O caoXKHOCTI KpPaTHBIX AMATHOCTUYECKIX
9KCIIEPUMEHTOB /1JIsi ITOJMHOKECTB
COCTOdHUI aBTOMATA

1. B. ¥YBapos

B pabore paccmarpuBaioTcs KpaTHBIE JUATHOCTHYECKUE 0€3-
YCJIOBHbBIE KCIIEPUMEHTHI JIJIsI [IOIMHOYKECTB MHOYKECTBA COCTOSTHU
KOHEYHOTO aBTOMaTa. HalileHbl TOYHbIe ONEHKH CJIOKHOCTH TaKUX
9KCIIepuMeHTOB. 110/ CJI02KHOCTHIO IKCIIEPUMEHTA 3/1eCh TOHUMa-
ercsi ero oO’beM, TO €CTh CyMMAa JJINH CJIOB, U3 KOTOPBIX COCTOUT
9KCIIEPUMEHT.

BBenenue

BaxkabIM KJTaCCOM 9SKCIEPUMEHTOB C ABTOMATAMU SIBJISTIOTCS JTAa-
THOCTHYECKUE IKCIEPUMEHTHI. Takue 9KCIIePUMEHTHI UCIOJb3YIOTCS TSt
uneHTUGUKAINA HEU3BECTHOTO COCTOSHHUS aBToMmaTa. B obmem ciy-
Jae, JIMArHOCTHIECKIEe SKCIIEPUMEHTHI PACCMATPUBAIOTCSI JIJIsT HEKOTOPOI'O
kJiacca K WHUIMAJBHBIX ABTOMATOB. JKCIIEPUMEHT HA3BIBAETCS JUuG2HO-
CMUYECKUM, €CITH PE3YJILTATH €r0 MPUMEHEHNsT K JIIOOBIM JIBYM Da3JIit-
HBIM aBToMaTaMm u3 K pas3jIudHbL.

B »s1o0it pabore B kauecTBe Kiacca K Mbl OyremM paccMaTpuBaTbL MHO-
JKECTBO HEKOTOPBLIX HHHUIUAJILHBIX aBTOMATOB V, IOIyYalOMuXcs IIPH
Pa3JIMIHOM BBIOOpE HAYAJILHOIO COCTOsIHUSI Y 3aJ[AHHOIO aBToMara V.
Takum 06pazoM, 3a/1a9a CBOIUTCS K TOMY, 9TOOBI OTJIMYATH Maphl COCTO-
stauii y oguaoro apromara. . ®. Myp B cBoeii pabore [1]| mokazas, aro st
TOTO, 9TOOBI OTJMYUTE OJTHY MApPy COCTOSIHUN B ABTOMATE MPUBEJECHHOTO
BUJIa, B XY/IIEM CIydae MOXKET MOTpebOBAThCs CJIOBO JIMHBI 1 — 1, Tj1e
N — KOJIMIECTBO COCTOSIHUII aBTOMATa, IPUIEM CYIIECTBYeT aBTOMAT, HA
KOTOPOM 3Ta OIEHKA JOCTUTAETCs. 371eCh OYJIeT PACCMOTPEHO HEKOTOPOe
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0000IIIeHEe TOM 381841, KOT/Ia BMECTO OJIHOM Maphbl COCTOSTHUI paccMaT-
PUBAIOTCSI TIeJIble MHOXKECTBA, W OTINYATH HAJIO0 JIOObIe Maphl M3 TUX
MHOKECTB, C IIOMOIIBIO KPATHBIX 0E3YCJOBHBIX JUATHOCTHIECKUX IKCIIC-
PUMEHTOB. BN MOy dYeHbl TOYHBIE OIEHKN CJIOXKHOCTH TAKUX DKCIIEPHU-
MEeHTOB. B KadecTBe CJIO2KHOCTH IKCIEPUMEHTA MbI OYJIeM PacCMaTPUBATH
ero oObeM, TO €CTh CyMMY JJIMH CJIOB, U3 KOTOPBIX COCTOUT YKCIIEPUMEHT.

1. Onpenenenust 1 GopMyJINPOBKA PE3YIHTATOB

[Iycrs V=(A,Q, B, ¢,1) — aBroMaT UpUBEJEHHOIO BUa, |Q]=n>2.
Pacemorpum nopmuoxkectso Q' C Q, |Q'| =1 > 2. Tlockonbky V — aBro-
MaT HPUBEJICHHOrO BHJa, TO Jijis (' cylmecTByeT HeKOTOphBIil duazHocmu-
weckuti axenepumenm Fy o/, TO ecTh TaKoe MHOXKECTBO CJI0B u3 A*, aTo
JOOBIE JIBa COCTOSHUSA U3 ' OTJIMIUMbBI KAKUM-HUOYIb U3 9TUX CJIOB.

[Tycrs v(E), rae E — skcnepuMeHT, 0603HaYaeT 06'beM 9KCIEePUMEH-
Ta, TO €CTb CYMMY JIJTMH BXOJSINUX B Hero cjioB. Hac mnrepecyer, Kakoi
00beM B HAHXyJIIEM CIydae MOXKET HMeTh dKcrmepuMeHT Evy . Beegem
cnenyromyio dynknuio [lennona:

L(n,l)

= max min v(Ey,q)
ViQl=n,Q"|Q'|=l \ Ev, ¢/

3aech MuHHMYM Oepercst MO BCEM JMArHOCTUYECKHM 9KCIIEPUMEHTaM
Ey.o/, a MAKCEMyM — II0 BCEM aBTOMATaM IPUBEIEHHOIO BHIA C 1 CO-
CTOSHUSIME ¥ TIOJIMHOZKECTBAM C | COCTOSIHUSIMU.

[Tostyven crey oyt pe3ysbTar.

l

Teopema 1. L(n,l) = (1—1)(n — 5)

Pacimupum moHsiTHE AMATHOCTUYIECKOTO SKCIIEPUMEHTA, IPUHSIB B Pac-
CMOTpPEHHUE BblJIeJIEHHbIE [IOIIAPHO He [ePeCeKaloIInecsi MHOKECTBA

Ql)QQ)"'vaCQv |Ql|:ll>]—a 7’:177m

Luaernocmuueckum sKCNEPUMEHMOM 0aa NodmHoxcecme Q1,Qa, ..., Qm
MHOXKECTBa COCTOSIHUIT aBromara V HA30BEM TaKOoe MHOXKECTBO CJIOB
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E{/,Ql,... O, ITO JIOObIC [IBa COCTOSHUS, JIEZKAIIUE B PASJIMIHDIX TI0JMHO-
JKeCTBaX, OTJIMIUMBI HEKOTOPBIM CJIOBOM U3 E{/,Ql,...Qm' Bruympennum
JUaHOCTNUYECKUM IKCNEPUMEHMOM Oai nodmrodcecms @Q1,Qa, ..., Q0m
MHOXKECTBA COCTOSIHHII aBTOoMaTa V' Ha30BEM TaKOe MHOXKECTBO CJIOB

