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1 Bsegenne

B macrosamen pa6oTe HCCACAYIOTCA AICOPATMUIECKHE BOMPOCH! TEKOMIO3UIMA KOHETHO-
3HAYHOI'O peobpa3oBarets B 0ObeIUHEHNE OTHO3HAYHBIX U BJIOXKEHHOCTHU MPOU3BOJILHOIO
npeoOpas3oBaTens B KOHEIHO3HAYHBIA. OTH BONPOCH m3ydaauch A. BeGepom B padorax
(1], [2], [3], [4]. Om mxoxkasan mOIMHOMUATLHYIO Pa3PEIIMMOCTH BOIPOCA O KOHETHO3HATHO-
CTH Npeobpas3oBaTeld, BO3MOKHOCTD JeKOMIO3UINA KOHEIHO3ZHAYHOIO IPeoOpa3oBaTela B
00beJUHEHNE OJHO3HAYHBIX, [IPEII0OKAT AITOPATM IIPOBEPKHA BIOKEHHOCTH IPOU3BOJILHOIO
npeobpa3oBareis B KOHEYHO3HAYHBIA. Mbl npeararaem 60/ee mpocThie KOHCTPYKIUK, Ya-
cTuaHO yaydmaonme onenku A. Bebepa. [loaydennbie B pesyabrare TeKOMIO3UIUU OTHO-
3HAYHBIE IPE0OpPA30BATEIN ¥ HAC UMEIOT pa3Mep OQHa DKCIoHeHTa 0T poly(n), rae n — pas-
Mep JaHHOIO KOHEYHO3HAYHOrO IPeobpa3oBaTes; MPOBEPKA BJIOKEHHOCTH IPOU3BOJILHOIO
npeobdpa3oBaTes B KOHEYHO3HAYHBIN MPOU3BOIUTCA Ha 30He oqHa skcrnoHeHTa (y A. BeGepa
COOTBETCTBYIOIINE ONEHKM PABHBI ABYM dKcmoHeHTaM). C IPYroul CTOPOHBI B KOHCTPYKIIUY
A. Be6epa u3 [4] 4ucio oqHO3HAYHBIX Ipeobpa3oBaTelell PABHO 3HAYHOCTH JTaHHOTO KOHEd-
HO3HAYHOIO Mpeodpa3oBaTesa, 9TO He CIeAyeT U3 Halllel KOHCTPYKIuu. Takum o6pa3om, B
KazK O KOHCTPYKIMHU eCTh CBOU HpeumMymiecTBa. OTMeTum Takxke paboTy [5], aBTOpPBL KO-
TOPOU APYTUM CHOCOO0M (HE3ABUCUMO OT ABTOPOB HACTOAIIEN PAOOTHI) COKPATHIN Pa3Mep
OJTHO3HAYHLIX IpeoOpasoBaTeae 10 OJHON SKCIOHEHTEHL.

HamomuuM, 9T0 KOHEYHBIM HEIeTEePMUHUPOBAHHBIM HpeobpasoBaTeneM 2 HA3bIBAETCA
narepka (A, Q, Qo, F,J), rie A — KoHeIHBIN anpaBuT, () — KOHEIHOE MHOXKECTBO COCTOsA-
i, (g C () — MHOXKeCTBO HAYAIbHBEIX cOCTOAHUN, F' C () — MHOXKECTBO 3aKJIIOYNTEIHHBIX
COCTOAHUM, 0 — MHOXKECTBO MepexonoB. Kax b mepexoq — 5T0 deTBepka (¢, a, v, go).
31ech ¢ — COCTOAHUE IO Mepexona, ¢y — cocToanue mocte nepexona, a € A|J{A} (A —
IyCTOE CJIOBO) — BXO[ mepexona, v € A* — Beixox nepexoga. Byjgem npexgcrasiars A opu-
€HTUPOBAHHBIM IPadOM, BEPIIMHBI KOTOPOrO ABJIAIOTCA COCTOAHUAME, a pebpa — Hepexo-
pamu. Kaxmgoe pe6po moMedeHO BXOJIO0M U BHIXOIOM COOTBETCTBYIOIIErO Tiepexoaa. [lyravu
B »>TOM rpade OyaeM Ha3bIBATh OpUEeHTHpOBaHHBIE myTH. CJI0BO, IMOMYyYeHHOE KOHKATEHA-
[Uel BXOAOB BJIOJb HEKOTOPOro myTH [, HazoBeM BxogoMm myTu [ (o6osmadenue: 6z(l)), a
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KOHKATeHAllMe! BBIXOI0B — BHIX0A0M 1yTu | (o6o3uadenue: 6viz(l)). IlyTh, HaunHAOMMICA
B HAYATLHOM COCTOAHWM ¥ 3aKaHIMBAIOMIMUCA B 3aKTOUMTEILHOM, Oy/IeM HA3BIBATH JOIYC-
karomuM. ['paduxom I'(2) npeobpasosarens 2 HA30BeM MHOXKECTBO map (u,v) TAKUX, ITO
u = 6x(l), v = vz (l) 1A HEKOTOPOrO AOMYCKaONero myTu [. ByaeMm roBoputh, 94T0 mpe-
obpasoBarens 20y BIoXkeH B npeobpazoBarens Ay, ecan ['(A;) C I'(™As). Ipeobpasosarenn
20, u 2, mazosem sxBuBatenTHEIME, ecan 1 (A;) = T'(Az). Pazmepom A (o6o3nadenne: |2A|)
OyJeM Ha3bBaTh CyMMY 9HCIA €r0 COCTOAHMU, MePeXoaoB W IIWH UX BHIX0A0B. OveBnmIHO,
4T0 MO mpeoGpasoBaTenio 2 MOXKHO 3a HOAMHOMHAIbHOE OT (2| BpeMsa mMOCTPOUTH DKBU-
BAJICHTHBIA €My IpeoOpa3oBaTelb, B KOTOPOM ¥epe3 Ji00e COCTOSHNE IPOXOAUT XOTA OBl
OJMH JOIMYCKAIWUHA IyTh. [[o3TOMy OyeM CIATATh, 9TO BCE PACCMATPUBACMBIE Jaee IIpe-
obpazoBarenn 061a1al0T >TUM CBOUCTBOM. OCHOBHBIM s AAJTbHEHIICr0 U3JI0KEeHUsa OyaeT
cleyIomee OnpefeaeHue.

Omnpegenenne 1. IIpeoGpazoBarens 2A HA3BIBACTCA KOHEUHO3HAUHbIM, €CIU CYLIECTBYeT
KOHCTAHTA ¢ Takasg, 9T0 /s JI000r0 CJI0BA U CYUIECTBYeT He 00lee ¢ Pa3INIHbIX CJIOB U Ta-
Kux, 910 (u,v) € I'(A). MurnMaIbHOE Takoe ¢ Ha3blBaeTCA 3HAYHOCTHIO A, Ecau 3HAYHOCTS
pasHa 1, To 2 HA3LIBAETCA ONHO3HATHBIM.

Haszosem mpeobpasoBarens 2 peaynupoBaHHBIM, €CJIU Y HET'O POBHO OJHO HAYAJIBHOE U
POBHO OJTHO KOHEYHOE COCTOSIHWE, W BCE MePeXObl C MYCTHIM BXOAOM MAYT U3 HAYAIBLHOTO
cocTosanus B Koueunoe. A. BebGep moxasan B [1] caenyiomee yTBepxK qeHue.

Jlemmva 1. ITo npeobpazosamento A moxHcHo 3G NOAUHOMUAILHOE 8PEMA AUOO NOCMPOUMD
IKBUBAAEHMHBIT eMy PeIYyUposantblti npeodpazosamenb, Aub0 KOHCMAMUPOBAMb OECKo-
Heunoznaurnocms 2A.

Aoxazameavcmeo. [106aBuB He Golee ABYX COCTOAHUN U He Gosee 2|2| mepexonos, oueBn -
HBIM 00pa3oM T00OLEMCsA, YTOOBI B 2 OBLIO POBHO OJHO HAYaJIbHOE COCTOSHNE, I3 KOTOPOTO
mepexoIbl TOTBKO BBIXOMAT, W POBHO OTHO 3aKJIIOYUTENbHOE, KyIa MepexXoabl TOTBKO BXO-
msar. [lanee, 3amagum Ha cocTosaamax 2 acTudabd MOPAIOK R: ¢ Rqge, ecan cymecTByeT
myTh U3 ¢ B @3 C MyCTHIM BXogoM. [Ipenmonoxum, 9T0 q; U ¢ SKBUBAJIEHTHBI OTHOCUTEIHHO
2TOro mopsagka. Jlerko Bumersb, ITO ecanm 2 KOHEIHO3HAYHBIM, TO JIOOOU MYyThb U3 ¢ B (o
C HOYyCTBHIM BXOJOM MOKEH MMETh MyCTOUM BBIXOA. OYeBHIHO, UTO IPOBEPKA IMTOCIETHErO
YCIOBUA A BCEX Tap (1, g2) BHIMOIHAETCS 33 MOJIXHOMAATLHOE BpeMs. [IycTs 5TO ycaoBue
BBITIOJIHEHO. Kamﬂmﬁ KJaCC 3KBUBAJEHTHBIX COCTO}IHI/IIjI €CTECTBEHHBIM 06pa30M CKJI€EuUM B
oaHO cocrosanme. Ilomyamm mpeobpasosarens A/, KOTOPHIN, 0Y€BUIHO, DKBHUBaAeHTeH 2.
[TycTs B 2’ ecTh He HAYATBLHOE W HE 3AKIIOIATEILHOE COCTOAHUE ( TAKOE, ITO CYyIIECTBYeT
Iepexoi ¢ IMYCTBIM BXOJOM, KOTOPBLIM BXOJUT B ¢ WIM BBHIXOAUT U3 ¢. [l Kaxmow mapsl
nepexoaoB (qi,a, vi, q),{q, s, va, ga) Takom, 9T0 a; = A mwim as = A, g06aBUM Tmepexon
(g1, a1as, v1V9, q2). Tlocae >TOro, yaammm BCe MEPEXOAbl ¢ MyCTHIM BXOAOM, BXOAAIIME B § U
BeIXOAAmME W3 ¢. Tak kak B A meT mepexomos Buma (¢, A,v,q), To ommcanHas mponeIypa
He u3MeHsaeT rpaduk npeobpaszoBarend. Kpome Toro, ecim 10 Hee y HEKOTOPOT'O COCTOAHUA
¢’ He OBLTO MHIMACHTHHIX €My IIePeXOA0B ¢ IMyCTHIM BXOAOM, TO M IOCIE Hee UX He OygeT.
[TosTomy, He Gosee deM 3a || Takux omepauit MbI TOIYIUM TPeGyeMBIN PeTyIupPOBAHHBIN
npeoOpasoBaTeab. Jlemma 1 gokasaHa. O



2 /lekOMIO3UIINA KOHEYHO3HAYHBIX IIpeobpa3oBaTeien

CkaxeM, 9T0 KOHEIHO3HAYHBIN IIpeoOpa3oBaTeab A pasaazaemcs 68 JeKoMNO3uyuo OIHO-
k

3HAYHBIX npeobpasoBarenen Ay, s, ..., Ay, ecam T'(A) = |J T'(A;). A. Bebep noxazax B [2],
i=1

49T0 000 KOHEYHO3HAYHBIN IpeoOpa3oBarenb 2 pazMepa 1 MOXKHO d(PQEKTUBHO Pa3JIo-
KUTh B JeKoMmnosunuio He 6osee exp(poly(n)) ogHO3HAYHBIX IpeoOpa3oBaTeel 3a BpeMs
exp(exp(poly(n))). TIpu sToM pasmep KaxI0ro OJIHO3HAYHOrO MpeoGpasoBaTels He Gojee
exp(exp(poly(n))). Mel npemiaraem B caefyiomen Teopeme 6olee IPOCTOR My Th AEKOMIIO-
SUINK C Iy9IIed OIEHKOW Ha BpPeMA U pa3Mep KOMIIOHEHT.

Teopema 1. Cywecmsyem atzopumm, KOmMopwiti no 41060MY KOHEUHOZHAUHOMY NPeoOPa-
zosameato A pazmepa n narodum ezo dexomnosuyuio uz ne 6osee uem k < exp(poly(n))
00nosnaunvir npeobpazosamenets Ay, ..., Ay 3a epema we 6oaee exp(poly(n)). Pazmep xa-
acdozo A; ne boaee exp(poly(n)).

Aoxazamesvcmeo. V3 yTBepKIeHUA JeMMBL 1 CIeayeT, 9T0 T0CTATOYHO PACCMOTPETH CJIy-
qal, Korga B 2 HeT mepexooB ¢ mycThIM BXOogoM. Ecmu | — myTs B 2 co BXOOM U u
w Cu (1. e. v — magano u), To depes [(u') Oyjgem o603HAUATH HAYAAO HyTH | Takoe, 9TO
ez(l(u)) = . Ecim u = vyv9v3, TO wepes [(vy) Oymem 0603HAYATH MyTh TAKOW, 9TO KOHKA-
renanus [(vq)l(vqe) ects [(v1vy). Ecau [y u ly — nBa myTu takue, uro 6z(ly) = 6x(ly) =u u
u' C u, To Gyaem obozuadaTe depes d(ly, ly, u’) qucao, pasuoe | sviz(l1(u'))| — | sviz(ly(u'))]-
CdopmyaupyeM KpuTepuil KOHEIHO3HATHOCTHU AA MpeoOpa3oBaTels 0e3 MepexogoB ¢ IIy-
CTBIM BXOIOM.

Teopema 2. [Ipeobpazosamens A pazmepa n 6e3 nYcmvlr 620006 KOHEUHO3HAUEH MO200 U
moabko moz2da, k0206 das 41060 I6YT €20 cOCMOoARUL S1, Sy (HE 00A3AMEALHO PABAUUHBIT)
u 110061z mpex nymeti p1, Po, P3 C OOHUM U MeM Hee BLOJOM U, MAKUT YMO P HALUHAETCA
6 S1 U KOMUAEMCA 6 Si, Py HAUUHAEMCA 6 Si, KOHUAEMCA 6 Sy, P3 HAUUHAEMCA 6 Sy U
KOMUGEMCA 8 Sg, BbINOAHAIOMCA CACIYOWUE DB8A YCAOBUA:

(1) Ecau svix(p1) # A, mo 6vix(py) asasemes nauasom beckoneunozo caosa (6viz(pr))™.
(2) das mobozo u' C u evinoanaemca: |d(py,pe,u)| < n.

