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HcccnenoBanue rpada B3auMoIeliCTBYIOIIMME ABTOMATAMH

Hccnenosanue rpadoB aBTOMaTaMH — KOpHEBas 3ajada MpU BepU(HKAIMM NPOTPaMMHO-AaNNAapaTHBIX CHCTEM Ha
ocHOBe (hOpMaNIbHBIX MoJieNeil, CBOIUMBIX K rpady mepexonos. IIpy HeNpepbIBHOM POCTE HCHOJB3YEMBIX CHCTEM
OJIUH KOMIIBIOTEP yXK€E HE CIIPABIISETCS C 9TOH 3aj1aueil o BpeMeH! Wiu naMaTH. Bo3HuKaeT 3a/1aua mapauiesbHON 1
pacnpenenéHHoi Bepudukanuu, Gopmanu3yemas Kak HccleoBaHHE rpada B3aUMOJCHCTBYIOIIMMH aBTOMAaTaMH.
[Ipenmaraercs anropuT™M TakoOro UCCICJOBaHMUS.

KiroueBble caoBa: uccredosanue epaga, 63aumooleticmsylowjue asmomamol, NApaLleNbHAs obpabomxa,
pacnpeoeiieHHble cucmembl, 8epUPDUKAYUL.

3agaya 00X07a HEU3BECTHOTO OPHEHTHPOBAHHOIO rpada aBTOMATOM HCIOJIB3YEeTCS BO MHOTHX IPUWIOKEHHAX. B
JIAaHHOW CTaThe NOApa3syMeBaeTCs TECTHPOBAHHME JAETEPMHHHPOBAHHBIX cHUCTeM: rpadp — o3To rpad aBTomara
TECTUPYEMOH CHUCTEMBI, aBTOMAT Ha rpade (aBToMaT-00X0UUK) — TECTHPYIOIIAs CUCTEMa, a IPOXOJ 110 Jyre — 3TO
TECTOBOE BO3JEHCTBHE U HalOMroeHue pesynbrata [1]. B xauecTBe mpakTHUECKOTO MpUMepa MOKHO MPUBECTH PadoTy
[2], tne BeImONHSITOCH (HDYHKIMOHATIBHOE TECTHPOBAaHHE PA3IMYHBIX MOJCHCTEM MOJCIH MPOLECCOpa: KAIII TPETHEro
YPOBHS, YIpaBJICHHE NPEPHIBAaHUAMH W TIp. MozenbHble Tpadbl COAEpXKaIH OT HECKOJIBKHX THICSY 1O HECKOJIBKHX
MHUJUIMOHOB Y3JI0B ¥ HECKOJIbKO MIJUTHOHOB JIyT. TecT BBIMOMHATICS MaKCUMaIbHO Ha 150 KoMIbroTEpax.

ABTOMaT-00XOJYUK BBINONHICTCS HA OJHOW MalliHe (IPOLEccop ¢ MaMATHI0), a HAIWYNE HECKONBKUX aBTOMATOB
Ha pa3HbIX MalllMHAaX IT03BOJSIET CYIIECTBEHHO DPACHapauICNUTh padoTy. ABTOMAaT-00XOOUHK HauWHAET paboTy ¢
HavaJbHOM BepIIMHEI rpada, U 32 OJUH TaKT co3aaércesl He 0oJiee OHOTO aBTOMAaTa-00X0J9HKa.

HioxHsst orieHKa BpeMeHH 00X0/1a ISl OJIHOTO MIIM OTPaHUYEHHOTO YKCa aBTOMATOB paBHa £2(NM), rae N — Yucio
BepinH rpada, a M — uucio ayr [3]. Eciu 4ncio aBTOMaTOB He OTpaHUYEHO, HUXKHsA orienka Q(m).

Hns Toro, 4roObI aBTOMAaT MOT OOXOIWTEH JIOOOW KOHEYHHIH Tpad, TpeOyeTcs MOCTYI IO YTEHHIO/3alHCH K
HEOTpaHMYCHHOW paboyel mamsTH, B KOTOPOH HakaruimBaercst MH(opMmanus o mpoiineHHOHW dactu rpada. Ecmm sta
maMsATh — YacTh MaMsATH aBTOMaTa (MAllvHbI), aBTOMAT HE KOHEUYCH Ha Kiacce Bcex rpados. Eciu aBTomar ouH, TO
CYIIECTBYIOT anroputMmbl ¢ ouenkod @(nm) [3]. Eciam umcno aBTOMaTOB OOJBLIE OAHOTO, HO OTPaHHYEHO, TO
pacriapajuieiiBaHue yCKopsieT 00X0/1, HO He MEHSET MOPsAA0K BpeMeHn o0xona B HauxyauieM ciydae [4]. Ecmu uncno
aBTOMAaTOB HE OIPaHMYEHO M BCE BBIYMCICHHS aBTOMATOB M Nepenayd COOOIIEHHH MEXIY HUMH BBINOJHSIOTCS HE
nousine (1o MOopsKyY), YeM NpOoXo OyTH rpada, To CyIIeCTBYIOT aITOPUTMEI C OLICHKOH @(mM).

[TpoGnema Bo3HMKaeT, korga rpad He momeniaeTcs B MamsITh MAlIMHBI, YTO SKBUBAJCHTHO KOHEYHOCTH aBTOMATa.
Ectp nBa noaxona.

[lepBbIit moxo01 NPUMEHUM, KOTIa paboydast MaMsTh CYIIECTBYET OT/AENBHO OT IaMsITH aBTOMaTOB M pealn3yeTcs Ha
BepUIMHAX rpada: aBTOMarT MOXKET NHCAaTh/YUTaTh W3 TEKylleld BEpIIMHbI CHMBOJbI KOHEYHOro aidasura. Takoi
TIOJIXOJ] MOKET MIPUMEHSTHCS, HAPUMEp, [UIS CETH MHTEPHETA, KOT/1a BEpIINHA — 3TO Y3€Jl CETH, a MPOXOJ 0 Jyre —
nepesiada COOOIIEHHS MEXK/Ty y3JIaMH.

JlIsl OHOTO KOHEYHOrO aBTOMATa W3BECTEH anroput™ ¢ ouenkoit @(nm+n?loglogn) [5], a mpu noBTopHOM 06X0/1€
@(nm+n?l(n)), rae I(n) — uucno norapudMupoBanmii, IpH KoTopoM ocTHraetes cootnomerne 1<log(log...(n)...)<2
[6]. Otnumune ot HmxHel onenku Q(NM) OOBACHACTCS TEM, YTO ABTOMATY OBIBACT HYKHO «BEPHYTHCS» B HAYaio
TOJIBKO YTO NPONACHHOMN IyTH.

