11-g geknusa kypca "Teopus
JINCKPEeTHbIX PyHKITIi"

(1-it kypc; sekrop - npod. A.C.IToxkos3uH)
CTpyKTypHbIE aBTOMATHI

Koneunble apromMaThl O MHOTMMH BXOJIAMU W BBIXOJAMHU MOXKHO COEIUHSITH JIPYT C JIPY-
roM, obpa3ys cXeMbl U3 aBTOMATOB. Takme cXeMbl OOBIYHO HA3BIBAIOTCA CTPYKTYPHBIMU
apromaramu. CxeMa U3 aBTOMATOB caMa SBJISIETCS KOHETHBIM aBTOMATOM W MOYKET pac-
CMaTpHUBATHCH KaK elle OJIuH clocob 3ajanus apromara. 1o HeKOTOpoil crenenu, 3a/jjanue
aBTOMaTa CXeMOil OX0oKe Ha 3a/anue PyHKIn hOpMYyJI0ii, OJHAKO €CTh U CyIIECTBEHHbIE
ormuns. Mbl orpaHnyauMcs JIUIb CAMbIM KPATKHM 3HAKOMCTBOM C TEOPUE CTPYKTYPHBIX
aBTOMATOB, M30eras upe3MepHoil dopMatmsanuu n3noxkenus. llepeiiaem K ompenenenu-
M.

Bynem pacemarpusars nnnnuaasusie asromarst suga Vy, = ({0, 1}, Q, {0, 1}™, v, ¥, q1),
rae n > 0,m > 0. MuoxkectBo aBromarueix dbyuknuit f(a) = ¥(q,a), KOTOpbIE OHH
peann3yior, 0603HaunM Papr. AHATOIHYHO TOMY, KaK (DYHKIMH k-3HAYHON JIOTHKH 33,72~
Ba/iuch hopmysiamu, pyHkiun u3 Papgr OyieM 3aaBaThb CXeMaMH.

Apromarnyo dyskmmo, peammsyemyio asromarom Vy, = ({0,1}",Q,{0,1}™, v, ¥, q1),
MOYKHO 33J1aTh CHCTeMOH KAHOHHYECKHX ypaBHeHHI. Bcerma MoKHO 3aKOZMPOBATH CO-
CTOSIHMSI aBTOMATa JBOUYHBIME HaGopamu u cuntarh, ato Q C {0, 1}* m1s mexoToporo
HaTypasabHOro k. Torma HagagabHOE COCTOSTHYE ¢ MpeacTaBgeT coboii Habop (qi1, - - -, qik)-
Bxopmoit curnan a(t), cocrosuue ¢(t) u BbIXOAHON curHan b(t) B MOMeHT BpemeHu i
IPEACTABIAIOT co60#t HAGOPBI (a1(t), ..., an(t)), (q1(t),...,qx(t)), (bi(t),...,bm(t)). Co-
OTBETCTBEHHO, (DYHKIIUU (@ U 1) CTAHOBATCSA BEKTOP (DYHKIUAMA: @ = (p1,...,0k), Y =
(1, .., Y¥m), TaE @4, 1) - byuxkunu anreOpsl Joruku. B 31ux 0003HAUCHHAX CHCTEMA Ka-
HOHNYECKHUX ypaBHeHUil aBromara V,, mpuobperaer C/eLyOIiuil B

qi(l):qli (i:1,...,]{5)
%’(t + 1) = Spi(a1<t)7 s 7a’n<t>7(h(t)7 T an(t)) (Z = 17 T 7k)
bj(t):wj(al(t%"'7an(t)7QI(t)>"'an(t>> (jzla--'>m)

