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JNCTAHUMOHHAS
PEMV/ISPHOCTb KOLOB KEPOOKA

®. N. CoaoBreBa, H. H. TokapeBa

Awnnoranusi. Konx HasbiBaeTcst QucmanyuoHHo peeyaapHvim, €CIIH JIJIsI JIIOOBIX KOJOBBIX
CJIOB X, Yy U JIOOBIX IIEJIbIX YUCEJI §, j YHUCJIO KOJOBBIX CJIOB Z TAKHUX, YTO PACCTOSHUS
Xommunra d(x, z) u d(y, z) paBHBI i ¥ j COOTBETCTBEHHO, HE 3aBUCHUT OT BBIOOPA BEKTOPOB
X, Y ¥ 3aBHCUT TOJBKO OT d(X,y) m wmces i,j. lIpuBomuTcs HOBOe KOMOHMHATOPHOE
JI0Ka3aTeJbCTBO (C MCHOIb30BaHNEM CBOMCTB JMCKPETHOrO npeobpasosanunst Pypbe) Toro
daxTa, uTo BCe KOJbI Kep/oka AUCTAHIIMOHHO PEryJsipHbI. BbIYKC/IeHBI mapamMeTpbl
JUCTAHIIOHHOM PEryJIsipHOCTH IPOU3BOJIbHOrO Kona Keproxka.

KuiroueBble cJI10Ba: UCTAHIMIOHHO DeryJssipHble Koabl, Kombl Kepmoka, komel Puma
— Maunsepa, guckperHoe npeobpazoBanne Pypbe, MAKCUMaJIbHO HeJIMHEHHas Oy/ieBa
dYHKIMSA, JTUCTAHIIMOHHO PETYIISAPHBINA rpad, METpUYIECKas CXeMa OTHOIIEHUH.

§1. BBeneuwue

B pabore, cymecTBeHHO UCIIOJIB3Ys CBONCTBA UCKPETHOTO TpeobpazoBanus Dy-
pbe, pUBeeM HOBOE KOMOMHATOPHOE JTOKA3aTeIbCTBO JIUCTAHITMOHHON PEryJIsipHO-
CTHU TIPOM3BOJILHOTO Kosta Kepioka, 6osiee IpocToe 1 KOPOTKOE B OTIIUIHE OT CJIOXK-
HOTO aJredpantiecKoro JT0Ka3aTe/IhCTBa, MOJIydeHHoro panee JlenbcapTom B pabore
[1] mpu wmcenenoBanum peryssIpHBIX cxeM oTHomeHnit Xammvunra. Kpome Toro, B
JIaHHOI paboTe ONMPEIEISIIOTCS TapaMEeTPhI 5@- JINCTAHIIUOHHON PEryJIsipHOCTH KOJa
Kepmoxka, ne uzBecrusie panee. Koasr Kepaoka npepcrasiisitor coboit acuMmmroTute-
CKU OITHUMAJIbHBIE KOJIbI, TECHO CBSI3aHHBIE C TAKUMU XOPOIIAMH KOJAME, KAK KOIbI
Puna — Mamnepa, xoast [lpenmapatsr, a TakKe IpYyTUMUu KOMOMHATOPHBIMEA U aJIre0-
pamdYecKuMH OObEKTaMU. DTH KOJbI 00Pa3yIoT IIepBhIii 66CKOHEYHBIN KJIACC JIUCTaH-
[IMOHHO PETyJISIPHBIX KOJIOB, BECOBOM CIIEKTP KOTOPBIX UMeeT 0oJiee TpeX HEeHYIEBhIX
3HAYCHUI.

Hamomunm, 9T0 KO HA3BIBAETCST QUCTNAHUUONHO PE2YAAPHbLM, €CITU It JTEOOBIX
KOJIOBBIX CJIOB X, Y W JIIOOBIX TEJIBIX YHCEJ §, j YUCIO0 KOJOBBIX CJIOB Z TAaKUX, 9ITO
paccrostanst XamMunra d(X,z) u d(y,z) PaBHBI ¢ U j COOTBETCTBEHHO, HE 3aBUCUT OT
BbIOOpA BEKTOPOB X, y U 3aBUCHUT TOJILKO OT d(X,y) U 4YHUCeI 1, j.

JlucTaHIMOHHAS PEryJISIPHOCTD SIBJISIETCS CUJIBHBIM CTPYKTYPHBIM CBOWCTBOM
K0/10B. 10BOpsi HeOPMAJIBHO, HAJUYINE ITOTO CBONCTBA OTPAXKAET BBICOKYIO CTe-
[eHb CUMMETPUYHOCTH KOJIa: OTHOCHUTEJHHO JIIOOBIX JIBYX €ro BEKTOPOB, HAXO/Is-
IIIXCs IPYT OT JIPyTa Ha OIPEJIeJIEHHOM PACCTOSTHIY, OCTAJbHBIE KOJIOBbIE BEKTODHI
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BCEr/Ia «PaCIIOJIAraloTCsa» OJMHAKOBBIM OOPA30M HE3aBUCHMO OT BBIOOpA HMCXOJIHOM
napol. CBONCTBO JUCTAHIIMOHHON PEryJISPHOCTH KOJIOB TECHO CBSI3aHO C JPYTUMHU
PEryJISIPHBIME CBOHCTBAME XapaKTEPUCTUIECKUX IPadOB ITUX KOJOB, UX METpPUIE-
CKUMU CBOHCTBAMH, & TaKyKe ¢ METPUYECKUMU CXeMaMU OTHOMmeHU XaMMuHra (CM.
[2, ro. 21]), u ucranIonHO peryaspHbiMu rpadamu (eMm. [3]). VccnenoBanue sToro
cBoiicTBa KOJI0B 6bLI0 HauaTo B padorax Jenbcapra [1|, Bannan u Uro [4], B. 1. Jle-
BeHmTeliHa (cm. [5]).

Ha ceropusmnmit 7eHb CBOMCTBO AUCTAHIIMOHHON PETYISIPHOCTH KOJIOB MCCIIET0~
BaHO HEJIOCTATOYHO IMMUPOKO U ITOKA U3BECTHO HEDOJIBITIOE TUCIIO KOJTOB, 00718, TAI0IX
9TUM CBORCTBOM. JIUCTAHIIMOHHO PEry/ISIPHBIMU SIBJISTIOTCS BCE JIBOMYHBIE KOJIBI A 1a-
Mapa (cpeiu HUX JABOMYHBIE KOJbI Puna — Majuiepa nepBoro mopsijika), JBOUYIHbIH
U TPOUIHBIN COBEpINIEHHbIE KOJIbl [0Jtest, a TaKyKe CepHs KOJIOB, MOy IeHHBIX U3 HUX
olepanusMy pacliupeHnsl, YKOPOUeHNs U BbiKasbBauus (cM. [5] u pabory Tomaso-
Boit [6]). B crarbe [7] mokasaHo, UTO BCe JBOUUHBIE COBEPIIEHHBIE KOMbI ¢ KOJOBBIM
pPACCTOSTHUEM 3 He SIBJISAIOTCH JUCTAHIIMOHHO PETYJISIPHBIMH, 32 UCKIIOUYEHHEM KOJOB
XosMmMuHTa JIMH 3 U 7. AHAJIOTUYHBIA pPe3yIbTAT CHPABEJINB IS PACITHPEHHBIX
JIBOMYHBIX COBEPIIEHHBIX KOJOB € KOJOBBIM paccrosiuneM 4 (cum. [8]). B pabore [9]
YCTAHOBJIEHO, YTO €IMHCTBEHHBIM C TOYHOCTHIO 0 9KBUBAJEHTHOCTH JUCTAHITHOH-
HO peryJsipHbIM KojoMm [Ipenaparsl siBisiercss Koj JUINHBL 16, HA3BIBAEMBIN KOJOM
Hopacrpoma — Pobumncona.

