O caoKHOCTI KpPaTHBIX AMArHOCTUYECKNX
9KCIIEPUMEHTOB /1JIsi ITOJIMHO>KECTB
COCTOAHUIT aBTOMATA

1. B. ¥YBapos

B pabore paccmarpuBaloTCsi KpaTHBIE JIHATHOCTHYECKHE 0e3-
YCJIOBHBIE SKCIIEPUMEHTBI JIJIsT TIOJIMHOYKECTB MHOYKECTBA COCTOSTHIHT
KOHEYHOTO aBTOMaTa. HalileHbl TOYHbIE OIEHKN CJIOKHOCTU TAKUX
9KCIepuMeHTOB. 1o/ CJI02KHOCTBIO IKCIIEPUMEHTA 3/1eCh ITOHUMa-
ercs ero o0beM, TO €CTh CyMMa JUJINH CJIOB, U3 KOTOPBIX COCTOUT
9KCIIEPUMEHT.

BBenenue

BakHBIM KJIACCOM 3KCIEPUMEHTOB C ABTOMATAMU SIBJISIOTCS JIAa-
FHOCTUYECKUE SKCIIEPUMEHTHI. TaKue 3KCIEePUMEHTBI UCIOJIB3YIOTCs ISt
UJIeHTU(DUKAIINN HEU3BECTHOIO COCTOAHMS aBToMaTra. B obfieM ciy-
“ae, TUarHOCTHIECKIEe SKCIIEPUMEHTHI PACCMATPUBAIOTCSI JIJIsT HEKOTOPOT'O
Kjacca K MHUNMAIBHBIX aBTOMATOB. DKCIIEPUMEHT Ha3bIBAETCsT JuazHo-
CMUMECKUM, €CITH PE3YJIBTATHI €r0 MPUMEHEHNs K JTIOOBIM JIBYM Da3JIit-
HBIM aBTOMaTaM u3 K pas3IuJHbL.

B s1oit pabore B kauecTBe Kitacca K Mbl OyjieM paccMaTpUBaThL MHO-
JKECTBO HEKOTOPBLIX HHHUIIUAJIBHBIX aBTOMATOB V, IOJIyYaIONUXC IIPH
pPA3JINYHOM BBIOOpE HAYAJBHOI'O COCTOSIHUS Y 3aJ[aHHOTO aBTroMaTa V.
Taxum obpazom, 3ajiada CBOIUTCHA K TOMY, YTOOBI OTIMYATH [TaAPhl COCTO-
stauil y ogHoro apromara. . @. Myp B cBoeii pabore [1| mokazas, aro jist
TOro, YTOOBI OTVIMYUTH OJIHY APy COCTOsIHUN B aBTOMATE ITPUBEJICHHOIO
BHJIa, B XYJIIIEM CJIydae MOXKeT HOTpebOBaThCs CJIOBO JUIMHBL 1 — 1, Tj1e
N — KOJIMYECTBO COCTOSIHUI aBTOMATa, MPUYEM CYIIeCTBYeT aBTOMAT, Ha
KOTOPOM 3Ta OTIEHKA, JOCTUTACTCS. 3/1eCh OYeT PaCCMOTPEHO HEKOTOPOe
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00001IIeHNEe 3TOM 33,1841, KOTIa BMECTO OIHOIN Maphl COCTOSTHAM paccMaT-
pUBAIOTCS TIeJIble MHOXKECTBa, W OTJIMYATH HAJO JOObIEe Haphl U3 ITUX
MHOXKECTB, C IOMOIIBIO KPATHBIX 0E3YCJIOBHBIX JUArHOCTHIECKUX IKCIICe-
pUMeHTOB. BBIn 10/IydeHbl TOUHBIE OIEHKU CJIOYKHOCTU TaKUX DKCIIEPH-
MeHTOB. B KadecTBe CJIOXKHOCTHU SKCIIEPUMEHTa, Mbl OY/IeM PacCMATPUBATH
€ro 06beM, TO €CTh CYMMY JIJTUH CJIOB, U3 KOTOPBIX COCTOUT IKCIEPUMEHT.

1. Onpenenenust 1 GopMyJINPOBKA PE3YJIbTATOB

[Iycrs V=(A,Q, B, ¢,1) — aBTrOoMaT IpUBEEHHOIO BUIA, |Q|=n>2.
Paccmorpum nopmuoxkectso Q' C Q, |Q'| =1 > 2. Tlockonbky V' — aBro-
MaT IPUBEJICHHOIO BHJIA, TO Jisg Q' CyIIecTByeT HeKOTOPBIN JuazHocmu-
weckutl axenepumenm Fy g/, TO €CTh TaKoe MHOXKECTBO CI0B u3 A*, aTo
JO0BIE JiBa COCTOSHUS U3 (' OTIMINMBI KAKHM-HUOYIb U3 3TUX CJIOB.

[Tycrs v(F), rage E — skcnepuMeHT, 0603HaIaeT 00beM IKCIIePUMEH-
Ta, TO €CTb CYMMY JIJIMH BXOJSAIIUX B Hero cjioB. Hac marepecyer, Kakoit
00beM B HAMXYJIIEM CIIydae MOXKET MMeThb dKciepument Ey . Bsemem
cienyiontyio dyuknuio [Tlennona:

L(n,1)

= max min v(Ey,¢)
Vi Q|=n,Q":|Q'|=l \ By, o/

3iech MUHUMYM Gepercst 110 BCEM JIMArHOCTUYECKUM IKCIIEPHMEHTaM
Ey,/, a MakCHMyM — II0 BCEM aBTOMATAM IPHBEICHHOIO BHJA C 1 CO-
CTOSTHUSIMU ¥ TIOJIMHOKECTBAM C | COCTOSTHHSIMH.

[Tosryden ciey oyt pe3ysbTar.

l

Teopema 1. L(n,l) = (I —1)(n — 5)

Pacmupum nonsiTE TUATHOCTHYECKOTO SKCIIEPUMEHTA, IIPUHSIB B pac-
CMOTPEHNE BbIJICJICHHBIE TIONAPHO HE IIePeCeKaloInecsl MHOKeCTBa

QlaQ?a"'aQTﬂCCg? |Qz|:lz>17 Zzlaam

Huaznocmuyeckum sKCNEPUMEHMOM 0as nodmmorcecms Q1,Qa, ..., Qm
MHOXKECTBa COCTOSIHUIT aBromMara V HA30BEM TaKOe MHOXKECTBO CJIOB
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E{,’ Or.... Qry» “ITO JIOOBIE J(BA COCTOSIHUSL, JICXKAIIUE B PASINIHBIX [OIMHO-
2KECTBAX, OTJIMIUMBI HEKOTOPLIM CJIOBOM W3 E{,’Ql’QO. Bruympennum
JUAZHOCTNIUMECKUM IKCNEPUMEHMOM 0Af nodmnoscecms Q1,Qa, ..., Q0m
MHOXKECTBA COCTOSIHUI aBTOMaTa V Ha30BEM TaKOe MHOXKECTBO CJIOB

