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BBeaenue

BospmacTBo KiterouHo-aBroMaTHbiX (KA) Mofesneit co3marorces Jyist IPSMOYTOTBHBIX
cetok Ha ockocTu |1, 2|. Lesbio qanHoil paboThl SBISETCS TIOCTPOEHHE U U3y UEHUE KJle-
TOYHBIX aBTOMATOB Ha PA3JIMYHBIX TPUAHTYJISIMOHHBIX CETKAX, UYTO CEIAJ0 BO3MOYKHBIM
peaIn3aIuio KJIeTOYHBIX aBTOMATOB U HAOJIIOJEHIE IIPOIECCOB HA KPUBOJIMHEHBIX TOBEPX-
HOCTSIX B TPEXMEPHOM TIpocTpaHcTBe. KpoMe Toro, mosBisgercs BOSMOXKHOCTh KA-Momen-
POBaHMS Ha <«PeajbHBIX» MOJIENIX O0OBEKTOB JII000H (POpMBI, HAIlpUMeEp Ha aJalITUBHBIX
HEeCTPYKTYPUPOBAHHBIX ceTKax. [Ipm TakoMm IMojxoje cpasy Ke YIUTBIBACTCA T'e€OMETPUst
00bekToB. Hestb3st He 0OpaTuTh BHUMaHIE HA IMIMPOKOE PACIPOCTPAHEHNE TPUAHTYJISIINOH-
HBIX CETOK M UX JIOCTYIHOCTD C IOsIBJIEHUEM TE€XHOJIOTMH JIA3€PHOTO CKAHUPOBAHUS.

1. Knerouynble aBTOMAThl HA TPUAHTYJIAIIUN
1.1. IlocTanoBka 3ajga4u

[TocTpoenue KIeTOYHBIX aBTOMATOB Ha TPUAHTYJISAIIUMOHHBIX CETKAX CBI3AHO C HECKOJIb-
KUMU CYIIIECTBEHHBIMU ITPEUMYIIECTBAMU TPUAHTYIAIUU. Bo-1iepBhIX, JTI00as OBEPXHOCTH
MOXKET OBITH AIIIPOKCUMHUPOBAHA C HEOOXOJMMOIl TOYHOCTHIO CETKOW U3 TPEYroJIbHUKOB.
Bo-BTOpBIX, BRIYUCIUTEIbHAS CJIO2KHOCTD AJITOPUTMOB Pa30ueHnst Ha TPEYTOJbHUKHU CYIIe-
CTBEHHO MEHbIIIe, YeM IIPU HMCIIOJIb30BAaHUU JIPYTUX IOJUIOHOB. B-Tperbux, B HacTosiee
BpeMsI IMeeTCs TeHJIEHINs I0BCEMECTHO 3a/iaBaTh OObEKTHI TPUAHTYJISIIAEH.

Takoit oIX01, TaéT BO3MOXKHOCTHA cTpouTh KA Ha Mpou3BOJIBHBIX KPUBOJIUHEHHBIX 10~
BEPXHOCTSX U HaOJIIOAATH 3a UX SBOJIONHEH HEIOCPEJICTBEHHO Ha MCCJIELyeMOil MMOBEPXHO-
cru. lleapio manHOil pabOThI ABJISIETCS:

1) mocrpoenne mMeTo0B KA-MojiempoBanust Ha TPUAHTY/IAIMOHHBIX CETKAX;
2) uccaeoBaHUe BIMSIHUS APAMETPOB CETKH Ha Pe3yabTar paboTsl KA;
3) cpaBuenne KA Ha TpuaHryngnuoHHbIX ceTkax ¢ KA Ha npsgMOyroJibHBIX CeTKax;
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4) nocrpoerne KA g mporecca mauddysuu, auddy3HoOHHOrO pPacipoCTpaHEHUST
dpoHTa KOHIIEHTPAIUU BEIECTBA U arperaryuu, orpaindennoit auddysueit na Tpu-
AHTYJIAINN;

5) paspaboTka IPOrPAMMHOIO MaKeTa JJisi MOJIEJINPOBAHUSL.

1.2. OcHoBHBIE ONIpeIeTeHH s

Hng KA-mMogenmpoBanusl Ha TPUAHTYIAIME TPeOyeTCs BBECTH HECKOJILKO MOHSTHIA.
[IycTn

A — angpasum cocrosiamit, vanpumep, Ag = {0,1} —6yues andasur, Ag = [0, 1] — Be-
IIeCTBEHHBII aIdaBuT;

M — mmoorcecmeo umén kierok, nanpumep, M = {m;:i=1,... N};

kaemrka —mapa (a,m), rne a € A,m € M, a HaspiBaeTcst cocmoanuem xaemku (060-
sHavaercs a(m));

KAeMOUHbI Maccus — MHOXKecTBO KieTok §) = {(a(m),m) : m € M}.

KazkoMy TpeyroapbHUKy U3 TPHAHTY/ISIMNA COOTBETCTBYET KJeTKa. TakmMm o0pasoM,
BCeil TPUAHTYJISIUNA COOTBETCTBYET KJIETOUHBI MACCUB.

Illabaon cocedemea mjist KiteTku (@, m) — 9TO0 MHOXKECTBO UMEH KJIETOK, OOBIYHO OJin3-
JIesKaIInX K JaHHON KieTke. Hampumep, Ui TpHAHTYJISIMOHHON CETKHU JBe KJIeTKU OyIyT
CUNTATBCS COCEIHUMU, €CIM COOTBETCTBYIOIINE UM TPEYTOJLHUKHA UMEIOT OOILYIO CTOPOHY.
Takum 06pazoM, y KarxKJI0ro TpeyrojibHIUKa MOXKeT ObITh He GoJiee TPEX coceseit (puc. 1).

