JlorapndmMndyeckad 1Mo CJI0XKHOCTHI
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ITPON3BOJIbHBIX ITOTOKOB 3aIIPOCOB B
ANHAMITIeCcKOll 6a3e JaHHBIX

A. A. IlinerneB

B mamnOil pabore paccMaTpUBAETCs PeIIeHUe JIUHAMUYIECKON
3a/1a9M [IOUCKA MJIEHTUYIHBIX OO'bEKTOB JIJIsl IPOU3BOJIBHOIO IIOTOKA,
3aIPOCOB € JIOTApPUMPMUIECKON CJI0KHOCTHIO. CJI0KHOCTD TIapaJi-
JIEJIbHOI 00pabOTKU 3aIIPOCOB HAJT ODOIIEll CTPYKTYPO JAHHBIX 3a-
KJIIOYAETCsT B M30eXKAHUU KOHMJIIMKTOB, KOTOPbIE BO3ZHUKAIOT MPU
U3MEHEHUHU OJHOIO M TOTO Ke y4YacTKa namsaTh. [Ipm srom canra-
€M, 9TO CYHATHIBATH U3 OJHOI'O YYACTKA MAMSATH HECKOJBKUM IIPO-
reccaM J0IyCTuMO. Perienne moJry 9eHo ¢ TOMOIIBI0 MHOMOaBTOMAT-
HOrO JUHAMUYECKOro nHdopManuonuoro rpada [1].

KurodeBble ciioBa: auHaMHIecKue 0a3bl JaHHBIX, WHGOpPMa-
IMOHHBIN Tpad, aBTOMAT, TOTOKH 3aIIPOCOB, MapaJiieabHas odpa-
0OTKa JAHHBIX, COAJIAHCUPOBAHHDBIE JI€PEBBSI.

1. BBenenne

Cy1recTByeT MHOXKECTBO Pa3IUIHBIX CIIOCODOB DEIeHUs 3a/1a9u TI0-
HNCKa NJICHTUYIHBIX O6'beKTOB. B OCHOBHOM BCe€ 9TH peIIeHnd OCHOBbBIBAIOT-
Cs1 Ha JIEpEBbSIX MOUCKA. B 9acTHOCTH, 9Ty 3a7ady peIraiT ¢ MOMOIIbIO
cOaJTAaHCUPOBAHHLIX JIEPEBBEB MMOMCKA, TAKUX KaK cOaaHCHPOBAHHOE OU-
HAPHOE JIEPEBO, KPACHO-YEPHOE JIePEeBO, B-1epeBo U ero pasHOBUIHOCTH
(B+, B*). Tak »xe ormerum, 2-3 u 2-3-4 jiepeBbsi, Kak 4acTHbIE ciiydan B-
JiepeBa. OcobEeHHOCTD ITUX CTPYKTYDP 3aKJIOYAETCA B TOM, UYTO CKOPOCTD
IIOHCKa, BCTaBKH U YyJ/laJICHUA 3alceit B HUX .HOFapI/I(bIVH/ILIeCKI/I 3aBUCUT
oT obbeMa 6a3bl JaHHBIX.

B namnoit pabore Oyner wucnosnb3oBarbed 2-3-4 nepeso. Ilostomy
HAIIOMHUM, 9TO TPENCTABJSIOT W3 cebst B-mepeBbsi. B-mepeBbst — 35TO



172 A. A. Ilnernes

cOa/IaHCUPOBAHHBIE JIEPEBbsl MMOUCKA, SIBJISAIONIMECS] €CTECTBEHHBIM 0600~
neHneM OMHApPHBIX JiepeBbeB moncka. COalaHCUPOBaHHBIE JIEPEBbsl U
B-stepeBbsi  TOCTATOYHO MOAPOOHO pacCMOTpeHbl B KHHrax Kopmena
(Cormen) [2], Kuyra (Knuth) [3], Axo (Aho) , Xonkpodra (Hopcroft),
Yabmana (Ulman) [4] u Cemxsura (Sedgewick) [5]. IToxpoGubiii 0630p
B-niepesbes gan Komepom (Comer) [6]. T'ubac (Guibas) n Cemksuk |7
PaCcCMOTPEIN B3aNMOCBSI3H MEXKTY PA3JIMIHBIMI BUIaMu cOaTaHCUPOBAH-
HBIX JIEPEBBEB, BKII0YAsd KPACHO-YePHBIE JIepeBbs U 2-3-4 JlepeBbs.

C pasBuTHEM KOMIIBIOTEPOB TOSIBUIACH BO3MOYKHOCTH UCIIOJIH30BATDH
HECKOJIbKO ITPOIECCOB OJTHOBPEMEHHO, YTO TO3BOJISIET YOBICTPSATH aJro-
PUTMBI. DTO O3HAYAET, YTO MOSBUIACH BO3MOXKHOCTH paboTaTh (MCKATh,
Ipeobpa3oBBIBATL) HAJ[ OO CTPYKTYPOl JIAHHBIX HECKOJIBKHM 3aIPO-
caM OJIHOBPEMEHHO, He JIOKUJIAsCh 3aBePIIEHUsT KayKJ0I0 B OTIETbHOCTH.
[TpumenuTebHO K COATAHCUPOBAHHBIM JI€PEBBSIM IIOUCKA, B YaCTHOCTH,
K KPaCHO-YEPHBIM U 2-3 JepeBbsiM ObLIO MPOBEIEHO MHOIO HMCCJIEI0Ba-
uuit (8], [9]. Lenp sTux mccsenoBanmii GblIa B IOCTPOCHUN JiepeBa, 3a
HaUMeHbIIee BpeMsl, JIJIsl 33JJaHHOI0 OTCOPTHPOBAHHOTO MACCHBa JIAHHBIX.

EcrecTBeHHBIM OrpaHUYeHreM Ha Mapasiie/ibHble BhIYUC/ICHHs SBJIs-
eTcs JOCTYI K obmieit mamstu. B 3aBUCHMMOCTH OT 3TOTO IOJIYYaiOT-
¢l NPUHIMIINAIBLHO DPa3HbIe PEe3yJbTaThl. 3/1eCh OyJIeM PacCMaTpuBaTh
OY93 (ogHOBpEMEHHOE YTEHUE, SKCKJIIO3UBHAS 3AIIUCh) CTPYKTYPbI JIaH-
HBIX. B jlaHHO# cucTeMe pasperiaercs OJHOBPEMEHHOe YTeHue U3 o0Ieit
MaMATH, TPU 9TOM OJHOBPEMEHHAs 3aIlUCh Pa3HBIMHU MPOIECCAMU B 00-
Iy1o namsaTh 3amnpemniesa. [logpobuee MoxkHo npountars B [10], [11].

B pmannoit pabore OyjeT paccMOTpeHa MOCTAHOBKA 3ajadu, COBIA/Ia-
Iollfasl ¢ OCTAHOBKOI 3asa4u, onucanHoii B [1]. [Tocranoska 3amaun 3a-
HUMAaeT OOJIBIIOI 0ObeM, TO3TOMY 371eCh OIUIIEM TOJBKO €€ CMBICH, a
TOYHYO0 (POPMYJIMPOBKY MOXKHO HPOYUTATH B [1].

Paccmarpusaercsa morox 3anpocos. 1o morokom 3ampocos 6yiem mo-
HUMATh GECKOHEUHYIO TOC/IE0BATEILHOCTD 3aIllPOCOB Ha IIOMCK, BCTABKY
u ynajeHue K 6ase JAHHBIX, KOTOPBIE MMOCTYIIAIOT Yepe3 PaBHBIE IIPOMeE-
JKYTKU BPEMEHU — TaKThl. [Ipu 9TOM B OJIMH TaKT MOXKET MOCTYIIUTH HE
0oJjiee OHOTO 3ampoca. Tak »Ke CauTaeM, 9TO 3a OAUH TAaKT MOKET ObIThb
BBIIIOJTHEHO JTI000€ JIOKAJILHOE ITPeobpa3oBaHne CTPYKTYPbI 0a3bl TaHHBIX,
npeJaHasHaveHHOe JIJId ITOJJeP2KaHn A 6a,3bl JaHHBIX B aKTyaJIbHOM CO-
crostHUU. JIpyrumu cjrioBaMu, KazKIblil IPOIecc, KOTOPBIi IepecTpanBaeT
WJTH UITIET 3aIPOC, MOKET CJIeIaTh 38 OJINH TaKT, TOJIBKO OJIHO TPeodpa30-
BaHue HaJ| 6300 JAHHBIX, IIPU 9TOM Ha CJIEIAYIOMIUI TakT K 0a3e JaHHBIX
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MOYKeT IIOCTYIIUTh y2Ke HOBBIH 3armpoc. Kpome Toro OyieM cauTarh, ITO
y 3TOH CTPYKTYPhI JAHHLIX €CTh CKOJIb YIOAHO OOJIbIIOE KOJIUIECTBO J0-
CTYIHBIX TporieccoB. Kaxkpiit mporiecc o6padaThiBaeT OJUH 3AIPOC, KO-
TOPBIA MOKET OBITH OJHUM U3 TPEX TUIIOB: IOUCK, BCTABKA WU yIAJIEHUE.
Huxe 6yner npemioxkena OUYI3 cTrpyKTypa JaHHBIX, PEIIaoNasi TUHA-
MHYECKYIO 3aJady ITOMCKa MIECHTHUYHBIX O0BEKTOB, C JIOTAPU(MMUIECKON
CJIO’KHOCTBIO, JIJIsi JTIOOOTO MTOTOKA 3aIpoCcoB. Vest mocTpoeHnsi HCKOMOI
CTPYKTYDPBI JAHHBIX OCHOBBIBaeTCs Ha mHMopManuonuo-rpadosom (MI)
nojxozie [12], ¢ ucnosp3oBanneM KoHedHOro apromara [13].

Aprop 6srarogapur npodeccopa .. ['acaHoBa 3a IOCTAHOBKY 3a/a-
Y4 U IIOMOILL B pabore.

2. IlocranoBka 3aJa91 N pe3yJIbTaTbl

ITycrs H — norok 3anpocos, H : N — X e X, X = {II, B, V, A} x
N — MHOXKecTBO 3apocoB. Byksa B 3ampoce o3HauaeT ero jeficteue: mo-
uck (IT), Bcraska (B), ynanenue (VY) win mycroit 3ampoc (A).

MHozkecTBO BCe TTOTOKOB 3aIIpocoB 0bo3HaunM depe3 H. Pacemorpum
dbynxmmio Muozkectsa 3amuceit V i {NU{0}} x H — 2%, xoropas ymo-
BJIETBOPSIET CJICAYIONIMM YCJIOBHAM

, ecom ¢ = 0;
V(i-1,H), ecam ¢ > 0 u H (i) 3anpoc Ha HOKMCK
V(i,H) = WU IYCTON 3a1poc;

V(i—1,H)U{z}, ecmi>0u H(i) = (B,x);
V(i—1,H)\{z}, ecmi>0u H(i) = (V,x).

Oyukimst V' cocTaBiser KaxKJIyMy TakTy ¢ U IIOTOKY 3anpocoB H —
MHOKECTBO 3alliceil, KOTOpbIe 00pa3yoT 6a3y JaHHBIX TOCJIE 3aBEPITECHUST
dbyuknuonuposanusi MJIUT jy1st Bcex 3a1rpocoB /10 TaKTa ¢ BKIIOIUTE b=
HO, ecjin 00paboTKa JIF0OOro 3aIpoca POUCXoauiIa Obl MrHOBEHHO (3a 1
TaKT).

Paccmorpum norok 3anpocos H u3 H u npou3BOJILHBIN TAKT ¢,1 € N.
Bymem rosopurhb, uro MJIUT' pemraer auHaAMHYIECKYIO 3319y ITOUCKY
mwientnaHoro oobekra (A3ITMO), eciin BBINOIHSIOTCST CJIEIYIONTHE YCIIO-
BUS
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e ecom H(i) = (I1,x), To pesyabrarom dynkuunonupoanus MU
JosKeH ObITh {z}, ecmu x € V(i, H) n mycToe MHOYXKECTBO B IIPO-
TUBHOM CJIy4ae;

e ecsiu H(i) = (B, x), To ays moboro 3anpoca Ha nouck (I1, z), 1mo-
CTYNIHUBIIIEro B TakT i + 1, pesynbrar dyuknuonupoanua MJINT
nosken 6biTh {2}, econ z € V(i+1,H) =V (i, H) U{z}, n mycroe
MHOKECTBO B IIDOTHBHOM CJIyYae;

e ccn H(i) = (V,z), o s moboro 3anpoca ma mouck (I1,z), mo-
CTYIUBIIErOo B TakT ¢ + 1, pe3yiabrar dyukimonnposanus MU
noske 6biTh {2}, ecom z € V(i+ 1, H) =V (i, H) \ {x}, u mycroe
MHOKECTBO B IIDOTUBHOM CJIyYae.

IIycTb
1, ecm x < a; 1, ecm x = a;
folz) = fo(z) = s f=alz) = ;
0, wunaue 0, wnHade
1, ecmm z = a;
fil(e) = 7 (@) = fi(x) = M) =0;

0, wHade
F = {fal@), f2(@), foal@) SIS0, 52 a € RY UL},

Tak ke, OyzIeM paccMaTpuBaTh 6a30BOE MHOXKECTBa IIpeoOpa3oBanHmit
R, KoTopoe OyJeT CTPOrO OIPEJIEJEHO HUXKE, B JOKA3aTEIbCTBE TEOpPe-
MBI 1.

B kagecrBe 6a30Boro muoxkectsa st M/IUT 6ymem paccmarpuBarh
MHOYKECTBO

F=(FR). (1)

Hamomuum, ato o3nagaer 6azoBoe muoxkectBo it MJIUT. Muoxe-
CTBO TPEJIUKATOB F'| 9T0 MHOXKECTBO (DYHKITU, KOTOPBIE SABJISIOTCS Ha-
rpyskamu pebep UT. MJINT 6asupyercs Ha KOHEYHOM aBTOMATE, ITOITO-
My camu (QYHKIIAHU, IPUITHICAHHBIE peOpaM, aBTOMAT YBUJIETbH HE MOYKET.
[TosTromy aBromMar, BO BpeMsi (DyHKIIMOHUPOBAHUSI, BUIUT 3HATEHUE STUX
GyHKIMN Ha 3amIpoce, KOTOPBIA OH ODCIyKHBaeT, a He caMu (PYHKIUM.
Tax ke moMuMo 3HaUEHUN (DYyHKIUI Ha 3a1poce, aBTOMAT BUJUAT CTPYK-
Typy noarpada VI IToarpad, KoTopblit BUIUT aBTOMAT, OTPAHUIEH (PUK-
CHPOBAaHHBIM TTapaMeTpoM R, KOTOPBIl 03HAYAET PaIUyC OKPECTHOCTHU C
IIEHTPOM B BepIIUHE B KOTOPOH HaxoauTcst aBroMart. JIpyrumu cioBamu
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€CJIn aBTOMAaT HaXOJUTCA B BepIIMHE U, TO OH BUJIUT BCE€ BEPIINHBI, KOTO-
pble HAXOJIATCSI Ha PACCTOsIHNA He H60sbIneM, deM 1 pebep ot Hee. [Ipumep
pajmyca BHIUMOCTH aBTOMaTa m300paxkeH Ha pucynke 1. EcrecrBenno
cam NI e MoxkeT mMeTh OECKOHEYHOE BETBJIEHNE, TaK KaK KOHEUHBIN aB-
TOMAT HE CMOXKET YBHUJIETh OKPECTHOCTD JlaXKe pajuyca 1 B 9TOM CiIydae.
[TosTromy, MJINT' mogpaszymeBaet, uyro V' mMeeT orpanndenne Ha BETB-
Jienne (MaKCUMaJIbHOE KOJMYECTBO pebep UHIUIEHTHBIX BEPIIUHE), KOTO-
pbie 3aBucut oT napamerpa N. Ha pucynke 1, N paBusiercs 3, u mocTura-
€TCs B BEpIIIUHE, B KOTOPOil CTOUT aBTOMAT. MHOXKeCTBO IpeodbpazoBaHuit
R, o3HAUAET, YTO aBTOMAT B KaXKJIBII TAKT CBOEro (PyHKIIMOHUPOBAHUS
MOKET IIPUMEHUTD IIPeodpa3oBaHre U3 3TOro MHoXKecTBa. Lleb mpeobpa-
30BaHMil 910 mepementerne mo NI, u ero jgokanbHass MOIUMUKAIINAS, IJIsT
oA AepPKaHNA 0a3bl JAHHBIX B aKTyaJbHOM COCTOSHHM.

