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['pynmer oTpaxenut n Tpynmnbl KokcTepa,

O. B. llIsapmman

'pynnst oTpaxkeHui, 0 KOTOPLIX TOBOPWIOCH B cTaThe J. b. Bunbepra [3],
mommyckaroT nBa onucanusa. QIHO M3 HUX — reOMEeTPUYUECKOe, KaK T'PYIII IBU-
XKEHWH, IOPOXIEHHBIX OTpaxXeHuaMu. [Ipyroe — aiarebpamdeckoe, Kak ab-
CTPAKTHLIX T'PYyNHO ¢ OOPA3yIOMMMHU ¥ TOPOXIAIOMIUMHA COOTHOmEHUAMHU. B
DTOU CTATHE CHAYAIA AOKABBIBAETCS PABHOCWILHOCTH DTUX ONUCAHUU, 3 3a-
TeM pacckasbiBaeTca 06 amropurme 2K. Twrca, KOTOpBIM pemaeT npobiemy
TOXIECTBA, CJIOB A TPYIII OTPaXKEHUN.

YAactb 1. I'PYINBI OTPAXKEHUN KAK I'PYHNIIBI KOKCTEPA

1. 3AIAHME I'PYNNBl OBPA3YIOMVMY U ONPEJENAIOMAMA
COOTHOWEHUAMNA [4, 5]

1.1. IIycts S = {s1,..., Sy} — HekoTOpOE (A1 NPOCTOTHI) KOHEIHOE MHO-
XeCTBO 2IeMeHTOoB u3 rpynnsl G. PaccmoTpum andasuT HaJ MHOXECTBOM S,
cocTosmmi m3 21 «GyKB» {S1,...,80,8] ',...,5;  }, X BCCBO3MOXHEIC KOHET-

e(l .
Hbl€ (JOBa BUIA W = (s?(l), ceny sil( )), € (i) = %1, cocraBreHHble U3 OyKB

11
Hamero anpasuTa. depes W (S) 0603HAUMM MHOXECTBO BCEX TaKUX CJIOB,
BKIIOYas W IyCTOE CJIOBO, He coxepxamee O6yks. Kaxpgoe croso w € W (S5)

I
TIpeCTaBIAET DAEMEHT [w] = sfl(l) e sfl()

rpynnsl G. [IoroBopmMCA, 9TO IIy-
CTO€ CIOBO NPEACTABIAET eNUHUIy IPYNILL. JIeMeHTH Bujga (w], w € W (S)
06pasyoT nmoArpynny B rpynne (G, KOTOpas HA3LIBAETCA IOATPYIIION, TOPO-

X JEHHOM MHOXeCTBOM S, u o6o3Hagaerca (S).

3ANAYA 1. [lokaxure, 9To mogmuoxecTBo {[w] : w € W (S)} aBasercs
noarpynmon B G.

ITPUMEP. Ecam MHOXeCTBO S COCTOMT W3 OZHOTO BIEMEHTa S, TO (S) —
BTO MUKJIMIECKAA TOATPYIIIA, TOPOX ICHHAA DJIEMEHTOM .

Ecmm (S) = G, To roBopar, 9To S ABIACTCA MHOHCECEOM 00PA3YIOUUT
epynnv, G wim ato S nopoxcdaem G.

3A0AYA 2. (Dpynusr gusapa D, m Dy). Ilycts muOXeEcTBO S cocTomT
U3 ABYX daeMeHToB: S = (t, s), mpudem t2 = s2 = 1, a TOPAAOK dIeMeHTa 15 B
rpynne G kOHedYeH u paBeH m. [JOKaxuTe, 9TO TOra
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a) rpynna (S) mopoXaaeTcsa dreMeHTaMu T = tS U t;

6) (z) — nukamdeckas nogrpynna B (S) nopsaika m;

B) (z) — HOpManbHAs noArpynna maAekca 2. B wacTrOCTH, mopsagok (S) pa-
BEH 2m;

r) (S) ={l,z,...,a™ L t,zt,..., 2™ 1t}

Ecam xe ts — paemeHT GECKOHEYHOrO MOPSAKA, TO (T) — GEeCKOHedHas
HOpMaJbHAsA MOATPYNIa uHAEKCa 2 B (S).
Ipynna (S) maseBaercs rpynnon gusapa D, m =1,2,...,0c.

1.2. IIycte G=(S). Hasosem jaBa cioBa w u w' w3 W (S) axsusasenmupimu
(w ~ w'), ecim OHU MPEACTABIAIOT OAUH W TOT XK€ dIEMEHT Tpynnsl G, T.e.
[w]=[w'].

Ecmm r — =HemycToe €I0BO, IPEACTABIAIONIEE EAWHAIYy IDYHIBI, TO MBI
rOBOpPHUM, 4YTO B rpynme (G Mexny oOpasyiommMu S BBIIOIHAETCA COOTHO-
menune 7. IMenHo Hamu4re COOTHOIIEHUA MEX Ty 00pa3youMu TPUBOIAT K
TOMY, YTO OJUH U TOT Xe DIeMEeHT I'DYINEI MOXeT OBITH IPEeJCTABICH PA3HEI-
mu ciaoBamu u3 W (S). @ukcupyeMm HEKOTOPOE MHOXECTBO R COOTHOLIEHUN ¥
HA30BEM CIOBA W U W' DKBUBAJEHTHLIMU B CHILy COOTHOmeEHNM R (wim R-5kBm-
BAJEHTHBIMH ), €CJIX OJHO U3 DTUX CJIOB MOXHO IIEPEBECTH B APYTO€E C IIOMOIIBIO
IOCIeJOBATEILHOCTH DIEMEHTAPHEIX MPeo6pPa30BAHUE OTHOT'O U3 CAELYIOIINX
TUTIOB ¥ OOPATHBIX K HUM IPE0O6Pa30BaHUN:

w=(u,v) = w = (u,s,s,v), sES

w=(u,v) — w' = (u,m,v), r€ER.

(YT0o68I mOLYIUTH O6PATHOE IPEOOPA3OBAHNE, HYKHO B KX JOU CTPOKE 06pa-
TUTH HATIPABICHUE CTPETKH.)

MuOoX)ecTBO R HA3BLIBAETCA CUCTEMOT 0NPEJEARIOUUT COOMMOULeH U, eCIn
JM100BIE BA, SKBUBAJCHTHBIX CI0BA SKBUBAJCHTHBI B CIIY cooTHomeHnnn R. Tas
rpynnsl (G ¢ MHOXECTBOM 00pasymomux S # COOTHOIIEHUN R uCHomb3yoTcs
0603HaYEHUA

G= <S|R> = <81,...,Sn|’l"1,’l"2,...>
wm G = (s1,...,8, ][] =1,[r2] =1,...).

3AOAYA 3. [lokasaTb, 9T0 cooTHomenne ¢ = 1 ABAAETCA ONPEIEIIO-
UM [ TUKIAYECKON TPYIIEL () TOPALKA, g.

3AIAYA 4. okazarb, 9T0 D), = <t,s |12 =1,52 =1,(ts)" = 1> (ecam
m = 00, TO Dy, = <t,$|t2 =1,s2= 1>)

IIPUMEP. PaccMOTpuM Ha €BKIMAOBOM ILIOCKOCTH B3 OTPAXEHUA t U S,
3epkaja KOTOPHIX nepecekanTcsa B Touke O, o6pasys yrox w/m. IIpoussene-

Hue ¢t # s (B 10060M TOpAAKE) NpeAcTaBafeT u3 ceba moBopoT BOkpyr O (mo
WM IPOTUB YACOBOM CTPEJKHU) Ha yroa 27/m (upu m = 0o HyXKHO CIATATH,
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9TO 3epKala OTpaxeHun napawensasl). Cregosarensuo, B rpynne G = (t, s)
BRIIONTHEHE cooTHomenms: 12 = 1, s2 =1, (ts)™ = 1.
ITocnegree cooTHOIIEHNE B CWIY NEPBBIX ABYX MOXHO IIEPENNUCATEH B CUM-
METPpUYIHOM Buie tst... = sts... (mouemy?). Hanpumep, npu m = 3 sTo
P e , = , ( y?) puMep, TIp

m m
COOTHOIICHUE BRINIALUT Tak: tst = sts.