Puc. 1. IITabsion cocencTBa i TPUAHTYJIAIIHOH-
Hoit ceTku T = {mo, mi, Mg, m3}

Yro06b!r He 3a/1aBaTh MIA0JIOH 11epebOPOM, BBOJUTCS MMEHYIOMAs (PYHKIUS Ha MHOMXKE-
crBe M. Kaxmas umenyrormas (DyHKIW KJIETKH (a,mg) yKas3blBaeT Ha MMs OJHOTO U3
coceneil 3TOM KJIETKU:

my = p1(mo),
my = a(Mmo),
m3 = 803(77”60)-
Torna mabson 3agaercs tak: T = {myg, p1(mo), p2(mo), p3(mo) }

IIpasu.no nepexroda — 310 HEKOTOPasi (GYHKIHS, KOTOpas OIpeJeIsieT HOBOe COCTOsTHUE
KJIETKN B 3aBUCHUMOCTHU OT eé TeKyHJ;eFO COCTOAHUA, OT KJIETOK C MMEHaMH H3 T njam orT
KaKUX-JIM00 JIPYIUX BeJIMYUH (HAIPUMED, BEPOSITHOCTEN), MPUYEM JIjisi BCEX KJIETOK 3Ta
byHKIMA OAMHAKOBA.

Cunzponmnoiti pestcum dynryuonuposarus KA — npaBuio nepexoia MpPUMEHsIeTCsT OIHO-
BPEMEHHO KO BCEM KJIETKaM KJIETOYHOI'O MaCCHUBA.

Acunxponnoid pesrcum dynryuonuposarus KA — n3 KIeTOIHONO MacCUBa CJIyIailHbIM
obpa3oM BLIOMpaeTcs: KJaeTKa, U K Heil IPUMEHSIeTCsI IPABUIIO [IEPEXO/IA.

Lnobarvras umepayus — IpUMEHEHNEe MpaBmIa Iepexoja K | M| KieTkaM KJIeTOIHOro
maccuba M. IlocaenoBare/IbHOCTD KJIETOYHBIX MACCUBOB, KazK bl U3 KOTOPBIX IIOJIyYaeTCs
U3 MPEJIbILYIINero B pe3y/abrare ryiobaJbHO nTepanun, HasbiBaeTcs ssoatouuets KA.
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Onepayus ocpedrnenus odeHb dacTo npumensiercs g KA naz OyineBbiM ajiaBUTOM
JJId ITOJTy1IeHU A BEeIIEeCTBEHHBIX 3HAYEHUI — BBIUYUCJILETCA cpejgHee 3HavdeHue 110 HeKOTOpOﬁ
OKPECTHOCTH KazKJION KJICTKHU

<a>=

2 a(mi), (1)

’Ta«v | m; €Ty

rie T,, € M — HekoTopasi 00JIacTh OCPEIHEHUSI.
Jluckpemusayus siBisieTcst 0OpaTHOI olepalieil K OCpeIHEeHHIO: 110 BeIlleCTBeHHBIM 3Ha~
YEeHUAM CTPOUTCS OyJIEB MACCUB, IIPU TOM II0JIaraeTcs

o 1, ecin rand < a, @)
0, ecsiz rand > a,

rie rand — cirydaiinoe uncno us [0, 1], a € [0, 1].
1.3. OcobennocTn ncnojab30BaHud Tpuanryaganuu B KA

Ciremxyer 3aMeTUTh, 9TO TPEYTOJIBHUKH B TPUAHTY/ISIINA MOTYT OBITH pa3HbIe 10 ILIOIIa-
JI ¥ He 00s13aTeJIbHO PAaBHOCTOPOHHUE, B OTJIMYNE OT KBAJPATOB B IPSIMOYTOJIbHBIX CETKAX.
DT0 HEOOXOIUMO YIUTHIBATE IIPU UCCAETOBAHII HEKOTOPBIX KJIETOIHBIX aBTOMaToB. Hampu-
Mep, B acuHXpoHHOM KA Ha psiMOyToJIbHOI ceTKe 13 KBaAPaTOB BHIOOP CIIYIARHON KIeTKI
Ha, OJIHON MTepali UMeeT PaBHOMEPHOE paclipejiesienue. [ mojrydennsa He3aBUCHMOCTH
OT UCIIOJIb3YEMO#l CeTKU BHIOOP CJIY9IaliHOIO TPEYTOJbHUKA Ha TPUAHTYJIAIIN HY KHO TTPOU3-
BOJINTH, OCHOBBIBAsICh Ha €0 IJIOMIAIH; OOJIee MeJIKIe YaCTHIbl (TPEYTrOJbHIKI C MEHBIIIet
IJIOMIA/IHI0) ObICTPEe BCTYIAIOT B MPOIECC, TAKUM OOPA30M, YeM MEHBIIEe ILIOIIA b, TeM
¢ OoJIbIIIeil BEPOATHOCTHIO TOT TPEYTOJbHUK JIOJIZKEH BhIOMPATHCA B KAIeCTBE CJIYYaiHOTO.

