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METOAbl OLLEHKW CITOXXHOCTU 3AKOHOB
®YHKLMOHNPOBAHUA ABTOMATHbLIX MOOENEN
CUCTEM

Enndanos A. C.!
(Mncmumym npobaem mouHoi Mexanuku
u ynpasnenuss PAH, Capamos)

B cmamve ocywecmensemes nocmpoenue u aHaiu3 agmoMamHvix
Mooeneli OUCKpemublx Ounamuyeckux cucmem. IIpoeooumcs oyenka
CNLOJICHOCIU 3AKOHO8 (DYHKYUOHUPOBAHUS AGMOMAMO8 HA OCHOGE
UCTIOTB306AHUSL ANNAPATNA 2eOMETNPULECKUX 00PA308 A8MOMAMO8 U
CneKmpa OUHAMUYECKUX NApaMempos PeKyppenmuo20 onpeoeieHus
nocnedosamenviocmeti. Hccnedoganvl OyeHKU CLOACHOCTHU ABMO-
Mamoe 6 cneyuanbHuix Kaaccax. OcywecmeneHo nocmpoenue as-
MOMAMHBIX MOOENel HO 2eOMEMPUYECKUM KPUBBIM, UMEIOUUM
NPUKIAOHYIO UHMEpnpemayuio, a makaice Kiaccuuxayus no-
CMPOEHHbIX MOOeNell NO CLONCHOCTU.

KiroueBsle cnoBa: AUCKpeTHas AETEPMHMHUpPOBAaHHAs AMHAMUYE-
CKas cHhCTeMa, MaTeMaTH4YecKash MOJENb, aBTOMAaT, aBTOMAaTHOE
0TOOpakeHHE, TeOMETPUUECKU 00pa3 3aKOHOB (YHKLHMOHHPO-
BaHUs aBTOMATa, OlIeHKa CJI0KHOCTH.

1. BeedeHue

OpHolt U3 (hyHIaMEHTaIbHBIX COCTABIIAIONINX MaTeMaTHICCKAX
MOJIeNIeH CIIOKHBIX JTUCKPETHBIX TUHAMUYECKUX CHUCTEM SIBIISIOTCA
AITOPUTMBI, pean3yeMble CHCTEMOW B COOTBETCTBHH C €€ IIeJIEBBIM
npeqHasHaueHweM. JlJis  anropuTMHYECKH pa3pelmMoro Kiacca
3a7a4y CyIIeCTBYeT OECKOHEYHOEe MHOKECTBO aJTOPUTMOB (peraro-

Y Aumon Cepeeesuu Enugparnos, kanoudam uauxo-mamemamuseckux Hayx
(epifanovas@list.ru).
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IIMX KJacc 3a/a4), KOTOPOE MOKET OBITh YMOPSAAOYEHO IO CIOKHO-
cti. Co CIOXHOCTBIO aNropuT™Ma B 0OIIeM cilydae CBsi3aHa peasm3a-
LS AITOPUTMOB B CHCTEME, ONPEACIAIONIas P/ BaKHEHIINX MMOKa-
3arened:  OBICTpOACWCTBHE, 00BEM  MHaMATH,  HaJC)KHOCTD,
9Hepro3arparsl U T.I. B CBSA3M ¢ 3TWM, 3a/1a4ud MOCTPOSHUS HOBBIX
METOAOB MAJISl OLEHKH CIOKHOCTH 3aKOHOB (PYHKIIMOHHUPOBAHHUS
CHCTEM B IIEJIOM M KOHKPETHBIX MPOIECCOB (YHKIMOHUPOBAHHS
SBIIIIOTCSL aKTYaIbHBIMHA. UWCIIO BapHUAHTOB TOHSATHS CIOXXHOCTH
NPOIOJDKAET yBEIMYMBATHCA: OLECHKH aITOPUTMOB MO WX TpPUHAI-
nexxHocty K NP u P knaccam, ClI0KHOCTb CHU3Y, CBEPXY, CIOKHOCTb
B CpelHeM, OWTOBas CIOXKHOCTh, MYJbTHILIMKATHBHAS CJIOXHOCTb,
KonmoropoBckas cnoxxHOCTh (crnoskHocTs Kommoroposa — Xaidtu-
Ha), anrebpamdeckas CI0XKHOCTb, aCUMITOTHYECKHE OIICHKH CIIO0XK-
HocTH W 7p.[1,4,5]. B nanHoit paboTe ocylecTBISETCS MOCTPOCHUE
OIICHOK CJIOKHOCTHM Ha OCHOBE HCIIOJIb30BaHUs ammnapara reoMeTpu-
YecKuX 00pa3oB aBTOMATOB M CHEKTpa TUHAMHUYECKHX MapaMeTpoB
PEKYPPEHTHOTO ONPEENICHHs TIOCIeI0BaTeNbHOCTEH [6,7].

[To oaHOM M3 OCHOBHBIX THIIOTE3 TEOPHUH AITOPUTMOB (KOTOPYIO
B CIIEITHANIFHON JTUTEpaType Ha3bIBaloT Te3nucoM Yepua-TrropuHra) B
cilyyae, ecliM 3ajada UMeeT pelIeHHe (CyLIeCTBYET allrOpPUTM pelle-
HUsI), TO CYIIECTBYEeT MallldHa ThIOpWUHra, KOTOpas pemiaeT JTy
3agady. [lo naHHOM TMHOTE3€ KIIacC BCEX alTOPUTMOB PaBHOMOIIEH
Kjaccy MamuH ThiopuHra. B cBowo ouepens mammba TeiopuHra
SIBISIETCSl PaCIIMPEHUEM KOHEYHOTO JETEPMUHHPOBAHHOTO aBTOMa-
Ta, KJacc mpeodpa3zoBaHUl KOTOPOTO OTPaHUYEH YHUCIIOM COCTO STHUH,
BXOJIHBIX M BBIXOJHBIX CHTHAJOB. [IpW CHATUM OrpaHUYCHUS Ha
KOHEYHOCTh YHCJIa COCTOSIHHMM aBTOMara (4To caenaHo TBepmoxie-
0oBeIM B.A. 3a cuer BBEICHHS T'€OMETPUYECKHX OOPa30B 3aKOHOB
(GyHKIMOHMpOBaHUs aBToMaTtoB [6,7]) mammuHa ThOpHHTAa MOXKET
OBITH TpEACTaBICHA KaK aBTOMAT C OECKOHEYHBIM YHCIIOM COCTOS-
HUM, CUNTHIBAIONINHA ¥ 3aMUCHIBAIONINN HH(OPMAITUIO C sTYeeK JICH-
Thl. B pabore A.H.Konmoroposa u B.A.Ycnenckoro [4] ormeuaer-
cs: "... TIOCTPOCHHME TEOPHUH aITOPUTMOB TIO OOpasily TEOpUH
BEIYHCIIATENFHBIX MAIlliH TpeOyeT BO BCAKOM CJIy4ae HEKOTOPOH
Hacaau3aluy ToHsATUs "Mamuue". ... Bes uneanmsarust, HeoOXo1u-
Masi Ui TIepexoda OT PealbHBIX BBIYHCIMTENBHBIX MAIIWH K MaTe-
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MATHYECKAM adrOpUTMaM, 3aKIIF0YaeTcs B JOMYIIEHHH HEOTPaHH-
YeHHOTO 00BheMa "maMsATH" MamuHEL(C.0)".

BBuay orpaHuveHuii Ha 00BEM CTaThbU MOAPOOHOE OIMHCAHHE
MCIIONIB3yEMOTO  aliapara TeOMETPHYECKHX O0pa3oB aBTOMATOB,
NPETIOKESHHOT0 U pazpadoranHoro TBepaoxine6oBbiM B.A., B SBHOM
BHJIC HE MPUBOANUTCS U JCTAIHLHO MPEACTABICHO, HAIIpUMeEp, B pabdo-
tax [6,7]. OTMETHM TOJBKO OCHOBHBIE HJEH, MO3BOJISIONINE TPEJ-
CTaBUTh 3aKOHbI (YHKIMOHUPOBAHUS aBTOMara Tuma Munu
(As=(S, X, Y, &, A, S) ¢ MHOKECTBAMH COCTOSHMI S, BXOHBIX CHUTHa-
70B X U BBIXOJHBIX CUTHAIOB Y, QyHKIHEH epexoJoB O 1 SxX—S,
¢byHkiuel BbIXooB A: SxXX—Y M HayadbHBIM COCTOSIHUEM SES ) B
YHCII0BOM (hopMe (B hopMe reoMeTpHUIECKOTo 00pasa % ):

1. JluneliHO  yMOPSIOYMBACTCS aBTOMATHOE OTOOpakeHHE
Py = Ul(p, A'(s, P}, tae A'(s, p)=A(S(s, p').x) , p = P'x.

peX

2. DnemeHTsl map (P, Y) aBTOMaTHOI'O OTOOPaXKSHHS 3aMEHSIIOT-
cst ux Homepamu (r(p), ra(y)) Mo BBOAMMBIM JTHHEHHBIM TTOPSIKAM.

