O cuHTe3e KOJIOHUU >KYKOB C JIMHEHBIM
pocTOM

Boporuukos A.C.!

PaccmarpuBaercst quHaMudyeckasi CUCTeMa, OIUCHIBAIOIIAS IIOBEIe-
HUE TOMYJIANNKN KYKOB. 2ZKyKW KUBYT Ha IOJIe, KOTOPOE B HAYAJb-
HBII MOMEHT IpEJCTaBJIAeT COOO IMEJOUNCIEHHYIO PEMIETKY, K KaXK-
JIO# KJIETKE KOTOPOIl B HAYaJIbHBIA MOMEHT HAXOAUTCH OJUHAKOBOE KO-
JITIECTBO €JIbl s »KYKOB. 2ZKYKM B COOTBETCTBUM C HEKOTOPBHIM aJI-
TOPUTMOM IIEPEMEIIAIOTCS IO TIOJIO, €T PACIOJIOYKEHHYIO B HEM €1y
U Pa3MHOXKAIOTCS, IPUIEM Ha BCe JeficTBUst pacxoayercs sHeprus. Cu-
cTeMa MOJIETUPYeTCsi OMHOPOIHBIMU CTPYKTypamu. B pabore mokazaHo,
9TO JJIsT JIIOOOIT TIPSIMOi M3 HEKOTOPOTrO KJacCa CYIECTBYET KOJIOHUA,
qeil TMHEeapU30BAHHDIN IpadUK TUCTEHHOCTH OECKOHETHOE YUCIO Pa3
repeceKaeT BHIOPAHHYIO MPSMYIO.

KurodeBble ciioBa: aBTOMaTHOE MOJIEIMPOBAHUE OMOJOITICCKOM
CHUCTEMBI, CKOPOCTH POCTa IMHAMUYIECKNX CUCTEM, KJIeTOUHBIN aBTOMAT.

1. BBegenue

Paccemorpum citeiyronyo JUHAMAYECKYIO CUCTEMY: JTAHO DECKOHETHOE TI0JIe
C HEHYJIEBBIM OJHOPOJIHO PACIIOJIO?KEHHBIM 3aracoM eabl. Ha sTom mose 1mo-
SABJIACTCH KYK, KOTOPBII IlepeMeriaeTcs 110 IOJII0, €CT UMEIOILYIOCs ey U
pasmHOXKaeTcs. [lose MomesupyeTcs 1eI0YNCIEHHON PENMETKON Ha IJI0CKO-
CTH, B KOTOPOH KazKJ/IOMy y3JIy B Ha4daJbHBIII MOMEHT COIIOCTAaBJICHO HEKO-
TOPOE OJMHAKOBOE KOJUIECTBO €Jbl. ITY TEJOTUCTEHHYIO PEIIETKY B JIAJIb-
HelimreM OyeM Ha3bIBaTh KapToil. 2KyK meficTByeT 1o ajaropuTMy, KOTOPDI
VIIPOIIEHHO TIPEJCTABIISETCS CXEMOI: UCKATDh €Iy, €CTh, TT0Ka He HACBITHUIITb-
cs (ecom efipl He XBATUIIO, CHOBA MCKATh), pasMHOXKarcsa. Ha Bce meiicTBus
PacxoyeTcs SHEPrus, KOTopasl II0JIy4aeTCd KYKOM U3 €Jbl, PACIOJIOKEHHOMN

! Bopomnuros Anexceti Cepeeesuy — cTymeHT Kad. MATEMATHICCKOH TEOPHN HHTEILIEK-
TyaJIbHBIX cucTeM Mex.-MaT. b-ta MI'VY, e-mail: vorotnikov.lexa@yandex.ru.

Vorotnikov Alexey Sergeevich — student, Lomonosov Moscow State University, Faculty
of Mechanics and Mathematics, Chair of Mathematical Theory of Intellectual Systems.
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Ha moje. Ecau 3amac sHeprum XKyka majaeT HUXKe HOJIsI, TO XKyK yMUPaeT —
ucuesaer ¢ moss. Ilojg pasMHOXKeHHeM IOJpasyMeBaeTcsl JeJieHne >KyKa Ha
JIBYX JKYKOB, 0BJIQTAIONNX MTOJOBUHON 3amaca SHEPTUH POUTEI.

Xo1eTcst BBISICHUTD MOBeIeHNe (DYHKITNU IUCICHHOCTH TOTYIAINN KYKOB
BO BPEMEHU.

Kaxmoro )yka MOXKHO HWHTEPIPETHPOBATHL KAK PO WM KOJIOHWIO.
K 6uosiormgeckum BujiaM, oOpa3yroOmmUM HOJ00HBIE CTPYKTYPhI OTHOCSITCSI:
BOJIbBOKC|1|, xoanodaresnaTsi|2], xpookookkosbie. Mojennposanue 6uo-
JIOTUYECKUX CHCTEM AKTHBHO DPA3BUBAETCs CO BPEMEH MyOsuKanuii pabor
Jlorku[3] u Boubreppsl [4]. Hamie Bcero npuMeHsieTcst MOIXOJ MOJEIUPO-
BaHUA TUMDPEPEHITNATBHBIMUA YPABHEHUSIMU.

B nmanmnoit pabore mpearaeTest NCTOIH30BaTh TOIX0/ ABTOMATHOTO MO-
nesmpoBanusi. Takoii oxo/| npuMensiicst panee |5]. Paccmarpuaembiii 06b-
eKT POJICTBEHEeH KJIeTOYHbIM aBroMaraMm [6, 7, 8]. B naHHbIi MOMEHT BeLyT-
cs1 AKTUBHBIE UCCIEOBAHNSA B 00JIACTH aBTOMATOB U OJHOPOIHBIX CTPYKTYP
9, 10, 11

B namnoit pabore mocTpoeH KOHKPETHBIN KJIACC KOJIOHUH, JJis KOTOPOIO
[MOKA3bIBAETCsI, UTO I JIIODOM pacTyIneil mpsiMoii, 4Yeil TaHTeHC yrja Ha-
KJIOHA, MEHbIIIe % CYIIECTBYET TaKas KOJOHUsI U3 TOTO KJIAcca, 9TO e€ Jim-
HEAPU30BAHHBIN TpadUK TUCIEHHOCTH TOMYJISINA OECKOHETHOe YNCIO Pal
epecekaeT BBIOPAHHYIO TPIMYIO.

