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BBEOEHHE

INousitue anropuTma siBJsieTCss OAHHM H3 OCHOBHBIX TOHSTHil CO-
BpeMeHHOH MaTeMaTukH. Elle Ha caMbIX paHHuX CTYNeHsiX pa3BUTHs
mateMaTHku (I pesunit Eruner, BaBuaon, I'pentna) s Hell ctasn BO3HH-
KaTb PasjuyHble BBIYHCAHTEJIbHbIE NPONMECCH YHCTO MEXAHHYECKOro Xa-
pakTtepa. C uX noMoLIbI0 HCKOMbIE BEeJHYHHBI psifla 3aJay BbIMHCJSIHCDH
NOCJAEA0BATENbHO M3 HCXONHBIX BEJIHYHH MO OnpeleseHHbIM NpaBHaaM
1 uHCTpykuusim. Co BpeMeHeM Bce TaKHe NpoLECCH B MaTeMaTHKe MO-
JAYYHAH Ha3BaHHe anropuTMoB (anropudmos).

TepMun aszopurm NPOHCXOAHT OT UMEHH CpeHEBEKOBOro y36eKCKo-
ro MaTemaTuka Aab-Xope3mH, Kotophiii ewe B IX B. (825 r.) maa npa-
BHJa BLIMOJIHEHHS YeTblpex apHPMeTHYeCKNX NeiiCTBHA B JeCATHYHOH
cHcteme cuucaenusi. ITpounece Bhnonnenuss apHMeTHuecKHX HeHCTBHI
6bls1 Ha3BaH a@420PU3MOM.

C 1747 r. BMeCTO C/10Ba @A20pu3m CTalu ynotpebaatb aszopucmyc,
CMBICA KOTOPOFO COCTOsiI B KOMOMHHPOBaHHH ueTHIpex omepauuit apud-
METHYECKOro HCUHC/IEeHHS — CJAOXKEHHs, BHUHTAHHS, YMHOXEHHs, [eJe-
nHs.

K 1950 r. aaeopucmyc cran arcopugpmom. Cmeica anropudpma vauie
BCEro CBA3bIBaJCA ¢ anropudmamu EBkiuza —npoueccaMu Haxoxnae-
Hus HauGonpiero oGuIero AeauTeast ABYX MHOrouJeHoB, HauGoabuiei
obuie#i Mepbl IByX OTPE3KOB H T. M.

Bnaore 10 30-x rogoB moHaTHe aATOPHTMa HUMENO CKOpee METOMIO-
JIOTHUECKOe, YeM MaTeMaTHuecKoe 3HaueHue. [Tox aaropuTMoM mnoHH-
MaJ/H KOHEUHYyI0 COBOKYNHOCTb TOYHO CHOPMYJNHPOBAHHBIX MpPaBHJ, KO-
TOpbie MO3BONSIOT pellaTh T€ WJH HHble Kaacchi 3amau. Takoe onpene-
JIeHHe aNrOpHTMa He iBJAAETCS CTPOro MaTeMaTHYECKHM, TaK KaK B HeM He
CONepIKUTCSE TOYHOH XAPAKTEPUCTHKH TOrO, UTO ClaelyeT NOHHMAaTh NoeJ
KJ1accoM 3ajay M NOX NPaBHIAMH HX pelleHHs. B Teyenue AJHTENLIIOrO
BpeMeHH MaTeMaTHKH LOBOJbCTBOBAJIHCh 3THM ONpeNeJeHHEM, MOCKONb-
Ky o6uieii TeOpuH aaropuTmoB akTHYecKH He cymectBoBaso. Oanako
NpakTHuecKn He ObIIO CEpbE3HBIX C/AydYaeB, KOra MaTeMaTHKH paso-
WAMCh Gbl BO MHEHHSiXx OTHOCHTE/bHO TOrO, fBJASETCA JH aJrOpHTMOM
TOT M/ HHOH KOHKPETHO 3alaHHbIH npouecc.

IMonoxenne cyulecTBeHHO H3MEHHAOCH, KOTZa Ha MepBHI NJal Bbl-
ABHHYJIHCh TaKHe aJArOpHTMHUYeCKHe npobieMbl, NONOXKHUTENbHOE pelle-
lile KOoTophiX 6bI10 COMHHTeNbHBLIM. IleACTBHTENBLHO, OLHO HENO 10Ka-
3aTh CyueCTBOBaHHe aArOpPHTMa, Apyroe — A0Ka3aTb OTCYTCTBHE 4.ro-
putMa. [lepsoe MOXHo clenaTb nmyTeM (aKTHUECKOrO ONHCaHHA MNpo-
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necca, pelramuiero sagayy. B atom ciyuae Z0CTaTOYHO ¥ MHTYHTHBHO-
ro MOHATHA A/JITOPHTMA, YTOOH YIOCTOBEPHTHCS B TOM, YTO ONMCAHHLIH
npouecc ectb aaroputm. JlokasaTh HecCyieCTBOBaHHe aJrOPHTMA Ta-
KUM nmyTeM HeBO3MOXHO. /s 3TOro Hajo TOYHO 3HAaTh, UTO TaKoe a-
FOPHTM.

B nBaguarbix rogax Hallero BeKa 3ajaya TaKoro onpefeieHHs no-
HSITHS aJTOPHTMa CTaJja OXHOH M3 LEHTPAJIbHLIX MaTeMAaTHYeCKHX npob-
Jaem. Peuenne ee 6u10 nosyueso B cepeaune 30-x rogos B paborax H3-
BeCTHhIX MaTemaThHkos ['mibbepra, I'émens, Uepua, Kauun, Iocta u
Toiopurra B naByx dopmax. [lepsoe pemenne Gb10 OCHOBAHO Ha HOHSA-
THH OCOGOro Kjacca apHpMeTHUeCKHX (YHKUHil, NOJTYYHBIIHX Ha3Ba-
HHe peKypCHBHBIX (YHKIHH, BTOPOe — Ha OMNHCAaHHH TOYHO OYEPUYEHHO-
ro Kaacca npoueccos. Bnocnencteun B pa6orax Mapkosa, Kanyxuuna
NOsSIBHIOCH APYroe TONKOBAHHE TEOPHH aJropHTMOB, NOCTaBHBILIEe B OC-
HOBY OMNpeENe/]eHHe aJrOpPHTMa KaK 0CO00ro COOTBETCTBHS MEXAY CJ10-
BaMH B TOM HJIM HHOM abCTPaKTHOM aldasure. ‘

IlepBoHayanbHO TEOpHsi aJrOPHTMOB BO3HHMKJA B CBSI3H C BHYTpeEH-
HHMH NOTPeGHOCTSIMH TEOpeTHYecKoi MaTeMaTHKH. Maremartuyeckas
JIOTMKa, OCHOBAHUS MaTeMaTHKu, aiare6pa, reomMeTpHs H aHa/lH3 oOcC-
TAlOTCsi W CErofHsi ONHON K3 OCHOBHBHIX 06JacTefl NpUIOXKEHHs TCOpPHH
aJlrOPHTMOB.

Hpyras ee o6Jacth Bo3HHKJA2 B 40-x rogax B CBA3H C co3JalneM
OLICTPONEHCTBYIOLIHX 3JEKTPOHHLIX BLIYHCAMTENbHBLIX H yNpPaB/SIOLHX
mawn. [Nosisnenne DBM cnoco6cTBOBaNIO Ppa3BHTHIO TEOPHH aJTOPHT-
MOB, BbI3BaJIO K XKM3HH pasjenbl 3TOi TEOPHH, HMEIOIHe APKO Bblpa-
JKEHHYIO NPHKJAAAHYI0 HalpaBleHHOCTb. DTO NpeXe BCEro aJropuTMH-
YyeckHe CHCTEMbl M AJITOPHTMHUECKHE $i3bIKH, SBJASIONUIHECS OCHOBOH CO-
BpPEMEHHOil TEOpHH NpPOrpaMMHpPOBaHHs IMs YHHBepcalbHhx DBM, H
cnoco6bl TOYHOro ONHCaHusi OTOGpa’KeHHH, peasuzyeMbx uHGPOBHIMH
aBTOMaTaMH.

Hakouen, tTeophs aJropHTMOB 0Ka3anach TECHO CBSi3aHHOW H C ps-
oM o6aacTeit TMHIBHCTHKH, SKOHOMHKH, PH3HOMOTHH MO3Ta H NCHXO/0-
ruH, ¢ounocodun, ecrecteoznanus. [Ipumepom oaHoll U3 3agay 3Toi 06-
JIaCTH MOXeT CJYXHTb TOYHOEe OMNHCaHHe aJrOpPHTMOB, peajH3yeMblxX
4eJOBEKOM B Ipollecce YMCTBCHHOR desTeAbHOCTH (B J1060it U3 o6aac-
Teil ero AesTeNbHOCTH).

Yro6pl HMETb BO3MOXHOCTL GOsee YBEpPEHHO peliaTb aJropHTMHUE-
CKHe 3aJayH, BO3HUKAIOIKME B PA3JIMYHBIX OTHEJaxX TEOpPeTHUECKOH H
IpHKJaJioil MaTeMaTHKH, HeOOXOZHMO HMeTb AOCTaTOYHO pa3BUTYIO
TEOpHIO aJAropuTMoB. B Hacrosllee BpeMsi TakKas TEOpHSi aJrOPHTMOB
yXe cozgana. MisyueHue 3Toil TEOPHH K ABASETCS 1eJIbIO JaHHOrO Kypca.

B npouecce u3yuenusi kypca «Teopust alropuTmos» Les1ecoobpa3no
onpeesHTh NOHSITHE aATOPHTMA, PaCCMOTPETb TaKue aJropHTMHYecKHe
CHCTEMBI, KaK PeKypCHBHble QYHKIHH, MaIIHHL ThblopHHra, HOpManbHbE
anropuTMbl MapkoBa M Ip.; HCCIe[0BAaTh CBA3b TEOPHH aJrOPHTMOB C
TeOpHeil aBTOMATOB H C YHHBEpPCAJAbHBIMH 3JIEKTPOHHBIMH BHIYHCIHTEb-
HBIMH MAalIMHaMH; H3YYUTb TEOpeTHYECKHe OCHOBbI IIOCTPOEHHS M aHa-
JIi3a aJrOPHTMHYECKHX 5i3bIKOB, HopMa/IbHBIX Npeobpa3oBaKuit H oleH-
KH aJITOpPHTMOB.
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TeopeTuueckne nonoxeHus Kypca «TeopHsi aJrOpHTMOB» SBJSIOTCS
OCHOBOH AJsi YCNMELIHOrO OCBOEHHS CEPHH CMEUHAaJbHBIX JAHCUHIJHH,
KOTOpble 6YAyT H3y4yaThCA Ha MOCNENYIOMHX KYpCax.

Tak, npu COCTaBNEHHH aArOPHTMAa KOHKPETHON 3alauM aKTya/LHoe
3HayenHe HMeeT Takoe NpeACTaBJeHHe aAropHTMa, KOTOpoe NO3BOJASET
Hau6osnee GHICTPO peaH30BaTh €ro MeXaHH3HPOBAHHLIM MyTeM, H B ya-
CTHOCTH ¢ nomomsio DBM. HM3BeCTHO, YTO ANA NOCTAHOBKHM 3afayH Ha
3BM ee Heo6XOAHMO 3aNpPOrpaMMHpOBaTh, T. €. NPEACTABHTb alTOPHTM
pelUeHHs 3afayy B BHAE NOCAEN0BAaTENbHOCTH KOMAaHJ, KOTOpble MOXKeT
BHIIONHSATH MalIHHA.

OpnHako npouecc NporpaMMUpOBaHHs OueHb AJMUTENbHBIH, TPYLOEM-
KHil H ero TakXXe MOXXHO aBTOMAaTH3HpPOBaTb, €CAH HCMONb30BATbH AMS
3alHCH a/ITOPHTMOB aJTrOpHTMHUYECKHe si3blKH, MpelcTaBisioliHe co6of
Ha6op CHMBOJIOB H TEPMHHOB, CBSI3aHHBIX CHHTAKCHYECKOH CTPYKTYpOIi.
C nomotubio aIrOPHTMHYECKHX $iI3bIKOB MOXHO IO OnpelefeHHbM Mpa-
BHAaM ONMHCHIBaTh AJTOPHTMbI pelleHHsi 3afay. ANrOPHTMHYECKHe 53bl-
KH ¥ TpaBuja uX HCNO/b30BaHHs M3JAralTcs B Kypce «AJNroputMHuue-
CKHe $i3bIKH». ANTOPHTMBEI, 3allHCaHHble B ITOPHTMHYECKOM f3blKe, aB-
ToMatuyecku camoi BM ¢ nomompbio cneunanbLoil nporpaMMu «TpaH-
CJAATOP» MOryT ObITh NepeBefeHb! B MallHHHHIE MPOrpaMMbl M KOH-
kpersoit 3BM. C nporpaMMaMu-TpaHCASTOpAaMH, HX CTPOEHHEM H HC-
nonb30BaHHEM 3HAKOMHT Kypc «MaTtemarHueckoe obecneyerie DBM».

Bo Bcex 3THX Kypcax MCHONb3YIOTCS TeOpeTHUeCKHe OCHOBBI TEOpHH
aaroputmoB. OTClofia BHITEKaeT TO 3HaueHHe KypCa, KOTOpoe OH 3aHH-
MaeT KaK TEOpeTHYeCKass OCHOBAa COBpEMEHHOi TeOpUH NporpaMMHpoOBa-
HH$i, NOCTPOEHHsi aJTOPHTMHUECKHX si3blKoB U DBM, anaausa anropur-
MOB C 1esbl0 BEIGOpa Hanbojee paunoOHaNbHOrO AN pelreHHs Ha I9BM
H, HAKOHell, aHa/u3a alropuTMHYECKHX $i3bIKOB M HX CHHTAKCHYECKOro
KOHTpOJA NpH pa3paGoTKe TPAHCASTOPOB.



Fnasa 1

ANTOPHTMHYECKHE CHCTEMbBI

1.1. OcHOBHblE NIOHATHS TEOPHH AJTOPUTMOB

IMox anropuT™MoM ¢ ZaBHHX BpeMeH NMOHHMAETCsl KOHEUHAS COBOKYI-
HOCTb TOYHO CHOPMYJIHPOBAKHHLIX NPaBHA pelIeHHsi HEKOTOPOro Kaacca
3ajzau.

IMepBoHayanbHO AJIA 3aNKCH aJATOPHTMOB NOJb30BAMHCH CPEACTBAMH
o6byHOTO f3blKa. M Mo3TOMy HM3yueHHe TeOpHH aJrOpHTMOB Lesecoo6-
Pa3Ho HauaTh CO CIOBECHOTO NPEACTABJEHHS aJrOPHTMOB.

YTOUHMM TNOHATHE CJOBECHOTO aJArOpHTMa Ha NpHMepe YMHOXe-

n

HHsi n Yucea ay, Qs ..., An, T. €. BBIUKCAEHHs no dopMyne ¢ = Hlai.
i=

D10t npolecc MoxeT OHTbL 3aNHCaH B BHIE CIEAYIOIEH CHCTEMH
nocnenoBaTeqbHHX YKa3aHHii:

1. Tlomaraem ¢ paBHBHIM elHHHIlEe H MEPEXOIHM K CAeIYIOLIEMY yKa-
3aHHIO.

2. lonaraem { paBHLIM €XHHHLE W NMEPEXOIHM K ClelylOIlIeMy yKa-
3aHAIO.

3. IMonaraem ¢ paBHHIM C-@; ¥ NEpPEeXOIHM K CJAeAyIOLIEMY yKa3a-
HHIO.

4. Tlpoeepsem, pasHo au i uncay n. Ecau (= n, To BuluucleHHs
npekpamaem. Ecin i < n, To yBeanunBaeM i Ha eIMHHLY U NEPEXORHM
K 3 yKasaHHIO.

PaccmorpuMm eute npHMmep anroputMa HaxoXIeHHSI MHHHMAJbHOFO
uHC/la X B MAaCCHBE H3 N HUCEN 4y, 4, ..., An. JIpexje uem 3anucaTthb
CJIOBECHBIHl aJrOpHTM MAHHOTO NMPHMepa, HeTa/bHO PacCMOTPHM caM
npouecc NMOHCKa MHHHMAanbHOro uucaa. bymem cunrath, uTO Mpouece
NOHCKa OCyLIeCTBJAsieTCA caenywowum obpasom. IlepBoHauanbHo B Ka-
4ecTBe YHCla x NMPHHHUMAETCH a4, T. €. N0ONaraeM X == @y, NoOCJae 4ero x
CpaBHHBaeM ¢ MOC/IERYIOIHMH YHCJAAaMH MacCHBa, HauHHas ¢ dz. Ecau
x < @z, TO X CpPaBHHBAETCs C a3, €CaH X < d3, TO X CPAaBHHBAETCH C a,
M TaK 10 Tex NOp, mnoKa Halaerca uucao a; < x. Toroa nonaraeM
X = a; 1 NPONO/NIKaeM CPaBHeHHe € X NMOCAeLYIOLINX YHCeN M3 MACCHBa,
HauHHas C Qi4y, U TAK JO TeX NOp, NOKa He GYAyT MPOCMOTpPEHbI 7 Yu-
cea. B pesysbrate nmpocmorpa Bcex n uyucen x 6yner HMeTb 3HaueHHe,
paBHOe HaMMeHblIeMy YHCIY H3 MacchBa (i — TEKYUWHH HOMep yuC/a
M3 MaccHBa). JTOT mpouecc Moxer OGHITb 3anHcaH B BHAE Clenylollei
CHCTEMHI MIOCNEA0BATENbHBIX YKa3aHHi:

1. Tlonaraem i = | u nepexoium K ClenylOLIEMY YKa3aHHIO.

2. Ilonaraem x = a; U nepexonHM K C/lelylOLIEMY YKa3aHHIO.

3. CpasnuBaem i ¢ n; ecau [ < n, nepexoiuM K 4 yKasaHHIo, ecin
i = n, npollecc MOHUCKa OCTaHaBJHBaEM.
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4. YBennynBaeM [ Ha €IHHHULY M NePeXOIUM K ClelylolieMy yKasa-
HHIO.

5. CpasHuBaem a; ¢ x. Ecnu a;>=x, To nepexoaum K 3 yKasaHHIO,
ecaH @; < x (MHaYe), nepexonuM Ko 2 yka3aHHIo:

B nepsoM aJropHTMe B KaueCTBe 3J€MEHTAPHHIX OfNepamHuii HCHoJb-
3ylOTCH NpoCTefiiine apHdMeTHUECKHe ONepallH yMHOXEHHs, KOTOphle
MOrH Obl GBITL Pas3noXKeHH Ha euie 6osiee 3JE€MEHTAapHble ONEpallHy.
Mmn Takoro pasbHeHHsi He HejiaeM B CHJYy NMPOCTOTHI H NPHBHIYHOCTH
apudMeTHUECKHX NMPaBHJIL.

A20PUTMbL, 8 COOTBETCTBUU C KOTOPOLIMU pewlenue NOCTABACHHOLX
3aday ceodurca K apugmeruveckum OelicTBUAM, HA3LLBAIOTCA YUCAEH-
HOLMU QN20pUTMAMU.

Aazopurmbl, 8 COOT8eTCTBUW ¢ KOTOPbIMU peuleHue NOCTABACHHOLX
3aday c800UTCA K A02uyecKum OeliCTBUAM, HA3bIBAIOTCA A02UYeCKUMU
ancopurmamu. IlpuMepamy JOrHYECKHX aJTOPHTMOB MOTYT CJAYXHTb
aJIrOPHTMH NMOHCKa MHHMMAJBHOTO YHCJ]a, MOHCKA NMyTH Ha rpade, no-
ACKa NyTH B 1abupUHTE U AP.

Paccmotpum Gonee CMOXKHHIA NpPHMep JIOTHUECKOrO aJropHTMa —
[polecc NoHCKa NYTH U3 BEPUIHHH X9 B BEPUINHY X, AJA rpada THna
JepeBa.

B ofuem c1yyae mpouecc noucka NyTu Ha rpade MOXKHO Npencra-
BUTb C€NylOIHMM 06pa3om. Bhiiins n3 BepIHHBl Xo, HIEM MO KaKOH-IH-
60 BeTBH 1O TeX NOP, HACKOABLKO 3TO BO3MOXHO. 3aTeM, NPOBEPHB, UTO
KOHEUHAasi BEPIUHMHA 3TOH BETBH He SBJSICTCS BEPIIHHOHW Xa, BO3Bpa-
uiaeMcsi B 6aMKamui ysea ¥ OTNpaB/sieMCsi 10 HOBOMY, €lle HeH3Be-
AanHOMYy HanpasJaeHulo. Takoil NOMCK MpojoJIXKaeTca A0 TeX Mop, Noka
He HaTOJNKHEMCsi Ha BEpLINHY Xn. MICKOMBIK nyTh U3 Xo B Xn 6ydeT co-
CTOATb N3 BCeX Tex pebep, KOTOpHle B Npollecce MOHCKa GbAM mpoiine-
HBl POBHO 11O OXHOMY pasy. :

pexne uyeMm 3anucaTb aArOpUTM B BHIe YKa3aHHH, BBeleM pal
o603HayeHuN. -

Has xaxpoi BepIMHB x; BBEJEM HyMepalUI0 CMEXHHIX el pebep.
Hymepanus npousBoguTCsi B HallpaBleHHH NO YaCOBOH CTpesKe, HAYH-
Has ¢ pe6pa, no KOTOPOMY NPHILIH B 3Ty BEpIIHHY X; (HJIH HEKOTOpOe
Npou3BoJbHOe pe6po [Asi HayaJbHONM BEPIUMHB Xo): Uy, Uz, ..., Uj
..., Un, The k= P(x;), uy — pe6po, 10 KOTOPOMY NPHIIIH B X;:

UX‘ = {ul) Ug, ..., uk}.

Has  kaxporo peGpa 4; BBeleM HEKOTOPYIO XapaKTepPHCTHKY
H = {0, 1, 2}, takywo, uto H(u;) =0, ecan pe6po u; He MPOXOLUIOCH
Hu pasy; H(u;) = 1, ecin u; NPOXOAHIOCH OfMH Pas B JIO60OM Hampas-
JeHnn; H(u;) = 2, ecau #; NPOXOAMNOCH ABAaXKAL: ONHH Pa3 B OJNHOM
HanpasneHuu v BTOpPoH pa3 — B obparHom. Ipn H (4;) = 2 pebpo cyu-
TaeTCs «3aKPLITHIMY.
Jsi KaXJOW BEpIUMHB BBEJeM MOJYCTENEeHb XapaKTepHCTHKH
H = PH(x;), Takymwo, uto

P (x) = PO(6) + P (x) + P (x),



-e

rae P°(x;) — uucao pebep ¢ xapakrepucTukoit H =0
P1(x;) —uHcno pebep ¢ xapakTepHCTHKoi H = 1
P2(x;) — uncno peGep ¢ xapakrepHcTHkolt H = 2.

B HCXOIHOM COCTOSHHMH KaXpxoe pebpo u; N1060# BepUIMHBI X; HMe-

eT XxapakTepucTuky H = 0, crenenb KaXXJ0i BEpPUIMHBI X;
P(x)=P°(x;), P'(x)=P%(x;) =0.

[MToncK NyTH HauMHAeTCs C BEPIUHHH Xo, T. €. £ = 0. :

C yueToM NpHHATBIX 0603HAYeHHHl YKPYMHEHHBI alrOpHTM IOHMCKA
NyTH Ha rpade MOXKHO 3aNHCaTh CleAyIolHM 06pasom:

1. Boi6parb BeplIMHY X; Co BceMH ee xapakTepHcTHKaMH. [lepeiitn
K ClefyIoleMy YKa3aHHIo.

2. CpaBHUTD X; C Xn. ECH X; = X, NOHCK 3aKOHUHUTD. T1yTb HalilleH
1 npoxoaut no pe6pam ¢ A = 1. Ecau xi=xs, nepeiitu K caenyoumemy
YKa3aHHIo.

3. Cpasuurs P(x:) ¢ P%(x;). Ecam P(x;) = P?(x;), NOHCK 3aKOH-
unTb. ITO O3HAUAET, yTo BCe pe6pa MMEIOT XapaKTepHCTHKY H =2
W IYTH H3 Xo B Xn He cywectayer. Ecin P(x;) % P%(x;), nepeiitu K cae-
JyIolEeMy yKa3aHHIo.

4. Cpasuutp P(x;) ¢ P(x;). Ecan P(x;) = PY(xi), BO3BpaTHTbCA
no Ayre u,, 3aMeHus npu 3ToM M (4y) =1 na H(uy) =2 (44— pebpo,
no KOTOPOMy NPHILIHK B X;). [paHHuHylo [O/s X; BepIIHHY no pedpy
NpHHATD 32 TeKymylo x;. Ilepeiitu k 1 ykasanuio. Ecan P(x;) =Pt (xi),
nepeiTH K CJaelyioleMy YKa3aHHIo.

5. YBeNHuNTb j HA eIMHUNY H NEpefiTH K cJelylolleMy YKa3aHHIo.

6. Cpasuuts H (u;) ¢ Hynem. Ecan H(u;) =0, To noiith no ped-
Py u;, 3amenns H(u;) = 0 va H(u;) = 1. 'pannunyo 119 x; BEPUIHHY
no pe6py u; NpPUHATb 3a Tekyllylo x;. [lepeiiT k MepBoMy yKa3aHHIO.
Ecaun H (uj) =0, nepeiiTd K ykasauHio 3.

MoxHo cocTaBuTh 60Jee NeTaNbHbIH alrOPUTM C MOMEHTaMH CJO-
KeHust ¥ HaMeHeHHs PO, Pi, P2z y j, BapuauTt Takoro AeTajlbHOrO ajro-
pHTMA NpelJaraeTcs COCTaBHTb CaMOCTOSITE/BHO.

AaropuT™MaMu B COBpPEMEHHON MaTeMaTHKe NPHHATO HA3blBaThb KOH-
CTPYKTHBHO 3aJZaBaeMble COOTBETCTBHSI MeXAy CJ0BaAMH B abCTpaKrT-
nblx andasHuTax.

UTo6sl NepeiiTH K ONpeldeNeHHI0 alrOpHTMa, NpeXae BCEro clelyer
onpelennTb NOHATUSE a6CTPAaKTHOro aindaBuTa M CJIOB B 3THX andasH-
Tax.

A6cTpakTHeiM addaBuTOoM HasbiBaeTcsi Jlo6asi KOHEYHasi COBOKYI-
HOCTb OGBEKTOB, Ha3blBaeMblx 6YKBaMH HJH CHMBOJaMH JAaHHOTO aJ-
dasuta. Ilpu 3TOM NpHpofa 3THX O6BEKTOB HAaC COBEPLICHHO HE HHTe-
pecyer. CumBosioM aGCTpakTHbIX anpaBHTOB MOXKHO CYHTaTb, HanpH-
Mep, Gykebl andasuTa KaKoro-m16o si3bika, uudpsl, Nlo6ble 3HAYKH, pH-
CYHKH M Haxe CJI0Ba HEKOTOPOTO KOHKPETHOro fidbika. Baxkuo Jumb,
4TOGBl paccMaTpHBaeMblit al¢aBuT 6blJT KOHEYHBIM.

MoxHo CcKa3aTb, 4TO al(aBHT — KOHEYHOE MHOXECTBO pasfuuH-
MbIX cHMBOsI0B. C/10BO «aGCTpaKTHBIH» /158 KpaTKOCTH 6yeM OnyCcKaTh.
Andasur, Kak JM1060e MHOXECTBO, 3a{a€TCs1 NEPEYHCAEHHEM ero 3Jje-
MEHTOB, T. €. CHMBOJIOB.
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Ipumepn andasutos: 4 = {a, B, v, ~}, B = {x, y}.

IMox cnosom Hau cTpokoit addasura Gynem NOHMMaTh 06y Ko-
HEYHYI0 YNOPALOYEHHYIO N10CAeX0BaTE/IbHOCTL CHMBOJIOB.

Tak, HanpuMep, B ancdabure A cl0BaMu CAeRyeT CYMTATb Jtobble
rnocne10BaTeNbHOCTH a, ay, ¥B, ~ B, BB u 1. n., B andasute B—x, y,
XY, YX, XX, yy u T. 1.

Yncno CUMBOIOB B CJOBe Has3biBaeTcs IJMHOM 3TOro caosa. Tak,
cioBa M3 andasuta A, MpHBeNeHHHIE B NMpuMepe, HMET IJIHHY COOT-
BeTcTBeHHo 1, 2,2, 3,2, ...

Hapsiny co c0oBaMH TONOKHTENbHOR MIHHBI, COCTOSILIHMH HE Me-
Hee yeM H3 OIZHOro CHMMBOJA, B pANE CAydYaeB Leaecoo6pasHo paccMmar-
PHBATb TakKXe MYCTble C0Ba, He COJepXKaluue. HH OXHOIO CHMBOJA.
OGuuHo nas 0603HaueHHs MyCcTOro cloBa ynorpebasieTcs manas Jja-
tHHcKast 6ykea e. C/10Bo p HasbiBaeTcs MOACAOBOM CJIOBA ¢, €C/IH CJO-
BO ¢ MOXHO NMpeNCTaBHTh B BURE ¢ = pr, re r — ai060e CI0BO, B TOM
yHcae U NycToe.

OueBHAHO, YTO TaKOE MOHSTHE CJI0Ba GyIeT OTJIHYATHCA OT MOHATHS
CJIOBa, MPHHATOrO B OObIYHOM n3blke. [Ipu Hauem onpenesieHHH cJ0Ba-
MH CJIefyeT CUHTATb JIoGble COUETAHHSi H NMOCIeL0BaTeNbHOCTH CHMBO-
JIOB, B TOM uHCJe ¥ 6ecCMBICAEeHHbIE. )

IMpu pacunpennn andasuTa, T. €. NPH BKAIOYEHHH B €ro COCTaB HO-
BbIX CHMBOJIOB, TMOHSITHE CJI0BAa MOMKET [peTepneTb CYLIECTBEHHOE H3-
meHeHne. Tak, Hanpumep, B andasure A = {0, 1, 2, 3, 4, 5, 6, 7, 3, 9}
BoipaxeHne «694-73» npexcrabaser coboil ABa CJI0Ba, coelduHelllible
3HaKoM CyMMH, a B andasure A’ = {+,0, 1, 2, 3, 4, 5, 6, 7, 8, 9} ato
CyzeT OfHO CJIOBO.

Kpome 3nakos npenuHaHHs W 3HaKoB npoGena B KauecTse CHMBO-
JIOB MOTYT HCIMOJb30BaTbCA OTHe/bHblEe CI0Ba, ¢Hpasbl, ab3aubl u Jgaxe
enble KHUTH.

AndaBHTHBIM ONepaToOpoM HJAH alpaBHTHBIM OTOGpa’KeHHeM Ha3bl-
BaeTCsi BCAKOE COOTBETCTBUE, CONOCTaBAsIONIIEEe C10OBaM HEKOTOPOro aJ-
¢ aBuTa C10Ba B TOM K€ CaMOM HJIH B KAKOM-TO APyroM ¢pHKCHpOBaH-
Hom ancdasute. Ilpu sTom nepsulil andaBUT Ha3bLIBaeTCsi BXOMHBLIM,
BTOPO¥H — BLIXOAHLIM aJ¢aBHTOM AaHHOro omepaTtopa. B cayuae cosna-
IeHHsi BXOTHOro M BBIXOLHOTrO a/n¢aBHTOB FOBOPSIT, UTO aJdd)aBUTHHINA
onepartop 3aflaH B COOTBETCTBYIOLIEM aJ¢aBHTE.

Huaue rosops, andaBuTHLI onepaTop — GYHKUHSA, 3ajaiouias co-
OTBETCTBHe MEXAY C1OBAMH BXOAHOTO ajdaBuTa M CJAOBAMH 3TOTO XKe
HJIH JpYroro BLIXOAIIOro andasHTa.

IMycts Ham 3amanbl cloBa B andasutax A 1 B ¥ 3ajaHbl COOTBET-
CTBHSA MeXIy 3THMH CJloBaMH (puc. 1).

Ecin a— caoBo B andasute A, a p— c10Bo B andasure B, TO aj-
$asutubli oneparop I'a = P «nepepabarbiBacT» BXOAHOE CJOBO @ B BHI-
xojiHoe ca108BoO f.

Byksa I' s andaBuTHOM OnepaTope 03HauaeT OTOGpaXKeHHe.

Pasnuyaior o0noanaunble u mHo203HauHble AA(PABUTHbIE ONEPATOpYL.

ITon oxmHosHauHBIM a/MdaBHTHEIM ONEPaTOPOM NOHHMAETCS TaKoMH
andasuTHBI OnepaTop, KOTOPbIi KaKIOMY BXOAHOMY CJOBY CTaBHT B
COOTBETCTBHe He Gosee OTHOrO BBIXOLHOTO C10Ba (puc. 2).
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AndaBuTHHI omepaTop, He COMOCTABASIOWIHA JaHHOMY BXOAHOMY
CJIOBY @; HHKAaKOro BBIXOJHOro cnoBa bj (B ToM uHcle M mycToro), He
onpejeseH Ha 3TOM CJOBE. ,

«  COBOKYNHOCTL BCeX CJOB, Ha KOTOpbIX aJdaBHTHH omepaTtop on-
pelefeH, HaspBaeTcs ero 06JacTblo onpele/eHns.

/
A A
d
c
Croba 6 A
Puc. 1
g
0, \
]
C g
a, /
[g; 'ﬂj
Puc. 2

C KaXJbiM a/1QaBUTHHIM ONEpPaTOpPOM CBSI3bIBAGTCA MHTYHTHBHOE
npeicTaB/eHse 0 ero CA0XHocTH. HanGonee npocTbiMH SBAKIOTCH aJ-
(aBUTHLIE ONepaTopbi, OCYLIECTBAAIOUIHE NOCHMBONbHEE OTOGPaXKeHHUS.
ITocumBOnbHOE OTOGpaXkeHHe COCTOMT B TOM, UTO KaXAblil CUMBOA §
BXOJHOT0 C/10Ba @ 3aMEHSeTCS HEeKOTOPHIM CHMBOJOM BBLIXOIHOrO al-
¢aButa B. Boabluoe 3nauenHe HMEIOT TaK Ha3biBaeMHe kodupyrowue
orobpaxcenus. Ilon KOMHPYIOIUM OTOGpaXieHHeM NMOHMMAETCH COOTBeT-
CTBHe, COMOCTABJASAIONIEe KAaXJOMy CHMBOJY BXOAHOro andaBHTa HeKo-
TOPYIO KOHEUYHYIO NMOCJeN0BaTeNbHOCTh CHMBOJIOB B BHIXONHOM an(aBH-
Te, Ha3biBaeMylo KOOOM.

Paccmorpum npumep koampylowero orobpaxkeHusi. 3ajaHbl aJada-
BHTBIL:

A= {p, r, s, t} —Bxoauoi;
B={a, b, ¢ d, |, g h m, n, g} —BHXoaHON; OTOGPAXKEHHS CHM-
BonoB A cumBonamu B (puc. 3).

a8
{/ ¢ mn
\ 19k

abed

Puc. 8

Ias nmocTpoenHss HCKOMOro KOAHpyioulero oTo6paXXeHusi 10CTaTou-
HO 3aMEHHTL BCe CHMBOJILI JI0GOro CM0OBa @; B ajddaBuTe A COOTBETCT-
BYIOIIMMH KOfaMu aadasura B.
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ITycrs 3azaHo c1oBo a = ssfr, toraa a = fghfghabcdmn. Tloay-
yeHHOe TaKHM 06pa3oM €J10BO B aidaBuTe B HasbiBaeTcs KOLOM HC-
XOJLHOTO CJI0Ba Q.

IMpouece, o6paTHbi KOOHPOBaHHIO, T. €. 3aMeHa B cJoBe b; KONOB
andaButa B cuMBoaaMH M3 andasuta A, HasbiBaeTcs NEKOXHPOBAHHU-
eM ¥ o6o3Hauaerca I'1b; = ai.

Hanpumep, naa cnosa b = fghmnqdbfgh B andasure B nekonupo-
BaHue I'"1b naer cl1oBO @ = srps.

Ecau npu KogHpOBaHHM CJ0OBa a@; MOJMydYaeM HeKOTOpOe CJ10BO bj,
a HeKoaupoBaHHe jaeT HcxoaHoe caoBo a;(['a; = b;, I‘b}" = a;),
TO HMEeT MeCTO 06PaTHMOCTb KOJHPOBAHUA. YCIOBHe OGPAaTHMOCTH KO-
IUPOBAHUA €CTb He UTO HHOE, KAK yCJ10BHe B3aUMHON OJHO3HAYHOCTH CO-
OTBETCTBYIOUIETO KOAHPYIOUIEro OTOGpaXK eHUs.

B npusesenHom Bhllle NMpHMepe OGPaTHMOCTb HMeeT MecTo. Pac-
CMOTpPHM eule Takoi npumep: naunl A = {q, b, ¢}, B= {a, B}, Ta=q,
I'b =B, I'c = af u c10oBo aabca B andasure A.

l'aabca = aafafa.

IMaapaBa = aababa (au6o onHo u3 cioB acaba, aabca, acca),
T. €. 06PaTHMOCTb OTCYTCTBYeT.

IOas o6paTuMocTH KOAMPOBAHMS NOJ/IKHBI BHIMOJNHATHCA ABa Cle-
JdYIOUHUX YCAOBHS:

1. Koapi pasnbix CHMBOJIOB HCXOZHOro ajdaButa A 10MKHbI GHTH
Pa3NHYHBL.

2. Kox /mo6oro cuMBona andasuta A He MOXeT COBMajgaTh HH C
KaKHM M3 HayaJbHBIX NOACIOB KOJOB APYrHX CHMBOJIOB 3TOro anda-
BHTa.

B camom Zese, npeamosoxKM, yTo 06a 3TH YCJIOBHUS BHINOJNHEHH
H NYCTb CIAOBO ¢ = by, by, ..., by ABAAeTCA KOJAOM CJOBA p = @y, G,
..., @m B angasure A. IlokaxeM, 4To NO KOLY ¢ MOXKHO OLHO3ZHAUHO
BOCCTaHOBHTb CJ10BO p. B cuay ycaosua 2 Toabko o4HO HayadbHoe Nof-
CJ10BO C/10Ba ¢ OyZeT coBnanath ¢ KaKUM-IHG0 CHMBOJMOM ana¢aBura A.
Slcuo, yto TakuM NONCNOBOM ABASETCA CHUMBoOM ay. Ilpumenss ausano-
THYHblE PACCYXIEHHS K OCTABIIEMYCS OTPe3Ky, OAHO3HAYHO BOCCTAHO-
BHM Bce CHMBOJIB OAMH 3a Apyrum. CrepoBaTenbHO, JI0GOMY NaHHOMY
KONy MOXXeT COOTBETCTBOBATb TOJBKO OJHO CJOBO B A, yeM H JOKa3a-
Ha obpaTuMocTb Koaupyiowero orobpaxenns. CrelyeT OTMETHTb, 4TO
yCToBHe 2 BBHINOJHAETCA B TOM CJyyae, ecaM KOIbl BCEX CHMBOJIOB HC-
xoxHoro andasuta A uMeer oAHHakoBylo AauHy. KoampoBsakue, npu
KOTOPOM BCe KOJbI MMEIOT OJMHAKOBYIO IJHHY, Ha3biBaeTCA HOPMAANb-
HbLM,

Konuposanne nos3possier CBOAHTL M3yYeHHe NMPOU3BOJBHHIX anda-
BUTHHIX OTOOpa)keHHit K aN(aBHTHBIM OTOGPaXKeHMSAM B HEKOTOPOM
craHpapriom aadasure. HanGonee yacro B Kauecrse Takoro CTaH-
AdaprtHoro andasuTa BEHIGHPAaETCA TaK Ha3biBaeMblil ABOHYHBIIL a/daBHT,
COCTOAIUMA H3 JBYX CHMBOJIOB, KOTOpble OObIYHO OTOXKAECTBJAAIOT C
undppamu O u 1 —C = {0, 1}.

Iycts A —npousBosbHbifl, a C — cranaapTHHil (1BOMYHHI) anda-
BHTLI, cocroauue Gonee yeM U3 OLHOrO CHMBOJIA.
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Ecau n—uncno cumBoJoB B andasure A, a M — yucao CHUMBOJIOB
B andasute C, To BCerga MOXHO BHOpaTh AIHHY cjaoBa ! Tax, 4ToGH
VIOBJETBOPAJIOCH YCJA0BHe mi=n.

IMockoabKy YHCMO Pa3JHYHHIX CJIOB NJHHB [ B M-CHMBOJBHOM aJ-
¢aBuTe paBHO Ml TO BCce CUMBOJLI B aldaBuTe A MOMKHO 3aKOIUPOBATDH
cnroBaMy AauHu [ B andapute C TaK, YTOGH KOAH Pa3nHUYHHX GYKB Gbi-
Ju pasHbiMH. Jllo6oe Takoe koaupoBaHue 6yaeT HOPMaJbHHIM H MOPOK-
JaeT oGpaTHMOe Koaupylouee oTo6paxkeHue caoB B aldasure A B cio-
Ba B andasure C.

O6Go3nauum 3to oto6Gpaxenue yepes I'a = ¢, a o6paTHoe emy OTO-
6paxenne yepes ["ic = a, r1e a—cnoBo B A, a ¢ — caoBo B andapu-
te C. Ilyctb @a — npousBosbHbIK onepatop B ajdaBure A Takoil, yTo
¢a = a’, a Pc — NpoH3BOJbHbLIA ajdaBHTHHII onepatop B andasute C
TakoM, y1o Pc = ¢’. Toraa otoGpaxenHe

¢ =T"¢, wa, Ta’, (1)

noJyyaemMoe B Pe3yJbTaTe NMOCJeJ0BATENbHOIO BHMOJHEHHs oTOoOpaxe-
Huyn I'e, @a, I'a’, Gyner npencraBaaTh coGoil  HeKOTOPBLIA omepaTop
B cTraHaaptHoM aadasure C. Hasosem 3TOT onepartop YPc andaBur-
HbIM onepaTtopoM B aidaBute C CONpAKEHHBIM (MPH NMOMOILH KOIHPO-
BaHHa I'a’ y JexoanpoBanus I'c) ¢ anpaBUTHHM OMepaTopoM ¢a.

Onepatop @a 0IHO3HAYHO BOCCTaHABJAMBAeTCs IO CONMpSXKEHHOMY
omepaTopy Yc¢ H COOTBETCTBYIOWIHM Koaupymwouemy I'a u nekoampyio-
wemy I'1¢’ oto6paxkeHusm.

ea="Ta, yc, T (2)

PaccmoTpHM B3aHMOCBfi3b CONMPAXKEHHBIX OMEPaToOpoB Ha rpade

(CT% 13).

pumeHenne dopmya (1) u (2) nosBoaser CBOIUTL NMPOU3BOJIbHbLIE
ajdaBuTHble OnepaTopbl K aJQaBHTHHM ONepaTopaM B CTaHAAPTHOM
aJdasure.

STH COOTHOUIEHHS CNPABEIMHBE H I C1y4asi, KOr1a BXOJHON aJ-
¢daBuT A, BHIX0oZHOI andaBut B u cTaHZapTHLIK afipaBur C pasinyHH,
T. e. AAf cl1ydas al(aBHUTHBIX ONEPATOPOB, Y KOTOPHIX BXONHON M Bbl-
XORHOH andaBHTHI Pa3IHYHBL

ge=T"le, ¢a, Tb;
»a = Ta, ¢, ['-c'.

ITonarue andaBHTHOrQ omeparopa sBJs€TCS UPe3BbHIYANHO OGLIHM.
K nemy dakrtnyeckn csoasitcs MJAH MOryT GbITb CBejeHb! JiOGhe Mpo-
uecchl npeo6pa3oBaHusl HHOPMALHH.

IMox nadopmanneir Gyaem nMoHHMATL BCAKHE CBEJEHUS O mMpoleccax
M COCTOSIHHAX JI060# NMPHPOAH!, KOTOPble MOIYT BOCIPHHHMATbCA Opra-
HaMH YyBCTB YeJJOBEKa MJIM NMPHOGOPaMH.

K nsyyennio anipaBUTHHX ONepaTopoB (akTHYECKH CBOIHTCA Teo-
pus J106bix npeoGpasoBareneir uHpopManuu. A ¢ npeo6pasoBarensiMH
nHbopMaluy YesOBeK BCTpeyaeTCss B CBOEil NMPAKTHKe GYKBaJbHO Ha
KaxXJoM wWwary (npu6ophl, cCpeacTBa CBfi3H, CaM YeJOBeK).

N HEKOTOPBHIX CMelHajbHHX BHIOB HHPOPMALMH, HanpUMep HH-
tdhopMauuy JeKCHYEeCKOH HJIHM YHCJAOBOM, MPHUMeHAeTCsA aadaBHTHBIM Co-
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co6 3ananug. Ilpeo6pa3oBaHus 3THX BHAOB HHPOPMAUMH CBOASTCH K
ai}aBHTHHM ONMepaTOpaM CaMbIM HeMOCpeACTBeHHbIM ofpa3om: Kak
BXOIHad, TaK H BHXOAHas HHbopMauHs B Jo6GoM npeobpasoBarese HH-
¢opmanun B 3TOM Clyyae MOXKeT OHTH MpeacTaBJeHa B BHje CJOB, a
npeo6pa3oBanse HHQOPMALUKH CBOAUTCH K YCTaHOBJEHHIO HEKOTOPOro
COOTBETCTBHA MeXIy CJOBaMH.

a Y0 i
r'ey Yo recd yro
¥

¢ ¢’

2 vg 8

I ro r-ie ré
U4
¢ ¢

OnHoii u3 XapaKTepHBIX 3aJay NPeoGpa3oBaHUS JEKCHYECKOHd HH-
dopMauun aBAfeTCA NEPeBo], TEKCTOB C OAHOro A3blKa Ha JNPYrof.

Ecan cyntats c1oBaMy uesnble KHHTH MM XOTA Gbl OTAesnbHbe a6-
3anbl KHHTH, TO 3ajaya NepeBoja NMOJHOCTbIO CBOJUTCS K 3ajaye ycras
HOBJIEHHsi COOTBETCTBHSI MEXAy TaKUMH OGOGUIEHHBIMH cloBaMHu. Ta-
KuM o6pasoM, nporecc fNepeBoia ¢ OJHOrO s3biKa Ha APYrofi Moxer
TPAKTOBATbCs KAaK NMpPOLECC peasH3allid HEKOTOPOro ajldaBHTHOro omne-
paropa.

Cnenyer 3ameTutb, BIpoyeM, 4yTO BNOJHE KayeCTBEHHbI H rPaMor-
HLIH NepeBox AOMyCKaeT, KaK H3BECTHO, BO3MOXHOCTb H3BECTHHIX MO-
Dudukauui nepesogHoro Texcra. ITosTromy mpouecc nmepeBoga OMMCH-
BaeTCsl tie OOLIYHBIM OJHO3HAYHLIM aJ1(aBHTHBIM ONEPaTOPOM, a MHOrO-
3HaYHBIM.

KpoMe andaBuTHBIX onepaTopoB, AMs NepeBoja € OLHUX SI3LIKOB
Ha Jpyrue, MOXHO NMOCTPOHTHb aJidaBHTHLIE ONMepaTOphi, pellalomHue H
Apyrue 3anayy npeoGpa3oBaHHUA JEKCHYECKOH MHGPOPMaUUH, HaNpHMep
3ajayy peJaKTHPOBAaHHs TEKCTOB Ha TOM HJIH MHOM fA3HlKe, 3ajauyy co-
CTaBJleHHq pedeparoB cTaTeld H T. I

AHanorpusbiM 06pa3oM HeTPYAHO NMPeACTaBUTb B BHAE NpPOLECCOB
peanusaunu andaBUTHLIX ONEPAaTOPOB H MHOTHe APYrHe MPolecCH INpe-
o0pasoBaHua HHGOPMAUHH, HallpUMEpP OPKECTPOBKY MEJONUH, pelieHHe
MaTeMaTHyecKHx 3ajay, 3aJayy NJIAHHPOBAHHA NMPOMU3BOACTBA H T. I

Moxer nokasaTbCs cHayagda, 4TO AJA XapaKTePHUCTHKH MnpeoGpa-
30BaHHii HeMnpepuiBHON HHYOPMaUHK (HanpuMep, 3PHTENbHBIX HJH NPO-
H3BOJIbHLIX CJAYXOBHIX OLLYLIEHHH) TNOHATHEe aJdaBUTHOro omnepartopa
HeaocraTouno. OJJHaKO 3TO HE COBCEM TaK.
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Bocnpuatue n npeoGpasoBanue HempepLBHOR HHPOPMAaLMH Bceraa
NPOU3BOAATCS NPH MOMOIH NPHOOPOB, He pearHpyloWIHX HA CAHWKOM
MaJjible H3MEHEHHsl XaPaKTePUCTHK npeobpa3yeMolt HHPopmauuu. B pe-
anbHbIX NpHOOpax, BOCIPHHMMAIOIUMX H Npeo6pasyiolIHX HenpepHB-
HyI0 HH(OpMalHIO, BCerja CylecTByeT paj OrpaHHYEHHH, KOTopbe No3-
BOJSIIOT PacCMaTpHBaThb 3Ty HHOpMaUHIO Kak andaBUTHYIO.

IMepBoe — 3T0 orpaHHyeHue paspelnaioueii cNOCOGHOCTH npuGopa,
BOCIPHHHMaAIOLIET0 HHPOPMALHQ. DTO NPHBOIHT K TOMY, uTO JHOCTa-
TOYHO OJIH3KHe MeX1y co0oii TOYKM yyacTKa NPOCTPAaHCTBA, Ha KOTO-
poM pacmpeleseHa paccMaTpHBaeMas HH(GOPMALHS, BOCIPHHHUMAIOTCH
npu6opom Kak oaHa Touka. OTciofa BbiTeKaeT BO3MOXHOCTb paccMar-
pHBaTbL 3Ty HHpoOpMaUHIO KaK HHOPMaALHKIO, 3aJaHHYIO He B OeCKOHey-
HOM, a JIMUb B KOHEYHOM MHOXeCTBe TOYeK.

Bropoe orpaHnyenHe CBsi3aHO C 4YBCTBHTEJbHOCTbIO NpHGOpa, BoC-
npunuMamouiero kupopmauuio. IIpuGop MoXKeT pasinHuaTh GaKTHUECKH
JHUWDb KOHEYHOe YHCJIO yPOBHeli BEJHUYMHBI, Hecyweld HHGPOPMALHUIO.

Ha ocHOBaHMH ONMHCaHHBIX OrpaHHYeHWH NPUXOAUM K BHIBOAY, YTO
npu6op, BCAeACTBHE CBOell HeHIeaJbHOCTH, MOXeT B KaxIBit HaHHBII
MOMEHT BOCIPHHHMATb JHWDb OJHY KaPTHHY M3 KOHEYHOro YHCJaa pas-
JHYHBIX KapTHH MTHOBEHHOro pacnpele/ieHHS PpacCMaTPHUBAeMOi HH-
¢dopmalHu B MPOCTPaHCTBE.

Tpetbe orpanuyende oGYCJOBJEHO TeM, YTO MOJOCA NMpPOMyCKaHHA
npu6opa He MO3BOJISIET €My Da3/IHYaTh CJHIIKOM OLICTpHle H3MeHe-
HHSA BOCIPHHHMAaeMbIX BeJHYHH.

ITocne BBeneHus nHCKpeTHOro BpeMeHH HH(bOpMALHs, BOCIPHHH-
Maemast npH6opoM 3a J1060i KOHeyHblt OTPe30K BpeMeHH f, npencras-
JsieTcs B BHle c10Ba B HekoTopoMm ani¢aeure A. Hakonew, oanum u3
Hanbosee BaXKHBLIX M CYLIECTBEHHBIX aCNEKTOB HU3y4eHHsi JeSiTeJbHOCTH
CaMoOro uyejioBeka SIBJSETCS acCleKT, CBA3aHHHIH ¢ pacCMOTpPeHHeM ye-
JIOBEKa KaK BeCbMa CIO0XHOro H COBepUIEHHOro IpeoGpa3osatess HH-
¢popmauuy. .

B nio6oM cayuae ocHOBOH TeophH and)aBUTHBIX ONEPaTOPOB ABJA-
10Tcsl cnocoObl UX 3aJaHus.

B cayuae, ecan obaactb onpeneneHHs ancdaBUTHOTO onepartopa
KOHeyHa, omepaTop MoxeT ObiTb 3alaH NpPocToil TabaHuUedr COOTBET-
CTBHA. B JleBoii yacTn Takoil TaGauubl BHITUCHBAIOTCA BCe CJI0BA, BXO-
Asuxe B o6JacTb OnpefieleHHsl PaccMaTpHBaeMoOro onepaTopa, B mpa-
BOH YacTH — BLIXOLHbIe CJOBa, MOJYyYalouluecs B pe3yJbTaTe NpuMe-
HEHHsA oNepaTopa K KaxX10My CJIOBY M3 JeBoil yacTu Tabauue. B o6mem
BUZie TaKas Ta6/Mla HMeeT BHI!

Bxoaxuie caoBa Brixoanwie ca0Ba

B cnydae Geckouneunoit o6sacTu onpeleneHus andaBHTHOrO onepa-
Topa 33ajaHHe ero ¢ NOMOMIbIO TAGMHLUL MPHUHIHNKAILHO HEBO3MOKHO.
B artoM ciyyae onepartop 3amaercs CHCTeMOi NPaBHJ, MO3BOJAOLIEH
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3a KOHeyHOe YHCJIO IIaroB HaHTH BHXOJLHOE CJIOBO, COOTBETCTBYIOUlEE
aio60oMy Hamepen 3aJaHHOMY BXONHOMY CJOBY M3 06J1aCTH ofpejieJe-
Mg paccmMaTpuBaemoro andaBHTHoro oneparopa. Aagasurnsie onepa-
TOpbL, 3adasaembie ¢ NOMOULHIO KOHEYHOU CUCTeMbL NpPasus, NPUHATO
HQ3bL8ATL AA20PUTMAMU.

OTciona erko NoHATDb, YTO BCAKUIA andaBUTHBI onepdTop, KOTOPHI
MOXHO (aKTHYecKH 3ajaTb, fABJfAeTCA HempemeHHo aJiroputmoM. Oa-
HaKo CJelyeT MMeTb B BHJIYy OJHO PasjHyHe, CyllecTByloulee MexXIy
MOHATHAMM ajdaBHTHOro oneparopa K ajroputma. B monstun anda-
BHTHOrO ONepaTopa CYIIeCTBeHHO JHIUL CaMO COOTBETCTBHE, YCTAaHAB-
JHBaeMoe MeXJy BXOAHbBIMH M BBIXOAHBIMH CJOBAMH, a He Cnocob,
KOTOPHM 3TO COOTBETCTBHe yCTaHaB/juBaeTcs. B mouarum aaropurma,
Ha060pOT, OCHOBHLHIM fIBJfieTCH CNMOCOG 3aJaHHA COOTBETCTBHS, yCTa-
HaBJHBaeMoro aiaroputMoM. Takum o6pa3om, aaropurm — andasuT-
HBIAl OmnepaTop BMecTe C NPABHJAAMH, ONpele/SIOIUMH ero JeiCTBue.

IBa andaBUTHHIX ONEPATOPa CYHTAIOTCH PABHEIMH, €CIH OHH HMEIOT
ONIHY M Ty e 06JacCTb ONpelleleHHsi U COMOCTABJSIOT JI0GOMy Hame-
pen 3aZaHHOMY BXOIHOMY CJOBY M3 3TOH 06JacTH OJHHAKOBLIE BbI-
XOJIHHe CJIOBa.

IBa anropuTva CYMTAIOTCA PaBHBIMH, e€C/H PABHH COOTBETCTBYIO-
uHe UM andaBuUTHbIE ONMEPATOPbl M COBMAJaeT CHCTEMa NMpaBHJ, 3afa-
IOlMX JEeACTBHe 3THX aJrOPHTMOB Ha BHIXOJHbLIE CJIOBa. '

IlBa ajropuTMa CYUHTAIOTCS SKBHBAJEHTHHIMH, €C/IM Yy HHX COBINa-
JawT andaBuTHBIE ONEpPaTOPLl, HO He COBMAZalOT CMNOCOGH MX 3aja-
Hug (cucreMa npasua). OGLIYHO B TEOPHH aJTOPHTMOB PaCCMaTPHBAIOT-
CAl JIMIIb TaKHe aJrOPHTMbI, KOTOPBIM COOTBETCTBYIOT OJHO3HAuYHble aJ-
(G aBHTHBlE OnEepaTopHL.

Beaxnit anroput™ Takoro poga JM:060My BXOZHOMY CJ0BY OTHOCHT
TOJbKO OIHO BHIXOJHOe C/M0BO. Takue aJropuTMHI H COOTBETCTBYIOUIHE
UM an¢aBHTHBie onepaTopbl GyJeM HA3biBaTb OQeTepMUHUPOBAHHbIMU,

K uncny Zpyrux cBOACTB aNropHTMOB OTHOCATCS MACCOBOCTL U pe-
3YAbTATUBHOCTS. o

MaccoBocTb aropHT™Ma — CBOMCTBO aJArOPHTMAa GbiTh MPHMEHHMEIM
ANs MHOXeCTBa CTPOK. Ecau anroputM npumeHMM [I71a MHOXKeCTBa
CTPOK, TO OH 06/1aJ1aeT CBOACTBOM MAaCCOBOCTH.

PesyabTaTHBHOCTb a/rOPHTM3 — CBOHCTBO aJrOPHTMa, O6ecneyn-
Baloliee NoJyyeHHe pe3y/bTaTa yepe3 KOHEYHOe YHC/Io Wwaros. Ecan nas
MoGOo# H3 CTPOK JAHHOTO MHOXECTBA aJrOPHTM yepe3 KOHeulioe UMC/IO0
l1aros NPUBOIMT K BHIXOJy C KOHEYHbIM pe3yJabTaToM, TO OH obGjajzaer
CBOHCTBOM pe3yJbTaTHBHOCTH.

M3 cBoiicTBa pe3ynbTaTHBHOCTH BHITEKAeT NOHATHe 06JacTH MPHMe-
HHUMOCTH ajroputma. OGnacTbio NMPHUMEHHMOCTH aArOPHTMA Has3blBaer-
Cfi MHOXECTBO CTPOK, JJIi KOTOPHX aJrOPUTM pe3yJbTaTHBEH.

Tenep, 3KBMBaMeHTHOCTb a/NrOPUTMOB MoOXKeT GbiThb ONpeleneHa
C/lenyloluM 06pasom: ABa aJrOPUTMa 3KBMBAJEHTHBI, €C/IM COBMNAajaioT
¥X o6nacTH NPUMEHHMOCTH M Pe3yJbTaTh NepepabGoTKH JMi060ro c/I0Ba
U3 3TO# 0b6aacTH.

B o6umewm cayyae passinuaior ewe ciyyaitHble H CaMOH3MEHSIOUHe-
Ci anroputmbl. ANTOPUTM Ha3LIBaeTCA CAYYaiHEIM, €CH B CHCTeMe
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fpaBuJI, ONUCHLIBAIOUIUX AJTFOPHTM, NMpelyCMaTPHUBAeTCa BO3MOXHOCTD
cJy4afiHOro BbI6Opa TeX HJIH HHBIX CJIOB HJHM TeX HJIH HHBIX NMPaBHJL
MM coorBercTBYIOT MHOro3HayHhe ajdaBHTHbIE ONMEpaToOpH.

AnroputM HasbiBaeTC CaMOM3MEHSIOUIUMCA, €CIH OH He TOJbKO
nepepaGaThiBaeT BXOJHbie CJOB3, HO K CaM H3MeHsieTCa B mpolecce
TaKoi nepepaGotku. PesysbraT JeficTBHS CaMOHM3MeHSIOWErocs aJaro-
pHTMa Ha TO MJIM HHOe BXOJHOe CJOBO 3aBHCHT He TOJbKO OT 3TOro
CJI0Ba, HO H OT HCTOPHH Npelbiayumiei paGoThl anropuTMa.

B Teopuu aaroput™MoB 6oJbllioe BEHMaHHe yienasieTcs O6UM CHO-
co6aM 3aZaHuHA aJrOPHTMOB, XapaKTePH3YIOLIHMCS CBOHCTBOM YHHBeEp-
CaJIbHOCTH, T. €. TaKHM crmoco6aM, KOTOpbie MO3BOJAIOT 3alaTh aIro-
PHTM, 5KBHBaJIEHTHBH JI060MY Hanepel 3aaHHOMY alroputMmy. Beaxui
o6lui cnoco6 3aNaHHs aJrOPHTMOB Ha30BeM aJrOPHTMHYECKOH CHCTe-
moft. IIpu onncaHkH aNropUTMHYECKHX CHCTEM HCNOJBL3YIOTCS Cle-
IlHaJbHble pOpMaH30BaHHbIEe CPEACTBA.

OcHoBHble poOpMaANU3Mbl NPHKIAJHOX TEOPHH AJATOPHTMOB MOXKHO
paslleHTb Ha 1Ba HaNpaBJ/ieHHs, YCJIOBHO Ha3biBaeMble «aJjre6GpaHye-
CKHM» H «T€OMETPHYECKHM>.

«AnreGpanueckasn» TEOPHS CTPOUTCS B HEKOTOPO KOHKPETHON CHM-
BOJIMKe, IPH KOTOPO# aJrOPHTMH PacCMaTPHBAIOTCSH B BHIE JIMHEHHBIX
TEKCTOB. B «reoMeTpHyeckoil» TeOpHH aJIFOPHUTMBI CTPOATCA B BHJE
MHOXECTB, MeX1y KOTOPEIMH BBOASTCS CBI3H, HOCALHE XapaKTep OTO-
6paxeHuii uay 6GMHapHHX OoTHoWeHHi. [Ipn 3TOM 3HayuTeNbHOE MECTO
3aHHMMaeT reoMeTpHyecKas HHTeprperauuss 00HLEKTOB B BHAe Ipados,
BepUIHHL KOTOPHIX 3aJAIOT 3JEeMEeHTH MHOXeCTBa, a pe6pa — oTHolle-
HHa Mexkay HHUMH. Ilpu 3TOit MHTepnpeTauuu oToGpakeHHs 3anaIOTCs
B BUJe pa3MeTKH BepIUHH HJH pebep rpada.

K nepsomy HanmpaB/eHHIO OTHOCATCS PeKYPCHBHbie (YHKIHH, Ma-
wuHb TolopuHra, omepatopuble cucreMbl Bau-Xao, A. A. JlsnyHosa,
Joruyeckue cxemsl aaropurmos 10. M. SInosa u ap.

Ko BTOpOMY HampaBJ/IeHHIO OTHOCSATCS NpPeACTaBJeHHs HOPMaJbLHbIX
anroputmoB A. A. Mapkosa B Buae rpad-cxem, npemnoxennnix JI. A.
KanyXHHHBIM, GJ10K-CXeMHBIH METOJ alNTrOPHTMHU3ALHH H AP.

Ynpaxuenus:

1. CocraBuTs C/10BecHble aJrOPHTMBI BLIUUTAHHS H3 HEKOTOPOIO

qncaa A nocnenoBaTesILHOCTH 7 uncea by, by, ..., ba.
a) anropHTM BLIYHCJEHHS IO dopmyJe
C=(...((A=b) —b,)— ... =b,);
6) aaroputm BHYHCIEHHA N0 dopmyie
n
C == A hamnd Eb"t
=1
2. CoCTaBHTb aJrOPHTM MNMO3JEMEHTHOrO BLIYHCIEHHS H3 MOCJe10Ba-
TEJbHOCTH 7 4YHCed a4, d2,..., An, MNOCAELOBATENLHOCTH N yHCen by,
by, ..., bn, T. €. aNrOpuT™ BHUKCJIEHHS N0 HOPMYJIE
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3. CocTaBHTb aJrOPHTM BBIYHCJIEGHHS 10 dopMmy.Jie

Ce= D) o— b, (1<i<n, 1<k m).

i=l1
4. CocTaBHTb AJITOPHTM BBIYHCJIEHHA NO (popmy.ﬂe
C=a, X b,(1<i<m).
5. CocraBuTb aJITOPHTM BBIYHCCHHSA MO q)opMlee

c =krllak(l<k<m).
6. CocTaBuTb aArOPUTM BLIYHCAEHHs 110 GopmyJe
€= ay X b,(1<i<m, 1<k<m).

7. CocTaBuTb aNrOPUTM BHUYHCAEHHS MO popmye
I}c, =g, 5, (1<<ie).

8. CocTaBUTb ANrOPUTM MOMCKA MAKCUMAJbHOrO (MHHHMAJIbHOIO)
3neMeHTa H3 MHoOXecTBa M, 3ajanHoro B Buie M = {ay, ay, ..., ax}.

9. CocTaBHTb aJTOPHUTM ONpedEeJeHHsi KOJHYeCTBa OJAHHAKOBBLIX UH-
ceJl B MOCJENOBaTeJbHOCTH, 33[aHHOHl B BHAe OJHOMEPHOro MacCH-
Ba. ay, A, ..., Qn.

10. CocTaBHTL aJrOpuTM ONpeneNeHHs KOJMYeCTBa OAHHAKOBBLIX
3/IeMeHTOB B MaTpHlle B pa3mepHocrTbio 1 X m.

11. CocraBHTb aJrOPHTM YMHOXEHHs MaTPHLbI Ha BEKTOP.

12. CocTaBuTL a/IrOPUTM YMHOMKEHHSI MAaTPHLLI Ha MaTpHLY.

13. CocTaBuTb aNrOpPUTM TPAHCMOPTHPOBAHUSA MATPHILLL.

14. CocTaBuTh aJropHTM, peaJu3ylOWHii onepauuio oGbeIHHEHHUs
CReNylOIMX IABYX MHOXecTB: M;= {ay, az,..., ax} u My = {b,,
bz, ee ey bn}.

15. CocTaBUTb aNTOPHTM, peayu3yloUIUii ONEepalHio MepeceyeHus
IBYX NPOU3BONLHBIX MHOXECTB.

16. CocTaBuTb aNrOpPHTM, PeatH3ylOLHil OnepauHio Pa3HOCTH ABYX
IIPOK3BOJIbHBIX MHOXECTB.

1.2. Pekypcushble pyHKRHH

Hcroprueckn nepBofi alropHTMHYeckoii CHCTeMOH OblIa CHCTeMa,
OCHOBaHHasi Ha HCMNOJb30BaHHM KOHCTPYKTHBHO ompejefisieMblXx apHo-
MeTHyeCKux (UeNOYHCNEeHHbIX) QYHKUMA, NOJYYMBUIHX ClelHaJNbHOe
Ha3BaHHe peKYypCuerolx GyrKyuil.

Pexypcueii nasvieaerca cnocob 3adanus gyHKkyuu, npu KoTOPOM
3Havenue onpedernemoll Qynkyuu G NPOU3BONLHBLX 3HAUEHUL apey-
MEHTO8 BbIPANCAETCA U3BECTHLIM 00pA30M depe3 3HayeHus onpederse-
Mol pynKyUU 0N MEHbUIUX 3HAYEHUL ap2YyMEHTOS.
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Uncnenubie QYHKIHMH, 3HaYeHHe KOTOPHIX MOXKHO YCTAHOBHTb I10-
CPeACTBOM HEKOTOPOro aJIrOPHTMa, HA3bLIBAIOTCH BbI4UCAUMBIMU (PYHK-
yusmu. OyHKUMA HA3bBIBAETCH PEKyPCHBHOM, eclH cywecTByeT 3 dexk-
THBHas mpoueaypa Aas ee BbluMcieHHs. Ilonatne 3ddexTHBHON Nmpo-
UedyphHl ABJAETCS MHTYMTUBHBIM. ['0BOpAT, uTo MMeercss 3ddekTuBHAA
npoueaypa ANs BHINOJHEHHs ONpeleeHHHX BHYHCAEHHH, €CIH 3TH
BBIYHC/EHHUsi BHIIONHSAIOTCA 1O MeXaHHYeCKUM NMPAaBHJaM, T. €. IO onpe-
JeJeHHOMY aJrOpUTMY.

[TockosbKy MOHsiTHE aJrOPHTMa B ITOM OnpejeseHHH Gepercss B HH-
TYMTHBHOM CMBICJle, TO H NMOHATHE BHIYUHCAMMOH (YHKIMH OKa3bIBaeTcs
MHTYHTHBHHM. TeM He MeHee NPH Nepexoje OT aJrOPHTMOB K BHIYHC-
JHEMBM GYHKIMSAM BO3HHKAaeT ONHO OYeHb CYIUECTBeHHOe O0GCTOATeNb-
CTBO: COBOKYNHOCTb NPOLECCOB, MOANaalOIUX NOJ HHTYHTHBHOE MOHSA-
THe aJTOPHTMA, OYeHb OOWHPHA U Mano o06o3puma. COBOKYMHOCTDb
BBIYHCJIHMbIX QYHKLHIA 118 CaMBHIX Pa3HbIX NOHHMaHHA MPOLLECCOB OKa-
3aj1acb OJHOM H TOil Xe H IIPHTOM JIerko ONHCbIBAeMOH B OOLIYHBIX Ma-
TeMaTHYeCKHX TepMHHAX.

CosoxynnocTy wucao8blx gynkyul, coenadarouas ¢ coO80KYNHOCTLIO
8Cex BLIMUCAUMBLY PYHKYUL NPU CAMOM WUPOKOM OO CUX NOP U3BECTHOM
ROHUMAHUU QA20PUTMA, HOCUT HA36aHUE COBOKYNHOCTU pPEKYPCUBHBLX
pynxyud.

['énenp BmepBHie ONMHCaJ KJIAacC BCeX PeKYPCHBHHX GYHKUHH Kak
KJacc BCeX YHCJAOBBIX (PYHKUMI, onpelenuMbIX B HeKOTOpoH ¢opMmalb-
Hoi cucreMe. Mcxods u3 coBepuleHHo Ipyrux Tpeanockuiok, Yepu
B 1936 r. BblBea TOT e KJacc 4YHCAOBHIX YyHKUMH, uto M [énens.
Yepuem Gbia cHOpMyJHPOBAHA THNOTE3a O TOM, UTO KAQCC peKypcue-
Hotx yHkyuil ToNAecT8er ¢ KAQCCOM BCIOOY ONpedeseHKbLX Bbl4UCAU-
Molx ynkyud, dTa TUNOTE3a H3BeCTHa NOA HMeHeM Te3Hca Uepua.
IMonsaTe BHYMCIMMOK QYHKIHMH TOYHO He OMNpelessercs, NO3TOMY Te-
3uc Yepya q0Ka3aTtbh Heab3s.

Ecnu HekoTOophiM aneMeHTaM MHOXKecTBa X NMOCTaBJeHb B COOT-
BETCTBHE OJHO3HAYHO ONpee/eHHHle 3JEeMEHTH MHOXecrBa Y, TO ro-
BOPAT, YTO 3a/1aHa yacTHyHas yHkuus u3 X B Y.

COBOKYNMHOCTb TeX 3JIeMeHTOB MHOXecTBa X, y KOTOPHIX eCTb €O-
OTBeTCTBylomue B Y, Ha3biBaeTca 06JacTbio OHpeleseHHOCTH (yHK-
LIHH, 2 COBOKYIHOCTb 3THX 3JIEMEHTOB MHOXeCTBa Y — COBOKYNMHOCTbIO
3nayesnit ¢yHkumu. Ecan o6nacts onpezenenHoctd  ¢yHkuun 3 X
B Y coBmajaer ¢ MHOXeCTBOM X, To (YHKUHA Ha3HBaeTcs BCIOAY
onpeneaeHHOM. )

Knnuy BBesn noHsiTHe YaCTHYHO PeKYpCHBHON GYHKIMHM M BBICKasan
THMOTE3Y, YTO 6Ce 4ACTUUHble QYHKYUU, BbluUCAUMblE NOCPeICTEOM
QA20pPUTMOB, ABAAIOTCA HACTUYHO PEKYPCUBHbIMU. DTA THIIOTE3a TAKXKe
HelOKa3yeMa, Kak M runoresa Uepua. Oznako MateMaTHyecKHe Hccie-
noBaHus nocaegHux 30 JeT BHIABHAM NOJMHYI0  [1e/1eCOOGPA3HOCTh
CYHTATb NOHATHEe YACTHYHO PeKYPCHBHOA (QYHKUHH HayYHHM 3KBHBa-
JIEHTOM HHTYHTHBHOrO NMOHATHS BLIYHCAUMOHR YACTHYHON (PYHKIHM.

B nanpreitiem mop Te3ncom Uepua GydeM MOHHMAThb THIOTe3y
Uepya B ToM pacllHpeHHOM BHAE, KOTOPHI Obla NprAaH ei Kiauuu.
Teanc Yepua oxasajcs IOCTaTOYHBIM, 4TOGbI MPHAATL HeoGXOIH-
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MYIO TOYHOCTb (OPMYJHPOBKe aNrOPHTMHYECKHX mpobjaeM H B psle
€JyyaeB CAejJaTb BO3MOXHBIM JOKAa3aTeJbCTBO HX Hepa3peluMOCTH.
B cuay te3uca Uepya BONpoC 0 BHIYUCAMMOCTH QPYHKUMH paBHOCHIEH
BOMNPOCY 0 ee peKypcHBHOCTH. [ToHsATHe peKypcHBHOM GYHKLHH cTpoOroe.
ITosToMy 0GblyHag MaTeMaTHyeCKass TeXHHKA I03BOJISieT MHOTAA Hero-
CpelCTBEHHO 10Ka3aThb, YTO pellaiomas 3anayy ¢yHKuUs He MOXKeT
OLITb PEeKYPCHBHOM, T. €. 3aJlaya Hepa3pelIuMa.

IIpumeHeHHe peKyPCHBHHX (YHKUHH B TEOPHH aJrOPHTMOB OCHO-
BaHO Ha HJee HyMepauHu CJ10B B NMPOH3BONBLHOM aJidpaBHTe MOc/enoBa-
TeJIbHHIMH HaTypaJbHHIMH yHc1aMH. HauGosee npocro takyio Hymepa-
LHI0 MOXHO OCYILIECTBHTb, Pacmosarasi cioBa B MOpsiIKe BO3pacTaHHA
HX IJIHH, a C0Ba, HMeKINHe OAMHAKOBYIO NJIHHY, — B MPOH3BOJLHOM
(n1ekcukorpaduueckom) nopsaixe.

IMocne HyMepaunu BXOZHBIX M BHXOAHHX CJI0B B NPOH3BOJILHOM aJ-
(¢aBUTHOM OmepaTope ITOT OomepaTop MpeBpainaercsa B QYHKUHIO Yy =
= f(x), B KOTOpO# apryMeHT x ¥ QyHKUUA Yy NIPUHUMAIOT HeOTPHUATE/b-
Hble LeJOYHCAeHHble 3HayeHHs. PyHkuua f(x) moxer GLiTb onpeiele-
Ha He AJ1a BCex 3HaYeHH X, a JHUIb JJA TeX, KOTOPHE COCTaBJAAOT 06-
J1acTb onpeaeyeHns 3Tof (pyHKLHH.,

ITogoGHrie yacTuyHO ompejeneHHbie LeJOYHCIEHHHE H LieJo3Hay-
Hble QYHKLHH AJ8 KPAaTKOCTH Ha3bIBAIOTCA apudmeTuseckumu yHkyua-
MU, Cpell HUX BbLAENUM HauboJee mpocThle U OydeM HX Ha3blBaTh 3./e-
MEHTAPHBIMU apudMeTUdeCKUMU DYHKYUAMU:

‘1) ¢yHKUMH, TOXKIECTBEHHO PaBHHE HYJIO:

On(xl’ xﬁs ey xn)=0,
onpenesieHHble /s BCeX HEOTPHLATENbHBIX 3HaYeHHil apryMeHTOB;

2) ToxnmecTBeHHble (YHKUMH, MOBTOPAIOIIYE 3HAYEHHS CBOHX apry-
MeHTOB: I (Xy, Xg ..., %n) = x; (1<<i<n; n=1, 2,...), yacTHHII
cayuan IT (x) = x; )

3) ¢yHKUMH HeNlOCPeNCTBEHHOrO C1eLOBAHHUA:

Stx)=x+41
TaKXe OlpefiesieHHble 1719 BCeX LeJblX HeOTPHIATeNLHBIX 3HayeHHit CBO-
€ro apryMeHra.

Hcnonbsys B kauecTBe HCXOAHBLIX GYHKUHI MepeuHCAEHHbIE 31eMeH-
TapHble apudMeTHyecKHe (PYHKUHKH, MOXKHO C MOMOLIbIO HeGOJBILOrO
yucna o6UMX KOHCTPYKTHBHHIX NPHEMOB CTPOHTL Bce Gosnee M Gosee
CnoXHble apHdpMeTHYUecKHe DYHKUHH. B Teopun peKypcHBHBIX dyHKUHK
0c060 BaXKHOe 3HAayeHHe MMEIOT TPH ONepaLHu: CYNepno3HLKMH, NPHUMH-
THBHOH PeKypPCHH M HauMeHblero KOpHS. PaccMOTPHUM KaXAYIO M3 HHUX.

Onepayus cynepnosuyuu GyHKUHI 3aKJIIOYaeTcs B MOACTAHOBKe
OJHHX apHpMeTHUeCKHX QYHKLHA BMeCTO apryMeHTOB APYrHX apudMe-
THYECKHX (PYHKIHA.

IMycts 3aganut n GyHKuM fy, ..., fn OT M NepeMeHHBIX Kaxiaas H
$yukuna f(xy,..., xn) oT n nepemennbix. Onepauus cynepnosHLKH
dyukuni fy, ..., fa ¢ f 2act vam dyskuuio

g(xl’ ey xm) "_"f(fl(xl’ ooy xm)v ooy fn(xl» ey xm))’
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Hanpumep, ocywectsJsisi onepanHio cynepnosuiut GpyHkuni f(x) =
=0ug(x) =x+ 1, noryuum QpyHKuHIO

hix)=g(f(x) =0+1=1.

Ilpu cynepnosnuun GyHkuuu g(x) c camoi coboit moayyum ¢yHk-
nvo A(x) =x+2urT 0

Onepauyst cynepnosunun o603Hayaercst CHMBOJIOM S™H, rie HHIEKC
CBEPXY 03HayaeT YUCI0 QYHKIHM.

Onepayus npumurusnoti pexypcuu nO3BOJSET CTPOHTb N + l-MmecT-
Hy10 apudmernyeckyo ¢ynkuuio (QyHkumio ot n + 1 aprymenra) no
IByM 3afaHHbIM QYHKUHAM, OLHAa H3 KOTOPHIX SBJSETCS N-MeCTHOH, a
npyras n -+ 2-MeCTHOIL.

ITyctb 3amaHnl KakWe-HHOYAb YHMCJAOBHE YacTHYHBe GYHKUHU: -
MeCTHast g u n -+ 2-mectHast h. ['oBopaT, uto 7 + 1-MecTHas wacTHyHas
¢ynkuus [ BosHHKaer U3 QyHKUMH g ¥ A MIPHMHTHBHO peKypcHeil, ec-

JdHU AJ5 BCeX HaTypaJbHHX 3HayeHHu# X1y« ooy Xn, Y HMEEM!
F(Xy, ooy %0, 0) =g (53, oo, X5 (3)
f(xl’“' xm y+l)=h(xl"°*1xn» y, f(xl’“"xmy))‘ (4)

Ins npaBHJBbHOrO NMOHMMAHUA ONEPalUH NPHUMUTHBHOM PpeKypCHH
Heo6XOAMMO 3aMETHTb, YTO BCAKYI0 QYHKIHIO OT MeHbIIero uucia
nepeMEeHHbIX MOXHO PacCMaTpPHBaTh KaK (yHKuMIO oT JioGoro 6Oblie-
ro yucsa nepeMeHHHX. B 4acTHOCTH, QYHKUHH-KOHCTaHTHl, KOTOpHE
€CTeCTBEHHO pacCMaTpUBaTh Kak PyHKIUH OT HyNs apryMeHTOB, MOXHO
paccMaTpuBaTh KaK QYHKIHH OT JI0G0r0 KOHEYHOro YHCJIa apryMeHTOB.

B coorBercTBHH ¢ 3THM ONepaunvio NPUMUTHBHOH peKypcuu Gyaem
NPHUMEHATb M AJs n = 0, rOBOps, YTO OAHOMECTHass dYacTHYHas (QyHK-
uust f BO3HHKaeT NPUMHUTHBHON PeKYPCHel H3 MOCTOSHHOM OLHOMECTHOH
(YHKUHH, PaBHO YHCTYy @, H ABYMECTHON 4yacTHyHON yHKuuH h, ecian

f(0)=ga;
f(x+1)=h(x, [(x)).

Bceraer Bonpoc, Aas Kaxawex au g u A cymecrsyer ¢yuskuns [ u
Oymer nd oHa eauHcTBeHHOH. OGnacth onpefeseHuss QYHKUHH — MHO-
JHeCTBO BceX HATypalsIbHBIX YHCeJs, IO3TOMY OTBET Ha 06a BONMpOCa MO-
JOXKHTENbHLI.

Ecau f cymecrsyer, 1o us (3) u (4) Haxomum:

P2, ooy %5, 0)=g(xy, ..., %,); (5)
f.(xb ey xm 1)=h(xlv . rxnr O’g(xl’ A ] xn));
f(xl’ AL rxm 2)=h(xl» sy xnr l, f(xl) o ey xm l));

S L0 e o & o + s s e e o e e s e A R T Y

Fxyy ooy gm0y =h(xy, ..., %, m, f(Xg, ..., %, m))

H TN03TOMY [ OmpefesieHa oaHO3HayHo. Takum 06pa3oM, AIs JOGHX
YaCTHYHBIX n-MecTHOR OYHKUMH g u n + 2-MectHO! &yHKUNK A/n =
=0, I, 2, ... cyumecTByer TOJBKO OAHA YacTHyHast # -+ l-MecrHas
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¢yHKUHMA f, BO3HHKAOWAs H3 & 1 h npuMuTHBHON pekypcHeir. CumBo-
andeckd nuwyTt f = R(g, h).

W3 (5) BHAHO, 4TO ecid MH KaKHM-TO 06pa3soM yMeeM HaxOXHTb
3yauyeHHe g U A, TO 3HaYeHHe [ MDXKHO BHYHCJIUTL NPU MOMOILHK IpOILLe-
IypH BNOJHe MeXaHHyecKoro xapakrepa. JlJis HaxoxneHHsi 3HaueHHs

f(as, ..., an, m + 1) HOCTAaTOUHO MOCJEIOBATENbHO HaMTH YHCJIA:
by=gla, ..., a,);
. bl=h(al9 ey an’ O’bo);
b2=h(al’ LI | am ]v bl);
bm+l = h(al’ ooy, @y, m, bm)'
INonyuenHoe Ha m + | wWare 4HCAO bmyq ¥ GyAeT HCKOMBIM 3Haye-
nueM f B Touke (ay, ..., aGn, m + 1).

B kauecTBe npuMmepa npHMeHeHHs ONepalHy NMPHMHTHBHOH peKyp-
CHH MOKaXeM, KaK IPH NOMOULH 3TON OllepalluH H3 3JieMeHTapHLIX (yHK-
UMM MOXHO MOCTPOHTb ABYMECTHYIO (YHKLHIO CyMMHpOBaHus f(x, y) =
=Xx+y.

dTa QyHKUHMs OnpelesieTcs ¢ NMOMOUIbIO TOXAECTBEHHON (GYHKIUHH
g(x) = x ¥ QyHKIHH HenmOCPeICTBEHHOro CleJOBaHus:

hix, y, 2) =24+ 1.
B camom nene, ucnosnb3ys npaspia (3) u (4), UMeem:

f(x, 0) =g (x)=x
flx, 1)=h(x, 0, x) =x+1,
f(x' 2)=h(x9 l, x+l)=x+2;

f(x,y—1)=h(x, y—2, x+y—2)=x+y— |
f(x, 9)=h(x, y— 1, x+y—1)=x+y.

ABasorHyHO MOXHO NMOCTPOUTH NOKA3aTENbHYIO, CTENEHHYIO H ApY-
THe M3BECTHHE apU(PMeTHUECKHe PYHKIIHH.

DyHKIHH, KOTOpbIe MOTYT GbiTh MOCTPOEHH U3 3JEeMEeHTapHHX apHd-
MeTHyecKHX (YHKIHA ¢ NOMOLIbIO Onepanuil Cynepno3WUu¥ H NPUMH-
THBHOH peKypCHH, LIPHMEHEHHBIX Ji00ve KOHeYHOe YHCJIO pa3 B MPOU3-
BOJILHOH MOCJeJ0BaTeJAbHOCTH, Ha3bIBAIOTCH NPUMUTUBHO PeXKYpCUBHbL-
MU pynkyuamu.

Onepauuu cynepnosuuud H NPUMHTHBHOH PeKypcuH, GyIyud NpH-
MeHeHb! K BCIOJY OlpejeseHHbIM QYHKIHUAM, AalOT B pe3yJbTate CHOBA
BCIOly ompejeseliHue QYHKIIAH. , o

B kxagecTBe mprMepa JoKaxeM NMPHUMHTHBHYIO peKYPCHBHOCTb He-
KOTOPHIX MPOCTHIX apU(PMETHYeCKHX (PyHKIHM.

ByMectuass QyHKUMA f(X, y) = X + y. YAOBNETBOpPsieT COOTHOLle-
HHAM:
x+0=x=1I] (x) —ToxnecrBeHHas QyHKUHS;
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x+ (y+1)=(x+y)+1=S(x+y) — dyHKUHa HENOCPEACTBEH-
HOrO cJellOBaHHs.
CrnenoBatesnbHO, QYHKUHs X + Y BO3HHKaeT H3 NMPHMHUTHBHO PEKyp-
cuBHbIx QyHkuui I} u h(x, y, 2) = 2z + | onepaluei NPUMHTHBHO! pe-
Kypcuu ¥ noToMy GYHKIHS X + Y — NPHUMHTHBHO PeKypCHBHas.
JBymectHas ¢yHKuus f(x, y) = x-y yAOBJAETBOPSIET CXeMe NpPUMH-
THUBHOH PEeKYpCHH:

x.0=0(x);
x(y+1)=xy+x,
C HayaJbHBIMH NMPHMHTHBHO PEKYPCUBHBIMH (YHKUHSIMHU

gx)=0(x), h(x, 9, 2) =24x,
NO3TOMY GOYHKUHS Xy MPHMHUTHBHO PeKypCHBHas.