Ecnu xOoHEYHBIX aBTOMATOB HECKOJBKO, KaXIBIH W3 HMX MOXET YUTaTh NMOMETKHM B BEpIIMHAX, OCTaBIICHHBIC
JIPYTHMH aBTOMAaTaMi, H OOMEHUBATHCS ¢ HUMH cooOmieHusmu. J{Jst IByX aBTOMATOB OIIEHKa paBHa yxe O@(nm). Otu
ABTOMATHI JIBUTAIOTCS CHHXPOHHO, KpOME Cllydasi IIpoXoJa Mo HOBO# nyre. B atom ciyuae oquH aBromat (IepBBIi)
uzAET 1Mo ayre, a BTOPOH aBTOMAT OCTAa&Tcs Ha MecTe, OKHJasi COOOIIEHNs OT MepBOro aBToMaTa. B aTom coolmieHnn
YKa3bIBAaeTCsl, HY)KHO JIU BTOPOMY aBTOMATy OCTABAaThCS Ha MECTe, MOJDKWJAAs MEpBbIH aBTOMAT (I BO3BPAILCHUS
MEepPBOTO aBTOMATa B HAYAIO0 TOJBKO YTO TPOMICHHOM MyrH), WM, HA00OpOT, ABUTATHCS BHEPEM, JOTOHSS MEPBBIM
aBroMar (BO3BpaIlleHHUs MO TyTe He TpedyeTcs).

Bropoii moaxo/ mpuMeHsieTcs: IPH TECTUPOBAHHMH, KOTJIa BEPILHMHA rpada — 3TO COCTOSIHUE TECTUPYEMOM CUCTEMBI,
W aBTOMaT HUYEro He MOXET B He€ mucarth. Pa3Hble aBTOMAThl MOT'YT HaXOJUTHCS B pa3HbIX BeplIMHAX rpada, To ecTh
B pasHbIX COCTOSHHSX TECTHPYEMOW CHCTEMbl. DTO O3HAYaeT, YTO KaXKIblii aBTOMaT paboTaeT CO CBOUM KJIOHOM
TECTUPYEMOH CHCTEMBbI. byliemM cuuTaTth, 4TO 32 OJJMH TaKT co31aéTcsi He OoJiee OHOTO KIIOHA TECTHPYEMOIl CUCTEMBI C
OJTHMM aBTOMaTOM-00xounkoM. Torna pabodast mamsTe — 3TO CyMMapHasi IaMsITh KOJUIEKTHBA KOHEUHBIX aBTOMATOB,
obmeHnBaromuxcst coobienusiMu. i1 K Mamms MoxxHO 06X0uTh rpadel B K pa3 Gonblive, 4eM i OJHOU MAIIUHEL
Ecnu pazmep rpacda He orpaHHyeH, YUCIO aBTOMATOB B KOJUIEKTHBE TAK)KE JIOJDKHO OBITH HE OTPAaHHYEHO.

ITOT MOAXOJ BHEPBbIE GbLI IPHMEHEH B Hamel paGote [7], rae IPeUIokeH anmropuT™ o6Xo/a ¢ omenkoi O(m+n?).
B Hacrosmei cratbe MBI IpeuIaraeM aJIropuT™ C yIy4IIeHHON OIIEHKOH.



1. ®opmanu3anusi aBTOMAaTOB Ha rpade
1.1. Howmep BbIXOasiei Tyru

ABroMmar Ha rpade, HaUMHAS C HAYAIBHOW BEPIIMHBI Tpada, ABUraeTCs Mo JyraM, TPOXOst HEKOTOPBIA MapIipyT.
OO6X0/1 BHIMOIHEH, €CIIM TI0 KaXI0M Ayre Mpomién XoTs Obl oauH aBToMar. Korma aBToMar HaXOIHTCS B BEPINHHE W
X0YeT TMPOUTH TI0 BBIXOMAIICH U3 Heé Iyre, OH ATy AYry MOJDKEH yKa3aTh. JIJISi 5TOTO MCIOIB3YeTCsl HyMeparus IyT,
BBIXOJSIIIIMX M3 BEPIIMHBL J[JIs TeTepMUHUPOBAHHBIX CHCTEM Pas3HBIC IYTH, BBIXOIMIIME W3 OJHOW BEPIIHHBI, HMEIOT
pasHbie HOMepa. JIyrd, BBIXOJSIIHE W3 BEPIIMHBI V HyMEPYIOTCS OT 1 70 MONyCTeNeHH BBhIXOJAa BEpIIMHBI (YHCiIa
Beixoasmx Ayr): 1..dow(V). ABTOMAT ykassiBaeT HOMEp Bbixoasmied myru. OJHAKO IJISI TOrO, YTOOBI BBIXOJHOMU
anaBUT aBTOMATa OCTABAJICS KOHEUYHBIM, MOJYCTENEHb BBIXOJA BEPIIHH rpada MOKHA ObITh OrpaHHYEHA CBEPXY
HEKOTOPOU KOHCTaHTOM I

DTO OrpaHUuYEHUE JIETKO CHMMAETCS C MOMOIIBI0 Mpeodpa3oBaHus rpada, KOraa Kaxaas BepIidHa V, B KOTOPOM
MOJIyCTENeHb BhIXO/a Oosblile I, 3aMeHsieTcst Ha V-1iuki BepimmH. JloGasmsercs K=[dou(V)/(r-1)]+1 Bepiun, kaxmas u3
KOTOPBIX MMeET -1 BBIXOMANIMX IYyT, KPOME TOCIENHEH BEPIIMHBI, U3 KOTOPOH MOYKET BBIXOIHTH MEHBIIE JYT. JTH
BEPIIUHBI CBA3BIBAIOTCS OTIOJHUTEIBHBIMU 6HYMpeHHuMY JTyTaMHU B IIUKJ, KOTOPBIA OyaeM Ha3bBaTh V-IUKIOM. Tem
CaMBIM, aBTOMATY, HaxXOISIIEMYCsl B HEKOTOPON BepIIMHE V-IUKIA HYKHO HICHTH)UIIUPOBATH YTy TOJIBKO B
npenenax Tex I ayTr, KOTOPBIE BBIXOAAT M3 3TOM BEPIIUHBI, BKIFOYAS BHYTPEHHYIO JYTY, WM MEHBIIETO YUCHA YT JUIS
TOCIIeIHEH BepIIHHBI. J[yrH, 3aKaHYMBABIIMECS B BEPIINHE V, TeTeph OYAyT 3aKaHYMBATHCS B TEPBOM BEpINHHE V-
[WKJIa, & OCTaJbHBIC BEPUIMHBI V-IIMKJIA OTIMYAIOTCA TEM, YTO B KAKAYIO W3 HUX BXOJUT POBHO OMHA (BHYTPCHHSIS)
nyra. B pesynbraTe Takoro npeoOpa3oBaHMs MOJyvaeTcs rpad), B KOTOPOM MOTYCTENEHb BBIXOAa KaXI0W BEPIIHHBI V
orpaHuyeHa . B manbHeleM il IPOCTOTHI U3JI0KEHUS MbI OyJeM paccMaTpuBaTh TOJBKO TaKue rpadbl, B KOTOPBIX
U3 KaKI0M BEPIIUHBI BEIXOIMUT HE Gojiee I IyT.

