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Pozmin 1
dopmaJibHI MOBH

§ 1. Binpui HamiBrpynu i dpopMaJbHI MOBU

B npomy maparpadi BBOAUTHCS MOHATTS (hOpMaJIbHOI MOBH Ta, BU-
BYAIOTHCA JIeIKi BJIACTUBOCTI (popMabHUX MOB. BuBUeHHS popMasb-
HUX MOB CIIPUYUHEHO, B IEPIINY Yepry, X 3aCTOCYBAHHAM B KOM IOTEp-
HIX HayKax. PopMaJibHI MOBU BUKOPHUCTOBYIOTHCS JIJIs OIIUCY IITYYIHHX
MOB, HAIIPUKJIAJI, MOB IIPOT'paMyBaHHsI, MOB KOMaH,I OTIePAIliifHOl CHCTe-
Mu. Byab-sike mporpamMue 3a0e31edeHHsi CTBOPIOETHCS 1 €KCILIyaTyEThCs
3 JIOIOMOTI'OO Ti€l um iHIOI (bOpMaJIbHOI MOBH.

Posnounemo maparpad 3 HEOOXiTHUX JOMOMIKHUX O3HadeHb. He-
xaii X — JIOBUIbHA MHOXKHUHA. DiHapHoto onepauicio Ha MHOMHCUHL X
Ha3UBaEeThbCsl BimooOparkeHHs *x : X X X — X, me X X X — MHOXH-
Ha BCIX BIOPsJIKOBaHMX mnap ejiemMeHTiB 3 X. O6pa3z B X ejgemeHTa
(a,b) € X x X nmosunauarumemo gepes a * b abo mpocro depes3 ab. Hero-
pOXKHsSI MHOXKMHA, X, HaJljaeHa OiHapHOIO omeparliieio * : X X X — X,
Ha3UBAEThCA 2pynoidom. BiHapHa omepallisi * Ha MHOXKUHI X Ha3UBa-
eTbest acouiamuenoto, akito a(be) = (ab)e mis Beix a,b,c € X. ko
omepariis * € acomiaTuBHO0 Ha X, To napa (X, %) HA3UBAETHCS HANIG-
epynoro. Hexait (X, *) i (Y, o) — mamisrpynu. [omomoppizmom 3 X Y
HA3WBAETHCA Take Biobpaxkenus ¢ : X — Y, mo p(a*xb) = p(a)op(b)
st Beix a,b € X.

Hexait X — HENOpO:KHsI MHOXKUHA, Ky HA3UBATUMEMO ((Hopmain-
num) aspasimom, a il eJeMEeHTH — OYKGaMU (CUMBOAAMU, 3HAKAMU).
Akmo | X| = 2, To andasiT HazuBaeTbCA Oiraprum, 460 J6ITKOGUM.
Haituacrimte Ginapauit andasit nosnadaersest gepes B = {0, 1}.

1.1. ITPuksAg. Andasit X dopmyn ajiredbpu BUCTIOBIEHDb € 00’€Ha~
aasm X = X1 U Xo U X3, ne muoxkuna X1 = {p,q,r,...} micrurh
mporno3utiiiiai 3minni, Xo = {A, V, —, >, 7} — jioriuni 3B’s3KM, a MHO-
xuHa X3 = {(,)} cKIaIaeThCa 3 JOMOMI2KHIX CHMBOJIB (JTy7KOK ).

4



§ 1. BIVIbHI HAIIIBI'PYIIN I ®OPMAJILHI MOBU 5

Busnaunmo cro6o (nanuroz) B andasiti X K HEMOPOXKHIO CKiH-
YeHHY TOCJJIIOBHICTH T1X3 ... T, eaeMenTiB 3 X. Hampukmaasm, 010111
— cJi0BO B OiHapHoMy aJjidasiti B, a p A q — r — cjoBo B ajdabiti X 3
npuksaay 1.1, Takum auaOoM, ABaA CJIOBA T1X2 - .. Ty 1 Y1Y2 - - - Yy, JTOPIB-
HIOIOTHb TO/l 1 TIJIBKM TO/l, KOJIM BOHM CINBIAIAIOTH K IIOCJIIIOBHOCTI,
TOOTO KOJIU M =N 1 1 = Y1, .-, Tm = Ym.-

AndapiTi mo3HAYATIMEMO BEJIUKUMU OyKBaMU JIATUHCHKOI'O ajada-
BiTy, Hanpukian A, B, C', X i =.n. Byksu ¢dopmanbHoro auadasity 0y-
JIEMO TIO3HAYaTH MaJIMMU OyKBaMu JJATUHCHKOTO ajadasiTy: a, b, ¢ i T.11.,
a CJIOBa — MaJIIMHU OYKBaMU I'perbKoro ajadasiTy, HaIpuKiai, o, 3, w.

Yepes X T 1mo3HauuMo MHOXKHUHY Beix cii B asudasiti X. Hampn-
Kya, sikimo X — 6inapuuii andasit {0, 1}, To

Xt =1{0,1,00,01,10,11, 000,001, ...}.
Ha muoxkuni X BusnauuMo GiHApHY OIepariiio:

1L ... Tm OY1Y2 .. . Yp = T1X2 ... TnY1Y2 ... Yn.

Omepallist o Ha3UBAETHLCS KoHKAMEHAUIE0. BOHA, 0UEBUIHO, aCOIi-
aruBHa, i (X +, 0) HAa3WBAETHCS GiALHONW HANIB2PYNOI0 HA MHOMCUHT X .
Bisbay HaAmiBrpymy Ha MHOXKWHI X MMO3HAYAIOTh YacTO TAKOXK Uepe3
F(X) (Bim anrmiiicbkoro cjioBa ,free” — BiabHmMiA).

ITopsn 3 BinbHOIO Hamisrpynoo X T Haj aidasitom X dacTo pos-
rIA1a0Th Bitbhuit Monoin X* = X U {e} man X, B IKOMy OIUHHIS €
€ TIOPOXKHIM CJIOBOM, K€ He MICTUTDH KOJTHOI OYKBH.

Ci0Bo, sIKe MicTuTh 4 6yKB (C1iB) a HosHauaTHMeMo depes a'. Ha-

IPUKJIAJ, a' = a (TaK¥M YUHOM, MU OTOTOXKHIOEMO OYKBY @ 3 CJIOBOM,

Mo MiCTUTHL €auHy OyKBY a), a’ = aa, a° = e — IOPOXKHE CIIOBO €.
Ob6epriermam croca = (Io3HaYaeThCa depes ') HasmBaeThCS CIIOBO,
3almcaHe B 0OEpHEHOMY MOPSIJIKY, TOOTO SIKIO T = aj ... dy, J€ BCi a;
— 6ykBH, T0 ¥ = a, ...a;. Kpim toro, ef = e. Jlerko mepesipurn, 1110

R _ R .R
(zy)™ = y~a.

Hexait o, B 1y — noBiibHi cjioBa B Aesikomy ajadasiti X. Hazsemo «
npepircom crosa i, a 3 — cypircom crosa afi. CroBo 3 Ha3zuBaTUMe-
MO nidcnosom crosa o3y, Ilpedike i cydike ciioBa € oro mijicaoBaMu.
Hampuxkiasa, ba — npedike i mizcaoBo caoBa bac. 3ayBazKumo, IO MO-
POKHE CJIOBO € IIpedikcoM, cydiKCcoM i IiICI0BOM JIOBIJILHOIO CJIOBA.

Axkmo o # B i a — npedike (cydike) ciaoBa [, To a Ha3UBae-
TBCST 8AGCHUM npedikcom (cydircom) caosa 3. Jlosocuna caosa — 1ie
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KUIBKICTh OYKB y HBOMY, TOOTO SKINO W = aj ...ayn, J€ BCi a; — Oy-
KBHU, TO JIOBYXKHMHA CJIOBa W JIOpPiBHIOE n. J[OBXKWHY cJIOBa W MO3HAYa-
tumemo depe3 |w|. Hanpukiman, |aabl = 3 i |e] = 0. OueBngno, 1o
w1 0 wa| = [wi] + |wal.
Dopmarvroro mocoro B amdapiTi X Ha3MBAETbCA JOBLIbHA MHOXKU-
Ha cJaiB B X, TOOTO AOBLIbHA IIiAMHOXKHWHA BiabHOro monoiga X *. Ha-
npukaj, Maokuta () — ne dopmanbaa moa. Muoxuna {e}, sika mi-
CTUTH TIJILKH MOPOYKHE CJIOBO, TAKOXK € MOBOIO. 3ayBaxkumo, 1mo ) i {e}
— n1Bi pisHi popmasibHi MoBHU. [HIIUM TIpUKIaIOM (POPMaJILHOI MOBU €
MoBa L, IO MIiCTATH BCi CJIOBa, SAKi CKJIaIaI0ThC 3 HYJIb 1 Oi/Ibie OYKB
a. Ii Moxxna mosnaumTn wepes {a’ : i > 0}. demno, mo L = {a}* (s
criporieHHst {a}* mosHagaTuMeMo Hajasl depes3 a*).
dAximo moBa L Taka, III0 »KO/HE CJIOBO B L He € BJaCHUM IIpediKcoM
(cydikcom) komHOTO iHIOTO cjIoBa B L, TO KaxKyTh, mo L mae npe-
pireny (cydikeny) eracmusicms. Hanpuriman, a* #e mae mpedikcHol
BracTHBOCTI, a {a'b: i > 0} mae.
Ockinbku popmasibia MoBa L — 11e MHOYKUHA, (TiaMHOKuHA X ), TO
110 (bopMaJIbHIX MOB 3aCTOCOBHI T€OPETUKO-MHOXKHUHHI orreparliii 06’eI-
HaHHS, IEPETUHY, 3HAXO/PKEHHS PI3HUII 1 jJonoBHeHHs. Onepaliito KOH-
KaTeHaIlll MOKHa 3aCTOCYBATH O MOB TaKHM K€ YMHOM, 9K 1 JI0 CJIIB.
Hexait L1 ta Lo — dbopmaabHi MoBu B aJjdapitax X Ta Xo Bij-
noBigHO. Konkamenauiero (dobymxom) mos Ly i Lo HazuBaeThCs Hop-
masibHa MoBa L1 Lo = {wyows : wi € Li,ws € Lo} B andasiti X1 U Xy,
siKa, CKJIAJIA€ThCA 31 CJIiB, SIKi YTBOPIOIOTHCS IIJISAXOM JIONHUCYBaHHS 10
OyIb-gIKOT'O CjioBa MOBU L1 JOBIJIBHOIO CJIOBA MOBHU Lo.
Imepavis (3amurarns Kaini) mosu L, sKa mo3HadaeTbest depes L,
BU3HAYAETHCA HACTYITHUM YUHOM:
1) LY = {e},
2) L" = LL" ! anan > 1,
3) L* = Up>oL".

PosriissHeMo gedki IpuKJIa .

1.2. TIPUKJIAM,. 3maiinemo irepamiio mosu L = {00,111}. Mosa L° =
{e} MicTHTB OjIHE MOPOXKHE CIIOBO He3a/esKHO Bi camoi Mmopu L. L1 = L
MICTHATB BCi cjioBa MoBU L. TakmM 9mHOM, IIEpIi JIBa YJIeHH B PO3KJia-
ai L* yreopiooTs Moy {e,00,111}. Jami smaiinemo mosy L? = LL =
{0000,00111,11100,111111}. Aragoriuno L3 = LL? € MHOKIHOIO CJIiB,
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YTBOPEHUX TPUKPATHUM BHOOPOM 13 JIBOX cJjiiB MoBHU L. /ljst ob4uucie-
mast L* HeobxinHo 3uaitr L' mist koxkaOro i € N U {0} 1 06’eaqnaru BCi
i MOBH. XO4a KOKHA MHOXKUHA L' € CKIHYEeHHOIO, 00’€/THAHHSsI HECKiH-
JYeHHOI KILJIbKOCTI MHOYKWH, K IPABUJIO, YTBOPIOE HECKIHUYEHHY MOBY.
[le, 30kpeMa, cToCcye€Thcss 1 MOBU L, sKa MICTUTh HECKIHYEHHY KiIb-
KICTBh CJIiB, B IKUX MaKCUMaJIbHI I1/IC/IOBa JIUIIE 3 HY/JIIB MalOTh HapHY
JIOBXKUHY, a JIOBXKWHA MaKCUMaJbHUX CJIB 3 OJIMHUIIL KpaTHa TPH.

1.3. ITPukiAI. Ilokaxkemo, mo dpopmaabua mosa {0, 10}* ckiamaersh-
csl 3 YCIX CJIIB, fK1 He MICTATH mijcaoBa 11 1 3akiHuytoThbca Ha 0.

OdeBuHO, 110 KOHKaTEHAIlis JOBLILHOI KijbkocTi 0 Ta 10 3akiHwTy-
erbcsd Ha 0. BoHa He Moxke mopojauTu migcgoBo 11, ocKiIbKH OCTaHHI
oykBu obox cjiB 0 Ta 10 posmingioTh H0BiabHI aBi 1 B IXHIfl KOHKaTe-
HAaITl.

Hexait w — cooo B andasirti {0,1}, ske we micrurs migemis 11 i
3akiguyeTbed Ha 0. AKIMO w He MICTUTH BXO/KEHH 1, TO w € KOHKa-
renamiero |w| 6yks 0, i Tomy w € {0,10}l ¢ {0,10}*. Hexaii cioso
w MicTuTb N > 1 BxomKeHb OyKB 1. Toi micjsi KOXKHOI'O BXOJIXKEHHSI
oykBu 1 B w Mmycuth ciijyBatu Oyksa 0, 60 inakiie Oyksa 1 abo ciiye
3a 1, abo € ocTaHHBOIO OYKBOIO CJIOBA W, IO CYIIePEUIUTh BUOOPY CJIOBA
w. TakuMm YMHOM, CJIOBO W 3AIUIIETHCS SIK

0...0(10)0...0(10)0...0(10)0...0,

ze Bupas (.. .0 o3Hauae HyJIb ab0 OlIbIne BxokeHb OykBu 0. OTKe, w
e koukarenaieo ciis 0 ta 10, Tobro w € {0,10}*.

Il moBu L BusHa"mMo obepreny mocy ax LIt = {wft 1w € L}.

1.4. TTpuksiAg. Hosememo, 1o st popMmaabaux MoB A i B BukoHy-
forbes pibnocTi (AB)F = BRAR 1a (AU B)ft = AU BE,

Hiiicno, (AB)E = {wf | w € AB}={(aB)® | a € A, B € B}=
{BEalft la € A, Be By={p% | pe€ B} -{af | a € A}=BEAL

Anagoriuno (AUB)F={w! |w € AUB} = {wf | w € A}U{w® |w €
B}=ARu B%,
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1.5. TBEPIXKEHHA. (Jlema Apdena) Hexat A 1 B — dei ghopmanvhi
mosu, npuvomy e ¢ A, i mosa X 3adosorvhac piehicmv X = AX UB.

Todi X = A*B.

JTOBEEHHA. [loBesemo iHAYKINEO 3a JIOBXKUHOK |w| cjoBa w, IO
X C A*B. Cuepity po3ristHeMO BUIAIOK |w| = 0, To6T0 w = e. dAKIno
e € X, 10 e € AX UB. Ockinibku e ¢ A, To HeoOxiaHO € € B i, oTxke,
e e A*B.

Jami mpuirycTuMo, 1o Jijist BCIX CJIB W JIOBXKUHK MEHIIE 1, 3 TOTO,
mo w € X BummBae w € A*B, i po3risiHeMO CJI0BO (v JOBXKUHU 1.
Axmo a € X = AXUB, 10 ab0 o € B C A*B, abo o = (37 jijisd nesaKux
B e Aivye X. B apyromy Bunajixy [ # e i, orxke, |y| < |al. Tomy 3a
iHIyKTUBHUM npuiyineHasm v € A*Bia = 6y € AA*B C A*B. luwm
3aBEPINYEThCA 1HAYKTUBHIAN KPOK i, oT:ke, X C A*B.

[[To6 moBecTn TpoOTHIE)KHE BKJOYEHHS, BUKOPUCTAEMO 1HJIYKIIITO,
06 mokazaru, mo A"B C X g Bcix n > 0. s n = 0 maemo, 1o
A'B=BC AXUB = X. [Ina n > 0 3a iHIyKTUBHAM IIPHITYIICHHAM
pukonyetbess A"B = A(A"'B) C AX. Taxum unnom, A"B C AX C
AXUB=X1iA*B = (Up>0A")B = Up>9(A"B) C X. ]

1.6. TTpukJiAa. Hexait dpopmanbui moBu A, B C {a,b}* 3a10BO/IbHSI-
IOTH PIBHOCTI:
A={e}U{a}AU{b}B,
B ={e} U{b}B.

Suaiitu moBu A 1 B.

3acTocyeMo jeMy ApjeHa JI0 APyroro PiBHsSIHHSI 1 3HAIEMO MOBY
B = {b}*{e} = {b}*. Anmanoriuno zunaxomumo moBy A = {a}*({e} U

{0} B).

Hacamxkinens migcraBumo {b}* 3amicts B 1 0j1ep2KyeMO:
A ={a}*({e} U{0}{b}") = {a} {b}".

Hexait X1 1 Xy — andasitTu i h : X1 — X5 — nosinmpHe BimoOpa-
JKeHHsl. Binmobpaskentss h MOXKHA IPOIOBKUTH 10 ToMoMopdizmy h :
X} — X3, moknanaioun he) = e i h(wa) = h(w)h(a) s Beix w € X7
i a € Xi. BacrocoBytoun roMoMopdisM 10 MOBU L, OAEp:KUMO IHIITY
mosy h(L), sxa € muoxmHO0 ciB {h(w) : w € L}.
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1.7. IITPUKJIAJ. IIpumnycrumo, mo noTpibHO 3aMiHUTH KOYXKHE BXOJIXKe-
HHS B cjioBO OykBu (0 Ha OYKBY a, a KOKHe BXojkeHHs1 1 Ha bb. Tosmi
MOKHA BH3HAIUTH ToMoMopdi3m h Tax, mo h(0) = a i h(1) = bb. dkimo
L={0"1":n>1}, to h(L) = {a™*" : n > 1}.

PekomenpoBana siteparypa : |2, c. 26-31], [4, c. 460-471], [5], c. 338-341],
[24], c. 6-14].

IIutanag Ta BupaBu g0 naparpada 1.
1.1. laiire osHavYeHHd (bOpMaAILHOIO ayidpaBiTy Ta (popMabHOI MOBH.
1.2. le 3acTocoByIOThCSI POpPMaJIbHI MOBHU !
1.3. ki onepariii Ha1 popMaJIbLHUMI MOBAMH B 3HA€ETE?

1.4. Busnaure dpopmajbHi aadaBiTu sl 3aIUCy:
a) apudMETUIHUX BUPA3iB;
6) asbyku Mopse.

1.5. DBusnaadTe JOBXWHY CJIOBAa (¢ = ,MaTeMaTUKa B YKpPalHCHKOMY
asadapiTi.

1.6. Z4Kki 3 HaBeJgeHUX CJIB € HiJC/IOBaMH CJIOBa W = ,,iHAyCTpaJiza-
mist”: oy = ,,imayc”’, ag =, igaycTpis’, az = ,Ji3a”, aq = ,aKkis’ !

1.7.  BunumiTs Bci (BacHi) npedikcu, cydiken i mijcioBa ciosa abea.

1.8. Cxkiibku (hopMaJIbHIX MOB MOYKHA TTOOY/IyBaTh Ha ayidpaBiTi X =
{0,1,2,3}, B sKuX JIOBXKUHA KOXKHOTO CJIOBa HE TiepeBuiye 37

1.9. Ckinpku ciB w A0BXKHUHN |w| < 1 MOKHA MOOyIyBaTH B asda-
BiTi, mo MictuTh k 6ykB? CKiJIBKU (pOpMaIbHUX MOB MOXKHA YTBOPUTHU
3 IMUX CJIB7

1.10. 3maiigite BCi cioBa w B asdasiti {0, 1}, gki 3a70BOTBHSIIOTDH
piBHIicTh w011 = 011w.

1.11. Ywm mpapgaa, 1mo sgkmo dopmaabHa MoBa A MiCTHUTBH N CIIB, a
MoBa B — m ciiB, To AB MycuThb MicTUTH nm CJiB?

1.12. Hexait A = {(01)" : n > 0} i B = {01,010}. Bnaiitu AU B,
ANB, A\ B, B\ A, AAB, AB i ABA.
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1.13. Hexait A = {npa, e}, B = {aixn, 6aba}. 3uaiitu AB i A*B.

1.14. Yu mozke MoBa L* abo Lt 6yTu 1mopoxuboio? 3a SKHX yMOB
Mo L* 1 LT e ckinuenammu?

1.15. 3Bmnaifitn cjaoBo Haiimenmnoi jgosxunu B ajdasiti {0}, saxe me
HaIeKuTh hopMmanbHiit Mosi {e, 0,02, 0°}3.

1.16. Josectu piBuicts: (AU B)* = A*(BA*)*.

1.17. Hexait A i B — dpopmanbai mou. JloBectn abo cpocTyBaTH
PIBHOCTI:
1) (Af)* = (A*)
2) (AT)" =
3) (AU AR) A* (A*)R
4) A2UB?= (AU B)?
5) A*NB*= (AN B)*.

1.18. 4ki 3 HacTymHUX MOB MalOTh npedikcHy (cydikcHy) BaacTu-
BiCTBH?

L*, sxmo L mae npedikcHY BJIACTUBICTD;
{w : w € {a,b}* i kinbKicTb OYKB @ B W JOPIBHIOE KIJTBKOCTI

OyKB b}.

1.19. Hexait h — romomopdism, Busnauenuii pisnocrsimu h(0) = a,
h(1) =bbi h(2) = e. Onumits hopmanbuy Moy h(L), ne L = {012}*.

§ 2. Cucremu 4dmucjaeHHH

B nmudpoBux obuncIroBaJIbHIX MaIllTHAX Oy/Ib-gdKa, iHpopMaliisi, 3a-
JIaHa TIEBHOIO (POPMAaJILHOIO MOBOIO, 300PaKy€e€ThbCA B BUIJISIJII CTPOTO
BU3HAYEHOI MOCJiT0BHOCTI mdp. KoxKHii Takiil OC/TiIOBHOCTI MOYXKHA
IIOCTABUTHU B BIAIOBIAHICTD IIEBHE UMCJIO 1 3BECTH, TAKUM YUHOM, OY/Ib-
sIKe MepeTBOpPEeHHs iHdopMaliil /1o omepariii Ha i 9ucjaaMu, 3aJaHuX Yy
JlesdKiil cucreMi ducyieHHd. B 3B’s3Ky 3 muM y JlaHoMy naparpadi Mu
JeTaJbHO 3yIMMMHUMOCS Ha PI3HUX YHUCJIOBUX CHCTEMAaX.
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Cucmema wucaenns (aara. number (numeration) system, notati-
on) — 1e CyKyIHiCTb crtocobiB i 3acobiB 3amuCy 9uce1 JIjisd TPOBEJICHHS
MIpaxyHKIB.

HaitnpocTinmoro cucTeMoro YUCIAEHHS € YHaAPHG CUCTEMI “YUCAEH-
M, B SIKifl KOXKHEe HaTypaJbHE YHCJIO 300ParKye€ThCsl BiJIIIOBITHOIO KiJIb-
KiCTIO JIesIKuX cuMBOJIiB. Hampukiia, sikio BubpaTu CUMBOI |7, TO
HATYpaJIbHE THCI0 CiM 3amumierbes v Burisizi |||||||. Yaapra cucrema
YUCJIEHHSI BUKOPUCTOBYETHC JJI 3AIIUCY MaJIMX YHUCEsI 1 Ma€ 3aCTOCYy-
BaHHS B TeOpil aJrTOPUTMIB.

2.1. Tunu cucrem 4YuncjeHHs. Po3pi3HAIOTH Taki TUIIM CUCTEM
YUCJIEHHS: N03UYLTIHL, Heno3uyiting Ta 3miwuart. HalbiabI mommpenn-
MU € MO3UIHI cucTeMu YuCIeHHsl. Y HEUX OfHa 1 Ta XK mudpa (du-
CJIOBUIT 3HAK) y 3ammci dncja HaDyBae PI3HUX 3HAYEHDb 3AJIEKHO Bijl
cBoe€l nto3utii. KoxkHa 1mo3umisg 3 MpucBOEHUM 111 ITOPSIAKOBUM HOMEPOM
Ha3UBAETHCA PO3PAJdom “ucaa. JJToMOBUMOCS TIPO HACTYIITHY HYMEPAIIiio
PO3PSIIB: SKIMO YHUCJIO MA€ N PO3PAIIB IJIOI 1 M PO3PSAIIB JTPOOOBOIL
YaCTUHU, TO CTAPIIOMY PO3PSJIy I1JI0I YaCTUHU HPUCBOIOETHCS HOMED
n—1, MoJioJiIIIoMy po3psy 1101 YacTuHu — HoMep (), cTapiioMy po3psi-
JIy JTpOOOBOI YaCTUHU — HOMED -1, & MOJIOJIIIOMY PO3PSLy — HOMED -M.
B mosumiitnux crucreMax YuCAeHHS KOXKHOMY PO3PSIY ITPUCBOIOETHCS
BinoBiHA 6aza. HaitgacTinme BUKOPHUCTOBYIOTHCS ITO3UINIIHI CHCTEMH
YUCIICHHA, B AKHUX i-My PO3Psly HPHCBOIOETLCs Bara g°, me g € N\ {1}.
Harypanbphae auciao g pu bOMY HA3UBAIOTH 0CHOG0M0 CUCTEMU YUCAE-
HHA. SHAYEHHST 9UCJa 38 MOro 300parkKeHHsIM BU3HATAETHCs 38 (DOPMY-
JIOTO:

n—1
(1) (Ap—1an—2...0;...A100,0-10—2...0_y)g = Z a;g' =

1=—m
19" T Han_29" 2 +. . 4aig'+.. +arg+aog’+a_197 +. . Fa_mg ™

B nisiit wactuni dopmynn (1) sanmcano cumBosidHEe 300parKeHHSI
qucia. Tyra; (i =n—1,n—2,..., —m) — CHMBOJIH, sIKi [IO3HAYAIOTD J1€-
ski i ancsa. [Ipasa gyactuna dopmysu (1) BusHavuae mpaBmiao o6In-
CJIEHHSI YMCJIOBOI'O 3HAYEHHS CUMBOJIYHOI'O 3allUCY JIIBOI YaCTUHU III€]
dbopmyun. Moxna BBazkaru, 1o JjiBa yactuta dopmysn (1) e mmdpom
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qncja, a IIpaBa JacTUHA BU3HAYAE AJTOPUTM JIemHUPyBaHHS JTAHOTO
mudpy.

2.1. ITpukiAg. O6uucanmo 3uadenus uncia 10(—1)(—1),01 B cucremi
YHUCJIEHHS 3 OCHOBOIO 3 1 cuMmBojsiamu —1, 0 Ta 1. B mpomy BuUmaaky
KIJIBKICTD IIJIUX PO3PSIB N = 4, a KiJBKICTb JIPOOOBUX PO3PAIIB M =
2. 3 nonomoroio dopmyin (1) ogepryemo:

10(=1)(=1),01 = 1-3°+0-3*+(~=1)-3+(-1)+0-37 ' +1-37%2 = 23%.
Haitgacrimre (xo4a i He 3aBXK/I1) CUMBOJIN @; TO3HAYAIOTH I/ 9U-
cia Big 0 10 g — 1 1 HaBUBAIOTHCS YU@PaMU TAHOT CUCTEMU YUCJICHHS, a
caMa CHCTEeMa YHUCJIEHHA HAa3UBAETHCA (§-K0G010 CUCTEMOI0 Yucierti. B
g-KOBiil cucTeMi YHCJIeHHs KIJIbKICTh Pi3HUX IH@P JOPiBHIOE OCHOBI ¢
cucremn ducjaeHus. Hanpukias, B 3Buvaiiniit apaObCbKiil (1ecsaTKOBIif)
CHUCTeMi YHMCJIeHHsI BUKOpHUCTOBYIOThCs udpu 0,1,2,3,4,5,6,7,8, 9.

YV HEeno3UULTHULT CUCTEMAT YUCAEHH.A BETAYNHA, IKY ITO3HAYAE TTH-
dpa, He 3a4eKUTh Bif 11 mo3uitil y uuciai. [Ipu mpomy cucremMa MoxKe
HaKJIaJIaTH OOMEXKeHHsI Ha MO3UIil 1udp, HAIPUKIAI, 1100 BOHU Oy/In
pO3TaIOBaHI 110 CHAJaHHIO Y1 3TPYIOBaHi 3a 3HavdeHHAM. [IpoTe 11€ He €
MIPUHITUTIOBOIO YMOBOIO JIJIsT PO3YMIHHS 3allMCAHUX TaKUMU CUCTEMaMU
qHCeT.

TuroBnM TpUKJIaI0M HETMO3UIIIHOI CUCTEMH YUCTIEHHS € PUMCHKA
cucmema YucrertA. Y Hiil B SIKOCTI QP BUKOPUCTOBYIOTHCA JIATHH-
CbKi OyKBHU:

Pumcobka mmudpa | HecssTkoBe 3HaUEHHS
1
5
10
50
100
500
1000

=0 Q) | | < ~

Harypaabui uncia 3ammucyioThcsd 3a JOIIOMOIOI0 ITOBTOPEHHS IIHX
undp. [Ipu npomy, sakimo Oiibina mudpa cToITh Iepe ] MEHIIIO, TO BOHH
JIOJIAIOTHCs (IIPUHITKIL JIOABAHHS ), SIKIIO YK MEHIIa — Mepej] OLIbIIoT0,
TO MEHINa BiHIMaeThCs BiJ Olabimol (mpunnun BigaiManus). Ocranne
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IIPABHUJIO 3aCTOCOBYETHCS TIJAbKH JIjIsi YHUKHEHHsI YOTUPUPA30BOrO I10-
BTOpeHHd ojHi€el udpu. Pumcbki mudpu I, X, C' craBagaTbes BiaIIOBiI-
uo nepen X, C', M nnga nosuauenng 9, 90, 900 abo mepen V., L, D njist
nosnavenHs 4, 40, 400. Hanpuknan, VI =5+4+1=6, IV =5 —1 =4,
XIX =10410—-1 = 19 (samicte XVIIII), XL = 50 — 10 = 40,
XXXIII=10+104+104+1+1+ 1 = 33 Tormo.