B ob6snacts HaTypasbHBIX YHCesJ Pa3HOCTL X — Y €CTECTBEHHO CYH-
TaTbh YacCTHYHON ABYMeCTHOH QyHKUHed OT x M Yy, onpeleJeHHOH JHWb
LIS X==Y, TaK Kak OTPHLATeJbHbEle YHCJIa He BXOAAT B paccMaTrpuBae-
Myto o6nacts. Ho npHMHTHBHO peKypcHBHHE (PYHKUHH BCIOLY onpene-
aeyHue. [103TOMY B TeOpHH IPHMHTHBHO PeKypPCHBHHX QYHKUHA BMeCTO
OOLIYHOJ PAa3HOCTH BBOASIT yCeueHHYIO Pa3HOCTb, 0603HayaeMylo CHM-
BOJIOM == H OnpejesieMylo ClielyoIH#M 06pasoM:

X —y, eCad X > Y;
0, ecmmx<y.
B oranyme or NpPocToil pasHOCTH YycedeHHass pPa3HOCTb B 06JaCTH
HaTypaJbHBIX YHCeJ BCIOLy OnpellesieHHasl, H B TO XKe BpPeMsl OHA OYeHb
npocTo cBsizdaHa ¢ OOBIYHON pasHOCThio. Tak, HanpuMep, COrJacHoO om-
penenenuno (*):
5-3=238=-5=0, (x+y)—z=x—-(y+2)
DynsKuys x——1 yA0OBJIETBOPSET NPHMHUTHBHO PEKYPCHBHOII cxeMe
0=—1=0;
(x41)=~1=1x,
C NMPHMHTHBHO PEKYPCHBHHIMHM HauanabHbIMH ¢yBruusmu O! u I} . Ilo-

3TOMy QyHKIHUS X~ | — NPUMUTHBHO peKypCHBHasl.
C apyroi cTopoHH, u3 (*) ciaexpyer, 4To Aas JOOHIX X, Y

x-—y={ k)

x—=0=x;
(g +1)=(x=y)=+1

STu TOXKZecTBa NOKA3bIBAIOT, uTO ABYMecTHasi PyHKUHA X--Y BO3-
HHKaeT TPUMHTHBHON pekypcHell u3 bynkuui Il u h(x, y, 2) =z 1.
OGe nocneanue GyHKUHH NTPUMHTHBHO PEKYPCHBHHI, TIO3TOMY H (QYHBKIHs
X -~ — NPUMHTHBHO PEKYPCHBHASI.

BoabuinneTBo apudMeTHUECKHX (PYHKUHA OTHOCATCS K NPHMHTHBHO
pekypcuBHHM. Tem He MeHee NPHMHTHBHO DeKYPCHBHble QYHKUHH He
OXBaTHIBAIOT BceX apHpMeTHYeCKHX (PYHKIHI, KOTOpPLIE MOTYT GLITH Om-
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peleNeHkl KOHCTPYKTHBHO. IIpu mocTpoenns Bcex 3THX QyHKIHH Hc-
NoNb3YIOTCSl APYrde ONEpaluuH, B YAaCTHOCTH Omepalusi HaHMeHblIEro

KOpHS.
Onepayus Haumenbuleco KOpHs, WK ONepallnsi MUHHMHU3ALHKH, MO-
3BOJISIET ONpelesUTh HOBYio apudMeTHyecKyio (yHkuuwo f(xy, ..., Xn)

OT N MepeMeHHHIX C MOMOLIbIO paHee MOCTPOCHHOH apudMeTHYECKOH
dyukunn g(xy, ..., ¥n, y) OT 1 + | MEpPEMEHHBIX.
Ias moboro 3ajasHoro HaGopa 3HaueHHd NepeMeHHHIX Xy =

=ay,..., Xn = Qn B KayecTBe COOTBETCTBYIOLIEro 3HaueHHs f(ay,...,
an) onpenensiemor GyHKuuMH f(Xy, ..., ¥n) NPHHMMaeTCs HaMMeHbUIH
LeJIbI HEeOTPHILATENbHEI KOpeHb ¥ = @ ypaBHeHHs g(ay, ..., an, Y) =

=

B cayuae HecyliecTBOBaHHSI LeJIHIX HEOTPHLATEJbHBIX KOPHeH y
3TOT0 ypaBHeHHsi GYHKuMsi f(Xy, ..., Xa) CUHTAETCS HeoNpeaeseHHON
IIpY COOTBETCTBYIOLEM Habope 3HaueHH nepeMeHHbIX.

Apudmernueckne GyHKUMH, KOTOPble MOTYT GHITh HOCTPOEHH H3
3JieMeHTapHHX  apH(MeTHUeCKHX (YHKIHH ¢ MOMOWbIO onepauxi cy-
NeprnosuiHy, MPHMHTHBHON PEKYPCHH ¥ HaMMeHblIero KOpHA, Ha3hiBa-
I0TCS 4ACTUYHO peKypcusHbimu dynxyuamu. Ecniu Takue pyHkuun oka--
3bIBAIOTCS K TOMY K€ BCIOQY ONpejesieHHHIMH, TO OHH Ha3LBAIOTCH
obuwepexypcusroimy PyHKyUIMU.

B sroM onpexnesenny, Kak H B OnpefesieHHH NMPHMUTHBHO peKyp-
CHBHHIX (QyHKUMI, NpedycMaTpPHBAeTCs, BO3MOXKHOCTb BHIMOJHEHHS
BCex JAONYCTHMHIX ONepauuit B Ji0O60H TNOCAeN0BaTeIbHOCTH H Jio6oe
KOHe4yHoe YHCJIO pas.

Yacrryno pekypcuBHble GYHKUHH NpeACTaBIsOT cofoil HauGosee
o6wHui KaIacC KOHCTPYKTUBHO ONMpelesisieMbiX apH(pMeTHUeCKHX (YHK-
LLHA.

ITonsitve yacTHYHO pPeKypcUBHON (PYHKIHUH — OLHO H3 IVIAaBHBIX IO-
HATHI TEOPHU ANrOPHTMOB. 3HaYeHHe ero COCTOUT B CJEAYIOLIEM.

1. Kaxpasg craszaptHo 3salaHHas YacTHYHO PeKyPCHBHasi (YyHK-
UHMs BHIYHCIAMMA NyTeM ONpeflesieHHOH NpoLedyph MeXaHHYeCcKOro Xxa-
pakrepa.

2. Kakne 6B KJ1acChl TOYHO OYEPYEHHBIX AJTOPHTMOB AO CHX MOp-
(akTHyeCKH HM CTPOMJINCH, BO BCeX CAYYasX HEHM3MEHHO OKa3blBaJjoCh,.
4TO YHCJIOBble (PYHKIHH, BHIYHCIAHMBIE noci_(fenc'rsom aJITOPHTMOB 3THX
KiaccoB, GHJIM YacTHYHO peKypcuBHBiMH. IlosToMy o6ulenpuHsToél sB-
JsieTcs Cefyloulasi eCTeCTBeHHOHayuHasi THIIOTe3a, H3BeCTHas TOJA HMe-
HeM Te3uca Yepua.

Knacc aaropurMuyeckd (Ha¥ MaulMHHO) BHUYHUCAUMHX YacCTHYHHIX
UHCIOBLIX (PYHKUHMA COBMajfaeT ¢ KJIacCOM BCEX YaCTHYHO PeKypPCHBHBIX
byBruui. dtor TesHc AaeT ANrOPHTMHYECKOe TOJKOBAaHHE NOHATHIO
YaCTHYHO PEKYPCHBHHIX QYHKIIHI.

IIpakTHueckn MOHSITHEM YACTHYHO PEKYPCHBHHIX (YHKUHMA HOJb-
3YIOTCS AJis 10Ka3aTesNbCTBa aJrOPUTMHYECKOH pa3peliMMOCTH HJIM He-
paspemumocTy npobaeM.

CTOJIb30BaHHe Ke YaCTHYHO PEKYPCHBHHIX GYHKUMN JJs nped-
CTaBJICHHS TOFO MJIH HHOT'O KOHKPETHOTrO aJIFOPHTMA NPAKTHYECKH Hele-
J1ecoo6pasHo BBHAY CJOXKHOCTH TAaKOro Mpollecca aJroOpHTMA3AUUH.
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YnpaxHenus:

1. IToctpouts ¢yHKUHH CHOXeHHS W pacnucaTth ajArOpUTM B BHAe
noc/JieIOBaTebHLIX IIAroB C HCHOJMb30BaHHEM PEKyPCHBHBIX (PYHKIHi:

a) TpexMecTHYI0 QYHKIUHIO C/A0KEHHS,;

6) n-MecTHYIO (PyHKIHIO CIOXKEHHs.

2. IToctpouts GyHKUHM YMHOXEHHss H paclHCaTb aJrOPHUTM B BHIe
N0CJeN0BaTeJbHHX WIAroB ¢ MCMOJAb30BaHHEM DPeKYPCHBHHIX (QYHKIHMI:

a) IBYXMeCTHYIO (YHKIHIO YMHOXEHHS,

6) TpexmecTHYIO (pyHKIIHIO YMHOXEHHS;

B) Nn-MeCTHYIO (PyHKIHIO YMHOXEHHS.

3. MocTpouts GyHKUHH BO3BeJeHHsi B CTefleHb H pacMHcaTbh aJjro-
PUTM B BHJe NOCJTEI0BATENbHOCTH L1AroB AJs:

a) ABYXMeCTHOH PyHKIHH;

6) TpexMecTHOH GYHKUHH;

B) N-MeCTHOH (QYHKIHH.

4. ITocTpouTh YaCTHYHYIO ABYXMeCTHYIO (YHKIMIO JeJeHHs H pac-
MUCATh aJrOPUTM B BHIe MOCJAeLOBATEJIbHOCTH 1IATOB.

1.3. Mamunsl TelopHHra

1.3.1. OcHOBHblE NOHATHA

TouyHoe onmHcaHHe KJacCca YaCTHYHO PEKYPCHBHHIX QYHKIHN BMecTe
¢ tesucom Yepua Zaer 04HO M3 BO3MOXKHHIX pelleHHil 3aJayH 06 yTou-
HeHHW MOHsATHA anroputma. OLHAKo 3TO pellleHHe He BNOJHE NpsiMoe,
TaK Kak NMOHSITHe BLIYMCIAUMON (QYHKUHM SBJsSETCS BTOPHYHHM IO OT-
HOWIEHHI0O K TOHATHIO ajroputMa. Hesb3si qx YTOUHHTb HemocpeacT-
BEHHO caMo MOHATHE aJrOPHUTMA, a 3aTeM [IPH ero MOMOILM ONpelesHThb
H KJIacC BBIYHCAHMBIX QYHKIHMH?

AT1o 6b10 crenano B 1936—1937 rr. [Tocrom u TelopHHrOM He3aBH-
CHMO APYT OT Apyra H IOuYTH OXHOBpPeMeHHO ¢ pa6oramu Uepua u Kiu-
Hyu. OcHoBHast Mucap Ilocra u ThlopuHra 3axmioyanach B TOM, 4TO
QJrOpHTMHYECKHe NPOLECCH — 3TO NMPOLECCH, KOTOphle MOXeT COBep-
L1aTh MOAXOAsIle YCTPOEHHAas «MamnHas. B cooTBercTBHM ¢ 3THM
HMH C NMOMOIIbI0 TOYHBIX MATEMATHYECKHX TEPMHHOB GOHIIH ONHCAHH
JAOBOJbHO Yy3KHe Kjacchl Mamuix. Ha 3THX MamMBax okasanoch BO3-
MOXHLIM OCYLIECTBHTb HJAH MMHTHPOBATb BCe aJrOPHTMHYECKHe Npouec-
Chl, KOTOpble (aKTHYECKH KOrga-iH00 ONHCHIBAJHCh MaTeMaTHKaMH.

Mamunu, seepennbie IToctom u ThIOpHHTOM, OTIHYAMHCL HE OYeHb
CYIIeCTBEHHO H B JaJbHeillleM CTaly¥ HasbiBaTbcsd MawHHaMu Thlo-
puHra. PaccMOTpHUM aJaropuTMHYecKHe CHCTEMH, NpeACTaBJEHHLIE 3TH-
MH MalIHHAMH.

ITon mMawnnamu ITocta u ThiopHHra MoHHMaeTcss HeKOTOpasi THIO-
TeTHyecKas (ycJOBHasi) MallyHa, COCTOfLlAs M3 CAEAYIOLIUX 4acTeil:

1) uadopmManHOHHOM JNeHTH, NpeAcTaBJfIOel co0oi GecKOHeYHYIO
(HeorpaHHyeHHyl0) NMaMsATb MallyHb. B KavectBe HHObOpMaUHOHHOA
JIEHTH MOXeT CJYXKHTb MarHutHasi Hau GymMaxkKHasi 6ecKOHeuHas JIeHTa,
pasfesieHHass Ha OTAeJbHble siuepKH. B kaxaofi suyefike MOXHO no-
MECTHTh JIHLIb OAHH CHMBOJ, B TOM 4YHCJe H HYJIb;
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2) «CYHTHBAIOIlei FOJOBKH» — CIEIHAJbHOTO  YYBCTBHTEJIbLHOIO
3JeMeHTa, Coco6HOro 0603peBaTh COAEPKHMOE siueeK. BAoaAbL FOJOBKU
nH(pOpMaLHOKHas JleHTa NepeMellaercs B 06¢ CTOPOHH TakK, YTOGH B
KaXJAbM paccMaTpHBaeMBlt MOMEHT BpeMEHM TOJOBKa HaxoAunach
B OJIHOii onpe/leIeHHONR siyeHKe JICHTHI; :

3) ynpasJsilOlero YCTPOHCTBA, KOTOpOe B KaXKAHH paccMarpHBae-
MbIli MOMEHT HaXOAHUTCs B HEKOTOpPOM «cocTostHHu». Ilpenmnosaraercs,
YTO YCTPONCTBO YNpaBJeHHsi MALIHHB MOXKET HAXOAHTLCS B HEKOTOPOM
KOHeYHOM uHcJsle coctosiiuii. CocTosiHHe yCTpoficTBa ynpaBJjeHHsi 4acro
Ha3bIBAIOT BHYTPEHHHM COCTOsiHHeM MallHHE., OIHO H3 3THX COCTOSTHHIA
Ha3biBaeTCs 3aKJIOYHTeJbHHIM H B paboTe MauIMHH Hrpaer ocobyio
POJb, TaK KaK OHO YNpaBJseT OKOHYaHHeM pabOTH MalIHHHL.

CxeMaTHyecKH MallHHa mnpejcTaBleHa

Ha puc. 4. <
PaccmoTpum Temepb  asiropHTMHYECKYIO JTTTTTTR
cHcTeMy, npenjoxentyio IToctom. I

B anropurmuueckoh cucreme ITocra un-
dopManHus npeAcTaB/seTcss B ABOHYHOM al- Puc. 4
¢asnte 4 = {1, 0}.

Takum o6pasoM, B KaXzHoiHl siueilke HHGPOPMAILMOHHONH JIEHTH MOMHO
nomecTuTb Au6o 0, 1u6o 1. Anroputm npeacTaBisieTcss B BUAE KOHEYHO-
ro ynopsjaouyeHHOro Ha6opa npaBuJ, Ha3HBaeMBHX NnpHkasamu. Pabeora
aJropuT™Ma HauyHHaeTCs ¢ HeKOTOPON HayaJbHOM s4YefKH, COOTBETCTBY-
I0lIEl NepBOMY NpHKa3y aaroputma. CocraBisiouive ajiropuTM npH-
Kasbl MOryT NpHHajjieXarh K OAHOMY H3 6 NMPHKa30B, BLIMOJHIEMbIX
YCTPOHCTBOM ynpanienus Mawmunb ITocra:

1. 3anucaty B paccMaTpuBaeMyio siyefiky | u nepeiTH K i-My npH-
Kasy.

2. 3anucatsr B paccMarpuBaeMmylo suefiky 0 ¥ nmepeiiTH K i-My NpH-
Kasy.

3. CaBuBYTDL JIeHTY BOPABO Ha OAHY sIYeHKY M NPHCTYMHTH K BHINOJ-
HeHHIO i-T0 MpHKas3a. '

4. CnaBHHYTD JIEHTY BJIEBO Ha OJHY sueifKy M NMepeiiTH K BLIMOJHe-
HHIO {-TO NpHKasa.

5. Ecan B paccMartpuBaeMoil siuefike 3anucana 1, To nepeiTH K Bbl-
TIONHEHHIO j-rO NMPHKa3a, a ecau 3anucad 0, To mepeiiTd K BHIIOJHEHHUIO
i-ro npykasa.

6. OxonuaHHe pabOTH aJArOpHTMa, OCTAHOBKaA.

Takum oGpasoM, airopuTMHueckas cucrema ITocra mnpexcrasasier
co6oii MauMHy ¢ HHGOPMAUHOHHON JIEHTOH, COAepXKaued B KaXmoH
Avefike au6o 0, au6o 1; ¢ JneHTOl, mepeMelIaOIIEACS BJIEBO H BNPAaBO
BAOJIL TOJIOBKH; ¢ YCTPOACTBOM YNpaBJjeHHsi, BHNOJHsAOMAM 6 npHka-
30B (C BHYTPEHHHMH COCTOSIHHSIMH).

AnropuTmbl, coctaBieHHble U3 JIOOOro KOHEUHOTO YHCJIa NpaBui,
npencraBJeHHbIX NpHKazaMu Mawueb [locTta, HaspiBaloTCs aszopurma-
mu ITocra. JoxasaHno, yro anropurmu ITocTa CBOAATCS K alNrOpHTMaM,
peanusyeMblM ¢ MOMOLLbIO YaCTHYHO PEKYPCHBHBIX QyHKUHHA, H HA060-
por, mo6as 4acTHYHO PeKypcHBHAs (YHKUUS MOXeT OHTb NpeacTas-
JeHa ajroputmoM cucreMsl ITocra.
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B oranune or mawmuHu [locrta B KaxAol syelike JIeHTH MallfHHb
“TblopHHra MOXeT HaXOXUTbCS ORWH M3 CHMBOJIOB HEKOTOPOTO KOHey-
Horo aipasura, a yCTPOACTBO ynpaBJjieHHs MOXeT GHITb B ONHOM M3 KO-
‘HeyHHIX cocTosiHMi. Jlpyrumu cioBamu, mamusa ThiopHHra, pa6oras B
‘TIPOU3BOJILHOM KOHEYHOM aj(aBHTe, MOXET BLINOJHATL HEKOTOpOE KO-
HeyHoe uyHcyo NpuKa3oB. [Ipu sToM Mammuuel TelopHHra, KaK H MaliuHbl
Tlocra, Moryr caBHrarth JeEHTy Ha OQHY sueflKy BMPaBO HJIH BJEBO,
‘OCTaBJIsig COJepXKHUMoe siueeK HEH3MEHHHIM, HJIHM MOTYT H3MEHSTb CO-
<TOsIHMe BOCIPHHHMAaEMOl fYeAKH, OCTABJsAN JEHTY HeMOJBHUKHOH.

STOT CHUCOK onepauuii MOXKHO pacmiupurb. Mamnna Telopunra Ha-
-3blBaercsl CTAHAAPTHOH, €C/AH OHa NpPH CABHre JIGHTH MOXeT npesBa-
PUTEIbHO H3MEHATb COCTOSSHHE BOCTIPHHHMAEMOH siyedKH.

B nanpuefimem GyaeM paccMaTpHBaThb TOJbLKO CTaHAAPTHHE MallH-
‘ubl ThlopuHra.

Mycry andasur mMawnnn Tolopunra 3afaH B BHAe MHOXKeCTBa

A = {so, S1,..., Sn}, Tlle So COOTBETCTBYeT HYCTOH siYeilke, a YUCJIO
«COCTOSIHHfI YCTPO/CTBA YNpaBJieHHsi 3alaHo B BHIe MHOkecTBa Q =
= {qo, 41, ..., gm}, Toe Go COOTBETCTBYET 3aKJIOUHTEJIBHOMY COCTOSI-
‘HHIO.

Koneunast coBokynHocTs cuMBOJIOB ajndaBuTa, ¢ KOTOpOi paboraer
.MallpHa, HasblBaeTcsi BHEIIHHM aipaBHTOM, KOHEYHAsi COBOKYNHOCTb
'COCTOSIHHH YCTPOMCTBA YNpaBJieHUsi — BHYTPeHHHM as(aBUTOM.

CoBokynHocTb, 06paso-
BaHHasg noOC/HeI0BaTeIbHO-
CTBIO COCTOSIHHH Bcex siueek

WAL
{TS"ISJISJ[SA | ‘Sjl L[:,ls,lso[} JEHTH ¥ COCTOSIHHEM YCT-
K ..

N B T poiicTBa  ynpaBieHHs, Ha-
3bIBaeTCs KOHGHUrypanuei
Puc. 5 mawunap. Kondurypauus

3ajlaeTcsi B BHIE CJOBa,
‘ONMHCHIBAIOLIEr0 KOHKPETHOE COCTOsiHHe MamHHBL ITycThb B HeKOTOPHI
'MOMeHT BpeMeHH MalluHa ThiOpHHTa HaxXONUTCS B COCTOSIHMH, Hpeld-
:CTaBJeHHOM Ha puc. 5. KoHdurypauns Mammubl A AaHHOTO ciydas
-6ylieT npeAcTaBseHa B BHIe CJIOBA

e SSiSjn oo QS o e SpSo et (6)
THAE So — CHMBOJ, 0G03HAYaIOUH{ NYCTYIO sAYefKy;
r — 4HCJIO 3aNMOJIHEHHHIX siYeeK Ha JeHTe,;
$j1 — COCTOSIHHe MEPBONH clieBa HENnyCToll TUeHKy;
Sjr — COCTOsIHHe siYefikH, NpPOCMATPHBaeMOH B JaHHHH MOMEHT
BpEMeHH;
§; — COCTOsSIHHe YCTPOHCTBA ynpaBJIeHHs.
Kaxnas koHburypauus cogepXHur JHIbL OJHO BXOXAEHHe CHMBOJA
-qi U3 BHYTPeHHero aji¢aButa. ITOT CHMBOJ MOXeT ObITh B CJIOBe CAMBLIM
JIeBBIM, HO He MOXeT OBITb CaMbIM NPAaBLIM, TaK KaK ClpaBa OT Hero
JIOMXKeH MOMellaThCsl CHMBOJ COCTOsIHHSI 0603peBaeMoil IYEHKH.
Ecau crangaprnas Mammna ThlOpHHra, HaxoAsich B COCTOSIHHH
M BOCTMPHHHUMAas 3alHCAHHBI{ Ha JIEHTe CHMBOJ Sk, TIEPEXOAHT B HOBOE
COCTOsIHHe @j, OCYLIECTBJSIS NPH 3TOM 3aMeHy CHMBOJA B paccMaTpH-
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paeMoll siuefike Ha CHMBOJ Sm ¥ CHBHT JICHTHl BJIEBO Ha OAHY SIYEHKY,
10 TOBOPSAT, YTO MAllWHa BHIMIOJHSAET KOMAHAY ¢§iSh —>¢;jSmJl. Ecam
3aMeHHl CHMBOJIA He TPOHCXOMHT, Sm MOXKET B KOMaHJIe OTCYTCTBOBATh.

[lpn MaRMNyJaAnUSX ¢ JJeHTaMH NpHMeM ClelyloulHe OOO3HayeHHs:

JI — nBHXKeHue JIEHTH BJEBO;

IT — nBuXKeHHe JIeHTH BNPaso;

C — HeT IBHIKeHHS JICHTHI.

OG6rlyo KOMaBAM cTasAapTHOi MamHKHH ThiOpHHra 3ajamTcs Ha-
6OpOM MSITEPOK CHMBOJIOB BHAA §iSkGiSmJl, T. €. CTpesiKa oOmnyckaercs,
nJIH BHIA N

98 =4 Sml1- (7)

Paccmorpum npumep Mawnnnl Toiopunra ¢ andasuramu 4 = {0, 1},
Q = {90, 91} v xomanzamu ¢;1¢:1J1, ¢,0901C.

ITycrb Ha nente umeercs cnoso 11100. I'osicBKa cTOMT Hal NepBoi
clieBa enuHuuen. B pesysnbrate paborhl MamuHe ThlopHHra 3TO CJIOBO
npespaumaercs 8 11110. ITo okoHyanun paGoTsl MauWHHLE TOJNOBKA CTO-
AT HaJ KpaiiHe#l mpaBoH eHHHLEH.

CranfaptHas MawuHa ThiopuHra ¢ BHewHuM andasuroM A =
= {0, 1} HasHBaercs HecTUpaloLleH, ec/id OHAa CIOCOGHA BHIMOJHATD
JIMIIb KOMaH/bl BHAA

quo —>gpa T, )
(8)
g.l — qslT,
rie a= {0, 1}, T = {C, JI, [T}, . e. ecaiu ona mMoxer BnHcarts | B myc-
TYIO siYeiiKy, HO He MOXeT YAAJHTb CHMBOJ 1, eclid OH yXe BNHCaH B
AYenKy.

CogoxynrocTe 8cex KOMAHO, KOTOpble MONCET BLINOAKATL MAUIUKHA,
Ha3bleaercs ee npo2pammoll.

Bynem cuurate mamuny TblopHHra 3anaHHOHl, eclH 3ajaHHl ee
BHEWIHHA ¥ BHYTPeHHHi aJdaBuTHl, nporpamMma, HayaibHas KOHGHry-
palus M yKasaHo, KakHe H3 CHMBOJIOB 0003HayalT MYCTyio fiyelKy H
3aKJI0YHTENIBHOE COCTOSIHHE.

ITycts mamuua TolopuHra 3afana sHewsuM aldasutom 4 = {s°, a,
b, ¢, d}, enyrpesunm andasurom Q = {qo, 41, g2, g3, ¢, g5} ¥ COBOKYIN-
HOCTbIO KOMaHA Goaqiall, gobgebJl, gaaqsdll, gocgoctl, qidgeclIl, gsaq.dll,
gubgecIl. Tlyctyio siuefiky o60o3Hayaer cHMBOJ S°, a 3aKJMOYHTENIBbHOE COC-
TOSIHHE — §s. :

Paccmorpum npumeHenHe AaHHOK MawuHb ThiopHHTra Ajsi nepepa-
6oTku HcxomHOro cnopa beadc, xoropoe mact Ham cnoso bedce. Ha-
YanbHas KOHOHrypauus uMeer BHA Gobcadc, npu 3TOM MamuHOH GymeT
nopoxnesa clelyouas nocjaef0BaTeNbHOCTb KOH(MHTYypauuii:

I war bgycade pesyJbTar
BHINOJTHEHHs
KOMaHABl  (gob— gob J1)
Il mar begyadc TO XKe  (Go¢— goc/l)
Il war beagyde » (g,a — qsall)

27



IV miar beggacc pesyJabTaT
BLIMOJIHEHH S
KOMaHIH (g d — gocll)
V war bggedce » (g,3— gsdI1)

MporpamMma paccmorpenHo#t Maumunb ThiopuHra MoxeT GbiTh npen-
CTaBJeHa B BHJe TaGMHUILl COOTBETCTBHS:

A

\ 8 a b ¢ d

Q

9o — q:1a]1 qobJ1 qoc/1 -
) — - - -~ 9:¢/1
qs — qsdll - - -
@ |__— 94911 - - —
0 — - . — - 92611
g5 Ocranos

3anucp anaropuTMa, peajiusyemoro MamHHOR ThIOpHHTa, MPOW3BO-
IHTCA C MOMOLIbIO NMpOrpaMmbl paGoThl 3TOH MaUIMHB, NpeACTaBJsI0-
utei co6oil COBOKYMHOCTb KOMaHA. B paccmarpuBaeMoMm mpHMepe aJ-
roput™ nepepaGoTku BXOAHOro cjoBa bcadc B caoso bedcc mpepcras-
asieTess KoManaaMu  GobqoblJl, gocgoctl, goaqiall, gidgscIl, g.aqsdIl.

AaroputmMbl mHwyTtcs crojbuaMH. IIas KOHTpPOJsS HPOTHB HEKOTO-
PHIX KOMaHj YKa3blBaercsi CJIOBO, B KOTOpOe NepexXOAMT NepBOHAuaJb-
HO 3aJaHHOe CJIOBO NMOCJE BHLIMOJHEHHs] BCeX MNpeAbIAYIIHX KOMaHI,
BKJIIOYAs M CTOSILLYIO cJieBa KOMaHJy.

PaccMoTpuM B KayecTBe mpHMepa ajNrOpHTM mepenoca HyJas AJs
MawnHe ThiopHHra, NporpaMMma KoTopo#t 3afjaHa cieayioiei Tabmuueit

COOTBETCTBHUSA:
a 2
\ 0 1 \ ) 1
Q Q

9o g,0C go1C s - 950C
9 q2J1 — gs gell —
s 9;1C — e q00C qell
qs AL qs71

HauanpHasg koHHrypauuss MamuHe uMeeT BHA ¢10010, xoHeuHnast
KoH(QHrypanuss MaUIMHB A0MKHa HMeTb BHA §o0100. Takum o6pasom,
go — 3aKJIOUHTENbHOE cocTosiHHe MawmuHb Thlopunra. Anropurm Gyzer
HMeTb cllefyloLHit BUA:
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KoMmanan Koedurypauun

§10g,/1 04,010
q,0g51C 0g5110
gs1gsJ1 01g410—0114,0
504,11 01q,10
q419:0C 014,00
g504,!1 04,100
s1e11 79,0100
9,0g,0C - q,0100

Kak 6bl10 ye ckasaHo, Ha MamuHax TbhlopHHFa OKas3aloch BO3-
MOXHBEIM OCYIIECTBHTL HJIM MMHTHPOBAaTb BCe aJTOPHTMHYECKHe Mfpo-
1ecchl, KOTOphle KOra-iH6o ONHCHIBAJHCL MaTeMaTHKaMu. Bruro moka-
3aHO, yTO KMacc QyHKUHA, BHIYHCAMMBIX Ha 3THX MalIMHaX, TOYHO COB-
najfaer ¢ KJ1accoM BCeX YaCTHYHO PEKYPCHBHLIX QYHKIHH.

Bonpoc o BO3MOXHOCTH HJIH HEBO3MOXKHOCTH pa3pellaiollero ajro-
pHUTMa AJIs 3aJlayH TOTO HJIM HHOrO THNa ClelyeT MOHMMATb Kak BOmpoc
O CyLIeCTBOBAaHHH HJIM HECYLIECTBOBaHHH MaiuMHH Tbiopunra, oGiana-
toLleHl HY>KHBIM CBOHCTBOM.

B 3aBHCHMOCTH OT YHCJIa HCIOJb3yeMbIX JEHT, HX Ha3HayeHHs H
YUCia COCTOSHH{l YCTPONCTBA YNMPABJEHHSl ONpedesSOTCS pasaudHble
Moau¢ukauny Mawuy Tbiopuara. PaccMoTpHM OCHOBHLIE H3 HHX.

1.3.2. Mamnus TolopHHra ¢ AByMS BBIXOAaMH

IMpeanonoxum, Mbl paclIHpHIM onpelefeHHe MawuHB THIOPHHTA,
106aBUB B YCTPOHCTBO yNpaB/eHUsi MAIIMHBI ONpejeseHHOe COCTOf-
HHe ¢*. ByaeM roBOpHTb, 4TO eC/IH YCTPONCTBO YMNpaBJeHHs Nepexo-
IHUT B COCTOSIHMe §o JJIi 3aNaHHOTO BXOAHOTO CJOBA X, TO MAlIHMHA
aonyckaer x. Ecau ycrpoiicTBo ynpaBlieHHss NPHXOAUT B COCTOsIHHE G %,
TO MaluMHa 3anpeutaer x. Takoe yctpoficTBo 6yldeM HasHBaThb MalH-
#oit ToiopHHra ¢ ABYMs BHIXOAaMH. '

OxasbiBaercst, uTo ecin 3afanul e Mammuun Toiopunra Ty u T,
KOTOpble JONMYCKAIOT HemepeceKalonecss MHoxKecTBa cloB Xy H X; coor-
BeTCTBEHHO, TO BCErZla MOXHO MOCTPOUTb Mamuuy ThiopuHra T3 ¢ ABY-
Ms BBIXOZLAMH, Kotopasi 6yaer aonmyckartbh Xy ¥ 3anpewars Xz D1 Ma-
wunsl Tolopunra 6yAyT Ham NOJE3HH NpH PacCMOTPeHMH. Bompoca ©
paspelmuMOoCTH.

MHoXecTBO paspeliHMO, €C/H CyWeCTBYeT MaliMHa TblOpHHTa
C ABYMsi BbIXOJlaMH, KOTOpasi JOMYCKaeT Bce JeMeHTbl 3TOro MHOXe-
CTBa M 3anpelaeT 3JeMeHThHl, He NpHHaLJeXKallye eMy.

1.3.3. MHoroaenToynas MmamnHa Toiopunra

Cxema MHOroseHTouHoii Mamunbn TblopHHra npejacTabieHa Ha
puc. 6. OHa cOCTOHT M3 HEKOTOPOrO KOHEUHOro YHCJa JIEHT, pasGuThIX
Ha siyefikd. B kakpgoh sivelixe MOXeT HAXOAHTbCS OJHH H3 CHMBOJIOB
BHewHero aidanura A = {So, S1,..., Sa}. SIUelHKH ¢ cCHMBOJAOM So By-
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YT CYHTATbCA MYCTHIMH. YCTPOHCTBO YNpaBJieHHA MallHHbl B KAXKIbIH

MOMEHT BpeMeHN HaXOAHTCA B ONHOM H3 KOHEYHOro MHOXeCTBa COCTOS-

Hui Q = {qo, g1, ..., gm}. COCTOSIHHE §o CYHTAETCH 3aKJIIOUHTESbHBIM
COCTOSTHHEM MallHHbI.

TIpennonoxuM, 4To B KaXKAbii MOMEHT BpEMeHH MallnHa «0603peBa-

€T» OHYy fYeHKY KaXK1o# JIEHTBI.

ol Koncpnrypauya MallHHbl CYH-

u ( I [1 Isl'r LT J L l j TaeTcsa 3allaHHOH:’ €CJIH H3BECTHO

COCTOSIHHe YCTPOMCTBA ynpasJie-

HHAl ¢, COCTOSIHHA BCeX fAueek

R EERE BCeX JIEHT M yKa3aHB fyeilKH,

BOCNpHHUMaeMble MawnHoi. das

< \ k-NeHTOYHON MalHHB KOHpHry-
gLl 1S pauss ee B i-H MOMEHT BpeMeHH
Puc. 6 ONKCHIBAEGTCS CHCTEMON R-C/I0B
BHZA:
Sill oo Sﬂeqis"]e.'.l oo Sut;
(9)
Sikr o+« SipeQiSike+1 .« o Sipy,

110 ORHOMY CJIOBY IJIA KaXXJAOH JIEHTb! NEePBbIi MHAEKC COOTBCTCTBYET
MOMEHTY BPeMeHH, BTOPOH — HOMepY JIeHThi, TPeTHH — HOMEpY sYeHKH
Ha JIEHTe, CYMTAsA cJdeBa Hanpaso.

B 3aBucuMOCTH OT BHYTPEHHEro COCTOSIHHA YCTPOACTBA ynpabJe-
HHA ¢; colepXKHMoro o6o3peBaeMbIX B OAHHBII MOMEHT SsYeeK JeHT
Sitett . .. Sike+y MAIUMHA NEPEXOAMT B CJelylollee COCTOSIHHE NOCPeACT-
BOM TaKHx AeHCTBHH:

1) cocrosinHe KaXKnoit BOCNIPHHHMAaeMOl siYeiiKH 3aMeHsieTCs] HOBBIM
COCTOSIHHEM (KOTOpOe MOXKeT COBNajarb CO CTaphiM);

- 2) kaxpjas JIeHTa NepeiBHraeTcs Ha OAHY sYeAKy BIpPaBo, BJeBO
WJIH OCTaeTcs HeNOABHIXHOH; ’

3) BHYTpeHHee COCTOSIHHE YCTPOMACTBA yNpaBJieHHs §i NePeBOLHTCH
B HOBOe COCTOfIHHe ¢; (KOTOpoe MOXeT COBNaJZaTh CO CTaphiM).

Cynraercs, 4To ecay YCTPOACTBO YNpaBJeHHs B KaKOH-TO MOMEHT
NPHUXOAMT B 3aKJIOYHTE/NbHOE COCTOSIHHE (o, TO MallHHA OCTaHaBJH-
BaeTCs M B CJeAylOLiHe MOMEHTbl BpeMeHH KOHGHIypauus MaliHHH He
MeHsieTc.

I'oBopsT, 4TO MaUIHHA BHINOJHSET KOMAHLY

qiSal « .o Sak—> qjsalTl cee sﬁka: T= {‘n’ C, n}’ (10)

eCJIH, HaXoAsiCb B COCTOSIHHH ¢; H BOCIDHHHMMasi SIYeHKH C CHMBOJaMH
Sal ... Sak, MalIHHA NIEPEXOAHT B COCTOSIHHE §j, 3aMeHsiA COMEPKHMOe
siYeex COOTBETCTBEHHO CHMBOJAMH Sg1 ... Sge. Ilocne 3toro JeHTh
COOTBETCTBEHHO CABHraloTca B HanpabjeHusix Ti... T

3agart, nMporpaMMy MHOrOJIEHTOYHOM MalHHB ThlopuHra — 3to
3HAYMT AJA KaXJAOro cjloBa
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gSat ... S (=1, ... ,mal, ... 6 ak=0,1, ... n)

3ajaTh Kakylo-uuGynp komauay supa (10).. Takum oGpasom, k-nen-
TOYHas MauiMHa TbIOpHHra omnpenessier aJropHTM AJsi nepepaGoOTKH
coB Buaa (9).

3ameTHM, uTO BHIYHCAHMOCTb Ha MHOroseHToyHoH MamuHe ThiOpHH-
.ra YacTHYHO PeKYPCHBHHIX QYHKUHMII eCTb NMPAMOE CJAeACTBHe BHIYHCIH-
MOCTH 3THX (PYHKIUMA HA OAHONEHTOUHON MaulHHe.

1.3.4. YuuBepcaabHas MamuHa Tbiopuura

Ho cux mop Mbl NPUAEPKHBAJIKCL TOl TOYKH 3PEHHS, YTO pa3JjHy-
Hble aJrOPHTMbl OCYILECTBJISIOTCA Ha passiMyHbIX MauuHax Telopuura,
OTJIMYAlOIIMXC HaGopoM KOMaHA, BHYTPEHHMM H BHeilHMm andas-
tamu. OfHaKo MOXHO MOCTPOMTHL yHHBepcasbHylo MaluHHy TblopuHra,
CIIOCOGHYIO B M3BECTHOM CMbICJe BLINOJNHATL JIOGOH aAropuT™, a 3Ha-
YuT, CNOCOGHYIO BHINOMHSATL PaGoTy M0G0 MauuHbl ThiopHHra.

B ynupepcanbHoi Mauinne ThIOpHHra, Kak M BO BCSIKOH ThHIOPHHIO-
BOH MaulixHe, HHGOpMaNUHs K300paXkaeTcss CHMBOJIaMH, PACNoJOXKeHHbI-
My ONIHOBpPEMEHHO Ha MaruuTHoi JeHre. [Ipu 3TOM yHHBepcasbHas Ma-
wuHa ThiopuHra MoXer pacrnosarartb JAHulb GHKCHPOBAHHBIM KOHEYHBIM
BHeiuHuM andasuToM. MexXxay TeM oHa RoJMXHA GblThb NpHCNOcoGaeHa
K npHeMy B KauyeCTBe HCXOMHOH HHOOPMALMM BCEBO3MOXKHBIX COCTOS-
HHH ycTpOMiCTBa ynpaBJeHHs:  KOHOHUrypauuii, B KOTOPLIX MOTYT BCTpe-
yarbes OYKBLl M3 Pa3HOOGpa3HbiX andaBHTOB CO CKOJMb YrofHo 6oJb-
LU MM YHCJIOM Pa3JH4HbIX GYKB.

D70 JOCTHraeTCst NyTeM KOAHPOBAHHsi KOH(QHrypamHu H NporpamMmbl
J1060i1 NaHHO# MailMHbl TbIOpHHra B CHMBOJIaX BXOAHOro (BHeLIHEro)
andasuta’ yHuBepcaJbHoi MawmHbl. CaMO KOAHDPOBaHHE ROJNMKHO Bbi-
MOJIHSATLCS CJEAYIOIHM 06pa3om:

1) pasnuynble GYKBB JOJ/IKHBI 3aMEHATLCS Pa3NHYHBIMM KOLOBBIMH
rpynnamy, HO OfiHa M Ta e GyKBa MAOJNXKHA 3aMEHATbCA BCIOAY, rae OHl
OHa HH BCTpeyasacb, OHOM M TOH e KOJOBOH IrpynnoH;

2) cTPOKH KOMOBHIX 3amuCeji MOJKHBLI ONHO3HAYRLIM 06pa3oM pas-
6uBaThCs Ha OTAebHblE KOZAOBbIE IPYIILI;

3) HoMKHA MMETb MECTO BO3MOXHOCTb Paclo3HaTh, KaKWe KOAOBble
rpynnsl COOTBETCTBYIOT Pa3JIHYHBHIM CABHraM, T. e. KaXkHoH M3 OyKB
JI, T, C B OTHENBHOCTH, X Pa3aHyaTb KOAOBbIE IPYMNH, COOTBETCTBYIO-
mue 6yKkBam BHYTpeHHero ajidasuTa M GyKBaM BHelIHero aJjdasura.

PaccmorpuM npumep TaKoro KoAMpOBaHHsi AJisi MawkHH ThIOpHH-
ra T, numewouei BHewnni andasur A = {sy, Sa, ..., Sk} H BHyTpPeHHHIl
andasur Q = {q1, G2, . .., Gm}.

Ecau Buemnui andasut yuupepcanbHoii Mawuust  Toiopuura coc-
Tout u3 cumBonoB A = {0, 1}, To 3tu ycnoBus OGyAyT HaBepHsAKa
cobJoeHsl NpH cleAyolleM cnocoGe KOXUPOBAHHS.

1. B xavecrse Komosnix rpynn Gepyrcs 3 + k + m pasauuHHX CJ10B
Buna 100... 01 (Mexnay eAMHHIAMH — CNJIOWIb HYJH),

Tlle & — YuCJIO CHMBOJIOB BHelUHEro ajadasura;
M — YHCJI0 COCTOSTHKI YCTPONCTBA YNPAaBJIEHHS.
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Torna pas6uBKa CTPOK Ha KOROBbIE PYNNH MPOH3BOAHTCA ONHO-
3HayHbIM 06pa3oM NyTeM BhlesleHHs MocJefoBaTeJbHOCTeR HyJed, 3a-
KJIOYEHHHIX MEXAY ABYMS eAHHHIAMH. ,

2. ConocrassieHHe KOROBHIX TPYNN HCXOAHLIM CHMBOJIAM BHEWIHEro
¥ BHYTpeHHero ajihaBUTOB OCYLIECTBJASAETCS COIIAcHO cClenymomed Tab-
JiMle KOXHPOBaHHS:

Byxsa Konosas rpynna
J 101
C 1001
n 10001
" S 100001 —4 uyas YeTtnoe
Brewnui ! 10000001 —6 wuynei qUCI0
angasut | S e e HyJeit,
Sk 10, . .01 2(x+41) Goaburee
' Hyae# yeM 2
) 1000001 —5 Hyae# ) HegerHoe
BuyTpenHuii Q2 100000001—7 nyJIeit YHCIO
anpaBuT R Hynei,
{cocTonnuA) m 10, . .01 2(m+41)41 | Goabutee
. Hy el yeM 3

Taxk, HanpuMep, ans MamuHbl TolopuHra, nepepa6arsiBaiouiei cio-
Ba bcadc B caoBo bcdce, BxonHoe CJIOBO B YHHBEpPCAJbHOM MallHHe
TolopuHra ¢ faHHbBIM KOJOM GyleT NpeACTaBleHO cleAyiolleit CTPOKOH:
10000001 1000000001 100001 100000000001 1000000001,
rae 100001 — g, 10000001 — &, 1000000001 — ¢, 100000000001 — d.
ITporpamMma ke Gynmer nmpeacTaB/eHa CJAefyIOUHMH CTPOKaMH:

1000001 10000001 1000001 10000001 101 (gobqobJ1)
1000001 1000000001 1000001 1000000001 101 (goegecl)

1000001 100001 100000001 100001 101 (goagiaJl)

100000001 100000000001 10000000001 10000000Q1 10001 (q:d2qecTT)
10000000001 100001 100000000000001 100000000001 10001 (d;aqsdll)

ITpu xommpoBaHuu mnporpamMM, KOHPHrypauHii ¥ BXOAHBIX CJIOB
BMECTO HyJleil H elMHHI[ MOXKHO 6paTh JAi00ble Jpyrue nBa CHUMBOJa, Ha-
npumep au b. ’

Takum o6pasom, ecau Kakas-nu6o mamuHa Toiopuura T pewaer He-
KOTOPYIO 3aJayy, TO W YHHBepcaJbHas MamuHa TbiopuHra cnocoGHa
pelnTL 3Ty 3ajlayy NPH YCJIOBHH, UTO KPOMe KOJXOB HCXORHBIX TaHHHX
3TOH 3ajauy Ha ee JeHTY Gyaer NoAaH KoA mporpammsl Mawuus T. 3a-
laBas yHuBepcaJbHoi MaiiMHe TblopuHra T, u3oOpaxeHnHe nporpam-
MH JI0Go# AaHHo# MaumuHb Tohiopudra T'n M u3obpaxkenue moGoro ee
BXOJIHOTO CJIOBA Xn, MOJNYYHM H300pa’KeHHe BBIXOLHOrO CJIOBA Yn, B KO-
Topoe MauinHa Ty NepPeBOAHUT CJAOBO Xn.

Ecan xe aaropurm, peanmsyeMbii MamuHoOl Tn, HE NpPAMEHHM
K CJIOBY Xn, TO aJrOPHTM, Peajn3yemblii YHHBEPCAJbHOH MaiunHOk Ty,
TaKXe He NPHMEHHM K CJOBY, OOGPa30BaHHOMY H3 H300DaXKCHUS Xn W
nporpaMmbl MailuHb Tp.

Taxkum o6pa3om, maumiuda Tbiopunra T, MOXKer paccMaTpHBATbCS
KaK OIHa H3 IpOrpaMM AJs YHHBEPCaNbHONH MailKHBl Ty.
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B cBaAsH c cyluleCTBOBAHHEM YHHBepCa/bHOH THIODHHTOBOM MallH-
Hbl TaGJHUBl COOTBETCTBHS, ONHCHIBAIOLIME Pa3/HYHbIE COCTOSIHHA YCT-
poficTBa ympaB/leHHss MallMHbl, HMEIOT IBOSIKOE Ha3HayeHHe:

1) Ans onucaHus COCTOAHHEA YCTPOACTBA YNpaBJeHHsi CrelHabHOI
maiiupl TblOpHHTa, peasiuayiouleii COOTBETCTBYIOLUK aJrOPHTM;

2) nas onHCaHHs NPOrpaMMbi, NOJaBaeMoi Ha JIEHTY yHHBepcCasb-
Hoit MaiuMHbl TbIOpHHra, npu peaju3alu¥ COOTBETCTBYIOIUEro aJjro-
puTMa.

CoBpeMennble 3M€KTPOHHbIE BLIYHCJIHTENbHblE MALIMHBL CTPOSITCA
KaK yHHMBepcasbHble; B 3aNOMHHalollee YCTPOHCTBO Hapsily C HCXOA-
HBIMHM RaHHBIMH IOCTaBJIEHHOM 3ajlayd BBOIMTCS TaKXe M nporpamma
ee peuleHHs.

OnHako B OTIHMyMe OT Mawmuubl ThiOpHHra, B KOTOPOil BHELIHSS ma-
MaTh (JleHTa) GecKoneyHa, B JIOGOA peasibHOH BLIYHCJHMTENbHOH Ma-
WHHe OHa KOHewHa.

Hast cpaBHeHUst CTPYKTYp Pa3jIMYHBIX MAUIHH H ONEHKH HX CJIOXHO-
CTH HeoOXOAMMO HMeTb COOTBETCTBYIOILYIO MEpY BeJHYHHH HJH
caoxHoctu Maiuun. IllenHon nmpeasnoxun paccmartpuBaTth B KauyecTBe
TaKoii Mepbl NIPOM3BEJEHHe YHCJIA CHMBOJIOB M YHCJa cocrosinui. Ta-
KHM 06pa3oM, «CJOXHOCTb» MaullMHbl ThIOpHHra paBHa MpPOM3BEAEHHIO
YyHCJa CHMBOJIOB BHelIHero aj(aBHTa Ha YHCJIO BHYTPEHHHX COCTOS-
HHii, OTJIMYHBIX OT 3aKJIOYHTEJbHOro. 3HAuHTe/bHHII HHTepeC BHI3Ba-
Jla 3ajilaya NOCTPOeHHs YHHBepcasbHblX MawHH ThlopHHra MHUHHMMAaJb-
HOM CJIOXKHOCTH. |

K Havany 1963 r. mocnexuumu pesyJabTaraMH B 3TOM Hampablie-
HHM Obliu TeopeMa BaranaGe o CyllecTBOBaHMM YHHBepCaJbHON Ma-
IWHHH ¢ 5-10 cuMBOJaMu M 6-10 cOCTOsiHMSAMHM, TeopemMa Muuckoro o
CYIEeCTBOBAHHH MAIUMHBI C 4-MsI CHMBOJIaMH H 7-10 COCTOSIHHSIMH H TeO-
pema TpHurTepa o CymeCTBOBAHHH YHHBEPCAJbHOM MAIUHHBI C 4-Ms1 CHM-
BOJIaMH H 6-10 COCTOSTHUSIMH.

1.3.5. Komnosuuuu MamuH Toiopuura

C maremMaryyeckoi TOYKH 3peHHA MailMHa ThlopHHra — MpOCTO Of-
peneJeHHblt aJropHTM AJs nepepaGoOTKH CJOB.

Onepauny KOMNO3HIMH, BHIIOJHSEMbIe HAJl aNTOPHUTMAaMH, 103BOJIS-
10T 00pa3oBbIBaTh HOBblE, GoJsiee CJIOXKHbLIE aJrOPHUTMbl K3 paHee H3-
BECTHbIX NpocThX ajdroputMoB. ITockonbky maimua Teiopunra — an-
FOPHTM, TO ONEPaLUH KOMIO3HIMHK NPHMEHUMH H K MaiuuuaM Tbiopuu-
ra. PaccMoTpuM OCHOBHbie W3 HHMX, 2 HMEHHO: MPOH3BeNeHHe, BO3Beje-
HHe.B CTeNeHb, HTEePauHIo.

ITycts 3amanb Mawnnsl Toiopunra Ty u T», uMeolHe KaKoO#-TO 06-
wui BHewHuA andasur A = {ao, ay, ..., am} M BHYTPeHHHE aJI)aBHTHS
Qi1 = {90, g1, ..., gn} u coorBercrsento Q= {q,, g, ..., q,}. Kou-
nosurom, unu npoussederuenm, Maimuupl Ty na mawuny T, GyneM Ha-
3biBaTh MamHuHy T ¢ Tem Xe BHewHum andasutom A={ay, ai,..., am},
BHYTpeHHHM andaBurom Q= {qo, g1, ..., Gn, Gnt1, ..., Gnit} B OPO-
rpaMmoi, nosyuaioueics caeayoumum o6pasom. Bo Bcex komaunax Ty,
cofepXKaliux 3aK/JIOUHTENbHbIH CHMBOJ o, 3aMeHsieM €ro Ha CHM-
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BOJ Gn41. Bce OCTanbHble CHMBOJMK B KOMaHZax Ty ocraBisieM HeH3-
MeHHbiMH. B Komaumax T, HanmpoTHB, CHMBOJ §o OCTaBJjsieM HEH3MeH-
HbIM, HO 3aTO KaXK/ALIj M3 OCTaJbHBIX CHMBoJOB ¢ii(j =1, 2, ..., t) 3a-
MeHsieM CHMBOJOM §n+j. COBOKynHoCTb Bcex KomaHA Ty m To, M3MeHeH-
HbIX YKa3aHHbIM CNOCOGOM, ¥ GyIeT NporpaMMoil KOMilO3HTa HJH INPO-
H3senenus mamud Ty u Ty,

IMpoussenenne mawnnbnl Ty Ha mamudy T, oGo3Hayaercss uepes
T = Tg'Tz, un T = Ty x T,

Taxkum o6pa3om, mamnna T ectb npousBefenne maumud Ty u Ty, ec-
Ju nocnefoBaTesbHas paGoTa 3THX ABYX MAUIHH SKBUBaJEeHTHa pa6o-
Te OfHON MamHuHu T.

Ta6auma cOOTBETCTBHA TAaKOH MallMHBI CTPOMTCH MO CJeAYIOLIeMY
npaBuay: eciu ynpabJsiolee ycTpoictBo Maurud Ty u Ty nmetor 2y 1 &y
COCTOSIHMH COOTBETCTBEHHO (6e3 yyeTa 3aKJIOUHTeJbHBIX COCTOSIHHIt),
TO ynpaBJsiolliee yCTPORCTBO MaiuuHbl T umeet Ry + Ry cocTosiHRUI, pH-
yeM HayaJbHbIM COCTOsiHMeM Mamwuubl I siBAsierca ¢ (HayajabHOe CO-
crosiihe Tp), a 3aKJIOYUHTEJbHEIM — g¢?  (3aKJIOYHTEJNbHOE COCTOSIHHE
maunHbl T3). Ta6Gauna coorBercTBHa MailuuHbl T COCTOMT M3 JABYX yac-
TeH: BepXHsis onuUChiBaeT MauiuHy Ty, HUXKHAsS — mawuny To. ITpu stom
3aKJIIOUMTEJbHOE COCTOSIHHE MauiMHbl Ty OTOXKIECTBAAeTCS C Hayalb-
HbIM COCTOSIHHEM MaIuMHH T3,

ITycrs mamnna Ty 3afana Tabauuest cCOOTBETCTBUS:

A
\ 0 1
Q

0 2011 q,111
q2 3011 qo1C

Sra MainHa OTbiCKMBaer GJMXKaiillylo cJleBa TPynny eRuHHI nocie
TpyNnsl HyJed.
Mamnna T, 3agana rabaHie COOTBETCTBHSA:

G , 7,0C I 9,011

Mauinna cTHpaeT Bce €IHHHUN CJIEBa, €CJAM OHH eCTb, N0 GAnXKaiiuero
cJeBa HyJS.

B ucxomHoM cOCTOsSHHM CUMTHIBaIOIUHe roNIoBKHM maiuuH Ty u Ty na-
XONATCA y KpafiHei mpaBoli 3amoJiHeHHON svefikn. Toraa mawmuna T,
ABJAIONIAsCS UX NpOU3BefenHeM, Oyler umerp Tabauny ¢ 2+ 1=3 co-
CTOHUSIMH, (o = ¢o? — 34KJIOUHTEJbLHOE COCTOsIHME MaUIHHB T2:
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g} q3on g1l
g} g}or i
q q30C q30I1

Ecnn ana mawuner T npuMeHUTs HOBYIO HYMEPANHIO COCTOSIHMH, TO
tabauna COOTBETCTBUS IPUMET BHA:

o~ e |

N ‘ q2011 q 111
92 q2011 g51C
ds 900C 5011

Mamuna T oTbicKuBaer GJHXAMIIYI0 IPynny €AMHHIL H CTHPAeT HX.

TakHMm e 06pa3oM OnpenesieTCs onepayus 6036edeHus 6 crenemsb:
n-ji crenenbio Mamuuel T HasbiBaeTcs npousbenenne T...T ¢ n coMHO-
KUTENSIMH.

B Tom cayuae, Korga ofHa M3 NMepeMHOXaeMblX MalIMH HMeeT 1Ba
HJIM HECKOJIbKO 3aKJIOYMTeNbHbIX COCTOAIHHMI, YMHOXEHHe Onpejesser-
Csl COBEpLIEHHO AHAJOTHYHO, HO TOJBKO 06s13aTeNIbHO AOMKHO NMPHCYT-
CTBOBAThb yKa3aHue, KAKOE M3 3aK/MIOYHTEbHBIX COCTOSIHUN MpenbinyIle-
ro COMHOMHTE/Ns OTOXAECTBAseTCS ¢ HayaJbHHIM COCTOSHHeM IocJe-
AyIOLLero.

Taxk, nanpumep, ecnu MawinHa Tq MMeer ABa 3aKJIOYHUTENbHLIX CO-
CTOsIHHS, TO Npoussenenne Ty u T, Gynem o6o3nauary yepes

(W T ()
T=Tifly * T =T 0

B 3aBHCHMOCTH OT TOrO, OTOXJIECTBJIAETCS JM HadyaJbHOE COCTOSHHEe Ma-
IWHHL Ty ¢ NMEepBbIM HJM CO BTOPHIM 3aKJIOUHTENbHbIM COCTOSIHHEM Ma-
wuHe Ty,

Mamuna T B 3TOM clyyae TaKXKe MMeeT ABa 3aKJMIOYHUTEJbHLIX CO-
CTOSIHHA: NEepBOe — OHO M3 3AKJIOUHTEJbHBIX COCTOAHMN MalNHH T4y,
BTOPOE — 3aKJIOYNTe/IbHOe cOCcTOsiHHe Ta.

B npumepe

T=,{umn
‘LT,

YMHOXeHHe NMPOM3BOAHTCA HE3aBHCHMO MO ABYM KaHajaM, CBSI3aHHBIM
C MepBHIM W BTOPHIM 3aKJIOYNTEJbHBIMM COCTOSHHSIMH MaliHHbI Ty,
Onepayus utepayuu NpuMeHHMa K OJHOH MalllHHe.
Cytb 3TOM onepauuu cocrout B caenyioueM. [1ycrs maumuna Ty ume-
€T HEeCKOJNIbKO 3aKJIOYHTeNbHbLIX cocrosiHui. BbiGepeM Kakoe-iuGo r-e
3aK/JIOYHTEJIbHOE COCTOSIHHe W OTOXAECTBHM €ro B OCHOBHOH TaGanue
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mamuHn Ty ¢ ee HavaJbHEIM coctosiHneM. Ilosyuennas maurnna o6os-
HayaeTcst yepes
(1)

T =T1,]()

(s)

¥ fIBJsieTcA Pe3yJbTaToM WTepauuu MauimHbl Ty 3Jecb TOYKa yKashl-
BaeT Ha OTOXMAECTBJIEHHME 3AKJIOYHTEJbHOTO COCTOSIHHSI C HayaJbHbIM
cocrosinem Maiuuel Ty

Ecau T, uMeer TONBKO OAHO 3aKJIOYHTENbHOE COCTOsIHHE; TO ToOcCJje
BHIIOJIHEHHA HTEPALMH INOJY4aeTcs MaillHHa, He HMelollasi 3aKJIOYH-
TeJbHOrO COCTOSIHHA BOBCE.

Ecsn utepauus npoussoantcs Haj MalMHOM, KOTOpAs caMa sBJsier-
Csl Pe3yJIbTaTOM YMHOMeHHS M MTepauuH APYrHX MallHH, TO COOTBET-
CTBYyIOLUEe YHUCJIO TOYEK CTABHTCS HajJl TeMHM MAallHHAMM, YbH 3aKJIOYH-
TesIbHble ¥ HayaJbHble COCTOSHMS OTOXAECTBJAIOTCS.

‘Hanpumep, 3anuce

()T
T= Tsz (2)7':7"5
(3) Ty

03Hauvaer, 4YTo 3aKMIOYHTeJIbHOe COoCTOsIHHe I3 OTOXMAECTBJseTcsl C Ha-
4YaJbHHM cocrofinneMm T3, a 3aKAlOuMTesbHOe cocrosiuue Ts OTOXIECTB-
JIeTcs ¢ HavalbHHM cocrosiHneM T,

PaccMorpuM NpHMep MOCTPOEHMS] MAIIKHBI C NMOMOLUIBIO onepauuu
YMHOXKEHHS] H HTepaluH.

IMycrs HCxomHBIMH SIBARKIOTCS MamiuHa T, pacCCMOTPEHHAsi B KOMIIO-
3UIHH NPOM3BeJeHHs] MalluH, n mamuub T3, T¢ u Ts, umelolline ciefyio-
He TabauIBl COOTBETCTBHS.

Maunua Ts:
: A
\ 0 ' 1
Q

qQ1 ¢I20~“ qll“
qa q:0J1 q3lJ1
q3 qoo.rl q,lﬂ

MainHa oTbICKHBaeT JepByIo MoC/e TPYynnbl HyJed Tpynny eIuHHL
CnpaBa OT HauaJbHOH S4YefiKH ¥ OCTAHABJMBAETCS OKOJAO IOCTeNHeH H3
9THX EHHHUIL.

Mawmuna T

o | el | gIn



Haunnas pa6oty ¢ 3anmoJIHeHHOMN Aveiiky, MaumuHa T4 HAET HaleBo
¢ OCTAaHaBJIMBAeTCs JieBee IPYNNL! eAUHHIL HA JBe SYeiiKH.

- Mawmmnza Ts:
A
\ 0 | 1
Q

0 | goc | gIC

Himes nBa 3aKMIOYMTENbHBIX COCTOSHHS — §o’ M ¢o”, MallMHA «pac-
no3naer», HalpoOTHB KAaKoil s’YEHKHM HAaXOAHTCS CUUTHIBAIOLLAs roOJIOBKa,
¥ B 3aBHCHMOCTH OT 3TOro NEPeXOAMT B NMEPBOe HJH BTOpPOE 3aKJIIOYH-
TeJIbHOe COCTOsIHKE.

Torna mamuHa, onpegensiemast popMyJoi

(1),
(2 ) Tﬁ ’
uMmeer CjaeAylIilyio Taba HIly COOTBETCTBHS:

A A
\ 0 . \
Q | Q

N = T‘Ts {

0 q:011 q,111 qs | 7,0C q,011
G2 q50C q,1C qs 5071 qelJ1
ds q50J1 gslil qs q40J1 qelJl

Mawuna N, Haxoasicb B HayasbHblii MOMEHT BpeMEHH B COCTOf-
IIHY g¢, HATNIPOTHB 3aMOJIHEHHON AYeiKH CTHPAeT BCe eJMHHIbl CJeBa OT
HayalbHOro MOJIOXKEHHS IO TOrO MecTa, Ile BNEpBbie BCTPeYaloTcs IBe
nycrele siyeiikn noxapsi. ITocse sroro JeHra MmauiMHB  BO3Bpallaercs
Ha3ajx u OCTaHaBJIMBAETCs Y KpaiHeH NpaBoOH 3aMOJHEHHOH sSYeHKM TOH
TPynns PacnoJoXKeHHEIX NMOAPAX eAHHHI], 3 KOTOPOH MalllMHA HayHHA-
Ja pa6oraTb. Mamuna NoBTOpsieT ONEPALHIO «CTHPAHMS» TPYNN ejH-
HHUI[ 0 Tex NOp, MOKa JeBee HEKOTOPO#H TPYNMbl €IHHHI, He OKAXYTCH
IBe nycrble Adeiiku. Takum o6pa3om, NpHMeHeHHe oNepauun HTepauHH
NO3BOJIsieT COCTaBJATbL MalllMHBl, MOBTOPSIOLIKE ONpeleseHHYIO nocJe-
AOBaTe/IbHOCTb ONEpaukuit Ha JeHTe.

Ipexne yem paccMoTperb ApyrHe MPHUMeEpH KOMIMO3MUHA MaliMH
Tolopunra, npuBeseM psaj MaulWH, M3 KOTOPBIX GYAYT CTPOMTHCA STH

KOMNO3HKUHH.
A
\ 0 l 1
Q

MaiuuHa Tg:
N | glc | qun

Ecnn B Hauanbublii MOMEHT MaliWHA HAXOAMTCH B COCTOSHHH §i
M CuMTBIBaOIlAsl FOJOBKAa HAXOAWTCA HAl sYEHKOH, B KOTOPO# 3anmca-
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Ha «l», TO OHa «OTLICKMBAeT» Ha JieHTe NEPBYIO NYCTYIO siyefiky, T. e.
fiYeliKy C HyJleM CpaBa OT TOH, HaJ KOTOPOH HAaXOAMTCS rOJIOBKa, 3a-
nuceiBaer B Heil «l» u ocranaBiauBaercs. Ecin Xe BHayaJse CYMTHBAIO-
(1as roJoBKa HAaxoAKJacb HAalPOTHB NyCTOH fiYefiKH, TO MallHHA 3alH-
ChiBaeT B Helt «I» ocTaHaBAMBaercs, He nepeBUrasi JeHTHI,

Maiuuna Tq:
A
\ 0 l 1
Q

a | qon | gom

Ora MallMHa «CTHPaeT» €AMHHLY B TOil siuefiKe, rie HaXOAUTCH TOJIOB-
Ka, eCJH siyefdika He Nycra, MepeJBUraer JIEHTY BIPAaBO Ha OXHY siUeiiKY
M ocraHaBJuBaercsl. Eciiy rosioBka B HayaJbHH MOMEHT BpeMEeHH Ha-
XOJAHJNach Haj NyCTOH siYeliKO#l, TO JIeHTa MepeIBHraeTcsi BNpaBo IO
TeX Iop, MoKa He OKaXKeTcs Haj siueiikoil, copepxkaiuen «I», n paGora-
eT TaK, KaK ONKCaHO Bhlile.

Mainua Ts:
A A
\ 0 . \ 0 ’ 1
Q Q
0 - 2171 95 qslJ1 I LAY
q2 gslJl q21J1 'n — q40J1

Maiunna 3anosHsier NepBblil NPOMEXYTOK CNpaBa MeXAY ABYMSI Tpyll-
NaMH eHHKL, OCTABJSS BCEro OJiHY He3aloJHEHHYIO TYeKy.
Mampna Ty uMeer JBa 3aKJIIOUHTENbHBIX COCTOSIHHSI — Go’ M Gy

A
\ 0
Q
N1 -

qs do 0J1
Haxonsicb B HayanbHOM COCTOSIHMH BCerja NMPOTHB 3alOJNHEHHOH siueit-
KH, MallHHa OGHapyXHBAaeT, YyTo 3aluCaHo B CoCeqHeil siyeiiKe cJeBa:
0 unu 1. B 3aBHCHMOCTH OT 3TOrO OHa NMEPEXOAMT B COCTOSIHHE §o’ MJM
go” ¥ OCTaHABJIHBAETCH B HCXOJNHON siueiike.

Mamnuna Ty
A
\ 0 1
Q

a1 qo1C qa1J1
q3 ql()ﬂ qgl.n

(hln
q0" 11

Ona 3aHocuT efMHHIy CJeBa OT TPYNNBI eAMHHL Yepe3 OfHY MyCTYIO.
fyehKy.
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Maurnnda Ty

A
\ 0 1
Q

! - ¢:011
['}] qoln (hln

Haunnas pabory c sanosHeHHoO& siuefiKH, MalIHHA CTHpaeT B Heil elu-
HHUILY ¥ «TIEPEHOCHUT» ee B OJMXKaHUIYIO MyCTYIO sSiuefiKy cJeBa.
Maiupna Tyt

A
\ 0 1
Q
‘A q2071 g2 11
G2 | '] OOC %OC

MainHa cTHpaer OfiHYy eMHHUY B siueiiKe, DaclOJOXeHHO npasee Hc-
xonHo# (ecnu raM ectb «I»).

Paccmorpum npumep nmoctpoenns Maumuibl P u3 mawiuu Ts, T, T,
T11, Ty5 C NOMOLUBIO KOMIO3ULHE HTEPAUMN H NIPOU3BENEHHS 110 CJEAYIO-
meit dopmyJe:

Ty
T13TsT,.

Mamuna P HayuHaer paGory, BOCIpHHHMAsi CaMylo NpaByio 3anoJ-
HEHHYIO siYelKy NpeAcTaBJeHHst Kakoro-1u6o yucaa. Pesyasratom ee pa-
6oTHl ABJSIETCS CHMTYaUMs, B KOTOPOH 3TO YMCJO «NeperoHseTcs» Ha-
JIeBO H CTaBHTCH PSAAOM C GJIHXKaHIIHM CJleBa YHCTIOM.

A
\ 0 1
[+

-

N - q20/1 0 2501 qslJ1
qz qs1J1 ¢111 s q50C q40C
ds 9,0C q;1C s q100J1 gplJ1
9e 9501 qelJl q10 910071 qulJl
qs 45071 qslJ1 mn ¢120]1 qulJl
s 9,01 sl G13 9l1C qr2lJ1

K rakomy xe pesysabTaTy MOXeT NPHBECTH MalluHa ¢ 6oJsee MpoCTON
TabJnued COOTBETCTBHS:

A A
\ o . \ 0 1
Q Q
a1 -~ 2011 Gs ,011 qalJ1
G2 qslll qa111 s - 9401
qs 94071 gs1J1 Qe ¢lC gelJl
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Mawnna Ry, crpoutca u3 mawul Ty, Ts, Te, T7, Ts, Te, T1o no dop-
MyJse :

() T,Tp
(2) T, 2T,

rfle M — CTeneHb COOTBETCTBYIONIEH MallUHHI.
B yactHocTH,

Rm = T107.‘;"T, {

(1) TyT,s
(2) T,TsT.

BocnpunuMas B HayasbHBIT MOMEHT BPEMEHH CHCTEMY YHCEeN Xy, ..., Xm
B CT2HAAPTHOM NOJIOXKEHHH, MamuHa R, meyaraer ' cnpasa OT mpen-
CTaBJIEHHS YHCEN Xy, ..., Xm NEPBOE U3 3THX uucea (T. €. X;) H OCTa-
HaBJIMBaeTCsl, BOCNIPUHUMAst B CTAHAAPTHOM IOJIOXEHHU cucremy m + |
yucen (¥, ..., Xm, X1). Ecin xxe Mammsa Ry, BocupHHHMaeT B Hayalb-
HBIf MOMEHT BpPEMEHH B CTaHAAPTHOM [MOJIOXKEHHH CHCTeMY 4HCeJ
X, ..., Xn,TOe N > m, TO OHA OTHEYATAET CIIPABa OT 3TOM CUCTEMbI UHCEA
YUCJIO Xn-m + 1 U OCTAHOBHUTCS, BOCIPUHUMAS CHCTEMY (X1, X2, ..., Xn,
Xa-m +1). »

Jlerko MoxHO yGeIUTbCS, 4TO M- CTe€neHb MamMUHH Rm — Rm™ KO-
nupyer CHCTeMy uucesa (Xi, ..., Xm), BOCOPHHATYIO B CTaHAApPTHOM IO-
JIOXKeHHH CnpaBa Tak, YTO pe3ysbTratom paboThl O6yAeT cucrema 2m ym-
ceax (Xy, ..., Xm, X4, ..., Xm), Pa3feN€HHLIX OIHHM NPOMEXYTKOM.

Ecau HauanpHas kougurypauus 0011110000, To 3akaounTebHas —
001111011110000.

Mamuna Sy, cTpoutes no popmyie:

S, = ToR"T,TPT, T2

Rl = Tlo’l."xTo {

Mamusa S, Aenaer mout TO Xe, 4TO ¥ MamHHa Rn™, T. €. Konupyer

cHCTEMYy uYucea (X, ..., Xm) CNpPaBa, HO He C OJHHM TIPOMEXYTKOM,
a ¢ AByMsa (T. e. MEXJY YHCIAMH Xm H Xy PACNOJNOXKEHbl JBe NyCThie
Aiyeiiku).

[TycTh umeeTcs cuereMa uucea (Xi, X2), rae Xy =2, xo =4, Toraa
€c/IH HayaJbHas KOHHrypanus Gua 011011110000, To KOHeYHas KOH-
¢durypauns 6yzer umers Bua: 01101111001101111000.

YenoBuMcesa Tenepp, Kak OYAyT 3aNUCHIBATHCSH H CYUHTHIBATLCH C JIEH-
THl apryMeHTH W 3HayeHus BhHYHCAAeMbIX (yHkuua. ByneMm rosoputb,
YTO CYHTHIBAIOIIAA M 32MHCHIBAIOIAs FOJOBKA BOCHPHHHMAET CHUCTEMY
Ynces (X4, ..., Xm) ‘B CTaHAAPTHOM MNOJIOXEHHH, €CJH, BO-EPBHX, 3TH
yicJa 3anucaHbl NOAPAJ M, BO-BTOPHIX, TOJNIOBKA PacCloOJIOXKeHa Hampo-
THB CaMoii NpaBoi AyYeliKH B NPeACTABIEHHH NOCJAEIHErO U3 YUCe] (Xn).

Japum onpeneNeHue MOHATHIO BHIUMCIEHHS HAa MauiuHe ThlOpHHra.
[lycrs 3anana MamuHa T U MycTb B HauaAbHbBIH MOMEHT BPEMEHH Bbl-
NOJIHEHH! C/IeYIOLIHe YCIOBHSA: . '

1) Mawuna T HaxXoAHTCS B HayaJbHOM COCTOSIHHH ¢i; ,

2) Ha JieHTe TNPeACTaBJeHa CHCTeMa n 4ucena (X, ..., X7i), KOTOPYIO
roJIOBKa BOCIIPHHHMAeET B CTAaHAAPTHOM NOJOXEHHH;
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~ 3) Bce fiueliKH, pacnoJsioXXeHHLle NpaBee TOH, HAI[POTHB KOTOPOH Ha-
XORUTCS rOJIOBKA, MYCTHL.

Bynem cuurath, uto T BHyHcAseT QYHKUUIO X = @ (X4, ..., Xn) OT N
fiepeMeHHHX, €CcJAH KaKOBH Obl HH Ob/IM YHCIA Xi, ..., Xn CYHMIECTBYET
TaKOi MOMEHT BpeMeHH, B KOTOPHIH:

1) mamuna T RocTuraer 3aKJIOUHTENBHOTO COCTOSIHHS o)

2) Ha nenTe GymeT npeiacTaBieHa cucrema n -+ | uncea xy, ..., Xa, X,
rae X = q@(xy, ..., Xa), KOTOPYIO TOJIOBKA MAlIHHH BOCHPHHHMAaeT B
CTaHIapTHOM IOJIOXeHHH;

3) Bce siueliku, PAcHOJIOXKeHHHe NpaBee TOH, HANPOTHB KOTOPOH Ha-
XOJHUTCS TOJIOBKA, MYCTHI.

Ecnn xe ana xakoit-nu6o cucreMH yncena (xi, ..., Xn) MallHHA HH-
KorJla He OCTaHaBJHBAeTCs HJIH OCTAHABJHBAETCs, HO MPH 3TOM He BhLI-
MOJIHEHO 2 uau 3 yc/doBHe, TO TaKas MAlUMHA He BLIYHC/AAET 3HAYEHHUS
$YHKUHMH @ NpH STHX 3HAUEHUAX apIYMEHTOB.

Paccmorpum npumep. Ilyets 2 =3, o@(x1, x2 x3) = X1 + x5 + Xs.
Toraa npu xy = 3, x = 3, x3s =4 HayaJbHasg KOHQHrypauHsa Ha JeHTe
6yner uMets Bux 00 111 0 11 0 1111 0, a 3akJrouuTebHAA CUTYaUHS
sanumwerca Tak 001110110 11110 1111111110. CuyurniBaomas ro-
JIOBKA MPH 3TOM pacnosoXeHa Haj KpaiHell MpaBoil eXuHULel.

Paccmorpum mamunn ThlopuHra, BHYHCIAIOIHE 3JeMeHTapHHE
apudpMernyeckue QyHKUHH, U3 KOTOPHIX CTPOSTCA PeKypCHBHblE QYHK-
1. |

OyHKUHIO HENoCpeACTBEeHHOro caefoBanus S(x) = x + 1 Bbluncasn-
et mamuHa T = R Te. [leficTBHTENbHO, BOCIIPHHHMAsA B HayaJbHHHA Mo-
MEHT YMCJAO X B CTAHZAPTHOM NOJIOXKEHHH, MallyHa 3anHmer S(x) =
= x + | npaBee YHCJa X U OCTAHOBUTCA B CTAaHRAPTHOM MOJIOXEHHH
(%, x4+ 1), 7. e. BHIUHCAUT PYHKUUIO HENOCPEACTBEHHOTO CJAeJOBAHHUS.

Koncranthyo ¢yukuuio O®(xy, ..., Xz) = ¢ BHUYHCASET MalIWHA
T = TyTe9, KoTOpas mpaBee CHCTEMH yuces (Xi, ..., Xn) 3aNUCHBaET ¢
H OCTaHaB/HBaeTCH.

ToxnecrBennyio ¢yHkuuio /i"(xy, ..., Xn) = X; BHYHCASET MaLIH-
Ha T = Rp—i41. [MeficTBUTENbHO, 3Ta MallMHA MpaBee CUCTEMHI yHcel
(%1, ..., xn) sanuceBaer (n—i + 1)-e yucao, 1. e, x;.

MoxHo RoKasaTb, yTo Ji06asi PeKypcHBHasi GYHKUHS MoXKer ObITH
BbIYHC/IeHa Ha MalluHe ThiOpHHra ¥ Hao6opot, yTo Ha MawHHe Thlo-
PHHra BhIYHCJIAIOTCSA TOJBKO PeKypCcHBHHE QYHKUHH.

Hmeer mecto crepyiomas Teopema Triopuura (1). Has xaxmoit
YaCTUYHO PEKYPCHBHON CJIOBapHOH QYHKIMH [(Xy, ..., Xg), OnpefeneH-
HOH B HEKOTOpPOM aidasuTe ay, ..., Um, CYyLIECTBYeT MalUlMHA TbIOPHH-
ra ¢ CUMBOJAMH do, Qy, ..., Qm ¥ NOAXOASIIMMH BHYTPEHHUMH COCTOf-
HHAAMH, KOTOpas BHYNCAsET GYHKUHIO f(Xy, ..., Xg).

Kaxnas wacTHyHo pekypcuBHas (QYHKUHs MOJdydaeTcs u3 MpocTedi-
Wwux apupMernueckux GyHKUMH ¢ MOMOWBI ONepauuil Cynepno3unuH,
TNPUMHTUBHO# PeKypcuu u MHHuMu3auui. ITostoMy teopema Thiopuh-
ra 6yfeT AOKasaHa, eC/iM HaM YAACTCH PeIUUTh Cjefylolide YaCTHYHbIE
3anayu:

1. Tloctpouts Mamueel ThiopuHra, BHYHCJAAIONIAE MPOCTEHLIHE
apupMeTHUecKue QyHKIHH. '
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2. Umes mamuyw ToiopuHra, Belyucasiomue oyukunu f, fi, ..., fs
MIOCTPOHTb MaUIMHY, BHIYHCISIONUIYIO CYNEPNO3HUUIO ITHX PyHKIHUIL

3. Umess Mamnuu TolopHHra, BHYHCAAIOIIHE Kakue-TO (QyHKUHH
g 4 h, TOCTPOHTH MAaIUMHY, BLIYHCAAIOMYI0 (GYHKUHIO, BO3HHKAIOULYIO
H3 g U h IPHMHTHBHON peKypcHeil.

4. Tloctponts Mauuny TblopuHra, OCYIIECTBJSIOMYIO O6palleHHe
GYHKIHUH.

IlepBas u3 3Tux 3ajlay HaMM yXKe pelueHa, OCTalbHHe Mpensaraer-
cfl pellIUTh YUTATENIO.

YnpaxHeHus:

1. Mamuna Thiopunra 3afana Buewnum aiadasutom A = {0, 1, *},
BHYTpeHHHM ancdaButoM Q = {qo, 91, g2 gs}, rie 0 — nycToit cumBo,
a ¢3— 3aKJIOYHTeJNbHOe cocTosiHue. IlporpamMma wmamuubn TohiopuHra
3aflaHa B BHJe clelyioulelf TabJaHIbLl COOTBETCTBHA:

AN

do q:0J1 goll I qs0
Q1 g0l goJ1 I q,l1
ga qa/l 7! gaJl
ds

OcTtaHoB

3anucaTh aJArOPUTM CJOXEHHS ABYX YyuCeJ C YKa3aHUeM IPOTHB
KaX[10/i KOMaHbl COOTBETCTBYIOIIUX KOHOUTYpauuit, 3aJaHHBIX Ha JIeH-
Te B Bujle:

AV

» 1 1[1]* 1] o

¥ 9
1 1|1|1 k| o] v

6)

AVA()

K o of vt | 1]x]|o o|1|1

2. 3apana mamunHa ThlopHHra:

A =101}, Q =19, 91, 92, 93, s, G5, Tss T3> 95 Go» G10» T11» Gna}s

rae 0 —mycToit CMMBOJ, a iz — 3aKJ/IOYUTENbHOE COCTOsIHHE.
ITporpamMma 3anaHa B Buje:
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A A
\ 0 . \ 0 1
Q Q

o q:0J1 9,01 a 91,0J1 9501
N g20J1 a1 qs q50J1 qslJ1
q3 q30J1 qa1J1 7 quotIl qs1J1
s g1l qs1J1 q10 q1,011 quolll
s qs0I1 qalll Ju1 q2J1 qui il
qs q60T1 gslll q12

Qe gol 1 qelll OcTtaHoB

3anucarb aJITOPUTM CJO2KeHHus1 Yuce, 3alaHHblX Ha JIEHTe B BUlE

1|1|1|11|o|1|1|1

MamnHa HauyuHaeT NPOCMOTP ¢ caMO¥ JeBOi €AMHHIL, HAXOAACh B CO-
CTOSTHHH Go.
Pesysabrar cymmupoBaHus Lo/XKeH OHTb NPeACTaB/]eH B BUJE

1|1|1 ENENE NERE |o|1 RRE |1 R |1 1

3. Mamuna ToiopuHra safaka ciegyionieil Tabuaulei:

A
\ 1 0 * «
Q
zd.n ofl ol I
‘q}: Ztn Zoﬂ g: 1 g o1
q2 qe/l g1 qe/l gol
g3 gl1 52 oIl 9071

3anucath AJNITOPUTM NOBTOPHOro CJOXKEHUSA yucea m nu n, 3aRaHHbBIX
B Buje

1{1|1|1|>|<|||1| 1

ITpouecc cloXKeHHA COCTOHUT B CJeAYIONIEM: JeBOe YHCJIO 7 npubas-
JseTcst K NepBOMY YUCAY 7, TOTOM M NpubaBisieTcs K MOJYYeHHOH CyM-
Men -+ mur. I

[TpocMoTp seHTH! HayuHaeTcst ¢ camoi JMeBoi efMHMIH. MalunHa
HaXONUTCH B COCTOSIHHHU (o.

4. CocraBurb Tabauuy COOTBETCTBHS A/ MawuHbl ThIOpHHra, BH-
NOMHSAIOINel AJATOPUTM YMHOXEHHsI ABYX YHCeJ, U 3aMUCaTb aJrOPUTM.
3a OCHOBY B3sTb Ta6JHIly COOTBETCTBHA AJS MOBTOPHOTO CJAOMXEHHs
(3 ympaxkHeHHe) u M3MEHHTb ee TaK, YTOOBl NMPOLEcC NMOBTOPHOTO CyM-
MHMPOBAHHSA BHIOJHAJCA CTOJNBKO Pas3, CKOJBLKO eXHHUL BO MHOXHTeJe,
nocJjle yero cjaeflyeT OCTAaHOB MaUIMHHL.
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5. CocraBuTb Tabsuny COOTBETCTBHA JJIsi MallMHH ThlOpuHTra, BbI-
NOMHAOIEf aJTOPUTM YMHOXKEHHS JABYX UMCeJ, 3alMCAHHbIX Ha JIEHTe
B BHJE

Vs
IR A R

Pesynbrat yMHOXeHHUs1 NOMKeH OHITb NMpelACTABJEH B BUJE:
v

0 o |o o .|1‘1|>|<|1|1 NENERE

3anucath ajAropuT™M ¢ yKa3aHHeM COOTBETCTBYIOIIHUX KOHGHrypauHi.

6. CocraButh Tabmuuy COOTBETCTBHsi JJIsi MaluuHbl ThlOpUHTra, Bbi-
TIOJIHAIOIEH aJrOPHTM YMHOXEHHS ABYX uHceJ.

3anucaTh aNrOPUTM C YKasaHHEM AJsl KaXX10#l KOMaHABl COOTBETCT-
BylOlliell KOHQUrypaunu.

7. CocraBHTbL Tabanly COOTBETCTBHS AJs MaumidHH ThiOpHHra, BHI-
MONHAIEA aJrOPHTM BLIYUTAHHUSA, 3aMHCaThb AJATOPHTM H COOTBETCT-
ByIOIIHe KaXAO0i KOMaHAe KOHHTypanHH.

8. CocraBuTb Tabauly COOTBETCTBUS MAJIS MalUUHbI THIOpHHTa, BhI-
TNOJIHAIONIEH aJTOPUTM AEJEHHS, 3aMHCATh AJTOPUTM C COOTBETCTBYIO-
MHAMH KOHOHUrypauusam.

9. IMonbsysice nousTuem mawnnu [Mocta, 3anucarb aJaropUTMbL:

a) cJ0XeHus ABYX yuceJ; :

6) BLIUMTAHHUSA ABYX YHCeJ;

B) YMHOXEHHs IBYX YHceJ;

T) ReJleHue OJHOrO YHUCJa Ha ApYroe.