Cxomubil kKpurepunn chopmyauposan u gokasan B [1] A. Bebep. [okaxem He0OX01u-
MOCTB C(HOPMYJIMPOBAHHOTO KPUTEPHA.

[Ipenmooxum, aTo yeaosue (1) me Bemoanserca. Ilyets k > ¢, rae ¢ — 3HaIHOCTD 2.
Pacemorpum MuOKecTBO {pt 'poph ™t | i =1,... k} myreit u3 s, B sy. Jlerko BEIeTh, €TO
BCe DTM MyTH MMEIOT OJMH W TOT xke BXox u*. BwIbop k rapanTmpyeT CymiecTBOBaHHE Ta-
koro j > 0, uro (6viz(py))’ eviz(ps) = eviz(ps)(6viz(p3))’. Orciona (6viz(py))¥ eviz(ps) =
(ev1x(p1))’ 6bll‘(p2)(‘6bw?(p3))‘ = 6bll‘(p2)(6bl$(p3))?‘(6bl$(p3))‘ = 61z (p2) (6viz(p3))?, u ana-
aoruwaHo (6wx(py))Y 6wz (pe) = 6viz(p2)(6viz(p3))™? paa mo6oro ¢, OTKya ACHO, 9TO 6612 (Pg) —
Hada1o (ewz(p))™.

Moxaxem (2). Tpexnoaoxum, |d(py,pe,u')] > n* n1a kakoro-to v’ C u. Ilycts A =
Ug, U, U, . .. — BCE HAYATA CIOBA U. 3aMeTuM, 9To |d(py, pa, w;) —d(p1, P2, Uiy1)| < n mus ao-
6oro i, pu >ToM d(py, p2, Ug) = 0, CIEIOBATEIBLHO, CPEAN U; HARAETCA X0Ta OBl n° + 1 Havan
u;, ¢ pasauaHbIME d(p1, P, U, ). Kakaomy u;, COOTBETCTBYeT TPOUKA COCTOAHUM, B KOTO-
PBIX KOHYAIOTCA Iy T P (w;, ), P2 (Ui, ), p3(wi, ). Bospmem takme u; u wyr (uy C uyr), KOTOPBIM
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COOTBETCTBYET OMHA W Ta ke TPOUKA. TakuM 06pasoM, U = U1UpVs, TAE Uy = Uy, Uils = U

[To mocrpoenuio | vz (pi(ve))| # | sviz(pe(ve))|, Tak xax d(pi,pe,v1) = |6wviz(pr(vy))| —

| 6v1z (pa(v1))| # | 61 (p1(v1)) [+ eviz (p1 (v2))|—| 601z (p2(v1)) =] 601 (p2(v2))| = d(p1, P2, v1v2).

Ecan | 6z (py)| # | 6biz(ps)|, TO AIuHBL BEIXOI0B Ty Ted pi poph ", oueBnanO, MOmapHO pas-

JUYHBL, 9TO IPOTUBOpeanT BIGopY k. Ecan | 6viz (py(v1))| + | svi(p1(vs))| # | svix(ps(v1))| + | sviz(ps(vs))
TO Taxoe ¥e paccykgeHue BepHo mas myTeir [py(vy)pr(vs)]iipa(v1)pa(vs)[ps(vi)ps(vs)]F .

Nuade, pacCMOTPUM Da3IHIHBIE TYTH U3 S B Sy CO BXOAOM U1UsU3UiUgUsl3 . . . U1USV3, TIPO-

XOJALIME TIO P1, P2, P3. JIerKO BUIETH, 9TO AJIMHA BBIXOAA DTUX IMyTel MOHOTOHHO 3aBUCUT

OT TOTO, KaKO#l GJIOK v;v5v3 TPUXOIUTCA HA MYTh Po, ITO MPOTUBOPETUT BEIGODY k. Heob-

XOAUMOCTb KPUTEPUA NOKAZAHA.

[Tpr moxasarenrbcTBe TeopeMbl 1 OyaeM IpeanosaraTb BMECTO KOHETHO3HATHOCTH 2 BbI-
MOJTHEHHOCTH JAHHOTO KpUTepus. [I0CKOIbKY M3 BO3MOKHOCTH ACKOMIIO3UIINYA MPe0oOpaso-
BaTeIA CACAYET €ro KOHEIHO3HAYHOCTD, TO OyAeT JOKa3aHa JOCTATOIHOCTH KPUTEPH.

[IpogomxuM mokasaTeabcTBO TeopeMsl 1. IlyeTs ¢ u o — cocrosuma A. Ckaxem, 9T0
g1 = @9, €CIN CYHECTBYeT IMyTh U3 ¢ B (p. OTO OTHONICHUE YACTUIHOTO MOPALKA pas3Ou-
BAET MHOXKECTBO COCTOAHUE () HA KIACCHI DKBUBAJICHTHBIX cocToanui. Ilepexon (g1, a, v, ¢a)
Oy/ieM Ha3BIBATDH NEPELrodom 6 COCMOAHUAT, €CIN () HE DKBUBAJEHTHO ¢o. 1lycTh Q1 m Qo —
noaMuOKecTBa (). Ckaxewm, 910 ()9 gocTuraerca u3 (), Ha CJIOBE W, €CAU CYIIECTBYET MHO-
XKecTBO L myTen m3 Q1 B (J2 CO BXOAOM w TaKOe, 9TO I JIO0ro ¢ € () CymecTByeT
OyTh U3 L, HAYMHAIOWMNICA B ¢, a IIA JI00ro ¢, € (Qy cymecTByeT myTh u3 L, KOHYar0-
mmicsa B ¢o. Craxkem, 910 (1 = (J2, €CIU CYyMIECTBYET CJA0BO, HA KOTOPOM (J TOCTUTAETCS
u3 (1. O9eBMAHO, 9TO BBEICHHOE OTHOIICHUE ABIACTCA OTHOIIEHUEM YaCTUIHOTO MOPAIKA
Ha MOAMHOXKeCTBaX (), pa3OWBAIOIIMM WX HA KIACCH DKBUBAJIEHTHBLIX MOAMHOXKECTB, W DTO
OTHOIICHAE IIPOJOKACT y2Ke BBEACHHOE HA COCTOAHUAX: (i > (o TOTJa U TOJBKO TOLJA,
korga {q:} > {¢2}. Jlerko BugeTs Takxe, 9TO MO ABYM MOAMHOKECTBAM (1 U (s MOKHO 3a
BpeMsa exp(poly(n)) BoACHUTE, BHmoOAHASTCA au Q1 = Q2 (IeNCTBAUTENLHO, eciu Qg TOCTH-
raerca u3 ()1 Ha HEKOTOPOM CJI0BE, TO OHO JOCTUIaeTCA U3 () M Ha CJIOBE NIUHBI He OOIbIIeN
n™). Ilycts ectsb caoBo u, u v’ C u. MuoxkecTBOM ABycTOpOHHeN moctuxumoctu M, (u')
HA30BEM MHOXKECTBO TaKMX COCTOAHUH ¢, JJIA KOTOPBEIX CYIIECTBYET MOILYCKAMOUMHA IyTh [
Takon, 4T0 6z(l) = u u nyTsh [(u') KoHuaeTcsa B ¢. Jlerko Bugers, uro ecau u; C uy C u,
T0 M,(ui) = M,(us). TlycTs Ha gomyckaiomem 1myTu [ eCTh mepexon p u l; — Hadago [,
KOHYAIOIIEeCs HeIOCPEICTBEHHO 10 P, a [y — HadaJjo [, KoH4Yaloleecs cpa3y mocte p. byrem
HA3BIBATH P neperodom 60 muoxcecmsar Ha l, ecim M, (uy) He sksuBasenTHO M, (us), Tae
uy = 8z(ly), uy = 6x(ly). [Jokaxkem JBe JEMMBL.

Jemma 2. IIycmv 6 A dea cocmoanus q; u g sksusasenmubl. Tozda das awbvir deyz
nymet Iy uly uz ¢ 6 go makux, wmo 8x(l1) = 6x(ly), svinoansemca: evir(ly) = vz (ly).
Jas m06020 navaaa u' caosa u = 6x(ly) svinoanaemea: |d(ly,lo,u')| < nt.

Aoxasameavcmeo. Obosmadum: w, = evir(ly), wy = eviz(ly). B cumry skBuBaseHTHOCTH
(1 U o CymecTBYeT myTh | u3 ¢o B ¢q;. Ecaum |wi| = |wy|, npumenum ycaosue (1), rge
$1 = S = q1, p1 = lil, py = p3 = lyl. Toayunm, aro ewz(l;l) = ewx(lyl), orkyna crenyer
w; = we. Ilycts |wy| # |wy|. Bymem cuamrars, ato |wi| > 0. Iloaysaem mpoTrmBopedne
¢ yeaosuem (2), mOTOXKEB B HeM 8| = S3 = q1, p1 = (L1D)F, py = p3 = (lLD)* xna k > n™
[Tocienree yTBepXK IeHNe JeMMBI caeayeT u3 ycaosus (2). Jlemma 2 mokasana. [



CKa)KeM, 9TO ABa CJI0Ba COINIACOBaHBI, €CJAX OOJHO U3 HUX ABJAACTCA HaYaJOM APYIOI'O.

Jlemma 3. IIycmwv My, My, — npou3goavnvie 3K8UBAAECHMHBIE OMHOCUMEALHO OMHOULEHUS
> mmoscecmea cocmoanut, g € My, g € My, I — nymv uz q; 6 ga maxot, wmo My
docmuzaemca uz My na caose v = 6zx(l') u | ewiz(l')] > n*. Toeda daa awbviz deyz nymet
li, ls us q1 6 g2 co 6xodom v = 6x(l') caosa eviz(ly) u 6viz(ly) coeaacosanvl, u das w6020
v' C v svinoansemes: |d(ly,l,v")| < 2n.

Loxazameavcmaso. BymeMm cIuTaTh, ITO ¢ HE SDKBUBAJEHTHO (9, MHAYTE YTBEPK ICHUE JEMMbI
cpasy caenyeT u3 JeMMbl 2. U3 skBuBamenTHOCTH My m My caenyer, uTto My mocTuraercs
u3 M, ma HekoTOpoM caoBe vy. Torma M; gocTuUraeTca W3 caMoro cebs Ha CIOBE VUq.
[TosTomy cymecTByeT GECKOHEYHAsA MOCAEI0BATEIbHOCTE coCcTOAHUU u3 Mi: qo,q_1,q_3 . ..
Takasd, 970 1 06010 ¢ < 0 CymecTByeT myTh 7; U3 ¢; B (511 CO BXOAOM vV1. SapUKCUPyeM
cocroanue by = ¢; = ¢; 14 HeKOTOpwX ¢ < j < 1. Ilomyumm 3amxHyTHI IyTH U3 b1 B by,
KOTOPBLIN 0003HAaYIMM 1depe3 p. Kpome Toro, cymecrByeT 6eCKOHEYHAsA MOCAeI0BATEILHOCTD
cocrosaauu u3 Mi: q3,q4,... TaKasg, 9TO CYIIECTBYET MYTb Yo U3 (2 B ¢3 CO BXOJOM Vi, U
JJIA I060T0 ¢ 2> 3 eCTh IyTh 7; U3 ¢; B ¢j41 CO BXOIOM VU;. 31€Ch ¢; # ¢; 11 Bcex 1 < 1,
J = 2 B CmIy HeIKBUBAJIEHTHOCTH ¢ U (. 3adUKCHPOBaB by = ¢; = ¢; A1A HEKOTOPBIX
3 <1 < j, MOMYyIUM 3aMKHYTBII MyTh U3 by B by, KOTOPHIN o6o3HadmM 1epes p'. [lyTb m3
by B by, cocToAmNUM W3 TPeX OTPE3KOB — u3 by B ¢ mo myTam 7; (i < 0), u3 ¢ B ¢o 1O
' m 3 go B by mo myTsam ~y; (i > 2) — obGosuauum depes . OueBuano, |6z (p)| = kny,
| 62(7y)| = kng, | 6x(p')| = kns, roe k = |vvy|, a ny, ne, N3 — HaTypaabHBIE YmMCIa. BO3bMeEM
HA P COCTOSHME S TAKOe, 9TO MyTh, HAYUHAIONIMUACA B S, UAYIIUNA BCE BPEMA IO IMUKIY P
v uMeromuy 1MHy k(ningng — ns), oKaHUYMBaeTCA B by, 0003HAYUM DTOT MyTh Uepe3 7.
PacemoTpum Tpu myTu: myTh pi; U3 S B S, COBEPIIAIOIIAN 7973 0O0POTOB MO MUKIY P, IyTh
P2 U3 S B by, PABHBIA 7'y U IyTb p3 U3 by B by, COBEPUIAIOIINE 717 0OOPOTOB IO IMUKIY
p'. OueBuano, ato 6x(p;) = 6x(p2) = 6x(p3). Tax kak | evix(p2)| = | 6wz (l')] > n*, To mo
yeaosuio (2) | eviz(py)| > 0. IIyTs py MoxkHO npoBecTy 10 [ uau Iy BMecro I, Tlo yeaosuio (1)
BBIXOIBI JII000T0 U3 3TUX TPeX BO3MOXKHBIX BAPUAHTOB MYTH Po ABIAIOTCA HAYAIAMU CJIOBA
(6viz(p1))>°. OTcroga, B 9acTHOCTH, creayeT, 9To cioBa 6uiz(ly) u ebiz(ly) cormacoBansr. U3
ycaosua (2) aerko sugetsb, uto |d(ly, ly,v')| < 2nt. Jlemma 3 nokazana. O

CaeacrBue 1. I[Iycmpv | — donyckarowui nyme 6 A, ui, uy — d6a wauasa caosa u = 6x(l),
uy C ug, My(uy) axsusasenmmuo My(us). Oboznawum wepes I ompesox nymu l, donoama-
owud L(ur) do l(ug), a uepez q1 4 ga — COOMBEMEMBEHHO HAUAABHOE U KOHEUHOE COCMO-
anua I, Iyemy | ewz(l')] > n*. Toeda dan wobwiz deyr nymed Iy, ly uz ¢ 6 gz co 6zo-
dom v = 6x(l') caosa sviz(ly) u evir(ly) coesacosamv, u das 4106020 v' C v BbINOAHAEMCA:
(1, I, )| < 20",