Pacemorpum cTrpykTypy cratbu. B §2 npuBeieHbl HEOOXOMUMBIE OTPEJIEIEHUST
u cBoficTBa Ko7oB Puya — Maszepa, MakCHMaIbHO HEJTMHEIHBIX OYJIEBBIX (DYHKINI,
ko108 Kepoka u juckpersoro npeobpasoBanus @ypoe. B § 3 mokasaH psiji BCIOMO-
raTeJbHBIX JIEeMM 1—3, OTpaskaloliX CBOMCTBA MAKCHMAILHO HEJUHEHHDBIX (DYHKIINH
U CMEXKHBIX KJIACCOB 110 Koay Puna — MaJsutepa nepsoro nopsiiaka. B §4 mokasawo,
TTO JIJIsT IPOBEPKU CBOWCTBA JUCTAHIIMOHHON PEryIsipHOCTH KOmoB Kepmoka mocra-
TOYHO PACCMATPUBATD (CM. OLpEJE/IeHNE) IIaphl KOJOBBIX CJIOB X, Y TAKUE, YTO OJHO
U3 HUX dBJIAETCs HYJIeBbIM BeKTOpoM (semma 4). [asiee Jyisi TaKux map KOJOBBIX
CJIOB C WCIOJIb30BAHUEM JIEMMbI U3 § 3 JIOKA3bIBAETCsI, UTO UUCJIO KOJOBBIX CJIOB Z
(cM. BBINIE ONIpeJieieHne UCTAHIINOHHOM PEryJISIPHOCTH) SIBJISETCS KOHCTAHTOM, 3a-
BUCSIIIEH TOJLKO OT IApaMeTpPOB i, j,k u mjuabl Koga (cM. jemmbl 5-8). Orciona
CJIeJTyeT OCHOBHOI pEe3yJIbTAT CTAThbM — JIUCTAHIIMOHHAS PETYISIPHOCTH KOJ0B Kep-
noka (teopema 1). B §5 comepKurcs psji TOMOJHATEILHBIX 3aMeYaHnii 0 CBOHiCTBE
JINCTAHIIHOHHOW PErYJISIPHOCTH.

§ 2. HeobGxonuMble orpeesieHUs Y MOHSITHUSI

Paccmorpum MeTpudeckoe mpocTpaHcTBo E™ Bcex JBOMYHBIX BEKTOPOB JIJIMHBI
n ¢ MeTpukoit Xammunra. Paccmoanue Xommurea d(X,y) MKy BEKTOpAMU X Uy
OTIPEJIENISETCS KAK YUCJIO KOOPJMHAT, B KOTOPBIX 3TU BEKTOPHI pa3indaiorcs. Becom
Xommunea w(X) BEKTOpa X HA3BIBAETCS YMCJIO €r0 HEHYJIEBBIX KoopauHar. J[6o-
UKD K00 OAuHbL N — TMPOU3BOJIBLHOE HEIyCTOe TOAMHOXKECTBO MpOCTpaHcTBa F™.
Kodosoe paccmosanue d Kojia pABHO MUHUMAJIHLHOMY PACCTOSTHUIO MEKJLY €r0 Pa3J/Ind-
HBIMU BEKTOpaMU (MM K0J08biMU CA08aMU). BEKTOPBI, MMEONE BCe KOODIMHATHI
PABHBIMU HYJIIO WK eauHuIe, oboznadanm depes 0 m 1 coorBercTBenHO. Becogvim
CNEKMPOM KOJIa JIMHBI N Ha3bIBaIOT Habop uucen Ag, Ag, ..., A, Taxoii, 9To 9ucyio
KOJIOBBLIX CJIOB Beca | paBHO A; I KaxKJIOoro i.

JasbHelimume onpeiesieHnst U MOHATHsT IPUBEJIEM, CJIeIysl, B OCHOBHOM, [2].

2.1. Koast Puna — Mannepa. Paccmorpum MHOXKECTBO Oy/1eBbIX (DYyHKIHIA
OT M TIEPEMEHHBIX VU1, ...,VUm,. HAaIOMHUM, YTO JIOOYIO0 TAaKyi0 (DYHKIIUIO MOXKHO
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€IMHCTBEHHLIM O00pa30M MPEICTABUTL B BHUIAE MHOTOUJIEHA CTEIIEHM HE OOJIBbINE 11,
MMEHYeMOr0 MHOTOIeHOM 2K eraikmHa:

m
E E Qiy...1;Viq - - - Vi + a,

J=11<i1,ij<m

TJe a;,...i;, @ paBubl 0 wim 1, aucnia iy, . . ., %; TOMAPHO PA3JIUIHBl I CyMMUDOBAHHE
BesieTcs 1o Moayiio 2. Ilycts BekTOp v = (U1, . . ., Uy, ) IPOOETaET BCE POCTPAHCTBO
E™. Tlpu sToMm Kaxkjoii OysieBoil (pyHKIMU f CONOCTaBJIsIeTCs JBOUYHBINA BeKTOp f
ee 3HAYEHUH JIUHBL 2.

Jpouunbiii k0d Puda — Maanepa R(r,m) nopsdka r myunabl n = 2™ COCTOUT U3
BCEX JBOMYHBIX BeKTOPOB f, oTBewaronux OyaeBbiM byHKIMAM f OT M MEPEMEHHBIX,
MHOTOWIEHBI KOTOPBIX UMEIOT CTEIeH! He Bbimte r. Ko R(r,m) uMeeT MOITHOCTH

(7))

_ m o
1 KoJj10Boe paccrogaue 2™ ", rne ( . ) obo3Hadaer, KAk OOLIYHO, YKUCJIO COYCTaHUIA
b) 7/ b b

U3 M JIEMEHTOB TIO 1.

Jlyist 1ByX BEKTOPOB & = (A1, ...,0m) 1V = (V1,...,V,) 9epe3 a - v 0003Haua-
€TCs UX CKAJIIPHOE MPOU3BEACHNUE & - V = A1V] + - * * + G Uy, 10 MOJyITIO 2. Kozt Pusa
— Masutepa R(1,m) nepBoro nopsijika OIHUCBHIBAETCS BCEBO3MOXKHBIMU JTMHEHHBIME
GYHKIUAME OT V BUJA a -V + b, T/le & — NPOuU3BOJILHBIN (DUKCUPOBAHHDBIN BEKTOP
JUINHBL M, KOHCTaHTa b mpuanMaer 3Hadenns 0 u 1. Jpyrumu ciioBamu, KarKjoe
KOIOBOE €JI0BO Koja R(1, m) umeer Bus

m
Z a;v' +b-1,
i=1

e depes v' 0603HAUAETCS JBOMYHBIA BEKTOD JUIMHBI 7 — 2™, COOTBETCTBYIOIIHIT
dbyuximn, pasroit nepementoii v;. Momuocrs kona Puna — Massepa R(1, m) paBra
2n, KOJIOBOE paccTostHue paBHO n/2. HeTpysHo BUIETH, 9TO BECOBOI CIEKTD 3TOrO
KOJla MMeeT CJIe/lyfonie Henysesble snavenus: Ag = A, =1, A, o = 2n — 2.

IMTouTn BceM KozOBBIM c10BaM Koga Puga — Masutepa R(2, m) Broporo nopsiaka
OTBEYAIOT TAaK HA3BIBAEMBIE KGaOPaMuHvie OYIeBbl PYyHKIMUA, CTEIIEHN MHOIOUJICHOB
7Kerajgknna KOTOPBIX paBHBI 2.

