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METOAbI AOONPEAEJIEHNA 3AKOHOB
®YHKUMOHUPOBAHUA ANCKPETHbLIX
ANHAMUYECKUX CUCTEM

Enudanos A. ct
(Ancmumym npobnem mounoi mexanuxu
u ynpaesnenus PAH, Capamog)

B pabome paccmampueaiomca npoyeccvl QYHKYUOHUPOBAHUSL
OUCKPEMHbBIX O0emepMUHUPOBAHHBIX OUHAMUYecKUx cucmem. Ma-
MeMamuieckumu MoOenamu MaKux Cucmem npeononazarmcs
OUCKpemHvle 0emepMUHUPOBAHHbIE ABMOMAMbL, 3AKOHbL (DYHKYUO-
HUPOBAHUSL KOMOPBIX NPeOCMaBieHbl HOBbIM, NPEONONCEHHbIM U
paspadbomannvim Teepooxnebogvim B.A., cnocobom - ceomempuye-
CKUMU 00pazamu agmomamuulx omoopasicenuil. Paccmampusarom-
€Sl YACMUYHO 3A0AHHbBlE ABMOMAMHbIE MOOeNU CUCMEM U NPO6o-
oumes  aHanu3  dPGeKmueHocmy  NPUMEHEHUs  KIACCUYeCKUX
memooos unmepnoasyuu Hotomona, Jlacparnarca, I'aycca, memooos
CRAAUH-UHMEPNONAYUU U Op. NO OMHOWEHUI) K YACMUYHO 3A0AH-
HbIM 3AKOHAM QYHKYUOHUPOBAHUS ABMOMAMOS, NPe0CmAasienHbIM
YACMUYHO 3A0AHHBIMU 2eOMEeMmPUYecKUMU oopasamu 6 gopme
yucnosvix epaguros. Pazpabomanuvl Hogvlie memoosl evibopa 6azo-
BbIX MOYEK UHMEPNOTAYUY, VHUMBIBAIOWUE CNEYUDUKY UHMEPNOTU-
PYeMbIX a8moMamusvix Mooenell.

Kirouesrie cioBa: JAUCKPCTHAd ACTCPMHUHUPOBAHHAA NJUHAMHUYC-
CKasd CHUCTEMa, aBTOMAT, aBTOMATHOC OTO6pa)KCHI/IC, TreoOMCTpH-
YeCKHUi 06p3,3 aBTOMATHOTI'O OTO6pa)KeHI/IH, HUHTCPIIOIAIUA,
alIrpoKCuManus.

Y Aumon Cepeeesuy Enugpanos, kanouoam usuko-mamemamuyeckux Hayk
(epifanovas@list.ru).
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1. BeedeHue

OngHrM W3 BaXKHBIX CBOMCTB CIIOKHBIX YEJIOBEKO-MAIIMHHBIX
cucteMm (CUMC), ncnonp3yeMbIX B HACTOAIIEee BpeMsl (aBHAIIMOHHO-
TPAHCTIOPTHBIX CHUCTEMBI, aTOMHBIX ¥ THAPOAIJIEKTPOCTAHIINH, ceTeit
JKEJIEe3HBIX JIOPOT, KPYIMHBIX MPOMBIIIICHHBIX TPEANPUITHHA, ceTeit
ra3o- 1 He(TenmpoBOIOB, TEIEKOMMYHUKAIIMOHHBIX CETeH, pacmpe-
JICTICHHBIX BBIYUCIIUTEIBHBIX CHCTEM), SIBJISETCS BO3MOYKHOCTH
MIEPEKPBITHS MOJIOKUTENBHOTO 3KOHOMHYECKOTO 3hdekra oT uc-
none3oBanusl CUMC mnocnencrBusimMu aBapuii u katactpodp CUMC.
BBuay storo 3amaum B mpobieme oOecredeHus W MOJIepKaHWs
oe3omacHoctn QyHknnonupoBanns CUMC axTyaiabHBI U SIBISIOTCS
MPEeIMETOM  HCCIENOBAaHWA  OTPOMHBIX  KOJUIEKTHBOB  Kak
OTEUYECTBEHHBIX, TaK M 3apyOeXHBIX YYEHBIX (CM., Hampumep, [1-3,
5,6, 8-10, 12-16, 19]). HecmoTps Ha 3TO, MOJHOCTHIO 3aKPHIBAIOIIMX
Mpo0IIeMy peleHui He MOTy4YeHO.

OgHol W3 NPUHIMIMAIBHBIX TPYAHOCTEH B  3aJayax
obecrieueHrsT W TOAJEPKaHUsT 0e30MacHOCTH (PYHKIIMOHUPOBAHUS
CIIOXHBIX YeNoBeKo-MamuHHBIX cucteM (CUMC) SIBJISIETCA
MPUHIUITHAIIEHAS HEBO3MOXKHOCTh TIOCTPOEHHS TOTHOW, TOYHOU U
komnakTHOW Mozenun CUMC BBHIy OrpOMHON pa3MEpPHOCTH TAaKHX
CHUCTEM, CII0)KHOH CTPYKTYphl, OOJBIIIOrO YHCIAa CBS3EU MEXKIY
KOMITIOHEHTaMH U IIOJICUCTEMAaMHM, HaJN4Yds HEONpeIelIeHHOCTEH B
(YHKIIMOHUPOBAHUH, TIPUCYTCTBUSI B CUCTEME IMPOILECCOB U KOMIIO-
HEHT Pa3lIMYHON NPUPOJBI U T.J. BBUIY yKa3aHHBIX OCOOCHHOCTEH
CUMC akTyalbHBIMH SIBIISIFOTCS HCCIIEJIOBAaHUS MO pa3paboTKe
MetosoB moctpoeHus mojsenmun CUMC B menoM (YyYHTHIBAIOLIUX
pazHopogHocTs mnpoueccoB B CUMC, wusmenenus CUMC Bo
BpEMEHH) Ha OCHOBE OTPAaHWYEHHOr0o Habopa MOJHOCTHIO WM
YaCTHYHO 3aJIaHHBIX (PAKTHYECKHUX IMPOIECCOB (PYHKIIMOHUPOBAHHS
cucteMbl. B naHHOIl paboTe ClOXHBIE YEIOBEKO-MalllMHHbIE
CHUCTEMBI pacCMaTpUBAIOTCS KaK AUCKPETHBIC ACTCPMUHUPOBAHHBIC
IMHAMUYECKHE CHUCTEMBl. B KauecTBe MaTeMaTHYeCKUX Mojeieit
TaKUX CHCTEM HCIONB3YIOTCS OUCKPETHBIC JETCPMUHUPOBAHHEIE
aBTOMATHl C OOJBIIMMH KOHCYHBIMH WU CUYCTHO-OCCKOHCUHBIMH
MHOKECTBaMH COCTOSTHUM (Ha  ocHoOBe HCIIOJIb30BaHMS
TEOMETPHUYECKOTO TPEJCTABICHUS 3aKOHOB (DYHKIIMOHUPOBAHUS
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(cm.[17, 18]). dyHmameHTa bHBIE MaTEMAaTHYECKUE PE3YJIbTATHI IO
JIOOTIPENIENICHNI0 YaCTHYHO 3aJaHHBIX TE€OMETPHYECKHX CTPYKTYP
MIPEJICTABICHBI KJIACCHYECKUMH METOIaMu HHTeprnossinua HeioToHa,
Jlarpamxa, laycca, beccems, CrupnuHra, MeTogaMH CIUTalH-
HUHTEPIIOIIAINY, METOIOM HaMMEHBINUX KBazipaToB u ip. [7,11]. B
JAHHOW paboTe Ha OCHOBE WCIOIB30BAHUA T'€OMETPUIECKOTO
MIPEJICTaBICHUS MaTeMaTHYECKUX Mojienen 3aKOHOB
¢yaxruonupoBanuss CUMC pa3pabaTeiBatOTCS HOBBIE U HCIOJB3Y-
IOTCS KJIACCUYECKHE METOABl WHTEPIIONALNN B Ka4eCTBE CPE/ICTBa
JIOOTIPEIENICHNs] YaCTHYHO 3a/IaHHBIX 3aKOHOB (PYHKIIMOHHPOBAHHS
CUMC.