[Tycrs | — monyckaromuin nyts B . Kaxgomy mawany ! myTu [ coorBeTcTBYeT mapa
(¢, M), roe ¢ — cocrosnue, B KoropoMm okanumpaercsa ', a M = M,(u'), roe u = ex(l),
u' = 6z(l'). Bygem oTmedaTh mapel, COOTBETCTBYIONIME HEKOTOPHIM HadataM mytu [. Or-
METHM IIaphl, COOTBETCTBYIOIINE MYCTOMY HAadaly U BceMy myTu. [l KaxKIoro Imepexomia
B COCTOAHUAX Ha [, KOTOPLIM HE ABIACTCA IMEPEXOJ0M BO MHOXKECTBaX Ha [, BO3bMEM OJIH-
KaWlme C1eBa u cupasa Ha [ (MbI IpeAcTaBIseM | HAPABIEHHBIM CJIEBA HAPABO) MEPEXO Tl
BO MHOXKECTBAX (€CJAu OHU eCTh). [[1A KaXI0r0 U3 DTUX ABYX MEPEXOAOB OTMETHM IO IBE
Hapsl, COOTBETCTBYIONIME HAYAAAM IIYTHU [, KOHYAIOIIMMCA HEIIOCPEICTBEHHO 10 II€PEX0oaa 1



cpasy mocJe Hero. I Kaxaoro nepexoga B COCTOSHUAX, KOTOPBIA ABAAETCA U MEPEXOI0M
BO MHOXKECTBaX Ha [, OTMETUM [B€ YKa3aHHBIE Napbl, COOTBETCTBYIONINE DTOMY MEPEXOMY.
O6o3HavmM tdepe3 [ mOCTIEI0BATEIHLHOCTD BCEX OTMEYEHHBIX Map, PACIOJOXKEHHBIX B IO-
pAIKEe BO3PACTAHUA COOTBETCTBYIOMINX WM Hadad. JIerko BmaeTh, 9TO [ JIOOBIX IBYX
cocegnux B D map (g1, M1), (g2, M) BO3MOKHBL CIeAYIOUIAE TPU CJLY9as:

1) ¢ 9KBUBAJICHTHO (a;

2) Hadanta [, COOTBETCTBYIOIIME DTUM MapaM, Pa3InvaroTcs Ha OAWH Tepexon myTH [,
KOTOPBIU SABJIAETCA MEPEXOMOM U B COCTOSHUAX, U BO MHOXKECTBAX;

3) M, skBuBaieHTHO My, ¢; HE DKBUBAIEHTHO (.

Eciu umeer mecTo i-1 caydan, 6ygeM roBOpuTh, 9T0 0Tpe3ok [(q, M), (g, Ms)] mmeer
-1 Tun. B caydae 2 npunuineMm 3ToMy OTPE3KY CJIOBO, ABIAIOIIEECA BBIXOJIOM COOTBETCTBY-
fouero nepexona. B caydae 3 mycrs [ — ydacTox myTu [ Mexay monoxenusmu (qp, M) u
(go, Ms), v =6z(l'), w = epiz(l'). Ilpunumem TAHHOMY OTPE3KY 4YHUCIO k, pABHOE PA3HOCTH
MeX Y |w| 1 MUHUMATBHOU JIJIMHOM BBIXOJA CPEIU BEIXOAOB BCEX IYTEN U3 ¢1 B 3 CO BXOIOM
v. U3 yrBepxenus ciegcrsusa 1 caegyer, aro k < 2n.

[TocaemoBaTeabrOCTs D ¢ IPUNUCAHHON OTPE3KaM YKa3aHHOUW wH(pOpMAIMen OyIeM Ha-
3bIBaTh AuarpaMmon nytu [ m o6osHadarh 4depes D(I). Vudopmaunus BKIOIaeT TakKe
HOMED THIAa KaXKJI0I0 OTPe3Ka.

Jlemma 4. ycmy 1y u ly — donyckarwwue nymu 6 A marue, umo 6z (ly) = 6x(ly) u D(ly)
cosnadaem ¢ D(ly). Tozda swz(ly) = sviz(ly).

Lokazameavcmaso. OdeBuaHO, 9TO MH00aAsA HE KPAWHSAA Mapa W3 IUATPAMMBI COOTBETCTBYET
MTOJIOKEHUIO Iy TH HEMTOCPEACTBEHHO [0 UK IOCIE IePeXo,1a BO MHOXKECTBAX, MIPUIEM U3 Iua-
rpaMMBI BHIHO, KAKOU M3 >THUX CIydaeB MMeeT MecTO. J1060e MHOXKEeCTBO IBYCTOPOHHEN
TOCTUXKUMOCTU M, 0 KOTOPOM M3BECTHO, ITO OHO COOTBETCTBYET IMOJOKEHUIO TMYTHU HEIO-
CPEeICTBEHHO CJeBa (CHpaBa) OT Iepexoa BO MHOXKECTBAX, OMHO3HAYHO OIPEIe/NseT HAIAIO0
v’ caoBa u = 6x(l;) Takoe, uro M = M,(u’). [osToMy maper u3 guArpaMMbL OTHO3HAYHO
pa3bWBAIOT BXOM ¥ HA COOTBETCTBYIOIINE YIACTKU, X JOCTATOYHO TOKA3aTh PABEHCTBO BBI-
XOM0B [y 1 |5 Ha KaxKI0M yJacTKe BXoAa. Ecam oTpe3ok gumarpaMMBl UMeeT MePBBIA THII, TO
COBIaJeHNE BBIXOOB Ha COOTBETCTBYIOIIEM yYacTKe BXOJa caemyeT u3 JeMMbl 2. [Ipu ot-
pe3Ke BTOPOI'0 THIIA BBIXOJ YKa3aH HEIMOCPEeAICTBEHHO B nuarpamme. Ha oTpeske Tperbero
THTIA BBIXOIHI [{ U [ COMIACOBAHBI MO JeMMe 3, TTOITOMY OAMHAKOBasA PA3HOCTH C OJTHUM U
TeM Ke IHCI0OM obecrednBaeT UX coBmameHme. Jlemma 4 mokasaHa. 0

Tax Kax BCe [MarpaMMbl UMEIOT HOJMHOMUAIBHYIO 1IuHY (IInHA guarpaMMbl < 4-[KOIu4ecTBO
HEPEeXO0B B COCTOAHUAX| 4n) M KaxkKAbIM WIeH TuarpaMMbl (Kak U WH(OOPMAIW, TPUIIN-
CaHHAs OTPE3KY) MOXKeT IpuHUMATh He Goree exp(poly(n)) 3HaUeHUN, TO BCErO BO3MOXKHBIX
nuarpamMm He Gogee exp(poly(n)). IlosTomy, 1 ZOKA3aTEIbCTBA TEOPEMBbI 1 TOCTATOYHO
JUIA KaXK IO BO3MOXKHON AMArpaMMBl D) IOCTPOUTH 3a SKCIOHEHIHAJILHOE BpeMs IIpeodpa-
soBareas (D), rpaduk KOTOPOro COCTOUT U3 TeX U TOJIBKO Tex daemenToB [ (), koropsie
peanusyiorcs myramu ¢ guarpammon D. Ilo semme 4 npeo6pasosarens (D) GygeT oaHO-
3HATHBIM.

MHOKeCTBOM J€BOCTOPOHHE! JOCTUAKUMOCTH [JIA CJAOBA U HA30BEM MHOXKECTBO TaKHX
COCTOAHUU ¢, ITO CYMIECTBYET IyTh U3 HAYAJLHOI'O COCTOSHMA B ¢ CO BXOAOM u. Ecam
naHa gmarpaMMa D, TO MHOXKECTBOM JOKAILHOU ABYCTOPOHHEH NOCTIKUMOCTH HA OTPE3Ke



[(q1, M), (g2, M3)] amarpammvbr D mist BXoga u u ero Hadata v HAa30BeM MHOXKECTBO TAKUX
COCTOSIHUM ¢, YTO CYIIECTBYET Iy Th [ U3 1 B ¢ Takon, uTo 6z (l) = u u nyTh [(u') koHIaeTcs
B ¢. MHOXeCTBOM JOKAILHOU JeBOCTOPOHHEH JOCTUAKUMOCTH HA DTOM OTpE3Ke IIA BXOJa
1 HA30BEM MHOXKECTBO TaKUX COCTOAHUE ¢, 9TO CYIIECTBYeT IIyTh U3 ¢; B ¢ CO BXOIOM
u. Bypgem cumrars, uyro B nmepsou mape (¢, M) mumarpammsr D muOXecTBO M sABisercs
MO MHOXKECTBOM MHOXKECTBA HAYATbHBIX COCTOAHUM, & B MOCJAEIHEN Mape — MOAMHOKECTBOM
MHOXKECTBA 3aKTI0IUTEIBHBIX COCTOAHNN, TIOCKOIBKY WHAYE, O9€BU,IHO, HE CYMIECTBYET My TH
¢ muarpammon D.

Omnumem A(D). Cocroauusvu A(D) 6yayT caegywomue coBokynaocTu: (Q1,Qs,q, L).
31eck B Q1 OyeT BBIYUCIATHCA MHOXKECTBO JEBOCTOPOHHEH MJOCTHKUMOCTHU IS NPOITEH-
HOr'0 Hava/la BXOAa, B (Jo — MHOXKECTBO ABYCTOPOHHEH TOCTHXUMOCTHU IS BCETO BXOJIa
U TEeKyIero Havaaa BXOAa, B ¢ € (Qa — TEKylIee COCTOAHUE yra blBAEMOrO MyTH C TUTa-
eMBIM BXOAOM # aumarpaMMon D. O4eBHIHO, ITO MHOXKECTBO ()3 OJHO3HATHO ONpPEAeIACT
Texkymuin oTpe3ok [(q1, My), (go, Ms)] mmarpammbl D mepBOro Wid TPEThEro THUIA TAKOU,
aro My = Qo = M,, ecan o cymecTByeT. L HemycTo TOTZa M TOJIBKO TOrAA, KOrIa
DTOT OTPE30K CYIIECTBYET M WMMEET TPETUH THUll. B sToM caydae [ — COBOKYNHOCTH
(@}, Q% P). 3mech B ()] GyJeT BBIMUCAATHCA MHOKECTBO JOKATBHOU JEBOCTOPOHHEN MO-
CTHKUMOCTHU Ha TEKyIIeM OTpe3Ke, B ()5 — MHOXKEeCTBO JOKAJIbHOU JIBYCTOPOHHEH NOCTHU-
KuUMOCTH, ¢ € Q5 C Q). P — 5T0 MHOXKeCTBO map (¢, m) mo OTHOU IJA KaXKAOr0 COCTOAHUA
¢ € Qy, rae 0 < m < 2n', u eme ogHAa Tekymas mapa ¢ ¢/, paBHBIM TeKYIIeMY COCTOSHHIO
g. OO6o3Ha4ymMM 4epes u; OTPE30K BXOJa, HPOYTEHHBIN K Tekyuemy MoMmenTy B A(D) Ha
yaactke, rae My > Qy = M,. B Texymen nape (g, m) B m OyAeT BHIYUCIATHCA PA3HOCTD
MeXK1y IIMHOU BEIXOAA yra blBaeMoro B 2| IIyTu Ha OTpe3Ke BXOJa Uy U MAUHUMAJILHON /M-
HOU BBIXOJA CPENU BBIXOAOB BCEX MyTeH CO BXOAOM U; W3 ¢; BO MHOXKeCTBO Q5. IT06BI
CJIeUTD 33 DTOM MUHUMAIBLHON IJIMHOW, B KaXKJOU He TeKyiien mape (¢',m) B m GygeT BbI-
YUCAATHCA PA3HOCTH MEXKAY MUHUMAJIBHOW MIMHOU BBIXOAA CPEIM BBIXOAOB BCEX IIyTEH W3
¢1 B ¢ CO BXOZOM U; 1 MUHMMAJIBHOU IJMHOM BHIXOAA CPEAN BBIXOAOB BCEX MYTEH CO BXOIOM
u; w3 ¢; Bo MHOXKecTBO Q5. Havanbusmvu cocrosuuamu A(D) ABIA0OTCS Takue, B KOTOPHIX
()1 — MHOXECTBO HAYAIBHBEIX COCTOAHMU, (J9 M ¢ — Te, YTO YKa3aHLl B Hadale D; ecan
IEePBHIM OTPE30K IMArpaMMbl UMeeT TpeTun Tum, To L Hemycto, Q7 = Q) = {q} u Bo BCcex
mapax m = 0. Texymas napa: (g,0). Saxaouuressabivu cocroaauamu A(D) ABiAOTCA
Takue, Tae (J2 U ¢ — Te, KOTOpPble yKa3aHbl B KOHIE D, 1 MHOXKeCTBO ()1 \ (J2 HE COTEPKUT
3AKMIOIUTEIBHBIX COCTOAHUM: €CIM TMOCACTHUN OTPE30K AMArPAMMBI HMEET TPETHU THII, TO
L menycro, Q) = {q} u B Tekymen nape m paBHO YUCIYy, yKazsaHHOMY B D.

Omnumem mepexoast A(D). Ckaxem, ato coctoauue ¢’ u3 2 ABIAETCA MOCIETOBATEIEM
cocroanua ¢’ mo Oykse a, ecan ecTh nepexos u3 ¢ B ¢ co Bxogom a. Ilepexon n3 cocrosnus
S1 B COCTOSHME S3 CO BXOAHOU OYKBOW @ M BBIXOJHBIM CJIOBOM U CYIIECTBYET TOTAA W TOJBKO
TOra, KOrAa BBHIIOJHEHBI BCE CACAYIOMINE yCIOBUA.

1) Qi(s2) (Tak 0603HAMAEM KOMIOHEHTY ()1 B COCTOAHWHU S3) €CTh MHOXKECTBO BCeX II0-
caegoBarenen cocrosuun u3 Q1(s;) mo a. Takum 06pazoM, KOMIOHEHTA () BBHIYUCIAETCA
JIeTepMIHIPOBAHHO.

2) Cymecryet nepexox B 2 u3 ¢(s1) B ¢(s2) €O BXOAOM G ¥ BBIXOLOM U.

3) [Masa xaxgoro cocrosausa ¢ u3 (Q2(s1) XoTsA OBl OAUH U3 €ro MOCJIeJOBATENeN 10 a
NpUHALIEKAT Qo(s2). [l kaxgoro cocrosuus ¢ w3 Q(s1) \ Q2(s1) Bce ero mocaegoBaTenu
0 @ He TPUHALTEKAT (o(Ss).