Eié oqun aciekT, KOTOpbIil XO0TeI0Ch ObI OCBETUTH, — 9TO 3aMbIKAHIE TPAHUIL B IIPSIMO-
YTOJIbHBIX CeTKax. BBUIY HMPOCTOHl CTPYKTYPBI, Kpasd MPAMOYTOJbHBIX CETOK OYeHb IacTO
3aMBIKAIOT, TeM caMbiM 0Opasys Top. Ha Tpuanryamum (B IJIOCKOM cilydae) Takoil BO3-
MOKHOCTU HET BBUJIY BO3MOXKHOI CJI02KHOCTH obOjiacTu. lIpm paccMoTpeHnn KOHKPETHBIX
KA na Tpumanrynamum B JaHHONW paboTe BO3MOXKHOCTH 3aMBIKAHHS T'DAHUI] UTHOPUPYET-
csd. DTO OOBSICHIETCS T€M, YTO IJIOCKUIA CIydail OOBITHO He MPEeJICTAB/IsSIeT NHTepeca, a st
KPUBOJIMHENHBIX IIOBEPXHOCTEN B TPEXMEPHOM ITPOCTPAHCTBE OU€Hb YaCTO PACCMATPUBAETCS
3aMKHYyTas TpUAHTYJIsiust (Y KOTOPOit OTCYTCTBYIOT I'PAHMYIHbIE TPEYIOJIbHUKH). Tpeyrosib-
HUK CYUTAETCd TPAHUYIHBIM, €CJIM OH UMEeT MeHee TPEX cocejielt, nHade — BHYTPEHHUM.

Kpome Toro, cyrecTBeHHYIO POJIb UI'PaeT TO, UTO Y KaxKJI0if BHYTpPEHHEll KJIeTKU TPHU
cocesla, B OTJIMINE OT YETBHIPEX B MPSMOYTOJbHBIX CETKaX.

2. KnerouyHo-aBroMmaTtHast mudpys3usi Ha IIPAMOYTOJbHBIX CETKaX

2.1. OcuoBuoit anropurm KA-auddysun
Ha NPAMOYTOJBbHBIX CETKAaX

uppysus — mporece 6ecopsiIOIHOTO OIYKIAHUS YACTUIl, KOTOPBIA IPUBOINT K BhI-
PaBHUBaHWIO KOHIICHTPpaK BEIIeCTBa B IIPOCTPaHCTBE. B JABYMEDPHOM HEIIPEPBLIBHOM CJIy4dae
[IpH TIOCTOSTHHOM KO3 durnente auddy3un d rnporecc onmuchiBaeTcd ypaBuenueM Jlamaca
0 ( f—d 0%u N 0%u
—ulx y — R R
ot ox2  oy? )’
rje u(z,y,t) — KOHIEHTpAIHsl BEIECTBA B TOUKe JEKAPTOBA MPOCTPAHCTBA ¢ KOOPIMHATA~
Mu z,y B MoMeHT Bpemenn t. Kiraccmaeckne KA-monenmn muddysun nmeror 6ysies ajidpabBur
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U 9BOJIIOIKIO B BUJIE MOC/IEI0BATEILHOCTH OyJieBbix MaccuBoB. Cocrosiaus Kiaerok (0 mmm 1)
OTIPEJIE/ISIOT HAJUYIUe WK OTCYTCTBHUE €IUHUIBI MaCChl, KOTOpPas HE HaJeJeHa CKOPOCTHIO.
KA-nuddysus Ha IpaMOYroIbHBIX CETKaX yKe JIOBOJIBHO XOPOIIO u3ydeHa [3].

Onnoit u3 KA-moneneit quddysun apiasercst wauenan dugpdysus [4]. Dro nanbosee
MPUMHUTUBHAS MOJENb UMD Y3Un, KOTOpast HEeIOCPeICTBEHHBIM 00Pa30M 0TOOPaXKaeT IIpPe;/I-
CTaBJIEHHE O MPOoIecce KaK O OJIyKJIAHUU YaCTUIl B CTPEMJIEHUN BHIPOBHSATH KOHIIEHTPAIIIO
BerecTBa B npocrpancTe. Pexkum dyukimonnpoBanns KA — acCHHXPOHHBIH, ITO BIIOJIHE
COOTBETCTBYeT Ipupoyie mporecca. OKPeCcTHOCTHIO KJIETKH SIBJISTIOTCS €6 OJTMKaIme IeThl-
pe cocena. [IpaBmio OyHKIIMOHNPOBAHUS TAKOBO, YTO Ha KarKJOW MUTEpAI BBIOMPAETCS
caydaiiHas sdeiika, KOTopas MeHIeTCsl CBOMM 3HaUeHNEeM PABHOBEPOSTHO C OJIHUM M3 CBOUX
cocezieit. [Ipu Takom mpaBuie BUIHO BBINIOJTHEHNE 3aKOHA COXPAHEHUS MACC, a CJIyJailHbIi
BBIOOD OJTHOT'O U3 COCEJIel COOTBETCTBYET OECIOPSIOUHOMY OJIY2KIAHUIO TacTUIl B COOTBET-
CTBUU C OIIpeJie/IeHreM Iporecca Jauddysun.