Koumpoavrviti 60npoc: KAKUM ABUXKEHUEM ILIOCKOCTH SBJIAETCSI IPOU3BE-
nenue ts (st) mpu m = oo?

JanpIme HAYWHAETCA «UT'PA B CAOBA» IO CAEAYIOIMIWM IIPABWIAM: 33 OJUH
X0 paspemaeTcsa: a) aubo dparment (t,s,t,s...) 3aMeHUTH GHPATMEHTOM

m
(s,t,8,t...) (m1m HAO60POT); 6) IUOGO BEIYEPKHYTH B CJIOBE IIOOYIO IAPY PALOM
———

c'romqlnnx OJWHAKOBHIX OYKB WIN, HA0O0POT, BCTABUTH TaKyIO apy B CI0BO. B
IIPOIIECCE UT'PHI MBI BCe BpeMs OyIeM HOMYyYaTh CI0BA, 9KBUBAJEHTHHIE UCXOI-
HOMY CJIOBY B CUTY BBHIIINCAHHBIX BHIIIE COOTHOIIIeHPIﬁ. HeJIB UTPHL — IIOJNXYYUTH
SKBHUBAJICHTHOE CJIOBO MUHUMAJILHON JJAHEL

Hanpuwmep, ectu m = 3, To gna ucxogsoro ciosa (t, s,t, s,t) urpa sakas-
YUBAETCA MOCTEe TPexX Xon0B: (t,s,t,8,t) = (s,t,8,8,t) = (s,t,t) = (s).

3AOAYA 5. IlokaxwuTe, 9TO:
a) Wrpas 1o OpaBWIaM, J000e CJIOBO MOXHO NpuBecTH K BUAY (,S,t,...),
——

0<p<mumm (s,t,8,...), 0 < g<m.

q
6) MCXOAs U3 TEOMETPUIECKUX COOOPAKEHHN, JOKAKATE, 9TO 211 CJIOB TAKOTO

BU/Ia IPEACTABIAIOT PA3HBIE DIEMEHTHI MDYyl (¢, ).

p

ScHo, 9TO ecim MCXOLHOE CIOBO OBIIO COOTHOIIEHWEM, TO B KOHIIE MBI IIO-
Jy9EM IyCTOE CIOBO, & DTO 3HAYMT, UTO cooTHomeHms 12 = 1, s> = 1 u
(ts)™ = 1 aBasorca onpeaensiomumu. [logBeeM UTOT: TPyNHa AU3pa Oy C-
KaeT TeOMETPUYECKYIO PEATU3AINI0 B BU/IE TPYIILI OTPAXKEHUN HA €BKJIWI0-
BOU IJIOCKOCTHU (PEKOMEHJyeM ellle pa3 BEPHYTHCA K pacckasy «/[Ba 3epkamray

B [3]).

1.3. Jdauna saemenma 2pynnoi.

[IycTs B rpynne G BuiGpana cucrema obpasyomux S. Jaunot caosa w €
W (S) Ha3BIBa€TCA YUCIO BXOAAMIAX B €ro 3amuch OykB. [l AIUHBEL CIOBA
BuiGepeM obozuadenue [ (w). Aauny [(g) saemenma g € G omnpemerum Kak
MUWHVMYM OJIWH BCEBO3MOXHBIX CJIOB, €I'0 IPEACTABAAKINNX, T. €.

I(g)= min [(w).
w:{w]=g

Jlroboe croBO w, HA KOTOPOM S3TOT MHUHUMYM JOCTUTAETCA, HA3BIBAETCSI
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KPAMuUatiuum cA0680M, TPEACTABIIIONIAM DIEMEHT ¢, WIX IPOCTO KPaTdau-
UM CJIOBOM (X MOXET OBITH HECKOJIBKO).

I[TPUMEP. a) B mukamdeckon rpynme TPeThEro MOpAAKa Zs = (x) CI0BO
(z,z) me sBrfeTca kpaTdaimmM, Tak Kak [z2] = [z7!]. Taxum oGpasom,
l (xQ) =1
6) B rpynne D3 = (t,s) oaemeHT g = tst IPEACTABIEH ABYMA KPATIAUIINMUA
caoBamu (t,s,t) u (s,t,s). 3gecs [ (g) = 3.

3AnAYA 6. TIposeprTe caepyromme csoucTBa GyHKUmM Aiussl [ (g) Ha

9192) <U(g1) +1(g2);
4) Hgi9:") = 1 (g1) — 1 (g2)I-

Hama 6auxanmas menb — yKas3aTh €CTECTBEHHYIO CUCTEMY 06pa3yommx
7 OMPEIENAIONX COOTHOMEHUN IS AUCKPETHON TPYIILI OTPAXKEHUN.

2. KOKCTEPOBCKOE IPEJICTABJIEHUE IUCKPETHOM I'PYIIILI
OTPAXXEHUN

CyTs gena pacckaszana B [3]. A BOT Kax 5TO BBINIAAAT HA CJIOBAX.

2.1. [Tycts G — AuCKpeTHAs IPyNNa OTPAXKEHUN, JEUCTBYIOMAA B JIO60M
73 Tpex NpocTPaHCTB X: chepUIecKOM, eBKINJOBOM WIN IUnepOOLTIecKOM.
Yepes 7 () goroBopuMcsa 0603HAYATH 3€PKAMO OTPAXKEHUA r w3 rpynnsl G.
CeMencTBO 3€pKal BCEX OTPAXEHNUH, BXOAAMUX B rpynny (G, paséuBaeT npo-
crparcTBO X HA BHIDYKJBLIE MHOrOrpanHukzu Kokcrepa, KOTOpbie MBI 6yaeM
HA3BIBATEH KAMEPAMU, & UX (n — 1)-MepHBIE IDAHE — CMENKAMU.

[lBe KaMepHI HA3EIBAIOTCA CMEHCHbIMU, €CIN ¥ HUX eCTh 00mmIas cTenka. U
TaK KaK I'MOEPIVIOCKOCTD, COAEPXKAIas OOLIyI0 CTEHKY, ABIAETCA 3€PKAJIOM
oTpaxeHus 3 rpynnsl (G, TO CMEXHBIE KAMEPHI MOXHO NEPECTABUTH C IIO-
MOUIBI0 DTOro orpaxenus. OTcioga, B JaCTHOCTH, CIELyeT, 9TO J00bIe IBE
KaMepHI OJUHAKOBEI B TOM CMBIC/E, ITO OJHY U3 HIUX MOXHO IIEPEBECTH B APY-
ryio gBukeHueM w3 rpynnsl (. [lj1s 5TOro coequHuIM MX HEMOYKON CMEXHBIX
KaMep u 6ygeM ABUTATHCA BIOMb IENOYKHU, IEPEXOLA U3 KaMePHI B COCETHION
KaMepy C IOMOINbI0 OTpaXeHu# u3 rpynnst G.

dukcupyem xakyio-uubynb kamepy Py Haiiero paszbueHnus.

3AIAYA 7. [lokaxwure, 9TO &) eciu s € G — OTpaXeHWe B 3epKale T,
TO gsg ' — oTpaxenue B 3epkaie gn. 6) Jlio6oe orpaxenue u3 rpynnst G
COTIPAXKEHO OJHOMY W3 OTPAXKEHWH B CTEHKAX KaMepnl Fy.

