpesiku. Byksor L miim R coorBeTcTByIOT mepeMernenuio yeTpoii-
cTBa Ha OJHY stueiiky BieBo win Brpaso. Cioso STOP o3nauaer
CMelleHne yeTPOHCTBa Ha OJ(HY sTUeiiKy BIPABO (TaK KAaK OKOHYA-
TeJIbHBI OTBET, BKJIIOYAIONINI B ce0sI pe3y/IbTaT IMOCIEHErO IMara
BBIUUCJICHUT, JOJKEH HAXOIUThCSA CJIEBA OT YCTPOMCTBA) U OCTa-
HOBKY.

Bce MHOXKECTBO KOMaHJ|, KOTOPBIE OIMCHIBAIOT JEHCTBHUS Ma-
muHbl ThiopuHra, ya0O0HO M300pakaTb B BUIE IMPSIMOYTOJIHHOM
TabJIAIIBI, CTOJIONBI KOTOPOIl OTMEYEHbI 3HAKAMI BHYTPEHHUX CO-
CTOSIHUMN, a CTPOKM — CHMBOJIAMH BHeIHero aidasuTa. B kieTkax
TaOJIUIIBl 3aIICHIBACTCS COOTBETCTBYIOIIAS CTOJIOIY ¢; U CTPOKE
Sy, BBIXOAHAA TPONKa 3HAKOB, Hampumep ¢;SgL (cM. Tabm. 3.1).

2B sroii Iy1aBe MbI HAMEPEHHO CJIeTa HEKOTOPbIe OTCTYIIJIEHUS OT OTpe-
JIeJICHWI, JTAHHBIX JJIS PACHO3HABATENE BIEJIOM, ITOOBI MMOKA3aTh HECKOJIb-
Ko BapuaHToB 3ajanus MT. B uyacTHOCTH, 3aMeTHM, 9YTO BMECTO OCTAHOBKHU
(STOP) MokHO pa3pemuTh yCTpOUCTBY ocTaBaTbes Ha Mecre (N) He TOIBKO
Ha [OCJIEJHEM TaKTe, KaK 910 caeiaHo B § 2.1. Ho B aTOM ciryuae HEOGXOMMO
YKa3aTh 3aKJIOUUTEIHHOE COCTOSHUE (MM COCTOSIHHUS), TO €CTh ONPEIEIUTH
MHOkecTBo F. Ilocsie Toro, Kak yCTpOHCTBO IE€PEXOJUT B 3aKJIIOYUTEIHHOE
cocrosguue, MT ocranasiuBaercs.
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Taxast TabiuIa Ha3BIBAETCS PYHKUUOHAALHOT CLeMOT, Malllr-
ubl Thiopurra [16]. OTMernM, 9TO DYHKIMOHAIBHYIO CXEMY Ma-
[IUHBI MOXKHO 3aJIaTh U IIPOCTHIM IEPEYUCIEHHEM BCEX KOMAH/I.

Tabuuia 3.1. OyHKIMOHAIBHAS CXeMa MAIIWHBI T bIOPUHTa

| Jolal .| & [.. |au]
50
S1
Sm qjsiL
Sp

He orpannumBast 00IHOCTH JAIbLHERIINX PACCy K AeHui, yIIpo-
cTuM BHenHuit andasut 10 AByX cuMBoJIoB: «0» u «1». IIpu arom
IyCTHIM sT9efKaM Oy/IeT COOTBETCTBOBATL CUMBOJI «0», a TIOMeveH-
HBIM — CUMBOJI «1». BHYTpPEHHHM COCTOSAHHSM yCTPOMCTBa IOCTa-
BUM B COOTBETCTBHE UX MOPSIKOBBIE HOMEpA B JBOMYHON cUCTEME
cancnennst: {0,1,2,3,4,5,...} — {0,1,10,11,100,101,...}.

IIpumep 3.1. [TycTb HEKOTOPOMY BBLIYUCIUTETHLHOMY TPOIIEC-
Cy COOTBETCTBYET CJeLYyIOImuil y4acTOK JIEHTBI:

oJofoJ1]1]1[1]o[1]ofo]1][1][1]o[1]1]0JO[1]O[1]1]O]L]O]O
A
(11010010)

ITpu srom yerpoiicTso HaxoauTest B cocrostaum (11010010). Torna
KOMaHJIa
(11010010)1 — (11)0 L

O3HAYAET, YTO CUMBOJI «1», KOTODBIil B JAHHBII MOMEHT CUUTHIBA-
ercst (HA JIHTE MOJ 9TUM CHMBOJIOM DACIIOJIOXKEH YKA3aTeNb) 3a-
MermaeTcss cuMBoJioM «0», BHyTpenHee cocrosiine (11010010) me-
ngercs Ha cocroguue (11) m yerpoiicrBo mepemeniaerca H OZHY
AYeKYy BJIEBO:
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0|0|0|1|1|1|1|0|1|0|0|1|1|1|2\0\1\0\0\1\0\1\1\0\1\0|0

(11)

B nanpreitem 6yem canraTrh, 9To MamuHa ThOpUHTa Beeria
HAYMHAET CBOIO paboTy, HAXOMIACH BO BHyTperHeM cocroguun (0).

3.2. Pacmmpennasa aoumvuHast ¢popma 3a-
IACK

Tenepb 06CY M BOITPOC O TOM, KAK IPEJCTABIATD B MaIuHe 1 bio-
pUHTa YUCJIOBBIE JIaHHbIe. ECm Mammuaa onepupyer TOJIbKO HATY-
PAJBHBIME YHCIAMHI, TO CAMBIH IPOCTOI CIIOCO6 — yHAPHAA CUCTE-
ma cuncienns:: {1,2,3,4,5,...} — {1,11,111,1111,11111,...}. B
9TOM ciiydae cUMBOJI «0» MOXKHO HCIOJIb30BATH B KAYECTBE IIPO-
Geuta.

IIpumep 3.2. ITocTpoum (QyHKIMOHAJIBHYIO CXEMY MAIIUHBI
Teropuara UN + 1, koropasi mpubaB/isieT €IUHUILy K YUCIy B
YHAPHOM IIPEJICTABJICHUN.

QDyHKIIMOHNPOBAHNE TAKON MAIIUHBI OIMHMCHIBAETCS CJIELYIO-
UM HaDOPOM KOMAH/I:

JOR
)1 R

)1 STOP
)

(0
(1
(0
()1 R

Ll

i Tabureit 3.2.

Tabmuna 3.2. PyarnmonasbHas cxema Mammabl Tbiopuara UN + 1

[ [© [@ |
01 (0)0R | (0)1 STOP

IlMIR| (IR
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OueBuHO, 9TO JIsd 3a0UCH OOJIBINMAX HATYPAJIHHBIX HUHCE,
yHapHas cucteMa HedddekTuBHa. [109TOMY, €CTECTBEHHO MOMBI-
TAThCA TepeiTn K JIBONYHOM cucteme. Ho cienars 310 HanpsaMyio
MBI HE CMOXKEM, TaK KaK:

— BO-TIEPBBIX, HEMOHSTHO, KOIJ/Ia 3aKAHIYUBAETCS JIBOMIHOE
MIPE/ICTABJICHUE YNCIA U HATMHACTCH ODECKOHETHAS TIOCIEI0BATE b
HOCTb HYJICII CIIpaBa, COOTBETCTBYIOIIAs ILyCTOI JICHTE;

— BO-BTOPBIX, HEBO3MOYKHO OTJIMIUTH TPOOEJIBI MEXKTY UUCIa-
MU OT HyJie#l, BXOJAIUX B 3aIUCA CAMUX TUCEJT;

— B-TPETHhUX, TOMUMO UUCET HAM MOXKET TOHAI00UTHCS 3aIUCh
Ha JIEHTE PA3JIMIHBIX WHCTPYKIIHIA.

YTo0BbI NpPEOIoeTh ITU TPYAHOCTH, BOCIOIB3YEMCS JMIBY-
Mg B3aMMOOOPATHBIMH IIPOIEIYPAMU COKPAWEHUA WU DPACULUDE-
nusa [11].

B mporecce cunThiBanus srobast MOCIEIOBATENIBHOCTD U3 HY-
Jieii u epuHAN, (¢ KOHEYHBIM YUCJIOM GIUHUI) COIVIACHO Npouedy-
pe cokpauLerHus 3aMeHSeTCs II0C/IeI0BATEIbHOCTBIO U3 HYJIEH,
€JINHUII, TBOEK, TPOEK U T. J. TAKUM 00pa30M, 9TOOBI KAXKJI0€ JIHC-
JIO B TIOJIy YUBIIIEICS TI0CIIEI0BATEIHHOCTH COOTBETCTBOBAJIO YUCITY
€JIMHUT], MEYKJTy COCETHUMU HYJISIMH.

IMomgnocnenoBarespbHOCTH W3 HyJIefl W €IUHUIL — 3TO IIO-
MPEKHEMY YHCJIa, 3AIMCAHHBIE B JBOMYHON CHCTEME CUYUCJICHUS.
Yucma 2, 3, 4 u T. 1. MBI MOYKEM HUHTEPIPETHPOBATH KAaK METKU
I HEKOTOpPble mHCTpyKImu. Hampumep, mycts 2 — 310 3amsarasd,
yKa3bIBaloIlas Ha 1mpobesi, 3 — MuHyc, 4 — IJIIOC U T. .

ITpumep 3.3. CornacHo mporeype COKpAIeHus, TOCIeI0Ba-
TEJIBHOCTH Ha JICHTE

010001011010101101000111010101111010
IIPU CUUTBHIBAHUU [IPEBPATHUTCS B IIOCJIE]0BATEIHHOCTD
1001211210031141

Hastee ara cTpoka (IIpy 3aMeHe JBOEK 3aIAThHIMU U [EPEBOJIE THUCET
B JIECATUYHYIO CUCTEMY) IIPUMET BUJI:

9,3,4+3—1
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B mporiecce 3amucu Ha JIeHTY, COINIACHO Tpouedype pacusu-
PpeHus, B IOCIEI0BATEIbHOCTA HATYPAJIBHBIX HUHUCEJI, IIPECTaB-
JICHHBIX B JBOUYHOI CHCTeMe Cuuc/eHus (U pas3JIeIeHHBIX 3alls-
TBIMHU), IPOBOJSTCS CJICLYIOIIAE 3aMEHbL:

0 = 0
1 = 10
, — 110

U II0CJIe 3TOr0 00aBJISIOTCS OECKOHEUYHBIE OCIEI0BATEHLHOCTH
HyJieil ¢ 06erX CTOPOH BHOBB IIOJIYYEHHOM 3aIIACH.

OrmernM, 9TO Takasi MPOIEIypa JaeT BOSMOXKHOCTD OTIE/ISITh
[OCJIe/IHEE YUCJIO Ha, JIEHTe OT OECKOHEYHOU ITOJIOCHI IIyCTOHN JIeH-
TBI CIIPaBa, IPOCTO UCIOJIb3Ys «3anaTyio» (110) mwin Kakoi-nubo
ZIpyroit «cuMBou», Hanpumep (111110), B KOHIIE 9TOli 3aIKCH.

Criocob mpejicTaBIeHHsT 9UCENT TIPU TTOMOIIH TPOIEIY Pl Pac-
mupenust OyJleM Ha3bIBaTh PACUWUPEHHOU 080UNHOU HOPMOT
3anucu.

IIpumep 3.4. IlycTs gana moc/e10BaTeIbHOCTD HATYPAIbHBIX
qucest
5,13,0,1,1,4

B JABOUYIHOM IIDEACTAaBJICHUN OHA IIPUHUMAET BUJI:
101,1101,0,1, 1,100

CorytacHO TIpoIe/ype PACIINPEHusI Ha JICHTe JTOJKHA ObITH 3aIi-
caHa II0CJIe0BATEILHOCTD:

00001001011010100101100 110 10 110 10 110 10 0 0 110 000

IIpu sToM, K mpumMmepy, paclImpeHHas ABOMYHAs (POpMa 3aIUCH
guciaa 13 BeirmaauTt kak 1010010.

IIpumep 3.5. IlocTpoum OyHKITMOHATBHYIO CXEMY MAIIUHBI
Toropunra XN X 2, KoTOpast yMHOXKAET Ha JIBA HATYPATLHOE UHC-
JIO, TIPEJICTABJIEHHOE B PACIIMPEHHON JTBOUMYHOMN dopme.

OueBUIHO, YTO JJIsi YMHOXKEHUsI Ha 2 B JIBOUYHON CHCTEME
CUYUCJIEHUS] JIOCTATOYHO BCE IUMPPHI JUC/Ia EePEMECTUTh HA Pas3-
PsIZ BJIEBO, & B pa3psiZi eauHwuI gorucath (.
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B mporniecce arenus uncita 6ymeM cMeIaTh ero 1mudpol Ha aaeii-
Ky BIIPaBO, & IepeJ 3aIIATON, KOTOPas OTMEJIsIeT IUCIO OT OEeCKo-
HEYHOIi I10CJIe/I0BATEJIbHOCTU HYJIEH CIpaBa, MPUIIMIIEM CHMBOJI
«0»:

00 — (0)0R
01 — (1R
(10 — (0)IR
()1 — (10)0R

(1000 — (1DIR

(110 — (0)1 STOP

VYuopaxknaenune 3.1. 3ajaiite OYHKINOHAIBHYIO CXEMY 3TOM
MarmmHbl TabmaHo. [locTpoiite MammHay ThIOPUHIA, BBIIOJIHSO-
Y10 AHAJIOTMYHYIO IIPOIE/LyPY /Il HATYPAIbHBIX UHCEJI, 3a/[aH-
HBIX B YHApHOU (opMme.

3.3. OcHoBHas ruroTe3a TeOpuUM AaJIro-
PUTMOB

[To-pexxknemy paccMaTpuBas MHOYKECTBO HEOTPUIATEIbHBIX IIe-
JIBIX YUCEJI, JIETKO YOeIUThCsl, YTO BCE OCHOBHBIE MaTEMATUIECKIIE
onepanun (CJI0KeHUe, yMHOXKEHNE, BO3BEJIEHNE B CTENEHb) MOTYT
OBITH BBIIIOJIHEHBI COOTBETCTBYIOIMME MaruHamu Teopuara. Cy-
IIECTBYIOT MAIINHbI, BBIIIOJHSIONINE OIIPALNH, PE3YJIbTAT KOTOPBIX
BBIpayKaeTcsi napoil yuces (HalpuMep, JejeHHe ¢ OCTATKOM) UJIH
ayke KOHEYHBIM MHOXKECTBOM dYHCes. MOXKHO CKOHCTPYyHPOBaTh
U Takue MAaIUHbl ThIOPUHTA, KOTOPbIE BBIMOJIHSIOT HECKOJHKO
apuMeTHIeCKUX OlePAIil B 3aBUCHMOCTH OT MCXOTHBIX JTAHHBIX
¥ PE3YJIbTATOB MPOMEXKYTOUHBIX BhIYuCaeHnil. B KoHewHOM mTOTE
MO2KHO BITOJTHE OOOCHOBAHHO IIPEIIOJIOKUTE, YTO ECAU HEKOTOPAA
3adava wemko onpedeaeha u Mo NPupode CEOEU AN2OPUMMULHA,
mo natidemcesa mawuna Toropunea, cnocobHas ee 8bNOAHUMD.

C apyroii cTOPOHBI, MOXKET IMOKA3aThCs, YTO MTPUHITUIILI 10~
CcTpoeHnus MaIinH THIOpUHTA COJIEPKAT WIJIUITHUE OTPAHUICHUS.
Ho uu ogno m3 «ycoBepIneHCTBOBaHUit» MaMHBl 1HIOPUHTA HE
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BJIUSIET HA TO, 9TO MOYKET OBITH JOCTUTHYTO C €€ IIOMOIIbI0. XOTs
HEKOTOPAas «MOJIEPHU3AIN> MAIIIMHBI 1 OTPa3UIach ObI Ha ee -
dEKTUBHOCTH, HO KJIACC PEIIaeMbIX Ha MalluHe ThIOpUHTa 3334
ocrascs 6pr npeskauM [11].

Bwmecre ¢ Tem, MBI He OTBETHJIM Ha BOIIPOC O TOM, JeHCTBU-
TEJILHO JIM TIOHSITUE MaIllWHbI 1hIOPUHIa OXBATHLIBAET BCE MaTe-
MaTUYeCKUE U JIOTUYECKUE OIEPAINH, KOTOPhle MOYKHO HAa3BATh
AN20PUMMUNECKUMU.

Hezasucumo or Teiopunra amepukaHckuii Jioruk AJIOH30
Yepu, paboTast Ha I TPOOIEMOil AJITOPUTMIIECKON PA3PENInMOCTH
IMuns6epra, MPEIJIOXKIII CBOIO CLemy AAMOO0G-UCUUCAEHUSA, OKAZAB-
IIYIOCS SKBUBaJIEHTHON MammuHe ThIOpUHTA.

B wrore moBcemectno Obl1  mpuaAT me3uc depua-
Tvropunea, KOTOPBI yTBEPKAAET, YTO Mawuna Tviopunea (uau
ee IKBUBAAEHN) ONPEIEAREM, ANLOPUMMUNECKYIO NPOUELIYDY.

IlepedpaszupoBaB 3TOT TE€3UC CIAETYIONINM 00PA3ZOM: 410001 Q-
20pumm mooicem 6vimb 3a0an MbIOPUH2080T PYHKUUOHAALHOU
cxemotll u peaausosar 8 coomsemcemsayrouieti mowure Tvropunaa,
MBI [IOJIyIaE€M OCHOBHYIO 2UNOMeE3y MeopuU GA20PUTMOS.

SaMeTuM, YTO Ta IUIOTU3a HE MOXKET OBITh CTPOI'O JI0Ka3a-
Ha, T0JJ00HO MATEMATHIECKOH TeopeMe, TaK KaK OHa IIPEJICTaBIIsA-
er coboit yTBepKaeHne 00 ODIIEeM MOHATHH AJITOPUTMa, KOTOPOE
He SBJISIETCS TOYHBIM MATEMATHIECKIM IOHSITHEM. ¥ BEDEHHOCTD B
CIIPaBEJIMBOCTH I'MIIOTE€3bI OCHOBAHA IJIABHBIM 00PA30M HA OIIBIT-
HBIX JIAHHBIX. JHAYEHUE T'UIIOTE3BI 3aKJI0UAETC B TOM, YTO OHA
yTOUHsIET 00IIee U PACILIBIBIATOE MMOHATHE «JII000I0 aJIrOpuTM™Mas
9epe3 COBEPIIEHHO TOYHOE MATEMATHYECKOE MOHSATHE (DYHKIINO-
HaJBbHOM CXeMbI MAIUHBI 1 bIOpUHTA.

3.4. YHuBepcaJbHasdg MalliuHa ThIOPUH-
ra
Hdes, nexxarasi B OCHOBE YHUBEPCAALHOT MauwuHvt Tolopunea, co-

CTOUT B TOM, 9ITOOLI 3aKOAUPOBAaTb KOMAHAbI JIJIsA HpOI/I3BOJ’IbHOﬁ
MaIllHbI TbIOpI/IHI‘a Ts BHJIE€ IIOCJIECIOBATECJIbHOCTH Hyﬂeﬁ u eau-
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HUII, KOTOPYIO 3aTe€M MOXKHO 3allicaThb Ha JIEHTe. DTa 3alliCh Oy-
JIET UCII0/Ib30BATHCA KaK HAYaIbHAS JACTh BXOIHBIX JAHHBIX JIJIs
HEKOTOPOU yHUBEPCAAbHOT Mawurvt Tvropunea U, KoTopas obpa-
60TaeT OCTABIILYIOCS YaCTh JIGHTHI TOYHO TaK, KaK 3TO CJIejiaJia Obl
marmmHa 7.

NubiMu cioBaMu, YyHUBEPCAABHAA MawuHa Tvropuraa —
9TO YHUBepcajbHbII mMmuraTop. HavajibHasi 9acTh JIEHTHI JIaeT
yHUBepcasbHOM Marmae U BCIO HEOOXOMMMYI0 WH(MOPMAIUIO s
TOYHOM MMUTAIIN JII000i Marmuabr 1.

Yro0bl peasiM30BaTh YHUBEPCAJbHYIO MAIIUHY, HAM IOTPe-
Oyercs cucrema Hymepanuu mamuH Tbopuara. ljas Toro Mbr
JOJIKHBI B COOTBETCTBUM C YeTKUMH TIPABUIAMHU TIPEICTABUTD Ha-
OOpBI KOMAHT KayKI0i MAIUHBI B BUIE MTOCIEI0BATEIHLHOCTE HYy-
geit n emmHUI. HamomMH®UM, ITO OOIMMI BHUJ KOMAHIBI MAITAHbBI
TeropuHra uMeeT BUI: ¢;Sy — ¢jSkR (mmm L, mmn STOP). Ilepe-
YHUCJIMM OCHOBHBIE ITPaBUJIa TAKOIO KOJIMPOBAHMSI.

1. Byznem ucmomb30BaTh TPOIEIYPY COKPAIEHUST MJIH PACIITH-
PEHHYIO JIBOUYHYIO (POPMY BAIIMCH:

1 = 10 L = 1110
STOP = 11110

ITpu srom cumposioB R, L u STOP BrosiHe nocraTodHo st OT-
JIeJIeHHsT KOMaHJ, YT OT Apyra (OHU BBIIOJIHSIOT POJIb 3allsTON
WK pofesia MKy KOMaHIAMH).

2. Het 1e00X0MMMOCTH KaK-TO Pa3/e/IaTh KO COCTOSTHHS Ma-
IMIUHBI U TEeKyIuii CMMBOJI Ha JieHTe (paHee COCTOSIHUE 3aKJIHO-
9aJ10Ch B KPyIJIbIe CKOOKH), TaK KAK PACIOJIOXKEHUE CUMBOJIA B
KOHIIE JBOMYHOTO KOAA SBJIACTCA JOCTATOYHBIM OTJIMYUTE/IHLHBIM
[IPU3HAKOM.

Hanpumep, dparment komanaer (110)1 6ymer orobpazkarbes
Ha JieHTe Kak 1010010.

3. Eciin npeaBapuTeIbHO yHOPSIAOYNTh KOMAHJIBI 10 BO3paC-
TAHUIO JBOMYHBIX YHCEJI, CTOSIIUX CJIEBa OT CTPEJKN (COCTOSTHUE
U CUMBOJI Ha, JIEHTE), TO CTPEJIKU U IUCJIa, HEIIOCPEJICTBEHHO IIPE/I-
LIECTBYIOLINE UM, MOXKHO He KOaupoBaTh. Ho mjis 3Toro namo ybe-
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IUTBCA B OTCYTCTBHU <«IBIPOK» B IOJIy9IUBIIEMCS ITOPAIKE U II0-
6aBUTH, TJ€ 9TO HEOOXOIIMO, «HEMbIE» KOMAHIBI.

Hanpumep, eciin MammHa He ©MeeT KOMaHIbL, JIeBasd 9acThb KO-
Topoit npecrasiagerca Kak (110)0, To Mbl JOKHBI JOOABUTDL B
CIIMCOK KOMaH/[ HeMyto KomaHy, Hanpumep (110)0 — (0)0 R, xo-

TOpasi He BbI30BET U3MEHEHUil B pabOTe MAIIUHBI.

ITpumep 3.6. BoiuiieM B CTPOKY «yCedeHHBIE» KOMaHIbI Ma-
mwmabl Toiopunra XN X 2 u3 npumepa 3.5 (¢ I0HOIHATENLHOI
uemoit komanzoit (10)1 — (0)0 R), npegBapuTeabHO yIOPSALOIUB
UX YKa3aHHBIM CIIOCOOOM:

(0)OR(1)0R(0)1R(10)0R(11)1R(0)0R(0)1STOP

ra CTPOKa Ha JIEHTE 3allUIIeTCd KaK IIOCJ/IeI0OBATE€/JIbHOCTH CHUM-
BOJIOB!:

0011010011001011010001101010101100011001011110

Wrak, ©TOroM TaKoro KOAMpOBaHus KOMaHI MalluHbl ThbopuH-
ra sIBJISIETCS JIBOMYHOE YUCJIO, 3aIllUCAHHOE Ha JIEHTE, KOTOPOE MbI
Ha30BEM HOMEPOM JIaHHOI MamuHbl ThopuHra. MammuHy ¢ HO-
MepoMm 1. OysieM obo3HavdaTh T, .

IIycrs mamuna Toiopunra T, geficTByeT Ha HEKOTOPYIO KO-
HEUYHYIO CTPOKY HyJIell W eIUHUI] Ha JIEHTe, KOTOpas IMOJAeTCsS B
YCTPOMCTBO clipaBa. ByineM HHTepIpeTUpOBaTh 3Ty CTPOKY KaK
JIBOMYHOE IIpeJICTaBJIeHne HEeKOToporo umcia m. llocie ompee-
JICHHOT'O YHCJIa MAroB Mamuua Ty, OCTaHABIUBAETCS (JOXOJUT JI0
komanpl STOP). TlocienoBarebHOCTD IBOUYHBIX 1D, KOTO-
PYIO MallUHa BBIIKCAJIA K 9TOMY MOMEHTY Ha JIEBOH YaCTH JIEH-
ThI, U OYJET pPe3yJIbTaTOM. DTy IIOCJIEI0BATEIbHOCTD TAKYKE MOXK-
HO UHTEPIPETUPOBATH KaK HEKOTOPOE YUCIO0 p. Torma BhIparKeHue
BUIA

3Ha camom sieste, ecTb elIe HeCKOTbKO CIIOCO60B «CIKOHOMHTD» [11], HO MBI
Ha HUX OCTAaHABIHBATLCA HE OyJIeM.
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O3HAYAET, 9TO PE3YJILTATOM neficTBust n-it Mamuabl Teopunra 1,
Ha YHCJIO M SBJSIETCS 9UCIO P.

C 1pyroit CTOPOHBI, 3TO BBIPAXKEHME OIUCHIBAET HEKOTOPYIO
OTIEepAaINIO: ISt 33JaHHBIX JBYX YUCEJ T W 17 MBI MOXKEM HaiTh
9UCTIO P, €CAU BBEJEM M B n-10 Mammny Thiopunra. DTa omnepa-
[Hsl AJTOPUTMUYIHA, CJIEJI0BATEJNLHO (10 OCHOBHOW I'MIOTE3€ TEO-
PHHU aJIFOPATMOB) MOXKET OBITH BBINOJIHEHa MammHO#i ThopuHra
U: U cosepiiaer JIefCTBUS HAJT IAPOH YUCEST N U M, 3AMUCAHHBIX
Ha JIEHTE, U BBIJAET B PE3YJIbTATE UUCJIO P.

OrMernM, 9TO TIPU 3AIUCH HA JIEHTY YHCEI N U M B KA4eCTBE
pa3leuTeNsT MOYXKHO HCIOJIb30BATh, HAIIPUMED, IOCJIEI0BATE b
Hocth 111110.

Crmcok komauT MamuHbl U JTOJ2KEH COEePKAThH ITPABUJIA I
9TeHUs] TOAXOISAIIEH KOMAH/bI U3 «CIICKa», 3aKOIUPOBAHHOTO B
qucsie n, Ha KaxkJIOM Imare obpaborku 1udp u3 unciaa m. lpu
sTom Marmuaa U OyJieT coBepiiarbh 3HAYUTEIBHOE KOJIMIECTBO
[IPBI?)KKOB BJIEBO-BIIPABO II0 JIEHTE MEXKy IHUPaMu, COCTABJISIO-
MUMA 9ucia n U m. Takas MaIinHa sBJIsieTCs yHUBEPCATIbHOMN
mamuHoit Teiopunra. O6o3Havas ee IefCTBUE HA [IAPY THCENT
(n,m) gepes U(n, m), noiaydaem:

U(n,m) =T,(m) (3.5)

JJIs1 JIIOOBIX (1, M) TaKuX, 4To MaluHa T;, KOpPEKTHO OlpeiesieHa.

Tak kak U — Takke mammuua TbiopuHra, TO oHa camMa Oy/eT
nMeThb HoMmep: 3 u Takoe, uro U = T,. Bun uncia u MOXXHO HaiTH
B [11].

3.5. AJjaropuTMmuYecKm HepaspenimMbie
npoOJIEMBbI

Hamomuawnm, 910 11€/1h TEOpHUH, KOTOPYIO pa3padaTbiBasl THIOPHUHT,
— perreHre MPoHJIEMBl aJITOPUTMUYECKON Pa3PEIIMMOCTH: CYIIe-
CTBYET JII HEKOTOPAsl aJITOPUTMUIECKAS IIPOIEYPa JJIsi PEIIeHUst
BCEX MATEMATHYECKUX 3aJ1a9, MPUHAJJICIKAIIAX OIPEIeIEHHOMY
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kiaaccy? B cuiy resuca Yepua-Toropunra (mjm OCHOBHON I'HMIIO-
Te3bl TEOPUU AJITOPUTMOB) Ty HPOOJIEMYy MOXKHO epedpasupo-
BaTh CJIEJYIONUM 00pa3oM: cywecmeyem Au mawuna Toropunaa,
DEWANOUWAA BCE MAMEMAMUYECKUE 360a4U U3 dannozo Kaacca?! B
CBOIO 0uepe b, THIOPUHT CBEJ JAHHYIO TPOOJIEMY K TIOUCKY OTBe-
Ta Ha BOIPOC: OCTAHOBUTCS JIU B JIEHCTBUTEIHBHOCTH N-51 MAITHTHA
Triopunra, eciim Ha ee BXOJ MOCTYHUT HEKOTOPOE YHCJI0 m? D1a
3a/1a9a MOJIyIIIa Ha3BaHue NPobaemb, OCMAHOBKY,.