Puc. 1. Ilpumep pammyca BUIUMOCTH aBTOMATA.

Byzer rosopurs, yro MWD tuna (N, R), ecau UT" crenens Bersiie-
Hust He 6oJibie, deM N, a paJuyc BUIUMOCTH aBTOMaTa He OOJIbIe, deM
R. BoJjee mogpobHO KaK MMEHHO aBTOMAT BUIUT OKPECTHOCTDH, MOXKHO
npounTath B [1].

Yepes |z] OyieMm 0603HAYATH 1IEJIYIO0 YaCTh CBEPXY OT & (HauMeHbIee
1eJI0€e 9UCII0, KOTopoe He MenbIe x). ClpaBeyimBa cieiyomast TeopeMa.

Teopema 1. Cywecmsyem MU D = (A,U) muna (8,4) nad 6asosvim
mHoocecmeom F, onpedeasemvim coommowenuem (1), xomopwili pewaem
LBITHO 0as amobozo nomoxa saanpocos H, H € H. IIpu amom dasn a0bozo
HAMYPAALHOZ0 & KOAUMECTNEBO MAKMO8, He0OTOOUMOE HA 6bI0GUY OMEBEMA
na nouckoeviti sanpoc H (i), ne npesocrodum

logy (max{|V'(i, H)|, 2})
3
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3. llokazaTeabCcTBO Teopembl 1

CrpykTypa JIoKa3aresbcTBa Oyaer caemyomeit. CHadaa OyeT ornm-
caH ajroputm s 2-3-4 nepeBa B KJacCHIecKOi (opme UM Ha dA3bIKE
nHbopManmoraHoro rpada. [IpeobpasoBanusi, KOTOpble OYAYT MPUMEHATH
aBTOMATBI, OYIYT CBSI3aHBI C aJTOPUTMAMHU BCTABKU U yIajleHHUs B 2-3-4
nepese. [loaroMmy mocse onmcanus aaroputma 2-3-4 nepeBa, OMUIIEM IIpe-
obpazoBaHus, KOTOPbIe OYIyT MPUMEHHATHL aBTOMATHI. Jlajee mokakeM,
9TO 9TH MPeoOpPa30BaHUsi HE BBHIZLIBAIOT KOHQJIMKTOB, OOYCJIOBIEHHBIX
SKCKJIFO3UBHO 3aIUChIO, U B 3aK/JIOUYEHUU OIEHUM CJIOXKHOCTD ITOJTYI€H-
HOT'O aJITOPUTMA.

Ornumiem cragasta aaroputM 2-3-4 nepea. CTpyKTypa JaHHBIX 2-3-4
JIEPEBO SIBJISIETCS YaCTHBIM ciaydaeMm B-nepesbes. B [14] 6bu1 npuseen
JUT, xoropsrit ojepuBat 6a3y ganubix, perast JI3IINO, st omqu-
HOYHBIX 3a1pocoB. AsropurMm NI ocHOBBIBaJICS Ha CTPYKTYpPE JAHHBIX
2-3 nepeso. [1jist HOTOKOBBIX 3aIPOCOB HEOOXOAMMO, YTOOLI BCTABKA U Y-
JIEHWe MOTJIN OCYIIIECTBIIATHCS 3& OIWH HUCXOISIINHN IMPOXOM OT KOPHS K
JucThsM. IloaTomy 37ech uctonb3yercst 2-3-4 1epeso.

B-1epeBo MOXKHO paccMaTpHUBaTh Kak Hepapxuueckuil umpuekc. Ko-
penb B-nepeBa siBsieTCst HHIEKCOM 1epBOro yposHs. Kaxkmprit nesmcTo-
Boil y3en Ha B-nepese umeer dopmy (po, k1,01, k2,02, - -+, kn, Pn), T11€ p;
SABJISIETCS yKazaTejeM Ha i-1o cbiHa, 0 < ¢ < n, a k; — ko4, 1 < i < n.
Kimroun B y3ite ynopsimodensl, Tak 910 k1 < ko < - -+ < k;,. Bce ximoun B
mogaepene, Ha KOTOprﬁ YKa3bIBae€T pgp, MEHbLIIC UJIN PaBHO k‘l. B ciIydae
1 < i < n Bce KJII04YU B MOJJEpPEBe, Ha KOTOPBIA YKa3blBaeT p;, NpUHAI-
nexar nosyunrepsaiy (k;, kiy1]. Bee kimroun B momjiepese, Ha KOTODBIi
VKa3bIBAET Py, Oosbie k,. B caydae 2-3-4 mepesa, n = 3. [Ipumep 2-3-4
nepeBa u3obparkeH Ha pucyHke 2. Ha sToMm pucyHKe y3/bI n3obpazke-
HBI COKPAIIIEHHO, HAIIPUMED, B KOPHE JIOJI?KHBI OBITH €Ille IIyCThIe sTIeiKu
k?ap2a k37p3'

[Touck zamnucu r ¢ KJII0YOM & OCYLIECTBJISIETCS 110 CJELYIOIIEMY aJIro-
purMmy. Hy2KHO mpocieuTs myTh OT KOPHS K JIUCTY, KOTOPbI COINEPIKUAT
r, €CJIM TaKas 3alliCh CYIIECTBYeT B 0a3e maHHbIX. KasKaplil 1mar BeIvuc-
JISIETCsI TI0JIOXKEeHue T B y3Jie kimoueit. Ecom x < ko (k; < ¢ < kijpq wim
x = ky), TO Ha CJELYIOMMUI mar OyJIeT pacCMOTPEH y3es, Ha KOTOPBIi
yKasbiBaeT py (p; wim pp). lar, Ha KOTOpOM X UINETCs B JIACTE, — 3a-
KJIIOYUTEIbHBIA. B-l1epeBo, Bce 3aliucu, KOTOPOI0 XPaHATCHA B JIACTOBBIX
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Puc. 2. Ilpumep 2-3-4 nepesa.

BepINNHAX, TaK Ke HasbkBaloT B+ nepeBo. Tak ke, B 3101 pabore OymeMm
CYUTATh, YTO MHOXKECTBO KJ/II0Yell COBITaIaeT ¢ MHOXKECTBOM 3aITHCEN.

Cy]l[eCTByIOT pa3/imIHbIe aJITOPUTMBI JIJId BCTaBKU M Y/IaJICHUA U3
B-nepesa. 31ech, BaXKHbI aJrOPUTMbI, KOTOPBIE ITO3BOJISIIOT BCTABUTL U
VAAJATD U3 JAEPEeBa 3a OJUH HUCXOIANINAN MPOXO. Takol ajJropuTM™ st
BCTaBKM CYIIECTBYeT [2|, HO st yjaseHust aBropy paboThl He yIAJI0Ch
HaiiTh @BHYIO CCBUIKY Ha Takoil asropurMm. Ha camom Jiese, ero MoxKHO
MMOJIYIUTH U3 y2Ke CYIIEeCTBYIOINUX ujeil. PaccMoTpuM ajropuTm, omm-
caHHBI B [2]. DTOT AnropuT™M B HEKOTODPBIX C/IydasX TpebyeT 3aMeHbI
B y3JIe KJII0Ya, JjIS KOTOPOTO HEOOXOMMMO IIOBTOPHOE ITPOXOXKIECHUE OT
JimcTa K aroMy y3iay. [Ipobiema 3akiiodanach B TOM, YTO OBLIO PACCMOT-
peno B-mepeBo, KOTOpoe XpaHW/IO 3allUCh B Y3JIOBBIX BeplmuHax. Ecin
paccMoOTpeTh JIepeBO, KOTOPOE OIMMCAHO BBIIIE, TaK HasbiBaeMoe B+ re-
peBo (BCe JIaHHBIX XPAHSATCS B JIMCTHSIX), TO MOYKHO CJIEJIATh yJIAJeHHe
3a OJUH IIPOXOJ, OT KOPHS K JIUCTY. ¥JAJ0Ch 3aMETUTh, YTO, UCIOJIb3Ys
AJICOPUTM YJIJIeHusi, OlucaHHblil B [2], Ha B+ nepese, He 06s3aTeIBbHO
COBepINATh 3aMEHY yJIaJIEHHOT'O KJII04a B y3Jie. EcrecTBeHHO, HTOrOBOE 2-
3-4 nepeBo OyIeT OTIMYATLCs OT 2-3-4 1mepeBa, MOJIyIeHHOIO B PE3YJIbTa-
Te u3BecTHOTO ajaroputma. Ho 2-3-4 nepeBo ocTaneTcs epeBoM, KOTOPOe
OyzieT KOppekTHO paboraTh. TeM caMbIM, MOYKHO OCYIIECTBUTDH yAAJIEHUE
u3 B+ JnepeBa 3a OJIMH HUCXOASAIIUAN ITPOXOJI, 9TO ABJISAETCS KJIIOUEBHIM
MOMEHTOM B €r'0 pPaciapaJslIeIMBAHUHU, C IIOMOIIBIO aBTOMATOB.

HamomMHuM W3BECTHBIN aJropuTM BCTaBKH B 2-3-4 JiepeBe, 3a OJUH
HUCXOISAIIUN IPOXOJ, U, IIPeJiaraeMblil B TaHHOM paboTe, aJropuT™ yia-
JieHusi u3 2-3-4 jnepesa, 3a OJIUMH HUCXOJAIINAN TPOXOT.

Haumem co BcraBku. AJIrOpuTM BCTABKHU B 2-3-4 IepeBO CJIEYIONIUIA.
OH TOBTOpSIET AJTOPUTM ITOUCKA 38 HEKOTOpbIME oTyimausivu. l[lepBoe
OTJINYIME 3aKJIIOYAETCA B TOM, UTO 3TOT AJTOPUTM TPedyeT, ITOObI KarK-
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JBI y3€JI KOTOPBIH OH ITOCENIAET, He ObLI MMOJTHOCTHIO 3AII0JHEH, TO €CTh
umeJ1 Obl He GoJtee Tpex ChiHOBell. Ecin y3es1 HoIHOCThIO 3an0/HeH (nveeT
poBHO 4 CbIHa), TO AJITOPUTM JeJaeT mepecTpoiiky. HomycTum, BCcTaBKa
HaXOJIUTCSI B KOpHE, U OH UMeeT POBHO 4 cblHa. B 3TOM ciiydae co3ja-
€TCsl HOBBIN KOPEHb, a y3e/ pa3duBaercsd Ha JBa HOBBIX. [Ipumep Takoro
1peoOpa3oBanms n300pakeH Ha PUCYHKE 3.

po ki pi ko p2 ks ps

Puc. 3. Ilpumep BcraBru B 2-3-4 nepese. Cirydail KOpHS.

Jastee 110 MHIAYKIME MOYXKHO CYUTATH, YTO POJIUTENH y3Jja BCErJia He
OoJiee Tpex chiHOBell. PaccMoTpum Temepb ciywail, Korja BCTaBKA Ha-
XOJIUTCS BO BHYTPEHHEM y3Jjie, U OH mMeeT 4 moToMKa. B 3ToM cirydae
JiejtaeTcs IpeobpasoBanue, nzobpakeHHoe Ha pucyHke 4. OHO pa3buBaer
y3€eJT Ha JIBa y3J1a. ITO MOYKHO CJIEIATh, TAK KaK OTeIl, pACCMATPHBAEMOTO
y3J1a He TOJHOCTBIO 3aII0JTHEH, CJIEJIOBATEILHO, EMY MOXKHO JIODABUTH €II1e
OJTHOT'O CBIHA.

Puc. 4. llpumep BcraBku B 2-3-4 nepese. Cityuait BHYTPEHHETO y3JIa.

Bropoe ornmyne ajaropurma BCTABKH OT aJTOPUTMa TOUCKA 3aKJIIO-
qaeTcsd B TOM, KOT/Ia BCTABKA OKA3bIBAETCS B JIUCTE U HE HAXOJUT 3AIIUCh.
Ecnu 3anmuch y2Ke ecTb, TO aaropuT™M 3aBepinaeTcs. Ecim ke 3anmucu HET
U JIUCT HE 3aI0JIHEH, TO BCTABJISIETCS 3AINCh TaK, YTOOBI COXPAHUTH IIO-
PsITIOK KJjtfodeit. Ecin »Ke JINCT TMOJTHOCTBIO 3aIl0/THEH, TO JIeIAeTCs TIepe-
CTpoiika, aHAJIOTUYHAas MEPECTPOUKe B y3Jie, OIIMCAHHON BBIIIE, U II0CJIE
9TOTrO 3AIMCH BCTABJISAETCA B HyKHOe MecTOo. [IpumMep sToro ciaydast m300-
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paXKeH Ha puCyHKe 5. 3aMeTUM, YTO STOT aJTOPUTM [T03BOJISIET BCTABUTH
HOBYIO 3aluCh B 2-3-4 JiepeBo 3a OJMH HUCXOISIINAN TPOXOI.

Pk pr

|1|2||3|4| |5|[}||7|8| |9|10| ll|l2| |13|14|15| |21|22||2($|27| |28|2!J| Zi(lliill

Puc. 5. Ilpumep BcraBku B 2-3-4 nepepe. Ciryuait smcra. lobapieHa 3a-
nuch 14 x npumepy 2-3-4 nepesa, n300pakKeHHOI0 HA PUCYHKE 2.

Teneps onumem ajroputm yaajaerus. OH, Kak U aJTOPUTM BCTaBKU,
IIOBTOPsIeT aJTOPUTM ITOMCKA 33 HEKOTOPBIM HCKjiodenueM. llepBoe or-
JITYHUE 3aKII0YaeTCd B TOM, ITO 9TOT aJrOPUTM TpebyeT, YTOObI B y3Jie, B
KOTOPOM OH HaXOJIUTCsi, ObLIO HE MEHBIIE JBYX KJIIO4eil, TO eCTh HE MEHb-
e Tpex cbinoBeit. Paccmorpum ciydaii kopHs. Ecin y KOpHS eCcThb J1Boe
CBIHOBEIH, KazK/Iblil 13 KOTOPBIX COAECPZKUT TOJBKO IO OHOMY KJIIOTY (/1BO€
JieTeit), To npuMeHsieTcs: Ipeobpa3oBaHue, n300paskeHHOe Ha PUCYHKe 6.
Ono ymaisieT KOpeHb, YMEHBIAast TPU ITOM BBICOTY JIE€pPeBa, U CO37AET
HOBBII KOPEHb, 00'bE/INHsIsI KJIFOUM CTAPOTO KOPHSI U €10 JIeTell U 3aIuChl-
Bas UX B HOBBIN KOpeHb. Kcim 2Ke y 0IHOro u3 Jereil eCTb TPHU ChIHA, TO
AJITOPUTM MOXKET ITPUMEHUTH Ipeobpa3oBaHue mepedbpocKu jiereil, n300-
paKeHHOe Ha PUCYHKE 7, €CJIM OH JIOJIKEH MEPENRTH B y3€eJ1, COJlep2Kalllnii
TOJIBKO OJWH KJIIOY. Kcim Ke Ha caeayIomuil mar ymajeHne IMepeXoInT,
B BEPIIUHY, Y KOTOPOIl HEe MEHbIIIE TPEX CBIHOBEH, TO IpeoOpa3oBaHue He
IIPAMEHSCTCS.

vi Vo vy Vi

Puc. 6. [Ipumep ynanenus B 2-3-4 nepese. Ciydail KOpHS.

Jlajee 1Mo MHAYKIUA MOXKHO CUUTATH, 9TO POIUTENb y3J1a COIEPKUAT
He MeHee Tpex CchiHOBeil. Eciim y paccmaTpuBaeMoro ysia ecTb Opart, Ko-
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Puc. 7. Ilpumep ynasnenus B 2-3-4 nepese. Ciydaii iepedbpocku jereit. I1To
HEOOX0/IMMO, €CJIN CJIEJLYIONIUI Iar aBToMaTa Ha ylaJleHue OKa3bIBAETCs
B y3JIe C OTHUM KJIIOYOM.

