O kiaaccudukanuu 6a3ucoB B P, mo
Pa3pEeHInMOCTH IIOJIHOThI JJi aBTOMAaTOB

J1.H. babun

PaccmarpuBaercst mpobsiemMa IOJIHOTBI CHCTEM aBTOMATHBIX
byurumii Buga P Uv, riae ¢ C Py, v koneuno. Panee aBTop peniui
9Ty 3aja4y B ciaydae k = 2, a Takxke 1nokasaJ, 4ro s [P] = Py
CYIIIECTBYET aJTOPUTM PACIIO3HABAHUS TTOJTHOTHI cucteM ¢ U v.

B crarbe paccmarpuBaercs caydaii, Korga [®] siisiercst Mak-
cUMAaJIbHBIM (IpearonHbM) KiaaccoMm B Py. Tokazano, uro ecin P
BJIOKUM B Kitacc CIymernkoro, To mpobjema moJHoTh cucrem O U v
HepazpermMa, a eciau ® COmepKUT KIAacC COXPAHEHMUS BCEX KOH-
CTAHT, TO UMEET MECTO AJTOPUTMHUIECKAsT PA3PEINMOCTh YKA3aH-
HOW 33J1a4HU.

Tem caMbIM, BOBHUKAET BO3MOXKHOCTD KJIaCCU(MUKAIIT OA3UCOB
B Py, k > 3 mo ux crocobHocTr B KadgecTBe JOOABKHU B aBTOMATHBIN
6azuc obecreunBaTh aJIrOPUTMUAYECKYIO PA3PENINMOCTD [TOJTHOTHI.

BBenenue

Pemenne 3a1a491 0 IOJIHOTE OTHOCHTEIBLHO OLEPALMii CyIIePIO3UIMHA 1
0OpAaTHOI CBA3M JIJIT KOHEIHBIX CHCTEM aBTOMATHBLIX (DYHKIMH HaTAJIKHU-
BaeTCA Ha CyNECTBEHHBIE TPYIHOCTH. 31€Ch HEe MPUMEHUMa KJIaCCHIecKast
TEOPHsA IOJIHOTBEI, OCHOBAHHAA Ha IPOBEPKE BJIOKUMOCTH TECTHPYEMOM
CHCTEMBI aBTOMATOB B MAaKCHUMAJILHBIE KJIACCHI, BBy KOHTHUHYAJIHHOCTH
qucsa nocaeuux |1, a cama 3aada B 06Ieil TOCTAHOBKE aJITOPUTMITYE-
CKH HepaspelnMa, [2].

Cilydam aJropuTMHUYECKONl paspenmMOCTH BOZHUKAIOT HPH OTPaHU-
YEHUH KJIACCA IIPOBEPSIeMBIX CHCTeM. llepBblil mpuMep TaKoro poja ObLI
nocrpoer Jlernyesckum A.A. [3]. B nasubHeiimem, aBropy yuaaoch 1mo-
Ka3aTb, 9TO JJIg CHCTEM aBTOMATOB Hal P, comepxKaluxX BCe OyJIeBbI
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dbyHKIMHI, 331894 0 MOJTHOTE AJTOPUTMUYECKH paspentuma |4]. Asropur-
MHIYeCKasi Pa3peImMOCTb 3aJIa9l MMOJTHOTHI ObLIa MOJIyUeHa W B KJIAcce
JIMHEHHBIX aBTOMATOB [5].

Permenne 3agatn He ympoCcTUIOCH IIPU PACCMOTPEHUHU 0oJiee c1aboro
CBOJICTBA ANMPOKCHMAIMOHHON MOJHOTHI (A-TIOJIHOTHI), KOIJIa CXeMa U3
Ga3MCHBIX JIEMEHTOB 3aMeHsJIa aBTOMAT JIAIIb JI0 JI0O0Tr0 Halepes 3a-
JIAHHOTO MOMeHTa Bpemenu. IIpoBepka A-IOJHOTBHI JJIsi TIPOU3BOIBHBIX
CHCTEM aBTOMATOB AJTOPUTMHUYIECKU HEPA3PENTNMa, HO €CTh AJITOPUTM ee
[IPOBEPKU JIJIsi CHCTEM aBTOMATOB, COJepyKAIuX Bee OyseBbl hyHkImu [6].

B s7oit curyanuu akagemukom Kynpssresoim B.B. 6b110 mpemoxke-
HO HCIIOJIB30BATh Pa3PENINMOCTb ABTOMATHON MOJIHOTHI KAK WHCTPYMEHT
JUIS UCCJIe/IOBaHMs 0a3ucoB MYHKIUM, & IMEHHO, HCCIIeI0OBATH HA IIOJTHO-
1y (A-nosHory) cucrembl Buga @ U v, rie & — 3aMKHYTHI Kiace yHK-
it 13 Py (ero KoHeuHblii 6a3uc), a V' — KOHEYHAsl CHCTEMa aBTOMAT-
HBIX QYHKIH. ABTOPOM OBLIT MOJTHOCTBIO UCCACIOBAH Caydait k = 2 u
ocTpoeHa Kiaccudukaiius 0a3ucos B Po 110 UX CIIOCOOHOCTH TapaHTHPO-
BaTb Pa3pEINMOCTD TTOJTHOTBI KOHETHBIX CHCTeM aBTOMATOB. OKa3a/10Ch,
YTO TO CBOMCTBO VIt Kjacca MYHKIUI BBITIOJIHEHO, TOYHO TOrJA, KOIJa
B HeM cojiepxkuTces GyHKuus x Oy @ z, ambo dyukuus xy Uzz Uyz [10].

B sroit craThe yKazanHas KJacCHMUKAINS TPOJIOIKaeTcs Ha (DYHK-
mun u3 Py, k > 2, 1pu 9TOM yKe Ha ypOBHE MAKCHMAJbHBIX (IIPeJoJi-
HBIX) KJIACCOB OOHAPY?KEHBI IPOTUBOIOJIOKHBIE CJIyYal.