YrBepxkaenue 3.1. He cyuecmeyem ynusepcanviozo anzo-
PUMMA ONA DEWLEHUA B0NPOCG 00 0CMAHOBKE NPOUIBONHOT M-
wunvt Tvropunea.

Jloka3aTeabCTBO [IPOBEIEM METOJOM OT MPOTUBHOTO — MIPEJI-
[IOJIOYKUM, YTO YKA3aHHBIN aJIropuT™m cyrectsyer. Torma cytie-
CTBYeT COOTBETCTBYIONAsi MallliHa 1BIOpUHTA S, KOTOpas J1aeT
OTBET Ha BOIIPOC: OCTAHOBUTCS JIM N-s MalluHa 1bhIOpUHTA, Jeii-
cTBys Ha ancyio m. Ilyctb pesyabraTom meficTBus MaImuHbl S Oy-
zer 0, eciu n-g1 MammuHa He ocraHoBuiaack (T,(m) =0), u 1 - B
nporusHoM caydae (T,(m) = p):

.0, ecmT,(m)=0,
S(n;m) = { 1, eciu T, (m) ocraHaBIMBAETCS.

[IpeacraBum Ternepb GECKOHETHYIO TAOJUILY, B KOTOPYIO BKJIIOUE-

(3.6)

HbI OKOHYATEJIbHBIE PE3YJIbTATHI JIEHCTBUI BCEX BOZMOMKHDBIX Ma-
mmH ThlopuHra Ha Bce BO3MOKHBIE BXOAHbIE JaHHble. B 3ol Tab-
JIUIE M- CTPOKa NIPEJCTABJIACT CODOM pe3ybTaThl BHIMHACICHUIT
n-#t mamuubl Thioputra mpu ee pabore ¢ m = 0,1,2,3,4, ... Kak
OyJeT ClaeIoBaTh M3 JAJbHEHIINX pacCy>KIACHUI, Ha CaMOM JeJie
HOPSIJIOK CJIeZI0BAHUs MAIWH B Tabimne He Baxked [11]. Tlostomy,
He OrpaHMYuBas OGIIHOCTH, MOYKHO CIUTATh, 9TO JTaHHAas TabIuIa
pUMeT BUJ, IPeJCTaBJICHHBIN Tabummeit 3.3.

Oupenenum HOByIO npouemypy 1y, (m) o S(n;m), cormacuo Ko-
Topoil MamuHa T}, TPOU3BOAUT COOTBETCTBYIOIINE ACHCTBUS TOJIb-
ko ecim S(n;m) = 1. B caygae, korma S(n;m) = 0, Gyzem 3amu-
CBIBATH B Ka4eCTBe pesy/brara Takxke 0. B mrore mosydaem tab-
sguny 3.4.

OupeesiuM  8bLYUCAUMYIO NOCAEI0B8AMEALHOCTIL KAK
GECKOHEYHYIO MOCJIEI0BATEILHOCTD, 3JIEMEHTBl KOTOPOH MOLYT
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Tabmuna 3.3. Pesymbrarer paboret mamuna Teopunra T, (m)

3 4 5 6 7 8

2

1

0

m —

o oo o o o o o o

4
1

0o O

19 23

11 13 17

7

197

Tabmuna 3.4. Pesynbrarst paboret npouenypst T, (m) o S(n;m)

0

0 0 O

0

0 2 0 2

2

0 0 0 0 O

0

0 3 0 4
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OBITH HAWIEHBI OJUH 38 JPYTUM IIPU HOMOIIH HEKOTOPOTO AJIr0-
puTMa. DTO O3HAYAET, UTO CYNIECTBYeT MalluHa TbhiopuHra, KO-
TOpasi IIPOM3BOJIUT JIEMEHTBI STOU MOCJIEI0BATEIBHOCTH, OYLy U
moodvepeHo nmpuMeHeHa K uncaam m = 0,1,2,3,4,5,. ..

Ucxoas 3 cymecTBOBaHUS MAINUHBL S, MOJIy9aeM, 9TO BCE
CTPOKU TaOIHUIBI 3.4 MPEICTABISIOT COOO0I BBIYUC/IMMBIE ITOCTIE-
JIOBATEJILHOCTH.

O6patHo, m100ast BBIYUCIUMAs IOCIEI0BATEILHOCTD IIEJIBIX
HEOTPUIATEIbHBIX YUCEJ JOJIXKHA IOSIBUTHCSI CPEeJ CTPOK Tab-
Junibl 3.4 (3TO CBOMCTBO BBINOJIHSIOCH U JJI UCXOIHOM TabJIUIIb,
couepxkameit ).

Cuwnras, aro mamusaa Thiopunara S CyIIecTByeT, Mbl IOy Id-
Jin TABJINILy BBIYUCIUTENHLHBIM IIyTEM: [PU ITOMOIIM [IPOIEY P
T,(m) o S(n;m). CreroBaTesbHO, CYIIECTBYET HEKOTOPAsT MAIIIH-
na Teiopunra (), npuMeHeHne KOTOPO#l K Iape duces m,m JaeT
3HAYEHUE COOTBETCTBYIONIEH KIETKHU TabJIUAIIBL:

Q(n,m) =T, (m) o S(n,m). (3.7)

Paccmorpum 3HavYeHUST B KjIeTKaxX, PACIIOJIOXKEHHBIX Ha IJIaB-
HOfl JMaroHaju Tabuip? (OHU BBIIEIEHbI KUPHBIM MIPUQTOM).
DTu 37eMeHTHI 00pa3y0T HEKOTOPYIO OCIEI0BATE/IbHOCTD:

0,0,1,2,1,0,3,7,1,...
K kaxmomy aseMeHTy OCIeI0BaATeLHOCTA IPUOABAM €IUHUILY:
1,1,2,3,2,1,4,8,2,...

O‘{eBI/I,HHO, 9TO IIponeaypa IIOJy9CeHUd ITUX YHCeJI aJITOPUTMUYI-
Ha, CJIeJ0BATECJIbHO, MbIl TOJTYYINJIN HOBYIO BBIYUC/IMMYIO ITOCJIEIO-
BaTEJIbHOCTD

1+ Q(n,n) =1+T,(n)oS(n,n), (3.8)

C y49eTOM TOro, 94To JjId AuaroHaJbHbIX 3JIEMEHTOB 1 = M.

4Tlomo6HbIil TPUEM [OKA3ATEIHLCTBA, HA3LIBACTCS OUAZOHAABHBLM NPOUEC-
com Teopra Kanrtopa.



66 T'masa 3. Mamuna Teropunra

Tak Kak HaIma TabJINIA COMEPKUT B cebe 6ce BHITUCTUMBIE TTO-
CJIEJI0BATEIbHOCTH, TO OHA JIOJI?KHA COJIEPXKATH U HOBYIO IIOCJIEII0-
BaTeJIbLHOCThL. HO 3TO HEBO3MOXKHO, TaK KaK HAIla HOBas MOCJIEI0-
BATEJILHOCTh OTJINYAETCS OT MEPBOM CTPOKHU MEPBBIM DJIEMEHTOM,
OT BTOPOil CTPOKM — BTOPLIM, OT TPEThell — TpeTbuM u T. 1. 1lo-
JIydaeM TpOTHBOPEdne, KOTOPOe 1 JTOKA3bIBAET YTBEPIKICHUE.

Bompoc o ToMm, ocranaBimBaercs i MaruHa TbhIOpUHTA WIH
HET, TIPeJICTaBIsgeT coboil MaTeMaTuyIeckyio 3ama4dy. 11 naobopor,
pa3IudHble MATEMATHIECKUE 33Ja9l MOT'YT OBITH CBEJIEHBI K BO-
mpocy 06 ocTanoBKe Mammuabl Trhiopmara’. TakmM ob6pazoM, 10-
Ka3aB, 9TO HE CYIIECTBYeT AJITOPUTMA JJIs PEIIeHrs BOIPOca 00
OCTAHOBKE TPOM3BOJIHLHON MAIIMHBI HA MPOU3BOJBHBIX BXOJHBIX
JIAHHBIX, TIOJIY9aeM, ITO HE MOXKET ObITh U ODIIEero ajropurMma, J1jist
perienust gcex Martemarndecknx 3ajad. CreoBaTesbHo, npobie-
Ma paspewumocmu Lurvbepma ne umeem peuterus.

Cywecmeosarue  aA20pUMMUYecky, HEPA3PEWUMBLT KAGCCO8
3004y TPUBOAUT K TOMY, 9TO CTPEMSICh IOCTPOUTH TpebyeMmbIil
AJITOPUTM, MBI BBIHYKIEHBI CIUTATHCS C TE€M, YTO TAKOI'O AJIr0-
pUTMa MOXKET U He CyIIEeCTBOBATH. JTO HE O3HAYAET, UYTO B KAXK-
JIOM KOHKPEMMHOM CIIydae Mbl HE MOXKEM PEIUTh OIPEIeSICHHYIO
MaTeMaTUIECKYI0 3329y WU YCTAHOBUTH OCTAHOBUTCS JIM JIAH-
Has MamuHa Tbiopuara jubo Her. Ho He cymecTByeT HU OJHOIO
aJITOPUTMa, KOTOPBI ITO3BOJISLT OB PEIUTD A106Y10 MATEMATHIE-
CKYIO 3aJIa9y WU JaBaJjl ObI OTBET Ha BOIPOC 00 OCTAHOBKE 410001
ManuHbl THIOPUHTA TP 210061 BXOJIHBIX JTAHHBIX.

B 3akroduennn ere pa3 OCTAHOBUMCS Ha BOIIPOCAX OTOOparKe-
HUsl YUCJIOBBIX JIAHHBIX B MamuHe Triopunra. Paree Mbl paccmar-
pUBaJIA NEHCTBUS HAJT IEJBIMI HEOTPUIATEIbHBIMEU ducaamu. 1le-
pefileM Termepb K K OMEPAIUASAM C OTPUIATEIbHBIME [EJIBIMA IUC-
JlaM¥, OOBIKHOBEHHBIME JIPOOSIMU U OECKOHETHBIMU JIECATHIHBIMA
apobsimu. IlepBble j1Be KaTeropum JIErKO IOJAIOTCS 0OpaboTKe

SHamnpuwmep, 3amaua paspemumoctn ypasuenust @12 4 y@+2 = ;w+2 g
HATYPAJbHBIX YHCJIaX — 3HAMEHHTas <«IOCenHsas Teopema Pepmar. Bymem
[IPOCMATPUBATH BCEBO3MOXKHBIE YETBEPKHU T, Y, 2, W U IPOBEPATH, BLITIOJIHSI-
eTcst wim HeT 3To pasencTso. CooTsercrhyiomas MT ocTaHaBIUBAETCS B TOM
cjIydae, KOorga paBeHCTBO BBIIIOJIHACTCA.
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MammaamMu ThIOpUHTa, TPUYIEM U YUCIUTEb, U 3HAMEHATEDb JIPO-
61 MOTYT OBITH CKOJIb YTOAHO OobImuMu. Bee, 910 HaM mmoTpedy-
€TCsl — ITO KAKOH-HUOYIb NOAXOIANINN KO, JIJIg 3HAKOB «-» M </ »,
KOTOPBIH JIETKO BBIOPATD, UCIIOJIB3Y sl PACITHPEHHYIO JIBOMYIHYIO 3a-
muceh (Hampumep, «11110» — 910 «-» u «111110» — 310 «/»). Tem
CaMBIM OTPHUIIATEIHHBIE [IEJIbIe YNCIa U OOBIKHOBEHHBIE JPOOH pac-
CMATPUBAIOTCSH KAK KOHEYHbIE HAOOPHI HATYPAJIbHBIX YHCEJ.

To ke MOYKHO CKa3aTh U O KOHEYUHBIX MJIN OECKOHEYHBIX TIepU-
OJIMYECKUX JECSITUIHBIX JPOOSIX, TaK KAK OHU SIBJISIFOTCS YaCTHBIM
caydaeM OOBIKHOBEHHBIX Jpobeit. Omrako, 6eCKOHEUHbIE Helepu-
OIMYeCKUe JECATUIHBIE BBIPAYKEHUs, TAKHE KAK IIOJTHAS 3aIlNCh
quciaa m = 3.14159265358979 ..., IpesCcTaBIAIOT OIpE/IeJIeHHBIE
TPYJAHOCTH — MbI HE MOXKEM IIO03BOJIUTH MaluHe TbiopuHra pabo-
TaTh OeckoHedHO. HO MBI MOXKEM HOCTPOUTH MAIIUHY, KOTOpasi B
3aBUCUMOCTH OT BXOJHBIX JIAHHBIX, OYJET PACCINTHIBATH OIpeIe-
JIGHHBI 3HAK ApobHOM yacTu. [lomo0HbIe 3aMevuanss OTHOCATCS U
KO MHOTHM JPYTUM HPPAUOHAILHBIM dnciaaM. OTHaAKO OKa3bIBa-
€TCsl, YTO HEKOTOPhIe UPPAIMOHAIbHBIE YUCJIA IPUHIIAIIAATIBHO HE
MOTYT OBITH BBIYHCJIEHBI ¢ TOMOIIBI0 MarmuHbl Thiopuara [11].



I'naBa 4

Cetu lleTpu

4.1. CoObITus 1 yCJIOBUS

[TocTaBum mepes coboit 3a/a9qy MOCTPOEHHUS MOJIEIH HEKOTOPOM
JINCKPETHOH cucTeMbl. KOMITOHEHTBI 9TOM CHCTEMBI OyIeM IIpe/I-
CTaBJIATDL aOCTPAKTHBIMEU COOBIMUAMU.

IIpumep 4.1. CobbiTHEM MOXKHO CUMTATH BBIIIOJIHEHUE OlIEPa-
TOpa IPOrPaMbl, IIEPEX0] TPUITEPA U3 OJIHOI'O COCTOSIHUS B JIPY-
roe, IpepbIBAHNE B OMEPAIMOHHON CUCTEME W T. II.

Peanmzamuio KOHKPeTHOrO COOBITHsI Ha30BEM OJEUCMBUeM.
Habop geiicrBuil, KoTOphIii HEOOXOIUM it (DYHKITMOHUPOBAHUST
JUCKPETHON CHCTEMBI, 00pP3yeT NPoUecce, IOPOKIAEMBII 9TOM CH-
creMoil. 3amMeTuM, 4TO B OOIIEM CJIydae OIHA U Ta YK€ CHCTEMA
MOXKeT (PYHKIMOHUPOBATH HeJemePMUHUPOSAHHO, TO €CTb B OJI-
HUX U TeX K€ YCJIOBUAX BECTHU cebsl II0-PA3HOMY, IIOPOXKIasi 11eJI0e
MHOXKECTBO IIPOIECCOB.

Eciin paccmarpuBaTh TPaIUIMOHHBIE N0CAEJ08AMENDHDBIE MO-
deau TUCKPETHBIX CHCTEM, TO COOBITUSI HEOOXOJIMO CBSI3aTh C OIIpe-
JIeJIEHHBIMA MOMEHTaMM WJIM WHTEPBaJlaM¥ BPEMEHH, B KOTODBIE
IIPOUCXOJUT OJHOBPEMEHHOE W3MHEHUE COCTOSHUN BCEX KOMIIO-
HEHT CUCTeMbl (U3MEHeHUe 00uwie20 cocmosnus cucmemot). Cmena

68
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COCMOARUT CUCTNEMDL OCYULECTNBAAETNCA NOCALI08aAMEAbHO. TaKOoN
IIO/IXOJT IMEET DsiJl HEJOCTATKOB:

1. Yuer cocTosiHUl 6cexr KOMIIOHEHT MPU KaxK 10i1 cMeHe ob1e-
'O COCTOSTHUS JI€JIAET MOJEJIb TPOMO3/IKOMN.

2. lmeet MecTO TIOTEPST IPUYNHHO-CJIEJCTBEHHBIX CBSI3€i MeK-
ay cobbrrusimu. Hampumep, eciin gBa COOBITHSI ITPOW3OILIN O/
HOBPEMEHHO, TO HE WM3BECTHO, CJIYYAHOCTb 3TO WA PE3YJIHTAT
HEIPEeyCMOTPEHHOTO BapuaHnTa (byHKINOHUPOBAaHUS Moean. Ta-
KM€ [OHSATHUsI, KAK KOH(MIIMKTHI MeK Ly coOblTusiMu (U3-3a pecyp-
COB) WJIM OXKHJIAHHME OJHUM COOBITHEM Pe3yJIbTaToB paboThl JIPY-
rUX COOBITHIA, TPYIHO BBIPAXKAIOTCS B TEPMUHAX CMEHbBI COCTOSTHUIA
CUCTEMBI.

3. B acunxponnwuixr cucremMax BPEMEHHOH HMHTEPBAJI, CBA3AH-
HBIN C KAKUM-JIN00 COOBITHEM, MOYKET OBITH HEOIPE/IeJIEHHO 0O0/Th-
M (HAIIOMHAM, 9TO B CHHXPOHHBIX CHCTEMAX 3TOT MHTEPBAJI 110-
crosiied). B ¢Bsa3u ¢ 9TuM, GbIBaeT TPYIHO yKA3aTh TOYHOE BPEMS
HaYajIa 1 OKOHYAHUST COOBITHUS, & TAK?KE €r0 MPOIOI2KUTETHHOCTD.

Y0661 N30aBUTHCS OT ITUX HEJOCTATKOB, OTKAYKEMCS OT Bpe-
MEHHBIX CBsI3€if — OT BpDEMEHU U OT TAKTHUPOBAHUSI IIOCJIEI0BATE b~
HOCTU M3MEHEHUI COCTOSHMII. 3aMEHUM STU TIOHSTUsT TPUIUHHO-
CJIEZICTBEHHBIMA CBA3SIMU MeXKIy cobbrtusmu. [lpm sTom, eciu
BO3HUKHET HEOOXOIMMOCTH OCYINECTBUTH IPUBA3KY KO BPEMEHU,
MOMEHTBI WJIX MHTEPBAJIBI BpEMEHU TaK2Ke OyJIeM IIPEJICTABIATH B
BHU/Ie COOBITHIA.

BzanmoneticrBue cobbiTuil B OOJIBIMUX CHCTEMAX WMEET, KakK
MIPABUJIO, CJIOXKHYIO JUHAMHYECKYIO CTPYyKTypy. llpm onucanum
ATUX B3aI/IMOLLeI‘/JICTBI/II‘/JI 6y;[‘eM YKa3bIBaTh HE€ HEIIOCPeJICTBEHHbLIE
CBSI3U MEXKJIy COOBITHUSIMH, & CUMYAUUL, TTPU KOTOPBIX JTAHHOE CO-
ObITHE MOYXKET peajm30BaThCsi. IIlpu 3TOM TyIOOA/IBHBIE CATYAIMN
B cucreMe OymyT OPMUPOBATHCS € TOMOIIBIO JIOKAJBHBIX, HA3bI-
BAEMbBIX YCAOBUAMU Peann3anun coobiTnii. Kaxkmoe yciioBue xa-
PaKTEPU3yeTCs eMKOCMbIO:

— eMKOCTb paBHa 0, ecjin ycJIoBUe He BBIIIOJIHEHO;

— eMKOCTb PaBHa 1, ecyin yCJIOBUE BBIIIOJIEHO;

— emkocTb paBua n (n € N), ecim ycjioBUE BBIIOJHEHO C M-
KPaTHBIM 3aI1aCOM.



70 I'naBa 4. Cern Ilerpn

OueBUIHO, YTO OINPJEJIEHHBIE YCIOBUSI PA3PEINAOT PeaTn30-
BaThCsl HEKOTOPOMY COOBITHUIO — NPedYCa06uUsi COOBLMUSA, B CBOIO
o4depe/ib, paJinu3alud CO6BITI/IH U3MeHsieT HEKOTOpbIE YCJIOBUA —
nocmycaosus cobvimus. Takum obpa3oM, yC/IBUS U COOBITUS
B3aUMOAEUCTBYIOT APYT C APYTOM.

ITomBomst mror, mostyuaemM, 9T0 JUCKPEMHYIO CUCTEMY MOAHCHO
npedcmasums 6 sude cmpykmypovl, 00pa306aHHOT U3 INEMEHMOB
dsyxr munos — cobomuti u ycaosuti. Cemu Ilempu — 310 OonuH U3
BAPUAHTOB TAKOI'O NPEJICTABJIEHAS IUCKPETHOI cucreMsl [7].

B cerax Ilerpu cobbITHs U yCJIOBHS IIPEICTABIECHBI a0CTPAKT-
HBIMI CHUMBOJIAMH W3 JIBYX Herepecekamommxcs aiadasuroB. Co-
OBITHST ONMMCBIBAIOTCS MHOHCECTNEOM NEePerodos, a YCIOBUST —
MHootcecmeom mecm. B rpadudeckom mpencTaBiaeHun cereit
IEPEXOJIbl M300PAXKAIOTCI «OaPLEPAMU», & MECTA — KPYHCKAMU.
CobBITHSI-ITEPEXO0/IBI U YCIOBUSI-MECTa CBsI3aHBI OTHOIIIEHIEM HEIIO-
CPEJICTBEHHON 3aBUCUMOCTH (MJIM HENOCPEICTBEHHON MPUIUHHO-
CJIEJICTBEHHON CB#A3M), KOTOpasi U300pazKaercs MpHU IIOMOIIH Ha-
npasaerHoir dye. JLyrn MOryT BECTH KaK U3 IIEPEXOJO0B B MECTa,
Tak 1 Ha00OpOT. BrodHnbvie mecma — 310 MecTa, U3 KOTOPBIX Be-
JyT JYTU Ha JIaHHBIA 11epexoy. Buirodwsie mecma — 510 Mecta
M@ KOTOPbIE BEJIYT JYTH U3 JIAHHOTO IEPEXOIa.

Brlnosinenune ycioBust u300pazkaercs padmemrot COOTBET-
CTBYIOILIETO MeCTa-KpyxKKa duwramu (Mapkepamu). duciao map-
KEPOB PaBHO eMKOCTH yciaoBus (cM. puc. 4.1).

rQ YCJIOBHE p HE BEIIOIHEHO
r@® YCJIOBHE p BHITOJIHEHO

r® YCIIOBHE p UMEET KPaTHOCTH 2
r® YCIIOBHE p UMEET KPATHOCTD 5

Puc. 4.1. Bapuanrsl pasMerku ycJIOBUR-MeCT
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IIpumep 4.2. IIpumep cetn IleTpm mpencraBen Ha PUCYH-
ke 4.2 (1). Bmecs p; (1 <@ < 6) — ycaosus-mecra, t; (1 < j < 4)
— COOBITHS-TIEPEXO/IBI.

HO,HBOILH uTOor, eme pa3 ColmocTaBuUM CIIOCOOBI OIIMCAHUS OCHOB-
HBIX 3JIEMEHTOB CEeTU HeTpI/IZ

cobbITHsT = mepexosibl (6apbepsr)

ycsoBusi = Mecta, (Kpy>KKH)

[IPUYUHHO-CJIE/ICTBEHHDBIE CBIA3M = HAIPABJIEHHBIE JIyTU
MPEJYCIOBUs COOBITHST => BXOJHBIE MECTA

MMOCTYCJIONST COOBITUSI = BBIXOHBIE MECTA

€MKOCTh YCJIOBHI = pa3Merka MecT ((DUIIKY Wi MapKephl)

JuHamMuKa IOBEJIEHUs MOJIEJINPYEMON TUCKPETHON CHCTEMBI
omnuchiBaecss PyHKIIMOHUPpOBaHUeM win pabotoit cetu Ilerpu. Pa-
6oTa ceTu — 3TO Habop cpabamuviearutli nepexrodos. Kaxmoe
cpabaTbIBAHKE [IEPEX0/Ia COOTBETCTBYET PEAJU3aUn COObITs (1eii-
CTBHIO) ¥ UPUBOJAUT K U3MEHEHHIO PA3METKU MECT, TO €CTh K JIO-
KaJIbHOMY M3MeHeHuIo ycjoBuil B cucreme. [lepexom moxer cpa-
60oTaTh, €CJIN BBIIOJHEHBI BCE YCJIOBUS PEAMIAIINN COOTBETCTBY-
IOIIEro coObITUs (BCe MPEJIyCIIOBHUs).

CpabarbiBaHue TIEPEX0/ia — ITO HEJIEUMOe JIEHCTBIE, KOTOPOe
U3MeEHsIeT PA3METKY BXOJIHBIX U BBIXOIHBIX MECT II€PEXO/Ia 10 CJIe-
JIYIOIIEMY TIPABUILY: U3 Ka2tcd020 6T00H020 MECTNA USLLMAEMCA NO
00not uwre (emrocmov NPedycarosull YMEHBWAEMER), ¢ 6 Kadic-
doe evixodnoe mecmo dobasasemces no 0dnol duwre (emrocmo
NOCMYCcA068Ul YBEAUBAEMCA,).

IIpumep 4.3. Tak Kak 06a BXOIHBIX MECTa P1 U P MEPEXOIA
t1 (em. pue. 4.2 (1)) comepkar bUIIKH, TO ITOT HEPEXOJ MOKET
cpaboraTh. PazMerka BXOIHBIX U BBIXOHBIX MECT II€PEX0JA t1 110
cJie ero cpabaThIBaHUs TIPeJICTaBIeHa Ha pUCyHKe 4.2 (2).

Eciu nBa (u 6osiee) mepexoma MoryT cpaboraTh U OHH HE MMe-
0T ODBIUX BXOJHBIX MECT, TO UX CpabATHIBAHUS SIBJISIIOTCS HE3a-
BUCHMBIMU JIECTBUSIME, OCYIIECTBJISIEMBIMU B JIIODOH HOCTIEI0BA-
TEJILHOCTH WJIU [APAJIIETBHO.

Ecin HECKOIBKO mIEPEX0I0B MOTYT CcpaboTaTh U UMEIOT 00IIee
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Puc. 4.2. ®yukumonuposanue ceru [lerpu

BxoJHOE MecTo (cM. mepexombl t1 u to Ha puc. 4.2 (1)), To cpa-
6oraer 000t U3 HUX, HO Moavko odun. Takum obpazom, B ce-
TH MOJIEJTUPYETCS KOHPAUKM MEXKTy CODBITUSIMU, KOTJIA Pean3a-
s OJJHOI'O CO6I)ITI/I$I MOZKET HMCKJIIOYUTH BO3MOZKHOCTL peaJin3a-
U Ipyrux. B cern He ykKa3biBaeTCsl, KAKUM 00pa30M KOHQJIUKT
cyiejlyer paspeinTh (Kakoe u3 KOHMIUKTYIONUX COOBITHH C1ey-
eT Pean30BaTh) — B 9TOM IIPOSBJISIETCs HEJETEPMUHUPOBAHHOCTD
cereit [lerpm.

AnanornuHslii KOHQIMKT BO3HUKAET B TOM CJIydae, KOIJa
HECKOJIBKO II€PEXO0I0B MOTYT CpabOTATh M OHU MMEIOT O0IIue Bbl-
XOJIHBIE MecTa (CM. TIepexofipl t3 u ty Ha puc. 4.2 (2)).

CeTb OCTAHABINBAETCS, €CJIM HU OJJUH U3 €€ [EPEXOJ0B HE MO-
*)er cpaborars (cm. puc. 4.2 (3) u (4)).

Takum obpaszom, cemu Ilempu gopmanusyrom nonwsmue duc-
Kpemuot JuHaAMUYECKOT cucmemvt u3 cobvimutl u ycaosuil. Heme-
TEePMUHUPOBAHHBII XapakTep (QyHKIMOHUpOBaHUs ceTu llerpu
MIPUBOJIUT K TOMY, YTO CUCTEMA MOYKET TOPOKIATH HECKOJIBKO Na-
PAANEADHDIT TIPOTIECCOB.



4.2. ®opmasibHOE onpenesienne cereii Ilerpn 73

4.2. PDopmaapbHOe oIIpeaeieHne ceTeil
IleTrpn

DopMmau3yeM MOHATHsI, BBEJICHHBIE B IPEAbLILyIIeM naparpade.
IIpu sTOM MBI HE Oy/IeM OAPOOHO OCTAHABIMBATHLCS HA TEPMUHO-
JIOTWH, OTHOCAIIEACS K meopuu 2paghos.

Cemwio nasosem tpoiiky (P, T, F), rue P — memycroe MHO-
JKECTBO 3JIEMEHTOB CETH, Ha3bIBAEMBIX Mmecmamu, 1 — Hemy-
CTOE MHOYKECTBO 9JJIEMEHTOB CETH, HA3BIBAEMBIX NePerodamu,
F C PxTUT x P — orHOllleHHE UHUUIEHMHOCTNU, U JIJIsi
(P,T, F) BBLIOJHEHBI CJEAYIOUHE YCIOBU:

A1) MHOXKeCTBa MeCT U LEePEXOJI0B He IePeCeKaroTCsl:

PNT = o; (4.1)

As) m060it 31eMEHT ceTu MHIEJEHTEH XOTsl Obl OJHOMY 3Jie-
MEHTY JIpyroro THuia:

(F#2)ANNVxe PUT Jyc PUT : xFyV yFx); (4.2)

A3) cerb He COAEPXKUT HAPBI MECT, KOTOPbIE UHIUIEHTHBI O~
HOMY U TOMY K€ MHOYKECTBY II€PEXOJIOB, TO €CTh, €CIAM JJIsl PO~
u3BOJILHOrO 31eMenTa cetu = € X (X = PUT) 0603HauuTh 4epes3
*T MHOXKECTBO €ro 8L0dHuT anemenmos {ylyFz}, a uepes z*
— MHOKECTBO €ro 8bix00Hu aaemenmos {y|xFy}, o

*

Vp1,p2 € P ("p1 = "p2) A (p] = p5) = (p1 = p2)- (4.3)

I'paduyeckn ceTh mpepcTaB/sieTcs B BUsie 06YJoabH020 0pueH-
muposarnozo epaga (B 0bieM cirydae GECKOHEUHOI0) ¢ JIBYMsl TH-
maMu BepinH. Kak oTMedasioch paHee, BEPIIMHBI-MECTa W300pa-
JKAIOTCST KPY2KKaMU, BEPIIUHBI-IIEPEX0/Ibl — bapbepamu (UiIn KBaJl-
paramu). 13 BepUIMHBL & B BEPIIUHY Y BEJET JIyra TOLJA U TOJLKO
TOrIa, KOrjga umeer mMecto xFy.