3aMeTHM, YTO 3aMeHa BEPIIMHBI V Ha V-IIUKI BEPIIHH MOKHO IMOHMMAaTh KaK CO3/JaHHe OJHMM aBTOMATOM,
OKAa3aBIIMMCsI B BEPIIUHE V, IIETOYKH aBTOMATOB — 10 OJHOMY Ha KaXkple -1 BBIXOASIIMUX Iy MM MEHBIIETO YHCIIA
IIYT JUTA TIOCJIETHETO aBTOMATa B IETTOYKE.

1.2. HpentuduraTop BepIIHHBI

Jnst Toro, 4Tto0Bl aBTOMAaThl MOTJIHM OOXOAWTH Tpad, aBTOMAT, MOMABINMI B BEPIIMHY, IODKCH Y3HATh YHCIIO
BBIXOJMIIMX K3 HEeE€ Oyr B MPEANOT0XKEHUH, 4TO 3TH YT 3aHyMEPOBaHBl TaK, KaK OMNHCAHO B MPEIbIAYIIEM
nozapaszene. Kpome toro, /s TOoro, 4ro0bl yYMTHIBATh, KaKHe BBIXOJSMINE IYyI'M B KaKWX BEPIIMHAX IPOHICHBI,
HEOOXOAMMO pa3inyaTh BEPIUUHBL J{JIS 3TOro OHM CHAaOXKarOTCS YHHKaJIbHBIMU HICHTH(UKaTOpamu. ABTOMAT,
MONABIIMKH B BEpIIMHY, MOXET y3HaTh e€ wuneHtudukarop. MckimroueHne MoOXeT OBITh CHENaHO TOJBKO ISt
TEPMHUHAIBHBIX BEPIIMH U BEPLIMH, B KOTOPBIE BXOJHUT TOJBKO OJTHA yra; HACHTH(OUKATOP STHX BEPILIHH MOXKET OBITH
nycmouim. B TIepBOM ciydae YHHMKalIbHOCTh WACHTHU(UKATOpA BEPLIMHBI HE TpeOyeTcs, MOCKOJbKY TepMHHAJIbHAs
BEpUIMHA HE HMEET BBIXOJINUX ayr. Bo BTOpOM ciyuae BepLIMHA YHUKAJIGHO HICHTU(PUIHMPYETCS HEMyCThIM
UACHTU(HUKATOPOM BEPUIMHBI, W3 KOTOPOW B JIaHHYIO BEpIIMHY MOXXHO IIONACTh CAMHCTBEHHBIM MYyTEM, H
MIOCJIEI0BATENILHOCTBI0 HOMEPOB YT 3TOrO IMyTH. [yt TOro, 9ToObI Takas BEpIIMHA C HEIYCTHIM HIACHTH()UKATOPOM
BCeTJa CYIIECTBOBaJla, HadaJbHas BEpIIMHA CHAOXAaeTcs HEMyCThIM WACGHTH(HUKATOpOM. 3aMeTHM, 4TO
JIOTIOJTHUTEIbHBIE BEPIINHBI V-I[HKJIA, O KOTOPBIX IIIA PeUb B MPEIblIyLIEM NOApa3Jelie, UMEIOT 10 OJHON BXOAAIIEH
JIyre ¥ M03TOMY MOTYT CHa0XaThCs IyCTHIM HICHTH(GHKATOPOM.

IMockonbKy MACHTH(UKATOP BEPIIUHBI SBISETCS BXOJHBIM CHMBOJOM aBTOMara, JJISI TOrO, YTOOBI aBTOMAT OBII
KOHEYHBIM, a1()aBUT HACHTH(PHUKATOPOB JOJDKEH OBITH KOHEYHBIM, YTO O3HAYAET OTPAaHUYICHHOE YHUCIIO BEPIIUH rpada ¢
HEMYCTBIMHU HACHTU(UKATOPAMU.

Jast yno6CeTBa M3M0KeHUsI MBI OyJieM pacCMaTpHBaTh pacuiupeHHsii aBTomat (EFSM), maMsarte KOTOpOro XxpaHur
yIpaBJIsIolIiee COCTOsSHUE, Tpoleraroliee KOHEYHbIH andaBUT, 1 KOHEYHOE YHCIIO SYEeK NMaMSATH, B KOTOPBIX MOTYT
XPaHUTBCS MICHTH(OUKATOPHI BEPIIMH M TOJBKO OHU: B KaXKJOH suelKe MO OAHOMY WAECHTU(DHUKATOPY. DTH sYEHKH
Oy/JieM Ha3bIBATH TUCHKaMU HICHTH(HHUKATOPOB (BEPIIHH).

Jnst naeHTH(UKATOPOB BEPIINH ONPEEIICHBI ClIeyIOIINe ONePaliy U TOJIBKO OHH:

e CkomupoBaTh HACHTH(UKATOP W3 YKa3aHHOW SYEHKHM HAEHTH(HUKATOPOB B COOOIICHHE, IOCHUIAEMOE
JpyroMy aBTOMary, Kak ero napamerp.

e CkomMpoBaTh HJICHTU(PHUKATOP KAK ITapaMeTp COOOIICHNMS, TIOJyIEHHOTO OT JIPyroro aBTOMaTa, B yKa3aHHYIO
AYeHKy UIEHTU(HUKATOPOB.

e CpaBHUTH HAa PaBEHCTBO MJCHTHU(PHUKATOPHI B ABYX YKa3aHHBIX S4eiKaxX HICHTH()HUKATOPOB.

e [IpoBepurts, SIBIAETCS JU UACHTUPHUKATOP B YKa3aHHOW SYEHKE ITyCTHIM.

1.3.  Axpec aBromara U cpela CBSI3U ABTOMATOB

Bynem cuntaTh, 94TO cpema CBS3M aBTOMATOB TO3BOJISIET TepefaBaTh cOOOIIEHHE OT JIF0OOTO aBTOMAaTa JIOOOMY
YKa3aHHOMY aBTOMATy 3a BpeMs, OTpaHMYECHHOE CBEPXY KOHCTaHTOW. [IpW MOCBUIKE COOOIIEHHs aBTOMAT JOJIKEH
yKa3aTh IOJTydaTeNss COOOINCHHs KaK YHHKAIbHBIN anpec aBromara. [yl KOHEYHOTO aBTOMAaTa YHCIO TaKHX
MoJIy4yaTeneld JOJDKHO OBITh KOHEYHBIM W OTPAaHHYCHHBIM: aJIpec aBTOMAaTa JOJDKEH MpoOerath KOHEYHBIH andaBuT.
[MocnenHee orpaHUYEeHUE MPUBOJINUT K TOMY, YTO YHCIO aBTOMATOB OTPaHUYCHO.