2.2. MakcuMaJJibHO HeJImHelHbIe OyseBbl hyHKIuu. /laree moTpedyoTcs
MAKCUMAJIbHO HeJIMHelHbIe OyiieBbl DyHKImY — GyHKIMU, HanboJiee yaaJeHHbie (1o
paccTogHuI0 XIMMUHTA) OT MHOXKECTBA BCexX JimHelnbix dbynknuii. Bciomy nasee
oJIaraeM

n = 2™ nnst wernoro m >4, d = (n —+/n)/2.

Bynesa dbyukimus f or m mepeMeHHBIX U1, ..., U, HA3BIBAETCH MAKCUMAALHO
neaunetinot (nm 6enm-@dynryued), eciu cooTBeTCTByOMMIL eif BekTop f nHaxomur-
cs Ha PACCTOSTHUM XAMMUHTA d Wi n — d OT JII0OOTO KOJOBOTO cJIoBa Koja Puma
— Majutepa nepsoro mopsiika R(1,m). 3 3Toro omnpeseneHns HEMOCPEICTBEHHO
cieyer, 4To Bec BekTopa f pasen d wim n — d. Vmeer mecTo

YrBepxkaenue 1. Cmexnbiii kiaacc f + R(1,m) s npou3BobHOl MakcH-
MaJIbHO HeJHHEHHOH (byHKiuu f oT m mepeMeHHBIX HMEET N BeKTOPOB Beca d U n
BEKTOPOB Beca 1. — d.

Herpyauao y6emurbest, 9T0 KaxKI0My BEKTOPY u3 Kiaacca cmexknocru £+ R(1,m)
COOTBETCTBYET MAKCHMAJIBHO HeJnHeTHas QyHKIHS.
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2.3. Koapr Kepaoka. Kod Kepdoxa K mauubl n = 2™ ajas gerHoro m > 4
siBsisieTcst obbenuHeHneM Koja Puna — Masiepa nepsoro nopsiika R(1,m) u (n —
2)/2 emexHBIX KiIacco Koma Puma — Masutepa Broporo nopsinka R(2,m) 1o Koy
R(1,m), upudem OysieBbl (DYHKIMU, COOTBETCTBYIOIIME STUM CMEXKHBIM KJIaCCaM,
SIBJISIIOTCST MAKCUMAJILHO HEJIMHEHHBIMU KBAIPATUIHBIMU (DYHKIUSIMA TAKUMUI, ITO
CyMMa JIIOOBIX JIBYX U3 HUX CHOBA SIBJISIETCS MAKCUMAJIHLHO HEJTMHEHHON.

W3 cBoiicTB MHOXKECTBA MAKCHUMAJIbLHO HEJIMHEHHBIX KBaIPATUIHBIX (DYHKIIHI
oT m mepeMeHHBIX (cM. [2]) caemyer, uro mpomsBosbHBIH Ko Kepnoka K JuuHBL N
MMeeT MOIITHOCTH N2 1 ABJIAETCS MAKCUMAILHBIM HOKOIOM C KOJIOBBIM PACCTOSHIEM
(n—+/n)/2 xona Puna — Masutepa R(2, m) Broporo nmopsaka. Bosee Toro, cormacuo
pabore B. M. Cugenbuukosa [10] BepxHss OleHKa MOITHOCTHU IIPOU3BOJIBLHOIO JBO-
UYHOTO KOJIA JUIMHBL 1 ¢ KOJOBBIM paccTosianeM (n — +/n)/2 sxksuBasgeHTHa DyHKIN
n? upu n — oo. Takum obpasom, ko Keproka sIBJIseTCs aCHMITOTHYIECKH OIITH-
MaJIbHBIM B KJIACCE KOJIOB JUINHBI 1. C TAKUM KOJIOBBIM paccrosinneM. Ko Kepoka
UMeeT CJIeJIYIONINe HeHyJIeBble 3HAUYEHUsI BECOBOTO CIEKTPA:

Ag=A, =1, Ag=Ana=n(n—-2)/2, A,;—=2n-2.

Bamernm, aro Kaxkaplil ko1 Kepioka obiasaer cBOfCTBOM aHmMunodasbHocmu: st
JI060TO KOJIOBOTO CJI0BA X CJIOBO X + 1 TakzKe NPUHAJJIEXKUT KOJLY.

Koz HasbiBaeTcst Qucmanyuontio uheapuaHmtbiM, €CIIA TUCIO KOJOBBIX CJIOB Ha
PACCTOSHAY ¢ OT KOJIOBOTO CJIOBA X HE 3aBUCUT OT BBIOODA X, & 3ABHCHT TOJBKO OT
i. CormacHo [2, 1. 15| nmeer mecto

VYrBepxkaenue 2. IIpowusBoibHbIi KO Kepaoka quCcTaHIIHOHHO HHBAPHAHTEH.

IlepBoiit Takoit KO /It KazK/I0i JTOMyCTUMON JIJIMHBI N TTocTpoeH KepmokoMm B
1972 r. [11]. Hus kaxkmoro n = 2™ takoro, 9To m — 1 — cOCTaBHOE HEUETHOE THUCIIO,
Kanropom [12] B 1982 r. mocrpoena cepus u3 2V™M/2 1onapHO HESKBHBAICHTHBIX
konoB Kepyoka symmaer n. B 1989 . A. A. Heuaesnim [13] mocrpoen kox Kepioka
JUTHHBL 7 (J1J1s1 KazKJ0T'0 JOIyCTUMOIO 3HAUEHHUSI 1), IMEIOIIHIl OIIUCaHUe B TEDMHUHAX
JINHEHHBIX PEKYPPEHTHBIX MMOCIIEI0BATEHHOCTEN HAJI KOJIBIOM Z4, SKBUBAJEHTHBIH
opurunagbHomy Koay Kepmoka [11]. Tlozauee B 1994 r. Xommonc u ap. [14] upemio-
JKUJIA UHYI0 KOHCTPYKIHIO KOMoB Kepmoka mirst Kaxkaoi 1omycTuMoit guimasl. vm
[OKA3aHO, 9YTO OTHOCUTEIHHO 0ToOpazkenus ['pes opurunaibubiii ko Kepmoka [11]
SIBJISIETCS 06PA30M JIMHEHHOTO PACHIMPEHHOTO TUKJIMIECKOTO KOJIA HaJl, KOJIBIIOM Zg4
(em. [14], a Takxe [15]).

Kozpt Kepioka Tecuo cBaszanbl ¢ kogamu [Ipernaparsl (JIBOXIHBIMA KOJAMUI MAK-
CUMAJIBHOM MOIIMHOCTHU JITMHBI 1. = 2™ JIs1 9eTHOTO M > 4 ¢ KOJOBBIM PaCCTOSHUEM
6 (cm. [2, o 15])). Kozapr Kepmoka u Ilpenaparst gpisiiorca hOpMAIbHO JIyaJib-
HBIMU B TOM CMBICJIE, IYTO UX BECOBBIE CIIEKTPHI YIOBJIETBOPSIIOT COOTHOIIEHNIO Maxk-
Busbsivc (M. [2, tur. 5]). Ormernm, aro xomer Kepmoka u Ilpenapatst mpiavasr 16
COBIIQIAIOT. DTOT KOJ| €JMHCTBEH ¢ TOYHOCTHIO JI0 SKBUBAJEHTHOCTU U HA3BIBAETCS
xodom Hopdempoma — Pobuncomna [16].

