JImapaMudeckasi 6a3a JaHHBIX,
JOITyCKalomiad mapaJjijieIbHyI0 o0paboTKy
ITPON3BOJIbHBIX ITOTOKOB 3aIIPOCOB

A. A. Tlnernes

B nannoit pabore paccMarpuBaeTCs peIeHue JTHHAMUIECKOH
3a/a9U IIOUCKA MJEHTHIHOIO OObeKTa JJIsi IIPOU3BOJIBHOIO ITOTO-
ka 3amnpocoB. CII0XKHOCTD MapasiIeIbHON 00pabOTKHU 3aIIpOCOB HAJT,
00I1eil CTPYKTYPOil TAHHBIX 3aKJI0YAETCH B M30€KaHuU KOHMIINK-
TOB, KOTOpPbIE BO3HUKAIOT IIPU U3MEHEHUH OJTHOTO U TOTO K€ YIacT-
ka namsta. [Ipu aToM cauTaem, 9T0 CIUTHIBATH U3 OJTHOTO yIACTKA,
[aMSITH HECKOJIBKUM IIPOIIECCaM JIOIYCTUMO. PelleHne moJryIeHo ¢
HOMOIIBIO JMHAMUYIecKoro uHbopmanuonHoro rpada [1], [2], ko-
TOPBI B CBOIO OYepehb sIBJISIETCS 00OOIeHneM NHMOPMAIMOHHOTO
rpada [3] Ha ciyuan BCTABKU U YIAJEHUS 3AIHCH.

KuroueBble ciioBa: JuHaMudecKue 0a3bl JaHHDLIX, nHMOPMa-
[IUOHHBIN rpad, KOHEYHBIN aBTOMAT, IIOTOKY 3aIIPOCOB, MAPaJIIeIh-
Hasi 00paboTKa JAHHBIX.

1. BBeagenue

Uccnenopanust B 00JIaCTH MAPaJIICIbHBIX BBITUCICHUN IMUPOKO U3-
BecTHBI. OCHOBHAS CJIOXKHOCTD ITapaJlIeIbHbIX BEIYUCIEHNH 3aKII09aeTCsI
B CUNTBHIBAHUU U 3AIUCHLIBAHUU JTAHHBIX B OJHY U Ty K€ 00JIACTb IaMsi-
Tu. Pazimmyaior HeCKOJIBKO TUIIOB CUCTEM JIjIsI IapaJsiie/IbHON 00paboTKu
naHHbIX. OHU Pas/IMIatoTCcsI CIIocobaMu oOpalleHusT K OOIIeil aMsITH:

e OjIHOBpeMEHHOe uTeHne, onHopeMennas 3amuch (OY03). B man-
HOIl cHCTeMe pa3pelaeTcsa OJHOBPEMEHHOEe YTeHUE M OJHOBPEMEH-
Hasd 3alllCh PA3HLIMH IIPOLECCAMH B OOILYIO [AMSITh;

® OJIHOBPEMEHHOE UTeHne, SKCKIo3uBHast 3amuch (OU93). B ganmnoii
CHCTEME Da3PEIIAeTCsl OJHOBPEMEHHOEe YTeHHe U3 o0Iueil mamsTy,
IIDH 9TOM OJIHOBPEMEHHAs! 3alllCh PA3HBIMU IIPOIECCAMH B OOIILYIO
HaMsATDH 3allpeleHa,;
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® SKCKJ/IIO3UBHOE YTEHHE, SKCKIIO3UBHas 3amuch (DUD3). B ganuoit
CHCTeMe 3alPEIaeTcs MICATh U YATATh U3 OOIIel TaMSTH PasHbIM
IIPOIECCaM.

[Toapo6uo 911 cucremsr onmcanst B [4], [5]. [IpumennTenbHo K 3a1a4e 110-
HCKA UJIEHTUYHBIX 0OO'bEKTOB, OBbLIO HPEJJIOKEHO MHOXKECTBO PA3JINIHBIX
AJITOPUTMOB, HUCIIOJIB3YIOIINUX ITapaJljie/IbHbIEe BbIYUCICHUA. OHI/I OCHOBBI-
BAIOTCS HA TAKMX M3BECTHBIX CTPYKTYPaX JAHHBIX KaK COaJaHCHPOBAHHOE
OuHApPHBIE JIEPEBO, KPACHO-YEPHOE JIePeBo, 2-3 1epeBo. B 0CHOBHOM 1ieJib
BCEX WCCIIEJ0BAHUI 3aK/II0IAeTCS B J0OABIEHUN HECKOJIBKO 3aImceil K
CTPYKTYpE JJAHHBIX, UCIIOJIB3Ys HapPaIeIbHbIe BBIYNCIECHNs, 38 HANMEHb-
mee BpeMsi. Bojiee JIeTaIbHO O MOJIyYEHHBIX PE3YJIbTaTaX MOXKHO IIPOYU-
taTb B [6], [7].

B nannoit pabore OyieM paccMaTpUBaTh HEMHOTO APYIYIO MOCTAHOB-
Ky 3ajgadn. [log moTokoM 3ampocoB OyaeM MOHHMATh OECKOHEYHYIO II0-
CJIe/IOBATE/IbHOCTD 3aIlIPOCOB Ha IOMCK, BCTABKY U yaajeHue K 0a3e JaH-
HBIX, KOTOPBIE IIOCTYIIAIOT Ye€Pe3 PaBHbIE IIPOMEXKYTKI BPDEMEHU — TaKThI.
[Tpu sTOM B OMH TAKT MOXKET MOCTYIIUTDL He DoJiee OTHOrO 3ampoca. Tak
JK€ CYATaeM, 9TO 38 OJNH TaKT MOXKET ObITH BBIIIOJIHEHO JII000€ JIOKAJIb-
HOe IIpeobpa3oBaHUEe CTPYKTYPBI 0a3bl JAHHBIX, MIpeJIHA3HAUEHHOE JIJIsi
o ieprKafust 6a3bl JAHHBIX B aKTYaJbHOM COCTOsTHUE. Jlpyrumu ciioBa-
MU KaXKIbII IIPOIlecc, KOTOPBIH IepecTpanBaeT WK HINET 3allpoC, MOXKET
c/le/1aTh 3a OJIMH TaKT, TOJIBKO OJHO IMpeobpasoBaHue HaJl 0a301 JTaHHBIX,
[IPX 9TOM Ha CJIEIYIONUI TaKT K 6a3e JaHHBIX MOXKET IIOCTYIIUTh y2Ke HO-
BBIIT 3anpoc. KpoMe Toro 0yaeM cuuTaTh, 9TO ¥ 3TOH CTPYKTYPLI JAHHBIX
€CTh CKOJIb YTOJIHO OOJIBINOE KOJUYIECTBO JOCTYIHBIX IPOIeccoB. Kaxk-
OBl Iporece obpabaThIBAET OIUH 3aIIPOC, KOTOPHI MOKET OBITH OTHUM
13 TpeX TUIIOB: ITOMCK, BCTaBKa mid yaajenne. Huxke Oyaer mpeiokeHa
OY93 crpyKTypa JaHHBIX, PEHIAIoNas JIUHAMUYECKYIO 3aJa4y IIOMCKa,
UIEHTUIHOTO O0BbEKTa JJIS JII0OOTO TTOTOKA 3aIIPOCOB.

nest OCTPOEHHsT MCKOMON CTPYKTYPbI JAHHBIX OCHOBLIBAETCS HA
uHGOPMAIMOHHO-TPadOBOM MOIX0/1e [3], B 4acTHOCTH pellenue moJLy Y9eHO
[PU HOMOIIM JMHAMIYecKoro nadopmannonHoro rpada [1].

ABrop 6urarogapur npodeccopa .. I'acaHoBa 3a IOCTAHOBKY 3a/1a-
9 ¥ TIOMOIIL B pabore.
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2. OcHOBHBbIE IOHSATHUS W ONpPe/IeJIeHUs

B nmannoii pabore OyiyT paccMaTpuBaTbCS TPUMEHEHUE TUHAMIIE-
CKOM MHPOPMAIMOHHO-TPadOBOI MOJIEN K 3aJ/ia9e MOUCKA UJIEHTUIHOI'O
obbekTa. J1s1 ee peasmzanuu He OyAeT HYKHO ITOJIHOE OIUCaHMe NHMOP-
maronnoro rpada (UI') n aunammaeckoro mudopmanumonuoro rpada
(JINT'). Dro 1mo3BOJUT HE 3arPOMOKJIATH PAbOTY M3JIHUITHUM OIpPeIe/ie-
Huamu u Boikyaakamu. [lonpobuoe onucanue JINT u UT' moxkuHO HaliTh
B [1], [2] u [3].

[Tycts X — MHOXKECTBO 3allpOCOB, Y — MHOXKECTBO 3anuceil (00bex-
TOB IIOUCKA), B JIaHHON pabore Gyjem cunrtarh, 9ro Y = X. [Tycrs V' —
6ubamoreka, npudem V C Y, |V| < co. Bynem rosoputh, 94To crpyKTypa
JIAHHBIX PeIraeT 3a/1a9y MOUCKa UICHTUIHOTO 00bEKTa, €CIIU JIJIst JIF0DOTO
sanpoca z, © € X, B OTBeT BbIJAeTcsi MHOXKecTBO {z}, ecsim x € V| u
IIyCTOE MHOYKECTBO B IIPOTUBHOM CJIydae.

B manbreiinem o mpeukaToM OyIeM IOHUMATh (DY HKITUH, KOTOPhIE
OIpeJIe/IeHbl Ha MHOXKECTBE 3alpocoB X U NMPUHUMAIOT JiBa 3HadeHnus (
u 1. Ilorngarne UT" nam MHOKECTBOM IpeaukaToB F' ompenessiercs ciaemy-
oM o0pa3oM. Bepercs KoHedHast MHOTOIIOJIIOCHAST OPUEHTUPOBAHHAS
ceTb. B Heil BEIOMpaeTCsT HEKOTOPBIN MOJTIOC, KOTOPBIH HA3BIBAETCA KOP-
meM. OcTaJbHBIE TOMIOCA HA3BIBAIOTCS JINCTHSIMUA W UM MPUMHACHIBAIOTCS
zanucu u3 Y, IPUYEeM PA3HBIM JIMCThSIM MOIYT OBITh HPUIUCAHBI OJIH-
HaKOBBIE 3amnucu. PebpaM IPUMIUCHIBAIOTCS MIPEIUKATHI 13 MHOXKeCcTBa, F.
Taxum 06pa3oM HArPYKEHHYIO MHOT'OIOJIOCHYIO OPDHEHTUPOBAHHYIO CETH
naszbiBaeM UI' maj 6asoBeim muOKecTBOM F, 11e F' = {fj,j € J}, J —
MHOYKECTBO UHJIEKCOB.

