KoncrpynpoBanne n3obpazkeHmnii
KJIETOUYHBIMIA aBTOMAaTaMM

E.E. Turosa

B pabore paccmaTpuBaercs 3ajiatda KOHCTPYUPOBaHUs 1300pa-
JKEHUIl KJIETOYHBIMU aBTOMATAMU Ha IIPSIMOYTOJbHOM 3KpaHe. [lo-
Ka3aHO, 9TO I JII0O0r0o n300pakeHust HeOOXOIUMO U JOCTATOIHO,
9TOOBI KJIETOYHBIN aBTOMAT UMeJ 3 cocTostHus. [loydaennr onenkn
BpPeMeHM KOHCTPYHUPOBaHUs M300parKeHU B 3aBUCUMOCTH OT YUCJIA,
COCTOSIHUI KJIETOYHOTO aBTOMATA.

BBenenue

PaccmoTpuMm B JIByMEpHOM IPOCTPAHCTBE IMPSIMOYTOJBHUK pasMepa
n X m KJIeTok, m =2 n = 3, m,n € N. B KaxXIyio KJIeTKy IpsIMOyTOJ/Ib-
HUKA [TOMECTUM II0 OJHOMY 3SK3EMILISPY OJHOIO0 M TOIO K€ KOHEYHOTO
aBroMaTa. K BX0/laM 9TOro aBTOMaTa IPUCOEJINHUM BBIXO/IbI ABTOMATOB,
CTOSAIIUX B YEThIPEX COCETHUX C HUM KJIeTKaX. BBIX0/I0M aBTOMAaTa B KaK-
JIbIii MOMEHT BPEMEHU SIBJIIETCSA €r0 COCTOSHHUE B 9TOT MOMEHT BPEMEHH.
ABToMaThI, cTOSIIIIUE B EPBOM U N-if CTPOKAX W B IIEPBOM U M-M CTOJIO-
nax Oy/JieM Ha3blBaTh I'PDAHUYHBIMU aBToMaTaMu. J[jisi 9TMX aBTOMATOB
olpejiesieHbl He Bee BXOJbl. [losToMy OyjieM cauTarh, 9TO y aBTOMATOB,
CTOSAIIUX B M-M CTOJIOIE PABBIl BXOJ BCET/a HYJIEBOW, aHAJOTUYHO Y aB-
TOMATOB, CTOSIIUX B M-I CTPOKE HIM2KHUI BXOJ Beerma HyJsenoit. Heorpe-
JIeJICHHBbIE BXO/bI aBTOMATOB IIE€PBON CTPOKM W IEPBOTO CTOJIOIA OyIem
Ha3bIBATH CBOOOMHBIMU BXxomaMu. MTak, aBTOMAaThl, CTOAIINE B KJIETKAX
IPSMOYTOJIbHUKA, Oy/ieM Ha3bIBATh KJIETOUHBIME aBToMaramu. Koudwu-
CYyPAIUIO0 U3 HYJIEBBIX U €IUHUIHBIX COCTOSHUI KJIETOYHBIX aBTOMATOB
HA30BEM H300parKEHUEM, €CJIU Ty KOHMUTYPAIUI0 MOXKHO YIEPXKUBATH
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CKOJIb YTOJHO JI0JIT0, TOJaBasd Ha CBOOOIHBIE BXOAbI aBTOMATOB HYJIEBLIE
3HAYEHUsI. 3aJ[a’da COCTOUT B (POPMUPOBAHUM TAKUX IOCJIEIOBATEHHO-
cTeil 1151 CBOOOTHBIX BXOJIOB KJIETOUHBIX aBTOMATOB, UTOOBI Yepe3 KaKoe-
TO BpeMsi Ha 3KpaHe c(DOPMHUPOBAJIOCH N300parKEeHUE, IPUIEM TOJIOXKEHUE
HyJIeil 1 eIUHUI] B HEM 3apaHee 3a1aHO.

B pabore mokazano, 4TO I JIFOOOrO M300parkKeHusT HEOOXOINMO M1
JIOCTATOYHO, ITOOBI KJIETOYHBINA aBTOMAT MMEJ 3 cocTosiHus. Ilosmydennr
OLIEHKU BPEMEHU KOHCTPYHUPOBAHUS M300parKeHUil B 3aBUCHMOCTH OT “KC-
JIa, COCTOSTHUI KJIETOYHOI'O aBTOMATA.

1. OcHoBHbIe TOHATHUA U (POPMYJIUPOBKA pe-
3yJIbTATOB

ITycts mMmeeTcss KOHEUHBIN aBTOMAT A ¢ 4eTBIpbM:A BXOodaMu. F, =
{0,1,...,9 — 1} — wmHOXKecTBO cocrosinuii aBromata, ¢(q,l,r,u,d) —
QYHKIIMST [IEPEXOJIOB COCTOSIHUIT aBTOMaTa, IIe ¢ — TEKYIIee COCTOsI-
uue, [,r,u,d IpUHUMAIOT 3HadeHus u3 Fg, npudyeMm mMeeT MeCTO CBOIi-
crBo ©(0,0,0,0,0) = 0. @yHKIWs BBIXOJA aBTOMATa COBHAJAET C (DYHK-
nueil nepexoioB cocrosinnit. OMUcaHHBIE aBTOMAT OYy/IEM HA3BIBATH K.€-
mounbiM aBTOMATOM. 1lycTh MMeeTcst IPAMOYTOJIBHUK pa3mepa n X m,
m >=2n 23, m,n € N. B Kaxk/1yo KJIeTKy IpsSMOyTroJIbHIKA TOMECTUM 10
OJTHOMY 9K3eMILJISIPY OJIHOTO M TOro ke KjierouHoro asromara A. K Bxo-
JlaM 3TOr0 aBTOMATa IPUCOEINHUM BBIXOJIbI aBTOMATOB, CTOSIIIMX B Ue-
TBIPEX COCETHUX C HUM KJeTKaX, TO €CTh y HEero MMeeTCsl e6bili BXOT
[, npasoili BXOI T, 6EPTHUL BXOI U U HUNCHUL BXOI d COOTBETCTBEH-
HO U ¢ — TEKYyIlee COCTOsiHAE aBTOMAaTa. BBIXOIOM aBTOMAaTa sBJISETCS
€r0 COCTOSTHHME B 3TOT MOMEHT BpPEMEHHU. ABTOMATHI, CTOSIINE B TIEPBO 1
n-if CTPOKAX U B IEPBOM U 1M-M CTOJIONAX OYIeM Ha3BIBATH 2PAHUYHHLMU
asmomamamu. Jist 9TMX aBTOMATOB OIIpeJie/IeHbl He BCe BXOJBI. Byjem
CUUTATh, 9TO y ABTOMATOB, CTOSIIIIAX B 1M-M CTOJIOIE MPABBIA BXOJ BCETIA
HYyJIeBOil, U y aBTOMATOB, CTOLAILIUX B M-I CTPOKE HUXKHUI BXOJ BCEra
HyJieBoii. Heoripe iesieHHbIe BXO/IBI aBTOMATOB MEPBOl CTPOKU U MEPBOTO
crosibria Oy/ieM Ha3bIBATH €680000HbMU 8X0damu. ONUCAHHYIO KOHCTPYK-
IIMIO HA30BeM (7, M )-9KPaHOM, TO €CTh (1, M)-9Kkparom S HA30BeM TPOIKY
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S =<A,n,m>, rme A — KJIETOUHBIIT aBTOMAT, 1 U 1M, — COOTBETCTBEHHO
KOJIMIECTBO CTPOK U CTOJIOIOB MPSMOYTOJILHUKA.