TOPBLII COLEPZKUT He MeHee NBYX KJoueil (Tpex CbIHOBeﬁ), TO IIPUMEHACT-
cs1 ipeobpa3oBanue nepedpockn gereit. BosMoXKHO, MpuaeTcst IpUMEHNTD
€ro He OJIMH pa3, ecau OpaTbs He cocenuue. Pazbepem ciryuail, Korga Bce
OpaTbhbsa COIEp:KAT POBHO IO JIBa ChIHA. 10rja IpHUMEHSIETCS Ipeodbpas3o-
BaHMe, N300parkKeHHOEe Ha PUCYHKE 8. DTO IpeodbpasoBaHue OObLEINHSIET
JBYX OpaThbeB B OJUH y3€JI. DTO MOXKHO CJIeJIaTh B CHJIY TOrO, ITO ¥ OTIA
€CTh HEe MEHee TPeX ChIHOBEI.

Puc. 8. [Ipumep ynanenus B 2-3-4 gepee. Citydaii o0beinHeHNsT OPATHEB.
AJITOPUTM HIEPEXOINT B BEPIIUHY C KJIFOUOM 5.

Bropoe otiimaue asropurma Ha yJaJeHre OT aJrOpUTMa Ha TOUCK 3a-
KJIIOYAETCS B MOCJIEIHEM Iare ajroputMa. Eciu aaroputm Ha yrajaeHue
He HAXOJUT 3allMCh, TO OH 3aBepiraercs. Ecin HaxomuT, TO OH yjasser
ee, IIpu HEOOXOIUMOCTH IIPUMEHSIsI TIEPECTPONKHU, OITUCAHHBIE BBIIIE, ITO-
OBbI COXpPAHUTb CTPYKTYPY 2-3-4 nepesa. YmajeHue 3amnucu 15 u3 jgepesa,
n300pakKeHHOI0 Ha PUCYHKE 2, mpejcTtaBjieHo Ha pucynke 9. Ha srom
pucyHke n300pakeHo OTJINYHe OT CTAHIAPTHOTO AJITOPUTMA YIAJICHUS B
2-3-4 nepeBe 3a OJIMH HUCXOJSAIIHUIT Tpoxo, onmcannoe B |2]. [Ipemnaraer-
cd He 3aMeHITh K049 15, Haxojdmuiicad B KOpHe Ha 13, a OCTaBUTH €ro.
Kirou 15 B KopHe He OyjieT 03HAYATD MAKCHMAJIBHBIN 9JIEMEHT B JIEBOM
nognepese. Ho To He MelmaeT moucky npaBUIbHO HAXOIUThH HYKHBIN 3a-
[IPOC, TaK KaK B JINCThAX UJET IPOBEPKA Ha PABEHCTBO. DTO HAOJIIOIEHUE
ITO3BOJISIET CIEJIATH AJITOPUTM YIAJEHU 38 OJUH HUCKOJISIIHI TpoxoT 6e3
UCKJIIOYCeHUI.
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Tpesnaraercs ocTasuts Kiiod 15,
a He 3aMeHATh ero Ha 13,
. KaK B KIACCHMCCKOM anroprTye 2-3-4 repesa

|1|2||3|4| |5|6||7|8| |9|10| 11|12§|13|} |21|22||2G|27| |23|29||30|31|

Puc. 9. Ilpumep ynasnenus B 2-3-4 nepese. Ciydait jgucra. YjaajieHue 3a-
nucu 15 u3 npumepa, n3o0bpaskeHHOro Ha pucyHke 2. OTau4Yne OT CTaH-
JapTHOTO AJITOPUTMA.

Jlnst pacniapasiieJIMBaHusT 9TOTO AJTOPUTMAa Ha CJIydail MpPOU3BOJIb-
HOT'O TIOTOKa 3allpoca TepeBesieM CTPYKTYpPY 2-3-4 nepeBo Ha S3bIK WH-
dopmarmonroro rpada. Ilposegem ceayoIyo aHAJIOITI0 MEXK/Ty KJIac-
cuaeckuM 2-3-4 nepeBoM U WHGPOPMAIMOHHBIM I'padoM. Y3y Oymer co-
OTBETCTBOBaTh IIpeJUKaTHas BepiinHa. KiodaMm B y3ie OyayT coOTBeT-
CTBOBaTH INpeInKaTHbIe pebpa mepBoro tumna fi. [Ipumep coorBercTBUS
MEXKy KJIACCUIECKUM y3JI0M B 2-3-4 J1epeBe M ero aHaJIorOM Ha sA3bIKe
nH(POPMAIMOHHOTO Irpada, m3006parkeH Ha pucyHke 10. 3amMeTnm, ITO ca-
MBIl IpaBblil npeukar (f3p) O3HAYAET, YTO MAKCHUMAJBHBIM JJIEMEHT B
npasoM noaaepese 30. B kimaccuaeckom 2-3-4 epeBe He XPAHUTCS MAKCH-
MaJIbHBII s71eMenT. MoxKHO ObLI0 ObI 3aMEHUTD f39 Ha MPEIUKAT TOXKIe-
CTBEHHO PaBHBI 1, HO TaK yI00HEee 00bACHATD IPeodpa30BaHNs, KOTOPLIE
OyyT IPUMEHSITH aBTOMATHI.

MO3KHO 3aMEHHTD Ha Tpe/IIRAT,

4~ TOXKJICCTBEHHO paHblil 1, HO
: TaK yio0Hee 00bACHATE IIPE0OPAOBAHIA

Vi Vy V3 vy Vi V2 V3 A7

Puc. 10. CoorBercrBue Mexay y3joMm 2-3-4 1epeBa W €ro aHAJIOrOM B
nHGOPMAIMOHHOM rpade.

JIuctbsam 2-3-4 nepeBa, Oy/IyT COOTBETCTBOBATH Iapa IPETUKATHOIO
pebpa mepsoro tuma (fj) U npeaukarHOro pebpa BTOporo Tuma (f= k).
HamomuuM, 9TO aBTOMAaT 3HAET HE TOJIBKO 3HAUEHHUE IpPEJIMKATa Ha 3a-
[Ipoce, HO M €ro THUI. DTO BO3MOXKHO TaK KaK KOJMIECTBO THUIIOB IIPEJIH-
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KaToB KOHEYHO. B NaHHOI TeopeMe 3TO KOJIMYECTBO PABHO 7. JTO CAECIAHO
JUIst yA00CTBA ONMUCAHUS 1IPeOOpPa30BaHUil ¢ MOMOIIBIO aBTOMATOB. [Ipu-
MEpP COOTBETCTBUS MEXKJIy KJIACCHYECKUM JIUCTOM B 2-3-4 jiepeBe W €ro
AHAJIONOM Ha sA3bIKe MH(OPMaIMOHHOTO rpada, n300parkKeH Ha PUCYHKE
11. ObparuMm BHUMaHWE, 9TO MPEIUKATHI IIEPBONO YPOBHSI JIJIsl JINCTA He
00st3aTe/IbHBI, HO 9TO YIPOCTUT IPeoOpPa30BaHue JIjIsd aBTOMATa, TaK Kak
OH CMOXKeT HalTu IIpaBUJIbHOE MeECTO J[JId BCTaBKH HOBOI1 3alucu, uc-
[IOJIb3Ys 3TU NpeauKaThl. 110/ IpaBMIBHBIM TIOHUMAETCH MECTO, KOTOPOE
He HapylIaeT NOPsiJIOK KJIo4deil B jiucre (OT MEHbIEro K GoJibiiemy).

Puc. 11. CoorBercTBHE MeXKIy JUCTOM 2-3-4 jlepeBa W €ro aHaJIOrOM B
nH(MOPMAIMOHHOM Tpade.

Nuadopmannonublii rpad coorBercTByOmMMi mpumepy 2-3-4 nepesa,
n300pakKeHHOTO Ha PUCYHKe 2, mpeicTtaBieH Ha pucynke 12. Ha nem me
n300pazkeHbl MPeIuKaThl BTOPOro THUIA, HO WX MOYKHO OJHO3HATHO BOC-
CTaHOBUTDH IO 3allMCAM, K KOTOPBIM OHU BEJIYT.

1 2 3 45 6 7 89 10 11 12 13 15 21 22 26 27 28 29 30 31

Puc. 12. Undopmanuonustii rpad, coorBercrByoniuit 2-3-4 nepesy, n300-
Pa’KeHHOMY Ha PUCYHKeE 2.

IIpexxme yem mepeiiTm K ONHMCAHUIO peoOpa30BaHUil, KOTOpbIE Oy-
JYT UCIOJIB30BATh aBTOMATHI [ nepecrpoenns VI, omuimeM mxX CMbBICII.
OnuH mar ajropurMa Ha IMOMCK 3aKJII0UYAeTCsl B IMPOXOXKIEHUU OIHOTO
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yPOBHSI fepeBa. [Ipu 3TOM OH HEPEXOIUT 10 CaMOMYy JIEBOMY pebpy, KO
KoToporo paseH 1. Eciin Takux pebep HET, TO CAMBIM JIEBBIM CUUTAEM Ca-
moe npaBoe pebpo. Hanpumep mia T, nzobparkenroro na pucynke 12,
aBTOMAT Ha MOUCK 15 motrelt 1o jieBoMy pebpy, a Ha mouck 30 mormest Ob
o IIpaBoMy pebpy. Anropurm mpeobpa3oBaHUl OCHOBBIBAETCS HA KJIAC-
CHUYECKUX MEPECTPOiiKax 2-3-4 jepeBa, KOTOpble ObLIN OIUCAHDBI BBIIIIE.

Hampuwmep, paccmorpuMm aBromMar Ha BeTaBky. OJuH Imar aBroMara
Ha BCTaBKYy AHAJOTMYEH IIAry aBTOMAaTa Ha [OWCK, €CJIM aBTOMAT Iepe-
XOJIUT B BEPIINUHY, Y KOTOPOil He 6ojiee nByX Oparwhes. Eciu ke Her, TO
aBTOMAT IIPUMEHST OJHO U3 mpeobpasoBannii 2-3-4 aepeBa, ONMMCAHHBIX
BBIIIIE, JIJIsI €10 TIePECTPORKH, a MOCJIe IIEPEXOIUT B 9Ty BepinuHy. AHAaJI0-
CUYHO ITOCTYIaeT aBToMaT Ha yjuasenue. Ho eciim aBToMaThl 3a 0JIMH TaKT
OyIyT JiesIaTh TOJIBKO OJIMH IIAr aJITOPUTMA, TO HE YIAeTCst m30e2KaTh KOH-
le)J'II/IKTOB, CBA3aHHBIX C 9KCKJ/IIOBUBHOCTBHIO 3alIVCH. ZLBa aBTOMaTa MOT'YT
[IEPECTPOUTDH OJIHY U Ty K€ BEPINUHY WM MPeoOPA30BATh OTHO W TOXKE
pebpo u tak masee. [losTomy, 9T0OBI N36€KATH KOH(DJIUKTOB, aBTOMAT 34
OJIUH TaKT (DYHKIIMOHUPOBAHUSA OyJIeT JIeJIaTh, 110 BO3MOYKHOCTH, 3 Ia-
ra ajroputMa. OTHeJBHO PasOUPAOTCs Ciydan BOJU3U JIMCTHEB, KOIIA
ABTOMAT JIOJIPKEH 3aBepINUTh (DyHKIMOHUPOBAHUE.

He tpynno yBumersb, 9TO ecjii aBTOMAT KaXKJbIii TAKT IIEPEMEIIACTCS
POBHO Ha 3 YPOBHS BHU3, TO PACCTOSIHUE MEXKJIY PA3JUIHBIMU aBTOMATa~
mu He Menblire 3 pedbep. Ho mpu ynanenun KopHs MOXKeT BOSHUKHYTH KOH-
duryparius, B KOTOPOil PACCTOAHNIE MEXKJLY aBTOMAaTaMu CTaHeT 2 pebpa.
Pazbop srux curyaruii OyJaeT Npou3BeJieH HUXKE. 3aMEeTHM TOJIBKO, UTO
KODEHb He MOXKET YIAAJUTHCS JiBa TakTa 1nojapsii. JelicrBuresbHo, mocie
yIaJeHusT KOPHS U IEPEMEIEHNsT aBTOMAaTa U3 KOPHS OyJIeT BBIXOIUTH
muHAMYM 3 pebpa. [losTomy KopeHnb He MOXKeT OBITH yIaJIeH JIBa TaKTa
[IOJIPSI]T.

B ciayuae ymaneHust KopHs MOTYT BO3HUKHYTH KOH(MJIMKTHI BOJIH3U
JincTheB. UTOOBI UX M30eKAThb, ABTOMATOM HEOOXOIUMO 3HATDH JIOMOJIHU-
TEJIbHYIO HH(bOpNIaHHIO. A NMEHHO, aBTOMAaT J0JI2K€H 3HaThb, €CTh JIN B €TI0
OKPECTHOCTH JIPYTUE ABTOMATHI, KAKHE THUIIbI 3AlPOCOB OHU BBIIIOJIHSIIOT
(mowck, BCTaBKa, y/laJleHne) U CPaBHUTH, COBIIAAET JIM OOCIIY )KUBAEMBbIii
3aIIPOC C 3aIPOCOM JIPYTIuX aBroMaToB. s mosydenus sroit nudopma-
oy, IpeJHasHaveHbl TPpU CIICUAJIbHBIX THIIa IIPEINKATOB. HOMepa nx
tanon: 4 (1), 5 (f8) m 6 (f)). B xamoit Bepmmmme rpada go6aBmmM
JiBe nern. Kcjm B BepIinHe HET HU OJHOIO aBTOMATA, TO HETJIsSIM Oyj1er
IIPUCBOEHDI IPEINKATHL 7-r0 T f. ABTOMATHI DY HePeXoje B HOBYIO
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BePINUH, Oy/IyT U3MEHATh 3HAYEHNE OIHOM U3 HeTe/Ib, HArpy3Ka KOTOPOit
ecrs f", ma mpemmkar oxHoro m3 THIOB 4, 5 win 6, APIYMEHTOM KOTO-
poro OyaeT 3ampoc, KOTOpbiil obcryKuBaeT aproMaT. Keiu aBromar ObL1
ABTOMAT HA TOMCK (BCTABKY WM yJaJleHue), TO THUI Ipeaukara Oyaer 4
(5 unm 6). Tlpu yxoze U3 BEpIIUHBI, ABTOMAT OY/I€T U3MEHSATH [PEIUKAT
Ha merie, na fP. IIpuMep m3MeHeHMsT HAIDY30K IeTeb H300paskeH Ha
pucyske 13.

Puc. 13. IIpumep usMmenenusr Harpy30K MmeTeNb.

SaMeTuM, 4TO IPU U3MEHEHUN HAIrPY30K IIeTejIb KOHMINKTOB He BO3-
HUKAET, TaK KaK y KayKJI0i BEPIIUHBI €CTh 00s13aTe/IbHO OJIHA MTEeTJIS C Ha-
rpyskoii f. Tem caMbIM, aBTOMATEL He KOH(DIHKTYIOT, H3MEHssI HArPY3KI
eresib. Bee mpeabiayiiume mpeodpa30oBaHns, Ha CAMOM JIeJie, COIEPKAT B
KaXKJI0# BepIInHe 0 2 HeTIH. JTO He ObLIO 0003HAYEHO Ha PUCYHKAaX,
9TOOBI HE 3arpoMOXKIaTh ux. Jlasee OymeM camTaTh, 9TO aBTOMAT 3HAET
nHMOpMaIUo 00 HAJIUINKN APYTUX aBTOMATOB B 00JIACTH CBOEH BHIMMO-
CTH, U COBIAJIAIOT JIM Y HUX 3AIIPOCHI UJIU HET.