4) B D cymectByer orpesok R: [(q1, My), (g2, Ms)] mu6o tuna 1 wim 3 Takou, 4To
My > Qa(s1) = My, My > Qa(s2) = M,, (04eBHIHO, TAKOM OTPE30K MOXKET OBITH JIUIIb
omuH), 6o Tuna 2 rakou, 9To My = Qa(s1), My = Q2(s2), ¢1 = q(s1), g2 = q(s2), v paBHO
BBIXOZY, yKasaHHOMY npu R. B 5ToM mocaeanem caydae, ecau npeasiaymuin orpe3ok D (1o
(g1, M)) mmeer TpeTuit TUI, TO JOMKHO BHIIOIHATHCE: (Q5(s1) = {q1}, m B Texkywen nape B
$1 paBHO yKazaHHOMY B D. AHanoru4so, ecau nocaeayomui orpe3ok D (ot (g2, Msy)) nveer
TPETHUU TWI, TO JOJKHBI BBIOJTHATHCA OYEBUIHBIE HAYATbHBIE YCJIOBUA. B ciydae, ecim R
TPeTHEro TUIA, TO NOKHBI BEIIOJIHATHCA II€PEIUCICHHLIC B CICIYIOMeM ad3ale yCIOBHA.

MuoxkecTBo Q)(S2) COCTOUT U3 BCex mocaegoBaTeNen cocToauun u3 () (sy) mo a. [laa
KazK 010 cocTosuus ¢ u3 (Q5(s1) Xors Obl OJAUH U3 €ro MOCJAeI0BATENH O ( IPUHALICKAT
Q4(s2). s xaxgoro cocrosuua ¢ u3 Q)(s1) \ Q4(s1) BCe ero mocaemosarenu nmo a He
npuHamIexkar (Q5(s2). P(sy) morydaercsa mo caexyromum npasuiam. CHadala COIOCTABAM
kaxaoMy ¢ € QQ4(sy) MUHMMAIBLHOE YUCIO CPEIU BCeX CYMM m + |w| Takux, 9To A1 He-
koroporo ¢” (¢",m) € P(s1) u cymectByeT mepexon u3 ¢” B ¢’ O BXOAOM a U BBIXOIOM wW.
Cpenn Bcex CONOCTABJICHHBIX YUCE] BO3bMEM MHUHMMAa/IbHOe 4ducao k. Ecam k # 0, ymeHb-
mUM BCe PTH 4mcIa Ha k. IIpm 5TOM BCe IOTYyYMBIIIECS GHCIA He IpeBbIIaoT 2nt. DTu
qpcja B mapaxX ¢ COOTBETCTBYIOMIMMU UM COCTOAHUAMU BOUAYT B P(sy). B Texymen nape
m(sy) = m(sy) + |v| — k < 2nt.

OueBugHO, 9TO ecau B 2 €CTh IOMyCKAONMI yTh | ¢ guarpammon D, To B A(D) cyme-
cTByeT gomyckatomui nyTh [ Takou, uto 6x(l) = ex(l'), eviz(l) = ewz(l’). IlycTs, HAOGO-
por, B 2A(D) ectpb gonyckatomun nyTs ['. Tlokaxkem, 470 COOTBETCTBYIOMWIUY €My YIa JaHHbBIT
nyTh [ B A mmeer gmarpammy D. KowmmonenTa () BBIMHCJASETCA BEPHO, TaK KaK OHA [e-
TepMuHIpOBaHHA. [loKaxeMm, 9T0 (3 TOXKe BEIYHCIACTCA BepHO. IlycTh sTo He Tak. IlycTs
(2 B HEKOTOPBEII MOMEHT MMeEET JMIIHee COCTOAHME. 1Orga B CHIy TOrO, 9TO DJIEMEHTHL (o
IMeT XOTA OBl OJHOIO IOCAeZOBATEIA B (Jo HAa KaXKIOM IIAry, B KOHIE (s OyaeT comep-
KATh HE3AKIIOIUTEIBHOE COCTOAHNE, 9TO MPOTUBOPEYUT TOMY, UTO MyTh || TOMyCKAIOMINN.
[TycTs (Q2 HE COXEPKUT HEKOTOPOrO COCTOAHMA, KOTOPOE HA CAMOM A€1e BXOIUT B MHOXKE-
CTBO IBYCTOPOHHEH TOCTUKUMOCTHU. Tak Kak BCe MOCAeI0BATENN COCTOAHNE U3 (1 \ Q2 HE
OPUHALICKAT (Jo, TO B KOHIIE HEKOTOPOE 3aKIIIUTEILHOE COCTOAHNE Oy AeT IPUHA IIeKATE
Q1 \ Q2, 9TO HEBO3MOKHO. AHAJIOTUIHO NJOKA3BIBACTCA MPABUIBHOCTD BRIYUCACHUA () u Q)
Ha orpe3kax. [lepexoasr A(D) ycTpoeHsl Tak, YTO HAXOAACH Ha KAKOM-IuG0 orpeske D
NEePBOT0 WM TPETHEr0 THUIA, MOXKHO YUTH C HEIO TOJBKO MO MEPEX0TY, COOTBETCTBYIOMEMY
CIeAYIOMEMY OTPe3Ky BTOPOrO THUIA, U JAMIb TOTIa, KOraa WHGOPMAIKA O MePBOM OTPE3Ke
coorsercTByeT D. IIpaBUIBHOCTH BEIYUCJICHUA >TON MH(MOPMAINU OYeBUAHA. llocTpoenue
(D), o4eBUIHO, TPOU3BOAUTCA 3a HKCIOHEHIIMAIBHOE BpeMaA. Teopema 1 U 10CTATOYHOCTD
KPUTEPUA KOHETHO3HATHOCTH JTOKA3AHBI. O

Moxkuo noctpouts (D) Tak, 9TO6E OH 06IALAT CJAEAYIONMM TONOJIHUTEAbHBIM CBOU-
CTBOM: IJIf1 JIIOOOT'O CJOBA U CYIIECTBYeT He 0OoJee OJHOrO TOMYCKAIMEro IMyTH CO BXOJIOM
u. [l >TOro HYyXKHO ¢ caMOro HadaJa IMepeHyMepoBaTh Bce mepexonnl 2. B ompenerenun
cocroanunt A(D) cregyer 106aBUTH 1 OTPE3KOB IE€PBOIO TUNA — KOMIIOHEHTHI, BEIYUCIs-
IOIIIEe MHOXKECTBA JOKAJILHOW OJHOCTOPOHHEN W ABYCTOPOHHEN HOCTURKWUMOCTH, IS OTPE3-
KOB TPETLErO THUIA — MHOXKECTBO “TYNMKOBBIX’ Iap BUAA (¢, m). 31ech ¢ — cocTosuue 2A,
B KOTOPOM II0 IPEIIOJIOKEHNIO OKAHINBAETCA HAYAIO HEKOTOPOT'O0 BO3MOXKHOT'O IIyTH, IIO-
CJIeI0BATEIBHOCTD IMePEX0I0B KOTOPOIro JJeKCUKOTpA(UICCKI MEHbIIe, 9eM Y yIa IbIBAeMOr0O



nyTu. B qucie m BRIMUCASETCA Ta XKe XapaKTePUCTUKA BO3MOXKHOTO TMYTH, KOTOPAsS PAHbBIIIE
BBIYHUCIATACH TOIBKO IS yradbiBaeMoro myTu. B ycrpoucTse nepexonos (D) nobasisercs
MPABUJIO O TOM, ITO BCE MEPEXOIbl U3 TEKYIIEr0 COCTOAHUA, KOTOPBIe MEHbIIIe yIra aHHOoTo,
au6o BeAYT B JOKAIBLHO JABYCTOPOHHE HENOCTUKUMOE COCTOAHME (Ha oTpe3kax Tuma 1, 3),
b0 HE COOTBETCTBYIOT yKaszaHHOMYy B D mepexoxy (tun 2), au6o (oTpesok Tuma 3) Be-
IyT B COCTOsHWME, KOTOPOe BXOAWT B “TynukoByio’ mapy. Ecau B (D) ects mepexon us
$1 B So CO BXOJOM @ W BBIXOJOM ¥, HE BBIBO/AIINY 34 MPeIeTbl OTPe3Ka TPEThero THUMa, TO
JUIA KaXK OO COCTOAHUA ¢, ABIAIOIIEr0CA MOCICAOBATEICM IO ¢ COCTOAHMA ¢, BXOAAIICrO
B “rynukoBytw” mapy (¢’,m) € P(s1), JOIKHO BBIIOJHATHLCA XOTA OBl OJHO U3 CJIEAYIONUX
YCJIOBUM.

1) " ¢ Qyls2).

2) B P(sy) cymectByer “rynukoBas” mapa (¢”,m;), rae mj BBIYUCIEHO TI0 M, U TaK XKe,
KaK BBIMUCIAJIOCH AJIA YIalblBAEMOT'O Iy TH.

Ecau xe paccMaTpuBaeMBIN IIepeX0 BEIBOAUT 3a Mpeaelbl OTpe3Ka, TO B 000U “TyIu-
koBon” mape u3 P(s) 9ucao m g0MxKHO OGbITh HEe PABHO YUCIY, YKa3aHHOMY B D.

Jlerko BugeTH, YTO OMUCAHHBIN TPEOOPA3OBATEb I KaXKI0T'0 BXOIa MOMYyCKAET JUIIh
TOT MyTh ¢ AuarpamMvon ), mocaeq0BaTEILHOCTE TEPEXOI0B KOTOPOTO HAMMEHBIAI B JEK-
CHKOIpa(UIECKOM CMBICTIE. YKaxKeM OIHO CJIeJICTBUE HAIINX IOCTPOEHUN.

Teopema 3. Jas aw6020 caosa u 8 A cywecmsyem mnoxrcecmeo M(u) uz exp(poly(n))
donycrarowuz nymet co 6zodom u makoe, umo das 106020 donyckawezo nymu l co 6xo-
dom u cywecmeyem nymy ' € M(u) makotd, umo swz(l') = eviz(l), u das mobozo v’ C u
svinoanaemcsa: |d(l,1',u")] < 2n?.

B uwactaocTH, Kak nokazan A. Bebep B [1], 3BHAYHOCTH KOHEUYHO3HAIHOIO TPEOGPA3OBa-
Tess pazmepa n He npeBocxoauT exp(poly(n)).

M1 10Ka3aTeIbCTBA TeOpeMbl 3 Bo3bMeM B KadecTBe M (1) MO OMHOMY IIyTH ¢ KaXKIOU
BO3MOXKHOU AHATPAMMON. YTBEp:KJIeHHE TeOopeMBl 3 JIerKO CIefyeT U3 JeMM 2, 4 m cref-
crBus 1.

Huxnas oneHka 3HAYHOCTH KOHEYHO3HAMHOTO Ipeobpa3oBaTe s DKCIOHeHInAIbHA. JIerko
HOKa3aTh, YTO JaxKe IUCIO0 PA3JMYHBIX JIMH BBEIXOJOB HA OJHOM BXOJE MOXKET OBITH JKC-
HOHEHIUAIBHEIM. [l 5TOro paccMoTpuMm mpeobpasoBaTeas B, mMeromun m + 1 mapy co-
croaunit: (qi,q;), (¢2,45)s - - - (Gmt1,@pq). Haganenele cocToanua ¢, ¢, 3aKIOIATEILHELE
Gm+1s Qppyq- 1lepexomsl cregyiomme:

<Qi7 Uj,s Aa Qi+1>7 <QZ7 Uy, Aa qz+1>a <q7ia Us, AJ qi+1>7

<q;a Uy, A7 qz{+1>7 <Ql7 Us, C, QZ>7 <q;a Uy, A> qz>a
rae u; = @ TpA HEYeTHOM ¢ W u; = b mpum deTHOM, a, b, ¢ — OykBel. OueBmanO, 4TO ‘B
konewHosHaunbnt. Iycts f(k) = 2. Torga mra sxogza a/®ab/Mba/@ab/®b. .. a%abb
(cmTaeM m “eTHEIM) TpeobpasoBaTelb B MOXKeT, OIeBIIHO, BELIATE JT060H BEIXOT cF| T e
qmucao k 3anmceIBaeTCA B IBOMYHOU CHCTEMe IHCIOM U3 He O6oaee m nupp. Tak Kak Takmx
qucea Beero 2™, To HUXKHAAL HDKCIOHCHINATLHAS OICHKA TOKA3aHa.
B o6meM ciaydae JoHOIHEHHE 1O MHOXKECTBA, PACIO3HABAEMOIO HeJeTePMUHUPOBAHHBIM
ABTOMATOM pa3Mepa 1M, PaCIO3HAETCSA aBTOMATOM pasmepa exp(poly(m)). Oguako, B gaH-
HOM CIydae IMeeT MeCTO



Teopema 4. /[as w060t duaepammvr D cywecmsyem asmomam A’ (D) pazmepa exp(poly(n)),
KOMOpbl Pacno3naem MHONCECB0 MAKUT 8T0008 U, WMO He cyuecmeyem Jonycraou,e2o
nymu 6 A(D) co sxodom u. [Jas xaxcdozo u 6 A (D) cywecmeyem ne boaee odnozo donyc-
Kaowezo nymu co 62000M U.