B nmanbreiieM miaHupyeTcst TOCTPOUTDH KOJOHUHU, MOKPBIBAIOIINAE TIPS
MbI€ BILIOTD JI0 BEPTUKAIHHBIX.

st 110601 KOMIOHUY CYTIEeCTBYeT TPUBHAIbHAS KBAIPATHIHAST BEPXHSIST
OIIEHKA YMCJIEHHOCTH TIOIYJISIINN, HO BOIPOC CYIIECTBOBAHUS KOJIOHUI ¢ 60-
Jlee 9eM JIMHEHHON CKOPOCTBIO POCTa OCTAGTCS OTKPBITHIM.

ABTOp BBIparkaeT IIYOOKYIO OJIaroIapHOCTh HAYIHOMY PYKOBOIUTEIO
n.d.-m.H., npodeccopy 9.9. l'acanoBy 3a MOCTAHOBKY 3aJa9d U MOMOIIb B
pabore.

2. OcHoBHBIE TIOHATUA U (POPMYJIHPOBKA pe3yJbTa-
TOB

IIycrs S € Qy = {z € Q|z > 0}.
Kapmoti 6yiem HazbiBaTh MHOMKecTBo ¥ = Z2 x {0, 5} x (NU{0}).
ITporre roBopsi, KapTa — 3TO PA3JIMHOBAHHAS HA KJIETKH IIOCKOCTb. [lep-
Basi KOMIIOHEHTa — 9TO KOOP/IMHATHI KJIETKH. BTopast KOMIIOHEHTa — 9TO KO-
JIMYECTBO €JIbl B KJIETKE, T.e. B KayKJOil KJeTKe JiInbo HeT eJibl, MO0 eCTh
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eJla, COOTBeTCTByMOmas 3amacy uepruu S. [lociennsiss KOMIIOHEHTa — 3TO
KOJIMIECTBO YKYKOB, HAXOJSIINXCSA B KJIETKE.

CuavaJia, onuIieM *Kyka HedOopMaJIbHO.

Bynem caurars, 9To mMEOTCS 2 apaMerpa, KOTOpble CBOHCTBEHHBI JIFO-
6oMy KYKY:

e V € Qi — pacxof sHEpruu Ha HEPEXOJl B COCEIHIO KJIETKY;

e D € Qi — mopor sHepruu, Mpu MPEBLIIEHUH KOTOPOI'O 2KYK 00sA3aH
pa3IeIuThCs.

Bynem cuuTarh, 9TO COCTOAHME KAZKIOTO XKYKa XapaKTePU3yeTCsd YeTBED-
koit (z,y, F,d), tie x,y — abcrucca u opJiuHATa TEKYIIeH KJIETKH, B KOTOPOii
HaxoauTes XKyk, F € Q — rekymuii 3anac suepruu, d € {n,e,s,w} — re-
KylIllee HallpaBjIeHUe XKyKa. 31eCh 1, €, S, W 3aJ1af0T HallpaBJIEHUs Ha CEBEP,
BOCTOK, IOT, 3al1aJ, COOTBETCTBEHHO.

Kazxaprit TakT »KyK 00s13aH COBEPIIUTH OTHO U3 CJACIYIONINX JeHCTBUIN:

® yMepeTh, T.€. UCUE3HYTh C KaPTHI;

® CBHECTH MTOPOBHY C JIPYTHUMU 2KYKAMU, HAXOIAIUMUCS BMeCTe ¢ HUM Ha
OJTHOU KJIETKE, BCE COJIEPIKIMOE KJIETKHU, ITO JIeHCTBIE HA30BEM edod;

® IIepeJIBUHYTHCSI B COCETHION0 110 CTOPOHE KJIETKY, 3TO JIefiCTBUE HA30BEM
J6UNMHCEHUEM;

® DA3ACJTIUTHCA Ha ABYX OJNMHAKOBLIX IIO 9HEPIUU 2KYKOB, 3TO ,ZLefICTBI/Ie
Ha30BEM deaeHuem.

Kazkiplit TaKT »KyKH (pyHKIMOHUPYIOT 110 CJIELYIOMEMY IPABHJLY: CHAYa-
Jla BCe BBIOMPAIOT JeiiCTBIE, KOTOPOEe COBEPIIAT, 3aT€M COBEPIIAIOT 3TO JIeii-
CTBHE B IIOPsJIKE, YKA3AHHOM BbIlle (CHAYAIA BCE, KTO PEIIWIN <«yMEPETh»
YMHPAIOT, 3aTeM BCE, KTO DEIIUJ «eCTb», €IsT U T.J.), €CJU HeOOXOIUMO,
U3MEHSIIOT COCTOSIHIE KapThl BO BPEMsl CBOET'O JIeHCTBHS.

ITycrs t — rekymmii MomenT Bpemenu, (x(t),y(t), E(t),d(t)) — rexymiee
COCTOSTHHIE HEKOTOPOTO JKyKa. BbIOOD JeHCTBUS OCYIMIECTBIISCTCS M0 CJIeLyTo-
UM IPaBHJIAM.

1) Ecim E(t) < 0, To xKyK BbIOUpaeT JeHCTBUE «yMEPEThb».

2) Ecm 0 < E(t) < D u B KJIeTKe, B KOTOPOl HAXOIUTCs XKYK, €CThb
eJla, TO €CTh BTOpasi KOMIIOHEHTa HEHY/IeBasl, )KyK BLIOMpAeT jeificTBue
«ena.
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3)

4)

Ecin 0 < E(t) < D u kjerka, B KOTOPOil HAXOJUTCS XKYK, ILyCTast, T.e. B
Heil HET eJIbl, TO YKYK IIPOBEPSIET YeThIPE COCETHUE TI0 CTOPOHE KJIETKH B
TaKOM IIOPsIJIKE: [IePEe/IHsIs, JieBast, 3a iHssl, paBas. Hanpasienue cum-
TAeTCsl OTHOCUTEJILHO TEKYIero Haipasienus xkyka d(t). Ecin cpeau
9THUX KJETOK €CTh KJIETKA C eJI0f, TO JKYK MOBOpAaYMBaeTCs K Heil (T.e.
BLIOMPAET HOBOE HAIIPABJICHUE JBUKeHUsI d’) U MIEPEXOJUT B COCTOSTHHE
«JiBI2KeHney. Ecim Bece cocejiime KJIETKU IyCThIE, TO XKYK IIEPEXOIUT B
COCTOSIHME <«JIBUKEHHUE» C HalpasjenueM jasmkenust d = d(t).

Ecin E(t) > D, T0 XKyK IEPEXOJUT B COCTOSIHUE «JICJICHUE.

[Tocste BBIOOpA JeiicTBIE COBEPIIAETCA CJIEIYIONINM 0OPa30M.