Cocrostnust 0 m 1 KJIETOYHBIX ABTOMATOB Oy/ieM HA3BIBATDL MEMKa-
Mu. Ecanm KaxkJbIil KJIeTOYHBI aBTOMAT SKpaHa HAXOJWTCS B HYJIEBOM
WU €THHUTHOM COCTOSTHUM, TO TAKYIO KOH(MUTYPAIHIO COCTOSTHUN SKpaHa
OyaeM Ha3bIBATb 4epHo-besotl xongueypayuet. Yepuo-bemyo koudbury-
PAINIO HA30BEM U306PadiCeHueM, CIN 3Ty KOHMDUTYPAIUIO MOXKHO yIep-
JKUBATh CKOJIb YTOJIHO JIOJITO, TO/IaBasi Ha CBOOOIHBIE BXOJLI ABTOMATOB
HyJieBble 3HadYeHnst. Kodom K wm300pakeHWsT Ha30BEM MATPUILY 1o X 17,
cocrosntyto u3 Hyjeil u eaunuil. CraxkeM, 9T0 m300parxkKeHue i coom-
semcmeyem danromy xody K, ecyin mosioxkeHne HyJsei U eIMHALL B U300-
pPaskeHWN M B KOJIE COBIIQIAIOT.

[Tycrh Tak»ke mMeeTcst 6HewsHUl aBTOHOMHBINA aBToMaT A, ¢ MHOXKe-
crBoM cocrosnnit Ey = {0,1,... ,¢ — 1}, KOTOpBIi reHepupyer 10CIe-
JIOBATEJIBHOCTH BXOJHBIX CHMBOJIOB M3 MHOXKECTBa [, IIsi CBOOOIHBIX
BXOJIOB KJIETOYHBIX aBTOMATOB. TO e€CTh BBIXOJ BHEITHETO ABTOMATa, —
nBa BekTopa: (ai,...,an) u (b1,...,by), roe a;,b; € By, i = 1,...,n,
j =1,...,m. B HauaJIbHBII MOMEHT BPEMEHU BHEITHUI aBTOMAT HaXO-
JINTCS B HAYAJHLHOM, HYJEBOM COCTOSTHHHU, a Ha SKpaHe MMeeTCs JepHO-
Hestoe m3o6parkenne (OO SKpaH U3 OJHUX HyJIel). 3a1ada COCTOUT B 110~
CTPOEHUH TAKOTO KJIETOYHOTO aBTOMATA, UTO JJIst JTI060ro Koja K MOKHO
MOCTPOUTH TAKON BHEITHUH aBTOMAT, YTO MPHU MOJIAYE BBIXOIOB BHEITHETO
aBTOMATa Ha BXOJbI 9KpaHa, HA SKpaHe TeHepupyeTcs n3obpaxkenne S,
coorBercrByoriee kKouy K. Obosnaunm (n,m) — MHOXKECTBO H300pa-
JKeHuit pazmepa (n X m), COOTBETCTBYIONIUX BCEM BO3MOXKHBIM KOJIAM.

TI'enepamopom G Hazopem mapy G = <A, S>, rne A, — BHeITHUI
aBromat, S — 9kpan. Ecou A, — aBTOHOMHBI aBTOMAT C 1 + M BbI-
xofamu, S — (n,m)-5KpaH ¢ 4epHO-OeJIbIM HAYAJILHBIM COCTOSTHUEM, TO
cKaxkeM, 9To reneparop <A, S> dopmupyer mzobpazkenue ¢ Komgom K,
ec/Ii 9epe3 HEKOTOPOe BPEeMsT Ha, SKPaHe MOABISETCA H300paykeHne, CooT-
BercTBytoiiee Koy K. Ckaxkem, uro skpan S = <A,n,m> — yHusep-
canvmvili, ecm s Jodoro koga K cylecTByeT BHENTHUI aBTOMAT Af ,
Takoit 4to rereparop G = < AKX, S> dbopmvupyer nzobpazkenue Jx, cooT-
BercTByfomiee Koy K. MHOKeCTBO BceX yHUBEPCAJIBHBIX (7, 1M)-9KPAHOB
oboznaunm depes U(n, m). Janee Gymer nokazano, aro U(n, m) # & upu
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aobeix n,m = 3, n,m € N. Ecim S = <A,n,m> — sKkpan, To depe3
Q(S) obozHaumMM UncsI0 cocTosiHUi KyeTouHoro apromara A. O6o3HaImM

Q(n,m) = sJLﬁiﬁfm) Q(S).

Teopema 1. Ecaum >=n >3, n,m € N, mo Q(n,m) = 3.

Hnst reneparopa <A, S> uepes T(A.,S) 0bo3HAUYNM MOMEHT Bpe-
MEHH, MOCJIe KOTOPOro KoHpUrypalms sKpata He usMmensiercs. Cunraem,
qro T(Ae, S) = 00, ecin crabuimsanus He HacTynaer. Eciam reneparop
<Ae, S> dopmupyer mzobpazkenne g, COOTBETCTByIONEEe Koy K, TO
T(A., S) — Bpemsi bopMupoBanust n300pazkeHust I .

[Tycrs S — yHuBepcanbHblil 9kpaH, S — nzobpaxenue. Yepes G (59, )
0b603HAYNM MHOYKECTBO TeHepaTopoB <A.,S>, dopmupyomux nzobpa-
xenne &, ObosHagnM

T(S,S) = min T(A,S),
<Ae,5>€G(8,9)
T(S,n,m)= max T(5,%),

FeS(n,m)

T(nm) = min T(S,n,m)

T(n,m,q) = min T(S,n,m).
( ? SeU(n,m),Q(S)<q ( )
Teopema 2. Ecoum >n >3, n,m €N, mo

T(n,m) = n.