Emé omna nz momeneit KA-muddysun — KA-dugpdysus ¢ oxpecmmnocmuro Mapaony-
ca [4]. dns kparkoctu Gyiem HasbiBaTh ee TM-nuddysueit mo nepsbiv Oyksam damuimii eé
aBTOPOB, KaK 9TO MPUHATO B 3ama/Hoii jureparype. TM-nuddy3us ssisercs 60see norry-
JISIpHOIA, Yem HamBHas quddy3us, 10 AByM npudnHaMm. Bo-1iepBbIx, moToMy, 94TO OHA 0014~
JIaeT CBOMCTBOM, KOTOPOE B MaTeMaTHKe HA3BIBAIOT «3JIETAHTHOCTHIO», TO €CTh COYeTAHNEM
POCTOTHI U 3PHEKTUBHOCTH. BO-BTOPBIX, CYIIECTBYET CTPOroe MaTeMaTHUYecKoe JoKa3a-
TeJILCTBO, YTO OHA alpoKcuMupyer oneparop Jlamiaca [5]. Kinerounstii maccus pazbusaior
Ha JIBA [TOJIMHOYXKECTBA, KaXKJI0€ U3 ITUX ITOJMHOYKECTB COCTOUT U3 OJIOKOB, COJIEPIKAIIUX Te-
Teipe KyeTku. OyukimonnpoBanne KA mponcxoauT B ABYXTAKTHOM CUHXPOHHOM PEXKHME.
Kaxknast ureparus neurces Ha jBa TakTa. Ha 9€THBIX TaKTax IpaBUja [I€PEXoJa IpuMe-
HSIFOTCsT K I6THBIM OJIOKAM, Ha HEUETHBIX — K HEeIETHBIM. [IpaBusa mepexosa TaKOBBI, UTO
BBITTOJTHAIOT CJIBUT COCTOSHMIT B KJIETKaX OJIOKa PABHOBEPOSTHO IO YaCOBOW CTPEsIKe WJIN
[IPOTUB YACOBOI CTPEJIKUA. Y MEHbINAs P U MAHUITYJITUPYs 3HAYEHUSIMU IIArOB BO BPEMEHU U
[IPOCTPAHCTBE, MOXKHO MOJIE/IUPOBATH 1poriecce auddysun ¢ Ko PUImenToM B MHUPOKOM
Juarasomne [1].

[Iposeputs ToT haxt, aro KA neiicrBurensao mogemupyer anddy3uro, MOKHO JIBYMsT
My TSAME: AHAJTUTUICCKU M SKCIIEPUMEHTATIHHO. AHATUTUYECKOE JIOKA3ATEIbCTBO TIOCTPOEHO
TOJIbKO 1Tt ojiHO# KA-Mmomemn — TM-auddysun. xcnepuMeHTaIbHOe JOKA3aTETbCTBO CO-
CTOUT B BBIIIOJIHEHUH IIPOIECCA MOJEJUPOBAHUS U cpaBHeHUE 3Bojoinun KA ¢ perennem
ypaBHEHMST HA HEKOTOPOM HAOOpE UTEpAIHii.

22. ludpdysuonnoe pacupocrpanenue GpoHTA
Ha MIPpAMOYTIOJBbBHBIX Ce€TKaX

Pacnpocmpanenue @ponma — 3To TaKO# IPOLECC, IIPA KOTOPOM IPOUCXOIUT PABHOMEP-
HOE PaCIpOCTPaHCHUe YaCTHIL, CO BPEMEHEeM 3allOJIHSIOMNX BCIo 001aCTh. PacpocTpanenne
dpoHTa MOXKET MOJIEIUPOBATHCS KOMNOSUUUOHHDIM KAEMOYHM AEMOMAMOM. JTO O3HA-
YaeT, YTO Ha KayKJIOW UTepalud K KJIETOYHOMY MACCUBY IIOCJICI0BATEILHO IIPUMEHSIETCS
HECKOJILKO IpaBu/l. KOMIIO3UIIMOHHBIE KJIETOYHBIE ABTOMATELI XOPOIIO OTPAXKAIOT PeaIbHbIC
dpusmIecKre IpoIecesl, Tak Kak B OOJILIIMHCTBE CIYYaeB OHU BKJIIOYAIOT B O HECKOILKO
siBstenuii [6].

[MocenoBarensnocts npasui B KA pacnpocrpanenus gppoHTa:

1) upoBojuTest ofHa T0basbHas urepanus auddysnm;

2) moJydeHHbIH MaccuB ocpejHsiercs: o dopmyie (1);

3) mobGaBiageTCs MOTOK: B KAXKJION KJIETKE 3HAYEHHE KOHIEHTPAIMH U 3aMEHSIeTCsl Ha
snadenne 0,5u(l — u);
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4) Tpou3BOAUTCS JUCKpeTH3aIuys 1o dhopmyie (2).

Xorenoch 6bI OTMETUTD, 9TO J0OAB/IEHIE TOTOKA ¥ JIMCKPETU3AIUS SABJISTIOTCSI Ollepaliy-
SIME, He 3aBUCSIIUMEI OT TUIA CETKH, IIO3TOMY OHU MOI'YT OBITH JIEMKO PACIIPOCTPAHEHBI Ha
TPEXMEPHBIN cily4yall Ha TPUAHTYJIAIIMOHHON CETKe.