PunMcbki umceia BUKOPUCTOBYBAJINCS CTapOdaBHIMI puMIdHaMu. Bu-
KOHAHHsI apuMMeTHIHUX Jiii Ha | OaraTo3HAYHUMU YHCJIaMUA B IIiil cH-
creMi ayxKke He3pydHe. /laHa cucrema 4YHCIeHHA Ha CHOTOJIHI MaiixKe
HE 3aCTOCOBYETHCsI. 3 JIOIOMOI'OI0 TaKUX UHCEJI ITO3HAYAIOTH CTOJIITTS
(XV cr.), poku ve. (MCMLXXVII) ta micani B marax (1.V.1975),
MTOPSJIKOB] YUCJ/IIBHUKH, & TaKOXK MOXITHI HEBEJUKUX MOPIKIB (yIV,
V). YacTo pUMCBKi 9HC/Ia BUKOPHCTOBYIOTH TAKOYXK i3 €CTETHYHOIO Me-
TOIO.

SMIWAHA CUCTEMA YUCAEHHA € y3araJbHEHHSIM CHCTEMU YKICJIe-
HHs 3 OCHOBOIO ¢ 1 11 4acTO BIJIHOCATH JO IO3UIINHUX CUCTEM YU-
ciieatsi. OCHOBOIO 3MIIIAHOI CUCTEMHU € IIOCJIIOBHICTH THCE, 10 3PO-
crae, {by}}_, 1 KOXKHe YHCJI0 X 3alucyeThcs fK JiHiiflHA KoMOiHAIlis:
T =Y p_garbg, 1e Ha Koedimientn ay (mudpn) HaKIATAOTHCA AESAKI
obmexkennst. ko by, = ¢F s mesikoro ¢, a ay, € {0,1,...,9— 1}, 10
3MIIIaHa CUCTEMA CIIBIAJIA€ 3 §-KOBOIO CUCTEMOIO YUCJIEHHSI.

HaiiBimoMimmM IPUKJIAIOM 3MIIIaHOI CUCTEMU YUCJEHHS € 300pa-
>KeHHSI Jacy y BUIVISI KiJTBKOCTI mi0, TofuH, XBUIUH 1 cekyua. [Ipu
IILOMY BeJinunHa d AHIB h TOAWH ™M XBWJIMH § CEKYH/I BiIIOBiIae 3Ha-
qennio d - 24 - 60 - 60 + h - 60 - 60 + m - 60 + s cekyH.

[likaBUM IPUKJIAIOM € CUCTNEMA YUCAEHHA MatiAa. Maiig BHKOpICTO-
BYBaJIN JABAJISITKOBY CUCTEMY YHCJICHHS 38 OJHUM BUHSITKOM: Y JIPYTO-
My po3psii 6yso He 20, a 18 crymenis, To6To micst auciaa (17)(19) Bi-
pasy itrro qucso (1)(0)(0). Ile 6ymo 3pobsieHo JIJIst TOJIErTIIeHHST PO3-
paxyHKiB KajieHgapaoro mukiy, ockiibku (1)(0)(0) mopiaoBaso 360,
110 TPUOJIM3HO JOPIBHIOE KLIBKOCT1 JIHIB Y COHAYHOMY POITIi.

Y HyMi3ZMaTHUIl 0COOJMBO BEJIUKY Bary MalOTh JI€CATKOBA, JTBAHAI-
IATKOBA (JIyoJeIMMAa/IbHa), YeTBIPKOBA Ta IMCTKOBA CUCTEMU YHC/Ie-
HHsI. Y iH(OpMaIITHIX TEXHOJOTIAX 3aCTOCOBYIOTHCS JIBIMIKOBA, JIeCs-
TKOBa, BICIMKOBa Ta MIICTHA/IIISITKOBA CUCTEMHU YUCJIECHHS.

2.2. Tlo3umniitHi ¢g-KOBi cuUcTeMu YMCJIEHHS. 3YIUHUMOCS Jie-
TaJbHIIIe Ha ¢-KOBUX MO3UINIWHUX cucTeMax ducjenHs. CrepIy JoBe-
JIeEMO HACTYIIHY JIEMY.
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2.2. JIEMA. fxwo a,g € Z 1 g > 0, mo ichyromb maki e0uHi wucaq
s,t €L, woa=sg+r, ded<r<g.

JIOBEJJEHHS. Po3rigneMo MHOXKWHY BCIX ILJINX YUCEJ BUJIY G — X4,
ne x € Z. Hexait r = a — sg — HaiilMeHIINI HEBiI eMHUIl ejleMeHT IIi€l
mHOXKUHA. Mu ctBepzKyemo, 1o 0 < r < g. ificHo, B TPOTH/IEXKHOMY
BUNIQJIKY @ — Sg > ¢, a Tomy 0 < a — (s + 1)g < r, 1m0 cynepeanTsb Mi-
HiMaJIbHOCTI 7. /loBememo eauHicTh gaHoro 3o06paxkenndg. [Ipumycrumo,
110 icHye€ inmmii 3anuc a = sg+7r, 1e 0 < r < g. Toxi a = sg+r = sg+7,
3BifKY (s — S)g =7 —7r1—g <7 —1 <g. OcKUIbKE T — I JITUTHCS HA,
g, Tor—r=0,a0rmxKe, T=1r185=Ss. [

Hexait g € N\ {1} — ocHOBa ¢g-KOBOI crCTeMU YUCTICHHS.

2.3. TEOPEMA. Kootche HamypasvHe Yucio M MOHCHA EOUHUM YUHOM
nodamu y 6u2an0i

m = ang" + an—1¢g""" + ...+ a1g + ao,

de a; (0 <i < n)-—deari yiri ne6id emmi wucra, menui 6id g, NPUHOMY

a, # 0.

JIOBEJAEHHS. 3riaHo 3 jeMoio 2.2 njist HaTypaJIbHUX IUCes M Ta, ¢ 3Ha-
HayThed Takl €IuHl I1J1 Yucja Sg 1 ag, 1Mo m = sgg +ag 1 0 < ag < g.
Ockinbku g > 2, 10 0 < sg < m. ko sg = 0, To Teopema T0BeIe-
Ha, 1HaKIIe 1ICHYIOTh Takl €IuHl I/l Yucjiaa s1 1 ay, Mo Sg = S19 + aq,
0<a; <gi0 <51 < sg. IIpomosxkytoun janmit Iporiec aHaJOTIIHO,
OJIEPZKIMO CTPOTO CIIAJIHY TIOCIIOBHICTS (S) ) HaTypaabHuX duces. Jla-
Ha TOCJIJIOBHICTH He MOXKe OyTH HECKIHYEHHOIO, a TOMY ICHY€ Take 1,
o S,_1 # 0, ame s, = 0. 3Bigcu ogepKyeMo, IO S, 2 = Sp_1g+ap_1 1
Sp—1 = Spg+an = an, 1 0 < a; < g. Tonl MyKaHWit €IUHNIN 3a1TUC IH-
cJIa T MaTHMe BULJIS m = sog+ag—(s19+a1)g+ag=s19>+a1g+ag =
=82+ ap2g"t + .+ a1g + ap =(Sn—19 + an—1)g" ! +
an—29" 2 +...+a1g+ao=ang"+an—19"" ' +an—29""*+...+a1g+ao.

[]

Mozkna moBecTH, MO /T KOXKHOTO JTOJATHHOTO TPOOOBOTO YHUCIa @
TaK caMo, K 1 JIJIsl KO?KHOT'O HATypPaJbHOT'O YUCJa, B CUCTEMI YUCJIEHHS
3 OY/Ib-sIKOIO OCHOBOIO ¢ ICHY€ TLIbKU €JIMHUI 3aIUC BUTLY
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n
a = Z aig = ang"+...+aigd ... +aog’+a_19g7 ... Fa_mg ™.

1=—m

OTKe, 3anuUcC YUCAG G 68 CUCTNEMT YUCAEHHA 3 OCHOBON0 g — TIe 300pa-
JKeHHsI YHCJIa y BUIVISJII CYMH CTEIEHIB OCHOBHW ¢ 3 IIJIUMU HEBiJ €M-
HUMH KoediIieHTaM1, MEHIIIIMH Hi»K OCHOBA ¢.

Bupa3s

m

) 0 —1 —
a=apng" +...+a;,g"+...+apg +a_19 +...+a_ng
CKOPOYEHO 3aIMCYIOTh TaK
a=(antp-1...G;...0100,6-1G_2...0_m)g-

BBesiennsa 3naka MiHyC J/Ia€ 3MOTY 3allMCyBaTU y CUCTEMI YUCIEHHS
3 OCHOBOIO ¢ TAKOXK 1 BiJI'€MHI 9uCJIA.

2.3. ApudmMerndyHi orneparliil B pi3HUX CUCTeMaX YNCJIEHHS.
[Ipy BuKOHAHH] aprdMEeTUIHUX ONEepaIliil HaJl YUCTaMU, 3alNCAHUMU B
JIECATKOBIN CHCTEeMI YUCJIEHHS, M KOPUCTYEMOCH ITPABUIAMHU J10/IaBaH-
Hsl, BiAHIMAHHS i MHOXKEHHSI 9HCeJI ,,cTOBIIeM 1 JijeHHs ,KyToM . 3a
IIIMU K [TPAaBUJIaMU BUKOHYIOTH OIlepallil i HaJl YucjaMu, 3allMCaHUMU
B OyAb-sIKiil iHIIii cucTeMi uncaeHHs. /loBegemMo, HAIIPUKIIa L, TPABUIO
JI0/IaBaHHs B CUCTeMI dmcieHns 3 ocHoBolo g. Hexait a = (ak ... a1a0)g
i b= (bs...biby),. He BTpavaroun 3arajbHOCTi, MOXKHa BBAyKaTHU, IO
k > s. 3uaiinemo cymy a + b.

a+b= (ak ce alao)ng (bs . blbo)g:(akgk—l—. . .—I—aS_HgS—H +as9°+
cootargtag)+(bsg® + ...+ bigH+bo)= arg® + ... Fasi19°T 4 (a5 +
bs)g® + ...+ (a1 + b1)g + (ap + by).

Y mpoMmy 3ammci Jiesdki 3 aucen ag + bg, a1 + b1, ..., as + bs MOXKYTH
BUSIBUTHCS OLIBITUMU a00 JOPIBHIOBATHA OCHOBI YHCJIEHHH . AKIO a4+
bm > g (0 <m < 8), T0 am+by = g+rm, 1€ 0 < 1y < g. Tomy (am41+
brns1) g™ 4 (n+b1) g™ = (@mi1+bmg1+1)g™ 47, ¢™. SaMinubimm
KOZKEH BUPA3 (G, +byy) > g, mounHaiown 3 ag—+ by 1 3akinayoun ag+ b,
PIBHO3HAYHUM HOMY BUPA30M g + 7, 1 TIEPEHICITN TaM, Jie Tie TOTPiOHO,
OJIMHUITIO B HACTYITHUI PO3PsJI, JICTAHEMO 3aliC CyMU a + b B cucremi
YUCJIEHHSI 3 OCHOBOIO ¢:

a+b=cg"+...+c19+ co,

abo ckopodeHo a + b = (¢t...c1¢0)g.



16 I. POPMAJIBHI MOBI

Takum urHOM, 1100 JIOJIATH JABA LI JOJATHI YUCjIa, 3allMCaHl B CH-
cTeMi YHCJIEHHSI 3 OCHOBOIO ¢, MOTPIOHO J0JaTH IXHI IUMPU HEPIITOro
PO3PsILY, TOTIM IIUPPH APYToro po3psay i T.1. [Ipu mpboMmy KoKHOTO pa-
3y, KOJII OPpU JOJaBaHHI UMD JAHOTO PO3PSIIY JICTAHEMO CYMY OLIBIITY
a0b0 PiBHY OCHOBI CHCTEMU YUCJIEHHH ¢, IIOTPIOHO MepEeHeCTH OAUHUILIO B
HacTyIHUN po3ps. Ilpu gqogasanHi uncea JOAaHKKA JAOIIJIBHO ITJIIIACY-
BATHU OJVH I1i/T OJfHUM (y CTOBITIHUK) TaK, o6 1udpu, sKi BiIOBI1a10TH
OJTHAKOBUM PO3psdaaM, Oyan ofHa IIij oJHOI0. K Oadnmo, JogaBaHHS
OaraTonudpPoOBUX YUCE] 3BOJAUTHLCS A0 AOJABAHHS OIHOIM(MPOBUX UH-
cea. Takum YIMHOM, OCHOBOIO JOJAaBaHHsI CUCTEMHUX YUCEJI € TaOJIUIs
JI0/IaBaHHsT OJIHOIIM(POBUX YKCEJI, 110 BU3HAYAE CYMY JIBOX ULCE]I, MEH-
IIUX, HI2K OCHOBA, §.

MoxkHa nokaszaTu, IO BiJHIMaHHS, MHOXKEHHSI 1 JTIJIEHHS YUCeJI BH-
KOHYEThCH I1JIKOM aHaJOITIHO IpaBuaaM 3BUYaiHOI MKIJIbHOI JIeCATKO-
BOI apu(PMeTUKN.

[Tobymyemo, HATIpUKIA/L, TAOJIMIN JTOJaBaHHS 1 MHOXKEHHSI OJIHOIIM-
dpoBUX YHCe]I B YeTBIPKOBIM CUCTEMI YMCJICHHSI:

+101 1123 0O(1| 2|3
O/0]1}2]3 0,007 010
112|310 110|123
2123|1011 210|210 |12
3 (3101112 30131221

Y KOXKHIifl KITHHII IUX TaOJIUIb 3aIlllCAHO Yy YeTBIPKOBI#l cucTe-
Mi gncsieHHst cymy (100yToK) nudp, 1Mo € HoMepaMu PsiJIKa i CTOBIIIS,
Ha IEePETHUHI IKUX CTOITh JaHa KJIITUHKa. KOpUCTYI0UYNCh IUMU TaOJ M-
ISIMU 1 TpaBUJIaAMU, AHAJOTTIHUME ITPABUJIaAM JeCITKOBOI apuPMETHKH,
BUKOHAEMO apudMeTUIHI onlepallil Ha T 9UCcJIaMi B Y€TBIPKOBIl crucTeMi
YUCJIEHHS:

+203, 24 203,24 1024

132,14 132,14 214

1001, 34 11,14 1024
72104

22024
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2.4. IlepeBemeHHd IIJINX YMCEJI 3 OAHIEI MMO3UI[IMHOI CUCTe-
MU YHMCJIEHHS B iHIILY. Y IIpolieci po3B’a3yBaHHS 33184 JOBOIUTHCS
IIEPEBOIUTH IIiJIl YWCAa 3 OJHIEl MO3UINITHOI cucTeMHu B iHITYy. 7K Ke
IIepeBeCTU YHCJIO @, 3allMCaHe B CUCTEMi YUCJIEHHsI 3 OCHOBOIO S, B CH-
cTeMy YHCJAEHHsI 3 OCHOBOIO ¢7 2K BijgoMo, 3ammcaTu 49UCJIO G B CH-
cTeMi YMCJIEHHd 3 OCHOBOIO ¢ — I 300pa3uTh MOTo y BUIJISIII CYMHU
a = arg® + ...+ a1g + a,. Buaiimemo xoedimientn ag, ai, ..., a;. Lo-
JUINMO B CHUCTeM1 YHMCJE€HHS 3 OCHOBOIO S YHCJIO G Ha ¢, JICTAHEMO
a = bog + ag, 1e ag < ¢g. Hani nmominmumo by HA g: bg = b1g + a1, 1e
a; < g. 3Bijcu

a =bog + ap = (big + a1)g + ap = b1g”* + a1g + ap.

[Torim momismumo by Ha ¢ i T.1. Lleit iportec MpoIOBXKYyBATUMEMO JIOTH,
JIOKA HE OTPUMAEMO YACTKY, sKa JOPIBHIOE HYJIIO. BHACIIIOK ITHOro
MaTHUMEMO:

a:akgk—l—...—l—alg—I—ao.

OckinbKu 3a TeopeMoro 2.3 9nciao ¢ MOKHa MO/IaTH y TAaKOMY BHTJISIII
€JIMHUM YUHOM, TO ag, a1, . . ., G € INMpPaMHI YUCIa ¢ B CUCTEMI YnCIe-
HHS 3 OCHOBOIO (.

TaxuM 4UHOM, JIjId IIepeBeJeHHd HATypPaabHOr0 YUCIa @, 38JaHOr0
B S-KOBIil cucTeMl YUCJIeHHS], B g-KOBY CUCTEMY YUCJICHHA KOPUCTYEMOCH
HACTYIHUAM IIPABUJIOM: CNOYGIMEKY 3GNUCYEMO YUCAO § 6 S-KOGLU CUCTE-
Mi, @ NOMIM BUKOHYEMO (6 S-K06itl cucmemi wucaenmnal) xinvka diaens
YUCAG Qg T NOCAL0OEHO YMBEOPIOSAHUT HACTNOK HA YUCAO §s domu, JOKU
HE OMPUMAEMO YACKY, AKAG D0PIBHIOE HYA10. 3000YyMi 0CaGYE CNOYa-
MKY SUPAAHCAEMO UYUPPAMU §-KOB0T CUCTNEMU YUCAEHHA T 3ANUCYEMO 6
360POMHBLOMY NOPAIKY. 3ANUCAGHT MAKUM YUHOM 0CTAYT (e 6orce Uu-
Ppu 6 g-K06il cucmemi YUCAEHHA) | € -KOBUM 3ANUCOM YUCAE (g,

2.4. TIPUKJIAJZL. 3amuiremMo 4ucjiao a = 4719 B TpifikoBiil cucTemi 4n-
CJICHHSI:

47=15-3+4+2
15=5-34+0
5=1-3+2
1=0-3+1

3BijJCM BUILIUBAE, IO YUCJIO @ B TPIAKOBIl cucTeMi YMCIECHHS 3a-
uIeTbess a = 12023.
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2.5. ITPukyAd. IlepeBenemo umcio a = 122103 3 TpiiikoBol cucTeMn
JncJIenHda y BiciMKoBY. HoBa ocHoBa y TpifiKoBiii cucTeMi YUC/IEHHS JT0-
piBHIOE 22. [TogianMo moCTiIOBHO Y TPIMKOBIM crCcTeMI YUC/IEHHST YUCIIO

a = 122103 ma 223

122105 = 2015 - 225 + 115
2015 = 25 - 225 + 103
23 =03 - 223 + %

PesynpraTn 1mocsiloBHOTO JIIJIEHHST 3aIllMcaHl y TPIMKOBI cucTeMi
YHMCJIEHHS, ajie MU 3HaeMo, 1o 113 = 4g 1 103 = 3g. O1ke, a = 234g.

Ilepexin Big g-KOBOI CHUCTEMHU YHUCJIEHHS 0 JIECITKOBOI BUKOHYIOTH
me i Tak. ducio ag, 3aIUCYIOTH Yy BUALJISIL

ag = ang" + ...+ a1g + a.

[ToTim 3amicTh 9ucCes ay,, . . ., a1, Qg 1 g MJICTABASIOTH 1XHI JeCATKOBI 3a-
IIICH 1 pOOJIATH BiAIIOBIAHI obuncaeHHs. /lecsaTKOBUMIT 3aIic pe3yabTaTy
€ INIYKaQHUM YHUCJIOM.

Y BUNAJIKY, KOJIM ¢ = S" TepexiJl BiJl O/IHI€l CUCTEeMH YUCJEHHS 10
1HITIO1 3HAYHO CITPOIy€eThes. /lificHo, Hexail MaeMo JiBa 3aIUCU YUCTIA G
B §-KOBIIi 1 $-KOBIii cucTeMax YUCJIEHHS:

k

a=(an...a1a0)g = (b;...b1bo)s, TOOTO

a=ang" +...+a1g+ay="bs +...+bs+ by

[Tokaxkemo crogaTKy, IO I JOBIIBHUX Cg, C1, .. .,Ch_1, 0 < ¢; < s,

(2) 18" V4. s+ < g.

iiicHo,
o158 Fersteg < (s—1)s T 4 (s—1)s+(s—1) = sF—1 < ",
3 orysiy Ha (2) ocrada ag Bij gieHHST ducia a = bist + ...+ bpst +
bp_1s" L+ bis+ by = (st R 4 A bp)sE 4 (st L+

bis + bo) Ha g = s* nopismioe by,_15° 1 ... 4 bys+ by. OTxke, (ap)g =
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AHaJIONIYHO MOXKHA OJIEpXKATU 300parkeHHsI PeNITH ¢-KOBUX Iudp B
BUTJIA k-PO3PATHAX S-KOBUX YHUCEJ. TaKUM YUHOM, JIjIsi TIepeBeIeH-
Hg 4YHUCJa, 3allMCAHOI'0 B ¢-KOBIIl CHCTeMl YMCJEHH:A, B S-KOBY CHUCTE-
MY YHUCJEHHS JIOCTATHBO KOXKHY ¢-KOBY IMUQPY 3aMIiHUTH PIBHUM 1it k-
PO3PATHUM S-KOBUM YHUCJIOM.

2.6. ITPukAzd. Ileperememo amcio a = 7695, 1638 B JIBIfIKOBY cucCTeMY
YUCJIEHHS:

a = T765,163g = 111 110 101, 001 110 011 =111110101,0011100115.

7 6 ) 1 6 3

L1 mepeBejieHHS 9ucia 3 JIBIMKOBOI B BICIMKOBY CUCTEMY YHUC/IEH-
Hd JIOCTATHBO PO30OUTHU HOro MpaBopyd i JIBOPYY BiJl KOMHU Ha Tpiajn
1 3aMIHUTHU KOYXKHY TPia Iy BiJUTOBIIHOIO 11 BiICIMKOBOIO M@ POor0. AKIIo
pu po30UTTI KpaiiHi Tpiaan BUABIATHCA HENOBHUMM, TO 1X CJIIJI JT0-
IIOBHUTU HYJISIMU.

2.7. ITpuxkaa. Ilepesenemo umciio a = 1011, 12 y BiciMKOBY cucremy
YUCJIEHHS:

PosrisineMo meToj mepeBejieHHsI IIPABUJILHUX JPOOIB 3 OJHI€El cu-
creMu yucjeHHd B inmy. Hexail npaBuibHuii 1pid a, 3ajJaHuii B S-KOBIii
CHUCTEeMi YHMCJIEHHsI, TOTPIOHO 3alliMcaTy B CUCTEMi YUCJIEHHI 3 OCHOBOIO
g. Ilpunmyctnmo, 1o 3ammc dmciaa ¢ B ¢g-KOBiif crmcTeMi 9MCJIeHHS 3Ha-
N IeHnit:

a=(0,a_10_2...a_m)g=0a_19 "+a 29 +...+a_mg ™

K10 ITOMHOXKUTHU YUCJIO @ Ha OCHOBY ¢ HOBOI CUCTEMH YUCJIEHHS, TO
11iJ1a JYacTUHA J00yTKY Oyle JOpiBHIOBATU a_1, & JAPoOOBa —

al=a_2g T4+ ...Fa_n,g ™

Yucnao a1 € mpaBUIbHAM JIPOOOM, OCKIIbKH BCi nmudpu a; < g. Ta-
KUM YUHOM, B Pe3y/JbTaTl MHOKEHHS 4YUCJIa G HA § OTPUMYEMO IILIY
JaCcTUHY, IKa JOPIBHIOE 3HAYEHHIO NMHUQMPU CTAPIIOro PO3psiry Ipo0o-
BOI'O ¢-KOBOTO 4mcJja. [IpomoBKyodn MHOXKEHHs JPOOOBUX YACTHUH @
Ha OCHOBY ¢ (Il 9aCTHHM MPU KOKHOMY MHOYKEHHI BITKHIAIOTHCS),
MOKHA OJIEPKATHU PEMITY MUp MIyKaHOro Jpody: HUMU € ILTI YaCTHHU
ofepxKaHuX H00yTKiB. [Ipu mpomy, sKimo g < s, TO ILJIi YacTUHU JO-
OyTKy € mudpamMu g-KOBOI CHUCTEMU YUCJEHHS, & SKIO ¢ > S, TO I
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JaCTUHU € YUCJIAMU S-KOBOI CUCTEMU YUCJIEHH, IKi HeOOX1IHO 3aMiHU-
T HudpaMu g-KOBOI CHCTEM.

CdopmymoeMo HpaBUIO HEPexXoy BiJ OJHIE] CUCTEMU YUCICHHS
JTO 1HITIOT METOIOM MHOYKE€HHS Ha OCHOBY: 1,00 Nepemeopumu npasunb-
HUtl Optb 3 00OMIEL CUuCMEMU YUCAEHHA 6 THULY, HEeobTIOHO NOoCALI06HO
MHOHCUMU UE YUCAO T NPOMIHCHTL 3HAUEHHA HA OCHOBY HOB0L CUCTEMU
YWUCAEHHA (3ANUCAHY 6 CAPIT Cucmemi), 6i0KuIaI0uY KoHCEN Pas uial
yacmuru 000YymKL8; Ul ULAL YACMUHY € 3GNUCOM UUDD UWYKAH020 YUCAG
g-K0B801 CUCTNEMU YUCAEHHA.

2.8. ITPukIAd. IlepeBememo pecssitkoBe uncio a = 0, 687519 B ABIITKO-
By CHCTEMY YHCJICHHSI:

0, 6875
p

<1, 3750
P

0, 7500
p

1, 5000
P
1,0000

Orxe, a = 0,10114

Cni 3ayBakKuTH, 10 B 3arajJbHOMY BUITAJIKY JPOOOBI YUCIa TTepe-
BOJIATHCS 3 OJIHIE] CUCTEMU YWUCJIEHHS B 1HITY HAOJMKEHO, TOOTO JIPO-
6oBa JacTuHA JOOYTKY MPU MOC/IIOBHOMY MHOXKEHHI Ha OCHOBY HIKOJIN
He JOpIBHIOBATUMEe HY/II0. B 1bOMYy BUNAJKY IIPOIEC MHOXKEHHS ITPO-
JIOBXKYIOTH JIOTHU, JOKU He OyJie ojiep:KaHa HeOoOXiHa IS JTOCATHEHHS
3aJIaHOI TOYHOCTI 3alliCy YUC/a KLIbKICTh PO3PS/IB g-KOBOT'O YMCJIA.

2.9. ITPukAm. Yucmao % B JIECSITKOBI{ cuCTEM] YUCJIEHHS 3aIllUCYIOTh
CKiHYeHHUM JIPOOOM, a B JBAHAIIISITKOBI — HECKIHYEHHIM:

1

E = 0,219 = 0,249724972497 . . .12;

YUCJI0 %, HaBIIaKW, B JIBAHAJISTKOBIN cHUCTEMI YUCJIEHHSA 3aIllUCYIOTh
CKIHYEHHHUM JIPOOOM, & B JIECSITKOBIM — HECKIHUEHHIIM:

1—02 1—0 1666
6_ ) 1276_ 3 -+ 10 -
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B obox mux cucremax 9ucjo i 3alHUINEThCs CKIHYEHHUM JIPOOOM, & 9u-

CJIO % — HEeCKIHYCHHUM:

1 1
1= 0,2510 = 0, 312, - = 0,142857142857...10 = 0, 186035186035 . . .12

st mepeBejieHHsT HETPABMJILHOTO JIPOOY 3 OJTHIET CUCTEMU UMCJIEH-
He B 1HIITY, CJIiJT LTy YACTUHY OTPUMATH METOJIOM JIiJIEHHs, a JIPOOOBY
— METOJIOM MHOXKCHH$ Ha OCHOBY HOBOI CUCTEMW YMCJICHHH.

PekomenpoBana siteparypa : [3, c¢. 5880, [9, c. 4-11], [10] c. 79-88],
19, c. 70-89).

IInTanag Ta BupaBu g0 nmaparpada 2.
2.1. Ha gki Tunm nomiisioTbCsd CUCTEMH YUCICHHS 7

2.2. 4xi mudpu BUKOPUCTOBYIOTHCS JJIs 3aIIUCy YHUCEJ B PUMCBHKIN
CHUCTEMI YHMCJICHHS !

2.3. OmnuIrniTh IPOIEC IePEeBeICHHSI YNCeJ 3 JIBIMKOBOI CUCTEMU Y-
CJICHHsI B YETBIPKOBY 1 HaBIIaKU.

2.4. 3ammcard B IECATKOBIil crcTeMi UUCIEHHST TaKi 9UCIa PUMCHKOT
mymepamnii: a) CXVI; 6) CXIV;, B) DXCVI; r) MCCII,
1) MCDXXIX:; ¢) MDCCCLXXIV.

2.5. 3amumcaru B puMCBHKIiil cuctemi dncienus dncia: a) 39; 6) 93; B)
2011; r) 1999.

2.6. QOo0uucgurn:

(33334 + 22224) - 124;

20115 + 2012 — 4321

20671g/131g — 137g;

1201113/1023 + 2013 - 125 — 112203;
2320115/1045 + 12345 - 3225 — 10221315;
32157 - 247 — 114617 /257 + 15327 — 1150447.

2.7. 3amnucaru B IeCATKOBIN cUCTEeM] YMCACHHS TaKl 49UCIa:

a) 1000011015; r) 0,2213;
6) 7563401g; 1) 11001, 11001;
B) (10)7(11)912; e) 437,3201s.
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2.8. IlepeBectu 3 ojHi€l cucTeMnu YUCJIEHHSI B 1HIIMY. 3pOOUTH IIepe-
BIPKY.

a) 12419 — xy; r) 320145 — xg;
6) 134019 — T14; ﬂ) 333117 — ws3;
B) 1010003 — x4; e) 34(11)5712 — 1.

2.9. IlepeBectu 3 ojHi€l cUCTEMU YUCJIEHHS B 1HIITY.

a) 101110011015 — xy4; r) 1201222011,21113 — xo;
6) 13304 — x3; 1) 3387656, 34559 — x3;
B) 1017658 — xo; e) 1011100010101, 13 — z16.

2.10. TIlepeectn umcyo 2012, 20121y 3 1ecATKOBOI CUCTEMU YUCIECHHS
B JIBIIKOBY, TPIiIKOBY Ta YE€TBIPKOBY CHUCTEMU UUCJIEHHS.

2.11. 3mnaiité x, 9KIIO:

a) 201, = 41g; n) 324, = 100223;
6) 203, = 5310; e) 364, = 3001y;
B) 106, = 1537; €) 401, = 2657;
r) 236, = 12405; k) 541, = 2014.

2.12. 3maiitu gacTKy Bij mitenHs unciaa (62xy427)10 Ha 9919, a Ta-
KO2K HeBimoMi nmudpu x i y, SIKIIO JiJIeHHsI BUKOHYETbCSI 0€3 ocTaxdi.

2.13. 3HaiiTé Take HaliMEHIIIE HATypaJbHe YUCJIO0 M, AKE B JECITKO-
Biii cucTeMi 4YmMCJIEeHHsI 3aKIHIYE€TbCs QPO 6, Ipudomy, SIKIIO IO
1 py 3anmucaT Ha IMOYaTKy YUCJa, TO BOHO 30LIBIINTHCA B 4 pas3u.