1. OcHoBHBIE PeE3yJIbTaThl

Iycrs By, = {0,1,...,k — 1}, dyskiun g: E! — E}* HasbBaoTCA
dbyukImsaMu k-3HaTHON JOTUKY, & UX MHOXKECTBO 0003HadaeTcs depes .
IIycTb

EX ={a()a(2)...la(j) € Ex,j =1,2,...}

— MHOXKECTBO BCEX CBEPXCJIOB, a
Ej ={a(1)a(2)...a(7)|a(j) € Ey,j =1,2,...7}
— MHOXKECTBO BceX cJIOB JUIMHBI 7. [IycTh

£ ()" = (B
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— aBroMaTHast GyHKIWMs (a-PYHKIMS), TO €CTh OHA 3a/[AeTCsI PEKYPPEHT-
HO coorHoIeHusiMu (1)

q1)=q

Q(t+ ) = So(q(t%al(t)?"'?an(t))v (1)

bj(t) :sz)j(Q(t)val(t)v"'aan(t))v J=1...,m,
e ¢ € Q = {q,...,q}. Ilapamerp ¢ Ha3BIBAETCS COCTOSTHUEM
a-dyskmuu f, ¢ — ee HadaJdbHBIM COCTOSIHHEM, BEKTOP-OyKBBI 4 =
(a1,...,ap) m b = (by,...,by,) HA3BIBAIOTCS BXOMHOI M BBIXOJIHOI GyK-
Bamn, a csepxciaosa a(l)a(2)... u b(1)b(2)... — BXOAHBIM U BBIXOJHBIM

cBepxciaoBaMu, cooTBeTcTBeHHO. Kitace Bcex a-pyukmmit 0603HAUM te-
pe3 P. B atoMm kitacce 0OBIYHBIM 0OPa30M BBEJEM OIEPAIUH CYIIE€PIIO3U-
nuu u obparnoit cea3u. g cymepriozuriuu OyieM HCIOIB30BATH MOJIU-
dbukanun omeparuit u3 |9|:

(nf)(xh 7xn) :f($27x37---737n7331)7

(5f)($17 7mn) = f($27$17$37 axn)v

(Qf) (21, .. 1) = f(z1,21,%2, ..., Tp_1),

(Vf)(:ﬂl,:zg, 7mn+1) :f($27$37---a$n+1)7

(f*g)(x1, 22, Timgn—1) = flg(z1, .., Tm)s Tty s Tintn—1)-

Omnepanust obpaTHOll cBsi3u (0.C.), IPUMEHEHHAsT K i-Of BXOJHON M
J-Oitl BBIXOJIHO} epeMeHHbIM a-DYHKIMA f(Z1,...,2n) = (Y1, Ym),
zagaer a-pyHKIIO

9(51317- ey Li—1, L1y - - - ,.’En) — (ylv' .- 7yj717yj+1a cee 7ym)a

BbIUKCseMyio Tak. Camraem, 9To 0. €. IPUMEHUMa K f B COCTOSHUH ¢,
eci 1; B ypasaennu (1) dukrusHO 3aBucur or a; upu ¢(t) = ¢, a BbI-
qucsienne bg(t) ocyIecTBiIsieTcs: o cxeme:

a(1) = a1,
q(t+1) =e(q(t),a1(t), ..., ai-1(t),

wj(q(t),al(t), e ,ai_l(t),aiﬂ(t), e ,an(t)),aiﬂ(t), e ,an(t)),
bs(t) = ¥s(q(t),ar(t),. .., aim1(t),

wj(q(t),al(t), e ,ai_l(t),aiﬂ(t), e ,an(t)),aiﬂ(t), e ,an(t)),
s=1,2,...,7—1,74+1,...,m.
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Cuuraem, 9TO 0. C. IPUMEHUMa K f, €CJIM OHa NPUMEHUMa B Hada b-
HOM COCTOSIHWU ¢1, U U3 €e IPUMEHUMOCTH B cocTosiHuu ¢(t) ciejyer npu-
MEHUMOCTD B coctosituu ¢(t + 1).

[Iycrs v C P, o6o3uaduM depes [v| MHOXKECTBO Beex a-DyHKIMIA,
HOJTy JAIOIIUXCA U3 U ¢ TOMOIIBIO ONEpAIil CYyNepIo3uIuu 1 0OpaTHON
cBsa3u. MHOXKECTBO ¥ Ha3bIBaeTCs MOJHBIM, ecyn [v] = P. IIpobsema mosi-
HOTBI JIJ1s1 P COCTONT B OIMCAHUM BCEX IIOJHBIX MHOMXKECTB V.

[Tycrs 7 — HarypasbHoe [ucio, f(zi,...,T,) — HEKOTOpas aBTO-
marHas Gynknus, f7: (E])" — (EJ)™ — orpanudenne 5Toif GyHKINNI
Ha MHOXKeCTBO CJI0B JymHbl 7. CraxkeM, uro a-dyukuun f(z1,...,T,) u
g(x1,...,xy) T-paBubl, ecn [T = ¢g7. Obo3HaunM Uepes [V], MHOXKECTBO
BCeX a-PYHKIUiL, T-PABHBIX MOJIYIAIONMMCS U3 U ¢ TIOMOIIBIO OlepaIluii
CYNEPIIO3UINU U OOPATHON CBSI3HU, & 9epes3

wla =
T=1

Useectro (6], 4T0 pesysbraT HPUMEHEHHUST O.C. T-PABEH T HMPUMEHEHU-
sIM cyrieprosunun. MHOXKeCTBO v Ha3bIBaeTCsl T-IOJIHBIM, ecian [v], = P.
MuoxkecTBo v HasbiBaercss A-mosabiM, econ [v], = P upu Beex 7. IIpo-
6stema A-TIOJTHOTHI JIJ1si P COCTOUT B ONUCAHUN BCeX A-TTOJTHBIX MHOXKECTB
v. O4eBUIHO, UTO TOJHOE MHOXKECTBO U SBJISIETCS A-TIOTHBIM.

IIycTn P — gjace Beex a-DYHKIHH ¢ HE BoJiee, YeM ¢ COCTOAHUSMH,

TOC A
o0
P = U P,
=1

UsgectHo [7], uro
(PP =P, [p(l)] — p.

A-dynxmun n3 P HasbBaloTcest HCTHHHOCTHBIMU U MBI GYJIeM OTOXK-
necriste P ¢ muoxecrsom Py dbyHuKINi k-3HAYHON JIOTUKU, TT0/IArast

flaMa(2)...) = f(a(1))f(a(2))...,

rie f: (Eg)" — (E)™, f € P.
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Muoskectro dbynkimii f: (Ey)" — Ej, JJis KOTOPbIX BBITIOJIHEHO OJTHO
u3 cpoiictB: n = 1 win f He HpUHUMAaET BceX 3HaYeHUi u3 Fj, Ha3bIBa-
ercsa kaaccom Cirynenkoro. Mssectrno, uro kiaace Cirylenkoro 3aMKHYT
OTHOCHUTEJILHO CYNEepPHO3UIUH, TO €CTh Pe3yJbTaT IPUMEHEeHUsl CylepIo-
3unuK K (PYHKIUAM U3 3TOrO KJacca SBJIAIOTCA (DyHKIHE U3 3TOro Ke
ksacca [8]. Byaem obosnauars kiaace Ciynenkoro depes SLUP.