(},QL...Qm’ 4YTO JIOOBIE JIBA PA3IUYHBIX COCTOSIHUS, JIEXKAI[Ue B OIHOM
[TOJIMHOXKECTBE, OTJIMYMMbI HEKOTOPLIM CJIOBOM K3 E{}th_ Q- 3AMETHM,
9TO ecJin MOJAMHOXKecTBa, (1, )2, ...,y OTHO3JIEMEHTHBIE, TO JIUATHO-
CTUYECKUI SKCIIEPUMEHT IJjIsi HUX SIBJISETCS IUAIHOCTUYECKUM 3KCIEPH-
MEHTOM JId MHOKecTBa () = Q1 U...UQ,,. Takke, ecin y HaC uMeercs
BCEr0 OJIHO ITOJIMHOXKECTBO, TO BHYTPEHHHUI JTHMATHOCTUYECKHUN SKCIIEPU-
MEHT COBIIQIA€T C OOBLIYHBLIM JIUAIHOCTHYECKUM SKCIEPUMEHTOM JJIsl HETO.
Kaxk u Boimie, BBegem cienytorue dyuxinun [Tlennona:

L'(nly,.... 1) = max min  v(E;
(01, bm) vi@l=n Qui@il=t, \ By o o (Bvau...u) |

m:Qm|=lm

L' (n,ly,....ly,) = max min  v(E
( s U1, ) m) Vi1QI=n, Q1 :]@1 =l seres E(}Q o ( V,Ql,...Qm)
Qm:Qml|=lm el em

Brim IIOJIy9Y€HBbI TOYHbIC 3HAYCHUA IJId 3TUX (bYHKIH/Iﬁ

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

l—-m+1
Teopema 3. L"(n,ly,...,lpn) = (1 —m)(n— T),
edel=11+...+1,.
Pacemorpum eme onny sagady. Iyers Q7 C Q' C Q, |Q'| = U,
|Q"| = 1". Ilycrs ayist muOXKecTBa Q" y2Ke MOCTPOEH HEKOTODBIN Jua-

PHOCTUYECKHit KcrepuMeHT By gr. Mbl XOTUM pacHIUpuTh 3TOT KCIIe-
PUMEHT JI0 JMArHOCTUYECKOro /ISl MHOXKecTBa (', TO ecTh HaiiTH TaKoii
JMArHOCTHYIECKHit sKcnepumenT Ey o/, uto By gr C Eyqr. Beegem cie-
aytorryio dyuknuio [llennona, KkoTopasi OMUCHIBaET, Ha KaKOil 00beM B
HaUXyJIIeM CIydae Hy?KHO PaCIIUPUTDL 3KCIepuMeHT Ky, gr.

T A 7A N : _
Lm0 = e EVQI;]%IEVQ//(U(EV’Q/) v(Bver))
QL= By, o ' '
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st a0t pyHKIMEM TakKe ObLIa HalIeHA TOYHAS OIEHKA.

'—1"+1

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

).

Beenem psij obo3HaUeHU 1 MPUBEJEM T€ MTOHSTHSI, KOTOPBIE MCIIOJIhb-
30BaJIMCh B JIPYTUX paboTax.

Ecnu B obo3HadeHny c10Ba MPOCTABIEH BEPXHUIT WHJIEKC, TO OH 6y/1eT
O3HAYATH JUTHHY cjioBa. Hampuvep of osmagaer ciroBo ammsl k.

Mpbr  Oymem WCIOJB30BATH OTHOINEHWE SKBUBaJEHTHOCTH Rp,
k=1,2,..., BBeJilenHoe Ha MHOXKeCTBe () cocTosiunit aBromara [2|. Cocro-
AHUA ¢; ¥ ¢j HAXOQATCA B OTHOIIEHHN R} TOrJia M TOJLKO TOTJa, KOTJa
ngis moboro cosa of € A* mveer mecto ¥(gi, @) = ¥(gj,a¥), To ecTn
¢; M ¢j He OTJIMYUMBI cyloBaMu Jynel k. Ilycrs P, — pasbuenne MHOXKe-
cTBa () Ha KJIACChl KBUBAJEHTHOCTH, WHIYIUPyEMble OTHOIIeHneM Rj.
dcuo, uro Py siBisiercst nojgpasbuenneMm Pj. UszsectHo 2], uro ecim
upu HekoropoM [ umeer mecro P = Py, u P = {Q1,...,Q}, To Jio0-
OBbIe COCTOSIHUSI ¢, U (,, U3 JTFOOOTO 33 JaHHOTO Kjtacca (Qqy, w = 1,2,...,7
HEOTJIMYUMBI, TO ecTb Py = P41 = Pio =P 3= ...

B 370t pabore MBI paccMaTpUBaeM TOJBKO aBTOMATHI ITPUBEIEHHOIO
BHJIA, TO €CTb T€, Y KOTOPBIX HET HEOTJUIUMBIX COCTOSTHUAN. SHAYTUT, €CJIH
‘Pk‘ < ‘Q’, T0 P # P, E=1,2,...

JL1st KpaTKOCTH, KJIacC SKBUBAJIEHTHOCTH, WH LY IIUPYEMBI OTHOIITEHH-
eMm Ry, Oymem HazbiBaTh KJjiaccoM Ry, aucio xiaaccoB Ry Oyaem 0603Ha-
qarh |Ry|. Torma npu |Ri| < |Q|, yuureBast, 910 Pyyq SBISETCS IOA-
pasbuennem Py u Py # Pyy1, Beimosnneno |Ry| > |Rpi1| + 1, a 3mauur
|R;| > k + 1. Kiaccom Ry OymeM HasbIBaTbh BCE MHOXKECTBO COCTOSIHUI
aBTOMATA..

B cuity onpeenennst oTHOMmeHns: Ry, Ha HEKOTOPOM MHOzKecTBe Q1
MEJTMKOM JIEXKAIEM B OJHOM Kjacce Ry, W MHOXeCTBe CJIOB JTUHBI K
byuknus 1 apromara V IPUHEMAET OJHO W TO ¥Ke 3Hadenue. [losTomy
MOKHO KOPPEKTHO onpesents dynximo (QT%, aF), momoxus ee pas-
noit 1(q, o), rae ¢ — moboe cocrosmue uz Q. Ecim Q u Qg — MuoxKe-
CTBa, JIeXKAIlye B JBYX Pa3NIHBIX Kjaaccax Ry, v st HEKOTOPOTO CJIOBA
ay, Bemosneno ¥ (Q1, ) # (Qa, o), To ToBOPEM, UTO a3, omAuMaem
Mmhoorcecmea Q1 1 Qo.
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2. Bepxume onenku i pynkmnuii [1lennona

l
Hokaxkem cnauana, aro L(n,l) < (I —1)(n — 5)

Jlemma 1. Fcau 6 mmooicecmee  (QQ  cocmoanull  a8mMomama
V=(A,Q,B,p,1) evdeaeno nodmmnosicecmeo Q' C Q, |Q'| = 2, u ommno-
wenue Ry pasbusaem Q' na s xaaccos: Q1,Qa,...,Qs, s = 2, mo cywe-
cmeyem duaznocmuseckutd axcnepumenm oas {Q1,...,Qs}, cocmoauwui
u3 ne bonee wem s — 1 caosa daunovt k.