1)

2)

Ecnu BeIOpano meiicTBre «yMepeThb», TO CHAYAIa TPEThs KOMIIOHEHTA
KJETKU yMEHbBITaeTCsd Ha eJINHUILY, a 3aTeM »KYK yOMmpaeTcsi ¢ KapThl.

Ecyin BeiGpano seiicrBue «ena», u B kierke (x(t),y(t)) Bmecre ¢ mgan-
HBIM KYKOM HAXOJSTCS BCErO 1M YKYKOB, TO COCTOSIHHE YKyKa M3MCHSI-
ercst Ha (x(t + 1),y(t +1),E(t + 1),d(t + 1)), toe z(t + 1) = z(t),
y(t+1) =y(t), E(t+1) = E(t) — 1+ S/m, rae m — 3Ha4deHue Tpe-
Thell KoMmoHeHTs! KiaeTkd, d(t + 1) = d(t). Ilocne neiicTBust Bropast
KOMIIOHEHTa KJIeTKH OOHYJISIETCSI, TO €CTh €Jla B KJIeTKe HCUe3aeT.

Ecnu Beibpano jgeiicTBue «IBuzkeHues n d — HalpaB/IeHNe JBUKEHU,
to d(t+1) =d', E(t+1) = E(t)—1—V a KoopauHara )KyKa H3MEHITCsI
no npasuiy: eciu d =n, to x(t + 1) = z(t), y(t + 1) = y(t) + 1; ecom
d =s,102(t+1) = z(t), yt+1) = y(t) — 1, ecm d' = e, 1O
z(t+1)=zt)+1, y(t+1) =y(t); ecm d = w, ro z(t+1) = z(t) — 1,
y(t+1) = y(2).

Ecim BBRIOpaHO JeficTBHE «JleIeHne, COCTOSHIE JKyKa M3MEHSeTCs Ha
(x(t+1),y(t+1), E(t+1),d(t+1)), toe x(t+1) = z(t), y(t+1) = y(t),
E(t+1) = (E(t))/2—1,d(t+1) = d(t). IIpu sToM Ha KapTe HOABIISLETCS
OJIMH HOBBII KYK, cocrostuue Koroporo oyzuer (z'(t+1),y'(t+1), E'(t+
1),d (t41)), rme 2/ (t+1) = z(¢t), ¥/ (t+1) = y(t), E'(t+1) = (E(t))/2—1
a d'(t + 1) Bbluncssiercs 10 cJe/yromieMy npasuiy: ecau d(t) = n, To
d' (t+1) = w; ecm d(t) = s, rod' (t+1) = e; ecim d(t) = e, ro d'(t+1) =
n; ecam d(t) = w, To d'(t + 1) = s, T.e. HOTOMOK «CMOTPHT» BJIEBO
[0 OTHOIIEHUIO K POAUTEt0. [Ipu 9TOM HOBBIH XKYK HAYMHAET YKUThH
CO CJIEJLYIONIErO TaKTa. TpeTbst KOMIIOHEHTA KJIETKU YBEJIMINBACTCS Ha

€JIUHUILY.
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B paznene 3 6ymer nokasama KOpPEKTHOCTH OTIPEIEIEHUSI.

Iomomramu Kyka OyneM Ha3bIBATH BCEX JKYKOB, IMMOSBUBIIUXCS Ha, KAPTE
B pe3yJsibTaTe JIeJIeHUsT JJAHHOTO XKYyKa.

O0dropodrnoti xapmoti byneM Ha3bIBATb KapTy, Y KOTOPOil BCe BTOPHIE KOM-
MOHEHTHI OIMHAKOBBIE HEHYJIEBBIE.

Kononuetl Ha30BEM COBOKYIIHOCTDB: KapTa € 3allacoM SHEPruu S W OIUH
)Kyk ¢ napamerpamu (E,V, D). Bynem obosnauars Takyio kosonuio K =
(S, E,V,D). B nanbreiinieM, ecjii He yKa3aHO UHOE, PACCMATPUBAIOTCS KO-
JIOHWU Ha OJHOPOTHBIX KapTax. Tormga 6e3 orpaHmdeHns OOIIHOCTHA COCTOSI-
HIE KyKa TIepe/l IIEPBbIM TaKTOM Xapakrepusyercs dersépkoii (0,1, E, n), To
ecTb HaXOUTCsl B KiteTke ¢ Koopaunaramu (0, 1), obajaer 3amacom sHepruu
E n cmorput nasepx. Bee cityuan cBojisITCs K TaKOMy HOBOPOTaMU Ha & 1
IeJIOYUMCJICHHBIMU CABUT'aMU.

B nasbreiimem 6ymem paccmarpusarh Koiorun suga K = (S,0,V, D) u
obosnauars Takue kosonnn K = (S,V, D). Takum 06pa3om HUBEJUPYETCst
BJIMSTHUE HAYAJTBHOTO COCTOSTHUSI HA TOCEIYIONIYIO KU3Hb KOJOHUH.

HazoBéM wucaernocmvio nonyasuuu B MOMEHT t — 4uciao Kykos M (t)
Ha KapTe nocjie t TaKTOB.

HazoséMm ¢gpynruyuets wucaennocmu N(t): Ry — Ry, Takyto, uyro N(t) =
M (t) nns mo6oro tesoro t. B ocrambabix Toukax N (t) sumeitno wHTEpIo-
supyer M (t), 1o ecTh (DyHKIHMsI YUCJICHHOCTH SIBJISIETCS JIMHEAPU30BAHHOMN

YIUCJIEHHOCTDBIO IIOITYJIAITNH.

Teopema 1. /[las npoussosvnot npamoti us xaacca A = {y = ax +b|0 <
a< g—g, b € R} cywecmsyem makas xoronus, wmo epadur eé Gynryun wuc-
AEHHOCTNU DECKOHEWHOE YUCAO PA3 NEPECEHUEM BHIOPAHHYIO NPAMYIO.

3. BcriomoraresbHbIe YTBEPXKICHUS

Ecsiz xoTh o1 )KyK B KJIeTKe BbIOpaJ JIECTBUE «ea», TO BCe XKYKHU B 3TOU
KJIETKE BBIOpa/I WK JIeHCTBUE «yYMEpPeTby WU HefCTBUE «emas.

oxazameavcmeo. OTMernM, 9T0 B KJIETKE €CTH €18, HHAYE HU OJUH XKYK He
BBIOpaJI OBl JIeficTBIE «emas.

