KJierogynble aBTOMaTHI*

B.B. Kyupsisues, A. C. Iloakosun

CraTbs sBjseTcs 0030pOM TJIABHBIX HAIIPABJIECHUN TEOPUU OJI-
HOPOJIHBIX CTPYKTYP aBTOMATOB, COCTABJISIIOIIE OJIUH U3 BasKHEIi-
[IAX Pa3/es0B TEOPUU aBTOMATOB.

OHOPOIHBIE CTPYKTYPBI IIPEJCTABJISIOT 000N OECKOHEUHYIO
CeTh aBTOMATOB, (PYHKIIMOHAPOBAHNE KOTOPOIl MTO3BOJISIET OMHUCHI-
BaTh KaK JIOTHKO-BPEMEHHBIE, TaK W MPOCTPAHCTBEHHBIE XapaKTe-
PUCTUKH PEAJbHBIX U abCTPAKTHBIX JUCKPETHBIX IIPOIECCOB, BO3-
HUKAIOIINX B €CTECTBO3HAHUU, HAyKaX 00 OOIIEeCTBE U B TEXHUKE.

O0630p coOCTOUT U3 BBEIEHUS, OIMCAHUS MOIEIU OSHOPOIHOMN
CTPYKTYPBI, aHAJN3a U CUHTE3a, IKCIIEPUMEHTOB, TTOJTHOTHI, CJIOXK-
HOCTHU BBIYUCJIEHUI U JIP. JJIsl OJHOPOIHBIX CTPYKTYP.

[TpuBomsiTcst BaykHEilIe pe3yIbTaThl, IOy YeHHbIE B 9TUX Ha-
[IpaBJIEHUSIX y HAC U 328 PYDOEKOM.

1. BBenenue

OfauM 13 BakKHEHINX Pas3/iesioB TEOPHH aBTOMATOB SIBJIAETCA BOC-
xojsmaa K paboram :x. @on Helimana Teopust OMHOPOIHBIX CTPYKTYD,
B KOTOPOH wmcciienyoTcs (QyHKINOHAJIBHBIE BO3MOXKHOCTU OJHOPOIHDBIX
OECKOHEUHBIX CXeM W3 OJIMHAKOBBIX KOHEUHBIX aBTOMATOB. DTHU aBTOMa-
TBHI TPEIIOJIAralOTCA PA3MEIIeHHBIMI B y3Jax k-MepHO IeJI09NCIeHHON
PEIIETKU TaK, 9TO B KaxKJOM Yy3JIe HaXOIUTCS POBHO OJIMH aBTOMAT, IIPHU-
1eM BXO/Ibl TPOU3BOJIBHOI'O aBTOMAaTa IOJKJIOYAIOTCS K BBIXO/IAM HEKO-
TOPBIX «COCEJIHUX» C HUM aBTOMATOB OJJHUM M TeM xKe 00pa3oM (0iHO-
POJIHOCTH CTpOeHWUsi). B TO BpeMsi Kak KOHEUYHbIi aBTOMAT IIPEeJICTaBIsl-
er cobo#l AUCKPETHYI0 MAaTEMaTHYEeCKYIO MOJIE/Ib, OIMCHIBAIONIIYIO JIUIIIhH
JIOTUKO-BPEMEHHbIE XapaKTEPUCTUKU Pa3UYIHBIX IIPOIECCOB 6e3 ydera

*Pabora nojep:kusajach rpaarom PO Ne 06-01-00240.
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UX TIPOCTPAHCTBEHHBIX OCOOEHHOCTEHN, OJITHOPO/IHBIE CTPYKTYPbI IIPE/ICTaB-
JITIOT OO0 JTUCKPETHYIO MATEMATUYIECKYIO MOJE/b, OIMUCHIBAIONIYIO KAK
JIOTUKO-BpEMEHHbIE, TaK M IIPOCTPAHCTBEHHBbIE XapPaKTEPUCTUKU ITPOIEC-
COB, U B 9TOM CMBbICJIE€ TIPEICTABJISIOT OO0 JUCKPETHYIO MOJIEb PEAJIb-
HBIX PU3NIECKUX 00bEKTOB U IMPOIECCOB B HUX. Kpome TOro, oHOpOI-
HbIE CTPYKTYPbhl MOT'YT paccMaTpUBaTbhCs KaK MaTeMaThdecKasli MOJEIb
OJIHOPO/IHBIX BBITUCIUTE/ILHBIX CUCTEM, 00JIaIAIOIINX TAKUME ITPEUMYIIIe-
CTBaMM, KaK IIPOCTOTa TEXHOJIOTNH, Ha/ Ie?KHOCTh, IIPAKTUYECKN HeOorpa-
HUYEHHAsT BOBMOXKHOCTH pacrapaJiie/nBanns o0paboTku uHbopMaIum,
4TO CO3JIaeT IPEIIIOChUIKN JIJIS PA3BUTHUsI HA UX OCHOBE TEOPUM CJIOYKHO-
CTU TapaJlieJIbHBIX BBIUUCJIEHU.

OcCHOBHBIE HAIIpPaBJIEHUsI B TEOPUH OJIHOPOIHBIX CTPYKTYP CBSI3AHBI C
BBIJIeJIEHIEM KaK TVIABHBIX MOJIEJIEH TAKMX CTPYKTYP, TaK U OOIINX 3a0a
ast aux. K 9uciry mepBbIX MOTYT OBITh OTHECEHBI aBTOHOMHBIE OIHOPOJI-
Hble CTPYKTYPBI U OAHOPOJHBIE CTPYKTYPBI CO BXOJAaMU U BBIXOJAAMU, &
K YHUCJYy BTOPBIX — 33Ja4i aHaJIM3a U CUHTE3a OJHOPOLHBLIX CTPYKTYD, &
TaKzKe 33/1a41 MOJICJIMPOBAHNUS PA3JIMYHBIX PEaJIbHBIX IIPOIECCOB B TAKUX
CcTpyKTypax. s aBTOHOMHBIX CTPYKTYP OCHOBHBIM SIBJISIETCH U3YYEHUE
CBOHCTB KOHMUIYpAIUll COCTOSHUN sSvIeeK B IUHAMHUKE WX H3MEHEHUI,
JJIsL CTPYKTYP CO BXOJAaMU U BBIXOJAMU — 3aBUCUMOCTL 3TOU JIMHAMU-
KN OT BXOJIHBIX BO3JEHCTBHI, a TakyKe 3aJada 00 yCHJIEHHH BO3MOXKHO-
cTell CTPYKTYP Peain30BLIBATH OTOOPAaKEHUsI 3a CYET PaCCMOTPEHUsT MX
KOMITO3UIIHIA. DTH BOIPOCH TPEOYIOT paspabOTKHU CIIEIUABHBIX sI3bIKOB,
MTO3BOJISIIONINX JIEKBATHO OINUCHIBATL (DYHKIIMOHUPOBAHUE OJHOPOIHBIX
CTPYKTYP, YTO MOXKHO CUUTATh OJIHUM K3 HAIIPABJICHUA paccMaTpuBbae-
MO TE€OpHUHU.

3ajiava aHaJI3a OJJHOPOJHBIX CTPYKTYD COCTOUT B OITUCAHUU (DYHKITH-
OHUPOBAHUS UX I10 33 IAHHOMY (POPMATBLHOMY OIUCAHUIO, & 331898 CUHTE-
3a, HA00OPOT, — B BOCCTAHOBJIEHNH (DOPMAJIHLHOIO OMHUCAHUSA CTPYKTYPBI
10 (QYHKITMOHUPOBAHUIO. DTHU 3aJ[a9H JIOIYCKAIOT MHOI'O MO/IMMDUKAIUI.
K ux unciay mMoryT ObITH OTHECEHBI BOIIPOCHI MOJIEIUPOBAHUST U3MEHEHU ST
reoMeTpudeckux (GopM B OTHOPOJHBIX CTPYKTYPax U TEOPHUS IKCIEPHU-
MEHTOB JIJII HUX KaK MPUMEPHI 33/Ia91 aHAJIN3a, & TaKXKe BOIIPOCHI MOJIe-
JIMPOBAHUS OJTHUX CTPYKTYP B JPYTUX U IPEJICTABJIEHUS TOBEJIEHUS X B
KOMIIO3UIIUAX TAKUX CTPYKTYp — KaK IMpUMepHI 3a1adu cuaTe3a. [lorpa-
HUYHOE MTOJIOYKEHUE MEXKJIy STUMU 33/[aaMUi 3aHUMAIOT BOIIPOCHI 3 dek-
TUBHBIX IMapaJIJIETbHBIX BBIYUCIECHUN, a TaKXKe 33J[a9d MOJIETUPOBAHUS
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IPOIIECCOB NMPUKJIAJIHOIO XapaKTepa, BOZHUKAIONMX B XUMUH, OUOJIOTHH,
rexnuke |2, 3, 13].

Mopzeib 0OIHOPOIHOM CTPYKTYPBI BO3HUKJIA, B U3JIaracMoM Buze B 60-x
rojax kak cdopmasmzarsi Mogiesin J>x. @oun Heitmana [7], npeioxennoit
UM paHee IS OIIMCAHMSA SIBJICHUS CAMOBOCIPOM3BEJeHus B buosornu. B
U3y4YEeHUH 3TOH MOJE/IN NPUHAIN yHacTHe KaK 3apyOe:KHble, TaK U OTe-
YEeCTBEHHBIE yYeHBIE.

OcCHOBHBIE HAITPABJICHNSI UCCIICOBAHUI B TEOPUU OJHOPOIHBIX CTPYK-
Typ MBI OPOMJLIIOCTPUPYEM Ha Psje KOHKPETHBIX 3aJad, CBI3aHHBIX C
U3ydeHueM IOBeICHHI OJHOPOJHBIX CTPYKTYP.

2. OnpejneneHnust 1 IIPpUMepPbI

O0dnopodnoti cmpykmypot (cokpamerno OC) HasbiBaeTcst 0ObBEKT
o = (ZF E,,V,p), y xoroporo ZF ecth mmOx)ecTBO Beex k-MepHBIX
BEKTOPOB C TIEJBIMU KOOPJMHATAMY, Ha3biBaeMbIX stdeiikamu OC o
E, ={0,1,...,n — 1} — muoxectBo cocrostumii siaeiiku OC o; V =
(a1,...,Qp—1) — YUOpPsiJIOUEHHBII HAOOP HEHYJIEBBIX HOIAPHO Pa3/Iid-
HBIX Kk-MEPHBIX BEKTOPOB C IEJBIMU KOOPIMHATAME, HA3BIBAEMBINH wWab-
aonom cocedemsa OC o; ¢ = o(xg,21,...,Tp—1) — DYyHKIHUA, OTOO-
pakaiomas (E,)" B E, n massiBaeMast Aokaivholi dynxuuets nepexo-
dos OC o. Ilpenmonaraercst, 910 (PYHKIUS (© YIOBJIETBOPSIET YCJIO-

uto p(0,...,0) = 0. Hua xaxoii siaeiiku o OC o oupejessiercs
okpecrHocTb V ((v) 97Ol sideiiku, npejcTaBsioneil coboit muoxectso {a,
a+oar,...,a+ a1} Cocmosnuem 00HopodHot cmpyKmyps, 0 Ha3bIBa-

eTcsi IpoM3BONbHAsL (DYHKIMWS f, onpeesennas na ZF n npuauMaromiast
snadenus u3 F,. Ha muoxxecrse X Bcex cocrosauii OC o omnpeensiercs
ocHoBHas1 pyHKIUs mepexooB ¢ OC ¢, comocTap/Isifonas KaxK oMy CO-
crostamio f u3 Y Takoe cocrosiane g OC ¢, 9TO TOXKIECTBEHHO BBITIOJTHEHO
PaBEHCTBO

9(x) = p(f(2), f(x + 1), ..., f& + an-1)).

D10 paBeHCTBO O3Ha4aeT, 4To cocrositue g(z) sueiiku x OC o «mocie
nepexo/ia» ONPEIEIAETCs TIPU TIOMOIIM JIOKAJIBbHON (DYHKINYM I1€pexoion
© TI0 HAOOPY COCTOSIHUIT «JI0 MEPEXOia» AIEeK T, T + Qi1,...,T + Qp_1,
00pa3yoIux OKPEeCTHOCTD STYEHKU .
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Hosedenuem OC o Ha3bIBaeTCsl Takas IOCJIEN0BATEIBLHOCTE fg, f1,
f2,... ee cocrogumit, uro mpu Bcex ¢ = 0,1,2,... BoimosHEHO fi41 =
®(f;). B pasinmu4HbIX 3a/1auax OKa3bIBAETCsI [€716CO00PA3HBIM PaCCMOTPe-
Hue nojkacca X’ kinacca Y Beex cocrosganii OC o, 06pa3oBaHHOrO BCeMn
TaKuMU cocTosinusivu f, aro ycsosue f(«) # 0 BBIIOJHSAETCS JIUITh st
koneuHoro uncia saeek o OC o. D1eMenTb MHOXKeCTBa %' HA3ZLIBAIOTCS
xonguzypayusmu OC o. Herpyano zameTurb, uro ajs joboro f € X/
nmveer mecto P(f) € ¥/ rne @ — ocnosuas dyunkius nepexogos OC o.
Jst qucieHHOl XapakTepu3aly pasMepoB okpectHocTr V() stueiiku «
OC o OyzeM B psijie ciIydaeB IMOrPyKaTh 3Ty OKPECTHOCTh B HAUMEHbITH T
HEBBIPOXKIEHHDBIN TPAMOYTO/IbHBIN k-MepHBIH mapaJuienenunes P ¢ meH-
TPOM B stueiike . JIJTMHBI CTOPOH 9TOTO MapaJlIeeluie/Ia MPeIcTaBIsTioT
co0oif HedeTHBbIE HATYpaJIbHbIe ducia 2mq + 1,...,2my + 1; ucnosnb3yem
obosnauenne P = Vi (a), tne m = (mq,...,mg), my > 0,...,m; > 0, a
Vs — HEKOTOpBIl BCIIOMOTATEIbHBIN IITabJI0H COCEICTRA.

Jlerko BUETH, YTO 63 OrpAHUYEHUST MHOYKECTB TIOBEJICHUN MOXKHO
paccmarpusarh Tobko OC o suma (ZF, E,, Vi, ). Kiace Becex OC ra-
Koro Buja obosnauaem S(k,n,m). Ouesnuno, |S(k,n,m)| = n™" ", e

k
h=T1] 2m; +1).

i=1

Paccmorpum  1Ba IPOCTBIX TPUMEPA, CBSI3aHHBIX C aHAJU30M I10-
BeJICHUIT  OHOPOAHBIX CTPYKTyp. Ilycts o1 = (Z2,Fs,V,p), tae
(o, X1,y Tp_1) = To V T1... V xp_1; ® — ocHoBHasi dyHKIMS 1€~
pexosos OC o1. Torya, kKak Herpy/aHo mposeputh, ®L(f1 V...V fn,) =
OL(f1) V ...V ®(fp,) g mobbix membix t > 1w om > 2, Tak uTO
JTOCTATOYHO HUCCIETOBATH MOBEJECHUE <«OJHOKIETOTHBIX» KOH(PUTYPAITHii
fi, mpuHEMalomux 3Hadenne 1 B equHCTBeHHON Touke. Ob6o3Haumm V =

(a1, ...,ap—1); T — IJIOCKYIO DeIIeTKy, 00pa30BAHHYIO 1EJOTUCIIeHHbBI-
MU JIUHEHHBIME KOMOUHAIIUSIMU BEKTOPOB OV, & + 1, ..., + ap_1; P —
BBINYKJIYI0 000710UKy MHOXKecTBa @ = {0, —a1,...,ap_1}; K — koudu-

rypamuio OC o1, npunnmaortyto suadenue 1 B rouke (0,0) u paBuyio 0
B MPOYNX TOYKAX. 1OrIa OKa3bIBAETCS, YTO MHOXKECTBO STUEEK, MMEIOTIINX
B KOHMUTYpaIun <I>t(K ) cocrostHue 1, mpejicTaBiisier coboii mepecevdeHne
pemietku T’ ¢ obsiacthio tP, 3a uCKJIIOYEHUEM, OBbITH MOXKET T'PAHUIHON
[IOJIOCHI OTPAHUYEHHON MupUHbI. OTCIO/Ia BBITEKAET, YTO U IIPOU3BOJIbHAS
uHenyseBas koudurypanus f OC g1 HeOrpaHUUEHHO pACTeT, IPUObpeTast
[IPU POCTE OUEPTAHUS BBIILYKJIONO MHOIOYTOJIbHUKA P ( «BBITSIHYTOrO» B t



KieTounble aBTOMATHI 661

pa3 u mepeceveHHoro ¢ OObEIMHEHNEM HEKOTOPBIX KJIACCOB CMEXKHOCTH
pemmerku T').