Mgl OyieM cUUTaTh, 9TO B MAMSTH PACIIMPECHHOTO aBTOMATa MMEETCS KOHEUYHOE YHCIIO SYeeK MaMsTH IS XpaHCHHS
aJipecoB aBTOMATOB. DTH siueiiku OyjaeM Ha3bBaTh stueiikaMu agpecoB (aBromaroB). Tem cambiM, rpad) IMHAMUYECKUX

2



CBSI3€il aBTOMATOB — OTO KOHEYHBIH OPHUEHTHUPOBAHHBIA rpad C OTpaHHMUEHHOW ITOJYCTETICHBIO BBIXOJA BEPIIHH
(aBromaroB). Bymem cumTarh, YTO BBIACICH OMWH nycmoi aiapec, KOTOPBIH HE MOMKET OBITh aapecoM HHKaKOTO
CO3/1aHHOTO aBTOMATA.
JJis anpecoB aBTOMATOB OIPEAEIICHEI CIEIYIONINE OTIePAlU 1 TOIBKO OHHU:
e TJlocmaTh cooOmIeHne aBTOMATY, afpec KOTOPOTo HAXOJUTCS B YKa3aHHOW sSUeiKe aipecoB.
e CxommpoBaTh aapec U3 yKa3aHHOH SUCHKH apecoB B MOCHIIAEMOE COOOIICHNE KaK ero mapaMeTp.
e (CkomupoBath aipec Kak napameTp NoJy4YEeHHOr0 COOOIICHUS B YKa3aHHYIO STUEHKY aJpecoB.
e [lpoBepurtsh, ABISAETCS U aIpeC B YKa3aHHOU STUEHKE MyCTHIM.
MpI OyzieM IpeanoaraTh BEIIOIHEHUE CICIYIONUX PAaBUI 0OMEHA COOOIIICHUSMHU:
e Jlna mepemaum COOOIICHUS €CTh OJUH NPUMHUTHB «IIOCIATh COOOIICHUE», O0s3aTEIbHBIM MapaMeTPOM
KOTOPOTO SIBJISETCA aApec MoayyaTelis.
e Jlng noxy4eHus: COOOMIEHUH eCTh OAWH NIPUMUTHB IIPHHATH COOOIIEHUE OT JTF000TO OTIIPABUTEIISY.
e CooOmieHns He TEPSAIOTCS U He HCKAKAIOTCS B CpeJie TepeiadH.
o [lIpu mepemade HECKOIBKUX COOOIIEHUHA OT OAHOTO M TOTO )K€ OTIIPABHUTENS OJHOMY U TOMY K€ TIOJIYJaTeIro
HET 00roHa COOOIIEHMIA.

1.4. Coobimenue
Coo0menue, mepegaBaeéMoe OT OJHOTO aBTOMAaTa JPYroMy aBTOMATY, SABJSICTCSA KaK BXOJHBIM, TaK W BBIXOJHBIM
CHUMBOJIOM aBTOMaTa. MBI OyJeM CUUTaTh, YTO Ui PACHIMPECHHOTO aBTOMAaTa COOOIICHUE TAKKE «PACIIUPECHO»: OHO
COCTOHMT W3 meed, MPOOEraroero KOHEYHbIH an(aBUT TEroB, M OrPaHHUYCHHOIO KOHEYHOI'O YHCJIAa MapaMeTpOB,
KOTOPBIMH MOTYT SIBJIITHCS TOJIKO HACHTU(UKATOPHI BEPILUH WU aJpeca aBTOMATOB.

1.5. IlopoxaeHue aBTOMATOB

CaMmpblif IepBBIil aBTOMAT MOPOXKIACTCSI HEKOTOPBIM BHEWHUM A6MOMAmoM N HAYNHAET CBOIO PAbOTy C OXKHUIAHUS
COOOIIEHNsT OT ATOTO BHEIIHEro aBTOMaTa. JlIsi MOPOKAEHHS OCTAIBHBIX aBTOMATOB IPEIUIAracTcsl HCIOJIb30BATh
cooOIIeHne co30ail agmomam, TOCHUIAGMOE BHEIIHEMY aBTOMary. B OTBETHOM COOOLICHUM agmomam co3oan
YKa3bIBACTCs afpec MOPOKAEHHOTO aBTOMATA.

IMopoxxnaemslit aBToMaT OyaeT HauMHATh PabOTaTh ¢ HavaJbHOM BepHIMHBEI rpada. ITo TpeOoBaHUE OOBSICHIECTCS
TeM, YTO MBI pacCCMaTPHUBaeM TECTUPOBAHME CUCTEMBbI, KOTOpPas HE JIOMyCKaeT IPOU3BOJIEHOE KIIOHUPOBAHHUE, a TOJIBKO
CO3/JaHUE HOBOTO JK3EMILLIpa CUCTEMBI B €€ HayadbHOM COCTOSHHM. VICKIIIOYEHHE COCTaBIsSET CO3JaHUE aBTOMATa,
KOTOpOMY Tiepenaércs rpad oT Apyroro aBToMaTa BMECTE ¢ TeKyllel BepIunHOM. [lepeqarunk Tepser cBs3b ¢ rpadom.

1.6. BzammopaeiicrBue ¢ rpagom
[Ipennaraercst paccMaTpuBaTh rpad, TOUHEE ero IK3EMIULIP Ul KaXI0ro B3aMMOAEHCTBYIOLIETO ¢ HUM aBTOMara,
Kak OTHENBHBIM aBTOMaT rpada. Takoi aBToMmar rpada co3maércst BHENIHMM aBTOMATOM, KOTJa €My MOCBUIAETCS
cooOuieHne co3oaii epagp. B OTBEeTHOM CcOOOIICHUH 2pagh cozdan conepxutcs azapec (aBromara) rpada,
UACHTH(HUKATOP HAYAIBHONW BEPIIMHBI M YUCIIO IYT, BBIXOJSMIMX U3 HauaabHOW BepmnHbl. Co3MaHHBIN aBTOMAT Tpada
HaXOJWTCS B COCTOSIHUH, KOTOPOE COOTBETCTBYET HAUILHON BEpIIMHE rpada.
Harnee notpeOyeTcs TOIBKO OJ{HA OTIEPaLHs 110 B3aMMOJICHCTBHIO ¢ Tpad)oM, KOTopasi peasn3yeTcs Kak cooOIIeHue,
MOCBUTaeMbIe aBTOMATy Tpad)a ¥ OTBETHOE COOOIIEHHE:
1. npoxoo no dyze rpada c mapameTpoM: HOMEP BBIXOJISAIIEH TyTH.
2. OtBeTHOE COOOILEHUE OMEEem HA NPOX0O C TIApaMETPaMH: MJICHTH()UKATOP BEPILIMHBI U YHCIIO BBIXOISIIAX JYT.
HmeroTcs B BUAY HICHTUGHUKATOP KOHEYHON BEPIIMHBI YKAa3aHHOW AYTM M YHCIO AYT, BBIXOSIINX U3 3TOH
BEPIIUHEI.

1.7. 3ameuyaHue o0 s4eiiKax aBTOMATa W MapaMeTPax cOOOIIeHHii

Ecin wmpnentudukaTtop BEepLIMHBI 3aHUMaeT a OWTOB IMaMsATH, a 4YHCIIO BEpIIMH B rpade ¢ HemycThIM
uneHTUdUKaTOpoM paBHo Ny, To 2°>n;. Ecim aapec aBTomMara 3aHMMaeT D GUTOB MaMATH, TO CrEHEPUPOBAHO MOYXKET
GbITh He Gonee 2° aBTOMaTOB. B ONICHIBAEMOM HIKE aITOPHTME TeHEpHpYETCs He Gonee 2N,+M aBTOMAToB, rae Ny —
YHCJI0O HETEPMHUHAJIBHBIX BepUIMH rpada, a M — uncio ayr rpada. Tem cambim, 2b22n2+m. Orpy0uisisi, 10CTaTOYHO
orpanmdenuii 2°>n u 2°>2n+m, rae N — 4ncio BepuH rpada.