Apromarnas dyukmusa f(a) = (g1, ) 3aBUCHT OT eIUHCTBEHHOH Tepemenuoit o. O-
HAKO, BXOJIHbBIM CHMBOJIOM aBTOMATA CJIyKUT JBOMYHBIA HAOOD JtuHbL 1. Mbl roBOpHIIH,
9TO B TAKOM CJIydae aBTOMAT MMeEeT 7 BXOAOB. [109TOMY MOXKHO CYHTATH, 4TO HA BXOJ
ABTOMATa MOCTYIAIOT 7 PA3JIHIHBIX JBOMYHLIX CJOB - KayKJI0e Mo CBOeMy BXOIy. Bosee
0IPOBHO, PACCMOTPIM KaKoe-TO BxogHoe ¢1oBo a = «(1) ... «(l) B andasure {0,1}". Ero
j-s1 6ykBa nmeet Bug «(j) = (a1(j),...,a,(j)). Oupemenum crosa a; = (a;(1) ... (1)),
obpazoBaHHbIe i-MU pa3psigamu OyKB ciaoBa «; ¢ = 1,...,n. Torga MOKHO OUpeseanTh
dbyukmuo g(ag,...,a,) = f(a), KOTOpast 3aBUCHT y»Ke HE OT OJHOW MepeMeHHOIl, a oT
n. SHAYCHHSME ee TEePEeMEHHBIX CIyZKAT ABOUYHBIE CJI0BA, MpudeM (DYHKIHUS OMpeIesena
JIMIIB TIPH YCJIOBHH, YTO 9TH CJIOBA MMEIOT OJMHAKOBYIO JyuHy. Kak u o0bIdHO, ompe/ie-
JISIOTCSL MOHSITHE HECYMIeCTBEHHONW M CYIIECTBeHHON mepeMeHHBIX dbynknnu g. Ecam i -

ey

d ee MmepeMeHHas OKa3blBAETCs CYIIECTBEHHON, TO TOBOPUM, 4TO ¢ - fI BXOJi aBTOMATHON

dbyukum (g, ) SIBISIETCST CYIIECTBEHHBIM.



Hamum eme oxno onpesenenue. Ecan dbynknus 1); B npuBeJeHHON Bbllle CUCTeMe ypaB-
HeHW 3aBucHT OT a;(t) HUKTUBHBIM 00PA30M, TO MOBOPHM, YTO j-# BBIXOJ aBTOMATHOM
dbyukmmn ¥ (qp, ) 3aBUCAT OT i-TO BXOJA € 3aJEPAKKOH. ITO 03HATAET, UTO KAKAS-TO 3a-
BHCHMOCTDb BO3MOKHA, HO TOJIBKO Yepe3 MOCPEICTBO U3MEHEHHH B COCTOSTHUSIX aBTOMATA,

KOTOPBIE TIPOIBATCI HA J-M BBIXOJ/Ie HE paHee KaK K CJAeYIONeMy MOMEHTY.

Kak u dpopmyiia, cxema onpejessiercs 1o nnaykmnuu. Ho 3/1ech HaM npujiercst OJiHOBpeMeH-
HO ONpEJIeJIITh U CXeMy, H pean3yeMyio e aBroMaTHyio GyHKnuo. B ciaydae dopmyn
9TU ONPE/IeTIeHUs] JTABAIUCH TIOCIe0BATEHbHO. B To Bpemst, Kak (opmysa npeacTaBisia
coboit cJI0BO B HEKOTOPOM ajidaBuTe, cxeMa dBJIdeTcss OPUeHTHUPOBAHHBIM IpadoM, Bep-
UHBl ¥ pebpa KOTOPOro cHaOXKeHBbI HEKOTOPBIMEH moMeTKamu. OaHako, BO H3Oe:KaHue
rpoMO3AKUX (POPMYJIIPOBOK, OyAeM npocTo n3odbpazkarsb "kapruuku', MOsSCHAIOMNEe, KAaK
HOBasi CXeMa CTPOUTCS M3 paHee OMPEJIeJIEHHBIX CXeM. JTOr0 JOCTATOYHO JIjsT OTHO3HAY-
HOT'O BOCCTaHOBJIEHUA OIpeJe/ieHUud CXeM KaK FpaCbOB. BBI/I,I[y KPaTKOCTH 3HAKOMCTBa C
JTAaHHOI TeMOii, TaKoe OIpee/leHHe BBIXOIUT 33 PAMKH IPOrPaMMBbI KypCa.

