OO0 olleHKax aBTOMATHOI CJIOXKHOCTU
pacno3HaBaHUA KJIacca pPeryjagpHbIX
A3BIKOB

1. E. Anekcanapos

Paccvorpen meron pemenus mpoOIeMbl «IKCITIOHEHITAATIHHOTO
B3pPBIBa» YHCJIA COCTOSHUN KOHETHOTO aBTOMATa, PACIIO3HAIONIETO
MHOKECTBO PETYJIAPHBIX sA3bIKOB, 33/[aBA€MbIX O00bLEIUHEHUEM pe-
I'YJIPHBIX BbIpazkKeHuil Buja . * Ry. *Ro.x, rne Ry m Ry — npowns-
BOJIbHBIE PETyJsipHbIe BbipakeHus. [IpeioxkeHo pacumperue 3To-
ro MeTojia Ha Caydail o0beTuHeHNsT MPOU3BOJHLHOTO UHUC/Ia PEry-
JISPHBIX BbIpAXKEeHUil JTAaHHOTO BUa. lIpuBejieHbl OIEHKU Ha, YUCJIO
COCTOSTHUIT aBTOMAaTa MPH TAKOM M3MEHEHUU B Ciiydae asihaBuTa,
COCTOSIINETO U3 HE MeHee YeM Tpex CUMBOJIOB. IlokaswiBaeTcs, 1T0
OTHOCUTEIHHOE YMEHDBITIEHUE UC/Ia, COCTOSTHUH MOYKET ObITDH IMPOU3-
BOJIBHBIM. AHAIU3UPYeTCs IPaKTHIecKas 3(pHEeKTUBHOCTD IPEIJI0-
KEHHOT'O METO/Ia TPUMEHUTEIHHO K PETrYITPHBIM BBHIPAYKEHUSIM CH-
cTeMbl Snort.

KuroueBble ciioBa: KOHEUHBIE ABTOMATHI, PETY/IsSPHbIE BbIpa-
JKEHUsI, CUCTEMbI OOHAPYKEHUS BTOPYKEHUIA.

BBenenue

OnHy U3 KJIFOYEBBIX poJieil B cdepe HHPOPMAIMOHHBIX TEXHOJIOIUI
UTPAIOT IKCIEPTHBIE CUCTEMbI, BBIHOCHAIINE ONPEIEICHHBIN BEPIUKT OT-
HOCHTEJIFHO ITOJIAHHBIX HA BXOJI CJIOB IIYTEM IPOBEPKHU IPUHAJIEIKHOCTH
CJIOBA 3apaHee 33 JaHHOMY PEryJIsSpHOMY MHOXKECTBY. B dacTHOCTH, BaxK-
HOE MeCTO B 00JracTu MHMOPMAIIMOHHOM 0€30ITaCHOCTH 3aHIMAIOT CeTEBbIE
cucTeMbl OOHAPY KeHMsI U (UJIH) [IPEJOTBPAIEHNsT BTOPKEHU, TaKue Kak
Snort [1], Bro [2], L7-filter 3] u annaparusie npoaykrst dhupmbr Cisco [4].
Bce onn nmeror 6a3bl curHaTyp — HaOOPBI PEryJIsIPHBIX BBIPAXKEHUM, 3a-
JIAIOIe PEryJisipHbIE SI3bIKH, CJIOBA KOTOPBIX IMPU3HAIOTCS BPEIOHOCHBI-
M.
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TpaaunnoHHO Jj1sT TPOBEPKHU TPUHAIEXKHOCTH CJI0BA 38 JAHHOMY pe-
IYJIAPHOMY $3BIKY CTPOUTCA NEeTEPMUHUPOBAHHLIA KOHEYHLIA aBTOMAT,
MPUHAMAOIIHA JaHHBIH si3bIK. OJIHAKO C POCTOM YHUCJIA BBIPAXKEHUN B
HabOpe BO3PACTAET IIPOCTPAHCTBEHHAS CJIOXKHOCTH (UUCI0 COCTOSTHUN) KO-
HEYHOI'0 aBTOMAaTa JJld IIPOBEPKU IIPUHAJJIE?KHOCTHU CJIOB 3aJaHHOMY pe-
IYJIAPHOMY MHOXKECTBY.

CymecTByeT JBa OCHOBHBIX IOAXOJa K PEIICHUIO JTAHHONW 3a/adi.
IlepBoiit momxom — MoAuMUKAIUS TPATUINNOHHBIX TeTEPMUHIPOBAHHO-
ro M HEJIETePMUHMPOBAHHOTO KOHEYHBIX aBTOMaToB. Tak, Halpumep, B
pabore C. Kymapa [5], B ocHoBe koTopoii sexkut asropurm Axo — Ko-
pacuk [6], mpearaercss ucnosbzosarh JIKA ¢ coKpalieHHbIM Onpe/ie-
JIEHHBIM 00pa3oM 4mcsioM coctosinuii. B pabore |7] npemiaraercs ojmo-
BPEMEHHO UCIIOIL30BaTh JBa CIICIHUAJLHO C(POPMUPOBAHHBIX ABTOMATa, —
JKA u HKA, 61aromapst KOTopbiM 00beM TpebyeMoil JjIsi aBToMaTa, Ma-
MSATH MeHbIIe, 4eM B ciaydae ognoro KA. B pa6orax [8, 9] npemiara-
€TCd BBOJUTDL CIICHUAJIbHBIC CHCTUYHUKU 1 6I/ITOBI:)IG (bﬂaFH, N3MEHAEMbIE B
CJlydae OINpEJIe/ICHHBIX MEePeX0/I0B MEXK/Ly COCTOSHHSIMU, YTO TaKyKe CO-
KpalaeT HeoOXOAUMBIH 00bLEeM ITaMATH.

Bropoit mogxon mpejnosiaraeT m3MEHEHWE HCXOIHOrO Habopa pery-
JIAPHBIX BBIPAYKEHUI TaKUMM 00pa3oM, 9TOOLI COKPATUTh CJIOXKHOCTH Pe-
aanu3alii B KOHEUHBIX aBTOMAaTaX 38 CUYeT PACIIHPEHHs OMPeIeIsieMOoro
BBIPAsKEHUSIMHM PErYJIAPHOro s13biKa. OIHAKO METOIbI, IpejjiaraeMble B
paboTax 10 JIaHHOW TeMme, Kak Hanpumep B crarbe [10], mojpasymesa-
[OT JIMIIb «PYYHOE» IEePelnCcChIBaHNe KOHKPETHBLIX BbIpaxKenwii. B pabo-
re [11] npensiozken MeTos MO UMUKAIINY IPOU3BOJIBHOIO HAOOPA BbIpazKe-
HUH, IpUHA/JIeKAIUX KJIaCCy BbIPDAXKEHUN BUJIa . * Ry. * Rg.x (B HOTAIIIN
PCRE [12]), rme Ry u Ry — NIPOU3BOJIbHBIE DErYJIsiDHbIE BbIPAYKEHUST, U
JAHBI OIEHKN Ha OTHOCHTEJBLHBIM BBIUT'PHINT B UNCJIE COCTOSTHUI aeTep-
MHMHHIPOBAHHOI'O KOHEYHOI'O aBTOMATa JJjIsI CJIydasi JBYX BbIPasKeHUI.

B wmacrosimmieit pabore mpemiosKeHbI OIEHKHM UHCJIa COCTOSIHUI aBTO-
MAaTOB JIJIsl cJiydasi Habopa u3 6Gojiee 4eM JIBYX BBIParKEHUH U3 KJacca
. % Ry. % Ro.* 1pu npuMeHeHun ajropurma crarbu [11] K ozHOil nape BbI-
pakenuit u3 Habopa. BHadasie KpaTko U3JI0XKEH METOJT, PACITUPEHUsT PETY-
JIIPDHOTO $13bIKA, 3aJ[AHHOTO JBYMsl BbIPAsKEHUSIMU, W ITPUBEIEHBI OIEHKI
HA YUCJIO COCTOSIHUI P TAKOM TI0JXOjIe, onucanubie B crarbe [11]. Ja-
Jiee JIaHBI ONEHKY Ha, YUCJIO COCTOSIHUI aBTOMATOB JIJIsi MCXOTHOTO W MO-
JDUITIPOBAHHOTO Habopa u3 0oJiee YeM JBYX BbIPaXKeHUIA. 3aTeM JTaHbI
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pe3yabTaTbl TPUMEHEHN A OIIMCAHHOT'O aJI'OPUTMa K peaJibHO HCIOJIb3ye-
MbBIM BBIPDa2KCHHAM.

OcHoOBHBIE IOHSITUSA U PeE3yJIbTaThl

B rnorosiHeHMEe K TPAIUIIMOHHOMY OIPEIEIEHUI0 PETYJISTPHOIO BbIpa-
skernst |13, 14| kak 3azanusi Habopa onepalyii 06beJIMHEHNsT, KOHKATe-
HAIMU U «3Be3J1bl KyMHM» Ha| HEKOTOPHIM HAGOPOM CUMBOJIOB JlaJiee 6y-
JyT HCIOJIb30BaThcs cieytomiue onepaiuu PCRE-coBMecTuMbIx pery-
JIIPHBIX BBIPpayKeHHUI: «.» — CUMBOJI, 0003HAYAIONINN 00beINHEHNE BCEX
cUMBOJIOB asipaBuTa; «[ajas. ..ay|» — obO3HAUEHNE 00'bEIMHEHUST CUMBO-
JOB Q1,02 . ..0n; «[ @jag...a5]» — 00O3HAYEHNE OOBHEMHEHNUs] BCEX CHM-
BOJIOB ajihaBUTa KPOME CUMBOJIOB (1, G2 . . . Gy. 11O pEryJIsipHBIM SI3BIKOM
HaJ[ 38J[AaHHBIM aJI(DABUTOM X, HaJiee OyIeT HMOapa3yMeBaThCs TOIMHOKE-
CTBO MHOXKECTBa ¥, OMHUCHIBAEMOE HEKOTOPBIM PEryJISPHBIM BbIPAYKEHU-
eM. 3aMeTHM, YTO BBINIENEPETNCIEHHbBIE OIIEPAINN He PACITUPSIOT KJIaCC
PETYJSPHBIX SI3bIKOB, TaK KAK HOBBIE OIEDAIUU HAJ[ PEryJISPHBIMUA BbI-
PaskKeHUSIMI BBIBOASITCS M3 6a30BOr0 HabOpa omepariuii, a 3HATUT KJIACChI
PErYJSIPHBIX S3bIKOB, OIPEIEISEMbIX TPAIUIIMOHHBIMYU U PACIITHPEHHBIMI
PErysIpHBIMEU BbIpakeHusiMu, coBraatoT. CiienoBaTesbHO OYIEeT BepHa
reopema Kutmau [14] 0 TOM, 94TO MHOYKECTBO CJIOB SIBJISIETCSI PETYJISIPHBIM
SI3BIKOM TOTJIA M TOJIBKO TOTJIA, KOTJa CYIIECTBYeT JeTePMUHUPOBAHHBII
KOHEUHBIII aBTOMAT, PACIO3HAIOIIMA ero. 371ech W jajee IOJ JeTePMU-
HUPOBAHHBIM KOHEYHBIM ABTOMATOM IIOPA3yMEBACTCsI MHUITMAJIBHBIN J1e-
TePMUHUPOBAHHBINT KOHEUHBIN aBTOMAT 0e3 BBIXO/IA, OJHOZHAYHO 3a/1aBa-
eMblii siTepkoii 06bekToB (@, X, o, 0, A), Tie ) — KOHEIHOEe MHOXKECTBO
COCTOSTHMIA, ¥ — BXOJHON ayipaBuT, ¢y € () — HAYAJIBHOE COCTOSIHUE,
0: Q XX — @ — dyuknus nepexoya, a A C ) — MHOXKeCTBO (PUHAD-
HBIX COCTOAHUNA.