2. Fleomempuyeckue obpa3bl aemomMamHbIx
omobpaxeHul

I'eomeTrpuyeckuit o00pa3 % 3aKOHOB (DYHKIIMOHUPOBAHUS
(em.[17,18]) (pysKIMM nepexonoB O : SxX—S u GyHKUUHN BBIXOJOB
A:SxX—Y ) WHUNHATBHOTO KOHEYHOrO JIETePMUHUPOBAHHOTO
aromara 4s=(S, X, Y, &, A, S) ¢ MHOXKeCTBaMH COCTOSHUH S, BXOI-
HBIX CUTHAJIOB X M BBIXOJIHBIX CUT'HAJIOB Y ONpenenseTcsl Ha OCHOBE
BBEJCHUS JIMHEHHOrO TMOpSAAKAa @ B aBTOMAaTHOM OTOOpa)KEHUH
Py = Ulp A'(s,p))}f, e A'(s,p)= A8, P).X), p=pX.

peX
ABTOoMaTHOe oTOOpaXkeHHe p, (MHOXKECTBO Iap) YHOPsI0YHBACTCS
JTUHEHHBIM TIOPSIIKOM (» , OIIPEJIeNICHHBIM Ha OCHOBE IMOPSAKA (3
Ha X M 3a1aHHBIM CIIYIONUIHIME IIPABHIAMIL:

IIpaBuio 1. Ha mMHOXecTBe X BBOJUM HEKOTOPBIA JTHHEWHBIH
HOPSIOK ;1 (KOTOPBIH OyznemM 0003HaYaTh <, )

IIpaBwio 2. ITopsaaok w; Ha X pacpoCTpaHUM [0 JIMHEHHOIO
MopsAKA HA MHOXKECTBE X, IOjaras, 4ro Ui JIFOOBIX CIIOB

p.p, e X HEOJMHAKOBOI JUIAHBI (| pl| # | p2|)
|p1| < | p2| —> p =<, P, ; And MOGKIX CIOB Py, P, € X, IS KOTOPBIX

|p1|=|p2| u p1¢ p25 HUX OTHOIICHHUC IO IMOPAAKY @i TOBTOPACT

OTHOIIICHUE OIMKANUIINX ClIeBa HCCOBIMaJarOIIX 6yKB CIOB pP; M
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P2. AHaJIOrM4HO OMpPEACIACTCA MOPAAOK a)é Ha MHOKECTBE CJIOB Y .

Ilocne BBeeHMs Ha MHOXecTBe X JTHHEHHOrO MOPAAKA (1 , TIOTyda-

eM JIMHEHHO YHOPsJOYeHHOEe MHOXeCTBO o, =(pf,@]), Toe @ -

TOPSAIOK HA P, , MHIYIHPOBAHHBI TOPAIKOM 1 Ha X .
OrmpezienuB Ha MHOXeCTBE Y JIMHCHWHBIM MOPSIOK @, H pa3-

MECTHB B cucTeme koopauHat D; ¢ ockro adcimce (X, @w;) ¥ OCBIO
opauHat (Y, ;) MHOXKECTBO TOYCK pg , MOJYYaeM T€OMETPHUYCCKUI

o0pa3 % 3aKOHOB (DYHKIIMOHMPOBAHUS WHUIIMAIBLHOTO KOHEYHOIO
netepmuHupoBanHoro aromara 4s= (S, X, Y, &, 4, s). Heodxoaumo
OTMETHUTH, YTO JIMHEUHBIC TIOPSIKHA (»; Ha X" u w, Ha Y B 0o01eM
cllydae HEe3aBHCHMBI. JTO O3HAYaeT, YTO KOHKPETHBIA BUJ T'€OMET-
pHUECKOro o0pasza j% 3aKOHOB (PYHKIMOHUPOBAHUSI HHUIMAIBHOTO
KOHEYHOro jaeTepmuHHpoBaHHOTO aBTomMata As=(S, X, Y, &, A4, 9)
3aBUCHUT OT BBHIOPAHHBIX TIOPSIIKOB 1 U ®z. BO3MOXHBI U Apyrue
BAPMAHTH JIMHCHHBIX mopsakoB Ha X (cm., Hampumep, [17]). B
JaHHOW paboTe HcclieoBaHHE 3aKOHOB (DYHKIIMOHHUPOBAHHS aBTO-
MaTOB IPOBOJUTCS C HCIIOJIB30BAHUEM OIPEEICHHOTO BBIIIE II0-
pagka w; Ha X . JIMHEHHBIE MOPSAKHE 1 M (; TO3BONISIOT 3aMEHSITh
sneMenTEl MHOXKeCTB X # Y uX HOMepaMmu Fy(p) u ry(p) mo stum
nopsiikaM. B pesynbrare omnpenenstorcst 1Be QOpMbI reoMeTpHUe-
ckux 00pa3oB, BO-TIEPBBIX, KaK CHMBOJIGHAS CTPYKTypa B CHCTEME
koopauHat Dj, a BO-BTOpBIX, KaK YMCIIOBas CTPYKTypa B CHCTEMeE
KOOPJIMHAT C [EJIOYHUCICHHBIMHI MM BEIIECTBEHHBIMHU TTOJIOKUTEIb-
HBIMU TTOJTYOCSIMU.

U3 reomeTpudeckoro obpaza % aBromarta As BBIAEISECTCS TMO-
CJIEJIOBATENIFHOCTh BTOPBIX KOOPJHMHAT TOYEK T'€OMETPHUYECKOTO
o0Opa3za, KoTopas B3aUMHOOJHO3HAYHO COOTBETCTBYET IOJHOMY
reoMeTpuueckoMy oOpasy (mpu (UKCHPOBAHHBIX MOPSAIKE HA MHO-
xectBe X u Benmmumue M = | X |). B pesynbrare 3aKoHbI QyHKIHO-
HUPOBaHUSI aBTOMaTa (TO ecTh, (a3oBas KapTWHA) M KOHKPETHBIC
nporiecchl (HyHKIIMOHUPOBAHUS aBTOMara (TO ecTh, (pa3oBbie Tpack-
TOPHH) OKa3bIBAIOTCSI B3aMMHOOIHO3HAYHO ONPENEIEHHBIMH T1OCTIE-
JIOBaTEIbHOCTBIO BTOPBIX KOOPAMHAT TOYEK T'€OMETPUYECKOTro
obpa3za. DTO MO3BOJIICT PACCMATPUBAThH IPOU3BOJIBHYIO MOCIIEI0BA-
TENBHOCTh 3JIEMEHTOB M3 KOHEYHOTO MHOXKECTBA KaK IOCIIEIOBa-
TEIBHOCTh BTOPBIX KOOPAMHAT TOYEK I'€OMETPHUYECKOro obpasa u,
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CJIETOBATENBHO, KaK 3aJaHNe 3aKOHOB (D)YHKIIMOHHUPOBAHHS aBTOMa-
ta. [IpencraBieHne TeOMETpPUUIECKOTO0 0O0pas3a )% KaK YHCIOBOM
CTPYKTYPHI TIO3BOJISIET MCIIOJIB30BATh TP MOCTAHOBKAX M B METOaX
pelIeHus 3a7ad anmapaT HEelPephIBHONW MaTeMaTHKHU: 3aJjaHue 3aKo-
HOB (DYHKIIMOHWPOBAHWS aBTOMATOB YHCJIOBBHIMH ypaBHEHUSIMH,
WCTIOJB30BaHUE YHCIIOBBIX MPOIEAYP, MHTEPHOISAINIO U allPOKCH-
MaIi0 YaCTHYHO 3a/IaHHBIX 3aKOHOB (DYHKIMOHHWPOBAaHUS W T.II.
I'eomeTrpuueckuit 00pa3 y ompenenseT NOTHOCTHIO 3aKOHBI (PyHK-
[MOHWPOBaHUsI aBTomata As , TO €CTh, BCHO (a30BYIO KapTHUHY
CBsI3€H BXOIHBIX MOCIIEAOBATEIBHOCTEH C BBHIXOJHBIMH CHUTHAJIAMH.
KonkpeTHple BapuaHTBI TPOIECCOB (DYHKIIMOHUPOBAHUSA, TO €CTh,
(hasoBbIe TPACKTOPHH, MMEIOT reoMeTpiueckue o6pass % (p), peX’,
B BHJIE CEUEHUI ) IO OTIENBHBIM TOUKaM. | eoMerpuueckue obpa-
36l TAaK)K€ MOTYT 3a/1aBaThCsl YUCIIOBBIMHA, & HE CHMBOJIBHBIMH,
YpaBHEHUSIMHU.