[IpuBeieHHBII TPUMED WJLTIOCTPUPYET TEHIEHITUIO K HAIIPABJIEHHBIM,
HEOOPATUMBIM M3MEHEHUSIM, BOSHUKAIOIINM B IOBEIEHUSIX MHOI'UX OJIHO-
POTHBIX CTPYKTYp. [IposiBiisisich y»Ke Ha TIEpBOM TakTe (BYHKITHOHUPO-
anusi OC B BHJIe TaK HA3BIBAEMBIX JIOKAJBHBIX OMDAHUYIECHHN (CM. HU-
ke TeopeMmy Mypa-Maiixusia 0 HEKOHCTPYUPYEMBIX KOH(MDUIYPAIHSIX ),
9Ta TEHIEHIWS IPUBOIUT K BO3HMKHOBEHHUIO CIIEIUAJBHOIO COOCTBEH-
HOTO TMOJKJIACCa «TIPEJIETbHBIX», W <«YCTONYUBBLIX», cocTostHmit OC
0, KOTOpPBbIEé MOTYT BCTpeYaThCss B ODODINEHHBIX €€ TTOBEJICHUSX BHJIA
coos foo, fo1, fo, f1, f2, - - ., TJie BpeMst t U3MEHSIETCS OT —00 JI0 +00.

B kagecTBe nmpuMepa oHOPOTHON CTPYKTYPHI, TIOBEIEHUsT KOTOPOIi HE
obJ1a1a10T yKasamHoii Tenaenmueii, ykaskem OC oy = (ZF, E,,V,¢),y Ko-
TOPOii p — IPOCTOE YUCI0 U P(T(, L1, ..., Th—1) = To+...+2p—1 (mod p).
DTOT MpUMep SBJAETCS KITACCUIECKUM B CBSI3U € 3aJ[adeil CAMOBOCITPON3-
BejieHnst KOH(Urypanuii B OTHOPOJIHBIX CTPYKTypax [6], IOCKOJIBKY JIfo-
bast memysenas xoudurypamus f OC oo uepes pV rakrTos (mis gocra-
ToyHO Gousibiiux N) mpeobpasyercss B KOH(MUIYDPAIMIO, N300parKarolLyo
(mocpesicTBOM sideeK, MMEIOIUX HEHYJIeBOe COCTOsiHUE) h HelepeceKaro-
IUXCsT KOMUH MCXOTHOTO M300parKeHNsI, OMPeIe/IsIeMOro KOH(UTyY parieis
f- B ormuaune or OC o1 npu mnepexojiax MOTYyT BO3HUKATH JIIOObIE COCTO-
auna OC oy.

[Ipumepom 3ajiadn Ha CHHTE3 KOHKDPETHOH OJIHOPOHON CTPYKTYPBI
SIBJISICTCST M3BECTHAS 331898 O CHHXPOHUBAINHN, 3aK/IIOYAIONIAsICT B IO-
crpoennn Takoit k-mepuoit OC o, uro s 060# KoHewHO! objactu P
suaeek OC o, npuHaJIeKAIIEeH 33 IAHHOMY CeMeicTBy obsacTeit S u KOH-
durypanuu K OC o, obpamiatoreiicss B 1 Ha P u B 0 BHe P, BBIITOJHEHBI
CJIETYTOTIINE YCIIOBUS:

a) ®(K) = K (P — ocnoBrast dynkiwms nepexogos OC o);

6) ecm cOCTOSTHUE MTPOM3BOJILHON sTIEfiKU (v HEKOTOPOii BBIJEIEHHOI M0JI-
obnacru P’ obractu P 3amenuTs Ha 2, To Kondurypanus K mpeobpasy-
eTcss B Takylo KoHdwurypammio K’, 4To npum HEKOTOpoM tg Bce ddeiiku
kondurypamun ®(K') umeror cocrognue 3; npu t < to HU OJHA AUeii-
ka konduryparun ®'(K’) ne nmeer cocrosnue 3; npu t < to 3HAYCHUA
®'(K') sue P pasupi 0.

Permterrne sroit 3amaun 3a MUHUMAaILHOE BpeMst tg = 2] — 2 JiIsT ceMeii-
crBa orpeskoB P jymn | = 1,2,3,... (P’ — kpaiinue Touku orpeska P;
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k = 1) 6b10 nosyueno Toro [15] u gasee MopudupoBasoch B pa3ind-
HBIX HallpaBJICHUAX.

B kauecTBe JApyroro mpumepa 3aJauu Ha CUHTE3 OJHOPOIHON CTPYK-
Typbl paccMorpuM MogenupoBanne B OC JBMZKEHUS JACTHI] C TOCTOSH-
HBIME CcKOpocTsiMu. Kaxkigas dacTuria m300parkaeTcsi HEKOTOPOil HeHy-
JIEBOI KOHMUTYpAIHEil; MOJIOXKEHNE TaCTUIILI OMUCHIBAETCS MHOXKECTBOM
s9eeK TOH KOHMUrypaImu, UMeIX HenyiaeBoe cocrosuune. [lycts o —
nexkoropas apymepaas OC u ® — ee ocnoBHast byHKIUSA 1epexonos. Ec-
JIL CYIIECTBYeT BEKTOp U = (v1,...,V;) M KOHCTAHTA C TaKue, ITO JIJIs
JIOOBIX HATYPAJILHOTO N u sideek o = (aq,...,ax), B = (B1,...,0k),
yzaosisierBopsitonux yeaosuio K (a) # 0, (P™(K))(5) # 0, semonusiercst
cooTHOmIeHNe MAX |B; — vin — ;| < ¢, To roBopUM, UTO KOHMUTYpaIUsT

=1
K OC o dsusicemea co ckopocmvio v.

ToumHyo HIKHIOIO I'PaHb BCEX JOMYCTUMBIX 3HAUYEHUH ¢ Ha3bIBaEM MpH
9TOM pasbpocom xondueypayuu K. Femm cymecrByer kouduryparust OC
0, IBUYKYIIASICSA CO CKOPOCTBIO ¥, TO TOYHYIO HUKHIOIO IPAHb PazdpocoB
BCcex Takux KoHdwurypanuii obozunatnm A, (v). Ckaxem, uro OC o noseo-
AAEM, E-MOOEAUPOBAMY BUKEHNE YACTHIL C pa3dPOCOM d, €CJTH B MHOXKE-
crBe V = {(v1,...,v)|lv1] < 1,...,|vg| < 1} umeerca e-cetsb (), cocTosi-
mast u3 CKOPOCTEH, JIBUKEHUS ¢ KOTOPBIMH ¢ KOTOPBIMUA MOMKHO MOJIE/IH-
poBaThb B 0, ipuveM d = meag A, (v). 3ajiaua 3aKIIOYAETCS B HOCTPOEHUN

v

no ykazannomy & Takoit OC o, B KOTOpPOil BOZMOMKHO £-MOJICIUPOBAHUE
JIBUZKEHUS 9ACTUI, ¥ MUHUMH3AIMU COOTBETCTBYIONIEro pasbpoca. Han-
MenbIHit paszépoc A(k,n,m, ), ¢ KOTOPbIM BO3MOYXKHO £-MOJIEJIMPOBAHUE
nsrzkenns gactul nocpegacrsom OC o us kiacca S(k,n,m), xapakrepu-
3yeTcs CJIELYIONNIM yTBEPZKICHUEM.

YrBepxkaenue 1 (|10]). Jas ao06020 namypanrvhozo k cywecmsyem ma-
koe c(k), wmo npu n = c(k), m = (mq,...,mg), my > 2,...,myp > 2,
0 <e <1, sonoaneno

1 1
¢/ klog,, <g> < A(k,n,m,e) < c2 + {|eiklog, <g>,

2de C1,C2 — HEKOMOPLLE KOHCIMAHTNDBL.
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3. AHajun3 noBeAeHUII OTHOPOJHBIX CTPYKTYP

[Ipu onmcanuu CBONWCTB MOBEACHUN OJHOPOIHBIX CTPYKTYD Ha MaKpO-
ypoBHe 6e3 ydera CTPYKTYPHBIX OCODEHHOCTEH WX COCTOSHUN OKa3bIBa-
€TCsT TIOJIE3HBIM TPAIUITUOHHBIN JIJTsT TEOPUH aBTOMATOB SI3BIK JIMATDAMM
nepexoioB. C OHOPOIHOM CTPYKTYpO# ¢ CBsA3BIBAEM TI'pad TEpPEXooB
G(0), BepIIMHAMU KOTOPBIX SIBJISIFOTCS KJIACCHI 9KBUBAJIEHTHBIX (I10JTyYa-
IOIIUXCsL JIPYT M3 JIpyTa NapaJlleJbHbIM nepeHocoM) cocrosinuit OC o, a
rakxke noarpad G*(o) rpada G(0), KOTOPBI TOPOXK/IEH BCEMU BEPIIIU-
namu rpada G(o), coorercrBytonmvu koudurypanusim OC o. B obonx
rpadax u3 Kaxk10# BEepINUHBI ¥ BBIXOIUT €IMHCTBEHHOE pebpo, BeayIee K
BepIluHe, cooTBeTCTBYoIIE cocrostuio P (f), riae f — Kakoe-smbo cocro-
sane OC o, oTHecenHoe K Bepinuie v; ® — ocHOBHAsST PYHKIHST TIEPEXO/IOB

OC 0. Imeror MeCTO Cle/yIolue IPOCThle YTBEPAK ICHHsI, XapaKTepu3y-
tomue rpadst G(o) u G*(0).

YrBepxkaenue 2. Cywecmsyrom neusomoppnoe OC ¢ odunarxosvimu

epagamu G(o) u G*(0).

Yreepxkaenue 3. Cywecmeyrom OC o u o’ ¢ usomopprvmu epadamu
G(0),G(d"), no ne usomopprvimu epagamu G*(a), G*(c').

Yreepxkaenue 4. Cywecmeyrom OC o u o' ¢ usomopprvmu epadamu
G*(0),G*(d"), 1o neusomoppromu epagamu G(o), G(c').

Kak Bummo 3 aTux yrBep:KaeHuit, mpu nepexoje ot OC ¢ K ee rpa-
dbam nepexonos G(o), G* (o) npoucxoauT cyiiecrBeHHast orepst nHGOpP-
Maruu 06 3toit OC. HecMoTpst Ha 3TO psii BayKHBIX CBONCTB TOBEIEHUI
OC o Bce ke nomyckaer GOpMYJIUPOBKY Ha sizbike rpados G(o), G*(0).
OHUM W3 TPUMEpPOB TAKOTO Pojia CJIY:KUT U3BECTHast Teopema Mypa—
Majtxuiia 0 HEKOHCTPYUPYEMbBIX KOH(MUTypalusx. BeejgeM pst HoHATHiA,
HEOOXOUMBIX JIA ee (POPMYJINPOBKH.

Koneunnre muoxkectBa siueek OC o HazbiBaeM Ouokamu; Kongpuypa-
yuet baoxa B HaspBaem gpyaknuoo f : B — E,. Eciu usBectHo cocrosi-

uue f okpecrnoctu V(B) = |J V(a) 6iioka B B MOMEHT ¢, TO JIOKAJIbHAST
acB
dyuknus nepexono OC MO3BOJISET ONMPEJIEUTb COCTOsiHNE ¢ bJioKa B B

MomenT t + 1. Takum obpasoMm, Ha MHOXKeCTBe KoHdpuryparmii f 6Jj0Kka
V(B) onpegeisiercst oneparop ®p : @p(f) = ¢g. Koudurypauu 6ioka
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B, ne nmpunajiexkarne objacTu 3HaUeHUit oneparopa P p, Ha3BIBAIOTCS
nexonempyupyemowmu. Koudurypanun f, g 6ioka C = V(V(B)) Hazbl-
BaIOTCSI 83GUMHO CINUPAEMBLMU, €CJTA JJIST HUX BBIIOJIHSIIOTCST YCJIOBHST:

1) flB # glB:
2) f\C\B = g’C\BS
3) @y p)(f) = Py m(9)-

Nmeer mecTo cjeayroniee yrBepKacHue.

Teopema 1 ([6, 16]). Jas npoussosvnoti OC o suda (ZF, E,, Vi, @)
cyuecmeosarue OA0KG, UMEIOULE20 HEKOHCMPYUPYEMYIO KONPULYPayuIo,
IKBUBAAEHTIHO CYUWLECTNEOBAHUIO BAOKA, UMEIOUWE20 NAPY G3AUMHO CTNU-
paemuir Korgueypayud.

Herpymuo Bugers, uro mamuame y OC ¢ HEKOHCTPYHUPYEMBIX KOH-
urypanuii 6J0KOB SKBUBAJIEHTHO cylecTBoBaHuio y rpada G(o) ra-
KOl BEpIIUHBI, B KOTOPYIO HE BEJET HU OJHO pebpo, a HaJU4Iue y 3TOH
OC B3auMHO CTHPAEMBIX KOH(MUTYPAIINI SKBUBAJIECHTHO CYIIECTBOBAHUIO
y rpada G*(0) BepuinHbl, K KOTOPOil BeJyT He MeHee JByX pebep. [Tosro-
My TeopeMa 1 JOoIycKaeT C/IeAyomyio (opMyJIUPOBKY Ha s3bIKe rpadon

G(0),G*(0).

Teopema 2. /laa npoussoavroti OC o cywecmsosarue 6 e2page G(o)
GEPWUHDL, K KOMOPOU He 6edym pebpa, IKEUBAAEHMHO CYUECNEOBAHUIO
6 epagpe G* (o) sepwunn, 6 Komopyro eedem 1e boaee uem 00Ho pebpo.

Teopema 1 jomnyckaeT ciemyrolnee yCuIeHUe.

Teopema 3 ([10]). Bsaumro cmupaemvie Konguzypayun omeymemsyom
6 OC o suda (Zk, E,, Vi, @) mozda u moavko moada, xo2da 0an npous-
604b1H020 Henycmozo baoka B u npoussoavrol xongueypayuu f amozo

6aoka V (B), nepesodumuvir onepamopom Pp 6 f, ne sasucum om ewbopa
f u pasro n!VBNBI,

CrnencrBue. /Jas omcymemeus 63GUMHO CMUPAEMOT Konpuaypauud y
0C o euda (ZF,E,, Vi, @) neobzodumo, wmobu. xasicdoe snaxenue us
E,, npunumanocv aokasvnotl gynryuet nepexodos p(xro,T1,...,Tph_1) 6

movwrocmu Ha nhil Ha60pax 3HaYEHUT nepemerHuvlr.
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Jlerko mMpoBepUTDH, YTO MOCIETHEE YCIOBUE BBIMOJHICTCS JIUIID s
«mautoit» o OC knacca S(k,n,m), To ectb «nouru Bce» OC o umeror
HEKOHCTPYyHUpyeMble KOoHpurypaimu 6710k0B. B onHoMepHOM citydae cyiie-
crByer ajaroputm pacrnosnasanus 1o OC o uz S(1,n,m) Hamuans B3anM-
HO CTHPaeMbIX KoHMpUTYpalyii 6JI0KOB, OCHOBAHHBIN Ha BEPXHEH OIEHKe
JIMHBI OTPE3Ka, COJEPKAINEero HEeKOTOPbIit Takoit 6siok. B srom ciytuae
YIIAETCS TAKIKe TTOJIY YN Th HAKHIO oreHKy n ™1 ancia pebep, Beymmx
B ofiHy u Ty ke Bepmuny rpada G(o), npu koropom OC o obsizaresib-
HO MMeEeT HEeKOHCTpyHUpyeMble KoHdurypamnun 6710koB. Bojee neranbaoe
uccaegopanne kiaacca OC, He MMEOINIX HEKOHCTPYUPYEMBIX KOH(MUTY-
paruii, B 0COOEHHOCTH B MHOTOMEPHOM CJIyUae, HATATKUBACTCI HA CYyTIe-
CTBEHHBIE TPYIHOCTH. TakK, OCTAETCsT OTKPBITHIM BOMPOC O BO3MOYKHOCTH
AJITOPUTMUYIECKOTO pacio3HaBanus cymecTBoBanus B OC HEKOHCTPYUPY-
eMbIX KOHUrypaluii Ipu pasMepHocTu k, OOJIbINEH uin paBHOM 2.