Onpenenum mousTre mnpeobpasoBanuss UI. Jljas sToro BBemem
HeckoJIbKO MHOXKecTB. Ilycts M C N, Torma paccMoTpuMm Ciieyroriee
MHOXKECTBO (PYHKIUI TTpeobpazoBanust WHIEKCOB C,

C={ey : JUm x Ylm — Jom x yl=om
m € M; dim,dom € N; ay, € {0,1}}.
Beenem j1Ba cueTHBIX MHOXKECTBa NepeMeHHbIX Py, Pr:

o Py = {p?]}, JjeN, p?] IPUHUMAIOT 3HaueHus us3 J;
o P ={pt}, 1 €N, pl npunmmaior sHavenns nz Y.

Pacemorpum npoussosbabiit YIT' U. O6o3nadum F(U) — MHOKECTBO
UHJIEKCOB peankaToB, Y (U) — MHOXKecTBO 3amuceii, Bxoasanmx B UI' U.
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3aMeHnM HArpy3Ky BCeX BXOASuX B U BepIIuH U pebep 10 CJIeLyoneMy
MTPABILITY.

e Kaplit npequkar ¢ uniaekcoM j, j € F(U) 3amMeHnM Ha HEKOTO-
pyio nepemennyio u3 Pj. [Ipuyem sTa 3amena 3a7aeTcs HHHEKTUB-
Hoii dyukuueit Qp, Qp : F(U) — Py. D10 03HAYAET, YTO IPEIUKa-
TBHI C Pa3JMIHBIMA WHIAEKCAMH j 3aMEeHNM Ha pa3INvdHble TTepeMeH-
Hble U3 Pj, a ¢ OAUHAKOBBIMU WHIEKCAMU j 3AMEHUM Ha OJUHAKOBBIE
nepeMeHubie u3 Pj.

e Kaxkyto 3anuch ¥y, IPUIUCAHHYIO JIUCTOBOI BepmmuHe, iy € Y, 3a-
MeHUM Ha nepemennyio uz Pr. Ilpuuem sTa 3aMeHa 3a1aeTCsS UHDb-
exrusHOl yuknueit Oy, Qy : Y(U) — Py.

Pacemorpum muoxkecrso P(U), P(U) = Qp(F(U)) U Qy (Y (U)), To
ectb P(U) ecTb MHOXKECTBO MEPEMEHHBIX, KOTOPbIE MOJYUYUJIUCH B Pe-
3yJIbTaTe 3aMEHbI HAUPY3KWU Bcex BepiiuH u pedbep m3 U. Paccmorpum
dyHKIHO €2,

Q:FU)UY(U) — PU),

riie ) = Qp na muoxectse F'(U) (2 [pan= Qr), Q |y @)= Qy. Us onpe-
nenennsd (2 caenyet, 9To §) — OueKTuBHAA (DYHKIINS, TIO3TOMY CYIIECTBYET
dbynkmus Q1. O6oznaunm I = Q7! u Gynem HA3BIBATL ITY 0OPATHYIO
byHKIHIIO uHmepnpemayueti, BOSHUKINEH B pe3yIbTare 3aMeHbI HHIEKCOB
Ha TepeMeHHbIE.

P ri
Puc. 1. Ilpumep npocroro mabioHa.

[Tocte sToro comocrapienus (3aMeHbl HATPY3KH BEPIMUH U pebep Ha
nepemennbie B UII' U) nmosyunm Harpyzkenubwiii rpad. Boiaennv B HeM
MHOYKECTBO BepINuH V7, KOTOpbIe HA30BEM BEPITUHAMU MPUKPEIJICHUS,
u 3aHyMepyem ux guciaamu ot 1 go |Vi|. Ilosyduennsiii rpad mazoBem
npocmuvim wabaonom T . Ipu srom 6ynem nucars T = T (U, I, V), Ko-
I8 XOTUM TOMYepKHYTh, uro T monyder w3 UI' U u I, rme I — unTep-
[perarysi, BOSHUKINAs B Pe3yJbTaTe 3aMeHbl MHIEKCOB Ha IIePEeMeHHbIE,
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Vo — ynopsiiouennoe MHOYXKECTBO BEPINWH MpUKperienus. [Ipumep mpo-
cToro mabJioHa n300pazkeH Ha pucyHKe 1 (JKUPHBIM KPY2KKOM 0003HAYEHA
eJIMHCTBEHHAS BEPINUHA TPUKDPEIJICHHS] ).

Paccmorpum UT" U /, BBIJEIUM B HEM MHOXKECTBO BepiuH V., KOTO-
pble HA30BEM BepINUHAMU TPUKPEIJIEHUS, U 3aHyMePYeM UX YUCJIAMEH OT
1 o V| (Bepummbl npukperuienus o6pas3yloT yHOPsJOIeHHOE MHOMKe-
crBO). Bynem rosopurs, uro UI' U " u pocToit mabjion T coeaacosakvt,
€CJIN BBITIOJIHEHBI CJIEIYIOIINE YCIOBUS:

! /
e U u T coBmagaror Kak rpadsl, u ecyiu B II' U BeTpeuaroTest oju-
HAKOBbIE WHJIEKCHI IIPEJINKATOB U 3aIlUCH, TO B COOTBETCTBYIONIUX
MecTax Trabona 7 HaXOSATCS OJMHAKOBBLIE TIepeMeHHbe u3 Py u

Pr;

. ’ . - o
e j-ag BepmmHa npukperienuss I U coBnajgaer ¢ -0ff BepIIMHOMN
npuKperLienus npocroro mabnona T, i = 1,...,[Vy/| u [V/| =

V.

Toects T =T (U ', V) miist Hekoropoit unrepnperaiuu I, u 6yjem -
cars T = T(U, I, V), Korja XoTuM 1o uepkuy s, uro UI' U " 1 pocroit
mab10H T coryiacoBaHbl.

Pacemorpum mpocroii mabsion Ti ¥ 3aMEHUM B HEM KaXKJIyIio Tepe-
MeHHYI0, Ha GOpPMYIY HaJ MHOXKECTBO (DyHKInit C U KaKUM-T00 MHO-
xkectBoM niepementbix M C Py U Pr. B pesymnbrare, mosmydennsiii rpad
HazoBeM wabaorom To. Ilpu srom 6ymem mmcars To = To(Ti, M, Vy),
KOIJIa XOTUM IIOJYePKHYTh, UTO T2 IOJIYUEH U3 IIPOCTOrO IabjioHa 71,
MHOKECTBa TepeMeHHbIX M 1 yHOpsIOYeHHOT0 MHOYXKECTB BEPINUH MPHU-
Kpenienus V7.

Ha pucynkax samucs ¢; (M) 6yuer o3aagaTh GopMyITy Hai MHOXKECTBO
dyurnmit C 1 MHOYKECTBOM IIepeMeHHBIX u3 M .

[Tpumep mabiona npuBeieH HA PUCYHKe 2 (KUPHBIM KPYKKOM 060-
3HAYEHA €JMHCTBEHHAs BEPIIMHA IPUKPEILJICHUS ).

Pacemorpum nipocroit mabson 71 = T1(U, I, V). O6o3HaunM MHOXKe-
cTBO BXOJIAMEX B Hero nepemennnix M (77). Hyers p§ € P\ M(T1).

IIpeobpazoBanuem R HazoBeM TPOMKY

R = (7—1([]’ I, VTl)a 7-2(7-7 M(7-1) U {p%}v VT)7§>7

rae 71 — upocroii mabsion, To — mabaoH (O0JIyYeHHbIH U3 IPOCTOro
mrabsiona 7)) B popMysiax KOTOPOro BCTPEIAIOTCS TOJIBKO MEPEMEHHBIE U3
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cr(M) cs(M) co(M)

Puc. 2. Ilpumep mabiona Ts.

MHOXKecTBa M (7'1)Up%, Vi ynopsiioueHHOe MHOXKECTBO BEPIIMH IPUKPETI-
JIEHUsI TIPOCTOro mabsona T, £ — OuekTuBHast QYHKIIUST COIMTOCTABJICHUST
BepiH npukperienns (€ @ Vi — V). JleBoit gacrbio npeobpasoBanmst
R 6ynem HasbBaTh TPOCTOil mabsion 7.

C.p ¢ !

R(U1)

Puc. 3. Ilpeobpazosanue UT" Uy B NI Us.

IIycte UI' Uy m mpoctoii maboH 77 coracoBaHbl, TO €CTb T1 =
Ti(Uy, 1, Vy,) nnst mekoropoit marepnperanuu [, u mycrb [ g WHTEP-
uperarysi MHOXKecTBa nepemennbix M (T7) U p%7 IIpUYeM I' = I na
muoxkecTBe nepemenunix M (71). Torma mpumenenuneM mpeobpasoBaHmst
R = (Ti(U, I, Vi), To(T, M(T1) UpY, V), &) x UT' Uy nazosem UL Uy,
nostyvatomuiicst uz mabsona T3(7, M (T1) U pY, V) noacranoekoit Bme-
10 KaszK10il (bOpMyJIBI 3HAYeHUs! JaHHOi (bOPMYJIbL B nHTeprpeTamun I .
3ameTuM, YTO YHIOPSIOUEHHOE MHOYKECTBO BEPIIUH IIPUKpEIIeHus Vi,
B UI' Uy oqHO3HAYHO COOTBETCTBYET VIIOPSIIOYEHHOMY MHOYKECTBY Bep-
muH npukperienust Vi, 8 UI' Uy, Tak kak £ — OGuekTuBHAas QyHKINA, U
rpocroit mabjon 71 cornacosan ¢ UI' Uy.

Pesynbprar npumenenns npeobpasosanusa R k TN Uy Oymem obosna-
gare R(U;) = U,. Ilpeobpasosanue UI" U; B UI' Us m3obpazkeHo na
pucyske 3.