Kaxpiit kox Kepsioka mmHBI 10 MOXKET OBITH ONHMCAH C MOMOMNIBIO TAK HA3BI-
BAeMOro MHOXKeCTBa Kepjioka, coCTOAMmEro u3 n/2 KOCOCUMMETPUIHBIX JTBOMTHBIX
MAaTPUIL pazMepa m X m (Cpei KOTOPBIX COMEPKUTCS HyJIeBasi MATPUIIA) TAKAX, ITO
PA3HOCTh JIIOOBIX JBYX U3 HUX SIBJISIETCS HEBBIPOXKIEHHON MaTpuieil. Kax ol Mat-
pure u3 MHOXKecTBa Kepjoka comocTaBisercs KpaJapaTuaaas (popMa, OJTHOZHATHO
OIIPEJIEIAIONIAs COOTBETCTBYIONMH CMEXKHBIN Kiace koga R(2,m) mo koxy R(1,m),
Bxojamuit B Koy Kepaoka. Takoit mogaxo/r K onucanuio kojgoB Kepoka cBsizaH co
CIIeIUATHbHBIMA BOIIPOCAMHU B 00JIACTH KOHETHBIX T€OMETPHI 1 KBAJIPATUIHBIX (DOPM.
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Bosbioe konmngecTBo KomoB Kepaoka amuabl n = 2™ MOCTPOEHO C UCIIOJIB30BAHUEM
IIPOEKTUBHBIX IIJIOCKOCTEH U CIIeNNAJIbHBIX HEaCCOIMATUBHBIX aJredp, OIpejiesise-
MBIX Ha MHOYKeCTBe 31eMenToB mojs GF (2™~ 1) (em. mompobuee [17,18]).

ITycrs p(m — 1) obo3HAYMAET IMCIIO TPOCTHIX JesuTeseil anciaa m — 1 ¢ yuerom
ux KparTHocTeit. B pabore [19] mokasaHo, 9TO mJis 4eTHOTO M > 4 CyUlecTByeT He
MeHee

(2m—1 _ 1)p(m—1)—3

(m —1)2

[IOMTAPHO HEIKBUBAJEHTHBIX KOJ10B Kepmoka jutnaer n = 2.

B macrosmieit pabore s UCCIEIOBAHNS CTPYKTYPHOTO CBOMCTBA IUCTAHIIMOH-
HO#t perymspHocTr Koj0B Kepmoka gauubl n = 2™ CyIMIEeCTBEHHO OYIyT MUCIIOTH30-
BaThCH JTUHEHHbIE 1 MAKCUMAJILHO HEJIUHEIHBIE Oy/IeBbI (DYHKITUHU OT 17 IEPEMEHHBIX,
a TakKKe CBOMCTBa JUCKPETHOTO rpeobpasoBanus Pypre.

2.4. uckpertHoe npeobpa3oBanue Pypbe. [loapobHoe omnmcanue TpuBo-
JIIMBIX B JIAHHOM IIyHKTE CBOMCTE IMCKPETHOrO mpeobpasosanus Oypbe (ero taxkxke
HA3BIBAIOT npeobpasosanuem Yoruwa — Adamapa) MoxkeT ObITH HalizieHo B 2, rur. 14].

ITycrs BekTOp V = (U1, . . ., Uy ) IPOGETAET BCE TPOCTPAHCTBO JBOMIHBIX BEKTO-
poB E™. Bynesoit dyHkmum f OT m MEPEMEHHBIX U1, . . ., Uy, OJHO3HATHO COTIOCTAB-
JISIeTCsT JBOUYHBIN BeKTOD ee 3Hadenuil f qunsr n = 2. Ilna O6yneBoit dpyukiun f
OIIPEJIEJIUM BEIECTBEHHYIO (DYHKINIO F' OT M IE€PEMEHHBIX U1, . . ., Un, CJIELYIOIINM
obpazom:

F(v) = (-1t (1)

HUcnonb3ys pasercTso (1), MOXKHO mepeiiT oT jBonaHOro BekTopa f K BemecTBeH-
HO3HAYHOMY BekTOpy F TOl ke mjuHbl, oTBevaoneMy GyHKiun F', 3aMeHUB B KaxK-
noit koopauHate BekTopa f 3navenus 0 va 1 u 1 va —1. lasee, He oroBapuBas 0cobo0,
dopmyay (1) 6ymem ucnonbzoBaTh U jig Apyrux Oyiaesbix ¢ynkuuit. Hampumep,
OyneBbiM QYHKIUAM fa, h 10 mpabuiny (1) OymayT COMOCTABISATBHCS BEIIECTBEHHBIE
dbyukun F,, H cOOTBETCTBEHHO.

Zluckpemmnoe npeobpasosarnue Pypve BekTopa F ompenensercs paBeHCTBOM

F(u) = Z (=1)"VF(v) auaBcex u€ E™. (2)
veEm™

JLjist TpOU3BOJIBHOIO BEKTOPA U JJIMHBL T U3 (2) CJIELyIOT COOTHOIICHUS

F(u)=n—2d f,Zuivi ) (3)
i=1
F(u)=—n+2d £, uv' +1 (4)

i=1
(cM. moppobree 2, rur. 14, 1. 3]). Umeer MecTo dopmyaa obpawerus JTACKPETHOTO

npeobpaszoBanusg Pypbe

F(v)= S Z (~1)*VF(u) s Beex v € E™. (5)

uckm
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§ 3. BcromoraresibHbIE JIEMMBI

Il ToKa3aTesibcTBa OCHOBHOM TEOpEMBbI MTOTPEOYeTCsT Psifi BCIIOMOTATEIbHBIX
YTBEpKJEHNHN, KACAIOIIIXCST CMEXKHBIX KJIaccoB Kojia Puia — Masuiepa nepBoro mo-
psIKa, MAKCUMAJIbHO HEJUHEHHBIX OyIeBbIX (DYHKIUI U JUCKPETHOTO TPeobpa3oBa-
nnga Pypobe.

[Iycts f — npowsBosbHAs MAKCHMAJILHO HeJHHeHHast OyjaeBa (DYHKIUS OT M
nepeMeHHbIX (BCIoLy masiee f Gymer 0603HAYATH UMEHHO TaKyIo GyHKIHI0). B cMexk-
oM kuacce £+ R(1,m) xoma Puma — MaJsutepa mepBoro mopsiika cojepsKuTCsi Co-
[JIACHO yTBEPKIAECHUIO 1 B TOYHOCTH M BEKTOPOB Beca d M 1 AaHTUIOMATBHBIX K HUM
BekTOpOB Beca n —d. Kaxkgomy BekTopy a u3 E™ comocTaBuM B3aUMHO OJTHO3HAYHO
BekTOp f, mmmHBI N = 2™ Beca d TOro CMEKHOTO KJIACCA, OMUCHIBAEMBII OyJIeBOi
dbyHKIMEH

falv) = F(v) +a-v + by, (6)
OT M TEPEeMeHHbIX; 3HaUYeHNEe by, paBHOe 0 mim 1, KaXKplil pa3 OJHO3HAYHO OIpe-
nensiercst u3 yeaosus d(fa, 0) = d. OveBumHO, 9TO pasHBIM BeKTOpam a, 8’ u3z E™
OTBeYalOT pasHbie BEKTOPbI [y, far 9TOro cMexkHOro Kjacca. 3aMeTHM, UTO B CHJLY
dopmyiet (3) (mogcraBuM B KadecTBe apryMenTa (DyHKIUHT F, HYJIEBOI BEKTOD) 3TO
YCJIOBUE YKBUBAJEHTHO yCJIOBUIO

Fa(0)=n—2d (7)

HE3aBUCUMO OT BbIOOpa BeKTopa a u3 E™.
U3 coornomenwuii (1) u (6) ciemyer paBeHCTBO

Fa(v) = (=1)*V = F(v). (8)

YrBepxkaenue 3. /g j060ro BeKTOpa U JJHHBI M JJS JHCKPETHOIO TIpe-
obpazopanust Pypre BekTopa F, cnpasemsinso