Hual € {0,1,...,k—1} byukuus f € Py, rakas aro f(l,1,...,1) =1
HA3BIBACTCS COXPAHSIONIEHT KOHCTAHTY [, & MHOXKECTBO BCEX TaKuX (hyHK-
il — KJaccoM COXpaHeH!WsT KOHCTAHTHI [, oHO obos3HadaeTcs uepes Uj.

O6oznauum yepes
k—1

U=\t
=0
KJIaCC COXPaHEeHUsl BceX KOHCTaHT. Ms3BectHo, uro xmaccer U,U;,l =
1,2,...,k — 1 3aMKHYTBI OTHOCHTEJILHO CYNEPIO3UIINH, TO €CTh PE3yJlb-
TaT IPUMEHEHUs] CYHePIO3UIU K (DYHKIUSM U3 3TUX KJIACCOB SIBJISTFOTCSI
dbyuxImEaMT 13 9THX XKe Kaaccos (8.
DyuKIHS
w(z,y) = max(z,y) + 1| mod k
nasbiBaercst pyuknueit Be6ba. Vssecrno, uro P, = [{w}], To ecTb dymk-

1usi W 00pasyeT MOJIHYIO0 CHCTeMY B KJiacce k-3HadHBIX (DyHKITHI.
Apromarnas dbynkimusa B: Ep° — EP°, 3ajgaBaeMasl ypaBHEHHAMH

(1) =k -1,
q(t +1) = z(t),
b(t) = a(t),

Ha3biBaeTCs a-pyHKIweil 3a1epkku. [Ipo Hee uzBectHO [7], uro
{B}u{w}] =P
VIMeroT MecTo CJIe/lyIoniue yTBep K ICHHs.

Teopema 1. Ilycmv ® C SLUP, ue cywecmeyem anzopumma, no
Koneunomy mnooicecmsy v C P pewarousezo 80npoc, 6epHO AU, WIMO
[@Uv] =P.
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Teopema 2. Ilycmv ® C SLUP, me cywecmeyem anzopumma, no
Konewnomy muooicecmsy v C P pewaroueeo 80npoc, 6epHO AU, WIMO
[(I) @] I/]A = P.

Teopema 3. /[lasa mobozo ® O U cywecmsyem anrzopumm, no KOHEUHO-
my muoorcecmsy v C P pewarowut, eepro au, wmo [ Uv| = P.

Teopema 4. /[[asa mobozo ® O U cywecmsyem anrzopumm, no KOHEUHO-
my mmoorcecmsy v C P pewarowud, eepro au, wmo [® Uv]s = P.

3ameuanwue. Ilyctre Fy C F C P,. Ecam me cymecTtByer ajropur-
Ma, [0 KOHEYHOMY MHOXKecTBY v C P peraoriero BOIpoc O IMOJTHOTE
(A-motHOTE) MHOXKeCTBA F' UV, TO HE CYIIECTBYET U AJTOPUTMA, PEIaro-
1mero Bopoc o noJHore (A-nosHoTe) MHOXKecTBa F U v,

N3 zameuanus ciaemayer, ITO JOCTATOYHO TOKA3aTh T€OPEMbI 1—4 TOJIb-
Ko Jist ciydas ® = SLUP, @ = U.

ABTOp BBIpazkaer GsarogapHocTh akajgemuky Kymapsisuesy B.B. 3a
[IOCTAHOBKY 3aJaYi U IeHHbIE YKA3aHUI.

2. OcHoBHBIE JIEMMBI 1 A0Ka3aTeJIbCTBO TeopeM

Tpoiika T' = (D, p, W), tne D = {dy,...,d}, p: D — D* p(d;) =
R;, W — marypajbHOe YHC/I0, HA3bIBAETCS CHUCTEMON OTHOPOIHBIX ITPO-
nykuuit [locra. Eciau | > W, To ckaxkem, uro T npuMeHUMA K CJIOBY

¢=didiy ... d;

1 Ha30BEM CJIOBO

¢ =di,., .. .diRi

pesyabraroM npuMmeHenust 1 k ciioBy €. Takum obpazom, y ciioBa & «CTu-
patorcst» nepBble W OyKB M K HeMy IPHIIACHIBAETCA CJI0BO R, , KoTOopoe
coorBeTcTBYyeT OykBe d;, . Ecm [ < W, To T' He npuMeHHMa K CJIOBY &.
[TocnemoBarenbuocTs £1,&9,... Takyto, ato £ = &, a ;41 — pe3yJIbTaT
npumenenust T’ K ciaoBy &;, ¢ = 1,2,..., HA30BEM IIOC/I€I0BATE/IHHOCTHIO
upoaykiuii ciioBa €. IlocieoBare/ibHOCTD TPOYKITHT cyioBa & KOHEYHA,
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ecJIi TocjIeHee CJIOBO MMeeT UIMHY MeHbinyio W. B arom ciaydae Oy-
JIeM TOBOPUTh, YTO MPHU MPUMEHEHUN K CJOBY & cucrema T’ ocTaHABIINBA-
ercsi Yepe3 KOHEYHOe 9HCjIo ImaroB. Jlist KarkIoil oqHOPOIHOM CHCTEMBI
npoAyKIuit T' MOXKHO TOCTABUTH BOIPOC O PA3PEIIUMOCTH <«IIPODIEMBbI
OCTAHOBKM» 3TOI CHCTEMbI: CyIIEeCTBYET JIA aJropuTM A, KOTOPBIA 110
JIFOOOMY HaIlepe]l 33 JaHHOMY CJIOBY £ yCTaHABJIMBAET, KOHEUHO WM Oec-
KOHEYHO MHOXKECTBO T-TIpOIyKIMii ¢/1oBa &, TO €CTh OCTAHABINBAETCS JIN
T tpu npuMeHeHUHN K CJIOBY &, WU HET.

UsBecrro [9], 4To cyimecTByer cucTeMa OJHOPOAHBIX MpoayKiwii [1o-
cTa, JIJIsi KOTOPOI He CyIecTByeT ajropurMa, mo cioBy & € D* pema-
IOIIIEr0 BOIIPOC O KOHEYHOCTH IIOCJIEI0BATEILHOCTH MPOAYKIMA cyioBa &.
Cdopmynupyem sror daxr B Bujie jgeMMbl [9).