3. AHanu3s aghghekmusHOCMU NPUMEHEHUSsT KilacCu4YeCcKux
Memodoe uHmepnonsyuu ons doonpedesieHuUst
3aKOHO8 (hyHKUUOHUPOB8aHUSsI agmomamos

HccnenoBaHHbie B TaHHON paObOTe MHUIMATIBHBIC aBTOMATHI BHU-
ma As=(S,X,Y,0,A4,8), tne S, X u Y - MHOXECTBA COCTOSIHHIA,
BXOJIHBIX M BBIXOJHBIX CUTHAJIOB, 0 U A — (QYHKIMH MEPEXOJ0B U
BBIXOHOB BHAa O :.SxX—S , 4:S5xX—Y, a seS - gavanpHOE CO-
CTOSIHHE, MPEICTABICHBI KJIACCAMH aBTOMATOB: Kiaccamu (N, m, |) —
aBromatoB, Tae N=|S|, m=|X|, I =|Y|, u kmaccamu (n, m, l)q
HAYaIbHBIX OTPE3KOB FeOMETPHUYCCKUX 00pa3oB uinHbl O , ompese-
JISIFOINMX aBTOMAThI U3 Kiacca (N, m, I) — aBTomaros.

Br16op 1 nmpuMeHeHHe MeTOAa UHTEPHOJSAINHA 1O CMBICITY CO-
OTBETCTBYIOT MPUHSATHIO U PEAIN3AIUN TUTIOTE3BI O TOM, YTO METO/T
WHTEPIOJSAIUHN, MPUMEHIEMBI K YUCIOBOMY TpaduKy, MpeacTaB-
JSIONIEMY YaCTHYHO 3aJ]aHHBI TeOMETpPHYECKH o0pa3 aBTOMarTa,
JIOCTATOYHO TOYHO BOCCTAaHABJIMBAECT TOYKH T'€OMETPUYECKOrO
oOpasa, T.e. JOCTaTOYHO TOYHO JOOMPEACISET YaCTUYHO 3aJlaHHBIC
3aKOHBI (PYHKIIMOHUpOBaHHs aBToMara. CrlemnoBaTellbHO, 00O0CHO-
BaHHOCThH PE3YJIbTATOB, TIOJYYCHHBIX C UCIOJIb30BaHUEM BHIOPAHHO-
0 METOJ/Ia WHTEPIIOJIALNH, CBEICHA K OOOCHOBAHHIO MPABUIBHOCTH

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHLIUSA MOJIO/IbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



182

runoTe3sl. B manHOM maparpade HCCIIeIoBaHBI W pa3pabOoTaHbI
METOBI BEIOOpa THITOTE3HI (BEIOOpPA KOHKPETHOTO METOAa HHTEPITO-
JMAMAW) I KOHKPETHBIX KJIaccoB aBTomatoB (kiacc (4,2,2)-
aBTOMATOB, Kjacc (8,2,2)-aBTomaroB u kiacc (16,2,2)-aBToMaToB) Ha
npuMepe BbIOOpa Ooyiee TOYHOTO METOJa WHTEPIONSAIUN U3 JIBYX
MeToa0B MHTepmnoysnnu: HpioroHa m Jlarpamka (1o aHamoTHIHOMN
CXEeM€ TaKkKe TMPOBENEeH aHaIW3 METOAOB WHTepromsnuu [aycca,
beccenst, Ctupnuara u np.). DT METOABl BKIIOYAIOT CIEIYIOIINE
STaIbL:

1 Oran. OmpenensieTcss ¥ KOHKPETHO CTPOUTCS KIACC aBTOMa-
ToB U , B KOTOpOM YacTHYHO 3a/IaHHBIE aBTOMAaTBhl METOJIOM HH-
TEPIOJSIIAA WX YaCTUYHBIX T€OMETPHUYECKUX 00pa30B JAOOMpEAeIs-
IOTCS [0 TIONHBIX TEeOMETpPHUYECKHX oOpa3oB. BriOmpaercs ams
WCCIIEIOBAaHNS HA0Op METOAOB HMHTEPIIONANWHU (B JaHHOM pasfiene
Habop cocTouT u3 MeTo10B HeroToHa u Jlarpamxka).

2 Oran. JIis MHTEPHOAINH ONPEASSIOTCs 0a30BbIe TOUKH (B
paboTe s WCCIEeOBaHUS MPENJIOXKEHO JIBa HOBBIX BapHaHTa
BEIOOpa 0a30BBIX TOYEK MHTEPIIOJSAINN: UCTIONh30BAHUE B KaUECTBE
0a30BBIX TOYEK BEPIIMH TE€OMETPHUUYECKUX OOpa30oB aBTOHOMHBIX
MOJIaBTOMATOB ¥ MUCIOJIb30BaHHE B KayecTBEe 0A30BBIX TOUEK MHTEP-
TIOJISAIIUN TE€X BEPIIMH T€OMETPUIECKIX 00Pa30B 3aKOHOB (PYHKIIHO-
HUPOBAHUS aBTOMATOB, KOTOPBIE PACIIOIIOKEHBI HA TIPSIMBIX, TTapall-
JIETBHBIX OCH a0CITUCC).

3 Dran. Beibupaercst amuHa 0 reomerpudeckoro obpasa, o
YaCTHYHOMY 3aJ]aHHI0 KOTOPOT'O MHTEPIIOJIUPYETCS T€OMETPUICCKHIA
00pa3 3ak0oHOB (DYHKITMOHUPOBAHUS aBTOMATA.

4 Drtan. K BeiOpaHHBIM Ha 3Tane 2 0a30BBIM TOYKAM HWHTEPIIO-
JSUH TPUMEHSIOTCS METObI uHTepnoisaiuu HetotoHna u Jlarpan-
xKa.

5 Dramn. Pe3ynbTaThl HHTEPIONSAIUHN MPEACTABISIOTCS CIIEIYIO-
IIMMH YUCIIOBBIMU TI0KA3aTEIISIMU:

- JUTA KaXKJI0TO MHHUIIMAIBHOTO aBTOMATa U KaKJI0TO METO/1a HH-
TEPHOJSIIIUA ~ ONPEJCIIACTCS YHCIO IMPABHUIIEHO BOCCTAHOBIICHHBIX
BEPIIMH TEOMETPUYCCKOTO 00pa3a 3aKOHOB (DYHKIIMOHUPOBAHUS
aBTOMATa;

- JUI pacCMaTpPUBAEMOT0 KJlacca aBTOMAaTOB U 3aJIaHHOW JITHHEI
TEOMETPHUYECKUX 00pa30B 3aKOHOB (DYHKIIMOHUPOBAHUS aBTOMATOB
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BBIYHCIISIOTCS BEJIMYUHBI n(',“ - YHCJI0 aBTOMAaTOB B paccMaTpuBac-
MOM KJ1acce, IUIsl KOTOPBIX MeToAoM HpIoTOHa TMpaBHIIBHO BOCCTa-
HOBJICHO OOJIBIIIE TOYEK, YeM MeToAoM Jlarpamka, ndL - YHCIO

aBTOMAaTOB B paccMaTpUBaEMOM KJlacce, ISl KOTOPBIX METOJOM
Jlarpamkxa mpPaBHIFHO BOCCTAHOBIEHO OOJBIIE TOYEK, YEM METO-

nom HproToHa u n(’,\'L— YHCJIO aBTOMATOB B pacCMarpuBacMoOM

KJacce, Al KOTophIx Metoabl HeproTona u Jlarpanxa nMeroT oanHa-
KOBYIO () eKTUBHOCTS.

6 Ortan. BreiOupaercs ¢yHKIus st oneHkH 3pPeKTHUBHOCTH
METOO0B MHTEPHOJISILMHU, T.€. AJS ONpelNeNeHUs] B HCCIEIyeMOM
Habope METOJIOB MHTEPIONANNN HanOolee 3(hpPeKTHBHOTO MeToxa.
B pabote WCTIONB3YeTCA hyHKIIS
min(r)’,ny )+nj"-
max(rf',ns )+n)t’
cpaBHUBaeTcs 1Mo 3()(HEKTUBHOCTH METO/IbI HHTepHOISIuU HbroToHa
u Jlarpanxa.