Hoxazameavcmeo. Cocrosuusa A' (D) BKIOIAIOT MHOKECTBA ()1, (J2, B KOTOPBIX BBIMUC.IA-
I0TCA MHOXKECTBA OJHOCTOPOHHEH W ABYCTOPOHHEH NOCTIKUMOCTH. Kpome Toro, oHm co-
JIepxAT MHOXKECTBA () u (), TOKATBLHOU OJTHOCTOPOHHEN W MBYCTOPOHHEN MOCTUKUMOCTH,
a 1A OTPE3KOB TPETHEr0 THIA eMe MHOXKECTBO map (¢, m). 31eck ¢ — cocToanue u3 (),
B KOTOPOM OKAaHYMBACTCA BO3MOXKHBIA IIyTh, T. €. MyTh ¢ NPOYUTAHHOU 9YaCTBIO BXOJA,
KOTOPBIM MOXKET OKa3aThCA HAIAJIOM HEKOTOPOrO IIyTH ¢ amarpammon D, m — Ta xKe Xa-
PAKTEPUCTUKA DTOTO MyTH Ha oTpe3ke, Kak u B A(D). MHOXKeCTBO map MOTHOE, T. €. eCJau
CYMIECTBYET BO3MOXKHBIU IIYTh ¢ HEKOTOPHIMA XapaKTEPUCTUKAMU, TO CYIIECTBYeT U COOT-
BeTCTBYIOWAsA UM mapa. MuoxecrBa @1, Q2, @), Q) BeramcasOTCa TakK XKe, Kak B A(D).
Ecmu npu ouepexnom mepexoge HOBoe (3 0OCTAeTCA Ha TOM Xe oTpeske [, 9To m crapoe,
TO HOBBIE (], ()Y BEIYUCIAAIOTCA TaK ke, Kak B 2A(D), a HOBOe MHOXKECTBO Hap BHIYUCJAETCA
0 CTApOMY €CTECTBEHHLIM 00pa3oM € COXpaHEHHMeM CBOMCTBA IOJHOTHL. Ecaim odepegHon
epexo] BO MHOXKECTBAX COOTBETCTBYET OTPE3KY BTOPOTO THIIA, a Iepe] STUM OBLT OTPE30K
[EepPBOrO UIM TPETHEro THUIIA, TO IEePEX0] Ha CICAYIOMUI OTPe30K D OCyIIeCTBIACTCA Wb
B TOM cilydae, ecau (), COCTOUT U3 KOHEYHOI'O COCTOSHUA OTPE3KA, a I TPEeThero THUIA
cpeam map ecTh XOTA ObI OJHA, KOTOpasg COOTBETCTBYeT mH(opManun [ 114 TPOUIeHHOTO
orpeska. Ecau xe (), mycTO WIM HET COOTBETCTBYIONIEN NAPHI, & TAKXKe B CIydae, KOrja
OdYepesHoON Iepexo] BO MHOKECTBAX MPOTHBOPeYnT ), COBEPHIACTCA MEPeXOl B COCTOSHUE
(@1, Q, “cOon”), m ganbIIE TPOTOIKAIOT BBMUCIATHCA TOIBKO (1 m (2, c10BO “c6ou” Co-
xpaugercsa (oTMeTuM, 9TO ()1 MOXKeT CTaTh U MYCTHIM). B 3aKII0YATENILHBIX COCTOSHUAX
(D) Bce cocToanus u3 (Qy 3aKIOUUTENbHBIE, a U3 (1 \ Q2 — HeszakmounTenbHbe. Cpenu
cocroauunt A'(D), B KOTOPBIX BBIIOIHAETCA 3TO CBOUCTBO, HE3AKIIOIUTEAbHBIMA ABJISAIOTCA
JUIIb Takue, rae HET c¢601, (Qo paBHO mocaenaneMmy Muoxkectsy u3 D, Q) = {q}, roe ¢ —
nocaefHee cocToanne u3 D, a eI MOCACJHAN OTPE30K MMEeT TPeTHH THUII, TO CYIIEeCTBYeT
COOTBETCTBYIOIIAA AUarpamme napa (¢, m).

Jlerko BugeTh, uTo ecam B 2 HET HOMyCKAIOIIEro IyTH CO BXOAOM U U Auarpammon D,
to A (D) nmonyckaer u. Ilycts maoGopor, B A'(D) ecThb AOMYCKAIONMU MYTH CO BXOIOM
u. Tak xe, Kak B IOKa3aTeIbCTBE TEOPEMHI 1, MOKaseIBaeTCs, 9T0 (1, QQo, )], ()5 BbIUU-
CAAIOTCA BepHO. U3 yeTpOUCTBA MepexoJ0B U MOJIHOTHI MHOXKECTBA HAOOPOB CACAYET, ITO
YYUTBIBAIOTCA BCE BO3MOXKHBIC Hadagla MyTed, IPeTeHAyIMUX Ha guarpammy D, W BEpHO
onpegeraeTca ux orcyrcrsme. IlosTomy B 2L HET AOMYCKAIOIEro MyTH CO BXOJIOM U U JNa-
rpamMMonn D. I3 Toro, 4To BxogHaa OyKBa U (PMKCHPOBAHHLIA BApMAHT yraablBaHuA (o
u (), OJHO3HAYHO OMPEIEIAIOT mepexol u3 Jaboro cocrosuus A (D), caegyeT equHCTBEH-
HOCTB JOIIYCKAIOWEro IIyTH CO BXOAOM u. Teopema 4 moxaszama. OTMeTHM, 9TO HOLOOHYIO
TeopeMy A ABYXIKCIOHEHIMAILHON OleHKn nokasar B [2] A. BeGep. O

A. BeGep mokasan B [1] caegyiomryio Teopemy.

Teopema 5. Cyuecmeyem noAuHOMUAGALHBIT AA20PUMM, KOMOPILT 10 NPOU3EOALHOMY Npe-
00Pa3068aMEAI0 PEULGE, KOHEUHOZHAUHDIT OH UAY HETN.
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Aorazamenbcmeo. DTOT pe3yabTaT CAeIyeT U3 IeMMbI 1, KpuTepus KOHeYHO3HAYHOCTH (Te-
opeMa 2) W TOro, 9TO 10 TPOU3BOILHOMY mpeobpasoBaTenio A 6e3 MyCTHIX BXOJIOB MOXKHO
34 HMOJIMHOMHUAJIBLHOE BPEeMA PElIMTb, YAOBICTBOPAET JU OH KPUTEpHIo. IloKaxkeM, Kak 5TO
crenath. IlepeGupaeM mapbl COCTOAHUE (Sq,S9). [l KaxkIOU MAPHI CHAYAIA TPOBEPUM,
BBIIONHsSAeTCA au yeaosue (2). [as 5Toro, mocTpouM Caeayiomul HegeTepMUHUDOBAHHbBIN
asromar A;. Ero cocrosanms — ynopamoveHHbie 9eTBEPKH ((1, (2, (3, M), TAE 1, (2, (3 —
cocroanua 2A, a m — amubo mesoe wmcao Taxkoe, 9To |m| < nt, mm6o cumsox *. Tlepexon
u3 cocrosuua (qi, gz, 3, m) B cocTosuue (i, s, gy, m’) CO BXOIOM a CYIIECTBYET TOAA U
TOJBKO TOTJAa, KOrJAa, BO-TEPBBIX, MIA KaxkIoro ¢ = 1,2,3 cymecTByeT mepexon B A u3
¢i B ¢, co BxoaoM a (0603HAYMM €ro BBIXOJ 4epe3 v;) W, BO-BTOPBIX, €CIU M — GUCIO U
Im + |v1] — |va]| < n*, To M’ = m + |vi| — |v2|, wHATe M’ = *. Hawanbnoe cocTosume A;:
(81, 81, 2, 0), 3akaOUUTENBHOE: (S, S, S2, %). B M BBIYUCAAETCA PA3HOCTH MEXKAY JIJIMHAME
BEIXOJIOB Pi U P2, & * YKa3BIBACT, ITO €€ MOIY.Ib IPeBBICHT nt.

O4eBuAHO, 9TO W3 CYMIECTBOBAHMA TOIYCKAIOUIEro MyTH B A, caenyer cymecTBOBaHHE
YKA3AHHBIX B KPUTEPUU IIyTEH Pi, P, P3 TAKUX, 9TO Ha HEKOTOPOM Hadaste 1 ux OOIero
Bxona |d(pi, p2,u’)| > n*. O6parno, u3 cymecTBOBaHUA TAKUX TMyTell BHITEKAET, OUEBHUIHO,
cymecTBoBaHue gonyckamomero nytu B A;. Takum 06pasom, BBIIOJHEHHOCTH yCIOBUs (2)
JUIA S, So DKBUBAJICHTHA OTCYTCTBUIO B A; IOIIyCKalomero myTH, 9T0, O9€BUIHO, IPOBep-
eTCA 3a MOJMHOMUAILHOE BPEMH.

Teneps mpoBepuM A S, So BHIIOJIHEHHOCTD yeaoBus (1), mpeanonaras, 9To ycaosue (2)
st HuxX BeinoaHeHo. CHadana 3aMeTuM, 9T0 ycaoBue (1) SKBUBAIEHTHO CIEAYIOLIEMY yCIO-
Buto (1): caoBa 6wiz(py) u 6bir(pe) cormacoBansl. [lencrBurensHo, ecan (1) Hapymaercs
1A TIyTeR Py, Po, P3, TO AdaA myTedt p) = p¥, pl = popti~t, ph = pk, rae k nocrarouno Beanxo,
Hapymaercsa yeaosue (1), Toctpoum caepyromun asromMat As. Ero cocrosnus neaarcs Ha
Tpu MHOXKeCTBa: (1, Qa, Q3. B Q1 »To marepku (qi, ¢2, g3, m, a), 31echb q1, ¢2, (3 TAK XKe,
KakK B Aj, COOTBETCTBYIOT MOCJETHUM COCTOSHUSAM yT'aIbIBAEMBIX IIYTEU D1, P2, P3, B 1M BbI-
IMCAAETCA PA3HOCTD IJMMH BBHIXOAOB P U py. IIpu aToMm Tpebyercs, aTobsl [m| < n*, n ecim
5TO HEPABEHCTBO HAPYIIAETCA, MEPEX0] OTCYTCTBYET. B a ecTeCTBeHHBIM 06Pa3oM BHIMH-
cafeTca MOCIeAHAa OyKBa TOTO IIYTH U3 Pi, Po, BEIXOA KOTOPOrO B TAHHBEIM MOMEHT CTPOLO
muanee (ecau |m| > 0), a ecim m = 0, To a = A. Hagaapuoe coctosnue: (sq, 81, S,0,A),
BAKJIIOYNTEIBHBIX COCTOAHUN B ()] HET.

Haxosack B IPOU3BOIBLHOM COCTOAHMUA ((1, G2, @3, M, a) € Q1 (m # 0), Ay Mmoxer “nmpen-
HOJMOKUTB”, 9TO UMEHHO B YKA3aHHOU OYKBe @ MPOM3O0UIET PACCOrIACOBAHHOCTD 6biL(p1) U
éviz(p2) (Ha3OBeM ee c60eM), u mepelTu (¢ MyCTHIM BXOAOM U BBIXOJOM) B COCTOsAHUE U3 (s,
uMeroiee Buf (qy, ga, G, , k), vae k cHadaga paBHO m. 31eCb B (1, (2, (3 BHIYACIACTCA OObIYU-
Hadg uHdoOpManusa, a — OyKBa mpeanoaaraemMoro c6os, k ykasblBaeT, Ha CKOIbKO OyKB HAI0
HAPACTUTDH “KOPOTKHUU~ BBIXOX, 9TOOBI MIPOBEPUTH, TEUCTBATEIHHO JU B YKA3AHHOM MECTe
npousougeT coon. Ilepexoabr MexX Iy COCTOAHUAMEI B (Jo OUEBUIHBIM O0PA30M YMEHBIIAIOT
|k| mo Mmepe mapacTanusa “KopoTKOro” BEIXOXA, 3HAK k OIpeIeNAeT MyTh ¢ “KOPOTKUM’ BBbI-
xomoMm. Korga mHa “kopoTkoMm” BBIXOJ€ MOABIAETCA OYKBa, B KOTOPOU IO IIPEANOJOKEHUIO
JTOKeH OBITH ¢OOH, IPOBEPAETCA, JeUCTBATEILHO I 2Ta OyKBa He paBHA a. Ecam 5To Tak,
As MOXeT mepenTu B cocToanue u3 (J3, KOTOpoe mmeeT Bug (g1, ¢z, q3). FcIm, HAXOAACH B
cocroananu (¢, q2,q3,0,A) € @Q1, Ay oGHAPYXKMBACT NPU OYEPETHOM TEPEXOE HECOTIACO-
BAHHOCTH BBIXOJOB P M Py, TO OH TOXKe MOXKET Iepeutu B (¢, ¢y, q3) € Q3. Haxox nenue B
cocToARMA u3 (Q3 O3HAYAET, 9TO COOM MPOM3OUIET, U TeIepb OCTAJIOCH JOCTPOUTDL IYTH P,
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P2, P3 10 KoHma. [lepexoasr B (J3 OMPEIEAAIOTCA €CTECTBEHHBIM 00Pa30M, 3aKIIOTUTEIBHOE
cocrosnue: (s1, S9, S2). OdeBnano, uro ycaosue (1) BBINOAHEHO IS S1, Sy TOrAA M TOJBKO
TOra, KOrAa He CYIIeCTBYeT AOIMyCKaiomero myTru B Ay. [[omMmHOMIAIBHOCTE BpEMEHH IIPO-
BepKH KPUTEPUA KOHCTHOZHATHOCTH M T€OPeMa 2 TOKA3AHEL. O

3 BuoxenHocTh mpeobpa3oBaTeJen

[lepengeM K BOIPOCAM, CBA3AHHBIM C BJIOXKEHHOCTBIO OJHOIO IPeoOpa3oBaTeld B APYLOMH.
B [6] mokazana paspemmMOCTb BBIACHEHHA BOMPOCA O BAOKEHHOCTH MPOU3BOJBLHOTO TIpe-
o6pa3oBaTessa B KOHEMHO3HATHBIN Oe3 OueHkn Ha Bpems airopurma. A. Bebep B [2] moka-
3aJ Pa3penmMMoCTb 5TOro Bonpoca 3a Bpems exp(exp(poly(n))), rge n — cymma pazmepos
npeobpasoBaTenen. Pasmep 30HBL (T.e. HCHOAB3YEMOHN MAMATH) Y DTOMO AATOPUTMA TOXKE
IBOMHAA DKCIHOHEHTa. MBI JOKaxKeM TeopeMy, YCHIMBAIOUIYI0 ATOT Pe3yIbTAT, MOCTPOUB
AJCOPUTM C DKCIOHEHIIMAJILHOU 30HOM.

Teopema 6. Cywecmsyem demepmunuposannbiii atseopumam, padomarwut na 3one exp(poly(n)),
KOmopwitl no npoussosvromy npeobpazosamento Wy U KOHEUHOZHAUHOMY NPEOOPA30B6aAMENIO
Ay pewaem sonpoc o saovxcennocmu Ay 6 As.

Lokazameavcmaso. B cumry meMMbl 1 MOXHO cauTaTh, 9TO 2Ap 1 Ay HE UMEOT MyCTHIX BXOIO0B.
Cremytomas JeMMa yTBepxkKaaeT, 4To ecau 2A; He BIOXKeH B 2y, TO DTO MPOABIAETCA HA
BbIXOdaX SKCHOHGHHHaJIbHOﬁ AJINHBI.

Jlemma 5. FEcau npeobpazosamenv Ay ne 840%ceH 8 KOMEUHO3HAUHBIT npeobpazosamens Uy,
mo cywecmsyem napa (u,v) makas, wmo (u,v) € I'(Ay), (u,v) ¢ T'(™As) u |v| < exp(pi(n)),
ede p1(n) — mexomopwil noOAUHOM.