CeTb OIUCHIBAET TOJIBKO CTATUKY JIUCKPETHOI cucreMmbl. JIjist
[PUBHECEHUsI JIMTHAMUKHU BBOJIUTCS PA3METKA MECT, KOTOPast MOJIe-
JINPYET BBIMIOJIHEHE YCJIOBHIA.
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Cemwv Ilempu — 510 HAHOD
N ={P,T,F,W, My}, (4.4)

rae (P, T, F) — koneunasi cerb (MHO)ectBo X = P U T KoHeu-
wo), W : F — N — dynkuusg, nassisaeMasi KpamHocmsio 0ye,
My : P — NU {0} — dbyukuus, naspiBaeMas Ha%aAbHOU Pa3-
MemKoU.

Oyuknuss W conoctaBisieT Kaxk 1o yre auciao n > 0 — xpam-
nocmd dyeu. Eciim n > 1, To B rpaduecKoM MpeICTABICHIN CETH
YHUCJIO 71 BBIIIUCHIBAETCA PAJIOM C KOPOTKOI 4epTOii, IlepeceKaloniein
Jyry (MOYXKHO TaKylO JIyry 3aMEHHUTH IIy9KOM W3 1 JIyT, COEJIMHsI-
IOIIUX COOTBETCTBYIOIIME JIEMEHTHI ceTn). Ecim KpaTHOCTh Beex
JIyT paBHa 1, TO TaKas CeTh HA3LIBACTCS OPOUMHAPHOT.

Oyuxius My COIOCTaBIgET KaxKI0My MecTy p € P HekoTopoe
ncno My(p) € NU {0} — navasvnan pasmemra mecma. Eme pas
MOBTOPHM, YTO Ha rpade CeTHm pa3MeTKa MecTa p n3obparkaer-
Csl IOMEIIEHNEM B BEPIIMHY-KPYKOK uncsa My (p) uium, eciu 1o
YHCJI0 HEBEJIMKO, COOTBETCTBYIOIIEro Jucia (dbuiiek (Touex) (cM.
puc. 4.1).

4.3. dPyuknumoHupoBaHue ceteit IleTpu

DyHKIUOHUPOBaHUe ceTn [IeTpu ONMChIBACTCS IIPU IIOMOIIH MHO-
sicecmea nocaedosamenvrocmeti cpabamuéanut, U MHOICECTNEA
QOCTNUINCUMDIT 6 CEMU PASMEMOK. DTU TOHATHS ONPEIEIIAIOTCA
4yepes IpaBuia CpabaTbIBAHUS TIEPEXOI0B CETH.

Pasmemxra cemu N — sro dyukimus M : P — N U {0}.
Ecyin npemnonoKuTh, 9To Bee MecTa ceTr N CTPOro yuopsiI0ueHb:
P = (p1,...,pn), T0o pasmerky M ceru (B ToM uncse u My) MOXKHO
3aaTh Kak BekTop uucea M = (mq,...,m,) Taxoil, 9T0o Ijs
qoboro i (1 < i< n) m; =M(p;).

Ha ocHOBe OTHOIIEHUST HHITUIEHTHOCTH F' 1 byHKIINM KpaTHO-
cru xyr W oonpenenum gynruyuro unyudenmmocmu (KOTopyio
obozHaunM TeM ke cumBojiom F) F: PxTUT x P — NU {0}
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TaKylo, 4TO

n, eciu (zFy) A (W(x,y) = n);

0, ecmu —(zFy). (4.5)

P = {

Eciu Mecra ceTn yIopsiZiodeHsl, TO MOYKHO KazKJOMY [HEePEXOLy
 COLOCTABUTD J1BA II€JI0UUCIIEHHBIX BeKTopa * F'(t) u F*(t) nimuHoit
n, tae n = |P|:

“E(t) = (br, ..., bn), tie b = F(pi, t) (4.6)

F*(t) = (by,...,by), tae b; = F(t,p;) (4.7)

Ilepexos t MoxkeT cpaboTaTh IpU HEKOTOPOit pa3meTrke M cetn
N, ecnu
Vp € *t: M(p) = F(p, 1), (4.8)

TO €CTh KazKJ/0€e BXOJIHOe MeCTO p Iepexojia t mMeeT pa3MeTKy, He
MEHBIITYI0, YeM KPATHOCTD JIyTH, CoeauHsIomneit p u t. B BekTopHOit
dbopwme yenoeue (4.8) npuHEMaeT BUI;

M > *F(t). (4.9)

CpabarbiBanue nepexoja t upu pasmerke M mopoxkiaer pas-
’
MeTky M 10 ipaBuIIy:

¥pe P: M (p) = M(p) - F(p,t)+ F(t,p) (4.10)
1M B BEKTOPDHOM BHUJIE:
M =M —*F(t) + F*(t). (4.11)

Ha mmoxkecrse Pa3METOK MOXKHO BBECTH OTHOIIEHUE HETNO-
cpedcmeenHo20 caedo8aHus Pa3MeToK (i ):

MM (4.12)
FeT:(M=*Ft)AM =M—*F(t)+ F*(t)). '
Bynem Takke 3anmucoiBats M L M /, econ M HEIIOCPEJICTBEHHO
crmemyer mocyae M B pe3yabTare cpabaThbIBaHUs TMEPexoa t.
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Puc. 4.3. Cers Ilerpu N,

IIpumep 4.4. B ceru Ilerpu N;, nzobpakeHHOII Ha PUCYH-
ke 4.3, P = (p1,p2,p3), T = (t1,t2,t3,t4).

Oyuknusa uamuaeaTanoctn F' 3amaerca tabaumamvu 4.1, 4.2. B
9THX TabJINIAX Ha IEPECEICHUN CTPOKHU T U CTOJIONA i CTOUT YHCJIO
F(z,y). Bamerum™, uro B Tabiuie 4.1 crpoKy npecTaBisior coboi
BeKTOpbI F*(t;), a cTonbier Tabiumpt 4.2 — 910 BeKTOPHI *F(t;).

Tabmuma 4.1. Oyskums wanu- Tabmauna 4.2. OyHKIMS WHIN-
npearnoctn F(z,y), upu ycno- penrtnocru F(z,y), mpu ycio-

Bum, yror € T, y € P Bunm, yror € P,y €T
L I pfpe]ps] L [ tfta]ts]ta]
t1 1 1 0 D1 1111010
to 0 0 1 p2 ||l 01 2]07]0
t3 0 2 0 Ps3 0 0 1 1

ta 1 0 0

Hawanbaas pasmerka My 3amaercs ciaeayommuM oOpa3oM:
Mo(p1) = 1, Mo(p2) = 2, Mo(ps) = 0 mwiu, B BekTOpHOIT DHop-
me: My = (1,2,0).

IIpu pazmerke My mMoryT cpaboTaThb HEpexoibl t1 U to, Tak
KakK MO = (1,2,0) 2 *F(tl) = (1,0,0) u MQ 2 *F(tg) = (1,2,0)
Ilepexonp! t3 u t4 cpaboraTh He MOryT, Tak Kak My # *F(t3) =
(0,0,1) m My # *F(t4) = (0,0,1).
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B pesyabrare cpabarniBamus nepexona t1 pa3merka My n3me-
HuTca Ha pasmerky (1,3,0), a B pesysbrare cpabaThIBAHUS II€Pe-
xo71a to pasmerka M, namenurcst Ha pasmerky (0,0,1).

Bynem rosoputh, uto paszmemxa M " docmuorcuma om
pasmemxu M, eciin CymecTByeT MOCJIEI0BATETLHOCTD PA3METOK
M, My, M, ... M’ u cnoso T = ti tiyis ... t;, B audasure T’ Takoe,
9TO

MM P M, P T M (4.13)
Ci0BO T HaA3BIBAECTCH MOCAEIOBAMEABHOCNBIO CPAOAMBLEA-
Hut, Bexymux ot M k M /, u umeer Mecto 3amuch M+ M .

MHOKeCTBO Pa3MeTOK, JIOCTHKUMBIX B cet N OT pa3MeTKn
M, obosnauum wepes R(N, M) (R(N,M) = {M'|M — M'}).
Muoxecteo R(N) = R(N, Mp) (MHOXKeCTBO pa3MeTOK, JIOCTH-
kuUMbIX B N or HavgajbHON pasmerku M) Ha3biBaeTcsi MHO-
atcecmaom doCmuHCUMBLT padmemor cetu N. 3aMeTuM, ITO
M e R(N,M) u My € R(N).

Mmnootcecmeom nocaedosameavrHocmeti cpabamovlea-
nutli cemu N i c80600HBIM A3bIKOM cemu N Ha3bIBACTCS
MHOXKECTBO

L(N) = {r € T*|3M € R(N) : My +> M}, (4.14)

TO €CTh MHOXKECTBO BCEX IOCJEeI0BATENLHOCTEl cpabaTbhIiBaHUIL,
Beaymux ot My K KaxkJi0il jgoctuzkumMoii B N pasMerke.

Bosmoxkuble u3MeHeHusl pa3MeToK ceTu N, MPOUCXOJISINe B
pesysbTrare cpabaThIBAHUSI €€ TIEPEXO/IOB, IPEJICTABIM B BUJIE 2PG-
da paszmemor — opueHTHPOBAHHOTO rpada, MHOYKECTBO BEPIIUH
KOTOpOro 06pa3oBaHo MHOKeCTBOM R(N) JOCTHZKIMDIX B N paz-
Merok. [Ipu sTom u3 Beprmmael M B Bepmuny M Bemer myra,
OTMEYEHHas] CUMBOJIOM Iiepexona ¢, TOrja M TOJIBKO TOTJa, KO-
rma M s M. Ha pucyske 4.4 mpencraBiieH HadaJbHBIN (par-
MeHT rpada pa3mMerok cetu Ni. DTor rpad GeCKOHEUYEeH, Tak KaK
JIJTIsT PACCMATPUBAEMON ceTr GECKOHEYTHO MHOXKECTBO JTOCTUYKUMBIX
pasmerok R(Np).

Pasmerka M € R(N) nazbiBaercs Mynukoeodl, eciu B CEeTH
N He CymIecTByeT HU OJIHOTO TEPeXojia, KOTOPBI MOXKeT cpabo-



78 I'naBa 4. Cern Ilerpn

1,2,0 |«
ty

\ 4 ts
-n->|L3,o! |o,2,o| 1,0,0
t.
4 2 t
t4 t1

1,1,0

Puc. 4.4. ®parment rpacda pasmerok cern llerpu Ny

TaTh 1pH 3To# pasmerke. g cetu Ni TyIHKOBLIMU SBJISIOTCS
pasmerku (0,2,0),(0,3,0),(0,4,0),...,(0,n,0),...

OueBUIHO, YTO MHOXKECTBO BCEX CJIOB, IIOJIyYEHHBIX BBIIKCHI-
BaHUEM CUMBOJIOB IIEPEXOJIOB BJO/Ib Iy Tell, HaunHatommuxcsa B My,
— 9TO MHOXKECTBO IOCJIEI0OBATEILHOCTEH cpabaThIBaHUl, BELyIIIUX
OT HAYAJbHONW pa3MeTKH, TO €CTh CBOOOIHBIN SI3BIK CETH.

CBobOaHbIIT SA3BIK ceTu Ny BKJIFOUAET CJIOBA
{e, t1, ta, tity, tita, tats, taty,
ti1t1ty, tyt1to, titots, t1taty, totyty,
tit1t1t1, t1t1tite, t1titats, tititaly, t1t2t4t1,...}.
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4.4. CsoiictBa ceteii IleTpu

3amerum, aro ripu pabore ceru [leTpu, HEKOTOPBIE €€ MECTa MOTYT
HaKaILUIMBaTh HeorpaHuueHHoe uncio dbumek. (Hampumep, mecto
po Ha puc. 4.3). Eciiu uHTEpHpTHPOBATL MECTa KAK HAKOIIATE-
s (6ydeppl) JAHHBIX, TO €CTECTBEHHO NOTPEOOBATH, YTOOLI IPU
GYHKIMOHUPOBAHUT CETU HE MIPOUCXOIIIO ObI IEPEITOJTHEHIE ITUX
HAKOIUTE e, KOTOPhIE B PEAJIbHBIX YCJIOBUSIX MMEIOT OrpaHUIeH-
HBIT 00beM. MTak, MeCTo p Ha3bIBAECTCS 02PAHUYEHHDBIM, ECIIH
CYIIIECTBYET YUCJIO 7 TAKOE, UTO JJIsi JIFOOO0H JOCTUXKUMOI B CETH
pasmerku M cupasegyuso mepaserctso M (p) < n. Cemsb oepa-
HUYEHa, ecyin JIoboe ee MeCTO OIPAHUIEHO.

Mecro p HasbiBaeTcsi H€30NACHBLM, €CJTT OHO OIPAHUIEHO U
n < 1, uaeivu coBamu, VM € R(N) : M(p) < 1. Cemwv 6e3-
onacHa, ecju Bce ee MecTa 0e30IacHbI.

B xoncepemusHoli cemu cymma duiek BO BCeX ee Me-
CTax OCTAeTCsl TOCTASTHHON Mpu PyHKIIMOHUPOBAHUU CETH, TO €CTh
VM1, My € R(N) @ > cpMi(p) = > ,cp Ma2(p). B xoncepsa-
TUBHOW CeTH i JIIOOOTO Tepexojia t CIpaBeIIMBO PABEHCTBO:
"t = [t*].

ITepexon t B ceru IleTpu Ha3BIBaETCS NOMEHUUAALHO HCU-
ebim npu pasmemxe M € R(N), eciu

M’ € R(N,M) : M > *F(t), (4.15)

TO €CTh CYIIECTByeT jocTmkuMasi or M pasmerka M /, IpU KOTO-
poit epexos, t MoxkeT cpaborars. Eciu M = M, To t HaspIBaeTCsH
nomeruuaIbHo Hcusvim 8 cemu N. llepexon t B cetu Ilerpu
Ha3bIBAETCI HCUBBLM, CCIIH

VM € R(N) 3M' € R(N,M): M >*F(t), (4.16)

TO €CTh IEPEeXOJ t SBJISIETCS IMOTEHIINAIBHO YKUBBIM IIPHU JIIO00I
JIOCTHKUMOIT B ceTr pasmerke. O6paruTe BHIMAHUE, 9TO TEPEXO/T
MOYKeT OBITh TOTEHIHAIBLHO YKUBBIM B CETU, HO HE SIBJISITHCS KU-
BbIM. 2KuBas cems — 5T0 ceTb, B KOTOPOIl BCE IePeXOIbl KUBHI.

Ilepexon t — mepmeviti npu pasmemxe M, ecan oH He siB-
Jistercs moTeHrmaabHo kusbiM ipu M. [lepexon ¢t mepmaesiii, ec-
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JIM OH MEPTB IpH JIIOOOI JoCTHKUMO#N B cetu pasmerke. [lepe-
X0/ t — NOMEeHUUAALHO MEPMEBLU, €CIIN CYIIECTBYET Pa3MeTKa
M € R(N) rakasi, uro upu mo6oii pasmerke M € R(N, M) nepe-
xox t He MokeT cpaboTars'. Pasmerka M B 9TOM CiIydae Ha3LIBa-
ercs t-mynukosoli. Hamomumm, 910 eciin pa3Merka t-TyInKOBast
st Beex t € T, To oHa siBiisiercss mynukosot. Eciu M — Ttynu-

KoBasl pasmerka, 10 R(N, M) = {M}.

IIpumep 4.5. B ceru ma pucysnke 4.2 Bce mepexobl IOTEHIN-
AJIbHO KMBBI M BCE IE€PEXOJIbI OTEHIINAIBHO MEPTBBI, TaK KaK B
Heil JTOCTHKUMa TYIHKOBas pa3MeTka (cM. puc. 4.2 (3), (4)). Dra
CeThb He MOXKET OBITH JKHBOH, TaK KaK B Hell JOCTHKIMA TYIIHKO-
Bast pasmerka. CerTb Ha puCyHKe 4.3 Tak:Ke HE sIBJISIETCsI KHUBOIA,
TaK KaK B Heil JOCTIXKMMBI TyIuKoBble pasmerku Buia (0,n,0)
(n > 2).

Ilepexon ¢ wHaswBaeTca ycmouwuswvim, ecau VM €
R(N), Vt € T\{t}:

(M =*Ft)A(M=*F(t))= (M >*F(t)+*F(t)), (4.17)

TO €CTh, €CJIN MEPEXO T MOXKeT cpaboTaTh, TO HUKAKON IPyroii
[Iepexos; He MOXKET, cpaboTaB, JIUIIUTH €ro 3TOW BO3MOXKHOCTU.
Cemdvb ycmotinuea, eciia Bce ee IepexoJibl YCTONIUBBI.
Koneunas nesib cnienmanabuoii Teopun cereit [lerpu — mocrpo-
eHne aJrOPUTMOB aHAJIM3a, CHHTE3a U MPeoOPA30BAHUS JIMCKPET-
HBIX CHCTEM, MOJIEJINPYEMBIX CEeTsIMUA. B 4aCcTHOCTH, IOJIE3HO Haii-
TH AJITOPUTMBI, C TIOMOIIIBIO KOTOPBIX JIJIsI JIIOOOH IIPe/IbIBIIEHHOM
CeTH MOKHO OIPEJIeTUTh, 00/ IaeT JIM OHA MHTEPECYIONINM HaC
CBOMCTBOM — 4BJI€TCH JII OHA OI'PAHUYEHOH, »KUBOH, yCTONINBON
U T. . DTU BOIPOCHl (DOPMYJIMPYIOTCSE KAK MACCOBBLE AJTOPUT-
MUYecKue TPOOJIEMBI I CeTe: cyuecmaeyem Ay mpebyemuii ai-
2opumm (paspewuma au dannas maccosas 3adaqa). Ciemyronue

13amerum, uTO yCsi0BUA cpabaTblBacHs IOTEHIUATLHO MEPTBOIO IIEpexo-
Jla ¢ HUKOI/Ia He BBIIOJIHSATCS IIOCJIe TOTO, KaK B CETH ObLiIa JOCTUTHYTA Pas-
Merka M. DTo 03HAUAET, YTO B MOJEIMPYEMbIX CHCTEMAX MOIYT IOSIBUTHCS
CHTyaluy, TYIHMKOBBIE IJisi HEKOTOPbIX coObitmii. Hanpumep, B omepannon-
HBIX CHCTEMaX IOOOHBIE CIydan UMEIOT MECTO IIPH B3aMMHBIX GIOKMPOBKAX
upoueccos (deadlocks, cm. § 4.6).
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TEOPEMBI, JIOKA3aTeIbCTBO KOTOPLIX MOXKHO Hafitu B [7], pemator
P TTIOOOHBIX TTPOOJIEM.

Teopewma 4.1. IIpobrema oeparuvernnocmu cemu Ilempu pas-
PEWUMG.

Teopema 4.2. IIpobaema besnacrocmu cemu Ilempu paspe-
WUMQ.

Teopema 4.3. [Ipobema nomenyuasvHot AHCUBOCNU NEPETO-
dos paspewuma.

Teopema 4.4. Cyuwecmeyem anrzopumm, ¢ NOMOULDHIO KOMO-
D020 MOHCHO Y3HAMD, NOAYUUM AU JGHHOE MECTNO 6 CEMU TOMA
Ov, 001y PuwKy.

Teopema 4.5. Cywecmsyem aszopumm, ¢ NOMOWDHIO KOMO-
D020 MOIHCHO Y3HAMB, MOdHCEM AU JaHHBLL nepexod cpabomams
CKOND Y200HO BOALULOE YUCAO PA3.

ITycTs 3aman Kiaace cereit N, KOTOpble HMEIOT OJHO U TO ¥Ke
MHOXKECTBO MeCT (WM UX MHOXKECTBA MECT udomopdnn). Ecmam
mas Ni, Ny € N: R(N;) C R(Nz), TO TOBODSIT, UTO UMEET Me-
cro R-exarouwenue. B ciygae R(Ny) = R(Ny) numeer mecto R-
29K6UBANEHMHOCTID.

Teopema 4.6. IIpobaemv,  R-exarouenus u  R-
IKBUBAAEHMHOCTNU, HE ABAFIOMCA PA3PEUUMBLMU.

Teopema 4.7. IIpobaema srcusocmu cemu Ilempu u npobaema
docmudCuUMOCTU 8 HEl NPOU3BONLHOT PAZMEMKY IKGUBAAEHINHDL.

lNumoresa o paspermuMocTu TPOHIEMBI JOCTUKIUMOCTH UMeEJTa
HEOJHOKPATHBIE MTONBITKU JOKA3ATEIbCTBA, HO BO BCEX U3 HUX ObI-
Ji HafiieHbl omuOKY (TocseiHelH paBboTol B 9TOM psijly ObLIa CTa-
Tbst Maiiepa, u HaJgmuue B Heil ommbOK OKa He yCTaHOBJIEHO) [7].

4.5. 3biku cereii Ilerpu

HamomuamMm, uro dyHKImonnpoBanue cetu lleTpn ommchbIBaeTCst
[IpU TOMOIIYM MHOXKECTBA I10CJIEI0BATEILHOCTENl CpaOaThIBAHUIA
nepexonos L(N). Eciu T* — MHOXKECTBO BCEX CJIOB, COCTABJIEH-
HBIX U3 CHMBOJIOB IIEPEXOJIOB ceTu, To, oueBuaHo, L(N) C T —
a3bIk B ajipaBure T. Kak ObLIO ompesiesieHO paHee, 3TOT SI3bIK
Ha3bIBAETCS CBODOIHBIM sI3BIKOM ceTu [leTpm.
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B cern Bce cumBoJBI TrepexooB paszaudnbl. Ho B cucreax,
MOJIEJIUPYEMBIX CETSIMU, YaCTO YIAOOHO CUUTATH pa3Hble COOBITUS
OZIMHAKOBBIMK (HAIIPUMED, TIOBTOPEHHUE OJHOTO U TOrO Ke Olepa-
TOopa B mporpaMme). J[jist 3T0ro MOKHO UCIOJIb30BATH CIIEIUAJIb-
HbI€ IIOMETKH, JJIs BHIAEJICHUS «OIUHAKOBLIX» U «PA3HBLIX» IIE€pe-
XOZIOB CETH. DTHU MOMETKH MPEJICTABJIAIOT COOO CUMBOJIBI, TIPU-
HaJIJIeXKalme HekoropoMy ajdasury A, B o0IIeM ciaydae OTInd-
Homy ot 1. Takue ceTu HA3BIBAIOTCS nomevertoimy. Bcan cuMBo-
JIBI [IEPEXO/IOB B IOCJIEIOBATEIBHOCTIAX CpabaThIBAHUI 3aMEHUTH
Ha HOMEYAIOIIe CUMBOJIbI, CBOOO/IHBIH SI3bIK CETH IIPe0Opa3yeTcs
B HEKOTOPBIN Jpyro#l sS3BIK, MOPOXKIAEMBIN 3TOi »Ke ceThio. Te-
ephb JaauM 6oJiee CTPOrue OIIPeIeJIEHNUS.

Iomeuennas cemv Ilempu — s1o napa (N,X), tne N —
cetb llerpu, ¥ : T — A — nomeuwarowas GyHKUUS HAJ HEKO-
ropbiM asipasurom A. Eciau Y — wyactuunast (BbyHKIUS, TO €CTh
HEKOTOPBIM TIEPEX0/IaM HE COMOCTABJIACTCS HUKAKON CUMBOJI U3 A,
TO 3TU HEITOMEUYEHHbIE TIePEXOJIbl HA3BIBAIOTCS €-NePerodamu n
[TOMEYAIOTCSI OJTHAM U TEM XK€ «ITyCTBIM» CUMBOJIOM €. Ha mpakTu-
Ke £-IIepPexoaM COOTBETCTBYIOT BCIIOMOTATEeIbHBIE IIEPEXO/IbI, He
CBsI3aHHBIE HEIIOCPEJICTBEHHO C COOBITHSAMU CUCTEMBI.

Pacmupenne nomeuarormeir byHKIUA HA IOCIEI0BATETBHOCTH
CcpabaThIBAHUI ONPEIEIISIETCS CIAEAYIOMUM 00Pa30M:

¥(7), B IPOTUBHOM CiryUae.

S(rt) = { X(7)3(t), ecm X(t) onpesesneHo; (4.17)

Baecy Tt € T*. Ilpu srom X(e) = €.

Ecmu 7 € T* — nocnenoBaresbHOCTS cpabarbiBannii cetu Iler-
pu N, a (N,X) — nomedennas cerb, 10 %(7) € A* — nomena-
ouan nocaedosamenvrocms. Eciu L(N) — cBoGORHBIH SI3BIK
cetu N, TO MHOXKECTBO

{X(7)|r € L(N)} (4.18)

obpasyer (npegpurcHoili) s3vik nomevennot cemu (N, Y).

B HEKOTOPBIX NPUIOKEHUAX PACCMATPUBACTC HE CBOOOIHBILI
SI3BIK ceTu IleTpH, BKIIIOUAIOINI BCE €€ IIOC/Ie0BATEILHOCTH CPa-
GaTbIBAHUN, & €ro MOAMHOXKECTBO MEPMUHAALHBIL NOCACIO0-
8amenbHOCmel, KOTPOe COCTOUT U3 BCEX MOCIIE0BATEILHOCTEI,
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BEIyIIUX OT HAaYAJIbHON padMeTkn My K HEKOTOPO# (PUKCHPOBAH-
HOIT MepMUHaAbHOU padmemxe M;, TO ecTb MHOXKECTBO

L(N, M) = {r € T*|My % M}. (4.19)

Muoxkecrso L(N, M;) obpasyer c60600HbIT MePMUHAALHBLY
a3vik cemu N. MuoxecTBO

{X(7)|7 € L(N, M)} (4.20)

obpaszyer mepMuHasbHbil A36LK nomewennot cemu (N, X).

B Teopum aaropuTMOB M aBTOMATOB DPACCMATPUBAIOTCS Pa3-
JidHble abCTPaKTHBIE CUCTEeMbI (MAIIMHBI, aBTOMATBI), IIPe/IHa-
3HAYEHHDbIE I MOJEIUPOBaHUs (DYHKIMOHUPOBAHUS JUCKPET-
HBIX cucTeM. VX criocoOHOCTh aJIEKBATHO OMKMCHIBATH CJIOXKHOE I10-
BeJIeHNE MOJIE/IMPYEMBIX CACTEM YaCTO XapaKTepU3yeTcsl KJiacca-
MU TIOPOXKIAEMBIX UMHU S3BIKOB. DTHU SI3bIKU, KAK U B CJIyUIae si3bl-
KOB ceteit [leTpu, onpenesieHHBIM 00PAa30M KOAUPYIOT pa3HbIe BO3-
MOYKHBIE CTIOCOOBI (PYHKITMOHUPOBAHUS CHCTEM.

ITycTb cucrembr u3 Kitacca S7 MOPOKIAIOT KJIACC SI3bIKOB L1, a
CHCTEMBI U3 KJ1acca So MOPOXKIAIOT KJIacC sI3bIKOB Lo. Ecau L1 D
Lo, TO TOBOPSAT, 9TO KJIACC CUCTEM S7 MOIIHEE KJIacca cucreM So.
Ecin xxe £1 D Lo, TO KJIacc cucTeM S7 CTPOro MOIIHEE KJacca
cucreMm Sy. Kitacesr S u So paBHOMOIIHGL, eciu L1 = Lo. Bemem
pssi 0003HAMEHNUIH.

1. £° — kyracc npedUKCHBIX A3bIKOB IIOMeYeHHbIX ceTeii [lerpu.

2. L C Lf — gnacc npedUKCHBIX S3bIKOB IIOMEYEHHBIX CeTeil
[Terpu, KOTOpBIE HE CONEPKAT E-TIEPEXOJIOB.

3. £/ C £ — knacc cBobommbIx a3bKoB ceteit [Terpu (X : T —
7).

4. L§ — KJacc TepMIHAJIBHBIX A3BIKOB OMeUeHHBIX ceredf [leT-
pu.

5. Lo C L§ — KI1acC TEPMUHAIBHBIX A3BIKOB IIOMEYEHHBIX ceTell
[Terpu, KOTOpPBIE HE COIMEPHKAT E-IIEPEXOIOB.

6. E(; C Ly — KJ1acc CBOOOIHBIX TEPMUHAJBHBIX S3bIKOB CETel
HMerpu (X:T —T).
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VmeroT MecTo ciiemyromnme BKIIOYEHUST:

cf c £ c rf
N N n
Ll < Lo c L

B zakmrouennn maparpada npuBeeM TeoOpeMy, CBI3bIBAIOINLY IO
cetn IleTpu n aBCTpaKTHBIE CUCTEMBI, PACCMOTPEHHBIE paHee [7].

Teopema 4.8. Kaacc nomeuennwvix cemet Ilempu cmpozo
MOWLHEE KAACCA KOHEWHDIT ABMOMAMOG, HE CPAGHUM C KAUCCOM
MA2A3UHHBIE ABMOMAMOE U CIMPO20 MEHEE MOULEH, YEM KAGCC MA-
wun Toropunaa.