OTMeTuM TakK »Ke, YTO eC/IU KYK BbIOpaJs JIeidCTBHE «yMepeTb», TO OH
HCYEe3 ¢ KapThI 70 BBIOJHEHUST IPYTUX JAeHCTBUI OCTAJbHBIMA YKYKaMHU.

e [lycTh KakoW-TO XKYK BBIOpAJI JAEfICTBUE «JIBUXKEHUE». DTO MOTJIO IIPO-
U30UTH, TOJILKO €CJIM OH He HaIIIENI €J1bl B KJIETKE, BBIIIe Mbl OTMETHJIN,
4YTO €/1a B KJIETKE €CTh, II0JIy4YeHO IIPOTUBOPEYHE.
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e [Iycrb Kakoii-TO >KyK BBIOpaJI JIEHCTBHE «JIeJEeHUE», TOTIa OH IOJIXKEH
OBLT Ha MPEIBbIAYIINEM TaKTe BbIOPATH JAEUCTBUSA «eay WM <«JIEJICHUES
JIeficTBUe «IBUKEHUE» MPUBOJIUT K TOMY, 9TO Ha HPEILIIYIIEM TaKTe
y 2KyKa ObLI0 OOJIbIlle SHEPTHUH, U€M HA TEKYIIEM, 3HAUUT OH JOJIYKEH
OBLT pa3IeUTCs Ha MPEeAbIAYIeM TaKTe, 9TO IIPUBOIUT K IIPOTUBOPE-
qnto. Ecan ObLIo BRIOpaHO JeficTBUe «eiay, TO SHEPIUN B KJIETKE yKe
HeT, MOJIyYeHO IIPOTUBOpEYNe C MpeanoiokernneM. Ecaun 66110 BoOpa-
HO JIefiCTBUE «JIeJIEHUE», TO PACCMOTPUM CaMOE IIEPBOE JIeJIEHUE STOr0
JKyKa Ha 9TOH KJIeTKE, TOTJ[a MBI IIPUXOANM K PACCMOTPEHHOMY BBIIIE
CJIy4alo, KOrJa mepei AefHCTBUEM «JIeJIeHIe» YKYK BBIOMpAaeT JIeiiCTBHE
«€lla», ITO CHOBA MPHUBOIUT K IMIPOTUBOPEIUIO.

O

Paccmorpum kosonuto K = (6k + 5,6k — 3,12k —7), rue k — 4érHblii Ha-
TypaJIbHBI IapaMeTp He MeHbIle 16. s nokasareabecTBa HaM moTpebyercs
HECKOJILKO JIEMM.

Jlemma 1. Ilpoussoavhoiti sicyx xosonuu K ¢ HYse8vM 3anaCOM IHEPRULU 6
MOMEHM, 8peMery ty JeAumca nocie npoxodtclerus posno vepesd k xiemox,
ecau nocae coedenus Kancdot kKaemxu scyky docmanoco posno 6k+5 eduruy
anepeuu. Tozda nocae desenus u nepexroda 6 cocednion kiemky, mo ecmv 6
momenm, epemeny to + 2k 4+ 1, anepeuna orcyxa pasna my.a0.

ZHoxazameavcmeo. i nokazaTeabCTBa IEPBOI MOJOBUHBI YTBEPXKIEHUS
JIOCTATOYHO 1I0Ka3aTh, ITO

E(to+2k —3) < D < E(to + 2k — 1). (1)

DTO 03HATAET, 9TO TIOCTe MPOXOXKAeHUs k — 1 KJIeTKH y KyKa OyIeT HeIocTa-
TOYHO SHEPIUU IS JEJCHUS, a IMOCJe TPOXOXKIECHUs k KJIETOK SHEPIUU yKe
XBATHUT.

Eto+2k—3)=(k—1)(S-V -2)+V+1=
= (k—1)(6k +5— 6k +3—2) +6k—3+1=12k—8,
E(to+2k—1)=k(S—V -2+ V+1=12k—2,
D =12k —T.

Cnaraemoe V + 1 HyKHO, TaK KaK »KYK COBEPITIAET HA OHO JBUKEHNE MEHb-
e, yeM cbejaer KieTok. Tem cambim HepaseHcTBO (1) j1okasaHo.
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o nmesieHus 3amac SHEPTUU *KYKa paBeH
E(to+2k—1) =12k — 2,
1ocJjie JieJIeHus OH COCTABUT

HS-V-2+V+1l _ 12k-2

—1=06k—-2.
2 2 0

E(to+ 2k) =
ITocie nepexoaa B COCEIHIOIO KJIETKY OCTaHETCA

E(S-V-=2)+V+1
2

E(to+2k+1) = —1-V-—1=

=6k—2—-6k+3—-1=0.
O

Jlemma 2. Ecau otcyx 06a3aH npolimu uepes KAEMKY C HYAEBHM 3GNACOM
aHepauw, Mo OH YMPEM.

Hoxazameavcmeo. 2Kyk He MOXKET BLIOPATH JEHCTBUE «IBUKEHUEY, 001 1as
sHeprueit 6osbiie D. UTobOb! mmepeiiTn depe3 IMyCTyIO KJIETKY KYK JTOJI?KEH
zarparuth 2V + 2 suepruu. [lockombky

D=12k—-7<12k—4=2(6k—3+1)=2(V 4+ 1),
TO YXKYK YMPET. O

Jlemma 3. Ecau cywecmseyem scyx ¢ HYAEEBIM 3ANACOM IHEP2UL, KOMOPHLTL
ceedaem % < p < k—1 xaemox, noayuas c xaxcdot xaemru 6k + 5 edunuy,
oHeEp2uY, 3amem csedaem KAEMKY Mak, 4mo noayuaem 3k + 2.5 edunuyw
anepeuu (deaum KAEmKy ¢ Opyaum HCYKOM), U NOCAE IMO20 OH Coecm, euyé k—
1—p+§ KAEMOK, NOAYHAA C Kancdol 6k+5 edunuy anepauu, mo cnycms k—i—%
KAEMOK NOCAE HAYAAA JBUNCEHUA MHCYK pasdesumca, nepetidém 6 cocednior
KAEMKY U YMPEM.

Jokazameavcmeo. Bes orpanndenust OONIHOCTH HAYAILHBI MOMEHT Bpe-
MEHHU IPUMEM DPaBHBIM HYJI0. B Hy/JIeBOl MOMEHT BPEMEHHU KYK HAXOJUT-
CA Ha KJETKe C HEHyJEBbIM 3allacOM SHEPIUH, WHAYe OH OOs3aH CIEIaTh
mar u ymeperb. Torjia mocjie CheIeHusl P KJIeTOK SHEPIHs JKyKa COCTABUT
E(2p—1) =p(S—V =2)+V+1 = 6p+6k—2, uro menbine D — 310 04eBUIHO
u3 JloKazareabeTBa Jlemmbl 1. B MoMeHT Bpemenu 2p + 1 XKyK ¢hecT KJIETKY
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Puc. 1. Cxema ycrpoiicrBa KapThl X. 371€Ch 1 Jlajiee YEPHDIE KJIETKHA — KJIETKH
C HYJIEBBLIM 3ammacoM suepruu, 6esne ¢ S # 0.