HokazareabcTBo. JlokaxkeMm JeMMy WHIYKITHEH 0 YUCTY KJIACCOB S.

IIpu s = 2 cymecTByeT oHO CJI0BO &, KOTOpOe OTImYaeT HEKOTOPYIO
apy COCTOSTHH{, OJTHO M3 KOTOPBIX JIEXKUT B (J1, B Jipyroe — B Qo. fc-
1o, uto (Q1, ) # ¥(Q2, a¥), nosromy oF apnserca uarnocruueckm
sKrcrepumenToM st {Q1, @2}

[Tycrs emma BepHa Jijist HEKOTOporo s = 2. IIpeamosioskum Tenepb,
qTo oTHOMIeHNE Ry pasbusaer Q' na s+ 1 knaccoB Ri: Q1, ..., Qs, Qsi1-
ITo npeanosozkennto nHyKImn (ecam B Kaectse Q' B3a1b Q1 U. .. UQ5)
cyIecTByeT uarnocrudeckuii sxcrepuvent E = {af, ... af},m < s—1
JUIst MHOXKeCTB (1, ...,Qs. Ilepeobosnauum muOKkecTBa (QQ1,...,Qs B
QY Q3 ..., Q% creytonm o6pasoM: mycTh ozf;l € E — cyioBo, OT/IMIaIo-

mmee MHOKecTBa Q1 1 Q2. O6ozHaumm Q1 = Q1, Q3 = Q2, econ afl OTJIN-

1_ 1_ k
qaeT Q1 u Qsy1, 1 Q] = @2, Q3 = @1, ec/m o) He ommvaer Q1 1 Qs1,
B 9TOM CJIydae afl ommaaeT Qg 1 Qsy1. Takum 0bpa3om, CII0BO ozfl OTJIH-
qaetT Q1 m Qsy1. TIPE/IOTOMIM, ITO MBI y7Ke TIepeobOZHATIIN MHOMKE-
-1 Ap—1
crBa @1, Q2,...,p B MHOXKECTBa Q%, Q%, e ,szl, P~ coorercTBen-
k
Z'P
<s-1 6 .np _ np—1 HAp _ k _
p < s—1, Torga oboznavaem: Qp = Qp QpJrl = Qp+1, ecm o oTma
p—1 D P _ nHp—1 k p—1
er Qp U Qst1,uQp=Qpt1, @y =Cp , ecim Qv He OTJIrdaeT Qp
k Y4 —
i, OTIHIAET Qp 1 Qsy1. Ilpn p = s 0bo3HAUUM

-1
Qb = QY. Takum 06pa3oM, Mbl COBEPIININ HEKOTOPYIO MEPECTAHOBKY

-1
Ho, 2 < p < s — L. [lycrs of € E ormmuaer muokectBa QF 1 Qpt1,

1 Qst1. Homyuanm, arto «

MHOYXKECTB TaK, YTO IOJIyUYeHHbIe MHOYKECTBA Q%, Q% ey zj 00J1a/1a10T
TeM CBOICTBOM, 4TO it Jiroboro p € {1,...,s — 1} cymecrByer cjioBo

u3 E, xoropoe otmuaer Qb n Qg11. st MHOKecTB QF 11 Q541 Hafigem
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cioo B € A*| xoropoe ux oTimuaeT (OHO CYIIECTBYeT, TAK KAK MHOMKE-
CcTBa JTeXKaT B pasHble Kiaaccax Ry). Taxmm obpasom, {af, ... ok BF} —
ecThb JMarHocTHaecKuit sxcnepument asa {Q1, ..., Q% Qs11} 1, mockob-
Ky m < s — 1, ou cocroutr me Gojiee 1uem u3 s cyoB jauubl k. Ho
{Q,...,Q5,Qs11} =1{Q1,...,Qs, Qs11}, TaK KaK TP KazKJIOM T1epeoto-
3HAYECHUHU IIPOCTO MEHSIMCh MECTAMH JIBa COCEIHUX MHOXKeCTBa. Jlemma
JIOKA3aHA.

[Mycts V = (A, Q, B, p,¥), |Q] =n, n > 2 — aBromMaT OpUBEJIEHHOIO
Buga, Q' C Q, |Q'| > 2. Yepes Pk.Q 0003Ha4NM pa30UeHne MHOMKECTBA

Q' na knaccel Ry, To ecThb PkQ/ ={Q1,...,Qs}, t1e Q1,...,Qs — paz-
smanble Knaccel Ry, npudem Q' = Q1 U ... U Qs. Ilycrs jo, ji,-- -, jp,
p > 1 — KOHeYHasi CTPOro BO3PACTAIOIIAA IIOCJIEI0BATEIHLHOCTD IIEIBIX
HEOTPHUIATEILHBIX YHCEI, JIJIsi KOTOPOH BBITOJHEHO:

1) muoxkecrso Q' jexuT B ogHOM Kiacce Rj), a Rj, pasbusaer Q' na
HEKOTOPbIE ITOJIKJIACCHI;

Q _ pQ _ pQ _ _ pQ . !
2) PJZ _Pj¢+1_Pji+2_"'_Pj¢+171>z_17"'7p_17apji+1

!
SABJISETCSI TIOIpa30dneHneM pa30oueHnst PJ.Q (31€Ch U Jasee 1ojL 1OJI-
7
pasbuenueMm OyieM MOHUMAThL CTPOroe Mojpas3dmeHue, TO €CTh He
COBIIQ IAIONIEE C MCXOJIHBIM);

/
3) Pfj COCTOHUT U3 OJIHOJIEMEHTHBIX KJIACCOB.

HazoseM jo, j1,.-.,Jp pasbusaroweti nocaedosamesvHocmoio 0as MHo-
sicecmea Q' aromara V.