{}’Qlem, 9TO JIFOOBbIE JIBa PA3JIUIHBIX COCTOSTHUSI, JIEXKAIAE B OIHOM
MTOJIMHOYKECTBE, OTIIMINMBI HEKOTOPBIM CJIOBOM U3 E(;ley---Qm' SameTnm,
9TO €CJTU TOJAMHOXKECTBa (1, Q2, . ..,y OIHOIIEMEHTHBIE, TO JUATHO-
CTUYIECKUN SKCIEPUMEHT JIJIsT HUX SIBJISIETCS JIMATHOCTUYECKUM SKCIIEPHU-
MeHTOM Jiyist MHOYKecTBa Q' = Q1 U. ..U Q,,. Takke, ecin y HAC UMeeTcs
BCEr0 OJIHO IOJIMHOXKECTBO, TO BHYTPEHHUI JIUArHOCTUIECKUI IKCIEPH-
MEHT COBIIQJIAET C OOBITHBIM JIMATHOCTUIECKIM SKCIIEPUMEHTOM JIJIsT HETO.
Kaxk u Boimmie, Beegem ciemyiomnue gpyuxknuu [lennona:

L'(nl,....l,) = max min  v(E;
( 5 01, ,m) ViQl=n, Q1:|Q1 =11, .., E{/Ql o ( V,Ql,---Qm) )

m:Qm|=lm

L' (n,ly,....1,) = max min  v(E
(0 hyeslm) = oy 8% Elo o (V... om)
Qm:Qm|=lm L em

Brum IOJIYHY€HbI TOYHBIC 3HAYCHUA JJId 9TUX (bYHKIlI/IfI

l
Teopema 2. L'(n,ly,...,lpn) = (1 —1)(n— 5), edel =11+ ...+ 1.

l—m+1
Teopema 3. L"(n,ly,...,lyn) = (—m)(n— T)’
edel=11+...+ 1.
Pacemorpum eme omny sagady. Iyers Q7 € Q' C Q, |Q'| = U,
Q"] = 1". Tlycrs myia muOXKecTBa Q' yrKe MOCTPOEH HEKOTOPBIH jma-

IHOCTUYECKHHI SKcrepuMeHT Ey, gr. Mbl XOTuM pacIIupuTh 3TOT 9KCIIe-
PUMEHT J0 JMArHOCTHYECKOro JIsd MHOXKecTBa (', TO ecTh HallTh Takoii
JuarHocrudeckuii skcnepument Ey gr, aro Ey gr C Ey g Beenem cie-
nyroryo dyuknuio [Tlennona, KoTopasi OIMUCHIBACT, Ha Kakoil 00beM B
HaMXY/IIIeM CIydae Hy?KHO PacIIUPUTDL 9KCIepUMeHT Ky, gr.

Ln,U, ") = : -
(n’ , ) V:|V\:”1:%%§Q”\:l”y EVQI/ISEVQH(’U< V’Q/) ’U( V’Q”))
e R ’ )
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Jlnst aToit pyHKIMu Takke OblLiTa HaliJieHa TOYHAS OICHKA.

=141

Teopema 4. L(n,U,1") = (I' = 1")(n — 5

).

Beenem psia 0003HaUeHU ¥ IPUBEIEM T€ IMOHATHS, KOTOPLIE UCIIO/Ib-
30BAJINCh B JIpYruX paboTax.

Ecnu B 0603HaYeHNN CJIOBA IPOCTABJIEH BEPXHUI HHIEKC, TO OH OyIeT
o3Ha4aTh JuHHy cioa. Hampumep o o3mauaer cioBo maamnbl k.

Mbr  Oymem  wuCHOMB30BaTL OTHOIIEHHWE SKBUBAJEHTHOCTH Ry,
k=1,2,..., BBejieHnoe Ha MHOXKeCTBE () cocrosiumii apromara |2]. Cocro-
SAHUA @; ¥ ¢j HAXOJAATCA B OTHOIIEHMN R} TOTZa M TOJBLKO TOTJa, KOrJa
m1s moboro ciosa af € A* mmeer mecto (g, aF) = E(qj,ak), TO €CTb
¢i M ¢j He OTIMYUMBI cyioBaMu JuynHe! k. Ilycts Pj, — pasbuenne MHOXKe-
cTBa () Ha KJIACCHl 3KBUBAJEHTHOCTH, UHIYIPYEMbIE OTHOIIeHueM [Rj.
ScHo, uro Py siBisiercst nojpasbuennem Pj. Ussectro (2|, uro ecim
npu HekoTopoM [ mmeer mecro Py = Py, u P, = {Q1,...,Q:}, 1o Jio0-
Oble COCTOSIHUSI ¢y, U @, U3 JIFOOOTO 33 IaHHOTO KJacca Qq, w =1,2,...,71
HEOTVINYNMBI, TO ecThb P} = Pjy1 = Plyo =P 3= ...

B sroit pabore MBI paccMaTpUBaeM TOJBKO aBTOMATHI IPUBEIEHHOTO
BHJI&, TO €CThb T€, y KOTOPHIX HET HEOTJIMIUMBIX COCTOSTHUI. SHAYUT, €CiIu
’Pk’ < ’Q’, T0 Py # Pe, k=1,2,...

Jlist KpaTKoCTH, KJIACC SKBUBAJIEHTHOCTH, UH Ly [TUPYEMBIi OTHOIIIEHN-
eM Ry, Oymem Ha3bIBaTh KjaccoM Ry, amcio kiaccoB Ry 6ymem obo3na-
garh |Ry|. Torma npu |Ri| < |Q|, yuursiBasi, uro Py siBIsieTcsi 1MOJI-
pasbuenneMm Py u Py # Pyy1, Beinosnseno |Ry| > |Rygy1| + 1, a 3naunr
|Ri| > k + 1. Kimaccom R 6yjieM Ha3bIBATh BCE MHOXKECTBO COCTOSTHHIA
aBTOMATA.

B cuity omnpeiesieHnst oTHOMeHnst Ry, Ha HEKOTOPOM MHOzKecTBe Q1T
LEJIUKOM JIeXKallleM B OZHOM KJjacce Ry, U MHOXKECTBE CJIOB JJIMHBL Kk
dbynKIms ¢ aBroMaTa V IPEHIMAET OIHO M TO K€ 3HadeHne. 11osTomy
MOKHO KOPPEKTHO onpesents dyukimo Q% o), nonoxus ee pas-
noit (g, o), rae ¢ — moboe cocrosaue uz Q. Ecin Q u Qg — mmoxke-
CTBa, JIeXKAIMEe B JIBYX PA3/NIHBIX KJaccax Ry, M JJist HEKOTOPOTO CJIOBa
ay, Bemoseno ¥ (Q1, ) # ¥(Qa, k), To ToBOPEM, UTO Oy, omaunaem
Mmuooicecmea Q1 u Qo.
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2. Bepxnmue ornienku s pyukiuii [1lennona

!
Hoxkaxkem chavasa, aro L(n,l) < (I —1)(n — <).