Teopema 3. Ecaum >n >3, n,m,k €N, mo

T(n,m, 2"t — 1) < (m — k 4+ 2)n/k[+k — 1.

2. TouyHas oneHKa YncJia COCTOSIHUN KJI€TOYHBIX
aBTOMATOB

Jlemma 1. Ecaum >=n >3, n,m € N, mo Q(n,m) > 2.
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Puc. 1. Koudwuryparust BX0JI0B KJIETOYHOI'O aBTOMATa, IEPEBOIAIIAS CO-
crogaue 0 B cocrognue 1.
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Puc. 2. Ilpumep n3obparkeHusi, KOTOpOe COXPAHAETCS TOJIHKO OIUH TaKT.

JokazareabcTBo. Bynem jokasbiBath oT mporusHOro. Ilycre S =
<A,n,m> — yHUBepCAJbHBIN (N, M)-9KpaH ¥ KJIETOYHBIH aBTOMAT HMe-
er He Oosbire 2 cocrogauili. Ecim KJIeTOYHBI aBTOMAT MMEET TOJIBKO
OJIHO COCTOsIHHE, TO KOH(UTypalus Ha dKpaHe HUKOIIa He U3MEHHTCS,
U MBI HE CMOYXKEM TIOJIYIUTb HUKAKOe Jpyroe m3obpazkenue. IlycTb Kire-
TOYHBIN aBTOMAT MMeeT 2 cocrosiHus u3 MHOxkectBa Eo = {0,1}. Tak
KaK 9KPaH YHUBEPCAJIbHBIN, TO JJis JIIOOOr0 M300pasKeHUsi CYIIeCTBYET
BHEIIHNH aBTomMar A, Takoi, uro rereparop P = <A, S> dhopmupyer
910 m306pazkeHne. To ecTb 9TO yCJI0BUE BBHIIOJIHEHO U I N300parKeHusl,
COJZIEPZKAIIEr0 OJHOBPEMEHHO W HYJIEBblEe W €IWHUYHBIE COCTOAHUSI KJIe-
TOYHBIX aBTOMATOB. 3HAYUT CYIIECTBYET KOH(MUTYPAIHSI, TIEPEBOISIIA
cocrosiare () KJIETOYHOIO aBTOMATa B COCTOSIHHE 1, TO €CThb CYIIEeCTBYIOT
rakue [, r,u,d € Ey, uro ¢(0,1,7,u,d) = 1, upuuem He Bce I, 7,u u d pas-
Hbl Hy/10 (cM. pucyHOK 1). Ho Torja Mbl He cMOXKeM HOJIyduTh H300pa-
JKeHMe, IPUBEJIEHHOE HA PUCYHKE 2 a), TaK KAK OHO COXPAHSETCS TOJBKO
OJIUH TaKT U MEPEXOJUT B KOHUrypanuio 2 6). 9To IpOTUBOPEUUT C TEM,
9TO 9KpaH YHHBEpCaJIbHBIN. JleMMa gokazaHa.
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Jlemma 2. Cywecmsyem yHnugepcarvhoili oxpar S = <A, n,m>, maxot

wmo Q(S) = 3.
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Puc. 3. Tlepexomnl cocTOsHUIT KJIETOTHOIO aBTOMATA C TPEMsI COCTOSHUSI-
M.

HoxkazareabcTBo. OnuiiieM KJIeTOUHBI aBTOMAT. Y HEI'O TPU COCTOSHUS
u3 F3 = {0,1,2}. Onumem yHKIUIO TEPEXOJIOB aBTOMATA.

©(0,2,7,2,d) = 2, tme r,d € FEj, B OCTaJIbHBIX CJIydYasiX
©(0,1,m,u,d) = 0.

©(1,2,7,2,d) = 2, ecsiu r,d € FE3, B OCTAJIBHBIX CJIydasiX
oL, lr,u,d) = 1.

©(2,0,7,0,d) = 0, ecu x0oTst 661 OHA W3 T U d paBHa 2, BTOpas

npuHuUMaeT Joboe 3HadeHue us F;
©(2,0,7,0,d) = 1, eciiu 7,d € Eo; ¢(2,2,r,0,d) = 0, ecitu r,d € Es,
B OCTAJIbHBIX ciydasx ¢(2,1,r, u,d) = 2.
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Ha PUCYHKE 3 IIOKa3aHO, KaK MEHAIOTCA COCTOAHUA KJIE€TOYIHOI'O aBTO-
MaTa B 3aBUCHUMOCTU OT KOH(bI/II‘ypaL[I/II/I BXOJHDBIX 9JIEMEHTOB.

OnwumeM BHEMIHUI aBTOMAT JJIs JJAHHOT'O JBOMYHOIO KOJa U300pazke-
nusg K. OH nomaer Ha BXOIbI KJIETOYHBLIX aBTOMATOB TaKHUE IIOC/IEI0BA-
TEJLHOCTH, YTO TOYKM PUCYIOTCS 110 OJHOIl HAYMHAsS C HUKHEH CTPOKH
crpaBa HajeBo. lIpudeMm, eciu B KOJIE €CTh €JIMHUIA C KOODAMHATAMU
(n,m), To aBTOMAT Cpa3y HAYMHAET I'€HEPUPOBATH I0CJIE[0BATEIHLHOCTH
JIUI IOCTPOEHMsI TOYeK, B IPOTUBHOM CJIydae CHadaJa OUMINAeT KpaH,
TO eCTh IepPeBOUT BCe KJIeTOUHbIe aBTOMAThl SKpaHa B HYJIEBOE COCTOs-
HHE, a 3aTeM y»Ke KOHCTPYUPYeT MOCIeJ0BATEILHOCTH JIJIS IOCTPOCHUS
HOBBIX TOYEK.

OnumieM 1Mocjie10BaTeIbHOCTH, KOTOPbIE OYJIeT reHepUpOBaTh BHEI-
HUM aBTOMAT YTOObI OYMCTUTH SKPAH OT €IUHUICK.