SHas 9Ty nHMOPMAIINIO, HEKOTOPbIE aBTOMAaThI MOI'YT 3aKOHIUTH CBOE
GbYHKIIMOHUPOBaHUE HA [IEPBOM TaKTe. BymneM roBOPUTDH, 9TO OJUH aBTO-
MaT BHIAT 6nepedu APYTOil aBTOMAT, €CJIM TOT HAXOMHUTCS OJIMXKe K JIH-
CThsIM. DTO MOXKET IIPOU30MTH, TOJBKO €CJIM JPYroil aBroMaTr HadaJjl CBOe
PYHKIMOHIPOBAHIE POBHO Ha 1 TAKT paHbIle. AHAJIOITIHO CKayKeM, UTO
aBTOMAaT BUIUT JIPYroil aBroMar c3adu, €CJIM TOT MOCTYIMJ Ha 1 TakT
[T037Ke, ¥ HaXOAUTHCS B €r0 00JIACTH BUIUMOCTH.
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Ecnn aBromar Ha MOuCK & BUANAT BIiepe d aBTOMAT HA yIaJ€HUE T, TO
OH MOZKET 3aBEpINUTh CBOe (DYHKIIMOHNPOBAHUE C CUTHAJIOM € = 2(3aluch
He Haiiyzena). Tak ke, eciu aBTOMAT Ha IPeoOpPa30BaHUe BUJUT BIIEpPeI
JIPYTOii aBTOMAT C TEM K€ 3aJIaHHEM, TO OH MOXKET 3aBEpPIIUTH (PYHKIHO-
HI/IpOBaHI/Ie C COOTBeTCTByIOH_H/IM CUT'HAJIOM. EC.HI/I 9TO aBTOMAT Ha BCTaB-
Ky, TO OH 3aBepiiaer (byHKIMOHUPOBAHIE C CUTHAJIOM € = 3 (3amuch yxKe
€CThb), a eCJI 9TO aBTOMAT Ha yJAJIEHHe, TO C CUTHAJIOM € = 2 (3amuch
He Haiizena). B ciydae, korjga aBromar Ha yjaseHue(BCTaBKY) & BHIUT
€331 JIpYroii aBTOMAT Ha BCTABKY (yJAJeHne) X, TO OH 3aBepIIaeT CBOe
GYHKIIMOHUPOBAHUE.

Kpowme sToro aBromary TpebyeTcs 3aBepIIUTh (ByHKIIMOHHPOBAHUE,
ecau paccrosinue 1o 3amnucu He 6osibiie 4. Tak ke BBEJEHBI BCIIOMOTa-
TeJbHbIE pPebpa f(f, KOTOPbIe HYKHBI, 4T00bI cBa3biBaTh UI' 10 u mocse
Ipeodpaz3oBaHmuA. JTO MOXKET MOHATOOUTLCs, HAIIPUMED, B CJIEIYIONEM
cutyaruu. /IBa aBToMaTa WIyT JAPYr 3a APYroM Ha PaCCTOAHUU 3 pPed-
pa. ABromart, KOTOpBIil Hadaa (DbYHKITMOHIPOBAHIE TIO37Ke, MEPEXOIUT B
BEPIIIHY, KOTOPYIO aBTOMAT Bliepeiu pas3bun Ha jse. CieroBaresnbHO,
aBTOMAT, KOTOPBIH ObLI €331 JIOJKEH UMETHh pedpa KO BCEM CHIHOBLSIM
pa30duTOil BEPINUHBL.

Urak, HAYHEM OIMUCHIBATH ITPEOOPA30BaHUS , UCIIOIB3yEMbIE aBTOMATA~
mu. PopMaIbHBIX IpeodbpazoBanuii 0y1eT 60JIbII0e KOJIUIECTBO, IOITOMY
MBI OIUIIIEM TOJIBKO CMbBICJI JJAHHBIX ITPE0OPA30BAHUN, IPUBO/IS IPUMEPDI
N3 HUX.

Paccmorpum nepsblii 6510k 11peobpaszoBanuii. [IpeobpasoBanue, n306-
paXkeHHOe Ha pucyHKe 14, COOTBETCTBYET CJIydaro IyCTO 0a3bl JaHHBIX.

é Ry K R
B,y
rL(p})
dbopmabHOE TpeobpazoBanme upumep npeobpazosanust T

Puc. 14. Beraska s cirydast mycToit 0a3bl JaHHBIX.

Ha pucynke 14 cieBa HampaBo M300parKe€HbI COOTBETCTBEHHO IIPO-
croit mabson 71, mabson To, UI' Uy (UT' Kk KOTOpOMY NpUMEHSIEM IIpe-
obpaszoBaHue), W IMOCIETHIM Ha pPHCYHKe m3obpaxken npumep UI' Us.
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Bnecs M(Ti) = @, p) € P\ M(Th), I(p%) = y (zanpoc na Berasky),
ry(02) =y, r3(0]) = 05, rL(pY) = Y, vae 1(p)) = fy, 1(07) = f=y-

Tak ke OyKBa «K», HAXOMAIIASCA PAJOM C BEpIIMHON, 0bo3HadYaeT
KOpEeHb, a BepllnHa, oOBeJeHHas KPyroM, O3HadaeT HEeHTP PacCMaTpUBa-
eMOil OKpecTHOCTH (TeKyllee IoJioKeHne aBromara A), a Tak ke HOBOEe
TeKyIIee ToJIoKenne apromara A, Koropoe 6y/IeT COOTBETCTBOBATL KOM-
IOHEHTe 3 BLIXOAHOrO cuMmbosia b € B asromara A. Ilpm sTom, eciu B
IpaBoil 9acTH IpeoOpa30BaHUs HET BEPIINHBI, OOBEIEHHONW KPYyTrOM, TO
9TO O3HAYAET, YTO aBTOMAT 3aBepinaer (pyHKIMoHuposanue. Hampumep,
aBTOMAT Ha IOUCK 3aBeplraeT (byHKIMOHHPOBAHME, KOTAA OH HAXOIUT
3allCh, WX He HAXOJUT, HO IIPU 9TOM HAXOIUTLedA B Kouie VI

Puc. 15. IIpeobpazoBanne R; Ha BCTaBKY, C TOYKU 3PEHUs aBTOMAaTa.

Ha pucynke 15, nzobpazkeno npeobpazoBanne ) ¢ TOUYKU 3peHUs aB-
ToMaTa. ABromMar Ha Bxo. mosy4daeT koi VI Ha 3anpoce *. Bepiuna, Ko-
Topoit coorBercTByeT Ko 0, siBjIsieTcss KOpHeM. ABTOMAT JaeT WHCTPYK-
muio VI, 94T0 JaHHYI0 OKpPEeCTHOCTh HYXKHO 3aMEHHUTH Ha OKPECTHOCTD,
COOTBETCTBYIOIIEH mpaBoil yacTu mpeobpasoBanus. B 3T0it okpecTHOCTH
€CTh JIBa IPeIuKaTHBIX pedpa. OmHoMy peOpy MPHCBOEH MPEINKaT Mep-
Boro Tumna (1,%), KOTOpblii Gy/ileM MHTEPIPETUPOBATH KaK fi, BTOPOMY
pebpy HPUCBOEH IIperKaT BTOPOro Tura (2,#), KOTOpbIi Oyjer uHTep-
IPETUPOBATh KaK f— .

B nanbreiineM Oy1eM OIMUCHIBATH BCe MTPe0OPA30BAHMS C TOUKHU 3pe-
HH aBTOMaTa. Tak ke OyIeM UCI0Ib30BaTh COKPAIIEHHYIO 3aIliCh IIPeoh-
pazoBanusi. B mpeobpazoBanusx He OyIeM yKa3bIBAThL KOJ BEPIIUH, 8 TaK
JKe THUII TPeINKATOB IepBoro tuia. IIpu sToM B mpeobpa3oBaHusax Oyaem
BBIIEJISITH PeOpa XKUPHBIM, €CJTH aBTOMAT He MeHsieT 3T0 pebpo. Pebpo Oy-
JeM n300paskaTh IIYHKTUPOM, €CJIN aBTOMAT YIAJISeT UId BCTABJIAET 3TO
pebpo. DTO MOMOKET MOHSTH, Kakue pebpa aBToMaT Mpeobpa30BBIBAET, a
Kakne pebpa HeT.

B caydae mycroit 6a3bl JaHHBIX JJIsI ABTOMATOB HA TOUCK U YJIAJIEHUE
puMeHsieTcst mpeobpazoBanue o, nzobparkernnoe na pucynke 16. B aTom
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cIydae aBTOMAT, OOCIy>KUBAIOIINN 3a1IpocC, 3aBepliaeT (OyHKIMOHIPOBa-
HI€ C CUTHAJIOM e = 2 (3alunch He HaiijeHa).

K R
® —2

Y, *

Puc. 16. IIpeobpazoBanue Ra.

Y, * MY, % Y,

<1,1>f N <1.,y@ -/
2.1) 2,0) 2,0)
A

Ty, « Ty, * H‘y};*
(L1,2" (L1,2" /®R§ /

(2,0) &' (2,0) @' eol T
npeobpazoBaHue

0606111eHHOE TTpe0Opa30BaHme
6e3 1epBOTO THUIIA

Puc. 17. I'pynna upeobpasosannii R = {R31, R3.2, R33}.

Ecan 6a3a qaHHBIX COCTOUT U3 OHOI 3aIMCH, TO TPUMEHSIOTCS ITPE0D-
pazoBanus R3, R4, n3obpaxkennble Ha pucynkax 17 u 18. Ha sTtux pucyn-
Kax pebpaM MPUIKCAHBI KO pebep Ha 3alpoce, a MMEHHO ITepBasg KOOp-
JUHATA COOTBETCTBYET THUILY IIPEAUKATa, & BTOpas — €ro 3HaYEeHNUIO Ha 3a-
upoce. Hanpivep, pebpo ¢ kogom (1, 0) osnagaer, aro B ' sTomy pebpy
COOTBETCTBYET IPEJIUKAT IIEPBOrO THUIIA U €r0 3HAYEHNE Ha, 3aIIpoce, KOTO-
porit obciryxkuBaeT apromar, paset 0. I[Ipeobpazosanue R31 € R3 3aBep-
maercsi ¢ curaajioM e = 1 (3amuck Haiizena). [Ipeobpazosanust R3 o, R33
3aBEPIIAIOTCS C CUTHAJIOM e = 2 (3anuch He HaiijeHa). B naubHeiinem st
pebep, KOTOPBIM COOTBETCTBYET IIPEIUKAT IIEPBOTO THUIIA, OyIeM IIpruMe-
HATH COKPAIIlEeHHYIO 3alliCh. A NMEHHO HE 6y,HeM nucaThb THUII IIpeJUuKaTa,
a Tak Ke ecJIM ero 3HadeHne He BaxkHO O man 1, To OymeM mucaTh TOUKY
Ha 3TOM pebpe. llpumep cokpaleHHBIX TPeoOpa30BaHmil M300parKeH Ha
pucynke 17.
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B npeobpaszosanuu R4 € R4 ectb pebpo ¢ kogoM (2, 1) — 910 o3HaTa-
€T, 9TO BCTaBJIsAeMas 3alUCh Y2KE CYIIECTBYET U €€ He HY?KHO BCTABJIATD.

B mpeobpasopanusix Ry, R4o BCTaBasieMasl 3alllCh HE COBIAIAET C
yrKe UMeoIeiics, mosToMy K 6a3e JAHHBIX J00ABJISIETCs] HOBasl 3aINCh
COOTBETCTBYIONIAas 3a1pocy. [Ipu 5ToM B 3aBHCUMOCTH OT 3HAYEHMS IIPe-
JUKaTa IIEPBOTO THUIA 3AIIMCh BCTABJISIETC JUOO CIIpaBa, JIMOO CJIeBa OT
YK€ UMEIOIIENCS.

B\H *

1*_.' *
20ﬁ ( H{2%) 20% 27*>

Puc. 18. I'pynma nupeobpasosannii Ry = {R41, R42, R43}.

Jlst ciydast, kKorna B 6a3e JaHHBIX OOJIbINe OJHOW 3aIUCh, PACCMOT-
PHUM TI0 OTJIETLHOCTH BCE TTPeodpa3oBaHus Ha BCTaBKY, Ha yIajeHne U Ha
ITIOUCK.

Paccmorpum cragana Bce mpeobOpazoBanmst Ha BeTaBKy. OcHOBHas
ujes JUI BCTaBKU CXeMaTHWYIHO m3o0parkeHa Ha pucynke 19. IIpm sTom
3aMeTHM, UTO IpeobpasoBaHme J00aBJIsIeT BCIOMOTaTeIbHbIE pebpa Tpe-
Thero Tumna ( fé‘) PaccmorpumM BemmoMorarebHOe pedpo W BEPIIUHY W3
KOTOpPO# 0HO BbIXOAUT. OHO COEIUHSIET ee ¢ PeOEHKOM OpaTa 3TOi BepIlu-
obl. Harpyska sToro pebpa siBjisieTcsi Kommeil Harpy3ku pebpa, KOTopoe
nJIeT oT OpaTa paccMaTrpUBaeMOil BEPIIUHBI, 0 3TOr0 pebeHKa. DT ped-
pa Hy»KHbI, YTOOLI HEe HAPYIIUTL AJCOPUTM IIOMCKa aBTOMAaTa, KOTOPLIH
uueT Bejes 3a paccMarpuBaeMmbiM. Cpasy 3aMeTHuM, UTO eCJIM aBTOMAaT
BUIUT II0 JIBMXKEHUIO BCIOMOraTejbHbIe pebdpa, TO OH 00S3aTe/IbHO HX
CTUPAET B CJeayiomuii TakT. Tak Kak BCIIOMOTaTe/IbHOE pedpOo ABJISI€TCS
kommeit pebpa NI, To KommaecTBo Taknx pebep HE MPEBOCXOTUT KOJIAUE-
ctBO pebep B UI', To ecTh ero oobem. Kpome Toro, ecjiim aBTOMaT BUJIAT
BCIIOMOTaTeIbHOE Pebpo mepen coboif, To OH 00S3aTEeIHHO €r0 CTHPAET.
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CrenoBare/ibHO, B JIFODOI TAaKT BPEMEHU KOJUYIECTBO BCIIOMOTATEIBHBIX
pebep He npeBocxoauT oobema UT.

(2,%)} 2,0

0 0 L)
Rs.3 i

(2,0) (2,0) H2.%)

v
1 1 0 1
Rs4 Rss5
@.1) 2,0) (2,0) @1

Puc. 20. I'pynna npeobpazopanunii Rs.

(2,0)

Urak, cHauaja omuineMm mpeodpa30BaHUs HA BCTABKY, KOTOPBIE MPU-
MeHsSIeT aBTOMAT, HaXOsICh HA PACCTOSHUH B 1Ba pedpa or 3ammuceii. I'pyt-
na npeobpaszosannii Rs, Rs = {R5.1, R5.2, R5.3, R5.4, R5.5}, coorBercTBYeT
CJIy4Jaio BCTAaBKHU TpeTbell 3amucu u m3obpaxkena Ha pucynke 20. Bumno,
9TO 3Ta IPYIIIa Ipeobpa30oBaHUil CX0XKa ¢ yKe pazobpaHHoi rpynmoil Ry.
IIpeobpaszoBanust Rs 4 u Rs5 — 9TO caydan, KOT/[a BCTaBJIsieMasi 3aIlUCh
VK€ €CTb.

I'pymnmra mpeobpazopanuii Rg aHajgormdHa TpyIie IpeoOpa3oBaHmil
R5. B s7oit rpynme BcTaBka J00aBSIET YETBEPTYIO 3allUCh, €CJIU ee He
6bL10. [IpuMep mpeobpazoBanust U3 TOM IPYIIILI H300pazkeH Ha puc. 21.

Crhenytomas rpyira mpeodbpasoBanuii 7, obpa3yerT HOBBINT KOpPEHD
(yBeJIMYMBaeT BBICOTY JiepeBa). YCJIOBHO MOXKHO CKa3aTh, U4TO 9Ta I'PYI-
ma mpeoOpa3oBaHnii pa3dUBaeT MATEPKY HA CYMMY MIBONKHA W TPOHKH.



190 A. A. Ilnernes

Puc. 21. TIpumep npeobpazosanus u3 rpymnmbl Rg.

[IpeobpazoBanust U3 3TOW IPYIIIBI OTJIUIAIOTCH TOJBKO TEM, B KAKOE II0
MTOPSIIKY MECTO BCTABJISIETCS HOBas 3amuch. [Ipumep mpeobpazoBanust nux
9TOI IPyIIBl H300parkeH Ha PUCYyHKe 22.

Puc. 22. I'pynna npeobpaszoannii 7.