IIpexk e Bcero, Bebmpaercs curnarypa » : E — {fi,..., f,} C Pagr.

B kauecTBe Ga3uca MHIYKTHBHOIO ONpEIeJeHUsI CXeMbl B CHTHATYpe Y Oy1eM pacCMaTpH-
BaTh "3sieMeHTapHBIE" CXeMbI, WIH, KOPOTKO, 3JIEMEHTHI, CAeAYIOIero BHIA;

Bnech F; € E - cuMBOJI, 0003HAYAIOIIMI 9JIEMEHT; 1 - YHCJIO BXOJI0B aBTOMAaTa, Pealn3y-
omero (pyHKIKUIO f;; M - YUCJI0 BBIXOIOB 3TOI0 aBroMara. Ecju Ha aBroMar HmOCTylaer
B KadecTBe BXOJHOTO CHMBOJIa HAOOp (ai,...,a,), TO OyaeM TOBOPUTH, 4TO HA ero j-i
BXOJ HOCTYTIAeT CUMBOJ a;; j = 1,...,n. AHaJOrmIHO, €CM Ha BBIXOJE aBTOMATA IOAB-
agercss Habop (by, ..., b,), TO TOBOPHM, YTO Ha €ro k-M BBIXOJe HOSBJISETCS CHMBOJ by;
k=1,...,m.

Kaxk oMy asieMeHTY E; cOmocTaBsseM CACTeMY KAHOHUIECKHX YPaBHEHN aBTOMATA, OIIpe-
nessontero dyukimio f;. [oBopuM, uTo 31emenT peanusyet dbyuknuo f;. [Ipeamnoaaraem,
ITO JEMEHTOB KazKJI0r0 TUIa F; nMeeTcst CieTHOe MHOYKECTBO, M IIPU MOCTPOEHUN CXEMBbI
KaKIbIit pa3 Gepercs "HoBeIN" 3K3EMILISIp 3/1€MEHTA.

[Tpexk e, wemM mepeiiTi K OMHCAHUIO OIePaIfii, TO3BOJSIONINX CO3/1aBaTh HOBbIE CXEMbl U3
paHee MOCTPOEHHBIX, JOTOBOPUMCH 0003HAYATD JIIOOYIO CXeMY IOCPEJICTBOM IIPAMOYIOJIb-
HHUKA, B KOTOPBIA BEJYT N CTPEJIOK, IPOHYMEPOBAHHBIX YHCJAMH 1,...,Nn, 0 U3 KOTOPO-
IO BBIXOAAT M CTPEJIOK, HPOHYMEPOBAHHBIX UHUCJIAMH 1,...,M - COOTBETCTBEHHO YHUCJY
BXO/IOB M BBIXOJI0OB aBTOMAaTa, PEAJN3yeMOro JaHHOil cxeMoil. 3aMeTuM, 4TO JIOIMyCKAeTCs
cay4ait n = 0, ogHaKO M BCer/ia JOJAKHO ObITH OOJIBIIE HYJIA.



daeMenpl,
COC gu HEMHBIE

AUHUZM

[lepefimeM K ommcaHWIO ONEepaInii, JAOIMUX UHIYKTUBHOE OIpeiejieHne cXeMbl. bByaem
CYUTATD, YTO JJI T€X CXeM, K KOTOPBIM OHA MPUMEHSeTC s, YKe U3BECTHBI CUCTEeMbl KaHO-
HUYECKHUX YPaBHEHUI aBTOMATOB, OIPEJECAMIONIUX pean3yeMblie JAHHBIMU CXeMaMi aBTO-
MaTHbIe DYHKITUN.

1. Onepamnus nepeobo3HaueHHs BXOJIOB M BBIXO/IOB.

[TycTs yike umeercs cxema S, UMEIOIIasi 1 BXOIOB U M BBIX00B. [lycTh f - peanu3y-
eMast 9TOil cxeMoii aBroMaTHas QYHKIUA. PaccMOTPUM TTPOU3BOJIbHOE (BO3MOXKHO,

nycroe) muoxkectso M C {1,...,n}, conepxaiiee HOMepa BCeX CyIECTBEHHBIX BXO-
noB aproMaTHOl bynkuun f. [yers Takzke m/ - IpoM3BOILHOE HATYPAIBLHOE YHCIO.
Pacemorpum orobpazkenust o1 : M — {1,...,n'};o0 : {1,...,m'} — {1,...,m}.