B mepBblii TakT BHemHuit aBromar mogaer BekTopbl (2,0,...,0), u
(2,0,...,0),, (namexcom BHU3Y OyjeM 0003HAYATH JJIMHY BEKTOPA); BO
BTOPO#i TakT — BeKTOpHI (2,2,0,...,0), u (2,2,0,...,0),,; B Tpernii —
sekropsl (0,0,2,0,...,0), u(0,0,2,0,...,0),, u Tak jajuee j0 n-ro TakTa
OH TI0/Ia€T BEKTODBI, y KOTOPBIX B MOMeHT k (k < n) Ha k-M MecTe CTOHT
JIBOjiKa, HAa OCTAJBHBIX MecTax — Hy/u. B (n+1)-it takr — (0,...,0,2), u
(0,...,0,2,0,...,0)m,, rae 2 crout Ha (m+ 1)-m mecre. Janbine Haannast
¢ (n+2)-ro u 710 M-ro TakTa OH IOJAET MEPBbIil BEKTOP — HYJIEBOIi, & BTO-
poii Takoit, 4T0 B MoMeHT k (i < k < m) Ha k-M MecTe CTOUT JIBOIiKa, Ha
oCTaJbHBIX MecTax — HysH, T0 ectb (0,...,0), u (0,...,0,2,0,...,0):,.
BaremM aBTOMAT HAYMHAET I'€HEPUPOBATH MOCJIEIOBATETHLHOCTU JIJIsA 1O~
CTPOEHUsT TOUEK M300PAXKEHMUS.

[TosicHuM aITOPUTM OYHMCTKH 3KpaHa. MBI MochbLIaeM BOJHY U3 JTBOEK
(oHA COCTOHUT U3 JIByX COCEJIHUX JMaroHaJseil), IpudeM B HIZKHEH CTpOKe
9TOM BOJIHBI CTaBUM Tpu JBOMKH. Torma, mpoiias 10 KOHIA SKpaHa, BCe
JABOMKM KpOMeE JIBYX HIZKHHUX MCUYE3HYT, & B CJICAYIOIIUN TaKT OCTaBIINe-
sl JIBe JIBOWKY TOXKE MCYEe3HYT (Tak 3ajaHa (DYHKIUS TIEPEXOI0B COCTOsI-
HUI KJIETOYHBIX aBTOMATOB). TakuM 06pa3oM, Bce KJIETOUHBbIE aBTOMATHI
9KpaHa OKayKyTCs B HYJIEBOM cocTossHUU. Ha pucyHke 4 nipuBeJieH IpuMep
OYMCTKU 3KpaHa.
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Puc. 4. Tlpumep ouncTku sKpaHa.

Onwuiiem Terepb MoC/Ie10BaTeIbHOCTH, KOTOPbIe OyJIeT TeHepUupoBaTh
BHEIIHUI aBTOMAT YTOObI HAPUCOBATH TOUKY € KoopuHaTamu (i,7) (To
eCThb TOUKY, CTOSIILYIO B i-if CBEPXY CTPOKE U j-M CJIeBa HAIIPABO CTOJIONE).

B mepseiit  Takr asromar Bbyiaer BekTopbl  (2,0,...,0), u
(2,0,...,0)m.

Ecau (4,7) = (1,1), T0 BO 2-if TAKT OH BBIJIAET J[BA HYJIEBbIX BEKTODA.

Ecm 0 < @ < j n (i,j) # (1,1), BO BrOpoii TakT aBTOMAT BBI-
nmaer BeKTopbl (2,2,0,...,0), u (2,2,0,...,0),,; B TpeTuii — BEeKTOPHI
(0,0,2,0,...,0), u (0,0,2,0,...,0),, u TaKk jganee J0 i-ro TaKTa OH MOJIA-
eT BEKTODBI, y KOTOPBIX B MOMeHT k (k < i) Ha k-M Mecre crouT JBOiika,
Ha OCTAJbHBIX MecTax — Hysu. Jasbie naunnas ¢ (i + 1)-ro u o j-ro
TaKTa OH I0JaeT IIEPBLIA BEKTOP — HYJIEBOIl, & BTOPOIl TakKoil, YTO B MO-
MeHT k (i < k < j) Ha k-M Mecre CTOUT JBOiiKa, Ha OCTAJBHBIX MECTaX —
uysu, To ectb (0,...,0), u (0,...,0,2,0,...,0),,. 3arem aBrOMaT HAUU-
HAET MeHEPUPOBATD OC/IEI0BATEILHOCTH JIJIsI CJIEJLYIONIEeH TOYKH.
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Ecm 0 < j < i u (i,7) # (1,1), T0o BO BTOpOii TAKT aBTOMAT BBI-
naer BekTopbl (2,2,0,...,0), u (2,2,0,...,0),,; B Tperuii — BEKTODHI
(0,0,2,0,...,0), u (0,0,2,0,...,0),, u TaK Jlajuee J0 j-ro TakTa OH IO-
JlaeT BEKTOPBI, Y KOTOPBIX B MoMeHT k (k < i) Ha k-M MecTe cTouT J1BOiiKa,
Ha OCTaJbHBIX Mecrax — Hy/u. Janbrre waunnas ¢ (j + 1)-ro u j0 i-10
TaKTa OH MOJaeT BTOPOA BEKTOP — HYJIEBOM, a IEepBbI TaKOW, 4YTO B MO-
MmenT k (j < k < i) na k-M Mecre CTOUT JIBOiiKa, HA OCTAJBHBIX MECTaX —
mys, 10 ecthb (0,...,0,2,0,...,0), u (0,...,0),.
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Puc. 5. Ilpumep KOHCTpyUpOBaHUS OTHONW TOUKH.

Ha pucyuke 5 npuBeeH npuMep HOCTPOCHUS TOUYKH C KOOPIMHATAMU
(3,4). 3ameTnM, YTO P IOCTPOEHUN TOYKHU € KoopuHaTaMu (i, j) usme-
HEHUS TTPOUCXOIAT TOJBKO B IMIPSAMOYTOJBHUKE % X j, & 38 €ro IpeJieaMu
CTOSIT TOJIBKO HYJIN U eMHUIIBL. Torna u3 3a/1auus (pyHKIUN TEePEXO/IOB
BHJIHO, 9TO YK€ TMOCTPOEHHBIE TOYKHU HE MEMIAIT (DOPMUPOBAHUIO HOBOit
U HA0OOPOT, IMOCTPOEHNE HOBOI TOYKHU HE BJUSET HA TOUYKHU, Y2KE CyIIe-
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CTBYIOIIIME HA KPaHE. 3aMETUM TaKXKe, UTO JJIsi MOCTPOCHUS TOYEK MBI
NCIOJIb30BaJIN BOJIHY M3 JIBOCK, IIPUYEM JIBUTasACH BIIEPE/], OHa OCTaBJIAET
3a coboif aBTOMAThI B HYJIEBOM COCTOSTHUM. 1103TOMY, ecjim MBI pUCyeM
TOYKY € KOOpJMHATaMu (1,Mm), TO BOJIHA IPOXOJUT Yepe3 BeCch IKPaH,
U KOHCTPYHUPYsl TOYKY, OJJHOBPEMEHHO M OYHINAECT BCIO OCTAIHHYIO YACTH
SKpaHa.