3. KA-mnddysmnsa Ha TpuaHTyIIMUA B MJIOCKOCTU

3.1. OcuoBuoit anropurm KA-nuddysun
Ha TPUAHTYJASAIMUU B MJIOCKOCTH

[Iycth ceTka COCTOUT W3 PABHOCTOPOHHUX TPEYTOJBHUKOB. Bocrosb3yemcst BBeJIEH-
HBIMU OCHOBHBIMH OIPEJICJICHUIMI OTHOCUTEIbHO KJIETOYHBIX aBTOMATOB HA TPUAHIYJIs-
mun. IlpaBuno dyskmumonupoBanns KA Oyaer aHAJIOTMYHBIM C/IyYai0 Ha HTPAMOYTOJIb-
HOIl CeTKe, TOJIbKO BEpOSTHOCTH BbIOOpa ofHOrO u3 coceleit cramer 1/3. Tectuposa-
HUEe PabOThl KJIETOYHOTO aBTOMAaTa ITPOBOJUTCA HaJ| Oy/aeBbIM ajdasuToMmM. B Havab-
HBII MOMEHT BPEMEHH B CEpEeJIMHE CETKU BBOJIUTCS HECKOJIBKO PAJIOM PACIOIOZKEHHDBIX
gacrur. Ha puc.2 mpejcraBiena pabora aBromara (IUIOCKOCTH OTMEYEHA CEPBIM I[BE-
ToMm). Kak BHJIHO W3 DHUCYHKOB, YaCTUIBI PACIPOCTPAHHUJINCH PABHOMEDHO BO BCE CTO-
poubl. Takum obpaszom, Hab/IIOmaeTcsd BU3yasibHas aHajgorns ¢ KA Ha TpsaMOyTOJBHOM
cetke (6osiee bopMmasbHOE cpaBHeHHe Oyier mnpousBeneHo Huke). Taxoil sddekr ObuT
JIOCTUTHYT GJlarofiapsi TOMY, 94TO BCE TPEYIOJIbHUKU OJUHAKOBBIE (pasHOCTOpoHHHE). HO
TaK KakK IIOCTaBJIeHHAs 3aJlada COCTOUT B TOM, YTOOBI OTOHTH OT OIpaHHMYEHUNl Ha KC-
[OJTE3YEMYIO CETKY, B X0jie PabOThl ObLIN TOI00pPaHbl TpaBUIa (PYHKIIMOHUPOBAHUS KJIe-
TOYHOIO aBTOMATa JjIs MPOW3BOJbHON cerku. Cocesl MO MeHbINeil JIJIMHe CTOPOHBI Tpe-
YrOJIbHUKA BBIOMPAETCsA BeposTHee, YeM 1o Ooibieil. Takum oOpa3oM, BEPOSTHOCTU BbI-
Obopa cocejla OTHOCHUTE/IHLHO JJIUHBI CTOPOHBI OY/IyT BBIIVIAAETH CJISIYIONIUM 00Pa30oM:

1/length,
S E—— (3)

3
>~ 1/length,
i=1

rje length, — mymna cooTBeTCTBYIONIEH CTOPOHBI B TPEYTOJbHUKE.

a) 0 utepaunn 6) 100 ntepauun

B) 200 utepauni r) 300 ntepauunn

Puc. 2. [Iponece quddysun HA ceTKe U3 PABHOCTOPOHHUX TPEYTOJBHUKOB



KA-mogennposanne aughpy3noHHbIX NPOLECCOB HA TPUAHTYISLNOHHBIX CETKaxX 7

B kauecrBe mpmmepa paccmorpuMm KA-nnddysmio na HecTpyKTYpPHPOBAHHON CeTKe
(puc. 3).

a) 0 ntepauun 6) 25 ntepauui

B) 124 ntepauunn r) 335 ntepauunn

Puc. 3. Ilporecc nuddysun HA aalTUBHON CeTKe

Hecmotrpst Ha 0THOCHTEEHO HEOOJIBINOE THCIIO TPEYTOJBHUKOB B TpuaHTydun (4129),
nporiecc uddy3un MpoIoKUTEILHOE BPeMsi PaCIpOCTPaHsIeT YaCTUIIbI JIUIIb B cepeJInHe
obJracTi, Tak KaK pa3Mepbl TPEYrOJbHUKOB B 9TOM MeCTe 3HaYUTE/JIbHO MEHbIe, YeM Ha
kpagx. Ho 1o ucrevennn JI0CTaTOIHO JIJTUTETHHOTO BPEMEHN YACTHUIIBI BBIXOIAT 38 IPAHUIIBI
BHYTPEHHEI OKPYKHOCTHU ¢ OOJIBINON IJIOTHOCTHIO CETKHU.

32. Ocpennenune B KA-gudbdysumn
Ha TPUAHTYJASNMUU B MJAOCKOCTH

OrnuriemM aJropuT™M 0CPEIHEHUA NO OKPYHCHOCTU JIJTST KTIETOTHBIX aBTOMATOB HA TPUAH-
TYJISIUOHHBIX ceTKax. PaccMaTpuBaeTcs IEHTDP KaKJ0r0 TPEYTrOJIbHUKA U3 TPHAHTYIIAIII
U MPOBOJIUTCH OKPY?KHOCTH HEKOTOPOI'O PaJINyca U3 9TOrO MEHTPA. 3aTeM MOJICIUTHIBAET-
cs obIree KOJIMIECTBO KJIETOK, MOMABIINUX B 3Ty OKPYzKHOCTH, — numOfTrianglesInCircle u
KoJImaecTBO KyieTok B cocrogann 1 — numOfParticles. Takum obpasom, 3HaveHre KOHIIECH-
Tparun Oy/1eT onpeneasiThes hopMyJIoit

numOfParticles

u = (4)

numOfTrianglesInCircle’

rie numOfTrianglesInCircle # 0 BHe 3aBuCHMOCTH OT 3HAYEHUST PAJIUYCA, TAK KAK pacCMaT-
pUBaeMbIil TPEYTOJBHUK 3aBEJIOMO JIEXKUT B 9TOH OKPYKHOCTH. KCIH COOTBETCTBYIOIIIM
obpa3oM 1o/100paTh 3HAUECHNE PAJINYCa OKPYKHOCTHU, TTPOBOIMMOI JIJIsi OCPEIHEHHS, TO T10-
JIygaercsi HarjgHasi Kapruaa (puc. 4).