BosMokHbBIE MOITHOCTH KOMIIOHEHT CBSI3HOCTH (OIpejessieMbIX 6e3
yuera opuenrtaryu pebep) rpados G(o) nu G*(0) xapakrepusyercs: cie-
JIYIOIIAMHI YTBEPKJICHASIMU.

Teopema 4 ([10]). Jas w060t OC o svinoaneno 00Ho u3 08Yx ycaosul:
1) cywecmeyem makoe p, wmo aoboe cocmosnue OC o neperodum 6
Hyaesoe cocmosnue ne boaee wem 3a p wazos (6 amom cayuae G(o),
04eBUIHO UMEEM 00NY KOMNOHEHMY CBAZHOCTNU,);

2) mmoorcecmeo Komnonenm ceasznocmu epaga G(o) umeem mougrocmy
KOHMUHYYMA.

YrBepxkaeune 5. Jlas 110600 ne boaee uem cuemuoti HeHyaeotl Mo~
nocmu M cywecmeyem OC o, y komopott G* (o) umeem M xomnonenm
CBAZHOCTNU.

Hecmorpst HAa mpocTyio aJibTepHATUBY, OIpEIeIsieMyio TeopeMoit 4,
yIaeTCsl TOKa3aTh, WCIOJb3Ys AJTOPUTMUYECKYIO HEPA3PEITUMOCTD 06-
mieii npobiembl JOMUHO |14, 9T0 1pobiemMa HAXOXK/IeHHsT MOIITHOCTH I'Da-
da G(0) B xiacce Bcex OC o, umeronux (bUKCHPOBAHHBIE PA3MEPHOCTD K
1 T1abJIoH coceICTBa Viz, aJTOPUTMUYECKU HEpa3pelmma yxe upu k > 2.
B ciiyuae k = 1 anropurMudeckasi pa3perimMocTh Ju60 Hepa3penmMoCThb
9TO# MpObJIEMBbI HE YCTAHOBJIEHBI.

[Tpu ananuze nosenenuit OC MOXKET OKa3aThCs IOJE3HBIM ITPUMEHEe-
HUE XapaKTepucTuk coctosiuuii 31oii OC, HHBapUAHTHBIX OTHOCUTEJIHFHO
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ocuoBHOI dyukmuu nepexoaoB ®. Karkmoe 3navenne Takoil xapakrepu-
CTUKU OIpeiesisieT HeKoTopbiit Kirace K cocrostauit OC o, yioB/ieTBOpSI-
toux yesopuo V f (f € K = ®(f) € K). Takue xiaccst cocrositmit OC
HA3LIBAEM JIAJIee 3aAMKHYMDLMU.

[IpuBesem psiji yTBEPKIEHUH, XapaKTEPUIYIONNX BO3MOXKHOCTD AJI-
FOPUTMUYECKOIO PACIO3HABAHUSA 3aMKHYTOCTH HEKOTOPBIX KJIACCOB CO-
crosiauit OC.

Teopema 5 ([10]). IIpobaema pacnosnasanus 3aMEHYMOCTAU KAACCH 6CET
Herynesur kongpuypauyutd OC o, Tapaxmepusdyowurcs GurcuposaHHvl-
MU PABMEPHOCTIBIO K U YUCAOM COCNOAHUT, AMETKU TV, AA20PUMMUNECKU
DASPEUWLUME TOALKO 6 cayuaaxr k =1, aubon = 1.

Yrobbl yKazaTh MPUMEpPHl HETPUBUAILHBIX KJIACCOB KOH(UTYpAITHil
OC, st KOTOPBIX IIPobJIEMa PaCIO3HABAHUS 3aMKHYTOCTH AJITOPUTMU-
YECKU pa3perinMa, BBEJIEM Psif BCIOMOTaTebHBIX TOHATUH. JlokaibHbim
oepanuseruem na cocmoanus OC o mazoBem napy A = (A, F), tne A —
610k n F' — HekoTopoe MHOXKeCTBO KoHdurypanuit 6soka A. Cocrostane
f OC o masbBaercst YdosaemeopaOUUM NOKAALHOMY 02PAHUMEHUI A,
ecnm jtst Ji060i#t suetiku o OC o cyxkenne g cocrosinus f Ha 670K o + A
onpezensier Koudurypanuio h(z) = g(z + «) 6ioka A, npuHaIeKAILY IO
F.

Anajiornuno kondurypanuio f 6/i0ka B HasbiBaeM ydo8AemBOPAI0-
Well NOKGALYHOMY 02PAHUMEHUI N\, eCTIU JJIsT JTF0boro OJioka Buaa o + A,
PacToJioyKeHHOro BHYTpU B, cykenne g Kouduryparun f Ha o+ A onpe-
Jesisier npuHaIekaiyo F konduryparmio h(z) = g(x + «).

Kinace Bcex cocrosinnit OC ¢, yI0BIETBOPSIONINX JTOKATLHOMY OTDa-
HUYeHHIO A, obo3HadaeM S(A); Kiacc Bcex KoHMUryparmii, puHajexka-
mux S(N), obosHauaem S*()\), a Kiacc Bcex kKoudwurypanuii 6joka B,
yzaosieTBopsiomux A, oboznaunm Sp(A). JlokanbHoe orpamnmdenne \ Ha-
3BIBAEM HENPEPLIEHBIM (CUADHO HENPEPLIEHBIM ), €CTTH TIPU JIFOOOM 17 JTIO-
bast kKouduryparus us3 S:}m( A) (A\) MOKeT BBITh IIPOJIOJIZKEHA JI0 COCTOSTHHUST

OC o, npunajnexarero S(\) (coorsercrBenno S*(\)).

YrBepxkaenue 6. Ecau A — cuavho HenpepuieHoe A0KGABHOE 02PAHUME-
Hue na cocmoanusa k-mepruvix OC, uMerowus n cocmoanuts avetixy, mo
CYWECTNBYEM AN20PUMM PACNOZHABAHUA 3aMKHYMocmuy Kaacca S*(\) 6
npoussosvroti OC yxazanhozo suda.
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Vreepxkaenue 7 ([4]). Cywecmeyem makoe aokasvhoe oeparuienue A
Ha cocmoanus deymepuur OC, umerowuxr n cocmosnud avetxu, n > 2,
YMO NPOBAEMA PACTOZHABAHUA 3AMEHYMOCMU Kaacca S*(N) 6 dsymeprolr
OC ¢ n cocmoanuamu, A4etKy aA20PUMMUNECKY HEPAPEULUMA.

AJITOPUTMUIECKE PACIIO3HABAEMON OKa3BIBAETCS TaKyKe MHBAPUAHT-
HOCTh <«HHTErpPaJIbHBIX» XapakrepucTuk cocrosiuit OC. VmenHo, nmeer
MECTO CJeyIolee yTBepKJIeHHE.

Teopema 6 ([10]). Ecau na mmoorcecmse E' veavr wucea, E' D E,,
ONPEdeACHa BVMUCIUMAA 2DYNNOEAA ONePatus + u nyaem 2pynno, B cay-
orcum wucao 0, Mo CyYwecmeyem ar20pumm, pacno3Haouyuti no npous-
coavroti dsymeproti OC o ¢ n cOCMOAHUAMU AMETKY UHEAPUAHTTVHOCTID
OMHOCUMENLHO NEPETOD0E CYMMDBL COCTOANUL Aueek 6 KoHPuaypayuss
amoti OC.

Hasosem cocrosinnem-camopoyikom g OC ¢ ¢ ocHOBHOI (hyHKITHEH TTe-
pexonoB ® Takoe COCTOAHME, OTJIMYHOE OT TOXKJECTBEHHO HYJIEBOI'O, YTO
®(g) = g. Cocrosinne-camopojiok g OC o, siBysitorneecs: KoHdUrypanueii,
Ha30BeM KoHwuryparnuei-camopojkom. OC ¢ HasbiBaeM JIMHEHHOM, ec-
JIN ee JIOKaJIbHasT PYHKIMS TEPEX0/IOB JTMHEHHA OTHOCUTENHLHO abeeBoit
rpynnbl G Hay E, ¢ HyjgeBbiM semeraToMm 0 u3 E,.

Teopema 7 (|18]). Cywecmeyem anzopumm, xomopwuii das 110600 Au-
netnot OC o yemanasausaem, ecmv At 6 Hetl:

a) Konguzypayuu-camopooru,

6) cocmosrus-camopooru.

Teopema 8 ([18]). He cywecmsyem anrzopumma, komopuil 0z 410601
naockot OC o yemanasausaem, ecmov AU 6 Hetl:

a) Konduaypayuu-camopodru,

6) cocmosrus-camopooru.

Vike mpocTeiile «HeJIOKAJbLHbIE» IO BPEMEHH CBOICTBa MOBEeIEHUI
HeHyJieBbIX koudurypanuit B OC, Takne Kak HEOIDAHUYEHHBIH MX POCT
WM KOHEYHOCTb BPEMEHM <«CYIIECTBOBAHUSY, OKA3BIBAIOTCS AJTOPUTMHU-
YeCKN Hepaclio3HaBaeMbIMU. [103TOMy it pACIIO3HABAHUS WX CBOWCTB
1eJ1ecO00PA3HO OBIBAET OIPAHUYHUTH KJIACC PACCMATPUBAEMBIX TIOBEJICHUIA,
[peJioJiaras, YTo OHU y2Ke 00JIa/Ial0T HEKOTOPBIMUA AIIPUOPHBIMU CBOI-
CTBaMH.
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[TpomutocTpupyemM Takoil TMOJIX0J] Ha IPUMepe 3a/adi Paclio3HaBa-
HUsI KOHEYHOCTU BPEMEHU CyIeCTBOBaHUsi KoHurypammii. Ckopocmvio
pocma xowpuzypayuu K B OC o Oymem HasbiBaTh QyHKIUIO N =

Jhax |®'(K)|, tne ® — ocnosnas dbynkuust nepexomos OC o; |K'| —
RISV

ancio saeek « rakux, uro K'(a) # 0. Haumensbiiee ¢, jyist KOTOPOro
|®Y(K)| = 0 (ecm OHO €CTb), HA3BIBACTC GPEMEHEM CYULECTNGOGANUSA
kongueypayuu K B OC 0; B IPOTUBHOM Cjlydae BpeMsl CyIIeCTBOBAHUS
K 8 OC o 6eckonedHO.

Byzaem pacemarpusars OC, npunajyiexariue kiaaccy S=5(2,2,(2,2)).
Koudwurypamuio K B OC ¢ u3 S HasbiBaeM 64310, €CJIN JJIs JIFOOBIX
a u 3 rakux, yro K(a) # 0, K(8) # 0, cymecrByer HocseoBaTesb-

HOCTDb A9€EK (¥ = (1, Q2,...,0n = (35 aj = (a1, a42), YIOBIETBOPLIOIIA

YCJIOBUSIM:

a) K(o) #0mpui=1,...,n;

6) ]aﬂ — ai+171\ <1, ‘aig — ai+172] L<luopuscexit=1,...,n—1.
Kouduryparuio K OC o Ha3bBaeM 6noAHe c8a3HOU, eCIU JIJIsT BCEX

i =0,1,2,... xonburypanus ®'(K) ceaszna. Vimeer MecTo ciejyiomiee

yTBEpXKJeHNe, XapaKTepu3ylolee I'PaHUILy CKOPOCTH POCTa BIIOJIHE CBA3-
HBIX KOH(DUTYPAIHiL, ITPU KOTOPO#T MpobJieMa paciio3HaBaHUS KOHETHOCTH
BPEMEHU UX CYIIECTBOBAHUS CTAHOBUTCS AJTOPUTMUYECKNA PA3PEITUMON.

Teopema 9 ([9]). Cywecmeyem anzopumm, pacnosdnarowuil no npous-
soavrnvim OC o u3d S u enoane ceasnoti kongueypayuu K OC o, dpynryus
pocma kKomopot ydosaemeopsem ycaosuro N (t) < i logy t, Koneurnocms
spemeny, cyulecmeosanus Kongueypayuyu K 6 o. Mooicro yxazams ma-
xyro OC gg, 09 € S, WMo 6 Kaacce 6cex BNOAHE CEAZHBIT KOHPuypayul
K OC 0g, pyrxyus pocma Komopur aCuMnmMomusecky He npesocrooum,
4logy t, ama npobaema Yoce aAZOPUMMUMECKY HEPA3PEUUMA.

Broisiesienue mogkiiacca CUTyaluii, B KOTOPBIX BO3MOXKHO aJITOPUTMU-
Jeckoe pacro3HaBanue cBoiicTs nosegernii OC, nHorma MoXKeT OBbITH OCy-
IIECTBJIEHO HESABHO, IIyTEM 3aJJaHUs HEKOTOPOU MPOIEyPhI, OCYIIEeCTBIIA-
IoIell Takoe paclo3HaBaHUe JIjId YaCTHU CJIydaeB, & B OCTAJbHBIX CATya-
IUSTX BBIIAONIEH «O0TKa3» OT paclo3HaBaHus. IIpm 3ToM mpeacraBiser
UHTEPEC OIEHKA <«JIOJU» CUTYyalldii, B KOTOPBIX IPOIEIypa OCYIIEeCTBIIA-
er pacrnosHaBanue. MHTepecHO TO 00CTOATEILCTBO, UTO I HEKOTOPBIX
AJITOPUTMUYECKN HEPA3PEITUMBIX B OOITEHl MOCTAHOBKE 332 Y/IaeTCs BbI-
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JeJIATh PEKyPCUBHBIC IIOJMHOXKECTBa CUTYaIUil, JOILyCKAIOMIUX aJIrOPUT-
MUYECKOE DpeEIIEeHNEe, OXBaTbIBAIOMINE <«IIOYTHU BCE» BO3MOZKHbBLIC CJIyYaM.
IIpumepom Takoro poja sIBJASETCS 3a/1a9a PaClHO3HABAHUS HEOTPAHUYIEH-
Horo pocra koudwurypaiuii B OC (To ecTh HEOIrPAHUYEHHOIO YBeIHIe-
HUI MAKCUMAJIBHOTO PACCTOSTHUS MEXKIY sTIeKaMU, B KOTOPBIX 3HAYEHUST
kouduryparuu orndabl ot 0). B obimeil mocraHoBKe 9Ta 3a/1a4a Hepas-
pemmuMa; ¢ ApPyroil CTOPOHbI, UMEIOT MECTO CJCAYIOIIHNe YTBEPXKJICHU,
rapaHTUPYIONINE HEOIPAHUYEHHBIH POCT KOH(MUIYPAIUil B «IIOYTH BCEX»
caydasix.

Teopema 10 ([10]). doasn OC us S(k,n,m), y komopvx 6ce nenyaesvie
KOHPU2YPAUUU HE0ZDAHUNEHHO pacmym, cmpemumcs k 1 pasnomepro no

n u k npum = max (m;) — 00.
1<i<k

Teopema 11 ([10]). Joana OC u3z S(k,n,m), y komopuxr <nowmu 6ces
KOMPULYPAUUL HEOZPAHUMEHHO PACTYM, CIMpPeMUmca x 1 pasnomepro no
m u k npun — oo.

N3 nokazarenbcTBa 3THX TeopeMm 0e3 Tpy/ia U3BJIEKAIOTCH «dpdek-
TUBHBIE» OIMCAHMs HEKOTOPbIX MHOXKecTB map (o, K), rime K — kondu-
ryparus OC o.