Jlemma 1. Cywecmesyem cucmema 00nopodnvix npodykuyud Iocma T =
(D, p, W), das Komopoli ne cywecmsyem as20pumma, pewaouezo npo-
bAeMY OCTNAHOGK.

O6oznaunm 1yepe3 Ny MHOKECTBO HATYpaJIbHBIX YUCET C HyJIEM. 3a-
dbukcupyem cucremy npoaykumit Ilocra T = (D, p, W) ¢ Hepaspemn-
MOIT TIpOGJIEMOlT KOHEUHOCTH TIOC/IEI0BATEIBHOCTH MTPOILYKIWiA, ¥ IIyCTh
|D| =r.

ITyctn R — MHOXKECTBO CBEPXCJIOB (¥ TAKUX, UTO

{a(t+1),a(t+2),...a(t+ k)} # Ey, upu Bcex t > t,.
O6osnagaum w, v € E’kc Jepe3
w=01...(k—=1), v=(k—1)(k—2)...0.
IIycts cBepxciioBa TAKOBBLI:
w® =ww..., 1°=11..., 0 =00...
QDyHKIUN TAKOBBI:

o0

u(aa) = aw™, wui(aa) =iw™, i=0,1,...,k—1,a € Ey,a € E;°.
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Yepes a; 0603HaIMM HAYAJIO JJIMHLL ¢ cBepxCyIoBa o € E9°, wepes ||

— iy cioba o . Kaxxgomy anementy d; € D noctaBuM B COOTBETCTBUE
CJIOBO

d;i = v'wo" ", d; € E,lz(rﬂ)

s € =dy, ... d;, obo3HaINM 5: 8;&;
s a # B, «a, 0 € E°, onpeeyinM 9ucjioByI0 (DyHKITUIO

cla, ) = max t.
( ﬁ) alt=0l:

nd~id~j1...d~jl’woo ’ n,l € Ny, j1,...,J1 € {1,...,7’}}

w
M?Z {wndi~jldj2...|n€No, J1:72, - - 6{1,...,7‘}}.

Host o ¢ ]\41-1 U Mf onpenenuM ¢;: B — N, nonaras

cla)= max c(a,pf).
o) = | max (0. 9)
IIycTp o 3
A= wndidjl ce djlwoo, n € Np.

Onpenenum a-pyHKIINN
fit B¢ — Ep°, 1=1,...,r7,

coornomenusimu (a), (b), (¢), (d).
(a) fi(aA) = aw”+Wk(r+1)cZ~jw . d}lﬁiwoo npu l > W —1
(b)) fi(aA) = aw™tWFCHD Riw™ mpu | = W — 1,
(¢) fi(aA)=aw*® mpul < W —1,
(d) fi(aB) =aB'bb... upu B ¢ M} UM?, tae |3'| = ci(8) —1,b € Ej.
Onpenenum a-dyHKIANA

! .
fit Ef° — EZ°, i=1,...,m7

coorrommennsvu (a), (b), (¢), (d).
(c) fllaA) = aw™ TR apn l < W — 1.
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Oupenemum a-bynkuun G, E, I, fe, nia o, 8,y € E°, a,b € Ej,
CJIEJIyIOIUM 0OPa30M:

alk—1)(k—1)... mpua#k—1,
B(«) npu a =k —1, v = w>,
(k—1)a’bb. .. npu a =k —1, v # w™,
|of| = e(y,w™) =1
_Jaa2)®p(2) a3) @ B(3)... mpuny =w>,
E(e, 5, a7) _{ aa/bb ... ipu v # w>®, /| = c(y,w>®) — 1

I, B) =a(l)®B(1) 11..., fe(aa) = aéw™.

G(av a/y) =

Yepes
gz(.’E,y),Z = 17 )

0003HaYNM JABYXMECTHBbIE (PYHKIUN U3 P, He MpuHUMAIOIIe BCEeX 3HAYTE-
Huit u3 Fj, a gepes
hi(z),i=1,...,my

0003HaYNM OJIHOMECTHBIE (DyHKINKN U3 P, TpUHUMAIOIIe BCe 3HAYCHMSI,
COOTBETCTBEHHO. HeprILHOAy6e,Z[‘I/ITbC5{, 9TO PYHKITTU

gi(x,y),i=1,...,mg, hi(z),i=1,...,m

opokgaor Kiaace CIIymenmkoro, B KOTOPOM TaKXKe JIeXKaT BCe KOH-
cTaHTHBIE (PYHKITUH.

Hmeror MecTo clieIyole JIEMMBI.

JIemma 2. Cucmema

Y= {.gAz(:E?y)vZ = 17"')m27hi($)ai: ]-a"'amla-[)E)fl?"'7f7'7ffaG}

NOAHA MOo20a U MOABKO M020a, k0204 NoCAedo8aMEALHOCTS NPodyKY Ul
€066 & KOHEUHA.

JIlemma 3. Cucmema

E/: {.gAz(:E?y)vZ = 17"')m2ah’i($)7i: ]-a"'amlaI7E7f{7"'vf7/'7fva}

A-noana mozda u mosvko moada, xKo2da nNOCAEI08AMENLHOCTIL NPOJYKUU
cnosa & beckoneuna.
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JokazarenbcTBO TeopeM 1 u 2 caemayeT u3 JIeMM 2 U 3, COOTBETCTBEHHO.
N3BecTHBI TEOPEMBI:

Teopema 5. [4] Cywecmeyem anrzopumm, no KOHEUWHOMY MHONHCECTEY
v C P pewarowud, sepro au, wmo [P, Uv] = P.

Teopema 6. [6] Cywecmeyem aszopumm, no KOHEUWHOMY MHONHCECTNEY
v C P pewarowud, sepro au, wmo [P, Uv]s = P.

Teopembr 3 4 OGyayT moKa3aHbl CBejleHHEM K Teopemam b u 6. s
9TOT0 HEOOXOJIMMO yKa3aTh AJITOPUTM OIIPEJIEIEHUs] BBIPA3UMOCTH KOH-
CTAHTHBIX UCTHHHOCTHBIX (PYHKIUH depe3 a-pyuknmmn u3 v u U.

s mokasarenbcTBa TeopeMm 3, 4 mOHAM00SATCsT ompesaeseHust. s
HaTypaiabHbix D, N apromarnyio GyHKIMO ¢ ypaBuerusivu (1), rae m =
D+ N+kn=0Q={1,....,D+ N} u jyis mobwix i € Q,a € E"
BBITIOJTHEHO

P(i,a) = (i@ 1,...,i® (k-1)),(0,0,...,0,1,0,...,0))
. v_Jt+1 mpui< D+ N,
‘W’“)_{ D+1 upui=D+N,

nazoseM (D, N)-cuerdnkom u obosnaduMm 4depe3 Bp n. 3gecs & 0b6o3Ha-
Jaer CJIOXKEHUE 110 MOJLYJIO K.