[IOPOBHY ¢ JIpyruM Kykom, F(2p+1) = p(S—V—2)—|—%—1 = 6p+3k—1.5, 3a-
TEM HepeieT B cocenHion KieTky: E(2p+2) =p(S—V —2)+ % -V-2=
6p — 3k — 0.5 > 0 1o yCJIOBHIO JIEMMBI. 3aTeM KYK IMPOHJIET OCTaBIIHECS
k—1-p+5%xnerox: EQk—1+5)-1)=(k-2+5)(S-V-2)+5-1=
6k — 12+ 3k + 3k + 1.5 = 12k — 10.5 < D, no EQ2(k — 1 + &) + 1) =
(k—1+5S-V-2)+5-1=6k—6+3k+3k+15=12k — 45> D.
[Tocsie pesenust y kyka ocranercs F(2(k — 1+ %) + 2) = 6k — 2.25 equnur
sueprun. [locie mepexona B cOCETHION KIETKY KOJINIECTBO SHEPIUU COCTABHT
E2(k—1+ g) + 3) = —0.75 3HAUUT, XKYK YMPET. O

JIemma 4. Ecau kapma ¥ cmpoumcesa no caedyrowemy npasuay (cm. Pucy-
nox 77):

e 6 xaemxe (0,0) nyaesol 3anac anepeuu;

e ghe Ksadpama co cmoponoli k — 1 u nustchum aesvm yeaom 6 (0,0) y
8CET KACTOK HYAEBOT 3GNAC IHEP2UU;

e snympu keadpama co cmoporoti k—1 u nustcnum aesvm yeaom 6 (0,0)
y ecex kaemoxk, kpome kaemxu (0,0) sanac snepeuu cocmasanem 6k+5;

mo PgyHryus wucaernocmu om epemeru xKoasonuu K = (6k + 5,12k — 2, 6k —
3,12k — 7), cocmoawed us kapmol X u oHCYKa ¢ COCMOAHUEM NeEPED NEPELIM
maxmom (0,0,12k — 2,€), sveasdum caedyrowum obpazom:

(1,nput:1;
2,nput € [1,2k+1];
4, npu t € 2k + 2,4k — 4];
g(t) = ¢ 2,npu t € [4k — 3,4k];
L, npu t € [4k + 1,5k + 2|;
2,nput € [5k + 3,5k +4];

L0, unaue,

2de k — wémmwnili HamypasvHult napamemp we menvuwe 16.
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Puc. 2. Tpaekropus ABMKEHUS IEPBOIO KYyKa IIPOBEJIEHA KUPHOM CILIOII-
HO¥t JinHuell. TpaekTopus MOTOMKa OT €ro IEePBOro JEJeHUs — IITPUXITYHK-
TUPHO#I JInHUEH, OT BTOPOIO — TOHKOI CILJIONIHON jtuHueil. TpaekTopust 1BU-
JKeHMs “BHyKa” IIEPBOIO KyKa (IIOTOMKA ITOTOMKA OT €r0 HMEePBOTrO JIEJICHsT)
0003HaYEHA TOHKOH MITPUXITYHKTUPHOM Jimauel. CTPeJIKN YCI0BHO yKa3bIBa-
IOT Ha KJIETKY, B KOTOPOI KaKJIblil KOHKPETHBIN KYK YMPET.

Jlokazamenavcmeo. B nepsbiii TakT Kyk pasgeaurcs: F(1) = MTQ -1 =
6k — 2, caM KyK U ero IOTOMOK Iepeiiiyr B cocennue kierku E(2) =
6k —2—-V -1 =06k—-—2—-6k+3—1 = 0. Barem no Jlemme 1 moii-
JIyT BIIOJb CMEXKHBIX CTOPOH KBaJpaTa JI0 MPOTUBOIIOJOXKHBIX YTJIOB, II0-
BEPHYT, MPOUIYT emm¢ JBe KJETKH, & 3aTeM JEeJIsITCsI B MOMEHT BPEMEHU
14+ 2k + 1 = 2k + 2. Ilocite 3T0oro oHu npoxodsT k — 5 KJIETOK H0 IOCJIEI-
HEr0 HETPOHYTOI'O yIyIa KBaJpaTa, Ky/a IPUXOIAT OJHOBPEMEHHO B MOMEHT
Bpemenu 2k + 2+ 2(k — 5) + 1 = 4k — 7. ZKyku nopoBHy cbeJlaroT KBaJpar
E(4k—6) = (k—=5)(S—V —2)+5 —1=6k—30+3k+2.5—1= 9k —28.5.
B 510 MOMEHT Bce WeThIpe KJIETKH, CMEXKHBIE C TO#, Ha KOTOPOI OHHU Ha-
XOJISITCSI, YK€ IYCThle, a 3HAYUT YKYKHU I[EPEMEIAIOTCS Ha IYCTYI0 KJeT-
Ky E(4k —5) = 9k — 285 — 6k +3 — 1 = 3k — 26.5. Ilo ycoBuio Jiem-
MBIl 3k > 26.5, 3HAUUT KYKU CJI€JIAIOT €Ié OJMH INar, HO 3aTeM YMpYT:
E(4k —4) = 3k —26.5 —6k+3 —1 = —3k — 24.5 < 0. Teneps obparnm
BHUMaHUe Ha 11oToMkoB. OHu ciesnaior k — 4 1mara, 1mocje 4ero oda OKaxKyTcs
Ha ofHO# KjeTke B MOMeHT Bpemenu 4k —7. Ilo Jlemme 3 mpu p = k—5 sta cu-
Tyalusi rapaHTUPYeT CMePTh 060UX XKYKOB He boJiee 1eM uepes §+4 KJIETKH.
ITocste mpoxoKIeHuUsT KJIeTKN, Ha KOTOPO# KYKH ~'CTOJIKHYJIUCH , UX SHEPTH
cocrasur E(4k — 6) = 9k — 28.5, MOTOMOK KyKa, [EPBbIM IOSIBUBIIIEIOCS B
KBaJIpaTe, CheCT OJHY KJETKY U OKayKeTcsl Iepel] CheleHHON KieTkoil. OH
[MOBEPHET HAJIEBO, TaM HAXOJUTCs OIHA E€IMHCTBEHHas KjeTka. 2KyK cbect
9Ty KJIETKY U BBIHYKJIE€H OYJEeT CIeJaTh IMar Ha IIYCTYI0 KJIETKY, & 3HAUUT
yMpér B MoMeHT BpeMenu 4k + 1. Bropoii uz paccmarpuBaeMbIX TOTOMKOB
B MOMEHT BpeMmeHHu 4k — 5 oKarkeTcs B HaAUAJIe IMOJIOCHI U3 KJIETOK C 3aIacoM
sHepruu S jymnnoit k — 4 kierku. Ipoiias posao % + 4 KJIleTKN OH pa3e-
JINTCsI, OH U €ro MOTOMOK IePeijlyT B COCE/IHNE KJIETKH B MOMEHT BPEMEHU
4k —5+2(5 +4) =1+ 141 = 5k +4 u Tam ympyt E(5k +5) = —0.75. Tpe-
bopanue k > 16 rapaHTUpYeT, UTO y KyKa OyIeT HEOOXOAUMOE KOJUIECTBO
KneTOK:k—4>§+4. O
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4. /loka3zaresbcTBO Teopembl 1

