O nuHeitHOI OIMeHKe CJO0YKHOCTH ITPOBEPKN
MPOCTOTHI YMCJIa OJHOPOJIHBIMU
CTPYKTypamu”*

A .M. Crenanenkos

B crarbe nokaswsiBaercs, uTo npu ThIOPHHTOBOM KOANPOBKE Ha-
TYpPaJbHBIX YUCEJI WX MPOCTOTA MPOBEPSETCS OJHOPOIHBIMU CTPYK-
TypaMu 3a BpeMsi, ACHMIITOTHYECKH COBIAJAIONIEE C MOJOBUHON
JUTHHBL KOZIA.

BBenenune

[IpoBepka cBOWCTB HATypaJbHBIX YHMCET MMeeT OOJIBIoe 3HAUYeHUEe B
MIPUIOKEHUSIX TeOPUn dncesi. BaXKHbIM IPU 9TOM ABJISIETCS OTIEHKA, CJI0K-
HOCTH COOTBETCTBYIOIINX AJITOPUTMOB, & TaKKe TTOCTPOEHNE AJITOPUTMOB,
ONTUMAJBHBIX TI0 CJIO?KHOCTH.

OpiHO# U3 MEPCIIEKTUBHBIX MOJIEIEHl aTOPUTMOB SIBJISIIOTCST OJTHOPO/I-
Hble CTPYKTYPBl aBTOMATOB, MOCKOJIBKY HapsIy C HATVISTHOCTHIO MPeI-
CTaBJICHUY JAHHBIX U IIPOCTOTOM 3aJaHud CaMOM OJHOPOIAHON CTPYKTYPhI
B HUX PEATN3yeTCs MPOIECC MapasLiebHOi 00paboTku nHpOpMaI. JTO
JTaéT BOBMOXKHOCTD IIPOBEPUTH CBOHCTBO MPOCTOTHI 33 JUHEIHOE BpeM.

1. OcHoBHBIE IIOHATUA U pe3yJibTaThbl

B pabore Oymer ucmoib30BaTHCS TOHATHE OMHOPOIHON CTPYKTYDHI.
Copepkarensno, omHopoanas crpykrypa (kparko OC) nmpeacrasiser co-
60i1 HECKOHEUHYIO CXeMYy, IOCTPOEHHYIO U3 KOIHUI OIHOTO U TOrO K€ KO-

*Pabora BBHINOJIHEHA NPU MOep:kKe rpanTta PODU 02-01-00162a.
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HEYHOTO aBTOMATa ¥ TAKyI0, UTO MpPaBUJIA COEIUHEHUS] BXOJOB MPOU3-
BOJIBHOTO aBTOMAaTa C BBIXOJAMU IPYTUX aBTOMATOB B Heil Be3Je OJNHA-
KOBBI. B jgasibHeiiiem smu aBromarh OymeM HasbiBaTh sdeiikamu OC. a-
auM hOpMabHOE ONPE/IeIEHNE OMUCAHHOTO TOJBKO 4TO 00bekTa. O1HO-
POJHOIT CTPYKTYpOii pasmeprocTr k HazpiBaercs uernépka (ZF,Q,V, p),
rae Z* ecth MHOXKECTBO k-MEDHBIX BEKTOPOB C IEJIBIMI KOODIMHATAM,
() — KoHeuHOe MHOXKecTBO cocrostauii, V. = {ai,...,ap_1} — ynops-
JIOYeHHBIT HAGOp PA3IHYHBIX HEHYJIEBBIX BEKTOPOB m3 ZF. HasbiBaeMblit
mabsiorom coceacrBa OC m ompemensiomuii Aad KaxK/I0il sueiikn o eé

okpectHocTh V() = {a,a+ag,...,a+an_1}, ¢ : Q" — Q — n0KaIb-
nasg pyHKIUA 1epexonoB. Eciu B MOMEHT BpeMeHU ¢ COCTOSHUS sT9eeK
a, a0 + a1,...,0 + Qp_1 OBLTIU PABHBI COOTBETCTBEHHO X(, X1, .- .,Tp—1,
TO COCTOSIHUE (v B MOMEHT ¢ + 1 moJjiaraercst paBHBIM ©(Zg, L1, ..., Tp—1)-

Cocrostanem OC OymeM Ha3bIBaTh (DYHKIMIO, COTIOCTABIAIONLIYIO KAK IO
stueiike e€ cocrostHue n3 MHOXKecTBa (). Kcim cocrosame OC B MomenT
BpeMeHu ¢ ecTh f, TO €€ COCTOAHMEe B MOMEHT t+ 1 ecTh (DYHKINS g, Ompe-
nensemast pasenctsoM g(a) = ¢(f(a), fa +a1),..., f(a+ ap—_1)). D10
paBeHCTBO 33/1aéT 0CHOBHYIO (dyHKuuio nepexonos ¢ : g = ®(f). [Mose-
nerrem OC Ha30BéM mocsieioBaTesbHOCTD { f;} €€ cocTosiHuil TaKyto, 9TO
fix1 = ®(f;). B manmpHeiitmem moBejieHe OJHOPOJHON CTPYKTYPBI 9acTO
Oynem HazbiBaTh (pyukimonupoBanuem OC.

CymecTByer OaWH BBIJEJIEHHBIH 3JIEMEHT W3 MHOXKeCTBa, () — CuM-
BOJI ycTOTHI. Bymem obozmadarh ero uepes «II». Jlamee paccmarpuBaem
qums Takue OC, y kotopbix ¢(«Il», ..., «Il») = «II». Cocrosaue «II»
siBjisiercst cocrostareM 1moKosi. Cocrositane OC, y KOTOpPOro JIUIb KOHEY-
HOE YHUCJIO AIEEK HAXOAUTCA B OTAUIHOM OT «II» COCTOSTHMM, HA30BEM
KoH(bUryparmeii.

Ilepeiiném k popmaabHOI TOCTAHOBKE 33/1a491, KOTOPas u Oymaer pac-
CMATPMBATHLCA B JaJbHEHINEM, & WMEHHO, 3aJa9M TPOBEPKMU TPOCTOTHI
HATYPAJBHOTO YHCIA C TTOMOIIBIO OHOPOIHBIX CTPYKTYP.

Ilox xomom mHarypaabHOro uncia N Oya1eM MOHUMATH IENOYKY, COCTO-
Amryo u3 N 0JMHAKOBBIX CHMBOJIOB.

Tpebyercst TOCTPOUTH MIOCKYI0 0HOPOAHYT0 cTpyKTypy (OC) Takyo,
9TO, 3aMMCaB KO/ JI000r0 HaTypaabHoro uncaa N > 1 B eé aueiiku (T0
€CTh, TIPUBEA TEMmouKy u3 N aBTOMATOB B COCTOSIHHE, COOTBETCTBYIO-
mee CHMBOJTY KOJIa; OCTAJbHBIE aBTOMATHI JOJYKHBI TPH 3TOM HAXOINTh-
Cs B BBIJIEJEHHOM (IIyCTOM) COCTOSIHWM), 9€pe3 KOHEYHOE YHCJIO0 MIAroB
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B pesysabrare ¢yuknnorupoanus OC BO3HWKHET CJeAyOmast KOHQU-
rypamus: BCe g9eifiku, KpOMe OIHOI, IMyCThl, a MOCAEIHssT TPeOhIBAET B
omaoM m3 coctogauii «Y» mian «N». [Ipuaém Bo Bce mocsiemyrome Mo-
MeHTHI BpeMmenu cocrosgaune OC #e uamensiercs. 1o cocrosgane OC Oyaem
WHTEpPIpeTupoBaTh Kak orBerT HA Bompoc: N — mpocroe? Ecau OC na-
éT TPaBUJIBLHBIN OTBET [JIst JIFOOOTO HATYPAIBLHOTO UHC/IA, CKAXKEM, UTO
marrast OC peraer 3a/a9y TPOBEPKHU MPOCTOTH HATYPAJTBHOTO UUC/IA.

Beeném mexoropoie orpanumuenust Ha OC. Hucao cocrosiHuit sueii-
KU JIOJIZKHO OBITH OIPAHUYEHO HEKOTOPOil KoHcTranToit m: |Q| <
m. B kagecTtBe mabyioHa COCEICTBA MOXKET BBICTYHATH JI000I yTIO-
PsiIOYEHHBINT HAOOP, COCTOAIIMIT U3 3JEMEHTOB MHOXkecTtBa V =
{(*L *1)’ (07 *1)7 (1’ *1)7 (*17 O)’ (17 0)7 (*17 1)7 (Ov 1)a (1’ 1)}

EctectBenno craparbcst onTumMu3upoBarh BpeMmsi paborsl OC. D10
BpeMsi Oy/ieM BhIpasKaTh Kak (DYHKIMIO OT JJIMHBI 33/a9u (JJIMHBI KO-
na) — N. Ucnoswsyem jyist Bpemenn paborsl OC o obosnauenne Ty (N).

Hasee 6ynem paccmarpuBath To16K0 T€ OC, KOTOPBIE yIOBIETBOPSIOT
mammmM orpanmdenuam. Paccmorpum Bce OC, KOTOpBIE pEIIalT 3a1ady
NPOBEPKM MPOCTOTHI HATYPATLHOTO UMCAA (TO €CTh, JAI0T OTBET «Y »,
eCJIM 9IMCJI0 TIPOCTOE, U «N», €CJIn COCTABHOE).

Beeném dyuximio cnoxuoctn T'(N) = min {7, (N): o permaer 3amatdy
0 MPOBEpPKEe YUCJIA HA TPOCTOTY }.

OCHOBHBIM Pe3yIHTATOM PAbOTHI ABJSIETCS CIEAYIOIIEe YTBEPK JCHIE.

Teopema 1. T(N) ~ &

2. Huxkusas onenka njiga 1T'(N)

Jlemma 1. /[lasn aobozo N > 1 ewnoaneno T(N) = |

w2,

] —1.

HokazareabcTBo. Ilpemnosiokum, uro cymectsyer N Takoe, d€TO
T(N) < [%] — 1. Torma w3 onpenenennss dpynkuun T cymecrsyer OC
0, KOTOpasi MpoBepsieT mpocToTy N 3a BpeMsi, MeHbIIee [%] — 1. O6o3Ha~
auM e€ Bpemsi paboTsl uncaiom K.