Bsanmuast ogHo3navuHoCTb uX He Tpedyercsd. [locrponm HOBYIO cxemy S/, UMEIOILY IO
CJACLYIOIIUNA BUL:

:/ O/L(i) //L/

VY 3T0i cxeMbl UMeeTcst n' BXOJIOB, TpUvIeM oTobpazkeHne 07 yKasbiBaeT HoMep o1 (1)
TOTO BXOJa cXeMbl S’, K KOTOPOMY MOJK/II0UaeTcs i- il Bxom cxembl S. HoBast cxema
umMeer m' BBIXOJIOB, U (DYHKIUS 0y ONpEJeisieT HoMep 0z(j) TOro BeIXo/a cxembl S,
K KOTOPOMY MOJK/JIYAeTCA j-if BbIXOJ cxeMbl S'. DakTUIECKH, JaHHAS OlepaIist
cocrouT B "mepenoakaodeHun' BXOJOB M BBIXOIOB MCXOIHOI CXeMBI K HOBBIM BXO-
JaM u BeixogaM. CrucreMa KAaHOHWYECKHX YPaBHEHUil /1j1st aBTOMaTHOM byHKImn [,
ompeesisieMoit cxeMoit S’, mosrydaercs U3 CuCTeMbl KAHOHUIECKHUX YPABHEHUH s f
OYeBUIHBIME TTpeobpasoBanusiMu: "crappie” BXojHbIE HepeMenHble a;(t) 3aMeHsoT-
€1 HA HOBBIE COTVIACHO OTOOPAaYKEHWIO 0, IPUIEM BMECTO HECYTIeCTBeHHBIX cTaphix"



BXOJIOB, He MOJAKII0YeHHBIX K "HOBBIM'" Bxomam, nmoacrasasierca 0. s kaxkmoit "Ho-
BOit" BBIXOJHOM IepeMeHHOI IoCJIe 3TOro mpeodpasoBaHusg OepeTcs OLpe e Isaolnee
ee 3HaYeHHEe YpaBHEHHE - COIJIACHO OTOOparKeHUIo 0y. Bo m3berkamHme IpoOMO3IKHX
3amnuceit, 6ojee MOIPOOHBIX OIMUCAHUN He IIPUBOINM.

2. Omuepanust 00beTUHEHHUSI CXEM.

[Iych manbl jaBe cxembl S H So ¢ He IEPECeKAIONUMUCA MHOXKECTBAMHU JIEMEHTOB.
Tora MOXKHO TTOCTPOUTH cXeMy S myTeM (hopMaIbHOTO 00beIuHeHus cxeM S1 1 So.
CoOoCTBETCTBYIONIHE CHCTEMBI KAHOHUYECKUX YPaBHEHNH 00beIUHSIIOTCS, 8 BXOIHBIE
U BBIXOJHBIE ITePEMEHHbIE [IEPEHYMEpPYIOTCd, KaK TOro Tpedyer HyMepalus BXOJ0B
1 BBIXOJIOB HOBOII cxembl. Cxema S m300parkaeTcst CJIeAYIOIMIM 00pa3oM:

3. Omepamnus 0OpaTHON CBSI3H.

[IycTh nmeercs cxema S ¢ n BXOJZAMHE M 1M BBIXOJAMHI, ¥ KOTOPOii j-fl BBIXO 3aBHCHT
OT i - TO BXOJa C 3ajepzkKoii. Torma MOXKHO IOCTPOUTH HOBYIO cxemy S’, mpuco-
eJIMHUB j-# BBIXOM K i-My BXO1Iy. YHCJI0 BXOIOB TOH CXeMBI Ha €IUHHUILY MEHBIIE,
YeM Y UCXOMHOM; YMCI0 BBIXOMOB - npexkuee. Cxema S’ n306parkaercs CJIeLyonmm
obpazom:




SaMeTI/IM, qTO AJid ollpeae/ieHUudAd BO3MOXKHOCTHU IIPpUMCEHEHUA ,ZL&HHOfI onepanmumn K
cxeme S HeOOX0UMO OBLIO UMETh aBTOMATHYIO (hyHKIHMIO f, KOTOPYIO OHA peasn3y-
eT. 3-3a 9TOro MHIYKTUBHOE ONpEJIeIeHNe U JAeTCS TAKUM 00pa3oM, 9TOObI cpasy
BBOJIUTH M HOBYIO CXEMY, W PEATU3YEMYIO et0 (hyHKITHIO.

B cnyuae omnepanum oOpaTHONl CBA3W NpeoOpa30BaHUsd KAHOHHUYECKHX ypaBHEHUM
cxeMbl S TakoBbl. Bo-1iepBBIX, B ypaBHeHHe

by(1) = Uyl (t),- .., an(t) r(t), .. qul0))

MOJICTABIISIEM HOJTb BMECTO a;(1), OT KOTOPOTO MpaBasi 9acTh 3aBUCAT (DUKTUBHO. Bo-
BTOPLIX, IIOACTAaBJIAEM IIPABYIO YaCTb JaHHOT'O ypaBHEHUdA BO BCE OCTaJIbHbIE ypaB-
HeHust BMecTO a;(t). Hakonerr, BbITIOIHSIEM HEOOXOAMMYIO TIEPEHYMEDAIHMI0 BXOIHBIX
nepeMeHHbIX. HUKaKuxX 10Ka3aTeIbCTB 3/ech He Tpedyercs, TaK KaK 3TO - OIIpejie-
JIeHHe aBTOMAaTHON (DYHKINHU, peajnsyeMoii cxemoit S’

Omnepanust 06paTHOM CBSI3W TPUBOAUT K MOSIBJIEHUIO IUKJIOB B CXEMaX, UTO JIEAeT
UX CYMIECTBEHHO OTanYafomuMucsd ot ¢dopmya. PopMyJibl OKa3bIBAIOTCA CBOET'O POMIA
JACTHBIM CJIydaeM cXeM - 0e3 MHUKJIOB U Pa3BeTBJIEHUI! BBIXOIOB JIEMEHTOB.

BaMeTuM TakyKe, 9To caMo Mo cebe HaJImdue MenoYKu "MraHoBeHHO# 3aBucumocTn'
0 3JIeMEeHTaM CXeMbI, BeJyIleil OT i-ro BXOJa K j-My BBIXOJY, BOBCE HE O3HAYAET,
9YTO j-# BBIXOI He SIBJISETCS 3aBHCSIINM C 33JePzKKOil 0T i-ro Bxoja. Hampumep, B
dbopmyne (x V T) - y mepeMeHHass T HECYIIECTBEHHASI, OJHAKO, €CIH ITY (HOPMYITY
HIPEICTABUTH B BHJE CXEMBI, JIEI'KO HMPOCJIEKUBACTCS MEIMOYKa SJIEMEHTOB, BEILYIITNX
OT & K BBIXO/Y, ¥ KOTOPBIX KazKIbIil BXOJ - CyIIeCTBEHHbI.

BamMeruM, 9TO onepanus 1I0C/IeI0BATEIbHOIO COeuHeHns" JIBYX CXeM OKa3bIBAETCS W3-
OBITOYHOl, TaK KaK OHA CBOJAMTCH K HOC/AEJ0BATE/JILHOMY IIPUMEHEHHIO onepamnuil o0beim-
HEHUsI JIBYX CXeM U OOPaTHON CBSI3H.