JokarkeM cile/Iyioliee YTBEPXKIeHNE: CYIIEeCTBYeT MOMEHT BpeMeHU t(y TaKoif,
49TO JIjist J1000ro ¢t > tg rpaduK QyHKIME YUCJICHHOCTH KOJIOHUU, KOjebJieT-
csI CO BCE BO3pACTAIONIEH aMILTUTYAON, HO TIOCTOSTHHBIM IIEPUOJIOM B KOHYCE,
40(~ (k—1)) 20(z—(2k—1))
00pa30BaHHOM MIPAMBIMU Y = ) 196ny = T - 78, mpu-
4éM KaK BEPXHssd, TAK HUKHsS IPAHUIA KOHYCa JIOCTUTAIOTCH OECKOHETHOEe

YHUCJIO Pa3.

Paccmorpum nosesierue kosionnu K. [lepBrriit »xKyk, mpoiijisi k KJIeTOK 3a
2k — 1 TakTOB BpeMenu, jmenuTcs. /laiee mepBolit )KyK IMOBTOPSET Te ¥Ke Jieli-
cTBUs 710 GeckoHedHOCTH. JljIst BCeX ero moToMKOB BepHO TO ke camoe. Ho
TOJIBKO CAMBIil IIEPBBIA OTOMOK IIE€PBOr'O IIOTOMKA — XKYK, IIOABABIINAICA B
pesyabrare jiejieHus Ha 4k 4 1-oM TakTe — OYJET KUTH TaK ¥Ke; OCTaJIbHbIE,
BBIOpaB HaIpaBjeHue s, yepe3 k — 1 KJIeTKY BCTPETAT Iepe]i CoOOi IpoeIeH-
HYIO TI0JIOCKY U IIOBEPHYT B Hampasjennn e. Takum 00pa3oM B OrpaHUYeHHbIE
POEJIEHHBIMY JIUHUAMUI KBAJIPATHI, COCTOSIINE U3 €IE HEe TPOHYTHIX KJIETOK,
nota Iy T XKyku. 2Knu3Hb 2KyKOB B TAKUX KBaJ[paTax paccMoTrpena B Jlemme 4,
obpaTuM BHUMaHUE HA HOBEJIEHUE OCTAJBHBIX YKYKOB. A MMEHHO, pacCMOT-
PUM IEPBOI'O IOTOMKA IEPBOI'O IIOTOMKA IEPBOI'O IIOTOMKA — TOI'O CAMOI'O
JKyKa, 9TO MOsIBUTCS Ha KapTe B MOMEHT BpeMmenu 6k + 2 u pazjeurcs mnep-
Bolii pa3 B kiaerke (0,0). Ha Pucynke 4 paccmarpuBaeMblii Kyk 0603HaqeH A.
ZKyx B nosiBiisiercst B MOMEHT Bpemenu 6k + 2 na xierke (—k,0). IToromok
or siesternst Kyka A B kierke (0,0) B MomenT Bpemenu 8k + 3, 0603Ha e HHBII
Ha Pucynke 4 C, Boibeper HalpaBjeHue s, u, npoiiis depes k — 1 KJeTky,
oNa/IeT Ha OJIHY KJIETKY ¢ MOTOMKOM 2KyKa B. Iloromox kyka B nosiBujcs
B MOMeHT BpeMmenn 8k + 3 Ha kierke (—k, —k) — na Pucymnke 4 on obosnauen

D.

Ha Pucynke 4 nosiBisiercst emé oauH HOBBIH KyK F. OH mosiBuics Ha
KapTe BCJIEICTBUE JiejieHus kKyka B B moment Bpemenu 10k + 4 Ha KJreTke
(—k,—2k). ITo Jlemme 3 ipu p = k — 1 :xxyku C' u D nocsie "croskHoBeHust” B
kierke (0, —k) B MomenT Bpemenu 10k +3 npoitayT emg % KJIETOK, Pa3IeJIsiT-
cst u ympyT. Korjia moroMok ot JiesieHust xxyka F/ B MomeHT Bpemenn 12k + 5
na kierke (0, —2k) noiiaér no coepennoil xxykom C' kierkn (0, —%k), OH TIO-
BepHET HaJIeBO. ajbHelllee ero moBeJieHue HAC HE UHTEPECYeT, TaK KaK ero
JKW3Hb U YKU3Hb €r0 MOTOMKOB B KBaJ[pare OrPAHUYIEHA 10 BDEMEHU KOHCTaH-
toit 3(k — 1)2, e 3 — BepXHAA OIEHKa Ha, KOJMIECTBO TAKTOB, HEOOXOIMMOE
IS TIEPEMEIIEHIUE YKYKa B COCEJIHION0 KJIETKY (JOCTUTAeTCsI DY JICJIEHUN JKY-
Ka, HHAYe Hy?>KHO 2 TAKTa), a KOJMIECTBO KJIETOK PABHO ILJIONIA/M KBAIpaTa.
To xe camoe TPOU3OHIET U C IOTOMKOM BTOPOT'O TIOTOMKA YKyKa [ — KyKOM,
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{0,1)

k-1

Puc. 3. Pucynok coorBercrByeT MOMeHTY Bpemenu 8k + 1.

nosiBuBieMcst B kiierke (k, —k) B Moment Bpemenn 16k + 7 — ¢ Toit b
pasHuIel, 9TO OH IOBEPHET BHU3 IOCIe OOHAPYXKEHNA KIIETKH, CheCHHON
kykoM D. Tenepb obparuM BHEMaHHE Ha TO, YTO JAJIbIIe BCE MOTOMKH XKY-
Ka E OynyT nmoBopadmBaTh HaJIeBO, B KBaJpaT, OTPAHMIEHHBIN IIPEIbITY M
IIOTOMKOM 2KyKa [/, IIOTOMKOM IpeIbLIyIIero IOTOMKa 2KyKa F u mosoc-
KOi1, cbesieHHOM yKykKoM A. OHOBpeMEHHO Oy/eT 3allyCKaThCs KU3Hb B JIBYX
KBaJIpaTax, Takas ke, KaK BO Bce JIPYIUX KBaJpaTax Ha KapTe.