Harypasibaoe umciio D Hazosem mpejscraBumbiM OC o, ecim Bpemst
JKU3HU HEKOTODPOH OjHOsIYeeuHOl KoHduryparnuu g (To ectb KoHDHUIYpa-
UK, y KOTOpoii HepaBeHCTBO g(a) # 0 BBINOJIHSETCS] POBHO JIJIsl OJIHOM
staeiikn) B aroit OC pasuo D. Harypasbraoe uncsio D HasbiBaeM Herpe-
PBIBHO TIpejicTaBuMbIiM KitaccoMm S OC, ecsin jijist JIF0OOr0 HATYPaJIBLHOTO
d, d < D, cymectByer OC o € S, KOTOpOil MpeICTaBUMO 9TO YUCTIO d.
[Tycrs S(k,n, V') — knacc OC pasmeprocTs k > 2 ¢ 1 COCTOSTHUSIME sTI€ii-
KU ¥ 1abjoHOM coceicTBa V) pudeM V' BKJIIOYAET BCE TAKHE BEKTOPBI
a, aro ||| = 1. Iycrs Ly () — dyuknus, obparnast dyHKImn azx‘vl, rie
|V| — mommnocTs MHOKecTBa V.

Teopema 12 ([18]). /laa nenpepvisnozo npedcmasaenus wucaa D xaac-
com S(k,n,V) OC neobxodumo swnosnenue ycaosua n = Ly (D) u do-
cmamouno evnoanenue yeaosus n < Ly (D) + ¢, ede ¢ — xoncmanma,
sasucawas om V.
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4. CuHTE3 OJHOPOJIHBIX CTPYKTYP

HaureMm ¢ paccMoTpeHust 3a/1a49u O MTOCTPOEHUH B OJTHOPOHBIX CTPYK-
Typax CaMOKOPPEKTUPYIOMIMXCST MOoJesieil pa3IndHbIX 1poreccoB. [lose-
JIEHUST OJTHOPOTHON CTPYKTYPBI Oy/IeM HA3bIBATE CAMOKOPPERMUDYIOULUM-
€A, €CIM TPOU3BOJIbLHAST HEHYJIEBasi Hada bHas KOH(DUTYpAIUs ee depes
KOHEUHOE YHCJIO IAroB IPHOOpeTaeT HEKOTOPYIO 3aJIaHHYIO CTPYKTYPY
U TIOBEJIEHUE ee Jiajiee yJIOBJIETBOPSIET 33 [aHHBIM Hallepes] OrpaHuYeHH-
sim. O61me npunIunet nocrpoerus OC, 06J1a1a10IIUX TAKON CAaMOKOPPEK-
ueit, MOryT OBITH TPOUJLTIOCTPUPOBAHBI Ha MTPUMEPE MTOCTPOEHUST TaKOM
OC, B KoTOpOIt JI0OAs HEeHyJIeBasi KOH(PUTYPAIIAsT sIBJISIETCST HEOTDAHM-
YEHHO PACTYIEl 1 MPUHUMAIOIIEH 110 Mepe poCTa HEKOTOPYIO 3aJ[aHHYIO
dbopmy (manpumep, dopmy Kpyra); CKOpOCTb POCTa TIPU ITOM OJMHAKO-
Ba JIJIsT BCEX HEHYJIEBLIX KOHMUTYpalnit U 3a/1aHa 3apaHee. BBeseM psif
ompeie/IeHni, HeOOXOINMBIX 1711 60siee POPMATBHON TOCTAHOBKY 3aaN
nocrpoernst OC ykazannoro suja. Paccrosinnem p(A, B) MexX/ly 3aMKHY-
TBIMI MHOXKeCTBaMU A 1 B TOYeK MJIOCKOCTH HA3BIBAEM BEJIMUUHY

max | max min p(x max min p(x .
(1mamin oo, ). i (o)

Jlnst mpowseosibHO aBymepHOit OC ¢ M IpPOW3BOJILHOI HEHYJIEBOI
koupuryparnun K stoit OC BBejeM B pacCMOTpeHne MHOXKecTBO My =
{a|®*(K)(a) # 0}, e ® — ocuosnas dyukius nepexomos OC o;
t=1,2,3,... Ecim ap = (x0,y0) — Hexoropas siveiika OC o, v — noso-
JKUTETHLHOE BEIECTBEHHOE HCIIO,

. T—To Y—Yo
Gt - {( ot ) ot ) (l‘,y) € Mt}

u lim p(G,Gt) = 0 1jsi HEKOTOPOro 3aMKHYTOr0 MHOXKecTBa (G TOUYEK
t—o0

IJIOCKOCTH, TO TOBOPHM, 4TO KOoHpurypamus K ssiagerca G-pacrymeit
U3 IEHTPa (g CO CKOPOCTBIO v. HenpepblBHYIO BemecTBeHHyIo (hyHKIIIO
f(x), onpenesiennyio Ha oTpe3Ke [a, b], HA30BEM GLLYUCAUMOTL, €CITU CYTITe-
cTByeT MammHa ThIOPUHTa, BBIYUCISIONIAs 10 JIO00MY pPallMOHATILHOMY
p u3 [a, b] 1 1rO6OMY HATYPAJILHOMY 7 IIEPBBIE 7 JIBOUYHBIX 3HAKOB YUC/IA
f(p); BelecTBeHHOE YHUCIIO @ HA3BIBAEM GbIYUCAUMDBLM, €CIIU CYIIECTBYET
MamuHa ThIOpUHTa, BBIYHACIAIONAS M0 JIOOOMY HATYPAILHOMY 7 IIep-
BBbIE N IBOMYHBIX 3HAKOB 3TOTO 4HCa. [Ipocmovimu obaacmamy Ha3bIBaeM
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3aMKHYTbIE MHOYKECTBA TOYEK ILIOCKOCTH, OTPAHUICHHBIC CBEPXY rpadu-
koM dyHkiwn y = f(z), cauzy — rpadukom byukuun y = g(x), ciea u
ClIpaBa — BEPTUKAJBHLIMU HPAMBIMU & = @, & = b, IpAYeM 4Yucaa a,b n
dyukuun f(x), g(x) yaoBIETBOPSIOT CIEIYIONIUM YCIOBHUSIM:
1) a,b — BbrUnCIUMBIE BelleCTBeHHBbIE uncia, a < 0 < b;
2) f(x),g(x) — BeruMCIUMBIE DYHKIUH, OIpe/eJieHHble Ha [a, b]; Ha uH-
repsase (a,b) BeinosHsorcs HepaBeHncTsa f(z) > 0, g(x) < 0 (B Toukax
a,b dbyaknun f, g MOryT obpariaThCs B HyJIb, KAK 1O OTJEIHLHOCTH, TaK
U OJIHOBPEMEHHO );
3) dyukuus f(x) He yobBaer npu x < 0 u He Bo3pacraer npu x > 0, a
dbyuxims g(x) He Bospacraer npu x < 0 u He y6piBaeT npu x > 0.

B gacTHOCTH, TPOCTOI 06IACTHIO ABJISIETCST KPYT € MEHTPOM B TOYKE
(0,0), MHOYKECTBO TOYEK, OrPAHUIECHHOE SJLIUIICOM, U T. 1. VIMeer mecTo
CJIeJIyTOIIee yTBEPIK IeHNE.

Teopema 13 ([10]). Ecau G — npocmas obaacmv u v > 0 — sewe-
cmeenmoe euuucsumoe wucao, mo cywecmeyem OC o, 6 xomopotl kaotc-
das Henyaesan xonguypauus G-pacmem co cKopocmbvio v.

Hekoropasi mopudukaius TEXHUKH, UCIOJb30BAHHON HPH J0KA3a-
TeJIbCTBE ITOT'0 yTBEPIKIEHNS, TI03BOJISIET CYIIECTBEHHO PACIIUPTH KJIacC
obnacreit GG, JJIsi KOTOPBIX UMeeT MECTO yKa3aHHBIN POCT, a TaK»Ke CTPO-
uTh camokoppekTupytoruecs: Mosesun B OC psijia Ipyrux mporeccos.

Bo3MmoxkHO Tak)Ke paccMOTpEHHE BBIPAINUBAHUS KOHMUTYpAInii,
dopMa KOTOPBIX YKa3bIBAETCS C TOYHOCTHIO JI0 s4eiiku. Paccmorpum
GdOpPMBI, COIIOCTABUMBIE BLITYKJIBIM (DUTYypaM.

YopsiioueHHblit Habop (a1, g, . . ., Q) TIOMAPHO PA3IMIHBIX BEKTO-
pos u3 ZF, uro [|aipy — il = 1, 1 < i < m naswsaem somanoti. Ona
Ha3bIBACTCS 3amkHymotl, ecin ||a; — agy|| = 1. Ipu k = 2 3amkHyTas

JIOMaHasl BbLIeIsleT n3 MHOKecTBa ZF mmoskecrsa H, m H*, coorser-
CTBEHHO, BHYTpEHHee U BHEITHEE 110 OTHOIIEHUIO K JIoMaHoit. MHoXKecTBO
X =H.U{an}U{a}U...U{an} HaseBaeMm dburypoit, orpanmndeHHoi
3aMKHYTOMW JIOMAHOM, a caMy JioMaHyio — rpanuieit ¢purypsr X. @urypy
X Ha30BeM HEBBIIYKJION, €CJI CyIIECTBYIOT TpU BeKTOpa o = (ai,as),
B = (b1,b2), v = (c1,c2), Takue, uro a« € X, ¢ X uy € X, u Bbl-
MOJTHsIETCsT Iub0 ycjoBrue a1 = by = ¢1 u ag < by < ¢, JmbO ycjaoBue
a1 < by < ¢1 mag = by = c9. B mporusHOM ciiyuae dpurypy X Hazo-
BeM BBIyKJIOM. OToxKecTBuM KoHpurypaimo g u ¢urypy X, ob6o3Ha-
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4gast 970 ¢ = X, ecu s JiIo00T0 BEKTOPA (v BBIIOJIHAETCS JINOO YCIOBUE
ac€Xugla)=1,mb0 a ¢ X n g(a) = 0. Bemnykias durypa sisisier-
Cs1 M-yTOJTBLHUKOM, €CJIH POBHO M sTeeK KOH(MUTYPAIIH, TOXK IECTBEHHON
9TON (pUType, UMEIOT B CBOEH OKPECTHOCTH JBYX coceqiell B HYJIEBOM CO-
CTOSTHIIH.

Cuysrom cocrositust ¢ OC ¢ Ha3bIBaeM MHOYKECTBO BCEX €€ sTUeeK
(¢ B COCTOSTHUSIX, OTJIMIHBIX OT HysaeBoro. OBO3HAYNM CHIYyST KOHMUTY-
pamun g depe3 A(g). @urypa X npepcrasuma OC o, eciu cyiecTByeT
MOCTIEIOBATEILHOCTL COCTOSTHUH g0, G1, - - - » G, - - - 3TOH OC, T/1€ g9 — O71-
HostueevHast KoHDurypanust, 910 A(gp+i) = X Jyist HEKOTOPOro M 1 BCeX
¢ = 0. Benuuuna m Ha3biBaeTCs BpeMeHeM IpejicTaBiienns hurypol X.
Kiace X duryp npencrasum kiaaccom OC S| ecu st 0060it burypbr
X € X cymecryer OC 0 € S, B koTOpoii dpurypa X npejcrasuma. [Iyctsb
P(n) — xnacc wiockux OC ¢ n cOCTOSHUAME STUEHKH U IMIAOJIOHOM COCE/T-
CTBA, COCTOSAIINM M3 BCEX TAKUX BEKTOPOB «, 410 [laf| = 1. Obo3naunm
gepe3 v(p) KJacce BeeX BBIMYKJIBIX GUTYp HepuMeTpa p, a depe3 v(p, m) —
KJIACC BCEX BBIMYKJIBIX M-YTOJBHUKOB TepuMeTpa p. Cumraem, 9TO Bee-
rIa p = Po, THE Pg — HEKOTOPasi JOCTATOIHO OoJibInasg Koucranta. 1lycTn

—m

p—m
L(z) — dynkuus obparnas s 2%, u F(p,m) = doiem O3 - Ol

_m
-2

Teopema 14 (|18]). Jaa npedcmasaenus xaacca W = v(p) (W =
v(p,m)) ¢ueyp xaaccom P(n) OC neobrodumo, wmobv n > L(2P) — c
(n = L(F(p,m)) — ¢) u docmamouno, wmobw n < L(2P) + ¢ (n <
L(F(p,m)) + ¢). IIpu amom epemsa npedcmasaenus 10600 duzypor X
us W ne npesocrodum esudunsi ¢ - p.

HemocpencTBeHHOE BJIOYKEHNE PA3JIMYHLIX IIPOIECCOB B OIHOPOIHDBIE
CTPYKTYPbI OOBIYHO HpUBOAUT K Ca0KHBIM OC, XapaKTepusyIONUIMUCs
OOJILIIIMMY 3HAYECHUSIMY [1aPAMETPOB, B CBSI3M C YeM U BO3HHUKAET 3aJ1a4a,
mocrpoenust 6ojee npocteix OC, momenupyromux ucxogayo OC, wmim,
6oJtee OOIHO, 3aa4a n3yvdeHns: B3auMHoro moaeaupoBanus OC.

Bynem paccMaTpuBaTh CIIELYIOIINA €CTECTBEHHBIA CIIOCOO B3ANMHOIO
mognenupoanusi OC. Iycts

o= (ZF E,V,p), o =(ZF E,, V', ).

Bribepem narypasbbiii Bekrop | = (Iq, .. .,l;) u paccMorpum pasbuenue
MHOKecTBa ZF Ha mapasieserne s
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PV:{llyl,llyl—‘rl,...,llul—‘rll—1} X ...
><{lka,lkaJrl,...,lkaJrlk*1},

e v = (vy,...,u), v € ZF.

Koudurypamuio f 6ioka P, Ha3z0BeM KkKoxepysHmHOU KoHpuaypa-
yuu g 6soka Py, ecom BbimosHsiercst ToxkiectBo f(z) = gz — A), rue
A= (lv,. .., lxyg). PaceMoTpuM HEKOTOPOE B3aMMHO-OJIHO3HATHOE 0TOD-
paxkenue ¢ MHOXKecTBa F),, Ha moaMmHO)kecTBO M MHOXKeCcTBa KOH(UTYpa-
muit 610ka Py OC o’. Conocrasum kaxkjomy cocroguuio h OC o Takoe
cocrosirme h' OC o', aro pst moGoro v u3 ZF cysxenne h' ma P, koHTpYy-
sHTHO KoHburyparmu §(h(v)). 91o o3Hauaer, 4o KoHMUrYpaIys OJI0Ka
P, B OC v/ «uzobpaxkaer» cocroguue sueiiku v B OC 0. O6osznaunm
h' = 6(h). Ecim cymectByer Takoe HarypaiabHoe N, 9TO JyIst JHO6OTO
nosegsierust fo, f1, f2,... OC o nosenenue go = 0(fo),91,92,... OC o’
yaoByeTsopsier coornomenuo gn; = 0(f;) (i = 1,2,3,...), To rosopum,
aro OC o npexcrasuma B OC ¢’ ¢ 3ameniernem N (B ciayqae N =1 —
npejicTaBuMa 6e3 3aMeJJIeHNsT ).

[Tpu monemuposanun 6e3 sameyenus OC o B OC o/, umeromeit MeHb-
Tee IUCJI0 COCTOSTHUHN sTIeKU, YeM o, TPOUCKXOIUT, BOOBITE TOBOPST, COOT-
BETCTBYIOIIE YBEIUYEHNE PA3MEPOB OKPECTHOCTU STUEHKU. DTO yBeJaude-
HUE XapaKTEPU3yeTCsa B JIBYMEPHOM CJIydae CJIEYIONUMU YTBEPK ICHNsI-
M.