Ecim dyuknusa f peanmusyercs cxemoil B curaarype X, TO IOBOPUM, YTO OHA MOJIyYeHA
OIlePAITHAMI KOMIO3UINE (HIH IPOCTO - KoMmnosuimsivu) n3 dyuxuuit {fi, ..., f,} gan-
HOll curHarypel. MHOXKecTBO Beex (DyHKIMIT, TMOIYyYEHHBIX ONEPAIUSMEA KOMIIO3UIUHA W3
dbyuknuii MmuoxkectBa F' C Papr, obo3navaem [F|. Cucremy F' C Pypr Ha3blBaeM MOJHOM,
ecJi [F] = PaBT-

[TpuBesem npumMep KOHEYHON MOJHON cuctembl Uit Pagr. Pacemorpum caeayroriue 5 Tu-
IIOB 3JIEMEHTOB:

v & Gy @f
/ b

[lepBble Tpu U3 HUX pealn3yIOT aBTOMATHBIE (DYHKIIUU C €IMHCTBEHHBIM COCTOSTHHEM, Iie-
pefaonine Ha BBIXOJ, COOTBETCTBEHHO, JU3IBIOHKITNIO, KOHBIOHKIINIO U OTPHUIAHUE BXOJI-
Hbix 3Hadenuii. [To cymecTBy, 310 ipocTo onepaiun u3 ajaredpo jgoruku. [locienue j1Be
MpPeACTABIAIOT co00i aBToMaThl Mypa, quarpaMMa KOTOPBIX HMeeT CJIeIYyIONni Bu/I:



Y snementa Gy HAaYaTbHBIM COCTOSHUEM CIY2KUT cocTosuue 0, v snemenTa (G1 - COCTOSTHIE
1. IlepBblit 3j1eMeHT HA3bBIBAETCS €IUHUYHON 3aJIeP2KKON ¢ HYJIEBBIM Ha4YaJIbHBIM COCTOSI-
HUEM, BTOPOIl - eIMHUYHON 3a/IePKKOil ¢ eIMHUYHBIM HAYAJILHBIM cocTogHneM. Kanonu-
qecKre YpPaBHEHUSI TIePBOTO 3JeMEHTa UMelOT BUJ:

q(0) =0

q(t +1) = a(t)

b(t) = q(t)

YpaBHeHHA BTOPOrO UMEIOT BHI:

q(0) =1

q(t+1) = a(t)

b(t) = q(t)

B oboux cayuasax b(t + 1) = a(t); t = 1,2,3,.... Takum 06pa3oM, 3JeMeHT Tepeaer Ha
BBIXOJ| 3HAYEHHUE, IIOCTYIUBAIIEE HA €r0 BXOJA B IIPEABIIYIIHA MOMEHT BPEMEHH - HHBIMH

CJIOBaMH, peaJIu3yeT 3aJ€P2KKY Ha OAWH TaKT BPpEMEHH. Taxkue 371eMeHTbI HINPOKO UCIOJIb-
3YIOTCd B YUIIaX KaK 9JICMEHTbI ITaMATH.

HOKa)KeM, YTO IIPpU IIOMOIIHN YKA3aHHBIX IILATH THUIIOB 3JIEMEHTOB MO2KHO IIOCTPOUTHL CXEMY,
Pean3yIoNyo MPONU3BOIbHYI0 GYyHKIMIO N3 Pypr. Ilycts sTa dyHKIua 3amaercd cucre-
MOl KAHOHUYECKUX ypaBHEHUI:

() =qu (i=1,....k)
Gt +1)=wi(ar(t),...,an(t),q(t),...,q(t)) (i=1,...,k)
bi(t) = Yi(ar(t),...,an(t), @1 (t),...,qx(t)) (j=1,...,m)