Jns ymoOcTBa HM3JIOXKEHUs OyIyT HCIIONIb30BAThCS JOIMOJIHUTENBHBIC SYCHKH M mapameTpsl (HUKCHPOBAHHOTO
pasmepa, KpoMe TeX, YTO XPaHAT HACHTH(GHUKATOPHI BEPIINH U aJjpeca aBTOMATOB.

2. HUnpes aaropmrMa
21. TIpad
PaccmarpuBaercst 00X0/1 OpHEHTHPOBAHHOTO Tpada C BBHIACICHHON HaYaJbHOW BEPIIMHON M IMPOHYMEPOBAHHBIMU
BBIXOSILIMMH U3 KXXI0# BEpUIMHBI TyramMu. Bee BepinHbI CHaOKeHbI HeHTH(UKATOPaMH, Kak ObuIo onucaHo B 1.1.2.
Hauanom v koHyom JyrH JUIS KPATKOCTH Oy/ieM Ha3bIBaTh, COOTBETCTBEHHO, HAYAJIbHYIO U KOHEUHYIO BEPLIMHBI JTYTH.
Tepmunanvrou 0yeoii OyJeM Ha3bIBaTh AYTY, 3aKAaHUYMBAIOIYIOCS B TEPMUHAIBHON BEPITUHE.
[Mocne MHUIMATU3AINY B KQX/IbIil MOMEHT BPEMEHH UMEIOTCSL:
o [Ipoiioennuiii epagh — noarpad rpada, onpeaenseMblii BCEMHU NPOIICHHBIMU TyTaMH.
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e [Ipoiidennoe Oepego — OPUEHTHPOBAHHBI OT KOPHS, KOTOPBIM SIBISIETCS HAadalbHas BEPIIMHA, OCTOB
noarpada, moIy4aeMoro u3 MpoiaeHHOro rpada yaaneHneM TepMUHANBHBIX AyT. Takoe MpoiIeHHOE 1ePeBo
COJICPKUT BCE HETCPMHUHAIBHBIC IPOMJCHHBIC BEPLINHBI IPOHAEHHOTO Tpada.

B mauame paboTel anropurMma, mocje WHHUIIHAIN3AINH, IIPOUICHHBIA rpad CoBIMamaeT ¢ MPOHACHHBIM JEPEBOM H
COCTOHWT W3 OJHOM HadaJ bHOI BepIIHEI rpada.

B mporiecce paboThl anropuTMa MpOWIEHHBIN rpad W MpOMIEHHOE AEPEBO YBEIHUMBAIOTCS (MOOABISIOTCS HOBBIC
nayru ¥ BepumHbl). [IpoiineHHoe nepeBo, morydaromeecss B KOHIE paboThl, OyaeM Ha3bIBaTh 3AKOHYEHHbIM OePEeGOM.
Ion xopooti Gynem NOHMMaTh HETEPMHMHAIBHYIO YTy, HE NPHHAICKALIYI0 3aKOHYEHHOMY JEpeBY; NPOMICHHAs
XopIa SBISIETCST XOpIOW NpoHJeHHOro aepeBa. [l NaHHOM BepIIMHBI 6x00sujeli Iyroil OyneM Ha3blBaTh YTy
3aKOHYEHHOT'0 JIepeBa, 3aKaHYMBAIOIIYIOCS B 3TOM BepIInHe. Y HaYalbHOW BEPIIMHBI HET BXOJILICH Tyr'H, a B JIIO0YIO
JIPYTYIO BEPIINHY BXOAUT POBHO OJHA AYTa.

B koHIle paboThI aJiropuT™Ma MOJTy4aeTcst pa3MeTKa rpada: Ui KaKI0Hi Iyry B e€ Havalle yKa3blBaeTcs e€ THIL: J1yra
3aKOHYEHHOT'O IEpEeBa, TEPMUHAIBHAS yTa MIH XOpAa.

2.2. PabGora aBTOMaTOB

ABToMaT paboTaeT B TpEX pEXKMMax: FeHEepaTop, peryisrop, OBIKOK. O6xon rpada, To ecTh ABIKEHHE IO ero
JyraM, BBITONHSIOT OBMKKH, PErYIATOpHI MIPEeJHA3HAYEHB! AJIS YIPABICHHSA MEPEMEIICHUEM [BHKKOB IO Iyram, a
TEHEPaTop CO3AaET HOBBIC IBIKKU M CBSI3aHHBIE C HUIMH KOTIMH rpadoB.

Kaxnplit co3maBaeMblii TeHEpaTOpOM JIBIDKOK IpeIHAa3HA4eH Ul TOTO, YTOObI, HAUMHAs C HAayaJbHOM BEpIIMHBI
rpada, mpodTH MyTh B NPOMIECHHOM JAEpeBe, MOCIE 4Yero MpoiTH HempoiaeHHyro nyry. C Kaxaod mpoiineHHOU
HETEPMHHAIBHON BEpIIMHON CBA3aH POBHO OJUH PETYIATOP, KOTOPBHIM HampaBiseT ABWXKKH, NPUXOIAIINE B ITY
BEPIIUHY, [T0 TEM WM WHBIM BBIXOJIAIIMM M3 BEPIIMHBI AyraM. J[s 3Toro ABMXKOK, OKa3aBIIMICS B JaHHON BEpIIUHE,
CTpaIllMBacT y peryisitopa 3Toi BepumHbl (MOCHUIAET €My COOOIICHHE) Kyoa uomu, a pPeryastop B OTBETHOM
COOOIIEHHN Uou no dyze cOOOIAET HOMEp BBIXOIsIIEeH nyru. B Hexoropoil cutyanuu (ONMCAHHOW HIDKE) JABHIKOK
OKa3bIBAETCSl IHIIHAM» U OCTAHABIMBAETCS, HE IPOUIS HA OJHON HEMPONIECHHON ITyTH.

Asromar (xomum) rpada, CBI3aHHBIN C JBH)KKOM «IIOMHHT» TEKYIIyH0 BepIIMHY Tpada, B KOTOPOH HaXOJHUTCS
IBIDKOK. [l mpoxoza mo gyre ABMXKOK IOCHIIAE€T aBTOMATy rpada cooOlneHue npoxod no odyze, cooOmas HOMep
BBIXOAAIICH AYTH, U TOJy4aeT B COOOIICHUN Omeéem Ha npoxoo NACHTU(GUKATOP KOHIA AYyTH M YUCIIO BBIXOASIINX M3
HETo IyT.