Ilox oxpectHOCTBIO sdeitku « pa3mepa k OyaeM MOHWMATH MHOXKE-
CTBO AY€€K, TAKUX UTO CUTHAJ OT HUX MOYKET JOCTUTHYTH (v 32 Kk WJIU Me-
Hee TakTOB. CKaxXeM, UTO OKPECTHOCTh d4YefiKi 1 pa3Mepa k B MOMEHT
BpeMeHU ] COBIAAET C OKPECTHOCTHIO STYEMKM (o pa3Mepa k B MOMEHT
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BpeMeHu to, ecau KOH(MUTYPaIlnsd OKPECTHOCTH STIEHKU (v B MOMEHT BPe-
MeHU t] COBMaIaeT ¢ KOHUrypanueii a9eifiku (g B MOMEHT BPEMEHU to.
3aMerTnM, 9TO ITU TOHSITHST 3aBUCIT OT 11a0/I0Ha, COCEICTBA.

ITockonmbky Bpemst pabotst OC ¢ Ha gwmcge N cTPOro MeHBIIe [%] -1,
TO CYIIECTBYIOT CHUMBOJIBI KO/A, KOTOPBIE HE TOMAJAI0T B OKPECTHOCTH
orBera pasmepa K. OIHAKO B OKPECTHOCTH OTBETa 00SI3aTeIbHO JOJIXKEH
BXOJIUTH MO0 KpalHuii JIEBbIi, 1100 KpaliHuii TpaBklit CMMBOJI Kosta. Jleii-
CTBUTEJBLHO, €CJIN TO HE TaK, TO B cuty K < [%] —1, cymecTByeT sgueiika,
OKPEeCTHOCTh pa3zmepa K KoTopoil B HAYAIbHBI MOMEHT BPEMEHW COBTIa-
JTAeT C OKPECTHOCTHIO OTBETA TOTO YK€ Pa3Mepa B TOT YK€ MOMEHT BPEMEHH.
CnenoBarenbuo, uepe3 K TakTOB OHA MEPEHET HE B IIyCTOE COCTOSHUE,
a ambo B «Y», mub0 B «N», uro He momyctumo. Ilokaxkem, 4To Ha BCex
anciaax M, 6onbrmx N, OC o Gyaer BbIIaBaTh TOT K€ OTBET, 9TO U HA
N.

Koudurypanus ganag uunciaa M mosydaercs w3 KOHGMUTYPAIUH 11T
qncia N TPUMUChIBAHNEM HEKOTOPOTO YHCJIa CUMBOJIOB Kojja. bymem cum-
TaTh, 9TO BCE CUMBOJIbI KO/1a, IPUITUCHIBAIOTCS TaK, YTO OHU HE TOMa 0T
B OKPECTHOCTD siueiiku pa3dmepa K, B KOTOPOit 6611 3abUKCHPOBAH OTBET.
PaccvoTpum stueiiky, B KOTOpoit 6611 chOpMUPOBAH OTBET IIPU 00pPabOTKE
qnciaa N. OueBuHO, €€ OKPECTHOCTH pasdMepa K B HAYAIBHBI MOMEHT
BpeMmenn He maMenmiachk. CrenoBarebHo, depe3 K TakTOB 3Ta siueiika
TepeiIeT B TO JKe CaMOe COCTOsIHWE, TO €CTh BOZHUKHET TOT YK€ OTBET.

Teneps paccMmoTpuM JH0OYI0 Apyryto sueiiky. [lokaxewm, aro vepe3 K
TaKTOB OHA MEPEHIET B IyCTOE COCTOAHUE. TeM CAMBIM MbI JOKAXKEM, UTO
ua jgobom guciae M Gonabmiem N, 0gHOPOIHAS CTPYKTYPA O BBIIAET TOT
ke oreet, uTo u Ha IN. CopaBeiauBOCTh CHOPMYIUPOBAHHOTO TOJIHKO
9TO YTBEPKIEHUS CJAEAYET U3 TOrO, UTO Jjisd JII00O0i Tog00HOM dueiiku o
CyIIEeCTByeT adeiika ( Takasi, 9TO OKPECTHOCTh siueiiku « pasmepa K B
HOBOH 3a/1a4€ B HA4YaJIbHbIA MOMEHT BPEMEHU COBII3JaeT C OKPECTHOCTHIO
sgueiiku § pasmepa K B cTapoil 3ajade B HaYabHBII MOMEHT BPEMEHHU.
JeiicTBuTeIbHO, A9E€UKNA (v MOXKHO pa3/e/iuTh HA JBa TUIMA: B OKPECT-
HOCTH pasmepa K KOTOPBIX TOMAJAET XOTs Obl ONMH KpaiHUil CUMBOJI
Koa, 1 ocranbubie (omn cymecrsyor B cuty K < [§] — 1 u Toro, uro
saeiika ¢ OTBETOM He 00J1a]aeT STUM CBOHCTBOM). ZICHO, 9TO OKPECTHOCTH
pasmepa K sieek BTOPOTO THIIA C OJUHAKOBBIMU OPJAMHATAMY B HAYAJIb-
HBIIl MOMEHT BpeMeHU paBHbI. [IpumnuckiBanme e HOBBIX CUMBOJIOB KOJa
Ha CaMOM Jiesle TIOPOZK/IaeT A4eiiki BTOporo Tuma, Taxk kak K < [§] — 1.
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Takum obpazom, ecsim N 66110 mpocThiM, 7O BozbMéM M = N +1 —
cocrasuoe. (flcno, uro N He MOrIO GBITH 1BOIKOI, Tak Kak Torga K < 0).
Ecsm xxe N 6p1510 cocTaBHBIM, TO Oy/1€M TPUOABJIATH K HEMY 10 €IMHUIKE,
MOKa HEe MOJIyYUM TpocToe uncyao M (9T0 HaM TapaHTHpPYeT TeopeMa o
6ECKOHETHOCTH MHOYKECTBA, MPOCTHIX uncen). B obonx ciayuasx OC o gaér
OIMHAKOBBIN oTBeT HA uynciaax N u M, 970 IpOTHBOPEYUT OIPE/IETEHUTO
OC o xaxk permarorneit 33739y 0 MPOBEPKE MTPOCTOTH HATYPAIBLHOTO YHCJIA.
JlemMMa gokaszaHa.

3. Bepxusasa omenka guas T(N). Acumnrorute-
CKM HAWIYYIINi aJrOpuTM IIPOBEPKH IIPO-
CTOTHI YNCJIA

Cuavaia maanM oblee ONMCaHAEe AJTOPUTMA.

Teopema o HUXKHEl OIEHKE IO CYIIECTBY JAET MOACKA3KY, KaK HAJO0
JIefiCTBOBATH JjIsl TOTO, YTOOBI TOJYYUTh ACUMIITTOTUYECKU HAVIY IITUi
aJIropuT™M — HaA0 cobuparh mHbOPMAIUIO B MeHTpe Koudurypamuu. 1
cpasy ke TOCJIe TOTO, KaK MOCJIEIHUN CUTHAJ J00paJsICs 0 9TOTO MEHTPA,
W CIIyCTsT HEKOTOpoe BpeMsi (0(/N')) Ha OCHOBe COOPAHHBIX JTAHHBIX Jie-
Jtrath BbIBOM. Tak Mbl u Oygem geiictBoBaTh. Co CTOPOHBI, (DYHKIUOHUPO-
Barue OC Oymer BBINISAAETh TaK: KOH(MUTYPAIUsl, COCTOSIIIAsT U3 MAI0YeK,
Oy/ZeT CTpEeMUTENIBHO YMEHBINAThCsT B pasdMepax ¢ 000MX KOHIOB KOja.
OHako, BO-epBhIX, WHMOPMAIIUs He J0JKHA TePSIThCs, BO-BTOPBIX, UH-
dopmanmsa (nagounas KOAMPOBKA YMCIA) JOJZKHA BOIJIOTUTHCS B HEYTO
6ojiee KOMIIAKTHOE, aHAJU3 9ero He COCTAaBWJI Obl TPy/a, HAPUMED, B
JIBOUYHOE TIpe/IcTaBaeHne unciaa. [loaToMmy, cBopaunBasich, KOH(DUTYpa-
st OyeT mpeobpa30BLIBATH Cebs B JTBOMYHBIN KOJ HATYPAJBHOIO YUCTA
N. Korzma MbI €ro mojyumm, Bce mpeoOpa3oBaHusi, KOTOpbIe OYIyT Be-
cTuCh, — OyayT npeobpa3oBanus HAJ JaHHBIMEU JIuHBI log IV, a 9T0 3HA-
YUT, ITO HAM MTO3BOJISIETCSI TPUMEHSIThH MPAKTUYECKH JIFOObIe aJIrOPUTMBI,
B TOM YHUCJIe TepebopHbIe, U BCE PABHO OCTAEMCs B YCJIOBUSIX OIDAHUYIEHUS
dbyukmmeii Buma o(N).

BrauaJie paccMOTprUM BCITOMOTATENBHYIO 331249y TTPOBEPKH TTPOCTOTHI
HaTYpPaJbHOIO YUC/A B TJIOCKUX OJHOPOIHBIX CTPYKTYypaxX s CIydas,
KOT/Ia KOJIMPOBKA MPEJICTaB/IseT Co00M ero nBontHoe mpejcTasienue. s
9TOTO CAyYast CIPABEIINBA CJIETYIOIIAsT JTeMMA.
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Jlemma 2. Cywecmsyem naockas 00nopooHas CMpPYKMypa, peuarowas
3adany onpedesenus NPOCMOMbL HAMYPAALH020 wucaa N npu deouunol
Koduposke 3a epems o(N).

JlokazaTeJabCTBO. Y TBEPK/IEHNE JIEMMBI 2 BBITEKAET U3 TOT0, YTO MOXK-
HO TIPEJIJIOKUTE MPOCTOH aaropuT™ (MOCTPOUTH MamuHy ThIopuHTa), KO-
TOpad perrasia Obl TOCTABICHHYIO 33/1a9Yy.

Ipepnosnoxum, uro andasur MT ecrs muoxecrBa map (a,b), e
a n b moryT ObITH «II», «0», «1», «N», «Y» n HEKOTOPBIMH IPYTUMHI
BCIIOMOTATETbHBIMU CUMBOJIAMH.

Hauanbhas koHduUrypanus Ha JIeHTe: JJBOUYHBIN KO YUCIa, 3alUCAH-
HBIIl B TIEPBBIX KOMIIOHEHTaX BEKTOPA, BO BTOPBIX KOMIIOHEHTAX — CHUM-
BOJIBI TIyCTOTHI. ['0JI0BKA CTOUT HAJT TIEPBBIM CUMBOJIOM KOa. PuHambHAsT
KOH(MUIypalus: Ha JIeHTe CYIIeCTBYeT JIUIb OJuH cuMBoJI (a,b), orind-
uelit 0T («Ily, «II»). On umeer Bug («Y», «II») mwin («N», «Il»), u Haz
HUM CTOUT TOJIOBKA MamuHbl ThiopuHra.