Takum 00pa3oM MOXKHO IPEJICTABATL BHEITHUN aBTOMAT Kak 7 + m
«MAJICHbKUX» aBTOMATOB, KaKJIbIi M3 KOTOPBIX renepupyer 1 OuT Jist
BBIXOJHBIX BEKTOPOB. DT aBTOMATHI Pa3dUTHI HA 2 IPYIIBL: B OJHON 1,
B JIPYyTroOif — m aBTOMATOB COOTBETCTBEHHO. B KaK0it TpyTIe aBTOMATHI
BBICTPOEHBI TIEMOYKON oT 1-ro 10 n-1o u oT 1-T0 0 M-TO COOTBETCTBEH-
HO. y 9TUX aBTOMATOB €CTHb CUETYUKHU, SHAUYCHUA KOTOPBIX B HAYaJIBHOM
coctosiinu paBubl (). BHemnwuit aBToMaT mOJAeT MEPBBIM JIBYM aBTOMa-
TaM 3HAQYCHUS CHETUYNKa, PABHOI'O COOTBETCTBYIONIEN KOODJAMHATE TOYKH,
KOTOPYIO KOHCTPYHUPYeT aBTOMAT. B KaxK/blii MOMEHT BPEMEHHU KaXKIbIi
U3 aBTOMATOB (KPOME IIEPBOIO U MOCJIEJHEr0) MOJIyJYaeT Ha BXOJ[ 3HAUE-
HUE CYETYHKA OT IIPEJIBLIyIIero apromara. Kciaum oHo paBHo 0, BbLIaeT
HyJIEBOIT OUT B BeKTOp U nojaeT 0 Ha BXOJ cjeayomneMy apromary. NHa-
49e BbLJaeT 2B BEKTOD, YMEHbLITACT 3HAYCHUEC CUECTIUKa Ha lu mnepemgaeT
9TO HOBOE 3HAUEHHE CUYETUINKa Ha BXOJl CJIEAYIOIeMy aBromary. llepsbrit
aBTOMAT BejieT cebsl Tak »Ke, HO MOaeT 2 B BBIXOIHONW BEKTOP JBa TaKTa
IO APAT. OT.HI/ILII/Ie mocjgeaHero apToMmaTa B TOM, 9TO Yy HETO TOJIBKO OJIUH
BBIXOJ[ — OUT BEKTOPA, ¥ HET BBIXOJIA JIJIsi CJIE/IYIONIEr0 aBTOMATA, TaK KaK
on cam mocsennuii. To ecTh mepBble aBTOMATHI UMEIOT TI0 2 COCTOSTHUSI,
OCTAJIbHBIE — TIO OJTHOMY.

Kpowme Toro ects p < mn COCTOSTHUI BHENTHETO aBTOMATA, KarXKJI0e 13
KOTOPBIX COOTBETCTBYET €IMHWYHOMY OUTY M3 JBOMYHOTO KOja M300pa-
JKeHus (CripaBa HAJIEBO B CTPOKe HaumHas ¢ HizkHel ). Kaxmomy n3 srux
COCTOSTHUII COOTBETCTBYET Tapa 4uces (i,j) — 9TO KOOPAUHATHI HEHYJIe-
BOro OuTa KoO/a m300parkeHusi M, COOTBETCTBEHHO, 3HAYCHUS CUETIUKOB,
KOTOpbI€ aBTOMAT IIOJa€T ABYM I'DylIlaM aBTOMATOB: IE€PBOE — T'DYIIIIE
U3 M, BTOPOE — TPYIIIE U3 1M aBTOMATOB. 3aTeM KJIeT IIOKa He OOHYJISITCSI
CYETYUKHU BCEX aBTOMATOB B JBYX IEIIOYKAX U IEPEXOJIUT B CJIE/LYIONIEE
cocrosinne. depe3 HECKOJIBKO TAKTOB IOCJE TOTO, KaK aBTOMAT IMPOIIeT
[0 BCEM CBOUM COCTOSIHUSIM, Ha 9KPaHE BO3HUKHET YepHO-Oesiast KOHMU-
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rypauus. Eciu Teneph mogasaTh Ha CBOOOSHBIE BXOALI HYJIEBBIE BEKTOPKI,
TO MOXKHO COXPaHSITh 3Ty KOH(MUI'YPAIUIO CKOJIb YIOIHO J0Jro. To ecTh
910 m3obpazkenune. Tak Kak KaxKjash HAPUCOBAHHAsS TOYKA COOTBETCTBYET
TOYKe U3 IMOJAaHHOIO HA BXOJ[ KO/, TO IOJyUYeHHOe M300parKeHUe COOT-
BETCTBYyeT JAHHOMY JIBOMYHOMY KOiy. JlemMma jokasaHa.

2 2 0| 0| 2
2 2 2

— — —
2 2 2|2 0 o|lo| 2|0
210 210 2 212|0
2 — 0| 2 —> 20| 2 —>
2 012 2 o|2] 2
o(o| 0| O olo|10]| 0 olo|o0| 0
o220 ool 2|0 olo|lo|0| 0
212|10]| 2 — o220 —> o|lo| 2|0 —
21012]| 2 21210]| 2 ol 2| 2| ¢
o(o| 0|0 olo| 0|0
o(o| 0|0 olo| 0|0
oo oo —> olo|ofo
ool 2| ¢ oo | {

Puc. 6. Ilpumep KoHCTpyHpOBaHUSA ABYX TOUEK.

N3 nemm 1 m 2 cnenyer yrBepxKiaenne Teopemsbr 1.

Ha pucynke 6 npuseieH mpuMep TOCTPOEHUS TOUYEK ¢ KOOPIWHATAMU
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(3,3) m (3,4). st mocTpoeHust TOUKN MBI IOCBIJIAEM BOJIHY (J[BE Juaro-
HaJIM) U3 JBOEK. BoJiHa mpojBuraercst Ha OJIHY JIMaroHaJb 3a TakT. Kcim
I0CJIATH J[BE BOJIHBI C MHTEPBAJIOM B OJ[HY IIyCTYIO JMArOHAJb, TO TaK KaK
OHM JIBUZKYTCsI C OJIMHAKOBON CKOPOCTBIO, OJIHA HE CMOXKET JIOIHATH JIPY-
ryto. Jluaronaib ucdesaer 3a 2 TakTa: OCTaeTCs OJHA JIBOHKA, KOTOPast B
CJIEJIYIOIIUIT MOMEHT CTAHOBUTCs ejuHuIei. To ecTh ojHA BOJIHA yclieeT
MCUE3HYTh JI0 TOrO, KAK BTOpast JIOTOHUT ee, U OT Hee He OCTAHETCs JIBO-
eK, KOTOpble MOIVIM Obl MOBJIMSTH HA (GOPMUPOBAHKME OYEPEHON TOUKH.
BHavYnT, Ha KayKJIbli TPETHI TAKT Mbl MOXKEM HAYUHATH HOCHLIATH CUTHAJL
JyIst catetytoredi Touku. Byiem HasbiBaTh s10T asroputm — Aazopumam 1.