2

Jlemma 1. FEcau 6 wmmooicecmge  Q  cocmoanutd — a8momama
V=(A,Q, B, p,1) evideseno nodmnoscecmso Q' C Q, |Q'| = 2, u ommo-
wenue Ry pasbusaem Q' na s xaaccos: Q1,Qa,...,Qs, s = 2, mo cywe-
cmeyem duaznocmuseckuls oxecnepumenm oas {Q1, ..., Qs}, cocmosuwu
u3 ne boaee vem s — 1 caosa daunws k.

HokazareabcTBo. JlokaxkeM JeMMy WHIYKITHEH IO IUCTY KJIACCOB S.
IIpu s = 2 cymecTByeT OIHO CI0BO ¥, KoTOpOE OT/IMYAeT HEKOTOPYIO
[apy COCTOSTHWIA, OJTHO M3 KOTOPBIX JIEXKUT B (Q1, B jipyroe — B (Qo. fc-
1o, uTo ¥ (Q1,aF) # (Q2,a’), mosromy of asnsercsa nuarmocTHuecKIM
sKcrepumenToM st {Q1, Q2 }-
[Tycts memma BepHa Jitst HEKOTOporo s = 2. IIpeamosiokum Tenepb,
qro orHOmenue Ry pasbusaer Q' Ha s+ 1 kimaccos Ry: Q1, ..., Qs, Qst1-

ITo npeanonozkennto uuayKiwn (ecan B Kauectse Q' B3amh Q1 U. .. UQ5)

CyIecTByeT JuarHocTIeckuit sxcepument E = {af, ... af} m < s—1
JUIsT MHOXKeCTB (1, ...,Qs. Ilepeobosnaunm mHOXKecTBa @1,...,(s B
Q},Q3...,Q% crepyromum o6pasoM: MycTh afl € E — cyioBo, oTmvaro-

nee MHOKecTBa Q1 1 Q2. O6ozraumM Q1 = Q1, Q3 = Q2, ecym afl OTJI-

1_ 1_ k
qaeT Q1 1 Qs+1, 1 Q1 = Q2, Q3 = Q1, ecim o) He oTmvaer Q1 1 Qs1,
B 9TOM CJIydae afl ommaaeT Q2 n Qs4+1. Takum 0b6pazom, ci10BO afl OTJI-
qaer Q1 1 Qyy1. TIPe/IIONTOKIM, ITO MBI y7Ke TIepeobOZHATIIN MHOMKE-
-1 ~p—1

crBa 1, @2, ..., , B MHOXKeCTBa QL,Q3,... ,ngl, P~ coorBercrien-
k
ip

<s—1 6 NP _ np—1 Hp k _
p < s—1, Torga oboznavaem: Qp = @Qp Qp+1 = Qp+1, ecm o OTIIYA

p—1 D P _ Hp—l k p—1
erQp U Qst1,uQp=Qpt1, @y =Qp , ecim Q| He OTIHIaeT Qp
k P —
i, OTIHIAET Qp 1 Qs41. IIpu p = s 0603HAUNM

-1

Qb = Q. Takum 06pa3oM, MBI COBEPIINIH HEKOTOPYIO He%)eCTaHOBKy
MHOYKECTB TaK, UTO MOJIyHueHHble MHOXKecTBa Q1, Q3 ..., Q5| obmamaior
TeM CBOICTBOM, 4To st Jiroboro p € {1,...,s — 1} cymecrByer cjioBO

u3s F, koropoe ormuaer Qb n Qsy1. st MuOKecTB QF M Q541 Hadizem

-1
Ho, 2 < p < s — 1. llycrs of € E ommmuaer muokectBa Qb 1 Qpi1,

1 Qg41. Homyuamm, aro «
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cioso 3% € A*| xoropoe ux oTimdaeT (OHO CyIMIECTBYET, TaK KaK MHOMKe-
cTBa JlexaT B pasHble Knaccax Ry). Takum obpasom, {af, ... ok BF} —
eCTh JIMATHOCTHHYECKUH SKCTIepUMenT st {Q1, ..., Q% Q4y1} 1, TTOCKO/TH-
Ky m < s — 1, on cocrour He OGostee ueMm m3 s cjaoB jyuHbl k. Ho
{Q1,...,Q%,Qs11) =1{Q1,...,Qs, Qs11}, TaK KaK IIPH KazKJIOM TTepeobo-
3HAYCHUU IPOCTO MEHSJIMCh MECTAMH JBa COCEJIHUX MHOXKeCTBa. Jlemma
JTOKA3aHA.

[Iycrs V = (A, Q, B, ¢,v), |Q| =n, n > 2 — aBroMar IpUBEIEHHOTIO
Buga, Q' C Q, |Q'| > 2. Yepes P,? 0003HaYNM pa3OHeHIe MHOMKECTBA

Q' na xnaccel Ry, To ecThb P,?, ={Q1,...,Qs}, t1e Q1,...,Qs — paz-
amanble Knaccel Ry, npudem Q' = Q1 U ... U Q. Ilycrs jo, ji,- - -, jp,
p > 1 — KOHeYHasi CTPOro BO3PACTAIONIAS IOCJIEI0BATEILHOCTD IIEJIbIX
HEOTPUIATENBHBIX YUCEJI, JJI KOTOPOW BBITIOJTHEHO:

1) muoxkecrso Q' sexut B oxHOM Kiacce Rjy, a Rj; pasbusaer Q' na
HEKOTOPbBIE IOIKJIACCHL;

Q/_ Q/ . Q/ o . Q/ . !’
2) PP =P, =P ,=..= Pr oy i=1...,p—1aP7

/
SIBJISTETCSI TIOJIpa30neHneM pa30neHnst P].Q (31ech u Jasiee 1ot moji-
1
pa3buenueM OyraeM MMOHUMATh CTPOroe IoJpa3bueHue, TO €CTb He
COBIIQIAIONIEE C MCXOIHBIM);

/
3) .chg COCTOHUT M3 OAHOIJIEMEHTHBIX KJIaCCOB.

HazoseM jjo, j1,--.,Jp Ppasbuearoweti nocaedosamesvHocmoio Oas MHO-
soiceemea Q' asromara V.