[Tosenenne xykKoB B 1 A aHAJIOTUYIHO TIOBEIEHIIO MTEPBOTO KYKA.

Teneps Bcé roToBO It ABHOIO ONUCAHUS (PYHKIUU YUCIEHHOCTH KOJIO-
uun K. PaccMoTpuM »KyKOB BHE KBaJIPATOB U TeX, KOTOPbIE TOJBKO BOIILIH,
HO emié He pazjienuiuck. Ilociie TakTa c JieficTBHEM «JieJIeHne» YKYKa pac-
CMaTpPUBaeM B paMKaX PacCMOTPEHHs KBaparToB. B Tperbeit uerBepTu (eciu
pasbuTh IJIOCKOCTD Ha YCJIOBHBIE U€TBEPTH: PUCYHOK (4)) XKYKU KUBYT aHa-
JIOTUYHO »KW3HU BO BTOPOII ¢ 3ajiepkKoit Ha 2k + 1 TakT. B mepBoit yeTBepTn
zajiepxkka cocrapiser 3(2k + 1), a B 4eTBEPTON KYKH XKUBYT TaK JKe KaK BO
BTODOIi ¢ 3ajep:kKoil 4(2k + 1); emé cymecTByoT YeThIpe KyKa, ITOPOK IEH-
Hble TIOBejleHneM Kyka F ¢ pucynka (4). Uroro

[ (l )2+l -
alls ) () e
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Puc. 4. Pucynok coorBercTByeT MOMEHTY Bpemenu 11k + 7.

"AAAA A A A" 4 4 va o]

Puc. 5. Cxema pa3bueHust ILJIOCKOCTU Ha YeTBEPTHU.
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Temnepb paccMOTPUM HECKOIBKO KBaJIPATOB, TOUHEE TOT CJIydail, KOTOPDI
peasin3yeTcsl B 9TOil cucTeMe — eCThb 7t KBaJIpaTOB, B KOTOPBIX »KU3Hb TOJIb-
KO HadaJlach, HO €CTb el . — 1, n — 2 u, BO3MOXKHO, MEHbIIIee KOJIUIECTBO
KBaJIPATOB, B KOTOPBIX »KU3Hb €I HE 3aKOHYMIACh. UUCIEHHOCTD MOIYJIs-
UM KYKOB B KBa/IpaTaxX BO BTOPOIl YeTBEPTH BBIIVISIUT TaK:

Ni(t) = Y mg(t — (2k 4+ 1)(m +2) — 2k + 1),

m=1

rje g(t) — YuCIeHHOCTD TOMYJISIINE YKYKOB B OJJHOM KBajipare. [lepBbrii KBaI-
paT MosiBJIsieTcss TOJIbKO depe3 6k + 3 + 2k — 1 = 8k + 2 makra. C yuérom
03BYYEHHBIX BBIIIE 33/IePXKEK MOYKEM TaK K€ BBIIIUCATH aHAJOTMIHbIE (OYyHK-
AU JJISI BCEX YeTBEPTENL:

N[[[(t) = i mg(t — (Qk‘ + 1)(m+3) — 2k + 1),
m=1

Ny (t) = i mg(t — (2k 4+ 1)(m +6) — 2k + 1),
m=1

Ni(t) = i mg(t — (2k 4+ 1)(m +5) — 2k + 1).

m=1

Ceitgac 9T0 CyMMBI (DYHKITHIT C TIEPECEKATOTTUMUCS HOCUTEISIMUA, TO €CTh
MHOXKECTBAMU, Ha KOTOPBIX (DYHKIUS He paBHA HYJIO; peobpasyem ux. U3
JUIMHBI HOCUTEJIst Dk + 4 U BeJIMIUHBI caBura 2k + 1 sICHO, ITO IepeceKatoTCst
HOCUTEJIN TOJBKO TPEX COCEHUX (DYHKITHIA.

CraHOBUTCSI IOHSATHO, YTO MOXKHO paccMarpuBarTh unrepsai (4k+2, 6k+
3], /10 1 10CsIe HEro BCE TIOBTOPSIETCST AHAJIOTUYHO. 3aIUIIEM HOBYIO (DYHKIIUIO
fn(t), ¢ vHOCHTENEM (4K 4 2,6k + 3], upennosarasi, 9T0 B YerBepTH N — 2
KBaJIpaTa COOTBETCTBYIOT YEpHOMY rpaduKy, n — 1 KBajpaT COOTBETCTBYET
rpaduky, n300pakEHHBIM PEJIKUM IIYHKTUPOM, U 1 KBaIPATOB COOTBETCTBYET
rpaduky, n306pakéHHOMY 60JIee YaCThIM IIyHKTUPOM, Ha pucyske (4). s
MIPOCTOTHI CABUHEM apryMeHT Ha 4k + 2.

n—2+4(n—1)+2n =Tn—6,upu t € [1,k];
2(n—2)+4(n—1)+2n =8n—8upute [k+1,k+2;
fnt) =<94(n—1)+2n =6n—4,upu t € [k+ 3,2k — 5];
2(n—1)+2n =4n —2,upu t € 2k — 4,2k — 1];
(n—1)+2n =3n—1,upu t € [2k, 2k + 1].
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Puc. 6. I'paduku g(t),2g(t — (2k+1)),3g(t —2(2k +1)),4g(¢t — 3(2k + 1)).

Torza, y4rsi, 9T0 151 KOPPEKTHOTO puMeHeHust pyHKIwn f, (t) Hago 4To6bI
B YeTBepTH ObLI 3aIlyIIeH TPeTHuil “cjoit’ KBajparos, mnepenuiieM (pyHKIUO
JJIsI BTOPOI YeTBEPTH.

N (t) }: (t—(2k+1)(m +2) — 2k + 1),

Ananornuno IEePEINCBhIBaAIOTCA (byHKHI/II/I JJIg OCTaBIIMXCA quBepTeﬁ.