Jlnst manbHedIero onucanus Mpeoopa3oBaHull Ha BCTABKY BBEIEM
HECKOJIBKO TosicHennit. OquH mar aJropuTMa Ha BCTABKY 3aKJ/IIOUACTCA B
IIPOXO2KICHUU OJTHOT'O YPOBHsI Jepena. [Ipu 3ToM OH mepexouT 1Mo caMoMy
JleBoMy pebpy, KOTOpoMy cooTBeTcTByeT 3Hadenue 1. Ecim takmx pebep
HET, TO CaAMbIM JIEBBIM CYHTaeM caMmoe Ipapoe pebpo. Tak ke 3a omauH
TakT (PYHKIIMOHUPOBAHUSI aBTOMAT JejaeT TPHU Imara o JIePeBy, eCju
9TO BO3MOXKHO, HJIU 3aBepiiaeT PyHKINOHNPOBAHIE ¢ HEOOXOIMMbIM JIeii-
cTBHEM. 3aMeTHM, UTO aBTOMAaT BO BpeMsI Iara MoxkeT mnepectpoutsb VI
Ipu HeOOXOMMOCTH, IPUMEHSIST Tpeobpa30BaHue YCJIOBHO N300parKeHHOe
Ha pucyHke 19. OcHoOBHasi IeIb 9THX PeOOPA30BAHMII COCTOUT B TOM,
9TOOBI aBTOMAT, OKA3aBIINIICA B BEPIINHE, B KOTOPYIO HY>KHO BCTABUTD
3a1uCh ([IPE/IIOCIIe/IHII YPOBEHD JIEPEBa), CMOI €€ BCTABUTD U 3aBEPIIUTh
GYHKIIMOHUPOBAHUE.

[Tpumep ojiHOrO TakTa (Tpex IMaroB) aBromMaTa U300parXKeH Ha PUCYH-
Kax 23 u 24. Ha pucynke 23 n3obpazkeH IpuMep I1epexojia aBTOMaT Ha 3
YPOBHSI BHM3 O€3 IPUMEHEHUsI IepecTpoeK. ABTOMAT HA BCTABKY HE IPU-
MEHSIeT [TePEeCTPOEK, TaK KaK OH OKA3BIBAETCS B BEePIIUHE, Y KOTOPOi He



ITapannenpaast 06pabOTKa ITOTOKOB 3aIIPOCOB 191

boJiee 1ByX OpaTbeB. 3aMETHUM, 9TO IIPUA ITOM, €CJIU ABTOMAT BCTABJISIET
3aIMCh TaK, YTO OHA OOJIBIIE MAKCUMAJIBLHOTO JIEMEHTA B MOJIEpEBe, TO
ABTOMAT MEHSIET HAIPY3KY CaMOT0 MPaBOBOTO pebpa, 3aMeHsIsT ee Ha Mpe-
qukar (1, ). O JgesaeT 370 Ipyu HEOOXOIMMOCTH HA [IPEIUKATE, KOTOPBIi
B IIEPBBIil Al CTOUT Ha YPOBEHDb BHIIIE, U HE JIEJIAeT 9TOTO IPeodpa3oBa-
HUsl Ha TPETHEM Iare. JTO HEOOXOAUMO, 4TOOBI n3bekaTh KOHMIUKTOB
MeK/1y aBTOMaTaMH.

Puc. 23. Ilpumepa omHOro TakTa aBTOMaTa Ha BCTaBKY, 6€3 IPUMEHEHUS
IIePECTPOEK.

Ha pucynke 24 mzobparkeH mpuMep OJIHOrO TakTa (DYyHKIIMOHUPOBa-
HUS aBTOMaTa Ha BCTaBKY C IPUMEHEHHEM IIePECTPOEK. 3aMeTHUM, UTO
rocJie peodpasoBaHms TOOABJISIIOTCS BCIIOMOTATe/IbHBIE pebpa TPEeThEro
tuna. CMBICT JaHHBIX pebep ObLI OMHCAH BBIIIE, 3aMETHUM TOJIBKO, UTO
BCIIOMOTATEJIbHBIE Pedpa HAXOJSITCS TOJIBKO HA YPOBHE, OTKY/Ia aBTOMAT
HadaJl IPUMEHATh CBOe mpeobpasoBanme. Ha npyrumx ypoBHSIX BCIIOMO-
raTejbHble pedbpa He 00s3aTeIbHBI, TIO3TOMY aBTOMAT UX HE J100aBJISET.
JleficTBUTEILHO, MUHUMAJILHOE PACCTOSTHEE OT aBTOMATAa Ha BCTABKY, 0
CJIEJIYIOINIEro 3a HUM aBTOMAaTa, He MeHbIle Tpex pedep. [losTomy Hy:KHO
J06aBUTH BCIIOMOTATE/bHbIE Pedpa, TOJbKO Ha yPOBEHb, HA KOTOPOM Ha-
XOJIMTCSI PACCMATPUBAEMbBIA aBTOMAT, TaK Kak JPYTrue yPOBHU HE OYIyT
BJIUSITH HA ABTOMATHI, KOTOPbIE HAYAJN CBOE (PYHKIMOHUPOBAHUE IOCJIE
HEro.

MoxeT BOBHUKHYTH Takasi CUTyalldsi, 4TO aBTOMAT Ha BCTAaBKY OKa-
JKETCsI B BEPINIUHE, y KOTOPOl Tpu Opara. DTO MOXKET IPOU30UTH M3-3a
TOr'0, YTO OH IIPUMEHUJI IIpeobpa3oBaHue 6€3 MepPecTPoeK, B TO BpeMs Kak
aBTOMAT BIEpEeIU MOI' IPUMEHUTDH IIePECTPONKM HA TOM yPOBHE, B KOTO-
pBIiT epefizeT paccMaTpuBaeMblit aBroMar. s 3TOro ciaydast aBTOMAT,
pu HeoOXOIUMOCTH, IPUMEHSIET TTpeodpa3oBanue, n300paykKeHHOe Ha, PU-
cyuke 25. PaccMorpuM BepInHy, B KOTOPO# HaxomuTcs aBromar. Heob-
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Puc. 24. Tlpumep ogHOro TakTa aBTOMaTa Ha BCTAaBKY, C IPUMEHEHHEM
EPECTPOEK.

XOJUMOCTH B TAKOM IIPe0OpPa30BAHUU BOZHUKAET, €CJIU KOJUYIECTBO JI€TEN,
y paccMaTpuBaeMoii BepIIUHBI, paBHO 4. 3aMeTnM, 9T0 00sI3aTe/IbHO Hali-
JieTcst OpaT y paccMaTpuBaeMoil BEPIUHBI, Y KOTOPOT'o He boJjiee Tpex Jie-
Teit. TO He TPYIHO 3aMeTUTh. [leficTBUTE/IbHO, ABTOMAT MOT OKA3aThCs B
BepIuHe, y KOTOPOi Tpu OpaTa, TOJIbLKO B TOM CJIydae, €CJIu IPyroi aBTo-
MaT, KOTODPBI UJET BIEPE/, TPUMEHUIT 1peo0pa30BaHusd ePECTPONKH.
Bunno, 9ro nociie mpeobpa3oBaHus 1I€PECTPOIKHU y POJUTENS paccMar-
puUBaeMoOil BepIIMHBI OYIyT HETH, Y KOTOPBLIX He OoJiee Tpex jsereit. Ha
CaMOM Jiejie, y POJUTEsIsT PAcCMaTpPUBAEMOil BEPIIHUHBI, OYIYT JIBOE Jie-
Teil, y KOTOPBIX B CyMMe He OoJiee 5 meTeii.

Puc. 25. Ilpumep npeobpazoBanus B ciyuae Tpex OpaTbes.

Pazbepem rpanuunbie ciydan, KOrja aBTOMAT HAXOJIUTLCS Ha pPac-
crostanu 2,3 wian 4 oT 3ammceit. ABTOMAT Ha BCTABKY B 9TUX CJIyYasiX
BCTaBJISIET 3AIlUCh, €CJIM ee HET B 0a3e JMAHHBIX, W 3aBepiiaeT QyHKIINO-
HUPOBaHUS C HYXKHBIM curnajoM. [Ipumep rnpeobpazoBanust Ha BCTaBKY
st paccrossuus 4 m3obpazkeH Ha pucynke 26. Ilo ycimoBuio Teopembr pa-
JITYC BUJIUMOCTH aBTOMaTa 4, [I03TOMY aBTOMAT CMOXKET IIPUMEHUTH STH
npeobpazoBanus. st ocTaBIIUXCs CAyYaeB — AHAJIOTUYIHO.

BaMeTI/IIVI, 9TO IIpU TaKOM aJiI'OpUTME HE€ MOXKET BOZHUKHYTH CHUTYa-
IIMsi, KOI/Ia aBTOMAT OKA3bIBAETCS Ha PACCTOSHUU 1 OT 3aImceil, TaK Kak
3a OJMH TAKT JO 9TOr0 PACCTOAHUE JIO 3aluceil ObLIO PABHO 4, U OH J0JI-
»KeH OBLI 3aBEPIINTH (PYHKIMOHUPOBAHUE. JTO CBOHCTBO OYIET UCIIOJb-
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Puc. 26. Oun TakT aBTOMAaTA Ha BCTABKY, KOT/IA PACCTOSTHUE JIO 3aITUCEH
pasHo 4. Berapka 3amucu u 3aBepiiieHue (hyHKITMOHUPOBAHUS.

30BaHO HHXKE [JId JOKa3aTeJIbCTBa, 9TO HpeO6pa30BaHI/IH Ha BCTaBKY HE
BbBI3BIBAaIOT KOHCbJII/IKTOB.

Wrak, ocHOBHBbIE TTpeoOpa30BaHUs HA BCTAaBKY onucaHbl. JlomosHu-
TeJIbHbIE TPe0OPa30BaHUs HA BCTABKY OIUINIEM HUXKE. DTH JONOTHUTEb-
HbIe TTpeobpa30BaHust OY/IyT BBEJIEHBI JJisd N30e2KaHUsT KOH(MDJIUKTOB C IIpe-
00pa3oBaHUSAMU Ha yIaJEHUS.

OrnumiieM Terepb OCHOBHBIE ITPe0OPA30BaHNS HA yaajieHust. Ajropurm
aBTOMAaTa Ha yJajeHue Oy/IeT CX0XK C aJITOPUTMOM aBTOMAaTa Ha BCTABKY.
3a oJH TAKT aBTOMAT Ha YJAJIEHUE JeJAeT 110 BO3MOXKHOCTH 3 Iara,
CTIYCKasICh Ha 3 YPOBHsT BHI3. ABTOMAT Ha yIajeHUe JeaeT mepecTpoii-
K1, ITOOBI BBIMIOJIHSIJIOCH CBOMCTBO OpPATheB BEPIIUHBI, B KOTOPOW OH Oy-
JIeT HaXOUThCsI. A IMEHHO, YTOOBI KOJIMIECTBO OPaTheB OBLIO HE MEHbIIE
aByx. OcHOBHast ujest Ipeobpa30BaHus Ha yIaJeHue n300pakeHa Ha PH-
cyuke 27. Ha Hem BuHO, 9TO aBTOMAT, IIEPEXOs Ha OIUH YPOBEHb BHU3,
YBEJIMUUBAET KOJIMIECTBO OPATheB, OObe/IMHSs CHIHOBEH COCEIHUX BEp-
mnn. Eciu y 6pata paccmarpuBaeMoil BEPIIUHBL €CTh TPU ChIHA U DoJiee,
TO aBTOMAT MEPEKUBIBAET OJHOIO M3 HUX, JieJias ero ChIHOM BepINUHBI,
B KOTOPOIt oH cTouT. Eciau ke y O6para BepIIUHLI, B KOTOPOH CTOUT aB-
TOMAT, TOXKE TOJIBKO [IBa, CbIHA, TO aBTOMAT OO'bEINHSIET STUX JBYX Opa-
ThEB, JieJiasi U3 HUX HOBYIO BEPIIHUHY, y KOTOpO#l ueThipe pebenka. [Ipm
9TOM OCTABJIsIET BEPINUHY OpaTta u 100aBJIsieT BCIIOMOTaTe/bHbIE pedpa
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TPEThEro THIlA. DTO HEOOXOAUMO JejiaTh, 9TO0BI N30eKAaTh HEKOPPEKT-
HO#T pabOThI ABTOMATOB, KOTOPhIE Havua/ M (DYHKIIMOHUPOBAHUE TIO37KE.

A -

Puc. 27. OcuoBras nepectpoiika rpada, aBToMaToM Ha yIaJeHUE.

Amnayornvmo aaroputTMy paboThl aBTOMAaTa Ha BCTaBKY, aBTOMAT Ha
yIaJieHre He IPUMEHSIET epecTpoiiku rpada, ecau OH IOCje TPEX IIaroB
[IEPEXOJIUT B BEPIIUHY, y KOTOPOil He MeHee JIByX OpaThes.

Puc. 28. TIpeobpa3oBanue Ha yaajeHHEe KOPHSI.

BosMmoxkHa curyarusi, Koraa aBToMaT Ha yAaJeHHE OKAa3bIBAETCs B
BepInHe, y KOTOPOil Bcero oanu 6pat. Ecian aBTroMaT HaXoanThCst B KOPHE,
y KOTOpPOT'O JIBa CbIHA, TO OH IPUMEHSET MpeoOpa30BaHUE HA yJaJeHUe
KOpHs. B sTOM ciiyduae BbICOTa JepeBa yMeHbIaeTcs Ha omaud. [Ipumep
npeobpa3oBaHus Ha yaajeHrne KOpHs n300parkeH Ha pucyHke 28. Ecre-
CTBEHHO, YTO BEPIINHY, ABJIAIONIYIOCH KOPHEM, aBTOMAaT He yJaJIseT, TaK
Kak TyJla MOXKET IIPUITH HOBBLIA aBTOMAT. JTO IIPpeobpa30BaHUE YIAISIET
CBIHOBEH KOPHS, & BCEX JIeTEeH CbIHOBEH KOPHA JIeJaeT JIeTbMU KOPHAI.

Pazbepem nipyroit BO3MOXKHBIN cjydail, KOTJia aBTOMAT OKa3bIBaeT-
¢l BO BHYTPEHHEH BepIUHE, y KOTOPOW TOJBLKO OIUH Opar. DTO MOLJIO
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NIPOU30HTH TOJILKO TOrJA, KOrja JAPyroil aBToOMAaT Ha yJaJleHHe IIpuMe-
HUJT IpeobpasoBanue rpada Ha 3Toit BepinuHe. [leiicTBuTesibHO, ecyin Ob
HUKTO He NMPUMEHWJ ITpeoOpasoBaHMsl HA 9TOH BepIuHe, TO OHA ObI He
U3MEHUJIACh, U aBTOMAT Iepelies Obl B BEPIIUHY, Y KOTOPOil He MeHee
IBYX OpaThbeB, WJIK OH caM ObI IEPECTPOMJI €€, €CJIU y Hee ObLI Obl TOJILKO
oH Opar.

JlomycTum, 910 AaBTOMAT OKA3aJICS B BEPIIIUHE, Y KOTOPOH TOJIBKO OJINH
opar. B sroMm ciaydae cymma Jiereil y paccMaTpUBAeMOIl BEPINWHBI U ee
Opara He MEHbIE 5. DTO CJIe/lyeT U3 TOrO, YTO TAKT HA3aJ B 9TOH Bep-
mHe ObLIa IEePecTpoiika APYyruM aBTOMATOM HA yIajeHue, KOTOPBIA He
MOT' CJIeJIaTh CYMMY JieTeil MeHblire, ueM 2 + 3 = 5. CiieioBaTesibHO, aBTO-
MaT MOXKET IIepepacpeie/iuTh AeTell TaK, ITOOBI B BEPIIIUHE, B KOTOPYIO
OH cobupaeTrcs nepeiiT, ObLI0 He MeHee Tpex nereil. Tem cambiMm rpad
y2Ke Ha BTOPOM IIare aBroMara OyJeT yJIO0BJIETBOPSATH IIPEIIIOJIOKEHUIO,
YTO aBTOMAT Ha yIAJEeHUE HAXOJUTCHA B BepINUHe, Y KOTOPOil He MeHbIIe
JByX 6parbeB. [Ipumep mpeobpazoBaHus epepacipeie/ieHust 1eTeil MoXK-
HO YBUJIETb HA HUKHEM I1pe00pa30BaHUM U3 PUCYHKA 27, €CJIU CYUTATH,
YTO U3 BEPIIUHBI BHIXOAUT HE 3 pebpa, a TOJIBKO 2.