Jlemma 2. Ilycmo jo,ji,..-,Jp — Pa3busarou,as nocaedo6amesvrocms
onn mmoorcecmea Q' asmomama V, |Q'| = 1 = 2. Toeda cywecmeyem
Juaznocmumeckuti sxcnepumenm E das Q' umerowsuti 6uo:

_ J1 J1 o g2 J2 Jp Jp
E={ay,...;a5 a7, ... 0, ... 09 sl ks
NPUMEM “UCAO CA06 6 Hem He bosee | —1 wiy, ... 1, > 1.
HokazareabcTtBo. [lokaxxem, uro jyis joboro s = 1,...,p aaa pas3du-

!/
CHUA PJ? CyIIEeCTBYET JINarHOCTUYECKHIT 3KcriepuMeHT F; Buja

_ [0t J1 g2 J2 Js Js
Es={aq', ... a0, a2, 0000 (1)

’
YHUCJIO CJIOB B KOTOPOM He BoJiee ]Pj? | —1wmig, ... 05 > 1.
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/
IIycts s = 1. Pazbuenue Pj? COCTOUT M3 KJaccoB I, 1mosromy, B

CIJIY JIEMMBI 1, CYIIIeCTBYeT JAUarHOCTUUIECKUil SKCIepuMeHT F st P]1 ,

/

cocTosIuit u3 He Gojiee UeM \Pj? | — 1 coioBa JyuHbL ji.

Ilycts g s = k, 1 < k < p — 1 yKe NOCTPOEH IUATHOCTHICCKUI
srcriepumenT Ey Buna (1). Jokaxkem yrBepxKiaenune st s = k+ 1. Ilycrs

’ / ’
chg ={Q1,...,Qmn}. Hockoabky PJ%H SABJISIETCS TIO/Ipa3bueHneM chg ,
TO MOXKHO 3aIlMCATh:

pY =p9 u...upI"

Jk+1 Jk+1 Jk+17

MIPUYIEM XOTsI ObI OTHO U3 pasOueHmit P]Cgl e ,chifl cocTouT Oostee UeM
13 OHOI'O MHOXKECTBA.

Jns kaxkgoro PJQ’H, i=1,...,m TaKoro, 4ro \Pﬁfil] > 2, 1o aemme 1
CyHIECTBYeT JUarHoCTU4IecKuil skcuepuMenT Fq,, cocTosamuil u3 ne 6osee
geM |Pj€i1 |—1 caoBa jymnbt k+1. Ilycrs I={i,i=1,...,m | ]P]Cgil| > 2}.
Kak yzxe 66110 ckazano, |I| > 1. O4eBuiHO, 9TO MHOKECTBO CJIOB

Eirt1 = Ep U (Uier Eg,) (2)

’
ABJIAEeTCA JUArHOCTUYICCKHUM SKCIICPUMEHTOM JIJIA Pﬁz . 1 9YHCJIO CJIOB B
HeM:

Bl 1Bkl + D (P71 = 1) <[P =143 (IPZ | -1).
€1 el

/
Ho 4uciio kitaccoB pazbuenust P]%H paBHO:

Q| _ Qi
‘ij+1‘ - ‘ ‘+Z ’ij+1 - )’
i€l

OTKYyda CJedyeT, 9TO

Bl <P |-

B cuy (2) u roro, uro |I| > 1, skcnepument Fjiq conepkut xorst Obl
o/1HO ¢J10BO JAuHbl k 4+ 1. Takum 0OpazoM, MbI OCTPOUJIA SKCIIEPUMEHT
Eiy1 Buga (1).

Tax kak, pu s = p, Pj?/ COCTOUT W3 OJHO3JIEMEHTHBIX KJIACCOB, TO
E, coBnajiaeT ¢ HCKOMbIM 3KCIEpUMEHTOM [ Jijis MHOXKeCcTBa Q'. Jlemma
JIOKa3aHA.



492 . B. ¥YBapos

Jlemma 3. Ilycmo jo,j1,.--,Jp — Pa3busarou,as nocaedo6amesvrocms
ona mmoorcecrnea Q' asmomama V, |Q'| = 1 > 2. Tozda dan aobozo
r=1,...,p ewnoaneno j, <n—1+r.

HoxkazarennscrBo. [Iycrs V = (A, Q, B, ¢, 1)) — aBTOMAT NIPUBEJIEHHOTO
BU1a, ’Q| =n,nz 2. Ql C Qa |Q,| =1 = 2. HYCTB jO)jla s 7jp - pa36H_
Balommas nocsjegosareabrocts s Q. Ilyers Q1,Qo,. .., Qs — Kiacchl
Rj,. Ilokazkem, 9TO

Jjo <s—1. (3)

B . 1 6but0 mokazano, uro upu |Ri| < n — 1 Bemonneno |Rg| > k + 1.
[MockonpKy @' me/aumKoM JIeKUT B ofHOM Kiacce Rj, u |Q'| =2, To
|Rj,| < n—1,smaunr |R;| > jo + 1, 10 ectb jo < |[Rj,| —1=s—1, garo
U JIOKa3bIBae€T HEPABEHCTBO (3).

Bynem cunrars, uro Q' C Q1. O6oznauum yepes Ny, bk =1,2,... —
YHCJI0 KJIACCOB R, KOTopble He cojiepKaT B cebe cocrognuii uz Q'. Uz

Toro, 4o |Ri1| > |R;|+1,i=0,...,j,—1 u onpesenenus pasdusaiomnieit
110CJIE/IOBATEJIBHOCTH cjejlyeT, uTo npu ¢ =0,...,p — 1:
Njipr—1 2 Ny + jigr — Ji — L. (4)

[Tpooskast MHIYKTUBHO HEPABEHCTBO (4), MOy IuM
Nj, 12 Njg+(Gr—Jo—1)+Goa—d1—1)...+ (Up —Jp-1—1).

Acno, uro Nj, = s — 1, nosromy nmeem:

Nj,—12s—=1+jp—Jjo—p- (5)
[Mockobky |Q\Q'| = n—1, a k1accsl Ry, JIO/KHBI COIEPKATE XOTsI ObI 110
omHOMY 3J1eMeHTy, T0 Ni < n — [ mrs joboro k = 1,2,... B gacraoCcTH,

Nj,—1 < n — 1. Ilosromy, yunTbisas Hepasencrso (5), umeem
s=1+4+jp,—jo—p<n—1L (6)
113 mepasencts (3) u (6) momydaem: jo < s —1 <n—1— j, + jo+p um

0<n—1—jp+p. (7)
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[Mockonbky jit1 = Ji+1,i=1,....p—1, 10 jp—jr Z2p—r, 7 =1,...,p
WJIN:
jr_jp+p<r7 7’:1,...,17- (8)

[TpubaBum K obenm dactsim HepaseHcrsa (7) jp, r = 1,...,7 U BOCIOJb-
syeMcsi HepasercTBoM (8). ITosyawm:

<=1+ 01— jptp) <n—l+1,
fa<n—1+(j2—jp+p) <n—1+2,

jpgn_l“'_(jp_.jp"i_p)gn_l_'_p'
DT HEpaBEHCTBa U JTOKAa3bIBAIOT JIEMMY.

l
JIemma 4. L(n,l) < (I —1)(n— 5)
HokazaresibcTBo. Bo3bMeM POM3BOJIbHBIN aBTOMAT IPUBEJIEHHOIO BU-
ma V= (A4,Q,B,¢,v), |Q| =n, n > 2. BeljeauM B HEM NIOJMHOKECTBO
p , o .
Q' C Q,|Q| =1=> 2. Ilycrs jo,j1,-..,Jp — pasbusaromias mocenr0Ba-
TeIbHOCTD st Q.