2.14. Ywucno (42x4y)10 ainmurbes Ha 7219, 3Haiitn nudpn z i y.
2.15. Hexait 2 - (zyz)10 = (xyz)y. SHaiitn (zy2z)10 1 g.
2.16. 3Bmaiitu gyucio n, gxmo n = (abc); = (cba)g.

2.17. 3mnaiitu 8-muppore uucio n = (abedefgh)ig, Ao ducia
(abed) 1o Ta (efgh)io BiAPI3HSAIOTHCS HA OJUHMUILIO.
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§ 3. Perynsgapni moBu i peryJjsipHi BUpa3n

B mpomy maparpadi onminemMo BarkKJIuUBU Kjac GOpMaJIbHUX MOB
— peryJsipHi MOBHU 1 1X 3a/laHHs 3 JIOIIOMOI'OI0 PeryadpHUX BUPa3iB, a
TaKOXK PO3IJITHEMO aJjreOpaldHi 3aKOHM JJI peryjsapHux Bupasis. Lli
3aKOHM O0araTo B YOMY MHOIIOHI /10 aJiredpaldHnx 3aKOHIB apudpMeTHKH,
IpoTe MiK apuMPMETUIHUMHU 1 PETYJIAPHUMEA BUPA3aMU € 1 CyTTEBI BiJI-
MiHHOCTI. Peryiisipai Bupas3u TiCHO ITOB’sI3aHi 31 CKIHYEHHUMU aBTOMAa-
TaMU, K1 MU PO3IJISJIATUMEMO B HACTYITHOMY PO3JILJII. [x MozKIIa TAKOXK
POBIJIAIATA SIK ,MOBY HPOTPaMyBaHHS JIJISI OITUCY JeAKNX BarKJIUBUX
JOJATKIB, HAIPUKJIAJ, IIPOIrPaM TEKCTOBOT'O IIOMIYKY YW KOMIIOHEHTIB
KOMIILJITOpPA.

Hexait X — poBinbunit andasit. Busnaaumo pezyaapny mosy (mmo-
orcuny) 6 angasimi X peKypCUBHO HACTYITHUM YHHOM:

1) nmopoxusi MHOKUHA () € PeryJsipHOI0 MOBOIO;

2) nst KoxkHOI 6ykBU @ € X MHOXKUHA {a} € PerysipHOI0 MOBOIO;

3) sikmmo A i B € peryaspaumMu MoBamu, 70 MuOokuau AU B, AB
i A* TakOXK € peryasipHIMI MOBaMU;

4) iHMUX peryysipHuX MOB He iCHYE.

3.1. IITPUKJIAI. Be3nocepeanbo 3 O3HAUEHHS BUILINBAE:
1) muoxkuna {e} e perymspaoro mosoiw, 60 {e} = 0*;
2) muoxkuua {001,110} — perynsipaa MoBa HaJi GiHaApHUM asihasi-
rom, 60 {001,110} = ({0}{0}{1}) U ({1}{1}{0});
3) aHaJIOrigHO, SIK 1 B IMYHKTI 2), MOXKHA TOKa3aTH, 0 OY/Ib-sKa
CKiHYeHHa MOBAa € PeryJIsipHOIO.

[IIo6 crpocTuTH 3amUC PETryAsIiPHUX MOB, BU3HAYUMO ITOHATTS pe-
2YNAPHO20 6uPa3y Had arpasimom X HACTYIIHUM UXHOM:

1) nmopoxkus muOXKUHA () € peryaspHuM BUpPa3oM, KUl mo3Havae
IIOPOKHIO MHOXKUHY

2) e € peryJsipHUM BUPA30M, sIKWii IO3HAYAE MOBY {€e};

3) a — peryiasipHuii Bupas, 1Mo Mo3Hadae MOBY {a} I KOXKHOI
oykBu a € X;

4) SIKINO T'A 1 7B € PEeryasspHIUMEI BUPA3aMHU, 110 MTO3HAYAIOTH MOBH
A i B signmosiguo, to (r4) + (), (ra)(rp) i (ra)* € pery-
JIIPHUME BHUpa3aMu, 10 mo3HavdaTb mosu A U B, AB i A*
BI/IIIOBIJTHO;

5) iHmuX peryssipHux BuUpasiB HaJ ajidasiTom X He icHye.



24 I. POPMAJIBHI MOBI

Akimo r — peryisipanii Bupas3, To depes L(r) mo3HaYaTHMEMO BijIl-
oBiTHY oMy peryisipHy MoBy. [1[o00 3MmeHINTH KiJIBKICTH Jy>KOK B
perysapHuxX BUpasax, Oy/ieMo BBaXKaTH, IO HANBUINUI IPIOPUTET MAa€
oriepallisd iTepaliil *, IIOTIM BUKOHYETHCA KOHKAaTeHalllsl 1 OCTAHHBOIO —
onepariis +. Hanpukiaz, 3amnuc perysnsipaoro supasy ((0)(1))[((1)(0)),
skuit moznadae Moy {01, 10}, crporyersest o 01]10, Bupas 0* mosna-
qae {0}*, (0]1)* — {0,1}*, a (0]1)*001 mo3Havae MHOXKHUHY BCiX CJIiB,
K1 CKJIaJaI0ThCs 3 HYJIIB 1 OAUHHAIL Ta 3aKiHdyioThbesd caoBom 001.

3Po3yMiJIo, IO JIJIsd KOXKHOI PeryJisspHOl MOBU MOXKHA, 3HAWTU IIPU-
HalMHI OJINH PeryJISpHU BUpa3, akuii 11 no3navdae. | HaBmaku, 11 KO-
JKHOT'O PEeryJIgpHOro BUPa3y MOXKHa ITOOYIyBaTHU PEryJISpHY MOBY, IO
3aJIa€ThCcd MM BUpa3oM. Ha KaJib, Jij1s peryasipHol MOBH iCHY€e OaraTo
supasis. Hanpuknan, supasu 01 + () 1 0*1 nmosnagaroTh omHy i Ty 2K
moBy {0}*{1}. Kaxkemo, 1110 /1Ba peryasspHuX BUpasu piBHi (=), sSKIIO
BOHU MO3HAYAIOTh OJIHY 1 Ty K PEeryJspHY MOBY.

3.2. TBEPIXKEHHSA. Hexal a, B i v — peeyaapni supasu. Todi:
a+ B =0+cq;

0* = e;

a+ (f+7) = (a+p)+7;
a(By) = (aB)y;

a(f+7) =abf+ay;
(a+B)y =ay+ By

ae = eq = q;

Do = al) = 0;

of = a4+ a;

(CY*)* — Oé*,'

a—+o=q;

a+(=a.

JIOBEJOEHHS. Hexait o 1 § mosnadaiorh MoBu A i B Bignosimmo. Tosi
a + 0 nosnagae AU B, a (4 o nosuauae BUA. Ane AUB=BUA
3a O3HAYEHHAM 00’€JIHaHHA, TOMy « + [ = (3 + «. Pemry piBHOCTEI
TOBOJIATHCSI aHAJIOTIIHO. L]

Jl1g 3pydHoCTI 3al1Cy BBejeMo Io3HadeHHs: r+ = rr* r.

Posrasgaemo pesiki mpukaim.

3.3. IIPUKJIAA. /loBecTn piBHOCTI:
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a) a*(a+b)* = (a+ ba*)*;
6) (ba)™(a*b* + a*) = (ba)*ba™b*.

a) ITokaxkemo, 1o 00UBI YacTUHU PIBHOCTI HOPiBHIOIOTH (a + b)*.
MiiicHo, 06u1Bi YacTuHN piBHOCTI € miaMuokuHaMu (a+b)*, 60 (a+b)*
O3HAYAE MHOXKWHY BCiX ¢IiB B andasiti {a,b}. Takum aunom, mocra-
THBO [TOKA3aTH, M0 OOMABI YacTuHU MicTsaTh (a+ b)*. Ockinbku e € a*,
0 a*(a+b)* D (a+b)*. 3 Toro, mo b € ba™ BUNIMBaE NOTPIOHE BKIIIO-
genns (a + b)* C (a + ba™)*.

6) (ba)t(a*b* + a*)=(ba)*(ba)a*(b* + €)=(ba)*ba™b*.

3.4. ITPUKJIAL. Perynapuuii Bupa3

1((0+1424+34+4)(04+14+24+34+4+5+64+7+8+9)+5(0+1+2))

MO3HAYAa€ MHOXKWHY HATYpaJbHUX dncest Biapizka [100, 152].

3.5. IIPUKJIAL. 3HaiTH peryadpHuil BUpa3 Jjisi MHOXKUHU BCIX CJIiB B
andasiti {0, 1,2}, ki € 3anucamu B TPIiiKoOBiit cucTeMi dnces HeBiT eM-
HUX IIJINX CTENeHIiB umncia 9.

B TpifikoBiii cucremi yncyennd crenenl 9" samumyrbed gk 1 00. .. 0.
——

2n
Takum 9uHOM, MIyKaHUil peryssphuii Bupas mae puris 1(00)*.

3.6. IIPUKJIA. 3amnucaTu peryjsipHUil BUpa3 JJjisi MHOXKIHU BCiX CJIB
y JIBIMKOBOMY aJichaBiTi, AKi MicTATh mijcaoBo 001.

Koxxue Take cjioBo 3anumiersbest y suriisaai 0013, me a i f — 10BLIb-
Hi CJIOBa B JIBITKOBOMY aJichaBiTi. TaKuM IUHOM, OJIEPXKYEMO ITYKAHUN
peryasipHuil BUpas:

(0 + 1)*001(0 + 1)*.

3.7. IIPUKJIAZL. 3amnucaTu peryjspHUil BUpa3 JJjisi MHOXKIHU BCiX CJIB
y IBITKOBOMY aJihaBiTi, Kl He MicTATh mijcioa 001.

Ko c0BO w HANEXKUTH TMIyKaHI MHOXKWHI, TO BOHO HEe MIiCTUTH
mizcrosa 00, 38 BHHSITKOM TOIO BHIAJKY, KO BOHO Mae cydike 0F
mast k > 2. Anasioriubo, gk iy npukaazi 1.3, MoxkHa 1mokasaTu, o
MHOXKWHAa CJIIB, IK1 He MICTATh I1ijicsioBa 00, 3anMCyeThCs 3 JIOTIOMOT'OIO
peryisipaoro Bupaldy (01 + 1)*(e + 0). Takum ummnoM, MHOXKHHA BCiX
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CJIIB, K1 He MIcTATh IijicyioBa 001, 3anuineTbcss HACTYITHUM PeEryJisip-
HUM BUPA30M:

(01 + 1)*(e + 0 + 000%) = (01 + 1)*0*.

Posrinstnemo piBugHHA ¥ = a) + 0, Ae «a 1 [ peryisipHi BUpa3u
B andasiti X i x ¢ X. 3 rep/kenns (1.5 BummmBae, mo x = o
— €IUHUIl PO3B’SI30K DIBHSAHHS, SIKINO € ¢ «. Y BUNAJAKY € € « PiB-
HAHHS Ma€ 0e3/1i4 pO3B’'A3KiB, KOXKEH 3 AKUX, OUYEBUIHO, MAE BUTJIS/I
a*(BU~), ne v — nosinbHa (He 060B’SI3KOBO peryssipHa) MoBa. Buko-
PUCTOBYIOUN TBep/zKeHHs (1.5, MOXKHa PO3B’sI3yBaTU CUCTEMU PiBHSAHD
3 peryssipaumu Koedirienramu (MeTo10M, aHaoriIHIM MeTo Iy [ayca
JUTsl pO3B’SI3yBaHHS CHCTEM JIHIHHUX DIBHSIHD).

Perynsapni Bupasm 9acTo 300paxKyOTh NOMIYEHUMU OPLEHMOGAHU-
MU 2pagamu, CTPLUIKA SIKUX TO3HAYA0Th OykBamu 3 ajidasity X U{e}.
Jlis TOBLIBHOTO PEryJisipHOrO BUPa3y T MOTro rpad yTBOPIOETHCS Ha-
CTYIITHUM YHHOM:

CriouaTKy MaJIIOEMO JIBi ClelliaJIbHI BePIINHA, SIKi HA3UBAIOThCS 110-
JaTKOBOIO 1 KIHIIEBOIO BEPIIMHAMH, 1 CIIOJYYA€MO 1X CTPILIKOIO, IMO3Ha~
IEHOIO 7T

,
O O
Jayi TOBTOPIOEMO HACTYIIHI KPOKHW JOTH, JOKH KOXKHA TO3HAYKA
JIOBLJILHOI CTPIJIKM HE MICTUTUME CUMBOJIB +, - 1 *:

1) 3aMiHIOEMO KOYKHY CTPIJIKY 3 O3HAYKOW f+ ¢ Ha JBi mapaJse/bHi
CTPIJIKM 3 Mo3HaYKaMu f 1 g:

f
@f*QQ:sQ/‘g\@

2) 3aMIiHIOEMO KOXKHY CTPIJIKY 3 IMO3HAYKOW f¢ Ha JIOJaTKOBY BEp-
IIUHY 1 JIBI CTPLIKY 3 IO3HAYKaMu f 1 g:

fg / 9
O o = O0—0—0
3) 3aMiHIOEMO KOYKHY CTPLIKY 3 MO3HAYKOK f* Ha JT0MaTKOBY Bep-
IIAHY 1 Ha TPU CTPLIKKA 3 HO3HAYKaMu €, f i e:
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oO——0 = 06860

f

Yepes G(r) mosHaunMo momiveHuit opieHToBaHuit rpad peryssip-
HOro Bupasy r. OueBugHO, MO KOKHA CTpijika B G(r) Mae MO3HAUKY
3 maoxkunun X U {e}. Koxknomy nursxy B G(r) Biamosizae ciioBo, ske
OJIEPKYETHCA KOHKATEHAITIEIO BCiX OYKB, sIKi [IO3HAYAIOTH CTPLIKY LIS
xy. CioBo x HasexkuThb MoBi L(r) Toji i TibKU TO, KOJIN ICHYE IIIAX
B (G(r) 3 MOYATKOBOI BEPINNHU B KIiHIEBY BEPINUHY, KOMY BiIIOBiIa€
ciioBo x. Koxkna e-ctpinka B G(r), sika € €IMHOIO BUXITHOIO CTPLIKOIO
3 HEKIHIIEBOl BEPIIUHU YU €JIMHOI0 BXIJHOIO CTPLIKOIO B HEIIOYATKOBY
BEPIUHY, MOXKe OYTHU CTATHYTa B OJHY BEPIITAHY.

3.8. ITPukjiALd. Ilobymyemo rpacd G(r) perysisipaoro Bupasy
r=(11+0)*(00 + 1)*.

300pa3nMo KPOK 3a KPOKOM II00YI0BY JIaHOrO rpady:

(114-0)* (00+1)*

O O
(114-0)* (00+1)*
O O O
1140 00+1

O
=)=
5
(0
o
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0 1
SINC TUCWRC I
1)1 0)0

CTsrHyBIIH, JI€ T[e MOXKJIUBO, €~CTPLIKH, OCTATOTHO OJIEPXKYEMO I10-
mivennit rpad G(r) perysasipuoro Bupasy r = (11 + 0)*(00 + 1)*:

PekomenmoBana Jsiteparypa : [2, c. 124-131], [4], c. 490-494], [5, c. 351
353], [7], |16, c. 13-31].

IIutanaga Ta BupaBu go nmaparpada 3.
3.1. 4xa dopmaabHa MOBa HA3UBAETHCS PErYJIAPHOIO?
3.2. Jle 3acTOCOBYIOTHCA pEryjsipHi BUpas3u?’
3.3. OmnumiiTe nporec modynoBu rpada peryasgpHoro BUpasy.

3.4. 3HaiiTu CJI0BO HaWMEHIIIOI JOBXKUHU B KOXKHill 3 HACTYIHUX pe-
TYJIAPHAX MOB, 33/aHiil peryJIdapHIM BUPa30M. 7Kl HEIIOPOXKHI CJIOBa €
HAWKOPOTIINMH B JaHIX MOBax?!

a) 10+ (04 11)0*1;

6) (004 11+ (01 + 10)(00 + 11)*(01 + 10))*;

B) ((00+ 11)* + (001 4 110)*)*.

3.5. Bwusmauntn, un HajaexknThb paaok 1011 peryaspaum mMoBam, 3a-
JTaHUM PeTryAsipHUMU BUPA3aMMU:

071; r) (10)T1011;
01)*1%; 1) 1(00)*(11)%;
0)t11; e) (1+00)(01+0)
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3.6. CupocTuTrn peryiasipHi BUPa3H:
a) (00)*0 + (00)*;
6) (04 1)(e+00)* + (04 1);
B) (0+¢)0*1.

3.7. Hosenits pismicts (02 + 03)* = (0%0%)*.

3.8. Yuemosa {03 | m,n > 0} peryaspnoro? Bixnosigs obrpyn-
TyUTE.

3.9. BwusnaunTu ajndapiT Ta modyyBaTH PeryJIsspHU BUpa3 JJId Ha-
CTYITHUX MOB:

a) MHOXKMHA BCIX HEIAPHUX HATYPAJbHUX JTHCEI, 3AlUCAHUX B Ye-
TBIPKOBI#l cucTeMl YUCJIEHH;

0) MHOYXKWMHA BCIX HEMAPHUX HATYDAJbHUX UHUCEN, 3alUCAHUX B
TPIKOBIiT cucTeMl UNCIEHHS.

3.10. [IlobymyiiTe peryaspHuii BUpa3 /i MHOKUHH BCIX IITHX THCEJT
Bizpizka [10, 2012].

3.11. PosB’a3atu cucTeMu piBHSHDb 3 PEryJIdpHUMI KoedillieHTaMu.

) X =e+0X; 41X, (X = (01" + 1) X; + X
Xo=e+1Xo B) § Xo =1141X7 4+ 00X3

Xg3=e+ X1+ X
X1 =0Xo+1X 1 +e€ 3 ! ?

(
6) { Xy = 0X5 + 1X, X1 =0X5 4+ 1X5
X5=0X; 4+ 1X;5 F) { Xo=e+1X1 +0X3
\X3:6—|—0X1

3.12. TlobynysaTu momiveHuii rpad Jijist HACTYIHUX PEryIAPHUX BU-
pasiB:

a) 014 11%; r) a*b(c+ da*b)*;
6) (00 + 10)(101)* + 01; 1) (a+ be*d)*be*.
B) ((00+11)*+(001+110)*)*;
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3.13. IlobynyBaTu peryisipHi BUpa3u JJIg MOBU BCIX CJiB B aJdaniTi
{0,1}, myist IKUX BUKOHYETHCSI HACTYITHA YMOBA:

MicTaThb mizgciaoBo 000 adbo 111;

B SKHX II'ITOI0 OyKBOIO cripaBa € (;

MICTSITh He OiJIbIe OJHI€] Mapy MOC/IIJIOBHUX OJUHUIIb;
KIJIbKICTh HYJIB KpaTHa II'sTH;

MICTSATH HEIapHy KiJIbKicTh OYKB 0;

He MicTaTh migcsaoBa 000;

He MicTaTh Hi migcsoBa 000, mi 111;

He MicTATh 1ijicyioBa 011;

MICTATH HellapHYy KIJIbKICTh BXOJIzKeHb mijcaoBa 011;

OJ%CDCD]:i’—L'—JCUO\QD

N N N N e N N N N

KiJIBKICTh OJMHUIIL ALINTHCA Ha II'sITh, & KLIbKICTHh HYJIB IIap-
Ha.

3.14. Hexait L — moBa naj ajndasitrom {0}. dosecru, mo mosa L* €
peryisiproro. [[ligkaska: 10BeiTh 1 BUKOpUCTaiiTe TOM (hakT, Mo sSKIIO
a Ta b € B3a€EMHO TPOCTUMH HATYPAJbHUMH UUCJIAMU, TO JIJIsT KOXKHOTO
HaTypaJJbHOIO N > ab iCHYIOTH Taki HEBIJ €MHI IIiJI YKCIa u Ta v, 110
BUKOHYETHCS PIBHICTH 1 = ua + vb.]

§ 4. ®PopmMaJibHI HOPOIXKYIOUl rpaMaTUKNI

Mwu Buznaumnaun dpopMabHy MOBY L K MHOXKWHY CJIIB CKIHYEHHOI
JOBXKIHU B asidpasiTi X . Aximo L MicTUTH CKIHYEHHY KIJIBKICTH CJiB, TO
HaWOIIBIT OYEeBUIHUI CITOCIO OMMCATH MOBY — CKJIACTH IIePeJTiK BCiX 11
ciaiB. OjHaK 171 6araThoX MOB He MOXKHA (ab0, MOXKJIMBO, He OarKaHO)
oOMeKyBaTh JIOBKUHE cJIiB. OTKe, JTOBOJUTHCS PO3IJISIATA MOBH, SIKi
MICTSATH K 3aBTrOJIHO OaraTo cjaiB. Binpa3ly BUHUKa€E BaXKJIMBE TATAHHA:
sIK OITMCATH MOBY L B TOMY BHUIAJIKY, KOJIU BOHA HecKiHdeHHa. O4YeBu-
JTHO, IO TaKi (popMabHi MOBH HEMOXKJINBO BU3HAYUTU BUYEPITHUM TIe-
pPEeJTIKOM CJIiB, AKi IM HaJIeXKaTh, 1 TOMY TOTPIOHO NMIYKATH iHIII criocoOn
X ormmcy. fAK i panime, Mu Xo4eMo, 0O OIMMC MOBH OYB CKiHYEHHUM,
X04a, caMa MOBa MOxKe OyTH I HeCcKiHuYeHHO0. BisjoMo faeKijibKa MeTOIiB
OIMCY MOB, sIKi 38JIOBOJIbHSIIOTH 1110 BuMory. OiuH 3 HUX IIOKa3aHUil B
rorepeTHLOMY Ttaparpadi Ui peryasipHuX MOB. Po3risHeMo MeTom,
KU MOJIsATa€ B BUKOPUCTAHHI CTPYKTYPH, IKa HABUBAETHCS 2PAMAIU-
K010.
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DopManvHON NOPOIHCYIOUOI 2PAMAMUKON HABUBAETHCS UEeTBIipKa
Buny G = (N,T,S,P), ne N i T— ckiHyeHHI HEMOPOXKHI HellEPETUH-
HI MHOXKMHH, €JIEMEHTHU sIKUX OyAeMO HA3UBATU HEMEPMIHAALHUMU M
MEPMIHANOHUMU CuMBosaMU BigmoBigao, S € N — nowamxosutl He-
mepminasvhull cumeon, P — cKiHYeHHA MHOXKWHA npodykyit (npasui
nepemeopennsa) Burasay & — 1, ge £ ta 1 — caoBa B andasiti N UT.
BykBu TepMmiHaJIbHOrO aJihaBiTy NO3HAYATIMEMO MAJUMH JIATUHCHKH-
MU OyKBaM® 49U I paMu, a HeTePMIHAJILHOTO aadaBiTy — BEJIUKUMA
JIATUHCHKUMU OyKBaMH.

Hac mikaBuTuMyTh CJI0Ba, sIKi MOYXKYTH OYTH TTOPOIZKEH] TTPOJTYKITis-
mu rpamaruku. Hexait G = (N, T, S, P) — rpamaruka i ag = &7 (T06TO
Q) — KOHKaTeHallis B o, £ 1 7), oy = onT — cjoBa B andasiti N UT.
Axio &€ — 1 — npoaykiiist rpamaTuku (G, TO KaXKyTh, 0 (] Oesnocepe-
OHBO 6UB00UMBCA 3 (g 1 3AITUCYIOTH (v = (1. JKINO 2K Q, Q1. .., Qlpy —
cjioBa B ajipaBiTi N UT Taki, Mo ag = a1 = 2 = ... = Qp_1 = Qp,
TO T'OBOPSATD, IO Oy, 6UBOJUMDBLCA 3 ( 1 BAIUCYIOTh g =" Qi .

Mosoro, nopodocenoro epamamuxoro G = (N, T, S, P), Ha3uBaroTh
MHOXKHMHY BCIX CJIiB, SIKi BUBOJSITHCS 3 IIOYATKOBOIO CHUMBOJIY S 1 Mi-
CTATDL TiMLKN TepMinagbHi cuMposd. 11 mosHagaiors L(G). Takum 4m-
HOM,

LG)={weT | S=*w)

4.1. ITpukJiAg. I'pamaruka G, sKa TOPO/KY€e pedeHHsI (CJIOBO 3 €O-
Tupbox OYKB dopmasbHOi MOBU L((G)) ,,xopomuii CTyLEHT OZepXas
n’aripry”’ marume surisy G = (N, T, S, P), ne

N={<peuenus>, <rpyma nizmera>, <rpyma mpucyzxa>,
<o3HaYeHHA>, <HingMeT>, <IPUCYHOK>, <IOZATOK>};

T—={ xopommii, cTymeHT, omepxaB, II’ATipKy };

S—=<pedeHHIT >.

MuoxkuHa TpoAyKIliit P MICTUTH MPOIYKIIII:

<pedeHHA> — <rpymna mnigMera> <rpyna IpHACyIKa >,

<rpyna niagMera> — <O3Ha4YeHHA> <I1IMeT >,

<rpyna mpucymka> — <IpPUCYZOK> <IOLATOK >,

< O3HAYEeHHA> — XOPOIHH,

<nizMeT> — CTYZEHT,

<IPUCYLOK> — OIepXas,

<IOomaToK> — II’ATI1pPKY.
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Posrngmemo BuBejleHHsST MaHOl TPaMaTHUKN 3 ITOYATKOBIO HETEPMI-
HaJIbHOTO CUMBOJIY:

<pedeHHa> —> <rpymna mnigMera> <rpyna IpHCyIKa> =

<o3HaueHHA> <nigMeT> <rpyla IpuUCyIKa> —

<03Ha4YeHHA> <nigMeT> <HOpPUCYIOK> <IOLATOK> =

xopomn#l <nigMeT> <IOPHUCYLOK> <IOLATOK> =>

XOpoum#i CTYLeHT <IPUCYIOK> <IOHATOK> =

Xopomu#t CTYLEHT onepXaB <IOLATOK> =

Xopomu#t CTYLEHT oZepXaB II’ATipKy.

Takum qunom, L(G) cKIagaeThCA 3 €IUHOTO CI0Ba (PEUeHHs yKPa-
THCHKOT MOBH ), siIKé MICTHTH YOTUPHU TEPMiHAJIN.

L(G) = {,xopoun#i cTyZeHT ozepxaB I’ATipky” }.

4.2. ITPukIAL. Hexait G — rpamaruka 3 HeTepMiHAJILHIM aJidaBiTOM
N = {S, A}, muoxunoro repminanis T = {a,b}, moyarkoBuM cum-
BosioM S 1 MHOXKuMHOWO npoaykmiit P = {S — bA,S — a, A — bb}.
Buaitemo MoBy L(G), M0 TOPOIKYETHCS THEI0 IPAMATHKOTO.

[3 mouaTKOBOrO CUMBOJTY S MOXKHA BUBECTH CJIOBO DA 3a JI0ITOMOT0F0
npoaykiii S — bA 4u 3acTocyBaTH MPOAyKIliio S — a, 10O BUBECTH .
3 bA, ckopucrasmmch npoaykiieo A — bb, moxkHa BuBectu cjio8o bbb.
OckinbKu iHmmx BuBeseHb He icaye, To L(G) = {a, bbb}.

4.3. TTpukIAJZL. Posrisinemo rpamaruky G = (N = {S},T = {0,1}, S,
P={S —e,5 — 051}) i 3naiiieMmo MOBY, 1110 TOPO/IZKYETHCS HEIO.
['pamarnka G MiCTUTH €IMHUNI HeTepMiHAJbHHUI CHUMBOJ 1 €IUHE
npasuiio S — 0S1, nmpaBa JacTHHA SIKOTO MICTATH Iieii cuMBoJI. TakuMm
YMHOM, €IMHIMN BHUBEICHHsAMEI I'paMaTtukn (G € BUBeIeHHsT (DOPMMU:

S=051=00511l=...=0"S1" = 0"el” =0"1"

Orxe,

L(G) = {0"1" | n > 0}

Axmo e 6araTo mpaBU I'paMaTUKHN 3 OJHAKOBUMU JIIBUMHU YaCTH-
HAMH
A—x1,A—x9,...A— 1,

TO 1X 00’€JHYIOTH B OJ[HE IIPABUJIO HACTYITHOTO BUTJISIITY:
A—-xy x| ... | T

Hanpukia, npasuia 3 MOIepeIHboro IPUKIIaLy MOXKYThH OyTH 3allu-
cani sik S — e | 0S1.
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4.4. TTpukAjZ. Posriasimemo rpamaruky G = (N = {S, A, B},T =
{a,b}, S, P), ne MHOXWHA MPOAYKIIi P MiCTUTh HACTYIIHI TpaBUIA:

S— ABA, A—a|bb, B—0bS|e,

i suaitemo Moy L(G).

OckinbKy HeTepMiHAIBHII CUMBOJ A MOXKe TLIIBKH IPOLYyKYBaTH
TepMiHaJIbHI CUMBOJIM, TO MOr0 3aMIIEeHHs CJIi/] BIAKJIaCTH HAOCTAHOK.
Takum umHOM, BUBeJeHHs rpaMaTuku (G MailOTh HACTYIIHY 3arajbHY
dopwmy:

S = ABA = AbSA = AbABAA = AbAbSAA = A(bA)zBA3 =
.= A(bA)”BA”+1 = A(bA)”A”“.

Hacamkinenp 3aminroemo HerepMminaa A rmepminasamu a Ta bb, i
O/IEPXKYEMO CJIOBa, BUTJISILY:

(a + bb)(ba + bbb)™(a + bb)" T, n > 0.
Takum anroMm, L(G) cKaagaeThest 3 ycix moOyI0BaHUX BUIIE CJIiB.

['pamaTukm kiacudikyOTh 3a TUITAMA TPOAYKITiil. PosrisaeMmo Kia-
cudikalliro, siKy 3alpOIIOHyBaB aMEpPUKAHCHLKUI MaTeMaTHUK 1 JIHIBICT
H. Xomcbkuit. [Ipunanmn miel kiracudikaliil mojsirae B TOMY, IO Ha, IIPO-
JYKITl HaKJIaJeHO NeBHI oOMexkeHHd. BiH Ioi/imB rpaMaTuK Ha IOTH-
pU THUIIN.