Buavane u3BHe co3naéresa reneparop. [locne HHHIIMANN3AIMK TeHEPATOP OJHOBPEMEHHO CTAaHOBUTCS PETyJIATOPOM
HAa4YaJIbHOM BEpUIMHBI, KOTOpas B 3TOT MOMEHT BPEMEHM SBIIICTCS ECAMHCTBCHHOH IPOWMIEHHOW BEPIIMHON H
€JUHCTBCHHOM BEPIIMHON IPONACHHOIO IEpeBa, a TaKKE CO3MaET IEPBBIA ABUXKOK, HAXOIAILIUICSI B HAadyaJbHOU
BepIIuHe rpada.

Jnst ynpaBieHus: 00X010M rpaga UCHoNb3YIOTCsl co00IIeH s 3anpoc u Koney. Takoe cooOlIeHre MOChIIaeTCs «I10
MpoiiieHHOM yre)» B 0OpaTHOM HAIPaBJICHMU: OT aBTOMAaTa, HAXOJAIIErocs B KOHIIE AYTH, PErylsaTopy Hadana JAyTH.
Coo0luieHne 3anpoc TOCHUIACTCST PETyISTOPOM BEPUIMHBI 10 BXOISMIEH Oyre W O3HAYAeT, 4TO IO 3TOW Ayre HYXKHO
MIOCJIATh OJIMH JIBMXKOK, KOTJa OyJeT Takas BO3MOXKHOCTh. CIeqyIOIuiil IBMKOK 110 3TOM Jyre MOXKHO MOCBUIATH TTOCTIe
TOTO, KaK OyJeT MojydeH HOBBIH 3anpoc. CooOleHne KoHey, TIOChUIaeMOe 110 TPOMISHHON Ayre, 03HAYaeT, 4To Mo
3TOMH Jyre OOJbIIe HUKOTa HE HYXHO MOChIIaTh ABMKKH. COoOoOIeHNne KoHey TIOChUIACT 110 XOP/e MM TePMHHAIBHON
JIyre JIBIDKOK, KOTOPBIH 3Ty Ayry mpoxomut. Kpome Toro, cooOuieHHe Koney TOCBUIAET PETYJSATOp BEpPIIMHBI MO
BXOJISIIEH ayre, eclii B MPOHACHHOM JIepeBe BBIINIE 3TOH BEpIIMHBI HET BEPIINH, U3 KOTOPHIX BBIXOAAT HENPOHACHHBIE
JyTd. DTO MPOUCXOAUT TOTJA, KOTZa MO BCEM JAyraM, BBIXOASAIINM W3 BEPIIUHBI, MOJXY4YE€HO COOOIIEHHE KoHey. Y
HadYaJIbHOM BEPIIMHBI HET BXOJIIEH MYTH, IMOATOMY PEryiIsaTop HadaJbHON BEPIIMHBI MOCBUIAET COOOLICHHE KOoHey
BHEIIHEMY aBTOMATy, YTO O3HAa4aeT KOHeIl paboThl aJropuT™Ma. 3anpocst TOCHIIAIOTCS C HEKOTOPHIM OIEpPEKEHUEM,
MIO3TOMY MOYKET OKa3aThCsl, YTO ABIDKKY, IPHUINEANIEMY B BEpUINHY, HEKyJa ABUraTbcs. Takoi JBHKOK CTAHOBHUTCS
HcOywuM B BepiliiHe (3aMOMUHACTCS PETYJIATOPOM BepInuHbl). Jlagee nubO MO BRIXOMANICH Ayre MPUAET 3anpoc, W
JIBIDKOK OyJIeT 1ocyaH Mo 3TOH Ayre, JIMOO MO BCEM BBIXOJSIIUM JyraM OyIyT HOJIy4eHbI COOOLICHUS] KoHey, U TOT/a
JIBUYKOK OKa3bIBAE€TCA JIUIIHUM) — OH JOJKEH OCTAHOBUTHCS.

Kaxnast nyra uMeer B peryinstope €€ Hadana TpH COCTOSHUS:

e Axmuenas = nmyra, IO KOTOPOH HY)XHO MOCBUIATH JBMJKKH. DTO MOXET OBbITh JHOO HETpoiiieHHas 1yra
(Takme nyru Beeraa akTHBHBI), JTMOO Ayra NPOHACHHOTO JepeBa, 0 KOTOPOU MPHUILEN 3anpoc, HO IBHXKOK T10
JIyre eli€ He MOCIaH.

e [laccusnas = MpOWACHHAS AyTa, 0 KOTOPOH MOKa HE HYXHO MOCHIIATh JBIXKKH. JTO JIyTa, IO KOTOPOil ObLT
MIOCJaH ABIDKOK, HO TIOCJIE ATOTO TI0 IyTe He IPUXOAWIH COOOIICHNS 3anpoc Nin KoHely,.

e 3axonuennas = MPOUIEHHAS AyTa, IO KOTOPOH OOJIbIIe HUKOTIa HE HY>KHO TOCHUIATh JBUXKH. DTO AYra, o
KOTOPOH MPHIILIO COOOIICHNE KOHelY,.

Ha Puc. 1 m3o6paxeHa cxema W3MEHEHHs COCTOSHHUS AYTH IOJ BIMSHHEM cooOmeHwi. B Haudame Bce ayru He
MPOI/IEHBI, T.€. aKTUBHBIE.

Perynarop nocsuiaeT ABMXKKHU MO aKTUBHBIM BBIXOSIIUM AYraM «IO Kpyry». sl 3TOro y perynsropa ecTb HOMep
TeKyIel BBIXOJsLIEH nyru i. DTo Ayra, M0 KOTOPOI MOCIENHHI pa3 MOChUIANCS JBIXOK, Wi i=0 B caMOM Havaie.
JIBM>KOK, HAXOMACh B BEPUIMHE MPONUAECHHOIO J€PEBa, CIPAIINBAET Y PETYIATOPa BEPIIMHBL, 110 KaKOi Ayre eMy WATH,
NOChIIasl COOOLICHUE Kyoa uomu. Perynstop KOppeKTHpYeT HOMep | TeKylled Iyru: HOBOH Tekyiieil ayroi
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CTAQHOBUTCS CIICAYIOIIAst MOCIE AyrH | aKTUBHAS Ayra B UKJIC BBIXOMSIINX AYT, & €CJIM aKTUBHBIX YT OOJBIIE HET, TO
i:=0. Ecnu mociie koppekimu i>0, perymsirop mocsuIaeT ABIKKY COOOIICHHE uou no dyze ¢ HOMEPOM AYIH i, a caM 110
BXOJSAIIEH Iyre IMOCBIIACT 3anpoc. Y HavdalbHOW BEPIIMHBI HET BXOZSIICH AYTH, NMO3TOMY COOOINEHHE 3anpoc HE
MOCBUIACTCS, @ TEHEPATOp IIPOJOJDKAET TeHEPaLHio IBIKKOB. Eciu i=0, perymsarop 3amoMuHaeT aapec ABUKKA, JTBIKOK
CTaHOBHUTCSA >KAYIIUM, 3anpoc He nocsinaercs. Ecimu xKaymuil JBIKOK 00pa3yeTcs B HadaJbHOH BEpIIMHE, TEHEPATOP
MIPUOCTAHABIUBAET TCHEPAINIO ABUKKOB.