Kak u B cirygae co BCTaBKoOii, aBTOMAT Ha yjajleHHe, HaxXO/siCh Ha
paccrosauu 2, 3 wim 4 pebpa OT 3amuceil, B CJIEIYIONII TAKT 3aBePIIaeT
GbYHKIIMOHUPOBAHUNU C HY2KHBIM cUrHAJIOM. Tak ke aBTOMAT Ha, yJiajeHue
HE MOXKET OKa3aThCd Ha PACCTOSTHUU OIWH OT 3aIMCel. DTO CBOWCTBO J0-
Ka3bIBaETCsI AHAJIOTUYIHO CJIydaro BcraBku. lIpumep mpeobpasoBanust Ha
yaaJienue, s paccrosaus 4, n3obpazker Ha pucyuke 29. Ha stom pucyn-
Ke HApUCOBAHBI He Bee KOJbI pebep. Tak ke, HA HEM YCJIOBHO 0003HAYEHBI
BcrioMoraresibHble pebpa depes (3). CMblcia 9TuX pebep OblI OucaH pa-
nee. HarmoMHMM, 9TO OHE CJIy2KAT JIJIsi KOPDPEKTHON pabOThI JIPYTUX ABTO-
MaroB. B manHOM ciydae, oTu pebpa HyKHO J100aB/IAThL Ha 2 sipyca, Tak
KaK yJlaJieHre MOIVIO YAAJIUTh KOPEHb, U CJIeJ0BATE/bHO, CJIeIYIONINi 3a
HHM aBTOMaT MOT' IIOIIaCTb Ha OJWH U3 3TUX ypOBHeIU/I. ZL.HH OCTaBIIINXCS
CJIy9aeB — aHAJOTHIHO.

Urak, ocTasock paccMOTPETb CJIyYau, KOTJA aBTOMATHI BBITOJIHSIIOT
pasHble 33JaHud U BUIAT JPYT ApyTra.

Paccmorpum BceBO3MOXKHBIE TTAPBI ABTOMATOB, KOTOPbIE BUJISAT JIPYT
Jpyra. 3aMeTuM CHadaJjia, 9TO CTHPAHUsI BCIIOMOTATE/BHBIX pebep, Ha-
Ipy3Ka KOTODBIX €CTh HMPEIUKATBI TpeTbero Tuma (f), He BiusioT Ha
KOH(MIUKTHOCTD. [l09TOMY aBTOMATHI HA TIOUCK HE BJIUSIOT HA KOH(MJIUKT-
HOCTH mpeobpasoBanunii. B manpueiiimem He OymeMm obpaiaTb BHUMAHU
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Puc. 29. Oun TakT aBTOMaTa Ha yIajeHne, KOrIa pacCTOSHIE JI0 3aluceit
paBHO 4. VjiajieHne 3aUCu U 3aBepiieHne QOyHKINOHUPOBAHUS.

Ha BCIIOMOTATEIbHBIE pebpa, TaK KaK WX yjajeHne He OyIeT BIUSATH HA
KOH(JIUKTHOCTb.

IIpexxe wem mpuctynum K pa3bopy ciydaeB, OIEHUM BO3MOXKHBIE
PACCTOAHUST MEKIy aBTOMAaTaMM. 3aMETHM, UTO aBTOMAT MOXKET HM3Me-
HUTH BBICOTY JIEPEBA TOJBKO B IEPBBII TAKT CBOETO (DYHKIIMOHUPOBAHUSI.
[Ipuaem aBTOMAT HA BCTABKY MOXKET YBEJIUIUBAET BHICOTY JiepeBa POBHO
Ha 1, a aBTOMAaT Ha yJIajeHIe MOXKET YMEHBIIUTD BBICOTY J€peBa POBHO Ha,
1. Haumnast co BToporo Takra, Bce aBTOMATHI IIEPEMEIIAITCs JTub0 Ha 3
YPOBHS BHU3, MO0 3aBepIIaioT (pyHKIIMOHNPOBAHKE, IIO3TOMY JINOO OIUH
U3 aBTOMATOB 3aBepinaeT MOyHKIMOHUPOBAHUE, JTUOO PACCTOSTHUE MEXKTY
HUMH COXpaHsieTCcsi U paBHO Jubo 2 pebpa, aubo 3 pebpa. Paccrosuue B
2 pebpa MoxkKeT OBITH TOJILKO MEXKJy aBTOMaTOM Ha yaJieHue, KOTOPBIi
yaaau KOPEHb, W CJEAYIONMM 3a HUM aBToOMaToM. Eciau ObLI yiaJieH
KOpPEHBb, TO PACCTOsSIHUE MEXKJy aBTOMaTOM Ha yiaJjeHue Ai u cjemyro-
muM apromaroM Ao Gymer 2 pebpa, KoTopoe He OymeT MeHATbes. 1lpu
9TOM, PACCTOSTHIE MEYKJIy aBTOMATOM Ao U CJIEJIYIONIETO 38 HIUM aBTOMa-
TOM OyeT 00s13aTesIbHO He MeHbIe 3 pebep. DTo OBLIO JTOKA3aHO BHIIIE,
KOT1a pas3bupaJics Caydaii, 970 KOpeHb He MOXKeT ObITh yIaJIeH JIBa TaKTa,
IIOIPSAIT. PaCCTOHHI/Ie MeXKJ1y JIIO6LIMI/I aBTOMaTaMM Ha BCTaBKY BCEr/la HE
MeHee TPeX.

Wrak, pazbepem mnepsblii ciaydait. /IBa aBromara Ha BCTABKY BHUJST
npyr apyra. Kak ObLIo MOKA3aHO BBIMIE, PACCTOSHUE MEXKIYy HUMHU He
MeHbIle Tpex pebep. Bynem cumrarh, 910 MEXKIYy HUMU POBHO 3 pebpa.
ITycTsb 310 aBTOMaTel A1 1 Ao, npudeM aBroMar A; Hada cBoe PYHKIIH-
OHUPOBAHUE HA TAKT PAHDIIIE.

Paccemorpum mrepserit cydait. Eciun apromar As He UieT B BEpPINUHY,
B KOTOPO#t cronT aBroMaT A; miam K ee 6paThbsaM, TO KOHMIIUKTA HE BO3-
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Puc. 30. IlepBorit npumMep He KOHMIMKTHOCTH JBYX aBTOMATOB HA BCTAaB-
KY.

nukHeT. Jlokaxkem 3ro. ABromar A; mpeobpasyer TOJIBKO T€ BEPIINUHBI,
KOTOPBIE HAXOJATCH Ha €ro YPOBHE U, MOXKET ObITh, Ipeobpasyer ele u
POIUTETBCKYTO BepInHy. ABTOMaT Ao He Ipeobpa3yeT STU BEPIITUHBI, TAK
Kak uger B apyrue. [lostomy B aTOl curyanuu KoOHMIUKTOB HE BO3HUK-
uet. [Ipumep sroro ciaydas nzobpaxken Ha pucyake 30.

[Tycts aBTOMAT A9 MIET B BepIUHY, T7e CTOUT aBTOMAaT A1, min njer
K ee Oparbsim. I[lycTs npu 3TOM aBToMar A HAXOIUTCsI B BEPIIUHE, y KO-
TOpoii He OoJibllle IBYX Oparber. Torma aBromar As He NMpHUMeHSIET IIpe-
o0pa3oBaHUsl Ha IEPECTPOCHUE U HE MEHSIeT 3HAYEHHUE IPEUKATOB HAa
TpeTheM mare. Tem camMbiM KOHMJIUKTOB He BOo3HHKaeT. [lycTh aBTOMAT
A1 HaxomuTcsl B BepluHe, y KOTOpoil posHO 3 Gpara. Kak 6b110 paso-
OpaHo BbIlle, aBToMaT A IpuMeHUT Ipeobpa3oBaHUe JJIsl Caydasi Tpex
OparbeB, M300parXKEHHOE HA PUCYHKE 25. DTO Ipeobpa3oBaHue 3aTparu-
BaeT TOJIBKO BEPIIHUHY, B KOTOPOi crouT Aj, u ee OpaTbeB, U, BOSMOXKHO,
U3MEHsIET 3HAYEeHNe MPEJUKATOB y pedep UCXOAAIMNX u3 poautess. Ta-
KM 00pa3oM, aBToMaT Ao MPUMEHUT IPeobpa30BaHus C IMePEeCTPORKOI,
KOTOpoe He OyIeT KOHMJINKTOBaTh ¢ IpeobpaszoBanmeM Ajp, Tak Kak Ha
[IOCJIETHEM TPEThEM IImare, aBToMar As TOJIBKO Iepepacipeeiser ped-
pa, HO He MeHsieT 3HadeHHs Ha HUX. [Ipumep sToro ciydast nzobparken
Ha pucyske 31.

AHajioruuHble ciIydan, KOrga aBToMaT A HaXOZUTHCS PSAIOM C 3a-
[MHCSIMM, Ha PAcCTOSTHUU He OoJiee, deM 4 pebpa, yxKe pa3o0paHHbIM. 3a-
METHM, TOJIBKO UTO aBTOMAT HE MOXKET HAXOIUTBCS Ha PacCTOsTHUU 1 OT
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Puc. 31. Bropoit npumep He KOHMIUKTHOCTH JIBYX aBTOMATOB HA BCTABKY.

zanuceit. 9To ObLIO MOKa3aHO Bbilie. Jjist GoJbIell siCHOCTH, ITO KOH-
(GIUKTOB He BO3HUKHET, IPUBEICH IIPUMEDP Ha PUCYHKE 32.

Az

Ay

Puc. 32. Tperuii npumep HeKOHMDJINKTHOCTH JIBYX ABTOMATOB Ha BCTABKY.
ABromar A1 BCTaBUJI 3alMCh U 3aBEPIIUI (DYHKIMOHUPOBAHME.

Wrak, Mbl TOKA3aJIM , ITO ABTOMATHI HA BCTABKY HE BBI3BIBAIOT KOH-
daukToB. Tenepb pazdbepeM HEKOHMIUKTHOCTD JBYX VAAJEHUHN ITOIPSII.
[Tepsorit cyvaii, paccTosHne MeXK/Iy aBTOMaTaMU Ha yiaaJienne 3 pebdpa.

Ecmm paccrosume mexxmy aBTOMaTaMu Ha yAajJeHHE PABHO 3, TO
HEKOH(JIMKTHOCThL JBYX HIPEOOPA30BaHUl Ha yJaJIeHHE JTOKA3bIBAETCs
CXOKe C JIOKA3aTeIbLCTBOM HEKOH(MINKTHOCTH IIPeoOpPa30BaAHUM HA BCTAB-
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Ky. eiicTBUTEIBHO, IIyCTh JaHbI ABa aBTOMaTa Ha yiaajenne Ay u Ao, u
aBToMaT A Hadas cBoe (PYyHKIMOHUPOBaHUE Ha 1 TakT paHbine As.

Ji1st pocToThl 00bsiCHeHUs, Oy/IeM cauTaTh, 9ro apromar Aj(Asz) Ha-
XOJUTCsL B BepinuHe v1(v2) Ha MEPBOM IIare CBOEro TaKTa.

[Teperrit ciryuait, Korma aBroMar Ao MEPEXONUT B BEPIIUHY, KOTOPAst
HE COBIQJIAET C U] U He siBjisgeTcs ee OpaToMm. B aToMm ciryuae aBTOMATHI
e KoHMIuUKTYIOT. [Ipumep, wutocTpupyomuit 3ToT ciay4ail, n3o0dpazkeH
na pucynke 33. Ha mem m3obpaskenst nBa oBaja. OBaj, KOTOPBI Ha-
XOJUTHCS HUYXKE YPOBHEM, YeM BEPIIUHA V1, B KOTOPOH HaXoauThbcst Aj,
BKJIIOYAET BepPIIUHBI U pedpa, KOTOPble BO3MOXKHO OyieT mpeoOpa30BbI-
BaTh A1 Ha mepom mare (byHKIMOHUPOBaHUs. JIpyToil oBal MOKa3bIBAET,
KaKre BepIIUHbI U pebpa OyIeT 3arparuBaTh aBToMaT Ao HA TPEThEM IIa-
re CBOEro TakTa (pyHKIMOHUPOBaHUs. BuiHo, YTO 9TH mpeobpa3oBaHust
He KOH(JIUKTYIOT.

Puc. 33. Tlepsoiit npuMep HEKOHMJIMKTHOCTH ABYX aBTOMATOB HA yIaJie-
Hue.

Bropoit ciydaii, korjga aBromMar As MepexouT B BEPIIUHY V1, B KOTO-
poii HaxoauTcest A1, unu K ee 6parbsam. [Ipu srom ubo BepumHa vy, TU60
CyIIeCcTByeT ee OpaT, KOTOPBIl UMeeT He MeHee TpeX IMOTOMKOB. Jlokaza-
TEJILCTBO ITOTO CJIyUasi TAKKE CXOXKE C yiKe Pa3o0paHHBbIM CIyUasM JIIst
BCTaBOK. Kcym aBromar Ay HaXOIUTCsI B BEPIIUHE, Y KOTOPOH KaK MUHM-
MyM 2 6paTa, To aBTomMaT Ay He pUMeHsieT TpeobpasoBaHuil, u, caemno-
BaTeIbHO, KOHQJIMKTOB He BOSHUKaET. Ecin xKe aBromar A; HaX0IUTCA B
BEpIIIHE, Y KOTOPOH pPOBHO OIH OpaT, TO OH 06sI3aTeTLHO TPUMEHUT TTpe-
obpazoBaHue Iepepacipe/ieienns JeTel, n300pakennoe Ha pucyHke 27.
Yrobbl HE 3arPOMOKIATH JTOKA3aTETHLCTBO PUCYHKAMMU, TPUMED, WILIIO-
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CTPUPYIONINIL 9TOT CIyvail, MOXKHO yBuIeTh Ha pucynke 33. locrtaroano
TOJIBKO 3aMEHUTD MTOJIOXKEHIE aBTOMATa Ao, Ha MOJIOXKEHIE, OTHOCATIIEECST
K 3TOMY CJIy4alo.

Puc. 34. Kouduryparus npu KOTOpoil BO3MOXKEH KOHMJIMKT, ITPU UCTIOJIb-
30BaHUU CTAHJIAPTHOrO ajiropuTMa. ABromMar As MOJIKEH epeiiTu B Bep-
IUHY V.

Tpernit ciayqaii, eciiv apromar A1 HAXOIUTCS B BEPIUHE U] Y KOTOPOit
nBa(Tpu) Gpara, HO CyMMapHOe KOJIMYEeCTBO CHIHOBEIl U IIJIEMSHHUKOB, Y
9710it Bepiuubl, paBuo 4(6). B srom ciyuae apromarsr Ay u Ay yxke He
MOI'YT JIE€HCTBOBATH 0 CTAHAAPTHOMY aJIOPUTMY, TaK KaK MOXKET BO3-
HUKHYTH KOH(JIUKT B BEpIIUHE, KOTOPas sIBASETCS poauTenreM vi. Ilpu-
Mep 9TOTO ciiyuast n300paxkeH Ha pucynke 34. Apromar As mepexonut B
BEpIINHY v, U OH OyIeT BBIHYXKJEH COBMECTUTHL pebpa ri u ro. ABroMar
A1 coBMmeriaer pebpa eg u e3. KoH(IMKT BOSHUKAET B BEPIIUHE, KOTOPAast
SIBJIsIeTCsL poAuTesieM v (00BeieHa OBAIOM, TPAHHIA KOTOPOTO HEIIPEPHIB-
HA).

IIpexe yemM HadaTh pa3dUpaTh AJTOPUTM JIEHCTBUS aBTOMAaTOB B
9TO KOH(MUTYpaIlnK, PACCMOTPUM ITPUYNHY BO3SHUKHOBEHUST KOH(JIIKTA
1 pasbepeM KOH(MUIYPAIH, IIPH KOTOPBIX aBTOMAaThl OYAYT JIeifiCTBOBATD
CTaHIAPTHO.

Ecnu y Bepmunbl v 1Ba u 60jiee 6paTheB WM BXOJIHAS OKPECTHOCTD
apromMara Aj Takasi »Ke, KaK U Ha PUCYHKe 35, TO aBTOMATHI JEHCTBYIOT
craggaprao. Ciryuail, Korja y BepIinHbI v JiBa 1 60jiee OpaTheB OUeBU/JIEH,
TaK Kak aBroMar As He mesnaer nepectpoek rpada. Cirydaii, m300parkeH-
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HBIIl Ha pucyHKe 35, 03Ha4aeT, 910 aBToMar As coBMeCTHT pebpa Iy U o,
HO 9TO HE BBI30BET KOH(MDJINKTA, TaK KaK [IPU 9TOM He OYJIeT 3a/1efiCTBOBAH
pOJIUTEIH BEPITUHBI V1.

Puc. 35. Ilpumep, korma aBroMaThl Ha yaajeHus A; m Ao meiicTByroT
cTaHIapTHO. UHC/Io B OBaJie 03HAYAeT KOJUIECTBO pebep.