Y rpamartuti muny () HeMa€e YKOIHUX OOMeXKeHb Ha ITPOAyKItii. ['pa-
MaTuKa muny 1 MoXKe MaTH! JUIIEe MPOAYKINI BUTILILY & — 1), Jie JTOB-
JKUHa CJIOBa 1) He MeHIIa, HiXK JIOBXKWHA cjoBa &, abo y Burs & — e.
Y rpamaTuili muny 2 MOXKYTh OyTH Juiile TpoayKiil A — w, e A — He-
TepMiHaIbHUI cuMBOJI, w € (N UT)*. I'pamatuka muny 3 MOXKe MaTH
Taki npoaykmil: A — wB, A - wi A — e, ne A, B — HerepMmiHAIN, W —
CJIOBO 3 TepMiHaJIB. I3 1IUX O3HAYEHDb BUILINBAE, MO KOYKHA I'PaMaTHKa
Tuny n, ge n = 1,2,3, € rpamarukoio tTuny n — 1. 'pamatuku tuiry 2
HAa3UBAIOTh KOMMEKCMHO 6iAbHUMU, 00 HeTepMiHaa A B JiBill yacTuHI
IpoayKIili A — 7 MOXKHa 3aMiHUTH CJIOBOM 1) B JOBIJIBHOMY OTOYEHHI
IIIOPa3y, KOJIM BiH 3yCTpidaeTbcd, TOOTO He3aJIeXKHO BiJl KOHTeKCcTy. Mo-
BY, SIKy IIOPOJXKY€ TpaMaTHhKa TUILy 2, HA3WUBAIOTH KOHMEKCIMHO 6lAb-
Hoto. SIKIO B MHOXKWHI TPOAYKIi P € MpomyKIliss BUIY Yud — Vo,
\| < |v|, To rpaMaTHKy HABUBAIOTD KOHIMEKCIMHO 3AAEHCHOT0, OCKLTBKH
{4 MOYKHA 3aMIiHUTH Ha V JIAIIIE B OTOYEHHI CJIiB 7 . .., TOOTO y BiJIIOBII-
HOMY KOHTeKcTi. MoBy, sIKy TOpO/IZKy€e rpaMaThka THUITY 1, Ha3WBaIOThH
KOHTEKCTHO 3aJIe2KHOI0. ['paMaTuKy Tumy 3 Ha3uBaIOTh Npa6OALHITHOT0.
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JIBOICTO BUBHAYAIOTH A16041HITUHY 2PAMAMUK]Y; BOHA MOXKE MaTH Takl
npoaykiil: A — Bw, A - wi A — e, ne A, B — HeTepMiHaIM, W — CJIO0-
BO 3 TepMmiHaJiB. JIiBoIHIIHI 1 TpaBOJIIHINHI TPaMaTUKN HA3UBAIOTHCS
pezyraprumu. B maparpadi B HaCTynmHOrO po3jily MU JIOBEJIEMO, IO
peryJiapHl rpaMaTUKU MOPOJIZKYIOTh PEeryJisipHl MOBU 1 TLIbKHU 1X.

4.5. TTPUKJIAJL. TloOyyeMO KOHTEKCTHO BiJIbHY I'PaAMaTHKY, sIKa MTOPO-
mxye Moy L = {0™1?" | n > 0}.

[1s1 MmoBa Harajye MOBY, TOPOJIZKEHY T'PaAMATUKOIO 3 MPUKJIaLy 4.2,
B TOMY CeHCl, IO 3aMIiHUBINHM KOXKHY 1 #Ha 11, o/iep:KnMO rpamMaTuky
st L. Orxke, 1iykaHa rpaMaTUKa Ma€ BUIJISLT

G = ({S},{0,1},5,{S — ¢ | 0511}).

[HIIIIM METOIOM TIOOYIOBU I'PAMATUKE € BiANTyKAHHST PEKYPCUBHOI
dyHKIII, siKa TTOB’s3y€ OB cJIoBa MOBU L 3 KopoTrmuMu cjaoBamu. Ha-
npukaa, ciaoso 0" 11200+ yoskma sammcarn ax 0(07127)11. Takum
YUHOM, fKIIO icHye BuBegenHs S =* 07127, To noTpibHa HPOIYKILs
S — 0S11, mo6 onepxkaru Busenenus S =* 071112+ TIponemon-
CTPYEMO ITIO 1/1€f0 B HACTYITHOMY HIPUKJIAJI.

4.6. ITPUKJIAL. IloOyayemMo KOHTEKCTHO BIJIbHY I'PaMaTHKY, 11O IOPO-
mxye mosy L = {z € {0,1}* | z = 2}

OckisibKu k-Ta 3j1iBa OyKBa KOXKHOI'O CJIOBa Ma€ J0PiBHIOBATH k-Tiit
cripaBa OyKBi, TO cJIoBO x € L moBxkunau 2n + 2 MoxKe OyTH 3alucamne
abo sik 0y0, abo lyl mas pesikoro cioBa y € L moxkuuau 2n. Orke,
HaM moTpioni npasmiaa S — 0501 S — 151, mob mopoguTn CJa0BO T
PEKypPCHUBHO. 3i CKa3aHOI'O BUIIE BUIJINBAE, IO MOBa L IMOPOJKYETHCs
rpamarukoo G = ({S},{0,1}, S, P), ne muoxkuna P MicTuTh HACTYIIHI
ITPOJIYKITII:

S—e|0]1]050]|151.

3 YOTHPBOX KJACIiB IpaMaTHK iepapxil XOMCHKOI'O KJIaC KOHTEKC-
THO BIJIbHUX T'PaMaTUK € HAUOLIbIN BarKJIMBUM 3 TOYKU 30PYy 3aCTOCY-
BaHb JI0 MOB IIpOIrpPaMyBaHHHA 1 KOMIIJISINI. 3 JIOIIOMOTOI0 KOHTEKCTHO
BIJILHOI TPAMaTUKU MOXKHa BU3HAYUTHU OLIBINY YaCTUHY CHHTAKCHUIHOL
CTPYKTYPH MOB IporpamMyBaHHS. KpiM TOro, BoHa € OCHOBOIO PI3HHUX
cXeM 3aJIaHHs IIepPeKJIa/liB Ha MaIIMHHY MOBY KOMII'IOTEpA.

CioBo w Hasexkuth MoBi L((G) KOHTEKCTHO BuIbHOI rpamaTuku GG
TO/i i Jiuire Toji, Ko icHye BuBedeHHs: S = w B (G. BoHO mokasye,
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SIK KPOK 38 KPOKOM 3aCTOCOBYIOThCsI IIPOJLYKIT TpaMaTuKu, o6 ojep-
JKATH CJIOBO W 3 MOYATKOBOIO HeTepMiHaIbHOTO cuMBosy S. lle BuBe-
JIEHHsI MOZKHA TAKOXK ITPOJEMOHCTPYBATH HAOTHO 3 JOMOMOIOIO JepeBa,
SIKe Ha3UBATUMEMO Jepesom 6usederts. Hanpukia, po3riasHeMo KOH-
TeKCTHO BlibHy rpamaruky G = ({S},{a,b,c}, S, P), ne P = {S —
SbS | SeS | a} i cnoso abaca € L(G). Busenenns

S = SbS = SbScS = abScS = abSca = abaca
MOKA3aHO HA PUCYHKY (&), a BUBEJEHHS

S = ScS = 5b5cS = abScS = abSca = abaca
— Ha pUCyHKY (0).

S/j\s S/
AN N

S

\S

(a) (6)

B sarajmbHOMy BHUNAJKY JIJisi KOHTEKCTHO BiJIbHOI rpamMaTuku G =
(N,T,S, P) nepeBo BUBeJICHHS OY/IyE€THCA HACTYITHUM THHOM:

1. BepmmHoro aepeBa € moYaTKOBHII HeTepMiHAJBHII CUMBOJI S.

2. IToBTOprOEMO HACTYIIHI KPOKU JIOTH, JJOKUA KOYKEH JINCTOK JIePEBa
Oyae abo MOPOXKHIM CHMBOJIOM €, ad0 TepMiHAJbHUM CUMBOJIOM: JIJIsI
kKoxkHOTO Jiuctka A € N nepea odbupaeMo npoaykiio A — x1xs ... xy,
rpamaTuku G, ne x; € N UT, i 3amiaioemo Bepinay A € N mepeBoM:
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Ko KoHKaTeHallisl JIUCTKIB JIepeBa BUBEJIEHHS € CJI0BOM w € 1™,
TO KazKeMo, 1110 JaHe JEePEBO € Jepesom 6UusedeHHAs 0N CA0BA W.

JlepeBo BHBEJIEHHsI CJIOBA W BIIIIOBIIa€ BUBEJIEHHIO W B I'DAMAaTHIIL
(GG. Yacro JepeBo BHUBEJIEHHSI BiIIIOBia€ OLIBII HIXK OJTHOMY BHBEJIEH-
HIO cJioBa w. Hampuknian, njsa rpamatrukn (G, BusHadeHol Buile, € 16
pisHuX BuUBeJeHb cjaoBa w = abaca B rpamarumi G. Cepen Hux 8 BuU-
BeJIeHb, siKi TMMOYMHAIOTHCS 3 S = SbS, 300pakyloThCst OJTHUM 1 TH 2Ke
JIePEBOM BUBEJICHHSI, TOKA3aHUM Ha PHUCYHKY (a). Pemrry 8 BuBemens,
0 MOYMHAIOTHCA 3 S = S¢S, 300pakeHi 1epeBOM BUBEJICHHST HA PU-
cyHKy (6).

1106 3pobuTH BiAIOBIIHICTH MiXK JiepeBaMU BUBEJIECHHS 1 BUBEIEH-
HAME B rpaMaTuill G B3a€MHO OJIHO3HAYHOIO, HA3BEMO BUBEJICHHSI CJIOBA
w € L(G) nisum susedermsm, SKIO 3aBXKIU 3aCTOCOBYETHCS BiJIITOBII-
Ha IPOAYKIlid rpaMaruku G Uit 3aMiHI HaMIiBIIIIOr0 HETEPMiHAJIBHOTO
CUMBOJIY B IIPOMI?KHOMY CJIOBI TIpM BUBEJIEHHI cjioBa w. OQ4UeBUIHO, 110
KOXKHE JIepeBO BUBEJEHHS CJIOBA W BIAINOBIIAE €IUHOMY JIIBOMY BUBE-
JIeHHIO cjioBa w. Hamnpukian, cepen BocbME BUBEEHb g w = abaca,
sIKl OYMHAIOThCsI 3 .S = SbS, enHuM JIiBUM BUBEJIEHHSIM €

S = SbS = abS = abScS = abacS = abaca.

AHaJIOTIIHO JTa€ThCsl O3HAYEHHS ITPABOI'0 BUBEJICHHSI.

Konrekcrao BimbHa rpamaruka G = (N, T, S, P) HasuBaerbcs He-
00H03HAHO010, SIKIIO icHYe coBo w € L(G), sike mae jBa abo Oijb-
I1le Pi3HUX JIePeB BUBEIEHb. ZIKIIO IpaMaTHKa BUKOPUCTOBYETHCS JIJIs
BU3HAYEHHsI MOBU IIpOrpaMyBaHHs, TO OarkaHo, 1100 BOHa OyJia OJIHO-
3HaYHOI0. B IHITOMY BHUNAJIKY MPOTPAMICT 1 KOMMOLIATOP MOXKYThH IIO-
PIBHOMY 3PO3YMITH CMUCJ JIEAKUX IPOTPaM.

4.7. ITPukJIAd. HaiiBimoMimmM mpuKIaJI0M HEOTHO3HAYTHOCTI B MOBax
IIporpaMyBaHHs € ,IlIaBaiode’ else.
Posringremo rpamaruky G 3 npaBraaMu

S — if b then S else S | if b then S | a.

IIs1 rpamaTiKa HEO HO3HATHA, OCKIIHLKH CJIOBO
if b then if b then a else a
Ma€ JBa BUBOIU

if b then (if b then a) else a Ta
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if b then (if b then a else a),

SKUM BIJIIOBIIAIOTH JIBa PI3HUX JdepPeBa BUBEICHHSI.

Busnauena HaMu HEOJIHO3HAUYHICTD — II€ BJIACTUBICTb I'PAMATHKH, &
He MOBHU. JJIs1 JIedKUX HEOTHO3HAYHMX I'PAMATUK MOXKHA IT00Y/1yBaTh
PIBHOCUJIbHI IM OITHO3HAYHI I'DaMaTUKMN.

4.8. ITPUKJIAJ. PosrisiHeMo rpaMaTuKy 1 MOBY 3 ITOTIEPETHBOTO TPU-
kjaaay. I'pamaruka (G HeoaHO3HaUYHaA, 00 else MOXKHA AaCOIIOBATH 3
JIBOMa pisHUMU then. 3 Ti€l 2K IPUIMHA MOBU IIPOTIPAMYBaHHSI, B SIKIX
JIO3BOJISIIOTHCA sIK orepaTopu Bujay if-then, Tak 1 omeparopu BHILY
if-then-else, MOXyTh OyTU HeOoHO3HAUYHUMU. HeBU3HavMEHICTH MO-
JKHa BUIPABUTH, SKIINO JIOMOBUTHUCH, 10 €lse MOBUHHO aCOIIIOBATUCS
3 OCTaHHIM 3 3allUCaHUX Iepeji HUM then.

Moxkna monpaBUTH TpaMaTUKY 3 MONePeTHHOTO TTPUKJIALY, BBIBIIN
JBa HeTepMiHan S 1 S9 1 BUMaraiodu, mobd S MOPOJIXKyBaB OllepPaTOPH
Buay if-then-else, Toai sk S| MOXKe IIOPOJKYBaTH OIepaTopu 000X
BuIB. [IpoyKIlil HOBOI TpaMaTUKN € TAKUMU:

S1 — if b then S; | if b then S5 else S | a

Sy — if b then Sy else 59 | a.

Toit daxt, 1m0 Hepesn else 3HAXOAUTHCS TIIBKU So, FapaHTYE IIO-
sIBY BCepeJInHI KOHCTPYKILl then-else abo OykBuU a, ado iHIIOTO else.
Takum annoMm, cTpyKTypa if b then (if b then a) else a He BUHUKAE.

Pekomenosana siteparypa : [1, c. 92-150], [2, c. 105-123, 163-192], [5),
c. 341-351, 354-359], [17, c. 278-285], [24, c. 14-24].

IIutannga Ta BupaBu g0 nmaparpada 4.
4.1. JlaiiTe o3HAYeHHsT TPAMaTUKU.
4.2. 4xi Tunu rpaMaTuK BU 3HAETE?
4.3. 4k Oynyerbes JlepeBO BUBEJICHHS JIJIT CJI0BA, W’

4.4. YUum MoxKe 1A JIEeIKOro CJIOBa w ICHYBaTH JEKIJIbKa JIepPeB BUBE-
JIeHHA?!
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4.5. Hexait N = {S, A, B}, T = {a,b}. Busnauntu MoBy, Opo/izKeHy
rpamarukoio G = (N, T, S, P) 3 BKa3aHOI MHOXKWHOIO MPOIyKITiil P:
a) P={S — AB | aA,A — a,B — ba};
6) P={S— AB | AA,A — aB | ab, B — b};
B) P={S — AA| B,A — aaA | aa, B — bB | b};
r) P={S —aS | Sb|a};
1) P={S—55|alb}
e) P={S — SS|aSb|e};
€) P={S —e|aS|aSbS};
k) P={e| aSbS | bSaS}.

4.6. 3muaiiTm MOBy, mopojpkeHy rpamarukoio G = (N,T,S,P), ne
N = {SA,Q,R}, T = {a}, a muoxkuna nponykmiit P = {§ —
QAQ,QA — QR,RA — AAR,RQ — AAQ,A — a,Q — e}.

4.7. Hexait 3amana rpamatuka G = (N,T,S,P), ne N = {S, A},
T ={0,1}, MHOXKWHA TPOYKITiii

P={S—0S|14|1|e,A— 141}

a) [TobOymyBaTu BUBIT jijis1 CI0Ba 0316;
6) [okaszarwu, 1m0 JaHa rpamMaTuka mopoizkye Moy {0™1" | m,n =
0,1,2,...}.

4.8. TlobyayBaTu rpaMaTuku, siki MOPOJKYIOTh BKa3aHI MOBHU:
a) {01*" |n=0,1,...};
6) {0°"1" | n=0,1,...};
B) {0"1™0" | m,n =0,1,...}.

4.9. 3’gcyBaTH, JJO0 SKHX TUINB 3a KJacu@ikalieio XOMCbHKOI0 HaJie-
>KUTh rpamarTuka (G 3 MHOXKHHOIO HPOIAYKITiit P:

a) P={S — SAB,SA — a,B — b};
6) P={S — ABS,AB — ab, S — c};
B) P={S —aAB,A — Bb,B — e};
r) P={S—aA,A—bB,B—b]|e};
n) P={S— A,A— B,B — e}.

4.10. IlobymyBaru JTBOJIHINHY TIpaMaTuUKy g (POPMaJTbHOI MOBU
BCiX CJIiB JOBXKUHE MeHIe mectu B ajudasiti {0, 1, m,n}, gaki moun-
HalOThCd 3 OYKB m abo n.
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4.11. IlobymyBaTu mpaBoOJiHIHY rpaMaTuKYy, dKa MOPOJIXKYE MHOMKMU-
HY TILIAX YHUCe.

4.12. Jlosectu, o xo/He cjoBo MoBu L(G) He MicTuTh minciosa ba,
Jle KOHTEKCTHO-BlIbHA rpamMaruka GG 3a1aHa TPOLYKIsIMU

S—aS|bA|a, A—bA]|D.

4.13. Tlokazarwu, mmo KoxkHe cjioBo MoBu L((G) MicTuTh 6isbIie OyKB a,
Hi2K OYKB b, JIe KOHTEKCTHO-BijIbHA IrpaMaTnka (G 3a1aHa TPOLYKIisIMU

S — Sa | bSS | SSb| SbS | a.
4.14. llokazaru, 1110 MOBa
{w €{0,1}* | w micTurh onHaKOBY KinbKicTh OykB 0 Ta 1 }
He MTOPOJIZKYETHCA I'PAMATUKOIO 3 POy KITiSIMU
S —0S1 015|150 | 105 | 501 | S10 | e.
4.15. JloBecTn, 1o MoBa
{w € {0,1}* | w micTuTh onHAKOBY KinbKicTh OyKkB 0 Ta 1 }
HOPOJIZKYETHCSI TPAMATUKOIO 3 ITPOILYKIIIsIMU
S — 8510511150 e.
4.16. 4ky dbopmanbHy MOBY MOPO/KYE TpaMaTUKa 3 ITPOLYKITIIMHI
S — aSBalaba, aB — Ba, bB — bb ?

4.17. Hexait G — rpamaruka 3 N = {S}, T = {a,b, ¢}, mouarkoBuii
cuMBOJI S 1 MHOXKWHA TPOJLYKITii

P={S— abS | bcS | bbS | a | cb}.
[To6ymyBaTh J1epeBO BUBEIEHHS JIJIsI CJIIB:

a) bbbcbba
6) bcabbbbbcb.

4.18. Ilokazaru, 1m0 rpaMaTuKa
G={{Sh{+ 2}, 5 {5 —>5+5|z}}

€ HEOJIHO3HAYHOIO. H06y,ZLyBaTI/I BCl JiepeBa BUBEJICHHS JIJIs1 CIHiB x+x-+x
Taxr+x+x+ 2.



Poznmin 11
CKIHYEeHH]1 aBTOMAaTH

§ 1. ABTomaru. Ix Tunu ta 3agaHHS

Icaye GaraTo pi3HOMAHITHUX METOJIB II€PETBOPEHHA iHMOpPMAIIil.
AnropurM poboTHu epeTBOproBadiB iHMoOpMaIlil MOXKHa, IHTYITUBHO BH-
3HAYUTH K JIedKYy CYKYIHICTH MPaBUJI, 38 AKUMH JIAHUIT TPUCTPIN 11e-
peTBOpIOE BXiaHy iHGOpMaIiio y Buxiany. B manomy nmaparpadi mu po3s-
IJIsTHEMO IIepeTBopIoBad iHMOpMallil, SKUil Ha3MBAETHCsI aBTOMAaTOM.

[M1o6 mepeittu 10 GOpMATBLHUX METOIB ONKCY IIPOIECY HEPETBO-
peHHs iHOpPMAIIT 3 JOIIOMOT0I0 aBTOMATIB, PO3IVISTHEMO JIEeIKUl IpH-
CTpiif, AKUIT Ma€e N BXOJIB 1 ™M BUXO/IB. DymeMo BBarkKaTh, IO Ha BXOIN
iHgopMallis MOJAEThCA B JMCKPETHI MOMEHTH 4Yacy tg,ti,...,tn. IH-
TepBaJl Yacy t;r1 — t; HA3UBAETHCS MaAKMOM. AHAJIOTIIHO 1 3 BUXOJIB
iHgopMalliss ogepKyeTbcd JUCKpeTHO B 4aci. Ha KoxkmHOMYy i3 BXOIB
(BUXO/IiB) CHUTHAJ MOXKEe TPUIMATH JTUCKPETHI 3HAYEHHS 3 JesIKOrO Ha-
oopy ug, U1, ..., u;. CyKylnHicTb 3Ha4eHb BXIJHUX CUTHAJIB y MOMEHT
Jacy t; Ha3UBATHUMEMO 6101010 OYKG6010, & TOCIITOBHICTD BXiITHUX OYKB
— 8ridHuM cro6om. MHOXKIHY BCiX BXiJIHUX OYKB Ha3BEMO GLIOHUM (.-
pasimom. AHAIOTIIHI O3HAYEHHS BIIHOCSATHCS 1 10 BUXITHIUX CUTCHAJIIB.

JlaBmmu e o3HaYEeHHSA, MOYXKHA YABISITH Oy/Ib-IKHIl ITepeTBOPIOBAY
indpopmarlii K MPUCTPIl 3 OJHUM BXOJIOM, Ha AKWH HAJIXOIAATH CJIO-
Ba, CKJIaJIeHl 3 OYKB BXIJTHOTO aJyipaBiTy, 1 3 OJHUM BUXOJIOM, 3 SKOTO
OTPUMYIOThCS CJIOBa B BUXiTHOMY aJidpasiTi. ITporec meperBopenHst in-
dopmariii B TaKOMY HOPUCTPOI 3BOJUTHCsI 10 BCTAHOBJIEHHS JE€SIKOI BiJI-
IIOBITHOCTI Mi»K CJIOBaMM BXIJTHOT'O Ta BUXIJTHOIO aJidaBiTiB.

Asmomamom Ha3MBaIOTH IiepeTBOpPIOBaY aJjidaBiTHOI iHOpPMAIIil,
KU Ma€ OJIMH BXiJ 1 oauH Buxij. /Iy 3aganast yMoB PyHKITIOHYBaHHS
aBTOMAaTa (PIKCYIOTHCST TPU MHOXKUHU, €JIeMEHTaMU SIKUX € OYKBU TPHOX
andasiris: Bxignoro X = {x1,...,x,}, Buxigaoro Y = {y1,...,y;} i
MHOXKWHU BHYTPIIIHIX cTaniB aBromara Q = {qo,...,qn}-

40
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ABTOMAT CKJIAJIAETHCS 3 TPHOX YACTUH: CMPIYKU, 20406KU | KEPYIO-
w020 npucmporo. CTpidka BUKOPUCTOBYETHCS IS 3aIUCy BXITHUX JIa-
HIUX (BXimHOTO cj10Ba). BoHa mojtisiena Ha CKiHUYEeHHY KLIBKICTh KOMIPOK.

['onmoBka meperyigaae cTpiuky, ynTae OYKBY 3 Hel 1 mepeae ojep-
»KaHy iH(MOpMAaIIiio KepyrvoMy IPUCTPOio. KoXKHOro pa3y rojioBKa, 1e-
perigiae TIIbKU OHY KOMIPKY CTPIYKU, YUTAE 3alUCAHY B Hill OYKBY
1 TTepexonTh 10 HACTYITHOI KOMipKU mpaBopyd. Kepyrouwnit mpuctTpiit
CKJIQJIAE€THCS 3 €JIEMEHTIB MHOXKWHU CTaHIB ().

ABromar PYHKIIIOHYE B JUCKPETHI MOMEHTH YacCy, sIKi IPUMAHSITO
IMO3HAYATH IIIUMH HeBia emaumu duciaamu t = 0,1, ..., k. B mouarko-
BUil MOMeHT 4dacy t = (0 kepyounii TpuCTPiil 3aBKJIN 3HAXO/IUTHCSI B
ouaTkoBoMy ctati gy = ¢(0), B IKOMy aBTOMAaT MOYNHAE PODOTY HAT
BX1JTHUM cJjioBoM. IloTiM 3a akKTUBHUM CTAHOM 1 3YUTAHOIO I'OJIOBKOIO
OYKBOIO BiH BU3HAYaE, B AKUil CTaH MOTPIOHO mepeiiTu, i sKy OyKBY Tpe-
Oa HammcaTH Ha Miclll mpoduTaHol BXinHOI OykBu. Ha 3rajmaHux Buiie
MHOXKHMHAX 33af0ThCst 1Bl DyHKINT. Dynkuii neperodie §, sIka BA3HA-
gae cran aBromara ¢(t+ 1) € Q B MomenT dacy t + 1 B 3ayeKHOCTI Bif
ifioro crany q(t) € Q) i 3HavenHs BxijgHOTO curHamy z(t) € X B MOMEHT
gacy t: q(t + 1) = 0(q(t),x(t)). Tobro 3miHa cTaHIB BH3HAYAETHCS 34,
JI01ToMororo (pyHKINT a1BoxX 3MiHHEX 0 : Q X X — Q. Pynkuia eurodis
f:Q x X — Y BusHauae 3HadyeHHs BuxijgHoro curuany y(t) € Y B 3a-
JexKHOCTI Bij crany aBromara ¢(t) € () 1 3HAYEHHS BXi/IHOTO CUTHAJY
z(t) € X B moment vacy t. Takum 9uHOM, SIKIO KEPYOUHUil mpucTpiii
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repedbyBae B cTaHi ¢ € () 1 roJIoBKa 3YUTY€E 3 ¢Tpiuku OykBYy a € X, TO
KepyIoJuil TpUCTpiil mepexoauTh B HOBUil ctan p = 0(q,a) 1 Ha Mmicii
OykBU a 3anucyeTbest OykBa b = f(q,a).

Koy Ha BXij aBTOMaTa MOJABATH CJIOBO (IOCIIOBHICTH BXIiTHUX
OyKB), Ha BUXOJI TAKOXK 3’sIBJIIETHCsI CJIOBO (IIOCJIJIOBHICTD BUXITHIX
OykB). Y I[bOMY BHIQJKy aBTOMaT A MOXKHA pO3IJIsjgaTh K ajdabi-
THUI IIepeTBOpIOBaY iHOpPMAIIil, SIKHUil IIepeTBOPIOE CJI0Ba BiJIbHOI Ha-
misrpynu F(X) B cioBa BinbHOT Hamirpynu F'(Y'). Busnadena takum
quHOM cyioBecHa yHKIsa g4 : F(X) — F(Y') nasuBaerbes ¢ynruyicno,
6U3HA%EHO0N asmomamom A, abo asmomammnoro A-gdynkuyicio.

JLJ1st IOBHOTO OITMCY aBTOMAaTa MOTPIOHO BUALINTYA MHOXKHUHY F' C ()
KIHUEBUT CTMAHL6, B IKAX BIH M1JITBEP/IXKYE, IO BX1/IHE CJIOBO HAJIEXKUTh
IMyKaHiii MOBi. TakKuM YMHOM, MU IPUXOAUMO JIO TAKOTO BU3HAYCHHS
aBTOMAaTA.

Cimra A = (Q,X,Y,6, f,qo, F) wazuBaerbcst asmomamom Mini,
SIKITIO BOH& CKJIQJIAEThCS 13 MHOXKUHHU CTaHIB aBTOMaTa (), MHOXKWHU
BXigHNX OYKB X, MHOXKMHU BHXiTHUX OYKB Y, PYHKIII IIepPexoiB o :
QXX — @, dyskmii Buxomis f : Q x X — Y, nmouarkoBoro crany qg ta
MHOXKUHHU KiHIleBux cTaHiB F'. Muoxxuan X 1Y Ha3uBarTh BIIIIOBIIHO
6ridHuM | euridHum asgpasimamu asmomama. Axmo §(a,x) = a’, To
KaxKyTh, 110 aBroMar () mi aiero BXigHoOro curajay r € X IepexoIuThb
B cral a’, abo cUrHAJI T IepeBoauTh apToMatT () i3 cTany a B cTaH a'.
Axmo f(a,x) = y, TO KaXKyTh, MO aBTOMAT () TEPETBOPIOE B CTaHI @
BXiHUiT curuaj x € X y BuxijgHuii cursaa y € Y.

fk came mpairoe aBroMaT Ha BXigHOMY ciaoBi? Ha modarky poGo-
TU KEPYIOUNl TPUCTPiil mepedyBa€ B IIOYATKOBOMY CTaHI qg, Ha CTPIvIL
3alrcaHe BXiJHe CJIOBO 1 TOJIOBKA 3YUTYe OYKBY 3 IEPINOl 3/1iBa KOMip-
ku. [ToriMm aBTOMaT Tpalfoe KPoK 3a KPOKOM BiJIITOBIIHO 10 PYHKITII
nepexodiB 0 Ta BuxoaiB f. Binm 3ymnumusie poboTy TO/i, KON TOJIOBKA
pounTae OyKBY, 3allMCaHy B OCTaHHINl cmpaBa KoMmipii ctpiuku. Ko-
JIn 0OPOOKaA aBTOMATOM BXITHOI'O CJIOBa 3aBEPIUJIACI, TO KaXKyTh, IO
ABMOMAM. PO3NIZHAE BLIOHE CA060, SIKIO BiH 3YIUHAETHCSI B OIHOMY
3 KIHIEBUX CTaHIB MHOXKUHU F'. B mpormie:kHoOMy BHUITQJIKY, KaXKyTh,
O BLL0HE CA0BO HE PO3NIZHACTIBLCA AGMOMAMOM. FKIINO K MHOXKUHA
F' xinneBux cTaHiB He 3a/laHa, TO BBAXKAETHCS, 1[0 aBTOMAT PO3MI3HAE
BCi cjroBa BXijgHOrO asidanity. PopMasbHa MOBa BCiX CJIIB BXIiTHOTO aJl-
dbasity X, ki posmiznatorhesi aBromarom A, mosnadaerbes L(A). B
IHOMY BUIAJKY KaxKyTb, 1m0 MoBa L(A) posniznaemuves asmomamom
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A. MuoxKXuHa BCiX BEUXITHIX CJIiB aBroMmara A, sIKi € pe3y/jbTaToM po-
boTu aBToMaTa Ha MOBI L(A), HABUBAETHCST MOGON0, U0 NOPOOHCYETNHCA
asmomamom A.

Asromar A = (Q, X, Y, 4, f, qo, F') HABUBAETHCST CKIHUEHHUM, STKITO
BCl Tpu MHOXKUHU — (), X 1Y — cKiHYeHHI, 1 Heckinvennum, SSKIIO X0U
OJTHA, 3 HUX HECKIHYEHHA.