ITycte R — peryusisipHoe BbIpazkenue Haji asdasuroM %, L (R) — pe-
IYJISIDHBIN sI3bIK, onpejieisieMblii Boipazkennem R, V (L (R)) — npuse-
nennbiit JIKA, npuanmatommii siseik L (R), a |V| — umcno cocrosiamii
asromara V. Yepes LP/ (R) obosnaumm Takoe HaubOJIbIIEE TIOIMHOMKE-
crBo L (R), aro uu oo u3 cioB u3 L (R) He SBIsSETCS HETPUBHAIBHBIM
npeduxcoM s cios u3 LPf (R), tie mox meTpuBHAIBHBIM HPehUKCOM
oJipasyMeBaeTcst IpeduKce, He COBIAJIAIONINIT cO BceM CJIOBOM. B ciydae,
ecn L (R) comepsur mycryio crpoky A, nomoxum LPf (R) = {A}.
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B crarse [11] Gbuia ommcana mpobGiaeMa SKCHOHEHIMAJIBLHOIO PO-
CTa YKCJIa COCTOSHUN IpH OObeIWHEHUHN PEryJspHbIX BbIPDAXKEHHWI BU-
Ha .k Ry.*k Rook, a Tak»Ke MPENJIOXKEH CIOocO0 HUBEJIUPOBAHUS JTAHHOM
npobsiembl. IlycTh R! = .*%Rq.*Ro.x 1 R? = .*R3. * Rg.x — J1Ba pe-
TYJIIPHBIX BbIpakenus. J[jis cOKpaImeHust Inuc/ja COCTOSHUN KOHETHOTO
aBTOMaTa, PACIO3HAIONIEIO MMPUHAIIEXKHOCTL CJIOBA PEryJIAPHOMY MHO-
xKectBy L (Ri) UL (R2), [Ipe/IJIaraeTcsi PacIIuPUTh PEryJIsipHOe MHOXKe-
creo L (R*) U L (R?) no muoxkecrsa L (. * (Ri|R3). * (Ro|R4).%) u mocrpo-
uth KA, pacnosuaromuii ero. 1 XoTs HOBBI aBTOMAT MOXKET OIIMOOTHO
MPUHUMATDH CJIOBA, HE U3 A3bIKa L (Rl) UL (R2), OH OyseT nMeThb He 00JIb-
e, & B HEKOTOPBIX CJIydasl 3aMETHO MEHbIIE COCTOsIHHII, YeM aBTOMAT,
NPUHAMAIOIMWHA SI3BIK L (Rl) UL (R2). B crarwe [11] npuBejeHbl oneHKH
Ha, YUCJO COCTOSTHHI MCXOJIHBIX M HOBBIX aBTOMATOB JIJIA CJIydasi Habo-
pa u3 JAByX BhIpaxkenwuii. B ciemyrorieil yactu OyayT JaHbl ONEHKH Ha
YUCJIO COCTOSIHUIN PACIIO3HAIONINX aBTOMAaTOB JJIsl CJIydasl MPOU3BOJILHO-
r'O YUCJIa BBIPAsKEeHUH 38 JaHHOTO BUIA, IIPUIEM OIMUCAHHAS MOIU(MIKAIIIS
BBIpasKeHUi OyIeT NPUMEHSIThCSA TOJIBKO JIJIsT OJHON Iapbl BHIPAXKEHUI 13
nabopa. [yt moKa3aTebCcTBa yTBEPKICHUH HACTOSIIEH cTaThu Oy/IyT nC-
[OJIb30BATHCS CJICJIYIONIHE yTBepKIeHust crarbu [11]:

Jlemma 1. JIKA V (L (. xR.x)), 2de R — npoussoavhoe pe2ysaproe Goi-
pasicerue, umeem 00Ho GUHAALHOE COCTNOAHUE, KOMOPOE MAKICE ABAI-
EMCA NOLAOULAIOULUM, U HE COOEPHCUM, HEPUHANDHBLL NOLAOULGOULUT CO-
CMOAHUT.

Caencreue 1. /laa npousdsosvhozo peeyaaphozo suipadicenus R 6epro,
Ymo

[V (L(.%Rx))| + 1 = |V (LP/ (. xR))|.
Jlemma 2. [Tycmo sadanv 2 pezyasprox swpasxcerus Ry u Ry, mozda

[V (L (.#Ry.*Ro.x))| = |V (LP/ (.xRy))| + |V (LP/ (. %Ry))| - 5.

JIemma 3. IIycmv R’ u R” — maxue pezyaapnvie A3viKu, 4mo asmoma-
mo V (L (R")) uV (L (R")) umerom no odmomy durasvromy cocmosmuio,
npuvem 006 GUHANLHBLL COCTNOAHUAL ABAAOMCA No2i0wawumu. Tozda

VL ®)ULER))< (VLR -1 (V(LER))-1)+1



06 oreHKax aBTOMATHOM CJI0YKHOCTH PACIIO3HABAHUST 165

Teopema 1. ITycmb umeemcea 06a peysapHbLET GoIPadtCcenus . * Ry. * Ro.x
U . * R3. * Rg.x maxue, wmo |V (Lpf (. Ri))’ =n; +2, n; > 1. Toeda:
[V (L (.*Rq.*Ro.%))| =nqy +mn2 + 1, )
[V (L (.*R3.*Rg.%))| = ng +mnyg + 1,
[V (L(.%Ry.*Ro.x) UL(.%R3.xRg.%))| < (n1 +n2) - (n3+mng)+1, (2)
[V (L (. (R1|R3). * (Ra|Rg).%))| < m1-n3+ng-ng+ 1. (3)
IIpunem 6 caywae | S| =5 ouenku (2) u (3), 6oobwe 2060ps, Heyiy-
wWaeMot.

Ecau |X] = 3, mo das mobozo C € (0;1] N Q natidymea makue svipa-
otcenus Ry, Ro, Rz u Rq, wmo:

|V (L (. (R1|R3). * (R2|Rq).%))]

C = :
|V (L(.%Ry.*Ro.x) UL(.*R3. xRg.x))]

(4)

Huxke cdopmysimpoBanbl yTBEpKIEHUs, JOKA3aTEIbCTBA KOTOPBIX
IIPEJIJIOYKEHBI B HacToAIIel craTbe. [lycTh 3a/1aH0 n > 2 perysispHbIX Bbl-
paxkenuit Bujia R* = . % Ro.j_1. % Ro.i.%. JlJIs OllEHKH BO3MOXKHOI'O HHCTIA
COCTOSTHHIT FleTePMUHUPOBAHHEIX KOHETHEIX ABTOMATOB, PAcTOSHAIINX
peryJsipuble sA3bIKH U L (RY) m L(.* (Ry[Rg). * (R2|Rg).%) U U L (RY),

=1
BBesieM JiBe cienyomux pyaknun [lernmona:

(o)

1% (L (. % (R4|Rs). * (Ro|Rg).%) U U L (Ri)> | ,

S(n,MN) = max
[V (L(#Rs5)|=ni+1

Se (n, M) = max
|V (L(.%Ri.%))|=n;+1

rjae N — nabdop uncen n; = 1,5 = 1,2n.

Teopema 2.
n

S (n, M) < H (noi—1 +ng;) + 1, (5)
i=1
IIyemo |X] > 3 u nabop wucea N maros, 4mo a1060e wucao n; u3 nezo

deaumes Ha by = [logm_l n1 Tozda epHo caedyrouee HEPaseERCME0:

n b1—1 n
1 i i— i
S (m. ) > 2 [ ] (naiea i) + (Z(!E\—l)l) 11 ("i 1+7Z—2—1>+1.
1= ! !

i=1 i=1
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Ilyemo |E| = 4 u ece wucaa u3 nabopa N ne menvwe by =

logm_z nw Tozda sepro caedyrouiee HEPABEHCMNEO:

s =[5+ [32])

=1
bo—1 n N N
v| - 2)° 21 1) 41 (7
+<Z<r| >)HQ 1|y 22 o) v @)
i=1 i=1
Teopema 3. IIycmon; > 1, j =1,2n,n > 2. Tozda seprio repaserncmeo:
n
Se (n,MN) < (n1-n3 +ng2-n4) - H (ngi—1 +ng;) + 1. (8)
i=3

IIyemw |E| = 3 u nabop wucea N maros, wmo a060e wucio n; u3 Hnezo

deaumes Ha by = {logm_l n|. Tozda sepro caedyrouiee HEPABEHCMBO:

ny ns no Ny L no;—1 no;
> — . = — .. —
Se (n,MN) > <b1 b + b b1> i|_3| ( b + b ) +

() G (o) G-)
.ﬁ(”?11+7;—?—1>+1, 9)

Ilyemo |E| = 4 u ece wucaa us nabopa N ne menvwe by =

logm_zn—‘. Toeda eepro credyiowee Hepasencmeo:
s> (5] (8] (5] D5 )
ba—1
(o) () - () ()
T L))o oo
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Teopema 4. Ecau |X| > 3, mo das mobozo C € (0;1] NQ un > 2
HATOYMCA MAKUE BBLPANCEHUS R = . x Roj_1. *Roi.x, 1 = 1,n, wmo:

. ‘V (L(. % (R1|R3). * (Ra|Ra).*) UiLZJSL (Ri)>‘ .
R (T

i=1

BcrniomoraresibHble yTBEP2KIEHUS

JIemma 4. [Tycmov Ry u Ry — makue pezysapnovie Guparcenun Haod ai-
gasumom X, wmo L(Ry) C X7\ {A} u L(Ry) C X5\ {A}, 2de 1 u
Y9 — Henepecekaouuecs Henycmoie noOMHoHceCmsa mrodtcecmsa Y. To-
2da 6epHO PaseHCMeo:

[V (L (. % (R1|R2).%))| = |V (L (. % Ry.%))| + |V (L (. xRax))| — 2.

HoxkazareabcTtBo. Pacemorpum npusenennbie KA V/ = <Q’ DINNR

A = {q}}> nV" = <Q”,E,q6’,5”,A” = {q}}>, PACIIO3HAIONINE A3BIKI
L (Ry) u L (Ry) coorBercrBenno. [lo jemme 1 jaHHBIE aBTOMATBI UMEIOT
BHJI, N300pazKeHHbI Ha pUCyHKe 1.

D)) b))

V/ VI/

Puc. 1. O6muit Bug apromaros V' u V.

OObeMHUM 3TH JBa aBTOMaTa B HOBBII aBroMar V CIeayrommM 00-
Pa3OM: «COMIbEM» COCTOSHUSA ¢ M ¢ B (PMHAILHOE MOTVIONIAIONIEe COCTO-
stane ¢f. OObeMHIM COCTOSIHUS ¢y W ¢ B HOBOE HAYAJIbHOE COCTOSTHIE
0, COXPAHUB BCE LIEPEXObL U3 () B OTIMIHBIE OT () COCTOSIHUS 1 IE€PEXO-
JIbl U3 COCTOSIHUSL ¢ B OTJIMYHBIE OT ¢ COCTOsIHUsL. J{JIs1 JJ0Ka3aTenbeTBa
KOPPEKTHOCTH TAaKOTO O0bEJIMHEHUs JTOCTATOYHO J0KA3aTh, UTO

Vq € Q’\{q}},a eX\Z1: 0 (¢,a) = qf (12)
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Vq”GQ"\{q}},aEE\EQ: 5" (q”,a) =qp. (13)
JleiicTBUTEILHO, TOTIA TIEPEXOIBI U3 q6 B OTJIMYHBIE OT q6 COCTOsIHUS HE
MOI'YT OCYIIECTBJISITBCS [0 CUMBOJIAM U3 X \ X1, a IePeXo/bl U3 COCTO-
AHNA qg B COCTOAHUA OTJIMYIHBIE OT HEro HE MOT'YT OCYHIECTBJIATHCA II0
cuMBosiaM u3 X\ Yo. ITosToMy mepexoipbl U3 ¢, KOTOpble HEOOXOANMO
COXPAHUTh, UMEIOT METKH M3 MHOXKECTBa, X1, & COXpaHsIEMbIe IePeXOIbl
n3 qg — MeTKH u3 Y. Ilo ycioBuio Y1 N Y9 = &, a 3HAaYUT 00beIUHEHNE
KOPPEKTHO.