B nanHO# paboTe MpOBEACH CPaBHUTEIbHBIA aHAJIN3 TOUHOCTH
uHTepnoysiun Metonamu HerotoHa u Jlarpanka, a Takxe Moaugu-
UpoBaHHBIMU MeTonamMu HetotoHa u Jlarpamka. Moaudukanus
METO/IOB MHTEPHOJISIUU COCTOUT B TOM, YTO 0a30BBIMH TOUYKAMHU
WHTEPIOJSAIUN ABIAIOTCA TOYKHM TE€OMETPUYECKHMX 00pa3oB aBToO-
momueix momaBTtomaroB Buma  A=(S, {0}, Y, 6 A, Sp)) m
A=(S, {1}, Y, 6, A, So). Beenennast mis cpaBHeHUs 3P PEKTHBHOCTH
UHTEpHoJsIMK  MeTonaMu  Hertorona wu  Jlarpamka byHKIUS
min(r) ,ny )+n}"

max(r)',ny )+ny'"

F(ny ,ng,ni")=1 - [0 3HAYEHUSAM KOTOPOM

F(ny ,ng,ny" )=1 - HMeeT OrpaHHuYeHHe -

NL
n;“ + ng + nc’,\‘L #0, roe n(',“ , ndL U Ny ompejeseHsl BbILIE (CM.OTall

5 merona). Mconb3yroTes cieayromue cBoiicTBa GpyHkuun F

1. pynkums F npunumaer 3Hayenus u3 orpeska [0,1] ;

2. pynkuust F  mpunumaer 3Hadenue 0, eClii METOJIBI HHTEP-
nonupoBanust HetoToHa u Jlarpan:ka MMEIOT OAMHAKOBYIO TOUHOCTE;

3. dynkuus F npunuMmaer 3HaueHune oTaMYHOE OT 0 TOJBKO
B TOM Clydae, KOTJa HMHTEPIONSIIHA OJHUM M3 METOIOB Ooee
TOYHAas;

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHLIUSA MOJIO/IbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



184

4. pyaxmmst F  nmpurmMaer 3Hauenme 1 , KOT/a TONBKO OJHWH
W3 METOJIOB MPABMIIFHO BOCCTAHABIMBAET HEKOTOPBIE TOYKU Tpadu-
Ka.

B teopemax 3.1 - 3.4 otpaxkeHbI pe3ynbTaThl aHanmm3a dhdex-
TUBHOCTH TIPUMEHEHHS METONOB WHTepmnoisiuu Heiorona u Jla-
TrpamXa 10 OTHOIICHHIO K YAaCTHYHO 3alaHHBIM T'€OMETPHUECKUMH
o0pazamMy aBTOHOMHBIX IIOJIaBTOMAaTOB aBToMaraMm kiacca (4,2,2)-
aBTOMaToB (0ojee 67 MITH. MHUIIMAILHBIX aBTOMATOB) MPH Pa3JIHY-
HBIX 3HAYEHWSX [IMHBI HAYalbHOTO OTpEe3Ka TeOMETPUYECKOTO
obOpa3a (BBUAY OTpaHWUYEHHII Ha OO0BEM CTAaThU PE3YIBTATHI IO
JIPYTHM WCCIIEIOBAaHHBIM METO/aM WHTEPIOJSINY B SBHOM BHIIE HE
TIPUBOISTCS).

Teopema 3.1.Ilycte 0a30BBIMH TOYKAMH HWHTEPIOJSAIAHA IS
YaCTHYHO 3a/IaHHOTO T€OMETPUIECKOro oOpasa miuHbl 0 Kaxaoro
astomara A=(S, {0,1}, Y, 0, 4, Sp) U3 KI1acca HMHUIMAIBHEIX (4,2,2)-
aBTOMATOB SIBIITIOTCS TOYKH T'€OMETPHUUECKUX 00pa30B aBTOHOMHBIX
mogasToMatoB Ag=(S, {0}, Y, do, Ao, So) 11 A=(S, {1}, Y, 01, A1, So)
apromatra A . Torma mis meromoB mHTEpHoisAinu HeioToHa n
Jlarpamxka npu d =30 B Ki1acce MHUIMAIBHBIX (4,2,2) — aBTOMATOB

N L
BBITITIOJIHACTCA OTHOIICHHC nd > nd nu q)yHKLII/ISI F MNpUHUMACT

sHauenme  F(NY, N5, Ny )=0,65 (Meron uutepnonsiuyu HeoToHa
¢ ouenkoit 0,65 Tounee metoza Jlarpanxa).

Teopema 3.2. [Iycte 6a30BBIMH TOYKaMH HMHTEPHOJSILIMAU JUIS
YaCTHYHO 33/IaHHOTO T€OMETPUYECKOro odpasza [umHbl 0 KaxIoro
astomata A=(S, {0,1}, Y, J, 4, Sp) u3 Kacca WHUIMATBHBIX (4,2,2)-
ABTOMATOB SIBJISIIOTCSI TOYKH T€OMETPHUYECKHX 00pa30B aBTOHOMHBIX
nogaBroMatoB Ag=(S, {0}, Y, do, 4o, So) 1 A=(S, {1}, Y, 61, A1, So)
astomatra A . Torma mis meronoB mHTepnomsauuu HeioToHa n
Jlarpamxa npu 0 = 62 B Ki1acce MHULIMAIBHBIX (4,2,2) — aBTOMaTOB

BBITITIOJIHACTCA OTHOIICHUC né\l >n(|j_ nu (I)YHKLII/ISI F MMpUHUMACT

3HAUEHHUE F(r16N2 , n6L2 , né\'zL )=0,44 (meron unTepnonsuuu HeloToHa ¢
onenkoit 0,44 Tounee merona Jlarpanxa).

Teopema 3.3. [lycth 0a30BBIMH TOYKAMH WHTEPHOJSINH IS
YaCTHYHO 33/IaHHOTO T€OMETPUYECKOro odpasa ummHbl 0 KaxIoro
aBromata A=(S, {0,1}, Y, J, 4, So) U3 Ki1acca MHULIUATBHBIX (4,2,2)-
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ABTOMATOB SIBIISTIOTCSI TOYKH T€OMETPHUYECKHX 00pa30B aBTOHOMHBIX
IIOJJaBTOMAaTOB Ao:(s, {0}, Y, o, Ao, So) u A1=(S, {l}, Y, 01, A1, So)
aptomata A . Toraa mis MeToloB UHTEpHoONsAKH HploToHA M
Jlarpamxka nmpu d =126 B Kilacce MHUIMANBHBIX (4,2,2) — aBTOMAaTOB

BBIIIOJIHACTCA OTHOIICHHC n(’,\‘ > n(Ij_ " CbYHKLII/IH F IIPUHUMAET

snagenme F(Nyg, Ne, Mg ) =014 (Meton unTepronsmmy HeroTona

¢ onernkoii 0,14 Tounee Meroma Jlarpamka).

Teopema 3.4. Ilyctp 6a30BBIMH TOYKAMH WHTEPHOJSINH IS
YaCTUYHO 33/IAHHOTO TEOMETPHYECKOro oOpasa JiHbl 0  KaXIo0ro
astomara A=(S, {0,1}, Y, 0, 4, Sp) U3 KI1acca HMHUIMAIBHEIX (4,2,2)-
ABTOMATOB SIBJISIIOTCSI TOUKH T'€OMETPUUYECKUX 00pa3oB aBTOHOMHBIX
IMOJaBTOMAaTOB Ao:(s, {0}, Y, 50 , io, So) u A1=(S, {1}, Y, 01, A1, So)
astomatra A . Torma mis meronoB uHTepnossinuu Heiorona u
Jlarpamxa npu d = 254 B xitacce HHUIMANBHBIX (4,2,2) — aBTOMATOB

BBITIOJTHAETCS OTHOmIEHWE  NY >N; u Gyskmms F npuamMaer

sHauenme F(My,,Nss,,Noey ) =014 (Meton uuTepnonsiuu HeroTona

c ouenkoii 0,14 Tounee metona Jlarpanxa).

U3 teopem 3.1-3.4 cnemyer, 4TO MpH HEOONBIIMX JUTUHAX Yac-
TUYHO 33JaHHBIX TE€OMETPUIECKIX 00pa3ax 3aKOHOB (DYHKITMOHUPO-
BaHUSl aBTOMATOB W3 Kiacca (4,2,2)-aBTOMATOB, CIEIyeT HUCIOIB30-
BaThb METOJl WHTeprioysanuu  HploToHa, a mpu  AnuHAX
reoMeTpuueckux 00pa3oB oT 126 mo 254 WHTEPHONAIMS METOaMHU
Herorona u Jlarpanka BeIpaBHUBAETCS MO TOYHOCTH.