4.6. Cetu IleTpu m nmporpamMmmupoBaHUe

Cpenu npuitoxkenuii cereii [lerpu K 3a1a4amM MOJIETMPOBAHUS JTHC-
KPETHBIX CUCTEM HAMOOJIbIllee PA3BUTHE IOJIYYUJIO HAIPBJIEHHE,
CBsI3AHHOE C WCIOJIb30BaHWeM ammapata cereit [lerpu mis uzyde-
HUS U ONUCAHUSI CTPYKTYPHON JMHAMHUKH [IPOTPAMM, U B IIEPBYIO
O4Yepe/ib — Uil TapaJIeIbHOIO IPOrPAMMUPOBAHUS.

Ilox cmpyxmypotl ynpasaeHus TporpaMmbl OyIeM TOHU-
MaTh HABOP GA30BBIX CTPYKTYPHBIX €JIMHUIL — 0Nepamopos (a Tax-
JKe MOJLyJIell, HOAMOLYJIeH) U YNpasAaowus npumMumueos (yeaos-
HBIX OIIEPATOPOB, OMEPATOPOB IIEPEXO/IA, OIEPATOPOB IIUKJIA, CIIe-
MUAIBHBIX PA3JIeJINTeNel, YKA3BIBAIOINX MOPSIIOK CJIeIOBAHMS
OLIEpATOPOB, U T. IL.).

OO6bruHast JJIs1 aJrOPUTMHUIECKUX SI3BIKOB T0CA€008aMeND-
HAA CMPYKMYPA YNpasaerHus IPeIcTaBisdeT coboil COBOKYII-
HOCTB OIIEPATOPOB PA3JIMYHBIX THUIIOB, KOTOPHIE CBSI3aHBI HEKOTO-
PBIM OTHOIIIEHWEM CJie/IOBaHus. HavaJpHBIN OmtepaTop eInHCTBe-
HEH B IPOrPaMMe U He CJIEIyeT HU 33 KAKUM JIPYTUM OIePaTOPOM.
ITocne GesycoBHOrO OrepaTopa ClIeLyeT POBHO OJUH OIIEPATOD.
ITocne ycsioBHOrO omepaTopa ciejyer jBa oneparopa. [locse orme-
paTopa BBIOOpa CJieJlyeT HEKOTOPasli COBOKYIIHOCTH OIIEPATOPOB.
Ilocite 3aKIIOINTETLHOTO OMEPATOPA HE CJIEyeT HUKAKON Npyroi
orepaTop.
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Iocaedosamenvras cmpykmypa ynpasaenus modicem Ooimb
npedcmasiena Kk cA3HaA asmomamuan cemsv Ilempu ¢ onpe-
OeAEHHBIM MONOAOZUNECKUM 02DAHUNEHUEM, INEMENMBL KOMOPOT
UHMEPNPETMUPYIOMCA CNEYUALHbIM 06pasom. CeTb IleTpu Ha3BI-
Baercss agmomammuoti, eciu Vt € T : |*t| = |t*| = 1, 10 ecTh
KazKJIBIil IEPEX0Jl ABTOMATHON CeTH UMEET POBHO OJJHO BXOJHOE H
POBHO OZ1HO BbIXOHOE MecTo. Ha 9Ty ceTb HaK/IaabIBAIOTCH CIIe/Ly-
IOIIUE OIPAHUYEHNs: MMEIOTCs eIMHCTBEHHBIE 20406H0€ U 3AKAI0-
YUMEALHOE MECTA, BCE OCTAJIbHBIE MECTA NEIATCA HA 6e3YCA08Hble
C OJIHMM BBIXOJIHBIM HEPEXOIOM U YCAOSHbIE C JBYMS BBIXOJHBI-
Mu nepexonamu. Eciiu B mociie/oBaTe/IbHOMN IIpOrpaMMe OepaTop
a’ cremyer 3a oneparopoM a, To B ceTu IleTpu THM OmepaTopam
COOTBETCTBYIOT IIEPEXOJBI, CBA3AHHBIE JyTaMH C OOIIUM MECTOM,
KOTOPOE SIBJISIETCs BHIXOMHBIM JUIs (. 1 BXOIHBIM JUISL O .

ITpumep 4.6. PaccMoTpum mporpamMmy BbIMEACAEHUS] (HaKTO-
puaJia:
begin integer z, y;
input(z);
y:=1,
while (z<>0) do begin
Y=y X T;
ri=x-1;
end;

output(y)

end.

Cernb lleTpu, uHTEpIpETUPYIONIAS CTPYKTYPY YIPABJIEHHUS STOM
[IPOTPAMMBI, TIPEJCTABJICHA Ha PUCYHKE 4.5.

DTa ceThb ONUCBIBAET TOJBKO CTPYKTYPY MOCJIEI0BATEIHLHOTO
yOpaBJIEHNs, HO HE MOJIEJIUPYET CaM MEXaHW3M ylpaBjienus. Ha-
IpUMep, KOTJIa MECTO Py MOy TIaeT (PUIIKY, TO 3Ta PUIITKA COOOITa-
€T JIUIIb O TOM, YTO OIIEPATOP BBIIOJHUJICS, HO He HeceT uHMOp-
MAIIAIO O BBIYUCJIEHHOM 3HAYEHUU YCJIOBUsl. B pesynbrare BHIOOD
MIOCJIEIYIOIIETO OIIEPATOPA MOJEIUPYETCs HeIeTepMUHIPOBAHHOM
ajabTepHaTHBO (omeparop output(y) wiau onepaTop y:=y X ).
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loutput(y)]  [y:=yxx|

Ps

Puc. 4.5. Cerp Ilerpu nocienoBaTebHOM CTPYKTYPBI

st Toro, 9T0OBI UMETH CPEJICTBA MOJEIUPOBAHUS YCIOBHO-
ro yIpaBJIeHHs, MOXKHO BBIOPaTb, HAIPHUMED, UH2UOUMOPHYIO
cemd — cerb llerpu, MOMOJHEHHYIO CIIEIUAJIBHON (DYHKIIMENH WH-
mugenraoctu Fy @ P x T — {0, 1}, koropas oupezesiser J0no/IHH-
TeJbHbIEe MHIUOUTOPHBIE ayru. [lompobHoe ommcanne WHrUOUTOP-
HBIX CeTell MOXKHO HaliT, HAanpumep, B [7].

ITocaedosamensvo-napasteavHvle CMmpyKmyps, ypasie-
HUSI TIPEJICTABIAIOT cOOO0N 0D00INEHNE TTOC/IEI0OBATEIbHBIX 32 CUeT
BKJIIOUEHNSI B HAOOD YIPABJSIONMINX ITPUMUTUBOB CIEIUAJTBHBIX
OIIepATOPOB WM yKa3aTeJeil, KOTOPbIE BBIIEJISIOT NAPAANCALHDLE
6emeU IPOrpaMMBbl, MCIOJIHdAEMble HEe3aBUCUMO JIPYT' OT Apyra.
BerBu nmeror ob1ue Havaao — TOYKY PACXOXKIEHUS BETBEH — U KO-
HEI[ — TOYKY CXOXKjeHus BeTBeil. COBOKYIIHOCTH BeTBeil ¢ obmmM
Ha4YaJIOM U KOHIIOM 00pa3yioT Cce2meHIm NapalieIbHONR CTPYKTY-
pot. Ilpy ucnosiHeHNN TPOrpaMMBI IIPOIECC BBIYUCJIEHUI TTPOJIBU-
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raeTrcd a0 Ha4daJla IIE€pBOI'O CEerMeHTa, IIOCJI€ Yero <«PacCHIIlIdeT-
CsI» Ha CTOJIBKO KOHI/II‘/JI7 CKOJIBKO BETBeEN COJACPKUT CEeIrMeHT. Kax-
ﬂblf/i u3 1apaJijieJIbHBIX IIPOIEeCCOB BBIUNCJIEHUI BeTBeit IIpoTeKaeT
HE3aBUCUMO OT JApPYyTrux M, JOCTUTad KOHIIa BE€TBU, OCTaHaBJINBa-
€eTCd, O2K1Jasd, IIOKa BCE OCTaJIbHbIE ITPOIECChI B CEITMEHTE HE I0-
CTUTHYT KOHITa CEerMeHTa. B KOHIIE CeI'MEHTa BCe KOIINU IIPOIlecca
«CJIMBAIOTCA» B OJUH. Hapanﬂeﬂbele BETBU CEI'MEHTOB MOI'YT, B
CBOIO Ooepelib, COAepPzKaThb CEeIrMEHThI.

IIpumep 4.7. Ilpumep ceru Ilerpm mocsemoBaTeBHO-
apaJjeIbHONl CTPYKTYPBI IPeJICTaBIeH Ha pUcyHKe 4.6.

Puc. 4.6. Cers Ilerpu nocienoBaresbHO-IAPAIIIEIBHON CTPYKTYPBI

XapaKTepHBIM  CBOHCTBOM  «UHCTOW»  IMOCTIOBATEIHHO-
lapaJuleIbHOM CTPYKTYpPbl YIDaBJIEHUS ¢ABJIAeTCS OTCYyTCTBUE
KaKUX-JIM00 B3aMMOJEHCTBUN MEXKTy TapaJlIeIbHLIMI BETBIMH,
IIePEX0JIOB-CKAYKOB U3 OJIHOI BETBU B JIPYTyIo. B peajbHBIX yCi10-
BHUSIX CYIIECTBYET HEOOXOINMOCTb OPTaHU3AINY B3aMMOJIEHCTBHIA
apaJiIeJIbHO IIPOTEKAIONINX IIPOIECCOB UCIIOJIHEHN BEeTBEll.

st opraHu3aiuu B3anMOIeicTBUN TPeOYIOTCS JIOTOIHUTE b
HbIe TTPOTPAMMHBIE CPEICTBA, 00ECIIETNBAIOINIIE CAMO B3aMMO/IeH-
cTBue. B OOJIBIIMHCTBE CIydaeB HY»KHBI CPEJICTBA, KOTOPBIE 103-
BOJIsLIK OBl IIPUOCTAHABJINBATH IIPOIECC UCIIOJHEHUsI HEKOTOPOA
BETBHU, IIOKA He NPUOYAYyT JAHHBbIE APYroil BETBU WM MOKA JPY-
rve BeTBU He OCBOOOMAT obmuit pecypc. ToT oTpe3ok BeTBH, Ha
KOTOPOM TpebyeTcs «3axXBaTs ODIINEro pecypca, Ha3bIBAeTCs KPU-
MuYeckuUM UHMEPEALOM BETBU.
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B nacrositiee Bpemst Jijist 9TUX 1eJiel B sI3bIKaX MPOrpaMMUpO-
BaHWs [ITIPOKO UCIIOJIb3YETCSI MELAHUIM CeMaopos, BIIiouaio-
muii B cebsi crienuabHble IIepeMeHHbIe HOBOro Tumna (cemadpot)
u dee onepauuu P u V, aprymeHTamMu KOTOPBIX MOTYT OBITH
TOJILKO TepeMeHHble Tuna cemadgopos. O6acTh 3HAUECHUN ceMa-
dopa — 1espie HeOTpUIIATEIbHBIE YHCaa. K obaacTs 3HadeHuit
cyxena yo {0, 1}, To cemadop nasbiBaercs 6unapabiM. Oneparyst
V' usmensier 3Hadenue s cemadopa Ha s + 1. [eiicTBue omeparun
P ompegnesisiercst iy oM 00pa3oM:

—eciu s # 0, To P ymenbaer 3uadenue s Ha 1;

—ecia s = 0, To P He n3MeHsET 3HaUYEHNE S U He 3aBEPIITAETCS
JIO TeX IOp, OKa HEKOTOpasl Jpyrasi BETBb HE U3MEHUT 3HAYCHUE
S C TIOMOIIBIO omeparuu V.

Cy1ecTBeHHBIM sIBJIsIETCsI TOT (DaKT, 9To onepamyuu P u V cun-
TalTCs «HeIeauMbIMuy. 1lo orHOmenuio K V' 310 O3HAYaeT ciie-
naytoree. Oneparust V' COCTOUT U3 Tpex JacTeit:

— CYUTBHIBaHUE 3HAYeHUsT ceMadopa U3 MaMsITH;

— yBeJmdenne 3Hadenusi ceMadopa,;

— [TOMeEITEHe HOBOT'O 3HAYEHUS B TAMSITh.

Henemumocts V(s) 3akiouaercss B TOM, 9TO € CAMOTO Haua-
Jla, BBINOJIHEHUSI STOI Ollepaluu [0 ee 3aBepIleHusl JOCTYI K
nepeMeHHol-ceMadopy § 3allpelneH JJIs BCeX JIPYTUX OTePAIUil.
Amnasnornano geno obcrout ¢ oneparwmeit P (jg1st coydast s # 0).

O6braHO P mipeinecTByeT KPUTHIECKOMY WHTEPBILY BETBHU, &
V' 3aBepmiaer ero. B Kaxk/plif MOMEHT BpEMEHH, KOIJIa 3HAYEHUE
ceMadopa s usMmensiercs ¢ 0 Ha 1, ToJbKO ojiHA U3 oneparuii P
MOXKET 3aBEPIIUTHCS ¥ PA3PEIINTh BXOJ B KDUTHIECKUN HHTEPBAJT
TOJILKO OJTHOMY TIPOTIECCY WCITOJTHEHUST BETBH.

IIpumep 4.8. IlpuBemem mpumep mapasiIeIbHON IIpOrpaM-
MBI Ha Tackasenogobnom s3bike. CkoOku parbegin...parend Bor-
JIeJISAIOT CEIrMEHT C JIBYMsl HApaJsljIeIbHBIMUA BETBAMHU process 1
U process 2, pa3jeeHHbIMEU 3ansaToi, u cemadopom s. Kaxmas
U3 MapaJule/IbHbIX BETBE IpejCcTaBJisieT COOOM I0ocje0BaTe Ib-
HBIA UK, COAEP:KAIINI KPUTHIECKUIT mHTepBas critical section
¥ OCTaJIbHYIO 9acTh IuKJa remainder of cicle:
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begin
semafore s;
s:=1;
parbegin
process 1:
while (1 = 1) do begin
P(s);
critical section 1;
V(s);
remainder of cycle 1;
end,
process 2:
while (1 = 1) do begin
P(s);
critical section 2;
V(s);
remainder of cycle 2;
end

parend

end.

B srom mpumepe pernaercss 3ajada  B3aMMHOIO HCKJIOYE-
HUsl WCIIOJIHEHUSI KPUTHYECKUX HHTEPBAJIOB JIBYX ITUKJIMIECKUX
[IPOIECCOB TIapaJlieJibHbIX BerBeil. JlaHHasi 1ocCjemoBaTeIbHO-
mapaJuiesibHas CTPYKTYpPa YIPaBJIEHUsT HAIVISIHO M300parKaeTcst
¢ nomotnpio cetu [lerpu, n3odpakennoit Ha pucyHke 4.7.

Puc. 4.7. Cerp Ilerpu mocienoBaTeibHO-TAPAILIETBHON CTPYKTYPHI 1
MexaHu3M ceMadOopoB
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3mech mepexon, P; coorBercrByer omnepanuu P B BETBU i, Ie-
pexon C; — KPUTHYECKOMY WHTEDBAJy B BETBHU i, mepexos V; —
orepaiuu V' B BeTBU i, nepexoy, R; — oCTaTKy IUKJa B BETBU i
(i = 1,2). Mecto ps coorBercTByeT ceMadopy §.

K coxanenuio, npu mporpaMMUApPOBAHUY CJIOZKHBIX B3AUMOJIET-
CTBHUIl B IapaJlleJIbHBIX IIpOIpaMMax YUC/IO IOTEHIIAJIbHBIX OIIN-
OOYHBIX CUTYAINi BO3PACTAET 110 CPABHEHUIO C II0CJIE0BATEbHBI-
Mu rporpaMmamMu. Hapsiay ¢ OObIYHBIM 3allUKJIMBaHUEM HanboJiee
YCTBIMU OIMTUOKAMHY SIBJISIIOTCS] B3aUMHBIE OJIOKUPOBKY U OTTAJIKH-
BaHUd IapaJsljIeIbHBIX IIPOIECCOB.

IIpumep 4.9. Bsaumnas 6aoxuposka (deadlock) BosHuKaer,
HaIpUMep, B cieayomieil curyanuu. [lycrs e BerBu A u B Tpe-
OyroT mpu cBoeil pabore JocTyma K JAByM 00muM pecypcam. Tu-
MUYHAS OMMUOOYHAS CUTYAIUsI, B KOTOPOI MOYKET BO3HUKHYThH OJ10-
KUPOBKA, TTOKa3aHa MMPHU MOMOIM ceTr lleTpu, m300parkKeHHol Ha
pucynke 4.8 (1). Ilycrs npornecc ucnosnnenus: Bersu A (nepexosip
t1, to, t3) 1ocJie BBIIOJIHEHUS JieficTBUA {1 3aXBaTUJI OJUH U3 pe-
CyPCOB, H300parKeHHBIN (PUIIKON B MECTE P7, TOCJIE YEro MeCTO D7
umeer pazmerky 0. Ilponecc ucnonuenus sersu B (mepexompl ty,
t5, tg) MOCJIE BBINOJHEHUS JEHCTBUsA ty4 3aXBATUI JIPYIroil pecype
(mecro pg umeer pasmerky 0). Oba mporecca oCTaHOBUIHCH: A —
nepes to, B — mepen t5, TaK KakK JJI BBIIOJHEHUS CJIEJTYIOIIIX
JeificTBUil KaskKJIOMy U3 HUX HY2KEH BTOPOH pecypc, 3aXBadeHHBIN
naprHepoM (cM. puc. 4.8 (2)). IIpu 9ToM HI OJIH U3 IIPOIECCOB HE
MOXKET BEPHYTh 3aXBAUEHHBIN PECYyPC — BO3ZHUKJIA OJIOKIMPOBKA.

Creyromuii OX0/I, MPOTUBOIOJIOXKHBIN TOCJIEI0BATEIHHO-
IapaJuIeIbHOM CTPYKTYpe YIPAaBJIEHHS, HA3BIBAETCA METOI0M
ACUHTPOHHO20 NPO2PAMMUPOB8aHU. OH COCTOUT B TOM, UITO
BCE OIIEPATOPHI IPOrPaMMBbl U3HAYAJIBHO CUYNTAIOTCS HE3ABUCUMBI-
MU, MaPaUIEJbHO HUCIOJHIEMBIMA, & (DOPMUPOBAHUE BBITUCIIH-
TEeJIbHBIX IIPOIIECCOB OPraHU3yeTCsd € IIOMOIIbIO OrpaHUYeHN, Ha-
KJI&IbIBAEMBIX HA, MTOPSIOK HCIOJIHEeHus oreparopoB. Orpanude-
HUsI TIPEJICTABJISIIOT COOOM SIBHO yKasblBaeMble (MJIM HESIBHO IOJI-
pasyMeBaeMble) UHIUBUIYAJIbHbBIE YCAOGUS 20MOBHOCMU, CBI3aH-
HBIE C KaYKJBIM OIIEPATOPOM. YCJIOBUSI TOTOBHOCTU JUHAMUIECKH
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Puc. 4.8. Cerp Ilerpu, mumocTpupymomnias BO3HUKHOBEHHE CHUTYAINA

deadlock

[IPOBEPSAIOTCST U PA3PEIIAIOT WJIM He Pa3pemaioT (HO He IPeIIIAChI-
BAIOT) HAYATH BBIIOJIHEHNE OIIEPATOPA, C KOTOPBIM JIAHHbIE YCJIO-
BHUs CBA3aHBbI. B 3aBHCHMOCTH OT TOro, B KakKuX TepMUHAX (Dop-
MYJIIPYIOTCsI YCJIOBUSI TOTOBHOCTH, BBIJEJISIOTCS PA3JIMYHBIE TUIIBI
ACHHXPOHHOI'O YIIPABJICHUSI.

Cobvimutinoe ynpasaerue OCHOBAHO Ha TOM, UTO YCJIOBUSI
TOTOBHOCTH (DOPMYJIUPYIOTCS KaK JIOTHIEeCKUe (DYHKIUU OT HEKO-
TOpbIX cobvimut. CobbITHEM MOXKET OBITH WHUITMUPOBAHUE WJIN
3aBepIIeHne KAKOro-Iub0 OllepaTopa IPOrpaMMbl (IIPOrpaMMHbIE
cobbITHS), IIpEPbIBAHUE B CUCTEME WJIU CUTHAJ 00 OCBODOXKIEHUN
HEKOTOPOTO €ee pecypea (CHCTeMHbIE COOBITHS ).

IIpu nomoxosom ynpasaenuu neiicrBue (omeparop ujn
olepanusi) OPOrPAMMBI MOYKET BBIIIOJHUTHCS, €CJAU T'OTOBBI BCE
HEOOXOUMBbIE JIJIsl HErO apryMEeHThI (OlepaHpbl). YCJIOBUE MOTOB-
HOCTHU B 9TOM CJIy4Yae HOCUT CTaHIAPHBIN XapaKTep U He BBIMUCHI-
BAeTCA IBHO B IPOTPAMMe, a HEsIBHO TTopa3yMeBaeTcsa. B obpam-
HOM NOMOKOBOM YNPABAEHUY NEACTBUE MOYKET BBITOJTHATHCS,
€CJIN €ro Pe3ysIbTaT HeoOXOIUM B Kad4eCTBE apryMeHTa [Jis HEKO-
TOPOTO JIPYroro jelicreus. B aToM ciiydae BTOpoe JeiicTBuE Kak
OBbI BBI3BIBAET IIEPBOE B KAYECTBE IIPOIEIYPHI.

Ob6a Tuia acCHHXPOHHOTO YIIPABJIEHUs] YI00HO U HATJISIHO OIHU-
coiBatorcst cersimu Ilerpu [7]. TIpumeps! coBBITHIIHOM U TOTOKOBOI
cereit [lerpu nipescrasiensr Ha pucynkax 4.9, 4.10.
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Puc. 4.10. Ilorokosas cers Ilerpu
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VYupaxxnenue 4.1. Jlokaxkure, 9T0 CTPYKTYPY yIPABJICHUSI,
MpeJICTaBIeHHYI0 Ha pHUCyHKe 4.9, He ymacrcs 3amporpaMMupo-
BaTh C OMOIIBIO OOBITHBIX ceMadOPOB 663 NCIOIB30BAHUST JOIIO0JI-
HUTEJIHHBIX YCJIOBHBIX OIEPATOPOB (yKasanue: UCHOIb3yHTe TOT
dakT, uTo HemenUMas oneparys P npuMeHnMa TOJBKO K OJHOMY

cemacopy).
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Kierounbie aBTOMAaThHI

5.1. 3agaHue KJI€TOYHOIO aBTOMATAa

Kiterounnie aBroMaThl ABJISIOTCS JIUCKPETHBIMU JTMHAMIIECK MU
cUCTEMAaMU, MOBEJeHNe KOTOPBIX [TOJTHOCTBIO OIPE/IEIISIETCS B Tep-
MUHAX JIOKAJIBHBIX 3aBUCHMOCTEH |.

Kierounsrit aBTOMaT MOXKHO IIPEJICTABIISTH B BUJE HEKOTOPO-
0 «CTUJIM30BAHHOTO MHUpay. [IpOCTPAHCTBOM 3TOrO MUpa SBJIS-
eTcsl paBHOMEPHasl CEeTKa, KaxKias sdeiika KOTopoil (miu Kaem-
K@), COIEPXKUT HECKOJBKO OMTOB JAaHHBIX. BpeMmsi B 9TOM Mupe
JIMCKPETHO. 3aKOHBI MUPa BBIPAXKAIOTCS €IMHCTBEHHBIM HAOOPOM
MIpaBUJI, HAIPUMED, CIPABOYHON TaOJHUIE, IO KOTOPOil Jrobast
KJIETKA Ha KaXKJOM BPEMEHHOM Illare BBIYUCJISET CBOE HOBOE CO-
CTOSTHTE TT0 COCTOSTHUSIM ee OJTU3KuX coceieit. Takum obpas3om, 3a-
KOHBI CHCTEMBI SIBJISTIOTCS AOKAADHMU T NOBCI00Y 00UHAKOBHMU.
JloxaavHocms 03HAUAET CIIEMyIOINee: JJIsl TOrO 4TOOBI y3HATh,
YTO MPOM3OHIET 3/1eCh MTHOBEHHUE CILYCTs, JOCTATOYHO ITOCMOT-
PeTh Ha COCTOSTHUE OJIMKAMIIEro OKPYXKEHUs, HUKAKOE JTAJIbHO-
nefictBue He Jjomyckaercad. OJuHaAK080CMb TPOSIBIISIETCST B TOM
CMBICJIE, YTO OTJIUIUTDH OJJHO MECTO OT JIPYTOTO MOYKHO TOJIBKO 110

1B 9TOM CMBICJI€ KJIETOYHbIE aBTOMAaThI B HHd)OpMaTPIKe ABJIAOTCA aHaJIO-
oM CbI/IBI/I‘{eCKOFO IIOHATHUA «IIOJIA».

94
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dopme «ianmmadTay, HO He [0 KAKOW-TO pasHulle B 3akoHax [15].

Yr0 HYKHO JIJIsI KJIETOYHOTO aBToMaTa?

1. Badams navarvrve ycaosus. K mpumepy, 370 MOXKeT OBITH
pocTasi «KapTUHKa», 3aHUMAIOIIAsi HECKOJIBKO KJIETOK CETKH Psi-
JIOM C IIEHTPOM.

2. Badamw 3axonv, udmenernus. B KadecTBe mpuMepa paccMOT-
PUM aJrOPUTM 3aKPACKM KJIETOK OFHON Kpackoit Al:

Bribepure kiterky u mocmorpure Ha 007aCTH 3 X 3, EHTPOM
KOTOPOI OHA SIBJISIETCS, — €€ «OKPECTHOCTh». Kcu B aTo#t 0bacTu
PACIIOJIO’KEHO B TOYHOCTH TPU 3aKPAIlleHHBIX KJIETKH, TO BHIOpaH-
Hasl [IEHTPaJIbHAS KJIETKA OTMEJaeTCsI; 9Ta KJIETKa OTMEUaeTCs U B
TOM CJIy4ae, eCJIi OHa PACIIOJIOXKEHA HETIOCPEICTBEHHO HAT 3aKpa-
MEeHHOM KJeTKo. OnucanHast Mporeypa MOBTOPSIETCsT JIJTsT KayK-
noit kjaerku pererku. [loce 9TOro Bce OTMEYEHHBbIE KJIETKU 3a-
KPAIIBAIOTCS. DTOT AJTOPUTM MOIEJUPYET IPOIECC PACTEKAHUS
YEePHUJIBHOI'O IISTHA HA ITPOMOKAIIIKE.

OrmernM, 9TO B OOIIEM CjIydae «OKPECTHOCTh» W YHUCJIO UC-
MOJIB3YEMBIX KPAacCOK MOIYT ObITh u japyrumu. Ho gucio cocemeit
U 9HCJI0 BO3BMOXKHBIX COCMOANUL KAemky (TO €CTh YUCIIO [[BETOB)
JIOJI?KHBI OBITH KOHEYHBIMH.

3. Badamwv gopmy cemru. Hale Bcero uCmoib3yercst KBapar-
Has ceTka. Ho oHa MoxKeT ObITh M MHON (POPMBI, HAIIPUMED, T'eK-
CaroHaJIbHOM MJId, JazKe, TPEXMEpPHOH.

SamernM, 9TO OOIIHOCTh W THOKOCTH KJIETOYHO-aBTOMATHOTO
MOJIX0/Ia K CUHTE3Y CUCTEM JOCTUTAETCs 32 CUeT OOJIBIIOro KOJIU-
YecTBa IepeMeHHbIX (110 oxHOIl Ha Kjerky). Ilpasna, B3aumoeii-
CTBYIOT OHU TOJIBKO JIOKAJIbHO U €NHO0DPAa3HO.

Yr00bI CHHTE3UPOBATH CTPYKTYPbI 3HAYUTEIBHON CJIOXKHOCTH,
a TakKe 4TOOBI MOJIEJINPOBATH UX B3aMMOJEHCTBUAE U IBOJIIOIUO-
HUPOBaHUE, HEOOXOAMMO HE TOJIHKO UCIIOJIb30BAThH OOJIBIIOE KOJIU-
9eCTBO KJIETOK, HO U MTO3BOJINTH aBTOMATy paboTaTh Ha MPOTsIKe-
HUU OOJIBIIIONO KOJIMIECTBA IIATOB.

Cobvimuem HA30BEM IPOIECC OOHOBJIEHHS OIHOW KJIETKH.
JLJ1st 3JIeMEHTapPHBIX HAYYHBIX TPOOJIEM MOYKET IOTPebOBaThCs BbI-
9UCJIATh HECKOJIBKO MUJLIHAPIOB COOBITHUH, /st D0jiee CI0KHBIX
npmozkennit — 1012 — 101 cobrITHii, B meliCTBUTEILHOCTH TIpee-
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JIBl YCTAHABJIUBAIOTCS TE€M, CKOJIBKO MBI MOMCEM BBIIOJHUTD, & He
TEM, CKOJILKO XOTHM. B CBSI3U ¢ 9TUM OOBIYHBIE (OCIIEI0BATEb-
Hble) KOMIIBIOTEDPBI 3/16Ch, MSITKO TOBOPsi, He 3(b(MEKTHBHBL

C Jpyroit CTOPOHBI, CTPYKTypa KJIETOYHOTO aBTOMATa WJIe-
aJbHO TPUTOIHA st peaymsanun Ha IBM, obmagarormeil BbICO-
KOl CTENEeHBIO TMapasiie/in3Ma, JOKAJTLHBIMI U €JIMHOOODA3ZHBIMY
B3aMMOJICHCTBUsIMU (HA BBIYUCJIUTEJNBHBIX MAIIUHAX C TaK Ha-
3bIBAEMOlt  «He-(OH-HeMaHOBCKOiT» apxuTekTypoit? ). ITomxoss-
asi apXUTEKTYPa [MO3BOJISIET IIPU MOJIEJIMPOBAHUU KJIETOYHBIX aB-
TOMATOB 3a MPHUEMJIEMYIO IIEHY IOCTUTHYTH 3(P(EKTUBHOCTU HA
HECKOJIBKO IIOPSJIKOB BBIIIE, YeM Jjis OObIMHOro KoMibioTepa [15].
Tax HasbIBAEMbBIE MAWUHDL KACTNOYHBLL ABMOMAMOE IPEICTABIIS-
10T c000I JTaDOPATOPHBIE YCTAHOBKU, B KOTOPBIX MJIEN U IPUHIIUAIIBI
TEOPUU KJIETOYHBIX aBTOMATOB MOI'YT OBITH IIPUMEHEHBI Ha, IpaK-
THKE.