Jlemma 2. Ilycmo jo,j1,-.-,Jp — pasbusarouas nocaedosamesvnocmo
onn mmoocecmea Q' asmomama V, |Q'| = 1 > 2. Tozda cywecmeyem
Juazrnocmuneckuti sxcnepumenm E das Q' umerowuti 6uo:

_ (A1 Ji o J2 J2 Jp Jp
E={ay,...;a5 a7, ... 0, .. 0 sl ks
NPUMEM UUCAO CA06 6 Hem te boaee | —1 w iy, ... 1, > 1.
HokazareabcTBo. [lokaxkem, uro mis jodoro s = 1,...,p ajis pa3du-

!/
CHUA P]? CYIIECTBYET JINArHOCTUYECKHIT 3KcliepuMeHT F; Bua

_ {01 Jj1 o J2 Jj2 Js Js
Es ={oq s QO Qg ,...,ais}, (1)

/
YUCJIO CJIOB B KOTOPOM He DoJiee \Pj? | — 1wy, ... is > 1.
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/
IIycte s = 1. Pazbuenue Pj? COCTOUT M3 KJIaccoB Rj , MO3TOMY, B

CIJTY JIEMMBI 1, CyIIeCTBYeT AUarHOCTUIECKUN dKcriepuMeHT K s le ,

cocrosmwit n3 He bosee UeM ]Pj?/\ — 1 coBa IUHEL j7.

Ilycte qma s = k, 1 < k < p— 1 yXke MOCTPOEH JTUATHOCTUIECKUI
skcriepumenT Ey suga (1). Jokaxkem yrsepxaenne s s = k+ 1. Ilycrs
chi/ ={Q1,...,Qm}. ockoubKy P]%rl SIBJISIETCS TTO/Ipa3bueHneM chi/,
TO MOYKHO 3aIIACATh:

PQ, _ PQl PQm

Jk+1 ]k+1 ) Jk+1’

IpUYIeM XOTsI ObI OTHO U3 pasdneHmit Pﬁzl Jreee ,P]%r”l cocTouT Oojee ueM
U3 OJIHOI'O MHOYKECTBA.

Jlns kax0ro P]erl, i =1,...,m Takoro, 4To ]P]%rl\ > 2, 1o nemme 1
CyIIeCTBYeT JUArHOCTUYCCKUil sKcnepuMenT Kq,, cocToamuiil u3 ne 6oJiee
qeM |P]%r |—1 cnosa jymust k+1. Ilycre I ={i,i=1,...,m | |PJ€’ =2}
Kak yxe 6b110 ckazano, |I| > 1. O4ueBuHO, 9YTO MHOXKECTBO CJIOB

Ej41 = Ey U (Uier Eg,) (2)

/
ABJIAETCA JUArHOCTUYIECCKUM SKCIIEPUMEHTOM JIJIA P]Cli_ , 1 9UCJIO CJIOB B
HeM:

|Brt] < 1Bl + D (IP2 |- 1) < [PE | =14 > (1P |- 1).
el el

!
Ho uwuciio kitaccoB pazbuenust ch’g“ paBHO:

Q| _ Qi
’ij+1’ - ’ ’+Z ‘ijﬂ - 1),
iel

OTKYyla CJIEJIYET, 9TO

Bl <P |-

B cuny (2) u Toro, uro |I| > 1, sxkcuepument Eji1 comepKuT XOoTsi OBbI
OJIHO CJIOBO JyiuHbI k + 1. Takum 06pazoM, Mbl OCTPOUIA IKCIIEPUMEHT
Eiy1 Buga (1).

Tak kak, npu s = p, Pj?, COCTOUT M3 OJTHORJIEMEHTHBIX KJIACCOB, TO
E, coBuajiaer ¢ NCKOMbIM 3KciepuMenToM E jyuis muoxkecrsa Q. Jlemma
JIOKa3aHa.
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Jlemma 3. Ilycmo jo,j1,-.-,Jp — pasbusarouas nocaedosamesvnocmo
onn mmooicecnea Q' asmomama V, |Q'| = 1 > 2. Tozda dan aobozo
r=1,...,p evnoaneno j, <n—1I0+r.

HoxkazaresserBo. [Tycrs V = (A, Q, B, ¢, 1)) — aBTOMAT NPUBEJIEHHOTO
Buga, |Q=n,n>2.Q CQ,|Q|=1> 2 Iycrs jo, j1,...,Jp — pasdu-
Balomas mocienoparebHocTs 1 Q. Ilyers Q1,Qa, ..., Qs — KiIacchl
Rj,. Iloxkazkem, 4TO

jo <s—1. (3)

B n. 1 6bw10 nokazano, aro npu |Ri| < n — 1 Bemosreno |Rg| > k + 1.
IMockonbky @' mejamKoM JIeKHT B OxHOM Kiacce Rj, u |Q'| > 2, To
|Rj,| < n—1, smaunr |Rj| > jo + 1, 10 ectb jo < [Rjy| —1=s—1, ar0
U JIOKA3bIBAET HEPABEHCTBO (3).

Byaem cuurars, uto Q' C Q1. O6oznauum vepes Ny, bk =1,2,... —
4HCI0 KjaaccoB R, KoTopble He cojepkKar B cebe cocroaumit uz Q'. U3

Toro, 4o |R;11| = |R;|+1,i=0,...,j,—1 u onpesenenus pasdbusaiomnieit
II0CJIE/IOBATEIbHOCTU ciaejyeT, uro upu ¢ =0,...,p — 1:
Njipi—1 2 Ny + Jigr — i — L. (4)

[TpoomKast HHIYKTUBHO HEPABEHCTBO (4), MOy IrM
Nj, 12 Njg+(Gr—Jo—1)+ G2 —d1—1)... 4+ (Up —Jp-1—1).

fcno, uro Nj, = s — 1, nosromy nmeem:

Nj,—12s—1+jp—Jjo—p- (5)
[Mockonbky |Q\Q'| = n—1, a kinacesl Ry, TO/KHBI COIepKATh XOTsI ObI 110
oxHOMY sjeMenTy, To Ni < n — [ as qoboro k = 1,2,... B gacrHocTn,

Nj,—1 < n— 1. [losromy, yunTbiBas HepaBeHCTBO (5), MMeeM
s—=1+j,—Jo—p<n—1L (6)
113 mepasencts (3) u (6) momydaem: jo < s —1 < n—1—j,+ jo+ p wim

0<n—I1—jp,+p. (7)
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[Mockonbky jit1 =2 ji+1,i=1,....p—1, 10 jp—jr Zp—r,7=1,...,p
WJIN:
Jr—=Jp+p<r, r=1,...,p (8)

[Tpubasum k obenm vactsim Hepasencrsa (7) jp, ¥ = 1,...,7 U BOCIOb-
gyemcsi HepaseHcTBoM (8). ITosryam:

ns<n—Il+Gi—gp+p) <n—-1+1,
Jos<n—Il+(Go—Jgp+p) <n—1+2,

Jp<n—=1l+Up—Jp+p) <n—I1+p.
T HEPaBEHCTBA U JOKA3ZLIBAIOT JIEMMY.

l
Jlemma 4. L(n,l) < (I—1)(n — 5)
JlokazareabcTBO. Bo3bMeM TPOM3BOILHBIN ABTOMAT TMTPUBEIEHHOTO BH-
maV = (A,Q,B,¢,1), |Q] =n,n > 2. Belaeaum B HEM OJMHOXKECTBO
Q' C Q, Q| =12 2. Ilycrs jo, j1,---,Jp — pasbuBaoOmas MOCIEI0BA~
TeJIbHOCTD Jst Q.