Hokaxkem yreepxkienue (12) or nporusaoro. Ilycrs HaiinyTes Takue
qd €qQ\ {q}} naec X\, uro ¢, = ¢ (¢,a) # q). B cuy Toro, 4aro
ciiosa u3 Asbika L (Ry) He cosiepkaT CHMBOI @ U ¢/ OTJIHHO OT ¢, COCTO-
sIHUE (), TAKXKe OTJIMNIHO OT (buHaIbHOTO. [10 IIpe/IoI0KeHII0 COCTOAHUST
qil n q6 Pa3JnYIHbI, a TaK KaK OHU ABJIAIOTCA COCTOAHUAMMN IIpUBEICH-
HOI'O aBTOMATa, OHM OTJUYUMBL. TO €CTh CyIIECTBYET DPa3/JnYaloniee nx
HEIyCTOe CJIOBO v € X*| MepeBOJIAIIee OJIHO U3 ITUX COCTOAHUN B hu-
HaJIbHOE COCTOSHUE q}, a japyroe — B Hekoropoe neduuajgbnoe. Ilycrs
« mepeBoyuT ¢, B dbuHaabHOe cocrostre. OGO3HAYUM Uepe3 « CJIOBO,
epeBoJisIee CocTosiHme )y B cocrosinne ¢'. Tora, 10 IpeooKeHno,
CJI0OBO (()a(x JIOJI?KHO IIEPEBOJUTH (), B (DUHAIBLHOE COCTOSIHHE q}, TO €CTh
apacx € L(.xRy.x) = Y*L(Ry)X*. B cuny Toro, uro a € X\ ¥y, a
L (Ry) C 3%, smbo cI0BO v, JIUOO CIIOBO (v COAEPIKUT HEKOTOPOE CJIOBO
u3 L (Ry). Bamernm, 4To CJI0BO (g HE MOXKeT cojiepKarh cjioBo u3 L (Ry),
TaK KaK B IIPOTUBHOM CJIydae (¢ IIEPEBOJUT ¢ B (DUHAIBHOE COCTOSIHUE,
kotopoe ormuHo ot ¢'. CremoBarensHo o cogepxut ciaoso u3 L (Ry),
TO €CTh NPUHAIE)KNUT 36Ky L (. % Ry.x). Ho Torga cioBo o mepesour
COCTOSIHUS g, U (), B (PUHAIILHOE COCTOSIHUE q}. [Iporusopeune. [lycrs o
epeBoAuT ¢ B (uHAIBHOE COCTOsHEE, a (), — HeT. Ecim ap — ciioBo,
IepeBOJIsIee ) B (), TO CJIOBO (A, IO IIPEIIOJIOKEHHIO, IIEPEBOJUT
q(, B Hebunansuoe cocrositne. Onnaxo apac € X* (X \ X1) L (. *Ry.x) =
Y (E\XE1)X*L(Ry)X* C X*L(Ry) ¥* = L (. *Ry.%), a 3HAUNUT Qpac Ie-
peBosuT cocTosinme ¢ B dbunanbHoe cocrosnme. Ho Torma, tak Kak apa
IIEPEBOJIUT ¢() B ¢ly, TO (, IEPEBOJUTCS CJIOBOM (v B (PUHAJILHOE COCTOSIHUE.
[TporuBopeune. 3uaaut yrBepxaenue (12) BepHO. A Tak Kak yCJIOBHs Ha
BbIpaykeHust Ry 1 Ry CXOXKH, TO JIOKA3aTeJIbCTBO yTBepKenus (13) ana-
JIOTUYHO.

Bepremcst K 00beIUHEHIIO aBTOMATOB. 3aMeHUM B aBToMare V' mepe-

xojipl u3 cocrosiamit ¢ € Q\ {qé, q}} [0 CUMBOJIAM @ € Y9 Ha MEPEXOIbl
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B cocrosinust 8" (g, a), a nepexonpt u3 cocrosuuii ¢ € Q" '\ {qg , qgﬁ} 1o

cuMBOJIaM @ € Yj Ha Iepexojsl B cocrosiuust ¢’ (q(), @) COOTBETCTBEHHO.

Jokaxkem, drTo aBromMar V  TOpUHUMAET PETYJISAPHBIA  SI3BIK
L (. * (R1|Rp).*). 3aMeTuM, 4TO 110 IOCTPOECHUIO ABTOMAT V' HEOTJINIUM OT
asromata V' ma Muoxkectre cjioB (3 \ Y9)*, Tak Kak npu ciusHuM ObLIHA
COXpaHeHBI BCe Tepexoibl apromara V' mo cumbosam m3 X\ Yo, Ana-
gormano V' weorsmuaum ot V' ma muoxkectse (X \ 21)". Bosbmem mpo-
U3BOJIbHOE CJIOBO (v m3 peryussipHoro si3bika L (. % (R1|Rp).x). Be3 orpa-
HUYeHUs1 ObImHocTH OyneMm cuutarb, 9ro o € L (.xRy.x). Ilycte o €
(X\32)"L(Ry)X*, m0o ectb @ = /o, rne o/ € L(.*Ry) N (X\X2)"
u o € ¥*. Kak 6buto zamedeno soime, V u V' HeOT/IMYMMBI Ha MHO-
xectee (X\ Xo)*, a sHaunt cioso o mepeBosuT o B (bUHAIBHOE IMO-
riomalomniee cocroanne ¢r. CraemnosaTenbro apToMar Vo IpEHEMAET CJIO-
Bo a = o/’ Ilycrs renepp € L*L (Ry) X%\ (X \ 32)" L (Ry) X*. To-
IJla CJIOBO (¢ MOYKHO HPEJICTaBUTL B BHje o = o’a’, e of € Y*Y,,
o € (2\X2)" L(Ry)X*. Ecim o mepesomut qo B dbuHAILHOE COCTOSI-
nue, To o = o' npunumaercsa apromarom V. Ilycrh o nepesoaut qo B
HEKOTOPOe HedHUHAILHOE COCTOsIHIE ¢ . 3aMeTUM, 9TO HepeXO/bl 10 CHM-

BOJIAM 13 Yo BeIlyT TOJIBKO B cocrostuus {qo, ¢ftUQ"\ {qg , qgﬁ }, HO3TOMY

nedunanbnoe cocrosiaue ¢ € {qo} U Q" \ {qé’ ,q&ﬁ}. ITo mocTpoenuo u
u3 yrepxaenus (13) ciemyer, aro npu yobom a € X\ Yo nepexomnl u3

cocrosiamii uz {qo}UQ"\ {qé’ , q;{} BeayT B ¢’ (q)), a). Ilosromy smoGoe cio-

Bo u3 (X \ X2) ¥* nepesomur cocrosnust u3 Q" \ {qé’ , qgﬁ} Tyla XKe, Kya

u coctostHue qo. 110 jokazannomy Bbime, cioso o € (X \ X9)* L (Ry) X*
[IEPEBOJIUT COCTOsAHUE (o aBToMaTa V B (bUHAIBLHOE COCTOSHUE, & 3HATUT
o’ rakzke mepeBouT cocrosiame ¢ B dunaMbHOE cocrostine ¢f. Crrenosa-
TesibHo o = o " npunuMaercs apromarom V.

[Iycts Temepnb ciioBo « nmpuHuUMaeTcs apromaroMm V. Tak Kak emquH-
CTBEHHOE (DUHATIBHOE COCTOSHUE SIBJISIETCSsI HOIVIOMIAIONINM, B CJIOBE
MOYKHO BBIJIENTE Mpedbuke o' MUHUMAJIBLHON JIJIMHBI, TIPHHUMAEMbIH aB-
romarom V. okaxem, uro o € L(.* (Ri|Ry).x). B cuay roro, uro
o — MUHEMaJIBHBIA HpedHKC CJIOBa (, TEPEBOIANMIA ¢y B ¢f, IyTh
U3 COCTOSIHUSI ¢, COOTBETCTBYIOIINIi CJIOBY «, 3aBepinaercs B (pUHAIb-
HOM COCTOSIHMH (f, HO Oouibllie He mpoxoauT 4epes nHero. Ho Torma mo

nocTpoeHnto u u3 yreepxkienuit (12) u (13) ciemyer, uro mocseaHuii
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CHMBOJI ¢, mepeBojsImii B PpUHAIBHOE COCTOSHHE ¢f U3 HepUHAIBHO-
ro, IPUHAJJIEXKUT MHOKecTBY Y1 U Yo, Bes orpanmdenus obmpocTu Oy-
JIEM CUINTATh, ITO TOCJIEJHINH CUMBOJI CJIOBa o TIPUHAJICKHAT 1. IlycTh
o € (X\X2)" %y, Torga, Tak kax asromarsl V u V' meorsmaumbl Ha
muozxkecrse (X \ X2)*, cioBo o Gyer npunumarhes apromarom V') a sHa-
ant o € L(.*Ry.x), Ho Torma o € L (. Ry.x) X" = L (. % Ry.%). [Iycrs
o € 81\ (2 \ X2)* X1. Torma o moxno npeiacrasuts B suje 53" rue
Be X, B € (X\ X2)" 3. AHATOrMYHO IPEJBULYIIUM PACCy K ICHH-
sIM €JI0BO 3 IepeBOJUT COCTOsHIE ¢ aBToMaTa V' B HEKOTOPOE COCTOSTHHE
q €{q}uQ"\ {q(’)’ , q}}, KoTopoe nepesoauTcs ciaosoM 3 Tyma e, Kyaa
u cocrosHue qq. Ilosromy 3" mepesomut qo B dunabHOE cocTosHue. B
cuty HeoTmuuMocT apromaros V u V'’ na muoxkectse (X '\ X2)*, ciioBo
B" rakxke npunnmaercst apromarom V', 1o ecrb 8”7 € L (.*Rq.x). To-
ria o € XYoL (0% Ry.x) X* C L (. xRy.x). Takum obpaszom aBromar V
npuanMaeT s3blK L (. % (Rg|Ra).%).

JlokazkeM HenpuBoguMocTh aBToMara V. CocTosiHme ¢f OTIIMYIMO
OT OCTaJIbHBIX COCTOAHUII KaK eJMHCTBeHHOe (pUHAIbHOEe cocTosHue. 3
yrBepxaerns (12) n HenmpusogumocTn aBromara V' cyieryer, 9To uexo-
uple cocrosuusa Q' \ {q}} apromara V' ommunmbl cioBamn u3 Xi. B
CUIy TOro, 4To npu obbeaunenun asromaros V' u V" B apromar V co-
XpaHWIHCh BCe IIEePeXo/bl aBToMaTa V'’ 110 cMMBOJIaM M3 Y1, COCTOSHMUS

{go} U@\ {q(’), q}} TaKyKe HOMapHO OTJIMYUMBI CJIOBAMH U3 Y1. Anajo-

ruaHO cocTostHus { o FUQ"\ {q(’)’ , q}’ } HOIIAPHO OTJIMYMMBI CJIOBAMHE U3 2.

JToKazkeM OTJIMINMOCTh COCTOTHUN 13 @\ {q(’), q}} uQ"\ {q(’)’ , q}’} Kak

y2Ke ObL10 3aMeveHo, cocrosiaust u3 Q”\1 qf, qgﬁ} HEPEBOJATCS HEITyCTHIMU
ciaosamu u3 (X \ X2)* Tyma xe, Kyja u cocroguue qg. To ecth cocrosinus
u3 Q" \ {qg ,qgﬁ HEOTJIMIUMBI OT OT COCTOSIHUS () H& MHOXKECTBE CJIOB
(X \ 32)"\{A}. THosromy cioa uz X7 C (X \ X2)*, omnuaroniue cocTos-

aust u3 Q' {qf), q’f} OT COCTOSITHUS (g, TAKXKE OTJINYAIOT UX OT COCTOSHUA

u3 Q" \ {qg , qgﬁ} Takum 06pazoM aBroMaT V' HEIPUBOJIUM.

[To mOCTPOEHUIO YUCJIO COCTOSAHUII MPUBEICHHOIO apToMaTa V, Ipu-
HUMAIOIIEro perysipHblil si3biK L (. % (Ry|Ry).%), paBHsieTcst

V| + V"] =2 = |V (L(.%Ry.%))| + [V (L (. % Rp.x))| — 2.
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Jlemma 5. Ilycmov L C X* — peeyaaprorli Asvik wad asgasumom X,
Vs (L) — asmomam npusedentozo euda nad ardasumom X, npunumaro-
wutd aswk L, Vsy (LNYX™) — asmomam npusedennozo suda nad anda-
sumom ¥ C X, npunumarowuti asvx L N X*. Tozda sepro caedyrowee

HEPABEHCMEBO!
Vs ()] = |Var (LN 5)] .

HoxkazareabcrBo. O6oznaunm Vy, = Vs, (L), Vsy = Ve (L N Y™).

ITycrs V' — aBromar HaJ andaBuToM X', IOJYYEHHBIH U3 aBTOMATa
Vs myrem yjasieHusi nepexojioB 1mo cumsosiaM u3 Muoxkecrsa %\ X', Tlo
HOCTPOEHUIO HepexoIbl 110 CUMBOJIaM 13 ajidasuta Y aromaros V u Vs
COBIIQIAIOT, & 3HAYUT OHM HEOTJIMIMMbI Ha MHOXKeCTBe cjioB u3 X'*. Cie-
JIOBaTeIbHO aBTOMAT V IPUHUMAET pery/iapHblii s3eik L N Y*) a sHaunT
V| > |Vsy|, Tak kak aBromar Vsy IO yCJIOBHIO SIBJISIETCS IIPHBE/ICHHBIM.
IIpu sTrom 1o mocrpoernto |V| = |Vy|. osromy |Vs| > [Vay|.