B dewm xe mpuHIUIHAIBHOE OTIUYHE KJIETOYHBIX aBTOMATOB
OT pPacCCMOTPEHHBIX paHee abCTPaKTHBIX cucreMm! B mociemoBa-
TEJbHBIX MOJEJISIX BBIYUCIUTE/IEH, HAIIPUMED TAKUX, KAK MAIIUHA
TrropuHra, pasIndaT cCMmpPYKMYypPHYH 4acmb, KOTOpas (GPUKCUPO-
BaHAa, U JaHHbLEe, KOTOPBIMU BBIYUC/IUTEb OLIEPUPYET — OHU sIBJIS-
IOTCsI IEPEMEHHBIMU. Bhrauc/inre/ib He MOXKET OIIepUPOBATH CBOEH
CODCTBEHHOM «MaTepHabHON YaCThbI0», OH HEe MOXKET ceDsl PaCIIu-
PATH WA MOJUDUIPOBATH, CTPOUTH JIPYTHE BHITUCIUTEH.

Y0661 0beciednTs D0/Iee PEATMCTUIECKAE MOJIE/TH TTOBEICHUS
CJIO’KHBIX CHCTEM MOYKHO HCIIOJIb30BaTh KJIETOYHO-aBTOMAaTHBIN
10/1X0/[. B KJIETOYHOM aBTOMATE M «IIACCHBHBIE JIAHHBIES, U <BbI-
YUCINTE/IbHBIE YCTPOUCTBAY COOMPAIOTCS U3 OJHOTO THUIA CTPYK-
TYPHBIX 3JIEMEHTOB U MOIIUHSIOTCS OJHUM U TE€M K€ JIOKAJIbHO-
JIEACTBYIOIUM 3aKOHAM. BBIYHUC/IEHIEe U KOHCTPYUPOBAHUE — ITO
IIPOCTO JIBE BO3MOXKHBIE (POPMbI AKTUBHOCTH.

Kiierounble aBTOMAaTBI JAIOT IIOJIE3HBIE MOJEIU JJIs PA3JIMY-
HBIX WCCJIEJIOBAHMIA, B YACTHOCTH, OHU IIPEJICTABJISIOT €CTeCTBEH-
HBIIl IyTh W3yYeHUs IBOJIONAN OOJBIINX (PUBUIECKUX CHUCTEM.
Kpowme Toro, kijierounble aBTOMATHl 0OPA3yIOT OOILYIO Mapaiur-

2Kak He mapa/JIoKcaIbHO, KJIeTouHbie aBroMarsl BBest k. don Heitman B
KOHIIE COPOKOBBIX I'OJOB JIBa/IIIATOIO BEKa.



5.2. Urpa «2?Kusub» 97

MYy IIapaJijieJIbHbIX BI)I‘{I/ICJIGHI/IP'I, HO,D;O6HO TOMY KaK 3TO JeJaroT
MaIlllnHBI TbIOpI/IHFa. JJId TI0CJIe 10BaTEJIbHBIX BBIYUCJIEHUTN.

5.2. Urpa «2Kusnb»

B 1970 roxy matemaruk /Ixxon Komseit mpuayman urpy «2Ku3ub»,
SIBJISTFOIIYOCST TI0 CYyTH KJIETOYHBIM aBTOMATOM, KOTOpasl MpPH-
BJIEKJIA BHUMAaHWE HE TOJIBKO JIIOOUTEseH, HO U IPOdECCHOHAIOB.
«2KuzHb» OmmMCHIBAET TOMYJISIIIUIO CTHIN30BAHHBIX OPTaHU3MOB,
PAa3BUBAIOIIYIOCSA BO BPEMEHHU MOJ| AeHCTBUEM MPOTUBOOOPCTBYIO-
[UX TE€HJEHIINI PA3MHOXKEHUsT ¥ BBIMUDAHUSI.

«2Kuresb» 9TOM MOMyJISIIUY IPEJICTABIIEH KJIETKOW B COCTOSI-
nun 1 («orcusasty mim 3akpaleHnas (depHasi) KJeTKa), KJIeTKa B
cocrosiann 0 («mepmeas» nin HezakpaleHHas (Gesas) Kierka)
— 9710 1mycToe mpocTpaHcTBO. Ha Kaxk1oM mmare Jjiobast KieTka pea-
IUPYeT Ha COCTOSIHUE €€ HEIOCPEJICTBEHHOIO OKPY¥KeHUsl (BOCHMU
Guimzkaiimux cocesieil) coriacHo npasuiam ajaropurma A2:

1. CmepTb. 2KuBast KjieTKa 0CTaeTCsl JKUBOM, TOJIBKO KOTJIa OHA
OKPYZKEHa JIBYMsl WJIM TPEMsl YKUBBIMU COCEJIIMU, B MPOTUBHOM
caydae oHa OyIeT YyBCTBOBATH WJIN <«IIE€PEHACETCHHOCTLY», WJIH
«OJIMHOYECTBO» U yMPeT.

2. Poxpgenne. MepTBas KjeTKa 0OpeTeT »KU3Hb, €CJH OYIeT
OKPY?KEeHa B TOYHOCTHU TPEMsI XKUBBIMU cOceIsIME. Takum 06pa3om,
POXKJIeHVE BBI3BIBAETCSI BCTPeUeil Tpex pIuTeeii.

Saga M B KadecTBe HAYAJIBHBIX YCJIOBUII WUIPBI <«KU3HD»
9KPaH C «IIEPBAYHBIM OYJIBOHOM», B KOTOPOM KUBBIE U MEPTBbIE
KJIETKH PACIpPEJIeSIeHbl CIYIaiiHO U B PaBHBIX KoJjimdecTBax. [lo-
CJle HECKOJIbKUX JIECSTKOB IMAroB «OelmeHo» aKTHBHOCTH IIOILY-
JISITIAST 3aMETHO TIOPEJIeeT, 3aTeM OO0JIbINas JacTh IKPAHA CTAHET
HETOJ[BUKHOM, 38 UCKJIIOYEHIEM HECKOJBKUX MECT, TJIe YKU3Hb OY-
JIeT «TJIeTh» U WHOTJA OY/IyT HPOUCXOJUTH «OOM MECTHOIO 3HAYe-
HUsi». B KOHIlE KOHIIOB BCsI AKTUBHOCTH MOKET YTacCHYTb, KPOME
HECKOJTBKUX U30JMPOBAHHBIX « MUTAJIOK>, PA3BUBAIOIIIXCST [THKJIH-
YeCKH C KOPOTKUM TIEPUOJIOM.

[Ipomoskass Habsiogenne 3a pa3BUTHEM HIPbI, MOXKHO 3a-
METUTH, YTO AKTUBHBIE ODJACTH BPEMs OT BPEMEHHU H3BEPraioT
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HEOOJIBIION IIY/IbCUPYIOIUI 00bEKT, UMEHYEMBI 2.4aT0ePOM , KO-
TOPBIi TOCTOSTHHO y6eraer Mpodb 10 JINATOHAJBHOMY IIyTH, TOKA,
He HATKHeTCsl Ha ITo-smbo eme [15].

5.3. IlpaBujia KjJeTOYHOTO aBTOMATa

[Tocmorpum Ha 3akOHBI (DYHKIMOHUPOBAHUS WA NPABUAG KIe-
TOYHOTO aBTOMATA C TOYKH 3PeHHs X popMmara, a HeE COIeprKa-
uus. [IpaBuia KileroyHOro aBromMara — 310 MYHKIHMA KOHETHOI'O
MHOXKecTBa. CJie10BaTeIbHO, OHU MOTYT OBITBH ITOJTHOCTBIO 38 IaHbBI
CIIPABOYHOM TabJuIeil, B KOTOPOIl KaXKJI0My BXOIHOMY 3HAYEHUIO
TIOCTABJIEHO B COOTBETCTBHE BBIXOJHOE 3HAUEHHUE.

s mpocToThl Oy/ileM paccMaTpUBAThH KJIETOYHBIE aBTOMATHI,
KOTOPBIE UCIIONB3YIOT KJIETKHU C JBYMSI COCTOSTHUSIMUA U OKPECTHO-
CTBIO U3 YeThIpex cocejieii. IIpaBuia JIOKHBI ONPEJIENIATL HOBOE
COCTOSTHVE TIEHTPAJIBHON KJIETKA I KaxKjioil okpectHocTH. CO-
CTOsIHUS TEHTPAJBHON KJIETKA W €€ YeThIPEX COCEIell 3aIniieM
B CTPOKY COTJIACHO TOCJIEIOBATEILHOCTH: east, west, south, north,
center (cokpaleHHo: «ewsncy ). OYeBUIHO, ITO ISl 3aIaHUsT Kile-
TOYHOTO aBTOMATA JIOCTATOYHO 3AII0JTHUTH TAOJIUILYy, 3amnucbiBast
mwm 1 B Kaxk0it 13 32 = 2° mosumumii.

OrMernm, 9TO MOJIOOHYIO TAOJIHUILY MOYKHO 3AITOJIHATH
cobamu. s dopmata urpel «2Ku3ubs» 9TO 9UCIO0 BO3PACTAET JI0
22" = 2512 y1o paBHO KBaJpATy HPHMEPHOTO HHCIA 3/ICMEHTAD-

252 crio-

HBIX JacTul Bo Bceesennoii!

VYupaxkHenue 5.1. Hamumure nporpamMmmy, MOJAEIAPYIONLYIO
KJIETOUHBII aBTOMAT, 3adaHHbIi Tabiureit 5.1. Ilpocaeaure ero
MIOBEJIEHUE I PA3JIMIHBIX HAYAJbHBIX KOH(PUTYpaInii, B 4acT-
HOCTH, JIJIsI «OCTPOBKA HYJIEHl B MODE €IMHMUIL.

Ecsu roBoputh 0 TOM, B KakoM Buie yao0Hee GOpPMYIHPOBATE
[IPABUJIA JIJIsT HAIIIETO BOCIIPUSITUSI, TO €CTECTBEHHO, YTO IPOMO3/I-
KHe TabJIAIBI TEPSIOT HAIISTHOCTD. B HEKOTODPBIX CIIydasx ylia-
eTcss HalTH OoJlee KOMIIAKTHOE CJIOBECHOE ONHMCAHME UJIH (DYHK-
[MOHAJIBHYIO 3aBUCHMOCTh, KOTOPbhIE TTO3BOJISIOT 33/1aTh [TPABUIIA
KJIETOYHOTO aBTOMATA.
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Ta6smua 5.1. Ilpasuia kiaerognoro asromara A3 [15]

EWSINC | Cpew | EWSNC | Cpew | EWSNHC | Chew | €WSNC | Chew
00000 0 01000 0 10000 0 11000 0
00001 1 01001 0 10001 0 11001 1
00010 1 01010 0 10010 0 11010 0
00011 1 01011 1 10011 0 11011 0
00100 0 01100 0 10100 0 11100 0
00101 0 01101 0 10101 1 11101 1
00110 0 01110 0 10110 0 11110 1
00111 0 01111 0 10111 0 11111 1

VYupaxkHenue 5.2. 3a/aiiTe HUXKECIELyIOINE IPABUIa KJle-
TOYHOTO aBTOMaTa A4 TabJIMIHO: KJIeTKA CTAHET YKUBOM MM MepT-
BOI B 3aBUCUMOCTH OT TOT'O, COJIEPYKUT €€ OKPECTHOCTH HEUeTHOE
WK Y€THOE KOJIMYECTBO YKUBBIX KJIETOK. Bojiee popMaIbHO:

center,ey = east @ west @ south @ north @ center. (5.1)

Hamummre nmporpammy, MOJEIMPYONLYIO 3TOT KJETOYHBIH aBTO-
mar. IIpocienure ero mosejieHne Jjisl HAYAIBLHON KOH(DUTYPAITAH
B BH/Ie HeGOJIBIIIOTO Y€PHOIO (COCTOSIIEro U3 €JMHNL) KBaJpaTa B
cepeHe Gesioro (3aI0JHEHHOrO HYJISIMHA) SKPAHA.

Bamerum, aro u3 pasercrsa (5.1) ciaenyer aunetiHocms nan-
HOT'O KJIETOYHOrO aproMaTta. 110y MuHeAHOCTBIO Oy/1eM MOHNMATD
creayioriee. Bo3bMeM JioOble JiBe HavYaIbHBIE KOH(MUTYPAIMA T
OPOCJIEMM WX 3BOJIONUIO B JIBYX OTIEIBHBIXX SKCIIEPUMEHTAX
(ranpuMep, JI0 cTa MmAaros), a 3areM cJaokuM (1o mod 2) ase Ko-
HeUYHbIe KOHUrypanuu. Pe3ysibrar OyaeT TaKuM ¥XKe, KaK eC/id Obl
JIBE€ HaYaIbHBIE KOH(MDUTypanuu ObLIN BHAYAJE CIOKEHBI, 4 3aTeM
MIPOILIN CTO IMATOB B OJIHOM KCIIEPUMEHTE.

Jpyroe cBOHCTBO, KOTOPOE MOXKET OBLITh BBIBEIEHO M3 (POp-
myaisl (5.1), cocrouT B TOM, UTO IJIst JIEOGOH MCXOMHOM DUTYDHI
Ha OJHOPO/HOM (oHe 3Ta durypa 6yaer obHAPYKEeHA BOCIIPOM3-
BEJICHHOMN B IISITH KOIMSIX MOCJIE COOTBETCTBYIOIIETO MTPOMEXKYTKA
BpeMeHH (a T03Ke B JIBa/IIATH ISTH KOIMAX 1 Tak jajee) [15].



100 T'maBa 5. Kierounble aBroMaThbl

3ameuanue 5.1. [IpaBuia, KOTOpble MBI OMUCHIBAIN 0 CHUX
0P, SIBJISIIOTCS 0eMEPMUHUPOBAHHBLMU, TO €CTh HOBOE COCTO-
sSIHUE KJIETKHU OJIHO3HAYHO OIPEJIEeJISIeTCsl TEKYIIIUM COCTOSTHUEM ee
cocegieit. OTcroma citelyer, YTO eCIu 3alyCKaTh JeTePMUHUPOBAH-
HBI KJIETOYHBIA aBTOMAT HECKOJIBKO pa3, HaunHad C OOHOU U TOH
2Ke KOH(UIYPAINKH, TO MBI HEM30eXKHO IOIYyIUM OIHY U Ty Ke
9BOJIIONNIO. B ciIyuae 8eposmmocmmo20 npaBuia OJHA U Ta, JKe
TEKYIIasl CUTyallusl MOXKET IPUBECTH K HECKOJBKUM Pa3JIMIHBIM
pe3yJbraTaM C 33JIaHHONW BEPOSITHOCTHIO KaXKJI0r0 U3 HUX.

Sameuanne 5.2. Ilepemenenne egunut (3KUBBIX KJIETOK) B
[IPOCTPAHCTBE KJIETOYHOI'O aBTOMATa MOYKHO PacCMaTPUBATH KaK
deuotcenue ungopmayuu. Ceemosoti konyc cobvimus (06-
HOBJIEHUS KJIETKH ) COCTOUT U3 BCEX COOBITHI B IPOIILIOM, KOTOPBIE
MOT'YT BJIUSTH HA KOHEIHBII PE3yJIbTAT, U BCeX COOLITHIT B Oy aImeM,
KOTOPBIE MOTYT MOJBEPIHYTHCS BO3JAEHCTBHUIO ITOIO PE3YJILTATA.
B kJeTOUHOM aBTOMAaTE CKOPOCMb c8ema (MAKCUMAJbHAS CKO-
POCTB PACIpocTpaHeHnsl MHMOPMAIINK) MOKET ObITh PA3IMIHON B
PA3JIMYHBIX HAIPABJICHUSIX.

IIpumep 5.1. MoxKHO i1 TIOCTPOUTH KOMIBIOTED HA KJIETOY-
HOM aBTOMaTe? DTO OBLI OJUH U3 MIEPBBIX BOIIPOCOB, KOTOPHIE TI0-
craBun Gou Heiiman B momckax MaTeMaTHIECKON <«BCEJIEHHON»,
CIIOCOOHOI TOJJIEPKUBATH HAUOOJIEe CYIIECTBEHHBIE YEPTHI 2KI3-
uu. Pon Heiliman cymesn CKOHCTPpYUPOBATH YHHBEPCAJIBHBIA BbI-
YUCJISIONIUI U KOHCTPYUPYIOIINiA «PODOT, JKUBYIIUI BHY TPU KJIe-
TOYHOTO aBTOMATa. Kro KOHCTPYKIIHASI HCIOJb30Baja KJIETKHA C
ABAIATHIO JIEBATHIO COCTOSHUSMH W HITBIO COCEISIMHU W 3aHU-
MaJjia HECKOJIbKO COTEH THICSY KJIETOK. BIHKC Ipesioxkuii OoJee
IIPOCThIE PENIeHUs, UCIOJIB3Ys KOMIPOMUCHI MEXKIY YUCTIOM CO-
CTOSTHU, YUCTIOM cOCeJiell, KOMIAKTHOCTHIO KOHCTPYKITUU U TEK-
CTYpO# cpelbl.

Paccmorpum npocreiimbie npasuaa Bankca A5, KoTopble
OLPEIEIAIOTC TPEMs djieMeHTaMu Tabuiel 5.2 (¢ y4eToM Toro,
YTO TOBEPHYTHIE II0 YACOBOI CTPEKE BAPHUAHTHI ITUX JIEMEHTOB
[PUBOJIAT K TOMY XK€ DE3yJIbTary).

Jlist Bcex APYTUX BO3MOYKHBIX JIEMEHTOB IPABUJIa HE MEHs-
0T TIEHTPAJIBHYIO KJIETKY. 3aMETHUM, 9TO C YIETOM PACIIOJIOKEHU ST
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Tabauna 5.2. [IpaBuna Baukca

1 0 1
011 —=0 101 — 1 101 — 1
0 1 1

€JIMHUIL B TI0JIe HyJIel ITPaBUIa MOXKHO Iepedpa3upoBaTh TaK: «3a-
TOJTHSIITE BIAAWHBI, BHITPBI3AfTe YIJIbI».

Eciu MBI 3ammycTuM 3TOT aJrOpuUTM, HAYWHAS CO CJIydailHbIX
HAYAJILHBIX YCJIOBUI, TO IOJIyYUM IIPUSITHYIO, HO HEIOHSITHYIO
TEKCTYPY, B KOTOPOW HAOJIIOIAI0TCs HEeDOJIbIINe OYaru aKTUBHO-
CTU C JBUTAOIIUMUCS BIEPE U HA3AJ « CUZHAAGMU> — OEJIBLIMU
(v wepubiMu) Kiaerkamu [15]. MoxkeM i MBI «IIPUPYYUTH» 3TY
AKTUBHOCTb U HAIIPABUTH HA 0OJI€e TIOJIE3HBIE 3a1a9n !

OKa3bIBAETCsI, YTO «CUTHAJIBI» MOYKHO 3aCTaBUTH PACIIPOCTPa-
HATHCS 10 «IIPOBOJIaM». BBIpeKeM HAKJIOHHYIO CTYIEeHBKY Ha
Kparo CIJIOIIHON YepHOIl JUHUHU. 3a KaxKJIblil mar oHa Oyjer Ie-
PeMeIaThcss Ha OJHO ITIOJIOXKEHWe B HAIpaB/JIeHUU HakjoHa. [l
MIOJIJIEPYKHUs CUTHAJIA, 9epHAst 00JIaCTh JIOJIKHA ObITh IJTyOnHOI B
TPH KJIETKU — 3TO U OyJeT HaIl TPOBOJI. JJOCTUTHYB KOHIA IPOBO-
Jia, CUTHAJI UCYE3a€eT, YTOOBI 9TO He MIPOUCXOIIIO, YTJIbI HA CBOOOI-
HOM KOHIIE IIPOBOJIA JIOJI2KHBI OBITH 3aIMUIIEHB HEOOJIBIIUM 3y0-
oM. HeckoJIbKO TakKTOB PaCIpOCTPAHEHUsI CUTHAJIA TI0 ITPOBOLY
IIpe/ICTABJICHO Ha PUCYHKE H.1.

OxasbiBaeTcst, MOMIIPABIIAs TPABUIA U KOH(MUTYPAIIIO, MOXK-
HO 3aCTaBUTh CHUTHAJBI 3aBOPAYMBATH 3a YIOJI, MMEPECEKATHCS U
Pa3BeTBIATHCs. Bojiee TOro, MOXKHO TIOCTPOUTH 6EHMUAD C JIBY-
Msl BXOJIAMH ¥ OJHUM BBIXOJOM, KOTOPBIN BBIUHCJISIET JIOTTIECKYIO
dbynkmuio ab u T.J1.

B zakurrovenun riaBbl OTMETHM, YTO KOIJIa MBI HCIIOJIB3YEM
KJIETOYHBII aBTOMAT B KadeCTBe MOJEIN PeaJIbHOM CUCTEMBI, TO
HaIlla 3a/[ada COCTOUT B CJEIYIOMIEM: HOJ00paTh 3aKOHBI (DYHK-
IUOHUPOBaHus (& TaKXKe HAYAJILHYIO KOHMUIyparmuio u hopMmy
CeTKM) TaK, 4TOOBI BCe, 9TO MBI XOTUM OT MOJEJIH, CJIJI0BAJIO Obl
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Puc. 5.1. PacnpocTpanenue «curuajas mo <«IpoBOIY»

U3 OJHOTO 3TOro BbIOOpa. Eciau cnpaseqmusa rumnoresa «Mup B
OCHOBE CBOE#l MPOCT — TOJBKO €ro OYeHb MHOTO», TO KJIETOYHBIE
ABTOMATBI MOTYT IIPEJICTABJISITH [TOJIE3HBIH MHCTPYMEHT B IOIIBIT-
KaX IOHSITH U OIKCATH [IPUPOLY.

Kuterounble aBTOMATHI YCIEITHO HCIOJB3YIOTCS B MOJIEJISAX
nuddy3un 1 paBHOBECHS, B TAKUX 00JIACTAX KaK THIPOIMHAMUKA,
BOJTHOBasi OINTHUKA, IPU MOJEJIUPOBAHUN KOJIJIEKTUBHBIX sIBJICHUI
(B cunepreruke) u T.1. [15].

Kpowme Toro, KieTodnbie aBToMaThl 00/1a1aI0T ABYMs DyHIa-
MEHTaJIbHBIMU JIOCTOMHCTBAMM, KOTOPBIE MOTYT IIPUBECTHU K MIPAK-
TUYHBIM apXUTEKTYPaAM KOMIIBIOTEPOB — 3TO HAPAJIIEJIM3M U JIO-
KAJIbHOCTD.



I'maBa 6

KpunrocucreMsnl c
OTPLITBIM KJIIOUOM

B 1aHHOIl ry1aBe paAcCMOTPUM  KPUNMOCUCTEMbL € OMKDPLIMHLM
KAr0woM  (HIH  ACUMMEMPUYHBIE WUPPbL), B OCHOBE KOTOPBHIX
JIeXKAT 3aJ1aud, IPUHAJJIEXKAIINE TeOpUn (POPMAJIbHBIX sI3BIKOB,
rpaMMaTuK u aBroMarToB. OOCyKI€HHe ITHX BOIIPOCOB Oy/IeT HO-
CUTH OD30pHBIM XapakTep, YTO O0bSICHSIET OTCYTCTBUE CTPOTOM
TEPMUHOJIOTHH, 3aTParuBaolieil pasmea kpunrorpadun. 3a pam-
KaMu 0030pa OCTAHYTCs M OIEHKH CJIOXKHOCTH IPEJJIaraeMbIX
KPHUIITOCUCTEM. 3aUHTEPECOBAHHBIN YNTATE b MOXKET OOPATUTHCS,
HampuMmep, K [1, 6, 10, 13, 14, 19].

6.1. KpunrocucreMbl, OCHOBaHHbBIE HAa
rpaMMaTHUKax

Paccmorpum KpumnrocuteMy ¢ OTKPBITBIM KJIIOYOM, OCHOBAHHYIO
Ha epammamukax. s mnpepgaraeMoro mmdpa KpunmoaHaus
U A€2aAbH0e PAcWu@posatue IPEJICTABIIOT cob0l rpaMMaTIe-
ckuit pa3top (paclo3HaBaHUE) KPUNMOMeKcma. dror pa3dbop AB-
JIAeTCA CYIIEeCTBEHHO 60]’[66 JICTKHUM, €CJIH U3BECTECH cen’pemmﬂi

103
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KAIOY.

Bynem momnarars, uTo mmdpyeMble TEKCTHI ABJISIOTCS TBOUY-
HBIME TI0csIeioBaTebHocTsMu. [lycth I'g u 'y — mpousBosibHbIE
IPAMMATHUKY C OJHUM U TE€M YK€ TePMUHAJIBHBIM ajipaBuroM 1, u
nycrb Ag — KoHeuHbIH nerepmuHupoBanubiii apromar wag T (T
— MHOYKECTBO BXOJHBIX CUMBOJIOB). IlepeBesieM Bce 3aKJIIOUATEI b
HbIe COCTOSTHUsI aBTOMaTa A( B HE3aKJIIOUATEJbHBIE U HA0DOPOT —
moJtydaumM aBroMar Aj.

IlocTpoum jBe TaKUX TpaMMaTUKA on u F,l, qT0

L(T;) = L(Ty) N L(4y), (6.1)

e L(T;), L(A;) — nopoxaaembie s3piku, ¢ = 0, 1. Ilocrpoenue
nepecedeHnst A3bIKOB — crangapraoe [18]. Ormerum Juiib, 9To
B OOIIEM CJIydae sI3bIKM HE 3aMKHYTBI OTHOCHUTEJIHHO OIEPAIH
[epecevyennsl, TO €CTh THUII PE3YJIBTUPYIOIIEro si3bIKa MOYKET OBIThH
IIPOU3BOJILHBIM.

s

IMapa (I'y,T’;) OTKpBIBAETCS B KauecTBe KAM0UG 30WUPPOSa-
nus. Vicmonb3yercs 3awu@dposanue ¢ nomMouLbo «packpaiiu-
sarua»' — 6ur i mmdpyercss KaK IPOU3BOIBHOE CIOBO B L(I‘;)
(1 =0,1). ABromarsl Ay u A; XpaHATCs B KAYECTBE CEKPEMHO20
KAN04Q.

IHepexsammux g paciuudpOBAHUS JTOJKEH OIPEJIEJIUTD IPH-
HAJIJIEZKHOCTD KAzKJI0ro CjoBa Kpunrorekcra s3piky L(TG) (i =
0,1), TOo ecTb pemuTh 3aJa4y PACIO3HABAHUS, SBJISIIONLYIOCS
«TPYJHO» JIJIsT TIPOU3BOJBLHOIO KOHTEKCTHOTO SA3BIKA, & IS A3bI-
ka Tuna 0 — B O0IIEM CIIydyae Hepa3penmMoii.

L «Kpacka cBA3BIBAETCSA C KayKI0# GyKBO# MCXOMHOrO TeKCTa. Tak Kak Mbl
[IOJIATaeM, UTO UCXOJHBIE TEKCTHI SIBJISIOTCA JIBOWYHBIME IIOCJIEI0BATETHHO-
CTSIMH, TO MBI UCIIOJIb3YEM TOJIBKO JiBe KpacKu - Gesyio (6ur 0) u depHyIO
(6ut 1). OTKpbBITHI K04 3ammudpoBaHus JaeT METOJ, KOTOPBIA HOpOXKIa-
€T IIPOM3BOJILHO MHOT'O 9JIEMEHTOB, PACKPAIIIEHHBIX OeJIOf KPacKOil, 1 IPOu3-
BOJIBHO MHOT'O 3JIEMEHTOB, PACKDAIIIEHHBIX YEPHOU KpacKoil. B obcyxkmaeMbIx
3/1eCh KPUIITOCHCTEMAaX TAaKHMHU 3JIEMEHTAMH SBJISIOTCS CJIOBA. BuThI mumd-
PYIOTCS KaK CJIOBa, PaCKpPalleHHble COOTBETCTBYIOHMM obpaszoMm. Koneuno,
JUISL PA3JIMYHBIX NOsIBJIeHni 6uTta 0 (COOTBETCTBEHHO 1) JOIKHBI BBIOUPATHCS
pasiInYHbIe CJIOBA, PACKpalleHHbIe GeIoi (COOTBETCTBEHHO YEPHOI) KPACKOM.
B upeanbHoil cuTyanuu 3ajada OnpenesieHnsl KPACKU ISl 3aJ[@HHOTO CJIOBA
SIBJISIETCST TPYAHOPEIIAEeMOIi, B TO BpeMsI KaK 3HAHUE CeKPemHOl Aa3elKy 03~
BOJISIET OY€Hb JIEFKO PelIaTh 9Ty 3agady [13].»
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Jlezanvoili NoAYwaMENt PEIAET «JIETKYIO» 3aJady MTPUHAI-
JIEXKHOCTHU CJIOBA KPHUIITOTEKCTa OJHOMY U3 ABTOMATHBIX SI3bIKOB
L(Ag) wmm L(Ap)%

B custy nocrpoenus aBromaros Ag u Ay, sizbiku L(Ag) u L(A7)
HE epeCeKArTCsl (OHM SIBJISIFOTCS JIOTIOJHEHUSIMU JIPYT JPYTA).
Tem cambiM pacwugposarue scezda 6ydem 00HOZHAUHBIM.