BameTnM, 4TO c4eT4HK Bp N BBIIAET BCErJa OJIHY U TY K€ II0CJIe0-
BaTe/IbHOCTD C epuosiom N u npesnepuogom D. Kpome Toro, B MOMEHTBI
He cpaBHHUMbIe 110 Mozymio N, dyHKIms Bp N BbLIaeT pasHble OYKBbI U B
KasKJIblii MOMEHT BPEMEHM He COXPAHSIeT HUKAKUX KOHCTAHT. MHOKEeCTBO
BCEX CUETYNKOB 0003HaunM uepes K.

[Tpu mokazarennbcrBe Teopem 3, 4, 6e3 orpaHmdeHusi OOIHOCTH, OY-
JIeM HCCIIeIoBaTh Ha 1osiHOTY cucreMbl Buga {f} U U, rue f 3amaercs
ypasaenusivu (1). dust a-byukuuu f ¢ ypasaenusivu (1) u D < s nociie-
JIOBATETHLHOCTD (2),

(a(1), (1)), (a(2),0(2)), .- -, (a(s),b(s)), (2)

rie
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a(l),...,a(s) € Ex";q(1),...,q(s) € Q;
b(1),...,b(s) € Ex™;b(i) = (q(i), a(i))
q(t +1) = ¢(q(i),a(i));i=1,...,s7q(1) = q1,

Ha30BeM ($)-sKcrepuMenToM ¢ a-byHkiweil f. Eciu ke ere BbIIOJHEHO

q(D +1) = ¢(q(s), a(s)),

To HazoBeM ee (D, s)-skcrepuMenToM ¢ a-byHKImen f.

[lycts ¢,j wHarypasbHble unciaa, 1 < 4,5 < 8, # 14, CKaxkeM,
qro a-pyukuus [ sBiasiercs (j,i)-3asucumoii Ha (D, s)-9KcrepuMeHTax
((s)-sKcriepumMenTax), ecim Julsl KaotcAot OCIIe0BATEILHOCTH (2) BBIIOJ-
HEHO COOTHOIIeHue (3),

¥(q(5), a(i)) = b(0). (3)

CkazkeM, 4T0 a-bysuknus f coxpaunsier koucraury [ € {0,...,k — 1}
B j-Thlit MOMeHT, Ha (D, s)-skcnepumentax ((s)-9KcnepuMenTax), ecyin Ha
KaotcOoTl TTOCIIEIOBATEILHOCTH (2) BBIIOIHEHO

W(q(g), (1, 1,....0) = (,1,....,0).

CkaxeM, 410 @-pyHKIHs f mMuTHpyeT cdeTdynk Bp y Ha IUK/IA9e-
CKUX 9KCIIEPUMEHTaX, €CJIH Jjisi HeKoToporo s = D + pN wu Jiobbix
1<4,j <s,i#j| mod N, a-dyuxius f He siBisiercs (7, 4)-3aBUCHUMOIL
u He coxpamsier koucraury | € {0,...,k — 1} B j-ro1it MomenT na (D, s)-
IKCIIEpUMEHTaX IIPU Bcex [ U j.

CkaxeMm, 4ro ¢-pyHKIMs f UMHTHPYeT CYeTYHK Bp N Ha IPOCTHIX
9KCIIEPUMEHTAX, €CJIN I HEKOTOporo s = D + N u mobbix i # j,1 <
i,j < s a-dynkuus f He siBisiercs (7, 4)-3aBUCUMOIl U He COXPaHSIET KOH-
crauty [ € {0,...,k — 1} B j-TbIii MOMEHT Ha (S§)-9KCIEPUMEHTAX IPH
BCex | U j.

Nmeror MecTo JieMMBbl:

JIemma 4. Umeem mecmo exaouenue [{f} U U] O K mouno moezda,
Koeda das mobvix namyparvhvir D, N f umumupyem cuemvux Bp n na
YUKAUNECKUT IKCNEPUMEHTNAL.
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Jlemma 5. Csoticmeo dynkuuu f oas aobvz namypasoruvr D, N umu-
muposams cuemwurx Bp N MO YUKAUMECKUT IKCNEPUMERMAT AN20PUMN-
MUYECKU NPOGEPALCMO.

JIemma 6. Umeem mecmo skaovernue [{f} UU]a 2O K mouno moezda,
Ko20a das 1106020 namypaivrozo s f umumupyem cwemywux By g na npo-
CIMBIT IKCTIEPUMEHMAL.

Jlemma 7. Csoticmeo dynkuuu f 0asg 4106020 HamypasvHozo S uMuUmu-
posamv cuemyur Bo s Ha npocmolr dKCNEPUMERMAT GAOPUMMUMECKU
NPoOGEPAEMO.

JoxazareabcTBO TeopeM 3 u 4 ciemyeT u3 TeopeM 5 u 6, gemM 4, 5,
6, 7 u Toro dakra, uro [K UU] D Pj.

3. okazarejabcTBO JeMM 2 u 3

IIycts S — cxema Hag MHOXNKecTBOM a-pyHKInit Y. [IpaBbiM myTem
B cxeMe S Ha30BeM TakKyo IOCJIeI0BaTEIbHOCTD 3JIEMEHTOB (1, g2, - - -, Jn
CXEMBI S, 9TO BBIXOJ a~-(PYHKIINN 1 COBIIAJIAET C BHIXOIOM CXEMBI, 8 BBIXO-
JIbl G-DYHKIHH gi4+1 /71 MHOI'OMECTHBIX ¢; COEJIMHEHBI C IIPABBIM BXOJIOM
gi, & JIJIsSI OJHOMECTHBIX ¢; C UX €IUHCTBEHHBIM BXOJIOM. DJIEMEHT ¢, Ha-
3BIBAETCS HAYAbHBIM JIEMEHTOM ITyTH.

YrBepxkaeuue 1. [lycms wexomopas crema S Had cucmemoti X peanu-
3yem KOHCManmuy1o a-Pynkyuto ¢ 6vxodnvm ceeprcaosom (k— 1)wwa,
moeda 6 cxeme S cyulecmeyem npasulli nYmMs ¢ HAYAAGHBM IAEMEHMOM

ge{l, gi(z,y),i=1,...,ma}.