Tekyriee cocTogHre aBTOMAaTa, ONPEIE/JIFEMOro JIAHHON CHCTEMOM, IpeJcTaBiasgeT coboil
aBondHbI HAGODP (q1(t),. .., qx(t)). Pacemorpum Habop snementos G, ..., G, . Byaem
CTPOUTDH cXeMy S TakK, 4TOObI Ha BLIXOIAX STUX 3JEMEHTOB B KarKIbIii MOMEHT t OBLIN 3HA-
genus qi(t), ..., qr(t). s nHaganpHoro MomenTa t = 1 5T0 BBILIOJHEHO B CHILYy BHIOOPA Ha-
JaJIbHBIX COCTOSTHU 371eMeHTOB. UTOOBI 3TO 7Ke BBITIOJIHSIJIOCh B MOMEHT t—+ 1, Ha BXO KasK-
noro sstementa (G, , HYy?KHO HOAATH B MOMEHT ¢ 3nadenue ;(ay(t),. .., an(t), q1(t), ..., qx(t)).
DyHKIU ©; TpeacTapiser coboil GyHKIMIO aaredpsl Joruku. [losromy ee MOKHO 3a1aTh
dopMyII0ii, comepKalieii TOJILKO OIePALMH TH3bIOHKIINY, KOHBIOHKIIAN U OTPULNAHUI. DTY
dopmyiLy, UCHOJIB3YS HEePBbIe TPHU dJIEMEHTa Hallleil CHCTeMbl aBTOMATOB, IIpeodbpasyeM B
aBTOMATHYIO cxeMy S, peamnsyiontyio byHkmmio ¢;. Ha Bxoapl cxemsr S, moganM 3Ha-
genust ai(t),...,a,(t), IpoBeJd JUHUU OT COOTBETCTBYIOIMIUX BXOJ0B cxeMbl S. Kpowme
TOT'0, KO BXOJAM CXeMbl S,, IPOBeleM JHHUU OT BBIXOIOB 3jeMeHToB G\, ..., Gy, . To-
IJa Ha BBIXOJE CXeMBbl S, OKazkeTcs 3Hadenue ¢;(t + 1). Mcnounsys onepaiuio o6parHoil
CBSI3H, COEIMHIM 3TOT BBIXOJ CO BXOJOM 3jeMeHTa S,,. 3aBUCHMOCTD C 33/I€PXKKOil 3/1eCh
ouenaHa. [IjIs 3aBepIIEHNs HOCTPOEHHS CXeMbl S CO3TAIMM I KazKa0ro Bbixoma b;(t)



cxemy Sy, , Bhraucasgontyio Gynxmuio anredpsr soruku ;a1 (t), . .., an(t), qu(t),. .., qu(t)).
JluHuu KO BXO/1aM 3TOil CXeMbl IIPOBOJATCA TaK 2Ke, KaK KO BXojaM cxeM Sy, . B urore mo-
Jaydaercd cxema S CIIeJYIONIEro BUIA:

5 4

44 - Em (V)

Ha pucynke, 9To0bI M30€KaTh IYTAHHUIBl JIMHUNA, MBI OTDAHUYUIHCH IPOBEJICHUEM HX
TOJILKO KO BXOJaM CXeMbl S, .

WNuorna BMecTo onepaiui 0OpaTHON CBA3U PACCMATPUBAIOT OIIEPALHIO ITOCIEI0BATEILHOTO
COeJIMHEHUS CXEM:

JIerko 3aMeTHUTDb, UTO TaKad OIMEPAIs CBOJUTCA K Olepanun 00benHEeHns cxeM S1, Sy U
HECKOJIBKAM MPUMEHEHUIM Olepalnu oopaTHoi ¢Bsa3u. Oanako, oOpaTHoe cBeJIeHue ole-
pamuu oOpaTHOl CBA3M K OllepallusaM Iepeobo3HaueHus BXOJ0B U BBIXOJO0B, 00beINHEHHS
CXeM M X I[OCJIeI0BATE/IHHOIO COEINHEHNsI HEBO3MOXKHO. FKean dyukius f peaansyercs
CXeMO# B CHUTHAType i, MOCTPOEHHON TOJHLKO ITPU HOMOIIM OTepalui nepeobo3HaIeHU s



BXOJIOB U BBIXOJ0B, O0ObEeIMHEHUS CXEM W WX TOCJIEI0BATEJIHLHOTO COEIWHEHUs, TO TOBO-
PHM, 9TO OHA MOJIYYeHa OMEePAIUIMU CYIEePHO3UIUU (I IPOCTO - CYHEePIO3UIUIME) U3
dbysakmuit {f1,. .., f,} KanHO# curHaTyphl. MHOXKECTBO Beex dyHKIMIT, HOIYI€HHBIX Olre-
panusgiMu cyneprosunuu u3 byHKimi Maoxkectsa F C Pypr, obosnauaem [F|.. Cucremy
F C Papr Ha3biBaeM HOJHOI OTHOCUTEIBHO Cyleprosuiuil, ecan [F|. = Papr.