B nanwmeiitnem, Mbl 6y/1eM 9acTo MCIOJB30BATh B KadecTBe aji(haBu-
Ta COCTOSTHWIT — KOHEYHOE MHOXKECTBO BEKTOPOB HEKOTOPO PA3MEpPHOCTH.
fAcHo, 9TO HUYEro KPUMHUHAJIBLHOTO B 3TOM HET — BCErJa MOYKHO TTOCTPO-
WTh B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXKIYy ajadaBUTOM BEKTOPOB-
COCTOsIHUI U KjaccuueckuM asihaBuToMm coctosiauii. [IpocTo wmcmosib3o-
BaHIE BEKTOPOB-COCTOSIHUI aBTOPY KaxKeTcsi OoJiee yIOOHBIM CPEJICTBOM
JUIS OTUCAHUS AJIrOPUTMOB. KOOpAWHATHI BEKTOPA-A9IEHKHU OIHOPOIHOMN
CTPYKTYPBI WU BEKTOPA-si9e€iKM JIEHTHI MAIlWHBI [bIOpUHTA OyaeM Ha-
3BIBATH CJIOSIMU.

AJiropuT™M BBITJISIIAT TaK:

ITar 1. ®opmupoBanme BO BTOPOM CJIO€ JBOMYIHOTO KO/Ia dnca 1, Hada-
JIO KOTOPOTO COBIMAJAET C HAavYaJ oM ABomdHOro Koja dumciaa IN. Ilepexos
Ha HavaJIO0 Koja umcya V.

DTO MOXKHO CJIeJIaTh 32 KOHCTAHTHOE BPEMSI.

HTar 2. [lycts mynHa KoJa YMC/IA, 3AMUCAHHOTO B MIEPBOM CJIOE, €CTh 1,
Bo BropoM — k. IlpoBepka, uto n > 2k — 1. Ilepexon Ha Hauao Koma
YUCA B TIEPBOM CJI0€, HO B PA3JUYHBIX COCTOSHUAX, B 3aBUCUMOCTH OT
pe3ysibTaTa CPaBHEHWUS.

DTO MOXKHO CIE/aTh 33 KBaJPATUIHOE BPeMs (HAHECTH BO BTOPOM
CJI0€ CIIPaBa OT KO/ YUCJIA ero KOMWI0 — KBAJIPAT, IpoBepuTh N > 2k — 1
— KOHCTaHTa, CTEPeTh KOO0 — JIMHEHOe BpeMsI).

IMlar 3. Ecim n > 2k — 1, To uuciio N — mpoctoe. Hamo crepers ero
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KO/ M Kogl 4ncsia Bo Bropom cioe. Hamucars («Y», «II»), ocranoBurhest
7 TIEpeiTy B 3aKJII0YNTETHHOE COCTOSTHIE.

WNnawe, mpubaButsh 1 K 9uciy, 3aIMCAHHOMY BO BTOPOM CJIO€. YCTaHO-
BHUTH I'OJIOBKY HA HAYAJIO KOJA UNUC/IA B IEPBOM CJIOE.

O6e omepaluu BBITIOHSIIOTCS 33 JTUHEIHOE BpeMs.

HTar 4. CxonmupoBaTh KOJBI YUCEJ MEPBOTO W BTOPOTO CJIOS BIPABO U
OCTaHOBUTHCS HA WX HAYAJIE.

Ksagparuanoe Bpemsi.

ITar 5. IIpoBepka, 9T0 9KUCJIO B TIEPBOM CJIO€ JEIUTCS HA YUCJO BO BTO-
pPOM CJi0e HA OCHOBE aJropuT™ma JejeHusd B cTonbmk. CTupanue KOmuii.
YcraHoB/ieHWE TOJOBKM HAa HAYAJI0 TEPBOHAYAJIBHOTO Koja umcyaa N u
epPexo/l B COCTOSTHIE, COOTBETCTBYIOIIEE PE3Y/IbTaTy MPOBEPKHU.

Ksagparuanoe Bpemsi.

IITar 6. Eciu pe3ysbrar TpPOBEPKH MOJOKUTEIbHBIN, TO N — cocras-
Hoe. Hamo creperh ero Koj W KOJ YHCJa BO BTOpoM cjoe. Hamwmcarnb
(«N», «II»), OCTAHOBUTBCS U TEPEHTH B 3aKIIOUATETHHOE COCTOSTHIE.

Nuade, mepexost K mary 2.

JIerko BuieTh, 9TO YNCI0 WTEparuii B marax 2 — 6 ectb 0(2%). Bpe-
Ms1, 3aTpadmBaeMoe Ha Kaxkaoit urepanun, ectb O(n?). Cregosarensno,
oburee Bpems ects O(n?22) = o(N).

B cBoto ouepenn, obyto maruHy ThIOpUHTa JIETKO CMOIEIUPOBATH
C TIOMOIITBIO OJHOPO/IHOM CTPYKTYPhI Pa3MEPHOCTHU Kk C IMTabJI0HOM COCE/I-
crea {(—1,0,...,0),(1,0,...,0)} Ge3 3ameieHust CIeLyOMUM OOPABOM.

Pacemorpum MT ¢ BxogubiM andaBurom A, ajndasurom cocTostHU
@, Torma moaerupyoomas OC MOXKeT BBINVISIETh TakK: aadaBUT COCTOsI-
it — A x {0,1} x Q. Cocrosiane sueiikn OC CKIaIBIBAETCI U3 CHMBOJIA
una jeare MT — andasut A, OTCYyTCTBUS WM TIPUCYTCTBUST TOJOBKH —
andasur {0,1}, u (B ciyuae npucyrcreusi rosoku) cocrosiaust MT —
asicpapuT . OyHKIUS MEPEXOIOB BBITJISIIUT CJEIYIONINM 06pa3oM. DTO
TOXKJIeCTBEeHHAsT (DYHKITHS, €CJTU B OKPECTHOCTH SII€HKU HET STIEUKU B CO-
crostann (a, 1, ¢), tae a, c — yobbie. B 0CTaNbHBIX CJIydasix OHA CTPOUTCS
o mporpamme MT.

W3 omtmcanHOTO BHITIE aTOPUTMa, M BO3MOXKHOCTH MogeanposaTh MT
B OJTHOPOJHBIX CTPYKTypax 0e3 3aMe/JIeHUs] BBITEKAET CIPABEINBOCTH
YTBEpPK/IEHUS JIeMMBbI 2.

ABTOpoM 6BLTA TIOCTPOEHA MJIOCKAS OHOPOIHAS CTPYKTYPa 01, KOTO-
past mpoBepsieT MPOCTOTY JIFOOOT0 HATYPAJBHOTO UUC/IA, DOJIBIIETO TPOTi-
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KI, CO BpeMeHeM paboTbl MenbimmM 22! + ”—22 4+ 5n + 7. OC o1 umeer
mabuon coceacrsa Vo = {(—1,-1),(0,—1),(1,-1),(-1,0),(1,0),(0,1)}.
Cama stueiika mpejcras/isier coboil rmecTuMepHbiit BeKTop. KoopauHaTh!
(ctom) MOTYT HPUHUMATH CJIEAYIONINE COCTOSHIS:

1-it: «II», «1», «0»;

2-in: «II», «1», «0», «<», «F#>;

3-it: «II», «Y», «N», «U», «D», «B», «C», «X», «x», «y», «my, «U»,
«vy, «ly, «ry, «0v, «<p, «>», «Hv, </, <]y, «byy «Ty) «9») «8», «Tr, «6,
«5», «d», «1», «0»;

4-i1: «IT», «1», «p»;

5-it: «II», «1», «0», «8»;

6-it: «II», «1», «0»;

Kax BuaHO, 9YMCI0 COCTOSHMIA, KOTOPBIE MOYKET MPUHUMATHL ddeiika
OC o1, ve upesbimaer 3-5-31-3-4-3 = 16740. OgHako npu TeCTUpOBa-
wun OC g1 Ha KOMIBIOTEPE yIAJI0CH O0HAPYXKUThH Jinilb 213 pasimaHbIX
COCTOSHUH.

Hauwanbuoit koudurypanueit mist OC oy Oymer mnemnodka JBOWIHOTO
KoJta uncaa N, 3anucannad B mepBoM ciioe. TaxkxKe B TpeTuit ¢oit BTopoi
(oT HavaIa KO/1a) STIEHKI HAHOCUTCSI CHMBOJT «>», & B TOT Ke CaMBbIil CJI0ii
TOCJIETHEN — CUMBOJI «<».

Oyukrmonuposanne OC 01 MOXKHO YCJIOBHO pa3dUTh HA YeThIPE TPO-
mecca.

[TepBbiii mporiece TPOM3BOAUT MPOBEPKY UUC/IA HA IETHOCTD U (B CJIy-
4ae OTPUIATETHHOTO PE3Y/IbTaTa) MPOM3BOANT TOATOTOBKY K Pa3MHOKe-
HUIO0 BHU3 KO/ YHUCJIA, 3AMUCAHHOTO B MEPBOM CJIO€ W KOJOB HEUETHBIX
MOTEHTINAJILHBIX JTeJTUTENEN, 3alMCAHHBIX BO BTOPOM cjioe. I10CKOJBKY
TIPU MPOBEPKE HA TMPOCTOTY UnCa0 N JTOCTATOYHO JTEJUTH TOJBKO HA TPO-
creie, menbime |/ N[+1, To, OTCTyMas Ha Oy SUeiiKy OT Cepe bl KO
9UCTIa B TPETHEM CJIoe, POPMUPYETCs CUTHAT X, KOTOPBIN Pa3MHOKAETCS
BMECTE C TIOTEHITHATLHBIMY JTeTUTETAMA. TakuM 06pazoM, MOKHO OCTAHO-
BUTBH TPOIECC PAZMHOXKEHUS MTOCIE TOTO, KAK TOSABUTCS JEJUTEb PABHBIH
VN[ (roumee 2121 — 1). Tloce sToro 3amyckaercs: mporece 0OCTAHOBKI It
YHUUTOXKEHUS] PA3MHOXKAIOIIEH s BHU3 YaCTH KOHUTypamun. YHUITO-
JKAIOIINE CUTHAJIBI MOTYT BO3HUKHYTH U TPHU TIOSBIEHUU B TPETHEM CJIO€
curnasia «Ny. [TapamreasHo ¢ pa3MHOKEHNEM, B KaXKI0# CTPOKe, T/e Ha-
HecEH KO uncja N B TIEPBOM CJIO€ W KOJT r0 TOTEHITHATBLHOTO TeTHTE s
K B0 BTOpOM, OCyIecTBIIeTcsa mportecc mposepku geaumvoctu N wHa K
(Ha OCHOBE aJTOPUTMA JIeJIeHns B CTOJIONK ). Pe3ybrar npoBepKy B BUIE
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curHayIoB «Y» mwin «N» 3amnuChIBAe€TCS B TPETHEM CJI0€, JIUITHsIsT HH(OP-
Malusl CTUPAETCH, & BBIMIEYNOMSAHYTbIE CUTHAJBI IIEePeJaloTCd BHUA3, TJe
Ha WX OCHOBE (DOPMUPYETCS OKOHYATEIbHBIN OTBET.