ITepeiimem k GoJtee obmmemy ciaydato. Orobpaxkenue h : X% —
A* rtakoe, aro h(afB) = h(a)h(B) Vo, S € X*, naspiBaercs MOp-
dusmom. 3nech ¥ u A — Hekoropbie andaBuTel, % U A* — MHO-
JKEeCTBA CJIOB HaJl 9TuMH ajipasutamu. U3 onpenenenus ciemyer,
9TO MOP(hU3M [MOJHOCTBHIO OIIPEIEIEH SHAYEHUSIMUA Ha OyKBAX aJl-
dasura ¥ u h(e) = g, T1e € — mycroe cJIoBO B L*.

IIpumep 6.1. Ilpumepom mMopdusMa sIBISETCS CIIEIYIOIIee
orobpaxkenue y(a) = a, y(b) = bb, tne ¥ = A = {a, b}; oueBnzHo,
uro y(ab) = abbd.

IIycrs I' — rpammaTuka u h — MOpdu3M, 0TOOPaAYKAIONINIT KarK-
JIBII TEPMUHAJIBHBIN cUMBOJI ' B TEpMUHAJIBHBIN CHMBOJI WJTH IIy-
CTOE CJIOBO €, W KayKJIbplil HETEPMUHAILHBIN cuMBOJI I — B Herep-
MuHAIBHBL cumBoiL. Moppuueckud obpas h(I') rpammaruku I’
cocTouT 13 Beex npoaykimit h(a) — h(8), rae o — [ — upomyKiust
B I'. Havasbnsiii cumBost B h(I') — s1o h(S), nne S — HauaabHBII
cumBon B I

Banuce Buga ['1 C T's o3HAYaeT, 9TO MHOYXKECTBO IPOJLYKITHil
rpaMMaTuKu '] sIBJISIETCsT TTOJIMHOXKECTBOM MHOXKECTBA IIPOJIYK-
it rpaMmaTuku ['g.

IIycts T7 — andaut, HAMHOrO GOJIBINUI 10 MOITHOCTH, Y€M
T. Oupenenum aBe TPAMMATHKI Fg u F,II C TEpMUHAJBHBIM aJida-
BATOM 17 Tak, ITO

" /
hIr)) C T, (6:2)
rae ¢ = 0,1 u h — onmcauublil parnee MOpHOUIM.

B nonHOI Bepcun paccMOTPEHHOl paHee KPUITOCUCTEMbBI OT-
KPBITBIH KITIOY 3aInPOBAHUST COCTABJISAET MAapa (Fg, I‘lll) Crioco6
3amudpoBaHsa OCTaeTCs TpeKHnM. K ceKpeTHOMY K0Ty 100aB-

2Bonpoc 0 «TPyOHBIX» U «JEIKHX» 3aJadax oymer obcyx)aarncda B [ 7.
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nsgercs MopdusMm h. Ias pacmmdpoBaHus JIEraabHBIN MOy Ia-
TeJb TpuUMeHseT MOpPU3M h K KaxKJIOMY CJIOBY KPHUITOTEKCTa .
Kaxk u B npenpiayniem ciaydae pacuugdposanue 00H03HAYHO, T €C-
s h(§) = 1 — pe3ynbrupyolee ¢JoBO, TO COOTBETCTBYIOMUI GuT
HUCXOJHOTrO TeKeTa paBeH () TOTJa U TOJIHKO TOTA, KOTIa aBTOMAT
Ap momyckaer cjioBo ¢ (uim, 4ro paBHOCHIBHO, ¥ € L(Ap)).

VYupaxkaeune 6.1.* Orenure TPYJI0EMKOCTb OINMCAHHON
KpunTocucteMbl. 1IpeicraBiasgercsa BO3MOXKHBIM JIOKa3aTh, ITO TO-

"

"
nck 1o otkbiToMy Kitiody (I'g, 'y ) coorBercreyromux h u Ay Gyaer

N P-toupiv®.

6.2. Kpunrocucrembl, OCHOBAaHHbIE Ha
KOMMO3UIUUA MOP(PU3IMOB

Teneps paccMOTpUM KPUIITOCUTEMY € OTKPBITHIM KJIIOYOM, B OC-
HOBE KOTODOI JIEKUT TaK HA3BIBAEMAS KOMNO3UUUA MOPHUMOS.
Kak u B mpenpiayiiem naparpade, KpUIITOAHAIN3 U JIEraJbHOe
pacuindpoBaHue CBOJISITCS K IPAMMATHIECKOMY Pa3bopy KpPUIITO-
TEKCTA.

Iycts hg, hy : 3% — 3* — Mmopdusmbl 1 w € X%, w # €.

G = (Z,ho,hl,w) (63)

HAa3BIBAETCS 0O6PAMHO demepMUHUPOS8aHHOT wemeepkot, ec-
JIX M3 YCJIOBUSI HA KOMNO3UUUIO MODPHUIMOE

hi, .. hiy (W) =hyj,, ... hj (W) (6.4)

BCera CJIeIyeT, ITO
.ol =71 JIm- (6.5)
Bce wHzexcbr i1,...,%n,J1,---,)m UPUHAIIEKAT MHOXKECTBY

{0,1}. Takum ob6pazom, st 11060 KOMIO3UIUUA MOP(MDU3MOB Bbl-
XOJI OJTHO3HAYHO ONPEE/IAET HOPAI0K nX npuMenenus. Hesozmo-
JKEH CJIydail, KOTJIa JBe Pa3/InIHbIe MIOCIeI0BATE/IbHOCTH MOPhU3-
MOB IIPUBOJISAT K OJIMHAKOBOMY PE3YJILTATY.

30mpenenenue N'P-monanorsr cuM. B . 7.
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IIpumep 6.2. PaccmorpuMm MOpdU3MBI, OIpeaeeHHbIe IO
dopmymam:

ho(a) = ab, ho(b) =b, hi(a) =a, hi(b)=ba

Ecsiz MBI B KadecTBe w BBIOEPEM @, TO YeTBEPKa He OyIeT 00paTHO
JIeTEPMUHUPOBAHHOM, TIOTOMY 9TO BBIXOJT ¢ ITOJIYIAETCS TIPUMEHE-
HUeM JII060r0 1uncyia Moppu3MoB hy .

C apyroit croponsl, uersepka ({a, b}, ho, h1, ab) yxKe aBisercs
0OpaATHO JETEPMUHUPOBAHHOI.

OTa derBepka 00JAIAET TOJE3HBIM CBONCTBOM: <«IIOCJIE THSIS
OyKBa CJIOBA OTKPBIBAET MOCJEJHUN MPUMEHSIEMbIH MODPGMU3M>.
JTaHHDI IPUHIKI TO3BOJSET 10 KOHETHOMY CJOBY W IOJIYUHTH
HCXOJIHOE W M HATH TIOC/IeI0BATE/IBHOCTD IIPUMEHAEMBIX MOPQU3-
MOB.

PacemorpuM  kaaccuseckyro  (Pynkyuonasonyro) kpunmocu-
cmemy, UCTIOB3YIONLYI0 00PaTHO JETEPMUHUPOBAHHYIO YETBEPKY
G = (%, ho, h1,w). Iycrs, Kak u npexe, mudpyeMplii TEKCT sB-
JISIeTCsT IBOMYIHBIM. BUTOBas 1OCIEI0BATENLHOCTD 41 . . . 4y D~
pyercst cioBoM h;, ... hi, (w).

Bszaummoodnozraurocms pacuiugdposarus obecrieauBaeTcs: 00-
paTHOHN JeTepMUHUPOBAHHOCTHIO. EcrecrBenno, G JI0/KHA Xpa-
HUTBCA B cekpere. OTMeTnM, YTO JIsi JIAHHONW KPHUIITOCUCTEMBI
HET DPa3jInuuil MeXXJy KPUIITOAHAJU30M W JIETaJbHBIM paciiud-
poBarmeM. UTOOBI MOTYYUTh MCXOMHBIA TEKCT, HEOOXOIUMO JIJIst
KayKJIOT0 CJIOBa KPUIITOTEKCTA [TPOBECTH IPAMMATHIECKIH pa3bop
— B HAIIE CATYAIUK 9TO OIPE/IeJIeHAe TTPUMEHIEMON KOMIIO3UIIAN
MOP(hU3MOB.

IIpumep 6.3. Ilycrs mamna o6paTHO J€TEPMUHUPOBAHHAS T€T-
Bepka G = ({a, b}, ho, h1, ab),

ho(a) = ab, ho(b) =b, hi(a) =a, hi(b) = ba.

Torma 3ammudpoBaHne UCXOIHBIX TEKCTOB MOYKHO IPEICTABUATDL B
Buge Tabauist 6.1.
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Tabmauna 6.1. Cxema 3amndpoBaHus

Ucxonunrit Tekcr | Kpunrorekcr
0 abb

1 aba

00 abbb

01 ababa

10 abbab

11 abaa

011 abaabaa

T 1

Ciremyer 3aMeTUTD, YTO JIJIsd MH(MPOBAHUS TEKCTOB, COJIepKa-
mux OoJjiee JIBYyX Pa3JIMYHBIX CHMBOJIOB, HEOOXOIUMO YBEJIMYUTH
9HCJIO UCIIOIB3YEMBIX MOP(U3MOB.

IIpeobpasyem Temnepsh OYHKIIMOHAIBHYIO KPHUIITOCACTEMY B
KPHUIITOCUCTEMY C OTKPBITBIM KJtodoM. Jljist 9Toro mam nHeobOxo-
MO HANTH KJII0Y 3amn@pPOBAHUs, KOTOPBIA, B OTJIXYAE OT CEK-
PETHOTO KJIF04a, IPUBOJIUT K CUTYAIUSIM C TPYIHBIM (JKEJIATeTHbHO
HEOJHO3HAYHBIM ) [PAMMATUIECKUM Pa3bopoM.

IIpex e Bcero 3amMeTnM, 9TO 00OJACTHIO 3HAYEHUI MOP(HU3MOB
MOXKET OBITh M MHOXKECTBO ITOJIMOXKeCTB. B 3ToM cirydyae Mopdusm
HA3BIBAETCSI KOHEUHOUT N0JdcmaroeKo.

IIpumep 6.4. Paccmorpum MopdusM o, ONpejie/IeHHbIH Ce-
nyomum obpazom: o(a) = {a,ab}, o(b) = {bbb}, o(ab) =
{ab, abb, abbb}. O4eBuHO, UTO ¢ ABIAETCH KOHEUHON MOJICTAHOB-
KOIA.

ITycrs mo-upexuemy G = (X, hg, h1,w) — 00pATHO JI€TEPMUHUI-
pOBaHHas YeTBepka U mycThb ajudasur A Takoii, aro | A [>] X |.
(Hanpuwmep, |X| =5, |A] = 200.)

Pacemorpum mMopdusm g 1 A* — $* taxoit, uro g~ ' (a) mermy-
cTo Ji71st J1I000#1 OYKBHI @ € Y. BykBa d € A gBisgeTcss nomomxom
OykBbl a € X, eciu g(d) = a (43 oupezieseHus g Caeyer, 9To KazxK-
nast OyKBa U3 Y IMeeT Mo KpaifHeil Mepe OfHOTO TIOTOMKa). Byksa
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d € A gigerca nycmuiuwkod, eciu g(d) = ¢.

Paccmorpum werBepry H = (A, 09,01, V), r1e

1) 09 : A* — A* — KoHeuHas OJCTAHOBKA Takas, uro Vd € A
g(o0(d)) = ho(g(d)), To ectb 00(d) — KOHEUHOE HEILYCTOE MOIMHO-
secTBO MHOKecTBa g 1 (ho(g(d)));

2) KOHEYHas HOJICTAHOBKA 01 OUPEIEJISETCs] AHAJIOTHIHO;

3) v — csoBO m3 A* TaKoe, 410 ¢(V) = W, TO €CTD I COAEPIKUTCS
B g (w).

B obrmiem citydae cJI0BO ¥ M KOHEUHBIE TTOJCTAHOBKU 0(, 01 HE
€JIMHCTBEHHDI B CUJIy CYIIECTBOBAHUS ITyCTHIIIEK.

Yersepka H = (A, 0¢,01,V) OTKPBIBAETCS B KaYeCTBE KIHOYA
zamundpoBanug. BUToBasg NOC/IEIO0BATEIHLHOCTD (UM ee OJIOKH)
i1...1, mmdpyercs NPOU3BOJLHBIM CJIOBOM U3 KOHEYHOI'O MHO-
)KecTBa 0;, ...04 (V). Hersepka G = (X, ho, h1,w) u Mopdbusm g
006pPa3yroT CEKPETHBIH K04, MOXKHO IMOKa3aTh, 9TO pacwu@posa-
HUe eQUHCMBERHO U eCAU OUMOBAA NOCAEAOBAMENPHOCTD 11 - . . ip,
sawugdposvieaemes xax £ no wemeepke H, mo iy .. .4, pacwudg-
poswisaemes kax g(§) no wemeepxe G [13].

IIpumep 6.5. IIpeobpasyeM KpUITOCHCTEMY U3 IPUME-
pa 6.3 B KpUOTOCHUCTEMY C OTKPBITBIM Kjodom. Ilycrs A =
{c1,¢2,¢3,¢4, 5}, MOPDU3M g OIIPEETUM CIIEYIONM 06PA30M:

gler) = b, glez) =g(ca) = a, gles) =g(cs) =e.

Bribepem KOHEUHBIE TIOICTAHOBKU 0, 01"

oo - Cc1 — C1,C3C1 [T C1 — C1C2,C3C1C4
C2 — C4C1,C2C1C5 C2 — C2,C3C5C4
C3 — C5,C3C3 €3 — C3,C5Cs
C4 — C4C1,C2C5C1, C4C1C3 Cq — C2,C4C3
Cs — C5,C3C5C3 Cs — C3,C5C3

Yrobbl IOKa3aTh, 9TO KOHEUHBIE OJCTAHOBKU 0(, 01 Y/IOBJIETBO-
PSIIOT HaJIaraeMbIM HA HUX YCJIOBUSIM, JOCTATOYHO MPUMEHUTH K
HUM MOPGU3M ¢ U MPOBEPUTH, YTO OHU IIPeoOPa3yIOTCsi B MOP-
dusmbt hg, hi:
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ho: b—0bb hi: b— ba,ba
a — ab,ab a—a,a
€ —¢g,€ €—¢g,€
a — ab, ab, ab a— a,a
€— g, € —eg,€e

B kadecTBe v BO3bMEM CJIOBO C4C3C1.

Sammdpyem Texer 011 ¢ momorpo oTKpbeITOro Kioda H. 13
o0(v) BbIGEpEM, K LIPUMEDY, CJIOBO C4C1C5¢1 = &1, 3aTeM u3 o1(&7)
— CJIOBO C2C3C1C4C3C1C2 = &o U, BblOUpas us o01(§2) ciaoBo &3, 110-
JIy9UM KPUITOTEKCT

C2C5C5C1C2C2C3C1C2C2 = 53-
JlerasibHbI MOy daTe b, 3HAST MOPAMU3M ¢, BEITUCIISIET
g9(&3) = abaabaa,

a 3aTeM, UCIOJIb3ysd OTMEYEHHOE BBIIIE CBOHCTBO MOPMU3MOB hg
u hy (cM. npumep 6.2), «JIerko» BBIYMCIsIET UCXOMHBIH Teker 011.

B sakmmouenun orMernM, 9YTO OOpaTHAS JETEPMUHUDPOBAH-
HOCTb He TapaHTUPYET IIPOCTOTY IPAMMATUIECKOTO pasbopa. st
pelieHnst 3Toi IpoBJIeMbl MCIOIb3YeTCsl CUJIbHAsT oOpaTHasl Jie-
TEPMUHUPOBAHHOCTL: derBepka G = (X, ho,hi,w) — cuavHo
o6pamHo OemepMUHUPOBAHHAA TOTJA U TOJBKO TOTJA, KO-
raa u3 yeaosus h;, ... hi (w) = hy(§) cuenyer t = i, u § =
hi,_, ... hi (w). MoxHo OKa3aTh, 9TO pacwugposarue (2pamma-
muveckull pasbop) ca06a 6 CUALHO 0BPAMNO JeMEPMUHUPOSANHOT
uemeepke MoJHCHO NPOBECTAY CNPASA HANEEO 63 NPEISAPUMENLHO-
20 npocmompa [13].

VYupaxkneuune 6.2.% Orenure TPYI0EMKOCTb OIMMCAHHON
KPUIITOCUCTEMBI.
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6.3. KpunrocucreMbl, OCHOBaHHbBIE HAa
MocJjieJ0BAaTEeJbHBIX aBTOMaTaX

Cireyomas KpUIITOCHCTEMa, ¢ OTKPBITHIM KJIIOUOM SIBJIAETCS ITPH-
JIO?KEHUEM TEOPUU KOHEYHBIX aBTOMATOB W OCHOBAHA Ha G6MO-
mamax ¢ namamoto®. PaccMOTpEM MOCTIEI0BATE/ILHBIN ABTOMAT
(aBromar ¢ mamsaTb0) M. OYeBHJIHO, YTO OH MEPEBOJUT JIIOOOE
BXO/HOE CJIOBO & B BBIXOJHOE CJIOBO 1) TOH ke JIIuHbL. Hneepcus
M~ HepeBOIUT BHIXOIHOE CJIOBO %) 0OPATHO BO BXOIHOE €.

IIycts k — marypaabHoe uuciao. OupenenuMm umeepcuto ¢ 3a-
depoickoti k — M~1(k) cnemyromum obpazom. IlycTh BXOAHOMY
cioBy & aBromarta M cooTBeTCTBYeT BbIXOmHOE coBO . Ilocre
HOJIyYeHUs] Ha BXOJIe CJIOBA [, TJie |4 — IIPOU3BOJILHOE CJIOBO JIJIU-
ubl k, apromar M ~1(k) nmopoxkgaer Ha BBIXOjIe CJIOBO VE, Tiie v
— Tak’Ke CJIOBO JyMHBI k. B KadecTBe Kinova 3ammdpoBaHus OT-
kpeiBatorest k u M~1(k), a M xpaHuTCa KaK CEKPETHBIH KJTIOq
paciudpoBaHMsI.

BammdpoBanne UCXOAHOIO TEKCTA 1) HPOUCXOIUT € MOMOIIBIO
BBEIOOpA TPOM3BOJILHOTO CJIOBA i JUIMHBI k U NPUMEHEHHs] aBTO-
mata M ~1(k) K crioBy vu. Ilpu pacimmdbpoBanmu KpUITOTEKCTa
JIETAJILHBIN [IOJIyJaTeIb UTHOPUPYET TIepBble k OYKE 1 IIPUMEHsIeT
aproMar M K OCTaBIIEMYCs CJIOBY.

Yupaxkaeaune 6.3.* CymecTByiOT JU aJTOPUTMBI HAXOXK JIe-
HUsI THBEPCUU U MHBEPCHUU C 3aJIePKKOU JIJIsl ITPOU3BOJILHOIO I10-
CJIe/IOBATEJIBLHOTO aBToMaTa?

VYopaxkneane 6.4.% Ornennre TPYJTO0EMKOCTb OMUCAHHON
KPHUIITOCUCTEMBI.

VYupaxkxHeunue 6.5.* [lepcrieKTHBHOM OCHOBO JJIsT KPUTITOCH-
CTEM C OTKDBITBIM KJIIOYOM SABJSIOTCH KACMOUHBLE A6TMOMAMbL’.
DTOT TOAXOJ| ellle Kak cjeayer He m3ydeH. K mpumepy, 1o 3a-
JAHHOMY ODPATUMOMY KJIETOYHOMY aBTOMATY OYE€Hb TPYIHO Haii-

Tu ero waBepcuio. OTKPBITHINA KJIIOY 3alupPOBAHUS COCTABJISI-

4Onpenenenne aBromMaTa C MAMATHIO (MOCITEJIOBATENHHOTO ABTOMATA)
cm. B [3].
5Omnpenesenne KJIETOYHOTO aBTOMaTa cM. B 171, 5.
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10T 00paTuMbIil KJIeTo49Hbli apromar C' U HATypaJbHOE YUCIO K.
Ucxoubpiit TEKCT KOJUPYETCs: KaK KOH(PUTYPAIHs KJIETOIHOTO aB-
Tomara C u mudpyercs NpUMEHEHHEM TOr0 aBTroMara k pas3 K
JaHHON KoHburyparuu. Pesynbrupyommas koHdUrypanus obpa-
syer xpunrorexcT. Mueepcus C~! obpasyeT ceKpeTHLIH KIIOW.
st pacmudpoBaHus JIerajabHbII MOIydaTe/ b k pa3 IPUMEHSET
K KPUIITOTEKCTY KJeTounsbrii asromar C 1 [13].



I'maBa 7

DJIeMeHTbI Teopun
CJIO2KHOCTH

B raBax 3 u 4 MBI y:Ke 00CYKJIaIM TaKhe MOHATHA, KaK MaCCo-
Basl 33144, aJIFOPUTM, PA3PEIINMOCTh U T. II. 37eCh MEI ellle pa3
BEpHEMCSI K TUM TEePMUHAM, OCTAHOBUMCS HA BOIPOCAX OIEHKH
KadecTBa aJI'OPUTMOB U IIOI'OBOPHM O KJIACCH(UKAINE aJITOPHT-
MOB ¥ 3a7ad!.

7.1. BpemeHHass CJIOXKHOCTb aJITOPUT-
MOB

Maccosoti 3adauedi (i npocro 3amaqeii 6o mpobemoii) Gy-
JIeM Ha3bIBATH HEKOTOPBIM OOIMUil BOIPOC, HA KOTOPLIA cJieyer
naTh orBeT. Kak nmpaBmiio, 3a7atua ColepKUT HECKOJIBKO TapaMeT-
pOB WU TEepeMeHHBLIX. Ecim BceM mapamMeTrpaM MPUCBOUTH KOH-
KpEeTHBIE 3HAYEHUsI, TO U3 MaccoBOil 3ajauu M mosyuuM uHdu-
sudyaavryto 3adawy I.

I Mpr omyckaeM psj] KIACCHYECKHX OIPEIETCeHHH U IOCTAHOBOK 33,084, OT-
HOCSAIMXCSA K T€OPUH TpadOB U KOMOGUHATOPHKE. 3aMHTEPECOBAHHbIH YHTa-
TeJIb MOXKeT O6paTUTHCs, HAIPUMED, K [5].

113
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oz anzopummom, kak u upexie (cm. § 3.1), Gyzem 1oHU-
MaTh ODIIYIO, BBIIOTHIEMYIO IAT 3a ITaroM MPOIEIyPy PEeIeHust
3aja4u. AJITOPUTM Pewaermn MaccoByto 3asady M, ecjiu OH 1pu-
MEeHUM K JTI000# mHAuBHIya bHOM 3amade I u3 M u obs3aresibHO
JaeT perrenue 3aga4qu I.

«Haubonee apdekTuBHBIMY AITOPUTMOM OyAEM CUUTATD Ca-
MBIl OBICTPBIN AJTOPUTM, TAK KaK Jallle BCEro MMEHHO OrpaHIdIe-
HUE 110 BPEMEHU SIBJISIETCS JIOMUHUPYIOMMM (DAKTOPOM, OIpeie-
JISTFOIIIAM TIPUTOHOCTh KOHKPETHOTO aJITOPUTMA, il IPAKTUKH.

Bpems paborbr anmropurma ymo0HO BbIpaXKaTbh B BuEe (DYHK-
W, 3aBUCAIIEN OT OMHON MEPEeMEHHON. DTOi IMepeMeHHO SABJIs-
ercs «pa3Mepy (Wi 8TrodHas 0AUHA) WHIUBHIYAJILHON 3a/a-
YH, TO €CTh 00bEM BXOJHBIX JAHHBIX, TPEOYEMBIX JIJIsI OIUCAHUS
5TOH 3asaun (HapuUMep, YUCIO CHUMBOJIOB B CJIOBE, KOTOPOE KO-
JUpyeT MHAMBUAYasbHYI0 3anady). Cama byHKIMS HA3BIBAETCS
8pemerHOU caoHcHocmybro anropurma. OHa KaXKI0M BXOIHON
JUIMHE 7L CTABUT B COOTBETCTBHE MAKCUMAJIbHOE (110 BCEM MHIMBU-
JLyaJIbHBIM 3a/1a9aM JJIMHBL 1) BPeMsi, 32TPAaYnBaeMOe aJIlOPUTOM
Ha pellleHne WHIUBULYaIbHbIX 3384 3TOi JUINHBL. Vcxost u3 31o-
rO OIpeJeIeHNs, TIOJIyIaeM, YTO BPEMEHHasl CJIOYKHOCTH OIpeJe-
JIEHA HAMU KaK Mepa MOBEJICHUS AJITOPUTMA, B HAUTYOULEM CAYHAE.

Boustee dopmanmbio BpeMeHHAs CIIOKHOCTD aJTOPATMA OIIpeIe-
JITeTCs coemyomuM oopa3oM. IlycTth ¢ — BoIOpanHass cxema, KO/TH-
POBaHUs BXOJHBIX JaHHBIX, t(]) — BpeMs, 3aTpadnBaeMoe AJro-
PUTMOM Ha peIlleHre WHAWBUAya bHOM 3ajaun . Torma Bpemen-
Hasl CJIOXKHOCTH aJITOPUTMa PeITeHusi MaccoBoii 3aga4uu M Bbrauc-
Jisiercs 1o hopMmyIie:

t(n) = max t(I). (7.1)
I:q(I)|=n

Byzaem reoputh, uro dyukims f(n) ectb O(g(n)), ecan cy-
mecTByer KoHcranTa C takag, dro |f(n)| < C|g(n)| anst moboro
n = 0. IIoauHOMUGABHBIT AJITOPUTM — 3TO aJTOPUTM, Y KOTO-
poro BpeMeHHas1 caoxkHoCTh pasHa O(p(n)), Tae p(n) — HEKOTOpAast
HOJIMHOMUAJIbHAsT (DYHKIUS, a N — BXOJHASI JJIMHA. AJINOPUTMBI,
BPEMEHHAsI CJIOKHOCTb KOTODBIX He IIOJJIAeTCsl HOJO0HON OlleH-
Ke, Ha3bIBAIOTCST 9KCTOHEHUUAALHBIMU (CIIEyeT OTMETHTD, YTO
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3TO OIpene/ieHne BKIOYAeT U Takue (yHKIHNH, Kak n°8"

, XOTsl
OHU He SIBJIAIOTCS HU MOJUHOMHUAJBHBIME, HU IKCIIOHEHIIUATBHBI-
mu). B cuity Toro, 9To mpu pocre pazMepa 3aauu HOJIMHOMUAI b
HbIE aJICOPUTMBI CYIIECTBEHHO Obicmpee (TpeOyloT MeHbIIe Bpe-
MEHHBIX 3aTPAT), 9eM IKCIOHEHIUAJIbHbIE, OHU SIBJISIOTCA GoJiee
MIPEIIIOYTATETHHBIMHY.

BameTnm, 9TO GOTBITMHCTEO SKCIOHEHIINAIBHBIX AJTOPUTMOB
— 3TO TIPOCTO BAPHUAHTHI N0AHO20 Nepebopa, TOrja KAk IOJMHO-
MUAJIBHBIE AJTOPUTMBI OOBIYHO MOXKHO MOCTPOUTH JIMIEL TOTJIA,
KorJa yjaeTcst GoJiee JIeTaabHO U3y9IHTh OCOGEHHOCTH peraeMoil
pOoOIEMBIL.

Bagaua cuntaerca £Opowo pewaemoti (uim «ae2kol» ), ec-
JIU T Hee HaliIeH MOJMHOMHUAJIBHBIA anropuT™. 3a1a4a Ha3biBa-
ercst mpyonopewaemoti (uim «mpyoHod»), eciau s ee pe-
IIEHUsT HE CYNECTBYET MOJMHOMUAJIBHOTO anroputMa [5]. Samada
ABJISIETCS HEPA3PEWUMOT, €CJin BOOOIE HE CYIIeCTBYET aJiro-
purMma ee perterust (cM. §§ 3.5, 4.4).

7.2. Kimaccer P u NP

ITo cTemeHu CJIOXKHOCTH AJTOPUTMOB 33129l MOYKHO Pa3OHTL HA
KJIaCCHI.

Oupenenum nepsoiii Kiiace 3aga4 — kaace P (Polinomial). Ou
COCTOUT U3 33J1a4, JJId pellleHns] KOTOPBIX CYIIECTBYIOT IIOJIMHO-
MHUAJIbHBIE aJIFOPUTMBL DTO TaK HasbIBaeMble «JIerKue» 3a1a4u. B
ollpejie/ieHuu KJjacca P CylecTBeHHBIM fABJiseTcsl (PUKCAIUS CXe-
MbI KojupoBanus g (cMm. dopmysty 7.1), Tak Kak B o0IIeM ciydae
CyIIeCTBOBaHUE TIOJUHOMUAILHOTO aJIFOPUTMA 3aBUCUT OT CIIOCO-
6a KOAMPOBaHWs BXOJIHBIX JIAHHBIX 33129 [5].