Crenyromiye MOHSITHsT OY/yT BBEIEHDI IIJIsT ONPEIeIeHusT K0da uHpop-
Mauuorto20 epaga Ha 3anpoce. Kox mudopmanmonnoro rpada Ha 3a-
mpoce OyIeT UCIOJIB30BATHCST JJIsT OIMCAHUST TIePEIBUKEHUsT aBTOMATA, 110
pepmmHam UT.
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Pacemorpum UT' U, N(U) — MHOXKeCTBO BXOJAIINX B HErO BEPIIHH.
Iycts B, 8" € N(U), Torga myrem 7(3, ) HA30BEM MOC/IEI0BATEIBHOCT
Beprne u pebep VI U, Koropasi HaumHaeTcsi B BepIIuHe [§, 3aKaHIMBa-
ercst B Bepumne 3, U B 9TOM HOC/IEIOBATEILHOCTH JIBA JIFOOBIX COCEIHUX
snementa uaienTs. Jmmoit mytn (5, 8)) HazoBEM KOIIYIECTBO pe-
6ep, yuacrsyomux B Hem. Ilycrs I1(8, ) — MHOXKeCTBO BCex mmyTeil u3
B B 3. Torna paccrosHuem MEXK Ty BepH_II/IHaMI/I B, € N(U) nazosem
MHHUMATBHYIO U3 BCEX MyTell iy 1= (3,6)), e I1(3,5), u

(8,8)
o6ozuanm (8, 8") = min{l(x(3,5)) : 7(8,8') € (B B} SKCLLGHTpI/I-

curerom Beprnuel 5 € N(U) nazosem uucio () max (ﬁ 3). Pa-
B'eN

0 uru U)= mi :
uycom nazosem uncio 7(U) 531\}%)6(6)

Yepes G(N, R), N, R € N oboznaunm kiacc UI' pagmyca we 6osbiie
R Takux, 9T0o KOJIMYECTBO pebep MHIMIEHTHBIX JI000I BepimnHe rpada
He mpeBocxoauT N.

Pacemorpum YT U, E(U) — MHO)KeCTBO BXOJSIIUX B HEro pedep. Pe6-
po nanuaentHoe BepimHam (1, B2 € N(U) 6ynem obosnadars e(f1, f2).

Pacemorpum UT' Uy u ero moarpad (momMuOXKecTBO pebep W MHIH-
nentHbiM uM Bepinut) Uy (numem U C Us). Muoxkecrso X (Up, Us) =
{8+ B € NU)u3p € NUNAU),I B2 € N(U1), e(B1,8) €
E(Us), e(B2,8) € E(U1)} Ha30BeM MHOKECTBOM 2PAHUYHOIL GEPULUH Uk~
popmayuonnoix epagos Uy u Us.

IIycrs Uy, Uz € G(N,00) u U; C Us (N < o0). HazoBem xodom eep-
wunvt Ha 3anpoce x € X ommuocumenvro napw (Uy,Us) napy (ki,ke),
rme k1 = 0, ecan BepImHa KOpPeHb ; ki = 1, eciin BepINUHA JUCTOBAsI 1
k1 = 2 B ocranmbubiX ciaydasx; ko € {0,1}, ko = 1, ecsin BepruHa 1pu-
HAJJIESKUT MHOXKeCTBY rpanndubix Bepumd (U, Us) u ke = 0, ecu ne
IPUHAIJICZKUT.

HyCTb KOJIMYIEeCTBO Pa3JIMYHbIX THUIIOB IIPpEAWKATOB KOHEYHO W PaBHO
Krp. ConocraBuMm nM B OMEKTUBHOM COOTBETCTBHE HATYPAJIbHBIE HUHCIA
or 1 1o K, Torma xodom pebpa na sanpoce T € X 0MHOCUMEALHO NADPDL
(U, Us) nasosem napy (K7, k%), tae k! € {1,..., K7} 3To Tun npemxa-
Ta COOTBETCTBYIOIIee STOMy pebpy; k5 € {0, 1} 3mauenne npennkara Ha
3aIpoce T .

Pacemorpum UT" U, B Hem BepiuHbl 1 pedpa uMeroT Harpy3ky. ['pad
K (U), nonyuennstit uz UI' U ypasienneM Harpy3ok Bepiins u pebep, Ha-
zoBeM kapracom UI' U.
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Kodom UI' Uy omnocumenvro UI' Us Ha 3anpoce, HA30BEM HArpy-
»kennblit kKapkac K (Uy), rae Harpyska kaxoii sepruasl K (U) aTo Kox
JIAHHO} BEPIIMH Ha JIAHHOM 3arpoce oTHocuTesibHo napsl (U, Us), a Ha
Harpyska kaxzoro pebpa K (Up) 310 Koy gaHHOrO pebpa Ha JaHHOM 3a-
upoce oraocurenbno napsl (Up, Usz). UYepes (N, R) obo3HasiM MHOXKe-
crBo KoxoB UI' U; ornocurensuo UI' Uy, tne Up mpoberaer kiacc UTT
G(N, R), Uy nupo6eraer kinacc UI' G(N, R+ 1) u U; C Us. IlonsarHo, uro
IIC(N, R)| < 0.

IIycts N, R € N, P — HeKOTOpOe KOHEYHOE MHOYKECTBO IIPeoOpa3oBa-
HUil, mabsioHbl KoTopbix nopoxaensl ' uz G(N, R), u Py € P, tiae Py —
TOXKJIeCTBEHHOE TIpeobpazoBanne Takoe, 4to Po(U) = U 1151 npon3BoJib-
uoro IT' U u3 G(N, R).

[Tycrs N(Uy) muoxkecrBo Bepinn WI' Up. Pacemorpum MHOXKeCTBO
seprma B C N(U;) u oboznaunm vepes U(B,U;) — UL, norxyaenmnsrit
u3 UI' Uy kak noarpad wa Beprmmaax B. [lox noarpadom Ha BepiimHax
% 3/1eCb IMOHUMaeTCd MHOXKECTBO BepIINH SB 11 MHO>KECTBO BCE€X HMHIIN-
IEHTHBIX UM pebep.

[Tycrs A — koHeunslilt aBromMar (OApOGHO 00 ONPEJIEJICHUE KOHEY-
HOIO aBTOMaTa MOXKHO mpouutarh B [8]). Bygem cumrars, 1ro aBromar
A nepememaercs mo Beprmaam UI' Uy € G(N, 00) 1 B KaxK/Iblii MOMEHT
BpeMeHr 0603peBaeT OKPEeCTHOCTL Uy TeKyllell BepluHbl paguyca R, To
ecThb OyJIeM CYMTATh, YTO BXOJHBIM CUMBOJIOM aBTOMaTa A ABJIAETCS KOJ,
obospeBaeMoii okpectHOCTH OTHOCHTENBbHO Us. IIOHSATHO, 9TO 9TH KOJIBI
6yayT npunajyiexkars (N, R) u 3Ha4UT BXOJAHBIM ajihaBUTOM aBTOMaTa
A sBiisiercst koneunoe MuoxkectBo K (N, R). PesynbraTom 31010 aBroma-
Ta A Ha 0003peBaeMOil OKPECTHOCTH TEKYIIel BEPIINHBI OyIeT HEKOTOPOE
peobpa3oBaHue 3TOH OKPECTHOCTH M IIePeMelIeHHe B HEKOTOPYIO Bep-
IIMHY TPEOOPA30BAHHON OKPECTHOCTH. 1eM CaMBbIM BBIXOIHBIM CUMBOJIOM
apromara A Oyaer narepka b = (B, m, R, 5, ¢e), rae

e B C N(Up) oupejiesisier MHOXKECTBO BEPIINH 0603peBaeMoii OKpecT-
HOCTH K KOTOPOMY OyJeT IPUMEHEeHO IIpeobpa3oBaHue;

o 1 — dyukiws Hymepanuu rpannaasix BepuwH U (B, Ur) u Uy (co-
JleprKaTeIHbHO 9TO MHOXKECTBO IpanndHubix seprun U (B, Ur) u Uy
00bEeIMHEHHOE CO MHOXKECTBOM BEpIIMH B KOJe KOTOpPhIX kg = 1
u oxHOBpeMeHHO npunasekamux U (B, Uy)). Tponymeposanmbie
IrPaHMYHBLIC BEPHIMHLI HA30BEM BEPIIMHAMU PUKPEILICHUS;

e R — mpeobpasoBaHne M3 KOHEYHOI'O MHOXKECTBa P IIPUMEHsIEMOe

k UI" U(®B,U;), upuuem UI' U(B,U;) ¢ 3amannoii dbyHkimeir m
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HyMepaliieil BepIINH MPUKPEIIEHUs] COIVIACOBAH C JIEBOW TaCThIO
npeobpazoBanus R;

e € N(RUU(®B,U;y))) U{U \ U(B,U1)} — caeayromasi TeKyIast

BepinnHa aBroMara A;

e ¢ €{0,1,2,3} orBedaer 3a MPOIOJIKEHNE U BBIJIATY OTBETA ABTOMa-
toM A. ABTOMAT eIlle He HAIleJ OTBET U IPOI0JZKAeT (PYHKIMOHU-
posanue (e = 0), smbo 3aBepuiaer GyHKINOHUPOBAHUE U BO3Bpa-
maer MHGOPMAIMIO O TOM, 9TO UCKOMasl 3aluch HaiigeHa (e = 1),
b0 3aBepinaeT (GpYHKIMOHUPOBaHKE C MHMOpMaIei, 9T0 MCKO-
Moii 3amcu Her (e = 2), ymbo 3aBepiuiaer (byHKIMOHUPOBAHUE C
nHdOpMalye, 9TO 3alUCh y2Ke €CTh, U OH He MOXKET €€ BCTABUTD

(e =3).

MHo2KeCcTBO BCeX TAKMX BLIXOJHBIX CUMBOJIOB b 00pa3yeT BBIXOIHON aJji-
dasur B aBromara A.

[Mycrs U — UL maz 6a3oBbiM MHOXKecTBOM F' u3 kiacca G(N, 00),
torja napy (A, U) Ha3oBeM JIMHAMHYECKUM MHMOPMAIMOHHBIM Ipadom
(AUT') tuna (N, R) nax F=(F,P) u oboznauum D = (A,U).

O60061M OHSTHE 3aIIpoca K 6a3e JAaHHBIX Ha CIydail BCTaBKH, yia-
JIEHUSI U IIyCTOI'O AeificTBUA (3anpoc He Tpedyer meficTBuil Jis Hero). st
storo paccmorpuM asndasur A = {II, B, ¥V, A}. O6061meHHbIM 3a1pocoMm
nasoseM napy (a, ), (a,z) € X, e X = A x X. B nannoii paGore pac-
CMaTpuBaeTCda 3a/dava IIOMCKa MIACHTUIHOI'O O6']3€KTa7 IIO3TOMY MHOZKE-
CTBO 3aIIPOCOB U MHOXKECTBO 3amnceil oguHakoBo n pasHo X. Ilpu sTom
BTOpOIt aprymenT o6obiienHoro 3amnpoca (6yksa u3 ajndasura A) Gymer
O3HaYaTh HEOOXOIUMOE JEHCTBIE, KOTOPOE HY>KHO OCYIIECTBUTD JIJIST 3a-
npoca: II — mouck, B — BcraBka, Y — ynajenne, A — HUYero He JIeJIaTh.
Jlajtee Be31e MO/ CJIOBOM 3aIpoc Oy/IeM MOHUMATH 0OODIIEHHBIN 3a1poC.