HemocraTok 5TOro ajropuTMa B €ro BBIYUCIUTEIBHON CIOXKHOCTH, COCTaBJISIONIEH
O(N?), rae N — KoJIM4ecTBO TPEYroJbHUKOB B TPUAHTYJIAIMA. B CBA3M ¢ 3THM paccMmar-
pUBaETCS €Ié OJINH AJITOPUTM OCPEIHEHUsI C ropa30 MEHBINEH BBIYUCTUTETBHON TPYI0-
EMKOCTBIO — ocpednerue no bausicatiwwum cocedam. CyThb TOTO aJTOPUTMa 3aKTFOIAETCS
B PACCMOTPEHUN JIUIIb COCEIHUX KJIETOK W IIPOBEJIEHUH CPEJId HUX IMOACIETa KJIETOK, HAXO-
gamuxcs B cocrosiiun 1. CocrosiHne caMoil KJIeTKHU, JJIsT KOTOPO# IIPOBOIUTCS OCPeIHEHNE,
Toxke BimsieT Ha 3HadeHune numOfParticles:

numOfParticles (5)
u =
numOfNeighbors + 1’
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riae numOfNeighbors — kosmmmaecrso coceneit, numOfNeighbors € {0, 1,2, 3}.

= »

a) 0 utepaunn 6) 100 ntepaumn

B) 200 ntepaunn r) 300 ntepauunn

Puc. 4. Ilpomecc mudpdy3uu ¢ ocpeaHeHneM 1mo OKpyKHOCTU

[Tpu TakoM IOJX0/Ie BO3SMOXKHBIX 3HAUEHHUH KOHIIEHTPAIMHA CTAHOBUTCS BCErO JIUIIb 7:
0, 1/4, 1/3, 1/2, 2/3, 3/4, 1. 3aro BeIUmCIUTEIbHAS CIOKHOCTH 3TOr0 anropurma O(N),
rje N — KOJIM9IecTBO TPEYTOJLHUKOB B TPUAHTY/IAIME. TAKOrO BHIMIPBIIIA YIAT0CH JT0OUTH-
s 32 CYET BBeJIeHHsT MMeHyoIel yHKIMK, KOTopas 10 JAHHOMY TPeyroJIbHUKY BO3Bpa-
aeT TpEX ero coceiei.

HecmoTpst Ha Majioe KOJIMYECTBO BO3MOXKHBIX IIPHMHUMAEMbBIX 3HAYEHWH, KapTHHA BCE
JKe T0JIy9aeTcst HarIsiiHONH. B IeHTpe HAYaJbHOrO CKOILIEHHsI KOHIIEHTPAIUSA COXPAHSET
GoJIbIIMe 3HAYEHHsT TIPOJIOJZKUTEILHOE BPEMs, HO CO BDEMEHEeM HACTYIAeT 6 PABHOMEPHOE
pacipejiesierre 1o Beeit obacru (puc. ).

a) 0 utepaunn 6) 100 ntepauun

B) 200 ntepauun r) 300 ntepaumni

Puc. 5. Ilponece nuddysun ¢ ocpeanenneM 1Mo OJUKAAIINM COCEISIM
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DTOT AJTOPUTM MOXKHO PACIPOCTPAHUTDH HA COCEJICTBO TMOPSIKA 2, TO €CTh BKJIIOYATH
B paccMOTpeHue cocesieit Broporo yposas. Torma mogyanres 6oJiee riajikas KapTuHa. AHa-
JIOTUIHBIM 00pa30M MOYKHO PaCIHpPOCTPAHUTH AJITOPUTM Ha COCEJICTBO TOPSIJIKA N.

33. Cpasuenne KA-nuddysuun Ha TpuaHTyAANUA
¢c KA-nuddysueit Ha TpaMOYyroabHBIX CeTKaxX

Beeném kpurepwmit coorBercTBusi mocTpoeHHOro KA KIeTOUHBIM aBTOMAaTaM Ha IIPs-
MOYTOJIbHBIX ceTKaxX. BBuay cymecrBoBanust Mojgenn KA-auddysun auimb JIjisi II0CKOTO
cJlydasi, CpaBHEHIE BO3MOYKHO TOJILKO ¢ HUM. B KadecTBe ceTKn paccMaTpUBaETCs KBaJIpaT-
Hasi 00J1aCTh, 3a/laHHas PABHOCTOPOHHUMU TPEYroJbHUKaMu. Tak Kak juddys3us — mnporiecc
OecIopsII0IHOTO OJIYKIaHUsT YaCTUIl, TO CpaBHEHHE aBTOMAaTOB HaJl OYJIeBhIM aJi(paBUTOM
He IpeJICTaB/IgeT uHTepeca. PaccMaTpuBaloTCss aBTOMAThI ¢ OCPEIHEHUEM 110 OKPYKHOCTH.
Ha puc. 6 miumoctpupyercs cpaBHEHNE BENECTBEHHBIX 3HAYEHUN KOHIEHTPAIINN

U= ———— > uo, (6)

rae ugp, Uy, Ug — 3HaYCHNA KOHIECHTPallu, COOTBETCTBYIOIIHME KJIETKE.