ITo jleMMe 2 cylecTByeT JIUarHOCTHYECKHil sKcrepuMeHT jid Q') co-
crosituii He OoJiee, ueM u3 [ — 1 cjioBa. D10 OyIET HEKOTOPOE MHOXKECTBO
CJIOB:

. . . ;
EQ/:{a{I,...,aﬁ,a{Q, RN al,... o'}, (10)
npuaeM i i + ... +1i, <1 —1,4;, > 1,5 =1,...,p. Cymma jymn ero
CJIOB PaBHA:
U(EQ/) =111+ t2g2 + ...+ ipjp-

ITo nemme 3 mmeem:
U(EQ/) < (n—l+1)i1+(n7l+2)i2+...+(nfl+p)ip

Taxk xak 11 +ig +...+ip <l —1,42>21,7=1,...,p, T0

(mn—=I0+1)it+(n—14+2)is+...+(n—1+p)ip <
l

<=1+ +Mm =14+ +n-1)=(-1n- )
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[Mockobky apromar V u Q' C (Q BLIOMpaIUCh IIPOU3BOJILHO, TO

L(n,0) < (I—1)(n— é).

JlemMma joKazana.
l
Jlemma 5. L'(n,ly,...,l,) < (I —1)(n— 5), edel=10+...4+1np.

Hoka3zaresnscrso. [lycrs V = (A, Q, B, ,1) — aBroMaT IpUBeIEHHOIO
Buga 1 Q1,Q2, ..., Qm, |Qi| =1;, i =1,...,m — nonapHo He HepeceKaro-
IIECcsT TTOIMHOYKECTBA MHOXKECTBA (). 3aMEeTHM, YTO BCSIKUN JTHATHOCTHU-
JecKnii sKcrepuMenT it MHOXKecTBa Q' = Q1 U ... U @y, Oyaer Takxke
JIMATHOCTUIECKUM JITIST MHOYXKECTB (1, . .. , Qyy, OTKYJIA CJIEJIYET, 9TO

L/(n,ll,...,lm) < L(’I’L,ll + +lm)

U3 slemmbr 4 cienyer Tpebyemas onenka st dbyukmuu L' (n,ly, ... ly).
JlemMma joKazana.
s nokazaresnberBa Bepxueit onenku dbyuxuuu L (n,ly, ... ly,) Ham

MMOHAIOOUTCS CJIE LY IONIas

JIemma 6. Iyemv V = (A,Q, B,¢,v) — asmomam npusedentiozo 6u-
da, |Ql=n, Q" C Q' CQ u|Q"| =1. Hycmv Eg — duaznocmureckut
axcnepumenm oas Q'. Tozeda ons Q" cywecmeyem duazrocmumneckut sxc-
nepumenm Egn maxot, wmo Egr C Egr u |[Egr| <1—1.

HokazareabcTBo. [lokaxem jemmy muayknueit mo [. I[lpu [ = 2, oue-
BUJIHO CYIIECTBYeT OJIHO CJIOBO U3 K¢/, oT/Indaloniee Jsa COCTOSHUS U3 Q.

[Tycrs  silemma  Bepua s | = k < |Q'| — 1, 1o ectb
st Q" ={q1,...,qx} cymecTByer JIMATHOCTUYECKHI SKCIEPUMEHT
Egr ={oa,...,as}, s < k— 1. Iyers qry1 ¢ Q7 qry1 € Q. Tlepeobo-
SHAMUM COCTOSTHUSI G1, - - -,k B Q1. ,q’kf , QHAJIOTUYIHO TOMY, K&K MBI 3TO
JieJiaii B JOKA3aTe/IbCTBE JIeMMbBI 1, TO €CTh HOJIyUUM, 9TO I JIIOOOi
Iapbl (qﬁ,qkﬂ), p < k — 1 cymectByer orymiaionmiee cjioso «;, € FEgn.
st q,lz U (k41 CyIecTByeT cjioBo (3 € g/, KoTopoe UX OTINYaeT, Mo-
CKOJIBKY ql,j,q;ﬁ_l € Q/. Taxkum obpasom, i Q" U {qri1} cymecryer
JmarsocTudeckuii skcrepument Egr U {8} C Eg/, 9ucio cioB B KOTOPOM
ue 6osee k. Illar unpyknuu, a BMECTe C HUM U JIEMMA JIOKA3aHbI.
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Il—m+1
Jlemma 7. L' (n,ly,...,ly,) < (l—m)(n—%), edel =li+.. .+l
JlokazaTeybCTBO. BosbmeMm aBTOMAT [IPUBEIEHHOTO BUJIA
V = (4,Q.B,p.0), Q] = n. Tyers Q1 Qa,...,Qm — momapio e
nepecekarolyecst noaMHokecTBa Q u |Q;| = 1;, i = 1,...,m. Oboznaunm

Q' =Q1U...UQp. Ilycrs jo, j1,- .., jp — pasbuBaIoNIast HOCJIEI0BATE b
Hocthb Juia Q). Tlo slemme 2 CcymmecTByeT AMarHOCTUYECKUI SKCIIEPUMEHT
E¢g mst @', Taxoit aTo

J2
Gar e

Jj1 o J2

— J1 Jp
Eq ={a1,...;aj a9, ...« 041,... }

[IpUYIeM YHUCTIO CJIOB B HeM He OoJtee | — 1.

ITo nemme 6 cymecTByIOT JuarHocTudecKue skcrepumenTsl Eg, C Eg
JUIst MHOXKeCTB (Q;, @ = 1,...,m rakue, 4ro |Eg,| < [; — 1. Bamernm, aro
MHOKECTBO EQ/ = FEg, U...UEQ,, ecTb BHyTPEHHUII THArHOCTHICCKUI
SKCIepuMeHT st Q1, . .., Q. Hucsio cjioB B HeM:

Eo|<(li—D)+ 0= 4.4 (ln—1)=1—m.

W3 nemmbl 3 u Toro, 4To EQ/ C Eg cinenyert:

v(Eg) < (n—14+1)i1 4+ (n—142)ig+ ...+ (n—1+p)ip <
<Sh—l-m)+n—-—>U-m)+1)+...4+(n—-1)=
:<Z—m><n—l*m%>,

rae iy +ig+ ...+ <U—m, 0<d, <ig, k=1,...,p

[Mockosbky aBromar V u mHOXKecTBa (Q1,Q2, ..., ), BbIOUpAINCH
MIPOU3BOJILHO, TTOCIEHEE HEPABEHCTBO JIOKA3BIBAET JIEMMY.