Homoxom sanpocos H, H : N — X, Ha30BeM I0CJIEJ0BATEIBHOCTD
3aIPOCOB, IOCTYIIAIONINX K 0a3e JaHHBIX Yepe3 paBHbBIE IPOMEXKYTKU Bpe-
MeHu — TakThl. JIpyrumu cjioBamu morok 3amnpocoB H o3Hadaer, 9To K
6ase JIaHHBIX B i-blil TAKT BpeMeHH OyeT nojal 3amnpoc H (i), Obosnaunm
MHOKECTBO BCEX ITOTOKOB 4depe3 H.

Pacemorpum dysaximuio W, W @ H — A% (yepes A obosnave-
HO MHOXKECTBO BCEX CBEPXCJIOB B asidasure A) COMOCTABIAIONIYIO ITO-
Toky 3anpocoB H ceepxciobo W(H) u3 andasura A, npudem i-as
6yksa csepxcioBa W (H) (obosnauum ee wepes W(H)(i)) rakosa, 9TO
H(i) = (W(H) (i), z:).
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JList 06paboTKM TOTOKOB 3AIIPOCOB BBEIEM IIOHATUE MHO20G6TMOMAIM-
Houll dunamuveckuts ungopmayuonnvit epad (MIUL) u obosnaunm ero
Dy = (A,U). Ilycrb mano GecKoHEIHOE MHOXKECTBO Komnii aBromara A.
Bynem cuurarh, 9TO HECKOJBKO KOIuUil aBromMara A MOryT OTHOBpEMEH-
HO 0OCTy>KMBATH HECKOJIBKO 3apocoB. Hampumep, mycTh nMeeTcst TIOTOK
sanpocos Ha nouck H = (I1, x1), (IT, z2), (I1, 3), . . ., Torma npu HaguIUU
3 u 6osee kommit apromata A MWD cmoxkeT mapasie bHO 00CTYKUTD
TPU 3ampoca T, T2, T3 HA MOUCK, HE JIOXKUIASICH 3aBEPIIMEHUs KAXKIOTO
U B otnesnbrocTu. Eciu B moroke 3anpocoB H BcTpedaloTcst 3apoChl
Ha M3MeHeHue 6a3bl JAHHBIX (BCTABKA U yJAJEHHE), TO HIPU Iapaslleib-
HOIl 00pabOTKM 3THUX 3AIIPOCOB BO3MOXKHBI KOH(MJIMKTHI ITPeodpa3oBaHuit
(T obrmit /17151 BceX aBTOMATOB).

Oupenennm  ynryuonuposanue MAUD Dy, Dy = (A, U), muna
(N,R) naod F,F = (F,P), dan nomoka 3anpocoé H us H. Cunraem,
9TO BpeMs IpUMeHeHus Jioboro npeobpazosanus R u3 P, poHo 1 TaxT.
Tem cambiM aBTOoMar A 3a OOUH TaKT JeJaeT POBHO OJHO IIpeobpaso-
Banme Hajx VI U. 3amernm, 9TO MBI BCEr/a MOXKEM BBIODATH €IUHUILY
U3MEpeHUsi BpeMeHH (TakT), 9TO 3TO Oy/eT BBIIOJHEHO (HAIPUMED Kak
MaKCHMYyM U3 BPEMEH Bcex IpeobpaszoBanmii). Tak ke Mbl IIpejimoaaraem,
YTO TAKT 3alpoca COBMAAET C TAKTOM paboThl aBTOMATA.

ITocite kaxkmoro takra paborsr MJIUT — NI U moxkeT u3MeHATHCS,
nosromy 6yzem paccmarpusars U = U(t) (t € NU {0}). B maganbubrit
MoMeHT dbyrKnnonuposanus U = U(0).

Pacemorpum 3anpoc H (i), H(i) = (a;,x;), KOTOPBI TOCTYIINI JIJIst
obpaborku k MWL Dys, Dy = (A, U), U = U(i) B i-biii Takt, ¢ > 1.
MAWID nefictByeT B 3aBUCUMOCTH OT THIIA 3alpoca a;. Ecam a; = A
(nmuero me nenarn), To M/IUI Hudvero me mesaer Jyist 9TOro 3ampoca
uU(i+1) = U(i), unaue MJIUT dyukuuonupyer kaxk JIUT st qannoro
3aIpoca.

Oyuknuonuposanue VI D ma 3ampoce ompeesseTcs: CaeayIoNuM
obpazom. B HavabHBIN MOMEHT TEKyIel BEepIIHON 00bIBIISIETCS KOPEHDb
UT' U = U(i). Pacemarpusaercsa UTI' U kak noarpad U, ¢ ieHTpoM B Te-
KyIeii sepiune u paguyca R. Ha Bxon apromara A nomaercsa xox UIM Uy
ornHocutenbro I U wa 3anpoce. Ilycte b = (B, 1, R, 5,e) € B BbIXOJI-
mast 6yksa apromara A, Torma U U mensiercs o ciieytomnemMy mpaBuy.
B UT" U UT" U(*B, U;) 3amensiercss wa UI' U ,, [IOJIy4YEHHOIT B pe3yJibTaTe
npumenenus npeobpasosanuss R x UI' U(B,U1) (R(U(B,U,)) = U ) u

«mpukperuisiercsy Kk TN U mocpenctBoMm GyHKIMA 7 U QPYHKITUA COIIO-
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CTaBJIeHUsI BepIIuH npukpenenus ¢ n3 mpeobpasosanus R. [locse saToro
TeKyIIee MoJiozKeHne apromara A MeHsieTcst Ha § U B 3aBUCHMMOCTH OT 3Ha-
YEHUsl MOCJIe/IHENl KOMIIOHEHTHI BBIXOHOU OyKBBI b JIVT" D)y stubo mpo-
noskaer gyHnkuunonuposanue (e = 0), smbo 3aBepuiaer GyHKIMOHUPO-
BaHUe U BO3BpalaeT WH(MOPMAIIUIO O TOM, YTO UCKOMAasl 3aIliCh HaiijieHa
(Bcraiena uim ynasena)(e = 1), 6o 3aBepruaer (yHKIMOHUPOBAHUE C
undopmaimeii, uro 3anucu Her (e = 2), 1160 3aBepiiaeT GyHKIMOHUPO-
BaHue ¢ nHMOPMAIUE, YTO 3alUCh YIKe eCTh, i OH HE MOXKET €€ BCTABUTh
(e =3).

Teneps onpepesmnm nousitue caoscrocmu MINT. Insg moboro ¢ uz N
vepes3 T'(Dys, H (7)) 0603HATMM KOTMIECTBO TAKTOB HEOOXOIUMOE J1JIst 00-
paborku 3amnpoca H (i) nuaammaeckuM uHGOpMamoHHbIM rpadom Dyy.

3. lloctaHoBKa 3a1a49M U Pe3yJabTAThI

IIycre H w3 H — morok 3ampocos, H : N — X, rie X =Ax X, —
MHOKECTBO O0OOIIEHHBIX 3alpOCOB. PaccMorpuM (QyHKIMIO MHOXKECTBA
sammaceit V@ {NU{0}} x H — 2%, koropas yjoBiersopser ciieayionmm
YCJIOBHSIM

Q

, ecan 1 = 0;

V(i—-1,H), ecm i >0u W(H)(i) € {A,IT};

V(i—-1,H)U{z}, ecimi>0n H(i)=(B,z);
(

V(i,H) = )= (B.x
V(i—1,H)\{z}, ecmmi>0wu H(i)=(VY,x).

Oyuknusa V' cocraBisgeT KaXKJIOMy TaKTy ¢ U IOTOKY 3arpocoB H —
MHO2KECTBO 3alluceil, KoTopble 06pa3yioT 6a3y JaHHbIX [T0CJIe 3aBEPIIEHUs
dyurnmonuposanust MJIUT myist Bcex 3arpocoB /10 TaKTa ¢ BKIIOUUTEb-
HO, ecjin 0OpaboTKa JIF0OOro 3aIpoca IMPOUCXo/uiIa Obl MrHOBEHHO (3a 1
TaKT).

Paccmorpum norok 3anpocos H u3 H u npou3BOJILHBIN TAKT ¢,1 € N.
Bymem rosopurhb, uro MJIUT' pemraer auHAMHYECKYIO 3319y ITOUCKY
naenTuaHoro oobekra (JI3TIMO), ecsin BBIIOIHSAIOTCS CII€IYIOIIUE YCIIO0-
BUST

e ecsim H(i) = (II,x), To pesynabrarom dbyukimoruposanus MIT
JosKeH ObITh {x}, ecin x € V (i, H) u 1mycToe MHOXKECTBO B IIPO-
TUBHOM CJIyYae;
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e ccmn H(i) = (B,x), To mst soboro 3ampoca na nouck (I1, z), mo-
CTYIUBIIErO B TakT ¢ + 1, pe3yiabrar dyukimonunposanus MJIUT
Joken obiTh {2}, ecn z € V(i+ 1, H) = V (i, H) U{x}, n nycroe
MHOXKECTBO B IPOTHBHOM CJIy4ae;

e ccom H(i) = (Y, x), To mis sioboro 3anpoca Ha mouck (I1,z), mo-
CTymmUBIIIEro B TakT i + 1, pesynbrar dyuknuonuposanusa MJINUT
noskel ObITh {2}, ecom z € V(i+ 1, H) =V (i, H) \ {z}, u mycroe
MHO2KE€CTBO B IIPDOTHUBHOM CJIy4Yac.

IIycTb

fa(z) =

F={fuz):acR}.

0, wunaue

{1, ecian T = a;

Beenem 6azoBoe MHOXKeCcTBa mpeobpaszoBanuii R. BazoBoe MHOX)KeCTBO
R coctout n3 12 mpeobpazoBanmii, n300paskKeHHBIX HA PUCYHKAX 5, 7 u
8-12. IIpeobpazoBanus OyIyT OIKUCAHBI B JOKA3aTEIbCTBE TEOPEMBI 1.

B kauecrBe 6azoBoro muoxkectsa mjis MJIUI 6ynem paccmaTpuBaTh
MHOKECTBO

F=(FR). (1)

Yepes |z] OysieM 0603HAYATH 1IEJIYIO0 YaCTh CBEPXY OT & (HanMeHbIIee
1eJ10e YuCJI0, KOTOpoe He Menblne ). CrpaseyiuBa e/ yomas TeopeMa.

Teopema 1. Cywecmsyem MJIUI Dy = (A, U) muna (2,2) nad 6a-
306biM MHOodcecmeom F, onpedeasemvim coommowenuem (1), komopuit
pewaem JBIIHO dan awbozo nomoxa sanpocos H usz H, npuvem 0as
2106020 HAMYPaALHO20 T U das A106020 H u3 H evinoansemcs

T (D, H(3)) < ||V (i, H)| /2[, ecau W(H)(i) = II.

Teopema 2. Jlas awbozo namypasvnozo R, wne cywecmeyem MJIIUT
muna (1, R), pewarowezo /I3ITHO o 106020 nomoka 3anpocos.