10. Mamuna TolopuHra 3ajana ciefylomeil Tabauueli COOTBETCT-
BHSA:

/.
S
w
[~
-
N
[}
S
"
-
(-}
[7-3
N
»

o |gSll|— |— == |=|=|=|=|=|=|—|—
g1 (eS0T jgeall | = | — | — |— |— | — | — |— | —| —
» |esifpenigin| = | |2 |2 |2 |2 |2 |20 21 C
qa — q4ln q42ﬂ q43n q‘4n q45n q‘sn q‘7n (]48“ q49n q‘Oﬂ -_ q‘ln
g | qesnfgiom [ P27 [FET T TP IER RERETT 0
o IS fonlpm | Z [Z [Z 12|22 1212 |gml =
qs

OcratioB

3anucaTb aJrOPHTM CYETYHKA €XHHHI C YKa3aHHeM COOTBETCTBYIO-
IUX KOHPuUrypamui. .

11. CocraBuTh TabaHIy COOTBETCTBHS AJS MallHHH ThiopuHra, BH-
NONHAKLIe)l 3ATOPHTMB CNOXEeHHs M BbIYHTAHHA. 3amucaTh ajrOpPUTM
ORHOro MpHMeEpa ¢ YKa3aHHeM KOHQUrypauui, COOTBETCTBYIOLIHX KaX-
Jof KOMaHze.
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12, CocTaButh, Ta6auuy COOTBETCTBHS A/ MalHHH ThIOPHHTa, Bh-
MOJIHSIOLEi aJrOPHUTMBI CJ0XKeHUs, BHUUTAHHS, YMHOXEHHS, JeJIeHHS.
3anucaTh aJrOpUTM ORHOIO H3 NMPHMEPOB C YKa3aHUEM COOTBETCTBYIO-
HIMX KOHQHUTYpanui.

1.4. Hopmasbhsle anroputvmnl A. A. Mapkosa

Kax MH yXe ycJ10BHIUCH, BCAKHH OOMIHA criocob 3ajlaHus aJropur-
MOB Ha3blBaeTcsi aJrOPUTMHUUYECKOH cHCTeMON. ANTOPUTMHUYECKas CHCTe-
Ma, OCHOBaHHasi Ha COOTBETCTBHM MeXAy cloBaMu/ B abCcTPaKTHOM aJ-
¢ aBuTe, BKJIIOYaeT B ceOs1 OOBEKTH ABOSKOH MPHPOAH: 3JeMEHTapHLIe
onepaTophl ¥ 3JeMeHTapHble pacno3HaBaTeNH.

SaemenTaprble oneparopbt — JOCTATOYHO MPOCTO 3aJaBaeMble alj-
(haBUTHBle ONEPATOPLI, C MOMOIIBLIO MOC/AE0BATENLHOTO BHINOMHEHHS KO-
TOPbIX peasu3yloTcs Jio0nle aJirOPHTMH B paccCMaTpHBaeMOH aJrOpHUT-
MHUYECKOH CHCTEME.

SaemenTaprble pacnosnaaTesd CayXat AJs pacno3HaBaHHA HaJH-
YUS TeX WM HUHHIX CBONCTB mepepabaThiBaeMofl aJqropurMom uHpopma-
MY 4 AJS U3MEHEHHs, B 3aBHCHMOCTU OT Pe3yJbTaTOB paclo3HaBaHus,
NoCNel0BaTeNbHOCTH, B KOTOPOf CJAeAyIoT ApYr 3a ApPyroM 3JeMeHTap-
HBl€ OnlepaTopHl.

Hns ykazauuss HaGopa 3JieMeHTapHLHIX ONEPaTOpPOB M MOPSAKA HX
CJel0OBaHus NpH 3aJaHU¥ KOHKPETHOro ajJroputMa YHAOOHO MOJB30-
BaTbCsl OPHEHTHPOBAHHHIMH rpadamMu ocoboro psafa, HasHBaeMHMH
rpag-cxeMamu COOTBETCTBYIOIUX aJrOPUTMOB.

I'pad-cxema anroputrma mpefcrasisier co60il KOHEYHOE MHOXECTBO
COeJIHHeHHBIX MeXJy co00il BeplIMH (MW reoMeTpHYecKHX GHUryp), Ha-
3blBaeMbX y3Jjamu rpag-cxemu. Kaxxaomy yany, kpome ocoGHIX Y3J0B,
Ha3HBaeMblX BXOJZOM U BHIXOZOM, CONOCTAaBJSETCA KaKOH-JIUGO dJeMeH-
TapHLHI Omepatop HJu pacrnosHasaresb, M3 kKaxgoro ysna, KOTOpomy
COMOCTaBJ/IeH ONepaTop, a TaKXe U3 Bx&moro y3/Ja HCXOJLUT TOYHO IO
oaHo# Ayre. M3 KaXxmaoro ys/aa, KOTOPOMY COMOCTaBJIEH pacrno3HaBa-
TeJlb, UCXOZUT TOUHO no JABe AYrd. M3 BHIXOAHOro ysna He HCXOAHT HU
onHoit Ayru. Yuelo Ayr, BXOAALIMX B y3ea rpad-cxeMmbl, MOXeT GHITb
JO6bIM,

PaccMoTpuM Ha npumepe o6mu#i BUA TaKoH rpad-cxeMnl (CTp 46).

B paccmanuBaeMOM cayuae A/ BEUIMHEL, COOTBETCTBYIOIEf BXO-

1y, uMeeM P unu P+(x) =0, P HJIH P-(x) 1; ans BepuUIMH, COOTBETCT-

BYIOIIUX 3J€MEHTapHBIM OnepaTopaM, —P a Pt(x) =1, P wuam
P-(x) =1, A BEPUIHH, COOTBETCTBYIOUHX 3/IEMEHTAPHHIM PACMO3Ha-

BaTeJAM, —P uu Pt(x) =2, P wny P—(x) = 2; ana BepUIHHBI, COOT-
+

BETCTBYIOIeH BHXORY, —P umu P+(x) =1, P unu P-(x) =0.

B o6mem ciyyae yucsio Ayr, BXOASIIMX B BepUIHHHI-pACIO3HaBaTe-
JI4, MOXeT OHITh JIOGHIM.

Anroputw™, onpefenenunii rpag-cxemoi, paboraer ciaeayomuM o6-
pasom. BxomHoe cJ0BO mocTynaer Ha BXOR ¥ JABHraeTcs 1Mo HampasJe-
HUSIM, YKa3aHHBIM cTpeskamu. [Ipu momajganHu cjoBa B pacrnosHaBa-
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TeJbLHHI Y3eJ OCYIIeCTBJAETCH MpOBepKa YCJAOBHS, COIMOCTABJIEHHOTO
3ToMy yany. [Ipu BHINOJHEHHH YCJIOBHS CJIOBO HampaBjaseTcs B onepa-
TODHBI} y3eJ, NPH HEBBLINOJHEHHH — K CJIEAYIOLIeMYy pPaCno3HaBaTeslo
(HHO;‘D.a 3TH CTPeJKH COOTBETCTBEHHO 0603HAayalT 3HaKaMu «+» H
LK—»).

Ecan BxonHoe c0Bo p, nofaHHoe Ha BXOA rpad-cxeMmbl, MpPOXOAs
Yepe3 y3Jabn CXeMbl H npeobpasysch, mMomnajgaer yepe3 KOHeYHOE YHCJIO
Laros Ha BHIXOJ, TO CYUTAeTCS, YTO aJTOPUTM NpPHUMEHHUM K CJOBY p
(cs0Bo p BXOAMT B 06sacThb ONMpefiesleHHs 3TOro aaroputma). Pesysb-
TaTOM BO3JEHCTBUSI Ha CJIOBO p OYIeT TO CJ0BO, KOTOpPOe OKashlBaeTcs
Ha Bhixoze cxeMmbl. Eciu nocae mogauu cioBa p Ha Bxog rpada ero
npeo6pasoBaHHe H ABHXEHHe IO rpagd-cxeMe npoaoKaerca 6ecKoHey-
HO N0JIrO, He MPHUBOMA Ha BBIXOA, CYHTAETCS, YTO AJTOPHTM He NPHMe-
HHM K CIIOBY p, T. €. CJIOBO p He BXOZHUT B 06JacTb ornpejesneHus aro-

r‘&wd y obcabeo
N,
2, -Q.w, P8, - o
o bc ~ch
P Ea N
1[ Se1xod ) acbacbo

pHUTMa. B HOpMa/bHBIX aJFOPHTMAax B KayecTBe 3JIeMEHTapHOro onepa-
TOpa UCMOJb3yeTCs Oneparop NOACTAHOBKH, a B KayecTBe JeMeHTapHO-
rO pacno3HaBaTels — Paclo3HaBaTe/b BXOXK/EHHS.

PacrnossaBaTesib BXOXKAEHHS NMPOBEPsieT YCJIOBHE — UMEET JH MeCTO
BXOX/EHHe PacCMaTPHBaeMOro CJ0Ba p; B KayecTBe NOJCJI0BA HEKOTO-
poro 3alaHHOTrO CJIOBA §.

OnepaTop NMOACTAHOBKH 3aMeHsieT IepBoe CJeBa BXOXJIEHHE CJO-
Ba p; B CJOBO ¢ Ha HEKOTOpOe 3afaHHOe cJ0oBo p.. Omepartop mofcra-
HOBKM 3aJaeTca OOHIYHO B Bule ABYX CJOB, COEJIHHEHHHX CTpeJsoH
P1——>p.

Hanpumep, nns caosa abcabca npumeHenne mnoacraHoBku be—-cb
yepes [Ba IIara NPHBOAHT K cJ1oBy acbacba.

abcabc—racbabca—>acbacha.

[TocnemoBaTenbHOCTL CJOB py, P2, ..., Pn, NOJYyYaeMBIX B Ipolecce
peanu3aluu aaropuTMa, HasbiBaeTcs AeAYKTHBHOH LenOYKoi, BeAyluel
OT CJIOBA p1 K CJOBY pa.
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Anropuruel, KOTOpHe 3afaoTcs rpadaMu, COCTABJEHHHIMM HCKJIIO-
YUTEeNbHO U3 Pacro3HaBaTeseil BXOXAEHHS CJIOB H ONepaTopoB MOACTa-
HOBKH, Ha30BeM 0606ueHHbIMU HOpMmarbHbimu areopuTsanu. TIpn aToM
Npeanoaraercs, 4rTo K KaxaoMy OnepaTropy NOACTAaHOBKH BEJET TOJb-
KO OfHa Ayra, HCXOAsiliasi M3 COOTBETCTBYIOIIEro pacno3HaBaTeJs.
Taxum o6pasom, Aas BeplUuH, COOTBETCTBYIOLIHX OIEpaToOpaM MOACTA-

+

HOBKu P (x) = .

PaccmoTpuM npumep 06061ieHHOr0 HOpMAaJbHOIO aJropuTMa, 3a-

RaHHOTO NMOACTaHOBKaMH
ba—s»ab, bc—>ba, bb—ac
Pa6oty anropurMa, 3aflaHHOro Takum rpadom, paccMOTpHM AJMA
BXOZHOTO cJoBa bebaab. .
bcbaab—>-bcabab—bcaabb—>-baaabb—-baaaac
bcbbock Paccmorpes oéoémemiue HOpMaJlb-
[ Hble aJrOPHUTMH, mNepeiileM K Xapak-
TepHCTHKe COOGCTBEHHO HOPMaJbHBIX
aJropUTMOB.
ba - — fo—08 Hopmaronbimu areopurmamu Ha-
3BIBAlOTCl Takue 0000iuieHHble HOp-
MaJbHble aJAropuTMbl, Trpad-cxeMH
KOTOPHX YAOBJETBOPSIOT CJeRYyIOLIHM
yCIOBUAM:

1. Bce yaaml, cooTBeTcTBYIOLIUE
pacnosHaBateJ/aM, yNOPALOYHBAIOTCA C
NoMoMbI0O UX HyMepauuu ot 1 1o n.

2. Jlyru, ucxopsiue H3 y3JjoB, cO-
OTBETCTBYIOLUX OlepaTopaM MOXCTa-
HOBKH, MOJCOeAHHAIOTCA JHOO K y3ay,
I Sb—ac COOTBETCTBYIOIleMY NepBOMY pacros-

HaBaTeNIo, Mu60 K BHIXORHOMY Y3JY.
B nepBoM ciyuyae mnoacraHoBKa Ha-
3niBaeTcs OOBIYHOM, BO BTOPOM — 3a-
babacac KJTIOYHTENLHOIL.
3. Bxognoit ysen noxpcoenunsietcs
AYrofi K mepBOMY paclo3HaBaTeJIo.

Hopmanbuble anropuTmel NpuHATO 3afaBaTh yHOPsSAOYEHHHIM MHO-
JKeCTBOM IOJCTAHOBOK BCeX ONEpaTOpoB MAHHOrO alropUTMa, HasH-
BaeMEIM CxeMo# anroputMa. [Ipu atom oGblunBle MOJCTAHOBKHY 3aNMHCHI-
BaIOTCsl, KaK ¥ B 060OLIEHHBIX aJArOPHUTMax, B BUAE ABYX CJIOB, COERU-
HEHHHIX CTPesKo#l (py—>p:), a 3aKJIOYUTE/bHLIE MOACTAHOBKH 0603Ha-
Hal0TC CTPEJNKOH ¢ TOYKoi (p;—>-p2). I1pouecc BHMOMHEHHA moAcTa-
HOBOK 3aKaHYHBaeTcs JIMIIb TOTAa, KOrka HY OfHA U3 MOACTAHOBOK CXe-
Mbl He IPHMeHUMaA K MOJYYEHHOMY CJIOBY WJIM KOTJa BHIIOJNHEHa (rep-
BHil pa3) Kakasd-1u60 3aKIOYHTENbHAS NOACTAHOBKA.

I'pad-cxema HOpMaJbHOro ajAroputrMa B O6mEeM BHIAE MOXET OHTb
npeacrasJeHa Ha cTp. 48.

B xauectse nmpumepa paccMoTpuM paGoTy HOpMAaJbHOrO aJIrOpHT-
Ma A. A. Mapkosa, 3agannoro aapasutom A ={+, 1} u cucremodn
nojacraHosok ‘1+1'—‘11°, ‘I'—--‘1".

s o » br—bo
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TlycTh Ha Bxofie 3afnaHa ctpoka ‘114-1141". Ona nepepabGarhBaeT-
¢ aaroputMomM B ctpoky ‘11 4+ 11 + I'—‘1111 + I'—‘11111I"'—
—*11111". AnropuT™ peasusyer CJA0XKeHHe eJHHHL.

y Bxod
4 ° 01,
b - on, _fxod
& - on; . 1e1—10
1

4 o, o)1

1

ool Borxod

Hanuyne B HOpMaNbHBIX ANTOPHTMAax MOACTAaHOBOK JABYX BHAOB —
3aKJIOYHTEJbHON U OGBIYHONH — He06XOAHMOe YCJOBHe YHHBEPCAJIbHO-
CTH HOpPMaJIbHbIX aJTOPHTMOB, T. €. BO3MOXHOCTH [IOCTPOEHUSI HOpMaJb-
HOTO aJropuTMa, 3KBHBAJEHTHOrO JIOOG0OMY HamepeX 3alaHHOMY aJro-
PHTMY. YHHBEpPCAJALHOCTL HOPMAJABHHIX AaJropuTMoB Qopmyaupyercs
CIeNyIOIuM npunyunom Hopmasusayuu. IIns ao6oro aaroputmMa (KoH-
CTPYKTHBHO 3aJaBaeMoro ajgaBHTHOro oTo6paxeHHs1) B MPOU3BOJIb-
HOM KOHEYHOM aJipaBuTe A MOXHO NMOCTPOHTb 3KBHBAJEHTHHH eMYy
HOpMaJsIbHbi}l aNTOPHTM Haj andapurom A.

IToHsaTue HOpMaJbHOTrO anropuTMa Hazx ajdaBHTOM O3Hauaer CJe-
aymooulee. B psage clydaeB He yAaercsi NMOCTPOUTh HOPMAJBHBIA aJro-
PHTM, 5KBUBAJEHTHLHIH AaHHOMY ajJroputmy B ajndaBute A, ecau Hc-
[0Jb30BaTh B NMOACTAaHOBKAX a/JrOPHTMa TOJBKO GYKBHI 3TOro aj¢aBH-
ta. OXHAaKO MOXHO NMOCTPOHTH TPeGyeMHii HOPMaJbHLIA aJITOPHTM,
npousBofs paciluupenue andapura A, T. e. Ko6asasaa kK A Hekoropoe
KOJIHYecTBO HOBBIX OYKB. B 3TOM c/lyyae NpHHATO TOBOPHUTb, YTO MNO-
CTPOEHHBIfi aJropuTM fABJSETCS aJrOPUTMOM Hajx andasurom A, xors
aJATOpPHTM MO-NpeXkHeMy OyAeT NMPHMEHATHCA JHIUIb K CJ0BAM B HCXOA-
HoM af¢asute 4.
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Ecan anropurm N 3azaH B HeKOTOpOM pacumiupeHud anadasura A,
TO roBOpAT, yTo N ecTb HOPMAaJbHHI aJropuT™M Hax ajddaButoM A.

OnHOMecTHAas uyacTHyHas cJjoBapHasa o¢yukuus F(p), 3sananuas
B andasute A, HasbBaeTCss HOPMaJbHO BBIYHCAHMOMH, €CU CYLIECTBYET
HopMasbHHf anropurM N Hazx andaBuroM A Takoil, 4ToO AsnA KaXA0ro
cnoBa p B andaBuTe A BunonHeHo paseHctBo F(p) = N(p).

B KayecTBe npHMepa PaccCMOTPHM CJOBAapHYI0 QYHKIHIO B andaBu-
te {0, 1}, 3apannyio dopmyaoit F(p) = pa. Ilyers N — HopMasbHHI
anroput™ B Gosee mupokom angasute {0, 1, 2}, umeiomuil cxemy:

. 20—-02, 21—12, 2—>-a, A —-2.
. Bo3sbMeM kaxoe-Hu6ydb coBo B aldasute {0, 1}, Hanpumep ci0BO
0110 = p. ITocne nepeoro mara Mu nosayuum cjaoso 20110. Kaxnawii
clelyoluil war nepepaboTku 6yaer CABHraTh CHMBOJ 2 Ha OJHO Mec-
TO BIPaBO, W NOCJe NATOro mwara MH 6yaem umersb ciaoso 01102, xoro-
poe moc/ie UCMOJNb30BAHUA 3aK/IIOYUTeJbHOH OpPMYJH JacT CJOBO
0110a = pa. Takum o6pasom, anropurm Haj aiadasutom {0,1} c yxa-
3aHHO# cxeMoi BhluHc/sier PyHKuHO pa, 3afauuyw B aiadasure {0,1}.

B yacTHocTH, anropuT™ co cxemoit A —-- A BeIUHCAseT QYHKUHIO
F(p) = p, a anroput™ co cxeMoit A —A BLIYHC/ISET HHUTOe He OInpe-
JeNeHHYI0 QYHKIHIO.

Martemartuyecku noKa3aThb NPHHUMN HOPMAaJH3aUH¥ HEBO3MOXHO,
IIOCKOJIbKY MOHATHE NPOU3BOJILHOTO aJrOPUTMa He SBJISAETCA CTPOro ofl-
pelesieHHHIM MaTeMaTHYeCKHM NOHATHEM.

YcnoBuMcs HasnBaTh TOT MJM HHOM aJrOPUTM HOPMaJH3yeMbM,
€CJIH MOXHO MOCTPOUTh SKBHBAJEHTHLIH eMy HOPMaJbHBIfi aJqrOpUTM, H
HeHODMAaJIu3yeMHM — B IIPOTHBHOM cayyae. [lpuHuun HopMasaH3auuu
Tenepb MOxeT ObITb BLICKa3aH B clelyiolllel BUIOH3MeHeHHON ¢dopme:
BCE aJITOPUTMbl HOPMaJIH3YeMBI.

CnpaBenJuBOCTb 3TOTO NPUHIKMIA OCHOBAHA Ha TOM, YTO BCe H3BECT-
Hble B HacTofliee BPeMsi aJrOPHTMBI SBJSIOTCS HOPMaJH3yeMBIMH, a
€rnoco6bl KOMMO3HIKH AJTOPHTMOB, MO3BOJSIOIHE CTPOHTH HOBHE aJ-
TOPDHUTMB H3 yXe H3BECTHHIX, He BHIBOAAT 3a IpelesHl KJaacca HOpMa-
AH3yeMBIX aJropuTMOB. PaccMOTpUM OCHOBHBIE CHOCOGH KOMIIO3HIUH
HOpPMaJIbHBIX aJITOPUTMOB.

HoBble anropuTmul Moryr 6biThb MOCTPOEHBI U3 yX€ H3BECTHBIX aJ-
TODHTMOB NyTeM NPHUMEHEHHs Pa3/HYHBLIX CNOCOGOB KOMIO3HUHH aJro-
put™oB, OnHO# U3 HauGoJiee pacnpOCTpaHeHHbIX BUIOB KOMIIO3HIHH fIB-
JISIeTCA CYNepno3uuusi aJrOpuTMOB.

I. Tlpu cynmepnosuuuu AByx anropuimoB A u B BhixogHOe c¢Jl10BO
nepBoro ajaroputmMa A paccMaTpHBaeTcsi Kak BXOJLHOE CJIOBO BTOPOro
aaropat™Ma B. Peayabrar cynepmosuuuu anroputMoB A u B MoOXHO
npexncrasuth B Buge C(p) = B(A(p)). Cynepmnosumusi MOXKeT BBINOJ-
HATbCA JAJs1 JI060T0 KOHEYHOTO YNC/Ia aJTOPUTMOB.

Cynepnosuuuio 06061IEHHEX HOPMaJbHbIX aJTOPHTMOB MOXHO pac-
CMaTlpHBaTb Kak 0600MeHHbI HOpMaJbHH aaroputm (ctp. 50).

II. O6venunennem anroputmos A ¥ B B oHOM H TOM Xe aadaBu-
Te X HasbiBaerca ajaroputM C B ToM Xe ajidasure, npeobpasynoiiui
J1060e CJI0BO p, cojepiKallleecs B IepeceyeHuH obJsacteil onpeleseHus
anroputMoB A u B B 3anucaHHble psagom caosa A(p) u B(p), Ha Bcex
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OCTaJbHBIX BXOIHBIX CJOBaX 3TOT AJTOPHTM CUHTAETCA HeONpeAeseH-
HBIM.

3anaum X = {a, b}, A = {ab—ba}, B = {ba—>ab} w cnoBO M3
o6aactn ux nepeceuenus aba, torna A(aba) = baa, B(aba) = aab,
C(aba) = baaaab.

IT1. PasBerBienne a/aropurMoB MpeAcTaBisieT COGOH KGMMO3HIHIO
tpex aaroputmos A, B u C. O6Go3Hauas pe3ysabTaT 3TOH KOMIO3HUHH
6yksoit /I, 6yaeM cuurath, yTo 06JacThb oOmpenedeHus aaroputMa M
COBMajaeT ¢ nepeceueHneM OGaacTeii OnpeneJeHHst BCeX TPex a/JropHuT-
moB A, B u C, a nasa J060ro c1osa p u3 3toro nepeceuenus M (p) =
=A(p), ecin C(p) =e, H(p) = B(p) n C(p)+e, rme e—nycras
CTpOKa.

3anaum aaroputmn A = {ab—>ba}, B = {ba—>ab}, C = {ab—>
—»a, ba—e} B andasure X = {a, b}. PaccMoTpuM HefiCTBHe aJro-
putma [ ua ctpoxu aba, bab.

A (aba) = baa A (bab) = bba
B(aba) = aab B (bab) = abb
C (aba)=aa C (bab) =e

D (aba) =aab D (bab) = bba

IV. INopropeHue (mTepauus) npeicraBisieT CO00A KOMIIO3HLHIO
asyx anroputmos A u B. O6o3Hauyas pe3yabTaT 9TOH KOMMO3HIHH ye-
pes C, onpefienuM, yTo AJNs N:060ro BXOAHOrO CJ0Ba p COOTBETCTBYIO-
uee emy BbixogHoe caoBo C(p) moayyaercs B pe3yJsbTaTe I0C/ieNO0Ba-
TEJbHOr0 MHOTOKPAaTHOTO MpHMEHeHHs aaroputma A 1o Tex MOp, moka
He NOJYYHTCS CJI0BO, nepepabaThiBaeMoe ajJropuTMoM B B HekoTopoe
GHuKCHPOBaHHOE CJOBO.

Hanpuwmep, sanaum X={a, b}, A={ab—>ba}, B = {bbbaa—>ab}.
Toraa C(ababb) = ab, tak kak ababb—>-baabb—>babab—>-bbaab—
—>bbaba—>bbbaa—>ab. Bce paccMOTpeHHble KOMOO3HIMH HOpMaJb-
HBIX aJITOPUTMOB NPHUBOAAT K HOPMAaJH3yEeMbIM aJTOPHTMaM.

Ouenp BaxKHOe 3HaueHue AJIs HOPMaJbHbIX aJrOPHTMOB, Kak ¥ A1
BCAKOA YHMBEPCaJbHOH aJrOPHTMHYECKOR CHCTEMBI, HMeeT 3ajnaya mno-
CTPOEHHUSA YHUBEPCAALHOZ0 AALOPUTMA, KOTOPLIH NOJKEH BHINOJIHATDL pa-
60Ty M1:060ro HOPMaJbHOrO aJrOPUTMA, eC/H 3aJaHa ero cxema (cucre-
Ma NOJCTaHOBOK).

Hns 3ananus yuusepcaabHoro HopMajpHoro aaroputma U moxer
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6LITh MpHMEHeHa, HanpuMep, cleRywomas cxema. PUKCHPyeTCs HEKOTO-
pbiil craHAapTHblit angapur C (nonyctuM xBomyHbi). [las Bcex Apy-
rHX BO3MOXHBIX a/J(aBHTOB 3alaeTCs HEKOTOPHI Crnoco6 MX KOXHpO-
Bauug B andasute C. [aa cuMBOJOB, ynoTpebiseMbX B ¢XeMax HOp-
MaJbHBIX QJTOPHTMOB (BBOA, BHIBOJ, 3HAaK NOJACTaHOBKH, pa3fie/INTeNb
OnepaTopoB MOACTAHOBKH), OTBOAATCSA OTAEJbHBIE KOABI.

Torzaa, ecin 3aian HEKOTOpHIA aaroput™ N, ero KOAHPYIOT OIXHHM
cjosom NU, HasbiBaeMbIM H3o6paKeHueM anaroputMa N, B craHmapr-
HoM andasute. BxogHoe cioBo p Koaupy:or B caose pU, Ha3biBaemoe
H306paxKeHueM cJaoBa.

Hanpumep, 3anan aaroputm N{xy—>x, y—>y} u 3alaHo BXORHOe
cJ0Bo p = xxyx. M13o6paxenne 3TOro aaroputma B craHaapTHoMm anda-
BHTe, COCTOALIEM K3 JAeCATHUHBIX ubp npu koguposanuu: Ix =010,
[y =020, T =030, I' <3uax pasnena>= 040. I' <BBOx, BHBOZ> = 50
6ymer caeaywomnm: NV =050 010 020 030 010 040 020 030 020 050;
pY = 010 010 020 010.

CnpaBepsnBa ciefywoomas Tteopema MapkoBa 06 yHHBepCaJbHOM
HopMmaJbHOM aaroputme. CyllleCTBYeT TaKO# YHHBEpCaJbHBIH HOpMaJb-
Hblit aaroputm U, KOTOpBIA A4 MOGOro HOpPMajbHOro ajaroputma N
H J11060r0 BXOXHOrO C/J10Ba p M3 06JacTu onpeaejeHus aaroputma N ne-
pesoaut cnoBo NUpU, nmonyueHHoe npunucHiBaHHEM H306paeHHs CJO-
Ba p(pY) x uzoGpaxenuto aaropurma N(NV), B caoso RY, asasioule-
ecsl n306paXKeHneM COOTBETCTBYIOLIEro BXOAHOro ¢cioa R = N(p), B Ko-
Topoe anroputm N mepepaGaTeiBaer cj0BO p. Ecan Xe ca0BO p BHIGH-
paercs Tak, uto aaroputm N K HeMy He NPHMEHHUM, TO H YHHBEpCaJb-
nbiii anroput™ U He npuMeHuMm K caosy NUpU.

Ota Teopema HMeer GOJbLIOE 3HAueHHe, TaK KaK U3 Hee BBHITEKaeT
BO3MOXHOCTb [OCTPOEHHs MalUHMHBI, KOTOpass MOXKEeT BBIMOJHATbL pa6o-
Ty J1060r0 HOPMAJbHOrO aJrOPHTMA, a 3HAYHT, B CHIY NPHHIHUIA HOP-
MaJju3auun — paboTy npou3BoJbHOro aaroputma. Ilporpammoii mauu-
Hbl B 3TOM CJaydae AOJKHO Gbitbh ¢10BO NU (M306paXkeHHe HaHHOro aj-
TOpHTMa), a HCXOLHBIMH TaHHBIMH — CJI0BO pU.

ITpuHunn HOpMaNM3aLMK XOTA M A0Ka3aH AJs BCeX H3BECTHHIX B Ha-
CTOsllllee BpeMsl aJrOpPHTMOB, OXHAKO (aKkTHyeckas ero peaausauus ss-
JseTcs oyeHb Hesierkum Aeqom. ITo3ToMy Ha mpakTHKe MallWHB CTPOSIT-
€l Ha OCHOBAaHHH HCIIOJIb30OBAHHUS APYTHUX aJTOPHTMHUYECKHX CHCTEM.

IMocae OCYIIECTBJEHUSA HyMepalHun BXOIOHbIX M BBIXOIAHBIX CJOB JIO-
6oit HOpMAJbHBIY aATOPHTM MOXKeT GHITb peasi30BaH B BHAE YaCTHYHO
pekypcuBHoii dynkuuyu. HaoGopor, moGoit anroputm, peasinsyeMblit ¢
fIOMOLIbIO YACTHYHO PEKYPCHBHOH (YHKIMH, OKa3biBaeTCsl SKBHBAJEHT-
HBIM_HEKOTOpPOMY HOPMaJIbHOMY aJITOPHTMY.

Hwmeer mecto cnenyiomas reopesa Meraosca (2). Knace HopMaib-
HO BHIYHCJHMBIX YaCTHYHBIX QYHKIHHA, 3aJaHHHIX B NPOU3BOJBHOM aJ-
¢asute A, coBnajaer ¢ KJ1acCOM BCeX OZHOMECTHBIX YaCTHUHO PEKyp-
CHBHBLIX CJIOBapHbIX GyHKUHiI B andasure A.

Hdas noxasarenbCTBa AOCTAaTOYHO CPAaBHHTb OmpejesieHHe HOpMaJb-
HOro aAropuTMa ¢ onpejeseHueM aJjroputma ThiopuHra NMpH MOMOLUM
nporpaMmbl NOACTaHOBOK. B camom gese, myctb F (p) — npousBoJbHas,
YaCTHYHO PeKypCHBHas cJoBapHas ®YHKUHs, 3ajaHHas B andasute A.
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Cornacno teopeme Thiopunra, cyuecrsyer Mamivua Toiopurra T, umelo-
mas BHEWHHH andasut do, A (@ — HOBHIH, He BXOAAmui B A cumsoa),
H Boluucasiowas ¢yukuus F(p).

Ilycts qo, g4, ..., gn — BHYTpPeHHHe cocTosiHuA T u I1— nporpamma
NOACTaHOBOK AJs MawuHbl T. 3aMeHsas Bxoxsmue B IT popmynab Buaa
9ia;—>qoar GOPMYNAMH §:Q;—>+ GoQr, OJYYHM CXEMY HEKOTOPOTO HOp-
MmanabHoro aaroputma N B andasure {ao, A, qo, g4, - .., gn}. CpaBHUBas
omucaHug paGorsl mMamuHel T K onepaluil, npeJNHCHBaeMbIX aJArOpHT-
MoM N, HemocpeACTBEHHO BHAHM, YTO AJs KaXKJOro cjosa p B a/l1¢aBu-
1e ATI(p) = N(p).

Takum o6Gpa3oM, KaxkJaas YaCTHYHO PEKypCHBHas cjoBecHas (YHK-
Il HOPMAJIbHO BLIYHCIHMA.

YnpaKHeHHs:

1. IMoctpouts rpad peannsauum aaroputma B aadasure A = {+,
w, ?,Q}, 3a1aHHOTO MOACTAHOBKAMH P’ —“ 4’| ‘W' — 9’ Q' —>+;

a) onpejesyHTb, K KAKOMY BHAY HOPMaJbHBIX aJrOPUTMOB OH OTHO-
CHTCH;

6) paccMoTperb Ha HeM NpuUMepbl AeAYKTHBHBIX LenoyYek, 3ajaBas
HCXOJLHOE CJIOBO JJTHHOIO He MeHee TPeX CHMBOJICB.

2. 3amath HOpMaJbHB anroputTM MapkoBa, peasH3yIOMHHA BHIYH-
taune A — B, rae 3HaueHnsamu A u B sBasioTcs HartypasbHbe YHCIA,
npeacTaBleHHble CTPOKaMH, COCTOSLIMMHE M3 CHMBOJOB 1 (Hanpumep,
anas A=4, B=3, A—B =1 cnoso ‘1111—111" gonxHo GHTH nepe-
paGoTaHo aJaropuTMoM B cJI0BO ‘1’).

ITpoBeputb pa6oTy aaropuT™Ma Aas CJayyaes:

a) A=6,B=2

6) A=3,B=05.

3. HopManbubii aaroputM MapkoBa, peasusyomuil onepauuio ym-
HOXeHHs, 3anan aixdasutom A = {1, %, T, ®} n nocreaoBaTeabHO-
CTbIO NOACTaBOK:

*11—Tx*1; ¥ 1—T; IT—T1®; OT—-TO;

O1—1P; TI—T; TO—; d—1; 1 —-1.
IMoctponts AenykTuBHyio uenoyky or caosa ‘111 %1111’ k caosy
‘1.

4. 3anatb HOpMaJbHBIE aaroputmM Mapkosa, peaju3yoIlui onepa-
U0 YMHOXEHHs YHCeJ, MpeACTaBJeHHbIX B BHIe NOCJeJ0BATENbHOCTH
efuHul (aJroputM AOJXKeH OblTb OTJAHYeH OT aaroputma n. 3). Ilo-
CTPONTbL NENYKTHBHYIO UENOYKY AN ORHOTO M3 BXORHBIX CJIOB.

5. 3anaTh HOPMaJbHBIH aJrOPHTM, peaNH3yIOlIHA Omepaunuio Cpas-
HeHHs NPH3HAYHOA YyaCTH IBYX YHCel, 3a1aHHHIX B BHJE:

a) VVVILIxvVVI e \/VIIx\V/VVV 1111
6) VVVxIIOVVxIll wan VV/Olllx\/ VYV Ol
B) 111311 %11 2 1111,
B nynkrax a n 6 npu3HayHas yacTb yucia NpeAcTaBieHa CHMBOJA-

MH V,aB NMYHKTe 8 OHa NpelcTaBjJeHa B TeX Xe CHMBOJAaX, YyTO H CaMO
4HCJO0, T. €. eIHHHIaMH.
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ITocTponts cooTBeTCTBYOHIME AEAYKTHBHHE LENOYKH MO KaXIOMY
aJIrOPHTMY.

6. BHNOJMHATL Cynepno3uiMI0 HOPMaJbHBLIX aJTOPHTMOB, MOJNyYeH-
HbIx B 1. 3 ¥ 4.

IMocTpouTh NEAYKTHBHYIO LENOYKY AJS OXHOTO NPOH3BOJBHOTO NMPH-
mepa.

1.5. OnepaTopHbie aJTOPHTMHYECKHE CHCTEMbI
1.5.1. O6uye 3ameuanus

OnHo#t u3 ocoGeHHOCTel aGCTPaKTHON TEOPHH aJTOPHTMOB SIBASET-
¢l HEH3MEHHOCTb HaGopa AOMYCTHMHIX CPEACTB, HCHOOJb3YEMBIX JJs
NOCTPOeHHs 3aMHCH aJrOPHTMa WJM NpH ero BunoaHenun. Hanpuwmep,
BCe YaCTHYHO PEKYpPCHBHbie QYHKUUH MOJYYAIOTCH H3 HEKOTOpPOro ¢uk-
CHPOBaHHOro Habopa 6a3HCHHMX GYHKIHIA C MOMOWbIO TPeX OMNeparTo-
poOB — OmepaTopa MOACTAaHOBKH, OnepaTopa MNPUMHUTHBHOH PEKYDPCHH,
onepaTopa HauMeHbLIEero KOpHs.

JJieMeHTapHble aKThl NPH BBIYKC/IAEHHAX Ha MauiuHe ThiopuHra or-
pannunBalOTC PUKCHPOBAHHEIM HaGOPOM Omepaiuit, KOTOpble BHIIOJM-
HAeT ONHMCHBaeMbli KJacc MalluH U T. 1.

B To xe BpeMs npu H3YuyeHHWH KOHKPETHHIX aJITODHTMOB KeJaTelb-
1O, YTOGH KaXXIblif aJTOPHTM MOT H3y4yaTbCs B TEPMHHAxX TeX 3JeMeH-
TapHBIX CPeJCTB, KOTOphle HauGosee YAOGHbI AJs ero onucaHusa. Ha-
NpuMep, aArOPpHUTMbI JHHEHHOH ajareGpbnl yAOGHEee BCEro ONMCHIBATHL C
NOMOIIbIO YeThipex apHPMeTHYeCKHX AEACTBHIH, a aJrOPUTMbI BHIYKCJIE-
Hust QyHKuui ajareGpbl JOTHKH — C NMOMOLIbIO Tex Ga3HCHHIX JOTHYe-
CKHX oNepaluil, B TepMHHAX KOTOPHIX 3TH GYHKUMHU 3aMHCAHH.

ITostomMy oxHuM u3 TpeGoBaHHil, KOTOpOe NpeABABISETCA K Onpefe-
JIEHHIO a/ITOPHTMAa NpH €ro NPaKTHYECKOM HCMOJb30BaHKH, NBJAAETCA
TO, YTOGBI Kax BuA nepepabarbiBaeMoii HHPOpMaAUHMH, TaK H CPeACTBa
ee nepepaboTky BHOGHpAJHCh B 3aBHCHMOCTH OT KJacca paccMaTpuBae-
MBbIX aJTOPHTMOB.

B KaXmoi K1accHuecKoi aJrOPHTMHYECKON CHCTEME TEeM HJIH HHBIM
Cnoco60M BBOAMTCA MOHATHE BLHIMOJHEHHs aJrOPHTMA, T. €. OCYIIeCTB-
JIEHHs! MOCJE/I0BATeNbHOCTH aKTOB, POM3BOJAAILKMX NOCTENEHHbI! nepe-
XOJl OT HCXOAHBIX AaHHBIX K KOHeuHOMy pesynabraty. [Ipn sTom xapak-
TEPHO, 4TO B KaxKAOM aJrOPHTMe CHHCOK MpPeANHCAaHHA O BBIMOJHEHHH
3JeMeHTapHHX aKTOB — «KOMal» aJroputMa uKcupyercs 3apaHee H
fIBHO yKa3blBaeTcs B 3anHCH aaroput™a. Hanpumep, B HopMaJabHbIX aJ-
ropuTMax Bce NpuMeHseMble GOPMYJbI MOACTAHOBKH 3apaHee yKa3aHbl
B 3anuck aaroput™Ma. Cnucox AONYyCTHMBIX AEACTBHIl MaWHHH ThIOpHH-
ra npu ee pa6ore ocraercs HeuaMeHHbIM. HacTHYHO peKypcHBHAA GYHK-
uusa 3afaercs QHKCHPOBAHHON MOCJEA0BATEIbHOCTHIO YpaBHEHHI.

B T0 xe Bpems XonyuieHne GOPpMHPOBAHHS KOMaHX aJroOpHTMAa B
npouecce ee peajH3auuH NPHBOIHUT K CYIIECTBEHHOMY COKpallleHHIO
H YOPOIIEHHIO 3anucH ajaroputma. B cBasu ¢ stuM caexyomuM Tpe6o-
BaHWeM, NPEeAbAB/IAEMBIM K NOHATHIO aNrOpHTMa, fABJdgeTCs AOomyIue-
Hue GOpMHPOBAHHS KOMaHJ aJrOPHTMa B IPOLECCE er0 BHIIOJHEHHS.
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PaccMorpenne peasbHBIX aJArOpHTMOB NOKa3blBaeT, YTO BCE 3JEMEH-
TapHble onepanud, [POM3BOAMMbBIE B IpOLECCe BLINOJHEHHA aJrOpHT-
MOB, pacnajialoTcs Ha JABe IPYNOH Onepaunui, KOTopsle OOGHIYHO HA3HI-
BaloT apuMeTHUYECKHMH M JOTHUeCKHMH. ApuMeTHyecKne Onepauuy
OCYIIECTBJAIOT HENOCpeACTBeHHOe NnpeoGpa3oBanue HHbopmanuu. ~Jlo-
THYECKHe ONepanuy ONpelesioT JajbHellllee HanpasjeHHe cuera, T. e.
TOCJIeN0BaTebHOCTL BBHINOJNHEHHs apudmeTHueckux onepanuit. Ilpn
3TOM BO MHOTHX CJOXHBIX aJTrOPHTMax NMpeo6JamaioT JOrH4yeckue ome-
pauHy, B TO BpeMs Kak npeo6pa3oBanne HHGOpMAaUHH HOCHT HHOTAA
OueHb NpocToil Xapakrep. K yncay Takux 3aay OTHOCKHTCsi 1 GOJIbLIKH-
CTBO 3KOHOMHYECKHX 3a1ady.

dieMeHTapHHE aKThl, aHAJOTHYHBE JIOTHYECKHM OnepauusM, B sB-
HOM HWJIH HEABHOM BHJe BBOAATCS M NpH ONpEleJeHHH MOHATUS BHIOJM-
HeHHd aJropuTMa B a6CTPAKTHOA TEOPHH aJrOPHTMOB.

Hanpumep, npu BHINOJHEHHWH HOPMAJBHOrO aJropurma nocjie pac-
CMOTpeHHs1 OyepeAHOi GOpMYJB MOACTAHOBKH OCYIIECTBJASETCS JHOO
riepexon K chaefyiolieli ¢opMyse NOACTAHOBKH, JHOO OCTaHOBKA, JHO0
nepexon X neppofi Gopmyse MOJCTAHOBKH CXeMbI aJIrOPHTMa.

B mamune ThlopuHra JIOrH4ecKoi onepamnueii MOXHO CUHTaTh JBH-
2KeHHue JIEHTHl BNpaBO HJK BJEBO B 3aBHCHMOCTH OT COCTOSHMA MAaIHHBI
# NPOYHTAHHOTO CHMBOJIA.

Onnako, KaK NpaBuJoO, JOrHYECKHe ONepalnyn B KJIaCCHYECKHX aJro-
PHTMHUYECKHX CHCTEMaX HOCAT TPUBHAJbLHHIA Xapakrep. Bo MHorux ciy-
4yasgx Takas TPHBHAJbHOCThH JIOTHYECKHX ONepauuit CHJABHO yCJIOXHAET
floCTPOeHHE KOHKPETHHIX aJTOPHTMOB.

B c¢Ba3u ¢ 3THM caenylomum Tpe6oOBaHHEM, KOTOpOe NMpeAbABJIAETCA
K ONpejieJeHHIO aJropuTMa, fABJAfETCs HonylieHue 6oJiee yHHBepcaJib-
HEIX JIOTHYECKHX 3JIeMEHTapHBIX ONepauHit, HeXeau Te, KOTOphle HMeIoT-
€51 B a6CTPaKTHOH TEOPHH aJrOPHTMOB. '

B Toit uam MHOK Mepe 3THM TpeGOBaHMAM OTBEUAOT TaK Ha3blBae-
Mble ONepaTopHble AJrOPUTMHYECKHe CHCTeMbl, K PacCMOTPEHHIO KOTO-
PHX MBI M EPEXOJHM.

1.5.2. OneparopHeie anropuT™Mnl Ban Xao

OnepatopHblii anroputm Ban Xao 3agaercs nocsef0BaTeJbHOCTBIO
TPHKa30B ClelHasbHOro Buaa. Kaxabiii NMpHKas MMeeT OmpeleseHHbIR
HOMEP M COIEPKHT yKa3aHHsA: Kaky0 ONepauHio CJeAyeT BHIMOJHHTb
Ha] 3aflaHHBIM OGBEKTOM W NpPHKa3 ¢ KaKHM HOMEpOM CJefyeT AaJjee
BHINOJIHUTL HaX pe3ysabTatoM AaHHOi onmepaunu. O6muit BMA TaKoro
TpHKasa:

i[wlalp| (11)

The i— HOMep MPHKa3a,
® — 3JIeMEHTapHas onepauns Haj 0GbEKTOM,
a, f—HoMepa HEKOTOpBIX MPHKA30B.
B tepmunax Mamue TbhiopuHra HOMepa NPHKa30B COOTBETCTBYIOT
HoMepaM KOHOHrypanuii MamiMHB, a 3JeMeHTapHas onepauus Haj
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OGBEKTOM — 3JIEMeHTapHOMY AEHCTBHIO Haj KOHHrypauueil pu Heko-
TOPOM COCTOSIHHH.

Bunonuute npukas (11) Haxg uMciaom x B ONepaTOpHOM aJrOpHT-
Me — 3HayuT HaiTH uuciao o (x) M Jajee MOepefiTH K BBINOJHEHUIO HAX
o (x) npukasa ¢ Homepom a. Ecan xe o(x) He onpeaeneHo, To nepei-
TH K BBIIOJIHEHHIO HaJl YHCJIOM X NMpHKa3a ¢ HoMepoM P.

Hanpnamep, BoinoaHuB Hag ynciaoM 24 npHka3s

i:[6]7]13],

NOJMyYUM YHCJIO 4 M YKa3aHue BHIOJNHATbL Jajee Halx 4 NpHKa3 ¢ HoMe-
poM 7. BhInOJIHKB 3TOT HPHKa3 HaJ YHCJAOM 23, MOJTYYyuM CHOBaA yHca1Q23
¥ YKa3aHne BHNOJHATL Haj 23 npukas ¢ Homepom 13.

3aKMIOYNTENbHOMY COCTOSIHHIO MaluMHb ThiOpHHra B OmepaTOpHBIX
aJrOpHTMax COOTBETCTBYET NpHKa3 BHIA

i:l.CTOHl,

KOTOpHIfi O3HauyaeT, YTO BBHIUMCJEHHS CIEeAyeT OCTaHOBHTb. Umcio, Hax
KOTOPHIM CJefyerT BHIIOJHHTL 3TOT NPHKa3s, eCTb Pe3yJ]bTaT BHIYHCIIE-
HHH.

B o6wem cayvyae pesyabTaT BbimosHeHHs npukasa (l1) Hanm umc-
Jom x 6ynem H306paxkaThb napoit (2, y), rAe 2 — NOJy4yeHHOe YHCIO,
Y — HOMep NpHKa3a, KOTOPhIil JOJKEH BHINOMHATLCA Aajee Haf 2.

-TIporpaMMoit onepaTtopHOro aJropuTMa Ha3blBaeTcs IOC/Ief0Ba-
TeJbHOCTb MPHKA30B BHAA:

“l‘”ilatl‘pl I

e e e : (12)
i+S:|wl+s l al+s| ﬁl+s|
i—!—n:,cron'
rae 0i(x), ..., 0its(x) —3afaHHble OJAHOMECTHble yYacTHUHbe (YHK-

YK, oNpejensiolliHe SJeMeHTapHHe onepa-
IIHK HaJ OO'bEKTOM X;
@i, Bir -.., Qits Pits ...— KaKHE-TO HATypaJbHble YHCJA H3 NOC/ENO-
BatedbHOCTH i, i + 1, ..., i+ n.
l'lepepa60TaTb X COTMIaCHO IaHHOMY ONepaToOpHOMY aJrOPHTMY — 3TO
3HAYUT BHIMOJHHTL HAA X MOCJIENOBATENIbHOCTb CJAENYIOIUX AeHCTBHH.

i —mar. Haxoaum wi(x). Eciu w;(x) onpenesneHo, TO pe3yJabTaTtom
6yner napa yuces [0:(x), a:]. Ecom o(x) ne onpeneneno TO pe3yJibTa-
TOM i-ro mara Gyger napa (x, Bi).

i + 1 —war, ecan pesynbrar npeibaywero mara X, fi, rae Bi =
=i+ 1. Haxomm ©0i1(x). Ecan ona onpenenena, To pesy/ibratom 6y-
net napa [wip1(x), aiyd], ecan He onpeseneHa, TO pe3yabTaToM Gyner
napa (x, fi4t) U T. 4.
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i + n— 1 — war. Ecan B KayecTBe pe3yabTaTa Ha 1aHHOM l1are noay-
4YHTCA Mapa, yKasbBamolllag Ha 3aKJIOUHTENbHBIA onepatop (2, { + n),
TO NMpoLecC OGPHIBAETCA H UKCIO 2 ABJISETCA pe3yabTaToM nepepaboTKu
4HCJIa X COTVIaCHO 33JlaHHOMY aJrOPHTMY (2 = ®i4n—1(X)).

Ecan xe B npouecce BBIMOJHEHHS aJrOpHTMa He BO3HHKaeT Naphl,
YyKasbiBawlell Ha 3aKJIIOYHTEJNbHBIH OnepaTop, TO pe3yJbTaToM mnepe-
paboTKu x GyAeT «HeompejeseHHOe 3HaUeHHue».

Ecau ¢yHKUHA @ BClOAy OmpeleseHHas, TO CHMBOJ B He OKa3hlBaeT
BJHSAHHE Ha NPONECC BHIYHCAEHHWA M NO03TOMYy OO6BIYHO OmycKaercs.

B stom cayyae npukas uMeer BHJ i: l o | a l . ToBopar, uro onepa-

TOPHBIA aJaroputm A ¢ NporpaMmoit (x) BHIYKMC/SAET YaCTHYHYIO GYHKIHIO
f(x), ecnu anroputm A nepepabarbiBaeT KaxXAoe HaTrypaJbHOe YHC-
J0 x B f(x). B-yactHocTH, ecau f(x) He onpeleneHo, TO MpOLECC mepe-
paborku x cornacHo nporpamMme (12) gosxeH GbiThb GECKOHEUHBIM.

IMpupona ¢yHKuHMA, BRIYUCIHMBIX NOCPEACTBOM OINEPAaTOPHHIX aJro-
put™oB Ban-Xao, saBucur 0T TOro, Kakue GYHKIHH @4 BXOAAT B 3alUCH
npuKasos. Hmeer Mecto caefyoollas TeopeMa, onpejessiolllas NpHPO-
Ay QyHKIHA ;.

Teopema (3). dna Toro yto6m yactuynas ¢yukuus f(x) Gbna BH-
YUCJIHMOK C MOMOIIbIO ONEepaTOpHOro aJropuTMa, NporpaMma KOTOpo-
0 CONEPKHUT JHIMb YaCTHYHO PeKYpPCHBHBIE QYHKIHU wi(X) C peKypCHB-
H0/1 06J1aCTbIO ONPEAENEHHOCTH, HEOGXOAKMO H AOCTATOYHO, YTOGH f(x)
Obl/1a YaCTHYHO PEKyPCHBHOM.

Heo6xoaumocTp ycaoBuii OueBHAHA, W MBI OrPaHHYMMCSH JHWbL JO-
¥a3aTeNbCTBOM KX JOCTATOYHOCTH.

ITpexxne Bcero BBefieM NMOHATHE OXHON BaXXHON HJS JOKa3aTeNbCT-
8a Qyuxuun, Aty dyHkuuo 6yneM 0603Hauath yepes ex (X, y) WM CO-
KPaleHHO eXxy W Ha3biBaTb 3KCIOHEHTOH YHCHIA px B uyuche y. Ilpu
¥5=0 nosaraem exyy paBHbLIM NOKa3aTe/i0 HauBHICLIEH CTENEHH NPOCTO-
T0 yucaa px, Ha Kotopywo Aenautcsa y. as y = 0 nosaraem mo onpene-
JieHn1o exx0 = 0 nJA BCex 3HauYeHH X.

Hanpuwmep,

ex,8 =3, ex;8 =0, ex,0=0.

SlcHo, 4TO aATOPHTM C MpOrpaMMOii

O:lcron’; e +a 1] |

BBIUNCASIET HUTZlE He OnpejiesieHHyo GYHKUHIO f(x).

ITyctb uacTHuHO peKypcuBHas byHKuus [(x) uMeeT HemycToif rpa-
¢uk. Toraga stor rpadux MOKHO NMpPEACTaBUTb B BHAE COBOKYNHOCTH
nap <a(?f), B(f)>, (¢=0, 1, ...), rie @ u B — noxxoAsdllHe NPHMH-
THBHO peKypcuBHble GyHKumu., OGo3Haunm yepe3 v(x) BHpaxkeHue. 2%
H BBEJleM YaCTHUHYIO QYHKIHIO o (x), nosnaras

_ 3 ecan ex,x =a (exyx),

o(x
He OTpeleJieHa, eClH expX =a (exyx).
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®yHkuua o(x) 4aCTHYHO PeKypCHBHA ¢ PeKypPCHBHOM 06JacTbio on-
peneneHHOCTH. Jlerko y6enuTbCs, YTO OmepaTOPHBIA aJrOPHTM, HMe-
IMMH nporpamMmy

0:[cronf; 1:[0]2 | 2:|w [2] 3]
3:|ex1|4|; 4:,,B|O|

BHIYHCASET Kak pa3 ¢yHkuuo f(x). B camom nese, BbimoJHuB Hax npo-
M3BOJIbHBIM YHCJOM x npukas l, moayyum napy (2%, 2). Ecan x5=a(0),
TO, BHINIOAIHUB Haj 2* npukas 2, moayuum napy (2+31, 2). Ecan xs%=a(l),
TO, BHINONHUB Haf 2*3! npHkas 2, noayunm mapy (2%3?% 2) u 1. a. Ilpo-
necc NpoJoJXKaeTcs IO TeX Nop, MOKa, HaKOHell, MOJYYHTCS napa
(2%3", 2), nas kotopoit ¥ = a(n). Tak Kak ®(2*3") He onpexeseHo, To-
HAJA yuc/aIoM 2%3" Tenmepb Hafo BHINOJHHTH NMpPHKa3 3, B pe3yabrarte Ko-
TOpOTro MoJyuuM napy (7, 4). Buinosnus Haj n npukas 4, noayyuM na-
py (B(n), 0). Tak kax x = a(n), To B(n) = f(x), u, caegosateiabHo,
aaroputM nepepa6arnBaer x bf(x), uto u TpeGoBasoch.

IMocrpoennas nporpamMMa Ania BHuRcJeHHs yHKumu f(x) oKasa-
Jachb JOBOJbHO TPHBHAJbHOH BCJENCTBHE TOTO, 4YTO 3amnac GYHKUHMI,.
JIONyCTHMBIX B [IPHKa3ax, Obli oueHb Goabuoi. EctecTBenHO, yeM MeHb-
lle 3anac, TeM TPYJAHee CTPOHTb HYXHule nporpaMmul. [TosTomy HecoM-
HeHHbIA HHTepec NpejACcTaB/aseT Cleayoumas TeopeMa, KOTOPYO MBI fIpH-
BOZMM Ge3 J10Ka3aTesbCTBa.

Teopema Munckozo (4). dns xaXA0i 4aCTHYHO PeKypCUBHOH (yHK-
umi f(x) CymecTByer ONepaTOpHBIH aJrOpHTM, NporpaMma KOTOPOra
COCTOHT H3 NPHKa30B BHAA

|><ca| l :d|a“,’.’»l

s mo6oro x, nepepabatbiBatontuit 2« B 21x),

HupiMu cioBamy, mo6ast yacTHYHO peKypcuBHast ¢yHKuus f(x) Bbr-
YHCJIHMa NpU MOMOLIK HOXXOASILEro aJropuTMa, IporpaMma KOTOPOro
COCTOHMT M3 NPHKA30B NPHBEJEHHOr0 BHIa, NMPH YCJIOBHH, YTO 3HAYEHHSL
aprymeHnTa ¥ GyHKUUHM KOAHPYIOTCS YHCAAMH 2, 2/(),

cTon

1.5.3. OnepaTopnsie anroputmul A. A. JlanyHoBa

AsropuTMHYeckas cHCTeMa COBeTcKoro yuyeHoro A. A. JlanyHosa,
npensoxeHHas uM B 1953 r., ABJAgeTCa OMHOA K3 MEpPBHIX, YYHTHIBAIO-
IKEX Bce TpeGOBaHHA, INpelbaBJseMble K KOHKPETHHIM aJIrOPHTMaM.
Ona BosHMK/a B CBfA3M ¢ peaju3allheil aJropuTMOB Pa3NHYHLIX 3afay
Ha 9BM. ,

Jlns onucaHus CTPOeHHs aAroputmMoB JIANyHOB HCMoab3yeT cne-
YaJbHbI MaTeMaTHYECKH{l aNmapaTr — TaK Ha3blBaeMble <«JOTHYECKHe
CXeMbl aJITOPHTMOB», B KOTOPbIX 3arJaBHBIMH JIOTHYECKHMH GyKBaMHu
0603HayalOTCs OTAeJbHbie aKThl aJArOpHTMa, MNepepabGaruiBaloliye HH-
¢opmauno. Mx HasbiBaior oneparopamu. ManbiMp GykBaMu 0GO3Ha-
YalTCs NpoBepsieMble JIOTHYECKHE YCJOBHS, NPH 3TOM HCHOJbL3YeTCs
CHUMBOJIMKa, NIPHUHATAsA B MareMaTHuecKoi Joruke. Hanpumep, cuMBo-

57



JoM p(x < y) 0603HAUAIOT JIOTHYECKOe YCJOBHE, BLIMOJHEHHOE B TOM
cayyae, Korja HepaBeHCTBO, CTOsillee B CKOGKax, HCTHHHO. B nporus-
HOM CJlyuae 3TO YCJOBHE JIOXKHO.

IMocnenoBaTeabHoe BLINOJHEHHE HECKOJbKHX OMepaTopoB 06O3Ha-
YaeTcs Kak NpOHM3BeJeHHe, NIpHYEM COMHOXHTEJb, CTOAIIMH CIpaBa,
JAeACTBYeT Nocje COMHOMKHTEJI, CTOSILErO CJeBa.

JlornueckuMu cxeMaMH aJdrOpHTMa Ha3bIBAIOTCH BbIPAXKEHHS, CO-
CTaBJIEHHble M3 ONEepPaTOPOB M JOTHUYECKHX YCJOBHH, CIeAyIOUHX OXHK
3a apyrum. OT KaXJI0ro JIOTHYECKOrO YCJNOBHSl HauHHAaeTCs CTpeJka,
KOTOpasy OKaHyMBaeTcsi y Kakoro-iu6o u3 oneparopos. Hanpumep, u3
oneparopoB A, B, C u JIOTHYECKHX YCJIOBH#i p K § MOXKHO COCTaBHTb
Cnenyiolue JOrHYeCKHe CXeMbl:

i* Ap1 B‘qlt' C
HIn
pp Al BV th..

3uak }; 0603Hayaer HayaJo CTPEJKH, 3HAK -}i —ee Koxeu. Ofuna-
KOBHIMH HOMEPaMH NOMEYaloTCs Hayaso B KOHell, OfHO# H TO# XKe cTpe-
ki, CTpeJIKH MOryT HauyMHaTbCs M Y J060ro HEJIOTHYECKOro oneparopa.

Jloruueckas cxema aJropuT™Ma omnpejesiser NOpAAOK paGoTbl onepa-
TOPOB B 3aBHCHMOCTH OT 3HayeHHs BXOASAIIHX B HEe JIOTHYECKHX YCJO-
Buil. Pa6ota aaropuTmMa HayMHaeTCS ¢ TOrO, YTO BBHIMOJHAETCS CaMblii
JieBblii onmepaTpp cxeMbl. [Tocse TOro, Kak HEKOTOPbIA 3JeMEHT CXeMbl
BBINOJIHEH, OnpejesisieTcs, KaKoii OnepaTop CXeMbl AO/KEeH BHIMOJHATDL-
< caenyomuM. Ecau 3To 6bl1 oneparop, TO CAEAYIOUIKH 32 HAM A0M-
JKEeH BHIMOJHATBCA TOT 3JEMEHT, KOTOPbIi CTOHT HelnoCpeACTBEHHO Crpa-
Ba, WJM TOT, KOTOPHi yKasaH COOTBETCTBYoMlei crpeakoit. Ecan no-
caeHuM OblIO JIOTHUeCKoe YCJIOBHE, TO BO3MOXHH XBa cayyas. Ecau
poBepsieMOe YCJI0BHE BHIIQJIHEHO, TO A0/KeH paboTaTh 3JeMeHT, CTOs-
wui copasa. Ecin oHO HapyumieHo, JouKeH paboTath TOT Omeparop,
K KOTOPOMY BefleT CTPesKa, HauMHaIollascs I0CjJe NAHHOrO YCJAOBHS.
Pa6ora aaroputma okaHuyuBaercsi 160 TOrAa, KOrjla nocjJefHHl U3 pa-
GOTaIOINX ONEepaTOpOB COAEPIKHT yKa3aHHe O ee NpeKpallleHHH, JH60
KOrZla Ha HEKQPTOPOM 3Tale He OKa3BIBaeTCs TaKOro 3JEMEHTa CXeMH,
Kako#i foskeH Gbii 6b1 paboTaTh.

Hnsa 3anuck aJropuTMOB HCMOJbL3YIOTCA CJAEAYIOLIHe OCHOBHBIE TH-
nbl oneparopos: 1) apudmernyeckue omepaTtopel; 2) omepaTopel npo-
BepKH JIOTHYECKHX YCJIOBHit; 3) onepatoph nepeanpecauwmn; 4) onepa-
TOPHI NepeHoca; 5) onepatopbl GOpMHPOBaHHS.

1. Apndmernyeckne omepatophl cayKat A 3aMHCH Pa3AHYHBIX
.apudMeTHYECKHX NeACTBHA U 0603HAYAIOTCA HavyaJbHLIMH OGYKBaMH Ja-
THHCKOTO aJadasura. )

Hanpumep, onepatop A BHUHC/IfET BEeJIHYHHY @ = Qjp — CQik, OMe-
patop B —Benunuuny ¢ = @;;:ai;. Be6op GykB A 0603HayeHHs one-
pauuit Npon3BOJbHBIN.

2. OnepaTopu MPOBEPKH JOTHYECKHX YCJOBHH CJyXKar AJs onpene-
JIeHHsl nopsigka paGoTs aAropuTMa u 0603HAYaOTCA MaJbiMH OyKBaMHu
JIaTHHCKOro aJjdasHuTa p, ¢ U Ap. '
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3. Oneparopsl nepeajpecanmun CJIyXaT JJs H3MEHEHHS aJpecoB
B NpHKa3ax; AJad H3MeHeHHs pa3J/IHYHLIX MapaMeTpPOB, OT KOTOPHIX 3a-
BHCAT ONEpaTOpbl NMPOrpamMMbl; AJs BOCCTAHOBJEHHs 3HayEHHH mapa-
METPOB M aJpecoB, KOTOpble GBEIIM H3MEeHeHHl B npouecce paGoThl aJjaro-
puTMa (IporpaMmbl).

Oneparops nepeaapecanun oGo3nayaiorcs GykBoit F ¢ ykasaHuem
B CKOGKax M3MeHseMoro ajpeca wiW napaMerpa. Tak, onmepaTtop, H3-
MeHsIOILK{ napaMeTp i Ha eJUHHENY, 6yaeT oGo3HauaTbes F(i). Onepa-
TOp, YBEJHUHBAWIUK NapaMeTp [ Ha 7 eAMHHL, GyleT 0603HAYaThCA
Fn(i). Onepatop, yMeHpllalomuii napameTp { Ha n eAHHHL, Oyler
o6osHauaTecsa F™(i).

4. Onepartop nepeHoca CJOYXKHT IJs «NepeHOCa» OXHOTO napamer-
pa Ha «MecTO» APYroro, uJH, APYTHMH CJIOBaMH, JJIS 3aMeHH ORHOro
sapaMerpa apyrum. Oneparophl nepenoca o6o3nauaworcs [a—b], rie @
O3Hayaer, yeM 3aMeHseTCa (YTO NepeHocutcs), b — uro 3ameHAeTCH
(BMecTO yero nepeHocHurcs).

5. Onepatopsl GopMHpPOBaHHA CaAyXKaT A48 GOPMHPOBAHHSA HayaJb-
HBIX 3HAYEHHHi HEKOTOPHIX onepaTopoB aiaroputmMa. OHH mepeHOCAT He-
KOTOpHe 3apaHee 3anaceHHble NPHKa3bl B ONpejeseHHble MecTa ajaro-
putM™a.

Onepatopnl popMHPOBaHHS MOXHO HCMNOJb30BaTb BMECTO OMNepaTo-
poB nepeaapecanun. 1o 0coGeHHO YA06HO, KOrja YHCJIO mepeajpeca-
uuiA MoxKer ObITb PAa3JHUHLIM, a HayaJbHOe 3HaueHHe TMapaMerpa—
Bcerza ofHo u To ke, Hanpumep, ecnin HavanpHOe 3HayeHHe MapaMeT-
pa i pasHo /, To onepaTop $GOpPMHpPOBaHHA MOXKeT OHITb 3aMHCaH B BH-
ne {l—i}.

Paccmorpum npuMmep 3anucu omepatopHoro aJjropurma Jlanynosa
AJsl CYMMHPOBAHHS NMATH YHCEJN: Ay, Qp, A3, s, -As.

IMycte ¢ —napamerp, npeiacraBasouiuii coGoi l}.‘.la,-, onepatop As

BHIYHCJAET BEeJIHYHHY C; = Ci—1 + @;. BHluncienne cyMMH HayHHaeM ¢
i = 1. Anroput™ BMeeT BHA: ‘

(1= {0—cu}¥ AF (i)p(l=06)" ocTanoB

Oneparopuble airoputmsl JIafyHOBa AJs pelleHHs OnpejeJeHHOR
3ajayn JONYyCKAaIOT HEKOTOpPHE SKBHBaJeHTHBe nmpeo6paszopanus. I1po-
rpaMMa, NoCTpoeHHas no Mo6oMy M3 5KBHBAJEHTHBIX MeXJy cO6O0H an-
FOPHTMOB, CJYKHUT JJ4 pelueHns OQHOM H TOH XKe 3alayH.

Taxue npeoGpasoBaHus aJropuTMOB MOJE3HH B TOM OTHOLIEHHH,
YTO OHH MOTYT ObiTb HCIOJb30BaHBH AJA MOHCKOB PalHOHaJbHOH Mpo-
rpaMMBl IPH peasH3alHy AaHHOrO aJrOPHTMa Ha MalllHHe.

ITpeoGpa3oBanne cxeM MOXHO paccMaTpHBaTb C ABYX TOYeK 3pe-
Hua. IlepBhii nmyTb — nccenoBath GopMasbHBle TOXKJAECTBEHHHIE Npe-
o6pa3oBaHHug CXeM aJrOpHUTMOB, NpelsaraeTcs COBETCKHM MaTeMaTH-
kom 0. . fIHoBBIM H GyAeT paccMOTpeH jaJjee. ‘

Btopoit nyTb — nccaenoBaTth colepxarenbHbie NpeoGpa3oBaHHR
CXeM aJrOPHTMOB, YUHTHIBAIOHe HHAWBHAYaJabHbie OCOGEHHOCTH pe-
1maeMon 3ajauyu.
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1.5.4. Baok-cxemHbI# MeTOA ANTOPHTMH3ANNH

Ilpn 670Kk-cxeMHOM MeTOZE aJrOPHTMH3AlHH BeCh Ipolecc pelie-
HHA 3aJauyd pacu/eHseTcs Ha OTHeJbHble 3Tanbl-6/0kH. Kaxauii 640K
usobpaxaercs Ha Gymare B BHAE NPOCTEHLIHX reOMeTpHUYECKHX GHTyp
{npsMoyroJbHuKa, poMm6Ga, Kpyra u T. 1.), 60Ky NpHCBauBaeTcss HOMep
{MeTKka), u OH cHaOxXaeTcd MNOSCHHTeNbHHIM TekcToM. HanpasneHue
npouecca 06paborku B 6/0K-CXeMe YKa3blBaeTcss INyTeM COeXHHEHHs
OTAEAbHBIX 9/MeMEHTOB 6/0K-cXxeMbl cTpeskamH. Ecan oauH 6ok nepe-
IaeT ynpaBjaeHHe IpyruM 6J0KaM B 3aBHCHMOCTH OT BBINOJHEHRHs Onpe-
JleNeHHbIX YCJOBHH, TO Ha CTpPeJKax CBSA3H YKa3blBaeTcs YCJOBHe, NIPH
KOTOPOM BBIYMC/HTENBHBIA NPOIeCC pa3BeTBISETCS.

Ilpu noctpoeHnn 6/0K-CXeMB! CJIOXKHBIX BBIYHCJIHTEbHBIX MpoIec-
€COB He BCerja Liesecoo6pasHo APOOGHThL BECh MpoUECC PelleHHs 3anauH
Ha Meskue Gaoku. MHoroa asis Gosbleir 0603pHMOCTH BO3MOXHO CO-
€IHHHTL B OJUH OJOK HeJaylo TPYNmy 3TamnoB, T. €. B 3aBHCHMOCTH OT
CJIOXKHOCTH 3aJaYH COCTaBJATb OJIOK-CXEMHBI C Pa3/IHYHOH cTeleHbio Je-
TaJH3auHH.

PacemoTpuM nprMmeHenne 6JI0K-CXeMHOrO METOA2 aJrOPHTMU3ALMH
NpH TaKCHPOBKE NMEPBHYHBIX AOKYMEHTOB. Ta THNHYHas y4yeTHas 3aja-
4a, H ee HCNOJB3YIOT N1 O6PabGOTKH TaKHX MEPBHYHHIX HOKYMEHTOB
6yXranTepcKoro yuyera, KOTOpble COAEpKaTr B CBOEM COCTaBe KOJHYeCT-
BEHHbIe 1 HOPMAaTHBHO-pPaCleHOYHbie IOKa3aTeJH.

K rakum 3amayam Moxer GHITb OTHECE€HA M TAaKCHPOBKA HHAMBHIY-
aNbHBIX pabounx Hapsanos. Paccmorpum 6.0K-cxemy 06paGOTKH HHIH-
BHAYyaJbHBIX paGoOyNX HapAROB AJS €IHHUYHBIX H MEJKOCEpPHAHBIX Lie-
XOB:

Llex 5:;:‘:' 3axas Egggnbnuﬁ Buag omnaaTh
‘Wuaneuayanbeu  pa- P
6GouHk Hapsif
Hetane |Onepauus Koaunue- | HopmMa {Pacuenka Bpems 3apaGornas
CTBO | BpeMeHH HOPMHPOBaH-| I/1aTa
Hoe
Bpemsa ropMmupo-
BaHHOE IO JIOKY-
MEHTY 3apaboruan mJaara
IMonnucy No AOKYMEHTY

Ilenp 3amaun CBORAMTCHA K OMpefieIeHHIO BPeMEHH HOPMHPOBaHHOrO
{BH/) u 3apa6oruoit naatel (3I1[1) mo kaxaoMy IZOKYMEHTY, yyacrT-
ByolemMy B o6paborke.
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Ecan o6paGarbiBaeTcst n CTPOK KaXXAOro Hapsaa, TO Ipouecc Iofay-
qennsi BHJL 311 M0XHO npeAcTaBATh Kak

BHI = Ekz Xt

i=1

3= X P,

i=1

Iie k — KOJMHYeCTBO HeTaJseonepauni;
t — HopMa BpeMeHH;
P — pacueHKa;
N — KOJIHYEeCTBO CTPOK B.OJHOM JOKYMEHTE;
i — HOMep CTPOKH B OLHOM JOKyMEHTE.

Jloruka pelwenust 3ajlayd CBOZMTCA K IOC/TIeLOBaTeJbHOMY MOJyye-
HUI0 BpeMeHn HopMmupoBanHoro (BH) u 3apaGoruoit mnaats (3I1) mo
Kaxnoi ctpoke, [las ynpolIeHHs pacyeTa NPHHHMAeM, YTO KOJIHYECT-
BO 3aMOJIHEHHBIX CTPOK B KaXIoM AOKyMeHTe (n) paBHO msartH. 3aTeM
BH u 311 no nsaTtu cTpOKaM KaxJ0ro JOKyMeHTa CYMMHpYIOTCS C N0.y-
ueHneM cooTBercTBeHHo BH/ u 3I11.

PesynbraTHas uHdopmauus BHIBOAMTCS B BHIE CJAEAYIOIHX C006-
1IeHui:

] [ % 8

at g 3 g Bpema HopMHUpO- 3apabotHas
§¢ " 5 2 t5) - BanHoe N0 n1aTa no
e b g z 9 =4 JNOKYMEeRTY AOKYMEHTY
2|5 2 | 5|82 B

Bnok-cxema peuenus maHHOH 3aflaun mpeicTaBieHa Ha pHC. 7, THe
0603HaYeHNns HMeIOT CJeAyIOlHe 3HaueHns:

j —nopsakoBbiit HOMep Hapsina (Bcero ux 100);

k — HOMep CTPOKH B Hapsle;

n — KOJIHYeCTBO CTPOK B Hapsje.

IMpuBenenublt npuMep no3soasieT cHOpMyaHPOBATH BHIBOALI O HEKO-
TOPBIX OCHOBHBIX AOCTOMHCTBaX M HeJOCTaTKax GJIOK-CXeMHOro meroaa
aJIrOpHTMH3alHMH.

Bnok-cxema siBasieTcst GOpMoil peAcTaB/IeHHsT aaroOpHTMa pellleHHus
3anauy B oGimeM Bule. IlpermymecTBa ero cBoRATCS K CiefylomieMy:

1. OGecneynBaercs O6MEeH MeTOJaMHM pelUEeHHS] MeXAIy CNelHasnc-
TaMH, HCIOJB3YIOINMH Pa3/HyHble MalUHHBL.

2. O6neryaercs pa6oTa No COCTABJAEHHIO MalIMHHOH TPOrpaMMH,
TaK KaK 3apaHee COCTaBJIEHO YKpYMHEHHOe OMHCaHHe BCEro mnpouecca
pelleHHs 3agayu.

3. Co3naercsi BO3MOXKHOCTb OTAENbHO NMPOrpaMMHUPOBATb KaXJIHli
6,10k, a MpOrpaMMy pellleHHs Bcefl 3ajauy INOJyYyaTb NMyTeM OGbeauHe-
HHSI TAaKHX NPOTPaMM.

4. OGneryaercs uTeHHe ¥ MOHMMaHUe IPOrPaMM.
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5. YMeHbllIaeTCsl KOJHYECTBO OMHGOK MPH NMPOrpaMMHPOBAHUH.

6. Ynpomaercs npoBepkKa M OTJagKa rOTOBLIX [IPOrpaMM.

HenocraTkn 3Toro Merona CBS3aHBI MpeXxIe BCEro ¢ HEBO3MOXKHO-
CTBIO HMCIO/MB30BaTh €ro NMpH aBTOMAaTH3alHWM NPOrpaMMHPOBaHHA. TakK
Kak 1719 60siee CJOOXHBIX 3a7lay CJ0BeCHOe ONHCcaHHe 6/0K-CXeM OKa3shl-
BaeTCs TPOMO3JKHM 1151 BBOJa B MAIIKHY.

8807 paboyux

. fodcyer bpemeny
ji=1 1 HOPMUPOEOHHOZD
no doxymenty

!

flogcver sopodor-
Hou nnarer no
K:=1 JorymenTy

l

YMHOKCEHUE
@ —ronvvecrba no
wopmy  Epemenu

¢

YMHOM CHUE
wonuyecrba  HO
DOCUEHKY

Puc. 7

Hpyroit cepbe3Hblii HEAOCTATOK COCTOHUT B TOM, YTO IIPH cOCTaBJje-
HHH 6JI0K-CXeMBl He YCTaHaBJHBaeTCsl OMNpeleseHHas CTENeHb NeTaJH-
3allui, KOTOpas BIOCJEACTBHM HeoOXozuMa NpH pa3paboTKe nporpam-
Mbl. [IpHueM yeTKoCTb M MOJIHOTA ONMHMCAHHA OTHZEJBbHLIX 6/IOKOB 3auac-
TYI0 3aBHCAT OT KBaaudukauuu cocrasutened. M nonyvaercs, yro He-
KOTopble G6JIOKH OMHCaHH C H3JHIIHed NoApPo6HOCThIO, a Apyrue — B 06-
IHX YepTax.

OTH HemoCTaTKH NPHBOAAT K GOMBUWIMM TPYAHOCTAM INpH NEepPeBOe
6/10K-cxeMbl B paGouyio NpPOrpaMMy MaulHHbl U HE MO3BOJASIOT CHOPMY-
JINPOBATh YETKHe [IPaBHJIa TAKOro NepeBofia, KOTOpble HeOGXOAUMbI NIPH
aBTOMAaTH3alUHK IPOrpaMMHPOBAHHS.
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Taxkum 06pa3oM, H3 H3/I0XKEHHOro BHILIE cJexyeT OGLIMH BBIBOL O
TOM, YTO GJIOK-CXEMHBI} METOJ aJrOPUTMH3alHH MOXeT GHTb PeKOMeH-
IOBaH NpH PYYHOM MeToJe NPOrpaMMHPOBaHMSI Kak 3Tam, ob.jeryaro-
Ui cocTaBNeHHe pabouel IporpaMMsl.

Kpome Toro, 6;10k-cXeMHBIM MeTOLOM YAOGHO MOMB30BaTHCS MPH CO-
CTaBJIEHHH CJIOXKHBIX aJrOPHUTMOB, B KauecTBe NpeIBapUTeJbHON Mpo-
BEPKH H HArJsIHOTO NpeICTaBJIEHHs JOTHKH pellleHHs 3a]aun.

Ecnu aGcTpakTHble ajJropuTMHYECKHE CHCTEMBI CJyXKaT JLJs pelie-
HHA Takux NpobjeM, Kak aJrOpUTMHYECKasi pa3pellnMOCTh HJN Hepas-
pEUIMOCTh 3aKay, TO OCTaJIbHbie CHCTEMHl HCIOJNb3YIOTCS NPaKTHICCKH
IJIs1 3alHCH PeasbHbIX aaroputmoB. OHM cJyXKaT TeM anmapartom, KO-
TOpPHI HCNOMb3yeTcs A8 QopMasH3auu# aJropuTMoB (3amucu B dop-
MyJiax H TEPMHHax TOH WM HHOH aJrOPHTMHYECKOH CHCTEMBI).

OnHako B cBsi3u ¢ BO3HHKHOBeHHeM DBM atu anropuTmuueckue cuc-
TeMbl OKa3aJHCb He COBCeM YIOOHBIMH, Tak Kak AJs pelleHHd 3ajay,
NpeACTaBJAEHHHX anilapaToM TOH MM HHOM aJrOPHTMHYECKOH CHCTeMbI
Ha OBM, HEO6XOAMMO aJrOpPHTMHI MEPeBECTH B KOMaHIbLI KOHKPETHOI
MalluHBL. DTOT epeBoj BHIIOMHSAJCSA BPYUHYIO H TPeGOBaj MHOro Tpy-
lla ¥ BpeMeHH.

Ias ycxopenus mpouecca nepeBofia aJiropuTMOB 3ajau C AsHKa aJ-
FOPUTMHYECKOH CHCTEMBI B $I3bIK MAWIMHH OBJIM pa3paboTaHBbl CheuH-
asibHble aJTOPHTMHYECKHE CHCTEMBH, MOJNYYHBIIHE HAa3BaHHE QA20PU? MU-
yecKue A3biKu.

Crporas dopmanusauust 1 OOZHO3HAYHOCTb ONHCAHHS AJTOPHIMOB
B aJrOPHTMHYECKOM fI3biKe [O3BOJIKJA NEPEJOXHTh Ha MAUIHHY H caM
nepeBoj ¢ aJArosisbika Ha I3HK MalIHHEL, T. €. aBTOMAaTH3UpOBaTh MpO-
uecc MOATOTOBKM 3ajxay I/ BHIMOJHeHHs HX Ha DBM, aBToMatnsupo-
BaTh NporpaMmupoBanue. [las 3T0ro Heo6xonuMO CHAaGAUTH MalUIMHY
TaK Ha3blBaeMOH «NPOrpaMMHpyiollesi NporpaMMoR» — TPAHCISATOPOM,
KOTOpasi, aHaJIu3HUpysl ONUCaHHe, CleJlalHOe Ha aJrOPUTMHYECKOM SI3bi-
Ke, nepepaGaTHBaeT ero B NpOrpamMMy, COCTOSIILYIO TOJABKO M3 MAIIHH-
HBIX KOMaHJ.

B Hacrosmee BpeMs paspaGoTaHo W Hcnosabsyercsi Gosee 700 pas-
JIMYHBIX AJTOPHTMHYECKHX si3blKoB. HauGosee pacrnpocTpateHHHe H3
nux AJITOJI, KOBOJI, ®OPTPAH. V¥ Hac B CCCP paspa6oranbi
AJIT3K, AJITAOM, AJIMO w 1p.

HeranbHBIM H3yyeHHEM aJrosi3blKOB 3aHUMaeTcst Kype «AJropuTmu-
yecKHe A3bKH». B 1aHHOM Kypce u3yuarorcst OGLIHe NPHHIKNLL OCTPOE-
HHS TaKHX S13bIKOB — opMasbHas rpaMMaTHKa.

Ynpaxuenus:

B onepartopuoii cucreMe JlanyHoBa

1. CocTaBHTbL arOPUTM BHIYHC/IEHHS 110 GOpMYJIe

c=a,—b; (1<<in).
2. CocTaBHTb aJrOPUTM BBIYHCIAEHHS 1O GopMmye

Cp = iA,—bk(l<i<n, 1R m).

i=1
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3. CocTaBuTh aJrOPUTM BEIYHCJIEHHS IO dopMmyJe
=aq;Xb(1<in).
. 4. CocraBHTb aJrOPHTM BBHIYHCJAEHHS N0 Gopmy.ie

m
6= glAnth(l i<, ISkESm).
5. CocTaBuTb aJropuTM BHYHCJIEHHS 1O Gopmye
n
IMe=a,:b;.
it ¢ i Y

6. CocTaBHTL aNrOpHTM OMNpegeneHusi KOMHYeCTBA ONMHAKOBBIX UH-
¢eJ1 B NOC/Ie0BATEJAbHOCTH @y, A2, ..., Qn.

7. CocTaBUTb aJrOPHTM YMHOXEHHSI MAaTPHLBI Ha MaTpHLY.

8. CocraBuTh GJIOK-CXeMy aJropuTMa MOPa3psAZHOrO CJAOKEHHS ABYX
YHCea NPOU3BONLHON Pa3pALHOCTH.

9. CocraBurb G/IOK-CXeMy aJArOpUTMa IOPAa3pSAHOr0 YMHOXEHHS
IOBYX YHCEJ IPOU3BOJILHOH Pa3psiAHOCTH.

10. CocraButh 06JI0K-CXeMy aJropuTMa YNoOpsSiAOYEHHA MAacCHBa
H3 n yuceJs B NMOPsLKe BO3paCTaHHUA JEMEHTOB.

11. CocraButs 6J0K-cXeMy aJroOpuTMa MONUCKa MHHHMAaJbHOrO 3Je-
MeHTa M3 MaCCHBa N YHCeJI.

12. CocraBuTh 6JIOK-CXeMy a/JrOpHTMa YMHOXEHHS MaTpPHUB Ha
BEKTOP,

13. CocraButh GJOK-CXeMy aJAropuTMa YMHOXEHHSI MaTpHUbl Ha
MaTpHLy.

14. CocraButhb 6/10K-CXeMy aJropuTMa TPAHCIOHHPOBAHHS MaTPHIUBI.

15. CocTaBuTh 6J10K-CXEMY aJropuTMa NMOHUCKAa MHHHMAJBHOTO (MaK-
CHMaJIbHOr0) 3JeMeHTa MaTpHLHI. .

16. CocraBuTh 6JI0K-CXeMy aJropuTMa Onpele/eHHst KOINYeCTBa MOo-
JIOXXHTEJbHEIX (OTPHIATENBHHEX) 3JIEMEHTOB MaTpPHIHI.

17. CocraBuTb 6JIOK-CXeMy a/JrOpuTMa BHIYHCJIEHHMH 1O dopmyJe

m . .
cp = klla,,)(b,(l<i<n, 1<E m).
18. CocTaBuTh 6/10K-CXeMy aJropuTMa BHYHCJACHHH no popmyae

cr= D a,— b, (1 <k <e).
=1

1.6. MeToABbl OLEHKH aATOPUTMOB

B Teopny ajNropuTMOB NMOHSATHE «AJrOPHTM» OOBIYHO YTOUHSIETCSH
NMOCPENCTBOM ONHCaHUsI «MaTeMaTHYECKOA MOAEH» BLIYHCIAHTEIbHOM
MallHHb. 3[1ech BO3MOXKHH JBa M0AX0Ja B 3aBHCHMOCTH OT TOro, olue-
HHBaeTCsl JIH CJOXKHOCTb alAropuTMa (MallHHBI, MPOTPaMMH) HJIH CIIO-
COOGHOCTD BBLIYHCJIHTEJIBHOTO Mpolecca, INPOTEKAIOUIEr0 B COOTBETCTBHH
C aJrOPUTMOM.
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B kayecTBe Mephl CJIOXKHOCTH aJrOPHTMOB paccMaTpHBaercsi (yHK-
LMOHAJ, COOTHOCAINME Kaxaomy aarcputMy A Hekotopoe umenao p(A4),
Xxapakrepusywoluee (B NMOAXOAsIleM CMHICJe) ero rpoMo3aKoOCTb, Ha-
IpUMep: YHCI0 KOMaHA B A, AnuHa 3anucu A, Hau Kakoi-HHGYLb NpY-
roji 4HMCJAOBOM NapameTp, XapakTepusylomuii o6beM HHpopMauuu, co-
nepxauuiics B A. Tlono6Hble GyHKUHOHABI yXKe NaBHO NPHMEHSIOTCA
B TEOPETHKO-KHOEDHETHUECKHX HCCJAeLOBAHHAX CXEM, peaaH3ylolux
¢byukuun anreGpsl Jgoruku (Lllennos, §16monckuii, JIsnywos wu  ap.),
a TakKXe B BBIUHCJIHTEJbHON MaTeMaTHKe, rie MOLIHOCTb CXEMEI, 1O KO-
TOpO# BBIYUCJISETCS MHOTOYJEH, H3MepsAeTcsl YHCAOM apHpMeTHUECKHX
onepauuii, QUrypupymomux B cxemMe. Pasjinune 3akJjloyaercs JIHIIb
B TOM, 4TO B YKa3aHHHIX pab0oTax pacCMaTpHBAIOTCS CleMHaJbHbIE Y3-
KHe KJaacchl QYHKUHME K CIelHanbHble crnocobbl ONHCaidus ajJropUTMOB.
Mul xe 3auHTepecoBaHH B paspaboTke ¥ NPHMEHEHHH aHAJOTHYHBIX
nousiThilt B 6oslee obuieil curyauun (Jio6bie BHUHCAHMBIE QYHKUHH, 06-
lIKMe KOHuenuuu aiaroputMa). [lepBee nyGaukauuy, B KOTOPHIX TaKue
MEepHl CJOXHOCTH HalLIM NpHMeHeuHsi, NpuHagiexat A. A. Mapkosy u
A. H. Koanmoroposy. '

B xayecTBe MepHl CJI0XHOCTH BbIUHCJIEHHA paccMaTpuBaeTcs ¢yHkK-
UHOHAJ, COOTHOCALIMH Kaxpol nape (A, a), rme A-— anropurM, a—
MHIMBHIyaJbHasi 3afaia M3 TOro Kjacca 3azad, KOoTopsie aaroputm A
pemraer, Hekotopoe 4ucao ¢ (A, a). ITO YHCIO XapaKTepH3yeT CJOK-
HOCTb Pa6oThl anropuTMa A NPHMEHHTENBHO K HCXOAHLIM HaHHBIM O
[0 BbIIayM COOTBETCTBYIOLlero pesysantata. Hamnpumep, B kauecTBe
0(A, a) MOXHO GpaTb YHCJO 3/JE€MEHTAPHHIX LIAroB, H3 KOTOPHIX CKJa-
IbiBaeTcs 3Ta pabora (MHavye roBops, AJHTENBHOCTb IPOIECCA BHIYHC-
JIeHHs) uax 06beM MaMATH, KOTOPHIA MOXET NOHaZoOHThCA HJsI peaJ-
3alliy BceX BHKJIANOK IO XOAY AAHHOro mpouecca, U T. I. Ilockoabky
IJ15 Ka)Xa0ro aaroputMa A ofHO3HAYHO onpexeseH TOT KJaace 3axau Q,
KOTOpHIfi OH pemaer (Hampumep, Ta ¢yHKuHA f, 3HaueHHe KOTOPO#H OH
BHYHCJSET), TO MOXHO CUHTaTh, YTO B pacCMaTpHBaeMOHl CHTYyaUHuu
KaxAui aaroput™ A xapaxkrtepusyercd  (YHKUMe#  NepeMeHHOro
a cala) ;-; 0(A, a). UHbIMu c10BaMH, Mepoil CJI0XKHOCTH paboTH aJro-

pHTMa (BBLIYHCJIEHHA) ABJSETCH QNepPaTop, CONOCTAaBJSIONIA ¢ KaXAHM
anroputMoM A cOOTBETCTBYIOINYIO QYHKUHIO G4 ().