Teopema 15 ([8]). IIpu n — oo pasnomepro no m nowmu ece OC o u3
S(2,n,m) npedcmasumo: 6e3 samedarenusn suwn 6 OC U3 MaKUT KAACCOS
S2,n',m), wmo m, >m; (i=1,2);
(mi +1)(mh +1)
(my 4+ 1)(mg + 1)
Teopema 16 ([8]). Ecau

> log,, n.

/
m;

my + 1] [mh+1
mq +1 mo + 1

>m’ia 221,2,

] > log,, n + log,, log,,, n 4 200,

mo npoussosvnaa OC uz S(2,m,m) npedcmasuma 6e3 3amedrenus 6
nexomopoti OC us S(2,n',m’).
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k

MoxxHO mokasaTh, 9To npu k> 2 B ciydae <1 (ecmm k=2,
i=1

1
mj+1
TO ITO YCJIOBHE BBINOJHAETCS ABTOMATUIECKH) UMEET MECTO AHAJIOl Te-
opeMbl 15, yTBep:KJalomunii, 9T0 Ipu N — OO PABHOMEPHO 10 k U m
u3 ykasanuoro kjiacca nouru sce OC o uz S(k,n,m) npeacraBumbl 6e3
samemienust b B OC u3 rakux kinaccos S(k,n’,m'), aro

m, +1

> log,/ n.
myp 12 B

=1
Kpowme Toro, mpu k > 2 yTBepxKaeHue TeopeMbl 16 BBIIOJIHEHO B CIydae
! .
m; =2m;, t=1,...,k,

/
m; + 1 k-1
—— >log,, 2
m; + 1 O8n 1+

log, log, n + c(k).
i=1

k

Takum obpasoM, ecau » ﬁ < 1, To uMeroTCd HEOOXOIUMOe U
- J
=1

JIOCTATOYHOE YCJIOBHsl TIpeJcTaBuMocTu 6e3 samemienns joboit OC us
S(k,n,m) B xkinacce S(k,n’,m’), 3anucanmble B BUjie HEPABEHCTB € ACHMII-
TOTHYECKH PABHLIME IIPU 1L — 00 U M /M; — 0O COOTBETCBYIOMIIME Ya-
cramu. B 3ToM cMBbICIe MOXKHO CKa3aTh, YTO HANICHHBIC YCIOBUS «ACAMII-

TOTHIECKH COBHA/AIOT». OKa3bIBaeTCsl, UTO B Ciydae » m;ﬂ > 1 Heob-
- J
=1

XO/ITUMOE yCJjIOBHUE MOXKHO ocjiabuth. VIMEHHO MMeeT MeCTO yTBEp2KIACHUE.

k
Teopema 17 ([8]). Ecau Zm,lﬂ > 1, mo cywecmsyrom @Pynk-
i=1 7
yuu c(m, k) u a(m,k) < 1 maxue, wmo npu log,,n > c(m,k) ece
OC us S(k,n,m) npedcmasumv, 6e3 3amedNEHUA 6 HEKOMOPOM KAACCE

S(k,n',m’"), das xomopozo

m), + 1

m < a(m, k) lOgn/ n.

=1

B ciygae MogeupoBaHus ¢ 3aMeIJIEHIEM MOKHO yKa3aTh HEKOTOPYIO
BesimunHy (), 3aBuCAINLyIo OT mapamMeTpos obenx OC u 00J1a1aF0IIy 0 TeM
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CBOMICTBOM, UTO IPU 3aMeJJIEHUN, MEHbIeM (), CYIECTBEHHOTO YMeHb-
meHus: (0 CPABHEHUIO C MOJIeJIMPOBAHUEM 0€3 3aMe/JIeHNs1) BeJINInHb
oKkpecTHOCTH, Moseupyforieit OC, He TPOUCXOIUT, B TO BpeMsi Kak IpU
3aMeJIJIEHUsIX, HECKOJILKO OOJIbIINX (), OrpaHuYueHus Ha pa3Mepbl OKPECT-
Hoctu, mouenupytorieit OC, mpaktudecku He BosHUKAT. Cliejyroriue
YTBEPKJIEHUs co/iepkaT Oojiee TOUHYIO (POPMYJIMPOBKY 3TOr0 (haKTa.

Teopema 18 ([8]). IIpu n — oo pasnomepro no k u m noumu sce OC
S(k,n,m) npedcmasumos ¢ 3amedrenuem, He NPeGOCTOOAULUM BEAUNUHDL

k

Q=" H %nh log,, n(1 —&(n))

i=1" "t

auws 6 makux kaaccax S(k,n,m), n’ <n, wmo

k
Hm +1 > (1—46(n))log,, n.

oy 1
3decv €(n) u 6(n) — nexomopue Pynkyuu marue, wmo £(n) > 0,
d(n) > 0; e(n) — 0, 6(n) — 0 npun — oo; h uh! — wucao aueex 6

oxkpecmmocmu auetiku OC o u o’ coomeemcmeeno.

Teopema 19 ([8]). Ecau k > 2, n > c(k), m; > 3, mo mobas OC u3
S(k,n,m), npedcmasuma c samedarenuem 6 nexomopots OC uz S(k,n,m).
IIpu n — oo, ' — oo, n' < n, K < hlog,, n smo samedrerue moscro
6uIOPAMb ACUMNIMOMUNECKU PAGHBLM GEAUMUNE

k

Q= H %nh log,, n.

i=1" %

Kax ciieicTBue U3 3THX TeopeM, MOJIydaeM, YTO IIpH (PUKCHPOBAHHBIX
k>2um,>3(i=1,...,k) B ciyuae n’ — oo, log,,n — oo nan-
MeHblIlee 3aMe/|ierne, ¢ KoropbiM Jiobas OC uz S(k,n,m) npejcraBuma
B OC u3z S(k,n/,m'), acumurornueckn paBHO

k
s
: H —nllog,, n.
m

i=1 ¢
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Jlnst Bocupousseerust B OC pa3jmyHbIX [TPOIECCOB OCODBIN MHTEPEC
npejcTaBisiioT yaupepcaabable OC, KOTOpbIE MOI'YT MOJETMPOBATH I10-
Begenne moobix OC Toit »xe pasmepHocTu. bosiee crporo, k-mepuas OC
0 HA3BIBAETCS YHUBEPCAALHOU, €CJIN B HEll peicTaBuMa jirobast k-MepHast
OC ¢’ (paznu4nbiM ¢/ IpH 3TOM MOTYT COOTBETCTBOBATH PA3JIUIHBIE Be-
JIMYUMHBI 3aMejIeH st ). Takoe IIOHsITHe YHUBEPCATIBHOCTH sIBJIsieTCst GoJiee
CUJIbHBIM, Y€M YHUBEPCAJIBHOCTD B YUCTO BBITUCIUTETHHOM CMbICIe. [lep-
BBl 1puMep yHuBepcasibHOU nByMepHoit OC ¢ 29 cocrosiHusiMUA ST9eliKN
u mabaonom coceacrsa ((0,1), (0,—1), (1,0), (—1,0)), oupenensirormum
KPecTooOpasHYIO MATUKJIETOYHYI0 OKPECTHOCTD STUeHKU, ObLIT MPEIOYKEH
k. @on Heitmanowm |7]. IIpuseiem psijt laibHERIINX IPUMEPOB yHUBED-
casibabix OC, yIOBJIETBOPSIONIUX B TOM HJIM UHOM CMBIC/IE TPEOOBAHUSIM
«IIPOCTOTBI» UX YCTPOUCTBA.

Teopema 20. Jlas mobozo k > 2 cywecmsyem yrnugepcarvrnasn k-mepras
OC ¢ 08Yyma COCTNOAHUAMY AYETKU U OKPECTIHOCTIBLIO, COCTMOAWET U3
BCEL eQUHUMHDIT BEKMOPOE.

Teopema 21 ([11]). Jlas w0600 pasmeprocmu k > 2 cywecmeyem c(k)
maxoe, wmo npu n = c(k) e aobom xaacce S(k,n,m) umeemes ynusep-
canvras OC ¢ cummempuveckoli pynrkyued nepexodos.

Teopema 22 ([12]). Cywecmeyem odnomepnas ynusepcarvnas OC ¢
oxpecmmuocmoio V(a) = {o, a0 — 1, + 1} auetixu .

B cBs3u ¢ pacrnosnaBanneM YHHBEPCAJBHOCTH U B3AUMHOI IIpeJCTa-
pumoct OC BBezeM psii BerioMoraresbHbIX NoHdaTuil. OC ¢ Ha3bIBa-
eM mootcdecmaennoti, ecan st JI000ro ee COCTOSHUs [ BBITOJIHICT-
ca ®(f) = f, tne & — ocuoBhasi dpyukuus nepexogos OC o. Ilycrb
o = (ZF E,,V,¢). Cocrosnue o sueiikn stoit OC HasbiBaeM no2aouia-
10ULUM, €CTTH CYIIECTBYET TaKoe HATypPaJbHOE [, ITO JJIs IPOU3BOJIBHBIX
k-mepnoro xy6a () ¢ myunoii croponwl I', I > I, u cocrosnua f OC o
TAaKoro, 9T0 f|Q = (v, BBIIOIHEHBI yCJIOBHUSI:

1) @(flg = o
2) ecin Q' 2 Q (Q' — 6ui0K), O cymecTByer 1> 1 Taxoe, uro " (f)|or = .

Teopema 23 ([11]). Hycmo n > 2, n' > 2, k > 2, npuvem OC o u3
S(k,n,m) ne asaaemca morHcoecmeennol U He UMEEM NOZAOUAIOULUT
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cocmoarnuti. Toeda He cywecmeyem ar2opumma, Komopwil no NPou3eob-
noti OC o' pasmeprocmu k, umerowetdi n' cocmoanuti avelixu, ycmanac-
AUGAA Obl, Npedcmasuma AU o 6 0.

Kak ciejictBue u3 TeopeMbl 23 BBITEKAET AJTOPUTMUYECKAs Hepas-
PermmMoCThb pobJIeMbl pacinosHaBanus yuusepcaabaoctn OC, nmeronmx
dbukcuposannble pazmepHocTsb k (k> 2) n amesno n’ cocrosuii stueiikn,
n' > 2.

[TpencrasasieT HHTEPEC BOIIPOC O CYIIECTBOBAHUU KPUTEPUs YHUBEP-
caiprocTr OC, OCHOBAHHOTO Ha IPEJACTABUMOCTH B HEil HEKOTOPOTO MHO-
kecTBa «1pocTbixy OC. Kak mokasbiBaeT cCejyionias TeopeMa, JJisi pe-
KYPCHBHO IEPEYUCIUMBIX MHOXKECTB HeyHuBepcaabubix OC Takoro Kpu-
TepHUs HE CyIECTBYET.

Teopema 24 ([11]). Jaa 06020 pexypcusho nepeuuciumozo MHotce-
emea M neynusepcarvnor k-mepnox (k= 2) OC cywecmeyem neynu-
sepcanvras OC, 6 xomopot npedcmasuma xascdas OC uz M.

B cBsisu ¢ xpurepusimu yauBepcajibroctu OC mpejcraBiisieT WHTe-
pec mpobsteMa oreHKY J1oyin yHUBepcaabHbix OC, XapaKTepusyromnxcs
3aJIAHHBIMU TIapaMeTpaMi, W, B JaCTHOCTH, PEIEHNEe BOMPOCA, KAKUMHI
SABJIAIOTCsT «1109TH Bece» OC — yHUMBEpCAIbHBIMU JTMOO He YHUBEPCATbHBI-
M.

HecmoTpst Ha aaropuTMudeckne TPY/AHOCTH, BO3HUKAIONINE TIPH pac-
nosHaBanun yHuBepcasbHocTr OC, 3a/1a9a pacio3HaBaHUsT BOSMOXKHOCTH
peasim3anuu yHUBEpcasbHO OC moCpecTBOM OTHOPOIHBIX OECKOHETHBIX
JIOTHYIECKUX CeTel, MOCTPOEHHBIX M3 9JIEMEHTOB, PEATN3YIONNX (DYHKITHN
aaredpbl JIOTHKKA U HEKOTOPOit cucteMbl S = {1, ..., @n} U 2JI€MEeHTOB
eJIMHUIHON 3aJIEPXKKI, OKA3bIBAETCST AA20PUMMUMECKY paspeuumot. By-
JIeM TOBOPUTH, 4To cucreMa S = {@1, ..., ¢m } GyHKIuMii aarebpbl JOrMKY
k-ynusepcarvra, €civ B BUJE CYNEPIO3UIINN depe3 S MOXKET ObITh BbI-
paxkeHa JioKajbHas (DyHKIUS 1epexojoB yHuBepcaabHoit k-mepuoit OC.
Nnmeer mecTo ciiemytonuii Kputepuii k-yHIBEPCATBHOCTH CUCTEM S,

Teopema 25 ([12]|). /Jlaa npoussoavnozo namypaavrozo k cucmema
S Ppynruut anreebpvr aoeuxu k-ynusepcasvra mozda u moavko mozda,

7{:020@ OHA UEAUKOM HE CoaepwcumCﬂ HU 6 OdHOM u3 raaccoe Hocma
o0 (o]
L17567P67F4 7F8 .
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Takum obpazom, moHdTUsA k-yHUBEpCAJILHOCTH IpHU Beex k = 1,2, ...
OKAa3bIBAIOTCSI YKBUBAJIEHTHBIMU JIPYT JPYTY, X MOYKHO TOBOPUTH IIPOCTO
00 YHUBEPCAJIIBHOCTH CUCTEMBI S (QPYHKIUI ajareOphl JIOTUKU, HE YTOTHSIST
sHauenne k.

Boutee obmmit ciayvait miockux n oobemubix OC mobaBiisieT BO3MOXK-
HOCThL pa30HeHusl IPOCTpaHCTBa Ha Apyrue mo dopme sdueiiku. Tak, B
IJIOCKOM CJIydae pas3sOheHusi BO3MOXKHBI HE TOJIbKO Ha KBaJIpaTbl, HO U
HA TpaBUJIbHbIE TPEYTOJBHUKHM U IMEeCTUYTroJbHUKH. [lajiee Takyke Kak
U BBIIIIE, B TaKUE STYEHKU ITOMEINAIOTCS OJUHAKOBBIE aBTOMATBLI C OIPe-
JIeJIEHHBIM I1abJIOHOM COCEICTBA M aHAJIOTMYHO <«KBAJPATHOMY» CJIYUAIO
onpeensercsa GpyHKIUOHUPOBAHNE TaKOH CTPYKTYPhL. Takue CTpyKTYpbI
aBTOMATOB Ha3bIBAIOT II0cKuME i-MozandabiMu OC (MOC) (i = 3,4,6).

Teopema 26 ([18]). Jas awbozo i = 3,4,6 cywecmeyrom yrusepcarv-
note naockue i-mosaunmnvie OC ¢ deyma cocmoaruamu aetxu u oxpecm-
HOCMBI0, COCMOAWETE MOAVKO U3 COCCONUT AMEER.

5. OgHOpOAHBIE CTPYKTYPbl CO BXOJ/IaMU U BbI-
XOoJ4aMu

[Morsttue OC MOKHO PaCIIUPUTB, JTOIYCKasl HAJUYINE Y KaXKJION sTaeii-
ku OC BHeNHUX BXOJ0B 1 BBIXOJIOB. [losrydarommasicst B pe3y/abrare TaKoro
00001IIeHNsT OHOPO/IHAS OECKOHEUHAs] CXEeMa U3 OJMHAKOBBIX KOHEYHBIX
aBTOMATOB, UMEIOIUX «BHEIHUE» BXOJIbI M BBIXOIbI, HA3BIBACTCA 00HO-
poduoti cmpyxkmypot co erodamu u ewxodamu (o.c.B.B.) I[Ipusemem B
HACTOSIIEM ITaparpade ompeJie/IeHIe 0. C. B. B. B (OpMe CTPYKTYPHOI'O aB-
ToMaTa (COOTBETCTBYIOIIEE OLPEJIEJIEHNE O. C. B. B. B GOpMe abCTPaKTHOIO
aBTOMATa JIAETCs B CJejiyroreM naparpade).