4. [foonpedeneHue YyacmMu4YHO 3a0aHHbIX 3aKOHO8
¢pyHKYUOHUposaHusi aemomamoe 8 15 Henycmbix
nodknaccax Knacca (4,2,2)-aemomamos

C ucnojap30BaHUEM KJ'IaCCI/I(i)I/IKaL[I/II/I KOHCYHBIX JCTCPMUHUPO-
BAHHBIX 4aBTOMATOB, KOTOpasd OCHOBBIBAIOTCA Ha JCKOMIIO3UIIUH
a6CTpaKTHOl"O aBToOMaTa Ha KOM6I/IHaI_II/IOHHy10 4YaCTb M IIaMATb H
HCIIOJIB30BAaHUN OJIA (byHKL[I/If/’I MEepexo40B U BBIXOOOB KJ'IaCCI/I(l)I/IKa—
o HOCTa, MMPpOBOAUTCA aHAJIU3 3(1)(1)€KTI/IBHOCTI/I MMPUMCHCHUA
KIIACCUYCCKUX MCETOAOB HHTCPIIOJIANMA I JOOIPCACICHUA Yac-
THUYHO 3aJaHHBIX 3aKOHOB (bYHKI_II/IOHI/IpOBaHI/IH aBToMaroB B 15
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HEMyCThIX MojKIaccax kimacca (4,2,2) — apromatoB. Ha puc.l npu-
BeJICHA CIIETYIOIAs CXeMa TaKOW JIEKOMITO3UIINHN, COOTBETCTBYIONICH
aBToMaTtaM Tuma M. Beinenenne mis ananmsa u3 kiacca (4,2,2)-
ABTOMATOB TIOJKJIACCOB aBTOMATOB OCYIIECTBIISETCSI Ha OCHOBE
HOBO KJTacCU(UKAINN KOHSYHBIX JIETCPMHHUPOBAHHBIX aBTOMATOB,
npemTokeHHon B padote [17]. [Ipeamnonaraercs, 9To aBTOMAT OIpe-
JIeTICH CIICAYIOMMM 00pa3oM: A=({0,1}2,{0,1}, {0,1}, (61, &), A),
rae (pyHKIUH 6, 0, mu A - norudeckwe (QyHKIUH BUIA
5:{0,1¥x{0,1}—{0,1}, 1:{0,1}*x{0,1}—{0,1}. Mpeanoxennas B
pabore [17] m mpuMeHseMas B NaHHOW paboTe KiaccupuKarms
KOHEUYHBIX JICTCPMHHUPOBAHHBIX aBTOMATOB, Oa3uUpyeTcss Ha WC-
MOJIE30BAHUY JIJISl XapaKTePUCTUKA PyHKIMH Oy, O, © A codeTaHuit
NepeceucHuid MATH 3aMedaTeNbHbIX KiaccoB [locTa M WX JOMONHE-
HHUI OTHOCHUTEIBHO P,.

x(t) &———— Komb6una- * M‘ y(t)
WMOHHAs ¢
qacTh
> 521
s(t) As(b), (1)
’ MaMsITh '

Puc. 1. Cxema oexomnoszuyuu asmomama muna Munu.

Beenem cnenyromue obo3HaueHus: Ko — kmace pyHKIu#, co-
xpanstouux 0; K6 — mononaenue Koy 1o Py ; K, — kimacc dynkiuii,

coxpaHsomux 1; Ki — ponosiHeHue Ky no P, ; K| — kiacc jimHen-
HBIX (YHKIIHH; KE — nononaenue K, 1o P, ; Ks — k1acc caMoaBoii-
CTBEHHBIX (PYHKIIHH; Kg — nononHenue Kg 1o Py, Ky — kK1acc MoHO-
ToHHBIX QyHKIMH; Kip — nononuenne Ky 1o P, . s 06o3Hauenus

KI1aCCOB (bYHKHHﬁ, OpuHaAJICKAIUX COUYCTAaHUAM nepecequI/Iﬁ
OMMPCACIICHHBIX BBIIMIC KJIACCOB, 6YI[CM HCIIOJIB30BAaTh 6yKBy K¢
MAThKO HXKHUMU MHACKCAMU I10 MpaBUJIaAM:
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0,a=0 . [0b=1

Kiiww = Ko N"K, NK, nKy K, Tre 1= . J= ,

jou a b c d e 1,3_:0 ] 1,b=1
0c=L 0,d=5 0e=M

W= , u= , V= . Hanpuwmep:
lc=L 1,d=S le=M

Ko1100= Kg " Ky nK Kz K. Jus o0o3HadeHust Kiracca aBToO-

MaToB, CI)YHI(I_II/II/I NEPEXOJ0B U BBIXOJOB KOTOPBIX IIPHHAIJICKAT

KIIACCy dhyHKIII anreOpbl JIOTUKH
Kijouy = Ka VK, MK Ky MK, e j2/08=0 ;_J0b=1
la=0 1b=1
= Oc=L, U= 0d=S |, _ 0e=M OyJIieM HCIIONb30BaTh OYKBY
lc=L 1,d=S le=M

H ¢ matero nwkHuMu nHaekcamu. Hanpumep: H 00~ KIacc aBTo-

MaroB, y KOTOPOTO (YHKIMH MEPEXOA0B M BBIXOJOB MPUHAICKAT
Kiaccy GpyHKumii anreOpsr IOruku Ko,;oo= Ky nK; N K nKe nKe

B xmacce (4,2,2)-aBTOMaToB BBIIEICHBI 15 moakiaccoB (oc-
TajbHbIE 17 MOIKIACCOB SBISIOTCS ITyCTHIMH), KaX bl U3 KOTOPBIX
ompezenseTcs coueTaHreM cBoWcTB [locta mias KOMOWHAIIMOHHBIX
KOMIIOHEHT, TPEJCTABIAIOMUX (YHKIMHA TEPEXOJ0B U BBIXOIOB
aBTOMAaTOB (B caMOM MOIIHOM kiacce conepxkutcs 864000 wauIm-
AIBHBIX aBTOMATOB, MOAPOOHOE ONMMCAHHUE MCCIIEOBAHHBIX KJIacCOB
comepkutcs, Hampumep, B [18]). DT ycinoBHsS — HHTEPHIOJSIUSL
Meroaamu Herotona u Jlarpanxka, paccMoTpeHue 15 BbIIEIEHHBIX
o cBoicTBaM [locTa st KOMOMHAIMOHHEIX KOMIIOHEHT aBTOMATa
nmojKiaccoB kmacca (4,2,2)-aBToMaToB, BBIOOp 0a30BBIX TOYEK
WHTEPIOJSAIUN TI0 TEOMETPHYECKUM 00pa3aM aBTOHOMHBIX IOJaB-
TOMAaTOB — ObLTH 3a()UKCHPOBAHBI JJIs TPOBEACHHS UCCIeIoBaHMs. B
KaueCTBEe MEPEMEHHBIX 3HAYCHHI HCITOJIb30BAIKCH JITMHBI Havajlb-
HBIX OTPE3KOB T'E€OMETPHUYECKUX O0Opa30B aBTOMATOB M3 Kjacca
(4,2,2)-aBTOMaTOB.

C ucnonp30BaHUEM pa3pabOTaHHBIX aITOPUTMOB H MPOTpaMM
MPOBE/ICHBI BRIYUCIICHUS M aHAJIH3 110 CIIEAYIOIICH cxeme.

1. Kaxnpiit u3 15 moakiiaccoB aBTOMAaTOB OBLT TOCTPOEH.
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2. JInst KaI0oro aBTOMaTa Ka)JIoro MojKiacca ObLIH MOCTpoe-
HBI TEOMETPHYECKIE 00pa3bl IITUHBI 10 254 BEpIITHH.

3. JIns kaxkIoro mojkiacca aBTOMaTOB W BCEX aBTOMATOB W3
3TOTO TOJKJIAacca OBUIM TMOCTPOSHBI ABTOHOMHBIC IOJIABTOMATEHI,
ompeestone 6a30Bbie TOYKH WHTESPIIONISIIH.