B kadecTBe ciencTBust 9TUX TEOPEM, IIpUBeIeM TabJIHILy, n300pasKeH-
nyio Ha pucynke 4. CTpokam 3Toit TabauIbl OYIyT COOTBETCTBOBATH 3HA~
yenust N, a crosibnam — 3Hadenust R. Ha nepecedenun ¢ cTpoku u j
crosbia GyeT CTosATh IUIOC(MUHYC), €CJIU CyNecTByeT(He CYIIecTByeT)
MAWT tuna (i, ) pematornmii JI3ITNO st 106010 mMOTOKA 3aIIPOCOB.
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Puc. 4. Tabmuna cymecrBoBanust MJIUT, permatorero I3ITNO mst Jiro-
6oro moToKa 3a1pocoB. IL1roc, MHHYC 1 BOITPOC COOTBETCTBEHHO O3HAYAIOT,
gro MJIUT tuna (N, R) cyuecTByer, He CyIIECTBYET, He U3BECTHO.

HexoTopblit 3/1eMeHTHI TabIUIBI OYIyT 3aIll0JIHEHBI 3HAKAMK BOIIPOCa, 9TO
O3HAYaeT, YTOo 10Ka He u3BecTHO g 3tux N u R cymecrsyer i MJIUT
sro Tuina, pemaromuii I3[0 mjsa a060ro moroka 3ampocoB Wi He Cy-
IIIECTBYET.

4. Jloka3zaTeJbCTBO TeopeM 1 m 2

Joxkaxem Teopemy 1. CHadaja omuiem 0a30BO€ MHOYXKECTBO MPEOD-
pa3oBanui

R ={Ri,Ra,...,Ri2},

KOTOpbIe OyjieT TpuMeHsiTh aBromMar A B 3aBHCHMOCTH OT BXOIHOM
OKPECTHOCTH.

Bcee mpeobpaszoBanmst MOXKHO pa3Ie/nTh Ha TPHM THUIA: Ipeobpa3oBa-
HUS Ha BCTaBKY, yhasenue u rnepemertenne. Heas MIUI coznats quna-
MUYeCcKUil CIIUCOK, ITO9TOMY aJITOPUTM BCTaBKN HOBOT'O 3JIEMEHTA B CIIMCOK
Oyzer caemytomuM. ABTOMAT JOJKEH MPOWTHU MO BCEMY CIUCKY W €CJIN
He OOHAPYXKUT BCTABJISIEMO# 3aIlIMCH — BCTABUTD 3aIIUCh B KOHEI CIIUCKA.
[TosTomy mpeobpa3oBanuii Ha BCTaBKY OYIeT TPH, U OHM U300parkKeHbI Ha
pucynkax 5 u 7. [IpeobpasoBamne, n306pakeHHOE HA PUCYHKE 5, COOTBET-
CTByeT CJIydaro IycToil 6aspl janubix. [IpeobpasoBanus, n3006parkeHHbIE
Ha PUCYHKe 7, COOTBETCTBYET CJIy1Iaio JOOABJIEHIIO HOBOI 3aIlMCH B KOHEIT
CITHCKA.
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K K
R x W) @ L. L
@ -—> —b y
L (P%) B, Yy
dopmasibHOE TTpeodbpazoBaHme npuMep npeobpasosanust VI

Puc. 5. BeraBka qj1s1 caydas mycToil 6a3bl TaHHDBIX.

Ha pucynke 5 ciieBa HampaBo n3o0parkeHbl COOTBETCTBEHHO ITPOCTOi
mabsion 71, mabaon 7o, UI' Uy (I' kK KoTOpOMY HpHMEHsieM peodpa-
30BaHKeE), U MOCJEJIHUM Ha pucyHke mzobpaxken npumep UL Us. 3mech
M(Ty) = @, p% € Pp\ M(Th), I(p?) = y (saupoc ma BCTaBKY),
ri(p}) = s, rL(p]) = pY, vae 1(py) = fy.

Tax ke OyKBa «K» HAXOISIIAICA PSJIOM C BEPIIMHON 0003HAYAET KO-
peHb, BeplinHa 00Be/IEHHAsT KPYI'OM O3HAadYaeT IEHTP PacCcMaTpUBaeMOi
OKpeCcTHOCTH (TeKylree MmoJioyKenne aBromara A), a Tak e HOBOE TEKy-
IIee MMoJI0XKeHne aproMarTa A, KoTopoe 6yIeT COOTBETCTBOBATH KOMIIOHEH-
Te [ BeIXOAHOrO cuMBoja b € B aromara A. Ilpu sToMm ecim B mpaBoit
JacTu MpeodpasoBaHusl HET BEPIIMHBI, OOBEIEHHONE KPYTIOM, TO 3TO O3HA-
JaeT, UYTO aBTOMAT 3aBepiuaeT MyHKImoHuposanue. Hampumep, asromar
Ha IIONCK 3aBepliaeT beHKLH/IOHI/IpOBaHI/Ie7 KOr'Zla OH HaXO/JUT 3alliuChb, UJIN
He HAXOMHUT, HO IPU 3TOM HAXOAUTHCS B KOHIIE CITHCKA.

0 R (1,%)

Puc. 6. IIpeobpazoBanne R Ha BCTABKY, C TOYKH 3PEHUs] aBTOMATA.

Ha pucynke 6, n3obpazkeno npeobpazoBanue ) ¢ TOYKHU 3peHusi aBTo-
Mara. ABroMar Ha BXo nosaydaer koa WI' Ha 3anpoce *. Bepmunna, koTo-
poit coorBercTBYeT KO 0, SIBJIsIeTCSI KOpHEM. ABTOMAT JIA€T UHCTPYKITUIO
UT', 910 maHHyI0 OKPECTHOCTb HYKHO 3aMEHUTH Ha OKPECTHOCTH, COOT-
BETCTBYIOIIEH IpaBoil YacTu mpeobpas3oBanusd. B 3Toil OKpecTHOCTH eCTh
OJIHO TIpeUKATHOE Pebpo. DToMY pebpy IPUCBOEH ITPEINKAT IEPBOTO TH-
na (1, %), KOTOpBIt Oy/IeT HHTEPIPETHPOBATH KK fiy.

B nanbheiinmem GymeM onmchIBaTh BCe Mpeobpa30BaHusI ¢ TOYKU 3pe-
Hus aBTomaTa. Tak ke OyIeM HCIIOJIb30BAThH COKPAIIEHHYIO 3aIliCh IIpe-
obpazoBanusi. B npeobpasoBanusx He OygeM yKa3bIBATH KOJ BEPIIUH, a
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LOgy A2 W e g e
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3aIlliuCh C THUIIaMU IIpEINKaTOB COKpallleHHas 3alliChb

Puc. 7. IIpeobpazosanne Ro u R3 Ha BCTaBKY, C TOUKHN 3PEHHUs aBTOMAaTA.

R 2 f:l/ 1 f Y
o y

T
O
' B,y

Puc. 8. Ilpeobpazosanue Ry Ha BCTaBKy, ¢ Toukn 3penus VI

Tak yKe TUIll npeaukaros. [Ipu sTom B mpeobpas3oBaHusx Oy/1eM BbIJIEISTh
pebpa >KUPHBIM, eCJIi aBTOMAT He MeHseT 3T0 pedbpo. Pebpo Oymem m300-
pakaThb IIYHKTUPOM, €CJIUM aBTOMAT yIaJjsieT WJIA BCTABJISIET 9TO Pebdbpo.
DTO0 MOMOXKET TOHSITh, KaKue pebpa aBTOMAT peodpPa30BbIBAET, & KaKUe
pebpa mer. IlpumMep cokpallleHHOTO MpeoOpa30BaHNs M300parkeH Ha PH-
CcyHKe 7.

IIpeobpasosannsa Ro nu R3 1obaBistiorT 3alpoc B KoHer ciucka. OHu
pa3InvaloTCcs TOJBKO IOJIOXKEeHHeM aBTomaTta. llpumep m3menenust T
st mpeobpazoBanus Ro, nzobpakeH Ha pucyHke 8.

JLst GoJIbIIElt SICHOCTHU CMBIC/IA BBEJEHHBIX ITPEo0Opa30BaHUil Ha BCTAB-
Ky, npusegeM npumep UI', KoTopbiit mojydeH Mmocjie HECKOJbKUX IIpe-
obpazopanuii Ha BcTaBky. MI' mocje moc/eroBaTe/lbHOCTA 3aIIPOCOB
(B,y1),(B,y2),(B,y3), (B,ya),(B,y5), nzobpaxen na pucynxke 9.

fy1 fyz fys fy4 fys
> —————PO——————O——
Y1 Y2 Y3 Ya Ys

K

Puc. 9. Ilpumep UT" nociie HeCKOIBKAX BCTABOK.

[IpeobpazoBanus Ha yrajeHune m306parkenbl Ha pucyakax 10-11. IIpe-
obpaszoBanue R4 IPUMEHSIETCsI, €CIU YIAJISIeTCs OCIE HsIS 3alUCh (ca-
Masl JTaJbHsIs OT KopHsi) B cimcke. [IpeobpazoBanme Rj yaasser cocen-
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HIOIO CIIPaBa 3aIlUCh, IIPU TOM BEPIIMNHA V3 MOXKeT ObITH He IOCIeIHeH B
criucke. B sTom npeobpasosanue ymassiercst pebpo (v, va), a pebpo (va,
V3) MEHsIeT Ha4YaJso C Vo Ha V1. [Ipu 9TOM 4epTOYKOi Ha PUCYHKE [TOKa3a-
HO COBIIaJIEHNE HAIPY30K pebep, To ecTh pebpy (Va, v3) Gyjer npucBoeH
peJIKaT, KOTOPBIA COOTBETCTBOBA pebpy (Vi, Vo) 0 IpeobpasoBaHus.
IIpeobpazoBanue Rg yrasisger pedpo, UHIIUMACHTHOE BEPIIUHE V1, [IPH
9TOM caMy BepIIMHY He yJajser. DTo Ipeobpa3oBaHue yaaJsieT BePITuHY
Vo, a B KauecTBe HavaJjia MHIUJIEHTHBIX eif pebep yCTaHABINBAET BEPITHHY
v1. Yeproukamu MmokKazaHo COOTBETCTBHE HAIPY30K pebep, OJIMHAKOBOMY
KOJIMYECTBY YE€PTOUYEK COOTBETCTBYIOT OJIMHAKOBBIE MPEJUKATHI, TO €CTh
Harpyska pebpa (va,V3) coBrajaer ¢ Harpy3koil pebpa (vi,vs). Tak xe
Ha pucynke 11 uepe3 «3Be3/MOUKU» CO MITPUXAMU, ODO3HAMEHBI 3AIUCH,
coorBercTByomue BepimuHaMm. [IpeobpazoBanne Rg MeHsieT 3almch, Ha-
XOJISAILYIOCS] B BEPIIMHE Vi Ha 3allUCh, HAXOJIUBIIYIOCS B BEPIIUHE V3.