Jlemma 6. Ilycmv L C 3% — nexomopoili peeysapuuit A3vkk nad anga-
sumom X, Vs (X*LE*) — asmomam npusedennozo euda 1ad ardasumom
Y, npunumarowut asv N*LY* Vs (L") — asmomam npuseden-
noz0 6uda nad argasumom X' D X, npunumarowuti asvik X' LY*. Tozda
BEPHO CALIYIOULEE PABEHCMBO:

Vs (B LY*) = Vay (Z™LE™).

HoxkazarenscrBo. O6oznaunm Vv, = Vi (X*LE*), Vv = Vay (X*LE™).

Ecimu a3k L comep:kuT 1mycroe cjaoBo, TO 0ba aBTomara Vy u Vv
HUMEIOT BCET'O 10 OJTHOMY COCTOSIHUIO, KOTOPBIE TaK¥Ke SBJISIOTCS (hUHAIIb-
HBIMU TIOTJIOMIAIONUMA COCTOSTHUSIMH.

Hokaxem semmy Jjuist ciydast {A} ¢ L. Ilycrs V' — aBromar maj
andasuToM Y| TOJIyUeHHBI M3 aBToMara Vs IyTeM J00aBJICHUs IIepe-
XOJ0B U3 HerI/IHaJIbeIX COCTOSIHUIT B HadaJIbHOE COCTOSIHHE II0 CHUMBO-
gam u3 X'\ ¥ u nepexonoB u3 (bUHAILHOTO COCTOAHUS B Ce0sl 110 CHM-
sostam m3 Y\ X. Jlokazkem, 910 aBromMar V npuHUMAaeT a3biK X LY.
IIycte o € Y*LY™*. Torna o upeiacTaBUMO B BHIE @ = 1003, LJIe
a; € (X" (X'\ X)) U{A}, ag € Z*LY* az € ((X'\ ) X*) U{A}. TIpex-
[OJIO2KKMM, 9TO CJIOBO (v} HE IEPEBOAUT aBTOMAT V B (PUHAIBHOE COCTOSI-
Hre (B IPOTUBHOM CJiydae aBroMar V', O4eBUJIHO, IIPUHUMAET CJIOBO (),
HO TOrJA JIUOO (v IYCTO U, CJIEJOBATEJILHO, OCTaBJIsieT aBToMaT V B Ha-
YaJIbHOM COCTOSTHUAU, JTUOO (v] HEIYCTO U €ro MOCJIEIHUN CUMBOJI TPUHA/I-
JIEXKUT MEHOZKECTBY X\ X, TOTJIA 110 MOCTPOEHUTO (v1 TIEPEBOAUT aBTOMAT V'
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B HauaJibHOE cocTostHME. [0 OCTPOEHNIO MepexoIbl IO CUMBOJIAM U3 AJI-
dasuTa X aproMaToB V u Vi CcOBHAMAIOT, & 3HAYUT OHU HEOTIUINMBI Ha,
MHOXKecTBe cyioB u3 L. [losTomy, Tak Kak aBroMaT Vs HPUHIMAET CJIOBO
o € Y¥LY* C ¥*, c/IOBO (rg TaKKe IEPEBOJIUT U HaYaJbHOE COCTOSTHUE
aBromara V B ¢dunagbHOe coctosinne. B cuy TOro, 9TO (] MEPEeBOIUT
aBromMar V B HAYAJbHOE COCTOSTHUE, TO CJIOBO (v](x9 IEPEBOJIUT ABTOMAT
V B ¢dunanpHoe cocrosiHue. Tak Kak (DUHAJBHOE COCTOSTHHE SIBJISIETCSI
MOTJIOMIAIOIINM, TO (v](¥o(v3 TAKXKE IIEPEBOIUT aBTOMAaT V B (DUHAIBHOE
cocrosinme. CreoBaTe/IbHO aBTOMAT V IPUHUMAET TPOU3BOJIBHOE CJIOBO
a € Y*LY™*. Tlyerb o — c€J10BO, IpUHUMaeMoe aBTomaToM V. Boiiemum
MUHUMAJILHLI npeduke o caoBa «, npunuMmaeMbiii apromarom V. Ilo
[IOCTPOEHUIO B (DUHAJIBHOE COCTOSTHME MOI'YT BECTH TOJIBKO MEPEXOJIbl U3
(pUHATILHOTO COCTOAHUS 110 CUMBOJIAM M3 X' U Iepexoibl u3 HedpUHAb-
HBIX COCTOSIHHI 10 cuMBojiaM u3 Y. Clie1oBaTeIbHO TOCIEHUN CUMBOJI
cioBa o MOXKET IpuHAIEkKaTh TOJbLKO ajndasury Y. Torma o npen-
craBuMo B Buse o = b, e of € (X (X'\ X)) U{A}, o, € I*X.
ITo mocrpoeHnto, Tak Kak HUKAKOIl M3 MpedUKCOB CJI0BA (Y] HE IePeBo-
juT apromar V B pUHAIBHOE COCTOSIHUE, CIIOBO (V) IIEPEBOJIUT HAYAILHOE
cocrosinue apromara V B cebst, eciu Hemycro. [Tosromy, Tak Kak ofal,
nepeBouT aproMar V' B pHHAIBHOE COCTOSIHUE, CJIOBO (Y9 TAKXKe IEPEBO-
JIAT HAYAJILHOE COCTOsiHmEe aBToMara V B duHaIbHOE. B cmty Toro, 9To
aBromarsl V u Vi HeomIMYuMMBI Ha MHOXKecTBe YL¥, a of, € Y'Y C ¥*,
CJIOBO (Y, TaKKe IIEPEeBOJIUT HadaJlbHOe COCTOsiHME aBroMara Vi B du-
HajbHOe. Takum obpasom af € L*LY*. TIosToMy €JI0BO (v IPUHAJIIEXKUT
aspiky (2% (X 3)) U {A}) Z*LE*Y™* C ¥™*LY"™*. Tak xak asromMaTs V
u Vyy NPUHUMAIOT OJWH M TOT XK€ SI3BbIK, a aBTOMAT Vyy NPHUBEJIEH, BEPHO
uepasenctso |V| > |Vsy|, npudem no nocrpoenunio |V| = |Vyl.

ITo nemme 5, B cuity Toro, uro Y * LY *NY* = X*LY* nosydaem, 9ro
|Vsr| = |Vx|. Takum obpasom |Vy| = |V| > |Vr| = |Vx|. CrenoBarensio
Vel = Vi,

Jlemma 7. Ilycmwv 3adanv n > 2 peeyasaphux evipasicenuti Ry, moada
n
[V (L(.%Ryx ... .%Rpx))| = Z ‘V (Lpf (. *Ri))‘ —2n+ 1.
i=1

dokazareabcTBo. [lokaxkeM yTBepKIeHUE WHIYKIIMENH TO YUCTY BbI-
paxkenwuit. [lo jemMe 2 paBeHCTBO BepHO i ABYX Bblpakenuit. Ilycrn
PaBEHCTBO BepHO i n — 1 BoIpaxkenus. JlokakeM paBEHCTBO IJist
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n Bopakermit. OGosmaumM R ' = Ryx ... .*Ry . Ilo mpes-
n—1

HOJIOZKEHHIO |V(L (.*erl_l.*)” = > ’V(Lpf (*Rl))| -2 (n —
i=1

1) + 1. Ilpumenum JjemMmy 2 K BbIpaKeHHsAM R) Yoy R Tora

[V (L (%R} . #Rox))| = |V (LPF (. %R} 1))|+|V(Lpf( Ro))|—4+1.

Ilo cnepcrsmo 1 |V (LPF (L« R} 1)) | = ’V(L( * Ry )’—1—1 a 3HAYUT

\V( (R s Ran))| = V(L (B2 D15 [V (179 (o)) -

Z |V (LPF ((xRy))| =2 (n — 1) + 2 + |V (LP (. *Rn)| -3 =

i| V (LPF (. xRy )| —2n+ 1.
i=1

Jloka3zaTesabCTBO TeopeMbl 2

Hokaxkem yTBepKierne (5) HHILyKIUEH 110 9UCTy 00beIMHIEMbIX Bbl-
paxkennit n. Ilo cuencrenio 1 |V (LPY (1 xRy))| = |V (L (.*Ry.%))| +
1 = n; + 2. Torga no nemme 2 ’L (Ri)’ = |L(.%Roj_1.%Rpi.x)| =
ngi—1 + n9; + 1, npmuem no snemme 1 asromar V (L (RY)) npu oro-
6oM ¢ yroBjieTBOpsieT ycjoBuio JieMMbl 3. Ilycrs n = 2. Ilo jilemme 3
VL) ULE)| < (VR -1 - (V@) 1) +1 -
(n1 +n2) - (n3+mn4) + 1, mpudeM 1O JIOKA3ATEIBCTBY JIEMMBI 3 aBTO-
mar V (L (Ri) UL (Rz)) TaKkKe YIOBJIeTBOPSET yCJIOBHIO JieMMbI 3. [IycTh

=1
COCTOSIHUI W YIOBJIETBOPsIET YCJOBHIO JeMMbl 3. Paccmorpum ciydaii

k+1 k
n = k+ 1. 3amernm, uro |J L (R*) = (J L(R') U L (R*™). Ilo
i=1 i=1

k k
upu n = k apromar V (U L (Ri)> umeer He 6osee [] (ngi—1 +ngi) + 1
i=1 j

T (iQIL (Ri)> w V (L (R<)) yaosrerso-
v (Q L) UL (Rk+1)> ’ <
<’v <£JIL (m))‘ - 1) V(L ®4))| = 1)1 = TT (nars + o)1,

i=1

p40T YyCJIOBUIO JIEMMbI 3, cJIeJ0BaTeJIbHO

npudeM aBroMar V' ( UL (Ri)> TakKe YJIOBJIETBOPSIET YCJOBUIO JIEM-

Mbl 3. Takum obpaszoMm mpu Bcex M > 2 9UHCJIO COCTOSIHUI aBTOMATa

n n
\% <U L (Ri)> He npeBocxoruT [ [ (ngi—1 + ng;) + 1.
i=1 =1
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Hokazkem yreepxkenue (6). [Tycrb 7 — HeKoTOpBIH cuMBOIT asdabu-
Ta X, a ai,...,a)x|—] — Pa3IUYHBIE CUMBOJIB U3 X\ {r}. Ynopsaiounm
muozkectBo o (L \ {r})? B mexcuxorpadutueckoM mopske crpasa-
HaJIeBO (IpUMep yIIOpsiI0YeHus CJIOB 13 MHO)KecTBa {0, 1}3: 000 < 100 <
010 < 110 < 001...), cumras, 4ro a; < aj, ecnu @ < j. MHOXKecTBO
(2\ {rH)"* comeprur posno (| — 1) cos, noxcrasus snagennue by 1o-
ayanm (|2 —1) [logys)-17] > (|%] — 1)°851" = . Cienosarensuo u3
9TOT0 MHOXKECTBA MOXKHO BBIOpDATH IIEPBBIE N CJIOB U OOO3HAYNTH MX KaK
Qi ..., 0. o kaxgoro 1 < ¢ < n B KadecTBe BhIParKeHUit Roj 1 1 Roj
BO3bMEM BBIDAYKEHUsI BUJIA (V% ... .kQ; U Q% ... ¥ COOTBETCTBEHHO.

n2i—1 n;
b1 b1

JlokazkeM, 9TO BEPHO PABEHCTBO }Lpf ( * RJ-)} =n;j+2 g j =1,2n. Ilo

nemme 7 u caepcrsmio 1 |LPF (LxRy)| = [V (P (v ayx ... xoy))| =

V(L(.*xaix ... xa3.%x))] + 1 = % : ‘V(Lpf(.*aj))‘ - 2% + 2.
1 1

Iycrb o = @y, ... aij, , A€ @iy, ..., a5, — CHMBOJIBL ajidasuTa 3 \ {r}

Torna, O4YeBUAHO, aBTOMAT IPHUBEICHHOIO BHJA, HPHHUMAIONMINI SI3BIK
L ( * Q5 .*), uMeeT BUJI, M300pasKeHHbBIN Ha pUCYHKe 2 (HEKOTOpBIE COCTO-
SIHUSL U [IEPEXOJIBL He MOKA3aHbI JIJIA Jiydmieil unrtaemocTn). OTMeTHM, 9TO
II0 AHAJIOIHHU C JOKA3aTeILCTBOM JIEMMBI 4, BCe HEPEXObl U3 HeUHAb-
HBIX COCTOSIHHMIT 110 CUMBOJIAM {7} BeJlyT B HAYAIBHOE COCTOSIHUE JAHHOIO
aBroMara.