Fa(u) = (=1)*F(u + a). (9)

JOKABATEJILCTBO 3TOro (pakTa BBITEKAET U3 ITOCJIEIOBATEILHOCTH CJIEMLYIO-
IUX PABEHCTB:

R @ 3 c)vRw® S (cyrvrevitapv) @ (—1)kFlu + a).
vekEm veEm™

JIemma 1. Ilyctp fa(V) — IpOH3BOIBHAS MAKCHMAJIBHO HETMHEHHAS (DY HKITUS
or m mepeMeHHbIX, ompenaesaenHas B (6). Torga mrs Jroboro Bektopa v m3 E™

CIIPaBEAJIUBO
n
F, =
Z a(v) n —2d
ackEm

JIOKA3ATEJLCTBO. Pacemorpum dopmysty (5) obpareHust JUCKPETHOTO Mpe-
obpazosanust Oypne:

F(v) == Y (-1)*VF(a)
ackE™

IS JII0O0r0 JIBOMYHOTO BEKTOpa V JymHbl m. Vcnonbdys coorHomenue (9), mosry-
qaeM

S|

F(v) == > (1> t=E,(0).

acE™
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Jomuozkast Ha F'(v) o6e 4acTy 9TOro paBeHCTBa, yIuThiBasi ycosue (7) 1 paBEHCTBO

(8), mmeem ”
FPv) =" % R

n
acE™

[Mockommbky F2(v) = 1 jyis 060T0 TBOMIHOTO BEKTOPA V, TIPUXOIAM K TpeGyeMoMy
pasencrBy. [J

JIemma 2. Ilyctb fa(V) — IPOH3BOJIBHAS MAKCHMAJBHO HETMHEHHAS (DY HKIIUS
oT m mepeMeHHbIX, onpenenerHas B (6). Torpga st 1r060ro HEHYJIEBOrO BEKTOPa U

u3 E™ Brerosiasiercs
E Fa(u) =0.
ackm

JIOKABATEJIbCTBO. Hcnonb3dyst coornorenne (9), IpeacTaBuM HUCKOMOE pa-
BEHCTBO B BUJIE

> (-D)"F(u+a)=0.

ackE™
IMoacrasiss B Hero dpopmyity (2) auist quckperHoro upeobpasosauus Pypbe, B J1eBOil

YACTH OJIYIUM
Do (=D Y (—)EHVE().

acE™ vEE™
Menss MecTaMu 3HAKU CyMMHUPOBAHUSA U UCIOJBL3Y4 (8), IPUXOJUM K BBIPAZKEHUIO
> (=)™ Y Falv),
vEE™ acE™

W3 nemmMsbl 1 ciieyeT, 9TO OJIy4YeHHOE BbIparKeHNEe PABHO

Samerum, 9T0 JIst JTI000T0 PUKCHPOBAHHOTO HEHYJIEBOI'O BEKTOPA U CKAJISIPHOE PO~
u3BeJieHne U - v npuHnMaer 3uadeHus 0 u 1 0JIMHAKOBO YacCTO, KOIJIa BEKTOD V
npoberaer Bce nmpocTpancTBo E. Takum obpazom, nmeeMm

veE™
OTKYy/a CJIejlyeT NCKOMOe paBeHCcTBO. [J

JIemma 3. Ilycth fa(V) — mpomsBosbHAas MAKCHMAJBHO HEJIHHEHHAs (DyHK-
ust OT M HepeMeHHbIX, onpejesennas B (6). Torma surst Jir060ro JBOUYIHOrO BEK-
TOpa g JUIHHBI N Beca d CyMMa BCEX 3HAYEHUI BEIECTBEHHO3HAYHDBIX (DYHKIIHIT
(=1)9™ Fy(v), mme a m3 E™, He 3aBuCHT OT BHI6OPA BEKTOpA g U PABHA KOHCTAHTE,

a IMEHHO
Z Z (-1 F,(v) = n.
acE™m veE™

JTOKABATEJILCTBO. IloMmensiem MecTamMu 3HAKH CyMMHUPOBAHUS:

S Y Fav).

veE™ acE™
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Ucnons3ya nemmy 1, momydamm

n v
o 2 (U

veE™

Bamermm, aro Boipaskenne Y. (—1)9™Y) papro pasmocTH MexKTy WHMCIOM HysTei u
veE™
€JIMHAUI] B JIBOUIHOM BeKTOpe g. IlOCKOJIbKY BEKTOpP g MMeeT Bec d, 3Ta Pa3HOCThb

paBHa N — 2d, OTKy/a cjegayeT Tpebyemoe paBeHCTBO. [

8§ 4. JlnucraHiinoHHAasI peryJasapHOCTh KomoB Kepmoka

Paccvorpum npoussosibabiil kKot Kepoka K aauubt n = 2™ A8 9€THOTO M >
4. O6o3Haumm yepe3 K; MHOXKeCTBO BCEX KOJOBBIX CJIOB Koja K Beca 1. HamomHuM,
aro A; 06o3HAYAET COOTBETCTBYIOIIEE 3HAUECHUE BECOBOI'O CIIEKTPA KOJIa, T. e. |K;| =
A;. Tlycrb bukcupoBaHbI LieJible HEOTPULIATEIbHbBIE Yncia i, j, k. Ciemys padore [7],
uepes 5fj (x) 0603HAMNM YHCIIO KOJIOBBIX CJIOB BeCa j, HAXOZAIINXCS Ha PACCTOAHUN
k oT KOJI0BOI'O CJIOBa X Beca i.

Jljist ToOKa3aTe/IbCTBA JUCTAHIIMOHHON PErYJISPHOCTH ITPOU3BOJIBLHOTO Koja Kep-
JIOKA BAaXKHYIO POJIb UTPAET CJIEIYIONHil (hakKT.

Jlemma 4. Ecau g soboro koma Kepioka JIHHBI 1 IIPH BCEX JOMYCTHMBIX
3HAYEHUSIX 1, j, k PyHKIIMN 55 TOXKI€CTBEHHO PABHBI KOHCTAHTAM, 3aBUCSIIIAM TOJIb-
KO 0T 1, j, k,m, To Kaxk1p1ii kKox Kepoka siBJIsSIeTCsT TUCTAHIIHOHHO PETYJISIPHBIM.

JOKABATEJIBCTBO. Ilycts K — npousBosbHbIil Kog Kepaoka. st g100b1X KO-
JIOBBIX CJIOB X,y Kojia K, HaXOAIUXCsl IPYT OT JIPYTra HA PACCTOSHUY ¢, 0O0O3HAINM
uepe3 A;k (X,¥) 9MCIIO KOJOBBIX CJIOB Z Takux, 9to d(X,z) = j u d(y,z) = k. Y6e-
JIAMCsl, 9TO 3HAYEHUsT (DyHKITHI A; ;; He 3aBHCAT OT BbIOOpa X u y. JeficTBUTEIBHO,
MOCKOJIbKY caBur Koja Kepmoka K Ha KOJOBOE CIIOBO X SIBISETCS M30METPHIHBIM
npeobpasoBanneM (T. €. COXPAHSIOIMINM PACCTOSHNE) U KOJ X + K, KaK HETpyIHO
[OKAa3aTh, TAKKe sIBJIsIeTCsI HEKOTOPBIM KOJIoM Kepioka, nMeem

Al (x,y) = 055(x +y),

/1€ TI0 YCJIOBUIO JIEMMBI (DYHKITHT 55 TOKJIECTBEHHO PABHBI KOHCTAHTAM, 3aBUCSIIIIAM
TOJIBKO OT 1, j, k,n. OTcrofa cjeayer JUCTAHIIMOHHAS PeryJsspHOCTb Koja K. [