4. VI3 reoMeTpHUIeCKUX 00pa30B UIMHBI 254 OBUIH BBIICICHBI
HavanbHele orpes3ku ¢ gauHamu d,=30, d, = 62, d3= 126 u d, = 254.

5. Insa xaxpoit mmumel d; , toe ie{l, 2, 3, 4}, Mg Kaxmoro
MOJIKIacca aBTOMATOB M BCEX aBTOMATOB M3 3TOr0 MOJKIAcca Mo
YKa3aHHBIM B M.2 0a30BbIM TOYKAM HMHTEPHOJSIIUN (BXOAANIMM B
BBIZICJICHHBIN HAdYalbHbBIA OTpe30K uHbl O; ) Oblia mpoBeaeHa
uHTepnossiuuu Meronamu Hetotona u Jlarpanxa.

6. Ilo pe3ympTaTaM, MOTydeHHBIM peanu3anuii m.m.1-5, as ka-
JKJIOTO OMPEACTSIEMOr0 3TUMH MYyHKTAMHM BapHaHTa WHTEPIONSIUH
BBIYMCIIEHBI BEMYMHBL N}, ny;,ny; (MMerorme B I — oM HemycToM
nojakiacce kiacca (4,2,2) — aBTOMaToB TOT K€ CMBICH, YTO U BEIHU-

quHbl n',ng,n)" B k1acce (4,2,2) — aBTOMAToB ) U 3HaueHUs (QyHK-

- N L NL
min(ng;,Ng; )+ Ny ;

aH F(ny,i:n;,i:nyk):l_ N L N
max(ng;,Ng i )+ Ng;

Pe3ynbTarhl BEIUKCIIEHNH U aHamu3a (B Ka4eCTBE MpUMepa) Ui
nonknacca Hogooo Kiacca (4,2,2)-aBTOMATOB IIPENICTaBICHBI TEOpe-
Mamu 4.1 — 4.2.

Teopema 4.1. Ilycte 0a30BBIMH TOYKAMH HHTEPIIOJSAINAN IS
YACTHUYHO 3aJaHHOTO TEOMETPUUECKOro o0pasa MHel d  KaXa0To
aptomata A=(S, {0,1},Y,, 4,So) u3 kmacca T; , MOJYy4EHHOTO
nepecedeHneM kiacca Hogpo ¥ Kitacca (4,2,2)-aBTOMATOB, SBISIOT-
Cid TOYKH T€OMETPUYECKUX OOpa30B aBTOHOMHBIX I10/IaBTOMATOB
BHUJIA Aoz(S, {0}, Y, 50, /10, So) u A1:(S, {1}, Y, 01 , A4, 50)
aBromara A . Torga mis meTonoB mHTepnonsiuun HetoroHa u Jla-
rpamka npu 0 =126 B kiacce T; BBINOTHICTCS OTHOIICHHE
Ny >Ny W QyHKIMS F NPUHUMAET 3HAYCHHUE

F(Mb61, N1, Mvss )=013 (meron wunrepnomsuun HeloToHa ¢

ouenkoii 0,13 Tounee metona Jlarpamxa).
Teopema 4.2. [Tyctp 0a30BBIMH TOYKaMU HMHTEPHOJSILIUAN IS
YaCTHYHO 33/IaHHOTO T€OMETPHUYEcKOro odpasa umHbl 0  KaxIoro
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asromata A=(S, {0,1},Y,0,4,S0) wu3 wmacca T;, MOJYy4EHHOTO
nepecevueHreM kiracca Hgggo ¥ Kimacca (4,2,2)-aBTOMATOB, SIBIISIOT-
¢ TOYKH TEOMETPHUYECKHX O0Opa3oB aBTOHOMHBIX ITOJaBTOMATOB
BUIA Ao:(s, {0}, Y, 0o, Ao, 50) u A1=(S, {1}, Y, 01, A1, So) aBTOMa-
ta A . Torma mns metomoB mHTepIoAnur Hprotora u Jlarpamxka
npu d =254 B xnacce T; BBIMOJHSICTCS OTHOIICHHE Npsa1 > Nyggy U

dynkums  F npuaumaer sHauenne  F(Mgy 1, Nyssy,Nysys ) =015

(meton wmHTepmonmsanuu HetoroHa c¢ omenkoit 0,15 tounee mero-
na Jlarpamxka).

Ilo amamornyHOW cxeme mpoBeAeH aHaTU3 3(PPEeKTUBHOCTH
NPUMEHEHUS] KIACCUYECKUX METOIOB HHTEPIOMSLIUM BO Bcex 15
HEMYCTHIX MOoJKIaccax kiacca (4,2,2) — aBTOMATOB H ST KaXKAOTO
MOJIKJIacca ompe/iesieH Hanbonee 3 GEeKTUBHBIH METO/.

5. MemoOdsbI cnnaliH-uHmepnoasyuu 4Yacmu4yHo
3adaHHbIX aemomMamose

Bbi6op 6a30BbIX TOYEK WHTEPIONSAINA XapaKTEPU3yeTCs JHC-
J0M 0a30BBIX TOYEK W KOHPHIYpAlMAMH HX pacrnojoxeHus. K
KJIACCHMYECKUM BapHaHTaM PacIoOKeHHsT 0A30BbIX TOYEK OTHOCHT-
CSl PACIOJIOKEHUE TMEPBBIX KOOPJMHAT 0a30BBIX TOYEK HHTEPIIOJSI-
[IMM Ha OJIMHAKOBOM PACCTOSHHU TI0 OCH abcuuce. B manHo# pabote
BBIOOp 0a30BBIX TOYEK WHTEPIOJSIIUK ONPEICIISIICS HOBBIM KPUTE-
pHeM, B KOTOPOM YUYHTHIBACTCS WHTEPIPETALUS TOUYCK WHTECPIIOIH-
pyeMoro rpaduka: 0a30BBIMH TOUYKAMH WHTEPIOJAIHH MOJAral0TCs
BEPIIMHBI TEOMETPUUCCKUX 00pa30B aBTOHOMHBIX I10JaBTOMATOB
A=(S,{0},Y, 00, 40,5) wu  A=(S, {1})Y, 61,21, S)  aBTOMaTa
A=(S, {0,1}, Y, 6, 4, So). Koopaunarsl Takux 6a30BbIX TOYECK YAOOHO
BBIYUCIISITh, T.K. OHU COOTBETCTBYIOT MPHJIOKECHUIO K HCCICTYEMOMY
aBTOMATy MEPUOJUUCCKUX BXOJHBIX IOCIEAOBATEIBHOCTEH C Tie-
PHOJIOM, COCTOSLIUM U3 OAHOr0 BXogHOro curnana — 0 uinm 1. Takoi
KpUTEpH BhIOOpa 0a30BBIX TOYEK HWHTEPIONAIMHU Jajiee B padoTe
OyneM Ha3bIBaTh METOIOM | BBIOOpa 6a30BBIX Touek. Takke mpen-
JIOXKEH CICAYIONUI KpUTepuii BhIOOpa 0a30BBIX TOYCK WHTEPIIOJS-
1uu: 0a30BBIMU TOYKAMHU WHTEPIOJSAIMU JJISl JOOMPEISICHHUS Tpa-
¢buka, MPEACTABISIONIETO YAaCTUYHO  3aJaHHbIE  3aKOHBI

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHLIUSA MOJIO/IbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



190
(YHKIIMOHUPOBAHUS aBTOMAaTa, IpeJiaraeTcs MCIIOIb30BaTh TOUKH,
pacroJIoKeHHBIE Ha TIPSAMBIX, MapalIeIbHBIX och adcrmcce. Takume
TOYKH YAOOHO OIpenessiTh JKCIEPUMEHTAIHHO C TOMOIIBI0 IMPO-
CTBIX YCTPOMCTB, BBIIEISIOMINX B ITOCIIEOBATEIHHOCTSIX BBIXOIHBIX
CHUTHAJIOB TOJIBKO OJWH 3aJaHHBIA CHTHAN (TakoW MeToj] BhIOOpa
0a30BBIX TOYEK Haiiee B pabore OyaeM HaspBaTh MetoaoM 2). s
paccMaTpuUBaEcMbIX B IaHHOW CTaThe KJIACCOB aBTOMATOB YHCIIO
BXOJHBIX CUTHAQJIOB PaBHO JABYM. Kaxzaplii 4acTUYHO 3aJaHHBIN
reoMeTpryYecKuii 00pa3 aBToMara MPeoiaraeTcs 3aJaHHbIM BYyMS
CEUYECHUSMH, KOTOPBIE TPECTABISIOT cOO00N reoMeTrpuyeckue odpa-
36l aBTOHOMHBIX MOMaBTOMaToB. Ha pwuc.2 (wacte 2) mpuBeneH
YaCTHYHO 3aJ]aHHBI TEOMETPUUECKHMH O00pa3aMH ABYX aBTOHOM-
HBIX TIOJIaBTOMATOB TeoMeTpuyeckuii o6pa3 (2,2,16)-aBromara
JuiHbL d = 62 ¥ MOCTPOEHHBIN 110 3TUM 0a30BBIM TOYKAM CILIAlH.