Bynem HasbiBaTh OJHOPOMHOI CTPYKTYPOIH CO BXOJaMU U BBIXOIAMU
HAOOP (Zk,W, V), rue ZF — MHOXKeCTBO k-MEpHBIX BEKTOPOB C IEJIBI-
MU KOODJIMHATAMU, 38JIAI0IINX Y3JIbl k-MEPHOI 1EJI0UNCIEHHON PENeTKH;
W — KoHeuHBIII aBTOMAT, TIOMENIEHHbII B KaXKJIbIN y3€/ 9TOI peleTKkn,
UM 1 + P BXOJHBIX JBOMYHBIX KaHAJOB (N M3 HUX — OCHOBHBIE W
p — GOKOBbIE) U M + P BBIXOJHBIX JBOUYHBIX KAHAJOB (1M OCHOBHBIX U
p 6oxoBbIX); V = (a1,...,q,) — Habop BexTopob u3 ZF, masnisaembrit
mabJJI0OHOM COCEJICTBA JIAHHOM 0. C. B. B.
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Kaxzptit Bekrop o; u3 V' (i = 1,...,p) onpenesser jyis aBroMa-
Ta W, MOMEIEHHOTO B y3€J/I PEIIeTKA C KOOPAUMHATAMU (v, KOOP/IUHATY
a + «a; Toro aBromara («cocennero» ¢ W), i-it GOKOBOIl BBIXOJ KOTO-
pOro coe/inHEH ¢ i-M OOKOBBIM BXoJiIoM aBromata W,. Bxommbie curna-
JIBI, TIOCTYTIAIONIHE Ha 0. c.B.B. (ZF, W, V), onuceiBarorcs oToGpaskeHs-
v X : ZF — E™ rae X (a) — Bxojmoit Habop, MOCTYNAIONIHiT Ha OCHOB-
HbIE BXOJIbI aBTOMaTa W ,; aHAJIOTTYIHO COCTOSHUS O. C. B. B. OIIUCBIBAIOTCS
orobpaxkennsmu Y : ZF — S (S — mmoxectso cocrosimmii apromara W),
a BBIXOJIHBIC CHTHAJBI — OoToGpazkennsMu Y : ZF — E™. Ecin n3BecTHLI
cocrosirme ¥ 0. ¢. B. B. (ZF, W, V') B MOMeHT t, a TaKzKe BXOJHOI curaai X,
MIOCTYTIAIOIIUI Ha Hee B 9TOT MOMEHT, TO (PYHKITUH II€PEXOI0B U BBIXOIOB
aproMara W I03BOJISIOT OJHOZHAMHO OIPEJIEJIUTL COCTOsHIE X/ 0. C. B. B.
(ZF, W, V) B Moment ¢ + 1, a Taxyke ee BLIXOHOI curian Y B MOMEHT f.
B pesyabrare onpenenstiorcs dpyuxiuun ¢, U:

Y =88, X), Y =U,X),

Ha3bIBaeMble COOTBETCTBEHHO (PyHKuuet nepexodos u @yrruyuets 6urodos
JIQHHOH O. C. B. B.

Kak u B citiygae xkoneunbix aBromaroB, dyukimu @, U moxuo pac-
[POCTPAHUTH Ha IIPOU3BOJIbHBIE KOHEUHBIE TIOC/IEI0BATETEHOCTH BXOTHBIX
CUMBOJIOB:

d(X,A) =
B8, X1 ... Xnp1) = O(O(Z, X1 Xn), Xng1);
U2, X ... ,m) U(D(Z, X1 ... X0n), Xni1),

(A — mycroe cii0BO).
Jasiee obbranbiM 00pazom BBoJuTCH dyHKIMS V!

U(X,A) = A;
VS, X1 X)) =8, X1 ... X0)U(S, Xy . X g1).

Cocrosinust 1,9 0.C.B.B. Aq, Ay Ha3bIBAIOTCA IKGUBAACHIHBLMU,
ecy I JII0O0r0 BXOZHOrO cjaoBa X = X7 ...Xs 3TOM 0.C.B.B. BBIIIOJ-
nsgerca VU1(X1,x) = Wa(X2,%x) (U; — dyHKIMA BLIXOIOB 0.C.B.B. A;).
Vmeer MecTo ciieyromiee yTBep:KIeHue.
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Teopema 27 (|1]). IIpobaema pacnoswasarus sxeusasermmuocmu -
exmushnvim 00pasom 3a0aHHHIT COCTNOANUL 0. C. 6. 6. AAZOPUMMUYECKY
HepaspewLuMa.

[Tpu 9TOM OKa3bIBAETCsI, ITO AJITOPUTMUIECKAst HEPA3PEITIMOCTD BO3-
HUKAET yKe JIJIsl CIIydasi aBTOHOMHBIX O. C. B. B. (TO €CTh TAKHX, Y KOTOPBIX
aproMar W He mMeeT OCHOBHBIX BXOJIOB), U yJAE€TCsl TOCTPOUTH KOHKPET-
HYIO O. C. B. B., JJIsl KOTOPOii IPpobjieMa paclio3HaBaHUsl SKBUBAJIEHTHOCTH
ee COCTOSTHHMI aJrOPUTMUIECKH HEpa3perinuMa.

Byaem sasiee mpejmosiaraTh, 9TO |y PacCMaTPUBAEMBIX 0. C. B. B.
(Zk , W, V') BBIIIEJICHO «COCTOsIHEE TIOKOst» So aBTOMaTa W, coxpaHsonie-
ecsi, ecJim Bce cocesiHue (CoracHo mabJyony V) ¢ HUM aBTOMATBI TaKiKe
UMEIOT COCTOSTHHE S(, 4 Ha OCHOBHBIE BXOJIbI MOCTYIIAIOT HYJIH.

Iycrs M(1,r,p) — Knacc Beex o.c.B.B. Buga (Z*, W, V), y Koropbix
asromar W nmeer [ cocrosinuit; |[V|=p u

r=max|al, [[(a1,...,ar)] = max |a].
acV 1<k
PasmepnocTs k 31ech u gasiee mpemmnosaraercs pukcuposanuoit. ITo ana-
JIOTHH C IOHATHEM 1-OTJIMYMMOCTH COCTOSHUII KOHEYHOIO aBToMara Oy-
JIEM Ha3LIBATL COCTOAHUA 1,29 O.C.B.B. A T-3KBUBAJICHTHBIMU, €CJIU
TSt JTIO6OTO BXO/IHOTO cyioBa X aymabl T mveem Wi (X1, x) = Wa(Xa, X).
Hmeer MecTO ciiefyioniee yTBep:KICHIE.

Teopema 28 ([1]). IIpuly >3, r0 =1 upg = 1 dasn mobozo namypano-
noeo T matidemea makan o.c.6.6. A uz M(lg,r9,p0), Hexomopuvie dea
cocmosanus komopot T-axeusarermuol, no ne (T + 1)-ax6usanenmmoL.

CocrosiHust 0. c. B.B. A, y KOTOPBIX JIUIIb KOHEYHOE UUCJI0 ABTOMATOB
W, pacrosio;KeHHbIX B ee y3J1aX, UMEIOT OTJINIHOE OT Sy COCTOSTHIE, Ha3bI-
BaeM Konguypayuamu o. c. 6. 8. A. Jluamempom xondueypayuy Ha3bIBa-
eTcsd JITaMeTp MHOYKECTBA, €€ Y3JI0B, B KOTOPBIX HAXOJATCA aBTOMAThI, HE
UMEIOIIIE COCTOSHUS S).

Teopema 29 ([1]). IIpu mobwx dy > 1, 19 = 1, po = 1 u namypass-
nom T natidymes maxue ly, o.c.6.6. A uz M(lp,ro,po) u Kondueypayuu
f,g o0.c.6.6. A, duamempu, xomopwvix He npesocrodam dg, wmo [ u g
T-ox6usarermuvs, no ne (T + 1)-ax6usanenmmoL.
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Teopema 30 ([1]). IIpu mobwx dy > 1, lo = 3, po = 2 u Hamypaas-
nom T watidymes maxue g, o. c. 6.6. A us M(ly,70,p0) u Konpueypayuu
f,g o.c.6.6. A, duamempu, xomopwvix He npesocrodam dg, wmo [ u g
T-ox6usarermuvs, no ne (T + 1)-ax6usanenmmoL.

[TepeunciienHble TEOPEMBI O3HAYAIOT, UTO JIJIsI YCTAHOBJIEHUS] TaKOI'O
HAWMEHBIIIEro T, UTO U3 T-9KBUBAJEHTHOCTH KOHMUTYPAIUil HE TTPEBOCXO0-
nsiero do quamerpa B o.¢.B.B. B M(lg,rg, pg) caeyer ux S5KBUBAJEHT-
HOCTb, HEOOXOIUM KaxKIbIil 3 mapameTpos dg, lg, 7o, Po-

st mpousBosibHO# Bhraucsnmoit dbyukuuu v(d, l,r,p) deTbpex Ha-
TypaJbHBIX apryMEHTOB BBejeM Kjacc M, Bcex Takux O.C.B.B. A, 9T0
It JIIOOBIX JIBYX KoHdwuryparwmii f, g 9roit o. c. B. B. u3 ux v(d, [, r, p)-9K-
suBasienTHoctu, e A € M(l,r,p) u d — Hanbosbmuil U3 JTUAMETPOB
KoHuUrypanuii f, g BhITeKaeT 3KBUBAJIEHTHOCTD 3TUX KOH(UIYPAIIHIA.

Teopema 31 ([1]). IIpobaema pacnosnasanus IKEUEAAEHMHOCTIU KOH-
Puzypayut o.c.6.6. A aA20pUMMUMECKYU PA3PEULUMA TO20Q U TOALKO
moada, x020a 0s HEKOMOPOU SLUUCAUMOT PYHKUUY U 0. C. 8. 6. A npu-
nadaeorcum xaaccy M, .

Bynem rosopurb, uro 0.cC.B.B. A1 ceodumcsa K 0.C.B.B. Ag, ec-
Jii J1000€e COCTOSIHHE O.C.B.B. A 9KBHUBAJEHTHO HEKOTOPOMY COCTOSI-
HUIO O.C.B.B. AQ. TaKoe IIOHATHE CBOJIMMOCTH JIJIdA O.C. B. B. ABJIACTCH
aHaJIOT'OM IIOHATHSA BJIOZKUMOCTHU JIJId KOHCYHDLIX aBTOMAaTOB. HpO6J’I€Ma
pacmo3HaBaHusg CBOAMMOCTHU I O.C.B.B. OKa3aJaCch aJrOpuTMUYECCKU
HepazpemuMoit. Ecin, ojiHako, OT paccMOTPEHUsT CBOJUMOCTH OTJIE/TbHBIX
0. C. B. B. IIEpPEiTN K PACCMOTPEHUIO CBOJIMMOCTHU KJIACCOB O. C. B. B. (onpe—
JEJIAeMON KaK CBOJIMMOCTDb KazK/I0# 0. C. B. B. OJJHOI'O KJIacCa K HEKOTOPOit
0. C. B. B. JIpyroro Knacca), TO CHUTYaIUsi HECKOJILKO yIIporaercd. FIMeHHo,
UMEIOT MECTO CJIEAYIOIMEe NPUMBIKAIONNE APYTr K APYrY YTBEPXKICHUSI.

Teopema 32 ([1]). Hyemo l; > 2; p; < 4ri(ri +1); i = 1,2. Kaacc
M(ly,7r1,p1) ceodumesn x waaccy M(lo,r, p2) mozda u moavko mozda,
Koeda Iy < lz, r1 < 12, p1 < p2.

Teopema 33 (|1]). Hyemov M(ly,r1,p1) uw M(la,re,p2) — KaaccoH
0.cC. 8. 8. (Zk, W,V), y xomopox asmomam W umeem n ocHos8HuT 6X0-
do6 u m ocroenwz 6vixodos. Ipu p; < m2™; 1; > 2P+l § = 1,2, xaacc
M(ly,7r1,p1) ceodumes x waaccy M(la,r,p2) mozda u moavko mozda,
ko2da Iy < lz, r1 < 1o, p1 < p2.
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W3 yTBepxKaeHMit BUIHO, ITO yBEJUUCHUE XOTS ObI OJHOTO U3 Mapa-
MeTpoB T, k, p (P HEKOTOPBIX JIONOJHUTEIBHBIX OIPDAHIYEHUSIX) YBEJIH-
TUBAET MHOYKECTBO OTOOPAKEHMI, PEATTU3YEMBIX O. C. B. B., IPUYIEM TAKOTO
JKe YBEJIMYEHUs HeJIb3s JIOOUThCs IPU YBEJIMYEHUN JIPYTUX ApaMETPOB.

[Mycts A = (Zk,VV,V) — Hekoropasi 0.c.B.B. CocTosgHUS S1 U So
aBromara W Ha30BEM CUALHO HEOMAUMUMbBIMY, €CTU TIPU U3MEHEHUH B
MPOU3BOJBHOM COCTOSTHUM f 0.C.B.B. A cocTosTHUS $1 JIIOOOTO KIEMILIS-
pa aBromara A Ha Sg nosydaercs cocrosinue ') sxksusasientHoe f. Eciam
CYIIECTBYIOT TaKME 9KBUBaJIEHTHBIE cocTosaus f, f 0. c. B. B. A, 9T0 HEKO-
TOPBIi 9K3eMIIAp aBromMara W B OJIHOM M3 HUX MMEET COCTOsIHUE S1, & B
JIDYTOM — COCTOSIHHE S92, TO TOBOPUM, UTO S| U §2 CAGOO HEOMAUMUMbL.

Teopema 34 ([1]). O.c.6.6. A = (ZF, W, V), umerowasn xoma 6w dsa
CUNBHO HEOMAUMUMBLE COCNoAHUA asmomama W, ceodumes k Hexomo-
poti o. c. 8. 6. (Zk, W' V") ¢ menvwum, wem y W, wuciom cocmoanuii co-
cmoanuti aesmomama W'. Ecau nuxaxue dsa cocmoanus asmomama W
HE ABAANOMCA CAAOO HEOMAUMUMDBLMU, O MAKOE CEEIEHUE HEBOZMONCHO.

Kak BUIHO M3 TPUBEAEHHBIX PE3Y/IHTATOB, PA3BUTHE TEOPHUH SKCITE-
PUMEHTOB JIJI O. C. B. B. OKa3bIBACTCA CBA3AHHBIM C IIPEOJIOJICHUEM CYIIle-
CTBEHHBIX aJITOPAUTMUYECCKAX TPYHOCTEH!, OTCYTCTBOBABIINX B aHAJIOI'NY-
HBIX 33Ja9aX JijId KOHEYHBIX aBTOMAaTOB.

Nurepec npepcraBisgeT HAXOXKJIEHHUE UUC/IA, MOMAPHO PA3TUIUMBIX
0.C.B.B., UMEIOIUX 3aJ[aHHbIE TTAPAMETPBI. JTOT BOIPOC OCTACTCH OT-
KDBITBHIM.

ITo anajoruu ¢ KOHEUYHBIME aBTOMATAMU MOYKHO PaCCMATPUBATDL CXe-
MbI U3 MHUIUAJBHBIX (C BBIJIEJEHHBIM HAYAJIbHBIM COCTOSIHHEM) O. C. B. B.,
[MPUMEHSISL JIJIsE STOTO OIePAIlUU CYIEPIO3UIUN U 0OPATHOI CBA3U. 3/1eCh
paccMaTpUBAIOTCA OINEPAIAN CJIETYIONUX THUIIOB.

1) Hobasnenue win yjuaneHne (pUKTUBHBIX OCHOBHBIX BXOJIOB O. C. B. B.

2) IlepecranoBka (mepenymepaliysi) OCHOBHBIX BXOJIOB O. C. B. B.

3) Bouiesienne ocHOBHOTO BbIXOTA y 0.C.B.B. A = (ZF, W, V) (BO3-
HuKaer Hopas o.c.B.8. A’ = (ZF, W' V'), y xoropoii asromar W'
nostyuer u3 W yjiajieHneM BcexX OCHOBHBIX BBIXOJIOB, KDOME OJIHOTO).