3. TTony4eHHOE MHOKECTBO TAp YHCET Pa3MEIIaeTCsl B TIIaBHOM
KBaJ[paHTe TIPSAMOYTOJIBHON JIEKapTOBOMW CHCTEMBbI KOOpJMHAT Ha
TUTOCKOCTH.

Teepmoxne6oBeiM B.A. B pabore [6] moka3aHo, 4TO HpH BbI-
OpaHHBIX W 3a()UKCHPOBAHHBIX JIMHEWHOM TIOPSJKE HAa MOPSJIKE Ha
MHOXecTBe X ¥ BenmumHe M = | X | reomerpuueckuii 06pa3 aBTo-
Mara OJHO3HAYHO OIPEAENIIETCS MOCIEA0BATEIbHOCTRIO BTOPHIX
KOOpJMHAT €ro TOYeK. ITO MO3BOJHUIO PACCMaTPUBATH MPOU3BOIIb-
HYIO MOCJIEIOBATEILHOCTD 3JIEMEHTOB U3 KOHEYHOTO MHOXKECTBA KaK
MOCIIEA0BATEIBHOCTS BTOPBIX KOOPAMHAT TOYEK T'E€OMETPHUECKOTO
o0pasa u, cIeJ0BaTeNIbHO, KaK 3a/IaHHe 3aKOHOB (DYHKIIMOHUPOBAHUSI
aBTOMara. BBHAY OrpaHMYeHHI HA OOBEM CTAThU HCIIOJIB3YEMBbIit
METOJI TOCTPOCHHUS 3aKOHOB (D)YHKIIMOHUPOBAHUS aBTOMAaTa IIO
MOCIE0BATEeIIbHOCTH, MPEIUIOKEHHBIH W pa3paboTanHblii TBepmo-
x7e00BeIM B.A., B SBHOM BHJIEC HE TPHUBOJUTCA U COMEPIKHTCH,
HarpuMep, B paborax [6,7]. ITaparpadsr 3,4 manHoit paboTHI comep-
JKaT Pe3yNbTaThl aHATTH3a (C UCMOIb30BAHHEM CIIEKTPa PEKYPPEHTHO-
TO OMNpEeIeSICHUs TTOCIeI0BATENLHOCTEH) 3aKOHOB (PYHKIIMOHUPOBA-
HUSI aBTOMATOB, 3aJJaHHBIX YUCIOBBIMHU ITOCIIEIOBATEILHOCTIMH.

XI BCEPOCCHICKA S [IIKOJIA-KOH®EPEHITMS MOJIOJIBIX VUEHBIX
“VYIIPABJIEHME BOJIbIINMU CUCTEMAMW”



200

2. Cnekmp QuHaMu4YecKux napaMempoe peKyppeHMmMHo20
onpedeneHus nocrnedoeamesisHocmel

Hns cTtpororo mpeacTaBieHUsI CBOMCTB IOCIEA0BATEIHLHOCTH
TBepmoxne6oBbiM B.A. BBeJIeH CIIEKTp IWHAMHYECKHX MapaMeTpPOB
PEKYPPEHTHOTO OIpeeIeHUs] NoceoBareabHOCTH [6,7], xapakTte-
PU3YIOIMINHI TMOCTIEeI0BATEIFHOCTh IO B3aUMOCBS3SAM (B3aUMOPACIIO-
JIOKCHUIO) 3JIEMEHTOB B Hel. PaccMOTpuM cieKTp Uit MpOU3BOJIb-
HBIX mocienoBarenbHocTed. Ilycts U ={u1,u2,...,uk} - KOHEYHOE
MHOXECTBO M ¢& TOCIIeI0BAaTEIbHOCTh DJIIEMEHTOB M3 MHOXkecTBa U:
§:<u(1),u(2),...,u(t),...>. Croektp Q(&) AMHAMHYECKUX XapaKTepH-
cTHK nocienoBaTenbHocTH & € U' HMeeT MepapXHuuecKyro CTpyKTY-
py, cocrosimyto u3  ypoBueit Q(&) = (Qo(E), (), Q(), Qa(9),
Q4(&)). Kaxxaplii KOHKPETHBIM BapuaHT peaau3anui (peacTaBIeHie
3HAYCHUSIMU MTapaMeTpoB) Jodoro yposHs Qi(&) onpenensier pa3ou-
enre MHOKecTBa U’ HA MOJMHOXKECTBA MO CBOMCTBAM COBITAICHHS
xapakTepucTHK. [TonMHOkecTBa Takoro pa3oueHust OyaeM paccMart-
pUBaTh KakK KJacchl 3KBUBAJEHTHOCTH MOCJenoBaTellbHOCTEH. BBe-
IEM cltemyromme 0003HadeHUS.

Jlnst mo6oit mocnenoBarensroctn & €U, rae U ¥ - MHOKECTBO
BCEX IOCIIEIOBATENILHOCTEH [UIMHBI V 3JIEMEHTOB M3 MHOXecTBa U,
HAaUMEHBINIMKA TIOPSIOK PEKYPPECHTHOW (OPMBI, ONpEIeISIOIICH

MMOCIICIOBATENILHOCTE & , OynmeM 0003HAYaTh mo(f_ ) Jns mro6oi
nocnenoBatensoctn & €U uw meN', tme 1<m<m, (E)
HAUOONIBIIYIO [IHHY HAYAIBHOTO OTPE3Ka IOCICIOBATEIBHOCTH &
OTpeNIeNAEMOT0 PEKYpPEHTHOU (opMoii Topsiika M , OyaeM 0003Ha-
4aTh dm(g? ) Jns mo0oi moclie10BaTeIbHOCTH E eU” m meN™,

roe 1< mg‘g‘—l, YHCIO CMEH PeKyppeHTHHIX (opM mopsaka m ,

TPEOYIOMUXCS TIPU ONPENCICHUN TocleaoBarensHoCTH & , Oynmem
0003Ha4yaTh rm(f_). Jlis mo6oit mocnexoBarensHoct £ eU” u

meN™, rae 1£m£m0(f§) uj, rae 1< j<r™(&) amHy j - rO
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OTpe3Ka B ONpE/EICHHH IOCIEN0BaTeNbHOCTH ¢  OyneM 0003Ha-
n(=
4arh d; (5)
Hcnonp3ys BBeleHHbIE 0003HAYEHUS ONPEAEIUM CIEKTP Hapa-
METPOB, XapaKTEPHU3YIOUIUX IMMOCIIEAOBATEIBHOCTD, KaK CICAYIOIIYIO

CTPYKTYPY: —QO(E)=< mo(f_)>; —Ql(g):< dl(é?),dz(c?),...,d“(é?» :
-Q,(E)=(rPE)r*(E)..re(€)) - uE)=( %(E) 3 (). 5(8)).
e a=mg(&) n Q(E)=( dJ(E)dI(E)..d) (E))  (ny— nowep
TOCJIE/IHET0 OTPE3Ka B ONPEIENEHHH MOCIeI0BaTeIbHOCTH & KaK
MOCTIeI0OBAaTEIbHOCTH OTPE3KOB, ONPEAESeMbIX OTIEIbHBIMU pe-
KyppeHTHBIMU (opMamu Topsiaka | ). UeTBEPTHIA ypoBeHb Q4(é,? )
CHEeKTpa Q(E ) N00aBIsieT K XapaKTepPUCTUKAM B MPEIICCTBYIOIINX
YPOBHAX OLEHKY CJOXHOCTH NMPaBWJI U BapUAaHTOB MCIOJIb30BaHUS
npasuil. @opmansHo (E )= G)(Q3 (E )), rae ® - oneparop 3aMeHBI B
93(5 ) BEIMYMH JUIMH OTPE3KOB BECAMHU HCIOJNB30BAaHHBIX PEKYp-

PEHTHBIX OPM IS ONpEIENeHHs OTPE3KOB.
Pexyppentnas dopma  F(Zem , Zems1, ..., Ze1) = 2t TIOpsAKa
m  ompenmenser mocnexoearenbHocTs & =(U(1),U(2),...u(t),..)