ABTOMAT HA3MBAETHLCS NOGHUM aDO NOBHICTNIO BUHAMEHUM, SIKIIO
PYHKIIIT IIepexoaiB i BUXO/IIB BCIOJAU BU3HAYEHI, 1 4aCMKO6UM, SIKIIO X0
OJIHA 3 HUX € YaCTKOBO BHU3HAYEHOIO (DYHKIIIEO.

[HOMI TpaILISIIOTHCA aBTOMATH, B IKMX KOMIIOHEHT 0 — He (DYHKITid,
a JledKe BIHOIIEHHS, TOOTO B TaKWX aBTOMAaTaX HE BUKOHYETHCS YMO-
Ba, OJTHO3HATHOCTI IIepexoy. ABTOMATH TAKOIO THUIIY HA3UBAIOTHCS HE-
demepminosarumu. LIKIO K BiAHOIIEHHsT § € (PYHKIIIEI, TO aBTOMAT
HAa3UBAETHCA demepminosarum. OTxKe, sl TeTE€PMIHOBAHOI'O aBTOMA-
Ta () 3 MOYATKOBUM CTAHOM @ OJHO3HAYHO 3HAXOJUTHCS CTAaH b, B sIKNIi
aBTOMAT Tepeiie i aieto cioBa w € F(X). A B HemeTepMiHOBAHOMY
aBTOMATI TAKUX CTaHIB MOXKe OYTHU He OJINH, a JIeKiJIbKa. ZIcHO, 1o KJjac
JIETEPMIHOBAHUX aBTOMATIB € ITJIKJIaCOM KJIacy HeJAeTepMiHOBAHUX aB-
TOMATIB.

Kpim K1aciB geTepMiHOBaHUX 1 HEIETEPMIHOBAHNX aBTOMATIB iCHY-
I0Th 1 iH1M crreriaibai Kiaacu. Cepel HUX BATISIIOTHCS JIesAKl BUPO/I2KEH]
KJIaCH aBTOMATIB, B SIKUX ojHa 3 MHOKUH (@), X abo Y') omHoenemen-
THa. Y TaKUX BUMNAJKAX PO3IJISIAI0ThCSA CHPOIIEHI MOJIe aBTOMATIB.
Hagesiemo nesxi npukia .

Asmomam 6ez nam’smi— e tpiiika (X, Y, f), ne f: X — Y. lleit
aBTOMAT BUKOHYE IIOOYKBEHY TpaHcdopMalliio OyKB BXiIHOIO aJdaBiTy
X y OykBm BuxigHoro aJydapity Y, npm dKiif Ha OJHY 1 Ty K BXIJIHY
OykBy € X BiH pearye oJfHOIO 1 TOIO K BHXiJIHOIO OykBOIO Yy € Y. Ilo-
HATTS a.68momam 6e3 nam ami— OCHOBHE B TeOPil TIEPEMUKAJILHUX CXEM,
sIKa BUBYAE CIOCOOU ITOJAaHHSI TAKUX aBTOMATIB MepeXKaMU 13 JTOrTYHUX
eJIEMEHTIB.

Asmonommrut asmomam — 1e gderBipka (Q,Y,d,f), ne 6 : Q —
Q, f:Q — Y. [lnsa takoro apromara IOJAHHAM IIOYATKOBOIO CTaHY
BU3HAYAETHCA BECh MOMAJIBINNI ITPoIlec 1oro yHKIIIOHYBaHHSI.

Asmomam bes surodic — e waripka (Q, X, 6, qo, '), ne F' — muO-
’KIHa KiHIIEBUX CTaHIB aBToMaTa, a ¢y € () — HOYaTKOBUII CTaH aB-
TomaTa. Taki aBTOMaTn OyIyTh JEeTAJbHINIE PO3TJIAHYTI B HACTYITHUX
nmaparpadax.
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I3 mepenigeHnx KJjaciB aBTOMAaTIB TIJIbKH aBTOMAaTHU 0e3 BUXOJIB, 3
TOYKHU 30Dy TEOpil, BUKJINKAIOTH iHTepec, 60 B JBOX MOIEPEIHIX BUITAI-
Kax IMOBeJIIHKa aBTOMaTa € Hallepe BU3HATEHOIO.

Apromarn Mypa € okpemuMm Bumajgkom apromaris Migi. ABromar
A= (Q,X.Y,6, f,qu, F) nazuBaerbcs asmomamom Mypa, siktno f(q, 1)
= f(q,x2) misa xkoxkuuxX ¢ € ) Ta r1,r9 € X. B aBromari Mypa Buxi-
JIHUI CUTHAJI Y MOMEHT 4dacy t OJHO3HAYHO BU3HAYAETHCS CTAHOM aB-
ToMaTa B TOH ke MOMeHT |acy, Tooto y(t) = h(q(t)), ne h : Q@ — Y.
OyHKIlig h HABUBAETHCA PYHKULEI GLOMIMOK ABMOMAMA, & 11 3HAYEHHS
h(a) Ha cTani a — 6IdMIMKOI0 UbLO2O CMANY.

Xoua aBroMatn Mypa i € okpeMuM BHUITQIKOM aBToMaTiB Misi, B
Teopil aBTOMAaTIB BOHU 3aCJIyTOBYIOTH Ha OCOOJIMBY yBary, OCKLILKU B
psiAl BUIIAIKIB 1X cIrenndidHi BJACTUBOCTI Jal0Th MOXKJIMBICTH OyIyBa-
TH OLJIBIN 3MICTOBHY 1 IVIMOOKY TeOpiio, Hi>K Teopis aBroMaTiB Mii.

[Tepeitiemo 10 pO3IJIAy CKIHUEHHUX aBTOMATIB 1 CITOCO0IB TX 3318~
HHSI.

Y 3araJbHOMY BUIIQJIKY JJIs 3aJaHHs] CKIHYEHHUX aBTOMATiB KO-
PUCTYIOTHCS JIBOMa, CTAHIAPTHUMU CIIOCODAMM, SIKi HA3UBAIOTHCS 11
GePCaNbHUMU — 11e TAOJIUIN IIePeXOiB 1 BUXOIIB Ta rpadu mepexo/iis i
BUXO/TIB.

Tabaruui nepexodic i 6urodié asmomama — 1e ABl MaTPHUIN OTHAKO-
BOI PO3MIPHOCTI, CTOBIYMKH FKUX BIAMIUeHI pi3HUMU OYKBaMU BXiITHOTO
aJIaBiTy, a PAJIKH — PISHUMU CUMBOJIAMH CTaHiB aBToMara. JLiia dyH-
KIIiT TIepexo/IiB (mepiina MaTpulls) Ha MePeTHH] i-T0 PsiJIKa, BiIIMIY€HOTO
craHoM a € (), 1 jJ-ro CTOBIYMKA, BigMiueHOro OyKBoiO x € X, 3HaAXO-
JUThCst 3HaYeHHs 0(a, x) = b. Anajoriano s pyHKIT BUXOIB (apyra
MATPWIIA) HA MEPETUHI §-T0 PsijIKa 1 j-10 CTOBIYUKA 3HAXONTHCS 3HA-
genust f(a,r) = y € Y. Baxkarorp, M0 MOYATKOBUI CTAH aBTOMATA
BiJIMivUae IepHinii psiJioK sIK B TaOJIUIll IIepeXo/iiB, TaK 1 B TabOJ/IUIll BU-
XO/IIB.

1.1 HPMK'HAZL' AsTomar AZ({QOa q1, 42, Q3}7 {CL, b}7 {0) 1}7 57 f7 q0, {Q1})

3a8Ja€THCS TAKUMHI TaOJUITAMU IIEPEXOIIB 1 BUXO/IB:

O lalbd flalb
qo | @2 | q1 qo | 0|1
q1 | g3 | 90 g |0 |1
g2 | 90 | @3 2|01
q3 | q1 | g2 g3 |0 |1
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B axomy 0 crani jjanmit aBToMaT He iepeOyBaB, BiH 3aMiHIOE OyKBU
aibmua 01l sBignosigmo. TakuMm dmHOM, CKiHYeHHUII aBTOMAT A IIe-
perncye Oyab-sike cj0BO B ajdasiti {a,b} B cioso B andasiti {0, 1}.
ABtomar A He € aBromMaToM Mypa, OCKiJIBKH IIepedyBalovun B CTaHi ¢
BiH 3aMiHioe OyKBY a Ha 0, a OykBY b — Ha 1.

I'pacp nepexodie i surodie ckindeHHoro aBromara A € ajnbrepHa-
TUBHUM ILISIXOM s 300paxkenns A. Bin saBiisie coboro momidennii opi-
€HTOBAHUI T'pad, BEPIINHU AKOTO B3a€MHO OIHO3HAYHO BiJITOBIIAIOTH
cranaMm aBpromara. CTpijaku rpadpa Biamideni mapamu OyKB: mepima — 0y-
KBa BXIJIHOT'O aJihaBiTy, Apyra — OyKBa BUXiTHOTO ajadasiTy. ¥y JTaHOMY
BUIIaIKY BIAIOBIIHICTH MiK Ipacom IepexoIiB i BUXO/IIB Ta PyHKIIisI-
MU 1epexojiiB 0 1 BuxoiB f raka, mo koau 6(a,x) = a’' i f(a,x) =y,
TO B rpadl 3 BEPIIMHA @ Y BEePIINHY ¢’ Beae CTPLIKa, BiaMideHa maporo
(r/y), i HABmaKuM, KOJU B rpadi mepexo/iB i BUXOMIB aBTOMATA ICHYE
crpiiika (a,a’), Bigmivena napoio (x/y), o st GyHKIIA nepexomy 0 i
Bux0jy f BUKOHYIOThCs piBHOCTI d(a,x) = @’ i f(a,x) = y. Kpim T0-
ro, mMo6 IMJIKPECJTUTH MOYaTKOBHUI CTaH ¢y, TPOBOJIUTHCSA CTpijaka 6e3
IIOYaTKOBOI BEPIIWHU, KIHIIEBOIO BEPIIMHOIO sIKOI € cTaH ¢o. Kinmesuii
CTaH II03HAYAETHCS JBOMAa KOHIIEHTPUIHUMHU KOJIAMIU.

1.2. ITPUKJIAJ. I'pad mepexoiB 1 BUXOAIB JIjIsi aBTOMATa 3 TPUKJIALY
1.1 mae Bursi:

a/0
— (g T/ (2
a/0
b/1| |b/1 b/1]| |b/1
0
“/ q3
a/0

3 HaBeJIeHOl BiAIIOBIIHOCTI Mi>K rpadoMm aBToMaTa Ta Horo dyHKIL-
sIMI II€PEXOJIiB 1 BUXO/IiB BUILINBAE, 110 HEe KOXKEH Ipad, CTPLIKU SIKOIO
BiJIMiYeH] mmapaMu CUMBOJIIB i3 Jiesskux ajiapiTiB X 1Y, Oyzge rpadom
IIepexo/IiB 1 BUXO/IB JeTepMiHOBaHOro apromara. s Toro, mob Biji-
MiveHuii rpad OyB rpadoM JeTepMiHOBAHOIO aBTOMaTa, HEOOXiITHO i
JIOCTATHBO, IIOO0 BUKOHYBAJIUCH JIBI YMOBHU, SKi HA3UBAIOTHCS YMOBAMH
asMoMamMHoOcmL 2papa;
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1)He icHye JBOX CTPLJIOK 3 OJIHAKOBMMM BXITHUMM BiJIMITKAMMU, IO
BUXOJIATH 3 OfHI€T 1 Ti€T K BepmuHu (yMOBa OJTHO3HATHOCTI);

2) 11711 OY/Ib-s1KOI BEPINUHU 1 BXIJHOIO CUMBOJIY ICHYE CTpLIKA, IO
BUXOJIUTH 13 I[i€] BEPIIUHU 1 BiMiUeHa UM BXIHIM CHMBOJIOM (yMOBa
TIOBHOTH ).

OTke, JJIsI HeJIETEPMIHOBAHIX ABTOMATIB HE BUKOHYEThHCS yMOBa 1),
a JIst 9acTKOBUX — yMoBa 2). HesBaxkarouu Ha 1ie, sIK HeJleTepMiHOBaHI,
TaK 1 9aCTKOBI aBTOMAaTHU TexK 300parKyioTh rpadamu.

1.3. ITPuKJIAA. IlobymyBaTu nerepminoBanuii ckindeHHuit apromat My-
pa, sikuit Bci 6yksu 6iHapHoro cioBa w € {0, 1}*, mo crosTh Ha Hemap-
HUX TTO3UINISAX, 3aMiHIOE HA OYKBY @, a Ha IMapHUX — Ha OYKBY b.

['pad mepexoiB i BUXOMIB IIIyKAHOI'O aBToMaTa A Mae BHUIVISII;

0,1/a
Ol
v
0,1/b

[TepebyBaroum B cTaHi qg, JaHU aBTOMAT 3aMIHIOE KOXKHY OYKBY
BXiJTHOT'O CJIOBa Ha OYKBY a, a B CTaHi q; — Ha OyKBY b.
Takum amHOM, IIyKaHIil aBTOMaT A 3a/1a€ThCS SIK ITICTKA,

A: (Q;X7Y757f7q0>7

e Q = {q,qn}, X = {0,1}, Y = {a,b}, a dbyukuil nepexouis 0 i
BUXOIIB [ 3ajiaHl TaOJIHUIISIMMU:

5101 1ot
qo | 91 | 41 go | a | a
q1 | 90 | 9o qgi | b|D

1.4. TTpukJiafg. Hexait X =Y = {0,1}. Ilobymyemo merepminoBanumit
CKiHYeHHUI aBTOMAT, IKHii , I pye” Bci 6iToBi psiaku 3 0 Ta 1, 3ami-
HIOIOYH BCi OITH, sIKi CTOSTH Ha MO3UIIAX KPATHUX 3, HA TPOTUJICXKHI.

['pad mepexo/iB i BUXOIIB IIIyKAHOI'O aBToMaTa A Mae BHUIVISII:
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—_

0/1, 1/0 0/0, 1/1

BayBazKMMO, 10 AKIIO ,3andpoBany”’ MOCTIIOBHICTD (BUXiTHE CI0-
B0) 3 0 Ta 1 mojary Ha BXiJ[ IIbONO aBTOMATA, TO OJIEPXKUMO TOYATKOBY
HOCJIIOBHICTE (BXi/IHE CJIOBO), TOOTO Iieil aBTOMAT OJIHOYACHO Oyjie i
LN PYIOUNM TPUCTPOEM .

DyHKII mepexodiB 1 BUXO/B MOYKHA IMPOJIOBXKUTU Ha BXIJIHY 1 BU-
xinny namisrpymu F(X) i F(Y). s mp0ro HeOOXiTHO MOKJIACTH

0(¢;€) = ¢,0(q, aw) = 6(4(q, a), w),
fa.e) = e, f(q,aw) = [f(q,a)f(0(q; a),w).

BukopucToByroun 1HIYKINIO 33 JOBXKHUHOIO CJOBa W, HEBAXKKO J10-
BECTHU TaKe CIIIBBI1JIHOIICHHS:

d(q,aw) = (0(q,a),w),
f(q,aw) = f(q,a)f(6(q;a),w).

HiiicHo, gximo w = x, T7o6To [(w) = 1, To 6aza IHAYKINT Mae Mice
38 O3HAYEHHSIM.

AKmo XK w = va 1 A1 vV CHiBBIAHOIIEHHS acOIlaTUBHOCTI BUKOHY-
€ThCsI, TO

0(q, aw) = 6(d(q, av), x) = 6(6(q, a), vx),

flg,ave) = f(q, aw) f(d(q, av), x) =

= f(q,a)f(6(q,a), ) f(0(q, av), x) = f(q,a)f(6(q, a),v).

Axmo §(p,w) = ¢, To Kaxkemo, 1mo asmomam A nepexodumn iz
cmany p 6 cmar q nid 0i€r ca08a w, abo, IO CA060 W NEPEBOOUMD
asmomam A 13 cmany p 6 cman q.
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Cran q HazuBa€eThCst JocAdxCcHUM 13 cTany p (p — ), KOJIU iCHY€ Take
BXi/HE CJIOBO W, siKe IIePeBOANTL aBroMaT A i3 cramy p B ctan ¢q. Jia
TOT'0, OO BCTAHOBUTH JOCSYKHICTD ¢ 3 P, JIOCTATHLO B I'padi IMepexoIiB i
BUXOJIIB 3HAWTHU IIJIsIX 13 BEPIIUHA p y BepimuHy ¢. O4UeBUHO, 110 KOJIN
TaKU MIJIAX 1CHY€, TO MOCJIJOBHICTh IEPIINX KOMIIOHEHTIB BlJIMITOK
CTPLIOK TIHOT'0 MUIAXY 1 OyJle CKIaJlaTh CJIOBO W.

3ayBaXUMO, IO JIjIsI BCTAHOBJIEHHS JIOCS?KHOCTI ¢ 3 P JOCTATHBO
PO3TJISIATH JIMIE TakKi MUIsXU B rpadi aBroMaTa (BOHU HA3UBAIOTHCSI
npocmuM), SKi He MPOXOAATh JABiUl Yepe3 OJHY 1 Ty K BepIInHy I'pa-
da. lle 3ayBakeHHS Ta€ MOYXKJIMBICTH OOMEXKUTH TOIIYK HEOOXITHOTO
BX1/THOT'O CJIOBa JIUITlEe TAKUMHU CJIOBAMU, JTOBXKUHA SIKUX HE IIEPEBUIILYE
3ara/TbHOI KIJIBKOCTI CTaHIB aBTOMaTa. flcHO, IO y BUMAIKY CKIHIeHHUX
aBTOMATIB IlepeBIPKa ICTUHHOCT] BIJIHOIIIEHHS P — ¢ 3aBXK/IM MOXKJIMBA.

PekomenpoBana siteparypa : [4, c. 494-509, 552-564], [5, c. 385-398],
[12, c. 286-309], [13} c. 410-426], [17, c. 285-289).

IIutanag Ta BupaBu go nmaparpada 1.
1.1. JlaiiTe o3HaYEeHHsI CKIHUEHHOI'O aBTOMATA.
1.2. 4xi Tunm aBTOMAaTIB BaM Bimomi?

1.3. B dgomy mossirae pisHuisg Mmizk aBromaroM Mypa Ta aBTOMATOM
Mimi?

1.4. ki cmocobu 3a1aHHs aBTOMATIB BU 3HaeTe?

1.5. Ko Mu KaxKeMo, 1110 CTaH ¢ CKiHYeHHOro aBroMara A € mocs-
JKHUM 13 cTany p?

1.6. Tlobymnysaru rpad ckingennoro apromara A = (Q, X, Y, 0, f, qo),

e Q@ =1{qo0,q1,92}, X ={0,1,2}, Y = {a,b, ¢}, a byskIil nepexosis o
i BuxoiB f 3ajaHi TaOJIUIISIMHU:

STO0[1]2 FIOT1]2
q | q1 | q1 | q Q@ |a|b]|a
a1l Q1| G2 | 9o qu|b|c|b
Q| q|q | ¢ @ |clalb
Busnaure, B sIKe CJI0BO IIepPeTBOPIOE aBTOMAT A KOXKHE 3 HACTYIITHUX

BX1JTHUX CJIIB:
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a) 012; B) 100000;
6) 001022; r) 000111222.

1.7. Tlobymysaru rpad ckimuennoro apromara A = (Q, X, Y, 6, f, qo),
e Q - {q07 Q1}7 X = {007 01,10, 11}7 Y = {07 1}7 a beHKHH epexoJiiB
0 i BuxomdiB f 3ajaHi TaOIUIISIMMU:

O 100]01]10|11 f100]01|10]11
go | 9 | 9 | 9 | ©1 | 0[1]1]0
g1 1 9 | 91 | 91 | 91 qu| 1 ]01]0]1

B gomy moJsisirae poboTa JIaHOro aBTOMaTa?!

1.8. B uomy mnossirae pobora asromara A = (Q,X,Y,0, f,q0), 1e

Q = {q,qn}, X ={0,1,x}, Y = {0,1,+, —}, a dysknil nepexoiiB
0 i BuxomiB f 3ajaHi TaOIUIISIMMU:

O 10 ] 1] = f10]1] x
9 | 9 | ¢1| 9o Qo |01 |+]|7
91| ¢q1 |9 | 9 a1 |0|1]~—

1.9. Ckingennwnii aBromar A 3amannii rpadom:

(@) )
%
_> a/b| |b/a
R
(@) Yo

Bagaru ioro sik mictky A = (Q, X, Y, 4, f,qo) 1 3’acyBaru y oMy mo-
JIAira€ poboTa aBTOMATA.

1.10. Hexait X = {a,b,c}, Y = {*,+,¢}. [lobyaysaru gerepminoBa-
HUII CKIHUYEHHMII aBTOMAT, KU peaJiizye aJropuTM mudpyBaHHA BXi-
JTHOT'O CJIOBa MHU@POM IIPOCTOI 3aMiHM, MiHAI0OYN OYKBY a Ha *, b Ha +
1 ¢ Ha ©.
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1.11. Hexait X =Y ={a,b,c,d}. llobynyBaru cKiHUYeHHNUI aBTOMAT,
KU mudpye OyKBHU BXiTHOIO CJIOBA, SKi 3HAXOMSTHCS Ha MAPHUX I10-
3UIisAX, MuPOM 3CyBy Ha JBI OYKBU IIpPaBoOpyd, a Ha HEMapHUX — Ha
Tpu OyKBU JIIBOPY.

1.12. Hexait X =Y = {0,1,2}. IlobynyBaru CKiHUYeHHUII aBTOMAT,
KU mudpye BXigHE CJIOBO, 3aMiHIOIOYN NPy & Ha mo3uilil 3n + k >
1, ien >0, k€ {0,1,2}, ocragero Bix ginenns r + k na 3.

1.13. IlobynyBaru ,,gemmdpyiodi aBToMaT’ JJisI aBTOMATIB 3 JIBOX
1olepeHIX IIPUKJIa/IiB.

1.14. IloOymayBaTu CKiHYEHHUII aBTOMAT 3 BUXOJIOM, Y SIKOI'O BXITHUI
andasit X = {0,1,a} i Buxigauit Y = {0, 1, p, n}. Buxigaa nocigos-
HicTh 3 0 Ta 1 30iraerbcst 3 BXIAHOMIO, a Ha KOXKHUII CUMBOJI 3aIUTYy @
JIPYKYETbCA P, AKIIO KLIBKICTB () BiI TOYaTKy poOOTH HapHa, i n — AKIIO
HellapHa.

1.15. Hexait X =Y = {a,b}. IlobyayBaTu ckindenuuii aBromar,
SIKU JlTa€ Ha BUXO/I CJIOBO, IO CKJIAQJAE€ThCA TIIbKH 3 OYKB @, TOJI i
JIIIIe TOJi, KOJIM BXiJIHE CJIOBO MICTUTH IIpedikc ab.

1.16. Hexait X = Y = {a,b}. [lobyaysaru cKiHYeHHHUII aBTOMAT,
SIKI JTa€ Ha BHUXO/ CJIOBO, IO 3aKIHYYETHCsSI OYKBOIO b, TOMI i Jiuiie
TOJIi, KOJIM BXi/THE CJI0OBO HE MIiCTUTH cydikca bbb.

§ 2. /lerepMmiHOBaHI CKIHUYEeHHI aBTOMaTu 6e3
BUXO1Y

B npomy naparpadi Mu Ha nIpHuKJIaJax PO3TJISTHEMO METOIN 100y 10-
BU JleTepMiHOBaHUX cKindeHHUX aBromarie (JICA) 6e3 Buxoy. 30Kpe-
Ma IIOKaXKeMo, IO KJiac POopMaJIbHUX MOB, SIKi PO3MI3HAIOTHCS JeTep-
MIiHOBAHMMM CKIHYEHHUMH aBTOMAaTaMU, € 3aMKHEHUM BiJITHOCHO 00’€-
HaHHsI, IIEpETUHY, JIOIOBHEHHS, PI3HUII Ta CUMETPUYHOI PI3HUII].

2.1. TIPUKJIAL. 3Haiitu dopMaibHy MOBY, 10 posmizHaeTbes ICA
A= (Q,X,0,q0, F), akuit 3aganuii momiveHnM rpadgom:
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Haramaemo, o cioBo w € L(A) Toxi i TiIbKK TOJ, KOJU aBTOMAT
A 3ynnHsie aHAJI3 W B OJHOMY 3 KIHIIEBUX cTaHiB MHOKuHE F'. Ko
P aHaJIi31l CJI0Ba w aBTOMAT MePeXOoUTh B CTaH (g, TO JaHe CJIOBO He
posmizHaeThbesa A, 1 HaBIaKM, IepeiInoBIIN B KiHIIEBUIl CTaH 3 aBTOMAT
posmizHae ca0Bo w. OT:Ke, HAM MOTPIOHO IIPoOaHAJ3yBaTH, SIK 31 CTaHY
¢o MOXKHA, IIepeiiTi B cTaH ¢3. Bcboro € Tpu Tunm muisgxisB 3 gg B q3:

(90, q1,92,---,42,93); (Q0,91,¢5,---,G5,93); (90,Q4,G5,---,q5,q3)-

Bonu BiamoBigaoTh cjoBaM, NpediKCH SKUX HaJIeKaTh PEryJIgapHUM
moBaMm 011*0, 000*1 i 100*1 Bimmosimao. TakumMm UmHOM,

L(A) = (011*0 + 000*1 + 100*1)(0 + 1)*.

2.2. ITPukAfd. Ilobymysatu rpad JICA A = (Q, X, d, qo, F) i 3HaiiTu
MOBY, siKa posmizHaeTbess A, skimo Q@ = {qo,q1,q2,q3}, X = {0,1},
F ={q, ¢}, a dyukiisg nepexois 0 3ajaHa TabIUIeo:

o101
qo | 41 | g3
q1 | 92 | 43
q2 | 92 | g2
q3 | 43 | 43

[Tomivennii rpad aBromara A Mae BUIJISII;
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0
®) @),
——(qo |——((q] )——
1 1

Buaitemo MoBy L(A), sika posmni3HaeThcst aBroMaToMm A.

3 rpada JACA BumHO: IepeioBIIn B CTaH §3, aBTOMAT 3aJIAIIAE-
ThCS B HBOMY J10 KiHIst pobotu i w ¢ L(A). 3 irmoro 60Ky, mepenrnos-
I B KIHIEBUIl CTaH (2, aBTOMAT HIKOJU HE IOKWHE IAHOIO CTaHy, i
Taki cjaoBa posmizHaoThess JJCA. 3 BuimeckazaHOTo BUILIABAE, IO MO-
Ba L(A) micturh coBo 0 (aHasi3 SKOrO 3yHMMHSIETHCS B CTaHi q1) 1 BC
cyioBa, ki MatoTh npedike 00. Takum yurom, L(A) 3amucyernbest pery-
nasspauM Bupazom 0 4 00(0 4 1)*.

2.3. [Tpukyiamg. ITooymysaru JACA, sikuit po3ii3Hae BCi cjioBa B OiHap-
Homy asidasiti X = {0, 1}, axi mators npedike 01.

Jlerko GaduTu, 1Mo peryasipHuil BUpa3 MrykaHol (popMaIbHOI MOBH
mae Buriisi 01(0 4+ 1)*. TToOyayemo rpad 1poro perysisipHoro BUpasy:

—(w)—* —(@Dw

Hannit rpad e € rpadom ACA, ockinbku B rpadi JJCA 3 KoxxHOT
BEPIINHU ¢ Ma€ BUXOJINTH €IMHA CTPiJIKa 3 IO3HAYKOIO a I KOXKHOI
napu (q,a) € @ x X. [1lo6 BUKOHATH IIF0 YMOBY, TOOY/LyEMO JTOTATKOBY
TYIUKOBY BEPIIUHY @3 1 CTPLIKU qg — q3 1 q1 — @3 3 no3Hadkamu 11 0
Bianosigao. lykanuit rpad JTCA mae Burssi:

—(w () ——@)~

0

O

2.4. ITpuknan. Ilooymysaru JCA, axuit po3miznae Bci caoBa B biHap-
Homy ajihasiti X = {0, 1}, axi mictsars migcmoso 00.

Crepriry 3ayBazkumo, 1110 3 perysspuaoro supazy (0+ 1)*00(0 + 1)*
He MOXKHA, BU3HAUMTU mepiie BxojzkeHHs napu 00 y BXigHomy CJIOBi.
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3 npyroro 6oky, mykauuii JICA mae Bugsistu 00 Bxke Ipu IepIiomy
ftoro BxozkeHHi. [IpoanasizyemMo many mpobjeMy jaeTaJibHille.
[TpumycTrMo, MO Ha CTPIYI 3alUcaHe CJIOBO W = X1X2...Tn, J€
xr; € {0,1}. Mu MaeMo mepeBipsiTh KOXKHE MiJICTIOBO T1X2,T2X3,. - -,
Tpn_1Tn, 1 IK TLIBKHA BUSIBATBCH, IO Jiesika mmapa piHa 00, podbutu Bu-
CHOBOK, II10 ¢J10BO w posmizHaerhest JICA. 3Biacu BUILINBAE HACTYITHUIM
aJIropuTM nody1oBM rpada aBTOMaTa:
Kpoxk 1. Byayemo rpad

—(@)— (@D

3 KIHIIEBOIO BEPIINHOIO @2, 3 JOIOMOI'OIO IKOI PO3II3HAIOTHC CJIOBA, 110

MicTaTb 00. 3okpema, sikimo xixe = 00, TO CJI0BO w PO3II3HAETHCSI.
Kpok 2. dkmo r1 = 1, To 3aaumaemMo miacJa0BO T1T2 1 IEePEXoIuMO
JIO TIEPEBIPKH Tox3. TakKuM YMHOM, aBTOMATYy IIOTPiOHO mepeiiTu B cTaH

qo, T00TO 0(q0, 1) = qO-

1
—{a) — (@)

Kpok 3. dkmo r1 = 01 2o = 1, TO HI HmJICIOBO T1T2, Hi ToT3 HE
nopisaioe 00. OTxke, Kepyrounii npuctpiit JICA mae nepeiitu B cTaf ¢
JUTsT aHAJII3Y MmijacaoBa r3xy. TakuMm amaOM, moktagemo 6(qr, 1) = qo.
['pad mykanoro JICA mae Burisi:

1
1

- T
—(®) (@)

0

2.5. ITpukiamg. ITooymysaru JCA, sikuit po3ii3Hae BCi cjioBa B OiHap-
Homy ajihasiti X = {0, 1}, axi mictars migcmoso 00101,
AHaJjoriuHO, SIK 1 B HOIEpeIHbOMY IPUKJIa/ll, KPOK 3a KPOKOM Oy-

nyemo rpad dCA:

—( 0 |——{ 1 |—— DO,l
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—EEEE @
\/

—>( Qo )——( q1 |—— DO,l
<
1
1 0

1

—>—>
v

2.6. ITpukamg. Ilooymysaru JJCA, axuit po3mizHae Bci caoBa B OiHap-
Homy asidasiti X = {0, 1}, gxi mators cydike 01.
Cuepiry mobyayeMo HacTyIHIA rpad:

(@——()——@
—

Cranu gg Ta 1 BKa3yloTh, 1110 ,He 3HaiigeHo npedikca ciaosa 017 Ta
BHaigennit npedike 0 ciopa 01”7 BigmoBizHO. AHAJIONIYHO, 9K 1 B IIO-
epeIHLOMY MPUKJIa, MoKIaaeMo (g, 1) = qo 1 0(q1,0) = ¢1. Ao
IEPENTIIOBIINA B CTaH ¢2 aBTOMAT He 3aKIHYMB aHaJIl3 BXIJIHOTO CJIOBA,
To HeoOximHo mokjaactu d(qe,0) = q1 1 §(qe, 1) = qo. Takum gwmrOM,
mykanuit rpad 1CA mae Burism:

1
1
Sy
~B e
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2.7. ITPukaAa. Ilooynysaru JICA, sikuii posmizHae BCi ABIMKOBI HATY-
paJibHI YHC/Ia, 1Kl KOHIPYEHTHI HYJII0 38 MOJYJIEM J.