Puc. 10. VYnajenue mociemaeil 3amucy.

! !’ "

! /
* *
MO ety e L
Vo V3 Vi V3
Y,
* >l<l " >l</ "
*
V1®..1...,' :0 * . Re . :
Vo V3 Vi V3
Y,

Puc. 11. Yaanenue B ob1miem ciaydae.

IIpeobpasoBanus Ry, ..., Rio — 5T0 mpeobpa3oBanus Ha IepeMerre-
nre o UI. D1u npeobpaszoBanust n3obpazkeHbl Ha pucynke 12. R; —
9T0 mepemerenne apromarta 1mo VI B ciaydae, ecyiu 3amuch eiie He Haii-
JieHa. 3aMEeTHM, UTO aBTOMAT 10 BO3MOYKHOCTHU IIEPEIBUTACTCA CPaA3y Ha
aBa pebpa. Rg 1 Ry NIpUMEHSIIOTCA aBTOMaTaMU JJIsl 3allpOca Ha IOUCK U
BCTaBKY, €CJIU 3aluCh HaiimeHa. JJis 3apocoB Ha yJaJIeHIe B 9TOM CJIy-
Jae mpuMensieTcs npeobpazopanme Ry, Rg wiun Ry. B mpeobpasoBanusx
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Rg, Ry aBroMaT Ha MOWCK 3aBepIiaeT (PyHKIMOHUPOBAHUE C CUTHAJIOM
e = 1 (3anucp HaiizieHa), a aBTOMAT Ha BCTaBKY 3aBepIaeT cBoe (GyHK-
uoHUpoBaHue € = 3 (3aluch y»Ke eCTh, ee HeJib3sl BCTaBUTh). Rig u
R11 npuMmeHsieTcst JIjIs aBTOMATOB Ha IOWCK U YAJeHUe, eC/IA 3aIlUCh He
Hali/leHa, TP 9TOM aBTOMAT 3aBepIaeT (PYHKITMOHUPOBAHIE C CUTHAIOM
e = 2 (3anuch e Haijizena). [{jisi aBTOMATOB HA BCTABKY HPUMEHSIIOTCSI
npeobpazoBanus R3 u Ry coorBerctBenHo. IIpeobpazoBanne Rjo mnpu-
MEHSIETCST B CJIydae MycToit 6a3bl JTaHHBIX JJTsT 3allPOCOB TUIA MOUCK W
yrajerue. B aroM ciiydae aBroMaT, 00CTyKUBAIOIINIT 3a1IPOC, 3aBEPIIaeT
(PYHKIMOHUPOBAHNE C CUTHAJIOM € = 2.

X, 0 R7, . —) 1 ._>R8 —
II|B|Y, II|B,
0 1 Rg 0 RIO
I1|B, Ty, «
) Ry CI:) Rys .
Ty, « Iy, *

Puc. 12. Ilepemerienne o NI

Asroput™ paborsl aBToMaTa A 3aBUCUT OT THIA 3aIpOca, KOTOPDIH
HyKHO 006paboTars. [losTomy /1 KarXK 1010 TUIIA 3aIPOCa OTIEIbHO OIH-
meMm pabory A. 3amerum, uTO BCe Ipeobpasosanus Ry, ..., Rio omHo-
SHAYHO IIPUMEHAIOTCA B 3aBUCHUMOCTH OT BXOJIHOI‘/JI OKpPEeCTHOCTHU " THIIa
zampoca. AjropuTM aBToMaTa GyJIeT COCTOSTD B MOCIETOBATEIHHOM MPHU-
MEHEHUHU 3TUX IPeoOpa30BaHuUil, MOKA B MIPABOM YaCTH PeoOPA30BAHUST
He Oy/IeT IPUCYTCTBOBATH KPYZKOK BO3JI€ BEPIIUHBI. DTO Oy/IeT 03HAUATH,
YTO aBTOMAT 3aBEPIIUII CBOIO paboTy.

Korna 6a3a panubix mycras, UI' U cocrout u3 oHoii BepuHbl (KO-
penb). Ecim mocTynu 3ampoc Ha MOUCK WM YaJleHue, TO TIPUMEHSETCsI
npeobpazoBanne Ris m mocje 3Toro (pyHKIMOHUPOBAHNIE 3aBEPINaeTCs C
curuaJjiom e = 2 (3anuch He Haiijiena). Eciu nocrymnmi 3anpoc Ha BCTaBKy,
TO IPHUMEHsIETCsT Tpeodbpaszopanne Ry u mociie 3Toro GyHKIMOHUPOBAHTE
3aBepIIaeTcsi ¢ CUIHAIOM e = 1 (3amuch BeTaBjeHa).
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Jnst obrero ciydasi, aaropuT™M apromara A coOCTOUT B IOC/eI0Ba~
TEJILHOM IIPOXOXKJIEHUU pebep, HaurHAas ¢ KOPHs, IIPU IOMOIIH 11peodpa-
zoBanuit Ry, ..., Ry1.

ABToMaTr Ha TOWCK NPUMEHST MpeoOpa30BaHUE B 3aBUCHUMOCTH OT
BXOJIHO# OKpecTHOCTU. EC/IN OKPEeCTHOCTH COOTBETCTBYET JIEBOM HYacTu
npeobpazoBanusi 7, To aBTOMaT upuMeHsieT mpeobpaszoBanue Ry. O
[IEPEMEIAETCSI 110 CITUCKY, IIPOCMOTPEB JBa €r0 dJIeMeHTa. 3aMeTHM, UTO
aBTOMAT HAXOJIUT UCKOMYIO 3aIlUCh €CJIU IIPUMeHsieT 1peobpazoBanne Rg
win Ry, ¥ He HAXOIUT, ec/i IpUMeHsieT peobpazoBanne Rig win Ryj.

AuropuT™M paboThl aBTOMATa Ha 3alPOCax TUITA BCTABKA WJIN yIajie-
HUe, TMTOBTOPSIET ajJITOPUTM aBTOMATa Ha 3ampoce Tuma TMoucK. Oramdame
AJITOPUTMa HA BCTABKY 3aKJOUAETCH B TOM, 9TO BMECTO MPeoOPa3oBa-
auit Ry nan R11, aBToMaT npuMeHseT npeobpasoanune Rz niu Ry cooT-
BercTBeHHO. OT/IHYME AMTOPUTMa Ha yAAJEHHEe 3aKII09aeTCI B TOM, UTO
BMecTO npeobpasoBanuit Rg mian Rg, aBroMaT nIpuMeHsieT peodpa3oBa-
nue Ry, Rg niu Ry.

JlokaxkeM HECKOJIbKO BCIIOMOTaTEJLHBIX JIEMM, JIJIS JIOKA3aTeIbCTBA,
gro npusegennbtiit MU Dy = (A, U) ynoBieTBopsieT yCJIOBUSIM Teo-
pembr 1.

JlemMma 1. /Jlasa arbozo nomoxa sanpocoe H us H, MIUI Dy pyrx-
yuorupyem 6e3 KoHPAUKmMOos.

Joka3aTeabCcTBO. 3alpochl THIIA IIOUCK, IIYCThIE 3AIPOCHI, a TaK YKe
npeobpaszoBanus Ha nepemertienne o UI' Ry, ..., Ri2 He BIUAIOT Ha KOP-
pexTHOCTL hyHKImonuposanus MJIUT, tak kak He mpeodbpa3yoT OKpecT-
noctu. [losromy, 4TOOBI JTOKA3aTh KOPPEKTHOCTH (DYHKIIMOHUPOBAHUS
M/IUT', noctaTovHo mMOKa3aTh, YTO 3aIIPOCHl HA BCTABKY U YIAJIEHUS He
00pazyioT KOHMJIMKTOB.

JlokaxkeM, 9TO e€cjii HeT 3alPOCOB Ha yIaJieHue, TO KOH(MIIUKTOB He
BO3HHUKAET. PaccMoTpuM JiBa aBTOMAaTa C 3allpOCOM Ha BCTaBKY. Kask ibrit
TaKT PACCTOsIHUE MEXK/ly HUMHU He MeHbIe IByx pebep. Jlokaxkem 310
yTBepKienue. eficTBUTEIbHO PACCMOTPUM TIEPBBII aBTOMAT HA BCTaBKY,
KOTOPBIl TPUMEHWJT TIpeobpazoBanue 7. DTo € IMHCTBEHHBIH CJIyvail, KO-
IJIa aBTOMAT IPOJOJIKUAT (PYHKITMOHUPOBaHue. Kcn B ciieayomuii TakT
[IOCTYIIUT €eIlle OJUH 3aIpPoC Ha BCTABKY, TO aBTOMAT €ro O0C/Iy2KHBAIO-
muit, Oy/eT HaXOIUThCS B KOpHe. PaccTosHue MexKjiy 3TU aBTOMaTaMu
Oyler poBHO jBa pebpa. DTO PaACCTOSHUE HE CMOXKET YMEHBIINThCS, TaK
KaK aBTOMATBI Ha BCTABKY UMEIOT OJINHAKOBLIN ajiropuTM. [Ipu sTom ecin



Juramudeckasi 6a3a JTAHHBIX 135

OJIH U3 aBTOMATOB 3aBepIIaeT cBoe (PYHKIIMOHUPOBAHUE, TO PACCTOSHUST
Mex 1y aBromaramu He Oyger. CrenoBaTesbHO YTBEPKIEHHUE JOKA3AHO.
AHAJIOTUYIHO JIOKA3BIBAETCSI, UTO PACCTOSTHUE MEXKIy JIFOOBIMU aBTOMATa~
MU Ha [TOUCK U BCTABKY HE MEHbIIE JIBYX. B JaJIbHEHIIIEM Oy/IeM TOBOPUTh,
4TO BBIIOJIHAETCH CBONCTBO YJIAQJIEHHOCTH, €CJIU PACCTOSHUE MEXKJYy JIIO-
OBIME JIBYMsI pabOTAKIIIMU aBTOMATAMHI HE MEHbIIE JIBYX pebep.

Kaxk crencTue MBI mostydaeM, 9TO OJJTHOBPEMEHHO HE MOTYT ITPOU30Ii-
TH jJBa npeobpasoBaHust Ha BCTaBKy Ry wimm R3. A 310 03Havaer, 4To
Ipeobpa30BaHus HA BCTaBKY HE BBI3LIBAIOT KOHMIUKTOB. [Ipumep mepe-
JIBUYKEHUS HECKOJIbKAX aBTOMATOB Ha BCTaBKY M300parkeH Ha PUCYHKe 13.