Onennm Bpemsi paborsl Aszopumma 1. Ha Touky ¢ KoopamHartamu
(i,7) aBromar TpaTut i+ j + 1 TakT. V306parKenune MOXKET COJEPKATh HE
6ostee wem mn Touek. IlocaeaHIon N3 HIX aBTOMAT HAYHET KOHCTPYHPO-
BATh He I037Ke YeM Yepe3 3mn TAKTOB I10CJIe HavdaJa MOJadn 0C/Ie/[0Ba~
TeJIbHOCTE JIJIsl TIEPBOi TOYKN (TakK Kak depe3 Kark/ple 3 TaKTa aBTOMAaT
HAYMHAET KOHCTPYHPOBATH CJIEYIOILyto TouKy ). Ilimoc oqun TakT Ha TO,
ITO0 MOC/IE HsAST TOUKA yCIlesla CTaTh euHunei. Eciam Todek MenbIie aem
nm, HaupuMmep k, TO HOCIEJHIOI W3 HAX aBTOMAT HAYHET KOHCTPYHPO-
BaTh depe3 3(k — 1) TakTOB mocJie HaYAIA [TOJIAYH [TOCJIEI0BATEILHOCTEH
Jyist 11epBoit Touku. VI Torja mocsie/iHssl TOYKa yCIeeT JOCTPOUTHCS 34
cuer pasHuIilbl Mexkry 3mn u 3k. CiemoBarebHO,

T(n,m,3) < 3mn + 1.

Takrke MOXKeEM OIEHUTL BpeMsl mocTpoenust mo Aszopummy 1 m306-
paxkenwust, coyepxkarero k < mn Todek. Byraem obo3HaYaTL ero uepes
Ty.(n,m,3). Mbl nocunTaem obiee BpeMst HOJ@YU [10CJI€I0BATEIbHOCTE
JI7IsT TIOCTPOEHNS TOYeK, TO ecThb 3k. Takske HEOOXOAUMO J100aBUTH BpeMs
HA OYMCTKY 9KpaHa, Ha 3TO jocTarovHo 4 TakTa. OcTaiioch 106aBUTH Bpe-
Msi Ha TO, YTOOBI IOCJIE/IHsIsT TOYKA JOPUCOBAJIACH, KOIJIA aBTOMAT YXKe
CTaJI TI0JIABATH TOJILKO HYyJIEBBIE IT0OC/eioBaTesbHOCTH. Ha 910 Heobxo1u-
MO i + j + 1 Takr, vae (i,7) — KOOpAMHATHI TOCae Hell Toukn. OreHnM
t+7+1<n+m+1 n nonyanm

Ti(n,m,3) < min(3k +n +m+5,3nm + 1).
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3. TouHoe 3HaYeHME BpeMeHNA IIOCTPOEeHNA n300-
pPaxKeHuns 11pmu HeoOIrpaHnIYeHHOM 4YncJjie COCTO-
SSHU KJIETOYHbBIX aBTOMATOB

JIemma 3. Ecaum >=2n >3, n,m €N, moT(n,m) >n.

Puc. 7. Tlpumep mzobparkenusi, KOTOPOE HEBO3MOXKHO CKOHCTPYUPOBATD
OBbICTpee YeM 3a N TaKTOB.

Hoxka3zaresnnscrBo. [Ipusegem npumep H300pazkeHust, KOTOPOE HEJb3si
CKOHCTPYHPOBATH OLICTpeE YeM 3a N TAKTOB. DTO M300pazKeHne, COCTOsI-
Iee U3 OJHOM €JUHCTBEHHOI TOUKY ¢ KoopanHartamu (n,m) (cM. puc. 7).
JorycTuM, 9T0 MBI y?Ke HAPUCOBAJIM 9Ty TOYKY. DTO O3HAYAET, UTO ObLI
TAKON MOMEHT, KOIJIa He BCe BXO/Ibl Y Hee ObLIN HyJIeBbIMU. A 3HAYUT, eIle
paHbIiie OblJI MOMEHT, KOTJIa HE BCe BXOJ[bl Y aBTOMATOB U3 €6 OKPECTHOCTH
ObLIM HYJIEBBIME M Tak Jlajiee. Tak Kak KayKJblil aBTOMAT BUJUT TOJIb-
KO COCTOSIHUSI COCEJIHAX C HUM aBTOMATOB, TO 3 OJIMH TAKT HEHYJIEBOE
COCTOsIHME PacIpocTpaHsiercst He 6ojiee deM Ha OJIHY KJIETKY B KarKJOM
HAIIPABJIEHAHN. DTO O3HAYAET, UTO KJIETKH C KOOpJuHATaMu (m,m) OHO
JIOCTUTHET HEe PaHbIIle YeM depe3 n TakToB. JleMma JloKa3aHa.

Jlemma 4. Ecaum >n >3, n,m €N, mo
T(n,m) < n.

okazareabcTBo. [locTponMm remepaTop, KOTOPBLIE KOHCTPYUPYET JIIO-
6oe nzobparkenne 3a BpeMs n. Ouuiem KJIeTOYHBIH aBTomar. Ero cocro-
sTHAE COCTOUT M3 JIBYX KOMIIOHEHT: repBasi — cuerdnk (or 0 o n — 1), a