«—>| U,

Puc. 6. CpaBHeHre KOHIIEHTpAIUI Ha MPSIMOYTOJIbHON U KBaPATHON CeTKax

Takum oOpazom, OTHOMY 3HAYEHUIO KOHIIEHTPAIMU B KBAJIPATHON CETKE CTABUTCS B CO-
OTBETCTBUE CpejHee apudMeTUIecKoe KOHIIEHTPAIN JIBYX COCEHUX KJIETOK B TPUAHTYJIs-
nroHHO# cetke. [Ipu TakoM 1OJIX0/Ie KOJMYECTBO KJIETOK B KJIETOYHOM MACCHUBE HA TPHUAH-
I'YJIAIMOHHON ceTKe B JiBa pasa 00Jiblile, YeM Ha KBajipaTHOil. Tak Kak KjeTok 60Jiblie, TO
OYEeHb YaCTO B KAUyeCTBE CJIydailHONW KJIETKHU BBIOMpAETCs IycTasl, KOTOpas BIIOCEICTBUMN,
¢ BOJIBIIION BEPOSITHOCTHIO, TAKYKE MEHSIETCS C IIyCTON KJIETKONH. DTO MPUBOJUT K TOMY, UTO
HEITyCThIe KJIETKU BLIOMPAIOTCA PeKe, CJIe/IOBATE/ILHO, mporiece anuddys3nn ujiet Mejjiennee,
a KOHIIEHTPAIIMs BelecTBa BbIle. /g cooTBeTCTBUA 3HAYEHUN KOHIEHTPAIUI HA TpUaH-
TYJISIITIOHHON CeTKe MPOBOJMTCA B JiBa pasa 0oJiblite urepamnuii. CpaBHEHHE TPOBOINTCS 110
KJIeTKaM, PacIOJIOXKEHHBIM Ha TOPU30HTAJIBLHON cpejiHell JTUHUU B KJIETOYHBIX MacCHUBax.
Jlnst HADJISTHOCTU HA PUC. 7 MPUBOJATCI TaK:Ke I'padUKU HOPMAJILHOIO pacIpeie/IeHus,
OTpazkalollye aHAJIMTUIeCKOe pellieHne ypaBHenus Jlaraca.

Kputepuem coorBerctBuss KA Ha TpuaHTy/Idmum n Ha MPsIMOYTOJIBHBIX CETKaX Oy1eMm
CUUTATh AHAJIOTHIO JIMArPaMM CPE30B 110 TOPU30HTAJIBHON CpeJIHell JIMHUM.
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Mony4yeHHble gnarpamMmmsbl 'pacuk HopManbHOro pacnpeneneHns
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Puc. 7. Pesynbraror cpasuenuss KA-muddysun Ha TpUAHTYIAIAN
(amcsio mrepanuii yBeawdeHo B jBa pasa) ¢ KA Ha kBaj-
paTHO# ceTKe u rpadUKu HOPMAJBLHOTO pacIpeie/IeHus

4. KA-nquddysus na rpuanryssiun (KpUBOJIMHERHAS TOBEPXHOCTD )

41. OcuoBuoii anropurm KA-quddbysun Ha TpuaHTyJaAAIM AT
(KpuBoJMHEeHHAad MOBEPXHOCTD )

Nmed moHblif MHCTPYMEHTAPUil st JaJIbHEHINEro UCCaeI0BAHU, ITPUCTYIINM K U3Y-
geHnio nosejieHnss KA Ha KPUBOJIMHEHHBIX MOBEPXHOCTAX B TPEXMEPHOM ITPOCTPAHCTBE.
EanncTBeHnyio TpyIHOCTb B 9TOM CJIydae MpeJcTaB/IdeT olepalnusd OCPeIHeHNs M0 OKPY K-
voctu. Eciau npoBoguth cdepy u3 meHTpa TPEeyroJabHUKa, TO COOTBETCTBUASA HE IOJIYIUTCSI:
B chepy MOTYT HOINACTh KJIETKH, PACIIOI0KEHHBIE Ha IIPOTUBOIIOJIOXKHOI CTOPOHE CETKHU, UTO
HeIpueMJjieMo. ILJISI IIOJIyYEeHHUsd BEIIECTBEHHBIX 3HAYEHU KOHIIEHTPaIllu BeIleCTBa MO2KHO
HCIIOJIb30BaTh OCPEIHEHNEe 10 OJIMKAMIIIM cocelidM. B KadecTBe CeTKHM paccMaTpUBaeTCs
HOBEPXHOCTD KOCTH, 3a/IaHHas TpuaHryssinueit |7]. B Haga bHbI MOMEHT BpeMEH! BHOCUTCSI
KOHIIEHTpaIUs B HEOOJIBINON yIacToK Koctu (puc. 8). Kak BUHO U3 PUCYHKOB, IO IIPOIIIE-
CTBUU HEKOTOPOI'O BPEMEHU YaCTUIILI PACIPOCTPAHUINCE PABHOMEPHO IO BCEil ITIOBEPXHOCTU
koctu. [Ipraém B x0j1e pabOThHI KJIETOIHOIO aBTOMAaTa YACTUIBI PACXOJMINCH BO BCE CTO-
poHBI oanHaKOBO. IlocTpoeHHBI aBTOMAT €CTeCTBEHHO OTpas3m (PU3NIECKUil IIPOIece Ha
CJIOZKHOU ITOBEPXHOCTH.
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a) 0 nutepaunn

B) 1464 nTepauun r) 10000 ntepaunn

Puc. 8. Ilpornecc muddysun Ha KOCTH

42. Iuddbysuonnoe pacunpocrpanenue GppoHTA
Ha KPUBOJUHEHNHON MOBEPXHOCTH

Jlajiee paccMmaTpuBaeTcs KJIETOUHBII aBTOMAT paclpocTpaHeHus (ppoOHTa Ha TPUAHTY-
g, B KadecTBe ceTKM BHOBBL 0EPETCS MOBEPXHOCTb KOCTU C HAYAJBHBIM COCTOSHHEM,
kak u B 11. 4.1. [Iponecc mudpdysuonnoro pacrpocrpanenus: (hpoHTa HA TAKOW CETKE MOXKHO
MHTEPIPETHPOBATH KaK PACIPOCTPAHEHNEe HEKOETO BOCHAJIEHNs U3 JIOKAJTBLHOTO yIacTKa Ha
BCIO [IOBEPXHOCTDH KocTH (puc. 9).

a) 0 utepauunn 6) 74 nTepauunn

B) 173 utepauumn r) 573 ntepauun

Puc. 9. Ilpormecc pacrpocrpanenns ppoHTa Ha KOCTH
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@poHT pacrpoCTpaHUICss PaBHOMEPHO BO BCE CTOPOHBI U CO BPEMEHEM OXBATUJI BCIO
IIOBEPXHOCTb KOCTH, YTO COOTBETCTBYET OIpPEIEJIEHUIO IIPOIecCa.