10 fio 9 fo 8 fs 7 fr 6 [ fs
(B,9) (B,3) (B,2) (B,1)
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Puc. 13. [IpuMep HECKOIBKHAX BCTABOK.

[IycTb mmeercst ogua 3ampoc Ha yhajienue. [lokaxkeM, 9TO MpU 9TOM
TakK »Ke He BO3HUKHET KOH(DJIUKTOB. 3aIllpOC Ha YIAJEeHUE TOBTOPSIET AJi-
FOPUTM BCTaBKHU JI0 TOT'O MOMEHTa KakK Haiijiler nckomyio 3amuch. Cie-
JIOBATEJIbHO, €CJIM ABTOMAT Ha, yIAJ€HHEe He HAMJIET MCKOMYIO 3alliCh, TO
KOH(MJIMKTOB He BO3HUKHET. [Ipu aTOM Oy/1eT cOXpaHeHO CBOWCTBO YA/ IeH-
noctu. IlycTh cyIecTByer 3ammmch, KOTOPYIO OH JIOJIZKEH yIaJnTh. [Ipeos-
pasoBanue Ry yrassieT TOJbKO Pedpo U 3aliCh U He yJaJjseT BepIIUHY B
KOTOPO#t HaxoauThest. [03ToMy 9TO He BBIZOBET KOHMINKTA ¢ AaBTOMATOM,
KOTOPBIA B CJIEIYIONNAN TaKT JIOJ?KEH ObLI ITEPEUTH B 9Ty BEPIIHHY.

Ocrajoch pa3obpaTh ABa BHYTPEHHUX CJydasi. DTO Ipeobpa3oBaHue
Rs wmn Rg. PaccMoTpuM 11epBbIit cirydail, KOT/1a aBTOMAT IPUMEHHJT [Ipe-
obpazoBanme Rs. DT0 npeobpazoBaHue yjuajseT 3JeMEHT crucka. 1lpu
9TOM B 9Ty BEPIIUHY HE MOT NpUITH HU ONWH aBTOMAT. /loKaxkem 3TO.

JleiicTBUTEIEHO, JI0 MOMEHTA VJIAJICHUS aJrOPUTM YIAJEHUs COBIIa-
JIaJI ¢ aJTOPUTMOM Ha BCTaBKy (mouck). Kak yrke ObLIO JOKA3aHO BBIIIIE,
paccTosHIe MeXK/ 1y JIIOOBIMYI aBTOMATAMK Ha BCTABKY W ITOMCK HE MEHbIIEe
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JIByX pebep. CremoBareibHO, OJIMXKAIIIEe aBTOMATHI K PACCMATPUBAEMO-
My, HAXOIATCA HEe MEHbINe YeM Ha paccTosgHun B 2 pebpa. Ilostomy B
yIAJIsIEMOIO BEPIIUHY B CJIEIYIOMUI TaKT He IPUJET HU OJUH aBTOMAT.
CiieroBaTeIbHO, 3TO IIpeobpa3oBaHue He BhI3biBaeT KOHMIUKT. Tak ke
9TO IpeobpasoBaHne He HapyIaeT CBOMCTBO ymasaennoctu. [Ipu srom mo-
cJie JIAHHOTO MPeobPa30BaHUsl PACCTOSTHUE MEXKJY 3allpOCaMU, ITPUIIIE]I-
IIAX JI0 U II0CJIE PACCMATPUBAEMOr0, 00sg3aTe/IbHO OyIeT He MEeHee TpPex
pebep. Ilpumep mepenpBuzkeHnsT HECKOJLKUX aBTOMATOB HA BCTABKY U OJI-
HOTO yrajieHusi Rs nzobpakeH Ha pucyHke 14.
10 fio9 fo 8 fs T fr 6 fs 5 fs
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Puc. 14. Tlpumep HECKOJIBLKUX BCTABOK W OJHOTO yhaJieHus Rs.

PaccymoTrpum Temeps BTOpOit BApHAHT, KOT/Ia aBTOMAT IIPUMEHUIT IIpe-
obpazopanue Rg. Kak u B mpeapiymeM cirydae, aBTOMAThI HAXOIATCA Ha
pacCTOSHUHU He MeHee, 9eM JBa pebpa Ipyr oT apyra. [losTomy B ciiemyro-
IUA TAKT B 3TON BEpPIINHE MOT OKa3aThCA aBTOMAT, KOTOPLIA IIepelies B
Hee TOJILKO 10 mTpeobpaszoBanuio 7. Kpome Toro, B Bepinne vy He MOXKET
HaXOIUThCSA aBTOMAT, & CJIEJ0BATEILHO U IPUMEHATHCS IIPeodpasoBaHue.
ITpeobpaszoBanue Rg yaansger pedpo, NHIIMACHTHOE BEPIIUHE V1, IIPU 3TOM
caMy BepINUHY He ymajseT. Tak ke mpeobpasoBaHue yIaJIseT BEPIIHHY
Vg, & HHIIMJIEHTHOE eii pebpo, mpucBauBaer Bepmuie vi. CiegoBaTeabHO,
3TO mpeobpa3oBaHre HE BBI3bIBAET KOHMIIMKTHOTO U3MEHEHUSI OJHOIO 1
TOrO 2Ke yJacTKa namsaTu. Kpome Toro, 3To mpeobpazoBaHne, Kak U IIpe-
obpazoBanue Rj, coxpaHsieT CBOHCTBO yaaJieHHOCTH. [IprdeM aHaI0rn9HO
Rs5 paccrostHre MeXK Ty 3alpOCaMi JI0 U [0CJIe, pACCMaTPUBAEMOT0, Oy1eT
He MeHbIe Tpex pebep. [Ipumep mepeaBuKeHnsT HECKOJIBKUX aBTOMATOB
Ha BCTaBKYy U OJIHOIO ynajeHnsa Rg n3obparkeH Ha pucyHke 15.

Wrak, MBI J0Ka3a/iM, YTO OJHO YIAJCHUE HE BHI3LIBAET KOHMJIUKTOB.
Temepn paccMoTpuM cirydaii, KOT/1a OJHOBPEMEHHO 00pabaThIBAIOTCs IBa
3alpoca Ha yaajJeHue. AHAJOMMYHO CAyYal0 ¢ OJHUM YIAJEHUEM, aJIro-
PUTM yAaJICHHA COBIIaIaX0OT C aJITOPUTMOM Ha IIOUCK U BCTaBKY, IIOKa HE
Oymer HaiimeHa MCKOMas 3aluch. Kciaum XoTs ObI OMUH W3 aBTOMATOB HA
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Puc. 15. TIpumep HECKOJBKUX BCTABOK U OJHOTO yiayieHus Rg.

yJIaJIEHUEe He HallJIeT UCKOMYIO 3alliCh, TO TOT CJyYail paBHOCHUJIEH Pa30-
OpPAaHHOMY BBIIIIE C/IYYIai0 C OJHUM y/IAJIEHUEM.

Pacemorpum Bee crienapun ¢yuknunonuposanust MJIUL, B ciaygae
JBYX 3allpOCOB Ha yjajeHue. ByaeMm cauTaTh, 9TO MUMEETCS JIBa 3aIpo-
ca Ha yrnajeHune Y| u Yo, W 3alpoc Y| HOCTYIUJ PAHbBIIE 3ampoca ¥o.
Torma, Kax y»ke ObLIO JOKA3aHO BBIIIE, MEXK/Y STUMU 3aIllpocaMu Oyier
paccrosinue He MeHee AByX pebep. Eciu 3ampoc na ynajgenue Yo 3aBep-
maeT cBoe PYHKIIMOHNPOBAHNE PAHBIIE, 9eM 3aIpoC Y1, TO ITOT CJIydait
PaBHOCHJIEH CJIy4alo C OJHUM yjaajieHueM. Eciam 3ampoc Vi IpUMEHH
npeobpazoBaHue, a Yo B 9TOT TAKT HE ylassieT 3aluCb, TO €ro MOXKHO
CUYUTATDH 3aIIPOCOM Ha IOUCK. DTOT Caydail ObL1 pa3obpan Beimre. Ocralt-
csl TTOCJIEHUN BapuaHT, Koraa oba 3alpoca Ha ylIajeHne OJHOBPEMEHHO
VAaJIAI0T 3alliCH. ECJII/I MeXK/ly HUMU 6])1.]1 3alIpoC Ha IIOUCK HJIN BCTaB-
Ky, TO 9TO cjydail Obu1 pa3obpan Boimte. Eciu ke HET, TO MUHUMAJIbHOE
BO3MOKHO PACCTOSHUE MEXKJy STUMH 3allpOCaMu JIBa pebpa.

Ecan ¥V, npumennt npeobpasopanue Ry, TO OHO He BI30BET KOHMIINK-
Ta. OCTaj0Cch pacCMOTPETH YeThbIipe BapuanTa. IIoHITHO, 9TO JOCTATOIHO
pPaccMOTpEeTh CIydail MUHUMAJIHLHOTO BO3MOYKHOI'O PACCTOSHISI MEXK LY aB-
TOMaTaMU B JBa pebpa.

Ilepsorit caydait — oba aBroMaTa IpHUMEHWIN IpeobpasoBanue Rs.
[TpeobpaszoBanue Ry ymaJisieT BEPIIUHY CIIpaBa M MeHsieT HH(MOPMAITHIO O
pebpe IS BEpIIUHBI, B KOTOPOIl HAXOAUTHCsT aBToMaT. IIpu sToMm manHOE
peobpazoBaHne He MeHsAeT MWH(MOPMAIMIO BO BTOPOI CIIpaBa BepIIHHE B
KOTOPOIi HaxoauTca apyroi asromar. CjreroBaTe/bHO, KOH(MDJIUKTOB He
BozHukaeT. [Ipumep it 9TOr0 Cirydas m300paxkeHn Ha pucynke 16.

Bropoit ciyuait — Yo npumenus npeobpaszoBanue Ry, a Y| mnpume-
HuUI peobpazoBanne Rg. [IpeobpazoBanmne Ry He MeHsieT WHMOPMAIIIIO,
B KOTOpO# HaxoauTcsa apyroil aBromart. IIpm sToM aBTOMaT Y] MeHsIET
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Puc. 16. ITpumep ayx ynanenmii. Ciaydait Rs, Rs.

nH(POPMAIUIO TOJBKO B BEPIINHE, B KOTOPOl HaxoauThest. CliemoBaTesib-
HO, KOH(MDJIUKTOB He Bo3HUKaeT. [Ipumep mjs sroro ciaydas n3obparkeH
Ha pucyske 17.

10 fio 9fo 8 fo T fr 6 fs 5 fs

V9 (V.8 (B2  (B1)
10 fio 7 Jr 6fe 5 f5 1A
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Puc. 17. Ilpumep aByx ynanennii. Ciaydait Ry, Rg.