Urak, pazbepeMm ajaropuTM aBTOMATOB sl CJIydasi, N300PaXKEHHOTO
Ha pucynke 34. UrTobbl n3bexkaTh KOH(MIUKTOB, aBToMaT Aj momenser
[IEPBBIIT Al CBOETO TaKTa, & aBTOMaT Ao MMOMEHSIeT TPETHii Iar CBOEro
TakTa. 3aMeTHM, YTO JPYIUe IIard aBTOMaTOB HE MOIYT CO3IaThb KOH-
GINKTOB.

Pacemorpum korburyparuio, Korja aBroMmar Ao TOTOB CJIe/IaTh Tpe-
Tl mar, a aBromar A; demaer mepsbiii mar. Ilpumep m3obparkeH Ha
pucyuke 36. Ha sToMm pucyHke mzobparkeHo Tpu Ipeobdbpasopanusi. Ilep-
Boe npeobpasoBaHre, 0003HATEHHOE CTPENIKO A1, COOTBETCTBYET IIEPBO-
My mary asromata A;. O coepunser pebpa €] u eo, je/as U3 HUX €2, a
Tak Ke IoMedaeT BMecTo pebpa eg, JeIaeT BCIIoMOoraTe/ibHOe pedpo. DTo
pedpPO HYKHO OCTABUTDL, YTOOBLI HE B3LIBATL KOHMJIUKTA, B 9TOM U 3a-
KJIFOUaeTcsT OTJINYINe epBOro mara aBromara Ap. Kpome toro, aBromar
Ay obsB3aTebHO HesiaeT B IEPBBLIA IIar IEepPecTpOiiKy, TaXKe eClId 3TO
He HYXKHO OBLIO B CTaHIApTHOM aJjiropuTMe. Harpumep, Ap mepexoqur B
BepIIUHY, ¥ KOTOPOil He MeHbIlle IBYX OpaThbeB. B aToM mpeobpasoBaHuu,
OBLIN UCIIOJIB30BAHBI TTApaMeTphbl M1 U Meo. OHU OYIYT HYKHBI I U3-
OerkaHns KOH(JINKTOB, KOIJIa PACCTOSHUSIME MEXK/Iy aBTOMAaTaMH Oyaer
paBHO JiByM, a He TpeM. Huke Oyer mosicHEeHUe.

Bropoe npeobpazoBanue, obo3HaueHHOE CTpEKOit Ag, cooTBeTCTBYET
TpeTbeMy Imary aBromara As. OH coenmHsieT pebpa Iy U Tro, JIeIas 13
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Puc. 36. IIpeobpasosanne aromara A; m As, oTomyarommecs OT CTaH-
2
JapPTHBIX, JIJIsd I/I36e}KaHI/IH KOH(bﬂI/IKTa.

HuX r7. BaxHo, 4To oH ToMedaeT pebpa €] U €3, KaK BCIOMOTaTesbHbIe,
9TOOBI CJIEIYIONINI aBTOMAT UX MOT YIAJIUTh. TeM caMbIM, TTOKA3aHO, ITO
KOH(JIUKTOB HE BOBHUKAET U B CIIEIUAIBHBIX CJIYUALX.

Ocrajoch paccMOTpeTh Caydail HeKOH(MIUKTHOCTH JABYX IIpeobpas3o-
BaHUI Ha yjiajeHue BOJU3M 3aruceil. DTOT ciydail SBJISETCS IacTHBIM
cJIydaeM yrkKe Pa300paHHbBIX BBIIIE, TAK KAK MUHUMAJJILHOE PACCTOSIHUE JI0
zamnuceil paBHO 2. DTO OBLIO JOKA3aHO BBIMIE, KOTAa PasOUpaIUCh ajro-
puT™m yraajienusi BOmsn 3anmceit. [Ipumep, WiLIIOCTPUPYOMIANE STOT CJIy-
Jaif, n300parkeH Ha pucyHke 37.

Paccymorpum Teneps ciydaii, Korma paccTosiHre MeXKIy ABYMsI 3aIIpO-
caMU Ha yJaJIeHue paBHO JBYM. B Takoit KoHdurypanuu apromar As 1mo-
cJTe OJTHOTO TAKTa OKAYKETCsI Ha OJNH YPOBEHb HUXKE, IeM TOT YPOBEHD, HA
KOTOPOM HaxomuTbcsi apromar Aj. s nzbexxannst KOH(MIUKTOB B 9TUX
c/Iydasx, aJrOPUTM IMEePEeCTPORKHA aBTOMATOB OYIET HEMHOI'O OTIHYATHCS
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Puc. 37. Ilpumep nHekoHMIUKTHOCTU ABYX aBTOMATOB Ha ynanenue. Ciy-
qait BOJin3u JUCTbeB. ABTOMAT A yIa Ui 3alich W 3aBEPIII (DYHKIH-
OHUPOBAHME.

OT y2Ke BBEIEHHBIX IIpeobpasopanuii. [Ipu sToM IaHHBIE aJIrOPUTMBL OY-
JIyT IPUMEHSITHCST UCKJIFOUUTETBHO B TUX CJIydastX, TaK KaK WHAUe [mepe-
cTpoeHHbI# rpad e Oymer 2-3-4 mepeom. [lycTs aBTomMaT A HAXOTUTHCS
B BepIIUHE v1, a aBToMaT A HAXOIUTHCsI B BepIInHE V. JlOmoTHUTE B-
HbIE IIPeodpa30BaHust OYIYT BIAUITH TOJBKO HA YPOBHU MEXKLY BEPIITHHON
V9 M BEPIIUHOM V1, Ha APYIUX YPOBHSIX aBTOMAaThI OYIyT IPUMEHSITD y¥Ke
BBe/IeHHbBIE paHee mpeoOpaszoBannsd. Kak y2Ke ObLIO T0KA3aHO BBIIIE, IBYX
ITOAPS, yAaJeHnil KOPHS He MOXKeT ObITh. PaccMoTpuM IocjeaoBaTe b
HOCTB aBTOMAaTOB Ao, A1, Ag, As. Ecim paccrostaue mexxny A1 u Ao paBHO
JIBYM, TO paccrosiuue mexay Ag u Ay, As u Az we menbiue Tpex. [losro-
MY, €CJII MBI TIOKayKeM, 9T0 Mexky aBromaramMu A; m Ay KOHMIUKTOB
HE BO3HHUKAET, TO KOH(MJIUKTOB He BO3HUKHET IJisI JIHOOOIO KOJIMIECTBA
TOJIPSIJT WIIYIIAX aBTOMATOB Ha yjajieHue. J{okaxkem 5T10.

OmnumeM oTHeaLHO HpeobpasoBanns Ajs apromara A u As. Ilocie
3TOTO TMOKAXKeM, ITO KOH(MDIIMKTOB HE BOSHUKHET, a IIepPecTPOeHHbIH rpad
ocraHercs 2-3-4 nepesoMm. CHadaJia OINMIIEM IPEOOPA30BAHUSI aBTOMATA,

Ay

ITycts aBTOMaT A; HaXOAUTHCS B BepIuHE v1. PaccMoTpuM mepBbIit
ciIydail, Korma y vp TOJBbKO OfuH Opar, uan aBa Opara, HO JuOO BepIIu-
Ha v] MMeeT TPoe IIOTOMKOB, Jinbo cpeiu O6paTheB v €CTh BEPIINUHA, Y
KOTOPO# Tpoe JIeTen.
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[IpeobpasoBanue Ha IIEPBOM Iare apromMara Aj JUIst 9TOTO MOICTY dast
n306pazkeHo Ha pucyHKe 38. OHO OTJIMYIAETCs OT CTAHAAPTHOIO TEM, UTO
ABTOMAT JIeJIAeT CyMMapHOe KOJUIEeCTBO BHYKOB He MeHbIIe b, U CyMMap-
HOe KOJIMYECTBO BHYKOB Opara He Menblune 5. [Ipu sTom aBromar A, He
Oymer nmenarh mpeoOpa30BaHUil, €CIM OH UJIET B BEPIIUHY, KOTOPAas siB-
JISIETCSI CHIHOM WJIM IIJIEMSIHHIKOM BepInuHbl v1. Ilpu 3ToM aBromar As
OKazKeTcsi B Xoportieit jsa cebst kouduryparuu. [lom xopormeit koHdpu-
rypanpeil IOHAMaeTcsl, YTO ecjiu aBToMaT A OKa3bIBAe€TCsl B BEpINUHE,
y KOTOPO# TOJIbKO 1 6par, TO KOJMYECTBO JeTeil U IJIEMSHHUKOB 3TOM
BEPIINHBI JOJPKHO OBITH HE MEHBINE 5. DTO BO3MOXKHO H3-38 TOIO, UTO
mi1+mo = 5 umg+ my > 5 Ecim ke aBromar A, umer B apyrue
BEPIINHBI, TO KOH(DJIUKTOB OISITh He BOSHUKAET, TaK Kak aBroMar Aj He
peobpas3yeT POAUTEsIsi BEPIINHBI V1.

Hy>xHo mokasarh, 9T0 00s13aTeIbHO HAWIYTCsT TAKIE My, Mo, M3, M4,
aro mq +Mmg = b, mg+my =25, mi+ - +my =ny + -+ ny win
miy+---4+mg =n1+ -+ ns — 1. Ilogcaum, oTKy1a MOKET B3SITbCS
MUHYC OJIVH.

AuiropuT™M aBTOMaTa Ha yIajeHHe YCTPOEH TaKUM 00Pa30M, UTO Ha, OJI-
HOM IlIare OH MOXKET COBMECTUTH TOJIbKO OIHY Hapy pebep B OmHO pedpo.
CnenoBareibHO, aBTOMaT A MOXKET YMEHBIINTL CYMMY Ha OIuH. Takmm
obpazom, eciau N1 + - -+ +ng = 11, To s cBoux neseir apromar A mo-
JKeT YMEHBIIUTD 9TO KOJMIeCTBO TOIbKO Ha 1. [TosTomy mocsie Toro xak
aBroMmar Aj mepecrpout rpad ajst cebsi, OH CMOXKET IIepECTPOUTH I'pad
u s Ag, Tak Kak mq + - -+ + my > 10. OTMeTuM, 4TO I 3TOrO IIpe-
obpazoBanus HeOOXOIUMO, UTO paguyc sugumoctu 4. Muade apromar Aq
He cMor Obl YBUJIETh BHYKOB Opara.

Joxaxkem, 910 nq + - - - +n5 > 11. Il qokaszareabcTBa 9TOro hakTa
HY?KHO IIOCMOTPETh Ha KOHGUrypanuo 3a 1 TakT 10 3Toro. Apromar Ag
OKa3aJICs B BepIINHE, y KOTOpoil Bcero 1 6par, MOTOMY YTO 3a TakT JI0
9TOr0 B 9TOH BeplInHE ObLI Jpyroil aBromar Ag, U OH IPUMEHU]I Iepe-
CTPOWKY B 9T0#l Bepiune. [Ijist 601€€ TOHATHOIO O0bSICHEHUS TPEICTAB-
JIEHO BCIIOMOTaTe/IbHOEe N300parkeHne Ha prucyHKe 39.

Ha stom pucynke m3obpakeHa ojiHa U3 BO3MOXKHBIX KOH(MUTYPAIHii.
B wacrHOCTH, BUAHO, 9TO aBTOMAaT Ag 00beqUMHII BepIIUHLI k3 1 kg, TIOCTIE
9ero Mor COKpaTHuTb UX KOJIMYEeCTBO Ha 1 COKpaTI/ITb KOJINY9EeCTBO ,ZLeTefI
y BepmuHBLI Oojiee deM Ha 1 aBTOMAaT Ha yIajeHHe He MOXKET, TaK Kak
HCIIOJIb3YET OlpeeseHHbIE IPeobPa30BaHNsl, OIUCAHHLIE BBIIIE, KOTOPLIE
9TOro He jeJafoT. V3 mpuMepa BHIHO, ITO B MOMEHT, KOIjia aBToMar Ap
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A2 AZ

ny+---+ns > 11
—_—

Ay Ay
my +mg > 5 mz+myg>5

Puc. 38. JonosauTenbHast mepecTpoiika aBroMaToM Aq, B cilydae paccro-
SHUS 2 JIO JIpyrOro aBTOMAaTa Ha yJIaJIeHUE.

Ay

ko> ks +kys—1

Puc. 39. BenoMorarenbHoe nzobpazkenue. 3a TaKT JI0 TOTO, KAK aBTOMAT
Ay okazaJicsd B BEpILHUHE V1.

[IOTIAJIET B BEPIIUHY V1, CYMMAPHOTO KOJIMIECTBO BHYKOB U JeTell IIeMsIH-
HUKOB ObLIO k1 + ko + kg + ks + ks =2 k1 +---4+ks—1=n1+---+n5 >
12 — 1 = 11. YTBepXKIeHne T0Ka3aHO.
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Wrak, Mbl pazobpasin mpeodbpa3opanusi aproMaroB Ay u Ag juist ciy-
4asi, KOTJa Y BEPIIUHBI U] TOJBKO 1 6paT, Win eCTb ChIH WK IJIEMSIHHUK, Y
KOTOpOro Tpoe jereit. Ocraercs pazodbpaTh ciydail, KOria y BepITHHBL U]
60J1ee OMHOTO OpaTa, HO ¥ BCEX JeTell U MIEMIHHUKOM IO JIBOE CHIHOBEH.

Puc. 40.

Ecyin BxotHAST OKPECTHOCTH aBTOMaTa A1 Takas yKe, Kak U Ha PUCYHKE
40, To aBTOMaT Ay IeJaeT CTaHIapTHLIE IPEoOPA30BaHUs U B KOHIIE, IIPU
HEeOOXOIUMOCTH, IeIaeT HOMOJHUTEIbHBIE ITPEOOPA30BaAHNSI, KAK I CJIy-
Jasi, KOIrIa y BEePIIUHLI v ObLI oquH 6pat. AjropurM As ocraercst TakuM
’Ke, KaK ObLJI OIUCAH BbIIle. A MMEHHO, €CJIM OH IEPEXOJUT B BEPIIUHY,
KOTOpAas SIBJIIETCS CHIHOM WU IIJIEMSIHHMKOM BEPINMUHBI V], TO aBTOMAT
Ao He nestaer npeobpaszoBanuil. MHade mgeraeT cragiapTHBIE Ipeodbpas3o-
BaHWs, TaK KaK KOH(JJIUKTOB Ipu 3TOM He Bo3HumkHeT. Ha pucynke 40,
IIYHKTUPHBIM OBaJIOM BBIJEJE€HBI BEPIIMHBI, KOTOPBIE IIPH IIpeobpa3oBa-
HusiX Oyzer 3azeiicroBarh As. BujHo, 9T0 1pu 3TOM KOHQMJIUKTOB ¢ Aq
HE BO3HUKHET.

Wrak, ocTrajsoch paccMOTPETh MOCEIHUI BAPUAHT, KOTJA OTel BEp-
IIIAHBL V] SBJIFETCA CPEIHUM OpaTOM WJIN MPABLIM, HO KOTJa KOJMIECTBO
JeTeil y BEpIINHBI Vo2 PABHO ABYM. Vmest n3berkaHust KOHQIMKTOB COBIIA~
JIaeT C aJITOPUTMOM, n300pazkeHHbIM Ha pucyHke 36. Kaxk ymomunaasiocn
paHee, 3TOT AJTOPUTM COJAEPXKUT IEPEMEHHBIE M| U Mg, M1 + Mo = 5.
Apromar Aj Ha LepBOM IIare JejaeT 1mq = Mg = 3, HO Ha BTOPOM IIa-
re MOXKET CKJIEUTHL Iapy pebep, U ciaejaTh Haupumep mi = 2. ABromar
Ao MOXKeT He JleJiaTh IIPeo0Pa30BaHUs, €CJIM UJIET B BEPIIUHY, KOTOPAast
SIBJISIETCSI CBIHOM WJin TieMsiHHuKOM v1. Crenaem mosicaenne. IlycTh aB-
ToMaT Ag OKa3bIBAETCsI B OBaJIe M1 U M1 = 3, TOIJA 3Ta KOHMUrYpaIust
xopomast st Ag, TaK Kak KOJHUIECTBO OpaTheB He MeHbIne AByX. Eciun
’Ke M1 PABHO JIBYM, TO 9TO O3HAYAET, UYTO aBTOMAaT A1 CKJEW JiBa pebpa
Ha BTOPOM Iare cpoero QgpyHkiunoHupobanus. Ciie1oBaTeIbHO, KOJIMIe-
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CTBO JleTell y BEPIINUHBI, B KOTOPOil Oymer HaxoauTbest As, He MeHbIe 5,
[IO3TOMY KOH(UI'ypalys U B 3TOM CIydae Xopoluas Iy As.