Onurrem moapobHee KayKablil 0JI0K.

Baok 1. IloaroroBka K pa3sMHOXKEHUIO

Urak, mepBoe, 9TO JeaeTcd, 3TO MpoBepka umcaa N HA YETHOCTD
(ecim B MOCIEIHEN HEITYCTOM siuelike B mepBOM cJioe ctouT cuMBoJl (), TO
N — gérHo, 1 MbI Jaém orBer «N» ).

B ciyvae orpunarenbHOro pesysibrara [MPOBEPKH, CUTHAIBI «>» 1
«<» JIBUTAIOTCS HABCTPEUY APYT APYTY JJs TOr0, ITOOBI 0003HAYUTH TO
MecTO Ha yucje N, 710 KOTOPOTO TO3BOJUTETLHO PACTH TMOTEHITNATHHBIM
nenureasam K.

Jlajiee CHMHXPOHU3WPYETCS POCT YACTH KOHMUIYDPAIUU, CBA3AHHOMN C
dbopmuposannem geanTeneit K, W IBMKEHWE BIOCIEACTBAN OCTAHABJIN-
BaIOIIEr0 9TOT POCT CUTHAJIA «X».

Ha sTame moaroToBke 3aTpadmuBaeTcd BpeMsl, KOTOPOE He TPEBHIIIAET
n+1
324 + 1.

Buiok 2. PazMmHoxKeHue

Pazvroxxenne xkoma amciaa N n dopMupoBaHne KOIOB €ro TOTEHIIH-
aJIbHBIX JesuTenieit K mpoucxoauT ¢ 3ajepkKoit B omgmH TakT. Cresa-
HO 9TO Jjis TOTO, YTOOBI, B CAyYae BOSHUKHOBEHUs curHaja «N», yHU-
9TOXKAIOIINE CATHAJIBI CyMEN JOTHATH CTPEMUTENHHO Pa3PaACTAIONLYIOCH
BHU3 KoHurypanuoo. llepenada Bum3 koja umcia N TPOUCXOIUT J0-
BOJIBHO TIPOCTO: OH C 33JI€PXKKON B OJWH TAaKT KOMUPYETCd BHU3 B IIep-
BRI coii. opMupoBanme KOIOB MOTEHIMATLHBIX JeauTeneit K mpownc-
XOJUT HECKOJIbKO CJI0YKHEE. 3a 3TO OTBEYAIOT TPETHil, MATHI U I1eCToi
ciaou. HoBblit moTeHIma bubiil gemmrensb (GOpMUDPYETCS BO BTOPOM CJIOE
Ha OCHOBe NpubaB/ieHWs ABOUKM K MOTEHIMAJIBHOMY geanteaio K — 2
3aIMMCAHHOMY BO BTOPOM CJIO€ BEDXHHX sdeek. (3ameTnmm, 9To Ha JTa-
1€ TIOATOTOBKHU (POPMUPYETCsT KOJT TIEPBOTO MOTEHITHAIBHOTO JETUTEIST —
TPOTiKHM).
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Baok 3. IIpoBepka Ha KPATHOCTh OJHOTO HATYPAJbHOTO YHC-
Jia Ipyromy

31ech pemaeTcs CAeayomas 3a/1a9a; JeJINTCI U IUCA0 N, 3aIncaH-
HOE B TIEPBOM CJIOE d9eeK, Ha uncjio K, 3anmcannoe BO BTOPOM CJIO€ si9eeK
HeToCpeaCTBEHHO Mo uncaoMm N.

B nepByto ouepess npoBepsieTcst KOppeKTHOCTD 3anucu ducesa N n K.
A wnmenno, ecim uncsio K 6osbitie coorBeTcTBytomnieii dactu ancaa N (1o
ecTh Havasa gucjaa N, mMojl KOTOPBIM 3amucaHo 4ucyio K), To ero meobxo-
JIIUMO CABWHYTH Ha OJHY STYeiKy BIIPABO. 3aT€M OCYIIECTBJISIEM BBIUUTA-
nue (N — K) ¢ mocseayiommm ¢aBurom uucaa K Bopaso u moBTOPsieM BCE
3aHOBO. BBINOJIHEHNEe MHUKJA OCYIIECTBISETCS 0 TeX IOp, MOKa IIpaBas
JacTh Kojia K He COBMEIaeTCs ¢ paBoii YacThio Koja IN. B ciaydae Tox-
JIECTBEHHOTO COBMaaeHns Koga K n kKoma octarka N MBI JeIaeM BBIBOJI,
aro K penur N, nnade — #He genut. B mepBoMm ciaydae B TPEThEM CJIO€
staeiikn craBuM cuMBOJI «N» (dmesio N He TmpoCToe), BO BTOPOM CJIydae
cTaBuM CUMBOJI «Y» (uncio N mocse meserus Ha K coXpaHsgeT BO3MOK-
HOCTH OBITH TPOCTHIM ). B 3akm0v9ennn, ounmiaem Bee siaeiikn (Kpome Toit,
KOTOPasi COJEPIKUT OTBET).

Bpemsa mposepku na kparnocts umcaa N uwmcay K, ecim cumrarhb
pa3Mepbl WX KOJOB PAaBHBIMU N U k COOTBETCTBEHHO, HE Gosbine 2k(n —
k) +n + 1 takToB.

Buiok 4. OcranoBka pocra koHduUrypauuu. YaajieHue JIUIli-
Helt nHdopMarun

Kpurepuit ocranoBku pocta KOH(MUTYPAITUH CJIEIYIONINi: 100 B IPO-
IIeCce TPOBEPKU HA KPATHOCTH BBISICHUIOCH, uTO N — cocTaBHOe, b0 3a-
KOHYMINCH TTOTEHITNAIbHBIE JeanTean, To ecTh N — mpocTtoe. B mepsom
ciaydae popmupyercs curaasi « Ny, KOTOPBIi MTOTJIONIAET CUTHAJIBL €Y », BO
BTOPOM CJIy9Yae UMEIOT MECTO TOJHKO CUTHAJBI «Y», KOTOPBIE COTBIOTCS
B ofuH. B 0boux caydasix BO3HUKAET YHUUTOXKAIOIIUN CUTHAI CO CKOPO-
CTHIO JIBVXKEHUS B JIBA Pa3a MPEBBIIAIoIeil CKOPOCTh pocTa KOHMUrypa-
o, KOTOprﬁ O6eCHeqHBaeT YHUYTOXKEHNE BCEX CUTHAJIOB, OTJIMYHBIX OT
«N» 1 «Y».

Kaxk Bugno, xynmuit ciyaait Bpemenn paborsr OC o1 gocTuraercs: Ha
mpOoCThIX uncjaax. B caydae coctaBaoro N Bpems paborsr OC o1 acumt-
TOTUYIECKN PABHO HAmMMeEHbINeMy genautenio guciaa N. B mpusenénnoit
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OJTHOPOJIHOI CTPYKType Ha KaXKJOM TaKTe 3aJeiiCTByeTCsl He TaK MHO-
0 aBTOMATOB-BBIUUC/JUTEIEH — pa3Mep MaKCHMAJIbHON KoHMUTryparun
He GoJibIre ”73 + 5% + 2n. ITyTém BoBIeYeHns: B paboTy 6GOJIbIIIEr0 YUCIa
BBIYUCINTEe MOKHO CYIIECTBEHHO Y/IyUIIUTh BpeMsi PAOOTHI B XY/IIIEM
caydae. CremaTh 9TO MOXKHO CJIEIYIONIAM 00Pa30M.

Bynem mposepsite menumocts umcia N Ha OJI0KAX, COCTOAIUX W3
0(2%) MOTEHNNAIBHBIX JeanTesieil. IIpoBepka Ha IeIMMOCTH B Pa3HBIX
6s10KaxX OYJEeT OCYIIeCTBASITHCS TapPaJIebHO.

Bomee mompobHo.

Cuavaja OCyImecTB/IAEM IMPOBEPKY HA UETHOCTD.

BareMm chopMupyeM HAYAJIBHYIO KOHUTYpanuio nepsoro 6Jioka. Ona
Oymer cocrosiTh w3 Koja duciaa N, Kojga TepBOro TOTEHIMATBHOrO Jie-
JINTEJIST — TPOMKHU M KOJa UYETHOTO UNCJIA-OTPAHUYUNTENS MOPSIKa 24, U
JIOIIOTHUTE/ILHBIX CIMBOJIOB, HEOOXOIUMBIX AJITOPUTMY.

Ha xa»xjoMm 6j10Ke npuMeHsieTcs y»Ke ONNCAHHBIN aJIrOPUTM, y KOTO-
POT0O M3MEHHUTCS JIUIIL KPUTEPHl BOSHUKHOBEHUS YHUYTOXKAIOIIErO CHUI-
naja. [logBiarbes on Oyaer TOrga M TOABKO TOTIA, KOTJAA OUYepeTHOM I0-
TEHIUAIBHBIN JICJIMTEIb [IPEBLICUT YHUCI0-orpanndnTenb. CremoBareisb-
HO, BpeMst pabOThl HOBOTO aJITOPUTMa Ha TaKOM OJIOKE eCTh 0(2%).