Tpernit ciaygait — Yo npuMeHus npeodbpaszoBanue Rg, a Y1 IpuMeHMI
npeobpazoBanne Rs. B aToMm ciaydae Tak ke HEe BOSHUKAET KOH(PJIUKTOB.
[TpeobpaszoBanust MeHAIOT HHAGOPMAIMIO B BEPITNHE B KOTOPOI HAXOIAT-
csl, TIPU 9TOM H3MeEHsieMble pebpa He mepecekatoTcs. [Ipumep st 3T0TO
ciiydast n300parkeH Ha PUCYHKe 18.

Whos B8 KT 6 03 h
(¥,9) (V,6)

0 08 fs T fi 5 fs

Puc. 18. IIpumep aByx ynanenmii. Ciaydait Rg, Rs.

B mociegnem, werBepToM citydae, KOrjga oba aBToMaTa IPUMEHUIN
npeobpazoBanue Rg, TakKe He BOZHUKAET KOHMIUKTOB. [Iprmep st 3T0-
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ro ciaydvas uzobpaxken Ha pucyHke 19 (npeobpasosanusi (V,5) u (V,3)).
CemoBaTe/IbHO, MBI JIOKa3aJId, 9TO B CJIyYae ABYX yAaJeHHil KOH(MIINK-
TOB HE BOSHHKAET.

Paccmorpum obruit cygail, Korna yaaJieHuii MoxKeT ObITh OOJIbIle
IByX. PaccMOTpUM IIPOM3BOJIbHBIN 3alIpOC Ha MIOMCK WX BCTABKY. ABTO-
MaThl OOC/IYKHBAIOIINE TH 3alPOChl HEe KOHMIUKTYIOT C yIAJEHUIMU.
JleficTBUTEILHO, €C/Iu TIepes aBTOMATOM Ha BCTABKY WJIM ITOUCK UIET 3a-
[IpOC Ha yaajeHne, TO KOH(IUKTOB He BO3HUKAET B CHJIy PaszoOpaHHOTO
BBIIIIE C/Iydasl C OJHUM ylrajeHueM. Takum oOpa3oM, €CJIM MbI JOKazKeM,
9TO TPU M OoJiee MOAPSJ yHaeHnit He KOH(MIUKTYIOT, TO Mbl JTOKAYKEM
JIEMMY.

Paccmorpum aBrOoMar Ha ymajieHne, HOCTYIUBINNI B TakT 4. Kciaum B
TaKT ¢+ 1 uam B TakT ¢ — 1 He OCTyIIaJ I 3aIIPOCHl HA y/IaJIeHUE, TO 3TOT
cirydail ObLT pa3oOpaH BBINIE, TAK KAK IPHA 9TOM He BO3ZHUKHET OOJIbIe
IBYX YIAJEHUN OIPSII.

Temnepsp paccMOTpuM BapuaHT, KOTJIA U B ¢ + 1 U B ¢ TAKT MOCTYIIUJIN
3ampockl Ha yaajeHne. KoHMINKTOB MeXKIy 3alpocaMu, MOCTYIIHBIINX
B TakThl ¢ — 1 U 4, He BOSHMKAET, TaK KaK 3TOT CjIydail ObLI pa3obpaH
BbImIe. AHAJOIMYIHO JIJIsl APBI 3AIIPOCOB, IMOCTYIUBIIAX B TaKThI 1 + 1
u i. OYeBUIHO, YTO MEXKIY 3aIlpoCcaMi, IOCTYIUBIINME B TaKThl ¢ — 1
u 7+ 1 Tax ke Her KoHMMKTOB. Clre/IoBaTe/IbHO, CPEId TPeX yIaJIeHui
HE BOSHMKaET KOH(JIUKTOB. AHAJIOIMYHO JIOKA3BIBAETCS, 9TO sl JIF0O0T0
qucIa, WYX TOAPST VAaJeHnil, He Bo3HUKaeT KOHQMIUKTOB. [Ipumep
JIJIsSI 9TOrO C/Iydasi n300parkeH Ha pucyHke 19.

(¥,9) (¥,6) (¥,5) (¥,3)
4

130 f10 j fs 7 7 i f4 f2

2

Puc. 19. IIpumep Tpex u Gojiee ynajieHuii.

JlemMma J10Ka3aHa.

Jlemma 2. Jlas arb6oz0 nomoka 3anpocos H, H € H, MJIUI Dy ¢pyrx-
YUOHUPYEM, KOPPEKMHO, KPOME 020 MO 04 1100020 HAMYPAALHOZ0 | Gbi-
NONHAECNCA

T (D, H(2)) <||V (i, H)|/2[, ecau W(H)(i) = I1.
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HokazarenbcTBo. HykHO mokasars, ITO J/Is1 JII0OOT0 3a11poca Ha IOUCK
H(i),H(i) = (II,z), MIUT Bbimaer B orBer {z}, eciu x € V(i,H) u
IIyCTOE MHOXKECTBO B IIPOTUBHOM CJIydae.

W3 jiemmMbl 1, B 9aCTHOCTH, CJIEAYET, UTO JIFOObIE Peobpa3OBaHUS CO-
XPaHIOT CBOMCTBO y/IAJIEHHOCTH Jijis JIIOO0Oro moToka 3ampocoB H us H.
Jpyrumu cjioBamMu, aBTOMATBI UJIYyT JIPYT 34 JAPYIOM B HMOPsiJIKE MOSBJIIEC-
HUsl 3ampoca. PaccMOTpuUM MPOU3BOJIBHBIN 3aIIPOC HA TOUCK, TOCTYIINB-
Uil B ¢ TaKT.

Paccmorpum npeobpasoBaHue Ha BCTaBKY (y/lajieHue), TOCTYIIUBIIEE
B TakT j,1 < j < 79— 1 u KOTOpOE elre He 3aBEPIUIO CBoe (PYHKITNOHUPO-
Banme. Tak kak MIWI' coxpanseT CBOICTBO yJIAJIEHHOCTH, TO B CTaJIUU
ITOMCKa MEXKJy HUMM OyIeT paccTosHue ¢ — j > 2 pebpa, CaeI0oBaTEb-
HO ABTOMAT HA BCTaBKY (y/AJEHHE) yCIeeT BCTaBUTH (YIAJUTH) 3alliCh
[pexk/ie, 9eM aBTOMAT Ha MOUCK CMOYXKET COKPATHUTH PACCTOSHIUE.

[Mosromy MJIUT" paboTaeT KOPPEKTHO, TaK Kak JOO0Oe peodpaszoBa-
HUE 3aBEPIIUTHCS HE MEHee 9eM 3a TaKT JI0 TOrO, KAK 3aIpoC Ha MOUCK
ux pocruruet. CreoBaTeIbHO, KOPPEKTHOCTD JOKA3AHA.

N3 xoppektnoctu MWD Djs, a Tax Ke ero CoOXpaHeHUsI CBOii-
CTBa YJIAJIEHHOCTU CJIEJYeT, 9TO aBTOMAT Ha MOUCK 3aTPATUT He OOJIbIie
|V (i, H)|/2[ TakToB. eficTBUTEIBHO, CBOMCTBO YIAJCHHOCTH O3HAYAET,
910 JII000# 3aITpoc Ha TPpeodPa30BAHUE 3aBEPITUTHCA TAKUM 00Pa30M, ITO
JIpyrue aBToOMaThl OYayT uiaru yxke 1o obHosjernunomy UI', eciu onwu 1o-
CTYNWJIA Ha TaKT 1o3xKe. lIpu 3TOM 3a OIMH TAKT ABTOMAT ITPOXOIUT
cpa3sy JiBa 3JIEeMEHTa CIIUCKA WU HAXOJIUT UCKOMBIH. Takum obpasom, 1mo-
JIyJaeM OIIEHKY Ha CJI0XKHOCTh IIOUCKA,

T(Dwm, H(i)) <JIV (i, H)|/2].

JlemMa JJoKa3aHa.

YTBepKIAeHNEe TeopeMbl 1 SBIsSETCS CJIeACTBUEM JeMM 1 u 2.

Joxkaxkem Terepb Teopemy 2. CMBICT T€OPEMBI 2 MOXKHO HepedOopMy-
JITPOBaTh cieayomum obpasom. Ecim B YT y11060it BepiinHe HHIMACHTHO
ue 6osiee 1 pebpa, TO He CYIIECTBYEeT aBTOMATA, KOTOPLIN CMOT ObI 00CTy-
JKUTH JII000M TTOTOK 3aIIpPOCOB.

Orpanudenne Ha KOJUYIECTBO MHIUIEHTHBIX pebep osHadaer, aro VI
MOKET IIPEJICTAB/IATh U3 cebsl 00beINHEHNEe PA3HBIX KOMIIOHEHT CBSI3HO-
CTHU, KaXKJ1asl 13 KOTOPBIX COCTOUT JIOO U3 1 BEPIIUHBI, JIUOO U3 IBYX Bep-
mrH 1 pedpa uX CoeauHsonmero. JIpyrux KOMIOHEHTOB CBSI3HOCTHU OLITH
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HEe MO2KeT, TaK KaK U3 BEPIITNHBI HE MO2KET BbIXO/INTH 60ﬂee OTHOI'O pe6pa.
[Ipumep rpada nzobparken na pucyunke 20.

*~—e *~—e L] ° *~—e

Puc. 20. I[Ipumep rpada c N = 1.

SaMeTnM, 9TO aBTOMAaT BUIUT TOJHBKO BEPINUHBI, MEXKIY KOTOPLIMA
eCTh IyTh JJIMHBI He 60Jbine K, a 3T0 B CBOIO OYepelb O3HAYAET, UTO
BEPIIUHLI HAXOJATCS B OJIHON KOMIOHEeHTe cBsaA3HOcTH. CliegoBaTeIbHO,
aBTOMAT HE CMOYKET IMEPEMECTUTHCS U3 OJHON KOMIIOHEHTHI CBSI3HOCTH B
JPYTYIO, BO BpeMsi pyHKIIMOHUPOBAHUSI.

B oxmnoit Beprmmmae NI He MoxkeT HaxXoauThCs OOJIee OIHON 3AITHCH,
CJIeIOBATEIbHO, B OJIHON KOMIIOHEHTE CBSI3HOCTH HE MOXKET HaXOIUTbCS
bosiee nByx 3ammceii. [losTomy paccMoTpuM ClIeAyIOIIUI TOTOK 3aIpo-
cos: (B, 1),(B,2),(B,3),(I,1), (I, 2), (I, 3). OueBnaHO, 9TO aBTOMAT Ha
IIOUCK HE CMOXKET HalTH OJHY M3 TPexX 3alliceii, II09TOMY OH He Oyier
paboTaTh KOPPEKTHO Ha 9TOM IOTOKe 3ammpocoB. TeopeMa moka3aHa.
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