Tako# nonxon K OuUeHKe CJ0XHOCTH BBIYHCJIEHH CONEPIKANCH B pa-
6ore coserckoro maremaruka . C. LlefiTuna, crenandoi um B 1959 r..
B KOTOPOH CJIOXXHOCTb PaGOThHl HOPMAJBLHOIO aJrOpUTMa H3Mepsiiach
¢yHKuHel, yKasbiBaloolleii 3aBHCHMOCTb YHMCJAa LIAroB ajroputMa or
CJ10Ba, K KOTOPOMY OH NpuMeHsieTcs. IIpumMepHO B TO Xe BpeMs u He3a-
Bucumo or I'. C. Lleiituna B. A. TpaxTeH6pOT BBea aHaJOTrHYHLIE QYHK-
11K, U3MepsIollHe 06beM NaMATH, HeOGXOAUMOH Al PEKYPCHBHBIX BHI-
4HC/IeH}H, U Ha3BaJ HX CHFHANU3HPYIOWUMH GYHKUUAMHA.

Onpenesist HEKOTOPYIO Mepy CJOXHOCTH IJISl aJrOPHTMOB (MJH BH-
YHC/IEHHH), MBI TeéM CaMBIM HajeeMcs NOJYYHTb YHOOHLIH HHCTPYMEHT
ANsl CPaBHEHHsl aJrOPHTMOB, a TakXe JJs OLUEeHKH OGBeKTHBHOU TpPYA-
HOCTH, NPHUCYyIeA PasaHYHbIM BHIYHCAHMBIM QyHKUUAM. B cBsisn ¢ aTUM
MOXHO OTMETHTb PasjiHuue B OCYLIECTBJEHHH TaKOro 3aMHCja B 3aBH-

‘
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CHMOCTH OT TOTO, PacCMaTpHBaeTcs JHU Mepa CJOXHOCTH aJropHTMa
KJIH Mepa CJOXHOCTH ero pa6orhl. IToCKOJBKY CJ0XKHOCTH aJropuTMa
H3MepsieTcsl AeHCTBHTEJbHbIM YHCJOM, TO JIOObIe JBa aJAropHTMa Cpas-
HHMBI 11O CJIO2XKHOCTH.

OOGLIYHO CYMTAIOT, YTO Mepa CJOXKHOCTH aJrOpATMa [pPHHHMAET
JIUILb HAaTypaJbHOE 3HAUEHHE, [103TOMY AJS KaXKAOH BHIYUCIHMOM QYHK-
KK CYlLlecTBYeT BHIYHC/SAIONINI ee aJrOPHTM ¢ MHHHMAJbHON CJOXHO-
CTbIO. DTy MHHHMAJbHYIO CJAOXKHOCTb €CTECTBEHHO pacCMaTpMBaTh Kak
CJI0XHOCTb CaMO¥ (PYHKIHH, TeM CaMBIM H MHOXECTBO BCEX 3aBHCHMHIX
GyHKIME YIOPSAOYEHO MO CTENEHH CJAOXKHOCTH 3THX (QyHKLHH.

Ecan xe ucxognoir siB/sieTCs Mepa CJOXHOCTH BBIYHC/EHHI, TO MO~
Jy4yaeTcsl UHasg KapTHHa. [IBe cCHrHaJjusppylomue QyHKUHH MOTYT OKa-
'3aTbCSl HECPABHHMBIMH, Ja)Ke e€CJH CYATaTb, KaK OOBIYHO 3TO NPUHATO,
YTO CHTHAJIM3MPYIOLAsi G4 MeHbllle CHTHaJH3Hpyolleil 65, €CIH JNa
BceX @, 3a HCKJIoueHHeM, OBITh MOXeT, KOHEUYHOro X uHcaa o4 (a) <
< op(a). IToatomy Kos1b CKOpO 3aduKCHpOBaHa HekoTopas (yHKuud f,
TO anpHOpH He fICHO, CYLIEeCTBYeT JIH IJIs Hee HauJyvuilee BbIUHCJEHHE.
31ech NPUXOZUTCS MO CYLIECTBY OrpaHHUMBaThca Gosee caaboi xapak-
TEPHCTHKOIl CJOXKHOCTH CaMoit QyHKIUH f, a HMEHHO OTBICKHBAIOTCA ABE
OYHKUHA @1 (HHXKHAS OLleHKa) U ¢z (BepXHsisl OLEHKAa), TakHe, YTO:

1) cymectsyer asiropurm Aj, BhlUHCAAIOmMHUA [ ¢ CHTHANH3UpYIOLLEH,
He NpeBocXopsuiel @s; o

2) KakoB Gbl HH 6B anroput™ A, BHIUHCASIONMN f, €ro CHrHAMH3H-
pyollas He MeHblIe Q.

Pasymeercs, yem 6amuXKe Opyr K APYry BepXHsil M HHXHSISI OLEHKH
@1 ¥ @2, TEM TOUHee OXapaKTePH30BaHa CJOXHOCTb caMOBl QyHKuuw f.

Hrak, B oTanune or Mepapxuii, OCHOBAHHHIX Ha CJIOXXHOCTH ajro-
pHTMOB, HEPApPXHH, OCHOBAHHBEIE Ha Mepe CJOXHOCTH BLIYHC/IEHHH, AB<
JISIIOTCS YaCTHYHO YNOPAJOYEHHHIMH. DTO YCIOXKHSET HX H3yyeHue, HO
BMeECTe C TeM [03BOJIseT, N0-BHANMOMY, 60/iee TOHKO yJaBJaHBaTh CYll-
HOCTb TOTO, YTO MB HETYHTHBHO NMOHMMaeM MOJ CJOXHOCTbIO BbIYHCJIE-
HHI QYHKUHH.

Teopns CHOXHOCTH 3aBHCHT OT MOJIOXKEHHHIX B ee OCHOBY KOHIeMN-
uui aaroput™Ma (peKypcHBHble QyHKUHMH, MamuHbel ThiopHHra u T. I.),
a Takxe OT BBIGpPAHHO#! MepHl CJIOXKHOCTH.

[TosToMy anpuopun MOXHO NPeXNOJOXHTb, YTO MNpH Iepexoxe OT
ONHHX KOHLEMUHIl aJAropuTMa K APYrHM Heo6XOZHMMO 3aHOBO CTPOHTH
Teopuio caoxHOcTH. OHAaKO HAess MOXENUPOBaHHs OAHHX aJrOPHTMOB
IpyraMu nusbasisieT Hac OT 3TOro.

PaccMOTpHM OLEHKH C/I0XHOCTH aJrOpUTMa NPHMEHHTEJNbHO K Ma-
wuHaM ToiopuHra. :

C kaxpoh KoHbHrypauweir R, K KOTOpoi NPHMEHHMa MalInHa Tbio-
pHHra, MOXXHO aCCOLHMHPOBATH YHCJIO, XapPaKTepH3YIOLIee CJO0XKHOCTb
npouecca M (k) B TOM HJIH HHOM CMHICJIE.

Bapbupys k, nonyuum pyHKuHIO OT Hee, ONpeneeHHYIO Ha MHOXe-
CcTBE BCeX KOH(QHrypauui, K KOTOPHIM JaHHafd MalllMHa IpAMeHHMa.
DYHKUHH TAaKOrO POLa MH HA3BIBAEM CUSHAAUSUPYIOWUMU PYHKYUAMU.

Pa6ory mamuner M Gynem XapakTepu3oBath CJeAyIOLIKMHE CHTHAMH-
3HPYIOIIMMH QYHKUHAMHU: '
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Cuenaausupyrouwjas epemenu ty (k) paBHa ANUTEJBHOCTH TIpolecca
M(k) (1. e. uncay ero koudurypauui), ecnn M npumeHuMa K R, u tu (k)
He onpezgeJseHa, ecin M He nmpuMeHHMa K R.

AKTHBHOII 30HO INpouecca HaswBaeTCs MHHHMaJbHas 4acTb JeH-
TH, o0BeMJIollass AKTHBHBIE 30HB BceX ero KoHdurypammii. PaGoueit
(axTHBHOl) 30HOA NaHHON KOHGHrypau¥u Ha3biBaeTCs MHHHMaJjbHasl
CBfI3HAs yacTb JIEHTH, COlepiKallasi 0603peBaeMyl0 SiUEHKY, a TaK¥Ke
BCe fIYeiiKH, B KOTOPHIX 3anHcaHbl 3Havyaluue GyKBHL.

Cueriarusupyrouyas emxoctu Sy (R) paBHa JJHMHE aKTHBHON 30HHI
npouecca M(k), ecin M npumennma K k, 1 He onpelesieHa B NPOTHB-
HOM CJyvae.

Cuznaausupyrowgan korebanull oy (k) paBHa uucay KosneGaHui
(¥3MeHeRHs HanpaBJeHHi) FOJOBKH 3a BpeMst I (k), ecin M npumenu-
Ma K R, 1 He onpene/ieHa B IPOTHBHOM CJydae.

Cuznaausupyroujan pexcuma ry(k) paBHa MakCHMaJbHOMY YHCTY
NPOXOXKAEHU! rOJIOBKH uepe3 Kpail sueilku 3a BpeMsi Ix(k), ecin M
NpHMeHHMa K k, 1 He onpeleJsieHa B POTHBHOM CJyyae.

B wacrHocTH, KOrZla B KauecTBe KOHGuUrypauuii 2 B3siTH HayaJbHHE
KOHHrypauuu AJs CaoBa p, TO npouecc OYyAeT XapakTepH30BaThCA
CHTHAJMH3NPYIOIUMH GyHKunAMA Iy (p), Sm(p), om(p), ra(p). Hapsa-
Ay ¢ HAMH pacCMaTPHBAIOTCS M QYHKUHA THHA

(@ = max ty (p), ol®)=maxwy(p);

lpl=n lpi=n
s =maxsy (p), r{) =maxru(p),
lpl=n lpl=n

rle |p| — nauHa c0Ba p, a TakXKe QYHKUMH THIA

u

*

(r) = maxty (), @} (r) = maxoy (v);
y<n vsn

Sy (n) =maxsy (v), 7} (n)=maxry(v),
v<n vsn

rie v — HauboJbliee U3 AJHH CJAOB p;.

TMoctpoenne MammuHB Jaer JHWD BEpXHHE OLUEHKH CHrHAMH3HPYIO-
wux. HaxoxaeHnue Xe HHXHHX OLEHOK SIBJSieTCS 6OJIeE CJIOXKHEIM Je-
JIOM u TpebyeT cneunaJbHON TEOPHH.

Hmeer mecto TeopeMa, NoOKasHBaiowas, yTo NPH HAJTHYHH BepXHeil
OlEHKH, I/l KaKOH-HHOYIb OMHOM M3 CHrHAJM3HPYIONHX f, S, o, 7 H 3a-
AaHHBIX MapaMeTpax M u n (M — YUCJIO CHMBOJIOB BHeUIHero ajdasu-
Ta, N — YUCJIO CHMBOJIOB BHYTPEHHEro ajgaBHTa) MOXKHO TMOJY4YHTb
BepxHHe OLEHKH AJS OCTaJbHBIX.

Teopema. [Ins moGoit mawmeer M u aaa a060ro €aoBa p, K KOTO-
POMy OHa MpHMEHHMA, CnpaBelJIMBH CJelYIOllHe HepaBeHCTBaA:

o (p) <t (p);
r(p)o(p)+1;
s(P) | p | + 200+,
t(p)SmsP - s(p) - n.
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Curnaausupytomuii onepatop T CTaBHT B COOTBETCTBHE KawkKAOH
opHomecTHOM @yHKuMH @i(x) ee curHanusupyomyio Di(x) (P =
=15 0,7). .

Hymepauuonustit pyHKunoHas p (i) HasbBaeTCs KPUTEPHEM CJOKHO-
cTH, a Aas GHKCHPOBAHHOrO { yucjao u(i) HasbIBaeTCsl CJAOKHOCTBHIO
ONMHCaHHs (PYyHKUHH @;, €CAH BHINOJHEHB! YCIOBUA:

1) w(i) —Bciony onpenenenHas s¢pdektuBHas ynKuus;

2) npu J060oM (PHUKCHPOBAHHOM a ypaBHeHHe (i) = a mMeeT KO-
HEeYHOe YHCJO pellleHHd, NMPHYEM CYIUeCTBYET aJArOPHTM, IOCPEACTBOM
KOTOpOro A.1s J11060ro a Bce pelleHNss MOryT OHITh 3¢ HeKTHBHO HafiI€HEI.

1.7. ®opmanasbHble npeobpas3oBaHus aAropuTMOB

OnHHM K3 OCHOBHEIX BONPOCOB, BOSHHKAIOUIUX B Npomecce npeoG-
pa3oBaHHUs aJrOPHTMOB, SIBJSETCA MX 3KBHBAJNEHTHOCTb. Hanomuuwm,
YTO JBa aJrOpPHTMa CYHTAIOTCH SKBHBAJIEHTHBIMH, €CJH OHH HMeEIOT
OJHY H Ty Xe 00J1acTh ONpeneJieHHs, peajusyeMmole HMH QYHKUHH COB-
najaioT, a CUCTeMa NPaBHJ PasJHyHa. :

MoXHO OnpefesHTh CHJAbHYIO N ca6yio 3KBHBAJEHTHOCTh aJTOPHT-
moB. [IBa anroputma GyneM HasbiBaTb c1a60 3SKBHBAJIEHTHBIMH, €CIH
OHHM HMeIOT OZHY H Ty e 06JacTb ONpeneseHHsT ¥ pe3y/bTaThl MNepe-
paboTKH OJHHAKOBHIX CJOB M3 3TOH 06JacTH COBIAZAIOT.

JBa anroputma GyieM Ha3HBaTh CHIBHO 3KBHBAJEHTHBIMH, €CJH
OHHM MMEIOT OJHHAKOBYIO 06JacTh ONnpeleseHHss W COBNAnaloT He TOJb-
KO pesyJsbTaThl llepepaboTKH CJ0B U3 3TOH 0GJACTH, HO M caM mpolece
HX nepepaGoTKH.

B «yucrtom BuIe» NMOHATHE SKBUBAJEHTHOCTH IBYX aJrOPHTMOB
Ui n U, 6yzem onpegensts cienywomum obpasom. [as xkaxzoro aJj-
FOpHTMa BBOIMTCS IOHATHE «BXOAa» M «BHIX0Za». Ilisg KaxXzoro BXO-
Ia, KOTOpPBIi MMeeT CMBICJ I/ ALAHHOTO aJropHTMa, BLIIOJHEHHE aJ-
ropHTMa MOXKeT NPHUBOAUTH K HEKOTOpOMY Bhixony. ITycTb X1 u x; — Bxo-
abl aaroputMoB Uy m U, coorserctBenno. Aaropurmbl Uy u U, cun-
TAlOTCA SKBHBAJEHTHBIMH, €CH U3 YCJOBHS X1 = X2 CJAeNYeT, YTO eCjd
xorsi Gbl OgMH ajropurM, Hanpumep Ui, nMeer BHIXOZ Y1, TO U APYrofi
aJITOPUTM TaKKe HMeeT BBIXOZX Yz, IPHYEM Y1 = Y.

Takum 06pa3oM, 3KBHBAJICHTHOCTb «B YHCTOM BHIE» HMEET MECTO
TOrfa, Korna PaBeHCTBO BXOIOB NMPHBOZMT K PaBeHCTBY BBIXOZoB. Ha
npakTHKe OoJbllloe 3HaueHHe uMeeT Gosee OOllMH cnoco6 BBeZeHHS
3KBHBAJIEHTHOCTH, a HMEHHO OnpelleleHHe 5SKBHBAJIEHTHOCTH C TOY-
HOCTbIO N0 M30MOp¢dH3Ma. B 3TOM cayuae m/ist BoisiCHeHHsI Bompoca o6
5KBHBAJIEHTHOCTH COINOCTABJSIOTCA APYr C APYroM He paBHHIe BXOIBI H
BLIXOZBI, a JIMLIb HaxonsllHecs B COOTBETCTBHH, 3aaBaeMOM H30MOp-
dusmomM. .

B stoMm cayuae ME)KJI(\} HEKOTOPBIMH BXOZaMH Xy aaroputma Uj u
BXOAAaMH X ajqropHTMa U, KOHCTPYKTHBHO 3allaeTcsi HEKOTOPbIil H30-
mMopdu3sm / (B DaHHOM Cjaydae MOHMMaeMBblii NIPOCTO KaK ONHO3HauHOe
cooTBeTcTBHE). AHAJOrHYHO 3aaeTcsl IIEKOTOPLI n3oMopdusm J Mexay
BbIXOJaM¥ yy ¥ Y2 aaroput™Mos U; u U, cooTBeTcTBeHHO.
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Ilpenuxar OT ZBYX KOHCTPYKTHBHHIX 06beKTOB A U B «GbiTh B COOT-
BeTCTBHHM, 3aZaHHOM u3oMopdu3MoM L» Gynem o6GosHayaTh yepes
Ap~B.

OKBUBaJIEHTHOCTb Tenepb GyZeT ONpelensiTbCi CAEAylOlHM obpa-
aoM. Anroputmel U; n U, cuuTaloTcs SKBHBAJICHTHBIMH, €CIH M3 YCJIO-
BHS X1~ Xz C/IeLlyeT, 4TO eC/IH XOTH 6Ll OZVH aJIrOPHTM HMeeT BEIXOX Y1,

TO U APYroi ajArOpUTM TaKXe HMeeT BHXOA Y2, NpHUEM g 72

Pasnble BHAB 9KBHBANCHTHOCTH OTJHYAIOTCS TeM, Kak Ompejgess-
IOTCSl «BXOXBI» H «BLIXOZBI» aJrOPHTMA, a TaKkKe TeM, Kak (HaKTHYECKH
BeIGHpatoTcst H3oMopdu3mul [ u J.

Mexny- pa3iHYHEIMH BHAAMH 3KBHBAJEHTHOCTH MOXHO BBECTH
YaCTHYHOe OTHOUIEHHE MOPsifKa, BHpa)kalolleecs CJAOBAMH «CHJbHee»
1 «ciabee». Bynem cuuTaTh, YTO OTHOlIEHHE SKBHBAJEHTHOCTH J; cia-
Gee OTHOUIEHHS 3KBHBAJIEHTHOCTH Oz, eCaH Jio6ble anaroputMbl U u
U,, skBuBaneHTHHE B CMBIC/IE 32! 9KBHBAJIEHTHHl H B CMBIC/E Dy, U B TO

~ ~ ~
e BpeMs ecTb XoTs 6l omHa mapa aaroputmos Uy, Us, Takmx, uto Uj,

Us, xoTopble 3KBHBAJEHTHH B CMHICAE Dy U He SKBHBAJEHTHL B CMbIC-
ne d,. ‘ .

OueBnnHo, ueM cnabee OTHOLIEHHE 3KBHBAJICHTHOCTH, TeM LIAPE
KJIacChl a/JrOPHTMOB, 9KBHBAJEHTHHX COMNI&CHO 3TOMY OTHOIIEHHIO.
EcTecTBeHRBIM SIB/SIETCS CTPEMJIEHHE PACIUMPHTbL KJIACCH SKBHBAJEHT-
HHIX aJrOPHTMOB, BBOAs Gosiee ca6Goe OmpeeseHHe 3KBHBAJEHTHOCTH.
Onnako npy caumkom cnaboMm onpefesieHHH SKBHBaJEHTHOCTH Macco-
Bhle Mpo6/ieMbl, BO3HHKAIOULHE B TEOPHH aAJATOPHTMOB, H CPeIH HHX
OCHOBHasi Mpo6JemMa pacno3HaBaHHs SKBHBAJEHTHOCTH aJrOpPUTMOB,
MOTyT OKasaTbcst HepaspeilMbiMH. C Apyrofi CTOpOHBI, CJHIIKOM
CHJIbHOe ONpejesieHHe KBHBAJEHTHOCTH Ype3MEpPHO CyXKaeT KJacChl
3KBHBAJICHTHbIX aJropuTMoB. IIpaBuibHBIA BLIGOP NOHATHS 3KBHBA-
JIEHTHOCTH HrpaeT GOJblIYIO POJIb KaK C TOYKH 3peHHS BO3MOXHOCTH
NOJlyYeHHs] CONEePXKATeJbHHX TEOpeM, TaK H C TOYKH 3PEHHs HX Npak-
THYECKOM NIPUMEHNMOCTH.

Ha creneHp mWHpOTH MOHATHS 3KBHBAJEHTHOCTH Haunbojee cylle-
CTBEHHO BJIHsieT BLIGOp ONMpeneseHHs «BbIXOoZa» aJjaroputma. He Bo
BCexX CAyYasx Hac MOTYT MHTepecoBaTb B KayeCTBe BBIXOAA TOJLKO Te
KOHCTPYKTHUBHBIE OGBEKTH, KOTOpble (OpMabHO OGBSBISIOTCS pe3yJib-
TATaMH 10 OKOHYAHHH BHINIOJIHEHHS aJropuTMa. B HEKOTOpHIX caydasx
AN Hac ABJseTcCsl BaXKHOi MHPOpPMauHusi 0 KaKuX-1H60 IpPOMEXYTOoY-
HBIX pe3y/IbTaTax HJH O TOM, B KaKOH MOC/IeJ0BaTeJbHOCTH BHINOJHSA-
JIUCb 3JIeMEHTapHBIe aKThl aArOpHTMa H T. A. IToaToMy B camMom o6iuem
CMbICJE MOJ BHXOAOM aJrOpPHTMAa CJaelyeT MOHMMaTb KaKylo-TO 3aNHCh
Bceli Toil MHpOpManuK, KOTOPYIO MOXHO MOJYYHTh, HabJ0nas npouecc
BBITNIOJIHEHHS1 aJTOPUTMA.

Takum o6pasoM, yeM Gosblile HHGOpMauUMH, MOJYYEHHOR B XOfde
BBINOJIHEHHSI AJrOPHTMA, HeceT B ce6e BHIXOZ, TeM GoJjiee CHJBHBIM
OKa3blBaeTCsi OTHOMIEHHe SKBHBAJEHTHOCTH, OCHOBAHHOe Ha TaKOM Om-
pefeseHun Beixoaa. Jlpyrumu cnoBaMH, Bce pasHooOpasHe 3KBHBAJIEHT-
HBIX aJIFOPHTMOB COCTOHT B TOM, YTO OJHH H TOT Xe KOHeYHbld pe-
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3yabTaT MNojaydaercss pasHuimMu nytamu. ChaenoBartenbHO, ueM Godblie
HCTODHH O TOM, KaK BHIMOJIHAJICA aJTOPHTM, CONEPKHT B ceGe BLIXOJ,
TeM K 6OJiee CUIbHOMY MOHSITHIO SKBHBAJEHTHOCTH OH NPUBOZHT. ITO
O6BACHSETCSl T€M, UYTO B ONHH KJACC 3KBHBAJEHTHHIX aJrOPUTMOB MO-
NajfaioT TOMbKO Te W3 HHX, HCTOPUA BHLINOJHEHHS KOTOPHIX COOTBETCT-
BYeT HCTOPHH, 3a)UKCHPOBAHHOH B JaHHOM BLIXOJE.

Ucyepnrisaoinyio uHbopMaLuHio o TOM, KaK NPOHCXOAHJIO BHIMOJHE-
HHe aJIrOPHTMa, MOXKHO MOJYYHTb, pacCCMaTpHBas B KauecTBe BHIX0Ja
alrOpHTMa BCIO MOC/EL0BATEbHOCTb BLIMOJIHSBIIHXCA ONEpaTopoB —
3HayeHHe ONEpPaTOPHOro aJropHTMa. B aToM ciyuae aJrOPHTMbI CYH-
rajoTcs 3KBHBAJICHTHBIMH, €CJH HX 3HayeHHs COBNafaloOT NPH OJLHHa-
KOBBIX Bxojax. Takoe ompejesieHHe 3KBHBAJIEHTHOCTH pacCMaTpHBa-
aocsk 0. U. SIHoBhIM, 115 onepaTopHHEIX aJropuTMoB JlsnyHosa. B atow
clyuae MM Ohlja JIOKazaHa paspelluMOCTh MpoGJeMbl 3IKBHBaJEHTHO-
cti. OnHako Takoe onpefliesieHHe SKBHBAJIEHTHOCTH fIBJISIETCS CJAHIIKOM
CHJILHBIM M MHOTHE aJITOPHTMHEI, KOTOpble Pa3yMHO CUHTaTh SKBHBAJEHT-
HbIMH, NPH TaKOM ONpeJeseHHH OKA3HBAlOTCS HeIKBHBAJIEHTHHIMH.

- Ucxons n3 aToro B KavecTBe BbIX0Za ONEPaTOPHOrO aJropHTMa le-
Jecoo6pasHo paccMaTpHBaTh HEYTO TAaKOe, YTO MO KOJHYECTBY HHOOp-
MaUHHA 0 XOe BHINOJIHEHHs alropuTMa 6blI0 Gl YeM-TO CPEIHHM MeX-
Ay 3HayeHHeM aJrOPHUTMa M 3HayeHHEM Pe3y/IbTaTHBHOTO NMepeMeHHOro
10 OKOHYAHHMH BhINOJHeHHs aaroputMa. C 3rToit Toukd 3peHHs GyneM
paccMaTpHBaTh B KauecTBe BbIX04a S-NMpelCTaB/eHHs TeX NepeMeHHbIX,
3HaYeHHs KOTOPHIX HAC HHTEPeCylOT B KayecTBe Pe3yJbTaTOB BHIMOJIHE-
HHS1 ONepaTOPHOTrO aJIrOpUTMa.

Ecsau BBeCTH onpejesieHHsi SKBHBAJEHTHOCTH, G6asupyiolieecss Ha
HCMOJIb30BaHAHN S-NpeiacTaBJeHHsl B KaueCTBe BHIXOXA, TO TOFJa MOXKHO
CKa3aTh, UTO Ba AJTrOPUTMAa 3KBHBAJEHTHH N0 OTHOIUEHHIO K BEIACJEH-
HHIM NEPEMEHHHM B TOM CJly4Yae, €C/IH COOTBETCTBYIOLHE NepeMeHHhIe
NpH COBNajaiolHX BXOJAX BHIYAC/IAIOTCS MO OAHHAKOBHIM (opmyJaM.
S-npencraeiiennHe NMepeMEeHHOro €CTh He YTO HHOe, KaK sBHOe Bblpa-
KeHHe GOpMyJH, N0 KOTOPO# BHIYHCASNIOCH Pe3yJibTHPYIOLee 3HauYeHHe
NepeMEHHOro A/ JaHHBIX HCXOAHHIX waqennﬁ $YHKUHOHAMbHHIX Te-
PeMeHHBIX.

Kak u3BecTHO, B MporpaMMHPOBaHHH BaXXHYIO POJib HIPalOT HMEHHO
TakHe Npeo6pa3oBaHNsl aJTOPUTMOB, KOTOPHE OCTaBJSIOT pacueTHhe
dopMyJisl (S-npeacTaB/ieHHs) Hen3MeHHBIMH. JlelCTBHTe/bHO, TaKue
OCHOBHBIe MpHeMbl MPOTPaMMHPOBaHHSA, KaK pa3bHeHHe 3aJayd Ha ya-
CTH, pacuseHenue GopMmyda, BblJeNeHHE NMPOMEXYTOYHHIX Pe3yJLTaToB,
npeoGpasoBaHue JIOTHYECKHX OMEPaTOPOB, SKOHOMHS KOMaHI H syeek
naMATH, NPHBOAAT K TaKMUM Npeo6pa3oBaHUAM aJrOPUTMOB, KOTOphHIE
COXPaHAIT S-NpPeACTaBACHHs Pe3yNbTATHBHEIX NMepeMeHHbIX.

Has onpenesieHHss 3SKBHBAaJEHTHOCTH ONEPaTOPHhLIX aJrOPHTMOB
paccmorpum aBa aaroputma — U; u U, H3 HekoToporo KJacca ome-
patopHex aJropHTMoB. IliIsi KaXxoro M3 aJropuTMOB BBHIIETIHM Te me-
peMenHble, KOTOPhle HaC HHTEPECylOT B KayeCTBe pe3yJbTaToB BhINOJ-
HEHHsSl 3THX aJIrOPHTMOB. DBhife/eHHble nepeMeHHble MOTYT OHITh pas-
JHYHBIMH, y anropurMa Up n aaropurma U,, HO 4HC/IO HX JOMXKHO OHITH
OJHHAKOBHIM M MEXJY HHMH AOJ/KHO ObIThb YCTaHOBJEHO B3aHMHO-
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OZIHO3HAayHOe COOTBETCTBHE. TO JKe caMoe OTHOCHTCA K (yHKIHOHAJb-
HbIM nepemeHHbiM agsroput™MoB U;, U; H Kk mapamerpam 3THX aJropHT-
MOB, KOTOpHi€ MOTYT BXOAHTb B S-npelCcTaB/eHHe BbiIeIEHHHX fnepe-
MeHHBX. O603HaunM QYyHKIHOHAJNbLHblE MepeMeHHLe, napaMeTphl H Bhi-
nesieHHble nepeMeHHble anropurma Uy 6ykBaMH Xy, ..., Xs, Pi,..., Pr K
Y1, - -« » Yn cooTBeTCTBeHHO. COOTBETCTBYIOLIHE HM NEepeMeHHbie, Hrpaio-

N ~ ~

I(He aHaJoruuHylo poab jaas U, 06Go3Ha4HM GyKBaMH Xi, ..., Xs;

~ ~ ~
Pi---, Prayy, ..., Yn. )
Anroputmbl Uy v Us 3KBHBaJIGHTHH MO OTHOIWEHHIO K BbiJeN€HHbIM

~

fepeMeHHHM, Y1, ..., Yn H Y4, - . ., Ya, €CJIN AJA Ji0GOr0 HabGOpa HCXOX-
HBIX JaHHHIX Xi, ..., Xs HMEET MECTO CJeAyIollée yTBEpPKAEHHE: eC/H
KaKoH-THGO M3 3THX airopuT™MoB, Hampumep Ui, mmeer 3HaueHne mis
HCXONHKIX NAHHHIX Xi,..., Xs M S-NpeACTaBJeHHA BhIe/EeHHbIX Nepe-
MeHHbIX HMEIOT BHA:

Ty(Xgay <« s Xamts Pty -« + s Pner) =) 41
T2 (xizl’ ceey Xpma szh cecy pjlel =>y2;

Tn (xinl’ coo s Xinmny Pjnas « - » pjnen) => Yn
To Apyroii airoputM — Uz Takxke uMeeT 3HadeHHe AJS HCXOAHHIX NaH-
~ ~

HbIX Xi,..., Xs H S-NPEeJCTaBNEHHSA BH/ENEHHBIX TMePeMeHHHX HMEIoT
BHI:
- ~ ~ ~ ~ ~
Tl (xill’ ceos Xam Py oo s pjlel) => Yy
~ ~ ~ ~ ~
Ty (Xigay -+« » Xizimas Pjors -+ » Ppaea) =) Yas
Tn (xinlv ce xlnmm pjnl» ety pjmen)=> Y-

MoXHO TakKe Onmpele/HTh SKBHBAJEHTHOCTh MeXAy ABYMs ajro-
putmamn U; n Uz u3 pasubix knaccos Ui(ys, ¢1) u Us(yz, ¢2). Coot-
BeTCTBHe MeXJy (yHKIHOHAJLHbIMH NMepeMeHHbIMH, MapaMeTpaMH H
Bbljle/IEHHBIMH NepeMeHHbIMH YCTaHaBJHBAIOTCA TaK e, KaK W Bhbllle.
Onnako MoxKeT 0Ka3aThCsl, UTO CMHCKH OMEpailHil Gy H @z, a4 TAKHKe 3Ha-
yeHHs1 (GYHKIHOHANBHBIX NepeMEHHBIX He COBMajalT GyKBasbHO.
B sToM Ciiygae Mexkay onepauHaMH H3 CHHCKOB ¢y U @2, @ TaKkKe MeX-
1y BO3MOXHBIMH 3Ha4eHHAMH QYHKIHOHA/bHLHIX MEepeMeHHBIX H3 MHO-
XKeCTB Yy U y2 HEOGXOAHMO AONMOJNHHTEJNLHO 33a7aTh ONpefe/ieHHble H30-
MOpGH3MH H cunTaTh aaroputMul U; n Uz SKBHBa/IeHTHHIMH B TOM
cnyyae, eciH H3oMopdHble HaGoOpbi HCXOAHBIX JaHHBIX MPHBOIST
K S-npeicraBneHHsM, COBNAJAOLIHM C TOYHOCTHIO A0 wu3oMopdH3Ma
06pasyiolluX UX onepauui.

IpuMepom n3oMopdpu3Ma omepauufi MOryT CAYKHTb ClAeyiOIIHEe
npefacrasjieHns apudMeTHIECKHX onepanni:

)Y+ ) w )Y+ )
()—C) » ()—( %
()X ) uw ()X )
C)Ys7s7¢ )y »w C)Y/I1C )
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CJlelyeT OTMETHTh, UTO €CJIH BBOOGHUTCA MOHATHE 3IKBHBAJEHTHOCTH
JJISl aJTOPHTMOB M3 Pa3HHIX KJIaCcCOB, TO MOXKET 0Ka3aThCs, 4TO aJIro-
PHTMB, SKBHBaJ/IeHTHbIE B CMbIC/Ie S-mpeacraBieHuit, 6yLyT HeSKBHBa-
JEHTHH B CMbIC/ie COBNAJleHH 3HAYEHHH BBbIJEJNEHHHX NePeMEeHHbIX.
3To MoXeT NPOH30HTH B TOM Cayuae, eC/id H30MOpP(pHLle onepaury He
6yayt coBmaaath ¢yHKUHOHaJbHO. Hampumep, B ofHOM cayuyae apug-
METHUECKHE JEeACTBHS BHIMONHSIOTCA B JBOHYHCH1 CHCTEMe, a B Jpy-
TOM — B JIeCATHYHOH.

OkasbiBaeTcst, 4To MpoGJieMhl SKBHBAJIEHTHOCTH M Pacno3HaBaHHA
NPHHALJIEKHOCTH aJFOPUTMa K HEKOTOPOMY KJ/1acCy aJrOPHTMOB B CBO-
el MOJIHOH NMOCTAHOBKe aJrOpUTMHYeCKH Hepaspewumsl. ITosromy no
CHX MOP HX pelliajH TOJNbKO AJIR HEKOTOPHX BHIOB a/ITOPHTMHUYECKHX
CHCTEM MNpH J0BOJBHO y3KOM OMpe/e/eHHH SKBHBaJeHTHOCTH. OCHOBHbLIE
pe3ysbTathl, MOJYYeHHbIe B 3TOH OGJIACTH, OTHOCATCH K OMePaTOPHEIM
CHCTeMaM AaJITOPHTMH3alMH, B YaCTHOCTH K ONMEPaTOpPHHIM CXeMaM
A. A. JlsnyHoBa, Ha3biBaeMHIM 4acTo CXeMaMH nporpaMm. Xapakrep-
Hble YepThl ONepaToOPHLIX CXeM COCTOAT B CJeAyolleM:

COBOKYMHOCTb ONepaTopoB, 06pasyioLIHX cCXeMy ajropurMa, Hao6pa-
JKaeTCsl B CXEMe 5IBHO;

ISl KaXJOoro omeparopa SIBHO yKa3biBalOTCR! €ro NPHEMHHKH H
NpeAIleCTBEHHUKH 1O BHINOJNHEHHIO H er0 apTyMeHTH H pe3yJbTaThl
(BXOAB! U BHIXOAH oNepaTopa);

npH MOCTPOEHUH pPeaH3auMH NMPHEMHHK onepaTopa OOLIYHO BLIGH-
paeTcss Npou3BONbHO, 03 yuera HCTOpPHHM [ABHIKEHHA K JaHHOMY ore-
paropy;

eC/IH B pacCMOTpeHHe BOBJIEKAaeTCs HEKOTopasi BeJIHYHHA, «Bhlpa-
G6aThlBaemMasi» HEKOTOpbLIM OMEepaTopoM, TO OHa TPaKTyeTcs Kak He-
3aBHCHMas MepeMeHHas, T. €. CYHTAeTCH, UTO MOCJe BhINOJHEHHA JAaH-
HOTO oneparopa OHa MOXKeT MPHHHMAaTh J060oe 3HaueHHe He3aBHCHMO
OT Npejbylleld HCTOPHUH;

€CJIH apTyMeHTOM HJIH pe3yJ/IbTaTOM onepaTtopa O0Ka3hlBaeTcs He-
KOTOpasg KOMMOHEHTa MacCHBa, yKasplBaeMasi MHIEKCOM, TO KOHKper-
HOoe 3HayeHHe HHIEeKCa OGBIYHO HTHOPHPYETCA U CYHTaeTcs, 4TO ap-
FYMEHTOM HJIH pe3yJbTaTOM ONepaTopa SBJseTCs BeCb MaCCHB.

Bax<Hoe Mecro B npouecce npeoGpa3oBaHHs aJrOpHTMOB 3aHHMa-
0T pasyiHyHble Mepbl KauyecrBa. OGLIYHO OHH HOCAT XapakKTep UMCJIO-
BbiX QYHKLHOHAJIOB, HO B OGIIEM Clyuae HMH MOTYT OBITh JIOGhle 06b-
€KTHI, IONYCKAIOlHe OTHOLIEHHE MopsAaKa.

Mepbl KauecTBa ONpene/siOTCS KOHKPETHBIMH YCJAOBHSMH NOCTa-
HOBKH 33/layH, HO OHM BCerja CBfI3aHhl C <«NpPOCTPaHCTBEHHO-BpEMEH-
HBEIMH» XapaKTePHCTHKaMH aJCOPHTMa, T. €. CO BPEMEHEM €ero BLINOJ-
HeHust u o6beMoM namaTH, TpeGyeMblM AJS XpaHeHHs nepepabarTniBae-
moi uHpopMauuu.

IMepBoi paGoroit, nocesimieHHO# o6Iieit TeOPpHH RNpeobGpa3oBaHUsA
anropuTMoB, sBusiace pabora 0. H. flnosa «O soruyecknx cxemax aJ-
rOpuTMOB», B Hell ObliM CHOPMYJHpPOBaHH OCHOBHblE KOMMOHEHTH
TeOpHH mpeoGpasoBaHHs ajropuTMoB. K 3THM KOMNOHEHTaM OTHOCAT-
csi: popmaniu3au¥s NOHSATHSI CXeMbl aJrOpPHTMA, 3ajaHHE OTHOIUEHHS
9KBHBAJIEHTHOCTH, 'HAX0XJEeHHe aJIFOPHTMA, pPacNno3HAIOMIEr0 3KBH-
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BaJIEHTHOCTh CX€M, IOCTpOeHHe CHCTeMH npeoGpas3oBaHUi, MOJHONA
B TOM CMbIC/Ie, YTO JIOOYI0O Mapy SKBHBAJEHTHBIX aJITOPUTMOB MOXKHO
TpancdopMHpOBaTh OOUH B JPYrofi NMOC/AeN0BATE/NbHLIM NPHMEHEHHEM
3THX npeo6pa3oBaHHi, COXPaHAIOIIUX SKBHUBAJEHTHOCTD.

Besiknit aaropnT™ npu nepepaGoTKe KOHKPETHOrO OGbEKTa MpelmH-
ChIBaeT OJIHO3HAYHO OMpejeJeHHYI0 MOoCJAef0BaTeJbHOCTh 3JeMeHTap-
HbIx peficTeuil. Takas nocieloBaTesbHOCTh, BOOOLIE FOBOPs, pa3jHyHa
NSl pasyiHYHbIX 06bEKTOB, K KOTOphIM NAHHBIH aJITOPHTM MOXKET GHTb
npuMeneH. OnHako Bcerja HalAeTCss KOHEUHOE MHOXKECTBO MpejHKa-
TOB, XapaKTepHU3yOLIHX HEKOTOPHie CBOACTBA nepepabaThiBaeMblX 06b-
€KTOB, TaKoe, YTo 1J/is1 NaHHOrO aJiropuTMa 3aBHCHMOCTh MNOpSAAKa
BBIMOJIHEHHA 3J/IEMEHTADHbIX omepamuil OT NepepaGarhiBaeMhlX OGbBEK-
TOB GyZeT OAHO3HAYHOH (YHKIHeH STHX NpeankaTtoB. Takas QyHKUHA
MOXeT OhITh 3aMHCaHa NpU NOMOLIH KOHEYHOH CTPOKH, COCTaBJEBHOM
H3 CHMBOJIOB 3JIeMeHTapHblx gaeficteuit Ay, As, ..., An (Ha3biBaeMbIX
onepaTtopamiu), NPelHKaTOB H HEKOTOPHIX BCNOMOraTesbHbIX CHMBO-
JIOB:

L‘_; _‘_l (i=1,2,...),

Ha3blBaeMblX COOTBETCTBEHHO JieBOH M npaBoii mnosiyckob6xamu. Ilpu
3TOM CTPOYKA

ApAp ... Ay
O3HayaeT, YTO JOJIXKHbI GbITh BHINOJIHEHH MOCJIEL0BATENbHO onepaTtophl
An, Alz, CECECINY AiS'

Crpouka
Alla,'ﬁ Al‘ oo ;Aif”

rle @ — HEKOTOPHIH MpeNHKaT, 03HayaeT, YTO MOCJe BbIMOJHEHHS Olle-
paropa Ay B ciyyae, ecnn a = |, Jo/MKeH GbITh BLIMOJAHEH oOfepaTop

Ajs, cTosMA HemocpeACTBEHHO npaBee a L , a ecan a = 0, To onepa-

TOp Aj3, CTOAIIMI CIpaBa OT MOAYCKOGKH ;) .

Crpoukd Taxoro Buna OyleM Ha3hlBaTb CXEMHbIMH 3aMHCAMH aJiro-
purmoB. PaccMoTpHM nmpHMep CXeMHOHM 3aNMHCH HOPMAaJbHOTO  a/iro-
purma. Ilycth cxema HOpMa/bLHOTO ajrOpUTMa B HeKOTOpoMm andabu-
1e A uMeer BUL:

P, - Qy;
Ps—) . QS;
Pll - Qll’
rie ¢opmya
Py~ - Q
ABIAETCSl 3aK/MIOUHTENbHON noacTaHoBKoi. OGo3HauuM uepes p; mpe-
IHKaT: «cjioBo P; BXxoauT B mepepabaThiBaéMoe c/10BO», a gepes A; —

onepanuio 3aMeHb MepBOro BXOXJeHHs c/ioBa P; B nepepabaTbiBaeMom
cnoBe Ha cnoBo Qi(i=1,2,..., n). Toraa crpouxa
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e IV A0 L A0 ...
n+1 n+s—1 n+s+1 2n 1 n+l 1 2 n+2
L

oo P L AOI_ oo _IpaL A0 L J_|
-1 s n+s n—1 n n

n+s
€CTh CX€MHaA JanmHCh paccmarpﬂnaemoro HOPMAJIbHOTO aJropuTMa.
(0 O3HayaeT TOXKAECTBEHHO JIOXKHBIH rxpe,thaT)
ﬂCHO 4TO OJi19 BCSIKOro cJoBa R B a.n(paBme A nocne10BatTeJLHOCTD

onepanui

2n

Au Ap o (I<is<S<y s =1, 2, ...)

HaJ 3THM CJIOBOM, KOTOpYIO MpEeAMHCHLIBAET CXeMHasl 3alHCh, COBNaaaer
C MOoC/IeloBaTe/IbHOCThIO TeX Nmpeo6GpasoBaHuil cioBa R, Koropas BO3-
HHKaeT MpH NPHMEHEHHH K HEMY HOPMaJIbHOTO aJTOPHTMA C JaHHOW
CXeMOH.

AnanornyHblM 06pa3oM MOXKHO FOBOPHTh O CXEMHBIX 3aMHCAX aJro-
PHTMOB, 33aJaBaeMbiXx MpPOrpaMMaMH YHHBEPCaJbHHIX BHLIYHCAHTEJbHBIX
MallHH, KOTOpHie B 3TOM CJyuae Ha3HBAalOTCA CXeMaMH RNPOTpaMM.

Eciu B cxeMHBIX 3amHCAX aJTOPHTMOB OTBJIEYLCA OT COAEPXKaTelib-
HOrO CMBICJIa OMEPaTOpOB, CYHTasg HX 3JEeMEHTaPHBIMH CHMBOJAMH,
a nmpelHKaThl COOTBETCTBEHHO HE3aBHCHMbIMH JIOTHUECKHMH MNepeMeH-
HBIMH, TO NOJyueHHble BbIpa)K€HH Mbl OyleM Ha3blBaTh A02U4ECKUML
cXemMamu aN20puTMos.

Herpynno yGeanThesa, uTo OAMH H TOT XKe ajroputM npu ¢HKcupo-
BAHHOM MHOXeCTBe 3JIeMEHTapHHX onmepaunii H NPeIHKAaTOB MOXKeT
HMeTh pa3/inuHble JorHYecKHe cxeMmul. Hanpumep, BoipaxkeHus

V. 1AL 0 1A Ju
T 2 z 31 3
1Pl A0 L 3 Ap | )
T Z 3

1 3

SBJKIOTCA CX€MHBIMH 3aMHCSMH OJHOTO M TOrO K€ aJIrOpHTMa NpH
JI060H NMOACTAHOBKE KOHKPETHHIX ONEpPaToPoB H MPEJHKaTOB COOTBET-
CTBeHHO BMeCTO Ay, A2 1 py, po.

Bynem cuuraTh, 4TO 3HaYEHHs JOTMUECKHUX NMepeMEHHBIX MOTYT H3-
MEHSAThCS TOJNbKO B MOMEHTH BhInoJiHeHHs omepatopoB. Ilpu atom mno-
CKOJIbKY B JIOTHYECKHX CXeMax ajJrOPHTMOB He CONEpIKHTCA HHKaKoi
nabopMalny 0 NOBEICHHH 3HAUEHHH JIOTHYECKHX NepeMeHHbIX, TO He-
KOTOpble OrpaHHYEHHs Ha BO3MOXKHOCTH HX H3MeHeHHA Mbl Oyaem
5a7laBaTh U3BHE C MOMOIILIO TaK Ha3blBaeMbIX pacnpefe/ieHHil CABUIOB,
T. €. COOTBETCTBHH MEXJy OneparopaMyu H MHOXECTBAMH JIOTHYECKHX
liepeMEHHBIX.

Ecnn sanano Kakoe-n1n6o  pacnpenenenne  casuros  A;— Py,
rae A; —onepatoph, a P;— MHOXeCTBa JIOTHYECKHX MepeMeHHbIX
i=1,2,...), To 6yaem CUHTaTh, YTO B MOMEHT BHINOJIHEHHS OMNepa-
Topa A; MOryT H3MEHATHCA 3HAUEHHS TOJBKO T€X JOTMYECKHX NMepeMeH-
HBIX, KOTOpble BXOAAT B P;.

[Tycrs uMeercs Hekoropasi cxeMma. 3afafnM AJs Hee MOCAeROBa-
TeJAbHOCTh As,, As,, ..., As,,... HA60POB 3HAYEHHHA JIOTHYECKUX Mepe-
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MeHHBIX. Ec/In CUHTaTh, YTO MpH BHINOJNHEHHH CXeMbl OHH H3MEHSIOTCH
COrJIaCHO 3TOi NOCJeNO0BATENbHOCTH, T. €. MOC/]E BLINOJHEHH] 11-TO
oneparopa JIOTHYeCKHe NepeMeHHbe NPHHUMAIOT HaGop 3HaYeHHH A, ),

TO MOJYUHM OMNpeleseHHYI0 NOC/AeL0BaTeNbHOCTb BHIMOJNHEHHBIX onepa-
TOPOB, KOTOPYIO GylieM Ha3hiBaTh 3HAaYEHHEM CXeMbl U1 JaHHO# mocJe-
JIOBaTeNbHOCTH HabopoB. 3asaHHe pacnpelle/ieHHsl CABHTOB BhileJseT
IJIsT KaXkKAoit CXeMbl M3 BCeX BO3MOXKHBIX MocCJaeloBaTesbHocTeli Hado-
POB MHOXeCTBO JAOMYCTHMHIX NocJsepoBaTtesbHoctedi. Takum oGpasowm,
JOMYCTHMBbIE MNOCJEJ0BATEJIbHOCTH OTJMYAIOTC 3HAUEHHSIMH  TOJbKO
TeX NePeMeHHbIX, KOTOpHeE AaHHKIM pachpefiejieHHeM CABHFOB MOCTaB-
JieHbl B COOTBETCTBHE OMNEpaTopy, BLIMOJHEHHOMY MpPH NpeAblAyIIEM
Habope.

ITonATHe PaBHOCHMJILHOCTH CxeM MNpH 3aJaHHOM pachnpefes]eHHH
CIBUTOB TpeGyeT CoBnaaeHHs 3HaYeHHH paBHOCHILHHX CXeM 14 J06od
JONYCTHMO# NOC/Ael0BaTe/NbHOCTH HaGopoB. 3TO O3HayaeT, YTO MHO-
JKeCTBO BCeX PaBHOCH/ILHHIX CXeM NpH J000H MOACTAaHOBKE KOHKpET-
HbIX ONepaTopoB H NPeAHKATOB (CBA3b KOTOPLIX COOTBETCTBYET HaH-
HOMY pacnpefie/IeHHIO CABHI'OB) MEPEXOAHT BO MHOXECTBO CXEMHHIX 3a-
nHceil ONHOro U TOTO Xe aJropHTMa.

0. H. SIHOBhIM BBOZHTCS CHCTEMAa aKCHOM H NpaBHJ BHBOJa, OMH-
CHBaMOUlash MOHSITHE PaBHOCHJIBHOCTH JIOTHUECKHX CXeM aJITOpHTMOB
npu naHHom pacnpeneserdu casuros. A. I1. EpmosriM Teopus soruye-
CKHX cxeM aaropHTMoB SIHoBa Ghiia MepeHeceHa Ha A3biK rpad-cxem,
YTO MO3BOJIHJO YNPOCTHTh aKCHOMAaTHKy npeoGpasosanuii. Bwmecro
14 akcuom Slnosa Epuos Hcnosbayer tonbko 7 akcrom. H. A. Kpuuuu-
KAl pacllupusl CHcTeMy npeoGpasoBaHuii fIHOBa, BBONS B paccMoOTpe-
HHe nHOOpPMaUHOHHLIE CBSI3W MexXny onepatopamu. Oneparop pac-
cMaTpHBaeTcd Kak cucreMa GyHKuHH, 6epyLIHUX CBOH apryMeHTHl U3 He-
KOTOpPLIX BXOAHbIX BEJIMUHH H 3aMUCHLIBAIOLIMX pe3yJbTaThl B BLIXOIHbIE
BEJIHUHHBI OnepaTopa.

Hanbuefiee pacliupeHue CHCTeMH NpeoGpasoBaHuil SIHoBa I1JI0
B Hanpab/ieHnu NnpeoGpa3oBaHHs He aJTOPUTMOB, a mporpaMm. IIpeo6-
pasoBaHHe nporpaMM paccMaTtpuBaercd B paGorax H. A. Kpunnukoro,
P. U. TloanoBuenko u ap.

ITockosibky mpeo6pasoBaHue aAropUTMOB B H3JIOXKeHHH SIHOBa B-
JsieTcs J0BOJIbHO TPYAHHEIM, TO MBI PaCCMOTPHM YNPOIIEHHYIO CHCTEMY
npeoGpasoBaHui, npeJoxennyio Epuosoim.

OneparopHoit cxeMmoii SIHOBa Ha3biBaeTCd KOHEUHBII OPHEHTHPO-
BalHui rpad, ob1anaoiHi clefyOMHMH CBOACTBaMH. Bepunnn rpa-
¢a umelor He Gosee ABYX BHIXOASIIMX Ha HHX CTpPesioK. Bepiivusl, n3
KOTOpPHIX BHIXOAAIT MO JBe CTPeJKH (OJHa H3 CTPEJOK HEKOTOpHM 06-
pasom nomeuaercs), Ha3bBAIOTC pacNo3HaBaTeJsMH, OCTaJbHble Ha-
3bIBaloTCs onepatopaMi. K ofHO! H3 BepUIHH BeleT cCrelnaibHas BXOl-
Has CTpeJIKa.

ITomeyenHble CTpeaKU Ha3bIBAIOTCA MJIOC-CTPEJNKaMH, a HEMOMEeYeH-
Hhle — MHHYC-CTpeJiKaMH. B rpade HMeercss TO/MIbKO OJHA BEepIUHHA, He
HMeIOLlast BHIXOAHON CTpe/KH, Ha3blBaeMasi KOHEYHbIM OMEPaTopoM.

Kaxaomy pacnosnaBaTe/sio COMOCTaBJsAETCS JIOTHUECKOE YC/IOBHE
@ — npon3BosbHas QYHKUHA anre6Gpul-MOrHKH, 3aBHCsmIas OT R JIOTH-
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YeCKHX MepeMEHHHIX py, ..., Pr. Pacnosnasarenp R ¢ comocTaBleHHbIM
€My ycloBHeM a o6o3nauaercd R(a).

axjaoMy oneparopy A, KpoMe KOHEUHOFO, MPHUIMICHIBAETCS HEKO-
TOpHI HaGop

PC_'_.:{pla ceey pk]

JIOTHYECKHX NepeMeHHbIX, Ha3biBaeMblii CABHIOM MO JIOTHYECKHM Nepe-
MeHHbIM. Onepatop A ¢ npumHCaHHLIM eMy CIBHrOM o0Go3llayaercs

A(IE).
OBOKYMHOCTh cABHrOB Py, ..., P, Bcex onepaTopoB Ay, ..., An
onepatopHoil cxembl §IHOBa Ha3hiBaeTcsl pacnpefie/ieHHeM CJBHTOB,
npHnucaHHuM cxeme G.
Ecau pna mo6oro i (1<<i<n) Pi= A (mycToe MHOXeCTBO), TO
pacnpegeneHne  CABHIOB
B K Ha3LBAeTCS MYCTHIM; MpH
Pi= {p\,..., pn} pacnpe-
JeseHne CABUIOB Ha3biBaeT-
€1 yHHBEPCAJIbHHIM.

Bce onepatopn onHo#
OnepaTopHON CXeMHl CYHTa-
IOTCS MONapHO pasJiuyHbI-
MH. OmneparopHast cxeMa
slHoBa G c onepatopaMH
Ay, ..., An, JIOTHUECKHMH
nepeMeHHHIMH Py, ..., Ph
o6osnauaerca G(Ay,...,
An, p1, ..., pr). Ilpumep
H3o6pa)KeHusg  onepartop-
HEIX cxeM S1HoBa npHBefeR
Ha puc. 8. PacnosnaBatenn
C JIOTHYECKHM YyCJIOBHEM

p A g o603nauaercs Ha cxe-
Me [pocTo py.

o— Brodwon crpexa Onpenennm MOHATHE
—— N/t~ LTPENND SKBHBAJNEHTHOCTH  onepa-
— MUHYC-CIpenKa TOPHHIX CXEM ﬂlquBa. ny%’rb
O pocnosnabaresy nana cxema G(Ay, ..., An,
Ps ..., pr). Bbynem o6osua-
(] oneparopn uaTh GyKBOi1 A C MHAEKCOM
HOHEYHBIU  0NEPOTOP nin 6e3 Hero ymopsimoueH-
A1) oneparop ¢ nyctoiM HBI JBOMYHBI HaGop 3Ha-
cbuzom YeHHH MEepeMeHHbIX Py, ...,

Ph.
Puc. 8 Ias onepatophoit cxe-

MH G ompelesHM NOHsITHE
KOHOHTypalHH, CTPOAMIENCH C MOMOMIbIO NOpPOXKAAINEro mnpouecca
Gayxaenus no cxeMe G, 3afaBaemoro no HHAykuun. Cama KoHdwury-
pauus 6yaer nosiyyatbCs B BUfle ABONHOM MOC/Ie10BaTENbHOCTH Ha6OpPOB
3HAYEeHHH JIOTHUECKHX NMEPEMEHHBIX P1,..., P H CHMBOJIOB ONEPaToOpoB
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A, ..., Ap, 3amuChHIBaeMbiX B BHAE IBYX CTPOK: BepXHeli 1/ HaGopos
W HUXKHEH JJ1s1 onepaTopos.

Ilpn moctpoennn KoHGUrypauWH OCHOBHIBaeMCsl Ha HEKOTOpoM 6a-
3HCe HHIAYKUHH, OT KOTOPOrO OCYIIECTBAAIOTCA MOCAeNYIOLIHe 1arH WH-
nykuud. Mx nocrpoenue crenyiouiee.

basuc undykyuu. B BepXHIOI CTPOKY 3aMHChIBAETCA NMPOH3BOMbLHbIIH
Habop A, HHXKHAS CTPOKa MyCTa. ,E[Bnmemxe no cxeMe U HaunHaeTtcs
B Hi”paBJIeHHH, yKa3aHHOM BXOJHOM CTPEJIKON.

az undykyuu. TTycTh NpOHCXOAUT [ABHXKEHHE MO CXeme ¢ Habo-
pom A. Ecan crpenika npuBogut Kk pacno3Hasatenio R(a), TO BhlyHC-
aserca a(A). Ecau a(A) =1, To ¢ TeM Ke HaGopoM ABUMEHHE Npo-
J0JI’KaeTcsi Mo MJIIOC-CTPeJiKe, BhiXoAallel u3 pacnoszHasartens R. Ecau
a(A) =0, To aABMXKeHHe MPOUCXORUT MO MuHyc-cTpeske. Ecim crpeska
npusogut K onepatopy A(P), To BHINHCHBaeM CHMBOJ onepatopa A
B HHXHIOIO CTPOKy KoH}Hrypaumn u npeoGpasdyem HaGop A B Habop
A’ ¢ TakuM ycsoBHeM, UTOGH HaGop A’ oTiHyaJjCa OT A 3HayeHHAMH
TOJNIbKO, MOXKeT ObiTh, TeX MEepeMeHHbLIX H3 Py, ..., Pr, KOTOPblE BXOAAT
B casur P oneparopa A.

Ha6op A’ BuinHCHIBaeTCs1 B BEPXHIOIO CTPOKY KOH(HrypaluH, U 1BH-
eHHe NPOJO/KAETCS MO CTPEJKe, Buixoasuen u3 A.

Ecanu cTpesika NpHBOZHT K KOHEYHOMY ONEpaTopy, TO €ro CHMBOJ
BLIMHCHIBAETCS] B HHIKHIOIO CTPOKY M NMOCTpPOEHHe KOH(HUrypauuu oOpH-
Baercs.

ITpu ABMKeHHH MO pacno3HaBaTe/NAM BO3MOXKEH CJyuai, Koraa, He
1I0MaB HU Ha OJHH H3 ONEpaTOpoOB, Mbl MPHAEM CHOBa K HeJaBHO NpOH-
JeHHOMYy pacno3Hasarenio. B sTom ciyyae [BHXKeHHe MO pacrnosHa-
BaTeJiio craHer GeckoHeuHsIM. IIpnm obHapyxkeHHH Takoro nukia JBH-
XKeHHe HCKYCCTBEHHO NnpephlBaeTcd H B HHXNCHIOIO CTPOKY CTaBHTCAl CHM-
BOJI nycToro nepuofaa ( ).

Takum o6pasom, Jio6ass KOHKpeTHas KOHQHrypauHs HMeeT BHI:

IIpH 3TOM OHa JH6O siBjasieTc GeCckoHeuHoi, Ju60 o6prBaeTcs (Ha

HHXKHEH CTPOKe) CUMBOJAMH [X] nan ( ).

Jlio6as mapa cocennux Ha60pOB Am, Am41 MOXKET OTIHYATHCS
3HaYeHHsIMH TOJMBKO, T€X MEPEMEHHHIX, KOTOpble BXONAT B CABHT onepa-
T0pa Ajm.

Bepxuas mocsienoBaTe/LHOCTh HaGOpPOB Ha3biBaeTCs  AOMYCTHMON
nocneN0BaTeALHOCThIO § HaGopoB AMA cxeMH G, HHXKHAA MNOC/eL0Ba-
Te/MIbHOCTh ONEPaTOpOB Ha3hiBaeTcs 3HaueHHeM 2 cxemnl G, onpeaens-
€MbIM JOMYyCTHMOH NOC/NERO0BATENbHOCTHIO S.

IMockonbky nmpH MOCTPOEHHH KOH(MHIypalHMH BO3MOXKEH MPOH3BOJ
B BhlGope Ay, npu nepexone 0T Am K Am4i, OUeBHIHO, YTO NPABHJIO CTa-
BUT B COOTBETCTBHE Kaxkjaoi cxeme G HEKOTOpoe MHOMKECTBO KOHQHrY-
paunit K(G), asasiomeecs B 061IeM Cayyae GECKOHEUHKIM.
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Buinniem HeCKoMbKo KOH$HUrypaumii /s NpHBEIEHHOro npHMepa
onepatopHoil cxemnl SIHoBa. Ilycthb A = 10 (rze mepBasi mepeMeHHas
p =1, a Bropast ¢ = 0), Toraa npumMepbl KOHPHTypauUHi UMEIOT BUL:

Mpn A=10
10 10
L4 ) [7]
2. Mpu A=11
11 00 11

A(p, q) Ailp, q) X

Kondurypauuio, B KoTOpo# npu ee mo¢TpoeHHH CHMBOJBI pacno3Ha-
BaTeJiell BHINMHCLIBAIOTCS B HHXKHEH CTPOKE TaK ’Ke, KaK H OMepaTophl,
6yZeM HasbiBaTh TOYHOH KoHbHrypaumei. Takum oGpa3oM, TOYHas
KOH(HrypalnHs perkcTPHpyeT MPOXOXKJEHHE BCEX BEepIUHH NMpH JBUXKe-
HEH no cxeme. OueBHAHO, YTO MEXKIYy KOHOHrypauUHsIMH H TOYHBLIMH
KOH(QUrypanusMH oJHON CXeMbl CYLIECTBYeT B3aHMHO OAHO3HAUHOE CO-
orpercTBHe. Ilpumep Tounoi koHburypauuum Aas npumepa 1 umeer

BRA:
10 10 10 10 10 10

p rg A( ) p g [X
OrHollleHHe SKBUBaJIEHTHOCTH ONpeleNsieTcs s Jo60i naphl
onepatopHbix cxeM G; u Gy ¢ ONHHMH U TEMH e JOTHYECKHMH TNepe-

MEHHBIMHU Py, ..., pr. Cxembl Gy u Gy ABAAIOTCA 3KBUBAJEHTHbIMH
(G1==G,), ectu K(Gy) = K(Gz), T. e. ec/iu cOBMaflaloT HX MHOKECTBa
KoHbHrypanui.

DKBHBAJIEHTHOCTh CxeM o6sianaeT cBoAcTBaMH ped/ieKCHBHOCTH
(Gy== G,) u cammerpuunoctu (ecau Gy= G, To G3=G,). Kak yxasu-
BaJIOCb, CHCTeMa NpaBHJ NMpeoOpa3oBaHHil OonepaTopHHX cxeM SIHOBa
IOCTPOEHA B BHJE JIOTHYECKOTO HCYHC/IEHHS, T. €. COBOKYMHOCTH aKCH-

! OM W NMPaBHJ BHIBOJA.

AKCHOMBHL B 2TOM HCUHC/IEHHH
fOCTYJUPYIOT G6e3yC/OBHYyIO  BO3-
MOXHOCTb  3aMeHbl  HEKOTOpOro
¢parMeHTa onepaTOpHOR CXEMH Ha
apyrofi dparmMeHT, NpeAnHChiBae-
MbI} JaHHOA aKCHOMOHM.

[TpaBuna BblBOA2 MOCTYJIHPYIOT
BO3MOXHOCTb 3aMeHH ofiHoro ¢par-
MEHTa Ha JPYroH NpH BHINOJHEHHH
HEKOTOpLIX YCJIOBHH, COJepIKallux-
Csl B MOCHIIKE JaHHOrO NPaBuja Bhl-
BONA.

®parMeHTOM OmnepaTopHoil cxe-
Mbl G Ha3bIBaeTCS HEKOTOopas 4acTh
(noarpad) cxemu G, a8 KOTOPOi
yKa3aHa ee CBfi3b C OCTaJbHbLIMH
BepIIHHaMH cxeMn (. 3Ta CBfA3b
yKa3hiBaeTcss B BUJE BXOLOB H BHI-
xonoB dparmenra.




Bxoabn ¢parmMeHTa — 310 pasnnuHble CTPEJNKH, MOKa3HBAaIOIIHE, K
KaKHM BepIIHHaM ()parMeHTa BefyT CTPeJKH OT OCTAa/NbHHX BEPLIHH
cxeMmbl. Bxonpl dparmenra MoryT OhITh yKasaHbl TaKXe B BHAE 0606-

LIEHHOrO0 BXOAa, KOTOPHIA YyKashHBaer,
K Kako# BeplInHe MOXKET BECTH MPOH3-
BOJIbHast COBOKYNHOCTb CTPEJIOK, Bbi-
XoAAuHux JHGO OT OCTaNbHEIX BEpUIHH
cxeMHl, 160 (ecaHd 3TO He 3ampeliaeT-
€ CMelHaJbHOM OTOBOPKOM) OT BHI-
xon0B 3toro xe pparmenra. O6o6meH-
Hble BXOALI YKa3blBAIOTCA  KHPHBIMH
crpefikamMH. Bexoan ¢parmenta — 3to
pasnuyHBle CTPEJIKH, KOTOpHEe MOKa-
3bIBalOT, Kakue BepliHHbl ¢dparmeHra
COEMHEHH ¢ OCTaJbHbLIMH BePUIHHAMH
cxeMbl. Bxoanl MeTATCS pPHMCKAMH
uxndpamu, BHIXOAH — apaGCKUMH.

ITosicuuM cnenaHHble onpenesieHust
Ha npumepe pparmeHTa, NpeiCTaBIEH-
HOro Ha pHc. 9.

Kak BHIHM, K BepXHEMY pacnosHa-
BaTeNI0 06513aTe/IbHO MOJAXOAHT 1eKo-
Topasi cTpesika. B onepatop A usBue
MOTYT BXOIHTh JIIOGhle CcTpeJiku. B
HHXXHHIl pacrno3HaBaTte/b MOTYT BeCTH
H3BHe JI0Gble CTPeNKH, HO CpPelH HHUX
He MOXeT GhIThb HH OflHa H3 BHIXOAHHIX
crpesiok  ¢dparMeHTa, TNoMeUeHHBIX
uudponn 2. ITomerka ABYX BHIXOIHBIX
CTPEJIOK OJHOH u TOH Xe uuppon o3-
HauaeT, 4YTO 06e 3TH CTPEJKH JOJKHH
BECTH K OJHOH M TOH IKe BepiluHHe
CXEMBI.

CaMH akCHOMH H YTBepXKIeHHe
NPaBHJ BHIBOJA HMEIOT BHJA COOTIIO-
WIeHHH PaBHOCHJILHOCTH, T. €. ABYX
dparMenToB, pasjeNieHHHX 3HaKaMH
PaBHOCHJILHOCTH ~ . AKCHOMH M mpa-
BWJla BbLIBOZ2 MNpeiCTaBJeHb Ha
puc. 10,

[TpaBuna nmeior Bua:

_a=zs .

Fa~F(®)

Fy~Fy, F3(F) ~F,
Fg(Fy) ~F,

lwet)

!
~ ’
7
e

Puc. 10
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B npaBusiax BHIBOJA Hal YEPTOH 3anuChiBaeTCs MNOCHIIKA, a NMOX
yepToil yrBepxKAeHHe. Byksoit F 0603HaualoTCs NpOH3BOJbHBHIE ¢par-
MeHTH, A — nycTble ¢parMeHThl; BMECTO KOHBIOHKIHH B YCJOBHAX
CTaBHTCS NOApa3yMeBaeMas TOYKa.

IlanbHeiiluee ycOBEPLIEHCTBOBAHHE AKCHOMATHKH CBI3aHO C TPeTb-
UM npaBuioM BbiBoja. IlpoanasnusupyeMm ero M yTOYUHHM ero cojep-
XKauue.

IMoansiM ycnoBHeM paGoTH HeKOTOpod BepwHHH V B cxeme
G(py, - .., pr) HasbiBaercs soruueckass pynkuus Uy, paBras eannuue
Ha Tex M TOJbKO Tex HaGopax 3HAuYeHHi Pi, Pa...., Pr, KOTOPHE SABJS-
I0TCsl IONyCTHMbIMH AJsia BepuiuHH V. HaGop A aBiasercd QOMYyCTHMBLIM
ana V, ecan ana cxembl G cymecTByeT Takasi TOYHas KOHQHrypauus,
B KoTopyio BxoauT napa (Av). Jlornueckas ¢yHkuHs P jornuecky nox-
YHHSET pacno3HaBaTeJb R(a), ecin Mis P TOXAECTBEHHO BHIMOJHAETCA
umnankauus Up— B. BhinonHeHHble yCJIOBHS JIOTHUECKOH NOAYHHEH-
HOCTH TFapaHTHPYIOT, UTO NPH J11060M BO3MOMKHOM BBHINOJHEHHH CXeMbl
G nornueckoe ycnoue a GyReT BHIUHCIATHLCSA TOJABKO AJAS TaKHX A, aas
Kotophix B(A) = 1, uTo 1 Mo3Bo/IAET 3aMEHHTH @ Ha B *.

IMpumeHnenue moGoro npaBuja BHBOJAA Npeanosiaraer npejBapH-
TeJbHYI0 NPOBEpPKY ero mochiakd. «IIpocrora» 5Toi mpoBepkH siBisA-
eTcd OCHOBHHIM Tpe6oBaHHEM INPH MNOCTPOEHHH  3JIEMEHTApPHHIX
npeoGpasoBanuil. IToHssiTHE NPOCTOTHI He yTOUHAETCS, MOCKOJBKY Npo-
BepKa NOCLUIOK OGHIYHO NMPOU3BOAHUTCS COlepKaTeNbHLIMH CPEeACTBaMH.
OObIYHO CYHTAETCH, YTO KPUTEPHH «MPOCTOTHI» BBIAEPAKAH, €CAH MPO-
uecc NPOBEpKH MOCBVIKH CBOAHTCA K BHISICHEHHIO TrpadHyecKoro Cos-
najieHyus MM HeCOBNaJeHHs] KOHCTPYKTHBHBIX OGBEKTOB, YNOMHMHaeMbIX
B npaBmie BhiBona. [lpaBuna BhiBoma / u 2 ymOBAETBOPAIOT 3TOMY
HHTYHTHBHOMY NpPEACTAaBJEHHIO O NMPOCTOTE, NOCKOJbKY NPH MONBITKE
NPUMEHHTh NPaBWIO 2 K ABYM OTHOLWIEHHAM PaBHOCHJILHOCTH Fy~ Fy
# F3~ F; HyXHO TONbKO OGHapyXHuTb, cofepxutcsd au Fy B Fs, a pid
npuMeHeHus npasuaa I HyXHO OGHapYyXHUTb TOXJAECTBEHHOCTb (QYHK-
UHil @ ¥ B, 4TO JIerko CHesaTh, eCJH CUHTaTh, YTO @ H P npeacTaBJIeHHl
B COBEpUIEHHOH# HOpMaJsbHOA ¢opMe. Ecan Xe oTkasarbcs OT orpaHu-

* Hekoropuit pacnosHaBatesb R(a) noauuneH Jorudeckoll ¢pynkuuu P, ecnn npo-
Bepka Ra NpPH BLINOJHEHHH CXEMB! TNIPOM3BOAMTCS TOJNBLKO AN TeX 3HayeHH# JIOTH-
YeCKHX NepeMeHMHHbIX, Ha KOTOpHIX P HHCTHHA,
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yeHHil Ha QopMy npejcTaBaeHHs a H P, To Bce XKe 3TOT NPOUECC MOXKET
6biTh OpMaJIN30BaH C NOMOIIBIO aKCHOMATHKH.

Ina npuMeHeHHs npaBujga 3 Heo6XOAMMO 3HATh AJs Jioboro pac-
nosuasareas R monHoe ycaosne ero paGorst Up. [las naxoxjenus
Ur SIHOBbIM npensioxkeH COOTBETCTBYloWUfA anroputm. Takum oGpasowm,
XOTA NpHMeHeHHe TMNpaBuiaa 3 ABJAeTCS B NpPHHuUUNE 3(h(EKTHBHLIM,
TeM He MeHee OHO B HEKOTOPOM CMBICJIe HEKOPPEKTHO, TaK KakK SIBHO He
YIOBJIETBOPSET KPUTEPHIO «NPOCTOTHI» €ro NPHMEHEHHUSI.

IMockoabKy 3HaHHe NOJHHX YCH0BHA paboThl pacmosHaBaTedeil
ABJseTcs HeoOXOAUMBIM 3Tanom npeoOpa3oBaHHfi ONepaTOPHLIX CXeM
SIHOBa, e IMHCTBEHHO BO3MOMHOCTbIO YCOBEPLIEHCTBOBATH TPaBHJO 3
apasiercd ¢opmannsauus npouecca NOCTPOEHHS MOJHLIX YCJIOBHA pa-
60THl ¢ TeM, 4TOGL 3TH YCJIOBHS NOABJAAJNUCH B npeoGpasyeMmoil cxeme
KaK pe3yJbTar NPHMeHeHHs aKCHOM W mpaBus BuBoaa. [ag artoro
npasuio 3 3aMeHseTcsl YeTHIpbMs HOBBIMH AaKCHOMaMH M OLHHM mnpa-
BHJIOM BbiBoZa. IlpaBuna / u 2 ocraorca 6e3 H3MEHEHHH, aKCHOMBI
I—VII noasepraiorcs He3HauHTeJAbHOM CTHIMCTHYECKOH nepepaGoTke.
OKoHuaTe/bHbI BAA aKCHOM H NpaBHJ BBIBOJAA NPHBOAUTCS Ha pHC. 11.

1 floeuveckue oncuoMyl
1(we2)

! !
9 1?9
oUloYol
1 2 (N I 82

2. Texnonpzuveckue  OMCUOMb!

I I ] 1 °
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3 Awguomyr pacnpedenenun  nobopold

[ 4 1 i
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IlpaBuaa:
a=3
F@~F@®'
Fy~Fy, Fy(F1)~F,
Fy (F)) ~F,

5y (J) (0 —pvs), v (¥ )(oar ) —2)

(8) (8~ )

Hccnenyem conepixanie 3TOi aKCHOMATHKH. Jlornueckue akCHOMBI no-
CTYJHPYIOT CBA3b 0a3HCHLIX JOTHuecKHX GYHKUMi (HyJab, OTpHUaHuE
H JI¥3BIOHKUMS) ¢ NpaBHJaMH BHOOpa CTPeJNOK NpH BLINOJHEHHUH pac-
nosnasareseii. Mx cnpaBeanuBocTh oueBuaHa. Tonosornueckue akcH-
OMBI NOCTY/IUPYIOT BO3MOXKHOCTb ONpeleNeHHHX TOMOJOTHYeCKHX H3-
MEHEHHi cxeMbl (T. e. H3MEHEHHH COEANHEHHH MEXAYy BEepUIHHAMH CXe-
Mbl M yCTpaHeHHs BepwixH). AKCHOMa 4 yTBepXKJaeT, 4To onepaTop 6e3
BXOa MOxeT OblTb YCTpPaHeH, akCHOMa & NOCTYJHpYyeT 3SKBHBAJEHT-
HOCTb MYCTBHIX NMEPHOAOB, aKCHMa 6 MOCTYJHpPYyeT COXpaHeHHe 3HAYeHHH
JIOTHYECKHUX NEepeMEeHHBIX NMPH JBHXEHHH NO PacCno3HaBATENsIM CXeMbl.
Akcuombl pacnpenesiedns HaGopoB ¢opMasU3YIOT MOHATHE AOMYCTHMO-
cTH HaGopa /s pacno3HaBaTelsl Wad npeoGpasoBatens cxeMbl. By-
IeM TpakToBaTh Jiornyeckne QyHKuuy f(A) Kak MHOXKeCTBa TeX Habo-
poB A, Ha Kotophix f(A) = 1. Akcuomst rpynnut I11 3agaior npasuaa
[IOMETKH CTPEJIOK OnepaTopHOH CXeMbl HEKOTOPHIMH JIOTHYECKHMH
GYHKUMSAMH, NPEACTAB/SIONIUMH Te Ha0Ophl, KOTOpble MOTYT «NpOXO-
OUTb» BIOJIb CTPEJIOK NMPH NMOCTPOEHHH KOHGQUrypalnit CXeMbl.

Akcroma 7 HoOCHT CTyKeGHBI XapakTep, 3ajaBasi «HayaJbHOe 3Haye-
HHe» MeTsiinX GYHKUME B BHIE NYCTOTO MHOXKecTBa HaGopoB. Akcuoma
8 moctysnMpyer TOT ¢akT, 4TO Ha BXOAHYIO CTPEJKY ONnepaTopHOH cxe-
Mbl MOXeT ObiTb NOAaH JioGoi HaGop. AkcHoMa 9 yTBepKHAaeT, uyTo
€CJH Ha BXOX pacnosHaBaresst C YCJIOBHEM o NOMajaeT HEKOTupoe
MHOXECTBO HaGOpOB ¢, TO OHO MOJHOCTbIO MPOHOCHTCS Ha BBHIXOABI pac-
No3HaBaTe/sl; NpH 5TOM Te HaOOpHl M3 ¢, HA KOTOPHIX @ = |, npoHo-
CATCS Ha MVIIOC-CTPEJIKY, a OCTaJbHble — Ha MHHYC-CTpesKky. AKcnoma
10 ytBepxxaaert, uTo ec/n Ha Bxox onepatopa A co casuroM P nonana-
€T MHOXeCTBO HaGopoB @, TO OHO MOpPOXKAaeT Ha Buixoze A mHomecT-
BO BCex HaGOpOB, KOTOPOE MOXKET OT/IHYaThCs OT HaGoOpPOB U3 @ TOJBKO
3HayeHHsIMH NepeMeHHbIX, BXOASLINX B cABHT P.

W3 akcuom pacnpeneneduss HaGOpoB BHAHO, YTO NPH NOMETKE CTpe-
JIOK CXeMbl €IMHCTBEHHBIM O0e3yCJOBHbLIM HCTOYHHKOM HaGopoB 3Ha-
YeHUH JIOTMYECKHX NepeMeHHbIX fBJSETCS BXOAHAs CTpeska. AKcHOMa
9 nepeHOCHT Ha BLIXOAHbIE CTPEJIKH JIHIWb Te HaGophl, KOTOpble MNOCTY-
NalT Ha BXoj pacnosHaBartess. Akcuoma 10 nopoxjaer JHIUb Te Ha-
Gopbl, KOTOpLIE MOTYT NOJY4YUTHCS M3 HAaGOPOB, MOCTYMAIOUIHX HA BXOR
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onepatopa, NpHMEeHeHHeM OMNepalMH B3SITHA MaKCHMyMma (3aMerTum,
g1o max(0) =0 ana Jmo6oro P). Takum ob6pazomM, ecln B pe3yJabTare

V4
fpUMeHeHHs1 akcuom 7—I0 Ha cTpeJKe S, Belyllled K HEKOTOPO# BEpLIH-
HE OlNepaTOpPHOM CXEMBb, MOABUJIOCh MHOXECTBO HabopoB ¢, TO 3TO 3Ha-
YHT, UTO KAXKIBH U3 3THX HaOOPOB MOr MOSIBUTLCSI Ha CTpeJKe S JHIUIb
B pe3yjyTare npHMeHeHHss akcHom 7—I0 K uenouke ¢parMeHToB Cxe-
Mbl, 06pa3yloLKX NYTh OT BXOLHON CTPEJKH A0 BepUIHHb V.

ITockobKy onepaTopHasi cxeMa B IeJOM SIBJSETCH YaCTHHM CJay-
yaeMm noHaTHs $parMeHnta, pacCMOTPeHHas aKCHOMarHkKa Mno3BoJser
BHIBOJUTb COOTHOLIEHHSI PaBHOCHJIBLHOCTH AJ1st onepaTopHuX cxeM. CBoii-
CTBa PaBHOCHJIbHOCTH KaK HEKOTOpPOro GMHApHOro COOTHOLIEHHS BbIpa-
xaer crenymomas gemma. OTHOWeHNe PaBHOCHJILHOCTH SBJAsETCS ped-
JIEKCHBHBIM, CHMMETPHYHBIM H TPAH3HTHBHHM.

JlokasarenbcTBo. PedvieKCHBHOCTD ChelyeT U3 mpaBuaa I npu olH-
HaKoBHX o M B. CHMMEeTPHUHOCTD CJeLyeT W3 NpaBH/ia 2, eclH B Kaue-
CTBe NOCBUIKH B3SITh CJAelylolune cooTHowenust: Fy~ Fp, Fy~ Fy. [Joka-
3aTeNbCTBO TPAH3HUTHBHOCTH TpeGyeT B KayeCTBe MOCHIJIKH COOTHOLUe-
yusi Fy~F,; Fy~F; Ilo CHMMETPHYHOCTH 5Ty NOCBIIKY MOXKHO mepe-
nucatb B Buae Fo~ Fy, Fo~Fs oTKyna no npaBuay 2 BHITEKaeT, 4TO
Fy~F,

dopmanbHYl0 BO3MOXKHOCTb TPAKTOBAaThb PacCMOTPEHHYIO aKCHOMa-
THKY KakK npaBuja npeoOpa3oBaHHsi ONepaTOPHLIX CXeM NpPEACTaBJseT
caefyouias Jemma (MPaBHIO NOACTaHOBKH): ecau Fy~ Fs, 10 F(Fy) ~
~ F(Fy).

[lokasarenbcTBo.) B3sas B npasuie 2 B KayeCTBe MOCHUIKU Fy~ Fy,
F(Fy) ~F(Fy), nonyunm, utro F(F;) ~F(F,), oTKyna B cHIy CHMMeT-
PHUYHOCTH BHITEKAET YTBEPXKAEHUE JEMMBI.

TakuMm oGpasom, cnpaBenauBa cjefyiolllas TeopeMma: Jjio0Oble aBe
paBHOCHJbHBIE ONepaTOpHbHle CXeMbl SIHOBa SKBHBAJ/IEHTHBI.