JlokaxkeM eIre OIHY BCIIOMOTATENLHYIO JIEMMY, KOTOpasl Hy»KHa JIJIsT
HOJIyYeHNs BepXHel OleHKu hyHKIUI E(n, U1m.

JIemma 8. ITyemv V = (A,Q, B, p, ), |Q| =n — asmomam npuseden-
nozo 6uda. ITyems Q" C Q' C Q u|Q"|=1",1Q'| =1, npuueml =1"+1.
Iycmo yorce nocmpoen duazrocmuveckutds sxcnepumenm Egn das mmno-
orcecmea Q". Tozda cywecmeyem odro caoeo o € Egr (2de Egr — npo-
us60avHbL Juaenocmuveckutd axcnepumenm das Q'), makoe, wmo mmo-
oicecmeo Egn U {a} — duaenocmuueckui sxcnepumernm oas Q.



496 1. B. YBapos

HoxkazaresanscrBo. Ilyers Q' = {q1,...,qm,qri1}. Tlepeobosnaumm
Qly-- QB Gi,...ql aHATOTHMHO TOMY, KAK MBI 9TO JIEJIAIH B JIOKa-
3aTebCTBE JIEMMBI 1, TO €CThb mosydnM, 9T0 st nap (gh,qri1),
1 < p <" -1 cymecrsyer cioBo o, € Egr, koropoe ux ormmaaer. s
mapsl (g7, qi7+1) BO3bMeM ci0BO o € E/, KoTopoe ux orimdaer. Taxmm
obpasoM, Egr U {a} — nuarnoctudeckuii sxkcrepument st Q'

T I qn 1
Tlemma 9. L(n,I,1") < (I' = 1") (n - %)

lokazareabcTBo. BospMmem aBTOMAT [IPUBEIEHHOTO BU/IA
V = (A,Q,B.p.0), Q| = n. Tyers Q" € Q' C Qu |Q"| = 1", Q| =’
ITycTb y Hac nMeeTcs HeKOTOPBIi IarHoCTUIeCKuil sSKcrepuMenT Fon
J1 MHOXKecTBa, Q.
ITycrs jo, 1, - - -, jp — pasbuBaomias nocyeoBareabHocTs 1ist Q. Tlo
JileMMe 2 CyImeCTBYeT JUarHOCTUICeCKUl SKCIIepUMENT Fgr /1S MHOXKeCTBa
Q’', umeromuit BU;

_ J1 J1 o J2 J2 Jp Jp
Eq ={a1',...;a5 a9, ... 050, 0 SRR T
npudeM iy +ig + ...+ i, < U — 1.
JlokazkeM, 4TO CyIIECTBYIOT CJIOBA (1, ...,Qy, € Egr, m <1 —1",
Takue, 9ro sxcrnepuMent EgrU{ay, ...,y } — auarnocruaeckuii s Q'

[yers Q" = {aq1,...,ar}, Q" = A{q,..,ar}, Qi = QU
{ql”-i—b ce an”+i}7 1= 1, e ,l/ —1".

Ns nemmbr 8 cnemyer, Wro cymecTByer cioBo «p € FEg Taxkoe,
uro Egn U {a1} — nmarnocrmuedecknii sxcrepuMent jas (1. Ilycrs
yzKe IIOCTPOEHBI CJIOBa af,...,qL, 1 < k < I! = 1" — 1 Takume, uro
Egr U{ai,..., o} — nuarnocTudeckuit skcuepuMenT Jyis Q. Ousarb
BOCIIOJIL3YeMCsl JIeMMOil 8, IpUHAB B Heil 3a MHOXKecTBO Q MHOXKecTBO
Qp, a 3a MHOKeCTBO Q) — MHOKECTBO Q1. [loyunm, 9T0 cymiecTByer
cl0B0 a1 € Eg taxoe, aro EgrU{a,. .., o} U{ogy1} — auarsocrn-
TeCKU IKCIEPUMEHT JiTst QQp1 1.

Takum 06pa3oM, MO WHIYKIMH, TOJIYyYaeM, 9TO CYIIEeCTBYeT yKa3aH-
Hble BBIIIE CJIOBA Ql, ..., Q4. 1IOCKOIBKY OHM npuHaIexar Ko, u
m < I' — 1", To u3 JeMMBI 3 BLITEKAET, UTO
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lar|+ ...+ lan| < (=) +n-2)+...+(n—("=1")) =

U'—1"+1
— l/_l// R )
-t (n- )

R Ty
1o pokassiBaer, uro L(n,l' ") < (I' =1") <n - %)

3. Humxnuume onenkn auisa dyakmnmit I1lernona

Jlokarkem Temeph HUKHUE OIEHKU i CPOPMYIUPOBAHHBIX B 1. 1
TeopeM. JlokazareabcTBa OYILYT 3aK/IIOUATHCS B IIOCTPOEHUN KOHKPETHBIX
IpuMepoB aBTOMaTOB, Ha KOTOPBLIX JOCTHUIaIOTCA BEPXHUE OICHKHW JIJIA
dyuknnii [llennona.

JIemma 10. L(n,l) > (1—1) <n - é)

HoxkaszaresberBo. [locrpoum cienyromuii asromar V = (A, Q, B, ¢, 1),

A:{Ovl})B:{Ovl}a Q:{Q1a~~in}a Q/:{Q1a"'an}‘

OyHKINK ( U Y OUPEIEINM CJIELYIONUM 00pa30oM:

o(qr,a) =qi, a€A;
©(4:,0) = gip1, 1=2,...,1—1;
(g, 1) = qip1, i=1,...,n—1;
v(qi, 1) = q1, 1=2,...,0l—1;
©(i,0) =q, i=1,...,n;
©(qns 1) = qn;

Y(gn, 1) = 1

¥(qn,0) = 0;

(g, a) =0, i=1,...,n—1, acA.

Junarpamma Mypa sToro aBromara nzobpazkeHa Ha puc. 1.

B cuiy onpegenenusi byHKIUU ), Jjisi TOrO, YTOObI OTJMYUTDH Ia-
py cocrosuuit (¢;,q;), i,j < m, HEOOXOIMMO HEKOTOpPOE CJIOBO (U Ta-
Koe, 9ro win ¢(¢;, ) = ¢ wi ¢(qj, &) = gn. Bygem ommmdars mapsr
(q1,92), (q1,43), -, (q1,q). Yrobbl OTymMumTh MAPy (q1,¢), 1 = 1,...,1,
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(0,0)

(1,0)

Puc. 1.