4) CkJienBanue OCHOBHBIX BXOJIOB 0.cC.B.B. A = (ZF W, V) (npoucxo-
JIAT OTOK/ICCTBJIEHNE HEKOTOPBIX JBYX OCHOBHBIX BXOJIOB aBTOMATa

w).
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5) O6vemmuenne o.c.B.B. A = (ZF¥, W, V) u A" = (ZF, W', V')
(0. C. B. B., BO3HHMKAIOIIAsI [IPU OJHOBPEMEHHOM HE3aBHCHMOM Da3-
MEIIEHUH aBTOMATOB 0OEnX 0. C.B. B. B y3J1aX OJ[HOW U TOW Ke Ips-
MOYTOJIBHOM k-MEpHOI pereTkn).

6) Iloncranoska o.c.B.B. A = (ZF W, V), apromar W xoropoii nme-
€T e€IMHCTBEHHBINT OCHOBHOI BBIXO/, BMECTO j-I'O OCHOBHOTO BXOJIa
o.c.B.B. A = (ZF, W' V') (ommoBpemenmoe He3aBUCHMOE pasMe-
IeHre aBTOMaTOB 00EUX O.C. B. B. B y3JIaX OJHO U TO Ke IpPsSMO-
YTOJIbHON Kk-MEpHOI perieTku — Kak W B II. H — U [OCJIe/Iyomee
OTOXKJIECTBJICHNE OCHOBHOT'O BBIXOJA KazKJoro asromara W ¢ j-m
OCHOBHBIM BXOJIOM Da3MEIIEHHOIO B TOM ke y3je apromata W').

7) O6parnas ceasb 1-ro tuna (ecim o.c.B.B. A = (Z* W, V) rako-
Ba, UTO j-ii OCHOBHOII BBIXOJ aBroMara W 3aBHCHT C 3aJIeprKKOIf
OT i-TO OCHOBHOT'O BXOJa 9TOr0 aBTOMATA, TO B KayKJIOM y3JI€ pe-
IIETKH 0. C. B. B. A OCYIIECTBIISETCs OTXK/IECTBIIEHNE j-TO OCHOBHOI'O
BBIXO/Ia aBroMaTa W ¢ ero i-M OCHOBHBIM BXOJIOM).

8) O6parnas cBsasb 2-ro Tuma (ecim o.c. B.B. A = (Z¥, W, (v1,...,vp))
TaKOBa, YTO j-ii OCHOBHOH BBIX0/ aBTOMaTa W 3aBUCUT C 3a/1€piK-
KOI1 OT BCEX €ro OCHOBHBIX BXOJIOB U (3 — BEKTOD U3 VA , TO j-# oc-
HOBHO# BbIXOJ aBToMara W npeobpasyercst B (|V| + 1)-it 6okoBoit
BBIXOJ[, & HEKOTOPBINl OCHOBHOH BXOJ| 9TOTO aBTOMaTa Ipeobpasy-
ercs B (|V] 4 1)-it GokoBOIl BXOJ; B pe3yJibTare BOZHUKAET HOBasi

o.c.B.B. (ZF, W, (v1,...,vp,0)).

Oneparuu 1-6 HA3BIBAIOTCS ONEPAYUAMU CYNEPNOSULUL; OLEPALIH
1-8 — onepayuamu Komnosuyuu. Kak 1 0ObIYHO, BBOASTCS OIEPATODPDI
3aMbIKaHust MHOKecTBa I 0. €. B. B. OTHOCHTEJBHO OIIEPAIHil CyIepIIo3u-
MU ¥ KOMIIO3UIMHK; OHM obo3HadatoTcs depes [, u [N coorsercTBeH-
HO. COBOKYIIHOCTb BCEX MHUIIMAJIBHBIX O. C. B. B. padMepHocTu k (paccmar-
PUBAEMBIX ¢ TOYHOCTBIO JI0 PEATM3yeMbIX MMM OTOOparkeHmii) obGo3Ha-
anm Oy

OGbIuHBIM 06PA30M BBOJSITCS TIOHATHSI IOJIHOTO (3aMBIKAHIE KOTOPO-
ro paBHO Ok), 3aMKHYTOI'O U IIPEJIIOJTHONO MHOXKECTB O.C.B.B., & TaK-
JKe TOHSATHE 0a3uca OTHOCUTENBHO ITUX ONEPATOPOB 3aMblkaHms. Jler-
KO yCTAHAB/IMBACTCsI CYIIECTBOBAHNE KOHEYHBIX IOJHBIX CUCTEM O. C. B. B.
JYIst carydast | |g, KpUTEePHAIbHOCTh CHCTEMbI BCEX IIPEJIIOHBIX KJIACCOB
" KOHTUHYaJIbHOCTH MHO2KECTBa 3aMKHYTBIX KJIaCCOB JId O. C. B. B.
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Nmeror mecto cjeayronmuue aHaJIorun U3BECTHBIM TEOPEM U3 TEOPpUU
CTPYKTYPHBIX KOHECYHBIX aBTOMATOB.

Teopema 35 ([1]). Mowrocmv mmoorcecmea npednosHbL KAGCCOE OAs
0.¢.8.6. 6 CAYHAAT [ i U []c pasna Konmunyymy.

Teopema 36 ([1|). He cywecmeyem aszopumma, ycmanasausaouwe-
20 NOAHOMY UAU HENOAHOMY NPOUSEONLHOLO KOHEUHO20 MHOHCECTNEA
0.c.6.6. 6 cayuae | |i.

Teopema 37 ([1]). an mob6ozo namypaivrozo n cyuecmeyem cuemuoe
MHOHCECMBO 0A3UCO8, COCTROAULUL POBHO U3 T 0. C. 6. 6. 6 cAYyqae | |j.

Teopema 38 ([1]). Cywecmsyrom cuemnvie 6a3ucv. u NOAHBE CUCTNEMDL,
He codeporcawyue 6asucos, 6 cayuae | ..

IIpeacraBasier nHTEpEC BOIPOC O TOJHOTE CUCTEMBI BCEX OTOOpaske-
HUA U3 Ok, AYEHKN KOTOPBIX MMEIOT 33 JIJaHHOE YUCJIO N > 1 BXOJIOB JIJIs
ciaydast | |, a TakyKe BONPOC O MOJHOTE BHYTPU KJIACCOB BHYTPHU OTOD-
pakeHui u3 Ok, HallpUMep, JIMHEHHBIX, KBa3UJIMHENHBIX, MOHOTOHHBIX U1
JIpyrux orobparkeHWil B ciaydae | |.

6. BbraumciieHusi B OHOPOAHBIX CTPYKTYypax

OIHOPOHYIO CTPYKTYPY, COJIEPXKATETHHO WHTEPIPETHPYEMYIO KaK
OeckoHeYIHAasT OHOPOJ/IHAS CXEMa M3 OJIMHAKOBLIX KOHEYHBIX aBTOMATOB,
PA3MEIEHHBIX B y3JIaX IEJIOUUCICHHON PEIIeTKU, MOYKHO PACCMATPUBATH
TaKKe KaK OJINH OECKOHEYHbBI aBTOHOMHBII aBTOMAT, COCTOSTHUSIMU KOTO-
pOro sIBJISTOTCsT OecKOHeuHbIe k-MepHble MaTpulibl. O600Iast 3Ty MOJIENb
Ha GeckoHeuHble apromarsl (A, Q, B, ¢, 1)) ¢ HEBBIPOXKIEHHBIMU BXO/[HbI-
MU U BBIXOJIHBIMH KaHAJAME, ITPUXOJIUM K ITOHSTHUIO OJTHOPOJIHON CTPYK-
TYPBI CO BXOJIAMHU U BBIXOJIAaMH B (popMe abCTPAKTHOI'O aBTOMATA.

BBeneMm psia BcrioMoraTeIbHBIX IOHSTHI, HEOOXOAUMBIX M1 (op-
MaJILHOT'O OIPEJIeJIeHNsT TAKUX OJHOPOJHBIX CTPYKTYP. Byaem HasbBaTh
k-mepnoti n-caotinot mosaukoti orobpaxkenne f : ZF — {0,1}™, e Z —
MHOZKECTBO TeJIBIX dmcest, n 2> 1. Daementsr ZF nasbBaeM aAuetikamu mo-
sauxu f. Ecim muoxkectso {of f(a) # (0,...,0)} koHeyno, To Mmo3anka f
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HA3bIBAECTCA KOHPU2Ypayuetl; MHOXKECTBO BCeX k-MEPHBIX N-CJIOMHBIX KOH-
durypamumii obozavaem ME. Ecim f ecth n-croiinas Mozanka, To 3Haxe-
uust f (o)) MoxkHO npejsicraButh B B (f1(a),. .., fo(@)), tae fi,..., fn —
OJTHOC/IONHBIE MO3auku. Mozauky f; HasbIBaeM i-vM CAOEM MO3auKu f
(i =1,...,n). Orobpaxenne o : ME — Mf Ha3bIBAETCA 00HOPOOHVIM,
ecjIl CyIIecTBYIOT Takue Habop (aq,...,as) (s = 0) momapHo pasimd-
HBIX dseMentos ZF u dynxmua ¢ : {0,1}" x ... x {0,1}" — {0,1},
9TO My MpousBosbHOl Mozamku f € MPE prmommserca [p(f)](a) =
O (fla+ay),..., fla+a,)) opu Beex a € ZF.

Ha6op (au,...,qs) HasbiBaeM wWabAOHOM €OCEICTNGE OJTHOPOJHOTO
orobpazkeHust @, a GyHKIUIO @ — A0kaivnot Gynryuet omobpastcenus
. Ecn (o, . .., ag) — 11abIIoH coceicTBa OJHOPOIHOIO OTOOPAYKEHUST (©,
mprIeM

a; = (a1,..., ), bj = max lajl, i=1,...,s, j=1,...,k,

i=1,...,8
BekTOp (b1, ...,bg) OyeM HA3BIBATH PA3MEPOM 00HOPOOH020 0MObpadICce-
HUA .

Beckoneunntit aBromar
k k k
U= (Mp7 Mn7 Mqv @, d}v qO)v

Yy KOTOPOIO: M’; — pxoguoii andasur; ME — andasur cocrosmnmit; /\/llg —
o . . k k _ k
BbIXOIHON andasur; ¢ @ My x My = My,
byukuus nepexonos; ¢ : MFE p — M’; — oJiHOpO/iHAS (PYHKIUS BbI-
x070B; qo € MPE; naspBaeM unuyuasbHot 00nopodtoti cmpyxrmypoti co
6rodamu u 6virodamu (Kak W B MPEIbLIyIeM naparpade, COKpaIieHHO

0603HAUAEMOit 0. C. B. B.)

— MPE — ommoposmnas

D Ha3bIBaeTCs 4YHUCJOM BXOJOB 0.C.B.B. U; ¢ — HYHCIOM BBIXO-
0B, n — moawunoti. PasmepoM o0.c.B.B. |{ Ha3BIBacTCI BEKTOP
(max(by,c1),...,max(bg, cx)), vae (bi,...,bg),(c1,...,¢ck) — pasmepsl

OJTHOPOJIHBIX OTOOparKeHuit @ u .

Kaxk 06bI1HO, OBE/IEHHE 0. C. B. B. pACCMATPUBAEM B JINCKPETHOM Bpe-
menu t =0,1,2,... Eciu x € ./\/lfl — COCTOSTHHE O. C. B. B. U B HEKOTOPBIA
MOMEHT ¢, TO JBondHbil HAGOp X() = (X1,-..,Xn) HA3BIBAEM COCMOA-
Huem AelKy o B JTAHHBIH MOMEHT BPEMEHH ) X; HA3BIBAEM 3HAMEHUEM
i-TO CJIOSI COCTOSIHMSI slYefKM «v. AHAJIOTMYHO, €CJM X — BXOJHOI Jmbo
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BBIXOJIHOII cUTHAJI 0. C.B.B. U, T0 HabOp X(<r) Ha3bIBAEM BXOJHBIM (BbI-
XOJIHBIM ) CHI'HAJIOM B sideiiKe o JIJIs PACCMATPUBAEMOIO MOMEHTA f, a X; —
3HAYEHUEM i-I'0 BXojla (BBIXOJIA) B sUeiKe (.

PaccmoTpum psiji OTIEHOK, CBSI3AHHBIX C BBIUUCICHUSIMHU B O.C. B. B.
Bsenem meobxommmMbie [jisi 9TOrO HOHATUS U obo3Hauenus. Ilyctb p €
/\/l;c O6o3HaunM vepe3 [p] Kacec Beex MOC/eI0BaTeIbHOCTER X & X1, X2,
X3, - - -, DJIEMEHTOB Ml’il, YTOBJIETBOPSIONTUX CJIETYIOIIM YCTOBHSIM:

1) cymecrByer eMHCTBEHHAsT KOHMUIYpAIWst X0, Y Koropoit (I + 1)-brif
cIoll He paBeH TOXKJecTBeHHO (; 3TOT cI0f MMeeT 3HadeHWe 1 B TOUYKe
(0,...,0) u 3Hauenne 0 B OCTAJIBHBIX TOYKAX;

2) npu i > ig, nepsble | cioeB KoHUrypanuu y; o6pasyor KoHGUrypa-
A0 U.

Benuauny ig, COOTBETCBYIONIYIO MOCIEIOBATENHHOCTH Y YKA3aHHOTO
BH1a, obosHavaeM (). ByaeM roBopurh, 4ro nHUIMAIBHAS O. C. B. B. U =
(MﬁJrl,Mf,MﬁJrl,(p,w,qo) BbIUHCJAeT oTobpazkenue F : M — ./\/le,
rnme M C ./\/lk1 , ecau Jjist 1ioboit Koudurypanuu g € M mpousBosibHAS
[OCJIE/IOBATEILHOCTL X € [1] mpeobpasyercst aBromaTom U B HOC/IE10Ba-
ressrocTh X' € [F(p)]. HauGosbinee 3navenne soipazkenust t(x') — ¢(x)
HA3BIBAETCS GPEMEHEM GVMUCAEHUSA TIOCPEJICTBOM O.C.B.B. U 3HAYEHUS
orobpaxkernst F' B Touke p (eciam Takoe HaubOJIbIIIEE 3HAYEHHE OTCYT-
CTBYET, TO BpeMsl BBIYHMCJICHUSI TI0JIArAeTCsl PABHBIM 00).

Hanbosbittee BpeMst BBIYUCIEHHUS TOCPEICTBOM O. C. B. B. U 3HaUeHMIT
oTobpaxkenust F' HA3BIBACTCS BPEMEHEM BHIHUCAEHUS ITOMH O. C. B. B. OTOO-
paxkennst F' n obosnauaercss Ty (F'). Obosnatmm

Tm17---,mk,l(F) = %ETU(F%
rie A — Kjacc Bcex BBIMMCISIONUX F' 0. c.B.B. TOMIUHLL | 1 pasmepa
(mq,...,myg). Jdus npousBosibHOTO Kitacca K orobparkenuit F' ykazaHHO-
ro Buja (3uadenus k,lq,ls y Bcex orobparkenuii u3 K mpesosaraorcst
OJINHAKOBBIMH), ONPEJICJCHHBIX HA KOHEUYHBIX MHOXKecTBax M, paccmar-
puBaem dynkimio [IlerHona

Tm17~~~:mk,l(K) - %?%Tml,wmk,l(F)a

XapaKTePU3YIOILYI0 BPEeMsl BBIYUCJIEHHs OLEPATOpoB u3 K 1mocpecTBoM
0.C.B. B. TOJIIUHBI [ 1 pazmepa (my, ..., mg).
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JLJist TPOCTOTHI OrPAHIYIUMCS Jlajiee PACCMOTPEHUEM ciiydas k = 2 u
IPUBEJEM DIl OIEHOK BeIUIUHBI Ty, m, () U1 PA3IIHIHBIX KJIACCOB
K. Bynem nasee oboznadaTh uepe3 ./\/llzn MHOXKECTBO BCEX KOHMUTYPAIHit
W e Ml2,n7 y KOTOPBIX BCe fTUeliKu v Takue, 9To () # 0, pACIoJIOZKEeHbI B
kBajpare @, = {(a1,a2) | |a1| < n, |ag| < n}. Takue koudurypanuu g
n300pazkaloT KBaJIPATHbIE MATPHIIbI, 3JIEMEHTHI KOTOPBIX CYTh JIBOMYHbIE
HAGOPBI JIJTUHDI 7.