>

@ Ay @ (7 .. .aibl—l@ aihl

Puc. 2. O6muit Bux asromara V (L (.xay.%)).

Takum o6pasom, 1o caegersmio 1 |V (LPF (xa;))| = [V (L (0 * ay.%)) | +

1= by +2. Hosromy |LPF (. xRy)| = %-(bl + 2)—2%4—2 = n;+2. Jloxa-
1 1

n
2KEeM Telepb, 9To aBTomMar V' (U L(.%Rpj_1.% Rzi.*)) UMeeT He MeHee
i=1

1 n b1—1 . n Noi_ Nos
geM — ] (n2i—1 —|—ngi)—|—( > (%] - 1)’>-H ( 2izl | T2 1>+1 co-
1

1 :=1 i=1 =

crogauii. [Iycrs V; = <Q1, DI qé,éi,Ai = {qi }> — aBTOMAT, IIPUHUMAIO-
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1uit 361K L (. % Roi 1. * Roj %), tyie ¢ = 1, n. [IpoHyMepyeM COCTOSTHUS aB-
TOMATOB B COOTBETCTBUU C UX TVIyOUHOI, CIUTAsI, 9TO HAYAIBHBIE COCTOSI-
uust umeioT HoMep 0. Torma mo mocTpoeHuto u3 J0KA3aTEILCTB JIEMM 2 1 7
aBToMaT V; UMeeT BUJI, N300ParKEHHBII HAa PUCYHKE 3, TJie TPYIIIbI Iepe-
XOJIOB WCXO/THBIX aBTOMATOB, PEAJIM3YIOIINE MePEXObl MO CJIOBAM (v W3
HAYAJIBHBIX COCTOSTHUI UCXO/IHBIX ABTOMATOB B (pUHAJIBHBIE, JIjIs OOJIbIIEH
HAIJISTHOCTH U300PakKeHbl MyHKTUPHBIMU TIePeX0/laMi ¢ METKaMU ;.

Y

Qi Qi, _%.( i )
qng,;,_ 1+n2;—b1 q’n2'i,— 1+n2i

Puc. 3. O6muit Bujg aromara V.

n
[Mocrponm asromar V' ¢ [] |Q;| cocrostHusiMHU, Tjie KaxKIOMYy CO-
i=1

CTOSTHHUIO CTABUTCS B COOTBETCTBHE HAOOP COCTOSHUI <q]1~1, e ,q;Ln>, rJe

qul € ;. s mpomsBOJIBHOIO CUMBOJIA @ € Y 3318/ 1M 3HadeHne (PYHK-
AN [IEPEXOJIOB KakK § <<q]1-1, . ,q;?n> ,a) = (51 <q]1~l,a) yeeeyOp (q}‘n, a)).

B kagecTBe HavaIBLHOIO COCTOAHUS BO3BMEM COCTOSTHUE (qé, .. ,qg), a B
KavIecTBe (PUHAJIBHBIX — BCE COCTOSTHUS BUJIA <q]1.1, ey q]”n>, TJle HaleTcst

TaKoe 4, 4T ¢, = q}. 3aMeTnM, 9TO 10 TOCTPOEHUIO Bce (DUHAIBHBIE CO-
CTOSTHUSI SIBJISTFOTCSI TTOTJIOMIAIONIAMHY, 8 3HAYUT U HEOTIUINMBIMU. Takoit

n

aBromMar oueBHHO Oyjer npuHUMATh 36K | J L (. % Roj_1. % Roj.%), Kak
i=1

aBTOMAT, peau3yIONIuil 10 CYTH apaJLIeJbHYI0 paboTy 1 aBTOMaToB Vj.

HazoBem cocrosnus Buma qjl.l, s qy ), Tae b | Jis qul %+ q;} =
Qi 1 imy, TPY @ = 1m0, «y3m0oBBIMI» cocTOstmusiMm. JOKaxkeM, |To y3-
JIOBBIE COCTOSIHUS, KOTOPbIE 1O OUPEJIEJICHUI0 He SABJAIOTCH (DUHAIbLHBI-
MM, JOCTIZKIMBL I OTJIHYIMBI. JI0OKa3aTeIbCcTBO IIPOBe/ieM HHYKIIHei 10

n
cymMe HHJeKcoB coctostamit Y. j;. Cocrosaue (gf,. .., qf)) siBnsiercs Ha-
=1
JaJILHBIM, 8 CIeJ0BATEIHHO ,Z:OCTI/I)KI/IMO. IIycTh JOCTIZKIMEI y3JI0BBIE CO-
n

CTOSIHUSA, Y KOTOPBIX Y j; < k-b1. Bo3bMeM Takoe IpOU3BOJILHOE Y3JI0BOE
i=1

n
COCTOSTHHE (qjl-l, . ,q}‘n), aro Y j; = (k+ 1) -by. VI3 onpenenenust y3io-
i=1
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BOI'O COCTOSIHUS CJIEJIyeT, UTO HafigeTcs Takoe ¢, 9To j; = by. Ilo npesmro-
JIOYKEHUTO COCTOSTHUE q}l, . ,q;.__bl, .++» ], | AOCTHIKHEMO, TaK KaK CyM-
k3

Ma WHIEKCOB COCTOsiHMit cocTtapisier k - by. CiaoBo «;7, OYeBHIHO, IIe-
PEBOJIUT COCTOSTHIE q;.__bl aBToMaTa V; B COCTOSTHHE q;«i, a ocCTaJbHbIE
k3

1 n
COCTOSIHUA qj,, ..., ]} COOTBETCTBYIOIIUX aBTOMATOB LEPEBOJUT B CeOsl.
CretoBaTeIbHO, COCTOSTHUE (qjl-l, e ,q?n> noctmkuMo. [TosTomy Bee y3-
II 1 n 1 n o
JIOBBIC COCTOAHMUS JOCTIZKUMBL. LIyeTh (g, ..oy | w0\ Qs -5 Qo
1 n 1 n

JIBa PA3JIMYIHBIX Y3JIOBBIX COCTOSHUS. Be3 orpanuyenust o6ImHOCTH Oy1eM
caurarh, 910 j1 > ji. Torma, 04eBHIHO, CJIOBO Q1T ...QT TEPEBOJIUT
N—_———

n1+n27ji
by
COCTOSIHIIE ql, ...,q"% ) B cocrostHIE q1 q2., RN 1 a COCTOsIHUE
g1 A nitner 15y iy )
1 n 1 2 n
o g% ] — B TOAHN . L g% ..., q% ). TIo mocTpoe-
(qji” ’qﬂ{> cocTo ¢ (qji’-&-m—&-nz—ﬂ’qjé’ ’qﬂ{> O IocTpoe

HIIO TIEPBOE COCTOSIHUE ABJIdAeTCH (DUHAIBHBIM, BTOPOE — HET, TaK KaK
ni+ng+ 77 — ji < n1+ne2. Takum o6pa3zom aBTOMAT COJIEPKUT HE MEHEe
n
— [] (n2i—1 + n2;) y3/10BBIX COCTOSIHMI.
1 i=1
ITycts by = 1. Tora, Tak Kak MOMHUMO Y3JIOBBIX COCTOSIHUIL, aBTOMAT
coyiepsKuT (pUHATBHOE COCTOHUE, yTBep:KieHne (6) BepHO.
IIycts by > 1. PaccMOTpUM OT/IE/ILHO Y3JI0BBIE COCTOSHUS, KOTOPBIE
He MOIYyT OLITH IlepeBejieHbl B (PUHAILHOE COCTOSHUE CJIOBOM JIMHBI by,

TO €CTb COCTOSHUSA qjl17 ... ,q?n>, vie by | ji, ji < M2i—1 + ng; — by upu

i = 1,n. [Jokaxem, 9T0 CI0BaMU JIHHBI He Gostee by — 1 U3 KayK/I0ro Tako-
b1—1 i o
O COCTOSIHHSI JIOCTIZKUMO He MeHee » .27 (|X] — 1)" cocrosiamit otiman-

MBIX JIPYT OT JIpyTa U OT Y3JIOBLIX cocTosiuuit. IlycTh ¢ = (qjl«l, .. ,q?n> —

HEKOTOpPOE TaKoe y3j0Boe cocTosiHue. Jlasee depes g, = (qé, . ,qg) Oy-
JieM 0003HA4YATh COCTOSHUE, B KOTOPOE 10 CJIOBY (v IIEPEXOJUT COCTOSTHHE
q. Ha pucynke 4

n306pazKeHbl IePeXo/Ibl U3 COCTOSHUS ¢ O HEIYCTBIM CJIOBAM JIJIHHBI
-1 "
ne Gosmee by — 1 w3 muokecrea (X \ {r})" = | U {a;}| . Ormernm,
i=1

YTO JIpDYTHE y3JIOBbIE COCTOSHUS HE JOCTUXKUMBI CJIOBAMH JITUHBI MEHBIIIE
b1. Jokakem, 9T0 BCe M300parKEHHBIE COCTOSHUS (o OTJIUYIUMBI. B cooT-

~1
BETCTBHI C BHIGOPOM by M CJIOB oy, Jutst o6oro ciosa o € (3 \ {r})™
Haiimerca rakoe 1 < ¢ < n, 9r0 aa; = ;. BospmeMm ¢, u g, — JBa U3
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Puc. 4. Ilepexompl u3 cocTostHUs q.

paccMaTpuBaeMbIX cocrosnus, npudem o # . Ilycrs mmnb of n o

coBmaaioT. Kax 6b1710 0TMeueHo Bhile, Haiijaerca Takoe i, uro oy = o 3/,
3

rae 3 — memycroe cioso u3 (X \ {r})* mmubr by — |o/|. Torma, Tak Kak

-/
CJIOBO (vj/T", OYE€BUJIHO, TIEPEBOJIUT COCTOTHUE ¢ = <q]1-1, . ,q;._ by ,q;?n>
2

B y3/I0BOE COCTOSHIE <q]1-1, . ,q;.;, by ,q;?n>, cioBo B'r TakKe Tepe-
BOJUT (o B 3TO y3JI0Boe cocrognue. IlycTh Haiijercss Takoe i, 4ro
a;r = o”"B'. B cuny Toro, uro o # o, cnoBo a; Takzke He coBHAJAET C
Q. AHAJIOrTYHO IPEJIBLIYIIAM PACCYKJICHUSIM CJIOBO (v TIEPEBOJUT B
(q}l, . ,q;.;/” by ,q;?n), a [3'r mepeBoJNT coCTOSHNME ¢, B Hero ke. Ta-
KM 006pazoM 3’7 epeBOJIUT COCTOSIHUSA (o U (o B OTJMYUMBIE Y3JI0BbIE

cocrostaus. CiieoBaTe/IbHO OHM TaKzKe OTIMIUMbL. FEcin He Haiijgercs Ta-
koe i, uro ayn = '3, To 'r mepesomuT @o B cocrostHUE . Y3JIOBBIE

s/
COCTOSTHUS (qjl-l, . ,q;.i/ by ,q}‘n U ¢ OTJINYUMBI, & 3HAYUT COCTOSAHUS

Go' M Qo , IEPEBOIUMBIE B HUX CJIOBOM (37, TaKyKe OTJIMIMMBL.
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ITycrs Tenepb jymnbl o u o ormmuatores. Bes orpanmyenus o6mr-
HOCTH OyJeM cumuTaTh, 4To JyimHa o OGosbine. Haitjgercs Takoe i, 4To
a; =d' B, tne B — menycroe cioso w3 (X \ {r})* e by — |o/|. Ana-
JIOTUYHO IIPEJILLIYIIM PAcCyKAeHuAM /7 IepeBOUT ¢, B y3JI0BOE CO-

1 7 n 1" Q!
CTOSHIE <qj1, e @y ,an>, orimuHoe oT ¢. Ilpu aTom cioso o B'r

HEepeBOAUT COCTOSIHUE ¢ B celsl, TaK KaK 10 IIPeIIoJIozKeHuo JuunHa o 3/
MeHbIe by. Y3J/I0Bble COCTOAHUS, B KOTOPbIe epeBojiaTcs ciosoM 3'r co-
CTOAHUA (o' U (o, OTANYNAMBI, & 3HAYUT (o U (o TAKZKE OTINYAMBI.
3aMeTuM, YTO paccMaTPUBAEMbIe COCTOAHMS, JTOCTUYKMMBIE CJIOBaMU
JIUHBL He Oostee by — 1 U3 pa3INIHDBIX Y3/I0BBIX COCTOSTHUN, OTJINIUMBI, TaK
KaK Iepexo] 10 CUMBOJIY I IIEPEBOIUT MX B COOTBETCTBYIOIIUE y3JIOBBIE
COCTOSIHUSI, KOTOPBIE 110 JOKA3AHHOMY pPaHee OT/IMINMBI.
Takum 06pa30M IUCIO0 COCTOSTHHI aBTOMATa, IPUBEIEHHOIO BUIA, Pac-
n
noznaonero a3uK | J L (. % Rpi—1. * Roj.%) ¢ BeIpazkenusiMu R, 33/ JaHHBI-