IIycts y xamepwr Py mMmeeTcsa n cTeHOK. IIpMCBOMM MM TpPOM3BOIBLHBIM
o6pazom HOMepa 1,...,n, ¥ OIyCTh S; — OTPAXKEHHUE B CTEHKE C HOMEPOM 1,
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a S = {s1,...,8p}. Ecam crerkm ¢ HOMepamu i u j 06pa3yT ABYrPAaHHLIN
yrox m/mjj, To moarpynna (s;, s;j) ABIAETCA IPynnon gmdapa Dy, .. B wac-
HOCTH, BBINOIHAETCA COOTHOIEHME (8;57)""" = 1 mIm B CUMMETPUYIHOM BUE

8iSj... = 8j8;.... (cM. pasgex «O6masn Teopusm B [3]).
— =

TEOPEMA 1. I'pynna ompaxcenut G nopoxcdaemcs mmoxcecmeom S ¢
ONPEJEAAIOWUMYU COOMHOULEHUAMY s? =1,i=1,...,n, (s;5)"" = 1.

Takas cucTema 0OGpPA3yIOMAX U ONPENEAAINAX COOTHOIMEHUN, TEIAKOM
ompegenseMas KOMOMHATOPHBIM THIOM MHOTOIpaHHUWKA Py, Ha3bBaeTcs
KOKCMEPOBCKuUM npedcmasaenuem rpynnst G.

[loKa3aTeasCTBO 3TON TEOPeMEI TpefyeT HEMAJIBIX IIPUTOTOBICHU. Bpo-
9eM, BCE XJIOMOTHI CBA3AHBI C TPOCTON M KPACUBOU T€OMETPUEH.

2.2. Caosa u yenu xKamep.

MocaegoBarensrocts kamep (Py, Py, ..., P;) Ha3BIBaeTCA 4€NDLIO, €CIU Ka-
mephl Py_1 u P, cvexubl Ilycts w = (s;,..., ;) IPOM3BOILHOE CIOBO M3
W (S). IlocraBum emMy B COOTBETCTBHE €I KAMED

(Po, P1 = s;, Py, Po = 8,85, P, ..., P =8, ...5, ) (1)

Bot menee popmansroe onucanme nenwm (1): B kamepe Py Haxoamm CTEHKY
C HOMEPOM %] U C IOMOUIBI0 OTPAXKEHNUA §;, IIEPEXOJUM B KaMepy P, cMexHyI0
¢ Py mo srou crerke. [Jaree B kamepe P HAXOAUM CTEHKY ¢ HOMEDPOM %o. IJTa,
CTEHKA JIeXUT Ha 3ePKale OTPAXKEHNUA T, = silshsi_ll = 8, 858, - C IOMOIIBIO
5TOr0 OTPAXKEHUs IEPEXOIUM B CMEXHYI0 Kamepy P» u T. 1. flcHO, 9TO Kamepa
P, nonygaerca w3 Py ¢ IOMOMmIBIO IeMEHTa ¢ = 74,73, #3 rpynnsl G. Ho
g = Tiy,Ti; = Siy SiySiySi; = SiySig, T-€. Po = 54,84, .

AHBaTOrMYHO BHIMIAAUT MPOIECC MOCAEOBATEILHOTO MOCTPOEHUA TEMH U
Ha giobom mare k: xkamepa P, momygaercs w3 xamepsl Py_| C IIOMOIIBIO OT-
paxeHus

Ti = Sip -« Sip_154, 561 - - - Si1s

T. €.

P, = (si1 ‘e Si 180k Sip_1 ---311) (3i13i2 ... sik_lPo) = (311 ... sik_lsikPo) .

(cm. pumc. 1).
O6paTuTe BHUMaHVE Ha aCCONMUPOBAHHYIO C Henbio kamep (1) nocregosa-
TEIBHOCTE OTPAXKEHHN T, , Tig, - - - , Tj,- POPMATBHO 3TH OTPAXKEHUA OJHO3HAT-

HO OIPEJEIAIOTCA ANreOPAMIeCKIMM YCIOBUAMM: S;; Siy - - - Siy = Tip Tip y + -+ Tiq-
Ho nonesnee 3an0MHATL WX reOMETPUIECKUN CMBICT: KaMepa Py cMexHa ¢ Ka-
Mepon Py | IO CTeHKe, COAepKAIIEHCA B 3€pKaJe OTPaXKeHus 14, (CM. puc. 1).

Urak, xaxaoMy CIOBYy COOTBETCTBYeT Ienb Kamep. llycTs, HaobopoT,
3agana uensb kamep (Pp,...,P). Moxso au mo menm kamep BOCCTAHOBATH
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P =gh

77(7'1'1)

Puc. 1.

COOTBETCTBYIomEee er ca0B0! OKa3BIBAETCA, ITO MOXHO 1 IMPATOM OJHO3HAY-
uvO. [leraercs »To Tak: mycTh Kamepa P; moaygaercs u3 Py ¢ moMOmbBIO OT-

paxeHusa 1;, = S;, KaMepa P, — m3 xaMmepwl P; ¢ momompio OTpaXXeHWs
Ti, = Si;5i8i;, & B o0meM ciydae — Kamepa F;, momxydaercai m3 KaMephl
P;, | c mOMOmBIO OTPAaXEHWA T, = Si; -..Si 15, Sip 4 ---Sip- Lorja w =
= (84y5---,8j) — MCKOMOE CJIOBO.

Konmpoavnbiti 60npoc: Kakas mens COOTBETCTBYET IMYyCTOMY CJIOBY?

flcHO, 9TO UMCIO KaMep B IelM HA €QWHUIY GOIbIIE JIAHBI CIOBA, CO-
OTBETCTBYIOLIETO DTOW LEMU. XUTPEEe BOMPOC O TOM, KAK (YBUAETH) IJIUHY
sreMeHTa g = [w).

2.3. IIpunyun wemunocmu.

SAcHo, 9TO Uenb Kamep, aCCOMUUPOBAHHAA C JIOOBIM CIOBOM W = (8j,,. ..,
$i,), IPEACTABIIIOMXM dIeMeHT g € (G, coegunser kamepy Py ¢ xamepon gPy
(cm. puc. 1).

PaccmoTpnM mocnefoBaTerbHOCTE OTPAXEHUA T4, Tiy, - - -, T4, U, BEIODAB
a060€e oTpaxenue r U3 rpynnsl (G, 333 UM BOIPOC: CKOIBKO Pa3 BXOAUT T B
HOCIeJOBATEILHOCTD Tj,,...,T;! OTBEeT reoMeTpUIeCKN OUEBUIEH: CTOIBKO
pa3, CKOJIBKO PACCMATPUBAEMAsA IIEMb KaMep MepeceKaeT 3epkauao 7 (7). ITo
HaIVIATHOE COOOpaXeHne TPUBOIUT K BAXXHOMY BHIBOAY: Y€THOCTH YHUCJIA BXO-
XK JIEHUH T B TIOCAEJOBATEIBHOCTS T, , . - . , T, ONPEJEIIETCA TOIBKO 3€PKAIOM T
¥ CaMHM DJIEMEHTOM ¢ M He 3aBHCHUT OT IPeJCTaBIeHUA ¢ depe3 0Opa3ylouue.
A mmenHO, BHIIOMHAECTCA

ITPUHIVTI YETHOCTU. Ecau 3epraqo 7 (r) pazdeasem xamepvr P u gP,
MO YUCAO BTZOHCIEHUT T 8 NOCACIOBAMEALHOCTNL (Tiy, Ty, - - - ,Ti)) HEUEMHO, G
€CAU HE PABOEAREM — O UEMHO.
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2.4. Jlemma o kpamuatiuiem caose.

Caoso w = (8i,...,8;) M020a U MOAbLKO M020a ABAAEMCA KPAMUAT-
wum, K020a 6 N0CAed06aMEABHOCTIU OMPANCERUT iy, ... ,Ti; 6CE IAEMEHMbL
PABAUYHDBL.

B [3] xpaTuaimme croBa HA3BIBAIOTCA IPUBEAEHHBIMY U MHTEPIPETUDPY-
I0TCA KaK «PealbHble TPACKTOPHUM CBETOBBIX JTydeiy.