1.8. ANropuTMHYECKH Hepa3pemumbie NPodaembl

OnuuM U3 CBOMCTB aJropHTMa sIBJSIETCS €ro MacCOBOCTb. DTO O3Ha-
Yaer, 4To aJArOPUTM MNpeAcTaBsseT cobof cnocol peleHUss HEKOTOPO#H
MaccoBoi npo6aembl, GopMyaupyemoir B BHle NpobaeMbl 0TOOpaxKeHHs
He OIHOro, a LEJOro MHOXeCTBa BXOAHBIX CJIOB B COOTBETCTBYIOLIHE
uM BbiIXOHBle caoBa. Takum o6pa3om, BCAKHIl aArOpUTM MONKHO pac-
CMaTpHBaTh KaK HEKOTOpOe YHHBepCaJbHOe CPeACTBO NJis pelleHHs Le-
JI0ro KJacca 3alau.

OxkasnlBaeTcs, 4To CYWECTBYIOT TaKHe KJacCh 3ajay, AJs pellleHHs
KOTOPBIX HeT M He MOXeT GhITh € JHHOTO YHHBepcalbHoro npuema. I1po6-
JIEMbl pPelleHHs TaKoro poja 3ajay Ha3HBAIOT aJrOPHTMHYECKH Hepas-
pewrnMbiMy npobaemamu. OxHako aJropuTMHuecKas Hepa3pelHMOCTb
npoGsieMbl pellleHHst 3ajay TOTO WM HHOrO KJacca BOBCE He O3Hauaer
HEBO3MOXKHOCTb pelleHHs J060i KOHKPETHO! 3afayn M3 3TOro Kaacca.
Peub uer o HeBO3MOMHOCTH pelUEHHs BCeX 3aAay AAHHOTO KJacca of-
HHM U TeM XKe NpHeMOM.
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Takum o6pasom, 3anauu (npobGJeMbl) MOXKHO pa3fesnTb Ha aJjro-
PHTMHYECKH pa3peulnMble H aJrOPHTMHYECKH Hepaspemumbie. Tpume-
pOM aJITOPUTMHYECKH paspelwlnMoi npoGaeMbl sBJAseTcs npoGJaema
I0Ka3aTenbCTBa TOXKAECTB B OObIyHOM ajarebpe. CymecTByeT eXHUHBIM
KOHCTPYKTHBHHI/i npHeM (pacKpbiTHe CKOOOK, NpHBefeHHe MNOXOOHLIX
YJEHOB), NO3BOJNAIOWIMA 32 KOHEUHOEe YMCJO LAros PeuinTs, SBAAETCS
a1 J1060e 3aaHHOe COOTHOIIEHUE TOXKIeCTBEHHBIM.

Tepexox oT MHTYHTHBHOTO NOHS1HSl aJrOPHTMA K TOUHOMY MOHS-
THIO PEKYPCHBHOM QYHKUMH (MamuHbl TbiOpHHra, HOPMAJbHOTO a.ro-
puTMa) no3BoaMA JI0Ka3aTh aJrOpHTMHYECKYl0 HepaspemnMocTb psana
npobJem. .

OnHuM 3 nepBbHIX PE3yAbTATOB TaKOro THMA SBJSETCS OOKasa-
TEJbCTBO Hepa3peIMMOCTH Npo6JemMbl pacno3HaBaHMs BLIBOLUMOCTH B
MaTeMaTHYeCKOi Jioruke, BbinoaHeHHon Yepuem B 1936 r. Pesyabrar
3TOro AOKasartesabcTBa popmyanpyercs Kak teopema Yepua (5). Ilpo6-
JieMa pacno3HaBaHHs BHIBOAMMOCTH aJrOPHTMHYECKH Hepaspeulnma.
Tem camblM He TOJBbKO BBISCHSIETCS NPHuMHA Ge3yCnelHOCTH BCeX Mpo-
WJIBIX MOTBITOK CO3MaHHUSI COOTBETCTBYIOIIEro aJropHTMa, Ho H OOHa-
pyxHBaercs noaHas 6ecCMbICAEHHOCTb TaKHX NMOMBITOK. ,

IlokasatenbcTBo fanHOiM TeopeMmbl Yepua paccmaTpuBaTh He Gyiem
BBUAY ero C10XHocTH. OTMEeTHM JIHIb, YTO CYTb €ro CBOAUTCS K HOKa-
3aTeJbCTBY HEPEKYPCHBHOCTH (QYHKIHH, pellatolllelt TaHHYIO 3agauy.

B kauectse nmpuMepa HOKazaTeNbCTBa aJArOPUTMHYECKON Hepaspe-
IIMMOCTH pacCMOTpHM NpoGJieMy pacno3HaBaHHs CaMONPHMEHUMOCTH.
CyliecTBYIOT Kak CaMONPHMEHHMble, TaK W HECaMONpPHUMEHHMble aJro-
parMbl. IlpnMepoM camMonpHMEHHMOTo aJropuTMa SIBJASAETCS TaK Hasbl-
BaeMblil TOXIECTBEHHHIl aAropuTM B JioGoM andasute A, coxepxa-
uem ABe uin Oosee mBYX OYKB. STOT a/irOPUTM NPHUMEHHM K J10GOMY
ca0By p B andasute A u nepepaGarbiBaer J1060€ BXOIHOE C/I0BO B cebsl.

INpumepom HecamMoONpUMEHHMOrO aJrOPATMA SBJSIETCS TaK HasblBae-
MBI HYJIeBOi ajJropHTM B JI060M KOHeuHoM aJjdasute B. dtoTr anro-
PHTM 3ajaercs cXeMoM, cojepalleil eIHHCTBEHHYIO NOACTaHOBKY —>Y
(rne y — mo6as 6yksa andasura B). Ilo cBoeMy onpenesenyio oH He
NPUMEHHM HM K KaKOMy BXOAHOMY CJIOBY, a 3HauuT, 1 K CBOEMY H30-
6paxenuto.

Ipo6Gnema pacnosHaBanus CamMoNpUMEHUMOCTH aJTOPUTMOB COCTO-
HT B TOM, 4TOObl HAfTH eAHHBIH KOHCTPYKTHBHBIA NpHEM, NO3BONAIOUIHI
3a KOHeYyHOe YMCJIO WAaroBs 1o cxeme JM000ro NJaHHOrO ajroputMa ya-
HaTb, ABJSETCS aJrOPHTM CaMONPUMEHMMBIM HJIM HeCaMONPHMEHUMBIM.

Iloxa3aTe bCTBO aNrOPATMHYECKON HEPa3pPElIHMOCTH AaHHOM NPos-
Jembl Gyaem NPOBOAHTb, HCMOJB3Ysi AJATOPHTMUYECKHE CHCTeMbl Tblo-
puHra.

Hns storo chopmyanpyem npoGaemy caMONPHMEHHMOCTH B TEPMH-
Hax MawuHb Toiopusra. Ilycrs B mamuHe ThlopHHra 3adukcupoBaHa
Kakas-HuOyab KoHQurypanus. BoamoxHbl fBa cayuas: ‘

1) MamHMHa npuMeHHMa K 3TOit KOHUTrypalUHH, T. €. NOCTe KOHEYHO-
rO Yucjia TaKTOB OHa OCTaHaBJAHBAeTC B . 3aKJIOYMTEJbHOH KOH-
¢urypauun;

2) mawuHa He MpUMeHHMa K 3Tol Komdurypanmu. 3To o3Hauaer,
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uTO Malinia HHKOTAa He NEPEXORHT B 3aKJIOYHTEJNbHYIO KOHOHrypa-
LINIO0, OHa Bnajpaetr B 6ECKOHEUHHIH npouecc.

IMpennonoxumM Tenepp, uTo Ha JeHTe MamWHHH ThlopuHra usobpa-
XKeH ee coOcTBeHHbI WHP (T. e. wHp TaGIHUB! COOTBETCTBHS H HC-
XONHOM KOHOGHrypanuu), 3sanucaHHblil B andasute mawuHn. Ecau ma-
IUMHA NpPAMEHHMa K Takoil KoHdHrypauuu, ro 6ynem HasbBaTb ee¢ Cae
MONpPHMEHHMOi1, B NPOTHBHOM CJyYae — HeCaMONpHMEHHMOI.

Torna npobsema pacno3HaBaHHsi CAMONPHMEHUMOCTH COCTOHT B CJe-
aywouewm: no Jio6omy 3agaHHomy WHGPY yCTAaHOBHTD, K KAKOMY K.acCy
OTHOCHTCS MaUINHa, 3aiHudpoBaHHAs UM, — K KJ2CCy CaMONPHMEHUMBIX
HJIM HEeCaMONpPHMEHHMBIX? :

OxkasblBaeTcsi, MOXHO JOKasaTh CJelyiomyio Teopemy (6). ITpo6-
JeMa pacno3HaBaHHss CaMONPHMEHHMOCTH aJrOPHTMHYECKH Hepaape-
muMma.

Jloka3aTeabCTBO. I}'{J)ennonomnm, HanmpoTHB, 4YTO Takas Mawuxia M
cywecrnyer. Torna B M Bcakuit camonpumernmuti wudp nepepabarh-
BaeTCd B KaKOH-TO CHMBOJ v, (MMEIOIUHA CMBIC] YTBEPRHTEJLHOrO OT-
BeTa Ha MOCTaBJEHHbI BONPOC 0 CaMONPUMEHUMOCTH), 2 BCAKHI Heca-
MONPHYMEHHMBI WHP — B CHMBOJ T (MMEIOLIHHA CMBICA OTPHIATENbHO-
ro oTBeTa Ha NOCTABJEHHLI BONpOC).

B TakoM cayuae MOXHO GbIO Gbl MOCTPOHTH H TaKylo mawnuy M,
KoTopas no-npexxHemy nepepabarbiBaetT HeCamonpuMeHHMble WHPPH! B
T, B TO BpPeMsl KaK K CaMOnpHMeHuMbIM wudpam M; yxKe He npumenu-
Ma. DTOro MOXHO XOGHUTHCSI MyTEM TAKOr0 M3MEHEHHs CXEeMbl MallHHH
(rabanupl coorBeTcTBHA) M, uTOGH nocse NOSBJEHHS CHAMBOJA vV BMe-
CTO OCTAHOBKH MallHHa CTajsa Obl HEOrpaHHYEHHO MOBTOPATb ITOT XKe
CHMBOJIL.

Hrak, M, npuMeHHMa KO BCSIKOMY HeCaMONPHMEHHMOMY wWHGPY
(BbipaGaTbiBasi NpH 3TOM CHMBOJ T) M He NPHMEHHMa K CaMonpHMe-
HuMbIM wHdpam. OnHaKo 5TO NPUBOLHUT K NPOTHBOPEUHIO.

HeicTputenbho:

1) nycrb mamimna M, camonpHMmMeHHMa, 10raa OHa NPHMEHMMA K
csoemy wndpy My’ u nepepaGaThiBaeT €ro B CHMBOJ T, HO MOSIBJEHHE
3TQro CHMBOJIa KaK pa3 M JOJIKHO 03HauaTh, YTO MallHAA HECAMOMNpH-
MEHHMa;

2) nycrp M; HecamMonpHMeHHMa, TOTAa OHA NpHMenuma K M,’, uto
J0JKHO O3Hauath, 4To M camonpumeHnma.

. INonyueHHOe mpoTHBOpeuHe MOKasbIBaeT TEOpeMy, T. €. Hauie mpel-
noJaoxenue o MamuHe M HeBepHO.

M3 s1oit Teopemb! BLITEKaeT aJropHTMHUECKas HepaspeliuMOCTb
Gosee o6mieil npo6aeMbl — Npo6JeMbl Pacno3HaBaHus MPUMEHHMOCTH.
Cytb sToit mpobJaembl COCTOMT B CJEAYIOLEM: YCTAHOBHTb NPHMEHH-
MOCTb JII06O# 3aJaHHON MaLIMHBI K JI060i 3anaHHONl KOHdurypanuu.

HokasateabcTBa TeopeMbl 0 CaMONPHMEHHMOCTH aJrOPHUTMa MOXHO
BHINOJIHATD, HCNIO/Ib3Ys1 HOPMAJIbHBIE arOPHTMBL. B TepmuHax HOpMa/b-
HbIX aJropuTMoB npobsieMa camonpuMeHHMOCTH (opmyaupyercs cie-
aytouum o6pasom.

IMpo6nema pacnosHaBaHHs CaMONPHMEHHMOCTH aJrOPHTMOB COCTO-
HT B TOM, YTOOBI HaiTH eINHBI/i KOHCTPYKTUBHBIH NpUEM, NO3BOJSIOMINA
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3a KOHEYHOe YMCJIO LIaroB mo cxeMe Ji060ro AawHoro ajiropuarma A ys-
HaTb, ABJAsIETCS aJArOPHTM A CaMONpHMEHHMbIM HJH HECaMONPHMEHH-
MbIM.

Ecnn cynrath cnpaBemJHBbIM NPHHIHMA HOPMaJH3aUHH, MOMKHO
npeanoJaratb, YTOo €AHHbIA KOHCTPYKTHBHBIA NPHEM — 3TO HE YTO HHOE,
Kak HOPMaJbHHIA aJroputM B, onpeneseHHbIt na A060M CJI0Be p, KO-
TOpOe sBJsieTcsT M300pakeHHeM MPOHM3BOJNBHOTO HOPMAJbLHOrO —aJro-
puTMa A, W nepeBORALIHM 5TO CJOBO B AB2a PasjHYHBIX (HKCHPOBaH-
HBIX CJIOBA @y M G2 B 3aBHEHMOCTH OT TOro, OyZer aaroput™M A camo-
(PYMEHHMbIM HJH HeCaMONpPHMEHMMBIM (CJI0BO §; COOTBETCTBYET ca-
MONPHMEHHMOCTH, a8 g2 — HECaMONPHUMEHUMOCTH).

Ha no6oM BxoaHoM caose [, He ABAsIOLIEMCST H306paxeHHeM KaKo-
10-1100 (HOpMaJIbHOro0) a/ropuTMa, aAropuTM B TakKe Xo/mKeH OHTb
onpenedeH. [lefiCTBUTEIbHO, B NPOTHUBHOM CJyuae, He NMOJNYYHB HHKAKO-
ro pe3yJabTata nocjae XOCTaTOYHO GOJBIUOrO yHCJa 1IAroB paGoTH an-
TOpHTMa, HEH3BECTHO Obl0o Obl, H306paKeHHeM KaKoro aJjropurma —
€aMONpHMEeHHMOT0 HJIH HeCaMoOnpHMeHHMOro — siBaserca cjoso [, Oue-
BHIHO, YTO P€3yJbTaT NpHMEHeHHs ajiroputmMa B k moGomy caOBY, He
ABJsOIEMYCST H300paXkeHHemM aJropHTMa, ROMKEH OblTb OTJIHUHBIM
KakK OT cJIoBa ¢4, TaK H OT CJIOB2 (3.

IMpeanosoxuM, yto anroputM B ¢ ykasaHHHIMH CBOMCTBaMH Cylue-
cTtByeT. B Takom caydae cyumectByer HopmaJdbHblii aaroputM C B TOM
ke camoM ajadasute X, yTo n ajroput™ B, onpeneseHHbIH HA BCeX Tea
# TOJILKO TeX cJioBax B ajidaBute X, KOTOpble SBJISIOTCA H300parKeHHs -
MH HeCaMONPHMEHHMbIX aJrOPHTMOB (HAaNOMHHUM, YTO MO CaMOMy Of-
penenexuio ajaroputma B andasut X BkJAOyaeT B ceG CTaHAApTHBIA
I BOHuHBIT andaBuT).

He#cTBUTEIbHO, NOCTPOUM HOpMaJbHbl aaropurm D B andasure X,
ofbstacTb onpezneJieHHss KOTOPOro COCTOMT M3 OJHOTO JIMWIb CJoBa Gz. Ta-
KOH aJTOPHTM MOXET OBITh 3alaH, HampuMep, B BHJE CYNEPHNO3HIHUH
JABYX HOPMaJbHbIX anroputMos Dj u D, nepBhlii H3 KOTOPHIX 3a4aeTcs
CXeMOH, cocTosileit H3 0HOM NOXCTAaHOBKH §ga—>+, a BTOPOH — CXeMOil,
COCTOSIEH H3 MOACTAHOBOK BHAA X;—>Xj, TJe X; NOCJeI0BaTeJbHO
NnpuHHMaer 3HavyeHHs Bcex Oyks andabura X. SICHO, uTO MepBHIl aaro-
PHTM NEPEeBOAUT B NYCTOE CJOBO TOJLKO CJIOBO G2, a 064acTh onpeflene-
HHUA BTOPOTO aJITOPHTMa COCTOMT TOJILKO M3 mycroro ciaosa. [Tostomy
obnactp onpenenedus cynepnosuunu D anroputmos Dy n Dy Gyner co-
CTOSITb TOJIKO W3 CIOBA ¢z, UTO M TpebyeTcs.

IMoctpous anroputm D, o6pasyst CynepmosHuHi0 C HHM aJIrOPHT-
Ma B n HopMaau3ys 3Ty CynepnosnuHuio, NpuaeM K HOpMaJbHOMY aJro-
putmy C B andaBute X, o6aactb onpefesieHHss KOTOPOTO COCTOHT U3
BCeX TeX H TOJAbKO TeX CJoB B aiddasute X, KOTOpble ABJSIOTCS 3anucs-
MH HecaMONpHMeHHMbIX aaroputmoB. OnHako nomoGHOe CBOHCTBO aJ-
roputma C BHYTpPeHHEe NPOTHBOPEUHBO, MOCKOJbKY K CBOEMY COOCTBEH-
Homy n3o6paxenuio CU anroputm C He MOMKeET OblTb MPHUMEHHM H He-
TIPHMEHHMBIM. )

B camom nene, B nepBom cayuae ajaroput™ C Gbli Gbl NpHMEHHM
K CBoeMy H300paKeHH!0 N SBJAJCSH Obl. NO3TOMY CaMONpPHMEHHMbIM.
Ho sto nportusopeumsno Gut ToMy, uto ajnroputM C B CHJIy cBoero mo-
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CTPOEHHUSI NOJIKEH ObITb NPHMEHHMBIM TOJbKO K HeCaMONPHMEHHMbIM
aaropurMaM. Bo Bropom cayuae, 6yayun HempHMEHHMBIM K CBOEMY H30-
GpaxenHio, aaroputM C npuHajaiexans O6bl K YHCAY HECaMONPHMEHH-
Mbix anropurmoB. Ho torna no onpenenenuio aaroput™ C gomkeH Obia
6bl GHITb NPUMEHHMBIM K CBOEMY M300paXKeHHI0, NOCKOJbKY OH npHMme-
HHM K HM300paxieHHI0 BCeX HecaMonpHMeHHMbIX ajaroputmon. Cuaepo-
BaTeabHO, aaroput™ C sBAseTCs CaMONPHMEHHMbIM.

TakuM oOpasom, npeanojoxeHune o6 aJropuTMHYECKOd paspeluy-
MOCTH npoGJembl Pacno3HaBaHHg CAMONPHMEHHMOCTH NPUBOJAMT K JIO-
THYeCKOMY NMPOTHBOpEUYHIO M NMO3TOMY HeBepHO. TeMm CaMbIM NOKa3aHa
aJropUTMHYECKas Hepa3pelunMOCTb 5TOHA npobaeMbl.

BhiBox o6ocHOBaH HaMH JHIWb NPH YCJHOBHH, YTO MPHHUUN HOpMa-
JH3aUNK aAropHTMOB cnpasenauB. OpHako npHpoma NpoOTHEOpeuus,
MCMOJb30BAHHOIO NpPH JA0Ka3aTeabCTBE aJrOPHTMHYECKON Hepa3pelld-
MoCTH npo6JieMbl pacno3HaBaHHsl CAMONPUMEHHMOCTH aJrOpHTMOB, fIB-
JAsieTcs B ACHCTBHTebHOCTH GoJee riy6okoi. Uurareab, 3HaKOMBIi
¢ napajnoKcaMH TEOpHH MHOMKECTB M° MAaTeMaTHUECKOH JIOTHKH, JIErKo
3aMETHT, uTo YKa3aHHOe NMpPOTHBOpeuHe HMeeT Ty Ke NPHPOAY, HTO
M NMPOTHBOpeuHe B M3BeCTHOM napanokce Paccesa, ycranapaupaiolleM
BHYTPEHHIOIO NPOTHBOPEYHBOCTb NOHATHSI «MHOXECTBO BCEX MHOMECTB,
He conepxallee ce6st B KaueCTBe CBOErO 3JIeMEHTa». . .

IT0 06CTOATENbCTBO NPHBOAMUT K BHIBOAY, UTO aJrOPHTMHYecKas
HepaspellnMocTb Npo6JaeMbl pacno3HaBaHHA CaMONPHMEHHMOCTH He
AIBJITETCA CJeNCTBHEM Y30CTH COBPEMEHHOTO TOYHOFO MOHATHS aJrOPHT-
ma. Ecan 6b ynanaoch nocTpodTbh TOYHOE MOHSTHE AJTOPHTMA, BKJIO-
yaolllee B ceGsl HEKOTOpble HEHOPMaJi3yeMble aJrOpHTMBI, TO npobJe-
Ma pacno3HaBaHHsi CaMONPHMEHHMOCTH aJrOPHTMOB NO-NPeXHeMy OC-
TaBaJsach Obl aJArOPHTMHYECKH Hepa3peuuMon.

Ipn mokasaTesabCTBe aJrOPHTMHYECKON HePaspelIUMOCTH MpoG.e-
Mbl pacno3HaBaHUs CAMONDPHMEHHMOCTH GbLI HCIOJb30BAH METOX «OT
npotuBHoro». C NOMOLIbI0 3TOr0 METOAA AOKa3aHa aJropUTMHUecKas
Hepa3pellnMOCTh MHOXKECTBa PasJ/MYHbLIX NpPo6JsieM, B TOM yHuCjae H npo-
GsieMa 9KBHBAJNIEHTHOCTH CJOB A/ aCCOUHATHBHBIX UCUHUC/EHHH.

PaccMorpum 3Ty npobaemy 6osee geTanabHO.

YcaoBuMcs Ha3blBaTh aCCOUMMATHBHBIM HCYHC/IEHHEM COBOKYMIOCTb
BCex CJOB B HeKoTOpoM aJjdaBuTe BMECTe C KaKOH-HHOYIb KOHEUHOMH
cuctemoit noacraHoBok. UTo6b 3ajaTh acCOUMaTHBIOE HCYHCJElHe,
NOCTaTOYHO YKa3aTh COOTBETCTBYIOLIHE aJ(aBHT U CHCTEMY NMOACTaHO-
BOK.

Mb Gynem paccmartpuBaTth nNpeofGpa3oBaHHe OAHHX CJOB B ApYTHe
NOCPeACTBOM HEKOTOPBIX RONYCTHMBIX NOACTaHOBOK, KOTOpble 3a1aI0TCA
B BHle: p— ¢ WJIH p—>q¢, TOE€ p U ¢ — CJI0OBa B OQHOM H TOM Xe ajda-
BHUTE.

IlepBag M3 9THX NOACTAHOBOK HA3LIBAETC HEOPHEHTHPOBAHHOM,
BTOpast — OPHEHTHPOBAHHOM.

OpueHTHpOBaHHasi NOJACTAHOBKA O3HAYaeT 3aMeHy p Ha g, T. €. BMe-
CTO JIEBOH 4acTH NOACTaBJseTCs npaBas yactb. HeopueHTHpOBaHHas
MOACTaHOBKa O3HauyaeT AONYCTHMOCTb 3aMEHB! JIeBOM 4acTH MNpaBofi,
¥ Hao06opoT, NpaBoii YacTH — JieBoi (T. €. p Ha ¢ WAN ¢ Ha p).
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PaccMOTpHM npuMep acCOUHATHBHOTO HCUHCJEHHS, 3aJaHHOroO aJ-
¢asutom A = {a, b, ¢} u noacranoskoit ab— bcb. Paccmorpum ci0BoO
abcbebab. 3ameHa xaxmoro H3 ABYX BXOXAeuui ab naer cJ0BO
abcbebab—s>-bebcbcbab—-bebebebbeb.  3amena xe beb  maer cioBo
abcbcbab—raabcbab—»raaabab.

Ecan cnoBo 7 MoxeT GhiTh NpeoGpasoBaHoO B CJIOBO S NMOCPeACTBOM
OXHOKPAaTHOro NpPHMEHEHHUS AONYCTHMOH NMOACTAHOBKH, TO U S MOMET
6biTh Npeo6pa3oBaHO B r TAaKUM ke nyteM. Takue cioBa r U s Gyaem
Ha3blBaTb CMEXKHLIMH.

IIBa csioBa 7 ¥ S Ha3bIBAIOTCSl CMEXHBIMH, €CIH ORHO H3 HHX MOXKeT
6biTh npeoOpa3oBaHO B ApYroe MOCpPenCTBOM OAHOKPATHOro IpHUMeEHe-
HUsl TONYCTHMOH NOACTAaHOBKH. :

IMocsienoBaTeIbHOCTh CMEXKHLIX CJIOB, BEAYWLYIO OT 7y K rn, OydeM
Ha3blBaTh REAYKTHBHOMN LIENOUYKOH OT 7y K In.

CiioBa r ¥ S Ha3LIBAIOTCS SKBHBAJIEHTHHIMH, €C/IH CyILIECTBYeT He-
NyKTHBHas llenoYKa, BeayHmlas OT cJoBa 7 K CJOBYy S, H Haob6opoT, OT
C/I0Ba § K CJIOBY r.

DKBHBaJEHTHOCTb GylemM 0603HauaTh Kak r~S. DKBHBaJeHTHOCTb
C/10B a) pe(JIeKCUBHA, T. . r~r; 0) CHMMETpPHYHA, T. €. eCJH r~S,
TO S~ r; B) TPAaH3UTHBHA, T. €. €CNIU S~ 7, r~f, To S~L.

Jns KaJoro accouuaTHBHOTO HCYMCJEHHST BO3HHKaeT CBOs Cre-
nuanbHag npobsema SKBUBAJEHTHOCTH cJloB. OHa 3akJjioyaercst B Cle-
AylOlIEM.

Has n106bx ABYX CJIOB B AaHHOM HCYHCJIeHHH TpeOyercs ysHaTh,
SKBHBAJICHTHH OHH WJIH HeT.

ITockoabKy pasJuuHBIX CJIOB B JIOGOM HCUHCJIEHHH MOMXET OHTb
6ecuncieHHOe MHOXKECTBO, To GaKTHUECKH 31eCh HMeeTCsl GeCKOHeuHas
CepHst ONHOTHNHBLIX 3ajaay. TpeGyeTcsa HalTH aJrOPHUTM, PACNO3HAIOLIH#A
9KBHBAJIECHTHOCTb HJIH HE3KBHMBAJIEHTHOCTb JI060# naphbl CJOB.

ITpo6sema 5KBHBAJIEHTHOCTH CJIOB AJI aCCOMMATHUBHBIX MCUACTEHHII
Ob1a chopmynuponana eie B 1914 r. HopBeKCKUM MaTeMaTHKOM Tys.
MM ke Gbl MpensiokeH anropuTM IJs pacno3HaBaHHs SKBHBAJIEHT-
HOCTH CJIOB B HEKOTOpbIX aCCONMATHBHBIX HCUHMCJEHHAX CMelaJibHOro
Buaa. C Tex nop npeinpHHMMaHCh MHOTHE MONBITKH NMOCTPOHTb TaKOil
o0IHi aNrOpHTM, KOTOPHIA st JIOGOTO aCCOIMATHBHOIO HCYHCIEHHS
H 1is J1000d mapbl CJIOB B HEM NO3BOJIMN YCTaHOBHTb, 3KBUBAJEHTHBI
9TH CJI0Ba HJIU HeT. '

B 1946 u 1947 rr. A. A. Mapkos u 3. ITocr, He3aBUCHMO OAMH OT
JApYroro, NOCTPOXJIH KOHKPETHbie NPHMephl aCCOLMATHBHBIX HCYHC/ICHUH,
VIS KaXJOro M3 KOTOPLIX npobJsiema 5KBHUBAJEHTHOCTH CJIOB aJrOpHT-
MHYeCcKH Hepaspewnma. Tem Goslee He CylIeCTBYeT aJaropuTMa aJjas pac-
103HaBaHHS SKBHBAJEHTHOCTH CJOB B JOOOM aCCOUHAaTHBHOM HCYHCAE-
HUH.

B 1955 r. coserckuh marematuk Il. C. HoBHKOB nokasan aaropur-
MHYECKYI0 HepaspewuMocTb npol/embl pacno3HaBaeMOCTH CJIOB AJisl
aCCONHATHBHHIX HCUHCJEHHH CNELHaJbHOro BUAA HAa3bIBAEMBLIX TEOPHEH
rpynm.

ITepsuie npumepsl, nocrpoersble A. A. Mapkosbim u IT. C. Hosuko-
BbiM 111 OMNPOBEPKEHHs] aJrOPHTMHYECKOH Pas3pemwHMOCTH npoG.aembl
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3KBHBAJIEHTHOCTH, ObIM BeCbMa TFPOMO3AKHMH H HACUMTHIBAJH COTHH
J10NyCTHMBIX NOACTaHOBOK.

o3nHee coBerckuM matematukom I, C. LlefiTnHbimM GBI mocTpoeH
npyMep aCCONMATHBHOIO HCYHCJEHHS, HACUHTHLIBAIOILETO0 BCEro JHUb
CeMb OOMyCTHMBIX NOACTAHOBOK, AJs1 KOTOpOro npobJeMa SKBHBAJEHT-
HOCTH CJIOB OblJIa TaKIKe aJrOPUTMHYECKH Hepaspeluma.

ITpuMep 3TOro accomMaTHBHOIO MCUUC/JEHHUST MBI H pacCMOTPHM.
3anann: andasur A = {a, b, ¢, d, e} n cucrema ponyCTUMBIX NOACTA-
HOBOK: ac—ca, ad —da, bc—cb, bd —db, abac— abacc, eca — ae,
edb — be.

Ecan B3sTh cl10Bo abcde B 3TOM MCYHC/IEHHH, TO K HEMY NpHMEHH-
Ma TOJIbKO TPeThsl MOACTAHOBKA U OHO MMEET TOJAbKO OHO CMe:KHoe
cnoBo acbde. Hanee mMeeT MecTo 3KBHBaJeHTHocTe abede~ cadedb,
YTO BUAHO H3 Cjenyolliel NeAYKTUBHON LEeNOUKH:

abcde—racbde—cabde—>cadbe—-cadedb.

Ecan xe B3atb cJ0Bo aaabb, To K HeMy HenpHMeHMMa HH OfHa u3
I0ACTaHOBOK, H TIO3TOMY OHO He MMeeT HHKaKHX CMeXHhX cJjoB. He
CYIIeCTBYeT M CJIOB, OTJIHYHLIX OT aaabb, KoTopble OHLIU OBl €My 3KBH-
BaJIEHTHBL.

Iefitun NOKa3pBaeT, 4TO OJs NAaHHOTO aCCOLMATHBHOTO HCYHCTe-
HHSl He MOeT ObITb €IMHOro aJropurmMa mJsi pacno3HaBaHHS SKBHBA-
JEHTHOCTH JIIo60it napsl CJOB. .

MoxHo GblI0 NpHBECTH ellle MHOTO NPHMEPOB aJrOPUTMHUYECKH He-
paspemnMbIX npo6JieM, C HUMH MBI ellle BCTPETHMCS NPH H3YYEHHH Teo-
pHUM I'PaMMAaTHK aJrQPHTMUYECKHX s3blKOB. K THNy ajJropHTMHYECKHX
npoGnem OTHOCHTCA M Teopema I'émenss o menoaHoTe apudMeTHUecKOM
aoruxu. Tlpexne Bcero yTOYHHM OCHOBHbBIE NOHSATHS, HCIOJAb3YEMbie
B Teopeme 'éxens.

ITon apudMeTHueCKQi JIOTHKOH MOHUMAETCH COBOKYMHOCTb aKCHOM
M NPaBUJ BbIBOZA TEOpeM B 3/E€MEHTapHOfl TEOPHH uHCe] (TEOpHH Mno-
JIOXKHTEJbHBIX LeJbX yHuces). JIOrHKa Ha3blBaeTca NMOJHOM, eCad B Heit
MOXHO [JOKa3aTb HCTHHHOCTb HJH JIOXKHOCTb Ka)XAOro yTBep:KIEHHS.
Jlornka Ha3bIBaeTCsl HempOTHBOPEYHBOMH, ecAH OHAa cBoGOAHA OT npo-
THBOPEYHH.

Teopema I'édean (7). Kaxnas aldeksaTuas o — HeNpoT/BOpEUYNBas
apudmernyeckas goruka nenosHa. Teopema yTBepzaer, uyto Jio6as
aJeKBaTHas HeNnpoTHBOpeuHBash apUdMeTHYeCKasi JIOTHKA HENoJHa, T. €.
CYLIECTBYET HCTHHHOE YTBEPXKJEHHe O HEeJbX YHCJAax, KOTOpoe Helb3st
J0KasaTb B TAKOM JIOTHKe.

Bosee Toro, I'énesn mokasas,. 4To HEBO3MOXKHO NOKa3aThb Henpo-
THBOPEUMBOCTb apHMETHUECKOM JIOTHKH (daxe HENOJHOK) TeMH MeTo-
AaMH, KOTOphle BEIPa3UMbl B CAMOH 3TOH JIOTHKeE.

YUToG6bt GHJIO MOHATHO 3HayeHHe Pe3yJbTaToB, nosayueHHbx [é1enem,
BCIIOMHHM, YTO MEPBOil aKCHOMAaTHYECKOH CHCTeMOH Obl1a reoMeTpHs
Epkauna (III B. 1o H. 3.). B ocHOBe €BKJHAOBOi1 TeOMETPHH JEKHT CO-
BOKYHHOCTb ONpeaeseHHit 1 aKCHOM, OTPaKalouiux NpocTenllne reoMer-
pHyYecKne CBOHCTBA, NOATBEpXKAEHHble MHOTOBEKOBBIM YeJIOBEYEeCKHM
ONEBITOM.
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B uncao akcuom, Kotopnie B reoMerpun EBkaunga npunamalorcs
6e3 [0Ka3aTeabCTB, BXOOUT M aKCHOMA O MapasjenbHbX JHHHsaX. Ona
¢dopmyanposanachk Esxnngom tak: «Ecan aBe npsmbie, Jexaune s of1-
HOM MJIOCKOCTH, NPH NePeceyeHNH HX KaKOH-HHOYAb TpeTbedl 06pasyioT
BHYTPeHHHe OLHOCTOPOHHHE YIJIbl, CyMMa KOTOPHIX MeHblle ABYX Nps-
MbIX, TO 3TH NPsMble NMEPECEKAIOTCSA [0 Ty CTOPOHY OT TpeTbel NMpAMOH,
Ha KOTOPOHl CyMMa YKa3aHHBIX YIJIOB MEHbIUE. IBYX NPSIMbIX».

dta akcuoMa mo MHOrHM NpudnHam cmyllaja Mmaremarukos. OHa
3HAUHTE/bHO C/I0XHEe APYruX aKCHOM M O YTBepKJAaeMOMy el (axTy
g no csoeli dopmyauposke, Beab maxe n/s OCoO3HAHHs ee CMbICAa Ha-
JO npeiBapUTENbHO OBJAAJAETb PAAOM CBEAeHHH.

AKcuoMmy o mapanJiesIbHBIX JTHHHAX HEPEAKO Ha3biBAJIK TEMHBIM NAT-
EoM B renHanbHoM TpyAe EBknnga. He Oblia Takke JoKasaHa MOJIHO-
Ta ¥ HENPOTHUBOPEYHBOCTL €BKAHAOBOI reoMerpuu. M ouenp paHo Ha-
HaJHuCh YNOpHBIE MONBITKH MAaTEMAaTHKOB OCBOOOAUTL €BKJIHI0BY Fr€OMeT-
PHIO OT BCAKHX MATEH.

C 3Toil HeJibI0 CTPEMHJHCH JOKAa3aTb aKCHOMY O MapalJefbHbIX.
IlbiTasniuch JIOrMYECKH BBIBECTH €€ YTBEPXKJEHHE H3 OCTaJbHBLIX AKCHOM
EBkanna. Takue nonsITKH NpOAOJNKANHCh HA MPOTSIKEHHH NBYX C JIHLI-
HuM ThicsiveseTuit. Ilourn Bce BbIAAlOUIHECH MAaTEMATHKH HCNBITHIBANH
CBOM CWJIBHI Ha pellleHuu 3T1oit mpoGaemsl (Hekapt, JleiGuun, ayce u
mp.). ‘

INoanyio GecniioAHOCTh MOMBITOK NOKA3aTh aKCHOMY O NapaJiiefb:
HbIX BlEpBble CTPOTrO HAayYHO YCTAHOBHMJ BEJIHMKH#l PYCCKMiAl MaTeMaTHK
H. Y. Jlo6auesckuit 8 XVIII Beke. On gokasas, 4to yrBepaeHHe ITOH
AKCHOMBI HeJb3sl BLIBECTH M3 OCTa/NbHBIX akcHoM EBkianna.

JloGaueBckuil nmocTyaupoBan 0coOyio. HEEBKJHAOBY FeOMETPHIO, Ha-
3BaHHYI0 ero HMeHeM. OHa orBeprajia HCTHHHOCTb CJELYIOLIeli aKCHO-
Mbl EBkimga: «Ecau naHe npsMas u TOUKa, He Jexauias Ha Hei, To
CYILeCTBYeT TOJNbKO OAHA NPAMas, KOTOpas NPOXOAUT 4epe3 NaHHYIo
TOYKY MapaaiesNbHO AaHHOH npsiMoit». B reomerpun JloGayesckoro na-
pannenbHuX JUHuE He cymecrsyer. Ilo oTHoWeHHIO K 3TOH HOBO# reo-
METPHMH €BKJIHA0BA IeOMETPHUs SBJASETCH TONBKO HACTHBIM CAyvyaeM.

PumMan nokasasn, uyro HeeBxkauAoBa reomeTpus Jlo6auesckoro Henpo-
THBOPEYHBA, eC/IM HEMPOTHBOpEUHBa e€BK/HAOBA reoMerpus, a [uabbepr
NOKa3aJ, YyTo eBKJHI0Ba reOMeTpHs HeNnpOTHBOPEYMBA, €CJIM HEeNnpoTH-
BOpeYHBa apH(pMETHKa, T. €. JJIEMEHTAapHAsi Teopust MOJOXHTEIbHHIX
LIeJIbIX YHCe.

Hns nokasaTe/qbCTBa HENPOTHBOPEUHBOCTH HCKaJAH apudMeTHue-
CKYIO JIOTHKY, KOTOpas Gblja Gbl MOJIHA, T. €. TAKYIO, B KOTOPO# MOXHO
6b110 GBI BbIBeCTH (KaK TeOpeMbl) BCe HCTHHHBlE YTBEDXKIEHHA O Ille-
JIBIX YHuCJAX.

Fénenp e nokasasn TILETHOCTb TaKUX MOHUCKOB M JOKa3aa ajropur-
MMUYECKYI0O Hepa3pellnMOoCTb NpoGJeMbl J0Ka3aTeNbCTBa HempoTHBOpe-
UYHBOCTH apHdmMerTHueckon Joruku. Takum oGpa3oMm, B CBOell TeopeMe O
HenoaHore ['€1esp mMokasaJ, 4TO CylecTBYeT G6ECKOHEYHOe YHCJIO Mpo6-
JieM 3JeMEHTapHON TEOPHH 4HCeJl, PeilleHHe KOTOPbIX HEBO3MOXKHO HH-
KaKHM JaHHbIM aKCHOMAaTHYECKHM METOAOM.
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IOasa nokasareabcrBa TeopeMbl I'éaens MOXKHO MCONb30BaTh MALIH-
uol Tolopunra. Ilas 3Toro BBeleM Ciedylollne onpeaeaeHus.

MHoXecTBo GyneM Ha3blBaTb pEeKYPCHBHO TNEPeYHCIHMBIM, ecan
cyiecTByer MawuHa Teiopunra — MT, koTopass momyckaer BCe LeNod-
KA HX 3TOTO MHOXECTBAa — ¥ TOJILKO uX. MHOXeCTBO HasblBaeTcsi pe-
KYPCHBHBIM, €C/1d OHO H €ro JAONOJHEHHe PEKYPCHBHO NMepeyrCauMbl.”
- OxaseiBaercsi, CyIIeCTBYIOT PEKYPCHBHO NEpPEUHCAMMble MHOKECTBa,
KOTOpble He PeKypCcHMBHH. K uuCly TaKMX MHOXECTB OTHOCHTCS aKCHO-
MartayecKas cucreMa oOblyHoi apudmeruxu. M3BecTHo, YyTo MHOXKeCT-
BO TeopeM OyIeT XOTs M PEKYPCHBHO NePeYHUCINMO, HO He PEKYPCHBHO.

HefictButenbno, dopmanbHas apupMernka obaanaer CcleAyHOUIAM
CBOWCTBOM: CYIUeCTByeT MeXaHuuecKas npoueaypa f, Takas, 41O ec-
aun M; npeacrasaser co6oi Kakyo-1u60 MT ¢ AByMs BEIXOZAMH, KOTO-
pas JAONyckaeT Bce TEOPeMbl X, BLIBOAHMblE M3 HEKOTOPOI'O HeNpoOTH-
BOPEYHBOro MHOXECTBA aKCHOM 3TOW TEOPHH, M 3aNpelllaeT OTpPHUAHHE
pcex 3THx TeopeM (Z), 1o f(i) ectb dopMyaa dopmanbHON' apHMeTH-
KH, KOTOpas He AONYCKaeTcs ¥ He OTBepraercs mawuHon M.

Takum o6pasom, e cymecrsyer MT ¢ ABYMs BHXOZAMH, KOTOpas

Inonyckana Ob MHOXECTBO X u 3anpeidasna Gbl €ro JONOJHEHHE X.



Faasa 2
GCHOBBI TEOPHHM ®OPMAJIbHBIX FPAMMATHK

2.1. OcHOBHbIE NOHATHA FPAMMATHK

3a mocJenHye AECATH JeT NMOSBHA0CH 0oJblioe KOJH4YECTBO PaGoT
10 O6LIeH TEOPHH SI3LIKOB U TPaMMaTHK.

MoxHO BbIIeNUTH YeTbIpe HAYUYHLIX - HAMpAaBJEHHA, CBA3AHHBIX C
4eTHIpbMs NOCTAHOBKaMH pa3/MYHHX 3a4ady, KOTOpble KO 3TOrO pas-
BHUBAJIHCb CaMOCTOSITENIbHO Y, Ka3aJocb, OBLIM Majo CBA3aHBI MEXAY
coboit. B nocneanne roapt 0OIHOCTh 3THX 33aJa4 H METOAOB HX HCCe-
JlOBaHus CTajla OYEBHAHQH, HX ydaJoch OOBEAHHHMTL U NOHATHL KaK Of-
Hy ofllyio 3aflayy TeOpHH S3HIKOB.

IlepBoe u3 3THX HanpaB/eHHi CBA3aHO C MOCTPOEHHUEM (HOPMAJBLHON
#1714 MaTeMaTHYEeCKOH JIHHIBHCTHKH., BO3HHKHYB nepBOHauaabHO B CBA-
31 ¢ GopMaJbHLIM H3yUeHHEM CTPYKTYPH JHTEPAaTYpPHOro si3blKa, Mare-
MaTHyecKas JIMHIBHCTHKA HadaJjla 0COOeHHO OBICTPO Pa3BHBATbCS, KOT-
Ja Oblin chopMyaHpoBaHbl, HampHMep, TAaKHe BONPOCH MAaIUHHHO-
ro nepeBoja: Besskas Ju Pppasa MoxeT GbITh NepeBefieHa C OJHOTO A3bl-
Ka Ha Apyroit npu 3aflaHHOM 3amace NpaBUJ B NaMATH MALIMHB, Kak
ONHCaTb MHOXeCTBO TEKCTOB, JOCTYMHLIX s NepeBofa NPH 3aKaHHBIX
ycnosusx. IlonbiTka He TOJNBKO OTBETHTb, HO JaXe TOYHO MOCTaBHTb
BOMNPOCH TaKOro poxa cpasy e TpeGoBaja# (GOpMaNH3aUH¥H MOHATHH
«CJICBapby», «TpaMMaTHKa», «A3blK», NOJApa3fesneHns U KJacCHPUKAUHU
3THX NMOHATHA M yMEHUs OTHOCHTb KOHKPETHHIE CJIOBapH, IPaMMaTHKH,
SI3bIKM K TOMY HJHM MHOMY KJaaccy. OTO NOCAYXKHAO CTHMYJOM IS
6oJbIIOro yucaa padoT, MCCAEAYIOIUMX YKa3aHHble NOHATHA C MO3HLUK
¢dbopManbHOR JTHHIBHCTHKH.

ITosiBeHHe HCKYCCTBEHHBIX MAIIMHHBIX S3bIKOB MPOrPAMMHpPOBAHUS
elile GoJiee YCHIAHJIO HHTepec K 3amadaMm Takoro poaa. Oanaxko npuus-
Tblii paHee B JIMHTBHCTHKe M300peTaTe/]bCKHH (3BPUCTHYECKHi) NOAXOA
K HOBBLIM sI3bIKaM, NMPH KOTOPOM OleHKa yAo6cTBa s3biKa siBadJach ne-
JIOM MHTYHUMH M ONbITa, OKA3aJCH ABHO HEJOCTATOYHBIM IS MAWIMH-
HbIX f3bIKOB. IlosioXKeHue ycyryGuaoch nosiieHueM TPaHCAATOPOB, KO-
TOpHIE CHtestany npobiemy nepeBoAa LeHTPaJbHOH, BO MHOTOM ompese-
Jiaoniedi nocrpoeHHe oOllell TEOPHH BHUHC/AHTENbHBIX MawuH. CaMmu
JKe MalIMHHbIE SI3BIKM CTaJH Bce Oosee npubamxartbes K popManabHO
NOCTPOEHHBIM MaTeMaTHYECKHM KOHCTPYKLHUSAM.

CoBeplleHHO He3aBHCHMO pa3BHBA/NOCL HanpasjeHue HayKu, CBsi-
3aHHoe ¢ NnocTpoeHueMm (opmajbHLHIX MoleNed NHHAMHUECKHX CHCTEM.
ITH Mofeau RKOMKHBI GblAHM GbITb, C OXHO CTOPOHbI, AOCTATOYHO Y3KH-
MH, 4TOOBl AONYCKaTh NOCTPOEHHe NPOAYKTHBHOM TEOpUH, C ApYroi —
JlOCTaTOYHO IIMPOKHUMH, 9TOOB OXBATHTb HEKOTOPHIH OGLIMi KJjaacC MpH-
KNagHHIX 3ajay.

TunuyHHM NPUMEPOM TAKOro poja SBJASETCH MOHEAb «KOHEUHbii
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aBToMar». OXBaThiBasg MHOTHe NpOLECCH], 3aJaHHbLIe HA KOHEYHBIX MHO-
JKeCTBax ¥ Pa3BHUBAIOUINXCS B CYETHOM BpPEMEeHH, KOHEYHble aBTOMAaThl
0Ka3a/Jucb BMeCTe C TeM HACTOMbKO Y3KOH MOHesblo, 4TO AJs HHUX yia-
J0Ch €03JaTh NPORYKTHBHYI0 TeopHio. OXHAKO KaK TOJBKO B 3Ty MO-
Ieab BBOAMJIAch GeCKOHeyHoCTh IAe-1160, KpoMe WIKaJbl BpEMEHH, 3TO
HEMEeIJeHHO NPUBOLMAO K CIUIIKOM OGIUEMY KJaccy cucteM (MatliuHbl
TolopuHra), 3KBHBAJIEHTHOMY CTOJb IIMPOKOMY MOHATHIO, KaK MPOH3-
BOJIbHBIA aJITOPHTM.

ST0 NOpoAHI0 MHOTOYHCJEHHbIE MOMBITKH MOCTPOHTH TPOMENKYTOY-
Hbl€ MOJeH AMHAMHUYECKUX CUCTEM, Gosee LIMPOKHE, YeM KOHEYHbIH aB-
TOMaT, Ho GoJiee Y3KHe, yeM MAIUuHH TblOpHHra, M Kak-1M60 KJaccH-
¢uuupoBaTh 3TH MojenH. Brina oueBuaHa ray6okast cBfi3b BCeX 3THX
BONpocoB ¢ Teopueit anropurmos. Cama xe NocTaHOBKa BoOMpoca wija
HEe OT MaTeMaTHYeCKOH abCTpaKuuu <«aJrOpPHTM», 8 CKOpee OT MeXaHH-
yeckoro GpopManuaMa «IMHAMHYECKAss CHCTEMax.

Hesasucumo u mapannenbHo pasBuBajach o6llast TEOpHs ajropur-
MOB KaK BETBb COBpeMeHHOW MareMaTukH. Bhija ycraHosineHa 3KBHBa-
JIEHTHOCTb MOHSATHI «HOpMaJbHbIi aaropurM MapxkoBa», «obuepekyp-
cuBHas GynKkuusi» n «MawmuHa Tblopunra», a tesuc Uepua cBs3an atu
TPH NMOHATHA C HHTYHTHBHBLIM NpeiacrasieHneM o6 aaropurme. Passu-
THE BHIYMCJHTEJNbHOH TEXHUKH MOCTABHJO NEpPefx MaTeMaTHYECKOH Teo-
pHeil aNrOpHTMOB HOBYIO 3ajady: CTajo HEOOXOAMMO KJjaccHpHUHupo-
BaTb aJrOPHTMBI, HallpUMep, MO BLIYUCIHTENbHOH CJ0XKHOCTH. DKBUBA-
JIEHTHOCTbL NOHATHH «aJrOPHTM» M «MallMHa TbIOpHHra» cHenana ec-
TeCTEeHHBIM NPEANOJIOXXEeHHe O TOM, YTO MOHCKM KJaaccubHKauuy an-
TOPHTMOB OKaXyTCsd B M3BeCTHOH Mepe CBsi3aHHBIMH C NOHCKaMM Mpo-
MEXKYTOUHBIX MOJeJeHl MeXAy MOJeNsIMH KOHeUHOro aBTOMAaTra M Ma-
wuHoi TelopHHra.

Takum obGpasom, nepeuncieHHble yeTHpe Hanpas/leHus OKa3a/HCh
TECHO CBS3aHHBLIMH. EcTecTBEeHHO MO3TOMY, UTO TEOPHst A3LIKOB, IO-
pPOXAeHHas YHCTO JIMHTBACTHYECKMMH 3allayaMH, oKasalach B LeHTpe
HHTEPeCcOB MaTeMaTHKOB, 3aHMMAIOIMXCA TeOopHeil aJArOpUTMOB, U yue-
HHIX, 3aHUMAaOIUXCd aGCTPAKTHBIMA MOIEASAMHA AXHAMHYECKHX CHUCTEM,
a B NMOCKENHHe ToAbl — B LEHTpe MHTEPECOB YYeHHIX, pa3pabaThiRalo-
LIUX TeOpeTHYeCKHe OCHOBBHl ABTOMAaTHKH.

Teopuss popmaibHBLIX TPAMMaTHK U S3bIKOB SBJASETCA OCHOBHEIM
pasfenoM MaTeMaTHYeCKOH JMHIBHCTHKH — creunduyeckoit mareMaTH-
4ecKO#l AHCUMINIMHLE, OPHEHTHPOBAHHOH Ha H3ydueHHWe CTPYKTYpHl ecre-
CTBEHHBbIX M UCKYCCTBEHHBIX SI3bLIKOB.

Sra Teopus BozHHKAa B 50-¢ roabl B paGoTax aMepHKaHCKOrO JIHHT-
sucra H. XomMckoro (xots ocHOBH anmnapara, Ha KOTOpoM OHa Gasupyer-
csi, Oblnm paspaGoTaHbl B MaTeMAaTH4YeCKO#l JMHTBHCTHKE 3HAYHTENbHO
panpme). INpu 3ToM XOMCKHI MCXOAHJ HCKJIOYHTENBHO M3 NOTPeGHO-
crefi JIMHIBHCTHKH, MO TPAXHUHH, NOHUMAEMOH KaK HayKa O CTpPOEHHH
ecTeCTBeHHBIX A3bIKOB. OlHaKO OYeHb CKOPO OGHApYKUIOCH, UTO METO-.
Abl ero Teopuu B He MEHbLIEH CTeneHW NMPHJIOKHMbBl K HCKYCCTBEHHBIM
CMEeUHaNH3HPOBAHHBIM f3bIKAM, H B YaCTHOCTH K aJFOPHTMHYECKHM.
OTO OGBACHAETCS TEM, 4TO aJArOPUTMUYECKHE SISBIKH MPOIUE YCTPOEHbI
B Jydwe nopaamwrcs GopManu3auuH, yeM eCTeCTBEHHble S3BIKH.
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[To xapakTepy ucnoJb3yeMOro MaTeéMaTHYecKOro annapara TeopHst
¢dopMasbHHX FPaMMaTHK M SA3bIKOB O/M3Ka K TEOPHH aJrOPUTMOB H K
TEOpHH aBTOMATOB.

[Ton rpammaTukoii MOHMMaeTcss HEKOTOpas CHCTEMa MpaBMJ, 3a-
Jlalolllasi MHOXKECTBO LeNoyeK (KOHEYHHIX MOCJefOoBaTesIbHOCTEH) CHM-
BOJIOB s3biKa.

DTH UENOYKH MOTYT HWHTePNPeTHPOBATHCH KAaK sSI3bIKOBHE OODBEKTbt
PasHHIX YypaBHeHHH, HanpuMmep Kak CJ0BOGOpMBI, CAOBOCOUETAHHST H
NpeaoXKeHHs.

CaoBodopMa unu MPOCTO CJNOBO — (MOCJAELOBATENbHOCTb) LENnoyKa
w0pq;eM (Mopd). Mopdema — Meapyaiiiias rpaMMaTHYeCKH 3HaYHMas
4acTh c10Ba (CA0BOGHOPMBI).

Tak, Hanpumep, ca10BodopMa sedwiuii COCTOUT u3 Mmopdem 8e0 +
+ w + ud (+ ~—rpanuna mopdem). 'me 8ed — kopennb, w — cyduxc,
uii — oKOHYaHue.

CrnoBocoueTaHHe ¥ NpeloxeHHe — LENoyka CA0BoGHopM.

Takum o6pa3oM, rpaMMaTHKa si3bIKa — KOHEYHOE MHOXECTBO Ipa-
BUJI, ONpele/sioNIUX 3TOT A3HK. [ paMMaTuky si3bika MOXKHO paccMar-
PHBaTb KaK TEOPHIO CTPYKTYPbl 3TOrO fI3blKa, T. €. TEOPHIO NMOBTOPSIO-
LHUXCSl 3aKOHOMEpPHOCTeH NOCTPOeHUs MPEAJIOKEHNH, Ha3bIBAEMBIX CHH-
TaKCHYECKOH CTPYKTYPOH f3bIKa.

CuHTaKCHC s3BIKA — NpaBuJa nocTpoeHns NpeloXeHUuil B s3biKe,
UM NpaBuia NMOCTPOGHHSA KOHCTPYKUuH sisbika. CeMaHTHMKa f3blka —
TOJIKOBaHHe 3THX NpasuJ, NpaBu/aa UCNOJb30BaHUsS cuHTakcuca. Urak,
rpaMMaTiKa si3blKa 3TO KOHEYHOe MHOXeCTBO paBHJ, PEKYPCHBHO 3a-
DAIOLIUX A3bIK KaK CHHTaKCHYECKYIO CTPYKTYPY.

IpamMmaTuka UrpaeT poJb MOBTOPAIOILAXCS 3aKOHOMepHOCTe# Mno-
CTpOeHHsi NpeNJIONKEeHUl s3blKa, KOTOpPHle OTPaXKalT CHHTAKCHYECKYIO
cTpykTypy ero. OTciona nepBoe u ocHOBHOe TpeGoBaHue k ¢dopmann-
3yeMoi rpaMMaTHke — 4ToObl OHa NMPHIHCBbIBAZA KaXAOMY NpelsoxKe-
HUIO f13blKa ero CTPYKTYpPHOe onucaHHe. ITO NPABUIO ONpeiesser, H3
KAaKHX 3JIEeMEHTOB NMOCTPOEHO NpelNoXKeHHue, KaKOB UX MOPSHOK, pacno-
JIOKEeHHe.

CrpykTypHOe ommMcaHue OydeT TOria @ TOJNBKO TOTKA OJIHO3HAYHO,
Korza B s3blke 4epe3 IpaMMaTHKy ONHO3HAYHO ONpeNle/ieHbl ero CHH-
TAKCHYECKHe eMHHUbI M HepapXHyecKasi B3aUMOCBA3b MeX1y HHUMH.

Btopoe TpeGoBaHHe K rpaMMaruke s3blka — rpaMMaTHKa HO/MKHA
ObITb KOHEUYHOH, T. €. eC/M HONYCTHTb IPAMMATHKH C HEONpeleJeHHBIM
MHOXeCTBOM INpaBuJ, TO cama npobjema nocrpoemm rpaMMarHK CHH-
maercs.

dopmanbHble TPAMMATAKA HUMEIOT ne.no ¢ abcTpakuuamu, BO3HH-
KawlKuMu nyteM ob6o0ileHns nommm cjaoBodopma, CJAOBOCOYETaHHE,
npenjoxeHue.

Ecan oGbiuHbIE rpammamxu No3BOJAIOT 3a/laBaTb MHOXeCTBa Ipa-
BUJI TIOCTPOEHHUs NpelaoKeHnii, To GopmasbHble TPaMMaTHKH — 3TO He-
KOTOPHIH cnocol u3y4YaTh U ONUCHIBATb MHOXKECTBA NPAaBHJ.

Mexny oOblunbiMu 1 GOPMaAbHBIMH TPaMMAaTHKAMH uMeeTcs Cy-
ulecCTBEHHOe pasauyue. B dopmanpHBIX rpaMMaTHKaX BCe YTBEPXKICHHs
($opMyaupYIOTCA B TepMHHaX HeGOJLLIOTO YMC/a YeTKO OnpefeseHHBIX
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H BecbMa 3JeMeHTapHLIX CHMBOJIOB ¥ onepanui. 10 Henaer gopmanb-
Hble TPAMMATUKY CPABHUTEJbHO NPOCTHIMH C TOYKH 3PEHMs UX Jorude-
CKOTO CTPOeHHs u obJerdaeT nu3yyeHue uX CBOHCTB.

OpHako ¢opManbHble TPAMMATHKH OKa3bIBAaIOTCA BecbMa TFpOMO3L-
KAMH [J151 ONIHCAHUS eCTeCTBEHHOTo A3blKa W IO3TOMY NpelHa3HayaloT-
¢ cyry60 mjs Hay4yHOTO, TEOPETHUeCKOro McC/aefoBaHua HauboJee 06-
UIMX CBOYCTB fi3blKa. '

Pasaunuator pacnosnaroujue, noposcoarouue u npeobpasyrougue ¢op-
MaAbHbIE 2PAMMATUKY.

dopManbHas rpaMMaTHKa Has3biBaeTcs pacrnosHawllel, €cny Ias
1060t paccMaTpUBaeMOR LENOYKH OHAa yMeeT PEIUHTb, SBJSAETCH 3Ta
1enoYKka NPaBHIbHOR H/IM HET, H B Clyyae IOJOXHTEJbHOTO OTBeTa
ZlaTb yKa3aHHs O CTPOEHHH 3TOH LENOoYKH.

PopmMasbHasg rpaMMaTHKa Ha3hiBaercs MopoxZawouiedl, ecH ymeer
NOCTPOHTH MI00yI0 MPABUIbHYIO LENOUKY, AaBasg NPH 3TOM yKa3aHus o
.€e CTPOeHHH, U He CTPOUT HHU OJHOH HelpaBHUAbHON LENOYKH.

dopmanbHas rpamMMaTHKa HasbiBaeTcsi npeoGpasylolled, ecau A1s
N1060i1 npaBuabHO MOCTPOCHHOM LEMOYKH OHA yMeeT NOCTPOHThH ee OTO-
OGpaxeHHsi ONATL e B BUAe NPABHAbHOH LENOYKH, 3a7aBas NMPH 3TOM
yKa3aHus 0 nopsiike NpoBeJleHust OToOpaxKeHHH.

Paccmorpum knacc nopoxpaamomux rpammartik. [lopoxparomei
rpaMMaTHKOli Gynem HasbiBaTh ynopsinodeHHyio cucreMy G = (Vi, Vg,
P, S), rre Vi — KoHeuHOe He MyCTOe MHOXECTBO CHMBOJIOB, HasbiBae-
Moe TepMHHaJbHLIM (OCHOBHBIM) cloBapeM G.

TepMuHaNbHBIE CAOBapb — HA60Op HCXOAHBIX 3JEMEHTOB, H3 KOTO-
PHIX CTPOAATCA LEMOYKH, NOPOXKAAeMble TPAMMATHKOMH, WM CIOBapbL OC-
HOBHBLIX CJIOB 513bIKa, H3 KOTOPBHIX CTPOATCS NpefnoxeHus. Vg — KoHeu-
HOe HellycTOe MHOXEeCTBO CHMBOJIOB, Ha3bBAaeTCHd HeTepMHHaJbHBIM
. (BcnomorartenbHbIM) cioBapeM G.

HertepMunanbHBl clloBapb — HaGop CUMBOJOB, KOTOpPbLIMH 0603Ha-
YalTCA KAaCChl WM UEMOYKH HCXOAHBIX 3/IEMEHTOB, MJH CJ0Bapb CHH-
TAKCHYECKHX THIIOB,

Onementol Vy u Vy Ha3bIBAIOTCA COOTBETCTBEHHO TEPMMHAJbHBIMH
1M HeTepMHHaNbHHIMH cuMBoJaMu. V = VU Vg — KoHeuyHoe MHOXe-
‘CTBO CHMBOJIOB, Ha3biBaeMoe cJoBapeM rpamMmaruku G. [1pousBoabhyto
KOHEYHyIo 1OC/el0BaTeJbHOCTL @ 37eMeHTOB V GyaeM Ha3blBaTh wUe-
roukoit B caosape V. Ilycras uenouxka oGosHavaercss A , Takum obGpa-
30M ® A = A ® = . YHCJ0 41eHOB 3TOi KOHeyHOii Moc/en0BaTeNbHO-
CTH Ha30BeM JJIMHOM LEeNnoYkH u GyaeM o6o3Hayath |w].

Llenoukyu cumBosIOB coBapsi V mosydaores ¢ MOMOIIbIO Onepanuy

_~r~

coeauHeHus (KoHkarteHauuun) N . Hanpumep, o = aiazas. Ecau He Bos-
HUKaeT HEOJHO3HAyHOCTH, CHMBOJ M MOXeT onyckatocs. Omnepauns
COEIMHEHHUs acCoHaTHBHA, HO He KOMMYTAaTHBHA.

—_—~ ——~ e~
(@18,) a5 ~ a, (a,a5).

S — HavaNbHBI CHMBOJ. DTO BbIAENECHHBI HETEPMHHANbLHBIA CHM-
BoJ, 0603HaYamIHi KJIace BCeX TeX fI3BIKOBBIX OGBEKTOB, AN onuca-
HHUA KOTOpbIX NpelHasHayaercss NaHHas rpamMmaruka. B Jaureparype
CHMBOJ S Ha3bIBaeTCs ellle aKCHOMON, HJIH LE/bI0 TPAMMaTHKH,
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P —npaBusia rpaMMaTHKH HIM KOHEYHOE MHOXECTBO LEMNOYEeK Bu-
da ¢—=, re ¢, P — Ca0Ba B caoBape V, u uenoyka ¢ cOAEPKHT 1O
KpaiHelt Mepe OJMH CHMBOJA U3 ciaoBapsi Vu. KoHneunoe, 1BymecTHoe oOT-
HolleHHe —> HHTEPNPETHPYETCsl KaK «3aMEHHTb ¢ Ha P», WIH «NOCTa-
BHTb ) BMECTO ¢». ITO OTHOIUEHHe o6afaeT CBONCTBAMH acCHMMeTpHY-
HoctH u HppedsekcusHocT. Llenoykn BuAa @—1p HasbIBAIOTCH Npa-
BHJIAMH NOACTAaHOBKH, WM NMPOCTO NPaBHJIAMK 'PAMMATHKH. A MHOXe-
cTBO P — cXeMoii rpaMMaTHKH.

Ecnu 3anana rpammaruka G = (Vy, Vi, P, S), To Gyzem rosopurb:

1. Llenoyka @ noayyaercs (HemocpeACTBEHHO) M3 LENOYKH © MpHu-
MeHeHHeM Npasuia g—>yP, ecad © = ¢k, 0" = Epls, u {p—p} =P.

2. TlocnenoBaTenbHOCTD LENOYEK @ = Qo, P1, @2, ..., P =P (n=1)
€CTb ( — BBIBOJ LENOYKH P, €CAH AT KAXKAOTO { Qiyy CAELyeT U3 @i,
rae 0<<i<n. Haauune ¢ BuBoma uenouku ¢ OyzeM o0Go3HayaThb
¢=>1.

KonnyecTso npuMeHeHuit npasus B TaHHOM BBbIBOJE Ha3biBaeTCsi ero
anuHofl. JlavHa BHBOZA paBHA 4uc/ay UENoYeKk B HEM, He CyuTas Ha-
YaJbHOTO CAMBOJA.

3. Lenouka 1 BbIBOAMMA U3 @, €C/M OHA NOJNYYaeTCsi H3 @ NpHMeHe-
HHEM HeKOTOpbIX NpaBsua rpammartuku G.

4. BpiBox UenOYKY 4 CYHTAETCsi 3aKOHUEHHBIM, €C/IH He CYILeCcTBYyeT
UenoyKy, KoTopas cienyer u3 .

5. Llenouka, cocrosas TOAbKO M3 TEPMHHAJBHBIX CHMBOJOB, Ha-
3biBaeTcd TePMHHAJBHOM LENoYKof (Kaxzas TepMHHA/NbHAas LeEnouyka
eCTb Llernoyka B caoBape Vi, ¥ HH K OLHOMY M3 cuMBosoB Vy He mpu-
MEHUMO HH OIHO M3 NpaBHJ rpaMMaTikH G).

MhuoxecTBo uenouek, BLIBOZMMBIX B rpammaruke G, HasbiBaercs
A3bIKOM, MOPOXJEHHBIM 3TON IPaMMaTukoi, u oGosHadaercs L(G).

Asbik L(G) Ha3blBaeTcsi TePMHHaAbHBIM, ecau L — MHOXeCTBO Tep-
MHUHa/MbHBIX LeNoyeKk rpaMmaTtiky G.

YcaoBuMcs npH HaMHCAHHKH KOHKPETHHX TPAMMATHK, €Cll¥ 3TO He
OroBOpeHo 0co6o, NepBbIMM CTPOYHBIMH JAaTHHCKHMH GykBaMu a, b, ...
0603HayaTh 37MeMEeHTH TepMHHanbHoro cjaoraps Vi, aneMeHTH HeTep-
MHHaJbHOTO ca0Bapsi Vy — nponucHbiMu JaTHHCKUMH GykBamu 4, B, ...
a 3/NeMeHTH ofllero ¢/1oBapsi V — CTPOYHBLIMH TIpeyecKMMH OYyKBaMH
a, B, ... Tlpennoxenus, cocTaBjeHHble U3 3TUX CUMBOJIOB, GyreM 060-
3HauaTb NocaeAHuMu GYKBAMH COOTBETCTBYIOLIMX aadaBHTOB, T. e.
X, Y, ...— NPENJOKeHHS, COCTABNEHHBIE U3 3/JE€MEHTOB TEpMHHANbHO-
ro caoBaps, X, Y, ... — npeanoXeHus U3 37eMeHTOB HETEPMHHANbHO-
ro cn08aps, @, @, P, ... — NPeINOKeHHsT U3 3IeMeHTOB OOlIero cJo-
Baps.

Hanee, Be3ne, ecay K 0603HAYEHHIO KAKOro-1160 MHOXKeCTBa 106aB-
JieHa CBepXy 3Be3Jouka, Hanpumep BMecto V namucano V*, s1o osHa-
qaeT, 4yTO HMeercs B BHAY MHOXECTBO BCeX LEMNOYEK, KOTOPHe MOryT
ObITb MONyueHBl H3 CHMBOJIOB MHOXecTBa V.

PaccmoTpuM BBesleHHble TOHSATHS Ha MPHMEDE.

Mycrs 3anana rpaMmaruka G = (Vi, Vg, P, S), rae

=14, 0};

Va=1{4, B, C};
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S=C;
P = {C~—ab, C—aCb).
Hyctb
o =aCb, o' = aaCbb.

Llenouka &’ HenocpeACTBEHHO BHIBOAMTCH M3 LEMOUYKH © B pe3ynbTaTe
NpUMeHeHHs OLHOTO NpaBHJa.

¢ — BuiBog: aCb, aaCbb, aaaCbbb, aaaabbbb. INocneanss uenouka
ABAETCA TepMHHaMAbHOM. [lnHa BHIBONA paBHAETCSA TPEM.

W3 npusenenHoro npuMepa BHAHO, YTO NOPOXKAAIOLIAs TPaMMaTHK3
He fIBJSIETCS aJTOPHTMOM.

IpaBuna noxcTaHOBKYM IPaMMAaTHKH — 3TO He NOC/AeN0BaTeNbHOCTb
1peANUCaHHi, a COBOKYMHOCTb pa3pellleHKi . ITo 03Havaer:

1. IlpaBusio BHAa ¢ —> 1 NOHMMAeTCS B TPaMMAaTHKE KaK «@ MOX-
HO 3aMEHUTb Ha P» (a2 MOXHO H He 3aMeHATb), TOTAA KAaK B aJrOPHTME
OHO 03Hayaso Obl «@ cJefyeT 3aMeHHTb Ha P» (Heab3si He 3aMEHHTb).

2. TNopsinok NpHMeHeHHs MpaBHJ B 'PAMMaTHKe NPOH3BOJIEH, TOTAA
Kak B ajaropurMe 6bi1 Obl 3aflaH KECTKUH NMOPAAOK NpPHMEHEHHs OT-
JeNbHbIX HHCTPYKILHA.

IIBe rpaMmaTukn — Gy u Gy — HasbIBalOTCA €1a00 SKBHBAJIEHTHHI-
MH, €C/In OHH JIOPOXRAIOT OXMH H TOT Xe #A3blK, Lgy = Lg,; nau nse
TPaMMaTHK4 HA3bIBAIOTCsi C1a60 5KBHUBaJeHTHbLIMH, €ClAd COBMajaer
MHOXECTBO MOPOXKAaeMbIX KMH ¢pas.

JIBe rpaMMaTHKH Ha3blBalOTCH CHJbHO SKBHBAJIEHTHBIMH, €CJIH OHH
HEe TOJIbKO MOPOXKIAIOT OOHY H Te XKe LEeNOYKH, HO U NPUNHUCHIBAIOT OJH-
HAKOBHIM lleNoYKaM OAMHAKOBLIE OMHCAaHHA CTPYKTypbl. Ipyrumu cio-
BaMu, MOJA CUJbHOM 3KBHBAJEHTHOCTBIO NMOHHMAeTCs COBMNAAEHHE MHO-
xKecTBa (h)pa3 BMecTe cO cnoco6aMu KX ONHCaHHUS.

OCHOBHBHIM OGBEKTOM NpYMEHeHHsI TEOPHH IPAMMATHK SBJAIOTCS HE
NpOH3BOJbHBIE TPAMMATHKH, a TPAMMATHKH HEKOTOPHIX CNElHaJbHBIX
THUINOB, HauGoJsee BaXHHX KaK B TEOPETHYECKOM, TaK H B NMPaKTHYECKOM
acnexte. BoieneHue 3THX THNOB NPOM3BOXKTCS MO BULY NpaBHL.

B Teopuu XOMCKOro BBIAE/AIOTCA W H3Y4YalOTCs YETHpe THMNA sS3bl-
KOB, NOPOXIaeMbIXx COOTBETCTBEHHO YeTHIPbMS THNAMHM TPaMMAaTHK.
OTU rpaMMaTHKH BBIIEJAIOTCS NyTEM HAJOXEeHHs MNOCAeN0BaTebHO
YCHIHUBAIOLIUXCSl OTPAHUYEHHT Ha cucTeMy npasua P.

I'pammaTtuka HasnBaercs epammarukod tuna 0 B Tex caydasx,
KOrja He Hak/JanblBaeTCsi HUKAKMX OIpaHHYeHHil Ha npasuja ¢ —= 1,
rae ¢ v P MOryr ObiTb JIOOBIMHU LenoykaMu U3 caosaps V.

I'pammaTuka HasbiBaercs epammarukoi tuna I, eciu B cucreme P
npasunra @—»-1 YAOBJETBOPAIOT YCJOBHIO @ = 1Az, P = Q10¢2,
rie A — HeTepMHUHA/JbHBIA CUMBOJ, a ¢, Y, ® — LENOYKa U3 c1oBaps V.
Taxum o6pa3om, B rpaMMaTHKax THNa / OTHeNbHHI HeTepMHHANbHBIH
CUMBOJ A MEPeXOAHT B HEMYCTYIO UENOUYKY ® B KOHTEKCTE ¢y H @2 (s U
(2 MOTYT OBITb MyCTHIMH leNoukaMu). I'paMMaruku Tuna / HaswBawT
KOHTEKCTILIMU TPaMMaTHKaMu.

I'pammaruka HasbiBaercsi epammaruxoid Tuna 2 — GECKOHTEKCTHOI,
ec/u B cHCTeMe NpaBun P gonycTumbl JMlp NpaBuia BHAa A—rw,
rre A — HeTepMHHA/bHBIA CHMBOJ, a © — Helycras Uenouka u3 V.
71861 97



CorsnacHo NMpaBuiaM 3TOl FPaMMaTHKM, 3aMeHa A HAa ® NPOUCXOAUT
HE3aBUCUMO OT KOHTEKCTa.

FpaMMartuka HasblBaeTCs 2pamMmaruxol Tuna 3, KOTAA AONYCTHMBI
Jullp npasuna Bufa A — o ,rae o = aB, au6o @ = a. ,

Beenennbie 3qech Kaacch MoryT GuiTb pasGHTH Ha moakaacchl. Ta-
Koe pasneneHue GyIeT pacCMOTPEHO RaJee.

Ynpaxuenus:

1. llycte G = (Vq, Vu, P, S) —nopoxpamolmas rpaMmaTuka, rie
Ve={a, d, e}, Va={B, C, S}, P = {S—aB, B—Cd, C—>¢}.
Buinucars TepMHHaJbHBIE LEMOYKH, MOpOXKIAaeMble JAHHOH rpaMMaTH-
KOM, 1 onpele]uTb AJHHY HX BHIBOZLA.

2. Mycts G = (Vi, Va, P, S), rae Vo= {a,d, e}, Vu= {B, C, S},
P = {S—-aB, B—Cd, B—>dC, C— e} . OnpefeauTs TepMHHAb-
lible LEMOYKH, MOPOXKAaeMble MNAHHOK TPaMMATHKOH, W NJHHY MX BH-
BOJA.

3. Iaa rpaMmaTuxku G u3BecTHH ee o6umuit caosaps V = {4, B, C.
D, E} u cxema npasua P = {E—DCD, E—A, D—BC, D—C,
A—> BB}. Onpefenuth COCTaB TEPMHHAJBHOTO ¥ HeTEPMHHAJBHOIO
¢noBapeil, uesp TpaMMAaTHKH, NocTpouTh s3bik L (G) u onpeneautsb
AJIUHY BBIBOAOB /sl KaXXAOfi TEPMUHAJBHON LENOYKH.

4. OnpenenuTb, SBAAIOTCA JH NOPOXAAOWMNY CAeRyloOllne rpaM-
MaTHKH:

a) G= ({A, B}, (S, D}, P={S—AB, S—

’ — ASD, SD— B, B— AS), S);

b) G=({A, B}, (S}, P=|{S— ASBAS, S— AB, AS > B}, S);

¢c) G=({B,C}, |4, S}, P=|{S—> A, A—>B, A—CA), S);

d) G= ({B: Cl' {Ao S]’ P= lS'—)A’ A"-)B: A—_)CAC}’ S)’

5. Jlana rpammatuka G = (Vi, Vy, P, S), tne Vo = {4, B}, Va=
={S, D}, P={S—AB, S—ADSB, D — BSB, DS— B,
D—>L/\g;. IMokasats, yro nenouka ABABBAB npunaajexur MHOXKe-
crey L (G).

6. Jana rpammateka G = ({a, b, c, d, e}, {4, B, C, D, E}, P =
A—ed, B—Ab, C—Bc¢, C—dD, D —aE, E—bc}, C).
NpeneAuTb, MpUHARMEXKHUT JA MHOXecTBY L(G) uenouka eadabcbe.

7. Hano V ={C, S, a, b} u V; = {a, b}. Onpenenunts, asaserca au

rpammarukoi yersepka (Vs, Va, P, S) nas crenayolux MHOXECTB Npa-
BWJ TPaMMaTHKH:

a) P=|(C-b, S-aCb);
b) P={b—a, C—>Sb};
c) P=(C—bCaC, CS—4);
d) P = [C—-)bC, CS—)(IS, S—)d’.
8. Mycre nns xaxmoro n>=1G = ({a}, {S—S*}, S). [Iloka-
3aTh, YTO KaKoBo Gbl HH Gbuio n, L(Gy) = .
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9. 3anaH TepMuHa/AbHBIH cl0Bapb rpaMMaTHKH. OnpeAenuTs rpam-
MaTHKH, [IOpOX Jalollue CAeLYIOlHe 3bIKH:

a) asblk a™b™a™ ang n>=1;

b) sk an’ ansnz=1;

C) s3BIK anbn?  pam n>1.

2,2, 'paMMaTHKH HENOCPEACTBEHHO COCTABASIOMUX

Heykopauusarowue zpammaruku —rpaMMaTHKH, Y KOTOPHX HAAs
J0Goro npasuaa ¢ —1p cNpaseanuBo coorHoweHune |¢@|<<|v|. Mpa-
BHJIa TAaKOTO BHAA TAaKXKe HA3bIBAIOTCS HEYKOPAayHBAIOIIHMH.

PaccMorpim npumep HeykopauuBalouleit rpaMmatukd. [lycrb 3a-
naia G = (Vy, Vg, P, S), roe

Vi=1la, b}, Vu= (S}, P=I(Fy F,, Fy, F|]
F,:S—>aa, Fy:S-aSa,
F,:S—bb, F,:S-»bSb.

Hano cnoso bSb. B pesyabrate NOACTaHOBKH JI060r0 H3 ueThipex npa-
BH MBI NOJyYaeM HOBoe CJOBO, AJIWHA KOTOPOTO HE MEHbIUe JJHHBI
HCXofHoro cnoBa: baab, bbbb, baSab, bbSbb. :

Tpammarukuy  HenocpedcT8eHHO  COCTABAANOUUX — TPaMMaTHKH
¢ npasunamy Buga: @Ay — oy uan A —- @, rae A — HeTepMHUHab-
KB CHMBOJI; ® — NIPOU3BO/NbHAS HENyCTas USMOYKa.

Taxkum oGpa3oM, B rpaMMaTuKax HemoCpeACTBEHHO COCTaBJSIOLIMX
Ha KaX/OM IlIare BLIBOAA pa3pellaeTcs 3aMeHsITb TOMbKO OXUH CHMBOJ.
OvuerngHo, utro HC-rpaMmaTika sBaAsfeTcss HeyKopauuBaloUle#l rpam-
matukoi. Paccmorpennbili npumep — HC-rpammaruka.

[Hlar seBOa B HeyKopayHBalollleil TpaMMaTHKe, COCTOSUIMHA B ONHO-
BpeMeHHON 3aMEHe HEeCKOJbKHX CHMBOJIOB, MOXeT OHTb pasbur Ha
HeCKOJIbKO LIaroB, KaXIblil U3 KOTOPbIX OCYIUECTBJISAET 3aMEHY TOJbKO
ORHOTO CHMBOJA, T. €. I/A NI060H HEeyKOpauHBaloUieii rpaMMaTHKH MO-
XeT GbITb NocTpoeHa sxksuBaneHTHas et HC-rpaMmaruka.

[Tosichum ato Ha mpumepe. [HomycTuMm, dYTO B HeyKopauuBaloliei
I'paMMaTHKe MMeeT MecTo mnpaBujio Buga AB — BA, rae A u B—ne-
TepMHHaJbHbIE CHMBOJHI.

Takoe npaBuo MOXeT GbiTb 3aMEHEHO YeTHIPbMS NPABHAAMU IPam-
MaTHKH HeMoCpPelCTBEHHO COCTABJISIOILHX:

AB—1B;

1B—12;

12— B2;

B2—BA,
Thae 1, 2 HoBEle HeTePMHHAJbHBE CHMBO/H, KOTOpble He BCTPEdaloTCs
HH B KakuX ctapux npasunax. [locienoBarenbHoe NpHMeHEHHE 3THX
NpaBua paBHOCH/IBHO NpUMeHeHHIo npasuia AB — BA, npudeM Takas

3aMeHa He MOXET HPUBECTH K NOABJAEHHIO <«JHIUHHX» BbLIBOXOB, IO-
CKOJIbKY CHMBOJH 1, 2 — HOBHe.
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SIavixy, nopoxnpaemble HC-rpammaTtukamu, HasmBalorcs HC-s3nl-
KaMH.

Cpenu HC-rpammaTuk pasinyaloT JeBOKOHTEKCTHHIE H INPaBOKOH-
TeKCTHble TpaMMaTHKH.

Jlesoxonrexcrnod HC-2pammaruxoi 6yaeM naspiBath rpaMMaTHKY
C npaBu/laMH Buja:

¢A - go,

a NPasoKOKTEeKCTHOU — rpaMMaTHKy C NpaBHJIaMH BUla:
Ay — o9,

rae A — eTepMHUHAJbHH{ CHMBOJ,

¢ U ©— uenoukH B andasute V =V, U Vg

SI3bIK, MOpoXKAaeMblil JIEBOKOHTEKCTHOH rpammarukoi G, Gynem
Ha3blBaTh JeBOKOHTEKCTHbIM sisblkoM L (G); s3bik, mOpoxAaeMblil npa-
BOKOHTEKCTHOM rpaMMatHKoii G’, — NpaBOKOHTEKCTHBIM SI3bIKOM H 060-
sHavats L (G').

OTHOCHTEJILHO 3THX SI3bIKOB JIOKa3aHH CJefylollMe TeopeMH:

Teopema (8). Knacc NeBOKOHTEKCTHBIX $I3bIKOB He COBNajaer
C KJIaCCOM KOHTEeKCTHO-CBOGOIAHBIX f3BIKOB.

Teopema (9). Knacc mpaBOKOHTEKCTHBIX SI3HKOB He COBMajgaer
C KJ1aCCOM KOHTEKCTHO-CBOGOIHBIX f3HIKOB. ,

I'pamMartuxa HenmocpencTBeHHO-COCTaBsAomMX Ha3biBaeTcs HC-rpam-
MmaTuko#i, ormeuennod cnpasa (HC — Oll-rpaMmarukoil), ecam Kax-
Aoe MPaBUJIO HMeeT BHA:

QAY — pup = pu'ay,
rie asV.
HC-rpamMmatuka HaaniBaercs HC-rpammaTtukoil, orsedensoil caesa
(HC — OJI-rpammaruka), ec/id Kaxnaoe ee NpaBuIo UMeeT BUA:

pAY - gy = pac’y, ac V.

HMeloT MecTo TeopeMH: .

Teopema (10). Oas moGois HC — OIl-rpamMaTviky MOXHO IO-
CTpOUTb cna6o sxkBHBaJeHTHYI0 KC-rpamMMaTuKy.

Teopema (11). Qas ao6oit HC — OJl-rpaMMaTHky  MOXHO MOCT-
pOHTb c1a6o 3kBuBajeHTHYI0 KC-rpammaruky.

HOas n3yuenus csoiictB HC-rpammaTHK paccMOTPHM  MaJleHbKHH
¢parMeHT rpaMMaTHKH PYCCKOro fi3blKa, 3aJlaHHOro CJeAyIOUWHMH Npa-
BHJIAMH:

Fg . H -_ CF,
Fy: C—TIC;
Fs:T —TC;
F, : T1 — MaJseHbKuil, 1aA0BJAKBbIA, KPAaCUBHIL;

Fs: C — Msiu, MaJIbYHK, 1€BOYKa;
Fg: I —> notepsa, ynapua, 6pocua.
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INpaBuna F,—Fs—5To B ReACTBUTEJLHOCTH rpynna IpaBHJ, MOCKOJb-
KY OHH YKa3bBalOT HECKOJbKO BO3MOXHOCTEeH JJIfi KaXAOro CHMBOJA
I,C, T.

B paccmarpuBaemoii rpaMmMariKe TepMHHaJbHBIMH CHMBOJaMH Oy-
IyT CJOBa, Mepeync/eHHble B mpaBHiax: Vi = {MaJeHbKuil, 1I1aJ0OBIH-
Bbl{i, KPACHBHIH, MSY, MaJbUHK, AeBOYKa, NOTepsJ, yaapuia, Gpocun}.

HertepmMuHaiabHBIMM cHMBOJaMH OYAYT CHHTaKCHYeCKHe KaTeropHH

~

(I' —rpynna rnarona, C-—rpynna cymecrButeabHoro, I' —raarod,

~

C — cymecrBuresnpHoe, I1— npunarareabHoe, IT— mpensoxenne):

Va= {1I,C,T, T, C,TI}.
Ha'-laHbe!M CHMBOJIOM 6y11e'r TNIOHATHE NPEeaJIOXKEHHs. Bbeomabee
TepMHHAJIbHbIe LENOYKH — MPaBH/IbHLIE NMPEAJIOKEHHs OJaHHOro s3blKa.

ganobnubed YpOHUN . MAY
v MOSbYUK 9P xpacubu

Puc. 12

B sTofi npocroii rpaMMaTHKe BCe TepMHHaJbHble LEMOYKH HMEIOT
OJIHY H Ty ke CHHTaKCHYeCKYlo CTPYKTYpy ¢dpas, ut0 MoxKeT GHITb Bhl-
paxeHo ¢ MOMOIIbIO CTPYKTYPHOrO JepeBa — MapKepa CTPYKTYphl coc-
tapasiomux (C-mapxepa). CTpykTyproe Oepeso— 3T0 INOMEYEHHbIH
rpa¢ (momeueHHble pe6pa M y3Jbl), Ffie y3/1aM COOTBETCTBYIOT rpamma-
THYECKHe THIbl HJIH CHHTAKCHYeCKHe eIHHHIb, a pe6pa pasjHYalOTCA
CBOMM TNOpAAKOBBIM HoMepoMm. llenb xepeBa — mocienoBaTebIOCTD
pebep, Kax0e H3 KOTOPbIX CBA3aHO ¢ MpelIecTBYoWUM. B aunreucru-
Ke CJI0Ba HJIH MOC/IeN0BaTeJbHOCTH, KOTOpble (YHKUHOHHPYIOT B Ka-
Y4ecTBe 3JIEMEHTOB [APYroil KOHCTPYKIIMHM, Ha3bIBAIOTCS COCTABJAIOLIH-
mu. Otclona Ha3BaHHe Mapkepa CTPYKTYpbl COCTaBJSIOUIMX.