HoxkazareabctBo. I[lycts cxema S7 Has ¥ mojiydaeTcs U3 CXeMbl S 3a-
MEHOI a-pYHKINI Ha (PYHKIMKA UX HAYAJIBHBIX COCTOSIHUI. S peajmsyer
KOHCTaHTY k — 1 u cocTouT n3 QyHKIUI HAYATBHBIX COCTOSHUI CUCTEMBI

Y= {gz(wvy)ﬂ': 17"'7m27hji($)77:: 17"'7m1717E7f17"'7fk7f§7G}7

KOTODPbIE TAaKOBBI
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{gi(z,y),i=1,...,mo,hi(x),i=1,...,m1, 2Py, z,x...2,y}, coorBer-
CTBEHHO.

[Tpencrasum cxemy S7 B BHje, npuBejenHoM Ha puc. 1. Ilycers g
— 3JIEMEHT CXeMbl S7, BBIXOJ, KOTOPOTO COBIIAJAET C BBIXOJIOM CXEMBI, U
nycrs g1 ¢ {I,6i(x,y),i = 1,...,me}. Torma BeixomHasi GyHKIUsT €ro
HAYAJIBHOTO COCTOSIHUSI B3AMMHOOIHO3HAYHA, & 3HAYUT cXeMa So MMeeT
bukTuBHBII BXO Y (KOTOPBI MOXKHO OTOPOCUTH), & Ha BBIXOJE T3 pea-
Jm3yercs KoncranTa. [Ipogosmkas 3Ty nporeypy, Mbl MOy YUM HCKOMBII
Iy Th.

VTBepKIeHne TOKA3aHO.

)
Sa
€3
[
g1
Puc. 1.

okazareabcTBo jJjeMMmbl 2. JloctaTouHnocTs. [IycTh mocseioBarenb-
HOCTb IPOJYKIMiI cjioBa £ KOHeYHa U mmeeT BuUJ &1,E&9,...,E&s, mepBas
Oyksa ciioBa §; ecTb d;; u JmHa ciaoBa s Menbie W, Torna

w(@) = fi, (fior (- fir(fe(@)) ) yulk — 1) = ug—1.
HemnocpepcTBeHHoi MPOBEPKOil MOXKHO YOCIUTLCA B TOM, 9TO
E(:E,y,U(I((L‘,y))) =zdy, G(IE,Uk_l) = B(:E)

CymecrBennas dbyHkiusg © @ y Bmecte ¢ pyHkmusamu Kiaacca Ciy-
nernkoro [8] mopoxkaer nosHyo B Py cucTeMy MCTHHHOCTHBIX (DYHKIMIL.
SHauuT, crucreMa Y. TOJIHA.
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HeobxomumocTs. [IycTsb cucrema ¥ nojiHa 1 HEKOTOPOI cxemoit S Ha1 2
BbIpa3UMa KOHCTaHTHAsT a-YHKIUS C BBIXOIHBIM CBEPXCJIoBOM (k—1)w™.
W3 yTBep:KIeHNsA TOJIydaeM, 9TO B CXeMe S CyIIecTByeT IpaBbIil IIyThb
J1s--.,0n C HAYAJIBHBIM 3jeMeHTOM ¢, € {I, §i(z,y),i = 1,...,ma}.
Cpenu g1, ..., gn—1 HalljieTcs 3JIeMEHT T f¢, B IPDOTUBHOM CIIydae CXe-
Ma S OyJjieT BbIIaBaTh CBEPXCJIOBO U3 R, 94TO IIPOTHBOPEUHEO. ITycrs g4
— 3JIeMeHT Tula fe¢ ¢ MUHUMAJIbHBLIM HOMEPOM fg U IIyCTb JUls OIIpe-
nenennoct § = d;dj, ...d;. Torma mbo g;,—1, — B3aUMHOOJHO3HAHY-
Has OJHOMeCTHasg (PYHKIUHA, JTHOO g;,—1 — JIEeMeHT Tuna f;. B npyrnx
caydasix cxema S obOsi3aHa BBIJIABATH CJIOBO W3 R, 410 1IpOTHBOpEUH-
Bo. IIpocMoTpeB TakuMm 06pa30oM BCIO HEHOYKY i, - - - , §1, HOJYHUNM, 9TO
[TOCJIEIOBATEILHOCTD G, - + + » §1 COAEPXKUT KOHEUHYIO ITOJIIOC/IEI0BATE /b
HOCTB f¢, fi, ..., fi,, COOTBETCTBYIONIYI0 KOHEUHOM II0C/IE0BATEILHOCTH
NPOAYKIHil coBa &.
JlemMa JoKas3aHa.

okazaTenbcTBo jiemMbl 3. JdoctaTrounocTs. [lycrs nociemoBaresib-
HocTh 1, &2, ... IPOJyKuuit cioBa § GeckoHedHa, nepsas Oyksa cj1oBa §;
ectb d;;. Torma st mroboro T Ha Beex €I0Bax O JUIMHBL T 4(0) COBIAIAET C

7 (

u u((k—1)d) coBnagaer ¢ up_1(ad). Hemocpeacreennoit mpoBepKoit MOXK-
HO y6e/uThCs B TOM, 4TO

Fho (o o0 ))

Ew,y,u(l(z,y))) =Dy, G(z,uk—1) = B(z).

CymectBennast GyHKIUs & P Yy BMecTe ¢ pyHKIHAME Kiracca Cirymenko-
ro MOPOXKIAET MOJHYIO B Pj cuCTeMy UCTUHHOCTHBIX (DYHKITHI. 3HAYNT,
cucreMa Y/ T-IOJIHA IPU BCeX T, TO ecTh oHa A-IoJIHA.
Heo6xonumocTts. Ilycth or mporusHoro cucrema Y’ A-noina u npu
9TOM CHCTeMa IPOAYKIuil cioBa & KoHeuHa u umeeT Buj &1,&,...,E;.
Bribepem 7 = Wks(r + 1) + k + 1 u pacemorpum Bee a-bynkiun n3 Y/
HA CJIOBAaX JIJIMHBI T.

ITycrs cxema S maj Y/ peanusyer KOHCTAHTHYIO a-(DYHKIUIO C BbI-
XOmHBIM cBepxcsioBoM (k — 1)w™],. 13 yTBep:kieHus HojydaeM, 4To B
cxeme S CyIecTByeT NMpPaBblil MyTb (1, ...,y C HAYAJbHBIM 3JIEMEHTOM
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gn € {I, gi(z,y),i =1,...,ma}. Ob03HAUNM Yepe3 A, MHOXKECTBO CJIOB
Q JUTAHBI T TaKHUX, 9TO

{a(t = (k—=1)),a(r — (k= 2)),...,a(1)} # Eg
B ciioBax u3z A, nocnennve k OyKB HEpa3HO3ZHATHBHI.