3anpoc

uou no oyze KoHey
aKTUBHAs MacCUBHAS 3aKOHYEHHAs

Puc. 1. Cxema u3aMeHEHUs COCTOSIHUS IyTU

IMocne TOrO, KaK TOSBISETCS JKAYIIMA JBMKOK, BOSMOXHEBI 1Ba ciiydas. 1) Perymstop B manpHeHIeM mosydaet
COOOIICHHE 3anpoc C yKa3aHHEM IYTH, 110 KOTOPOW PEryssiTop HAIPaBIseT JKAYLIUi IBIKOK (cooOlueHue uou no
dyze), ¥ caM TIOCBITaCT COOOIICHAE 3ANPOC PETYISATOPY Havda a BXOISAIIEH JyrH. Y HaualbHOM BEPIIMHBI HET BXOSIICH
IYTH, MO3TOMY COOOIICHHE 3@Npoc HE TIOCHLIACTCS, a TEHEePaTop BO30OHOBISIET TEHEPAIUIO JABHKKOB. 2) Perymstop
0OHapy»KMUBAET, YTO BCE BBIXOMAAIINE IYI'M CTANd 3aKOHYCHHBIMHU (MOJYYCHO COOOIICHHE KOHey TO MOCeqHei
HE3aKOHUCHHON BBIXOMAIICH Jyre). Perymsitop mochuiaeT >KAyHmIeMy JABHKKY COOOIICHHE uou no Oyze C HYJIEBBIM
HOMEpOM Ayru (3TO «IHIIHHUID IBMKOK U OH OCTAHABIMBACTCS) M COOOIICHUE KOHeY PETYIATOpYy Hadana BXOMASIICH
JIyru. Y HadaJbHON BEpIIMHBI HET BXOJIIEH TyTH, MO3TOMY COOOLICHHE KOHey TOCHUIAeTCS BHEIIHEMY aBTOMATy, U
IeHepaTop IPEKpallaeT FeHepaluio ABUKKOB.

Kak cozmatorcst perymstopei? PaccmoTpuM moapoOHee pabOTy aBTOMAaTOB, CBA3aHHYIO C HPOXOAOM IBHIKKOM
HETPONICHHOMN paHee Iyru a—i—D, BeayIe 13 BepIIHHBI @, UMEIONICH B Hel HOMep | 1 Beaylei B BepIuuny b.

e Ecmu BepiyHa b TepMuHanbpHas, 101 He€ He co3TaéTesl perysTop. JBIKOK OChUIACT PEryISTOPY BEPIINHEL
a coo0OLICHNE KOHey C TIPU3HAKOM «TepMHUHAIIbHAS BEPIINHA» M HOMEPOM IYTH i, a CaM OCTaHABJIHMBACTCS.

e Ecmu BepmmHa b HerepMuHanpHas, TO JBIXOK JOJDKEH Y3HATh MO MIOCHTH(GHUKATOPY BEpIUMHBI, NPOiaeHa
OHA WM enIé HeT, TO €CTh MMEETCS JIM PEryJIATOp 3TOW BepIunHbL. Bepmua b 3aBegoMo He mpoiieHa, eciu
e¢ wuneHTHOUKATOp HycT (B TaKyl BEpIIMHY BXOIMT TOJBKO OXHA Iyra). B mpoTHBHOM cirydae
IIPOU3BOJUTCS OIIPOC PETYJIATOPOB, ONUCAHHBIN HIbKe. Tak:

e Ecnu Bepumua b yxe mpoiineHa, TO IBMKOK MPOIIEN MO Xopjae. JIBMKOK MOCBUIAET PETYJISATOPY
BEPILHIHBI & COOOIICHNE KOHeYy C TPU3HAKOM «XOp.Ia», HOMEPOM JyTH i U aApecoM PEryisiTopa BEepIIHHBI
b, a cam ocranaBnuBaeTcs.

e Ecnu Bepnna b emé ve mnpoiineHa, To ABMXOK caM CTaHOBHUTCS PETYISITOPOM BepIiuHbI D U co3maér
HOBBIIf JIBHKOK B TeKymie Bepumue b, mepenasas emy rpad. [locne Toro, kak 3TOT HOBBII ABMXOK OyaeT
CO3/1aH M TIOCJIaH 0 BBIXOJSIIEH Jyre, HOBBIH PEryJsTop BEPIIMHBI D MOCHUIACT PEryNsTOpy BEpILHHBI &
COOOLICHHE 3anpoc ¢ yKa3aHHEM HOMepa IYTH | ¥ CBOMM aJpecoM KaK aJpecoM peryJisiTopa BepIuHHBI b.

Omnpoc perynaropoB BBINOJHSAETCA TOTJa, KOTrJa ABMXKOK IPOXOAUT IO HENPOWIEHHON Ayre M OKa3bIBaeTCs B
HETEPMHUHAIBHON BEpIIMHE C HENyCThIM HJICHTU(HUKATOpOM. B 3TOM cilyqae eMy HY)XHO HAaWTH PperyisTop ToH
BEPILIUHBI, B KOTOPOH OH OKa3ajcs, UM CAMOMY CTaThb PEryJIATOPOM, €CIIH MOKMCK HE YBEHYAlCAd YCHEXOM. DTOT IMOUCK
BBINIOJIHSAETCS 10 MICHTH(HKATOPY BEpIUMHBI: JBE BEPUIMHBI HE MOTYT HMMETh OJMH M TOT K€ HEeMyCTOH
naeHTudukarop. s omnpoca peryisaTopoB HCHOIB3YETCs] OJJHOCTOPOHHUI CIHCOK PETYJISITOPOB BEPIIHH C HEIYCTHIMH
UICHTH(OUKATOPAMH, PETYJSITOP HAYANbHOW BepimMHBI (OH K€ TEeHEepaTop) BCeraa HaxOMUTCS B TOJIOBE CIHCKA
(HamOMHMM, YTO WACHTH()UKATOP HAYATLHOW BEPINMHBI BCET/Ia HE MyCTOM). JIBUKOK MOCHUIACT MO CIMCKY COOOIIeHNUE
onpoc, B KOTOPOM yKas3biBaeTCsi (HEmycToi) MICHTH(HHKATOP BEPIIUHBI U ajpec ABWXKA. ECIn perysisTop BepIIHHBI
y)K€ ecTh, OH, TNOJy4YHUB TaKoe COOOIIEHHE, IOCHUIACT Omeéem Ha Onpoc, yKas3blBas NBWXKKY cBOH azapec. Ecmu
peryiaropa BEepIIMHBI €€ HET, TO COOOLIeHHE ompoc NOXOMUT IO IOCIEAHEr0 B CIIMCKE PEryysiTopa, KOTOPBIHA
IepechlIaeT ero ABMKKY, a CaM CTAaBHUT Yy ce0sl CCHIJIKY IO CIIUCKY Ha 3TOT ABWXKOK. [lomyunB oOpaTHO cBOE coobmieHue
onpoc, IBUXOK CaM CTAHOBUTCS PETYJIITOPOM — MOCIEJHUM B CIIMCKE, U CO34a€T HOBBIN JABHIXKOK, IepeaBas eMy CBOU
azpec (Kak agpec peryjsTopa TeKyleld BepLInHbl) 1 agpec rpada.