Hoxazameavcmeo. PaccMoTpuM JOIYCKAOMUT Iy Th [ B 2| ¢ BBIXOJ0M MUHUMAIBHOU JJINHBI
raxon, 4ro (u,v;) € I'(y), (u,v1) ¢ T'(A2), rae u = 6z(ly), v1 = ewviz(ly). Ipeanoroxum,
49710 |v1]| > exp(pi(n)), rae cremens p;(n) HOCTATOYHO Beauka. ByaeMm naxee mojapasyme-
BATH MOJ CJIOBOCOYETAHUAMHI TUMa “mrocraTodsno Muoro” exp(poly(n)), rae cremnens mosu-
HOMA HACTOJbKO BEIXKA, 9TOOBl MOXKHO OBLIO BEIIOIHUTE BCE ONUCHLIBACMBIC TeHCTBUA. Ecan
|v1]| = |v2], HO V1 # V9, TO HA30BEM JA€BBIM (COOTBETCTBEHHO, PABBIM) COOEM MEKIY U] U Vs
NEPBYIO CeBa (COOTBETCTBEHHO, CIIPABA) MAPy HEPABHBIX OYKB CJIOB U1 U Uy, PABHOOTCTOS-
mWUX OT Hadana (COOTBETCTBEHHO, KOHIA). 10 Teopeme 3 KOMMIeCTBO PA3INIHBIX Uy, TAKAX
910 (u,vy) € ['(Us) — ukcupoBaHHAA DKCIOHEHTA, MOITOMY W OYKB Ha ¥, B KOTOPBIX
IMeeT MEeCTO JeBBII IIM IPaBBI COOUM MEXKIY v; U KAKMUM-HIOYIb U3 TaKUX Uz, TOXKE MAJO.
BosbMeM B ¢JI0Be ¥] JOCTATOYHO GOIBIIOE HOACIOBO ', B KOTOPOE He MONaAaeT HU OAUH COOK
1 KOTOPOE JeKHUT OT OauKaummero c¢60sa Ha pacCTOAHUE, B JOCTATOTHO OOMBIIOE YUCIO pa3
[PEBBIIAIIIEM 7).

Byaem HazpIBATH HadaIa BXOJA U TOYKaMU. VIHOTIa 0O TOYKOU Oy1eM HOHIMATh TaKKe
TO MECTO Ha IyTH, TJe 3aKAHIMBACTCA COOTBETCTBYIOMIEe HAYAIO BXOJa. BBIZCINM J0CTa-
TOYHO MHOI'O TO4€K, TaK 9T00BI BBIIIOJHAINCH cleqyronme Tpu yCJaAOBUA:

1. Cuosa 6wz (l;(u')) a1a BceX BBLICNEHHBIX TOYEK U 3aKAHYUBAIOTCSA BHYTDH I' U Das-
JUYIHBI.

2. Bo Bcex BBIJCICHHBEIX TOYKAX /| IPOXOJUT Yepe3 OTHO U TO Ke COCTOAHHE.
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3. Bo Bcex BBIZENEHHBIX TOYKAX MHOXKECTBA JEBOCTOPOHHEH U MPABOCTOPOHHEN NOCTH-
xuMocT B Ay OAHM M Te XKe (MHOXKECTBOM MPABOCTOPOHHEW TOCTHKUMOCTH B TOUYKe U’
MBI HA3LIBAEM MHOXKECTBO COCTOAHUH, M3 KOTOPBEIX CYIIECTBYET IMyTh B 3aKIIOYATEILHOE
cocrosauue co BxogoM u”, rae u'u” = u).

Byaem caeayiomum 06pa3oM CyKaTh MO IIAraM MHOXKECTBO BBIAEJCHHBIX TOYEK U O/I-
HOBDEMEHHO CTPOUTH B 2y MHOKECTBO OTMEYEHHBIX COCTOAHMU. Ha odepemnom mrare mas
KaXXI0r0 HEOTMEYEHHOTO COCTOAHUA ¢ u3 Ay MpoBepsAeM, CYMECTBYET JU AOMYCKAIOMIAN
nyTh B Ay €O BXOJOM 4, KOTOPHIN HAXOAUTCA B ¢ B He MeHee ueM m/ exp(n) BbIIeJeHHBIX
TOYKAX, [ M — KOJIXIeCTBO BBIJEJCHHEIX TOYCK HA JAHHBIM MOMEHT. Ecam cymecTsyer,
TO OTMEYaeM ¢, CTABUM €My B COOTBETCTBHE OJWH M3 OIMMCAHHBLIX IIyTeH, a4 MHOXKECTBO BbI-
JeJeHHBIX TOYEK YMEHbIIaeM B exp(n) pa3, Tak 49TOOBI 5TOT MyTh BO BCEX BBIIEIEHHBIX
TOYKAX TMPOXOAUT depe3 ¢. [lyTh, MOCTABICHHBIN B COOTBETCTBUE OTMEIEHHOMY COCTOAHUIO
q, 6y meM 0603Ha49aTh () 1 HA3BIBATH OTMedYeHHBIM. Korga Ha 0YeperHoOM IIare Hu OTHO He-
OTMEYEHHOE COCTOAHUE He OyaeT 0OTMEeTeHO, IPOIect OCTAHABINBACTCA. Tak Kak Iaros He
6oaee 7, B KOHIE IPoLecca KOAMIeCTBO BbIJEJCHHHBIX TOYEK JOCTATOYHO BEIUKO. KaxK b
1y Th [(g) BO BCEX BBLICAEHHBIX TOYKAX HAXOAUTCA B COCTOSHUU .

PaszgemmM Bce BBIIEJICHHBIE TOYKM HA TPU MPUMEPHO PABHBIC YaCTHW WAYIIAX TOAPALI
TOYEK, a MKy JEeBOU I CpefHel IacThio 3a(pUKCUpyeM OJHY U3 BBIACJCHHBIX TOYCK Uy, KO-
TOpyI0 Oy A€M HAa3LIBATHL MPAHUIHON. KaxK 101 BEIAEJEHHON TOYKE t' U3 CpeIHen IacTHh COIO-
CTABAM MHOXKECTBO, COCTOAIIEE U3 BCEX TAKUX HAOOPOB (¢, q1, 2, d), 9T0 B Ay CylIeCTBYyET
nyTh [ U3 ¢; B ¢o co BxogoMm U, rae u' = upu”, ¢ — OTMEUEHHOE COCTOAHME M PA3HOCTH
mexy | 6vir(l)| u naumon BEXOAA I(g) Ha oTpeske Bxoaa u” pasna d, npuuem |d| < 2n*.
Y110 ONMCAHHBIX MHOXKECTB — (PUMKCHPOBAHHAA SKCIIOHEHTA, IOSTOMY CYIIECTBYET MHOIO
BBIICJICHHBIX CPEeJHIX TOYEK, KOTOPBEIM COOTBETCTBYET OJHO M TO e MHOXKeCTBO. B cpennen
gacTu OyIeM CIMTATEH BHLICICHHBLIMEA TOJIBKO STH TOTKH.

Tak Kak BO BCEX BBLICIEHHBIX TOYKAX MyTh [ HAXOIUTCA B OHOM COCTOAHUM, MbI MOXKEM
BBIOPOCHTH J1I000€ MHOXKECTBO OTPE3KOB MEXKIY BBLICICHHBIMA TOYKAME ¥ TOJYIATH yKO-
pOYeHHBIN gonyckamomuy myTh [; B A;. B cuny BeIGOpa [1, CymecTByeT JOMyCKAIOUMN Iy Th
I B Ay makon, aro sz (ly) = ex(l}), eviz(ly) = swiz(l]). IlycTh BEIGPOCH OTPE3KOB MPOU3BE-
JIeHLl B CpeJHell TpeTH. BymeM MOHMMATEH MO BELACJCHHBLIMEM TOYKAME IIyTH C BEIOPOCAMME
TOYKHM, MOLYIUBIINECA U3 TOYEK NEPBOHAYAIBLHOIO Iy TH MOCIE BEIOPOCOB 3 HuX. [lokaxem,
970 [}, XOTs OBl B OJHOW M3 BBIAEJIEHHBIX TOYEK [EPBOUM U MOCJAEIHEN TPETHU IPOXOIUT Yepes
OTMEYeHHBbIE COCTOAHNA. ByaeMm 0003HA4aTh depes ¢(t) cocTosHWEe, B KOTOPOM HAXOIUTCA
l5 B Touke t. Paccmorpum Ha 6z (1)) TOUKY ¢, COOTBETCTBYIOUIYIO CAMOMY NPABOMY BBIOPO-
IIEHHOMY OTPEe3Ky. B CulIy coBmageHna MHOXKECTB MPABOCTOPOHHEH JOCTUKIMOCTH BO BCEX
BBIJEJICHHBIX TOYKAX, CYMIECTBYeT HyTh U3 ¢(1) B 3aKIIOYUTEIBHOE COCTOSHUE, BXOJ] KOTO-
poro pasen u'u”, rae v’ — Bxox caMOro mMpaBoro BHIOPOIIEHHOIO OTpe3Ka, a u” — BXO1 [5
ot t no xouna. CoegnHUB CTapoe HAYAIO C HOBBIM KOHIIOM, ITOJYIUM HOBBIU AOIYCKAIOMIAN
IyTh, HA BXOA€ KOTOPOT'O OJHMM BLIOPOIICHHBIM OTPE3KOM MEHBIIe. TakmMm ke 06paszom
BCTABUM OCTAJbHEIE BEIOPOIIEHHLIE OTPE3KM U IOJYyYHM AOMYCKAIOIINHA MIyTh CO BXOAOM 1.
B mepsoil TpeTu BHIIEICHHBIX TOYEK OH IPOXOJUT Yepe3 HEKOTOPOe COCTOSHUE (i, KOTOPOe
BCTpedYaeTcs Ha npuMepHo 1/(3n) oT KoamdecTBa BCeX BBLACJNEHHBIX TO4YeK. Ecaum Obl ¢ He
OBLTO OTMEYEHHBIM, DTO ObI MPOTUBOPEYIUIO 3ABEPUICHHOCTU MOCTPOCHUA OTMEIEHHBIX CO-
CcTOAHNKA. AHAIOIMYIHO MOKA3BIBACTCA, ITO HA IOCACIHEH TPETH CYMIECTBYET BBIACJCHHASA
TOYKA, B KOTOPOU 5, HAXOMUTCA B OTMEYEHHOM COCTOSHUU (o.
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Tax xax myTu [(q;) u [(g2) BO BCeX BBIAEIEHHBIX TOYKAX MPOXOMAT HYepe3 ¢ U ¢z, TO U3
DTWX MyTeHl MOXHO CIelaTh BHIOPOCH Ha TeX ¥Ke OTPe3KaxX BXoAa, 9To m aaa [;. Bymem
0603HAYATh MyTH ¢ TakuMu Beiopocamu depes I'(q) u I'(qz). U3 yeaosusa (2) (upum s; = ¢y,
So = o, P1, P2, p3 — yaactku nyren I'(qy), 5, I'(g2) cOOTBeTCTBEHHO) CaeAyeT, 9TO PA3HOCTD
JUIMH BBIXOIOB IyTH [, Ha OTpe3ke OT uy 10 10601 cpenrent Touku v’ u mytu ['(q;) Ha TOM XKe
yIacTKe BXOJa, He IPEBOCXOIUT MO MOAY M0 2nt. YauTeBasg 5T0, pacCMOTPEM CIeIyOmmit
npouece “BOCCTAHOBIEHUs [, M0 MyTH ¢ MepBOHAYATBLHBIM BXOAOM. I[lyCTh CAMBIN J€BBIA
BLIOPOLICHHEIN OTPE30K PACIIOIOKEH MKy TOUKAMMU 11 U ty I €ro BXOJ €CThb 1. O60o3HaAInM
vepes [’ yaacTok myTu I, or u, 10 t1. Ilo mocTpoenuio (coBmageHne MHOKECTB HAGOPOB B
cpeanux Toukax) cymecrByer nyTb [” u3 q(up) B q(t;) Taxon, uro ezx(l”) = ex(l')u;, a
pasuocts | eviz(l”)| — | eviz(l')| paua pamune Bhxoga myTn [(g;) HA OTpe3ke BxoAa ui. Bxon
HOBOT'O JIOIYCKAIOWIEro IIyTH, IOJIyYaiomerocs 3aMeHon B [, ydactka [’ Ha (", comepxur
HA OIWH BEIOPOLICHHBLIN OTPE30K MeHbmne. MOXHO CKa3aThb, 9TO MBI BCTABIIN OTPE30K HA
BXO/I€ U TIPU DTOM BBIXO[ YIJIMHUWICA HA IJIMHY BBHIXOIA IyTH [(g;) HA BCTABJIEHHOM OTPE3Ke
Bxoga. [Tocre »Toro, Takum ke 06pa3oM BCTaBIAeM BTOPOH CleBa OTPe30K U Tak gatee. B
KOHIIE MONYYUM “BOCCTAHOBJICHHBIN IYyTh CO BXOJIOM U.

Byaem o0603Ha9aTh 115 BEIOpOCca o depes () HeKOTOPBIN HOIYCKAOWIUY Iy Th ¢ BBIOPO-
coM « B y; depes lo(«r) — HEKOTOPBIU “BOCCTAHOBICHHBIN MYTh CO BXOAOM U, TOCTPOEHHBIN
OIMCAHHBIM BHIIIE POLECCOM; ¢1 () — HEKOTOPOe OTMEYEHHOE COCTOAHUE, Yepe3 KOTOPOoe
IPOXOAUT B TEPBOM TPETHU BLIIEJNCHHBIX TOYEK MYTh [5(a); t1 () — HEKOTOpasA BHIIEICHHAA
TOYKa [EePBON TpeTu B KOTOpou ly(a) Haxogures B ¢r(); ¢a(a) u ta(a) — o ke camoe
st nocaepnen tperu; [l (q1) — myrh [(q1) ¢ BEIGpOCOM «; || — cymMMma AIMH BBIXOIOB
BLIOPACBEIBACMBIX U3 || OTPE3KOB.