ITo semMe 2 cylecTByeT JMArHOCTUYECKHIl sKcepuMenT st Q' co-
crositiuii He GoJsiee, ueM u3 [ — 1 cjioBa. D10 OYIET HEKOTOPOE MHOYKECTBO
CJIOB:

_ Ji Jj1J2 J2 Jp Jp
Eq ={ay',...,oq 00", . oag), o0, ot (10)

) g0
npudeM i1 + 42 + ... +4, <1 —1,4 > 1,5 =1,...,p. Cymma jymn ero
CJIOB paBHA:

U(EQ/) = iljl =+ ’L'ng + ...+ ijp-

ITo siemme 3 umeeM:
U(EQ/) < (n—l+1)zl+(n—l+2)22++(n—l+p)2p

Taxk xak 11 +io + ... +ip <1 —1,4;>1,5=1,...,p, TO

(mn—=Il+1)i1+(n—1014+2)ia+...+(n—1+p)ip <
l

<=+ +Mm =142+ +n-1)=(-1n- )
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[Tockosbky asromar V u @' C Q BLIOMpaIUCh IIPOU3BOJILHO, TO

Lin, 1) < (I—1)(n— é).

Jlemma jokazaHa.
l
Jlemma 5. L'(n,ly,...,l,) < (I —1)(n— 5), edel=0+...4+1p.

Hoka3zarenscrso. [lycrs V = (A, Q, B, ¢,1) — aBromar npUBeJIeHHOTO
Bua u Q1,Q2,...,Qm, |Qi| =1;; i =1,...,m — nonapHo He IepeceKaro-
IHecsT TTOIMHOYKECTBa MHOXKECTBA (). 3aMEeTHM, UTO BCSIKUN JTHATHOCTHU-
YEeCKMil SKCIIepuMenT Jist MHoxkectsa Q' = Q1 U ... U @Q,, Oyaer takxke
JIMArHOCTUYIECKUAM JIJIST MHOYKECTB (1, . - . , Qum, OTKY/IA CJEIYET, UTO

L/(n,ll,... ,lm) < L(n,l1 + ... -I-lm)

U3 silemmbr 4 ciegyer Tpebyemast onenka st dbyukuuu L' (n,ly, ..., Ly).
Jlemma noxkazana.
st nokazarennerBa Bepxueit onenku dyukuuu L (n,ly, ... 1;,) Ham

ITOHAJIO0OUTCSI CJICTYIOTIAs

Jlemma 6. ITyemv V = (A, Q, B, ¢,%) — asmomam npusedentiozo 6u-
da, |Q|=n, Q" CQ CQ u|Q"| =1. IIycmv Eg — duaznocmureckut
axcnepumenm oas Q'. Tozda das Q" cywecmeyem duazrnocmumveckut sxc-
nepumenm Egn maxot, wmo Eqr C Egr u |Egr| <1—1.

HokazareabcTBo. [lokaxxkeMm jemmy uuayknueir mo [. Ilpu [ = 2, oue-
BUJIHO CYIIECTBYeT OJIHO CJIOBO U3 F¢y, oT/Ingaomiee JiBa COCTOSHUS U3 Q.

IMycrs  semma  Bepua g | = k < |Q'| — 1, 10 ecth
st Q" ={q1,...,qx} cymecTByer JMATHOCTUYECKHH SKCIEPUMEHT
Egr ={a1,...,as}, s < k— 1. Iycers qry1 ¢ Q7 quy1 € Q. Tlepeobo-
SHAMUM COCTOSTHUST 1, ...,k B Q1,. .- ,q,’j, AHAJIOTIIHO TOMY, KaK MbI 3TO
Jeajid B JIOKA3aTeIbCTBE JIEMMbI 1, TO €CThb MOIYyYIUM, UTO Jjis JIIoOoit
naps! (qp, grt1), p < k — 1 cymecrsyer ommyasomee cioBo oy, € Egr.
Hotst qlkf U (41 CymecTByeT cjioBo (3 € Eg/, KoTopoe UX OTINYaeT, Ho-
CKOJIBKY qlkf,qkﬂ € Q/. Takum obpasom, miast Q" U {qri1} cymecrsyer
JmarsocTudeckuii skcnepument Eqgn U{3} C E¢, 9ucio cjioB B KOTOPOM
ue 6ostee k. Illar nnaykiuu, a BMecTe ¢ HUM U JIEMMa JTOKA3aHbI.
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[l—m+1
Temma 7. L'(n, 01, ..., 1n) < (z—m)(n—T*), 20el =i+ . 4l
JokazaTeabCTBO. Bosbmem aBTOMAT [IPUBEIEHHOIO BHUJIA
V =(4,Q,B,¢,¢), |Q =n. lycrs Q1,Q2,...,Q, — mnounapuo e
nepecekaronyecs: noaMHoxkecTBa Q u |Q;| = 1;, i =1, ..., m. Oboznaunm

Q' =Q1U...UQn. Iycts jo, j1,- .., jp — pasbuUBAIONIAs HOCJIE0BATE b
nocth Jis Q. Tlo memme 2 cymmecTByeT AMarHOCTUIECKHUH SKCIEPUMEHT
E¢g nist Q' makoii aro

J2

Jj1 o J2 Jp
o 041,... }

Y
Eg ={a1',...;a; a9, ...«

MIpUYIeM 9UCJIO0 CJIOB B HEM He Oosee [ — 1.

ITo jiemme 6 cyImecTBYIOT IHArHOCTHYECKHE SKCIIepuMenTol Ko, C Eg
JUTst MHOXKeCTB Q;, @ = 1,...,m Takue, 4ro |Eg,| < [; — 1. Bamernm, aro
MHOKECTBO EQ/ = FEg, U...UEQ,, ecTb BHyTPEHHUI THarHOCTHYICCKUI
9KCIepUMenT i Q1, ..., Q. YuCIO ClIOB B HEM:

Eo| <-4+ la=1)+ .4 Un—1)=1—m.