3. OmueHka cJIO)KHOCTH aJTrOPpUTMAa
Bynem cuurtaTh, 4TO BpeMEHa Iepegadd COOOILICHHWs, NMPOXoja ABMXKKA IO Jyre U cpabaTbIBaHUs aBTOMAaTa
OrpaHHYEHBI CBEPXY U CHU3Y HEHYJIEBBIM IOJIOKHUTEIbHBIM 3HaYeHHeM. Tor/ia airopiuT™ 3aKaH4YMBaeT paboTy 3a BpeMmsi
O(m+ngD), tme M — umcno oyr B HCXOAHOM rpade, Ny — YHCIO HETEPMHHANBHBIX BEPIIHH C HEMYCTHIM
uaeHrudukaropom, D — MakcuManbHOE YHMCIIO HETEPMUHAJIBHBIX BEPILIMH C HEIYCTHIM HJICHTU(PHUKATOPOM Ha MyTH B
rpade OT HayaIbHOW BEPILIMHBI, HE CYMTas caMoOd HavaibHOH BepiiuHbl [8]. TlockonbKy Ng<N, BepHa TaKKe OLCHKA
O(m+nD). Dra ouenka nocruraercs Ha rpade, n3oopaxxénHom Ha Puc.2. [Toatomy cymmapHas ouexka @(m+nD).



HayanpHas BepimrHa D BepmuH ¢ HEMTYCTHIM HACHTHPHKATOPOM

Puc. 2. Tlpumep rpada, rae anroput™ padotaet Bpems Q(m+nD)

3akiiroueHue

HanpHeimme uccienoBanust 00xo1a rpadoB KONIEKTHBOM aBTOMATOB BO3MOXHBI 110 HECKOJIBKHM HAIPaBICHHUSM.

IlepBoe HampaBieHue: HeneTepMuHupoBaHHble Tpadel. ['pad HemerepMuHHMpOBaH, €CIM OJHOMY HOMEpY
BBIXO/SIIEH JYTH COOTBETCTBYET HECKOJIBKO YT C 00LIel HavyaJlbHOM BEPIIMHONW U Pa3HBIMU KOHEYHBIMU BEpPIIMHAMHU.
O06xox Takoro rpaga MOXKET IIOHUMATBLCS JBOSIKO: MOJHBIA 00X0[, Koraa TpeOyeTcs MpoxXoAa Mo KaxIoi ayre rpada,
WIN YaCTHYHBIA 00XO0/, KOra HYXKHO HNPOWTH XOTS ObI IO OJHOI Jyre ¢ JAaHHOM HavyajgbHOW BEPIIMHON M JaHHBIM
HOMEpOM BEIXOAsAmIeH ayru. YacTuuaHblii 00X01 MPUMEHSIETCs], KOTrja HHTEPECYIOLIe HaC CBOMCTBA rpada MOTyT OBITh
HCCIIEOBaHbI MpU TakoM obxone. st Toro, 4To0Bl TapaHTHPOBATH BO3MOXKHOCTh 00X0/a HEAETCPMHHHUPOBAHHOTO
rpada, HyXHBI JONOJHWTEIbHBIE THUMOTE3bl. Hampumep, rumore3a 00 OrpaHMYEHHOM HEICTEPMHHH3ME, KOTOpas
YTBEPKIAET, YTO MPOXOoJs ! pa3s M3 JAHHOW BEPHIMHBI MO BBIXOSAINEH Ayre ¢ JaHHBIM HOMEPOM, MBI NMPONAEM BCe
BBIXOJISIIME U3 3TOM BEPIIUHBI IyTU C 3TUM HOMEPOM, e t 3apaHee u3BecTHas KOHCTaHTa. CylECTBYIOT aATOPUTMBI
Takoro ob6xona omHUM aBTOoMaToM [9]. MOKHO HOCTaBHUTH 3afady pa3padOTKH HOBOTO alIrOpUTMa Takoro obxoxna
KOJIJIEKTMBOM B3aUMOJICHCTBYIOIMX aBTOMATOB. [IJ11 4aCTUYHOT0 00X0/1a MOXKET UCIOIb30BAThCS, TaK Ha3bIBaeMas, A-
JOCTH)KMMOCTB BEpIIVH Tpada u3 HavaneHoit Bepiuuasl [10]. HedopmansHo 3T0 03Ha4YaeT, 4To CyLIECTBYET alrOPUTM,
KOTOpBIH TapaHTHPOBAHHO OOECIIEUMBACT [OCTIDKCHHE 3aJaHHOM BEPIIMHBI IPH JTIOOOM HEAETEPMHHHUPOBAHHOM
BbIOOpE BBIXOAALIECH YT'M B paMKax MHOXECTBA AYT C T€M K€ Ha4aJlOM U TeM )K€ HOMEPOM JyTH.

Bropoe HanpaBieHue: HcIoJib30BaHWE BHemHei mamsartu. [IpennoskeHHBIN B AaHHOH CTaThe aJrOpPUTM OOXOIUT
rpad TOJIBKO B TOM Clly4ae, KOIZla PeryJsiTopbl BceX HETEPMHUHAIBHBIX BEPUIMH MOMENIAIOTCS B CYMMapHOW MaMsTH
MamuH. Ecii 3T0 He Tak, CTAHOBHUTCS aKTyaJbHBIM BOIPOC 00 HCIIOJIB30BAaHUU JIOTIOJHUTEIbHONW BHEUTHEH MaMATH.
O0xox rpada KONJIEKTHBOM aBTOMAaTOB C KMCIOJIBb30BAaHWEM BHELIHEH MaMsTH JIGKUT Ha CThIKE JBYX HAIpPaBIICHUN:
MeTobI 3PPEKTUBHOI pabOTHI ¢ BHEUIHEH MaMATHIO, B YACTHOCTH, CTPATETnii CTPAaHMYHON M CETMEHTHOI MOJKAYKH, U
aNTOPUTMBI 00X0/1a Tpa(oB KOIJIEKTHBOM aBTOMATOB.

Tperbe HampaBieHwe: rpadbl CIENHAIGHOIO BHMAA. bonbmioif mHTEpec mpencTaBiseT pa3padOTKa HOBBIX
ITOPUTMOB HCCIIEIOBaHMS Tpad)oB, MPHUHAICKANINX TOMY HIM HHOMY Mojkiaccy rpagos. Takue MoAKIaccs MMeEeT
CMBICIT PaccMaTpHBaTh IIPH COYCTAHWM ABYX YCJIOBHH: 3TH IOJKIACCHI MMEIOT IPAaKTHUECKoe 3HadeHue (rpadol
MIEPEX0JI0B HCCIIEyEMBIX CHCTEM M CETeH OTHOCSTCS K TAKOMY IOJKJIACCY) M Ha 3THUX ITOJKIACCAX AITOPUTMBI MOTYT
paboraTh ObICTpee.
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