Ocrajoch paccMOTpeTh TpaHUYHbIE CiIydan. EIMHCTBEHHBIH ciiydaii,
KOTOPLIi elle He pa3oOpaH, Koraa aBToMaT A HaXOIUTbLCA Ha PACCTOSI-
HUM 2 OT 3aliceil, npu 9ToM aBToMar As HaXOIUTHCH Ha PACCTOSHUU 4
ot 3ammuceii. [IpeobpaszoBanus Ha yjaajeHHe YCTPOEHO TaK, YTO aBTOMAT
Ay HOJIZKEH NTPUMEHUTD CBOE IIPeobpa30BaHue W 3aBePIINTh (DyHKIIHOHU-
posanue. Ilosromy aBromar Ay, 4TOOBI HE BLI3BATL KOH(MDJIUKT, IIOMETAET
CBOIO 3AIMCH KaK yIaJeHHY0, MeHsIsT IIPeIMKAT Ha Heil Ha BCIIOMOTaTe b-
HBIH ( fh). [Ipu sToM oH He 3apepinaeT QyHKIHOHHpoBaHuu. Ha ciaemy-
OIIMi TakT aBTOMaT A1 CMOTDHT, €CTh JIM Ha PACCTOAHUHU 4 OT 3amuceit
HOBBII aBTOMaT. Eciu apyroif aBroMar ecrb, TO aBroMar A 3aBeplia-
eT (PyHKIMOHUPOBAHUN, B CHJIy TOT'O, YTO JPYroil aBTOMAT, KOTOPOIO OH
BUJIUT, COTPET BCIIOMOraTeIbHbIe pebpa. Ecau npyroro aBromara HeT, TO
Ay ymajser 3allMChb. 3aMeTHM, YTO aBToMaThl A1 m Ao 06CIyKUBAIOT
pasHbIe 3aIPOChl. ITO ObLIO pa3obpaHo BhIIe. IlosToMy oHEM He cMOryT
OJIHOBPEMEHHO ITOMEHSITH MH(MOPMAIMIO Ha OZHOM U TOM K€ pebpe.

(B,13)

Puc. 41. IIpumep rpanuvnoro ciydas.

[Tpumep, NILTIOCTPUPYIOMMI STOT CIy4dail, n300pazkeH Ha pucyHKe 41.
Bamerum, uro aBromar Ha yjajenue 13 (Ag) jeiaer mepecTpoiiky, Tak
KaK BUJIUT, 9TO aBTOMAT Ha yjanenue 12 (Aj) mim Kakoii-To apyroii aB-



208 A. A. Ilnernes

TOMAT JOJIKEH OyIeT yaaJuTb 12 Ha ciaemayionuii TakT. Takum obpasom,
KOH(MDJIMKTOB He BO3HHKaeT. TakxKe oOpaTUM BHHUMAHHE, 9TO IIOCJE Y-
JieHusi 13 BbIJleJIeHHBIE TIPEINKATHI Ha pebpax fi13 He 3aMeHSFoTCsI Ha fio.
3aMeTnM, UTO IIPHU 9TOM KOPPEKTHOCTH paboThl He HapymuTcs. baaromga-
Psi 3TOMY HAOJIIOIEHUIO aBTOMAT Ha YIAJICHHE MOXKET yIaJUTh 3alllCh B
ouH Tpoxo. JIjist Har/IssAHOCTH B TpuMep J00aB/IEH aBTOMAT Ha BCTABKY
13. Paccrosinne 10 3ammceit y Hero H, MoTOMY aBTOMAT Ha yhajeHue 12
caM yJIaJdT BCIIOMOraTe bHbIe pedpa. 3aMeTuM, 9TO aBTOMAT Ha BCTABKY
He MpPUMEHsSIeT [IePecTpoiiKy rpada Ha TpeTbeM Iare. ITo OyIeT pas3o-
OpaHo HUXKE, KOTJIa Oy/IyT UCKII0IaThCT KOHMIUKTEI MEXKTy aBTOMaTAMU
Ha BCTaBKy M aBTOMAaTaMH Ha yaajeHue. Eciau Obl paccTOSHHE JI0 3allk-
ceit y aBToMaTa Ha BCTaBKy 13 ObLao Obl 4, TO aBTOMAT Ha yaajeHue 12
3aBepImI 66l PYHKIIMOHNPOBAHUE, 8 aBTOMAT Ha BCTaBKY 13 yaasmi Obl
caM BCIoMoraTesbHbIEe pebpa.

Wrak, 1okazaHo, 9T0 aBTOMATHI Ha yAAJIEHIE He BHI3BIBAIOT KOH(INK-
ToB. OCTA/IOCH JI0KA3aTh, 9YTO aBTOMATHI Ha BCTABKY W aBTOMATHI HA YA~
JIeHWe He KOH(MJIUKTYIOT.

Paccmorpum aBromar Ap Ha BcraBKy, a aBromar Ay Ha yIaJIeHUE.
IIpuuem apromar Ap HavaJ QYHKIHMOHHpPOBaHHE paHblle. PaccrosHue
MeXKJly HUMHU He MeHbIlle Tpex pebep. Ilycts aBromar Ap crouT B BEp-
muHe v1. Ecau y 9Toit BepiuHbl OpaTheB He MeHbIIe 2, To aBroMaT Apg He
YMEHBIIUT 9TO KOJUIECTBO, TO3ITOMY aBToMary Ay He Hy»KHO MepPecTpa-
UBaTh Irpady, €CJIM OH UIET B BEPIINHY U] WX K ee OparbaM. Ecim ke Ay
UJIET B JPYTrUe BEPIIMHBLI, TO OH MOXKET JieJIaTh HeoOXOIuMBbIe IIepecTpo-
€HUs, U 9TO He BBI30BET KOHGJMKTa. Ecan ke y v] TOJIBKO OnWH OpaT,
TO aBTOMaT Ay IO/KEH IOCMOTPEThL Ha KOJUYECTBO jeTell y BepIIMHDLI
v1. Ecm ux KoJimdIecTBo He MPEBOCXOIUT 3, TO OH MOYKET IePeCcTPanBaTh
rpad. Eciu »xe ux KoaumdyecTso pasHo 4, To Ay He HYXKHO IepecTpanBaTh
rpad, ec/in OH UJIET B BEPIINHY v] WK K ee OpaTy, Tak KaK aBTOMAT HA
BCTaBKYy IPUMEHUT IIEPECTPONKY, U y BepIIuHy vi cTaner 2 6para. [Ipu
9TOM aBTOMAT Ha, BCTABKY BHUJfA, UYTO 33 HUM HJIET aBTOMAT Ha yIaJje-
HUEe JO/I’KEH IPUMEHUTD IePecTPOiiKy, Jake B TOM CIydae, eClid eMy 9TO
66110 He Hy)KHO. Ha pucynke 42(a) nzobpazkeH npumep KoHbUryparmu,
KOT/1a JefCTBHE aJITOPUTMa Ha yIaJeHHE OTINIAeTCs OT CTAHIAPTHOTO
13-3a aBTOMATa Ha BCTABKY.

Paccmorpum Teneps ciaydaii, Korma apromar Ay Hadad (byHKIITOHH-
pOBaHMe paHbIlle, IPUYEM PACCTOSTHUE MEXK]Iy HUM W aBTomMaroM Ap He
MeHbIle Tpex pebdep. lokasbiBaeTcss CHMMETPUYIHO MPEABIIYIINEMY CJIy-
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Ay

5,0 ov o

Puc. 42. Ilpumep, Korja neficTBue aJropuTMa Ha yJAajJeHUe W BCTABKY
OT/IMIaeTCsd OT CTaHJaPTHBIX U3-3a UX 6.J'II/IBOCTI/I.

vato. EjuHcTBEeHHOE MCKITIIOYeHe n300paykeHo Ha pucynke 42(6). Asro-
MaT Ha BCTaBKY BUJIUT, UTO aBTOMAT HA yJlaJIeHHe IPUMEHUT [IEPECTPOE-
HUe, U He JIeJIaeT IIEPecTPoeHne, KOTopoe MOr Obl C/IeIaTh.

Paccmorpum ocraBimnuiics ciydaii, Korja pacCTogHUE MEXK/Ly aBTOMa-
TOM Ha ynajenume Ay u aBTOMAToM Ha BCTaBKy Ap paBHO JBYM. DTO
MOKET ITPOU3OUTH TOJBKO TOTJA, KOTJIa aBTOMAT Ha yaajenne Ay Hada
GbYHKIMOHUPOBAHUE PpaHbIIE. DTOT CIydail MOXoXK Ha npeabymunii. Tak
2Ke KOH(DIUKTOB MOKHO n3b6exkaTh. [Ipumep uckmiovenus nzodparkeH Ha
pucyHke 42(B).

EnunacTBeHHbIN cityvail, KOTOPBIA elle He pa300paH, KOrja aBTOMaT
Ay HAXOIUTBHCS HA PACCTOSHUU 2 OT 3amucell, a AaBTOMAT Ha BCTABKY Ha-
XOJIUThCs Ha paccrostann 4 ot 3amnuceit. B atom ciydae, Kak u B pa3obpan-
HOM paHee ¢ JBYyMsI aBTOMATAME Ha yIaJeHue, aBToMaT Ay He yaasser
CBOIO 3allUCh, a MEHsIeT NPEJIUKAThl HA BCriomoraresbHbie. [locae sroro
OH Ha CJIEJIYIOIIHI TaKT CMOTPUT, ECTh JIN B 00JIACTH BHJMMOCTH JIPYTOit
aBromar. Eciin HeT, TO caM yjajseT 3aluch, nHade 3aBepiiaer (pyHKINno-
uuposanue. [Ipumep sToro ciydast m306parkeH Ha pucyHke 43. 3amernm,
YTO BCTABKA JIEJAET IIePECTPONKY, U 9TO HE BBI3BIBAET KOHMIIUKT C yIa-
JIEHHEM, TaK KaK y/aJeHue MeHseT Harpy3Kn pedep, KOTOpble BCTaBKa He
n3MensieT. Tak ke aBTOMAT Ha yJlaJIeHIe OKA3bIBAETCs B BEPIIHUHE, B [0/~
nepeBe KOTOporo HeT mpeaukaros f. Ho oH Bce paBHO MOXKET YIAINTh
9TH BCIIOMOTaTeIbHbIEe Pedpa, TaK KaK PaJInyc BUIUMOCTH y Hero 4 pebpa.

B kauecTBe ciefcTBUST BBIIMIEIEPEUNCIIEHHOTO CIIPABEJIMBO CJIEIYIO-
Iee yTBEPKIEHNE.
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Puc. 43. I'panuvnelii cayvail, yaaaeHne I BCTABKA.

Jlemma 1. Jlas aobozo0 nomoxa sanpocoe H us H, MJIUT D dyrxyu-
onupyem 6e3 KoHPAUKmMOs.

JlokaxkeMm errie 0JIHO yTBep:KieHue 0 KoppekTHocTu padorer MJINT u
0 €ro CJI0YKHOCTH.

JlemMma 2. /Jlasa aroboz2o nomoxa sanpocos H, H € H MU' D ¢ynxuu-
oHuUPYem KOPPEKMHO, KPOME M020, OAA A100020 HAMYPALALHOZO | KOAUYE-
CMBO MAKMOB, HEOOTO0UMO20 1A GbldaYY OMEEMA Ha NOUCKOBHLT 3aNPOC
H(i), ne npesocxodum

logy (max{|V'(i, H)|, 2})
3

HokazaTeabcTBo. HyKHO MOKa3aTh, 4TO JJjIs JTIOHOTO 3a1TpOCa Ha TTOUCK
H(i),H(i) = (II,z), MWL Boigaer B orser {z}, ecoim ¢ € V(i,H) n
MyCTOE MHOYKECTBO B MPOTUBHOM CJIyYae.

U3 nemmbl 1, B 9acTHOCTH, CIEAyeT, 9TO JTIOObIE TPeoOpa30BaHusT CO-
XPpaHsIOT CBOMCTBO yIAJIEHHOCTH JIjist JIIOOOro 1moToka 3ampocoB H uz H.
Jpyrumu ciioBaMu, aBTOMATHI UIYT JAPYT 34 JAPYTOM B TIOPSIJIKE TIOsTBJIE-
HUS 3ampoca. PaccMOTpuM TPOM3BOJILHBIN 3aIIPOC HA TOUCK, TOCTYIIHB-
il B ¢ TaKT.
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Paccmorpum npeobpasoBanne Ha BCTaBKY (y/asieHue), IOCTYINBIIEE
B TakT j,1 < j < ¢ — 1 u eme He 3aBepIuBIee cBoe (PyHKIIMOHUPOBaHUE.
Tak xkaxk MJIUT" coxpansier CBOHCTBO yJIAJEHHOCTH, TO B CTAIUU [TOUCKA
MeXK /Iy HUMU OY/IEeT paccTosinue ¢ —j > 2 pebpa, cjieJIoBaTeIbHO, aBTOMAT
Ha BCTaBKY (y/laJleHne) ycIeer BCTaBUTH (YIAMUTD) 3aIHCh IIPEXKJIEe, YeM
aBTOMAT Ha IMOUCK CMOXKET COKPATUTH PACCTOsTHUE.

[Mosromy MU paboraer KOPpPEKTHO, TaK Kak JIOOOE Mpeobpaszo-
BaHUE 3aBEPIINTHCA HE MEHbIIle, YeM 3a TaKT JI0 TOr0, KakK 3alpoc Ha
moucK ux jocruruer. [IpeobpaszoBanus Ha uzmenenune UI', ycrpoens! Tak,
9TO TMOCje Kaxkaoro takta noaydeHusiit U asiaserca 2-3-4 nepesom, He
yUIUTBIBasi BCIoMoraresbuble pebpa. [lpuuem, ecsiin Harpyska pebpa ecTb
MPEIUKAT f,, TO 9TO O3HAYACT, ITO B 9TOM TOJICPEBE HAXOISTCS 3AIUCH,
KOTOPBIE HE IIPEBOCXOJIAT G. KpoMe Toro, K KaxKJ0i 3alucu y Bejer ped-
po ¢ marpyskoit f— ,. CregosaTe/IbHO, IIOUCK Haii[leT MCKOMYIO 3allHCh,
€cJiu oHa eCTh B 06a3e JAHHBIX, U He HalijieT, eciu ee HeT. KOPPEKTHOCTH
JIOKa3aHa.

Onennm tenepsb ciaoxkuocTh MWD D. 3amerum, 4TO aBTOMAT MOYKET
u3MeHuTh BbicoTy VI TOJIbKO OfiuH pa3, npudeM POBHO Ha 1 U TOJIBKO B
MEPBBIfl TAKT CBOEro (DYHKIIMOHUPOBAHUS. DTO CIEAYET U3 AJTOPUTMA
aBroMara. Bee mpeobpasoBanns e m3meHsiior Buicoty VI, kpome mpeob-
pasoBanuili B KopHe. IIpeobpazoBanne Ha BCTaBKY MOXKET YBEJIMYUTH Ha
1 Boicoty UI', a mpeobpa3oBanne Ha ymajeHne MOXKET YMEHBIUTH Ha 1
Boicoty I

PaccmoTrpum npousBosibubiil moTok 3amnpocos H. IlycTs 3ampoc Ha 1mo-
UCK IIpUIIe] B TakT 4. basa ganneix B 9ror TakT ects V (i, H). Crenosa-
tespHO, BbicoTa VI' me npesocxomut |log,(max{|V (i, H)|,2})[. ABromar
Ha MOWCK KaXXJbIil TAKT MPOXOJUT 1O 3 YPOBHS BHU3 HJIU 3aBEPIIAET
dyukimonnposanne. Cieq0BaTeIbHO, OH 3aTPATUT HA ITOUCK He OOJIbIIIE,

e | osa(mexV11)12)

TakTOB, Tak Kak nogarpadsr UI' me m3menst

cBoio BeIcoTy. Jlemma oKazaHa.

VYTBep:KIeHNEe TEOPEMBI SIBISIETCS CJAEICTBUEM JieMM 1 1 2.
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