Aoxazameavcmeo. IlycTh B yKa3zaHHOU MOCAEIOBATEILHOCTH OTPaKECHUH
BCTPEYAIOTCA OfMHAKOBEIE. ByieM CamTaTh 1A IPOCTOTHI, 9TO T, = T4 , TO
€CTb Sj; = Sjy -+ Siy_18iySiy_y - -+ Siy- HO TOTAA

g=8i;...8; = (si1 ... Siq,lSz‘q) Sigp1 -+ Siy =

= Siy8ig + - - Sig_1Sigy1 -+ - Sip = Si18ip - - Sig - - Sy

(xpeImeuka HAJL OyKBOM O3HAYAET €€ OTCYTCTBHE B 3AIUCH), M HAM YAAIOCH
YMEHBIUINTD [JIWHY CIOBA, NPEACTABLIIomero siemeHT g. CregoBaTensHO, y
KPATYalIIero CIOBa MOBTOPEHUY B HOCICIOBATEIHLHOCTHA OTPAXEHUN Ty, , . . .,
r;, He ObiBaeT. MBI fOoKasamm HEOOXOZMMOCTE yCIOBUA JEMMEL

3AnA4YA 8. TlposepwTe, 9TO g = 54, ... 8;, ... 8, ... 8, €cma 1, = 71;,.

[IpogonxkuM [OKa3aTeIbCTBO. IIyCTh BCe OTPAXKEHWA B IOCIELOBATEIb-
HOCTH Tj,...,7; Ppasmm4ssl. Ilo npurnmmy dgersocTn Bce 3epkana (1),
t =1,...,l, pasgensior kamepsr Py u gPy. Ilosromy, ecin gepes R (g) obo-
3HAYUTH MHOXECTBO Te€X OTpaxeHuu r w3 (7, 3epKala KOTOPHIX Pa3IelaioT
kamepsl Py u gP, To l(g9) < | < |R(g)| (mouemy?). C gpyrom cToOpoHEHI,
I(g) > |R(g)|, Tax xax mobas mens kamep, coegunsaomas Py u gPy, o6a3ana
x0T ObI pa3 mepecedb Kaxkjgoe 3epkano u3 R (g). CregoBaTensHo, CIOBO w
ABIAETCA KPATIANIINM, & JINHA DIeMeHTa ¢ = [w] paBHa |R (g) |.

JleMMa, HOJHOCTBIO JOKA3aHA.

A 330xHO MOTyYeHa MONE3HAA TEOMETpUYECKas WHPOPMAIUIL, KOTOPAas 1
MO3BOJAET «yBUAETHy Aauny [ (g) saementa g € G:

Aauna 1(g) saemenma g pasna wucay 3epras ompaxcenutd us epynnvt G,
pazdeasrowuts xamepvr Py u gPy.

2.5. IIpasuao ebrueprusaHus.

IIyemo 1 (gs) =1(g) — 1 das nexomopozo saemenma g € G u nexomopozo
s € S. Tozda kKpamuatiuiee c4080 IAeMEHMA S NOAYUAEMCA U3 KPAMUATULEO
CA0BA IAEMEHMA § BLIUEPKUBAHUEM KAKOU-MO 00HOT 6YKBYI.

Moxazano [9], 9To »TO cBOMCTBO BBIgemseT rpynmsl Kokcrepa cpeau
IPYINI, TOPOX AEHHBIX NHBOIIOIAMA.

Konwmpoavnwiii 6onpoc: a GeBaer mm Tak, ato a) |l(g9s) —1(g)] > 1,
6) L(gs) = 1(9)?

Joxazameavcmeo. IIycTb g = s;, ... 8, — KpaTUalIIad 3aIUCh DIEMEHTa,
g 9epes o6pasytomue. Torga B HOCIELOBATEILHOCTH] Tj, , . . . , T, HET MOBTODPA-
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fomuxcsa orpaxennu. Ham gaHo, 9T0 CI10BO (844, .., Si;,S) YK€ He ABIIETCA
KPATYaMINM, TO €CTh B TOCACAOBATEABHOCTH T, ... , T, T, €CTh HOBTOpe-
Hus. SICHO, 9TO MOBTOPUTHCA MOXET TONBKO OTpaXeHue T . A Torja, Kak
MBI yxKe Bujenn B I. 2.4. (3aga4a 8), gs = s, ... 8, ... Si-

3AIAYA 9. [lokaxwTe, ITO NPABWIO BHIYEPKUBAHUA PAOOTAET M B TOM
crygae, xorga l (sg) =1(g) — 1.

2.6. IIpumep cummempuueckot 2pynnovt Sy,.

JTa rpynna geuctsyer B K" mepecTaHOBKAMMW KOODAWHAT BEKTOPA T =
= (#1,...,%y). I'pynna S, mOpoXIaeTCA CMEXHBIMUA TPAHCHOZUIUAME S =
(1,2), s2=1(2,3), ..., sp—1 = (n—1,7n), nepecTaBIAMMAMEA COOTBETCTBEH-
HO HIEPBYKO W BTOPYIO KOOPpAWHATHI, BTOPYIO U TPETHBIO, U T.O. HpI/I 2TOM
OTpaxeHus B S, — DTO B TOYHOCTU TPAHCIO3UIUKA. MOXHO NPOBEPUTDH BHI-
IOJHEHne COOTHOomeHnn KokcTepa: 312 1, 88418 = 8i4+18;Si41 WIA
(sisi+1)3 =1, u s;8; = 58, ecnn |i — j| > 1.

Xopomo m3BecTHO, 4T0 AauHA [ (g) mepecTaHoBku g € S, paBHA UUCLY
naBepcui (6ecnopsAaKoB) cpeau KoopauHAT BekTopa ¢ (1,2,...,n). Ipasuo
BBIYEPKUBAHUSA WHTEPIPETUPYETCA A DTOU IPYINBI TAK: OYCTh ¢ NPAHAL-
IeXuT Sy, a § — Takad CMeXHas TpaHcmozunusa, 4to [(sg) < [(g). Takoe
ObIBaeT, TOILKO €CIU TPAHCIO3ULIMA S mepecrasiaseT B BekTope ¢(1,...,n)
mapy CMeXHBIX CHMBOJOB ¢ U j, o6pa3ylomux wHBepcuio. Ho Takaa mapa mo-
XKET MOSBATHCS TOJIBKO 33 CIET TOTO, ITO OJHA U3 CMEXHBIX TPAHCIO3UIIUN,
BXOANMX B KPATYAUIIYIO 3a0UCH ¢, TOMEHAIA MECTAMU CAMBOIHI ¢ u j. Vc-
KJIIOYUB DTy TPAHCIO3UIIAIO, MBI TIOMYYAM KPATIYANIIYIO 3AMUCH DIEMEHTA S¢.

2.7. loxa3zameabcmeo meopemsbt 1.
Joka3aTeabCTBO OMUPAETCA Ha, OJHO MHTEPECHOE TEOMETPUIECKOe HAOMIO-
QEHHeE.

JIEMMA. ITycmv 1(gs;) < l(g) u l(gs;) < l(g). Toeda I(gsisj...) =
k

= |k —my;| +1(g9) — mi; (na puc. 2 npedcmasaen epagur daumnvt siemenma
(g 8i8j--.) war Pynwryuu om k, 0 < k < 2m;;.)
——

k

Aoxazameavcmeo. nuna l(g) snementa g € G pasna aucty |R(g)| sepkad,
otaensomux kamepy Py ot kamepn gPy. [Iycts s € S. Kamepwt (gs) Py u gP
CMEeXHBI TI0 CTeHKe, IPUHAIeXAmeN 3epKary () oTpaxenus r = gsg ', u
7(r) — eAMHCTBEHHOE W3 3epPKal, Pa3Jelsgiouniee dTU CMeXHble KaMepsl. [lo-
DTOMY BEPHO CJAEAYIOIIEE YTBEDXKACHUE:

YTBEPXKIEHUE. /[Jauna saemenma gs na edunuyy menvuie (6oavuie) dau-
Hbl g mozda u moabko moada, xkoz2da 3epraao T(r) ompaxcenus gsg~* pazde-
asem (ne pazdeasem) xamepvr Py u gPp.
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I(g) - Mij

Puc. 2.