Kaxaniii C-mapkep COOEPXKHT B BHIEe METOK NPH KOHEUHBIX y3Jax
nepeyeHb CJI0B, H3 KOTOPHIX COCTaBJIEHO JaHHOe NpelioxeHue (puc. 12).

B paccmaTtpuBaeMoM NpeiIoKeHMH COCTABJAIOIIMMU  ABJISIOTCH —
«MSIY», «KPACHBBIH MSIU», <YPOHHJ KPaCHBbIi MfU», a <YPOHHJ Kpacu-
Bhlii» — He ABJfeTca cocraBisiolleln. Kaxaas cocraBiasiomas Bo3BO-
AMTCS K HEKOTOpoMy y3ay JepeBa. Ecnm ator ysex, momycrum, mome-
yen C, To rOBOPAT, UTO COCTaBJAKILAsA NPHHAAJNEKHT K THny C.
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Te cocraBasioline, H3 KOTOPBIX KOHCTPYKIHs HENOCPeACTBEHHO 06-
pasoBaHa, SIBJAIOTCS HENMOCPeACTBEHHBIMH COCTaBJISIOUHMH.

Hanpumep, C u I' — HenocpeacTBeHHble COCTaBJAIOLINE MPENJOKe-
uus. Ectb HenocpeactseHuble coctaBasiomue ais C u I' — arto coorser-

crBedHo ITu C, u T u C u 1. . OueBHAHO, rpaMMaTHKa He MOXKET CYH-
TaThCs YAOBJETBOPHTEJbHOM, €C/IM He AaeT MOPOXKAaeMblM mnpezato-
JKeHHAIM CTPYKTYPHOro ONMHCaHHs — XOTA OBl B BMIE pasioXKeHHs Ha
HenocpeCTBEHHbIE COCTABISAOLINE.

Takum 06pa3oM, rpaMMaTHKa HOMKHA oGecrmeunsath C-MapKepoM
KaxJaoe H3 6eCKOHEYHOro YHcJa NpefI0KeHHI.

JiBa C-Mapxepa CUHTAIOTCA TOXKAECTBEHHBIMH, CJIH OHH HMEIOT O1H-
HaKOBYI0 CTPYKTYPy BeTBeii M OLMHaKOBbie METKH NIPH COOTBETCTBYIO-
wnx yanax. Jlepeso C-mMapxepa XapakTepudyeTcsi ONpefesieHHbBIM
ynopsiioueHHeM BeTBeH CJeBa HampaBo B COOTBETCTBHH C MOPSAKOM
3JIeMEeHTOB B lelOYKe.

TMockoabKy unc/o MpaBHJ KOHEYHO, a YUCJIO MapKepoB MOXeT GHTb
6ecKOHeYyHO, TO MOrYT HAATHCb TaKHe CHMBOJB TpaMMAaTHYeCKOro
CJI0Baps, KoTopble NMoBTOpsiloTcst B C-MapKepax CKOJBKO YFOZHO pas.
Bonee Toro, Moryr HadTHChb Takue LelH AepeBa, KOTOpHE cojepxar
HEKOTODbIH CHMBOJ GoJlee YeM n pa3 AJs JI060ro QHKCHPOBaHHOIO A.

CHHTaKCHYeCKHil 3JIeMEHT Ha3blBaercs PEKYPCHBHEIM  5/IEMEHTOM,
ecin 1/ HeKoToporo GHKCHpPOBAHHOrO 7 HalileTcss HEKOTOpoe CTpyK-
TYPHOe RepeBo, Liellb KOTOPOro COAEPKHT 3TOT CHMBOJ KaK HaHMeHOBa-
Hiye y3Ja Gojee ueM n pa3.

Bblgeaum Tpu Buoa peKypCHBHBIX 3JIEMEHTOB.

/\\
/\/ /\
AN /\/\

/\ ‘/\

/\ /\

- DuiemeHT A HasbiBaeTcs 71eBOPEKYPCHBHLIM, eC/IH NMOAMHHEHHOEe eMy
ZepeBo colepxkur A ToJbKo B caMoil Jeoit uenu. ([lepeBo, mogyHHEH-
Hoe A, — 310 KepeBoO, KOTOpoe MoxeT GbiTh BbiBeAeHO H3 A.) :
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Onemefit A HasbIBaeTCs NPaBOPEKYPCHBHEIM, €CJIH NOJYHHEHHOE eMY
nepeBo coiepKUT A TOJbKO B KpaiiHell NpaBoil LemnH.

PekypcuBHblii  aneMeHT A Ha3biBaeTcsi CaMOBCTABJIEHHBIM, €C/IH
NoJAYHHEHHOe eMYy LepeBO COAepXHUT A B HEKOTOPOH BHyTPEHHEH LeNH.
JBa CTPYKTYPHHX JepeBa TOXKIECTBEHHbLI, eCJIH HMEIT OJHHAKOBYIO
CTPYKTYpY BeTBeil, T. €. BOCXOAALIMX JHHHI OT MopdeM s3biKa K CHH-
TAKCHYECKHM THNaM, H ONHHAKOBYIO Pa3MeTKy pebep H Y3JOB HepeBa,

I'pammatuka G = (Vq, Vi, S, P) HasbiBaeTcs rpamMMaTHKO# ¢ ca-
MOBCTaBJIEHHEM, ecaH s Hekotoporo A& Vy cyliectByer BbIBOL
A = >@AV, rae ¢ u P — He nycThble ciaoBa B V.

I'pammaruka G HasblBaeTcss OOHO3HAUHOU, €CaH OJ1s KaxkAOro CJo-
Ba x&L¢ Bce ero BLIBOAH HMEIOT OJHO H TO 2Ke epeBo.

Xopouro #3BeCTHO, YTO B KHBHX SI3blKaX MOryT OLITb MNpejJoxe-
HHsl, COBMAjalolllie MO HallMCaHHIO, HO AONYyCKalollhe HeOQHO3HAuHYIO
CHHTAKCHYeCKYI0 TPaKToBKY. [IpuMepoM Taxkoro poga MoOXeT CAYXXKHTb
pycckas ¢pasa «magbTo HCNAYKaJo OKHO», B KOTOPO# OCTaercs He-
BBISICHEHHBIM, YTO SIBJISIETCS MOJJIeXKAIlUM H YTO CJHYKHT LOMOJHEHHEM.

B npumepax Takoro poja CyLIeCTBEHHO He «CTATHCTHYECKOE» OKOH-
uaTesibHOe HauyepTaHHe, a «JHHAMHKa» Npolecca rpaMMaTHYECKOrO Bhl-
Bofia. [TonoGHOro poja HeOAHO3HAYHOCTh MrpaeT CyUIECTBEHHYIO pOJb
IJ1s1 A3bIKOB NporpamMMmupoBaHus. ITosTomy Bo3HukaeT Bonpoc 06 oAHO-
3HAYHOCTH Pa3/IMYHBIX THIIOB FPaMMaTHK H BO3MOXKHOCTH HaiTH OfHO-
3HAYHYI0 FPaMMaTHKY ONpeJeseHHOro THMa.

“Tpammaruxa G RasblBaeTcsi  HEOOHO3HAYHOU, eCAH HMEeTCs
uenoyka x&Lg, xotopass Moxer GbLThb BhIBeJleHa ABYMSl CYILECTBEHHO
pasyuuHbiMH choco6amu. Ilpu aToM nog cylecTBeHHO pas3iHYHBLIMHM Bhi-
BOJaMH NIOHHMaeTCs cielylollee:

Fpammatuke G = (Vi, Vg, S, P) ¢ npaBunamu BHAa @ — i,
G2—> VP2, ..., Qp —>Pr NOCTABHM B COOTBETCTBMe TrpamMMaTHKy G’ =
= (V,T, V/", S/, P,, y KOTOpOﬁ V,H = VH, S, = S, V"[ = "’TU {(QA,
(92, ..., (pr)}, T. €. 0719 Kaxporo npaBuia Q;—y; CUcTeMbl P K TepMu-
HaJlbHOMY cjoBapio foGasiasierca ckobxa (p;(i=1,2, ..., k).

Cucrema P’ moaydaercs u3 cucteMbl P 3aMeHO Ka10ro npasuia
BHAA @;—>; MPABWIOM Qi—>{ ¢, i).

OvuesunHo, 4To KaXa0OMY BEIBOAY LENOUKH x B Lg 0HO3HAYHO COOT-
BETCTBYeT BbIBOJ lemouxku x’ B Lg’. Sra uenmouka x’ coBmajaer ¢ X,
€CJIM B Heil onyCTHTb Bce CKOOKH. CKOOKH, TaKMM 06pa3oM, COXpaHSIOT
«IMIIaMHKY» BbIBOJA — HX PacCTaHOBKa NMO3BOJISET BOCCTAHOBHTb NpO-
uecc BHIBOJA.

Llenouka x’ Ha3blBaeTcsi CTPYKTYPHHIM OMMCAHHEM LEMNOYKH X.

lTpumep. Tlyery, G = ({0,1}, S, S, P); P = {S—> 0, S—- SIS},
torga G’ = ({0,1(S)}, S, S, P); P={S— (s0), S—> (sS1S)}, ue-
goqxa 01010 ssbika Lg MoxkeT GHITb BhiBefleHa pa3JHYHLIMH CIOCO-
-6aMu:

1) $—S1S > 01S—-01S15—0101S—01010;

2) §— 815810~ S1510— 01510~ 01010.
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MM COOTBETCTBYIOT pas/inuHble CTPYKTYPHbie ONUCAHHS, NOJAYyYeHHbe
B Lg’:

1) (s(s0) 1 (s(s0) 1(s0)));
2) (s(s(s0)1(s0)) 1 (s0)).

BriBoab! enouku x B HeKOTOpoM sisbike L Ha3bIBalOTCA CyLECTBEN-
HO PasJ/IMYHBLIMH, €CIH CTPYKTYPHBIe OMNHCaHHsl X', COOTBETCTBYIOllHNE
5THM BbLIBOZAM, OTJIMYAIOTCS APYT OT Apyra.

Ecnn 3apanee H3BecTHO, uTO rpaMMaTHKa He SBJseTCA HeOQHO3HaY-
HOM, TO, OYeBHIHO, Mo JNIOGOH MOPOXKIAEMON €10 leNoYKe MOXKHO OJHO-
3HaYHO BOCCTAHOBHTb BHIBOX 3TOH LIEMOYKH.

Ecnn 3anaHa xoHKpeTHas rpaMmatuka G OQHOrO M3 THIIOB M HYX-
HO YCTaHOBHUTb, fAIBJIAETCSA JIM OHa HEOJHO3HAYHOM, TO aJropUTMHYecKas
pa3pelnMOCTb TaKoil 3ajlaul YCTaHaBJIHBAeTCs CJelylolleil TeopeMoi:

Teopema (12). Ons sA3bIx0B THNa 3 CyWECTBYeT aJrOPHUTM, I03BO-
JAOIIKA N0 3aJaHHO{l rpaMMaTHKe OMNpefeHuThb, ABJSAETCA JH OHAa Of-
HO3HaYHOH. [la1s1 OCTaJIbHBIX THIOB I3LIKOB 3Ta 3ajaya aJropHTMHYECKH
HepaspelunMa. '

S13bIK 1aHHOrO THMa Ha3bIBAaeTCsi CYIIECTBEHHO HEeOLHO3HAYHBIM,
ecid Jao6as rpamMmaTHka -G 3TOro THma, Mopoxpaarolias 3TOT A3bIK,
HEOHO3HAaUHa, T. €. eCJIM B 3alaHHOM KJacce rPaMMAaTHK HeJb3fl HalTH
rpaMMaTuky Ge3 HeOQHO3HaYHOCTell, SKBUBaJIEHTHYIO 3agaHHoil. B mpo-
THBHOM cJyuae f3blK L HasblBaeTcs s36lKoM 6e3 HeoOHO3HAUHOCTYU WIH
OHO3HaYHO BLIBOMHMBIM.

Cnenyomse 1Be TeOPeMEl OTHOCATCA K BONPOCY O CYLIECTBOBaHHH
CYIIEeCTBeHHO HeOJHO3HAaYHbIX A3bIKOB Pa3JHYHbIX THIIOB.

Teopema 13 (Xomckozo u Muasepa, llworyenbeprce). He cymecrsy-
eT CylleCTBeHHO HeOAHO3HAYHHIX A3bIKOB THnoB 0, 2P*, 3; Bce 3TH A3HKH
0/IHO3HAUYHO BHIBOZMMBI.

Teopema 14 (ITapuka). CymecTBYIOT CYLIECTBEHHO HEOQHO3HATHHE
6EeCKOHTEKCTHbIE fI3bIKH.

Hnsa asbikos THna ] (KOHTEKCTHHIX) STOT BONpOC He peLIeH,

[Tapuk nokasas, uto GeckoHTekcTHble s3blku L = {anbmaP|n=m
wm n = P} u L = {x|x = a®bma®’b™.V x = anbmanb™’; n, n', m, m’ >
=1} aBasiorcs cyllecTBeHHO HeOLHO3HAYHBIMH. BTOpo# H3 3THX fA3bl-
KOB Nopoxaaetcs rpammarukoit G = ({a, b}, {S, 4, B, C, D}, S, P),
rae P BkJioyaer caelyoluiue npaBusa:

S— AB S—DC
A->ada A—aBa

B-b B-—-bB
C—-bChb C—~bDb
D—a D —aD

* 20 — noaKIacc A3KHKOB THNA 2, HA3HWBaeMKl «AeTepMHUHPOBAHHEIE GECKOHTEKCT-
Hble A3LIKH». ’
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Crenymouas TeopeMa pacCMaTpPHBaeT aJrOPUTMHYECKYIO paspellH-
MOCTb pacno3HaBaHHA CYIIECTBEeHHOH HEONHO3HAYHOCTH:

Teopema 15 (I'radkoz20). He cywectsyer adroputma Ajsi pelueHus
3a7a4M 0 TOM, SIBJIAETCS JIM 3aJlaHHbII 3bIK THNA 2P CyilleCTBEHHO He-
ORXHO3HauYHbLIM. OHAaKO B HEKOTOPBIX CJYyYasiX 3TOT BONPOC MOXKeT GHITb
pelleH.

Cnenyer 3aMeTHTb, 4TO NMPOHM3BOJbHAS HEYKOpauHBalolllas rpamma-
THKa (6e3 TpeGOBaHHs 3aMEHATb Cpa3y TOJIbKO OJMH CHMBOJ) YXKe He
o61aiaer CBONCTBOM COMNOCTABJATb (pa3aM uX CTPYKTYpH Helo-
CpelACTBeHHo cocraBasomux. ITockoabKy B Takoil rpaMMmaTike, B0oOG-
llle roBOps, Kaxkblii pa3 3aMeHsieTCss He OQMH CHMBOJ, a leJlas rpynna
¥X, TO B BHIBOfe HEBO3MOXHO OMHO3HAYHO YKa3aTb A KaXKAOr0 CHM-
BOJIa y3Ja, HENMOCPeACTBEHHO ero BKJIOYalollero (ero «mpemka»).

ConeparteJbHblji JUHIBHCTHYECKHH aHAJN3 OPENJIOKEHHH MOMKeT
BKJIOYaTh B ceOst MaHHble O NMPeNJIOXKEeHHH TPeX THIOB: O CHCTEME CO-
CTaBJSAIOLINX, 06 OTHOIUEHHH YNpaBJeHHs, O XaDpaKTepHCTHKe COCTaB-
JSAOIHX H C10BOOPM, T. €. 0 NMPHHALJNEKHOCTH K TOMY HJIH HHOMY
KJqaccy.

B coorBercTBuuM ¢ 3THM B OGlUEM Cayyae MOXKHO pacCMaTpHBATh
pasyiMYHble THIEI MapKepoB, cOolepikalliHe TY HJH HHYI HH(pOpMaIHIo.

Ynpaxuenus:

1. Tpu rpammaruxu — Gy, G;, Gs— 3alaHbl  COOTBETCTBYIOLIAMH
npasuiamu: Py = {A—>x, A—> Ax}, P, = {A —x, A—xA}, P; =
= {A—x, A—> xAx}, rne A —ueab rpaMMaTHKH.

Onpenenutp TuUn 3KBUBaJeHTHOCTH rpamMatuk Gi, G, Gs.

2. lyets G = (Vi, Vy, P, S) —nopoxpaomas rpaMmaruka, rie
Vo= {a, b}, Vu={A, S}, P={A—ab, A—>aSAb, S— bAb,
SA—b, S— A}. OnpenenuTh THN PEKYPCHBHOCTH NMpPaBUJ rpaMma-
THKH M T0Ka3aTb, yTo Lenouka ababbabb npuHagsexur MHOXKecT-
By L(G). .

3. INMocrpouts s3biku L(G;), rae j=1, 2, 3, eciy  cXeMBl npaBua
rpaMmatuk Gi, Gz u G3 HMEIOT CJeAYIOIIHH BUA:

P,—{S - AB, S-» ASB|;
P,=(S—AA, S—>BB, S— ASA, S - BSB);
P,={S— AS, S - BS, CABSC - CABABC).

Ins kaxpoi rpamMaTiKy onpeaeautb Vi, Vi, anuHy BHIBOZOB, THI
NpaBuJI, BHA FPaMMAaTHKH.

4. lana rpammaruka G = ({4, B}, {S}, P, S), rne P = {S—SA,
SSﬁ—»ABA}. Onpenenntb, sBaserca au G-rpaMmatHka TrpaMMaTi-
KOH HeMoCPeACTBEHHO COCTABJSIOLIHX.

5. ITycrs Vi = {A, B}. INokasatsb, uto V) = {A"B"A™|n>=1} ectb
HC-a3mnix. -
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6. Tpammatuku Gy, Gz, Gs, G; 3alaHbH NMpaBUIaMH BHAA:
P,={A—-xB, B—»y, B—>zBj};
P,={A- By, A—>CB, B—>Bx, B—~x, C»x, C—xC};
Py={A->Cx, B— Ay, C—> Bz, C—~2D, D— xE, E — yx|;
P,={A-Cx, B+ Ay, C—>Bz, C—>xD, D xE, E— yz}.

Omnpenennts AJs KaxX10#i u3 3aJlaHHHX FPaMMAaTHK:

a) TepMHHAJbHBII H HeTepPMHHAJIbHBIA CJIOBapb;

6) OLHO3HAYHOCTb FPaMMaTHKH;

B) BHJ PEKYPCHH CHHTAKCHYECKHX 3JIeMEHTOB;

r) toxaecTBeHHOCTb C-MapKepoB [/ TepMHHANbHBIX Lenovyex,
BHIBOAHMBIX B TPaMMAaTHKE.

7. Naua rpammatika G = (V., Vu, P, S), rae P = {A—-aB,
A—b, B=—Aa, B—>b. IToctpouts C-Mapkep ajsa Lenouex aaba,
aabaa, aaabaa.

8. Ilycts Vz = {a, b, c¢}. Iocrponts C-Mapkep, COOTBETCTBYIOIIHM
BLIBOLY S—s>abAbB—abBaAbB—abSbaAbB—abcbaAbB—
-—abcbacabbB —» abcbacabbaa.

9. OnpeneauTh, ABJAseTCA JM OQHO3HauHoi rpammaruka G = ({a,
b, c d e} {S A, B, C}, P={S—ABB, A—-aC, C—bc, B—
—d e}, S).

10. Myery Vr = {a, b, c}. lns Kakux H3 NMPHBOLHMBIX HH}e MHO-
wectB P rpammaruka G = (Vi, Vi, P, S) siBnsieTcs HeompeleseHHOM:

a) P=|{S—aSbc, S—c¢c, S->bA, A—>bA, A—a);
6) P={S—~a%Sa, S—aSa, S—>aS, S—A};
B) P=(S—aBc, S—bS, B—~aB, B—Ba, B—c|;
r) P={S—»>aS, S—Sa, S—»bBb, B->aBb, B ach}.
11, Fpammaruku G, u Gz 3afaHb npaBHJIaMH BHIA:
P, (A~ AA, A—as);
P,{B - a*B, B—a*},

Onpene.nmb TepMHHaJbHble H HEeTePMHHAJbHBIE CJIOBAPH TrpaMmma-
THK, HX OJHO3NA4YHOCTL H THII 3KBHBAJICHTHOCTH I'pPaMMATHK.

2.3. KonrekcTHO-CBOGOAHBIE TPAMMATHKH

O6paTtum BHMMaHHe Ha TO, uto B mpaBunax HC-rpammaruku 3a-
MeHsIeTCsl TOJbKO OLHH CHMBOJ, JieBas e 4YaCTb MNpaBujia He o0s3a-
TEJIbHO COCTOHMT TOJIBKO M3 3TOro cMMBoga: A —- . B mpaBmiax mo:
FVT NPUCYTCTBOBATb U APYrHe CHMBOJB — KOHTEKCT: Ay —- oy, Ta-
KHe NpaBHJa O3HAyaloT pa3pellleHHe 3aMeHATb CHMBOJI A Ha ® TOJbLKO
B KoHTexCcTe @ U P. CaM KOHTEKCT NpH 3TOH 3aMeHe IepemHCHIBaeTcs
6e3 H3MeHeHHs.
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[TpaBuaa, ucnonb3ylollne KOHTEKCT, Ha30BEM KOHTEKCTHO-CBSI3aH-
HbIMH, a NpaBHJla, He UCMOJIb3YIOHe KOHTEKCTa, — KOHTEKCTHO-CBO60-
HBIMH. .

HC-rpaMMmaTuxH, cofepiKallive TOJbKO KOHTEKCTHO-CBOGOLHblE Npa-
BHJa BHa A —> », Ha3HIBAIOTCA KOHTEeKCTHO-c80600Kbimu (KC-rpam-
MaTHKH), WIH 6ECKOHTEKCTHbIMH PAMMAaTHKAMH.

HC-rpammartuky, conepxkaine KOHTEKCTHO-CBI3aHHbIE NpaBHJa, Ha-
3BIBAIOTCS KOHTEKCTHO-CBSI3aHHBIMH FpaMMaTHKaMHU.

S13bikH, nopoxaaemble KC-rpammarnkamu, HasbiBalotes KC-a3bl-
KaMH.

3aMeTHM, yTO CBA32HHBIMH KOHTEKCTOM, HJIH CBOGOLHBIMH, fBJISIOT-
csl TOJbKO NpaBHJIa, a He 3JeMeHTH B TEPMHHAJbHOMH IeNouKe.

KC-rpaMMaTuKn npeicTaBiasiior co6oil BaXKHbIH YacTHHH Cayyai
HC-rpammaruk. X neHHocTs 06ycloB/eHa CAeAYIOIMMH IBYMsI 06-
CTOSITEJILCTBAMH: :

BO-MIePBLIX, OTKa3 OT KOHTEKCTa, T. e. TpeGoBaHHe, 4TOOH B JIeBOil
yacTH npasuia Oblyl POBHO OLMH CHMBOJ, JeJ1aeT CTPYKTYPYy rpaMMaTHK
elie 6oJsiee MpocTOH, UTO 06Jieryaer ee H3yueHHe,;

BO-BTOPHIX, XOTS B €CTECTBEHHBIX fI3HKaX 3aMeHa OIHHX eIHHHIL
ApYTHMH 4acTo AONYCTHMa JHIbL B ONpefesleHHbIX KOHTEKCTax, leJe-
coo6pasHo HccIeJ0BaTh BO3MOMKHOCTb ONMHCHIBATh $I3BLIKH, OTBJIEKAsChb
OT yKasaHHOro ¢axra. B ecrecTBeHHBIX f3blKax BO3MOXHBI CHTYallHH,
KOrJla fIBJIEHHSl, KOTOpble NPeACTaBJAIOTCS CYLIECTBEHHO 3aBHCHMBIMH
OT KOHTEKCTa, MOTYT ONMChIBaTbCSl M KakK He3aBHCAIIHe OT KOHTEKCTa,
T."e. B TepmuHax KC-rpammaruku. [Ilpu stoMm, pasymeercs, onucaHune
MOXeT YCJIOXKHATbCA B APYrHX oTHoweHusx. Hanpumep, moxer nmorpe-
60BaTbCSt MHOT'O HOBBIX KAaTeropHH, NpaBul MM TOTO H APYroro.

B caMbix o6mux yepTax Takas 3aMeHa JeJlaeTCsl TaK: MYCTb HMeeT-
cs Kjacc 3J1eMeHTOB X; B COCeCTBe C 3JeMeHTaMH HeKOTOpOro KJaac-
ca Y snementnl X Benyr ceGa HHaye, 4eM B COCeJCTBE C 3/1eMeHTaMH
Kiacca Z, TaK 4TO HMEIOT MeCTO NpaBuia

YX > YAB;
ZX ->2CD

(npaBH/a HCNONB3YIOT KOHTEKCT).
BBegem gBa HOBbIx cumBosia — X; u Xp. Daement X B nosuuuu
nocse Y o6o3naunm uyepes Xy, a B nosuuuu nocae Z — yepes Xo.
Torxa npuXoAnM K NpaBuiIaM, He HCNOJAb3YIOUIMM KOHTEKCTa

Xl -> AB;
X, - CD.

He cnenyer, omuako, Xymarb, 4T0 BCAKas KOHTEXCTHO-CBS3alHas
HC-rpammaruka Moxer GbiTb 3aMeHeHa 3KBMBadeHTHOiH eii KC-rpam-
MaTtukoil. MaBecrHo, yto cymecrsyior HC-s3biku, He sBJasomuecs
KC-s3pikamu, Hanpumep, sI3bIK, COCTOAIIMI U3 BCEBO3MOKHBIX NENOYEK
Buia a"ba™(aba, aabbaa,...) nan us uenoyex Buaa a”g™c”. OT KoH-
TEKCTa HeJlb3si OTKa3aTbCs, eC/IH MPaBHJIO AOJKHO ofecneyuBath Iie-
PecTaHOBKY CHMBOJIOB, TaK KaK NepecTaHOBKa IO CBOEMY CYymECTBY
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fiBNISIeTCA MHOrOMepHoill onepauueii. Cienosarenbro, KC-rpammaiuka
He MOXeT MOPOXKIaTh fA3BIK, COACPKAIUUi LENOYKH, KOTOpble He MOryT
ObITh NOCTPOEHE! Ge3 NPHMeHeHHsl NlepecTaHOBOK.

IToutn Bce mmerommuecs npumepsl HC-A3BKOB, He ABJIAOIMXCH
KC-s3bikaMH, HOCAT aGCTPaKTHBI XapakTep M He MMeIOT HHTeplpeTa-
IM{ B €CTeCTBEHHHIX f3bIKaX.

Jlo cux mop MH 3aHHMaJIHCh BBefleHHEeM BCe HOBLIX M HOBHIX OrpaHH-
YeHHi Ha KJacchl paccMaTpuBaeMblx rpaMmartuk. CHayaja Mbl MOTpe-
6oBaJiy, 4TOGH! YHCJIO CHMBOJIOB B NIPaBOii YaCTH NPaBHJI GBLIO HE MeHb-
Iue, yeM B JIeBO#, U NMOJYYHJIH HEYKOpAUHBAIOIKe rpaMMaTHKH. 3aTeM
norpe6oBaj, yro6bl 3aMeHe MOJBeprajic TOJbKO OIHH - CHMBOJI,
u nonyynin HC-rpammartuku. Hakonen, Mb notpe6GoBasu, 4To6H B Je-
BO{l 4acTH MpaBHJaa BOOGIIe GBI TOJbKO OAMH CHMBOJ, ¥ MOJYYHIR
KC-rpammaruku.

$lcHO, YyTo HHKaKuX HaJbHEAIIUX OrpaHHYEHHH Ha JieBble YacTH Mpa-
BHJ1 HAJOXKHTL Yyxe Heab3s, [To3ToMy, eciiy MBI XOTHM BBIJEJHTL elle
Gonee y3KHe KJacchl FPaMMAaTHK, INPHAETCs HaKJaiblBaTh OrpaHuye-
HHSA Ha NMpaBhie YacTH. '

Haunem ¢ uncia cumsodoB B mpaBoil yacTH. B 3aBucumoctu ot
yHcaa CHMBOJIOB B npaBoil yactu npaBua KC-rpaMMaTHKH MOXHO pa3-
IeJIUTh Ha GuHaprbie U HeburapHble.

KC-rpaMMarukn OyneM Ha3bBath OuHApHbIMU, eCAH TNpaBas
yacTb J1I060ro npaBuia cogepKHUT He 6oJjiee IBYX CHMBOJIOB.

Hanpuwmep, npasnna suga A—BC,

wiy A—-bB, A—-B,
rze A, B,C= Vg, b V.

KC-rpammarukn GyneM HasbiBaTb: HeOUHAPHGIMU, €CJH I[paBas
yacTp Jlo6Goro nmpaBuia comep:XHT Gojee ABYX cuMBoJoB. Hampumep,
rpaMMaTHKa ¢ fipaBHiaMu Bufta A—-Aab, B—ABC, A—o, rle
A, B, C& Vy a, b= Vy o He nycTas uenouka B 3Toii rpaMMaruxe, co-
JepxKawas GoJee ABYX CHMBOJIOB.

Bunapurie KC-rpammatukn 061amaloT Tofi 0cOGEHHOCTBIO, YTO B
COOTBETCTBYIOIHX HM JepeBbfiX CTPYKTYPH! cocTaBisoinx — C-mapxe-
pax — u3 KaXMoj BepIIHHB MCXOAMT He GoJslee ABYX BerBeil. DTO 3Ha-
YHT, YTO J106as CJHOXKHas COCTaBJsIOllas BCerga COCTOHT pOBHO H3
IBYX HENOCPeACTBEHHO BJIOXKEHHBIX B Hee COCTaBJSIONIHX.

B cBoto ouepenp Kaxkablil U3 BblAeJeHHBIX KjaaccoB KC-rpamMartuk
B COOTBETCTBHH C HaJbHeHIIMMH OrpaHHYeHHSIMH, HaJlaraeMbIMH Ha
NpaBble 4acTH NpaBWI, MOApPa3Ae/AIOTCA Ha NMoAkJaacce. Tak, B 3aBH-
CHMOCTH OT YHCJIa BXOXJEHHi B MPaBYIO YacTb NpPaBHJ ‘HeTepMHHaJb-
Hbix ciMBOJ0B KC-rpaMMaTHKy NoapasfensloTcs Ha JHHeiHbe U HeJH-
HelHbIe: ‘

Jlunednole epammatukuy — rakue KC-rpaMmartuky, npaBHe 4acTH
NpaBua KOTOPLIX COAEpXKar He GoJiee yeM O OXHOMY BXOXKAEHHIO He-
TepMHHAJIbHOrOo CHMBoJa. TakuMm o6pa3oM, ais GuHapubix KC-rpam-
MaTHK 3TO npaBHJIa BUAA '

A —aB,
rae B, AsVy, acsV,,
108



nas He6uHapHbix KC-rpamMmaTuk npasuaa Buja
A —aBab, A - acB;
A BesV,a b csV,.

$13bIK, MOpOXKAaeMblji JIHHEHHLIMH TPaMMaTHKaMH, Ha3HBaeTCs JHHeii-
HbiM si3blKoM. KC-rpaMMaTHKH, npaBble 4acT¥ NpaBHJ KOTOPHIX COMep-
xar GoJiee OMHOro HeTepMHHAJIbLHOIO CUMBOJA, GYeM Ha3blBaTb HeAu-
nednoimu KC-2pammarukamu. ,

KC-rpammaruka HasbiBaeTCsi MeTaJHHeNHOM, eC/IH NPaBLIe YacTH ee
NpaBHJ He coepXKar LeJH FPaMMaTHKH W BCce NpaBHJa, JeBHe 4acTH
KOTOpBLIX OTJIHYHBI OT LIeJH, HMEIOT TaKOH Ke BHI, Kax NpaBuJo JuHei-
HOM rpaMMaTHKH. .

INpumepoM MeTanMHeHHON rpaMMaTHKH MOMKET CJYXHTb cJjelylo-
mas rpammarvka G = ({a, b, ¢}, {S, T}, {S—TT, T—-aTa, T—bT},
F—>¢}, S).

$13bIK Ha3bIBaeTCs MeTaJIMHEeHHBIM, eC/IH CYIECTBYeT MOpoXKAalolas
€ro MeTajiMHeiiHasi rpaMMaTHKa.

HaxnanbiBas orpaHuyeHMs Ha COCTaB CHMBOJIOB NPaBOH 4aCTH npa-
Bus KC-rpaMmatik, OJ0iia Bbiean cilefyOlHe NOAXIacch HeGHHap-
HBIX, HEJIMHEAHBIX TPaMMATHK.

Onepayuonnole epammaTuky — npasble 4aCTH NPaBHJI KOTOPHIX He
MOryT cojepartb OBYX PAJOM CTOSILUNX HEeTePMHHaJbHLIX CHMBOJIOB.
[IpuMepaMu npaBus TaKOro BHAA MOTYT CJIYXKHTh

A - BbC;
A - BabC,

rae A, B, C&Vy, a, b=V,

T'pammaruku npedwecreuii —mnpaBble 4aCTH NPaBHJ KOTOPHIX MO-
FYT cofepXaTb ABa PANOM CTOAWIMX TepMHHANbHHIX cHMBoJa. Ilpu
3TOM HMeeTCsl BO3MOXKHOCTb YKa3aTb, KaKOH H3 3THX TePMHHAJbHBIX
CHMBOJIOB BO3dHKaeT B CJ10BOOOpa30BaHHHM NePBHIM, HMEIOUIHM G60Jb-
(IHHA PHOPHUTET.

IpuMepamu npaBus TaKoil rPaMMaTHKH MOTYT CAYXKHUTb Cjedylo-
lHe:

A BaaB,

rie A, B€Vy, asV;. UMelores U Apyrue noAKaaccH.

IMonknaccom auuelinbix KC-rpammartuk sBJAAIOTCS OAHOCTOPOHHHE
JIMHeiilible TPaMMaTHKH.

Oonocropornue auneiinble 2pamMmaTuki — TaKne rPaMMAaTHKH, (Ipa-
Bble YaCTH NPaBHJ KOTOPHIX COJEPKaT TepMHHAJbHbIE CUMBOJIbI, TONLKO
C OLHOI CTOPOHBI OT HETEPMHUHAJILHOrO CHMBOJA.

OnnocropoHHHe JHHeHHBE rPaMMaTHKH NMOAPA3JAENSIOTCA Ha JIEBO-
CTOpOHHHE — ¢ npaBunaMu BHaa A—xB 1 A—>x u NpaBOCTOPOH-
HHe — c npaBuiaMu Bula A—-Bx u A—>x. B o6oux cayuasnx A, B—
HeTepMHHAJbHbIe CHMBOJL, a X — HeNyCTas LENoYKa TepMUHAJbHbIX
CHMBOJIOB.

OnHocTOpOHHHE JHHEeNHHHEe rPaMMAaTHKH, Y KOTOPHIX B KaXJO0M npa-
BHJIe LeMOYKa X COCTOMT TOJbKO M3 OHOTO CHMBOJIA, Ha3bBAlOTCH a6-
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TOMATHOIMU 2PAMMATUKAMU, WIE A-2pAMMATUKAMU, @ SI3BIKH, TIOPOX-
JlaeMble STHMH 'DPaMMaTHKaMH, Ha3HBaIOTC QBTOMATHbIMU A3bLKAMU,
niu A-asvikamu.

M3 pauHuX onpeiesieHMii SICHO, 4YTO KaX/bll CHAEXYIOIUA KJjace
IPAMMaTHK COACPIKUTCA B NpeAbllylleM. ‘

B3aumocBsi3b paccMOTPEHHBIX KJ1aCCOB IPaMMAaTHK MOXHO IpeJcTa-
BUTb B Bufie rpada, nso6paxendoro na puc. 13. Takum o6pasom, KC-
rpaMMAaTHKH MPeJCTaBJAIOT COGOi HaHGoJee BaxHbiii nmogxmacc HC-
rpaMmaruk., 3to O6bACHAETCA CJe/lyIOUIHMH YeTHPbMA OCHOBHLEIMH
NpHYHHAMH:

oK

METONUHEUHbIE
ONepaUUBHNSIE

HOHTEKCTHD  pdpcTo-
cbRaonHuE  DOHHUE

HeyHapaYyu -
da#oa(‘Ze

npedwecrbui

NOPON -
dowwue

¥/ L METANUHELIHOIE

Puc. 13

1. KC-rpamMMaTHKH SIBJSIIOTCS OCHOBOM ONIpeAeJeHHSt MOYTH BCeX
YIOTPeGUTENbHbIX 3HKOB MPOrpaMMUPOBAHHS.

2. Bee neficTBHsi CHCTeMBl CHHTAKCHYECKOrO aHaJH3a fJis ecrecT-
BEHHHIX s13bIKOB ocHoBaHH Ha KC-rpaMmarukax.

3. DTo eNMHCTBEHHHA THN T'PaMMAaTHKH, TEOPHS KOTOPOiN M3yueHa
¥ MPAKTHYECKH MpoBepeHa.

4, Bce TpaHchopMalHOHHBIe TPaMMAaTHKH noctpoeHsl Ha KC-rpam-
MaTHKax.

Bce paccMoTpenHble THNH FPaMMaTHK NOPOXKAAlOT dYeThipe THNa
a3pkoB: HC-a3pik, KC-a93biK; JHHEAHbIN sA3bIK, A-SI3bIK, HE CUHTAs A3HI-
Ka, MOPOXJaeMoro CaMHM OGIIMM THNOM 'PaMMaTHKH C HeorpaHHueH-
HBIMH NpaBHJaMH BHBOJA rpaMMaThkoi THna 0.

B3anmocBsi3p MexAy s3bIKaMH, MOPOXKAaeMbIMH pPaCCMOTPEHHBIMH
THIIaMH TPaMMaTHK, GyaeT ciaeayloules:

L(0)oL(HC)D L(KC) DL (Mo L(A).
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YnpaxHeHus:
1. Ilycrp Ve = {a, b}, nocTponts rpaMMaTHKy, NOpoXAIOMIHe Clie-
AyIOLIHe SI3bIKH:
a) s3bik L = {a"bma"n > 1);
6) a3k L = {a"jn > 1};
B) s3bik L = {@""|n > 1}.
2. 'pammaruku Gy u G; 3afaHbl NpaBHIaMHu:
P1={A->aAbB, A —>bB, A —>A, A—)b,
B > bAbb, B> B, B—>bAb, B - ab};
Py=P,—{A—> A, B— Bj}.

IToka3sars, yto L(Gy) = L(Gy). .

3. Nauna rpammaruka G(Viy, Vg, P, S),tne Vo= {a, b, ¢}; Va=
={S, B, C}, P={S—aSBC, S—aBC, CB—BC, aB—»ab,
bB—-bb, bC—>bc, cB—>cc}. Onpenenurs TMI TpaMMaTHKH U fA3HK,
I1opoxaaeMbli elo.

4. loka3aTp, 4TO KaX[blii JHHeAHHH A3bIK MOPOMKIAETCS rpaMma-
THKOH, B KOTOpPOIi Karkji0e NpPaBHJIO ABASieTCH JHGO JIEBOJIMHEHHEIM, JIH-
60 NpaBOJIMHEHHBIM.

5. 3anansl ase rpaMMaTuku — Gy u G ¢ npaBHJaMyu BHAA:

P,={S—>abS, S—>cA, A->baA, A—al;
P,={S—~ AB, A —>aAb, B—->aBb, A c, B-c}.

OnpenesnTs THII IpaMMaTHK.

6. Hokasarp, uro sisbik L = {a™b™anb™} He sBaseTCH JHHEAHBIM.

7. Iocrponrs npumep KC-a3bika, He sBasiomerocs: A-36IKOM U TO-
poxnaemoro KC-rpammarukoii, Kaxaoe NpaBHJIO KOTOPOW SIBJsieTCS
JIH60 J1eBONHHeHHbIM, THGO MPaBOJHHEHHEIM.

8 Iyers G= (Vo, Vo, P, S); Ve=1{a, b, ¢}; P={S—AB,
A—>aAb, B—>aBb, A—>c, B—>c}. Tloka3sars, uro KC-a3uK siBAsIET-
CSl MeTaJIHHEHHBIM, HO He JINHEeHHbIM.

9. T'pammaruka G 3ajada npaBuaamu P = {S—aSa, S—bSb,
S—»aaSaa, S—>c}. [Tokasatb, 4TO OHa He FBJISETCS CYIIECTBEHHO He-
OJIHO3HAYHOM.

10. flspik L = {amb™c"|n + m>=r} ssasercs KC-aswixom. Brinu-
carpb KC-rpammaruky, nopoxaamumyio s1or f3biK. Onpenenuts, x Ka-
KoMy 6oslee Y3KOMY KJIaCCy sI3bIKOB OH MpPHHALJIEXKHT.

2.4. Knaccel, npoMexyToyHble MeXy GeCKOHTEKCTHBIMH
H KOHTEKCTHBIMM rpaMMaTHKaMH

HeonnosnayHoCTh rpaMMaTHK IBASIETCS BaXKHBIM MOHSTHEM TEOPHH
f3blkoB. CyluecTBeHHo, HalpuMep, uto rPpaMMaTHKa, cayXauas s
MOPOXAEHNA A3blKa MPOrpaMMHPOBAHHA, HeOHO3HaUHA. DTO O3Hauaer,
YTO MPOrpaMMa B 3TOM fI3HKe MOXeT MMeTb GoJsiee YeM OIHY BO3MOX-
HYIO MHTEpIpeTaLHio.
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JlaBHO cymecTByeT MHEHHe, YTO IJIsi NMOJIHOIO ONHCAHHS eCTEeCTBEH-
HBIX WM NPOrPaMMHbIX fI3HIKOB HeoGXoauma Gdsee TOHKasi CTPYKTYpa,
ueM Ta, KOTOPYIO J1al0T GeCKOHTeKCTHble rpapyMaTukh. OHaKO KOHTEKCT-
Hble SI3bIKH CJIHUIKOM CJIOXKHH, YTOGBH MX HCIOJb30BaThb NMPH ONMHCaHHH.
Heo6xonnm xomnpomucc. Henasno mosBuinch aBa o6oOblieHust Gec-
KOHTEKCTHbIX rPaMMaTHK: NporpaMMHble U MHIEKCHble TIpaMMaTHKH.
PaccMoTpuM Kaxaylo M3 HHX.

2.4.1. Ilporpammuble rpaMMaTHKH

lpozpammnod epammarurkod aeasercs rpammatika suta G = (N,
T,I1, P,S), rne N, T, P — KoHeuHble MHOXeCTBA HeTePMHUHAJIbHEIX CHM-
BOJIOB, TEDMHHAJIbHLIX CHMBOJIOB M NMPaBHJ TPaMMAaTHKH COOTBETCTBEH-
HO; S — HayaabHH# cumBoa u3 N; ] — MHoXecTBo MeTok npaBuJ. Ipa-
BUJIa TPAMMATHKH HMEIOT BUA!

(r)A—>a§ (V) F (W),

11e A—>a HasbiBaeTcst sApOM, OHO HMeeT GEeCKOHTEKCTHYI0 ¢opmy,
AeN, a=(NUT) *, (r) sBaserca merxoit u r&l. Hukaxue asa mpa-
sHJa U3 P He MOryT HMeTb OJHY H Ty Xe sdeiiky. [lanee V naswiBaercs
oGnacrbio ynraun, W — o6nacreio neynaun, V.u W — noamHoxecTBa
mHoxkectBa /. Takum o6Gpa3oM, eciu MBITAIOTCH NPUMEHHTb MPaBHJIO 7
K CTPOKE & H ecli¥ uMeeTcs BxoxJeHHe A B o, TO camoe JeBoe A 3ame-
HSleTCs Ha @, a CJeflyiolllee HCMOJb3yeMoe NPaBHJIO JOMKHO HMETb MeT-
Ky 3 V. Ecin o He colepXHT A, TO @ He MeHsieTcs W Clefylollee Hc-
nojib3yemMoe MPaBHJIO JOMKHO UMETh MeTKYy u3 W.

®dopmaabHO OTHOUIEHHe => OMNpejiesieHO aJis map BHAa (a, r), rae
as=s(NUT)* u rel. TlpepnojoxuM, 4TO NpaBUIO C METKON 7 eCTb
A—o S(V)F(W). Ecmn a= ada,, as(NUT— {4}) * u s npous-
BOJIbHasg MeTKa 3 V,To Mbl MOxeM HamHucatb (a, r) =) (a, wa, s). Ec-
an Xe as(NUT — {A}) * u s — merka u3 W, 70 Mbl MOXXeM HaNHCaTh
(a, 7) =g (a, s). AsnikoM L(G), nopoxaeHubim rpammatukoil G, Gyuer

{y|ysT*} u nna uexoroporo r u3 I umeer mecro (s, 1) -? (y, r).

INpuwmep. Ilycts G = ({S, 4, B, C}, {a, b, ¢}, {1,2,...,8},P,S),
rae P coCTOMT U3 CJeyIOIHX NpaBHI:

Mertka flapo Yaaua Heyaaua Merxa flzpo Yaaua  Heyzaua

1) S-ABC S({2,5}). F(@ 5) A-a S({6!) F(®)

A= P
- ->C

4) c¢-cC s({2,5;; F(®) 8 S-S S(gd’}) F(®)

Torna umeem L(G) = {anbnc|n>1}. 3amerum, uto a3uik L(G) ne a8-
asercst GeckoHTtekcTHhIM. C nomompio mnpaBuna (1) M umeem
(S, 1) =)(ABC, 2) un (S, 1)=)>(ABC, 5). B nocnensem cnyyae MOXHO
HCIOJ/Ib30BaTh TONIbKO NpaBuia ¢ (5) mo (7) ¥ Toraa 3aKOHYHTH BBHIBOA.

B stom cnyvae wmbl umeem (ABC, 5) =) (abC, 6) =) (abC, 7)=)
=)(abc, 8). K nape (ABC, 2) MoXHo NpHUMEHSITb UMKJ MpasBHa (3),
(4), (2) no tex nop, noxa mocie (4) Gyxer BeGpaHo npasuio (5). Ta-
KHM o6pa3oM, nMeeM
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(S, 1) =) (@™—1Ab"=1Bc™—IC, 5) mas Beex n> 1.

BriBos 3akaHuMBaercsg npuMmeHeHuem npaeua (5) — (7). B pesynbrare
TOJIYYHM
(a"-1Ab"—'Bcr-1C, 5) =) (a", b", c", 8).

Teopema (16). JloGoh s3bik tuma 0 nopoxpaercss mporpamMMHOM
TpaMMaTHKOM.

BecKoHTeKCTHOI porpaMMHORA rpaMMaTHKO Ha3HBaeTCs NporpamMm-
Hag rpammaruka G= (N, T, I, P, S), B KOTOpOii. HHKaKoe MNpaBHIO
u3 P ue umeer aapa suga A— A.

- Teopema (17). Ecau L = L(G) nns GeCKOHTEKCTHOR MPOrpaMMHOM
rpammatiky G, 10 L AB/IeTCS KOHTEKCTHBIM I3bIKOM.

2.4.2, HuyeKcHble rpaMMaTHKH

Hudexcnoil epammaruxod Ha3biBaercs rpaMMatika G = (N, T, F,
P,S), rne N, T, F u P— KoHeuHble MHOKECTBA HeTepMHHAJbHBIX CHM-
BOJIOB, TEPMHHAJIbHLIX CHMBOJIOB yKa3aTellel H MPaBHJl COOTBETCTBEH-
uo; S u3 N — Haua/IbHH} CHUMBOJ. YKa3arteau 3 F CyTh KOHeYHble MHO-
JKeCTBa MHJEKCHHX npaBua Buaa A—»ra, rie AN u as(NUT) *.
IlpaBuna us P uMmeloT BHI!

A Xl‘PxXz'Pz oo qu”m,

rae Xy, X, ..., Xy npunamnexar N uan T, a ¥y, P2, ..., Pm NpHHAN-
qexar F* Ecm X;eT, top:i =A.

Takum o6pa3om, 3a HeTepMHHaJlaMH B CTPOKe MOTYT CJelOBaTh
MpoH3BOJIbHLle CMHCKK YKasareneil. Ecau HerepmuHal, 3a KOTOpPHIM
ClenylOT yKasaresd, 3aMeHseTcs OJHHM Hiau Gojiee HeTepMMHAJaMH,
“To BO3HHKAIOT yKa3aTeJiy, CJIeYIOlIHe 32 KaX/AbM HerepMHHasoM. Ec-
JIH HeTepMHHaJ 3aMellaeTcs TepMHHaJoM, TO YKasaTelH HCYe3alorT.
Ecnu 3a HerepMuHaiiom A crepylor ykaszareau fy, f2, ..., fn # [y coxep-
XHUT MHJEKCHOe MpaBuio, Buaa A—>a, To MOXHO y6path fi, 3ameHnB 4
Ha a M HanuCaB BCJIEM 3a KaXKJHM HETepMHHAJOM H @ CNHCOK yKasa-
rened fo, f3, ..., fa. '

®opmanbHo nyets G = (N, T, F, P, S) — uHaexcHas rpaMMaTHKa.
OnpenenuM oTHolleHHe =) Ha crpoukax u3 (NF*UT)* crenylomnm
06pasom.

1. Ecnn aABB — cTpouka, Takas, 4T0 @ ¥ P NpHHALIERKAT

(NF*yT)*, AN, 6 F* u
. A—> X Xogby oo Xpb EP,
rae Xi&NUT u ¢;=F* nas Bcex i, To Mbl MOXeM HanHcathb

«A68 ?) o X1 Xe92 - o XpPmB

3nech @i =A , econ Xy=T, u @i = 90, ecan X;=N.

2. Ecrm aA®B —crpoyka, Takas, yto @ M [ [OpHHamIekar
(NF*UT)* AN, feF, 6F*, a A—-X1X2...Xm ABaseTCH HHACKC-
HBIM MIPaBHJIOM U3 f, TO MBI MOXeM HalHcaThb
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aAfOp ’—G"> 0 X1§1 X502 -+ o Xn®mb,
roe @i = A*,eec.rm Xi<T, u @i = 6, ecan Xiel(f.
[Tycts =)ectb pediieKCHBHOE, TPaH3UTHBHOE 3aMbiKaHHE ?)-
G

SI3blK, nopoxAaeMbiii rpaMMaTnkoi G, oGosnauaercs L(G) u ectb

*
{ylysTu S =)}
[Mpumep. Myers G = ({S, T, 4, B, C}, {a, b, ¢}, {f, g}, P, S), rae P co-

CTONUT K3 MIpaBHJI
, S—Tq, T—Tf, T - ABC;
f= {A—»dA, B—»bB, C—)CC];
g={A—>a, B>b, C—c.

Hmeem L(G) = {anbnc"|n=>=1}. [Ipumenss nepsoe npasuiao u3 P
OIlMH pas, 3aTeM BTOpoe MpaBWiIO 1 — | pas W, VakKOHell, TpeTbe NMpaBH-
JIO OZLMH pas, HaXoLuM

S=VTg=)Tfg=)... =NTfrlg =) Afr—1gBfr—1gCfr—\q.
'0> 79=>Tfa=> =) [*=lq =) A*=qBf qCf—'q
3arteM, HCNIOIB3YS YKa3aTeJH, NoayyaeM
n=1g —\ n—2=‘:”= n—1 g =) qn,
Afr-lq 0>aAf 7= —~>a""'Aq a>“

Ananorusyto

* *

Bfn=lg =)b* u Cfn-lq E—-)c".

G

Taxkum o6pasom, %
S =)anb"c,
G

Teopema (18). Jlo6oy MHIAEKCHBI A3k L nmopoxnpaercs HHIexc-
Hoi rpaMmatukoi G = (N, T, F, P, S), o6nanawooueii caefyloumnMu
CBOHCTBaMH:

1. Unnexcusie npasuna u3 F umeior sug A—-B, rne A u B npunan-
aexar N n B£S.

2. Ecmn A5=S, 10 A— A ne npuHaniexur P.

3. INpaBuna us P (oryimynsle or S— A, ecsu Takoe npaBuJo conxep-
xurca B P) umetor sugx A—BC, A—>Bf nan A—a n1ns A, B, CEN,
[|EeF, assT.

Teopema (19). Ecam L — nHAexkCHbIA $I3bIK, TO L — KOHTEKCTHBI
A3BIK.

2.5. TpaHcthopmMalHOHHbIE TPAMMATHKH

Ho cux mop paccMaTpHBAa/HCh PA3/IHUHbIE KJAacCH M MOAKAACCHL
nopoxaaioumux rpaMmmaruk. Ho kak GBI0 yKaszaHo paHee, KpoMe HHX B
MaTeMaTHYeCKOl JIMHIBUCTHKE BHIIEJSIOTCS pacnosHalouiue u npeo6pa-
3ylollMe TPAMMaTHKH. DTH FPaMMaTHKH MeHee M3ydyeHH, YeM MOpPOXK-
Jalolne, ¥ NpaBuwia UX HEJOCTATOYHO (POPMaIH30BaHEL
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Ouesnano, mobasg MOpoxAalollasg rpaMMaTHKa CONEPXKHT TOJIbKO
npaBHJa o6pa3oBaHHs I3HIKOBLIX BbIpaXKeHHH.

OznHaxko B JIOTHKe pacCMaTpHBaeTCs elle W APYroi BHA mpaBHJI —
npaBuna npeo6pa3oBaHHs, KOTOpble ONPEeNeJAOT COOTHOIIEHH MEeXIy
NnpaBWIbHBEIMM (PpasaMu (MO CYLIECTBY 3TO CMHICJIOBBIE OTHOLUEHHS).
Tak, B anemeHTapHOll aJjre6pe — 3TO NMpPaBHJIO TOXKAECTBEHHBLIX Mpeob-
pasoBaHuii, B ajnreGpe JIOTHKH — IpaBHJIO BBIBOJA, NIO3BOJISIONINE U3 O-
HHX HCTHHHBIX BBIpaXKEHH{i MOJYYHTb Jpyrue HCTHHHble BHIpa’KeHHS.
BBenenie mpasus npeo6pa3oBaHHs BCerga o3Hayaer mepexol kK Goaee
BbICOKOMY ypPOBHIO pacCMOTPeHHs fi3blKa, a HUMEHHO — K CeMaHTHYecKo-
MY YpOBHIO.

CoBeplieHHO OYEBHIHO, YTO MpaBusia npeo6GpasoBaHus Heo6XOXH-
Mbl U NpHU ONHCAHHUH €CTeCTBEHHBIX sI3bIKOB. BuiajseHne fi3bikom obsiza-
TeJbHO NpelarnosaraerT yMeHHe He TOJbKO MOCTPOHTH NpaBu/bHylo dpa-
3y, HO ¥ IlepedTH OT OAHOH (pa3nl X INPYruM, JHOGO MOJHOCTBIO CHHO-
HHUMHYHBIM e, THGO OT/IHYAIOLIMMCH OT Hee MO CMBICJHY Ha ompejeseH-
HYI0 «BeJHYMHY». OTH BO3MOXHOCTH, KOTOphle 00SI3aTesbHO AOJKHBI
YYHTHIBATbCS B ONMCAHHMHM AI3BIKA, He MOTYT OBITh H3JIOXKEHEl B TEpMH-
Hax rpaMMaTHK, H I03TOMY BCTaeT BONpoc O pa3paboTke popmanbHO-
ro annapara 115 NpaBHJ NpeoGpa3oBaHHs NPUMEHHUTENLHO K eCTeCTBeH-
HBIM SI3BIKaM. .

CoorsercrBylomas 3afada GuJia BnepBble 4eTKO CHOpMYJHpOBaHa
B paborax H. Xomckoro. BriaBunyrasg um koHuenuusi GbICTPo mpuos-
pesia WHPOKYIO NONYJSAPHOCTh NOX Ha3BaHUeM <«TpaHcthopManHOHHAS
rpaMMarTHkas.

B ofmeM cnyyae nmpaBusa rpaMMaTHKH BCerga MOryT GHITb CBe-
JeHbl.K BHAY

(Pi"'°’(Pn—)"l” - (13)
rne ¢i ..., Pn — 1o0ble CHHTAKCHUECKHe 3JeMeHTH HMJH CTPYKTYPpbI
NpOH3BOJILHOIO BHJAA. A CHMBOJI —> O3HayaerT, 4To €CJIH @i, ..., Pn Obi-

Ji1 NIOpOXJeHbl B Mpolecce BbIBOAA, TO Ha ONpeJesIeHHOM Iliare MoXeT
OLITH MOPOXKAEHO .

IMpaBuia rpaMMaTHK HeNOCPeACTBEHHO COCTABJSIOLIHX IMpeACTas-
JISIIOT COGOM CrennanbHylo pasHoBugHocTh npaBun (13), a umenHo cay-
4ai, korxa # = | u KaxJas U3 KOMINOHEHT @ H P ABJAIOTCA MPOCTO IIe-
MOYKOjl TEPMHMHAJILHBIX M HeTepMHHAJ/bHBIX cHMBojaoB. Kpome Toro,
npasuna HC-rpaMMaTHKH JOJMKHB HMETb BUI

A—o;
A > ooy,

IMopoxaaioune rpaMMaTHKH, YaCTHBIM CJ1y4aeM KOTOPBIX IBJSIIOTCH
HC-rpammMatnky, o6aasalor HekoropbiMu Heloctatkamu. K unciy ra-
KHX HEOCTaTKOB OTHOCATCS Ciledyloltne:

1. HC-rpammaruka, xak u Ji06as nopoxjaioulas rpaMMarnka, co-
JEPKHT TOJbKO NpaBusia 06pa3oBaHHs A3BIKOBbIX BbIpaxKeHHi U He Co-
Jep:KHT NpaBus npeoGpa3oBaHusi, KOTOPHE 3a1alOT ONpelie/eHHble Co-
OTHOILIEHHS MeXJy NpaBHUIbHBIMH ¢pa3zamu (oGpa3oBaHHe H3 yTBepIH-
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TEJbHOro NpPEeNJIOKEHHS, BONMPOCHTENbHOTO MM OTPHIATENBHOTO, HJH
W3 AaKTUBHOH KOHCTPYKUMH, aCCUBHOM).

2. HC-rpamMarTuka CTPOMT MpeNJIOKEHHS C TOYHO OMpeleseHHbIM
nmopsaxKoM CJoB, B cHHTakchueckol cTpykrype, omnpeaeasemoin HC-
rpaMMaTHKaMH, He pacCyJieHeHhl JBa COBEpLIEHHO Pa3JHuHBX IO CBOeH
NpPHpONEe, XOTA H CBSA3aHHBIX MeXJy cofoli OTHOUIEHHSI: CHHTAKCHUECKoe
noJuHHeHHe U JINHefiHoe B3aHMOPaCHoJIOKeHHe.

ITopoxslaeMoMy npeAJoKEeHHIO COMOCTABJASETCS CHHTaKCHYeCKas
CTPyKTypa B PopMe ynopsioueHHOro fepesa, T. e. JepeBa, rje MeXny
y3JaMH, KpOMe OTHOLIEHHS MOAYHHEHHs, 3alaBaeMOro CaMHM JiepeBoM,
HMeeTCs erle H OTHOLIEHHe JIMHEHHOro Hopaxka (mpaBee — jeBee).

Takum o6pa3zom, MOpOKAAIOUHE TPAaMMATHKH MMEIOT JeJIO0 TOJIBKO
C CHHTAKCHCOM f3blKa, T. e. ¢ 3aKOHaMH MOCTPOEHUS MPABHJILHBIX CJIO-
BoOpM ¥ TpeAsoXeHH i,

OnHako y f3bIKa eCTb M JAPYrof, He MeHEe BaXKHbIH aclexkT — ce-
MaHThka. J/ig onucaHMs CeMaHTHKM HeoGXONHMO BBECTH B PacCMOT-
peHHe MpABHJO MEpexofa OT ONHHUX BHIPAaXKeHHH s3blKa K HEKOTOPHIM
OPYrUM BHpPaXKeHHsIM, HeCyWHM Ty Ke HHpOpMauHuIO, T. €. NpaBHia
npeo6pa3oBaHHsa S3LIKOBbIX BbipaXK€HHil — MpaBHJa TpaMMaTHYECKON
TpaHchopManum.

F'pammaruka, ucnonbsyowas npaeBuila TpaHchOpMalUUH SA3BIKOBHIX
BbIpayKeHHH, Ha3bIBaeTCH TPAHCHOPMAYUOHHOL U TIpeJCTaBasgeT COGOH
KJlacC rpaMMaTHK npeo6pa3oBaHus.

PaccMorpum Kiacc rpaMMarHK, COCTOSIUMX M3 IBYX KOMIOHEHT:

1. U3 HC-komnoueHuTH, npexacrasasioweii co6oit HC-rpammaruky c
npaBHJaMu BHJa (pA1p—><pm¢, rae A —exMHHYHBIA CHMBOJA, o — He-
nycrag lenouka;

2. U3 T — xOoMNOHeHTHI, MpeACTaBNAEHHOK NpaBUJIaMH BHAA ¢y, e
On—>P, TAE N> 1, @1, @2, ..., Pn, P NPEACTABJAAIOT COGOH He IeNOYKH
CHMBOJIOB, a CTPYKTYpHEle AepeBbsi — C-Mapkephl LleNoyekK.

Takne rpamMmaTHku _Gyllem HasplBaThb TPaHCHOPMAUHOHHLIMH HJIH
T-rpammartukamH.

MuoxecTBo npaBus TpaHCHOpMAUUOHHOA paMMaTHKH YROBJETBO-
pser caenyiouum ycaosusiM. Ilpexne Bcero umeercsa rpammarnka HC,
nopoxpuamuiass KoHeyHoe 4HCI0 C-TepMHHAJbHEIX lEMOyeK, C KaxkIoi
H3 KOTOPbIX Mbl MOXeM acCCOLMHPOBaTh pa3meueHHoe aepeBo, C-map-
Kep, npeJcTaBJsiollee ee CTPYKTYpY cocTaBisiolux. 3ateM MH 106aB-
JfieM K rpaMMaTHKe MHOXeCTBO OllepauHii, Ha3bBaeMbIX rpaMMaTHye-
CKHMH TpaHCopMauyMsMH, KaXaass H3 KOTOPHX orobpaxkaer Habop n
C-mapxepoB (n=1) B HoBHI1 C-Mapxkep.

Cpenn tpancdopMaumii pasianyalor o6s3aresbHble, KOTOphE J0JK-
Hbl MPAMEHSATHCS K JIIOGOMY BHIBOAY, H cpaxynmamsnue, NpHuMeHseMble
B COOTBETCTBHH C KOHKPETHBIMH YCJIOBHSIMH.

Llenouka, nosyyeHHas B pe3yJjbTaTe NpPHMeHeHHsl BCeX 06si3aTenb-
HBIX M B CJydYae HeoGXOAMMOCTH HEKOTOpBIX (aKyJIbTaTHBHBIX TpaHc-
¢opmanuii, HasniBaeTcs T-TepMHHAJIbLHOMN 1€MOYKOH.

T-repmuHanbHas Uenmouka, MOJyYeHHass B pe3y/bTaTe NpHMEHEeHHs
TOJbKO O0Osi3aTesbHBIX TpaHchopmaluui, HasplBaeTcs sAepHOH lenoy-
Kofi. Eciin S13bIK CONEPKHT TOJIBKO fiflepHble LEMOYKH, TO STH LeNouYKh
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6yAyT COOTBETCTBOBaTb TOJbKO HauGosee MpPOCTHIM MNpeajosKeHHsIM
fI3blKa.

Tpancdopmaunn, npumMennmMele Kk onHoMy C-mapkepy, 6yaem Hasbl-
BaTh cuHzyraproimu Tparcpopmayuamu. TpaHchopmauun, npuMeHUMbIE
K nape (unu Gonee) C-mMapkepoB, GyneM Ha3blBaTb 0606ueHHbLMU TPAH-
copmayuamu.

CunryasipHnle TpancopManup 4acTo CBOIATCA K MPOCTHM Hepe-
CTaHOBKaM 3JeMeHTOB HcxonHoi uenoyuk (C-mapkepa), k no6aBieHUIO
KOHCTAHTHBIX LEMNOYeK B 3aJaHHOE MEeCTO WJH K YCTPAHEHHIO HEKOTO-
pBIX 3/1€eMeHTOB HCXoJaHOMH uenoukH. CHHryasipHble TpaHchopMauHun sB-
JA9I0TCS 3JIeMEHTAPHBIMH TPaHCpopMaLUSIMH.

OGoGuwenHble TpaHCHOPMALHK OCHOBLIBAIOTCH Ha 3JeMeHTapHbIX
TpaHchoOpMaNHUAX, KOTOPble MOACTABAAIOT TPaHCHOPMHPOBaHHbI BapH-
aHT BrOpoll (N-i) KOMIOHEHTHI Maphl HCXOJAHBIX TEePMHHAJNbBHBIX Leno-
YeK BMECTO HEKOTOpOro sJjeMeHTa NepBoll (7 —f) KOMIOHEHTH Napbl.

Tak, uanpumep, ecnn TpaHchopmauuss 3aMeHsieT CHMBOJ @ HeKo-
TOPOro CTPYKTYPHOro HepeBa g; Ha CTPYKTYpHOe nepeBo Oz, To C-map-
Kep pesysnbrHpylowei uenouxku ectb C-Mapkep 0;, Ille a 3aMeHeH
C-Mapkepom 0.

Hpyrum Bupom o6o6uieHHON TpaHC¢OpManuH MOXKET GHITb TpPaHC-
dopmanus npucoenutenns k ogHomy Cy-mapkepy apyroro Cp-mapkepa.

Takum ob6pasom, T-rpammarnka ocHoBaHa Ha mpasuiax HC-rpam-
MaTHKH, K KOTOPbIM J06aBjieHbl KOHeYHoe YHCJIo TpaHcopmalui om-
pellesIeHHOro THIA, a TaKXe OrPAaHHYEHHUH OTHOCHTEJILHO NOpsAKa NMpH-
MeHeHus1 TpaHchopmaunii. CTpyKTypa, llojlyueHHast B pe3yJjbTaTe MpH-
MeHeHHs HekoTopoil TpaHcopmauHuu, B oblieM Cilyyae MOXeT GOHTb
noxBepriyra HoBbIM TpaHchopMauusaM, Tak YTo HyTeM NOBTOPHOro NpH-
MeHeHHst TpaHCHOpMaUHH MOMKHO MOJyYuTh GEeCKOoHeuHOoe MHOXeCTBO
C-MapkepoB CaMBIX pa3/IHYHBIX THIOB.

CrpykrypHOe omucaHye J1060oii T-TepMUHANbHOM LENOYKH AOJKHO
COCTOSITb He TO/ibKO H3 coOcTBeHHoro C-MapKepa, acCOUHHPOBaHHOrO
¢ Heft, Ho u u3 C-MapkepoB, JiexKallux B OCHOBE Tpchcpopmaunouﬂou
HCTOPHHM JLaHHOW IEHOYKH.

T-rpammarnka — sto ynopﬂnoqennaﬂ ceMepka:

= (VTVICTSTPTx),
rune VT — MHOXecTBO Bcex CHHTAKCHYECKHX H TE€PpMHHAJIbHbBIX CHMBO-

JIOB, K KOTOPHIM BO3MOXHO NPHMEHATb TpaHCHOPMAIHKIO,;
VT— MHOXEeCTBO CHMBOJIOB, o6pasylomiux T-TepMHHajlbHblEe le-

MOYKH;

CT — muo)ecTBo C- MapKepoB, MPeACTABJIEHHLX B COOTBeTCTBHE
BceM T-repMuHaNbHEIM LenoukaM n3 VI,

ST — HerepMHHA/bHEI CHMBOJ, moguuHsalowui obwuit C-mapkep
BbiBOia T-rpammaruky;

P — coBokynuocts npasu oiBofta wan HC-komnonenra T-rpam-
MaTHKH, nmopoxjaawomas T-TepPMHHAJIbHYIO LEMOYKY, K KOTO-
poi npuMeHNMa rpaMMaTHyeckas TpaHchopMmalus;

T — coBOKynHOCTb NpaBus TIpaMMarhyeckolt TpaHcpopmaunu,
npuMeHuMas x siemenram u3 CT MHoXecTBa;
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T — COBOKYNHOCTb  3aJlaHHBIX COOTHOWIEHMA Ha MHOXecTBe
VT U CT, onpenensiiomas CBsi3b MeXJY CTPYKTYPHHM OIH-
cainem (C-mapkepom) n T-repMHuHa/NbHON Uenmoukodl u3 VI.

Tenepr MoxHO onpenenauts mMoHATHe rpaMMaTHyeckol Tpauchopma-
1IHH CJeNyIOIHM 06pa3oM.

IMycts C: ectv C-mapkep Hekoropoii T-TepMHHanbHOM UENOUYKH f,
Tie VT, C,=CT. U nycrs ¢ uMeeT CBOMMH HEMOCpPeJCTBEHHLIMH CO-
CTaBJAIUMHE TEpMHHAJN fy, ..., In, KaXAbIA U3 KOTOPHIX CBSI3aH
¢ HeKoTOpeIM y3J0M C-mapxepa C; moMeueHHHM CHMBOJIOM @;. B TakoM
<cllyqae rOBOPSIT, YTO lenoyka f MoXeT GbITb MPOAaHAJH3UpOBaHA OTHO-
cutesbHO Ce¢ Kak (£, ..., tn, @1y . .vy @n).

Llenouka ¢ ¢ C-mapkepom C: BXofuT B 06/1aCTb PUMEHEHHsT TPaHC-
«popmanun T, ecan { MoxKeT GbiTh MPOaHAJH3HPOBaHA OTHOCHTENBHO C;
Kak (tj, ceey fn, Pty e0ey Pn).

B srom cayuae (£, ..., fn) ecTb COGCTBEHHbBIN aHaJH3 OTHOCHTEJb-
Ho <CiT>, a (@4, ..., Pn) — CTPYKTYpHOL UHOEKC.

Orciona T-tpaHchopMauusi IpEMEHHMa K 3JeMeHTaM COGCTBEHHOrO
aHanusa. llefictBue TpaHchopmanuu mpH STOM 3aKJIIOYaercs B Iepe-
CTaHOBKe WJIM BHIOpAcCHIBAHHHM HEKOTOPHIX 3JIEMEHTOB COGCTBEHHOro
-aHaNu3a f, B 3aMeHe WX Ha HEeKOTOpble Jpyrue, B MOCTAHOBKE Ha 3aJlaH-
HOe MeCTO HEKOTOpPHIX NMOCTOSHIBIX LeNOoYex.

CTpyKTypHBIN HHIEKC (@1, ..., @n) ONpENeNseT BO3MOMXHOCTL [ —
‘WEMOYKH, T. e. Pa3/ioxeHus T-TepMHHAJIBHHIX LleNOYeK Ha JeMeHTHl co6-
CTBEHHOT0 aHa/u3a, KOTopble KOHKPeTHO 3a1aloT 06J1aCTb MpHMEHeHHs
TpaHcpopmann.

3Hauenne T-rpaMMarukn COCTOMT B TOM, 4YTO OHa MO3BOJSET pe-
‘WHTb Npo6JieMy aHaJM3a CTPYKTYP Pa3IHYHOH CHOXKHOCTH M BBICTyNaeT
KaK OOBbsICHHTE/IbHAsI TEOPHS TPaMMaTHK BooGlle.

Kak MBI yxe 3HaeM, NOpoXAaiolile TpaMMaTHKH PacCMaTpHBAIOT-
€ B paMKax crporo ¢opmann3oBaHHoi Tedpun. Uro Xe Kacaercs
T-rpammarnk, To 31ech MoAOGHBIA YpOBeHb (opMasin3aluu NOKa He
Znocruriyr. Ilpeanarabuinecs 1o cux nop TpaHchopmauHOHHBE MpaBH-
Jia He ¢OpPMYJIMPOBaHEl B TEDMHUHAX OLHOI NMPOCTOH ONMepauyy Kak npa-
BHJla MOPOXKIAIMWKX IPAMMATHK C MX omepauueli NOACTaHOBKH. 3aja-
4a dpopmannsaunuyu TpaHchopMauHni ABIAETCH BeCbMa aKTyaJbHOH.

2.6. KareropuanbHas rpaMmmaTuka

PaccMoTpuM oaMH M3 KJIACCOB, pacCrno3HaIOIHX IpaMMaTHK-KaTero-
puasbHble rpaMmatiky (K-rpammarukn).

IMouarne K-rpammaruxn Guino BBefieno DBap-Xunnenom B 1960 r.
€ LeNbI0 NOCTPOEHHI MeXaHWYECKORA Mpouedyps CHHTAKCHYEeCKOro aHa-
Jin3a npensioxennd, s storo B rpaMMaTHkax JAo/KHa OHTh paspa-
f0TaHa Takasi CHCTeMa KOJHPOBaHHsl CHHTAKCHUECKHX KJIaccoB (CJIOBO-
¢opM u cioBocoyeTaHHH), YTOGH KOMOGHHHMpOBaHHe OBYX KJacCoOB, a
TaK¥Xe BbiJe/IeHHe KJacca pe3yJbTHDPYIOUEro COyeTaHHst MOXKHO OblIO
ONpeJIeNINTh HellOCPeACTBEHHO H3 HCXOAHBIX KacCOB.

CymHocrp K-rpaMmaTtik COCTOMT B TOM, YTO AJIfl peasH3allyi CHH-
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TAKCHYECKOro KOJa BCe CHHTAKCHYECKMe KJIacChl NeJsITCSl Ha JBa THMa:
3JleMeHTapHble CHHTaKCHYeCKHe KJ1acChl ¥ ONepaTopsl.

Hanpumep, uMeloTcsi 37eMeHTapHble CHHTAKCHYECKHE KJIACChl Sam
(cymecrBurenpHoe B MMeHHT. nagesxke) u [TPEIIJI — (npensoxeHue).
Torna CMHTaKCHYeCKHH KJacc, MPHCOeNHSeMbll K Sgm ClipaBa M 1alo-
K} NpelsokKeHue, eCTb ONepaTop, AeiCTBYIOUM Ha Suym CIpaBa M me-
pesoasiuit Syx 8 [IPEIJI. Takoi onepatop o6o3Hauaercs
[Sam \[TPENJI, nan {Saw \ TTPEIJI}.

Teneps nepeitniem k onpenenexuio K-rpammaruku.

K-epammarukod HasbiBaeTcs ynopsjpoyeHHasi yeTBepka

K=<T’ H’ 1’ R>’

rie T — xoHeuHOe MHOXECTBO CHMBOJIOB, Ha3blBaeMOE TepMHHAJLHBIM
W/I¥ OCHOBHBIM CJI0BapeM (CJ0Bapb cJ0BOGOpM);
H — xoHeuHbli1 HaGop s/emeHTapHblx Kateropuit (9K), u3 xoro-
pHIX CTposiTCs1 KaTteropun B f cienyromuM o6pasom:
1) Bcakas K ecrb kareropus B f1;
2) ecin @ u P — Kateropun B H, 10 caoBa {o \ ¢} u
{9/} — kateropuu B H.
3anucp {¢ \ P} untaercs Kax «@ nox P», a 3anucy {@/ P} —
KakK «@ Hal P», .
I — «oTMeueHHasl», WM «IJIaBHAsA», KaTeropus. ITO KOHEUHBIX
cuMBosl &H, posib KOTOPOro B HEKOTOPOM CMbIC/Ie IIPOTHBOIO-
JIOXKHA pOJIM HayaJbHOro CHMBOJA S B MopoXjaloledl rpam-
matuke. M3 S pasBepTeiBaeTcsi NOpoXKAAOUIAsg [eNOYKa, a
K [ cBepTHIBaeTCs pacrno3HaBaeMast UenoyYKa;
R — KOHeuHoe MHOXKECTBO CHHTAKCHYECKHX MPABUJI rpaMMaTHKH.
Kaxnomy ocHoBHOMYy cumBoany u3 T MHOXKeCTBO R CTaBuT
B COOTBETCTBHE KOHeuHoe uyHcs10 Kareropuit. ColepiKaTesbHO
3TH NpaBWIa MOXHO NPeACTaBJIATh cefe Kak 3aJaHue B CJIO-
Bape MPH CJOBAX MX CHHTAKCHUECKMX KJacCOB (HECKOJbKHX
B CJIyuae OMOHHUMMH: T€Ub — CYLIECTBUTEbHOE HJIM IJ1arod).
Taxum o6pasowm, snemeHTsl cioBapeir T, H, I npeacraBJsioT COOT-
BeTCTBEHHO C10BOGOPMEI, 3/IeMEHTapHEle KATeropud, OTMeueHHble Ka-
TEropuy, a Uenoyku R — CHHTAKCHYeCKHe MpaBuia rpaMmaTuki K.
YkaxeM, kak paboTaer Takas TrpaMMarTHKa, BBels elle OXHO MOo-
HSATHe: COKpallleHYe leNoYex KaTreropuu.
ITon HemocpencTBEHHBIM COKpalleHHeM NOHMMaeTCsi OJHa M3 JBYX
onepauuii:
Ju60 HEKOTOpOe BXOXKJeHHe lenoukn {@/¢}P 3aMeHsieTcs Ha ¢
(nmpaBoe cokpaueHue),
Jau60 HEKOTOpOe BXOXKIeHHe uenoukd @{g \ P} 3ameHsiercs Ha Y
(n1eBoe coxpamenue). ,
Kareropus {¢/¢} npunucsiBaercs Takoil uenouxke, Koropas, Ha-
XOIAICH CJIeBA OT LEMOYKH C KaTeropueil 1P, oGpasyer ¢ Hel0 LEMOYKY,
MMEIOLILYIO B 11eJIOM KaTeropHio ¢: :

P SEE.
{@/9} §.
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Wnaye rosops, {p/y} ectb omeparop, KOTOpbIH, HeHCTBYH Ha
cJeBa, npeBpallaer ero B Q. :

CoBepllleHHO aHaJOTHYHO MHTEpIpeTupyercs Kateropus {9\ ¥}, HO
TOJILKO Peup HAEeT 371eCh 0 MPHCOeHHEHHH He K V), a K @, H He CJIeBa, a
cnpasa.

Ilenouka Kateropuii a COKpamaercs A0 LeNOYKH KaTeropuit P, ecau
$ noayyaercs H3 a NOC/EN0BATENLHOCTBIO HENOCPECTBEHHbIX COKpallle-
Hui. Takoi npouecc Ha3bIBaeTC COKpALjeHUeM.

Hanpuwmep, nenoyka

a={{{xN\y)/x}/z}z {yly} {{yly}\x} {2/x} x
COKpaulaercs so uenouxu P = {x \ y}z nyreMm ueThipex HeMOCPeLCT-
BeHHHX COKpalleHHH:

a=({(x\)/x)/2} z (9l9) {[glg)\*) (2]x) x.
!

L (y/z)z—>1;
{EN\glix) (gly) {{glyh\x) f2]x) x.
1 ) &

2. 3{N\ x} = x;
{{x\y)/ x}) x {2/x} x.
E

3. {Elx}x—>E [x“}_g} {2]x}) x.
E

4, (z|x)x—>2 B={x\y)z.

OnHy ¥ Ty XKe LleNOUKy KaTeropHit MoxHO, BoobIie roBops, COKpa-
UlaTh pasHbBIMM CIOCOGAaMH, NpPHMeHss HeNoCpeACTBEHHHE CoKpalle-
HUS B pa3HOM NOpSAAKeE.

Paccmorprum npunuun pa6ornt K-rpammaruk. Ilycrte mmeercs ue-
flOYKa X = @4Q2d3 . ..dr U3 CHUMBOJOB OCHOBHOT'O cJloBapsi I HeKOTOpoi
K-rpammatuku G;. CucreMa npaBua R 3Toif rpaMMaTHKH [O3BOJsET
CONMOCTABHTh lleNOyKe x 1enoyky Kareropuit &= R(a;)R(az)R(as) ...
R(ar). Ecnu 3ta UenoykKa COKpamaercss O ONHON KaTErOPHH (¢, TO MBI
6yneM rosOpHTb, YyTO rpaMMarika G; NpHIHCHIBAaeT leloYKe X KaTero-
pHio .

Jns npousBosbHON HeNmouku (13 cuMBOMOB cy1oBaps T) K-rpamma-
THKa NO3BOJsieT y3HaTb, KaKMMHM KaTerOpUSMH XapaKTepH3yeTcs 3Ta
1lelIOYKa KU XapaKTepH3yeTcs JH OHa BooOlie KakMMH Obl TO HH OblIO
KarteropusamMu. B uacTHOCTH, Ias KaxAoh Uenoukun K-rpammatuka mo-
3BOJISeT y3HATb, ABJAETCA JH 3Ta LENOouYka NPaBHAbHBLIM IpeJIoxKe-
HHeM, ¥ YCTaHOBHTb I'paMMaTHYecKylo npasuJbHOCTb. Bosee Toro, ecau
11enoYKa OKa3biBaeTCsi I'paMMaTHYeCKH NPAaBUILHHM MpeIOXKeHHeM, TO
K-rpammaruka Bbliesisier B HeM CJIOBOCOUETAHHS, T. €. COCTABJsIOILHE,

B cayyae cHHTaKCHYeCKH HeOAHO3HAyHOro npeatoxedus K-rpam-
MaTHKa MOXeT CONOCTAaBHUTb eMy pa3Hble CHCTeMbI COCTABJIAIOMWHX, T. €.
JlaBaTb pasHble aHaJIH3HI.
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C xaxzaoi K-rpaMMaTHKOM eCTECTBEHHO CBSI3bIBAeTCsi MHOMXECTBO
Tex LENOYeK, KOTOpble 3Ta IPaMMarTHKa MpH3HAeT MpPeAJOXEeHHIMH,
T. e. npunucuiBaer um kKareropuio [TIPENJI. 310 mroxecreo nasvieaer-
cs a3vikom, onpedeasiemoim K-epammaruxod, usu K-sa3vixom.

Bosunkaer Bonpoc: KkakoBo COOTHOLIEHHE MeXAYy si3bIKaMH, ornpe-
aenseMbiMu K-rpaMMartukami, u f3bIKaMH, NOPOXK/JaeMBIMH NMOPO:KAA-
IOIUUMH TpaMMaTHKaMHu? Jlerko BHIeTb, uTO BesikHil K-f13bIK ecTh
KC-a3eik. Bosee Toro, s Bcskoit K-rpaMMaTHKH MOXKHO MOCTPOUTH
3KBHBaNeHTHYIO eii KC-rpammaTuky (T. €. MOpPOXAAIOUYI0O B TOYHOCTH
TOT Keé f3bIK, KOTOpbIii onpeaensercs ucxoaHoi K-rpammarukoit).

Npes nmoxasartesbcTBa 3TOro akra COCTOHT B CJAEAYIOLIEM: €CJIH
G = <T, H, TIPENJI, R> ecrb K-rpammaThKa, TO COOTBETCTBYIOLLAS
KC-rpammaruka I' ctpontes rak:

1. OcHoBHbiM cioBapem B I 6yner T.

2. BernomorarenbHbim cioBapeM B ' Gyner MHOXeCTBO BCeX KaTte-
TOpHil, ABJAAIOIIUXCS 3HaueHHeM R.

3. HayanbHbim cumBosiom cayxut I[IPEIJI.

4. IlpaBuna rpaMmmatuxku I 6ynyT ABYX THIOB:

a) npasuno suna Y—>{@\V} n o— {p/P}}, rae {p\ ¥}
1 {@/y} — nponsBosbHble COCTaBHLle KATETOPHHM H3 BCIOMOTraTeJbHOTO
cl0Baps rpaMMaTHky [

6) npasuno BHAa R(a)—>a, roe a— TepPMHHAJbHBII CHMBOJ,
a R(a) — 3HaueHHe COOTBETCTBYIOLIEro NpaBUa.

OxasbiBaercs, yto BepHO 1 o6paTHoe: Besikoit KC-a3bik ectb K-A3HK,
npuyem s Besikoit KC-rpaMMaTHKH MOXHO NOCTPOUTb 3KBHBAJIEHTHYIO
eit K-rpammaruky.

N3 cxa3anHoro HemocpeIcTBEeHHO cjeayeT, uto KJaacc K-a3bikoB
B TOYHOCTH coBnanaer c¢ Kaaccom KC-aspkoB. K Tomy xe K-rpamma-
THKH HMeIOT TPH 6e3YCJOBHbBIX JOCTOUHCTBA:

1. K-rpammaTikn GakTHYeCKH He MMEIOT NPaBUJ (32 MCKIIOYEHUEM
oflKx nas BCex TPAMMATHK NpPaBW1 COKPAlEHHs, KOTOPbIX BCEro
ABa). Bce Heo6xonnMble CBEJEHHS O CHHTAKCHYeCKHX CBOHCTBAX CJIOB
HOMXHBl CONEPKATHCH B «CJOBAPHBIX CTATbSIX», T. €. MPUNMHUCHIBaTbCs R.

" 2. K-rpaMMaTtHKa npeanosnaraer BeCcbMa TOHKHil aHa/jH3 CHHTAKCH-
YeCKHX CBOMCTB OTHEJNbHHIX CJI0BOGOPM, T. €. N€TaJbHOE pa3NHyYeHHe
CHHTAKCHUYECKHX PYHKIHH.