ecnu s moboro t, m<t u te N, F(Utm, Uemet, oo Upr) = Uy
Pexyppentnas ¢dopma F paccmarpuBaercss Kak MpaBHIIO, OMpese-
JSIFOILEE MOCTENOBaTeNbHOCTE ¢, CIOXKHOCTh KOTOPOTO MOXKET
OBITh BBIPOKEHA C TIOMOIIBIO BEJIMYUH Mg (HAUMEHBIIHUHA MOPSIOK
pekyppentHoit hopmbi) w1 N =|W|, rme W - MHOXECTBO 3Ha4YEHHI
nepemeHHbIX & . [Ipocreiimas Gopmyna, onpenensomas YicioBoe
3HAYEHUE OLEHKU CJIOKHOCTH HCIOJb30BAHHON PEKYyPPEHTHOU

m, -k
¢dopmbl, UMeeT BHI O = % ,rie K — 91cio 3HakoB B MOCIIEI0Ba-
n™~

TEJILHOCTH, TIOPOXKJICHHBIX IPUMEHEHHEM peKyppeHTHOH (opmel F .
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3. OueHKa C/I0)KHOCMU 3aKOHO8 (bYHKUUOHUPOBaHUSs
aemomamoe, 3a0aHHbIX rnocsedoeamesibHOCMSAMU, Ha
OCHOG@e UCosib308aHusi criekmpa GuUHaMu4YecKux
napamempoe

Cpenu pa3IM4HbBIX MOJIXO0J0B K OIICHKE CIIOXKHOCTHU TPOIIECCOB,
aJITOPUTMOB, 3aKOHOB (DYHKIIHOHUPOBAHUS aBTOMATOB M pealiu3alluii
STUX 3aKOHOB ISl WCCIENOBaHHUSA BHIOpaH IMOAXOJ, TMPU KOTOPOM
WCMOJIB3yeTCsl TEOMETPHYECKOE TPEACTABICHUE MOBEJCHUS aBTOMa-
TOB. PexyppenTHOe onrcaHue ToCIea0BaTeIbHOCTEH NaeT MOJIHYIO U
rIyOOKYI0 XapaKTePHCTUKY B3aMMOPACIIONIOKEHHSI DJIIEMEHTOB B
MOCIICIOBATEILHOCTH: ONpeesieT (YHKIMOHAIBHYIO 3aBHCUMOCTh
DJIEMEHTa ITOCIECIOBATEIPHOCTH OT HEMOCPEACTBEHHO IPEAIICCTBY-
IOIIEeH eMy IMOAIOCIIEOBATEILHOCTH DIIEMEHTOB. YHNCIIOBBIM TIOKa3a-
TeJIeM TpPU PEKYPPEHTHOM OMpPEACIICHUU TMOCIEeI0BATEIbHOCTH
SIBJISICTCS JJIMHA OJTHO3HAYHO COTIOCTaBIISIEMOM DJIEMEHTY TIpEIIIe-
CTBYIOIIIEH TOJIOCIeIOBaTeNbHOCTH. Ha OCHOBE 3THX CBOWCTB
OTIPE/ICTICHUS  TOCCIOBATEIBHOCTH PEKYPPEHTHBIMU  (hOopMaMu
Teepmoxne6oBeiM B.A. [6,7] mpemmoxeHsl 5 ypoBHeEH crekTpa
(cm.maparpad 2). IlpoBeneHo wucciieoBaHUE, B KOTOPOM CIICKTP
MCITOJIb3YETCs KaK CPEICTBO I OLECHKHU CII0KHOCTH 3aKOHOB ()yHK-
IIMOHUPOBAHUS aBTOMAaTOB, OIEHKH CJIOKHOCTH pEalI3alluid ayro-
PUTMOB, AJIsi OLEHKU CIIO)KHOCTH IO T€OMETPHYECKUM CBOHCTBAM
Tpacc GopMyibl-1, A OLEHKH CIIOKHOCTH TIOCJICIOBATEIHHOCTEH
JHK pa3nu4HbpIX )KUBBIX CYIIECTB, IS OIEHKH CIOXHOCTH (PYHKINH
anreOpel noruku.  Kpome »Toro, ObuM KIacCU(UIMPOBAHBI II0
CIIO)KHOCTH B3aMMOPACIIOIOKECHUS IU(PP B HAYalbHBIX OTpE3Kax
nocienoBaTenbHOCTeH MIUHBI 10 10 MITH.3HAKOB, MPEICTABIISIONIINX

_1+\/§

HpI/I6J'H/DKeHHO uppauuoHallbHbIC 4yMciaa 7@ , €,

1
—3 KOHCTaHTa

30J10TOE CEYEHHE), V2., 32, In(2), In(10), g’( ) i

coy Y

K
aTanaHa Zon 1)

koHcTaHTa Oiinepa (IlocTosHHas

2
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Sinepa — MackepOuu) y = Iim(1+1+£+ +1 —In(n))) u nap.
oo 23 n

Ha ocHoOBe mcnonb30BaHMs CHEKTpa JUHAMHYECKUX XaPaKTEPUCTUK

MIPOBEJIeHa OIIEHKA CIIOKHOCTH M KJACCH()HMKALMS MOCIeI0BaTEIb-

HocTelt m3 MexayHaponHoro Oanka mocienoBarensHoctelr The On-

Line Encyclopedia of Integer Sequences™ (OEIS™) (cm.[12] ),

cocrosimero u3 6ornee vem 150000 mocienoBaTenbHOCTEH.

BBuny orpanudeHuii Ha 00BEM CTaThU MPUBOATCS TOJIBKO pe-
3yJNbTaThl UCCIEIOBAHUH IO OLIEHKE CIOXHOCTH YIIPABICHUS JIBHXKeE-
HUeM 1o Tpaccam DopmMyiei-1, a Takke HEKOTOpPBIE Pe3yNIbTaThl MO
OIICHKE CJIOXHOCTH aBTOMATOB, IIOCTPOCHHBIX 110 YKa3aHHBIM BBIIIIE
(dyHIaMEHTAILHBIM MaTeMaTHYECKHM MOCIIE0BATEIIBHOCTSIM.

JJ1 OLIeHKY CIIOKHOCTH B3aMMOPACIIONOKEHUS (P B HAYATb-
HBIX OTPE3Kax IMOCIEN0BATEILHOCTEH, PEACTABISIFOINNX TPHOIHAKe-
HUSI UPPAalMOHATIbHBIX YUCEN 7 , €, ¢, V2,32, In(2), In(10), & (3),
koHcranta Karamana C , koHcraHTta Diinepa y ) ¥ Jp. pacCMOTPUM
nocirenoBaTenbHOCTH JIUHEI 10 1000000 3HaKk0B ( 7 ¥ € JIOIOJIHHU-
TENBHO TIOCTPOCHBI M MPOAHATM3UPOBaHbl 10 10 MIIH.3HAKOB). DTH
CTPYKTYphI CpaBHEHBl M KJIACCU(HUIMPOBAHBI 1O CIOXKHOCTH Ha
OCHOBE IMOKa3aTrelel MepBhIX IBYX YPOBHEH CHEKTpa, T.K. YUCIOBBIC
CTPYKTYpBI, COOTBETCTBYIOLIHE TPETbEMY H HYETBEPTOMY YPOBHIO
MMEIOT MPaKTHYECKH He MPe/ICTaBUMYIO pasMepHocTs. Hanmpumep, B
MPEJCTaBICHAN TI0Ka3aTeleldl YeTBEPTOTO YPOBHS  CIEKTpa s
MOCJICIOBATEILHOCTH JIMHBI | MITH.3HAKOB, MPHUOIMKEHHO TIpeIl-
CTaBJIAIONIEH uncio « , cogepxkutcs 6oiee 100000000 3HaKOB.

Onpenenenre 1. CpaBHUMEIE 110 BXOJaM HHUIIMAIBHBIE aBTOMA-

ThI A1=(Sl, X1 Yl! (51 3 ill SOl)! rac SOl € Sl , 1 A2:(Sz, X! Y21 521 /12!

So2) , TAE Spz€ S; , OyaeM Ha3bIBaTh M30MOP(HBIMHU MO BBIXOJAM,

ecmn |Yy|=|Y,| u cymectByer Takoe B3anMHO-0AHO3HAUHOE OTOGpA-
xenue ¢@:Y,—=—Y,, U1 KOTOPOIrO BBINOJHICTCS YCIOBHE
(vpe X fp|=v > 4,502, P) =

= p{ A (501, 1y P)) (4 (S1(Sos. T P).PE, P)) -
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--(P(/11(51(Solypflz...v_1 IO),IOFV p)) rae pri. g P - OpepuKC QIHMHBI
d mocnemoBarenpHOCTH P .