Teopema. B Papr He cylecTByeT KOHEYHON MOJTHOH OTHOCHTE/IBHO CYTIEPHO3UILHT CUCTEMbI
dyHKIHIi.

[Tpeamonoxum mporuBHoe. [Iycts M - KOHeuHast MOJIHAsT OTHOCUTEIBHO CYHEPITO3UIIHii
cucreMa. g xaxknoit dynknuu f uz M paccMoTpuM peasusylomuil ee apromar V, -
3JIEMEHT HEeKOTOpOit curHaTypbl X st M. IlycTh n - HaunboIbIee YUC/I0 COCTOSHUN TaKUX
aBTOMATOB. PaccMOTpUM HPOU3BOJIBHYIO ¢XeMy S B CHUTHATYype I, MOCTPOEHHYIO TOJIHKO
[IpH TOMOIIH omepanuii cyneprno3urun. [Togaamm Ha ee BXOIbI IePHOITIECKY 0 TOCIe10Ba-
TeJIbHOCTD, JJINHA HAMMEHBIITEro MePHoIa KOTOPOH MPEICTABISIeTCS B BUAIE TPOU3BeIeHIS
CTeIleHel MPOCTHIX YHCeJI, He MPEeBOCXOAAIIUX n. Kcau sra nociaeoBaTeIbHOCTD OCTYIIa-
eT Ha BXOJbI 31eMeHTa V;, To, COIJIacHO paHee JOKa3aHHO TeopeMe, Ha €ro BbIXOJax OyeT
HaOJII0IATHCS TEPUOIUIECKas TOCIeI0BATETFHOCTD, HAUMEHBIINN TepuoI KOTOPOil Tpe/I-
CTaBHM B BHUJIE IIPOU3BEACHUs AEJTUTEIS MEPUOIA BXOAHON MOCIe10BATEIHHOCTH Ha, HEKO-
TOpOe YNCJIO, He IPEBOCXO/AINee YHUCIA COCTOSHUIT aBTOMaTa V,, T.e. He IPEBOCXOJIIee
n. TakuMm oOpa3oM, HAUMEHBIIUN TePUO/T BLIXOIHOM MOC/Ie10BATEIbHOCTH 3JIEMEHTa, TOKE
OyJeT IpeJCTaBUM B BUJIC NPOU3BEICHHUS CTEIEeHEeH MPOCTBIX YUCEesI, He IIPEBOCXOIIINX
n. nayknueit mo mOCTPOEHUIO CXeMbI S Telepb HEeCJIOKHO T0KA3aTh, UYTO Ha ee BBIXOIAX
Oyner HAOJIIOIATHCS MEPUOANYIECKas MOCAeI0BATE/ILHOCTh ¢ TeM Ke cBoiicTBoM. Cieo-
BaTeJIbHO, HUKAKas CXeMa B CHTHATYpPE Y HE CMOXKeT BhIJIABATh B OTBET HA KOHCTAHT-
HYIO BXOJIHYIO IIOCJIEIOBATE/TBHOCTD BBIXOJHYIO IIOC/I€I0BATEIBHOCTD ¢ HMPOCTOM JIIUHOMN
nepuoja, dospmeit n. O4eBUIHO, 9TO B Papr cyliecTByeT (GhYHKIHS, peaau3yIoas TaKoe
npeobpasopanue. Takum obpasom, M Hemoano. Teopema jgokazaHa.

Jlokazannast TeopeMa yCTaHABIMBAET HECBOJUMOCTD Ollepaluy 0OpaTHOM CBSA3M K olepa-
HASAM CyTEepPIO3UITHH.