JIr06011 OTPEe30K MKy ABYMA CPEIHMMM BBLICICHHBLIMEA TOYKAMI MUMEET OTHOCHTEILHO
KayKI0r0 OTMEIEeHHOT'O COCTOAHUSA ¢ OJUH U3 TPEX THUIOB: NIUHA BeIXOAa [(q) HA DTOM OT-
pe3Ke MOXKeT OBITH OOJBIIE MIMHBI BEIXOAA IyTH [; HA HEeM (IIOJIOKATENBHBIN THIL), MEHbIIE
(orpunarenbHbll THI) wau paBHa (Hyaeson Tum). Takum 06pasoM, KaxkIOMy TAKOMY OT-
pe3Ky comocrasigerca Habop nap (¢, Tum). Bcero Takux HabopoB — (PUKCUPOBAHHAA DKC-
IOHEeHTa. BribepeM HOCTATOYHO MHOIO HEIepeCeKaMMXCA OTPEe3KOB, KOTOPHIM COOTBET-
CTBYeT OAWH W TOT K€ HaOOp. YIOPAZOIMM MX U PACCMOTPHM IIOCICIOBATEILHOCTH S
BBIOPOCOB, B KOTOPOHW M-U BBIOPOC COCTOUT U3 NMEPBBLIX 1 OTPE3KOB B HAIIEM YIOP:L0-
qennu. Kaxgomy BeIGPOCY o 3 S moCTaBUM B COOTBeTCTBHE mapy (¢,v), rae ¢ = ¢(«),
v = ewz(la(a)). Tlo Teopeme 3 KomMuecTBO TakuX map — (PUKCUPOBAHHAA DKCIOHEHTA.
IIycThb o 1 @, — JBa Pa3IMYHLIX BLIOpOCa m3 S, KOTOPLIM COOTBETCTBYET OJHA W Ta Ke
napa (q,v). Ecam 6Bl TUI BCeX OTPE3KOB OTHOCUTENBHO ¢ ObLI HEHYJIEBBIM, TO, OUY€BUIHO,
Pa3HOCTH MEXKIy AIMHAMEI BBIXOJIOB “BOCCTAHOBICHHBIX  MyTel U |v1| ObL; OBl PA3IUTHBL
IS ¥ (i3, 3HAYUT DTU BBIXOABI TOXKe ObLIM OBl Pa3AW4HBL [lOMydeHHOE MPOTUBOPEYne
MOKAa3BIBAET, 9TO TUI BCEX OTPE3KOB OTHOCUTEIBHO ( HYJAEBOH, 9TO C YIETOM KOHCTPYKIUN
BCTaBKHU jJaeT 1 Beex « € St | vz (la(a))| = |vy].

CkaxeM, 9TO BEIOPOC (v ABIAETCA BLIOPOCOM HYJEBOI'O THIIA, €CIM THI BCEX OTPE3KOB
U3 (v OTHOCUTEJIBHO ¢p(«r) HysteBon. Takum 06pa3zoM, HA JHOOOM YYACTKE CPEIHEN IacTH
C IOCTATOYIHO OOJIBIIMM KOJMIECTBOM BBIIECICHHBIX TOYEK CYHMIECTBYET NOCTATOYHO MHOIO
BLIOPOCOB HYJEBOTO THIA: V1, O, ..., g, DA€ BCE |q;| pasamanst. [TodToMmy, MOXKHO B3ATH
JTOCTATOYHO MHOI'O BEIOPOCOB Ha CpeAHeH TPeTH TaK, ITOOLI BEIIOIHAINCEH CJICIYIOIIIE yCIO0-
BUA:
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1. BoIOpochl yHOPATOYEHBI, T.e. KAXKIBIM OTPE30K OTHOTO m3 JIOOBIX IBYX BBIOPOCOB
JEXKUT CTPOTO JeBee KAk I0T0 OTPe3Ka IPYTrOro U He TEPECEKACTCA ¢ HUM.

2. Bce BHIOPOCH! ABAAIOTCA BEIOpOCAMU HYJIEBOTO THUIIA.

3. [ns moOBIX ABYX BBIODOCOB (vi, (g |av| # |aal.

4. [last Becex BBIOPOCOB < ¢ () 04HO U TO XKe (0603HAYUM €ro ¢ ).

5. [ns Bcex a pasHOCTH MeXIy NIMHOU BbIXoma [5(c) Ha orpeske or ti(a) mo uy u
amHOU BhIXOMa [/ (¢1) Ha TOM e OTpe3Ke OAMHAKOBHI (U3 ycioBus (2) TeopeMsbl 2 cregyer,
1TO 5Ta PA3HOCTH 110 MOMYIIO He IIpeBocXoautT nt).

6. Y Bcex lo(a) (a 3uauuT u [5(r)) 0AMHAKOBBIN BBIXOJ OT HAYAIA MO Up.

7. Bee sbir(ly(ar)) oguHakoBbl (0603HAYUM 3TOT BBIXOL V3).

U3 ycaoBus 2 BbITEKAET, 9TO BBHIXOA MyTH [(¢)) He IyCT HA JI0O0M OTPE3Ke, BXOAMIEM
B BbIOpochl. Torga, us yeaosun (1) u (2) Teopemst 2 1 TOro, 9TO PA3HOCTH BHIXOJOB Iy TeN
() m l!,(q1) na orpeske ot ti(a) 10 ta(a) He MeHseTCA MOCIe BCTABKHU, CAEAYeT, 9TO A
Beex v (KpoMe, BO3MOXKHO, ' caMBbIX JeBBIX U caMbIX npaBbix) 6viz(ly(a)) dakTudeckn mo-
ayqaercs uz 6biz(lh(a)) BeraBkon Bbixog0B myTu [(g)) Ha OTpe3Kax u3 « (IeUCTBUTEALHO,
ecam w u wy — Beixoawl myTent I, (q1) u l(qy) HA oTpeske ot ti(a) 10 to(), TO BBIXOL [5(CX)
Ha DTOM OTpe3Ke ABIAETCA HATalOM CI0Ba W™, OKAHIWBAIOIMIAMCA B N'-OKPECTHOCTH KOHIIA
IEePBOrO W, a BBHIXOJ [y((r) HA TOM 3Ke OTpe3Ke SABIAeTCA OKAHIUBAIOIINMCSA B AHATIOIMIHON
OKPECTHOCTH HAYAJIOM CJI0Ba wi°, TJe Wy MOLYIaeTCA U3 W BCTABKAMHE, TIPOU3BEIeHHBIMU BHE
nt-oxpecTHOCTel Hauata u Kouma). [lalee, m3 ycaoBua 5 caeayeT, 4To A1d Beex o (Kpowme,
BO3MOXKHO, N} CaMBIX JeBbIX) BBIXOABI BCeX 4 () TOCE TOYKH Uy TOBTOPAIOT BBIXOIbI Iy TeN
I!,(q1) ¢ ogHOrO M TOrO )€ MecTa Ha 00IeM Hadale BEIXOLOB [, (¢). YuursBag ycaosue 6,
3aKII0YaeM, 9TO €CId BBIOPOC (v CTPOrO JeBee UeM (3, TO U BCTABKA Ha BHIXOME MIA Q
IPOUCXOJUT CTPOrO JeBee (CIUTas MO IIMHE BCEro BBIXOMA) BCTABKH [ (p. HazoBeMm 5TO
CBOMCTBO MOHOTOHHOCTBIO. HamomMumM, 9TO v; # ve, |v1] = |v3] (B cuny ycaoBusa 2) u mis
Ja10060T0 BBIOpOCa €CIM U3 V1 U Uy BEIOPOCUTH COOTBETCTBYIOIINE OTPE3KU, OHU CTAHYT PaB-
HBEIMH. B CHIy MOHOTOHHOCTH, CYIIECTBYET MHOT'O TAKAX BEIOPOCOB, IJIA KOTOPBIX YIaCTOK
BLIOPOCOB W3 Uy HE COJCPKUT HU JEBOTO HU MPABOTO COOA MEXKTY ¥ W V. PaceMoTpuM
3TH BHIOPOCHL. JIerko BUAeTh, YTO A1 TOrO, 9TOOBI MOCTe HUX cOOM MCUe3au, HeoOX0TIMO,
9TOOBI BEIOPOCHI U3 U7 U Vg JEXKAJIU MO pasHBIe CTOPOHBI OT oOomx cOoeB. I[lopTomy, u3
PACHIONOKEHUSA YIACTKA ' CACAYET, 9TO BBIOPOCH M3 ¥ JEKAT MO OJHY CTOPOHY OT 060mMX
c6oeB. IlycTb oHEM JexaT caeBa OT JaeBOTO c6Os, TOrAA BHIOPOCH M3 Vs JEXKAT CIPaBa OT
npaBoro c6osa. BoszeMmem gBa BEIOpOCA (f U (i, TAE ( J€BEE (iz. PaccMOTPUM TOACIOBO
w W3 v; OT MPaBOr0 KOHIA vy JO0 JA€BOro c60sA. Ilpu coBepiieHnu BHIOPOCA vy, W CIBUTA-
eTCA BAEBO W OTOXKIECTBIACTCA caMo ¢ cobon. CrenoBaTeabHo, w NEPUOAUIHO C TEPHOTOM
JIUHBL || (HAIOMHEM, 9TO IO HOCTPOEHMIO MOACAOBa T |w| > |ag|). Jlerko Bmmers, 4TO
eCIM POJOIKATE MEPUO BIPABO 3a W, TO HAPYUIEHUE €ro JOKHO NPOU3OUTH B TOTHOCTH
Ha PACCTOAHUU || OT JeBOro c6osA, uHade cOOU OBl He ucue3. Paccyxkgas aHATOTHIHO 1O
OTHOIIEHUIO K (v, JIET'KO TIOKA3aTh, YTO W MEPUOJAUTHO C EPUOAOM JIUHBL |(v1| U 9TO ero Ha-
pyILIEHne TPOUCXOAUT B TOYHOCTH HA |ay| mpasee JeBoro ¢6o1a. Ilockoabky |w| > |ag| - |asl,
W MePUOUTHO ¢ MEPUOJOM IIUHLL |v1| « |ap|. Hapymenue 5Toro 6oabIioro nepuoaa cupasa
OT 1eBOr0 ¢60A ABIACTCA, OYEBUIHO, HAPYIIEHHEM 000MX MAJIBIX MEPUOAOB, & HAPYIICHUE
OJIHOT'O M3 MAJbIX TIEPUOJIOB ABIACTCA HAPYIIEHNEM U 60abmoro. Tak kak |aq| # |as| (yeao-
BH€ 3), MBI [IOIYYUIN IIPOTUBOPEUHE C TEM, YTO HAPYIIEHNUS DTUX ABYX [MEPUOI0B IPOU3OILIK
B pasHbIX MecTax. Cuaydan, Korga BLIOPOCH U3 v1 JEXKAT MpaBee IPaBoro c6os, paccMaTpu-
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BaeTCsA CUMMeTPUIHBIM oOpaszoM. Jlemma 5 mokaszaHa. O

J1A TOMHOTH PACCMOTPHEM TaKXkKe OIEHKY Ha |u| B yCIOBUAX NOKA3aHHOM JeMMbl. A. Be-
6ep B [2] mokazan, 4To ecau npeobpazoBaTeab A HE BIOXKEH B KOHEYHO3HATHBIN IPE06pa3o-
Bareab As, To cymecrsyer napa (u, v) € I'(Ay), (u,v) ¢ T'(2As), rae |u| < exp(exp(poly(n))).
[TokaxkeMm, Kak 5TO yTBEPXKIEHHE MOXKHO BBIBECTH U3 JeMMBI H. Paccmorpum mapy (u,v),
CYIIECTBOBAHUE KOTOPOU MOKA3aHO B JeMMe D, ¢ MUHUMAIbHOU |u| mpu mamunom v. Ilpex-
noJoxuM, 910 |u| > exp(exp(poly(n))), rjie cremeHs moIMHOMA IOCTATOYHO BeIUKa. Tak
kak |[v| < exp(pi(n)), To Ha momyckaromem myTu i u3 Ay CO BXOAOM U U BBIXOAOM U Cy-
[IECTBYET JOCTATOYHO IJIMHHBIA (B SKCIOHEHTHI) OTPE30K C MyCTHIM BBIXOAOM. BbIgennm
Ha DTOM OTPE3Ke MHOIO TOYEK, B KOTOPHIX [; HAXOAWTCA B OAHOM COCTOAHWHU. Kaxgon
TOYKe 4 U3 HAUX MOCTAaBUM B COOTBETCTBHE MHOXKECTBO map Buga (¢,v’), rae v’ C v, ¢ —
cocToanme w3 Ay Takoe, 9T0 B Ay CyMECTBYET MyTh U3 HAYAIA B ¢ CO BXOAOM U’ M BBIXOTOM
v'. M3 TeopeMbl 3 caeayeT, 9TO KOINIeCTBO TaKUX MHOXKECTB — (PUKCUPOBAHHAA IBONHASA
JKCIIOHEHTa, IIO3TOMY MO2KHO BbIGpaTb ABE TOYKHU U, U2, KOTOPBIM COOTBETCTBYET OOIHO N
TO Xe MHOX)ecTBO. Ilo mocTpoennio, B s cymecTByeT AOMYCKAIOMMWEA MYyTh 5 CO BXOIOM,
HOLY IAOMIUMCA W3 U BEIOPACBHIBAHMEM OTPE3Ka OT Uy 10 Uz, W BEIXOAOM v. IlycTh ¢ — co-
CTOAHME, B KOTOPOM KOH4YaeTcs ly(uy). B cmry coBmameHms cOOTBETCTBYIOMUX MHOXKECTB,
B 2y cymecTByer myTh [, u3 Hadama B ¢ Takow, 4TO 6z(ly) = ug, ewir(ly) = ewiz(la(ur)).
Coequnss myTh [, ¢ OPOIOIKEHUEM IIYTH 9, MOLYIUM OMYCKAIOMMA MyTh B XAy CO BXOI0M
U ¥ BBIXOJOM U. DTO MPOTUBOPeIUT TOMY, 9TO (u,v) ¢ I'(™Us). YTBepxIeHNE NTOKA3AHO.