Kaxnere mammmaneueni apromar  A=(S, X, Y, J, 4, Sg), TOe
[Y|=1, m cemeiicTBO HE TOXKICCTBEHHBIX B3aHMMHO-OJHO3HAYHBIX
ortoOpaxenuit Buma ¢ :Y —=—Y onpenensiror MHOXecTBO u3 !

M30MOPGHBIX TI0 BBIXOJAM aBTOMATOB, KOTOpoe OymeM 0003Ha4daTh
Y(A, Y). DTo o03Hayaer, 4TO KaXkaas OLECHKA CIIOKHOCTH 3aKOHOB
(YHKIIMOHUPOBAHHS WHUIMAIBHOTO aBTOMAaTa PaclpoCTPaHICTCs Ha
BECh KJacC M30MOP(HBIX IO BBIXOJAM aBTOMATOB (BKJIFOYAROLIHI
v=1-2- .. asromaroB).Beemem cneayromue obo3Hauenus: H={e ,

T, 2 o 32, In(2), In(10) , 4’(3), C, vy}, Hy — MHOXECTBO

HaYaIbHBIX OTPE3KOB JIMHEI 0 MOCIea0BaTeIbHOCTEH , ONpeaess-
FOIINAX 3IIEMEHTEI MHOJKECTBA H a

a0 (Hy)={ AT(e), AT (o), A7 (o), A7 V2) AP(§2) AP (1n2), A7 (1n(10),
AT (f (3)), AT (C), A (}’) }, rre Al (,8), peH,, - muckperHsli

JICTCPMUHHUPOBAHHBIM aBTOMAT C YMCJIOM BXOJHBIX CUTHAJIOB M U [
SIBIISIETCS TIOCIIEOBATENIFHOCTHIO BTOPBIX KOOPJIWHAT TOYEK I'eOMeT-
pudeckoro obpasza aBTomara.

Jnia mpoBeneHus MCCIe0BaHNN  OBIIH pa3paboOTaHbI alrOpPHUT-
MBI W TIPOTPAMMBI, TIO3BOJIMBIIHNE ITOCTPOUTH YKa3aHHBIC CIIEKTPHI
JUTSE PACCMOTPEHHBIX BEIMUYWH. Pe3ynbTaThl MOCTPOCHUS JIBYX IEp-
BBIX YPOBHEW CHEKTPOB (BBHIY OrpaHMYCHHiI Ha 00BEM CTaThU
nokasatenu (); MpUBEICHBI B SBHOM BUJE, a MOKa3aTelu {2y MOTYT
OBITH TIOJyYEHBI IOCE TPHUBHAIBLHOTO aHaln3a Mokaszareneit Qi)
MTUHAMHYECKUX IMapaMeTpoB U YKa3aHHBIX IMOCIEeN0BaTEIFHOCTEH
npuBeeHb! B Tabmumax 1, 2. CuHTe3 1 MUHUMU3AIHS aBTOMATOB TI0
MOCJICIOBATEILHOCTSM M3 MHOXECTBa Hy TpoBeeH Npu pa3InuHbIX
3HaueHusx uucna MelU Bxomssix curHanoB aBromatoB (U={2, 5,
10, 20, 50, 100, 200, 500, 1000, 2000}). B Teopemax 1 - 5 mpusene-
HBI Pe3yJIbTAaThl IOCTPOCHHUS TOKa3aTenel CIIeKTPOB T MHOXKECTBa

o (H, ) (npu pasmuumbix 3HaveHmsx d) ¥ pa3GHEHHs MO COBIMAICHHIO

MoKa3aTeliei Ha KJIacChl 9KBUBAJICHTHOCTH TIO CIIOKHOCTH.
Teopema 1. 3akoHBl (QYHKIMOHUPOBAHHS aBTOMAaTOB W3

a(H,), rae d=1000000:
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- TI0 CJIO’KHOCTH, OIpeNesIieMOl HyJIeBBIM ypoBHEM (); CIIeK-
Tpa Q , 00pa3yloT 2 Kiacca 3KBHUBAJICHTHOCTH IO CJIOXHOCTH:

{ AT(e), AT(x), AT (o), AT2), AT (¢ (3) )
{AT(WZ) AP(In(2), A7 (In20)), AT(C), AT ()

- TIO CJIO’KHOCTH, OTIPEENIIEMO TEPBBIM YpoBHEM (2; CIEKTpa
Q) 00pa3yroT 0JHOAIEMEHTHBIE KIacChl SKBUBAIEHTHOCTH MO CIIOK-
HOCTH.

JlokazatensctBO cM. [7]. B Teopeme | mpescraBieHbl OLEHKH
CIIO’)KHOCTH 3aKOHOB ()YHKLIIMOHHUPOBAHUS aBTOMATOB, JJISI CITydasi UX
OTIpeZETICHNs MTOCTIeIOBATEIHLHOCTIMHI BTOPBIX KOOPAMHAT TOYEK MX
reomerpudeckux o6pazor amuabl d=1000000. [TonyueHHbIC KIACCHI
CII0KHOCTH HE SBJISIFOTCS HHBAPUAHTHBIMU OTHOCUTEIHFHO U3MEHEHHUS
nmHbl 0 paccMaTprBaeMbIX IocieoBaTenbHoCTel. B Teopemax 2 -
5 MoKa3aHO KaK M3MEHSETCS CIOKHOCTh 3aKOHOB (DYHKIMOHUPOBA-
HUSI aBTOMAaTOB MPU ONPEAENICHUH 3THX 3aKOHOB T'€OMETPUYECKUMHU
obOpazamu pa3audHOl IHHEL. Jloka3aTteasCcTBO TeopeM 1 - 5 aHamo-
THYHBI U JUIS T0Ka3aTeNIbCTBA TEOPEM MCIIOJIB30BAITUCH OJJHU U TE XKeE
IIPOrpaMMHBIE CPEACTBA JUIsl IOJIyYEHHs 3HAYEHUM IIOKazaresei
CIIEKTpA.

Tabauya 1. Xapaxmepucmuxu nepsozo yposHus $2; cnekmpa 2 0ns
NOCAE008AMEeNbHOCMEN, 3A0AIOWUX NPUOIUNCEHUSL BEIUYUH T, €,

32, 0, ¢ (3) (Mg - nopsidox pexyppenmnoii popmul).

Mo n e 2 ¢ £(3)
1 4 5 5 3 5

2 23 10 25 14 5

3 64 10 25 63 52
4 136 10 224 90 183
5 556 500 800 989 612
6 1302 500 872 1211 843
7 4608 | 2738 3673 3551 2854
8 15442 | 23552 | 6733 15320 | 11923
9 33853 | 20433 | 62895 | 24707 | 73588
10 240489 | 159939 | 278219 | 111204 | 96694
11 694410 | 172265 | 389536 | 320819 | 96694
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12 857994 | 947499 | 988084 942583 846617
13| 1000010000 1 1000000 | 1000000 | 1000000
Teopema 2. 3akoHbl  (DYHKIMOHUPOBAHUS aBTOMAaTOB M3

al(H,), tae d=1000, 1O CIOXHOCTH: - ONPENENAEMOi HYJIEBBIM

ypoBHeM () ciekTpa (2 00pa3yrT 2 Kiacca 3KBUBAICHTHOCTH IO
cnoxuocti: { AT(e), AT (%/E), AMNC@)) b u
AN (2), AT (), AP(V2 ). AT (n(2), A7 (In20), AT(C), AT ()

- oTpeneNsieMOl TepBBIM ypoBHeM () crekTpa Q 0o0pasyor

OJIHOJIEMEHTHBIC KJIACChI 9KBUBAJICHTHOCTH IO CJIO’KHOCTH.
Teopema 3. 3akoHBl  (HYHKIMOHUPOBAHUS aBTOMAaToOB W3

al(Hy), rae d=10000, 1o CIOKHOCTH: - ONPEENSEMOil HyJIEBHIM

ypoBHEM (), ciekTpa £ 00pa3yroT 3 Kiracca SKBHBAJIEHTHOCTH MO
CIIOKHOCTH: { AT(e), AT(z), AT (), A,m(\/i). AMCR)AT() |,
{ A7(ino)) ATR2) } u { AT(N). AT(C) }:

- oTpeneNsieMOll MepBBIM ypoBHEM () crekTpa (2 00pasyor
OJ/IHOBJIEMEHTHBIE KJIACChl SKBUBAJIEHTHOCTH IO CIIOKHOCTH.