Cpemu g1, ..., gn—1 HaliJeTcs sJIeMeHT THIA f¢, B IPOTUBHOM CJIyHae
cxema S 6yJIeT BbIIABAThL CBEPXCJIOBO M3 A, UTO MpOTHUBOpEYNBO. B ca-
MOM JieJsie: HadaJslbHBIA ssiementT 1yt g, € {I, gi(z,y),i = 1,...,ma}
BCETJIa BBITAET cyioBa n3 A,, ofHO3HAYHbIE (DYHKIMNA HE BBLIBOJAT WX W3
A, no onpezenenuio dyuxkuuit E, G, f/ Hapyuienne pasHO3HAYHOCTU Ha
(mpaBOM) BXOJIe B KOPTEXKe M3 ITOCIETHUX T OYKB IPUBOJIUT K BbIJade
OJIHOI 1 TOil »Ke OyKBBI C IIPEJIBIIYINErO TAKTA.

Ilycrs g;, — a/1eMeHT Tuna f¢ ¢ MEHUMAIbHBIM HOMEPOM i U IIyCThb
1 oupejiesiennoctu § = d;dj, ... dj;,. Torga mibo gi,—1, — B3aUMHOOI-
HO3Ha4YHas OJHOMeCTHasd (DYHKIWA, 00 g;,—1 — 371eMeHT f;. B npyrnx
caydasix cxema S 00si3aHa BBIJIABATH CJIOBO M3 A,, 9TO IIPOTUBOPEUIUBO.

ITpocMoTpeB TakuM 00Pa30M BCIO HEHOYKY iy, - - - , §1, HOJIYHNM, YTO IIO-
CJII0BATEJIBHOCTD Gn, - . . , §1 ODSI3aHA COJIEPKATD KOHETHYIO ITO/IIOCTIE 0~
BaTeIbHOCTD f¢, fi,. .., fi,, COOTBETCTBYIONIYIO KOHEYHOI TIOC/IE/I0BATECIb-

HOCTH HPOJYKIMiA cjioBa . 3HAYUT MO COOTHOIIEHUIO ¢') Ha BBIXOJE fi,
BCE-TAKW TOJIYIUTCS CJIOBO U3 A, ITO MPOTUBOPEUMBO. SHAYTUT MPEJIITO-
JIoKeHne 00 A-110JIHOTE U OJJHOBPEMEHHOH KOHEYHOCTHU ITPOJYKITHIT CJIOBA
& HeBepHO.

Jlemma nokazana.

4. /lokazaTeJbCTBO jJeMM 4—7

HokazarenbctBo JjgemMmbl 4. Heobxomgumocts. Ilycts 4epes
a-bynkin u3 {f} U U, Bblpaxkena a-dbynkius g, paBHas Bp n. 910
3HAYUT, YTO HalayTcs HarypasjbHbie p,D,s = D + pN takwue, 9T0O a-
dbyukuus g He sBisiercs (j,4)-3aBucumoii npu Beex i # j( mod N) u
HEe COXPaHseT KOHCTAHT B j-THI MOMEHT TpU BCeX j. 3aUKCUPYEM s
OTIPEIETIEHHOCTH ¢ < j.

Ecnmu a-dyukiusa g monyunnaack oneparueii 06paTHO# CBSA3U TOCTET-
HETO BBIXOJIA C MOCIETHUM BXOJIOM U3 a-DYHKIHH §, TO § TaKXKe He OyIeT
(J,1)-3aBUCHMOIA.
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B camoM jiesie: IyCTh P 9TOM 9KCIEpUMEHT (2) a-pyHKIMI g HAPY-
maet (j,7)-3aBUCUMOCTD ¥ TIOJIYIHJICSI U3 KCIieprMenTa (4), KOTOpHIil ee
COXPAHSLII.

Dro oznavaer, uro b = ¥ (q(j),a(i)) # b(i). IIycrs BxonHas Gyksa a(i) B
JuarpaMme g B coctostHuu ¢(j) mosydmiack u3 BxogHoi 6yksbl (a(i), e
B qarpamme § B cocrostauu ¢(j). Torma nmeem

¥3(a(4), (a(i),€)) = (b,e),v5(a(4), (a(i), e(d))) = (¥, €).

ITo npaBuIy NPUMEHUMOCTH O.C. IMeeM € = €', eCJIM eCTb COXpaHEeHHe
(4,7)-3aBucumocru s g, o € = e(i), orkyna caenyer b = b = b(i), a
9TO O3HAYAET COXpaHeHue (7, 1)-3aBUCUMOCTHU JJIsi ¢, YTO IIPOTHBOPEYMBO.

Ecim 15 B HEKOTOPOM COCTOSHUHU COXPaHdAIa KOHCTAHTY [, TO I10Jaua
0OpaTHOI CBsI3W HA HECYNIECTBEHHBIN JJIs Hee BXOJ HE MOXKeT M3MEHHTH
9TOI'0 CBOMCTBA.

[Tycth Tenephb ¢ mostydmsiach cyneprosunueii a-byHKIWA g1 u go,
9KCHEPUMEHT (2) MOJIyIH/ICs U3 SKCIEPUMEHTOB

a-pyHKIWIA g1 U g, COOTBETCTBEHHO. FECIM NPEIONI0KUTD, 9TO g1 U g2 CO-
XpaHSIoT (j,1)-3aBUCAMOCTD, TO MOJIYUYNM, 9TO ¢ TaK¥Ke coxpansier (j,1)-
3aBUCHMOCTD. 3HAYUT, XOTsA Obl OJHa U3 a-PyHKIWUI ¢; WK go HE CO-
xpausier (j,i)-3asucnmocts Ha (D, s)-sxcrepumenTtax. O4UeBHIHO, ITO HE
COXPAHSIIOIIAsl KOHCTAHTY (DYHKIUS HE MOXKeT ObIThb II0JIydeHa CyNepIo-
surnpeil GyHKIUi 9Ty KOHCTAHTY COXPAHSIIONIUX.

BameTnM, 9TO BCsiKasi HCTUHHOCTHAsT a-DYHKIUsT coXpaHsieT Bee (J,1)-
saBucuMocTu Ha Beex (D, s)-skcnepumentax. [ToBropsisi aTu paccyx/ie-
HUsA, Mbl HOJIYYUM, 9TO caMa OasucHas a-byHKIMs f He JOJKHA COXpa-
uaThb (j,1)-3aBucumocts Ha (D, s)-sxcriepumenTtax nupu ¢ # j( mod N),
U He JIOJIZKHA COXPAHATH KOHCTAHT BO BCE MOMEHTBI. 3HAYUT, [ UMUTUPY-
eT cueTynk Bp y, 1pu Bcex HaTypajabHbIX D, N Ha CBOMX HUK/IXYCCKUX
9KCIIEPUMEHTAX.