N3 nemmbl 3 u Toro, 4To EQ/ C Eg cnenyert:

v(Eg)) < (n—14+1)i1 + (n—1+2)ig + ... (n—z+p)€<
<n—0Il-m)+n—>U-m)+1)+...+(n—1) =
Il—m+1
= - mn - L)
e iy + o + . . +2p l—m, 0< iy <ig, k=1,...,p
[Tockompky aBromar V u mHOXKecTBa (1, Qo, ..., ) BbIOUpATUCH

HPOU3BOJILHO, TI0C/IE/[Hee HEPABEeHCTBO JI0KA3LIBACT JIEMMY.
JlokazkeM ellie OJIHY BCIHOMOTATeJLHYIO JIEMMY, KOTOpas HyrKHa JIJIs
nostyaenns: Bepxueit onenkn dyuxmuu L(n, I, 1").

Jlemma 8. IIyemv V = (A,Q, B, ¢,v), |Q] = n — asmomam npuseden-
noz0 suda. ITyemv Q" C Q' C Q u|Q"| =1",1Q'| =1, npuuem !’ =1"+1.
IIyemo yorce nocmpoen duazrocmuveckuti sxenepumenm Egn das mro-
orcecmea Q". Tozda cywecmeyem odno caoseo o € Eq (2de Egr — npo-
u360abHL Juaenocmuveckud axenepumenm oas Q'), makoe, wmo mmo-
arcecmeo Egn U {a} — duaenocmuueckuil sxcnepumenm oas Q.



496 1. B. YBapos

HoxkazaresabcrBo. Ilycrs Q' = {q1,...,qu,quy1}. Tlepeoboznatamm
Q- q B q,. qf,/,/ AaHAJIOTMYHO TOMY, KaK MBI 9TO JeJIAJId B JIOKa-
3aTeIbCTBE JIEMMBI 1, TO €CThb HOJMyYuM, 9TO st map (qh, qri1),
1 <p < 1" —1 cymecrByer cioso o, € Egn, kotopoe nx ormmaaer. st
mapsl (g7, qpr41) BO3bMeM CJI0BO o € E¢y, KoTopoe nx orimdaer. Takmm
obpasom, Egr U {a} — nuarnocridecknit skcnepument st Q.

T _qn 1
Temma 9. L{n,I,1") < (I' = 1") <n - %)

HokazareabcTBo. Bozbmem aBTOMAT IPUBEIEHHOTO BUJIA
V = (A4,Q,B,¢,1), Q] = n. Tyers Q" € Q' € Qu |Q"] = 1", |Q'| = 1.
[Tycrb y Hac mMeeTcss HEKOTOPBIit JIMArHOCTUYCCKHT SKcriepuMenT g
J1s1 MHOYKecTBa Q.
ITycrs jo, J1, - - -, jp — pasbuBarolas nocyegoBareabHocTs 1ist Q. Ilo
JIeMMe 2 CyHIeCTBYeT JUarHOCTUYICCKUil SKCIIepUMEHT Fgr /I MHOXKECTBa
Q', umeromuit BU;

_ J1 Jji o J2 J2 Jp Jp
Eqg ={a1',...;a; 0, ... 052, o0, o
npudeM iy +ig + ... +1i, < I —
JlokaxKeM, 4TO CyIIECTBYIOT CJIOBA Q1,...,0y, € Egr, m <1 —1",
Takme, 9To sKkcnepument EgrU{ar, .. am} JINATHOCTUYECKUN JIJIsT Q

Oyers Q" = {aq1,...,qr}, Q” = {q,...,qv}, Qi = QU
{ql//+1, ce 7ql”+i}7 1= 1, ce ,l/ =",

W3 nemmbl 8 cieayer, 4TO CyllecTByeT claoBo o1 € FEg Takoe,
aro Egr U {oq} — mumarnocrundedecknii skcrepument g Q. Ilycrs
y#Ke IOCTPOeHbI CJIOBa a,...,q , 1 < k < I' = 1" — 1 Takume, uro
Egr U {ai,...,a ) — JuarHocTudecKuit sKcepuMentT juisd Q. Ousarb
BOCIIOJIb3YeMcs JIeMMOoil 8, IpUHAB B Heil 3a MHOXKecTBO Q' MHOXKecTBO
Qk, a 3a MHOKeCTBO Q) — MHOKeCTBO Q1. [loydamnm, 9T0 cymecTByer
ci0BO a41 € Eg Taxoe, uro EgrU{oy,. .., o} U{agy1} — auarsocru-
TECKUN IKCTEPUMEHT It Qp11.

Takum obpazom, MO UHAYKIHMH, MOJIYYAEM, UTO CYIIECTBYET yKa3aH-
HBle BbIIIE CJIOBA (1, ...,0n. llockonbKy onm npunajiiexar Egr, u
m < I’ — 1", To u3 JemMbl 3 BLITEKAET, UTO
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|+ ...+ am| <K (n=1)+n—-2)+...+(n—("=1")) =
— -1 (n—l_l%>

- _qn 1
Sro gokasbiBaer, uro L(n,l' ") < (I' =1") (n — %)

3. Hmxnune onenkn i dyaknnii Illearnona

JlokarkeMm Terephb HIDKHUE OIEHKHU Jjist CPOPMYJTUPOBAHHBLIX B 1. 1
TeopeM. JlokazarebecTBa OVIYT 3aK/II0YATHCS B IIOCTPOEHUN KOHKPETHBIX
IpuMepoB aBTOMaTOB, Ha KOTOPBIX JJOCTHUTaIOTCA BEPXHUE OIECHKU JJId
dynknnit [lennona.

Jlemma 10. L(n,l) > (I —1) (n - é)

HoxkazarenbcrBo. [locrponm cienyromuii asromar V = (A, Q, B, ¢, ),

A={0,1}, B={0,1}, Q ={aq1,....an}, Q@ = {a1,.. ., @}

QYHKIUHT © U Y ONPEIETUM CJIEIYIONUM 00pa30M:

o(qr,a) =q1, acA;

©(¢:,0) = qiv1, 1=2,...,1
©0(qi,1) = qiy1, i=1,...,n—1;
olgi, ) =q, i=2,...,1

©(qi,0) = q1, i=1...,n
P(qn;1) = qn;

w(anl)zl;

w(Qnyo)ZO

Y(gi,a) =0 i=1,...,n—1, ac€A

Huarpamma Mypa sToro aBromara usobpazkena Ha puc. 1.

B cuny onpenenennst dbyHKImMn 1P, mjis TOro, 9To6bl OTJIMYATH Ia-
py cocrosumii (¢s,qj), 1,j < n, HEOOXOJMMO HEKOTOPOE CJIOBO O Ta-
koe, 4ro mwin ¢(¢;, @) = ¢, wi ¢(qj, &) = ¢n. Byaem ommmdars mapsr
(q1,92), (q1,43),---,(q1,q1). Yrobel ormmuurs tapy (q1,qi), @ = 1,...,1,
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(0,0)

(1,0

Puc. 1.