Tabnuya 2. Xapaxmepucmuxu nepeoco yposus 1 cnekmpa Q 05

nociedogamenvHocmell, 3a0a0UWUX NPUOIUNCEHUSL GETUUUH \E ,
In(2), In(10), C u y (Mg - nopsiook pexyppenmuoii popmoi).

Mo J2 In(2) In(10) C »

1 4 8 4 5 4

2 4 20 20 9 14

3 54 61 31 44 22

4 90 263 75 44 119
5 177 397 186 493 358
6 1727 1029 1473 1760 1439
7 2213 1493 4393 2855 3824
8 27278 5295 4393 9733 24170
9 34745 8569 33233 9733 27532
10 81199 119254 183978 154020 115831
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11 552217 | 815449 | 331272 155872 393168
12| 10000 10000 1 1000000 | 1000000 | 1000000
Teopema 4. 3akoHbl  (QYHKIIHOHUPOBAHUS aBTOMAaToOB U3

al(H,), rae d=100000, o coxHOCTH:

- oTIpeneNsieMOl HyJIeBBIM YpoBHEM () criekTpa (2 0OpasyioT 3
KJacca 9KBUBAJICHTHOCTH 1o CJIOKHOCTH:

{AD(), AY (x), AT () AT R72) A7 (in(2), A7 (In(20)), AT(C), AT(Y) } ,
(AT(V2) b { AP )

- OTIpeeNsieMO TepBBIM ypoBHEM () crmekTpa (2 00pazyroT
OJTHOBJIEMEHTHBIE KJIACCHI SKBHBAJIEHTHOCTH TIO CIIOKHOCTH.
Teopema 5. 3akoHbl (HYHKIIMOHUPOBAHUS aBTOMAToOB U3

al'(H,), rae d=500000, 1O CIIOKHOCTH: - ONIPEENAEMOi HyJIEBBIM

ypoBHeM () criekTpa ) 00pasyroT 2 Kiacca SKBHBAICHTHOCTH 110
cnoxuoctn: { Al(7), Ad"‘(\/i), AMIn(2)) } u
{A7(E).A7 (o). ATR2) A7 (n@0). A7 (3. AT(C) AT () }:

- oTIpeneNsieMON TepBBIM ypoBHEM () criekTpa Q2 o0pasyror
OJ/THOBJIEMEHTHBIE KJIACCHI SKBHBAJIIEHTHOCTH TIO CIIOXKHOCTH.

4. OueHka c/l1oXXHOCmMu aemomMamHbIx modesell
ynpaeneHusi dsuxxeHuem 6onudoe nNo mpaccam
®opmynbi-1

B nmanHOM maparpade Ha OCHOBE HCIOJIB30BaHHMS armapara
TEOMETPHUYECKUX 00pa3oB 3aKOHOB (PYHKIIMOHMPOBAHUS aBTOMATOB
NPOBOJUTCS aHAIU3 CBOMCTB Tpacc 19 oduumanbHBIX 3TAloB aBTO-
MOOWIEHON ToHOYHOH cepun «Dopmyna-1». AHamu3 CBONCTB TO-
HOYHBIX TPACC CBOJMTCS K UCCIICTIOBAHUIO CBOMCTB TUIOCKUX KPHBBIX,
NPEACTABIAIOMNX CO0OH MacmTaOupoBaHHBIE KapThl peallbHBIX
Tpacc. [lo TakuM KPUBBIM OCYIIECTBISIETCS ITOCTPOCHHE 3aKOHOB
(YHKIIMOHHPOBAHUS JTUCKPETHBIX IETEPMHUHUPOBAHHBIX IHMHAMUYE-
CKuX cucTeM (aBTOMaroB). Il OLIEHKH CJIOKHOCTH M Kiaccu(uKa-
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M TPACC UCIIOJIB3YETCsI CIIEKTP AMHAMUYECKUX MapaMeTpoB peKyp-
PEHTHOTO OTIpeIeIeHUs TOCIIEA0BATENILHOCTEH.

[Iponecc ynpaBneHus: ABMKEHUEM 110 3aJaHHOMY MapIIpyTy B
NpuOKeHHOW (opMe MOXKHO MPEACTaBUTh B BUAE CIEAYIOIIUX
OCHOBHBIX COCTAaBIISIONINX: aHAN3a WH(POPMAITUH O TEKYIIeH cUTya-
[I1H; BBIOOP U NPUIIOKEHHE YNPABISIOIIETO BO3ACHCTBUS K OpraHaM
yrpasnennsi. CJ0KHOCTh YIPaBICHUS JBWKEHHEM IO 3aJaHHOMY
MapupyTy CYIIECTBEHHO 3aBHCHT OT CIICIU(PHUKU MapIIpyTa, KOTO-
past ompenensiercss Ha OCHOBE MHOTHX (PaKTOPOB: UIMHBI MapuIpyTa,
rpadyka ABIDKEHUS, (U3NIECKUX XapaKTEPUCTHUK OOBEKTa JBIIKE-
HUS, TPAcChl, CICNUANBHBIX 3HAKOB M CHTHAJIOB, BHEITHUX YCIIOBHMA
cpenbl U T.. Kpome TOro, CIOKHOCTH YNpaBlICHHS 3aBUCHT U OT
CBOICTB OpPTraHOB YIPABJICHUS W OTPAaHUYEHUH, HAKIAIbIBAEMBIX Ha
mporiecc ympaelieHus. Bce cymiecTBeHHBIe (DAKTOpPBI BO3MOXKHO
3aKOAMPOBATh C MOMOMIBI0 CHMBOJIOB KOHEYHOTO ajndaBuTa U mpe-
CTaBHUThH, TAKIM 00pa3oM, CTICU(PHUKY MapIIpyTa B BHE MOCIEI0BA-
TETBHOCTH AJIEMEHTOB U3 KOHEYHOTO MHOYKECTBA.

Hcnonb3oBanne reoMeTpuvecKux oOpa3oB 3aKOHOB (YHKIHO-
HUPOBAHMsI aBTOMATOB ITO3BOJIMJIO MPEACTABIATH (Pa30Bble KApTHHBI
€JIMHBIMH MaTeMAaTUYECKUMHU CTPYKTYPaMHU — JIOMaHBIMU JIMHUSMU C
YHCIOBBIMH KOOPJIUHATAMU TOYEK. DTO TO3BOJISET paccMaTpUBATh
TEOMETPHYECKHE KPHBBIE C aBTOMAaTHOW WHTEpIpeTanuei, T.e. Kak
cnoco0 3aaHus 3aKOHOB (DYHKIMOHMPOBaHMs aBToMaTa. B naHHOM
paboTe ¢ aBTOMATHOW HMHTEpIpeTalell pacCMaTPUBAIOTCS T'eOMET-
pUYecKre KpHBBIE, TPEACTaBISIOMNE COOOW MacITabMpOBaHHEIE
KapThbl Tpacc 3TanoB ¢gopmyisl-1. Ha ocHOBe Mcmonbp30BaHus CHEK-
Tpa () JUIA aHAM3a YHCJIOBBIX IMOCIEIOBATEILHOCTEH, MTPEICTaBIIs-
IONMX CHeuupUKy Tpacc, NPOM3BOAMTCS OIEHKA CIOXXHOCTH U
kinaccuukanys 1o cioxxkHoctu 19 tpacce aranos Gopmynsl -1. Kpo-
Me TOTO, 10 K]0 KPUBOU (IIPEICTABISIONIYIO TPACCy) OCYIIECTB-
JsieTcsl TIOCTPOEHHE Kilacca aBTOMATOB IMPH PAa3NMYHBIX 3HAYCHUS
MOIIIHOCTH BXOJHOTO ai(aBuTa W PazINUYHBIX CIIOCOOax Joompese-
neHns (YHKIMH TePEeX0I0B aBToMara (HEOOXOAMMOCTh JOOTIpee-
JICHUSI ¥ BO3MOJKHBIE METOABI JOOTPENENeHHsT COepKaTcs, HallpH-
Mep, B pabore [3]). [TocTpoeHHBIE aBTOMAThl MUHHMH3HPYIOTCS M Ha
OCHOBE YHCJa COCTOSHMI B MHHAMAJIbHOM aBTOMAre, COMOCTaBJICH-
HOM Tpacce, MPOBOJIUTCS KITacCH(UKAIHS TPACC O CIOKHOCTH.
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4.1. [IOCTPOEHUE U AHAJIU3 CIIEKTPOB JIJIAI TPACC
TOHOYHOU CEPUU « DOPMYIJIA -1»