=1
MM BbIIII€, HE MEHbIIE, YeM

n b1—1 n
ngi—1 ng; i n2i—1 no;
— Y —1 — —1 1
IT (%2 52 ) + (X ami- v IT (222t + 52 - 1)

i=1 i=1 =1

rJge IepBoe cJjiaraemMoe — YHCJIO Y3JIOBBIX COCTOHHI/II7I, BTOpPOE — YHCJIO

. To(noi1 | Ny
HEY3JIOBbIX COCTOSIHUIN, COOTBETCTBYIOMMX | [ + — —1) y3mn0-

=1\ b b1
BBIM COCTOSTHUSIM, & TIOCJIe/IHee ciaraeMoe — oJHO (bUHAIbHOE COCTOSTHHE.
Jokazkem onenky (7). IlycTb a — HeKOTOpBIA cHUMBOJ ajdanu-
Ta Y. Beemem cnemyomme o6osmavenus: Y = X\ {a}, V| =
1 = | = b AR e
ogyin| = |logyen| = b uwnp = |5 '. Torma, co-
1
IJIaCHO JIOKA3aTeILCTBY yTBepsKaeHus (6), HafiyTcs Takue BbIparke-
mna R}, j = 1,2n max andasnrom ¥', uro ’V(Lpf (*R’l))‘ =

" no(ng g nb
ny + 2 u [V L(.*Rp_y.*Rh.%) > ] : “Z) g
i=1 i=1 b} b}

(X -0")-T1 ( A 1) + 1. B kavecTBe BbIpakeHwmii
i=1 =1\ b by
!/ _ / / /
R;i Bo3bMeM Bblpaxkenus R, ecim n; = n}, u (Ri|a{n; —n}+ 1}) B npo-
TuBHOM caydae. OrMernM, uTo BhipaxkeHue Buja R'. x R” nas andasurom
¥\ {a} copnanaer ¢ suipazkennem R'[cy ... cjg—4]R”, mte c1,. .., ¢m—1 —
Pa3/IMIHbIE CUMBOJIBI aI(PaBUTa Y, OTJNYIHBIE OT CUMBOJIA ¢. Takum obpa-
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oM, BeIpazkenus ua R +R” k... +R®) max andasurom X\ {a} mpu mepe-
xozie K ascasury ¥ mpumyT Bug R["a]+R”["a)* ... [ a]*R®. [To memme 6
ancsio cocrosiamit apromara V (L (. * Ry.x)) naj andasurom ¥ copnasaer
¢ aucyom cocrosiauit apromara V (L (. x R} .x)) man andasurom X', Tpu-
MenuB ciezcrare 1, nomyaaem, aro |V (LP/ (L« R}))| = |V (L (. % RL.%))|+
1 =n[+2,tne V (LP/ (. R})) — aBromar na andasurom 3. Ilpu n; = n]
ouesnzno, uro |V (LPf ((xR;))| = |V (LP/ (.« R}))| = n} + 2. B cayuae
n; # mj, 10 jJeMMe 4, B CHJLy TOro, 4TO BbIPaskeHHE R OIpejiesIeHO HaJl aJl-
dasurom X\ {a}, Bepuo pasencrso |V (L (. (Ri|a{n; —n} + 1}).x))| =
[V (L (.*RL.x)| + |V (L (.*a{n; — n; +1}.x))] — 2. Owuesumno, uTO
|V (L (:xa{n; — n} 4+ 1}.%))| = n; — n, + 2. Tlosromy, npuMeHUB Cie-
creue 1, momyuaem: |V (LPF (L« Ry )‘7 [V (L (. * (Ri|a{n;—nl+1}).x))|+
1= |V (Lpf( *R}) )’ —14+n—n}+2-2+1=nl+n;—n,+2=mn;+2.

BameTuM, 9TO PEeryJIsipHBIi A3BIK, MPUHAMAEMbIil apromatoMm V/ =

n
Vv <U L (.%Rh; ;. %Ry %) | max andasurom Y, coBnagaer ¢ s3bIKOM

n
<U L(.%Rpj_1. % Rgi.*)> N (X)*. Tlosromy 10 Jlemme 5
=1

%4 (O L(.%Rpj_1. % Rzi.*))

+iizi<m—~ﬁ< et kD

Jloka3zaTesibCTBO TeopeMbl 3

Hokaxkem yreepxenne (8). Kak u B ciiyuae Teopembl 2, BEPHO pa-
BEHCTBO ‘V (Lpf ( * Rj))‘ = ‘V (L ( * Rj.*)) | +1 = n;+2. ITo Teopeme 1
|V (L (. * (Rg|R3). * (R2|Ra).%))| < nq - ng + n2 - ng + 1, upudem 1o Jiem-
Me 1 JaHHBII aBTOMAT YJIOBJIETBOPSET YCJIOBHUIO JeMMbI 2. ITo Teopeme 2

n n
’V (U L (R1)> < I (n2i—1 + nei)+1, npuvem JaHHBIH aBTOMAT TaKKe
=3 i=3
YJIOBJIETBOPSIET YCJIOBUIO JeMMbl 2. [TosToMy 10 jleMMe 2 BEpHO clieiyto-
1ee HEPABEHCTBO:
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V| L(.* (Rg|R3). * (Ra|Rq).x) U U LR ]| <
1=3

n
< (ny-ng+ng-ny)- H (ngi—1 + no;) + 1.
-

)

HokazarenbcTBo yTBepKIeHust (9) cX0Ke ¢ COOTBETCTBYIONIUM JIOKa~
3aTeJILCTBOM TE€OPEMBI 2

Ilycre r — mnekoropeiil cmmBon andasuta X, a a1,...,a45-1 —
pasjm4Hble CUMBOJIBL U3 X \ {r}. Yoopsaounm, Kak u B J0Ka3aTe/lb-
cTBe mpepLIyIIEit Teopembr, caosa Muoxkectsa (|3 \ {r})", cunras, aro
a; < aj, ecma it < j.

JlokazkeM, 910 cpe/u mepBbix n ctos u3 (|X]\ {r})”
aj...apuaj...ayas. CjaoBo aj .. .aj ABJISETCS MUHUMAJILHBIM CJIOBOM U3
—— N — ——

Hail1yTcd ciIoBa

b1 b1—1 b1
b1
(I2]\ {r})”* upu BHIGpAHHOM YHODSIJIOYEHUH, TIOITOMY OOSI3ATEILHO CO-
JIEPPKATCS CPEJIU TIEPBBIX 1 CJIOB. IIyCTh a1 . .. aj as He COMEPKUTCS Cpen
—_——
b1—1
HepBbIX N cJIoB. Torja, Tak Kak CJIOBa MEHbIIE, YeM aj .. .d] 4z, UMEIOT
——
b1—1

BUJL @ a;, a1, 10 ux Beero (]S — 1)1 To npe -

A iy gy 401, . PEJIIOIOKEHHIO TIEP

BBIC 71 CJIOB MEHBIIE CIIOBA @1 . . . 1 dg, cegoBaresuo n < (|8] — 1)% 71
~——

b1—1
Ho Torma b = {logm_l nw < [logm_l (12| - 1)b1_1w = b — 1. IIporm-
Bopetne. Ciies0BaTeIbHO CPEIH MEPBBIX 7 CJIOB HUMEIOTCS CJIOBA A . . . 4]
——

by

' KaK aq, ..., O,

ua ... a; ay. O6osmauum nepsse n cios u3 (| \ {r})’
——
b1—1
npudeM 6€3 OrpaHUYeHus OOIIHOCTH Oy/IeM CINTaTh, 9TO (] = Q] ... G]1 U
——

by
Qo = aj...aqas. Ao xkaxgoro 1 < ¢ < n B KadecTBe BhIpaXKeHUH Roj 1
S—_——

b1—1
1 Roj BO3bMEM BBIPAXKEHUSI BUJIA (v;.% ... .kQ; U Qy.% ... .%¥Q; COOTBET-

n2i—1 ng;
by b1

CTBEHHO.
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[Iycrs Ve = (Qe, X, 5, 0, Ae) — aBTOMAT IPHUBEJCHHOIO BHJIA, PAC-
nosuatommii si3bik L (. % (Rg|R3). * (R2|Rsa).%). Ilo mocrpoenuto us jem-
MBI 2 aBTOMAT V. SBJISETCS TPUBHAJILHBIM <«CIUSIHUEM» ABTOMATOB [IPU-
segentoro Buga V) u V') npunmmaromumx saseiku L (. * (Ry|R3).*) u
L (. * (Ra|Rq).*) COOTBETCTBEHHO. 3aMeTHM, UTO aBTOMATHI, PACIO3HAIO-
e s3biku L (. % Ry.x) u L (. % Rzg.*), UMEIOT TaKylo K€ CTPYKTYpY, UTO

u aBTOMaThl V; u3 joKasaresnncrBa Teopembl 2. [lostomy B aBromare V!
n

1 N3 .
MEETCA -~ = YSIIOBBIX COCTOAHNUMA, KOTOPbIE JOCTHKIMEL 1 OTIHIHMEI
1 01
MexkTy coboit. [lpuuem eciim mpou3BoOJIBHOE CJI0BO v € X5 o # (v, v # Qo
uMeeT JIuHy He Dosiee ueM bi, TO CJIOBO qr MEPEeBOAUT JI00O0E Y3JI0BOE
cocTosiHne B cebsi, a CJ0Ba (T U (o TEPEBOJSAT JINOO B JIPyroe y3J10-

BOe cocTosiHme, 6o B huHaNIbLHOE cocTostHue. AHanmormano apromar V'

ng Ny .
nmMmeerT b_ . b_ Y3JIOBBIX COCTOAHHUU. SaMeTI/IM, 9TO U3 JOoKa3aTeJIbCTBa
1 1

JOCTUZKMMOCTHU y3JIOBbIX COCTOSIHNN TEOPEMBI 2 C.]'Ie/t[‘yeT7 9TO JaHHbIC y3—
JIOBBIE COCTOSTHUSI JIOCTUTAIOTCS U3 HAYAJILHBIX COCTOSIHUI CJIOBaAMHU, SIBJIsI-
IOIIUMUCS KOHKATEHAIIME HEKOTOPOTro KOJIMYECTBa CJIOB BUJA (1T U QioT.
Kpowme Toro, dunanbhbie cocrostuus asromaros V) u V' we moryT 6biTh
JOCTUKUMBI CJIOBAMHU JIJIMHBI He OoJtee by, 38 MCKIIOUYEHNEM CJIOB (v| U (9.
JlaJiee cocrosinust aproMaTa Ve, COOTBETCTBYIOININAE Y3I0BBIM COCTOSHUSIM
aromaroB V. u V!’ GyieM Ha3bIBATH «IIOYTU y3JI0BBIMEU» COCTOSIHUSIMU.

IIycts V; = <Qi,2,q6,5i,Ai = {q}}> — aBTOMAT, MPUHUMAIONTII

si3bIK L (. % Roj 1. % Rps %), tie @ = 1,n. IIporymepyem cocrosinusi aB-
TOMAaTOB B COOTBETCTBUU C UX TJIYOHMHOI, CIUTAsI, 9TO HAIAJIbHBIE COCTO-

n
sanst uveror Homep 0. IMocrponm asromar V¢ |Ve| [] |Vi| cocrosinus-
i=3
MU, TJIe KaXKJIOMy COCTOSTHUIO CTABUTCS B COOTBETCTBHE HAOOP COCTOSTHUI
e 3 n e %
(qje,qjy...,an), e ¢ — cocrosHue aBroMara Ve, a ¢, — COCTOs-
HISI aBTOMATOB V; COOTBETCTBEHHO. J[JIsT TPOM3BOJIBLHOIO CUMBOJIA G € X

3a/1a UM 3HadeHne (PYHKIMHA TePEX0J0B Kak o <<q§f€, qg’B, e ,q}‘n) ,a)

(53 <q§fe, a) ,03 <q?3, a> yeeryOp (q}‘n, a)). B kadecTBe HAYAJIBHOI'O COCTO-
SAHUSI BO3BMEM COCTOSHUE (qg,qg‘, e ,qg}), a B KadecTBe (PUHAIBHBIX —
BCE COCTOSAHUS BUJIA (q]e.e,qji, e ,q?n), rie Jinbo HaMIeTcs Takoe ¢, ITO
q§ = q}, mmbo cocrosinue ¢j asroMara Ve sBisieTcst pUHAIBHBIM. 3ame-

i

THM, 9TO II0 IIOCTPOEHHIO BCe (PUHAJBLHBIE COCTOSHHSI ABJISIIOTCS IIOLJIO-
MIAIONUMHA, & 3HAMAT ¥ HEOTININMBIMU. Tako#l aBToMaT 04eBUIHO OyIeT
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n

npuauMaTh si3bIK L (. % (R1|R3). * (Ra|Ra).%)U |J L (. * Rgi—1. * Roj %), Kax
1=3

ABTOMAT, PeaJIN3yIOMuil 10 CyTH Hapaule/IbHyI0 pabory aBToMara Ve u

n — 2 aBroMaToB V.
B nmanHOM JT0Ka3aTEIbCTBE PACIIUPUM OIPEIe/IEHIE Y3/I0BOIO COCTOSI-

uus. HazoBem cocrostnue Buma (qj‘fe, qj-’g, ce q;"”n) Y3JIOBBIM, €CJIU qj‘fe COOT-

BETCTBYeT [OYTH y3JOBOMY COCTOsIHUIO aBTomara Ve u by | jj, qaj, # qf =

A _ o
qn2i—1+n2i upm n = 3,7’L. ,HOKa}KeM JOCTHUZKUMOCTDL Y3JIOBBIX COCTOSAHHUU.