< B camowm pene, B sToM ciaydae kamepsl Py u (gs)Py oHO yXe He pa3ienseT
(pasgenser), u, TeM CaMbIM, YUCIO 3€PKAT B MHOXeCTBe R(gs) yMmMenbimaeTcs
(yBermdmBaeTCs) HA €AUHMUIYY IO CPABHEHUIO C WX 4ucioM B R(g). »

B Hamen cuTyanuu ckazsaHHOE 03HAYAET, 9TO KaK 3€pKajo 7(r;) oTpaxe-
HUA T; = ¢S;g ', Tak u 3epKano m(r;) OTpaXeHUA T; = ¢S;jg 1 OTAENAIOT
kamepy Py ot xamepsl gPy (cM. puc. 3, Tae Aes0 IPOUCXOAUT Ha, TIOCKOCTH).
Ho B TakoMm crydae 3epkaia >THX OTPaXKEHUM ONKHEI MEPECEKATLCA, 9TO,
PABHOCHILHO CMEXHOCTH COOTBETCTBYIOIUX CTEHOK MHOrorpanauka gPy [1].
[IByrpaHHBIN yroa Mexjy HAMHA PaBeH m/m;;. Teneps scHO, 94TO BMecTe C
sepkaramu 7(r;) 1 m(r;) kamepsl Py u gP) pa3fensioT Bce 3epKala, IPOXO-
aamue gepe3 rpaab O = w(r;) N7 (rj) N Py. Yucio Takwx 3epkanx paBHO Mm;;
(mogemy?).
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Manee, nens xamep 9P, (gsi) Py, (9sis;)Po, . .-, (g sisj...)Po o6pasyer o6-
N——
2m;;—1
xon BOKpyr rpauu O B npocrparcTse X. B cury mHamero yTBepXIeHUs npu
ABIDKEHUH 10 dTok nenu ¢yrkiusa | (k) = (g s;s;...) 6ygeT ¢ pocToM k MOHO-
——

TOHHO yMeHLIHa,TBC}I A0 TE€X nmOp, IOKa MBI HE A%CTPII"HQM KaMepbI, IPDOTUABO-
nonoxHOU ucxonHou kKamepe g(Py) (ma puc. 3 sTa kamepa 3amTpuxosana). C
DTOr0 MOMEHTA [IWHA HAYHET CHOBA PACTH, JOCTUTHYB HAYAILHOTO 3HAYEHUS
npu k = 2m;;. YTBepXKJeHne JeMMbI J0Ka3aHO.

Teneps BCe TOTOBO A TOTO, 9TOOBI JOKA3ATh, 9TO JHOO0E COOTHOIIEHNE
B I'PYIIIE OTPAXKEHUN €CTh CAECACTBAE KOKCTEPOBCKHAX COOTHOIIEHUM.

PaccmoTpum mo6oe coornomenune 1 = (q1,...,q), ¢ € S. Ecim B crose
7 BCTPEYAETCA TAPA PAJOM CTOANIMX OJAWHAKOBBIX OyKB, TO WX MOXHO CO-
KPaTUTh B CAILY COOTHOIIEHUA BUAA (8, s). [loBTOpssA 5Ty omepanuio HyXHOE
YUCIO Pa3, MOLYIUM SKBUBAIEHTHOE CJIOBO (COOTHOIIEHWE), YXKe He COAepXKa-
mee PAAOM CTOAIMX OAWHAKOBHIX OykB. [[03TOMy MOXHO ¢ CaMOro HavauIa
cantats r TakuMm. CroBy r = (qi,...¢,) OTBe9aeT 3aMKHYTas LEIb KaMep
Po, 1 Po, 102 P, - - -, q192 - - - qn—1 P IlycTs g5 = q1 ... ¢s. Pacemorpum dynx-
o pmns [ (s) =1 (gs). Ecan croso r He mycTo, TO 5Ta QyHKIUSL JOCTATAET
MakcuMyMa, pPaBHOTO U, IS HEKOTOPOTO 3HA4YEHUsA S = ¢ (BO3MOXKHO, Ta-
KWUX 3HAYEHUN HeCKOIbKO). ITo onpegenenmio makcumyma [ (giq;) < 1(g) = U
u l(gq+1) < l(g¢) = U. IlpumernM K CIOBY 7 Pa3pEILICHHOE DIEMEHTAPHOE
peo6Pa30BAHUE «BCTABKM:

(@1, at: Q415 -- - Gn) = (Q1,---,Qt,gt,QtJrl,qt,---Qt+1j%+1,---qn)-

2m

BriuepkuBasg B IOXYy9eHHOM CJIOBE PAJOM CTOAIIME ONUHAKOBHIE OYKBEI,
HOXYYAM HOBOE CIOBO (G1y .-y Gt—15qttls-- -5ty §t+2y- - - »qn), KOTOPOE IO JO-
Ka3aHHOM JeMMe O0Ia1aeT TAKUM CBOMCTBOM: ¥ HErO UUCJIO TE€X 3HAYEHUN S,
rae GYHKIUA JIMHBL JOCTATAET 3HaYeHus U, HA e[WHUIy MEHBIIE, YeM y WC-
xogHOrO. Ecim xe ¢ caMoro Hadara CyInecTBOBALIA €IWHCTBEHHAS TOUYKA MaK-
CUMyMa, TO B TOIYYEHHOM CJIOBE CAMO 3HAYEHWE MAKCUMYMa, JIUHBLI OyaeT
MEHBINE TIO0 KpauHen Mepe Ha equHuIly. [[pogoaxkas AercTBOBATH B TOM XK€
IyXe, T.e. TOCIeOBATEILHO «CPE3aThY MAKCUMYMBI, MBI B UTOT'€ HEPEMEHHO
IOy 9UM IIyCTOE CIOBO.

Y Hamen onepanuy «yHUITOXEHUA» MAKCAMYMa, €CTb TIPOCTON T€OMETPH-
YEeCKUU CMBICI. A WMeHHO, B M300paXXeHHOM Ha puc. 4 ciryvae 9acTb Iie-
on (...,9i9: P, 9P, 9iqi+1 P, - -.) MBI 3aMeHsEM «06BE3OMY BOKDPYT TDAHU
O 1o memwm Kamep, OTMEYEHHOU IYHKTUPOM, & 3aTeM M30aBIIeMCS OT TeX
(IYHKTUPHBIX» KaMep, KOTODLIE yX€ BXOAWIN B HAILY HAYAILHYIO Ielb. B
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P

7 N\ N\ N\

Puc. 4. Ilokazano «cuatme c¢ reo3gs» O aavkayTod nemnm» kamep (0,1,
2,...,13). Pesyaprar — mens (0,1,2,3,4,5,6,14,10,11,12,13)

pe3yJabTaTe, MBI CHEMAaeM ILeNb C 0YepeJHOrO «IBo3fgmdy (), CTPEMACH «CTH-
HyYTH» €€ B €IUHCTBEHHYIO KaMepy Fj.

YACTb 2. TEOPEMA TUTCA O PA3PEIIUMOCTHU IIPOBJIEMBI CJIOB

1. ABCTPAKTHAA I'PYNIIA KOKCTEPA U IIPOBJIEMA CJIOB

1.1. O6o3uaqaum depes I KOHEIHOE MHOXECTBO MHIEKCOB, U MyCcTb M —
MaTpHIA C dIEMEHTAMH 1M;j, ,j € I, KOTOpBIe IPHHAMAIOT 3HAYEHUA B MHO-
xectse {1,2,...,00}, mpudaem m;; = 1, m m;; = mj; > 2 Aus Bcex i # j.