B nanHO# yactu pabOTHI C UCIIONB30BAHUEM CIEKTpa IWHAMU-
YeCKHUX MapaMeTpOB OCYILECTBIIIETCS MCCIEI0BaHUE CBOMCTB TOHOY-
HBIX Tpacc 19 odunuanbHEIX 3TaroB GopMysr 1:

. I'pan-npu ABctpanuu (Tpacca Ansoept-Ilapk)

. I'pan-ipu baxpeiina (Tpacca Caxmup)

. I'pan-ipu benbrun (oTMeHeH)

. 'pan-npu Bpaswmun (tpacca MuTepnaroc)

. I'pan-mpu BenukoOpuranun (Tpacca CHIEBEPCTOYH)

. I'pan-ipu Benrpuu ( Tpacca XyHrapopuHr)

. I'pan-nipu 'epmanmu (Tpacca X oKKeHXalMpPHHT)

. I'par-tipu EBpomsr (Tpacca HropOyprpuHr)

. I'pan-nipu Mcnanuu (tpacca Karanynss MoHTMEIN0)

0. I'pan-tipu Utamuu (Tpacca Aytonpome Hammonasne)

11. I'pan-nipu Kanansr (Tpacca ABToapom nMeHu XXt BuiibHeBa)
12. I'pan-ipu Kuras (tpacca llanxait MaTEpHENITH)

13. I'pan-nipu Manaitsun (Tpacca Cemnanr)

14. I'par-ipu Monako (Tpacca Monre-Kapio)

15. I'pan-npu Can-MapuHo (Tpacca umenu JHuo u Juno deppapn)
16. I'pan-nipu CILIA (ABToapom Uuauananonuc Motop Crinzaseit)
17. I'pan-tipu Typumu (Tpacca Kyprkoit)

18. I'pan-nipu @panuun (Tpacca Mausu-Kyp Hesep)

19. I'pan-nipu SAnornu (Tpacca Cy3yka MHTEpHEITH).

AHanu3 CBOICTB TOHOYHBIX TPacc CBOIUTCS K HCCIECIOBAHHIO
CBOWCTB IJIOCKMX KPHUBBIX, MPEACTABIAIONIMX COOOH MaciuTaOupo-
BaHHBIE KapTHl pealibHBIX Tpacc. KapThl Tpacc oQHIManbHBIX 3TANoB
¢bopmynsl -1 u geranpHas uHGOPMALMA O KaKAOM dTale MpeCTaB-
neHa B cetn VHrepHer mno anpecy [9-11]. Anamu3 xaxmoit u3 19
TEOMETPUUECKUX KPHUBBIX COCTOUT B U3BJICUECHUM U3 KPUBOH 4MCIIO-
BOH IOCIEOBATENBHOCTH, KOTOPas MHTEPIPETHUPYETCS Kak Iociie-
JIOBATENBHOCTb BTOPBIX KOOPJAMHAT TOYEK T€OMETpUUEcKoro obpasa
aBTOMaTta. /[ 3JIeMEHTOB MHOJXKECTBa, COCTOsIIEro u3 19 wusBie-
YCHHBIX IIOCJICIOBATEIBHOCTEH CTPOSTCS CHEKTPHl U HAa OCHOBE
COBIA/ICHUS YHCIIOBBIX IOKa3aTeNeil creKTpa MHOXECTBO pa3duBa-
eTcs Ha KJIacChl SKBUBAJICHTHBIX IOcienoBaTenbHocTeil. Kpome toro,
M0 KaK7o1 U3 19 KpUBBIX MOCTPOEHBI ABTOMATBHI.

— O 0 ~NO O~ WN PP
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Ha kaxnmoii KpuBoii BEIONPAIHCH TOYKH, COOTBETCTBYIOIIHE T10-
BOpPOTaM M TOYKH, 0003HAUEHHBIE KaK KOHTPOJBHBIE TPU MPOXOK-
JICHUH Tpacchl (AaHHBIE TOUYKH MCHOIB3YIOTCS B X0/1¢ KBATU(HUKAINT
Y HEMOCPEICTBEHHO B roHKe). Hampapnenue ob6xoma mis KaKIoi
KPUBOH COBMAJaeT C HANpaBJICHUEM JBWKEHUS OOIUIOB POPMYJIBI -
1 mo Tpacce, KOTOpO CONOCTaBJsIeTCsl KpuBas. B kauecTBe Hauanb-
HOM TOYKHM paccMaTpUBaliaCh TOUKa cTapTa 00JIumoB B roHke. Komu-
YeCTBO TOYEK, 33JaI0IUX TNPUOIIKEHHE KPUBOU 3a(UKCHPOBAHO
Tt BeeX 19 KpUBBIX M paBHO 23 — cpeiHEMY KOIHYECTBY IIOBOPOTOB
JUTS pacCMaTpHUBaeMBIX Tpacc. Takum o0pa3oM KOJUYECTBO AIIEMEH-
TOB B YHCJIOBOH IOCJIENOBATEIBHOCTH, COTIOCTABICHHONW KPUBOM
paBHO 23. l3Be4YeHHbIE U3 MAaCIITAOUPOBAHHBIX KapT Tpacc GopMy-
TeI-1  TTOCIIEIOBATELHOCTH JUTHHEI 23 OBLTH MPOAHATHU3UPOBAHBI C
WCTIOJIh30BAHUEM CIIEKTpa JUHAMHUYECKHUX MmapaMeTpoB. Jlms kakaon
MOCTIeI0BAaTEILHOCTH IOCTPOEHBI CIIEKTPHI U 110 COBIA/IEHUIO 3Hade-
HUH TIapaMeTpoB Ha YPOBHIX Qo— Q3 cmekTpa (2 IMOCTPOCHBI
pasouenuss Py, Py, P,, P; MHOXecTBa paccMaTpuBaeMbIX IOCIIE-
JIOBaTeIbHOCTEW Ha KJIacChl 3KBUBAJIEHTHBIX IMOCIEIOBATENbHOCTEH
(cm.Tabmuy 1).

Tabauya 3. Unghopmayus o pazouenusix Py, Py, Py, P3s no noka-
samensam cnekmpa 2 Ha ypoeusax Qg — Qs.

XapakTepucTHKa Po Py P2 Ps
Yuciio noaKiIaccoB 3 1 1 1
B pa3OMEeHUM 7 9 9
MaxkcumMmanpHass  MOIII- 10 ) 1 1
HOCTb MOJKJIacca

MuHumansHast MOIII- 1 1 1 1

HOCTB IMOJKJIacCa

AHanM3 TMOJyYeHHBIX Ppe3yJbTaTOB IIOKAa3bIBACT, YTO 3HAYU-
TeJIbHOE yBennueHHe (MouTH B 6 pa3) ymcia KJIaccoB SKBUBAICHTHBIX
Tocye0BaTeIbHOCTEeH HAOMI0AaeTCsl PY MOCTPOEHUH pazouenus P
(umcno kmaccoB yBenuumBaercst ¢ 3 1o 17), mpu stoM B 5 pas
YMEHBILAETCS 3HaU€HHE MaKCUMAJIbHOW MOLIHOCTH Kjlacca B pa3oue-
Hun (c 10 smemeHTOB B Kiacce 70 2 aneMeHTOB). Pa3buenue P,
YBEJIMYUBAET YHUCIIO Ki1accoB 10 19, T.e. Bce Kiacchl B pa3ouenun P,
SIBJIIIOTCSL  OJIHORJIEMEHTHhIMHU. B TaOnuile 4 NpHUBEICHBI KJIAaCCh

XI BCEPOCCHICKA S [IIKOJIA-KOH®EPEHITMS MOJIOJIBIX VUEHBIX
“VYIIPABJIEHME BOJIbIINMU CUCTEMAMW”



211

OKBUBAJICHTHBIX 3TarnoB (GopmMyibi-1 (M0 COBMAAEHUIO MOKa3aTelNei
CIEKTpa Ul IOCIEeNOBATENLHOCTEH, KOAMPYIOIIUX Tpaccy 3Tama).
CaMBbIM CJIOKHBIM Ha HYJICBOM YpoBHE €); cmekTpa {2 oka3zaiach
MOCJIeZIOBATENILHOCTh, KoAMpyiomas Tpaccy Manpu-Kyp  Hesep
I'pan-ipu ®paniu (cm.puc.l). B paborax [9-11] npuBenena uH-
¢dopmanms o Bcex 19 tpaccax ¢popmynsi-1. XapaKTepHCTHKH TPacchl
Manbu-Kyp rpan-npu ®paniun, ussnedennbie u3 [9-11], moarsep-
JKAAI0T TOT (aKT, 4TO JaHHAs Tpacca SBIISIETCS OJHOM W3 CIOXKHEH-
mMx B yemnuoHate. B onun knace pazouenus P; (1o mokazaTemnsiM
MepBOTo ypoBHS 2y cmekTpa {2 ) momanu 3Tansl rpad-ipu KaHassr
(Tpacca ABroapom umenn JKuis BuinpaeBa) um rTpaH-npu SnoHMH
(Tpacca Cy3yka MHTepHemHI).