HeoOXO/[MMO CJIOBO, ¥ KOTOPOro CHadasa uiyT | — i Hyseil (eciau | # n),
a noroM n — [ + 1 equann. JeficTBUTEILHO, €CIH CI0BO (¢ HAYMHACTCS C
m < | — ¢ HyJeil, 3a KOTOpBLIMA UAET 1, TO B CHIy OIPEIEICHHBIX BBIIIE
dbyuknuit, nomyaaem, 9o ©(qi, ) = Gitm, 1 i +m < i+1—1i=1. Cie-
noBarebuo, ¢(q,al) = ¢ = ¢(q1,«l). 3HauuT cocrosinusg g1 U ¢; HE
OyLyT OTJIUYUMBL CJIOBOM (.

Ecmu o mauunaercss ¢ m > [ — 4 HyJsiei, TO €ro MOXKHO IIPEICTABUTD,
kak o = $70...0. Torma ¢(gi, @) = ¢(q,0...0) = q1 = ¢(q1, ).

Jlerko Tak»Ke BUJIETH, YTO CJIOBO, OTJIHYAIONIee (4, ¢1) JOIZKHO 3aKaH-
qUBaTLCA HEe MeHee, 9eM Ha n — [ + 1 eaunui,

Taxkum 06pazoM, Jist {q1, . . . , ¢ } MOXKHO B3sITh JJUAIHOCTHIECKUIT IKC-
HEepUMEHT, COCTSINUII U3 CIOB (v, 1 = 2,...,l, TaKuX, 4TO y «v; CHadaJa
unyt | — 1 mysei, a 3arem n — [ + 1 egunun. Y Hukakoit gpyroit ana-
PHOCTUYECKUI 3KCIepuMentT Jyist {qi,...,q} He OyjeT UMeThb MeHbIIuii
0ObeM.

! ! !
l

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

=2 =2 1=2

To ects L(n,1) > (I — 1)(n — &). Jlenma noxasana.
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l
Jlemma 11. L'(n,ly, ..., lym) = (I —1)(n — 5), edel =1l +...4 1.

okazareabpcTBo. [locTponM ciremyrommit aBroMaT V' = (A,Q, B, p,):

A:{Ovl}a B:{Oal}v Q:{ql’v(IH}
[ycre [h Kb <...<lpyuli+...+ 1, =1L

Hycrs Q' = Q1U...UQmu Q' = {q1,...,q}. llocrponm uHLyKTUBHO
MHOXKECTBA Q/l, Q/Q, . ,Q; : Q/l U Q/Q U...U Q; =qQ'. IIyctn

le{quilv"'vqun}a d1:17 qzleQ’uZ:l?um

’
[Tomoxum q; = qclh, ey Gm = q},. TIycTb yKe HOCTPOEHBI MHOMKECTBA, Q1.

/ / / / ! / / k‘ 1
Qy, ... QL CQ nQU...UQ,#Q . Tlocrpoum QkH:{qd;l,...,qﬁjl ,
e

dir1=min{i: 3¢ € Q; \ (Q1U...UQy)}
u qf“ €@\ (Q,U...U Q;ﬁ), i =dgs1,- .., m. [Hogoxum:
_k+1
Qk(m+1)*(d1+...+dk)+l — Qdk+15
_ k+1
Qk(m+1)—(di+..+dp)+2 = Ddj 141

_ k+1
9(k+1)(m+1)—(di 4. Adp11)+1 = Ddp

N3 moctpoenust ciemyer, uro cymiecrByer Takoe d, d < I — 1, uro
{qd+1s -y} C Qm, n Jyist MOOBIX qi, Git1 € {q1,- .., qq} BHIIOJIHEHO:

¢ € Qiys Git1 € Qiy, 11 F# 12, 1 < iy, dn, <M. (11)

Tenepb onpesennm OYHKIUH @ U -

©(4i,0) = gi+1, i=1,...,d—1;
©(q4,0) = qu;

o(ai,1) = q1, i=1,...,d—1;

©(gi, 1) = git, i=d,...,1—1;

©(gi,0) = g2, i=d+1,...,l—1,d>2;
©(qi,0) = q1, i=d+1,...,1—-1,d=1;
©(4i,0) = gita, i=1...,n—1;

e(qi, 1) = qu, i=1,...,n
‘P(Qnao)_qm

¢(q“0) = ?/J(% 1) =0, =1, ,n—1;
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Y(qn,0) = 1;

U3 onpesiesiennst byHKIUM 1) CIIEYET, UTO JIJIst TOTO, YTOObI OTJINIUTH T1a-
py cocrosuuit (i, q;), i, j < 1, HEOOXOIMMO HEKOTOPOE CJIOBO ( TAKOE, YTO
wn (g, &) = qp nm (g, &) = qp. B cuny (11) Ham HAJI0 OTVIHYHTE BCe
napsel (¢i—1,¢;), ¢ = 2,...,d, eciu d > 2. Jlokazkem, 4TO Jijist TOTO, 4TOOBI
omanTh 1apy (¢i—1,¢i), @ = 2,...,d HEOOXOUMO CJIOBO, y KOTOPOI'O
CHavasa UIyT POBHO d — i HyJeit. JlefcTBUTENILHO, €CIM MBI HIMEEM CJI0BO
«, y KOTOpOro CHadvaJia DoJibIilie HyJiel, dem d — ¢, TO, IPEJICTABUB €ro B
Bugie o = B0 ... 0, momyaum, aro (g, f0) = qq = o(qi_1, f40),
TO €CTh He CMOXKEM OTJIMYUTH ITUM CJIOBOM. EC/IM MbI UMeeM CJI0BO (v,
KOTOPOE COCTOMT W3 YHUCJa HyJIeli MeHbINero, 4eM d — i, TO IIOJIyIHM:
o(gi—1,a1) = p(gi,al) = q1. Jlerko TakKe BHJETH, Y4TO CJIOBO, OTJINIA-
ommee (¢i—1,¢), ¢ = 2,...,d, mocje nepBuIxX d — i HyJeil JIOJ?KHO UMEThb
poBHO | — d equnuuit u 3arem He menee n — [ + 1 myseit. Takum obpazom,
Jyutst oriaust nap (¢i—1,qi), @ = 2, ... d, HeobXoauM HabOP CJIOB (vj, TAKOI

9TO
d d
il =Y (d—itl—d+n—1+1)=> (n—i+1).
=2 1=2
Takke HaM HEOOXOJUMO OTIMYUTH Hapbl (q1,¢;), @ = d + 1,...,1,
MOCKOMBKY q1 € @1, a ¢ € Qum, ¢ = d+ 1,...,1l. Haa Toro, 4Tobs!