Hanee nokaxkem (cM. Jjemmbl 5—8), 4ro B IpousBosibHOM Koje Kepmoka Bce
dbyHKIIN 55 JJIsE MOIyCTUMBIX 3HAYEHWIA ¢, j, k TOXKIECTBEHHO PABHBI KOHCTAHTAM,
He 3aBUCAIINM OT BBIOODA KOMA, a 3aBUCAIINAM JIUIIb OT IapaMeTpOB &, J, k U JJIMHBI
n. B cuny sleMMbl 4 U3 3TOr0 OYIET CJIeIOBATH JUCTAHIIMOHHAS PETYISAPHOCTD KOJIa
Kepmoka (cMm. Teopemy 1), KOHCTAHTBI (5{’3 UT'PAIOT POJIb IIAPAMETPOB TUCTAHIMOHHOMN
PEryJISIPHOCTH.

s nokazaTenbcTBa MOTPEOYIOTCS HEKOTOPBIE CBOCTBA (DYHKITMIH 55 TS JT0-
[YCTUMBIX 3HAUEHUi %, j, k M3 CIeKTpa BO3MOXKHBIX DA3JIMIHBIX paccrostauii {0, d,
n/2,n—d,n} mexmy ciaoamu koga Kepaoka. Ouuinem 3Tu CBOWCTBA B CJIELY IONIAX
HIUZKE YTBEPXKICHUSAX.

B cuny antunonanbraocTn Koma Kepoka crupaseimBo

YrBepxkaenue 4. /s r0bbix 3HadeHuit i, j, k u 06010 KOAOBOIrO CJI0BA X
Beca i BBITTOJIHSIOTCS PABEHCTBA

08 () = 673 () = 0y (x4 1) = 628 (e + 1), (10)

i,n—j —1%,J
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Ijist Ti00BIX 1, j, k, TIOJCINTHIBAsT PA3IUIHBIMA CIIOCOOAME YHUCJIO YIOPSIOIEH-
HBIX Iap KOJOBBIX 0B X € K; n 'y € K; takux, uro d(x,y) = k, HoaydnM ciemy-
IOITIEee XOPOIITO M3BECTHOE COOTHOIIEHUE:

Yo dx) =Y ). (11)

xeK; yeK;

Ilo yTBepxkaeHuio 3 MpoOu3BOJIBHBIN Ko/ Kepoka sBasSeTCs JUCTAHITMOHHO WHBA-
PHUAHTHBIM, TO3TOMY IJIs JTFOOOTO KOJOBOIO CJIOBAa X BECA | YUCJIO KOIOBBIX CJIOB,
HaXOIAIIUXCS OT HEero Ha paccrogauu k, pasao Ag. V3 cBOICTB BECOBOrO CIEKTpa
koga Keproxka ciiemyer, uro kazkmoe u3 A; KOIOBBIX CJIOB BeCa j HUMEET C JIHOOBIM
KOJIOBBIM CJIOBOM X BECA | OJIHO U3 IIATU BO3MOXKHBIX paccrostauii. OTcrona BbITEKAeT

VYrBepxkaenue 5. /[[ist srobbIx 3HAYEHHI i, j, k W IPOU3BOJBHOIO KOJOBOT'O
CJIOBA X BECa 1 BBIIOJIHSIOTCS PABEHCTBA

k k k k k
A = 0i(x) + 6;(%) + 05, jo(X) + 67— g(x) + 655, (%), (12)
<0 d n/2 n—d
Aj = 0;3(x) + 035 (x) + 0,/ ~(x) + 075 %(x) + 075(x). (13)
Yepez = masee 0003HaAIAEM TOXKIECTBEHHOE PABEHCTBO.
Jlemma 5. Qyrkimn 5@-, JIIST KOTOPBIX XOTsT OBbI OJMH U3 HapaMeTpoB i, ], k
npuanMaet 3aadenne 0 uIm n, TOXKAeCTBEHHO PABHBI KOHCTAHTAM, 3aBUCSIIIAM JIHIITH
or i, 7, k,n.
JOKABATEJIBLCTBO. CorracHo yTBepkKIeHUIO 3 Kaxkabiii Kox Kepmoka siBisi-
€TCsl INCTAHITMOHHO WHBAPUAHTHBIM. OTCIO/a HECJIOXKHO CJIEAYIOT TOXKIECTBA

5%55?05{07 ecnnz:#]:, 5%55{715{0’ eanl:+]:7én, (14)
1, ecmu i = j; 1, ecmi+j=n.
Vcnons3yst 3Ha9eHnsT BECOBOTO CIIeKTpa Koja Kepmoka, nmeem
5,5_5{0, ecimun j #+ k, k-z{o’ ecma j + k # n, (15)
J Aj, ecmnj=Fk, Aj, ecim j+k =n,

9TO U JOKa3bIBaET JIEMMY. [l

B nocnenyromem OyjieM CIUTATH, YTO BO3MOXKHBIME 3HAYEHUSIMHU KaKJOTO U3
napameTpos i, j, k MoryT ObiTh gucia d,n/2 u n—d. B nokazareibCcTBe IPUBEICHHBIX
o o ok
HIZKE JIeMM Hcronb3ytotes cpoitersa (10)—(15) dyunknmit 67 .

Jlemma 6. CrpaBeiuBbl TOXKI€CTBA 5:?;11/2 =2n—4, (52)/”2/2 =0, (5%2 =n—1.

JIOKABATEJBCTBO. [lockompky muoxkecTBO Ko U Ky /9 U Ky AIBIIZIETCA KOTOM
Puna — Masutepa R(1, m) nepsoro nopsijika, Jiioboe KomoBoe cjioBo X kojua Kepioka
Beca n/2 HAXOMUTCs HA PACCTOAHUM N/2 B TOYHOCTHU OT A, /2 — 2 KOJIOBBIX CJIOB Beca
n/2. Orcrona nMeeMm

n/2 _
577,/2,’!7,/2 =2n—4.

Ucrnonb3ys yreepxaenne 5 (em. cpoiictso (12) npu i = k = n/2) u dbopmyusr (14),
IOJTy9aeM Jisl IPOU3BOJILHOIO KOJIOBOIO CJI0BA X Beca n/2 PABEHCTBO

n/2
n/2,d

n/2

n—2=1+94§ (x)+2n—4+5n/2)n_d(x)+l.

k
[TockonbKy dyHKIIT 5”» IIPUHUMAIOT HEOTPHUIATEeIbHbIEe 3HAUYEHN, U3 ITOIO PaBEH-

n/2 n/2

ny2d = Opran—a = 0. Torma uz coiicrsa (11) upu i = k = n/2,

CTBa BBITEKAET 0
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n/2
5d,n/2

k = m/2 1y 1poM3BOJILHOIO KOJIOBOI'O CJIOBa X Beca d NPUHUMAET BUJ 2n — 2 =

j = d ciemyer, 4uTo = 0. B yreepxuenun 5 pasenctso (12) npum i = d,

5%2(x) + 53/712_ 4(x). Orciona u u3 yTBepxKeHns 4 IOTydaeM TOXKIECTBA 5%2 =
5;)/5_d5n—1. O
JIemma 7. Hmeer mMecTo TOXKIECTBO 52/2 g =n(n—2)/4.