Ines nmobymosu manoro JICA momibna 1o imel moOyaoBu aBTOMATIB
3 IONEPEJIHIX JBOX HpuKJ/amaiB. [lodymyemo 1m’saTh cTaHiB qo,q1, ..., q4
1 BBa)Ka€eMo, IO KOXKEH CTaH ¢; Ma€ 3HadYeHHd ,lpediKc « BXIJIHOIO
cioBa Mae BiacTubictb a = i(mod 5)”. Tobro moTpibHO BU3HAYUTH
d(qo, x122 ... TE) = @i, AKIIO T1T2 . .. T, = i(mod b).

Ak ke OOy IyBaTU CTPIJIKU MiXK CTaHAMU aBTOMaTa, BUKOPUCTOBY-
foun 110 imeio? Haramaemo, 1mo ajist pyHKI 1epexo/1iB 0 BUKOHYETHC
HACTYITHA PIBHICTD:

6(6(qo,w),a) = d(qo, wa)

1JIsi OyIb-IKOro HiHapHOTO cjioBa w 1 goBuibHOrO @ € {0,1}. IIpumy-
crumo, mo 0(qo,w) = ¢; i 6(go,wa) = ¢;. Toxni Ma0Th BUKOHYBaTHCS
KOHTpyeHIIT: w = i(mod 5) i wa = j(mod 5). Takum aumom,

Jj =wa(mod 5) = 2w+ a(mod 5) =2 -i+ a(mod 5).

Orxe, nokmagemo 6(¢;,a) = ¢;, g9xmo j = 2 -4+ a(mod 5). Ha-
mpukaa, §(qe,0) = q4 1 6(q2,1) = qo. Kpim Toro, cran qy € exuHuMm
KIHIIEBIM CTAHOM, OCKLIBKE §(qp,w) = qo O3HadUaE, mo w = 0(mod 5).

Hacamkinens 3ayBaxkKuMo, 1110 JBIAKOBUI 3alll1C HATYPAJILHOIO Y-
cJ1a 3aBXKU MoYnHaeThesd 3 1. Takum dymHOM, OTPIOHO A0 IaTh HOBUIA
IIOYATKOBHI CTaH S 1 TYIUKOBUII CTaH P 9K ITOKa3aHO Ha rpadi:

2.8. ITpukiag. Ilooymysaru JICA, axuit po3mniszHae Bci caoBa B OiHap-
HoMmy asidasiti X = {0, 1}, aki mictars migcaoBo 00 abo 3aKiHIYIOTHCS
Ha 01.

[ITykana mMoBa € 00’€THAHHSM JIBOX MOB, 3allUCAHUX PEryJITPHUMUI
supazamu (0+1)*00(04+1)* i (041)*01. B mpuknamax 2.4 ta 2.6/ Mu mo-
oynysanu JICA, siki posiizHaioTh 11l aBi MoBH. /L1 mepeBipKu TOrO, Un
BXiJ/IHE CJIOBO W HaJEXKUTh 00’€IHAHHIO IIUX MOB, MOXKHA aHAJI3yBaTH
CJIOBO w JTIBOMa aBToOMaTaMmu apaJjenbio. Hanpukiama, aexait w = 0101.
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Ha nepmomy /ICA obunctoBaJIbHIN MIISIX JJIsI CJIOBA W MA€E BUIJISIIT
(90,91, 90,1, q0), & Ha xpyromy — (qo, q1, G2, q1,q2). OcKimbKE anamis w
Ha apyromy JICA 3akiHuyeThCsT B KIHIIEBOMY CTaHi, TO CJIOBO HAJIEIKUTH
00’€IHAHHIO MOB.

Inesa modymnosu JACA mjst 06’eiHaHHST XX MOB IIOJISITA€ B PO3TJISII
Tak 3BaHOrO J00yTKy aBromaris. Hexait A} = (Q1, X, 01, qo, F1) 1 Ay =
(Q2, X, 62, qo, F») — nBa aBroMaTu (3ayBaxkmmo, mo 1 i Qo MOXKYTb
MaTH CTaHU 3 OJHAKOBHMHU Ha3BaMM, SIKi BUKOHYIOTH Pi3HI (DYHKIII B
nBox JICA). Busnaunmo dooymox A = Ay x Ay asmomamis Ay i As
HacTynHuM anaoMm. Hexait A = (Q, X, 6, qo, F'). [okmamemo

Q=01 xQ2={(q,9) | € Q1,q € Q2},

0((gi,qj), a) = (01(qi,a),d2(gj,a)) i g0 = (qo,qo)-
Hanpuknas, obuucaoBaabauit nsx ciaoBa w = 0101 B m100yTKy
apromarie A mae suraan: (qo,qo); (91,q1); (qosq2); (q1,91); (o, g2)-
Axmo ¢; € Fy abo g; € Fy, 1o nokmnanaemo (g;,q;) € F, Tobro F =
(F1 X Q2)U(Q1 x Fy). OueBujHo, 1m0 Januii aBromar A posmniznae 06’e1-
HaHHSI MOB, sIKi pO3Ii3HaThCst aproMaramu A1 ta As. I'pad mykanoro
JICA mae Burjsn:

(42, q0)
(L

1

(90, q2)

3BepHEMO yBary Ha JiBa BaxKJuBi (haKTH, MOB'sd3aHI 3 aBTOMaTOM
A. Tlo-nieprre, ockinbku crauu (qo, q1), (q1,90) Ta (g1, g2) € HETOCSKHU-
MU 3 TIOYATKOBOTO cTany (qo, (o), TO Mu ix omyckaemo. [lo-gapyre, cra-
" (q2,q1), (g2, 90) Ta (g2, q2) MOXKYTH OyTH 00’€THAHI B €MHUI CTaH,
OCKLJIBKHM BCl BOHU € KIHIIEBUMM 1 HEMOXKJIUBO 1X IMOKUHYTHU, SKIIO aB-
TOMAT IEePeiIoB xo4a 6 B OJIUH 13 HUX.

2.9. ITpukag. Iooymnysaru JICA, axuit po3mniszHae Bci caoBa B OiHap-
Homy asicdbasiti X = {0, 1}, axi micrars migcaoBo 00 i 3aKiHIYIOTHCs
Ha 0O1.
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JlaHa MOBa € IIePEeTUHOM JIBOX MOB, 3aIIUCAHUX PETyJIsiPHUMH BUPa-
zamu (04-1)*00(041)* i (041)*01. B mpuxsrai 2.8 mobymoBano 100y TOK
aBTOMATIB, IKHIl po3mizHae 00’ € THAHHS 3aJaHuX MOB. 1yT MH PO3IJIs-
HeMmo Toit camuii o0yTok JICA, B ssKOMYy JIHIle TOMIHSIEMO MHOXKUHY
KIHIIEBUX CcTaHiB, mokjaBmu F' = F; x Fy. I'pad mrykanoro aBToma-
Ta TaKWil ke, gK 1 aBTOMaTa 3 NPUKJIaLYy 2.8, 3 Ti€0 PI3HUIEIO, IO
MHOXKHUHA F' KiHIIEBUX CTaHIB MICTUTH TLIBKU cTaH (g2, q2).

2.10. ITpukA . Ilooynysaru JCA, saxuit po3mizHae BCi cioBa B OiHap-
HoMy asidasiti X = {0, 1}, axi micrsars migcmoso 00 i He 3aKIHIYIOTHCS
Ha 01.

Jlana MOBa € PI3HUIEIO MOB, 3alIUCAHUX PETYJISPHUMU BUPA3aMU
(0+ 1)*00(0 + 1)* i (0 + 1)*01. Tomy Mu MOXKEMO BUKOPUCTATH TOMN
caMuii JIOOyTOK aBTOMAaTiB, IO 1 B mpukiagax 2.8 Ta 2.9, BKIIOYUB-
MM B MHOXKWHY KIHIIEBUX CTaHIB Tl MapH, Iepiia KOMIIOHEHTa SIKUX €
KinresuM ctanowm repinoro JICA, a apyra KOMIIOHEHTa He € KiHIeBUM
CTAHOM JIpYTOro aBromara, TooTo mokjasmm F' = F; X (Q2\ F»). 'pad
IMTYKAHOTO aBTOMAaTa TaKUil ke, K 1 aBToOMaTa 3 IpUKIaLy 2.8, 3 Tieo
pi3HUIEIO, MO MHOXKWHA F' KiHIEeBUX craHiB MicTuTb cranu (¢o,qo) 1

(g2, q1)-

JaCTKOBHM BHIIAJKOM pi3HUI (hOPMAIHHIX MOB € JOIIOBHEHHS L =
X*\ L. B npomy BHUIaJKy BUKOPUCTOBYEMO HACTYIHY KOHCTPYKIIO.
Baysaxkumo, 1o st apromara A = (Q, X, 0, qo, F') BXijmHe CJI0OBO W €
L(A) Toxi i tinbku Tomi, Kom 6(qo,w) € F. Anmajnoriuno w ¢ L(A)
Tofi i Jmmre Togi, Kosm O(qo,w) ¢ F. 3Bigcm Bummsae, mo JICA
(Q, X, 9,q0,Q \ F) pozuizuae monosuenns mosu L(A).

TakuM 9MHOM, MU JOBEJIM HACTYIIHY TE€OPEMY:

2.11. TEOPEMA. Kaac gopmarorur mos, Akt po3nidHaomses demep-
MIHOBAHUMU CKIHYEHHUMU ABTMOMAMAMU, € 3AMKHEHUM 8LOHOCHO CKIH-
YeHHUL 00 €dHaAHb, nepemunie, JONOBHEHHA, PIBHUYL A CUMEMPUILHOT
DIBHUUL.

PekomenpoBana siteparypa : [16), c. 33—45], [17, c. 289-294], [23] c. 23—
38].

IImTanasa Ta BpaBm g0 nmaparpada 2.

2.1. 4k oyayerbest 100yToK A = A1 X Ao aBroMaTtiB Ay 1 Ag?
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2.2. CdopmymaoiiTe TeopeMy PO 3aMKHEHICTH KJiacy (popMaJIbHUX
MOB, {K1 PO3II3HAIOTHCS JeTEePMIHOBAHUMHI CKIHYEHHIMH aBTOMAaTaMMU.

2.3. BusnaunTtu, sikuii 3 6iTOBUX DsIJIKIB

a) 1110 B) 110001010010
6) 101010 r) 000000000111

POBIIBHAETHCS AeTEPMIHOBAHNM CKIHUYEHHIM aBTOMATOM 0e3 BUXomy A,
0 3a/IaHu TpadoM:

1 1 I
0 0
0 1 0
<~
1

2.4. Cepes ciiB peryisipaol MmoBu (10)* BU3HAYUTH Ti, SIKi HaJI€KATDH
MoBi L(A) aBromara A 3 MOmepeIHBOIO TPUKIATY.

2.5. Posrusnemo JICA 6e3 Buxony A, 4 = (@, X, 0,90, F), ne m,d €

N7 Q - {QO>Q1a---7Qm—1}7 X = {0717"°7d_ 1}7 F = {Q1} 1 6(QZ7k) -
q(di+k)mod m- 1100ynyBaru rpad asromara A7 o 1 BU3HAYUTH, AKUI 3
O6iToBuX paAAKiB posmizHaerbea JCA:

a) 0101 B) 1101101010
6) 11010 r) 11110000.

2.6. 3mnaiiTu MoBy, mo poamizHaerbea JJCA 6e3 Buxory:

a)
OG-8
1 0 1 0,1

/—$
—_— %
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B)

1
— (0= (o)
@@
1 0 0,1

0

OROR0

)
0,1

0 0,1

2.7. Ilooymysaru JICA 6e3 Buxoy, sKi po3mi3HaioTh (hopMaJibHiI MO-
BU:

a) {0,1}; B) {0" | n=2,3,...}
6) {10,101}; r) {0717 | n,m € N}.

2.8. Ilooymysaru ICA, gxkuit po3mizHae BCi cjioBa B OIHAPHOMY aJi-
dasiti X = {0, 1}, mo micrsts migcemoso 100101.

2.9. Ilooymysaru ACA, gxuii po3mizHae BCi cjioBa B OIHAPHOMY aJi-
dasiti X = {0, 1}, mo mators npedike 010.

2.10. Ilooynysaru HACA, gxuit po3misHae BCi cioBa B OiHApHOMY aJi-
dasiti X = {0, 1}, mo 3akinayorbes Ha 101.

2.11. Ilooynyesaru HCA, gxuit po3mizHae BCi cJioBa B OiHApHOMY aJi-
dbasiti X = {0, 1}, mo mounnatorsest Ha 010 abo 3akinayorbes Ha 101,

2.12. Ilooynysaru JACA, gaxuit po3mizHae BCi cioBa B OiHApHOMY aJi-
dasiti X = {0, 1}, mo micrsars migcmoso 11 i He 3akinaytorbes wa 101,

2.13. Ilooynysaru HCA, gxuit po3mizHae BCi cJIoBa B OiHApHOMY aJi-
dasiti X = {0, 1}, mo mators npedike 010, cydike 101 i micTars mij-
csioo 0000.
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§ 3. HemerepminoBaHi CKiHYeHHI aBTOMATU
0e3 BUXOay

HenerepminoBanmit  ckindennuit aBromar (HCA) 6e3 Buxomy
A= (Q,X,6,q, F') BusnagaeTbest Tak camo, gk 1 JICA, 3a BunsTKOM
TOro, mo ¢ He 0OOB’SI3KOBO € BCIOAM BU3HAYEHOI (DYHKIIEID, a MOXKe
oytu i1 BimHomenHsM. Lle o3Hadae, MO AJ1d KOXKHOT'O CTaHy ¢ 1 BXi-
nHOl OyKBU @ 3HadYeHHs (¢, a) € MiIMHOXKUHOI MHOXKWHU CTaHIB (),
d(q,a) = {p1,p2,...,Pk}, TOOTO MpoaHaizyBaBiu OYKBY @ B CTaHi ¢
aBTOMAT MOKe IIepelTH B JOBIJIBHUI 31 CTaHIB Pi, pP2,..., Pi. KIIO
d(q,a) = 0, To aBTOMAT HE TEPEXOJAUTH B KOJEH CTaH, 1 BBAYKAETHCS,
110 BXiJHE ¢jIoBO He posmizHaeThbca HCA, He3Barkaioum Ha Te IO Jie-
sKi OYKBHU CJIOBa IIle HE IPOaHaJI30BaHi aBTOMAaTOM. B IboMy BUTIA]I-
Ky KaxkyTh, mo HCA mepeiimoB B TynukoBuii cran. KpiMm mepexomis B
nekinbka craniB, B HCA 103BOJISIIOTBCST TAKOXK e-1tepexon (e-TakTi).
[Ipu e-mepexosi roJl0BKa aBTOMaTa HIiYOr0 He BUKOHYE (HE YuTaEe i He
PYXAEThCsI ), ajie CTaH MPU IMHOMY MOXKe 3MIHUTHUCS Ha JIOBLIbHUN 13 3a-
JIAHUX IIIM IIePeX00M CTaHIB.

3 CKa3aHOI'0 BUINE BUILJINBAE, 10 0 MOXKHA BUSHAUUTH SIK (DYHKIIIO,
3HAYEHHsI sIKOI € IIMHOXKIHAMKM MHOXKHHK CTaHIB (), TOOTO

§:Q x (X U{e}) — 29,

ne uepe3 2% nosHAUAETHCS CIM’st BCIX TILIMHOKIH MHOKUHE ().

DyHKINIO 0 3PYyIHO 3a/aBaTU 33 JOIIOMOI'OI0 TaOJINIll, CTOBIYNKU
sKOI BijiMideH] pi3HUMEI OYKBaMU BXiJHOTO ajihaBiTy, a psiIKH — CTaHa-
Mu aBTomarta. st hyHKIIT mepexo/iiB Ha IepeTuHi -I0 PsijiKa, BiamMide-
HOT'O CTAHOM ¢ € (), i j-ro cToBIYMKa, Biamidenoro 6yksow a € X U{e},
3HAXOUThCs 3HadeHHs 0(q, a) = {p1,p2,..., Pk}

3.1. ITPukIAg. PyHKIlsS § aBTOMATA

A= ({q0,01,9},{0,1},0,90,{g2})

3a/1a€ThCSI TaOJINIIEIO:

0 0 1

o| O |{e,a}|{a}
1 | {@} [ {a, )| 0
Q@ | {q2} 0 {a1}
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HCA, tak gk i JICA, 3amatorbcs rpadamu, BEpPIIMHAMU SIKHX €
CTaHW aBTOMAaTa, a 3a JIOIOMOI'OI0 CTPLIOK 300ParKyIThCs HEPEXOJIN.
Aximo §(q,a) = {p1,p2,-- -, Pk}, TO TPOBOIUTHCST k CTPLIOK 3 BEPITNHU
¢ J1O KO>KHOI 3 BEPIIUH P, P2, - - - , Pk, 1 BCl CTPLIKH MOMIYaOTHCsA OYKBOIO
a. Hanpukiaz, rpad aBromara A 3 npukaamy 3.1 mae Bursi:

1 1 0
e 1
/\ /\
1 \-\0/
e

BxinHe cJioBO w MO2Ke MaTh OLTBITIE OTHOTO OOYNCTIOBAILHOTO TS~
xy. Hampuknian, cioBo w = 01 mae Tpu o0UYMC/IIOBAJIbHI MIISIXH:

q0 c q1 0 q2 < q1 ! q1,
G —>q —2sqo—oq —1s o,
Go—>q oo q.

O6uucioBa/bHl IMIJISXU BXIiJIHOIO CJIOBA W YTBOPIOIOTH KOpPEHEBE
JIeEpEeBO BUBEIEHHSI, 00 BCl BOHM BUXOIATH 3 OJHIEI 1 Ti€l >K BEPIIUHU
go Ta IX TIJIKK HEe yTBOPIOIOTH IHUKJIB. 300pa3suMO JIePEBO BHUBEICHHS
cioBa w = 01 (MU 10/1a€MO CTPILIKY g2 —S > qo , 0D HArOJIOCUTH, 11O

JPYTHIL TISTX 3aKIHIYEThCSA B BEPIIHHI ¢2):

q0 q1 q2 q1 q2 q2

esKi 3 MX OOYMC/TIOBAIBHUX MIJIAXIB 3aKIHIYIOTHCA B KiHIIEBOMY
cTaHi, a iHmI — Hi. 4K »Ke B IIbOMY BUIAJIKY BU3HAYUTH, YU PO3ITi3HA-
eTbest Bximae ciopo HCA? BpaxkaioThb, 110 aBTOMAT PO3II3HAE CJIOBO
W, AKIIO IPUHANMHI OJIMH 3 O0OYUC/IIOBAJILHUX IIJISIXIB 3aKIHUYETHCS B
KiHieBoMmy ctaHi. Hampukian, apyruii 00UMC/IIOBAJIBHUNA MIJIAX CJIOBA
w = 01 3akiHIyeTbCSI B @2, 1 ToMy BoHO poaiizHaeTbess HCA A 3 npu-
KLy 3.1l
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[I06 BusHauuTn crporo, kou HCA posnisHae BXijaHe CJI0BO w, II0-
TPIOHO BBECTU TOHATTS e-3aMUKaHHSA MHOXKHHH. HazBemo e-zamurar-
HAM MAMHOXKIHA P C () MHOXXWUHY CTaHIB, sIKl JIOCSTalOThCsI 3 CTaHIB
q € P e-nepexomamu (BKIIOUAIOYHN MT€peXon 3 ¢ B q). TobTo

Cle<P) — {p S Ql(p € P)\/(ElqO, <. an)[QO S P7 dm — P, qi+1 S 6(QZ7€)]}

Hampuknan, cl.({q0}) = {90,901}, a cle({q2}) = {q1, ¢2} mist aBromara
3 ONPUKJIAILY 3. 1.

I[Iponoszxumo dyHKIO nepexois § Ha muoxuuy 29 x (X U {e}),

5(Pa)=cl( | d(g.a)).

a J1aJi IIPpOJOBXKUMO 11 Ha 20« X* HACTYIITHUM YUHOM:
d(P,e) = cle(P),
)(P,wa) =6(0(P,w),a), skmo w € X ia€ X.

Tak, y npuxsrami 3.1 maemo, mo 6({qo},0) = {q1, 92}, a 6({q1, 2}, 1)

={q1, a2}, Tomy 6({qo},01) = {q1, q2}-
BayBaxkumo, mo J({qo},w) € MHOKMHOIO BCiX OCTAHHIX CTaHIB (HEe

060B’sI3KOBO KiHIEBUX!) 00UNCITIOBAIBHIX MIJIAXIB CJIOBA W.

Tenep moxkua crporo Busnaunth, mo HCA (Q, X, 6, qo, F') posni-
anae 060 w, ko 6({qo},w)NF # (). Yepes L(A) nosnauaemo MOBY,
sika posmizHaeTbess HCA A, TobTo

L(A) ={we X" [ 6({qo},w) N F # 0},

3.2. ITpukiam. Ilooymysaru HCA, axuit po3mnisznae Bci caoBa B OiHap-
Homy asidasiti X = {0, 1}, mo mictars migcaoso 010.

Bynyemo nannit aBromar tak camo, sik mu oymayBasu JICA, Tiabku
B IIOYATKOBOMY CTaHi JgogaeMo ABi merii 3 mosHaukamu 01 1. 3 ix go-
IIOMOT'0OI0 aBTOMAT YeKa€ JIOTHU, JOKK He 3Haiije mijacioso 010. Maroun
i 7Bl e, He moTpibHo moktagaTu 6(q1,0) = q1 1 d(g2, 1) = qo, 9K 11€
pobusiocst st JICA. Crpaggi, 1octaTabo mpocto mokiaact 6(qp,0) =
d(q2,1) = 0. 'padp HCA mae Burs:

1

1
—
)
0

0
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3.3. ITrpukaa. Ilobynyemo HCA, sikuit posirizHae Bci cjioBa B OiHap-
Homy asdasiti X = {0, 1}, mo nounnaorbes 3 010 abo 3akiHIyIOTHCS

Ha 110.
MnuoxknHa Bcix OiHApHUX CJiB, gki mouymHatoTbed 3 010, posmis-
naerbca HCA, zamanum rpadom:

0,1

e

MHuoxkuHa BCix OIHaApHUX CJIB, dKi 3aKiHYyIOTbcad Ha 110, po3miz-

Ha€TbCAd aBTOMaTOM:

@

0,1

3ayBaKuMo, III0 B IIbOMY aBTOMAaTi KiHIIEBUII CTaH HE MA€ BUXIIHUX
cTpiIoK, T06TO (83,0) = d(s3,1) = (). Takum YUHOM, FKITO AHATIZYIO-
YW BXiJHE CJIOBO W, aBTOMAT MEPEXOJUTh B TYNHKOBUN KIHIIEBUII CTaH
S3 paHilre, Hi2K CJI0OBO w IOBHIicTIO mpoaHasizyerbca HCA, To 3 momo-
MOTOI0 T[HOTO TILISAXY W HE PO3IMI3HAETHC (aJie 1e He 03HAYAE, 110 W He
posmiznaetrbess HCA),

Hacamkinenb ob’enHaemo 1i aBa rpadu B OJWH, JOJAABIIN HOBUIA
IIOYATKOBUM CTaH 1 JIBl e-CTPLJIKU, K1 BUXOJATH 3 HHOI'O B cTapi IIO-
JaTKOBI cTtanu. B pesysbrari ogep:KMMO HACTYIHHUN rpad IIyKaHOI'O

HCA:

@——(——@

0
e
1@1@0

0,1
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3.4. ITepukaaa. Ilobynyemo HCA, sikuit posirizHae Bci cjioBa B OiHap-
Homy asidasiti X = {0,1}, mo micTaTh npuHaiMHI J1Ba BXOJZKEHHS
nicaoBa 01 1 3akinuyroTbesa Ha 11.

Buxkopucraemo e-nepexomu, mob o6’eanaru Tpu npocrimunx HCA B
oauH. B pe3yabTari oTpuMaemMo:

0,1
() @——@
—_—

SayBakumo, 110 OykBa 1 Apyroro BxojkeHHs IijicjoBa 01 moxke
CIIIBIIACTU 3 TepIoi OyKBoio cydikca 11, aje 1e He € mpobaeMoIo Y
Buta Ky HCA: ciig npocTo mogaru Ime OJHy e-CTPLIKY 3 CTaHy (5 B
CTaH Q7.

3.5. ITpukAa. Hexait A1 i Ay — gBa HCA. Tlooynyemo HCA A, mis
stkoro L(A) = L(Aj1) o L(As).

Hexait A1 = (Ql,X, 51,(]6,F1) 1 A2 = (QQ,X, 52,(]8,F2), Je Ql N
Q2 = (. Tlobyayemo asromar A = (Q, X, d, qo, F') HACTYIIHUM YHHOM.
[Toknagemo () = Q1 U Q2. IloyaTkoBuii cran q(l) aBroMaTra Aq € moua-
TKOBUM CTaHOM aBToMaTa A, a MHOXKuHA F' KiHIEeBUX cTaHiB A HOpiB-
nioe Fy. Taxox jyis kKoxuoro g € Fy posusnaunmo 6(q, e) = g3, T06TO
IIPOBEJIEMO e-CTPIJIKI 3 KOXKHOTO cTany ¢ € I} B mouaTkosuit cran ¢j
apromaTta Ao. Ha pemry mHabopax pyHKINS § BH3HAYAETHCA TaK Ca-
MO, 9K PYHKIIIL d1 1 do. JIerko 6aumTu, mo aBroMar A posmizHae MOBY

L(A) = L(A;) o L(Ay).
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3.6. ITpukiazg. Hexait Ay — HCA. Ilooynyemo HCA A, mist sikoro
L(A) = L(Ay)*.

Hexait A1 = (Q1, X, 61, qo, F1). Ilobynyemo rpacd aBromara A, mpo-
JIABIM HOBUI MOYATKOBUI cTaH S 1 enuuuil Kinmnesuit crad f. IIpose-
JIEMO e-CTPIJIKM 3 CTaHy S B CTapHil IIOYAaTKOBHUII cTaH ¢y € ()1 Ta 3
KOXKHOTO ¢; € F7 B HOBHii Kinnesuii cran f. /laji BiakiageMo 3 Ko-
JKHOTO CTaHy ¢; € F] e-CTpijKy B HmOYATKOBUII cTaH ¢o aBromara Aj.
Hacamkimennb gogaMo e-CTpiJIKy 3 MOYaTKOBOI'O CTaHy S B HOBHIT KIHIIE-
Buit crad f (IpU BOMY MMOPOXKHE CJIOBO € PO3II3HAETHCSI ABTOMATOM ).
[Mykannit HCA mokazaHo Ha PUCYHKY:

I
P =
e A PR T
. — 1 e F T ——
.t“ 1.."' o
4 Wgw &+
‘h.-"

3 npukiauis 3.5 Ta 3.6/ BunminBae HacTyIlHA TeopeMa:

3.7. TEOPEMA. Kaac popmarvHux mo8, Akl PO3NIZHANOMBHCA Hedemep-
MIHOBAHUMU CKIHYEHHUMU ABMOMAMAMU, 3AMKEHEHUT 8LOHOCHO KOHKA-
MeHaULl ma 1Mmepavii.

PekomengoBauna siteparypa : [2, c¢. 134-138], [12, c. 309-312], [16, c. 55—
60|, [23, c. 38-45].

IIutanag Ta BupaBu go nmaparpada 3.
3.1. Y uomy nossirae pizaunsg mixk JICA 1 HCA?

3.2. 4k 3a mepeBoM BHUBeJI€HHS BXIIHOT'O CJIOBA 3’sICyBaTH, UM PO3IIi-
3HAETHCA BOHO aBTOMATOM !

3.3. CdopmyoiiTe TeopeMy IIpO 3aMKHEHICTH KJiacy (popMaJbHUX
MOB, K1 PO3MI3HAIOTHCS HEAETEPMIHOBAHUMHU CKIHYEHHUMH aBTOMaTa-
M.

3.4. BwusnaunTu, gaxuii 3 6iTOBUX pAIKIB
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a) 00010 B) 110001111000
6) 11000 r) 000000000111

POBIIBHAETHCS HEJIeTePMIHOBAHUM CKIHYEHHUM aBTOMAaTOM 0€3 BUXOLY
A, mo 3agaHuit rpadom:

BHaiiTu e-3aMUKaHHsI MHOXKUHU {qo, q1 }-

3.5. Cepen ciaiB peryaspaol Mopu 0*1* BusHauMTH Ti, sIKi HaJIEXKATH
moBi L(A) HCA 6e3 Buxojy A 3 TOIepeIHBOrO MPUKJIaLY. 3a/aTh Horo

sk 'aripky A = (Q, X, 6, qo, F).

3.6. 3maiitu MoBy, 110 poamizHaeTbess HCA 6e3 Buxomy:

a)
e
_— e
~—
1
0

1 e
() (=)
()= (e)_(s)
0 1
0

1

@ ‘/_\v: @ e ...@
0.e @
e

1/0\
— (20 )W) (@)

1
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3.7. IlobymyBarm nepeBa BubegeHHsi cjoBa 010011 st KozKHOrO aB-
ToMaTa 3 MOIEePeHHOr0 MPUKJIAILY 1 3 1X JIONOMOIrOI0 3’sCyBaTH, SAKi 3
aBTOMATIB PO3II3HAIOTH JJaHE CJIOBO.

3.8. llooymysaru HCA 06e3 Buxomy, Ki po3ii3HaTh (popMasibHi MO-
BU:

a) {1,e}; B) {0" | n=2,3,...};
6) {01,101}; r) {0"1™ | n,m € N}.