Ipymna G ¢ muEOXecTBoM obpasyommx S = {s; : i € I} u MHOXecTBOM
ompegensomux coorHourernt R = {(s;s;)"7 =1:4,j € I, m;; < 0o} HasBI-
BaeTcsa abcTpakTHOU rpynmou Kokcrepa tuna (S, M). DTo o3Ha9aeT, 9TO JIHo-
6ot paeMeHT g Tpynnsl (G 3aIMCHIBAETCA depe3 obpasyromue S: g = S;; ... Sj;,
u, ecim Sj; ... 85, = 1 — mo6oe cOOTHOMEHNE MEX 1y 00pa3yomumMu, TO CIO-
BO (Sjy,.--,8j, ) PKBABAJICHTHO B CAIy COOTHOmEHME R mycToMy cIOBy (CM.
n. 1.2 gactu I).
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1.2. T'oBopsar, uro B rpynne G = (S1,...,5y | T1,- .., 'y) Paspemnma opo6-
JIEM3, CJIOB, €CJIM MOXHO YKa3aTh AJITOPUTM, KOTOPHIN PAbOTAET C MPOU3BOIb-
HEIM caoBoM w € W (S) u nocre KoHeUHOro 4ncia maros rosoput «/lay, ecan
[w] = 1, T.e. ci0BO w mpeacTaBiger egmuuny B rpynne G, wim «Her», ecan
[w] # 1.

HeTpyaro co06pasuTh, KaK C IOMOIIBI0 TAKOTO AITOPATMA PEIIAeTCA BO-
MpPOC O TOM, TIPEJACTABIAIOT JU ABA CIOBA, % W ¥ OOUH W TOT XK€ DIEMEHT
rpynmsr G.

I'pynner Kokcrepa, kak 6ygeT BCKOpe AOKa3aHO, MIONA AT B KOMIIQHUIO
rpymnm ¢ pazpenmmMon mpobiaemon ciaoB. Cpeau «CIACTINBINKOBY BCTPEIAIOT-
CA yX€ 3HAKOMBEIE YUTATEIAM 3TOr0 COOPHUKA (PyHIAMEHTATLHBIE TDYIIIHI
OOIIOJHEHUU K y3JaM B TpexMepHou cdepe, dyHIAMEHTAILHBIE TPYIINLL 33~
MKHYTBHIX IOBEPXHOCTEN W IPYHOBI KOC. MHOromeTHIE HAGIIOIEHUS TOKA3BI-
BAIOT, 9TO U B APYT'UX I€OMETPUIECKU MHTEPECHBIX IPYINAX, AEACTBYIOIIAX
HA WHTEPECHBIX T'eOMETPUYIEeCKUX 00BeKTaX, IpobIeMa CIOB Pa3pPEIIuMa.

CymecTBoBaHME IPYNI ¢ OTPUNATENHHBIM PEIIEHAEM TPOOGIEMBI CIOB CO-
cTaBiseT cojepxkanue sHaMeHuTON TeopeMsl 1. C. HoBukoaa [6).

2. IIPEACTABJIEHUE TUTCA

2.1. I'pynna Koxcmepa xax 2pynna ompaicenuts

[Iycts G — rpynna Kokcrepa tuna (S, M). PaccMmoTpuM koHEUYHOMEDHOE
BEIIECTBEHHOE BEKTOPHOE IPOCTPaHCTBO V ¢ 6a3ucoMm {e; : 1 € [}. 3agagum
B V ckanspHoe npoumssegenue (-,-): V X V — R no ¢popmyue

(3" miens 3o wies) = =D muy; cos (w/myj) ()
icl jel
(ectm m;j = oo, To cos(m/myj) = 1).
[lnst mpOCTOTEL Oy 1€M CIUTATD, 9TO CKAJIAPHOE IPOU3BEACHUE (*) HEBBIPO-
% 1eHHO. [l 1060r0 6a3UCHOTO BEKTOPA €; CKAIAPHBIN KBAAPAT (€;, ¢;) PaBeH
1 u (ej,ej) = —cosm/m;;. Yepes l; 0603HaUMM OTpaKEHNE B MUIEPILIOCKOCTA
w(l;) ={v eV | (v,e;) = 0}, T.e. Takoe mHENHOE TPEO6GPA3OBAHAE, KOTOPOE
COXPAHAET CKAIAPHOE NPOU3BEAEHUE, AEUCTBYET TOXKJECTBEHHO HA 3E€PKAJe
7 (I;) m ymHOXaeT BekTOp €; Ha —1. Jlerko mpoBepuThH, 9TO

I (v) =v—2(v,€) €. (2)

B CATYy HEBBIDOXACHHOCTU CKAJAPHOI'O NMPDOU3BEACHUA 3AMKHYTHIC IIOJY-

npocrparctea m; = {v € V| (v,e;) > 0} AalOT B mEpeceIeHWE 3AMKHYTLIA

BRINYyKabIN Nn-rparaei koryc C. Yepes C o6o3masam (memycroe) MHOXeCT-
BO ero BHyTpeHHuX Todek. [lamee, 0603Ha4IMM uepe3 L rpynmy JIwHEAHBIX
npeoOpa3soBaHUU MPOCTPAHCTBA V, HOPOXAEHHYIO OTPAXeHUAMH [;, i € [,
PACCMOTPHUM €CTECTBeHHOe oToOpaxenue ¢: S — L muoxecTBa S B rpymmy
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L: ¢(s;) = l;. lIpamoe BBIYUCIEHUE C UCIOIB30BaHUEM (POpPMyIHl (2) mOKa-
3BIBAET, 9TO JUHEUHBIE TPE0OPa3OBaHUA [; yAOBICTBOPAIOT TEM XK€ KOKCTE-
posckum coorsomenuam: 2 = 1, (I;1;)™7 = 1. CuegoBarersro, oToGpaxe-
HEe : S — L MOXHO IPOJOIXUTL A0 roMoMopduama rpynnsl Kokcrepa G
B JUHEUHYIO T'PYINY OTpaxeHuyW L, M, MOAL3YACH DTHUM, YCTAHOBUTH TAKOHU
BaXHBIN DAKT.

JIEMMA. Ilopadox saemenma s;s; 6 2pynne Koxcmepa G pasen mi;.

Joxazameavcmso. Ilopagok saementa [;l; B rpynne L paBer m;; (mode-
my?). Ho ¢ (s;85) = l;l;, a, ¢ Apyrodt CTOPOHEL, TP TOMOMOPdU3ME IIOPAJOK
obpa3a aenuT mOpsA0K Tpoobpa3a.

2K. Turc [2,11] oTkpeur ropaszgo Goree rryboKue CBOMCTBA OTOGDAKEHUS
¢ u rpynnsl L.

TEOPEMA (TPynmnA KOKCTEPA — I'PYIIIA OTPAXKEHU).
a) omobpadxcenue @ (00H03HauK0) NPodoarcaemces Ao 2omomopdusma @: G —
L ¢ mpusuaibrvim 40pom.
6) epynna L deticmeyem 6 svinykaom kowyce D = |J l((cf’) (ronyc Tumca)

leL
KaK OUCKPEMHAs 2PYNNG Omparcenus.

3AMEYAHUE. [[1s NPOM3BOIBLHOTO CKAIAPHOT'O MPOU3BENEHUS (%) KOHYC
Turca «mepeesxaeT» B IBOUCTBEHHOE MPOCTPAHCTBO V™, a TeopemMa mo-pex-
HEMY yTBEPXAaeT, 9T0 y abcrpakTHOU rpynnsl Kokcrepa G mmeeTcs TOIHOE
auHerHOe mpencraBieHme ¢: G — GL(V*) (mpencraBrenme Twrca) m 4To
¢ (G) — pucKkpeTHas IpyNNa OTPAXEHUHM B HEKOTOPOM BHIILYKJOM KOHYCE
D C V* ¢, Boobiie roBops, BEChMa 3aMBICIOBATON T'€OMETPUEN T'DAHUIIHL.

3AAYA 10. Joxasars Teopemy Turca masa rpynnst G tuna (S, M) ¢ He-
BBHIPOXKAEHHOX MaTpuied M BTOPOro MOPAIKA.

2.2. 'eomempuueckoe peuenue npobaemwvr caoe 6 zpynne Kox-
cmepa

Paccmorpum snemenT g € G u ero 3anuck depe3 06pas3yomue g = Sj;. . . Sj;-
3adukcupyeMm BEKTOp vy W3 BHyTpeHHOCTH KoHYyCa C.