[Tycrs {K,,} — 10CjI€10BaTeIbHOCTD TAKUX KJIACCOB OTOODaKeHUil,
9TO Kaxkgaoe orobpaxkenme I € K, onpemenmeHo HA HEKOTOPOM ITOIMHO-
kecTBe M, MHOXKeCTBa M%n U [NPUHUMAET 3HAYEHUST B /\/1122’”. [Tocae-
JIOBATEIBHOCTD {jp } HATYPaJbHBIX |uces HasbiBaeM { K, }-donycmumot,
ecsia j, — OQ:

jn max(n?,27n)
logy [ Kp|

Teopema 39. Fcau K, — xaacc ecex omobpasicenuti mmoosrcecmsea M

— 0 mpu n — 0.

2
li,n

2 _ .
6 mnoocecmeo M., (n=1,2,...) u{jn} ecmo {K;}-donycmuman no-
cAe008aAMENLHOCTL, TO

(2n + 1)\/E2l1(2n;1)2

V2mimajp

Herpyzano Bugers, aro { K, }-101mycTuMoii B JAHHOM CJIydae siBJIsieTCsl,
HaIpuMep, Jirobasi pacTyias I0CJIeJI0BATeIbHOCTD {Jy, }, YIOBIETBODSIIO-
mast ycaoBuio j, < 4alin?, rae o — HeKoTopas KOHCTaHTa, o < 1.

O6o3HaYNM Yepe3 € OAHOCJIONHYIO JIBYMEPHYIO KOH(MUTYPAIHIO, TIPHU-
HuMaroryo 3uadenne 1 B rouke (0,0) u 3nadenne 0 B NpPOYNX TOUKAX.

Orobpazkenust F : Ml21,n — {0,e} MoKHO paccmarpuBarh Kak (GyHKIIUH

Tm1,m2,jn (Kn) ~

anre6pe! Jtoruky, sasucamue ot [1(2n + 1)? nepemennprx.

Teopema 40. Fcau K, — xaacc ecex omobpasicenudi MHodtcecmasa ./\/ll21 n

6 mmoocecnso {0,e} (n=1,2,...) u {jn} ecmo {K, }-donycmumasn no-
CA€008AMENLHOCTL, TO

1 11 (2n+1)2
72 1 2
V2mimajn

Kax n B Teopeme 27, BeImosmenne yciaosus j, < 4alin? (a < 1)
JUIst pacTyineit nocsienoBarenbuoctu {j, } obecneunsaer ee { K, }-nomyc-
THMOCTb.

Tm1 M2, Jn (Kn) ~
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Teopema 41. Ecau K,, — xaacc ecex omobpasrcenuti MHOHCECTNEE M%Ln
6 mmooicecmeo {0,e}, npunumarowur 3navenue € poero na ky, Korgpu-
eypayuax; {jn} ecmo { K, }-donycmumasn nociedosamenrvrocms, ydosae-
MBOPAIOWAA YCAOBUIO Ky [ Jn, — OO NPU N — 00.

Ecau logy k,, = o(n?), mo

21k,
T, i () ~n
m17m27]'n( n) mimajn
Ecau logy ky, = o(n?) u 21(2’211)2 — 0, mo

( 2962 tn
Ty ma,jn (Kn) ~ n\/¢

2
)" 0 < o < 1, ewnoanaemcs

Haxoneu, npu ky, ~ a2!
H(a) 2l(2n;-1)2

T, (K Nyl ————
m1,m271n( n)N 1M jn

)

ede H(a) = —(alogya + (1 — a)logy (1 — a)).

HeTpy/Ho mposeputh, 4to B ciaydae logy k, = o(n?) as pacrymeit
[OCJIEZI0BATEILHOCTU {j,} OCTATOYHO MOTPeBOBATDL BBIIOJHEHUS YCI0-
Buit j, = o(ky); jn < 261ogy n pu HeKOTOPOM [ < 1.

Teopema 42. [Iycmv K, — xaacc scex omobpasicenuti mmooicecmea M, ,
YI0BAEMBOPANOUWUL NOKANOHOMY 02DAHUMERUIO N KOHPUYpauul u3 /\/llQn
6 mnoorcecmeo {0, e}, npunumarowur snaverue € poero Ha ky Korpuay-
pavuaz; logy | My,| nopadka n?; logy ky, = 0(n?); jn = o(k,) npun — oo,
npuuem {jn} ecmo { Ky }-donycmumasn nocaedosamesvrocmo.

Tozda cywecmeyem koncmanma o (0 < o < 1) maxas, wmo

logy | My,| ~ 4aln?,

[ 2alk,
T, (K ~ _
ml,mz,Jn( n) ~n .
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Kax u B Teopeme 29, jisi pacrymieil nocsieoBareabHoCTH {jy, } 3/1ech
JIOCTATOYHO BBINOJIHEeHUsT ycaoBuil j, = o(ky); jn < 20logyn npu Heko-
Topom (3 < 1.

[Monyuenne mepevncIeHHBIX OIMEHOK OBIIO CBSI3aHO C MCITOJIb30BAHUEM
IPUHIHIA JIOKAJIBHOIO KojupoBanus [5]. 3ajaua peasmsaliyu B 0. C. B. B.
OyJIeBbIX OTODPAYKEHMsT C MUHUMAJIBHON BPEMEHHOI CJIOXKHOCTBIO, PEIaB-
TasICsT IPY MOJTY YeHUH ITUX OTEHOK, CBOIUTCSI TI0 CYIIECTBY K 3a/1a9e Xpa-
HEHUsT THMOPMAIINH B O. C. B. B., 0DECTIEUNBAIONIETO HANMEHbIIIEE BPEMST €€
cuntbiBauust. OCHOBHOE OTJIMYNE OT AHAJOTUIHON 3a/a9u JIJIsT OOBITHBIX
JIOTHIECKUX CeTel 3aK/II0IaeTCsT B HEOOXOUMOCTH yUIeTa TeOMETPUIECKIX
acmekToB. VIHTepecHO# OCOBEHHOCTBIO SIBISIETCS TO, UTO JJIsl TIOJIyde-
HUSI ACHMIITOTHIECKN HAMMEHBIIIErO BPEMEHN CUMTBIBAHUS MH(MOPMATIIH
OKa3bIBAETCA HEOOXOMUMON ee MepuonydecKas MUPKYJISIUs 110 sdaeifikam
0. C. B. B.; XpaHeHHe HHQPOPMAINHA «HEIOABUXKHBIM 00pa30M» MPUBOJIAT K
VBEJIHYEHNIO HAMMEHbIIEr0 BPEMEHI CUUTHIBAHUS B /2 pas.

Peanuzanust B OC pa3udHbIX BBIYUCIUTEIbHBIX IPOIECCOB OKA3BIBA~
ercst B OOJIBIIIMHCTBE CJIy9aeB OCHOBAHHOI Ha HEITOCPEICTBEHHOM <«BJIO-
JKEHUU» B HUX CXeM M3 KOHEUYHBIX aBTOMATOB HEKOTOpOro Oasuca B.
[Tosromy mpejcTaBasieTCst TMEeTeCOODPA3HBIM PACCMATPUBATE OTHOPOTHYIO
CTPYKTYPY KaK OTHOPOJHBIN TPOTIECCOP HEKOTOPOH BBIYUCIUTEIHHON CH-
CTEMBI, «HACTPANBAEMBIii» B XOJI€ BBIIIOJHEHUS] IPOrPAMMbI (BHEIIHHUIT 110
OTHOIIEHHIO K JIAHHOMY IIPOIIECCOPY) HA T€ MJIM MHBIE CXeMbl aBTOMATOB
B 6azuce B. Takue cxeMbl, OCYIIECTBJISIONUE Tapa/LIEIbHYI0 00paboOTKY
nHGOpPMAIUH, MOTYT PACCMATPUBATHLCS KAK aHAJOTH KOMAH], OOBITHBIX
9BM c¢ nocienoBareibHO# 00paboTKOi nHGOpMany. 3/1€Ch BOSHUKAIOT
3a/1a91 pa3paboOTKU AJITOPUTMUIECKUX S3BIKOB JIJIsT BBIYUCIUTE/bHBIX CHU-
CTeM OJTHOPOJIHOTO THITA, TIO3BOJISTFOIINX OIMMCHIBATD IIPOIECCH N3MEHEHUST
«BJIOYKEHHBIX» B HIUX CXEM ABTOMATOB, & TaKKe 3a/a9l ONMTUMAJTBLHON pe-
AJTN3AIIY BBIYUCTUTEBHBIX TPOIEYP TPU TOMOIIH CXEM U3 Pa3MeleH-
HBIX B y3JIax IPSIMOYTOJIbHON peIeTKH aBToMaToB Oasuca B.

B kadgecTBe mpumepa Takoro 6azuca 6ymeM paccMaTpuBaTh Habop By
9JIEMEHTOR, PEATN3YIONINX C 3aJePKKOM Ha OJINH TaKT (DYHKIUU L1 V Ta,
21&T9 U Ty, SJIEMEHTOB 3aJIEPXKKHU HA OJUH TAKT C HYJIEBBIM U €JUHUY-
HBIM Ha4YaJIbHBIMU COCTOSIHUSIMU, & TaK»Ke COEIUHHUTEIbHBIX 3JIEMEHTOB,
OCYTIECTBJISIONNX MTHOBEHHYIO TIepeiady JBOMYHOTO CUTHAJA U Mepece-
YeHHUe JIBYX JIUHUH 1epesladn TAKUX CUIHAJIOB.

OTH JIEMEHTBI PA3MEIAIOTCs B y3J1aX IJIOCKOHN MPSIMOYTOJIBHON pe-
[METKH BHYTPU HEKOTOPOIO INPSIMOYTOJIBHUKA P, mpudyeM 3j1eMeHT, pac-
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[OJIOXKEHHBIH B y3jie ¢ KoopauHartaMu (ai,as), MOXKeT ObITh COeJIMHEH
TOJIBKO € 3JIeMEHTaMU, PaCIOJIOKeHHbIMU B y3uax (a1 —1,as2), (a1+1, ag),
(a1,a2—1), (a1, a2+1). Byuem HasbiBaTH CXEMBI YKA3aHHOTO BH/IA NPAMO-
Y2OADHBMU AOZUMECKUMU CEMAMU; TUCIJIO Y3JIOB PENIETKNA B HAMMEHbBIIEM
IPSMOYTOJIbHUKE P, coJlep2KaIeM CeThb S, Ha3bIBaeM NAowadvio cemu S.

Broruucienune GyHKIMiT BEIIECTBEHHON TIePEMEHHOM MIPU TIOMOIIHA IPsi-
MOYTOJIBHBIX JIOTHYECKUX CeTeifl MOXKHO OCYIIECTBJISATh, KOTUPYS UUCJIO-
Bbl€ 3HAYEHUS I10CJIC/IOBATEILHOCTSIMA JIBOMYIHBIX Pa3PsI0B, BO3SHUKAIO-
mMUX B MOMeHTHI t = tg,tg + 1,...,tg + n + 1 HA TOM WM WHOM BXOJIE
Jib0 BbIxOJIe ceTu. IIpu 3TOM OKa3bIBAETCS BO3MOXKHBIM «KOHBEHEPHBIN»
PEXKUM BBIYUCIEHUN, KOTJA N-Pa3psIHble TBOUYHBIE 3AIIICH aPTyMEHTOB
BBITHUC/ISIEMO OIIEPAIMH ITOCTYIIAIOT Ha BXOMbI CeTU 06€3 BPEMEHHBIX MPO-
MEXKYTKOB M€Ky HUMU, a JIBOUIHBIE 3AIUCU PE3YJIBTATOB IMOSIBJISIOTCS
HA BBIXOJI€ TaKKe 06€3 MPOMEXKYTKOB C IIOCTOSTHHBIM BPEMEHHBIM CJIBUTOM
[0 OTHOIIEHUIO K MOMEHTY IOJAYdM HA BXOJbl MJIQJIINX Pa3PsSIOB CO-
OTBETCTBYIOIIUX apryMeHTOB. Tak, Hampumep, OObIdHAS CXeMa YMHOXKe-
HUSI YUCEJT «CTOJIONKOM» U OCHOBAHHAS HA PA3JIOXKEHUU B CTEIIEHHON P/l
cxema JIeJIeHNsT TIO3BOJISIIOT YMHOXKATD U JEJIUTh N-Pa3psiIHble JTBOMIHBIE
npobu u3 orpeska [0, 1] B KOHBeliepHOM pexKHMe, IPHYeM BeJMUUHbI BPe-
MEHHOI'O CJBUTA T OKA3bIBAIOTCA HE MPEBOCXOIAIIUMU aCUMIITOTUIECKU
cOOTBETCTBEHHO 91 1 In logy 1, & MIIOMAIU MPSIMOYTOIBHBIX JIOTHYECKUX
cereit — 135n u 533n2.

Tak kak JBoMYHBIE pa3psifibl N map n-paspsaHbIX apryMEHTOB I10-
CTYIIAIOT HA BXOJbI CeTU B TeueHun Nn TAKTOB BPEMEHM, a PE3Y/IbTaThl
MOSIBJISIIOTCST HA BBIXO/AX B TedeHue Nn + 7 TaKTOB, CIATasl C HAYAJIb-
HOI'O MOMEHTA TOJIAYU CUTHAJIOB HA BXOJbI, IIPU JOCTATOYHO OOJIbIuX [N
BeJINYMHA T MPAKTUIECKH HE CKA3bIBAETCs HA BPEMEHU BBIYMCJICHUN (TIpn
N — 00 BBIYUCJIEHUs] IPOUCKOJST IO CYIECTBY B PeaIbHOM BPEMEHH),
¥ OCHOBHOI CTAHOBUTCS 3aJlajda YMEHbIIeHUs oI cetu. Murepecuo
OTMETUTH TO OOCTOSATETHCTBO, YTO 110 CPABHEHUIO ¢ OOBITHON MIPOIIE Ly POl
YMHOXKEHUSI M3BECTHBIE MPOIIE/LyPhI OBICTPOT0 YMHOXKEHUST THCEJ IPUBO-
AT K CYIIECTBEHHO OOJIBIITUM M0 ILIOIIAJINA CeTAM U JlaXKe K OOIbITNM
3HAYCHUAM [POU3BEICHUS BPEMEHU BBIYUCIEHUsT HA ILJIONIAIbL CETU, MU-
HUMU3AIHAS KOTOPOI'O MPEJICTABJISIET MHTEPEC MPU OJJHOKPATHOM BBIYUUC-
JIEHUU B OJ[HOPOJIHOM ITPOIECCOPE.

OC kak J0CTATOYHO YHUBEpPCAJIbHAS MOJIEJIb HCIIOJIH30BAJACh B Pe-
MIEHUU [EJIOr0 PsAjia 3a7ad OMOJIOTUU, COIMOJIorny, 00paboTKU SKCIepu-
MEHTa, MUKPOIJEKTPOHUKU, Kpunrorpaduu u jap. YIOMIHEM 371eCh pa-
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6ory H.B. Jlynanopoit 21| mo MojesmpoBaHui0 PasBUTHUS JIPOIKIKEBBIX
KOJIOHUiT B 3aMKHYTOM IpocrpaHcrse; pabory V. Kopuesa [22] momesnn-
POBAHUsT PACIPOCTPaHEHUST HAIPSI>KEHHOCTH B COIMAJIBHO-PA3HOPOTHBIX
ciosix obrectsa; pabory O. CymupHOBa [23] 1O BBIICIEHUI0 KOCMIYECKIX
JaCTHUI U3 KOCMUYIECKOTo m3ydenus; pabory A.B. lamarenko mo aBto-
MAaTH3aIUK [IPOIECCa ONTUMAJIBHON YKJIaJKN rpada Ha IIoCKOCTH [24];
pabory A.B. CremanenkoBa 1o mpoepke ¢ nomoinbio OC mpocToTsl Ha-
TypaJsibHOrO uucia [25] u jp.
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