- ®panuus / Hebe

Abmodpor
“Magny Cours™

14/@71-15/@7

Puc.1. Tpacca Manvu-Kyp I['pan-Ilpu @panyuu — 1120 odpuyuans-
HO20 smana gopmynel 1.

B [9-11] mpuBeneHsl maHHBIE O Tpaccax, KOTOpPbIE TOATBEP-
JKIAKOT, YTO OHU UMEIOT OJM3KYIO CI0XHOCTh. H(popMarus, mpuse-
neHHast B Tabnuie 5 (n3BiedenHas u3 [9-11]), Takxke moaTBep:KaaET
OJIMHAKOBYIO CIIOKHOCTH JTAHHBIX Tpacc (Ui YKa3aHHBIX CHIIbHEH-
mux mioToB Gopmynbl-1 dncino moden Ha 000MX Tpaccax OTIMYa-
ercsi He Oosee, yeM Ha 1, WM coBHaaaeT). DKBUBAICHTHBIMH IIO
MOKa3aTessiM MEePBOro ypoBHA (2; cmekTpa ()  SBIAIOTCS HOCIENO-
BaTEIILHOCTH, KOJUpYIOIIMe dTanbl: rpad-ipu Kuras (tpacca lllan-
xaif Wutepnemnn) wu  rpaH-npu ['epmanmm (Tpacca XOKKEH-
xarimMpuar). OctanbHble 17 KimaccoB paszoumenus P;  sBosorces
OJIHO3JIEMEHTHBIMU. Pa3ouenue P, comepxkut 19 ogHO31EMEHTHBIX
knaccoB.Jlist kKakaoro u3 19 3TanoB BRIYMCICHO 3HAYCHHE XapaKTe-

XI BCEPOCCHICKA S [IIKOJIA-KOH®EPEHITMS MOJIOJIBIX VUEHBIX
“VYIIPABJIEHME BOJIbIINMU CUCTEMAMW”



212

PUCTUKH € , TOCTPOCHBI KJIACCHI DKBUBAJICHTHBIX TANOB (OPMYJIbI-
1 mo coBmaJCHMWIO 3HAYEHUS XapakTepuctuku 6 . Pasdouenme Py
cogepkuT 10 KJIacCOB SKBHBAICHTHOCTH, MAaKCHMAalbHOE YHCIIO
JIIEMEHTOB - 4 COJEpIKUTCS B Kilacce, 3HAYCHUE XapaKTEePUCTUKU 6
B KOTOPOM TaKkXe SIBJIsIeTCs MakcuMmanbHbIM (6= 2.85714). Pa3Oue-
Hue P, Bkmoyaer 4 0JHORIEMEHTHBIX Kiacca, 4 IBYyX3JIEMEHTHBIX
KJlacca, OJIMH TPEXAJIEMEHTHBIN M OJIMH YeTBIPEXAJIeMEHTHBIN KJacc.
MunnmManpHOe 3HaueHne xapakrepuctuku 6 = 0.0601052.

Kpome Toro, B ganHOM maparpade copaep:Karcsi pe3ysbTaThl
Oonee mMOAPOOHOTO aHaMM3a CIOXKHOCTH 69 Tpacc, Ha KOTOPBIX
MPOBOAMIINCE BCe O(HIMALHBIE 3TAIlbl aBTOMOOMIFHOW TOHOYHON

cepun «@opmyna-1» ¢ 1950 mo 201 1r.r.

Tabnuya 4. Knaccwl 2k6u6aneHmuvix Ha Hy1e60M yposHe 2y cnek-
mpa £ smanos gpopmynvi-1.

Kaace dtan popmyasi-1 Tpacca
I'pan-npu baxpeiina Caxup
['pan-pu Manaiizuu Cemnanr
I'pan-npu Kanasbr ABtonpom nmenn JK.BumsHeBa
I'pan-npu I'epmanuu XOKKEHXaMpHHT
I'pan-ipu Benrpuu XyHrapopuHr
K1 o
I'pan-ipu Typuuu Kyptko#t
I'pan-nipu benbruu Cna
I'pan-pu Kurtas [Tanxait IaTepHennn
['pan-npu SAnonun Cy3syka MnrepHensn
I'pan-npu bpazwiun WNurepnaroc
['pan-npu ABcTpanun tpacca Ans6ept-Ilapk
['pan-npu Can-MapuHo ABronpom nmenu Peppapu
I'pan-npu EBponsl tpacca HiopOyprpusr
K, I'pan-ipu Mcnanuu Karanynsst MonT™MemI10
['pan-ipu Uranun Aytoapome Hanmonaine
I'par-tipu BenmukoOpuTtannm CunibBepCTOYH
I'par-ipu CIHA ABTtoapom MHIHaHAIONHIC
Ks I'pan-ipu @panuuu Manbsu-Kyp Hesep
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AHanmu3 CBOMCTB TOHOYHBIX Tpacc MPOBOAMTCA HAa OCHOBE HC-
CJICZIOBaHUSI CBOWCTB T'€OMETPHUUYECKUX KPHUBBIX, HPEACTAaBISIOIINX
co0oif MacmTabupoBaHHBIE KapThl pealbHBIX Tpacc. AHamM3 Tpacc
COCTOUT B IIOCTPOEHHMU KOIOB Tpacc (UCCIECNOBaHbl pa3IUyHbIE
crerienu npuOmmkenuss - ot 40 go 400 Touek), KOTOpBIE TaKXke
MHTEPIPETUPYIOTCS KaK COOTBETCTBYIOILIME IOCIEA0BATEIBHOCTH
BTOPBIX KOOPJIMHAT TOYEK Fr€OMETPUIECKUX 00pa3oB aBTOMATOB.

Tabauya 5. Ungopmayus o uucine nobed paznuyHvlx nuiomos Ha
mpacce um.Kunsa Bunonesa u_mpacce Cysyka HnmepHewni.

Uucno moben Ha | Uncmo mobex  Ha
MMunor Tpacce um. Kuns | tpacce tpacce Cysy-
BunbHeBa ka HTepHenIHI

Muxaens [lymaxep 7 6
Muka XaKKHHEH 1 2
Aiipron Cenna 2 2
I'epxapa beprep 1 2
Haiimon Xun 1 2
Kumu PaiikkoneH 1 1

Jnist 571eMEHTOB MHOKECTBA, COCTOALIETO M3 69 MOCTPOCHHBIX
YHCIIOBBIX TOCIEAOBATEIBHOCTEH KOJIOB CTPOSATCS CIEKTPHl W Ha
OCHOBE COBITIQJICHUSI YHCIIOBBIX MOKa3aTeJled CIIeKTpa MHOXKECTBO
pa3buBaeTcs Ha KJacChl 3KBUBAICHTHBIX MOCieAoBaTenbHOCTEeN. [0
KaXI0H 13 69 KpUBBIX OCYIIECTBIECHO MOCTPOCHHE CEMEHCTBA aBTO-
MaToB (IIPH Pa3TMYHOM YHCII€ BXOJHBIX CHUTHAIOB aBTOMAara M pas-
JIUYHBIX CIOCO0axX JMoompeneneHus (YHKIMH TEePeX0J0B aBTOMa-
TOB).