[IprMmeHNM K BEKTODY v IUHENHOE npeobpasosanue ¢(g) =1;, ... 1;,. Ecan
B pe3yabTaTe OKaxercs, 9To ¢(g)vg = vg, To ¢ = 1. B mporusBrOM Ciryuae
g # 1 (mouemy?).

[ anre6pancTa IPEIIOKEHHBIA AJTOPUTM BHIVAAT HEIPAKTUIHO, HE
TOBOPS YK€ O TOM, ITO OH OCHOBAH HA HENPOCTOU TEOPEMe, KOTOPYIO MBI HE
cobupaeMcs TOKA3LIBATE.

Haneemcs, 9T0 Clegyomuy aItrOpUTM, yXKe yAOBIETBOPUT aIreGpaniecKn
HACTPOEHHOI'0 YUTATENs, IPUBLIKIIErO UIPATH B CJIOBA.
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2.3. IIpasuao 6bLIUEPKUBAHUA U €20 6QIHCHbIE KOMOUHAMODPHbLE
caedcmeusn

[IpaBmio BEIYepKMBaHUSI — perraiomee cBoucTso rpynmn Kokcrepa. Joka-
3BIBAS €r0 A TPYNI OTpaxeHmd (cM. 4. 1), MBI ONUpATUCH JUIIBL HA TEO-
MeTpHYIeCKOe TOHATHE (Pa3AeIAThby W Ha COOOpaXeHWe O TOM, 9TO OTpaXkKe-
HUE C «Pa3AeadomyuM» 3€PKAJOM BXOAUT B IIOCACAOBATEIBHOCTH OTpa)KeHI/Iﬁ
{riy,...,ri,}, accoMMpPOBAHHYIO CO CIOBOM (S;,,. .., S;), HEYETHOE YHUCIO Pa3.
Ecau BocmomszoBaThesa mpeacTasienneM TuTca, TO T€OMETPAIECKOE JOKABA~
TEIBCTBO IPABWIA BEIYEPKUBAHUA MOXHO IPOBECTH W B KOoHyce Twrca. Ho
ecTb M Apyrou myTh: caenys naee H. Bypbakm, momHOCTHIO M3rHATEH TeoMe-
TPUIO M3 NOKA3ATEALCTBA (CMOTPY LMK 33439 B KOHIE CTATHH).

WTak, BOOPYXUBIIMCH TPABWIOM BLIYEDKUBAHUA, 3aAMMEMCS TOLYYCHUEM
HYXHBIX HAM KOMOWHATODHBIX CBOUCTB rpynnsl G.

Jna mobbIx 4, j € I, Takmx, 910 ™My < 00, 0603HAIMM 4depe3 1 (i,]) CI0BO
(8i,8j,--.). fIcHO, 9TO B CHIy KOKCTEPOBCKMX COOTHONICHUH, CI0BA 7(i,]) 1
~———

7(j,%) OPEICTABIAIOT OJUH U TOT XK€ DIEMEHT I'DYIIIEL

Hasosem aBa ci0Ba w1 W wo 20MOMONKNLIMU, W OyAeM MUCATHL w) ~ Ws,
ecau OJHO W3 HUX MOXET OBITh IOLY9YEHO W3 APYTOro C IOMOMIBI0 MOCTe-
JOBATEILHOCTH TPEeo6pa3sOBAHMN TAKOT'O BUAA: B Cia0Be ur(i,j)v dparmeHT
r(i,7) 3amenserca Ha 7(j,1) (miu HA060pOT). B pesyabraTe momydaercsa cio-
BO ur(j,%)v.

3AnA4YA 11. TIposepwsTe, uTo B rpymnne Kokcrepa
2 2 2 3 3 2
G =84 =(81,82,83 | s =385 =83 =1,(s182)° =1, (s283)° =1, (s183)" = 1)
CIefyIomye 9eTHIPe CJI0Ba MOMapPHO TOMOTOIHEI

(815327317 83, 82’31)’ (817 52,83, 81, 82, 81)7
(817327335 82, 31732)’ (525 83,81, 52, 83, 81)'

OTMeTrM O4YeBMIHBIE CBOMCTBA, TOMOTOINH:
a) TOMOTOIHEIE CIOBA MPEACTABIAIT OAWH U TOT XK€ dIeMeHT rpynus G;
6) TOMOTOIHBIE CIOBA UMEIOT OAWHAKOBYIO [JIUHY;
B) TOMOTOIHEIE CJIOBA, COCTOAT W3 OJHUX U TeX Xe OyKB, HO PU 3TOM MOTYT
OTJIWYIATHCA KPATHOCTHIO UX BXOX JCHUS.

TEOPEMA (2K. Turc [11]). Iycmo g € G, a wy u wy — dsa xKpamuaii-
WUT cA08a, NPedcmasasowuus ssemenm g. Tozda caosa wy U Wo 20MOMONHYL.

Hoxazameabcmeo. IlpuMenuM MHIYKIUIO 0 AJAHE KPATYANIIETO CIOBA.
Paccmorpum aBa kpaTdanmmx caoBa w1 = (P1,..-,Pn) B Wo = (q1,---,qn)
JUIAHEL 71, IPEJCTABIAIIAX DIeMEHT ¢. VIHBIMU CIOBAMH, €CTh IBE KPAaTIau-
[IWe 3ANUCH P1 . .. Pr=0g=4q] - - . n, DIEMEHTa g 4depe3 obpazyiomme. [Ipu 3T0M
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MOXHO CIMTATh, 9TO p1 7# q1 (modemy?). fcuo, aro I(p1g) < I(g), T.e. caoBO
(P1,q1,---,qn) yXe HEe ABIAETCA KpaTdaummm. Torga mo IPAaBWIy BBIYEPKHU-
BaHUA

PIGL--- Q- Qn=G1---Q[---Qp. ()
Paccmorpum aBa caydas [ <nul =n.
Ecam [ < m, To mocle yMHOXEHUA PABEHCTBA (**) Ha P MOTyIaeM

q1---qQqi+1---9n = P191 - - - q1—-19141 - - - Gn;
T.€. q1...q] = P1q1 - - - q—1. O6e 3amUCK ABIAIOTCA KPATIAUIIAMEA, U, TIO UH-
OYKTUBHOMY HPEAIIOJOXEHNIO,
(p17 q1,-- - an—l) ~ (ql, cee ,Ql)-

Ho Torga n

~

(p17q17"'7ql"'7qn) ~ (ql""’qn)'
C apyrout CTOPOHBL, P11 ---Gl---Gn =9 =P1---Pn-
YMmHOXAa51 06€ 9acTH HA P U NPUMEHAA IPEIIOJI0KEHUE UHIYKINYN, IMEEM

(q1,"'1qu---7Q'n) ~ (p2,---apn)-

Ho B TaxoMm crygae u

(1, ypn) ~ (P15 Q- qn) ~ (Q1,-- -5 Gn)-

Urax, Mer gokazaau, 970 opu | < n, (P1,---,Pn) ~ (q1,- -+, qn)-

Bo BTopom ciaydae, korga [ = n, IpaBUIO BEIYEPKUBAHUA TAET P1q] - - - §p =
= q1..-qn—1. IIOMEHAB POIAME p U ¢ B IPEABIAYIIEM PACCYXACHUH, MOXKHO
CINTATh, 9TO U 34€Ch MbI CTOJNKHYJNUCH C TPYAHBIM CIyYa€M, KOI'Ia l =n,
T.€. KOTJa 1P1 ---Ppn = P1 - - - Pp_1- ATOOBI IPOJAOIKATE NOKAZATEABCTBO, 3a-
MeTUM, 9TO CI0Ba (q1,---,qn) 4 (¢1,P1,---,Pn—1) TOMOTONHEL B camoMm pere,
qip1...Pn = P1---Pp—1 1O NpaBuiIy BerdepkuBauusi. C Apyrou CTOPOHHL,