Hauanpnas xonduryparms KaxKaoro 0J0Ka OAWH pPa3 KOIMUPYETCs
BIIPABO CJAEAYIOMINM 00pa30M: KOHHpyeTcsa Koa ducaa N, popMupyercs
KO/I IEPBOT'O MOTEHIIUAJIBHOT'O JIEJIUTEJIA, PABHOTO YBEJINYEHHOMY Ha €/11-
HUITY YUCTY-OrPAHUYIUTENIO COCeqHEero cjea OJioka, popmMupyercs Koi
YHC/IA-OTPAHUYINATES, PABHOTO CyMMe UHC/Ia-OrPAHUYINTES IIEPBOT0 0J10-
Ka ¥ YNCIa-OTPAHMIUTEA COCeTHero cjeBa Ojoka. Bce stm meiicTBust
MoxkHO ocymecTsuTh 3a O(n). Kpurepuii ocranoskn pocra koudurypa-
MW BIPABO — TEPBBII MMOTEHITNAIBHBIN TEIUTETH TPEBBICHUIT 25l

B pesyabraTe mpoBepkn Ha JeIMMOCTH B KazKI0M OJI0Ke (DOpMUpYyeT-
CsT CBOH TIPOMEXKYTOUHBIN Pe3yJIbTaT. DTU Pe3yIbTaThl HEOOXOIUMO 00b-
eaquanThb. OTBET KaXKJA0r0 0JI0Ka, KPOMe MEPBOTO, OyAeT HAIPaBIATHCS
BJIEBO, T/le OH OOBEINHAETCA C OTBETOM COCEIHEro OJIOKA.

Herpynmo omennts BpeMsi paboThl 3T0oro amropurma. OHO CKJIAIbI-
BAeTCs W3 BPEMeHM Ha (OPMUPOBAHWE HAYAIBLHONU KOHMUTYypaIuu II0-
cjejlHero 0JioKa — O(n2%), IPOBEPKHU Ha JeJIMMOCTh B IIOCJeHeM 0,10-
Ke — 0(2%) 7 Tepemadyd MpPOMEKYTOUHOTO pPe3yabTAaTa B IEePBLHIH OJI0K
— O(n27). B cymme nomyuanrcs O(n24). HecI0XKHO IOCIATAT MAKCH-
MaJIbHOE YHUCJI0 aBTOMATOB-BBIYUCINTEJIEH, 331eiCTBOBAHHBIX B PaboTe.
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MakcnmabHOe YHCI0 HeMyCThIX saeek B Kaxk oM 6yoke ecth O(n?). Tlo-
CKOJIbKY HOBBble 6J10Kn opmupyiorcst ¢ 3ajaepxkkoit 8 O(n), To gucio
0J/IOKOB, B KOTOPBIX BEIYTCA BBIYUC/ICHUS, €CTh O(%Q%). B wrore mosy-
9aeM, 9TO pasMep MaKCUMAJIbHON KOH(MUTYypalun eCTh O(n22%). Taxmm
obpazom, 100aBUB O(%2%) HOBBIX BLIUUCJUTENEN, MBI BO CTOJIBKO K€
YMEHBIIN/IA BEPXHIOI OIeHKY Bpemenu paborsr OC.

Tel‘[epb nepexoauM K 3aKJ/JIIOYUTE/JIbHOMY Iary.

Jlemma 3. Cywecmsyem naockas 00HOpoOHas cmpykmypa, PEULGIOULQA

3adauy Npocmomor HAMYPaALH020 “ucsa N, 340411020 8 NAAOYHOU KO-
N

dupoexe 30 epema 5 + o(N).

JokazareabcTBo. B kadecrse 6a30B0it Bosbmém OC o1, Koropast pe-
maer 3aJa9y MPOCTOTHI JIIOOOr0 HATYPAIbHOTO YMCIa OOJIbIEe TPOIKH,
MPEeCTABJIEHHOTO B JBOMYHOM Kojie. JI0GaBUB HOBBIE COCTOSHUS sTIEHKN
7 TIPABUJIA TTEPEXOA, MOJTYINM HOBYIO OJHOPOJHYIO CTPYKTYPY 02, pela-
FOIIYIO 3a/1a9y MPOCTOTHI HATYPAIBLHOTO unciaa N, TMaJ09HbBIA KO KOTO-
poit 3anmcan BO BropoMm cjoe. Eciau kparko, ¢pyukimonuposaane OC o9
6yIeT COCTOSITH M3 JIBYX ITAMOB: HA MEPBOM KOH(MUTYPAIUs, COCTOAIAST
73 TMAJOYHOTO TPEICTABICHNUS, TPeobpPa3yeTcsa B HAYAIBHYI0 KOH(MUTYPa-
nuto anag OC o1, u obpabarsiBatorcst ciaydan st N = 2,3, Ha BTOpOM
stanie OC o9 paboraer B coorBercrBun ¢ ajgropurmom i OC oy.

Jlaee mepeiiiém K MOAPOOHOMY OMMUCAHUIO MPOIECCA EPEKOINPOBKA
HATYPAJBHOTO YHCJIa W3 TMAJOYHOTO TMpeAcTaBaeHns B apondroe. Cocto-
SHUST CJIOEB siueifiku OyIyT 0003HAYATHCS JATHHCKUMHU OyKBamu a, b, c,
d, e, f. Koopausarse! sdaeiiku Oy1yT 3amUChIBATHCS B CKOOKax. Hampuwmep,
cocrositne Broporo cios staefiku OC ¢ kooppuuaramu (—1,1) Gyzer 06o-
suavaThest b(—1,1). JIuTepaasl cocTosiamit 6y Iy T 3aK/II0YEHBI B KABBIYKH
(«»). Cocrosiame 051 T9efiKn B Caeayromuii (OTHOCHTETLHO HEKOTOPOTO
TEKYIEr0) MOMEHT BpeMeHH OyeT 0603HAYaThCs JATHHCKON OyKBOMH CO
mrpuxoM. Jlurepamom «IIy obozuavaercs mycToit CUMBOJIL.

IlepekogupoBka

1. O6pa3oBaHue CTapTOBOII KOH(pUTYypaINU

B maganpHBIT MOMEHT BpeMeHNH MBI M3 MajJOvYHOTO Koja umcaa N,
3aIMCaHHOrO BO BTOPOM CJjIo€e, 0O6pa3yeM CTapTOBYIO KOHMUIYPaIMIO: BCe
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[AJIOYKN 3aMEHSIIOTCS eJMHUYKAMU, & B II€PBOM CJIO€ KPailHUX CjeBa u
CIpaBa sT9€€K I'€HEePUPYIOTCA CUTHAJIBI «>» M «<» COOTBETCTBEHHO.
Ecau b(z — 1,y) = «II», b(x,y) = «|», mo a’(z,y) = «>».

Ecau b(x,y) = «|», b(x 4+ 1,y) = «II», mo a'(z,y) = «<».

Ecau b(x,y) = «|», mo b/(z,y) = «1».

2. IIpaBusia CBEPTKMU KOOa CJIEBa

Curnan «>» JIBUKETCS BIPABO HABCTPEUYy CUTHALY «<», YHUUTOXKAs
10 MyTH CBOETO CJICJOBAHUS eJIMHIYKH.
Ecau a(z — 1,y) = «>», a(z,y) # «<», alx + 1,y) # «<», mo a/(z,y) =
«>».
Ecau a(z,y) = «>», b(z,y) = «1», mo a’(x,y) = «II», b/(x,y) = «II».

3. IlpaBusia cBEPTKM KOJa cIpaBa

Curran «<» JBUXKETCS BJEBO JI0 BCTPEUHU C «>>», peajusys B IPO-
necce JiBuzKenns: (hOPMUPOBAHME JBOMYHOIO KOJA YUC/Ia, PABHOTO CyMMe
MOTJIONIAEMBIX UM €JTHHUIIL.

Ecau a(z — 1,y) # «>», a(x,y) # «>», a(z + 1,y) = «<», mo a/(z,y) =
«<».
Ecau a(z,y) = «<», mo a/(x,y) = «II».

JBowuHBIl KOJ Oy/IeT 3aliChIBATLCS BO BTOPOM CJIOE «CIIpaBa HaJe-
BO», TO €CTh JieBee Bcex Oyjer muaamuii paspsaa. PopMupoBanue MJaji-
n1ero paspsiia ONMUCaHO HUKE.

Ecau a(x + 1,y) = «<», b(z + 1,y) = «0», mo b/(z,y) = «1».
Ecau a(z + 1,y) = «<», b(x + 1,y) = «1», mo b'(z,y) = «0».

JBowunbIil Koz, B Tpotiecce (hOPMUPOBAHUS JIBUIKETCS BCJIEH 3& CBO-
UM CO3JIaTe/leM — CHTHAJIOM «<», U3MEHASCh B MyTH. DTO JIBUKEHNE
obecreanBaioT CUrHaJIbI 11ecToro ciost «/». Ux dopmuposannem rakxe
3aHUMAaeTCs CUTHaAI «<». B mporecce mpubaBeHus eIuHuI HeOOXOIIMO
UHOTJA JepXkKaTh eJIUHUYKY «B yMe» JJId NpUOABJIEHUs €€ K CTaplieMy
paspsiy. DTo 00eCIednBAET CAMBOJ «1», KOTOPBIN CTOUT B TATOM CJIOE U
MeHseT mpoberaromme MuMoO BO BTOpoMm cioe «1y ma «0», «0» ma «1» mo
TeX TOP, MOKa He NPom30iiaéT npubasKa K crapueMy paspsiay (To ecTs,
MOKa BO BTOpPOM cJjioe He mosgutcst «(0» ). Huzke mpusenens: npasuia dhop-
MUDOBAHUS ¥ JIBUKEHUs] CUTHAIA «/», «0» mwmm «1» Broporo cios u «1»
ATOrO.
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«<», b(z,y) = «1», bz +1,y) # «II»,

Ecau a(x —1,y) # «>», a(:I; Y)
/

mo b'(z,y) = b(z + 1,y), y) = «1», {'(z,y) = «/>».

Ecau a(x —1,y) # «>», a( z,y) = «<», b(z,y) = «1», b(x+1,y) = «II»,
mo b'(z,y) =b(z + 1,y), ¢/(z,y) = «1».

(x,y) = «<», b(z,y) = «0», mo b'(x,y) =

(v

Ecau a(x — 1,y) # «>», a(x
b(z + 1,y), {'(z,y) = «/».
Ecau b(z,y) = «1» wau b(z,y) = «0», f(z,y) = «/», mo b'(z,y) =
b(z +1,y), f'(z,y) = fz + 1,y).

Jlasiee JaHbI yCIOBUS MPOMAJIAHNS CUMBOJIA «1» TSTOTO CJIOS.

Ecau f(x — 1,y) = «/», b(x,y) = «0» mam b(x,y) = «Il», e(z,y) = «1»,
mo € (z,y) = «II».
Ecau a(x —1,y) = «<», b(z,y) = «0» wm b(x,y) = «II», e(z,y) = «1»,
mo € (z,y) = «II».