Cuieflyst OCHOBHOl rumorese Teopuu ajropurmoB (cMm. § 3.3),
JlaHHOE OIlpejieieHne MOXKHO Hepedpas3supoBaTh CJeLyIomuM 0b-
pasoM: 3ajiada IPUHAJJIEsKUT KJaccy P Toraa U TOJIbKO TOria,
KOTJa CyIlecTByeT MallliHa 1hIOpHHIa, pellaloas ee 3a I0JId-
HOMHAJIbHOE BpeMs 2. IIpu 9TOM I0J BpeMeHeM paboThl MAIIMHBL

2910 ompegenenre MOKHO COPMYTUPOBATE, UCIOIb3Ys JTIOGYIO IPYTYIO
AJTOPUTMHUYECKYIO MOJIEJIb.
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TBIOpI/IHI‘a IIOHUMAETCA YHUCJIO OIaroB, KOTOPOE€ MallnHa JO0JIZKHa
COBEPIIUTDL JIJIdA pelIeHud 3aJaIu.

IIpumep 7.1. Cienytomue 3a1a4uu npuHAIIERKAT Kiaaccy P:
YMHOYKEHHUSI MATPHUIIBI Ha, BEKTOD, MOUCK MUHUMAJIHOTO 0CMOEHO20
nepesa (aazopummsv, IIpuma u Kpackasa), mouck Kpardaiiniero
nyTtu B oprpade (aszopumm Jedxempu) u T. 1.

Yupaxkneune 7.1. [lokaxkure, aro memod Iaycca ve sABIs-
€TCs TIOJTMHOMHUAJIBHBIM.

O6cy UM Tenephb 3a/1a4n «TPY/IHbIE> U BOIIPOCHI CPABHEHUS UX
CTIOXKHOCTH. B majbHeiieM orpaHunInMcst pACCMOTPEHIEM 3a.0aY
PACTO3HABAHUS CB0TICME: TaKMe 3a/a9d MMEOT TOJBKO JIBa

BO3MOZKHBIX pEeHIeHUA — «JIa» HUJIN <<H€T>>3.

IIpumep 7.2. YroObl U3 ONTUMU3AIMOHON 33290 [TOJIY9UTh
3a/1a9y PaCHO3HABAHUST CBOMCTB, JOCTATOYHO MepedpasupoBATh
ee CJIeyIONM 06pa3oM: CyIIeCTBYeT JIM JIOIyCTHMOE peIleHue,
CTOMMOCTB KOTOPOI'O MeHbIIIe (60JIbIIe) HAllepe T 33/ IaHHOIO YHCIIa

c?

OkasblBaeTCsl, 4TO KazKJOoi 3ajade paclio3HaBaHUsI CBONCTB
MOXKHO COIIOCTABUTH HEKOTOPBIH s3bIK [5]. HamomuunM, aTo ecan
A — andasur, A* — MHOXKECTBO BCEX CJIOB, OOPA30BAHHBIX ITUM
aspaBUTOM, TO JI0O0E IIOAMHOXKECTBO MHOXKecTBa A* HasbBaeTcs
A3BIKOM.

CoorBercTBHE MEXKITY 3a/1a4eil pACIIO3HABAHNS CBOUCTB U S3bI-
KOM YCTaHABJIMBAETCS C IOMOIIBIO CTAH/IAPTHBIX CXeM KOJIMPOBa-
HUsl ¢, KOTOpPbIE OOBIYHO WUCIIOJIb3YIOTCS JIJIsI IIPEJICTaBJICHUs] WH-
JIIBHIyaJIbHON 3asa4m 1ipu ee periennn [5]. CiioBa, siBistrorumecst
KOJIAMY WHINBUIYAJbHBIX 3339 u3 M C MOJIOKHUTETbHBIM OTBe-
TOM HA& BOIIPOC, COCTABJIAIOT TPeOyeMblil sI3bIK. TakuM 0Opaz3oM,
3a/1aa PACIIO3HABAHUS CBOMCTB MOXKET OBITH 3aMeHEHa 3ajadeit
ompeJiesieHnsT TPUHAJIEXKHOCTH HEKOTOPOTO CJIOBA (¢ 33 IAHHOMY
s13bIKy L (910 3a/aua paspemmmoct — cM. § 1.8).

3VMeHHO 3a[ja41 PACIO3HOBAHUS CBOMCTB COEIMHSIIOT TPOiiIeHHBIE HAMI
paHee IOHSATHS: SI3bIKHM, TPAMMATUKH, MAIINHbl ThIOpUHTA U T. .
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Teneps BblIeaUM KilacC 33/a9 PACIO3HABAHUS CBOMCTB, JJIst
KOTOPBIX BPEMsl OIIPEJIeJIEHUs] TPUHA/JIEXKHOCTH CJIOBA COOTBET-
CTBYIOIIEMY sI3bIKY OyJIeT MOJIMHOMUAJIBHBIM. 10 eCThb, ecjin y Hac
€CTh pellleHne (v, TO CyIIeCTBYeT MalluHa 1T hIOpUHTa, KOTOPAast J10-
myckaer (paclio3Haer) CJIOBO (v 3a IOJMHOMUAJBHOE BpeMs. Takoil
KJIACC 3a/ad HaspiBaerca kaaccom NP (Nondeterministically
polinomial)*.

OnHO W3 OCHOBHBIX TOHSITHII, KOTOpOE HAaM IOHAJI00UTCH B
JAJBHEAIIEM, 3TO NOAUHOMUGALHAA C600UMOCTb A3BIKOB (UK 3a-
naq). Ilycrs Ly, Ly € A* — na sasbika. [oBopst, 4To s3bIK L4
ceodumeces K s3bIky Lo, ecyiu cymectByer (yHkius f, orobpa-
xkaformast A* B A*, Takasi, 9TO CJIOBO (v IPUHAJJIEIKUT SA3BIKY L
TOIJIA ¥ TOJBKO TOrJa, Koraa f(«) NPUHAIJIEXKUT A3bIKY Lo.

ITpumep 7.3. Ilycteb A* — MHOXKECTBO BCEX CJIOB KOHEIHON
JJIMHBL B ABOMYHOM aJjipaBure, L1 — MHOXKECTBO CJIOB u3 A* ¢ yer-
HBIM YUCJIOM eTuHuIl, Ly — ¢ HeIeTHBIM. PaccMOTpUM CJIe Ty IOy IO
dyuxmmo: f(ay...ar) = ay...axl. D1a GYyKHIUS OCYIIECTBISET
CBOAUMOCTD A3bIKa L1 K Lo.

CBOAMMOCTDL HA3BIBAETCSI  NOAUHOMUABAbHOT, €CIA  JIJIs
dyukuuu f cymecrByer BBIYUCISIONIAs [OJUHOMUAJbHAS (B
CMBICJIE BPDEMEHHOII CJIOXKHOCTHU) [IPOrPaMMA.

IToaurnomuarvHas IKEUBAAEHMHOCTNG NBYX A3LIKOB Lj
u Lo onpenesiercss Kak ABYCTOPOHHSIS IIOJMHOMUAJIBHAS CBOIM-
MOCTb.

Ilociie BBemeHWsT TMOHATHS CBOAWMOCTH OYEBUIHBIMEU CTAJIN
caeytomue Bornpockl. Kakne sizpiku (3ajaun) B NP nomHo-
MUaJIbHO 3KBUBaJieHTHbI? KakoBa mepapxusi CJI0KHOCTH 331249 B
NP?

OCHOBHBIM Pe3yJIBTaTOM, II0CJIe KOTOPOI'0 BBEJIEHHE BCEX ITUX
MOHATHUI TPUOOPEJIO IPAKTUIECKU cMbICJI, Oblia Teopema C. Ky-
Ka:

4HasBanue omnpejessieTcss MOHATHEM HEJEMEPMUHUPOBAHHOZ20 TLOAU-
HOMUAABHOZ0 AAZ0PUIMA, KOTOPBIA COCTOUT U3 CTaIUH yraJblBaHus (Io-
WCK CJIOBA (x) U CTaJMy MPOBepKH (pellenue 3a/1a91 pa3permnMocTy). Beranc-
JINTEJIbHAS CJIOYKHOCTh CTaJIUU yTaIbIBAaHUS HE OTOBaPUBAETCH, a CJIOXKHOCTH
CTaJ UK TIPOBEPKH — MOJUHOMHAIbLHAS.
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Teopema 7.1 (Kyk). Jlotas sadaua us xaacca NP moocem
6bIMd NOAUHOMUANLHO CEEDEHA K HEKOMOPOT, 6NOAHE KOHKDEM-
HOU 3a0aue u3 9MO20 KAACCA, MaK Ha3wveaemol sadave «Buinoa-
HUMOCTIVD > .

Cdopmynupyem pobiiemy « Bunoanumocms» [9]. Pacemor-
puMm OyseBy dbyuuuto f(z1,...,~T,) B KOHBIOHKTUBHON (dopMe 3a-
HCH:

flz1, .. mn) = (@7 Voo ovain) o (e{™ V. v apme) (7.2)

rae xf paBHO x; npu ¢ = 1 u pasHO Z; upu ¢ = 0. Heobxommmo
OIIPEJIEJINTh, BBIMOJHUMA JU (POPMYJia, TO €CTh CYIIECTBYET JIU
HA0Op IMepEMEHHBIX, IPU KOTOPHIX (DYHKITUS ITPUHUMAET 3HAUEHUE
«mcTuHaY 7

IIpumep 7.4. s dyuxiwn f(X) = xq(z1 Vas) (22 Ve Vas)
CyIIECTBYET MHOTO PEMIAIONINX HAOOPOB.
Ia byaxuuu f(X) = x1(T1 V 22)T2 pemaromiero Habopa HeT.

O6parum BHUMaHKE Ha TO, YTO B IIOCTAHOBKE 3aJIa9M IIPUCYT-
CTBYET BOIIPOC «CyIIecTByeT Jiu?». Jljisi KaxKoil eMHUIHON 3a-
Jla9d B KJIACCHIECKON MMOCTAHOBKE 3TO O3HAYAET, UTO MBI JIOJIXK-
HBI yKa3aTh permaortuii Habop. Ho 3amady MoKHO mOHUMATH U
[0 «WHXKEHEPHOMY» — IPOJIET JIM CUTHAJ Yepe3 CXeMy, Olpejie-
astemyto Oymesoit dyukimeit f(X)? Wnn naxke 6oiee KOHKPETHO
— KAaKOBa BEPOSITHOCTH IPOXOXKJIEHUs CUTHAJA HUepe3 CXeMy, TO
€CTh, CKOJIbKO BCErO PEIIAloNX HADOPOB CYIIECTBYET I JIAH-
noit f(X)?

Nrax, ciemys reopeme Kyka, 3amaua « BImoIHIMOCTE» canTa-
eTcs caMoil yHUBepcaabHOl B Kiaacce NP, Tak Kak Jrobast 3a7a9a
U3 9TOT0 KJIACCa [TOJIMHOMHUAJIHLHO CBOJUTCS K JAHHOM.

Teneps onpeneuM TpeTuit BaXKHBIN KJIacc 3ajad: Jrobas 3a-
Jlada, TOJUHOMUATBHO SKBUBAJIEHTHAS 33/1a49€ « BBIOTHIMOCTD >,
naspisaercss N'P-noanot (N'P-complite).

OueBuIHO, 9KBUBAJIEHTHOCTD HAJIO JOKA3bIBATh, TO €CTh JOKa-
3bIBaTh MMOJIMHOMHAJIBHYIO CBOIUMOCTD 33J1a9M « BBIIOJHUMOCTD
K paccMaTpuBaemoii 3amade n3 kiaacca NP. Ho cmavana mano mo-
KazaTh, 4TO caMa 3ajada BxomuT B N P!
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Hecnoxkno mokazarhb, uto 3amada M sasiagercs N P-10HOI,
ectn M € NP u mobas 3ana4a n3 kiacca NP HOJIMHOMAAILHO
ceoauTcst K M.

Temepb 0OCyIM BOIPOC O B3aMMOOTHOIIEHUH KJACCOB P u
NP. JIocTaTOYHO OYeBUIHBIM SIBJISETCA CJIeIyIoIIee COOTHOIIIe-
Hue [5]:

P CNP. (7.3)

B cuty Toro, 9To 718 MHOTHX 3371849 U3 Knacca NP He HafieHo
THOJMHOMHAJILHOI'O aJITOPUTMa, PEIEHUsI, UMEET MeCTO TUIIOTe3a

P #NP. (7.4)

Boutee Toro, Ha CeroIHANIHMI IeHb U3BECTHO 6oJiee Thicsaan N P-
[IOJTHBIX 3aJ1a49, HO HU JJIsl OJHOW M3 HUX HE YIAJIOCh IPHUIYyMaTh
[MOJIMHOMMAJILHOTO aJiropuTMa pemrenusi. [losromy nmeroTcst oueHb
CUJIbHBIE OCHOBAHUS CAUTATH MAHHYIO TUIOTE3Y CIIPABEIJINBOM.

SHadeHue TOIl, [TOKa eIlle HepeIleHHO! Tpo0JIeMbl, TPYIHO ITe-
peonieanTh. Bapyr okakercsi, uto rumoresa meBepua! Torma, ec-
Ji OymeT HaiizeH XOTst Obl OIUH MOJTUHOMUAILHBIA aJTOPUTM TS
KaKoit-HIOY1b N P-TI0MHOM 3871841, TO 6Ce 33J]aNN U3 ITOTO KIacca
MOXKHO Oyzier pemarb 3tuMm agropurmom! Jlanubil (TumoreTnve-
CKMii) MaTeMaTHYeCKuil pPe3ysbTaT MPUBEJIET K HOBON MPOMBIII-
JIEHHOU PEeBOJIIOIUN.

Hamnpumep, aro mpousoiijger ¢ kpunrorpadueil, ecjaum BApPyr
okaxkercs, uro P = N'P? IIpousoiiieT HEYTO U3 PsAia BOH: KPHII-
Torpadus, U TeOpeTUIecKasi U IPAKTUIECKAs, [I0 CYIIECTBY IIpe-
KPaTAT CBOE CyIecTBOBaHUE. « BhiKuByT» mudphl Trita Beprama,
C OJIHOPA30BBIMH KJIIOUAMH, CXeMbl ayTeHTHduKanun tuna Cum-
MOHCa, TaK3Ke C OHOPA30BBIMU KJIIOUAME, CXEMbI pa3IeJIeHUs CEK-
pera. U Bce.

7.3. N'P-nosHble 3a/1a4u

PaccMmoTpuM HecKoIbKo N P-HOMHBIX 33/a9 U MATEeMaTHIeCKIX
KOHCTPYKIIUI, KOTOPbIE CBA3BIBAIOT ITHU 3aJa4u ¢ 3ajadeil «Boi-
HOJTHUMOCTB> [9].
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CBezieM IOJMHOMUAJIBHO 331849y «BBIIOJHIMOCTE> K « 3ada-
e o pagpewumocmu 6 (0,1)-wucaar cucmemvt AUHETHBLL
YypasHeHUut». DTOT MPOIECC PACCMOTPUM Ha npumepe. Ilycrhb

f(.]?l,l‘g,l‘g,lz;) = 1‘1(51 VoV l‘3)($2 vV 53)(1‘2 \Y f4)$4

YcoBre BBITOTHUMOCTH PAaBHOCHJIBHO Pa3PENINMOCTH CIIETyIO-
et cucTeMbl OyJIeBBIX yPaBHEHUI:

ZZ?1=1,
fl\/’lj'g\/iﬂgil,
x2\/f3:17
ToVTy =1,
1‘4:1.

3aMeHNM JU3BIOHKIINIO Ha 3HaK IIoc U T — Ha 1 —x. [lepeiinem K
OOBIYHOI cUCTeMe ypaBHEHWIT 1 HEPABEHCTB, I/le HAC UHTEPECYIOT
pemtenus B unciaax 0 u 1:

Ty = 17
—x1 +x2+ 23 >0,
xg —x3 > 0,
T2 — 14 20,
Ty = 1
W, 9TO TO 2KEe CaMoe:

132+117321,
CCQ—(E320,
CEQZl.

CranmapTHbIM 00pa30M JI00ABUM HOBBIE IEPEMEHHBIE U OT CHUCTE-
Mbl HEDABEHCTB IIepeiijleM K CUCTeMe ypPaBHEHU:

T2 +x3 —y1 =1,
To —x3 — Y2 =0,
To —ys = 1.

Orcrona mosydaem, 9To perraoruii Habop OyaeT paBeH:

1‘1:I2:I’3:I4:1.
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To, 9TO IIPEICTABJICHHBI CIIOCOO CBEJECHNS ABJIACTCA HOJIMHO-
MHAJILHLIM — JIOCTATOYHO OYeBHIHO. TakmMm obpasoM, «3ajada o
paspernmnmoctr B (0,1)-uuciax CHUCTEMbI JMHEHHBIX ypaBHEHH»
apjsiorcs N P-11oJmoi.

Paccmorpum Teneps «3adawy o kauxes. Kauxol rpada
(G Ha3bIBAETCS MAKCHMAJIBHOE 110 MOITHOCTH MHOYKECTBO BEPIITUH
3T0ro0 rpada, Jrobble JBe U3 KOTOPBIX SIBJISIOTC CMEXKHBIMU. «3a-
Jlada 0 KJIMKe» (DOPMYJIUPYETCsS CJEYIONIM 00pa30M: CYIIECTBY-
er i B rpade KJIMKa U3 1M BepIITuH.

IIpumep 7.5. st m = 3 — 9TO TPEYTrOJBHUK, M = 4 — YeThI-
pexyrosibHuK ¢ guaronassmu. (Ormerum, 9to eciau B rpade ecrb
KJIMKA C YMCJIOM BepINuH 5, To rpad He sfBJISeTCs [IJIaHAPHBIM. )

HanomuumMm, 4T0 gokazaTeabcTBo N P-moaHoTH «3aJauu o
KJIMKE» COCTOUT B IOJIMHOMHUAJILHOM CBEJIEHUN K Hell 3a1aan «BoI-
MMOJTHUMOCTB». PaccMOTPUM IpUMEp TaKOTO CBEICHUS JJIs CJIYIast
Tpex mepemMeHHbIX. IlycTh mana GyHKIms

f(X) = .731(1‘1 \Y To V 53)(52 \Y 563)

IMocrasuM eii B coorBercTBue rpad (cM. puc. 7.1).

X1(1,1)

x2(3,1) x1(2,1)

x3(3,2) X2(2,2)

x3(2,3)
Puc. 7.1. I'pad, coorsercrBytomuit dpyukuun f(X)

Kaxk moit mepemenHoit 6y1yT OTBEYATH BEPIIUHBI, MAPKAPOBAH-
HBIE CIIEMUATHHBIM 00Pa30M: IIEPEMEHHO T, BXOISAIIEH B CKOOKY



122 TiraBa 7. DJieMeHTBI TEOPUU CJIOYKHOCTHU

1 ¥ 3aHUMAIOIIEH TaM MeCTO j, OTBedaeT BepIuHa Ipada, MapKu-
poBaHHas Kak (i, 7).

Takum obpa3oM, repBas IepeMenHas x1 — 1o BepmuHa (1,1),
[IepeMeHHasl £1 BTOPOI0 MHOXKHTEJs — BepumHa (2,1), mepemen-
Hasd To — (2,2), T3 — (3,2), To — (3,1), T3 — (2,3)

Hee sepuuns! ((i,75), (k,1)) Gynem cauraTh CMEXKHBIMHI, €CJIN

1) i He paBHO k, TO €CTh COOTBETCTBYIOIIME IIEPEMEHHBIE HAXO-
JIATCS B PA3HBIX CKOOKAX.

2) x;; He paBHO Ty, TOE IOX T;; HOHUMAETCS IIePEMEHHAs, CO-
orBercrByIoniasa nape (i,7).

Hanpumep, sepmmnst (3,1) u (2,2) He cMexKHBIE, TAK KaK UM
OTBEYAIOT TIEPEMEHHBIE T U To.

Temeps 3a7a1y «3-BBITOJIHIMOCTBY MOXKHO TIEPedPOPMYIUPO-
BaTh CJIEJAYIOMUM 00pa3oM: CyInecTBYIOT jiu B rpade G KIuKa
MOIIIHOCTH TpU?!

Hanpuwmep, kiuke {(1,1),(2,1),(3,2)}, orBeuaer nabop nepe-
MEHHBIX (21, 21,23). Torua B KauecTBe «BBIIOJIHSIONIEIO» HAOOPA
it GYHKIUE f MOXKHO BBIOPATDH CJIE/yIONINE 3HAYEHUST [IePEeMEH-
HBLIX: T1 = 1, T9 — NPOU3BOJBLHO, T3 = 1. JIpyras KJukKa u Jpyroii
Habop mepemennbix: {(1,1),(2,2),(3,2)} u (1,22, x3).

Hanee npusenem npumepsl N P-nonnbix 3aga4 (6€3 moKasa-
TEJILCTBA, [TOJIMHOMUAIHHOW CBOJIUMOCTU K HUM 3a71a49u «BbImosi-
HUMOCTB )

1. dBastercss I JDaHHBI HEOPUEHTUPOBaHHBIN Tpad k-
PACKPAUUBAEMBIM T

2. meer u JaHHBIT HEOPUEHTUPOBAHHBIN Tpad 2amusbmo-
HOB YUKA WU 2GMUABMOHOE NYMbT

3. CymecrByer Ju pemenue B (0,1)-duciax ypaBHeHust
St aiz; = b, e a; u b sanannr?

4. NzomopdeH Jiu JaHHBINA HEOpUEHTUPOBaHHbIH rpad G HeKo-
TOpOMY ToArpady JTaHHOIO HEOPUEHTHPOBAHHOTO rpada G'?

5. «3adaua KOMMUBOAIHCEPG>: ITaHbI HATYPAJIbLHOE YHCJIO
N — KOJIMYEeCTBO IOPOJIOB, CHMMerpudHas Marpuita di; (n X n)
C HEOTPUIATEbHBIMU ITIeJIOYUCIEHHBIMY dJIEMEHTAMU — MATPUILA
PACCTOSTHUIT MEXKJIy TOPOJaMU, U I€JI0€ HEOTPUIIATETbHOE IUCIIO
L. Tpebyercsa omnpenennTh, CyIMECTBYET JIM TaKas MUKIAIECKAsT
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[epecTaHoBKa JUIMHBL 1 (06X0[), 9TO CyMMa COOTBETCTBYIOLIMX
paccrosauit He 6osbime L.

Ha ﬂaHHbIﬁ MOMEHT M3BECTHO OKOJIO TBHICAYN NP-IIOJTHI)IX 3a-
a4, JoKasaTeabeTBo N P-IOJIHOTH B HEKOTOPBIX CJIydasX Ipejl-
CTaBJISIET OOJIBIIYIO TPY/THOCTD.

JIJ1s HEKOTOPBIX BayKHLIX 3a3J]a4 Borpoc 06 N P-mosnore oT-
KPBIT JI0 CHX IOp. DTO 3aJiaua [IPOBepKu u3oMopdusma rpados,
3aj1a9a IUCKPETHOTO JIOrapruMIPOBAHUS, 3a/1aa (PaKTOPU3aINN
u JIp.

IToroBopum Temeps 0 masbHeilme kiaccuduKaum 3a1ad.
OrpannumBaloTcs Kjacchl cjoxkHocTH Kiaccamu P u NP? Ilo
BCeil BHAMMOCTH HeT. PaccMoTpuM, HAIPUMED, <«JIONOJHEHWEe» K
3ajiade O CyIIEeCTBOBAHUU MaMIJIBTOHOBA IMKJIA B rpade: siBjser-
cs1 T JIaHHbIH rpad HeraMuibToHOBBIM? COBCEM HE OYEBHJIHO, YTO
3Ta 331a4a mpuHaIeRuT Kinaccy N'P. EquHcTBeHHbIi N3BeCTHBIIH
HA CETONHSIIIHUAN JeHb OOIUH METOJ| JI0KA3aTeJIbCTBA TOTO, UTO
HEKOTOPBIi rpad He sBJSIeTCs] TAMUJIBTOHOBBIM, COCTOUT B TOM,
4TOOBI CHCTEMATUIECKU BBINUCATH BCE IUKJBI U IPOBEPUTH, 9TO
HU OJIVH W3 HUX HE COJEPXKUT BCE BEPIIUHBI Ipada.

VYupaxknaenune 7.2. Chopmyaupyiite JOMOJHEHHE K 33J1a4€
KOMMUBOSIZKEDA.

B obmem ciayuae donoanenuem M 3adawu pacnosmasa-
HUs ceolicme M HasblBaeTcs 3aJa4a, B KOTOPOR KOIbI MHJIM-
BUAYAJbHBIX 38749 C OTBETOM <«Ia» COOTBETCTBYIOT KOJAM HHJIH-
BUIyaJ bHBIX 3a7a4 w3 M, He mMmeromux oTBeTa «jga». Kimacc P
3aMKHYT OTHOCUTEJILHO OIePAIlUU JIOIOJTHEHUSI:

Teopema 7.2. Fcau 3adawa M npunadaeoscum xaaccy P mo
ee donoanenue makotce npuradiedrcum xaaccy P.

Jna knacca NP 3aMKHYTOCTb OTHOCHTEJILHO ONEepaliu J0-
[IOJIHEHHS He JI0Ka3aHa. Kcim Kaace 3a1ad, sIBJISIOMIUXCS JOI0J-
HeHUAMHU K 3ajadaMm Kiacca NP, obosnauurh co-NP, To umeer
MECTO CJIEJIyIOIlee YTBEPKICHNE:

Teopema 7.3. Ecau donoanenue nexomopoti N'P-noanoti sa-
davu npunadaescum xaaccy NP, mo xaaccoe NP u co-NP pas-
HbL.
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Wuorna ymaerca goKa3aTh, 9TO Bee 3a1a4n u3 Kiaacca NP mo-
JIMHOMUAJIBHO CBOJIATCSI K HEKOTOPOil 3amade M, HO He ymaercs
nokazarh, uro M € NP. Torna M ne Mmoxker naseizaThea N P-
mostHoit. OtHako M HECOMHEHHO HACTOJIBKO K€ TPY/IHA, KAK JIFO-
Oad 3a1a9a U3 Kiaacca NP, 1 HACTOIBKO Ke TpyJHoperaeMa. Ta-
KHe 3a7a49n HasbiBatorca NP -mpydrvimu.

IIpumep 7.6. Ilpumepom NP-TpyaHoit 3ama4u sIBJsAeTCs
«3adaua noucka K-20 no nopadxy nodmworcecmsas [5]:
JIQHbBI [eJIble HEOTPULATEIIbHBIE YUCIIA C1, . . ., Cn, K, L (K < 2™ 1
L < 7, ¢). CupammBaercs, cymecTByer jii K pasindHbIX HOJ-
MHOXKeCTB S1,...,Sx C {1,2,...,n} Takux, aro ¢; > L,
g i =1,2,..., K?

JES:

B zak/mo49eHnn onpemeanM eIne OOUH KIace 3amad. AJIropurm
HA3BIBAETCA TCEEJONOAUHOMUANDHBIM, €CIIU €TI0 BPEMEHHAS
CJIOXKHOCTH OIPaHUYEHa CBEPXY IOJMHOMOM OT JIBYX II€PEMEHHBIX:
n u C. 31ecb n — Mo-NpexKHEMY BXOHAas JjinHa 3aja4u, a C —
MakKCHMaJIbHOEe YhCI0 B 3aaade. OueBHaHO, 9TO JIIOOOM IIOJIUHO-
MUAJIbHBIA aJrOPUTM SABJISIETCH IICEBIOIOTNHOMUAIBLHBIM.

IIpumep 7.7. Paccmorpum 3a7iady pa3perimMOCTA B IETBIX
quciiaXx ypaBHEHUS Z:':l civ; = K. Ona N'P-nosmas. Ho kaxk-
JIYI0 MHIAMBUJYAJIbHYIO 33124y MOKHO peruthb 3a O(nk) onepa-
muit. [IporuBopeune? Her, Tak Kak BXOJOM B 3Ty WHJIMBHLYaJIb-
HYIO 33J1a4y sIBJIsIeTCsI CTpOoKa OuT Jy1uHoil nlog, K. To ecTs, ecim
BXOJ1 MMeeT JyTHy nl, To ciokHOCTh pasHa O(n2').

IIceBaONIONMHOMAAIBHBIE  AJITOPUTMBI  OOBIYHO — JOBOJIHHO
yenemmnl. Hampumep, mudpocucreMa ¢ OTKPBITHIM  KJIFOUOM,
HOCTPOEHHAsT HA OCHOBE 33Ja4d npuMmepa 7.7, ObLIa YCIENIHO
B3jioMana. K coxalieHnio, He JJid BCeX 3aJad yJaeTcs MOCTPO-
WATHb ICEBIONOJUHOMHUANBHBIE AJTOPUTMBI, 0O0JI€e TOTO, BEPHO
ciiestyiomee yreepxkienue [5):
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Teopema 7.4. Ecau P # NP, mo cywecmeytom 3adayu, 0ns
KOMOPOIT HEAb3A NOCTPOUMD NCEBAONOAUHOMUANLHVLE AA2OPUM-
Mib.

Takue 33,1891 HA3BIBAIOT CUAbHO N P-noansimu.

IloaBosast uTor, ere pa3 OCTAHOBUMCS Ha KJIACCUMUKAIUU AJI-
ropuTMoB. Tak 110 BpeMeHHOI CJIOXKHOCTH aJITOPUTMBbI [TO/Ipa3 ie-
JISTFOTCSI Ha:

1) nosuHOMMAILHBIE;

2) HeleTepMUHUPOBAHHBIE TIOJIMHOMUAAJIBHBIE;

3) 9KCHOHEHIUAbHbIE (HAPUMED, I1epebop — st MaJoro n
BriosiHe b deKTuBeH ).