Pl -Pn—1=qP1---Pn = Q41 - Gn = G2 - - - Iy

7 B CATY NIPEATIOJOXECHUA WHNYKIIUA

(q25 R 7qn) ~ (pla .. 7pn71)-

CaegoBaTensHo, (G1,92,---,qn) ~ (q1,P1,- -« Pn—1). TOIHO TAK XKe JOKA3BIBA-
ercst, 910 (P1,-.-,0n) ~ (P1,q1,---5qn—1). 3aMEHUM UCXOAHBIE KPATYAMIINE
3AIUCH DJEMEHTa ¢ Ha HOBbIE, MM I'OMOTONHBIC, 8 WMEHHO

qp1---Pn—-1 =g =P14q1---4n-1-

K 5Tum HOBBIM KpaTyYaliiuM 3a0UCAM TPUMEHUM BCE PACCYXKICHUS TIE€D-
Boro mara. 1orjga B JIy9IIeM CIydae MBI IOIYyYIUM YTBEDPXKJAEHUE TEOPEMEL IO
OPEANONOKEHNI0 WHAYKIUY, TOKA3aB, ITO CIOBO (¢1,P1,--.,Pp—1) TOMOTOI-
HO CI0BY (P1,q1,---,qn—1), & B Xy/ALUIeM — CHOBA NOLYYAM ABE KPATIAMIINE
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3aIUCU BUIA

qp191---4n—2 = g = pP14ip1 - - - Pn—2,
N—\— Ne—\—
3 3
TOMOTOIIHOCTH KOTOpI:.IX BCE €IlIe HEACHA. Hpo,u;omKeHne TOTr0 npouecca HE-
MI/IHyeMO npnBe,qu HaC Ha KaKOM-TO IIare K paBeHCTBy

apqr---(--.)=g=p1@pi---(...), (rge m — DOPALOK dDIEMEHTA P1q1).
N— —
m m
B cuiy mHAYKTUBHOIO MPEANIOIOXEHASA, YACTH CJIOB, CTOANINE B CKOOKAX,
CIpaBa ¥ CJIeBa, TOMOTONHBI. A TOrga IO ONpegeJeHHI0 TOMOTOIHLI U CAMHA
CJIOBA.
Teopema 2K. Tutca moxasaHa.

Konmpoavnvili eonpoc: llodemy Ham mpomecc He MOXET 3aKOHUYUTHCI

3aIUCHI0 BUAA ¢1P1 ... = § = P1g1 ..., apa k < m?
— —_——
k k

2.3. Auzopumm

TEOPEMA. Ca060 w mozada u moavko mozada npedcmasasem edunuyy 6
epynne Kokcmepa G, xo02da €20 MOHCHO NPUBECTIU K NYCMOMY CA0BY C NOMO-
WHI0 NOCACI0BAMEALBHOCTNY 20MOMONUY U BLIUEPKUBAHUYT 08YT PAJOM CMOA-
WUT 00UHAKOBHIT OYKSE.

Hoxazameavcmeo. B ogay cTropony Bce scHo. [l 10Ka3aTEIBCTBA HEOO-
XOAUMOCTH PACCMOTPUM IIPOU3BOIBLHOE CJIOBO f M OyZeM ero «ympomaThb) C
MOMOIIBI0 IBYX TUIIOB TPE0OPA30BAHUY, YKA3AHHLIX B (DOPMYIUPOBKE TEOPE-
mel. Yepes Z(f) 0603HaYMM MHOXECTBO BCEX CJIOB, KOTOPHIE MOXHO IIOIYIATH
73 MCXOMHOT'O MENOYKOM TaKUX yIpoleHui. Tak KaK Ha KaXJOM IIare JINHA
CJIOBa HE yBeJII/ILH/IBa,eTCﬂ (He N3MEHACTCA HpI/I TOMOTONIUAX N yMeHI)HIa,eTC}I
npu BhIMEpKUBaHUAX), TO B Z(f) maugerca cioso f' = (t1,...,1) MuaIMATL-
HOU MIWHBL. MBI yTBEpXAaeM, 9TO CIOBO (t1,...,%;) ABIAETCA KPATIAUIIAM
CJIOBOM, IPEACTABIIIOMMM dieMeHT g = [f] B rpynme G.

B camom gene, mycts (t1,...,t) He ABIAETCS KPATYAUIIAM CJIOBOM, IIPE]-
CTaBAAIOMMM SaeMeHT ¢g. Tak kak (t1) — KpaTdaumee CIOBO, TPEACTABIIIO-
mee IeMeHT t1, TO Haugercsa Takoe m € {1,...1—1}, aro (t1,...,tm) —
KpaTdaiIee CJIOBO, IPEACTABIAIOIIEE DIEMEHT IPYHNEL §' = t1 ... t,,, & CIOBO
(t1y---ytm,tm+1) yXKe TaxumM cBoMcTBOM He obmagaer. Ho Torga mo npasmiry
BEI9EPKUBAHUA ¢ = t1...%p ...ty 41, M DTO KpaTHalmas 3aluch DIEMEHTa g'.
ITo Teopeme TuTca ABa KpaTIaWIIAX CJIOBA, TPEACTABIIIOMMX ¢ , TOMOTOMHEL
B namewm cryuae (t1,...,tm) ~ (1. ..tp...tms1). Ho Torga croso (t1,...,1)
TOMOTOIHO CIOBY (t1,...1p, -+, tmi1,tmt1,--- 1), # (MOCTE COKpaleHns ABYX
PAIOM CTOAUMX OYKB t,,,41) IEPE] HaMu CI0BO u3 Z (f), KOTOpO€e KOpoUe CI0oBa
f'. IlporuBopeune.
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PaccMoTpum anropuTM, KOTOPHIA HA, KAXKIOM MIare Ju00 3aMEHSIET CJIOBO
W €My I'OMOTOIIHBIM, JU0O BEIYEPKUBAET B HEM ABE PAJOM CTOAIINE OJUHAKO-
BBIE 6yKBI)I. qepeB KOHE€YIHOE€ YUCJI0 IMaroB Halll aJITOPUTM NPDUBOAUT K KDPaT-
JauIIen 3aIUCH >IeMeHTa rpynnsl g = [w]. Ecau moxy4uennoe cioBo He mycTo,

To g # 1!

3. VIBTHAHUME I'EOMETPUYU (LIUKJI 3AAY) [2,7]

Cruadgaia 3adukcupyemM 0O603HAYEHUA BCEX HYXKHBIX HAM OOBEKTOB:

G — rpynna Kokcrepa Tuna (S, M).

T — MHOXECTBO BCEX IEMEHTOB rpynnbl (7, CONPAXKEHHBIX KAKOMY-HU-
Oyan preMeHTy U3 S.

Yepes (ri,,...,7) OygeT 0603HAYATHCA MOCIELOBATEILHOCTD DIEMEHTOB
u3 T, acCONMMPOBAHHAA CO CIOBOM W = (S;,,-..,S;). Hanomunm, 4ro r;, =
Siy o+ Sig_1SiSip_q -+ - Siy-

[as mo6oro saementa t € T 4depes N(w,t) 0603HAYMM IUCIO BXOX JCHAN
t B IIOCIELOBATENBHOCTE (T, ,. .. 7).

3AJAYA 12. [lokaxuTe, 9TO €CIM CIOBA W W w' MIPEACTABIAIOT OJWH W
TOT Xe€ BIEMEHT TPyNnHI, T. e. [w]=[w'], To

N(w',t) = N(w,t) (mod 2) gra mob6oro t € T
(mpoBephTE, 9TO YETHOCTH HE MEHAETCA TIPY DIEMEHTAPHOM IIPE06PA30OBAHAY
CIIOBA).
3AIAYA 13. Iycrs [w] = g. Jokaxure, aTo
l(g)={teT|N(w,t) =1 (mod 2)}|.
3AIAYA 14. JlokaxuTe NPABWIO BEIYEPKUBAHUA Aas rpynnsl Kokcrepa

G:ecmm s € 8, 8, ... 8; — KpaTJallIas 3aIKCh DIEMEHTa ¢ depe3 06pas3yo-
mue, u [(sg) < l(g), TO y dI1eMeHTa $g CymECTBYeT KpaTdalas 3aluch BUAA

Siy - 8ip .- S
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