118 E.E. Turosa

Bropast — Merka (0 mwin 1). B Haua/bHBI MOMEHT BpeMEHU CYETYUK aB-
TOMaTa U MeTKa paBHbI Hy/110. CyIeCTBEHHBIM JIjIsi KJIETOYHOIO aBTOMATA
SIBJIIETCSL TOJIBKO COCTOSTHUE BEPXHEro aproMara. Kciin 3HaueHne cuerdn-
Ka aBTOMATa PABHO HYJIIO, aBTOMAT BBIJAET METKY. B KarKJblii MOMEHT
BpEMEHU aBToMaT GepeT 3HaYeHne CUeTINKA U METKY Y BEPXHEr0 aBTOMa-
Ta. Ecyin 3Hauenne cyerdnka OOJIbINE HyJIst, aBTOMAT YMEHbIIaeT ero Ha 1,
IPHUCBANBAET TO 3HAUYEHHE CBOEMY CUYETUYHMKY M OepeT HOBOE 3HavYeHUe
MeTku. TakuM 06pa3oM ONpPeJIe/IsieTCsl HOBOE COCTOSTHUE KJIETOYHOIO aB-
rToMara. Fciu 3HaUeHNe cueTdnKa BEpXHEro asromara pasHo 0, aBroMar
He MEHsieT 3HAUeHHe CBOEero CUYeTdnka u cBoeit merku. Taxum obpasom,
KJIETOYHbIE aBTOMATHI UMEIOT 110 2n cocrostumii, Fa, = {0,1,...,2n —1}.
st cocrostamit 0 u 1 3HAUeHMs cueTynKa paBHbl 0, 3HAYEHUS] METKH PaB-
uel 0 u 1 coorBercrBenno. Jljst cocTosiHUI ¢ 2-T0 1O N-€ 3HAYEHUE METKU
pasuo 0 1 3HaYeHHs cUeTYNKa paBHO 1,2,...,n— 1 coorBercrBenHo. st
cocrosianii ¢ (n + 1)-ro no (2n — 1)-e 3HaveHne MeTku paBHO 1 n 3HAYeE-
HUs CUETYNKa PaBHO 1,2, ...,n—1 coorBercTBerHo. [lepexomnr cocTosnmit
OIMCAHBI BBIIIIE.

OnwumieM BHENTHUHA aBTOMAT COOTBETCTBYIONIMIA JIBOMYHOMY KOy K.
B HauasbHOM (HyJIEBOM) COCTOSIHUM aBTOMAT IOJIAET HAa BEPXHIOK MOPH-
30HTAJIb N-10 CTPOKY KOJIa M300parkKeHUsl U 3HAUEHHUE CYeTInKa n. B ce-
Jyronwit TakT — (n — 1)-10 CTPOKy n300parkeHusi U 3HAYEHHE CUeTIHKa
(n—1) u Tak najnee, B n-if TAaKT 10JAET IEPBYIO CTPOKY U 3HAYEHHE CUET-
qrka 1, B (n + 1)-it TakT Bo3Bpalaercs B HadaabHOE cocTosinue. 1o ecThb
B i-M COCTOSIHUU aBTOMAT TOJ@eT (1 — 1)-10 CTPOKY U 3HAYCHUE CUCTUUKA
(n — ). Takum 06pa3oM, BHEINIHUIT ABTOMAT MMEET 1 COCTOSHHUIA.

[Tostcanm 3TOT aaroputMm. BHermHuil aBTOMAaT MOJAET TOCTIEI0BATE b=
HOCTH U3 KOJIa M300pasKeHusl ¢ COOTBETCTBYIONIMMU CUETIYNKAMU C BEPX-
Hell TPAHUIBI B COOTBETCTBYIOIIHE CTOJIOIBI 9KpaHa (Ha JIEBYIO TDAHHILY
Beerjia nojatorcst Hysm). CHavdasa mojgaer MeTKy caMoil HUYKHE KJIeTKH
croJibIia 1 3HAUEHHE CYeTINKa 1, 3aTeM MeTKy (n — 1)-it KieTku crosbna
u 3HaueHue cuerTdnka (n — 1) u T. 1. 3a OMH TaKT CHUIHAJ HPOJBUTAETCS
Ha OJIHY KJIETKY BHHU3 M 3HaYEHHUe CUeTINKa yMeHbInaercs Ha 1. [Tosromy,
KOTJIa CUT'HAJI JIOCTUIHET HUYKHEH CTPOKM, CIETUNK OOHYTUTCS M aBTOMAT
BBIJIACT HYKHYIO METKY. AHAJOIMYHO CO BCEMHU OCTAJLHBIMU KJIETKAME
cronbia. Tak Kak 3HAYEHUsI CUETIMKOB MOJABAJINCH KayK/IbIi pa3 Ha, eJiu-



KoncrpynpoBanne m306parkennit KJI€TOIHBIMI ABTOMATAMI 119

HUILy MEHBIIE, TO BCE CUCTIUKH OOHYJIATCS OJHOBPEMEHHO Ha, 7-M TaKTe.
To ecTb Ha M-M TakTe Ha 3KpaHe IOCTPOUTCA M300paskeHue, COOTBET-
CTByIOIllEE 33J]AHHOMY JBOMYHOMY Koiy. 3Hadut, T (n,m) < n. Jlemma
JIOKA3aHa.

W3 mociieqaux ABYX JEMM ceayeT yreepxacnue Teopembr 2.

4. BepxHsis OlleHKa BpeMeHU IMOCTPOEHUs N300-
pakKeHus Npu OrPAHUYEHHOM YUCJI€ COCTOSI-
HUI KJIETOUYHbIX aBTOMAaTOB

B sToMm pazmesie Mbl IpuBeeM aJaropuTM, KOTOPBIH IPU Or'PaHUICH-
HOM YHCJI€ COCTOSTHUI KJIETOYHBIX aBTOMATOB PabOTAET B KOHCTAHTY Pa3
6uicTpee yem Anzopumam 1.

Teopema 4. Ecaum >n >3, n,m,k € N, mo
T(n,m,281 — 1) < (m — k + 2)-In/k[+k — 1.

HokazareabcTBo. Aszopumm 2.

Ommrem xkaerounsiit aBromar. Cocrogaust 0 m 1 — meTku, 2 — BCITO-
MoraresbHoe cocrosinne. OcTabHble COCTOSTHUSA SIBJISTIOTCST KOJIAMK N300~
paxKeHusi, Crosiinero B crosbie u3 k kiaerok, (k — 1) kierku, ..., 3 u
2 KJIETOK cOoOTBeTCTBeHHO. OOBeINHNM 3TH COCTOSIHUS B T'PYIILI C HO-
MepOoM, COOTBeTCTByIOH_LI/HVI KOJII/IquTBy KJIETOK, I/IHCbOpMa,LH/HO O KOTO-
PBIX coaepzKaT 3TH COCTOAHUA. COCTOHHI/IH 3&KOILI/IpyeM JABOUYHBIM KO-
JgioM bl j, 1 < j < k. TakoMy COCTOSIHMIO COOTBETCTBYET CTOJI-
OUK BBICOTBI j C COOTBETCTBYIOIIUM JIBOMYHBIM KOJIOM HM300paskKeHUsl B
HeM (KOJI YMTaeTcst CHU3y BBepx). Kpome TOro Takomy COCTOSIHUIO COOT-
BETCTBYET COCTOSIHUE € KOJIoM JumHbI (j — 1), KoTopoe mosydaercs u3
HCXOJTHOTO OTOpACBIBAHUEM CTAPINEro pas3psijia, U MeTKa, paBHAsl 3Hade-
HUIO CTApIINero paspsiaa. Takum 0006pasoM, KOJIUIECTBO COCTOAHUN PaBHO
1+2422 428 4. 42k 4ok =gkl

Mgt 6y1eM mogaBaTh CBEPXY Ha NOPU30HTAJIbL COOTBETCTBYIONINE HOME-
pa COCTOSIHMH, a M3 HUX KJIETOYHBbIE aBTOMATHI BOCCTAHOBAT IEJBIN OJIOK
n300parkeHus pasMepoM k X m KJIETOK.
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OrnumiieM QyHKITUIO TIEPEXOJI0B COCTOSTHUIA.