ormmunTh napy (qi,q;), aHAJIOTMYHO, Kak U B JjiemMe 10, joKa3biBaeM,
YTO HEOOXOIMMO CJIOBO, Y KOTOPOTO CHavaJsa UyT POBHO | — i €IMHUIL, a
norom He Meree n — [ + 1 nyneii. To ecTh uMeeM, 9TO Jjisd OTJIMYUST T1AD
(q1,4i), d+1 <1 <[ ueobxomum HAGOD CIOB [3;

l l

Sl Y (—itn—l+1)= 3 (n—i+1).

i=d+1 i=d+1
Buauur, j060ii quarnocrudeckuii sxcruepument st {Q1, ..., Qm} B aB-
tomare V' uMeer o6beM He MeHee
d l
Snri-i)+ Y (n—i+1):(1—1)(n—g),
i=2 i=d+1

9TO 1 JJOKa3bIBa€T JIEMMY.
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l— 1
Jlemma 12. L' (n,ly, ... lyn) > (l—m)(n—%—i_), edel=U1+ ... +lp.
HokasaresabcTso. Ilocrponm asromar V' = (A, Q, B, 0, ):

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

TTonoxxum B HEM

Ql == {QL--- 7ql1}7

Q2 = {qll-f—la cee an1+12},

Qm - {QZ1+...+lm_1+17 LI ql}'} l - ll + e + lm

Ompenenum byHKINN @ 1 Y-

4%, J) = Qi+1,

o {l1++lj+1<l<l1++l]+1—1

( j=0,.. . m—1;
@(Ql1+ +l]+17.]) ql1+...+lj+17 .] = 07 ceey, = 1a
SO(QZ’.]—’_]') qi+2, /L:l1+ +l]+l) ]:0,7771—2,
’L—l1+ -I-l +1,. l1+...+l'+1—1,
P03 T1) = Gttt 41, {J =0,...,m—2 :

7= l1+- . .—|—lj—|-1, - ,ll+- . .+lj+1

¢(gi,m+1) = iy +lo4.. 4+l 1+1s j=0,...,m—1;

(
o(gi,m) = qi, =L+ Al 41, 0—1;
@(Ql7m) = ql;+1;

’i=l1+l2+...—‘rlj+1,...,l1+...—‘rlj+1,
elaina) = {a¢{$j+lﬂn+l},j=0w..ﬂn—l
©(gira) = git+1, i=10+1,...,n, a €A
Y(gi,a) =0, i=1,...,n—1;
¢(Qn,a) =1, ac A

Eciu | = n, ro mosoxkum (g, m+1) =1, i=101 +...+lp_1+1,...,1L

Pacemorpum sobyto napy (gi—1,¢;) C ;. VI3 npuBesieHHbIX BbIITE
QYHKIMIA cJIe/IyeT, 9To JJIsT TOTO, 9TO0 OTIUYUTDL 9Ty Mapy, HEOOXOIUMO
CJIOBO, y KOTOPOT'O CHAYaJIa HJyT POBHO [ +...+1; —i Oyks (j —1), 3arem
poBHO [j41 — 1 OykBbI (j) U T. ..., 3aT€M POBHO Iy, — 1 Oyks (m — 1).
Hasbrie HykHa ofaa 6yksa m, u m — 1 6yks (m+1). [Torom HebGxo11MO
nojarh He MeHee n — [ JioObix OykB. Takum obOpasoMm, mojiydaem, 9To
¢J10BO, oTmyaoriee (¢;—1,¢;) C Qj, j = 1,...,m, UMeer [UIHHY He MeHee
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l1+...+lj—i—|—lj+1—1+...+lm—1—|—m+n—l:n—i+j.

3 ckasaHHOrO BBINIE ClleJyeT, 4TO i Beex map (qi—1,¢) C Qj,
j = 1,...,m Hy>XHBI pa3HbIe CJOBa, KOTOPbIE UX Pa3/IMIAOT. SHAUUT,
ayst ()1 J1000# UArHOCTUYECKUI SKCIEPUMEHT UMeeT 00beM He MeHee
5t l1+l2 .
Yoimo(n =1+ 1). dna Q2 — ne menee » ;1 % o(n — i+ 2). U rak nasee,
l .

g Qm — He Menee Y,y o(n—i+m).

Takum o6pazom, mosaydaeM, 1o s {Q1, ..., Q@ } BHYTpeHHMIT 1na-
THOCTHYECKUN SKCIIEPUMEHT UMeeT 00beM He MeHee

I 1412 l

Z(n—i+1)+ Z(n—i+2)+...+ Z (n—1+m).

1=2 1=l142 lo+.. +lm—_1+2

Ho sta cymma pasna (n—1)+(n—2)+. . .+(n—(-m)) = (I-m)(n—=2tL).
3HaATHT,

" — 1
Ll ) > (= m)(n — l#*),
ﬂel\/ﬂ\la JOKa3aHa.
- U1
Tlesa 13 L(n, 1) > (' = 1")(n — ————).

Jokasaresbcrso. Hocrponm asromar V = (A,Q,B,p,v), A=1{0,1},
B={0,1}, Q@ ={q1,-..,qn}. [onoxum:

Q" ={a—vs1,- - ar},
Q/ ={q1,....q}.
Oupezeuy bynkuun @ u 1h:
0(gi,0) = qip1, i=1,...,' =1

e(qr,0) = qu;

e, )=q, i=1,...1'-1;
©0(qi,0)=q1, i=1U+1,....n
@(qz,l)—qzﬂ, i:l/,...,n;

@(Qnaa) qn, a€ A;

w(qn,O)

Y(gi,a) = i=1,...,n—1, a € A
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Slcno, aro st orymyus 06oit naper cocrostauit (¢i—1,q;), 2 < i < U,
HeoOXOIMMO CJIOBO, HAUMHAIOIIeecss POBHO ¢ [/ —i HyJleil 1 JJIMHbI He MeHee
n — i+ 1. [TosTomy Juist TOro, 4TOOBI OTVIMYUTH JIIOOYIO MAPY COCTOSHUN
w3 {Q\ Q" YU{qu_1r41} Hyxuo0 HOBBIX I’ — 1" CII0B, CyMMa, JUIMH KOTOPBIX
mie menee (n— 1)+ (n—2) + ...+ (n— (' =1")) = (I = I")(n — L=L3L),
DTO U JOKA3BIBACT JIEMMY.

Taxum 006pazoM, MbI TOJY YU BEPXHUE U HIKHHUE OIEHKH JIJIsI BCEX
dyuknuit [llennona, onpenenennbix B 1. 1. Teopema 1 ciegyer u3 jemm
4 m 10. Teopema 2 — u3 gemMm 5 u 11. Teopema 3 — u3 jgemm 7 u 12.
N, nakonern, Teopema 4 — u3 jiemm 9 u 13.

B saksrouenune aBrop Bbipaxkaer Ojaromapaoctb A.C. Ilogkosmsuny
3a nay4unoe pykosojcTso u B.B. Kynpssresy 3a Buumanne K pabore.
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