HeobxomumMocThb Jloka3aHa.
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HokazareabcTtBo jiemMbl 4. JloctaTrouyHocTb. /s HuKCHpoBaHHBIX
N,D,k,s = D+kN 1 HEKOTOPOTO j PACCMOTPUM MHOXKeCTBO Beex (D, s)-
skcrepuMenToB P ¢ a-dbyukiueit f, umurupyromeit caerank Bp . Ilycrs
|P| =t u g; — nmapautesbHOe coegunenue ¢t konuit a-pyukmun f. ITycrs
gj onucbiBaeTca ypasHenusamu (1) u oy € P l-Terit skcriepument u3 P

= (aW(1),60(1)), @V (2),6D(2)),...,(aW(s),b0(s)), 1=1,2,...,t,
a(i) = (@M (@), ..., (@D),bG) = GV @G),...,0036), i=1,2,... s

Moo caurarb, uro cpeaun (1), a(2),. .., a(s) Her paBHBIX U HET HAGO-
pos Buza (I,1,...,1) (B IpOTHBHOM Cjly9ae MOXKHO J106aBUTH (DUKTHBHbIE
BxoJibl U BbIOpaTh (1), a(2), ..., a(s) nonapuo He paBubiMu). Paccmor-
puM (D, s)-sxciepument (2) ¢ a-pyunknueii g;. dnsg a € E" onpegennm
dbynkuuio h; € U

h;: Em+" — B}

() — a(i) mis x =a(i), y=">00i),i=1,...,s
i ,y)—{ a(y) mua xz € By, y=4(q(j), ).

DTO MOXKHO CJ/le/IaTh BBUJY OTCYyTCTBUs (j,1)-3aBHCHMOCTEHl U He CO-
XpaHeHI/IH KOHCTaHT. B cocrosiaun ¢(j) Bbixoanast GyHKIms a-byHKINN
fj(x) = hj(z, qj(x)) npuanMaer 3HaveHue a(j) JJIs BCEX BXOIHBIX OYKB,
TO €CTb ABJISIETCst KOHCTaHTOM. PaccmorpnM a-dyHKINIO

FN’D’k(x) = fs( .. fg(fl(l')) .. )

¢ HadasbubiM cocrosinueM (q(1),q(1),...¢q(1l)) ona umeer n BXOJIOB U n
BbIX0710B. B cocrosinun (q(j),q(7), ... q(j)) peanusyercs xoucranta a(j).
[Tocie n npuMenenuii onepanyuum 0OPATHON CBA3U OT COOTBETCTBYIOIINX
BBIXOJIOB K COOTBETCTBYIOIIMM BXOJaM TOJIyINTCsi a-(DYHKIWS, ¢ TOTHO-
CTBIO JI0 TlepekoanpoBku dynknusamu u3 U, pasuast Bp n.
JocTaTovHOCTD JOKa3aHA.

okazarenbcTtBo jiemMmbr 5. [lycTo QpT C (@ — MHOXKECTBO COCTOSI-
Uit a-pyHKIEN f, JOCTHKUMBIX U3 COCTOsHHS p 3a T TakToB, a Rj —
MHOKECTBO COCTOSIHU, U3 KOTOPBIX JIOCTUXKUMO COCTOstHUE L.

pL_QP mRLa
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TOrIa
QI = {4(p,a)la € B pe QLI NRy.

[ToceroBaTE/IBHOCTD Qg’ . T'=1,2,..., 6yJer jeTepMUHUPOBAHHOM, a,
3HAYUT, ¥ MEPUOTNTIECKON.

Bribepem mieprost u mpeimepuoT 9Tol TMOoCIeI0BaATETLHOCTH PABHBIIA,
JIUTsT IPOCTOTHI, OJTHOMY U TOMY K€ UUCIy p pu Beex p, L € Q. OueBuina
rpybast OIeHKa

p < (KN,

[Monyaumocs aro, st 00X p, L € @), u Jg1060ro HaTypaJbHOro 1’ BbI-

IIOJIHEHO
T _ QT-H?

pL =™ %pL -
BosbMmeMm, K npumepy, Takoil ciaydail pacloJIOKEHUsS IUCETT

D<D+4+p<i<i+p<j<s—p<s.

Eciu jgist (D, s)-9KCIIEPUMEHTOB BBINOJIHEHA (], 1)-3aBUCUMOCTD, TO JIJIsI
(D1, $1)-9KCIIEPUMEHTOB, OyJIeT BBINOJIHEHA (J1, 11 )-3aBHCAMOCTD, TJIe

D1<D1+p<i1<D+2p<j1<51 <J1+p,

Dy, D;i1,1; 41, 7; 81, S IOMIAPHO COBIAJIAIOT 110 MOJYJIIO p. DTO CJIG,ZLyeT u3

— — O -
TOrO, 9TO JIJIsT KaXKJIO0ro p € qu p HMeeM qu » qu L oy b
JUIsL KAZKJIOTO 1 € Qp*p uMeeM an = i}p ; st Kaxkgoro | € QF '
9.
s1—J1
uMeeM .
e le Lp

B ciydae ppyroro pacmosioxkenus uuces D, j,4 Mbl TaKUM K€ CIIO-
cobOM COKpaTUM MHTEPBaJIbI Mex iy uuciaavu 1, D, j, 1. CienoBaresbHO,
HaJIMue uim orcyrcrsue (j,4)-3apucumoctu Ha (D, s)-sKcrepuMenTax (a
TaK»Ke COXPaHEHHEe KOHCTAHT) PABHOCHUJIBHO, COOTBETCTBEHHO, HAJIMYUIO
WIN OTCYTCTBUIO (j1,11)-3aBUCUMOCTH (& TaKyKe COXPAHEHWIO KOHCTAHT)
Ha (D1, s1)-skcnepumentax npu D1 < s1 < bp. Ilocaenuuit haxr npose-
psiercsi nepebopom Beex (D1, $1)-9KCIEPUMEHTOB.

JlemMma 5 mokazaHa.

Jlemmbrl 6 1 7 moKa3bIBaeTCsS aHAJOTMYHO JeMMaM 4 u 5, cooTBeT-
CTBEHHO.
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