HeOOXOJIMO CJIOBO, Y KOTOPOro cHadasa uiyT | — i Hyseil (eciau | # n),
a morom n — [ + 1 exunann,. eficTBUTENILHO, €CJIM CJIOBO (¢ HAMUHAETCS C
m < | — i HyJeil, 32 KOTOPBIMU UJIET 1, TO B CHJIy ONpPEIEJEeHHbIX BBIIIE
dyukuuii, noxygaem, 9ro ©(qi, &) = Giym, ui+m < i+ 1 —1i=1. Cue-
noBaresibHo, (g, al) = ¢ = ¢(q1,«l). 3HauuT CocTOSIHUA ¢ U ¢; HE
Oy/LyT OTJIMIUMBI CJIOBOM (V.

Ecnmu o mauunnaercsa ¢ m > | — ¢ HyJieli, TO ero MOXKHO MPEJICTABUTD,
kak o = B70...0. Torma ¢(gi, @) = ¢(q;,0...0) = ¢1 = @(q1, ).

Jlerko Tak»Ke BUJIETH, YTO CJIOBO, OTJIHUAONIEe (¢4, ¢1) JIOJZKHO 3aKaH-
qUBATLCA HE MeHee, 9eM Ha 1 — [ + 1 exmnwu.

Takum o6pasoM, st {q1, . . . , §; } MOKHO B3sITh JJUAIHOCTHIECKUIT SKC-
NEPUMEHT, COCTAIIUI U3 CJIOB (v, 4 = 2,...,[, TaKUX, 9TO y «; CHaJasIa
unyT | — ¢ myseit, a 3atem n — | + 1 equnun. Y Hukakoit japyroit juma-
IPHOCTUYECKUH IKCIIepUMEHT Jyist {q1,...,q} He OyjeT UMeTh MeHbINuii
o0beM.

! ! l
l

Zai:Z((l—i)+(n—l+1)):Z(n—l+1):(l—1)(n—§).

=2 =2 1=2

To ects L(n,l) > (I — 1)(n — 4). Jlemma noxasana.
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l
Jlemma 11. L'(n,ly,...,0lp) = (1 —1)(n — 5), edel =10 +...+ 1.

okazareabcTBo. [locTponM cremyronuit aBToMaT V' = (A, Q, B, p,):

A:{Ovl})B:{Ovl}aQ:{Q1a~~in}-
IIycre h Kb <...<lpy,uli+...+ 1, =L

ycrs Q' = Q1U...UQmuQ = {q1,...,q}. llocrponm uHLyKTUBHO
MHOXKECTBa Q&,QIQ, e ,Q; : Qll U Q/2 Uu...u Q; =qQ. IIyctn
le{q(}llw"aqin}: dl :17 qzl eQi7i:17"'7m'

’
ITomoxum g1 = q}ll, ooy @m = q.,. TIlycThb yKe HOCTPOEHBI MHOMKECTBA, Qq,

Q-+ Q,CQ m QU...UQ, #Q". Tocrpomn Q) ={qg’" -}
e
dpr1 =min{i: 3¢ € Q; \ (Q, U...UQy)}
u qf“ €@\ (Q U...U Q;C), i =dgi1,-..,m. Homoxum:
_ k+1
Qk(m+1)—(di+...4de)+1 = Ddp

_ k+1
k(m+1)—(di+..4dp)+2 = a1 +1

_ k+1
Q(k4+1)(m+1)—=(d1 +-Adp11)+1 = gy, -

W3 mocrpoenust ciemyer, uro cyimecTByer Takoe d, d < [ — 1, uro
{qa+1s- -y} C Qum, n Jyist OOBIX i, Gir1 € {q1,- .. ,qq} BBIIOJHEHO:

¢ € Qir, Git1 € Qiy, 11 # 12, 1 < iy, dp, <M. (11)

Teneps onpenesmm OYHKIMHE @ U -

©(gi;0) = gi+1, i=1,...,d—1;
©(qa,0) = qa;

v(gi,1) = a1, i=1,...,d—1;

©(gis 1) = gi+1, i=d,..., 1 —1;

©(4i,0) = qo, i=d+1,...,1—1,d>2;
©(4:,0) = qu, i=d+1,...,1—1,d=1;
©(4i,0) = qiy1, i=1,...,n—1;

©(gi, 1) = qu, i=1,...,n;
(P(qnvo):qm

¥(gi,0) = (g, 1) =0, i=1,...,n—1;
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U3 onpenienenust GyHKIUY 1) CJI€IyeT, 9TO JIJisi TOTO, YTOOBI OTJUIUTD I1a-
py cocrosnuit (¢;, q;), 4, j < n, HEOOXOIUMO HEKOTOPOE CJIOBO (¥ TAKOE, 4TO
i ¢(gs, &) = qn wm p(qj, @) = gyn. B cuiny (11) Ham HaJI0 OTIIHYHUTE BCe
napsl (¢i—1,¢i), © = 2,...,d, eciu d > 2. JTokazKkeM, 4TO Jjist TOIO, YTOOBI
ommanThb napy (¢i—1,¢;), @ = 2,...,d HEOOXOIUMO CJIOBO, Y KOTOPOIO
CHaJaJIa UIyT POBHO d — i HyJseil. JleficTBUTEIFHO, eCJin MBI HUMEEM CJIOBO
Q, y KOTOPOro CHadaJja OOoJbIlie HyJiel, demM d — ¢, TO, IIPEJICTAaBUB €ro B
Buge o = 77000, monyunm, aro ¢(gi, B710) = qa = @(gi—1, 10),
TO €CTh HE CMOYXKEM OTJIMYIUTH STUM CJIOBOM. KcCJin MBI ©MEEM CJIOBO «,
KOTOPO€ COCTOUT U3 YUCTa HyJIe#l MEHBINEro, 4eMm d — ¢, TO IMOJIYUUM:
o(qi—1,a1) = p(gi,al) = q1. Jlerko Takke BHJETH, 9TO CJIOBO, OTJINYA-
ommee (¢i—1,¢;), ¢ = 2,...,d, mocje nepBbIX d — i HyJeil JIOJKHO UMETh
poBHo | — d enuauil u 3arem He menee n — | + 1 mymeit. Takum obpasom,
Jytst oriaust map (¢i—1,qi), @ = 2,. .. d, HeobxoxuM HAGOP CJIOB (v, TAKOIL
9TO
d d

Slail =Y ([d—itl—dtn—1+1)=> (n—i+1).