JLOKABATEJILCTBO. PaccmoTpruMm mpom3BoJibHOE KO/IOBOEe ¢I0BO g Koja Kep-
noka Beca n/2. ITockosbKy g comepxkurca B kKoge R(1,m), eMy coorBercTByeT Jin-
Hetinast 6yneBa MyHKINSA g OT M mepeMeHubix. [lycTn

g(v) =u-v=u1v1 + -+ + U Uy

JIJIsl HEKOTOPOTO HEHYJIEBOTO BEKTOpPA U = (U1, . .., Un) JuHBL m (caydait g(v) =
u- v + 1 paccmarpuBaercs aHaJorudHo). BeKTopbl Beca d U3 CMEXKHBIX KJIACCOB 110
kony R(1,m), comepxarmuxcs B kKoge Kepgoka, obpasyior muoxkecrso Kg. Hucio
9THUX CMEXKHBIX KJIaccoB paBHO (n — 2)/2. Paccmorpum BekTops! Beca d OJJHOTO U3
TaKMUX CMeKHBIX Kitaccos £+ R(1,m), tae f — HeKoTOpast MAKCMMAJIbHO HeJIMHEHHAs
dbyukiumsa. Ux ancio paBuo n. Kaxkabiit Takoit BEKTOP MOYKHO OIUCATH ¢ TTOMOIIIBIO
MaKCUMAJIbHO HeJinHeiinol Oymesoit pynkiuuu fo(v) = f(v)+a-v+ba, yaosiersops-
romeit (7): Fy(0) = n — 2d, rae a — BekTop ATHHBL M, 2 by pasno 0 mwm 1 (. (6)).
W3 onpejenennst MaKCuMaJIbHO HeIMHEHHON hyHKImN n cooTHOIIEHNs (3) Creyer,
ITO
7 - { n—2d, ecmu d(fa,g) =d,
a(w) = —n+2d, ecim d(fa,g) =n—d.

Ilo emme 2 AT JIFOOOTO HEHYJIEBOI'O BEKTOpa U JJIMHBI 7 BbBIIIOJIHAECTCA

Z ﬁa(u) =0,

acE™

OTKY/Ia BBITEKAET, 9TO paccToduus d 1 n — d MeXKJy BEKTOPOM g U BEKTOPAMH Beca

d cmexuoro knacca f + R(1,m) BCTpedaloTcs 0JMHAKOBO YaCTO, & UMEHHO II0 1/2

pa3. YMHOXKasi 9TO YUCIO0 HA IHUCy0 (N — 2)/2 HEeTPUBUAJBHBIX CMEXKHBIX KJIACCOB
d  —

o koxy R(1,m), nonyuaem &7, 5 ; = n(n—2)/4. O

Jlemma 8. Brmosmsiorcs Toxaectsa 80y = (n—d)(n—4)/2, 6574 = d(n—4) /2.

JIOKABATEJIBCTBO. IlycTh g — mpou3BOJIbHOE KOJO0BOE CJIOBO Koja Kepio-
Ka Beca d. PaccMoTpuM MaxCMMaJjbHO HEJIMHEHHYI0 KBaJIPaTHUYHYI0 (PYHKIHUIO f
OT M IE€PEMEHHBIX TAKyIO, 9TO COOTBETCTBYIOIHil eit BekTOp f comep:kuTcs B KO-
ne Kepmoka, a BekTOp g He npuHajiekur cMexkuaomy kiaccy f + R(1,m). Muo-
JKeCTBO BEKTODOB Beca d cMmexkHoro kiacca f + R(1,m) onmceiBaercst ¢ MOMONIBIO
MaKCUMAJIbHO HeJMHEHHBIX GyHKIui fa(v) = f(V) + a - v + ba, yJI0BIETBODSIO-
mux (7): Fa(0) = n — 2d, HATOMHIM, 9TO 37eCh @ TAK Ke, KAK U BBIIIE, SB/ISCTCS
BEKTOPOM JIMHBI M, & b, npuanMaer 3Hauenne 0 wm 1 (em. (6)). O6osHaunmM
h(v) = g(v) + f(v). Cormacuo onpenenennro xkona Kepnoka dyukims h siBisiercs
MaKCUMaJbHO HejmHeitHOH. IlycTh

H(v) — (~1)"),
ITokazkem, aTO
. _2d, (g, £.) — d,
e - { " e 018 ) (16)
—n +2d, ecmu d(g,fa) =n—d.
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eiicTBUTEIEHO, TMEEM

d(g, fa) d(g,erZaiviera-l) d(h,zaivi+ba.1>.

=1 i=1

st 3HAYEHMS H (a) Bocmosbzyemcst popmysnamu (3) pu by = 0 u (4) upu by = 1.
m
IMockonbky dDyHKIMsT h MaKCUMaJIBHO HesnHelHa, paccrosane d | hy >~ a; v + b, - 1
i=1
MOXKeT IPHHUMATH JIMIIb JiBa 3HadeHust: d u 1 — d, OTKy1a cjelyer paBeHcTBO (16).
Ucnonb3sys dopmymy (2) juist muckperHoro mpeobpasosanust Oypbe, mpescTa-
BHUM JIEBYIO 9acTh paBeHcTBa (16) B BUjie

(=D > (~)*VH(v).
veE™

Honcrasmss H(v) = (=1)9V) F(v) u ucnomssys F(v) = (=1)2V b, (v) (em. (8)),

IOy YaeM
> (D) (v).
veE™

Takum o6pasom, uz coorHoienus (16) ciempyer paBeHCTBO

ecin d(g, fa) = d,
ecian d(g,fa) =n —d.

1 o(v [ L
= DI AURS

veE™

(17)

ITo onpenenennto kKoma Kepmoka GyHKIMsS g + fa 15 JII0O0I0 BEKTOPA & SIBJIsI-
eTcs MAKCUMAJIbHO HEJTMHEHHOM, MO3TOMY BeC KayKJ0ro Bekropa g -+ fy pasen d win
n — d. Orcroma ceayer, 9To PACCTOsHAE MEXKTy BeKTopamu g u f, nmpuHnMaer mgBa
BO3MOKHEIX 3Hadenus: d un—d. O6osnadnM depes g f(8) U tn—d, f(g) KOIUIECTBA
BeKTOPOB f, HaXOmsATIIXCS Ha paccTossHusAX d U 1 — d COOTBETCTBEHHO OT BEKTOPA
g. Tak Kak umciio Bcex BeKTOPOB f, PaBHO 7, TO BBIMIOJIHSIETCST PABEHCTBO

td,f (&) + tin—a,r(g) = n.
Cymmupysi 06e dactu paBeHcTBa (17) 110 BceM BEKTOpaM & JUIMHBL M U [IPUMEHsIs
JIeMMy 3, I0JIy4aeM COOTHOIIEHUE

n
Ha.f(8) = pn-d.5(8) = =

Pemast cucremy u3 HOCIETHAX JBYX ypaBHEHWH W nojcrasisas d = (n — y/n)/2,
nMeeM
paf(8) =n—d, pn—ar(g) = d.

SameTnM, 9TO 0Ty YeHHbIE 3HAYEHUsI He 3aBUCST OT BEIOOPA KOJOBOTO CJIOBa g Beca d
¥ MaKCAMAaJIbHO HEJIMHEHHOM KBAaAPATUIHON (DYHKIUHN f TaKO, YTO CMEXKHBIH KJIacc
f+ R(1,m) ue comepxkut BekTopa g. s GUKCUPOBAHHOIO KOJOBOIO CJIOBa g Beca d
9HCJIO CMEXKHBIX K1accoB Koga Kep/ioka o koyry Puna — Masiepa nepsoro nmopsiaka,
He cozepKaIux g 1 omdHblx or R(1,m), pasao (n—4)/2. IlockoubKy paccrosHne
OT KOJIOBOI'O CJIOBA g JI0 JIIOOOI0 BEKTOpa U3 CMeKHOro Kiacca g+ R(1, m), koropomy
CJTOBO g TPUHAJJIEKUT, He paBHO d U N — d, 3aKJII0YaEM, ITO

034(8) = pa.r(8)(n —4)/2, 057%&) = pn—a,r(8)(n—4)/2.