Onucanne GyHKIMOANPOBAaHNS CUMBOJIA «1» TATOTO €105
Ecau a(z,y) = «<», b(z+1,y) = «0» wm b(z+1,y) = «II», e(x +1,y)
= «1», mo b/ (x,y) = «», '(z,y) = «/».

Ecau a(z,y) = «<», bz + 1,y) = «I», e(z + 1,y) = «1», mo b/'(z,y) =
«O», f'(x,y) = «/».

Ecau e(x,y) # «F#», f(z,y) = «/» blx + 1,y) = «0» uau bz + 1,y) =
Iy, e(x + 1,y) = «1», mo b/ (z,y) = «1», {'(z,y) = «/».

Ecau e(x,y) # «#», f(x,y) = «/», bz + 1,y) = «1», e(z + 1,y) = «1»,
mo b/ (z,y) = «0», f'(x,y) = «/».

B1ech nostBUICA HOBBIT cMMBOJT «F#». OH BO3BHWKAET NPH CTOJKHOBE-
HUW CUTHAJIOB «>» 7 «<». YCJIOBHE HEPABEHCTBA €My O0bICHIETCA TaK:
B ciiydae HeI6THOro N MbI HE XOTUM TPHOABIISATH TOCIEIHIOI €INHIUKY
(Tak Kak B JIBOMYHON 3alMCH MPOIIE YMHOXKATH YUCJI0 HA 2 ¥ MTPUOABUTH
eJIMHUITY, YTO SKBUBAJEHTHO NMPUIMCHLIBAHUIO K TPABOH 9aCTH €ro Koja
cumBosia 1, yem ymMHOXkUTH Ha 2 1 Bbhraecth 1). Cremyromas crpouka u3
TOii JKe cepur — BOIPEeKH O0IeMy TpaBULy, MJIA I pa3psi KOJIa Te-
penaérca 663 m3MeHeHmIA.

Ecau a(x — 1,y) = «>», a(z,y) = «II», a(z +1,y) = «<», mo b/(x,y) =
b(z + 1,y), €' (z,y) = «#», {'(z,y) = «/».

Takzke HEOOXOMMO YHHUITOKUTE CHOPMUPOBABIIYIOCS , BO3MOKHO, HA

Hoc/Ie/jHeM Imare npubaBieHnst eJMHNYKY B [STOM CJIOE.

Ecau e(x — 1,y) = «#», e(z,y) = «1», mo € (z,y) = «II».
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4. Obpaborka cay4dasa 4étHoro N

Cpasy ckaxem o 9éTHOM ciaydae. Ecam curHambl «>» u «<» BIJIOT-
HYIO TIOJIOILIA APYT K APYTY, TO MOXKHO CIeJaTh BBIBOM, 9T0 N — 98éTHOE
uncyio. B aToMm ciaydae remepupyerca curHasa orsera «N». [lamee om me-
peslaéTcst BIPaBo J0 TeX TOP, MOKa He BBINeT Ha Kpail.

Ecau a(x — 1,y) = «>», a(z,y) = «<», mo a'(x,y) = «II», b'(z,y) =
Iy, /(z,y) = «N», d'(z,y) = «II», &'(z,y) = «II», {'(z,y) = «II».
Ecau c(x—1,y) = «N», a(z,y) # «II», uau b(z,y) # «I», uau e(z,y) #
Iy, uau f(z,y) # «I», mo a'(z,y) = «Il», b'(z,y) = «II», /(z,y) =
clx — L,y), €(x,y) = «I», {'(z,y) = «II».

5. Pa3zBopoT koma

B neuérHOM Ke caydae B IATOM Cji0€ (KaK Mbl YK€ BUJIEN) POXKIaeT-
Csl CUTHAT «F#£», 1 mpotece (hopMUpOBaHUA KO/ BCTYIAET B HOBYIO (hasy.
Jlasee HaM HAO MEPEKONUPOBATH OEryIine M0 BTOPOMY CJIOI0 CHMBOJIBI
KO/Ta, B TIEPBBI CJION, TPUIEM, 3AMMUCHIBAs X B 00PATHOM MOPSIKE, ITOOBI
B TOJIy9€HHOM KOJIe KpaiiHuM JIeBbIM OBLT cTapmmii paspsai. Ilporeccom
KOIIMPOBAHMS KOJa B MEPBBIi CI0I OyJeT 3aHMMAThCa CUMBOJ «#». la-
Jlee HaM HaJI0 pas3peliuTh CUMBOJIaM Kojla 3aberaTh B a4eiiKy ¢ CUTHAJIOM
<H»>.
Ecau e(x,y) = «#», c(z+1,y) # «>», mob'(z,y) = blx+1,y), {'(x,y) =
flz +1,9).

Curnan «#» KOIUpYeT COAEPKUMOE BTOPOTO CJIOS B IEPBBIil, TOCTIe
9ero nepeaéTcs BJIEBO JJIA 09epPeTHOT0 KOMPOBAHMS.
Ecau a(z,y) = «II», b(x,y) = «1» wm b(x,y) = «0», e(x,y) = «#», mo
a'(z,y) = b(z,y).
Ecau b(z,y) = «1» uau b(z,y) = «0», e(z,y) = «#», mo €' (x,y) = «II».
Ecau b(z 4+ 1,y) # «II», e(z + 1,y) = «F#», mo €' (x,y) = «#».

6. ®opmupoBanue HavYaabHO# koHUrypamun ajiss OC o

Korga mepecranyT mocTymnarh CUTHAJIBI U3 BTOPOTO CJIOs, HACTYIIUT
HOBBIit 9Tam B (bopMUpPOBAHNHT ABOWIHOTO Koga uncaa N. Ham mamgo momm-
caTh CIIpaBa eJUHNYKY, a TaKXKe B TpeTheM CJI0€ KpailHeil mpaBoil a4eiKu
CT€HEPUPOBATh CUTHAJ «<», B TPEThEM CJIO€ BTOPOH CjaeBa AYEHKHU Cre-
HEPUPOBATH CUTHAJ «>», IPUIEM CI€JaTh 3TO HAJ0 CHHXPOHHO. Torma
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MBI TIOJIy UM B TOYHOCTH HadaabHy10 kKondurypanmio st OC oq (k gemy
MBI, COOCTBEHHO, 1 cTpeMuMcst ). [IjIst peasm3anmum 3Toro Mbl 3aITyCTHM C
JIEBOTO Kpasl Ha TpaBblil JBa CUI'Hala: B TPeTbeM CJI0e — «>» U B M-
TOM CJI0€ — «I'», KOTOPBIi OyJeT JIBUTATHCA C 3aJepKKOi B OJMH TAKT.
3amep:kka OymeT OpraHnm30BaHa C IIOMOIIBI0 CUrHATa «R».
Ecau a(z,y) = «II», b(x,y) = «1» uau b(x,y) = «0», e(z,y) = «#»,
b(z+1,y) = II», mo c/(z,y) = «>», €/(z,y) = «r».

BrimosaruBmmmMit cBor0 9acTh paboOThl CUTHAT «F» CTUPAETCS.
Ecau e(z,y) = «#», c(x + 1,y) = «>», mo €' (z,y) = «II».

Tlomoitasg k mpaBoMy Kparo KOJa, CUTHAJ «>>» 100aBJIgeT K HEMY €11~
HUYKY.

Ecau c(xz — 1,y) = «>», a(z,y) = «II», mo a/(x,y) = «1».

Ocraércst mycTuTh KAKOW-TO CUIHAJ BJIEBO, KOTOPBINM MOCTABUT HA, Jie-
BOM KPAIO CUMBOJI «>>», IPUYEM, CJIETAET 3TO B TOT MOMEHT, KOT/Ia Ha TIPa-
BOM Kparo MOSABUTCA CUTHAJ «I'». B cJeIyrommii MOMEHT BpEeMeHN CUTHAJT
«I'» IOCTABUT B TPETUH CJION AYEHKU CUMBOJ «<», 3& 9TO BPpeMd CHUTHAJI
«>» TIepeIacTCst BIIPABO W OKAYXKETCS BO BTOPOH suelike, TaKuM 00pa3oM
Oyaer obecrevena cuaxponn3aiusi. B kagecTBe curuasia, 6eryIero Biaeso,
HCIIO/Ib3YeM y¥Ke UMeroIeecs: 00pa3oBanue u3 «1» BO BTOPOM CJIoe U «/»
B IIECTOM CJIO€.

Ecau c(z,y) = «>», a(z+1,y) = «II», mo b'(z,y) = «1», /(z,y) = «Il»,
t'(x,y) = «/».

Jlasee nM Hy?KHO paspeInThb JIBATATLCA 1T0 MACCUBY W3 HyJIEl U €/11-
HWTI TIEPBOTO CJIOS.

Ecau a(z,y) = «1» uau a(z,y) = «0», b(z + 1,y) = «1», f(x + 1,y) =
«/», mo b (z,y) = «I», {'(z,y) = «/».

IIpu moaxoze K JieBOMYy Kparo KOma TaugeM (hOPMUPYET CUTHAT «>>».
Ecau a(x — 1,y) = «II», a(z,y) # «II», b(z,y) = «1», f(x,y) = «/», mo
d(z,y) = «>».

OHI/IIHeM TpaBUJjIa ABUXKEHUA CUTHAJIOB MTATOTO CJIOA «TI'» U <<R>>.
Ecau e(z,y) = «r», mo €' (x,y) = «II».

Ecau e(x — 1,y) = «r», a(z,y) # «II», mo €' (z,y) = «R».
Ecau e(z,y) = «Ry, mo € (z,y) = «r».

ITpu moaxose K MpaBoMy KpPalo «I'» IeHepUupyeT CUTHAT «<».

Ecau e(x,y) = «r», a(z+1,y) = «II», mo ' (z,y) = «<», €/(z,y) = «II».
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7. Obpaborka cayyaeB N =2 u N = 3.

", maxonen, emé omro coobpaxkenwe. leqo B ToMm, 9TO B 00JaCTh
npumennMoct OC o1 He BXOAUIN YnCaa 2 1 3. 37eCh MOKHO IIOCBATUTH
HECKOJIBKO CTPOK ITUM JIBYM CJIYUAsIM.

Chayqait N = 2.

Ecau a(x — 1,y) = «>», a(z,y) = «<», b(x + 1,y) = «II», e(z + 1,y)
= «II», f(x 4+ 1,y) = «II», mo a/(z,y) = «II», b'(x,y) = «I», /(z,y) =
Y», € (z,y) = «II», f'(x,y) = «II».

Chayuait N = 3.