IlepBoe ceyeHue MpeACTaBICHO MAThIO TOUKaMU ¢ HoMepamu 1,
3, 7, 15, 31 (maHHBIM TOYKaM COOTBETCTBYIOT CIEAYIOIIHE IIATh
BXOJHBIX IMMOCIEAOBATEIBHOCTEM: X1, XiX1 , XiXiX1, XXiXiX1
X1X1X1X1X; ), BTOpO€ CEYECHHE IPENCTABICHO MATHI0 TOYKAMHU C
HoMmepamu 2, 6, 14, 30, 62 (maHHBIM TOYKaM COOTBETCTBYIOT CJe-
JYIOIIME TIATh BXOMHBIX MOCIEI0BATEILHOCTEN: Xp , XoXo , XoXoXz,
XoXoXoXo , XoXp XoXoXo ). Takum obpaszom , ipu d = 62, ananu3 3ddek-
TUBHOCTH CIUTAWH-MHTEPIOJSINHA TMPOBOJAUTCS MO OTHOIICHHUIO K
4acTHYHO 3a7aHHbIM 10 0a30BBIMH TOYKAMU HHTEPIIONSIHN (TOY-
kamu ¢ Homepamu 1, 2, 3, 6, 7, 14, 15, 30, 31, 62 ) reomerpuye-
CKMM 00pa3zaM aBTOMaTOB. AHanu3 3()()eKTUBHOCTH HHTEPIIOJISIIHN
B HCCJIEYeMbIX B JAaHHON 4acTh pabOTHI Kilaccax aBTOMATOB MTPOBO-
mutes mipu d €{30, 62, 126, 254, 510, 1022}, Takum 006pa3oM YUCIIO
0a30BbIX TOYEK HHTeprosuuu npu d=30 paBHo 8, mpu d=62 paBHO
10, mpu d=126 paBuo 12, npu d=254 pasHo 14, npu d=510 pasxo 16,
npu d=1022 paBHo 18.

B nannO# wactu pabOTH MPOBOAUTCS aHAIHU3 IPHEKTUBHOCTH
CIUTAWH-WUHTEPIOJSIIIAA U1 JTOOTIPEICIICHUS YacTUYHO 3aJaHHBIX
aBToMatoB B kmacce (2,2,16)-aBTOMaTOB, kmacce (2,2,32)-
aBTOMAaTOB, kiacce (4,2,2)-aBTOMAaTOB, Kjacce TUHEWHBIX (8§,2,2)-
aBTOMaToB U Jip. Crienn(rKoH CruTalfH-UHTEPIIONALNY, B OTIIMYHE OT
MOJIMHOMUATBHONH HMHTEPIIONSIIAY, KOTJAa BCS allpPOKCUMHpyeMas
3aBUCHMOCTH OIHCHIBACTCS OJHUM TOJMHOMOM, SIBIISIETCS TTOCTPOE-
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HHUE Ha KaXI0M MHTEPBAJE [Xi1, Xi] OTHEIBHOrO IOJIMHOMA CO CBOU-
MU Kodpduuuenramu. Jlansee KpaTko MPUBOIUTCS OIMCAHUE OCHOB-
HBIX UCIOJIb3YEMbIX B paboTe CIUIAiiHOB.

1. OngauM U3 cambIX NPOCTHIX BUIOB CIUIAHHOB SIBJISETCS JIHU-
HEWHBIN CIUIAMH - 3TO CIIaiiH, COCTABJICHHBIN U3 MOJIUHOMOB ITEPBOU
CTETIEHH, T.€. U3 OTPE3KOB MPSIMBIX JIMHUHA. TOYHOCTH MHTEPIIOIALIMH
JMHEWHBIMY CITafHAMM HEBBICOKA. B HEKOTOPBIX CiIydasx KyCOYHO-
JTUHEWHas anmpoKcuManus (yHKIIMH MOXKET OKazaTbCs A(heKTHB-
Hee 110 HEKOTOPHIM KPUTEPHSIM, YEM ampoKkcumanus 0oiee BbICOKO-
ro HOPSIIKA.

2. CrunaifH OpMHTa - CIDIAH TPETHETO MOPSAIKA, MPOU3BOIHAS
KOTOPOTO TNpPHHUMAeT B y3Jax CcCIUlaiiHa 3alJaHHble 3HadYeHus. B
KKIOM y3Je CIulaiiHa DpMuTa 3a/1aH0 He TOJNBKO 3HaueHue (yHK-
UMW, HO WU 3HadeHue e€ mnepBoil mpousBoaHod. CmnmailH Dpmurta
UMeET HEIPEPBIBHYIO EPBYIO MPOU3BOIHYIO.

3. Cmnaita Karmymna-Poma — ananor craitHa DpMuTa, Crieru-
(uuecKuM CBOHCTBOM KOTOPOTO SIBIISIETCS ONPEAETICHUE HMPOHU3BOI-
HOM: f’(xi)z M Kak u crutaiin Opmura, crutaitn Karmyia-

Xis1 = Xiq
Poma nMeeT HempephIBHYIO MEPBYIO MPOM3BOJIHYIO U Pa3phIBHYIO
BTOpYI0. 3HaueHus cruiaitna Kartmymma-Poma 3aBUCAT TONBKO OT
3HAYCHUH (YHKIUHM B YETHIPEX COCETHUX TOUYKaX (IBYX ClIeBa, IBYX
cIipaBa).

4. Kybuueckuit crutaifH. Bce crumaiiHbl (32 HCKIIIOUEHHEM JIH-
HEHHOTO CIulaifHa), WCIOJb3yeMble B JTaHHOW padore, SBIAIOTCA
KyOM4YEeCKNMH CIUTaifHaMH - B TOM CMBICIIE, YTO OHH SIBJISIFOTCS KY-
couHO-KyOmdeckuMu (pyHKussMu. OJJHAKO, KOTa roBopaT "KyOude-
CKUH crutaii", To 0OBIYHO MMEIOT B BUY KOHKPETHBIN BUJI KyOuue-
CKOr0 CIUIaliHa, KOTOpBIM TMOJy4YaeTcs, eclii TMoTpedoBaTh
HETPEPLIBHOCTH TIEPBOM M BTOPOH NPOM3BOAHBIX. KyOwmueckwii
CIUlaiiH 3aj1aeTcsi 3HauYeHWSIMH (QYHKIMM B y3JaxX W 3HAYCHUSMU
MPOM3BOAHBIX HA TPAHUIE OTPe3Ka WHTEPIONANNU (JINOO MEepBBHIX,
OO0 BTOPHIX TIPOU3BOIHBIX ).
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1. NexoaHeId reomeTpudeckunid obpaas (2,2,16)-aBTomaTa.

T » x4 x*

2. CnnaiiH, NOCTPOEHHbIA No GasoBbIM TOUKAM UHTEPNONALUKY, BbIGPaHHLIM HA OCHOBE BbiAENEHUs
ABTOHOMHBIX NOAABTOMATOB

Xt x2 x? X4 x5

3. CpaBHEHUE NCXOAHOTO reOMEeTPUMYECKOro oBpasa ¢ NOCTPOSHHEIM CNNaiHOM ANA aHanusa
achchEKTUBHOCTU JAoOnpeseneHus.

T » x4 x*
o - 6a30BBIe TOYKN NHTEPNONALWUN
- = NPAaBUJIEHO BOCCTAHOBNEHHEBIE TOYKN recmMmeTpnyeckora OGDEE'E
- UCXOAHBIA reoMeTpudeckuii oGpas aBToMmaTa

- cAnaviH, NOCTPoOeHHLIN No 6a30BkIM TOUKAM UHTEPRONAL MK

Puc.2. Cxema ananuza sagpgpexmugnocmu cnaaiin-unmepnonayuu (Ha
npumepe (2,2,16)-asmomama): 1. nocmpoenue ucxoo0Ho2o 2eomem-
puneckozo obpasa; 2. 8b160p 6a308bIX MOUEK UHMEPROIAYUY HA
OCHOBe 8blOeNeHUs ABMOHOMHBIX NOOABMOMAMO8 UCXOOHO20 A8MO-
Mama u nocmpoerue no OGHHbIM MOYKAM CHAQUHA, 3. noocuem
YUCIA NPABUTLHO 8OCCTHAHOBICHHBIX MOYEK HA OCHOBE CPAGHEHUS
UCXOOH020 2e0MempuiecKo2o oopaza u NOCMPOEHHO20 CRAAUHA.