[TocTpoeHne YHCIOBBIX MOCIENOBATENFHOCTEH KOJIOB TPACC MPHU
aHaJM3€e CJIO0XXHOCTH YINPABICHUS ABHKCHHEM II0 TPacce 3aJaHHOTrO
00bEeKTa MOXKET OBITh PEATM30BAaHO PA3IUYHBIMU CIIOCOOAMH H C
pa3HOW CTEMEeHbI0 TOYHOCTH W TONHOTHL. B oOmem ciydae mis
peUICHr NPUKIAAHBIX 3aJa4 B KOAC JOJIKHBI 6I)ITI) mpeaACTaBJICHBI:
TEOMETPUUYCCKHC CBOMCTBA MapIIpyTa, PU3NIECKHUE CBOWCTBA MapIIl-
pyTa (3aABIMIIEHHOCTh, TYMaH, THIT TTOKPHITHS, HAIMYAE Ha TOKPBI-
THW TPACCHI BEIIECTB, BIMSIONIMX HAa CIEIUICHHE W Jp.), CBOMCTBA
00beKTa IBIKEHHUS (HAIpHMep, CHOCOOHOCTh HaOHMpaTh/CHMKATH
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CKOpOCTH C 3aJIaHHOW MHTEHCUBHOCTBIO), CBOWCTBA OpraHa yrpasJie-
HUsSI OOBEKTOM JABMXCHUS, CBOHCTBA OOBEKTOB CHUTHaNIM3anuu. B
JaHHOW padoTe MpH MPOBEACHUH aHaJIM3a CBOWCTB Tpacc paccMaTpH-
BAaIOTCSA TOJBKO I'€OMETPUUYECKHE CBOWCTBAa MapIIPyTOB BBUIY TOTO,
910 3a 60 JIeT NPOMCXOAWIN CYLIECTBEHHBIC N3MEHECHUS B TEXHHYe-
ckoM periamente «PopMynbl-1», OKa3bIBAIOIIUE MPUHIHMIIHATIBHOE
BJIMSIHHE HAa CBONCTBa OOBEKTa JBHIKEHHS, CBOMCTBA OpraHa yrpas-
JICHUSI W XapaKkTEepPUCTUKU CPEICTB CHUTHANIN3ALMU (IOECATKH pa3
BBOJIMJIMCH M OTMEHSUTUCH PsAJl OTPaHUYEHUH HA MOIIHOCTh JABHTaTe-
TSI, TUaMETP ¥ MIMPHUHY MOKPHIIIEK, TEOMETPHIO M Pa3MepPhl 38 THUX H
NEepPeNHNX AHTUKPBUIbEB, HCIIOJIB30BAHUE CHCTEM MHOMOLIM INPH U
ycKopeHun Oonmaa u ap.). B ganHo# paborte BbIOpaH crocod, KOTO-
pBIii IpearoaraeT BoIOOp 0a3uca cTaHJAPTHBIX yYaCTKOB ABMKCHUS
U UX KOJUPOBAaHUs, pa30OMEHHE BCEro MapuipyTa Ha CTaHIapTHBIC
YYaCTKH H IOCTPOEHUE KOJIa BCETO MapIIpyTa Kak YHCIOBOW MOCIIe-
JIOBaTENIbHOCTH KOAOB CTAHAAPTHBIX y4acTKOB. [Ipu 3ToM ncnons3y-
eTcs CYLIECTBYIOIAs TOHOYHAs KiIacCU(UKAIMA CTaHIAPTHBIX
YYacTKOB JBWXKeHHS (cM., Hampumep, [9-11]), mms koTopeIx (Ha
KOHKPETHOM HHTEpBajle BPEMEHHM ICHCTBUS TEXHHYECKUX IPABUI
Ui OONMIIOB) Ha OCHOBE OMBITHBIX JaHHBIX ONPEACTICHBI KOHKPET-
HBIE 3HAYEHUsI XapaKTEPUCTHK, IMO3BOJISIOIIUE POXOJUTH CTAHIAPT-
HBIA y4acTOK OBICTPEHIINM CIIOCOOOM: CKOPOCTh BXOJa Ha CTaH-
JApTHBIM y4YacTOK, CKOPOCTb BBIXOJa, Iepenada, Ha KOTOpOH
HEOOXOJMMO BXOJUTh B y4acTOK, Mepenada, Ha KOTOPOi HeoOXoau-
MO BBIXOIUTH U3 Y4acTKa, crioco0 mpoxoxzaeHus ydactka. Ha puc.2
NpUBEICHBI KapThl 1BYX Tpacc: () - Brands Hatch (Kent, Bemuko-
Oopuranusi, 14 rpan-npu) u  (b) - Hockenheimring (Xokenxaiim,
I'epmanmst, 33 rpan-nipu) ¢ BEIOpaHHBIM pa3OHMEHHEM Tpacc Ha CTaH-
JapTHBIC yYacTKH.
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@ é:ens‘ljhem (a)
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O
Puc.2. Kapmol mpacc: (a) - Brands Hatch (I?eﬂm Benuxoopuma-
nus); (b) - Hockenheimring (Xoxenxaiim, I'epmanus).

[TocTpoeHbI YHCIIOBBIE TIOCIEIOBATEIILHOCTH KOJIOB BCeX 69
Tpacc ¥ MPOBEACH UX aHaJH3 C UCTIOJIb30BAHUEM CIIEKTpa TUHAMUY e-
ckux napamerpoB (2. Takke pacCMOTPEHO HECKOJBKO Tpacc IUIaHU-
pyeMbIX K Hcronb3oBaHuio B «Dopmyne-1», B TOM 4Hcie Tpacca B
r.Coun. BpruucieHsl 3HauCHUS TOKa3aTelied Ha YETHIPEX YPOBHSIX
(- Q)3 crextpa ) ¥ Ha OCHOBE MOJYYEHHBIX 3HAYEHH IMOCTpOe-
HBI KJIACCHI SKBHUBAJICHTHBIX IO CJIOXKHOCTH TIOCIIEI0BATEIBHOCTEH 1
COOTBETCTBYIOIIMX MM Tpacc. B kauecTBe mpumepa mpuBeIeM 3Ha-
YyeHus Mokaszareneil Ha ypoBHe Qg u (2; cmektpa (2 g mocie-
JOBaTENBHOCTEH, KOAMPYIOMIMX TPAacchl, M300pakeHHbIE Ha puc.2.
[Moka3zarenu Ha HyJIEBOM YPOBHE CIEKTpa: MOCIEAOBATEIBHOCTD & ,
komupytommas Tpaccy (@) Brands Hatch - Qy(¢&1) = mo(&) = 19; mo-
clienoBaTenbHOCTh & , Komaupyromas Tpaccy (b) Hockenheimring -
Qo(&) =mo(&) = 21 (anst BHIOpaHHOTO BapHAHTA KOIMPOBAHUS
Tpacchl). 3HadeHus mokazareneit st & u & Ha ypoBHIX Oy - Q3 B
SIBHOM BHUJIe HE IPUBOJISATCS BBUAY OOJBIION pa3MEPHOCTH.

5. BbigoOhbi
I/I3J'IO)I(CHBI pe3yJ'ILTaTLI, IIOKA3bIBAKOIIINE BO3MOXKXHOCTH npaK—

TUYECKOT'0 UCIOJIb30BAHUS CIIEKTpa AMHAMHUYECKHUX MapaMeTpOB I
OTIpeZIeTIeHNsI CBOWMCTB M OIEHKH CJIOXHOCTH 3aKOHOB ()yHKIIMOHH-
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poBaHusd JUCKPETHBIX ACTCPMUHUPOBAHHBIX JWHAMHWYCCKUX CHCTEM
Ha OCHOBE HCCJIEJOBAaHMsI CBOMCTB YUCIIOBBIX MOCIEAOBATEIbHOCTEM,
B3aMMHO-OAHO3HAYHO ONPENENMIOMNX 3aKOHBI ()YHKIHOHHUPOBAHUSI.
ITocTpoeHbl OLIEHKU CIIOKHOCTH Ul IOCIE0BaTeNbHOCTEH, 3a1at0-
KX OpUOIKEHUsT (YHAAMEHTAIBHBIX MAaTEeMaTHYECKHX BEJIMYHUH.
IMpoBenen ananu3 crnoxuoctu 6omnee 70 tpacc «Dopmynsl - 1». Ilo
r€OMCTPUYCCKUM KPHUBBIM Ha IUIOCKOCTH, NPCACTAaBJIAIOIINM Mac-
mTabupoBaHHBIE KapThl TPacc, MOCTPOCHbI M NPOAHATU3HUPOBAHBI
KJIacChl aBTOMATOB.
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METHODS OF COMPLEXITY ESTIMATION OF LOWS OF
FUNCTIONING OF AUTOMATONS MODELS OF SYSTEMS

Anton Epifanov, Institute of Precision Mechanics and Control
Sciences of RAS, Saratov, Cand.Sc.(epifanovas@list.ru).

Abstract: In paper are constructed and spend analysis of automata
models of discrete determined dynamic systems. Are spend com-
plexity estimation of lows of functioning of automatons based on use
of

mathematical apparatus of geometrical images of automata map-
pings and spectrum of dynamic parameters of recurrent definition of
sequences. Also are constructed automata models by geometrical
curves and spend classification of constructed models by complexity.

Keywords: discrete determined dynamic system, mathematical
model, geometrical image of automaton, complexity estimation.
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