Ecin xe knaccudunupoBaTh ajJrOPUTMBI IO TOYHOCTU HAali-
JIEHHOT'O PEIeHusi, TO MOXKHO BBIJIEJIATH

1) TouyHbBIE AJITOPUTMBIL;

2) BEpPOATHOCTHBIE AJrOPUTMbI (ObIBAET, YTO B ACHMIITOTUKE
peIlleHne CTPEMUTCST K TOTHOMY );

3) UpHOJIMIKEHHBIE AJTOPUTMBI (3/1€Ch MBI MMEEM TIapaHTUIO
TOrO, YTO HAIIE PEIIeHHe B k Pa3 «He XyXKe», YeM TOUHOE);

4) sepucmuru (HET CTPOrUX MAaTEMATUYECKUX OOOCHOBAHMUIA,
HO €CTh TpakTuIecKasi 3P(PEKTUBHOCTD; 00 OAHON M3 IBPUCTUK
MbI [IOFOBOPHM B CJIEJLyIOIIEIl TJIaBe).

ITpu kyaccudukamu 3a/1a4, pa3yMHBIM KPUTEPUEM BBICTYIIA-
eT BpeMeHHasl CJIOXKHOCTb AJI'OPUTMOB PeIleHUs :

1) «erkues 3aauu (CyneCTByeT OJUHOMUAIBHDIH AJIrOPUTM
- iacc P);

2) «rpynHbley 3aaun (JubO CyIIeCTBYeT HeIeTepMUHUPOBAH-
HBIH TOIMHOMUAILHBIH anropuTyM — Kiaace NP, 6o HaltIeH ToIb-
KO 9KCIIOHEHIINAJIbHBI aJIropuT™);

3) HepaspemmMble 3372491 (JOKA3aHO, YTO HE CYHIECTBYeT aJj-
POPUTMA DEIeHusl ).



I'maBa 8

DBOJIIOIIIOHHbBIE
AJITOPUTMBI

PaccmarpuBaemble B 9TOl IuiaBe ajJrOpUTMbI OTHOCSTCH K KJIac-
cy aspucmuyeckux. [losToMmy, TIpexke BCero, JAaJiM OIpeJiesie-
HUE JAHHOIO TepMuHa. Jepucmuka (aspucmuseckull anrzo-
PUMM) — ITO aJINOPUTM DEIIeHUs [OCTABJICHHON 38891, KOTO-
PBIil, KaK [IPABUJIO, IIOKA3BIBAET XOPOIIIE PEe3yIbTaThl HA ITPAKTH-
Ke, HO IIOXO IO/IAETCS TEOPETHIECKOMY HCCJIEIOBAHUIO0 U 000C-
HOBAHMUIO.

B wacTHOCTH, 9BpHUCTHYECKHE METOJBI TIONCKA IKCTPEMYMA Xa-
PAKTEPU3YIOTCST OTCYTCTBHEM KAKUX-JHOO CYIECTBEHHBIX Orpa-
HUYeHUH Ha ueaesyto Pdynkyuro (nuddepeHnmpyeMocTs, BBILyK-
JIOCTD, OJTHOIKCTPEMAJILHOCTh U T.1.). BMmecTe ¢ TeM, He Bcerja
YIaeTCs Oy YUTh CTPOTHE MATEMATUIECKUE PE3YIbTAThI OTHOCH-
TEJIBHO KCTPEMAJIBHOCTH HANRIEHHOTO PEICHMS.

Tem me MeHee, B HaCTOodAIee BpeMda HO,[LO6HI)I€ AJITOPUTMBbI WUH-
TEHCUBHO Pa3BUBAIOTCA MU YCHEUTHO UCHOJIb3YIOTCA JJid PEHICHUsA
PA3IMYIHBIX IIPUKJIAIHBIX 3aJdaqd.

126
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8.1. TepmunoJsorus

OTHOCHTENBHO HOBBIMU, HO IMUPOKO HCIIOJIH3YEMbIMU Ha ITPAKTHU-
Ke, ABJISIOTCH 960AI0UUOHHBIE aa20opummbt (DA) — sBpucrude-
CKHU€e aJIAIITUBHBIE METO/IBI [TIOMCKA, OCHOBBIBAIOIINECS HA OHOJIOTH-
YeCKHUX IPUHIUIIAX €CTECTBEHHOI0 0TOOPA U BHIKUBAHUS CUJIbHEl-
mero [2]. Kak usBecTHO, 6HOIOrHYeCKUe NOIYJIISIIUE PA3BUBAIOT-
Cs B T€UEHHME HECKOIBKUX ITOKOJIEHU, OIMHAICH 3aKOHAM €CTe-
CTBEHHOT'O 0TOOpA U MPUHIINILY «BBIKUBAET HAMOOJIEE IIPUCIIOCOD-
JIEHHBII», OTKpBITOMY Yapib3om JJapBuHOM. DBOIIONUOHHBIE AJT-
TOPUTMBI UCIIOJIB3YIOT IPSMYIO AHAJIOIHIO C TAKUM MEXAHI3MOM,
HMHBIMH CJIOBAMU, OHHU CITOCOOHBI «PA3BUBATH» PEIEHUsT PEeATbHBIX
3a/1at, €CJIM T€ COOTBETCTBYIOIIIM 00PAa30M IIPEJICTABICHBI B TE€P-
MuHAX DA.

OBOJIIOIMOHHBIE aJITOPUTMbI BKJIIOUAIOT B ceDst

1)  sBomonmonnoe  nporpammuposanue  (Evolutionary
Programming),

2) renermueckue agropurmel (Genetic Algorithms),

3) sBosnonmonnbie crparerun (Evolutionary Strategies).
DBOJIIOIMOHHBIE CTPATErNH PabOTAIOT C IEPEMEHHBIMU, KOTOPHIE B
00ITIeM CiIydae MPUHAJJIEXKAT HEIPEPHIBHOMY [IPOCTPAHCTBY IIOUC-
Ka [20, 21]. TeneTnueckne aJropuT™Mbl OPHEHTUPOBAHBI HA 38/1a4H
JIUCKPETHOH onruMuzanuu [23], To ecTh 3378491 € JUCKPETHBIM
[IPOCTPAHCTBOM, Ha KOTOPOM 3a/IaHa IiejieBas (DYHKIINS.

OBOJIIOIMOHHBIE AJITOPUTMBI UCIIOJIB3YIOTCS IIPU PEIICHUH 3a-
Jad TIOMCKA MakcuMyMa (Jjis 3a/@d MUHMMA3AIUH [EeJIEBYIO
dyukuuio caexyer unsepruposars F(x) = —FE(z) u 3areMm cme-
CTUTH B 00JIACTH IIOJIOKUTEJIbHBIX 3Hadenwii). Hepeako nesesas
byHKITHST

F:G—R, (8.1)

G C Rk, WCXOJIHON 3aJlauM 3aMEHsIeTCsl Ha TaK Ha3bIBae-
MYI0 PYHKUUIO NPU20OHOCTNY WK TIPUCIIOCOBIEHHOCTH (fitness
function)

f(@) = (g o F)(x), (8.2)

rme g : R — RT — crporo monoromno sospacraer. B 6uosoru-
qeckoit maTEpIpeTanun GyHKIUsS [ XapaKTepu3yeT CTENEHb ITPH-
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CIIOCOOJIEHHOCTH KOHKPETHOTO uHu6uda K OKPY2KAIOIIEH cpeJie.
Ecim onpesenena obnacts noncka G # RF u x ¢ G, To dynx-
st f MoXKeT JeficTBOBaTh aHAJOIMYIHO (PYHKIUU ImTpada B Me-
TOJIaX BHENIHUX WM BHYTpeHHuX mmrpadubix dyskimil [12]. B
MpOCTERIIEM CIydae B KadecTBe (pyHKIMU TPUTOJHOCTH BBICTY A~
eT cama TiesieBas QYHKIWs, eCJIU OHA YIOBJICTBOPSIET TPEOyeMbIM
YCJIOBUSIM HEOTPUIIATEILHOCTH. BO3MOXKHBIH Bu, PyHKIME f:

fx) = Fo_F (8.3)
av min
rae Foin, Fap — MEUHUMaIBbHOE U CcpeHee 3HadeHust QyHkimn F
HA NONYAAUUL.

Honyasyueti P = {x',... 2V} wucrennocru N cumraercs
BekTOp npocrpancTsa RF*XN | Ormerun, uro B TepMmunOIormm DA
BEKTOD &, IPUHAJJICKAINAN Oy, HA3BIBAIOT TAKXKE 0C0610
U TPOMOCOMOT.

Ha mavasbrOM cTajun DA MHUIUUPYETCS MCXO/HAS TIOILYJIsi-
st ocobeit. Ona GopMUpyeTCs: CJIyUYaiiHbIM 00Pa30M, XOTs IIPH-
MEHSIIOTCS TaKKe M CAMOHABOJAIIUECS CIIOCOOBI (€C/IM UX MOYKHO
oupeeuTh 3apanee). Pazmep Homy isginum, Kak IpaBuio, IpoIop-
[MOHAJIEH KOJMYECTBY ONTHUMHU3UPYEMBIX MapamMerpoB. CImIKoMm
MaJtast MOIYJISIIAS TPUBOIUT K 3aMbIKAHUIO B HENJTYDOKUX JIOKAJIb-
HBIX 9KcTpeMyMax. CIUIIKOM BOJIBITIOE KOJIMIeCTBO 0cobeit depes-
MEPHO VJJIMHSIET BBIUYUC/IUTE/IBHYIO IPOLEIYyPY M TaKXKe MOXKET
He IPUBECTU K TOYKE TJIODAJIHLHOrO IKcTpeMyMa. [Ipu ciyuaitHom
BBIOOPE BEKTOPOB &, COCTABJISIONUX WCXOJHYIO MOITYJISIIIIO, OHU
CTATUCTUYIECKN HE3ABUCUMBI M TPEJICTABIAIOT COOON HAYAIbHOE
[OTPY2KEHNEe B IIPOCTPAHCTBO mmapameTpoB. OJHa 9acTh STUX 0CO-
6eit srydrne «upucrocobsieHa K CyIecTBoBanuioy (y HUX 66JbIINe
3Havenns byHKIUU IPUTOMHOCTH), & APyras 4acTh — XyKe. YIIo-
psitodenue ocobeil B MOMYJISIIUN TPOM3BOIUTCS B HAIIPABJIEHUH OT
JIUIIAX K XYM,

ITTazom DA sBisiercs mepexoi OT TeKylell nomysasaunn Py
HOBOI Pjy1 1OJ JefiCTBHEM OCHOBHBLL Onepamopos DA — ce-
AEKYUL, MYMAUUL U pexombunayuu. JBa mociaeqaux (MyTaIuo
U PEKOMOUHALIUIO) CJIELYET OIEHUBATH B COOTBETCTBUU C BEPOSIT-
HOCTBIO, ¢ KOTOPOH OHU HAXOIAT JIydIllee PeleHue.
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Ceaexuyus, peKoMOUHAUUA U MYMAYUL GONOAHAIOMCS OAd
n0060Pa MAKUT BEKMOPOE T, HA KOMOPHIL MAKCUMUIUPYEMCH €~
AUMUHG PYHKUUL NPU20OHOCTU.

8.2. OcHoBHBIE OIlepaTOPbI IBOJIIOINOH-
HbIX aJITOPUTMOB

Omneparop ceaexuuu
S RN 1. N} (8.4)

SIBJISIETCSI AHAJIOTOM €CTeCTBEHHOro orbopa B mpupoge. OH meii-
CTByeT Ha IPOCTPAHCTBE MOIYJISIHii, BIOMpas HOMepa «POJIUTe-
Jieit» JJIsl TOPOXKIEHNST HOBBIX «IIOTOMKOB». [J1aBHOE CBOICTBO ce-
JIEKIINU, TIPUCYIIee JIFOOOMY BapHUaHTy ITOTO OIEPaTOpa, — 0cobu
¢ 64sbIIUM 3HAYEHNEM (DYHKIIAN MPUTOJHOCTHU MOy IAl0T B CPEJI-
HeM 0OJIbIIee YUCJIO0 IOTOMKOB B CJIEIYIONIEM TTOKOJIEHUN.

Cy1ecTByeT OrpoOMHOE KOJTMIEeCTBO METO/IOB CEJIEKITHH, OT TI0JI-
HOTO CJIy9aiHOro BhIOOpa (KaK MPABUIIO, CPeIu HauboJee Mpu-
CrIocoBJIeHHBIX 0coBelt), Yepe3 B3BEIIeHHO-CJYIaiiHbIil HOIX0 U
BIJIOTH JIO TAaK HA3BIBAEMOW TYPHUPHOI cucreMbl. B mociemnem
caydae CIydaiiHbiM 00pa3oM oTOMpAaeTCs HECKOJIBKO 0coDeil, cpe-
JTM KOTOPBIX OIPEIEIAIOTCS HanboJiee Ipucrocobsennbie. V3 mobe-
JIATeJIeH TI0C/IeI0BATEIHLHO TPOBEICHHBIX TYPHUPOB (DOPMUPYETCsT
HaboOp pojuTesiei.

Bo B3Bemenno-ciiyuaitHoil cucreme B Iporiecce oTOOpa ydu-
ThIBaeTCsl WHGMOPMAIUSA O TEKYIIeM 3HAYeHUH (DYHKIUU TPUTO/I-
vocru. Hambosiee pacrpocTpaHeHa «PYyaemouHasy CeaAeKuus,
P KOTOPOi KasK/asi 0CO0b &' TeKyIuel momnyasimu P, oKa3bIBa-
ercsi pojuTesieM Ipu (POPMUPOBAHUM HOBOI OCOOM B IIOIYJISAIMN
P;+1 c BepoaTHOCTBIO

[
S (@)

Tem cambiM Kaxkjast 0COOb NMPUHUMAET yYaCTHE B ITOCTPOEHUU
CJIEIYIOIIEro TOKOJIEHNs B COOTBETCTBUU CO CxeMoil Bepmysuin,

p(a') = (8.5)
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rje unciao ucnbiranuii pasao N [17]. I'paduueckas unTepripera-
I STOTO BHJIA CEJIEKIMH TIpeJICTaBIeHa Ha pucynke 8.1. [Tommas

fix"y

()

fx°)

Ykasatenb

Puc. 8.1. Cxema «pyJIETKU», UCIOJIb3yeMasi TP BBIOOpE POJIUTENeH JJTst
OYIyIIEero TOKOJIEHHS

IJIOMIAIh KPyra COOTBETCTBYET CyMMe 3HAUYeHUH (PYHKIHUN mpu-
TOJTHOCTH BCEX 0CO0eH JAHHOW MOy asiuu. KaxKIbiil BbIIe IeHHBIT
CEerMEHT OTBedaeT KOHKpeTHOI ocodu. Ilmomanb oTaeIbHBIX cer-
MEHTOB TIPOIMOPITNOHAIBHA 3HATEHUAM COOTBETCTBYIOMEH (DyHK-
MY TPUTOAHOCTH: HAMOOJIee MPUCIOCODTIEHHBIM 0COOSIM OTBOISIT-
cst OOTIBINIE CeTMEHTRI KOJTeCa PYIeTKHU, YBETUINBAIONINE X TITAH-
CBI TONAIaHUs B KATEIOPUIO POIUTEJIEA.

Jlpyrue BapuaHTBI OTIepaTOpa CeJIEKIINA MOTYT ObITh HAlIeHbI,
Hanpumep, B pabore [23].

Ocobu, oToOpaHHbIe Ha ITAlle CEJIEKITNH B KA9eCTBE POJIATEel,
TTO/IBEPTAIOTC PEKOMOUHAIII.

Hexkoropble BapuanTbl DA 1m03B0/IAIOT (OPMUPOBATH TaK Ha-
3BIBAEMYIO AAUIMY — OIHA WU HECKOJBKO OCODEel, HAMIYUIInX C
TOYKU 3peHus (PYHKIUU TPUTOTHOCTH. DJIUTA IEPEHOCUTCS B CJIe-
JIyIoIee MTOKOJIeHNe 0e3 M3MeHeHU. DINTU3M MOXKET ObITh BHE]I-
peH MPaKTUIECKU B JIIOOOM CTAHIAPTHBIA METOJ, CEJIEKITHH.

Pexombunauus (ckpewusarue, kpoccosep (crossover)) -
3TO HEKOTOPBIN IIOUCK, KOTOPBIA B IPUHITUIIE OTPAHUYEH 3aJaHHONI
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nomyJtsitieii. Haire Bcero mporecc peKOMOWHAIIMN MIPeJICTaBIIsSIeT
coboit paccedenne mapbl 0coOeil Ha JIBE YACTH C TOCJIETYIOTITIM 00-
MEHOM 3THUX JacTeil B 0cobsix pom/ITeJIeﬁl. Taxkoii Bui KpoccoBepa
Ha3bIBAETCA 00noMoUeunot pekombunanuein C(z,y) = (¢',y'):

(@1, k), (Y1, u0) —
(8.6)
- (‘Tla"'axj7yj+1?"'7yk)’ (y17"'7yj7xj+17"'axk)'

Mecto paccevdeHust j BHIOUPAETCS CIIyIaitHbIM 00Pa30M paBHOMED-
HO OoT 1 710 M.

CymiecTByeT MHOKECTBO JPYTUX BAPUAHTOB PAOOTHI OIIEpaTo-
pa pekombuHarmu [23]. B wacTHOCTH:

Odnopodras (pasromepnas) pexkombunanusa C(xz,y) = z:

x=(21,...,28), ¥y= W1, -, yk) = 2= (21, .., 2k)s (8.7)

rae z; = x; oo z; = y;. BepoaTHocTh BBIOOpA T; WU ¥; paBHA
0,5.

Henpepuenas pexombunanust C(x,y) = z ONpENeIsSeTcs Co-
riacHo dopmyite (8.7), Ho z; = (z; + yi)/2.

Bo Bcex ciryuasix 3a71aeTcsi BEPOSITHOCTD CpabaThIBAHUSI OlTEPa-
TOpa PEKOMOUHAIINN, 3HAYEHUE STOW BEPOATHOCTU 3aBUCUT JINOO
oT pa3mepa momysaiun N, u00 OT IIUHLI BeKTOpa k, ubo Ha-
XOJIUTCsI SKCIIEPUMEHTAJIBHO [23].

Kak ormeuasioch pamee, IpU3HAETCS JONYCTUMBIM [IEPEHOC B
odYepesHOe MOKOJIEHIE HEKOTOPBIX CJIydailHO BBIODAHHBIX ocobeil
BoOOIIE 6e3 peKoMOMHAIMH (3/MTa). DTO COOTBETCTBYET CHTYya-
MU, KOTJa PEKOMOMHAINS JOCTUTAET yCIleXa ¢ BEPOSATHOCTHIO Ha
yposre 0,6 - 1.

BaykHO MOMHUTH, 9YTO CyMMapHOE KOJHMIECTBO HOTOMKOB, IO-
JIyUEHHBIX B pe3yJibTarTe PeKOMOUHAIMU, PABHO KOJUYIECTBY OT-
OGpakoBaHHBIX ocobeil B pe3yibrare ceneknuu. [locie nobasienns
HOBBIX 0CO0€H K OCTABIIUMCSI Pa3Mep MOIYJISIUU OCTACTCS HEW3-
MEHHBIM.

I Tax>ke MOXKET IPUMEHATHCS PA3IEJICHIE POAUTENe Ha HECKOJIBKO OIU-
HAKOBBIX YacTeil C MOCJELYOMMUM OOMEHOM KOMIIJIEMEHTAPHBIMUA KOMIIOHEH-
TaMU.



132 T'naBa 8. DBoIONMOHHBIE AJNOPUTMBI

Mymauus 6a3upyercs Ha CIyIaitHOCTH, IITAT MY TAIMH TOITH
Helpe/ICKa3yeM. B reHeTHIecKuX ajJropuTMax OlepaTop MyTalliu
Mga(x) = ¢/ B KaXKI0# NO3UIUHN apryMeHTa C 3aJIaHHON Bepo-
STHOCTBIO 3aMEHSIeT ee COJEPKUMOE Ha JIEMEHT HUCIIOJIb3YEMOrO
andasura A (MyTalys BEKTOPa T IPOUCXOIUT 110 cxeme Bepmyii-
Jin). B 9BOJIIOIMOHHBIX CTpaTerusaX MyTaIlUs OCYIIECTBIISETCH Iy~
TeM J06aBJIEHNs K KaXKJIOH KOOPJMHATE BEKTOPa HOPMAJIHLHO Pac-
[peJIeJIeHHON CIyYailHOM BEJIUYUHBI, MATEMATUIECKOE OXKUIAHUE
KOTOpOil pasHo Hyio [20].

MyTarust obecrieanBaeT 3ainuTy Kak OT CJIUINKOM PDAHHEro 3a-
BepINeHus! aaropurma (B cjiydae BbIDABHUBAHUs 3HAUEHUN DyHK-
UK TPUTOJHOCTU HA BCEX BEKTOPAX IOIYJIAIMHU), TAK U OT I0-
JIy9YeHUsI OJTHOTO W TOT'O Ke 3HAYEHUsT KOHKPETHON KOODIUHATHI Y
Beex ocobeit . OHako HEOOXOMMO UMETh B BHJLY, 9TO CJIydaiiHbIe
MYTAIUU MIPUBOJIAT K TOBPEXKICHUIO YXKe YaCTHIHO MPUCIIOCOD-
JIeHHBIX BeKTOpoB. OOBIMHO MyTaluu MojBepraercs He bojee 1 —
5 % xoopauHAT BCell MOIMYJIAIMA BEKTOPOB.

DJIEMEHT, TOJBEPTraeMblii MyTaIlUU, OTOMPAETCS CJIydailHbIM
06pa3oM B COOTBETCTBUU ¢ pABHOMEDHBIM PacIIpeiesieHneM [2, 23].

Wrak, pexkoMmbuHanusi HamboJiee TPUCIOCOOJIEHHBIX OcOobeit
MPUBOJIAT K TOMY, UTO HCCJIEIAYIOTCS Hambojiee MEePCIeKTUBHBIE
YYACTKHU MPOCTPAHCTBA MOUCKA. B pe3ysibrare HOBasl IOILYJIAIINS
P, 11 comep:KuT Kak cTapble 0COOH, IIepelIe e U3 IPeIbLIyIEero
[TOKOJIEHNSI, TAK ¥ HOBBIE — IIOJIyYEHHBIE TI0][ BO3/IEHICTBHEM MYyTa-
mun U pekombunaruu. VccemoBaHusMu JOKA3aHO, 9TO KaXKJI0€e
MoCJIeyIoNee MOKoJIeHe, ChOPMUPOBAHHOE MOCTIE BBITIOJTHEHUS
CEJIEKITNH, PEKOMOMHAIIMY W MYTAIMH, UMEET CTATHCTHIECKH JIy -
IIIe CPEJIHIE TIOKA3ATEIN TPUTOHOCTH.

Eme paz ormerum, 9T0 BEPOSITHOCTH MYTAIIMHA U PEKOMOUHA-
[UU SIBJISIIOTCS. HACTPAMBAEMBIMI [TAPAMETPAME U TTO3BOJISIIOT Pe-
IyJUpoOBaTh padbory DA.

B kauecTBe xpumepus 0cmano6Ku UCIOIB3YETCsT OrPAHUIEHTE
[0 YHCJIy urepanuii, 1ubo ycioBue JoCTUKeHUs: ONTHMyMa (B CILy-
yae CyIIEeCTBOBAHUS AJITOPUTMa, [TO3BOJISIONIETO JOKA3ATh OITH-
MaJIbHOCTb HaiiJeHHOI'O PeIleHNsl, KOTOPBIM SBJISIeTCsl HamboJiee
PUCIOCOBJIeHHAS 0CO0b TEKYIE MOIYJISIIIUN ).
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[Ipu peanusaruy 3BOJIOIMOHHOIO TPOIECCA OTCJIEKUBAETCS,
KaK [IPABUJIO, HE TOJIHKO MaKCUMAJbHOE 3HaUYeHNe (DYyHKINN Ipu-
POJIHOCTH, HO U CpEeJIHee 3HAYEHUE I10 BCel IOIYJISIIUU, 8 TaK¥Ke
ux Bapuamnuu. Pemrenne 06 OCTaHOBKE ajrOPUTMa MOXKET ITPUHU-
MaThCS U B CJIydae OTCYTCTBUsI MPOTPECCa ONTUMU3AIIM, OlpeJIe-
JISIEMOTO 110 U3MEHEHUSIM HA3BAHHBIX XapPAKTEPUCTUK.

3amedvanue 8.1. Bosnukaer Bompoc: KakK COBMEIIATDL Ole€pa-
TOPBI CEJIEKINH, MyTAIlMd W peKoMOmHarmu i 3PQOEeKTUBHON
paborser aigropurma’? BOJIBIIHHCTBO PE3yJIbTATOB, MOJIYYEHHBIX B
9TOM HAIIPABJIEHWUM, SIBJISIFOTCS SMIMPUYECKUMU U OCHOBBIBAIOT-
Csl HA YUCJIEHHBIX IKCIEPUMEHTAX U KOMIIBIOTEPHOM MOJIEINPOBa-
Hun [22, 23]

3ameuanue 8.2. [Ipu perneHun NpuKIIaIHBIX 38129 HEPEIKO
HCIIOTB3YIOTC 2UOPUIHDBIE AA20PUMMDBL, B KOTOPBIX Ha IEp-
BOM 3Talle HA MPOTSKEHUM HEKOTOPOro YhCja UTepanuit pabo-
TaeT OJWH W3 BAPUAHTOB BOJIOIMOHHOIO AJITOPUTMA. 3aTeM, Ha
BTOPOM 3Tale, JIydIline ¢ TOYKU 3peHust (PYHKIUH [TPUTOIHOCTH
(s7mTHBIE) 0COOU BBICTYNAIT B POJIM HAYAIBHOTO MPUOIIMIKEHMSI
KAKOT0-JIn00 TPAJUIIMOHHOIO METOa PEeIIeHUs 3aJa9l ITOMCKA
IKCcTpeMyMa. JIaHHBI MpOIEcC MOXKET MOBTOPSITHCS, MPU ITOM
BO3MOXKHO M3MEHEHME YUCJIEHHOCTH MOy isiiuu. Fcym Heobxomu-
MO, KarKJasi HOBasi 0COOb Tiepe/T J0OABJIEHNEM B MOILYJISIITUIO TTO/I-
BEpPraThCs HEKOTOPOIl KOPPEKTUPOBKE, JIJIAIOIIell PelleHne 01y~
CTUMBIM.

B zakmouennn npusesem mpumepsl agroputMmoB. Kak orme-
4aJIoCh paHee, 110J] TEPMUHOM <«3BOJIOIMOHHbIE aJIOPUTMBI» II0-
HUMaeTCsd He OJHa MOJIesb, a JJOCTATOYHO HMIMPOKUN KJIacC aJjro-
PHUTMOB, TTOT9IaC MAJIO TIOXOXKUX JPYT Ha Jpyra. [IpuBeiem cxeMbr
JBYX U3 HUX.

1. (u+ \) — asoaroyuornnas cmpameaus (IC).

1.0. IIpexncrapienne ncxomnoit 3agaun B Tepmunax JC.

1.1. Co3zanue HAYAIBHOIN IOMYJIAIMA pa3sMepa A.

1.2. Beraucnernne dynkmun npurognoctn f(xt), i =1,..., .
1.3. Beibop p < A gydmux ocobeit.

1.4. Coznanune % IIOTOMKOB M3 KazKJoi m3 i ocobeil ¢ maJsoi
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Bapuanueii koopannat. Bo3spar ma mrar 1.2.
Ilo cyTu, maHHbI# aJrOPUTM TPEICTABISIET COOOH cAY“atiHbIt
NOUCK, UCIOIB3YIONUI CEIEKITUIO U MYTAIHIO.

2. I'enemuueckuti anzopumm (T'A).

2.0. IIpencrasiienne ucxoqHo 3a1a4un B TepMunax [A.

2.1. Coznanue nauambuoit onysasun Py = {zd,... 2}, t =
0. 3aMeTuM, 9TO HUMKHUI MHJIEKC 3/1eCh O3HAYAET HE KOOPIUHATY,
a HOMEP ITOILYJISIIIUN.

2.2. Boruucienne cpedreti npuzodnocmu mekywetd nonyAiuu:

D ARy (€
f(t) = - N (8.8)

U <HOPMAAUZOBAHHOT> NPU20OHOCTIU KaAHCIOT 0COOU:

Flo0 _f(xi)
flxy) = f(t)

2.3. Boruncsenne 1y1a Kaxki0it 0cobu BEpOATHOCTH, C KOTOPOit
OHa MOXKeT OBbITh BBIOpaHa B KA4eCTBE POJUTEJIs JJIs CO3JAHUS
moToMKa. Harre Bcero 3Ta BEPOSTHOCTH BBIOMPAETCS MTPOIOPIHO-
HAJIBHO €e TIPUIOJHOCTH (IIPOIOPIMOHANBHAS WM «PYJIETOIHAS
ceJIeKIst ), UCXo/s u3 dhopmys (8.5):

@) _ J)
SN fah) N

Ucnonn3ys 310 pacupeenenne, Boioupaercs N ocobeit u3 morry-
sisinun Py, Tem cambIM co3faercst Habop pomureseit. OTMerum, 94To
POAMTEN MOTYT IOBTOPSITHCSI.

2.4. Cuyuaitabiv obpasom dbopmupyercs N/2 nap. IIpumenss
K KaXKJIOf Tape C ONpeJeIeHHON BEPOSTHOCTHIO OMEPATOPHI pe-
KOMOMHAIMKA U MyTanuu, popMuUpyercss HOBas momyJsius Ppig.
Bosspar na mar 2.2.

(8.9)

plai) = . (8.10)
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