IIycTe TOCTHXKHMO COCTOSIHHIE (qg’, qj)-’g, o ,q;?n) Torma, B cuity TOro, 4To
JiI000€e TIOYTH y3JI0BOE COCTOsIHME aBTOoMaTa V JOCTUraeTcs nu3 Hadajlb-
HOT'O COCTOAHHA ¢f KOHKaTeHaIleil HeKOTOPOI'o YHCJIa CJIOB BUJA QT U
Qor, JJTs JTI0DOr0 MOYTH y3JI0BOIO COCTOsinus ¢ aBTromaTa V, Haiimercs
CIIOBO Qv T ...Q5 T, THe ij = 1,2, nepesozgmee cocrosune q§ B ¢°. 3a-
METHUM, 9TO CJOBa QT U QT IEPEBOIAT HeUHAJILHBIE COCTOSHHS qéi,
re by | ji, aBromaTos V; B cebs, a 3HAUUT CJIOBO Oy, T . .., T TIEPEBOJIAT

Y3JIOBOE COCTOSTHUE (qg, qi, e ,q}"”n) B COCTOSIHUE (qe, qi, .. ,q?n>. Ho-
n
KayKeM Telepb MHKIMeil [0 CyMMe UHJIEKCOB Y ji, YTO JOCTUXKUMBI y3-
=3
JIOBBIE COCTOSTHHSI BHJA (qg, q?s, . ,q?n>. Cocrostaue (qg, @, ,qg) SIB-

JIIeTCS HAYAJbHBIM, & CJIeJOBATEIbHO JIOCTHKUMO. [IyCcTh JHOCTIKUMBI
n

Y3JI0Bble COCTOsIHUS, ¥ KOTOPBIX » . j; < k - b;. Bo3bmem Takoe npous-
i=3

n
BOJIBHOE Y3JIOBOE COCTOSIHUE (qg,qi, . ,q?n>, 4qT0 2:3]1 = (k+1)-0b.
U3 ompesiesieHnsi y3/I0BONO COCTOSIHUST CJIEJTYET, ‘{TCl) HalijleTcst Takoe i,
qT0 j; = by. Ilo nmpeanonoxenuio cocrognme | g, qj-’g, e ,q;’-rbl, e ,q?n>
JIOCTH>KHAMO, TaK KakK CyMMa HHJIEKCOB COCTOsTHUiT cocrasisieT k - by. Cio-
BO (y;T', OUYEBUJIHO, TIEPEBOIUT COCTOSTHUE q;i_bl aBToMara V; B COCTOsIHUE

q‘;i’ a OCTaJIbHBbI€ COCTOAHNA QS7 qjli’ e ,q‘?n COOTBETCTBYIOIIIUX aBTOMATOB

nepeBonuT B cebst. CrieToBATEMBHO, COCTOSTHUE (qjl-l, e ,q?n> JOCTUKUMO.

IIycTe TOCTHXKHMO COCTOSIHHIE (qg’, qj)-’g, o ,q;?n) Torna, B cuty TOro, 4To
JiI000e TIOYTH y3JI0BOE COCTOsiIHME aBToMaTa V JOCTUraeTcs nu3 Hadajlb-
HOT'O COCTOAHHA ¢f KOHKaTeHaIleil HeKOTOPOIo YHCJIa CJIOB BUJA QT U
QoT, JIUIst JTIOOOr0 MOYTH y3JI0BOIO COCTOsIHHMA € aBTOMaTa V, Haiimercs
CITOBO (i T ...y, T, THe i; = 1,2, mepeBojsInee cocrosHue ¢ B ¢°. 3ame-
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THM, 9TO CJIOBA (\{T U (o7 TEPEBOIAT He(PUHAIHHBIE COCTOSHIUS q;.i, rje
b1 | ji, aBroMaToB V; B cebst, & 3HAUUT CJIOBO (v, T . . . (O, T TIEPEBOAUT y3JI0-
e 3 n e .3 n
BO€ COCTOsTHUE <q0, Qs -+ - ,an) B COCTOSTHUE (q s Qs - - ,an>. Hokaxkem
n

Terepb UHJYKIUEH 110 CyMMe UHJEKCOB Y | ji, UTO JIOCTUZXKUMBI Y3JIOBbIE
=3

COCTOSTHUST BUJIA <q8,q333, e ,q]”n). N3 storo ciemyer, 4TO BCe y3JIOBLIE
COCTOSTHUS JIOCTUXKUMBI.

,HOK&)KGM OTJIMYINMOCTD Y3JIOBBIX COCTOSIHUM aBToMaTa V.

ITycTn (q;fé, q;z, e ,q&) u (q;fé,, q?é,, . ,q}‘g) — JIB& pa3J/IMYHbIX y3-
JIOBBIX cocroguus. [lycTb qjé #* q;g. Taxk kKak JIaHHbBIE COCTOSTHHUS OTJIH-
9UMBI B aBTOoMaTe Ve, TO HallleTcs CIIOBO v T ...Qu, T, TJe ij = 1,2,
[IEPEBOJISINee OJHO U3 HUX B (PUHAJBHOE COCTOSHUE, & JIPyroe — HeT.
Bes orpanuuenus oOrrHOCTH OYJEM CIUTATH, 9TO B (PUHAJIBLHOE COCTO-
dHUE IIePEBOIUTCS q]e.é. Torna cI0BO 7 ...y, T TEPEBOJIUT COCTOSHUE

6. q,....¢% | B dunanshoe cocrosmue (¢%, ¢ ,...,q% |, a cocros-
Je’ *J3 In f J3 In

une (¢S, ¢, ...,q% | B nedbunanbuoe cocrosirue (¢°, ¢ ,...,q"% ), e
Je ' I3 In J3 In
q¢ — HekoTopoe HeduHATBLHOE cocTossHuEe apToMara V. Ilycrs qj, = qg,,.
€ €
Bes orpanndenust obuaoctu GyieM caurars, 9ro js > j5. Torga, oueBn-

HO, CJIOBO (Y17 . .. (1T TIEPEBOJIUT COCTOSTHUE <q]e., , q?, s ,q;?, ) B COCTOSIHUE
H,.—/ e 3 n

n5+n67jé
by

e 3 4 n e 3 n
(qjé, s tngr 0t -+ - ’qjh>’ a COCTOsTHUE <qjg, s - ,qﬂ{> — B COCTOSIHHUE
g g q", ). TIo IOCTPOEHUIO IEPBOE COCTOSHUE SBJIs-
Je o g 4ns+ne—g50 45) 0 1) )
ercst GUHAJIBHBIM, & BTOPOe — HET, TaK KakK ns + ng + j5 — js < ns + ne.
ny ng no Ny
- . _.I_ = .
by by b1 by

Takum o6pa30M aBTOMAT COJ/ICP2KUT HE MeEHee

nofngi—1 | Moy .
II + —— | Y3JOBBIX COCTOSHHII.

=3\ 0 b1
ITycrs by = 1. Torma, Tak Kak MOMUMO Y3JI0BBIX COCTOSTHUIA, aBTOMAT
COJIEPKUT OJIHO (DUHAJIBHOE COCTOsIHME, yTBepXKieHue (9) BepHO.

[Tycrs by > 1. PaceMoTpuM OTIEIBHO Y37I0BbIE COCTOSIHUS, KOTOPbIE
He MOryT OBITH IE€PEBEIEHBI B (DUHAIBHOE COCTOSIHUE CJIOBOM JJIHHBI .
JokazkeM, 9TO cJI0BaMU JJIMHEL He 6ostee by — 1 U3 KaXK0ro Takoro CocTo-
StHHST TOCTHAKIMO He Meree Y 01 (|B] — 1)f cocrostamii oTmranMbIx apyT
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OT ApyTa U OT Y3JIOBBIX cocTtogHuit. IlycTh ¢ = (qj‘fe, qj-’g, ce q}"”n) — HEKO-

TOpOE Takoe y3osoe cocrostaue. Jlanee depes ¢o = (g5, 45, . - ., ) Gynem
0603HaYATh COCTOSIHUE, B KOTOPOE IO CJIOBY (v IIEPEXOJMUT COCTOSTHUE (.
OTMeTuM, 4To JIpyrue y3/0Bble COCTOSIHUS He JIOCTUAKUMBI CJIOBAMU JIJIN-
Hbl MenbIre by. JIokazkeM, 9T0 COCTOAHHUA BUJA (o, TAE O — CJIOBO JIJTAHBI
He 6osee by — 1, orymmunmMbl. B coorBeTcTBUM ¢ BRIOOPOM by U CJIOB «;, JUTS
mo6oro ciosa a € (2 \ {r})" ! naitnercs Takoe 1 < i < n, uro aar = a.
BosbMeM ¢ M qor — JBa M3 pacCMaTPUBAEMBIX COCTOSHHS, MPHYEM
o # o Ilyers gymnsl o n o cosnajaior. Bes orpannyenus: oGIIHOCTH
OyJeM cumuTaTh, 9To o # aj ...a;. Kak GbLI0 OTMEYeHO BbIIe, Haiiaercs
takoe i, uro ay = o', e ' — memycroe caoso m3 (X \ {r})" amubI
by — |/|. Tlpuuem, Tak kKak & # aj...a1, i’ > 3. Torma, Tak Kak CJI0BO

_ e 3 i’ n
T, OYEBUIHO, IIEPEBOIUT COCTOSHHUE ¢ = (qje, Qs s gy - ,an>

B y3JI0BOE COCTOSIHUE <q]°fe, qi, e ,qj«;/ by ,q?n>, cnoso B'r Takxke Ie-
PEBOJIUT (o B 3TO y3JI0BOe cocrostHue. IlycTh Haiijercss Taxkoe i, 4ro
ap = '3 Ecm ¢ > 3, o B cuny rtoro, urto o # o, ciaoso ay
TaKyKe He COBIaJaeT C (. AHAJIOMMYHO NPeIblIyIHM PacCysKICHUIM
CJIOBO (1T TIEPEBOJIUT ¢ B (q;fe, q?’3, e ,q;'.;'” by ,q;?n , a 3'r nepesomuT
cocTosiHIe ¢, B Hero ¥xe. Ecim i < 2, To cJI0BO vy TIEPeBOJUT COCTO-
sSHUE ¢ B OTJIMIHOE OT HEro y3JIOBOE COCTOSIHUE (q;"é,,qi, e ,qﬁ), a f['r
[IEPEBOJIUT COCTOSIHUE (.~ B HEro 2Ke. Takum oOpa30oM B 00OMX CJIydasix
B'r nepeBoIUT COCTOAHUA (o W (o B OTIMUUMBIC Y3JI0BBIE COCTOSHUS.
CrieloBaTeIbHO OHU TaKyKe OTJIMYUMBI. Eciam He Haiijgercsa Takoe i, uro
ayr = o3, ro f'r nepeBomuT Gor B cocTOIHUE . Y3JIOBBIE COCTOSTHUS
(qjl-l, . ,qil ibyreedy, ) M g OTVIMHMBI, & 3HATHT COCTOSHHUA (o U o,

mepesoJuMble B HUX CJIOBOM B/T, TaK>Ke OTJIMYIMMDBI.