5. CrumaiitH AKMMBI - 3TO OCOOBIH BUJ CIUIaiiHa, YCTOWYMBBINA K
BeIOpocaM. HenmoctaTkoM KyOMYecKHMX CIUTAfHOB SIBIAETCSI TO, YTO
OHM CKJIOHHBI OCHWIIHPOBaTh B OKPECTHOCTSX TOYKH, 3HAYECHHSA
BTOPOM KOOPAWHATHI KOTOPOH CYLIECTBEHHO OTJIMYAIOTCS OT 3Haye-
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HUH BTOPBIX KOOPAWHAT COCETHUX IO OCH abcuucc Todek. B ormm-
Yhe OT KyOM4YecKOro CIUTaiiHa, CIUIaifH AKWMBI B MEHBIIEH Mepe
MOJIBEP)KEH BIHMSHHUIO BBIOPOCOB - HA OTpe3Kax, TPaHHYAIINX C
BBEIOPOCOM, MTPAKTHIECKH OTCYTCTBYIOT PHU3HAKH OCIHIUISIINAN.

Ha ocHoBe ucTonp30BaHus: anmnapara reOMeTpHIecKuX 00pa3oB
aBromaroB [17,18]; criaiiHOB B Ka4yecTBE CPEACTBA IOOIPEACICHHUS
YaCTHYHO 33J]aHHBIX 3aKOHOB (YHKIIMOHHPOBAaHUS aBTOMAaTOB W
JIBYX MPEIJIOKEHHBIX METOJ0B BEIOOpa 0a30BBIX TOUYEK WHTEPIIOIS-
MU TIpOBeJieH aHamn3 3()(MEKTHBHOCTH JOOMpEACIICHUs B CIEIyTO-
X Kjaccax aBTOMAaToB: B Kkimacce (2,2,8)-aBTomMaToB, B KiIacce
(2,2,16)-aBTromMaToB, B Kiacce (2,2,32)-aBToMaToB U B 15 ero Hemyc-
THIX TOJKJaccax (BBIAENEHHBIX HAa OcHOBaHHMH CcBOWCTB llocta mms
KOMOWHAITMOHHBIX YacTed aBTOMAaToB), B Kimacce (4,2,2)-aBTOMaTOB
u B 15 ero HemycThIX MOAKIIaccaxX, B Kiacce NTWHEHHBIX (8,2,2)-
aBTOMATOB. /{7151 Ka)KI0ro Kilacca oInpeiesieH CIUIaiiH (M3 MHOXKeCTBa
WCTIONB3YEeMBIX CIIAHOB), KOTOpBIM HamOolnee 3(pQeKTHBHO BOC-
CTaHaBIIMBAET TeOMeTpUIecKre 00pa3bl aBTOMATOB B Kiacce. OTMme-
4eHo, 4To B Kiaccax (2,2,32)-aBromatoB U (2,2,16) — aBTOMAaTOB
HauOosee A(PQGEeKTUBHBIM OKa3ajcs CIUIAaiiH AKHMBI, a B Kiacce
TuHeHHbIX (8,2,2) - aBTOMAaToB - KyOmdeckwii crmaifH. [lomydeHsr
OIIEHKM TOYHOCTH JIOOTpeNeieHns B 15 HemyCThIX MOJKIIaccax
kmacca (2,2,32)-aBromaToB W 15 HemycThIX MOJAKIIAccax Kiacca
(4,2,2)-aBTOMATOB.

6. BbigeoOblI

B pa60Te H3JI0OKCHBI MOJCIIN W MCTO/BI, pa3pa60TaHHLIe JJIsA
HUHTCPHIOJAINN YaCTUYHO 3aaHHBIX 3daKOHOB (I)yHKLII/IOHI/IpOBaHI/IS[
aBTOMAaTOB, 3aJaHHBIX aBTOMAaTHBIMH OTO6pa)K€HI/I$IMI/I, pa3sMCIICH-
HBIMH Ha TCOMCTPUUCCKUX KPUBBIX JIMHUMAX. B cratne pa3pa60TaHLI
MCTOJbl MHTCPIIOJIALNN HCIIOJIb3YIOIINC: 0a30BbIE TOYKH HUHTCPIIO-
JIAIAW, BTOPBIC KOOPAMHATBI KOTOPBIX IMOJYUYCHBI CCUCHHUAMU I'CO-
MCETPUYCCKUX 06p3,30B NpAMBbIMU JIMHUSMU, M[APAJUICIbHBIMU OCHU
a6cu1/1cc; 0a30BbIE TOYKH HUHTCPIIOJIANNHN, BBIACICHHBIC INCPBLIMU
QJICMCHTAMU HCKOTOPBIX BCPHIMH TCOMETPHUYCCKUX 06pa3013 (Ha
OCHOBE BBIACJICHHUSA aBTOHOMHBIX HOI[aBTOMaTOB). HOJ’Iy‘lGHLI OILICH-
KU JJId CPaBHCHUS IO TOYHOCTU UHTCPIIOJIAUNA METOAaAMU Hrrorona

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHLIUSA MOJIO/IbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



194

u Jlarpamxa (I'aycca, Ctupnunra, beccens u ap.) 111 aBTOMarToB ¢
YaCTHYHO 3aJaHHBIMU T€OMETPHYECKUMHU 00pazaMu, MPeaCTaBIISAIO-
muMH kiace (4,2,2)-aBTOMAaTOB M €T0 TMOIKIACCH, KIacC JIMHCHHBIX
(8,2,2)-aBTOMaTOB, HEKOTOpBIE TMOAKiIaccel kmacca (16,2,2)-
aBToMartoB U Ap. [IpoBenen ananu3 3¢ (hEeKTHBHOCTH TOOIPEIEICHAS
YaCTHYHO 33J]aHHBIX 3aKOHOB (DYHKIIMOHWPOBAaHWS aBTOMAaTOB Ha
OCHOBE CIUIAH-UHTEPHONAINH. FlccnemoBaHsl TeOMeTpHUYecKHe
o0paszpl aBTOMaroB MIMHBI 10 1022 3HakoB B Kkiacce (2,2,16)-
aBTOMaToB, Kiacce (2,2,32)-aBromaToB, kiacce (4,2,2)-aBTOMaTOB,
kimacce  JuHEWHBIX  (8,2,2)-aBToMaToB  u  np. llomyuena
CpaBHHTENbHAS OIEHKA MO TOYHOCTH WHTEPIOJSAINH B YKa3aHHBIX
KJlaccax JMHEWHOTO CIUIaifHa, CcIUlaifHa OpMuTa, KyOWYecKOoro
CIUTaliHa, CTIaifHa AKMMEI | JIp.
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METHODS OF REGULARIZATION OF LOWS OF
FUNCTIONING OF DISCRETE DYNAMIC SYSTEMS

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

Abstract: In paper are considered processes of functioning of dis-
crete determined systems. As mathematical models of such systems
assumed discrete determined automatons, lows of functioning of
which are presented by offered and developed by
Tverdokhlebov V.A. new way — by geometrical images of automata
mappings. New methods of choice of base points of interpolation,
take into account specificity of interpolated automatons models, are
developed. Also is spend performance analysis of application of
classical interpolation methods (Newton, Lagrange, Gauss, methods
of spline-interpolation etc.) to partially set lows of functioning of
automatons, presented by partially set geometrical images in form
of numerical graphics.

Keywords: discrete determined dynamic system, mathematical
model, automaton, automata mapping, geometrical image of
automata mapping, interpolation, approximation.
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