3. K-rpamMmartuku nosBosfioT noayyarb ajs ¢ppasbl He TOAbKO CHC-
TeMy (/lepeBo) COCTaBJAIOWHX, HO M CHCTEMY (AepeBo) 3aBUCHMOCTEIl.
1o cBoiicTBo Acaacr K-rpaMMartHKH HMHTEPECHBIMH C TOYKH 3peHHst
aBTOMaTHYECKOro aHa/H3a M NepeBona TeKCTOB.

Yro ke Kacaercs npaxrHyecKoro ynoGCTBa, TO B ABYX OueHb Cy-
LeCTBEHHbIX OTHOWEHHAX K-rpaMMaTHKH siBHO HeyIOGHBI.

1. TIpumeHeHHe HX K eCTECTBEHHbIM f3bIKaM, B OCOGEHHOCTH K A3bi-
KaM ¢ pa3BuToit mopdonorueir (Hampumep, pycckomy), tpebyer Bse-
AeHHUs OTPOMHOTO KOJIMYeCTBA COCTABHLIX KaTErOPHA M NMPHUTOM OUYeHb
rpOMO3AKHX. :

2. B K-rpaMMaTHKax CHHTaKCHYeCKHe KaTerOpPHH CJIHIIKOM TeCHO
CBA3aHBl C MOPAAKOM CJOB: JieBOe H NpaBoe . MoIJexallee, JeBoe H
NpaBoe JONONHEHHE — COBEPLIEHHO Pa3/IMUHbIE KaTETOPHH.
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B 10 Xe Bpems, yuHTHBas yKa3aHHble HelocTaTKH, K-rpammatuku
B UHCTOM BHIe, NMO-BUAMMOMY, MaJjio NPHUroIHBI JJs NOAOOHBIX Npak-
“THYECKHX LeJel. .

Tenepb nepeBo obuiefi K1acCHUKALUMK TPaMMaTHK HMeeT BH, Npes-
CTaBJIeHHBIil Ha pHC, 14.

3axkaHunBasi pa36op OCHOBHLIX THIIOB FPaMMaTHK, MOMHO BBICKa-
3aTb cjaenymoumee CcoobpaxeHHe OTHOCHTENbHO HX KJaCCHPUKALMH.
B suTeparype 1o mMatreMaTHyeckoil JMHIBUCTHKE TPaMMaTHKH BcCeraa
Nopa3feNOT Ha NOPOXKAALIKe U Paclno3HaBalolue. DTo¥ MPHHATON
KJNacCHOHUKaUNK NPUAEPKHUBAJIHCL H MBI, XOT OHa B 3HAUHTEJLHOM
Mepe yCJIOBHA.

K07820pUa MEHbIE 552’552”-

He HC

METONUHEUHSIC

NOHTEHCT -

- pacngbrawuve w0 c6azanneie Hue

OnEPAUUGHKbIE

HEYHOPaYLN
Ja%laue

npeduecrbud

obuue HEOTHIETOpaHHUE
HNOCC
nc
npeolipdyouue  Yropovuban- . OHHUE
. yue J P

TROHPOAPMBYUOHHYIE

e METORUHEHbE

Puc. 14

B camom Aese, Jlerko BHAETDb, 4TO MOPOXKAAIONIME TPAMMATHKH HaH-
60Jee BAXHOTO THMNA, a MMEHHO HeYKOpauHBalollHe (M, B YaCTHOCTH,
HC-rpammaruki), moryr ObiTb HCNOJb30BAHH TaKXe H JJIA pacno3Ha-
BaHHA, T. e. JJf OTJH4HUs TPAaMMATHYECKH NPAaBHJBbHHX (BbIBOLHMBIX)
npelJoXKeHH) OT HeNnpaBHJbHBIX (HeBHIBOAMMBIX). JI1S NPOM3BOJLHBIX
rPaMMaTHK TaKasl CHTyallMs He MMeeT MeCTa: CYIUeCTBYIOT rpaMma-
'THKM, IJI8 KOTOPbIX AJITOPHTM paclno3HaBaHHA BLIBOLHMOCTH lenovek
HEeBO3MOXeH.

OnHako cyTb sela B TOM, YTO NOPOXKIEHHIO eCTeCTBEHHO NPOTHBO-
NocraBjsieTcss He pacno3HaBaHHe, a, TaK CKa3aTb, <«IONyCKaHHe».
VIMeHHO ecTecTBEHHO FOBOPHTD, YTO HEKOTOpas rpamMmaruka G nonycka-
€1 a3bk L, ecaiu G Raer npouenypy, cnocoGHy ans mo6oit 1eNoYKH
x& L pano wiu mosaHo ycraHosuts 3to. Ecau ke x € L, To ot stoil

npoueaypsl HHuero He TpeGyeTcs, OT NMPOUENYpHl XKe paclno3HaBaHHs
TpebyeTcss GoJblue: oHa AOJKHa IaBaTh Pe3yJbTaT B JIOGOM ciyyae —

NOJIOKHTE/IbHBI, eClM X € L, u oTpHnaTenbHbil, ecan ¥ ¢ L.
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Ecan BMecTo pacrmo3HaBaHHs pacCMaTPHBATh <«JAONyCKaHHE», TO
TOTZIa BCe MOPOXKJaloliHe FPaMMAaTHKH MOTYT TPAKTOBaThCA M Kak IO-
nyckaiomue. [Ipu 3ToM pomyckaloowias mpouexypa COCTOHT B TOM, UTO
npaBWia rpaMMaTHKH NPUMEHSIOTCH K JaHHO¥ LeMoyke Hao6opoT —
clpaBa Ha/jeBO. B memoyke OTHICKMBaeTCsi BXOXKJAEHHe IIPaBOil 4YacTH
HEKOTOpOro NpaBH/ia M 3aMeHSeTCs JieBOi 4acTblo, H 3TOT Mpouecc
NPOAOMKAETCA, NOKa MOXKHo. JomyckaeMbIMH L enoYyKaMi GYAYT B TOY-
HOCTH Te, KOTOpble MOT'YT GHITh CBEpPHYTHl YKa3aHHBIM MpOLECCOM
K HayaJbHOMY CHMBOJY. DTO KaK pa3 Te caMble LE€NOYKH, KOTOPHIE NpPH
«OGBIYHOM» HMCNOJIb30BAHHH TpPaMMAaTHKH BBIBOASATCS K3 HAauaJbHOTO
CHMBOJIA.

Y106l ¢ NOMOIUBIO KAaTeropHaJbHbIX FPaMMAaTHK MOXHO GblJIO MO-
pOXIaTh LENOYKH, OCTAaTOYHO nepedopmynnpoBaTh MNpaBujia COKpa-
IleHHs KaK NpaBuJa pa3BepTHIBAHHS (T. e. pAKTHYECKH IPOYHTATb HX
Haobopor):

1. Beskylo karteropuio Y MOXHO pa3BepHyTb B @[\ V], rie ¢ —
NpPOH3BOJIbHAS KaTeropus (/eBoe pa3BepThiBaHHe).

2. Besikyio  KaTeropHio ¢ MOXHO pa3BepHyTb B [p/y]¢, rae P —
NPOH3BOJIbHAst KaTeropusi (nmpasoe passeprthiBanue). Torza Jerko coo6-
pasutb, Kak Oyner OCYLIECTBJSATbCS NPOLECC MOPOXKAEHHS.

Taxum o6pa3oM, popMaabHbIe TPAMMATHKH [0 CYIIECTBY HEMTpalb-
Hbl 10 OTHOLIGHHIO K IpoueccaM NopoxjaeHHs u aonyckasus. OGbiuHOe
NeJieHHe TpaMMaTHK Ha MOPOXKJAloWHKe U PACHO3HAIOUIHe HMeeT eCcTecT-
BeHHoe HCTOpHYecKoe oObsicHeHHe. Te rpaMMaTHKH, KOTOpble HAa3bIBAIOT
NOPOXKMAIOIHAMU (COOTBETCTBEHHO paclO3HAOIIKUMH), pa3pabaThBa-
JHCh C HEJbIO HCNOJb30BAHUSA MX KaK pa3 IAs OPOXJAEHUs (pacnosHa-
BaHHa). OMHAKO He3aBHCHMO OT LeJH CO3[aHHS F'PAMMATHKH, OHa MO-
2KeT HCNOJIb30BaThCA B «06e CTOPOHBI».

2.7. OcHOBHBIE CBOMCTBA SI3LIKOB
2.7.1. CoiicTBa f3bIKOB

IlpuBepeM psjx TeopeM, XapakTepH3yIOIUHX - OCHOBHHE CBOMACTBA
A3HIKOB, MIOPOXXAAa€MblIX YeTHIPbMS OCHOBHBIMH THIIAMH IPAaMMAaTHK.

Teopema 20 (fTocra). JIio6oil 536K THNA 0 ABAAETCH peKypPCHBHO-
nepeyncJeHHBIM (XOTH, BO3MOXKHO, H HepeKypCHBHbIM) MHOXECTBOM
uenoyek. JlioGoe peKypCHBHO-NEPEUHCIHMOE MHOMKEeCTBO Ienouek
ABJseTCA A3BIKOM THRA O.-

B cuny sToit TeopeMbl TeopHs A3bIKOB THNA U 0XBaTbiBaeTcs obuiei
TEOpHell PeKYpPCHBHbLIX QYHKUHH H NO3TOMY OGHIYHO B TEOPHH $3bIKOB.
A3blKK TUNA 0 He pacCMaTpPUBAIOTCA.

Teopema 21 (Xomckoeo). SI3biku THma 1, 2, 3 ABASIOTCH PeKypCHB-
HBIMH MHOXECTBAMH LENOYeK, T. e. IJI KaXKAOTo f3blKa 3 yKa3aHHBIX
THIIOB CyLIEeCTBYET AJTOPHTM, MO3BOJIAIOWIMYA MO 3aJlaHHON TpaMMaTHKe
3TOro f3blKa Pacno3HaBaThb NPHHAMJEKHOCTb JIOOOA LENMOYKH A3BIKY.
O6parHoe yTBepi/JeHHe HeBEPHO, T. e. CYLIECTBYIOT PeKypCHBHbIE MHO-
JKeCTBa, He fABJSIOLIMeCs A3BIKAMH. DTO AaJ0 OCHOBaHHWe 1 NpOBe-
IeHHs CNeuHANbHbIX HCCIEeIOBAHHUIl STHX A3bIKOB.
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Teopema 22 (Xomcxozo). S13biku THOA 3 SBASIOTCA pPeryJsApHBHIMH
MHOXecTBaMy nenoyek. [1oaToMy HX Ha3bIBAIOT MHOTZA aBTOMATHBIMH.

Taxkum o6pa3om, ecsu KjacC 3bKOB THma ( OKa3aJCsi CTOAb LiH-
POKHM, 4TO TEOpHS ero coBnaja ¢ o6LIeil TeopHell peKYPCHBHHX QYHK-
1ui (TeopHeil aIrOPHTMOB), TO KJacC 3BIKOB THNa 3 oKa3aJcs, Hao6o-
poOT, upe3aMepHO y3KHM, COBMAMAIOUINM C XOPOLIO H3YYeHHBLIM KJacCoM
pery/sipHbix MHOXeCTB (B TeOpHM KOHEYHHX aBTomMaroB). I[loatomy
oco6oe BHHMaHHe NpH MOCTPOEHHU TEOPHH SA3HIKOB YAEJNAJIOCH A3bIKAM
Tuna I u 2,

Teopema (23). CymecrByer a3blK THna 0, He SABJSIOWIHNCA A3BIKOM
THna I. Ota TeopeMa CJeAyeT U3 TEOPHH PEKYPCHBHHX (QYHKIHH.

Teopema (24). CymecTByer si3blK TUNa I, He SBAAIOIIUIACA A3BIKOM
THOa 2. '

[Ipumepom Takoro ssbika MoXKeT cayXutb a3uk L{anrbmanbmc3},

Teopema (25). CymwecTByer s3blK THNA 2, He SABJSIOMMUICH S3BIKOM
THna 3.

[TpuMepamu TakuX S3bIKOB SBASIOTCA A3BIKK

{ab"} u {xx7}.

[IpuBenennblit psan Teopem onpexenser CJeaylollee OTHOUIEHHe
‘MeXJly pa3JIMYHbBIMH THIIAMH SI3bIKOB:

(L tun 3} ={L tun 2} <= {L tun 1} < {L tan 0}.

S13biku THnos 0—3 o6pasyloT cHCTeMy, TpaMMaTHKH HX NpeicCTaB-
JIAIOT CHCTEMY NPAaBUA €IHHOTO THIA C NOCJeJOBaTeJbHO BO3pacTalo-
MMy orpannyeHHamu., OfHaKo OHM He MCUEpNBIBAIOT BO3MOXHOCTeH
NOCTPOeHHs rpaMMaTHK TAKOro XKe BHIa, HO C JPYTHMH OrpaHHYeHUAMH,
KOTOpble NMOPOXKAAIOT A3BIKH, OTVINYHBIE OT yXKe PacCMOTPEeHHbIX.

B Hekoropnix paborax BHIIENSIOTCS MOAKJIACCH $3LIKOB, JJIS KO-
‘TOPBIX MOryT ObITb YCTAHOBJIEHbl HHTepeCHble 3aKOHbI M CBOHCTBa, He
uMelHe MeCTa A/1g KJaacca B IEJIOM.

Tak, B rpaMMarukax THna / paccMaTpHBaercs s3blK, Ha3blBaeMbiil
‘a3bikom Ilapuka, rpaMMaTHKa KOTOpOil HMeeT NONOJHHTENbHBIE OrpaHH-
‘YeHHs: 3anpelueHH Npasuda Buia ¢A@,—> @By, T. e. mpaBuia,
BKJIOYaIOLIHe 3aMeHy OZHOTO HeTepMHHAJBHOTO CHMBOJA APYTHM. XoO-
T 3TOT A3bIK NpeACTaBJsfeT HHTEpPeC I/ MaTeMaTHYeCKOil JIMHIBHCTH-
KH, ON H3YyYeH HeJlOCTaTO4YHO.

M3 Bcex yeTbipex THNOB SI3HKOB HaHGoJiee HHTEPECHHIMH SBJSIOTCS
A3bIKH THNA 2 — OECKOHTEKCTHBIE,

Bo mMHOrom 3to onpesmensiercss BO3MOXHOCTBIO MX HCIO/Nb30BAHHSA
A/ HCC/elOBaHHsi A3BLIKOB mporpamMupoBaHus. Kak u3sectHo, mpo-
rpaMma QHGPOBOIl BBIYHCIUTENbHON MallHHBI MOXET pacCMaTpHUBATLCA
KaK LeNnoyka CHMBOJOB B Hekoropom andasure. Toraa HEKOTOPHI
I3BlK NPOrPaMMHpPOBAHHS NpeACTaB/jseT co00H OeCKOHeuHOe MHOXKe-
‘CTBO TaKHX llenoyek. ITOT A3bIK HMeeT IPaMMAaTHKY H KOHeuHH Habop
NpaBu/, ONpeAejsIOWHX NocTpoeHHe nporpamm. Kpome Toro, sisbiki
THNIa 2 COBNAJAIOT C AJroJONONOGHBLIMU S3bIKAMH, T. €. A3BIKAMH, KO-
TOpHle MOryr OBITH 3azaHbl B HOpMaJbHO# ¢opMe Bakyca — obmenpu-
HATOH (opMasH3aLHUU A3BIKOB NIPOrpaMMHPOBAHHUS.
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B 10 Xe BpeMs NmpH HCC/IeOBAHHH eCTECTBEHHBX S3BIKOB HCIOJb-
3yIOTCA TaK Ha3blBaeMble KaTeropHajibHble [I'DaMMaTHKH, KOTOpble
1103BOJISIOT OTGHPATh M3 YHC/IA BCEX BO3MOXHBIX NPeJVIOKEHHit — npa-
BHJbHO nocTpoeHHble. Kiace f3bIKOB, onpene/iseMBHX KaTeropHaJibHbI-
MM TPaMMAaTHKaMH, COBNaJlaeT C KJ1acCOM $3bIKOB, OPOXKaeMbIX IrpaM-
MaTHKaMH THna 2.

S13biku THNa 2 HauGosee GJM3KH K S3bIKAM DEryJaspHBIX COOBITHI
(Tuma 3), ¢ ucuepnbiBaolleji MOJHOTOM HCCJAENOBAHHBIM B TEOPHH KO-
HeuHbXx aBTOMaroB. KpoMme TOro, f3biku THna 2 mOJYYHJIH aZieKBaTHOE
npejacrapjeHde ¢ NOMOIIbIO MaTeMaTHYECKOH MOJeJH aBToMara C Ma-
rasMHHOH NaMATHIO.

Haxkonen, a3biku 3toro THna Goslee DOCTYMHH JJI8 MaTeMaTHYeCKo-
ro M3yueHHs, 4eM, HanpHmep, A3bHKH THna | uau a3bik [lapuka, u no-
3TOMy Gosbllle BCero HCHOMb3YIOTCS NPH MCCJAELOBAHMM pacnpocTpa-
HEHHBIX $I3bIKOB NMPOTrpaMMHPOBAHHS W B MaTeMaTHYECKOH JHHTBHCTH-
Ke. M3 cKa3aHHOro CTaHOBHTCH SICHBIM, NOYeMY JJIS S3BIKOB THma 2
NoNyyeHo HaHGoJMblllee KOJHYECTBO Pe3y/IbTaTOB M HCCJIELOBAaHO GOJb-
IUOe YHCJIO MX PA3HOBHIAHOCTEH, KaXjAas U3 KOTOPHIX fBJSETCH yacT-
HbIM cayyaeM GeCKOHTEKCTHOro i3blKa.

Paccmorpum eme oxuH noaxnace GeCKOHTEKCTHOTO —$3BIKa, KOTO-
Pblit onpeaeaseTcs ¢ MOMOIUBIO JOMOMHHUTEIbHBLIX OFpaHHYEHHH HA CHC-
TEMY NpaBHJL. :

Iylycrb HMeeTCs TepMHHAMbHEI cioBaph Ve = {ay, ..., an}. O6o3Ha-
uuM ‘uepe3 V’p paclIMpeHHBli CJ10Bapb, B KOTOPOM KaXJIOMY TEpMH-
HaJbHOMY CHMBOJY @i, conocrasied cuMmBoa a’i: V= {ay, ay,...,
an, a’n}. SI3biK, nopoxpaemmin rpammarukon G = (V'r, {S}, P, S),
NpaBHJIa KOTOPOH HMEIOT BHJ

p S—A,
° 8§ Sa,Sa’;S,

HasbiBaeTcs a3bKoM Jluka n oGo3Hauaercs Gyksoii 1. ~

Ilpeanoxenns o 3Toro ssbika 06JafaloT CAEAYIOLUHM CBOHCTBOM:
eCJIH Kaxaylo mapy a;a’; (=1, 2,...,n) coceqHux cHMBOJOB, Coep-
XKAWHKXCH B ©, PA3PEINTb 3aMEHATb NYCTHIM CUMBOJIOMA , TO AJS KaX-
IOro NMpeJIoKeHHs v HaieTCs Takas N0CJAe0BaTeIbHOCTb ITHX 3aMeH,
¢ MOMOLIBIO KOTOPOii @ cBefeTcs K mycroil Henouke. HHTepec K sizbikam
Iuka oODBACHAETCS TeM, YTO OHH OueBMAHHM 06pa3oM CBR3aHH CO
CKOGOUHBIMH CTPYKTYPaMH, OOBIYHBIMH JJisi €CTECTBEHHBIX H HCKYCCT-
BEHHBIX SI3BIKOB.

IlpencraBum ceGe HaGop GOpMY/n HEKOTOPOTO MaTeMaTHYECKOro
BbIYHC/IEHHS] MM TIPOrpaMMy, 3anHcaHHylo B s3bike Tuna AJITOJL
1o Gyner Tekct, B KOTOpOM OYAyT BCTPEYaTbCs 3HAKH, BCErla YIoT-
pebasieMble TOMbLKO MONMApHO: JieBble M NpaBble CKOGKH BCeX BHIOB
(kpyrabie, KBazpaTHbe, GUrypHble, TOMaHble) HJH ONEPaTOPHBIE CKOG-
KH, COCTOsILIMe M3 CJIOB «HAyaJo» M «KOHel». YCTPaHHM H3 TEKCTa Bce,
kpPOMe 3HAaKOB YKasaHHoro tuna, Ilosyuurcs HOBBIH TEKCT, IOCTPOEH-
HBI{l MO HeKOTOphiM cTporum npasunam. [lomo6uble TeKcThl AaloT nmpen-
CTaBJleHHe O sf3biKax Jluka.

125



2.7.2, Onepauuu Hal 3bIKaMH

K si3bIKaM, KaK H KO BCAKHM MHOXeCTBaM, MOTYT GHITb NMpPHMEHEHbI
pasnnudbie onepauuu. [Ipexnme yem paccmarpuBaTh onepamuum Hax
SI3bIKaMH, ONpeJeSHM CBOHCTBO 3aMKHYTOCTH MHOXecTBa. ['oBopsAT, 4TO
MHOXeCTBO 3aMKHYTO OTHOCHTeJbHO HEKOTOPOil OllepamuH, ecJau pe-
3yJIbTaT NPHMEHEHHUSA ee K JIOGOMY 3/eMeHTY MHOXECTBa HJIH K J0G6OIl
nape 3/1eMeHTOB COIePIKHTCH B 3TOM MHOXeCTBe.

Jns 23bIKOB OOHIYHBIM 06pa3oM OmpelensloTcs onepamHH oO6beau-
HeHHs, NepeceyeHHUss W OnepalUH HOMNOJHEHHS OTHOCHTeJIbHO (QHKCHPO-
BaHHOro cJjoBaps Vo.

O6benunennem f3nkoB Ly u L, (o6osnauenune: Ly U L;) nassiBaer-
Cs1 MHOXECTBO BCex CJIOB, NpPHHAL/eXalHNX XOTs Obl OXHOMY M3 s3bl-
KOB.

Dta omepauus npencrasiser co6oit 0GblYHOE TeOpeTHKO-MHOXKeCT-
peHHOe OObellHHeHHe; OHa KOMMYTAaTHBHA M acCOLHATHBHA:

L1 U L2=La UL
(Ly U Lz) UL, =L1 UL, U La)~

ITpu Tex ke ycnIOBHAX NepeceyeHHeM JBYX sI3BIKOB (0603HaueHHe:
L, N L;) nasbiBaeTCss MHOXECTBO BCeX CJIOB, MIPUHAMMEKAMUX OLHOBpeE-
MeHHO 060OHM si3bIKaM. .

Sra onepauusa npeacrasiser co6oil OGLIYHOE TEOPETHKO-MHOMKECT-
BeHHOe MepeceyeHHe; OHa TOXe KOMMYTaTHBHA H acCOLMaTHBHA.

Hononnennem f3bika L 10 Vi Ha3wiBaeTcsi MHOXeECTBO BCeX CJIOB,
npuHannexamux V*y, Ho He mpHHaxMexamux L.

Camo MHOoXecTBo V*; ecTb A3BIK, DOTMOJHeHHeM KOTOpPOro no Vi*r
ABJSIETCH NyCTOH A3HIK.

[TonuepkHeM, yTO SA3bIK, COdEpKALIHA NMYCTOE CJOBO e, He ABJAETCA
MyCTbIM.

Onepauuio 10NOMHEHUS pacCMOTPUM HA MpHMepe

V= {a, bl;
L={am""Im>1, n>1);

V*:\ L= (LiUL;UL;), rae Ly — MHOXeCTBO BCEX CJOB, HauHHAIO-
wmuxeqd ¢ b, Ly — MHOXeCTBO BcexX CJIOB, HauMHalOWIHUXCH ¢ a™ba u L; =
= {a}*, 1. e. L; eCTb MHOXeCTBO BCex CJIOB, COCTOSIIHX TOMBbKO H3 Q.

OtHowenHe s3biKoB THIOB 0, 1, 2, 3 K Gy/IeBCKHM OlepauHsam ofpe-
IeJSI0T CJelyIolHe YeTbipe TEOpPEeMhl, KOTOpble Mbl NPUBOAMM 6e3 10-
Ka3aTeabCTBa.

Teopema (26). Knacc s3biKoB THNa 0 3aMKHYT OTHOCHTEJbHO ome-
panuiit o0beMHeHHs M NepecedeHusi. AJTOPUTMHYECKH Hepa3peliuma,
3a7aya ONpejeseHHs TOro, NABJAETCS JH AOMOJHEHHe s3biKa THna 0
OTHOCHTeJIbHO (HKCHPOBAHHOTO C/10Baps TaK¥Ke si3bIKOM Tuna 0.

Teopema (27). Knacc 23blkoB THNA ! 3aMKHYT OTHOCHTENbHO Olle-
paunuit o6beAHHEHNS U NepecedyeHHus.

Bonpoc o ToM, KakoMy KiacCy NpHHAAJIEXHT JONOJHEHHE A3bIKOB
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THna / no OTHOIEHHI0 K PHKCHPOBAHHOMY CJIOBApIO, OCTaeTC OTKPH-
THIM.

Teopema 28 (Bap-Xuaseaa, ITepasca u Wanupa). Knacc s3bikos
THNA 2 3aMKHYT OTHOCHTEJNbHO ONepanuii o6belHHEHHs, HO He 3aMK-
HyT OTHOCHTEJIbHO ONepalMH JONOJHEHHS 1O OTHOMIEHHIO K CJOBapIo,
colmepiKauleMy He MeHee IBYX CHMBOJIOB, a TaKXe IO OTHOIIEHHIO
K vlepautH nepeceyeHus.

Teopema 29 (Kaunu). Knacc s3biKoB THIA 3 3aMKHYT OTHOCHTEJIBHO
BCexX OyJIeBCKHX OIepaiHi.

Kpome GysieBcKHMx omepaumii Hal fi3bIKAMH pacCMaTPUBAIOTCH TaK-
XKe ONepanMH YMHOXEHHS WM KOHKaTeHAlHH, MTepaiHH, TPaHCNO3H-
UK (3epKajbHOro OTOGpaKeHHs f3blKa), romoMopdH3Ma M HEKOTophle
Apyrue.

IMpousBenenneM (KoHKaTeHapHeil) HABYX s3bIKOB (oGo3HaueHHe:
L,+L;) na3piBaeTCs MHOXKECTBO BCEX CJOB, KOTOpPble MOXHO TOJYYHTB
caenywomum cnocobom: Gepercss HeKOTopoe ¢aoBO M3 Ly M K HeMmy INpH-
COeNIMHAETCS KOHKaTeHallHef CIpaBa HEKOTOpoe CJ0BO M3 La, T. e.

LiL,={X,X,| X, EL, X, EL,).

Ora onepauus (HasbBaeMass YMHOXEHHEM f3bHIKOB) He COBNajfaeT
C IeKapTOBbIM YMHOXEHHEM; OHa acCOLlHaTHBHA, HO He KOMMYTAaTHBHa.

Mycrs Vz = {a, b, ¢}. PaccMmorpum asbik {a}, cocTosUMi H3 OZHO-
ro oJlHoOGYKBEHHOTr0 c/0Ba a. Toraa npou3seneHue

L=1Vr

eCTb MHOXECTBO BCeX CJIOB, HauMHAIOWHXCA C d.

Onepayusn urepayuu (onepayus Kaunu). IlockonbKy onepauust ym-
HOXXeHHsl A3bIKOB aCCOLHATHBHA, Mbl MOXeM BO3BOAHTb NAHHHHA A3BIK
B CTeMeHb:

L*=1IL, [3=(LL)L=L(LL), ...
Kauuu npensioxua paccMaTpHBath oGbeIHHEHHE
L*=EylLylryley ...yL"y ...

Bcex NOCJeLOBaTe bHbIX cTeneHell fa3bika L. 910 o6beauHeHHe 0603Ha-
yaercs L* u na3piBaeTcs HTepauueil f3bika L.
Hanpumep, Mbl MOXeM paccMaTpHBaTh ajipaBHT

V={a, b, ...}

KaK f3blK, COCTORIINA U3 onHOO6YKBeHHEIX cjoB. Torna V2 — mHOXecTBO
BCeX ABYGYKBEHHBIX CJIOB; V3 — MHOXeCTBO BCeX TPeXGYKBEHHBIX H T. I.
IIOST‘%«y EUVUVWV2U V3U...—ecTb MHOXKECTBO Bcex CnoB Hag V,
T.e. V*

JloKasaHa 3aMKHYTOCTb KJAcCOB Ppery/sipHHX H GeCKOHTEKCTHBIX
I3HKOB OTHOCHTEJIbHO YMHOXeHHs U HTepauud. $I3bik L HasmiBaercs
E’,erlel,ﬂgq}l)blM, ec/d CyllecTByeT KOHeuHbli aBromar A, tako#, uyTo

= L(A).
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OTtHocHTeIbHO A3bIKOB 0, 1, 2, 3 HMeeT MeCTO CJeAylolLlas TeopeMa.

Teopema (30). Knacchl sn3bikos THnos 0, I, 2, 3 3aMKHYTbl OTHOCH-
TeJbHO ONEepalH 3ePKaJbHOTO OTOGpaKeHHs, ompejeseHHoOfi caenyro-
WHUM 06pa3oM. )

IMycty nan a3bik L cV*y; uepes LT o6o3HauaeTcs A3blK, COCTOS-
MiKil U3 obpallleHHii Bcex CJOB si3blka L:

I'=(X"| XL}

OTa onepauus sBNAETCH UHBAMIOTHBHOR (T. €. COBMajgaeT CO CBOElt
obpaTHOH onepanueit):

(L =L.

Kpome Toro, oHa cBfi3aHa ¢ YMHOXEHHMEM S3bLIKOB CJEAYIOIIHM CO-
OTHOLIEHHEM:

(LMY= MPL,

Hanpumep, s3nix V*r(V*:)T coBnanaer ¢ V*5, nockonsky (V*:)T =
= V*u EsV*,.

. Beenem tenepb nousitHe 06 onepayuu zomomoppusma.

[ocTaBum B COOTBETCTBHe 3/eMEHTY a CJoBaps Vi KoHeuHHi ciio-
Bapb Vra. OGo3naunm uyepes V*;a MHOXECTBO BCeX LEMNOYEK H3 CJOBaps
Vza, a uepes 7(a) — KaKylo-1u60 nenouky U3 V*ma. Taxum o6pasom,
(GyHKIMs T onpejesieHa Ha OTAENbHbLIX CHMBOJIAX a M3 caosaps V. On-
peneium Tenepb QyHKNHIO T Ha NpeNJOXKeHHAX U3 caoBaps Ve cnenyio-
UM 06pa3oM: eclH X = aiyaiz. . . ais, T0 T(X) = v(ai)t(aiz) ... v(ais).

Tak, onpenenedHas GyHKuHs v oTo6paxKaer NOAMHOXKECTBO LEMNO-
yex L u3 V*; B HekoTOopoe nmoamHoxecTBo uenoyek us (U Viya)*, 7. €.

a

©(L) = (UVa)™.

Onepanus v(L) oro6paxenus ssvika L ¢ noMolpbio GYHKUHH T Ha-
3bIBaeTCs onepauueil romomopdHama.

Teopema 31 (Bap-Xuaneaa, ITepasca u llamupa). Knaccw s3bIKOB
TUNa 0, 2 ¥ 3 3aMKHYTH OTHOCHTEJLHO ONepalyH roMOMOpdH3Ma.

Ins asbikoB e THna | (KOHTEKCTHBIX) HMEET MeCTO CJenyloulas
Teopema.

Teopema 32 (Tunc6ypea u Poysa). Ecan Vi conepxur xors 6u 18a
3/7IeMEHTa, TO KJ1acC KOHTEKCTHBIX S3BIKOB He 3aMKHYT OTHOCHTEJNbHO
one%aunu romoMopdHusma.

poexyus asvika. Jina xaxporo caosa B andasure X X Y

<(Ny()><x(2)y(2)> ... <x()y(t)>
ero npoeKuHussMu B XnY Ha3bIBaOTCss COOTBETCTBEHHO CJOBa
x(1) ... x(¢8);
y(1) ... y(2).

Hpyrumu cnoBamy, ecan 3afad s3bik L B andasure X X Y, to npo-
eKuHed a3bika L B X Ha3plBaeTcs s3blK, COCTOSLIUA B TOUHOCTH H3 NPO-
eKnHii B X c10B s3biKa L.
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Huaundp asvika. Tycrs 3afans andasut Y u a3bik L B andasure X.
Y-uunuuapom s3bika L HaswiBaercs ssulk L’, cocrosiutuii H3 Bcex C/0B
B andasure X X Y, X npoekuuu Koropnix npuHamnexar L.

CBoficTBa 13HIKOB MO OTHOIIEHHIO K PacCMOTPEeHHHIM OMepauHaM
cBeaeHH B Taba. 1.

Ta6aunna l

Tun a3nxa

o |1 |2 | s

N njn Oumnepanus .

O6bennHenHe

Tlepeceuenne

Jonoaxenue

Tpauncnosunus (3epkajibHoe
oTo6paxeHHe)

ITpoussenenne (KOHKaTeHa-
i)

Hrepanus

T'omomop pu3m

1
1

© bt bt

N Ot B IN e
L
—
— bt P s [= Y=
Ll e e e )

00et Poet puat

0

B stoit Tabanuue eauHHna o603HauaeT 3aMKHYTOCTb OTHOCHTEJNLHO
COOTBETCTBYIOLIE/ ONEPalHH Kjacca s3bLIKOB ONpPENEJEHHOTO THIA,
HYJIb — He3aMKHyTOCTb. IlycTas KaeTKa o3Hauaer, YTO BOMpPOC TMOKa He
pelieH.

YnpaxueHnus:

1. Hau sasbik L = {aab, aaaab, aaaaaab}.

Brinonnuts onepauuu yMHOXEHHS, HTEPAUHH M TPAHCMIOZHUHH Ha.l
HAM.

-2. 3afaH c10Bapb TepMHHAJBHLIX CHMBOMOB V = {c, b} u a3bik L =
= {crbcn|n=1).

Onpeneautdb A0noNHEHHE 3bIKa.

3. 3anaum asblkn Ly = {abbc, ab, abec, ac} u Ly = {xy, xyz, x2,
x2y, yz, yzx}. BEINOMHUTL Onepauuio yMHOXKEHHsL STHX SI3bIKOB.

4. 3anan aswk L = {a"b™ rnzl}. BuinonHuTh onepauun TpaHcno-
3HLHH, YMHOXEHHs, HTEPaLIHH.

5 Ilyers Vi = {a, b}, L = {a'blal|i, j=1}, M = {aiblal|i, j=1},
Ly = {aibia*|i, j, k=1}. IToxasatpb, yto A3LIK L = LN M ne sBasercs
KOHTEKCTHO-CBOGOAHBIM, a 73bK Ls=Li— (LN M) sBaserca KoH-
TEKCTHO-CBOGOIHBIM.

6. 3anan asux L = {ancb®|n=0}. Bhinonuutb BCE BO3MOXKHbIE
OfepalNH Hal NaHHbIM 3BIKOM.

2.8. MeTob! aHaNM3a rPAMMATHKH S3bIKOB
2.8.1. O6mue nosoxenus
OcHoBHas npo6.iema TEOpHH SI3LIKOB 34KJIIOUAETCS B TOM, YTOGH
¢opmalibHO aHANH3HPOBATH KAACCH A3LIKOB C LEMbIO Pa3paboOTKH BO3-

MOXHBIX METOJO0B KaK MOJENHUPOBAaHHUSA, TaK H 9P deKTHBHON 06paGoTKn
A3LIKOB MAlIHHHbIMH CPeICTBaMH.
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B OCHOBHOM 3TO CBOAHTCH K ONpE/CJIeHHI® JIOTHYECKOA CTPYKTYPH
S13bIKOB, T. €. CHCTEMBl IPABHJI, ONPENENAIOIHX CHHTAKCHC rPaMMAaTHKH.
Ecan dopma npaBua (1. e. CHHTaKCHYeCKas 4acTb rpaMMaTHKH) TOY-
HO yCTaHOBJIEHA, TO BO3MOXHO NPOBeIeHHe cJelyIollero psia Hccaeno-
BAHHUH NO fA3BIKY: ’

YCTaHOBJIEHHE CBSI3H MeXJy BHIAMH fI3BIKOB C HX CTPYKTYPHBIMH
IepeBbsIMH H HOPMOH CHHTAKCHYECKHX NPABHUJ;

H3yYeHHe CTPYKTYPHLIX CBOHCTB I3BIKOB, NOPOXXJ3aeMHX HEKOTOPOH
¢dbopmoit npaBus G-rpaMMaTHKH;

onpeze/ieHHe OTHOCHTEJIbHOTO 60raTcTBa MM GEXHOCTH Pa3/HYHBIX
¢$opM rpaMMaTHK, nopoxaanumx L asuku.

yCTaHOBJIEHHe pasHOro poja npo6aeM paspewlMMocTH L s3bika OT-
HOCHTeJIbHO 3amaHHoii G-rpammarHku u kjaacca G-rpaMMaTHk;

ycraHoBjeHHe Momuoctd G-rpaMMarHKH, MOpoXAalollei MOzIeJH-
pytolnii L A3BIK B 3aBHCHMOCTH OT KOHTEKCTa NPHMEHEHHS NOCJeHero;

oleHKa nopoxpuamoumei cnoco6HoctH G-rpaMMarHK, a CleoBaTelb-
1o, Onpeje/ieHHe 3KBHBAJIEHTHOCTH NOPOXKAAeMOro pa3HHIMH rpamma-
THKaMH MHOXecTBa L f3bIKOB; :

OlIEHKa Mephl CJOXHOCTH, NOPOXJEHHbIX (-rpaMMaTHKaMH npesn-
JoxeHuit L-sa3bika;

'ycTaHoBJeHHe cBOAMMOCTH G-rpaMMaTHK pas3iHYHOM  CJIOXHOCTH
K 6osiee npocTeiM G-rpaMMaTHKaM;

onpexeJieHHe BO3MOXHBIX METOLOB IOCTPOEHHS PacloO3HAIOUINX
G-rpaMmaTHK A1 MHOXeCTBa L-3bIKOB M PAX APYrHX He MeHee BaX-
HBIX HCCJIEOBAHHH, CBA3aHHBLIX C H3yueHHeM CBOWCTB Kjacca dopmaJib-
HbIX TPaMMAaTHK B LeJNX HX NPAKTHYECKOTO HCMOJb30BaHHS.

HawuGosbinee passutue nojyunsaa npo6semMa CHHTAKCHYECKOTO aHa-
JH3a rpaMMaTHK H KOHTPOJIsi COOTBETCTBYIOIIMX MM f3BIKOB, COCTOS-
[as B TOM, u4TO AJf JM060oj Lenouku weL onpenensiercs ee popManb-
nag NPaBHJBLHOCTL (HJM HeNpaBHJILHOCTb) M NPOH3BOAMTCH CHHTAKCH-
yeckuit pasbop.

ITpoGaeMa CHHTaKCHYECKOro aHajM3a M KOHTPOJA I3WKa BO3HHKIA

‘B CBSI3H C NOTPeGHOCTSAMH TPaHCJAAUNH — pa3paboTKOil Cneunasu3u-
POBaHHOH NPOrpaMMHpYIOLIEd MPOrpaMMbl, ¢ NOMOIUBIO KOTOPOH Ma-
IUMHA NMEePEBOAHT BBEACHHYIO B Hee NpPOrpaMmy Ha MallMHHOM S3BIKE.

Kaxaplit u3 TPaHCIATOPOB NMOCTPOEH B OCHOBHOM A/l  HEKOTOPOIi
KOHKDETHO# Napbl fI3bIKOB: OJHOr0O — BXOAHOIO H BTOPOTO — BBLIXOZHO-
ro. YnpolleHHo roBOpsi, TaKHe TPAHCJAATOPH PaGoOTAIOT MO MPHHUUNY
CJI0OBaps: AN KaXKIOoH KOHKpPEeTHOH KOMOWHALUMH CHMBOJIOB, MMeIOllei
CMbIC/1 B AHHOM BXONHOM sI3blK€, 3TOT TPAHCJATOP BbJaeT oOnpee-
JIEHHYIO MOCJIe0BATENbHOCTb CHMBOJIOB BbIXOAHOTO 3bIKA.

ITocTpoeHHe TakHX TPaHCIATOPOB npeAcTaBasieT coboil BecbMa TPY-
I0eMKYIo paboTy, TaK KaK Hy>XHO PacCMOTPeTb BCe BO3MOXKHHE (HMelo-
llHe CMBICA) BbIpAXK€HHs1 BXOLHOro f3blKa M KaXKAOMy H3 HHX cono-
CTaBHTb COOTBRTCTBYIOLIHE BLIPAaXXeHHS Ha BBIXOAHOM f3bIKe.

OnpenesieHne MMEIOUIHX CMBIC/ BHpPAXKEHHH BXOJHOTO s3HIKA OCY-
IeCTBJASETCA B pe3y/JbTaTe CHHTAKCHYECKOrOo aHaJu3a 3TOro s3bIKa.
CyTb ero COCTOHT B TOM, YTO Ha OCHOBAHHH CHHTAKCHYECKHX IPaBHJ]
rpaMMaTHKH OCYWECTBJAETCA NpPOBepKa rpaMMaTHYECKOA NpPaBHJBLHO-
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CTH 3aJlaHHBIX RPeAJIOXKEeHH MK CJIOB A3blKa MyTeM rpaMMaTHYeCKoro
pa36opa. Takum o6pa3om, 3ajaueil rpaMMaTHyecKoro pasbopa sBJseT-
Cs aHaJH3 NpeNJIOXKeHHA C TOUYKH 3peHHsl YCTaHOBJIEHHS MX rpaMMaTH-
4yeCKOH TpaBHAbHOCTH.

ITox rpamMmaTHyeckum pa3Gopom NOHMMaeTcsl Ipouecc Onpexefe-
HHSL CTPYKTYpH TIpeJJIOXeHHS HJAH cJ0Ba o a&s(@ B COOTBETCTBHH
C IpaBHJIaMH, onpellensieMEIME G.

CTaHOBJeHHe Toro ¢akTa, UTO MpeAJOXKeHHe HJH CJIOBO ABJAETCH
rpaMMaTH4eCKH NPaBHJbHBIM, MOXeET ObITh BHIIIOJHEHO He OIHHM CIIO-
co6om. I'pammaTnyecknii pa36op MOXKET B HEKOTOPHIX CJAYydYasfX BHIIOJ-
HATbCA 6oJiee ueM OJHHM CIIOCOGOM.

B kauectBe npHMmepa f3bKa, AJA KOTOPOro TIpaMMaTHYeCKHH pas-
6op MoXer GbITh OCYIIECTBJEH He €AMHCTBEHHBIM 06pa3oM, PaccMOT-
PHM f3bIK, 3aaBaeMblii rpaMMaTukoil G ¢ npaBuIaMH.

HBC -~ HBc;

HBC -~ hBC;
BC - bc;
HB - hb..

Paccmorpum cnoso hbc. 31o coBo Moxer GbiTh pa3o6paHo ABYMs
pasnnuHbIMH cnocofamu. JlepeBbs rpaMmartHueckoro pasbopa 3Toro
CJI0Ba NpHuBeAeHb Ha puc. 15.

(3 HB

Puc. 15

B npocreiillem Buze rpamMarHyecKuii pasGop COCTOHT B TOM, 4TO-
Obl, HayaB c MEPBOro NpaBHJa, MPOCMATPHBATL CIHCOK MPABHA CBEPXY
BHH3, N0Ka He OyneTr HafileHO NPHMEHHMOe NPaBHJIO, IPHMEHHTb €ro
H TOBTOPHTb 3TOT IIpOllecC CTOMbKO Pa3, CKOJbKO HYXKHO. DTa Mero-
A¥Ka B MPHMEHEHHH K HallMM TIIpaBHJIaM Haja Obl rpaMMaTHYECKHi
pasbop, NNOKa3aHHbI Ha PaBOM PHCYHKE.
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PaccMoTpHM ellle OMHH MeTOA I'paMMaTHYEeCKOro paséopa, OCHOBaH-
HHIfI Ha NOPAAKe NPoCMOTpa pa3bHpaeMoro CJA0BAa HJH NPELTOXKeHHS.
[TpaBuaa rpaMMaTHKH f3bIKa HMEIOT BHIL:

B—»DE;
C— FH.

Heo6xoxnuMo BEIMONHHTL FpaMMaTHueckKHR pas36op cmosa DEFH.

Pa36op nanHoOro cjioBa MOXXHO IPOBOAHTH CA€6Q HANPAso WK CnNPasa
Haseso, B nepBoM ciyuae B c/ioBe BhiOHpaercs nepsas AOCTYNHas AJMA
3aMelleHHsl COBOKYNHOCTb CHMBONOB DE B COOTBETCTBHH ¢ 3aaHHBLIMH
rpammMarikaMi. BMecro Hee moACTaBAflOTCA CHMBOJB H3 HEKOTOPOro
npasuaa. [ocje storo moayyeHHoe ci10BO BHOBb IIPOCMAaTpPHBAaeTCs, Ha-
YHHAas CJeBa, C LeNbl0 MOHCKAa COBOKYNHOCTH CHMBOJIOB IJ1f 3aMelle-
HHSl N0 NpaBHJaM rpaMMaTHKH.

Insa Hauero npuMepa NPOCMOTP cJieBa HAaNpaBo JaeT AepeBo rpaM-
MaTHuecKoro pasfopa, npejcrasiaeHHoe Ha puc. 16a.

\/
N

H 2 3 F H

Y MY
/ N

2 I4
O)
OR
a)
Puc. 16

Hudps B KPyKKax 03HayaloT NopAfOK pasGopa. PesynbraTHBHBIE
JepeBbs WAEHTHUHH. Pa3Hula cocToMT JMHlL B mpouecce pasbopa: aas
a — cJieBa no CTpoke, A48 6 — cnpasa no CTpoxe.

Ora pasHHua B MeToAe pasbopa MOXeT OHITh HCKJIOYEHA BBeJle-
HHEM TOHSITHR KQHOHUYECKU YnOpAOOYEHHO20 2paMMAaTu4ecKoz0 pas-
6opa.
Kanounyecknii Bua rpammartnueckoro pasbopa —3to pas3bop, Ko-
TOPHIiI NpHMeHsieTcs cJeBa HanmpaBo no crpoke. IIpu 3ToM B nepayio
ouepefb pas3bHpaercs KpafiHe JieBas 4acThb MPENJIOXKEHHS, €CIH 3TO
BO3MOXXHO, Npexpe YeM MPOABHHYTBCS 1O CTPOKE BINPaBo AJA MOHCKa
JocrynHoi pasbopy curyauuu. Ha puc. @ npeacrasies KaHOHHYECKHM
rpammaTnueckuii pasGop npeanoxenus. OgHaAKO KaHOHHYECKH yrops-
JOYEeHHBIi TpaMMaTHYeCKHAi pa3bop He Bcerfa MoxeT GHITH HCIOJBL3O-
BaH. PaccMOTpHM NpHMeDHI:
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ITpumep 1. 3apana rpaMMaTHKa
A—>x
A—Ax

H CTpoKa xxxx. KaHoHnueckuit pasGop npuBefieH Ha puc. 17.
ITpumep 2. 3amana rpaMMaTHKa

A—»x
A—->xA

H cnoBo xxxx. I'paMMaTHueckui

z I x
pasop Aas AAHHOTO CJO0Ba He ”\ /
MOXeT GhITh KaHOHHYECKHM, TakK A ~
A \

(nesas pexypcus)

(npaBas pekypcus) z

KaK OH He MOXeT OHITb BbIIOJNHEH
(npusomuT B Tynuk). 'pamMmaru-
yeCkHit pa3bop B 3TOM Cayuae
MOXeT GHITb BLINOJHEH TOJbKO
npu pasbope cmpaBa IO CTpOKe

A

(puc. 18). Pre. 17
I IIX
\ z z Z I\
P ! /ﬁ
\ q —
H ﬂ/
Puc. 18

Ipumep 3. 3anana rpaMMaTHKa
A->x
A —>xAx
H CJI0BO xxxxx. BblmonHuTh rpammaruydeckuit pasbop. B satom cayuae
OH He MoXeT GhIThb YCNEWIHO 3aBeplleH HH MpPH NMPOCMOTpe Mpesoxe-
HHfl cleBa HanpaBo (KAaHOHHYECKHH pas- r z

4 <% Z
Gop), HH NpH NpocMOTpe cnpasa Hanxeso. B I /
3TOM Ciyyae pa3bop Ha KaxJaoM 3Tane
HauMHaeTcsd ¢ CcepelHMHb pa3bupaemoro A
npeanoxenus (puc. 19). I
Hs paccmorpennnx npumepos 1, 2, 3
A
A

(ueHTpanbHas peKypcH§)

MOXHO cleJaTbh BHIBOJ, YTO NMYyThb pa3bopa

npelJIoOXKeHHs Ompesie/iieTcs THHOM peKyp-

CHH B NpaBHJaxX BbIBOAa rpaMMaTukH. [Ipa-

Basg peKypcHs mnpejonpefensieT TpamMMaTH:

yeckuii pa3bop, HayHHalOWmMuiica Crnpasa. Prc. 19
JleBas pekypcHst npelonpejenser ycneu-

Hbii KaHOHHUECKH/i BHJ rpaMMaTHuYecKoropasbopa.
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lleHTpasnbuas peKkypcHs npenonpelesser rpaMMaTHdecKuil pasGop,
HaunHalomufica ¢ cepenunnt npeanoxenns. Ho ue scersa nyrtb rpamma-
THYECKOro pa3bopa MOKeT GhiThb JIErKO YCTaHOBJIEH IO NPaBHJAM TpaM--
MaTHKH, KaK 3To OHJIO B NMpHBEAEHHbIX MpuMepax. PaccMmorpum cie-
AYIOUHH IPHMEP. '
ITpumep 4. 3apanbl npaBuia rpaMMaTHKH B BHJE

A - wx;
B> Ay;
C - Bz\wD,
D > xE;
E > yv.
Heo6xonumo nponsBecTn rpaMmarnyeckufi pasGop CTPOK Wxyz
H Wxyv.
Pa36op nepsoit CTPOKH MOXeT GhITh YCNEWHO BLINOMHEH B Pe3yJb-
TaTe NpHMEHEeHHS KaHOHHYecKoro Buaa pasbopa.
Pesynbrar Takoro pas6opa npusened Ha puc. 20a. Hcnoabsosanune

Xe KaHOHHYecKoro pasbopa AJs BTOPOH CTPOKH 3aBOAHMT B TYNHK
(puc. 206). '

w oz y z wooz oy v wo ooy v
—_— — el
A i_ . —
8 8 ¥/
c
1 2 & 3 ¢
Puc. 20

VYcnewHoe BHMOJNHEHHe rpaMMaTHYeCKOro pasbopa BTOpPOl CTPOKH
OCYIEeCTBJAAETCA NPH YCJIOBHH, €CJH Bas6op HayaT co cjelyomlei, Ha-
YyHHas cj1eBa, MOACTPOKH, T. €. ¢ yv. Pe3yanTaTel Takoro pas6opa npu-
BefleHsl Ha puc. 20B. Takum o6pa3om, 3alaua rpaMMaTHYECKOro pas-
Gopa — ycnelmlHoe npoBefeHHe aHanu3a npennoxennii. Ilopsanok xe
rpaMmaTHyeckoro pasbopa 3aBHCHT OT MpPaBHJ BbIBOAA (CHHTaKCHCa)
H BH/A aHAJH3HPYEMBIX CTPOK HJH NpelIoXKeHHH.
" Hcnoabsys dopmanusauuio Kak KpUTepHii Kn1acCHOHKalUH, BCE CY-
L1eCTBYIOLIlHe METOAL FPaMMaTHUeCKoro pa3éopa MOXHO pas3je/HTh Ha
JspucTudeckue u HopMasru308anHbLe. ,

dopmanu3auus METOHOB 3aKJIOuaeTcs B CHCTEMAaTH3alMH NPaBuJ,
onpelensOUHX NPaBHAbLHOCTb UJIH OIIHGOYHOCTb HCXOIHOM CTPOKH OT-
HOCHTEJbHO 3aJlaHHOK IPaMMAaTHKH NMPH NPHMEHEHHH NaHHOr0 MeTona
Ha KaxIoM wware (3Tane) rpammarHueckoro pasbopa.

OBpHCTHYECKHE METONIbl He CHCTEMATH3HPOBAHH I10 OTHOLIEHHIO K
KaXAOMy I ary, T. €. OHH FOBOPAT TOJbKO, IPABHJIbLHA JIM JaHHas CTPO-
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Ka, JHIIb I0ocJde OKOHYATeJbHOro NMPOXOXKIEHHS aHAJH3HPYeMOro TeK-
cra. ‘

OBpHCTHYECKHI METON H3BeCTeH ellle NMOJA Ha3BaHHEM MeTOAa Npob
u OmWHGOK, NOHCKA H TOACTAHOBOK, IIOCKOJNbKY NpPaBHJABHBIN MYTb NO-
POXIEHHH HaXOAHTCH MOC/ae MPOBEPKH BCeX BO3MOXKHLIX MyTei pelie-
Has (pas6opa). OrpaHHYEHHOCTh HCMOAb3OBAHHA 3BPHCTHYECKHX Me-
TONOB 3aKJIOYyaeTcs B TOM, 4YTO:

1) npaBHABLHOCTb MM OIHGOYHOCTb CTPOKH ONpPENENSAETCH He cpasy
Ha KaXjaoMm Iuare pa3bopa, a Jullb NOcJa€e OKOHYAHHS aHAJH3HPYEeMOro
TEeKCTa;

2) npaBHJbHBIN NYTh NOPOXKAEHHA HaXOAHTCs IOCJe NIPOBEPKH BcexX
BO3MOXHBIX nyTelt pa3bopa; _

3) BHIGOp JOXKHOro nyTH TpeGyer o6paTHOro BO3BpallleHHA K I10-
cJeHeMY, IPaBUJIbHO ONpele/IeHHOMY COCTOSTHHIO;

4) npu peajH3anuy Ha MallWHe OYeHb TPYAHO OCYIUECTBJSETCS
CBSI3Ka CEMaHTHYECKHX NPaBHJ C CHHTaKCHYECKHMH.

Bce 310 OoTpHUIATENbHO CKa3HBaeTCs Ha METOJe C TOYKH 3peHHs I10-
TepH BpPeMEeHH.

BMmecTe ¢ TeM 3BPHCTHYECKHM METOLAM NPHCYIIH H HEKOTOpHe mpe-
MMYILIEeCTBa: BO3MOXHOCTb NPHMEHEHHsl KO BCeM fi3bKaM, 4TO JAefJaeT
HX YHHBEpCaJbHBLIMH; OpHEHTaluus Jub0 «Ha LeJb», JHOO «OT LeaH»,
YTO ONnpefiesifieT ABa HANpaBJeHHs 3BPHCTHYECKOTO METOAA — «CBEPXY
BHH3» H CHH3Yy BBEPX».

I'pammaTHueckuit pa3bop MeTOAOM «CHH3Y BBEDX» CTPOKH S f3Hl-
ka L, nopoxnaemoro rpammatukoin G = <Vi, Vy, S, P>, nHauuHaercs
CO CTPOKH S M COCTOHT B IIPOCMOTpe NocJedoBaTesJbHOCTeH, IoJyyae-
MBIX B pe3ysbTaTe pasbopa, Bepyulero K S (k uean). PopmanuzoBaHHO
ueslp Takoro pa3éopa MOXKHO NPEACTaBHThL TaK: S =) S, T. e. B pe3yJb-
TaTe rpaMMaTHyeckoro pasfopa onpepessieTcs, sBJASETCHA JH AaHHAs
CTPOKa MpeANOXKEeHHEM.

Bce paccMorpenHble paHee npHMephl paMMaTHYecKoro pasGopa He-
AIBHO II€eMOHCTPHPOBAJIH 3TOT METON.

I'pamMaTHuecknii pa36op MeTONOM «CBepxy BHH3», Ha3bIBaeMbIi
METOIIOM «CnycKa» (HJIH «PeKypPCHBHOro CIycKa»), HayHHaerTcd OT lie-
ag S (T. e. OT OTNIIpPaBHOro NpaBHNa MOPOXKAEHHs] HJH BhHIBOZA), H Ha-
Jdee paccMaTpHBaeTcs NOCJEAOBATEIbHOCTb TAKHX TMOPOXKAEHHM, KOTO-
pble Obl npuBean x s. Popmann3oBaHHOe NpeACTaBJEHHe TaKOro pas-
6opa—S=)s. B pesyspTate rpammarHyeckoro pas6opa MeTONOM
«CBepXy BHH3» ONpeensieTcss COCTaB NpeATOXKeHHT A3bIKa.

O6Ga 3T MeTofa MOXHO NPEACTaBHTL OJHHMH H TEMH }Ke JepeBbs-
MH NMOPOXKIEHHH, TOJLKO B OLHOM Cllydae KOpeHb JepeBa BHH3Y, B ApY-
rom — BBepXy. Tak, pas6op cioBa wWxyz pnd npumepa 4, npuBeJeHHBIH
060HMH METONaMH, NpecTaBJled Ha puc. 21.

dopMmann3oBaHHble METOAL NMOSABHJHChL H MOABJAAIOTCA B CBA3H C
paspaboTkoii TpaHcaaTopoB. IIpu 3TOM B HOBEHIIMX MeToAax HHoOrzxa
HaxolAT OTPa’KeHHe XOpollHe YepThl ONHHX H YCTPAHAIOTCA HEJOCTATKH
Ipyrux paHee ONMHCAaHHLIX METOMAOB.

Paspa6oTka kaxaoro merofa NpuBsidaHa K onNpelesyeHHbHM Kilaccam
MaluH (MaJjgoro, cpefHero uau GOJIbUIETO THMA) H K OINpele]eHHbIM
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KJlaccaM f13bIKOB (B 3aBHCHMOCTH OT TOTO, ¢ KAKHMH si3HKaMHu pabora-
er mamnHa). [TockoabKy Bce f3bIKH NPOrpaMMHPOBaHHA OTHOCATCH KO
BTOPOMY KJaccy Io KjaaccHdukauun XoMCKOro, T0 H MeTOJbl B OCHOB-
HOM OPHEHTHPOBAHLI Ha BTOPOY KJ1acC S3bIKOB.

N
A 8

N -

B

N o

w

el

N —

<

Puc. 21

HexoTopble MeTOAb KOHTPOJA BHOCAT OrpaHHYeHHs B I'PaMMaTHKY
f3nka, OGbluHO OrpaHHueHHs HaKJAaAbIBAIOTCA HAa NpaBylo 4acTh Npa-
BHJI: KGO MO YHCJY CHMBOJIOB, JIHGO MO HX COCTABY.

2.8.2. MeTopn Jiikena, Mayaa, Bayepa, 3amenzona

ITo cpaBHeHHIO ¢ 3BPHCTHYECKHM 3TOT MeTOH sBasercs (opmasu-
30BAHHHIM, HO MOXKeT YNDaBJATbH aJrOPHTMOM FpaMMaTHYecKoro pas-
6opa, OCTPOEHHbIM TOJIBKO AJS A3BIKOB ONpeleJieHHoro Kaacca. Meron
NpHMEHHM K f3blKaM BTOpPOro kJjacca mo kKiaaccHpuxauun XoMCKOro,
T. e. kK KC-s3bikaM, npaBas 4yacth KOTOPHIX COJAEpPXKHT He GoJee ABYX
cumBosioB: A—-a u A—aB.

OrpannyeHue AJMHB NMPaBOil YaCTH MOPOXJEeHHMA, KOTopas paBHa |
HWIH 2, He cyXaer OOLIHOCTH MeTOJa, MOCKOJbKY Ji060e mnOopoXaeHHe
Buaa A: : =BiByB3...ByBpyy...BiBiys... By BO3MOXHO cBeCcTH K
MHOXecTBY mnopoxfenuit: Ao: :=BjA;, Ai: :=ByA;, Ay :=
= BaAz. . .An..g L= Bn, ruge Ag = ‘3233 e Bth-H e BiBi+1 e Bn;
Az= Ba...BhBh.H...BiB.:H...Bn HT I

B sTom cayyae AN 3alOMHHaHHA HadaJbHBIX CHMBOJIOB By, B,
Bs, ..., B, u chOpMHpPOBaHHBIX NPOMEXYTOUHBIX BeJHUKH Ay, A,
As, ..., Ap—1 HCTIONIB3YETCA CEeNHaJbHOE YCTPOACTBO, KOTOpOEe Hasbl-
Balor nn6o Mara3uHoM, au6o crakom. Camoe pacrnpocTpaHeHHOe Ha3Ba-
HHe 3Toro ycrpoiicTBa — cT3k. CT3K yCTpOeH TakK, YTOo, KOria B Hero
BBOJHTCH HEKOTOPHIfi CHMBOJI, BCe CHMBOJIH, GhIBIIHE TaM paHee, omyc-
KalOTCA BHH3, a KOTrJa BEPXHHI CHMBOJ CTHPAeTCsl, OCTajIbHbie CHMBOJII
2BTOMATHYECKH MOJHHMAIOTCA Ha LIar BBEpX.

I'pammarnyecknin pasGop MeronoM Dayspa-3amensona ocymecrs-
JfieTC MeXaHH3MOM uyeThipex TabuHi: 1) CT3K cHMBOJIOB pa3bupaeMoil
CTPOKH; 2) cHHTaKcHueckasd Tabauua cocrosHuit n; 3) Tabanua geficr-
Buit N; 4) Ta6auna ceMaHTHUECKUX MPaBHI 7.
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Cuntakcuueckas tabanua ABIsSeTCs YIpas/sionei: COCTOIHHUIO N CO-
OTBETCTBYeT onpefeneHHoe AefictBue N — NOpoXAEeHHe MJH CBepTKa.
B MoMeHT onpelesieHHS COCTOSIHHS CHHTaKCHYeCKOH TaGJHUB H COOT-
BETCTBYIOLUIUX el AeicTBHiI N noaxiaioyaercs TaG/auua ceMaHTHYECKHX
npasua. [Ipn 3TOM npHMeHEHHe NPaBHJ CEMAHTHKH r&E* olecneynBa-
et o6pasoBaHHe KOJAOB MO BXOZHOH aHAJH3HPYEMO# CTpoKe — .

OcyuecTB/ieHHe rpaMMaTHYecKOro pasfbopa MOXHO TpeICTaBHTb
NOC/Ie10BATENbHOCTHIO HECKOIbLKHX 11aroB:

Illae 1. 33aHecenne CHMBOJIOB BXOZHOH CTPOKH B cT3K. Ecam cTpoka
umeer Bun ByB:Bj3...ByBpii...B;i...Byn, TO B CT3K€ CHMBOJAH MOXHO
pacrnosoxuTh Tak: BiBi_iBi—z... B;.

lllge 2. BrisBneHne BO3MOXHOIO COOTBETCTBHS JBYX BEPXHUX CHM-
BosoB B;iBi-y cT3Ka M TeKylero CHMBOJA BXOAHOM CTPOKH Biyy cocros-
HHIO n; CHHTaKcHueckKoll Tabuuupbl. IIpH moumcke mpocMaTpHBAlOTCH Ha
COOTBETCTBHe TOJMbKO ABa BEPXHHX 3JeMeHTa cT3ka B; u Bi_y.

lllaz 3. Ecnu NOHMCK MOMOXHTENbHLIH, TO MPOHCXOAHT CBEPTKA MOJ-
CTPOKH, T. €. 3aMeHa JaH60 Bi—y na A;—,, nu6o Bi_1B; Ha A;—y, aubo
B;B;,i ua A;, u 3anecenne B ¢T3K Biyy. .

llaz 3. Ecin nouck oOTpHUATENEH, TO colepkKaHue CTska B;Biy
CIBHTaeTcs BHH3 H 3aHOCHTCH Bt

lllaz 4. Ipon3BopuTCcA uTeHHe CJAEAYIOLIEr0 CHMBOJA BXOIHOK
CTPOKH.

2.8.3. Meton Paoina

Meton ®nofina ocHOBaH Ha HCNOAb30BAHHH OTHOILIEHHS «IIPEALIECT-
BHfA» MEXJy ABYMfA CMEXHBIMH TEDMHHaJbHbBIMH CHMBOJIAMH, T. €. OH
TIPHMEHHM TaKXe K f13blkaM BTOPOro KJaacca mo kaaccubuxamuu Xom-
CKOTO, HO C M3BECTHHIM OI'DAHHYEHHEM: NOPOXKAEHHS He JONKHB HMEThb
sug c—xW Wy, rae W;W,— cmexuble HerepmuHann — WW,=
e(V—Vz),ax, y—cTpokn (BO3MOXHO H NyCTHIE).

OTHOmEHHs1 NpeAWEeCTBHS OnpefensioT COCTOSHHE TepMHHAJbHbIX
CHMBOJIOB NPH HX CBepTKe. Bo03MOXKHble OTHOLIEHHs IpeaIlecTBHS IO
Bupry u BeGepy 3anucniBaloTcs Takumu 3Hakamu: = F, ->, <..

ITycrs npu rpammarnyeckom pas6ope napw I;T;V, Toraa:

1) orHouweHnne nMpejllecTBHA CO 3HaKOM > GyNeT HMETb MECTO TOF-
JAa H TOJMbKO TOTAAQ, eclH Tj, IpH CBEPTKE CTPOKH S ABJAETCS KpaiiHe
JIeBLIM CHMBOJIOM NOACTPOKH S'€ES, HJIH:

o Ty T L

2) oTHOWeHHe NMpeAIlecTBHS CO 3HAKOM - > HMEeT MeCTO Toraa M
TONbKO TOrAa, eciin T; ABAsieTcss KpafiHe npaBHM CHMBOJIOM B S', HJIH:

veeesa T, Ty onnn..
s’ Il g
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3) u, HakoHel, NpejlIecTBHe CO 3HAKOM - HMEET MECTO TOrla H
TOJILKO TOrZAa, ecan ob6a CHMBOJAa ABJASAIOTCA 4acTbl0 pelyKuupyemod
HOACTPOKH S’

T,
e

Ecan Mexnay napoi cumBonoB T;T; Helb3ss NOCTaBHTL HH OJHOTO
u3 oTHowennjr npegwecrsus |T;=T;, T;->T;, T:<-T;|, 10 310 roso-
PHT 0 CHHTAaKcHYeckoii ommubke. 3Haku 1/ ;2/->;3/<- mexay
cumBosam T; u T; MOXKHO NTOCTaBHTb TOTAA H TOJIBKO TOTAA, €CJIH COOT-
BETCTBEHHO:

1) ¢ xT\T;y,
2) c>xTCy n C,=Tg,
3) c>xCTy u Cp=>2T,, unn

c»>xCCyn Cp=>2T;, C,=>Tw,

rle W, 2, x, y — MoGble CTPOKH.

OrHoleHNst MpeAIIeCTBHA, KOTOPLIE MOTYT ObiThb MeXAy Mapoil
CHMBOJIOB B CTPOKe H KOTOPHle ONpeleNfloTcs IpaBHJaMH BHIBOAA,
NpeACTaBAAIOTCA B BHAE MaTpHubl npeAwecTsuit. PaccmorpuM martpwu-
1y npeAllecTBH AJNA OXHOTO NPHMepa.

CXOJHas MaTPHIA H NpPaBu/a BHIBOAA [Jf HEKOTOPO# rpaMMaTHKH
3ajlaHbl B cIelylomeM Bue: A :

Crpoka: ‘if false then o

ITpaBuaa BeiBOKA:

< prog > —» < state > <string >
p:| <state>>—iffalse

< string > —>then0

N n/n OTHoweHKHe NMpeawecTBHA CHMBOAOB OcHoBanue
1 if=false < state> — if false
2 Then=0 < string > > then 0
3 L state > - L string> < prog > — < state > string >
4 false «> < string > < prog > - if false < string >
5 false .> then L. < prog > — 1T false then 0
6 Sstate > <~ then < prog - < state > then 0
7 - omubka
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Martpuna npenmecrtsuit 6yaeT HMeTb BH

Cumsox <prog> | <state> | <string> " false then 0
< prog >
< state > = <-
< string >
if =
false > o>
then y -
0

Uncno 3JeMEHTOB TaKoii MaTpHUB OYeHb BEJHKO, Mo3TOMy BHpT
n BeGep o606muau meron PJora n BBeJqH HOBOe MOHATHE — «(DYHK-
LUs TIpefllecTBHS», Tak Kak B YCTaHOBJIEHHH COOTHOLIGHHS NpeJiuecT-
BHs NPHHHMAIOT YYyacTHe ABa CHMBOJA, TO TpeGyerca mno KpaiHel mepe
nse GyHxunn — f u [, 4To6m Ans Mo6oit naphl cuMBoNoB T:T; BHIMON-
HSJTHCh COOTHOWIEHHS:

f(T,)=U(T;)~T,=T}
F(T) ->UT)~T;->T (14)
FT)<-UT)~T,<-T)
IOas cymecrsoBanust ¢yHkuuit npemmectBus [ 1 [ HeoGXOXHMBIM
YCIOBHEM SIBJSIETCS NEPEKOMIIOHOBKA MATPHUBI NpeJUIeCTBHH TaKHM
o6pa3oM, 4ToOnl BLIIBWIHCHL TPH He3aBHCHMBHe 00JacTH, B KaxKJaofi H3

KOTOPHX ONpeleseH0 OAHO H TOJbKO OXHO OTHOLIEHHE H3 OTHOLIEHHH
npeallecTBUS:

.> &1 {obaacts }; =& 11 { o6aacts }; <- 11l { o6nacts ).
ITocrpoum MaTpuuy npeplecTBHii AJA rPAMMaTHKK C NpaBHJIAMH
BHIBOJA:
<expr > —» < string > < string >;
<expr> i if;
< string > —» < state > < expr > d;
< state > — else;
< expr > - < string > if;
<expr> - < string >.
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Cumsox else <state> _‘_f_ <string> a <expr>
ise > o> .> > oS>
a > > > > >
if < < = = | > m
Lstring> <> <- = = >
state> < 111 < < I =
- <.
<expr> =

->e& | {obnacts |;
=& Il {o6aacts };

<.& Il {obaacts }.

B ofomnx cnyuyasx B MaTpHmax He MMEIOT MECTa ABA BHAA OTHOLIE-
HHH NpeauecTBus AMs a1000i nmape (T. €. HET KJIETKH C CHMBOJAMH
> <-H . _

Ecny Takve NOpOXIEHHs He ONpelle/IIOTCS HHM ONHHM H3 TP aBHJI
rpaMMaTHKH, TO IPaMMaTHKy Ha3hlBalOT NPOCTOil rpaMMaTHKON mnpen-
IECTBHS.

2.8.4. Meron Haypa

OcHoBHas uzes pasbopa 3ak/ai0uaeTcs B caepyiomeM: ¢pasa obpa-
OaTbiBaeTCs TEPMHHAJ 3a TEPMHHAJOM B OJHOM HamnpaBJ/IeHHH — CJeBa
Hanpaso (KaHOHHYeCKHil meron pasbopa). Ins Kaxporo ouepexHoro
TepMHHaMa GOopMHpYeTC ONpefeseHHOe CHHTAaKCHYeCKoe COCTOsHHeE,
T. €. TNIPeJCKa3blBaeTcs, KaKas KOHCTPYKLHS MOXET CJeloBaTb B JaH-
HOil ¢pa3e 32 3TUM TepMHuHAJNOM. Ecan crenyomuii TepMHHaa yROBJET-
BOPSIeT 3TOMY COCTOSIHHIO, aHaJH3 NPOJOJKaeTcs, B NPOTHBHOM CJy-
yae — npexpauaercs. [ToCKONbKY TepMHHal MOXeT [peJCKa3blBaTh
MHOTO Pa3HHIX KOHCTPYKIHH, TO 06pa3yeTcss MHOrO BapHaHTOB aHaJH-
3a, NpHYeM B CJy4ae CHHTAKCHYECKH OJHO3HA4YHOW ¢pa3bl aHaNH3 JOBO-
AUTCS 10 KOHHA TOJAbKO MO ORHOMY BapHaHTy. B pesyabrare aHaian3a
¢passl cocraB/seTcs CACTEMa CHHTAaKCHYECKHX COCTOSIHHMI, OIHO U3 KO-
TOPLIX NOMeYaeT IPaHULY NMOCJEIHero TepMHHaJa, BXOASIIEro B Olpe-
JeJIeHHYIO I3HKOBYIO KOHCTPYKIHIO (IPaHHULy KOHCTPYKLHMH MOKHO OI-
pelesHTb C OMOLLbBIO CKOGOK).

Jloruky nmeficTBus rpammarunyeckoro pasbopa MOXHO omHcaTtb Tal-
auuei (Taba. 2), KoTopas BKAOuaeT: 1) OCHOBHYIO CTPOKY, Ille mome-
IleHH OCHOBHBIE CHMBOJBI (TepMHHaJb) s3blKa; 2) OCHOBHOH croaledl,
e NepeyncysioTcs CHHTaKcHyeckne cocrosinus., Cronben saBiasercs cne-
unduyeckoil 0CO6eHHOCTLIO JAHHOI'O METOJa — €r0 MOXHO H306pasHTh:
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a) nn6o B obumeil TaGhaulne, rre cCHauana 3aNHCHIBAIOTCA CHHTaKCHYe-
CKHe COCTOSIHHSl, H Ha MePeceYeHHH C ONpeneseHHHIM TEPMHHaJOM 3a-
MHCAaH TEKYIIHi HOMep COCTOSHHS; 6) JHOO -paccMaTpHBaTb Kak IBe
CHHTAaKCHYecKHe TaOJHLL, OXHA M3 KOTOPHIX N0 XaHHOMY CHHTaKCHYe-
CKOMY COCTOSIHHIO ONpeneJsieT <Hauajno», a JApyraf «KOHel» BO3MOX-
WBIX KOHCTPYKLHE; 3) Kak paGouylo 30HY, B KOTOPOH 3aNHCHIBAIOTCS HO-
Mepa HOBHIX COCTOSIHHH, MOJNYYEHHBIX H3 KOMOHHAIHH: 3JeMeHT cTo.161a
«COCTOSIHHE» — 3JIEMEHT CTPOKH «TepMHHaJ».

Ta6nuua 2
Bxonuas crpoka; abe6l5 : = ;

X CumBonbi
n/n \ * : Byksa | Lindpa | :=
CocTosiHue

1 | Iocae ; . 1 2 3

2 | Tlocne GyxBbt 3

3 | Hnenrtuduxarop 2 3 4
4 | Jlesas yactb

IMockoabKy coflepKHMOe OCHOBHON CTPOKH H OCHOBHOTrO CTosI6La B
npouecce pa3bopa He MEHfeTcs, TO TEPMHHAJbl H CHHTAaKCHYECKHE €O-
CTOSIHHS HCNOJb3YIOTCA KaK CMPaBOYHHKH.

B oranyne or Hux pabGouas 30Ha (HaspiBaeMas elle HaKOMHUTENb
CHHT2KCHYECKHX COCTOSIHHI) — 3TO MeCTO, I'Jie NMpPOHCXOAHT nepepabor-
Ka BceX NPOMEXYTOUHBIX pe3yabTaToB. Ee MOXHO CpaBHHTb M paccMar-
PHBAaTL KaK HEOrpaHHYEHHOe YHCJIO CTIKOB. B KaxaoMm cTake BBOJ OCy-
LIECTBJSETCH MO OAHOMY TEPMHHANy H TOJBKO C ORHOTO KOHIA 30HHI.
Tak uto TepMHHaJ, BBeIeHHBIl B CT3K MOCJAeIHHM, BHHHMaeTCd H3 He-
rO NepBHM.

Hanoxennas niies CHHTaKcHYeckoro ananusa meronom Haypa nme-
€T HEKOTOpOe CXOACTBO C MPHHUHMIOM paboThl MaulHHbBI ThlOpUHTra ¢
TpeMs JIEHTaMH.

Bxparue H3noxuM stor npHHuun. MawuHa TohiopMHra HMeeT TpH
JIEHTH, OrPaHHYEHHble cleBa M HEOTPaHHYEHHBIE CNIpaBa: a) BXOAHasA —
Ha Hel pacmoJioXeH CJOBapb f3blKa (OCHOBHbIe CHMBOJIH); 6) pa6o-
yas — COJEepKHT HabOp CHHTAKCHYECKHX COCTOSIHHi; B) BBHIXOAHAs —
CONEPXHT Habop JIEBLIX H NpaBbix CKOGOK, NTOMEYEHHBIX TepMHHaJaMH
THIOB KOHCTPYKUHH, U TPH roJOBKH (N0 OZHOH Ha KaXJO0i JIeHTe).

Ha xaxnoM uware mallnHa paGoTaeT TOAbKO Ha OAHON JEHTE, BHI-
NOJIHAS ONMHO U3 CJeNYIOIHX nedcTBHHA:

1) Ha BXOXHOH JeHTe YHTAEeTCH CHMBOJ 32 CHMBOJIOM, CABHras ro-
JIOBKY Ha OZIHy f4eiiKy BNpaBo;

2) Ha paGoueii JieHTe JH6G0O MHUIIETCS CHMBOJA H TOJOBKa CABHraer-
€ Ha OMHy fYeliKy BNpaBo, JuGO Ha OAHY sueiKy BJeBO H CTHpaercs
3aNUCaHHHI B HeH CHMBOJI, HO NOCJE TAKOro JEeACTBHs BCEraa BJeBO OT
TOJIOBKH OCTAIOTCS HEeNyCTHe sguefiKH, a BNIpaBo — NYCTHIE;

3) Ha BBIXOJIHOii JIEHTe TOJBKO 3aNHMCLIBAIOTCS CHMBOJIBI, H FOJIOBKa
CIBHTaeTcs Ha OJIHY f1YeilKy BIpaso.
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PaGora mawuHbl HayHHaeTCs NPH NYCTHX paboyeil U BLIXOXHOM JIeH-
tax. Henycroil ocraercs TOMbKO BXOAHAs JEHTa, coepKamlas OCHOB-
Hble CHMBOJIH fi3blKa. I'0/IOBKH Bcex JIEHT NPH 310M HaxXOAATCH B Kpail-
He JIeBOM IOJIOXKEHHH. ’

MamnHa 3akaHyuBaer CBOl0 paboTy, ecliH rOJOBKa BXORHOM JIEHTH
JoUIzIa 10 MyCTOi fiuefiky, a paboyas JeHTa B 3TOT MOMEHT Nycra.

Oranune merona Haypa or mpunuuna paGoTel MallMHEL ThlOpHHT@
3aKJI0YaeTcs B CJenyIomeM:

1) cocrosHus, KOTOpEIe MOTYT BCTPETHThLCS B Npomecce rpaMMaTH-
YeCKoro pa36opa, 6bLIH SBHO NMEpPEYHCJIEHBI, T. €. OMellleHHe CHHTAKCH-
YECKHX COCTOSSHHH B CT3K BCErga HeNoCpelCTBEHHO OGYCJ/OB/MBaeTCs
NnpoYTeHHeM OYepefHOTO TepMHHaNa Ha PaGouyIio JIeHTY;

2) B mamuHe TolopuHra paspellaercs nNucaTth Ha paboueil JeHTe 3a
OJIMH 1Iar TOJBLKO OXHH CHMBOJ, TOrla Kak NpH I'PaMMaTHYeCKOM pas-
Oope MHOrlla YHTaeTcs Cpa3y HECKOJBKO CHMBOJIOB (TEPMHHAJIOB).

CuHrakcnuecKkue cocrosinus Hayp paccmartpuBaeT Kak 3KBHBaJsIeHT-
Hble, TIPH 3TOM KaXKJ0oe COCTOSIHHE XapaKTepH3yeTcs CBOMM HOMEpOM.
Texkymui HoMep mo/KeH NaBaTh ONHCaHHEe CHTYalHH NOCTaTOYHOe AJst
TOro, 4TOGH MOJHOCTBIO ONpeNfe/HTh ACHCTBHS NpPH BHOOpe ciaenyone-
ro TepMHHaJa Ha BXOJe, BKJIOUag ONpeaeJ]eHHe HOBOrO TEKYILEro co-
CTOSTHUSL.

Kaxawbiit war anannsa cocrout B 06paGoTke OIHOTO TepMHHaJa.
[Tpu sTom BHIMOJHSIETCA: MPOBEPKa, MOXKET JH NaHHbI TepMHHaJa Ha-
YHHAThL NpPeNACKa3aHHYI0 CUHTAKCHYECKYI0 KOHCTPYKUHIO. DTO AenaeTcs
nyTeM CpaBHEHHs HOMepa TepMHHazna ¢ paGouHM COCTOSTHHEM B CT3Ke,
T. €. HIIETCA COOTBETCTBYIOWIAs NMapa «TepMHHAJ-COCTOSIHHE» B OOuen
TabJuue (ecaH MpeACTaBJeHH ABe Ta6auub B Tabauue «Hayano»). Ec-
JIM OTBET OTPHIATeJbHBIH, MPOLOJIKEHHEe aHa/lH3a HeBOo3MOXHo. Ecan
OTBET MNOJIOXHTENbHBIN, TO 3Ta KOHCTPYKIUSI ONpefiesieHa M JaJjblue
MOXHO J1eJ1aTb OXHO U3 ABYX:

a) B NPeANOJIOXKEHHH, YTO Hayatas KOHCTPYKIHS TpOROJXKaercs,
BLIGHpaeTcs J060e Apyroe CHHTAKCHYeCKOe COCTOSSHHE H3 COCTOSTHHs
paboyero TepMHHaJa, U NMOMEIlAeTCs B BEPXHIOID YacTb CT3Ka, mocie
Yero OCyleCTBJSeTcs Nepexox K cjexyioulemy uary (T. e. K cjaexnyto-
IeMy TepMHHAIY);

6) B NpedNOJOXKEHHH, YTO HAYaTass KOHCTPYKUHS 3aKaHYHBAETCH
3THM pabouuM TePMHHaJOM, B o6mel Tab/anue OTHICKHBaeTCsl COOTBET-
CTBYIOlllee COCTOSIHHEe H TeM CaMBIM TNpOBepsieTCs, MOXeT JH MallHbIA
TepMHHaJ 3aKaHuUMBaThL 3Ty KOHcTpykuuio. Ecau Her, mnpoponxenue
aHasNM3a HeBO3MOXHO, ecsH Ja, TO 3TO O3HayaeT KOHel KOHCTPYKUHH,
H COOTBETCTBYIOLIee COCTOsSIHMe YGHpaeTcsi M3 CT3Ka. Ty OnepauHio
MOXXHO NMOBTOPHTH J1060e KOJNHYECTBO pa3 B 3aBUCHMOCTH OT Haya/b-
HBIX BapHAHTOB. ’ .

Ilanee caenyer mepexon K ouepefHoMY Inary aHaansa. AHanus cym-
TaeTcs 3aKOHUEHHBIM, a Pe3yJbTaT ero NpaBHJbHLIM, ecJH nocae obpa-
0OTKH MmocJIeHero TepMHHala ¢pasb CTIK OKa3bBaeTCs MPOCTBIM.

B HekoTOpbIXx BapHaHTax BO3MOXHa CHTyallHs, KOrxa Ha HEKOTO-
pOM llare He OKa3nlBaeTCsi HH OJXHOTO AONYCTHMOTrO NPONOJIKEHHs, a
0o6paboTka ¢pasnl elle He OKOHYeHa. DTO O3HAyaeT, yTo JHGO aHaJH-
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supyemas ¢)pasa CHHTAKCHYeCKH HeNpaBW/bHA, Jn0O, eCaH OHAa npa-
BHJbHA, HA OJHOM H3 MpEeAHAYLHX waros ObLIO BLIGpPAHO «HexXena-
TeJbHOe» NMPOMAOJKEHHE, UTO 3aBeJo B TymHK. Takum oGpa3om, npa-
BHJIBHOCTb BapHaHTAa aHaJIH3a CHTHAJHW3HPYeTcss AOCTHXKEHHeM KOHUA
&paskl, HeNpaBUJILHOCTb — HEBO3MOMXHOCTBIO NOHTH 10 KOHLA (hpasH.

Bce paccMOTpeHHBle METOAH FpamMMaTHyeckoro pasbopa (CHHT2K-
CHUECKOrQ aHa/ln3a) 3aBHCAT OT KOHKDETHBIX OCOGEHHOCTei SI3BIKOB.

Brlia BhiCcKa3aHa HIes TNOCTPOEHHS YHHBEpcaJbHbIX aJroOpHTMOB
CHHTAKCHYECKOrO aHa/ii3a H KOHTPOJS He 3aBHCAWIHX OT KOHKPETHBIX
0ocoOeHHOCTel I3bIKOB, a Ha HX OCHOBE — MOCTPOEHHEe YHHBEPCAJBHBIX
TaK Ha3biBaeMbiX CHHTaKCHYECKHX TPaHCJSTOPOB.

OnuH M3 BapHAHTOB YHHBEPCAaJLHOTO 2JrOPHTMa CHHT2KCHYECKOro
aHann3a u KoHTpods TC-M (OpHEHTHPOBAHHOIO Ha KJAacC aJropHTMH-
YeCKHX SI3bIKOB, 3a/laBaeMbiX PEKYPCHBHO MOJHBLIMH TpPaMMaTHKaMH)
paspa6oran B Akazemun Hayk Monnasckoit CCP n peannsoBad Ha
OBM «Munck-22».