3.9. llooymysaru HCA, sikuit posmizHae Bci cjioBa B OIHADHOMY aJI-
dasiti X = {0, 1}, mo micrsts migcemoso 00101.

3.10. Ilooynysaru HCA, axuii posmizHae Bci cjioBa B OiHapHOMY aJi-
dasiti X = {0, 1}, mo marors pedikc 111.

3.11. TIlooynysaru HCA, sikuii posmizHae Bci cjoBa B OIHAPHOMY aJI-
dasiti X = {0, 1}, mo 3akinaytorbes Ha 001.

3.12. Ilooynysaru HCA, axuii posmizHae Bci cjioBa B OiHapHOMY aJi-
dasiti X = {0, 1}, mo nounnatorses va 111 abo 3akinuayrorbes ma 001.

3.13. [Ilooynysaru HCA, sikuii posmisHae Bci cjioBa B aiadasiti X =
{0, 1}, mo micTars monaiiMen e Tpu BxomKeHHs mijcaosa 010.

3.14. Kopucryiodnch po3ryisiHyTOIO B MpUKJIaIi 3.0 maparpada 3 Kon-
CTPYKIIi€IO ITOOYIyBaT aBTOMAT, SIKHil PO3II3HAE BCi CJI0Ba B aJidaniTi
X =0, 1}, mo mounnatorbest Ha 11 1 3akinayrorses Ha 01,

3.15. Kopucryiodnuch po3ryisiHyTOIO B MpuKJIai 3.6/ maparpada 3 Kon-
crpykiieio mobyyBatu HCA, sikuit posmiznae peryssipay moBy {1,01}*
B asidasiti X = {0,1}.

§ 4. IleperBopenns HCA no ICA

HenerepminoBaHi ckiHYeHHI aBTOMATH Oy/yIOTHCS ITPOCTIIle, HixXK
JleTepMIHOBaHI CKIHUYeHH1 aBTOMAaTH, aJle BOHU € 1/1ea/lI30BaHUMU MaIllH-
HaMU 1 He MOXKYTb OyTu e(eKTHUBHO 3aCTOCOBaHI Ha ITPAKTHIl, 00 pe-
aJbHa MAaIllMHA MOXKEe IPAITIOBATH TLIBKH 33 OJHO3HAYHO BU3HAYEHUM
AJITOPUTMOM. BUABISIETHCS, MO € MPOCTUM METOJI I ITePEeTBOPEHHS
HCA B piBrocuiabauit JICA B TOMy po3yMiHHI, 1110 00MIBa aBTOMAaTH
PO3MI3HAIOTH OJHY 1 TY 2K (POpMaJIbHY MOBY.
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Posrinsremo HCA A = (@, X, 0, qo, F'). s koxuoro w € X*
MO3HAYUMO depe3 (), MHOKHUHY OCTaHHIX (He 000B’S3KOBO KiHIIEBUX!)
CTaHIB O0UMCIIOBAJIBHUX MIISXIB cjI0Ba w, T00T0 ), = 0({q0},w), me
§ — dyHKIis mepexonis, BusHadena Ha MmuokuHI 29 X X*. Bokpema,
Qe = cle({q0}). Takum unnom, ciioBo w posmizuaerbess HCA Toi i Tib-
k1 Togi, Ko Q, N F # (). Orxe, MoxkHa B3gTH migMuoxuan Q, C @
B SIKOCTi cTaHiB HOBOro piBHocuiabHOoro JCA. InmmMmu cioBamu, mody-
nyemo JICA A" = (Q', X, ¢, Qe, F') 3 HACTYIHUME KOMIIOHEHTAMU:

Q/:{Qw|W€X*}7 F,:{Qw|meF7é®}a
8 (Qu,a) = Qua, Je w € X* a € X.

Koxen cran @, € Q' € ninvmuoxkunnaon Muoxmuan (). OCKLIbKHA MHO-
KuHa () MICTUTH 21Ql niaMHOKUH, TO ()) € CKIHYeHHOI0 MHOXKHHOIO.
Axmo Qu, = Qu, T0 Qua = Que A1 BCix a € X. 3Bijacu BUILIABAE,
M0 O3Ha4YeHHs (PyHKIUI mepexois 0’ € KopeKTHuM. JIaHa KOHCTPYKIis
Ha3UBaETbCA No6Yydosoro JICA 3a donomoz010 nidmHoHcun.

Posrisaemo pesiki mpuKJiain.

4.1. ITepukaag. Iooymxysaru JICA, skuit posniznae Ty K (HopMaIbHY

MOBY, IO i HCA A = (Q7 {07 1}757 QO7F)7 PILS Q - {QOa qi1, 42,43, Q47Q5}7
F ={q3,q4} 1 dyHukIisg nepexois 3aana TabIUIEO:

0 0 1 e
0 | {90} | {90, 2} [ {an}

¢ {9} | {2}

q2 {QB} -
q3 - - {Q4}
qa | {qs} - -
q5 | - {aa} :

Cuepiy modyayemo rpad 3amganoro B ymosi HCA:
0,1

@
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[Tooynyemo piBHocuabuuit JICA 3a HACTYyIHIM aJIrOPUTMOM:

Kpoxk 1. Hexait Q. = cl.({qo}) — mouarkoswuit cran mykanoro JICA.
[Mokmagemo Q' = {Q.} i F' = 0. dxmo Q. N F # ), To nomaemo cran
Q). no muoxkunu F’ kinnesux cranisb.

Kpoxk 2. [ToBropioemMo HACTYIIHI yHKTH JIOTH, JIOKU 3HadeHHs & (Qy,, @)
He Oyse BU3HA4YeHe 1 BCix cranis @, € Q' 1 Beix a € {0, 1}:
e Bubupaemo raki Q, € Q' i a € {0,1}, mo snavenns 6'(Qy, a)
PYHKIIIT TIepexo/IiB Ie He BU3HAYECHE.
e Tlokmagemo Qg = 0'(Qu,a).
o ko Quq ¢ Q, To nomaemo cran Q,q 10 MHOXKUHY CTaHIB Q'
a TaKOK JI0JIa€MO fIOro 10 MHOXKHMHM KiHIIeBUX cTauiB I, dKIino

Qua N E # 0.

PesymbraT poboTn agropuTmMy HOJaHUNl y TaOJIAIILI:
o’ 0 1
Qe ={q, 11} {q0, 01,05} {q0,q1, 92}
Qo = {q0,q1, 65} {90, 01,95} = Qo {90,491, 92, q4}
Ql — {QO7Q17QZ} {QO7Q17Q37Q47Q5} {QO7Q17Q2} :Ql
Qo1 = {90,491, 92, G4} {90, 91,03, 44,05} {90, 01,02} = Q1
Q10 =1{9,901,93,0,65} | {900.91,93,04,05} = Q10 | {90, q1,62,94} = Qo1

3ayBarkKnMoO, IO IIPU BUKOHAHHI KPOKY 2 He IIOTPIOHO PO3IJIsiIaTh
crann Qoo, Qooo, Qoo1 1 T.11., 60 Qoo = Qo, Qooo = Qoo = Qo 1 Qoor =
Qo1. Ockinbku Q11 = ()1, TO He Tpeba TAKOXK PO3rJIsLaaT cTanu Q11
st KoxkHOro w € {0, 1}*.

I'pad piBrocuabnoro qo HCA JICA mae Burmsii:

0

0

HQO> q1, 42, Q4}D

{0, 1,45}

ﬂ{q(b 41,43, 44, Q5}D

{q07 qi, q2}
1

0
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4.2. ITpukaAg. Ilooynysaru JICA, skuit pisBHOcuabuuit 10 HCA
A= ({p,q,r},{0,1},0,p,{q,7}),

ze (byHKIIIsSI 1Iepexo/iiB 0 3a1aHa Tab/InIero:

0 1

{p.q} | {p}
- | 1{r}

S |IQIS |

3o06paszumo rpad ganoro HCA:

;%
O——@——0

BukopucroByroun onucanuii B npukaaial 4.1 agroput™m modymoBu
piBaocumsibaOro 10 HCA JICA, omepxkumo HacTymHy TaOIuIo GpyHKIHT
nepexoais JICA:

5 0 1

Qe = {p} {p7 Q} {p} — Qe
Qo =1{p,.q} |[{p.q} = Qo | {p,7}
Qo1 = {p,7} [ {p.q} = Qo | {p} = Q-

Taxum gunom, mykanuit JICA 3amaeTbes sk m'saTipKa

A" = ({{p} Ap, 0.} {p, 3}, {0,1}, 8" {p}, {{p. ¢}, {a, 7} }),

a ioro rpad Mae BUTJISI:

3 BuIeckazanoro suiLtuBae, 1o st koxkaHoro HCA icaye JICA,
skl posmizaae Ty K MoBY, 110 1 HCA. Ockinbkn xoxken JICA e wac-
TKoBuUM BumnagkoM HCA, To Mu 1oBem HACTYIIHY T€OpEMY:
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4.3. TEOPEMA. Q@opmanrvha mosa posniznacmuves HCA modi i auwe
modi, xoau sona poaniznaemuvces JCA.

Teopema 4.3 mae npocruit meron nmobynosu JICA, skuii posmniznae
MoBy L: cuieprry mu 6yiyemo HCA st L, a moTiM 11iepeTBOPIOEMO fioro
B piBHOCHIbHUM JICA.

4.4. ITpukian. Hexait A = ({p,q,7,s},{0,1},d,p,{q,s}) — HCA, ne

0 1

le:s} | g}
{r} g7}
{s} | {p}
— {p}

IR >

[Tobymysar HCA, sikuit posnisnae moBy L(A).

[MIsuako nobynysaru mykanuii HCA A’ no saganomy HCA A ne
BIACTHCsI, 00 posrasgayTuil B npukiad 2.10 xas JICA meron 3aminm
HeKiHIeBUX cTaHiB aBroMaTra A Ha Kinnesi cranu asromara A’ B 1a-
HOMY BHIIQJIKy He3acTOcOBHHUM. [IiiicHO, MOXK/INBaA, CUTYyAIlis, KON JJIs
JIESTKOTO CJIoBa w obwipa nmepeturn Q, N F i Q, N (Q \ F') HemmopoxHi, i
TOMY CJIOBO w po3IlizHaeThcsa oboma apromaramu A ta A’. (Hanpukian,
mpu Qo1 = {p,q,7} i F = {q, s} cioso 01 posmniznaerncst sik A, Tak i

A’.) Takum uunom, L(A”") # L(A).

3aMicThb IILOTO MOXKH& 3aCTOCYBATH KOHCTPYKIIIO IiJIMHOXKHUH JJIsI
nobymosu mykanoro HCA. Crepiiy 3HaxXoauMo piBHOCHJIBHEHI 10 A
JICA Ap, a norim 6yayemo apromar A’ rpad sgKoro takuii ke, aK
i aBromara Ap, 3a BUHATKOM TOTO, IO KIHIEBUMH Ta HEKIHIIEBUMMU
cranaMu apromaTra A’ e BianmosinHo HekiHmesi Ta Kinnesi cramm JICA
Ap.

BukopucToBy0Un KOHCTPYKITIO MiIMHOYKHH ITOOY/LyEMO JIETEPMiHO-
Banuit asromat Ap = (@p,{0,1},6p, {p}, Fp), ne muoxkuna crauis () p
i pyHKIIs mepexodiB dp 3adaHi TaOJIUIIEO:
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op 0 1
Qe = {p} {a.s} [{4}
QO — {Q7 S} {T} {p7 q, T}
Q1 =1{q} {r} {q,7}
Qoo = {r} {s} {p}
QOl - {p7Q77n} {Qa T,S} {pa%r}
Qll - {Q7’r} {T’,S} {p7Q7’r}
Qooo = {s} 0 {p}
Qoo = 1¢,7, 8} | {r,s} | {p,q,7}
Q0 = {r,s} | {s} {p}
Qo000 = 0 0 0

Muoxknna F'p KiHIIEBUX CTaHIB MA€ BUIJISL:

Fp={Ac{p.q,r st | An{q s} #0} =
{{Q}a {8}7 {Qa 3}7 {Q7 7“}, {Ta S}a {p, q, T}a {Qa T, S}}

Takum unnom, JTCA

Al = (QD: {07 1}9 0D, {p}7 @p \ FD)

posmiznae moBy L(A), ne Qp \ Fp = {{p}, {r},0}.

B maparpadi 3 mnepiroro posminy sl peryisipHoro Bupasy O0yJio
BU3HAYEHO fforo momivennit rpad G(r) Tak, mo caoBo w € L(r) Tomi i
JIUIIE TOJ, KOJtu icHye 1isix B G(1r) 3 MOYaTKOBOI BEPIINHU B KiHIIEBY
BEPINUHY, ITO3HAYKH SIKOTO YTBOPIOIOTH CJIOBO w. KoxkHa cTpika rpada
G(r) momivena ommiero OykBoro 3 muoxkunu {e} U X. Jlerko Gawnrw,
mo G(r) e rpadom HCA, axwmit posmiznae moBy L(r). Takum auHOM,
OJEPIKYEMO TBEPJIZKEHHSI:

4.5. TBEPIXKEHHSA. Kootcha pe2ysapra Mo6a pO3NIZHAEMBHCA 0eAKUM
HEdEMEPMIHOBAHUM CKIHYEHHUM ABTMOMATOM.

PosriissaemMo gegki mpukiaau.

4.6. ITpukazd. Ilooynysaru JICA, gkuit posmizHae perysiasipHy MOBY,
3ajaHy peryiasipaum Bupasom 10 + (0 4 11)0*1.

Cuepmy nooynyemo HCA, sikmit po3mizHae 7aHy MOBY, BUKOPHUCTO-
BYIOUN ONKCAHUI B maparpadi 3 meprmoro posmiay MeTos:
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Hani nepersopumo manuit HCA B JICA, BUKOPUCTOBYIOUM KOHCTPY-
KIiifo migmMuoxkuH. ['pad mykanoro JICA mae Burirsi:

4.7. ITpukaAg. Ilooynysaru HCA, saxuii po3iisHae BCi ¢10Ba HEITapHOL
nosxkuuu B 6inapaomy asndasiti X = {0, 1}, aki mictsaTs migcioso 00.

CJjioBO w, sike MicTuTh mizgcioBo 00, MoxKe OyTH 3ammucaHe siKk w =
a0006 st geskux ciaiB «, 3 € {0,1}*. Jlane cioBo mMae HemapHy J0B-
JKUHY TOAL 1 Juire Tofi, Koiau jgoBxkuuu | 1 |F| cniB a i B maorh
pi3Hy MapHicTh. TakuM YmHOM, L 3aIAITEeThCAd HACTYITHUM PETYIAPHIM
BUPA30M:

((0+ 1)*)*00((0 + 1)*)*(0 4 1) + (0 + 1)((0 + 1)*)*00((0 4 1)?)*.

BukopucroByroun onmcanuii B naparpadi |3 mepioro pos3miry Me-
To/1, mobyayemo rpad mykanoro HCA:
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Pekomengosana siteparypa : |2, c. 138-140], [4, c. 521-531], [13| c. 429
434, 452-461|, [16, c. 60-70].

IImTanas Ta BrpaBm g0 nmaparpada 4.

4.1. 4k nooynysaru JICA, skuii pisnocunbauit 3aganomy HCA?

4.2. 4k 3a 3amanum peryasspauM BupasoMm r mobdymaysaru JICA, axuii
posmizHae dpopmaibay MoBy L(r)?

4.3. Ilooyaysaru JICA, skuit posmizHae Ty K (popMaIbHy MOBY, IO

i HCA A = (Qa{a’7b}757 quF)a IS Q — {QO7Q17q27Q37Q4}7 F = {q4} i
PYHKIIIS ITepexoiB 0 3ajaHa TabJIuIEeIO:

) a b e
9 | {0, 02} | {a} | {a}

q1 {a3} 194}
I - {g3,q4}
a3 | {a3}

ol {6 | (@)

4.4. Tlooynysaru JICA, gxi po3mnizHaoTh Ti K (popMaIbHI MOBH, IO
it HCA A ta A’, 3amani rpacdammu:

(@)
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b

1\
a -
a,e <~ e
e

A

b/“\
RO 0SS ORE )]

b

4.5. IlobynyBaTu merepMiHOBaHI CKIHUEHHI aBTOMAaTH, sIKi pPO3IIi3Ha-
torb MoBu L(A), L(A") ta L(A)NL(A’), ne A ra A" — aBromaru 3
IIOTIEPETHBOT'O ITPUKJIA LY.

4.6. Ilooynysaru JICA, sakwuit posmizHae BCi c/ioBa B OIHAPHOMY aJI-
dasiti X = {0, 1}, mo 3akinaytorsesa Ha 00 abo 11 abo 10.

4.7. Tlooynysaru JICA, skwuii posmi3Hae Bci cjaoBa B OIHAPHOMY aJi-
dasiti X = {0, 1}, mo nounnarorbes Ha 11 1 3akinayorbes Ha 01.

4.8. Ilooynysaru JICA, skuit posmizHae BCi cjioBa B OiHAPDHOMY aJI-
dasiti X = {0,1}, B sskux TpeThoro OYKBOIO 371iBa Ta crpasa € 0.

4.9. Ilooynysaru JICA, skwuit posmizHae BCi cjioBa B OIHAPDHOMY aJI-

dasiti X = {0,1}, mo micrars oxnouacuo 11 i 00, abo me micTaTh Hi
00, mi 11.

4.10. CxkJjacTtu peryJsipHuii BUpa3 JJid MHOKHUHH BCiX HEITapHUX Ha-
TypaJbHUX YHUCeJI, 3allMCAHUX B YETBIPKOBIil cuCTeMI YUCJIEHHS, Ta, I10-
oynysatu JICA, axuii po3mi3Hae JaHy MHOXKUHY.

4.11. g KoxKHOTO peryisapHoro supasy r nooyaysaru JCA, axuit
posmizaae peryispay Moy L(r):

a) (04 10)*(1+01)*;

6) (04+1)*0(0+ 1)(0+ 1)0(0 + 1);

B) 0(04+ 1)*0+ 1(0 + 1)*1.
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§ 5. CkiHYeHHI aBTOMATHU 1 peryjaspHi MOBU

B nbomy maparpadi Mu 1mokarkemo, 10 CKiHIYeHHI aBTOMaTH PO3IIi-
3HAIOTh BUKJIIOYHO PeryJadpHl MOBH.

5.1. TEOPEMA. /Jlasa ¢popmanvroi mosu L nacmynmi ymosu preHoCUAb-
M

1) L — peeyasapna mosa;

2) L = L(A) daa deaxozo demepminosanozo CKiHUeHH020 GGMO-
mama A;

3) L = L(A) daa dearozo nHedemepminosaro2o cKin4enmo20 a8mo-
mama A;

4) mosa L nopodocyemovcea 0earoto npasosinitinoo 2pamamukoio.

JTOBEJEHH:. PiBHOCHIBHICTD 2) < 3) moBesena B Teopemi 4.3 a im-
mrikarist 1) = 3) B TBepKenHi 4.5.

3) = 1) Hexait dopmanbua moBa L posmiznaerbess HCA A =
(Q, X, 0,s, F). Tlokaxkemo, K o0y LyBaTH PEryJsipHUii BUpas, 1o Mo~
saagae MoBy L(A) = L. Cuepiy meperBopuMo aBTroMaT A 10 piBHO-
cuibHOro apromara A’ 3 equHNM KiHIeBUM cTanoM. [l nboro 3amMinu-
MO KiHIIEBI cTaHu aBToMaTa A Ha HEKIHIIEBI CTaHU, J10JaMO HOBUI KiH-
reBwit ctad f ¢ () 1 IPOBEIEMO e-CTPIIKK 3 KOKHOTO CTApOro KiHIEBOTO
craHy B HOBHI Kinneswuii ctan. Oueswano, mo L(A") = L(A). I'pad as-
tomara A’ € momigennm rpacdom G, KOXKHA CTPLIKA SIKOrO IO3HAYEHA,
enuanM cuMBosiom 3 muokuau {e} U X. Taki rpacdu posrisgmaucs B
raparpadi 3 mepiroro posiiiy.

JIJ1st KOXKHOTO TIISIXY 7T 3 BEPIIUHU S B BepiiuHy [ depes r(7) mo-
3HAQUUMO peryJjsipHuit BUpa3 7172 ...7k, YTBOPeHUll Mo3HAUYKaMU CTPi-
JIOK 3 T

r1 T2 r3 Tk
S 2 v ve = f

Ouesngao, mo L(A) = | J{L(r(n)) | 7 — muaax 3 s no f}.

HoBenemo iHayKIli€o 3a KijabKicTio BepmuH rpada G, BiaAMIHHIX
Bi s 1 f, mo dopmasbaa MoBa L(A) € perysisipHoro MOBOIO.
Baza inayxkmii. /Ins n = 0 rpadp G Mae TiJIbKH JIBI BEPIIUHU S Ta,
f abo emuny Bepmmuy s = f. 3aMiHEMO BCi HapaJiejibHI CTPLIKHA 3

IIO3HAYUKAMU 11,79, ..., m, 9Kl 1yTh 3 BEPIINHU S B BepiinHy f, HA
OJIHY CTPLIKY 3 IIO3HAYKOIO 7] + 72 + ... 4+ Ty
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er - /}rl +72
2] ¢

T1

@\/ﬁ N @m—i—rz( : >

T2

Ak HacaiIOK OTPUMAaEMO OJIUH 3 JBOX I'padis:

Ny a
=01

ne a,b, c,d — perynsgpHi BUpas3u.

OuesnHo, 1o s nepiioro rpada G mosa L(A) = a* i € pery-
JsipHOtO. Posryistnemo apyruit rpad i muisax m 3 s jgo f. Ipunycrumo,
0 NLISIX 7 HIpoxoauThb k > 1 pasiB depes3 Bepmuny f. Tomi m mo-
JKHA MMOJIATH K MTOC/IiI0BHICTD 779 . .. Tk, J€ 71 — Ie IAX 3 S B f, a
m9, ..., M — TaKl Nuigxu 3 f B f, 1110 B KO2)KHOMY 3 HUX [ HE € IIPOMi-
)HOI0 BeprmHoo. OdeBuHo, mo r(m1) = a™'b aus gesikoro ny > 0,
a i j = 2,...,k Bupas r(m;) nopisaioe ¢ abo da'b jjis esikoro
n; > 0, Tobro r(m) € a*b(c + da*b)*. Orke, L(A) = a*b(c + da*b)* i
0a3a 1HIYKIII JJoBeIeHa.

InayxkTuBHMiA Kpok. /Lyt n > 1 obepemo BiaMmiHHY Bif s Ta f Bep-
IMIAHY V 1 BUJAJIUMO 11 HacTymHuM duHOM. CIiepIiy 3a BUKOPUCTAHUM B
6a31 IHIYKITT METO/IOM BUJIYYUMO IapaJie/ibHi CTPIIKU. TakuM ImHOM,
MOKHa, BBaXkKaTH, IO iCHY€ He OiJIbIne OJHi€l CTPIIKHU 3 JOBLJIbHOI Bep-
IMITHA U B JOBIJIBHY BepMUHY w. /laji mpumycTumo, Mo v Ma€ meTro 3
MMO3HAYKOIO . Buaanmo BepmuHy v pa3om 3 1i€ro netsiero. s qoBiib-

rol mapu (v, w) BepmuH rpada G 3 cTpiikaMu o %, 1, Y,

v —% ., BUIAIUMO CTPIIKU o % 5, i ,_°_ ,, Ta 3aMiHMMO HO-
3HAYKYy d CTPLIKK U — W HOBOIO MO3HAYKOW d + ac*b (SKimo crpijku
v — w B rpadi G He icHye, TO BBarKaeMo, 1110 BOHA Mae€ Mo3HAUKYy ().
Jlane repeTBOpEeHHSI IIOKA3aHO HA PUCYHKY:
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O—2 0

di1+a1c*br

din+aic* by,

7
O O

(L1106 3pobuTH JaHUit pUCYHOK TPOCTIINM JJisi PO3YMIHHSI, MU OILYy-

mn~+amc*by

CTUJIN JIeIK1 CTPLIKH 3 PO3TAIIIOBAHUX JIIBOPYY BEPIINH Y BEPITUHU, AKI
po3MillieHi IpaBopyd. BBaxkaeMo, 0 CTpiiKa, sgKa Bede 3 1-TOI BEePIIH-
HU 371Ba JI0 j-TOI BEPIINHE CIIPaBa, OMiueHa CUMBOJIOM d;;.) 3ayBarKu-
MO, IO JlaHe TIepeTBOpeHHs He 3MiHioe hopmasbhol Mo L(A). Takum
YUHOM, 38 IH/IyKTUBHUM HpHUIyeHHsIM MoBa L(A) € pery/sipHoio.

2) = 4) Hexait moBa L posmiznaernbes JICA A = (Q, X, 6, qo, F).
Bes Brparn 3aragbpHocTi MOKHA BBaxkaTH, mo (@ N X = (). ITobyxyemo
npaBostiniiiny rpamatuky G = (N, T,S,P), ne N =Q, T = X, S = qq,

P={q—ap|dé(qga)=ptu{f—el|feF}

MareMaTuIHOIO 1HIYKIIE JIETKO JOBOIUTHCS, 110 JJIsI OYIb-sIKUX P, § €
Q) i koxkuoro w € X, §(q,w) = p Tozi 1 TIABKU TOJ, KOJIN ICHY€E BUBEJIe-
HHSI ¢ = wp B rpamatuili GG. 3okpema, w € L Toji i juine To/i, Koau
icHye BUBeleHHS qo = wf = w g jesikoro f € F'. 3Bijcu BUIInBae,
mo L C L(G). Binbie Toro, ockiibKyu €uHUME TpaBuiaMu B P, ski
B IIpaBiil 9acTUHI HE MICTITh HeTepPMiHAJBbHUX CHUMBOJIB, € f — e, e
f € F, To Bumesrajiadi BuBejieHHs € €auauMu B rpamatuili G. Takum
quaom, L = L(G).

4) = 3) Hexait G = (N,T,S, P) — npaoJiiniiina rpamaruka. [lo-
OyIyeMO IIOMiYUeHU OpieHTOBaHUM rpad HACTYIHUM YMHOM. MHOXKUHA
BepiuH criBnagae 3 NU{f}, ne f ¢ N. Cran S € mogaTKOBUM CTaHOM,
a [ — €IUHUM KIHIIEBUM CTaHOM aBToMaTa. [ljis1 KoxKHOI poaykKiiil B GG
uty A — wB, ne A,B € N iw € T* uposoaumo crpinky A - B B
rpadi, a ajIg KOXKHOI TpoayKiil Bursiay A — w, ne A€ Niw e T
IPOBOANMO CTPiKy A = f.
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Jlerko 6aduTn, mo KoxkKHe BuBeeHHs S =* w rpamaruku G Biamo-
BiJla€ MIIsixy rpada Bij| MOYATKOBOI BEPIITUHE S 10 KiHIIEBOI BEPIIIUHHA f,
IIO3HAYKI SIKOTO YTBOPIOIOTH CJI0BO Ww. TaKMM YMHOM, MOBa, KA, BiIIO-
Bijlae maHoMy momideHomy rpady, cripnajiae 3 Moo L(G). Ockinbkn
KOXKHOMY TaKOMY IIOMideHOMY opieHToBaHOMY I'pady Biamosizae HCA,
SIKWiT po3ItizHae Ty K MoBY, To MoBa L(G) € pery/sipHOIO.

[]

5.2. ITPUKJIAJ. [lobymyemMo mpaBoJIiHIIHY T'paMaTHKY, SKa MOPOJIKYE-
ThCsl PETYJISIPHOIO MOBOIO, 110 PO3MI3HAETHCH JJeTeEPMIHOBAHUM CKIHYEH-
HUM aBTOMAaTOM, SIKUI 3aJaHuii rpadom:

Bukopucrosyoun joBeaenns Teopemu 5.1, modyIyeMo rpaMaTUKy
G = (N, T,5,P), ne N = {S5,A,B,C}, T = {0,1} i muoxxuna P

IPOJAYKII MICTUTh HACTYITHI IIPABUJIA:
S—0A|1B, A—0A|1C, B— 0C |1B, C —0C |1C |e.

5.3. IIPUKJIAJ. IloOymyemo HejieTepMiHOBaHUII CKiHYEHHHIT aBTOMAT,
KU PO3II3HAE MORBY, 110 TTOPOJZKYETHCS ITPABOJIHIHOIO I'PaMaTUKOIO
(G, sika MICTUTh HACTYITHI TIPOJLYKIIIT:

S—1A|0B|1, B— 0A|1B, A—0B|O0.

['pad aBTOMaTA MaTHMe BUTJISII;
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1
Busnaunmo wacmxy gopmanrvrur mos L1 i Lo HACTYITHUM YTHOM:
Li/Ly ={w | (v € Ly)[wv € Ly]}.
Hanpuknam, gkimo
L1 ={w € {0,1}" | w micTuTh mapHy KiJIbKicTh BXOKeHb 0},
Ly ={0}1 Ls ={0,00}, To L1/Ls ={0,1}*, a

Li/Ly ={w € {0,1}" | w micTuTh HemapHy KiJbKiCTb BXO/KeHb 0}.

5.4. TBEPJIXKEHHSA. Hxwo Ly i Ly € peeyaaprumu mosamu, mo Ly /Ly
MeNHC € PE2YAAPHOI MOBOI.

JIOBEOIEHHA. Hexait MmoBa L poO3I3HAETHCA AeTEPMIHOBAHUM CKIiH-
yennum agromaroM A = (Q, X, 6, qo, F'). [Tobynyemo asromar A’, skuii
posmizHae MoBy Li/Ls. 3a o3HaUYeHHSIM YaCTKU MOB JIJIsI CJIOBA w €
L1/ Ly icaye Take cyioBo v € Lo, mo d(qo,wr) = 6(§(qo,w),v) € F. He-
xait apromar A mpum aHasi3i cjI0Ba w MEpexXoauTh B cTaH ¢ = d(qo,w).
Akiio icaye Take v € Lg, mo 0(q,v) € F, T0o cJI0BO w Mae po3Mmi3Ha-
BaTucsa A’, a ToMy ¢ /i BUSHAYUTH KIHIICBUM CTAHOM aBTOMATA, JIJIsI
MoBu L1 /L. TakuM 9uHOM, TOKJIAIEMO

F'={qeQ|(Fvels)[bqrv)eF}iA=(Q,X,0,q,F").

Jlerko 6aunru, mo A’ posniznae Moy Li/Ls.
]

3 teopem H.1, 2.11/ 1 3.7/ Ta TBepmKeHHs 5.4 BUILJIMBAE HACTYITHUIA
HaCJI1 10K
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5.5. HACTIIOK. Kaac peeyssapHux mo6 3amMKHEHUT 810HOCHO CKIHYEH-
HUX 00’ edHanDb, nepemunis, J0ONOBHEHHA, PIBHUUL, CUMEMPUNHOT PL3HU-
Ul, KOHWKAMERAULL, 1MEPayLt ma 4acmKu.