Bepuémcst x aByM KBajipaTaMm, KOTOPBIE MOABUJINCH U3-3a XKyka F. Bbi-
[UIIEM JIJI HUX aHAJIOTHIHYIO (DYHKIIHIO.

(24+8+4 =14, upu t € [1,k];
44844 =16, uput € [k+ 1,k + 2];
[

fit)y=<8+4 =12, upu t € [k + 3,2k — 5];
4+ 4 =8, upu t € 2k — 4,2k — 1];
(244 =6, upute 2k 2% +1].
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Tenepnb cobepém BCIO HHPOPMAIIHMIO ITPO KBAJIPATHI B OIHY CyMMY

N'(t) = i (fm+4(t —(2k+1)((m+4)+2) -2k + 1)+

m=3
+ fmgs(t — 2k +1)((m +3) +3) — 2k + 1)+
+ fog1(t = 2k +1)((m + 1) +5) — 2k + 1)+
+ f(t = (2k + 1)(m +6) — 2k + 1)+

+f(t—(2k:+1)(m+6)_2k;+1)):

= i(f{ tHJfg(t— (2k+1)(m+6) — 2k + 1)+
m=3

+ ftﬁj_4(t —(2k+1)(m+6) —2k+1)+
+ ftﬁj_ﬁ(t — (2k +1)(m +6) — 2k + 1)+
+1] (t = (2k +1)(m +6) — 2k + 1)+

)7

ft—(2k+1)(m+ 7)))—

=> F{%Jq(t — (2k+1)(m + 7)),
rjie

7(4n+8) — 4% 6+ 14 =28n+ 46, mpu t € [1, kl;
8(4n+8) —4%x8+16=32n+48, npu t € [k + 1,k + 2J;
Fl(t)=46(4n+8) —4%4+12=24n+44, npu t € [k + 3,2k — 5];
4(4n +8) —4x 2+ 8 = 16n+ 32, upu t € [2k — 4,2k — 1];
( )

(3(4n +8) — 4% 1+6 = 12n + 26, upn t € [2k, 2k + 1.

Boummenm siBublit B st N (t) npu ¢ > max (20k+10,8(2k+1)+3(k—1)?).
IlepBasi BeIMYMHA B MAKCUMyMée FaPAHTHPYET, UTO KU3Hb HAYAJIACH yIKEe BO
BCEX YeTBEepTsX, & Bropasi, 9TO B JABYyX HPOOJIEMHBIX KBaJpaTax, IIOPOK IEH-
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HBIX 2KU3HBIO 2KYyKa E, HE OCTaHEeTCd HU OJHOI'O 2KYKa.

S

(= @k+1)(m+6)—2k+1)+

+8(bk11J2v5)=

(t—(2k+1)(m+6)—2k+1) +

-7

t
— 4.5 =
+8Q2k+1J ) 8043

= 2 Pyt |r (1= @R+ D(m+ 7)),

rie
(280 + 46 + 8n + 36 = 32n + 82, npu t € [L, k — 2);
321 + 48 + 8n + 36 = 40n + 84, wpu ¢ € [k — 1, kJ;
24n + 44 +8n +36 = 32n + 80, mpu t € [k + 1,2k — 7],
Fn(t): [

167 + 32 + 8n + 36 = 24n + 68, upn ¢ € [2k — 6,2k — 3];
12n + 26 + 8n + 36 = 20n + 62, npu t € [2k — 2,2k — 1];
28(n + 1) + 46 + 8n + 36 = 32n + 110, npu t € [2k, 2k + 1].

Takum obpazoMm GYHKIHS IUCTEHHOCTH KOJeOJIeTCa CO BCE BO3PACTAIOINIEH
aMILIATY/ION, HO IMOCTOSTHHBIM IIEPUOIOM B KOHYCE, 00Pa30BaHHOM IIPSIMbIMU
— De—(k=1) _ 196 y y = 20E-Zk-1) _ 78 hyaém GeckoreuHOE YHCIO
2h+1 Y 2k11 » 1P
pa3 JOCTUTraeT KaK BepXHei, TaK M HUKHEU IIPAMOI, COCTABJIAIONINX KOHYC.
Taxk ke TOHATHO, YTO CKOJIb YT'OHO HOBBIIIAA k MBI CMOXKEM JOOUTHCS CKOJIb
YIOJHO HU3KOIO HAKJIOHA HAIIEro KOHyCa HaJl FOpU30HTAJIbLHOI ocbio. O6o-
3HaYEHHOE BBIIIE OIPAHMYEHNE, 3aCTaBJIsiollee HaC paboraTh ¢ YETHLIMU k,
He TOBJINSET Ha MOKPBITHE: HAIEM k, TPU KOTOPBIX HUXKHSISI TPAHUTIA KOHYCA

IJist K JIeXKUT HuKe BepxHell rpanutisl mjsd k + 2.

20 - 40 '
2k+1 " 2(k+2)+1’

40k + 100 < 80k + 40;
40k > 60,
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9TO TOYHO BepHO 1pu k > 16.

TakumM o6pa3oM Jyisi NPOM3BOJIBHON mpsiMoii u3 kiacca A = {y =

ar + b0 < a < %,b € R} nocrpoena rakasi kojonusi K, aro rpaduk eé
GYHKIUN YUCIEHHOCTH OECKOHEYHOE YUCJIO Pa3 MePecedéT BhIOPAHHYIO IIPsi-
Myto. Ecim npsimas nepecekasia ocb Oy BBIIE KOHYCA, OMPAHUYUBAIONIETO
rpaduk PYHKIIUN TUCTECHHOCTU, TO OHA HEM3DEXKHO €TUHCTBEHHLIN Pa3 Ie-

pecedéT BEPXHIOI I'PAHMILY, HO HUKOLIA He IIepecevuéT HUXKHIOI, TOI/a KaK
caM rpaduk 6ECKOHEYHOE YKC/I0 pa3 JoCTUraeT obenx IpaHull. AHAJIOrMIHA
CUTYyalldsl, KOI/Ia MMpsiMasi HAaUMHAETCsT HUXKEe KOHYyCA.

Teopema 1 nmokaszana.
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The dynamic system of field and bugs - colony - them is considered.
Bugs live on the field that is modeled by integer lattice in each sell of
which there are the same count of the food for bugs at the first moment.
Bugs must move around field or eat food or divide or dye according
to the some algorithm moreover all activities spending energy. This
system is modeled by cellular automaton. The colony whose linearized
population size infinite number of times crossing line from some class
built in this work.

Keywords: automaton modelling of biological system, growth rate
of homogeneous structures, cellular automaton.
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