43. Arperanusga, orpanudennasa guddysueil, Ha TPHAHTYyAANUU
(KpuBoJMHEeHHAT MOBEPXHOCTD )

[Tocneanum w3 paccMaTpUBAEMbIX B JAHHON paboOTe KJIETOYHBIX aBTOMATOB SBJISICTCS
KA arperamnun, orpanndennoii nuddysueii.

B nagasbaoMm cocroguun 10 % gactuil ciydaiinbiM 00pa3oM pa3dpocatbl 10 BCeii ceTKe.
OjiHa KJeTKa SABJSeTCd «MCTOYHUKOM», OHa MMeeT JPYroil mser u obe3iBuzkena. Heobes-
JIBUZKEHHDBIE YACTHIIBI JIBUTAIOTCA B CIyYAHBIX HAIPABIECHUAX, HO TPU CONPUKOCHOBEHUN
¢ 00€3IBUZKEHHON OHM MEPECTAIOT JIBUTAThCS U IepeKpamunBaTcs. Pesynbrar paborer KA
npuBeeH Ha puc. 10.

a) 1 ntepauuns 6) 128 ntepauyun

iy

B) 275 ntepauuni r) 400 I/ITl‘eiZ)aLl,‘I/II7I

Puc. 10. IIpomnecc arperamnun, orpanndennoi auddysueit, Ha KOCTA

4.4. O6nracTnu IPUMEHEHU

Kak ormedasioch BeIie, 006/1aCTh TPUMEHEHUs HE OTPAHUIHBACTCS MOJICIMPOBAHIEM YH-
cTo busmyeckux mnporeccoB. KA-muddys3us MokeT ObITH HCIIOIH30BAHA BO MHOIUX 00JIa-
CTSAX, BIUIOTH JI0 KOMITLIOTEPHBIX UI'p U 00paboTkm m3obpaxkenuii. O1yimare MOxKeT ObITh
TOJIBKO B MHTEPIPETAIINN JIAHHOTO TIPOIECCa B KOHKPETHOM CJIydae ero npumMeHenus. B mo-
JIEJIMPOBAHUY PACIIPOCTPAHEHHS KAKUX-TUO0 KUJIKOCTEeH MJIM ra30B OY€Hb YacTO OJIHON n3
cocTaBJIdIONIell mporiecca sBjsgeTcd nMmenHo uddy3usd. Takum obpazom, moydeHHbIE pe-
3yJIbTATHl MOTYT OBITH TPUMEHEHBI JJIsI TIOCTPOEHM 00JIee CJI0KHBIX KOMIIO3UIIMOHHBIX KA,
B KOTOPBIX OJHUM U3 IIPaBUJI mepexoja oyaer auddysns.

3akJiroueHue

Borin nosrydensr aHaorn KJIeTOIHO-aBTOMATHOM nddys3un, orpanndeHHoi quddy3un
n audPy3n0OHHOrO paciupocTpaneHust (GPoHTa, JIJId TPOU3BOIbHON KPUBOJIMHENHOMN MOBEpX-
HOCTU B TPEXMEPHOM IIPOCTPAHCTBE, 3aJlaHHoli TpuaHry/dnueit. [lomydennbie pe3yabTaThl
KadecTBeHHO He ycTymaioT KA Ha MpsiMOyTOJIBHBIX CeTKaX U MOIYT CJIYyKUTh XOPOIIeil oc-
HOBOM JIJIsT MOJICTTMPOBAHUS PA3TUIHBIX ITPOTEcCOB. V3 MpUBEIEHHDBIX BBINIE PACCyKICHU
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MOZKHO CJIeJIaTh BBIBOJI, 94TO puMenenne KA-uddysun He orpanmanBaeTcs GU3nIeCKUMN
poleccaMu, a MOXKET TPAaKTOBAThCS 110-Pa3HOMY B 3aBUCHMOCTH OT HUCCJIEIyeMON 3a/a4u.
Taxk, Hanpumep, TPUBEAEHHBIN TPUMEDP C PACIPOCTPAHECHUEM BOCHAJICHUS 10 KOCTU MOXKET
OBITH UCIOJIB30BaH B MeauimHe. OTMETUM BasKHOCTb KOMITIO3UIIMOHHBIX KJIETOUHBIX aBTO-
MATOB: B OOJIBITUHCTBE MOJIesIeil TPOCTPAHCTBEHHON JIMHAMUKU IIPUCYTCTBYET I dy3noH-
Hasl COCTABJISIIONIAs ([IPIMEPOM MOYKET CJIYZKUTh PACCMOTPEHHBIH mporiece Muddy3uoHHOrO
pactpocrpanerusi hponTa). [IpuBeéHHBIE aJIrOPUTMBI MOTYT OBITH IPUMEHEHBI I JPY-
I'MX KJIETOYHO-aBTOMATHBIX MOJIEJIe.
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