3 Hac/1iIKy 5.5 BUTIIBAE, 110 KJ1ac PEryJISPHUX MOB € JIOCUTDH IITHPO-
kuM. [IpupoHo BUHUKAE MUTaHHSA: YU JaHUI KJIAaC CITBIAJIA€ 3 KJIaCcOM
ycix dpopmasibHux MoB? HacTyIrHa jema cTBepKye, 110 1€ He TaK.

5.6. JIEMA. (npo posdysanns ors peeysaprnux mos) Hexaii L — neckin-
YEHHA PEYAAPHA MOB8a, Modi ICHYe maka (3anescHa 610 L) xoncman-
ma S, Wo KooHcHe CA060 w € L, axe 3a00604bHAE HEPIGHICMY |W| > 8,
MOJCHA MaAK PO30UMU Ha Mmpu nidcaosa w = a3y, wWo 6UKOHYIOMBCA
HACMYNHL YMOBU:

a) |B] = 1;

0) |af| <'s;

B) daa woorcnozo k > 0 caoeo affy € L, mobmo af*y C L.

JIOBEAEHHA. Hexait L — peryngpaa MOBa, TOII 3T1IHO 3 TEOPEMOIO 0.1
icuye JICA A, sxkmit po3miznae mio MmoBy. Hexait KiIbKiCTh CcTaHIB aBTO-
Mara A JopiBHIOE § (KOHCTaHTa, sika (birypye y (opmymroBanHi jieMn).
Axmo w € L, To 009nCII0BaJIbHAN MIJAX JIJIsI CJI0BA W MOYMHAETHCA B
IIOYaTKOBOMY CTaHI go 1 3aKIHYy€eThCsl B KiHIeBoMy crai qy. Lleit max
MICTHTB |w| cTpinoK, 60 KOKHA CTPIIKa IMO3HAYEHA EIMHOI0 OYKBOIO
cioBa w. TakuM YUHOM, BiH MICTHTBH MOCJIIOBHICTH 3 |w| 4+ 1 craHiB.
Ockinbku |w| > s, To 3riguo npuniuny [lipixie geskuii cran B 064n-
CJIIOBaJIbHOMY HIIAXY 000B A3KOBO IOBTOPHUThCA ABivi. Hexail ¢;, = ¢;
— HepINuil TaKuil cTaH.

% o % o

l

Hexait 3 — Ta qacTuHa cj10Ba w, siKa CKJIQIA€ThCsI 3 OYKB, SIKi ITO3HA~
YalOTh CTPLIKM IINUIAXY BLJ IIEPIIOrO BXOIZKCHHs CTaHy ¢, 10 JIPY-
roro Moro BXOJ?KEHHsI B OOYMCJIIOBAJILHUN IIJIAX cjIoBa w. llozHauynmmo
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yepe3 (v YaCTUHY CJIOBa w Iiepej (3, a depes -y — Horo 4acTUHY ICJist
B. Ouesunno, mo |B| > 1 ta |af| < s (ockiabku BCi cTanu 10 ApyTol
nosiBu @;, pisui). Binbie Toro, cioso ozﬁ’W JIJ1sT Oy Ib-SIKOT'O ITIJIOTO He-
BiJI'€MHOT'0O YKCJIa k MEePEeBOJIUTH aBTOMAT Y TOW caMMil KiHIIEBUI CTaH,
o it cstoBo af~y. Crpasai, wactumra (¥ crosa aB¥y mpocro mepeBomuTh
cTaHn aBTOMaTa A B3MOBIXK IETII, siKa MOYNHAETHCS Ta 3aKIHIYETHCS B
crani g;, . la nerisg npoxonuTs k pasis. 3Bijcu BUILIMBAE, IO aBTOMAT
A posmizHae cJIoBa ozﬁkfy, TOMY BCl Taki cJIoBa HaJlexKaTb MOBI L.

]

5.7. ITpukajz. Hoeememo, mo mosa {0™1™ | m = 0,1,...} He pery-
JIPHA.

[Tpumyctumo, mo moBa L € perynspnoio. Tomi L posmisHaeThCs
JCA, axuit mae s craniB. Hexait cioBo w = 0™1™ i |w| = 2m > s.
Touxi 3a JeMOI0 PO PO3IyBaHHs cjoBa w = 0™1™ = af~y ta off*y na-
nexkarb MoBi L, npuuomy (3 # e. CiioBo 3 He MOXKe MICTUTH BOJHOYAC
Hy/i it onuHui, 60 Toxi 4% micruio 6u 10 i af?y He HaeKATO 6 MO-
Bi L. O1)ke, ca0B0O 3 CKJIaIaeThCsi ab0 BUKJIIOYHO 3 HYJIB, a00 TiJIbKU
3 OJMHUIb, ajle Todi o 3%y MicTuTh abo 3abararo HymiB, abo 3abararo
OJIMHUIIL 1 He HaJIexKUTh MoBi L. g cymepednicTsb JTOBOIUTH, IO MOBa
L={0"1"|m=0,1,...} ne perymusipua.

5.8. ITPukiad. INokaxkemo, mo mosa {0P | p— mpocre uncio } He €
PEryJISPHOIO.

[Tpunyctumo, mo L = {0P | p— npocre 9ucjio } € peryisipHO MO-
Boto. Toxi L posmiznaerbca JICA. Hexait s — KijIbKiCTh CTaHIB aBTO-
MaTa. 3adikCyeMo IpocTe ducjao p > §. 3ayBaxkumo, 1o 0P € L i
0P| = p > s. Takum umHOM, 3a JIeMOIO PO po3ayBantst 0P MoOKHA
sanucaru sk 0P = afy, npudomy |B| > 11 af*y C L.

Hexait ¢ = |a| + |y| Ta j = |3]. Toxai 3 ymoBu af*y C L Bumiusag,
110 JIJIst KOzKHOTro k > 0 cj1oBO aﬁk’y = 0"tk ¢ L, 10670 17151 KOYKHOTO
k > 0 4gucio © + kj € npoctum. 3okpema, nipu k = 0 maemMo, 110 ¢
e npoctum unciaoMm. Orxke, ¢ > 2. Ilokmapmu k = i, orpuMaemMo, IIo
i(14j) — mpocre gucso. Tum ne mente, ockinbku 3 # e, To3 j = |[| >
1 summBag, mo (1 + j) € ckiajgenum. Jana cynepedHicTb JTOBOIUTH
Heperyssipaicts MoBu L = {0P | p— mpocre gucio }.

5.9. I[Tpukaz. losegemo, mo mosa L = {0™ | m— ckiajene ducyo }
He peryJsisipHa.
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[Tpumryctumo, mo mana MoBa L € peryasapHOIO, TOl 3 HACTIAKY 5.0
surBae, mo mosu L ta L\ {0} = {0P | p— npocre ancyio } € pery-
JIADHUMH, IO CYIIEPEYUTh MPUKJIIAILY D.8.

PekomenpoBana siteparypa : [2, c. 141-147|, [4, c. 509-521, 538-543],
[16, c. 82-88, 114-123], [17, c. 294-303], [23} c. 53-69].

IIutanna Ta Bupasu g0 naparpada 5.

5.1. 3 gkuM KJiacoM (opMaJbHUX MOB CIIiBIIaJIal0Th MOBH, IO PO3-

nizHatoTbest JICA abo HCA?
5.2. [laiiTe o3HauYeHHsI YaCTKU JIBOX (DOPMaJILHAX MOB.
5.3. Ywu crmiBnajae Kaac popMaJIbHIX MOB 3 KJIACOM PETYASIPHUX MOB?

5.4. CdopmyioiiTe jieMy PO PO3/TyBaHHS JIjIsd PETYJITpHIX MOB. [l st
J0ro 11 3aCTOCOBYIOTH !

5.5. IlobymyBaTu mpaBOJIiHIIHY IpaMaTUKY, siKa [IOPOJZKYE MOBY, IO
posuiznaerbest HCA 6e3 Buxoy:

a)
() @
_ —>

0
()=~ 75 (e)
®-@

e, 1 0,1

0,e

5.6. TloGymyBaTu rpamMaTuKy, siKa MOPOJZKY€E perysspay moBy L(r),
3ajiaHy peryiasipaum Bupazom r = ((0 + 11)*10)*.

5.7. Ilooymysaru HCA, sikuii posmizHae MOBY, HOPOIKEHY I'DaMaTH-
koio (5, 1110 3a/1aHa MHOXKMHOIO HPOAYKILiil P:

a) P={S —bB|aA,A— a,B — b};

6) P={S —aB | aA,A— aB | ab, B — b};

B) P={S —0A| B,A— aaA | aa,B — bB | b}.



84 II. CKIHYEHHI ABTOMATU

5.8. Ilooymysaru JICA, sikuii po3mizHae MOBY, HOPOIKEHY I'DaMaTH-
K010 (G 3 TIOIEePEIHBOIO IIPUKJIALY.

5.9. BukopucToByo4n J0BeJIeHHS TeopeMu .1, To0yayBaTu peryJisip-
HUI BUpa3, dAKUl MO3HAYAE PEryJsipHy MOBY, 110 PO3MI3HAETHCI aBTO-

MaTOM:
0
m
T
—(®) (0)——(a)
S~ ~—
1 1

0 0
e

@@
1

5.10. JoecTtm abo CIpOCTYBATU TBEPIZKEHHS:

a) sikio MoBa A € peryssipaoro i A C B, To MoBa B Tex € pery-
JISIPHOIO;

0) sikimo MoBa A € peryisipaoio i B C A, 1o MoBa B — peryJisipHa;

B) AKIO MoBa A? € perymaapHoro, To MoBa A € peryaapHoo;

r) axmo moBu A i AB € peryasipHuMu, TO MOBa B TakoxK pery-
JISIPHA;

1) sakimo Moeu A i B e peryssipuumu, To Mosa USS (A N BY) mex
€ PeryJsipHOIO.

5.11. 3’scyBaTu, 4u € PeryJadpHUMU HACTYIIHI (pOpPMaJIbHI MOBU:
a) {0%"1" | n > 0};
6) {0*" | n > 0};
B) {0"1"2" | n > 0};
) {0°" | n >0}
1) {07 | n >0}
) {0™1™ [ 'm # n};
) {0P? | p,q — mpocri ymcial;
x) {0™1" | m,n >0, m=2n+1};
3) {0m1" | m,n >0, m # 3n+ 1};
u) {a"b"cF | n,m,k >0, n#m abom # k abo k # n};
i) {ww? | we {0,131

p1

@ @
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§ 6. ABTOMaTH; 3 Mara3mMHHOIO 1AM’ ATTIO

Asromar 3 marasunnoro mam’artio (MII-aBromar) — 1e cKindeHHUTI
HeJeTepMiHOBaHUI aBTOMAT 06€3 BUXOJLY, IO Ma€ JIOJATKOBUM ITPUCTPIif
maM STl THIIYy CT€K 3 I'OJIOBKOIO, sdKa BUIMaE 1 3aHOCUTL JaHi y CTEK.
Y cTeKy KOXKeH ejleMeHT iHdOpMallil 3aHOCUTHCSI B BEPXHIO KOMIPKY
maM’siTi, 3MIIyIOYX THM CaMUM BeChb 11 BMICT Ha OJHY KOMIpKYy BHHUS3,
i JicTaeTbCcsd TLIBKU 13 BEPXHBOI KOMIPDKM MaM 4Ti, 3MIIyI0Ud BeCh 11
BMICT Ha OJHY KOMipKy Bropy. llpm mpomy y KOXKHHIT MOMEHT dYacy
JIOCTYITHUM TIIbKU BEPXHIll €JIeMEHT CTeKy. TeopeTuvHo 00’eM maMm dTi
MII-aBromara neobmezkenuit. Cxema MII-aBTomara Mae BUIJISIII:

6.1. OBHAYEHHY. Asmomam 3 Ma2a3unHo0 Nam Ammio — 11e IIiCTKa
M= (Q,X,Z,6,q0,F), ne Q, X, qo 1 F BUBHAYAIOTHCST TAK CaMoO, SIK 1
B HCA, Z — ckinuennwnii marasuuauii ajgdapit (MHOXKUHA JOIYCTHMEIX
OyKB maM’siTi), a § — DYHKIIisT TIePEeXOJIiB:

§:Q x (X U{e}) x (ZU{e}) — 2@x(20{eh),

Ha mouarky poboru MII-asromar M = (Q, X, Z, 0, qo, F) 3aBxkau
mepedyBa€e B MOYATKOBOMY CTaHI g, MOTO CTEK ITOPOXKHIN 1 TOJIOBKa
CTPIYKN aHAJI3Y€e eIy 3/1iBa OYKBY BXiJIHOTO CJI0Ba, SKe 3allicaHe Ha
crpiuri. Axmo MII-aromar M 1epebyBae B cTaHi ¢, 3UUTY€E 3 CTPIUKU
OyKBY a i BuiiMae 3i creky BepxHIO OYKBY u Ta (p,v) € 6(q,a,u), TO
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M 3amiHIOE © Ha vV, TOJIOBKA CTPIYKHU MEPEMINTYETHCA HA OJIHY KOMIPKY
IIpaBoOpPYY 1 KEPYIOUNil MPUCTPiil TepeBOIUTH aBTOMAT y CTaH p. Po3riis-
HEeMO BUIIAJIKHI, KOJIX ¥ ab0 u JOopiBHIOE e. Akmo v = e, To MII-aBTomaT
IIPOCTO BHUJIAJISIE BEPXHIO OYKBY U CTEKY, He BUIMAIOYN MPHU IIHOMY Ha-
crynnol 0yksu. ¥y Bunajky v = e MII-aBromar 3aHOCUTDH B CTEK OYKBY
v, He 3adinarounm BepxHBOI OyKBH cTeKy. Komamma (p,v) € d(q,e,u)
anaJjoriuaa e-rakramMm HCA, Tooro MII-aBromar M BUKOHYE orepaliiio,
K 1y Bunajaky (p,v) € 0(q,a,u), aje Ipu MpOMy He 3YUTye OYKBU
31 cTpiukm (roJIoBKa CTPIYKHU HE 3MIMIYEThCs MpaBopyd). BBarkaeTbest,
mo MII-aBromar M posnisHae BXiJHE CJIOBO, SIKIIIO XO04a O B OJHOMY 3
00YNCTIOBAIbHIX IIJISIXIB BiH ITOBHICTIO ITPOAHAJII30BY€E CJIOBO, Ma€ I10-
POXKHII CcTeK 1 3ynuHSE€ThCsT B KiHreBoMy crani ¢ € F. Hepes L(M)
ITO3HAYAETHCA MOBa, SIKa CKJIAJAETHCA 31 BCIX CJIB, 9K1 PO3II3HAIOTHC
aBTomMaToM M .

6.2. ITPUKIAL. Posrmanemo MII-aBromart
M = ({q,p},{a,b,c}, {a,b},4, ¢, {p}),

e PYHKIIST IepexodiB ¢ 38 1a€ThCA TaK:

6(q,a,e) ={(q,a)}, d(p,a,a) ={(p,e)}, d(q,b,e) ={(q,b)},

0(p,0,0) = {(p,€)},0(q, ¢,e) = {(p,€)}-

3uaitiemo moBy L(M).

[leit aBTOMAT TIpaITIOE HACTYITHUM YMHOM. B moyaTKoBOMY cCTaHi ¢
BiH 3aHOCUTDH OYKBU @ Ta b B CTEK JIOTHU, JJOKHU I'OJIOBKA CTPIUKHM HE 3Ha-
iijie 6ykBy c. Iliciia ananizy OyKBU ¢ BiH IIepeXOJINTh B CTaH p. B cTaHi p
aBToMaT M TIOPiBHIOE KOXKHY OYKBY CTPIYKH 3 BEPXHBOIO OYKBOIO CTe-
Ky. ZIKITI0 BCl BIMOBITHI OyKBU CTPIYKM Ta CTEKY CIIBIIAIAI0TH, TO M
pO3II3HaEe BX1JIHE CJIOBO.

Hexait w € {a,b}* — npedikc BXigHOTO CJIOBA mMepe;] MepiuimM BXO-
JKEHHAM OYKBHM ¢ 1 ¥ — cy(IKC BXiJHOT'O CJIOBA TICJd IEPIIOrO BXO-
JIKEHHS . 3ayBaxKUMO, 1110 B To#l 4ac, ko MII-aBromaT nepexo/inThb
B CTaH P, CJIOBO W 3alllicaHe B CTEKy B OOEPHEHOMY TOPSJIKY (mepiia
OykBa CJ0Ba w 3alMCaHa BKIHI CTEKYy, a OCTaHHS OyKBa — Ha BEpPXY
creky). TakuM 9MHOM, KOJIM aBTOMAT MOpPIBHIOE cydike v 3 OyKBamu
CTEKY, TO CIIEPITy TMOPIBHIOETHCH TepIna OyKBa CJIOBA V 3 OCTAHHBOIO

OyKBOIO CjI0Ba w 1 T.71. OT:Ke, BXiJgHE CJIOBO PO3IN3HAETHCS TiTHKI TO/I,
kosn v = w!t, robro L(M) = {wew’ | w € {a,b}*}.
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[IIo6 kpare 3po3yMiTH K aBTOMAT IIPAIIOE HA BXIJHOMY CJIOBI,
BBeIEMO IOHATTS xongieypauii MII-aemomama. Koudiryparis — 1ie
zarmc iHdopMmaril po podboTy aBTOMAaTa Ha HEBHOMY KPOII aHaJi3y
BXI/THOTO CJIOBa, SIKWM BKJIOYa€ aKTUBHUU CcTaH, OYKBU CTPIUKH, SKi
1€ He IIPOaHaJII30BaHi, 1 CUMBOJIN, sIKi Ha JIAHUI MOMEHT € B cTeky. Or-
ke, koudirypartis MII-asromara M = (Q, X, Z, 9, qo, F') € eremerToM
neKapToBoro 00yTKy Q) X X * x Z*. Koudirypariis (¢, w, ) o3Ha1ae, 1o
MII-aBromaT nmepedyBa€ B cTaHi ¢, HEIIpOaHAJI30BaHU CydiKC BXiIHO-
ro CJIOBA JOPIBHIOE w (TOJIOBKA CTPIYKU aHAJI3YE TepIny OYKBY CJIOBa
w) 1 cTeK MICTUTB CJIOBO 7y (mepirna GyKBa CJIOBA Y € BEPXHBOIO OYKBOO
CTEKY).

Hexait (q,w1,3) i (p,ws2,7y) — aBi koudiryparii. Kaxemo, mo xon-
dieypauin (p,wa,y) 6e3nocepednvo caidye sa (q,wr, ) 1 3amucyemo
(q,w1, B) b (p,wa,7), gKimo icHye Taka iHCTPYKIs (p,v) € §(q, a,u), Mo
w1 = aws 1 B = ua, v = va Jid JIesIKoro ¢jioBa o € £, Jie a, U, U MO-
>KYTh JIOPIBHIOBATH IIOPOXKHBOMY CJIOBY €. Bynemo Kazaru, 1o xoHgiey-
pavis (p,ws,7y) caidye 3a (q,wr, 3) 1 3anucysaru (q, w1, ) F* (p,wa, ),

SIKINO ICHY€ TaKa mocinoBHicTh KoHdirypariit Co, C1, ..., C,, mo Cy =
(q,w1,0), Cp = (p,wo,7v) i C; b Cipq mns Beix @ = 0,1,...,n — 1.
[Mochinosricrs (Cy, C1, ..., Cy) Koudirypariit MII-aBromara M nasu-

BA€TbCA 00YUCAI08ANHUM WAATOM asmomama M, axmo Cpy € moda-
TKOBOIO KOHDIrypariieo (qo,w,e), Cp, He Mae HACTYIHOI KOHMITypariil
i C; F Cipq s Beix © = 0,1,...,n — 1. Harajgaemo, mo B 3arajbHO-
My Bunaiky M € HeJeTepMiHOBAaHUM aBTOMATOM, & TOMY MOXKe OyTH
baraTo oOYMCIIOBAJIBHUX IIJISAXIB, 9Ki IIOYNHAIOTHCS 3 TTOYATKOBOI KOH-
dirypariii. Kpim Toro, koudirypariis (¢, w, 3) Moxke He MaTH HACTYITHOT
KoHDIiryparil HaBiTh npn w # e. Takum amraom, MII-aBromar M pos-
III3HAE CJIOBO W TOJI 1 JIMIIIE TOJi, KOJIK ICHYE OOYMC/IIOBAJIbHUN IILISIX
aproMata M, sIKUil TIOUNHAETHCST 3 MOYATKOBOI KOHMIryparii (qo,w, €)
i 3akinuayeTbcst KoHdiryparieio (f, e, e) I JesKoro KiHIEeBOro CTaHy
f € F, Tobro

L(M) = {w € X* | (3f € F)[(go,w,€) F* (f,e,0)]}.

Hanpukna, posriasinemo Tpu obuunciaoBasibii nuissxu MII-aBromara
M 3 npukiany 6.2 nis ciais abeba, abeb i abebab BinnosBinHO:
(q, abcba, e) F (q,beba, a) F (q, cba, ba) F (p,ba,ba) - (p,a,a) - (p,e,e);
(q, abeb, e) = (q,beb,a) F (q,cb,ba) = (p,b,ba) = (p, e, a);
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(q, abcbab, e) F (q,bcbab,a) = (q,cbab,ba) F (p,bab,ba) & (p,ab,a) +
(p, b, e).

3ayBaxkKiMoO, IO 3 JOIOMOI'OI0 JIPYroro OOYHC/IIOBAJILHOIO MIISIXY
cJIOBO abcb He po3IizHaeThbess aproMaToM M, 60 cTek He cTae MOPOXKHIM
ITICJIS TOTO, 9K CJIOBO MPOAHAJI3YETHCS aBTOMATOM. 1 peTiit MIdax Texk
He pPO3Ii3Ha€ BXIJHOIO CJIOBA, OCKIIBKY Micys (p,b, e) He icHye HaCTY-
ITHO1 KOHMIrypaliii, a BXi/[He CJIOBO IIe He ITpoaHaJi30BaHe ITOBHICTIO.

Anajoriuno sik i HCA, MII-aBromar 300pazkyeTbest rpadom. Bep-
muHu rpada € craHaMu aBToMaTa, a KOXKHa CTPiIKa 3 BEPIINHU ¢ B
BEPINUHY P 3 TO3HAYKOI ,,a, u/v” 306paxye mepexin (p,v) € 6(q,a,u).
Hanpuknamu, rpad aBromara 3 npukiamy 6.2 Mae BATJISII:

b,e/b b,b/e
a,e/a a,aje

(N Y

4)@ ¢, efe @

6.3. ITPUKJIA. [loOymyBaru MII-aBToMmar, akuii po3mi3zHAE MOBY
{ww? | w e {a,b}*}.

[leit mpukIa ] aHAJOTIIHUN IO MONEPETHBOr0, 38 BUHSITKOM TOTO,
IO BXIiJTHE CJIOBO HE MICTUTH BCEPEJMHI OYKBU ¢ 1 TOMY He 3PO3yMLiJIo,
KOJIM MMOYMHATHU TMOPIBHAHHA MiK OyKBaMM BXIJHOTO CJIOBa 1 OyKBamMu
creky. 4K ke BupimmuTu 1o npodjaemy? Haramaemo, o MII-aBromar €
HCA, a Tomy moxKHa B OyIb-sIKHil Jac MOYMHATHA MOPiBHSIHHA. BXinHe
CJIOBO aHAJIIBYEThCA JIOTH, JOKHU BXIiTHI OYKBH, 110 3aJIAINIINCS, 31CTaB-
JITIOTHCsT KOPEKTHO 3 OyKBaMU CTEKY I10 BiTHOIIEHHIO JIO JIEIKOl TOUYKHN
nolTy. 3Bijcu ciainye, mo mykauuit MII-apromar 3amaeTbes rpadom:

b,e/b b,b/e
a,e/a a,aje

N Y

4)@ e, efe @

[Tobymyemo Tpu 00YKCITIOBAJIBHI IUIAXU s cJioBa abba, mepimii 3
JAKUX PO3II3HAE JlaHe CJIOBO, & JIBa 1HII — HI:
(g, abba, e) = (g, bba, a) - (g, ba, ba) &= (p,ba,ba) & (p,a,a) = (p, e, e);
(q, abba, e) - (q,bba,a) F (q,ba,ba) - (q,a,bba) - (p,a,bba);
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(q, abba, e) - (q,bba,a) - (p,bba,a).

6.4. ITPUKJIAZL. [looynyBaru MII-aBToMar, akuii po3Ii3zHAE MOBY
{0"1" | n=0,1,...}.

Kopucryiounch TuM 2Ke MeTOJIOM, 1110 1 B mpuKJIadi 6.3, modyyeMo
rpad MIyKaHoro aBToMara:

0,e/0 1,0/e
X Y

'_%<E> e, efe (i)

Jlanuii aBTOMAaT 3YUTYE y IIaM 9Th IIEPIIY HOJOBUHY BXIJIHOI'O CJIO-
Ba, 110 CKJIQJIAE€ThCs 3 HYJIB, a HOTIM BHJIAJISIE 3 IaM SITi IO OJHOMY
HYJTIO Ha KOXKHY OJIMHUITIO, IO TMOoCcTynae Ha BXia. KpiMm Toro, mepexoan
CTaHIB TapaHTYIOTh, 110 BCl HYJII NIEPEJIYIOTH BCIM OJUHUIISIM.

3 npukaaais H.7 16.4 Buminsae, 110 KJIac MOB, sIKi PO3II3HAIOTHCS
MII-aBromaramu, mupImuit Biji Kjacy peryadpaux MoB. /lani moBu Ha-
3UBAIOTBCA KOHMEKCMHO-BLADLHUMU.

6.5. ITPUKIAL. TlobymyBaru MII-aBTOoMaT, gkuit po3misHaE MOBY
{a'Vc* | i,5,k>0,i+k=j}.

OcHoBHa ijes1 J1J1sd pO3B’si3aHHs 1€l 3a/1adi 10JIATaE Y BUKOPUCTAH-
Hi PI3HUX CTaHIB JIJId TOrO, 10O 30epiraTu IPaBUIbHUI ITOPSIOK BXO-
JI2KEHb OYKB @, b 1 ¢, a TaK0XK y BUKOPUCTAHHI CTEKY JIJISI JTOTPUMAHHS
BUKOHaHHY piBHOCTI ¢ 4+ k = j. Takum anaoMm, modyayemo MII-aBromar
3 TphOMAa CTaHAMU S, ¢ 1 p, Je S — MOYATKOBUI CTaH, a p — €IMHUI KiHTle-
BUii craH. B crani s aBToMaT KOXKHY OYKBY @ 3aHOCUTDL y cTeK. B crami
¢ BIH CIIEPIIY B3a€MHO OJIHO3HAYHO CIIIBCTaBJIAE OYKBU b 3 OyKBaM® @
3l CTeKy, a IOTIM 3aHOCUTH pemTy OYKB b y crek. B crani p aBromar
aHaJjIizye OYKBU ¢ 1 criBcTaBisge 1X 3 OykBamu b 31 CTEKY.

b,e/b
a’7e/a' b,a/e C,b/@
(N

. e, efe @ e, efe @
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6.6. ITPUKJJIAL. TloOynyBaru MII-aBTOMaT, sskuii po3mi3zHae MOBY
L= {a'¥ | 2i = 35}.

JList Toro, 1mo6 cJIoBO HaJeKaJj0 MOBi L, MalOTh BUKOHYBATHUCH PiB-
HocTi ¢ = 3k Ta j = 2k g mestkoro 1iioro k > 0. Taxkum damHOM, 14
Jami KoxkHy OYKBY b BXiJTHOTO CJIOBa Tpeda CHIBCTaBUTU 3 TphoMa Oy-
KBaMH a CTeKy. 7K Ke 3aHecTu JBi OykBU a y crek! MoxKHa 3aHeCcTH
o/fHy OYKBY @ y CT€K, a IOTIM IepeiiTu B JIOMOMIXKHUMN CTaH Jijisl 3aHe-
CeHHsi Apyrol OYKBU a. AHAJOTITHO CIIEPITY HOPIBHIOEMO KOXKHY OyKBY
b BXiJIHOTO CJIOBa 3 OJIHI€I0 OYKBOIO @, a IMOTIM MEPEXOJMMO B JIBa 1HIII
JIOTIOMI>KHI CTaHM JIJIsI BUJIAJIEHHA JIBOX 3aiiBux OYKB a 3i cTeky. I'pad
MII-aBToMaTa Ma€ BUTJISII;

e, ele
— ()

e, aje

PekomenmgoBana siteparypa : [2, c. 192-220], [5, c¢. 399-402|, [12, c. 374—
382|, [16, c. 128 136].

IIutannga Ta BupaBu Jo nmaparpada 6.

6.1. JlaiiTe o3HAUYEHHSI aBTOMAaTa 3 MAara3mHHOIO IIaM sITTIO.
6.2. Ywum Bigpisasernca MII-asromar Big HCA?
6.3. Illo Bu posywmieTe i cTeKOM?

6.4. OOrpyuryiiTe, YoMy KJac MOB, 110 po3iizHaiTbcss MII-aBToma-
TaMU, TIUPIIAI B KJacy PeryaspHUX MOB.

6.5. 4k mazmBarOTHCSA MOBH, siKl po3mizHaioThbesa MII-aBromaramm.
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6.6. Ckinuennuit MII-aBromar M 3amanuii rpadom:

0, /0 N
e, ¢/0 @
p
- =
—( = )

Bajatu fioro sk mmicrky M = (Q, X, Z,0,qo, F) i 3naiitu MoBy, sika
posmizHaeTbca MII-aBromaTom.

6.7. UYwm e moBa, mo posmizHaeTbess MII-aBromaTom 3 monepeaHbo-
ro NMPUKJAaILy, peryiaspHoio? Zkimo Tak, To modyyBaTu piBHOCUJILHUIN

JCA.

6.8. 3maiitu moBy L(M), sika posmiznaerbess MII-asromarom M, 3a-
JTaHUM T'padoMm:

0,e/0 1,0/e

(N (N
@ 0, €/0 /];\ 1, 0/e @
C\\_J/

e, e/e

Yu moxkHa OOY/IyBaTH IMPABOJIIHINHY T'PaMaTUKY, STKa ITOPOJIXKYE MOBY

L(M)?

6.9. Ilooymysatm MII-aBromat, akuii po3mizHAE MOBY:
{om1™2™ | n,m > 0};

{a'VcF | i,5,k>0,i+7=k);

{a'V/cF | i,5,k>0,i=7+k);

a)
|

r) {a'b/c¥ | i, g,k > 0,0+ 2k = j};
)
)

6

w

x) {0"1°" | n,m > 0};
e) {0"1™ | n,m >0, 2n = 5m}.
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