=2 =2

Takzke HaAM HEOOXOIUMO OTIUYUTH napbl (q1,q;), © = d + 1,...,1,
MOCKOIBKY q1 € @1, & ¢ € Qm, © = d+ 1,...,[. Ilna Toro, 9To6LI
orm4nTh 1mapy (qi,q;), aHAJOIMYHO, Kak ¥ B JiemMe 10, j0Ka3bIBaeM,
9TO HEOHXOMMO CJIOBO, Y KOTOPOTO CHAYaIa UYT POBHO | — 4 eJIMHUIL, a
moroMm He MeHee n — [ + 1 myneit. To ecTh uMeem, 9TO JjIst OTIUYHUST TIap
(q1,qi), d+ 1 < i <[ neobxomum HAGOD CJIOB [3; U

l l

Sslz Y (—itn-1+1)=3 (n—i+l).

i=d+1 i=d+1
BuauuT, j11060ii auarnocrndeckuit sxkcuepument st {Q1, ..., Qm} B aB-
tomare V' mmeer oGbeM He MeHee
d l
Stnt1—i+ Y (n—i+t1)=(0—1)(n- g),
i=2 i=d+1

9TO U JOKa3bIBaET JIEMMY.
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l— 1
JIemma 12. L' (n,ly,. .. ,lm)2(l—m)(n—%+), edel=l1+...+l,.
Jokasatesberso. [locrponm asromar V' = (A,Q, B,p,v):

Q=A{q,...,qu}, A={0,...,m+1}, B={0,1}.

ITonoxxum B HEM

Ql == {Q17-~~ 7qll}7
QQ = {QZ1+17 s ’ql1+l2}7

Qm = {QZ1+...+lm_1+17 R ql}: l = ll +...+ lm

Onpenennm OYHKIUA @ U -

Q'Lv]) = qi+1,

o {l1++l]+1<2<l1++lj+11

( =0, m—1;
(P(QI1+ +lj+17.7) ql1+...+lj+17 .7 = 07 cee, M — 17
(i, j+1)=qi+2, i=1+.. +lj+17 J=0,...,m—2;
( l_llJr +lj+1,...,l1+...+lj+1*1,

(i j+1) = q,+. Aljp1+1 {jZO,...,m2;

@(ql,m+1) = Qlilo+.. Al +15 {; :%,—f—_._.’.;l]_—‘rll;? bt .+l]+1
o(4i, )—QL i=h+. Al +1,...,0—1;
(@, m) = qiy 41

. i=l1—‘rlg—‘r...+lj+1,...,ll—‘r...—i-lj_H,
wm“a)_q {a¢{$j+1nn+1},j:o,..nnh
©(gi,a) = giv1, i=1l+1,...,n, a€ A
Y(gi,a) =0, i=1,...,n—1;
¢(Qna ) =1 a € A.

Eciu | = n, ro mosoxxum (g, m+1)=1,i=11 + ...+ lp_1+1,...,1L

Pacecmorpum jmobyto nmapy (gi—1,¢;) C ;. VI3 npuBejieHHbIX BbIITe
GyHKIMIT cIe/Iyer, 9To s TOTO, 9T06 OTJINYIUTD 9Ty Tapy, HEOOXOIUMO
CJIOBO, y KOTOPOT'O CHAYAJIa UJIyT POBHO [ +...+1;—i 6yks (j— 1), 3aTem
poBHO lj41 — 1 GykBbl (j) ¥ T.[1..., 3aTeM POBHO [, — 1 Gyks (m — 1).
Hasbre wy»xna ogna 6yksa m, 1 m — 1 6yks (m+ 1). [Torom HEGXOMMMO
mo/iaTh He MeHee N — [ JioObIx OykB. TakuM 00Opa3oM, IMOJIydIaeM, UTO
1080, oTymyaoriee (gi—1,¢;) C Qj, j = 1,...,m, UMeer [UIHHY He MeHee
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l1+...+lj7i+lj+1f1+...+lm71+m+nfl:n7i+j.

3 ckasaHHOrO BBINIE CIEIyeT, 4TO i Bcex map (qi—1,¢) C Qj,
j = 1,...,m HyXHBI pa3Hble CJIOBa, KOTOPbIE WX Pa3/INYIAlOT. HAUWT,
Jist Q1 J1t000#i TMATHOCTUIECKUH SKCIIEPUMEHT MMeeT 0ObeM He MeHee
l l1+1 .
Yoibo(n—14+1). dna Q2 — He meHee 211:?112(71 — i+ 2). U rax nasee,
l .

s Qm — He Menee Y,y o o(n—i+m).

Takum obpazom, nosaydaeM, 910 Jyist {Q1, ..., Qn,} BHYTpEHHUI Jra-
CHOCTUYECKUI 9KCIIEPUMEHT UMEET 0ObeM He MeHee

151 l1+1o l
Z(n—i—i—l)—i— Z(n—i+2)+...+ Z (n—1i+m).
=2 i=l1+2 lo+.Alm—1+2

Ho sta cymma pasna (n—1)+(n—2)+. ..+(n—(l-m)) = (I-m)(n—=2tL).
Suaunr,

"

— 1
L (nvllv"'alm)> (lim)(nilﬂ

2 )
JlemMma jokazana.
l/ _ l// + 1

JlemMma 13. Z(n, V=0 =1 (n- 5

).
Tokasaresbcrso. ocrponn asromar V = (A,Q, B,p,¢), A={0,1},
B={0,1}, @ ={q1,.-.,qn}. [onoxum:
QN - {qllfl”+17 o 7ql/}7
Q = {Q1a--~ aQZ’}-
Onpenenmum dyHKIMU @ 1 Y-
So(qivo):qi-i-l? Zzlavl/_17

(
©(gi 1) = q1, i=1,...1' - 1;
0(g:,0)=q1, i=U+1,... n;
‘P(Qzal) = {qi+1, i:l/a"'vn;
‘10(%%@) = Qn, ac A;
w(ano) =0;
¥(gi,a) =0, t1=1,...,n—1, a € A.
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fcno, uaro s ormyus o6oit naper cocrostauit (¢;—1,q;), 2 < i <,
HEeoOXOMMO CJIOBO, HAYMHAIOIIeecs POBHO ¢ I/ —i HyJleil 1 JJIMHBI He MeHee
n — ¢+ 1. Ilosromy jy1 TOro, 94TOOBI OTIIMYUTD JIIOOYIO TIAPY COCTOSIHUI
w3 {Q\ Q" YU{qy_141} HyxuO HOBBIX I — 1 CJI0B, CyMMa [THH KOTOPBIX
me meriee (n— 1)+ (n—2)+...+(n— (' =1")) = (' = 1")(n — L=+,
OTO U JOKA3BIBAET JIEMMY.

Takum 00pazoM, MbI MOJIYIU/IM BEPXHUE U HUXKHUE OIEHKU JJIsT BCEX
dyuknuit [llennona, onpesenennnix B 1. 1. Teopema 1 ciieyer u3 jiemm
4 n 10. Teopema 2 — u3 nmemm 5 u 11. Teopema 3 — u3 memm 7 u 12.
1, nakoner, Teopema 4 — u3 jiemm 9 u 13.

B saksrouenne aBrop BbhIpaxkaer Ojarogapaoctb A. C. Ilogkossuny
3a Hay4uHoe pykoBojcTBo u B.B. Kynpssieny 3a Bunmanue K pabdore.
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