Jlerko mokazaTh, YTO HUXKHAA ONEHKA HA IIWHY BBIXOJa U B (DOPMYJIUPOBKE JEMMBI D
DKCIIOHEHINAIbHA. JTa OIeHKa, OYeBUIHO, CACIYET U3 TOrO, 9TO A JO0r0 7 CYyIEeCTBYET
HEIeTePMUHUPOBAHHBIN aBToMaT A pasmepa poly(n), KOTOPBI He IOMYCKAET HEKOTOPOE
ca0B0 w, rae |w| = exp(poly(n)), Ho gomycKaeT Bee caoBa AIuHBL MeHbIIen |w|. B kadecTse
W BO3BMEM KOHKATEHAIWIO 3AMUCEN BCEX N-Pa3psIHBIX JBOUYHBIX YUCe] (MIALIINE PA3PALbL
cJIeBa), PACIONOKEHHBIX B OPAKE BO3PACTAHNUSA, HAYMHAA OT CJIOBA U3 OJHUX HYJH U KOHIas
CJIOBOM W3 OJHEX eAuHuI. ABToMaT A B mporecce pabOTH yraIbIBaeT IPUIAHY, IO KOTOPOK
IUTAEMOE CJIOBO HE PABHO w. I[IPUIMHBEI MOTYT OBITH TAKMMHI: IIEPBOE CIOBO HE HYJICBOE;
HEKOTOPOE MOCJAEAYIONEe TUCI0 HE PABHO NPEAbIAYIIEMY, yBeaIndeHHOMY Ha 1 (B 2TOM Caydae
YTAABIBAETCA HEBEPHBIM Pa3psj); AMWHA BCETO CIOBA HE KPAaTHA N; MOCIEIHEe CJIOBO HE
enquHUYHOE. B cocTosnuax A (10 yraablBaHus) XPAHUTCA HOMED HOCJAEHEr0 MPOIUTAHHOTO
paspaga m MHGOPMANUA O TOM, €CTh JU JeBee Hero HydW B TeKymeM 4ucae. /lampHenmme
JTeTATA OICBHUIHEL

ABTOpaM HEM3BECTEH OTBET Ha CJAEIYIOMNN

Bomnpoc 1. CymecrByer an AByXDKCIOHEHIMATbLHAS HUXKHAA OLEHKA HA MJUHY BXOAa U B
dopMyIMPOBKE JTeMMBL 57

[okaxem Teopemy 6. OmnuireMm HegeTEePMUHUPOBAHHBIA AJITOPUTM, TIOITBEPK TAIOIIUN
HEBIOKEHHOCTEL 2A; B 2y 1 paboTammny Ha DKCIOHEHIHAJbHOU 30He. CHadajla alrOpuTM
yrajabiBaeT BeIXOH v, ThAe |v| < exp(pi(n)) u samuceiBaer v Ha Jenre. [locie >TOro mo
maraM yraablBaeTcsa BXOA U MyTh B 2A;. B KaxIeIl MOMEHT Ha JeHTe yKasaHo v; C v —
BBIXOJ YTaIaHHOTO Havata nyTu B 2 u muOoxkecTBO nap (v, q), rae v C v, ¢ — cocTosHUE
u3 %A Takoe, UYTO CymECTBYeT NyTh M3 Hadala B ¢ C YraJaHHBIM K JaHHOMY MOMEHTY
BX0J0M 1 BhIxogoM v'. Ha oduepemnom mare yraawiBaeTca ovepeiHasa OyKBa a BXOa W
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odepegHON mepexon B 2y co BXOAOM a. AJArOpUTM MPOBEPAET, YTO BHIXOJ Y 3TOr0 MEPEXoaa
MPOIOMKAET V1 BAOIb U, U JOMUCHLIBAET €0 K V1. 3aTeM [JId KaX0U mapel (v, ¢) 1 Kaxk10ro
nepexoaa B Ay U3 ¢ CO BXOJOM ¢ U BBIXOI0M, KOTOPBIN IPOIOMKAET v’ BIObL ¥ U HEe BBIBOIUT
3a €ro Ipemeqbl, eCTeCTBeHHBIM 00pa3soM CTPOUTCA HOBadg Hapa. lloBTopsmounmecsa Iapbl
YAAIAIOTCA U3 MOLYYUBIIET0CA HOBOIO MHOKECTBa. AJAropuT™ paboTaeT A0 TeX HOp, HOKA
U] — HAYaAI0 U M MHOXKECTBO Iap HEMyCcTO. Ecam vy = ¥ m BO MHOXKECTBE Iap HeT Iaphl
(v,q), Toe ¢ — 3AKIOYATEIHLHOE COCTOAHUE, TO AITOPUTM OOHAPYKUBAET HEBIOKEHHOCTH
2A; B Ay, I[IpaBuabHOCTL pabOTHL M SKCIOHEHIMAABLHAA 30HA DTOr0 AJTOPUTMA OYEBUJHBI.
ITo Teopeme CoBuda, HeIEeTEPMUHUPOBAHHLIN AACOPUTM, pabOTAIOMUN HA 30HE S, MOXKET
OBITH IepPeJeJaH B JeTePMUHUPOBAHHBIN, PACIO3HAIOMMEA TOT XK€ A3LIK U MMEIOIIANA 30HY
S2. OTciofa crefyeT cymecTBOBAHIE MCKOMOTO aIropuTMa. Teopema 6 moxasama. [

KoncTpyknus BEIOpOCOB, UCIOJIBL30BAHHAA A TOKA3aTeJbCTBA TE€OPEMHI 6, MO3BOJAET
MOJYIUTE CAETVIONINEA Pe3yabTaT.

Teopema 7. IIycmo Ay u ™Ay — Komeunoznaunvie npeobpazosamenu 6e3 nycmuir 850008 U
Ay saomcen 6 Ay, Tozda das awboz0 donyckarowezo nymu Iy 6 Ay co 8xodom u u 6virodom
v cywecmeyem donycrarwut nymo ly 6 Ay ¢ memu Hce 6rodom u 8vizodom makrot, 4mo
das a06020 u' C u svinoansemes: |d(ly,lz, u’)| < exp(poly(n)).

Aorazameavcmeo. O6o3maanm depes Mi(u,v) u Ms(u, v) MHOKECTBA TOIMYCKAIOMIAX Ty Ten
€0 BX0J0M 1 BeIxoaoM v B 2y u 2, cooTBeTcTBerHO. [Ipeanonokmm BOIPeKn yTBePK JeHUIO
TEOpPEeMBI, 9TO cylecTByeT nyTh [y € M;(u,v) Takon, 4ro misa aio6oro mnytu ly € My(u,v)
cymecrsyer u' C u takoe, 4ro |d(li,ly,u’)| > k > exp(poly(n)), rae crenenb moamHOMA
I0OCTaTO4IHO BeauKa. 11o Teopeme 3 B 2y cymecTByeT He 60aee 4eM SKCIOHCHIUAILHOE MHO-
xectBo M myren uz My (u,v) Takoe, aTo s aodoro nytu | € Ms(u,v) cymectsyer I € M
Takolt, uTo aas arwbou Touku v’ |d(l,1',u')] < 2n*. PaccmoTpum muOkecTBO P pomyckaro-
mux myTen [ B 2, o6aagaommx caeyonmM CBOUCTBOM: Ha BXOJI€e | CyIIeCTBYET MHOXKECTBO
T u3 ue 6onee |M| Touex Takoe, uTo misa aodoro mytu I € My(sz(l), sviz(l)) cymecrByer
touka u' € T taxas, uro |d(l,I',u')| > ky = k —2n*. Jlerko Bugets, uro [, € P, nostomy P
He mycTo. IlycTsb lg — myTh u3 P ¢ MUHUMAIBHOU IIMHOU BBIXOA, 0603HaIUM: 1y = 61 (ly),
vy = 6wz (ly). CoorBercrBylomee eMy MHOXKeCTBO TO4eK 0003Ha4muM Ty. V3 Hamux upex-
MOJMOKEHUN Caeayer, 9To |vg| > ki. TlosTomy, cymecTByeT IIMHHBI OTPE3OK T IwyTH ly C
GOMBIIMM BBIXOJOM, HE cogep:Kammi Todek u3 Ty. [Iaa r HOBTOPUM BCIO KOHCTPYKIMIO BBI-
OGpOCOB, OIIUCAHHYIO B JOKA3ATEJIbCTBE JeMMBI 5 (0603HAYEHUAM [1, U, U1 U3 JEMMBbL 5 Temnepb
COOTBETCTBYIOT ly, Ug, Vg). EauHCTBEHHOE OTaMYMe Gy IeT COCTOATH B TOM, YTO B KAIECTBE
nyTu I, B Ay aas myTu [ B 24 ¢ BeOpocamu, Mbl Gy 1eM OpaTh He NPOU3BOMLHBIN Iy Th, & Ta-
KOU, 9T0 /s aio60n Toukn u' € Ty sommoausercs: |d(l), 5, u')| < ky. DToT myTs cymecrsyer
B CUJIy yCaoBus BeIOGOpa lg m Toro, uro | ewiz(ly)| < | sviz(ly)|. TloBropus coorseTcTByMOMmEe
paccyXKaeHne, Jerko J0Ka3aTh, 9TO CYMIECTBYeT TAKOW BEIOPOC HYJIEBOIO THUIA U3 IMyTH lg,
9T0 A1 “BoccTaHoBIeHHOrO” myTH Iy B Ay 62 (ly) = ug, 6wz (ly) = vg. Iocaeanee paBeHCTBO
cIegyeT W3 TOrO, 9TO IPH JOKA3ATEIbCTBE JeMMBI 5 MBI IOLYYAIN IPOTUBOPEYdne, IpeImo-
Jaras, 9To s Bcex BRIOpocoB a 6uix (la(ar)) # vg. Jlerko BugeTh, 9TO B CUILYy HYJIEBOI'O THIA
U KOHCTPYKIMU BCTABKW, IPU BCTaBke orTpeska orkaoHeHue d(l)), l5, u') nyru B 2y oT nyTu B
25 MOKET MEHATHCA TOJIBKO MIA v, JeXKAMNX MEXKIYy IPAHIIHON TOYKOH Uy W BCTABIACMBIM

Ha Bxozxe orpeskoM (rounee d(Ij, 15, u") = d(ly, 5, u'), vae lf, I§ — myTu 1o BeTasky, [, ) —
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myTu nocie Berasku, v = u” ecan u' okanvdmBaercs aesee BcraBku u u' = (u” co BcTaBKOM),
ecin mpasee). CuenoBaTeNbHO, 34 MPEJETaMU OTPE3KA ' U B YACTHOCTH BO BCEX TOIKAX
' € T swmoanserca: |d(ly,lo,u')| < ky. Iloayuwium mporusopedme ¢ Tem, 4to ly € P.
Teopema 7 moxazana. ]

B 0IHOM 9aCTHOM CIydYae MbI MOXKEM YCHINTH Pe3y.IbTaT Teopembl 6. Byxem rosoputs,
470 npeobpasoBarenb 2 umeem Koneunyo 3adeprcky, eCIu CymecTBYeT TAKOe HATYPAIbHOe
¢, 9T0 s aoboro nytu [, ecau | 8z(l)| = ¢, To | ewiz(l)| > 0. OueBngno, ¥ro ¢ < poly(n),
rae n = |2|.

Teopema 8. Cywecmseyem nedemepmunupo6antbltl ai20Pumam, Komopvit 3a HedemepmMuni-
posannoe spems exp(poly(n)) nodmeepacdaem nesaoxcennocms npoussoabro2o npeobpaso-
samensn A1 6 Koneuno3naunbll npeobpazosamenv Us, 2de Uy umeem Koneuny 3adeprcKy.

Loxazameavcmeso. Craenyromas JeMMa YCUINBAET B 3TOM YaCTHOM CJAyUae JeMMY D.

Jlemma 6. Ecau npeobpazosamens 2y ne 6a0xcen 6 Koneunosnaunbili npeobpazosamens s
¢ Koneunot 3adescroti, mo cywecmsyem napa (u,v) € I'(Ay), (u,v) ¢ T'(A2) u |u| < exp(p2(n))
(p2(n) — noaurom).

LAoxazameavcmeo. Ilycth [y — momyckaromuu nyTsh B 2y MUHAMAJIBLHOU JIIAHBI TAKOU, ITO
(6x(ly), 6viz(ly)) ¢ T(™Uz). Ob6osmaumm: u = 6x(ly), v1 = ewx(ly). Ipeamosoxum, ITO
lu| mocrarouno Beruko. Bosmoxubr gsa caywas. Caygan 1: |v| > exp(pi(n)) (pi(n) —
HOJMMHOM U3 JeMMbl 5). B 5ToM ciaydae mpuBoguM 5TO MPEANOIOKEHHe K MPOTUBOPEYUUIO
TOYHO TaK e, KaK B jgokasareibcTBe JeMMbl 5. Cayuanm 2: |v1| < exp(pi(n)). B sTom
caydae CymecTBYeT TOCTATOYHO MIWHHBIM YIACTOK ' MyTH [; ¢ MyCTHIM BeIXOmoM. Ha Hewm
OymeM meiaTh BHIOPOCHI TaK XKe, KaK B JOKA3aTeIbCTBE JeMMHBI 9, TOTHKO BMeCTO TpehoBa-
HUA 9TOOBI BBIXO BBIOpACBIBAEMBIX OTPE3KOB OBLT HEeIyCT, noTpebyem, 4TOOBI AINHA BXOIA
KaxK 00 BHIOpACKIBaeMOr o oTpe3ka Oblia 6oabire c. [foBropuB cooTBeTcTBYyIOImEe paccy-
XKIeHUe, TOKaXeM CyIIeCTBOBaHue BEIOpOCa (v HyJIeBOTro Tuma. Ho B cuiy cBOUCTBA KOHETHOU
3aI€PKKHU, BEIXO JI0OOT0 OTMEYEHHOrO NyTH B ™Ay HEMYCTOU HA BHIGPACHIBAEMBIX OTPE3KaX
BXOJa. DTO MPOTUBOPEIUT TOMY, UTO BBIXOI ydIaCTKa 7 mycTou. Jlemma 6 moxkasaHa. [

[okaxem Teopemy 8. Onumem Tpebyembinn aaroput™. OH yragbiBaeT BXOI U W BBIXOJ
v, vae |u| < exp(pa(n)), |v| < nlu|. Tocae >Toro meTepMUHUPOBAHHO ONpEAEAAETCS, €CTh
an B Ay u Ay JOMyCKAOMUN MyTh CO BXOAOM % W BBIXOAOM v. [l1a >TOro, I KaxKIoro
v C u, rae v yBemmamBaeTca nmoOyKBEHHO, HAXOAUTCA MHOkeCTBO map (v, q), rae v’ C v,
(¢ — COCTOAHWE TakKoe, 9TO CyMECTBYeT NyTh U3 HAYala B ¢ CO BXOJAOM U’ ¥ BBIXOZOM
v'. TlompoGHoCTH OYeBUAHBI. AJropuTM OGHAPYXKWBAET HEBIOKEHHOCTH 2A; B s, ecam
(u,v) € T'(y), (u,v)y ¢ ['(~As). OdveBuaAHO, BpeMsa pabOTH STOrO AITOPUTMA MTPUMEDPHO

ul - |v|. Teopema 8 mokasaua. O
ul - vl p i
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