Iloncrapinsasa snavenns GYHKIWNA [lg,f U [bn—d, f, TOJTyTIaeM UCKOMbIE TOXKIECTBA JJId
d n—d
0 moy . O
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Teopema 1. IIpousBobublit Kog Kepaoka gauapl n = 2™ st 1106010 9eTHOro
m > 4 SIBJSETCS JUCTAHIIHOHHO DETYJISIPHBIM.

JIOKABATEJILCTBO. HeTpymHo 3aMeTUTD, 9TO, UCHOIB3YS JIEMMBI 68, CBOiI-
crea (10)—(13) dyuxmit 55 u dopmysst (14), (15), MOXKHO TOKa3aTh, YTO KaxKasi

dyHKIMST 5fj npu mapamerpax i, j, k u3 muoxkectsa {d,n/2,n — d} ToxmECTBEHHO
paBHa KOHCTAHTE, 8 UMEHHO

04 = O —am—a = Ognea =0n 4= (n—d)(n—4)/2,

d _n/2 _ n/2 _ n/2 _ n/2 _ en—d _ n/2 -
571/2,71/2 = 5(1,71/2 = 577,/2,(1 = n/2,n—d = 577, d,n/2 = 571/2,71/2 = O, 577,/2,77,/2 == 27’L — 4,
d _od _ n/2 _ n/2 __ ¢n/2 _ n/2 _ en—d _ en—d _
5d n/2 = 5n—d,n/2 =% d = Y%n-d= Y%—dd = “n-dn-d= 5d,n/2 = 5n—d,n/2 =n-—1,

1 He 3aBuUCUT OT BbIOOpa Koma Kepmoka mjuael n. OTciomga u u3 gemum 4, 5 caemgyer
JUCTAHIIMOHHAS PErYJISPHOCTH TPOU3BOIHHOTO Koja Kepaoka. [

Koapr Kepoka 06pa3yior 6eCKOHEUHBIH KIACC IUCTAHIIMOHHO PEryasSpHbIX KO-
JIOB, BECOBOI CIIEKTP KOTOPBIX MMeeT GoJiee Tpex (a MMEHHO IATh) HEHYJIEBBIX 3HA-
YeHUit.

Bonee ciabbiM cBOMCTBOM KOJja MO CPABHEHUIO C JUCTAHIIMOHHON DEryJisipHO-
CTBIO SIBJISIETCSI CBOWCTBO CUABHOT QUCTNAHUUOHHOT UHBAPUGHMHOCTUY: TUCIIO TIAp
KOJIOBBIX CJIOB X, Y Takux, uto d(X,y) = k u d(x,z) = i, d(y,z) = j qus soboro
KOJIOBOT'O CJIOBA Z, 3aBUCHUT TOJILKO OT YHCEN i, j, k U He 3aBUCUT OT BBIOODA Z.

Caencreue 1. IIpoussosibHbIi Koj Kepaoka jmHbl 1 = 2™ jjist 1106010 der-
HOTO m > 4 SIBJISIeTCSI CHJIBHO JUCTAHIIHOHHO HHBAPHAHTHDBIM.

Bamernm, uro cortacHo pabore A. FO. Bacuibesoii [20] Bce qBondmnble coBep-
IIIEHHBIE KOJBI C KOJIOBBIM PACCTOSHUEM 3 00JIAIAI0T CBOMICTBOM CUIIBHOI JIMCTaHIM-
OHHO}T HHBAPUAHTHOCTH, He OyJLy9IH P ITOM BBUJLY [7| JMCTAHITMOHHO PETYJISPHBI-
MU,

8 5. KommenTapuu

IIpuBeseM HECKOIBKO COOOPAXKEHUN OTHOCUTETHHO METO/IOB UCC/IEIOBAHUS TN~
CTAHIMOHHON PErysIsipHOCTH (HEPETYIISIPHOCTH) PA3JINIHBIX KOJIOB.

1. lns mcciaefoBaHUS JUCTAHIIMOHHON PEryJIAPHOCTH HIPOU3BOJIBHOIO IPUBE-
JIEHHOTO (T. €. COJIEPIKAIIero HyJIeBOi BEKTOP) KO/ MHOT/A TOJIE3HO HCIIOJIb30BaTh
HHGOPMAIMIO O PA3JIMYHBIX IPYyMIax NpeoOpasoBaHuil, MEePEeBOISIUX KOl B cebsl.
Ipynna asmomoppusmos Aut(C') xona C' [IIMHBI n COCTOUT U3 BCEX M3OMETPHUIA IIPO-
crpancrBa E™ (KoMOuHAINI TOACTAHOBOK Ha 1 KOOPJUHATAX M CBUIOB HA BEKTODBI
u3 E™), ocrapisonmx kox Ha Mecre. Kon C Ha3bIBAETCA MPAHIUMUGHDIM, €CIII
rpynna Aut(C) meficTByeT TpPAH3UTHBHO Ha MHOXKECTBE €r0 KOJOBBIX CJoB. Iloj-
rpynmna Sym(C) rpynnst Aut(C'), oTsevatormasi BceM MOJCTAHOBKAM Ha 7. KOODJIU-
HATaX CO CJABUIOM Ha HYJIEBOIl BEKTOD, HA3bIBaeTCs 2pynnoll cummemput xona C.
Corunacho [9] cnpasemuBo
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YrBepxkaeuue 6. Ecuu rpynma Sym(C) rpamszurusaoro koga C meiicrByer
TPAH3UTHBHO Ha& Ka2KJJOM MHOXKECTBE KOJOBBIX CJIOB OJJHOTO Beca, To Koi C' gucran-
I[HOHHO PErYJISIPEH.

2. VkaxeMm obobmenne gemmbl 4. st npuBenennoro koga C' UIMHBL N IIyCTh
5fj (x) oboznauaer, Kak U B §4, UUCJI0 KOJOBBIX CJIOB BeCa j, HAXOMSIIUXCS Ha PAC-
CTOSHUM K OT KOJOBOI'O CJIOBa X BeCa 1.

YrBepxkaenue 7. Ilycrs mjst 106010 KogoBoro cioBa X koga C JIuHbI 1 IpH
BCEX JIOMYCTUMBIX 3HAYEHHSIX 1, j, k Bce (PyHKIIHH 5fj tst kosa X + C' TOXKiecTBEHHO

paBHBI KOHCTaHTaM cfj, 3aBHCSIIIIAM OT 1, j, k,n u He 3apucsiuuM ot X. Torma kox C

JIUCTAHIIHOHHO PEryJIsAPEH.

3. lis moka3aresibCTBa JUCTAHIIMOHHONW HEPEryJsPHOCTH KOIa MOXKHO BOC-

. o ok k
nosib30BaThes cBoficteoM (11) dyHKImit §ij. IIpenmnonarasi, aro OyHKIAN (5ij TOXK-
JIECTBEHHO DABHBI KOHCTAHTAM, MHOT/IA yJAeTcsl MoKasaTh (cMm., Hampumep, [7-9]),

kE _ k
4TO Kakoe-mbo u3 pasencts A;0;; = A;6j;, tae A;, A;j 0603HAUAIOT COOTBETCTBY-
IOle 3HAYEHUsI BECOBOTO CIEKTPa MPHUBEJIEHHOTO KOJA, HE BBINOJHSIETCS HU MDA

KAKOM II€JIOM 3HAYeHUU (DyHKIUU 55

Pesysbrarsl crarby aHOHCUPOBAHBL B [21]. ABTOPBI CYMTAIOT CBOMM IIPUSATHBIM
nmoarom BeipasuThb Osrarogapuocts 11. Mlapman, I M. Kepursia u K. Baro 3a moses-
HbIE JIUCKYCCUU.
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