YnpaxHenus:

1. OprannsoBaTh rpaMMaTHYeCKHii pa3bop NMpHBEJEHHBIX HHXE Tep-
MHHaJbHBIX HENOYEeK, ecJH PaMMaTHKH, NOPOXKAaolde 3bIKH, 3a(aHbl
cxemamu npasua P.

a) Tepmunanbuule nenoukn: AED, ADE,

P={(S—> AB, B—~CD, B—~DC, C—E});
6) Tepmunanbhue uenoukn: CCB, CCCCB, CCCCCCB,
P={S—>A, A-B, A->CA},
B) TepmHHaabHHe penouku: CBC, CCBCC, CCCCBCCCC,
P=({S—A, A—-B, A-CAC);
I') TepMHHaJbHBIE LENOUKH: X22Y, YY2XX, YX, X2222Y,
P={A—-xB, B—»y, B—>2Bj};

1) TepPMHHAJbHBIE UEMOYKH: XXXXXXY, XXXXY, XXXXXY, XXXZ, XXXXXZ,
XXXXXX2Z, XXYXY,

P={A—> By, A—>Cz, B>x, B—>Bx, C-»x, C- xC};
€) TepMUHaJbHHe LENMOYKH: WXYZ, WXYU, WXXYZ, XWuy, Uxyz,
P={C—»>Bz, C>wD, B> Ay, A—wx, D> xE, E->yu);

(1 (e e (o e o (L oo (e

P=|{T >PB, P—>(, B>xx, B—>xT, B> Tx, B->TT).
2. OnpenesinTb, UMEIOT JIM CMBICA TEPMHHAJbHbIE LENOYKH~
(e (e ((xx (x, (o, ((Qox (o (o ((x
B f3bKe, nopoxaaemom KC-rpaMMaTHKoOil CO CXeMO# MpaBHJ BLIBOAA
P={T—>PB, P»(, B>xx, B>xT, B->Tx, B-»TT).
meronom diikens, [Tayna, Bayspa, 3ameasona.
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3. Hcnonb3ys merox rpammarHyeckoro pas6opa fikeas, IMayaa,
Bayspa n 3amen3ona, npOKOHTPONHPOBATH 'PAMMATHYECKYIO MPABUL-
HOCTb C/IEAYIOLIMX TEPMHHAJbHBIX LENOYeK, ONpene/igs CNOco6 YTEHHS
LeNIOYKH B MpoLecce MOCTPOEHHs aJropUTMa:

a) XXXy, xxxz npu

={A—By, A—>Cz, B—>x, B> Bx, C»x, C—>xC};

6) xxzy, xzzzzy npu
P={A—>xB, B—y, B—2Bj};
B) (xx+x+x)-xx-(x), x+x+x+x, xx+(x+ (x+x))
*X + x npn
=(E-T, E-»T—|—E T-F, T—F.T, F>x, F>(E)}.
4. OprannsoBate rpaMMaTHYeCKHi pa3bop Lenoyek JioOHM BO3-

MOJXHBEIM METOLOM: :
a) 1l <uayano> <unawamo>" L

Lxxx™ L npn
P = {<uenas crpoka> :: =1 <crpoka> L <crpoka> :
= <Hayano>'  <Hayano> : : =‘|<Hauano> x| <Hauano>
<cTpoka>};

6) x:=x+ x-x npu
P=(St:=x:=E E::=TIE+T,T::=F|T.F,F::=x|(x)}.

B) HauaJo D; D; D; S xoHen,
HaqanoD D D S; S koHen npu
= HayaJl

= {IT: : oD S xoHen
T L= DI Dl; D
Sp::=S8|8; S
5. Peann3oBaTb aNrOPHTM CHHTAKCHYECKOrO KOHTDOJS CJEAYIOLHX
npeasoXeHH:
a) AXB+C;
6) A+BXC—D;
B) AXB+ C—D;
r) A X (B + C)/D1{E;
n) A+ B—C X D/F}F;
e) ((A><B+C)><D+E X F + G;

X) A+ (B+ (C+ (D+ (E+F))));
ec/IH cxeMa NnpasuJ BeiBoga P2G — rpaMMaTHKH, NOPOKAAIOLIEH NPHBE-
neHHue BLILIE NPE/IOKEHNS, HMELT BULL:

= {<BHpaxXeHHe> : : = <TepM> | <BhIpa)eHue> +
+ <Tepm>l<nblpax<eﬂue> <TepmM>
<TepM> : : = <Mnommenb>T<Tepm> X <MHo>Kme.nb>/

<TepM>/<MHO)KHTeJIb>
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<MHOXHTeJp> : : = <MNpPOCTOE BHpPa)eHHe > | <MHOXHTEIb> %
4 <npocroe Bupaxenune>,

<mnpocroe BhpaxeHHe> : : = <GykBa > | (<BHpaxkeHHe>>),

<6yksa> : : = A|B|C|D|E|F|G|H\|I|J| K|LIM|N|O|P|R|S
ITIUIV |W)|X|Y|Z}.

2.9. dopMaabHbie CBONCTBA rPaMMaTHK

o cux mop MBI paccMaTpHBAJIM FPAMMATHKH TOJBKO C TOYKH 3pe-
HUS coflepXareJbHOH HHTepnperauuy. Temepb OCTAaHOBHMCS Ha HEKO-
TOPHIX YMCTO $OpPMaJbHHIX CBOHCTBaX rPaMMaTHK, T. €. Ha MaTeMaTH-
YECKOi TeOpHH MOPOXKAAIOIIKX I'PAMMAaTHK, KOTOpas B HacTosliee Bpe-
Ms JOBOJIbHO XOpOLIO pa3BHTa.

B Teopuu rpamMMaTHK 4acTO BO3HHKAIOT BONPOCH O HAJHYHH HJIH.
OTCYTCTBHH TOT'O HJIK HHOTO aJrOPHTMA, T. €. 06 aJrOPUTMHYECKOi pas-
PelHMOCTH HJIH Hepa3peulnmocTH npo6aeM. Hanpumep:

1) cywiecTByeT JiM aJTrOPHTM, MO3BOJSIIOIKN N0 J/1060H RaHHON
KC-rpammaruke y3HaTb, ABJISETCs JH NMOPOXIAeMblfl €0 A3bIK KOHEY-
HHM (T. €. KOHEYHO JIH MOPOXIaeMoe el0 MHOXKECTBO TepMHHAaJbHBIX
uenoyek)? AHaNOrHYHEI Bonpoc BO3HHKaeT orHOcHTeabHo HC-rpam-
MaTHK;

2) cyumecTByeT Jid aJrOpHTM, NMO3BOJSIOUWHN Y3HATh OTHOCHTEIbHO
mo6Goit KC-rpaMMarTHKy, NpHNHUCHIBAeT JH OHa KaXAOH NMOPOMKAaeMoil
TEePMHHANbHOI UeNoYKe TOJIbKO OJHY CHHT2KCHYECKYIO CTPYKTYpY, T. €.
HMEIOTCS JIH TePMHHAJbHbIE LEeNOYKH, KOTOPHE MOTyT GHTb BEIBEIEHH B
IaHHON rpaMMaTHKe 6oJiee 4ueM OJHHM Croco6om?

ITonoGueie Bonpock u 06pa3yloT Kpyr aJrOpHTMHYecKHX mpoGiem
TEOpHH I'PAMMaTHK.

peacTaBHM HEKOTOpHle pe3ysbTaThl, OTHOCSIlHecs K mpobJjaeMam
paspellleHHs RJs OCHOBHBIX KJaccOB TpaMMaTHK B Bufe Tabu. 3, rie
yKa3aHo, /18 KaKux 1npo0JjeM A0Ka3aHa HX Pa3pellMMOCTb HJH Hepas-
pewnmMocTh. ‘

Byxsa P o3uauaer, yro paHHas npoGjema paspeliuma, T. e. Cy-
MeCcTBYeT aJrOpUTM, RawIlHil orBer Ha Bompoc. byksa H osnauwaer,
yTo Npo6nema HepaspemnMa. 3HAaK ? COOTBETCTBYET TOMY, YTO HeHs-
BECTHO, CYIIECTBYeT JIH paspellalolinii aJrOpHTM.

Kak BuaHo u3 Tabauusl, B ka1acce KC-rpaMmaTHK OKa3hwBaOTCA
pacrno3HaBaeMBIMH HEKOTOpLIE H3 TeX CBOHCTB, KOTOpHIE Hepacnos-
HaBaeMbl B Kaacce HC-rpammartuk (pasymeercsi, CBOHCTBA, pacrnosua-
Baemule nias HC-rpammartux, pacnosnasaembl u aas KC-rpammarsk).
K Hum otHOCATCS:

a) CBOWCTBO NOPOXKAAThb MyCTOi A3bIK, COCTOSILLEE B TOM, YTO CylIe-
CTBYeT aJrOpPHTM, NO3BOJAOMHY aas mo6oi KC-rpaMmartHky ysuars,
NOPOXK/JaeT JH OHa XOTH Obl OAHY TEPMHHAJbHYIO Lemouky (m. 1):

6) CBOMCTBO NOPOXKAaTh KOHEUHHI A3LIK (1. 2);

B) CBOMCTBO MOPOXKAATb XOTA GBI OJHY LEMOYKy, COAepKallyio
BXOX/EeHHe NAHHOM IeNnoykH {P. IDTO CBOACTBO O3Hayaer, 4YTO MO
KC-rpammaTtHKe 115 J1060r0 CJI0BOCOYETAHHS MOXKHO ONpPeResuThb, BXO-
IHT JIH OHO XOTH Gbl B oaHy ¢pa3y s3bika. TakuM o6pasom, B OTJIHYHE
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or HC-rpammaruk, rae _pacriosiaBaemMa MpaBHJbHOCTb HENLIX dpas, HO
He yacreii ¢pas, ang KC-rpammatuk pacnosHaBaeMo H TO M Apyroe
(n. 10).

Ta6auna 3

Knacc rpammaTtuk

MpoGaema
mn P A | ke | HC | o
1 2 3 4 5
1 Tlycr i A3bIK, NopoxaaeMblfi JaHHOA rpaMMa-
Thkolt (Le = )? P P H H
2 BeckoHeuen nM A13mK, NOpOXZAAaeMblli JAaHHOM
rpammaTukoit (Lg = 00)? p P H H
3 | Cocrout Ju A3blK, NOPOXKAAEMBbIA nam:ofd rpam-
MaTHKof, u3 Bcex cioB B Vo(le =V )? P H H H
4 | TlopoxnaaloT JH ABe TrpaMMaTHKH OAHH H TOT
Ke 23bik (H = Lg,)? P H H H

5 | CocraBasieT JH s3blK, MNOPOXAAEMBl ONHOA
rpaMMaTHKOH, [MOAMHOXECTBA si3biKa, TOpO-
*naeMmoro apyrof rpammarukoli (Lg & Lg, )? P H H
6 | Iycro nu mepeceueHue SA3LKOB, MOPOKAAEMBIX
IByMsl JaHHHMH FPaMMaTHKaMH

(Lg, N Lg, = 9)? P H H H
7 | SBasercA nM  nepeceyeHHe SI3LIKOB, MOPO-
KIaeMbiX JAHHHIMH TpaMMaTHKaMH, S3bIKOM
Toro xe knacca (Lg, NLg, —A3bik Toro xe
Kmracca)? Ha H Oa | Ha
8 | SBasiercn I Jonosuende A3blKa, NOPOKAaeMoO-
ro LaHHOi rpaMMaTHKOR, I3bIKOM TOTO Xe KJacca

ot

(V;-\ Le — #3bIK TOro Xe Kjaacca)? Ha H ?
9 | Oasa aro6uix caoB ¢ H Y BLIBOLHMO JH P H3 @
B NauHofl rpaMmarike (@ ==)¥)? P P P

10 | Muas a10661X @ 1 P BHIBOLHMO JH CJIOBO, cOdEP-
Xaulee Y H3 ¢ B ZaHHOM rpaMMaTHKe

0 X > plp | H|H

11 | Ectb au B f3blKe TPaMMaTHKH MpeNJIOKEHHe,
BHBoAWMOE Gojiee ueM onmuM crnocobom (G —

HeoZHO3HauHa)? P H H H
12 | EcTb AH oJHO3Ha4yHas rpaMMaTHKa Toro Xe
KJacca, NopoxJamouas TOT Ke SA3bIK? Ha H ? Ila

TeM He MeHee MHOTHe BaxXIlble CBOMCTBA Hepacno3HaBaeMbl H AIs
KC-rpammaruk. B uacTHoCcTH, HepacnosnaBaeMbl CJeNyiollHe CBOHCT-
Ba:

NOpPOXKAATb NOJHBIA A3HK (COomepXKalluil BCEBO3MOXHBIE LEMOYKH,
COCTaBJ/IeHHbIE H3 TePMHHAJLHEEX CHMBOJIOB, M. 3);

HUMeTb 3KBHBaJeHTHYI0 KC-rpamMMaruky, NpHIHCHBAKOMYO KaXnoil
TEePMHHAJbHOHA LEMNOYKe TOJbKO OAHY CHHTAKCHYECKYI0 CTPYKTYpY
(n. 11);

3KBHBAJIECHTHOCTL NPOH3BOJbHLIX IBYX IPaMMaTHK, T. €. He Cyllle-
CTBYET aJropHTMa, nossoJsiowero no jmio6oi nape KC-rpammaruk ys-
HaTb, ABJSIOTCS JH OHH 3KBHBaJEHTHHMH (M. 12).
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B kaacce A-rpaMMaTHK pacrno3HaBaeMbl Bce CBOBCTBA, NEPEYHCIEH-
Hule B TabJHIe.

M3 npo6nem, OTHOCALIMXCS K aJArOpUTMam He IV KJacCOB rpaM-
MaTHK, a A/ KOHKPETHHIX (HKCHPOBAHHBIX FPAMMATHK, Mbl PacCMOT-
PHM TOMBKO ONHY: TaK HasHBaeMylo npobjeMy pacrnosHaBaHHs 3ame-
uaemoctH. OHa COCTOHT B TOM, 4TOGHl A1 RaHHO# rpammatuku G Hai-
TH aJTOPHTM, NO3BOJISIOMHH N0 JNIO6GO# Mape Lenoyek ¢, Y y3HaThb, 3a-
MeLleHa JH ¢ Ha ¢ B a3blke Lg. Jlag HEKOTOPHX rpaMMaTHK Takue aJ-
TOPHUTMBI CYWIECTBYIOT, B YaCTHOCTH, AJs Bcex A-rpammaruk. Onnako
umewoTcs npumepst KC-rpammarik, ana KOTOPEIX NOAOGHOrO airopur-
Ma Her.

Kpome anropurmuuecknx npoGiem K MareMaTHYecKoll TEOpHH IpaM-
MaTHK OTHOCAITCA TaKXe Npo6JeMbl OIEHKH CJAOXKHOCTH BbIBOA2 B IpaM-
MaTHKax.

CnoxHOCTL BHIBOJAA €CTECTBEHHO H3MepATh JHGO UMCJAOM ILIAroB,
T. €. YHCJOM TNPOMEXYTOYHBIX LeNouYeK, JHOO0 HeOOXOXHUMBIM OO6BEMOM
«namaru», [lpy 3ToM nox o6beMOM NaMATH MOXET NMOHUMATbCH, Ha-
npuMmep, AJHHA NPOMEXKYTOUHBIX IIEMOYEK, YHCJIO BCIOMOTraTesbHBIX
CHMBOJIOB B MPOMEXYTOYHLIX LENOYKax, pacCTOSHUE OT MEepBOro BCMO-
MOTaTeJIbHOrO CHMBOJIa 10 KOHIlA IEeNOYKH H T. I.

Ilns OmeHKH CNOXKHOCTH MO YHCJY INaroB MpeasoXeHa mepa

g (n) =11£)a/)£ltg, W,

rze G — naHHas rpaMMaTHKa;
© — MPOU3BOJIbHAA LIeNOoYKa, BHBoANMasA B G,
[(®0) — AMMHA UEeNOYKH o (YHCIO0 CHMBOJIOB B ©);
Tc® — YHCJIO WAaroB («BpeMs») CaMOro KOPOTKOTO BHIBOZA LENoy-
KH 0 B G;
n— NPOH3BOJbHOE HAaTypaJbHOE YHCJIO.

Uro6bl Hafitu 76 (1), HYXKHO, KaK BHAHO H3 ¢dopmynnl, HalTH 0Js
KaXJoid BHIBOXMMON WEMOYKH, MO HAJHHE, He NpeBOCXOoAseld n, Hau-
MeHbllIee YHCJIO WAroB — «BpeMsA» BHBOAA 3ToH uenoykn B G (uemou-
Ka o MOXer MMeTb B G MHOrO BBLIBOJOB pPasHOi AJHHBI). 3ateM cpelu
BCeX 3THX «BpeMeH» OepeTcss MakCHMaJbHOe. DTO H GyJeT 3HAYeHHEM
OYHKIME t6(n) —Tak Ha3biBaeMOil @peMeHHOL cuzHasusupyroujed
Qynkyuu,

Jlpyramu cnoBamy, T¢ () — 3TO Takoe YHCJIO LIAroB, KOTOPOE, C O-
HOH CTOPOHBI, 3aBE€JOMO AOCTAaTOYHO AJA BLIBOAA Ji06OH LEMOYKH He
AJIHHHEe n, a ¢ APYroil CTOPOHEI, HEOGXOXUMO. YCJI0BHE HEOGXOXUMOCTH
BbITEKAeT H3 TOTO, YTO CPeJH BHIBOAHMBIX [ENOYEK He AJHHHee f HMeerT-
csa xors 6bl OfHA LIeMOYKa, KOTOPYIO Hesb3sl BLIBECTH MeHblle yeM 3a
Tg(n) waros..

Hcexonst n3 noHaTHs BpeMeHHO! CHrHANM3HpYIOUeH (QYHKLUHH, MOX-
HO TNOJYYaTh OLEHKH CJNOXKHOCTH BBIBOJA B pa3HbIX rpamMmarHkax. Tak,
ans 06of HeyKopauuBamioulei rpammatiku G HMeeT MecTo HepaseH-
CTBO

tg (n) < P,
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rae P—o6mee 4HCJAO TEPMHHANBHBLIX H HeTEPMHHaJbHHX CHMBOJIOB,
OueBHIHO, YTO 3TO HepaBeHCTBO umeer cuay M Aas HC-rpammarteky u
ans KC-rpammaruky.

Onnako pas KC-rpaMmaThK YKa3aHHYIO OUEHKY MOXHO 3HaUHTe/b-
110 YJyYlWHTh, T. €. NOHH3uTb. Jas mo6oit KC-rpammaruku Gy, BeInOJ-
HSIeTCs HepaBeHCTBO T, (1) < 2in,
riae / — 4HCs10 HeTep MHHAJBHBEIX CHMBOJIOB B Gy,

ITa OueHKA NMOJYYaeTCss H3 CAeAYIOIHX HECJOKHBIX COOGpaKeHH:
mo6oit KC-BbIBOx MOXHO NMpOBECTH TaK, YTOGH Ha KaXIOM Liare 3a-
MEHSICA CaMblil JIeBHIHl BCIIOMOTaTeJbHbI (HeTepMHHAJbHBIA) CHMBOJI.
Takum 06pa3oM, Ha KaXJOM Liare AJHHA [ENOYKH JHOO He H3IMEHSeT-
cs1, 1160 yBeJNHYHBAeTCs, NPHYEM BO3MOXHH IIarH TpeX THIOB:

1. A—B («HeyIMHHAIONHI HeTepMHUHAAbHBIH»), rae A n B Herep-
MHHaJbHble CHMBOJIbI;

2. A—a («HeYAJHHSIOWHA TepMHHaJbHHIl), rae A — HerepmH-
HaJbHBIA CHMBOJ, @ — TepMHHaJIbHEI CHMBO;

3. A—dd, .. .dn («yrannsomuii»), npu m > 1.

Ecau BLIBOX He COmEPKHT «NeTelb» (MOBTOPEHHi NPOMEKYTOYHHIX
IenoyYexK), TO B HEM HHUIJe He MOXeT OHTb O6oJblle ueM ¢ «HEyAJH-
HAIOWHNX HeTepMHHAJbHBIX» WIaros noapsa. B-camoM nmene, ecau Gbl
Ovli0 mpousseneHo noapsan K takux mwaros, rae KZ=c¢, To coorBercT-
ByIOlMe LeMOYKH BHBOLA HMeJH Ob BHI

HcxogHas nenouka xAoY.

1-i war x A, Y;

2-iwar xA: Y;

c-i war xA.Y;

K-iwar x A, Y.

31ech x — UENOYKa TEPMHUHAJBHBIX HJIH OCHOBHEIX CHMBOJIOB, Ao,
Ay, ..., Ax — BcrioMoraTesibHEe CHMBOJB, Y — mENMOYKa MpOH3BOJIBHO-
ro Buna. Yxe ¢ waroB gaiot (¢ + 1) uenouek. [TocKoNbKy 3TH LeNOYKH
pasauyaloTcs ToJbKo cumBoaamu Ao, Aj, ..., Ac, @ Cpean 3THX CHMBO-
JIoB He GoJlee ¢ Pa3sHYHBIX, BE M3 3THX IEMOueK 06a3aTeqbHO COBMa-
AyT, T. e. MOAY4YHTCA «neTas». Takum o6pasom, B mo6om KC-BeiBome
Ges «meteab», a TeM Gosee B KpaTuaiillemM BHBOXe He ObiBaeT GoJee
¢ — | HeYMJIHHAIOMHX HeTEePMHHAJBHBIX 11aroB noApai. Mexnay asyms
CepHIMH TAKHX 1IaroB 0653aTeJbHO AO/KEH BKJIHHHTLCHA XOTS Gbl OZHH
ar THna 2 Wau Tuna 3, a Takux waroB Bcero He Gosee 2n (He GoJsee
1l TEPMHHAJIbHBEIX, TOCKOJIBKY BCSl L[ENOYKA COCTOHT H3 N TePMHHAJbHBEIX
CHMBOJIOB, H ne 6osee n «YAJNHHAIOUINX», MOCKOJbKY KaXAbli yIJH-
HAIOUKH War YBeJHUNBAeT NJHHY LEINOYKH, 2 YBeJHYHThCA GoJiee yeM Ha
n 3Ta IMHHa He MoxeT). Crano GuTb, Ml HMMeeM He Goablue yeM 2n
cepuii waros Tuna 1 (He Gosee yem no ¢ — | waros B cepuu) u He 60-
nee uem 2n waros THna 2 u 3. O6uiee yucao 1MAaroB He MPEBOCXOLHT
2n(c—1) + 2n = 2cn, y10 ¥ TpeGOBaJOCh A0KA3ATh.

Mgr paccmoTpesn npHMepnl ¢opMYJ BEPXHHX OLEHOK BPEMEHHOi
curHanu3upyromein ¢yuxuun. [Tponecc nosydyeHHss HHXKHHX OUEHOK OKa-
sblBaercs GoJiee CJIOXKHHM, W TOKa H3BeCTHA OfHA TaKasf OLEHKa AJf
uactHoro Buaa HC-rpammatnkm, KoTopyio MH NpHBéfleM Ge3 noKa3a-
TeJabCTBaA.
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SI3HIK, COCTOSIIMI H3 BCEBO3MOXHHIX HETNOYeK BHIA WJo!, HE MOXKET
ObiTh nopoxjen Hukakoi takoii HC-rpammatukoit G, y KoTopoii Bpe-

MeHHas CHTHajau3Hpylomas OJYHKIHS Te(n) no MOpPAAKY MeHblue
(~ MHOro MeHbwe), uem n?(® H ©! — HENMOYKH, 3JIeMEHTHl KOTOPHIX

onpefieJieHHHM 06Pa3oM COTJIACOBAHH MeXAy co6oi).

AHanornuHbIM 06pa3om MOXeT OHTb BBeIeHa H eMKOCTHAR CUHa-
Ausupyrouwas dyukyus og(n), XapakTepHayomas HEOOXOMUMBIA s
BHIBOZla 06beM namaTtH. Mmenno

aG (fl) = Mmax ogw,
l(w)<n
e G, ©, n HMEIOT TOT K€ CMBHICJ, YTO H B OMpeJeJeHHH BpeMEeHHOH
CHlHAAH3HpYomef PYHKIHH, 2 O — eCcTb eMKOCTb («o6bema nams-
TH») HaHMeHee eMKOro BhiBoja menouku ® B G. EmMxocTeio BEBORA Ha-
3biBaeM IJHHY caMoil AJHMHHOH IENOYKH, BXOASIIeH B 3TOT BHBOI.

YnpaxHeHHs:

1. OnpeneqnTs eMKOCTHYIO H BPEMEHHYIO CHTHAJH3HpYOUHe QYHK-
uud ans rpammatik Gy, Gi, Gs, 3alaHHBIX IpaBHJIaMH:

P,={A—aB, A—>BA, B—ab, B> Ab, A—>a};
P,={A->aB, A->CB, C—>ab, B—Ca, B—b};
Py={A—-BC, B—a, C>bb, C—>bA, C— Ab, C— AA)},

rae A — uenp rpaMmarHkH. [IJHHAZ TepMHHAJbHBIX HeNoYeK N<5.

2. Ias  rpammatvkp c¢ npasuwaamp P = {A—BC, A—C,
A—B,B—y, B— Ay, B—Cx, C—>xx, C — AAx, C — xAA
ONpeJe/INTh CJAOKHOCTb BHIBOAZ TEPMHHAJNBHHX LEMoyek RAJAHHOH 3, 4
1 10 cumMBONOB. )

3. Nas rpammarukn G = ({A}, {S}, P, S) c¢ npasunramu Buaa
P={S—S8S, S —SaS, S—a3} onpepeautb CJAO0XHOCTL BHBOXA
TePMHHAJbHEIX LenoyYeK, NJMMHA KOTOPHX He NpeBhiuiaer 15 3HaKOB.

4. PaccmartpHBas TepMHHaJNbHbIE LEMOYKH C AJHHON n<<6, onpene-
JIUTh BPEMEHHYI0 H eMKOCTHYIO CHTHAJH3Hpylomue GYHKUHH IS IpaM-
MaTHK Gy, G, Gs, Gy, 3a1aHHBIX NpaBUJIAMH: - :

P,={S—-ASBC, S—»C, C—-BD, D—»BD, D— A};
P,={S>ASA, S— ASA, S—AS, S—>A};
Py={S— ATC, S->BS, T— AT, T->TA, T >C};
P,={(S—> AS, S—SA, S—BTB, T — ATB, T - ACB].

5. OnpenennTb BpeMEeHHYIO H €MKOCTHYIO CHrHaJH3Hpyowue BYHK-
u¥n (MO AJMHHe BHBOJA M IO JJHHE MPOMEXYTOYHON IENOuKU) AJs 3a-
JaHHBIX TEPMHHAJNbHBIX eloYeK ¢ AJIHHOH n<7.

S - Sa - Sab -> aab;
S > 8S - SSa - Sab - aab,
S - Sab - Saab - aaSaab - aabSaab - aabaaab;
S —> abS - abSb -~ abSab —> abSaab - abSaaab — abbaaab;
S > 8S - Sab - Saab - Saaab -~ aSaaab —~ aaSaaab - aabaaab.
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6. Nana KC-rpammaruka G = (Vg, Va, P, S) ¢ npaBniamu
P={S—-> AC,S—->SB, S—»B, C->SEC, C—->BC, C—A}.

Onpenennrs CI0OXKHOCTh BHIBOAA TEPMHHANBHBIX UeMNoyeK, AJHHA KOTO-
pHx He npesnimaet 10.

2.10. AGcTpaKTHble aBTOMAThl H HX CBS3b C S3LIKAMH
H FpaMMaTHKaMH

2.10.1. OcHOBHbIe TIOHATHS TEOPHUH ABTOMATOB

Paccmotrpum apyroit Merop onpejeseHHSt f3blKa, OCHOBAHHBIH Ha
HCIOJb30BAHHM MHOXECTBA CTPOK NpHeMJeMblX HEKOTOPHM pacrnosHa-
IOIHM yCTPOHCTBAM, aBTOMATAaM.

Bce aBTOomMarthl, KOTOPLIMH MBI OyleM MNOJb30BATbLCS, CYTh YaCTHbIE
cayyau MaiuHbl ThlOpHHra ¢ BXONHOM JIEHTOH, Kotopasi Moxker OblTb
ONMHCaHa cJefyilolnm o6pasoM. MalinHa uMeeT aBe JIEHTH — BXOLHYIO
1 pabouyro. Kaxpoi JeHTe conocrasjeHsl aadaBHT C BHIeJEHHBHIM
B HeM NyCTbIM CHMBOJIOM H TOJIOBKA, TaKXe Ha3blBaeMble COOTBETCTBEH-
HO BXOAHBIMH H BHIXOJHBIMH.

Kaxnasi seHTa orpanHyeHa cJeBa, H KpafiiHsig JeBas siyelika Bceraa
3aHsiTa CHMBOJIOM, He BXOASILIHM B COOTBETCTBYIOMIHH an(aBHT.

MamnHa uMeeT KOHEUHOEe YHCJIO BHYTPEHHHX COCTOSIHHH, CpefH KO-
TOPHIX BbIEJEeHbl Haua/lbHOE H 3aKJII0UHTENbHOE.

dneMeHTapHBIH aKT MalUHHB Npejcrasiser co6oif Jubo uTeHHe
CHMBOJIa Ha BXOJHOM JieHTe C OZHOBPEeMEeHHHM CJABHIOM BXOAHOH rOJIOB-
KH Ha OJHY siyedKYy BIpPaBO M lepex0JOM MaIUHHBl B JApyroe coc-
TOsiHMe, JHOO ONHO M3 CJEAYyIOLIHX AeHCTBHH Ha paGoueil JeHTe:

a) 3aMeHa 0603peBaeMOr0 CHMBOJNA JRPYTHM C OJHOBpPEMEHHEIM
CIBHIOM TOJIOBKH BNPABO H NEPEXOAOM MAlLIHHB B APYroe COCTOSIHHE;

6) TO Xe, HO CO CABHIOM BJIEBO;

B) TO Xe, HO 6e3 cABHra.

Korpa mammHa HaxoAuTcs B 3aKJIOUHTENbHOM COCTOSIHHH, HHKa-
KOH 3JIeMEHTapHHIH aKT HEBO3MOXKEH.

Bynem roBopuTs, 4To MalllMHa HaxXOAHTCA B HAYaJbHOH CHTYaUHH
(kOHbHrypanun), eciu Ha ee BXOAHOH JeHTe HEeMocpeACTBeHHO 3a Or-
paHHuUMBAIOLIAM CHMBOJIOM 3allHCaHa lenoyka, He coaepxalllast Nycro-
ro CHMBOJa, paGouyas JieHTa mycTa (KpoMe OrpaHHYMBAIOLIeH STYeHKH),
00e roJoBkH 0603peBalOT OrpaHHYHBAOIIHE CHMBOJB M MallHHa Ha-
XOAHUTCS B HaYaJbHOM COCTOSTHHH.

Maunia HaxXoAHTCH B 3aK/MIOUMTENbHOM CHTYalMH, eCH Ha BXOA-
HO#t JMeHTe 06O3peBaeTcs nepBas cJeBa nycras siueiika, paGouasi JieH-
Ta NyCTa, MallHHAa HAXOJHUTCS B 3aK/JIIOUHTEJIbHOM COCTOSTHHH.

Maiunna nonyckaer uenouky o, eciu HauaB pa6oTy B HayaJbHOM
CHTYallHH ¢ LeNOYKOH ® Ha BXOJAHOI JieHTe Yepe3 KOHeuHoe UHCJO lla-
TOB, OHa MOXeT OKa3aTbCs B 3aKJIOUHTENbHOH CHTYAalHH.

SI3bikOM, monyckaeMblM MaiUHHOM M, HasHBaeTcs MHOXECTBO JO-
NyCKaeMbIX ero Lenouex.

Aprtomar B 0o6weit popMe npeacTasieH Ha pHc. 22.
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OH conepXHT BXOAHYIO JIEHTY C OTMETKaMH KOHUOB, Ha KOTOPOH
3anHcaHa cTPpOKa. DBXolHas roJoBKa CYHTHIBAET NO ONHOMY BXORHOMY
cumBony. MiMeercsi KOHeuHOe ympaB/eHHe, KOTOpOe MOXeT HaXOZHTbCS
B KOHEYHOM 4HCJe cocTosinuii. MiMeercs koHeuHass naMsiTh, BO3MOXKHO,
C HEKOTOpO# CTPYKTypo#l. ABTOMar Henaer 3JeMeHTapHble IIary, 3a-
BHCSILIHE OT COCTOSIHMSI KOHEYHOro yNpapjeHHs, CHMBOJA, CUHTHIBAEMO-
ro BXOLHOJ FOJIOBKOW, M KOHe4yHOro oGbeMa MHboOpMauum H3 Gecko-
HeYHOH NMaMATH. 3a OOHH 1Iar OH MOXeT caesarh Ciaefylolee:

' F N % B I 7N N F A F
HoneyHoe
ynpabnenue

oY | Y2 - - - | Y
Puc. 22

1) H3MEeHHTb COCTOSIHHE KOHEUHOTO YIMpaBJIeHHS;

2) nepeaBHHYTb BXOZHYIO TOJIOBKY Ha OXHY KJeETKY B JIOGOM Ha-
UpaBJeHHH HJH OCTaBHTb ee Ha MecTe;

3) H3MeHHTb 6eCKOHeYHYIO NaMsThb.

ABsToMaT MoOXeT MMeTb He GoJjiee OJHOTO AOMYCTHMOTO 3JeMeHTap-
HOro Ilara B KaXXJ0il CHTyaluH, TOTRa OH SBJSETCS AeTEpMHHHPOBAH-
HbIM. OH MOXeT HMeTb B HEKOTOPHIX CHTyalUUsiX NPOH3BOJbHOE KOHed-
HOe MHOXKeCTBO JONYCTHMHIX ILIAroB, TOr[a OH SBJsieTCS HeleTepMHHH-
poBanHbIM. Eciin HeT orpasnaenHii Ha JBHXKeHHe BXOLHON T'OJIOBKH, TO
a2BToMar HasblBaeTcsi ABYcTOpOHHHMM. Ecam ronoske nospoasercs ne-
penBHraTbcs TOJBKO B OJHOM HampaBJeHHH, TO aBTOMaT GyaeT OAHO-
CTOPOHHHM.

B Hauase koHeuHOe ynmpaBJ/ieHHe aBTOMaTa HaXOMHTCS B HEKOTOPOM
HayaJbHOM COCTOSIHHH NpPH HEKOTOPOM HadaJbHOM copeplkaHHH Oec-
KOHEUHO! MaMATH M C BXOLHOH TOJIOBKOH y METKH JIEBOTO KOHLA.

Yenoumest 3HakaMu C U S 0603Hauath JeBYI0O H NpPaBylo METKH
KOHLIOB COOTBETCTBEHHO H OyAeM npeanosarath, 4TO OHM He COAepXKar-
€5l HH B Kakom ajdasHTe, ecin 3TO He OrOBOPEHO CHELHANbHO.

MHoXecTBO aBTOMaTOB ¢ «OJHHAKOBOH» CTPYKTYPOH GeCKOHeuHOi
namsTtH ob6pasyer cemeifictBo aBromaToB. CeMefiCTBO HMeeT uerbipe
KJacca aBTOMAaTOB: OJHOCTOPOHHHX HeTepPMHHHPOBaHHBIX, OXHOCTOPOH-
HHUX HEJETEPMHHHPOBAHHBIX, HBYCTOPOHHHX [eTepMHHHPOBAHHBIX H
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ABYCTOPOHHHX HeJeTepMuHHPOBaHHHIX. COKpallleHHD 3TH KjaaccH 060-
3HaygaloTcs coorBetcteeHHo 1D, IN, 2D, 2N.

[To cnoco6y ®yHKUHOHHpOBAHHs pa3/MYaloT ABa BHAAa aBTOMAaTOB:
CHHXPOHHBlE H aCHHXPOHHble. B CHHXPOHHHIX aBTOMaTax mnepexoibl H3
ONHMX COCTOSIHH{I B ApYFHe OCYIUECTBJSIOTCS Yepe3 paBHble BpeMeH-
Hble TIPOMEXXYTKH, B TO BpEMs KaK B aCHHXPOHHBIX aBTOMAaTax 3TH Iepe-
XOIbl COBEpLIAIOTCS Yepe3 HepaBHHE MeXAy co0Oi NPOMEXYTKH Bpe-
MEeHH.

OcranoBuMcst Gosiee nOAPOGHO Ha 3aKOHAxX GYHKUHOHHPOBAHHS aB-
tomaToB. CocTosiHHe S(f) aBTOMaTta B MOMEHT BpeMeHH { OfHO3HaYHO
onpenessercs NpeabAylluM cocTosiHHeM S(f—1) ¥ BXOAHBIM CHrHa-
Jaom x(t). IloaToMy MOXHO 3anHcaTth

s()=9(s(t—1), x{¢)),

rae @ — QyHKuus, onpejpeasomIas nocaenylollee COCTOSHHE aBTOMa-
Ta, KoTOpass o06o3HauaeTcs npocTo @(S, X) M HaswBaercs
GyHRuHEH nepexoaos.

BrixonHoi curuan y(f) peasbHOrO aBTOMara BCerja MNOSIBJISAETCH
nocijle BXOgHOro curHaja x(f). OnHaKo OTHOCHTENbHO MOMEHTa BpeMe-
HH ¢ nepexona aBToMata u3 coctossHus S({—1) B cocrosinue s(f) BH-
XOLHOM cHrHaa y(f) MoxXeT NOSBUTbCS JIMGO paHblue, JH60 no3xe 3TO-
ro MoMeHTa BpemeHHu. [ToatoMy cnpaBennuBel BbIpaXKeHus

(k) g () =9 (s(t=1), x(1));
(X¥) y () =9 (s(t), x (1)),

rae Y — yHKUHS BHIXon0B OObiyHas (*) uam casuuyras (**). Owna
ONHO3HAYHO onpefessier BHXOAHYIO OYKBY aBTOMaTa B 3aBHCHMOCTH
ot coctosiHust S(f{— 1) B nmpeabIAYyIIHA MOMEHT BpeMeHH M BXOLHOTO
curiana x(f), ecan s3to o6buHasi QYHKIHS BLIXOAOB, a B Ciaydae CABH-
HYTOH — OT cOCTOSIHHSA S(£), B KOTOpOe aBTOMAT MEPEXOJHT B TeKYLIHil
MOMEHT BpeMeHH, H BXOAHOTO CHrHaja x (f).

YuurbiBasi paGoTy peasbHbHIX aBTOMAroB, pasfHyaloT ABa poxa ad-
CTPaKTHBIX aBTOMAaTOB. ABTOMaTaMH MepBOr0 poaa Ha3hHBAIOT aBTOMa-
THl, ONHUCbIBaeMble CJeLYIOIHMH YpaBHEHHSIMH:

s(t)=e(s(t—1), x(£);
y(t)=9(s(t—1), x(t)),
KOTOpble ONpefesstioT 3aKOH (GYHKUHOHHPOBAHHS 3THX aBTOMATOB, a

aBTOMaTaMH BTOPOTO pPOJa Ha3bBalOT aBTOMATH, 3aKOH (YHKLUHOHHPO-
BaHHA KOTOPHIX 33J1aeTCH YPaBHEHHSIMH.

s(t) =9 (s(t—=1), x(1));
y(&) =9 (s (), (1)),

riet=12 ... .

AG6cTpaKkTHEle aBTOMAThl JI0GOr0 pofa HasbIBAIOTCS NMPaBHIbHLIMH,
€CJIH BBIXOAHOH CHrHan y(f) He 3aBHCHT SIBHO OT BXOIHOrO CHrHaja
x(t), a onpeneasiercss JHWb COCTOsHHEM S(f— 1) uau s(f).
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CyiecTByer HECKOJbKO 3KBHBAJEHTHHIX cnocoGoB 3anaHus ab-
CTPaKTHBIX aBTOMAaTOB, CPeId KOTOPHIX MO aHaJIOrHu ¢ rpadaMu MoXHO
Ha3BaTh TPH: aHaJHTHYECKHH, FeOMETPHUECKHI U MaTPHYHBIH.

T'oBopsiT, uto 3aman a6GcTpakTHBIA aBToMar A, ecid 3ajaHa COBO-
KYNHOCTb NSATH OGBEKTOB: KOHEYHOro MmHoxectBa X = {x;}, il =
= {1, 2,..., m}, HasbiBaeMOro BXOAHHM andaBHUTOM aBTOMAaTa, KO-
HeuyHoro mMHoxectBa Y = {yi}, jel= {1, 2,..., n}, HasbiBaemoro
BBIXOZHBIM a/¢(aBHTOM aBTOMaTa, MPOM3BOJBHOIO MHOXecTBa S, Ha3bl-
BaeMoro aja¢aBHTOM COCTOSIHHIH, 3/ieMeHTa Sp & S, Ha3blBaeMoro Ha-
yaJbHBIM COCTOSTHHEM aBTOMaTa, n OTOOpaXKeHHs & MHox<ecTBa S B cel4,
Koropoe J106oMy S € S u KaxAo0i BxonHoi GykBe x & X comocraBisieT
COCTOSIHHe Sp € S, onpepeasiiolliee QYHKUHIO NMepexoaos ¢ (S, X), H Bbl-
xoaHylo OykBy y &Y, onpemensiomyo OGbIUHYI0 HJIH CABHHYTYIO
dynkunio seixonos Y (s, x) » CaenosarensHo, sanuce 4 = {X, S, Y, so, F}
0603HayaeT NMPOM3BOJbHBIN aGcTpakTHH aBTomar. Ecau A —aBromar
nepBoro poia, 7o P(S, ¥) —obbluHasg QYHKUUA BBLIXOLOB, €CJIH Xe
A — aBTOMar BTOpOro poza, To (S, X) — CABHHYTas (QYHKUHS BHIXO-
IOB.

Ecnn MHOoXecTBo S KoHeuHO, To aBToMaT A Ha3HBaercsi KOHEYHBIM
aBTOMAaToM, B NMpPOTHBHOM caydae A — GeckoHeuHblii aBTomart. Bce pe-
aJibHbBle aBTOMAThl SIBJSIOTCS KOHEUHbIMH. ,

INokaxcem Tenepb, KakumM 06pa3oM onpeneauTb OToGpax(eHHe, HH-
AynHpyemoe 3afaHHbIM KoHeuHbiM aBromaTtoM A. Kak u3BecTHo, aBTO-
mMaT QyHKUHOHHDPYeT B AHCKpeTHOM BpeMeHu £ =0, 1, 2, ... . [Ipennoaa-
raercs, 470 B HayaJbHHi MOMeHT BpeMeHu { = 0 aBTOMAaT Bcerja Ha-
XOAMTCSI B HauaJbHOM COCTOSIHMH So € S. B KaXaplii MOMEHT BpeMeHH,
OT/JIHYHHI{ OT HayaJbHOro, Ha BXOJ AaBTOMAara [ONaeTcsi BXOQHOM
curian x(f) —npouspoJbHass GykBa BxopHoro aJadaeuta X, a Ha
BbIXOJle BO3HHKaeT HEKOTOpPHH BLIXOAHOH cHrHaa y(f{) —OykBa BHI-
xonuoro andasura Y. Ilyerb G(X) u G(Y) — cooTBETCTBEHHO MHOXe-
CTBa BXOMHBIX H BBIXOAHBIX C€J0B aBTOMaTa A H p = XitXiz...Xik —
NpoH3BOJbHOe BXOLHOe CA0BO, T. e. p & G(X). Ilogaua Ha BXOA aBToO-
Mara A, yCTaHOBJIEHHOTO B HauaJbHOE COCTOSIHHE, KOHEUHOH Moc/Iel0Ba-
TeabHocTH X (1) = X441, X(2) = Xi2,..., x(k) = X;» Ha OCHOBAaHHU H3-
BECTHOTO OTOOpaKeHusi & BbI3bIBAET MOSIBIEHHE OAHO3HAUHO ONpefe-
JIEHHOH KOHeuHo#l nocaenosatenbHocTH Y (1) = yi, y¥(2) = yp... .,
Y (k) = y;» Ha BbIXOZe aBTOMAaTa, KOTOpasi COOTBETCTBYET BLIXOAHOMY
CIOBY 7 = YiYje . .. Yir U3 G(Y). IToaromy r = 8(p). OTHOCS KaxaOMY'
BXOZHOMY cl0By p & G(X) cOOTBETCTByIOllee €My BXOZHOe CJIOBO
r & G(Y), noayuuM HCKOMOe oTOGpaKeHue §, KOTOPOE H SIBJISETCH OTO-
GpaxeHHeM, HHAHIHPYEMBIM KOHEYHbIM aBTOMAaTOM A,

OueBHAHO, 4TO OTOGpaxKeHHe & MHoxecTBa S B S 0qHO3HAUHO 3a-
naet QyHKUHH @($1X) u P(S1x¥), onpemensiouniHe 3aKoH (yHKUHOHH-
poBaHusi aBTomMara A, H Hao6OpOT.

OnuumeM Kiaaccsl aBTOMATOB, KOTOpble CBSI3aHbl ¢ THNAMH I'PamMa-
THK B HepapXHH XOMCKOToO.

Mawnna TolopuHra ¢ gByMsi JeHTamH, H3o06pakeHHas Ha puc. 23,
npeacrasisieT cob6oif yCTPOHCTBO, OeCKOHEYHCH naMATbI0O KOTOpOro
SIBJISIETCS JIMHEHHAs JIeHTa KJAETOK CO CYHTHIBAIOllefl H 3aNHCHIBAOLIEH
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JIEeHTOYHOH roJioBKO#. 3a oMy 1Iar, 3aBHCSLIMI OT ee COCTOSHHS H
CHMBOJIOB, CYHTbIBA€MbIX BXOJZHOH M JIEHTOUHOIl TOJOBKaMH, MallHHA
TbiopuHra Moxer:

1) H3MEHHTH COCTOSIHHE;

2) H3MEeHHTb CHMBOJ CYMTHIBAEMOH JIEHTOYHOH TOJIOBKOII,

3) nepeaBMHYTH BXOIHYIO M JIEHTOYHBIE TOJOBKH Ha ONHY KJETKY
HE3aBHCHMO B J1I000M HanpaBJeHHH.

¢Iy1}fj.... I‘ o« o o \tn-i‘tﬂ¢

KoneqHoe
ynpobnenue

beckoneqHon
nomare

Puc. 23

dopManbHO ABYCTOPOHHSISI HeneTepMHHHpPOBaHHass MamiuHa Tblo-
puHra (uau npocto maiinHa ThbiopHHra) o603HauaeTcs Tak:

M=(S’ X, Y9 8' so, B’ F)’

rae S, X, Y u F— KoneuHoe MHOXECTBO COCTOSIHHIi, BXOAHLIX CHMBO-
JIOB, JIEHTOUYHBIX CHMBOJIOB H 3aKJ/JIOUHTEIbHEIX COCTOSSHHAI COOTBETCTBEH-
Ho: F=S, so= S — HauaJibHOe coctosinue; B e F —nycro#t cumBou,
& — 3to otobpaxenue S X (X, U {C, S}) X Y B Kkaacce moaAMHOXKeCTB
mHoxectBa S X (Y — {B} X {—1, 0, +1} X {—1, 0, +1}. ®dynkuus o
ocyecrsasier otro6paxeHue Bua C X X X Y—S X Y X d, X da. 10
O3HayaeT, 4To MawHHa Tolopunra M HaxoXHUTCH B COCTOSHUM S, CYMTHI-
BaeT x HAa BXOJE M Y Ha JIeHTe, TO OHA HMeeT MpaBo NepeiiTH B COCTOS-
HHe S; Hameyararb HEMYCTOH CHMBOJ Y; BMECTO ¥ M NEPEABHHYTb CBOH
BXOAHYIO M JIEHTOUHbIe FOJIOBKH B HanpasJeHUsiX dy U da COOTBETCTBEH-
Ho (—1 oGo3nauaer casur BjeBo, O— OTCyTCTBHe ABHXKeHHH, +1—
CABHI BIIPABO).

Kondurypauusa mamuns Toiopunra M Gyner oGosHauatses (8, i,

Xoy ooy Xiyo ooy Xny Yty Y20+ Yis -+ -, Ym). 30€CHb S — COCTOSAHHE Xy =
=C, Xn=3S, %2, X3, ..., Xn—1— BXOf, TH€ Kaxmoe X, 2<<k<n—|
npHHamaexur X. CHMBOJEI Yy H Ym NYCTHIE, A Y2, Y3, . . ., Ym—t — HENMY-

CTasi yacTb JIEHTH MaumuHsl M. BxonHasi ¥ NeHTOUHAs TOJOBKH CUHTHI-
BAIOT X; H Y; COOTBETCTBEHHO.

_ EctuM = (S, X, Y,8, s, B, F) unns mo6ux s w3 S, x, u3 X U {C,
S} n y u3 Y MHOX)ecTBO 8(S, X, ) CONePXKUT He GoJjee OMHOFO IeMeH-
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Ta, To M sBAsieTcs JNeTepMHHHpPOBaHHOM. Ecam HM 148 Kakux S, X, Y
MHOXKecTBo 8(S, ¥, y) He colepXHT sneMeHToB BHaa (p, Y, —1, d), To
M saBasiercs omHOCTOpoHHeH. TakuM o6pa3oM, onpexeneHsl 4YeThipe
Kaacca mawuH Teiopunra: 1D, IN, 2D, 2N.

JlBa KJacca aBTOMAaTOB Ha3LIBAIOTCH 3KBHBAJEHTHHIMH, €C/IH OHH
Pacno3HaloT OJHHAKOBbe SI3bIKH.

Teopema (33). Uernlpe knacca mawun Toiopunra (1D, 1IN, 2D, 2N)
NONapHO 3KBUBAJEHTHB, M KaXXIBlii TOYHO Ppacrno3Haer Bce SI3bIKH TH-
na 0.

2.10.2. JIuHe/iHOOrpaHUYEHHbIE AaBTOMATbI

1. Mamnsa ThlopuHra ¢ BXOAHOH JIEHTOM HasbiBaeTcsi JHHERHO-
OrpaHHYEeHHOH, ecaHu CYyLIeCTBYeT TaKoe YHCJO ¢, 4YTO B Ipouecce «ao-
NYCKaHHs» LEeNOYKH  MallHHAa He MOXET HCNO/Jb30BaTh Gojee 4eM
¢-|o| pabouux sueek.

Takum o6pasoM, o6beM NMaMATH TaKOro aBTOMaTa He SIBASETCS He-
OrpaHHYEHHbIM, KaK B MalllHHax TblopHHra, a onpenensieTcs NJIHHOM
NOC/IeA0BATENbHOCTH BXOAHBIX CHMBOJIOB. JIHHEiHash 3aBHCHMOCTb MeX-
Iy o6beMOM NaMSITH W AJIHHON BXOAHOH MOCJAENOBATEJbHOCTH Ompene-
Nuja HasBaHHe 3TOro KJiacCa aBTOMAaTOB — JHMHEHHOOTpaHHYeHHble aB-
TOMATHI.

JInHefHOOrp aHHYEHHBII aBTOMAT NpencrasiasieT cofoil ABYCTOPOH-
HH}l aBTOMAaT, YNpaBJsiOlllee YCTPOHCTBO KOTOPOIrO HMeeT KOHeuHoe
YMCJIO COCTOSHHH. BXoaHas JeHTa ero MoXeT mepemelatbcst B ofe
CTOpOHHI, NpHYEM FOJIOBKA YNpPaBJSIOLIET0 YCTPOHCTBA MOZKET He TOJb-
KO CUHTHIBAThb BXOZHble CHMBOJIBI C JIEHTbl, HO M 3anHCHIBaTh Ha Hell
HOBBble CHMBOJIBI.

JleTepMHHHPOBAaHHLIM JHHEHHOOrPaHUYEHHBIM aBTOMAaTOM C ORHOI
JIEHTO/ Ha3blBaeTCsl YNOPAAOYeHHAs llecTepKa

A=(X,S, s, 8, F, d),

rie X, S, so, F UMEIOT TOT e CMBICJ, 4TO H B YHMBEpCaJbHOM aBTOMa-
te, d = {—1, 0, +1}, Kak ¥ B ABYCTOpOHHeM aBTOMaTe, a OTOGpaKe-
HHe & umeer Bua: S X X —S X X X d. 1ot aBTOMaT paboraer cae-
AyolmHM obpasoM. B HauaabHBEII MOMEHT Ha BXOAHOM JeHTe 3anHcaHa
f10CN€A0BATENbHOCTh BXOJZHBIX CHMBOJIOB, TaK YTO JieBee KpaiHero Je-
BOTO CHMBOJIa ITOC/IEN0BATENbHOCTH U NpaBee KPailHero nNpaBoro CHMBO-
Ja JIeHTa MmycTa, T. €. KJEeTKH 3anoJiHensl cUMboJoMm A . ABTomar Ha-
XOJHTCH B COCTOSIHHH So H CUMTbIBaeT KpaiHHi JIeBbI CHMBOJ BXCIHOM
Moc/eJ0OBaTeNbHOCTH, 3aNHCAHHLIH Ha JIEHTe.

Ilanee, eciu ynpasasiomiee YCTPOHCTBO aBTOMAaTa HaXOMHTCH
B COCTOSIHHH S; H CYMTHIBAET C JIEHTbl CHMBOJ X; H €CJIH HMEEeT MECTO
0(8i, x;) = (s¢, xp, dq), TO aBTOMAT BMECTO X; neyaTtaer Ha JIeHTe CHM-
BOJI X, IEPEXOJHT B COCTOSIHHE S; M JIEHTa NPOJBUraeTcsd Ha OAHY KJer-
Ky Bnpaso npu dg = —1, BnreBo— npu dg = +1 u ocraercs Ha mMecre —
npu dg = 0.

YcaoBie NONMYCTHMOCTH MJIM NPHEMJEMOCTH BXOZHOH TOC/eNOBa-
TeJIbHOCTH [Jis KETePMHHHPOBAHHOTO JHHEeiHOOrpaHHYEHHOro aBTOMa-
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Ta Te Xe, YTO M JAJs ABYCTOpoHHero. IlocienoBaTesbHOCTb CUHTaercs
NpHEeMJIEMO1, €C/IH CUMTHIBAIOILAS FOJOBKA CXOIHT C NIPABOro KOHIA 3a-
TMOJTHEHHOH YaCTH JIEHTH H NPH 3TOM ynpasasiollee yCTPO/ACTBO HaXo-
IUTCS B OZIHOM M3 COCTOSIHHiIT MHOXecTBa F.

TakuM o6pasoM, B JHHEHHOOrPAHUYEHHBIX aBTOMATaX BXoAHAs sen-
‘Ta HCIOJMb3YETCs TaKKe H B KauecTBe J€HTHl NaMsTH.

g neTepMHHHPOBAHHBIX nuneﬁnoorpauuqeaaux aBTOMATOB JOKa-
3aHa caenyloias Teopema.

Teope)na 34 (J/lanOsebepa). MHOXECTBO 1ENOYEK, NPEeACTABHMBIX
JIMHEHHOOTpaHHUYEHHLIM aBTOMAaTOM, €cTb f3blK THNA l, T. e. KOHTEKCT-
HO CBsI3aHHBIiL.

Sta TeopeMa, OfHAKO, He YTBEPXKIAET, UTO AJs JIOGOro s3blKa TH-
na 1 cymecrsyer 1eTepMHHMPOBAHHLI JHHEHHOOrpaHHUEHHBIH aBTOMAT,
KOTOPLIil NPEeACTaBJsSET 3TOT A3blK. Bonpoc o ToM, cyliecTByeT JH 3K
THNa |, He npeACTaBUMBIN JeTEepMHUHHPOBAHHBIM JHHEHHOOr PaHHUECHHHM
aBTOMATOM, OCTaeTcsi nmoka OTKpbITHIM. JlokasaHa Jaump nogoGHas
‘TeopeMa A5l 6ECKOHTEKCTHBIX S3BIKOB.

Teopema 35 (Kypoaa) JIioGoit A3bIK THNA 2 mpeiacTaBHM B JeTep-
MHHHPOBAaHHOM JIMHEHHOOTp aHHIEHHOM aBTOMaTe.

HeneTepMHHHPOBaHHBIM JIHHEHHOOrpaHHYEHHBIM aBTOMaTOM C OA-
HO JIEHTOjl HasbpiBaeTcs JIHHEHHOOrpaHHYEHHBI# aBTOMAT C ORHOM JeH-
HO#, QYHKUHST OTOGpaKeHuss KOTOPOro HEOQHO3HauHa, a HauyajbHbIM
COCTOSIHHEM MOXKeT ObiTh JI060e M3 COCTOSHHII MHoxectBa So. Jas
HeJeTepPMHHHPOBAHHOTO JIHHEHHOOrpAaHHYEHHOTO aBTOMAaTa BXOXHAS
nocJe0BaTeNbHOCTh CUMTAETCH MpPHEMJeMOH, eclin CyllleCTBYeT TaKo#
BapHaHT paboThl aBTOMAaTa, YTO aBTOMAaT CXOAMT C NPaBOro KOHua 3a-
MOJIHEHHOH JIEHTHl B OJHOM M3 COCTOSIHHMil S; MHOXecTBa F.

O6anacTb NpeacTaBUMOCTH HeleTeDPMHHHPOBAHHBIX JHHEHHOOTpaHH-
4YeHHbIX aBTOMATOB ONpejlesisieTcsl ClieAylolleli TeopeMoil.

Teopema 36 (Kypoda). MEoXecTBO BXOAHBIX MOCAeLOBATEIbHOCTEM
ABJISIETCS SI3BIKOM THNa | Torga M TOJbLKO TOrAa, KOrja OHO SIBIseTcs
MHOXKECTBOM NpHeMJeMbIX NMOocTeAOBaTeNbHOCTeH Kakoro-1ubo uene-
TePMHHHPOBAHHOTO JHHEHHOOTPAaHHUEHHOro aBTOMaTa, T. €. KOraa 3TO
MHOXeCTBO NpeACTaBHMO TAKHM aBTOMAaTOM.

U3 ston TeopeMu u M3 Toro ¢akTa, uTO AETEPMHHUPOBAHHBIA JIH-
HeHII00rpaHHUYEHHBI aBTOMAT 3aBeJlOMO He MOXKeT JesaTh GoJblue, ueM
iieleTepMHHHPOBAHHBI aBTOMAT TAKOTO XK€ THIa, CJeNyeT, YTO KJjace
JUHEAHOOrpaHHUYEHHBIX aBTOMAaTOB OGOMX 3THX THUNOB 3aBeloOMO ViKe,
Yem KJacc MamHH TblOpHHra, B TOM CMBICJe, YTO 06JacTh MPEACTaBH-
MOCTH 3THX aBTOMAaTOB fIBJSIeTCS TOUHbIM BKJIOYeHHeM 00.acTH npen-
craBumMoctH MawHH Telopuura. B To Xe BpeMs Kaacc JHHeiHoorpa-
HHYEHHBIX aBTOMAaTOB 3aBEIOMO LUHMpE, YeM KJjacc KOHeuHbX aBTOMa-
TOB, KOTOpH€, KaK Mbl YBHIHM JaJjiee, MPEACTABJASIOT TOJbKO SI3BIKH
THna 3. CnenosarenbHo, JTHHEHHOOrpaHHYEHHble aBTOMAThl SBJSIIOTCH
NPOMEXKYTOUHEIMH MeXIy KOHEYHBIMH aBTOMAaTaMH H MamuHaMu Tblo-
pHHra H NMPHUTOM alleKBAaTHBHIMH OMNpeJeJieHHOMY KJaccy $3bIKOB TH-
na | — KOHTeKCTHbIM SI3BIKAM.

Teopena (37). Knaccst 2N u IN nuneiiHOOrp aHHYEHHBIX aBTOMATOB
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9KBHBaJEHTHH, B KaX[B pacrno3HaeT s3bK L TOrAa M TOAbKO TOTAE,
korga L — {l} siBasieTcs KOHTEKCTHBIM.

Teopema (88). Knaccw 2D u 1D nvHEeHHOOTpaHHUEHHBIX aBTOMATOB
5KBHBAJIEHTHBL.

2.10.3. ABTOMATH C Mara3suHHOH NMaMATbIO

VY aBTOMaTOB C MarasHHHON NaMsTblO, KpOMe GeCKOHEeYHOH BNpaBo
BXOJHOH JIEHTH, €CTh ClelHa/IbHasi BCIIOMOrarteJbHasi JeHTa, TaKxe
GeckoHeyHas Bnpapo. [IpH ABHXEHHH BCIOMOraTe/bHOH JeHTHl BJEBO
Ha Hel 3aNHCHBAIOTCA BCIIOMOraTesbHble CHMBOJIBI, @ TPH JBHXKEHHH
9TOM JIeHTH BNPAaBO 3TH CHMBOJIBI CYHTHIBAIOTCH M CTHpaoTcs. [lepshiM
BCErfa CYHTHIBAETCs MOC/JEAHHI 3amHCaHHBA cHMBOJI. B Takom aBro-
MaTre HEBO3MOXKHO CUHTAThb CHMBOJ C JIEHTH NaMSITH, He CTepeB ero.

Takum o6pasom, B aBTOMATax C Mara3WHHOH NaMsATbIO OrpaHHyYEeHHe
HaK/JajJbBaeTcss He Ha oGbeM NMaMATH, a Ha NOCTyn K HHOpMalHH,
3aNHCAHHOH Ha JIeHTe NaMsATH — B «Maras3uHe».

ABTOMar ¢ MarasMHHON NMaMsATBIO OMNpenesiseTCs KaK ynopsifoueH-
Has BOCbMepKa

A=(X,S, s, Z2,0,8 F, d),

rie X, S, so, F — COOTBETCTBEHHO KOHEYHbIE HElyCTble MHOXKECTBa BXON-
IIBIX. CHMBOJIOB H COCTOSIHH{l yNpaBJsiiOllero YcTpoicTBa, HauajabHOe
COCTOSIHHe M BBINEIEHHOe TNOAMHOXECTBO COCTOSIHHH, Z — KoleuHoe
MHOXEeCTBO BCIIOMOraTeJbHBIX MarasMHHbBIX CHMBOJIOB, .G — ClelHaJbHO
BBIJIEJIEHHBII ~ CHMBOJ  «CTHpaHHe» ’
(ce2), d={-1, 0, +1}, 6— =
¢yHKUHS, ocyllecTBasiolas otobpa- Ll | IJ I IJ I{ I
)XeHue MHoxeciBa S X (XUA) X Z | T BrodHaA eWTa
B MHOXectBe S X Z* X d, ec/iH aBTO-
Mar AeTePMHHHPOBAHHLIH, HIH B MHO- vy
KeCTBO KOHEYHHIX NOAMHOXKECTB MHO- - .
xectBa S X Z* X d, eciu HemeTepMH- = 2 o MO2OSUH
HHPOBaHHBIN, L | | I r] ‘ LJ

JlerepMHHHpOBaHHBIA  aBTOMAT C
MarasuHHON nmamsTblo paboTaer cie- Puc. 24
ayouumM o6pazoM (puc. 24).

B HauajbHBII MOMEHT Ha BXOZHOH JieHTe 3allHCaHa LenoYka u
H CUHTBIBalOILasi ToJI0BKa | BOocnpHHUMaeT KpalHHil JeBbIH CHMBOJ
3TOM UeNOYKH. YNpapJsiiollee YCTPOACTBO HaxOLHTCH B COCTOSIHHH So,
JIEHTa NaMATH MyCTa H roJOBKa 2 pacnoJoxeHa NPOTHB KpaiiHe# JeBO#
ee KJIeTKH. Ecaii B HEKOTOpHI MOMEHT BpeMeHH HMeer MecTo 8(S;, Xi,
zZ)) = (S5, vy, dg), TO 3TO 03HaAyaeT, YTO aBTOMAaT, HaxXoAsIIHiACS
B COCTOSIHHH S; H BOCNPHHHMAIOWIMA CHMBOJ X; Ha JIeHTe NMaMSTH, me-
PEXOAHUT B COCTOSIHHE Sj, a HA JIeHTe Mara3HHHOH NaMsATH ne4aTaercs
uenovka v, MepBbIfi CHMBOJ KOTOPOfi mnedvaTaeTcss B TOH KJjeTke, Trae
OBIO 33NHCAaHO 2, M JeHTa CIBHraetcs Ha |v| — 1 k/JeTOK BJIeBO
(Jv] — nanna uenoukn v). Ilocae 3TOro BXOAHAS JIEHTA CABHraeTCsl
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Ha OJIHy KJeTKy BJeBO, eciin dq = + 1, Ha OlHY K/IeTKY BNpaBo, ec/IH
dq = —1, uau ocraercs Ha Mecre, ecan dg = 0.

Ecan uenodyka v = A, 1. e. nycras, To JIeHTa aMsATH He JBHXeTCS
H CONEPXKHMOe ee He MeHsieTcs. Ecau Xe U = ¢ — cTHpaIONHA CHMBOJ,
TO CHMBOJ 2; Ha JieHTe NaMATH, NPOTHB KOTOPOFO CTOsJIa TOJOBKa 2,
CTHpPAeTcsl M JIeHTa NaMATH CABHraeTcs Ha OJAHY KJieTKYy BIpaBo.

Bxonnasg nocnenoBaTeJbHOCT CYHTAaeTCHd NPHEMJEMOH, ecau Mociae
TOro, KaK rojioBka 1 cuuThiBaeT nocjenHHH CHMBOJ BXOAHOM MOCJeNO-
BaTeNbHOCTH, YNpasJsiolliee YCTPOACTBO MepexoaHT B OHO H3 COCTOS-
HH# BBII€JIEHHOTO MoAMHOXecTBa F cocTosiHMi *.

Jns TeopHH aBTOMAaTOB C Mara3MHHON NaMATbIO OCHOBHOH fBJsET-
£s1 cjeflylolasi Teopema.

Teopema 39 (Xomckozo). SI3bik L siBasieTcss A3KIKOM THNa 2 TOrza
# TOJIbKO TOTZA, KOTJla OH MpPEACTaBUM B HEKOTOPOM HeIeTepMHHHPO-
BaHHOM aBTOMaTe C Mara3HHHOH NaMsTbIO.

Takum obpasom, o6aacTb MpeACTaBUMOCTH AJSI Kiacca Hezmerep-
MHHHDOBaHHbIX aBTOMATOB C MarasHHHON NaMsTbIO COBMAZaer C Kiaac-
COM SI3BIKOB THNA 2, T. . GECKOHTEKCTHBIX SI3bIKOB.

MHoxecTBO, NpeacTaBHMOe B JeTepMHHHPOBAHHOM aBTOMaTe C Ma-
rasvHHON NaMATbIO, HOCHT Ha3BaHHe JeTepMHHHPOBAHHOro GECKOHTEK-
CTHOTO fI3blKa, T. €. A3blKa THna 2P. MmeeT Mecro cienyomas reopema.

Teopema 40 (Xeinc-lllroryenGepace). Ecan A — perepMHHHpOBAH-
HBI{i aBTOMAaT C MarasuHHO MaMsATbIO, TO MHoXecTBo L (A) mocaenosa-
TeJbHOCTeH, KOTOpble B HEM NPEACTAaBHMBI, SIBJASIOTCH GECKOHTEKCTHBIM
A3BKOM 6e3 HeOJIHO3HaYHOCTH.

Oxnnako o6paTHOe HeBEPHO, TaK KaK CYIIECTBYIOT SI3BIKH THna 2 Ge3
HEOJIHO3HAYHOCTH, He fIBJSIOIIHeCS JeTepPMHHHPOBaHHbIMH.

2.10.4. KoHeuHble aBTOMATH

Han6osee npoctoit Moeablo IBASIETCS aBTOMAaT C KOHEYHBIM YHC-
JIOM COCTOSIHHiI (¢ KOHEUHOH TaMsThbi0) — KOHEUHbI aBTOMAT.

JleTepMHMHPOBAHHEIM KOHEYHBIM aBTOMAaTOM HasblBaeTcs YNoOpsifo-
4YeHHas CHCTeMa H3 IISITH CHMBOJIOB — «YHOpsOYEeHHAas NSITEPKa».

A=(X9 S) so, 8’ F)v

rae X = {xi, X2...., Xr} — MHOXECTBO BXOAHBIX CHMBOJOB (BXOZLHO
andansurt), S = {5y, Sz, ..., Sn} — MHOXKECTBO BHYTPEHHHX COCTOSIHHH,
r, n KONEUHLl, So & S — HavyaJbHOe COCTOsIHHe, & — GyHKuHus, oToGpa-
xKawomas S X X B S, yro o6buHO 3anHcHBaercs §:S X X—-S. dta
GYHKUHMS ONHO3HAUHO CTABMT B COOTBETCTBHE MNape CHMBOJOB (Si, X;j)
HEKOTOPBIl cHMBO Sy &S, FS S — HekoTOpoe BHIIEJEHHOE MOAMHO-
¥ECTBO COCTOSIHHII aBTOMaTa (3aK/IOYHTeJbHEE COCTOSHHS).

STOT aBTOMAT MOXHO HHTEpNpeTHPOBAaTh TaK, KaK 3TO MNMOKa3aHO
Ha pHc. 25.

ABTOMAaT COCTOHT M3 YNpaBJASsIOIIEr0 YCTPOMCTBA, CUHMTbIBalOLLEH
TOJIOBKM H OeCKOHeYyHOHl BNpaBo BXOAHOH JIEHTH, pas3[eJeHHol Ha

* Onpefenenne NpUEMAEMOCTH B Pa3/HIMBX paGoTax TPAKTYyeTCA NO-Pa3HOMY.
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KJeTKH. BHayase Ha JleHTe 3anucaHa BXOAHad leNOYKa TAK, YTO B KaXK-
IO KJeTKe JIeHTbl COAEPXKHTCS MO OAHOMY CHMBOJY wuenouxu. Ha-
YaJbHbli CHMBOJI 3anHCaH B KpaiiHell JeBOil KJeTKe, a Bce KJIETKH TOH
YacTH JIeHTbl, KOTOpasi pacnojoXeHa npaBee NOCJeJHEr0 CHMBOJA 3a-
IMCH BXOMHO# UeNOYKH, IYCTH, T. €. B KaXKAOH U3 ITHX KJIETOK 3aNHCaH
«nycrofi» cumBoii A . [osloBKa B HayaJbHbIE MOMEHT pacnosoxeHa
NpOTHB KpaihHed JIeBOH  KJETKH

JIeHTHl, a ynpaBJsiolliee YCTpOHCTBO
Ealtelza] TT T 1 |alrl. Haxomrrcz pB Haqanbﬂ}om pcoc*rox-
HHH.

B Kkaxzblii ouepeIHO#l TaKT ro-
49 JIOBKa BOCNPHHHMAaeT CHMBOJ Ha
JieHTe, YnpapJsiollee YCTPOHCTBG

Puc. 25 H3MeHsieT CBOEe COCTOSIHHE B COOT-

BETCTBHH c 0ToOpaxeHHeM O, a JeH-

Ta CIBHraerTcs Ha OZHY KJeTKy BiaeBo. Eciu rosoBka BOCIpHHHMaeT

nycroit cuMBosi A, KOTOpHI/ 3amHCaH mnpasee MNOCAERHEr0 CHMBOJA

BXOJIHO{i nocJe10BaTeJIbHOCTH, TO 3TO OyaeT 03HayaTh NpeKpalieHe pa-

60THl aBTOMATa, T. €. COCTOSIHHE YMPaBJSIOIIEro yYCTpoiicTBa GoJblile He
H3MeHseTcs.

HonycTuMo#, HJIM NpHEMJAeMOH, Has3blBaeTcss BXOAHAs MOCJeNOBa-
TeJbHOCTb, OO/afalolas cJAeLyolnM CBOHCTBOM: KOrZa roJoBKa BOC-
NpUHHMaeT MNOCAEAHHH CHMBOJ 3TOH BXOJHOH NOC/AeXOBaTeJbHOCTH,
aBTOMAT MepexXOAMT B OLHO M3 COCTOSIHHiI MHoXecrBa F.

MHOXKeCcTBO JONYCTHMBIX BXOAHBIX IOC/A€ROBATENbHOCTEH aBTOMa-
Ta A, HIM MHOXKECTBO NOCJeLOBaTeIbHOCTEH, NPEACTaBUMLIX B aBTO-
mMate A MHOXecTBOMm cocTosiEHii F, o6osHauaercs L(A). Takoe MHO-
7KeCTBO, AIBJSASICb MHOXKECTBOM lleo4ek CHMBOJIOB H3 KOHEYHoro aiada-
BHTa X, OYNeT C TOYKH 3PEHHs TEOPDHM SI3bIKOB HEKOTOPHIM sI3bIKaM
Haj TepMHHANbHBIM caoBapem Vp = X. Takum o6pa3om, ecTeCTBEHHO
BO3HHKaeT Cloco6 CONOCTABJEHHsI aBTOMATOB, SI3BIKOB H FPaMMaTHK.

Jast KOHeYHBIX aBTOMAaTOB MHOXKecTBO L (A) BHaeasieTCss H3BECTHOI
Teopemoit Kaunu.

Teopema 41 (Kaunu). s moGoro KonedHoro asTomata A MHOXKe-
ctBo L(A) monycTHMBIX NOC/]e0BATeNbHOCTEH SIBASETCS DEry.aspHBIM,
T. e. fA3bIKOM THna 3. JTa Teopema OODBACHSET, MOYeMy SI3bIKM THMa 3
Ha3bIBAIOTCS SI3bIKAMH C KOHEUHBIM YHCJIOM COCTOSIHHIL

JleTepMHHHPOBAHHBIM KOHEUHBIM aBTOMATOM C ABYMS JIEHTaMH Ha-
3bIBaeTCs ynopsiiodeHHas LlecTepKa

A=(X,7,S, s, 3 1),

rae X, S, So 1 0 UMEIOT TOT e CMLIC/, YTO H AJ15 KOHeYHOro aBToMara
c onHoit aentol, Y = {y1, ¥2,..., Y1} = MHOXKeCTBO BLIXOAHBIX CHMBO-
J0B (BHIXOAHOH andasut), | — KOHEUHO, a A — (PyHKIKS, OCYHIeCTBJs-
joutas oto6paxenne S X X B Y, 1.e. A: S X X—Y.

Hurepnperauus 3Toro aBToMaTta mpeacrapieHa Ha puc. 26.

KpoMe BxonHOil 1eHTH! aBTOMAT HMeeT GeCKOHEYHYIO BIIpaBO BHIXOA-
HyIO JIEHTY, KOTOpasi MOXeT NepeMellaTbCsi TOJAbKO B OAHY CTOPOHY —
cnpaBa Hajeso. KaXbiii ouepelIHOl TAKT B KJIETKe JIEHTH Meyaraercs
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CHMBOJI, W JIeHTa CIBHTaeTcss Ha OAHY KJeTKy. IDTOT aBTOMAT Haskbl-
BaeTcs NOCJeNoBaTeNbHOR MAIUHHOH, HJH aBromMatoM Muau. Astomar
Munu M kaxnoil uenoyke BXOAHBIX CHMBOJIOB % ONHO3HAYHO CTABHT
B COOTBETCTBHE IIEMOUKY BHIXOAHBIX CHMBOJIOB ®, YTO 3aMHCHIBaeTCs
M(u) = o. OyeBunHo, yTo M(A ) = A.

HeperepMUHHPOBaHHBIM KOHeu-

r! I i | | | | T HBHIM aBTOMATOM C OINHOH JIeHTOH
L L STion TS Ha3blBaeTCsl yNopsAouyeHHass Insi-
I' ¢ TepKa

A= (X’ S’ So, a’ F)'

rae X, S, F umeror TOT Xe CMBbICJ,
> Beirodvoa newrp  UTO H B ONpeNeJIeHHH JeTepMHHH-
T poBanHoro aBtroMmara, §-— orobpa-
t XKenHe MHoxecTBa S X X B MHO-
Puc. 26 eCTBO BCeX MOAMHOXECTB COCTOf-
Huit S, a So — HeKOTOpOe BHIJE/NEH-

Hoe (HauajJbHOE) NOAMHOXECTBO MHOXecTBa S.

lpencraBneHHe MHOXKeCTBa BXOAHBIX IMOCJEAOBaTeNbHOCTEN B He-
NeTepPMHHHPOBAHHOM aBTOMaTe IIOHHMaeTcs CleAayloUlHM ob6pasom.
MuoxecTBo BXOAHBIX MocsenoBateabHocTeit U momycTHMo B Hemerep-
MHHHPDOBaHHOM KOHEYHOM aBTOMaTe, €CJH JJIS KaXJoff MocJeaoBa-
TeJbHOCTH 3TOrO MHOXeCTBa HAMAyTCs ABa TaKUX COCTOSHHA §i & So
H S; € F u rakoii BapuaHT paboTH (T. €. TaKHe KOHKpeTHHE 3HaueHHs
¢yHkuHH §), uTo mocaenoBartenbHocTh U nepeBOAHT aBTOMAT H3 COCTOS-
HHSl $; B COCTOSIHHE Sj.

Iokasauna cyenyiomas reopema.

Teopema 42 (Pabuna u Cxorra). B HemeTepMHHHPOBaHHHX OIHO-
JIEHTOYHBIX KOHEYHHIX aBTOMAaTaXx, TaK XKe KakK M B JeTepMHHHPOBAH-
HbIX, JOMYyCTHMBI pEryjsipHble MHOXECTBA 1ENOYeK H TONBKO OHH.
C nomouipio HeleTepMHHHPOBAHHBLIX aBTOMAaTOB HeJb3S PaCLIHPHTH
KJacc NMpeAcTaBUMBIX MHOXecTB. OJHaKO HeleTepMHHHPOBAaHHHIH KO-
HEYHBI aBTOMAaT OOLIYHO MMeeT MeHblllee YUCJO COCTOSIHHH MO cpaBHe-
HHIO C 1eTepPMHHHPOBAHHHIM aBTOMAaTOM, NMPEJACTaBASIOLINM TO Xe MHO-
ecTBo.

KoneuHblii aBTOMaT C ABYyMsl JIeHTaMu SIBASIETCS HedeTePMHHHPO-
BaHHEIM, €CJH NPH OJHOA M TOH Xe CHTyalUMH, XapaKrepudyemoH mna-
poit (Si, Xj), BO3MOXHO KOHEYHOE YHCJIO BapuaHTOB ero aeicrBus. Cie-
NOBATENbHO, TAKOH aBTOMAaT MOXKeT OJAHOH BXOJNHOM LenouKe MOCTaBHTb
B COOTBETCTBHE KOHEYHOe MHOXKECTBO BBIXOAHbIX lleNOYeK.

JIByCTODOHHH# KOHEUYHHji aBTOMAaT OTJHYaeTcss OT OGBIYHOrO JAeTep-
MHHHPOBAHHOrO aBTOMAaTa TeM, YTO BXOAHas JeHTa OeckOHeuHas B ofe
CTOPOHB H MOXeT JBMraTbhCs He TOJBKO BJEBO, HO H BNPaBO, a TaKxe
MOXeT OCTaBaTbCsl HemoasHxHOM. [Ipu 3TOM oTOGpaxamomas GpyHKuH:
0:S X X—>S 3amensiercs ¢ynxuneit 6:S X X—S X d, rme d =
= {—1, 0, +1}. CumBo1 d nokasbiBaeT, B KaKyl0 CTOPOHY JOJXKHa
CIBHHYTbCSl BXOHAs JleHTa: —] COOTBETCTBYET CABHMTY Ha OHY KJIETKY
Bpaso, + | —caBury BaeBo Ha OAHY KJeTKy, 0 —JleHTa ocTaeTcs He-
NOJBHAKHOIA.
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MuoxectBo L(A) Bcex NOMyCTHMBIX MOC/ENOBATENbHOCTEN TaKOro
aBTOMAaTa OnpenesseTcs cleAyolled TeopeMoH.

Teopema 43 (Pabuna, Cxorra, Lllenepdcona). dns xaxmoro ABV-
cTOpoHHero aBToMaTa A MOXHO 3¢(GeKTHBHO ONpeleNHTb TaKOW aB-
TOMar B, KOTOPHIi HMeeT TO Xe MHOXECTBO NMpPHeMJeMbIX BXOAHBIX MO-
caemosaresnpHoctel, uto ¥ aBromat A. Ilostomy MHoxecrBo L(A) pe-
TYJASPHO, T. e. ABJSETCS A3bIKOM THNa 3.

Takum 06pa3oM, ABYCTOPOHHHI aBTOMAaT He pacluHpsieT BO3MOXHO-
CTH KOHEYHBIX aBroMaroB. COOTBETCTBHE MeXAYy OCHOBHHIMH BHAaMH
4BTOMAaTOB W NMpPeACTaBHMHMH B HHX SI3BIKAMH CBEJEeHH B TabJ. 4.

Ta6auna 4

“‘;: Haumenosanue asromata ;r,:';o:,?e,éﬂ:;

1 | HeTepMuuHpOBaHHbIA M HeAeTePMHHHPOBARHHIA

KOHEUHBIA aBTOMAaT «— 3
2 | JerepMHHHpPOBaHHBII aBTOMaT C MarasHHHOM

NaMsaTbio = 2
3 | HenerepMHHUpOBAHHBII aBTOMAT C Mara3sHHo#f

nNamaThio 2
4 | JleTepMHRHDPOBAHHLIA  JHHEAHOOTpAHHUEHHBIA — 2

aBToMaT —=1
5 | HemerepMunspoBaHHbIl JIHHEHHOOrpaHHYEHHBIfH

aBTOMaT — 1
6 | HderepmuHHpOBaHHAA H HeAeTePMHHUPOBAHHAR

mamuia Telopunra «~—= 0

B 3t0it TabGanue Hcnosb30BaHH caepyowue o6o3HayeHus. Crpeska
« O3HayaerT, yTo A3BIK TOTAA H TOJBKO Torxa THma i (i=0, 1, 2,
2D, 3), Korna oH NpeAcTaBum B aBTomare THna Az (k=1,2, ..., 6).
Crpenxa — 03HauaerT, yTo eC/IU S3BIK NMPeACTaBUM B aBTOMate Ap, TO
OH fiBJIsieTcs SA3bIKOM THna i. CTpesika <— 03Hayaer, 4TO eCJaH A3HK fB-
JseTCs A3HKOM THMa i, TO HaWjaercs aBroMar THNa Ax, B KOTOPOM OH
ApeACTaBHM.

Ta6nuua 5
Marematuveckas | ITporpammupo- MaremaTtuueckue
OG6o3navenue | O6mass TeOPHS AIMKOB * 4yurpuctika Baiue $01CAH

Vi TepmuHabRbIfA OcHoBHof cJ10- | BoixogHble BrixogHo# andaBHT
cJI0Bapb Bapb s3bIKa CHMBOJIB
(aadasHT)

Va Hetepmunasb- Bcnomorarens- |HaGop MHoxecTso cocros-
HBIH CJI0Bapb Hble T'DAMMaTH- |KOMaHA HHA  ynpasJasiole-
(andasur) YyeCKHe TepMHHBI ro ycTpoHcTBa

S Havanbuuit IMpennoxennn |[Iporpamma |[HauanbHoe
HeTepMHHaJIb- COCTOSIHHE
HHi CHMBOJ

P Cucrema Cunraxcuyeckne|Onepauuu Oro6paxaiouas
npoxRykiHuk npasHsa ‘ DYHKIHA
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B 3akJ0ueHHe pacCMOTPHM BO3MOXHYIO TPaKTOBKY IOHSITHI H pe-
3yJabTaToB OOlLIEH TEOPHH S3BIKOB NMPUMEHHTEJbHO K TPEM OCHOBHBEIM
06s1acTSM, rae 3TH Pe3yJbTaThl HCNOJb3YIOTCS: MaTeMaTHYecKoi! JIHHT-
BHCTHKE, s13blKaM NPOrpaMMHPOBaHHs H TEOPHH aBTOMATOB.

B taba. 5 co6panbl aHaJOrHYHbIE NMOHATHS M3 STHX Tpex obaacrei
H YKa3aHbl COOTBETCTBYIOLIHe HM MOHATHS OOllei#l TEOPHH S3BIKOB.

YnpaxHeHus:

1. ITo xaxxoMy H3 NPHBOAHMBIX HHXe KOHEUHHX aBTOMaToB A mo-
CTPOHTb mpaBoaHHeiHylo KC-rpaMMaTHKy, MOPOXKAAIOLLYI0 MHOXECTBO
TA).
a) A= (S, X, p, 6, {ps}), 6 sanaercs ta6a. 6.
6) A = (S, X, p1, 8, {ps, ps}, 6 3anaercs Taba. 7.

Tab6auna 6 Ta6anna 7

T o | o [« | o | e
Pl Pg 5 Pl P2 PS Pl
Py P, P, Py Py Pq Py
Ps P2 P5 Pa P4 Pg P2
P-l Ps P] P. P2 Pa P],
P5 Pz P. P5 Pg Po Pa

B Po P1 P2 Po

Ha nepeceuennn cTpokH p; u cronbla X yKa3aHo 3HaueHHe d(pi. x).

2. Nocrpouty MIT-aBromar M; takoir, uto X = {a, b} u T(M) —
MHOXECTBO BCeX LeNoyYeK, COAepKalluX OAMHAKOBOE YHCJIO BXOASLIHX
CHMBOJIOB @ U b.

3. Iocrpoury MIl-aBromar M, takoit, uto X = {a, b} u T(M) =
= {ambrai|n=1, i=1} U {a"b2maib¥i|n=1, i=1}).

4. IMocrpouts MII-aBTOMAaT, MONyCKAaIOmMHKiT $3bIK, MOPOXIaEMHit
rpaMMaTHKOi ¢ mpasunamu P = {s—>TT, T—Ta, T—-bT, T—>c}.

5. 3amaHo MHOXeCTBO KOMaHJ KOHEYHOro aBTOMaTa, AOMycKaloule-
ro s3bk {amb™|n, m=0}.

(@,Se) > Sy

(ansl) - Sy
(blSl) - S,
(8,Ss) > Ss;
(6,S;) = S,-
IToctpouts rpaMMaTHKy, MOPOKAAIOILYIO 3TOT f3BK, H ONPEAEHTD
ee THI.

6. I[TocTpouTh JHHEHHOOrpaHHYEHHHIe aBTOMAaThl, JAOMYCKaIOIHe

I3BIKH:
L, = {a®"a"|n > 0};
L, = {xcx|x & (a, b} X }.

7. Slabk L = {aPbic"|p + q=r} sBasercs KC-s3bkoMm.

Brunucats KC-rpammaruky, nopoxnaaiomyio 3Totr s3bik. Omnpene-
JHUTb, K KakoMy Gojiee Y3KOMY KJaccy f3bIKOB OH npuHamiexut. [lo-
CTPOHTHL AeTepMHHHpoBaHHHK MIl-aBTOMAT, HOMyCKAOUHiI 3TOT SA3BIK.
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