Cocrosinue 0. Ocraercss HEM3MEHHBIM, €CJIM Ha BCEX BXOJAX CTOAT
TOJIBKO HYJIU U eJIMHUIBL. Ecu y aBroMara BepxHU BXOJ u u3 k-l rpy1-
[IbI, OCTAJIbHBIE BXOJbI HYJIEBBIE WM €IUHUYHBIC, TO aBTOMAT IIEPEXO-
JINT B cocTostHme . Feam y aBTOMara HUKHUE BXOJ d M3 j-# TPYIIILI,
je{(k—1),(k—2),...,2, ocrasbHble BXO/bl HyJIEBbIE, TO ABTOMAT IIepe-
XOJIUT B COOTBETCTBYMOIIEe cocTosiunto d cocrostaune d' u3 (j—1)-it rpy b
Ecnu y aBromaTa J1eBBIit BXOJ, paBeH 2, OCTAJIbLHBIC BXOJBI HYJIEBLIE HJIN
€JIMHUYIHBIE, TO ABTOMAT IIEPEXOJIUT B COCTOsIHME 2. B oCcTabHBIX Cilydasx
cocrosinue () ocTaeTCst HEM3MEHHBIM.

Cocrostnue 1 namensieTcst Tak e, Kak coctosuue 0, TO eCTb OCTACTCs
HEU3MEHHBIM, €CJIH HA BCEX BXOAX CTOAT TOJIBKO HYJIU U €IMHUIBI. Eciu
y aBromara HWzKHUA BXoj d u3 j-it rpynusl, j € {(k —1),(k —2),...,2,
OCTaJIbHBIE BXOJIbI HYJIEBBIE, TO ABTOMAT IMEPEXOJUT B COOTBETCTBYIOIIEE
cocrostamio d cocrosinue d’. Ecu y aBToMaTa JIeBBIi BXOJ| paBeH 2, 0CTa/b-
HBbIC BXOJIbI HYJIEBBIC WJIN €IUHUTIHBIE, TO ABTOMAT IIEPEXOIUT B COCTOSI-
une 2. B ocranbHbIX ciydasx cocTosiHre 1 oCTaeTest HeM3MEHHBIM.

Cocrosinue 2. Eciin y aBromarta BepxHuil BXOJ, « u3 k-il rpynmnbi, TO
aBTOMAT MepexoauT B cocrosiane (0 miam 1, cOOTBETCTBYIOIIEE KOMIY U.
B ocTasbHBIX Ciydassx OCTAeTCsT HEM3MEHHBIM.

Cocrosinus k-it rpymibsl. Eciu y aBromara Ha HUXKHEM BXOJI€ CTOUT 2,
TO aBTOMAT HEPEXOUT B COOTBETCTBYMOIEee cocrostane u3 (k — 1)-it rpyn-
bl MHate aBToMaT MEPEXOINT B HYJIEBOE COCTOSHUE.

Cocrostnust j-it rpynust, j € {(k —1),(k —2),...,2} Bcerna nepexo-
qut B coctosHue O mwiam 1, COOTBETCTBYIOIIEE KOy CBOErO COCTOSIHUS B
HACTOSITINIT MOMEHT BPEMEHH.

OrnumieM BHENTHUN aBTOMAT, COOTBETCTBYIOIUI JTBOMYIHOMY Koy K.
st HekHUX K TOpU3oHTAsel OH COCTABJISIET M-MEPHBIN BEKTOp V, CO-
crostHuit u3 k-t rpynmer (i-if 3JeMeHT BeKTOpa — OUHADPHBINA KOJI M306-
pakenusi u3 i-ro crojbna, 1 < ¢ < m). C nepBoro no m-it TakKThl aB-
TOMAT MOJIAET C JICBOM TPAHUIIBI 9KPaHa N-MEPHBIE BEKTOPBI, B KOTOPBIX
HA N-M MECTe CTOUT JBOIKa, HA OCTAJBLHBIX MecTax — Hyau. C BepxHeit
PAHUIIBI SKPAaHa ABTOMAT IOJIA€T HYJIEBBIE BEKTOPBI BO BCE TAKTHI KPOME
(m — (n — 1))-ro — B 9TOT MOMEHT OH II0jlaeT BeKTOp V. Uepes k — 1
TaKT IOCJIE TOIO, KAK CUIHAJBI BCTPETSTCS C FOPU3OHTAJIBIO U3 JIBOEK,
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BCE COCTOsIHUST paciiudpyIoTcst 1 B 9TOM OJIOKE BOCCTAHOBUTCS HYKHOE

nzobpazkenne. Clie/yrolasi TOPU30HTAJb U3 JIBOEK — C HOMEpPOM 7, — K.

Ee MOXKHO HAUMHATDH 110/1aBATh KaK TOJBKO BEKTOD Vi, MIPOHJET HUKe ee,

10 ecthb ¢ (m — (k — 2))-ro Takra. To ecTb BEeKTOp HOIABAEMBIil C JI€BOIi

rpanuiibl 9kpana ¢ (m — (k—2))-ro mo m-it TAKTbI CONEPIKUT JIBE JIBOUKIHM:

Ha M-M U n — k-M MecTax. VI Tak jajsee Mbl HOCTPOUM BCe U300PaKEeHHUe.
Bpemst paGoThl OIMMCAHHOIO AJTOPUTMA!

T(n,m, 2" — 1) < (m — (k — 2))-Jn/k[+(k — 2) + (k — 1)
T(n,m, 2" — 1) < (m — k + 2)-In/k[+2k — 3.

Teopema nokazana.
B szaksrouenne aBTOp BbIpaxkaeT OiiarogapHocTh .. [acaHoBy 3a
ITIOCTAHOBKY 33/I1a4U W HAy4YHOE PYKOBOJICTBO.
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