ITycrs Tenepb mymubl o u o ormmuatorcs. Bes orpanmyenus o6
HoCcTH OyJeM cumTaTh, 4To JyiMHa o OGosbiie. Haiigercsa Takoe 4, 4To
a; =B, rne B/ — menycroe caoso uz (X \ {r})* mmus by — |o/|. Ana-
JIOTUMHO TIPE/IBILIY UM paccyKeHusiM 3’7 IepeBOIAT Gy MO0 B Y3II0BOE

e 3 7 n ;
COCTOSTHIIE (qje,qjg, o @y ,an>, ecau ¢ > 3, mubO, B IPOTUBHOM
cydae, B y3JI0OBOE COCTOSHHE (q;f,,q;-’g, e ,q;?n>, rje j, — nourtwm ysio-
€

BOE COCTOsIHHE aBTOMaTa V., B KOTOPOE MEPEBOJIUTCS CJIOBOM (¥; COCTOSI-
Hue q;f’e. [Tpuuem oba 5THX y3JIOBBIX COCTOSHUS OTJIMIHBI OT COCTOSIHUST
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q. Ilpu srom cioso o 3'r nepesomuT cocrosinne q B cebs, TaK Kak II0
npenosioxkenuio juHa o3’ Menbine by. Y3/0Bble COCTOSHUS, B KOTO-
pble TIePeBOJIATCA CIIOBOM 37 COCTOSHUS (o W (o, OTIIMIAMBI, 8 3HATHT
Gor M Qo TAKKE OTJIMUUMBIL.

B3aMeTHM, YTO PACCMATPUBAEMbIe COCTOSHHUS, JIOCTUKUAMBIE CJIOBAMHI
JUIIHBL He 6oJiee by —1 U3 PasiMYHbIX y3/I0BbIX COCTOSHUI, OTJIMYUMBI, TAK
KaK IepexoJl 0 CUMBOJIY T IepeBOJUT UX B COOTBETCTBYIOIINE Y3JIOBbIE
COCTOSIHMS, KOTOPBIE 110 JOKA3aHHOMY PaHee OTJIMYUMbI.

[To mocrpoenuio asromara V' u u3 10Ka3aTeILCTBA TEOPEMBI 2 CIIEITY-
eT, ITo <% - 1> . (% - 1> Y3JIOBBIX COCTOsTHUs aBromaTa V' He MoryT

1 1

nepeiiTn B (puHAIBHOE COCTOSTHEE CJIOBOM JTHHBI by. CjieoBaTeIbHO aB-

romat V, numeer mons =+ 2 1)- M 1 IIOYTHU y3JIOBBIX CO-
bi b b1 b1

CTOSIHUM, KOTOPBIE He MOT'YT IepeiTH B (puHAIBLHOE COCTOsTHIE. TakuMm 00-
pa30M YHCJIO COCTOSTHWI aBTOMATa MPUBEJICHHOTO BUJIA, PACIIO3HAIONIETO

n
s13bIK L (. * (R1|R3). * (R2|Ra).*)U |J L (. % Roi—1. * Rpj.*) C BHIpasKeHHSIMHE
=3

Rj, 3aJlaHHbIMMA BBIIIIE, HEC MEHbIIE, 9Y€M

n b1—1
nyp ns ng N4 noi—1 n2q i
=+ ] + 2+ (D2 -7 x
<b1 by by b1> A3( b1 bl) (%[ =1)

i= =1

n ng  (ng ny (21 | na
x(— 24+ (=2-1)-(=-1))- + -2 1)+,
<b1 by <b1 > <b1 >> l!( by by >

1=

rjge IepBo€ cJjiaraeMoe — YHCJIO Y3JIOBBIX COCTOHHHﬁ, BTOpOE — YHCJIO

. niy ng M2 ny4
HEY3JIOBBIX cocTosiHmit, coorsercTBylomux (—-—+(-——1)-(-——1))-
b b b1 b1
Noi—1 N
I ; + 5 1) y3/I0BBIM COCTOSIHHSIM, M3 KOTOPBIX HEJIb3sl I0-
=3 1 1

nacTb B (pUHAJBLHOE CJIOBOM JIJTMHBI by, & TIOC/IEHEE CIAraeMoe — OJHO
dunabHOE COCTOSTHYE.
Hokazkem orenky (10). Ilycrs a — nexoropslii cumsost asdasura 3.

Beegem caenyromue obosnavenusi: X = X\ {a}, V) = {10g|2'|—1 n—| =
n;

{logm_Qn—‘ = by un; = { -

by
yTBepKieHus (9), HalyTCs TaKue BbIparKeHUsI Rg, 7 =1, 2n naxg anda-
BuUTOM Y/, 9TO |V (Lpf (. *R’l))’ = n; 12n

J - b}. Torma, coryacHO JOKA3aTENbCTBY
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>

1% (L (- # (Ra[Rs). * (Ra[Ra)#) U | J L (- % Rhy 4. # R’zi.*)>

1=3

b, —1

n' n nh n menb nh; i
><—,1-—,3+b—,2-b—,4>.ﬂ<§),11+ﬁ>+ Y (121
i=3

i=1

(T () ()Y (M)
AN v = AU '

(2

B kauecTBe BbIpakeHUH R; BO3bMeM BbpakeHust R}, ecim n; = nl,
u (Ri|a{n; —n)+1}) B nporusnom ciydae. OrmernM, 4TO BbIpazke-
mne Buga R« R’ wan andasurom X \ {a} coBmamaer c¢ BbIpaxkeHu-
eM R'[cy...cg—4]R", t1€ €1,...,¢x—1 — pasnmdHBIe CUMBOJIBL ajida-
BUTa Y, OTJIMYHBIE OT CUMBOJIA @. TakuM 0oOpasoM, BbIDaXKeHUs BHJIA
R\.#R” ... «R™ man andasurom X \ {a} mpm mepexome k andaBuTy
Y mpumyr Bux R'["a]+R’["a]x...[ a]xR®). Tlo memme 6 umcio cocros-
unii apromara V (L (. *R}.*)) Hag andaBnrom ¥ cOBHAJAET ¢ YMCIOM
cocrostnmit aromara V (L (. % R} .x)) nag andasurom ¥'. Ilpumenus cie-
creue 1, nosyuaem, aro |V (LPF (0« R}))| = |V (L (. *Ri.%))[+1 = nf+2,
e V (Lpf (.*R})) — aBromar maz andasurom X. Ipn n; = n) oue-
Bunno, uro |V (LP/ ((xRy))| = |V (LP! (.%R}))| = nf + 2. B cayuae
n; # n; 1o jgemme 4, B cuily TOro, 4ro Bblpaxkenue R} ompejeseHo maj
andasurom X\ {a}, Bepro pasencrso [V (L (. x (R} |a{n; — n| + 1}).x))| =
V(L (.xRy.x)| + |V (L(xa{n; —n}+1}.x))] — 2. OueBnano, 4ro
|V (L (:xa{n; — n}+1}.%))| = n; — n, + 2. Tlosromy, npuMeHHUB Ciei-
creue 1, momyuaem: |V (LPF (L« Ry))|=|V (L (. * (R |a{n;—n}+1}).%))|+
1=|V (LPT (. %R}))| —14n;—nf+2—2+1 =nl+n;—nj+2=n;+2.

3aMeTnM, UTO, KaK U B TeopeMe 2, PEeryJsipHbIi S3bIK, IPUHUMAEMBbII

n
aromarom V' =V (L( * (RY[R). * (Rh[RY).*) U U L (. *Rp;_y. % R‘/2i'*)>
=3

n
HaJ| ajdaBuToM X', COBIAJIAET C SA3BLIKOM <U L(.%Rgj_1. % Rgi.*)> N
i=1

(X)*. Tlosromy 110 Jiemme 5

Vv (O L(.%Rpj_1. % Rgi.*)>

i=1

!/ / !/ !/
n n n n
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(s, (1 ", [T (Mt g ) 4y o
v, v\ b, ] v, b B

- GRAR(ESRAE
e(Em-o) (3 [5]+(
<

JlokazaresbcTBO TeopeMbl 4

Cornacuo yrBepxkienuto (4) reopembr 1 st siroboro C' € (0;1] N Q
Haiayrca Takue BolpaxkeHud Ri, Ro, Rz 1 Rg, uTO

o V(ZL(*RyRs). * (Ry[Ry).))|
|V (L (.*Ry.*Ry.x) UL(.xRy. xRj.%))|

Paccmorpum Boipaskennst R = . Rj. x Rh.%, RI = . % Rj. % Rg.x, j = 2, n.
Bamerum, uro L (. * (R1|R3). * (Rg|Ra).*) 2 L (. * R3. x Rg.x). Torma

1=3

v (Grm)

VAL (s RafRs).* (RalRa)5)|
VL () UL (R2)) |

'V <L(. % (Rq|Ra). * (Rz|Ra).*) U G L (Ri)>'

ITpumenenue ajsiropurma

Jlist paboThl ¢ peryJIsipHbIMU BBIPAXKEHUSIMU U KOHEYHBIMHA aBTOMa-
Tamu ObLT paszpaboTaH MporpaMMHbI Komiuieke [15], B koTopom peajiu-
30BaHa BO3BMOYKHOCTH MOTU(PUKAIINN BBIPAYKEHNI BUIA . * Ry. * Ro.k.
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Jlst mpoBepku 3 PEKTUBHOCTH MOIMMDUKAIIIN PErYJISIPHBIX BbIPa-
JKeHnii ObLia BbIOpaHa 0a3a CHTHATYD CETEBOH CHCTEMBbI OOHapy»Ke-
Hust Bropxkenuit Snort [16]. 113 mee 6bum B3sTHI 11 BBIpaXKeHHil BH-

11

ga R* = % R}.*R}.%. Barem Gbu1 mocrpoen asromar V (U L (Rl)) u
i=1

JUIs KaxKJIoil mapel Bbipaxkenuit R* u RI (i # j) GbL1 mocTpoen aBTo-

var V[ L (. * (R} [R)). * (RY[RY).%) kg]‘ L (R¥) |. Pncrorpamma 3HaveHmii

V| L(-* (Ri[R]). « (RY[RY).x) U L (R¥)

ki j
1% (ﬁj L (Ri))

i=1
pusyrorero 3 deKTUBHOCTEL aJrOpuTMa B Ciaydae Habopa u3 Oojee dem

JIBYX BBIDaXKeHU, n300pakeHa Ha PUCYHKE .

orHomenust C' = , XapaKTe-

N 25

20

15

10

0.1

-

Puc. 5. I'ucrorpamma 3¢bdHEKTUBHOCTH AJTOPUTMA.

Bunmo, 1To mpuMeneHme JAHHOTO aJTOPUTMA M3MEHEHUsT BBIPAYKEHU
JIJIST PA3JIMIHBIX AP BBIPAXKEHUN B OOJIBINMMHCTBE CJIyIaeB MPUBEJIO K CO-
Kpamenuio uncyaa cocrosganit 10 50-70%. Ilpm 3ToM B OmHOM Ciydaen
YUCI0 COCTOAHUI COKpaTuioch 10 npumMepno 25%. Takum obpasom Mo-
Judukaius MoxKeT ObITh 3(PDEKTUBHA, HO 3TO CYIMIECTBEHHO 3aBUCUT OT
BBIOODA TTAPHI BHIPAYKEHUHN JITsT M3MEHEHMUS.
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3akJro4yeHne

B craTbe ObLIO PACCMOTPEHO PACIIUPEHUE METOJA U3MEHEHWS PEry-
JISIPHBIX BbIpazkenwii [11] ajist cokparenust 4ncyia cocTostHU JeTepMUuHU-
POBAHHBIX KOHEYHBIX aBTOMATOB, PEAU3YIONINX ITOUCK 110 BHIPAXKEHUSIM.
Boutu 1asbr O1eHKY HA YUCJI0 COCTOSTHUIN aBTOMATA [TPUA TAKOM U3MEHECHUU
B cilydae ajaBuTa, COCTOSAINErO0 U3 HE MeHee YeM TPeX CUMBOJIOB. Tak-
2Ke JIOKA3aHO, 9TO OTHOCUTEJbHOE YMEHbBIIIEHUE YUC/Ia COCTOSTHUN MOYKET
OBITH ITPOU3BOJIEHBIM.

ABTOD BBIpakaeT OJsiarogapHocTh K.¢.-M.H. ['aarenko Ajrekcero Biia-
numupoBndy u K.d.-M.H. [lankparbeBy Antony EBrenneButuy 3a mocra-
HOBKY 3&J1a41 U BHEMaHUe K padbore, AjtekcanapoBy [lenncy Eprennesu-
1y 3a [MOMOIIb B PEJAKTUPOBAHUU CTATHU.
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