Ecau a(x —1,y) = «II», b(x — 1,y) = «II», c(x — 1,y) = «II», e(z —1,y)
= «#», f(x — 1,y) = I, a(z,y) = «1», b(z,y) = «II», c(z,y) = «>»,
d(z,y) = «II», e(z,y) = «r», f(z,y) = «II», a(x+1,y) = «II», b(x+1,y)
= «II», c(x+1,y) = «II», e(x+1,y) = «I», f(x+1,y) = «II», mo a/(z,y)
= «II», b'(z,y) = «Il», /(z,y) = «Y», €' (z,y) = «II», f'(x,y) = «II».

Hanee cumBosa «Y» JBUTAETCS BIPABO, MOKA He BHINIET HA TPAHUILY.
Ecau c(x — 1,y) = «Y», a(x,y) # «Il», mo a/(x,y) = «II», /(z,y) =
c(r—1,y).

Omucanme aJropuT™Ma 3aKOHIEHO.
3ameuanue. Ormerum, uro dyukimus nepexogos OC ObL1a TpeIcTaBIe-
Ha B BUJE [EMOYKHU YCJAOBUM W CIEJICTBUM. DTa IENOYKa, TOJTyIEeH ABTO-
Maruuecku 1o nporpammve OC, HamMCaHHOW Ha HEKOTOPOM si3bike. [Ipo-
rpaMMa, a CJIeIOBATENbHO, W TEeMOYKa YCJIOBH, UMeeT HEKOTOPHIE 0CO-
6ernHocTn. VIMEHHO, OHA BBIMTOJTHIIETCS MTOCTIE0BATETHHO CBepXy BHIU3. To
€CTh, OJTHOBPEMEHHO MOTYT OBITH BBITOJIHEHBI HECKOJBKO YCJIOBHUI, TMPH-
9éM, OHM MOTYT KaK JIOTIOJTHATE, TAK W IIPOTUBOPEYUTH APYT APyTy. B cry-
4ae MPOTUREOPEYNd, B JEHCTEUTENIHHOCTH, BBITIOJHSETCS CAMOE TTOCJIEIHES
yCJIOBHE.

IMpusemém ocuosmubie xapakTepuctukn OC 9. Hauném ¢ umciaa co-
crosiuuit saeiiku. 213 cocrosuuit OC o1, eCTeCTBEHHO, COXPAHSIOTCS, U K
HUM eIré 100aBa0TC 27 HOBBIX COCTOSTHWI, BOSHUKIIUX TTPHU TpaHcdop-
muposaann koga. Okordarensro, moayanm 240 pas3JIndHbIX COCTOAHUN.

Jastee Haii M pazMep MaKCUMAJIBHOW KOH(MUTYpaIuu. 31eCh Mbl BOC-
nostk3yeMcs yxke mmerormmmMcst pesyssrarom st OC oq. Torma gas OC
09 OyleT UMEeTh MEeCTO OIEHKA max{%3 + 5%2 + 2n, N}, rme, mOHSTHO,
n = [log(NN)] + 1. Jlerko BumeTs, 9T0 mOUTH It BceX N MaKCHMAJIBHOM
koH(puryparmeit 6yaer HadaIbHAS.



428 A .M. CrenaneHKOB

Onennm Bpemst paborel OC gy. OHO, HECOMHEHHO, B CJIydae HEYETHOTO
N, Oymer CKJIaIbIBATHLCA U3 BPEMEHU, 3aTPAYEHHOTO HA MTPEe0dpa30BAHME
MaJI0YHOTO KOJa B JABOWYHBIN, u Bpemenu dyukinnorauposanus OC o;.
[Mocunraem, geMy paBHO TIEpBOE BpeMs.

QopMUpOBaHUE CUTHAIA «F» TPOUCXOIUT HA [%] + 1 TaxkTe. g Ko-
MPOBaHUST KOJA U3 BTOPOro cjiost B 1epsbiii Haao 2[log(N)] — 1 takros.
Ha JOCTUZKEHHNE CUTHAJIOM «I'» HpaBOfI YJaCTU KOJAa 1 MOCTaHOBKY UM CUM-
BoJsia «<» Heobxomumo 2[log(N)] + 1 Takros. Beero na mepekouposanue
a0 morpatnts (5] + 4[log(N)] + 1 TakTos Bpemenn (wm [5] + 4n — 3).

Taxkum obpazom, mist Heuéraoro N Bpemst paborsl OC oy OyaeT MeHb-
me%+2¢ﬁ+1§+9n+4

Jns gérapix N BpeMst paboThI eI1é MEHBIIEe, OHO OTPAHUYIEHO CBEPXY
QHCHOM-%‘+7L

Nrak, OC 09 MOJIHOCTBIO ONHUCAHA, TEM CaMbIM, JIEMMa 3 JOKa3aHa.

[Mpuseném marasiaabiit npumep dyuxnnoruposanus OC oo mist N =7.

TakT O
0QQQOQC ©0QQQQ Q0QRQRQQ QCEQRRQ QAR QQEEOQ QQRQCCQC 0QRREC @0QRRRQ QRERRQ QQRQQRQ
[elefelelefe] [elefelelefe]
000Qee | | | | I I | QQQeee
0QQQ0e ©0QQQQe
0QQQOQC ©0QQQQ Q0QRQRQQ QCEQRRQ QAR QQEEOQ QQRQCCQC 0QRREC @0QRRRQ QRERRQ QQRQQRQ
TakT 1
0QQQ0e ©0QQQQe
0QQQ0e >1 1 1 1 1 1 <1 ©0QQQQe
[elefelelefe] [elefelele]e]
TakT 2
00QQQQ ©0QQQQ QCOQRRQ QAR QQQEOQ QQRQEEQC 0QQRREC ©0QRRRQ QQERRQ QQEQQRQ
[elefelele]e] [elefelele]e]
[elefelele]e] >1 1 1 1 <0 1 [elefelele]e]
©0QQQQe ©0QQQQe
00QQQQ ©0QQQQ QCOQRRQ QAR QQQEOQ QQRQEEQC 0QQRREC ©0QRRRQ QCERRQ QQEQQRQ
TakT 3
©0QQQQe 0QQQ0e
©0QQQQe >1 1 <1 1 / 0QQQ0e
[elefelele]e] [elefelelefe]
TakT 4
00QQQQ QCOQRQQ QQEOQRQ QQECEQ QQRQQEQ 0QQQQQ
[elefelele]e] [elefelelefe]
[elefelele]e] 1 #/ 1 1/ [elefelelefe]
©0QQQQe 0QQQ0e

QQQQQQ QQEQEQQ QQERQQ @QQERQ QQEeQQ @QeeeQ
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TakT 5
00QQQQ QCOQQQ QAR QQEEOQR QQRQEEQE 0QQQQQ
©0QQQQe 0QQQ0e
@0QQeQe # 11 / [cle]elelele]
@0QQeQe ©QeQee
©0QQQQ QCOQQQ QQEOQRQ QQEEEQ QQRQQEQ 0QQQQEQ
TakT 6
@0QQeQe ©QeQee
©0QQQQe 1 #/ 1 [elelelelefe]
@0QQeQe ©QeQee
TakT 7
0QQQOQC ©0QQRQ QCOQRRQ QAR QQEEOQ QQRQEEQ QAR
©QQQee ©QQQee
©QQQee # 1>r 1 ©QQQee
0QQQ0e 0QQQ0e
0QQQOQC ©0QQRQ QCOQRRQ QAR QQEEOQ QQRQEEQ QAR
TakT 8
0QQQ0e ©0QQQQe
0QQQ0e 1 1 >R ©0QQQQe
©QQeQee @0QQeQe
TakT 9
0QQQOQC ©0QQRQ QCOQRRQ QAR QQQEOQ QQRQEEQ QR
©QQeQee ©QQeQee
©QQeQee 1 11 r/ 1 [cle]elelele]
0QQQ0e 0QQQ0e
0QQQOQC ©0QQRQ QCOQRRQ QAR QQQEOQ QQRQEEQ QR
TakT 10
0QQQ0e 0QQQ0e
0QQQ0e 11 /1 1 R 0QQQ0e
©QQQee ©QQQee
TakT 11
0QQQQQC ©0QQRQ QCOQRQAQ QAR QQEEEQ QQRQEEQ QR
©QQQee ©QQQee
©QeQee 1> 1 1 r ©QeQee
0QQQ0e 0QQQ0e
0QQQQQC ©0QQRQ QCOQRQAQ QAR QQEEEQ QQRQEEQ QR
TakT 12
0QQQ0e 0QQQ0e
0QQQ0e 1 1> 1< 0QQQ0e

QQeeee QQeeee
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TakT

TakT

TakT

TakT

TakT

TakT

TakT

TakT

13

14

15

16

17

18

19

20
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©Q0e0Q CEECEe @EEECE CEEeEe @QeEeE Qeeeee @Qeeee
eeeeaee eeeeaee
eeeeee 1 1 1# eeeeee
eeeeee eeeeee
©Qee0Q CeECEe @EeECE CEEeEe @QeEeE 0eeeee @Qeeee
eeeeee eeeeee
eeeeee 1 << 1x eeeeee
eeeeee eeeeee
©Qee0Q CeECEe @EeECE CEEeEe @QeEeE 0eeeee @Qeeee
eeeeee eeeeee
eeeeee 1< 1# 1x eeeeee
eeeeee eeeeee
©Qee0Q CeECEe @EeECE CEEeEe @QeEeE 0eeeee @Qeeee
eeeeee eeeeee
eeeeee <X 1 1x eeeeee
eeeeee eeeeee
©Qee0Q CEECEe @EEEeE CEEeEe @QeEeE 0eeeee @Qeeee
eeeeee eeeeee
eeeeee 116 1 1x eeeeee
eeeeee eeeeee
©Qee0Q CEECEe @EEEeE CEEeEe @QeEeE 0eeeee @Qeeee
eeeeee eeeeee
eeeeee 1191 16 1x eeeeee
eeeee eeeee
©Qee0Q CEECEe @EEEeE CEEeEe @QeEeE 0eeeee @Qeeee
eeeee eeeee
eeeee 1181 10011 1 5 eeeee
eeeeee eeeeee
©Qee0Q @eECEe @EeECE CEEeEe @QeEeE 0eeeEe @Qeeee
eeeeee eeeeee
eeeeee 118 101 1 p eeeeee
eeeee 11p 1opst y eeeee
eeeee eeeee
©Qee0Q @eECEe @EeECE CEEeEe @QeEeE 0eeeEe @Qeeee
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TakT 21

TakT 22

TakT 23

TakT 24

TakT 25

TakT 26

0QQQQQ QQQRQQQC QQEEQC QQEEQRQ QQEEQRQ QQERQQ @QeeeQ

©0000ee ©0000ee
eeeeee 117 10 11 eeeeee

@0eQeQ 1110 tlols  x @0eQeQ

@00Qee @00Qee

000000 QEQEQe @QEQEQ GEQRQR @QEQEQ QEQEQe ©QeQQeQ

@00Q0ee @00Q0ee

eeeeee 11 10?7 1 eeeeee

eeeeee 1181 111 1 p eeeeee

©0000ee 11p 1mp u ©0000ee

©0000ee ©0000ee

000000 QEQEQe @QEQEQ QEQRQe @QeQRQ QEQRQe ©QeQQeQ

©0000ee ©0000ee

eeeeee 11 100 10 ©0000Q ©EEQeQ
eeeeee 118 111 1 1 eeceee
©0000ee 1011 1ml 1 r 00000
©0000ee v 00000
©00000 @@EEEe  QQ@QeQe QQeQeQ 0QQQQe
000000 QEQEQe @QEQEQ QGEQEQe @QeQEQ 0EQEQe ©QeQQeQ

e0eQeQ e0eQeQ

eeeeee 110 10 10 ©0000Q ©0EQeQ
©0000e 117 11 11 00000
©0000e 111 1 1 r 00000
e0eQeQ 1 1p u ©0e0eee
@eee@  (©00EEe Q0EQEQ 0QQQQe
000000 QEQEQe @QEQRQ QEQEQR ©QEARQ 0EQQeQQ

@0eQeQ @0eQeQ

©0000ee 0! 11 10 000000 Q0QQQQ
©0000ee 11 117 1 00000
@0eQeQ 1 1 1 r ©0e0eee
@0eQeQ 111 1 ©000ee
©0000ee ©000eQ 000EQQE @QeQQAQ
000000 QEQEQe @QEQRQ QEQEQR ©QEARQ 0EQQeQQ

000000 Q0QQQQ ©0000ee

©0000ee 117 10 000000 Q0QQQQ
eeeeee 11 110 11 eeceee
@0eQeQ 1 1 1 r ©0e0ee
©0000ee 1 00000
©0000ee 000000 QEQEQe ©QEARQ 0eQQQe

431



432

A .M. CrenaneHKOB

TakT 27
0QQQ0QC ©0QQRQ QCOQRQRQ QAR QR QQQQQ
0QQQOQC ©0QQQQ 0QQQ0e
[cle]elelele] 11 107 ©Q0Q0Qe QQQQQQ
[cle]elelele] 110 01 11 [ClClelelele]
0QQQ0e 1 1 1 r ©0QQQQe
0QQQ0e ©0QQQQe
TakT 28
00QQQQ QCOQRQQ QQEOQRQ QQQCEQ QQQEEQ 0QQQQQ
©Q@QQEEe ©QQEQEe ©QQQee
©QQQee 11 Y ©Q@QQEEe ©QQEQEe
0QQQ0e 0! 01 11 ©0QQQQe
0QQQ0e 1 1 1 r ©0QQQQe
©QQQee @0QQeQe
TakT 29
0QQQQQC ©0QQQQ QCOQRRQ QAR QR QQQQQ
©QQeQee @0QQeQe
Q0QQOQRQ QQQQQQ U Y 0Q0Q0eQe QQQQQQ
©0QQQQe 017 11 ©0QQQQe
©0QQQQe 1 1 1 r ©0QQQQe
@0QQeQe @0QQeQe
TakT 30
0QQQOQC ©0QQRQ QCOQRRQ QQEERQR QQQEQ
@0QEQQ@ ©QeEQQQ ©QQeQee
@0QEQQ@ ©QQEQEe Y ©Q@QQEEe ©QQEQEe
©0QQQQe 1 11B ©0QQQQe
©0QQQQe 1 1 1 r ©0QQQQe
@0QeQe @0QeQe
TakT 31
0QQQOQC ©0QQRQ QCOQRRQ QQEERQR QQQEQ
@0QQQQ@ ©eEQQQ ©QeQee
@0QQQQ@ ©QQEQEe Y ©Q@QQEEe ©QQEQEe
©0QQQQe 1 Y ©0QQQQe
©0QQQQe 1 1 1 r ©0QQQQe
@0QeQe @0QeQe
TakT 32
00QQQQ QCOQQQ QQEOQRQ QQEEOQ QQQQEQC 0QQQQQ
@0QEQQ@ ©QQEQEe ©Q@QQEQe ©QQEQEe
[ClClelelele] U Y [ClClelelele]
©0QQQQe 1 1 1 r ©0QQQQe
©0QQQQe ©0QQQQe
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TakT 33
0QQQOQC ©0QQQQ QCOQRQAQ QOEORQR QQQEQ
©0QQQQ ©0QQRQ QQeQQRQAQ 0QQQOQC ©0QQQQ
[elefelele]e] Y [elefelele]e]
[elefelele]e] 1 1 1 r [elefelele]e]
©0QQQQe ©0QQQQe
©0QQQQ ©0QQQQ QCOQRQAQ QAR QQQEOQ QQRQEEQ 0QQRREE @0RQQQ
TakT 34
©0QQQQ ©0QQRQ QQeQQRQQ 0QQQOQC ©0QQQQ
[elefelele]e] Y [elefelele]e]
[elefelele]e] 1 1 D r [elefelele]e]
©0QQQQe ©0QQQQe
©0QQQQ Q0QQQQ QCOQRQRQ QAR QQQEOQ QQQQEQ 0QRQRREE @RQQQ
TakT 35
©0QQQQ ©0QQRQ QQeQQRQQ 0QQQOQC ©0QQQQ
©0QQQQe Y ©0QQQQe
[elefelele]e] 1 D D [elefelele]e]
[elefelele]e] [elefelele]e]
©0QQQQ Q0QQQQ QCOQRQRQ QAR QQQEOQ QQQQEQ 0QRQRREE @RQQQ
TakT 36
““““““““““““““““““ [elefelelefe]
©0QQQQe Y 0QQQ0e
©0QQQQe D 0QQQ0e
Qeeeee - (©0QE0Q Q0QEeR QRQReQ
TakT 37
0QQQOC ©0QQRQ QCOQRRQ QQEORQR QQQEQ
[elefelelefe] [elefelelefe]
[elefelelefe] Y [elefelelefe]
0QQQ0e 0QQQ0e

0QQQQQ QQRQEQQ QQEQEQQ QQEeQQ ©QEeeQ

4. OcHoBHag TeopeMa. CieacrBus
"3 nemm 1, 2, 3 mosrygaeM OCHOBHYIO TEOPEMY.

Teopema 1. T(N) ~ 5.

Ecnu BanMmarensHo mpocieauth 3a nocrpoenneM OC oo, MOXKHO 3a-
METHTh, YTO TIPU TIEPEKOJANPOBKE HATYPAJIHHOTO YUCIa W3 MAJOYHOTO B
JIBOMYHOE MTPEJICTABJIEHNE HUTE He UCTIOJIb3yeTcst TOT dakT, uro OC g9 —
IJIOCKasi OJTHOPOJIHAS CTPYKTYpa, TO €CTh JMHEHasd OJHOPOIHAS CTPYK-
Typa ¢ mabaorom cocespctBa {—1,0, 1} u ¢ dyHkImeii nepexosa, moJrydeH-
HOIt 13 y2ke onucannoit ¢pyrxknun nepexonos A OC o9 BeIGpackBaHIEM
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HECYIIECTBEHHBIX TIEPEMEHHBIX, Oy/IeT TaKKe OCYIECTBIATH MTEePEKOIH-
poeky. anee, memma 2 Bepua u juist guneitabix OC. Temeps MOXKHO 110
AHAJIOTUN PACCMOTPETH 33IaTy MPOBEPKHN TTPOCTOTH HATYPATBLHOTO 9NCTIA
B KJIaCCe JIUHENHBIX OJHOPOJHBIX CTPYKTYp. Ob6o3HaunM (QPyHKIIUIO Bpe-
MEHHO CJIOXKHOCTH 7t 9T0it 3amaau L(N).

Cnencrsue 1. L(N) ~ &

IIycts M — maccoBas 3ajatua, KOTOpasi COCTOUT B TOJIYUYE€HUU OTBETA
«lay» wnu «Her» Ha BOmpoC 0 HAIMYNK KAKOTO-I100 CBOMCTBA HATYPaIb-
uworo gucyaa. Illycts I € M — unauBuayaabaas 3aa4a, TO eCTh MPOBEPKa,
CBOICTBA yKe KOHKpETHOro HaTypaJybHoro yucaa N. Ilycts gauna 3a71a-
qn — JyinHa JBomYHON 3amumcu guciaa N. [Ipeamosoxkum, aTo mMaccoBas
3aiaua peraercs 3a pemst o(N), To ects cymecrByer Mamuia Thiopusra
T, pematomas 3aaa4y M, u takasi, 9ro Bpems eé paborsl T (N) = o(N).
PacemorpuMm ciemytomtyio moctanoBKy 3amadn M. Bepéwm nuneitanie of-
HOPOJIHBIE CTPYKTYpPBI ¢ mabaorom coceactsa {—1,0,1}. Ckaxewm, [uro
smueitnass OC permaer 3amady M, eciw OHa peImaeT BCe €€ WHIWBUIY-
aJIbHBbIE 33JIa9W, TO €CTh, MOCJE 3aJaHus HaYa IbHOW KOHMUrypammm —
MaJI0YHOTO MpeJICTaBIeHnst HaTypaabaoro uncia, OC 3a KOHEUHOE YuC-
JIO TI1aroB TEPEeHIET B COCTOsIHME — KOH(MDUTYpaInio U3 €JIUHCTBEHHOTO
cumBojia «Y» wian «N», B 3aBUCHMOCTH OT TOTO, 00/1a/laeT WU HET Ha-
TypaJIbHOE YUCJIO0 CBONCTBOM, B IPOBEPKE KOTOPOTO 3aKJII0YAETCS 3312494,
M. Torga cripaBeiuBO CJAEIYIONIEE YTBEPKICHUE.

CaencrBue 2. na moboit Takoit 3amaan M cymecTByer auHeiiHas Of-
HOPOJIHAsI CTPYKTYpa o ¢ mabsionom cocegcrsa {—1,0,1}, peratomast eé
3a Bpemst Ly (N) = & + o(IV).

ABTop BBIpazkaer OaarogapHocTh akamemuky B.B. Kyapsasmesy 3a
TTOCTAaHOBKY 3a/Ja"91 1 ITEHHBbIE COBETHI 110 ee PeIneHmnIo.
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